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Monsanto Company 

700 Cheltel'fleld Parkway North 

St Louis. Milloun 63198 

November 3, 1994 

9'!- 3l)f -t>t p 

Deputy Director, , PHIS, USDA 
6505 Belcrest Road 
Federal Building 
Hyattsville, MD 20782 

Dear

Subject: Petition for Determination of Non-Regulated 
Status: BollgarcfTM Cotton Line 531 
Monsanto #94-142 

The Agricultural Group of Monsanto Company is submitting a Petition for Determination of Non
Regulated Status to the Animal and Plant Health lnspection Service (APHIS} regarding 
Bollgard™ Cotton Une 531. Thls petltion requests a determinatlon from APHIS that Bollgard™ 
Cotton Line 531 and any progenies derived from crosses between Bollgard™ Cotton Line 531 
and traditlonal cotton varieties no langer be considered a regulated article under regulations in 
7 CFR part 340. Bollgarcl™ Cotton Line 531 has been tested for 3 years at 21 locations. The 
copies of the final reports for this field trials are included in this petition. 

Sincerely, 

Regulatory Affairs Director 

Monsanto 
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Petition for Determination of Non-regulated Status: 

BollgardTM Cotton Line 531 (Gossypium hirsutum L.) with the 
gene from Bacillus thuringiensis subsp. kurstakl. 

The undersigned submlts this petltion of 7 CFR 340.6 to request 
that the Director, BBEP, make a determinatlon that the article 

should not be regulated under 7 CFR part 340. 

Regulatory Affairs 
The Agricultural Group of Monsanto Company, BB3A 

700 Chesterfield Parkway North 
Chesterfield, MO 63198 

Tel: 
FAX: 

November 7, 1994 
#94-142 

Contains No Confidential Business Information 
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Summary 

The Agricultural Group of Monsanto is submitting this Petition for Determination of 
Non-regulated Status to the United States Department of Agriculture (USDA) Animal 
Plant Health lnspection Service (APHIS) regarding Bollgard™ Cotton Une 531 which 
expresses a form of the insect control protein derived from the common soil bacterium 
Bacillus thuringiensis subsp. kurstaki (B.t.k). This petition requests a determination 
trom APHIS that Bollgard™ Cotton Une 531 and any progeny derived trom crosses 
between Bollgard™ Cotton Une 531 and traditional cotton varieties no longer be 
considered regulated articles under regulations in 7 CFR part 340. 

Cotton is the leading plant tiber crop produced in the world and the most important in the 
United States with approximately 13 million acres grown primarily in the tier ot 15 
southern states stretching from North Carolina to California. Lepidopteran insects 
(primary cotton bollworm, tobacco budworm and pink bollworm) are the main insect 
pest problem on these acres with approximately 80% of the planted acres infested, and 
approximately $  is spent annually on chemical insecticides tor their control. 

Bollgard™ Cotton Une 531 developed by Monsanto produces the insect control protein 
B.t.k. This protein is effective in controlling the cotton bollworm, tobacco budworm and 
pink bollworm. Microbial formulations containing these insecticidal proteins have been 
registered by EPA and commercially available for lepidopteran caterpillar control for 
nearly 30 years. Growers planting Bollgard™ Cotton Une 531 are not likely to require 
insecticide applications to control these destructive caterpillars. This substantial 
reduction in insecticide use will enhance the effectiveness of biological control and 
implementation of pest management strategies for other cotton insect pests. 

The protein produced by Bollgard™ Cotton Une 531 is nearly identical in structure and 
activity to that found in nature and in commercial B.t.k. formulations registered with the 
EPA. Field experiments were conducted in 1991, 1992 and 1993 at 21 locations 
throughout the United States cotton growing region demonstrated that the Bollgard™ 
Cotton Une 531 is protected season long from feeding damage caused by these 
lepidopteran caterpillars. Beneficial insects are unaffected and may increase in number. 
In addition, these plants exhibit no plant pathogenic properties, are no more likely to 
become weeds than the non-modified parental cotton lines, are unlikely to increase the 
weediness potential for any other cultivated plants or native species and are equivalent 
compositionally to the parental cotton line. 

The use of Bollgard™ Cotton Une 531 will have a more positive impact on the 
environment than the use of chemical insecticides to control lepidopteran caterpillars. 
The B. t.k. protein is ecologically benign, i.e., it breaks down rapidly in the seil, is safe 
to non-target organisms such as fish, birds and mammals and specifically controls many 
species of lepidopteran caterpillars on cotton. In addition, the risk of an uncontrolled 
introduction of this cotton into the environment through hybridization or out-crossing 
to a native species resulting in a new weed variety is virtually non-existent on the 
mainland of the United States, where all of the United States cotton production takes 
place. 

8ollgard™ is a registered trademark of Monsanto Company, St. Louis Missouri. 
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The determination that Bollgard™ Cotton Line 531 and its progenies are no longer 
regulated articles and their subsequent commercialization will represent an efficacious 
and environmentally compatible addition to the existing options for cotton insect pest 
management. In addition, Bollgard™ Cotton Line 531 will provide significant benefits to 
growers, the general public and the environment, including: 

1 . A more reliable, economical and less labor intensive means to control 
lepidopteran insect pests. 

2. lnsect control without harming non-target species, including humans. 

3. A means for growers to significantly reduce the amount of chemical insecticides 
now applied to the crop while maintaining comparable yields. Therefore, 
lepidopteran insect control can be achieved in a more environmentally 
compatible manner than is currently available. 

4. A reduction in the manufacturing, shipment and storage of chemical insecticides 
used on cotton. 

5. A reduction in the exposure to workers to the pesticide and pesticide spray 
solution. 

6. A reduction in the number of empty pesticide containers and amount of pesticide 
spray solution that must be disposed of according to applicable environmental 
regulations. 

7. An ideal fit with lntegrated Pest Management Programs (1PM) and sustainable 
agricultural systems. 

In conclusion, the consistent lepidoptera control offered by Bollgard™ Cotton Line 531 
will enable growers to significantly reduce the amount of chemical insecticide now 
applied to their crop for control of cotton bollworm, tobacco budworm and pink 
bollworm. As a result, they will be able to utilize a host of 1PM practices that cannot 
presently be implemented because of the lack of options other than use of chemical 
insecticides to control these pests. An increase in the biological and cultural control of 
non-target cotton pests and a more judicious use of chemical insecticides will result in a 
positive impact on the environment, which will ultimately be advantageous to the grower 
and the public as weil. 

Therefore, the Agricultural Group of Monsanto requests a determination from APHIS that 
Bollgard™ Cotton Line 531 and any progenies derived from crosses between Bollgard™ 
Cotton Line 531 and traditional cotton varieties no longer be considered regulated 
articles under regulations in 7 CFR part 340. 
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Certification 

The undersigned certifies, that to the best knowledge and belief of the undersigned, this 
petition includes all information and views on which to base a determination, and that it 
includes relevant data and information known to the petitioner which are unfavorable to 
the petition. 

Regulatory Affairs 
The Agricultural G_roup of Monsanto Company, BB3A 

700 Chesterfield Parkway North 
Chesterfield, MO 63198 

Tel: 
FAX: 
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NOTE TO THE REVIEWER 

Justification for the Use of the CrylA(c) Designation for the protein expressed in Bollgard™ 
Cotton Line 531. 

The insecticidal protein produced in Bollgard™ Cotton Line 531 is classified as CrylA(c). This 
designation is appropriate even though the B.t.k. gene producing the protein is the result of 
fusing a 5' portion of a cry/A(b) gene and the majority of the cry/A(c) gene. The appropriate 
classification of the expressed B.t.k. protein is dictated by the protein produced and not the gene 
or the method by which the gene was constructed. The portion of the cry/A(b) gene used encodes 
an N-terminal amino acid sequence that is highly homologous to the N-terminal amino acid 
sequence encoded by the cry/A(c) gene. The protein produced contains only 6 amino acid 
differences in this region. resulting in only 6 amino acid changes tor the entire 1178 amino 
acid B.t.k. protein that result trom using the sequence of the cry/A(b) gene portion. 
Furthermore, these 6 changes occur in the N-terminal, highly conserved portion of the B.t.k. 
protein. These changes are not located in the hypervariable region, which has been shown tobe 
responsible for determining the insecticidal activity of the B.t. proteins (Geiser, et al., 1986). 
These amino acid changes did not, as expected, affect the insecticidal specificity of the resulting 
B.t.k. protein. 

The protein encoded by the B.t.k. gene introduced into Bollgard™ Cotton Line 531 is identical in 
length (1178 amino acids) and 99.4% identical in amino acid sequence to the protein encoded by 
the cry/A(c) gene (Adang, et al., 1985). The Cry nomenclature developed by Hotte and Whiteley 
(1989) categorizes the vast array of B.t. proteins in classes, rather than single, distinct 
proteins, based on their structural relatedness and insect toxicity spectra. The CrylA(c) 
protein reported by Adang et al. (1985) was the only member of the CrylA(c) class at the time 
of Hafte and Whiteley·s (1989) publication. Since that report, four other CrylA(c) proteins 
have been reported (Dardenne, et al., 1990; Von Tersch, et al., 1991; M73248; M73249). 
For example, the CrylA(c) protein that was characterized by Von Tersch et al. (1991) contains 
seven amino acid differences (6 amino acid substitutions and one amino acid deletion) and was 
isolated from a different subspecies (B.t. subsp. kenyae) than the protein characterized by 
Adang et al. (1985). All five of these CrylA(c) proteins plus the CrylA(c) protein used to 
produce Bollgard™ Cotton Line 531 are ~99 identical at the amino acid level. In contrast, the 
CrylA(b) proteins, which are the next most homologous class of B.t. proteins, show <90% 
amino acid identity to any ot the members of the CrylA(c) class of B.t. proteins. These 
homologies clearly establish that all six of the CrylA(c) proteins (including the B.t. protein 
expressed in the Bollgard™ Cotton Une 531) are closely related and are all appropriately 
classitied as CrylA(c) proteins. The CrylA(c) class designation for the protein expressed in 
Bollgard™ Cotton Une 531 is, theretore, accurate and consistent with the established 
nomenclature of Hotte and Whiteley ( 1989). 

Therefore, it is appropriate to reter to the protein expressed in Bollgard™ Cotton Line 531 as a 
CrylA(c) protein and the gene expressing this protein as cry/A(c) gene. 
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Abbreviations Used in this Petition for the Determination 
of Non-Regulated Status of 

aECJ 
AM) 

APHIS 
ATP 
B.t.k. 
C 
C312 
CFR 
cryJA(c) 
CNA 
E35S 
ELISA 
EPA 
EUP 
F 
FDA 
FFDCA 
FIFRA 
g 
GLP 
1PM 
Kb 
M 
m 
mg/kg 
ng 
NOS3' 
NPTII 
nptJ/ 
oriV 
P-35S 
ppm 
sp 
T-DNA 
µg 
USDA 
w/w 

lnsect Resistant Cotton Line 531 

Gene tor 3"(9)-0-aminoglycoside adenylyltransferase 
3"(9)-0-aminoglycoside adenylyltransferase 
Animal Plant Health lnspection Service 
Adenosine triphosphate 
BaciJJus thuringiensis subsp. kurstaki 
Centigrade 
Coker cotton variety 312 
Code ot Federal Regulations 
Class 1 (Lepidoptera-specific) crystal protein gene 
Deoxyribonucleic Acid 
Promoter for cry/A(c) gene 
Enzyme-linked immunosorbent assay 
Environmental Protection Agency 
Experimental Use Permit 
Fahrenheit 
Food and Drug Administration 
Federal Food Drug and Cosmetic Act 
Federal lnsecticide Fungicide and Rodenticide Act 
gram 
Good Laboratory Practice 
lntegrated Pest Management 
Kilobase pairs 
Million 
meter 
milligram per kilogram 
nanogram 
Poly A termination signal for nptJJ 
Neomycin phosphotransferase II 
Gene tor neomycin phosphotransferase II 
Agrobacterium origin of replication 
Promoter for nptJJ gene 
part per million 
species 
Transfer-DNA 
microgram 
United States Department of Agriculture 
weight/weight 

000007 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Petition for Determination of Non-Regulated Status of 
IRC line 531 

Contents 

Title Page 
Summary 
Certification 
Note to the Reviewer 
Abbreviations Used in the Petition 
Table of Contents 

Part 1. lntroduction 

Table of Contents 

A. Rationale For Development of the lnsect Resistant Cotton Plant 
B. Benefits of lnsect Resistant Cotton 

1. Summary 
2. Agronomie Benefits 
3. Economic Benefits 

C. Regulatory Approvals 
References 

Part 11. Description of the Biology of the Cotton Family 

A. Cotton as a Crop in the United States 
B. Taxonomy of Cotton 
C. Genetics of Cotton 
D. Pollination of Cotton 
E. Weediness of Cotton 
F. Potential Routes of Gene Escape in Cotton 
References 

Page No. 

1 
2 
4 
5 
7 
8 

1 4 

1 4 
1 5 
1 5 
1 6 
1 8 
1 9 
20 

22 

22 
23 
24 
24 
25 
25 
27 

Part III. Description of the Method of Transformation and the 2 8 
Molecular Biology of the Plant 

lntroduction 
A. Characteristics of the Non-transformed Cultivar 
B. Agrobacterium Vectors and Transformation 
C. Plant Expression vector - PV-GHBK04 
D. lnserted Genes 

1 . The cry1 A(c) Gene 
2. The nptll Marker Gene 
3. The aad Bacterial Marker Gene 
4. Description of a Genetic Element Contained in PV-GHBK04 but 

Absent from Bollgard™ Cotton Line 531 

000008 

28 
28 
29 
29 
30 
30 
31 
31 

31 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table of Contents - Part 111.(Cont'd.) 

E. Genetic Analysis 
1 . Insert number, copy number and insert integrity 

a Insert lntegrity and Copy Number 
Sspl results 
EcoRI/Hindlll digestions 

2. Insert Number 
Hindlll results 

3 . Segregation 
4 . Stability of gene transter 

F. Description of the Expressed Genes 
1 . Bacillus thuringiensis Crystal Proteins 

a Biochemistry 
b. Mode-ot-Action 
c. Evidence for "Species-Selectivity" T oxicity 
d. Human Food Safety Considerations 
e. Lack ot Exposure to Fish and Wildlife 

2. Biochemistry of the Neomycin Phosphotransferase II 
Conclusions 
References 

Part IV. Results of Field Trials 

Page No. 

32 
32 
32 
32 
33 
34 
34 
35 
35 
35 
35 
35 
36 
37 
37 
38 
38 
39 
54 

59 

A Field Test Permits and Locations 5 9 
8. Plant growth and general observations 6 O 
C. Efficacy ot Bollgard™ Cotton Line 531 - Summary of 1991, 1992 6 2 

and 1993 Results 
1. Field Trials 6 2 
2. Results 6 2 
3. Summary 6 3 

Reference 6 7 

Part V. Detailed Description of the Phenotype of 6 8 
Bollgard™ Cotton Line 531 

lntroduction 6 8 
A. Expression ot the lntroduced Genes in Tissues from Bollgard™ Cotton 6 9 

Une 531 
1 . Young Leaf and Seed 6 9 
2. Whole Plant 7 O 
3 . Nectar and Pollen 7 o 

B. Composition, Quality and Toxicant Analyses of the Cottonseed 71 
from Bollgard™ Cotton Line 531 

C. Cottonseed Processing 7 2 
D. Allelochemical Levels in Vegetative Tissues 7 3 
E. Disease and Pest Susceptibilities 7 3 
F. Plant Pest Risk 7 4 

000009 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table of Contents - Part V. (Cont'd.) Page No. 

G Weediness 7 4 
H. Germination and Vigor Results for Bollgard™ Cotton Une 531 and 7 5 

Coker 312 
Laboratory Germination Study 7 6 

1. Out-Crossing Potential 7 7 
1. Pollen Transfer to Wild Species 7 7 
2. Pollen Transfer to Cultivated Genotypes 7 8 
3. Results of Out-Crossing Studies 7 8 

J. Transfer of Genetic Information to Species to which it cannot 7 9 
lnterbreed 

K. Lack of Effect to Non-target Organisms 7 9 
1 . Non-Target lnsects 7 9 
2. Non-Target Birds and Fish 8 0 
3 . Lack of Exposure to Fish and Wildlife 8 1 
4. Conclusion 8 1 

L Impact on Endangered Species 8 1 
M. Possible Impact on the Environment 8 1 
N. Summary 8 2 

1 . Expression of the I nserted Genes 8 2 
2. Composition, Quality and Processing of the Seed 8 3 
3 . Plant Pest Risk 8 3 
4. Safety and Environmental Effect 8 4 

Conclusions 8 4 
References 9 6 

Part VI. Environmental Consequences of lntroduction of the 1 O O 
Transformed Cultivar 

A Current Cotton Agronomie Practices and the Impact of lnsect 1 O O 
Resistant Cotton on Cotton Pest Management 

B. Development of Pest and Resistance Management Strategies for 1 0 1 
lnsect Resistant Cotton 

C. Cross Pollination of Cultivated and Native Species of Cotton 1 0 3 
D. Potential for the Bollgard™ Cotton Une 531 to Become a Weed 1 0 3 
E. lncreased Numbers of Beneficial lnsects 1 O 3 
Conclusions 1 0 4 
References 1 0 5 

Part VII. Statement of Unfavorable Grounds 

Appendices 

Appendix 1. 
Appendix II. 
Appendix III. 

Agronomie Benefits of lnsect Resistant Cotton 
Economic Benefits of lnsect Resistant Cotton 
Gene Transfer Between Contiguous Cultivated Cotton 
and Between Cultivated Cotton and Wild Relatives 

00001.0 

106 

107 
134 
142 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table of Contents - Appendices. (Cont'd.) Page No. 

Appendix IV. EPA EFGWB Data Evaluation Record 149 
Appendix V. Permit Final Reports 1 6 7 

#90-347-01 168 
#91-144-01 172 
#91-347-02 175 
#93-011-02 180 
#93-011-05 186 

Appendix VI. Expert Opinion Letters 2 1 2 
Appendix VII. Summary of the Methods Utilized to Conduct the Protein 2 2 O 

Extraction, Analysis and Quantitation, Compositional Analysis, 
Cottonseed Processing, Preparation of Seeds for Gossypol and 
Fatty Acid Analyses. Moisture Determination, Gossypol Levels 
and Quantitation of Fatty Acid Levels 

Appendix VIII. Analysis of Allelochemicals in Transgenic Cottons and 2 2 8 
Controls: 1992 

Appendix IX. Bell Rot Count of Selected Monsanto Transgenic Cottons 2 3 5 
Appendix X. Comparison of the B.t.k. HD-73 Protein Expressed by lnsect 2 41 

Resistant Cotton with Commercially Available Microbial 
Pesticides Containing B.t. Proteins 

Appendix XI. Management of lnsect Pests with lnsect Resistant Plants: 2 4 9 
Recommended Approaches 

List of Figures 

Figure 111-1. Plasmid map of the plant transformation vector 
PV-GHBK04. 

Figure 111-2. Nucleotide sequence of the B.t.k. HD-73 protein encoded 
by cry/A(c) in Bollgard™ Cotton Une 531 plants containing 
the PV-GHBK04 vector. 

Figure 111-3. Amino acid sequence for the B.t.k. HD-73 full length 
protein which is present in Bollgard™ Cotton Une 531 
plants containing the PV-GHBK04 vector. 

Figure 111-4. Nucleotide sequence for the neomycin phosphotransferase II 
(npt/1) gene present in Bollgard™ Cotton Une 531 plants 
containing the PV-GHBK04 vector. 

Figure 111-5. Amino acid sequence for neomycin phosphotransferase II 
(NPTII} protein present in the cotton plants containing the 
PV-GHBK04 vector. 

Figure 111-6. Nucleotide sequence for the aminoglycoside 
adenylyltransferase (aad) gene present in Bollgard™ Cotton 
Line 531 plants containing the PV-GHBK04 vector. 

000011 

41 

42 

45 

46 

46 

47 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table of Contents • List of Figures. (Cont'd.) Page No. 

Figure 111-7. Amino acid sequence tor the aminoglycoside 4 7 
adenylyltransferase (aacf) gene present in Bollgard™ Cotton 
Line 531 plants containing the PV-GHBK04 vector. 

Figura 111-8. Southern blot analysis using PV-GHBK04 as the probe. 4 8 

Figura 111-9. Southern blot analysis using cry1A{c) as the probe. 4 9 

Figura 111-1 O.Southern blot analysis using npt/1 as the probe. 5 0 

Figura 11I-11.Southern blot analysis using oriVas the probe. 51 

List of Tables 

Table 111-1 Summary of DNA Components in PV•GHBK04. 52 

Table 111-2. Segregation data and analysis ot progeny ot Bollgard™ Cotton 5 3 
Line 531. 

Table 111-3. Segregation data tor backcross (BC) derivatives of Bollgard™ 5 3 
Cotton Une 531 with elite cultivar (EC) varieties. 

Table IV-1. Summary of lnsect Damage in Mississippi for Bollgard™ 64 
Cotton Line 531 and Coker 312 control in 1991. 

Table IV-2. 1992 Season averages of lnsect Damage and Yield Across 6 5 
Locations tor Bollgard™ Cotton Une 531 and non-transgenic 
Coker 312. 

Table IV-3. 1993 Summary Data (% Damaged Fruit Sites). 6 6 

Table ·rv-4. 1993 Summary Data Yield (Pounds of Seed Cotton or Lint 6 6 
per Acre). 

Table V-1. Mean Expression of the B.t.k. HD-73 and NPTII Proteins 8 6 
Across Sites (BollgardTM Cotton Line 531, 1992 Field Trials). 

Table V-2. Expression of the B.t.k. HD-73 and NPTII Proteins in Leaf 8 6 
Tissue from the Bollgard™ Cotton Une 531 {1992 Field 
Trials). 

Table V-3. Expression ot the B.t.k. HD-73 and NPTII Proteins in 8 7 
Cottonseed from the Bollgard™ Cotton Une 531 
(1992 Field Trials). 

00001.2 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table of Contents - List of Tables. {Cont'd.) Page No. 

Table V-4. Expression of the B.t.k. HO-73 and NPTII Proteins in Young 8 7 
Leaf Tissue of Bollgard™ Cotton Une 531 throughout the 
Growing Season {1992 Field Trials). 

Table V-5. Expression of the B.t.k. HO-73 and NPTII Proteins in 8 8 
Mature Cotton Plants (Bollgard™ Cotton Une 531 , 
1992 Field Trials). 

Table V-6. Assessment of the B.t.k. HO-73 protein levels in cotton 8 8 
nectar and pollen. 

Table V-7. Proximate Analysis ot Cottonseed trom Bollgard™ Cotton 8 9 
Line 531 and Control Une Coker 312 Grown under Field 
Conditions. 

Table V-8. The Level of Lipids in Cottonseed from Bollgard™ Cotton 8 9 
Une 531 and Coker 312 Grown under Field Conditions. 

Table V-9. Levels of Major Fatty Acids in Seed from Bollgard™ Cotton 9 o 
Une 531 and Control Cotton Une C312 Grown under 
Field Conditions. 

Table V-10. The Level of Toxicants in Cottonseed from Bollgard™ Cotton 91 
Une 531 and Coker 312 Grown under Field Conditions. 

Table V-11. Yield Fractions from Processing Cottonseed. 9 2 

T able V-1 2. Summary of Gossypol Levels in Kernel, Toasted Meal and 9 2 
Refined Cottonseed Oil. 

Table V-13. Allelochemical levels in Vegetative Tissues from 9 3 
Bollgard™ Cotton Une 531 and Control Line, C312. 

T able V-14. Germination and vigor results for Bollgard™ Cotton Une 531 9 4 
and Coker 312 grown in North Carolina in 1993. 

Table V-15. Stand Counts at West Sinton, Texas 9 4 

Table V-16. Stand Counts at Bossier City. Louisiana 94 

Table V-17. Percent Outcrossing at Varying Distances from the B.t.k. 95 
Cotton Observed at Six Sites in 1990. 

000013 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Part 1. lntroduction 

A. Rationale For Development of the lnsect Resistent 
Cotton Plant 

Cotton is the leading plant fiber crop produced in the world and the most important in the 
United States. Cotton production in the United States is located primarily in the tier of 
15 southern states stretching from North Carolina to California, with approximately 
13 M acres grown. Lepidopteran insects are the main insect pest problem on these 
acres. During the growing season other insects (e.g., cotton bell weevil, lygus bugs, 
fleahoppers. spider mites, thrips, and aphids) are also present. The primary 
lepidopteran pests infesting cotton are cotton bollworm, tobacco budworm and pink 
bollworm. These insect pests infest approximately 80% of the planted acres and 
approximately $  is spent annually for chemical control. 

Monsanto has developed a genetically modified cotton plant that controls many of the 
lepidopteran caterpillars which are serious pests in cotton production. This cotton 
plant, hereatter referred to as Bollgard™ Cotton Une 531, produces an insect control 
protein derived trom the common soil bacterium Bacillus thuringiensis var. kurstaki 
(8.t.k). Microbial formulations containing these insecticidal proteins have been 
registered by the Environmental Protection Agency (EPA) and commercially available 
for lepidopteran caterpillar control tor nearly 30 years. The protein produced by 
Bollgard™ Cotton Line 531 is nearly identical in structure and activity to that found in 
nature and in commercial B.t.k. formulations registered with the EPA. This protein is 
highly selective in controlling many lepidopteran caterpillars and is expressed. at an 
effective level in plant tissue throughout the growing season. Field experiments were 
conducted in the years 1991, 1992 and 1993 at 21 locations throughout the United 
States cotton growing region under permits from the United States Department of 
Agriculture (USDA) (~-01, 91-144-01, 91-347-02, 93-011-02 and 93-
011-05), and an Experimental Use Permit granted by EPA (#524-EUP-73) (1992 
and 1993). Results from these experiments have demonstrated that the Bollgard™ 
Cotton Line 531 is protected season long from feeding damage caused by many 
lepidopteran caterpillars. Beneficial insects are unaffected and may increase in 
number, providing predatory control of the lepidopteran pests. Growers planting 
BollgardTM Cotton Line 531 are not likely to require insecticide applications to control 
these destructive caterpillars. This substantial reduction in insecticide use will enhance 
the effectiveness of biological control and implementation of pest management strategies 
for other cotton insect pests. 

Safety studies summarized in this submission, as well as data generated by 
manufacturers ot commercial B.t.k. products, have demonstrated that non-target 
animals such as fish, birds and mammals are unaffected by the B.t.k. protein. In 
addition, agronomic evaluations consisting ot plant vigor, growth habit characteristics 
and general disease susceptibility, have shown Bollgard™ Cotton Line 531 tobe 
equivalent to the parental Coker 312 cotton. 
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The commercialization of BollgardTM Cotton Une 531 tollowing receipt ot all required 
approvals, (including this Determination of Non-regulated Status), will represent an 
efficacious and environmentally compatible addition to the existing options for cotton 
insect pest management. In addition, it will provide significant benefits to growers, the 
general public and the environment, including: 

1. A more reliable, economical and less labor intensive means to control 
lepidopteran insect pests. 

2. lnsect control without harming non-target species, including humans. 

3. A means for growers to significantly reduce the amount of chemical insecticides 
now applied to the crop while maintaining comparable yields. Therefore, 
lepidopteran insect control can be achieved in a more environmentally 
compatible manner than is currently available. 

4. A reduction in the manufacturing, shipment and storage of chemical insecticides 
used on cotton. 

5. A reduction in the exposure to workers to the pesticide and pesticide spray 
solution. 

6. A reduction in the number ot empty pesticide containers and amount of pesticide 
spray solution that must be disposed ot according to applicable environmentat 
regulations. 

7. An ideal fit with lntegrated Pest Management Programs (1PM) and sustainable 
agricultural systems. 

8. Benefits of lnsect Resistent Cotton 

1. Summary 

Lepidopteran insects are the main pest problem on most of the 13 million acres of 
cotton produced in the United States. During the growing season other insects (e.g., 
cotton ball weevil, lygus bugs, fleahoppers, spider mites, thrips, and aphids) are 
also present. The primary lepidopteran pests infesting cotton are cotton bollworm, 
tobacco budworm and pink bollworm. These insect pests intest approximately 80% 
of the planted acres with approximately $  spent annually for chemical 
insecticides tor their control. These insect resistant cotton plants are expected to 
replace a significant part ot the chemical insecticides now applied to control 
lepidopteran insect pests. 

There are additional reasons why these insect resistant cotton plants have advantages 
over cotton plants which must be sprayed with insecticides to control lepidopteran 
pests, including: 

000015 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



a. Chernical insect1cides are costly and sornetirnes unreliable under intended use 
conditions. New chernical insecticides are expensive to develop and register and 
as a result must be sold at ever increasing prices so that the developer can 
recover these costs. The effectiveness of these chernicals can also be negatively 
influenced by environmental conditions. Rain following application, for example, 
reduces the length of control, and a dense canopy of foliage reduces 
penetration and effectiveness. Areas of the field that do not receive the spray will 
be damaged by insects. All of these conditions result in increased production 
costs and potentially lower yields for the grower. 

b. Many chemical insecticides have the potential to cause environmental damage if 
not used as labelled. 

c. lnsect resistant cotton plants provide an ideal fit with existing 1PM and 
sustainable agricultural prograrns. Essentially all cotton produced in the United 
States is grown under 1PM prograrns. By reducing the use of non-selective 
insecticides, insect resistant cotton plants will enhance the effectiveness of these 
prograrns, due to the presence of increased nurnbers ot beneficial insects and 
other predators. Natural pest defense systems are compatible with the goals of 
sustainable agriculture production systems. 

d. Applicator and field worker exposure to chemical insecticides will be reduced. 

e. Many insects have or are developing resistance to the available chernical 
insecticides. This resistance requires tarmers to apply chemicals at higher rates 
and/or rnore trequently, with the prospect of eventually not being able to use 
thern at all. 

f. Bollgard™ Cotton Line 531 will likely have reduced levels of aflatoxin in the 
seed compared to non-modified cotton 

The following are surnrnaries of th~d Econornic Benetits of Bollgard™ 
Cotton Line 531 as prepared by---(1993) and-1993) 
respectively. Copies of these full papers are found in Appendices I and 11, respectively. 

2 . Agronomie Benefits 

Cotton production in the United States is highly mechanized and dependent upon 
rnaxirnurn utilization of new technology to remain competitive in a worldwide 
market. Pest problems, particularly insects, and environmental constraints, such 
as inadequate temperature and moisture, are major limiting tactors to optimum 
cotton production. Most cotton production regions of the United States rely on 
extension specialists and crop consultants to design and implement effective 1PM 
programs. lnsect control decisions are largely based on routine tield monitoring by 
agricultural consultants, extension personnel and growers. The intensity of 
monitoring varies among locations and is associated with production capabilities, 
potential insect darnage and availability of consultants (Luttrell 1994 ). Numerous 
advances in 1PM technology (Frisbie and Adkisson 1985, Frisbie et al. 1989) have 
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encouraged a systems approach to insect management in United States cotton where 
insect control decisions are integrated into an overall crop production and 
management scheme. Perhaps the best example of this is the wide acceptance of 
early-maturing varieties and short-season cotton production systems first 
recommended in Texas. The Texas system of short-season cotton production (Walker 
et al. 1978) has been widely adopted across United States cotton and is recommended 
by agronomists and entomologists because it optimizes the production of valuable 
fiber and encourages the "avoidance" of damaging late-season populations of insects. 

Although advances in 1PM technologIes have fostered improved cotton insect 
management systems, insect control is still largely based on the use of chemical 
insecticides (Herzog et al. 1993). Estimates of insect control costs and lasses (Head 
1991, 1992, 1993) averaged for the 1990's indicate that United States cotton 
growers apply an average of 4.86 applications of insecticide to 11.8 million acres of 
cotton and spend more than $  each year for control of cotton insects. 
This represents a large portion of total insecticide use in the United States. 
Continued dependence on chemieal insecticides results in cyclic problems with 
insecticide-resistant pest populations and outbreaks of secondary pests (Luttrell 
1994 ). The need for alternative insect control measures is becoming more critical 
to profitable cotton production in the United States. Environmental concerns limit 
the availability of existing insecticide chemistry and increase the developmental 
costs of new chemistry. Because of the high costs of developing and registering new 
insecticide chemistry, availability has declined over the past few years. 

Bollgard™ Cotton Line 531 offers unique, innovative alternatives to traditional 
chemical control measures. Although alternative insect control tactics are often 
cited as major components of cotton 1PM and research is continuously pursuing 
improved management methods (Frisbie et al. 1989), few alternative insect control 
methods are of sufficient efficacy to replace chemical control methods. Other 
methods, such as biological control, hast plant resistance and cultural control, 
provide suppression of pest populations without disrupting natural control, but 
generally lack the high efficacy and curative action of conventional insecticides. 
Bollgard™ Cotton Une 531 is the first major exception to this historical trend. 

Bollgard™ Cotton Line 531 offers new mechanisms to produce and deliver a highly 
effective insecticide to target pests (i.e. production by cells of the crop plant rather 
than industrial facilities and application by spray equipment). The technology 
couples the environmental advantages of hast plant resistance with the efficacy of an 
effective biological insecticide. Since the insecticidal activity is expressed 
throughout the plant for the entire season, improved control of some pest species 
over that provided by conventional insecticides is likely. Current technology which 
depends on foliar application of insecticides cannot dependably deposit insecticides to 
some regions of the plant canopy infested by pest species. This is especially true of 
pests that burrow and teed inside plant tissue (e.g. pink bollworms). Because 
Bollgard™ Cotton Une 531 expresses the B.t.k. protein that only has activity against 
certain Lepidoptera (moths and butterflies) and must be ingested to kill the pest, the 
technology offers selective activity against susceptible lepidopteran pest complexes 
without directly disrupting pest suppression by natural enemies, such as parasites 
and predators. 
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3. Economic Benefits 

Pesticide regulation has become more restrictive in the United States resulting in 
the ban or severe restriction of the use of particular insecticides. Economic studies 
have been conducted to examine the likely impacts from such restrictive pesticide 
regulations. Taylor et al. (1991) developed a regional model and concluded that 
agricultural income in the South would be negatively impacted by more restrictive 
pesticide regulations. Richardson et al. (1991) analyzed the situation with a farm 
tevel model and concluded that the removal ot pesticides would have a negative impact 
on Mississippi and Texas Southern High Plains cotton farms. However, neither of 
these studies allowed tor the development of new technologies in response to 
increased pesticide regulations. lt is possible that genetically modified plants which 
are designed to control insects without the use of insecticide sprays will be able to 
offset some ot the negative impacts from increased pesticide regulations. 

Bollgard™ Cotton Une 531 is designed to sufficiently control infestations of 
lepidoptera, eliminating the need to control these pests with conventional insecticide 
applications. Revenue-related factors such as lint yields and quality characteristics 
are expected to be similar under both conventional cotton and Bollgard™ Cotton Une 
531 production systems. However, per-acre production costs of Bollgard™ Cotton 
Une 531 are expected to be lowered due to the reduction in insecticide use with the 
substitution of Bollgard™ Cotton Une 531 seed tor conventional cotton seed. 
Growers who adopt Bollgard™ Cotton Une 531 will simply substitute this seed for 
conventional cotton seed and certain types of insecticides. Thus, the added cost of the 
Bollgard™ Cotton Une 531 seed must be compared with the savings obtained trom 
replacing conventional seed and some insecticides. 

Due to the diverse and complex interactions throughout the agricultural sector and 
related sectors ot the economy, it is difficult (if not impossible) to predict future 
magnitudes of key variables with a high degree of accuracy. However, it is possible 
to speculate on the direction of change in these variables. For instance, pesticide 
regulations in the United States will likely become more restrictive over time. 
Reductions in insecticide use without Bollgard™ Cotton Une 531 will cause cotton 
yields to decline, farm profits to decline and acres devoted to cotton production to 
decline, especially in those regions where insecticide use is an integral production 
practice. A scenario which allows tor the introduction of Bollgard™ Cotton Une 531 
results in a very different forecast. Reductions in insecticide use can be had without 
yield reductions, farm profits will increase and acres devoted to cotton will remain 
constant or even increase in some regions. 

lt is often argued that some new technologies have characteristics which promote 
adoption by !arge farms over that of small farms (Kuchler 1990). For instance, 
large initial investment costs or high levels of management may preclude small 
tarms from adopting the technology. However, the adoption of Bollgard™ Cotton Une 
531 is not expected to be related to farm size; i.e., small and large farms will have 
the same· per-acre costs and benefits from the adoption of this improved cotton and, 
thus, will likely have equal adoption rates. 

000018 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



In summary, the introduction of Bollgard1M Cotton Line 531 will have significant 
positive impacts on the profitability of some farmers and agribusinesses. lt will 
allow cotton growers to eliminate some conventional insecticide applications and thus 
reduce pesticide expenses. Based on available cost and acreage data and assumptions 
concerning the portion of current cotton acres that would be converted to Bollgard™ 
Cotton Une 531, it is estimated that cotton producers could save over $  
per year on insect control costs. 

C. Regulatory Approvals 

Before commercializing the Bollgard™ Cotton Une 531, Monsanto will obtain the 
following regulatory approvals: 

1 . This determination from USDA/APHIS that Bollgard™ Cotton Une 531, and all 
progenies derived from crosses between Bollgard™ Cotton Une 531 and other 
cotton cultivars, is no langer ·a regulated article according to 7CFR §340.6. 

2. Regulatory approval from the EPA of ·the B.t.k. insecticidal protein as expressed 
in Bollgard™ Cotton Une 531 under the Federal lnsecticide, Fungicide and 
Rodenticide Act (FIFRA). This petition was submitted on February 15, 1994 
(Petition #4F4331 ). 

3. An exemption from the requirement of a tolerance for the B.t.k. insecticidal 
protein under sections 408 of the Federal Feod Drug and Cosmetic Act (FFDCA) 
from the EPA and Feod and Drug Administration (FDA). The petition for the 
exemption from the requirement of a tolerance for the B.t.k. protein was 
submitted to EPA on February 15, 1994 (Petition #4F4331 ). 

The EPA has exempted the NPTII protein and the genetic material necessary for the 
production of the protein from the requirement of a tolerance in or on all agricultural 
commodities when used as a plant-pesticide inert ingredient (EPA 1994). FDA has 
approved the request from Calgene lnc. to amend the food additive regulations to provide 
for the safe use of NPTII as a processing aid in the development of new varieties of 
tomato, oilseed rape and cotton (Calgene, lnc., 1993, FDA 1994). No additional 
regulatory approvals are planned for the NPTII protein. 

In addition, we will complete our consultations with the FDA under their May 29, 1992 
policy statement concerning foods derived from new plant varieties. 
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Part II. Description of the Biology of the Cotton Family 

Cotton as a Crop in the United States. 

According to Niles and Feaster (1984), cotton production in the United States is located 
prirnarily in the tier of 15 states stretching frorn North Carolina to California. The 
prirnary producing states are: Alabarna, Arkansas, Arizona, California, Georgia, Florida, 
Louisiana, Mississippi, Missouri, New Mexico, North Carolina, South Carolina, 
Oklahorna, Tennessee and Texas. Of these states, the largest producers in 1993 were (in 
order of production); Texas, Mississippi, Calitornia, Arkansas and Louisiana, which, in 
1993, accounted tor approxirnately three quarters of the total United States production. 

Two species of cotton are grown cornrnercially in the United States: Gossypium 
barbadense, cornmonly called Pirna or Egyptian cotton, and Gossypium hirsutum, 
cornrnonly called upland cotton. G. hirsutum is noted for its general adaptability and high 
productivity and is the predorninant species in the United States and the world (Lee, 
1984). Upland fiber is used for cordage and other non-woven products, as well as for 
textiles. In addition, upland cotton linters, which are the short fibers rernoved frorn 
seeds prior to crushing, are a rnajor source of industrial cellulose. G. barbadense is 
noted for the length and quality of its fiber and its production in the United States is 
prirnarily restricted to Arizona, New Mexico and West Texas (Niles and Feaster, 1984). 
Pirna tiber, because of its high quality, is used prirnarily for sewing threads and luxury 
fabrics. 

Niles and Feaster (1984) have classified the upland cultivars grown in the United States 
into four rnajor types: Acala, Delta, Plains and Eastern. 

The Eastern type is of special interest since it includes the Coker cultivar which 
provides the genetic background for the transforrnant containing the protein that is 
the subject of this application. The Coker and McNair cultivars account for rnost of 
the production in Georgia and the Carolinas. 

The Acala type cultivars are produced primarily in the irrigated areas in West 
Texas, New Mexico, Arizona and California. In the first of these states, the Acala 
cultivars grown are predorninantly of the Acala 1517 farnily, whereas production in 
California is confined to cultivars derived frorn the Acala SJ series. The Acalas 
account for approxirnately 11 % of the total United States production. 

The Delta types account for approxirnately one-third of the total United States 
production, prirnarily of the Deltapine and Stoneville series. Adaption of Delta-type 
cultivars, generally, is quite broad and representative cultivars are grown in every 
cotton-producing state. 

The Plains type cornprises a rather heterogeneous group of cultivars essentially 
confined·to Texas and Oklahorna, with lirnited production in eastern New Mexico. 
They account for rnore than 40% of the total United States production. 
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Taxonomy of cotton 

Cotton is of the genus Gossypium of the tribe Gossypieae of the family Malvaceae of the 
order Malvales (Fryxell, 1979; Munro, 1987). The genus Gossypium is comprised of 
39 very diverse species which occur in widely separated parts of the world, typically in 
relatively arid parts of the tropics and subtropics (Fryxell, 1984). Worldwide, four 
species of cotton are of agronomic importance: the two diploid Old World (or Asiatic) 
species, G. arboreum and G. herbaceum; and the two allotetraploid New World species, G. 
barbadense and G. hirsutum. Although the old world species remain important in 
restricted areas of lndia, Africa and Asia, the two new world species account for about 
98% of the world's cotton fiber production. Of this amount G. hirsutum accounts for 
90% while G. barbadense accounts for 8% (Lee, 1984). 

Wild species of Gossypium typically occur in arid parts of the tropics and subtropics. 
Fryxell (1984) subdivides the wild diploid species into the following three geographical 
groups: the Australian group (11 species), the Afro-Arabian group (8 species) and the 
American group (12 species). Two species of the American group occur in Peru and in 
the Galapagos, and the remaining 1 O occur in western Mexico with one ( G. thurberi 
Todaro) extending into Arizona. 

In addition to the wild diploids, the following wild tetraploid species of Gossypium occur 
in the New World (Fryxell, 1984): G. tomentosum (Hawaii); G. mustelinium 
(northeastern Brazil); G. darwinii (the Galapagos): G. lanceolatum (Mexico, in hause 
yard cultivation); G. barbadense originally from the Antilles, South and Central America 
(Fryxell, 1984) and now growing wild on the coasts of Peru, Ecuador and possibly the 
Galapagos lstands (Lee, 1984); and G. hirsutum (indigenous to Middle America), the 
Antilles and certain Pacific islands (Fryxell, 1984) and now growing in its wild or 
commensal forms in the drier areas of Middle America, Northern South America, the 
West tndies, the southern tip of Florida, Polynesia, North Africa and southern Asia (Lee, 
1984). The wild populations of G. hirsutum are relatively rare and tend to be widety 
dispersed. All grow on beach strands or on small islands (Lee, 1984). 

There are four species of cotton in the United States. Two of them, Gossypium hirsutum 
(upland cotton), and Gossypium barbadense (sea island cotton, pulpulu haole), are used 
commercially and escaped plants can be found growing in the wild climates where they 
can survive in the winter, i.e. southern Florida and Hawaii. In addition, onty two native 
species of Gossypium occur in the United States: G. thurberi Todaro and G. tomentosum 
Nuttall ex Seeman (Brown and Ware, 1958; Fryxell, 1979; Munro, 1987). The 
former has been described by Kearney and Peebles (1952). 

Gossypium thurberi Todaro (Thurberia thespesiodes Gray) is found in southern Arizona 
in mountainous regions. lt is found in the tollowing counties: Graham, Gila, Pinat, 
Maricopa, Cochise, Santa Cruz and Pirna. lt has also been found in the Bradshaw 
Mountains (Yavapai County). lt is generally found at elevations ot 2,500 to 5,000 teet 
and is common on rather rocky slopes and sides of canyons in the late summer and fall. 
lt has been described as a handsome shrub, known in Sonora as algodoncillo (little 
cotton), reaching a height of 4.2 m. Petals are normally spotless, but plants with faint 
crimson basal spots are not rare. Any gene exchange between this species and 
G. hirsutum, if it did occur, would result in triploid (3x=39), sterile plants because G. 
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hirsurum is an allotetraploid (4X=52) and G. thurberi is a diploid (2x=26). Such 
sterile hybrids have been produced under controlled laboratory conditions, but they 
cannot persist in the w-ild· in addition, fertile allohexaploids (6x= 78) have not been 
reported in the wild ( 991). 

G. tomentosum is a tetraploid and is found an Hawaii (Degener, 1946). The local range 
is an the larger islands as well as on Nihau and Kahoolawe. lt grows on arid, rocky or 
clay plains not far from the sea. Thus, on the larger islands, it is found chiefly an the 
dry, leeward side. On Oahu it is common near Koko Crater, and grows scattered between 
Honolulu and Markus Balley. On Molokai it is extremely common on the southwestern 
end; elsewhere it is rare except near Kamala. Specimens growing near Kaunakakai 
differ from the typical. On Maui the species may be found from the sea in one of the 
valleys south of Wailuku. 

Hence, only 2 wild species of cotton are known to inhabit the United States, the G. 
thurberi Todaro as previously listed and the G. tomentosum which is endemic to Hawaii. 
Only the G. tomentosum is considerectto be capable of crossing with the domesticated G. 
hirsutum and G. barbendense and produce fertile offspring. 

Genetics of Cotton 

Based on cytological evidence, seven genomic types, A through G inclusive, many with 
subtypes, have been identified tor the genus Gossypium (Endrizzi et a/., 1984). Diploid 
species, AA, BB, etc (2n=2X=26), are distributed among tropical and subtropical 
regions worldwide. As noted above, two of the diploid species, G. herbaceum and G. 
arboreum, are of regional agronomic importance. 

Worldwide, there are six allotetraploid species (2n=4x=52). All of these are of the 
genomic group AD and euploids are frequently represented as AADD. The allotetraploid 
species appear to represent the fusion of the A genomic group from the old world with 
the D genomic group from the new world. Both G. barbadense and G. hirsutum are of the 
AD genomic group. Other members of this group are G. tomentosum (Hawaii); G 
musti/inum (Brazil), G. darwinii (Galapagos lslands) and G. lanceolatum (Mexico). 

Pollination of Cotton 

Although natural crossing can occur, cotton is normally considered to be a self
pollinating crop (Niles and Feaster, 1984). The pellen is heavy and sticky and transfer 
by wind is unlikely. Pollen is transferred instead by insects, in particular by various 
wild bees, bumble bees (Bombus sp.), and honeybees (Apis mellifera). 

The range over which natural crossing occurs appears to be limited. McGregor (1976) 
traced movement of pollen by means of fluorescent particles and found that, even among 
flowers located only 150 to 200 feet from a cotton field which was surrounded by a large 
number of bee colonies to ensure ample opportunity for transfer of pellen, tluorescent 
particles were detected on only 1.6% of the flowers. For the sake of comparison, the 
isolation distances for foundation, registered and certified cotton seed are 1320 teet, 
1320 feet and 660 feet respectively (7CFR§201 ). 
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Weediness of Cotton 

G. hirsutum is ineffective as a weed. Wild populations are rare, widely dispersed and 
confined to beach strands or to small islands (Lee, 1984). lt appears to be somewhat 
opportunistic towards disturbed land and appears not to be especially effective in 
invading established ecosystems. In the continental United States, wild populations of G. 
hirsutum exist only in the southern tip of Florida, due at least in part to the fact that 
cotton cannot over-winter in those areas where freezing conditions occur. 

Potential Routes of Gene Escape in Cotton 

Three potential routes of gene escape in cotton are considered: (1) by vegetative 
material: (2) by seed; and (3) by pollen. Cotton does not commonly propagate from 
vegetative material, and, even if it did, it would be unlikely to survive the freezing 
winters which occur throughout most of the cotton growing regions of the United States. 
Gene escape via seed is unlikely since voluntarism is virtually nonexistent for cotton. lt 
should also be noted that cotton bolls, ·due to their size and general properties, are 
unlikely tobe dispersed by any of the common mechanisms of seed dispersal such as 
wind, birds or terrestrial animals. 

Escape of genes by pollen is possible only if the pollen finds a Gossypium species of the 
correct chromosomal type. In the case of pollen from G. hirsutum, the recipient must be 
an allotetraploid of AADD genome. G. thurberi, the native cotton indigenous to Arizona 
and nearby Mexico, is not a suitable recipient since it is a diploid of DD genotype. 

In the United States there are, in fact, only three Gossypium species which can serve as 
recipients tor G. hirsutum. These are G. hirsutum itself. G. barbadense, and G. 
tomentosum, which grows only in Hawaii. G. barbadense has not been found growing wild 
in the United States and, thus, only cultivated plants would be available to be pollinated 
by G. hirsutum. Seed which is intended for planting usually comes from plants which 
have been segregated from other cotton plants to prevent out-crossing. Thus, if there 
were such an out-cross, it would almost certainly involve plants whose seed was 
intended for processing rather than planting, since seed production fields are isolated 
from commercial cotton fields, and any such escape of genes into G. barbadense would be 
very short-lived and of no significance. This would also be true if the genes escaped 
from G. hirsutum into another strain of cultivated G. hirsutum. As noted above, G. 
hirsutum grows wild in southern Florida and, while it is possible that genes could escape 
to a wild G. hirsutum, it is unlikely since there is no commercial cotton production 
within several hundred miles of this area. 

Escape of genes to G. tomentosum in Hawaii is possible; however, this is also not likely to 
occur since there is no commercial cotton production on these islands. In addition, 
although G. tomentosum and G. hirsutum are chromosomally compatible, cross 
pollination is unlikely. First, the flowers of G. tomentosum are pollinated by moths 
rather than by bees as is the case for G. hirsutum. Second, the flowers of G. tomentosum 
are receptive at night rather than during the day. In view of these two factors, cross 
pollination would appear to be unlikely. Nevertheless, the potential for cross 
pollination of these species will be controlled by maintaining the appropriate isolation 
distances between any cotton plantings and the wild G. tomentosum species. 
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Additional support for the low out-crossing potential ot cotton is found in a paper 
prepared by Dr. James McD. Stewart of the University of Arkansas on the possible 
introgression between cultivated cotton and wild relatives contained in Appendix III. The 
same conclusion was reached by the Environmental Fate and Ground Water Branch ot the 
Environmental Fate Effects Division of the EPA as part of the review to support the 
Experimental Use Permit under the Federal Fungicide, lnsecticide and Rodenticide Act 
(FIFRA) of these insect resistant cotton plants, EPA Reg. No. 524-EUP-73 (Appendix 
IV). 
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Part III. Description of the Method of Transformation and 
the Molecular Biology of the Plant 

lntroduction 

Bollgard™ Cotton Line 531. contains the following 3 genes inserted via genetic 
engineering techniques: 

• The crylA(c) gene which encodes for an insecticidal protein, B.t.k. HD-73, 
derived from the common soil microbe Bacmus thuringiensis variety kurstaki 
(B.t.k.). 

• The nptll gene which encodes the selectable marker enzyme neomycin 
phosphotransferase II (NPTII), was needed to identify transformed cells that 
contained the B.t.k. protein. lt served no other purpose and has no pesticidal 
properties. 

• The aad gene which encodes the bacterial selectable marker enzyme 3"(9)-O
aminoglycoside adenylyltransferase (AAD), allowed for the selection of bacteria 
containing the PV-GHBK04 plasmid an media containing spectinomycin or 
streptomycin. The aad gene is under the control of a bacterial promoter and the 
encoded protein is not detected in Bollgard™ Cotton Line 531. 

Bollgard™ Cotton Line 531 was produced using the Agrobacterium tumefaciens 
transformation system. This system and the related genes are described below. 

A. Characteristics of the Non-transformed Cultivar 

Bollgard™ Cotton Line 531 was developed by transforming the parental cotton cultivar 
Coker 312 ( Gossypium hirsutum L.). This cotton was released by the Coker Pedigree 
Seed Company in 1974, and the variety is currently owned by the SeedCo Corporation of 
Lubbock, Texas. This is an older cotton variety, and little to none is being grown today. 
Therefore, Monsanto does not intend to introduce the Bollgard™ Cotton Line 531 variety, 
but will allow our seed company partners to transfer the trait into commercial cotton 
varieties by traditional breeding techniques. 

The Coker 312 cultivar was used because of its positive response to the tissue culture 
system used in the process to produce transgenic plants. Several researchers 
(Trolinder and Goodin, 1987; Umbeck et al., 1987) have demonstrated that Coker 312 
and a family of cultivars related to that line have a genetic precondition to respond 
favorably to tissue culture. Coker 312, although no langer widely grown, is still a 
commercially acceptable cultivar. Therefore, the Bollgard™ Cotton Une 531 generated 
with a Coker 312 background is acceptable from an agronomic perspective for testing 
purposes. 
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B. Agrobacterium Vectors and Transformation 

Generally when using Agrobacterium vectors, only the T-DNA is transferred and 
integrated into the plant genome (Zambryski, 1992). lt is generally accepted that T
DNA transfer into plant cells by Agrobacterium is irreversible (Huttner, et al., 1992). 
The border sequence itself is not entirely transferred during the process of insertion of 
the T-DNA into the plant genome (Bakkeren, et al., 1989). This means that the inserted 
DNA is no langer a functional T-DNA; i.e., once integrated, it cannot be remobilized into 
the genome of another plant even if acted on again by vir genes. 

The transformation vector contains well-characterized DNA segments required for 
selection and replication of the plasmid vector in bacteria and transfer of the T-DNA into 
plant cells. The plant expression vector was assembled and then transformed into E coli 
and mated into the ABI Agrobacterium strain by the triparental conjugation system, as 
described by Ditta, et al., using the helper plasmid pRK2013 (Ditta, et al., 1980). The 
binary ABI strain contains the disarmed (i.e., lacking the T-DNA phytohormone genes) 
pTiC58 plasmid pMP9ORK (Koncz and Schell, 1986}, in a chloramphenicol resistant 
derivative of the Agrobacterium tumefaciens strain A208. The disarmed pMP9ORK Ti 
plasmid does not carry the T-DNA phytohormone genes and is no langer considered a 
threat as a plant pest (Huttner, et al., 1992}. The pMP9ORK Ti plasmid was engineered 
to provide the trfA gene functions required tor autonomous replication of the plasmid 
vector after conjugation into the ABI strain. When the plant tissue is incubated with the 
ABl::plasmid vector conjugate, the T-DNA vector is transferred to the plant cells via the 
vir functions encoded by the disarmed pMP9ORK Ti plasmid (Klee, et al., 1983 and 
Stachel and Nester, 1986}. The Ti plasmid does not transfer to the plant cells but 
remains in the Agrobacterium. 

The T-DNA, which includes the cry/A(c), npt/1 and aad genas, was transferred into the 
genome of individual cotton cells thereby allowing selection on kanamycin. After a few 
days, the residual Agrobacterium cells were killed using different antibiotics. 
Procedures for Agrobacterium transformation of cotton hypocotyl sections were 
performed with modifications as described by Umbeck et al. (1987). Plants were 
regenerated with modifications of those as described by Trolinder and Goodin (1987}. 
Subsequently, the cotton tissues were treated to stimulate regeneration of transgenic 
cells into shoots and ultimately plantlets were grown in soil and assayed tor insect 
resistance. 

C. Plant Expression vector • PV-GHBK04 

The plasmid vector, PV-GHBK04, is an 11.4 Kb single border binary transformation 
vector (Figure 111-1). lt contains well-characterized DNA segments required for 
selection and replication of the plasmid in bacteria as well as a right border for 
initiating the region of DNA (T-DNA) integrated into the plant genomic DNA. The host 
for all DNA Cloning and vector construction was E coli MM-294, a derivative of the 
common laboratory E. coli K-12 strain. The PV-GHBK04 vector is composed of several 
genetic components; the sizes listed here include non-functional DNA needed tor cloning 
events. Table 111-1 summarizes and references all the genetic components of PV
GHBK04. The 0.70 Kb oriV fragment from the RK2 plasmid (Stalker, et al., 1981} 
provides the origin of replication for maintenance in Agrobacterium tumefaciens and is 
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fused to the 3.0 Kb Santo Pvul segment ot p8R322 which contains the origin of 
replication for maintenance in E. coli (ori322) and the bom site for the conjugational 
transfer into Agrobacterium tumefaciens (Boliver, et al., 1977 and Sutcliffe, 1978). 
This was fused to a 0.09 Kb DNA fragment from the pTiT37 plasmid which contains the 
nopaline-type T-DNA right border (Depicker, et al., 1982 and Bevan, et al., 1983). 
The remaining portion of plasmid DNA consists of two chimeric genes (genes with signals 
for plant expression) that encode the B.t.k. HD-73 and NPTII proteins and a bacterial 
selectable marker gene (aad) under the control of a bacterial promoter. 

The chimeric gene responsible for the efficacious control of Lepidoptera 
(E35S!cry/A(c)!7S 3') consists of the enhanced 35S promoter (Kay et al., 1987; Odell 
et al„ 1985), the cry/A(c) gene which encodes the B.t.k. HD-73 protein and the non
translated region of the soybean alpha subunit of the beta-conglycinin gene which 
provides the mRNA polyadenylation signals (Schuler, et al., 1982) referred to as 7S 3' 
terminator sequence. This is fused to the 0.93 Kb fragment containing the aad gene, 
isolated from transposon Tn7, which encodes a protein that allows for bacterial selection 
on spectinomycin or streptomycin (Fling et al., 1985). Downstream of the aad gene is 
the chimeric gene for selection on kanamycin (35S!nptl//NOS 3') which consists of the 
cauliflower mosaic virus 35S promoter, the neomycin phosphotransferase type II 
(nptlf) gene and the non-translated region of the 3' region of the nopaline synthase gene 
reterred to as NOS 3' (Rogers et al., 1985). 

D. lnserted Genes 

1. The cry/A(c) gene 

The crylA(c) gene contained within PV-GHBK04 was constructed by combining the first 
1398 nucleotides of the cry/A{b) gene (corresponding to amino acids 1 to 466) 
(Fischhoff et al., 1987) with nucleotides number 1399 to 3534 of the cry/A(c) gene 
(corresponding to amino acids 467 to 1178) (Adang et al., 1985). With the exception 
of 6 amino acid differences, the cry/A(b) region is identical to the analogous region of 
the B.t.k. HD-73 protein encoded by the cry/A(c) gene as described by Adang et al. 
(1985). The cry/A(c) portion of the gene encodes a protein that is identical to the 
CrylA(c) protein present in nature (Adang et al., 1985) with the exception of one amino 
acid at position 766. The protein found in nature contains a leucine at amino acid 766 
and the cry/A(c) gene within PV-GHBK04 encodes a serine at position 766. The 
discrepancy was unintentional and occurred during the genetic design of the gene for 
plant expression. Since the B.t.k. HD-73 protein produced in Bollgard™ Cotton Une 
531 yields an insecticidally active trypsin-resistant core product of approximately 
600 amino acids in size, the amino acid at position 766 will be lost in the insecticidally 
inactive fragment upon exposure to trypsin (or the proteases within the insect gut) and, 
therefore, will not affect the host range of the active N-terminal portion of the protein 
(Bietlot, 1989). 

Both regions of the B.t.k. HD-73 gene were genetically improved for increased plant 
expression using a strategy comparable to that described by Perlak et al., 1990 and 
1991. Since the B.t.k. HD-73 protein present in Bollgard™ Cotton Une 531 contains 
the hypervariable region of the CrylA(c) protein, which has been shown to be 
responsible for insecticidal specificity (Geiser et al., 1986), the gene in PV-GHBK04 is 
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reterred to as a cry/A(c} gene. The crylA(c) gene contained within PV-GHBK04 encodes 
a near-nature identical B.t.k. HD-73 protein as described by Adang et al. (1985) with 
the encoded protein produced in Bollgard™ Cotton Line 531 being 99.4% identical to the 
naturally occurring B.t.k. HD-73 protein. 

The cry/A(c) gene sequence, as introduced in Bollgard™ Cotton Line 531, is shown in 
Figure 111-2. The corresponding amino acid sequence is shown in Figure 111-3. 

2. The npt/1 Marker Gene 

The nptll gene functions as a dominant selectable marker in the initial, laboratory stages 
of plant cell selection following transformation (Harsch et al., 1984; DeBlock et al., 
1984). The NPTII enzyme uses ATP to phosphorylate neomycin and the related 
kanamycin, thereby inactivating these aminoglycoside antibiotics and preventing them 
from killing the cells producing NPTII. The coding sequence for the nptll gene is derived 
from the prokaryotic transposon Tn5 (Beck et al., 1982). The sole purpose of inserting 
the nptll gene into cotton cells with the cry/A(c) gene is to have an effective method of 
selecting cells that contain the insecticidal gene. In general, the frequency of cells that 
are transformed is often as low as 1 in 10,000 or 1 in 100,000 of the cells treated 
(Fraley et. al., 1983). Therefore, to facilitate this process, a selectable marker gene, 
nptll, and selective agent, kanamycin, are used. Consequently, cells selected for plant 
generation that contain the cry/A(c) gene also contain the nptll gene. 

The nptll gene sequence, as introduced into Coker 312 to produce Bollgard™ Cotton Line 
531 is shown in Figure 111-4. The corresponding amino acid sequence is shown in 
Figure 111-5. 

3. The aad Bacterial Marker Gene 

The aad gene was isolated from transposon Tn7 (Fling, et al., 1985) and is under the 
control of its own bacterial promoter which provided a selectable marker for genetic 
manipulations in the bacterial hosts. The aad gene encodes the enzyme 3"(9)-O
aminoglycoside adenylyltransferase (AAD) which allows for the selection of bacteria 
containing the PV-GHBK04 plasmid an media containing spectinomycin or streptomycin. 
The aad gene is under the control of a bacterial promoter and its lack of detectable 
expression was confirmed by an ELISA developed for the AAD protein (Monsanto Report, 
MSL No. 13275). The aad gene sequence, as introduced into Coker 312 to produce 
Bollgard™ Cotton Line 531 is shown in Figure 111-6. The corresponding arnino acid 
sequence is· shown in Figure 111-7. 

4. Description of a Genetic Element Contained in PV-GHBK04 but 
Absent trom Bollgard™ Cotton Line 531 

The ori322 region is present an the plasmid PV-GHBK04, but was not transferred and 
hence not present in the genome of Bollgard™ Cotton Line 531. The ori322 region is a 
1.8 Kb segment of pBR322 (contained an a 3.0 Kb SaA to Pvul fragment) which 
provides the origin of replication for maintenance of the PV-GHBK04 plasrnid in E. coli 
and the bom site for the conjugational transfer into the Agrobacterium tumefaciens cells 
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(Bolivar et af., 1977: Sutcliffe. 1978) and is located upstream of the oriV segment on 
PV-GHBK04. The absence of this genetic element in Bollgard™ Cotton Line 531 was 
demonstrated by Southern blot analyses, described in Part III E(1 )(a). 

E. Genetic Analysis 

1. Insert number, copy number and insert integrity 

As described in Part 111-B, the Bollgard™ Cotton Line 531 was generated by 
Agrobacterium tumefaciens mediated transformation with the plasmid PV-GHBK04. DNA 
analyses were performed to characterize the inserted T-DNA in terms of insert number 
(number of integration events), copy number (number of T-DNA copies at a particular 
genetic locus) and insert integrity (gene size, composition and linkage). The 
characterization was performed by Southern blot analysis (Southern, 1975) an genomic 
DNA isolated from the leaf tissue of the control (Coker 312) and Bollgard™ Cotton Line 
531 cotton plants. 

a. Insert lntegrity and Copy Number 

Sspl results: There are two Sspl sites within PV-GHBK04; one is near the right 
border and the second is approximately 7.4 Kb downstream of the first. Figure 111-1. 
Digestion with Sspl was predicted to release a 7.4 Kb fragment along with a border 
fragment containing the oriV region and a second non-detectable border fragment 
(containing less than 100 bp of the plasmid DNA, which is typically not detected in 
these analyses) released near the right border. Figure III-SA, lane 7 shows that 
upon digestion of the DNA from Bollgard™ Cotton Line 531 with Sspl, three 
fragments of approximate sizes 7.4, 1.7 and 0.7 Kb hybridized to the entire plasmid 
PV-GHBK04 probe. 

The 7.4 Kb fragment hybridized to the cry/A(c) and nptll probes establishing that an 
intact fragment containing these two genes integrated into the cotton genome (Figures 
lll-9A and lll-10A, lane 7). The 0.7 Kb fragment did not hybridize to either the 
cry/A(c) or nptl/ probes (Figures lll-9A and lll-10A, lane 7) but did hybridize to 
the oriV probe (Figure 111-11 A, lane 7). The summation of the three fragment 
sizes, 7 .4, 0.1 (from the Sspl site to the right border) and 0.7 Kb, from the Sspl 
digestion, established that the T-DNA insertion event from this copy can be no larger 
than approximately 8.2 Kb in size. This T-DNA, therefore, maximally contains the 
cry/A(c), npt/1 and aad genes and part or all of the oriV region. Based on its 
maximum size, it does not contain the ori322 region and this is supported by the 
Hindlll in combination with EcoRI digestion results, described below. 

The 1.7 Kb fragment, released by the Sspl digestion, hybridized to the cry/A(c) gene 
probe, (Figure lll-9A, lane 7) but not the nptll probe, (Figure lll-10A, lane 7). 
These data indicated that a second (smaller) T-DNA integrated into the cotton genome. 
Since the origin of transfer is typically initiated from the right border (Zambryski, 
1992), the second copy is presumed to contain the 7S 3' termination sequence (0.45 
Kb in size) and maximally 1300 bp of the 3' portion of the cry/A(c) gene (1 .7 
minus 0.45 Kb). The 1.3 Kb 3' region of the crylA(c) gene is the non-insecticidally 
active portion of the gene (Geiser, et al., 1986) and, therefore, cannot encode an 

000032 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



insecticidally active protein. The sizes of the fragments generated from the DNA 
isolated from Bollgard™ Cotton Line 531 and cleaved with Sspl are schematically 
illustrated in Figures I11-8B through 111-11 B. 

EcoRl!Hind/11 results: There is one site each tor the restriction enzymes Hindlll 
and EcoRI within PV-GHBK04. The EcoRI site is approximately 500 bp downstream 
of the right border and the Hindlll site is approximately 4.2 Kb downstream of the 
EcoRI site (Figure 111-1). lt a single copy of PV-GHBK04 had integrated into the 
cotton genome, digestion with the combination of both enzymes would be expected to 
release a 4.2 Kb fragment containing the cry/A(c) gene, a border fragment 
containing the nptll gene (and part or all of the oriV region) and an undetectable 
border fragment (released nearest the right border and containing less than 450 bp 
of the plasmid DNA, which is typically not detected in these analyses). As shown in 
Figure III-SA, lane 10, three fragments were released: the 4.2 Kb fragment which 
hybridized to the crylA(c) gene probe (Figure lll-9A, lane 10), a 3.6 Kb border 
fragment which hybridized to the nptll and oriV probes (Figures 111-1 0A and 111-
11 A, lanes 1 o, respectively) and· a third band of approximately 1.3 Kb which also 
hybridized to the cry/A(c) gene probe (Figure lll-9A, lane i 0). The fragment at 
approximately 7 .8 Kb is considered to be · a result ot a partial digestion of the DNA 
since it is the approximate summed size of the two other fragments released and it 
hybridized to all four probes shown in Figures III-SA through 111-11 A, lane 1 0. The 
partial fragment is marked with an asterisk in the figures. The border fragment that 
hybridized with the nptll gene probe is approximately 3.6 Kb in length and, 
therefore, demonstrates (in combination with the Sspl results) that this border 
contains no more than the nptll gene, the oriV region (0.62 Kb in size) and no more 
than 200-400 bp downstream of the oriV region. The size of this border fragment 
(3.6 Kb) also established that the ori322 region did not integrate into the cotton 
genome since it is too small to have included the ori322 region which is upstream of 
the oriV region. 

The approximately 1.3 Kb fragment that hybridized with the cry/A(c) probe 
confirmed the integration of a second, smaller copy of PV-GHBK04 within the 
genome. The presence of an approximately 1.0 Kb fragment (containing two copies of 
the 7S 3' region) would have indicated that the two copies of T-DNA had inserted in 
an head-to-head arrangement (right border to right border). Since this fragment 
was not observed in the Hindlll/EcoRI digestion, it was concluded that the two copies 
integrated in a head-to-tail arrangement as shown in the schematics. Based on the 
size of the i .3 Kb T-DNA insert containing the partial cry/A(c) gene, no more than 
1300 bp (maximum) of the 3' end of the cry/A(c) gene could have integrated 
(initiated from the right border) into the cotton genome. These results, in 
combination with the Sspl results, demonstrate that an intact cry/A(c) gene inserted 
into the cotton genome (contained within the 4.2 Kb fragment released with Hindlll 
in combination with EcoRI) and that a second, small region of T-DNA also integrated 
into the cotton plant genome (contained within the i .3 Kb tragment released with 
Hindlll in combination with EcoRI). Since the size of the EcoRI fragment is 
approximately i .3 Kb, this is the maximum amount of the 3· region of the cry/A(c) 
gene contained within the second copy of T-DNA. 
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Additionally, thcse results, in combination with the Sspl results described above and 
the Hindlll results described below, demonstrate that the two T-DNA copies must be 
located in close proximity to each other and that an EcoRI site must be present 
between the two T-DNA copies since the smaller T-DNA copy (the 1.3 Kb fragment 
released with EcoRI in combination with Hindlll) is approximately 450 bp smaller 
than the fragment released with Sspl alone (1.7 Kb). The sizes of the fragments 
generated from the Hindlll/EcoRI digestion are schematically illustrated in Figures 
111-88 through 111-11 B. 

2. Insert Number 

Hindl/1 resu/ts: To obtain information on the number of T-DNA inserts 
transferred into the cotton genome, the isolated genomic DNA was cut with the 
restriction endonuclease Hindlll. Fora single copy and single insertion event, the 
Hindlll restriction enzyme was expected to yield two fragments each joined to the 
plant genomic DNA referred to as border fragments. Two fragments of approximate 
sizes 4.0 and 8.5 Kb were ·generated, Figure III-BA, lane 9. The 4.0 Kb fragment 
hybridized to the npt/1 and oriV probes, Figures lll-10A and lll-11A, lane 9, while 
the 8.5 Kb fragment hybridized onty to the crylA(c) probe, Figure lll-9A, lane 9 
thereby identifying each of the border fragments. From the two digestion results 
above (Sspl and Hindlll in combination with EcoRI}, it was demonstrated that two T
DNA inserts integrated into the cotton genome to produce Bollgard™ Cotton Une 531. 
The Hindlll digestion results establish that the second, partial T-DNA copy must be 
upstream of the approximately 8.2 Kb T-DNA copy since the Hindlll digestion 
released only a single fragment that hybridized to the cry/A(c) gene, Figure lll-9A, 
lane 9. lt the second, partial copy had inserted an a separate chromosome or 
downstream of the 8.2 Kb T-DNA copy, then a separate Hindlll fragment containing 
the cry/A(c) gene would have been generated. Therefore the two copies are tightly 
linked (with no Hindlll site between them} and the 8.5 Kb Hindlll fragment contains 
a full and partial copy of the cry!A(c) gene an a single fragment. The sizes of the 
fragments generated from the Hindlll digestion is schematically illustrated in 
Figures 11I-8B through 111-118. 

Further evidence that the two T-DNA inserts are tightly linked was provided from 
the analysis of commercial lines that were crossed with Bollgard™ Cotton Une 531. 
Comparison of eight different progenies from two commercial lines, with three 
generations of back-crossing, demonstrated that the smaller T-DNA insert existed in 
all progenies (data not included}. This confirms that the two T-DNA inserts are 
linked. 

In summary, genetic analyses demonstrated that two T-DNA copies inserted in a 
head-to-tail arrangement into the cotton genome to produce Bollgard™ Cotton Line 
531. One T-DNA insert, of approximately 8.2 Kb in size, contains a full length 
cry/A(c) gene and an npt/1 gene (without the ori322 region} and the second insert, 
of approximately 1. 7 Kb maximum size, contains a 3' portion of the cry/A(c) gene 
that cannot be insecticidally active since it does not contain the insecticidally active 
5' region of the cry/A(c) gene. The two inserts were shown to be linked and this is 
supported by segregation data from commercial backcrossed lines. 
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3. Segregation 

Segregation data tor R1 plants (progeny of the initial transtormant, which is reterred to 
as R0} and the progeny of the R1 plants is presented in Table 111-2. These results are 
consistent with a tightly linked two-insertion event containing one active copy of the 
cry/A(c) gene. 

4. Stability of Gene Transfer 

The stability of the cry/A(c) gene has been demonstrated over four generations of 
backcrossed derivatives of Bollgard™ Cotton Line 531 in several elite cultivar lines 
(Table 111-3). The Chi square test for the BC3F1, BC3F2 and BC3F3 segregates were 
not different than expected. The Chi square test for the BC3F2 progeny test (expected 
segregation of 1 homozygote:2 heterozygotes) was significant at P=0.05 but not at 
P=0.01. By definition, we would expect a deviation of this magnitude from the expected 
ratio in approximately 5% of the cases. Thus, this result is most likely due to random 
sampling. Additionally, the R1 ('Table 111-2) progeny results were as expected. In fact, 
the results were a perfect fit. 

In summary, the data from the genetic analysis of the Bollgard™ Cotton Line 531 
demonstrate that a single active copy and an inactive partial copy ot the cry/A(c) gene 
was introduced into genomic cotton DNA inserted at two tightly linked sites and that the 
integrity of this insertion was maintained during the transfer. The gene for cry/A(c) 
segregated in a manner consistent with two tightly linked insertion events and was stably 
transterred with crossing. The selfed data trom the crosses further demonstrated the 
stability of transfer trom generation to generation. 

F. Description of the Expressed Proteins 

1 . Bacillus thuringiensis Crystal Proteins 

a. Biochemistry 

Bacillus thuringiensis is a crystalliferous spore-forming gram-positive 
bacterium that has been used commercially over the last 30 years to control 
insect pests. These microbes are found naturally in soil worldwide. Numerous 
different strains have been identified, characterized and used commercially. 
Several strains have been extensively studied and have been shown to be 
insecticidally active against selected insect pests as summarized below: 

B. thuringiensis subsp. israelensis strains are active against Dipteran 
insects (mosquitoes and black flies); 

B. thuringiensis subsp. san diego and tenebrionis strains are active against 
Coleoptera (potato beetle, elm leaf beetle); 

B. thuringiensis subsp. kurstaki, sotto and aizawai strains are all active 
against Lepidoptera (tomato hornworm, gypsy moth, cabbage looper, tobacco 
budworm, cotton bollworm, etc.). 
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The protein produced in Bollgard™ Cotton Line 531, (cry/A(c)), is >99.4% 
identical to the protein produced by the B.t.k. HD-73 bacterial strain. This 
strain controls insect pests by the production of crystalline insecticidal proteins 
known as delta-endotoxins. These proteins are produced as the bacterium enters 
the sporulation phase and can account for approximately one-third of the weight 
of the bacterial cell. To be active against the target insect, the protein must be 
ingested. In the insect gut, the protein binds to specific receptors on the insect 
mid-gut, inserts into the membrane and forms ion-specitic pores. These events 
disrupt the digestive processes and cause the death of the insect. Strains of B. 
thuringiensis have been used commercially to control selected insect pests. 
Commercial quantities ot these microbes are prepared in large-scale cultures in 
which the bacteria are allowed to sporulate. The spores and proteins are then 
formulated for application to plants. 

Two classes of insecticidal proteins (delta-endotoxins} are produced upon 
sporulation by B.t.k. strains. These are termed P1 and P2 proteins based on 
relative molecular weights. The B.t.k. HD-73 (CrylA(c)) protein falls in the P1 
class. The P1 proteins range in molecular weight trom 130,000 to 140,000 
daltons and are comprised of 1100 to 1200 amino acids The P2 proteins are 
typically signiticantly smaller in size than the P1 proteins. The most well 
studied P2 proteins are 71 Kda in size and are comprised of 633 amino acids 
(Widner and Whitely, 1989). The P1 proteins can be divided into an amino 
terminal and a carboxy terminal domain. The amino acid sequences of the 
carboxy terminal domain have been conserved (Thorne et al., 1986; Jaquet et 
a/., 1987) across bacterial strains and contain a number ot cysteine residues 
which form intramolecular bonds that are important in the tormation ot the 
protein crystal structure. The carboxy terminal domain is not essential for 
insect toxicity; it can be cleaved from the protein molecule without affecting the 
activity of the remaining protein towards insects (Adang et al., 1987; Thorne et 
a/., 1986). 

The amino terminal end of the P1 protein retains the insecticidal activity 
(Fischhoff et. al., 1987). Comparison ot the amino acid sequence tor various P1 
proteins from several B. thuringiensis strains reveals considerable differences 
(22% homology in amino acid content for the B.t. kurstaki and tenebrionis 
subspecies) which account for the selectivity in activity against various insect 
orders. 

b. Mode-of-Action 

As stated previously, B.t.k. proteins must be ingested by the insect to exert 
insecticidal activity. The protein in its crystalline form is insoluble in aqueous 
solution at neutral or acidic pH (Bulla et al., 1977); however, the pH of the 
larval insect gut is alkaline which favors solubilization of the protein crystal. 
The solubilized protein is subsequently activated by proteases in the insect gut. 
These proteases cleave the carboxy terminal domain from the rest of the protein 
(Chroma and Kaplan, 1990) as well as approximately 28 amino acids from the 
amino terminal end of the protein (Bietlot et al., 1989). The activated protein, 
which consists of approximately 600 amino acids, diffuses through the 
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peritrophic membrane of the insect to the midgut epithelium. There, it binds to 
specific high affinity receptors on the surface of the midgut epithelium of target 
insects (Wolfersberger et al., 1986; Hofmann et al., 1988; Hofmann et al., 
1988a; Van Rie et al., 1989; Van Rie et al., 1990). Non-target insects, 
mammals, birds and fish do not possess such receptors. Pores are formed in the 
membrane leading to leakage of intracellular contents (e.g. K+) into the gut 
lumen and water into the epithelial gut cells (Sacchi, et al., 1986; Knowles et 
a/., 1989). The larval gut epithelial cells swell due to osmotic pressure and 
lyse. The gut becomes paralyzed as a consequence ot changes in electrolytes and 
pH in the gut causing the larval insect to quit eating and die. 

c. Evidence for "Species-Selectivity" 

The protein delta-endotoxins produced by the various subspecies of B. 
thuringiensis, although related, exhibit differences in the amino acid sequence 
for the amino terminal domain of the proteins. These differences account, in 
part, for their selective action against certain insect pests. More importantly, 
non-target insects lack receptors for the proteins on the surface ot their gut 
cells. This has practical application in assessing the safety of 8. thuringiensis 
protein delta endotoxins towards other non-target organisms such as fish, birds 
and mammals. No receptors for these proteins have been identified on intestinal 
cells of mammals such as rats and rabbits (Sacchi et al. 1986; Hoffman et al. 
1988; Van Mellaert et al. 1988). This explains the absence of toxicity for the 
protein delta-endotoxins of 8. thuringiensis subspecies such as kurstaki to non
target organisms. The 8.t.k. HD-73 protein expressed in Bollgard™ Cotton Line 
531 shows a strict host-range specificity for lepidopteran insects and has no 
deleterious effects on non-target organisms (see Part V(J)). 

d. Human Food Safety Considerations 

There are no receptors for the protein delta-endotoxins of 8. thuringiensis 
subspecies on the surface of mammalian intestinal cells; therefore, humans are 
not susceptible to these proteins. This has been confirmed in numerous safety 
studies carried out in laboratory animals which are traditionally experimental 
surrogates for humans. The results of some of these studies have been published 
in scientific reviews (lgnoffo,1973; Shadduck et al., 1983; Siegel and Shadduck, 
1990). Results of unpublished safety studies generated by registrants of 8. 
thuringiensis commercial preparations have also been summarized in a recently 
issued EPA Registration Standard for 8t Formulations (EPA, 1988). In 
published reviews and the EPA document, studies are referenced where large 
doses (5000 mg/kg) of 8. thuringiensis formulations were administered as 
single or multiple oral doses (up to 2 years) to different laboratory animals, 
with no adverse effects. Avian and aquatic organisms have also been fed 8. 
thuringiensis formulations, with no adverse effects. A typical formulation is 
composed of 8t spores and 8t protein endotoxin, the latter compromising up to 
one-third of the weight of the spores. While target insects are susceptible to 
oral doses of 8.t.k. proteins (µg per gram of body weight), there was no evidence 
of any toxic effects observed in non-target laboratory mammals, fish or birds 
given the equivalent of up to 106 µg of protein per gram of body weight. No 
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deleterious effects were observed on non-target insects at doses over 100 fold 
higher than needed to control target insects (EPA 1988). In addition to the lack 
of receptors for the B.t.k. proteins, the absence of adverse effects in non-target 
animals is turther supported by the poor solubility and stability of the 8.t.k. 
proteins in the acid milieu of the stomach. The acid conditions in the stomach and 
the presence of bile acids denature the B.t.k. proteins facilitating their rapid 
degradation by pepsin. In vitro enzymatically activated delta-endotoxins are also 
non-toxic when administered orally to laboratory animals (Nishitsutsuji-Uwo et 
al. 1980). Even if activated B.t.k. protein toxins could enter the mammalian 
gastrointestinal tract, there are no receptors on the surface of gastrointestinal 
tissues to permit binding of the protein toxin to the cell surface. These scientific 
considerations support the history of safe use of B. thuringiensis preparations. 
Based on the available scientific data, EPA and other regulatory scientists 
worldwide have determined that use of registered B. thuringiensis products pose 
no significant risks to human health or non-target organisms. 

e. Lack of Exposure to Fish and Wildlife 

As reported in the EPA Registration Standard for Bacillus thuringiensis, the 
naturally occurring B.t. proteins have been demonstrated to be virtually non
toxic to fish, avian species. mammals and other non-targets. Furthermore, 
cotton is a unique field crop in that mammals and other species which consume 
vegetation avoid feeding on the plant due to both the gossypol in the plant and the 
morphology of the plant. The seed is within the boll and covered with lint. The 
seed will not be normally found in a lint-free condition in the field. Therefore, 
avian species should not teed on the large lint covered seed. In addition, the seed 
is not expected to enter aquatic habitats; therefore, fish should not be exposed. 

Since the naturally occurring B. t.k. proteins have been demonstrated to be 
virtually non-toxic to fish, avian species, non-target insects, mammals and 
other non-target species and exposure to these species is not expected due their 
feeding preferences, no adverse effects are expected to wildlife from the 
commercialization of these plants. 

Finally, no endangered or threatened lepidopteran insects, as listed in SOCFR 
17 .11 and 17 .12, feed on cotton plants. 

2 . Biochemistry of the Neomycin Phosphotransferase II 

The Neomycin Phosphotransferase II protein (NPTII), which has no insecticidal 
effect, is ubiquitous in the environment and tound in microbes present on tood and 
within the human digestive system (Flavell et al. 1992; Calgene, lnc., 1993). This 
protein has also been used as a selectable marker for animal and human cell 
transformation and for human gene therapy experiments (Culver et al., 1991; 
Brenner et al., 1993). The safety of NPTII and other selectable markers are 
addressed in recent reviews by Flavell et al. (1992) and Nap et al. (1992), and in 
two separate papers by Monsanto Scientists; Fuchs et al. (1993a) and Fuchs et al. 
(1993b). FDA has recently approved the request from Calgene lnc. to amend the food 
additive regulations to provide for the safe use of NPTII as a processing aid in the 
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development of new varieties of tomato, ollseed rape and cotton (Calgene, tnc., 1993, 
FDA 1994). In addition, the EPA has exempted the NPTII protein and the genetic 
material necessary for the production of the protein from the requirement of a 
tolerance in or on all agricultural commodities when used as a plant-pesticide inert 
ingredient (EPA 1994). 

These reviews and the approvals by the FDA and EPA support the satety ot NPTII 
protein for use as a selectable marker in crops grown for human and animat 
consumption. 

Conclusions 

• The Agrobacterium tumefaciens transformation system utilized in the 
modification of this insect resistant cotton is well understood and has been 
utilized for many years in the modification of many dicotyledonous plants. The 
system is dis-armed am;I cannot transmit the crown gall disease. 

• This transformation system stably inserts the genes into the chromosome of the 
plant cell. 

• All of the elements of the plasmid vector PV-GHBK04, which was utilized in the 
moditication of Bollgard™ Cotton Line 531, are well characterized and 
understood. The function of each element is known and the genes have been cloned 
so they have no potential to transfer any plant pest characteristics to the host 
organism. 

• The crylA(c), npt/1 and aad genes present in the PV-GHBK04 plasmid vector have 
been completely sequenced. 

• Two T-DNA inserts integrated in close proximity, in a head-to-tail arrangement, 
into the cotton genome to produce Bollgard™ Cotton Line 531. The cry/A(c) gene 
segregated in a manner consistent with a single active copy of the gene and was 
stably transferred with crossing. 

• The amino acid sequences for the B.t.k. and NPTII proteins as present in 
Bollgard™ Cotton Line 531 have been elucidated based on nucleotide sequence. 

• The B.t.k. protein produced in Bollgard™ Cotton Line 531, (CrylA(c)), is 
>99.4% identical to the protein produced by the B.t.k. HD-73 bacterial strain. 
To be active against the target insect, the protein must be ingested. In the insect 
gut, the protein binds to specific receptors on the insect mid-gut, inserts into 
the membrane and forms ion-specific pores. These events disrupt the digestive 
processes and cause the death of the insect. 

• Strains of 8. thuringiensis have been used commercially, for nearly 30 years, 
to control selected insect pests. 

• The CrylA(c} protein produced in Bollgard™ Cotton Une 531 is considered non
toxic to non-target insects, birds, fish and mammals. These species lack 
receptors for the proteins on the surface of their gut cells. 
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The NPTII enzyme expressed in Bollgard™ Cotton Line 531 tunctions as a 
dominant selectable marker in the initial, laboratory stages of plant cell 
selection following transformation. lt has no pesticidal activity and is not known 
to be toxic to any species. 

• The aad gene, present in Bollgard™ Cotton Une 531, was used as a selectable 
marker for genetic manipulations in the bacterial hosts prior to plant 
transformation. The gene is under the control of its own bacterial promoter, and 
the AAD protein was not detected in Bollgard™ Cotton Une 531. 
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Sspl 
7385 PV~GHBK04 

11.4 KB 

cry/A(c) 

-EcoRI, 
451 

Figure IIM. Plasmid map of the 11.4 Kb binary vector PV-GHBK04 used to produce 
Bollgardw Cotton Une 531. Restriction sites and their locations in bp, utilized during 
Southern analyses are shown. The T-DNA region is marked and the right border is denoted 
by an open triangle. 
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Figure 111-2. Nucleotide sequence of the B.t.k. HD-73 protein encoded by cry/A(c) in 
Bollgard™ Cotton Line 531 plants containing the PV-GHBK04 vector. lt is composed of 
the first 1-1396 nucleotides (1-466 amino acids) of cry/A(b) and 1399-3534 
nucfedtides {467-1178 amino acids) of cry/A(e). 
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Figure 111•3. Amino acid sequences for the 8.t.k. HD-73 full length protein which is 
present in Bollgard™ Cotton Une 531 plants containing the PV-GHBK04 vector. 

l MDNNPNINEC IPYNCLSNPE VEVLGGERIE TGYTPIDISL SLTQPLLSEP 

51 VPGAGPVLGL VDIIWGIPGP SQWDAPLVQI EQLINQRIEE PARNQAISRL 

101 EGLSNLYQIY AESPREWEAD PTNPALREEM RIQPNDMNSA LTTAIPLPAV 

151 QNYQVPLLSV YVQAANLHLS VLRDVSVPGQ RWGPDAATIN SRYNDLTRLI 

201 GNY'l'DHAVRW YNTGLERVWG PDSRDWIRYN QPRRELTLTV LDIVSLPPNY 

251 DSRTYPIR'l'V SQLTREIY'l'N PVLENPDGSP RGSAQGIEGS IRSPHLMDIL 

301 NSITIYTDAH RGEYYWSGHQ IMASPVGPSG PEPTPPLYG'l' MGNAAPQQRI 

351 VAQLGQGVYR TLSSTLYRRP PNIGINNQQL SVLDG'l'EPAY GTSSNLPSAV 

401 YRKSGTVDSL DEIPPQNNNV PPRQGPSHRL SHVSMPRSGP SNSSVSIIRA 

451 PMPSWIHRSA EPNNIIASDS I'l'QIPAVKGN PLPNGSVISG PGP'l'GGDLVR 

501 LNSSGNNIQN RGYIEVPIHP PS'l'STRYRVR VRYASV'l'PIH LNVNWGNSSI 

551 PSNTVPATA'l' SLDNLQSSDP GYPESANAP'l' SSLGNIVGVR NPSGTAGVII 

601 DRPEPIPVTA TLEAEYNLER AQKAVNALP'l' STNQLGLK'l'N V'l'DYHIDQVS 

651 NLV'l'YLSDEP CLDEKRELSE KVKHAKRLSD ERNLLQDSNP KDINRQPERG 

701 WGGSTGI'l'IQ GGDDVPKENY V'l'LSG'l'PDEC YP'l'YLYQKID ESKLKAP'l'RY 

751 QLRGYIEDSQ DLEIYSIRYN AKHE'l'VNVPG 'l'GSLWPLSAQ SPIGKCGEPN 

801 RCAPHLEWNP DLDCSCRDGE KCAHHSBHPS LDIDVGC'l'DL NEDLGVWVIP 

851 KIK'l'QDGHAR LGNLEPLEEK PLVGEALARV KRAEKKWRDK REKLEWE'l'NI 

901 VYKEAKESVD ALPVNSQYDQ LQAD'l'NIAMI HAADKRVHSI REAYLPELSV 

951 IPGVNAAIPE ELEGRIP'l'AP SLYDARNVIK NGDPNNGLSC WNVKGHVDVE 

1001 EQNNQRSVLV VPEWEAEVSQ EVRVCPGRGY ILRVTAYKEG YGEGCV'l'IHE 

1051 IENNTDELKP SNCVEEEIYP NN'l'VTCNDY'l' VNQEEYGGAY 'l'SRNRGYNEA 

1101 PSVPADYASV YEEKSY'l'DGR RENPCEPNRG YRDYTPLPVG YV'l'KELEYPP 

1151 E'l'DKVWIEIG E'l'EGTPIVDS VELLLMEE 
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Figure 111-4. Nucleotide sequence for the neomycin phosphotransferase II (nptl~ 
gene present in Bollgard™ Cotton Line 531 plants containing the PV-GHBK04 vector. 

-------------------------------.-.C)& 

[ DELETED 

Figure 111•5. Amino acid sequence for neomycin phosphotransferase II (NPTII) 
protein present in the cotton plants contalning the PV-GHBK04 vector. 

l MIEQDGLHAG SPAAWVERLP GYDWAQQTIG CSDAAVPRLS AQGRPVLPVK 

51 TDLSGALNEL QDEAARLSWL ATTGVPCAAV LDVVTEAGRD WLLLGEVPGQ 

101 DLLSSHLAPA EKVSIMADAM RRLHTLDPAT CPPDHQAKHR IERARTRMEA 

151 GLVDQDDLDE EHQGLAPAEL PARLKARMPD GEDLVVTHGD ACLPNIMVEN 

201 GRPSGPIDCG RLGVADRYQD IALATRDIAE ELGGEWADRP LVLYGIAAPD 

251 SQRIAPYRLL DEPP 
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Figure 111-6. Nucleotide sequence for the aminoglycoside adenylyltransferase (aad) 
gene present in Boilgard™ Cotton Une 531 plants containing the PV-GHBK04 vector. 

[ 

l 

Figure 111-7. Amino acid sequence for the aminoglycoside adenylyltransferase (aad) 
gene present in Bollgard™ Cotton Line 531 plants containing the PV-GHBK04 vector. 

l MREAVIAEVS TQLSEVVGVI ERHLEPTLLA VHLYGSAVDG GLKPHSDIDL 

51 LVTVTVRLDE TTRRALINDL LETSASPGES EILRAVEVTI VVHDDIIPWR 

101 YPAKRELQPG EWQRNDILAG IPEPATIDID LAILLTKARE HSVALVGPAA 

151 EELPDPVPEQ DLPEALNETL TLWNSPPDWA GDERNVVLTL SRIWYSAVTG 

201 KIAPKDVAAD WAMERLPAQY QPVILEARQA YLGQEDRLAS RADQLEEPVH 

251 YVKGEITKVV GK 
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8. 

A. 

Sspl 

HindllV 
EcoRI 

"5. ::: 
V, ~ 

CF) -
Lane 1 2 3 4 5 6 7 8 9 

1.7 Kb 7.4 Kb 

- :::; 

~'Js ·- '-' ::t: I.J.J 

10 11 

MW, Kb 

8.5 
7.4 

4.2 
3.6 

1.7 

1 .3 

0.7 

0.7 Kb 

+---,-.3-K_b_--+·······l---4-.2-K_b_""i------3-.6-K_b _____ "'"" 

Hirdlll 1---------------------llt---------------t 
4.0 Kb 8.5 Kb 

Figure 111-8. Southern blot analysis using PV-GHBK04 as the probe. A. Southern 
blot analysis of DNA from line 531 using the entire plasmid, PB-GHBK04, as a probe. Lanes 1 and 
2 are molecular weight Standards and lanes 3 and 4 are plasmid PV-GHBK04 cleaved with the 
restriction enzymes Hindlll and EcoRI (which produced expected size fragments of 7.2 and 4.2 Kb) 
and Sspl and EcoRI (which produced expected size fragments of 6.9 and 4.1 Kb), respectively. 
Lane 5 was left empty. Lanes 6, 8 and 11 are approximately 1 o micrograms of DNA from control 
C312 cleaved with the restriction enzymes Sspl, Hindlll and Hindlll in combination with EcoAI, 
respectively. Lanes 7, 9 and 10 are approximately 10 micrograms of □NA cleaved with the 
restriction enzymes Sspl, Hindlll and Hindlll in combination with EcoAI, respectively. ·1ndicates a 
partial digestion. B. A schematic illustration of the Southern blot results from Figures 2 through 
5 indicating the orientation of the two T-DNA copies in line 531 (not to scale). The dotted region 
within the box illustrates the location of the probe homology. The vertical arrows denote the 
locations of the restriction sites within the T-DNAs and the dashed lines indicate nondetected 
fragments. All border fragment sizes are estimates. The right border is denoted by RB and is 
shown for orientation purposes (i.e„ an intact border sequence is not implied). 
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8. 

l "C 

Cl) f 
A . Lane 1 2 3 4 5 6 7 8 9 

1.7 Kb 

::::: 
§~ 
:E~ 
10 11 

7.4Kb 

MW,Kb 

8.5 
7.4 

1. 7 

1.3 

0.7 

Sspl EcoRI Hirxilll 

+ ' + 

0.7 Kb 
Sspl 

HmdllV 
EcoAI 

.,._ __ 1-.3-Kb __ ........... l ---4-.2-K_b_ofi------3.-6-K_b ____ -it 

H1rxilll t------------------ii---------------i 
8.5 Kb 4.0 Kb 

Flgure 111-9. Southern blot analysls uslng crylA(c) as the probe. A. The same Southern 
blot from Figure 2, the plasmid probe removed, and reprobed with the crylA(c) gene. Lane designations 
are the same as in Figure 111-8. *lndicates a partial digestion. B. Schematic illustration of the T-DNA 
insertion events in line 531. The dotted region within the box indicates the location of the probe 
homology. All other designations are as in Figure 111-8B. 
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Flgure 111-10. Southern blot analysls uslng nptll as the probe. A. The same Southern blot 
from Figure 111-8, ·the plasmid probe removed, and reprobed with the nptl/ probe. Lane designations are 
the same as in Figure 111-8. *lndicates a partial digestion. B. Schematic illustration ot the T-DNA insertion 
events in line 531. The dotted region within the box indicates the location of the probe homology. All 
other designations are as in Figure 111-8B. · · 
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Flgure 111-11. Southern blot analysls uslng orlV as the probe. A. The same Southern blot 
from Figure 111-8; the plasmid probe removed, and reprobed with an oriV probe. Lane designations are the 
same as in Figure 111-8. *lndicates a partial digestion. B. Schematic illustration of the T-DNA insertion 
events in line 531. The dotted region within the box indicates the location ot the probe homology. All 
other designations are as in Figure 111-8B. 
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Table 111-1. Summary of DNA Components in PV-GHBK04. 

Genetic 
Element 

Size, 
Kb* 

right 0.09 
border (RB) 

P-E35S 0.62 

cry/A(c) 3.5 

7S 3· 0.43 

aa:i 0.79 

P-35S O .32 

npt/1 0.79 

NOS 3' 0.26 

oriV 0.62 

ori322/rop 1. 8 

Function 

A DNA fragment from the pTiT37 plasmid containing the 24 bp 
border nopaline-type T-DNA right border used to initiate the T
DNA transfer (RB) from Agrobacterium tumefaciens to the plant 
genome (Depicker et al., 1982, and Bevan et al., 1983). 

The cauliflower mosaic virus (CaMV) promoter (Odell et al., 
1985) with the duplicated enhancer region (Kay et al., 1987). 

The gene which confers insect resistance. The modified gene 
encodes an amino acid sequence that is 99.4% identical to the 
cry/A(c) gene as described by Adang et. al (1985) 

A 3' non-translated region of the soybean alpha subunit of the 
beta-conglycinin gene that provides the mRNA polyadenylation 
signals (Schuler et al., 1982). 

The gene for the enzyme 3"(9)-O-aminoglycoside 
adenylyltransferase that allows for bacterial selection on 
spectinomycin or streptomycin (Fling et al., 1985). 

The 35S promoter region of the cauliflower mosaic virus 
(CaMV) (Gardner et al., 1981; Sanders et al., 1987). 

The gene isolated from Tn5 (Beck et al., 1982) which encodes 
for neomycin phosphotransferase type II. Expression of this 
gene in plant cells confers resistance to kanamycin and serves as 
a selectable marker for transformation (Fraley et al., 1983). 

A 3' non-translated region of the nopaline synthase gene which 
functions to terminate transcription and direct polyadenylation 
of the npt/1 mRNA (Depicker et al., 1982; Bevan et a/., 1983). 

Origin of replication for ABI Agrobacterium derived from the 
broad-host range plasmid RK2 (Stalker et al., rn81 ). 

A segment of p8R322 which provides the origin of replication 
for maintenance of the PV-GHBK04 plasmid in E coli, the 
replication of primer (rop) region and the bom site for the 
conjugational transfer into the Agrobacterium tumefaciens cells 
(Bolivar et al., 1977; Sutcliffe, 1978). 

*Sizes given are the actual size of the genetic elements and do not include DNA border 
sequences, necessary for cloning purposes, unless otherwise indicated. 

000052 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table 111-2. Segregation data and analysis of progeny ot BollgardT M 

Cotton Line 531. 

R1 plants 

R1 progeny,i 

actual 

67:20 

7: 14 

Single 

expected 
( 3: 1 ) 

65:22 

7: 14 

insert 

Chi square 
value 

0.24" 

0" 

" not signiticant at P = 0.05 (Chi Square value= 3.84). 
+ signiticant at P = 0.05 (Chi square value= 3.84). 
11 data expressed as R1 homozygotes: R1 heterozygotes. 

Double insert 

expected Chi square 
(15:1) value 

82:5 47.7+ 

Table 111-3. Segregation data for backcross (BC) derivatives of 
Bollgard™ Cotton Line 531 with elite cultivar (EC) varieties. Values are 
in ratios of plants that are positive or negative for the 8. t. k. H D-73 
protein as determined by ELISA. 

actual expected 

BC3 F1 segregation 
(expect 1 :1 ) 
BC3 F1 EC1 ,2,3 146:119 132.5:132.5 

BC3 F2 segregation 
(expect 3:1) 
BC3 F2 EC1,2 142:56 148.5 :49.5 

BC3 F2 progeny test 
( expect 1 homozygote 
:2 heterozygote) 
BC3 F2 EC1,2 34 :104 46:92 

BC3 F2 progeny test 
(segregation of heterozygotes, 
expect 3:1) 
BC3 F2 EC1,2 950:330 960:320 

* not significant at P = 0.05 
+ significant at P = 0.05, but not at P = 0.01 
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Chi square 
value 

2. 76* 

1 .1 3 * 

4.7+ 

0 .41" 
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Part IV. Results of Field Trials 

A. Field Test Permits and Locations 

Bollgard™ Cotton Une 531 has been field tested in 1991, 1992 and 1993 at 21 
locations throughout the mainland United States and Hawaii. 

The following are the sites at which this testing was conducted. 

USDA Permit #90-347-01 

Location - Starkville, MS 

USDA Permit #91-144-_01 

Location • Kauai, HI 

USDA Permit #91-347-02 

Locations - Loxley, AL 
Maricopa, AZ 
Tifton, GA 
Bossier City, LA 
Starkville, MS 
College Station, TX 

USDA Permit #93-011-02 

Locations • Jamesville, NC 
Richlands, NC 
Rocky Mount, NC 

USDA Permit #93-011-05 

Locations - Loxley, AL 
Wabbaseka, AR 
Maricopa, AZ 
Yuma,AZ 
Tifton, GA 
Bossier City, LA 
Scott, MS 
Starkville, MS 
Halfway, TX 
Sinton, TX 

The final reports for these USOA permitted studies are found in Appendix V of this 
Determination. 

At all of these sites the following information was collected: 

Weediness Characteristics. 
Differences in morphology, plant growth characteristics and crop development. 
Susceptibility of BollgardTM Cotton Line 531 to attack by non-target insects. 
Susceptibility of Bollgard™ Cotton Line 531 to disease infection. 
Monitoring for volunteers. 
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B. Plant growth and general observations 

Bollgard™ Cotton Line 531 was compared to the non-transtormed parental line Coker 
312 at each location with the exception of the breeding sites at Wabbaseka, AR and Scott, 
MS. At selected locations, the yield and control ot target insects were measured. The 
tollowing summary of these measurements and observations tor weediness, plant growth 
characteristics, susceptibility to non-target insects, and susceptibility to disease 
infection show no meaningful differences between Bollgard™ Cotton Line 531 and the 
Coker 312 control. 

No significant differences in weediness or survival characteristics were noted between 
Bollgard™ Cotton Line 531 and the Coker 312 control (Appendix V). All locations 
reported similar emergence of Bollgard™ Cotton Line 531 compared to Coker 312 
except tor Tifton, GA in 1993. At this location, there was better emergence and seedling 
vigor tor transgenic plants compared to the non-transgenic control. Differences were 
not significant according to the researcher. Results showing increased vigor were noted 
in laboratory germination assays·comparing Bollgard™ Cotton Line 531 versus Coker 
312 produced in North Carolina -unpublished results). In this test, cold 
temperature vigor was greater tor Bollgard™ Cotton Line 531 compared to Coker 312. 
The increased vigor noted in the laboratory tests, however, was not transferred to the 
field since none of the sites reported a significant increase in vigor. 

At Wabbaseka in 1993, some dormancy was noted in transgenic lines harvested in the 
greenhouse immediately prior to planting. This is a frequent occurrence tor cotton seed 
produced in the greenhouse and is not associated with the introduced gene(s). 

In addition to monitoring for weediness, morphological observations were also recorded 
at the field sites. No signiticant morphological, growth or developmental ditterences 
were observed tor Bollgard™ Cotton Line 531 in the tield (Appendix V). These included; 
germination, morphology, time to flowering and truiting, boll tormation, boll 
development and yield (if insect damage was controlled in the Coker 312 control). 

In the 1993 field tests, some transgenic lines other than Bollgard™ Cotton Line 531 
differed trom Coker 312 in certain agronomic characteristics such as time to flowering 
and maturity (Appendix V). Such differences were not observed tor Bollgard™ Cotton 
Line 531. The lines tor which these differences were observed will not be pursued 
commercially it the yield or agronomic performance is negatively impacted. Final 
reports tor 1993 contained more detailed, line specific intormation than previous 
reports. Since reports prior to 1993 did not contain line specific intormation, 
observations ot differences between transgenic lines and Coker 312 cannot be attributed 
to particular lines. 

In addition to the field observations discussed above, some additional analyses were 
performed. Analyses of lint from cotton grown in Starkville, MS in 1993 showed no 
differences between Bollgard™ Cotton Line 531 and Coker 312 for micronaire, length, 
strength, elongation, or lint % (  unpublished results, Appendix VI). Soll size 
of Bollgard™ Cotton Line 531 was smaller than Coker 312 at this location. However, 
yield data from this location and other locations establishes that this characteristic does 
not negatively impact yield (Section IV. C.). Additionally, several leading cotton 
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geneticists and breeders concluded that the smaller boll size is not detrimental since 
yields of Bollgard™ Cotton Une 531 are equivalent to or better than Coker 312 (see 
attached letters in Appendix VI). 

No differences in susceptibility to non-target insects were noted between Bollgard™ 
Cotton Line 531 and Coker 312 at any location (Appendix V). Specific notations were 
made for similar responses of the Bollgard™ Cotton Une 531 and Coker 312 to the 
following pests: sweet potato whitefly, armyworm, leaf miners, Lygus bugs, aphids, boll 
weevils, and European corn borer. 

Similarly, no differences in susceptibility to diseases were noted between Bollgard™ 
Cotton Line 531 and Coker 312 at any location (Appendix V). Specific notations were 
made only for similar response to Rhizoctonia. Additionally, the plants were monitored 
for symptoms of infection by Agrobacterium. No symptoms were noted at any location. 

All plots were monitored for volunteer plants for one year following harvest. The 
results of the post-harvest monitoring programs demonstrated that the survival of the 
cottonseed remaining in the field was not different than what was expected for current 
varieties. Some volunteers were observed in the fall at some locations where harvest 
was early. No volunteers were reported to be present in the spring. These observations 
from the field monitoring show that there is no difference in the over-wintering ability 
between the Bollgard™ Cotton Une 531 and Coker 312. 

Cotton is not considered to have seed which can persist in the environment for long 
periods of time. lf planted before the soil temperature reaches 60 F, it is likely to rot 
in the soil. Following germination, the seedling is relatively "tender", and may not be 
able to push its way through the soil and emerge (Hughes and Nelson, 1957). Thus, in 
most cotton growing areas of the United States, some of the seed remaining in the field 
following harvest and cultivation may germinate in the autumn if conditions are 
favorable. The seeds not genninating are likely to rot and die. Except in the extreme 
southern cotton growing regions, such as Arizona, and only during mild and dry winters 
can cotton seed be expected to over-winter and germinate the following spring. 

Based on results of the field monitoring program, there were no significant differences 
between Bollgard™ Cotton Une 531 and Coker 312. The differences observed in boll 
size are common between cotton varieties and do not cause any concern in the 
commercialization of the crop. Furthermore, this does not impart any special adaptive, 
competitive or survival characteristics to Bollgard™ Cotton Une 531. Finally, no new 
variety expressing the B. t.k. protein will be commercialized unless it meets all 
morphological, yield and quality characteristics of cotton varieties produced in the 
United States. 
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C. Efficacy of Bollgard™ Cotton Line 531 • Summary of 
1991, 1992 and 1993 Results 

1 . Field Trials 

Bollgard™ Cotton Une 531 was tested in the tield during the 1991, 1992, and 1993 
growing seasons. Due to limited seed supply in 1991, only one location (Starkville MS) 
was planted. The 1992 study was conducted at six locations across the cotton belt: Tifton 
GA, Loxley AL, Starkville MS, Bossier City LA, College Station TX, and Maricopa AZ. 
Each location evaluated Bollgard™ Cotton Une 531, Coker 312 control and a 
commercially adapted variety. 

Evaluation of Bollgard™ Cotton Une 531 was repeated at thirteen locations in 1993: 
Loxley, AL, Wabbaseka, AR, Maricopa, AZ, Yuma, AZ, Tifton, GA, Bossier City, LA, Scott, 
MS, Starkville, MS, Jamesville, NC, Richlands, NC, Rocky Mount, NC, Halfway, TX and 
Sinton, TX. Different sites utili~ed different protocols. In general, protocols were 
similar except tor the Wabbaseka, AR and Scott, MS locations which were breeding 
nurseries. 

Data collection was initiated after damage of the unsprayed, non-transgenic control(s) 
exceeped 5% and was continued on a weekly basis until the damage dropped below this 
level. For locations infested by Heliothis spp., insect control was evaluated by counting 
the economically damaged squares and/or bolls on randomly selected squares and/or 
bolls from each plot. For the location infested by Pectinophora gossypiella (AZ), the 
following data was collected: % rosetted blooms, # of surviving larvae/boll, % damaged 
seed, and # of diapausing larvae/boll. Yield was also determined at each site. 

2. Results 

Bollgard™ Cotton Une 531 provided excellent square and boll protection in the 1991 
Mississippi trial (Table IV-1 ). This location was artificially infested with Heliothis 
virescens in addition to the naturally occurring infestation. Heliothis pressure was 
intense as indicated by the high levels of square and boll damage in the unsprayed Coker 
312 plots; season average for square damage was 39% and for boll damage was 20%. 
Square damage in Bollgard™ Cotton Une 531 unsprayed was lass than 5% throughout 
the growing season and was equivalent to the sprayed Coker 312 and the sprayed 
Bollgard™ Cotton Une 531. Similarly, boll damage was equivalent in Bollgard™ Cotton 
Une 531 sprayed, Bollgard™ Cotton Une 531 unsprayed, and Coker 312 sprayed plots 
for the first three evaluation dates. Boll damage in the Bollgard™ Cotton Une 531 
unsprayed was significantly less than the unsprayed Coker 312 on 8/21, but was 
greater in the unsprayed Bollgard™ Cotton Une 531 compared to the sprayed Bollgard™ 
Cotton Une 531 and sprayed Coker 312. 

Heliothis infestations were extremely low in 1992 at Tifton GA. Throughout the season, 
BollgarqTM Cotton Une 531 provided effective control of this low infestation and also 
protected yield (Table IV-2). Damage from Heliothis spp. was very high in Alabama 
(Table IV-2), particularly in late July and early August. Throughout the season, 
unsprayed Bollgard™ Cotton Une 531 provided equal or better Heliothis control than 
the sprayed Coker 312. Unsprayed Bollgard™ Cotton Une 531 provided the highest 
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yield of any of these four treatments. The 1992 trial in Mississippi was artificially 
infested with Heliothis virescens, just as it was in 1991. As a result, insect damage 
was high (Table IV-2). Yield was reduced by approximately 81 % in the unsprayed 
Coker relative to the other treatments and was equivalent in the Bollgard™ Cotton Line 
531 sprayed, Bollgard™ Cotton Line 531 unsprayed, and Coker 312 sprayed plots. 

Square damage became increasingly worse throughout the season in Louisiana, steadily 
increasing throughout the 1992 growing season in the unsprayed Coker 312 plots (data 
not shown). Likewise, square damage also increased in the sprayed Coker 312 plots 
throughout the season indicating that the pyrethroids were increasingly ineffective at 
controlling Heliothis. This ineffective control by the pyrethroids is also reflected in the 
decreased yield of the sprayed Coker 312 relative to the unsprayed Bollgard™ Cotton 
Line 531. Similarly, Bollgard™ Cotton Une 531 provided excellent protection from 
Heliothis damage in Texas (Table IV-2). Throughout the season, square and boll 
protection afforded by BollgardTM Cotton Une 531 equalled or exceeded the lepidopteran 
control afforded by the weekly applications of an insecticide. 

1992 season averages of square damage for all locations indicate that Bollgard™ Cotton 
Une 531 provided excellent control of 1epidopteran pests (Table IV-2). For all 
locations, the season average of square protection provided by Bollgard™ Cotton Une 
531 was greater than or equal to the square protection provided by weekly applications 
of lepidopteran insecticides. This line also provided excellent bell protection throughout 
the growing season and this square and boll protection was reflected in the yield data. 

The results of the 1993 trials confirmed the results obtained in 1991 and 1992. 
Bollgard™ Cotton Une 531 unsprayed consistently gave comparable or better insect 
control than the parental Coker 312 sprayed or unsprayed (Table IV-3) and with one 
exception consistently out-yielded the Coker 312 sprayed line (Table IV-4). 

3. Summary 

Bollgard™ Cotton Line 531 provided excellent control of Heliothis spp. and Pectinophora 
at all locations in 1991, 1992, and 1993. At all sites, insect control with Bollgard™ 
Cotton Une 531 was greater than or equal to the sprayed Coker 312 treatments. At most 
locations, Bollgard™ Cotton Line 531 provided essentially complete control of 
lepidopteran damage throughout the growing season (Tables IV-1, IV-2, IV-3). At these 
sites, control was at least equivalent, and often superior to, the control provided by 
weekly applications of insecticides. Yield was also consistently equal to or greater than 
the Coker 312 control (Tables IV-2 and IV-4). 

The only location exhibiting significant damage in the Bollgard™ Cotton Une 531 was 
Alabama. At this site, square damage >10% occurred for three observations (7/21, 
7/27/ and 8/3, mean damage • 17%). This location had extremely high levels of 
infestation; the mean square damage for this period in the unsprayed controls was 70%. 
lnsecticide treatments were not effective at controlling this infestation (29% mean 
square damage through this period). Thus, square damage was almost 2 fold greater in 
the sprayed non-transgenic control compared to the unsprayed Bollgard™ Cotton Line 
531. The square damage observed in Alabama did not translate into yield loss; the 
highest yielding treatment was the unsprayed Bollgard™ Cotton Line 531. This indicates 
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that the observed damage was not biologically significant. Since B.t.k. is a stomach toxin, 
some feeding must occur by the pests in order to ingest enough 8.t.k. protein to be lethal. 
The damage which occurred in Alabama was concluded to be slight feeding damage which 
must always occur with these lines to deliver a lethal dose of B.t.k. protein to the insects. 

These data demonstrate that Bollgard™ Cotton Line 531 provides excellent control from 
damage by lepidopteran pests and is generally superior to the currently available 
commercial standards. 

Table IV-1. Summary of lnsect Damage in Mississippi for BollgardT M 

.Lir1.a 

531 unspr. 
531 spr. 
C312 unspr. 
C312 spr. 

531 unspr. 
531 spr. 
C312 unspr. 
C312 spr. 

Cotton Line 531 and Coker 312 control in 1991. Results 
are presented for both sprayed and unsprayed plots. 

ZL1..0. 

3 b 
2 b 

27 a 
3 b 

ill.1 

3 b 
Ob 

1 5 a 
Ob 

% damaged sgyares· 

date of observation 
lL1.l.. 1.l.2.! ill.1 

3 b 
0 b 

42 a 
2 b 

au. 
1 b 
Ob 

18a 
1 b 

Ob 
0 b 

50a 
0 b 

O b 
0 b 

37 a 
2 b 

% damaged bolls* 

date of observation 

.a.LU. 

2 b 
1 b 

28 a 
1 b 

ill..1 

11 b 
0 C 

20 a 
1 C 

au. 
1 b 
1 b 

44 a 
O b 

.a.LU. 

1 b 
2 b 

36 a 
3 b 

Means followed by same letter do not significantly differ (Duncan's MRT, P=0.05) 
* 20 squares or bolls were sampled from the center 2 rows of each 4 row plot. 

Trial was replicated 6 times. Values are averages of all replications for each 
date, (6 x 20 = 120). 
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Table IV-2. 1992 Season Averages of lnsect Damage and Yield across 
locations for Bollgard™ Cotton Line 531 and non-transgenic 
Coker 312. Results are presented for both sprayed and 
unsprayed plots. 

% damaged sguares· 

La~aiica 
J.iw1 G\ AL Ms. .LA IX & 

531 unspr. 2 1 0 4 1 0 0 
531 spr. 1 6 0 2 0 1 
C312 unspr. 9 42 40 30 26 9 
C312 spr. 5 21 4 1 4 1 1 5 

% damaged bgHs· 

l0~afü2a 
J.iw1 G\ AL Ms. .LA IX PZ. 

531 unspr. 1 0 2 3 1 0 
531 spr. 0 3 1 1 0 0 
C312 unspr. 1 7 1 7 24 1 4 30 
C312 spr. 0 1 2 1 1 7 42 

Yllm:L 
(# seed cotton/ A **) 

~ .AL .MS ..LA ]X N. 

531 unspr. 3289 a 3877 a 2029 a 2633 ab 6135 a 565 
531 spr. 3249 a 3339 b 2140 a 2796 a 6889 a 429 
C312 unspr. 2667 b 2214 C 394 b 865 C 2916 b 431 
C312 spr. 3035 ab 3332 b 2069 a 2380 b 3878 b 335 

Means followed by same letter do not significantly differ (Duncan·s MRT, P=0.05) 
.. 20 squares or bolls were sampled from the center 2 rows of each 4 row plot. 

Trial was replicated 6 times. Values are season averages for 5 dates 
(5 x 20 x 6 = 600) at GA and LA and 6 dates (6 x 20 x 6 = 720) at AL, MS 
and TX. For AZ, 100 squares were measured for each plot at one date, 
(1 X 20 X 6 = 600). 

• * Yields taken from the center 2 rows ot the 4 row plots 30 teet in length 
averaged over 6 replications. 
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Table IV-3. 1993 Summary Data (% Damaged Fruiting Sites*) 

Bollgard™ 
Coker 312 Coker 312 Cotton Line 531 

film w/o lep trt w/ lep trt w/o lep trt 

Louisiana 8 5 1 
Mississippi 22 7 5 
Texas 8 5 0 
North Carolina 

(Edgecomb Co.) 40 3 7 
North Carolina 

(Martin Co.} 25 8 1 
North Carolina 

(Onslow Co.) 23 8 1 

Average 21 6 2 

* 25 squares or bolls were sampled from each plot. Trial was replicated 
6 times. Values are season averages for 5 dates (5 x 25 x 6 = 750) at LA 
and TX and 6 dates (6 x 25 x 6 = 900) at MS. For NC Martin Co., 3 dates 
(3 x 25 x 6 = 450) and Edgecomb and Onslow Counties were averages for 
5 dates (5 x 25 x 6 = 750). 

Table IV-4. 1993 Summary Data Yield (Pounds of 
Seed Cotton or Lint per Acre*) 

BollgardTM 
Coker 312 Coker 312 Cotton Line 531 

.s.im w/o !eo trt wt lep trt wto lep trt 

Louisiana 1880 2116 2211 
Mississippi 1101 2127 2167 
Texas 355 1097 2029 
North Carolina 

(Edgecomb Co.) 894 2799 2501 
North Carolina 

(Martin Co.) 1264 2012 2271 
North Carolina 

(Onslow Co.) 1626 2317 2648 

Average. 1187 2078 2305 

* Yields taken from center 2 rows of the 4 row plots 30 feet in length 
averaged over 6 replications. 
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Part V. Detailed Description of the Phenotype of 
Bollgard™ Cotton Line 531 

INTRODUCTION 

Data and information supplied in this Petition tor Determination ot Non-Regulated Status 
demonstrate that Bollgard™ Cotton Line 531 is substantially equivalent to the non
modified cotton line, Coker 312 ( Gossypium hirsutum), except tor the inserted genetic 
sequences, the expressed proteins [B.t.k. CrylA(c) protein and neomycin 
phosphotransferase II (NPTII) enzyme], and the ability of the plant to resist damage 
from Lepidopteran insects. The information supplied in this section and referenced from 
other sections of this petition will demonstrate that the modified, Bollgard™ Cotton Line 
531 is not likely to pose a greater plant pest risk than the parental control cotton line, 
Coker 312 (C312) trom which it was derived. This conclusion is based on evaluation of 
phenotypic characteristics, safety of .the inserted proteins and cottonseed products, and 
the environmental characteristics. 

A variety of studies were conducted to characterize the unique traits ot the modified 
cotton line and to establish that Bollgard™ Cotton Line 531 is substantially equivalent to 
the parental cotton line, C312. The inserted genetic material and insecticidal efficacy of 
Bollgard™ Cotton Une 531 were described in the previous sections (Part III and IV). 
The following characteristics of Bollgard™ Cotton Une 531 are described in this 
section: 

• expression of the B.t.k. and NPTII proteins, 

• the comparison of Bollgard™ Cotton Une 531 and line C312 on the basis of 
composition and quality of the cottonseed and processed cottonseed products, 

• comparison ot the natural toxicants ot the seed and vegetative tissues, 

• safety assessment ot the B.t.k. HD-73 protein to non-target insects, 

• demonstration of the wholesomeness of cottonseed food/feed products, 

• the environmental fate of the B.t.k. HD-73 protein, 

• the disease susceptibility of Bollgard™ Cotton Une 531 versus line C312, and 

• the potential for out-crossing and weediness. 

A summary of the methods utilized to conduct the protein extraction, analysis and 
quantitation, compositional analysis, cottonseed processing, preparation of seeds for 
gossypol an_d fatty acid analyses, moisture determination, gossypol levels, quantitation of 
fatty acid levels are found in Appendix VII. The following sections summarize these 
investigations. 
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A. Expression of the lntroduced Genes in Tissues from Bollgard™ Cotton 
Une 531 

As described in Part 111, Bollgard™ Cotton Line 531 has been modified to express a 
protein from Bacillus thuringiensis var. kurstaki HD· 73 [CrylA(c)] (abbreviated as 
B.t.k. HD-73) which has insecticidal activity against lepidopteran insect pests (Hotte 
and Whiteley, 1989; Perlak et al., 1990; Perlak et al., 1991; Macintosh et al., 1990). 
In addition to the B.t.k. HD-73 gene, a gene encoding the NPTII protein is present as a 
result of its use as a selectable marker during the development of the insect resistant 
cotton plants. A second selectable marker gene encoding aminoglycoside 
adenylyltransferase (AAD) is present in Bollgard™ Cotton Une 531 as a result of its 
use in selection for the microbial systems used for the genetic engineering process. The 
aad gene is controlled by a bacterial promoter: therefore, the protein was not expected to 
be expressed in the cotton leaf or seed tissue from BollgardTM Cotton Une 531. The 
control line, C312 is the parental variety from which Bollgard™ Cotton Line 531 was 
generated and does not contain the genes encoding the B.t.k. HD-73, NPTII or AAD 
proteins. 

Levels of the expressed proteins (B.t.k. HD-73, NPTII, and potentialty AAD) were 
evaluated in young leaf (3·6 week plantlets) and seed tissues collected from six field 
locations during the 1992 growing season using Enzyme Linked lmmuno-Sorbent Assay 
(ELISA) (Harlow and Lane, 1988) and western blot (Matsudaira, 1987) methods. The 
six field sites were as follows: Starkville, Mississippi; Bossier City, Louisiana: College 
Station, Texas; Tifton, Georgia: Maricopa, Arizona; and Loxley, Alabama. In addition, at 
one field site (Starkville, Mississippi), young leaf tissue was collected at 3 time points 
throughout the season after the initial sampling and whole, mature cotton plants were 
collected just prior to defoliation and harvest to establish the consistency of expression 
throughout the season and to estimate the amount of B.t.k. HD-73 and NPTII protein that 
might enter the environment at the end of the growing season. The expression of the 
B.t.k. HD-73 protein was also evaluated in nectar and pollen collected from Bollgard™ 
Cotton Une 531 (plants grown in the greenhouse) to provide information on the degree 
of non-target insect exposure to the insecticidal protein via pellen and nectar produced 
by the modified cotton line. 

1. Young Leaf and Seed - These data show that the B.t.k. HD-73 and NPTII proteins 
were expressed at extremely low and relatively consistent levels in leaf and seed from 
Bollgard™ Cotton Une 531 across all six sites (Tables V-1, V-2, and V-3). Bollgard™ 
Cotton Une 531 contained less than 2 µg/gram fresh weight of B.t.k. HD-73 and less 
than 4 µg/gram fresh weight of NPTII in leaf and seed tissue, respectively, with levels 
varying only two to three fold across the six field sites. B.t.k. HD-73 protein levels 
varied less than three fold in young leaf tissue over the growing season with the highest 
level observed late in the season at the one field site evaluated (Table V-4). These 
results establish minimal variability in the expression of the B.t.k. HD-73 protein 
when the insect resistant cotton plants were grown at different geographical locations 
and different environmental conditions. 

As predicted, no AAD was detected in leaf or seed tissue from Bollgard™ Cotton Une 531. 
The sensitivity of the ELISA for the AAD protein was approximately 0.008 µg AAD/gram 
fresh weight of leaf and 0.005 µg AAD/gram fresh weight of seed. 
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As expected, no B.t.k. HD-73 or NPTII protein was detected in leaf tissue from the Coker 
312 control. During the analysis of the cottonseed from several field sites, B.t.k. HD-
73 and NPTII proteins were detected in the seed of the Coker 312 control. After 
additional investigation, this was documented and shown to result from limited out
crossing between the Bollgard™ Cotton Line 531 and the Coker 312 control. The level of 
out-crossing ranged from 0% (at Texas) to 15% (at Louisiana and Alabama). These 
levels of out-crossing are well within the previously established ranges of out-crossing 
for both commercial cotton varieties (Afzal and Khan, 1950; Green and Jones, 1953; 
Theis, 1953; Simpson and Duncan, 1956) and other genetically engineered cotton 
varieties (Umbeck et al., 1992; Kareiva and Morris, 1992). 

These levels of out-crossing did not significantly impact the expression analysis for the 
Bollgard™ Cotton Une 531 as the expression values for the B.t.k. HD-73 and NPTII 
protein for Texas (which showed no out-crossing) were not significantly different and 
definitely no higher (as would be expected if the out-crossing from C312 into the insect 
resistant lines decreased the overall expression of these proteins in seed from 
Bollgard™ Cotton Line 531) than the values at the other sites in which out-crossing was 
observed. lt was also concluded that the out-crossing did not significantly impact the 
quality and toxicant data or the quail feeding study (See paragraph G. Effects on Non
Target Organisms in this Part of this Petition of Determination of Non-Regulated 
Status). 

2. Whole Plant - Levels of B.t.k. HD-73 and NPTII proteins in whole plant tissue 
were much lower. on a fresh weight basis, than in young leaf tissue. The B.t.k. and NPTII 
proteins were present at approximately 0.044 µg/gram fresh weight and 0.57 µg/gram 
fresh weight (respectively} in mature Bollgard™ Cotton Line 531 (Table V-5). These 
values were obtained by estimating the levels of these two proteins in the leaf, stem, 
root and ball (excluding seed and fiber) fractions of the insect resistant cotton 
Bollgard™ Cotton Une 531. B.t.k. HD-73 protein was not detected in the leaves, stems 
and roots of the mature cotton plants. Low levels ot this protein was detected in the ball 
(minus the lint and seed} and was used to estimate the total amount of protein present in 
the plant and on aper acre basis. The NPTII protein was detected in the leaves, stems, 
roots and bolls ot the mature cotton plants, with 0.566, 0.957, 0.011 and 0.314 µg/g 
fresh weight tissue detected respectively. Approximately 1.44 and 19.14 grams/acre of 
B.t.k. HD-73 and NPTII protein, respectively, were estimated to enter the soil 
environment by incorporating the insect resistant cotton plants from Bollgard™ Cotton 
Line 531 into the soil after harvest (assuming 60,000 plants per acre) (Table V-5). A 
soil degradation study was performed that confirmed the rapid degradation of the B.t.k. 
HD-73 protein expressed in the insect resistant cotton plants in the soil (See paragraph 
M, Possible Impact on the Environment in this Part of this Petition of Determination of 
Non-Regulated Status). 

3. Nectar and Pollen - The level of B. t.k HD-73 protein measured in pollen (11.5 
ng/g fresh weight of pollen) and nectar (<1.6 ng/g fresh weight of nectar) were 
extremely low (Table V-6). The B.t.k. HD-73 protein level was just above the detection 
limit of the assay for polten (B.O ng/g fresh weight of pollen) in one experiment and 
below the detection limit in a second experiment. B.t.k. HD-73 levels were below the 
limit of detection for nectar (1.6 ng/g fresh weight of nectar). The expression level ot 
the B.t.k. HD-73 protein in the polten and nectar of Bollgard™ Cotton Une 531 was 

000070 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



obtained to serve as a basis ot exposure of beneficial (non-target) insects to the B.t.k. 
HD-73 protein expressed in these plants (See paragraph K. Lack of Effects on Non
Target Organisms in this Part of this Petition of Determination of Non-Regulated 
Status). 

B. Composition, Quality, and Toxicant Analyses of the Cottonseed from 
Bollgard™ Cotton Line 531 

Field grown cottonseed from Bollgard™ Cotton Une 531 and the control cotton line, 
C312 were shown to be compositionally equivalent based upon analysis of the major 
cottonseed components (protein, lipid, moisture, ash, carbohydrate, calories), the fatty 
acid profile and the levels of important toxicants (gossypol, cylcopropenoid fatty acids 
and aflatoxin). The levels of the major components (protein, oil, carbohydrate, 
moisture, ash and calories) in the cottonseed from Bollgard™ Cotton Une 531 and the 
parental control were comparable. There were no differences in any of these components 
for seed collected from the six field sites (Table V-7). There were no significant 
differences in the total lipids between cottonseed from Bollgard™ Cotton Une 531 and 
the C312 control (Table V-8). Minor, but statistically significant differences were 
observed between Bollgard™ Cotton Une 531 and the C312 control for three of the 
eleven individual fatty acids (Table V-9). However, these all fell within the published 
ranges for commercial cotton varieties, and therefore, represent the inherent 
variability within cotton varieties and are not attributed to the insertion of the genes for 
insect resistance. 

No statistically significant differences were observed in gossypol levels at any of the six 
locations between the Bollgard™ Cotton Une 531 and the C312 control (Table V-10). 
Gossypol is a biologically active terpenoid substance that is present in discrete glands in 
various plant tissues, including the seed (Abou-Donia, 1976). The gossypol levels for 
both lines tell weit within the ranges previously reported for cotton varieties (Pans et 
a/., 1958; Abou-Donia, 1976) and the variability across locations was consistent with 
previously reported data (Altman et al., 1989; Berardi and Goldblatt, 1980). 

Levels of the toxicant, cyclopropenoid fatty acids (dihydrosterculic, sterculic and 
malvalic), for cottonseed trom the six field sites showed no statistically significant 
differences between seed from Bollgard™ Cotton Line 531 and the C312 control (Table 
V-10). 

The four primary aflatoxins commonly found in cottonseed were undetectable at a 
sensitivity of 1 part per billion for the Bollgard™ Cotton Line 531 at all six sites and 
for the C312 control at five of the six sites (Table V-10). The sample of the C312 
control seed grown at the Arizona field site showed relatively high aflatoxin 
contamination. Cottonseed produced in Arizona (and regions in which pink bollworm is a 
significant insect pest) typically have high levels of aflatoxin due to the ball damage 
caused by the pink bollworm (McMeans, et al., 1976, Ashworth, et al., 1971). Often 
the levels are sufficiently high that the seed cannot be used for animal feed. This insect 
pest enters the seed, uses the embryo and endosperm of the seed for food and a site tor 
laying eggs. As the insect exits the seed, it leaves even larger holes, which are sites for 
infection by the Aspergillus f/avus fungus which causes aflatoxin coritamination. 
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Bollgard™ Cotton Une 531 expresses the B.t.k. protein, which is effective in 
controlling the pink bollworm, that caused damage only at the Arizona site. The dramatic 
reduction in aflatoxin level between Bollgard™ Cotton Une 531 and the control line 
grown in Arizona is additional evidence of the etfective control of the target insect by the 
insect resistant cotton plants. 

Compositional data showed that the Bollgard™ Cotton Line 531 and the C312 control are 
comparable for all characteristics except for the aflatoxin data from Arizor.a, which 
established an additional benefit that insect resistant cotton will have on feed safety of 
cottonseed from Bollgard™ Cotton Line 531. 

C. Cottonseed Processing 

The quality of the processed cottonseed products from Bollgard™ Cotton Line 531 were 
shown to be equivalent to the control line. Seed cotton from four of the six field sites 
(Mississippi, Louisiana, Texas and Georgia) were ginned and pooled (by line) across all 
four sites as a source of seed for processing. The composite cottonseed sample was 
processed at the Food Protein Research & Development Center at Texas A&M University 
into defatted/ toasted meal and refined oil which are the primary cottonseed products 
used for animal feed (except cattle, which consume whole seed) and human food. 

When compared for yield of processed fraction relative to starting material (linters, 
linter motes, delinted seed, hulls, kernels, toasted meal, crude oil and refined oil), the 
yields were comparable for both the Bollgard™ Cotton Line 531 and the C312 control 
and similar to the means and ranges previously reported for processed cottonseed 
fractions from other cotton cultivars (Table V-11). 

There were no meaningful differences in the levels of total and free gossypol in the raw 
cottonseed kernels, toasted meal and refined oil from both Bollgard™ Cotton Line 531 
and C312 (Tabte V-12). Reduction of free gossypol in the toasted meal and oil is a 
measure of food/feed quality and processing efficiency. During the processing, the 
gossypol that partitions into the oil, is essentially completely eliminated during the 
subsequent refining of the oil (Cottonseed Oil, 1990). Linder the typical conditions of 
high heat and moisture used to process cottonseed meal, most of the gossypol is removed 
by solvent extraction or detoxified to non-extractable (bound) form of gossypol. As 
expected, there was no detectable gossypol in refined oil and the amount of free gossypol 
was reduced to trace levels in the toasted meal from both lines. Total gossypol levels 
were reduced by approximately 18% in the toasted meal for both lines. 

The total protein content of the toasted meal and refined oil fractions from both the 
Bollgard™ Cotton Line 531 and control, C312 line were shown to be consistent with 
commercial quality products. Cottonseed meal used as a feed additive (protein 
concentrate) for livestock feed is typically prepared at ~ 41 % total protein. The toasted 
meal fractions from both the Bollgard™ Cotton Line 531 and control lines contained 
> 40% total protein by weight. As expected, protein was not detected (sensitivity of 1.3 
parts per million) in the refined oil fractions from either line. 
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Finally, processing cottonseed from Bollgard™ Cotton Line 531 dramatically decreased 
the amount of biologically active B.t.k. HD-73 and NPTII proteins in the toasted meal. 
The level of these proteins in the toasted meal were reduced by more than 97.1 % and 
96.7%, respectively, versus the levels detected in raw cottonseed meal. No B.t.k. HD-
73 or NPTII protein was detected by functional assays specific for each protein. 
Likewise, by western blot analyses, neither protein was detected in the processed meal, 
even in the denatured state. Therefore, processed cottonseed meal does not represent a 
source of significant exposure to either the B.t.k. HD-73 or NPTII protein. 

These data establish that cottonseed from Bollgard™ Cotton Line 531 processes 
comparably to cottonseed from the C312 control and that the level of the important 
toxicant, gossypol, is comparable for both lines. Therefore, insertion of the genes to 
provide insect resistance did not alter the processing characteristics of the cottonseed or 
the quality of two major cottonseed products, toasted meal and refined oil. 

D. Allelochemical Levels in Vegetative Tissues 

Cotton contains allelochemicals, in addition to gossypol, that may be involved in pest 
control (Hedin, et al., 1983; Hedin, et al., 1988; Hedin, et al., 1991 ). Three of the 
most important are flavonoids, tannins and anthocyanin (Hedin et al., 1992). The levels 
of these classes of compounds in cotton squares and the terminal leaves were analyzed 
from samples obtained from the 1992 and 1993 field tests in Starkville, Mississippi. 
As expected, no meaningful differences in the levels of gossypol, flavonoids, tannins and 
anthocyanins were detected between Bollgard™ Cotton Une 531 and the non-modified 
C312 control and the levels of these allelochemicals were representative for G. 
hirsutum lines. The complete reports of the 1992 and 1993 analyses are found in 
Appendix VIII. Since a variety of insect resistant lines and other modified cotton lines 
were evaluated in these analyses, the specific results for BollgardTM Cotton Line 531 and 
control line, C312 are summarized in Table V-13. 

E. Disease and Pest Susceptibilities 

All test sites were monitored on a regular basis for differences in disease susceptibility 
between transformed and non-transformed plants. Survey methods (i.e. number of 
plants examined and specific timing of plant examination) were not standardized across 
the various test locations to allow for regional and temporal differences in development 
of symptom expression in these cotton disease complexes. Both above and below ground 
plant parts were examined for the presence of disease development. Plant examination 
was not restricted to obviously diseased specimens. Healthy plants were examined for 
abnormal growth and development and the presence of sub-chronic disease 
symptomatology. Because the cotton plants were transformed using a disarmed 
Agrobacterium tumefaciens vector, plants were specifically examined for the 
development of crown galt throughout the growing season. 

The major diseases affecting cotton are the Seedling Disease Complex ( Rhizoctonia 
so/ani, Pythium spp., Ascochyta gossypii, Fusarium spp. and Glomerella gossypit), 
Verticillium Wilt ( Verticil/ium dahliae), Fusarium Wilt (Fusarium oxysporum). 
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Phymatotricum Root Rot (Phymototrichum omnivorum), Bacterial Blight (Xanthomonas 
campestris), Boll Rots (various saprophytic fungi), and Nematodes (Root Knot, Lance, 
Reniform, and Sting). In addition, there are about 25 other fungi, viruses, and bacteria 
which may develop as localized epidemics in the various cotton growing regions of the 
United States. 

The data presented in part IV and Appendix V of this Petition for Determination of Non
Regulated Status support the conclusion that Bollgard™ Cotton Une 531 possesses no 
disease or pest susceptibilities different than the parental non-transformed cotton. 

In addition, a study was conducted in the 1992 field test in Mississippi to compare the 
incidence of cotton boll rot (Anthracnose boll rot) between the control cotton line, C312 
and two modified, insect Resistant cotton lines, including Bollgard™ Cotton Une 531. 
There were no significant differences in the frequency of boll rot between the insect 
resistant cotton lines and the parental control, line C312. The data from this study are 
summarized in Appendix IX. 

F. Plant Pest Risk 

In all field and green house trials, Bollgard™ Cotton Une 531 plants were repeatedly 
inspected for any signs of Agrobacterium infection. None was found (see part IV). None 
of the gene sequences inserted into the cotton plant are capable of causing the Bollgard™ 
Cotton Une 531 to express any plant disease (See part III). Bollgard™ Cotton Une 531 
does not exhibit any different agronomic or morphological characteristics which may 
give it an advantage over other species within the ecosystem in which it is grown (see 
part IV). The compositional and toxicant analyses comparing Bollgard™ Cotton Une 531 
to the parental C312 showed no differences (see section B, above). Therefore, it is 
concluded that the BollgardTM Cotton Une 531 does not pose any different plant pest risk 
to other plants and the environment than non-transformed cotton varieties. 

G. Weediness 

G. hirsutum is ineffective as a weed. Wild populations are rare, widely dispersed and 
confined to beach strands or to small islands (Lee, 1984). lt appears to be somewhat 
opportunistic towards disturbed land and appears not to be especially effective in 
invading established ecosystems. In the continental United States, wild populations of G. 
hirsutum exist only in the southern tip ot Florida, due at least in part to the tact that 
cotton cannot over-winter in those areas where treezing conditions occur. 

There is little probability that the Bollgard™ Cotton Line 531 or any Gossypium species 
crossing with Bollgard™ Cotton Une 531 could become a weed. All wild and feral 
relatives of cotton are tropical, woody, perennial shrubs other than a tew herbaceous 
perennials in NW Australia. With the exception of G. thurberi and G. sturtianum in 
Australia, these cannot naturally exist even in the milder temperate regions. In most 
instances the distribution of these species is determined by soil and climatic conditions 
rather than insect pressure. As perennials the plants are not particularly programmed 
to produce seed each year. In tact, they tend to drop truit in response to stress. lt is 
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unlikely that expression of the B. t.k. protein would impact survival either way. The 
only species that approaches the designation of pest is the arborescent G. aridum in parts 
of central western Mexico where it grows in fence rows much like sassafras in parts of 
the US. 

In those areas of the USA where feral or wild cottons occur (south Florida, Hawaii) the 
problem is not potential proliferation of plants but lass of the germplasm resource. 
Ultimately, if B.t.k. should be transferred to a wild population of a tetraploid, and if this 
was considered undesirable, the size of the plants, their perennial growth habit, their 
r~abitat and their low natural fecundity would make control exceptionally easy 
(-992; Appendix III). 

Cotton is not considered to have weedy characteristics as an annual plant grown in the 
United States. lt does not possess any of the attributes commonly associated with weeds 
such as seed dormancy, lang soil persistence, germination under diverse environmental 
conditions, rapid vegetative growth, a short life cycle, high seed output, high seed 
dispersal and lang distance dispersal of seeds. These characteristics cf weeds are 
controlled by multiple not single genes. 

The only difference one would expect between the modified and non-modified cultivated 
cotton would be that the modified cotton would be better able to withstand damage from 
foliar eating insects. This insect resistance would not be expected to lead to an advantage 
for these plants for the following reasons: 

• The seed is not dormant and is not able to persist in the soil for lang periods of 
time. In fact, only in the southern most parts of the cotton growing regions can 
the seed successfully over-winter and germinate the next spring. 

• As discussed in Part II, the plant has no weedy relatives in the continental United 
States to which it can cross, and therefore it is not expected to cross with other 
species. 

• Monitoring of plots during and after harvest for the past 2 years has not revealed 
any differences in survivability and competitiveness of the modified versus the 
non-modified cotton. 

Therefore, there is no indication that the weediness of the modified cotton plant has 
changed as a result of the insertion of the B.t.k. and nptll genes. Expression of the gene 
products (B.t.k. HD-73 and NPTII proteins) in the modified cotton plant would not 
change any of the above listed attributes. 

H. Germination and Vigor Results for Bollgard™ Cotton Line 531 and 
Coker 312 

Field germination studies comparing Coker 312 and Bollgard™ Cotton Une 531 have not 
been conducted to date. Formost studies, the seed for Bollgard™ Cotton Une 531 and 
Coker 312 were not produced in the same location, thus making it impossible to make 
such a comparison. For example, the seed for Bollgard™ Cotton Une 531 for most field 
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studies was grown in a winter nursery while the Coker 312 seed was purchased trom 
SeedCo Co. in Lubbock, TX. Data is available trom a laboratory study and two tield 
locations which utilized seed from the Bollgard™ Cotton Une 531 and the Coker 312 
produced at the same location. These data support the conclusion that no significant 
differences exist between the germination rates of Bollgard™ Cotton Une 531 and Coker 
312. 

Laboratory Germination Study 

Bollgard™ Cotton Une 531 and Coker 312 were tested in multiple locations in 
1993. Seed trom one of the sites in North Carolina was harvested and then processed 
at Monsanto for use in the 1994 trials. After ginning and delinting, the "finished" 
seed from both Bollgard™ Cotton Une 531 and Coker 312 was tested to determine 
germination rates in both warm and cold temperatures. The standard germination 
test was done in germination paper, stored in the greenhouse (approx. 90° F). and 
read after 4 days. The cold test was also done in germination paper, stored at 19° C, 
and read 7 days later. The tests were replicated 4 times with 20 seeds per 
replication. 

Results for the two tines in the warm test were not signiticantly different (Table V-
14). However, Bollgard™ Cotton Une 531 had a significantly higher percent 
germination than Coker 312 in the cold test (83% and 60%, respectively). 
Similarly, the number of seedlings with a radicle greater than 1 inch was higher for 
Bollgard™ Cotton Une 531 compared to Coker 312 (75% and 41%, respectively). 
These results suggest that under certain conditions (i.e. cold temperatures) 
Bollgard™ Cotton Line 531 may be more vigorous than Coker 312. 

These differences under laboratory conditions have not been observed in the field 
when the seed is planted under normal agronomic and environmental conditions. 
Therefore, the differences may be due to the condition of the seed in the lots used for 
the germination studies. This seed was produced in North Carolina which is not a 
typical location for seed production due to adverse weather as the crop matures. The 
quality of this seed was not up to the standards one would expect from seed produced 
in more typical production areas, such as Arizona, which tends to be of excellent 
quality. Also, the Coker 312 seed used in this germination study exhibited signs of 
insect damage whereas the Bollgard™ Cotton Line 531 seed did not. The Bollgard™ 
Cotton Une 531 plants were more efficacious in terms of Heliothis control than the 
insecticide sprays and it is likely that more bolls were damaged by late season 
infestations of Heliothis. The insect damage would then provide an entry point for 
pathogens into the Coker 312 seed. This may be the reason that the Coker seedlings 
were stunted and more susceptible to disease than the Bollgard™ Cotton Une 531. 

To assess germination under field conditions, stand counts were taken at two of the 
field sites: West Sinton, TX and Bossier City, LA. At West Sinton, stand counts were 
taken in each of the middle two rows of all 12 replications, for a total of 24 
replications. The stand counts for the Coker 312 and Bollgard™ Cotton Une 531 did 
not differ significantly (Table V-15). Similarly, at Bossier City, stand counts were 
taken in four of the replications (Table V-16). Again, there was no difference in the 
stand counts between Bollgard™ Cotton Une 531 and Coker 312. 
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The field results described above support the conclusion that no meaningful 
differences exist in the germination or survival rates of Bollgard™ Cotton Une 531 
and Coker 312. Additionally. no cooperator has reported a difference in the overall 
growth and development of Bollgard™ Cotton Une 531 compared to Coker 312. The 
differences noted in the laboratory assays were not observed in the field. 

1. Out-Crossing Potential 

The potential for pollen transfer from cotton to other species and for BoUgard™ Cotton 
Une 531 to become a weed or pest is addressed in Part II and Appendix IV of this Petition 
for Determination of Non-Regulated Status. The following is a summary of the 
conclusions reached in these sections. 

1 . Pollen Transfer to Wild Species 

For gene flow to occur via normal sexual transmission certain conditions must exist: the 
two parents must be sexually compatible, their periods of fecundity must coincide, a 
suitable pollen vector must be present and capable of transferring polten between the 
two parents and resulting progeny must be fertile and ecologically fit for the 
environment in which they find themselves. 

Based upon these criteria, out-crossing to wild species is not considered possible on the 
mainland United States and not likely in all of the 50 states for the following reasons: 

a All Gossypium species are seif-fertile but can be cross-pollinated by certain insects. 
Wind transport of pollen is not a factor. 

b. Bollgard™ Cotton Line 531 (Gossypium hirsutum ) is not expected to hybridize with 
any wild species within the contiguous 48 United States. This conclusion is 
supported by the following: 

i . No other genera in the Gossypieae tribe are endemic to the United States. 

i i. The wild diploid, G. thurberi, occurs in the mountains of southern Arizona 
(Fryxell, 1979) and G. hirsutum is not grown in the vicinity where the G. 
thurberi is found. Secondly, cultivated cotton is an allotetraploid, whereas G. 
thurberi is a diploid, so these are incompatible and would not produce fertile 
offspring (Fryxell, 1979). 

iii. A relative of cotton (Gossypium tomentosum) grows in Hawaii (Stephans, 1964) 
however pollen transfer to this species is not anticipated to occur since cotton is 
not grown commercially in this state. G. tomentosum is morphologically and 
temporally incompatible with commercial cotton varieties. Should Bollgard™ 
Cotton Line 531 be grown in Hawaii for testing or winter nursery seed 
increases. possible gene transfer can be prevented via the use of isolation 
distances. 
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In conclusion, there is no reasonable mechanism for out-crossing the introduced genes 
present in Bollgard™ Cotton line 531 into wild cotton species on the mainland United 
States. Out-crossing to other cultivated species G. hirsutum and G. barbadense, is 
expected but can be prevented by isolation practices common to the production of 
certified seed. 

2. Pollen Transfer to Cultivated Genotypes. 

In as much as similar cotton genotypes are fully compatible, any polten that is 
transferred has the potential to produce a hybrid seed. The degree of out-crossing in a 
production tield is strongly dependent upon the geographic location of the field 
(Simpson, 1954), which depends upon the crop ecology. The most important factors are 
the kinds and numbers of insect polten vectors. Bumble bees (Bambus spp.) and honey 
bees (Apis mellifera) are the most significant {Theis, 1953; McGregor, 1959; Moffett 
and Stith, 1972; Simpson and Duncan, 1956) with the former being the most efficient 
pollinator. Typical out-crossing percentages for a number of locations in the cottonbelt 
range from O to 28%. Almost without question, the transgenic material can be expected 
to be transferred to other cultivated genotypes over time. 

While some out-crossing to cultivated cotton (Gossypium hirsutum and G. barbadense) 
can be expected, such out-crossing would not be expected to cause any adverse effects for 
the following reasons: 

• No adverse effects have been identified that may result from releasing the 
modified plants into the environment. 

• lf cross pollination to other cultivated cotton were to occur, the gene would only 
be present in the seed, and the plant would not express the B.t.k. and NPTII 
proteins. 

• Crossing with cotton grown for seed can be controlled with appropriate isolation 
distances {1/4 mile) or the use of border rows or both. 

3. Results of Out-Crossing Studies 

Under permits granted by the United States Department of Agriculture, Monsanto 
conducted several field studies on the B.t.k. cotton in 1990. One part of these studies was 
to study the out-crossing potential of these cotton plants. Sites where these tests were 
located were: 

Casa Grande, Arizona 
Maricopa, Arizona 
Bossier City, Louisiana 
Starkville, Mississippi 
Brawley, California 
CoHege Station, Texas 
Lubbock, Texas 
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The experiments of the insect resistant cotton were surrounded by border rows of non
transgenic cotton. Seed from these border areas were evaluated to ascertain the 
frequency of out-crossing. Seed was harvested from every other row surrounding each 
field. Since 24 border rows were used, there were a total of 12 samples from each of 
the 6 test sites committed to this evaluation. The seed was analyzed for the presence of 
the B.t.k. protein by ELISA. The ELISA method, developed by Monsanto, is used routinely 
to identify seed/plants that are expressing the B.t.k. protein. The assay is specific to the 
B.t.k. protein and very sensitive to small quantities of the protein. The results are 
presented in Table V-17. 

The data indicate that the levels of out-crossing are low and well within the previously 
observed, normal frequency of out-crossing for plants in fairly close proximity. In 
fact, at three sites (College Station, Casa Grande and Maricopa), no out-crossed seed 
were detected. At those sites where out-crossing occurred, most of it was found in rows 
adjacent to the test field. Beyond the twelfth border row (40'), out-crossing events 
were extremely rare. Out-crossed seed was detected at the extremities of the border 
area at only one site (Bossier City): No out-crossed seeds were identified in the samples 
collected in adjacent cotton fields at the Texas sites. 

J . Transfer of Genetic Information to Species to which it cannot 
lnterbreed. 

We are not aware of any other species within the United States with which Gossypium 
hirsutum is able to successful exchange pellen and produce viable hybrid plants. There 
is no evidence that plants can exchange genas with any other living species in nature. 

K. Lack of Effect to Non-Target Organisms 

1 . Non-target tnsects 

There is extensive information about microbial preparations of Bacillus thuringiensis 
subsp. kurstaki (B.t.k.) containing the B.t.k. proteins, including the CrylA(c) protein 
(B.t.k. HD-73). The literature has established that the B.t.k. proteins are: 

• extremely selective for the lepidopteran insects (Macintosh et al., 1990; 
Klausner, 1984; Aronson et al., 1986; Dulmage, 1981; Whitely and Schnepf, 
1986), 

• bind specifically to receptors on the mid-gut of lepidopteran insects 
(Wolfersberger et al. 1986; Hofmann et al. 1988a; Hofmann et al. 1988b; Van 
Rie, et al. 1989; Van Rie, et al. 1990), and 

• have no deleterious effect on beneficiaVnon-target insects, including predators 
and· parasitoids of lepidopteran insect pests or honeybee (Apis mellifera) 
( Flexner et al., 1986; Krieg and Langenbruch, 1981 ; Cantwell et al., 1972; 
EPA, 1988; Vinson, 1989; Melin and Cozzi, 1989). 
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The chapters by Vinson (1989) and Melin and Cozzi (1989) provide comprehensive 
reviews of the extensive literature that has established the safety of the B. t.k. microbes 
and encoded proteins to an array of beneficial insects. To compliment these chapters, 
Monsanto conducted a study to compare the B.t.k. protein expressed in Bollgard™ Cotton 
Line 531 with commercially available microbial pesticides containing B.t. The 
conclusion reached from the results of this study were that the protein expressed by 
Bollgard™ Cotton Une 531 was similar in molecular weight and immunological 
reactivity to one .or more proteins contained in the commercial B.t. products Dipel® and 
Thuricide®. Thus the literature demonstrating the safety of these insecticides to non
target organisms is useful in predicting the safety of the B.t.k. HD-73 protein expressed 
in Bollgard™ Cotton Line 531. The complete report of this study is found in Appendix X. 

To confirm the specificity of the B.t.k. HD-73 protein expressed in Bollgard™ Cotton 
Line 531, a study was completed to evaluate the insecticidal activity of the full-length 
B.t.k. HD-73 protein and the activated, trypsin-resistant core of the protein versus ten 
species from five different orders of insects, including Lepidoptera. Of the ten species 
tested, only the four species ot Lepidoptera were sensitive to both forms ot the B.t.k. 
HD-73 protein. These data confirm the insecticidal specificity of the protein expressed 
by Bollgard™ Cotton Line 531 for insect species in the Order Lepidoptera. 

In addition, separate studies were undertaken to assess the potential toxicity of B.t.k. 
HD-73 protein to other non-target insects: 

• parasitic Hymenoptera (Nasonia vitripennis), a beneficial parasite of the 
housefly (Musca domestica), 

• the larva and adult honey bee (Apis mel/ifera L.), a beneficial insect pollinator, 

• ladybird beetles (Hippodamia convergens), a beneficial predaceous insect which 
feeds on aphids and other plant bugs commonly found on stems and foliage of weeds 
and cultivated plants, and 

• green lacewing larvae ( Chrysopa carnea), a beneficial predaceous insect 
commonly found on cotton and other cultivated crops. 

In each study, the maximum nominal B.t.k. HD-73 protein (full-length) concentration 
tested (20 ppm) was greater than 1600 times the maximum B.t.k. HD-73 protein 
expression level in pellen (0.012 ppm) and nectar (<0.002 ppm) of the BollgardTM 
Cotton Line 531. These studies established that the LCS0 for the B.t.k. HD-73 protein is 
greater than 20 ppm versus all the species tested. Therefore, the "no observed effect 
level" was 20 ppm. 

2. Non-Target Birds and Fish 

A study was conducted to assess the wholesomeness of insect resistant cottonseed meal 
when fed to bobwhite quail since birds may feed on cottonseed left in the field after 
harvest. No mortality occurred in birds fed up to 100,000 ppm (10% w/w) raw cotton 
seed meal in the diet. This feeding level approximates consumption of 400 seeds/kg body 
weight per bird of cottonseed. The "no observed effect level" was considered to be 
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greater than 100,000 ppm. Based on the parameters measured, the wholesomeness of 
meal from insect resistant cotton seed was comparable to that of the parental line when 
fed in the diet to quail. 

lt is unlikely that fish in their natural environment would be exposed to cottonseed. 
Based on the historical data demonstrating safety of B. t. proteins to fish and the unlikely 
event of exposure, a study with cottonseed in fish was not considered necessary. 

3 . Lack of Exposure to Fish and Wildlife 

Cotton is a unique field crop in that mammals and other species which consume 
vegetation avoid feeding on the plant due to both the gossypol content and the morphology 
of the plant. The seed is within the boll and covered with lint. The seed will not be 
normally found in a lint-free condition in the field. Therefore, avian species are not 
expected to feed on the large lint covered seed. In addition, since the seed is not expected 
to enter aquatic habitats, fish should not be exposed. 

Since the naturally occurring B.t.k. proteins have been demonstrated to be virtually 
non-toxic to fish, avian species, non-target insects, mammals and other non-target 
species and exposure to these species is not likely due their feeding preferences, no 
adverse effects to wildlife are expected from the commercialization of these plants. 

4. Conclusion 

Based upon the results of these studies, the host range of toxicity of the B.t.k. HD-73 
protein as produced in the Bollgard™ Cotton Line 531 is comparable to the proteins 
produced in nature by the Bacillus thuringiensis variety kurstaki soil microorganism. 
This protein is accepted by EPA as being non-toxic to all non-target organisms (EPA, 
1988). 

L. Impact on Endangered Species 

No endangered or threatened lepidopteran insects, as listed in S0CFR 17 .11 and 17 .12, 
feed on cotton plants. 

M. Possible Impact on the Environment 

Persistence in the environment following harvest - The B.t.k. HD-73 protein in 
Bollgard™ Cotton Line 531 is present in the plant tissue remaining in the field after 
harvest of the lint and seed. This cotton plant residue is typically tilled into the soil. 
The environmental fate of B.t.k. HD-73 protein in soil was determined by measuring the 
rate at which the bioactivity of the B.t.k. HD-73 protein dissipates when added to seil as 
the purified protein and as a component of insect resistant cotton tissue. 

Two test substances were used in this study: 1) B.t.k. HD-73 that was purified from E. 
coli, characterized and shown to be equivalent to the B.t.k. HD-73 protein expressed in 
insect resistant cotton plants, and 2) lyophilized cotton tissue powder prepared from 
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field-grown Bollgard™ Cotton Une 931 plants. Bollgard™ Cotton Une 931 expresses 
the same B.t.k. HD-73 protein as Bollgard™ Cotton Une 531. Bollgard™ Cotton Une 
931 was used in this study due to its higher expression of the B.t.k. HO-73 protein. 
B.t.k. HD~73 purified protein was added to soil at the rates of 0.3, 0.8 and 1.5 µg/ g dry 
wt soil; Bollgard™ Cotton Une 931 tissue powder was added at 0.01, 0.03 and 0.05 g/ 
g dry wt soil. These samples were incubated in soil (Dupo silt loam) at approximately 
24°C for up to 54 days at a relatively constant soil moisture level. Aqueous soil 
suspensions was prepared from incubated soil samples, incorporated into artificial 
insect diet and presented to tobacco budworm Heliothis virescens (TBW) larvae. Half
lives were calculated using the equation for first-order rate of dissipation. Recovery of 
B.t.k. HD-73 protein TBW activity was assessed for both test substances at all rates 
evaluated. 

Purified E coli B.t.k. HD-73 protein TBW bioactivity dissipates with an estimated half
life of 9.3 to 20.2 days, depending on the dose. B.t.k. HD-73 protein TBW bioactivity, 
added to soil at 0.01 g tissue powder per g dry wt soil as a component of Bollgard™ Cotton 
Une 931 tissue, dissipates with an -estimated half-life of 41 days. Recovery of B.t.k. 
HD-73 protein TBW bioactivity was high when added to soil as the purified protein and 
as a component of lyophilized cotton tissue powder. 

The results of this study suggest that the B.t.k. HD-73 protein will degrade readily 
(estimated half-life of 41 days ), when added to soil as a component of post-harvest 
insect resistant cotton plants. The measured half-life of the purified B.t.k. protein in 
soil is comparable to that measured for the microbial B.t.k. preparations (West, 1984; 
Pruett et al., 1 980). 

Other potential effects that could conceivably be associated with the commercialization of 
Bollgard™ Cotton Une 531 were evaluated. A review of all available information 
including extensive field test results, safety studies and independent scientific research 
indicates that the commercial use of Bollgard™ Cotton Line 531 will not result in any 
adverse effects to the environment. In fact, it is likely that commercialization will have 
a positive impact on the environment by promoting integrated pest management 
practices and reduced reliance on traditional chemical insecticides. 

N. Summary 

1 . Expression of the lnserted Genes 

Bollgard™ Cotton Line 531 has been modified by the insertion of the PV-GHBK04 
plasmid which contains the gene imparting the insect resistance trait. Bollgard™ 
Cotton Une 531 expresses two new proteins, the insecticidally active B.t.k. HD-73 
protein and the selectable marker, NPTII protein. The B.t.k. HD-73 and NPTII 
proteins were expressed at extremely low and relatively consistent levels in 
Bollgard™ Cotton Line 531 across all six field sites. Bollgard™ Cotton Une 531 
contained less than 2 µg/gram fresh weight of B.t.k. HD-73 and less than 4 µg/gram 
fresh weight of NPTII in leaf and seed tissue, respectively, with levels varying only 
two to three fold across the six field sites. B.t.k. HD-73 protein levels varied less 
than three fold in young leaf tissue over the growing season. The levels of B.t.k. HD-
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73 and NPTII proteins in mature, whole plant tissues were much lower, on a fresh 
weight basis, than in leaf tissue. lt was estimated that approximately 1 .44 and 
19.14 grams/acre of B.t.k. HD-73 and NPTII protein, respectively, would enter the 
soil environment by incorporating the plants from Bollgard™ Cotton Line 531 into 
the soil after harvest. B. t.k. HD-73 protein in nectar { <1.6 ng/g fresh weight of 
nectar) and pollen (11.5 ng/g fresh weight of pollen) derived from Bollgard™ 
Cotton Line 531 was extremely low; at or near the level of detection (8.0 ng/g fresh 
weight of pollen and 1.6 ng/g fresh weight of nectar). 

A second selectable marker gene encoding aminoglycoside adenylyltransferase (AAD) 
is present in the Bollgard™ Cotton Line 531 ; expression of the AAD protein is under 
the control of a bacterial promoter and was not detected in the cotton leaf or seed 
tissue from Bollgard™ Cotton Line 531. 

2. Composition, Quality, and Processing of the Seed 

The cottonseed and processed cottonseed products trom Bollgard™ Cotton Line 531 
are equivalent to the cottonseed and processed products from the C312 parental 
control on the basis of composition and quality. 

The cottonseed from both lines were compared on the basis of major seed components 
(protein, oil, carbohydrate, moisture and calories), fatty acid profile of the total 
lipid fraction from the seed, and the natural toxicant levels (gossypol, 
cyclopropenoid fatty acids, and aflatoxin). No differences in the seed were observed 
between the two lines, except that seed from Bollgard™ Cotton Line 531 showed 
undetectable aflatoxin levels for all sites whereas seed from the C312 control line 
showed significant amount of aflatoxin contamination at the Arizona site. Pink 
bollworm was controlled by the insect resistant plants (unique to the Arizona site), 
which indirectly lead to the reduction in aflatoxin contamination. Reduction in 
aflatoxin levels provides an important safety benefit for cottonseed produced by the 
insect resistant plants which is used for animal feed. 

Cottonseed from Bollgard™ Cotton Line 531 processed comparably to the C312 
control, with comparable reductions in the levels of gossypol in the processed meal 
prepared from both lines. No gossypol was observed in refined cottonseed oil. Both 
B.t.k. HD-73 and NPTII proteins were reduced to non-detectable levels in processed 
cottonseed meal. 

3 . Plant Pest Risk 

Bollgard™ Cotton Line 531 does not pose any different plant pest risk to other plants 
and the environment than non-transformed cotton varieties. 

In all field and green house trials, Bollgard™ Cotton Line 531 plants were repeatedly 
inspected for any signs of Agrobacterium infection and other disease symptoms, and 
none were found. Bollgard™ Cotton Une 531 possesses no disease or pest 
susceptibilities different than non-transformed cotton and is not expected to have any 
different weedy characteristics than other cotton grown in the United States. Out
crossing to wild species on the mainland United States is not expected. Crossing of the 
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insect resistance genes to cultivated cotton is possible should the plants be in 
proximity; however, this is expected to occur at a very low frequency and not 
considered to be a concern as it is unlikely to cause any unreasonable adverse impact 
to the environment. 

We are not aware of any other species within the United States with which Gossypium 
hirsutum is able to successfully exchange polten and produce viable hybrid plants. 

4. Safety and Environmental Effect 

Bollgard™ Cotton Line 531 and the expressed proteins have no adverse effect on non
target organisms or the environment. 

A series of safety studies were conducted with the purified, active ingredient in 
Bollgard™ Cotton Une 531 (B.t.k. HD-73 protein) an several non-target beneficial 
insects. No toxicity was observed at a level representing approximately 1600 times 
the maximum B.t.k. HD-73 protein expression level in pellen and nectar in the 
Bollgard™ Cotton Une 531. 

An additional study was conducted an Bobwhite Quai!. No mortality occurred in birds 
fed up to 100,000 ppm (10% w/w) raw cotton seed meal in the diet. The "no 
observed effect level" was considered to be greater than 100,000 ppm. Based an the 
parameters measured, the wholesomeness of meal from insect resistant cotton seed 
was comparable to that of the parental line when fed in the diet to quail. 

lt is unlikely that fish would be exposed to cottonseed. Based an the historical data 
demonstrating safety of B.t. proteins to fish and the unlikely event ot exposure, a 
study with cottonseed in fish was not considered necessary. 

No endangered or threatened lepidopteran insects, as listed in 50 CFR 17 .11 and 
17 .12, teed on cotton plants. 

The B.t.k. HD-73 protein was shown to degrade readily when added to soil as purified 
protein or as tissue trom insect resistant cotton plants. The rate ot degradation was 
similar to the degradation rates reported tor commercial microbial pesticides 
containing B.t.k. protein. 

Conclusions 

A review ot all available information including extensive field test results, safety 
studies and independent scientific research support the conclusion that the commercial 
use of this cotton will not result in any adverse effects to the environment. In fact, the 
use of Bollgard™ Cotton Line 531 will have a more positive impact on the environment 
than the use of chemical insecticides to control lepidopteran caterpillars. The B.t.k. 
protein is ecologically benign, i.e. it breaks down rapidly in the soil, is safe to nontarget 
organisms such as fish, birds and mammals and specifically controls many species of 
lepidopteran caterpillars on cotton. In addition, the risk of an uncontrolled introduction 
of this cotton into the environment through hybridization or out-crossing to a native 
species resulting in a new weed variety is non-existent on the mainland of the United 
States. 

000084 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



The consistent Lepidoptera insect control offered by Bollgard™ Cotton Une 531 will 
enable growers to significantly reduce the amount of chemical insecticide now applied to 
their crop for control of cotton bollworm, tobacco budworm and pink bollworm. As a 
result, they will be able to utilize many 1PM practices that cannot presently be 
implemented because of the lack of options other than use of chemical insecticides to 
control these pests. An increase in the biological and cultural control of non-target 
cotton pests and a more judicious use of chemical insecticides will result in a positive 
impact on the environment, which will ultimately be advantageous to the grower and the 
public as well. 

Therefore, it is concluded that the Bollgard™ Cotton Une 531 does not pose any different 
plant pest risk to other plants and the environment than is now caused by non
transformed cotton varieties. 
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Table V-1. Mean Expression of the B.t.k. HD-73 and NPTII Proteins 
Across Sites {Bollgard™ Cotton Line 531, 1992 Field 
Trials). 

B.t.k. HD-73 
Tissue µg/g fwt• 

NPTII 
µg/g fwt* Range 

Leaf 

Seoo 

1.562 (0.148)t 1.18 · 1.94 

0.857 (0.180) 0.40 - 1.32 

3.145 (0.269) 2.46 - 3.84 

2.451 (0.185) 1.97 - 2.93 

• Mean expression level across all field test locations. N=36, 6 samples per each of 
six sites. 

• .. The 95% confidence interval for- the mean expression levels across field locations 
expressed as µg/g fresh/frozen weight of tissue (fwt). 

t Numbers in parenthesis are the standard error tor the mean expression level 
across all field locations. 

Table V-2. Expression of the B.t.k. HD-73 and NPTII Proteins in Leaf 
Tissue trom the BollgardTM Cotton Line 531 {1992 Field 
Trials). 

B. t.k. HD-73 NPTII 
Sill µg/g fwt* %CY** µg/g twt* ~ 

Mississippi 1 .402 53 3.405 1 3 
Louisiana 1.834 28 2.951 37 
Texas 2.037 30 3.980 23 
Georgia 1.727 78 2.298 34 
Arizonat 1.269 40 3.677 1 8 
Alabama 1.101 27 2.561 7.3 

Overall Mean 1.562 50tt 3.145 30tt 

.. Mean value among plots in the same location {N = 6 samples per site). 
" " VariabiliJy among plots in the same location, expressed as % coefficient 

of variation (%CV). 
t Two replicates yielded non-detectable results and were excluded from 

statistical analyses 
tt Variability among all plots in different locations, expressed as %CV. 
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Table V-3. Expression of the B.t.k. HO-73 and NPTII Proteins in 
Cottonseed from the Bollgard™ Cotton Une 531 (1992 Field 
Trials). 

B. t.k. H0-73 NPTII 
.§..ill "g/g fwt* %CV** ua/a fwt* !&Y 

Mississippi 0.524 32 3.156 1 6 
Louisiana 0.529 32 2.601 1 8 
Texas 0.490 24 2.234 1 1 
Georgia 0.983 27 2.343 1 4 
Arizona 1 .616 1 2 1 .790 1 6 
Alabama 1.001 1 6 2.580 1 7 

Overall Mean 0.857 55t 2.451 24t 

• Mean value among plots in the same location (N = 6 samples per site). 
• " Variability among plots in the same location, expressed as % coefficient 

of variation (%CV). 
t Variability among all plots in different locations, expressed as %CV. 

Table V-4. Expression of the B.t.k. H0-73 and NPTII Proteins in Young 
Leaf Tissue of Bollgard™ Cotton Une 531 throughout the 
Growing Season (1992 Field Trials). 

Date of B.t.k. HD-73 Range % Recovery % Efficiency 
samplina ugfa fresb Weight §. ot HD-73 Spike t ot Extraction 

6/1/92 1.40 (0.74t 82 106 (12) .. 80.0 (3.7)tt 
7/8/92 1.49 (0.59) 63 - 107 (24) notdone 
8/1 0/92 3.55 (1.14) 56 - 105 (24) not done 
9/14/92 1.30 (0.69) 53 - 117 (32) 76.1 (6.0) 

§ Mean expression level from analysis of six leaf samples at each time point. 
t Range of recovery trom butfer (no matrix) was 80.0 to 112.9% for spike levels 

ranging from 25 to 100 ng/ml. Higher recovery is seen for lower level of spike. 
" Numbers in parenthesis represent the standard deviation (n=6 for each time point) 
• • Numbers in parenthesis represent the standard deviation for mean percent recovery 

over 3 spikes, n=6 (duplicates at each level). 
tt Mean extraction efficiency for three samptes, with standard deviation of the mean in 

parenthesis. 
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Table V-5. Expression of the B.t.k. HO-73 and NPTII Proteins in 
Mature Cotton Plants (Bollgard™ Cotton Line 531, 1992 

Tissue 

Mature 
Cotton Plants 

Field Trial*). 

B.t.k. H0-73** 
ugtg 'twt**ugtplant 

0.044 24.5 

NPTII** 
µa/a twt**ugtplant 

0.57 318.8 

• One plant from each of 3 reps (N=3), was collected from the Starkville, MS site, per 
line. 

* * these values represent the mean level of expression minus the control background 
present (due to assay matrix effects) in the control line, C312, and corrected for 
extraction efficiency and recovery of spike. 

Table V-6. Assessment ot the B.t.k. HD-73 protein levels in cotton 
nectar and pollen§. 

Sample Cotton B.t.k. HD-73 Total Protein 
Üll.l .L.in§ (ngtg twt) Crnoto twt) 

Pollen C312 <8.0* 7.0 (1 .5)t 
Line 531 11 .5* <8.o·· 12.6 (0.26) 

Nectar C312 <1.6* 
Line 531 <1.6* <1.6** <0.06 (0.00) 

§ Pollen was collected an a single day from flowers selected from 19 plants. All pellen 
collected that day was pooled into a single sample. This single pooled sample was 
sampled three times and evaluated for B.t.k. Nectar was collected from all open 
flowers between 9/18 and 10/26/92; all nectar collected for each day was pooled 
(14 separate nectar samples were collected on 14 separate days). Reps were 
prepared by pooling separate days into a single sample, but each pool represents 
unique samples. Therefore, three true reps of nectar were evaluated for B.t.k. 

* Pollen and nectar samples were stored for approximately nine months at 
approximately -80°C before being analyzed. The data for pellen and nectar from 
Bollgard™ Cotton Une 531 samples represent the mean from three replicates. The 
data for pellen and nectar from C312 samples represent a single determination. 

• • Pollen and nectar samples were stored for approximately two weeks at 
approximately -80°C before being analyzed. The data for pellen trom Bollgard™ 
Cotton Line 531 represents a single determination. The data for nectar from 
Bollgard™ Cotton Une 531 represents the mean value of two replicates. 

t Protein levels for pellen and nectar represent the mean and standard deviation () 
from three replicate samples 
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Table V-7. Proximate Analysis of Cottonseed from Bollgard™ Cotton 
Line 531 and Control Line, C312, Grown under Field 
Conditions1 ,2 

Component Coker 312 Bollgard™ Cotton 

Protein 22.7 (2.6) 22.8 ( 2. 1 ) 
Fat (Oil) 19.7 ( 2. 1 ) 20.8 (2 .5) 
Carbohydrates 38.5 ( 1 . 9) 39.1 (2.3) 
Ash 3.8 (0.4) 3.9 ( 0 .4) 
Moisture 15.4 ( 5 .1) 13.5 (3.9) 
Calories 422.0 (29.2) 434.5 (26.0) 

1 Components are expressed a·s g/100 g except for calories, which are 
expressed as calories/100 g. 

Line 531 

2 The values for all components represent the mean across all six field 
locations (1 sample per site, N=6). The numbers in parentheses indicate the 
standard deviation of the mean. Means were compared using the paired t-test 
described in Table V-1 . 

Table V-8. The Level of Lipids in Cottonseed from Bollgard™ Cotton 

2 

Line 531 and Coker 312 Grown under Field Conditions1 

Sile ~Umber 
Line 701 702 703 704 705 706 
Number M.S. J..A IX .Ga AZ AL Jll.U.n2 

C312 35.4 39.0 37 .1 42.6 38.0 43.2 39.21 

Line 531 36.0 45.3 40.7 41 .5 34.1 42.1 39.97 

Lipid levels were determined for cottonseed grown in study 92-01-36-07, 
experiments 92-427-701 through 91-427-706 and are expressed as the 
percent of total lipid compared to the lyophilized dry weight of the cotton meal. 
Sites 701 through 706 refer to: Starkville, MS; Bossier City, LA; College 
Station, TX; Tifton, GA; Maricopa, AZ.; and Loxley, AL, respectively. 
Mean percent lipid across all sites (1 sample per site, N=6). Comparison of the 
means were performed by pairing values within each site; the value for C312 
was. subtracted from the value for BollgardTM Cotton Line 531. A one sample t
test was then completed on the resulting differences for each analyte using a 0.05 
level of significance. 
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Table V-9. Levels of Major Fatty Acids in Seed from Bollgard™ Cotton Line 
531 and Control Line C312 Grown under Field Conditions1 

Sill ~umb~tlLQ1;cstliQn 
Fatty Normal Line 701 702 703 704 705 706 
Acid Ranae/Mean li.a.: ~ LA TX GA AZ AL m..!iil0.2 

14:0 (0.64-1.30)5 312 0.9 0.9 1.0 0.8 1.1 0.7 0.90 
531 0.7 0.8 0.8 0.8 0.9 0.6 0. 77• 

16 :0 (22.18-27. 76)5 312 20.9 24.0 25.7 23.9 27.9 21. 7 24.01 
531 22.7 25.5 23.8 25.9 26.6 23.4 24.65 

1 6: 1 (0.56-0.82)4 312 0.6 0.6 0.7 0.6 0.7 0.5 0.62 
531 0.5 0.6 0.6 0.5 0.7 0.5 0.57 

17 :0 312 0 .1 0.2 0 .1 0.1 0.2 0.2 0.15 
531 0.2 0.3 0 .1 0.2 0.2 0.2 0.20 

18:0 (2.14-3.23)5 312 2.0 2.2 2.2 2.3 2.6 2.2 2.25 
531 2.4 2.7 2.5 2.6 2.7 2.6 2.58* 

1 8: 1 (13.95-21 .16)5 312 15.0 15.0 16 .6 1 5 .1 16. 7 14.9 15.54 
531 16.4 17. 1 1 7. 1 15 .o 18 .4 16.6 16.77* 

18:2 (45.84-57 .83)5 312 55.0 52.0 49.8 53.0 45.0 53.2 51.33 
531 52.4 46.4 50.9 44.1 46.4 51 .4 48.60 

18:3 (0.23)5 312 0.2 0.2 0 .1 0.2 0.2 0.2 0.18 
531 0.2 0.2 0.2 0.2 0.2 0.2 0.20 

20:0 (0.41 )5 312 0.2 0.2 0.2 0.2 0.3 0.2 0.22 
531 0.2 0.3 0.2 0.2 0.3 0.2 0.23 

22:0 312 0.1 0.1 0.1 0.2 0.1 0.1 0.12 
531 0 .1 0.2 0.1 0.1 0.2 0.1 0.13 

24:0 (0.18)5 312 0.1 nd3 nd 0.1 nd nd 0.03 
531 nd nd nd 0 .1 nd nd 0.02 

1 Values are expressed as % of the total lipid; see Table 1 tor field test sites. 
2 1 sample per site, N=6. Means indicated by an asterisk were found to be different from 

the control line (C312) at a 0.05 level of significance using the paired t-test procedure 
described in Table V-1. 

3 nd = not detected 
4 Cherry, J.P., and Leffler, H.R. Seed. In Cotton: (1984) Kohel, R.J., and Lewis, C.F., 

Eds., Amer. Soc. Agron.: Madison, Wl. Chapter 13, pp 512-558. 
5 Cherry, J.P. (1983), Cottonseed Oil. JAOCS 60: 312-319. 

000090 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Table V-10. The Level of Toxicants in Cottonseed from BollgardTM Cotton 
Line 531 and Coker 312 Grown under Field Conditions1 

Toxicant 

Gossypol2 

Normal 
Range 

Line 
!f2.:_ 

(0.39 - 1.7)2 312 
531 

C-193 (0.2 - 0.8)4 312 
531 

Sterculic3 (0.3 - 0.7)4 31 2 
(0.3 - 0.5)7 531 

Malvalic3 ( < 0.1 - 1 .9)4 3 1 2 
(0.7 · 1.5)7 531 

Aflatoxin5 
81 

82 

G1 

G2 

312 
531 

312 
531 

312 
531 

312 
531 

Site NumbertLocation 
701 702 703 704 705 706 
M.S, .LA IX SaA AZ A.L Mean6 

1 .33 1 .46 1 .25 1 .44 1 .13 1 .39 1 .33 
1.21 1.22 1.21 1.43 1.09 1.49 1.28 

0.3 0.3 0.2 0.3 0.3 0.2 0.27 
0.3 0.3 0.2 0.2 0.2 0.2 0.23 

0.5 0.5 0.5 0.5 0.8 0.7 0.58 
0.5 0.9 0.6 1.5 0.5 0.5 0.75 

0.4 0.1 0.3 0.5 0.3 0.2 0.30 
0.5 0.1 0.4 0.3 0.2 0.4 0.32 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

92. 7 nd 
nd nd 

4.4 nd 
nd nd 

nd nd 
nd nd 

nd nd 
nd nd 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 

1 Toxicant levels were determined for Cottonseed grown in study 
92-01-36-07, experiments 92-427-701 through 91-427-706 and are 
expressed as percent of seed by weight; sites 701 through 706 refer to: Starkville, 
MS; Bossier City, LA; College Station, TX; Tifton, GA; Maricopa, AZ; and Loxley, AL, 
respectively. 

2 Expressed as percent of seed on a dry weight basis. Range reported in Berardi and 
Goldblatt, 1980. 

3 C-19 = dihydrosterculic acid. Levels of C-19, sterculic and malvalic acids are 
reported as percent of total lipids in the seed, on a dry weight basis 

4 Wood, R., 198Gb. 
s Reported as parts per billion (ppb); nd = not detected (less than 1 ppb) ; 

n/a = mean not appropriate. 
6 1 sample per site, N=6. Means were compared using the paired t-test described in 

Table V-1. 
7 Phelps et al., 1965. 
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Table V-11. Yield Fractions from Processing Cottonseed. 

Yield (lbs) % Yield % Yield 
Process Fraction§. une c312 Une 531 Line cs12 Line 531 Across Cultivars 

Fuzzy Cottonseed 45.1 50.9 n/a* n/a • 
Delinted Cottonseed 36.4 41 .9 80.7t 82.3t 
Hulls 9.7 11 . 7 26.7tt 27.9tt 25.52 
Linters 5.3 7.5 11 .St 14.7t 9.9-12.41 8.42 
Kernels** 24.3 29.8 53.9t 58.Gt 43.5-53.41 46.02 
Grude Oil 4.93 6.30 13.5tt 
Refined Oil ... 4.12 6 .17 11.3tt 
Toasted Mear 12.0 15.4 33.0tt 

§ Based on 1 sample per line bull<ed across all sites 
1 Cherry and Leffler, 1984 
2 Cottonseed and its Products. 1989. 

15.0tt 16.32 
14.7tt 
36.Stt 

• n/a = not applicable, yields for % fuzzy seed in seed-cotton not calculated. 
• • Free and total gossypol were measured in these fractions. 
t Percent weight of fuzzy cottonseed. 
1t Percent weight of delinted seed. 

Table V-12. Summary of Gossypol Levels in Kernel, 
Toasted Meal and Refined Cottonseed Oil. 

% Free Gossypol* % Total Gossypol 
Fraction 1 Line C312 Line 531 Line C312 Line 531 

Kernels** 
T oasted Meal 
Refined Oil 

1.18 
trace t 

Nott 

1.1 0 
0.004 

ND 

1.47 
1.20 
ND§ 

1 Based on 1 sample per line bulked across all sites 
• based upon dry weight sample. 
• • prior to processing. 
t detectable, but not quantifiable. 

1.34 
1. 11 
ND§ 

1t not detected at 0.000008% or 8 parts per million on a weight basis. 
§ not detected, values not different than average blank, lowest standard 

for oil would translate detection limit to <0.04% total gossypol per 
weight of oil used for analysis. 
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Table V-13. Allelochemical Levels in Vegetative Tissues 
from Bollgard™ Cotton Line 531 and Control 
Line, C312. * 

A. 1992 Field Seasont 

Line Tissue 

53 i Square 
C312 Square 

5 3 i Leat 
C312 Leaf 

Gossypol 

0.202 
0.223 

0.123 
0.144 

B. 1993 Field Seasont 

Une Tissue 

531 Square 
C312 Square 

531 Leat 
C312 Leaf 

Gossypol 

0.291 
0.294 

0.120 
0.143 

Antklocyanin Flavonoid 

0.083 
0.081 

0.203 
0.220 

0.427 
0.390 

0.875 
0.822 

Antklocyanin Flavonoid 

0.12 
0. 11 

0.31 
0.34 

0.38 
0.39 

0.72 
0.80 

• Reported as percent of dry weight of tissue. 

Tannin 

9.755 
9.519 

13.36 
13.60 

Tannin 

i 2.25 
14.89 

11 .85 
17 .11 

t Mean value reported trom six samples taken trom replicated plots for 
each line. 
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Table V-14. Germination and vigor results tor Bollgard™ Cotton Line 
531 and Coker 312 grown in North Carolina in 1993. 

Willi 0tc;i gecm. 0/,;i garm, 0t<;! ':tJ.L caai~la ;.:; 1 i □ 0/c;i di~aa~ac 
( s td.) (cold) ( cold) ( std) 

C 312 70 a 60 b 41 b 16 a 

Line 531 84 a 83 a 75 a 10 a 

Means followed by the same letter da not significantly differ (Duncan's MRT, P=0.05). 

Table V-15. Stand Counts* at West Sinton, Texas 

Willi 

Coker 312 

Bollgard™ Cotton Line 531 

Aya. # plants/30 tt 

137.5 a 

139.7 a 

Means followed by the same letter da not signiticantly differ 
(Duncan·s MRT, P=0.05). 
Planted an 5/17/93 at a seeding rate of 5 seeds/foot 
• Plants per 30 foot of row 

Table V-16. Stand Counts* at Bossier City, Louisiana 

Lin.e. 

Coker 312 

Bollgard™ Cotton Line 531 

Avo, # ptants/30 tt 

107 a 

109 a 

Means tollowed by the same letter da not significantly ditter 
(Duncan's MRT, P=0.05). 
Planted an 5/12/93 at a seeding rate of 4.5 seeds/foot, counts 
taken an 6/30 
• Plants per 30 foot of row 
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0 ,~ 
0 
0 
tC cn 

Table V-17. Percent Outcrossing at varying distances from the B. t.k. cotton observed at six 
sites in 1990. 

Location 

--------------------------~--~--------------------------~------------~-
Approximate College Halfway Brawley Maricopa Bossier Starkville 
distance Station City 
from test (ft) %* % S.D.t % S.D. % % S.D. % S.O. 

---------------------------------------------------------------------------------------

3.3 0.0 0.0 3.3 1.5 0.0 4.7 1.7 2.0 1 . 1 
9.9 0.0 0.0 2.0 1.1 0.0 0.0 3.3 1 .5 

16.7 0.0 0.0 0.7 0.7 0.0 0.0 0.0 
23.3 0.0 0.0 0.0 0.0 0.0 0.7 0.7 
30.0 0.0 1.3 0.9 0.0 0.0 0.0 0.0 
36.7 0.0 0.0 0.0 0.0 2.0 1.1 2.0 1.1 
43.3 0.0 0.0 0.7 0.7 0.0 0.0 1.3 0.9 
50.0 0.0 0.0 0.0 0.0 0.0 0.0 
56.7 0.0 0.0 0.0 0.0 0.0 0.0 
63.3 0.0 0.7 0.7 0.0 0.0 0.0 0.7 0.7 
70.0 0.0 0.0 0.0 0.0 0.7 0.7 0.0 
76.7 0.0 0.0 0.0 0.0 0.7 0.7 0.0 

Adjacent Field 1 0.0 0.0 
Adjacent Field 2 0.0 
Adjacent Field 3 0.0 

• Values represent the percent of seed harvested at a given distance expressing the B.t.k. protein in ELISA assay. There 
were 150 seeds analyzed for each point on the table. Each seed was analyzed separately, none were pooled. 

t Standard deviations were calculated when a positive event was observed using the binomial distribution 
(Snedecor and Cochran, 1967, lowa State University Press, pp 207-209) 
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Part VI. Environmental Consequences of lntroduction of 
the Transformed Cultivar 

A. Current Cotton Agronomie Practices and the Impact of lnsect Resistant 
Cotton on Cotton Pest Management 

reviews the current agronomic practices for cotton production and the 
potential impact of insect resistant cotton on cotton pest management. The following is a 
summary of this review, which can be found in Appendix 1. 

Cotton production in the United States is highly mechanized and dependent upon maximum 
utilization of new technology to remain competitive in a worldwide market. Pest 
problems, particularly insects, and environmental constraints, such as inadequate 
temperature and moisture, are major limiting factors to optimum cotton production. 
Most cotton production regions of th~ United States rely on extension specialists and crop 
consultants to design and implement effective 1PM programs. lnsect control decisions 
are largely based on routine tield monitoring by agricultural consultants, extension 
personnel and growers. The intensity of monitoring varies among locations and is 
associated with production capabilities, potential insect damage and availability of 
consultants (Luttrell 1994). Numerous advances in 1PM technology (Frisbie and 
Adkisson 1985, Frisbie et al. 1989) have encouraged a systems approach to insect 
management in United States cotton where insect control decisions are integrated into an 
overall crop production and management scheme. Perhaps the best example of this is the 
wide acceptance of early-maturing varieties and short-season cotton production systems 
first recommended in Texas. The Texas system ot short-season cotton production 
(Walker et al. 1978) has been widely adopted across United States cotton and is 
recommended by agronomists and entomologists because it optimizes the production of 
valuable fiber and encourages the "avoidance" of damaging late-season populations of 
insects. 

Although advances in 1PM technologies have fostered improved cotton insect management 
systems, insect control is still largely based on the use of chemical insecticides, which 
include all classes of chemical insecticides such as pyrethroids, organophosphates, 
carbamates, etc. (Herzog et al. 1993). Estimates of insect control costs and lasses (Head 
1991, 1992, 1993) averaged for the 1990's indicate that United States cotton growers 
apply an average of 4.86 applications of insecticide to 11 .8 million acres of cotton and 
spend more than $  each year for control of cotton insects. This represents a 
large portion of total insecticide use in the United States. Continued dependence on 
chemical insecticides results in cyclic problems with insecticide-resistant pest 
populations and outbreaks of secondary pests (Luttrell 1994). The need tor alternative 
insect control measures is becoming more critical to profitable cotton production in the 
United States. Environmental concerns limit the availability of existing insecticide 
chemistry and increase the developmental costs of new chemistry. Because of the high 
costs of developing and registering new insecticide chemistry, availability has declined 
over the past few years. 
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Bollgard™ Cotton Une 531 offers unique, innovative alternatives to traditional 
chemical control measures. Although alternative insect control tactics are often cited as 
major components of cotton 1PM and research is continuously pursuing improved 
management methods (Frisbie et al. 1989), few alternative insect control methods are 
of sufficient efficacy to replace chemical control methods. Other methods, such as 
biological control, host plant resistance and cultural control, provide suppression of 
pest populations without disrupting natural control, but generally lack the high efficacy 
and curative action of conventional insecticides. Bollgard™ Cotton Une 531 is the first 
major exception to this historical trend. 

Bollgard™ Cotton Une 531 offers new mechanisms to produce and deliver a highly 
effective insecticide to target pests (i.e. production by cells of the crop plant rather than 
industrial facilities and application by spray equipment). The technology couples the 
environmental advantages of host plant resistance with the efficacy of an effective 
biological insecticide. Since the insecticidal activity is expressed throughout the plant 
for the entire season, improved control of some pest species over that provided by 
conventional insecticides is likely. Current technology which depends on foliar 
application ot insecticides cannot dependably deposit insecticides to some regions of the 
plant canopy infested by pest species. This is especially true of pests that burrow and 
feed inside plant tissue (e.g. pink bollworms). Because Bollgard™ Cotton Une 531 
expresses the B.t.k. protein that only has activity against certain Lepidoptera and must 
be ingested to kill the pest, the technology offers selective activity against susceptible 
lepidopteran pest complexes without directly disrupting pest suppression by natural 
enemies, such as parasites and predators. 

B. Oevelopment of Pest and Resistance Management Strategies tor lnsect 
Resistant Cotton 

Some organisms are resistant to single or multiple pesticides in use today. lt has not 
been established whether this resistance is because the organism has adapted 
metabolically to be able to tolerate the effects of the pesticide, or that a small segment of 
the population was naturally resistant and dominate as the numbers of the susceptible 
members have been reduced. Regardless of how resistance is obtained, it is a potentially 
serious problem with some pests. 

Some insect resistance to the B.t.k. insect control protein has been reported in the past 5 
years. Examples of insects for which resistance has been reported are the lndianmeal 
moth (Plodia interpuncte/Ja), almend moth (Caudra cautella} and the diamondback moth 
(Plutel/a xylostel/a). There are also some examples of insecticides such as the 
organophosphates for which little resistance has been reported. In tact some of these 
chemical insecticides are able to control the same insects at the same dosages as when 
they were commercialized over 30 years ago. 

lt is currently not possible to accurately predict whether resistance will occur by an 
insect to an- insecticide. Therefore, is important that every insecticide commercialized 
be used in a manner and as a part of an overall pest control program so as to maximize 
its usefulness. Monsanto is developing a pest control strategy aimed at reducing the 
probability of resistance becoming a problem. This strategy is included in 
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Appendix XI of this Petition for Determination of non-Regulated Status. This will be 
offered to growers choosing this cottonseed. We believe by implementing these 
strategies, the development of resistance (if it occurs at all), can be managed to 
maximize the usefulness of this modified cotton. 

To achieve the benefits described above, it is important that insect resistant cotton be 
implemented and managed properly. In this respect, these plants are no different than 
any other crop protection product that has been used over the last century. lt is clear 
from the knowledge gained over that time, that to successfully maximize the long-term 
use of insect resistant cotton, two interconnected management components are required. 
First, is the development of integrated pest management techniques that allow the farmer 
to optimize the utility of these plants for cotton pest control. In essence, this is the 
development of a total insect management package that will be centered around insect 
resistant cotton. Second, to maximize the durability of this cotton, is the development 
and implementation of strategies targeted to prevent the development of insect resistance 
to the insect control protein produced by the plants. 

For the last several years. extensive consultations have been held with the leading cotton 
pest and resistance management researchers to develop a program to maximize the use 
and durability of insect resistant cotton. Laboratory and field studies designed in 
collaboration with these experts from academia and extension are in progress and are 
providing the data needed for developing this management program. These studies are 
examining the impact of insect resistant cotton on populations of beneficial and pest 
insects endemic to the crop, the impact on the use of conventional insecticides for 
controlling non-target pests, the establishment of the baseline susceptibility of our 
insect targets to the B.t.k. insect control protein, and the impact of mixtures of resistant 
and non-resistant plants on yield loss. 

Monsanto scientists have worked for several years on laboratory and field studies of 
insect resistance, and with outside collaborators nearly every suggestion made for 
resistance management in insect resistant cotton is being examined. These strategies, 
developed in consultation with an expert advisory panel, take into account existing 
research and an understanding of cotton production and agronomic practices. They 
include: 

1 ) High dose expression of the B.t.k. insect control protein in cotton to control 
caterpillars heterozygous for resistance alleles. 

2 ) Refugia as hosts for sensitive insects provided through non-insect resistant 
cotton. 

3 ) Monitoring of insect populations for susceptibility to the B.t.k. insect control 
protein. 

4 ) Agronomie practices that minimize insect exposure to the B.t.k. insect control 
protein. 

5 ) Development of novel lepidopteran control proteins with a distinct mode of action 
from the B.t.k. insect control protein. 
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These pest and resistance management strategies best suited tor use in cotton production 
and with the potential for delaying or preventing the development ot resistance will be 
recommended. In addition, an extensive effort has been initiated to educate cotton 
growers as to the most effective ways to integrate insect resistant cotton within their 
current production practices. This cooperative effort between growers, academia, 
extension, seed company partners and Monsanto will help ensure that the benefits of 
insect resistant cotton are fully realized and sustained. 

C. Cross Pollination of Cultivated and Native Species ot Cotton 

Out-crossing to wild species an the mainland United States is not expected. The potential 
exists tor out-crossing to the wild species Gossypium tomentosum in Hawaii. However, 
pollen transfer to this species is not anticipated to occur since cotton is not grown 
commercially in this state, and could be easily prevented via the use of isolation 
distances. Crossing to cultivated cotton is possible should the Bollgard™ Cotton Line 
531 plants be grown in proximity, nowever this is expected to occur at a very low 
trequency and is not considered to be a concern due to the demonstrated safety of the 
B.t.k. insect control protein and the Bollgard™ Cotton Une 531 plant. 

A detailed discussion of the potential for gene escape via pellen transfer is addressed in 
Part IV paragraph H, of this Petition for Determination of Non-Regulated Status. 

D. Potential for the Bollgard™ Cotton Line 531 to Become a Weed 

Bollgard™ Cotton Line 531 is not expected to have any different weedy characteristics 
than other cotton grown in the United States. A detailed discussion of the potential for 
Bollgard™ Cotton Line 531 to become a weed is addressed in Part V paragraph G, of this 
Petition for Determination of Non-Regulated Status. 

E. lncreased Numbers of Beneficial lnsects 

Aside from the benefit of a decrease in the use of chemical insecticides an additional 
benefit has been identified, that being an increase in the numbers ot beneficial insects 
present in the cotton fields. 

The warst enemies of most insects are predatory insects. These predators feed on other 
insects thus providing a "natural" level of control. Most chemical insecticides used in 
cotton are fairly general in the range of insects controlled, and theretore, most insects 
including the beneficial predators are controlled. Over the period of a growing season 
their numbers can be depleted to the point that control of pests by the predators is 
essentially non-existent. Since the B.t.k. insect control protein is very specific in its 
range of control, an increase in the numbers of beneticial insects has been observed in 
the tield and are expected to supplement the control of the cotton insect pests. This 
increased presence of beneficials will likely reduce the need for insecticide applications 
targeted to control of cotton pests not susceptible to the B.t.k. insect control protein. 
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Conclusion 

None of the environmental consequences identified are of a nature as to justify that 
Bollgard™ Cotton Line 531 should not be commercialized. Bollgard™ Cotton Line 531 is 
not expected to become a weed or have any other adverse impact on the environment or 
production agriculture in the United States. Gene transfer is only expected to occur with 
other cultivated cotton and then only at low levels. Such transfer is not expected to cause 
any adverse environmental effects due to the proven safety of the B.t.k. protein and the 
Bollgard™ Cotton Line 531 cotton plants. The positive consequences of reduced pesticide 
use, increases in the numbers of beneficial insects, the substantial equivalence of 
Bollgard™ Cotton Line 531 as compared to conventionally bred cotton and the overall 
positive impacts to cotton production fully justifies approval of this request for a 
Determination of Non-Pest Status fully justified. 

Finally, the potential for susceptible cotton insect pests to develop resistance to the 
B.t.k. protein has been considered and resistance management options developed. When 
one considers the benefits that this cotton will provide to the grower, the public and the 
environment, (the decreased use of chemical insecticides), it is justified to proceed in 
this careful manner versus the alternative of not allowing Bollgard™ Cotton Line 531 to 
be commercialized. 

000104 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



References 

Frisbie, R.E. and Adkisson, P.L. (eds.). 1985. ~: !ntegrated Pest Management on 
Major Agrjcuttural Systems, Tex. Agric. Exp. Stn. MP-1616, 743 pp. 

Frisbie, R.E., EI-Zik, K.M. and Wilson, T.L. (eds.). 1989. lntegrated Pest Management 
Systems and Cotton Productjon. New York: Wiley. 437 pp. 

Head, R.B. 1991. Cotton lasses to insects - 1990, pp. 602-608. In D. J. Herber (ed.) 
Proc. Beltwide Cotton Conf ., National Cotton Council, Memphis, Tenn. 

Head, R.B. 1992. Cotton insect lasses - 1991, pp. 621-625. In D. J. Herber (ed.) 
Proc. Beltwide Cotton Cant., National Cotton Council, Memphis, Tenn. 

Head, R.B. 1993. Cotton insect lasses, 1992, pp. 655-660. In D. J. Herber (ed.) 
Proc. Beltwide Cotton Cant., National Cotton Council, Memphis, Tenn. 

Herzog, G.A., Graves, J.B., Reed, J.T., Scott,W.P. and Watson, T.F. 1993. Chemical 
control. In E. G. King and J. R. Phillips (eds.) Cotton lnsects and Mites: Characterization 
and Management, Cotton Foundation Reference Book Series, No. 3, National Cotton 
Council, Memphis, Tenn. (in press). 

(1993). Impact of 
Transgenic Cotton Expressing Endotoxin Proteins from Bacillus thuringiensis on Cotton 
lnsect Management in the USA. Unpublished report submitted to Monsanto Company. 

Luttrell, R.G. 1994. Perspective on cotton insect pest management in the USA. Ann. 
Rev. Entomo/. (in press). 

Walker, J.K., Frisbie, R.E. and Niles, G.A. 1978. A changing perspective: Heliothis in 
short-season cottons in Texas. Southwest. Entomol. 24:385-391. 

000105 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Part VII. Statement of Unfavorable Grounds 

The results of all field studies and laboratory tests establish that there are no 
unfavorable grounds associated with Bollgard™ Cotton Une 531 developed using the 
plasmid vector PV-GHBK04. Therefore, on the basis of the substantial potential benefits 
to the farmer, the environment, and the significantly reduced risk to public health, 
Monsanto requests that Bollgard™ Cotton Line 531 and any progenies derived from 
crosses between this line and other commercial cotton cultivars no langer be regulated 
under 7 CFR part 340.6 in order to provide the necessary flexibility required for the 
continued commercial development of insect resistant cotton. 
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Appendix 1 

Agronomie Benefits of lnsect Resistant Cotton 
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AGRONOMIC BENEFITS OF INSECT RESISTANT COTTON 

Impact of Transgenic Cotton Expressing Endotoxin Proteins from 
Bacillus thurinaiensis on Cotton lnsect Management in the USA 

Department of Entomology, Mississippi State University, 
Mississippi State, MS; 

Agricultural Research & Extension Center, Texas A&M University, 
Corpus Christi, TX; 

Coastal Plain Experiment Station, University of Georgia, 
Tifton, GA; 

Department of Entomology, University of Arizona, Tucson, AZ 

Background 

Transgenic cotton expressing delta endotoxin proteins of Bacillus thuringiensis var. 
kurstaki (B.t.k.-cotton) represents one of the first implementable products of plant 
genetic engineering tor production agriculture (Gasser and Fraley 1989, Meeusen and 
Warren 1989, Vaech et al. 1987). Development of B.t.k.-cotton has progressed from 
initial insertion of B.t.k. genes into cotton plants in 1987 (Umbeck et al. 1987) and 
1988 (Deaton 1991, Perlak et al. 1990) to the current state of a commercial insect
control product with confirmed high levels of efficacy (Bartlett 1993, Benedict et al. 
1991, 1992, 1993, Buehler 1993, Deaton 1991, Gannaway et al. 1991, Jenkins et al .. 
1991, 1992, 1993, Micinski and Caldwell 1991, Williamson and Deaton 1991, Wilson 
and Flint 1991, Wilson et al. 1992, 1993). Early field tests in 1989 of initial B.t.k.
cottons developed by Agracetus (Middleton, Wis.) indicated low levels of protein 
expression in the plants and low levels of insect control (Benedict et al. 1992, Jenkins 
et al. 1990, Umbeck et al. 1990). lmproved expression of the insect control protein 
genes as a result of coding sequence modifications by Monsanto (St. Louis, Missouri) 
scientists (Amstrong et al. 19,90, Deaton 1991, Perlak et al. 1991) resulted in 
transgenic cottons with higher levels of insect control (Benedict et al. 1993, Jenkins et 
al. 1993, Wilson et al. 1992). Mortality rates of tobacco budworm, one of the most 
important insects pests ot cotton, exposed to these improved B.t.k.-cottons (Benedict et 
al. 1992, 1993, DeSpain et al. 1993) were as high as those expected from efficacious 
chemical insecticides [i.e. greater than 85% mortality (Luttrell et al. 1987, Roush and 
Luttrell 1989)] and much higher that those obtained with conventional spray 
applications of B. thuringiensis var. kurstaki [i.e. less than 60% mortality (Luttrell et 
a/. 1982)]. 

Cotton production in the USA is highly mechanized and dependent upon maximum 
utilization of new technology to remain competitive in a worldwide market. Pest 
problems, particularly insects, and environmental constraints, particularly adequate 
temperature and moisture, are major limiting factors to optimum cotton production. 
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Most cotton production regions of the USA rely on extension specialists and crop 
consultants to design and implement effective integrated pest management (1PM) 
programs. lnsect control decisions are largely based on routine field monitoring by 
agricultural consultants, extension personnel, and growers. The intensity of monitoring 
varies among locations and is associated with production capabilities, potential insect 
damage, and availability of consultants (Luttrell 1994). Numerous advances in 1PM 
technology (Frisbie and Adkisson 1985, Frisbie et al. 1989) have encouraged a systems 
approach to insect management in USA cotton where insect control decisions are 
integrated into an overall crop production and management scheme. Perhaps the best 
example of this is the wide acceptance of early-maturing varieties and short-season 
cotton production systems first recommended in Texas. The Texas system of short
season cotton production (Walker et al. 1978) has been widely adopted across USA cotton 
and is recommended by agronomists and entomologists because it optimizes the 
production of valuable fruit and encourages the "avoidance" of damaging late-season 
populations of insects. 

Although advances in I PM technologies have fostered improved insect management 
systems in USA cotton, insect control is still largely based on the use ot chemical 
insecticides (Herzog et al. 1993). Estimates of insect control costs and losses (Head 
1991 , 1992, 1993) averaged for the 1990's indicate that USA cotton growers apply an 
average of 4.86 applications of insecticide to 11 .8 million acres of cotton and spend 
more than $  each year for control of cotton insects. This represents a large 
portion ot total insecticide use in the USA. Continued dependence on chemical insecticides 
results in cyctic problems with insecticide-resistant pest populations and outbreaks of 
secondary pests (Luttrell 1994). The need for alternative insect control measures is 
becoming more critical to profitable cotton production in the USA. Environmental 
concerns are limiting the availability of existing insecticide chemistry and increasing 
the developmental costs of new chemistry. Because of the high costs of developing and 
registering new insecticide chemistry, availability of new insecticide chemistry has 
declined over the past few years. 

Transgenic cotton plants expressing insecticidal proteins offer unique, innovative 
alternatives to traditional chemical control measures. Although alternative insect 
control tactics are often cited as major components ot cotton 1PM and research is 
continuously pursuing improved management methods (Frisbie et al. 1989), few 
alternative insect control methods are of sufficient efficacy to replace chemical control 
methods. Other methods, such as biological control, host plant resistance, and cultural 
control, provide suppression ot pest populations without disrupting natural control, but 
generally lack the high efficacy and curative action of conventional insecticides. B.t.k. 
cotton is perhaps the first major exception to this historical trend. 

Transgenic cotton offers new mechanisms to produce and deliver an insecticide to target 
pests (i.e. production by cells of the crop plant rather than industrial facilities and 
application by spray equipment). The technology actually couples the environmental 
advantages of host plant resistance with the efficacy of an effective conventional 
insecticide. Since the insecticidal activity is expressed throughout the plant for the 
entire season, improved control of some pest species over that provided by conventional 
insecticides is likely. Current technology which depends on foliar application of 
insecticides cannot dependably deposit insecticides to some regions of the plant canopy 
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infested by pest species. This is especially true of pests that burrow and feed inside 
plant tissue. Because B.t.k.-cotton expresses insecticidal proteins that only have 
activity against certain Lepidoptera (moths and caterpillar insects) and must be fed 
upon to kill the pest, the technology offers selective activity against susceptible 
lepidopteran pest complexes without directly disrupting pest suppression by natural 
enemies, such as parasites and predators. 

The accomplishments of molecular biology and genetic engineering over the past 1 O 
years have created an abundance of social and economic questions relative to transgenic 
plants. The unique characteristics of this new technology provide, perhaps, the best 
historical opportunity to reduce the inputs of conventional insecticides (most of which 
are nerve poisons) and still maintain optimum protection of cotton from economically 
damaging pest populations. Growers are anxious to obtain this new technology because of 
the demonstrated high levels of insect control afforded by B.t.k.-cotton. Other factors 
that contribute to the heightened interest in B.t.k.-cotton are recurring problems with 
insecticide resistant pests of cotton (Elzen et al. 1992), outbreaks of secondary and new 
pests, and increased societal demands for long-term, environmentally safe and 
biologically rational methods of pest control. 

Questions about the environmental safety of transgenic plants have dominated much of 
the interest in the technology. There also has been a great deal of interest focused on the 
potential development of pest populations resistant to the 8. thuringiensis endotoxins and 
recommended deployment strategies to manage resistance (McGaughey and Whalon 
1992). These are important issues that must be considered in deployment strategies tor 
8.t.k.-cotton. However, it is equally important to recognize that B.t.k.-cotton offers a 
truly efficacious, environmentally safe alternative to conventional insecticidal control. 

This report examines the potentja! impacts of B.t.k.-cotton on current cotton 1PM 
programs and speculates what future opportunities may develop as implementation and 
improvement of the technology advances. These projections are based on current 
knowledge of a new technology which is less than 5 years of age and an appreciation of the 
importance of managing insect resistance to insecticides. Because cotton production and 
associated 1PM programs vary across the different geographic regions of cotton 
production in the USA, regional perspectives of the possible role of B.t.k.-cotton in 1PM 
programs are included. Estimates of the crop loss and control costs associated with 
cotton insect pests were developed from 1990, 1991 , and 1992 data published by the 
Beltwide Cotton Conference (Head 1990, 1991, 1992). These estimates were used 
throughout the report as a standardized reference to the level of economic damage and 
control costs involved. Percent crop loss refers to amount of crop damage suffered in the 
presence of control measures. Total economic loss includes control costs and crop loss. 
All data in Tables 1, 2, and 3 were derived by averaging 1990-1992 annual estimates 
and arranged relative to the amount of crop loss and insecticide use due to: (a) tobacco 
budworm-bollworm complex (Heliothis-Helicoverpa complex) alone, (b) all 
Lepidoptera (includes tobacco budworm-bollworm complex), and (c) all insects 
(includes all Lepidoptera). Current research indicates that 8.t.k.-cotton will provide a 
high level of control of the tobacco budworm-bollworm complex and pink bollworm. 
Less experimental data are available on the effects of B.t.k.-cotton on other Lepidoptera. 
Comparing estimates for tobacco budworm-bollworm complex and all Lepidoptera should 
provide a realistic range of possible estimates for the value cf B.t.k.-cotton. Since 
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B.t.k.-cotton only affects Lepidoptera, the impact ot non-1epidopteran pests on cotton 
production (i.e. those not directly affected by B.t.k.-cotton) can be estimated by 
subtracting crop loss and control cost data for all Lepidoptera from that reported for all 
insects (Tables 1, 2, 3). 

Potential Impact of B.t.k. Cotton on Cotton Pest Management 

Pimental et al. (1989) suggested that genetic engineering would improve crop yields and 
improve the efficiency of crop production. In an early review of the potential effects of 
genetically engineered crops on insect control, Meeusen and Warren (1989) listed 
several potential advantages and disadvantages (or uncertainties) of the new technology 
from an agricultural industry perspective. The advantages envisioned were: 

1 . growers would be less dependant on favorable weather conditions for application 
of insecticides because insecticidal activity would be continuously expressed and 
not altered by inclement weather, 

2. lower locations of plant canopies (or locations inside tissues) where insecticide 
sprays cannot be deposited dependably would be protected from insect damage 
because the insecticidal toxins could be expressed constitutively (i.e. in all 

. tissues and cells) throughout the plant, 

3. the need to scout crops would be reduced because of the continuous expression of 
insecticidal activity, 

4. the costs of spraying crops would be eliminated or greatly reduced, 

5. the cost of developing a commercial insect-resistant crop line (genetically 
engineered) would be less than that of developing a new chemical insecticide 
(currently at $  to $ ), 

6. spray dritt and groundwater contamination would be reduced because the active 
materials are produced directly in the crop tissue, 

7. adverse effects on non-target organisms should be reduced because the only 
organisms able to receive a dose of the active material would be those feeding on 
the crop, 

8. monitoring of crops for safety for human consumption should be easier since the 
insecticidal protein expression would be known in advance of harvest and the need 
for expensive toxicological and residue tests would be eliminated or reduced. 

Disadvantages envisioned by Meeusen and Warren (1989) included the likely selection 
for pest populations resistant to the insecticidal toxins and uncertainties over 
regulatory and patent procedures and policies. Some of these issues have been resolved 
or are in the process of being resolved through private- and public-sector sponsored 
research. 
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Based an our current knowiedge ana perspectives as public supported entomologists, we 
believe that B.t.k.-cotton offers unique opportunities to improve existing 1PM programs 
an cotton. Most of the opportunities are associated with the potential of B.t.k.-cotton to 
reduce the use of conventional insecticides. Reduced insecticide use will provide 
expanded opportunities for non-insecticidal control measures previously limited by the 
ecological disruptive nature of broad-spectrum, conventional insecticides. 

Reduced losectjcjde Use 

The most obvious and direct effect of B.t.k.-cotton an existing cotton pest management is 
the likely reduction in use of chemical insecticides for control of susceptible 
lepidopterous pests, especially the tobacco budworm ( Heliothis virescens) and the 
bollworm (Helicoverpa zea). Spec1es of Lepidoptera vary in their inherent 
susceptibility to B.t.k. proteins (Hotte and Whiteley 1989, Krieg and Langenbruch 
1981, Macintosh et al. 1990). The tobacco budworm is more susceptible than the 
bollworm to the endotoxin proteins. However, initial field tests (Benedict et a/. 1991, 
1993, Jenkins et a/. 1992) suggest that B.t.k.-cotton will provide a high level of field 
control of both pest species. Nationwide, the tobacco budworm-bollworm complex 
accounts for 39.6% of all acre applications (acre application = 1 application of an 
insecticide an 1 acre) of insecticide in cotton (Table 2). The percent of total insecticide 
applications directed at the tobacco budworm-bollworm complex is 58.2, 37.2, 30.3, 
and 3.6%, respectively, for the Southeast, Mid-south, Southwest and West regions of 
cotton production in the USA. Considerable variation exists among (Table 1) and within 
(Table 3) different cotton production regions in the intensity of insecticide use for 
tobacco budworm-bollworm; however, eliminating insecticide use for this pest complex 
would be a major economic and ecological accomplishment for USA cotton production. 
During the past 3 years, USA cotton growers have annually spent an average of $  

 for control of this pest complex an cotton. Although B.t.k.-cotton may not 
eliminate all of the insecticide applied to control tobacco budworm-bollworm an all of 
the cotton acreage in the USA, current research indicates that the technology possesses 
efficacy necessary to have a major impact an insecticide use directed at tobacco 
budworm-bollworm. Actual use in the production system will be influenced by 
marketing policies and alternatives. 

Potential effects of B.t.k.-cotton an species of Lepidoptera other than the tobacco 
budworm-bollworm complex are less defined. Armyworms (Spodoptera spp.) are more 
tolerant to endotoxin proteins than the tobacco budworm and the bollworm (Jenkins et 
a/. 1992), and the level of control expected from B.t.k.-cotton is questionable at this 
time. However, large plot field studies have suggested that damage from the beet 
armyworm (S. exigua) will be reduced in B.t.k.-cotton ( personal observation., 
Wilson et al. 1992). Control of these less susceptible species may be higher than that 
suggested from results of laboratory assays because the continuous expression of 
insecticidal activity in the transgenic plants will insure continuous contact with the 
toxin. A cumulative toxic effect is likely. Several other pest species, particularly the 
pink bollworm (Pectinophora gossypiella), are very susceptible to endotoxin (Graves 
and Watsoa 1970), and B.t.k.-cotton offers an excellent opportunity to reduce 
insecticide use for these species. lt one assumes that B.t.k.-cotton will effectively 
eliminate insecticide applications for all lepidopterous pests of cotton, insecticide use 
could be reduced by more than 45% (Table 2) and the total costs of controlling cotton 
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insects could be reduced by approximately 50% (Table 2). However, the effects of 
B.t.k.-cotton on many species of Lepidoptera are not experimentally tested, and these 
savings do not include the price of B.t.k.-cotton seed. Projecting benefits of B.t.k.-cotton 
on the basis of eliminating the crop loss and insecticide costs of all Lepidoptera is likely 
an over-estimate of the actual benefits of B.t.k.-cotton. However, the vast majority of 
control costs and crop lass due to lepidopterous pest attacking cotton are associated with 
species that are very susceptible to B.t.k.-cotton (tobacco budworm, bollworm, pink 
bollworm). Most of the insecticide directed against lepidopterous pests in the Mid-south 
and Southwest is targeted at the tobacco budworm-bollworm complex. In the Southeast, 
more insecticide is used for control of other lepidopterous pests, especially the beet 
armyworm, European corn borer (Ostrinia nubilalis), and soybean looper 
(Pseudoplusia includens), but tobacco budworm-bollworm is the primary target of 
control measures. Most of the insecticide directed against lepidopterous pests of cotton 
in the West is targeted at pink bollworm. Because pink bollworm is extremely 
susceptible to endotoxin proteins (Graves and Watson 1970, Bartlett 1993), B.t.k.
cotton offers a unique opportunity to reduce insecticide use in the West for pink 
bollworm and improve the marginal efficacy of current chemical control methods. 
Eliminating use of insecticide for lepidopterous pests of cotton in the entire USA would 
result in a savings of $  in insecticide costs to the cotton industry (Table 2). 

Expanded Qpportun;t;es tor Biologjcal Control 

Field surveys indicate that the number of arthropod species associated with the cotton 
may range from a few hundred to more than a thousand (Hearne and Fitt 1992). Most of 
these species are predators and parasites of the phytophagous species, and most of the 
crop damage can usually be explained by the presence of 5 to 1 0 pest species. Damaging 
populations of arthropod pests are often associated with insecticide use. Broad spectrum 
insecticides disrupt the ecological interrelationships among the numerous pest 
arthropods and their natural enemies, and often result in a rapid increase in pest 
densities when natural enemies are eliminated. Reductions in insecticide use due to 
planting B.t.k.-cotton would enhance natural control and provide a better opportunity 
for augmentative approaches to biological control which have historically been limited 
in cotton because of the disruptive nature of insecticides (King and Coleman 1989). The 
extent of expanded opportunities is difficult to estimate because B.t.k.-cotton will not 
eliminate the need for insecticides against non-lepidopterous pests of cotton. Some pest 
species have been historically controlled by applications directed at lepidopterous pests. 
lf the applications directed at the lepidopterous pests are removed, additional 
applications may be required to suppress these previously unrecognized pest problems. 
Conversely, some pest species have reached pest status because insecticide applications 
directed at lepidopterous pests disrupted natural control agents. Reductions in 
applications for control of Lepidoptera would likely result in reduced need to control 
some insecticide induced pests. Although the extent of expanded opportunities for 
biological control is unknown, B.t.k.-cotton certainly represents one of the most 
realistic opportunities in the history of cotton 1PM to enhance biological control of 
cotton insects. 
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1rnproveQ Comro1 of Sorne Pest Soec1es 

Some lepidopterous pests of cotton, such as the pink bollworm and fall armyworm (S. 
frugiperda}, possess behavioral characteristics which allow them to avoid contact with 
insecticide deposits on upper portions of the plant canopy. lnsecticide sprays cannot 
dependably deliver insecticide deposits to lower portions of the plant canopy. Since 
B.t.k.-cotton expresses endotoxin proteins in all plant tissues, pest species which are 
commonly located in plant canopy levels shielded from insecticide deposits or within 
fruiting structures will not be able to escape contact with the insecticidal toxins. 

Foliar applications of B. thuringiensis have historically resulted in variable levels of 
control of cotton insects (Phillips et al. 1979). This variable performance in efficacy 
has been associated with the need for the target insect pests to ingest spray deposits of B. 
thuringiensis on the upper plant canopy. These foliar sprays have limited residual 
activity, and fruit-feeding insects such as the tobacco budworm and bollworm typically 
feed in plant locations that receive reduced deposits of insecticide. Precise timing of 
treatments relative to larval development and location in the plant canopy is critical to 
obtain adequate control. 

The continuous expression of insecticidal activity by B.t.k. plants should eliminate 
management decisions and risks associated with accurate timing of insecticide treatments 
for pests susceptible to B.t.k.-cotton. Routine crop and insect monitoring will continue 
to be an important component of cotton 1PM programs because of the variation in 
susceptibility of different lepidopteran pests to endotoxin proteins (Macintosh et al. 
1990) and the presence of numerous non-lepidopterous pests in USA cotton. Changes in 
some pest management procedures will be necessary because lepidopteran insects must 
feed on the plant to receive a toxic dose of insecticide and current management techniques 
rely to some extent on detection of insect eggs to trigger control action. Ring et al. 
(1993a) describe changes that may be required in treatment threshold 
recommendations. 

eoviconmentaHy Safe Mode ot Action and Denyery System 

The insecticidal proteins of B. t.k.-cotton are derived from one of the most studied and 
environmentally-safe biological insecticides, B. thuringiensis var. kurstaki (Burgess 
1981, Burgess and Hussey 1971, Heimpel 1967). This bacterium is a common soil
borne pathogen of insects that produces a proteinaceous crystalline structure during 
sporulation. Use of B. thuringiensis as a microbial insecticide spans more than 1 oo 
years, and commercial products have been registered for use on a wide range of USA 
crops since the early 1960's. This environmentally-safe, microbial insecticide is used 
for control of lepidopterous pests in many environments ranging from home vegetable 
gardens to area-wide spraying of national forests. 

lnsecticidal activity of the bacteria is associated with the crystalline structure which 
must be consumed by an insect and activated in the insects midgut to become insecticidal. 
The insecticidal toxins or protein subunits of the intact crystal (endotoxins) are 
activated through the action of proteolytic enzymes on the crystalline structure in the 
insects midgut. These proteinaceous subunits bind to receptors on the midgut lining of 
the insect and create ruptures or pores in the midgut epithelial cells. As a result of this 
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action. the contents ot the insects gut ana the msects hemo,ymph (blood) are no longer 
separated. The insect generally dies of gut paralysis, although septicemia may occur 
when an insect ingests an intact bacteriai cell with spore and crystal. B.t.k.-cotton 
mimics the gut paralysis mode of action. 

Considerable variation exists in the range of activity of different varieties and isolates of 
B. thuringiensis (Burgess 1981, Hotte and Whiteley 1989). The insecticidal activity of 
B.t.k.-cotton is derived from the insecticidal activity of B. thuringiensis var. kurstaki 
which is only toxic to lepidopteran insects. Other varieties or subspecies of B. 
thuringiensis exhibit activity against Coleoptera (beetles) and Diptera (flies). 

Because insecticidal activity of B.t.k.-cotton is derived from the environmentally safe B. 
thuringiensis var. kurstaki, B.t.k.-cotton offers a unique mechanism to deliver an 
alternative insecticidal action (gut paralysis) to a limited range of insect pests 
(lepidopterans). Most conventional insecticides used in cotton are nerve poisons that 
potentially affect a wide range of target and non-target organisms. B.t.k.-cotton will 
only affect the lepidopteran insects that feed on the plant tissue, and it will only kill 
insects with appropriate binding sites in their midgut. Non-target exposure of insects 
belonging to other orders or other animals is eliminated or greatly reduced as compared 
to that associated with conventional insecticides. 

The mode of action of B.t.k.-cotton also offers an efficacious alternative to the nerve 
poisons. Alternating and mixing insecticidal modes of action is an important component 
of some resistance management strategies. Conventional formulations of B. 
thuringiensis also offer an alternative mode of action, but their efficacy against fruit
feeding insects of cotton is limited (Phillips et al. 1979). 

Since B.t.k.-cotton will deliver the toxic agent to the target insect by producing an 
insecticidal protein within the plant tissue that serves as a food source for the insect, 
non-target exposure to the toxic agent is greatly reduced. Application costs should also 
be reduced, and the need for manufacturing, shipping, storing, and handling costs of 
traditional chemical insecticides should be eliminated or reduced. This improved safety 
to farm workers and reduced exposure of non-target organisms should be viewed as a 
major advantage of transgenic technology. 

Unjgue Ogportunjtjes tor Poguiatjon Regutatjon ot some Pests 

Although the effects of B.t.k.-cotton on population growth of target pests are difficult to 
estimate and will ultimately be influenced by many biological and ecological factors (e.g. 
number of other plant species attacked by the pest, dispersal or migration range of 
species involved, extent of farmer adoption of B.t.k.-cotton, methods of B.t.k.-cotton 
deployment, host range of species involved, insertion of B.t.k. genes in other crops, 
etc.), the high levels of pest mortality observed in recent experiments suggests that 
B.t.k.-cotton could have a major impact on population growth of lepidopterous pest 
species susceptible to endotoxin, especially tobacco budworm and pink bollworm. 
Autocidal and some augmentative biological control methods of insect control are 
typically targeted at population suppression or eradication of pest species (King and 
Coleman 1989, Laster et a/. 1988). The success of these projects often depends on 
creating a high ratio of released insects to native insects. lt B.t.k.-cotton were planted 
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over a high portion of the cotton acreage in a given area, it is possible that populations of 
some lepidopterous pests, particularly the very susceptible tobacco budworm, could be 
dramatically reduced. While these populations were at extremely low levels, autocidal 
and biological control programs would have a unique opportunity to create high ratios of 
released insects to naturally-occurring insects. lt is important to note that resistance 
management strategies require refugia (i.e. refuge locations where the pest's food plants 
da not contain B.t.k. genes and susceptible insects can survive) (Fischoff 1992, 
McGaughey and Whalon 1992). Therefore, it would not necessarily be advantageous to 
plant a high fraction of the total cotton acreage in an area to B.t.k.-cotton. Given that the 
high efficacy of B.t.k.-cotton may provide a unique opportunity for the release of 
autocidal or biological control agents, further examination and experimentation of these 
issues are warranted. 

Retatjonshjps witb Other Control Measures 

B.t.k.-cotton is exceptionally compatible with many other ecologically sound methods of 
insect control such as biological control and hast plant resistance. Research is actively 
investigating the pyramiding of traditional hast plant resistance traits (plant secondary 
chemistries and morphologies) with the transgenic expression of endotoxin proteins 
(Benedict et al. 1993, Sachs et al. 1993). Certain secondary chemistries, such as 
increased concentrations of terpenes and tannins, have been utilized in some cottons to 
reduce injury from the tobacco budworm-bollworm complex. Traditional hast plant 
resistance mechanisms to suppress plant damage from the tobacco budworm-bollworm 
complex, cabbage looper, and pink bollworm have low ability to suppress damage and 
kill pests (in the range of 20 to 60% larval mortality) compared to B.t.k.-cotton (90 to 
100% larval mortality) (Benedict et al. 1976, 1985, Wilson et al. 1992, Zummo et al. 
1983). Preliminary results show that pyramiding the traditional hast plant resistance 
mechanisms with B.t.k.-cotton increases plant resistance to bollworm (Sachs et al. 
1993). B.t.k.-cotton can be viewed as the first successful example of an antibiosis 
mechanism of hast plant resistance in cotton. Because hast plant resistance mechanisms 
are inherent to the plant's genome and they begin their pest defenses at plant emergence 
(Benedict et al. 1988), they are the foundation of all other 1PM opportunities. 

Preliminary field studies conducted by Monsanto and Mississippi State University 
suggest that B.t.k.-cotton does not exhibit a direct, negative impact an the major 
predators and parasites in cotton (  unpublished data, Monsanto; , 
unpublished data, Mississippi State University). Current preliminary research in 
large-plot experiments does suggest that densities of natural enemies, particularly some 
predators, are affected indirectly by the density of pest species present ( , 
unpublished data). Because densities of predators and parasites respond to the densities 
of the pest (i.e. prey or hast species), a decrease in densities of parasites and predators 
is expected as densities of pest species decline. Additional experimentation in large plots 
is necessary to confirm these initial, but anticipated observations. 

Commuoi1Y Ecotogy and Managjng losect Resjstance to B.t.k Cotton 

In many USA cotton production regions, cotton is grown in close proximity, a mosaic, 
with corn, soybean, sorghum, vegetables, and other crops. Polyphagous insect species 
often utilize several crops and population growth of a pest an one crop is often dependent 

000116 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



upon management actions in another crop. The seasonal buildup ot massive populations 
of sweet potato whitefly (Bemisia tabac1) as a result of favorable cropping sequences of 
multiple crops in a given geographic region (Watson et al. 1992) illustrates the 
importance of crop and community ecology in insect management. These relationships 
are often poorly understood and warrant additional research. 

Community ecology issues associated with managing the development of insect 
populations resistance to endotoxin proteins are of particular interest. Same insect 
species like soybean looper occur in soybean and cotton. The soybean looper is 
effectively controlled in soybean with foliar applications of B. thuringiensis and has 
limited pest status in cotton. However, soybean looper only reaches pest status on 
soybean in areas where soybean is grown in close proximity to cotton, presumably 
because the female moths utilize cotton as a source of nectar with significant increases 
in fecundity (Burleigh 1972). B.t.k.-cotton could provide a mechanism to suppress 
population growth of soybean looper. lt could also provide a source of selection for 
resistant genotypes that would decrease the effective life of foliar applications of B. 
thuringiensis on soybean. Deployment strategies for B.t.k.-cotton that include refugia as 
a component of resistance management for tobacco budworm should also limit the 
selection tor endotoxin resistance in the soybean looper. The extent of soybean looper 
reproduction in cotton is unknown, and although the moths use cotton as a source of 
nectar, most oviposition probably occurs in soybean. This example is presented to 
illustrate the importance of community ecology to effective management of polyphagous 
insect pests. 

The development of transgenic corn expressing endotoxin proteins of 8. thuringiensis 
would also create several social and biological questions relative to management of insect 
resistance to the endotoxins in the numerous species of polyphagous insects (European 
corn barer, fall armyworm, cotton bollworm) inhabiting both crops within the same 
cropping region. As with the soybean looper, the suppressive action of transgenic plants 
can enhance the selection for resistant genotypes (Gould 1988), but it can also provide a 
highly effective population suppression mechanism. These ecological relationships need 
additional examination. lt is important to note that the impact of insect control activities 
on multiple cropping systems within an area is not unique to B.t.k.-cotton. The same 
concerns should be expressed for all insecticides targeted at potyphagous insect species 
on most agronomic crops. 

The potential impact of pest resistance on the long-term utility of B.t.k.-cotton is a 
significant issue (McGaughey and Whalon 1992). Any insect control method that 
provides high levels of control is likely to provide significant selection for the evolution 
of resistant genotypes. The value of B.t.k.• cotton for managing crop pest injury is high 
and warrants protection from resistance problems. Private (Fischoff 1992) and public 
sector (McGaughey and Whalon 1992) scientists are addressing these issues. lt is 
important to note that the continuous, constant expression of insecticidal activity by 
B.t.k. plants may make B.t.k. cotton an ideal theoretical technology for resistance 
management. Some problems with the development of insecticide• resistant pest 
populations.are associated with the decaying of the active ingredient on the plant and thus 
the selective killing of susceptible genotypes at low doses. The continuous, high-dose 
expression of insecticidal activity by B.t.k.-cotton would avoid the influence of 
insecticidal decay on selection for resistance in susceptible pest populations. 
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Relat,onships wjth Ball Weeyil Control and Management ot Other lnsect Pests 

The ability of B.t.k.-cotton to protect the plant trom insect injury without disrupting 
natural control of insects compliments the goals of several contemporary programs 
designed to eliminate or manage the boll weevil (Anthonomus grandis grandis) in USA 
cotton. USDA entomologists in the Rio Grande Valley of Texas are developing a biological 
control program to control ball weevils that is dependent upon B.t.k.-cotton becoming 
available to control the tobacco budworm-bollworm complex rather than insecticides 
(Summy et al. 1993). The program is using a small wasp that attacks and kills the ball 
weevil larva. The wasp is very susceptible to insecticides used to control the tobacco 
budworm-bollworm complex. Combining B.t.k.-cotton with this program would control 
three major pests of cotton (boll weevil, tobacco budworm, bollworm) without 
conventional insecticides. The reduction in insecticide usage would be increased over 
that estimated for deployment of B.t.k.-cotton alone. The ideal addition to this program 
would be a plant bug resistant cotton variety to eliminate almest all insecticide usage. 
Plant bug resistant varieties are grown in several areas of Texas (Masud et al. 1990, 
Ring et al. 1993b). 

The Boll Weevil Eradication Project has successfully removed boll weevil as a major 
pest of cotton in much of the Southeast. The program will expand into the Mid-south and 
Southwest in the near future. Successful removal of the boll weevil as a pest of cotton 
would. further reduce the need for insecticide applications and expand opportunities for 
non-insecticidal control measures in conjunction with B.t.k.-cotton. Most of the 
insecticide applications made to cotton in the Mid-south and Southwest are targeted at 
two pests, the boll weevil and the tobacco budworm-bollworm complex. The boll weevil 
is, perhaps, the most important key pest of cotton because its presence in a management 
system triggers control actions early in the season. The early season applications often 
reduce densities ot parasites and predators and set the stage for subsequent insect pest 
outbreaks. Removal of the boll weevil coupled with an ecological sound method of 
managing the tobacco budworm-bollworm complex would offer opportunities for 
management of cotton insects not previously possible. 

Although B.t.k.-cotton and boll weevil eradication will have a major impact on 
insecticide use in cotton, they will not eliminate the need for insecticides. The sucking 
pests of cotton (mirids, aphid, whiteflies, thrips, etc.) will not be directly affected by 
the B.t.k.-cotton insecticidal proteins, nor will the eradication project eliminate the 
need for control of sucking pests. In fact, some pests previously suppressed by chemical 
insecticides directed at tobacco budworm-ballworm and/or ball weevil may emerge as 
being more important. In the Southeast, this happened when ball weevil sprays were 
eliminated by the eradication effort and stinkbugs became more common as a pest of 
cotton (Barbour et al. 1988). B.t.k.-cotton will not eliminate the need for crop 
monitoring and management by professional scouts. Trained professionals must be 
available to note the changes in the pest complex and implement appropriate plant 
protection measures. They must also be relied upon to integrate B.t.k.-cotton into an 
overall insect management and crop production scheme. 
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lmplications of 8. t.k. Cotton lntroduction on Current 1PM Programs in 
Different Geographie Regions of the USA 

Based on the Beltwide Cotton Conference estimates (Head 1990, 1991. 1992) 
summarized in Tables 1, 2, and 3, and assuming that 8.t.k.-cotton would effectively 
remove the crop loss and control costs of all lepidopterous pests of cotton, introduction 
of 8.t.k.-cotton on all USA cotton acreage would reduce total losses to cotton arthropod 
pests by 42.6% or . However, this estimate assumes that 8.t.k.-cotton is 
highly active on all lepidopteran pests of cotton. lt is not equally effective on all 
lepidopteran pests and additional research is necessary to measure the crop protection 
provided by B.t.k.-cotton against lepidopteran pests less susceptible to endotoxin 
proteins (e.g. armyworm species). lf the assumptions regarding effectiveness were 
reduced to the savings associated only with tobacco budworm-bollworm, a conservative 
assumption based on confirmed efficacy of B.t.k. cotton in field experiments, total annual 
losses would be reduced 35.3% or $ . 

The benefits of 8.t.k.-cotton vary with the production capabilities and pest spectrums of 
the different geographic regions of cotton production in the USA. Considering the acreage 
involved and average annual costs of control plus crop loss, the total annual cost of all 
lepidopterous pests (including tobacco budworm-bollworm) to cotton producers in the 
Southeast, Mid-south, Southwest, and West is $ , $  
$ , and $  (Table 2), respectively. Similar total costs for 
the tobacco budworm-bollworm comptex alone are $ , $ , 
$ . and $ , respectively, for the Southeast, Mid-south, 
Southwest, and West (Table 2). These data illustrate the importance of the tobacco 
budworm-bollworm complex in the Southeast, Mid-south and Southwest, and the 
importance of pink bollworm in the West. 

Opportunities for expanding cotton 1PM with the introduction of B.t.k.-cotton vary 
among and within (Table 3) each production region. The following provides a prospectus 
of the potential impact of B.t.k.-cotton on regional cotton 1PM programs in the Southeast, 
Mid-south, Southwest, and West. 

southeast 

The Southeast region of the USA Cotton Belt is one of the areas that has a high potential 
for benefiting from the utilization of transgenic B.t.k.- cotton. This area historically 
has the highest populations of tobacco budworm-bollworm complex extending over a 
longer period of time than anywhere eise in the Cotton Seit. As a result the Southeast 
receives high inputs of insecticide. 

During the last few years, the average crop lass to the tobacco budworm-bollworm 
complex in the Southeast ranged from 1.3% in South Alabama to a high of 6.8% in North 
Carolina (Table 3). This represents the preponderance of all lass from lepidopterous 
insect pests. lnsecticide use on cotton in the Southeast, likewise, is targeted primarily 
at the tobacco budworm-bollwonn complex with a low of 1.4 applications per season in 
Virginia to 5.7 applications in Florida, compared to 1.4 to 6.0 for all lepidopterous 
pests in the same regions, respectively. These data are an average of 1990 - 1992 
estimates and may be somewhat low in comparison to historical averages. Prior to the 
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Bol! Weevil Eradication Program, applications in the Southeas1 rangeo from about 4 in 
the areas of lowest infestations to as many as 12 in the more heavily infested areas. A 
substantial portion of the reduction in insecticide use can be directly attributed to the 
lack of disruption of the natural enemy complex historically associated with insecticidal 
control of the boll weevil. 

Cotton acreage in the Southeast is increasing rapidly as a result of the success of the Boll 
Weevil Eradication Program. Growers have found that the crop can be grown with a 
wider margin of profit than many alternative crops. This is due largely to a reduction in 
insecticide input for boll weevil. However, high inputs of insecticide are still required 
for control of the tobacco budworm-bollworm complex. lf the impact of this pest 
complex could be dramatically reduced or eliminated with the use of B.t.k.-cotton, 
additional acreage might be placed into cotton production in the Southeast. 

The indirect impact of B.t.k.-cotton on secondary, non-lepidopterous pests may also 
allow for a reduction in insecticide applications. The natural enemy complex for aphids, 
Lygus spp. and whiteflies are typically destroyed by insecticide applications targeted at 
other pests. lf these disruptive applications are reduced the natural enemy complex may 
be allowed to regulate secondary pest populations. Biological control is a recognized 
important component of cotton aphid control in most of the Southeast with fewer 
insecticide applications being required tor their control than in other regions (Head 
1990, 1991, 1992). The benefits of reduced insecticide use can be extended to 
management of other pests. In 1992, fields in south Georgia that had not been treated 
with insecticide were tound to have a high rate of parasitization (up to 90%) in sweet 
potato and bandedwinged whitefly populations. Fields that had been treated with 
insecticide did not benefit from the whitefly parasitoids, and populations of the pest 
reached high densities with subsequent crop loss ( , unpublished data). 

The development of resistance to endotoxin is an obvious concern once commercialization 
and widespread utilization of B.t.k.- cotton has occurred. The Southeast may not be as 
likely to be affected from this problem as other areas of the Cotton Belt. Historically. 
resistance to insecticide classes have shown up in other areas much earlier and at a 
much higher magnitude than in the Southeast. lt is believed that the reason for this is 
because of the tremendous diversity in agricultural enterprises that may be tound in the 
Southeast. There are numerous crops that are grown that do not have the intensity of 
insecticide inputs associated with cotton. These crops provide refugia for untreated 
tobacco budworm-bollworm populations and thus delay resistance buildup. 

The Mid-south is one of the major targets for marketing of B.t.k.-cotton because of the 
large acreage typically treated several times annually with insecticide for control of 
tobacco budworm-bollworm. This pest complex costs Mid-south growers ca. $  

 each year in insecticide costs and crop loss. The intensity of the pest pressure 
varies within the region. The % crop loss due to tobacco budworm-bollworm complex 
ranges trom 0.74% in Tennessee to 4.98% in Louisiana. Tennessee growers apply an 
average of 0.74 applications of insecticide per acre for tobacco budworm-bollworm 
control. Louisiana growers apply an average of 4.8 applications per acre. 
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Other than the tobacco budworm-bollworm complex. Mid-south cotton insect problems 
are dominated by the presence of boll weevil, a complex of mirids (particularly the 
tarnished plant bug, Lygus lineolaris), thrips, and aphids. lntroduction of B.t.k.-cotton 
is likely to reduce total insecticide inputs in the Mid-south, but the extent of the 
reduction is unclear. Cotton will continue to need infurrow insecticides for thrips 
control. Foliar applications of insecticide will also be required for ball weevil and 
mirids during the early season. lntroduction of B.t.k.-cotton may reduce the need for 
some insecticide applications against aphids because they are largely an insecticide
induced pest problem. Traditional applications of insecticide for tobacco budworm
bollworm also provide some suppression of other pests, particularly mirids in the Mid
south. Removal of the insecticide treatments for tobacco budworm-bollworm would 
likely result in an increase in applications for some other pests, probably tarnished 
plant bug. Based on current observations and limited data, it appears that B.t.k.-cotton 
may result in a reduction of 2-4 insecticide applications per year across most of the 
cotton in the Mid-south depending upon the development of secondary pest problems. 

Recent problems with insecticide resistant populations of tobacco budworm and cotton 
aphids are threatening profitable cotton production in some areas of the Mid-south 
(Luttrell 1994). Growers in the Mississipp~ Delta spent more than $  per acre 
during 1992 for cotton insect control. Because of these problems, Mid-south growers 
will readily adopt B.t.k.-cotton when it is commercially available, and insecticide use 
should decline as the technology is deployed. 

lnterestingly, the planned commercial release of B.t.k.-cotton coincides with the 
westward movement of the Soll Weevil Eradication Program into the Mid-south. The 
vast majority of all insecticide use on Mid-south cotton is targeted at the tobacco 
budworm-bollworm complex and the boll weevil. Simultaneous introduction of B.t.k.
cotton and implementation of ball weevil eradication efforts offers a historical 
opportunity to dramatically reduce the use of conventional insecticides on Mid-south 
cotton. Mirid pests, especially the tarnished plant bug, are likely to emerge as the most 
important key pests of cotton. Research should be initiated immediately to develop 
appropriate management strategies for the sucking pests of cotton assuming insecticide 
applications for tobacco budworm-bollworm and boll weevil will be dramatically 
reduced. 

sauthwest 

The Southwest cotton production region of New Mexico, Oklahoma and Texas harvested 
cotton from an average of 5.2 million acres per year during the 1990-1992 period 
(Table 1). The Southwest has yields ranging from less than one-half bale per acre on 
arid dryland cotton, to three bales per acre on irrigated river bottom land. The tobacco 
budworm-bollworm complex costs Southwest growers ca. $  each year in 
insecticide costs and crop lass (Table 2). The % crop loss in Texas due to the tobacco 
budworm-bollworm complex ranges from 0.67 in Texas District 10 to 7.96 in Texas 
District 13. District 13 is a high input irrigated area known as the Winter Garden 
because of its winter production of numerous vegetable crops. lt is a green island 
surrounded by arid desert and brushland. District 13 also has the highest number of 
insecticide applications, 6.17, for the tobacco budworm-bollworm complex whereas 
Texas District 1 has the lowest, 0.43. The intensity of injury for this complex varies 
across the region and between years. 
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In New Mexico and Oklahoma the % crop lass due to the tooacco budworm-bollworm 
complex ranges from 3.14 to 2.00, respectively. New Mexico growers apply an average 
of 0.63 applications of insecticide per acre and Oklahoma growers apply 1.1 O 
applications per acre for tobacco budworm-bollworm control. Most of the % crop lass 
and number of applications for all Lepidoptera in the Southwest region are due to the 
tobacco budworm-bollworm complex. However, in some Texas Districts beet 
armyworms and fall armyworms occur occasionally in densities requiring treatment. In 
New Mexico and Texas District 1 the pink bollworm is a frequent pest requiring 
insecticidal control. 

The other primary pests of Texas and Oklahoma cotton are the ball weevil and a complex 
of mirids (tarnished plant bug, lygus bugs, and cotton fleahopper) that vary in severity 
across the region. Some areas such as the High Plains of Texas, Districts 1, 2, and 3, 
and New Mexico are free of boll weevil infestations or experience only infrequent sub
economic infestations. 

lntroduction of B.t.k.-cotton should reduce insecticide use dramatically in some areas 
particularly where boll weevils are not pests such as New Mexico and Texas Districts 1, 
2, and 3. Throughout areas of Texas two different insecticides (pyrethroids for tobacco 
budworm-bollworm and organophosphorus insecticides for boll weevil) are applied 
simultaneously to control the tobacco budworm-bollworm complex and boll weevils. 
However in other areas growers use pyrethroids or methyl parathion (an 
organophosphorus insecticide) alone to simultaneously control both pests. In those areas 
where two insecticides are used, it is expected that with the introduction of B.t.k.
cottons a reduction in insecticide usage and a savings in dollars will occur. 

In recent years insecticide-resistant tobacco budworm (particularly to pyrethroids) 
have been reported in several Texas Districts where insecticide usage is high, such as 
District 13. Moreover where multiple late season applications of pyrethroids are used 
frequently, outbreaks of spider mites or aphids occur which may require additional 
insecticide applications. lntroduction of B.t.k.-cotton could relieve developing 
pyrethroid resistance problems, reduce secondary outbreaks of spider mites and aphids, 
and reduce insecticide applications in many cotton producing areas of the Southwest. 
Across the Southwest region reductions could range from O to 8 applications with an 
estimated average reduction of 1 application on 5.2 million acres per year. However the 
extent of the reduction is unclear. 

Cotton pest control strategies in the desert Southwest (Arizona and Southern California) 
changed dramatically in 1966. This resulted from the spread of the pink bollworm, 
Pectinophora gossypie//a (Saunders) across the entire cotton-producing area of Arizona 
and southern California. Once established in these areas the pink bollworm required 
routine scheduled insecticide applications in order to maintain it below economic 
thresholds. lnitially growers were applying up to 20 or more insecticide applications in 
order to control this insect alone. Once research established sound economic thresholds 
and more precision in timing of applications, this number was reduced to a more 
reasonable level. The numbers vary from area to area, generally associated with 
elevation, e.g., in eastern Arizona the average number is 4-5, in central Arizona 6-8, 
and western Arizona and southern California 9-12 applications are generally required. 
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Were it not for the need to comrol pink Oollworm (excluding the present proOlem w1th 
the sweet potato whitetly) much less insecticidal control would be needed, and then, on a 
non-scheduled basis. 

A related impact of the pink bollworm in the desert Southwest has been the continual 
threat to the vast acreage of cotton in the San Joaquin Valley of California. High 
infestations in the Imperial Valley provide the source for wind movement of moths into 
the San Joaquin Valley. This initiated an annual multi-million-dollar, sterile-moth 
release program in the San Joaquin Valley in an effort to prevent establishment of the 
pink bollworm there. 

lndirect costs associated with the pink bollworm problem have been those resulting from 
secondary pest outbreaks following scheduled applications for this key pests. 

The biology and seasonal history of the pink bollworm make it ideally suited for 
management with 8.t.k.-cotton. The pink bollworm over-winters as diapausing larvae 
in the cotton field where they were produced. Spring moth emergence occurs over an 
extended period of time with a large proportion of the moths emerging and dying prior to 
the production of susceptible cotton fruit (squares). Therefore, the key to the initiation 
of a new years infestation is the coincidence of susceptible fruit and last-emerging 
moths. This coupled with high winter mortality, results in a fairly low population level 
to start the new infestation. A high level of mortality during this first generation would 
probably preclude the subsequent development of populations to damaging levels for the 
rest of the season. 

Without the need for scheduled applications of insecticides for pink bollworm control, a 
great deal of flexibility would be possible with the remainder of the pest complex in 
western cotton. For example, biological and cultural control methods could be used for 
management of other pests such as lygus bugs, Heliothis spp., beet armyworm and cotton 
leafperforator. 

There are indications of low-level resident populations of pink bollworm in the southern 
end of the San Joaquin Valley. lf this persists and spreads, scheduled applications of 
foliar sprays will be required in order to prevent serious lass. This would almost 
surely result in serious wide-spread outbreaks of spider mites and certain other 
Lepidoptera such as bollworm and cabbage looper. 

By eliminating the pink bollworm as an in-season pest requiring scheduled insecticide 
applications, a number of benefits would ensue which would re-establish western cotton 
production as a profitable enterprise. In addition to the overall improvement in the 
management of all other pests, and more economically at that, yields would probably 
move upward towards the levels obtained in pre-pink bollworm days. 
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Summary and Overall Prospectus of B.t.k. Cotton 

Results of published experiments with Monsanto's B.t.k. cottons indicate that these 
transgenic cottons exhibit a high level of efficacy against tobacco budworm and pink 
bollworm, and that bollworm is effectively controlled in field environments by these 
cottons. We believe that B.t.k.-cotton offers opportunities for improved pest control, 
and that the technology will be actively sought by growers for control of the 
lepidopterous pests of cotton susceptible to endotoxin proteins. Control ot other 
lepidopterous pests, such as armyworm species which are less susceptible to endotoxin 
proteins, is possible but sufficient data are not available to suggest that B.t.k.-cotton 
will eliminate insecticide treatments for these more tolerant pests. 

Transgenic technology provides an innovative, unique mechanism to deliver an 
insecticide selectively to target pest species. This selective activity will not disrupt 
populations of beneficial insects as is the case with traditional control measures that use 
broad-spectrum, nerve-toxin insecticides. Opportunities for expanded use of biological 
control should develop as the intensity of insecticide use is reduced with expanded 
implementation of B.t.k.-cotton. 

Major economic and management advantages of B.t.k.-cotton are associated with its 
potential to reduce the use of traditional insecticides and increase yields of USA cotton. 
Reduced insecticide use with B.t.k.-cotton is likely, but the extent of reduction is 
difficult to predict because of the dynamic, interrelationships among cotton pest and 
beneficial arthropods. lf B.t.k.-cotton effectively reduced all insecticide inputs for 
lepidopterous pests of cotton in the USA without altering control inputs for other pests, 
cotton growers would save $  in control costs and crop damage. lf the 
reduction in insecticide use and crop loss is limited to that due to the tobacco budworm
bollworm complex, growers would still save $ . These estimates do not 
consider the added cost of B.t.k.-cotton seed to the farmer. 

The development of B.t.k.-cotton provides a unique opportunity to manage lepidopterous 
pests of cotton with a highly efficacious, environmentally safe control measure. The 
technology couples the efficacy of an effective insecticide with the environmental 
advantages of host plant resistance. This technology should serve as the foundation for 
historicat improvements in cotton 1PM programs over the next 5 to 1 o years. 
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Table 1. Production and insect control characteristics of different geographic regions of 
cotton production in the USA. 

Geographie Region 
Characteristic Southeast Mid-south Southwest West 

Acres Harvested 
X 1000 1408 3794 5208 1456 
Yield in Bales 
Per Acre 1.30 1.50 0.77 2.53 

% Crop Loss to 
Heliothis and 
Helicoverpa 3.4 2.7 1.4 0.1 

% Crop Loss to 
Lepidoptera 4.5 2.7 1 .4 1.0 

% Crop Loss to All 
lnsects 6.8 6.7 5.2 6.0 

No. lnsecticide 
Applic./ Acre for 

Heliothis and 
Helicoverpa 3.5 3.0 0.8 0.2 

No. lnsecticide 
Applic./Acre for 
Lepidoptera 4.1 3.1 0.8 1 .6 

No. lnsecticide 
Applic./ Acre for 
All lnsects 6.6 7.4 2.5 3.9 

$ Spent/ Acre for 
Control of 
Heliothis and 
He/icoverpa     

$ Spent/ Acre for 
Control of 
Lepidoptera     

$ Spent/ Acre for 
Control of All 
lnsects     

• Calculated as an average of annual estimates published by the Beltwide Cotton 
Conferences (Head 1990, 1991, 1992). 

• • Estimates of % crop loss, number of insecticide applications per acre, and $ spent 
per acre for Lepidoptera include similar estimates for Heliothis and Helicoverpa 
(tobacco budworm and bollworm). Estimates for all insects include those for 
Lepidoptera. 
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Table 2. Total annual expenditures tor cotton insect control in different geographic 
regions of the USA (average ot 1990-1992 data). 

I121a1 aooual E&limaiaa 6m2uo1 ~ l ,QQQ,QQQ 
Entire 

Southeast Mid-south Southwest West USA 

Es1ima1as fQt l::laliclbis-l::lali~12:ilau2a Q12mgla~ 
No. of Acre 
Applications 4.93 11 .27 4.17 0.06 20.42 

$ Expended tor 
Control Costs      

$ Crop Loss Above 
Control Costs      

$ Total Loss      

l;s1ima1as fct 611 La0id1201aca 
No. of Acre 
Applications 5.74 11 .61 4.32 2.27 23.94 

$ Expended for 
Control Costs      

$ Crop Loss Above 
Control Costs       

$ Total Loss      

l:slimaias mt 611 losacis 
No. of Acre 
Applications 9.32 28.23 11.18 9.83 51.55 

$ Expended tor 
Control Costs      

$ Crop Loss Above 
Control Costs      

$ Total Loss      

• Calculated from annual estimates published by the Beltwide Cotton Conference (Head 
1990, 1991, 1992). Dollar values for yield loss assumed that each bale weighed 
480 pounds and that cotton was valued at $  per pound. Seed values were not 
included. 

• • Estimates for All Lepidoptera include estimates for Heliothis-Helicoverpa (tobacco 
budworm-bollworm). Estimates tor All lnsects include estimates for All 
Lepidoptera. 
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Table 3. Cotton crop lasses and control expenditures for Heliothis-Helicoverpa (HEL), 
all Lepidoptera (LEP), and all arthropod pests (ALL) within major geographic 
production regions of the USA."' 

% Crop Loss No. lnsecticide $ Spent/Acre For 
OuaTo ACHllic,lAcce E2c Qgc!CQI Qf 

Ha LEP** ALL ... Ha LEP ALL HEL LEP ALL 

SQYIHEäSI BE"11Q~ 
Alabama-Central 1.67 3.07 7.60 3.67 4.00 9.80    
Alabama-North 2.23 2.32 9.84 1.80 1.80 5.57    
Alabama-South 1.30 3.42 5.90 4.30 5.03 7. 77   
Florida 5.37 6.01 6.22 5.73 6.00 6.57   
Georgia 2.58 4.68 5.34 4.43 5.93 9.07   
North Carolina 6.84 7.45 8.00 2.97 3.03 3.93   
South Carolina 2.34 3.02 4.76 3.77 4.13 5.57   
Virginia 5.56 5.56 6.23 1.40 1.40 2.07   
MID•SQUil:I BEGIQN 
Arkansas-North 1.15 1.15 2.27 1.15 2.20 5.17   
Arkansas-South 2.65 2.65 4.21 2.65 4.43 7.27   
Louisiana 4.98 4.99 8.33 4.80 4.98 10.20   
Mississippi-Delta 3.50 3.57 6.61 3.50 4.33 10.16   
Mississippi-Hill 1.85 1.98 7 .18 1.85 2.27 9.33   
Missouri 1.44 1.44 8.87 1.44 0.23 2.37    
Tennessee 0.74 0.74 10.19 0.74 0.33 2.93    
SQYTHWEST BE"11QN 
New Mexico 3.14 3.89 11 .21 0.63 0.83 2.30    
Oklahoma 2.00 2.00 4.36 1.10 1.10 3.53   
T exas-Dist. 1 3.14 3.14 5.23 0.43 0.43 1.47    
Texas-Dist. 2 0.98 0.98 4.60 0.80 0.80 1.97    
Texas-Dist. 3 1.25 1.26 5.00 0.50 0.53 1.77    
T exas-Dist. 4 1.50 1.50 6.41 0.50 0.50 3.33    
Texas-Dist. 5&9 1.73 1. 73 8.45 0.93 0.93 3.97   
Texas-Dist. 6 1.44 1.86 5.47 0.60 0 .. 80 1.93    
Texas-Dist. 7 4.29 4.29 11.21 1.37 1.37 4.17   
T exas-Dist. 8 5. 71 5.71 23.83 1.13 1.13 7 .03   
Texas-Dist. 10 0.67 0.67 1.53 1.97 1.97 3.03   
Texas-Dist. 11 1.36 1.36 4.62 1.10 1.10 5.40    
T exas-Dist. 12 1.48 1.59 7.01 1.06 1.17 5.00   
Texas-Dist. 13 7.96 7 .96 29.22 6.17 6.17 20.30  
Texas-Dist. 14 1.12 1.23 6.30 0.63 0.63 4.83    
WESI BEGIQ~ 
Arizona 0.11 2.23 6.33 0.43 4.57 9.70  
California 0.13 0.43 5.93 0.03 0.20 1.37    

„ Calculated from annual estimates published by the Beltwide Cotton Conference (Head 
1990, 1991, 1992) . 
.... Estimates for LEP include estimates for HEL. Estimates for ALL include estimates for 
LEP. 
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Appendix II 

Economic Impacts of B.t.k. lnsect Resistant Cotton 
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Abstract 

Economic Impacts of B.t.k. lnsect Resistant Cotton 
Dr. S. Spurlack 

Mississippi State University 

The introduction of genetically engineered plants which are designed to control insects 
without the use of chemicals will have significant impacts on the profitability of some 
farmers and agribusinesses. B.t.k. cotton, created to control Lepidoptera infestations, 
will allow cotton growers to eliminate some conventional insecticide applications, and 
thus reduce pesticide expenses. Based on available cost and acreage data and assumptions 
concerning the portion of current cotton acres that would be converted to B.t.k. cotton, it 
is estimated that cotton producers could save over $  per year on insect 
control costs by adopting B.t.k. cotton. As the B.t.k. cotton seed market develops and 
grows during the adoption period, the demand for conventional cotton seed and some 
insecticides will decrease. 

lntroduction 

In recent years, public concern about the use of some agricultural chemicals has 
increased in the United States. Frequently, legal action was taken to force the EPA to ban 
or severely restrict the use of particular pesticides. Economic studies have been 
conducted to examine the likely impacts from such restrictive pesticide regulations. 
Taylor et al. (1991) developed a regional model and concluded that agricultural income 
in the South would be negatively impacted by more restrictive pesticide regulations. 
Richardson et a/. (1991) analyzed the situation with a farm level model and concluded 
that the removal of pesticides would have a negative impact on Mississippi and Texas 
Southern High Plains cotton farms. However, neither of these studies allowed for the 
development of new technologies in response to increased pesticide regulations. lt is 
possible that geoetically engineered plants which are designed to control insects without 
the use of chemicals will be able to offset some of the negative impacts from increased 
pesticide regulations. 

B.t.k. cotton is designed to control Lepidoptera infestations, eliminating the need to 
control these pests with conventional insecticide applications. Revenue-related factors 
such as lint yields and quality characteristics are expected to be similar under both 
conventional and B.t.k. cotton production systems. However, per-acre production costs 
of B.t.k. cotton are expected tobe impacted due to the reduction in insecticide use and the 
substitution of B.t.k. cotton seed for conventional cotton seed. Growers who adopt B.t.k. 
cotton will simply substitute B.t.k. cotton seed for conventional cotton seed and certain 
types of insecticides. Thus, the added cost of the B.t.k. cotton seed must be compared with 
the savings obtained from eliminating conventional seed and some insecticides. 

Due to the diverse and complex interactions throughout the agricultural sector and other 
sectors of the economy, it is difficult (if not impossible) to predict future magnitudes of 
key variables with a high degree of accuracy. However, it is possible to speculate on the 
direction of change in these variables. For instance, pesticide regulations in the U.S. 
will likely become more restrictive over time. Reductions in insecticide use without 
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B.t.k. insect resistant cotton will cause cotton yields to decline, tarm profits to decline, 
and acres devoted to cotton production to decline, especially in those regions where 
insecticide use is an integral production practice. A scenario which allows for the 
introduction of B.t.k. cotton results in a very different forecast. Reductions in 
insecticide use can be had without yield reductions, farm profits will increase, and acres 
devoted to cotton will remain constant or even increase in some regions. 

lt is often argued that some new technologies have characteristics which promote 
adoption by large tarms over that of small farms (Kuchler 1990}. For instance, large 
initial investment costs or high levels of management may preclude small farms from 
adopting the technology. However, the adoption of B.t.k. cotton is not expected tobe 
related to tarm size; i.e., small and large farms will have the same per-acre costs and 
benefits from the adoption of B.t.k. cotton, and thus will likely have equal adoption rates. 

Economic Impacts 

The introduction of B.t.k. insect resistant cotton will provide cotton growers with a 
choice of either maintaining or altering their current production practices. Each cotton 
grower will need to evaluate the profit potential of B.t.k. cotton relative to that of 
conventional cotton. Due to different Lepidopteran insect population pressures across 
the country, it is expected that some growers will be able to increase profits by adopting 
B.t.k. cotton, while other growers will not. As adoption of this new technology grows, 
some of the current supply-demand relationships in the cotton industry will change. As 
input prices and quantities adjust over time, the profitability of cotton growers and 
some associated agribusinesses will change. 

Supply and demand relationships tor B.t.k. seed, conventional seed, and some insecticides 
will shift over time as the B.t.k. cotton industry develops and grows. Shifts in supply of 
an input and demand for an input have a tendency to put upward or downward pressure on 
prices and quantities sold. Movements in an input's price are necessary to equate 
quantities supplied and demanded; i.e, to allow the market to achieve a new equilibrium 
position. Directional impacts on price and quantity from shifts in supply and demand 
may be summarized as follows: 

Tvoe of Shift lmoact on Price Impact on Quantitv 
lncrease in suoolv holdino demand constant Decrease lncrease 
Decrease in suoolv, holdina demand constant lncrease Decrease 
lncrease in demand, holdino suoolv constant lncrease lncrease 
Decrease in demand holdina suoolv constant Decrease Decrease 

lt is expected that the B.t.k. cotton seed (used for planting) market will exhibit growth 
during the first few years after introduction. Participants will gather information 
during this early stage ot the adoption period. There will be much uncertainty in supply 
and demand, generating an environment in which price discovery will evolve over time. 
As the B.t.k. cotton seed market matures over time, a more stable supply-demand 
relationship should develop. 
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Cotton growers who decide to adopt B.t.k. cotton will replace conventional cotton seed 
with B.t.k. cotton seed. Seed companies will retain some of the B.t.k. cotton seed produced 
with the current year's B.t.k. cotton crop and make it available to growers for 
production of the next year's B.t.k. cotton crop. Thus, the supply of B.t.k. cotton seed is 
expected to increase during the first few years. As the B.t.k. cotton seed market grows, 
there will be a simultaneous decrease in the demand for and the supply of conventional 
cotton seed. These shifts will cause a decrease in the quantity of conventional cotton seed 
and either an increase or a decrease in its price. Over time, a new equilibrium position 
will be determined in the markets for both types of seed. lt is expected that profits of 
seed producers will increase due to the introduction of B. t.k. cotton. 

Growers who use B.t.k. cotton seed will be able to reduce their applications of chemical 
insecticides that are used to control Lepidoptera infestations. Thus, a decrease in the 
demand for these types of insecticides will occur, causing a decrease in both the quantity 
and price of certain insecticides. In some regions of the country, a common practice is 
for cotton growers to hire custom applicators (either ground rigs or aerial sprays) to 
apply some insecticides and other chemicals. Theretore, in conjunction with the decline 
in insecticide use, there will also be a decrease in the demand for custom applicators in 
these regions. 

Cotton insect scouts and consultants are often hired by cotton growers to help make 
management decisions throughout the growing season. lt is expected that growers who 
adopt B.t.k. cotton will still utilize scouts and consultants for various kinds of insect 
problems. Therefore, the impact of the introduction of B.t.k. cotton on scouts and 
consultants is expected tobe minor. 

The economic impacts on cotton growers who adopt B.t.k. cotton could be significant. 
Elimination of certain pesticides will reduce a grower's insecticide cost and application 
cost. However, B.t.k. cotton seed will presumably command a higher price than 
conventional cotton seed, resulting in an increase in a grower's seed cost. To entice a 
cotton grower to purchase B.t.k. cotton seed, the profits from B.t.k. cotton production 
must be greater than the profits from conventional cotton production. Thus, to assure 
adoption of B.t.k. cotton, the increased expense of B.t.k. cotton seed must be more than 
offset by the savings from reduced insecticide use. Supply and demand relationships in 
related markets will adjust over time until an equilibrium position exists between B. t.k. 
cotton and conventional cotton. lt is expected that growers who adopt B.t.k. cotton will 
exhibit an increase in profitability. 

In some regions of the country, cotton production is unprofitable due to high insecticide 
costs, and thus acreage is not allocated to cotton in these regions. The introduction of 
B.t.k. cotton, which will have lower insecticide costs, could allow cotton production to 
become profitable in these regions, allowing the acreage devoted to cotton production to 
increase. lt an increase in cotton acreage and thus the supply of cotton occurs, the price 
of cotton should decrease, leading to lower wholesale and retail prices of cotton-related 
products. 
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lnsect Control Cost Reductions 

An estimate of the insect control cost reductions due to adoption of B.t.k. cotton provides 
an indication of the potential benefits that cotton producers may expect to achieve. The 
United States was divided into four regions based on differing insect problems and 
control practices. The regions were aefined as follows: 1) Southeast - Alabama, Georgia, 
Florida. South Carolina, and North Carolina; 2) Delta - Louisiana, Mississippi, and 
Arkansas; 3) Coastal Bend of Texas - Districts 1 O through 14; 4) West • Arizona. 
lnsects considered were bollworms and budworms in all four regions and leaf 
perforators and pink bollworms in the West. Although B.t.k. cotton may provide some 
level of control on other insects, the economic impacts would be small relative to the 
impacts on these major pests. 

Results presented here were derived from data compiled by Head for the years 1990-
1992. The per-acre costs of controlling major susceptible Lepidopteran insects for 
each region are presented in Table 1. The acres of cotton that were harvested are 
reported in Table 2. The estimates of the reduction in insect control costs due to the 
introduction and adoption of B.t.k. cotton are presented in Table 3. 

lnsect control cost per acre varied across regions and years (Table 1 ). The three-year 
average ranged from a low of $  per acre in the Coastal Bend of Texas to a high of 
$  per acre in the West. Variation in cost per acre from year to year is expected 
due to the fluctuations in insect populations. Cotton acres also varied somewhat over 
years (Table 2). The three-year average is considered to be representative of the 
average cotton acreage over the near future. 

lf it is assumed that B.t.k. cotton will be used on one-half of all cotton acres in a region, 
then the potential reduction in insect control costs for a region may be determined. 
Based on available cost and acreage data and assumptions concerning the portion of acres 
using B.t.k. cotton, it is estimated that cotton producers could save over $  per 
year (on average) on insect control costs by adopting B.t.k. cotton. The Delta region 
could expect an impact of over $ . Some portion of the cost savings will have 
to be used to offset the expected higher seed cost. Also, it is expected that some other 
insect control practices could change with the adoption of B.t.k. cotton. The economic 
impacts (whether positive or negative) of these changes are expected to be relatively 
small compared to the cost reductions presented in Table 3. 

Conclusions 

The adoption rate of B.t.k. insect resistant cotton will be influenced by economic factors. 
Cotton growers will evaluate the profit potential of B.t.k. cotton relative to that of 
conventional cotton. Due to varying Lepidopteran insect populations in different regions 
of the country, some growers will be able to increase profits by adopting B.t.k. cotton, 
while other growers will not. As cotton growers increase their use of this new 
technology, some of the current supply-demand relationships in the cotton industry will 
be altered. As the B.t.k. cotton seed market grows, it is expected that the markets for 
conventional cotton seed and some insecticides will exhibit a decline in demand. 
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Table 1. 

Region 

Southeast 
Delta 
Coastal Bend 
West 

lnsect control cost per acre by region and year1 

1990 1 991 1992 avg. 

---------------($/acre)--------------

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

1 lnsects are the bollworm, budworm, leaf perforator, and pink bollworm. 

Table 2. 

Region 

Southeast 
Delta 
Coastal Bend 
West 

Cotton acres harvested by region and year 

1990 1 991 

---- --- -· ---(tho u sa nd 

1,127.5 
2,702.6 

787.3 
460.0 

1,546.0 
2,966.4 
1,051.1 

450.0 
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1992 avg. 

acres) •······-···· 

1,534.0 
3,185.0 

787.3 
410.0 

1,402.5 
2,951.3 

875.2 
440.0 
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Table 3. 

Region 

Southeast 
Delta 
Coastal Bend 
West 

Total 

lnsect control cost savings by region1 

lnsect 
B.t.k. Control Reduction 
Acres Cost in Cost 

thousand $/acre million $ 

701.3   
1,475.7   

437.6   
220.0   

2,834.5   

1 Assuming that one-half of all cotton acres are converted to B.t.k. cotton. 
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Appendix III 

Gene Transfer Between Contiguous Cultivated Cotton and 
Between Cultivated and Wild Relatives 
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GENE TRANSFER BETWEEN CONTIGUOUS CULTIVATED COTTON 
AND BETWEEN CULTIVATEO COTTON AND WILD RELATIVES 

Report to Monsanto Company 

This discussion is limited to the potential of genetic material to move from cultivated 
cotton to a related wild relative or to a contiguous genotype of the same species within 
the geopolitical boundaries of the USA. First, the genetic potential for horizontal gene 
flow will be addressed. This will be followed by a discussion of the physical limitations 
to outcrossing. A briet comment on the potential of a cultivated cotton or wild relative 
containing Bt and NPT II genes becoming a weedy pest concludes this report. 

For gene flow to occur via normal sexual transmission certain conditions must exist. 1) 
The two parents must be sexually compatible; 2) their periods of fecundity must 
coincide; 3) a suitable pollen vector. must be present and capable of transferring pollen 
between the two parents; 4) resulting progeny must be fertile and ecologically fit for 
the environment in which they find themselves. All Gossypium ·species are seif-fertile 
but can be cross-pollinated by certain insects. Wind transport of polten is not a factor. 

Gene Transfer to Wild Species 

The criterion of sexual compatibility greatly limits the potential of gene flow from 
cultivated Gossypium in the geopolitical boundaries of the USA. No genera in the 
Gossypieae tribe occur naturally in the USA. Very wide hybridization between a 
Gossypium sp. and other genera is rare and has been reported only for Abelmoschus 
esculentus (Brown, 1947). In this instance cotton was the maternal parent and the one 
hybrid plant was depauperate and both male and female sterile. 1 have made numerous 
pollinations of hibiscus (Hibiscus acetosella, H. syriacus), okra (Abelmoschus 
esculentus}, and Alyogyne spp. onto semigametic cotton. In many instances seed have 
been obtained, but in all cases the resulting plants have been cotton. Apparently 
parthenogenesis is occurring, a prospect that we intend to study more closely. 1 have 
made numerous attempts to cross cotton (semigametic G. barbadense) onto Hibiscus as 
the matemal parent without success. The available experience indicates that the 
potential for Gossypium to outcross with other malvaceous genera is extremely low to 
nil. 

In the absence of intergeneric hybridization, the major issue to be considered is the 
probability that cultivated cotton species (G. hirsutum and G. barbadense) will 
hybridize with feral or wild species of Gossypium. This potential exists in only three 
locations in the USA where Gossypium species occur naturally. These are 1) south 
Florida, 2) the Hawaii lslands, and 3) southern Arizona. In no instance has frequency 
data on outcrossing been taken. 

The wild diploid, G. thurberi, occurs in the mountains of southern Arizona (Fryxell, 
1979). Linder controlled conditions this species can be made to hybridize with G. 
hirsutum when the latter is the female parent (Beasley, 1942; Gerstel, 1956; Gerstel 
and Phillips, 1958). 1 have made numerous attempts to make hybrids between G. 
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hirsutum and a. thurberi with the latter as the maternal parent - all were unsuccessful. 
The possibility is not nil because several (7) other wild diploids have been hybridized 
as maternal parents including the closely related G. trilobum (Meyers, 1973; Umbeck 
and Stewart, 1985;  unpublished). However, hybrids between G. hirsutum (or 
G. barbadense) and G. thurberi are triploid (3x=39) (Beasley, 1942) and completely 
male and female sterile. For fertility to be obtained the chromosome complement must 
be doubled to the hexaploid levei, ano this has been done experimentally (Beasley, 1942: 
Brown and Menzel, 1952; Gerstel, 1956; Gerstei and Phillips, 1958). No natural 
hexaploids of Gossypium exist in nature even though tetraploid and diploid species have 
coexisted in the Americas in excess of one million years (Wendel, 1989). Ta my 
knowledge no record exists of genetic movement from a higher ploidy genotype to a 
diploid Gossypium either in nature or by human manipulation. All recorded genetic 
movement involving diploids has been from diploids to higher ploidy lines. 

The potential for genetic information to flow from a cultivated Gossypium species to G. 
thurberi is nil by all reasonable criteria. G. thurberi is restricted to the mountainous 
regions of southern Arizona and does not occur in the desert valleys where cotton is 
grown. G. thurberi blooms late in the season (Sept. • Oct.) when commercial cotton in 
the area is being harvested, so there is only minor overlap in blooming. Pollen transfer 
between the two species is highly unlikely, sexual compatibility is very low, and should 
any progeny ever occur, they would be sterile. 

Feral G. hirsutum occurs in the strand areas of southern Florida (Everglades National 
Park) and the Florida Keys (Percival, 1987). The potential for genetic transfer to this 
feral cotton would not differ from the potential for transfer to other contiguous 
cultivated cottons should a transgenic line be grown in the vicinity. Cotton is not grown 
in southern or central Florida, so the potential for genetic transfer by natural means is 
extremely low. Direct human intervention by deliberate hybridization or by cultivation 
of transgenic plants as ornamentals in the area would increase the potential. 

A wild tetraploid species, G. tomentosum, is endemic to some of the Hawaiian lslands 
(Stephens, 1964). All of the known tetraploid species of Gossypium, including G. 
tomentosum, have the 2(AD) genomic constituency and will hybridize with any of the 
other tetraploids (Beasley, 1940a,b). Apparently G. tomentosum is opportunistic and 
blooms whenever sufficient moisture is available (Stephans, 1964), so the potential for 
hybridization is not related to season. Hybrids (F1) between G. tomentosum and G. 
hirsutum are vigorous in vegetative growth but, while fertile, are not particularly 
fruitful (  personal observations). Observations on subsequent generations have 
not been observed in terms of relative fitness for survival. Stephans (1964) reported 
the occurrence of what he considered hybrid swarms from G. barbadense x G. 
tomentosum hybridizations on the island of Oahu. He noted that the plants looked more 
like G. barbadense with some G. tomentosum introgression.  (lowa State 
University, unpublished) has grown several accessions of G. tomentosum under 
greenhouse conditions and examined these for morphological and isozymic diversity. He 
observed morphological variation which he thought represented introqression of G. 
hirsutum. He is of the opinion that his preliminary isozyme data supported the 
supposition but to a lesser degree than what morphological observations would have 
indicated .). Stephans (1964) considered the degree of diversity 
within G. tomentosum to be low, but in fact, a thorough documentation of the diversity 
does not exist. Thus, the question of the degree of interspecific introgression, if any, is 
an unanswered one. 
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My observations on a related wild/cultivated Gossypium interaction in NE Brazil is 
similar to that of Stephens on the Hawaiian species. In plots of Moco cotton (cultivated 
perennial G. hirsutum race 'Marie Galante') 1 commonly found plants with a few 
morphological features characteristic of G. mustelinum. 1 interpret this as gene flow 
from the wild species to the cultivated. In one instance a G. mustelinum plant was found 
growing in a field of Moco cotton. (Would you call this an invader or an escape from the 
wild?) The wild populations of G. mustelinum showed no morphological evidence of 
introgression from cultivated types. A third model can be found on the Galapagos lslands 
with G. darwinii and G. barbadense (Wendel and Percy, 1991). In this case the 
phylogenetic lineage is very close (species pair) and introgression apparently occurs in 
both directions. 

Given the opportunity by proximity, concurrent flowering, and polten vector, wild 
tetraploids, including G. tomentosum, will hybridize with cultivated cotton in both 
directions. Factors that influence the probability that a hybridization event will 
actually occur in Hawaii have been addressed by Monsanto in obtaining an experimental 
use permit (  1991 ). A major point of consideration is the proximity of the 
wild species to the transgenic cultivated type. Distance will exert the same barrier to 
interspecific cross-pollination as on intra-specific crossing. Available evidence 
indicates that G. tomentosum is restricted to the arid regions of Niihau, Oahu, Molokai, 
Maui, Lanai and Kahoolawe (Stephans, 1964). The use of one or more of these islands as 
a winter garden for seed increase of transgenic cotton would increase the potential for 
outcross to the wild species while cultivation on the other islands would pose no threat. 
Due regard for plot location relative to wild populations would need to be taken (if the 
transgenic material is deemed undesirable). 

Gene Transfer to Cultivated Genotypes. 

In as much as similar cotton genotypes are fully compatible, any polten that is 
transferred has the potential to produce a hybrid seed. The degree of outcrossing in a 
production field is strongly dependent upon the geographic location of the field 
(Simpson, 1954), which means upon the crop ecology. The most important factors are 
the kinds and numbers of insect pollen vectors. Bumble bees (Bombus spp.) and honey 
bees (Apis mellifera) are the most significant (Theis, 1953; McGregor, 1959; Moffett 
and Stith, 1972; Simpson and Duncan, 1956) with the former being the most efficient 
pollinator: Typical outcrossing percentages for a number of locations in the cottonbelt 
are listed in Table 1 . These are all old reports made under crop ecological conditions 
that may no langer exist. This is specifically addressed in the report of Meredith and 
Bridge (1973) whose results indicate that out-crossing has declined in the Mississippi 
Delta (from 28% reported by Simpson to 2% average over 11 locations with a range of 
0.0% to 5.9%). This may be typical of many of the cotton growing areas where loss of 
insect habitat and heavy use of insecticides is the norm. On the other hand, if production 
of bioengineered cotton becomes wide-spread and insecticide use declines, bee 
populations may increase and raise the potential for out-crossing to previous levels. 

Considerable-work has been done on the degree of outcrossing between adjacent plants, 
rows and plots of cultivated cotton (Afzal & Rahn, 1950a,b; Green & Jones, 1953 ; 
Thies, 1953; and others summarized in Brown, 1938). Recently, both Monsanto 
(1990 report to APHIS on 7 locations) and Agracetus (Umbeck et al., 1992) used 
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molecular techniques to determine outcrossing from transgenic cotton plots buffered by 
cotton. Both reports showed that no more than 6% outcrossing occurred an border rows 
and the percentage dropped rapidly in rows successively distant from the plot. These 
results adequately show that the containment strategies used under the experimental use 
license were adequate. The question of potential escape under wide-spread cultivation is 
not addressed by any of these data. Almost without question, the transgenic material can 
be expected to be transferred to other cuttivated genotypes over time. Because of the 
perceived benefits of the Bt gene in warm resistance, surreptitious outcrossing to other 
cultivated cotton can be expected. This will be independent of distance, pollinators, etc. 
Only a streng legal stance by the proprietary developers will slow this process, and this 
ultimately will have no bearing. The basic question must be centered an the potential for 
Bt cotton to become a pest or contribute genes that will make a relative a pest. 

Pest Potential of Bt Cotton. 

For anyone familiar with the cottons of the world, this does not merit consideration. All 
wild and feral relatives of cotton are tropical, woody, perennial shrubs other than a few 
herbaceous perennials in NW Australia. With the exception of G. thurberi discussed 
above and G. sturtianum in Australia, these cannot naturally exist even in the milder 
temperate regions. In most instances the distribution of these species is determined by 
seil and climatic conditions rather than insect pressure. As perennials the plants are 
not particularly programmed to produce seed each year. In fact, they tend to drop fruit 
in response to stress. lt is uhlikely that Bt would impact survival either way. The only 
species that approaches the designation of pest is the arborescent G. aridum in parts of 
central western Mexico where it grows in fence rows much like sassafras in parts of the 
US. 

In those areas of the USA where feral or wild cottons occur (south Florida, Hawaii) the 
problem is not potential proliferation of plants but loss of the germplasm resource. In 
this respect, introgression of additional pest resistance (Bt) might be viewed favorably. 
Uttimately if Bt should be transferred to a wild population of a tetraploid, and this was 
considered undesirable, the size of the plants, their perennial growth habit, their 
restricted habitat, and their low natural fecundity (say relative to something like 
Johnsongrass) would make control exceptionally easy. 

Table 1. Typical early reports of out-crossing in cotton. 

Location 

SE Missouri 
Tennessee 
Central Texas 
Southeast 
College Station, TX 

Mississippi Delta 

Percentage 

14 
47 
1 0 
39 

24 - 48 
6.6 
28 
2 
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Appendix IV 

EPA EFGWB Data Evaluation Record 
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DATA EVALUATION RECORO 

Biological Fate: Transgenic cotton plants containing a Bacillus 
thuringiensis delta-endotoxin and an NPTII marker enzyme (Monsanto 
Company; EPA File Symbol 524-EUP-TG) 

Chief, Section 1 
EFGWB/EFED 

CONCLUSIONS: 

Signature: 

Signature: 
Date: __________ _ 

I. Based on the data submitted and a review of the scientific 
literature, EFGWB concludes·that the protocols for this EUP present 
no unreasonable risk of unplanned pesticide production through 
expression of the Bt delta-endotoxiri or NPTII marker enzyme genes 
in wild relatives of the transformed cotton, Gossypium hirsutum L. 
Only two wild species of Gossypium occur in the United States: G. 
thurberi Todaro and G. tomentosum Nuttall ex Seeman (Brown and 
Ware, 1958; Fryxell, 1979; Munro, 1987). ·The fonner has been 
described by Kearney and Peebles (1951): 

Gossypium thurberi Todaro (Thurberia thespesiodes Gray). 
Graham, Gila, Pinal, Ma~icopa, Cochise, Santa Cruz, and Pirna 
counties, reported also from the Bradshaw Mountains (Yavapai 
County), 2,500 to 5,000 (rarely 7,000) feet, rather common on 
rocky slopes and sides of canyons, late summer and autumn. 
Southern.Arizona and northern Mexico. 

A handsome shrub, known in Sonora as algodoncillo (little 
cotton); reaching a height of 4. 2 m. · (14 feet). Petals 
norm-ally spotless, but plants with faint crimson basal spots 
are not.rare. The plant is interesting because a subspecies 
of the cotton boll weevil breeds in the capsules. The form of 
this insect of which G. thurberi is the nonnal host also 
occasionally attacks nearby cultivated cotton, consequently 
the United States Department of Agriculture endeavored at one 
time to eradicate the plant where it grew near areas of 
cotton cultivation. (p. 553) 

The Casa Grande, Maricopa and _Yuma, Arizona sites for this EUP are 
in desert valleys which provide distance and habit~t isol~tion ·trom 
populations of G. thurberi. Notwi thstanding, any gene exhange 
betweeen plants of G. hirsutum and G. thurberi would resul t in 
triploid {Jx=J9), sterile plants because G. hirsutum is an 
allotetraploid {4x=58) and G. thurberi is a diploid (2x=26). Under 
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( 

controlled conditions, hybrids have been produced when G. thurberi 
served as the patern~t; allohexaploids have not been 
reported in the wild ( .... 1991). 

The range for Hawa11an cotton, G. tomentosum has been 
described by Degener (1946): 

. 
LOCAL RANGE: Found on the larger islands as well as on 

Nihau and Kahoolawe. It grows on arid, rocky or clay plains 
not far from the sea. · On the larger islands, i t is hence 
found chiefly on the dry, _leeward side. On Oahu i t is conunon 
near Koko crater, and grows scattered between Honouliuli and 
Makus Valley. On Molokai it is extremely conunon on the 
southwestern end; elsewhere it is rare except near Kamalo. 
Specimens growing·near Kaunakakai, according to Hillebrand, 
differ from the typical. On Maui the species may be found far 
from the sea in one of the valleys south of Wailuku. 
According to Watt ("Cotton Plants of the World" 71. 1907) "In 
the British Museum there- is a specimen with very small leaves, 
entire or three-lobed, which bears the remark that it is 1G. 
parvifolium Nutt. MS.' lt certainly is nothing niore than a 
variety, but it is worthy of separate mention. It would 
appear to have been collected at Owhyhee (Hawaii) . A specimen 
in the Kew Herbarium from the Molokai Island has the three 
leaves very much narrower than is customary and is thus 
probably also this variety of the species." From our present 
knowledge of all these plants, it still seems best to treat 
them as a single species. 

EXTRA RANGE: Endemie to the Hawaiian Islands but cited 
erroneously in the Fij i · Islands as •' well. The closest 
relatives of this species are native to the Galapagos Islands 
and to Australia. (n.p.). 

A later assessment by Stephens (1964) indicated the probable 
geographic range for G. tomentosum as being limited to the six 
islands of Kahoolawe, Lanai, Maui, Molokai, Nihau and Oahu (See 
Appendix 1). The only Hawaiian site requested for this EUP is for 
the seed increase nursery on the island of Kauai. Two surveys by 

 (1990, 1991) found no G. tomentosum growing-or reported 
growing-in the wild on Kauai; cultivated plants of G. tomentosum 
were reported as growing in .a private garden 10 miles from ·the test 
site. Naturalized plants of sea island cotton (pulpulu haole, G. 
barbadense L.) growing within o. 5 miles of the test have been 
destroyed. 

Upland, Hawaiian and sea island cotton are all interfertile 
tetraploids (Beasley, J.O. 1940a,b, 1942). It is noted that the 
tropical climate of Hawaii, which permits a true perennial habit 
for all three Gossypium species, poses a monitoring concern already 
experienced near the test site: "To reduce seed production and 
dispersal it {a plant of G. barbadense within the a) "had 
been chopped down. in .. July., 1990 by this .writer. { -.J.991],. 
but it has quickly regrown, and was flowering prolifically from 
Dec. to early March, 1991." Introgression has been claimed for 
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what Stephens (1964) considered hybrid swarms of G. barbadense x G. 
tomentosum. The possibility of the capture and expression of the 
Bt protein and NPTII enzyme by either species can be prevented by 
restricting pollen movement from the test sit_e, ·denying 
unauthorized personnel access, destroying all propagules (seed, 
vegetative plant parts) not used for further study and monitoring 
for volunteers and suckers following harvest (See Recom.mendations. 
below). 

II. Based on the data submitted and a review of the scientific 
literature, EFGWB concludes the protocols for this EUP present no 
unreasonable risk of unplanned pesticide production through 
~xpression of the Bt delta-endotoxin or NPTII marker enzyme genes 
in feral populations of G. hirsutum or G. barbadense in the 
continental United States. The inability of plants or seeds of 
either of these species to survive freezing temperatures restricts 
their persistence as perennials or recurrent annuals to tropical 
areas. Feral populations of G. barbadense exist in parts of 
southern Florida (Percival, 1987) , but feral populations of neither 
this species nor G. hirsutum have been reported near any of the 
continental test sites subject to this EUP. 

III. Based on the data submitted and a review of the 
scientific literature, EFGWB concludes that expression of the Bt 
delta-endotoxin or NPTII marker enzyme genes in cultivated cotton 
grown for the EUP will nei ther create nor agrravate weedy or 
agressive characteristics. Acquisition of the Bt delta-endotoxin 
would confer selective advantage (specific insect resistance) to 
cultivated cotton, but would not modify .the hardiness, habit 
(shrub), reproductive (not asexually propagated), cultural (host to 
other pests not controlled by Bt) and other limits which have 
prevented either upland or sea island cotton from becoming 
aggressive or weedy despite their long cultivation in the cotton
growing regions of the continental United States. 

IV. Based on the data submitted and a review of the scientific 
literature, EFGWB concludes that the containment strategy of a 
minimum of 24 buffer rows of nontransgenic cotton, or an isolation 
distance of at least of o. 25 miles from any· other cotton, will 
minimize, but not eliminate, the capture and expression of the Bt 
and NPTII genes.by cultivated cotton growing near the test sites. 
Outcrossing rates of 3\ or less are expected in cotton adjacent to 
the last ·(24th) border row or in cotton isolated by a distance of 
0.25 miles. 

With this EUP request, the applicant has submitted the results 
of a 1990 .study on the use of border rows f or containment of 
transgenic pollen. (See Reported Results: Table 1) EFGWB 
concludes that the data submitted with this study do not support 
the outcross·ing rates expressed in the tables because samples were 
pooled from different löcatiöns on p"lants ··and-different positions.: 
within rows. The sarnpling procedure did include these parameters 
but subsequent pooling before seed selection means data presented 
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do not reflect either developmental or spatial variabilities in 
o•tcrossing potential. 

The 1990 study was conducted in conjunction with other tests 
of trangenic and nontransgenic cotton plants at the same sites and 
was not designed solely to determine outcrossing rates·. There was 
not a uniform distribution of single-line transgenic plants in all 
guadrants of the experimental plots. Some border rows were 
perpendicular to the transgenic plants; other were parallel. Kind 
and number of alternate pollen sources varied with site. Nor can 
data from seven 1990 si tes be assumed to reflect the ·expected 
variability at 24 sites during the 1992-93 field tests where new 
locations, field designs, contiguous crops, and pollinator 
densities will interact with unpredictable weather conditions. 

Notwithstanding the predictive limitations of the 1990 
Monsanto outcrossing study, EFGWB concludes that an expected 
outcrossing rate of 3\ or less with either 24 border rows or a 0.25 
mile buffer to other cotton is consistent wi th known information 
concerning the ef fecti veness ,of buff er rows in reducing outcrossing 
in cotton (see below), the foraging behavior of bee pollinators 
{Kareiva et al, 1991), and the use of isolation distance· to limit, 
but not eliminate, gene flow (Association of Official Seed 
Certifying Agencies, 1971; Green and Jones, 1953). 

Species in the genus Gossypium are self-compatible (Fryxell, 
1979) with the timing of anther dehiscence and stigma receptivity 
for G. hirsutum being synchronous. (homogamy). The amount of cross
pollination or "natural crossing 11 (McGregor, 1976) ·that occurs has 
been attributable to many factors including: 

l. The species and number of insect poilinators present 
(Thies, 1953); . 

2. Sugar concentr.ation and composition of floral nectaries 
(Hoffett et al, 1975); 

3. Location with respect to alternate nectar sources, 
such as summer-flowering tamarisk (Moffett and Stith, 
1972). 

4. "Flowering habits of the varieties grown, by the abundance 
of unlike pollen, by location of the fields in relation to 
insect habitats, ••• by distance between unlike topography 
and barrier crops, and by other environmental, climatic and 
biotic factors 11 (Simpson, 1954). 

Insect .pollinators, primarily bumblebees (Bombus spp) and honey 
bees (Apis mellifera L.), are the agents for pollen dispersal in 
the cotton growing regions of the United States; wind is not 
considered a vector (Thies, 1953). Buffer rows have been shown to 
provide effective traps for the outflow of pollen. Simpson and 
Duncan (1956) have explained the dilution effect of such rows as 
follows: 

Assuming .. t.hat. a pollen-.free · burnblebee enters a cotton 
field at random, its first flower visitation will provide an 
initial load. Since the bumblebee's search for food is quite 
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systematic, its flights after entering the field are short, 
usually to the next visible flower. Maximum transfer of 
pollen would logically occur at the first stop after picking 
up en initial load. Pollen distribution from a focal center 
is essentially a •put antl take' procedure. Every step away 
from the focal point resul ts in the l_oss of some fradtion of 
the pollen acquired at the initial stop. And also, every 
step becomes a new focal point for further distribution.(p. 
307) ' 

Using foliar color differences to detect outcrossing events, 
Simpson and ouncan recorded a drop from over 401 to approximately 
Jt in outcrossing through 75 feet of cotton buffer (See Appendices 
2-4). Their experimental design resulted in a decrease with 
distance in the area that was sampled to determine outcrossing. 
Competition between self-pollination and three different sources 
for cross-pollination confound the interpretation of the effects of 
distance and trapping on pollen dispersion. 

Green and Jones ( 1953) examined all progeny (over 100,000) 
from an experiment comparing the effects of 'distance and buffer 
rows on outcrossing (Appendices 5-6) • Buffer rows were more 
effective than distance in reducing hybrid production; outcrossing 
decreased from 19.5% to 1% through 33 feet (2 rods of buffer); the 
decline was to only 4.7% across a cotton-free zone of the same 
distance. Unequal or missing samples and the. possible contribution 
of edge effects complicate the interpretation of this data. 

In other cotton outcrossing experiments, where sample sizes 
are small and population variability is high, the significance of 
the results is diminished. For example, Meredith and Bridge (1973) 
state in the "Abstract" of their study of "Natural Crossing of 
Cotton (Gossypium hirsutum L.) in the Delta of Mississippi": 

The glandless trait was used to study the amount of 
natural crossing in cotton ( Gossypium hirsutum L. ) in the 
Delta of Mississippi. We sampled 102 hills of glandless 
cotton planted in fields of glanded cotton at 11 locations in 
197 2. Natural crossing var ied from O. O to 5. 9 % and 
averaged 2. o.~. There was only o. 2% natural crossing in the 
five Centra1· Delta locations. These results indicated that in 
the Central Delta of Mississippi, cotton is essentially a 
self-pollinated crop. (p. 552) 

The sources for the analysis of variance in this experiment were 
locations (10 degrees of freedom [df]), rows within location (7df), 
location + rows (17df) and hills within rows (84df). "The 
coefficient of variability for hills within a row was 295% The 
ranges [of outcrossing] were from o to 41.1% ••• for all hills." (p. 
552) 

Summary ·data from ~~fferent locations representing several 
years of outcrossing experiments ·may suggest trends·; but· this
measure can also rnask variability. Sappenfield (1963) provides a 
rnean of the rneans for six years data on natural crossing of upland 
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cotton in Missouri indicating that the "average amount of natural 
crossing for the 6-year period over the general production area was 
only moderate and estimated at 13. 6,." The range for one year 
(1958) was from 1.0\ for Bragg City to 32.21 for Diehlstadt. In 
1959 the Oiehlstadt rate was 4. 41; in 1961 it was 23. 01 (See 
Appendix 7) • Thus not only i!s there substantial variability in 
natural outcrossing· from site to site, but from year to _year· at the 
same site as well~ 

other v·ariables that. must be considered in evaluating 
"natural" outcrossing_data for cotton include the plant materials 
being tested. Prior to the' development of recombinant DNA 
technology, morphological differences, such as glanded versus 
glandless and red-leaf versus green leaf, or progeny counts from 
male sterile lines, provided ways to detect outcrossing events. 
Morphological markers may bias outcrossing rates by affecting 
pollinator preference. In the case of male sterile plants, all 
progeny result from outcrossing because there is no self-
pollination. · 

In summary, based on the data submitted and a review of the 
scientific literature, EFGWB concludes that maximum. 011tcrossing 
rates in cotton are site specific and that buffer rows are 
effective in reducing these rates. The reduction curve is 
asymptotic, with the most rapid decline in outcrossing occurring in 
the rows closest to the foreign pollen source. A rate of 31 for a 
minimum of 24 buffer rows is consistent with that reported in 
earlier studies--and within the 95% confidence limits of Monsanto•s 
own data for Boissier City. -199lc, 1992. 

RECOMMENDJ\TIONS: 

I. EFGWB recommends that all sites except the seed increase 
nursery in Hawaii be surrounded by either a mimimum of 24 rows of 
non-transgenic Gossypium hirsutum or be isolated from any other 
cotton by at least 0.25 miles. 

II • EFGWB recommends that in addi tion to the f our rows of 
nontransgenic cotton surrounding the Hawaii seed increase field, 
the following additional measures be taken to prevent the removal 
of propacjules from the test site or the expression of the 
transgenic pesticides in perennial cotton: 

A. Guarantee through physical barriers ( fencing) and/or 
other security measures that the test site will be 
limited to authorized personnel only. 

B. Extend the monitoring period at the test site for 
volunteers or suckers to five months following 
harvest; destroy all suckers or volunteers. 

c. Resurvey .. the .. area .within o. 6- miles,-of the _ test -si te. __ ~ _ .. 
following harvest for any feral plants of Gossypium 
spp; destroy any found. 
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H,ATERIALB AHD KETRODS: 

Konsanto outcrossing Experiment: Buffer Rows and Cotton 

Purpose: To determine levels of outcrossing as affected by 
. buffer rows; included in field tests of 

transgenic cotton plants containing the 
delta-endotoxin from Bacillus thuringiensis 

Year conducted: 1990 
Sites(7): Boissier, Brawley, Casa Grande, College·station 

Halfway, Maricopa and Starkville; fields adjacent 
to College Station and Brawley were also 
surveyed (no sampling information given) for 
outcrossing 

Genotypes: Segregating and homozygous lines from five 
independent transgenic plants of Coker 312 carrying 

· Monsanto construct pMON 5377; nontransgenic 
controls 

Procedures: 

The experiment will be surrounded by 24 border rows to provide 
a trap for all outgoing pollen carried by insects and wind. The 
line used for the border rows will be glandless cotton. Since the 
gene for glandless is recessive to the gene for glands (carried by 
the transgenic cotton), out-cross events can be identified by 
glands on the seed embryos.· At the end of the season, samples will 
be collected from the border cotton by harvesting a boll every 10' , 
al ternating among the bottom, middle, and top of the plants 
harvested. These samples will be collected around the field on 
every other row starting with the row closest to the transgenic 
cotton. This scheme will provide a total of 12 samples per test. 
These samples will be sent to Monsanto' s laboratory in 
Chesterfield, MO so they can be evaluated for outcrossing events. 
The plants that exhibit glands will be used to confirm that the 
border rows were effective in maintaining the gene within the 
confines of the experimental area. 

As it turned out, we were not able to rely solely on the 
marker to determine the rate of outcrossing since seed of the 
glandless line used as border was contaminated with some seed with 
the gene for glanding. Therefore, another assay was used to 
determine which glanded seed harvested out of the border area were 
actually due to an outcrossing event with Bt cotton. An ELISA 
assay developed at Monsanto is used routinely to identify 
seed/plants that are expressing the Bt protein. The assay is 
specific to the Bt protein and very sensitive to small quantities 
of the protein. 

Therefore, the samples were randomly collected from every 
othe~ border row surrounding the field. No attempt was made to keep 
the seed from the different locations on the plant separate. The 
150 seeds were randomly selected from the seed collected at each 
distance. 

.. 
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JU!iPORTED RESULTS: 
'l'able 1 

Percent outcrossing at varying distances from the Bt cotton 
observed at six [seven] test s,ites [and at three adjacent fields]. 

Approximate 
distance 
from A 
test (ft) % 

3.3 
9.9 

16.7 
23.3 
30.0 
36. 7 
43.3 
50.0 
56.7 
63.0 
70.0 
76. 7 

H 
I 
J 

o.o• 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

Location 

B C D 
, s.o.+ , s.o. , 

o.o 
o.o 
o.o 
o.o 
1.3 0.9 
o.o 
o.o 
o.o 
o.o 
0.7 
o.o 
o.o 
o.o 
o.o 
o.o 

3.3 
2.0 
0.7 
o.o· 
o.o 
o.o 
0.7 
o.o 
o.o 
o.o 
o.o 
o.o 

1.5 o.o 
1.1 o.o 
0.7 o.o 

o.o 
o.o 

. o.o 
0.7 o.o 

o.o 
o.o 
o.o 
o.o 
o.o 

A. College Station F. Starkville 
B. Halfway 
c. Brawley 
D. Maricopa 
E. Bossier City 

G. Casa Grande 
H. Adjacent Field l 
I. Adjacent Field 2 
J. Adjacent Field 3 

E F G 
' s.o. ' s.o. ' 

4.7 1.7 
o.o 
o.o 
o.o 
o.o 
2.0 1,.1 
o.o 
o.o 
0.0 
o.o 
0.7 0.7 
0.1 I 0.7 

2.0 
3.3 
o.o 
0.7 
o.o 
2.0 
1.3 
o.o 
o.o 
0.7 
o.o 
o.o 

1.1 
1.5 
o.o 
0.7 

Ll 
0.9 

0.7 

o.o 
o.o 
o.o 
o.o 
O.() 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

*Values represent the percent seed harvest at a given distance 
expressing the Bt protein in ELISA assay. 

+Standard deviations were calculated where a positive event was 
observed· using the binomial distribution (Snedecor and cochra·n, 
1967, Iowa state Univ. Press. p. 207-209.) · 

-1991b, 1992. [Chart derived from both documents: Casa 
~s not appear in document 1991b: standard deviations are 
misaligned for 3 entries in document 1991a] 
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APPENDICESI 
Appendix 1 

Figure 1: Geographie Range of Gossypium tomentosum in the Hawaiian 
Islands 

KAUAI -- --- ..... --- -·+-----+------t---+4 

MOC.OKAI 

MAUi 

H.A.WAI ........... 
, .:L ! .. ,,,. 

Figure 1. Geographie range of Gossypium tomentosum Nutt. in the 
Hawaiian Islands (1963). Solid circles indicate collection sites: 
those enclosed in rings represent sites of former collections 
unchecked during the present study. The open circle indicates si te 
of hybrid populations. Shaded areas correspond to regions with an 
average rainfall of 20 inches or less. Stephens, S.G. 1964. p.387 
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>.ppendix 2 

Cotton Pollen Dispersal By Insects: Field Layout 

1. 
1 

1------------------ 616' 

DtRIDOER RED•LEAF · 

. ,, .. 

Figure 1.-Diagram of field lay-out of natural crossing experiment. 
The circles were planted in alternate rows of Golden crown and 
green-leaf varieties. The area outside the circles·was planted 
with DeRidder, a red-leaf cotton. Simpson, O.M. and E.N. Duncan, 
1956. p. (306) 
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Appendix 3 

Cotton Pollen Dispersal by Insect: Table l 

Table 1.-Natural crossi~g between green-leaf varieties and Golden 
crown planted in alternate ·· rows within circles surrounded by 
DeRidder red-leaf. (Averages only cited] 

Circles 

I 

II 

III 

.Q 

Natural crossing percentage at 
sampling point indicated 

25 2.2 ll 

T-92 X Golden Crown 
29.4 41.2 43.4 45.l 

38.6 

44.7 

T-139 X Golden Crown 
35.8 38.0 42.8 

Plains X Golden Crown 
32.4 41.3 45.9 

Simpson, D.M. and E.N. Duncan, 1956. p. (307) 

Appendix 4 

Cotton Pollen Dispersal by Insects: Table 2 

Table 2. -Natural crossing between DeRidder red-leaf and other 
varieties at specified isolation distances •. (Averages only cited) 

Circles 

I 

II 

III 

Natural crossing percentage at 
designated isolation distance (feet) 

.Q 25 so ll 
DeRidder X T-92 

24. l 3. 9 1. 9 2. 5 
DeRidder X Golden Crown 

25.2 4.1 1.6 2.7 
OeRidder X T-139 

31.6 5.4 3.0 3.4 
peRidder X Golden Crown 

22. l 3. 8 2. 0 2. 7 
OeRidder X Plains 

21.2 4.s 2.s 2.6 
DeRidder X Golden Crown 

25.4 3.9 2.9 2.5 

Simpson, O.M. and E.N. ouncan, 1956. {p 307) 
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Appendix 5 

Isolation of Cotton for Seed Increase: Field Layout 

of1 1 

Figure 1.-Arrangement of the blocks of red and green cotton grown 
in 1951 near Lake Carl Blackwell, 0kla. The five smaller blocks 
were planted to normal green cotton. Percentages of hybrids 
resulting from natural crossing are indicated for each row in the 
blocks at o, 1, and 2 rods, and for 10 foot sections of the blocks 
at 5 and 10 rods. Green, J.M. and M.D. Jones. 1953. (p. 367) 
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Appendix 6 

Isolation of Cotton for Seed Increase: Table l 

Table 1. - Total numbers of plants counted and percentages of 
hybrids observed in the progeny of green plants grown ·at the 
indicated distances from a block of red cotton. 

Row Distance in Rods from Red Cotton 
in 0 1 2 
Block Total tHybrids Total %Hybrids total %Hybrids 

1 4583 19.48 3313 5.98 1311 4.73 
2 4160 14.83 3371 6.73 1146 4.10 
3 5030 9.22 496 4.23 3368 2.50 
4 2805 6.31 ----* 3569 2.21 

·s 7462 4.21 930 2.15 1474 2.64 
6 5369 3.75 7823. 1.11 753 3.98 
7 3185 3.80 2538 1.42 1711 1.93 
8 1904 3.83 1270 2.36 1081 2.59 
9 377 2.62 7884 1.23 1523 2.36 

10 96 1.04 3538 0.82 2064 1.50 

Totals 28284 6. 95 31163 2.39 17990 2.61 

Table 1 (cont.).- Total numbers of plants counted and percentages 
of hybrids observed in the progeny of green plants grown at the 
indicatded distances from a block of red cotton. 

Row Distance in Rods from Red Cotton 
in 5 1 
Block Total %Hybrids Total %Hybrids 

1 1317 0.61 1325 0.60 
2 837 0.96 427 0.47 
3 1275 1.49 1202 0.08 
4 824 2.30 856 o.oo 
5 1397 0.72 1115 0.27 
6 1093 1.45 954 o.oo 
7 647 0.15 549 0.55 
8 1289 0.54 1021 0.29 
9 1797 1.00 1506 0.07 

10 2241 0.67 731 0.27 

Totals 14302 0.86 9686 0.24 

Green, J.M. and M.D. Jones. 1953. (p. 367) 
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Appendix 7 

Natural Crossing in Upland Cotton In Southeast Missouri: Table 1 

Table 1-Estimates of natural crossing in Upland cotton in southeast 
Missouri, 1956-61. · 

Location 

Sikeston 
Dorena 
Halden 
Bucoda 
Oiehlstadt 
Bell City 
Bragg City 
Portageville 
Dry Bayou 

Percent natural crossing 
1956 1957 1958 1959 1960 
7.4 15.9 5.3 5.9 5.5* 

28.9 12.8 6.6 
24.5 25.5* 7.5* 
9.1 7.2 

32.2* 4.4* 
17.l 
1.0• 13.9 

7.7 

1961 Meao 
a.o 

16.1 
19. 2 
8.2 

23.0* 19.9 
17. 1 
7.5 

7.4 7.6 
20.6 

Mean 19.6 14.4 7.7 6.6 17.0 13.9 
*Irrigated 
Sappenfield, W.P. 1963. p. (566} 
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Protection Agency (EPA File f 524-EUP-TG) concerning "Response to 
questions on Monsanto's request for an experimental use permit to 
allow field testing of several forms of Bacillus thuringiensis var. 
kurstaki insect control protein as expressed in cotton." 

Simpson, O.M. 1954. Natural cross-pollination in cotton. u.s. Dept. 
Agr. Tech. Bul. 1094. 

Simpson, o. M. and E. N. Ouncan. 1956. Cotton pollen dispersal by 
insects. Agron. J. 48: 305-308. 

Stephens, S.G. 1964. Native Hawaiian cotton (Gossypium tomentosum 
Nutt.). Pacific Science 18: 385-398. 

1991. Gene transfer between contiguous cultivated 
cotton and between cultivated cotton and wild relatives: report to 
Monsanto Company. In-l99la (op. cit.). pp 10-15. 

Thies, S.A. 1953. Agents concerned with natural crossing''of cotton 
in Oklahoma. Agron. j. 45: 481-484. 
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1991 B.t.k . COTTON FIELD RELEASES 
(USOA PERMIT #90-347-01} 

FINAL REPORT 

Monsanto Co. 

Amended April 18, 1994 

The purpose of this field release was to test the insect control in cotton genetically
modified to contain the gene from Bacillus thuringiensis (B.t.k.) that encodes its insect 
control protein, The cotton was tested at six sites by six different cooperators (listed 
below). 

Sites and cooperators Cotton Lines Iested 

Loxiey. AL site 65, 81, 247, 249 

[ CBI DELETED 

] 

Marjcgpa, AZ 65, 81, 247, 249 

[ CBI DELETED 

1 

Bossier OilY, LA sjte 65, 81, 247, 249 

[ CBI DELETED 

] 

starkvme, MS sjte 65, 81, 247, 249, 531 

[ CBI DELETED 

] 

000168 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



USDA Permit #90-347-01 - Final Report 
April 18, 1994 
Page2 

coneoe Station. rx sjte 65, 81, 247, 249 

[ CBI DELETED 

] 

Halfway. IX s;te 65, 81, 247, 249 

[ CBI DELETED 

] 

ßeootvpes: 

This fiele! release included the following genotypes: 

- Segregating and homozygous lines from Independent transgenic plants of Coker 312 
carrying the following vectors: 

YECIQB # 
PV-GHBK01 
PV-GHBK02 
PV-GHBK04 

L!NES 
Line 65, 81 
Une 247, 249 
Une 531, 757, 931 

Non-transgenic controls. 

Schedule of maior operat;ons: 

April-May 

April-May 

Sept.-Dec. 

Seed were packaged according to the protocol and shipped trom lhe 
Monsanto research center in Chesterfield, Missouri to the 
cooperators via overnight delivery service. All the seed arrived 
safely and were stored in accordance with the conditions described 
in the permit. 

Seed planted 

Harvest and shipment of seed cotton samples back to Monsanto 
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post-harvest After completion ot the test at each site, the seed cotton not shipped 
to Monsanto was spread in the field. The entire field was disked. 
The area was observed tor two months following termination for 
any volunteer cotton, which was destroyed by either hand weeding 
or additional cultivation. 

Plant arowth and aeneral obseryatjons: 

The transgenic plants did deviate from the agronomic standard exhibited by Coker 312. 
The variation is random in its expression with no correlation to B.t.k. protein, level of 
expression, etc. There are several explanations for that variation including random 
selection out of the genetic variation in the cultivar, genetic alteration due to the 
transtormation/tissue culture process, or changes in cotton gene tunctioning due to the 
introduced gene. Observations suggest that the engineered plants were within the range 
of variation expected based on these sources of variation. 

The plants were regularly monitored for Agrobacterium infection symptoms. None could 
be found. 

Responses to specific issues: 

1 ) Horjzontal moyement: 

At the Loxley, AL site, no border rows were used since no commercial cotton was 
planted within 1/4 mile of the test. At the other five sites, the B.t.k. plots were 
surrounded by 24 border rows (~80') of non-transgenic cotton. This cotton served 
as a sink for pellen carried by insect from the test area. Based on the previous 
years· data, it is safe to assume that little or no pellen from the B.t.k. plants was 
carried outside of the test area. 

2 ) Changes io survivat characterjstjcs; 

There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 

3 ) Expression level of the oeoes; 

Only one line was evaluated for gene expression levels. However, that line probably 
represents the level of expression in the other lines tested. In the leaf, the mean 
expression across all sites was 13.3µg B.t.k. protein/g fresh weight with a standard 
deviation of 3.8µg/g. The range was 8.3-17.9µg/g fresh weight. In the seed, the 
mean expression across all sites was 8.5µg B.t.k. protein/g fresh weight with a 
standard deviation of 2.3µg/g. The range was 6.0-11.9µg/g fresh weight. 
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Ultimately, the expression of the B.t.k. gene was measured through insect control. 
Excellent insect control was observed at all sites with several different insects 
including cotton bollworm, tobacco budworm, fall armyworm, and cotton leaf 
perforator. 

4 ) StabililY and ioherjtance of the new aenes; 

No unusual inheritance pattems were observed when the material used in these tests 
were originally evaluated in our greenhouses. 

s ) PubUshed data: 

At this point, there is no published data from these experiments. 
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1991/92 KAUAI, HAWAII TRANSGENIC COTTON FIELD 
RELEASE 

(USOA PERMIT #91-144-01)(Mons # 91-048 PS 64) 

FINAL REPORT 

Monsanto Co. 

Amended April 19, 1994 

The purpose of this field release w~ primarily to increase seed of cotton genetically
modified to contain the gene from Bacillus thuringiensis (B.t.k.) that encodes its insect 
control protein. Same crosses were made between the transoenic lines and breeding 
lines. The fielet release was mal"l@ied on the site ~BI DELETEo]f Northrup King 
Company[CBI DELETED JHI, 96796. 

Genotypes: 

This field reiease included the following genotypes: 

- Segregating and homozygous lines from independent transgenic plants of Coker 312 
carrying the following vectors: 

VECTOR # 
PV-GHBK01· 
PV-GHBK02 
PV-GHBK04 
PV-GHBK0S 

LINES 
Une 81 
Une 247, 249 
Une 531, 629, 660, 931 
Line 1015 

- Non-transgenic controls and breeding material. 

s,hedule of ma;or 0121rations: 

Sept. 27, 1991 Seed were transported from the Monsanto research center in 
Chesterfield, Missouri to the Northrup King experimental farm in 
Kauai, Hawaii. The seed were shipped via an ovemight carrier in 
containers as specified in the protocol. The seed arrived safely in 
Kauai and were stored at the Northrup King facility, in accordance 
with the conditions described in the permit. 

October 4, 1 992 First planting 

October 18, 1991 Second shipment of seed 

Oct. 25•26, 1991 Second planting 
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March 3-4, 1992 The bolls that were open were harvested for the first sample. As 
described in the permit application, the seed cotton was 
transported from the field site to the Northrup King facility. The 
seed cotton was place an dryer for at least two days. The seed 
cotton was treated with phosphine for five days as required by 
APHIS prior to shipping back to the Monsanto research facility. 

March 12, 1992 First shipment of seed back to Monsanto 

March 14-16, 1992 The bolls that were open were harvested for the second sample. 

March 17, 1992 

March 31-
April 3, 1992 

April 1 , 1992 

April 7-8, 1992 

April 10, 1992 

The seed cotton was handled in the same manner as described above 
for the first harvest. 

Second shipment of seed back to Monsanto 

The bolls that were open were harvested for the third sample. The 
seed cotton was handled in the same manner as described above for 
the first harvest. 

Third shipment of seed back to Monsanto 

The bolls that were open were harvested for the fourth sample. 
The seed cotton was handled in the same manner as described above 
for the first harvest. 

Fourth shipment of seed back to Monsanto 

April 21-24, 1992 The bolls that were open were harvested for the fifth sample. The 
seed cotton was handled in the same manner as described above for 
the first harvest. 

April 30, 1992 

April, 1992-
April, 1993 

Fifth shipment of seed back to Monsanto 

The plants in the field were pulled up and left to dry in the field. 
After drying, the plants were burned. The field was then disked. 
The area was observed for one year following termination for any 
volunteer cotton, which was destroyed by either hand weeding or 
additional cultivation. 
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Plant growth and general obseryaUons: 

Except for some somaclonal variation in the transgenic plots due to mutations induced 
during the tissue culture process, both transgenic and non-transgenic plants grew 
normally during the course of the experiment. 

The plots were regularly monitored for Agrobacterium infection symptoms. None could 
be found. 

Responses to specjfic issues: 

1 ) Horizontal roovement: 

As required in the protocol, the planting was surrounded by 4 border rows of non
transgenic cotton to serve as a sink and dilution factor for pollen carried by insects. 
In the previous two years, we have conducted extensive surveys of the area for 
potential recipients of polten from the transgenic plants. None have been identified 
within 1/2 mile of the site. Last year, we tested seed from the one ferrel plant 
identified at a 1/2 mile distance, and no B.t.k. gene expression was observed. Based 
on these previous observations, it is unlikely that any horizontal movement occurred 
in this field test. 

2 ) Changes io sucvival characterjstjcs; 

There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 

3 > Expression level ot the genes: 

Since the sole purpose of this field release was to increase seed quantities, no 
expression data were collected nor was any attempt made to assess insect control. 

4 > Stabmty and ioberjtance ot the oew oenes; 

Gene inheritance and stability behaved as expected in the seed obtained from these 
increases. 

s > Pubtished data; 

At this point, there is no published data by Monsanto for this specific test. 
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1992 St COTTON FIELO RELEASES 
(USDA PERMIT #91„347-02) 

FINAL REPORT 

Monsanto Co. 

The purpose of this field release was to test and breed cotton genetically-modified to 
contain the gene from Bacillus thuringiensis var. kurstaki (B.t.k.) that encodes its 
insect control protein. The cotton was tested at 17 sites by 16 different cooperators 
(listed below). 

Sites ang cooperators Cotton un,s Iested 

LoxJey, AL sjte 249, 531 

[ CBI DELETED 

J 

081, 249 

[ CBI DELETED 

] 

Maricgpa. AZ site 249 

[ CBIDELETED 

] 

Maricopa, AZ. sjte 249, 531, 626, 660 

[ CBI DELETED 

J 
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Yuma. AZ sjte 

[ CBI DELETED 

Wabbesaka AB s;te 

[ CBI DELETED 

Shatter. CA sjte 

[ CBI DELETED 

Tifton. GA s\te 

[ CBI DELETED 

[ 

St. Joseph LA sjte 

[ 

081 

l 

081. 249 

] 

081, 249 

] 

249. 531. 660, 931 

] 

249, 531 

J 

081 

J 
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Chatharn. MS site 

[ CBIDELETED 

Moroao City. MS site 

[ CBIDELETED 

Scott MS site 

f CBIDELETED 

[ CBIDELETED 

coneoe Slation IX site 
•·, '?·>;C,. 

[ CBI DELETED 

Com1,s Christi IX site 

[ CBI DELETED 

081 

l 

081 

] 

081, 249 

l 

249, 531, 626, 660, 931 

] 

249, 531, 629, 660 

] 

081 

1 
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Tivoli, IX site 081, 249 

This field release included the following genotypes: 

Segregating and homozygous cotton lines as follows: 

VECTOR # 
PV-GHBK01 
PV-GHBK02 
PV-GHBK04 

LINES 
081 
249 
531, 626, 660, 931 

Non-transgenic controls. 

Schedule of major operatjons: 

April-May 

April-May 

Sept.-Dec. 

post-harvest 

Seed were packaged according to the protocol and shipped from the 
Monsanto research center in Chesterfield, Missouri to the 
cooperators via overnight delivery service. All the seed arrived 
safely and were stored in accordance with the conditions described 
in the permit. 

Seed planted 

Harvest and shipment of seed cotton samples back to Monsanto 

After completion of the test at each site, the seed cotton not shipped 
to Monsanto was spread in the field. The entire field was disked. 
The area was observed for twelve months following termination 
for any volunteer cotton, which was destroyed by either hand 
weeding or additional cultivation. 
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Plant growtb and general obseryations: 

The transgenic plants did deviate from the agronomic standard exhibited by Coker 312. 
The variation is random in its expression with no correlation to B.t.k. protein, level of 
expression, etc. There are several explanations for that variation including random 
selection out of the genetic variation in the cultivar, genetic alteration due to the 
transformation/tissue culture process, or changes in cotton gene functioning due to the 
introduced gene. Observations suggest that the engineered plants were within the range 
of variation expected based on these sources of variation. 

The plants were regularly monitored ,for Agrobacterium infection symptoms. None could 
be tound. 

Responses to specific issues: 

1 > Hortzontal moyement: 

The B.t.k. plots were surrounded by 24 border rows (~80') of non-transgenic 
cotton. This cotton served as a sink tor pellen carried by insect trom the test area. 
Based on the previous data, it is unlikely that pellen from the B.t.k. plants was 
carried outside ot the test area. 

2 ) Changes io suryiyal characterjstjcs: 

There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 

3 > Expression 1eve1 ot the aenes; 

The expression of the B.t.k. gene was measured through insect control. Excellent 
insect control was observed at all sites with several different insects including cotton 
bollworm, tobacco budworm, fall armyworm, and cotton leaf perforator. 

4 > Stabmty and ioberltance ot the oew genes; 

No unusual inheritance patterns were observed. 

5 ) PubHshed data; 

At this point, there is no published data trom these experiments. 
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1993 St COTTON FIELD RELEASES 
(USDA PERMIT#93-011-02) 

FINAL REPORT 

Monsanto Co. 

The purpose of this field release was to test cotton genetically-modifled to contain the 
gene from Bacillus thuringiensis (Bt) that encodes its insect control protein. The cotton 
was tested at three sites by three different cooperators (listed below). 

Sites and cooperators 

Rictttgnds. J•.fC stte 

[ CBIDELETED { [ CBI DELETED 

] 

[ CHI DELETED 

] 

Genotypes: 
This field release included the tollowing genotypes: 

Derivatives of Coker 312 homozygous for PV-GHBK04 
Coker 312 controts. 

ichlands, North Carolina 
ocky Mount, North 
arolina 
amesville, North Carolina 

1 Yector f 
PV-GHBK04-

.LinU 
Line 531 

ns: 

Une Evatuated1 
531 
531 
531 

000180 

] 
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Schedule of major operations: 

May 

May 

October 

post-harvest 

Seed were packaged according to the protocol and shipped from the 
Monsanto research center in Chesterfield, Missouri to the 
cooperators via overnight delivery service. All the seed arrived 
safely and were stored in accordance with the conditions described 
in the permit. 

Seed planted 

Harvest and shipment of seed samples back to Monsanto 

After completion of the test at each site, the seed cotton not shipped 
to Monsanto was spread in the field. The entire field was disked. 
The area was observed in the fall for volunteer plants. continued 
monitoring tor volunteers will continue until the end of the 1994 
cropping cycle in this area. All volunteer plants observed will be 
destroyed by hand weeding, cultivation, or with chemical sprays. 

Summary of Observations 

Plant arowth and aeneral obseryations: 
The transgenic plants did deviate from the agronomic Standard exhibited by Coker 312. 
The variation is random in its expression with no correlation to Bt protein, level of 
expression, etc. There are several explanations for that variation including random 
selection out of the genetic variation in the cultivar, genetic alteration due to the 
transformation/tissue culture process, or changes in cotton gene functioning due to the 
introduced gene. Observations suggest that the engineered plants were within the range 
of variation expected based on these sources of variation. 

The plants were regularly monitored for Agrobacterium infection symptoms. None could 
be found. 

Responses to specific issues: 
1 > Horjzontal moyement; 

The Btk plots were surrounded by 24 border rows (~80') of non-transgenic cotton. 
This cotton served as a sink for pellen carried by insect from the test area. Based on 
the previous data, it is unlikely that pellen from the Btk plants was carried outside 
of the test area. 

2 ) Changes. io survival characterjstjcs; 
There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 
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3 ) Expression level of the aenes: 
The expression of the Btk gene was measured through insect control. Excellent 
insect control was observed at all sites with several different insects including cotton 
bollworm. tobacco budworm, and European corn barer. 

4 ) Stabmty and ioherjtance of the new aenes: 
No unusual inheritance patterns were observed. 

s ) Published data: 
At this point, there is no published data from these experiments. 
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Specific Location Evaluations 

Bichlands, NC sjte 

Planted - May 17, 1993 
Harvested - October 14, 1993 

Field Monitoring for Weediness Characteristics 
Germination was reported as follows. Observation made on 30 foot of row on May 25, 
1993: 

Line 531 Untreated - 85% emergence 
Une 531 Treated - 75% emergence 
Coker 312 Untreated - 82% 
Coker 312 Treated - 85% 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 

Number of flowers or bolls per plant 
In the protected Btk versus the non-protected Btk plots, the total fruit was 
statistically similar, though numerically favoring Line 531. Observation made on 
800 plants on June 8, 1993. 

Monitoring for Plant Growth Characteristics 

Multiple observations of the plots were taken throughout the growing season with no 
differences in plant vigor, leaf morphology plant height and other characteristics 
observed. 

Field Monitoring for lnsect Susceptibility 

Approximately 400 bolls, including transformed and non-transformed, were 
observed on August 11, August 17. August 25 and September 1. No differences were 
observed between the transformed and non-transformed ptants in the incidence of 
European Com Borer infestation of the plants. 

Field Monitoring for Disease Susceptibility 

On May 25, approximately 1440 plants were observed for differences in 
susceptibility to plant diseases. Approximately 2% of all plants were determined to 
be infected with Rhizoctionia stem rot. No differences in infection were observed 
between the transformed and non-transtormed plants. 
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Rocky Mount, NC s;te 

Planted - May 17. 1993 
Harvested - October 18, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the Btk Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made on 1 O foot of row on June 1, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on 800 plants ,an June 19, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on 800 plants on June 19, 1993. 

Monitoring for Plant Growth Characteristics 

Approximately 800 plants, including transformed and non-transformed, were 
observed on June 24, June 30, July 8, July 14, July 22, July 29, August 5, 
August 12, August 19, August 27 and September 10. No differences in plant vigor, 
leaf morphology plant height and other characteristics were observed. 

Field Moni.toring for lnsect Susceptibility 

Approximately 800 plants, including transformed and non-transformed. were 
observed on June 24, June 30, July 8, July 14, July 22, July 29, August 5, 
August 12, August 19, August 27 and September 10. No differences were observed 
between the transformed and non-transformed plants in the incidence of non-target 
insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

On June 1 , 10 foot of row was inspected, on June 17, all of the plots were visually 
inspected and approximately 800 plants, including transtormed and non
transformed, were observed on June 24, June 30, July 8, July 14, July 22, July 
29, August 5, August 12, August 19, August 27 and September 10. No differences in 
the susceptibility of the plants to diseases were observed. 
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Jamesvme, NC sjte 

Planted - May 17, 1993 
Harvested - October 20, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the Btk Cotton was determined to be equivalent to the non
transtormed Coker 312. Observation made on 1 O foot of row on June 1, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on 800 plants on June 14, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transtormed. 
Observation made on 800 plants on June 14, 1993. 

Monitoring for Plant Growth Characteristics 
Approximately 800 plants, including transformed and non-transtormed, were 
observed on June 23, June 29, July 7, July 14, July 21, July 27, August 2, 
August 10, August 18 and August 23. No differences in plant vigor, leaf morphology 
plant height and other characteristics were observed. 

Fleld Monitoring for lnsect Susceptibility 

Approximately 800 plants, including transformed and non•transformed, were 
observed on June 23, June 29, July 7, July 14, July 21, July 27, August 2, 
August 10, August 18 and August 23. No differences were observed between the 
transtormed and non-transtormed plants in the incidence of non•target insects 
infesting the plants. 

Field Monitoring for Disease Susceptibility 

On June 1, 1 O foot ot row was inspected, on June 16, all of the plots were visually 
inspected and approximately 800 plants, including transformed and non
transformed, were observed on June 23, June 29, July 7, July 14, July 21, July 
27, August 2, August 1 o, August 18 and August 23. No differences in the 
susceptibility of the plants to diseases were observed. 
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1993 Bt COTTON FJELD RELEASES 
(USDA PERMIT#93-011•05) 

FINAL REPORT 
April 11, 1994 

Monsanto Co. 

The purpose of this field release was to test cotton genetically-modified to contain the 
gene from Bacillus thuringiensis var. kurstaki(B.t.k.) that encodes its insect control 
protein. The cotton was tested at twenty one sites by twenty two different cooperators 
(listed below). 

Sites and cooperators 

Loxtey Alabama site 

[ CBI DELETED 

Prattville Alabama site 

[ CBI DELETED 

Casa Grande Arizona site 

[ CBI DELETED 

Maricopa Arizona site #1 

[ CBI DELETED 

Maricopa Arizona site #2 

[ CBI DELETED 

Cotton Lioes Tested 

531, 757, 931, 1076, 1172, 1195 

1 

1076 

Not Plantecl 

] 

531, 1076 

1 

531, 757. 1076, 1172 

] 
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sues and coooerators 

[ CBI DELETED 

[ CBI DELETED 

'"'"-'7+;s.:~:z:-..:X99;tf,f'/f;7;i,(/✓.;!iPlJW 

Wilmot
0 

O A°rkansas site 

[ CBI DELETED 

Shafter California site 

[ CBI DELETED 

Tifton Georgia site 

[ CBI DELETED 

Bossier City Louisiana site 

[ CBI DELETED 

J 

l 

1 

J 

] 

] 

Cotton Lioes Iested 

531, 1076 

531, 757, 931, 1076, 1172, 1578, 
1626, 1849, 1888, 2020 

1076 

757, 931, 1076, 1172 

531, 757, 1076, 1172, 1578, 1849, 
2020 

531, 757, 931, 1076, 1172 
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s;tes and cooperators 

St. Joseph Louisiana site 

[ CBI DELETED 
] 

Chatham Mississippi site 
,.,,,u,.,, ,, , -~• ,c,,c;.c/c//~-;r:,,.-c,,o'"'~-'''', 

[ CBI DELETED 

Morgan City Mississippi site 

[ CBI DELETED 

Scott Mississippi site 

[ CBIDELETED 

J 

Starkvllle Mississippi site #1 

[ CBI DELETED 

l 

l 

l 

Cotton unes Tested 

1076 

1076 

081, 757 

531, 757, 931, 1076, 1172, 1578 
1626, 1849, 1888, 2020 

531,757,931, 1076, 1172, 1195 
1578, 1849, 1888, 2020 

Starkville Mississippi site #2 757 

] 
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S;tes and cooperators Cotton Lines Tested 

Flore11Clit ... South Carolina site 1 D 7 6 

[ CBI DELETED 

] 

[ CBI DELETED 

] 

Corpus Christi Texas site 1 O 7 6 

[ CBI DELETED 

l 

Halfway Texas site 531 

[ CBI DELETED 

1 

Sinton Texas site 531, 757, 931, 1076, 1172, 1195 

[ CBl DELETED 

] 

GenotvPes: 

This fiele! release included the following genotypes: 

Derivatives of Coker 312 homozygous for PV-GHBK01,PV·GHBK02,PV-GHBK03, 
PV-GHBK04 and PV-GHBK07 
Coker 312 controls. 
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Schedule ot major 
May-Jun 

May-Jun 

Aug-Dec 

post-harvest 

operations: 
Seed were packaged according to the protocol and shipped 
from the Monsanto research center in Chesterfield, 
Missouri to the cooperators via overnight delivery service. 
All the seed arrived safely and were stored in 

Seed planted 

Harvest and shipment of seed samples back to Monsanto 

After completion of the test at each site, the seed cotton not 
shipped to Monsanto was spread in the field. The entire 
field was disked. The area was observed in the fall for 
volunteer plants. continued monitoring for volunteers will 
continue until the end of the 1994 cropping cycle in this 
area. All volunteer plants observed will be destroyed by 
hand weeding, cultivation, or with chemical sprays. 

Plant growth and oeoeral observat;ons: 
The transgenic plants did deviate from the agronomic standard exhibited by Coker 312. 
The variation is random in its expression with no correlation to B.t.k. protein, level of 
expression, etc. There are several explanations for that variation including random 
selection out of the genetic variation in the cultivar, genetic alteration due to the 
transformation/tissue culture process, or changes in cotton gene functioning due to the 
introduced gene. Observations suggest that the engineered plants were within the range 
of variation expected based on these sources of variation. 

The plants were regularly monitored for Agrobaoterium infection symptoms. None could 
be found. 

Responses to specific jssues: 

1 ) Horizontal moyement: 
The B.t.k. plots were surrounded by 24 border rows (-80') of non-transgenic 
cotton. This cotton served as a sink for pollen carried by insect from the test area. 
Based on the previous data, it is unlikely that polten from the B.t.k. plants was 
carried outside of the test area. 

2) Changes io sucviva1 character;sucs; 
There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 

3 } Express;on levet Pi the genes; 
The expression of the B.t.k. gene was measured through insect control. Excellent 
insect control was observed at all sites with several different insects including cotton 
bollworm, tobacco budworm, and European corn borer. 
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4 ) Stabmty and ioberjtance of the new genes: 
No unusual inheritance patterns were observed. 

5) PubUshed data: 
At this point, there is no published data from these experiments.USDA#93-011-02 

Individual Site Information 

Loxtey, AL sjte 

Planted - June 2, 1993 
Harvested - October 26, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined tobe equivalent to the non
transformed Coker 312. Observation made on 20 plants on June 28, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on 25 plants on June 19, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on 25 plants on September 7, 1993. 

Monitoring for Plant Growth Characteristics 
The trial was observed on June 28, July 26, August 23, September 20 and October 
11 . No differences in plant vigor, leaf morphology plant height and other 
characteristics were observed. 

Field Monitoring for lnsect Susceptibility 

The trial was observed on June 28, July 26, August 23, September 20 and October 
11 . No differences were observed between the transformed and non-transformed 
plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

The-trial was observed on June 28, July 26, August 23, September 20 and October 
11. No differences in the susceptibility of the plants to diseases were observed. 
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Prattvme, AL sjte 

Planted - May 17, 1993 
Harvested - October 15 and October 25, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made on all plants on May 27, 1993 

Number of days from planting to flowering (75% of plants have initiated} 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 13, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on August 2, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 21, July 9, July 20, July 30, 
August 9, August 20, August 31 and September 10. No differences in plant vigor, 
leaf morphology plant height and other characteristics were observed. On , 
September 15 and September 17 it was reported that the plants seemed to be 
shedding their leaves prematurely. At first this was suspected to be due to the heavy 
boll load, as the leaf loss was more pronounced in the B.t.k. plots. Later laboratory 
analyses of the plants revealed that the leaf loss was due to a potassium deficiency. 

Field Monitoring for lnsect Susceptibility 

Approximately 300 plants within the trial were observed on June 21, July 9, July 
20, July 30, August 9, August 20, August 31, September 1 o, September 15 and 
September 17. No differences were observed between the transformed and non
transformed plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 21, July 9, July 20, July 30, 
August 9, August 20, August 31, September 10, September 15 and September 17. 
No differences in the susceptibility of the plants to diseases were observed. 
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Maricopa, Az site 

Planted - May 18, 1993 
Harvested -December 6 - 8, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made an all plants an June 7, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants an July 15, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on September 16, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed an June 7, June 30, July 15, August 3, 
September 16, October 5, November 2 and December 7. No differences in plant 
vigor, leaf morphology plant height and other characteristics were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on May 26, June 7, June 30, July 15, July 
29, August 3, August 13, September 16, October 5 and November 2. No differences 
were observed between the transformed and non-transformed plants in the incidence 
of non-target insects infesting the plants. lt was noted that both the transgenic and 
non-transgenic cotton plants were equally susceptible to the sweetpotato whitefly. 
This is expected as the B.t.k. protein does not have activity against the sweet potato 
whitefly. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 30, July 15, August 3, September 
16, October 5, November 2 and Oecember 7. No differences in the susceptibility of 
the plants to diseases were observed. 
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Yuma, Az sjte (field l) 

Planted - May 18, 1993 
Harvested -November 22, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made an all plants an May 24, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Monitoring for Plant Growth Characteristics 
These observations were not recorded. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on May 20, May 28, June 7, June 11, June 
23, June 30, July 7, July 8, July 13 and July 16. No differences were observed 
between the transformed and non-transformed plants in the incidence of non-target 
insects infesting the plants. lt was noted on June 23 that both the transgenic and 
non-transgenic cotton plants were equally infested with Armyworm, leaf hoppers, 
miners and Lygus. This is not surprising as the B.t.k. protein present in these plants 
is not considered active against these pests. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on May 20, May 28, June 7, June 11, June 
23, June 30, July 7, July 8, July 13 and July 16. No differences in the 
susceptibility of the plants to diseases were observed. 
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Yuma, Az sjte (field 2) 

Planted • May 18, 1993 
Harvested -November 22, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined tobe equivalent to the non
transformed Coker 312. Observation made on all plants on June 7, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observ~d between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on May 28, June 7, June 11, June 23, 
June 30, July 7, July 8, July 13, July 16 and July 20. No differences in plant 
vigor, leaf morphology plant height and other characteristics, other than expected 
varietal differences were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on May 24, May 28, June 7, June 11, June 
23, June 30, July 7, July 8, July 13, and July 16. No differences were observed 
between the transformed and non-transformed plants in the incidence of non-target 
insects infesting the plants. lt was noted on June 23 that both the transgenic and 
non-transgenic cotton plants were equally infested with Armyworm, leaf hoppers, 
miners and Lygus. On July 7, all plants were observed as having a high infestation of 
SPWF. This is not surprising as the B.t.k. protein present in these plants is not 
considered active against these pests. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on May 24, May 28, June 7, June 11, June 
23, June 30, July 7, July 8 and July 20. No differences in the susceptibility of the 
plants to diseases were observed. 
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Wabbaseka, AR sjte (Breeding Nursery) 

Planted - May 15, 1993 
Harvested -October through December 15, 1993 

Field Monitoring for Weediness Characteristics 
Some dormancy was observed in the transgenic seeds that had been harvested 
immediately before planting. This is normal because cottonseed has a dormant factor 
which breaks down over time. Transgenic seeds harvested 6 months earlier emerged 
at the same time as the control (May 26, 1993). 

Number of days from planting to flowering (75% of plants have initiated) 
Some plants of line 931 were later in flowering than the non-transgenic parent line 
(July 20 1993). 

Number of flowers or bolls per plant 
Soll set on the transgenic lines was better due to insect control (August 26, 1993). 

Monitoring for Plant Growth Characteristics 
The following observations were made: 

June 17 - all looked similar 
July 20 - Some of the line 931 plants were later in blooming. 
August 16 - there is variation in boll size and maturity but this is probably due 
to genetic variation which is much greater in the transgenic versus the non
transgenic. 
September 20 - Variation exists in plant height, maturity and boll size but is no 
more than expected in segregating populations. 931 and 1172 appear to be later 
maturing than 1075 and 757. 
October 13 - transgenic lines had much more genetic variation because of the 
early generation populations. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 17, July 20, August 16, 
September 20 and October 13. No differences were observed between the 
transformed and non-transformed plants in the incidence of non-target insects 
infesting the plants. lt was noted on July 20 and August 16 that aphids and boll 
weevils were present throughout the plot. This is not surprising as the B. t.k. protein 
present in these plants is not considered active against these pests. On October 13 it 
was noted that the non-transgenic plants showed greater boll damage than the non
transgenic plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 17, July 20, August 16, 
September 20 and October 13. No differences in the susceptibility of the plants to 
diseases were observed. 
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Wabbaseka, AB sjte (Breedioo Nursery) 

Planted - May 19, 1993 
Harvested -not harvested, destroyed September 9, 1993 

Field Monitoring tor Weediness Characteristics 
No significant differences in plant emergence was observed on May 25. 

Number of days from planting to flowering (75% of plants have initiated) 
The time from planting to flowering was 63 to 70 days for all plants. 

Number of flowers or bolls per plant 
All plants were reported to have similar fruiting with the transgenic plants having 
longer peduncles. 

Monitoring for Plant Growth Characteristics 
All plants were observed on June 24, July 2, July 21, July 28, July 30 and August 
3. lt was reported that some difference in general appearance such as long peduncles 
and perhaps a slightly different growth rate in the transgenics. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on July 2, July 8, July 9, July 14, July 
19, July 26, July 27, August 2, August 6 and August 10. No differences were 
observed between the transformed and non-transformed plants in the incidence of 
non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

Approximately 50 plants within the trial were observed on June 4, July 8, July 14, 
July 19, July 26, August 2 and August 10. No differences in the susceptibility of 
the plants to diseases were observed. 
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Shafter. CA sjte 

Planted - May 24, 1993 
Harvested -November 11, 1993 

Field Monitoring for Weediness Characteristics 
Due to the very late planting of the transgenic cotton, it was very difficult to compare 
growth habits. However, no unusual characteristics were observed . 

Number of days from planting to flowering (75% of plants have initiated) 
This information was not recorded. 

Number of flowers or bolls per. plant 
This information was not recorded. 

Monitoring for Plant Growth Characteristics 
On June 1 the plants were observed and noted that they were much delayed in growth 
due to the late planting which made this comparison difficult to make. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 1 and October 1, 1993. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. The field had very light 
insect pressure. 

Field Monitoring tor Oisease Susceptibility 

All plants within the trial were observed on June 1 and October 1, 1993. No 
differences in the susceptibility of the plants to diseases were observed. The field 
had a very light incidence of disease. 

000198 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Final Report - USDA Permit #93-011-05 
April 11 , 1994 
Page 14 

Tjfton, GA site 

Planted - May 21, 1993 
Harvested -October 28, 1993 

Field Monitoring for Weediness Characteristics 
There was better emergence and seedling vigor in transgenic plans than in the non
transgenic plants, but differences were not significant (June 1) 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 1, June 8, June 15, June 22, June 
29, July 6, July 13, July 20, July 27, August 3, August 10, August 17, August 24, 
August 31, September 7, September 14, September 21, September 28 and October 
5. No differences In plant vigor, leaf morphology plant helght and other 
characteristics were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 1, June 8, June 15, June 22, June 
29, July 6, July 13, July 20, July 27, August 3, August 10, August 17, August 24, 
August 31, September 7, September 14, September 21, September 28 and October 
5. No differences were observed between the transformed and non-transformed 
plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

All plants wlthin the trial were observed on June 1, June 8, June 15, June 22, June 
29, July 6, July 13, July 20, July 27, August 3, August 1 o, August 17, August 24, 
August 31, September 7, September 14, September 21, September 28 and October 
5. No differences in the susceptibility of the plants to diseases were observed. 
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Bossjer City. LA site 

Planted - May 18, 1993 
Harvested -October 15, 1993 

Field Monitoring for Weediness Characteristics 
No differences were observed in emergence and seedling vigor between the transgenic 
and non-transgenic plants (May 27). 

Number of days trom planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 22, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on September 3, 1993. 

Monitoring for Plant Growth Characteristics 
The tollowing observations were recorded: 

June 18 - No differences in plant vigor, leaf morphology plant height and other 
characteristics were observed. 
July 14 - Saw 4 - 5 plants with silvered leaves, asymmetrical and usually one 
or more lobes on leaves appeared malformed. All plants small but within normal 
size range. This observation is limited to line 1076. 
August 11 and September 14 - Same as on July 14. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 18, July 14, August 11 and 
September 14. No differences were observed between the transtormed and non
transformed plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 18, July 14, August 11 and 
September 14. No differences in the susceptibility of the plants to diseases were 
observed. 
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St, Joseph, LA site 

Planted - May 17, 1993 
Harvested -August 27, September 3 and September 27 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made on all plants on June 18, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on June 18, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 18, July 13, August 2 and August 
27. No differences in plant vigor, leaf morphology plant height and other 
characteristics, other than expected varietal differences were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 18, July 13 and August 2. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 18, July 13, August 2 and August 
27. No differences in the susceptibility ot the plants to diseases were observed. 
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Catham, MS sjte 

Planted - June 7, 1993 
Harvested -October 27 and 28, 1993 

Field Monitoring for Weediness Characteristics 
Two plots with non-transgenic plants have a poor stand. Appears to be the result of 
non-uniform irrigation in this area. Too much water (June 30, 1993). 

Number of days from planting to flowering (75% of plants have initiated} 
Coker 312 plants were observed to have blooms on July 23, ,line 1076 had no 
blooms. Une 1076 had a later fruit setting and the cause was not determined but did 
not appear to be early insect damage (July 23, 1993). 

Number of flowers or bolls per plant 

Coker .312 appears to have more and larger bolls than line 1076. Does not appear to be 
insect related (August 20, 1993). 

Monitoring tor Plant Growth Characteristics 
All plants within the trial were observed on June 30, July 23 and August 20. The 
following observations were recorded: 
June 30 - No differences in plant vigor, leaf morphology plant height and other 
characteristics were observed. 
July 23 - non-transgenic had blooms while line 1076 hod no blooms. 
August 20 - line 1076 had tewer and smaller bolls than the non-transgenic 
Coker 312. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 30, July 23 and August 20. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibllity 

All plants within the trial were observed on June 30, July 23 and August 20. No 
differences in the susceptibility of the plants to diseases were observed. 

000202 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Final Report - USOA Permit #93-011-05 
April 11, 1994 
Page 18 

Morgan City, MS site 

Planted - June 2, 1993 
Harvested -November 11, 1993 

Field Monitoring for Weediness Characteristics 

One Hundred of each line were compared and no differences were observed between 
the transgenic and non-transgenic (June 15, 1993). 

Number of days from planting to flowering (75% of plants have initiated) 

One Hundred of each line were compared and no differences were observed between 
the transgenic and non-transgenic (August 10, 1993). 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics between Coker 312 and line 757 were 
observed throughout the growing season. 

Field Monitoring for lnsect Susceptibility 

There was a tendency to have a higher population of Lygus spp. in the line 757 plot 
versus the Coker 312 plot. 

Field Monitoring for Disease Susceptibility 

No differences in the susceptibility to diseases to the Coker 312 and line 757 were 
observed throughout the growing season. 
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scott, MS sjte 

Planted - May 21 and May 27, 1993 
Harvested -

Field Monitoring for Weediness Characteristics 

This information was not recorded. 

Number of days trom planting to flowering (75% of plants have initiated) 

This information was not recorded. 

Number of flowers or bolls per. plant 

This information was not recorded. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics were observed between the transgenic 
and non-transgenic lines. 

Field Monitoring for lnsect Susceptibility 

No differences were observed between the transformed and non-transtormed plants 
in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

No differences in the susceptibility to any disease were observed between the 
transgenic and non-transgenic lines. 

Volunteers 

No volunteer plants were observed on January 17, 1994. 
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Scott, MS sjte 

Planted - May 13 and May 19, 1993 
Harvested -September 20, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic lines. 

Number of days from planting to flowering (75% of plants have initiated) 

No differences were observed between the transgenic and non-transgenic lines. 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics were observed between the transgenic 
and non-transgenic lines. 

Field Monitoring for lnsect Susceptibility 

No differences were observed between the transformed and non-transformed plants 
in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

No differences in the susceptibility to any disease were observed between the 
transgenic and non-transgenic lines. 
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floreoce, sc sue 

Planted - May 25, 1993 
Harvested - October 21, 1993 

Field Monitoring for Weediness Characteristics 

Stand counts on June 9 indicated that the germination percentage was slightly higher 
for the transgenic plants when compared to the non-transgenic plants 

Number of days from planting to flowering (750/o of plants have initiated) 

Transgenic plants bloomed later than the non-transgenic plants (July 16, 1993). 

Number of flowers or bolls per plant 

Transgenic plants had higher numbers ot bolls than did the non-transgenic plants. 
On July 30, bolls per 100 plants were 613 for non-transgenic treated, 548 tor 
non-transgenic not treated and 833, 730, 695, 825 and 71 O for treatments 
1,2,3,4 and 6 respectively. 

Monitoring for Plant Growth Characteristics 

On June 21 , the transgenic plants were smaller than the non-transgenic plants. 
Plant height was 8.9 inches compare to 9.7 inches. 

Field Monitoring for lnsect Susceptibility 

The entire plot was observed on July 6, July 22, August 3 and August 4. No 
differences were observed between the transfonned and non-transtormed plants in 
the incidence ot non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

No differences in the susceptibility to any disease were observed between the 
transgenic and non-transgenic lines on June 25 and August 3. 
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Grand Junction, IN sjte 

Planted - May 21, 1993 
Harvested - October 25 and November 11 , 1993 

Field Monitoring for Weediness Characteristics 

More than 50 plants were observed on June 1 O, 1993 and no differences were 
observed between the transgenic and non-transgenic. 

Number of days from planting to flowering (75% of plants have initiated) 

More than 50 plants were observed on July 16, 1993 and no differences were 
observed between the transgenic and non-transgenic. 

Number of flowers or bolls per plant 

More than 50 plants were observed on July 30, 1993 and no differences were 
observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics between Coker 312 and line 1076 
were observed throughout the growing season. Observations were taken on June 1 O, 
June 22, July 2, July 16, July 30, August 16 and August 26, 1993. 

Field Monitoring tor lnsect Susceptibility 

Observations were taken on June 10, June 22, July 2, July 16, July 30, August 16 
and August 26, 1993. No differences were observed between the transformed and 
non-transformed plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Oisease Susceptibility 

Observations were taken on June 10, June 22, July 2, July 16, July 30, August 16 
and August 26, 1993. No differences in the susceptibility to diseases to the Coker 
312 and line 1076 were observed throughout the growing season. 
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Corpus Christi, TX sjte 

Planted - May 18, 1993 
Harvested - N/A 

This site was lost to excessive rains following planting. All plants were reported as dead 
by August 1993. 

Monitoring for Volunteers 

Following termination of this trial, tbe field has been monitored tor volunteers. 
Observations were taken on 9/15, 10/13, 11/17/1993, 1/7, and 3/8/1994. NO 
volunteer cotton plants were ever observed at the plot site. 
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Ha!fway IX sjte 

Planted - May 19, 1993 
Harvested - November 23, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic. 

Number of days trom planting to flowering (75% of plants have initiated} 

No differences were observed between the transgenic and non-transgenic. 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics between Coker 312 and line 531 were 
observed throughout the growing season. Observations were taken on June 14, June 
25, July 15, August 10, August 26, September 13, October 11, October 28 and 
November 11, 1993. 

Field Monitoring for lnsect Susceptibility 

Observations were taken on June 14, June 25, July 15, August 1 o, August 26, 
September 13, October 11, October 28 and November 11, 1993. No differences 
were observed between the transformed and non-transformed plants in the incidence 
of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

Observations were taken on June 14, June 25, July 15, August 1 O, August 26, 
September 13, October 11, October 28 and November 11, 1993. No differences in 
the susceptibility to diseases to the Coker 312 and line 531 were observed 
throughout the growing season. 
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Sinton IX sjte - Efficacy Trial 

Planted - May 17, 1993 
Harvested - September 17 and 20, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic. 

Number of days from planting to flowering (75% of plants have initiated) 

Une 1076 was rated approximately 6 days slower to develop and mature than was 
Coker 312. 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. The 
following observations were recorded: 

Une 1076 appeared slightly shorter and slower to develop than Coker 312 (July 2). 

Une 1076 was later in flowering than Coker 312 (July 29). 

Line 1076 has smaller bolls which opened more slowly than Coker 312 (August 26). 

Field Monitoring for lnsect Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring tor Oisease Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences in the susceptibility to diseases to the Coker 312 and the transgenic lines 
tested were observed throughout the growing season. 

Field Monitoring for Volunteers 

The filed was monitored for volunteers on March 8, 1994. None were observed. 
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S inton TX site - Gene Evaluation Trial 

Planted - May 17, 1993 
Harvested - September 17 and 20, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic (May 28). 

Number of days from planting to flowering (75% of plants have initiated) 

Lines 931, 1076, 1172 and 1195 were slower to produce and develop flower buds 
versus the Coker 312. This was possibly a function of more fruit on the B.t.k. lines 
than on Coker 312 (July 15, 1993). 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines 
(August 26, 1993). 

Monitoring for Plant Growth Characteristics 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. The 
following observations were recorded: 

Une 931 appears shorter and with less mainstem nodes than Coker 312 (July 2). 
Une 931 is still shorter in plant height. Lines 931, 1076, 1172 and 1195 all 
flowered later than Coker 312 (July 29). 
Lines 931, 1076 and 1172 have slower ball opening than Coker 312 (August 26). 

Field Monitoring for lnsect Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences in the susceptibility to diseases to the Coker 312 and the transgenic lines 
tested were observed throughout the growing season. 

Field Monitoring for Volunteers 

The filed was monitored for volunteers on; October 13, November 17, 1 993 and 
January 7, February 8 and March 8, 1994. None were observed. In December 
1993, some volunteers emerged and were destroyed by disking. 
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• 
United Stetes 
Department of 
Agriculture 

May 5, 1994 

Agriculrurai 
Research 
Service 

Mid South Area 

StJBJECT: Bell Size, Lint Percent, and Yield 
of M 531 Compariscn Lines 

TO: 
Monsanto Company 

Crop Science Research 
Laboratory 

P. o. Box 5367 
Mississippi State 
Mississippi 39762 

700 Chesterfield ParJcway North - GG6A 
St. Louis, Missouri 63198 

FROH: 
Director 
crop Science Researc 

The 1993 data on boll size, lint percentage, yield, and fiber 
properties, of each of the lines in the 1993 Pl test are sbown on 
the enclosed sheet. 

M 531 had significantly smaller bolls than Coker 312; however, the 
lint percentage was not different frOlll Coker 312. The yie1d of M 
531 w- significantly higher than Coker 312 wben all insects were 
controlled. Thus, the smaller bolls did not rasult in a reduction 
in yield. 

Enc1osure 
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BllP93M 1993 DIITA FRQC MIS5?551PPJ STATE, MS 

TC: - MOIISANTO 

FRIJII: 

LJNT YIELD 
MI CICIIA l llf 50% 2.51 Sl E1 STREIGTN IOLL SJZE LIIIT PERCEIT ICG PER NA 

EIITRY SUP SOLID SC:.IP SOLID SICIP S[I.JD SS::IP SDLlD Si::tP SOLID SOP SOLID SOP SOLID SKIP SOLID ---- ---- ---- -·--- ---- ---- ---- ---- ---- ---- ----
JC 531 4.2 3.9 14.27 14.41 29.29 29.42 7.98 11.Z! 203.5 2.05.S 4.26 3.a5 35.88 37.03 1316 808 
II 757 4. 1 3.9 14.28 14.23 28.97 29.13 8.14 1.29 204.3 207 .1 4.17 3.76 35.19 36.08 1227 734 
N 9.51 4.2 3.9 14.62 14.58 29.44 29.111 8.12 11.50 207.1 212.6 3.74 3.60 38.54 38.67 1132 461 
II 1076 4.0 3.8 14.07 14.00 29.10 29.26 7.58 7.'1'7 205.0 209.6 4.09 3.73 32.57 32.83 999 616 
1 1172 4.3 4.2 14.00 13.78 28.59 28.37 8.Z4 8.10 208.1 218.3 3.68 l.43 34.00 34.04 8Z3 484 
II 1195 4.2 4.113.9413.79 27.79 27.79 8.23 8.29 196.7 199.2 3.70 3.38 38.83 39.52 7&S 466 
C0lER 312 3.9 3.7 14.43 14.52 29.80 30.02 7.79 7.96 2DZ.7 204.1 4.64 4.24 35.19 36.31 1149 667 
DES 119 4.4 4.3 14.48 14.55 28.64 28.92 9.00 9.20 208.0 211.2 4.33 4.22 31.08 37. 71 1338 843 

LSD 0.05 0.2 0.2 0.29 0.28 0.55 0.41 O.l4 0.36 5.9 6.5 0.18 0.19 0.87 0.86 99 104 

NIC 501 SL 2.51 SL E 1 STRENGTH BOLL SlZE UNT 'X LlllT TIELD 
ENTIY MEAN MEAII NEAN NEAN ME.All NEM MEAII MeAII &:GINA 

N 531 4.1 14.34 29.35 8,11 204.5 4.06 36.46 1062 
N 757 4.0 14.26 29.05 8.22 zm.1 3.97 35.99 9111 
N 931 4. 1 14.60 29.31 8,31 209.9 3.67 38.61 647 
N 1076 3.9 14.04 29.18 7.78 207.3 3.91 32.70 808 
II 1172 4.3 13.89 28,48 8.17 213.2 3.56 34.02 664 
N 1195 4.2 13.87 27.79 8.26 1911.0 l.54 39.18 627 
cor.E1t 312 3.8 14.48 29.91 7.18 203.4 4.44 36.10 908 
DES 119 4.4 14.52 26.78 9,10 209.6 4.28 37.90 1091 

LSD 0.05 o. 15 0.66 1[[3 

SKIP IS ll!E 1\IJ CUTSIDE RCMS Of THE 4 RIJU PLOTS 
SOLID IS TKE 1lO INSIDE ROWS DF THE, Rial PLOT 

MEAII lS TNE MW CIF TIIE 4 RO\IS III TME 4 R01 PLOTS 
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™t 
May 3, 1994 

DELTA AND PINE LAND COMPANY 

P.O. Box 157 • Scott, M~ 3~0 )
FAX 01)--• ----

To Whom It May Concern: 

Bell size is not a trait that is commonly measured by the plant 
breeders at Delta and Pine Land Company. There is no definite 
correlation between bell size and yield. Since the commercial 
cotton grown in the U.S. is all mechanically harvested, there is 
no real value to any particular bell size. 

Early indications are that transgenic cotton's, containing Bt 
Construct 531, produce at least as much lint as the recurrent 
parents from which they were derived. Preliminary data shows no 
reduction and possibly an increase in lint production from these 
lines. 

I have not measured the size of the bolls in this cotton. 
However, i.f the bell size turns out to be smaller than that of 
the recurrent parent, it will not matter. Total yield and not 
bell size will be used to evaluate these plants. 

Senio~,Cotton Breeder 

Cotton • Soybeam 
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' . ! 
::0:: Louislana Stale University J 

Agricultural Center 

1 

1 

Louisiana Agricuttural Experiment ~ation 

' .. 1 p y A 
700 Chesterfield Parkway North 
st Louis, Missouri 63196 

Dear 

1 

1 
1 

i 
1 
! 
1 

! 
i 
1 

i 
i 
i 
1 

·i 
1 

1 

i 
l 
i 
1 
1 

l 
1 
1 
1 

May 6, 1994 

Rad Riwr-A....-ch S1a1b1 
Hwr.71Scxat 

Pml 0llc:c Bai 8515D 
BaallrClly.LA 

Fa:

Enclosed is the inform~on r._ou requested on the comparison of Coker 312 and. 
Strain 531. Please let me know iflyou need additional information. 

1 

' Sincerely, 

Professor 

' 
1 

! 
p00216 
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1 
; 

l 
1 

1993 ttansanto Bt Cotton Trials 
Louisiana Agricultural Experiment 

Redl River Research Station 
Bbssier City, Louisiana 

1 . 

1 
' The lint yield of Strain 531 was greaterthan Coker 312 regardless of spray schedule as shown 
! 

on the folfowing page. The ball size w; smallerfor Strain 531 than Coker 312 in bott'l sprayed aod 

non-sprayed plots. However, no significant differences occurred in bell size in the nonsprayed plats. 
' 1 

The smaller boll size appears to have np influence on the yields observed in Strain 531 and Coker 

312. Vasual ratings were made on the p~er efficiency foUO'Wing harvest wifh a mechanical harvester. 

Rating were made on a scale of 0-5, oJxceirent efficlency, 5=very poor efficiency. Pick.er efficiency 
1 

ratings were the same for Coker 312 andlStrain 531. Therefore. ball size had no influence on harvest 
i 

efficiency. The fint peroent and fiber qualilY were similar for both Coker 312 and Strain 531. However, 
1 

fiber strength was improved in Strain 53~. The differences between Strain 531 and Coker 312 are 
! 

shcwn on the following page. Greater dif1erences are found among strains developed from the same 
1 

parental cross. Differences of simiiJr magnitude also occur among the varieties that are 
1 

recommended for planting in Louisiana. ! 
! 
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1 
1 

[ 
' 

Coker 3t2- Strein 531 Comparison 

Plots 
1 

Nonsprayed Sprayed 1 
1 

Entries Cctker 312 Strain 531 Coker 312 Strain 531 

Lint yield (lbs/A) 7111 858 797 802 

Boll weight (grams) Ja 4.7 4.9 4.4 
i 

Lint percent 37.8 38.1 37.7 38.1 
1. 

Picker efficiency ~ 1 1 1 
1 

Rating (0-5) i 
! 

0 = excelient efficiency 1 

1 

5 = very poor efficiency ' i 
1 

1 

1 

Fiber Quali1y ! 
1 

Micronaire 4lra 5.1 4.8 4.9 

Length 1.ra 1.15 1.16 1.15 

Streng1h (gramsltex) 26.5 28.6 26.2 28.4 

1 

1 
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TEXAS AGRICULTURAL EXPERIMENT STATION 
THE TEXAS A&M UNIVERSITI' SYSTEM 

Lubbock, Texas 

TEXAS A&M l':'-:IVERSITI' AGRICULTURAL RESEARCH AND EX'TENSION CENTER 

RT. 3, BOX 219 

LUBBOCK, TX-
May 12, 1994 

Monsanto GG6A 
700 Chesterfield Parkway North 
St. Louis, MO 63198 

De~ 

1 -
TEX-AN 

I bave perfonnance tested cotton line 531 containing the Bt gene for several years. Tue performance 
ofthis line in our tests has been very good. Almost all traits ofline 531 are equal, or superior, to the 
Coker cultivar which was used as the recurrent parent in the developmental process. Tue only 
attribute tbat some might consider detrimental is boll size. Line 531 produces a boll that is about 
5% smaller than the recurrent parent. However, numerous cultivars currently available exhibit 
somewhat smaller bolls than the cultivars they are replacing. Tue reason for the smaller boll size 
is smaller seed and a thinner carpel wall. These are not disadvantageous traits. Cultivars with 
smaller seed are of equal vigor and tend to genninate as well as larger seeded cultivars. 

1 feel that line 531 is a very promising cotton genotype that will be well accepted by cotton 
producers. 

Sincerely 

Professor 

000219 
THE AGRICULTURAL RESEARCH AGENCY OF TE:XAS 

FAX 
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Appendix VII 

Summary of the Methods Utilized to Conduct the Protein 
Extraction, Analysis -and Quantitation, Compositional 

Analysis, Cottonseed Processing, Preparation of Seeds for 
Gossypol and Fatty Acid Analyses, Moisture Determination, 

Gossypol Levels and Quantitation of Fatty Acid Levels 
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Summary of the Methods Utilized to Conduct the Protein Extraction, 
Analysis and Quantitation, Compositional Analysis, Cottonseed Processing, 
Preparation of Seeds for Gossypol and Fatty Acid Analyses, Moisture 
Determination, Gossypol Levels and Quantitation of Fatty Acid Levels 

Cotton leat, seed and whole plant tissues to conduct satety assessment studies were 
collected from 6 sites throughout the cotton growing regions of the United States. The six 
field sites were as follows: Starkville, Mississippi; Bossier City, Louisiana; College 
Station, Texas; Tifton, Georgia; Maricopa, Arizona; and Loxley, Alabama. Expression 
levels of the B.t.k. HD-73 and NPTII proteins were estimated in each of these tissues and 
in leaf tissue sampled throughout the cotton growing season. Analysis for AAD was only 
performed for the young leaf and seed samples. Since none was detected in either of these 
tissues, no analysis for AAD was pertormed for leaves harvested throughout the season 
or in whole plants. Compositional analysis of the important cottonseed components 
{protein, eil, carbohydrate, ash, moisture and calories), as well at the composition of 
individual fatty acids and natural toxicants (gossypol, cyclopropenoid fatty acids and 
aflatoxin) present in Bollgard™ Cotton Line 531 were compared to the Coker 312 
parental control to verify that the genetic engineering process did not alter these 
important seed components. Cottonseed from across four of the locations was pooled and 
processed to commercially representative fractions to compare the processing and 
processed fractions (particularly the toasted meal and refined oil) derived from 
cottonseed from the Bollgard™ Cotton Line 531 to those from the Coker 312 control. In 
addition, the levels of the B.t.k. HD-73 and NPTII proteins in the processed fractions 
were determined to facilitate exposure assessment of these proteins in human food and 
animal feed. 

The following is a summary of the methods used to analyze these plant fractions. 

Samples 

Representative plant tissue samples were collected at various times during the growing 
season from Bollgard™ Cotton Line 531 and trom the Coker 312 control. These samples 
included representative samples ot the tirst true leaves, young leaves sampled 
approximately each month after the first true leaf samples were obtained, mature whole 
plants sampled just prior to harvest at one location (Mississippi), analytical seed 
samples and bulk seed samples (collected and pooled across replicates at each location). 
Nectar and pellen trom these lines was collected trom cotton plants grown in the 
greenhouse. 

Protein Extraction from Cotton Leaf Tissue 

For analyses, each leaf sample (containing four leaves) was mixed, sampled and 
extracted in a single vessel, according to SOP # BtC-PRO-019-02. Brietly, frozen 
leaves, as shipped trom the tield, were crushed to a course powder and mixed while in 
the sample container bag on dry ice. Frozen tissue was weighed and cold Tris-Borate 
(T-B) extraction buffer added to a final ratio of approximately 1 mg leaf tissue/40µL 
buffer (1 :40). The T-B extraction buffer is 100 mM Tris-HCL, pH 7.5, 1 0mM sodium 
berate, 0.05% (v/v) Tween-20, 5mM MgCl2, 0.2% (w/v) L-ascorbate.· The tissue 
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was extracted with a Polytron PT3000 tissue homogenizer (Brinkman, lnc. Westbury, 
NY) equipped with a PTA 1 0TS generator for 1 minute at approximately 22,000 rpm 
and immediately placed on ice. Insoluble material was removed by centrifugation at 
approximately 10,000 x g for approximately 10 minutes at approximately 4°C. The 
supernatant was removed, aliquoted and used as the "cotton leaf extract" in further 
analyses. Aliquots of leaf extract were stored at approximately -80°C until analyzed. 

Protein Extraction from Cotton Seed Tissue 

Five cotton seeds were weighed from each sample of delinted seed (analytical seed 
samples) and extracted in a single vessel, according to SOP # BtC-PRO-019-02. The 
seeds were individually cracked, placed in a plastic tube, and cold T-B extraction buffer 
(described above) added to a final ratio of approximately 1 mg seed tissue/20µL buffer 
(1 :20). The seeds were homogenized with a Polytron PT3000 tissue homogenizer 
(Brinkman, lnc., Westbury, NY) equipped with a PTA 1 0TS generator using four bursts 
of approximately 15 seconds, allowing cooling and settling of the tissue to occur between 
bursts; after extraction the homogenate was immediately placed on ice. The homogenate 
was clarified by centrifugation at approximately 10,000 x g for approximately 1 0 
minutes at approximately 4°C. The supernatant was removed, aliquoted and used as the 
"cotton seed extract" in further analyses. Aliquots of leaf extract were stored at 
approximately -80°C until analyzed. 

Protein Analysis 

Crude protein content in the toasted meal fractions from processing was measured by 
Kjeldahl analysis (AOAC official method 976.06, 1990) according to SOP at the Delta 
Branch Experiment Station in Stoneville, Mississippi. 

Total protein in tissue extracts was measured by the method of Bradford (1976) using 
the microtiter plate application of the Bio-Rad Protein Assay (Bio-Rad Laboratories, 
Richmond, CA). the procedure (SOP # PRO-90-015-00) was validated, showing 
acceptable variability and appropriateness for evaluating total protein in cotton tissue 
extracts. Bovine serum albumin (BSA) (Sigma Chemical, St. Louis, MO) dissolved in T
B extraction buffer, was chosen as the appropriate standard by comparing protein assay 
results to amino acid composition of the same extracts (Rogan, et al., 1992). 

Quantitation of the levels of B.t.k. HD-73, NPTII and AAD proteins 

The amount of B.t.k. HD-73, NPTII and AAD proteins in the extracts prepared from 
cotton leaf and seed samples were determined by validated Enzyme-Linked lmmuno
Sorbent methods (ELISAs). Each ELISA was shown tobe sensitive to the specific protein 
analyzed. The accuracy, precision and ruggedness of each of these assays was assessed. 
Spike-and-recovery and extraction efficiencies for each of the proteins measured in 
each of the matrices was evaluated for young leaf and seed tissue, for young leaves over 
the season and for whole plants. Stability of these proteins in the respective cotton 
tissue matrices was assessed and all assays were performed within the known limits of 
stability for each protein. 
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For 8.t.k. H0-73, the futl length protein expressed in the respective tissue was treated 
with trypsin to convert this protein to the trypsin-resistant core, which was then 
quantitated in the validated ELISA. Trypsinization was required to accurately estimate 
the amount of B.t.k. H0-73 protein present in these tissues. 

Validated computer systems and software were used for data collection and reduction. 
Statistical analyses were performed as described in each of the attached reports. 

Western Blot Analyses 

Western biet analysis was completed according to SOP # BtC-PRO-002-02, a 
procedure similar to that described by Matsudaira (1987). Briefly, acrylamide gels 
from SOS-PAGE were equilibrated in the same buffer used for electrolution (transfer). 
Proteins were transferred out of the acrylamide gel onto nitrocellulose membrane. 
Additional protein binding sites on the membrane were blocked using 3% bovine serum 
albumin (BSA) in Tris-HCI (pH 8.0)/saline/Tween-20 buffer (TBST). The blots were 
incubated with a 1 :1500 dilution (in' TBST/1 % BSA) of F204 antibody (bleed 9) 
specific for the HD-73 protein followed by incubation with goat anti-rabbit antibody
alkaline phosphatase conjugate (Promega Corp, Madison, WI). Proteinbands bound by 
antibody were visualized using the NBT/BCIP colorimetric substrate system (Promega, 
Corp., Madison, WI). Levels of the 8.t.k. HD-73 protein were quantitated by comparison 
to standards spiked into the same matrix and contained on the same blot. 

Compositional analysis of cottonseed 

The levels of protein, fat, ash, carbohydrates, calories and moisture (proximate 
analysis) were determined for cottonseed obtained from each site and each line (the seed 
were pooled across plots at each field test site). The analyses were conducted at Hazelton 
Laboratories, Madison, WI. The analytical methods utilized are as follows: 

Protein (N x 6.25} 

Fat 

Official Methods of Analyses (1990), 15th Edition, Method 955.04C, 979.09, 
AOAC, Arlington, Virginia, (Modified). 

The Kjeldahl method for Organic Nitrogen, R.B. Bradstreet, Academic Press, New 
York, New York (1965) 

Quantitative lnorganic Analysis, Kelthoff and Aandell (1948), Revised Edition. 

Official Methods of Analysis (1990), 15th Edition, Method 960.39, AOAC, 
Arlington, Virginia, (Modified}. 

Ash 

Official Methods of Analysis (1990), 15th Edition, Method 923.03, AOAC, 
Arlington, Virginia, (Modified). 

000223 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Carbohydrates 

The total carbohydrate level is determined by difference atter the percentages of 
protein, moisture, ash and fat are known. SOP #MP-CHO-MA. 

Calories 

The total calories in the proteins, carbohydrates and fats of various food and feed 
types have been determined by bomb calorimetry and teeding studies. The 4 
caVg (protein), 9 cal/g (tat) and 4 cal/g (carbohydrate) factors are averages of 
the values derived trom these tests. SOP #MP-CALC-MA. 

Moisture, 100 Degree Vacuum Oven. 

Official Methods of Analysis (1990), 15th Edition, Method 926.08, 925.09, 
AOAC, Arlington, Virginia, (Modified). 

Aflatoxin 

Proceeding ot the 3rd International Congress ot Feod Science and Technology, 
Pages 705-711 (Moditied). 

1 Determination by High Performance Liquid Chromatography: Journal of 
Assoc. Official Analytical Chemist, Volume 71 , No.1, 26.052-26.060 
(1988) (Modified). 

2 Determination by One Dimensional Thin Layer Chromatography: Journal 
Assoc. Official Analytical Chemist, Volume 71, No.1, 26.031 (1988) 
(Modified). 

3 Determination by Two Dimensional Thin Layer Chromatography: Journal 
Assoc. Official Analytical Chemist, Volume 71, No.1, 26.074 (1988) 
(Modified). 

The levels of aflatoxins 81, 82, G1 and G2 were determined tor each line from each 
ot the six field test sites, and calculated according to OP-AC 103. 

Cottonseed processing 

Seed cotton from four of the six field sites (Mississippi, Louisiana, Texas and Georgia) 
were ginned and pooled (by line) across all four sites as a source of seed cotton for 
processing. Cottonseed was processed at the Feod Protein Research & Development 
Center at Texas A&M University using a solvent extraction method, according to SOP# 
8.27 R02, "Small- Scale Processing of Glanded Cotton to Bind Gossypol", SOP# 8.33 
R01, "Small-Scale Toasting ot Meal", and SOP# 8.1 R04, "Small Scale Processing of 
Cottonseed"., The processing procedure used for this experiment was a scaled down 
version of the commercial procedure. The B.t.k. HD-73 content in the cottonseed meal 
before and after processing was estimated by measuring the bioactivity of these samples 
against tobacco budworm and by western biet analysis. NPTII protein levels were also 
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estimated in the cottonseed meal before and atter processing using both an enzymatic 
assay specific for NPTII (similar to McDonnell, 1987) and by western blot analysis. 
The proximate composition of the toasted meal and the tree and total gossypol levels in 
the raw and processed cottonseed meal was assessed. The amount or lack of total protein 
in the refined oil was also assessed. 

Preparation of Seed Kernel Material for Gossypol and Fatty Acid Analyses 

Cottonseed were dehulled with a Bauer Mill and the kernels separated trom the hulls by 
hand. The kernels were ground using either ot two techniques: 1) on dry ice using a 
stainless steel Wiley mill and passage through a 1 O mesh screen, or 2) by hand with a 
mortar/pestle and passage through a 20 mesh screen. Duplicate samples of ground 
kernel, weighing approximately 3 grams each, were placed in glass vials, one set used 
tor gossypol analysis, the second for fatty acid analysis. 

Moisture Determination for Gossypol and Fatty Acid Analysis 

Percent moisture in each samples of the kernel material was determined by weight 
ditterence before and atter tyophilization. Samples were lyophilized in tared flasks to 
remove all water and obtain a true dry weight to the nearest 0.1 mg. 

Measurement of Free and Total Gossypol Levels 

Free and total gossypol levels were measured in the cottonseed kernet (prior to 
processing), toasted cottonseed meal (processed), and refined cottonseed oil at the 
USDA-ARS Southern Crop Research Laboratory, College Station, Texas. Evaluation of 
free gossypol levels was completed using high performance liquid chromatography 
(HPLC) according to the procedure described by Stipanovic, et al., 1988 and A.O.C.S. 
Official Method Ba 7-58. Total gossypol levels (corrected for moisture) were measured 
spectrophotometrically using aniline as a complexing agent (Pons, et al., 1958 and 
A.O.C.S. Official Method Ba 8-78). 

Quantitation of Fatty Acid Levels 

Lipids were extracted using a double Bligh and Oyer procedure (Bligh and Dwyer, 
1959), as · recently described by Wood (1991 ). 

The dry weight ot the sample and weight of the extracted lipid were used to calculate the 
total percentage lipid in the sample. Approximately 2 mg of total lipid were saponified 
to obtain free fatty acids by a mild alkaline hydrolysis procedure (Wood, 1968a). The 
free fatty acids were converted quantitatively to phenacyl derivatives according to the 
procedure of Wood and Lee (1983). 

Approximately 400 µg of the phenacyl derivatives were analyzed by high performance 
liquid chromatography (HPLC) according to the procedure used to examine the fatty acids 
of cottonseed (Wood, 1986a and 1986b). Peak elution order and peak shape were 
monitored by a strip recorder. The absorption data for each peak were collected directly 
from the UV monitor and were integrated for percent of total peak area using an IBM 
model 900 laboratory computer. Peak area for each fatty acid is directly proportional 
to the percent ot each fatty acid contained in total lipid. 
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Tobacco budworm bioassays. 

Tobacco budworm diet incorporation assays (SOP #BUG-PRO-022-02) were used to 
assess the insecticidal activity of the B.t.k. HD-73 protein as well as to estimate the 
amount of B.t.k. protein expressed in cottonseed and processed cottonseed meal. 
lnsecticidal activities were estimated in terms of ECso values. ECso is the concentration 
ot B.t.k. HD-73 protein that is required to reduce the weight of the treated tobacco 
budworm larvae to 50% of the untreated larvae. 

lnsect feeding assay 

The biological activity of purified and seed-expressed CrylA(c) protein was evaluated 
using a pinto bean-based (PB) insect diet incorporation assay (Reese et al. 1972, 
Macintosh et al. i 990). H. virescens were obtained from the USDA-ARS, Stoneville, 
MS. Liquid agar-based pinto bean diet with 20% of the water omitted (24 ml) was 
added to 6 ml samples of test liquid (distilled water containing doses of the test, 
reference, or control substance). Treated diet was blended using a Vortex mixer, poured 
into 96-well insect assay trays, and allowed to cool and harden. One first instar H. 
virescens larva was added to each well. Apparently healthy, motile TBW larvae were 
impartially assigned to treatments. Wells were covered with Mylar® plastic and 
ventilated with a single insect pin hole. Assays were incubated at 28 ± 2°c and evaluated 
after 7 days. 
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May4, 1992 

USDA-ARS Crop Science Research Laboratory 
P.O. Box 5367 
Starkville, MS 39762 

Dear 

As per our telephone conversation, this letter confirms our agreement for you to 
analyze allelochemical levels in genetically modified and unmodified cotton 
squares and termini from the 1992 fi~ will be the same type of 
analysis you completed last year for-(levels of gossypol, 
anthocyanin, flavenoids, tannins). 

This year, we need analysis of lines 531,931 and C312. We will need final results 
by August 30, 1992. 

I understand that no additional compensation will be made by Mon~ 
analyses -- compensation will be made through our agreement wit~ 
for the 1992 B.t. cotton field trials. 

Please call me if you have any questions or feel you cannot make the stated 
deadlines. Thank-you for your cooperation. 

Sincerely, 

Sr. Research Biologist 
Regulator Sciences 
Phone: 
FAX: 
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Report 

Analysis of Allelochemicals in Transgenic Cottons and Controls: 1992 

Cotton Host Plant Resistance Unit, USDA-ARS 
Mississippi State, MS 39762 

The female moths of the tobacco budwonn Heliothis virescens (F.), oviposit 
in the terminals of the cotton plant, Gossypium hirsutum L. There is no 
evidence that they are specifically attracted to the terminals by cherni.cal 
cues, but rather that they are most proximate to the terminals during an 
overflight. Most of thc eggs are placed singly on the snall terminal 
leaves approxinately 12 ~ in size (Ramalho, 1983). Three days after 
oviposition, the eggs hatch. Imnediately after hatch, the yot.mg larvae 
will feed on the 1eaf tissue for a briet period before they migrate into 
the terminal area, which is caiprised of meristerratic tissue (imrature 
squares and leaves). The young larvae spend about three days feeding on 
snel 1 squares wi th the potential of destroying a maxi.nun of four squares 
each during this feeding period - unpublished data). 

During this period, gossypol is toxic to the larvae (Hedin et al., 
1988), which also are ob.served to avoid cansuming glands that cantain 
gossypol. However, when the larvae m:,1 t into the secand instar at about 
72 hr, they can nan-selectively ccnsl.DTle the glands (Parrott et al., 
1983). Earlier, Shaver and Parrott (1970) reported young larvae tobe 
more sensitive to gossypol than older 1arvae. This finding was later 
supported by laboratory studies in which gossypol and two other 
allelochemicals were fed in diets to 1-, 3-, and 5-day old tobacco budwonn 
(Tl§J) larvae. All three allelochsnicals were toxic to 1- and 3-day old 
larvae, but they were not toxic to 5-day old insects. Evidence was 
obtained that the insects hiosynthesized detoxifying enz.l'l11e5, mixed 
function oxidases (Mm' s) , because piperony 1 butoxide, a Jmown inhibi tor 
of MPO's, inhibited growth when added to the diets (Hedin et al., 1988). 

Oriqin 
Gatherinq and Processinq of Plant Tissue. Cotton seed was provided by 

Monsanto. 'I'he plant sanples were collected under the supervision of Drs. 
Jenkins and McCarty. Te.rmi.na1 leaves and squares were harvested, frozen, 
freeze-dried, and then ground through a 40-mesh screen. The powders were 
stored in vials at -2CJaC until they were evaluated. The plant neterial 
was provided by the USDA Cotton Research Unit at Mississippi State„ MS. 

Analysis of Allelochemicals. Analyses for gossypol and related 
terpenoid aldehydes were perfonned an cyclohexane-ethyl acetate-acetic 
acid (500:SOO:l; amA) extracts of plant tissues by the phloroglucinol 
reaction {2% in ab.solute EtCfi-cancentrated HCl (1:1)]; let stand 1 hr, 
with subsequent spectranetric analysis at SSO nm. The concentration was 
determined by carparison with data obtained fran authentic gossypol and is 
expressed as gossypol equivalents. Candensed tannin analyses were 
performed on 70% aqueous methano1 (1,j,1) extracts of tissue. The 
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anthocyanidin chranophore was devel oped fran the tarmin by boiling l hr 
with l-butano1-HC1 (95:5) (Hedin et al., l9B3b). The cancentration was 
detetrnined by cc:rrparison with the color obtained at 550 nm fran a purified 
cotton condensed tannin sanple, the structure of which was elucidated by 
Collum et al. (1981). The anthocyani.n content was determined by measuring 
the a.hsorbancy at 540 nm of a freeze-dried tissue extracted with 
methano1-water-HC1 (19:19:3), using the ,oolar extinction coefficient (E) 
of cyanidin 3- ß -gl ucoside (Hedin et al. , 1967). Flavonoids were 
detetrnined after extraction of freeze-dehydrated tissue with 70% aqueous 
acetone. Diphenylboric acid-ethanolamine cal'l)lex (Natural Product Reagent 
A, Aldrich Chemical Co., 1%) in methanol was added, and the chraoophore 
a.hsorptivity at 440 nm was detetrnined and cal'l)ared to that obtained fran a 
purified sanple of isoquercitrin, the ma.st prevalent flavanoid in cotton. 
The resul ts obtained were the average of three analyses. The data was 
collected fran a Lotus 1-2-3 program interfaced with a Perkins Elmer 
Lambda 4B W-Vis spectrophotaneter. Spectrophotaneter readouts were 
translated into percent of total using the following factors: 
% Gossypol = ABS X 0.563, % Tannin= ABS X 17.06, % Flavonoids = 
ABS X 0.97, and % Anthocyanin = ABS X 0.484. Analyses were performed by 
Mrs. M. Petty tmder the supervision of Drs. Hedin and McCarty. 

Results and Discussion 
Analyses of leaves and sguares for the four allelochemi.cals were 

obtained fran Coker 312 and two transgenic lines supplied by Monsanto, 
Mon 249 and Mon 531. The averages fran analyses of six replicates of each 
were detetrnined and standard errors were ca1cu1ated. Very few changes, 
all of apparently minimt.:m significance, were noted. Gossypol was 
narginally higher in sguares of Coker 312, but intermediate to the two 
transgenic lines in leaves. Flavonoids were 6 and 9% higher, 
respectively, in leaves and sguares of Mon 531 as Cal'l)ared with those of 
C 312. However, this is probably not nutritionally .inportant. There were 
no statistica1 differences in anthocyanins. Tannins were lower in sguares 
of C 312, but higher in 1 eaves cal'l)ared wi th Mon 531. 

ln genera1, the levels were representative for analyses of these 
allelochemicals in G. hirsutum lines. Results can vary by 2-fold or more 
depending on the seasonal time of sanpling. 
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Table 1. Analysis of Coker 312, Mon 249 and Mon 531 for gossypol, flavonoids, 
anthocyanins, and tannins in squares and leaves. 

MONCHEM 

1992 ,: ,: ,: ,: ,: ,: ,: ,: . 
RCM GOSSY GOSSY FLAV FLAV ANTHO ANTHO TANNIE TANNIE 
NO. REP ENTRY SQUARE LEAF SQUARE LEAF SQUARE LEAF SQUARE LEAF 

6397 1 249 0.199 0.156 0.384 0.897 0.080 0.246 9.820 13.n8 
6429 2 249 0.249 0.155 0.361 0.870 0.096 0.237 12.870 18. 122 
6473 3 249 0.198 0.150 !l.334 0.846 0.082 0.212 8.336 9.986 
6497 4 249 0.207 0.146 0.417 0.819 0.089 0.199 9.099 10.900 
6525 5 249 0.201 0.138 0.512 0.848 0.088 0.201 8.840 9.302 
6553 6 249 0.203 0.152 0.486 0.866 0.074 0.232 9.265 11.232 

iilAVG 0.210 0.150 0.416 0.858 0.085 0.221 9.705 12.212 
o!STD 0.018 0.006 0.064 0.024 0.007 0.018 1.484 2.981 
SE•STD/SQRT N 0.007 0.002 0.026 0.010 0.003 0.007 0.606 1 .217 

6401 1 531 0.194 0.117- 0.419 0.911 0.081 0.210 9.612 14.786 
6433 2 531 0.204 0.132 0.421 0.764 0.091 0.226 9.161 13.961 
6469 3 531 0.219 0.133 0.446 0.879 0.085 0.200 9.278 11.637 
6513 4 531 0.185 0.113 0.476. 0.820 0.080 0.182 9.525 12.653 
6537 5 531 0.180 0.122 0.349 0.928 0.083 0.199 11.011 14.922 
6565 6 531 0.231 0.122 0.450 0.947 0.075 0.202 9.944 12.209 

iilAVG 0.202 0.123 0.427 0.875 0.083 0.203 9.755 13.361 
iilSTD 0.018 0.007 0.040 0.064 0.005 0.013 0.615 1.267 
SE•STD/SORT N 0.007 0.003 0.016 0.026 0.002 0.005 0.251 0.517 

6393 312 0.225 0.154 0.353 0.771 0.080 0.242 10.159 17.097 
6441 2 312 0.221 0.147 0.432 0.861 0.078 0.205 10.089 14.041 
6477 3 312 0.207 0.136 0.371 0.816 0.079 0.209 9.127 11.119 
6489 4 312 0.218 0.142 0.376 0.768 0.089 0.208 10.098 14.533 
6533 5 312 0.235 0.136 0.398 0.855 0.081 0.232 8.281 13.842 
6557 6 312 0.234 0.146 0.408 0.858 0.076 0.221 9.358 10.964 

iilAVG 0.223 0.144 0.390 0.822 0.081 0.220 9.519 13.599 
o!STD 0.010 0.006 0.026 0.040 0.004 0.014 0,681 2.100 
SE=STD/SORT N 0.004 0.003 0.011 0.016 0.002 0.006 0.278 0.857 

AVG MON 249 0.210 0.150 0.416 0.858 0.085 0.221 9.705 12.212 
SE 0.007 0.002 0.026 0.010 0.003 0.007 0.606 1.217 

AVG MON 531 0.202 0.123 0.427 0.875 0.083 0.203 9.755 13.361 
SE 0.007 0.003 0.016 0.026 0.002 0.005 0.251 0.517 

AVG C 312 0.223 0.144 0.390 0.822 0.081 0.220 9.519 13.599 
SE 0.004 0.003 0.011 0.016 0.002 0.006 0.278 0.857 

REMEMBER TKAT MON 249 IS NOT REALLY MON 249. IT WAS CCt!PLETELY OAMAGED BY TBW. 
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Appendix IX 

Boll Rot Count of Selected Monsanto Transgenic Cottons 
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1-27-93 (MONSANTO.DAT) COTTON DISEASE RESEARCH SUMMARY Page 2 

BOLL 
Project Code: 
Cooperator 

Pathogen Code 
Crop Code 
Rating Date 
Rating Data Type 
Rating Unit 

MAFES-Mississippi State University 
ROT COUNT OF SELECTED MONSANTO TRANSGENIC COTTONS 

Location :PLANT SC. RES. CENTER 
By:Dept. Plant Pathology & Weed Science 

BOLL ROT 
COTTON 

10-1-92 
TOT BOLL 

NO. 

BOLL ROT 
COTTON 

10-1-92 
ROT 
NO. 

BOLL ROT 
COTTON 

10-1-92 
ROT 

%BOLLROT 

-------------------------------------------------------------------------------
Trt Treatment 
No Name 

Form Fm 
Amt Ds Rate 

=-----------======------------------==-=======--==========-=======-============ 
1 COKER 312 208.0 71.2 34.2 

2 MONSANTO 531 208.5 64.3 30.9 

3 MONSANTO 931 201.5 64.2 31.8 

LSD (.05) 8.1 15.2 6.9 
Standard Dev.= 6.29020 11. 8542 5.33666 
CV 3.05 17.81 16.52 
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1-27-93 (MONSANTO.DAT) COTTON DISEASE RESEARCH 
MAFES-Mississippi State University 

SUMMARY Page 3 

BOLL 
Project Code: 
cooperator 

ANALYSIS OF 

SOURCE DF 
Total 17 
Block 5 
Treatment 2 
Error 10 

ANALYSIS 

SOURCE DF 
Total 17 
Block 5 
Treatment 2 
Error 10 

ANALYSIS OF 

SOURCE DF 
Total 17 
Block 5 
Treatment 2 
Error 10 

ROT COUNT OF SELECTED MONSANTO TRANSGENIC COTTONS 
Location : PLANT SC. RES. CENTER 
By:Dept. Plant Pathology & Weed Science 

VARIANCE FOR BOLL ROT, COTTON, 10-1-92, TOT BOLL, NO. 

SUM OF SQUARES MEAN SQUARE F Prob(F) 
768.000000 
189.333333 37.866667 0.957 0.4869 
183.000000 91. 500000 2.313 0.1495 
395.666667 39.566667 

OF VARIANCE FOR BOLL ROT, COTTON, 10-1-92, ROT, NO. 

SUM OF SQUARES MEAN SQUARE F Prob(F) 
2678.444444 
1081.777778 216.355556 1. 540 0.2622 

191.444444 95.722222 0.681 0.5280 
1405.222222 140.522222 

VARIANCE FOR BOLL ROT, COTTON, 10-1-92, ROT, %BOLLROT 

SUM OF SQUARES MEAN SQUARE F Prob(F) 
618.829725 
300.336228 60.067246 2.109 0.1476 

33.694444 16.847222 0.592 0.5717 
284.799052 28.479905 

DATA SUMMARY COMMENTS 
A section of the fourth row of each plot sampled, sufficient to yeild at least 
200 open bolls, was selected at random. All open bolls on these plants were 
examined and catagorized as healthy or exhibiting symptoms consistent with 
those described for bell rot. Six replications of plots of Coker 312, M-531, 
and M-931 that had received full-season insecticide appliccations were 
evaluated. Three colums of data are given: 1) total no. of bolls examined, 
2) no. of bolls exhibiting symptoms of bell rot, and 3) percent bell rot. 
Analysis of the data at P=.05 indicated no significant difference in the number 
of bolls sampled for each treatment, number of rotten bolls, or incidence of 
bell rot among the cultivar and strains tested. 
The amount of bell rot was the same in Coker 312, M-531, and M-931. 

- End of Report -
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1-27-93 (MONSANTO.DAT) COTTON DISEASE RESEARCH SUMMARY Page 1 
MAFES-Mississippi state University 

BOLL ROT COUNT OF SELECTED MONSANTO TRANSGENIC COTTONS 
Project Code: Location :PLANT SC. RES. CENTER 
Cooperator ■■■I By:Dept. Plant Pathology & Weed Science 

Pathogen Code 
Crop Code 
Rating Date 
Rating Data Type 
Rating Unit 

BOLL ROT 
COTTON 

10-1-92 
TOT BOLL 

NO. 

BOLL ROT 
COTTON 

10-1-92 
ROT 
NO. 

BOLL ROT 
COTTON 

10-1-92 
ROT 

%BOLLROT 

-------------------------------------------------------------------------------
Trt Treatment Form Fm Plot 
No Name Amt Os Rate No. 

================= 
1 COKER 312 101 206.0 55.0 26.7 

203 200.0 68.0 34.0 
303 207.0 92.0 44.4 
401 204.0 57.0 27.9 
501 217.0 72.0 33.2 
601 214.0 83.0 38.8 

Mean = 208.0 71.2 34.2 

-------------------------------------------------------------------------------2 MONSANTO 531 102 224.0 67.0 29.9 
201 200.0 82.0 41.0 
302 211.0 63.0 29.9 
403 208.0 66.0 31. 7 
503 207.0 55.0 26.6 
603 201.0 53.0 26.4 

Mean 208.5 64.3 30.9 

-------------------------------------------------------------------------------3 MONSANTO 931 103 201.0 55.0 27.4 
202 201.0 72. 0 35.8 
301 203.0 85.0 41.9 
402 200.0 69.0 34.5 
502 202.0 53.0 26.2 
602 202.0 51.0 25.2 

Mean = 201.5 64.2 31.8 
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Appendix X 

Comparison of the B.t.k. HD-73 Protein Expressed by lnsect 
Resistant Cotton wittl Commercially Available Microbial 

Pesticides Containing B.t. Proteins 
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Appendix XI 

Management of lnsect Pests with lnsect Resistant Plants: 
Recommended Approaches 
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MANAGEMENT OF INSECT PESTS WITH INSECT RESISTANT PLANTS: 

Abstract 

RECOMMENDED APPROACHES 

Monsanto Agricultural Group 
St. Louis, MO 

lnsect resistant corn, cotton, and potatoes, which exhibit a high level of protection to 
damage and yield lass by lepidopteran pests (cotton and corn) and the Colorado potato 
beetle (potatoes) have been developed through the expression of B.t. genes in plants. 
Monsanto has developed recommended approaches to utilize these plants to maximize the 
utility and durability of these new insect control products. These approaches are being 
tested and will be optimized in the .field prior to commercial introduction of insect 
resistant crops. 

lntroduction 

lnsect resistant crops represent an important new management tool to control crop 
damage and lass due to insect pests. These plants offer significant benefits to the grower, 
the consumer and the environment. lnsect resistance has been developed through the 
expression of genes that produce insecticidal proteins from Bacillus thuringiensis (B.t.) 
in the cells ot the plants. The particular genes being developed by Monsanto for cotton 
and corn are derived from the B.t. kurstaki strain, and for potatoes from B.t. 
tenebrionis. These proteins are the basis of several commercially available microbial 
insecticides, · which have been demonstrated as highly selective for insects, with no 
activity against other types of living organisms such as mammals, fish, birds or non
insect invertebrates (earthworms, spiders, etc.) (EPA, 1991; EPA, 1988). In 
addition, these proteins show a remarkable insect specificity (Macintosh et al., 1990). 
The B.t. genes developed for cotton and corn produce proteins that are active only against 
certain lepidopteran larvae with no activity against other orders of insects. 
lmportantly, this activity spectrum overlaps with several important pests of these 
crops which include the tobacco budworm, cotton bollworm or corn earworm, European 
corn barer, pink bollworm and several others such as cabbage looper, salt marsh 
caterpillar and cotton leaf perforator. Ukewise, the B.t.t. gene developed for potatoes 
produces a protein active only against the Colorado potato beetle (CPB). Because these 
control agents are proteins, they have been found to break down rapidly in the 
environment and in mammalian digestive systems (Monsanto, 1993; Monsanto, 1994). 

The use of insect resistant plants will provide important benefits to growers, society and 
the environment (McGaughey and Whalon, 1992; Gasser and Fraley, 1989; Gould, 
1988). First and foremost, these plants offer an alternative to chemical insecticides 
currently used to control susceptible insect pests with efficacy equal to or better than 
that of current control methods. The use of insect resistant cotton, corn and potatoes 
will significantly reduce the application of chemical insecticides directed at these pests. 
The reduction of insecticide use will have direct benefits to the grower, such as less time 
and effort spent on insect control and reduced exposure to chemical insecticides. 
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lnsect resistant crops are also likely to produce secondary benefits in pest control as an 
indirect result of the reduction in use of chemical insecticides. Chemical insecticides 
like pyrethroids are relatively non-specific and have the effect of killing beneficial 
predatory and parasitic insects (Roush and Tingey, 1993; Van den Bosch and Stern, 
1962). Because the B.t. proteins produced by insect resistant plants are not active 
against these beneficial insects, populations have been shown to rise significantly in 

· fields planted with insect resistant cotton and CPB resistant potatoes c~ 
nontransgenic cotton and potatoes treated with chemical insecticides ~ 
1993; Reed et al., 1992; 1992; . Preserving the 
beneficial insect population should enhance the biological control of both target pests and 
non-target pests such as mites, aphids, and leafhoppers, which increase as problems as 
their natural predators are removed. In addition, insect resistant cotton and corn and 
CPB resistant potatoes are equally capable of controlling target pest populations, which 
are beginning to lose their sensitivity to chemical insecticides (Everich, 1994; Stone 
and Sims, 1993), thus filling a need that is likely to grow in coming years. 

The use of insect resistant plants will provide important benefits to growers, society and 
the environment. To achieve these benefits, it is important that insect resistant plant 
strategies be implemented and managed properly. In this respect, these plants are no 
different than any other pesticide. There are two aspects of this management. First, is 
the development of pest management techniques that allow the farmer to maximize the 
ability of these plants to control target pests. In essence, this is the development of a 
total insect management package that will be centered around a new tool, insect resistant 
cotton, corn or potatoes. Second, is the development of appropriate strategies to 
maximize the product durability and the utility of insect resistant crops. Part of this 
management program is the development and implementation of strategies targeted to 
prevent the development of insect resistance to the B.t. proteins produced by these 
plants. Because both management aspects can affect the way in which insect resistant 
plants are used by the grower, these two types cf management, total pest management and 
insect resistance management, are interconnected. 

Resistance management is not an issue particular to insect resistant plants, given the 
development of insect resistance to chemical insecticides. Monsanto scientists have 
addressed insect resistance for several years in laboratory and field studies and with 
outside collaborators we have examined nearly every suggestion that has been made for 
resistance management in insect resistant plants (Everich, 1994; Roush, 1994; Sachs, 
1993; Stone and Sims, 1993). As the following discussion will demonstrate, promising 
strategies tor resistance management for insect resistant plants are available and can be 
recommended. These strategies have been developed in consultation with an expert 
advisory panel established for each crop taking into account existing research and an 
understanding of crop production and agronomic practices. Consequently, these 
strategies may be specific for each crop and target pest. lt is evident, however, that 
insect resistant plants offer some unique options in pest and resistance management that 
are not available with traditional pesticides. 
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lntegrated Pest and Resistance Management with lnsect Resistant Plants 

As part of a package to provide economic control of insect loss and damage in cotton, corn, 
and potatoes, these insect resistant crops will provide a central focus around which 
other insect management practices will be applied. In many areas lepidopteran pests are 
the primary damaging insects of cotton and corn, so the use of these insect resistant 
plants to control these pests will be a major portion of total insect control. The primary 
pest in potato production is the CPB. lts control impacts the populations of other pests 
such as aphids and leafhoppers. By substituting genetically modified cotton, corn or 
potatoes for chemical pesticides directed at their target pests, a positive impact on 
overall insect management will result. Many of the details of pest management with 
insect resistant plants can only be determined by multi-year large scale field tests 
designed to incorporate these genetically modified crops into current production 
practices. Such field trials are in progress and are pmviding the data needed for 
developing a pest and resistance management program for these crops. These trials 
involve collaborations between Monsanto, HybriTech Seed International (a wholly owned 
subsidiary of Monsanto), seed company partners, and academic and extension 
entomologists. They are examining the impact of insect resistant plants on populations 
of beneficial and pest insects endemic to the crops and the i~f 
conventional insecticides for controlling non-target pests (~ 993; Reed 
et al., 1992; 992; , the establishment of the 
baseline susce~argets to B.t. protein (Stone and Sims, 1993; 
Everich, 1994; ---- and the impact of mixtures of resistant and non
resistant plants on yield loss (Roush, 1994). 

lnsect resistant cotton, corn and CPB resistant potatoes will be important additions to 
the available methods of controlling insect pests. The implementation of these plants is 
fully consistent with the goals of integrated pest management because: 

a) the B.t. protein produced by the plants is insect specific, affecting only a few 
targeted pest species 

b ) the B.t. protein is active only against insects feeding on the plant and thus doing 
damEge 

c) use of the plants will reduce the application of chemical insecticides 

d) use of the plants will preserve beneficial insects, which will enhance the 
biological control of non-target pests 

Because pest and resistance management are interconnected, it is important to develop 
both of these approaches in tandem for each insect resistant crop. 

Combination of lnsect Resistent Plants with Chemical lnsecticides 

One aspect of the use of insect resistant plants for integrated pest management in corn, 
cotton, and potatoes is the continued use of chemical insecticides. Same insecticides will 
continue to be used in these crops for non-target pests. lf possible, these insecticides 
need to be chosen so as to not negatively impact beneficial arthropods, which are integral 
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in the biological control of non-susceptible species. The combination of insect resistant 
crops with chemical insecticides, while part of a total insect control package, is not a 
resistance management option for insect resistant plants per se. Chemical insecticides 
can reduce the population size of insects selected for resistance to B.t. but cannot alter 
the gene trequencies within this population (Roush, 1989). Alternatively, insect 
resistant plants should positively impact current chemical insecticides by helping slow 
resistance development and prolonging the lite of these important agricultural 
chemicals. 

Resistance Management for lnsect Resistant Plants 

As described above, part of managing the implementation of insect resistant plants is the 
design and implementation of appropriate strategies to delay or prevent the development 
of insect resistance to B.t. protein in cotton, corn or potatoes. Described below are 
approaches that will help manage resistance development in these crops. lt is important 
to note that: 1) as insect resistance development is a biological phenomenon, the rate of 
development is difficult if not impossible to predict and consequently, the efficacy of a 
strategy to delay or prevent its development may be impossible to demonstrate; 2) 
because ot the available technology, biology of the pest, and the production practices of 
the crop, implementation ot these strategies will be dependent on the crop and the target 
pest; and 3) tield research must be conducted to determine the practical implementation 
of these strategies within current crop production practices. These strategies have been 
recommended by several researchers (Gould, 1988; Stone et al., 1991: McGaughey and 
Whalon, 1992) and are summarized briefly below and then expanded in greater detail in 
the next section. 

Summary of Considered Resistance Management Strategies for lnsect 
Resistant Cotton, Corn and Potatoes 

• 

• 

• 

• 

• 

• 

• 

• 

High dose expression of B.t. protein in plants to control insects heterozygous for 
resistance alleles. 

Refugia as hosts for sensitive insects provided through non-insect resistant 
plants or other non-modified hosts. 

Monitoring of insect populations for susceptibility to B.t. protein . 

Agronomie practices that minimize insect exposure to B.t. plants . 

lntegrated pest management (as described above) . 

Combination of multiple genes within the same cotton plant, both of which are 
active against targeted insects but with different sites/modes of action. 

lncorporation of host plant resistance traits into insect resistant cotton and 
corn as they are proven effective. 

lncorporation of novel proteins that provide effective control of targeted pests • 
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Details of Resistance Management Strategies 

High Dose Expression 

High dose expression for resistance management is based on three assumptions: 

1 ) Resistance will most likely be controlled by one major locus with recessive 
esistance alleles McGaughey and Beeman, 1988; Macintosh et al., 1991; Sims 
and Stone, 1991 ). 

2) lnsects developing resistance to the B.t. protein will be rare initially and will 
almost always mate with susceptible insects giving rise to heterozygous progeny 
(Gould, 1986). 

3) More than 95% of the heterozygous progeny will be disabled or killed by insect 
resistant plants with the same dose as the homozygous susceptible larvae. 

The high dose expression strategy uses plant expression of B.t. protein in quantities 
sufficient to kill those insects heterozygous for resistance to B.t. (McGaughey and 
Whalon, 1992; Roush, 1989). This resistance strategy fits nicely with the fact that 
high dose expression is essential for commercial efficacy of CPB resistant potatoes and 
insect resistant cotton and corn because of the range of sensitivity to the B.t. protein in 
com and cotton insect targets (e.g., at least a 10-fold difference between tobacco 
budworm and European corn borer and cotton bollworm). High dose expression is also 
necessary to maintain consistent control across environments and genotypes. We plan to 
evaluate and develop the high dose expression strategy. 

Refugia for Sensitive lnsects 

Refugia means providing a refuge for sensitive insects within a population so they will 
not be exposed .to B.t. protein and not be selected for resistance. As a resistance 
management technique, refugia is based on the concept that control failure due to 
resistance is a population genetics phenomenon. Control failures are observed when the 
frequency of resistant insects in the population reaches a critical level. Refugia supply 
susceptible non-selected individuals to the general population. With adequate refugia, 
the frequency of resistance genas will be very low and spread only very slowly through 
the population. Refugia is an important component of our insect resistant crop 
resistance management strategies. 

Refugia can be provided either within the crop or outside it. The refuge can also be 
planted specifically as such or exist naturally. In all of these approaches, the 
effectiveness of the refuge is based on those insects that survive on the refuge crop 
rather than its total acreage. This is an important point because, if the refuge is 
chemically treated, the refuge population is reduced and the amount of acreage required 
is increased. Examples of refugia that can be utilized are: 
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1) Refuge outside of the crop: Non-insect resistant cotton, corn or potatoes. 

This type of refuge will exist in all the acres not covered by these insect resistant 
plants. This area will be substantial in the early years after introduction and could 
supply a sufficient refuge for several years. As insect resistant seed becomes more 
available and widely grown, this refuge will be reduced. Consequently, over time, 
reliance on non-insect resistant cotton, corn or potato fields for refugia may not be 
adequate. 

2) Refuge outside of the crop: Non-modified crop hosts. 

The European com barer and the cotton bollworm or corn earworm have many non
corn or cotton hosts including other crops in all locations, which may provide an 
adequate refuge. The tobacco budworm and Colorado potato beetle have fewer 
alternatives and the pink bollworm has none. In some locations com, cotton and 
potatoes may be the only host for at least one insect generation per season. The use of 
B.t. microbials or transgenic B.l plants on other crops will also impact their utility 
as a refuge for insect resistant plants. This option must be evaluated carefully based 
on the crop, pest biology, and growing regions. 

3) Refuge within the crop: Non-insect resistant plants. 

In certain cases a likely solution is to provide an "in crop" refuge of non-insect 
resistant plants. For this in crop refuge, tl.le choices are: a) random mixture of seed 
of insect resistant and non-resistant plants or b) non-insect resistant plants planted 
within the same field. The optimum refuge area required must be determined for 
each crop. 

Mixed seed lines (B.t. and non-insect resistant seed within the same bag) have a certain 
appeal due to the "automatic" implementation. A possible problem with mixed seed 
arises from larvae that survive on a non-insect resistant plant and migrate to a modified 
plant where they may be less sensitive to B.t. protein because of their size. This could 
compromise insect control and increase selection pressure for resistance. The 
likelihood of this occurring is being investigated experimentally before this strategy is 
implemented. 

There may also be economic and logistical problems if a mixed seed strategy is 
implemented. However, Monsanto, HybriTech and seed company partners are interested 
in determining the viability of the mixed seed approach. lt is clear that field research is 
required to determine the percentage of non-insect resistant plants needed as a refuge, 
and what the impact of this percentage on over all yield, quality and seed company 
economics. 

Another in-crop refuge could be non-insect resistant plants planted specifically by the 
farmer. Besides providing a refuge, such planting of separate indicator rows of non
insect resistant plants could potentially make scouting easier. Field research is needed 
to determine the optimum type of planting regime. 
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Agronomie Practices 

Certain agronomic practices may need tobe recommended for insect resistant plants. In 
particular, plow down dates to eliminate unnecessary insect exposure to B.t. protein 
from cotton regrowth or rotating CPB resistant potatoes with non-resistant potatoes 
may need to be recommended. The recommendation of these strategies will be determined 
on a regional basis, if necessary. 

Monitoring lnsect Resistance 

lnsect resistance monitoring is an important component of any insect resistance 
management strategy. A baseline frequency is in development. Resistance of major 
target pests to B.t. protein has not been detected in the field (Everich, 1994; Stone and 
Sims, 1993; ). Baseline information should be collected on all 
B.t. products (engineered plants and B.t. microbials) to know when the frequency of 
resistant genotypes have increased within the population. This information must be 
developed on regional bases over several years so that susceptibility changes in 
populations can be identified and validated. 

Pyramiding Traits 

A set of strategies for the medium and long term focus on combining multiple insecticidal 
agents. The rationale is essentially the same for all of these: Expose the insects to two 
or more active agents with distinct modes of action at the same time, and the probability 
of any one insect being selected for resistance to both agents simultaneously is extremely 
low. 

1) Combination with a Second lnsect Resistance Gene 

A second gene within the s~me plant possessing a different mode of action will 
significantly reduce the frequency of resistant individuals (Peferoen, 1992; Stone et 
a/., 1991; Van Rie, 1991 ). Population models indicate that other alternative uses of 
a second gene such as seed mixture or using single genas in rotation, may be as 
effective as two genes within the same plant (Gould, 1988; Gould 1986). Assuming 
initial gene frequencies for B.t. protein resistance are low, initial introduction of a 
product with a single B.t. gene should not negatively compromise a second gene 
because the single gene product will be planted on limited acres in the first few 
years. In the medium term the best choice of second gene is an unrelated B.t. gene. In 
the long term, the use of novel, non-8.t. insecticidal genes holds great promise. This 
area is under active research. 

2) Combination with Host Plant Resistance Traits 

This is a long term strategy to be implemented by seed companies or public breeders. 
Host plant resistance traits (HPR) used in combination with insect resistant cotton 
or corn need to be insecticidally effective and not negatively impact quality or yield. 
For example, Monsanto currently has funded research on HPR to help set direction on 
HPR traits that alone or in combination are useful in protecting the plant from 
lepidopteran insects in cotton (Sachs, 1993). Cotton seed companies are interested 
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in incorporating these traits if they are effective and have no negative effects an 
yield or quality. Similar werk is planned with insect resistant corn. This strategy 
may have limited application to potatoes, however, as there are few varieties 
available that provide adequate CPB control and have desirable yield and quality 
characteristics. 

Summary 

lnsect resistant cotton, corn and potatoes will offer great benefits in overall insect 
control in these crops. These plants will be developed to fit within existing pest 
management practices. Research programs for each crop have been in place for several 
years and will continue. With proper management and implementation, the development 
of insect resistance to B.t. will not be a technical or commercial problem that will limit 
the value or efficacy of these products. Monsanto has developed a package of strategies 
that will help effectively manage the potential development of insect resistance. The 
details of this program and its incorporation into existing pest management programs 
will be further developed and optimized in the field in the coming years. 

Many aspects of the use of insect resistant plants in pest management and the 
implementation of resistance management strategies are unique to these products as 
compared to traditional chemical or microbial insecticides. For example, the use of 
refugia and the incorporation of multiple resistance traits through molecular biology or 
plant breeding are aspects that are ideally suited to insect resistant plants. This ability 
to utilize new methods in pest and resistance management make genetically modified 
insect resistant plants a critical component for successfully managing insect pests in the 
future. 
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Monsanto 
Monsanto Comi::a„y 
700 cnes1ertiela ;::ar1<way Nortn 
St. LOUIS. Missou• 63198 
Pnone: 

January 26, 1995 

Deputy Director, BBEP, APHIS, USDA 
6505 Belcrest Road 
Federal Building 
Hyattsville,l\ID 20782 

Dear 

Subject: Petition for Determination ofNon
Regulated Status: Bollgard™ Cotton 
Lines 757 and 1076 
Monsanto #94-256 

Monsanto has filed two separate Petitions for the Determination ofNon
Regulated status for Bollgard™ Cotton Lines 531,757 and 1076, all ofwhich 
express a form of the insect control protein derived from the common soil 
bacterium Bacillus thuringiensis subsp. kurstaki (B.t.k). The first petition 
submitted on November 3, 1994 requests Bollgard™ Cotton Line 531 be 
determined not tobe a regulated article under 7 CFR §340.1. This petition 
has been designated number 94-308-0lp and accepted by BBEP in a letter 
dated December 19, 1994. The second petition dated December 30, 1994 and 
submitted January 6, 1995 requests that Bollgard™ Cotton Lines 757 and 
1076 also be determined not tobe regulated articles. Due to the similarity of 
all three of these cotton lines, we hereby request that USDA/ APHIS/BBEP 
consider the petition for Bollgard™ Cotton Lines 757 and 1076 tobe an 
amendment to petition number 94-308-0lp. 

We believe that this request is justified for the following reasons. All three 
of the cotton lines contain the identical crylA(c) gene and express the 
identical CrylA(c) insect control protein. This protein is commonly 
referred to as the B.t.k. HD-73 protein. Line 757 was transformed using the 
same plasmid vector (PV-GHBK04) as was line 531. Line 1076 was 
transformed with plasmid vector PV-GHBK03. The only difference between 
these two vectors is the use of a different viral promoter for the cry lA(c) 
gene. 
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Field tests of these lines has not demonstrated any difference in the growth, 
morphology, physiology or survivability of these cotton lines as compared to 
the parental non-transformed cotton. The only difference being the 
expression oflow levels ofthe CrylA(c) and NPTII proteins. Based upon all 
of these similarities, we believe our request to mnend peti.ti.on 94-308-0 lp 
with the new informati.on submitted for lines 757 and 1076 is fully justified. 

We appreciate your attention 
iiiiiiii.l free to contact either 

cc: 

Regulatory Affairs Director 

- Monsanto 

/ 

any questiiifl'ons 
ormyself 
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Petition for Determination of Non-regulated Status: 

Bollgard™ Cotton Lines 757 and 1076 (Gassypium hirsutum 
L.) with the gene from Bacillus thuringiensis sub s p. 

kurstaki. 

The undersigned submits this petition of 7 CFR 340.6 to 
request that the Director, BBEP, make a determination that 

the article should not be regulated under 7 CFR part 340. 

Regulatory Affairs 
The Agricu tura roup of Monsanto Company, BB3A 

700 Chesterfield Parkway North 
Chesterfield, MO 63198 

Tel: 
FAX: 

December 30, 1994 
#94-256 

Confidential Business Information Deleted 
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Summary 

The Agricultural Group of Monsanto is submitting this Petition for 
Determination ofNon-regulated Status to the United States Department of 
Agriculture (USDA) Animal Plant Health Inspection Service (APHIS) 
regarding Bollgard™ Cotton Lines 757 and 1076 which express a form of 
the insect control protein derived from the common soil bacterium Bacillus 
thuringiensis subsp. kurstaki (B.t.k). This petition requests a 
determination from APHIS that Bollgard™ Cotton Lines 757 and 1076 and 
any progeny derived from crosses between Bollgard™ Cotton Lines 757 and 
1076 and traclitional cotton varieties no longer be considered regulated 
articles under regulations in 7 CFR part 340. 

Cotton is the leacling plant fiber crop produced in the world and the most 
important in the United States with approximately 13 million acres grown 
primarily in the tier of 15 southem states stretching from North Carolina to 
California. Lepidopteran insects (primary cotton bollworm, tobacco 
budworm and pink bollworm) are the main insect pest problem on these 
acres with approximately 80% of the planted acres infested, and 
approximately $  is spent annually on chemical insecticides for their 
control. 

Bollgard™ Cotton Lines 757 and 1076 developed by Monsanto produce the 
insect control protein B.t.k. This protein is effective in controlling the cotton 
bollworm, tobacco budworm and pink bollworm. Microbial formulations 
containing these insecticidal proteins have been registered by EPA and 
commercially available for lepidopteran caterpillar control for nearly 30 
years. Growers planting Bollgard™ Cotton Lines 757 and 1076 are not 
likely to require insecticide applications to control these destructive 
caterpillars. This substantial reduction in insecticide use will enhance the 
effectiveness of biological control and implementation of pest management 
strategies for other cotton insect pests. 

The protein produced by Bollgard™ Cotton Lines 757 and 1076 is nearly 
identical in structure and activity to that found in nature and in 
commercial B.t.k. formulations registered with the EPA. Field 
experiments were conducted in 1993 and 1994 in over 75 experiments (line 
757, approximately 35 experiments and line 1076 approximately 40 
experiments) at locations throughout the United States cotton growing 
region demonstrated that the Bollgard™ Cotton Lines 757 and 1076 are 
protected season long from feecling damage caused by these lepidopteran 
caterpillars. Beneficial insects are unaffected and may increase in 
number. In adclition, these plants exhibit no plant pathogenic properties, 
are no more likely to become weeds than the non-modified parental cotton 

Bollgard™ is a registered trademark ofMonsanto Company, St. Louis 
Missouri. 
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lines, are unlikely to increase the weediness potential for any other 
cultivated plant.s or native species and are equivalent compositionally to the 
parental cotton line. 

The use ofBollgard™ Cotton Lines 757 and 1076 will have a more positive 
impact on the environment than the use of chemical insecticides to control 
lepidopteran caterpillars. The B.t.k. protein is ecologically benign, i.e., it 
breaks down rapidly in the soll, is safe to non-target organisms such as 
fish, birds and marnrnaJs and specifically controls many species of 
lepidopteran caterpillars on cotton. In addition, the risk of an uncontrolled 
introduction of this cotton into the environment through hybridization or 
out-crossing to a native species resulting in a new weed variety is virtually 
non-existent on thP. rnainJand ofthe United States, where all ofthe United 
States cotton production takes place. 

The determination that Bollgard™ Cotton Lines 757 and 1076 and their 
progeny are no langer regulated articles and their subsequent 
commercialization will represent an effi.cacious and environmentally 
compatible addition to the existing options for cotton insect pest 
management. In addition, Bollgard™ Cotton Lines 757 and 1076 will 
provide significant benefits to growers, the general public and the 
environment, including: 

1. A more reliable, economical and less labor intensive means to control 
lepidopteran insect pests. 

2. Insect control without harming non-target species, including 
humans. 

3. A means for growers to significantly reduce the amount of chemical 
insecticides now applied to the crop while maintaining comparable 
yields. Therefore, lepidopteran insect control can be achieved in a 
more environmentally compatible manner than is currently 
available. 

4. A reduction in the manufacturing, shipment and storage of 
chemical insecticides used on cotton. 

5. A reduction in the exposure to workers to the pesticide and pesticide 
spray solution. 

6. A reduction in the number of empty pesticide containers and amount 
of pesticide spray solution that must be disposed of according to 
applicable environmental regulations. 

7. An ideal fit with Integrated Pest Management Programs (1PM) and 
sustainable agricultural systems. 
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In conclusion, the consistent lepidoptera control offered by Bollgard™ 
Cotton Lines 757 and 1076 will enable growers to signilicantly reduce the 
amount of chemical insecticide now applied to their crop for control of 
cotton bollworm, tobacco budworm and pink bollworm. As a result, they 
will be able to utilize a host of 1PM practices that cannot presently be 
i.m.plemented because of the lack. of options other than use of chemical 
insecticides to control these peste. An increase in the biological and 
cultural control of non-target cotton peste and a more judicious use of 
chemical insecticides will result in a positive i.m.pact on the environment, 
whicb. will ultimately be advantageous to the grower and the public as well. 

Therefore, the Agricultural Group of Monsanto requests a determination 
from APHIS that Bollgard™ Cotton Lines 757 and 1076 and any progenies 
derived from crosses between Bollgard™ Cotton Lines 757 and 1076 and 
traditional cotton varieties no longer be considered regulated articles under 
regulations in 7 CFR part 340. 
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C@rtificatinp 

The undersigned certüies, tbat to the best lmowledge and belief of the 
undersigned, this petition includes all information and views on which to 
base a determination, and tbat it includes relevant data and information 
known to the petitioner which are unfavorable to the petition. 

Regulatory .Affairs 
roup of Monsanto Company, BB3A 

700 Chesterfield Parkway North 
Ches 
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NOTE TO THE REVIEWER. 

Justification for the Use ofthe CryIA(c) Designation for the protein expressed in 
Bollgard™ Cotton Lines 757 and 1076. 

The insecticidal protein produced in Bollgard™ Cotton Lines 757 and 1076 is 
classified as CryIA(c). This designation is appropriate even though the B.t.k. 
gene producing the protein is the result of fusing a 5' portion of a cryIA(b) gene 
and the majority of the cryIA(c) gene. The appropriate classification of the 
expressed B.t.k. protein is dictated by the protein produced and not the gene or the 
method by which the gene was constructed. The portion of the crylA(b) gene used 
encodes an N-terminal amino acid sequence that is higbly homologous to the N
terminal amino acid sequence encoded by the cryIA(c) gene. The protein 
produced contains only 6 amino acid differences in this region, resulting in only 6 
amino acid changes for the entire 1178 amino acid B.t.k. protein that result from 
using the sequence of the cryIA(b) gene portion. Furthermore, these 6 changes 
occur in the N-terminal, higbly conserved portion of the B.t.k. protein. These 
changes are not located in the hypervariable region, which has been shown to be 
responsible for determining the insecticidal activity of the B.t. proteins (Geiser, et 
al., 1986). These amino acid changes did not, as expected, affect the insecticidal 
specificity of the resulting B.t.k. protein. 

The protein encoded by the B.t.k. gene introduced into Bollgard™ Cotton Lines 757 
and 1076 is identical in length (1178 amino acids) and 99.4% identical in amino 
acid sequence to the protein encoded by the cryIA(c) gene (Adang, et al., 1985). 
The Cry nomenclature developed by Hofte and Whiteley (1989) categorizes the vast 
array of B.t. proteins in classes, rather than single, distinct proteins, based on 
their structural relatedness and insect to:xicity spectra. The CryIA(c) protein 
reported by Adang et al. (1985) was the only member ofthe CryIA(c) class at the 
time ofHofte and Whiteley's (1989) publication. Since that report, four other 
CryIA(c) proteins have been reported (Dardenne, et al., 1990; Von Tersch, et al., 
1991; M73248; M73249). For example, the CryIA(c) protein that was characterized 
by Von Tersch et al. (1991) contains seven amino acid differences (6 amino acid 
substitutions and one amino acid deletion) and was isolated from a different 
subspecies (B.t. subsp. kenyae) than the protein characterized by Adang et al. 
(1985). All five ofthese CryIA(c) proteins plus the CryIA(c) protein used to 
produce Bollgard™ Cotton Lines 757 and 1076 are ~99% identical at the amino 
acid level. In contrast, the CryIA(b) proteins, which are the next most 
homologous class of B.t. proteins, show <90% amino acid identity to any of the 
members of the CryIA(c) class of B.t. proteins. These homologies clearly establish 
that all six of the CryIA(c) proteins (including the B.t. protein expressed in the 
Bollgard™ Cotton Lines 757 and 1076) are closely related and are all appropriately 
classified as CryIA(c) proteins. The CryIA(c) class designation for the protein 
expressed in Bollgard™ Cotton Lines 757 and 1076 is, therefore, accurate and 
consistent with the established nomenclature ofHofte and Whiteley (1989). 

Therefore, it is appropriate to refer to the protein expressed in Bollgard™ Cotton 
Lines 757 and 1076 as a CryIA(c) protein and the gene expressing this protein as 
crylA(c) gene. 
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Adang, M.J., Staver, M.J., Rocheleau, T.A., Leighton, J., Barker, R.F. and 
Thompson, D.V. 1985. Characterized Full-Length and Truncated Plasmid 
Clones of the Crysta1 Protein of Bacillus thuringiensis subsp. kurstaki HD-73 and 
their To:z:icity to Manduca sma. Gene 36:289-300. 

Dardenne, F., Seurinck, J., Lambert, B. and Peferoen, M. 1990. Nucleotide 
Sequence and Deduced Amino Acid Sequence of a crylA(c) Gene Variant from 
Bacillus thuringiensis. Nucleic Acids Research 18:5546. 

Geiser, M., Schweitzer, S. and Grimm, C. 1986. The Hypervariable Region in the 
Genes Coding for Entomopathogenic Crystal Proteins of Bacillus thuringiensis: 
Nucleotide Sequence ofthe kurhdl Gene ofSubsp. kurstaki HDl. Gene 48:109-118. 

Hofte, H. and Whiteley, H.R. 1989. Insecticidal Crystal Proteins of Bacillus 
thuringiensis. Microbiol. Reviews 53:242-255. 

M73248. Not published but accessible through GenBank (Genpept), accession 
number M73248. 

M73249. Not published but accessible through GenBank (Genpept), accession 
number M73249. 

Von Tersch, M.A., Robbins, H.L., Jany, C.S. and Johnson, T.B. 1991. 
Insecticidal Toxins from Bacillus thuringiensis subsp. kenyae: Gene Cloning and 
Characterization and Comparison with B. thuringiensis subsp. kurstaki 
CryIA(c) Toxins. Appl. Environ. Microbiol. 57: 349-358. 
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Abbreviations Used in this Petitionfor the Detennination of 
Non-Regulated Status of 

aad 
AAD 
APHIS 
ATP 
B.t.k. 
C 
C312 
CFR 
crylA(c) 
DNA 
E35rS 
ELISA 
EPA 
EUP 
F 
FDA 
FFDCA 
FIFRA 
g 
GLP 
1PM 
Kb 
M 
m 
mg/kg 
ng 
NOS3' 
NPTII 
nptll 
oriV 
P-358 
ppm 
sp 
T-DNA 
µg 
USDA 
w/w 

Boßgard™ CottonLines 757 and 1076 

Gene for 3"(9)-0-aminoglycoside adenylyltransferase 
3"(9)-0-aminoglycoside adenylyltransferase 
Anima] Plant Health lnspection Service 
Adenosine triphosphate 
BaciUus thuringiensis subsp. kurstaki 
Centigrade 
Coker cotton variety 312 
Code of Federal Regulations 
Class I (Lepidoptera-specifi.c) crystal protein gene 
Deoxyribonucleic Acid 
Promoter for cryIA( c) gene 
Enzyme-linked immunosorbent assay 
Environmental Protection Agency 
Experimental U se Permit 
Fahrenheit 
Food and Drug .Administration 
Federsl Food Dru.g and Cosmetic Act 
Federal Insecticide Fungicide and Rodenticide Act 
gram 
Good Laboratory Practice 
Integrated Pest Management 
Kilobase pairs 
Million 
meter 
milligram per kilogram 
nanogram 
Poly A termination signsl for nptll 
N eomycin phosphotransferase II 
Gene for neomycin phosphotransferase II 
Agrobacterium origin of replication 
Promoter for nptll gene 
part per million 
species 
Transfer-DNA 
microgram 
United States Department of Agriculture 
weight/weight 
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CONFIDENTIAL BUSINESS INFORMATION 
JUSTIF'ICATION 

The information claimed as confidential within this application concerns 
the gene description. The gene description cat.egory includes (a) names 
and information about genes and promot.ers and (b) reference articles 
published in various scientüic journals. 

Legal Backgmrmd 

The Freedom of Information Act ("FOIA "), 5 U.S.C. §552, specifically 
exempts from release "trade secrets and commercial or financial 
information obtained from a person and privileged or confidential" 
("Exemption 4"). 5 U.S.C. § 552(b)(4). Exemption 4 applies where the 
disclosure of information would be likely to cause substantial hann to the 
competitive position ofthe owner, or where, in the case ofvoluntarily 
submitted information, the submitter would be less likely in the future to 
share data with the agency voluntarily. National Parks & Conseryation 
Associati,ony. Morton:498 F.2d 765,770 (D.C.Cir. 1974); Gulf& Western 
lndustries, Inc, Y, u,s„ 615 F.2d 527 530 (D.C.Cir. 1979). 

A party seeking to demonstrate "substantial competitive harm" need not 
show actual competitive harm, but must only demonstrate the presence of 
competition and the likelihood of substantial competitive injury. .Id,,at 530; 
National Parks & Conservation Association v, Kleppe. 547 F.2d 673,679 
CD.C.Cir. 1976); Miami Herald Pub, Co, v, U.S, fima1J Business 
Arlmjnistration, 670 F.2d 610,614 (5th Cir. Unit B 1982). 

For the purposes of FOIA, courts have defined the term "trade secret" to 
mean a "secret, commercially valuable plan, formula, process, or device 
that is used for the msking, preparing, compounding, or processing of 
trade commodities and that can be said to be the end product of either 
innovation or substantial eft'ort. Puhlic Citizen Health Research Group v, 
EDA, 704 F.2d 1280, 1288 (D.C.Cir. 1983); Anderson v, Dept, of Health & 
Human Seryices, 907 F .2d 936, 943-44 00th Cir. 1990). 

Information on gene description falls squarely within this definition, and is 
the type of information accorded trade secret protection by the courts under 
Exemption 4 of the Freedom of Information Act. lt is well established that 
information on the formulation and chemistry of a product should be 
treated as confidential for FOIA purposes. ~ e.g .. Anderson y, Dept, of 
Health & Human Seryices,907 F.2d 936 00th Cir. 1990). This is exactly the 
type of information provided by each and every subcategory listed above in 
the gene description category. Where, as in the case of the Monsanto 
products subject to this FOIA request, the developm.ent time and costs of the 
product have been substantial and the information can only be obtained by 
competitors at considerable cost, disclosure is prohibited. Greenberg v, 
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Food and Prnu Mroioistration. 803 F.2d at [213, 1216-1218 (D.C. Cir. 1986); 
WorthiofDiOil Compressors, Inc. v. Costie. 622 F.2d 45, 51-52 (D.C.Cir. 1981). 
The existence of confidentiality agreements binding employees not to reveal 
the information is another factor considered by the courts. Greenbere; y, 
EP.Aa803 F.2d at 1216-1218. 

Gene Description 

The essence of the commercial value of the Monsanto biotechnology 
products is the particular genetic information that confers the desired 
properties on the plant product. as weil as the technical know-how 
inherent in this information. Monsanto is at the leading edge in the 
development of biotechnology products in a rapidly growing and highly 
competitive industry. This expertise has been gained through many person 
years of effort, and the expenditure of  of dollars on 
biotechnology research. 

Monsanto has been working on the development of the insect resistant 
cotton since 1980, and has expended over  dollars in research and 
testing costs. Monsanto can document the development and testing costs by 
means of monthly suroroaries of the person hours devoted to these projects, 
budgetary documents, field test agreements, and project documents for the 
Chesterfield facility. 

The uniqueness of this product lies in the particular combination of genetic 
components in the vectors transferred to these plants. Each genetic entity 
in these vectors has three pieces of information: a promotor region, the 
gene for the expression of the trait, and a stop signal. Although the 
information on each of these vector components may be in the public 
domain, the particular combination of the components put together by 
Monsanto is unique and represents years of e:ffort and millions of dollars of 
expense. 

To achieve the products which are the subject ofthis FOIA request, 
Monsanto has developed and tested many different plant strains using 
different combinations of genetic components. The plant products 
developed by Monsanto represent the best fit of the components, and the best 
mode of gene expression of the desired traits. The specifi.c combination of 
genetic information on the vectors transferred to the Monsanto products 
has been kept strictly confidential. Monsanto employees and contractors 
under contract to Monsanto are contractually obligated to keep this 
information confidential. 

There are many competitors of Monsanto, both national and international, 
who have the expertise not only to replicate Monsanto's products, but also 
to use Monsanto's technology to develop other products which would be 
competitive with Monsanto, thereby saving millions of dollars and years of 
development effort. These competitors include Calgene, Rhone-Poulenc, 
ICI, and Ciba-Geigy. 
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Monsanto's competitors cannot presently duplicate Monsanto's . 
commerc:i.ally valuable products from information in the public domain 
without going tbrough the sam.e painstaking trial and error development 
and testing of many different combinations of genetic information. lt is 
important to emphasize that althoagh there may be information about 
Monsanto products available in patent applications, tbis information is 
volumiuous and general in nature, and does not identify the specüic 
combinations of genetic information whicb. Monsanto has found to be most 
e1fective. A competit.or cannnt determine from the patent applications 
which particular combination of genes and transgenic products will prove 
to be commen:i.ally valuable. 

Access to gene description information for Monsanto's products would 
allow competitors to create essentially "copy-cat" products (avoiding any 
technical patent infringement) that would result in a marltet share lose for 
Monsanto of millions of dollars. By performing simple copy work, these 
competitors would avoid the millions of dollars and many years of researcb. 
and development e1fort expended by Monsanto to develop its commercial 
products. 

The release of gene description information would also provide competitors 
with commercially valuable knowledge about the particular products that 
Monsanto is plannjng to commen:iaJize and the likely time frame for 
comme:rciaJif.ation. This information would be extremely helpful to these 
companies in developing their own marketing strategies and development 
plans in a highly competitive market. 

Names Ami lnfonnationAbout Genes, Promot.ers, Ami Ezpressed Traits. 

The release of information about the genes and promoters in the vectors 
will directly provide competitors with the knowledge of the precise genetic 
sequence that Monsanto has found to be most desirable. lf this information 
is disclosed the competitors will have access to the structure of the 
Monsanto products, with the consequences outlined above. Patents for the 
products at issue in this matter are pendiug, but have not been issued. 

Information on the expressed trait of the genes is tantamount to providing 
the name ofthe genes, and will allow Monsanto's competitors to readily 
identify the particular genes that have been transferred to the Monsanto 
products. The release of any information relating to changes made to an 
original gene to facilitate fusion with another gene would explicitly reveal 
Monsanto 's trade secret teclm.ology for developing gene combinations. 

ldentity Aud CberenteJistiffl OIPomtOrganism 

A donor organism is not claimed as CBI when the gene from such 
organism appears alone. CBI is only claimed for the name and/or 
identifying characteristics of a donor organism. when the gene from this 
organism is used in a new and unique combination with another gene to 
give greatly enhanced expression of the desired trait. 
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The identity of the donor organisms for soybean plants genetically 
engineered to have tolerance to glyphosat.e herbicide and potato plants 
genetically engineered to be resistant to certain inseets and viru.ses and to 
have a bigher percentage of solids has been claimed as confidential by 
Monsanto because the disclosure of this information will essentially reveal 
to Monsanto's competitors the nature ofthe genes for the expressed traits. 
Likewise, information on the characteristics of the donor organisms and 
the source of the characterization of the donor will reveal directly or with 
little difficulty the identity of the donor organism. With this information in 
hand, even without information on the other components of the vector, 
Monsanto's competitors will be accorded a tremendous advantage in their 
search for competitive products, and will be able to unfairly tak:e advantage 
of the expensive and time intensive effort by Monsanto to identify this donor 
as the most suitable organism for providing the genetic information 
necessary to best express the desired traits. 

Befenmce Arti.cles 

Monsanto has not claimed as confidential references which do not clirectly 
reveal information pertaining to the specific combination of genes created 
by Monsanto. The disclosure of the specific references claimed as 
confidential would allow Monsanto's competitors to readily identify the 
precise biochemical structure of the genetic information transferred into 
Monsanto's products, and the technology for achieving the unique 
com.binations developed by Monsanto. 

Specifically, these references name and describe the precise piece of genetic 
information for each component of the Monsanto vector, provide the 
nucleotide sequence for these components, and describe the cloning of the 
genetic information. With all the references in hand, a competitor can 
determine the exact sequence of the genetic information in the Monsanto 
products, and the technology for creating the Monsanto com.binations. He 
can then not only reproduce the Monsanto products, but also apply the 
knowledge of the Monsanto syst.em to the development of competitive 
products. Without these reference cites, the literature in the field is so 
voluminous that competitors would be unable to determine how to best 
combine the many available components to produce a commercially viable 
product. · 

Monsanto also notes that these reference articles were submitted voluntary, 
as they were not required to support the Monsanto applications. Monsanto 
would not provide such reference information to the public, any more than 
it would publically disclose other information allowing the identification of 
the components of the vectors and the genetic sequence of the vectors. 
Accordingly, under the recently decided Critica.l Mass Enera Project y. 
NRC1 these references are entitled to protection from disclosure under 
FOIA Exemption 4. 
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For each piece of information c)airned as confidential, we are indicating in 
the att.acbment to this letter the category into which the information falls 
and referenc:ing the ahove discussion. Additional justüication information 
is provided for certain items, as necessary. 

Cate,roa of Inforroaäon Justjfication 

III-3 Description of Gene and See discussion on gene 
Donor Organism description - nam.es and 

information about genes, donor 
organisms, and e:xpressed 
traits. 

III-3 Description of Gene and See discussion on gene 
Donor Organism description - nam.es and 

information about genes, donor 
organisms, and e:xpressed 
traits. 

III-3 Description of Gene and See discussion on gene 
Donor Organism description - nam.es and 

information about genes, donor 
organisms, e:xpressed traits 
and referenced articles. 

III-20 Description of Gene and See discussion on gene 
Donor Organism description - nam.es and 

information about genes, donor 
organisms, and e:xpressed 
traits. 

III-32 Description of Gene and See discussion on gene 
Donor Organism description - nam.es and 

· information about genes, donor 
organisms, and e:xpressed 
traits. 

III-33 Description of Gene and See discussion on gene 
Donor Organism description - nam.es and 

information about genes, donor 
organisms, and e:xpressed 
traits. 
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III-34 

III-35 

III-36 

III-42 

Description of Gene and 
Donor Organism 

Description of Gene and 
Donor Organism 

Description of Gene and 
Donor Organism 

Description of Gene and 
Donor Organism 

See discussion on gene 
description - names and 
information about genes, donor 
organisms, and expressed 
traits. 

See d.iscussion on gene 
description - names and 
information about genes, donor 
organisms, and expressed 
traits. 

See d.iscussion on gene 
description - names and 
information about genes, donor 
organisms, and expressed 
traits. 

See discussion on gene 
description - names and 
information about genes, donor 
organisms, expressed traits 
and referenced articles. 
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Part L Introducti.on 

A. Batiooale Vor DevelopmeD:t oftbP Iusect Besirdant Cotton Plant 

Cotton is the leading plant fiber crop produced in the world and the most 
important in the Unit.ed States. Cotton production in the Unit.ed States is 
located primarily in the tier of 15 southern states stret.cbing from North 
Carolina to California, with apprmimately 13 M acres grown. 
Lepidopteran insects are the main insect pest problem on these acres. 
During the growing season other insects (e.g., cotton boll weevil, lygus 
bugs, ileahoppers, spider mites, thrips, and aphida) are also present. The 
primary lepidopteran peste infesting cotton are cotton bollworm, tobacco 
budworm and pink bollworm. These insect peste infest approximately 80% 
of the planted acres and appro:xirnately $   is spent annually for 
chemical control. · 

Monsanto has developed genetically modified cotton plante that control 
many of the lepidopteran caterpillars which are serious peste in cotton 
production. These cotton plante, named BollgardTM Cotton Lines 7 57 and 
1076, produce an insect control protein derived from the common soil 
bacterium Bacillus thuringiensis var. kurstaki (B.t.k ). Microbial 
formulations containing these insecticidal proteins have been registered by 
the Environmental Protection Agency (EP A) and commercially available for 
lepidopteran caterpillar control for nearly 30 years. The protein produced 
by Bollgardn1 Cotton Lin.es 757 and 1076 is nearly identical in structure and 
activity to that found in nature and in commercial B.t.k. formulations 
registered with the EP A. This protein is highly selective in controlling 
many lepidopteran caterpillars and is expressed at an effective level in 
plant tissue throughout the growing season. Bollgardnt Cotton Lines 757 
and 1076 were evaluated in the years 1993 and 1994 in over 75 experimente 
(line 757, approximately 35 experimente and line 1076, approximately 40 
experiments) at locations throughout the United States cotton growing 
region under permite from the United States Department of Agriculture 
(USDA) (#93-011-05, 93-056-05, 94-025-01,-94-026-03, 94-027-03 and 94-054-02), 
and an Experimental Use Permit grantea by EPA (#524-EUP-73). Results 
from these experimente have demonstrated that the BollgardtM Cotton Lines 
757 and 1076 are protected season long from feeding darnage caused by 
many lepidopteran caterpillars. Beneficial insects are unaffected and may 
increase in number, providing predatory control of the lepidopteran peste. 
Growers planting Bollgard111 Cotton Lines 757 and 1076 are not likely to 
require insecticide applications to control these destructive caterpillars. 
This substantial reduction in insecticide use will enhance the effectiveness 
of biological control and implementation of pest management strategies for 
other cotton insect peste. 
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Safety studies immmarized in this submission, as weil as data generated by 
manufacturers of commercial B.t.k. products, have demonstrated that non
target anima]s such as fish, birds and inarnmaJs are unaffected by the 
B.t.k. protein. In addition, agronomic evaluations consisting of plant vigor, 
growth habit characteristics and general disease susceptibility, have shown 
Bollgard.TM Cotton Lines 757 and 1076 to be equivalent to the parental Coker 
312 cotton. 

The commercialization of Bollgardm Cotton Lines 757 and 1076 following 
receipt of all required approvals, (including this Determination of Non
regulated Status), will represent an effi.cacious and environmentally 
compatible addition to the existing options for cotton insect pest 
management. In addition, it will provide significant benefits to growers, 
the general public and the environment, including: 

1. A more reliable, economical and less labor intensive means to control 
lepidopteran insect peste. 

2. Insect control without harming non-target species, including 
humans. 

3. A rneans for growers to significantly reduce the amount of chemical 
insecticides now applied to the crop while maintsining comparable 
yields. Therefore, lepidopteran insect control can be achieved in a 
more environmentally compatible manner than is currently 
available. 

4. A reduction in the manufacturing, shipment and storage of 
chemical insecticides used on cotton. 

5. A reduction in the exposure to workers to the pesticide and pesticide 
spray solution. 

6. A reduction in the number of empty pesticide containers and amount 
of pesticide spray solution that must be disposed of according to 
applicable environmental regulations. 

7. An ideal fit with Integrated Pest Management Programs (1PM) and 
sustainable agricultural systems. 

B. Benefits of Insect Besistant Cotton 

1. Summary 

Lepidopteran insects are the main pest problem on most of the 13 million 
acres of cotton produced in the United States. During the growing 
season other insects (e.g., cotton boll weevil, lygus bugs, fleahoppers, 
spider mites, thrips, and aphids) are also present. The primary 
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lepidopteran pests infesting cotton are cotton bollworm, tobacco 
budworm and pink bollworm.. These insect pests infest approximately 
809' of the planted acres with appro:m:nat.ely $  spent annually for 
chemjcal insecti.ci.des for their control. These insect resistant cotton 
plants are u:pected to replace a siprificant part of the chemical 
insecticides now applied to control lepidopteran insect pests. 

There are additional reasons why these iDsect resistant cotton plants 
have advantages over cotton plants which must be sprayed with 
insecticides to control lepidopteran pests, includin,r. 

a. Chemical insecticides are costly and sometimes unreliable under 
intended use conditions. New chemical insecticides are expensive to 
develop and register and as a result must be sold at ever increasing 
prices so that the developer can recover these costs. The effectiveness 
of these chemicals can also be negatively intluenced by 
environmental conditions. Rain following application, for example, 
reduces the length of control, and a dense canopy of foliage reduces 
penetration and effectiveness. Areas of the field that do not receive 
the spray will b~ darnaged by insects. All of these conditions result in 
increased production costs and potentially lower yields for the 
grower. 

b. Many chemical insecticides have the potential to cause 
environmental damage if not used as labelled. 

c. Insect resistant cotton plant& provide an ideal fit with existing IPM 
and sustainable agricultural programs. Essentially all cotton 
produced in the United States is grown under IPM programs. By 
reduci.ng the use of non-selective insecticides, insect resistant cotton 
plants will enhance the effectiveness of these programs, due to the 
presence of increased numbers of beneficial insects and other 
predators. Natural pest defense systems are compatible with the 
goals of sustainable agriculture production systems. 

d. Applicator and field worker exposure to chemical insecticides will be 
reduced. 

e. Many insects have or are developing resistance to the available 
chemical insecticides. Tbis resistance requires farmers to apply 
chernicals at higher rat.es and/or more frequently, with the prospect 
of eventually not being able to use them at all. 

f. Bollgard™ Cotton Lines 757 and 1076 will likely have reduced levels of 
aflatoxin in the seed compared to non-moclified cotton 

The following are suromaries of the Agronomie and Econornic Benefits of 
~ Cotton Lines 757 and 1076 as prepared by (1993) and 
--(1993) respectively. Copies ofthese full papers are found in 
Appendices I and II, respectively. 
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2. Agronomie Benefits 

Cotton production in the United States is highly mechanized and 
dependent upon maximum utilization of new technology to remain 
competitive in a worldwide market. Pest problems, particularly insects, 
and environmental constraints, such as inadequate temperature and 
moisture, are major limiting factors to optimum cotton production. 
Most cotton production regions of the United States rely on extension 
specialists and crop consultants to design and implement effective IPM 
programs. Insect control decisions are largely based on routine field 
monitoring by agricultural consultants, extension personnel and 
growers. The intensity of monitoring varies among locations and is 
associated with production capabilities, potential insect damage and 
availability of consultants (Luttrell 1994). Numerous advances in IPM 
technology (Frisbie and Adkisson 1986, Frisbie et al. 1989) have 
encouraged a systems approach to insect management in United States 
cotton where insect control decisions are integrated into an overall crop 
production and management scheme. Perhaps the best example of this 
is the wide acceptance of early-maturing varieties and short-season 
cotton production systems first recommended in Texas. The Texas 
system of short-season cotton production (Walker et al. 1978) has been 
widely adopted across United States cotton and is recommended by 
agronomists and entomologists because it optimizes the producti.on of 
valuable fiber and encourages the "avoidance" of damaging late-season 
populations of insects. 

Although advances in IPM technologies have fostered improved cotton 
insect management systems, insect control is still largely based on the 
use of chemical insecticides (  et al. 1993). Estimates of insect 
control costs and lasses (Head 1991, 1992, 1993) averaged for the 1990's 
indicate that United States cotton growers apply an average of 4.86 
applications of insecticide to 11.8 million acres of cotton and spend more 
than $  each year for control of cotton insects. This represents 
a large portion of total insecticide use in the United States. Continued 
dependence on chemical insecticides results in cyclic problems with 
insecticide-resistant pest populations ·and outbreaks of secondary pests 
(Luttrell 1994). The need for alternative insect control measures is 
becoming more critical to profitable cotton producti.on in the United 
States. Environmental concerns limit the availability of existing 
insecticide chemistry and increase the · developmental costs of new 
chemistry. Because of the high costs of developing and registering new 
insecticide chemistry, availability has declined over the past few years. 

Bollgard™ Cotton Lines 767 and 1076 offer unique, innovative 
alternatives to traditional chemical control measures. Although 
alternative insect control tactics are often cited as major components of 
cotton IPM and research is continuously pursuing improved 
management methods (Frisbie et al. 1989), few alternative insect control 
methods are of suffi.cient efficacy to replace chemical control methods. 
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Other methods, such as biological control, host plant resistance and 
cultural control, provide suppresaion of pest populations without 
disrupting natural control, but generally lack the high eflicacy and 
curative action of conventi.onal insectici.des. Bollgardnt Cotton Lines 757 
and 1076 are the first major u:ception to tbis historical trend. 

Bollgardm Cotton Lines 757 and 1076 offer new mecbanisms to produce 
and deliver a highly effective insectici.de to target pests (i.e. production by 
cells of the crop plant rather than industrial faci.lities and application by 
spray equipment). The t.echnology couples the environmental 
advantages of host plant resist.ance with the eflicacy of an effective 
biological insectici.de. Sinee the insectici.dal activity is ex:pressed 
throughout the plant for the entire season, improved control of some pest 
speci.es over that provided by conventional insectici.des is likely. Cun-ent 
technology which depends on foliar application of insectici.des eannot 
dependably deposit insectici.des to some regions of the plant canopy 
infested by pest speci.es. This is especi.ally true of pests tbat bUffOw and 
feed inside plant tissue (e.g. pink bollworms). Because Bollgard™ Cotton 
Lines 757 and 1076 express the B.t.k. protein that only has activity 
against certain Lepidoptera (moths and butterflies) and must be 
ingested to kill the pest, the technology offers selective activity against 
susceptible lepidopteran pest complu:es without directly disntpting pest 
suppression by natural enemies, such as parasites and predators. 

s. }mnnmic Reoeffls 

Pestici.de regulation has become more restrictive in the United States 
resulting in the ban or severe restriction of the use of particular 
insectici.des. Economic studies have been conducted to examine the 
likely impacts from such restrictive pestici.de regulations. Taylor et al. 
(1991) developed a regional model and concluded that agricultural 
income in the South would be negatively impacted by more restrictive 
pestici.de regulations. Richardson et aL (1991) analyzed the situation 
with a farm level model and concluded that the removal of pestici.des 
would have a negative impact on Mississippi and Texas Southem High 
Plains cotton farms. However, neith.- of these studies allowed for the 
development of new technologies in response to increased pestici.de 
regulations. lt is possible that genetically moclified plants which are 
designed to control inseets without the use of insectici.de sprays will be 
able to offset some of the negative impacts from increased pesticide 
regulations. · 

Bollgardm Cotton Lines 757 and 1076 are designed to suflici.ently control 
infestations of lepidoptera, eliurinating the need to control these pests 
with conventional insectici.de applications. Revenue-related factors 
such as lint yields and quality characteristics are expected to be similar 
under both conventional cotton and Bollgard™ Cotton Lines 757 and 1076 
production systems. However, per-acre production costs of Bollgard™ 
Cotton Lines 757 and 1076 are expected to be lowered due to 
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the reduction in insecticide use with the substitution of Bollgard™ Cotton 
Lines 757 and 1076 seed for conventional cotton seed. Growers who adopt 
Bollgard'l'M Cotton Lines 757 and 1076 will simply substitute this seed for 
conventional cotton seed and certain types of insecticides. Thus, the 
added cost of the Bollgard'l'M Cotton Lines 757 and 1076 seed must be 
compared with the savings obtained from replacing conventional seed 
and some insecticides. 

Due to the diverse and complex interactions throughout the agricultural 
seetor and related sectors of the economy, it is di.flicult (if not impossible) 
to predict future magnitudes of key variables with a high degree of 
accuracy. However, it is possible to speculate on the direction of change 
in these variables. For instance, pesticide regulations in the United 
States will likely become more restrictive over time. Reductions in 
insecticide use without Bollgard'l'M Cotton Lines 757 and 1076 will cause 
cotton yields to decline, farm profi.ts to decline and acres devoted to cotton 
production to decline, especially in those regions where insecticide use 
is an integral production practice. A scenario which allows for the 
introduction ofBollgard™ Cotton Lines 757 and 1076 results in a very 
different forecast. Reductions in insecticide use can be had without yield 
reductions, farm profi.ts will increase and acres devoted to cotton will 
remain constant or even increase in some regions. 

lt is often argued that some new technologies have characteristics 
which promote adoption by large farms over that of small farms 
(Kuchler 1990 ). For instance, large initial investment costs or high 
levels of management may preclude small farms from adopting the 
technology. However, the adoption of Bollgard™ Cotton Lines 757 and 
1076 is not expected tobe related to farm size; i.e., small and large farms 
will have the sam.e per-acre costs and benefi.ts from the adoption of this 
improved cotton and, thus, will likely have equal adoption rates. 

In summary, the introduction of Bollgard™ Cotton Lines 757 and 1076 
will have signifi.cant positive impacts on the profi.tability of some 
farmers and agribusinesses. lt will allow cotton growers to eliminate 
some conventional insecticide applications and thus reduce pesticide 
expenses. Based on available cost and acreage data and assumptions 
concerning the portion of current cotton acres that would be converted to 
Bollgard™ Cotton Lines 757 and 1076, it is estimated that cotton 
producers could save over $  per year on insect control costs. 
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C. Begu]atory Approva)s 

Note: Monsanto is pursing r.nrnrnercialization of 3 different lines or 
cultivars of Bollgardtu Cotton. These a:re uamed Lines 531, 757 and 1076. 
All three of these cotton lines a:re separate transformation events, witb 
lines 531 and 757 being transformed with tb.e same plasmid vectar (PV
GHBK04) and line 1076 tnmsformed witb plasmid vect.or PV-GHBK.03. All 
tbree encode tbe identical B.t.k. HD-73 (CryIA(c) insect control protein), tbe 
ouly difference in tbe vectors being tbe viral promoter which drives tbe 
cr:,IA(c) gene. Monsanto has applied for regulatory approval of Bollgard111 

Cotton Line 531 by filiDg a petiti.on for registration with EP A (PP4F4331, 
filed Febru.ary 15, 1994, penctiug), Petition for Determination of non
regulated status witb USDA/APHIS (filed November 3, 1994, #94-308-0lp, 
pending) and continued the consultation with FDA by filing a surnrnsry of 
tbe food and feed safety data and information (November 21, 1994, pendjng) 
under tbe FDA May 29, 1992 policy statement conceming foods derived from 
new plant varieties. We expeet this consultation to be completed in early 
1995. 

Prior to tbe comm.erciaJjmtion ofBollgardtu Cotton Lines 757 and 1076, 
Monsanto will obtain tbe following regulatory approvals: 

1. This determination from USDA/APHIS that Bollgard111 Cotton Lines 
757 and 1076, and all progenies derived from crosses between 
Bollgard111 Cotton Lines 757 and 1076 and otber cotton cultivars, a:re 
no langer a regulated articles according to 7CFR §340.6. 

2. Regulatory approval from tbe EPA oftbe B.t.k. insectici.dal protein as 
expressed in Bollgard111 Cotton Lines 757 and 1076 under the Federal 
Insecticide, Fungicide and Rodenticide Act (FIFRA). This petition 
was submitted December 1994 (Dated December 20, 1994). 

3. An exemption from tbe requirem.ent of a tolerance for the B.t.k. 
insecticidal protein under sections 408 of tbe Federal Food Drug and 
Cosmetic Act (FFDCA) from tbe EPA and Food and Drug 
Admjnj1tration (FDA). The petition for tbe exemption from tbe 
requirement of a tolerance for the B.t.k. protein was submitted to 
EPA on February 15, 1994 (PP4F4331)~ 

The EPA has exempted tbe NP'I'Il protein and tbe genetic material 
necessary for tbe production of tbe prot.ein from tbe requirement of a 
tolerance in or on all agricultural comm.odities when used as a plant
pesticide inert ingredient (EPA 1994). FDA has approved tbe request from 
Calgene Inc. to amend tbe food additive regulations to provide for tbe safe 
use of NPTII as a processing aid in tbe development of new varieties of 
tomato, oilseed rape and cotton (Calgene, Inc., 1993, FDA 1994). No 
additional regulatory approvals are planned for tbe NP'I'Il protein. 

In addition, we will complete our consultations with tbe FDA under tbeir 
May 29, 1992 policy statement concerning foods derived from new plant 
varieties. 
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Part Il. Description ofthe Biology ofthe Cotton Family 

A. Cotton as a Crop in tbe United States. 

According to Niles and Feaster (1984), cotton production in the United 
States is located primarily in the tier of 15 states stretching from North 
Carolina to California. The primary producing states are: Alabama, 
Arkansas, Arizona, California, Georgia, Florida, Louisiana, · Mississippi, 
Missouri, New Mexico, North Carolina, South Carolina, Oklahoma, 
Tennessee and Texas. Of these states, the largest producers in 1993 were 
(in order of production); Texas, Mississippi, California, Arkansas and 
Louisiana, whieh, in 1993, accounted for approximately three quarters of 
the total United States production. 

Two species of cotton are grown commercially in the United States: 
Gossypium barbadense, commonly called Pima or Egyptian cotton, and 
Gossypium hirsutum, commonly called upland cotton. G. hirsutum is 
noted for its general adaptability and high productivity and is the 
predominant species in the United States and the world (Lee, 1984). Upland 
fiber is used for cordage and other non-woven products, as well as for 
textiles. In addition, upland cotton linters, whieh are the short fibers 
removed from seeds prior to crushing, are a major source of industrial 
cellulose. G. barbadense is noted for the length and quality of its fiber and 
its production in the United States is primarily restricted to Arizona, New 
Mexico and West Texas (Niles and Feaster, 1984). Pima fiber, because ofits 
high quality, is used primarily for sewing threads and luxury fabrics. 

Niles and Feaster (1984) have classified the upland cultivars grown in the 
United States into four major types: Acala, Delta, Plains and Eastem. 

The Eastern type is of speci.al interest since it includes the Coker 
cultivar whieh provides the genetic background for the transformant 
contairring the protein that is the subject of this application. The Coker 
and McNair cultivars account for most of the production in Georgia and 
the Carolinas. 

The Acala type cultivars are produced primarily in the irrigated areas 
in West Texas, New Mexico, Arizona and California. In the first of 
these states, the Acala eultivars grown are predominantly of the Acala 
1517 family, whereas production in California is confined to cultivars 
derived from the Acala SJ series. The Acalas account for approximately 
11% ofthe total United States production. 

The Delta types account for approximately one-third of the total United 
States production, primarily of the Deltapine and Stoneville series. 
Adaption of Delta-type eultivars, generally, is quite broad and 
representative cultivars are grown in every cotton-producing state. 
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The Plains type comprises a rather heterogeneous group of cultivars 
essentially confined to Texas and Oklahoma, with limited production in 
eastern New Mexico. They account for more than 40% of the total 
United States production. 

B. Ta:moamyof coUDn 

Cotton is of the genus Gossypium of the tribe Gossypieae of the family 
Malvaceae of the order Malvales (Fryxell, 1979; Munro, 1987). The genus 
Gossypium is comprised of 89 very diverse species which occur in widely 
separated parts of the world, typically in relatively arid parts of the tropics 
and subtropics (Fryxell, 1984). Worldwide, four species of cotton are of 
agronomic importance: the two diploid Old World (or Asiatic) species, G. 
arboreum and G. herbaceum; and the two allotetraploid New World 
species, G. barbadense and G. hirsutum. Although the old world species 
remain important in restricted areas of India, Africa and Asia, the two 
new world species account for about 98% of the world's cotton fiber 
production. Of this amount G. hirsutum accounts for 90% while G. 
barbadense accounts for 8% (Lee, 1984). 

Wild species of Gossypium typically occur in arid parts of the tropics and 
subtropics. Fryxell (1984) subdivides the wild diploid species into the 
following three geographical groups: the Australian group (11 species), the 
Afro-Arabian group (8 species) and the American group (12 species). Two 
species of the American group occur in Peru and in the Galapagos, and the 
reDl8iuing 10 occur in western Mexico with one ( G. thurberi Todaro) 
extending into Arizona. 

In addition to the wild diploids, the following wild tetraploid species of 
Gossypium occur in the New World (Fryxell, 1984): G. tomentosum 
(Hawaii); G. mustelinium (northeastern Brazil); G. -darwinii (the 
Galapagos); G. lanceolatum (Mexico, in hause yard cultivation); G. 
barbadense originally from the Antilles, South and Central America 
(Fryxell, 1984) and now growing wild on the coasts of Peru, Ecuador and 
possibly the Galapagos Islands (Lee, 1984); and G. hirsutum (indigenous to 
Middle America), the Antilles and certain Pacific islands (Fryxell, 1984) 
and now growing in its wild or commensal forms in the drier areas of 
Middle America, Northern South America, the West Indies, the southern 
tip of Florida, Polynesia, North Africa and southern Asia (Lee, 1984). The 
wild populati.ons of G. hirsutum ~e relati.vely rare and tend to be widely 
dispersed. All grow on beach strande or on small islands (Lee, 1984). 

There are four species of cotton in the United States. Two of them, 
Gossypium hirsutum (upland cotton), and Gossypium barbadense (sea 
island cotton, pulpulu haole), are used commercially and escaped plants 
can be found growing in the wild climates where they can survive in the 
winter, i.e. southern Florida and Hawaii. In addition, only two native 
species of Gossypium occur in the United States: G. thurberi Todaro and G. 
tomentosum Nuttall ex Seeman (Brown and Ware, 1958; Fryxell, 1979; 
:Munro, 1987). The former has been described by Kearney and Peebles 
11952). 
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Gossypium thurberi Todaro (Thurberia thespesiodes Gray) is found in 
southem Arizona in mountainous regions. lt is found in the following 
counties: Oraham, Gila, Pinal, Maricopa, Cochise, Santa Cruz and Pima. 
lt.has also been found in the Bradshaw Mountains (Yavapai County). lt is 
generally found at elevations of 2,500 to 5,000 feet and is common on rather 
rocky slopes and sides of canyons in the late summ.er and fall. lt has been 
described as a handeome shrub, known in Sonora as algodoncillo (little 
cotton), reaching a height of 4.2 m. Petals are normally spotless, but plante 
with faint crimson basal spots are not rare. Any gene excbange between 
this species and G. hirsutum, ifit did occur, would result in triploid 
(3x=39), sterile plants because G. hirsutum is an allotetraploid (4x=52) and 
G. thurberi is a diploid (2x=26). Such sterile hybride have been produced 
under controlled laboratory conditions, but they cannot persist in the wild; 
~e allohexaploide (6x=78) have not been reported in the wild 

G. tomentosum is a tetraploid and is found on Hawaii (Degener, 1946). The 
local range is on the }arger islands as well as on Nihau and Kahoolawe. lt 
grows on arid, rocky or clay plains not far from the sea. Thus, on the 
larger islands, it is found chiefly on the dry, leeward side. On Oahu it is 
common near Koko Crater, and grows scattered between Honolulu and 
Markus Balley. On Molokai it is extremely common on the southwestem 
end; elsewhere it is rare except near KamaJo. Specimens growing near 
Ka1JJ18kakai differ from the typical. On Maui the species may be found 
from the sea in one ofthe valleys south ofWailuku. 

Hence, only 2 wild species of cotton are known to inbabit the United States, 
the G. thurberi Todaro as previously listed and the G. tomentosum wbich is 
endemic to Hawaii. Only the G. tomentosum is considered to be capable of 
crossing with the domesticated G. hirsutum and G. barbendense and 
produce fertile offspring. 

C. Genetim of Ciotton 

Based on cytological evidence, seven genomic types, A tbrough G inclusive, 
many with subtypes, have been identified for the genus Gossypium 
(Endrizzi et al., 1984). Diploid species, AA, BB, etc (2n=2x=26), are 
distributed among tropical and subtropical regions worldwide. As noted 
above, two of the diploid species, G. herbaceum and G. arboreum, are of 
regional agronomic importance. 

Worldwide, there are six allotetraploid species (2n=4x=52). All of these are 
of the genomic group AD and euploide are frequently represented as 
AADD. The allotetraploid species appear to represent the fusion of the A 
genomic group from the old world with the D genomic group from the new 
world. Böth G. barbadense and G. hirsutum are of the AD genomic group. 
Other members of this group are G. tomentosum (Hawaii); G mustilinum 
(Brazil), G. darwinii (Galapagos Islande) and G. lanceolatum (Mex:ico). 
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D. PoUiuation of C.Ottan 

Although natural crossing can occur, cotton is normally considered tobe a 
self-pollinating crop (Niles and Feaster, 1984). The pollen is heavy and 
sticky and transfer by wind is unlik.ely. Pollen is transferred instead by 
insects, in particular by various wild bees, bumble bees (Bombus sp.), and 
honeybees (A.pis mellifera). 

The range over which natural crossing occurs appears to be limited. 
McGregor (1976) traced movement of pollen by means of fluorescent 
particles and found that, even among flowers located only 150 to 200 feet 
from a cotton field which was surrounded by a large number of bee colonies 
to ensure ample opportunity for transfer of pollen, fluorescent particles 
were detected on only 1.6% of the flowers. For the sake of comparison, the 
isolation distances for foundation, registered and certified cotton seed are 
1320 feet, 1320 feet and 660 feet respecti.vely (7CFR§201). 

E. Weediuess of Cotton 

G. hirsutum is inetfective as a weed. Wild populations are rare, widely 
dispersed and confined to beach strands or to small islands (Lee, 1984). lt 
appears to be somewhat opportunistic towards disturbed land and appears 
not to be especially etfective in invading estahlished ecosystems. In the 
continental United States, wild populations of G. hirsutum exist only in the 
southem tip of Florida, due at least in part to the fact that cotton cannot 
over-winter in those areas where freezing conditions occur. 

F. Potential Route& of Geue Escape in Cotton 

Three potential routes of gene escape in cotton are considered: (1) by 
vegetative material; (2) by seed; and (3) by pollen. Cotton does not commonly 
propagate from vegetative material, and, even if it did, it would be unlikely 
to survive the freezing winters which occur throughout most of the cotton 
growing regions of the United States. Gene escape via seed is unlikely since 
voluntarism is virtually nonexistent for cotton. lt should also be noted that 
cotton bolls, due to their size and general properties, are unlikely to be 
dispersed by any of the common mechanisms. of seed dispersal such as 
wind, birds or terres~al anjmals. · 

Escape of genes by pollen is possible only if the pollen finds a Gossypium 
species of the correct chromosomal type. In the case of pollen from G. 
hirsutum, the recipient must be an allotetraploid of AADD genome. G. 
thurberi, the native cotton indigenous to Arizona and nearby Mexico, is not 
a suitable recipient since it is a diploid of DD genotype. 

In the United States there are, in fact, only three Gossypium species which 
can serve as recipients for G. hirsutum. These are G. hirsutum itself, G. 
barbadense, and G. tomentosum, which grows only in Hawaii. G. 
barbadense has not been found growing wild in the United States and, thus, 
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only cultivated plants would be available to be pollinated by G. hirsutum. 
Seed which is intended for planting usually comes from plants which have 
been segregated from other cotton plants to prevent out-crossing. Thus, if 
there were such an out-cross, it would almost certainly involve plante 
whose seed was intended for processing rather than planting, since seed 
production fields are isolated from commercial cotton fields, and any such 
escape of genes into G. barbadense would be very short-lived and of no 
signi.ficance. This would also be true if the genes escaped from G. 
hirsutum into another strain of cultivated G. hirsutum. As noted above, G. 
hirsutum grows wild in southem Florida and, while it is possible that 
genes could escape to a wild G. hirsutum, it is unlikely since there is no 
commercial cotton production within several hundred miles of this area. 

Escape of genes to G. tomentosum in Hawaii is possible; however, this is 
also not likely to occur since there is no commercial cotton production on 
these islands. In addition, although G. tomentosum and G. hirsutum are 
chromosomally compatible, cross pollination is unlikely. First, the flowers 
of G. tomentosum are pollinated by moths rather than by bees as is the case 
for G. hirsutum. Second, the flowers of G. tomentosum are receptive at 
night rather than during the day. In view ofthese two factors, cross 
pollination would appear tobe unlikely. Nevertheless, the potential for 
cross pollination of these species will be controlled by maintaining the 
appropriate isolation distances between any cotton plantings and the wild 
G. tomentosum species. 

Additional support for the low out-crossin otential of cotton is found in a 
paper prepared by f the University of Arkansas 
on the possible introgression between cultivated cotton and wild relatives 
contained in Appendix III. The same conclusion was reached by the 
Environmental Fate and Ground Water Branch of the Environmental Fate 
E:ffects Division of the EP A as part of the review to support the Experimental 
U se Permit under the Federal Fungicide, Insecticide and Rodenticide Act 
(FIFRA) ofthese insect resistant cotton plante, EPA Reg. No. 524-EUP-73 
(Appendix IV). 
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Part m. Description of tbe Method ofTmnsfmmation and tbe 
Molecu1ar Biology oftbe Plant 

lntroduction 

Bollgard™ Cotton Lines 757 and 1076 contain the following 3 genes inserted 
via genetic engineering techniques: 

• Tbe cryIA(c) gene which encodes for an insecticidal protein, B.t.k. 
HD-73, derived from the common soil microbe Bacillus thuringiensis 
variety kurstaki (B.t.k. ). 

• The nptll gene which encodes the selectable marker enzyme 
neomycin phosphotransferase II (NPTII), was needed to identify 
transformed cells that contained the B.t.k. protein. It served no 
other purpose and has no pesticidal properties. 

• The aad gene which encodes the bacterial selectable marker enzyme 
3"(9)-O-aminoglycoside adenylyltransferase (AAD), allowed for the 
selection of bacteria coDtaining the PV-GHBK04 or PV-GHBK03 
plasmid on media containing spectinomycin or streptomycin. The 
aad gene is under the control of a bacterial promoter and the encoded 
protein is not detected in Bollgard™ Cotton Lines 757 and 1076. 

Bollgard™ Cotton Lines 757 and 1076 were produced using the 
Agrobacterium tumefaciens transformation system. Line 757 was 
transformed using plasmid vector PV-GHBK04. Line 1076 was 
transformed with plasmid vector PV-GHBK03. The only difference between 
these two vectors is the use of a different viral promoter for the cry 1A( c) 
gene. Both lines express the same proteins. The transformation system 
and related genes are described below. 

A. Cbaracteristics of the Non-transformed Cultivar 

Bollgard™ Cotton Lines 757 and 1076 were developed by transforming the 
parental cotton cultivar Coker 312 (Gossypium hirsutum L.). This cotton 
was released by the Coker Pedigree Seed Company in 197 4, and the variety 
is currently owned by the SeedCo Corporation of Lubbock, Texas. This is an 
older cotton variety, and little to none is being grown today. Therefore 
Monsanto does not intend to introduce Bollgard™ Cotton Lines 757 and 
1076, but will allow our seed company partners to transfer the trait into 
commercial cotton varieties by traditional breeding techniques. 

The Coker 312 cultivar was used because ofits positive response to the 
tissue culture system used in the process to produce transgenic plants. 
Several researchers (Trolinder and Goodin, 1987; Umbeck et al., 1987) have 
demonstrated that Coker 312 and a family of cultivars related to that line 
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have a genetic precondition to respond favorably to tissue culture. Coker 
312, although no longer widely grown, is still a commercially acceptable 
cultivar. Therefore, Bollgard™ Cotton Lines generated with a Coker 312 
background are acceptable from an agronomic perspective for testing 
purposes. 

B. Agrobacteri,u,m Vect:ors and 'D-ausfhrmation 

Generally when using Agrobacterium vectors, only the T-DNA is 
transferred and integrated into the plant genome (Zambryski, 1992). It is 
generally accepted that T-DNA transfer into plant cells by Agrobacterium is 
irreversible (Huttner, et al., 1992). The border sequence itselfis not entirely 
transferred during the process of insertion of the T-DNA into the plant 
genome (Bak.keren, et al., 1989). This means that the inserted DNA is no 
longer a functional T-DNA; i.e., once integrated, it cannot be remobilized 
into the genome of another plant even ü acted on again by vir genes. 

The transformation vector contains well-characterized DNA segments 
required for selection and replication of the plasmid vector in bacteria and 
transfer ofthe T-DNA into plant cells. The plant ex:pression vector was 
assembled and then transformed into E. coli and mated into the ABI 
Agrobacterium strain by the triparental conjugation system, as described 
by Ditta, et al., using the helper plasmid pRK2013 (Ditta, et al., 1980). The 
binary ABI strain contains the disarmed (i.e., lacking the T-DNA 
phytohormone genes) pTiC58 plasmid pMP9ORK. (Koncz and Schell, 1986), 
in a chloramphenicol resistant derivative of the Agrobacterium 
tumefaciens strain A208. The disarmed pMP9ORK Ti plasmid does not 
can-y the T-DNA phytohormone genes and is no longer considered a threat 
as a plant pest (Huttner, et al., 1992). The pMP9ORK. Ti plasmid was 
engineered to provide the trf A gene functions required for autonomous 
replication of the plasmid vector after conjugation into the ABI strain. 
When the plant tissue is incubated with the ABl::plasmid vector conjugate, 
the T-DNA vector is transferred to the plant cells via the vir functions 
encoded by the disarmed pMP90RK Ti plasmid (Klee, et al., 1983 and 
Stachel and Nester, 1986). The Ti plasmid does not transfer to the plant 
cells but remains in the Agrobacterium. 

The T-DNA, which includes the cryIA(c), nptll and aad genes, was 
transferred into the genome of individual cotton cells thereby allowing 
selection on kanamycin. After a :few days, the residual Agrobacterium 
cells were killed using different antibiotics. Procedures for Agrobacterium 
transformation of cotton hypocotyl sections were performed with 
modifications as described by Umbeck et al. (1987). Plante were regenerated 
with modifications of those as described by Trolinder and Goodin (1987). 
Subsequently, the cotton tissues were treated to stimulate regeneration of 
transgenic cells into shoots and ultimately plantlets were grown in soil and 
assayed for insect resistance. 
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C. Plant Expression Vectors 

Bollgard™ Cotton Lines 757 and 1076 were transformed with plasmid 
vectors PV-GHBK04 and PV-GHBK03, respectively. The plasmid vectors, 
PV-GHBK04 and PV-GHBK03, are 11.4 Kb single border binary 
transformation vectors (Figure Ill-1 and Ill-2). They contain well
charact.erized DNA segments required for selection and replication of the 
plasmid in bact.eria as weil as a right border for initiating the region of 
DNA (T-DNA) integrated into the plant genomic DNA. The host for all 
DNA cloning and vector construction was E. coli MM-294, a derivative of the 
common laboratory E. coli K-12 strain. Both vectors are composed of several 
genetic components including non-functional DNA needed for cloning 
events. Table Ill-1 surnrnari~es and references all the genetic components 
of PV-GHBK04 and PV-GHBK03. 

The cryIA(c) and nptll genes were introduced into Coker 312 cotton plants 
using Agrobacterium tumefaciens binary single border transformation 
vectors (Bevan, 1984 and Wang, et al., 1984). The plasrnid vectors, PV
GHBK03 and PV-GHBK04, contain well-charact.erized DNA segments 
required for selection and replication of the plasmid in bact.eria as weil as a 
right border for initiating the region of DNA (T-DNA) transferred into plant 
genomic DNA. lt is composed of several genetic components. The 0. 70 Kb 
oriV fragment from the RK2 plasmid (Stalker, et al., 1981) provides the 
origin of replication for maintenance in Agrobacterium tumefaciens and is 
fused to the 3.0 Kb segment of pBR322 which provides the origin of 
replication for maintenance in E. coli (ori322) and the bom site for the 
conjugational transfer into the Agrobacterium tumefaciens (Boliver, et al., 
1977 and Sutcliffe, 1978). This was fused to a 0.09 Kb DNA fragment from 
the pTiT87 plasrnid which contains the nopaline-type T-DNA right border 
(Depicker, et al., 1982, Zarnbryski, et al., 1982 and Bevan, et al., 1983). The 
remaining portion of plasmid DNA consists of two chimeric genes (genes 
with signals for plant expression), that encode the B.t.k. HD-73 and NPTII 
proteins and a bact.erial selectable marker protein gene (aad) under the 
control of a bact.erial promoter. 

The chimeric gene in PV-GHBK04 responsible for the efficacious control of 
Lepidoptera (E85SlcryIA(c)nS 3') consists ofthe enhanced 35S promoter 
(Kay et al., 1987; Odell et al., 1985), the cryIA(c) gene which encodes the 
B.t.k. HD-73 protein and the non-translated region ofthe soybean alpha 
subunit of the beta-conglycinin g~e which provides the rnRNA s~ 
polyadenylation signals (Schuler, et al., 1982) referred to as 7S 3' terminator c~,LtrP 
sequence. The same chimeric gene in PV-GHBK03 ([ ]lcry1A(c)/E9 3') is „,r-

under the control of the [ J. The 3' end of e"i,,rrti> 
the gene is from the E9 termination sequence and provides the rnRNA » 
polyadenylation signals (Coruzzi, et al., 1984). These are fused to the 0.93 
Kb fragment contJtinjng the aad gene, isolated from transposon Tn7, which 
encodes a protein that allows for bacterial selection on spectinomycin or 
streptomycin (Fling et al., 1985). Downstream of the aad gene is the 
chimeric gene for selection on kanarnycin (35Slnptll/NOS 3•) which 
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consists of the cauliflower mosaic virus 35S promoter, the neomycin 
phosphotransferase type II (nptll) gene and the non-translated region of 
the 3' region of the nopaline synthase gene referred to as NOS 3' (Rogers et 
al., 1986). 

D. Insert.ed Genes 

1. The c,ylA(c) gene 

The crylA(c) gene contained within PV-GHBK04 and PV-GHBK03 was 
constructed by combining the first 1398 nucleotides of the crylA(b) gene 
( corresponding to amino acids 1 to 466) (Fischhoff et al., 1987) with 
nucleotides number 1399 to 3634 ofthe crylA(c) gene (corresponding to 
amino acids 467 to 1178) (Adang et al., 1986). With the exception of 6 amino 
acid differences, the crylA(b) region is identical to the analogous region of 
the B.t.k. HD-73 protein encoded by the crylA(c) gene as described by Adang 
et al. (1986). The crylA(c) portion of the gene encodes a protein that is 
identical to the CryIA(c) protein present in nature (Adang et al., 1985) with 
the exception of one amino acid at position 766. The protein found in nature 
contains a leucine at amino acid 766 and the crylA(c) gene within PV
GHBK04 and PV-GHBK03 encode a serine at position 766. The discrepancy 
was unintentional and occurred during the genetic design of the gene for 
plant expression. Since the B.t.k. HD-73 protein produced in Bollgard™ 
Cotton Lines 757 and 1076 yields an insecticidally active trypsin-resistant 
core product of approximately 600 amino acids in size, the amino acid at 
position 766 will be lost in the insecti.cidally inactive fragment upon 
exposure to trypsin (or the proteases within the insect gut) and, therefore, 
will not affect the host range ofthe active N-terminal portion ofthe protein 
(Bietlot et al, 1989). 

Both regions ofthe B.t.k. HD-73 gene were geneti.cally improved for 
increased plant expression using a strategy comparable to that described by 
Perlak et al., 1990 and 1991. Since the B.t.k. HD-73 protein present in 
Bollgard™ Cotton Lines 757 and 1076 contains the hypervariable region of 
the CryIA(c) protein, which has been shown tobe responsible for 
insecticidal specificity (Geiser et al., 1986), the gene in PV-GHBK04 and PV
GHBK03 is referred to as a crylA(c) gene. The crylA(c) gene contained 
within both plasmid vectors encodes a near-nature identi.cal B.t.k. HD-73 
protein as described by Adang et af,. (1985) with the encoded protein 
produced in the Bollgard™ Cotton Lines being 99.4% identical to the 
naturally occurring B.t.k. HD-73 protein. 

The crylA(c) gene sequence, as introduced in Bollgard™ Cotton Lines 757 
and 1076, is shown in Figure III-3. The corresponding amino acid 
sequence is shown in Figure III-4. 
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2. The nptH Marker Gene 

The nptll gene functions as a dominant selectable marker in the initial, 
laboratory stages of plant cell selection following transformation (Harsch et 
al., 1984; DeBlock et a/,., 1984). The NPTII enzyme uses ATP to 
phosphorylate neomyci.n and the related kanamycin, thereby inactivating 
these aminoglycoside antibiotics and preventing them from killing the cells 
produci.ng NPTII. The coding sequence for the nptll gene is derived from 
the prokaryotic transposon Tn5 (Beck et al., 1982). The sole purpose of 
inserting the nptll gene into cotton cells with the crylA(c) gene is to have 
an effective method of selecting cells that contain the insecticidal gene. In 
general, the frequency of cells that are transformed is often as low as 1 in 
10,000 or 1 in 100,000 ofthe ce11s treated (Fraley et. a/,., 1983). Therefore, to 
facilitate this process, a selectable marker gene, nptll, and selective agent, 
kanaroycin, are used. Consequently, cells selected for plant generation that 
contain the crylA(c) gene also contain the nptll gene. 

The nptll gene sequence, as introduced into Coker 812 to produce 
BollgardTM Cotton, is shown in Figure IlI-5. The corresponding amino 
acid sequence is shown in Figure III-6. 

3. The aad BacterialMarkerGene 

The aad gene was isolated from transposon Tn7 (Fling, et al., 1985) and is 
under the control of its own bacterial promoter which provided a selectable 
marker for genetic manipulations in the bacterial hosts. The aad gene 
encodes the enzyme 3"(9)-O-aminoglycoside adenylyltransferase (AAD) 
which allows for the selection of bacteria containing the PV-GHBK04 or PV
GHBK08 plasmid on media containing spectinomyci.n or streptomycin. The 
aad gene is under the control of a bacterial promoter and its lack of 
detectable expression was confirmed by an ELISA developed for the AAD 
protein et a/,., 1994). The aad gene sequence, as introduced into 
Coker 312 to produce Bollgard™ Cotton Lines 757 and 1076 is shown in 
Figure III-7. The corresponding amino acid sequence is shown in Figure 
III-8. 

E. Genetic Analysis 

1. Insert num.ber, copy number ~ insert int.egr.ity 

As described in Part III-B, Bollgard™ Cotton Lines 757 and 1076, were 
generated by Agrobacterium tumefaciens mediated transformation with 
the plasmid PV-GHBK04 and PV-GHBK03, respectively. DNA analyses 
were perform.ed to characterize the inserted T-DNA in terms ofinsert 
number (number of integration events), copy number (number of T-DNA 
copies at a particular genetic locus) and insert integrity (gene size, 
composition and linkage ). The characterization was performed by 
Southem blot analysis (Southem, 1975) on genomic DNA isolated from leaf 
tissue ofthe control (Coker 312) and Bollgard™ Cotton Line 757 or Line 1076 
Cotton plants. 
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a. Bollgard'™ Cotton Lille 757 

Genomic {chromosomal) DNA was isolated from control Coker 312 and 
Bollgard™ Cotton Line 757 plants. The molecular charact.erization 
conclusions were drawn from digestions of the DNA from Bollgard™ 
Cotton Line 757 with the enzymes Sspl, Real, Bind.III, or Xbal in 
combination with BsiWI, Bst1107I, Nhel or Spei. 

Sspl digestion. The plasmid map of PV-GHBK04 in Figure 111-1 shows 
two Sspl restricti.on sites. If a single complete copy of the plasmid 
integrated into the plant genome, then upon restricti.on digestion with 
Sspl, an appro:ximately 7.4 Kb expected size fragment {Figure 111-1) 
would be released along with two border fragments. lf the enti.re 
plasmid integrated into the genome, then one border fragment greater 
than 4 Kb was expected and the other border fragment {released near the 
right border and containing appro:ximately 0.1 Kb of T-DNA) was 
expect.ed to be too small for detecti.on. 

Figure 111-9, lane 3 shows the Southem analysis results from 
Bollgard™ Cotton Line 757 when cleaved with Sspl and probed with the 
enti.re plasmid, PV-GHBK04. The expected size fragment of 7.4 Kb was 
observed, along with two additional fragments of 4.3 Kb and 3.8 Kb in 
size. These two bands appear as a single band in Figure IIl-9A, but are 
distinguishable as two bands on the autoradiograph of the Southem blot. 
The 7 .4 Kb fragment hybridized to both the crylA(c) and nptll probes 
{Figures 111-l0A and 111-llA, lane 3, respecti.vely) thereby confirming 
that a copy of T-DNA containing the two Sspl restricti.on sites integrated 
into the plant genome. The 4.3 Kb fragment did not hybriclize to the 
crylA(c) or nptll probes but did hybridize to the EP (end ofplasmid, 
Figure 111-1) probe {Figures 111-l0A, tbrough -12A, lane 3) thereby 
establishing that the 4.3 Kb fragment was a detectable border fragment. 
The 3.8 Kb fragment hybridized to the crylA(c) probe but not the nptll or 
EP probes {Figures IIl-9A through -12A, lane 3, respecti.vely) thereby 
establishing that a second partial T-DNA integrated into the cotton 
genome. The Sspl digestion results do not establish whether the two 
copies inserted in tandem at a common genetic locus or at separate 
genetic loci. 

Initiation ofthe T-DNA transfer at the right border by both copies was 
verified by the hybridization of a 7S probe {0.46 Kb in size) with 
Bollgard™ Cotton Line 757 DNA cleaved with Xbal in combination with 
a variety of four other enzymes (BsiWI, Bstl107I, Nhel or Spei), Figure 
IIl-13A, lanes 3, 7, 11 and 15, respectively. Since the first oftwoXbal 
sites within PV-GHBK04 is located at the 5' end of the 7S region {Figure 
111-1), each copy was expected to release a border fragment containing 
the 7S region. Since each of the four digestions showed two bands 
hybridizing to the 7S probe, this verified that each copy initiated the T
DNA transfer at the right border, as expected, and that the two copies 
did :aot insert in a head-to-head {right border to right border) 
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arrangement. If the integration bad occurred in a head-to-head 
manner, then a single 7S fragment ofminimaJly 0.92 Kb (0.46 Kb times 
2) would have been preclicted. 

Since the second copy is approximately 8.8 Kb in size and initi.ation of the 
second T-DNA was shown tobe from the right border, then max:imally 
3.3 Kb (3.8 Kb minus the 7S 3' region) ofthe 8' region ofthe cryIA(e) gene 
integrated into the cotton genome. The full length cryIA(e) gene is 3584 
bp in size and encodes 1178 amino acids. Previous work has 
demonstrated that amino acids 29-607 are necessary for bioactivity (Hofte 
and Whiteley, 1989). Since the max:imum amount of the eryIA(e) gene 
that could have inserted could only encode an 1100 amino acid protein, 
the first 78 amino acids could not be present and therefore an active 
B.t.k. protein is not possible from tbis second T-DNA insert. 

Real digeBtians. The plasmid map of PV-GHBK04 shows two Real 
restriction Bites at approximately 4.8 and 10.5 Kb downstream from the 
T-DNA right border. lf a complete copy of the T-DNA integrated into the 
plant genome, including both Real restriction sites then three 
fragments were preclicted (Figure 111-1): a border fragment (of 
mjnjmnm size 4.8 Kb) containing the erylA(e) gene, a 5.7 Kb intemal 
fragment containing the nptll gene, and a second border fragment 
upstream of the ori 322 region. 

Figure Ill-9A, lane 5 shows the Southern analysis results using the 
entire PV-GHBK04 plasmid as a probe. Three fragments were observed: 
a 5. 7 Kb fragment that clid not hybridize to the crylA(e) probe but clid 
hybriclize to the nptll probe (Figures III-l0A and III-llA, lane 5), a 10.1 
Kb fragment that hybridized to the erylA(e) probe but not the nptll probe 
(the border fragment), and a 1.6 Kb fragment that hybriclized to the EP 
probe (Figure III-12A, lane 5) thereby identi.fying it as the second border 
fragment from the complete T-DNA copy. These results indicated that a 
complete or nearly complete copy ofT-DNA integrated into the plant 
genome past the Real site at positi.on 10471 bp (Figure 111-1). 

Although the Sspl digestion results described above and the Hindlll 
and Xbal digestion results described below established the presence of a 
second T-DNA insert in Line 757, a second fragment that hybridized to 
the erylA(c) probe was not detected in the Real cligestion. This inclicates 
that either the size of the Real. fragment from the incomplete copy was 
below our limits of detecti.on with Southern blot analysis or the 
additional fragment from the incomplete copy is co-migrati.ng with the 
10.1 Kb fragment (that hybriclized with the eryIA(e) probe) from the 
complete copy of T-DNA. 
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Hindlll digestions. The genomic DNA of Bollgard™ Cotton Line 757 
was cu.t with BindIII to determine the number ofT-DNA insertion 
events that integrated into the plant genome. The plasmid map in 
Figure ill-1 shows a single BindIII restriction site within PV-GHBK04. 
lf a single complete copy of the plasmi.d integrated into the plant 
genome, then upon restriction digestion with Bind.III, two border 
fragments greater than 4.6 Kb in size were predict.ed. One would 
contain the cryIA(c) gene and the second would contain the nptll gene. 

In Figure III-9A, lane 6, three DNA fragments (21.1, 10.9 and 7 .3 Kb) 
were shown to hybridize to the entire plasmi.d probe upon digestion with 
BindIII. The 21.1 and 10.9 Kb fragments hybridized to the cryIA(c) 
probe (Figure III-l0A, lane 6) but not the nptll or EP probes (Figures 
III-llA and III-12A, lane 6). These data showed that these two 
fragments represented one of the border fragments from the complete T
DNA copy and a second incomplete T-DNA copy. This digestion result 
could not distinguish which was the border fragment for the complete 
copy and which was the fragment from the second T-DNA insert. The 
7.3 Kb fragment did not hybridize to the cryIA(c) probe but did hybridize 
to the nptll and EP probes (Figures III-l0A, III-llA and ill-12A, lane 
6) thereby identifying it as the second border fragment from the complete 
T-DNAcopy. 

The BindIII digestions showed that the two T-DNA copies integrated at 
two separate loci in the genome ofBollgard™ Cotton Line 757. lfthe two 
copies (complete and incomplete) had integrated at a single locus, then 
the Bind.III digestion would have released two border fragments. 
Although the two copies integrated at separate loci, it is assumed that 
the two copies are linked since both copies are present in the R2 and ~ 
generations, as described below (i.e., they did not segregate out of the 
backcrossed lines). 

The Southem analyses of Bollgard™ Cotton Line 757 indicates that a 
complete copy of the T-DNA as well as an incomplete copy of the T-DNA 
inserted at separate sites within the genome. The complete copy consist 
of the entire plasmid or almost the eritire plasmid as indicated by the 
strong hybridization with the EP probe. The incomplete copy consists of 
the 7S 3' termination sequence and ma:xiroaJly a 3.3 Kb ofthe cryIA(c) 
gene. Based on the size of the incomplete copy observed from the SspI 
digestion, it cannot contain an_active cryIA(c) gene. Segregation data 
from Bollgard™ Cotton Line 757 supports the presence of a single active 
gene. 

b. Bollgard™ Cotton LiDe 1076 

Genomic DNA was isolated from R2 and ~ Bollgard™ Cotton Line 1076 
plants. The characterization results are derived from DNA digestions 
with the enzymes SspI, EcoRI, BindIII and Real. 
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Sspl digestion.s. The plasmid map of PV-GHBK03 in Figure 111-2 shows 
three Sspl restriction sftes. If a single complete copy of the plasmid 
integrated into the plant genome, then upon digestion with Sspl, an 
approximately 7.0 Kb fragment (Figure 111-2) would be released along 
with two border fragments. If the entire plasmid integrated into the 
genome, then one border fragment was expected to be greater than 4 Kb 
and the other (released near the right border and containing 
approximately 0.1 Kb ofT-DNA) was expected tobe too small for 
detection. A small fragment of about 350 bp (Figure IIl-2) would also be 
released but not normally detectable by Southem analysis. 

Figure III-14A, lane 3 shows the Southem analysis results from 
Bollgard™ Cotton Line 1076 when cleaved with the restriction enzyme 
Sspl and probed with the entire plasmid, PV-GHBK03. The expected 
size fragment of 7 .0 Kb was observed, along with two additional 
fragments of 4.0 and 1.9 Kb in size. The 7 .0 Kb fragment hybridized to 
the crylA(c) and nptll probes but not the EP probe (Figures 11l-15A, 11l-
16A and lll-17A, lane 3) thereby confirming that a copy of T-DNA 
containing two intemal Sspl restriction sites integrated into the plant 
genome. The 4.0 Kb fragment did not hybridize to the crylA(c) or nptll 
probes but did hybridize to the EP probe (Figures 11l-15A through 17A) 
thereby confirming this fragment as the border fragment from the 
complete copy of T-DNA. The presence of an additional 1.9 Kb fragment 
that hybridized to the crylA(c) probe but not to the nptll or EP probes 
(Figures lll-15A through -17A, lane 3) indicates a second incomplete 
copy of T-DNA inserted into the genome of Line 1076. However, the Sspl 
digestion results did not establish if the two copies integrated in tandem 
at a common genetic locus or at separate genetic loci. 

EcoRI digestion.s. Three EcoRI restriction sites are present in the 
plasmid PV-GHBK03 (Figure 111-2). If a complete copy of the T-DNA 
integrated into the plant genome, then four fragments would have been 
released which would have included two border fragments (one greater 
than 6.9 Kb and the other greater than 0.6 Kb), and two intemal 
fragments of approximate sizes 3.6 and 0.4 Kb. 

Figure 11l-14A, lane 5 shows the results of cleaving DNA from 
Bollgard™ Cotton Line 1076 with.EcoRI ·and probing with the entire 
plasmid, PV-GHBK03. Three fragments were observed which included 
a 7 .36, 3.6 and 1.6 Kb fragments. The 3.6 Kb fragment hybridized to the 
crylA(c) probe but not to the nptll or EP probes (Figures lll-15A 
through -17A, lane 5), respectively, thereby identifying it as one ofthe 
internal fragments. The second intemal fragment was not observed due 
to the sensitivity of this Southem blot. The 7 .36 Kb fragment hybridized 
to the nptll and EP probes but not to the crylA(c) probe (Figures lll-15A 
through -17 A, lane 5) thereby identifying it as one of the border 
fragments. The second, smaller border fragment was not detected due 
to the sensitivity of this Southem blot. The 1.6 Kb fragment hybridized to 
the crylA(c) probe but not the nptll or EP probes (Figures 11l-15A 
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through 17A, lane 5) thereby identifying it as a second smaller T-DNA 
copy whicb. insert.ed into the cotton genome. The 1.6 Kb cryIA(c) 
fragment cannot produce an active B.t.k. HD-73 protein. Previous work 
has demonstrated that amino acids 29-607 are necessary for bioactivity 
(Hofte and Whiteley, 1989). Since the maximum size of an encoded 
protein (from the 1.6 Kb cryIA(c) gene 3' end fragment) is 530 amino 
acids, an active B.t.k. protein is not possible f.rom this second cryIA(c) 
gene. 

The EcoRI digestion results established that one complete copy of the T
DNA integrated into the plant genome, along with an adjacent partial 
copy of T-DNA (the 1.6 Kb fragment) into the cotton genome to produce 
Bollgard™ Cotton Line 1076. 

HindID digestions. Results for the HindIII cleavage of DNA from the 
R4 generation of Bollgard™ Cotton Line 1076 are not available from this 
particular blot due to loss of the sample during the pre-loading 
procedure (Figures III-14A through -17A, lane 4). However, other blots 
done have demonstrated identical HindIII results for DNA isolated from 
the second (R2) and fourth (~) generations of Bollgard™ Cotton Line 
1076 DNA when probed with PV-GHBK03 and the cryIA(c) gene. 
Therefore, for simplicity, the results of the DNA digestions f.rom the R2 
generation will be discussed (lane 9 in Figures III-14A through -17A). 

A single HindIII restriction site is present within the plasmid PV
GHBK03 (Figure III-2). The genomic DNA ofBollgard™ Cotton Line 
1076 was cleaved with HindIII to obtain information on the number of 
inserted T-DNA events. If a complete copy ofthe T-DNA integrated into 
the plant genome, then two border f.ragments greater than 4. 7 Kb would 
have been released. 

Figure III-14A, lane 9 shows that when DNA f.rom Bollgard™ Cotton 
Line 1076 was cut with HindIII and probed with PV-GHBK03, two 
fragments of5.7 and 19.7 Kb were generated. Both the 5.7 and 19.7 Kb 
fragments hybridize to the cryIA(c) probe while only the 19.7 Kb 
fragment hybridized to the nptll and EP probes (Figures III-15A 
through-17A, lane 9). These results indicate that the 5.7 Kb f.ragment is 
one ofthe border f.ragments while·the 19.7 Kb fragment is the other 
border f.ragment connected to the second incomplete T-DNA copy. 

Since the HindIII digestion released only two DNA f.ragments, this 
established that the two T-DNA copies integrated at the same genetic 
locus within the cotton genome to produce Bollgard™ Cotton Line 1076. 
If the two copies (incomplete and complete) had integrated at two 
separate loci, then the HindIII digestion would have released three 
border fragments. 
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Real digestions. The plasmid map of PV-GHBK03 shows two Real sites 
at 4880 bp and 10465 bp. If a complete copy of the T-DNA integrated into 
the plant genome, including both Real restriction sites, an 
approximately 5.6 Kb fragment (Figure Ill-2) was expected, along with 
two border fragments (one of at least 4.8 Kb and a second greater than 1 
Kb, ifthe entire plasmid T-DNA integrated into the cotton genome). 

Figure lII-14A, lane 6 shows the results of cleaving DNA from 
Bollgard™ Cotton Line 1076 with Real and probing with the entire 
plasmid, PV-GHBK08. The expected size fragment of 5.6 Kb was 
observed, along with two additional fragments of 6. 7 Kb and 11.6 Kb in 
size. The 5.6 Kb fragment hybridized to the nptll probe but not the 
c,:yl.A(c) or EP probes thereby identifying it as the fragment released by 
the two internal Real sites (Figures IIl-15A through -17A, lane 6). Both 
the 6.7 Kb and the 11.6 Kb fragments hybridized to the cryl.A(c) probe 
(Figure lII-15A, lane 6) but not the nptll probe (Figure IIl-16A, lane 6). 
The 6.7 Kb fragment hybridized to the EP probe (Figu.re III-17A, lane 6). 
These results identified the 11.6 Kb fragment as a border fragment 
released from the complete or near complete T-DNA copy and the 6. 7 Kb 
fragment as the second border fragment connected to the second T-DNA 
copy. The Real digestions support the HindlII digestion results which 
demonstrated a complete T-DNA copy and an incomplete T-DNA copy 
integrated in tandem into the cotton genome to produce Bollgard™ 
Cotton Line 1076. 

2. Stabllity of Gene 'Iransfer 

The stability of the T-DNA after insertion into the cotton plants was 
demonstrated by·comparing the DNA isolated from two different 
generations ofBollgard™ Cotton Lines 757 and 1076. 

In order to assess the stability of the T-DNA insertion events over 
generations, genomic DNA from the R2 generation was cleaved 
separately with SspI and HindIIl and compared to the DNA isolated 
from the ~ generation ofBollgard™ ~otton Lines 757 and 531 (Figures 
lII-9A, III-l0A, IIl-llA and fil-12A: lane 3 compared to lane 8 and 
lane 6 compared to lane 9 for Bollgard™ Cotton Line 757 and lane 10 
compared to lane 12 or lane 11 compared to lane 18 for Bollgard™ Cotton 
Line 531). No differences were observed in the DNA fragment sizes and 
hybridization patterns between the two generations, thereby confirming 
the genetic stability ofthe T-DNA insertion events. 

Although the DNA from the ~ generation of Bollgard™ Cotton Line 
1076 cleaved with Hindm was not clearly detectable in the blot shown 
(Figures III-13A, III-14A, III-15A and IIl-16A, lane 4), other blots 
under this study demonstrated no differences between the banding 
pattems of DNA isolated from the ~ and ~ generations of Bollgard™ 
Cotton Line 1076. Since no differences were observed in the DNA 
fragment sizes and hybridization pattems between the two generations, 
the genetic stability of the T-DNA insertion events for Bollgard™ Cotton 
Line 1076 was confirmed. 
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The stability ofthe cryIA(c) gene has been demonstrated over fou.r 
generations of backcrossed derivatives of Bollgard™ Cotton Line 757, 
Line 1076 andin several elite cultivar lines (Tables III-2 and III-3). The 
Chi square test for the BC3Fl, BC3F2 and BC3F3 segregates were not 
different than expected. The Chi square test for the BC3F2 progeny test 
(expected segregation of 1 homozygote:2 heterozygotes) was significant at 
P=0.05 but not at P=0.01. By definition, we would expect a deviation of 
this magnitude from the expected ratio in approximately 5% of the 
cases. Thus, tbis result is most likely due to random sampling. 
Segregation data for Rl plants from Bollgard™ Cotton Line 757 and Line 
1076 (progeny of the initial transformant, which is referred to as RO) and 
the progeny of the Rl plante are presented in Tables III-4 and III-5. 
These results are consistent with a ti.ghtly linked two-insertion event 
containjng one active copy of the cryIA(c) gene. 

Conclusions 

In summary, southem blot analyses demonstrated a complete copy of T
DNA at least 10.6 Kb in length was inserted into the genome of cotton to 
produce Bollgard™ Cotton Line 757. A second incomplete copy ofthe T
DNA of no more than 3.8 Kb ofT-DNA was inserted at a separate site in the 
genome of Bollgard™ Cotton Line 757. Southem analysis has also shown 
that one complete copy of T-DNA, at least 10.5 Kb in length, was inserted 
into the genome of cotton to produce Bollgard™ Cotton Line 1076 with a 
second incomplete copy ofno more than 1.6 Kb ofT-DNA (not including the 
3' termination sequence) at the same site. The second incomplete copy of 
the T-DNA in both Bollgard™ Cotton Line 757 and Line 1076 contains a 3' 
non-translated region (terminati.on sequence) and a portion of the cryIA(c) 
gene, which cannot encode a protein that is insecticidally active. No 
detectable rearrangements or insertions were observed in the genes 
contained on the complete T-DNA copy of Bollgard™ Cotton Line 757 or 
Line 1076 indicating that the T-DNA maintained its integrity du.ring the 
transfer event. Additi.onally, DNA from the ~ and ~ generations of 
BollgardTM Cotton Lines 531, 757 and 1076 showed the same T-DNA genetic 
composition thus confirming the genetic stability of the insertion events. 
The gene for cryIA(c) segregated in a m8nner consistent with two tightly 
linked insertion events and was stably transferred with crossing. The 
selfed data from the crosses fu.rther demonstrated the stability of transfer 
from generation to generation. 
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F. Descriptionof the ExpressedProteins 

1. Bacillus thuringiensis Crystal Proteins 

a. Biocbemistry 

Bacillus thuringiensis is a crystalliferous spore-forming gram
positive bacterium that has heen used commercially over the last 30 
years to control insect pests. These microbes are found naturally in 
soil worldwide. Numerous different strains have been identified, 
characterized and used commercially. Several strains have been 
extensively studied and have heen shown to be insecticidally active 
again.st selected insect peste as ,:inmmsrized below: 

B. thuringiensis subsp. israelensis strains are active against 
Dipteran insects (mosquitoes and black: flies); 

B. thuringiensis subsp. san diego and tenebrionis strains are 
active against Coleoptera (potato beetle, elm leafbeetle); 

B. thuringiensis subsp. kurstaki, sotto and aizawai strains are all 
active against Lepidoptera (tomato homworm, gypsy moth, 
cabbage looper, tobacco budworm, cotton bollworm, etc.). 

The protein produced in Bollgard™ Cotton Lines 757 and 1076, 
(cryJA(c)), is >99.4% identical to the protein produced by the B.t.k. 
HD-73 bacterial strain. This strain controls insect pests by the 
production of crystalline insecticidal proteins known as delta
endotoxins. These proteins are produced as the bacterium enters the 
sporulation phase and can account for appro:ximately one-third of the 
weight of the bacterial cell. To be active against the target insect, the 
protein must be ingested. In the insect gut, the protein binds to 
specific receptors on the insect rnid-gut, inserts into the membrane 
and forms ion-specific pores. These events disru.pt the digestive 
processes and cause the death of the insect. Strains of B. 
thuringiensis have been used commercially to control selected insect 
pest.s. Commercial quantities of these rnicrobes are prepared in 
large-scale cultures in which the bacteria are allowed to sporulate. 
The spores and proteins are then formulated for application to 
plants. 

Two classes of insecticidal proteins (delta-endotoxins) are produced 
upon sporulation by B.t.k. strains. These are termed Pl and P2 
proteins based on relative molecular weights. The B.t.k. HD-73 
(CrylA(c)) protein falls in the Pl class. The Pl proteins range in 
molecular weight from 130,000 to 140,000 daltons and are comprised 
of 1100 to 1200 arnino acids The P2 proteins are typically signifi.cantly 
smaller in size than the Pl proteins. The most well studied P2 
proteins are 71 Kda in size and are comprised of 633 amino acids 
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(Widner and Whitely, 1989). The Pl proteins can be divided into an 
amino terminal and a carboxy terminal domain. The amino acid 
sequences of the carboxy terminal domain have been conserved 
(Thome et al., 1986; Jaquet et al., 1987) across bacterial strains and 
contain a number of cysteine residues which form intramolecular 
bonds that are important in the. formation of the protein crystal 
structure. The carboxy terminal domain is not essential for insect 
toxicity; it can be cleaved from the protein molecule without affecting 
the activity of the reD"aining protein towards insects (Adang et al., 
1987; Thome et al., 1986). 

The amino termina1 end of the Pl protein retains the insecticidal 
activity (Fischhoff et al., 1987). Comparison of the amino acid 
sequence for various Pl proteins from several B. thuringiensis 
strains reveals considerable differences (22% homology in amino acid 
content for the B.t. kurstaki and tenebrionis subspecies) which 
account for the selectivity in activity against various insect orders. 

h Mode-of-Action 

As stated previously, B.t.k. proteins must be ingested by the insect to 
exert insecticidal activity. The protein in its crystalline form is 
insoluble in aqueous solution at neutral or acidic pH (Bulla et al., 
1977); however, the pH ofthe larval insect gut is alkaline which 
favors solubilization of the protein crystal. The solubilized protein is 
subsequently activated by proteases in the insect gut. These proteases 
cleave the carboxy terminal domain from the rest of the protein 
( Chroms and Kaplan, 1990) as weil as approximately 28 amino acids 
from the amino termina1 end ofthe protein (Bietlot et al., 1989). The 
activated protein, which consists of approximately 600 amino acids, 
diffuses through the peritrophic membrane of the insect to the 
midgut epithelium. There, it binds to specific high affinity receptors 
on the surface of the midgut epithelium of target insects 
(Wolfersberger et al., 1986; Hofmann et al., 1988; Hofmann et al., 
1988a; Van Rie et al., 1989; Van Rie et al., 1990). Non-target insects, 
marorostls, birds and fish do not possess such receptors. Pores are 
formed in the membrane leading to leakage of intracellular contents 
(e.g. K+) into the gut lumen and water into the epithelial gut cells 
(Sacchi, et al., 1986; Knowles et al., 1989). The larval gut epithelial 
cells swell due to osmotic pressure and lyse. The gut becomes 
paralyzed as a consequence of changes in electrolytes and pH in the 
gut causing the larval insect to quit eating and die. 
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c. ~ for''Species&1ectivity" 

The protein delta-endot.oxins produced by the various subspecies of B. 
thuringiensis, although related, exhibit differences in the amino acid 
sequence for the amino terminal domain of the proteins. These 
differences account, in part, for their selective action against certain 
insect pests. More importantly, non-target insects lack recept.ors for 
the proteins on the surface of their gut cells. Tbis has practical 
application in assessing the safety of B. thuringiensis protein delta 
endot.oxins t.owards other non-target organisms such as :fi.sh, birds 
and mamma]s. No recept.ors for these proteins have been identi.:fi.ed 
on intestinal cells of mammals such as rats and rabbits (Sacchi et al. 
1986; Hoffmao et al. 1988; Van Mellaert et al. 1988). This explains 
the absence oftoxicity for the protein delta-endot.oxins of B. 
thuringiensis subspecies such as kurstaki t.o non-target organisms. 
The B.t.k. HD-73 protein e:r.pressed in Bollgard™ Cotton Lines 757 
and 1076 shows a strict host-range speci:fi.city for lepidopteran insects 
and has no deleterious effects on non-target organisms (see Part 
V(K)). 

d. Buman 'Food Safety Considerati.om 

There are no recept.ors for the protein delta-endot.oxins of B. 
thuringiensis subspecies on the surface of msmmalian intestinal 
cells; therefore, Jmmans are not susceptible t.o these proteins. This 
has been con:fi.rmed in numerous safety studies carried out in 
laboratory animals which are traditionally experimental surrogates 
for humaos. The results of some of these studies have been 
published in scienti.:fi.c reviews (Ignoffo,1973; Shadduck et al., 1983; 
Siegel and Shadduck, 1989 ). Results of unpublished safety studies 
generated by registrants of B. thuringiensis commercial 
preparations have also been snrnmarized in a recently issued EPA 
Registration Standard for Bt Formulations (EPA, 1988). In published 
reviews and the EPA document, studies are referenced where large 
doses (5000 mg/k.g) of B. thuringiensis formulations were 
adminiRtered as single or multiple oral doses (up to 2 years) to 
different laboratory animals, with no · adverse effects. Avian and 
aquatic organisms have also been fed B. thuringiensis formulations, 
with no adverse effects. A typical formulation is composed of Bt 
spores and Bt protein endotoxin, the latter compromising up to one
third of the weight of the spores. While target insects are susceptible 
to oral doses of B.t.k. proteins (µg per gram of body weight), there was 
no evidence of any toxic effects observed in non-target laboratory 
D1aromals, :fi.sh or birds given the equivalent of up to 106 µg of protein 
per gram of body weight. No deleterious effects were observed on 
non-target insects at doses over 100 fold higher than needed t.o control 
target insects (EPA 1988). 
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In addition to the lack of receptors for the B.t.k. proteins, the absence 
of adverse effects in non-target animals is further supported by the 
poor solubility and stability of the B.t.k. proteins in the acid milieu of 
the stomach. The acid conditions in the stomach and the presence of 
bile acids denatu.re the B.t.k. proteins facilitating their rapid 
degradation by pepsin. In vitro enzymatically activated delta
endotoxins are also non-toxic when adminjAtered orally to laboratory 
anjmals (Nishitsutsuji-Uwo et al. 1980). Even ü activated B.t.k. 
protein toxins could enter the mamma1ian gastrointestinal tract, 
there are no receptors on the surface of gastrointestinal tissues to 
permit binding of the protein toxin to the cell surface. 

These scientific considerations support the history of safe use of B. 
thuringiensis preparations. Based on the available scientific data, 
EPA and other regulatory scientists worldwide have determined that 
use of registered B. thuringiensis products pose no significant risk.s 
to human health or non-target organisms. 

e. Lack ofExposure to Fish and Wi • 

As reported in the EPA Registration Standard for Bacillus 
thuringiensis, the naturally occurring B.t. proteins have been 
demonstrated to be virtually non-toxic to fish, avian species, 
D1amma]s and other non-targets. Furthermore, cotton is a unique 
field crop in that mammals and other species which consume 
vegetation avoid feeding on the plant due to both the gossypol in the 
plant and the morphology of the plant. The seed is within the boll 
and covered with lint. The seed will not be normally found in a lint
free condition in the field. Therefore, avian species should not feed 
on the large lint covered seed. In addition, the seed is not expected to 
enter aquatic habitats; therefore, fish should not be exposed. 

Since the naturally occurring B.t.k. proteins have been demonstrated 
to be virtually non-toxic to fish, avian species, non-target insects, 
mammS\ls and other non-target species and exposure to these species 
is not expected due their feeding preferences, no adverse effects are 
expected to wildlife from the commercialization of these plants. 

Finally, no endangered or threatened lepidopteran insects, as listed 
in 50CFR 17 .11 and 17 .12, f~d on cotton plante. 

2. Bioobemistry of tbe Neomycin.Phospbotnmsferase D 

The Neomycin Phosphotransferase II protein (NPTII), which has no 
insecticidal effect, is ubiquitous in the environment and found in 
microbes present on food and within the human digestive system 
(Flavell et al. 1992; Calgene, Inc., 1993). This protein has also been used 
as a selectable marker for anjmal and human cell transformation and 
for human gene therapy experiments (Culver et al., 1991; Brenner et al., 
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1993). The safety of NPTil and other selectable markers are addressed 
in recent reviews by Flavell et al. (1992) and Nap et aL (1992), andin two 
separate papers by Monsanto Scientists; Fuchs et a/,. (1993a) and Fuchs 
et al. (1993b). FDA has recently approved the request from Calgene Inc. 
to amend the food additive regulations to provide for the safe use of 
NPTII as a processing aid in the development of new varieties of tomato, 
oilseed rape and cotton (Calgene, Inc., 1993, FDA 1994). In addition, the 
EPA has exempted the NPTII protein and the genetic material 
necessary for the production of the protein from the requirement of a 
tolerance in or on all agricultural commodities when used as a plant
pesticide inert ingredient (EPA 1994). 

These reviews and the approvals by the FDA and EPA support the safety 
of NPTII protein for use as a selectable marker in crops grown for 
human and anima1 consumption. 

Conclusions 

• The Agrobacterium tumefaciens transformation system utilized in 
the modification of this insect resistant cotton is well understood and 
has been utilized for many years in the modification of many 
dicotyledonous plants. The system is dis-armed and cannot transmit 
the crown gall disease. 

• This transformation system stably inserts the genes into the 
chromosome of the plant cell. 

• All ofthe elements ofthe plasmid vectors PV-GHBK04 and PV
GHBK03, which was utilized in the modification of Bollgard™ Cotton 
Lines 757 and 1076, respectively, are well characterized and 
understood. The function of each element is known and the genes 
have been cloned so they have no potential to transfer any plant pest 
characteristics to the host organism. 

• The crylA(c), nptll and aad genes present in the PV-GHBK04 and 
PV-GHBK03 plasmid vectors have been completely sequenced. 

• In separate transformation events, two T-DNA inserts, integrated in 
close prox:imity, have been inserted into the cotton genome to produce 
Bollgard™ Cotton Lines 757 and 1076. The crylA(c) gene segregated 
in a manner consistent witli a single active copy of the gene and was 
stably transferred with crossing. 

• The amino acid sequences for the B.t.k. and NPTII proteins as 
present in Bollgard™ Cotton Lines 7 57 and 1076 have been elucidated 
based on nucleotide sequence. 
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• The B.t.k. protein produced in Bollgard™ Cott.on Lines 757 and 1076, 
(CryIA(c)), is >99.4% identical t.o the protein produced by the B.t.k. 
HD-73 bacterial strain. To be active against the target insect, the 
protein must be ingested. In the insect gut, the protein binds t.o 
specific recept.ors on the insect mid-gut, inserts int.o the membrane 
and forms ion-specific pores. These events disrupt the digestive. 
processes and cause the death of the insect. 

• Strains of B. thuringiensis have been used commercially, for nearly 
30 years, to control selected insect peste. 

• The CryIA(c) protein produced in Bollgard™ Cotton Lines 757 and 
1076 is considered non-toxic to non-target insects, birds, fish and 
mamma)s. These species lack receptors for the proteins on the 
surface of their gut cells. 

• The NPTII enzyme expressed in Bollgard™ Cotton Lines 757 and 
1076 functi.ons as a dPminant selectable marker in the initial, 
laboratory stages of plant cell selection following transformation. lt 
has no pesti.cidal acti.vity and is not known to be toxic to any species. 

• The aad gene, present in Bollgard™ Cotton Lines 757 and 1076, was 
used as a selectable marker for genetic manipulations in the 
bacterial hosts prior to plant transformation. The gene is under the 
control of its own bacterial promoter and the AAD protein was not 
detected in tissues from Bollgard™ Cotton Lines 757 and 1076. 
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Sspl, 
738'7 

NheI, 
7222 

Bstl.1071, 
9526 

rop 

ori.3!2 
Right 
Border 

788' 

PV-GHBK04 
11,407 bp 

Spei, 
8830 

Figure m-1. Plasmid map of the 11.4 Kb binary vector PV-GHBK04. 

Restriction Bites and their locations in bp utilized during Southern 
hybridization analyses are shown. The right border is denoted by an open 
triangle. All probes were produced using the entire genetic region. The 
region used to produce the EP probe .is dencited by the darkened area on the 
map. 
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Sspl. 
7334 

Nhel. 
7170 

Batll071. 9512 

PV-GHBKOS 
11,398bp 

EcoRI,4652 

EcoRI,617 
Xbal,628 

Figure ID-2. Plasmid map of the 11.4 Kb binary vector PV-GHBKOS. 

Restriction sites and their locations in bp utilized during Southem 
hybridization analyses are shown. The right border is denoted by an open 
triangle. All probes were produced using the entire genetic region. The 
region used to produce the EP probe is denoted by the darkened area on the 
circle. 
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Figure m-a. Nucleotide sequence ofthe B.t.k. HD-73 prot.ein encoded by 
cryIA(c) in Bollgard™ Cotton Line 757 and 1076 plante co»taining the PV
GHBKo4 and PV-GHBKD3 vectors, respectively. It is composed ofthe first 1-
1398 »ucleotides (1-466 amino acids) ofcrylA(b) and 1399-3534 nucleoti.des 
(467-117ft arniuo acids) ofcryIA(c). 
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Figure m-4. Amino acid sequence for the B.t.k. HD-73 full length protein 
which is present in Bollgard™ Cotton Lines 757 and 1076. 

1 KDHNPNIHBC IPYNCLSHPB VBVLGGERIE TGYTPIDISL SLTQJ!'LLSBJ!' 

51 VPGAGJ!'VLGL VDIIWGIJ!'GP SQWDAJ!'LVQI EQLINQRIBB J!'ARNQAISRL 

101 BGLSNLYQIY ABSJ!'RBWBAD PTHPALRBBK RIQl'NDKIISA LTTAIPLJ!'AV 

151 QNYQVPLLSV YVQAAHLBLS VLRDVSVJ!'GQ RWGJ!'DAATIH SRYNDLTRLI 

201 GHYTDBAVRW YHTGLBRVWG PDSRDWIRYII Ql'R.RBLTLTV LDIVSLJ!'PHY 

251 DSRTYPIRTV SQLTRBIYTH PVLBHJ!'DGSJ!' RCilSAQGIBGS IRSPBLIIDIL 

301 NSITIYTDAB RCilBYYWSGBQ IKASPVCilJ!'SG PBJ!'TJ!'PLYGT HGIIAAPQQRI 

351 VAQLGQGVYR TLSSTLYRRP J!'HIGIHHQQL SVLDGTBJ!'AY GTSSHLPSAV 

401 YRJ!CSGTVDSL DBIPPQHNHV PPRQGJ!'SBRL SBVSKJ!'RSGJ!' SNSSVSIUlA 

451 PKJ!'SWIBRSA EJ!'HHIIASDS ITQIPAVJ!CCilH l'LJ!'HGSVISG PGJ!'TCilGDLVR 

501 LIISSGHHIQII RGYIBVPIBJ!' PSTSTRYRVR VRYASVTPIB LHVIIWGHSSI 

551 J!'SHTVPATAT SLDIILQSSDJ!' GYJ!'BSAHAJ!'T SSLGHIVGVR HJ!'SGTAGVII 

601 DRJ!'Bl'IPVTA TLBABYHLBR AQJ!CAVHALJ!'T STIIQLGLJ!CTN VTDYBIDQVS 

651 NLVTYLSDBI' CLDBJ!CRBLSB J!CVJ!CBAJ!CRLSD BRNLLQDSNI' J!CDINRQPBR.G 

701 WGGSTGITIQ GCilDDVl'J!CBHY VTLSGTJ!'DBC YPTYLYQJ!CID ES J!CLJ!CAJ!'TRY 

751 QLRGYIEDSQ DLBIYSIRYII AJ!CBBTVNVPG TGSLWPLSAQ SPIGJ!CCGBPH 

801 RCAPBLBWNP DLDCSCRDGB J!CQABBSBBl'S LDIDVGCTDL NEDLGVWVIJ!' 

851 J!CIJ!CTQDGBAR LGNLBl'LEBJ!C PLVGBALARV KRABJ!CXWRDK RBJ!CLBWBTNI 

901 VYJ!CBAJ!CESVD ALl'VHSQYDQ LQADTHIAKI BAADltRVBSI RBAYLPBLSV 

951 IPGVIIAAil'B BLBGRil'TAJ!' SLYDARHVIK NGDJ!'HHGLSC WHVJ!CGBVDVB 

1001 BQBHQRSVLV VPBWBABVSQ BVRVCPGRGY ILRVTAYltBG YQBGCVTIBB 

1051 IBHNTDBLJ!CI' SNCVBBBIYP NNTVTCHDYT VHQBBYGGAY TSRHRGYHBA 

1101 PSVPADYASV YBBJ!CSYTDGR RBHPCBPHRG YRDYTPLPVG YVTltBLBYJ!'P 

1151 ETDltVWIEIG BTBGTPIVDS VBLLLHBB 
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Figure m-5. Nucleotide sequence for the neomycin phosphotransferase II 
(nptfil gene present in Bollgard™ Cotton Lines 757 and Line 1076. 
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Figure m-6. Amino acid sequence for neomycin phosphotransferase II 
(NPTII) protein present in Bollgard™ Cotton Lines 757 and 1076 . 

l KIIIQDOLHAO SPAAlfVllllLP . orlllfAQQTXO CSDAAVPRLS AQOllPVLFVlt 

51 'l'DLSOALIIIIL QDBAAllLBlfL A'l'TOVPCAAV L D VV'l'II AO llll lfLLLOIIVPOQ 

101 DLLSSBLAPA JUtVSIKADAK IIIILB'l'LllPA'f CPPDHQAltHII XIIRAll'fllllllA 

151' OLVllQDDLDII IIHQOLAPAIIL PARLltARIIPD OIIDLVV'fBOD ACLPIIIKVIIII 

201 QRl'SQl'IDCC RLOVA%>1l1'QD IALA'fllDIAll IILQOlllfADRF LVLYOIAAPD 

251 SQRIAPTIILL DIIPP 
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Figure ID-'7. Nucleotide sequence for the aminoglycoside 
adenylyltransferase (aad) gene present in Bollgard™ Cotton Lines 757 and 
1076. 

[ CBI DELETED 

Figure IIl-8. Amino acid sequence for the ·aminoglycoside 
adenylyltransferase (aad) gene present in Bollgard™ Cotton Lines 757 and 
1076. 
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Figure m-e A. Southern blot analysis of Bollgard'IJI .Cotton lines 757 and 581 probed with 
PV-GHBlt04. Lane 1 contains 13 µg of DNA from C312 digested witb HindlII plus 50 pg of PV
GHBK04 cleaved with SspI. The enzyme digestion of the plasmid DNA was incomplete and thenfore 
not used as a MW atandard. Lane 2 contains 13 µg of C312 digeated with Hindlll plus 50 pgof PV
GHBK04 cleaved with EcoRI and Hindlll aiinultaneously. Lanes 3-6 contain 13 µ.g of DNA from line 
757 CR, generation) cleaved with the reatriction enzymes Sspl Oane 3), Xbal and Bst 11071 Oane 4), 
Real Oane 5), and HindIII Oane 6). · Lane 7 contains 13 µg of DNA from C312 digested with HindlII. 
Lanes 8 and 9 contain 13 µg of DNA from line 757 CR2 generation) cleaved with Sapl or Hind.III. 
reapectively. Lanea 10 and 11 contain 13 µgofDNA from line 531 CR, generation) cleaved with Sspl or 
HindIII~ reapectively. Lanes 12 and 13 contain 13 µg of DNA from line 531 (}½ generation) cleaved 
with Sapl or HindlII. respectively. Tbe al'l'Ow indicates nonspecifi.c hybridization. B. Schematic 
illustration of the T-DNA region from line 757. The right border is denoted by RB and is ahown 
for orientation purposes (i.e., an intact border sequence is not implied). Shaded areas indicate the 
portion of the plasmid radiolabelled to produce the probe used in Figure III-9A. Tbe dotted lines 
indicate that the border fragments continue into the genomic DNA. The relative locations ofRcaI and 
HindIII in the genornic DNA are unknown. Sspl may also be present in the genornic DNA between the 
two copies. AbbreV1ations ~re as follows: S:SspI, R=RcaI, H=HindIII, E=EcoRI. 
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Figure m-10. A. Southern blot analysis of Bollgard™ Cotton lines 757 and 531 probed 
with the cr:,IA(c) gene. Southem blotfromFigu.re lll-9A, the plasmid probe removedt and 
reprobed with the cryIA(c) gene. Lane designations are the same as in Figure IIl-9A B. 
Schematic illustration of the T-DNA region of line 757. All other designations are as in 
Figure IIl-9B. 
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Figure 111-11. A. Southern blot analysis of Bollgardnt Cotton lines 757 and 531 
probed with the n.ptll gene. Southern blot from Figure III-9A, the plasmid probe 
removed, and reprobed with the nptll gene. Lane designations are the same as in Figure 
III-9A B. Schematic illustration of the T-DNA region of line 757. All other 
designations are as in Figure III-9B. 
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Figure IU-12. A. Southern blot analysis·ofBollgard™ Cotton lines 757 and 531 probed 
with the EP region. Southern blot from Figure III-9A, the plasmid probe rem.oved, and reprobed 
with the EP region. Lane designations are the same as in Figure 1Il-9A. B. Schematic 
illustration of the T-DNA region of Une '767. All other designations are as in Figure III-9B. 
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Figure 111-13 A. Southern blot analysis of Bollgard™ Cotton lines 757 and 1076 
probed with the 7S 3' region. Lanes 1-16 contain 5 µg of DNA each as labelled above 
the lane except for lanes 4, 8, 12, and 16. Lanes 4, 8, 12, and 16 contain 50 pg of plasmid 
PV-GHBK04 digested as labelled plus 5 µg of 0312 control DNA cleaved with Hindlll. B. 
Schematic illustration of the T-DNA area of line 757. Shaded areas indicate the 
portion-ofthe plasmid radiolabelled to produce the probe used in Figure III-13A. 
Abbreviations are as follows: X=Xbal, E=EcoRI, S=Spel, N=Nhel, B=Bst11071, l=BsiWI. 
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Figure 111-14. A. Southern blot analyais ofBollgardTM Cotton line 1076 probed with PV• 
GHBK0S. Lane 1 contains 13 µg of DNA fröm C312 digested with HindllI plus 50 pg of PV
GHBK03 cleaved with Sspl. Lane 2 contains 18 µg of DNA from C812 digested with Hind.lII plus 
50 pg of PV-GHBK08 cleaved with EeoRI. Lanes 3-6 contain 18 µg of DNA from line 1076 (R4 
generation) cleaved with Sspl, Hind.lII, EcoRI, and Real, respectively. Lane 7 contains 18 µg of 
DNA from C312 digested with HindIII. Lanes 8 and 9 contain 13 µg of DNA from line 1076 (R2 
generation) cleaved with Sspl and HindIII, respectively. B. Schematic illustration indicating 
the locations of the restriction sites in the T-DNA ofline 10'76. The right border is denoted 
by RB and is shown for orientation purposes (i.e., an intact border sequence is not implied). 
Shaded areas indicate the portion of the plasmid radiolabelled to produce the probe used in Figure 
III-14A. The dotted lines at the edge ofthe schematic indicate that the border fragments continue 
into the genomic DNA. Abbreviations are as follows: S=SspI, E=EcoRI, R=Rca.I, H=HindIII. 
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Figure 111-15. A. Southern blot analysis of Bollgard™ Cotton line 1076 probed with the 
crylA(c) gene. Southem blot from Figu.re III-14A, the plasmid probe removed, and reprobed with 
the crylA(c) gene. Lane designations are the same as in Figure III-14A. B. Schematic 
illustration of the T-DNA region of line 1076. All other designations are as in Figure III-14B. 
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Figure lll-16. A. Southern blot analysis of Bollgard™ Cotton Une 1076 probed 
with the nptll gene. Southem blot from Figure III-14.A, the plasmid probe removed, and 
reprobed with the n.ptll gene. Lane designations are the same as in Figu.re III-14A. B. 
Schematic illustration of the T-DNA region of line 1076. All other designations are 
as in Figu.re III-14B. 
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A. ... ... ... ... ... ... ... ... "Cl i:r:: ... ... "Cl 
Q. = 0 III Q. = IQ 

= 
., ., 

IQ 

= O'.I r..:i i:r:: O'.I 

Lane: 1 2 3 4 6 6 7 8 9 
MW, Kb 

19.7-

R 
E S S R s RHE E S S 

oriV P35S crylA(c) 

Sspl 4.0Kh 

EcoRI 7.36 Kb 

Bcal 6.7 Kb 

Bindlß 19.7 Kb 

Figure m-17. A. Southern. blot analysis ofBollgardTM Cotton line 1076 probed with the 
EP region. Southern blot from Figure III-14A, the plasmid probe removed, and reprobed with the 
EP region. Lane designations are the same as in Figure lll-14A. B. Schematic illustration of 
the T-DNA region ofline 1076. All other designations are as in Figure III-14B. 
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fätie m-1. Summary of DNA Components in PV-GHBKM and PV-GHBK03. 

Genetic Size, 
Element Kb* 

right 0.09 
border (RB) 

P-E35S 0.62 

L 

Function 

A DNA fragment from the pT:t"T37 plasmid containing the 24 bp 
border nopaline-type T-DNA right border used to initiate the T-DNA 
transfer (RB) from Agrobacterium tumefaciens to the plant genome 
(Depicker et al., 1982, and Bevan et al., 1983). 

(PV-GHBK04) The cauliflower mosaic virus (CaMV) promoter (Odell et 
al., 1985) with the duplicated enhancer region (Kay et al., 1987). 

J c.ta.r 
1,EL6'16l> 

cryIA(c) 3.5 The gene which confers insect resistance. The modified gene encodes an 
amino acid sequence that is 99.4% identical to the cryIA(c) gene as 
described by Adang et. al (1985) 

7S 3' 0.43 (PV-GHBK04) A 3' non-translated region of the soybean alpha subunit of 
the beta-conglycinin gene that provides the mRNA polyadenylation 
signals (Schuler et al., 1982). 

E9 3' 0.63 (PV-GHBK03) The termination sequence from pea ribulose-1,5,
bisphosphate carboxylase, small subwiit (rbcS) (Coruzzi, et al., 1984). 

aad 0. 79 The gene for the enzyme 3"(9)-O-aminoglycoside adenylyltransferase 
that allows for bacterial selection on spectinomycin or streptomycin 
(Fling et al., 1985). 

P-35S 0.32 The 35S promoter region of the cauliflower mosafo virus (CaMV) (Gardner 
et al., 1981; Sanders et al., 1987). 

nptll 0.79 The gene isolated from Tn5 (Beck et al., 1982) whicb encodes for neomycin 
phosphotransferase type II. Expression of this gene in plant cells confers 
resistance to kanamycin and serves as a selectable marker for 
transformation (Fraley et al., 1983). 

NOS 3' 0.26 A 3' non-translated region of the nopaline synthase gene which functions 
to terminate transcription and direct polyadenylation of the nptll mRNA 
(Depicker et al., 1982; Bevan et al., 1983). 

oriV 0.62 Origin of replication for ABI Agrobacterium derived from the broad-host 
range plasmid RK2 (Stalker et al., 1981). 

ori322/rop 1.8 A segment of pBR322 which proyides the origin of replication for 
maintenance of the PV-GHBK04 plasmid in E. coli, the replication of 
primer (rop) region and the bom site for the conjugational transfer into the 
Agrobacterium tumefaciens cells (Bolivar et al., 1977; Sutclift'e, 1978). 

* Sizes given are the actual size of ti;etic elements and do not include DNA border 
sequences, necessary for cloning purposes, unless otherwise indicated. 
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Table m-2. Segregation data for backcross (BC) derivatives ofBollganl 'IM 
Cotton Line 757 with elite cultivar (EC) varieties. Values are in ratios of 
plants that are positive or negative for the B.t.k. HD-73 protein as 
determined by E.LISA. 

actual 

BCS Fl segregation 
(expect 1:1) 
BC3 FlEC's 287:237 

BCSn progeny 1est 
( expect 1 homozygote 
:2 heterozygote) 
BC3F2EC1,2 6:13 

BCSD progeny1est 
(segregation of heterozygotes, 
expect 3:1) 
BC3F2EC1,2 140:40 

* not significant at P = 0.05 
** significant at P=0.05, but not at P=0.01 

expected 

262:262 

6.3:12.7 

135:45 

Chi square 
value 

4.77** 

0.02* 

0.75 
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Table m-s. Segrega1ion datafor ~ (BC) derivatives ofBollgard m 
C.Ott.on LiDe UY16 wi.th elite cultivar (EC) varieties. Values are in ratios of 
plant.s ,that are positive or negative for the B.t.k. HD-73 protem. as 
determined by ELISA. 

BCS Fl segregation 
{ expect 1: 1 ) 
BC3 Fl ECl,2,3 

BC3 F2 segregati.OD 
{expect 3:1) 
BC3F2EC1,2 

BC3F2 progenytest 
{expect 1 homozygote 
:2 heterozygote) 
BC3F2EC1,2 

BC3 F2 progenytest 

actual 

52:65 

132:37 

44:85 

expected 

58.5:58.5 

127:42 

43:86 

Chi square 
value 

1.44* 

0.79* 

0.03* 

{segregation of heterozygotes, 
expect 3:1) 
BC3F2EC1,2 786:262 786:262 0.0* 

* not signifi.cant at P = 0.05 

Table fil-4. Segregation data and analysis of progeny ofBollgard 'IM CoUon 
Line757. 

Single insert Double insert 

actual expected Chi square expected Chi square 
(3:1) . value {15:1) 

Rl plants 34:6 30:10 2.13* 37.5:2.5 

Rl progeny'il 2:5 2.3:4.7 0.06* 

* not signi:ficant at P = 0.05 {Chi Square value= 3.84). 
+ signifi.cant at P = 0.05 {Chi square value= 3.84). 
'Il data expressed as Rl homozygous pos: Rl heterozygotes 

-r
';:_, 

value 

5.23+ 
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Tab1e ID-5. Segregation data and amdysis of progeay ofBollgard 'IM CoUmi 
LiDe 1076. 

Single insert Double iDsert 

actual expected Chi square expected Chi square 
(3:1) value (15:1) value 

Rl plants 31:6 27:9 2.37* 34:2 4.76+ 

Rl progeny4ff 24:56:29 27:55:27 0.49* 

* not significant at P = 0.06 (Chi Square value= 3.84). 
+ significant at P = 0.06 (Chi square value= 3.84). 
'11 data expressed as Rl homozygous pos: Rl heterozygotes: Rl homozygous 
neg. 
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Part IV. Resulis of Field Trials 

A. Field Test Permi1s and Looati.ons 

Bollgard™ Cotton Lines 757 and 1076 have been field tested in 1993 and 1994 
at approximately 80 locations throughout the majnland United States and 
Puerto Rico. 

The following are the USDA/APHIS pennit or notification numbers under 
whicb. these tria1s were conduct.ed: 93-011-05, 93-056-05, 94-025-01, 94-026-03, 
94-027-03 and 94-054-02. The final reports for USDA permitted studies 
numbers 93-011-05 and 93-056-05 are included in Appendix V ofthis 
Determination. The final reports for the 1994 field trials will be completed 
early in 1995. 

At all of these sites the following information was collected: 

• Weediness Characteristics. 

• Differences in morphology, plant growth characteristics and crop 
development. 

• Susceptibility of Bollgard™ Cotton Lines 7 57 and 107 6 to attack by 
non-target insects. 

• Susceptibility ofBollgard™ Cotton Lines 757 and 1076 to disease 
infection. 

• Monitoring for volunteers. 

B. Plant gmwth and general observations 

Bollgard™ Cotton Lines 757 and 1076 were compared to the non
transformed parental line Coker 312 ·at eacb. location with the exception of 
the breeding sites at Wabbaseka AR, Scott MS, and Shafter CA. At selected 
locations, the yield and control of target insects were measured. The 
following Rnmmary of these measurements and observations for 
weediness, plant growth characteristics, susceptibility to non-target 
insects, and susceptibility to disease infection show no meaningful 
clifferences between Bollgard™ Cotton Lines 757 and 1076 and the Coker 312 
control. 

No significant differences in weediness or survival characteristics were 
noted between Bollgard™ Cotton Lines 757 and 1076 and the Coker 312 
control (Appendix: V). All locations reported similar emergence of 
Bollgard™ Cotton Lines 757 and 1076 compared to Coker 312 except for 
Tifton GA, Florence SC, Wabbaseka AR, and Chatham MS in 1993. At 
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Tifton and Florence, tb.ere was slightly better emergence and seedling vigor 
for transgenic plants compared to tb.e non-transgenic control. Differences 
were not significant according to tb.e researchers. 

At Wabbaseka in 1993, some dormancy was noted in transgenic lines 
harvested in the greenhouse immediately prior to planting. This is a 
frequent occurrence for cotton seed produced in the greenhouse and is not 
associated with the introduced gene(s). Differences were also reported in 
Chatham MS where two non-transgenic plots had a poor st.and. These 
differences were attributed to non-uniform irrigation. 

In addition to monitoring for weediness, morphological observations were 
also recorded at the field sites. Most locations reported no significant 
morphological, growth or developmental differences for Bollgard™ Cotton 
Lines 757 and 1076 in the field (Appendix V). These included; germination, 
morphology, time to tlowering and fruiting, boll formation, boll 
development and yield (ifinsect damage was controlled in the Coker 312 
control). 

The researcher at Wabbaseka AR reported longer peduncles in the 
transgenic lines compared to the non-transgenics. This difference is not 
expected to effect weediness or survivability and was not reported at other 
locations. Bossier City LA reported 4 to 5 plants of Bollgard™ Cotton Line 
1076 possessed asymmetrical, silvered leaves (out of several hundred 
plante). This phenotype did not appear to be associated with the insert since 
it was observed in only a small number ofplants within this line. 

One location reported premature defoliation in Bollgard™ Cotton plants. 
This was later attributed to a potassium deficiency. Not surprisingly, the 
potassium deficiency was more pronounced in the transgenic plants which 
had a higher boll load. 

The most consistent difference reported was delayed flowering and/or 
delayed maturity of Bollgard™ Cotton Line 1076 compared to Coker 312 
which was reported at Chatham MS, Florence SC, and West Sinton TX. 
Some locations also reported a smaller boll size with this line. The source 
ofthis variation is unknown. lt could be due to the initial plant selection of 
Coker 312 for transformation with this particular line; considerable genetic 
diversity exists among plante within the Coker 312 variety. The variation 
could also be due to genetic changes during the tissue culture process 
unrelated to the transformation event. Also, the differences could be due to 
genetic changes caused by the insertion of the transgene. 

The importance of this delayed flowering/ delayed maturity depends upon 
whether these differences are present in all breeding material produced 
with Bollgard™ Cotton Line 1076 or whether lines without these differences 
can be recovered with back-crossing. This cannot be determined in the field 
tests which reported these differences since this material was selfed 
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progeny of the original transformant. The commerci.al accept.ability of 
backcrossed derivatives of Bollgard™ Cotton Line 1076 will require lines 
without significant delay in maturity. 

No clifferences in susceptibility to non-target insects were noted between 
Bollgard™ Cotton Lines 757 and 1076 and Coker 312 at anylocation, except 
for Morgan City MS (Appendix V). At Morgan City, there tended to be a 
higher population of Lygus spp. in the Bollgard™ Cotton Line 757 plots 
relative to Coker 312. This is not surprising since Bollgard™ Cotton Line 
757 plot was not sprayed for control of lepidopteran pests while the Coker 
312 was sprayed. Lygus spp. are sometimes controlled by applications of 
insectici.des for lepidopteran pests. Significantly, the other locations did not 
report an increase in non-lepidopteran pests with the decrease in 
applications for lepidopteran control. 

Specific not.ations were made for similar responses of Bollgard™ Cotton 
Lines 757 and 1076 and Coker 312 to the following pests: sweet pot.ato 
whitefly, armyworm, leaf hoppers, leaf miners, Lygus bugs, aphids, and 
boll weevils. 

Similarly, no clifferences in susceptibility to diseases were noted between 
Bollgard™ Cotton Lines 757 and 1076 and Coker 312 at any location 
(Appendix V). Additionally, the plants were monitored for symptoms of 
infection by Agrobacterium. No symptoms were noted at any location. 

All plots were monitored for volunteer plants for one year following harvest. 
The results of the post-harvest monitoring programs demonstrated that the 
survival of the cottonseed remajning in the field was not different than 
what was expected for current varieties. Some volunteers were observed in 
the fall at some locations where harvest was early. Three locations 
reported survival through the winter to the following spring: San Patrici.o 
County TX, Maricopa AZ, and Chatham MS. Survival in Texas and 
Arizona was more likely due to the relatively warm winters at these 
locations. Only three plants survived in Mississippi. None of the other 
locations reported survival to the following spring. All of these trials 
contained both transgenic and non-transgenic lines. The volunteers were 
not tested to determine whether they were transgenic or non-transgenic, 
thus the effect of the transgene on survivability could not be determined. A 
protocol was initiated at several locations at the conclusion of the 1994 
season to ascertain whether cliffe~ences exist between the over-wintering 
ability ofthe Bollgard™ Cotton lines and Coker 312. 

Cotton is not considered to have seed which can persist in the environment 
for long periods of time. If planted before the soil temperature reaches 60° 
F, it is likely to rot in the soil. Following germination, the seedling is 
relatively "tender", and may not be able to push its way through the soil and 
emerge (Hughes and Nelson, 1957). Thus, in most cotton growing areas of 
the United States, some of the seed rp.mainiug in the fi.eld following harvest 
and cultivation may germinate in the autumn if conditions are favorable. 
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The seeds not germinating are lik.ely to rot and die. Except in the extreme 
southem cotton growing regions, such as Arizona, and only during mild 
and dry winters can cotton seed be expected to over•winter and germinate 
the following spring. Results of the monitoring program support this since , 
only three cotton plants outside of the extreme southem cotton region were 
reported to have survived. Additionally, integrated pest management 
practices in cotton recommend that all volunteers be destroyed as part of 
recommended cropping practices. 

Based on results of the field monitoring program, there were no significant 
differences between Bollgard™ Cotton Lines 757 and 1076 and Coker 312. 
The major difference observed in maturity between Bollgard™ Cotton Line 
1076 and Coker 312 is common between cotton varieties and does not cause 
concem in the commercialization of the crop. Furthermore, this does not 
impart any special adaptive, competitive or survival characteristics to 
Bollgard™ Cotton Line 1076. Finally, no new variety expressing the B.t.k. 
protein will be commercialized unless it meets all morphological, yield and 
quality characteristics of cotton varieties produced in the United States. 

C. Eflicacy ofBollgardl'M C'A>ttonlines 757 and 1076 

1. Introducti.on 

Several hundred cotton lines have been transformed in Monsanto 
laboratories to contain a synthetic full length HD-73 gene derived from 
Bacillus thuringiensis var. kurstaki. These lines were initially assayed in 
the greenhouse for resistance to Heliothis zea. Those lines which provided 
the best insect control in the greenhouse, have a single insert, and exhibited 
no obvious agronomic limitations were tested in the field. The initial field 
evaluations with Bollgard™ Cotton lines were in line evaluation trials; the 
purpose of these trials was to determine the level of lepidopteran control 
provided by Bollgard™ Cotton lines in the field. Additional field 
evaluations such as economic threshold, population dynam.ics, refugia 
trials, etc. are also conducted with sm;ne of the lines initially tested in the 
line evaluation trials. 

2. Materialsand. Methods 

Line evaluation trials were conducted in 1993 and 1994 at six locations 
across the cotton belt: Tifton, GA, Loxley, AL, Starkville, MS, Bossier City, 
LA, College Station, TX, and Maricopa, AZ. Each location evaluated 
Bollgard™ Cotton Lines 757, 1076, several other Bollgard™ Cotton lines, 
and Coker 312. 

All trials used a randomized complete block design with 6 replications. 
Treatments were assigned in a split plot fashion with the main plots being 
insecticide treatments (sprayed vs. unsprayed) and the sub-plots being the 
line treatments. Sprayed treatments were treated with weekly applications 
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of a lepidopteran insecticide (a labelled pyrethroid) while unsprayed 
treatments were not treated with lepidopteran insecticides. Spraying for 
lepidopteran control was initiated when an economic infestation was 
observed and was terminated after the infestation dropped below economic 
levels. 

Data collection was initiated after the damage of the unsprayed, non
transgenic control(s) exceeded 5% and was continued on a weekly basis 
until the damage dropped below this level. For locations infested by 
Heliothis spp. (GA, AL, MS, LA, and TX), insect control was evaluated by 
counting the economically damaged squares and bolls on 20 randomly 
selected squares and bolls in the center two rows of each plot. Yield was 
determined by harvesting the middle two rows of each plot after 
approx:imately 75% or more of the bolls were open. 

8. Resul1B 

Bollgard™ Cotton Lines 757 and 1076 provided excellent square and boll 
protection at all sites which had a significant infestation of Heliothis spp. in 
1993 (Table IV-1). The season averages for square and boll damage was 
typically equivalent to or slightly better than Coker 312 sprayed weekly. 
Yield results comparing the Bollgard™ Cotton lines with Coker were 
variable. At Mississippi, the unsprayed plots were artificially and 
intensively infested with H. zea while the sprayed plots were not artificially 
infested. This could account for some of the reduction in yields between the 
Bollgard™ Cotton lines and Coker 312. In Texas, the significantly higher 
yields with Bollgard™ Cotton lines were probably due to improved insect 
control; the H. virescens in this area was resistant to synthetic pyrethroids. 

Bollgard™ Cotton Lines 757 and 1076 also provided excellent square and 
boll protection in 1994 (Table IV- 2). Season long square protection with 
Bollgard™ Cotton Lines 757 and 1076 was better than weekly spraying of 
pyrethroids in Georgia and Texas. In Alabama, Mississippi, and 
Louisiana season long square protection was equivalent with Bollgard™ 
Cotton Lines 757 and 1076 and weekly spraying. Boll protection was 
essentially equivalent in Alabama and Mississippi. In Louisiana, weekly 
sprayings provided better boll protection, while Bollgard™ Cotton Lines 757 
and 1076 performed better than sprayed Coker 312 in Texas. In summary, 
the Bollgard™ Cotton lines provided excellent square and boll protection 
across the cotton belt throughout ~e season. 

Mean yield across locations for Bollgard™ Cotton Line 757 unsprayed was 
102% of the sprayed Coker 312 control and ranged from 82% to 136% (Table 
IV-2). For Bollgard™ Cotton Line 1076, mean yield was 89% ofthe sprayed 
Coker across locations. Yield of Bollgard™ Cotton Line 1076 was similar to 
Coker 312 at Georgia, Alabama, Louisiana, and Texas. In Mississippi, 
Bollgard™ Cotton Line 1076 yielded significantly less than Coker 312. One 
possible explanation for this is the extremely high pressure from the 
artificial infestation at this site. Another possibility would be genetic 
differences between Bollgard™ Cotton Line 1076 and Coker 312, discussed 
below. 

S7 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Yield comparisons between the Bollgard™ Cotton lines and Coker 312 m.ay 
or may not be reliable indicators of perform.ance. The Bollgard™ Cotton 
lines can di.ffer genetically from Coker 312 due to the initial plant selected 
from tissue culture; Coker 312 possesses considerable genetic variability 
within the variety .. Also, the tissue culture process itself can induce genetic 
changes within the Bollgard™ Cotton lines independent of the gene 
insertion. Finally, the insert itself can cause genetic cbangP.s. These 
potential sources of genetic variation and the cbanges in square and boll 
protection due to the Bollgard™ Cotton gene make yield comparisons 
problematical. 

Please note that the square and boll damage wbich occurred in these trials 
was not cumulative i.e. the square or boll dam.age for a particular 
treatment could decrease with time. For example, the Bollgard™ Cotton 
lines could have 10% square damage in one week, but only 5% damage the 
following week. Tbis is because those squares wbich are dam.aged tend to 
abort and, therefore, would not be counted in subsequent evaluations. 
Thus, cumulative damage would not be retlected in the weekly evaluations 
on insect dam.age, but instead would be retlected in yield. 

In summary, these data indicate that Bollgard™ Cotton Lines 757 and 1076 
provide excellent control from square and boll dam.age by lepidopteran 
peste. Typically, this control is equivalent to and sometimes superior to 
weekly applications of pyrethroid insecticides. 
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Table IV-1. Summary of 1993 season averages for squa:re 
darnap, boP damage, and yieldfor BollgardDICotton 
Lines 757 end 1CJ78relative to CokerS12 spraJed weeldyfor 
oontroloflepidopieran pesbl. 

Lb;w* 

7rl1 
1CJ78 
C312 

Lb;w* 

7rl1 
1078 
CS12 

Lb;w* 

7rl1 
1076 

MS 

6 
3 
7 

MS 

6 
3 
4 

MS 

87% 
81% 

'lz darnere4 SQDDms 

L6. n 
1 0 
0 0 
5 5 

'& darnared lmlls 
L6. n 

3 0 
1 0 
6 2 

YieJd 
(% of C312 sprayed) 

L6. n 
92% 162% 
86% 145% 

* Bollgard™ Cotton lines were not treated with insecti.cides 
for control of lepidopteran pests. Coker 312 was treated 
weekly with insecti.cides during the primary lepidopteran 
infestation period. 
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Table IV-2. Summary of 1994 seasonaverages for square 
darnagp„ boll darnage, and yie)d for Bollgard™ Coiion 
Iiues 'fö'I and 1076relative to Coker 312 sprayed weekJy for 
control oflepi.dop1eran pest& 

% dernarecl sguares 

Li.Im* ilA AL m La lX 
7f11 1 0 3 2 1 
1076 1 1 2 1 1 
C312 11 5 4 4 l2 

% derneged,bolls 

~· ilA AL m La lX 
7f11 0 1 6 3 
1076 0 1 3 1 
C312 2 4 1 8 

Yield 
(% of C312 sprayed) 

Li.Im* ilA AL m La lX 
7f11 109 100 83 82 136 
1076 99 ff/ ffi 85 108 

* Bollgard™ lines were not treated with insecticides for 
control of lepidopteran pests. Coker 312 was treated weekly 
with insecticides du.ring the primary lepidopteran 

infestation period. 

Referenca 

Hughes, H. D. and E.R. Nelson, 1957. "Crop Production, Principles and 
Practices". The MacMillian Company, New York 
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Part V. Detailed Description of the Phenotype ofBollgard'IM 
Cotton Lines 757 and 1076 

INTRODUCTION 

Data and information supplied in tbis Petition for Determination of Non
Regulated Status demonstrate that Bollgard™ Cotton Lines 757 and 1076 
are substantially equivalent to tb.e non-modified cotton line, Coker 312 
(C312}, except for tb.e inserted genetic sequences, tb.e expressed proteins 
[B.t.k. CryIA(c} protein and neomycin phosphotransferase II (NPTII} 
enzyme], and tb.e ability of the plant to resist damage from Lepidopteran 
insects. The information supplied in this section and referenced from other 
sections of this petition will demonstrate that the modified Bollgard™ 
Cotton Lines 757 and 1076 are not likely to pose a greater plant pest risk 
than line C312 from which it was derived. This conclusion is based on 
evaluation of phenotypic characteristics, safety of the inserted proteins and 
cottonseed products, and the environmental characteristics. 

A variety of studies were conducted to characterize the unique traits of the 
modified cotton lines and to establish that Bollgard™ Cotton Lines 757 and 
1076 are substantially equivalent to the parental cotton line, C312. The 
inserted genetic material and insecticidal efficacy of Bollgard™ Cotton 
Lines 757 and 1076 were described in tb.e previous sections (Part III and 
IV}. The following characteristics of Bollgard™ Cotton Lines 757 and 1076 
are described in tbis section: 

• expression of the B.t.k. and NPTII proteins, 

• the comparison ofBollgard™ Cotton Lines 757 and 1076 and line C312 
on tb.e basis of composition and quality of the cottonseed and 
processed cottonseed products, 

• comparison of the natural toxicants of the seed, 

• safety assessment oftb.e B.t.k. HD-73 protein to non-target insects, 

• demonstration of tb.e wholesomeness of cottonseed food/feed products, 

• the environment.al fate ofthe B.t.k. HD-73 protein, 

• tb.e disease susceptibility ofBollgard™ Cotton Lines 757 and 1076 
versus line C312, and 

• the potential for out-crossing and weediness. 

A summary of the metb.ods utilized to conduct tb.e protein extraction, 
analysis and quantitation, compositional analysis, cottonseed processing, 
preparation of seeds for gossypol and fatty acid analyses, moisture 
determination, gossypol levels, quantitation of fatty acid levels are found in 
Appendix VI. The following sections summarize these investigations. 
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A. Expression of the Introduced Genes in Tissues from BollganFM Cotton 
J.ioes 757 and 1076 

As described in Part IIl, Bollgard™ Cotton Lines 757 and 1076 have been 
modified to express a protein from Bacillus thuringiensis var. kurstaki HD-
73 [CrylA(c)] (abbreviated as B.t.k. HD-73) which has insectici.dal activity 
against lepidopteran insect pests (Hofte and Whiteley, 1989; Perlak et a/,., 
1990; Perlak et al., 1991; Maclntosh et al., 1990). In addition to the B.t.k. 
HD-73 gene, a gene encoding the NPTII protein is present as a result of its 
use as a selectable marker during the development of the insect resistant 
cotton plante. A second selectable marker gene encoding aminoglycoside 
adenylyltransferase (AAD) is present in Bollgard™ Cotton Lines 757 and 
1076 as a result of its use in selection für the microbial systems used für the 
genetic engineering process. The aad gene is controlled by a bacterial 
promoter; therefore, the protein was not expected to be expressed in the 
cotton leaf or seed tissue from Bollgard™ Cotton Lines 757 and 1076. The 
control line, Ca 12 is the parental variety from which Bollgard™ Cotton 
Lines 757 and 1076 were generated and does not contain the genes encoding 
the B.t.k. HD-73, NPTII or AAD proteins. 

Levels ofthe expressed proteins (B.t.k. HD-73, NPTII, and potentially AAD)' 
were evaluated in young leaf (3-6 week plantlets) and seed tissues collected 
from six field locations during the 1993 growing season using Enzyme 
Linked Immuno-Sorbent Assay (ELISA) (Harlow and Lane, 1988) and 
westem blot (Matsudaira, 1987) methods. The six field sites were as 
follows: Starkville, Mississippi; Bossier City, Louisiana; West Sinton, 
Texas; Tifton, Georgia; Maricopa, Arizona; and Lo:xley, Alabama. In 
addition, at one field site (West Sinton, Texas), young leaftissue was 
collected at 3 time points throughout the season after the initial sampling 
and whole, mature cotton plants were collected just prior to defoliation and 
harvest to establish the consistency of expression throughout the season 
and to estimate the amount of B.t.k. HD-73 and NPTII protein that might 
enter the environment at the end of the growing season. The expression of 
the B.t.k. HD-73 protein was also evaluated in nectar and pollen collected 
from Bollgard™ Cotton Lines 757 and 1076 (plante grown in the 
greenhouse) to provide information on the degree of non-target insect 
exposure to the insectici.dal protein via pollen and nectar produced by the 
modified cotton lines. · 

1. Young Leaf and Seed • These data show that the B.t.k. HD-73 and NPTil 
proteins were expressed at extremely low and relatively consistent levels in 
leaf and seed from Bollgard™ Cotton Lines 757 and 1076 across all six sites 
(Tables V-1 through V-6). Bollgard™ Cotton Line 757 contained 
approximately 12.6 and 9.9 µg B.t.k. HD-73 protein/gram fresh weight of 
tissue (fwt), and 6.9 and 3.3 µg NPTII protein/gram fwt in leaf and seed 
tissues, respectively. Bollgard™ Cotton Line 1076 contained approximately 
12.2 and 12.7 µg B.t.k. HD-73 protein/gram fwt and 16.3 and 7.9 µg NPTil 
protein/gram fwt in leaf and seed tissues, respectively. These expression 
levels varied only two to three füld across the six field sites. B.t.k. HD-73 
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protein levels varied less tban three fold in young leaf tissue collected over 
the growing season with the highest level observed at the second sampling 
date {7/6/93) at the one field site evaluated {Table V•7). Levels of B.t.k. HI)..73 
and NPTII proteins in. whole plant tissue were much lower, on a fresh 
weight basis, than in leaf tissue {Table V-8). These results establish 
minimal variability in the expres~ion of the B.t.k. HD· 73 protein when the 
insect resistant cotton plante were grown at different geographical 
locations and different environmental cond.itions. 

As pred.icted, no AAD was detected in leaf or seed tissue from Bollgard™ 
Cotton Lines 757 and 1076. The sensitivity ofthe ELISA for the AAD protein 
was appro:ximately 0.008 µg AAD/gram fresh weight of leaf and 0.005 µg 
AAD/gram fresh weight of seed. 

As expected, no B.t.k. HD-73 or NPTII protein was detected in leaftissue 
from C312 control. The level of out-crossing of the insect resistance trait 
was evaluated in cottonseed from the control line, C312, grown in closely 
situated plots at all sites. Out crossing ranged from 0% {at Texas and 
Alabama) to 17% {at Mississippi). These levels of out-crossing are well 
within the previously established ranges of out-crossing for both 
commercial cotton varieties {Afzal and Khan, 1950; Green and Jones, 1953; 
Theis, 1953; Simpson and Duncan, 1956) and other genetically engineered 
cotton varieties {Umbeck et aL, 1992; Kareiva and Morris, 1992). Out
crossing was not detected in control cottonseed which was physically 
removed from the Bollgard™ Cotton lines by a minimum of 20 buffer rows 
of non•transgenic cotton. 

These levels of out-crossing d.id not impact the evaluation of expression 
levels in seed from Bollgard™ Cotton Lines 757 and 1076. Expression levels 
ofthe B.t.k. protein in seed from isolated plots (separated by a minimum of 
8 buffer rows of cotton) were not statistically different at the 5% level from 
expression measured in seed from plots of Bollgard™ Cotton Lines 757 and 
1076 grown closely to control cotton and other varieties of Bollgard™ Cotton 
Lines. lt was also concluded that the out-crossing d.id not significantly 
impact the quality and toxicant data or the quail feed.ing study since only 
seed from isolated plots was used for these stud.ies {See paragraph K{2), 
Effects on Non-Target Organisms in this Part ofthis Petition of 
Determination of Non-Regulated Status). 

2. Whole Plant· Levels of B.t.k. HD•73 and NPI'II proteins in whole plant 
tissue were much lower, on a fresh weight basis, than in young leaftissue. 
B.t.k. HD-73 is present in whole cotton plants from Bollgard™ Cotton lines 
757 and 1076 at 1.1 and 1.7 µg/g fwt of the plant; NPTII protein levels were 
3.7 and 14.6 µg/g fwt of the plant from Bollgard™ Cotton lines 757 and 1076, 
respectively {Table V-8). These measured concentrations were used to 
estiniate the amount of B.t.k. HD-73 and NPTII protein that could enter the 
environment due to post-harvest incorporation of mature plants from 
Bollgard™ Cotton Lines 757 and 1076 (minus lint and seed): 12.2 and 23.4 g 
B.t.k. HD-73 protein/acre and 57.5 and 183 g NPI'II protein/acre, for 
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Bollgard™ Cotton lines 757 and 1076, respectively (ass11roing 60,000 plants 
per acre). A soil degradation study was performed that confirmed the rapid 
degradation of the B.t.k. HD-73 protein expressed in the insect resistant 
cotton plants in the soil, {See paragraph M, Possible Impact on the 
Environment in this Part ofthis Petition ofDetermination ofNon-Regulated 
Status). 

3. Nectar and Pollen - The level of B.t.k HD-73 protein measured in pollen 
and nectar from Bollgard™ Cotton Lines 757 and 1076 was extremely low; 
the roaxiroum levels of B.t.k. HD-73 protein expression level in pollen and 
nectar are 38 and 0.88 ng/g fwt respectively {Table V-9). The expression 
level of the B.t.k. HD-73 protein in the pollen and nectar from Bollgard™ 
Cotton Lines 757 and 1076 was obtained to serve as a basis ofexposure of 
beneficial (non-target) insects to the B.t.k. HD-73 protein expressed in these 
plants {see paragraph K{l) and Lack of Effects on Non-Target Organisms 
(see paragraph K(2 & 3) in this Part ofthis Petition ofDetermination ofNon
Regulated Status). 

B. Compositi.on, Quality, and Tm::icantAnalyses of tbe Cott.onseed from 
Bollgard'IM Cotton Lines 757 and 1C176 

Field grown cottonseed from Bollgard™ Cotton Lines 757, 1076 and C312 
were shown to be compositionally equivalent based upon analysis of the 
major cottonseed components (protein, lipid, rooisture, ash, carbohydrate, 
calories), the fatty acid profile and the levels of important toxicants 
(gossypol, cylcopropenoid fatty acids and aflatoxin). 

The levels of the major components (protein, oil, carbohydrate, moisture, 
ash and calories) and major fatty acids in the cottonseed from Bollgard™ 
Cotton Lines 757 and 1076 were comparable to C312 (Tables V-10, V-11). 
Gossypol levels in seed from Bollgard™ Cotton Lines 757 and 1076 and C312 
fell well within the ranges previously reported for cotton varieties (Table V-
12) (Pons et al., 1958; Abou-Donia, 1976) and the variability across locations 
was consistent with previously reported data (Altman et al., 1989; Berardi 
and Goldblatt, 1980 ). Levels of the toxicant, cyclopropenoid fatty acids 
(dihydrosterculic, sterculic and malvalic), for cottonseed from the six field 
sites showed no statistically significant differences between seed from 
Bollgard™ Cotton Lines 757 and 1076 and C312 (Table V-11). The four 
primary aflatoxins commonly found in cottonseed were undetectable at a 
sensitivity of 1 part per billion in seed from Bollgard™ Cotton Lines 757 and 
1076 as well as the control cotton line at all six field sites. 

There were small compositional differences upon comparison of the seed 
from Bollgard™ Cotton Lines 757 and 1076 versus seed collected from C312 
(Tables V-10, V-11, V-12). Although these differences were statistically 
significant, the difference in the level of these components were biologically 
unimportant and well within the reported ranges for those coroponents in 
commercial cottonseed (ranges referenced in Tables V-l0a and V-12). 
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These minor differences in seed from Bollgard™ Cotton Lines 757 and 1076 
and the control line represent inherent variability witbin cotton varieties 
and are not attributed to the insertion of the genes for insect resistance. 

C. CottAmseed.Processing 

The quality of the processed cottonseed products from Bollgard™ Cotton 
Lines 757 and 1076 were shown tobe equivalent to the control line. Seed 
cotton from four of the six field sites were ginned and pooled (by line) across 
sites as a source of seed for processing. The composite cottonseed sample 
was processed at the Food Protein Research & Development Center at Texas 
A&M University into defatted/ toasted meal and refined oil which are the 
primary cottonseed products used for animaJ feed (except cattle, which 
consume whole seed) and human food. 

When compared for yield of processed fractions relative to starting material 
(linters, linter motes, delinted seed, hulls, kemels, toasted meal, crude oil 
and refined oil), the results were comparable for both Bollgard™ Cotton 
Lines when compared to C312 and similar to the means and ranges 
previously reported for processed cottonseed fractions from other cotton 
cultivars (Table V-13). 

There were no meaningful differences in the levels of total and free gossypol 
in the raw cottonseed kemels, toasted meal and refined oil from both 
Bollgard™ Cotton Lines and C312 (Table V-14). Reduction offree gossypol 
in the toasted meal and oil is a measure of food/feed quality and processing 
efficiency. During the processing, the gossypol that partitions into the oil, 
is essentially completely p}jminated during the subsequent refining of the 
oil (Cottonseed Oil, 1990). Under the typical conditions ofhigh heat and 
moisture used to process cottonseed meal, most of the gossypol is removed 
by solvent extraction or deto:x:ified to non-extractable (bound) form of 
gossypol. As expected, there was no detectable gossypol in refined oil and 
the amount of free gossypol was reduced to trace levels in the toasted meal 
from both lines. Total gossypol levels were reduced by approx:imately 18% 
in the toasted meal for both lines. · 

The total protein content of the toasted meal and refined oil fractions from 
Bollgard™ Cotton Lines 757 and 1076 and C312, were shown tobe consistent 
with commercial quality products. Cottonseed meal used as a feed additive 
(protein concentrate) for livestock feed is typically prepared at ~ 41% total 
protein. The toasted meal fractions from Bollgard™ Cotton Lines 757 and 
1076 and C312 contained approximately 40% total protein by weight. 
Refined cottonseed oil from Bollgard™ Cotton Lines 757 and 1076 and C312 
were comparable in quality to commercially processed cottonseed oil (Table 
V-15) · 
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Finally, processing cottonseed from Bollgard™ Cotton Lines 757 and 1076 
dramatically decreased the amount ofbiologically active B.t.k. HD-73 and 
NPl'II proteins in the toasted meal. The native, expressed B.t.k. HD-73 and 
NPl'II proteins were reduced to undetectable levels ~ 4 parts per billion) in 
the processed meal fractions Bollgard™ Cotton Lines 757 and 1076. 
Denatured, inactive B.t.k. HD-73 and NPl'II proteins were detected in the 
processed meal at much lower levels than raw meal (reduced by at least 
80% in toasted meal). Therefore, processed cottonseed meal does not 
represent a source of significant exposure to either the B.t.k. HD-78 or 
NPl'II protein. 

These data establish that cottonseed from Bollgard™ Cotton Lines 757 and 
1076 processes comparably to cottonseed from C312 and that the level ofthe 
important toxicant, gossypol, is comparable in cottonseed products 
produced from the Bollgard™ Cotton lines and the control line. Therefore, 
insertion ofthe genes to provide insect resistance did not alter the 
processing characteristics of the cottonseed or the quality of two major 
cottonseed products, toasted meal and refined oil. 

D. Allelochemical Leve1s in Vegetative 'Iissues 

Cotton contains allelochemicals, in addition to gossypol, that may be 
involved in pest control (Hedin, et al., 1983; Hedin, et al., 1988; Hedin, et al., 
1991). Three of the most important are flavonoids, t.annins and 
anthocyanin (Hedin et al., 1992). The levels ofthese classes of compounds 
in cotton squares and the terminal leaves were analyzed from samples 
obtained from the 1993 field tests in Starkville, Mississippi. As expected, no 
meaningful differences in the levels of gossypol, flavonoids, tannins and 
anthocyanins were detected between Bollgard™ Cotton Lines 757 and 1076 
and C312 and the levels of these allelochemicals were representative for G. 
hirsutum lines. The complete report for the 1993 analyses are found in 
Appendix VII. The results for Bollgard™ Cotton Lines 757, 1076, and C312 
are F1ummarized in Table V-16. 

E. Disea&e and Pest Susceptibilities 

All test sites were monitored on a regular basis for differences in disease 
susceptibility between transformed and non-transformed plants. Survey 
methods (i.e. number of plants examined and specific timing of plant 
examination) were not standardized across the various test locations to 
allow for regional and temporal differences in development of symptom 
expression in these cotton disease comple:xes. Both above and below ground 
plant parts were examined for the presence of disease development. Plant 
e:rami:Dation was not restricted to obviously diseased specimens. Healthy 
plante were Axamined for abnormal growth and development and the 
presence of sub-chronic disease symptomatology. Because the cotton plants 
were transformed using a disarmed Agrobacterium tumefaciens vector, 
plante were specifically examined for the development of crown gall 
throughout the growing season. 
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The major diseases affecting cotton are the Seedling Disease Complex 
(Rhizoctonia solani, Pythium spp., Ascochyta gossypii, Fusarium spp. and 
Glomerella gossypii), Verticillium Wilt (Verticülium dahliae}, Fusarium 
Wilt (Fusarium o:eysporum}, Phymatotricum Root Rot (Phymototrichum 
omnivorum}, Bacterial Blight <:Xanthomonas campestris), Boll Rots 
(various saprophytic fungi), and Nematodes (Root Knot, Lance, Reniform, 
and Sting). In addition, there are about 25 other fungi, viruses, and 
bacteria which may develop as localized epidemics in the various cotton 
growing regions of the United States. 

The data presented in Part IV and Appendix V of this Petition for 
Determination of Non-Regulated Status support the conclusion that 
Bollgard™ Cotton Lines 757 and 1076 possess no disease or pest 
susceptibilities different than the parental non-transformed cotton. 

F. Plant PestBisk 

In all field and green house trials, plants of Bollgard™ Cotton Lines 757 
and 1076 were repeatedly inspected for any signs of Agrobacterium 
infection. None was found (see part IV). None of the gene sequences 
inserted into the cotton plant are capable of causing the Bollgard™ Cotton 
Lines to express any plant disease (See part III). Bollgard™ Cotton Lines 
757 and 1076 do not exhibit any different agronomic or morphological 
characteristics which may give them an advantage over other species 
within the ecosystem in which they are grown (see Part IV). The 
compositional and toxicant analyses comparing Bollgard™ Cotton Lines 
757 and 1076 to C312 showed no differences (see section B, above}. 
Therefore, it is concluded that Bollgard™ Cotton Lines 757 and 1076 do not 
pose any different plant pest risk to other plants and the environment than 
non-transformed cotton varieties. 

G.Weediness 

G. hirsutum is ineffective as a weed: Wild populations are rare, widely 
dispersed and confined to beach strands or to sma11 islands (Lee, 1984). lt 
appears to be somewhat opportunistic towards disturbed land and appears 
not to be especially effective in invading established ecosystems. In the 
continental United States, wild populations of G. hirsutum exist only in the 
southem tip of Florida, due at least in part to the fact that cotton cannot 
over-winter in those areas where freezing conditions occur. 

There is little probability that Bollgard™ Cotton Lines 757 and 1076 or any 
Gossypium species crossing with these Bollgard™ Cotton Lines could 
become a weed. All wild and feral relatives of cotton are tropical, woody, 
perennial shrubs other than a few herbaceous perennials in NW Australia. 
With the exception of G. thurberi and G. sturtianum in Australia, these 
cannot naturally exist even in the milder temperate regions. In most 
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instances the distribution of these species is determined by soil and climatic 
conditions rather than insect pressure. As perennials the plante are not 
particularly programmed to produce seed each year. In fact, they tend to 
drop fruit in response to stress. lt is unlikely that expression of the B.t.k. 
protein would impact survival either way. The only species that 
approaches the designation of pest is the arborescent G. aridum in parts of 
central westem Mexico where it grows in fence rows much like sassafras 
in parts of the US. 

In those areas of the USA where feral or wild cottons occur (south Florida, 
Hawaii) the problem is not potential proliferation of plante but loss of the 
germplasm resource. Ultimately, if B.t.k. should be transferred to a wild 
population of a tetraploid, and if this was considered undesirable, the size of 
the plante, their perennial growth habit, their restricted habi~eir 
low natural fecundity would make control exceptionally easy -992; 
Appendix III). 

Cotton is not considered to have weedy characteristics as an annual plant 
grown in the United States. lt does not possess any of the attributes 
commonly associated with weeds such as seed dormancy, long soil 
persistence, germination under diverse environmental conditions, rapid 
vegetative growth, a short life cycle, high seed output, high seed dispersal 
and long distance dispersal of seeds. These characteristics of weeds are 
controlled by multiple not single genes. 

The only difference one would expect between the modified and non
modified cultivated cotton would be that the modified cotton would be better 
able to withstand damage from foliar eating insects. This insect resistance 
would not be expected to lead to an advantage for these plants for the 
following reasons: 

• The seed is not dormant and is not able to persist in the soil for long 
periods of time. In fact, only in the southem most parts of the cotton 
growing regions can the seed successfully over-winter and 
germinate the next spring. 

• As discussed in Part II, the plant has no weedy relatives in the 
continental United States to which it ·can cross, and therefore it is not 
expected to cross with other species. 

• Monitoring of plots during and after harvest for the past 2 years has 
not revealed any differences in survivability and competitiveness of 
the modified versus the non-modified cotton. 

Therefore, there is no indication that the weediness of the modified cotton 
plant has changed as a result of the insertion of the B.t.k. and nptll genes. 
Expression of the gene products (B.t.k. HD-73 and NPTII proteins) in the 
modified cotton plant would not change any of the above listed attributes. 
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B. Germination and V:agor Resu1ts for BollgardTM Cott.o11 T,iues 757, 1076 
and.CS12 

Field germinati.on studies comparing C312 and Bollgard™ Cotton Lines 757 
and 1076 have not been conducted to date. For most studies, the seed for 
Bollgard™ Cotton Lines 757 and 1076 and Coker 312 were not produced in 
the same locati.on, thus making it impossible to make such a comparison. 
For example, the seed for Bollgard™ Cotton Lines 757 and 1076 for most 
field studies was grown in a winter nursery while the C312 seed was 
purchased f.rom SeedCo Co. in Lubbock, TX. Data is available from a 
laboratory study and two field locations which utilized seed from Bollgard™ 
Cotton Lines 757 and 1076 and the C312 produced at the same location. 
These results support the conclusion that no significant differences exist 
between the germination rates ofBollgard™ Cotton Lines 757 and 1076 and 
C312. 

Laboratory GermmationStady 

Bollgard™ Cotton Lines 757 and 1076 and C312 were grown in multiple 
locati.ons in 1993. Seed f.rom Bollgard™ Cotton Lines 757 and 1076 and 
C312 grown in Alabama, Mississippi, and Texas was analyzed in vitro at 
Monsanto to determine the germinati.on potential of these lines. Seeds 
were placed in moist germination paper and percent germination was 
recorded after seven days. Germination was determined in both warm 
(31 ° C day, 24° C night) and cool conditions (19° C constant). 

As expected, germination varied considerably f.rom location to location 
(Table V-17). For example, the Coker 312 bad a mean germinati.on of 
90% from Mississippi and 35% f.rom Texas. Seed quality is impacted by 
several factors including time of harvest, moisture at harvest, 
temperature, etc. The seed produced in Alabama came f.rom a high 
rainfall area and was harvested relatively late; these factors reduced 
germination in this seed (55% warm germination) relative to the seed 
produced in Mississippi (90% warm germination). 

Percent germination of Bollgard™· Cotton Lines 757 and 1076 was 
equivalent to Coker 312 at all three locations under both warm and cool 
conditions (Table V-17). The only statistically significant differences 
were between Lines 757 and 1076. The seed f.rom Bollgard™ Cotton Line 
1076 had a significantly higher germination percentage than Bollgard™ 
Cotton Line 757 in both warm änd cool conditions for the seed produced 
in Alabama. Similarly,for the seed produced in Texas, Bollgard™ 
Cotton Line 1076 had a higher % germination tb.an Line 757 under cool 
conditions. One possible explanation for this is the slightly different 
maturities of these two lines. Bollgard™ Cotton Line 1076 matures 
several days later than Bollgard™ Cotton Line 757. Thus, the bolls f.rom 
Bollgard™ Cotton Line 1076 open later than Bollgard™ Cotton Line 757 
leaving them less exposed to adverse conditions such as high moisture. 
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In snmmary, the percent germination in both warm and cool conditions 
for seed from Bollgard™ Cotton Lines 767 and 1076 was similar to C312 
treated with commercial sprays. This was true for seed produced at all 
three locations. These results indicate that these BollgardT~ Cotton 
lines produced seed of similar quality as Coker 312. 

Fie1d GerminationlSta Counts 

To assess germination under tield conditions, stand counts were taken 
at two ofthe tield sites: West Sinton, TX and Bossier City, LA. At West 
Sinton, stand counts were taken in each of the middle two rows of all 12 
replications, for a total of 24 replications. The stand counts for C312 and 
Bollgard™ Cotton Lines 767 and 1076 did not dift'er signiticantly (Table 
V-18). Similarly, at Bossier City, stand counts were taken in four ofthe 
replications (Table V-19). Again, there was no meaningfu.l dift'erence in 
the stand counts between Bollgard™ Cotton Lines 757 and 1076 and 
C312. The tield results support the conclusion that no meaningfu.l 
dift'erences e:rist in the germination or survival rates of Bollgard™ 
Cotton Lines 757 and 1076 and C312. Additionally, no cooperator has 
reported a ditierence in the overall growth and development of 
Bollgard™ Cotton Lines 757 or 1076 compared to C312. 

L Out-Crossing Potential 

The potential for pollen transfer from cotton to other species and for 
Bollgard™ Cotton Lines 757 and 1076 to become a weed or pest is addressed 
in Part II and Appendices III & IV of this Petition for Determination of 
Non-Regulated Status. The following is a summary of the conclusions 
reached in these sections. 

1. Pollen Tmnsferto W'":aldSpecies 

For gene flow to occur via normal sexual transmission certain conditions 
must e:rist: the two parents must be sexually compatible, their periods of 
fecundity must coincide, a suitable pollen vector must be present and 
capable of transferring pollen between the two parents and resulting 
progeny must be fertile and ecologically fit for the environment in which 
they find themselves. 

Based upon these criteria, out-crossing to wild species is not considered 
possible on the roainland United States and not likely in all of the 50 states 
for the following reasons: 

a. All Gossypium species are seif-fertile but can be cross-pollinated by 
certain insects. Wind transport of pollen is not a factor. 

b. Bollgard™ Cotton Lines 757 and 1076 (Gossypium hirsutum) are not 
expected to hybridize with any wild species within the contiguous 48 
United States. This conclusion is supported by the following: 
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i. No other genera in the Gossypieae tribe are endemic to the United 
States. 

ii. The wild diploid, G. thurberi, occurs in the mountains of southem 
Arizona (Fry:xell, 1979) and G. hirsutum is not grown in the vicinity 
where the G. thurberi is found. Secondly, cultivated cotton is an 
allotetraploid, whereas G. thurberi is a diploid, so these are 
incompatible and would not produce fertile offspring (Fryxell, 1979). 

iii. A relative of cotton (Gossypium tomentosum) grows in Hawaii 
(Stephens, 1964) however pollen transfer to this species is not 
anticipated to occur since cotton is not grown commercially in this 
state. G. tomentosum is morphologically and temporally 
incompatible with commercial cotton varieties. Should Bollgard™ 
Cotton Lines 757 and 1076 be grown in Hawaii for testing or winter 
nursery seed increases, possible gene transfer can be prevented via 
the use of isolation distances. 

In conclusion, there is no reasonable mechanism for out-crossing the 
introduced genes present in Bollgard™ Cotton Lines 757 and 1076 into wild 
cotton species on the mainland United States. Out-crossing to other 
cultivated species G. hirsutum and G. barbadense, is expected but can be 
prevented by isolation practices common to the production of certified seed. 

2. Pollen. Transfer to Cultivated Genotypes. 

In as much as similar cotton genotypes are fully compatible, any pollen 
that is transferred has the potential to produce a hybrid seed. The degree of 
out-crossing in a production field is strongly dependent upon the 
geographic location of the field (Simpson, 1954), which depends upon the 
crop ecology. The most important factors are the k.inds and numbers of 
insect pollen vectors. Bumble bees (Bambus spp.) and honey bees (Apis 
mellifera) are the most significant (Theis, 1953; McGregor, 1959; Moffett 
and Stith, 1972; Simpson and Duncan, 1956) with the former being the most 
efficient pollinator. Typical out-crossing percentages for a number of 
locations in the cottonbelt range from· 0 to 28%. Almost without question, 
the transgenic material can be expected to be transferred to other cultivated 
genotypes over time. 

While some out-crossing to cultivated cotton (Gossypium hirsutum and G. 
barbadense) can be expected, such out-crossing would not be expected to 
cause any adverse effects for the following reasons: 

• No adverse effects have been identified that may result from 
_releasing the modified plants into the environment. 

• If cross pollination to other cultivated cotton were to occur, the gene 
would only be present in the seed, and the plant would not express 
the B.t.k. and NPTII proteins. 
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• Crossing with cotton grown for seed can be controlled with 
appropriate isolation distances (l/4 mile) or the use ofborder rows or 
both. 

3. Besults of Out-Crossing Studie& 

Under permits granted by the United St.ates Department of Agriculture, 
Monsanto conducted several field studies on the B.t.k. cotton in 1990. One 
part of these studies was to study the out-crossing potential of these cotton 
plants. Sites where these tests were located were: 

Casa Grande, Arizona 
Maricopa, Arizona 
Bossier City, Louisiana 
Starkville, Mississippi 
Brawley, California 
College Station, Texas 
Lubbock, Texas 

The experiments of the insect resistant cotton were surrounded by border 
rows of non-transgenic cotton. Seed from these border areas were 
evaluated to ascertain the frequency of out-crossing. Seed was harvested 
from every other row surroundin.g eacb. field. Since 24 border rows were 
used, there were a total of 12 samples from eacb. of the 6 test sites committed 
to this evaluation. The seed was analyzed for the presence ofthe B.t.k. 
protein by ELISA. The ELISA method, developed by Monsanto, is used 
routinely to identify seed/plants that are expressing the B. t.k. protein. The 
assay is specific to the B.t.k. protein and very sensitive to small quantities of 
the protein. The results are presented in Table V-20. 

The data indicate that the levels of out-crossing are low and well within the 
previously observed, normal frequency of out-crossing for plants in fairly 
close proximity. In fact, at tbree sites (College Station, Casa Grande and 
Maricopa), no out-crossed seed were detected. At those sites where out
crossing occurred, most of it was found in rows adjacent to the test field. 
Beyond the twelfth border row (40'), out.crossing events were extremely 
rare. Out-crossed seed was detected at the extremities of the border area at 
only one site (Bossier City). No out-crossed seeds were identified in the 
samples collected in adjacent cotton fields at the Texas sites. 

J. Transfer of Geneti.c Information to Speci.es to wbich it cauuot 
Interbreed. 

We are not aware of any other species within the United States with whicb. 
Gossypium hirsutum is able to successful exchange pollen and produce 
viable hybrid plante. There is no evidence that plants can exchange genes 
with any other living species in nature. 
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K. Lack of Etfect to Non-Target Organisms 

1. Non-target IDsects 

There is extensive information about microbial preparations of Bacülus 
thuringiensis subsp. kurstaki (B.t.k.) cont.aining the B.t.k. proteins, 
including the CryIA(c) protein (B.t.k. HD-73). The literature has 
established that the B.t.k. proteins are: 

• extremely selective for the lepidopteran insects (Maclntosh et al., 
1990; Klausner, 1984; Aronson et a/,., 1986; Du.Image, 1981; Whitely 
and Scbnepf, 1986), 

• bind specifically to receptors on the mid-gut of lepidopteran insects 
(Wolfersberger et al. 1986; Hofmann et al. 1988a; Hofmann et al. 
1988b; V an Rie, et a/,. 1989; V an Rie, et al. 1990 ), and 

• have no deleterious effect on beneficial/non-target insects, including 
predators and parasitoids of lepidopteran insect peste or honeybee 
(Apis mellifera) (Fle:mer et al., 1986; Krieg and Langenbruch, 1981; 
Cantwell et al., 1972; EPA, 1988; Vinson, 1990; Melin and Cozzi, 
1989). 

The chapters by Vinson (1990) and Melin and Cozzi (1989) provide 
comprehensive reviews of the extensive literature that has established the 
safety of the B.t.k. microbes and encoded proteins to an array of beneficial 
insects. To compliment these chapters, Monsanto conducted a study to 
compare the B.t.k. protein expressed in Bollgard™ Cotton Lines 757 and 
1076 with commercially available microbial pesticides containing B.t. 
protein. The conclusion reached from the results of this study were that the 
protein expressed by Bollgard™ Cotton Lines 757 and 1076 was similar in 
molecular weight and immunological reactivity to one or more proteins 
conta.ined in the commercial B.t. products Dipel® and Thuricide®. Thus 
the literature demonstrating the safety of these insecticides to non-target 
organisms is useful in predicting the_safety ofthe B.t.k. HD-73 protein 
expressed in Bollgard™ Cotton Lines 757 and 1076. The complete report of 
this study is found in Appendix VIII. 

To confirm. the specificity of the B.t.k. HD-73 protein expressed in 
Bollgard™ Cotton Lines 757 and 1_076, a study was completed to evaluate the 
insecticidal activity ofthe full-length B.t.k. HD-73 protein and the activated, 
trypsin-resistant core of the protein versus ten species from five different 
ordere of insects, including Lepidoptera. Of the ten species tested, only the 
four species of Lepidoptera were sensitive to both forms of the B.t.k. HD-73 
protein. These data confirm. the insecticidal specificity of the protein 
expressed by Bollgard™ Cotton Lines 757 and 1076 for insect species in the 
Order Lepidoptera. 
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In addition, separate studies were undertaken to assess the potential 
toxicity of B.t.k. HD-73 protein to other non-target insects: 

• parasitic Hymenoptera (Nasonia vitripennis ), a beneficial parasite of 
the housefly (Musca domestica), 

• the larva and adult honey bee (Apis mellifera L.), a beneficial insect 
pollinator, 

• ladybird beetles (Hippoda.mia convergens), a beneficial predaceous 
insect which feeds on aphids and other plant bugs commonly found 
on stems and foliage of weeds and cultivated plants, and 

• green lacewing larvae (Ch1'j'sopa carnea), a beneficial predaceous 
insect commonly found on cotton and other cultivated crops. 

In each study, the rna:xirnum nominal B.t.k. HD-73 protein (full-length) 
concentration tested (20 ppm) was greater than 500 tim.es the maximum 
B.t.k. HD-73 protein expression level in pollen (< 38 ppb) and nectar (< 1 ppb) 
from either Bollgard™ Cotton Line 757 or 1076. These studies established 
that the LC50 for the B.t.k. HD-73 protein is greater than 20 ppm versus all · 
the species tested. Therefore, the "no observed effect level" was 20 ppm. 

2. Non-Target Birds and.Fish 

A study was conducted to assess the wholesomeness of insect resistant 
cottonseed meal when fed to bobwhite quail since birds may feed on 
cottonseed left in the field after harvest. No mortality occurred in birds fed 
up to 100,000 ppm (10% w/w) raw cotton seed meal in the diet. This feeding 
level approximates consumption of 400 seeds/kg body weight per bird/day of 
cottonseed. The "no observed effect level" was considered to be greater than 
100,000 ppm. Based on the parameters measured, the wholesomeness of 
meal from insect resistant cotton seed was comparable to that of the 
parental line when fed in the diet to quail. 

I t is unlikely that fish in their natural environment would be exposed to 
cottonseed. Based on the historical data demonstrating safety of B.t. 
proteins to fish and the unlikely event of exposure, a study with cottonseed 
in fish was not considered necessary. 

3. Lack ofExposure to Fish and Wildlife 

Cotton is a unique field crop in that mammals and other species which 
consume vegetation avoid feeding on the plant due to both the gossypol 
content and the morphology of the plant. The seed is within the boll and 
covered with lint. The seed will not be normally found in a lint-free 
condition in the field. Therefore, avian species are not expected to feed on 
the large lint covered seed. In addition, since the seed is not expected to 
enter aquatic habitats, fish should not be exposed. 
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Since the naturally occurring B.t.k. proteins have been demonstrated to be 
virtually non-toxic to fish, avian species, non-target insects, mammals and 
other non-target species and exposure to these species is not likely due their 
feeding preferences, no adverse effects to wildlife are expected from the 
commercialization of these plants. 

4. Co:nclnsion 

Based upon the results of these studies, the host range of toxicity of the 
B.t.k. HD-73 protein as produced in Bollgard™ Cotton Lines 757 and 1076 is 
comparable to the proteins produced in nature by the Bacillus thuringiensis 
variety kurstaki soil microorganism. This protein is accepted by EP A as 
being non-to:x:ic to all non-target organisms (EPA, 1988). 

L OD Endangered Species 

No endangered or threatened lepidopteran insects, as listed in 50CFR 17.11 
and 17 .12, feed on cotton plants. 

M. Possible Impact 0D the Environment 

Persistence in the environment following harvest -The B.t.k. HD-73 protein 
in Bollgard™ Cotton Lines 757 and 1076 is present in the plant tissue 
remaining in the field after harvest of the lint and seed. This cotton plant 
residue is typically tilled into the soil. The environmental fate of B.t.k. HD-
73 protein in soil was determined by measuring the rate at which the 
bioactivity of the B.t.k. HD-73 protein dissipates when added to soil as the 
purified protein and as a component of insect resistant cotton tissue. 

Two test substances were used in this study: 1) B.t.k. HD-73 that was 
purified from E. coli, characterized and shown to be equivalent to the B. t.k. 
HD-73 protein expressed in insect resistant cotton plants, and 2) lyophilized 
cotton tissue powder prepared from field-grown Bollgard™ Cotton Line 931 
plants. Bollgard™ Cotton Line 931 expresses the same B.t.k. HD-73 protein 
as Bollgard™ Cotton Lines 757 and 1076. Bollgard™ Cotton Line 931 was 
used in this study due to its higher expression of the B. t.k. HD-73 protein. 
B.t.k. HD-73 purified protein was added to soil at the rates of0.3, 0.8 and 1.5 
µg/ g dry wt soil; Bollgard™ Cotton Line 931 ti.ssue powder was added at 
0.01, 0.03 and 0.05 g/ g dry wt soil. These samples were incubated in soil 
(Dupo silt loam) at approximately 24 °C for up to 54 days at a relati.vely 
constant soil moisture level. Aqueous soil Suspensions was prepared from 
incubated soil samples, incorporated into artificial insect diet and 
presented to tobacco budworm Heliothis virescens (TBW) larvae. Half-lives 
were calculated using the equati.on for first-order rate of dissipati.on. 
Recovery of B.t.k. HD-73 protein TBW activity was assessed for both test 
substances at all rates evaluated. 
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Purified E. coli B.t.k. HD-73 protein TBW bioacti.vity dissipates with an 
estimated half-life of9.3 to 20.2 days, depending on the dose. B.t.k. HD-73 
protein TBW bioactivity, added to soil at 0.0lg tissue powder per g dry wt soil 
as a component ofBollgard™ Cotton Line 931 tissue, dissipates with an 
estimated half-life of 41 days. Recovery of B.t.k. HD-73 protein TBW 
bioactivity was high when added to soil as the purified protein and as a 
component of lyophilized cotton tissue powder. 

The results of this study suggest that the B.t.k. HD-73 protein will degrade 
readily (estimated half-life of 41 days ), when added to soil as a component of 
post-harvest insect resistant cotton plants. The measured half-life of the 
purified B.t.k. protein in soil is comparable to that measured for the 
microbial B.t.k. preparations (West, 1984; Pruett et al., 1980). 

Other potential e:ffects that could conceivably be associated with the 
commercialization of Bollgard™ Cotton Lines were evaluated. A review of 
all available information including extensive field test results, safety 
studies and independent sci.entific research indicates that the commercial 
use of Bollgard™ Cotton Lines 757 and 1076 will not result in any adverse 
effects to the environment. In fact, it is likely that commercialization will 
have a positive impact on the environment by promoting integrated pest 
management practices and reduced reliance on traditional chemical 
insecticides. 

N.Snmmary 

1. Expression of tbe lnserCed Genes 

Bollgard™ Cotton Lines 757 and 1076 have been modified by the insertion 
ofthe PV-GHBK04 and PV-GHBK04 plasmids, respectively, which 
contain the B.t.k. crylAc gene imparting the insect resistance trait. In 
addition to the insectici.dally active B.t.k. HD-73 protein, Bollgard™ 
Cotton Lines 757 an 1076 express the selectable marker protein, NPTII. 

The B.t.k. HD-73 and NPTII proteins were expressed at low and 
relatively consistent levels in Bollgard™ Cotton Lines 757 and 1076 
across all six field sites. Bollgard™ Cotton Line 757 contained 
approximately 12.6 and 9.9 µg B.t.k. HD-73 protein/gram fresh weight of 
tissue (fwt), and 6.9 and 3.3 µg NPTII protein/gram fwt in leaf and seed 
tissue, respectively. Bollgard™ Cotton Line 1076 contained 
appro:xi.mately 12.2 and 12.7 µg B.t.k. HD-73 protein/gram fwt and 16.3 
and 7.9 µg NPTII protein/gram fwt in leaf and seed tissue, respectively. 
B.t.k. HD-73 protein levels varied less than five fold in young leaf ti.ssue 
collected over the growing season with the bighest levels observed early 
in the season at the one field site evaluated. 
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Levels of B.t.k. HD-73 and NPTII proteins in whole plant tissue were 
much lower, on a f.resh weight basis, than in leaf or seed tissues. B.t.k. 
HD-73 is present in whole cotton plants from Bollgard™ Cotton Lines 757 
and 1076 at 1.1 and 1.7 µg/g fwt ofthe whole plant, respectively; NPTII 
protein levels are 3. 7 and 14.6 µg/g fwt for plants from Bollgard™ Cotton 
Lines 757 and 1076, respectively. These measured concentrations were 
used to estimate the amount of B.t.k. HD-73 and NPTil protein that 
could enter the environment due to post-harvest incorporation of mature 
plants from the Bollgard™ Cotton Lines (minus lint and seed): 12.2 and 
23.4 g B.t.k. HD-73 protein/acre and 57.5 and 183 g NPTII protein/acre, 
for Bollgard™ Cotton Lines 757 and 1076, respectively (as~mrning 60,000 
plants per acre). 

Nectar and pollen collected from Bollgard™ Cotton Lines 757 and 1076 
contain very low levels of B.t.k. HD-73 protein. The expression of B.t.k. 
HD-73 protein in pollen collected from Bollgard™ Cotton Line 757 and 
1076 greenhouse-grown plants were 23.0 and 37 .8 ng/g f.resh wt, 
respectively. The B.t.k. HD-73 protein levels in nectar were 0.72 and 0.88 
ng/g fresh wt collected from Bollgard™ Cotton Line 757 and 1076 plants, 
respectively. Thus, pollen and nectar produced by plants from 
Bollgard™ Cotton Lines 757 and 1076 present a low source ofpotential 
B.t.k. HD-73 protein exposure to non-target organisms. 

A second selectable marker gene encoding aminoglycoside 
adenylyltransferase (AAD) is present in the Bollgard™ Cotton Lines 757 
and 1076; expression of the AAD protein is under the control of a 
bacterial promoter and was not detected in the cotton leaf or seed tissue 
from Bollgard™ Cotton Lines 757 and 1076. 

2. C.Omposition, Quality, and Prooessing of tbe Seed 

The cottonseed and processed cottonseed products from Bollgard™ 
Cotton Lines 757 and 1076 are equivalent to the cottonseed and processed 
products from the C312 parental control on the basis of composition and 
quality. 

The cottonseed from both Bollgard™ Cotton Lines were compared to the 
seed from the control cotton line on the basis of major seed components 
(protein, oil, carbohydrate, moisture and calories), fatty acid profile of 
the total lipid fraction from the seed, and the natural to:x:icant levels 
(gossypol, cyclopropenoid fatty· acids, and aflato:x:in). No meaningful 
differences in the seed were observed between the Bollgard™ Cotton 
Lines and the C312 control line. 

Cottonseed from Bollgard™ Cotton Lines 757 and 1076 processed 
comparably to the C312 control, with comparable reductions in the levels 
of gossypol in the processed meal prepared from all three lines. No 
gossypol was observed in refined cottonseed oil. Both B.t.k. HD-73 and 
NPTII proteins were reduced to non-detectable levels in processed 
cottonseed meal from both Bollgard™ Cotton Lines. 
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3. PlantPestRisk 

Bollgard™ Cotton Lines 757 and 1076 do not pose any different plant pest 
risk to other plants and the environment than non-transformed cotton 
varieti.es. 

In all field and green house trials, plants of Bollgard™ Cotton Lines 757 
and 1076 were repeatedly inspected for any signs of Agrobacterium 
infecti.on and other disease symptoms, and none were found. Bollgard™ 
Cotton Lines 757 and 1076 possess no disease or pest susceptibilities 
different than non-transformed cotton and is not expected to have any 
different weedy characteristi.cs than other cotton grown in the United 
States. Out-crossing to wild species on the mainland United States is not 
expected. Crossing of the insect resistance genes to culti.vated cotton is 
possible should the plants be in proximity, however, this is expected to 
occur at a very low frequency and not considered to be a concern as it is 
unlikely to cause any unreasonable adverse impact to the environment. 

We are not aware of any other species within the United States with 
which Gossypium hirsutum is able to successfully exchange pollen and 
produce viable hybrid plants. · 

4. Safety and Enviruameutal Elfect 

Bollgard™ Cotton Lines 757 and 1076 and the expressed proteins have no 
adverse effect on non-target organisms or the environment. 

A series of safety studies were conducted with the purified, active 
ingredient in Bollgard™ Cotton Lines 757 and 1076 (B.t.k. HD-73 protein) 
on several non-target beneficial insects. No toxicity was observed at a 
level representi.ng approximately 500 ti.mes the maximum B.t.k. HD-73 
protein expression level in pollen and nectar in the Bollgard™ Cotton 
lines. 

An additional study was conducted on Bobwhite Quail. No mortality 
occurred in birds fed up to 100,000 ppm (10% w/w) raw cotton seed meal 
in the diet. The "no observed effect level" was considered to be greater 
than 100,000 ppm. Based on the parameters measured, the 
wholesomeness of meal from insect resistant cotton seed was 
comparable to that of the parental line when fed in the diet to quail. 

lt is unlikely that fish would be exposed to cottonseed. Based on the 
historical data demonstrati.ng safety of B.t. proteins to fish and the 
unlikely event of exposure, a toxicity study with f;ish was not considered 
necessary. 

No endangered or threatened lepidopteran insects, as listed in 50 CFR 
17.11 and 17.12, feed on cotton plants. 
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The B.t.k. HD-73 protein was shown to degrade readily when added to 
soil as purüied protein or as tissue from insect resistant cotton plants. 
The rate of degradation was similar to the degradation rates reported for 
comm.ercial microbial pesticides containing B.t.k. protein. 

Conclusions 

A review of all available information including extensive field test results, 
safety studies and independent scientific research support the conclusion 
that the commercial use ofthis cotton will not result in any adverse effects 
to the environment. In fact, use of Bollgard™ Cotton Lines 757 and 1076 
will have a more positive impact on the environment than the use of 
chemical insecticides to control Lepidopteran caterpillars. The B.t.k. 
protein is ecologically benign, i.e. it breaks down rapidly in the soil, is safe 
to nontarget organisms such as fish, birds and mamrna]s and specifically 
controls many species of Lepidopteran caterpillars on cotton. In addition, 
the risk of an uncontrolled introduction of this cotton into the environment 
through hybridization or out-crossing to a native species resulting in a new 
weed variety is non-existent on the mainhmd of the United States. 

The consistent Lepidoptera insect control offered by Bollgard™ Cotton Lines 
757 and 1076 will enable growers to significantly reduce the amount of 
chemical insecticide now applied to their crop for control of cotton 
bollworm, tobacco budworm and pink bollworm. As a result, they will be 
able to utilize many 1PM practices that cannot presently be implemented 
because of the lack of options other than use of chemical insecticides to 
control these pests. An increase in the biological and cultural control of 
non-target cotton pests and a more judicious use of chemical insecticides 
will result in a positive impact on the environment, wbich will ultimately 
be advantageous to the grower and the public as weil. 

Therefore, it is concluded that the Bollgard™ Cotton Lines 757 and 1076 do 
not pose any different plant pest risk to other plants and the environment 
than is now caused by non-transformed cotton varieties. 
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Table V-1. MeanEquession oftbeB.t.k.111)..78 andNPDI Pro12ins 
Across Site& in Bollgard1'M Cotton Li:ne 757, 1998 Field '1rials. 

lissue 

lA!laf 

Seed 

B.t.k. 111)..73 
µg/a: twe Bann• 

12.65 (2.899)t 6.85 - 18.45 

9.87 (1.307) 7.25-12.48 

NPTil 
ugtgtwe Bann 

6.86 (1.000) 

3.31 (0.232) 

4.86-8.86 

2.84- 3.77 

* Mean expression level across all field test locations. N=36, 3-6 sam.ples 
per each of six sites. 

** The 95% confidence interval for the mean expression levels across field 
locations expressed as µg/g fresh/frozen weight of tissue (fwt). 

t Numbers in parenthesis are the standard error for the mean 
expression level across all field locations. 

Table V-2. Ezpression of B.t.k 111)..78 andNPI'.11 Proteins inl..eafTissu.e 
from BoJlgard1'M Cotton Line 757 at each Si1e in the 1993 Cotton 
Fie1d'l'es1B 

B.t.k. 111)..78 NPTil 
Sm µgla:fwtllc %CVt µg/a:twe ~ 

Tmas 24.19 3.37 6.27 16.69 

M. • • . JSSISS1pp1 15.24 61.86 5.80 9.74 

Georgia 3.76 20.80 5.28 10.64 

Louisiana 14.08 22.19 9.50 17.85 

Arimna 11.45 28.84 10.22 20.25 

Alabama 7.19 52.34 4.08 67.05 

* Mean value of samples taken at each site (N = 3-6 samples per site). 
t V ariability among plot.s in the same location, expressed as 

% coefficient of variation (%CV). 
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Tablev-s. Expnmion ofB.t.k BD-78 andNPmPl'01eins in Cottonseed 
from BoDganPM Cotmnline 757 aieach Siie in the 1998 
CoUon.Fte1d TefdB 

B.t.k. BD-78 N 
SB ug/gtwf" 'iCVt uglgfw:e 'iCY 

Texas 7.13 Z'/.37 3.43 12.24 

Mississippi 5.44 14.32 2.75 11.72 

Georgia 11.60 4.06 3.46 Z'l.80 

Lo11isiana 12.60 22.19 2.96 16.49 

Arizona 9.17 2.8.19 2.78 15.27 

Alabama 12.99 26.56 4.14 32.99 

* Mean value of samples taken at each site (N = 3-6 sam.ples per site). 
t V ariability am.ong plots in the same locati.on, expressed as % coefficient 

of variati.on (%CV). 

Table V-4. Mean E:s:pression of theB.t.k. BD-78 andNPTil Pl'01eins 
Across Si& in Bollgard™ Cotton Lille 10'76, 1998 Fie1d Trials. 

um 
SeEll 

B.t.k.BD-73 
W([g twe Baue** 

12.23 (2.531)t 7.16-17.29 

12. 73 (0.642) 11.45 - 14.02 

NPl'll 
wrt, twe Baum, 

16.32 (1.539) 13.25 -19.40 

7.93 (0.330) 7.27 - 8.59 

* Mean expression level across all field test locations. N=36, 3-6 
samples per each of six sites. 

** The 95% confidence interval for the mean expression levels across 
field locati.ons expressed as µg/g fresh/frozen weight of tissue (fwt). 

t Numbers in parenthesis are the standard error for the mean 
expression level across all field locations. 
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TableV-5. El:pre&sion of B.t.k BD-73 and NPT.u. .Prof.eins inLeaf'.lissu.e 
from. Bol1ganfD' Cottxm.Line 1078 ateach Si.1ein t.be 1993 
C'A>UDD.FieJd TesUI 

B.t.k.BD-73 1'Wrll 
Sä. ug/g~ 'tCVt wr{gt}yt! %CV 

Texas 21.19 7.64 17.23 9.97 

Mississippi 17.71 2.5.21 11.96 27.44 

Georgia 4.11 17.90 18.21 56.97 

Lo .. 1JHD8D8 11.26 15.00 2D.33 34.80 

Arizona 9.03 2.36 18.89 6.74 

AJaban1a 10.05 12.02 11.32 16.38 

* Mean value of samples taken at each site (N= 3-6 samples per site). 
t V ariability among plot.s in the same location,. expressed as % coeffi.cient 

of variation (%CV). 

Table V-6. Expression ofB.t.k HD-73 and NPrII Proteins in Cottonseed 
from.BollgarcFM Cottxm.Line 1078 ateachSit.e in t.be 1993 
Q»tton.FieJd TesUI 

B.t.k. HD-73 NPl1I 
SB wr{g~ % cyt wr{gfwt! %CV 

Texas 16.22 6.86 6.82 15.09 

M. • . . 
ISSISSIPIJ1 12.64 13.84 7.31 15.27 

Georgia 11.59 8.35 8.37 47.55 

Lo .. 1D818D8 13.41 8.45 7.76 2.5.81 

Arizona 11.67 12.71 6.98 17.40 

Alabama 12.59 2.5.11 8.96 27.72 

* Mean value of samples taken at each site (n = 3 - 6 samples per site). 
t V ariability among plots in the same location, expressed as 

% coefficient of variation (%CV). 
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Table V-7. Exp.twni:m. ofthe.B.t.k. BD-73 andNPl'IIProteins in Young 
Leaf'lissue ofJ3ol)pnFM Cottora Liues 757 and 1076 througbout 
tbe Growing Season (1998, West Sinton, 'lX). 

Mmm,t l\lea11 il Mfllll il 111 
SP'fflllli111 1.1.at& B..1..1. Extractjoq Rer«mu D• 

Lillfl f Daa BQ-'23 . Efflri@My pfSßilsett "",. 
'1f1l 6/8/93 24.19 (0.81)t 95.27 (0)Y 78.73 (25)** 32.25 

7/6/93 14.48 (2.92) 54.35 (5) 64.18 (8) 41.49 
8f.W3 3.57 (1.46) 47.87 (10) 73.59 (25) 10.11 
9/1/93 1.49 (0.17) 32.72 (2) 56.32 (6) 8.09 

1076 6/8/93 21.19 (1.62) 94.62 (0) 78.73 (25) 28.44 
7/6/93 23.02 (3.33) 58.82 (4) 64.18 (8) 61.06 
8/3/93 7.05 (3.31) 45.90 (13) 73.59 (25) 20.85 
9/1/93 5.54 (0.77) 42.74 (3) 56.32 (6) 23.08 

* corrected for extraction effici.ency and recovery of spik.e 
§ Mean expression level f.rom analysis of three leaf samples at each time 

point. 
t numbers in parentheses are the standard deviation of the mean within 

each line and timepoint (N = 3) 
tt Range of recovery from buffer (no matrix) was 56 to 79% for spik.e levels 

ranging from 50 to 400 ng/ml. Higher recovery is seen for lower level of 
spike. 

** Numbers in parenthesis represent the standard deviation for mean 
percent recovery over 3 spik.es, n=6 (duplicates at each level). 

V Mean extraction effici.ency for three samples, with standard deviation of 
the mean in parenthesis. 

TableV-8: Expression ofB.t.k. BD-73 and NPl1I Proteins in.Mature 
Bollgard'™ Cotton Plants from West Simon, 'IX, 1993. 

Meangfwt 11.t.k. BD-73 NPTII 
Lilm 'liqueJPJa11t ygla:fwt LW'tn1111t ug/gfwt ug{p)a11t 
'1f1l 185 (78)t 1.071 (0.326) 202.9 (130.5) 3.7 958 

1076 217 (75) 1.743 (0.223) 389.9 (180.3) 14.6 3056 

t Numbers in parenthesis represent the standard deviation from three 
replicates. 
Data represents the mean value ofthree replicates for B.t.k. HD-73 
protein and a single sample analysis for NPTII protein. 

113 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



TableV-9. Asse-,nent of tbe B.t.k. Bl)..'78 protein leveJs in BoJ.lga:rdTM 
CoUrm.DedBr andpol)en. 

Sample Cot1on B.t.k. Bl)..'78 To1aJ.Protein 
1Dm Um <uetgtwt> (mg/gfwt) 

Pollen* C312 0.0 (8.6) 85.6 (2.9)t 
Line 757 23.0 (5.5) 80.0 (21.4) 
Line 1076 37.8 (50.2) 86.3 (1.8) 

N~ C312 0.00 (0.00) 0.04 (0.03) 
Line 757 0.72 (0.11) 0.06 (0.00) 
Line 1076 0.88 (0.17) 0.03 (0.01) 

* Values represent the mean and standard deviation (in parentheses) of 
two replicate pollen samples for each line. Each replicate represents the 
pooled pollen collected from multiple plants on separate collection days. 
A small background response on the B.t.k. HD-73 ELISA for the Coker 
312 control nectar (6.1 ng/g fresh wt) was subtracted from each line. 

t Protein levels for pollen and nectar represent the mean and standard 
deviation () from three replicate samples 

** Data presented represent the mean and standard deviation (in 
parentheses) from two replicate nectar samples per line. Each replicate 
represents nectar pooled from u.nique multiple collection days. B.t.k. 
HD-73 protein was not detected in the control (Coker 312) line; the 
detection limit ofthe B.t.k. HD-73 ELISA used in this study is 0.80 ng/ml, 
which corresponds to 0.80 ng/g fresh wt under the conditions used. 
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Table V-10. Summaryof Pm1ima:18Wofcöitönseedfrom 
BollgarrFII Cot1on J.ines 1078 and 757 Collected from the 1993 
Fie1d Trials 

CS12 7B1 10'16 
Characteristict Meanl Mean2 Mean2 

(Range)Y (Range}Y (Range}Y 

Prot.ein% f'IJX) f'ISJ 2B.&7 
(23.3-28.4) (23.4-30.5) (23.5-28.9) 

Fat% n.96 22.S 20.S0* 
(19.6-25.1) (21.9-25.6) (16.6-22.8) 

Ash% 4.88 4A& 4.45 
(4.3-5.0) (3.8-4.8) (4.1-4. 7) 

Carbohydrate % 4öAO 44.99 48.17* 
(42.8-47.6) (41.9-46.5) (46.8-51.0) 

Calories/100g 496.82 486.91 486.03* 
(479-508) (495-510) (464-496) 

12..86 13.18 10.60 
(9.6-15.9) (8.0-16.4) (9.4-12.6) 

t Protein, fat, ash, carbohydrate, and calories reported as percent dry weight of sample. 
V Range denotes the lowest and highest individual values across sites for each line. 
• Statistically signüicant from control line, C312, at the 5% level (paired t-test). 
1 Value reported is least squares mean offive samples, one from each field site where hußt 

seed from line C312 was collected (Study 93-01-36-01). 
2 Value reported is least squares mean offour samples, one from each field site where bulk 

seed from IRC lines was collected (Study 93-01-36-01). 

Table 10a. Uteratme Beferences 

Component Liter 
range/mean value 

Protein% 

Fat (oll)% 

Ash% 

Moisture 

18.8-22.9 
23.5-29.5 
12-32 

23.2-25.7 
23.6-25.0 

4.1-4.9 
3.8 

5.4-10.1 

11S 

Turner, et al., 1976. 
Cherry, et a.l., 1978a. 
Kobel, et a.l., 1985. 

Cherry, et a.l., 1978b. 
Cherry, et a.l., 1978a. 

Cherry, et a.l., 1978b. 
Belyea, et a.l., 1989. 

Cherry, et al., 1978a. 
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Tablev-11. 1ipid and.Fatty Acid Comp,sitionofCoUmJseed.ftom 
BoJJgm,PM Cotto» IAnes 757, 1076 and Control CoUrm. Une, 
CSU 

Com1NmeDt C3J.2a,b 757AP 1076AP 
MeanBanget Mean Range Mean Range 

Lipid 33.ö 30.9-35.5 33.6 32.1-36.9 33.7 31.4-36.3 

Myristic (14.-0) OJM 0.67-1.07 OJrl 0.79-1.10 1.02• 0.86-1.18 

Pentadecanoic Q.40 0.32-0.60 0.76 0.24-L22 OAS 0.29-0.77 
(16:0) 

Palmltic (18:0) 26.5 24.8-27.8 26.8 23.8-28.1 26.8 24.4-28.1 

Palmltoleic 0M 0.48-0.71 o.83 0.58-0.66 0.73• 0.66-0.78 
(16:1) 

Margaric (17:0) 0.16 0.13-0.20 0.17 0.13-0.22 0.19 0.17-0.22 

Stearic (l&O) 2Jl3 2.32-3.26 2.90 2.74-3.19 2.54 2.46-2.63 

Oleic (18:1) 16.S 14.8-16.0 16.7 13.4-17.2 15.2 13.5-16.7 

Linoleic (18:2) 47JJ 46.4-49.9 48.0 43.3-49.2 47.7 45.1-50.5 

Linolenic (18:S) o.20 0.13-0.29 0.17 0.13-0.24 0.17 0.11-0.29 

Arachidle (20:0) o.29 0.26-0.31 o..26 0.21-0.31 0.29 0.25-0.33 

Beheuic (22:0) O.lö 0.12-0.17 0.14:. 0.11-0.16 0.14 0.11-0.15 

Malvalic (C-17) 0.37 0.22-0.45 0.42 0.23-0.62 0.28 0.26-0.37 

Sterculic(C-18) o.69 0.48-0.70 0.68 0.47-0.86 0.88 0.48-0.78 

Dib.ydrostercul o.se 0.29-0.50 0.76 0.28-1.41 0.31 0.15-0.75 
(C-19) 

a Value of lipid is % of dry sample weight. V alue of fatty acid is % of t.otal lipid. 
b Values presented are least squares mean and ranges [five samples for C312 and four 

samples for IRC lines; one seed sample of eadi line from each site where bulk seed 
samples were collected (Study 93-01-36-01)]. 

t Range denotes the lowest and highest indiv.idual value across sites for each line. 
* Significantly different from control, line C312, at the 5% level (paired t-test}. 
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Table V-12. Gossypoll..evels ])eteij+dned in CoUmlseed from 
Bollgard1'M Cotton T,iues 757 and 1"76 and the Control 
Line,C312 

% Total Gossypolt 
Line Mean Bange 

C312 

'1f11 

1(176 

1.16& 

1~08 

1.04* 

(0.97-1.43)a 

(0.85-1.31) 

(0.85-1.22) 

t Gossypol expressed as percent dry weight of seed; literature 
range is 0.39-1.7% (Berardi and Goldblatt, 1980). 

* Values are statistically significant compared to the Coker 312. 
a V alues reported for seed samples are the least squares mean 

(from statistical analyses); ranges represent the lowest and 
highest values among samples per line: one sample per site 
where bulk cottonseed was harvested, (N = 5 for C312, N = 4 for 
757 and 1076). 

Table V-13. Yield ofFracti.ons from Processing Bollgard™ Cott.onseed 

Percent Yield Beported 
Fraction Liueca12 Uue'ffi'l Liue!oZff Pefcent Yietds 

Delint.ed Cott.onseedt 76 '18 8) 88-901 

**Bullsi 8.2 7.6 9.1 30-351, 25.52 

Linters (all cuts)t 1B 16 l5 10-121, 9.9-12.43,8.42 

Kernelsi 48 41 44 65-701, 43.5-53.43,462 

CrudeOiltt 2ß 24 2) 25-311, 16.32 

RefinedOil 11 8.5 7.5 not available 

Toasted Mealtt 58 44 56 09-751 

* * Kernel material from the small scale process contains hull material at 5 - 8%; 
therefore % yield for the hull material appear much lower when compared to reported 
yields. 

t Percent weight of fuzzy cottonseed 
Y Percent weight of delinted seed 
t t Percent weight of kemel 
1 Yield ranges obtained from Texas A&M University GLP Processing Program. 
2 Cottonseed and Its Products, 1989. 
3 Cherry and Leffler, 1984. 
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TabJe V-14. Gossypoll.iveJs Deter 11 ■ined inBawCota:mseed 
Meal, Toasted Mea1, and Reflned Qil &am 
Bo1Jga:rcPM Cotfml T,ines 757 and 1076 and tbe 
ControJ.Li:ne, CSl.2* 

Line 

RawMeal 
CS12 -lm& 

Toasted meal 
CS12 -lm& 

Refin.ed Oilb 
CS12 
'1fff 
lm& 

"'Total Gossypol "1FftleGossypol 

1.06 0.667 
1.09 0.661 
0.83 0.513 

1.11 0.011 
0.81 NDa 
0.72 ND 

0.09 NDc 
ND ND 
ND ND 

• V alaes were obtained from analysis of one composite sample comprised 
of seed from all field sites where bulk cottonseed were collected in the 
1993 field test. 

a ND= not detected Oimit of detection for measurement of free gossypol in 
toasted meal = 0.007CJ,) 

b Literature reported as s. 0.0lCJ, (Cheny and Leffler, 1984). 
c ND = not dectected Oimit of detection was 0.04CJ, and 0.002CJ, for 

measurement of total and free gossypol in oil, respectively). 

11.8 
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TableV-15. Summary of Oil Quality from BolJ.gard1'M Cotton T,iues 757, 
1076, and Control Cottonline, CSlt 

Refined Oil from Line: 
Component LitRange (312 7t11 1076 

Fato: AQidaii 
Myristic (14.-0) (0.5-2.5) 1 0.98 0.86 0.88 

(0.68-1.16)2 

Palmitic (16.-0) (17-29)1 25.42 24.96 25.94 
(21.63-26.18)2 

Palmitoleic (16:1) (0.5-1.5) 1 0.64 0.60 0.63 
(0.56-0.82)2 

Margaric (17:0) not available 0.19 0.11 0.11 

Stearic (18:0) (1.0-4.0)l 2.53 2.62 2.38 
(2.27-2.88)2 

Oleic (18:1) (13-44)1 14.92 15.49 13.64 
(15.17-19.94)2 

Linoleic (18:2) (33-58)1 50.27 50.09 50.80 
(49.07-57.64)1 

Linolenic (18:3) (0.1-2.1)1 0.16 0.15 0.15 
(0.23)3 

Arachidic (20:0) (<0.5)1, (0.41)3 0.21 0.26 0.27 

Behenic (22:0) (<0.5)1 0.12 0.12 0.13 

Sterculic (0.08-0.56)4 0.48 0.58 0.60 

Malvalic (0.22-1.44)4 0.36 0.42 0.41 

Dihydrosterculic not available 0.22 0.35 0.26 
acid (C-19) 

:\:Jt1miu. Bi 
alpba-Tooopherol not available 6385 fH/ 689 

t Reported as % of total lipids. One sample of refined oil per line produced from a 
composite of seed across sites. 

1 Ranges adopted by the FAO/WHO Codex Alimentarius committee on fats and oils (533). 
2 Cherry and Leffler, 1984. 
a Cherry, J.P., 1983. 
4 Phelps, et.al., 1965. Values reported for crade cottonseed oil. 
5 Reported as mg/kg 
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TableV-16. Al1elochemicallewels in Vegetative Tissues from 
Bo11ganPI Cott.on I,ines 757, 1076 and Control Line, C312.* 

1993 Field Seuont 
Line Tissue Gol8ypol Anthocyanin Flavonoid Tannin 

'7rl1 Square 0.280 0.13 0.36 11.59 
1076 Square 0.258 0.11 0.38 12.53 
C312 Square 0.294 0.11 0.39 14.89 

'7rl1 Leaf 0.111 0.26 0.70 11.70 
10'78 Leaf 0.119 0.28 0.75 11.05 
C312 Leaf 0.143 0.34 0.80 17.11 

* Reported as percent of dry weight of tissue. 
t Mean value reported from si:z: samples taken from replicated plots for each line. 

Table V-17. Germination results for seed from Bollgard™ Cotton Line 
757, 1076, and Coker 812 grown in Alabama, Mississippi, and 
Texas. 

% germ (warm) % germ (cool) 

ÜB AL MS ]X AL MS IX 

7m 28bc 95ab 33bc 28bcd 85ab 33b 
1076 68a 85ab 55ab 53a 88a 70a 
C312 55ab 90ab 35bc 48ab 88a 40ab 

Means followed by same letter do not significantly differ (P=0.05, Duncan's MRT) 
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Table V-18. Stand Co11D.1r at West Sinton, Texas 

LiDe 

CokerS12 

Line757 

Line10'76 

Ayg, t pJautB(SQ ft ofBow 

137.5 (18)t 

138.0 (2.4) 

143.3 (3.1) 

* Planted on 5/17 /93 at a seeding rate of 5 seeds/foot . 
t Standard deviation of the mean in parenthesis (n = 4 plots) 

Täble V-19. Stand Count;sii' at Bossier City, Lcmisiana 

LiDe 

Coker312 

Line757 

Linel0'76 

Ayg. t nJautst3Q ft of Row 

107 (6.7)t 

107 (6.9) 

103 (10) 

· * Planted on 5/12/93 at a seeding rate of 4.5 seeds/foot, counts 
taken on 6/30. 

t Standard deviation of the mean in parenthesis (n = 12 plots) 

121 
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TableV.-20. 
--

Penimt-Out.crossing it varying distances from the BollgardTMCotton observed at m 
sites in 1990. 

Location 

Approximate College Halfway Brawley Maricopa Bossier Starkville 
distance Station City 
from test (ft) %* % S.D.t % S.D. % % S.D. % S.D. 

3.3 0.0 0.0 3.3 1.5 0.0 4.7 1.7 2.0 1.1 
9.9 0.0 0.0 2.0 1.1 0.0 0.0 3.3 1.5 

16.7 0.0 0.0 0.7 0.7 0.0 0.0 0.0 
23.3 0.0 0.0 0.0 0.0 0.0 0.7 0.7 

..... 30.0 0.0 1.3 0.9 0.0 0.0 0.0 0.0 

N 36.7 0.0 0.0 0.0 0.0 2.0 1.1 2.0 1.1 
r-; 43.3 0.0 . 0.0 0.7 0.7 0.0 0.0 1.3 0.9 

50.0 0.0 0.0 0.0 0.0 0.0 0.0 
56.7 0.0 0.0 0.0 0.0 0.0 0.0 
63.3 0.0 0.7 0.7 0.0 0.0 0.0 0.7 0.7 
70.0 0.0 0.0 0.0 0.0 0.7 0.7 0.0 
76.7 0.0 0.0 0.0 0.0 0.7 0.7 0.0 

Adjacent Field 1 0.0 0.0 
Adjacent Field 2 0.0 
Acljacent Field 3 0.0 

* Values represent the percent of seed harvested at a given distance expressing the B.t.k. protein in 
ELISA assay. There were 150 seeds analyzed for each point on the table. Each seed was analyzed 
separately, none were pooled. 

t Standard deviations were calculated when a positive event was observed using the binomial distribution 
(Snedecor and Cocbran, 1967, Iowa State University Press, pp 207-209) 
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Part VL Envirmunental Consequences oflntroduction ofthe 
Transformed Cultivar 

A. C1IITell.t Cott.on.Aponomic Practices and the Impact ofiusect Resistant 
Cottonon Cotton Pest Management 

1993, reviews the current agronomic practices for cotton 
production and the potential impact of insect resistant cotton on cotton pest 
management. The following is a Rnmmary of this review, which can be 
found in Appendix I. 

Cotton production in the United States is highly mechanized and dependent 
upon rnaxim1rm utilization of new tecbnology to remain competitive in a 
worldwide market. Pest problems, particularly insects, and environmental 
constraints, such as inadequate temperature and moisture, are major 
limiting factors to optimum cotton production. Most cotton production 
regions of the United States rely on extension specialists and crop 
consultants to design and implement effective IPM programs. Insect 
control decisions are largely based on routine field monitoring by 
agricultural consultants, extension personnel and growers. The intensity 
of monitoring varies among locations and is associated with production 
capabilities, potential insect damage and availability of consultants 
(Luttrell 1994). Numerous advances in IPM technology (Frisbie and 
Adkisson 1986, Frisbie et al. 1989) have encouraged a systems approach to 
insect management in United States cotton where insect control decisions 
are integrated into an overall crop production and management scheme. 
Perhaps the best example of this is the wide acceptance of early-maturing 
varieties and short-season cotton production systems first recommended in 
Texas. The Texas system of short-season cotton production (Walker et al. 
1978) has been widely adopted across United States cotton and is 
recommended by agronomists and entomologists because it optimizes the 
production ofvaluable fiber and encourages the "avoidance" of damaging 
late-season populations of insects. 

Although advances in IPM technologies have fostered improved cotton 
insect roanagement systems, insect control is still largely based on the use 
of chemical insecticides, which include all classes of chemical insecticides 
such as pyrethroids, organophosphates, carbamates, etc. (  et al. 
1993). Estimates ofinsect control costs and lasses (Head 1991, 1992, 1993) 
averaged for the 1990's indicate that United States cotton growers apply an 
average of 4.86 applications of insecti.cide to 11.8 million acres of cotton and 
spend more than $  each year for control of cotton insects. This 
represents a large portion of total insecticide use in the United States. 
Continued-dependence on chemical insecticides results in cyclic problems 
with insecticide-resistant pest populations and outbreaks of secondary pests 
(Luttrell 1994). The need for alternative insect control measures is 
becoming more critical to profitable cotton production in the United States. 
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Environmental concems limit the availability of existing insecticide 
chemistry and increase the developmental costs of new chemistry. Because 
of the high cost.s of developing and registering new insecticide chemistry, 
availability has declined over the past few years. 

Bollgard™ Cotton Lines 757 and 1076 offer unique, innovative alternatives 
to traditional chemical control measures. Although alternative insect 
control tactics are often cited as major components of cotton IPM and 
research is continuously pursuing improved management methods 
(Frisbie et al. 1989), few alternative insect control methods are of sufficient 
efficacy to replace chemical control methods. Other methods, such as 
biological control, host plant resistance and cultural control, provide 
suppression of pest populations without disrupting natural control, but 
generally lack the high efficacy and curative action of conventional 
insecticides. Bollgard™ Cotton Lines 757 and 1076 ares the fi.rst major 
exception to this historical trend. 

Bollgard™ Cotton Lines 757 and 1076 otfer new mechanisms to produce and 
deliver a highly etfective insecticide to target pests (i.e. production by cells of 
the crop plant rather than industrial facilities and application by spray 
equipment). The technology couples the environmental advantages of host 
plant resistance with the efficacy of an etfective biological insecticide. Since 
the insecticidal activity is expressed throughout the plant for the entire 
season, improved control of some pest species over that provided by 
conventional insecticides is likely. Current technology which depends on 
foliar application of insecticides cannot dependably deposit insecticides to 
some regions of the plant canopy infested by pest species. This is especially 
true ofpests that burrow and feed inside plant tissue (e.g. pink bollworms). 
Because Bollgard™ Cotton Lines 757 and 1076 express the B.t.k. protein 
that only has activity against certain lepidoptera insects and must be 
ingested to kill the pest, the technology offers selective activity against 
susceptible lepidopteran pest complexes without directly disrupting pest 
suppression by natural enemies, such as parasites and predators. 

B. Development of Pest and BesistaDa! Management Strategies for Jnsect 
Resistent Cotton 

Some organisms are resistant to single or multiple pesticides in use today. 
I t has not been established whether this resistance is because the organism 
has adapted metabolically to be able to tolerate the etfects of the pesticide, or 
that a small segment of the population was naturally resistant and 
dominate as the numbers of the susceptible members have been reduced. 
Regardless of how resistance is obtained, it is a potentially serious problem 
with some pests. 

Some insect resistance to the B.t.k. insect control protein has been reported 
in the past 5 years. Examples of insects for which resistance has been 
reported are the Indianmeal moth (Plodia interpunctella), almond moth 
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(Caudra cautella) and the diamondback: moth (Plutella xylostella). There 
are also some examples of insecticides such as the organophosphates for 
which little resistance has been reported. In fact some of these chemical 
insecticides are able to control the same insects at the same dosages as 
when they were commercialized over 30 years ago. 

lt is currently not possible to accurately predict whether resistance will 
occur by an insect to an insectici.de. Therefore, is imporiant that every 
insecticide commerci.alized be used in s manner and as a part of an overall 
pest control program so as to maxirnize its usefulness. Monsanto is 
developing a pest control strategy aimed at reducing the probability of 
resistance becoming a problem. This strategy is included in Appendix IX 
of this Petition for Determination of non-Regulated Status. This will be 
offered to growers choosing this cottonseed. We believe by implementing 
these strategies, the development of resistance (if it occurs at all), can be 
rnanaged to maximize the usefulness of this modified cotton. 

To achieve the benefits described above, it is imporiant that insect resistant 
cotton be implemented and managed properly. In this respect, these plants 
are no different than any other crop protection product that has been used 
over the last century. lt is clear from the knowledge gained over that time, 
that to successfully rna:ximi~e the long-term use of insect resistant cotton, 
two interconnected management components are required. First, is the 
development of integrated pest management techniques that allow the 
farmer to optimize the utility of these plants for cotton pest control. In 
essence, this is the development of a total insect rnanagement pack:age that 
will be centered around insect resistant cotton. Second, to maximi?.e the 
durability of this cotton, is the development and implementation of 
strategies targeted to prevent the development of insect resistance to the 
insect control protein produced by the plants. 

For the last several years, extensive consultations have been held with the 
leading cotton pest and resistance management researchers to develop a 
program to maximize the use and durability of insect resistant cotton. 
Laboratory and field studies designed in collaboration with these experts 
from academia and extension are in progress and are providing the data 
needed for developing this management program. These studies are 
examining the impact of insect resistant cotton on populations of beneficial 
and pest insects endemic to the crop, the impact on the use of conventional 
insecticides for controlling non-target pests, the establishment of the 
baseline susceptibility of our insect targets to the B.t.k. insect control 
protein, and the impact of mixtures of resistant and non-resistant plants on 
yield loss. 

Monsanto sci.entists have worked for several years on laboratory and field 
studies of insect resistance, and with outside collaborators nearly every 
suggestion made for resistance management in insect resistant cotton is 
being examined. These strategies, developed in consultation with an expert 
advisory panel, take into account existing research and an understanding 
of cotton production and agronomic practices. They include: 
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1) High dose expression of the B.t.k. insect control protein in cotton to 
control caterpillars heterozygous for resistance alleles. 

2) Refugia as hosts for sensitive insects provided through non-insect 
resistant cotton. 

3) Monitoring of insect populations for susceptibility to the B. t.k. insect 
control protein. 

4) Agronomie practices that minimi7.e insect exposure to the B.t.k. 
insect control protein. 

5) Development of novel lepidopteran control proteins with a distinct 
mode of action from the B.t.k. insect control protein. 

Those pest and resistance management strategies best suited for use in 
cotton production and with the potential for delaying or preventing the 
development of resistance will be recommended. In addition, an extensive 
effort has been initiated to educate cotton growers as to the most effective 
ways to integrate insect resistant cotton within their current production 
practices. This cooperative effort between growers, academia, extension, 
seed company partners and Monsanto will help ensure that the benefits of 
insect resistant cotton are fully realized and sustained. 

C. Cross Pollinaöon of Culövated and Native Species of Cotton 

Out-crossing to wild species on the msinh\nd United States is not expected. 
The potential exi.sts for out-crossing to the wild species Gossypium 
tomentosum in Hawaii. However, pollen transfer to this species is not 
anticipated to occur since cotton is not grown commercially in this state, 
and could be easily prevented via the use of isolation distances. Crossing to 
cultivated cotton is possible should Bollgard™ Cotton Lines 757 and 1076 be 
grown in their proxi.mity, however this is expected to occur at a very low 
frequency and is not considered to be a concem due to the demonstrated 
safety of the B.t.k. insect control protein and the Bollgard™ Cotton plants. 

A detailed discussion of the potential for gene escape via pollen transfer is 
addressed in Part V paragraph I, of this Petition for Determination of Non
Regulated Status. 

D. Pot.ential for BoilgardTM Cotton Liues 757 and 1076 to Bemme Weeds 

Bollgard™ Cotton Lines 757 and 1076 are not expected to have any different 
weedy characteristics than other cotton grown in the United States. A 
detailed discussion ofthe potential for Bollgard™ Cotton Lines 757 and 1076 
to become weeds is addressed in Part V paragraph G, of this Petition for 
Determination of Non-Regulated Status. 
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E. IncreasedNumbers ofBeneficiaJ lnsects 

Aside from the benefit of a decrease in the use of chemical insecticides an 
additional benefit has been identified, that being an increase in the 
numbers of beneficial insects present in the cotton fields. 

The warst enemies of most insects are predatory insects. These predators 
feed on other insects thus providing a "natural" level of control. Most 
chemical insecticides used in cotton are fairly general in the range of 
insects controlled, and therefore, most insects including the beneficial 
predators are controlled. Over the period of a growing season their 
numbers can be depleted to the point that control of pests by the predators is 
essentially non-existent. Since the B.t.k. insect control protein is very 
specific in its range of control, an increase in the numbers of beneficial 
insects has been observed in the field and are expected to supplement the 
control of the cotton insect pests. This increased presence of beneficials will 
likely reduce the need for insecticide applications targeted to control of 
cotton pests not susceptible to the B.t.k. insect control protein. 

Condusi.on 

None of the environmental consequences identified are of a nature as to 
justify that Bollgard™ Cotton lines 757 and 1076 shou.ld not be 
commercialized. Bollgard™ Cotton Lines 757 and 1076 are not expected to 
become weeds or have any other adverse i:mpact on the environment or 
production agricu.lture in the United States. Gene transfer is only expected 
to occur with other cu.ltivated cotton and then only at low levels. Such 
transfer is not expected to cause any adverse environmental effects due to 
the proven safety ofthe B.t.k. protein and the Bollgard™ Cotton plants. 
The positive consequences of reduced pesticide use, increases in the 
numbers of beneficial insects, the substantial equivalence of Bollgard™ 
Cotton Lines 757 and 1076 as compared to conventionally bred cotton and the 
overall positive impacts to·cotton production fully justifies approval of this 
request for a Determination ofNon-Pest Status fully justified. 

Finally, the potential for susceptible cotton insect pests to develop resistance 
to the B.t.k. protein has been considered and resistance management 
options developed. When one considers the benefits that this cotton will 
provide to the grower, the public and the environment, (the decreased use of 
chemical insecticides), it is justified to proceed in this careful manner 
versus the alternative ofnot allowing Bollgard™ Cotton Lines 757 and 1076 
to be commercialized. 
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Part V:O:. Statement ofUnfavorable Grounds 

The results of all field studies and laboratory tests est.ablish that there are 
no unfavorable grounds associated with Bollgard~ Cotton Lines 757 and 
1076 developed using the plasmid vectors PV-GHBK04 and PV-GHBK08, 
respectively. Therefore, on the basis ofthe substantial potential benefits to 
the farmer, the environment, and the significantly reduced risk to public 
health, Monsanto requests that BollgardTM Cotton Lines 757 and 1076 and 
any progenies derived from crosses between this line and other commercial 
cotton cultivars no longer be regulated under 7 CFR part 840.6 in order to 
provide the necessary flexibility required for the continued commercial 
development of insect resistent cotton. 
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Appendix! 

Agronomie Benefi.ts oflnsect Resistant Cotton 
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AGRONOMIC BENEFITS OF INSECT RESISTANT CO'ITON 

Impact of Transgenic Cott.on E:l:pTessing Endotm:in Proteins from 
HadPvs thuringieusis on Cotton Insect Management in the USA 

 

Department ofEntomology, Mississippi State University, 
Mississippi State, MS; 

Agricultural Research & Extension Center, Texas A&M University, 
Corpus Christi, TX; 

Coastal Plain Experiment Station, University of Georgia, 
Tifton, GA; 

Department of Entomology, University of Arizona, Tucson, AZ 

Background 

Transgenic cotton expressing delta endotoxin proteins of Bacillus 
thuringiensis var. kurstaki (B.t.k.-cotton) represents one of the first 
implementable products of plant genetic engineering for production 
agriculture (Gasser and Fraley 1989, Meeusen and Warren 1989, Vaech et 
al. 1987). Development of B.t.k.-cotton has progressed from initial insertion 
of B.t.k. genes into cotton plants in 1987 (Umbeck et al. 1987) and 1988 
(Deaton 1991, Perlak et al. 1990) to the current state of a commercial insect
control product with confirmed high levels of efficacy (Bartlett 1993, 
Benedict et al. 1991, 1992, 1993, Buehler 1993, Deaton 1991, Gannaway et al. 
1991, Jenkins et al .. 1991, 1992, 1993, Micinski and Caldwell 1991, 
Williamson and Deaton 1991, Wilson and Flint 1991, Wilson et al. 1992, 
1993). Early field tests in 1989 ofinitial B.t.k.-cottons developed by 
Agracetus (Middleton, Wis.) indicated low levels of protein expression in 
the plants and low levels of insect control (Benedict et al. 1992, J enkins et al. 
1990, Umbeck et al. 1990). Improved expression ofthe insect control protein 
genes as a result of coding sequence modifications by Monsanto (St. Louis, 
Missouri) scientists (Amstrong et al. 1990, Deaton 1991, Perlak et al. 1991) 
resulted in transgenic cottons with higher levels of insect control (Benedict 
et al. 1993, Jenkins et al. 1993, Wilson et al. 1992). Mortality rates of tobacco 
budworm, one of the most important insects pests of cotton, exposed to these 
improved B.t.k.-cottons (Benedict et al. 1992, 1993, DeSpain et al. 1993) were 
as high as those expected from efficacious chemical insecticides [i.e. 
greater than 85% mortality (Luttrell et al. 1987, Roush and Luttrell 1989)] 
and much higher that those obtained with conventional spray applications 
of B. thuringiensis var. kurstaki [i.e. less than 60% mortality (Luttrell et al. 
1982)]. 
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Cotton production in the USA is highly mechanized and dependent upon 
maximum utilization of new technology to remain competitive in a 
worldwide market. Pest problems, particularly insects, and environmental 
constraints, particularly adequate temperature and moisture, are major 
limiting factors to optimum cotton production. 

Most cotton production regions of the USA rely on extension specialists and 
crop consultants to design and implement effective integrated pest 
management (1PM) programs. Insect control decisions are largely based 
on routine field monitoring by agricultural consultants, extension 
personnel, and growers. The intensity of monitoring varies among 
locations and is associated with production capabilities, potential insect 
damage, and availability of consultants (Luttrell 1994). Numerous 
advances in 1PM technology (Frisbie and Adkisson 1985, Frisbie et al. 1989) 
have encouraged a systems approach to insect management in USA cotton 
where insect control decisions are integrated into an overall crop 
production and management scheme. Perhaps the best example of this is 
the wide acceptance of early-maturing varieties and short-season cotton 
production systems first recommended in Texas. The Texas system of 
short-season cotton production (Walker et al. 1978) has been widely adopted 
across USA cotton and is recommended by agronomists and entomologists 
because it optimizes the production of valuable fruit and encourages the 
"avoidance" of damaging late-season populations of insects. 

Although advances in IPM technologies have fostered improved insect 
management systems in USA cotton, insect control is still largely based on 
the use of chemical insecticides (  et al. 1993). Estimates of insect 
control costs and losses (Head 1991, 1992, 1993) averaged for the 1990's 
indicate that USA cotton growers apply an average of 4.86 applications of 
insecticide to 11.8 million acres of cotton and spend more than $  
each year for control of cotton insects. This represents a large portion of 
total insecticide use in the USA. Continued dependence on chemical 
insecticides results in cyclic problems with insecticide-resistant pest 
populations and outbreaks of secondary pests (Luttrell 1994). The need for 
alternative insect control measures is becoming more critical to profitable 
cotton production in the USA. Environmental concerns are limiting the 
availability of existing insecticide chemistry and increasing the 
developmental costs of new chemistry. Because of the high costs of 
developing and registering new insecticide chemistry, availability of new 
insecticide chemistry has declined over the past few years. 

Transgenic cotton plants expressing insecticidal proteins offer unique, 
innovative alternatives to traditional chemical control measures. Although 
alternative insect control tactics are often cited as major components of 
cotton IP~ and research is continuously pursuing improved management 
methods (Frisbie et al. 1989 ), few alternative insect control methods are of 
sufficient efficacy to replace chemical control methods. Other methods, 
such as biological control, host plant resistance, and cultural control, 
provide suppression of pest populations without disrupting natural control, 
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but generally lack the high efficacy and curative action of conventional 
insecticides. B.t.k. cotton is perhaps the first major exception to this 
historical trend. 

Transgenic cotton offers new mechanism.s to produce and deliver an 
insecticide to target pests (i.e. production by cells of the crop plant rather 
than industrial facilities and application by spray equipment). The 
technology actually couples the environmental advantages of hast plant 
resistance with the efficacy of an effective conventional insecticide. Since 
the insecticidal activity is expressed throughout the plant for the entire 
season, improved control of some pest species over that provided by 
conventional insecticides is likely. Current technology which depends on 
foliar application of insecticides cannot dependably deposit insecticides to 
some regions of the plant canopy infested by pest species. This is especially 
true of pests that burrow and feed inside plant tissue. Because B.t.k. -cotton 
expresses insecticidal proteins that only have activity against certain 
Lepidoptera (moths and caterpillar insects) and must be fed upon to kill the 
pest, the technology offers selective activity against susceptible lepidopteran 
pest complexes without directly disrupting pest suppression by natural 
enemies, such as parasites and predators. 

The accomplishments of molecular biology and genetic engineering over 
the past 10 years have created an abundance of social and economic 
questions relative to transgenic plante. The unique characteristics of this 
new technology provide, perhaps, the best historical opportunity to reduce 
the inputs of conventional insecticides (most of which are nerve poisons) 
and still maintain optimum protection of cotton from economically 
damaging pest populations. Growers are an:xious to obtain this new 
technology because of the demonstrated high levels of insect control 
afforded by B.t.k.-cotton. Other factors that contribute to the heightened 
interest in B.t.k. -cotton are recurring problem.s with insecticide resistant 
pests of cotton (Elzen et al. 1992), outbreaks of secondary and new pests, and 
increased societal demands for long-term, environmentally safe and 
biologically rational methods of pest control. 

Questions about the environmental safety of transgenic plants have 
dominated much of the interest in the technology. There also has been a 
great deal of interest focused on the potential development of pest 
populations resistant to the B. thuringiensis endotoxins and recommended 
deployment strategies to manage.resistance (McGaughey and Whalon 
1992). These are important issues that must be considered in deployment 
strategies for B.t.k. -cotton. However, it is equally important to recognize 
that B.t.k.-cotton offers a truly efficacious, environmentally safe alternative 
to conventional insecticidal control. 

This repoit examines the potential impacts of B.t.k.-cotton on current cotton 
IPM programs and speculates what future opportunities may develop as 
implementation and improvement of the technology advances. These 
projections are based on current k:nowledge of a new technology which is 
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less than 5 years of age and an appreciation of the importance of managing 
insect resistance to insecticides. Because cotton production and associated 
IPM programs vary across the different geographic regions of cotton 
production in the USA, regional perspectives of the possible role of B.t.k.
cotton in IPM programs are included. Estimates of the crop loss and 
control costs associated with cotton insect pests were developed from 1990, 
1991, and 1992 data published by the Beltwide Cotton Conference (Head 1990, 
1991, 1992). These estimates were used throughout the report as a 
standardized reference to the level of economic damage and control costs 
involved. Percent crop loss refers to amount of crop damage suffered in the 
presence of control measures. Total economic lose includes control costs 
and crop loss. All data in Tables 1, 2, and 3 were derived by averaging 1990-
1992 annual estimates and arranged relative to the amount of crop loss and 
insecticide use due to: (a) tobacco budworm-bollworm complex (Heliothis
Helicoverpa complex) alone, (b) all Lepidoptera (includes tobacco budworm
bollworm complex), and (c) all insects ·(includes all Lepidoptera). Current 
research indicates that B.t.k.-cotton will provide a high level of control of 
the tobacco budworm-bollworm complex and pink bollworm. Less 
experimental data are available on the effects of B.t.k.-cotton on other 
Lepidoptera. Comparing estimates for tobacco budworm-bollworm complex 
and all Lepidoptera should provide a realistic range of possible estimates 
for the value of B.t.k.-cotton. Since B.t.k.-cotton only affects Lepidoptera, the 
im.pact of non-lepidopteran pests on cotton production (i.e. those not directly 
affected by B.t.k.-cotton) can be estimated by subtracting crop loss and 
control cost data for all Lepidoptera from that reported for all insects 
(Tables 1, 2, 3). 

Pimental et al. (1989) suggested that genetic engineering would improve 
crop yields and improve the efficiency of crop production. In an early 
review of the potential effects of genetically engineered crops on insect 
control, Meeusen and Warren (1989) listed several potential advantages and 
disadvantages (or uncertainties) of the new technology from an 
agricultural industry perspective. The advantages envisioned were: 

1. growers would be lese dependant on favorable weather conditions for 
application of insecticides because insecticidal activity would be 
continuously expressed and not altered by inclement weather, 

2. lower locations of plant canopies (or locations inside tissues) where 
insecticide sprays cannot be deposited dependably would be protected 
from insect damage because the insecticidal toxins could be 
expressed constitutively (i.e. in all tissues and cells) throughout the 
plant, 

3. the need to scout crops would be reduced because of the continuous 
expression of insecticidal activity, 
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4. the costs of spraying crops would he p.ljminated or greatly reduced, 

5. the cost of developing a commercial insect-resistant crop line 
(genetically engineered) would be less than that of developing a new 
chemical insecticide (currently at $ ), 

6. spray drift and groundwater contamjnation would be reduced 
because the active materials are produced directly in the crop tissue, 

7. adverse effects on non-target organisms should be reduced hecause 
the only organisms able to receive a dose of the active material would 
be those feeding on the crop, 

8. monitoring of crops for safety for human consumption should be 
easier since the insecticidal protein expression would be known in 
advance of harvest and the need for expensive toxicological and 
residue tests would be eJiminat.ed or reduced. 

Disadvantages envisioned by Meeusen and Warren (1989) included the 
likely selection for pest populations resistant to the insecticidal to:xins and 
uncertainties over regulatory and patent procedures and policies. Some of 
these issues have been resolved or are in the process of being resolved 
through private- and public-sector sponsored research. 

Based on our current knowledge and perspectives as public supported 
entomologists, we believe that B.t.k.-cotton offers unique opportunities to 
improve existing IPM programs on cotton. Most of the opportunities are 
associated with the potential of B.t.k. -cotton to reduce the use of 
conventional insecticides. Reduced insecticide use will provide expanded 
opportunities for non-insecticidal control measures previously limited by 
the ecological disruptive nature of broad-spectrum, conventional 
insecticides. 

Reduced Insecticide Use 

The most obvious and direct effect of B.t.k~ -cotton on existing cotton pest 
management is the likely reduction in use of chemical insecticides for 
control of susceptible. lepidopterous pests, especially the tohacco budworm 
(Heliothis virescens) and the bollworm (Helicoverpa zea). Species of 
Lepidoptera vary in their inheren~ susceptibility to B.t.k. proteins (Hofte and 
Whiteley 1989, Krieg and Langenbruch 1981, Macintosh et al. 1990). The 
tohacco budworm is more susceptible than the hollworm to the endotoxin 
proteins. However, initial field tests (Benedict et al. 1991, 1998, Jenk:ins et 
al. 1992) suggest that B.t.k.-cotton will provide a high level of field control of 
both pest species. Nationwide, the tobacco hudworm-hollworm comple:x: 
accounts för 89.6% of all acre applications {acre application = 1 application 
of an insecticide on 1 acre) ofinsecticide in cotton {Table 2). The percent of 
total insecticide applications directed at the tobacco budworm-hollworm 
complex is 58.2, 37 .2, 30.3, and 3.6%, respectively, for the Southeast, Mid-

140 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



south, Southwest and West regions of cotton production in the USA. 
Considerable variation exist.s among (Table 1) and within (Table 3) different 
cotton production regions in the intensity of insecticide use for tobacco 
budworm-bollworm; however, eHminating insecticide use for this pest 
complex would be a major economic and ecological accomplishment for 
USA cotton production. During the past 3 years, USA cotton growers have 
annually spent an average of $  for control of this pest complex on 
cotton. Although B.t.k.-cotton may not p.)jminate all ofthe insecticide 
applied to control tobecco budworm-bollworm on all of the cotton acreage in 
the USA, current research indicates that the technology possesses efficacy 
necessary to have a major impact on insecticide use directed at tobacco 
budworm-bollworm. Actual use in the production system will be 
influenced by marketing policies and alternatives. 

Potential effects of B.t.k. -cotton on species of Lepidoptera other than the 
tobacco budworm-bollworm complex are less defined. Armyworms 
(Spodoptera spp.) are more tolerant to endotoxin proteins than the tobacco 
budworm and the bollworm (Jenkins et al. 1992), and the level of control 
expected from B.t.k.-cotton is questionable at this time. However, large plot 
field studies have suggested that damage from the beet armyworm (S. 
exigua) will be reduced in B.t.k.-cotton  personal observation., 
Wilson et al. 1992). Control ofthese less susceptible species may be hlgher 
than that suggested from results of laboratory assays because the 
continuous expression of insecticidal activity in the transgenic plant.s will 
insure continuous contact with the toxin. A cumulative toxic effect is 
likely. Several other pest species, particularly the pink bollworm 
(Pectinophora gossypiella), are very susceptible to endotoxin (Graves and 
Watson 1970), and B.t.k.-cotton offers an excellent opportunity to reduce 
insecticide use for these species. If one assumes that B.t.k. -cotton will 
effectively eliminate insecticide applications for all lepidopterous pests of 
cotton, insecticide use could be reduced by more than 45% (Table 2) and the 
total cost.s of controlling cotton insects could be reduced by approximately 
50% (Table 2). However, the effect.s of B.t.k.-cotton on many species of 
Lepidoptera are not experimentally tested, and these savings do not include 
the price of B.t.k.-cotton seed. Projecting benefit.s of B.t.k.-cotton on the 
basis of eliminating the crop loss and insecticide cost.s of all Lepidoptera is 
likely an over-estimate ofthe actual benefit.s of B.t.k.-cotton. However, the 
vast majority of control cost.s and crop loss due to lepidopterous pest 
attacking cotton are associated with species that are very susceptible to 
B.t.k.-cotton (tobacco budworm, bollworm, pink bollworm). Most of the 
insecticide directed against lepidopterous pest.s in the Mid-south and 
Southwest is targeted at the tobacco budworm-bollworm complex. In the 
Southeast, more insecticide is used for control of other lepidopterous pests, 
especially the beet armyworm, European com borer (Ostrinia nubilalis), 
and soybean looper (Pseudoplusia includens ), but tobacco budworm
bollworm is the primary target of control measures. Most of the insecticide 
directed against lepidopterous pest.s of cotton in the West is targeted at pink 
bollworm. Because pink bollworm is extremely susceptible to endotoxin 
proteins (Graves and Watson 1970, Bartlett 1993), B.t.k.-cotton offers a 
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unique opportunity to reduce insecticide use in the West for pink bollworm 
and improve the marginal efficacy of current chemical control methods. 
F,limjnating use of insecticide for lepidopterous pests of cotton in the entire 
USA would result in a savings of  in insecticide costs to the 
cotton industry (Table 2). 

EXPanded OPJ2ortunities for Biolopcal Oontrol 

Field surveys indicate that the number of arthropod species associated with 
the cotton may range from a few hundred to more than a thousand (Hearne 
and Fitt 1992). Most of these species are predators and parasites of the 
phytophagous species, and most of the crop damage can usually be 
explained by the presence of 5 to 10 pest species. Damaging populations of 
arthropod pests are often associated with insecticide use. Broad spectrum 
insecticides disrupt the ecological interrelationships among the numerous 
pest arthropods and their natural enemies, and often result in a rapid 
increase in pest densities when natural enemies are eliminated. 
Reductions in insecticide use due to planting B.t.k.-cotton would enhance 
natural control and provide a better opportunity for augmentative 
approaches to biological control which have historically been limited in 
cotton because of the disruptive nature of insecticides (King and Coleman 
1989). The extent of expanded opportunities is difficult to estimate because 
B.t.k.-cotton will not P.Jiminate the need for insecticides against non
lepidopterous pests of cotton. Some pest species have been historically 
controlled by applications directed at lepidopterous pests. If the 
applications directed at the lepidopterous peste are removed, additional 
applications may be required to suppress these previously unrecognized 
pest problems. Conversely, some pest species have reached pest status 
because insecticide applications directed at lepidopterous pests disrupted 
natural control agents. Reductions in applications for control of 
Lepidoptera would likely result in reduced need to control some insecticide 
induced pests. Although the extent of expanded opportunities for biological 
control is unknown, B.t.k.-cotton certainly represents one ofthe most 
realistic opportunities in the history of cotton 1PM to enhance biological 
control of cotton insects. 

Improved Control of Some Pest Species 

Some lepidopterous pests of cotton, such as the pink bollworm and fall 
armyworm. (S. frugiperda ), possess behavioral characteristics which allow 
them to avoid contact with insecticide deposits on upper portions of the 
plant canopy. Insecticide spraye cannot dependably deliver insecticide 
deposits to lower portions ofthe plant canopy. Since B.t.k.-cotton expresses 
endoto:xin proteins in all plant tissues, pest species which are commonly 
located in plant canopy levels shielded from insecticide deposits or within 
fruiting structures will not be able to escape contact with the insecticidal 
toxins. 
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Foliar applications of B. thuringiensis have historically resulted in variable 
levels of control of cotton insects (Pbillips et al. 1979). This variable 
performance in efficacy has been associated with the need for the target 
insect pests to ingest spray deposits of B. thuringiensis on the upper plant 
canopy. These foliar spraye have limited residual activity, and fruit-feeding 
insects such as the tobacco budworm and bollworm typically feed in plant 
locations that receive reduced deposits of insecticide. Precise timing of 
treatments relative to larval development and location in the plant canopy is 
critical to obtain adequate control. 

The continuous expression ofinsecticidal activity by B.t.k. plants should 
eliminate management decisions and risks associated with accurate 
timing of insecticide treatments for pests susceptible to B.t.k. -cotton. 
Routine crop and insect monitoring will continue to be an important 
component of cotton 1PM programs because of the variation in susceptibility 
of different lepidopteran pests to endotoxin proteins (Macintosh et al. 1990) 
and the presence of numerous non-lepidopterous pests in USA cotton. 
Changes in some pest management procedures will be necessary because 
lepidopteran insects must feed on the plant to receive a toxic dose of 
insecticide and current management techniques rely to some extent on 
detection of insect eggs to trigger control action. Ring et al. ( 1993a) describe 
changes that may be required in treatment threshold recommendations. 

Environmentally Safe Mode of Action and Delivery System 

The insecticidal proteins of B.t.k.-cotton are derived from one of the most 
studied and environmentally-safe biological insecticides, B. thuringiensis 
var. kurstaki (Burgess 1981, Burgess and Hussey 1971, Heimpel 1967). This 
bacterium is a common soil-bome pathogen of insects that produces a 
proteinaceous crystalline structure during sporulation. U se of B. 
thuringiensis as a microbial insecticide spans more than 100 years, and 
commercial products have been registered for use on a wide range of USA 
crops since the early 1960's. This environmentally-safe, microbial 
insecticide is used for control of lepidopterous pests in many environments 
ranging from home vegetable gardens to area-wide spraying of national 
forests. · 

Insecticidal activity of the bacteria is associated with the crystalline 
structure which must be consumed by an insect and activated in the insects 
midgut to become insecticidal. The insecticidal toxins or protein subunits 
of the intact crystal (endotoxins) are activated through the action of 
proteolytic enzymes on the crystalline structure in the insects midgut. 
These proteinaceous subunits bind to receptors on the midgut lining of the 
insect and create ruptures or pores in the midgut epithelial cells. As a 
result of this action, the contents of the insects gut and the insects 
hemolymph (blood) are no longer separated. The insect generally dies of 
gut paralysis, although septicemia may occur when an insect ingests an 
intact bacterial cell with spore and crystal. B.t.k.-cotton mimics the gut 
paralysis mode of action. 
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Considerable variation exists in the range of activity of different varieties 
and isolates of B. thuringiensis (Burgess 1981, Hofte and Whiteley 1989). 
The insecticidal activity of B.t.k.-cotton is derived from the insecticidal 
activity of B. thuringiensis var. kurstaki which is only toxic to lepidopteran 
insects. Other varieties or subspecies of B. thuringiensis exhibit activity 
against Coleoptera (beetles) and Diptera <mes). 

Because insecticidal activity of B.t.k.-cotton is derived from the 
environmentally safe B. thuringiensis var. kurstaki, B.t.k.-cotton offers a 
unique mechanism to deliver an alternative insecticidal action (gut 
paralysis) to a limited range ofinsect pests (lepidopterans). Most 
conventional insecticides used in cotton are nerve poisons that potentially 
affect a wide range oftarget and non-target organisms. B.t.k.-cotton will 
only affect the lepidopteran insects that feed on the plant tissue, and it will 
only kill insects with appropriate binding sites in their midgut. Non-target 
exposure of insects belonging to other orders or other animals is eliminated 
or greatly reduced as compared to that associated with conventional 
insecticides. 

The mode of action of B.t.k. -cotton also offers an efficacious alternative to 
the nerve poisons. Alternating and mixing insecticidal modes of action is 
an important component of some resistance management strategies. 
Conventional formulations of B. thuringiensis also offer an alternative 
mode of action, but their efficacy against fruit-feeding insects of cotton is 
limited (Phillips et al. 1979). 

Since B.t.k.-cotton will deliver the toxic agent to the target insect by 
producing .an insecticidal protein within the plant tissue that serves as a 
food source for the insect, non-target exposure to the toxic agent is greatly 
reduced. Application costs should also be reduced, and the need for 
manufacturing, shipping, storing, and handling costs of traditional 
chemical insecticides should be eliminated or reduced. This improved 
safety to farm workers and reduced exposure of non-target organisms 
should be viewed as a major advantage oftransgenic technology. 

Uniq,ue Om,ortnpjties for Population Regulation of Some Pests 

Although the effects of B.t.k.-cotton on population growth oftarget peste are 
difficult to estimate and will ultimately be influenced by many biological 
and ecological factors (e.g. number of other plant species attacked by the 
pest, dispersal or migration range of species involved, extent of farmer 
adoption of B.t.k.-cotton, methods of B.t.k .... cotton deployment, host range of 
species involved, insertion of B.t.k. genes in other crops, etc.), the high 
levels of pest mortality observed in recent experiments suggests that 
B.t.k.-cotton could have a major impact on population growth of 
lepidopterous pest species susceptible to endotoxin, especially tobacco 
budworm and pink bollworm. Autocidal and some augmentative biological 
control methods of insect control are typically targeted at population 
suppression or eradication of pest species (King and Coleman 1989, Laster 
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et al. 1988). The success of these projects often depends on creating a high 
ratio of released insects to native insects. If B.t.k. -cotton were planted 
over a high portion of the cotton acreage in a given area, it is possible that 
populations of some lepidopterous pests, particularly the very susceptible 
tobacco budworm, could be dramatically reduced. While these populations 
were at extremely low levels, autocidal and biological control programs 
would have a unique opportunity to create high ratios of released insects to 
natu.rally-occurring insects. lt is important to note that resistance 
management strategies require refa.gia (i.e. refuge locations where the 
pest's food plants do not contain B.t.k. genes and susceptible insects can 
survive) (Fischoff 1992, McGaughey and Whalon 1992). Therefore, it would 
not necessarily be advantageous to plant a high fraction of the total cotton 
acreage in an area to B.t.k.-cotton. Given that the high efficacy of B.t.k.
cotton may provide a unique opportunity for the release of autocidal or 
biological control agents, further examination and experimentation of these 
issues are warranted. 

Relationships with Other Control Measures 

B.t.k.-cotton is exceptionally compatible with many other ecologically sound 
methods of insect control such as biological control and host plant 
resistance. Research is actively investigating the pyramiding of traditional 
host plant resistance traits (plant secondary chemistries and morphologies) 
with the transgenic expression of endotoxin proteins (Benedict et al. 1993, 
Sachs et al. 1993). Certain secondary chemistries, such as increased 
concentrations of terpenes and tauuius, have been utilized in some cottons 
to reduce injury from the tobacco budworm-bollworm complex. Traditional 
host plant resistance mechanisms to suppress plant damage from the 
tobacco budworm-bollworm complex, cabbage looper, and pink bollworm 
have low ability to suppress damage and kill pests (in the range of 20 to 60% 
larval mortality) compared to B.t.k.-cotton (90 to 100% larval mortality) 
(Benedict et al. 1976, 1985, Wilson et al. 1992, Zumm.o et al. 1983). 
Prelimiuary results show that pyramiding the traditional host plant 
resistance mechanisms with B.t.k.-cotton increases plant resistance to 
bollworm (Sachs et al. 1993). B.t.k.-cotton can be viewed as the first 
successful example of an antibiosis mechanism of host plant resistance in 
cotton. Because host plant resistance mechauisrns are inherent to the 
plant's genome and they begin their pest defenses at plant emergence 
(Benedict et al. 1988), they are the foundation of all other IPM opportunities. 

Preliminary field studies conducted by Monsanto and Mississippi State 
University suggest that B.t.k.-cotton does not exhibit a direct, negative 
impact on the major predators and parasites in cotton ( , unpublished 
data, Monsanto; , unpublished data, Mississippi State University). 
Current preliminary research in large-plot experiments does suggest that 
densities of natural enemies, particularly some predators, are affected 
indirectly by the density of pest species present , unpublished data). 
Because densities of predators and parasites respond to the densities of the 
pest (i.e. prey or host species), a decrease in densities ofparasites and 
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predators is expected as densities of pest species decline. Additional 
experimentati.on in large plots is necessary to confirm these initial, but 
antici.pated observations. 

Qnroro11oity Ecology and Managing Insect Resjstance to B.t.k Cotton 

In many USA cotton production regions, cotton is grown in close proximity, 
a mosaic, with com, soybean, sorghum, vegetables, and other crops. 
Polyphagous insect speci.es often utilize several crops and population 
growth of a pest on one crop is often dependent upon management actions 
in another crop. The seasonal buildup of massive populations 
of sweet potato whitetly (Bemisia tabaci) as a result of favorable cropping 
sequences of multiple crops in a given geographic region (Watson et al. 
1992) illustrates the importance of crop and community ecology in insect 
management. These relationships are often poorly understood and 
warrant additional research. 

Community ecology issues associ.ated with managing the development of 
insect populations resistance to endotoxin proteins are of particular 
interest. Some insect speci.es like soybean looper occur in soybean and 
cotton. The soybean looper is effectively controlled in soybean with foliar 
applications of B. thuringiensis and has limited pest status in cotton. 
However, soybean looper only reaches pest status on soybean in areas 
where soybean is grown in close proximity to cotton, presumably because 
the female moths utilize cotton as a source of nectar with significant 
increases in fecundity (Burleigh 1972). B.t.k.-cotton could provide a 
mechanism to suppress population growth of soybean looper. lt could also 
provide a source of selection for resistant genotypes that would decrease the 
effective life of foliar applications of B. thuringiensis on soybean. 
Deployment strategies for B.t.k.-cotton that include refugia as a component 
of resistance management for tobacco budworm should also limit the 
selection for endotoxin resistance in the soybean looper. The extent of 
soybean looper reproduction in cotton is unknown, and although the moths 
use cotton as a source of nectar, most ovipositi.on probably occurs in 
soybean. This example is presented to illustrate the importance of 
community ecology to effective management of polyphagous insect peste. 

The development of transgenic com expressing endotoxin proteins of B. 
thuringiensis would also create several soci.al and biological questions 
relative to management of insect resistance to the endotoxins in the 
numerous speci.es of polyphagous ·insects (European com borer, fall 
armyworm, cotton bollworm) inhabiting both crops within the same 
cropping region. As with the soybean looper, the suppressive acti.on of 
transgeni'C plante can enhance the selection for resistant genotypes (Gould 
1988), but it can also provide a highly effective population suppression 
mechanism. These ecological relationships need additional examination. 
lt is important to note that the impact of insect control activities on multiple 
cropping systems within an area is not unique to B.t.k.-cotton. The same 
concems should be expressed for all insectici.des targeted at polyphagous 
insect species on most agronomic crops. 
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The potential impact of pest resistance on the long-term utility of B.t.k.
cotton is a signifi.cant issue (McGaughey and Whalon 1992). Any insect 
control method that provides high levels of control is lik:ely to provide 
signifi.cant selection for the evolution of resistant genotypes. The value of 
B.t.k. - cotton for managing crop pest injury is high and warrants protection 
from resistance problems. Private (Fischotr 1992) and public sector 
(McGaughey and Whalon 1992) scientists are addressing these issues. lt is 
important to note that the continuous, constant expression of insecticidal 
activity by B.t.k. plants may make B.t.k. cotton an ideal theoretical 
technology for resistance management. Some problems with the 
development of insecticide- resistant pest populations are associated with 
the decaying of the active ingredient on the plant and thus the selective 
killing of susceptible genotypes at low doses. The continuous, high-dose 
expression of insecticidal activity by B.t.k. -cotton would avoid the influence 
of insecticidal decay on selection for resistance in susceptible pest 
populations. 

Relationsbms with Boß Weevil Control and Manamnent of Other Insect 
~ 

The ability of B.t.k.-cotton to protect the plant from insect injury without 
disrupting natural control of insects compliments the goals of several 
contemporary programs designed to eliminate or manage the boll weevil 
(Anthonomus grandis grandis) in USA cotton. USDA entomologists in the 
Rio Grande V alley of Texas are developing a biological control program to 
control boll weevils that is dependent upon B.t.k.-cotton becoming available 
to control the tobacco budworm-bollworm comple:x rather than insecticides 
(Summy et al. 1993). The program is using a small wasp that attacks and 
kills the boll weevil larva. The wasp is very susceptible to insecticides used 
to control the tobacco budworm-bollworm comple:x. Combining B.t.k.-cotton 
with this program would control three major pests of cotton (boll weevil, 
tobacco budworm, bollworm) without conventional insecticides. The 
reduction in insecticide usage would be increased over that estimated for 
deployment of B.t.k.-cotton alone. The ideal addition to this program would 
be a plant bug resistant cotton variety to eliminate almost all insecticide 
usage. Plant bug resistant varieties· are grown in several areas of Texas 
(Masud et al. 1990, Ringetal. 1993b). 

The Boll Weevil Eradication Project has successfully removed boll weevil as 
a major pest of cotton in much of the Southeast. The program will expand 
into the Mid-south and Southwest in the near future. Successful removal of 
the boll weevil as a pest of cotton would further reduce the need for 
insecticide applications and expand opportunities for non-insecticidal 
control measures in conjunction with B.t.k.-cotton. Most of the insecticide 
applications made to cotton in the Mid-south and Southwest are targeted at 
two pests, the boll weevil and the tobacco budworm-bollworm comple:x. The 
boll weevil is, perhaps, the most important key pest of cotton because its 
presence in a management system triggers control actions early in the 
season. The early season applications often reduce densities of parasites 
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and predators and set the stage for subsequent insect pest outbreaks. 
Removal of the boll weevil coupled with an ecological sound method of 
managing the tobacco budworm•bollworm complex would offer 
opportunities for management of cotton insects not previously possible. 

Although B.t.k.-cotton and boll weevil eradication will have a major impact 
on insecticide use in cotton, they will not eliminate the need for insecticides. 
The sucking pests of cotton (mirids, aphid, whiteflies, thrips, etc.) will not 
be directly affected by the B.t.k. -cotton insecticidal proteins, nor will the 
eradication project eHmjnate the need for control of sucking pests. In fact, 
some pests previously suppressed by chemical insecticides directed at 
tobacco budworm-bollworm and/or boll weevil may emerge as being more 
important. In the Southeast, this happened when boll weevil spraye were 
eHminated by the eradication effort and stinkbugs became more common as 
a pest of cotton (Barbour et al. 1988). B.t.k.-cotton will not eJiminate the 
need for crop monitoring and management by professional scouts. Trained 
professionals must be available to note the changP.s in the pest complex and 
implement appropriate plant protection measures. They must also be 
relied upon to integrate B.t.k. -cotton into an overall insect management and 
crop production scheme. 

lmplications ofB.t.k. Cotton lntmduction on Cunent 1PM Programs in 
Different Geographie Regions of tbe USA 

Based on the Beltwide Cotton Conference estimates (Head 1990, 1991, 1992) 
summarized in Tables 1, 2, and 3, and assuming that B.t.k.-cotton would 
effectively remove the crop loss and control costs of all lepidopterous peste of 
cotton, introduction of B.t.k.-cotton on all USA cotton acreage would reduce 
total losses to cotton arthropod pests by 42.6% or $ . However, this 
estimate assumes that B.t.k.-cotton is highly active on all lepidopteran pests 
of cotton. It is not equally effective on all lepidopteran pests and additional 
research is necessary to measure the crop protection provided by B.t.k.
cotton against lepidopteran pests less susceptible to endotoxin proteins (e.g. 
armyworm species). If the assumptions regarding effectiveness were 
reduced to the savings associated only with tobacco budworm-bollworm, a 
conservative assumption based on confirmed efficacy of B. t.k. · cotton in field 
experiments, total annual losses would be r~duced 35.3% or $ . 

The benefits of B.t.k. •cotton vary with the production capabilities and pest 
spectrums of the different geographic regions of cotton production in the 
USA. Considering the acreage involved and average annual costs of control 
plus crop loss, the total annual cost of all lepidopterous pests (including 
tobacco budworm-bollworm) to cotton producers in the Southeast, Mid
south, Southwest, and West is $ , $ , $  

, and $  (Table 2), respectively. SimUar total costs for the 
tobacco budworm-bollworm complex alone are $ , $  

, $ , and $ , respectively, for the Southeast, 
Mid-south, Southwest, and West (Table 2). These data illustrate the 
importance of the tobacco budworm-bollworm complex in the Southeast, 
Mid-south and Southwest, and the importance of pink bollworm in the 
West. 
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Opportunities for expanding cotton IPM with the introduction of B.t.k. -
cotton vary among and within (Table 3) each production region. The 
following provides a prospectus of the potential impact of B.t.k.-cotton on 
regional cotton 1PM programs in the Southeast, Mid-south, Southwest, and 
West. 

Southeast 

The Southeast region of the USA Cotton Belt is one of the areas that has a 
high potential for benefiting from the utilization of transgenic B. t.k. - cotton. 
This area historically has the highest populations of tobacco budworm
bollworm complex extending over a langer period of time than anywhere 
eise in the Cotton Belt. As a result the Southeast receives high inputs of 
insecticide. 

During the last few years, the average crop loss to the tobacco budworm
bollworm complex in the Southeast ranged from 1.3% in South Alabama to 
a high of 6.8% in North Carolina (Table 3). This represents the 
preponderance of all loss from lepidopterous insect pests. Insecticide use 
on cotton in the Southeast, likewise, is targeted primarily at the tobacco 
budworm-bollworm complex with a low of 1.4 applications per season in 
Virginia to 5. 7 applications in Florida, compared to 1.4 to 6.0 for all 
lepidopterous pests in the same regions, respectively. These data are an 
average of 1990 - 1992 estimates and may be somewhat low in comparison to 
historical averages. Prior to the Boll Weevil Eradication Program, 
applications in the Southeast ranged from about 4 in the areas of lowest 
infestations to as many as 12 in the more heavily infested areas. A 
substantial portion of the reduction in insecticide use can be directly 
attributed to the lack of disruption of the natural enemy complex 
historically associated with insecticidal control of the boll weevil. 

Cotton acreage in the Southeast is increasing rapidly as a result of the 
success ofthe Boll Weevil Eradication Program. Growers have found that 
the crop can be grown with a wider margin of profit than many alternative 
crops. This is due largely to a reduction in insecticide input for boll weevil. 
However, high inputs of insecticide are still required for control of the 
tobacco budworm-bollworm complex. If the impact of this pest complex 
could be dramatically reduced or eliminated with the use of B.t.k. -cotton, 
additional acreage might be placed into cotton production in the Southeast. 

The indirect impact of B.t.k.-cotto:n. on secondary, non-lepidopterous pests 
may also allow for a reduction in insecticide applications. The natural 
enemy complex for aphids, Lygus spp. and whiteflies are typically 
destroyed by insecticide applications targeted at other pests. Ifthese 
disruptive applications are reduced the natural enemy complex may be 
allowed to regulate secondary pest populations. Biological control is a 
recognized important component of cotton aphid control in most of the 
Southeast with fewer insecticide applications being required for their 
control than in other regions (Head 1990, 1991, 1992). The benefits of 
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reduced insecticide use can be extended to management of other pests. In 
1992, fields in south Georgia that had not been treated with insecticide were 
found to have a high rate of parasitization ( up to 90%) in sweet potato and 
bandedwinged whitefly populations. Fields that had been treated with 
insecti.cide did not benefit from the whitefly parasitoids, and populations of 
the pest reached high densities with subsequent crop loss ( , 
unpublished data). 

The development of resistance to endotoxin is an obvious concem once 
commercialization and widespread utilization of B.t.k.- cotton has 
occurred. The Southeast may not be as likely to be affected from this 
problem as other areas of the Cotton Belt. Historically, resistance to 
insecticide classes have shown up in other areas much earlier and at a 
much higher magnitude than in the Southeast. lt is believed that the 
reason for this is because of the tremendous diversity in agricultural 
enterprises that may be found in the Southeast. There are numerous crops 
that are grown that do not have the intensity ofinsecti.cide inputs associated 
with cotton. These crops provide refugia for untreated tobacco budworm
bollworm populations and thus delay resistance buildup. 

Mid-south 

The Mid-south is one of the major targets for marketing of B.t.k. -cotton 
because of the large acreage typically treated several times annually with 
insecticide for control of tobacco budworm-bollworm. This pest complex 
costs Mid-south growers ca. $  each year in insecticide costs and 
crop lose. The intensity of the pest pressure varies within the region. The 
% crop lose due to tobacco budworm-bollworm complex ranges from 0.74% 
in Tennessee to 4.98% in Louisiana. Tennessee growers apply an average 
of 0.74 applications ofinsecti.cide per acre for tobacco budworm-bollworm 
control. Louisiana growers apply an average of 4.8 applications per acre. 

Other than the tobacco budworm-bollworm complex, Mid-south cotton 
insect problems are dominated by the presence of boll weevil, a complex of 
mirids (particularly the tamished plant bug, Lygus lineolaris ), thrips, and 
aphids. Introduction of B.t.k. -cotton is likely to reduce total insecticide 
inputs in the Mid-south, but the extent of the. reduction is unclear. Cotton 
will continue to need infurrow insecti.cides for thrips control. Foliar 
applications of insecticide will also be required for boll weevil and mirids 
during the early season. Introduction of B.t.k. -cotton may reduce the need 
for some insecti.cide applicati.ons against aphids because they are largely an 
insecti.cide-induced pest problem. Traditional applications of insecticide for 
tobacco budworm-bollworm also provide some suppression of other pests, 
particularly mirids in the Mid-south. Removal of the insecticide 
treatments for tobacco budworm-bollworm would likely result in an 
increase in applications for some other pests, probably tarnished plant bug. 
Based on current observations and limited data, it appears that B.t.k. -cotton 
may result in a reduction of 2-4 insecti.cide applications per year across 
most of the cotton in the Mid-south depending upon the development of 
secondary pest problems. 
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Recent problems with insecticide resistant populations of tobacco budworm 
and cotton aphids are threatening profitable cotton production in some 
areas of the Mid-south (Luttrell 1994). Growers in the Mississippi Delta 
spent more than $  per acre during 1992 for cotton insect control. 
Because of these prpblems, Mid-south growers will readily adopt B.t.k.
cotton when it is commercially available, and insecticide use should decline 
as the technology is deployed. 

Interestingly, the planned commercial release of B.t.k.-cotton coincides 
with the westward movement of the Boll Weevil Eradication Program into 
the Mid-south. The vast majority of all insecticide use on Mid-south cotton 
is targeted at the tobacco budworm-bollworm complex and the boll weevil. 
Simultaneous introduction of B.t.k.-cotton and implementation ofboll 
weevil eradication efforts offers a historical opportunity to dramatically 
reduce the use of conventional insecticides on Mid-south cotton. Mirid 
pests, especially the tarnished plant bug, are likely to emerge as the most 
important key pests of cotton. Research should be initiated immecliately to 
develop appropriate management strategies for the sucking pests of cotton 
assuming insecticide applications for tobacco budworm-bollworm and boll 
weevil will be dramatically reduced. 

Southwest 

The Southwest cotton production region of New Mexico, Oklahoma and 
Texas harvested cotton from an average of 5.2 million acres per year during 
the 1990-1992 period (Table 1). The Southwest has yields ranging from less 
than one-half bale per acre on arid dryland cotton, to three bales per acre on 
irrigated river bottom land. The tobacco budworm-bollworm complex costs 
Southwest growers ca. $  each year in insecticide costs and crop 
loss (Table 2). The % crop loss in Texas due to the tobacco budworm
bollworm complex ranges from 0.67 in Texas District 10 to 7.96 in Texas 
District 13. District 13 is a high input irrigated area known as the Winter 
Garden because of its winter production of numerous vegetable crops. It is 
a green island surrounded by arid desert and brushland. District 13 also 
has the highest number ofinsecticide applications, 6.17, for the tobacco 
budworm-bollworm complex whereas· Texas District 1 has the lowest, 0.43. 
The intensity of injury for this complex varies across the region and 
between years. · 

In New Mexico and Oklahoma the % crop loss due to the tobacco budworm
bollworm complex ranges from 3.14 to 2.00, respectively. New Mexico 
growers apply an average of 0.63 applications of insecticide per acre and 
Oklahoma growers apply 1.10 applications per acre for tobacco budworm
bollworm control. Most of the % crop loss and number of applications for 
all Lepidoptera in the Southwest region are due to the tobacco budworm
bollworm complex. However, in some Texas Districts beet armyworms and 
fall armyworms occur occasionally in densities requiring treatment. In 
New Mexico and Texas District 1 the pink bollworm is a frequent pest 
requiring insecticidal control. 
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The other primary peste of Texas and Oklahoma cotton are the boll weevil 
and a complex of mirids (tarnished plant bug, lygus bugs, and cotton 
fleahopper) that vary in severity across the region. Some areas such as the 
High Plains ofTexas, Districts 1, 2, and 3, and New Mexico are free ofboll 
weevil infestations or experience only infrequent sub-economic infestations. 

Introduction of B.t.k.-cotton should reduce insecticide use dramatically in 
some areas particularly where boll weevils are not peste such as New 
Mexico and Texas Districts 1, 2, and 3. Throughout areas of Texas two 
different insecticides (pyrethroids for tobacco budworm-bollworm and 
organophosphorus insecticides for boll weevil) are applied simultaneously 
to control the tobacco budworm-bollworm complex and boll weevils. 
However in other areas growers use pyrethroids or methyl parathion (an 
organophosphorus insecticide) alone to simultaneously control both pests. 
In those areas where two insecticides are used, it is expected that with the 
introduction of B.t.k.-cottons a reduction in insecticide usage and a savings 
in dollars will occur. 

In recent years insecticide-resistant tobacco budworm (particularly to 
pyrethroids) have been reported in several Texas Districts where insecticide 
usage is high, such as District 13. Moreover where multiple late season 
applications of pyrethroids are used frequently, outbreaks of spider mites or 
aphids occur which may require additional insecticide applications. 
Introduction of B.t.k. -cotton could relieve developing pyrethroid resistance 
problems, reduce secondary outbreak.s of spider mites and aphids, and 
reduce insecticide applications in many cotton producing areas of the 
Southwest. Across the Southwest region reductions could range from O to 8 
applications with an estimated average reduction of 1 application on 5.2 
million acres per year. However the extent of the reduction is unclear. 

Cotton pest control strategies in the desert Southwest (Arizona and 
Southem California) changed dramatically in 1966. This resulted from the 
spread ofthe pink bollworm, Pectinophora gossypiella (Saunders) across 
the entire cotton-producing area of Arizona and southem California. Once 
established in these areas the pink bollworm required routine scheduled 
insecticide applications in order to maintain it below economic thresholds. 
Initially growers were applying up to 20 or more insecticide applications in 
order to control this insect alone. Once research established sound 
economic thresholds and more precision in timing of applications, this 
number was reduced to a more reasonable level. The numbers vary from 
area to area, generally associated with elevation, e.g., in eastem Arizona 
the average number is 4-5, in central Arizona 6-8, and westem Arizona and 
south(!m California 9-12 applications are generally required. 

Were it not for the need to control pink bollworm (excluding the present 
problem with the sweet potato whitefly) much less insecticidal control 
would be needed, and then, on a non-scheduled basis. 
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A related impact of the pink bollworm in the desert Southwest has been the 
continual threat to the vast acreage of cotton in the San J oaquin V alley of 
Califomia. High infestations in the Imperial V alley provide the source for 
wind movement ofmoths into the San Joaquin Valley. This initiated an 
annual multi-million-dollar, sterile-moth release program in the San 
Joaquin Valley in an effort to prevent establishment ofthe pink bollworm 
there. 

Indirect costs associated with the pink bollworm problem have been those 
resulting from secondary pest outbreak:s following scheduled applications 
for this key peste. 

The biology and seasonal history of the pink bollworm make it ideally suited 
for management with B.t.k.-cotton. The pink bollworm over-winters as 
diapausing larvae in the cotton field where they were produced. Spring 
moth emergence occurs over an extended period of time with a large 
proportion of the moths emerging and dying prior to the production of 
susceptible cotton fruit (squares). Therefore, the key to the initiation of a 
new years infestation is the coincidence of susceptible fruit and last
emerging moths. This coupled with high winter mortality, results in a 
fairly low population level to start the new infestation. A high level of 
mortality during this first generation would probably preclude the 
subsequent development of populations to damaging levels for the rest of the 
season. 

Without the need for scheduled applications of insecticides for pink 
bollworm control, a great deal offlexibility would be possible with the 
remainder of the pest complex in western cotton. For example, biological 
and cultural control methods could be used for management of other pests 
such as lygus bugs, Heliothis spp., beet armyworm and cotton 
leafperforator. 

There are indications of low-level resident populations of pink bollworm in 
the southern end ofthe San Joaquin Valley. Ifthis persists and spreads, 
scheduled applications of foliar sprays will be required in order to prevent 
serious loss. This would almost surely result in serious wide-spread 
outbreak:s of spider mit.es and certain other Lepidoptera such as bollworm 
and cabbage looper. · 

By eliminating the pink bollworm as an in-season pest requiring scheduled 
insecticide applications, a number of benefits would ensue which would re
establish western cotton production as a profitable enterprise. In addition 
to the overall improvement in the management of all other pests, and more 
economically at that, yields would probably move upward towards the levels 
obtained in pre-pink bollworm days. 
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Summary and Overall Prospectas of B.t.k. Cotton 

Results of published experiments with Monsanto's B.t.k. cottons indicate 
that.these transgenic cottons exhibit a high level of efficacy against tobacco 
budworm and pink bollworm, and that bollworm is effectively controlled in 
field environments by these cottons. We believe that B.t.k.-cotton offers 
opportunities for improved pest control, and that the technology will be 
actively sought by growers for control of the lepidopterous pests of cotton 
susceptible to endotoxin proteins. Control of other lepidopterous pests, such 
as armyworm species which are less susceptible to endotoxin proteins, is 
possible but sufficient data are not available to suggest that B.t.k. -cotton will 
eliminate insecticide treatm.ents for these more tolerant pests. 

Transgenic technology provides an innovative, unique mechanism to 
deliver an insecticide selectively to target pest species. This selective 
activity will not disrupt populations of beneficial insects as is the case with 
traditional control measures that use broad-spectrum, nerve-toxi.n 
insecticides. Opportunities for expanded use of biological control should 
develop as the intensity of insecticide use is reduced with expanded 
implementation of B.t.k.-cotton. 

Major economic and management advantages of B.t.k.-cotton are 
associated with its potential to reduce the use of traditional insecticides and 
increase yields ofUSA cotton. Reduced insecticide use with B.t.k.-cotton is 
likely, but the extent ofreduction is difficult to predict because ofthe 
dynamic, interrelationships among cotton pest and beneficial arthropods. 
If B.t.k.-cotton effectively reduced all insecticide inputs for lepidopterous 
pests of cotton in the USA without altering control inputs for other pests, 
cotton growers would save $  in control costs and crop damage. 
If the reduction in insecticide use and crop loss is limited to that due to the 
tobacco budworm-bollworm complex, growers would still save $ . 
These estimates do not consider the added cost of B.t.k.-cotton seed to the 
farmer. 

The development of B.t.k. -cotton provides a unique opportunity to manage 
lepidopterous pests of cotton with a highly efficacious, environmentally safe 
control measure. The technology couples the efficacy of an effective 
insecticide with the environmental advantages of host plant resistance. 
This technology should serve as the foundation for historical improvements 
in cotton IPM programs over the next 5 to 10 years. 

154 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



TabJe L Production andiasect contml cbaracteristim of dilfenm.t 
geograpbic regions of ootmn producti.on in the USA. 

GeographicBegion 
Characteristic Soutbeast Mid-soutb. Soutb.west West 

Acres Barvested 
XlOOO 1408 3794 1456 

Yield in Bales 
Per.Acre 1.30 1.50 0.77 2.53 

%Cropl.cssto 
Helwthis and 
Heücoverpa 3.4 2.7 1.4 0.1 

% Crop Lcss to 
Lepidoptere. 4.5 2.7 1.4 1.0 

% Crop Loss toAll 
IDsect.s 6.8 6.7 5.2 6.0 

No. lnsecticide 
ApplicJAcre for 
Helwthis and 
Helicoverpa 3.5 3.0 0.8 0.2 

No. lnsecticide 
ApplicJAcre for 
Lepidoptera 4.1 3.1 0.8 1.6 

No. lnsecticide 
ApplicJAcre for 
Alllnsects 6.6 7.4 2.5 3.9 

$ Spent/Acre for 
Controld 
Helwthis and 
Heli.coverpa     

$ Spent/Acrefor 
Controld 
Lepidoptera     

$ Spent/Acre for 
Control d All 
lnsects     

* Calculated as an average of annual estimates published by the Beltwide Cotton 
Conferences (Head 1990, 1991, 1992). 

* * Estimates of % crop loss, number of insecticide applications per acre, and $ spent per 
acre for Lepidoptera_ include similar estimates for Heliothis and Helicoverpa (tobacco 
budworm and bollwormJ. Estimates for all insects include those for Lepidoptera. 
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Table 2. Total euro,al es:penditures for cott.oninsect control in different 
geographic regions of tbe USA. (average of 1990-199'J data). 

No.ofAcre 
Applications 

$ Es:pended tbr 
ControlOJsts 

$ Crop LossAbove 
Control OJsts 

$Tota1Loss 

No.ofAcre 
Applications 

$Expended for 
Control OJsts 

$ Crop LossAbove 
Control OJsts 

$Tota1Loss 

No.ofAcre 
Applications 

$Expendedfor 
Control OJsts 

$ CropLossAbove 
Control OJsts 

$Tota1Loss 

Tot.al Aomal EeUrnat:ed Amountx 1,000,000 
Entire 

Southeast Mid-south Southwest West USA 

ElfJrnaw k B@UotbiftBeJimyerpa Qornmex 
4.93 

 

 

 

5.74 

 

 

 

9.32 

 

 

 

11.27 

 

 

 

4.17 

 

 

 

ElfJrn1tee fprAll Lepidoptera 

11.61 

 

 

 

4.32 

 

 

 

Estirnatm for All Insects 

28.23 

 

 

 

11.18 

 

 

 

0.06 

 

 

 

2.27 

 

 

 

9.83 

 

 

 

20.42 

 

 

 

23.94 

 

 

 

51.55 

 

 

 

* Calculated from annual estimates published by the Beltwide Cotton Conference (Head 
1990, 1991, 1992). Dollar values for yield loss assumed that each bale weighed 480 
pounds and that cotton was valued at $  per pound. Seed values were not included. 

* * Estimates for All Lepidoptera include estimates for Heliothis-Helicouerpa (tobaeco 
budworm-bollworm). Estimates for All Insects include estimates for All Lepidoptera. 
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Tabie S. Cotton crop lasses and control es:penditmes for Heliothi.s-
Helicoverpa. (BEL), alllepidopb!ra (LEP), and allarthropod pesm (AIL) 
withinmajor geographic production regions of tbe USA.* 

%CropÜJSS No. Insecticide $Spent/Acre For 
Duelg 41mlirJA.cre Ecu:: s:'Qntn,1 Df 

BEL LEpt ALLt BEL LEP ALL BEL LEP ALL 

SOUTREm BEGI!l~ 
Alabama-Central 1.67 3.07 7.60 3.67 4.00 9.80    
Alabama-North 2.23 2.32 9.84 1.80 1.80 5.57    
Alabama..South 1.30 3.42 5.90 4.30 5.03 7.77    
Florida 5.37 6.01 6.22 5.73 6.00 6.57    
Georgia 2.58 4.68 5.34 4.43 5.93 9.07    
North Carolina 6.84 7.45 8.00 2.97 3.03 3.93    
South Carolina 2.34 3.02 4.76 3.77 4.13 5.57    
Virginia 5.56 5.56 6.23 1.40 1.40 2.07    
MID-SOU'l'H BBGI!l~ 
Arkansas-North 1.15 1.15 2.27 1.15 2.20 5.17    
Arkansas-South 2.65 2.65 4.21 2.65 4.43 7.27    
Louisiana 4.98 4.99 8.33 4.80 4.98 10.20    
Mississippi-Delta 3.50 3.57 6.61 3.50 4.33 10.16    
Mississippi-Bill 1.85 1.98 7.18 1.85 2.27 9.33    
Missouri 1.44 1.44 8.87 1.44 0.23 2.37    
Tennessee 0.74 0.74 10.19 0.74 0.33 2.93    
SWrrHWESI BBGION 
New Mexico 3.14 3.89 11.21 0.63 0.83 2.30    
Oklahoma 2.00 2.00 4.36 1.10 1.10 3.53    
Te:z:as-Dist. 1 3.14 3.14 5.23 0.43 0.43 1.47    
Te:z:as-Dist. 2 0.98 0.98 4.60 0.80 0.80 1.97    
Te:z:as-Dist. 3 1.25 1.26 5.00 0.50 0.53 1.77    
Te:z:as-Dist. 4 1.50 1.50 6.41 0.50 0.50 3.33    
Te:z:as-Dist. 5&9 1.73 1.73 8.45 0.93 0.93 3.97    
Te:z:as-Dist. 6 1.44 1.86 5.47 0.60 0.80 1.93    
Te:z:as-Dist. 7 4.29 4.29 11.21 1.37 1.37 4.17    
Te:z:as-Dist. 8 5.71 5.71 23.83 1.13 1.13 7.03    
Te:z:as-Dist. 10 0.67 0.67 1.53 - 1.97 1.97 3.03    
Te:z:as-Dist. 11 1.36 1.36 4.62 1.10 1.10 5.40    
Te:z:as-Dist. 12 1.48 1.59 7.01 1.06 .1.17 5.00    
Te:z:as-Dist. 13 7.96 7.96 29.22 · 6.17 6.17 20.30    
Te:z:as-Dist. 14 1.12 1.23 6.30 0.63 0.63 4.83    
WESI BBGIO~ 
Arizona 0.11 2.23 6.33 0.43 4.57 9.70    
California 0.13 0.43 5.93 0.03 0.20 1.37    

* Calculated from annual estimates published by the Beltwide Cotton Conference {Head 
1990, 1991, 1992). 
t Estimates for LEP include estimates for HEL. Estimates for ALL include estimates for 
LEP. 
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Appendixll 

Economic Impacts of B.t.k. Insect Resistant Cotton 
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Abstract 

F.conomic Impacts of t.k. InsectBesistant Cotton 
Dr.  

Mississippi Stat.e University 

The introduction of genetically engineered plants which are designed to 
control insects without the use of chemicals will have significant impacts 
on the profitability of some farmers and agribusinesses. B.t.k. cotton, 
created to control Lepidoptera infestations, will allow cotton growers to 
eliminate some conventional insecticide applications, and thus reduce 
pesticide expenses. Based on available cost and acreage data and 
assumptions concerning the portion of current cotton acres that would be 
converted to B.t.k. cotton, it is estimated that cotton producers could save 
over $  per year on insect control costs by adopting B.t.k. cotton. 
As the B. t.k. cotton seed market develops and grows during the adoption 
period, the demand for conventional cotton seed and some insecticides will 
decrease. 

lntrodu.cti.on 

In recent years, public concem about the use of some agricultural 
chemicals has increased in the United States. Frequently, legal action was 
taken to force the EPA to ban or severely restrict the use of particular 
pesticides. Economic studies have been conducted to examine the likely 
impacts from such restrictive pesticide regulations. Taylor et al. (1991) 
developed a regional model and concluded that agricultural income in the 
South would be negatively impacted by more restrictive pesticide 
regulations. Richardson et al. (1991) analyzed the situation with a farm 
level model and concluded that the removal of pesticides would have a 
negative impact on Mississippi and Texas Southem High Plains cotton 
farms. However, neither of these studies allowed for the development of 
new technologies in response to incr.eased pesticide regulations. lt is 
possible that genetically engineered plants which are designed to control 
insects without the use of chemicals will be able to offset some of the 
negative impacts from increased pesticide regulations. 

B.t.k. cotton is designed to control Lepidoptera infestations, eliminating the 
need to control these pests with conventional insecticide applications. 
Revenue-related factors such as lint yields and quality characteristics are 
expected to be similar under both conventional and B.t.k. cotton production 
systems. However, per-acre production costs of B.t.k. cotton are expected to 
be impacted due to the reduction in insecticide use and the substitution of 
B.t.k. cotton seed for conventional cotton seed. Growers who adopt B.t.k. 
cotton will simply substitute B.t.k. cotton seed for conventional cotton seed 
and certain types of insecticides. Thus; the added cost of the B.t.k. cotton 
seed must be compared with the savings obtained from eliminating 
conventional seed and some insecticides. 
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Due to the diverse and complex interactions throughout the agricultural 
sector and other sectors of the economy, it is difficult (if not impossible) to 
predict future m.agnitudes of key variables with a high degree of accuracy. 
However, it is possible to speculate on the direction of change in these 
variables. For instance, pesticide regulations in the U.S. will likely become 
more restrictive over time. Reductions in insecticide use without B.t.k. 
insect resistant cotton will cause cotton yields to decline, farm. profits to 
decline, and acres devoted to cotton production to decline, especially in those 
regions where insecticide use is an integral production practice. A 
scenario which allows for the introduction of B.t.k. cotton results in a very 
different forecast. Reductions in insecticide use can be bad without yield 
reductions, farm profits will increase, and acres devoted to cotton will 
remain constant or even increase in some regions. 

lt is often argued that some new technologies have characteristics which 
promote adoption by large farms over that of small farms (Kuchler 1990). 
For instance, large initial investment costs or high levels of management 
may preclude small farms from adopting the technology. However, the 
adoption of B.t.k. cotton is not expected to be related to farm. size; i.e., small 
and large farms will have the sam.e per-acre costs and benefits from the 
adoption of B.t.k. cotton, and thus will likely have equal adoption rates. 

Ecx>nomic Impacts 

The introduction of B.t.k. insect resistant cotton will provide cotton growers 
with a choice of either maintaining or altering their current production 
practices. Each cotton grower will need to evaluate the profit potential of 
B.t.k. cotton relative to that of conventional cotton. Due to different 
Lepidopteran insect population pressures across the country, it is expected 
that some growers will be able to increase profits by adopting B.t.k. cotton, 
while other growers will not. As adoption of this new technology grows, 
some of the current supply-demand relationships in the cotton industry will 
change. As input prices and quantities adjust over time, the profitability of 
cotton growers and some associated agribusinesses will change. 

Supply and demand relationships for B.t.k. seed, conventional seed, and 
some insecticides will shift over time as the B.t.k. cotton industry develops 
and grows. Shifts in supply of an input and demand for an input have a 
tendency to put upward or downward pressure on prices and quantities 
sold. Movements in an input's price are necessary to equate quantities 
supplied and demanded; i.e, to allow the market to achieve a new 
equilibrium position. Directional impacts on price and quantity from shifts 
in supply and demand may be snmmarized as follows: 
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ncrease in supply, holding demand Decrease 
onstant 
ecrease in supp y, olding demand Increase 

onstant 
ncrease in demand, holding supply Increase 
onstant 
ecrease in demand, hol · g supply Decrease 

onstant 

n 

ncrease 

Decrease 

Increase 

Decrease 

lt is expected that the B.t.k. cotton seed (used for planting) market will 
exhibit growth during the first few years after introduction. Participants 
will gather information during this early stage of the adoption period. 
There will be much uncertainty in supply and demand, generating an 
environment in which price discovery will evolve over time. As the B.t.k. 
cotton seed market matures over time, a more stable supply-demand 
relationship should develop. 

Cotton growers who decide to adopt B. t.k. cotton will replace conventional 
cotton seed with B.t.k. cotton seed. Seed companies will retain some of the 
B.t.k. cotton seed produced with the current year's B.t.k. cotton crop and 
make it available to growers for production of the ne:xt year's B.t.k. cotton 
crop. Thus, the supply of B.t.k. cotton seed is expected to increase during 
the first few years. As the B.t.k. cotton seed market grows, there will be a 
simultaneous decrease in the demand for and the supply of conventional 
cotton seed. These shifts will cause a decrease in the quantity of 
conventional cotton seed and either an increase or a decrease in its price. 
Over time, a new equilibrium position will be determined in the markets for 
both types of seed. lt is expected that profits of seed producers will increase 
due to the introduction of B.t.k. cotton. 

Growers who use B.t.k. cotton seed will be able to reduce their applications 
of chemical insecticides that are used to control Lepidoptera infestations. 
Thus, a decrease in the demand for these types ofinsecticides will occur, 
causing a decrease in both the quantity and price of certain insecticides. In 
some regions ofthe country, a common practice is for cotton growers to hire 
custom applicators (either ground rigs or aerial spraye) to apply some 
insecticides and other chemicals. Therefore, in conjunction with the 
decline in insecticide use, there will also be a decrease in the demand for 
custom applicators in these regions. 

Cotton insect scouts and consultants are often hired by cotton growers to 
help make management decisions throughout the growing season. lt is 
expected that growers who adopt B.t.k. cotton will still utilize scouts and 
consultants for various kinds of insect problems. Therefore, the impact of 
th~ introduction of B.t.k. cotton on scouts and consultants is expected to be 
m1nor. 
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The economic impacts on cotton growers who adopt B.t.k. cotton could be 
significant. Elimination of certain pesticides will reduce a grower's 
insecticide cost and application cost. However, B.t.k. cotton seed will 
presumably command a higher price than conventional cotton seed, 
resulting in an increase in a grower's seed cost. To entice a cotton grower 
to purchase B.t.k. cotton seed, the profits from B.t.k. cotton production must 
be greater than the profits from conventional cotton production. Thus, to 
assure adoption of B.t.k. cotton, the increased expense of B.t.k. cotton seed 
must be more than offset by the savings from reduced insecticide use. 
Supply and demand relationships in related markets will acljust over time 
until an equilibrium position e:xists between B.t.k. cotton and conventional 
cotton. lt is expected that growers who adopt B.t.k. cotton will exhibit an 
increase in profitability. 

In some regions of the country, cotton production is unprofitable due to 
high insecticide costs, and thus acreage is not allocated to cotton in these 
regions. The introduction of B.t.k. cotton, which will have lower insecticide 
costs, could allow cotton production to become profitable in these regions, 
allowing the acreage devoted to cotton production to increase. If an 
increase in cotton acreage and thus the supply of cotton occurs, the price of 
cotton should decrease, leading to lower wholesale and retail prices of 
cotton-related products. 

IDsect Control Cost Reducü.ons 

An estimate of the insect control cost reductions due to adoption of B.t.k. 
cotton provides an indication of the potential benefits that cotton producers 
may expect to achieve. The United States was divided into four regions 
based on differing insect problems and control practices. The regions were 
defined as follows: 1) Southeast - Alabama, Georgia, Florida, South 
Carolina, and North Carolina; 2) Delta - Louisiana, Mississippi, and 
Arkansas; 3) Coastal Bend ofTexas - Districts 10 through 14; 4) West -
Arizona. Insects considered were bollworms and budworms in all four 
regions and leaf perforators and pink bollworms in the West. Although 
B.t.k. cotton may provide some level of control on other insects, the 
economic impacts would be small relative to the impacts on these major 
pests. 

Results presented here were derived from data compiled by Head for the. 
years 1990-1992. The per-acre costs of controlling major susceptible 
Lepidopteran insects for each region are presented in Table 1. The acres of 
cotton that were harvested are reported in Table 2. The estimates of the 
reduction in insect control costs due to the introduction and adoption of 
B.t.k. cotton are presented in Table 3. 

Insect· control cost per acre varied across regions and years (Table 1). The 
three-year average ranged from a low of $  per acre in the Coastal Bend 
ofTexas to a high of $  per acre in the West. Variation in cost per acre 
from year to year is expected due to the fluctuations in insect populations. 
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Cotton acres also varied somewhat over years (Table 2). The three-year 
average is considered to be representative of the average cotton acreage over 
the near future. 

If it is assumed that B.t.k. cotton will be used on one-half of all cotton acres 
in a region, then the potential reduction in insect control costs for a region 
may be determined. Based on available cost and acreage data and 
assumptions concerning the portion of acres using B.t.k. cotton, it is 
estimated that cotton producers could save over $  per year (on 
average) on insect control costs by adopting B.t.k. cotton. The Delta region 
could expect an impact of over $ . Some portion of the cost savings 
will have to be used to offset the expected higher seed cost. Also, it is 
expected that some other insect control practices could change with the 
adoption of B.t.k. cotton. The economic impacts (whether positive or 
negative) of these changes are expected to be relatively small compared to 
the cost reductions presented in Table 3. 

Conclusions 

The adoption rate of B.t.k. insect resistant cotton will be influenced by 
economic factors. Cotton growers will evaluate the profit potential of B.t.k. · 
cotton relative to that of conventional cotton. Due to varying Lepidopteran 
insect populations in different regions of the country, some growers will be 
able to increase profits by adopting B.t.k. cotton, while other growers will 
not. As cotton growers increase their use of this new technology, some of 
the current supply-demand relationships in the cotton industry will be 
altered. As the B.t.k. cotton seed market grows, it is expected that the 
markets for conventional cotton seed and some insecticides will exhibit a 
decline in demand. This
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TableL lnsectcontrol cost per acre byregi.on aud year1 

Region 1990 1991 19WJ avg. 

Southeast 
Delta 
CoastalBend 
West 

 
 
 
 

----·-·--($/acre)•··-·-·--· 

  
  
  
  

1 Insects are the bollworm, budworm, leaf perforator, and pink 
bollworm. 

Table 2. Cotton acres harwested byregion aud year 

Region 

Sontbeast 
Delta 
CoastalBend 
West 

1990 1991 avg. 

---·---·-•(thousand acres)--·-· 

1,127.5 
2,702.6 

787.3 
460.0 

1,546.0 
2,966.4 
1,051.1 

450.0 

1,534.0 
3,185.0 

787.3 
410.0 

1,402.5 
2,951.3 

875.2 
440.0 

Table8. IDsect control cost sav:ings by regionI 

lnsect 
B.t.k. Control Reducti.on 

Region Acres Cost inCost 

tbonppd $/acre rnilli0n$ 

Sontbeast 701.3   
Delta 1,475.7   
CoastalBend 437.6   
West . 220.0   

To1al 2,834.5   

1 Assuming that one-half of all cotton acres are converted to 
B.t.k. cotton. 
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Appendixm 

Gene Transfer Between Contiguous Cultivated. Cotton and 
Between Cultivated and Wtld.ReJatives 
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GENE TRANSFER Bl!.1.1WEEN CONTIGUOUS CULTIV ATED 
COTTON 

AND BE..'TWEEN CULTIVATED COTTON AND WILD 
RELATIVES 

Report to Monsanto Company 

This discussion is limited to the potential of genetic material to move from 
cultivated cotton to a related wild relative or to a contiguous genotype of the 
same species within the geopolitical boundaries of the USA. First, the 
genetic potential for horizontal gene flow will be addressed. This will be 
followed by a discussion of the physical limitations to outcrossing. A brief 
comment on the potential of a cultivated cotton or wild relative containing 
Bt and NPT Il genes becoming a weedy pest concludes this report. 

For gene flow to occur via normal sexual transmission certain conditions 
must exist. 1) The two parents must be sexually compatible; 2) their 
periods of fecundity must coincide; 3) a suitable pollen vector must be 
present and capable of transferring pollen between the two parents; 4) 
resulting progeny must be fertile and ecologically fit for the environment in 
which they find themselves. All Gossypium species are seif-fertile but can 
be cross-pollinated by certain.insects. Wmd transport ofpollen is not a 
factor. 

Gene Tmnsferto W-dd Species 

The criterion of sexual compatibility greatly limits the potential of gene flow 
from cultivated Gossypium in the geopolitical boundaries ofthe USA. No 
genera in the Gossypieae tribe occur naturally in the USA. Very wide 
hybridization between a Gossypium sp. and other genera is rare and has 
been reported only for Abelmoschus esculentus (Brown, 194 7). In this 
instance cotton was the matemal parent and the one hybrid plant was 
depauperate and both male and feniale sterile. I have made numerous 
pollinations of hibiscus (Hibiscus acetosella, H. syriacus), okra 
(Abelmoschus esculentus),. and Alyogyne spp. onto semigametic cotton. In 
many instances seed have been obtained, but in all cases the resulting 
plants have been cotton. Apparently parthenogenesis is occurring, a 
prospect that we intend to study more closely. I have made numerous 
attempts to cross cotton (semigametic G. barbadense) onto Hibiscus as the 
matemal parent without success. The available experience indicates that 
the potential for Gossypium to outcross with other malvaceous genera is 
extre~ely low to nil. 

In the absence of intergeneric hybridization, the major issue to be 
considered is the probability that cultivated cotton species (G. hirsutum and 
G. barbadense) will hybridize with feral or wild species of Gossypium. This 
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potential e:xist.s in only three locations in the USA where Gossypium species 
occur naturally. These are 1) south Florida, 2) the Hawaii Islands, and 3) 
southem Arizona. In no instance has frequency data on outcrossing been 
taken. 

The wild diploid, G. thurberi, occurs in the mountains of southern Arizona 
(Fryxell, 1979). Under controlled conditions tbis species can be made to 
hybridize with G. hirsutum when the latter is the female parent (Beasley, 
1942; Gerstel, 1956; Gerstel and Phillips, 1958). I bave made numerous 
attempts to make hybride between G. hirsutum and a. thurberi with the 
latter as the maternal parent - all were u.nsuccessful. The possibility is not 
nil because several (7) other wild diploide have been hybridized as maternal 
parents including ~ related G. trüobum (Meyers,1973; Umbeck 
and Stewart, 1985;--unpublished). However, hybrids between G. 
hirsutum (or G. barbadense) and G. thurberi are triploid (3x=39) (Beasley, 
1942) and completely male and female sterile. For fertility to be obtained the 
chromosome complement must be doubled to the hexaploid level, and this 
has been done experimentally (Beasley, 1942; Brown and Menzel, 1952; 
Gerstel, 1956; Gerstel and Phillips, 1958). No natural hexaploids of 
Gossypium e:xist in nature even though tetraploid and diploid species have 
coexisted in the Americas in excess of one million years (Wendel, 1989). To 
my knowledge no record e:xists of genetic movement from a higher ploidy 
genotype to a diploid Gossypium either in nature or by human ' 
manipulation. All recorded genetic movement involving diploide has been 
from diploids to higher ploidy lines. 

The potential for genetic information to flow from a cultivated Gossypium 
species to G. thurberi is nil by all reasonable criteria. G. thurberi is 
restricted to the mountainous regions of southern Arizona and does not 
occur in the desert valleys where cotton is grown. G. thurberi blooms late in 
the season (Sept. - Oct.) when comm.ercial cotton in the area is being 
harvested, so there is only minor overlap in blooming. Pollen transfer 
between the two species is highly unlikely, sexual compatibility is very low, 
and should any progeny ever occur, they would be sterile. 

Feral G. hirsutum occurs in the strand areas of southern Florida . 
(Everglades National Park) and the Florida Keys {Percival, 1987). The 
potential for genetic transfer to tbis feral cotton would not differ from the 
potential for transfer to other contiguous cultivated cottons should a 
transgenic line be grown in the vi~ty. Cotton is not grown in southern or 
central Florida, so the potential for genetic transfer by natural means is 
extremely low. Direct bnman intervention by deliberate hybridization or by 
cultivation of transgenic plants as ornamentale in the area would increase 
the potential. 

A wild tetraploid species, G. tomentosum, is endemic to some of the 
Hawaiian Islands {Stephens, 1964). All of the known tetraploid species of 
Gossypium, including G. tomentosum, have the 2{AD) genomic 
constituency and will hybridize with any ofthe other tetraploids (Beasley, 
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1940a,b). Apparently G. tomentosum is opportunistic and blooms whenever 
sufficient moisture is available (Stephens, 1964), so the potential for 
hybridization is not related to season. Hybrids (F1) between G. tomentosum 
and G. hirsutum are vigorous in ve etative owth but while fertile, are 
not particularly fruitful . Observations on 
subsequent generations have not een o serve m terms of relative fitn.ess 
for survival. Stephens (1964) reported the occurrence of what he considered 
hybrid swarms from G. barbadense x G. tomentosum hybridizations on the 
island of Oahu. He noted that the plants looked more like G. barbadense 
with some G. tomentosum introgression.  (Iowa State University, 
unpublished) has grown several accessions of G. tomentosum under 
greenhouse conditions and examined these for morphological and isozymic 
diversity. He observed morphological variation which he thought 
represented introqression of G. hirsutum. He is of the opinion that his 
pre.Jiminsry isozyme data supported the supposition but to a lell.iliilser de ee 
than what morphological observations would have indicated 
-· Stephens (1964) considered the degree ofdiversity wi . 
tomentosum to be low, but in fact, a thorough documentation of the diversity 
does not exist. Thus, the question of the degree of interspecific 
introgression, if any, is an unanswered one. 

My observations on a related wild/cultivated Gossypium interaction in NE 
Brazil iE.t simiJar to that of Stephens on the Hawaiian species. In plots of 
Moco cotton (cultivated perennial G. hirsutum race 'Marie Galante') I 
commonly found plants with a few morphological features characteristic of 
G. mustelinum. I interpret this as gene tlow from the wild species to the 
cultivated. In one instance a G. mustelinum plant was found growing in a 
field ofMoco cotton. (Would you call this an invader or an escape from the 
wild?) The wild populations of G. mustelinum showed no morphological 
evidence of introgression from cultivated types. A third model can be found 
on the Galapagos Islands with G. darwinii and G. barbadense (Wendel and 
Percy, 1991). In this case the phylogenetic lineage is very close (species 
pair) and introgression apparently occurs in both directions. 

Given the opportunity by proximity, concurrent tlowering, and pollen 
vector, wild tetraploids, including G: tomentosum, will hybridize with 
cultivated cotton in both directions. Factors that influence the probability 
that a hybridization event will actually occur in Hawaii have been 

ll!!!i!dressed b Monsanto in obtaining an experimental use permit 
1991). A major point of consideration is the proximity of the 

species to the transgenic cultivated type. Distance will exert the same 
barrier to interspecific cross-pollination as on intra-specific crossing. 
Available evidence indicates that G. tomentosum is restricted to the arid 
regions of Niihau, Oahu, Molokai, Maui, Lanai and Kahoolawe (Stephens, 
1964). _ The use of one or more of these islands as a winter garden for seed 
increase of transgenic cotton would increase the potential for outcross to the 
wild species while culti.vati.on on the other islands would pose no threat. 
Due regard for plot location relative to wild populations would need to be 
taken (if the transgenic material is deemed undesirable). 
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Gene Transfer to Cultivated Genotypes. 

In as much as similar cotton genotypes are fully compatible, any pollen 
that is transferred has the potential to produce a hybrid seed. The degree of 
outcrossing in a production field is strongly dependent upon the geographic 
location of the field (Simpson, 1954), which means upon the crop ecology. 
The most important factors are the kinds and numbers of insect pollen 
vectors. Bumble bees (Bambus spp.) and honey bees (Apis mellifera) are the 
most significant (Theis, 1953; McGregor, 1959; Moffett and Stith, 1972; 
Simpson and Duncan, 1956) with the form.er being the most efficient 
pollinator. Typical outcrossing percentages for a number of locations in the 
cottonbelt are listed in Table 1. These are all old report.s made under crop 
ecological conditions that may no longer exist. This is specifically 
addressed in the report ofMeredith and Bridge (1973) whose results 
indicate that out-crossing has declined in the Mississippi Delta (from 28% 
reported by Simpson to 2% average over 11 locations with a range of0.0% to 
5.9% ). This may be typical of many of the cotton growing areas where loss 
of insect habitat and heavy use of insecticides is the norm. On the other 
hand, if production of bioengineered cotton becomes wide-spread and 
insecticide use declines, bee populations may increase and raise the 
potential for out-crossing to previous levels. 

Considerable work has been done on the degree of outcrossing between 
adjacent plants, rows and plots of cultivated cotton (Afzal & Rahn, 1950a,b; 
Green & Jones, 1953 ; Thies, 1953; and others s11mmari1;ed in Brown, 1938). 
Recently, both Monsanto (1990 report to APHIS on 7 locations) and 
Agracetus (Umbeck et al., 1992) used molecular techniques to determine 
outcrossing from transgenic cotton plots buffered by cotton. Both reports 
showed that no more than 6% outcrossing occurred on border rows and the 
percentage dropped rapidly in rows successively distant from the plot. 
These results adequately show that the containment strategies used under 
the experimental use license were adequate. The question of potential 
escape under wide-spread cultivation is not addressed by any of these data. 
Almost without question, the transgenic material can be expected to be 
transferred to other cultivated genotypes over time. Because of the 
perceived benefits of the Bt gene in worm resistance, surreptitious 
outcrossing to other cultivated cotton can be expected. This will be 
independent of distance, pollinators, etc. Only a strong legal stance by the 
proprietary developers will slow this process, and this ultimately will have 
no bearing. The basic question m~t be centered on the potential for Bt 
cotton to become a pest or contribute genes that will make a relative a pest. 

Pest Potential ofBt Cotton. 

For anyone familiar with the cottons of the world, this does not merit 
consideration. All wild and feral relatives of cotton are tropical, woody, 
perennial shrubs other than a few herbaceous perennials in NW Australia. 
With the exception of G. thurberi discussed above and G. sturtianum in 
Australia, these cannot naturally exist even in the milder temperate 
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regions. In most instances the distribution of these species is determined 
by soil and climatic conditions rather than insect pressure. As perennials 
the plante are not particularly programmed to produce seed each year. In 
fact, they tend to drop fruit in response to stress. lt is unlikely that Bt would 
impact survival either way. The only species that approaches the 
designation of pest is the arborescent G. aridum in parts of central western 
Mexico where it grows in fence rows much like sassafras in parts of the 
US. 

In those areas of the USA where feral or wild cottons occur (south Florida, 
Hawaii) the problem is not potential prolüeration of plante but loss of the 
germplasm resource. In this respect, introgression of additional pest 
resistance (Bt) might be viewed favorably. Ultimately if Bt should be 
transferred to a wild population of a tetraploid, and tbis was considered 
undesirable, the size of the plante, their perennial growth habit, their 
restricted habitat, and their low natural fecundity (say relative to 
something like Johnsongrass) would make control exceptionally easy. 

Tab1e 1. Typ.ical early reports of out-crossing in cotton. 

Location 

SEMissouri 
Tennessee 
Central Texas 
Sou.tbeast 
College Station, 'IX 

Mississippi Delta 

14 
47 
10 
33 

24-48 
6.6 
28 
2 

17b 

Refenmce 

Sappenfield, 1963 
Simpson & Duncan, 1956 
Simpson, 1954 
Simpson, 1954 
Richmond, 1962 
Simpson, 1954 
Simpson, 1954 
Meredith & Bridge, 1978 
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AppendixlV 

EPAEFGWB Data Evaluation Record 
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DATA EVALUATION RECORD 

Biological Fate: Transgenic cotton plants containing a -Bacillus 
thuringiensis delta-endotoxin and an NPTII marker enzyme (Monsanto 
Company; EPA File Symbol 524-EUP-TG) 

REVIEWED BY: 

Chief., Section 1 
EFGWB/EFED 

CONCLUSIONS: 

Signature: 

Date : __ ..,.JAN ___ 2_.l ___ 1992 __ _ 

Signature: 

r. Based on the data submitted and a review of the scientific 
literature, EFGWB concludes·that the protocols for this EUP present 
no unreasonable risk of unplanned . pesticide production through 
expression of the Bt delta-endotoxin or NPTII marker enzyme genes 
in wild relatives of the transformed cotton, Gossypium hirsutum L. 
Only two wild species of Gossypium occur in the United States: G. 
thurberi Todaro and G. tomentosum Nuttall ex Seeman {Brown and 
Ware, 1958; Fryxell, 1979; Munro, 1987). ·The former has been 
described by Kearney and Peebles (1951): 

Gossypium thurberi Todaro (Thurberia thespesiodes Gray). 
Graham, Gila, Pinal, Maricopa, Cochise, Santa Cruz, and Pirna 
counties, reported also from the Bradshaw Mountains (Yavapai 
County), 2,500 to 5,000 (rarely 7,000) feet, rather common on 
rocky slopes and sides of canyons, late summer and autumn. 
Southern.Arizona and northern Mexico. 

A handsome shrub, known in Sonora as algodoncillo ( li ttle 
cott~n); reaching a height of 4. 2.· m. · (14 feet). Petals 
normally spotless, but plants.-with.faint crimson basal spots 
are not .rare. The plant is interesting because a subspecies 
of the cotton boll weevil breeds in the capsules. The form of 
this insect of which G. thurberi is the normal host also 
occasionally attacks nearby cultivated cotton, consequently 
the United States Oepartment of ~griculture endeavored at one 
time to eradicate the plant where it grew near areas of 
cotton cultivation. {p. 553) 

The Casa Grande, Maricopa and _Yuma, Arizona sites for this EUP are 
in desert valleys which provide distance and habitat isol~tion··trom 
populations of G. thurberi. Notwi thstanding, any gene exhange 
!)et....,eeen plants of G. hirsutum and G. thurberi would resul t in 
· :-:I)loid (Jx=39), sterile plants because G. hirsutum 1s an 
,~lotetraploid (4x=St?) and G. thurberi is a diploid (2x=26). Under 
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controlled conditions, hybrids have been produced when G. thurberi 
served as the paternal parent; allohexaploids have not been 
reported in the wild ( , 1991). 

The range for Hawaiian cotton, G. tomentosum has been 
described by Degener (1946): , 

LOCAL RANGE: Found on the larger islands as well as on 
Nihau and Kahoolawe. It grows on arid, rocky or clay.plains 
not far from the sea. · On the larger islands, it is hence 
found chiefly on the dry, leeward side. On Oahu it is common 
near.Koko Crater, and grows scattered between Honouliuli and· 
Makus · Valley. On Molokai it is extremely common on the 
southwestern end; elsewhere it is rare except near Kamalo. 
Specimens growing near Kaunakakai, according to Hillebrand, 
differ from the typical. On Maui the species may be found far 
from the sea in one of the valleys south of Wailuku. 
According to Watt ("Cotton Plants of the World" 71. 1907) "In 
the British Museum there is a specimen with very small leaves, 
entire or three-lobed, which bears the rernark that it is 'G. 
parvifolium Nutt. MS. 1 It certainly is nothing n1ore than a 
variety, but it is worthy of separate rnention. It would 
appear to have been collected at Owhyhee (Hawaii). A specimen 
in the Kew Herbarium from the Molokai Island has the three 
leaves very rnuch narrower than is custornary and is thus 
probably also this variety of the species." From our present 
knowledge of all these plants, it still seerns best to treat 
them as a single species. 

EXTRA RJ>.NGE: Endemie to the Hawaiian Islands but cited 
erroneously in the Fij i · Islands as · well. The closest 
relatives of this species are native to the Galapagos Islands 
and to Australia. (n.p.). 

A later assessment by Stephens (1964) indicated the probable 
geographic range for G. tomentosum as being lirnited to the six 
islands of Kahoolawe, Lanai, Maui, Molokai, Nihau and Oahu (See 
Appendix 1). The only Hawaiian site requested for this EUP is for 

· crease nursery on the island of Kauai. Two surveys by 
(1990, 1991) found no G. tomentosum growing-or reported 
the wild on Kauai; cultivated plants of G. to~entosum 

were reported as growing in .a private garden 10 rniles from the test 
site. Naturalized plants of sea island cotton (pulpulu haole, G. 
barbadense L.) growing within o.s miles of the test have been 
destroyed. 

Upland, Hawaiian and sea island cotton are all interfertile 
tetraploids (Beasley, J.O. l940a,b, 1942). It is noted that the 
tropical climate of Hawaii, which pennits a true perennial habit 
for all three Gossypium species, poses a monitoring concern already 
experienced near the test si te: "To reduce seed production and 
dispersal it (a plant of G. barbadense within th--) "had 
been chopped down. in .. July., 1990 by this .writez:. .J.991) , . 
but it has quickly regrown, and was flowering pro 1 1ca y from 
Dec. to early March, 1991. 11 Introgression has been claimed for 
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what Stephens (1964) considered hybrid swarms of G. barbadense x G. 
tomentosum. The possibility of the capture and expression of the 
Bt protein and NPTII enzyme by either species can be prevented by 
restricting pollen movement from t~e test sit_e, -denying 
unauthorized personnel access, destroy1ng all propagules (seed, 
vegetative plant parts) not used for further study and monitoring 
for volunteers and suckers following harvest (See Recom.mendations. 
below). 

II. Based on the data submitted and a review of the scientific 
literature, EFGWB concludes the protocols for this EUP present no 
unreasonable risk of unplanned pesticide production through 
expression of the Bt delta-endotoxin or NPTII marker enzyme genes 
in feral populations of G. h1rsutum or G. barbadense in . the 
continental United States. The inability of plants or seeds of 
either of these species to survive freezing temperatures restricts 
their persistence as perennials or recurrent annuals to tropical 
areas. F-eral populations of G. barbadense ex ist · in parts of 
southern Florida (Percival, 1987), but feral populations of ne-ither 
this species nor G. hirsutum have been reported near any of the 
continental test sites subject to this EUP. 

III. Based on the data submi tted a.nd a review of the 
scientific literature, EFGWB concludes that expression of the Bt 
delta-endotoxin or NPTII marker enzyme genes in cultivated cotton 
grown for the EUP will neither create nor agrravate weedy or 
agressive characteristics. Acquisition of the Bt delta-endotoxin 
would confer selective advantage (specific insect resistance) to 
cultivated cotton, but would not modify the hardiness, habit 
(shrub), reproductive (not asexually propagated), cultural (host to 
other pests not controlled by Bt) and other l imi ts which have 
prevented either upland or sea island cotton from becoming 
aggressive or weedy despite their long cultivation in the cotton
growing regions of the continental United States. 

IV. Based on the data submitted and a review of the scientific 
literature, EFGWB concludes that the containment strategy of a 
minimum of 24 buffer rows of nontransgenic cotton, or an isolation 
distance of at least of 0.25 miles from any other cotton, will 
minimize, but not eliminate, the capture and expression of the Bt 
and NPTII genes.by cultivated cotton growing near the test sites. 
Outcrossing rates of 3% or less are expected in cotton adjacent to 
the last (24th) border row or in cotton isolated by a distance of 
0.25 miles. · 

With this EUP request, the applicant has submitted the results 
of a 1990 .study on the use of border rows for containment of 
transgenic pollen. {See Reported Results: Table 1) EFGWB 
concludes that the data submitted with this study do not support 
the outcrossing rates expressed in·the tables because samples were 
pooled from different löcatiöns on J;>"lants ·and-different positions- .. 
within rows. The sampling procedure did include these parameters 
but subsequent pooling before seed selection means data presented 
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do not reflect either developmental or spatial variabilities in 
o•tcrossing potential. 

The 1990 study was conducted in conjunction with other tests 
of trangenic and nontransgenic cotton plants at the same sites and 
was not designed solely to determine outcrossing rates·. There was 
not a uniform distribution of single-line transgenic plants in all 
quadrants of the experimental plots. Some border rows were 
perpendicular to the transgenic plants; other were parallel. Kind 
and number of altemate pollen sources varied with site. Nor can 
data .from seven 1990 si tes be assumed to reflect the ·expected 
variability at 24 sites during the 1992-93 field tests where new 
locations, field designs, contiguous crops, and pollinator 
densities will interact with unpredictable weather conditions. 

Notwithstanding the predictive limitations of the 1990 
Monsanto outcrossing study, EFGWB concludes that an expected 
outcrossing rate of 3% or less with either 24 border rows or a 0.25 
mile buffer to other cotton is consistent with known information 
concerning the effecti veness of buf fer rows in reducing outcrossing 
in cotton (see below), the foraging behavior of bee pollinators 
(Kareiva et al, 1991), and the use of isolation distance· to limit, 
but not eliminate, gene flow (Association of Official Seed 
Certifying Agencies, 1971; Green and Jones, 1953). , 

Species in the genus Gossypium are self-compatible (Fryxell, 
1979) with the timing of anther dehiscence and stigma receptivity 
for G. hirsutum being synchronous (homogamy). The amount of cross
pollination or "natural crossing 11 (McGregor, 1976) ·that occurs has 
been attributable to many factors including: 

1. The species and number of insect pollinators present 
(Thies, 1953); . 

2. Sugar concentr.ation and composition of floral nectaries 
{Moffett et al, 1975); 

3. Location with respect to alternate nectar sources, 
such as summer-flowering tamarisk (Moffett and Stith, 
1972). 

4. "Flowering habits of the varieties grown, by the abundance 
of unlike pellen, by location of the fields in relation to 
insect habitats, ••• by distance between unlike topography 
and barrier crops, and by other environmental, climatic and 
biotic factors" {Simpson, 1954). 

Insect .pollinators, primarily bumblebees (Bambus spp) and honey 
bees (Apis mellitera L.), are the agents for pollen dispersal in 
the cotton growing regions of the United States; wind is not 
considered a vector (Thies, 1953). Buffer rows have been shown to 
provide effective traps for th'e outflow of pollen. Simpson and 
Ouncan (1956) have explained the dilution effect of such rows as 
follows: 

Assuming .. t.hat. a pollen-.free bumblebee enters a cotton 
field at random, its first flower visitation will provide an 
initial load. Since the bumblebee 1 s search for food is quite 
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systematic, its flights after entering the field are short, 
usually to the next visible flower. Maximum transfer of 
pollen would logically occur at the first stop after picking 
up an initi.al load. Pollen distribution from a focal center 
is essentially a •put an~ take• procedure. Every step away 
from the focal point resul ts in the l_oss of some frac!tion of 

·the pollen acquired at the initial stop. And also, every 
step becomes a new focal point for further distribution. (p. 
307) 

Using foliar color differences to detect outcrossing events, 
Simpson and Ouncan recorded a drop from over 40t to approximately 
3% in otitcrossing through 75 feet of cotton buffer (See Appendices 
2-4). Their experimental design resulted in a decrease with 
distance in the area that was sampled to determine outcrossing. 
Competition between self-pollination and three different sources 
for cross-pollination confound the interpretation of the effects of 
distance and trapping on pollen dispersion. 

Green and Jones {1953) examined all progeny {ove~ 100,000) 
from an experiment comparing the effects of distance and buffer 
rows on outcrossing (Appendices 5-6). Buffer rows were more 
effective than distance in reducing hybrid production; outcrossing 
decreased from 19.51 to 1% through 33 feet (2 rods of buffer); the 
decline was to only 4. 7t across a cotton-free zone of the same 
distance. Unequal or missing samples and the possible contribution 
of edge effects complicate the interpretation of this data. 

In other cotton outcrossing experiments, where sample sizes 
are small and population variability is high, the significance of 
the results is diminished. For example, Meredith and Bridge {1973) 
state in the "Abstract" of their study of "Natural Crossing of 
Cotton (Gossypium hirsutum L.) in the Delta of Mississippi": 

The glandless trait was used to study the amount of 
natural crossing in cotton (Gossypium hirsutum L.) in the 
Delta of Mississippi. We sampled 102 hills of glandless 
cotton planted in fields of glanded cotton at 11 locations in 
1972. Natural crossing varied from o.o to 5.9% and 
averaged 2.0~. There was only 0.2% natural crossing in the 
five Central ·oelta locations. These results indicated that in . 
the Central Delta of Mississippi, cotton is essentially a 
se~f-pollinated crop. (p. 552) 

The sources for the analysis of variance in this experiment were 
locations (10 degrees of freedom [df]), rows within location {7df), 
location + rows (17df) and hills within rows (84df). "The 
coefficient of variability for hills within a row was 2951 The 
ranges {of outcrossing) were from o to 41.1% •.. for all hills." (p. 
552) 

Summary ·data from 5'l~fferent locations representing several 
years of outcrossing experiments ·may suggest trends·; but· this
measure can also rnask variability. Sappenfield (1963) provides a 
rnean of the rneans for six years data on natural crossing of upland 
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cotton in Missouri indicating that the "average amount of natural 
crossing for the 6-year period over the general production area was 
only moderate and estimated at 13. 61." The range for one year 
(1958) was from 1.01 for Bragg City to 32.2% for Diehlstadt. In 
1959 the Diehlstadt rate was 4.4\; in 1961 it was 23.0% (See 
Appendix 7). Thus not only i's there substantial variability in 
natural outcrossing· from site to si te, but from year to _year at the 
same site as well~ 

Other variables that_ must be considered in evaluating 
"natural" outcrossing_data for cotton include t~e plant materials 
being tested. Prior to thei development of recombinant DNA 
technology, morphological differences, such as glanded versus· 
glandless and red-leaf versus green leaf, or progeny counts from 
male sterile lines, provided ways to detect outcrossing events. 
Morphological markers may bias outcrossing rates by affecting 
pollinator preference. In the case of male sterile plants, all 
progeny result from outcrossing because there is no self
pollination. 

In summary, based on the data subrnitted and a review of the 
scientific li terature, EFGWB concludes that rnaxirnum. 011tcrossing 
rates in cotton are site specific and that buffer rows are 
effective in reducing these rates. The reduction curve is 
asymptotic, with the rnost rapid decline in outcrossing occurring in 
the rows closest to the foreign pollen source. A rate of 31 for a 
rninirnum of 24 buffer rows is consistent with that reported in 
earlier studies--and within the 95\ confidence lirnits of Monsanto•s 
own data for Boissier City. -1991c, 1992. 

RECOMMEND1'TIONS: 

I. EFGWB recommends that all sites except the seed increase 
nursery in Hawaii be surrounded by either a rnirnimum of 24 rows of 
non-transgenic Gossypium hirsutum or be isolated from any other 
cotton by at least 0.25 miles. 

II. EFGWB recommends that in addition to the four rows of 
nontransgenic cotton surrounding the Hawaii seed increase field, 
the following additional measures be taken to prevent the removal 
of propagules from the test site or the expression of the 
transgenic pesticides in perennial cotton: 

A. Guarantee through physical barriers (fencing) and/or 
other security measures that the test site will be 
limited to authorized personnel only. 

B. Extend the monitoring period at the test site for 
volunteers or suckers to five rnonths following 
harvest; destroy all suckers or volunteers. 

C. Resurvey .. the .. area .. wi thin o. 6. rniles,• of the. test -si te . __ - __ 
following harvest for any feral plants of Gossypium 
spp; destroy any found. 
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MATERIALS AND KETBODB: 
Konsanto outcrossing Experiment: Buffer Rovs and Cotton 

Purpose: To determine levels of outcrossing as affected by 
buffer rows: included in field tests of 
transgenic cotton plants containing the 
delta-endotoxin from Bacillus thuringiensis 

Year conducted:.1990 · 
Si tes ( 7) : Baissier, Brawley, casa Grande, College · Station 

Halfway,· Maricopa and Starkville: fields adjacent 
to College Station and Brawley were also 
surveyed (no sampling information given) for 
outcrossing 

Genotypes: Segregating and homozygous lines from five 
independent transgenic plants of Coker 312 carrying 
Monsanto construct pMON 53771 nontransgenic 
controls 

Procedures: 

The experiment will be surrounded by 24 border rows to provide 
a trap for all outgoing pollen carried by insects and wind. The 
line used for the border rows will be glandless cotton. Since the 
gene for glandless is recessive to the gene for glands (carried by 
the transgenic cotton), out-cross events can be identified by 
glands on the seed embryos. At the end of the season, samples will 
be collected from the border cotton by harvesting a boll every 10 1 , 

alternating among the bottom, middle, and top of the plants 
harvested. These samples will be collected around the field on 
every other row starting with the row closest to the transgenic 
cotton. This scheme will provide a total of 12 samples per test. 
These samples will be sent to Monsanto 1 s laboratory in 
Chesterfield, MO so they can be evaluated for outcrossing events. 
The plants that exhibit glands will be used to confirm that the 
border rows were effective in maintaining the gene within the 
confines of the experimental area. 

As it turned out, we were not able to rely solely on the 
marker to determine the rate of· outcrossing since seed of the 
glandless line used as border was contaminated with some seed with 
the gene f or glanding. Therefore, a.nother assay · was used to 
determine which glanded seed harvested out of the border area were 
actually due to an outcrossing event with Bt cotton. An ELISA 
assay developed at Monsanto . is used routinely to identify 
seed/plants that are expressing the Bt protein. The assay is 
specific to the Bt protein and very sensitive to small quantities 
of the protein. 

Therefore, the samples were randomly collected from every 
othe~ border row surrounding the field. No attempt was made to keep 
the seed· from the different locations on the plant separate. The 
150 seeds were randomly selected from the seed collected at each 
distance. 
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REPORTEO R.ESULTS: 
'l'able 1 

Percent outcrossing at varying distances from the. Bt cotton 
observed at six [seven] test s,ites [and at three adjacent fields]. 

Approximate 
distance 
from A 
test (ft) % 

3.3 
9.9 

16.7 
23.3 
30.0 
36.7 
43.3 
50.0 
56.7 
63.0 
70.0 
76.7 

H 
I 
J 

o.o• 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

Location 

B C D 
t s.o.+ t s.o. t 

o.o 
o.o 
o.o 
o.o 
l.3 0.9 
o.o 
o.o 
o.o 
0.0 
0.7 
o.o 
o.o 
0.0 
o.o 
o.o 

3.3 
2.0 
0.7 
o.o 
o.o 
o.o 
0.7 
o.o 
o.o 
o.o 
o.o 
o.o 

1.5 
1.1 
0.7 

0.7 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

A. College Station F. Starkville 
G. Casa Grande 

E F G 
% s.o. % s.o. % 

4.7 l.7 
o.o 
o.o 
o.o 
o.o 
2.0 1.1 
o.o 
o.o 
o.o 
o.o 
o.7 0.1 
0.7 · 0.7 

2.0 
3.3 
o.o 
o.7 
o.o 
2.0 
l.3 
o.o 
o.o 
0.7 
0.0 
0.0 

l.l 
1.5 
o.o 
0.7 

:-,_. l . 
0.9 

0.7 

o.o 
o.o 
o.o 
o.o 
o.o 
0.0 
o.o 
0.0 
o.o 
o.o 
o.o 
0.0 

B. Halfway 
c. Brawley H. Adjacent Field l 
D. Maricopa I. Adjacent Field 2 
E. Bossier City J. Adjacent Field 3 

*Values represent the percent seed harvest at a given distance 
expressing the Bt protein in ELIS-A assay. 

+Standard deviations were calculated where a positive event was 
observed using the binomial distribution (Snedecor and Cochran, 
1967, Iowa State Univ. Press. p. 207-209.) 

- 1991b, 1992. [Chart ·derived from both documents: casa 
~es not appear in document 1991b; standard deviations are 
misaligned for 3 entries in document 1991a) 
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Appendix 1 

Figure 1: Geographie Range of Gossypium tomentosum in the Hawaiian 
Islands 

KAUAI --· ·• .. --- -·-1------+-----+---+4 

MOLOKAI 

MAUi 

HAWA.1 ·-·---b--1 J:-!_1 , 

Figure 1. Geographie range of Gossypium tomentosum Nutt. in the 
Hawaiian Islands (1963). Solid circles indicate collection sites: 
those enclosed in rings represent sites of former collections 
unchecked during the present study. The open circle indicates s i te 
of hybrid populations. Shaded·areas correspond to regions with an 
average rainfall of 20 inches or less. Stephens, S.G. 1964. p.387 
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Appendix 2 

Cotton Pollen Dispersal By Insects: Field Layout 

.. 
1 

1------------------ 616' 

Figure 1.-Diagram of field lay-out of natural crossing experiment. 
The circles were planted in al ternate „ rows of Golden Crown and 
green-leaf varieties. The area outside the circles was planted 
with DeRidder, a red-leaf cotton. Simpson, D.M. and E.N. Duncan, 
1956. p. (306) 
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Appendix 3 

Cotton Pollen Dispersal by Insect: Table 1 

Table 1.-Natural crossiqg between green-leaf varieties and Golden 
Crown planted in al ternate rows wi thin circles surrounded by 
DeRidder red-leaf. (Averages only citedJ 

Circles 
.Q. 

I 29.4 

II 35.8 

III 32.4 

Natural crossing percentage at 
. sampling point indicated 

T-92 X Golden Crown 
41.2 43.4 45.1 

T-139 X Golden crown 
38.0 42.8 38. 6 

Plains X Golden Crown 
41.3 45.9 44.7 

Simpson, D.M. and E.N. Duncan, 1956. p. (307) 

Appendix 4 

Cotton Pollen Dispersal by Insects: Table 2 

Table 2. -Natural crossing between DeRidder red-leaf and other 
varieties at specified isolation distances. [Averages only cited) 

Circles 

I 

II 

III 

.Q. 

24.1 

25.2 

31.6 

22.1 

27.2 

25.4 

Natural crossing percentage at 
designated isolation distance (feet) 

25 50 75 
DeRidder X T-92- -

3.9 1.9 2.5 
DeRidder X Golden Crown 

4.1 1.6 2.7 
PeRidder X T-139 

S.4 3.0 3.4 
peRidder X Golden Crown 

3.8· 2.0 2.7 
DeRidder X Plains 

4.5 2.5 2.6 
DeRidder X Golden Crown 

3.9 2.9 2.5 

Simpson, D.M. and E.N. Duncan, 1956. (p 307) 
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Appendix 5 

Isolation of Cotton for Seed Increase: Field Layout 

. ·:;: T 
_:::r 

l 
, atO CfflOIII IO ~ 

~~· -~T 
/ 

Figure 1.-Arrangement of the blocks of red and green cotton grown 
in 1951 near Lake Carl Blackwell, 0kla. The five smaller blocks 
were planted to normal green cotton. Percentages of hybrids 
resulting from natural crossing are indica.ted for each row in the 
blocks at o, l, and 2 rods, and for 10 foot sections of the blocks 
at 5 and 10 rods. Green, J.M. and M.D. Jones. 1953. (p. 367) 
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Appendix 6 

Isolation of Cotton for Seed Increase: Table 1 

Table 1. - Total numbers of plants counted and percentages of 
hybrids observed in the progeny of green plants grown ·at the 
indicated distances-from a block of red cotton. 

Row 
in 
Block 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Totals 

Total 

4583 
4160 
5030 
2805 
7462 
5369 
3185 
1904 

377 
96 

28284 

0 
Distance in Rods from Red Cotton 

%Hybrids 

19.48 
14.83 
9.22 
6.31 
4.21 
3.75 
3.80 
3.83 
2.62 
1.04 

6.95 

3313 
3371 

496 

930 
7823 
2538 
1270 
7884 
3538 

31163 

.\Hybrids 

5.98 
6.73 
4.23 ----· 
2.15 
1.11 
1.42 
2.36 
1.23 
0.82 

2.39 

total 

1311 
1146 
3368 
3569 
1474 

753 
1711 
1081 
1523 
2064 

17990 

IHybrids 

4.73 
4.10 
2.50 
2.21 
2.64 
3.98 
1.93 
2.59 
2.36 
1.50 

2.61 

Table 1 (cont.).- Total numbers of plants counted and percentages 
of hybrids observed in the progeny of green plants grown at the 
indicatded distances from a block of red cotton. 

Row 
in 
Block 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Totals 

Dis.tance in Rods from Red Cotton 
0 

Total 

1317 
837 

1275 
824 

1397 
1093 

647 
1289 
1797 
2241 

14302 

%Hybrids 

0.61 
0.96 
1.49 
2.30 
0.72 
1.45 
0.15 
0.54 
1.00 
0.67 

0.86 

Total 

1325 
427 

1202 
856 

1115 
954 
549 

1021 
1506 

731 

9686 

%Hybrids 

0.60 
.0;.47 
0.08 
o.oo 
0.27 
o.oo 
0.55 
0.29 
0.07 
0.27 

0.24 

Green, J.M. and M.D. Jones. 1953. (p. 367) 
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Appendix? 

Natural Crossing in Upland Cotton In Southeast Missouri: Table 1 

Table 1-Estimates of natural crossing in Upland cotton in southeast 
Missouri, 1956-61. 

Location fercent natural ~[Os§1ng 
li:;i§ 1i~7 li:;i8 li5i l.2§0 12§1 H1an 

Sikeston 7:.4 15.9 5.3 5.9 5.5* 8.0 
Dorena 28.9 12.8 6.6 16.1 
Malden 24.5 25.5* 7.5* 19. 2 
Bucoda 9.1 7.2 8.2 
Diehlstadt 32.2* 4.4* 23.0* 19.9 
Bell City 17.l 17. 1 
Bragg City 1.0* 13.9 7.5 
Portageville 7.7 7.4 7.6 
Dry Bayou 20.6 

Mean 12.6 14.4 7.2 6.6 ;p.g 13. 9 
*Irrigated 
Sappenfield, W.P. 1963. p. (566) 
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1993 St COTTON FIELD RELEASES 
(USDA PERMIT#93-011-05) 

FINAL REPORT 
April 111 1994 

Monsanto Co. 

The purpose of this field release was to test cotton genetically-modlfied to contain the 
gene from Bacillus thuringiensis var. kurstakl(B.t.k.) that encodes its insect control 
protein. The cotton was tested at twenty one sites by twenty two different cooperators 
(listed below). 

Sltes and cooperators 

Loxley Alabama site 

[ CBIDELETED 

] 

Cotton unes Tested 

531, 757, 931, 1076, 1172, 1195 

Prattville Alabama site 1076 

[ CBI DELETED J 

Casa Grande Arizona site Not Planted 

( CBIDELETED 

] 

Maricopa Arizona site #1 531, 1076 

[ CBIDELETED 

] 

531, 757. 1076, 1172 

[ CBIDELETED 

] 
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s1tes ang cooperators 

Vnma Arizona site 

[ CBI DELETED 
l 

Wabbaseka Arkansas site 

[ CBIDELETED 

l 

Wilmot Arkansas site 

[ CBIDELETED 

l 

Shafter California site 

[ CBIDELETED 
] 

Tifton Georgia site 

l 

J 

Cotton Lioas Iested 

531, 1076 

531, 757, 931, 1076, 1172, 1578, 
1626, 1849, 1888, 2020 

1076 

757, 931, 1076, 1172 

_531, 757, 1076, 1172, 1578, 1849, 
2020 

531, 757, 931, 1076, 1172 
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Sltes and cooperators 

St. Joseph Louislana site 

[ CBIDELETED 

1 
,,,;-,~' 

Chatham Mississippi site 

CBIDELETED 

J 

Morgan City Mississippi site 

[ CBIDELETED 

l 

Scott Mississippi site 

[ CBlDELETED 
] 

Cotton Lines Tested 

1076 

1076 

081, 757 

531, 757, 931, 1076, 1172, 1578 
1626, 1849, 1888, 2020 

Star,J9tlU•·· MiselssiJU>i site #1 531, 757, 931, 1076, 1172, 1195 
. 1578, 1849, 1888, 2020 

[ DELETED 

J 

Slarkville Mississippi site #2 7 5 7 

[ CBIDELETED 

1 
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Sjtes and cooperaJors Cotton Lines Iested 

Florence .. '"So11th Carolina slte 1o76 

[ CBIDELETED 

l 

Grand Junction Tennessee site 1O76 

[ CB!DELETED 

1 

Corpus Christi Texas site 1076 

[ CBIDELETED 

l 
"/,}l:;~$Y;)V/A'.YH/$!V?Yfif)'i!f'"-~ 

Halfway Texas site 531 

[ CBIDELETED 

J 

531, 757, 931, 1076, 1172, 1195 

[ CBIDELETED 

J 

GenotvPes: 

Thls field release included the tollowing genotypes: 

Derivatives of Coker 312 homozygous for PV-GHBK01,PV-GHBK02,PV-GHBK03, 
PV-GHBK04 and PV-GHBK07 
Coker 312 controls. 
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Schedule ot ma;or 
May-Jun 

May-Jun 

Aug-Oec 

post-harvest 

operations: 
Seed were pack.aged according to the protocol and shipped 
from the Monsanto research center in Chesterfield, 
Missouri to the cooperators via ovemight delivery service. 
All the seed arrived safely and were stored in 

Seed planted 

Harvest and shipment ot seed samples back to Monsanto 

After completion of the test at each site, the seed cotton not 
shipped to Monsanto was spread in the field. The entire 
field was disked. The area was observed in the fall tor 
volunteer plants. continued monitoring for volunteers will 
continue until the end of the 1994 cropping cycte in this · 
area. All volunteer plants observed will be destroyed by 
hand weeding, cultivation, or with chemical sprays. 

Plant orowth and general observat;ons: 
The transgenic plants did deviate from the agronomic standard exhibited by Coker 312. 
The variation is random in its expression with no correlation to B.t.k. protein, level of 
expression, etc. There are several explanations for that variation including random 
selection out of the genetic variation in the cultivar, genetic alteration due to the 
transtormation/tissue culture process, or changes in cotton gene functioning due to the 
introduced gene. Observations suggest that the engineered plants were within the range 
of variation expected based on these sources of variation. 

The plants were regularly monitored tor Agrobacterium infection symptoms. None could 
befound. 

Responses to specific issues: 

1 ) Horjzontal moyement; 
The B.t.k. plots were surrounded by 24 border rows (--80') of non-transgenic 
cotton. This cotton served as a sink tor polten carried by insect from the test area. 
Based on the previous data, it is unlikely that pollen from the B.t.k. plants was 
carrled outside of the test area. 

2 ) Changes io survival character;stjcs; 
There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 

3 > Express;on level Qf the genes: 
The expression of the B.t.k. gene was measured through insect control. Excellent 
insect control was observed at all sites with several different insects including cotton 
bollworm, tobacco budworm, and European corn borer. 

20/!-
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4 ) Stabilitv and ioherjtance ot the oew oenes: 
No unusual inheritance pattems were observed. 

5 } PubHshed data: 
At this point, there is no published data from these experiments.USDA#93-011-02 

Individual Site Information 

Loxley, AL site 

Planted - June 2, 1993 
Harvested - October 26, 1993 

Field Monltoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined tobe equivalent to the non
transformed Coker 312. Observation made on 20 plants on June 28, 1993 

Number of days from planting to flowering (75% of plants have initiated} 
No differences were observed between the transformed and non-transformed. 
Observation made on 25 plants on June 19, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on 25 plants on September 7, 1993. 

Monitorlng for Plant Growth Characteristics 
The trial was observed on June 28, July 26, August 23, September 20 and October 
11. No differences in plant vigor, leaf morphology plant height and other 
characteristics were observed. 

Field Monitoring for lnsect Susceptibility 

The trial was observed on June 28, .July 26, August 23, September 20 and October 
11. No differences were observed between the transformed and non-transformed 
plants in the incidence of non-target insects infesting the plants. 

Field Monltoring for Disease Susceptlbillty 

The trial was observed on June 28, July 26, August 23, September 20 and October 
11 . No differences in the susceptibility of the plants to diseases were observed. 
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prattvme, AL site 

Planted - May 17, 1993 
Harvested - October 15 and October 25, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.tk. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made on all plants on May 27, 1993 

Number of days from planting to flowering (75°/4 of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 13, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on August 2, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 21, July 9, July 20, July 30, 
August 9, August 20, August 31 and September 10. No differences in plant vigor, 
leaf morphology plant helght and other characteristics were observed. On , 
September 15 and September 17 it was reported that the plants seemed to be 
shedding their leaves prematurely. At first this was suspected to be due to the heavy 
boll load, as the leaf loss was more pronounced in the B.t.k. plots. Later laboratory 
analyses of the plants revealed that the leaf loss was due to a potassium deficiency. 

Field Monitoring for lnsect Susceptibility 

Approximately 300 plants within the tri_al were observed on June 21, July 9, July 
20, July 30, August 9, August 20, August 31, September 1 o, September 15 and 
September 17. No differences were observed between the transformed and non
transformed plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease _Susceptibility 

All plants within the trial were observed on June 21, July 9, July 20, July 30, 
August 9, August 20, August 31, September 10, September 15 and September 17. 
No differences in the susceptibility of the plants to dlseases were observed. 
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Maricopa, Az site 

Planted - May 18, 1993 
Harvested -December 6 - 8, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined tobe equivalent to the non
transformed Coker 312. Observation made on all plants on June 7, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 15, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on September 16, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 7, June 30, July 15, August 3, 
September 16, October 5, November 2 and December 7. No differences in plant 
vigor, leaf morphology plant height and other characteristics were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on May 26, June 7, June 30, July 15, July 
29, August 3, August 13, September 16, October 5 and November 2. No differences 
were observed between the transformed and non-transformed ptants in the incidence 
of non-target insects infesting the plants. lt was noted that both the transgenic and 
non-transgenic cotton plants were equally susceptible to the sweetpotato whitefly. 
This is expected as the B.t.k. protein does not have activity against the sweet potato 
whitefly. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 30, July 15, August 3, September 
16, October 5, November 2 and December 7. No differences in the susceptibility of 
the plants to diseases were observed. 
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Yuma, Az site CEield 1) 

Planted - May 18, 1993 
Harvested -November 22, 1993 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined tobe equivalent to the non
transformed Coker 312. Observation made on all plants on May 24, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Monitoring for Plant Growth Characteristics 
These observations were not recorded. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on May 20, May 28, June 7, June 11, June 
23, June 30, July 7, July 8, July 13 and July 16. No differences were observed 
between the transformed and non-transformed plants in the incidence of non-target 
insects infesting the plants. lt was noted on June 23 that both the transgenic and 
non-transgenic cotton plants were equally infested with Armyworm, leaf hoppers, 
miners and Lygus. This is not surprising as the B.t.k. protein present in these plants 
is not considered active against these pests. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on May 20, May 28, June 7, June 11, June 
23, June 30, July 7, July 8, July 13 and July 16. No differences in the 
susceptibllity of the plants to diseases were observed. 
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Vuma, Az sjte (Fjeld 2) 

Planted - May 18, 1993 
Harvested -November 22, 1993 

Field Monitoring for Weediness Characteristlcs 
Germination of the 8.t.k. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made on all plants on June 7, 1993 

Number of days from planting to flowering (75% of plants have initiated} 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on May 28, June 7, June 11, June 23, 
June 30, July 7, July 8, July 13, July 16 and July 20. No differences in plant 
vigor, leaf morphology plant height and other chatacteristics, other than expected 
varietal differences were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on May 24, May 28, June 7, June 11, June 
23, June 30, July 7, July 8, July 13, and July 16. No differences were observed 
between the transformed and non-transformed plants in the incidence of non-target 
lnsects infesting the plants. lt was noted on June 23 that both the transgenic and 
non-transgenic cotton plants were equally infested with Armyworm, leaf hoppers, 
mlners and Lygus. On July 7, all plants were observed as having a high infestation of 
SPWF. This is not surprising as the 8.t.k. protein present in these plants is not 
considered active against these pests. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on May 24, May 28, June 7, June 11, June 
23, June 30, July 7, July 8 and July 20. No differences in the susceptibility of the 
plal)ts to diseases were observed. 
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Wabbaseka, AB site (Breeding Nursery} 

Planted • May 15, 1993 
Harvested -October through December 15, 1993 

Field Monitoring for Weediness Characteristics 
Some dormancy was observed in the transgenic seeds that had been harvested 
immediately before plantlng. This is normal because cottonseed has a dormant factor 
which breaks down over time. Transgenic seeds harvested 6 months earlier emerged 
at the same time as the control (May 26, 1993). 

Number of days from planting to flowering (75% of plants have initiated} 
Some plants of line 931 were later in flowering than the non-transgenic parent line 
(July 20 1993). 

Number of flowers or bolls per plant 
Boll set on the transgenic llnes was better due to insect control (August 26, 1993). 

Monitoring for Plant Growth Characteristics 
The following observations were made: 

June 17 - all looked similar 
July 20 • Some of the Une 931 plants were later in blooming. 
August 16 • there is variation in boll size and maturity but this is probably due 
to genetic variation which is much greater in the transgenic versus the non
transgenic. 
September 20 - Variation exists in plant height, maturity and boll size but is no 
more than expected in segregating populations. 931 and 1172 appear to be later 
maturing than 1075 and 757. 
October 13 - transgenic lines had much more genetlc variation because of the 
early generation populations. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 17, July 20, August 16, 
September 20 and October 13. No differences were observed between the 
transformed and non-transformed plants in the incldence of non-target insects 
infesting the plants. lt was noted on July 20 and August 16 that aphids and boll 
weevils were present throughout the plot. This is not surprislng as the B.t.k. protein 
present in these plants is not considered active against these pests. On October 13 lt 
wa~ noted that the non-transgenic plants showed greater boll damage than the non
transgenic plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 17, July 20, August 16, 
September 20 and October 13. No differences in the susceptibility of the plants to 
diseases were observed. 
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Wabbaseka, AR site (Breeding Nyrsery) 

Planted - May 19, 1993 
Harvested •not harvested, destroyed September 9, 1993 

Field Monitoring for Weediness Characteristics 
No significant differences in plant emergence was observed on May 25. 

Number of days from planting to flowering (75% of plants have initiated) 
The time from planting to flowering was 63 to 70 days for all plants. 

Number of flowers or bolls per plant 
All plants were reported to have similar fruiting with the transgenic plants having 
langer peduncles. 

Monitoring for Plant Growth Characteristics 
All plants were observed on June 24, July 2, July 21, July 28, July 30 and August 
3. lt was reported that some difference in general appearance such as lang peduncles 
and perhaps a slightly different growth rate in the transgenics. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on July 2, July 8, July 9, July 14, July 
19, July 26, July 27, August 2, August 6 and August 10. No differences were 
observed between the transformed and non-transformed plants in the incidence of 
non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

Approximately 50 plants within the trial were observed on June 4, July 8, July 14, 
July 19, July 26, August 2 and August 10. No differences in the susceptibility of 
the plants to diseases were observed. 
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Shatter, CA sjte 

Planted - May 24, 1993 
Harvested -November 11, 1993 

Field Monitoring for Weediness Characteristics 
Due to the very late planting of the transgenic cotton, it was very difficult to compare 
growth habits. However, no unusual characteristics were observed . 

Number of days trom planting to flowering (75% of plants have initiated) 
This information was not recorded. 

Number of flowers or bolls per plant 
This information was not recorded. 

Monitoring for Plant Growth Characteristics 
On June 1 the plants were observed and noted that they were much delayed in growth 
due to the late planting which made this comparison difficult to make. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 1 and October 1, 1993. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. The field had very light 
insect pressure. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed_ on June 1 and October 1, 1993. No 
differences in the susceptibility of the plants to diseases were observed. The field 
had a very light incidence of disease. 
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Tjtton, GA site 

Planted - May 21, 1993 
Harvested -October 28, 1993 

Field Monitoring for Weediness Characteristics 
There was better emergence and seedling vigor in transgenic plans than in the non
transgenic plants, but differences were not significant (June 1) 

Number of days from planting to flowering (75% of plants have inltiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on July 20, 1993. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 1, June 8, June 15, June 22, June 
29, July 6, July 13, July 20, July 27, August 3, August 10, August 17, August 24, 
August 31, September 7, September 14, September 21, September 28 and October 
5. No differences in plant vigor, leaf morphology plant height and other 
characteristics were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 1, June 8, June 15, June 22, June 
29, July 6, July 13, July 20, July 27, August 3, August 10, August 17, August 24, 
August 31, September 7, September 14! September 21, September 28 and October 
5. No differences were observed between the transformed and non-transformed 
plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 1, June 8, June 15, June 22, June 
29, July 6, July 13, July 20, July 27, August 3, August 10, August 17, August 24, 
August 31, September 7, September 14, September 21, September 28 and October 
5. No differences in the susceptibility of the plants to diseases were observed. 
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Bossier City, LA sile 

Planted - May 18, 1993 
Harvested -October 15, 1993 

Field Monitorlng for Weediness Characteristlcs 
No differences were observed in emergence and seedling vigor between the transgenic 
and non-transgenic plants (May 27). 

Number of days from planting to flowering (75% of plants have initiated) 
No difterences were observed between the transformed and non-transformed. 
Observation made on all plants on July 22, 1993. 

Number of f lowers or bolls per plant 
No difterences were observed between the transformed and non-transformed. 
Observation made on all plants on September 3, 1993. 

Monitoring for Plant Growth Characteristics 
The following observations were recorded: 

June 18 - No differences in plant vigor, leaf morphology plant height and other 
characteristics were observed. 
July 14 - Saw 4 - 5 plants with silvered leaves, asymmetrical and usually one 
or more lobes on leaves appeared malformed. All plants small but within normal 
size range. This observation is limited to line 1076. 
August 11 and September 14 - Same as on July 14. 

Field Monitoring for lnsect Susceptibllity 

All plants within the trial were observed on June 18, July 14, August 11 and 
September 14. No difterences were observed between the transformed and non
transformed plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

All plants within the trial were observed on June 18, July 14, August 11 and 
September 14. No difterences in the susceptlbility of the plants to diseases were 
observed. 
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St, Joseph, LA site 

Planted - May 17, 1993 
Harvested -August 27, September 3 and September 27 

Field Monitoring for Weediness Characteristics 
Germination of the B.t.k. Cotton was determined to be equivalent to the non
transformed Coker 312. Observation made on all plants on June 18, 1993 

Number of days from planting to flowering (75% of plants have initiated) 
No differences were observed between the transformed and non-transformed. 
Observation made on all plants on June 18, 1993. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed on June 18, July 13, August 2 and August 
27. No differences in plant vigor, leaf morphology plant height and other 
characteristics, other than expected varietal differences were observed. 

Field Monitoring for lnsect Susceptibility 

All plants within the trial were observed on June 18, July 13 and August 2. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Dlsease Susceptibility 

All plants within the trial were observed on June 18, July 13, August 2 and August 
27. No differences in the susceptlbility of the plants to diseases were observecl. 
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catham, MS sjte 

Planted • June 7, 1993 
Harvested -October 27 and 28, 1993 

Fleld Monitoring for Weediness Characteristics 
Two plots with non-transgenic plants have a poor stand. Appears to be the result ot 
non-uniform Irrigation in this area. Tao much water (June 30, 1993). 

Number of days from plantlng to flowering (75% of plants have inltiated) 
Coker 312 plants were observed to have blooms an July 23, ,line 1076 had no 
blooms. Une 1076 had a later truit setting and the cause was not determined but did 
not appear to be early insect damage (July 23, 1993). 

Number of flowers or bolls per plant 

Coker 312 appears to have more and larger bolls than line 1076. Does not appear tobe 
insect related (August 20, 1993). 

Monitoring for Plant Growth Characteristics 
All plants within the trial were observed an June 30, July 23 and August 20. The 
following observations were recorded: 
June 30 - No ditterences in plant vigor, leat morphology plant height and other 
characteristics were observed. 
July 23 - non-transgenic had blooms while line 1076 hod no blooms. 
August 20 - line 1076 had fewer and smaller bolls than the non-transgenic 
Coker 312. 

Field Monitoring for lnsect Suscaptibillty 

All plants withln the trial were observed on June 30, July 23 and August 20. No 
differences were observed between the transfo~ed and non-transformed plants in 
the incidence ot non-target insects lnfesting the plants. 

Field Monitoring for Disease .Susceptibility 

All plants withln the trial were observed on June 30, July 23 and August 20. No 
differences in the susceptibility of the plants to diseases were observed. 
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Morgan City, MS site 

Planted - June 2, 1993 
Harvested -November 11, 1993 

Field Monitoring for Weediness Characteristics 

One Hundred of each line were compared and no differences were observed between 
the transgenic and non-transgenic (June 15, 1993). 

Number of days from planting to flowering (75% of plants have initiated) 

One Hundred of each line were compared and no differences were observed between 
the transgenic and non-transgenic (August 1 o, 1993). 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics between Coker 312 and line 757 were 
observed throughout the growing season. 

Field Monitoring for lnsect Suscepti bility 

There was a tendency to have a higher population of Lygus spp. in the line 757 plot 
versus the Coker 312 plot. 

Field Monitoring for Disease Susceplibility 

No differences in the susceptibility to diseases to the Coker 312 and line 757 were 
observed throughout the growing season. · 
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scott. MS s ite 

Planted - May 21 and May 27, 1993 
Harvested -

Field Monitoring for Weediness Characteristics 

This Information was not recorded. 

Number of days from planting to flowering (75% of plants have initiated) 

This Information was not recorded. 

Number of flowers or bolls per plant 

This information was not recorded. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics were observed between the transgenlc 
and non-transgenic lines. 

Fleld Monitorlng for lnsect Susceptibility 

No differences were observed between the transformed and non-transformed plants 
in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

No differences in the- susceptibility to any disease were observed between the 
transgenic and non-transgenic lines. · 

Volunteers 

No volunteer plants were observed on January 17, 1994. 
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Scott. MS s;te 

Planted - May 13 and May 19, 1993 
Harvested -September 20, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic lines. 

Number of days from planting to flowering {75% of plants have initiated) 

No differences were observed between the transgenic and non-transgenic lines. 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics were observed between the transgenic 
and non-transgenic lines. 

Field Monitoring for lnsect Susceptibility 

No differences were observed between the transformed and non-transformed plants 
in the incidence of non-target insects infesting the plants. 

Field Monitoring tor Disease Susceptibility 

No differences in the susceptibility to any disease were observed between the 
transgenlc and non-transgenic llnes . 
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f lorence, sc site 

Planted - May 25, 1993 
Harvested - October 21, 1993 

Field Monitoring for Weediness Characteristics 

Stand counts on June 9 indicated that the germination percentage was slightly higher 
for the transgenic plants when compared to the non-transgenic plants 

Number of days from planting to flowering (75% of plants have initiated) 

Transgenic plants bloomed later than the non-transgenic plants (July 16, 1993). 

Number of flowers or bolls per plant 

Transgenic plants had higher numbers of bolls than did the non-transgenic plants. 
On July 30, bolls per 100 plants were 613 for non-transgenic treated, 548 for 
non-transgenic not treated and 833, 730, 695, 825 and 71 O for treatments 
1,2,3,4 and 6 respectively. 

Monitoring for Plant Growth Characteristics 

On June 21, the transgenic plants were smaller than the non-transgenic plants. 
Plant height was 8.9 Inches compare to 9. 7 inches. 

Field Monitoring for lnsect Susceptibility 

The entlre plot was observed on July 6, July 22, August 3 and August 4. No 
differences were observed between the· transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

No differences in the susceptibility to any disease were observed between the 
transgenic and non-transgenic lines on June 25 and August 3. 
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Grand Junctjon, IN site 

Planted - May 21, 1993 
Harvested - October 25 and November 11, 1993 

Field Monitoring for Weediness Characteristics 

More than 50 plants were observed on June 10, 1993 and no differences were 
observed between the transgenic and non-transgenic. · 

Number of days from planting to flowering (75% of plants have initiated) 

More than 50 plants were observed on July 16, 1993 and no differences were 
observed between the transgenic and non-transgenic. 

Number of flowers or bolls per plant 

More than 50 plants were observed on July 30, 1993 and no differences were 
observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics between Coker 312 and line 1076 
were observed throughout the growing season. Observations were taken on June 10, 
June 22, July 2, July 16, July 30, August 16 and August 26, 1993. 

Field Monitoring for lnsect Susceptibility 

Observations were taken on June 1 o, June 22, July 2, July 16, July 30, August 16 
and August 26, 1993. No differences were observed between the transformed and 
non-transformed plants in the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

Observations were taken on June 10, June 22, July 2, July 16, July 30, August 16 
and August 26, 1993. No differences in the susceptibility to diseases to the Coker 
312 and line 1076 were observed throughout the growing season. 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



Final Report - USDA Permit #93-011-05 
April 11 , 1994 
Page 23 

Corpus Chrjsti, IX sjte 

Planted - May 18, 1993 
Harvested - N/A 

This site was lost to excessive rains following planting. All plants were reported as dead 
by August 1993. 

Monitoring for Volunteers 

Following termination of this trial, the field has been monitored for volunteers. 
Observations were taken on 9/15, 10/13, 11/17/1993, 1/7, and 3/8/1994. NO 
volunteer cotton plants were ever observed at the plot site. 
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Halfway IX site 

Planted • May 19, 1993 
Harvested • November 23, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic. 

Number of days from planting to flowering (75°/4 of plants have initiated) 

No differences were observed between the transgenic and non-transgenic. 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

No differences in plant growth characteristics between Coker 312 and line 531 were 
observed throughout the growing season. Observations were taken on June 14, June 
25, July 15, August 10, August 26, September 13, October 11, October 28 and 
November 11, 1993. 

Field Monitoring for lnsect Susceptibility 

Observations were taken on June 14, June 25, July 15, August 1 O, August 26, 
September 13, October 11, October 28 and November 11, 1993. No differences 
were observed between the transtormed and non-transformed plants in the incidence 
of non-target insects infesting the plants. · 

Field Monitoring for Disease Susceptibility 

Observations were taken on June 14, June 25, July 15, August 1 o, August 26, 
September 13, October 11, October 28 and November 11, 1993. No differences in 
the susceptibility to diseases to the Coker 312 and line 531 were observed 
throughout the growing season. 
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Sinton IX site • Etticacy Jrjal 

Planted - May 17, 1993 
Harvested - September 17 and 20, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non-transgenic. 

Number of days from planting to flowering (75% of plants have initiated} 

Une 1076 was rated approximately 6 days slower to develop and mature than was 
Coker 312. 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non-transgenic lines. 

Monitoring for Plant Growth Characteristics 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. The 
following observations were recorded: 

Line 1076 appeared slightly shorter and slower to develop than Coker 312 (July 2). 

Line 1076 was later in flowering than Coker 312 (July 29). 

Une 1076 has smaller bolls which opened more slowly than Coker 312 (August 26). 

Field Monitoring for lnsect Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences were observed between the transformed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Oisease Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differenc_es in the susceptibility to diseases to the Coker 312 and the transgenic lines 
tested were observed throughout the growing season. 

Field Monitoring for Volunteers 

The filed was monitered for volunteers on March 8. 1994. None were observed. 
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Sinton IX sjte - Gene Evaluation Trial 

Planted - May 17, 1993 
Harvested - September 17 and 20, 1993 

Field Monitoring for Weediness Characteristics 

No differences were observed between the transgenic and non•transgenic (May 28). 

Number of days from planting to flowering (75% of plants have initiated} 

Unes 931, 1076, 1172 and 1195 were slower to produce and develop flower buds 
versus the Coker 312. This was possibly a function of more fruit on the B.t.k. lines 
than on Coker 312 (July 15, 1993). 

Number of flowers or bolls per plant 

No differences were observed between the transgenic and non•transgenic lines 
(August 26, 1993). 

Monitoring for Plant Growth Characteristics 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. The 
following observations were recorded: 

Une 931 appears shorter and with lass mainstem nodes than Coker 312 (July 2). 
Une 931 is still shorter in plant height. Unes 931, 1076, 1172 and 1195 all 
flowered later than Coker 312 (July 29). 
Unes 931, 1076 and 1172 have slower boll opening than Coker 312 (August 26). 

Field Monitoring for lnsect Suscepti_bility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences were observed between the transfoimed and non-transformed plants in 
the incidence of non-target insects infesting the plants. 

Field Monitoring for Disease Susceptibility 

Observations were taken on June 8, July 2, July 29 and August 26, 1993. No 
differences in the susceptibility to diseases to the Coker 312 and the transgenic lines 
tested w_ere observed throughout the growing season. 

Field Monitoring for Volunteers 

The filed was monitored for volunteers on; October 13, November 17, 1993 and 
January 7, February 8 and March 8, 1994. None were observed. In December 
1 993, some volunteers emerged and were destroyed by disking. 
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1993 St COTTON FIELD RELEASES 
(USDA PERMIT#93-056-05) 

FINAL REPORT 

Monsanto Co. 

The purpose of this field release was to establish a demonstratlon plot of the insect 
resistant cotton, (modified to contain the gene from Bacillus thuringiensis var. kurstaki 
(8.t.k.) that encodes its insect control protein), at the Asgrow Research Farm, located 
near Queenstown, MD. This plot, along wlth other examples of transgenic plants were 
then shown to interested individuals in the Washington area. 

Primary Cooperator: 

Addrass of the slte: 

[ CBIDELETED 

[ CBIDELETED 
=oueenstöwn:=Mo 21 ssa 
[ CBIDELETED 1 

1 

1 
J 

The cotton line 1076 containing Vector # PV-GHBK04 was planted along with the non-
transgenic parental variety Coker 312. · 

Schedule ot maior operations: 

May • Seeei were packaged according to the protocol and shipped from the Monsanto 
research center in Chesterfield, Missouri to the cooperator via overnight 
delivery service. AH the seed arrived safely and were stored in accordance with 
the conditions described in the permit. 

June 2, 1993 - Seed planted 

July through September - Plot used for demonstration purposes. 

November 11, 1993 - Plot destroyed by disking 
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Summary of Observations 

Plant arowtb and aeoeral obseryattons: 

The transgenic plants did deviate from the agronomic standard exhibited by Coker 312. 
The variation is random in its expression with no correlation to B.t.k. protein, level of 
expression, etc. There are several explanations for that variation including random 
selection out of the genetic variation in the cultivar, genetic alteration due to the 
transformation/tissue culture process, or changes in cotton gene functioning due to the 
introduced gene. Observations suggest that the engineered plants were within the range 
of variation expected based on these sources of variation. 

The plants were regularly monitored for Agrobacterium infection symptoms. None could 
be found. 

Responses to specific issues: 

1 ) Horjzontal moyement; 
The B.t.k. cotton was planted more than 1/4 mile away from any other cotton in 
the area, hence, border rows were not used to surround the plot. Based on the 
knowledge of pollen movement from cotton and the lack of related plants in the 
area to receive the pellen, we consider that there is no probability of out
crossing as a result of this trial. 

2 ) Changes io survival character;st;cs; 
There was no evidence of changes in the survival characteristics of the transgenic 
cotton plants. 

3 ) Expressjon tevet ot the genes: 
The expression of the B.t.k. gene was measured through insect control. Excellent 
insect control was observed when the plants were inoculated with eggs of 
predatory lepidopteran insects. 

4 ) stabmty and ioher;tance of the new genes; 
No unusual inheritance patterns were observed. 

5) PubHshed data: 
At this point, there is no published data from these experiments. 
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Specific Location Evaluations 

Planted • June 2, 1993 
Plot Destroyed - November 11, 1993 

Field Monitoring for Weediness Characteristics 
No difterences were observed between the transformed and non-transformed. 

Number of days from planting to flowering (75% of plants have initiated) 
No dlfferences were observed between the transformed and non-transformed. 

Number of flowers or bolls per plant 
No differences were observed between the transformed and non-transformed. 

Monitoring for Plant Growth Characteristics 

All of the 40 plants in the trial were observed on July 1, August 1, September 1 
and November 1. No differences in plant vigor, leaf morphology plant height and 
other characteristics observed. 

Field Monitoring for lnsect Susceptibility 

All of the 40 plants in the trial were observed on July 1, August 1, September 1 
and November 1. No difterences were observed between the transformed and 
non-transformed plants in the incidence of non-target insect infestation of the 
plants. 

Field Monitoring for Disease Susceptibility 

All of the 40 plants in the trial were observed on July 1, August 1, September 1 
and November 1. No difterences in infection were observed between the 
transformed and non-transformed plants. 
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AppendixVI 

Summary ofthe Methods U~ to Conduct the Protein 
Extraction, Analysis and Quantitation, CompositionalAnalysis, 
Cottonseed Processing, Preparation of Seeds for Gossypol and 

Fatty AcidAna]yses, Moisture Deten1rination, Gossypol Levels and 
Quantiiation of Fatty Acid Levels 
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Smnma:ry ofthe Methods Utilimd to Conduct the Protein 
Extraction, Analysis and Quantitation, CompositionalAnalysis, 
Cottonseed.Processing, Preparation of Seeds for Gossypol and 

Fatty AcidAnalyses, Moisture Deternrination, Gossypol uwe1s and 
Quanti.tation ofFatty Acid Levels 

Field trial sites were chosen to represent the major cotton growing areas of 
the United States, where Insect Resistant Cotton may be expected to be a 
commercial product. Locations in Texas and Arizona represented 'plains' 
type cotton culture, and locations in Mississippi, Georgia, Louisiana and 
Alabama were chosen for typical 'Southem cotton' environmental 
conditions. These locations provided a variety of environmental conditions 
and insect pressure from agronomically important pests. Insect resistant 
and control cotton lines were produced under the same conditions at each 
location. The six field sites were as follows: Starkville, Mississippi; Bossier 
City, Louisiana; West Sinton, Texas; Tifton, Georgia; Maricopa, Arizona; 
and Loxley, Alabama. 

There were two types of plots established at each field location: 'efficacy' 
and 'isolated.' 

Historically the field trials for collection of samples for expression analysis 
were conducted simultaneously with evaluation of insecticidal efficacy (a 
separate Monsanto study}. The 'efficacy' plots were arranged in a random, 
split-block design incorporating both test and control lines in close 
proximity. One half of the plot area received a routine application of 
pyrethroid insecticides ('sprayed' plots}; the other plots, not receiving 
pyrethroid insecticide treatments were called 'unsprayed' plots. 

The split-block design was not optimal for sampling or for preventing out
crossing of traits among lines. To enable sampling and harvest of non
outcrossed seed, a second plot type was incorporated into tbis study and was 
designated as 'isolated'. The 'isolated' plots were designed to minimize 
outcrossing of the genes among lines and were physically separated by 8 
buffer rows from the efficacy plots and other test lines. Since the 'isolated' 
plots were not evaluated for insecticidal efficacy, they were treated with 
chemical insecticides to maximfae yield (similar to control plots and 
'sprayed' efficacy plots). 

To enable sampling of young leaf and seed tissues from all lines at all six 
sites, samples of young leaf and seedcotton from individual bolls were taken 
from both the 'efficacy' and 'isolated' plots for expression analysis. Tissue 
samples für this study were drawn from unsprayed sub-plots of replicates 1, 
3, and 5 of the 'efficacy' plots and from three sampling areas designated 
within the 'isolated' plots. Bulk seedcotton was harvested only from the 
'isolated' plots since these would be used in composition/quality and safety 
assessment studies. 
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Because of seed supply and land limitations, 'isolated' plots for each line 
were not established at all sites. Bollgard™ Cotton lines 531, 757, and 1076 
were planted in 'isolated' plots at four fi.eld sites. No 'isolated' plots were 
planted at the Texas site. Therefore, three or six samples of leaf and seed 
were analyzed for expression, depending upon the site. Field locations and 
the lines grown at each site are shown below: 

'Efficacy' Plots 'lsolated' Plots 

LINE# 10'76 11 '72 1195 531 931 757 10'78 11'12 '75'7 531 931 

Mississippi X X X X X X X X 

Georgia X X X X X X X X 

Louisana X X X X X X X X X X X 

Texas X X X X X X 

Arizona X X X X X X 

Alabama X X X X X X X X X X X 

Expression levels ofthe B.t.k. HD-73 and NPTII proteins were measured 
young leaf tissue, seed, leaf tissue sampled throughout the cotton growing 
season at West Sinton, Texas, and whole, mature cotton plants collected at 
West Sinton, Texas. Analysis for AAD was only performed for the young 
leaf and seed samples. Since none was detected in either of these tissues, 
no analysis for AAD was performed for leaves harvested throughout the 
season or in whole plants. · 

Compositional analysis of the important cottonseed components (protein, 
oil, carbohydrate, ash, moisture and calories), as well at the composition of 
individual fatty acids and natural toxicants (gossypol, cyclopropenoid fatty 
acid.s and aflatoxin) present in BollgardTM Cotton Lines 757 and 1076 were 
compared to the Coker 312 parental control to verify that the genetic 
enginee~g process did not alter these important seed components. 
Samples of cottonseed were obtained from the isolated plots at the field sites. 
One sample per site was analyzed (four samples for the BollgardTM Cotton 
Lines 757 and 1076, and five samples of the control cotton line, C312.) 
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Cottonseed from Bollgard™ Cotton Lines 757 and 1076 collected at four of 
the locations was pooled and processed to commercially representative 
fractions to compare the processing and processed fractions (particularly 
the toasted meal and refined oil). Control cottonseed was collected at five of 
the field sites and pooled for processing. In addition, the levels of the B.t.k. 
HD-73 and NPTII proteins in the processed fractions were determined to 
facilitate exposure assessment of these proteins in human food and animal 
feed. 

The following is a summsry of the methods used to analyze these plant 
fractions. 

Sam.ples 

Representative plant tissue samples were collected at various times during 
the growing season from BollgardTM Cotton Lines 757 and 1076 and from 
the Coker 312 control. These samples included representative samples of 
the first true leaves, young leaves sampled approximately each month after 
the first true leaf samples were obtained (Texas site only), mature whole 
plants sampled just prior to harvest at one location (Texas), analytical seed 
samples and bulk seed samples (collected and pooled across replicates at 
four or five locations). Nectar and pollen from these lines was collected 
from cotton plants grown in the greenhouse. 

Protein.Enraction ftom Cotton leaf'Iissue 

For analyses, each leaf sample (containing four leaves) was mixed, 
sampled and extracted in a single vessel, according to SOP # BtC-PRO-019. 
Briefly, frozen leaves, as shipped from the field, were crushed to a course 
powder and mixed while in the sample container bag on dry ice. Frozen 
tissue was weighed and cold Tris-Borate (T-B) extraction buffer added to a 
final ratio of approximately 1 mg leaf tissue/S0µL buffer (1:80). The T-B 
extraction buffer is 100 mM Tris-HCL, pH 7.5, l0mM sodium borate, 0.05% 
(v/v) Tween-20, 5mM MgCl2, 0.2% (w/v) L-ascorbate. The tissue 
was extracted with a Polytron PT3000 tissue homogenizer (Brink.man, Inc. 
Westbury, NY) equipped with a PTA l0TS generator for 1 minute at 
approximately 22,000 rpm and immediately placed.on ice. Insoluble 
material was removed by centrifugation at approximately 10,000 x g for 
approximately 10 minutes at approximately 4 °C. The supernatant was 
removed, aliquoted and used as tbe "cotton leaf extract" in further analyses. 
Aliquots of leaf extract were stored at approximately -80°C until analyzed. 

ProteinExtraction :ftom Cotton Seed 'Itssue 

Five cottoµ seeds were weighed from each sample of delinted seed 
(analytical seed samples) and extracted in a single vessel, according to SOP 
# BtC-PRO-019. The seeds were individually cracked, placed in a plastic 
tube, and cold T-B extraction buffer (described above) added to a final ratio of 
approximately 1 mg seed tissue/48µL buffer (1:40). The seeds were 
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homogenized with a Polytron PT3000 tissue homogenizer (Brinkman, Inc., 
Westbury, NY) equipped with a PTA l0TS generator using four bursts of 
approximately 15 seconds, allowing cooling and settling of the tissue to 
occur between bursts; after extraction the homogenate was immediately 
placed on ice. The homogenate was clarified by centrifugation at 
approximately 10,000 x g for approximately 10 minutes at approximately 
4 °C. The supernatant was removed, aliquoted and used as the "cotton seed 
extract" in further analyses. Aliquote of leaf extract were stored at 
approximately -80°C until analyzed. 

Prot.ein.Analysis 

Crude protein content in the toasted meal fractions from processing was 
measured by Kjeldahl analysis (AOAC official method 976.06, 1990) 
according to SOP at the Delta Branch Experiment Station in Stoneville, 
Mississippi. 

Total protein in tissue extracts was measured by the method of Bradford 
(1976) using the microtiter plate application ofthe Bio-Rad Protein Assay 
(Bio-Rad Laboratories, Richmond, CA). the procedure (SOP #BtC-PRO-015) 
was validated, showing acceptable variability and appropriateness for 
evaluating total protein in cotton tissue extracts. Bovine serum albumin 
(BSA) (Sigma Chemical, St. Louis, MO) dissolved in T-B extraction buffer, 
was chosen as the appropriate standard by comparing protein assay results 
to amino acid composition of the same extracts (Rogan, et al., 1992). 

Quantitation of tbe levels of B.t.k. lID-73, NPril and AAD prot.ems 

The amount of B.t.k. HD-73, NPTII and AAD proteins in the extracts 
prepared from cotton leaf and seed samples were determined by validated 
Enzyme-Linked Immuno-Sorbent methods (ELISAs). Each ELISA was 
shown tobe sensitive to the specific protein analyzed. The accuracy, 
precision and ruggedness of each of these assays was assessed. Spik.e-and
recovery and extraction efficiencies for each of the proteins measured in 
each of the matrices was evaluated for young leaf and seed tissue, for young 
leaves over the season and for whole plante. Stability of these proteins in 
the respective cotton tissue matrices was assessed and all assays were 
performed within the known limits of stability for each protein. 

For B.t.k. HD-73, the full length protein expressed in the respective tissue 
was treated with trypsin to convert this protein to the trypsin-resistant core, 
which was then quantitated in the validated ELISA. Trypsinization was 
required to accurately estimate the amount of B.t.k. HD-73 protein present 
in these tissues. 

V alidated computer systems and software were used for data collection and 
reduction. Statistical analyses were performed as described in each of the 
attached reports. 
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Western mot Analyses 

Western blot analysis was completed according to SOP # BtC-PRO-002, a 
procedure similar to that described by Matsudaira (1987). Briefly, 
acrylamide gels from SDS-PAGE were equilibrated in the same buffer used 
for electrolution (transfer). Proteins were transferred out of the acrylamide 
gel onto nitrocellulose membrane. Additional protein binding sites on the 
membrane were blocked using 3% bovine serum albumin (BSA) in Tris-HCl 
(pH 8.0)/saline/I'ween-20 buffer (TBST). The blots were incubated with a 
1:1500 dilution (in TBST/1% BSA) ofF204 antibody (bleed 9) specific for the 
HD-73 protein followed by incubation with goat anti-rabbit antibody-alkaline 
phosphatase conjugate (Promega Corp, Madison, WI). Protein bands 
bound by antibody were visualized using the NBT/BCIP colorimetric 
substrate system (Promega, Corp., Madison, WI). Levels of the B.t.k. HD-73 
protein were quantitated by comparison to standards spiked into the same 
matrix and contained on the same blot. 

CompositiooaJ ana1ysis of cottomeed 

The levels of protein, fat, ash, carbohydrates, calories and moisture 
(proximate analysis) were determined for cottonseed obtained from each 
site and each line (the seed were pooled across plots at each field test site). 
Tocopherol was evaluated in the refined oil. The analyses were conducted 
at Hazelton Laboratories, Madison, WI. The analytical methods utilized 
are as follows: 

Pro1e.in (N X 6.25) 

Official Methods of Analyses (1990), 15th Edition, Method 955.04C, 979.09, 
AOAC, Arlington, Virginia, (Modified). 

The Kjeldahl method for Organic Nitrogen, R.B. Bradstreet, Academic 
Press, New York, New York (1965) 

Quantitative Inorganic Analysis, Kelthoff and Aandell (1948), Revised 
Edition. · 

Fat 

Official Methods of Analysis (1990), 15th Edition, Method 960.39, AOAC, 
Arlington, Virginia, (Modified). 

Ash 

Official Methods of Analysis (1990), 15th Edition, Method 923.03, AOAC, 
Arlington, Virginia, (Modified). 
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Carbohydrates 

The total carbohydrate level is determined by difference after the 
percentages of protein, moisture, ash and fat are known. % 
Carbohydrates = 100% - (% protein + % fat + % ash + % moisture) 

Calories 

The total calories in the proteins, carbohydrates and fats of various food 
and feed types have been determined by bomb calorimetry and feeding 
studies. The 4 cal/g (protein), 9 cal/g (fat) and 4 cal/g ( carbohydrate) 
factors are averages of the values derived from these tests. 

Moistu.re, 100 Degree Vacuum Oven. 

Seed samples were placed in a vacuum oven at 100°C and dried to a 
constant weight (approximately 5 hours). Official Methods of Analysis 
(1990), 15th Edition, Method 926.08, 925.09, AOAC, Arlington, Virginia, 
(Modified). 

Aß.atoxi.n 

Proceeding of the 3rd International Congress of Food Science and 
Technology, Pages 705-711 (Modified). 

Determination by High Performance Liquid Chromatography: Journal 
of Assoc. Official Analytical Chemist, Volume 71, No.1, 26.052-26.060 
(1988) (Modified). 

Determination by One Dimensional Thin Layer Chromatography: 
Journal Assoc. Official Analytical Chemist, Volume 71, No.1, 26.031 
(1988) (Modified). 

Determination by Two Dimensional Thin Layer Chromatography: 
Journal Assoc. Official Analytical Chemist, Volume 71, No.1, 26.074 
(1988) (Modified). · 

The levels of aflatoxins Bi, B2, G1 and G2 were determined for each line 
from each of the six field test sites, and calculated according to OP-AC 
103. 

Alpha-tooopberol 

Oil samples were saponified to release the tocopherols, which were then 
extra~ed with organic solvent, follwed by quanti.tation by HPLC using a 
silica column and fluorescence detection. 

Cort, W. M., Vincente, T. S., Waysek, E. H., and B. D. Williams. 1983. 
J. Agric. Food Chem. 31: 1330-1333. 
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Speek, A. J., Schrivjer, J., and W. H. P. Schreurs. 1985. J. Food Sei. 50: 
121-124. 

McMurray, C. H., Blanchflower, W. J., and D. A. Rice. 1980. J. Assoc. 
Off. Anal. Chem. 63: 1258-1261. 

Cottonseed pro<asiDg 

Seed cotton was ginned and pooled (by line) across sites where isolated plots 
were established. The composited samples were used as a source of seed 
cotton for processing. Cottonseed was processed at the Food Protein 
Research & Development Center at Texas A&M University using a solvent 
extraction method, according to SOP# 8.27 R02, "Small- Scale Processing of 
Glanded Cotton to Bind Gossypol", SOP# 8.33 R0l, "Small-Scale Toasting of 
Meal", and SOP# 8.1 R04, "Small Scale Processing of Cottonseed". The 
processing procedure · used for this experiment was a scaled down version 
of the commercial procedure. The B.t.k. HD-73 and NPTII content in the 
cottonseed m.eal before and after processing was estimated by ELISA and 
western blot analysis. The proximate composition of the toasted meal and 
the free and total gossypol levels in the raw and processed cottonseed meal 
was assessed. 

Preparati.on of Seed Kernel Mat.erial for Gossypo). and Fatty Acid.Analyses 

Cottonseed were dehulled with a Bauer Mill and the kernels separated from 
the hulls by hand. The kemels were ground on dry ice using a stainless 
steel Wiley mil1 and passage through a 10 mesh screen. Duplicate samples 
of ground kemel, weighing approximately 3 grams each, were placed in 
glass vials, one set used for gossypol analysis, the second for fatty acid 
analysis. 

Moisture Determination for Gossypol and Fatty Acid Analysis 

Percent moisture in each samples of the kemel material was determined by 
weight difference before and after lyophilization. Samples were lyophilized 
in tared flasks to remove all water and obtain a true dry weight to the 
nearest 0.1 mg. 

Measurement ofFree and Total GossypollsveJs 

Free and total gossypol levels were measured in the cottonseed kernel (prior 
to processing), toasted cottonseed meal (processed), and refined cottonseed 
oil at the USDA-ARS Southem Crop Research Laboratory, College Station, 
Texas. Evaluation of free gossypol levels was completed using high 
performance liquid chromatography (HPLC) accord.ing to the procedure 
described by Stipanovic, et al., 1988 and A.O.C.S. Official Method Ba 7-58. 
Total gossypol levels (corrected for moisture) were measured 
spectrophotometrically using aniHnP. as a complexing agent (Pons, et al., 
1958 and A.O.C.S. Official Method Ba 8-78). 
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Quantitation ofFatty Acid uvels (cottonseed and refined oil) 

Lipids were extracted using a double Bligh and Dyer procedure (Bligh and 
Dwyer, 1959), as recently described by Wood (1991). 

The dry weight of the sample and weight of the extracted lipid were used to 
calculate the total percentage lipid in the sample. Approximately 2 mg of 
total lipid were saponified to obtain free fatty acids by a mild a)kaJine 
hydrolysis procedure (Wood, 1968a). The free fatty acids were converted 
quantitatively to phenacyl derivatives according to the procedure ofWood 
and Lee (1983). 

Approximately 400 µg of the phenacyl derivatives were analyzed by high 
perform.ance liquid chromatography (HPLC) according to the procedure 
used to examinP. the fatty acids of cottonseed (Wood, 1986a and 1986b). Peak 
elution order and peak shape were monitored by a strip recorder. The 
absorption data for each peak were collected directly from the UV monitor 
and were integrated for percent of total peak area using an IBM model 900 
laboratory computer. Peak area for each fatty acid is directly proportional 
to the percent of each fatty acid contained in total lipid. 

Tobacoo budworm. bioassays. 

Tobacco budworm diet incorporation assays (SOP #BUG-PRO-022-02) were 
used to assess the insecticidal activity/spectrum of the B.t.k. HD-73 protein. 
Insecticidal activities were estimated in terms of ECso values. ECso is the 
concentration of B.t.k. HD-73 protein that is required to reduce the weight of 
the treated tobacco budworm larvae to 50% of the nntreated larvae. 

Insect feeding assay 

The biological activity of purified and seed-expressed CrylA(c} protein was 
evaluated using a pinto bean-based {PB) insect diet incorporation assay 
(Reese et al. 1972, Macintosh et al. 1990). H. virescens were obtained from 
the USDA-ARS, Stoneville, MS. Liquid agar-based pinto bean diet with 20% 
of the water omitted (24 mL} was added to 6 mL samples of test liquid 
( distilled water containing doses of the test, reference, or control 
substance). Treated diet was blended using·a Vortex mixer, poured into 96-
well insect assay trays, and allowed to cool and harden. One first instar H. 
virescens larva was added to each well. Apparently healthy, motile TBW 
larvae were impartially assigned to treatments. Wells were covered with 
Mylar® plastic and ventilated with a single insect pin hole. Assays were 
incubated at 28 ± 2°C and evaluated after 7 days. 
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AppendixVIl 

Analyses of Ailelochemic.als in Tmnsgenic Cottons and Controls: 
1993 
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93MONCHE.WK1 

LEAVES 

ENTRY FLAV ANTHOCYN GOSS TANNIN 
'ba-h... f-tl'M-7 ~fad; 93-D/~J o.o1 1421 0.51 0.11 0.159 3.667 

1445 0.56 0.11 0.135 3.838 
1698 0.59 0.10 0.136 4.268 $'/...; fJ-'N"}'-~ C312 0.58 0.11 0.144 3.710 
F-VAWE ns ns ns ns .U..C.We....l CJ.c, ( ~ 
LSD 0.05 0.06 0.02 0.051 1.229 

LEAVES 
"'-1/.z.'ß J . ~ ~ IM . 

ENTRY FLAV ANTHOCYN GOSS TANNIN 
~~r,i,~ ~~ 

COK312 0.80 0.34 0.143 17.106 f ff(q 'f DES119 0.64 0.28 0.123 14.562 
M1076 0.75 0.28 0.119 11.053 
M1172 0.70 0.23 0.106 11.445 
Ml195 0.78 0.26 0.126 13. 304 
M531 o. 72 0.31 0.120 11.852 
M757 0.70 0.26 0.111 11.199 
M931 0.74 0.26 0.116 12. 306 

~~- f,r--F-VALUE * * ns ** LSD 0.05 0.08 0.06 0.030 2.113 
~~r-h..k 

SQUARE ~c~. 
ENTRY FLAV ANTHOCYN GOSS TANNIN 
COK312 0.39 0.11 0.294 14. 885 Y:fist 
DES119 0.37 0.11 0.325 15.066 
M1076 0.38 0.11 0.258 12.534 
M1172 0.35 0.11 0.262 13.233 
M1195 0.41 0.12 0.303 14.824 
M531 0.38 0.12 0.291 12.246 
M757 0.36 0.13 0.280 11.590 
M931 0.36 0.11 0.271 12.377 
F-VALUE ** * ** ** LSD 0.05 0.03 0.01 0.031 1.297 
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1993 EXP 1511 CHEMICALANALYSIS 

ENTRY ENTRY# REP TISSUE PLOT GOSSY TANNIN FLAVON ANTHO 
M531 1 1 SQUARE 4809 0.328 12653 0.378 0.152 
M531 1 2 SQUARE 4841 0.3)6 12764 0.396 0.128 
M531 1 3 SQUARE 4893 0.226 13.454 0.347 0.104 
M531 1 4 SQUARE 4917 0.289 12035 0.383 0.116 
M531 1 5 SQUARE 4941 0.285 11.115 0.388 0.128 
M531 1 6 SQUARE 4985 0.310 11.456 0.400 0.116 
M757 2 1 SQUARE .4813 0.310 12781 0.357 0.137 
M757 2 2 SQUARE 4861 0.258 14.011 0.326 0.118 
M757 2 3 SQUARE 4873 0.286 11.440 0.368 0.135 
M757 2 4 SQUARE 4909 0.261 10.586 0.334 0.116 
M757 2 5 SQUARE 4937 0.297 11.052 0.393 0.144 
M757 2 6 SQUARE 4997 0.269 9.667 0.364 0.109 
M931 3 1 SQUARE 4817 0.264 13.368 0.322 0.112 
M931 3 2 SQUARE 4853 0.237 12453 0.336 0.096 
M931 3 3 SQUARE 4881 0.249 14.186 0.380 0.104 
M931 3 4 SQUARE 4921 0.287 12193 0.354 0.112 
M931 3 5 SQUARE 4953 0.297 11.471 0.375 0.113 
M931 3 6 SQUARE 4973 0.292 10.591 0.386 0.101 
M 1076 4 1 SQUARE 4821 0.268 12617 0.364 0.115 
M 1076 4 2 SQUARE 4849 0.249 13.952 0.403 0.133 
M 1076 4 3 SQUARE 4885 0.235 16.141 0.362 0.106 
M 1076 4 4 SQUARE 4913 0.256 11.340 0.367 0.105 
M 1076 4 5 SQUARE 4949 0.242 9.872 0.388 0.103 
M 1076 4 6 SQUARE 49n 0.295 11.280 0.410 0.116 
M 1172 5 1 SQUARE 4825 0.246 15.032 0.344 0.114 
M 1172 5 2 SQUARE 4869 0.230 13.239 0.334 0.091 
M 1172 5 3 SQUARE 4889 0.263 15.513 0.339 0.111 
M 1172 5 4 SQUARE 4905 0.269 12759 0.350 0.109 
M 1172 5 5 SQUARE 4945 0.246 10.488 0.359 0.108 
M 1172 5 6 SQUARE 4981 0.319 12368 0.354 0.104 
M 1195 6 1 SQUARE 4829 0.290 17.973 0.414 0.107 
M 1195 6 2 SQUARE 4845 0.249 16.297 0.408 0.123 
M 1195 6 3 SQUARE 4897 0.318 16.256 0.370 0.114 
M 1195 6 4 SQUARE 4933 0.271 12218 0.364 0.112 
M 1195 6 5 SQUARE 4965 0.321 12088 0.452 0.129 
M 1195 6 6 SQUARE 4969 0.370 14.110 0.443 0.147 
COK312 7 1 SQUARE 4833· 0.291 17.196 0.397 0.123 
COK312 7 2 SQUARE 4857 0.343 16.323 0.425 0.132 
COK312 7 3 SQUARE 48n 0.285 17.361 0.364 0.108 
COK312 7 4 SQUARE 4925 0.276 14.875 0.411 0.108 
COK312 7 5 SQUARE 4957 0.282 11.463 0.404 0.107 
COK312 7 6 SQUARE 4989 0.285 12091 0.365 0.096 
DES 119 8 1 SQUARE 4837 0.327 18.261 0.394 0.118 
DES 119 8 2 SQUARE 4865 0.291 15.560 0.343 0.115 
DES 119 8 3 SQUARE 4901 0.295 18.026 0.364 0.112 
DES 119 8 4 SQUARE 4929 0.335 12707 0.395 0.114 
DES 119 - 8 5 SQUARE 4961 0.320 12183 0.352 0.103 
DES 119 8 6 SOUARE 4993 0.381 13.657 0.350 0.118 
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ENTRY ENTRY# REP TISSUE 
M531 1 1 LEAVES 
M 531 1 2 LEAVES 
M531 1 3 LEAVES 
M531 1 4 LEAVES 
M531 1 5 LEAVES 
M531 1 6 LEAVES 
M757 2 1 LEAVES 
M757 2 2 LEAVES 
M757 2 3 LEAVES 
M757 2 4 LEAVES 
M 757 2 5 LEAVES 
M757 2 6 LEAVES 
M931 3 1 LEAVES 
M 931 3 2 LEAVES 
M931 3 3 LEAVES 
M 931 3 4 LEAVES 
M 931 3 5 LEAVES 
M 931 3 6 LEAVES 
M 1076 4 1 LEAVES 
M 1076 4 2 LEAVES 
M 1076 4 3 LEAVES 
M 1076 4 4 LEAVES 
M 1076 4 5 LEAVES 
M 1076 4 6 LEAVES 
M 1172 5 1 LEAVES 
M 1172 5 2 LEAVES 
M 1172 5 3 LEAVES 
M 1172 5 4 LEAVES 
M 1172 5 5 LEAVES 
M 1172 5 6 LEAVES 
M 1195 6 1 LEAVES 
M 1195 6 2 LEAVES 
M 1195 6 3 LEAVES 
M 1195 6 4 LEAVES 
M 1195 6 5 LEAVES 
M 1195 6 6 LEAVES 
COK312 7 1 LEAVES 
COK312 7 2 LEAVES 
COK312 7 3 LEAVES 
COK312 7 4 LEAVES 
COK312 7 5 LEAVES 
COK312 7 6 LEAVES 
DES 119 8 1 LEAVES 
DES 119 8 2 LEAVES 
DES 119 8 3 LEAVES 
DES 119 8 4 LEAVES 
DES 119 8 5 LEAVES 
DES 119 8 6 LEAVES 

PLOT 
4809 
4841 
4893 
4917 
4941 
4985 
4813 
4861 
4873 
4909 
4937 
4997 
4817 
4853 
4881 
4921 
4953 
4973 
4821 
4849 
4885 
4913 
4949 
4977 
4825 
4869 
4889 
4905 
4945 
4981 
4829 
4845 
4897 
4933 
4965 
4969 
4833 
4857 
4877 · 
4925 
4957 
4989 
4837 
4865 
4901 
4929 
4961 
4993 

•_),, .-. 
""'~' 

GOSSY 
0.106 
0.125 
0.109 
0.116 
0.146 
0.118 
0.118 
0.100 
0.095 
0.120 
0.124 
0.106 
0.144 
0.129 
0.081 
0.104 
0.118 
0.118 
0.116 
0.101 
0.094 
0.086 
0.169 
0.145 
0.115 
0.092 
0.114 
0.089 
0.092 
0.135 
0.106 
0.177 
0.084 
0.138 
0.132 
0.118 
0.184 
0.185 
0.089 
0.136 
0.109 
0.157 
0.158 
0.102 
0.128 
0.113 
0.080 
0.157 

TANNIN FLAVON ANTHO 
10.299 0.583 0.303 
13.053 0.855 0.405 
9.757 0.SS7 0.200 

12.710 0.714 0.262 
12.604 0.009 0.381 
12.690 0.761 0.315 
8.136 0.535 0.174 

12.471 0.697 0.214 
12.425 0.759 0.310 
12.811 0.730 0.313 
11.502 0.002 0.334 

9.849 0.658 0.213 
12.171 0.686 0.252 
12.873 0.698 0.220 
12.310 0.856 0.337 
13.739 0.766 0.264 
11.060. 0.738 0.226 
11.684 0.688 0.237 
9.800 0.698 0.285 

11.232 0.839 0.342 
10.705 0.685 0.231 
12.339 0.831 0.319 
11.207 0.733 0.252 
11.035 0.687 0.259 
13.349 0.766 0.263 
10.121 0.645 0.187 
12.356 0.653 0.213 
12.235 0.656 0.264 
9.147 0.681 0.203 

11.461 0.800 0.261 
12.515 0.739 0.230 
9.367 0.800 0.260 

18.707 0.758 0.276 
14.975 0.817 0.270 
13.902 0.776 0.273 
10.355 0.799 0.234 
18.468 0.752 0.361 
17.808 0.905 0.456 
16.450 0.789 0.312 
17.237 0.714 0.255 
18.768 0.819 0.356 
13.907 0.795 0.324 
17.043 0.637 0.279 
15.647 0.696 0.320 
13.683 0.590 0.244 
15.750 0.733 0.322 
13.158 0.607 0.275 
12.090 0.563 0.247 
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1993 RT LINES CHEMICAL ANALYSIS 

ENTRY# REP TISSUE PLOT GOSSY TANNIN FLAVON ANTHO 
1421 1 LEAVES 202 0.151 2.880 0.446 0.117 
1421 2 LEAVES 402 0.166 3 .697 0.514 0.107 
1421 3 LEAVES 1002 0.160 4.423 0.575 0.118 
1445 1 LEAVES 303 0.141 3.548 0.560 0.110 
1445 2 LEAVES 903 0.136 3 .560 0.520 0.103 
1445 3 LEAVES 1103 0.129 4.407 0.603 0.129 
1698 1 LEAVES 201 0.175 4.945 0.578 0.117 
1698 2 LEAVES 501 0.135 3.219 0.594 0.093 
1698 3 LEAVES 1101 0.098 4.639 0.594 0.100 
C312 1 LEAVES 106 0.116 4 .191 0.572 0.113 
C312 2 LEAVES 301 0.169 3.147 0.576 0.097 
C312 3 LEAVES 406 0.148 3.792 0.603 0.120 
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AppenmxVIIl 

Comparison oftb.eB.t.k. HD-73 Protein Expressed by Insect 
Resist.ant Cotton with Commerciaily Available Microbial 

Pesti.cides ContainingB.t. Proteins 
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AppendixIX 

Management oflnsect Pests with lnsect Resistant Plants: 
Recommended.Approaches 

,,5..., 
;... f 
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MANAGEMENT OF INSECT PESTS WITH INSECT 
RESISTANT PLANTS: RECOMMENDED APPROACHES 

Abstract 

Monsanto Agricultural Group 
St. Louis, MO 

Insect resistant corn, cotton, and potatoes, which exhibit a high level of 
protection to damage and yield loss by lepidopteran pests (cotton and corn) 
and the Colorado potato beetle (potatoes) have been developed through the 
expression of B.t. genes in plants. Monsanto has developed recommended 
approaches to utilize these plants to maximize the utility and durability of 
these new insect control products. These approaches are being tested and 
will be opti:mized in the field prior to commercial introduction of insect 
resistant crops. 

Introducüon 

Insect resistant crops represent an important new management tool to 
control crop damage and loss due to insect pests. These plants offer 
significant benefits to the grower, the consumer and the environment. . 
Insect resistance has been developed through the expression of genes that 
produce insecticidal proteins from Bacillus thuringiensis (B.t.) in the cells 
of the plants. The particular genes being developed by Monsanto for cotton 
and com are derived from the B.t. kurstaki strain, and for potatoes from 
B.t. tenebrionis. These proteins are the basis of several commercially 
available microbial insecticides, which have been demonstrated as highly 
selective for insects, with no activity against other types of living organisms 
such as mammals, fish, birds or non-insect invertebrates (earthworms, 
spiders, etc.) (EPA, 1991; EPA, 1988). In addition, these proteins show a 
remarkable insect specificity (Macintosh et al., 1990). The B.t. genes 
developed for cotton and corn produce proteins that are active only against 
certain lepidopteran larvae with no activity ·against other orders of insects. 
Importantly, this activity spectrum overlaps with several important pests of 
these crops which include the tobacco budworm, cotton bollworm or com 
earworm, European corn borer, pink bollworm and several others such as 
cabbage looper, salt marsh caterpillar and cotton leaf perforator. Likewise, 
the B.t.t. gene developed for potatoes produces a protein active only against 
the Colorado potato beetle (CPB). Because these control agents are proteins, 
they have been found to break down rapidly in the environment and in 
mammalian digestive systems (Monsanto, 1993; Monsanto, 1994). 

258 

This
 do

cu
men

t is
 th

e p
rop

ert
y o

f B
ay

er 
AG 

an
d/o

r a
ny

 of
 its

 af
filia

tes
. 

It m
ay

 be
 su

bje
ct 

to 
rig

hts
 su

ch
 as

 in
tel

lec
tua

l p
rop

ert
y a

nd
 

co
py

 rig
hts

 of
 th

e o
wne

r a
nd

 th
ird

 pa
rtie

s. 

Furt
he

rm
ore

, th
is 

do
cu

men
t m

ay
 fa

ll u
nd

er 
a r

eg
ula

tor
y d

ata
 pr

ote
cti

on
 re

gim
e. 

Con
se

qu
en

tly
, a

ny
 pu

bli
ca

tio
n, 

dis
trib

uti
on

, re
pro

du
cti

on
 an

d/o
r p

ub
lish

ing
 an

d 

an
y c

om
merc

ial
 ex

plo
ita

tio
n a

nd
 us

e o
f th

is 
do

cu
men

t o
r it

s c
on

ten
ts 

with
ou

t th
e p

erm
iss

ion
 of

 th
e o

wne
r o

f th
is 

do
cu

men
t m

ay
 th

ere
for

e 

be
 pr

oh
ibi

ted
 an

d v
iol

ate
 th

e r
igh

ts 
of 

its
 ow

ne
r. 



The use of insect resistant plants will provide important benefits to 
growers, society and the environment (McGaughey and Whalon, 1992; 
Gasser and Fraley, 1989; Gould, 1988). First and foremost, these plants 
offer an alternative to chemical insecticides currently used to control 
susceptible insect pests with efficacy equal to or better than 
that of current control methods. The use of insect resistant cotton, com and 
potatoes will significantly reduce the application of chemical insecticides 
directed at these pests. The reduction of insecticide use will have direct 
benefits to the grower, such as less time and effort spent on insect control 
and reduced exposure to chemical insecticides. 

Insect resistant crops are also likely to produce secondary benefits in pest 
control as an indirect result of the reduction in use of chemical insecticides. 
Chemical insecticides like pyrethroids are relatively non-specific and have 
the effect of killing beneficial predatory and parasitic insects (Roush and 
Tingey, 1993; Van den Bosch and Stem, 1962). Because the B.t. proteins 
produced by insect resistant plants are not active against these beneficial 
insects, populations have been shown to rise significantly in fields planted 
with insect resistant cotton and CPB resistant potatoes compared to 
~tton and potatoes treated with chemical insecticides 
(_.....1993; Reed et aL, 1992; -1992· 
-· Preserving the beneficial inse~ should enhance the 
biological control of both target pests and non-target pests such as mites, 
aphids, and leafhoppers, which increase as problems as their natural 
predators are removed. In addition, insect resistant cotton and com and 
CPB resistant potatoes are equally capable of controlling target pest 
populations, which are beginning to lose their sensitivity to chemical 
insecticides (Everich, 1994; Stone and Sims, 1993), thus filling a need that is 
likely to grow in coming years. 

The use of insect resistant plants will provide important benefits to 
growers, society and the environment. To achieve these benefits, it is 
important that insect resistant plant strategies be implemented and 
managed properly. In this respect, these plants are no different than any 
other pesticide. There are two aspects of this management. First, is the 
development of pest management techniques that allow the farmer to 
maximize the ability of these plants to control target pests. In essence, this 
is the development of a total insect manage:ment package that will be 
centered around a new tool, insect resistant cotton, com or potatoes. 
Second, is the development of appropriate strategies to roaxiroi?.e the 
product durability and the utility of insect resistant crops. Part of this 
management program is the development and implementation of strategies 
targeted to prevent the development of insect resistance to the B.t. proteins 
produced by these plants. Because both management aspects can affect the 
way in w}µch insect resistant plants are used by the grower, these two types 
of management, total pest management and insect resistance 
management, are interconnected. 
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Resistance management is not an issue particular to insect resistant 
plants, given the development of insect resistance to chemical insecticides. 
Monsanto scientists have addressed insect resistance for several years in 
laboratory and field studies and with outside collaborators we have 
examinAd nearly every suggestion that has been made for resistance 
management in insect resistant plants (Everich, 1994; Roush, 1994; Sachs, 
1993; Stone and Sims, 1993). As the following discussion will demonstrate, 
promising strategies for resistance management for insect resistant plants 
are available and can be recommended. These strategies have been 
developed in consultation with an expert advisory panel established for each 
crop taking into account existing research and an understanding of crop 
production and agronomic practices. Consequently, these strategies may 
be specific for each crop and target pest. lt is evident, however, that insect 
resistant plants offer some unique options in pest and resistance 
management that are not available with traditional pesticides. 

lnb!grat.ed Pest and Besistance Management with Jnsect Besistant Plants 

As part of a package to provide economic control of insect loss and damage 
in cotton, com, and potatoes, these insect resistant crops will provide a 
central focus around which other insect management practices will be 
applied. In many areas lepidopteran pests are the primary damaging 
insects of cotton and com, so the use of these insect resistant plants to 
control these pests will be a major portion of total insect control. The 
primary pest in potato production is the CPB. lts control impacts the 
populations of other pests such as aphids and leathoppers. By substituting 
genetically modified cotton, com or potatoes for chemical pesticides directed 
at their target pests, a positive impact on overall insect management will 
result. Many of the details of pest management with insect resistant plants 
can only be determined by multi-year large scale field tests designed to 
incorporate these genetically modified crops into current production 
practices. Such field trials are in progress and are providing the data 
needed for developing a pest and resistance management program for these 
crops. These tri.als involve collaborations between Monsanto, HybriTech 
Seed Intemational (a wholly owned subsidiary ofMonsanto), seed company 
partners, and academic and extension entomologists. They are examining 
the impact of insect resistant plants on populations of beneficial and pest 
insects endemic to the crops and the impact on the use of c nventional 
insecticid~g non- et ests 993; Reed et 
al., 1992;-992; , the establishment of the 
baseline susceptibility of our insect targets to B.t. protein (Stone and Sims, 
1993; Everich, 1994;  pers. comm.) and the impact of mixtures of 
resistant and non-resistant plants on yield loss (Roush, 1994). 

Insect resistant cotton, com and CPB resistant potatoes will be important 
additions to the available methods of controlling insect pests. The 
implementation of these plants is fully consistent with the goals of 
integrated pest management because: 
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a) the B.t. protein produced by the plants is insect specific, affecting 
only a few targeted pest species 

b) the B.t. protein is active only against insects feeding on the plant 
and thus doing damage 

c) use of the plants will reduce the application of chemical insecticides 

d) use of the plants will preserve bene:ficial insects, which will 
enhance the biological control of non-target pests 

Because pest and resistance management are interconnected, it is 
important to develop both of these approaches in tandem for each insect 
resistant crop. 

Cclmbiuaüon oflnsectBesistant PJan1B with Chemicsl lnsecticides 

One aspect of the use of insect resistant plants for integrated pest 
management in com, cotton, and potatoes is the continued use of chemical 
insecticides. Some insecticides will continue to be used in these crops for 
non-target pests. If possible, these insecticides need to be chosen so as to 
not negatively impact beneficial arthropods, which are integral in the 
biological control of non-susceptible species. The combination of insect 
resistant crops with chemical insecticides, while part of a total insect 
control package, is not a resistance management option for insect resistant 
plants per se. Chemical insecticides can reduce the population size of 
insects selected for resistance to B.t. but cannot alter the gene frequencies 
within this population (Roush, 1989). Altematively, insect resistant plants 
should positively impact current chemical insecticides by helping slow 
resistance development and prolonging the life of these important 
agricultural chemicals. 

Resistauce Management for Jnsect BesisUmt Plants 

As described above, part of managing the implementation of insect 
resistant plants is the design and implementation of appropriate strategies 
to delay or prevent the development of insect resistance to B.t. protein in 
cotton, com or potatoes. Described below are approaches that will help 
manage resistance development in these crops. lt is important to note that: 
1) as insect resistance development is a biological phenomenon, the rate of 
development is difficult if not impossible to predict and consequently, the 
efficacy of a strategy to delay or prevent its development may be impossible 
to demonstrate; 2) because ofthe available technology, biology ofthe pest, 
and the production practices of the crop, implementation of these strategies 
will be dependent on the crop and the target pest; and 3) field research must 
be conducted to determine the practical implementation of these strategies 
within current crop production practices. These strategies have been 
recommended by several researchers (Gould, 1988; Stone et al., 1991; 
McGaughey and Whalon, 1992) and are summarized briefly below and then 
expanded in greater detail in the next section. 
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Summary of Cousi.dered ResistaDce Management Strategies for Insect 
Resistant Cotton, Com andPoWoes 

• High dose expression of B.t. protein in plants to control insects 
heterozygous for resistance alleles. 

• Refugia as hosts for sensitive insects provided through non-insect 
resistant plante or other non-modified hosts. 

• Monitoring of insect populations for susceptibility to B.t. protein. 

• Agronomie practices that mjnjmize insect exposure to B.t. plants. 

• Integrated pest management (as described above). 

• Combination of multiple genes witbin the same cotton plant, both of 
which are active against targeted insects but with different 
sites/modes of action. 

• Incorporation of host plant resistance traits into insect resistant 
cotton and com as they are proven effective. 

• lncorporation of novel proteins that provide effective control of 
targeted pests. 

Details ofResistanre Management Strategies 

High Dose Expression 

High dose expression for resistance management is based on three 
assumptions: 

1) Resistance will most likely be controlled by one major locus with 
recessive esistance alleles McGaughey and Beeman, 1988; 
Macintosh et al., 1991; Sims and Stone, 1991). 

2) Insects developing resistance to the B.t. protein will be rare initially 
and will almost always mate with susceptible insects giving rise to 
heterozygous progeny (Gould, 1986). 

3) More than 95% of the heterozygous progeny will be disabled or k:illed 
by insect resistant plants with the same dose as the homozygous 
susceptible larvae. 

The high dose expression strategy uses plant expression of B.t. protein in 
quantities sufficient to kill those insects heterozygous for resistance to B.t. 
(McGaughey and Whalon, 1992; Roush, 1989). This resistance strategy fits 
nicely with the fact that high dose expression is essential for commercial 
effi.cacy of CPB resistant potatoes and insect resistant cotton and com 
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because of the range of sensitivity to the B.t. protein in corn and cotton 
insect targets (e.g., at least a 10-fold difference between tobacco budworm 
and European corn borer and cotton bollworm). High dose expression is 
also necessary to maintain consistent control across environments and 
genotypes. We plan to evaluate and develop the high dose expression 
strategy. 

Refugia for Sensitive Insects 

Refugia means providing a refuge for sensitive insects within a population 
so they will not be exposed to B.t. protein and not be selected for resistance. 
AB a resistance management technique, refugia is based on the concept 
that control failure due to resistance is a population genetics phenomenon. 
Control failures are observed when the frequency of resistant insects in the 
population reaches a critical level. Refugia supply susceptible non-selected 
individuals to the general population. With adequate refugia, the frequency 
of resistance genes will be very low and spread only very slowly through the 
population. Refugia is an important component of our insect resistant crop 
resistance management strategies. 

Refugia can be provided either within the crop or outside it. The refuge can 
also be planted specifically as such or e:xist naturally. In all of these 
approaches, the effectiveness of the refuge is based on those insects that 
survive on the refuge crop rather than its total acreage. This is an 
important point because, if the refuge is chemically treated, the refuge 
population is reduced and the amount of acreage required is increased. 
Examples of refugia that can be utilized are: 

1) Refuge outside of the crop: Non-insect resistant cotton, corn or potatoes. 

This type of refuge will exist in all the acres not covered by these insect 
resistant plants. This area will be substantial in the early years after 
introduction and could supply a sufficient refuge for several years. AB 
insect resistant seed becomes more available and widely grown, this 
refuge will be reduced. Consequently, over time, reliance on non-insect 
resistant cotton, corn or potato fields for refugia may not be adequate. 

2) Refuge outside of the crop: Non-modified· crop hosts. 

The European corn borer and the cotton bollworm or corn earworm have 
many non-corn or cotton hosts· including other crops in all locations, 
which may provide an adequate refuge. The tobacco budworm and 
Colorado potato beeile have fewer alternatives and the pink bollworm 
has none. In some locations corn, cotton and potatoes may be the only 
host for at least one insect generation per season. The use of B.t. 
microbials or transgenic B.t. plants on other crops will also impact their 
utility as a refuge for insect resistant plants. This option must be 
evaluated carefully based on the crop, pest biology, and growing regions. 
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3) Refuge within the crop: Non-insect resistant plants. 

In certain cases a likely solution is to provide an "in crop" refuge of non
insect resistant plants. For this in crop refuge, the choices are: a) 
random mixture of seed of insect resistant and non-resistant plants or b) 
non-insect resistant plants planted within the same field. The optimum 
refuge area required must be determined for each crop. 

Mixed seed lines (B.t. and non-insect resistant seed within the same bag) 
have a certain appeal due to the "automatic" implementation. A possible 
problem with mixed seed arises from larvae that survive on a non-insect 
resistant plant and migrate to a modified plant where they may be less 
sensitive to B.t. protein because of their size. This could compromise insect 
control and increase selection pressure for resistance. The likelihood of 
this occurring is being investigated experimentally before this strategy is 
implemented. 

There may also be economic and logistical problems ü a mixed seed 
strategy is implemented. However, Monsanto, HybriTech and seed 
company partners are interested in determining the vi.ability of the mixed 
seed approach. lt is clear that field research is required to determine the 
percentage of non-insect resistant plants needed as a refuge, and what the 
impact of this percentage on over all yield, quality and seed company 
economics. 

Another in-crop refuge could be non-insect resistant plants planted 
specifically by the farmer. Besides provi.ding a refuge, such planting of 
separate indicator rows of non-insect resistant plants could potentially 
make scouting easier. Field research is needed to determine the optimum 
type of planting regime. 

Agronomie Practices 

Certain agronomic practices may need to be recommended for insect 
resistant plants. In particular, plow down dates to p.)jminate unnecessary 
insect exposure to B.t. protein from cottori regrowth or rotating CPB 
resistant potatoes with non-resistant potatoes may need to be 
recommended. The recommendation of these strategies will be determined 
on a regional basis, ü necessary. 

Monit.oring Insect Resistanoo 

Insect resistance monitoring is an important component of any insect 
resistance management strategy. A baseline frequency is in development. 
Resistance ofmajor target pests to B.t. prot ed in the 
field (Everich, 1994; Stone and Sims, 1993; . Baseline 
information should be collected on all B.t. products (engineered plants and 
B.t. microbials) to know when the frequency of resistant genotypes have 
increased within the population. This information must be developed on 
regional bases over several years so that susceptibility changes in 
populations can be identified and validated. 
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Pyramiding Traits 

A set of strategies for the medium and long term. focus on combining 
multiple insecticidal agents. The rationale is essentially the same for all of 
these: Expose the insects to two or more active agents with distinct modes 
of action at the same time, and the probability of any one insect being 
selected for resistance to both agents simultaneously is extremely low. 

1) Combination with a Second Insect Resistance Gene 

A second gene within the same plant possessing a different mode of 
action will significantly reduce the frequency of resistant individuals 
(Peferoen, 1992; Stone et al., 1991; Van Rie, 1991). Population models 
indicate that other alternative uses of a second gene such as seed 
mixture or using single genes in rotation, may be as effective as two 
genes within the same plant (Gould, 1988; Gould 1986). Assuming 
initial gene frequencies for B.t. protein resistance are low, initial 
introduction of a product with a single B.t. gene should not negatively 
compromise a second gene because the single gene product will be 
planted on limited acres in the first few years. In the medium term the 
best choice of second gene is an unrelated B.t. gene. In the long term., 
the use of novel, non-B.t. insecticidal genes holds great promise. This 
area is under active research. 

2) Combination with Host Plant Resistance Traits 

This is a long term. strategy to be implemented by seed companies or 
public breeders. Host plant resistance traits (HPR) used in combination 
with insect resistant cotton or com need to be insecticidally effective and 
not negatively impact quality or yield. For exam.ple, Monsanto currently 
has funded research on HPR to help set direction on HPR traits that 
alone or in combination are useful in protecting the plant from 
lepidopteran insects in cotton (Sachs, 1993). Cotton seed companies are 
interested in incorporating these traits ü they are effective and have no 
negative effects on yield or quality. Similar work is planned with insect 
resistant com. This strategy may have limited application to potatoes, 
however, as there are few varieties available that provide adequate CPB 
control and have desirable yield and quality characteristics. 

Summary 

Insect resistent cotton, com and potatoes will offer great benefits in overall 
insect control in these crops. These plants will be developed to fit within 
existing pest management practices. Research programs for each crop 
have been_ in place for several years and will continue. With proper 
management and implementation, the development of insect resistance to 
B.t. will not be a technical or commercial problem that will limit the value 
or effi.cacy of these products. Monsanto has developed a package of 
strategies that will help effectively manage the potential development of 
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insect resistance. The details of this program and its incorporation into 
existing pest management programs will be further developed and 
optimized in the field in the coming years. 

Many aspects of the use of insect resistant plante in pest management and 
the implementation of resistance msnagement strategies are unique to 
these products as compared to traditional chemical or microbial 
insecticides. For example, the use of refugia and the incorporation of 
multiple resistance traits through molecular biology or plant breeding are 
aspects that are ideally suited to insect resistant plants. This ability to 
utilize new methods in pest and resistance management malte geneti.cally 
modified insect resistant plante a criti.cal component for successfully 
managing insect pests in the future. 
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