
Petition for Determination of Nonregulated Status for Roundup 
Ready@ Canola (Brassica napus) 

Line RT73 

97-350213 

Submitter: 

Monsanto Cornpay 
700 Chesterfield Parkway North 

Chesterfield, MO 63198 

July, 1998 

Prepared by: 

CONTAINS NO CONFIDENTIAL INFORMATION 

1 

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 Nonregulated Status for 
Roundup Ready@ Canola (Brassica napus) Line RT73 

SUMMARY 

Monsanto Company submits this Petition for Determination of Nonregulated 
Status to the Animal Plant Health Inspection Service (APHIS) for canola 
which is tolerant to Roundup@ herbicide. This petition requests a 
determination fkom APHIS that the Roundup Ready@ canola line RT73, any 
progenies derived from crosses between this line and other canola varieties, 
and any progeny derived from crosses of this line with transgenic canola 
varieties that havealso received a determination of nonregulated status, no 
longer be considered regulated articles under regulations in 7 CFR part 340. 

Weed management is a critical component to maximize yields and retain a 
high-quality harvest, free of weed seeds. The use of canola plants containing 
the Roundup Ready@ gene would enable the farmer to utilize Roundup@ 
herbicide for effective control of weeds during the growing season and to take 
advantage of this herbicide’s environmental and safety characteristics. 

Roundup Ready@ canola line RT73, also referred to as RT73, has been 
transformed with the plasmid PV-BNGT04, which contains the 
enolpyruvylshikimate-3-phosphate synthase (CP4 EPSPS) gene from 
Agrobacterium sp. and a modified glyphosate oxidoreductase (goxu247) gene 
based on the gox gene from Ochrobactrum anthropi sp. These genes and the 
proteins they produce have been fully characterized. The CP4 EPSPS gene in 
RT73 is the same as the gene imparting Roundup tolerance in Roundup 
Ready@ cotton line 1445 and Roundup Ready@ soybean line 40-3-2, 
previously deregulated by USDA. Canola RT73 is tolerant to Roundup 
through the expression of both the CP4 EPSPS and GoXv247 proteins. 
Canola RT73 has been extensively field tested in Canada, Europe and the 
United States over the last six years. Testing in the United States was 
conducted under USDA permits and notifications (Appendix 1). 

Monsanto obtained food, feed and environmental regulatory approvals for 
Roundup Ready canola line RT73 in Canada in March, 1995. Commercial 
launch of RT73 occurred in 1996 under the trade name Roundup Ready@, 
with over 450,000 Canadian acres planted in 1997. Food and environmental 
approvals were obtained in Japan in September, 1996. Monsanto also 
completed the consultation process with the U.S. Food and Drug 
Administration in September, 1995 and obtained a finding of no concern. In 
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addition, the U.S. EPA granted a tolerance exemption for CP4 EPSPS on 
August 2,1996 and for GCX on October 9,1997. Monsanto has submitted 
(April, 19981, a n d will obtain, prior to commercial launch in the United 
States, a registration from the U.S. EPA for’ use of Roundup for over-the-top 
application on Roundup Ready canola. 

Data and information for RT73 transformed with the plasmid vector PV- 
BNGT04 are provided to demonstrate that this canola line and its progeny 
are no more likely to become weeds than traditional canola varieties and are 
unlikely to increase the weediness potential of any cultivated plant or native 
wild species. In addition, this line does not exhibit plant pathogenic 
properties and exhibits no toxicity to non-target organisms, including those 
organisms beneficial to agriculture. 

Therefore, Monsanto Company requests a determination from APHIS that 
Roundup Ready canola line RT73, any progenies derived from crosses 
between this line and other canola varieties, and any progeny derived from 
crosses of this line with transgenic canola varieties that have also received a 
determination of nonregulated status, no longer be considered regulated 
articles under regulations in 7 CFR part 340. 

. 
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The undersigned certifies that, to the best of his knowledge and belief, 
this petition includes all data, information, and views relevant to the 
matter, whether favorable or unfavorable to the position of the undersigned, 
which is the subject of the petition. 

 
Regulatory AtGrs Manager 
The Monsanto Comptiy, BBlK 
700 Chesterfield Parkway North 
Chesterfield, Missouri 63 198 
Tel:  
FAX:  
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List of Abbreviations 

aad 

bP 
CP4 EPSPS 

CTP 
ELISA 
EPSP 
EPSPS 
gox/Gox 

goxu247 
GOXv247 
LB 
OSR 
Mha 
PEP 
PCR 
RB 
RBDO 
RT73 
spc/Str 

S3P 
ssu 

Gene encoding adenylyltransferase conferring 
spectinomycin and streptomycin resistance 
basepair 
5-enolpyruvylshikimate-3-phosphate synthase fkom 
Agrobucterium sp. strain CP4 
chloroplast transit peptide 
enzyme-linked immunosorbant assay 
5-enolpyruvylshikimate-3-phosphate 
5enolpyruvylshikimate-3-phosphate synthase 
glyphosate oxidoreductase gene/protein fi-om 
Achromobucter sp. strain LBAA 
a variant of the gox gene 
a variant of the GOX protein 
left. border of T-DNA 
oilseed rape 
million hectares 
phosphoenolpyruvate 
polymerase chain reaction 
right border of T-DNA 
refined, bleached, deodorized oil 
Roundup-tolerant canola line 73 
Phenotype with resistance to spectinomycin and 
streptomycin conferred by the aad gene 
shikimate-3-phosphate 
small subunit 
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I. RATIONALEFORTHEDEVELOPMEIWOF ROUNDUPREAD~@CANOIA 
P 

r 
\ 

f- 

The use of canola containing Roundup Ready@ genes would enable the 
farmer to utilize Roundup herbicide for effective control of weeds during the 
growing season and to take advantage of this herbicide’s environmental and 
safety characteristics. Glyphosate is highly effective against the majority of 
annual and perennial grasses and broad-leaved weeds. Glyphosate has 
excellent environmental features, such as rapid soil binding (resistance to 
leaching) and biodegradation (which decreases persistence), as well as 1 
extremely low toxicity to mammals, birds and fish (Malik et al., 1989). In 
addition, glyphosate is one of the commercially available herbicides classified 
by the EPA as Category E (evidence of non-carcinogenicity for humans) (57 
FR 8739). 

The use of Roundup Ready canola can positively impact current agronomic 
practices in canola by: 

9 Offering the farmer a new, wide-spectrum weed control option. 

l Allowing the use of an environmentally acceptable herbicide. 

l Increasing flexibility to treat weeds on an “as needed” basis. 

l Providing an excellent fit with reduced-tillage systems, which 
results in increased soil moisture, while reducing soil erosion and 
fuel use. 

l Providing cost-effective weed control. 

II. THE CANOLAFAMILY 

A thorough review of the taxonomy and biology of the canola family may be 
found in the Consensus Document on the biology of Brass&z napus L (Oilseed 
Rape) in the OECD Series on the Harmonization of Regulatory Oversight in 
Biotechnology (OECD, 1997). Information not discussed in the OECD 
document concerning the distribution of sexually compatible species in the 
U.S. can be found in Sections 1I.A. and VI.F. The development of canola 
quality rapeseed has also been previously reviewed (Stefansson, 1983). 

In the fall of 1990, U.S. production of canola was quite modest: 24,000 
hectares or 59,000 acres. By 1997 U.S. production had increased to 289,000 
hectares or 715,000 acres (NASS, 1997). Within ten years, the U.S. 
production may be as high as 4.5 million hectare&l.1 million acres (Raymer 

9' 
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and Thomas, 1990). The two leading states in canola production are North 
Dakota and Montana, with significant production also found in Idaho, 
Minnesota and Washington. 

k Genetic Nature of the Amphidiploid B. nupus 

The origin of the species Brassica napus can be traced to natural crossing 
between two diploid species, B. oleracea and B. rapa, growing in close 
proximity, followed by spontaneous chromosome doubling of the hybrid. 
Amphidiploids, a special case of polyploidy, are formed by mating two species 
with different genomes and doubling the chromosome number of the hybrid. 
Such a doubled chromosome configuration would be stable at meiosis and 
thus allow the new polyploid species to reproduce. Crossing without 
chromosome doubling results in sterile progeny. Cytological studies of B. 
nupus have shown that it contains both the aa and the cc genome, and is an 
amphidiploid derived from the monogenomic species, B. oleracea (cc genome) 
and B. rapa (aa genome), (Mizushima, 1980; U, 1935). Such.a 
crossing/doubling event probably occurred only once for B. napus, since it has 
a discrete center of origin in the Mediterranean area. Both B. napus and B. 
juncea have the aa B. rapa genome in common (Figure 1). 

B. napus is self-compatible and thus, primarily self-pollinating, although 
some crossing between individual plants of B. nupus (outcrossing) does occur 
under field conditions (Huhn and Rakow, 1979; Rakow and Woods, 1987). 
The pollen is sticky and only transferred physically, through contact between 
plants or by insects. The only cultivated species sexually compatible with B. 
napus under field conditions are other B. napus, B. rapa, and B. juncea. 
Several wild mustard species, B. carinuta, B. oleracea, Sinapis aZba syn B. 
hirta and B. tournefortii, require intervention such as emasculation and 
manual pollination to produce progeny when crossed with B. napus under 
field conditions (OECD, 1997). See section VLF. for additional discussion of 
outcrossing potential between B. napus and other closely related species. 

. 
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Figure 1. Genome relationships of some economically 
important Bmssica species. After U (1935). 

TabIe 1. Members of the genus Brassica found in the U.S. which are 
sexually compatible with B. napus under field conditions, 
including the common names of cultivated and naturalized or 
wild forms. (Fribourg et al., 1989; Hortus Third, 1976; Rollins, 
1981). 

Brassica species 
B. juncea 

B. napus 

B. rapa 

cultivated form 
brown mustard 
leaf mustard 
mustard greens 
canola, 
oilseed rape 
fodder turnip, 
turnip rape, 
canola, rapeseed 

naturalized or wild form 
Indian mustard 

wild rape 

field mustard, . 
wild turnip 
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B. Characteristics of the nontransformed cultivar 

Roundup Ready canola line RT73 was selected from plants of the well-known 
Westar variety of canola (Brassica napus L.) (Klassen et al., 1987). Since 
1982, this variety has had a history of safe use in the commercial production 
and breeding of canola. Its pedigree has been published along with 6 year 
performance data (Klassen et al., 1987). Westar has been a standard, as well 
as a source of breeding germplasm for many other registered varieties of 
canola. Thus, there are no safety concerns related to the host plant for 
Roundup Ready canola line RT73. 

111. A~ROBACTERIUM TRANSFORMATIONMEXHOD 

The disarmed Agrobacterium tumefaciens plant transformation system was 
used to produce Roundup Ready canola line RT73 . This delivery system is 
well documented to transfer and stably integrate T-DNA into a plant nuclear 
chromosome (White, 1989; Howard et al., 1990). Vector PV-BNGT04 was 
mobilized into disarmed A. tumefaciens strain ABI and selected on 
spectinomycin and chloramphenicol. Five to six week-old stem sections from 
Westar canola were used as explant sources, and were infected with the 
Agrobacterium culture. Following co-culture, Agrobacterium were killed 
using a culture media containing the appropriate antibiotics. Explants were 
later placed on glyphosate selection medium. Developing shoots were.excised 
from an &plant. The positive shoots were grown to maturity, selfed to 
produce seed and the resulting progeny plants were screened for glyphosate 
tolerance. 

IV. DONORGENESANDREGULATORYSEQUENCES~ 

k Plant transformation vector, PV-BNGT04 

The plant transformation vector used to produce Roundup Ready canola 
RT73 was PV-BNGT04. It is a double border vector, and encodes CP4 EPSPS 
and goxu247 genes optimized for plant expression. As described in more 
complete detail in Table 2, the sequence between the left and right border 
sequences contains the following genetic elements: 

P-CMoVb CTPl 
P-CMoVb CTP2 

goxu247 
CP4 EPSPS 

E9 3’ 
E9 3’ 
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The plasmid map is shown in Figure 2. All of the clonings performed to 
construct plasmid PV-BNGT04 were done in non-pathogenic E. coli strains 
derived from E. coli K-12 (E. coli LE392, JMlOl, and MM294), commonly 
used in molecular biology research (Sambrook et al., 1989). 

The vector PV-BNGTOB 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 transferred into plant genomic DNA. . The same constitutive promoter, P-CMoVb, was used to drive expression of 
both the CP4 EPSPS andgoxv247 genes. A chloroplast transit peptide (CTP) 
was fused upstream of the N-terminus of CP4 EPSPS and goxv247 to 
facilitate import of the newly translated protein into chloroplasts (della- 
Cioppa et al., 1987). The Arab-SSUlA/CTPl (CTPl) is a chloroplast transit 
signal peptide derived from the small subunit of ribulose bisphosphate 
carboxylase of Arabidopsis thaliana. The CTPl DNA sequence encodes an 
89 amino acid peptide fused to the N-terminus of mature goxv247. The 
amino acid sequence of CTPl contains 2 potential Cys-Met (cysteine- 
methionine) cleavage sites upstream of the fusion. The AEPSPSICTPB 
(CTP2), fused to CP4 EPSPS, is the A. thal iana EPSPS CTP. The CTP2 DNA 
sequence encodes a 77 amino acid peptide fused to the N-terminus of mature 
CP4 EPSPS. The amino acid sequence of CTP2 contains only one Cys-Met 

f- 
cleavage site at the point of the fusion. 

Outside the borders, the vector PV-BNGT04 (Figure 2) contains bacterial 
origins of replication (or&V, ori-322) and the aad selectable marker gene that 
provides resistance to spectinomycin and streptomycin antibiotics. These 
elements were not transferred to canola RT73. Lastly, well-defined 
restriction sites are present in PV-BNGT04 (Figure 2). These sites enable 
characterization of the genetic elements in canola RT73. 
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Figure 2. Plasmid Map of PV-BNGT04, 
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P 

Table 2. Summary of the Genetic Elements in Plasmid Vector 
P-V-BNGT04. 

Genetic Element 
Right Border 

Function (Reference) 
A 25 nucleotide direct repeat that acts as the 
initial point of DNA transfer into plant cells, 
originally isolated f?om pTiT37 (Depicker et UZ., 1982). 

P-CMoVb The 35s promoter from a modified figwort mosaic virus 
Gowda et CL, 1989; Richins et OZ., 1987; Sheperd et CrE., 
1987). 

Arab-SSUlAICTPl 

goxv247syn 

E9 3’ 

AEPSPSIClT2 

CP4 EPSPS syn 

LeR Border , 

ori-V 

or-i-322 

aad (Spc IS&) 

The N-terminal of the small subunit IA of the ribulose-1,5- 
bisphosphate carboxylase chloroplast transit peptide from 
Anzbidopsis Wimko et al., 1988). 

A synthetic glyphosate oxidoreductase (go%) gene variant 
number 247 based on the glyphosate oxidoreductase (gax., 
gene isolated f?om Ochrvbactrum antiwopi strain LIMA 
(Appendix 2, et al., 1994; and Appendix 3,  
et al., 1994). 

The 3’ end of the pea rbcS E9 gene which provides the 
polyadenylation sites for tbe goxu247 and CP4 EPSPS genes 
Koruzzi et al., 1984; Morelli et al., 1985). 

The N-terminal chloroplast transit peptide sequence from 
theArabidopsis EPSPS gene (Klee et al., 1987). 

The synthetic 5enolpyruvylshikimate-3~phosphate 
eynthase (CP4 EPSPS) gene based on the sequence from 
Agrobacterium sp. strain CP4 (Padgette et al., 1996; 
see Appendix 4) 

Isolated fhm the o&opine Ti plasmid, 
pTiA6, and contains the 25 bp direct repeat 
sequence that delimits the DNA transferred 
(Barker et al., 1983). 

The vegetative origin of replication that 
permits plasmid replication in 
Agrobadrium. It was originally isolated 
from plasmid RK2 (Rogers et al., 1987). 

A plasmid replication origin which permits 
propagation of DNA in bacterial hosts such 
as E. coli. (Sutcliffe, 1979). 

The bacterial gene encoding the Tn7 AAD 3’ 
adenylyltransferase conferring 
spectinomycin and streptomycin resistance 
to bacterial cells (Fling et al., 1985). 
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B. CP4 EPSPS gene 
Two genes were introduced into Roundup Ready canola line RT73 that confer 
tolerance to glyphosate: CP4 EPSPS and goxv247. The CP4 EPSPS gene, 
encoding the protein Ei-enolpyruvylshikimate-3-phosphate synthase (EPSPS), 
was originally obtained from Agrobacterium sp. strain CP4 and is identical to 
the CP4 EPSPS gene in Roundup Ready cotton line 1445 and soybean line 
40-3-2 which have received determinations of non-regulated status from 
USDA (USDA, 1995; USDA, 1994). 

The protein, CP4 EPSPS, coded for by the CP4 EPSPS gene, catalyzes the 
reaction of shikimate-3-phosphate (S3P) with phosphoenolpyruvate (PEP) 
into 5-enolpyruvylshikimate-3-phosphate (EPSP), as do other EPSPSs, a step 
in the production of aromatic amino acids via the shikimate pathway 
(Herrmann, 1983; Haslam, 1974). Unlike EPSPSs found in plants, CP4 
EPSPS is highly insensitive to inhibition by glyphosate, the active ingredient 
in Roundup@ herbicide. The CP4 EPSPS protein represents one of many 
different EPSPSs found in nature (Schulz et al., 1985), is highly tolerant to 
inhibition by glyphosate and has high catalytic efficiency, compared to most 
EPSPSs (Barry et al., 1992; Padgette et al., 1991). 

The CP4 EPSPS gene fkom Agrobacterium sp. strain CP4 has been 
completely sequenced and encodes a 47.6 kD protein consisting of a single 
polypeptide of 455 amino acids. The bacterial isolate, CP4, was identified by 
the American Type Culture Collection as an Agrobacterium species. There is 
no human or animal pathogenic&y known from Agrobacterium species, nor is 
the EPSPS gene a determinant ofAgrobacterium plant pathogenesis. The 
amino acid sequence of CP4 EPSPS is given in Figure 3. 

The original gene sequence from Agrobacterium was modified to create a 
synthetic gene which allows for higher expression in plants. Bacterial genes, ., 
like those from Agrobacterium, have several features that reduce their ability 
to function efficiently in plants. These features include potential 
polyadenylation sites that are often rich with A+T nucleotides, a higher G+C 
nucleotide percentage than that frequently found in dicotyledonous plant 
genes, concentrated stretches of G and C nucleotide residues, and codons that 
may not be found frequently in dicotylendonous plant genes. This high G+C 
nucleotide percentage in the CP4 EPSPS gene from Agrobacterium sp. could 
result in the formation of strong hairpin structures that may affect 
expression or stability of the RNA. Therefore, a plant-preferred version of 
this gene was synthesized and used in vector PV-BNGT04 without affecting 
the functional activity of the expressed CP4 EPSPS protein. 
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Figure 3. Deduced amino acid sequence of CP4 EPSPS. 

1 MSHGASSRPA TARKSSGLSG TVRIPGDKSI SHRSFMFGGL ASGETRITGL 

61 LEGEDVINTG KAMQAMGARI RKEGDTWIID GVGNGGLLAP EAPLDFGNAA 

101 TGCRLTMGLV GVYDFDSTFI GDASLTKRPM GRVLNPLREM GVQVKSEDGD 

151 RLPVTLRGPK TPTPITYRVP MASAQVKSAV LLAGLNTPGI TTVIEPIMTR 

201 DHTEKMLQGF GANLTVETDA DGVRTIRLEG RGKLTGQVID VPGDPSSTAF 

251 PLVAALLVPG SDWILNVLM NPTRTGLILT LQEMGADIEV INPRLAGGED 

301 VADLRVRSST LKGVTVPEDR APSMIDEYPI LAVAAAFAEG ATVMNGLEEL 

351 RVKESDRLSA VANGLKLNGV DCDEGETSLV VRGRPDGKGL GNASGAAVAT 

401 HLDHRIAMSF LVMGLVSENP VWDDATMIA TSFPEFMDLM AGLGAKIELS 

451 DTKAA 

C. goxz9247 gene 
A variant of the gox gene, cloned from Ochrobactrum anthropil strain LIMA, 
was also inserted to provide tolerance to glyphosate. The variant gox gene, 
goxv247, encodes the glyphosate-metabolizing enzyme glyphosate 
oxidoreductase (GCXv247) (Hallas et al., 1988; Barry et al., 1992). The 
proteins GOX and the GCXv247 variant of the same enzyme are >99% 
identical, differing by 3 amino acids out of more than 400. The substitution 
of the histidine residue at position 334 with arginine effects a ten-fold , 
lowering of the apparent Km2 (appIL) for glyphosate in GCXv247 (
et al., 1994; see Appendix 31, and thus enhances the efficiency of glyphosate 
degradation. GCX was isolated from Ochrobactrum anthropi strain LB&$ 
and catalyzes the breakdown of glyphosate into aminomethylphosphonic acid 
(AMPA) and glyoxylate ( et al., 1994; see Appendix 2). This 
degradation effectively inactivates the herbicide and enables canola RT73 to 
grow when treated with Roundup@ herbicide. 

As with the CP4 EPSPS gene above, the go3e gene sequence from 
Ochrobactrum anthropi was modified to create a synthetic gene which allows 
for higher expression in plants. The amino acid sequence of GCXv247 is 
compared to that of GCX in Figure 4. It is readily seen that the two are 
>99% identical. The differences between the two forms of CCX are shown in 
bold in Figure 4. 

’ A previous designation was Achromobacter sp. strain LBAA. 
2 The Michaelis-Menton constant, Km, is a measure of the afiinity of a particular substrate 
for an enzyme. The lower the Km, the higher the affinity for the enzyme. 
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Figure 4. Amino Acid Sequences of the GOX (lower sequence) and 
GOXvZ47 (top sequence). 

1 MAENHKKVGLkGAGIVGVCTkMLQRRGFI&TLIDPNPPGkGASFGNA& 60 
illlllllllllllllllllllllllllllllllllllllllllllllll 

1 MAE~GIAGAGIVGVCTALMLQRRGFKVTLIDPNPPGEGASFGNAGC 60 
. . . . . 

61. FNGSSWPMSMPGNLTSVPKWLLDPMGPLSIRF@~~J?F’TIMP~LIRFLLAG loo 
11111111111111111111111111111111ll1111111111111111 

61 ENGSSVVPMSMPGNLTSVPKWUDPMOPLSIRFSYFPTIMPG 100 

101 RP~eA;CALRNLI~~LIKsT;PLIKSLAEEADASHLIRH 160 
~o~l~l~IIIIIIIIIIIIIIIIIII’IIIIIIIIIIIIIIIIIIIIIII 

~IKSTVPLIKSLAEEADASHLIRHEGHLTVYRGEAD 160 
. . . . . 

161 FARDRGGWELRRLNGVRTQILSADALRDFDPNLSHAFTKGILIEENGH,TI 200 
llllllll.lllllllll1llllllllllllllllllllllllllllllll 

161 FAKDRGGWELRRLNGVRTQILSADALRDFDPNLSHAIiyKGILIEENGHTI 200 

201 NPQGLVTLL ~GGEFvsARvJGFETEGRALKG~G~~~260 
llllllllllllllllllllllllllllllllllllllllllllllllll 

201 NPQGLVTLLFRRFIAN GGEFVSARVIGFETEG~KGI~G~~~260 
. . . . 

261 WAAGAHSKSLANSLGDDIPLDTERGYHMANPEUPR,IPTrDASGKFI ‘300 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I plll&ill~loo 

261 WAAGAHSKSLANSLGDDIPLDTERGYHIVUNP 
. . . . . 

301 ATPMEMGLRVAGTVEFAGLTAAP NSEER 360 
llllllllllllllllllllllllllllllllllllllllllllllllll 

301 ATPMEMGLRVAGTVEFAGLTAAP ~YTHARKLLPALAPASSEER 360 

361 YSKWMGFRFkIPDSLPVIG~TRTPDVIYAbGHGHLGMT&MTATLVSiZ 400 

361 
llllllllllllllllllllllllllllllllllllllllllllllllll 
YSKWMGFRPSIPDSLPVIGRATRTPDVIYAFGHGHLGMTGAI’MTATLVSE 400 

401 LLAGEKTSIDiSPFAPNRFGiGKSKQTGP& 431 
lllllllllllllllllllllllllllllll 

401 UAGEKTSIDISPFAPNRFGIGKSKQTGPAS 431 

D. Chloroplast Transit Peptides (CTP) 
Results from early experiments showed that it was critical to target 
glyphosate-tolerant EPSPSs to the chloroplast, the site of aromatic acid 
biosynthesis, to obtain the highest levels of in planta tolerance (della-Cioppa 
et al., 1987). The CP4 EPSPS gene was engineered for plant expression by 
fusing the V-end of the CP4 EPSPS gene to the N-terminal chloroplast 
transit peptide (CTP) sequence derived from the Arabidopsis EPSPS gene; 
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[AEPSPS/CTP2] (Gowda et al., 1989; Richins et al., 1987; Klee et al., 1987). 
Likewise, the goxu247 gene was fused to the N-terminal chloroplast transit 
peptide sequence of the small subunit 1A ribulose-1,5-bisphosphate 
carboxylase gene from Arabidopsis; [Arab-SSUlAKTPl] (Timko et al., 1988). 
The current literature on transit peptides supports a model whereby the CTP 
is degraded rapidly and completely by proteases after transport of the 
precursor protein has occurred. Thus, after a “pre-” protein (containing the 
CTP amino-terminal extension) reaches the chloroplast or plastid stroma, the 
CTP is cleaved and degraded (Bartlett et al., 1982) leaving only a “mature” 
protein. Therefore, the “mature” (not containing the CTP) CP4 EPSPS and 
GOXv247 proteins are the only introduced proteins present in canola RT73. 

V. GENETE ANALYSIS AND AGRONOMIC PERFORMMICE 

A Characterization of Inserted Genetic Material Including Insert 
Stability 

As described in Part III-A, Roundup Ready canola line RT73 was generated 
using Agrobacterium tumefaciens mediated transformation with the plasmid 
PV-BNGT04. This vector (Figure 2) contains two functional segments: the T- 
DNA containing the CP4 EPSPS and goxu247 genes bounded by the Right 
and Left Borders and the plasmid backbone containing the bacterial origins 
of replication and selectable marker. DNA analyses were performed to 
characterize the inserted DNA in terms of: 

l insert number (number of integration events) . 
l copy number (number of T-DNA copies at a particular genetic locus) 
l insert integrity (gene size, composition and linkage) 

The characterization was performed by PCR and Southern blot analyses on 
genomic DNA isolated from the leaf tissue of the control and transgenic 
canola generated in field tests fi-om 1992 (Mullis and Faloona, 1987; 
Southern, 1975). A similar glyphosate-tolerant canola line, designated 
GT200, was included in the molecular characterization studies which were 
conducted, but this line is not the subject of this petition. 

Molecular analyses performed on RT73 demonstrate that only a single copy of 
the T-DNA was inserted into the genomic DNA of Westar at a single location 
to produce RT73 and that the plasmid backbone sequences, including the 
bacterial marker gene aad, were absent from DNA of RT73 (Table 3). PCR 
analysis was conducted to demonstrate that the border sequences of the T- 
DNA were the endpoints of the DNA insert, as further evidence that only the 
T-DNA sequences are present in the DNA of RT73. Southern blot analysis 
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performed on DNA from the R3 and R, generations showed the same patterns, 
demonstrating structural stability of the inserted DNA. Finally, the presence 
of the single insert was confirmed by inheritance data showing the 
glyphosate tolerance phenotype was inherited as a single dominant 
Mendelian trait. Details of these analyses follow. 

Table 3. Summary of Genetic Elements Found iu Roundup Ready 
Canola RT7S 

Genetic Element Line RT7Sl 
CMo’J’b + 
goxv247 + 
CP4 EPSPS + 
E9 3’ + 
aad (SpcJStr) 
or&v 
Number of Loci 1 
1+ indicates the genetic element is present; 

- indicates the genetic element is not present 

1. Insert Number and Copy Number 
Analyses performed on DNA derived from leaves of RS canola RT73 plants 
demonstrate that only a single copy of the DNA was inserted into the 
genomic DNA of Westar at asingle location to produce Roundup Ready 
canola line RT73. Genomic DNA isolated from RT73 leaf tissue and Westar 
was digested with SpeI, a restriction enzyme that does not cut inside the 
plasmid used in transformation. Since SpeI does not cut within PV-BNGTOB, 
the number of bands present in this Southern blot correspond to the number 
of loci where plasmid DNA has been inserted into the plant genomic DNA. 
The positive control on these blots wasthe transformation vector PV- 
BNGT04 cut with EcoRI. The resulting blot was probed with SzP-labelled 

_I plasmid PV-BNGT04. Figure 7 shows one very high molecular weight band 
in all lanes including the Westar control lane. This band represents cross- 
hybridizing sequences found naturally in all canola lines. Blots using intact 
transformation vectors containingthe plasmid backbone often show some 
background hybridization with plant genomic DNA. A second higher 
molecular weight band is seen in lane 3 containing RT73. This single 
distinctive band in RT73 indicates that the T-DNA integrated at a single 
locus in each line. The presence of a single insert was confirmed by 
inheritance data showing the glyphosate tolerance phenotype was inherited 
as a single dominant Mendelian trait (see below). 
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2. Insert Composition and Structure 
Only the genetic elements responsible for the glyphosate tolerance proteins 
and resultant phenotype were detected in canola line RT73. This insert 
(Figure 2,6) contains the CMoVb promoter, the Arabidopsis small subunit 
CTP, the goxu247 variant gene, the pea E9 3’ terminator, a second copy of the 
CMoVb promoter, the Arabidopsis EPSPS CTP, the CP4 EPSPS gene, and a 
second copy of the pea E9 3’ terminator. 

Genetic Elements 
In order to identify the genetic elements present in line RT73, Southern blot 
analyses were done. The positive control on these blots was the 
transformation vector PV-BNGTOQ. The negative control was the 
untransformed parental line Westar. Genetic element-specific probes for 
goxu247, CP4 EPSPS gene, oriVlori322 region and the aad gene were utilized 
as shown in Table 5 and Figure 6. Plasmid and genomic DNA was cut with 
EcoRI unless otherwise noted in figure legends. There are 6 EcoRI sites 
within PV-BNGT04, which all occur between the left and right border 
sequences, as illustrated in Figure 6. A second glyphosate-tolerant canola 
line, designated GT200, was included in the molecular characterization 
studies, but this line is not the subject of this petition. 

a. GOXv247 coding sequences: Southern blot analysis was performed 
using genomic DNA extracted from leaf tissue from line RT73 and the 
parental negative control line Westar. All DNAs were cut with EcoRI. The 
blot was probed with a szP-labelled fragment containing a full-length copy of 
goxu247 (Figure 6, Probe 1). In Figure 8, Panel A, a single band of 
approximately 1650 bp, the predicted size ofgoxu247, is observed in lanes 1 
and 4 containing PV-BNGT04 and RT73 DNA. The goxu247 band in the 
RT73 lane migrates slightly slower than in the plasmid control lane due to 
matrix effects of the abundant genomic DNA in the RT73 lane. No 
hybridizing band is observed in the negative control lane containing Westar. 

c. CP4 EPSPS coding sequences: Southern blot analysis was performed 
in a similar manner to that described for goxu247. The blot was probed with 
a 3zP-labelled fragment containing a full-length copy of CP4 EPSPS (Figure 
6, Probe 2). Figure 8, Panel B, shows a band of approximately 1775 bp, the 
predicted size of CP4 EPSPS, in line RT73 as well as in the positive control 
lane containing PV-BNGT04. The CP4 EPSPS band in the RT73 lane 
migrates slightly slower than in the plasmid control lane due to matrix 
effects of the abundant genomic DNA in the RT73 lane. No hybridizing band 
is observed in the negative control lane containing Westar. 

d. Ori-322,0x5-V and aad (Str/Spc) sequences: Southern blot analyses 
were performed in a similar manner to that described for goxu247. Separate 
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blots were prepared for the ori- and ori-V region of the backbone and for 
the region containing the bacterial marker gene aad. Blots were either 
probed with a 32P-labelled fragment containing the bacterial origins of 
replication (or-i-322 and or&V) (Figure 6, Probe 3) or fragment containing the 
aad (Str/Spc) gene (Figure 6, Probe 4). Figure 9, Panel A, shows a band of 
approximately 6400bp in the positive control lane 1 containing PV-BNGT04, 
the predicted size of the fragment containing the origin of replication. No 
band was observed in lanes 2 and 3 containing Westar and RT73, 
respectively. Similarly in Figure 9, Panel B, a single b?nd of approximately 
6400kb was apparent in the positive control lane, but no band was observed 
in either the Westar or RT73 lanes. Therefore, it is concluded that neither 
origins of replication nor the bacterial marker gene aad are present in RT73. 

e. Characterization of the right and left borders: There are two DNA 
sequences of 25bp each within the plasmid used in the transformation of 
RT73 that are defined as the “right border” and the “left border.” The right 
border from Agrobacterium functions as the initiation site of the transfer of 
the DNA into the plant genomic DNA. The left border functions as the 
termination site of that transfer. PCR analysis was conducted to 
demonstrate that the border sequences of the inserted DNA were the 
endpoints of the DNA insert and to provide further evidence that only the T- 
DNA sequences are present in the DNA of RT73. 

PCR primers from the region just inside the borders and just outside the 
borders (see F’igure 5) were used with template DNA derived from RT73. 
DNA from the Westar &iety served as negative control and an appropriate 
plasmid vector, PV-BNGTOS (a plasmid vector identical to PV-BNGT04, 
except for the presence of the unmodified gox gene in place of the gox variant 
gene goxv247) served as a positive control. 

Right border: The right border (RR) sequence is located from map position 
9207 to 9231 (Figure 2). If the T-DNA has been inserted intact into RT73, it 
is predicted that a product will be produced with primer #l plus primer #2 
and primer #l plus primer #3 using RT73 DNA as template since all of these 
sequences are located within the T-DNA. If the RB delimits the inserted T- 
DNA, no product would be expected with primer #l and primer #4 with RT73 
DNA as template, as primer #4 sequence falls outside the T-DNA. The 
primers used in characterization of the right border are illustrated in Figure 
5, panel A. 

Using PV-BNGT03 DNA as template, the primers should give products of the 
following sizes: 1 + 2 = 343bp; 1 + 3 = 567bp; and 1 + 4 = 683bp. If the 

. functionality of the right border has been maintained, no product should be 
produced when using RT73 DNA as template with primers 1+ 4. The results 
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of the PCR using the above primer combinations with PV-BNGT03, RT73, 
GT200 (another Roundup Ready canola line that is not being commercialized 
and is not the subject of this petition), and .Westar templates, are shown in 
Figure 10. 

The PV-BNGT03 template shows products of 343bp, 567bp, and 683bp as 
expected. Canola RT73 has a product of 343bp with primers 1 + 2 and a 
product of 567bp with primers 1 + 3. RT73 did not yield an amplified product 
when primers 1 + 4 were used. No bands were observed in the Westar 
control with any of the combinations of the primers. These results establish 
that integration of the plasmid DNA did not proceed outside of the right 
border. 

Left border: The left border (LB) sequence is located from map position 
3994 to 4017 (Figure 2). If the T-DNA has been inserted intact into RT73, it 
is predicted that a product will be produced with primer #5 plus primer #6 
and primer #5 plus primer #7 using RT73 DNA as template, since all of these 
sequences are located within the T-DNA. If the LB delimits the inserted T- 
DNA, no product would be expected with primer #5 and primer #8 with RT73 
DNA as template, as primer #8 sequence falls outside the T-DNA. The 
primers used in characterization of the left border are illustrated in Figure 5, 
panel B. 

Using positive control PV-BNGTOS DNA as template, the primers should 
give products of the following sizes: 5 + 6 = 252bp; 5 + 7 = 559bp; and 5 + 8 = 
661bp. If the functionality of the left border has been maintained, no product 
should be produced when using RT73 DNA as template with primers 5 ‘+ 8. 
The results of the PCR using the above primer combinations PV-BNGTOS, 
RT73, GT200 (another Roundup Ready canola line that is not being 
commercialized and is-not the subject of this petition), and Westar templates, 
are shown in Figure 11. 

The PV-BNGTO3 template shows products of 252bp, 559bp, and 661bp as 
predicted. Canola RT73 has a product of 252bp with primers 5 + 6 and a 
product of 559bp with primers 5 + 7. RT73 did not yield an amplified product 
when primers 5 + 8 were used. No bands are observed in the Westar control 
with any of the combinations of the primers. These results establish that 

-integration of the plasmid DNA did not proceed outside of the left border. 
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r” Figure 5. Illustration of PCR Primers Used to Characterize the 
Right and Left Border Regions. 

\ 
r 

CMoVb RB Vector DNA 

primer 1+ * primer 2 

- 343 bp 

primer 14 f- primer 3 

- 667 bp 

primer I+ f-primer4 - 

683 bp 
not to scale 

Vector DNA 
B 

LB E9 3’ 

primer6 + + primer 5 

- 252 bp 

primer 7 + * primer5 

559 bp 

primer 8 + + primer 5 

661 bp 
not to scale 

Solid bars indicate the predicted PCR product size for the primer pair used. 
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3. Stability of Inserted DNA 
Structural stability of the inserted DNA was determined using Southern blot 
analysis performed on DNA from the Rs generation and R5 generation of 
canola RT73. DNA from Westar and RT73 from the R3 generation or R5 
generation were digested with EcoRI and probed with either the goxv247 or 
CP4 EPSPS coding regions or the E9 3’ gene terminator region. Plasmid PV- 
BNGTOB was used as a positive control. Each of the blots exhibited identical 
banding patterns in the RT73 Rs or Rs generation (Figure 12), showing 
physical stability of the inserted and surrounding canola genomic DNA. 

4. Mendelian Inheritance 
The physical stability of the genetic insert conferring resistance to glyphosate 
in RT73 is consistent with inheritance data in BClF2 progeny of crosses 
between traditional canola lines and RT73 that consistently segregate 3 
tolerant to 1 susceptible. This segregation ratio establishes that the RT73 
insert behaves as a single dominant gene that is inherited in a Mendelian 
fashion (Table 4). The glyphosate tolerance phenotype and Mendelian 
transmission have been cons&ent over more than five generations of canola 
RT73. 

Table 4. Segregation of Glyphosate-Tolerant Canola Obtained in 
BClF2 Crosses Using RT73. 

Tabular value at one degree of freedom and a five percent level of significance = 3.84 
CVl, CV2 and CV3 designate non-transgenic canola lines 

As clearly demonstrated, the only genes present on PV-BNGT04 which are 
present in Roundup Ready canola line RT73 are CP4 EPSPS and goxu247. 
No genetic elements from outside of the right and left borders of the T-DNA 
were transferred into the genomic DNA of the Roundup Ready canola line 
RT73. This conclusion was drawn from the following types of molecular data: 
1) the positive detection of fragments containing the CP4 EPSPS and goxv247 
genes by Southern analysis; 2) the lack of ori-322 and or&V signals by 
Southern analysis; and 3) the lack of PCR fragments produced using PCR 
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primer pairs, one of which is located within the T-DNA and the other located 
just beyond either of the right or left border sequences. The stability of the 
inserted DNA has been demonstrated both by molecular characterization by 
Southern analysis of R3 and R5 generation of RT73 and observation of simple 
Mendelian inheritance over many generations. 
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Figure 6. Schematic Diagram of PV-BNGT04 Showing the Probes Used in the Molecular 
Characterization of Roundup Ready Canola Line RT73. 

Plan NA 

Southern band 
Rl73 EcoAl cut 

Southern band 
PV-f3NGTO4 EcoRI cut 

Table 5. Description of Probes Used in Molecular Characterization of Roundup Ready Canola Line 
RT73. 
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Roundup Ready Can& RT73, USDA-APHIS 

P \ 

P 

Figure 7. Southern Blot of Canola Line RT73 to Determine Number 
of Loci Integrated. 

-RT73 Insert 

G+ 
6405bp‘ 

828bp e 

403bp 4 

1234 

PV-BNGTOQ plasmid DNA (lane 1) was digested with EcoRI. Westar control genomic DNA 
(lane 21, RT73 genomic DNA (lane 3) and GT200 DNA (lane 4) were digested with SpeI. Each 
lane represents 100 pg plasmid DNA or 6 pg of genomic DNA. The digests were subjected to 
electrophoresis in a 0.8% agarose gel and transferred to a nylon membrane, The membrane 
was probed with a s2P-labelled PV-BNGT04 plasmid DNA and subjected to autoradiography. 

28 

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. 



Roundup Ready Canola RT73, USDA-APHIS 

Figure 8. Southern Blot Probed for GOXv247 and CP4 EPSPS in 
Canola Line RT73. 

12 8 4 6 

Panel A Panel B 

Probe: GOXv247 CP4 EPSPS 

PV-BNGT04 plasmid DNA (lane 11, Westar control genomic DNA (lane 21, RT73 genomic 
DNA (lane 3) and GT200 DNA (lane 4) were digested with EcoRI. Each lane represents 100 
pg plasmid DNA or 6 pg of genomic DNA. The digests were subjected to electrophoresis in a 
0.8% agarose gel and transferred to a nylon membrane. The membrane was probed with SzP- 
labelled DNA from the GOX coding region for panel A or 32P-labelled DNA from the CP4 
EPSPS coding region for panel B and subjected to autoradiography. 
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Roundup Ready CanoIa RT73, USDA-APHIS 

Figure 9. Southern Blot Probed with or&v and ox-i-322 or aa& 
(Spc/Str) in C anola Line RT73. 

7.lkb 

1 S.lkb 

l.Okb 

Panel A Panel B 

Probe: ori-322/O&V aad 

PV-BNGT04 plasmid DNA (lane l), Westar control genomic DNA (lane 2), RT73 genomic 
DNA (lane 3) and GT200 DNA (lane 4) were digested with EcoRI. Each lane represents 100 
pg plasmid DNA or 5 pg of genomic DNA. The digests were subjected to electrophoresis in a 
0.8% agarose gel and transferred to a nylon membrane. The membrane was probed with a 
s2P-labelled DNA fragment containing ori-322 and 015-V for panel A or 32P-labelled DNA 
from the uad (Spc/Str) coding region for panel B and subjected to autoradiography. 
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Roundup Ready Canola Rl73, USDA-APHIS 

P- 

t- 

Figure 10. PCR Analysis of the Right Border in Canola Line RT73. 
Genomic DNA from Canola Westar control, lines RT73 and RT200 were 
analyzed by PCR to determine the integrity of the right border. The positive 
control was PV-BNGT03 plasmid DNA which is equivalent to PV- 
BNGT04 in that it contains identical elements including CMoVh promoter 
adjacent to the right border and plasmid backbone sequence. 

128 466 768 loll12 

-bp =ssmP 
4843bp 

12s 466 

Panel A 
Panel B 

The predicted product sizes are shown below: 
Primer 1 + primer 2 = 343bp. Primer 1 + primer 3 = 567bp. Primer 1 + primer 4 = 683bp. 
Panel A: Lanes 1,2 and 3 have Westar genomic DNA as template. Lanes 4,5, and 6 have PV-BNGM3 
plasmid DNA for template. Lanes 1 and 4 have primers 1 + 2; lanes 2 and 5 have primers 1 + 3; lanes 3 
and 6 have primers 1 + 4. 
Panel B: Lanes 1,2, and 3 have Westar DNA for template. Lanes 4.5, and 6 have RT73 genomic DNA as 
template. Lanes 7,8, and 9 have genomic GT200 DNA as template. Lanes 10.11, and 12 have FV- 
BNGTOS plasmid DNA as template. Lanes 1,4,7, and 10 have primers 1 + 2. Lanes 2.58, and 11 have 
primers 1 + 3. Lanes 3,6,9, and 12 have primers 1 + 4. Faint bands Seen in the Westar control (lanes 1,2, 
3 in Panel B) are due to contamination of this reaction sample with PV-BNGT03 DNA. A second Westar 
genomic DNA sample was used as PCR template to produce the results in Panel A where no amplified 
bands are observed in lanes 1,2 and 3. 
Reactions were done in lOOp1 total volume containing 1OOpg of each primer, SOOng template DNA (50 ng 
plasmid DNA), dNTP’s at 200 J.&I, 10 units of Taq@ Polymerase (Perkin-Elmer Norwalk, CT). The PCR 
amplification cycle consisted of 94’C denaturation for 1.5 min. 65°C annealing for 1.5 min., and a 72’C 
extension for 1.5 min. The cycle was repeated 24 times. Products were separated on a 3% agarose gel and 
visualized by ethidium bromide. The lower bands at the bottom of the gel are unused oligonucleotides. 
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Roundup Redy Canola RlY3, USDA-APHIS 

Figure 11. PCR Analysis of the Left Border in Canola Line RT73. 
Gcnomic DNA from Canola Westar control, lines RT73 and GT200 were 
analyzed by PCR to determine the integrity of the left border. The positive 
control was PV-BNGT03 plasmid DNA which is equivalent to PV- 
BNGT04 in that it contains identical elements including E9 3’ adjacent to the 
left border and plasmid backbone sequence. 

4 

4 

4 

l.Okb 

123 4 6 6 789101112 

The predicted product sizes are shown below: 
Primer 5 + primer 6 = 252bp. Primer 5 + primer 7 = 559bp. Primer 5 + primer 8 = 661bp. 
Lanes 1,2, and 3 have PV-BNGT03 plasmid DNA for template. Lanes 4,5, and 6 have genomic Westar 
control DNA as template. Lanes 7,8, and 9 have genomic RT73 DNA as template. Lanes 10, 11, and 12 
have genomic GT200 DNA as template. Lanes 1,4,7, and 10 have primers 5 + 6. Lanes 2,5,8, and 11 
have primers 5 + 7. Lanes 3,6,9, and 12 have primers 5 + 8. Reactions were done in 100~ total volume 
containing 1OOpg of each primer, 5OOng template DNA (50 ng plasmid DNA), dNTP’s at 200 @I, 10 units 
of TaqB Polymerase (Perkin-Elmer Norwalk, CT). The PCR amplification cycle consisted of 94’C 
denaturation for 1.5 min, 65°C annealing for 1.5 min., and a 72°C extension for 1 .J min. The cycle was 
repeated 24 times. Products were separated on a 3% agarose gel and visualized by ethidium bromide. The 
lower bands at the bottom of the gel are unused oligonucleotides. 
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Figure 12. 

Roundup Ready Cholu Rl73, USDA-APHIS 

Southern Blot Analysis of RJ and Rs Generation DNA from 
Canola Line RT73. 

12S4 1234 1 284 

Panel A Panel B Panel c 
Probe: CP4 EPSPS Goxv247 E9 3’ 

PV-BNGT04 plasmid DNA (lane 11, Westar control genomic DNA (lane 21, RT73 RS genomic 
DNA (lane 3) and RT73 R6 genomic DNA (lane 4) were digested with EcoRI. Each lane 
represents 100 pg plasmid DNA or 6 pg (10 pg in Panel C) of genomic DNA. The digests were 
subjected to electrophoresis in a 0.8% agarose gel and transferred to nylon membranes. The 
membranes was probed with a ssP-labelled DNA fragments containing the CP4 EPSPS 
coding region for Panel A or 32P-labelled DNA from the gon coding region for Panel B and srP- 
labelled DNA from the E9 3’ region for Panel C and then subjected to autoradiography. 
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B. Expression of the Inserted Genes 

To thoroughly characterize canola RT73, the levels of CP4 EPSPS and 
C&Xv247 proteins were determined in leaf and seed tissue from three 
Canadian field sites in 1992, in seed at 4 Canadian field sites in 1993 and in 
leaf and seed in 6 European (2 each in Belgium, UK and France) field sites in 
1995. Expression of the CP4 EPSPS and GCX proteins is constitutive with 
both proteins being detectable at low levels in leaves and seed. This is as 
expected when using the CMovb promoter (Sheperd et al., 1987). 

Expression levels of CP4 EPSPS and GCXv247 proteins in canola plant 
tissues were measured by a validated enzyme linked immunosorbent assay 
(ELISA) described below. 

CP4 EPSPS ELISA 
A double antibody indirect enzyme-linked immunosorbant assay (ELISA) was 
developed and validated for detection of CP4 EPSPS. Levels of CP4 EPSPS 
were determined by extrapolation from the logistic curve fit of the purified E. 
coli produced CP4 EPSPS standard curve. In brief, 96-well polystyrene 
plates were coated with purified goat anti-CP4 IgG. Canola tissue samples 
were ground in buffer and added to the antibody-coated wells alongside a 
range of pure CP4 standards in buffer for quantitation of CP4 in canola seed 
extracts or CP4 standards in buffer plus Westar leaf extract for quantitation 
of CP4 in canola leaf extracts. Plates were incubated for 4 hours allowing 
antigen capture by the surface bound antibodies, The plates were washed 
and a second antibody, rabbit anti-CP4 IgG, was added to the wells and 
incubated overnight. After washing the wells, donkey anti-rabbit IgG 
conjugated to alkaline phosphatase was added to each well. Following 
incubation and washing, alkaline phosphatase substrate (pNPP) is added to 
each well. Wells containing CP4 and hence, the goat-rabbit-donkey antibody 
sandwich, turn yellow. Quantitation of sample CP4 concentration was 
accomplished by extrapolation from the logistic curve fit of the CP4 standard 
curve (range of 0.09 - 0.75 &well). The assay recognizes the native CP4 
EPSPS, but had no interference from endogenous EPSPS. 

GOX ELISA 
A direct double antibody sandwich (DAS) enzyme-linked immunosorbant 
assay (ELISA) was developed and validated to adequately quantitate the 
levels of GCX proteins. This ELISA uses a purified polyclonal antibody from 
goat (goat anti-GCX IgG) immobilized on 96-well plates to complex with 
GCX. The initial complex was then captured by a second antibody (goat anti- 
GCX-AP IgG) conjugated to alkaline phosphatase (AP). Development of the 
AP with pNPP, an AP substrate, yields a soluble yellow product. The optical 
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density was monitored using a spectrophotometric plate reader. Levels of 
GCX in samples were ultimately determined using the four parameter 
logistic equation to fit the standards which were obtained from an E. coli 
expression system. The ELISA was validated after running experiments that 
addressed extraction efficiency, the overall variability of the assay and the 
stability of GCX towards storage in leaf and seed tissue preparations. 

In the 1992 trial, analysis of CP4 EPSPS and GCXv247 proteins in leaf 
tissue from RT73 gave mean expression levels of 0.034 pg/mg tissue (fresh 
weight) and 0.108 &mg tissue (fresh weight), respectively (Table 6). There 
was no evidence of an increase or decrease in leaf expression of CP4 EPSPS 
and GOXv247 over time. Analyses of seed gave mean levels of CP4 EPSPS 
and GOXv247 proteins of 0.049 ug/mg tissue (fresh weight) and 0.154 ug/mg 
tissue (fresh weight), respectively. These expression levels are relatively low, 
accounting for less than 0.02% and 0.07% of the total protein in the seed for 
CP4 EPSPS and GCXv247, respectively. 

The data obtained in 1993 for expression in seed and in 1995 for seed and 
leaf was in good agreement with the values observed in the initial 1992 
trials. Seed in 1993 had a range of expression for CP4 EPSPS in RT73 of 
0.018 to 0.047 ug/mg tissue with a mean expression of 0.028 pg/mg tissue. 
The range of expression for GCXv247 was 0.108 to 0.334 ug/mg tissue, with a 
mean expression level of 0.194 ug/mg tissue. No leaf tissue was analyzed for 
expression level in the 1993 field trials. In the 1995 European study, 
analysis of CP4 EPSPS and GCXv247 proteins in leaf tissue from RT73 gave 
mean expression levels of 0.027 pg/mg tissue (fresh weight) and 0.133 pg/mg 
tissue (fresh weight), respectively. Analyses of seed gave mean levels of CP4 
EPSPS and GCXv247 proteins of 0.028 ug/mg tissue (fresh weight) and 0.211 
ug/mg tissue (fresh weight), respectively. 

No detectable CP4 EPSPS or GOXv247 was measured in Westar seed tissue 
from any of the trails. 
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Table 6. CP4 EPSPS and GOXvZ47 Protein Expression in RT73 
Canola Seed 

1 Values for leaf and seed samples in 1992 from 3 locations in Canada. CP4 EPSPS analyses 
were done on single sample extracts, n=3 for leaf, n=3 for seed. GOX analyses were done on 
single sample extracts, run at two loadings, n=6 for leaf, n=6 for seed. 

s Values for seed samples in 1993 from 4 locations in Canada. CP4 EPSPS analyses were done 
on single sample extracts at two loadings, n=8. GOX analyses were done on single sample 
extracts, duplicate runs at two loadings, n=16. 

3 Values for leaf and seed samples in 1995 fkom 6 locations in Europe. CP4 EPSPS analyses 
were done on single sample extracts, run at two loadings, n=12 for leaf, and single loadings for 
seed, n=6 for seed. COX analyses were done on single sample extracts, run at three loadings, 
n=18 for leaf and two loadings for seed, n=12 for seed. 

‘In each analysis, Westar samples were used as a negative control. Values for Westar samples 
were beneath a calculated limit of detection (LCD). The LOD is determined by computing the 
mean and the standard deviation for Westar control wells in ELISA. The LOD is then the 
mean plus three standard deviations. ND - not detected. 

6 n.a. - not available. 
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C. Disease and Pest Resistance Characteristics 

P 

(1 

Roundup Ready canola line RT73 transformed with the plasmid vector, PV- 
BNGTOB, was tested in replicated trials in two years of Canadian field trials 
in 1992 and 1993 in 22 locations, as well as US field trials in 1996 and 1997 
in 23 locations under notifications acknowledged by the USDA (Appendix 1). 
Detailed monitoring for growth and development characteristics and disease 
and insect susceptibility of the transformed canola versus nontransgenic 
control plants was performed approximately every two weeks during the 
growing season. USDA final reports for the trials conducted in 1996 have 
been submitted; however, final reports for 1997 field trials will not be 
submitted until the required year of observation following planting has been 
completed. 

Plots of the Roundup Ready canola line RT73 and Westar control plants were 
visually checked for the appearance of possible disease symptoms such as 
spotted leaves, leaf necrosis, stunted or distorted plants and wilting, which 
are indicative of, but not limited to, diseases such as: sclerotinia white mold 
(Sclerotinia sclerotiorium), powdery mildew &ysiphe communis) and 
blackleg (Whom Zingurn) (Auld et al., 1989). Detailed quantitative 
monitoring of blackleg infestation was conducted, due to the significance of 
this disease in canola. Major insect pests of canola monitored were; flea 
beetles (Phyllotretra spp.), aphids (Brevicoryne brassicae L. and Liaphis 
erysimis) and cabbage seed-pod weevils (Ceutorhynchus assimilis). 

* Based on the results of the field monitoring program, there were no 
significant differences observed in disease or pest resistant characteristics 
between canola RT73 and the nontransgenic control (Appendix 7). The 
overall blackleg infestation rating for canola RT73 was 3.95, compared to 
4.11 for the control variety, Westar. This difference of 4.6% was not 
statistically significant and falls within the range of variability of selections 
from Westar (1993 Canadian Co-Op tests - Report on Co-Operative 
Canola/Rapeseed Test 1993). 

D. Compositional Analyses 

P 

Monsanto Company has completed consultation with the FDA following their 
policy, “Foods Derived from New Plant Varieties” on the food safety of 
Roundup Ready canola line RT73. Studies were carried out to compare the 
nutritional constituents of canola seed, refined, deodorized, bleached (RDB) 
oil and toasted meal from canola RT73 with seed, RDB oil and toasted meal 
from Westar control plants grown, processed and analyzed under the same 
conditions. The study demonstrated that canola RT73 seed and processed 
fractions of the seed are not significantly different from the nontransgenic 
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control seed and processed fractions. Based on this compositional 
information and the criteria provided in the food policy, FDA granted a 
finding of “No Concern” for Roundup Ready canola RT73 in September, 1995 
(US Food and Drug Administration, 1995). 

E. Toxicants 

In addition to analyses for nutrients, canola RT73 was monitored for two 
antinutritional components: erucic acid in canola oil and glucosinolate 
content in canola seed. 

Erucic acid is a mono-unsaturated, 22-carbon fatty acid (C22:l) that is a 
natural constituent of rapeseed. High erucic acid rapeseed oil (levels >2%) 
has been shown to have cardiopathic potential in experimental animals 
(DuPont et al., 1989). Data obtained in 1992 and 1993 Canadian field trials 
show levels of erucic acid were well below the limits allowed for human 
consumption. Fatty acid profiles, including deteminations of erucic acid 
levels, were determined using standard methodology (AOAC, 1990). The 
means and,ranges of erucic acid content in canola RT73 were 0.24% (0.1-0.5, 
n=7) in 1992 and 0.04% (o-0.18, n=4) in 1993. 

Glucosinolates are derived biosynthetically from amino acids, with over 100 
structural types having been identified (Sorensen, 1990). Numerous feeding 
studies with high and low glucosinolate varieties of rapeseed in swine, cattle, 
poultry and rats have noted a correlation between toxic effects as indicated 
by growth performance, reproduction, goitrogenicity, liver hypertrophy and 
hemorrage and palatability and the levels of glucosinolates in the meal 
(Fenwick, 1989). In B. mpus and B. rapu breeding programs and varietal 
registration tests, nine unique glucosinolates are closely monitored (Table 7). 

Table 7. Commonly Detected Glucosinolates in CanoIa. 

&ucture Name 
allylglucosinolate Stigrin 
but-3-enylglucosinolate gluconapin 
2-hydroxybut-3-enylglucosinolatea progoitrin 
pent-4-enylglucosinolate’ glucobrassicanapin 
2-hydroypent-4-enylglucosinolate napoleiferin 
4-methylthiobutylglucosinolate glucoerucin 
5-methylthiopentylglucosinolate glucoberteroin 
4-hydroxyindol-3-ylmethylglucosinolatea 4-hydroxyglucobrassicin 
Indol-3-ylmethylglucosinolate glucobrassicin 
a The two glucosinolates that account for >70% of the total glucosinolate 
content in canola. 
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Because of the importance of maintaining canola quality, canola RT73 seed 
and toasted meal was analyzed for glucosinolates using standard methods of 
the Co-Op Test in both 1992 and 1993 (International Organization for 
Standardization, 1992). The analytical method used is included in Appendix 
5. Means determined for the total alkyl and indolyl glucosinolates, as 
compared to the levels from the nontransgenic Westar controls are shown in 
Table 8 for both years. While it is apparent that the average level of alkyl 
glucosinolates in canola RT73 is consistently equal to or greater than the 
mean value for Westar nontransgenic controls, all individual values are well 
below the 30 lunole/g commercial limit. In addition, statistical analysis of the 
data demonstrates that glucosinolate levels in canola RT73 will not exceed 
the 30 pole limit at a 95% confidence level. The variation observed is 
typical for canola lines selected from the Westar variety, the parental variety 
for Roundup Ready- canola RT73 (Downey opinion letter in Appendix 6). The 
levels of alkyl glucosinolates in canola RT73 are also well below the harvest 
survey values for commercially produced No. 1 Canadian canola in 1992 and 
1993 (17 and 14 pal/g, respectively) (DeClercq et al., 1992, 1993). Thus 
there is no meaningful difference in glucosinolate levels between canola RT73 
and Westar canola. Furthermore, the levels of the alkyl glucosinolates are 
well below the limits established for the safe use of meal derived from canola 
seed as an animal feed. 
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P Table 8. Glucosinolate Levels in Roundup I$eady Canola RT73 
from 1992 and 1993 Canadian Field Trials. 

Auryl 
RT73 

1992 
1993 

Westar 
1992 
1993 

pole/g defatted meal 
Mean1 Raxwe N 

14.8 10.7-19.8 3 
10.6 8.0-12.9 4 

8.8 6.2-11.4 7 
8.7 6.7-11.1 4 

Indolyl 
RT73 

1992 
1993 

Westar 
1992 
1993 

. 

10.8 9.2-11.6 3 
11.5 10.9-12.0 4 

11.4 9.8-13.4 7 
11.5 11.0-12.5 4 

1 - single samples were prepared and analyzed in quadruplicate in 
1992 and triplicate in 1993. Replicates were averaged. The mean 
values are an average of the means of replicate analyses of the same 
sample. 

F. Agronomic Performance 

Roundup Ready canola RT73 was evaluated for agronomic performance in US 
field trials in 1996,1997 and 1998 (ongoing) under permits or notifications 
acknowledged by the USDA-APIIIS’(Appendix l), as well as in Canadian 
variety trials in 1992 and 1993. 

P 

Typical observations in the Canadian trials included relative emergence, 
vegetative growth, flowering time, days to maturity, yield and shattering. 
Canola RT73 was determined to be agronomically comparable to Westar and 
other nontransgenic commercial varieties (Appendix 7). Germination tests of 
seed of canola RT73 and Westar from Roundup treated and untreated 1992 
variety trials were conducted at the Agriculture Canada seed quality testing 
laboratory in Saskatoon, Saskatchewan. Germination percentages were 98% 
for RT73 treated with Roundup and 99% for RT73 untreated and Westar, 
demonstrating high germination and essentially no difference between 
transgenic canola and nontransgenic controls. These findings, along with 
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data collected on volunteers observed in the year following RT73 planting 
indicate that there is not significant difference in dormancy between canola 
RT73 and the parental line, Westar (Appendix 7). 

In February 1995 the Western Canadian Canola and Rapeseed 
Recommending Committee (WCCRRC) recommended RT73 for conditional 
registration on the basis of its suitable agronomic performance under 
Canadian conditions. Following this decision, canola RT73 was grown 
commercially in Canada on 50,000 acres in 1996 and 450,000 acres in 1997, 
with excellent agronomic performance comparable to other commercial 
varieties. 

VI. E~ONMENTAL CONSEQUENCES OF IN’IIIODUCTIO~ 

k The Herbicide GIyphosate 

Glyphosate (N-phosponomethyl-glycine) (CAS Registry #‘s 1071-83-6,38641- 
94-0), is the active ingredient in the herbicide Roundup@. It is a non- 
selective, foliar-applied, broad-spectrum herbicide with no soil activity. 
Glyphosate is highly effective against the majority of annual and perennial 
grass and broad-Ieafweeds. It is widely used because of its broad-spectrum, 
lack of carryover and favorable environmental and safety characteristics, 
The primary mode of action of the herbicide is competitive inhibition of 5- 
enolpyruvylshikimate-3-phosphate (EPSP synthase), an enzyme in the 
shikimate pathway of amino acid biosynthesis (Steiticken and Amrhein, 
1980). This aromatic amino acid pathway is not present in mammalian 
metabolic pathways (Cole, 1985). Glyphosate is rapidly bound to the soil, 
thus resisting leaching. It is readily degraded by soil microorganisms which 
decreases persistence. And it has relatively low toxicity to mammals, birds 
and fish (Malik, et.aZ., 1989). There have been no reports of groundwater 
contamination problems with glyphosate (Goldburg et al. 1990). Glyphosate 
is classified by the EPA as Category E (evidence of non-carcinogenicity for 
humans) (57 FR 8739). 

B. Current Uses of Herbicides in Canola 

Weed control options in canola are very limited, compared to major row crops 
with greater acreage. The most commonly used herbicides in canola are 
Treflan, Poast and Assure II. Treflan is a preplant incorporated herbicide 
which provides control of many annual grass weeds. Poast and Assure II are 
postemergent herbicides which also control many annual grass weeds. 
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Many broadleaf and perennial weed species are not controlled by currently- 
available herbicides. Difficult weeds that infest canola fields are mustard 
species, field pennycress, wild buckwheat, Canada thistle and perennial sow 
thistle. As a result, mechanical cultivation or crop rotation is relied upon to 
provide control of a significant number of weeds in canola. All of these weeds 
can be controlled by Roundup. 

C. Agronomic Practices with Roundup Ready Canola 

Roundup Ready canola RT73 has been demonstrated to be substantially 
equivalent to the parent Westar. It has been and continues to be crossed into 
adapted varieties by traditional breeding methods. Roundup Ready canola 
RT73 varieties will be grown in the same geographic regions and with the 
same practices as current varieties. 

In addition, Roundup Ready canola RT73 offers canola farmers several new 
options. Farmers will have the opportunity to manage their crop with a 
broad-spectrum herbicide that controls annual and perennial grass and 
broadleaf species. This will allow flexibility in timing of field operations and 
may allow planting of canola in fields that were previously considered to be 

’ too weedy. Control of broadleaf weeds in canola is critical to yield and oil 
quality, even when weeds are present at low levels in a field. Roundup 
provides improved control of a range of broadleaf weeds. Roundup Ready 
canola gives the farmer the option of direct-seeding or no-till with canola; 
This will have a positive effect on soil conservation and crop establishment. 
In conventional tillage systems, Roundup Ready canola offers the option of 
replacing a preplant incorporated herbicide with Roundup, thus reducing 
overall tillage. In some cases, planting can be done earlier because the 
grower does not have to wait for the first flush of weeds before working the 
fields. In areas with warmer summer temperatures, this early planting helps 
avoid high temperatures during flowering, which can reduce yields. 

D. Glyphosate-Tolerant Weeds 

Today there exist some 109 herbicide-tolerant weed biotypes, with over half 
of them resistant to the triazine family of herbicides (Halt and Le Baron, 
1990; Le Baron, 1991; Shaner, 1995). Resistance to herbicides has usually 
developed because of the selection pressure exerted by the repeated use of 
herbicides with a single target site and a specific mode of action, long residual 
activity with the capacity to control weeds year-long, and frequent 
applications without rotation to other herbicides or cultural control practices. 
Using these criteria and based on current use data, glyphosate is considered 
to be a herbicide with a low risk for weed resistance (Benbrook, 1991). 
Nonetheless, it has been questioned whether the introduction of crops tolerant 
to a specific herbicide, such as glyphosate, may lead to the occurrence of weeds 

42 

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. 



Roundup Ready Canola RT73, USDA-APHIS 

r”’ 

P 

r 

resistant to that particular herbicide. This concern is based on the 
assumptions that the use of the herbicide will be increased significantly, and 
possibly that it will be used repeatedly in the same location. However, other 
increases in glyphosate use over previous years have been more significant 
than the projected increase associated with the introduction of Roundup Ready 
crops in the U.S. Although it cannot be stated that evolution of resistance to 
glyphosate will not occur, the development of weed resistance to glyphosate is 
considered unlikely because: 

1. Weeds and crops are inherently not tolerant to glyphosate, and the long 
history of extensive use of glyphosate has not resulted in resistant weeds. 
Glyphosate has been used for over 20 years in various preplant, directed, spot 
and postharvest weed management systems with no verified cases of weed 
resistance (Holt et al., 1993; Dyer, 1994). A preliminary report was recently 
presented that discussed annual ryegrass (Lo&urn sp.) seeds collected from a 

l field that, upon germination, demonstrated a rate-related tolerance to 
glyphosate (Pratley et al. 1996). This observation merits further 
investigation. Insufficient data were reported to define the factors 
contributing to the observed-phenomenon and Monsanto has entered into a 
collaborative research agreeme& with Charles Sturt University of Wagga 
Wagga in Australia to further investigate these results. Since the source of the 
‘sensitive’ biotype used by Pratley (Pratley et al., 1996) was from a different 
location than the ‘resistant’ biotype their genetic relatedness is unclear and 
additional research to address this question is being initiated. 

2. Glyphosate has many unique properties, such as its mode of action 
(glyphosate is unrelated to triazines and has a differing mode of action from 
any other herbicide on the market today), chemical structure, limited 
metabolism in plants, lack of residual activity in the soil and its relatively 
quick break down by microorganisms in the soil (Malik et al., 1989). 

3. Selection for glyphosate resistance using whole plant and cell/tissue culture 
techniques, including mutagenesis, was largely unsuccessful, and unlikely to 
be duplicated under normal field conditions. Similarly, the complex genetic 
transformations required for the development of glyphosate tolerant crops (e.g. 
modified gene, unique promoters, transit peptide, etc.) would be unlikely to be 
duplicated in nature to yield glyphosate resistant weeds (Bradshaw et al., 
1997). 

E. Weediness of Roundup Ready Cauola 

B. napus is not a weedy pest in North America, nor is it listed as a weed by 
the Weed Science Society of America (1989) or in Weeds of the United States 
(Lorenzi and JefEey, 1987). B. napus is the only naturalized Brassica that is 
not noted as a pestiferous weed by Rollins (1981). No Brassica is noxious 
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(Federal Noxious Weed Regulation, 7 CFR 360). B. napus is not listed as a 
serious, principal, or common weed in the U.S., Canada, Mexico, or any 
European or Asian country with a comparable latitude, i.e. between 25 and 
49” north latitude (Holm et al., 1991). Listed as a common weed only in 
Finland (60” north latitude) and Kenya (5” north to 5” south latitude), B. 
napus is not a serious or principal weed anywhere in the world (Holm et al., 
1991). 

Numerous experiments have been conducted and observations made in the 
extensive field trials conducted worldwide to evaluate the weediness 
potential of canola RT73. The results of field observations have shown that 
canola RT73 has no increased potential of becoming a weed relative to 
unmodified B. napus (Appendix 7). Data for dormancy, germination, 
invasiveness, seed production, pod shattering, overwintering capacity, and 
adaptation to stress factors all demonstrate canola RT73 is equivalent to 
Westar, the nontransgenic control. In addition, observations have been 
recorded that note no agronomic differences in canola RT73 and Westar 
(Section VIC.). _ A slight (approximately 1 day) delay in maturation has been 
reported for Roundup Ready canola RT73, which is within the variation 
expected as a selection from Westar. Since B. napus is not considered a weed 
and canola RT73 is substantially equivalent to the nontransgenic control 
variety, canola RT73 is therefore not expected to have a greater weediness 
potential. 

Brassica napus seed can remain in the soil profile and produce volunteer 
plants in subsequent crop rotations. Mechanical cultivation can reduce the 
infestation of volunteer canola plants. In addition, numerous herbicide 
options are available for each of the major crops in a typical rotation with 
canola (See Table 9). The number of RT73 volunteers was no different than 
volunteers of the parental line Westar (Appendix 7), and these glyphosate- 
tolerant volunteers would be unchanged in their response to existing 
management practices (cultivation and/or herbicides). 

Table 9. Herbicides registered for control of Brassica spp. in major 
crops (13 CPR Guide, 1997) 
Soybeans Classic, Basagran, Blazer, Broadstrike, Canopy, Sencoi, 

Pursuit, Scepter 
Wheat 2,4-D, Banvel, Ally, Amber, Buctril, Cyclone, Assert, 

Harmony Extra, Peak and Canvas. 
corn Atrazine, 2,4-D, Banvel, Buctril, Broadstrike, Extrazine, 

Marksman; Permit 
Cotton Caparol, Harmony, Gramoxone 
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1. Summary of Literature on Outcrossing 
The sexual compatibility of Bras&a napus with other cultivated species and 
wild species has been extensively documented in the literature (see reviews 
by Scheffler and Dale, 1994; U.K. Department of the Environment, 1994) and 
in applications to market genetically modified canola (Plant Genetic Systems, 
1994; Calgene, 1994). 

The results of sexual compatibility studies have demonstrated that crosses 
between B. napus and other species occur with varying degrees of difficulty. 
It should be noted that there are reports of hybridization under open 
pollination conditions between fully fertile B. napus parents with only two 
species, B. rapa (syn. B. campestris) and B. juncea..(Scheffler and Dale, 1994). 
When male-sterile B. napus parents are used, hybrid formation with 
Hirschfeldia incana (syn. B. adpressa) and Raphanus raphanistrum has been 
reported at low frequencies (Eber et al., 1994). Under artificial conditions, 
including manual crosses and ovary culture techniques, additional 
interspecific hybrids have been produced, but have been shown to be low in 
fitness and often sterile. The interspecific crosses are more successful when 
B. nupus is used as the female parent and when the species have at least one 
genome in common (Renard et al. 1993; OECD, 1997; Scheffler and Dale, 
1994). 

While crosses with wild species have been demonstrated, the probability of 
introgression of a gene into wild or weedy populations depends upon the 
ability of hybrids to survive and reproduce. Hybrids of B. napus and wild 
relatives are generally unfit and not expected to survive in wild populations. 
This conclusion is summarized in the review by Scheffler and Dale (1994), 

“In general, the fertility of Fl hybrids was low, and male sterility was 
common. The fertility of hybrid plants was increased in some cases when the 
chromosome number was doubled. Increase in the chromosome number can 
occur spontaneously, either in the Fl hybrid or in later generations, but can 
lead to decreased as well as increased fertility. Progeny have been generated 
in some cases by using the Fl plant as the female parent, and backcrossing to 
one of its parental types. When one of the parents was diploid, progeny were 
often obtained only when B. napus was used as the female parent in the 
backcross. Because of this unilateral incompatibility, which has been reported 
for both the initial interspecific hybridization and subsequent generations, 
flow of genes is most likely to be from related species into B. nupus and not 
the reverse. After several generations of backcrossing under controlled 
conditions, plants resembling the recurrent backcross parent were obtained 
from an Fl hybrid between B. napus and B. rapa. This indicates that, in 
theory, it might be possible to produce a hybrid plant capable of surviving (at 
least under agronomic cultural conditions). However, for a plant to reach this 
stage, the two parental species would have to flower at the same time and be 
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close enough for pollen transfer to occur. Seeds would have to be produced 
that are capable of germinating and producing a plant with sufficient fertility 
to produce progeny. If backcrossing was required to produce the progeny, then 
a suitable parent would have to be available, and flowering at the same time 
as the Fl plant. While the possibility can never be discounted, the evidence 
indicates that it would be a rare occurrence.” 

This conclusion on the likelihood of hybrid establishment would not be 
impacted by the presence of a transgene(s), such as those present in canola 
line RT73. 

All of the Brassica species currently present in North America have been 
introduced. Those species that are weedy either escaped from cultivation or 
were introduced into fields as seed contaminants. The distribution within 
the United States and weed status of species which are sexually compatible 
with B. napus are described in Table 10. In addition, a survey of the 
distribution of Brassica species within the primary canola growing regions of 
the United States has been conducted (AgrRvo, 1997). The results of these 
surveys indicate that B. napus is grown in areas where sexually compatible 
Brassica weeds may be present. However, transfer of the glyphosate 
tolerance trait to sexually compatible plant species will only result in a 
selective advantage for these species if they are treated with glyphosate in 
managed or semi-managed environments. Since these weedy Brassica 
species can be effectively controlled by other means, such as by herbicides 
other than glyphosate and cultivation, the glyphosate tolerance trait, if 
transferred would offer no selective advantage to related species. 
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Table 10. Members of the Genus Brassica and Some Wild Relatives Found in the 
Continental United States. 

Status as a weed in the U.S. is denoted by S (serious), P (principal), C (common), or X 
(present, weed status unknown) after Helm et al., (1991). Species denoted by R are 
considered pestiferous weeds by Rollins (1981). Those denoted by LJ are considered weeds 
by Lore& and Jeffrey (1987). Those considered weeds by the Weed Science Society of 
America (1989) are indicated by WS. B. oteracea and B. carinata are not considered to be 
naturalized. 

speclcs 
Brassica elongata 
B. juncea 

Weed Common name of 
Status naturalized form Distribution of naturalized form 

R none roadside weed of eastern Nevada 
X, R, WS Chinese Mustard sparse, but widespread throughout 

Indian Mustard temperate North America, occurs in 
cultivated and disturbed areas 

B. nupus 

B. nigra 

none rape sporadic in temperate North America, 
waste places 

C, RJJ, black mustard widespread in temperate North 
ws America, especially common in the 

Central Valley of California, sporadic 
in the more northerly areas of the 
continent 

B. rapa 
syn. campestris 

X, R, LJ, field mustard common and widespread throughout 
ws bird’s rape temperate North America, occurs in 

cultivated and disturbed areas 
B. toumefortii R wild turnip roadsides and old fields of the 

Southwest 
Dipfotaxis muralis X, R, WS sand rocket widely scattered, waste places, 

roadsides, abandoned laud, heavily 
grazed grassland, beaches 

Hirschfeldia incarua X, R, WS shortpod mustard roadsides, ditch banks and waste areas 
syn. B. adpressa Mediterranean mustard of California and Nevada 
Raphanus raphanistrum C, R, LJ, wild radish, jointed widely distributed, especially in the 

ws charlock eastern North America and in the 
Central Valley of California 

Sinapis alba X, R, WS white mustard widespread but sporadic in North 
syn. B. hirta America, abundant in some localities 
Sinupis arvensis syn I’, R, LJ, wild mustard abundant throughout the temperate 
B. kaber ws charlock agricultural areas of North America, 

especially in newly disturbed areas 

2. Crossing with Other Brassica napus Varieties 
Brassica napus is principally a self-pollinating crop which is also able to cross 
with other plants of the same species. Pollen movement is by means of wind 
and insects, mainly bees. Wind is not a particularly effective means of cross- 
pollination, as B. napus pollen is fairly heavy and sticky and cannot travel 
more than a few yards without insect pollinators (Downey and Rtibbelen, 
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1989). Literature information concerning the frequency of intraspecific 
outcrossing (Becker et al., 1992; Bing et al., 1991; Downey et al., 1991; 
Downey, 1992; Kapteijns, 1993; Chevre et al., 1992; Kerlan et al., 1992; Metz 
et al., 1997) is variable in its conclusions, which reflects the fact that 
pollinator activity, planting density, genotype, weather and distance have an 
impact on outcrossing (Scheffler and Dale, 1994). Values have been reported 
as high as 30% (Rakow and Woods, 1987; Downey, 1992; Bing et al., 1991). 

Numerous pollen dispersal studies using B. napus have been conducted 
within the framework of the European Commission’s Biotechnology Action 
Program (BAP)s, and BRIDGE4 program, and the United Kingdom’s 
PROSAMOs project. Experiments were small to medium scale, and employed 
a transgenic pollen source (marked with a marker gene) and measured the 
frequency of transfer of the marker gene to surrounding (non-transgenic) 
canola plants. Results from the PROSAMO project, employing a 9 meter 
diameter circle of transgenic rape in a one hectare field, demonstrated that 
the frequency of outcrossing decreased f?om 5% at zero distance down to 
0.0003% at 47 meters distance (Scheffler et al., 1993). Earlier studies, using 
a 3m diameter circle of transgenic canola within a 1OOm diameter circle of 
canola also demonstrated that outcrossing frequency decreased from 1.5% at 
3 meters distance, to non-detectable at 24 and 48 meter distances (Scheffler 
et al., 1993; Dale et al., 1991: De Greef, 1991). The results from the BRIDGE 
project, using male sterile canola as the pollen trap, confirmed that 
outcrossing frequencies to other OSR plants is likely to be minimal. 

It canbe concluded that B. napus pollen dispersal is mainly short distance 
dispersal, although dispersal may occur over greater distances at a very low 
frequency. Perhaps most importantly, transgenic B. napus lines do not 
exhibit any greater rates of outcrossing than non-transgenic lines (Downey, 
1992). 

Canola quality B. napus can also cross with other types of cultivated B. 
napus, including rapeseed, fodder rape and rutabaga. Rapeseed can be 
further divided into industrial or high erucic acid rapeseed (HEAR) and 
canola, the principle difference being the levels of erucic fatty acid content. 
Both fodder rape and rutabaga are very minor crops in the United States and 
are harvested before seed is set. Therefore, the probability of introgression 

Biotechnology Action Program (1985-1990) - supported by the Directorate for Science, 
pearch and Development (DGXII) of the Commission of the European Communities. 

Biotechnology Research for Innovation, Development and Growth in Europe (1990-1993) 
- supported by the Directorate for Science, Research and Development (DGXII) of the 
$Jommission of the European Communities. 

Planned Release of Selected and Modified Organisms (1991-1993) - supported by a 
consortium of the U.K Dept. of Trade and Industry, the U.K Agriculture and Food Research 
Council, and industrial members. 
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from Roundup Ready canola RT73 into fodder rape or rutabaga is very low, 
Gene introgression from canola into high erucic acid rapeseed (HEAR) can be 
deterred using standard agronomic practices for production of that crop. For 
example, it has always been necessary to isolate B. napus canola fields from 
fields of high erucic acid rapeseed (HEAR) to prevent the canola from 
producing higher than acceptable levels of erucic acid. The precautions taken 
for this potential outcrossing should also be successful in preventing the bulk 
of gene transfer between the two crops. 

3. Crossing with Bras&a rapa 
Brassica napus is an amphidiploid derived from hybridization between the 
diploid species B. rapa and B. oleraceae. The AA genome of B. napus was 
derived from B. rupa. B. napus and B. rupa are known to be sexually 
compatible under open pollination conditions (Bing et al., 1991; Downey et 
al., 1991). 

While gene transfer from B. napus to B. rupa is known to occur under 
controlled conditions, the likelihood of natural introgression of genes from B. 
napus is lower. When B. nupus is used as the male parent, many of the seeds 
produced are non-viable, and in the progeny, both pollen fertility .and yields 
are significantly reduced (Bing et al., 1991; Salam and Downey, 1978; 
Scheffler and Dale, 1994). The Fl hybrids have an intermediate chromosome 
number between B. nupus and B. rupa and Salam and Downey (1978) 
reported that the interspecific progeny would quickly revert to B. nupus, 
being the higher chromosome number parent, unless the hybrid is 
backcrossed to B. rapa. In addition, the progeny of the Fl plants backcrossed 
to B. rupa exhibited low fertility and high seedling mortality, making them 
less competitive than plants with genotypes closer to B. napus. Sheffler and 
Dale (1994) also reported that after several generations of backcrossing 
under controlled conditions, plants resembling the recurrent backcross parent 
were obtained from interspecific hybrids between B. napus and B. rapa 
(Nwantkiti, 1971; Shiga, 1970), but natural barriers were likely to make this 
a rare event under natural conditions. A recent study (Mikkelsen et al., 
1996) has reported the spontaneous development of fertile hybrids between 
herbicide-tolerant B. napus and B. rapa by interspecific backcrossing under 
field conditions. The field conditions used were not representative of normal 
agricultural practices, ES the weedy B. rapa plant were sown at a high 
density which would not normally exist. Hybrids were then replanted into 
the same fields to facilitate the generation of stable, backcrossed hybrids. 
This work and others support the conclusion that hybrids between B. rapa 
and cultivated B. nupus are possible under field conditions. Any such 
progeny are easily controlled with cultivation and the use of presently 
registered herbicides. 
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4. Crossing with Bras&a juncea 
Brussica juncea is a tetraploid containing genomes A and B. Successful 
hybridization has been reported under experimental field conditions using 
mixed stands of B. napus and B. juncea (Sing et al., 1991). Using B. napus 
as the male parent, hybrid seeds were produced at a frequency of 4.7% of the 
seeds produced on the B. juncea plants. The Fl progeny produced low seed 
sets (from 0 to 25 seeds per plant) (Bing et al., 1991). In further studies 
employing herbicide resistance markers in B. napus, hybrid seed production 
frequencies on B. juncea were reported as 0.3% and 0.1% in the two years of 
field trials, and fertility of the hybrids was low (Bing et al., 1991). 

There have been numerous reports of hybrids being produced by manual 
crosses, although seed production is very genotype-dependent (Heyn, 1977; 
Roy, 1980). Pollen viability of the Fl hybrid plants is generally low (less 
than 10% (Bing et aZ.,1991), and fertility of the hybrids is usually less than 
10% (Bing et aZ.,1991; Heyn, 1977; Roy, 1980). In experiments where Fl 
plants were open pollinated or backcrossed to B. m-pus many of the progeny 
were found to be largely infertile, although some were highly fertile. Fl 
plants which were fertile were reported to preferentially revert to the B. 
napus form (Roy, 1980). The reciprocal cross to B. juncea was not performed 
(Roy, 1980). 

Hybridization of B. juncea with B. napus is expected to be lower frequency 
than with B. rapa, since the latter is self-incompatible, whereas B. juncea 
self-pollinates around the time of flowering. The data for cross compatibility 
between B. juncea and B. napus also show that hybrids are obtained under 
controlled conditions to a lesser degree .than the B. rapa x B. nupus cross 
(Downey et al., 1991; Kerlan et al., 1992; Bing et al., 1991). 

5. Crossing with Other Brassica and Related Species 

Brassica nima 
Although B. napus (AACC) and B. nigra (BB) have no genomes in common, 
hybridization is theoretically possible because of the homology between the Bm 
and C genomes (Mizushima, 1950). The production of hybrids under field 
conditions has been unsuccessful (Bing, 1991; Baranger et al., 1992). With 
manual crosses interspecific hybrids were able to be produced, usually when 
B. napus was used as the female parent, but the hybrid seed and backcrossed 
progeny exhibited low fertility or sterility and reduced survival 
characteristics (SchefXler and Dale, 1994). 

Other mechanisms involving bridging crosses through B. rapa and B. juncea 
were also considered as possible means of gene introgression from B. nupus to 
B. nigru (Downey et al., 1991; Downey, 1992). There are no reports of hybrid 
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seed production between B. rapa and the weedy species B. rtigra when B. 
rupa is used as pollinator. The reverse cross under controlled conditions 
produced seed at very low frequency (1 per, 2000 pollinations) and the Fi 
plants were much easier to backcross to B. rupa (Bing, 1991). Therefore, 
gene flow is more likely from B. nigra to B. rapa than the reverse, which is 
considered unlikely. 

Crosses between B. juncea and B. nigra have been successful at low 
frequency, particularly if B. juncea is used as the seed (female) parent (Bing, 
1991). Open pollination of the Fi progeny and backcrossing to B. juncea 
produced plants with low fertility. Backcrossing was easier with B. juncea 
than with B. nigra, and the high chromosome numbers of the hybrid progeny 
suggest that the offspring of this interspecific cross are likely to revert to the 
cultivated amphidiploid species (Bing, 1991). 

Bras&a okracea 
B. oleracea is the other progenitor of B. nupus and has the C genome in 

P 

common with B. napus. Natural hybridization with B. oleracea, however, has 
not been reported (Scheffler and Dale, 1994). Even with artificial techniques, 
hybridizations are very difficult to achieve (Ayotte et al., 1987; Chiang et al., 
1977; Honma and Summers, 1978; U, 1935), and have been more successful 
when B. napus was used as the seed (female) parent (Kerlan et al., 1992). 
When B. napus was used as the male parent hybrid progeny have been able 
to be produced but pollen fertility was reduced, and FZ seeds exhibited 
reduced survival characteristics (Robbelen, 1966). It is unlikely, therefore, 
that interspecific hybrids with B. oleracea will occur under open pollination 
conditions. 

Brassica carinata 
B. carinata is an amphidiploid containing genomes B and C, presumably 
resulting from a cross between B. n&a and B. oleracea. Hybrid seeds have 
been produced by manual crosses with B. nupus, more successfully when B. 
napus was used as the female parent. Fertility and seed production were 
generally low (Scheffler and Dale, 1994; Roy, 1980; Nishiya’ma et al., 1991). 

r‘ 

Hirschfeldia incana 
Hybrids between B. napus and Hirschfeldia incana have previously been 
unsuccessful; however, Chevre et al. (1992) and Lefol(1993) reported 
obtaining hybrids by planting male-sterile B. napus and fully fertile H. 
incana in adjacent rows in a field trial and allowing open pollination. A 
small number of hybrid seeds were produced, and the Fl plants from these 
exhibited varying degrees of infertility, but some seeds were produced when 
the hybrids were backcrossed to H. incana. 
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Raduznus raphanistrum 
Manual hybridizations with Raphanus species have generally been 
unsuccessful (Scheffler and Dale, 1994). Kerlan et al. (1992) attempted 
reciprocal manual pollinations between Ra&anus raphanistrum and B. 
nupus, but failed to obtain any viable Fl hybrids after making 200 manual 
pollinations. Cytological examination of pollen tube growth showed that R. 
raphanistrum pollen tubes did not penetrate the B. napus styles. Chevre et 
al. (1992) and Lefol(1993) reported obtaining hybrid seed in a field trial 
similar to that described for H. incanu, with adjacent rows of R. 
raphanistrum and male-sterile B. napus. Pollen fertility of the Fl hybrids 
ranged from 0% to 30%. Backcross progeny were produced by open 
pollination when the Fl was used as the female parent (Eber et al. 1994). 

More recently, Ch&re et al. (1997) reported that introgression was possible 
between male sterile herbicide-tolerant B. napus and R. ruphanistrum under 
field conditions. The conditions used were not typical for agricultural 
settings as crossing was facilitated by planting and maintaining high 
densities of the weed species R. ruphanistrum. Hence pollen load was high 
and crossing was forced by use of male sterile material. The authors 
concluded that successful hybridization and gene introgression would be rare 
under normal agricultural conditions. (Ch6vre et al., 1997). 

Sinapis snecies 
No hybrids between B. napus and Sinupis species have been produced under 
field conditions, and interspecific hybrid production under artificial 
conditions has also proven to be extremely difficult. Heyn (1977) reported 
hybridization with S. aZba, but it was not demonstrated that the F, or 
backcrossed progeny were fertile. Attempts to produce hybrids with S. 
aruensis have been unsuccessful under field conditions (Bing, 1991; Lefol 
1993; Lefol et al., 1991). Successful crosses have only been reported using 
artificial techniques and employing B.-napus as the female parent. The 
hybrid progeny are always sterile or produce very low seed sets (Bing, 1991; 
Mizushima, 1950; Inomata, 1988). 

Bridging crosses through B. rupa and B. juncea to S. arvensis have also been 
considered. Gene flow from B. rapa to S. arvensis has been shown to be very 
unlikely, since reciprocal crosses under controlled conditions failed to produce 
any seed (Bing, 1991; Hinata et al., 1974). Hybrids between B. juncea and S. 
aruensis were only successful when B. juncea was used as the seed parent 
and the progeny were poorly fertile. Gene flow from B. juncea to S. aruensis 
is considered to be highly unlikely. 
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6. Summary on Outcrossing 
Hybridization with B. napus under natural conditions has been demonstrated 
with the closely related species B. rupa (syn. campestris) and B. juncea. 
Hybridization has also been demonstrated with other related species using 
artificial conditions, but it is considered unlikely that natural hybridization 
with these species can occur. Xn the event that hybrids between RT73 canola 
and other Brassica species did occur, current management practices would be 
effective in controlling these plants. 

G. Horizontal Transfer of New Genes 

As stated in the USDA’s Interpretive Ruling on Calgene, Inc., Petition for 
Determination of Regulatory Status (FR 57, No.202, pp. 47608-47616, 
October 19,1992), “There is no published evidence for the existence of any 
mechanism, other than sexual crossing” by which genes can be transferred 
from a plant to other organisms. Evidence presented in the Calgene petition 
and supplementary information and summarized in the FR Notice suggests 
that, based on limited DNA homologies, transfer from plant to 
microorganisms may have occurred in evolutionary time over many 
millennia. Even if such transfer were to take place, transfer of an EPSPS 
gene to a microbe would not pose any plant pest risk. Based on these 
considerations, transfer to microbes or other living species in nature is 
extremely unlikely and of no significant consequence from a plant pest point 
of view. 

VII. ADVERSECONSEQIJENCESOFINTRODUCTION 

Monsanto Comptiy knows of no unfavorable results or observations 
associated with Roundup Ready canola RT73 that would result in adverse 
consequences of introduction. Therefore, on the basis of the substantial 
potential benefits to the grower, the environment and the consumer, 

-Monsanto requests that Roundup Ready canola RT73 and progeny derived 
from traditional breeding no longer be regulated under 7 CFR part 340.6. 
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Appendix 1. LIST AND STATUS OF USDA NOTIFICATIONS FOR 
ROUNDUP READY CANOLA RT73 
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-I _. FIEig TRIAL LOCATtONb -? . ,- ,R GT CANOLA UNE #RT73 

l USDA # MONSANTO #I LOCATION OF TRIAL COUNTY STATUS 

am a-- -a- Ia- ----- ! ._-- . _------ - -- _ - _ . . . . _ A -h 
U3-ZN-UlK IM-ZZtV=K IK-F Seeds, 4307 Fifield Road, Bradley, CA 

I I 
llmpenai Icomplete= 
I I I 

96-04501R 96-018PR Diamond Valley-Road, Dutton, MT’ 
Route m, Box 148, Rltzvllle W* *, .I- 

475 Road 1 SW, Watewl-- Iln WA 
HC 2, Box 84, PIa@, ND 

Teton 
Adsms . .--.-.- 

lDoualas 
I MOUMTTBII 
I 

Complete* 
Complete* 
Complete* 
Complete* 

96-061-02R 96-034PR 

I I 

3 miles south of Mlnot, ND on U.S. Hwy 83 on the west side 
3 miles east of Langdon, MD and I/2 

I 
mile south on Hwy 5 

Ward . 
Cavalier 

Complete* 
Complete* 

I I I 
I 

9621 l-01 R 96135PR K-F Seeds, 4307 Fifleld Road, Bmwley, CA lmperlal Complete* 

96-274-01 R 96-l 70PR H&H Seed Company, P. 0. Box 1688, Yuma, AZ Yuma Complete* 

ClU8llS A~i’fCUfIU~l EptlI’Sta, WA 
A@oTech Incorporated, Velva, ND 
Miller Research, Inc., Rupert, ID 

UtTtM complete- 
Mclienry Complete* 
Blalne Complete* 

97-024-01 R 97-038PR Hallock Township 
Reqj bkcr Fnk MN 

Klttson 
Red Lnka 

Trial cancelled 
Trial cancelled 

IO, ND 
land Township 

H.ill 
Barnes Complete* _ _ _ 

efs Union Oil Com 
Icomplete- 

h Experiment Statlon, Williston, ND 
I, WA,. 
WA 
r,,-a n---L..- 

Garfield 
Whitman 
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3 FIELD TRIAL LOCATIONS . - R GT CANOLA LINE #R-i73 

USDA # MONSANTO # LOCATION OF TRIAL COUNTY STATUS 

97.254-02N 97-259XR H&H Seed, Yuma, AZ Yuma Trial in process 
K-F Seed, Brawley, CA Imperial Trial in process 

97-254-04N 97-26OXR K-F Seed, Brawley, CA Imperial Trial in process 

97-324-06N 97328XR K-F Seeds, Brawley, CA Imperial Trial in process 

97-309-03N 97332XR University of Georgia, Griffin, GA Spalding Plant in Spring ‘98 
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Monsanto 
Monsanto Company 
700 Chesterfiild Parkway North 
St. Louis. Missouri 63196 
Phone:  

February 16,1998 

 
Animal and Plant Health Inspection Service 
Biotechnology and Scientific Services 
4700 River Road, Unit 147 
Riverdale, Maryland 20737-1237 . 

Subject: Submission of Fmal Reports 

Jk&  

Enclosed are the final reports on the following field tests of Roundup Readym Canola. 

USDA Permit # Monsanto # 

95279-OlR 95-226PR 

9tMMS-OlR 96-018PR 
96-061-02R ’ 96-034PR 
96-21 l-OlR 96-135PR 
96-274-OlR 9617OPR 

97-022-OlR 
97-024-OlR 

97-035PR 
97-038PR 

These experiments are completed and we are submitting the final reports required by regulation. 

Should you have any questions concerning these reports, please feel free to contact me at 
 

Regulatory Compliance Coordinator 
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Roundup Ready Canola RT73, USDA-APHIS 

1995 CANOLA FIELD RELEASE 
USDA # 95279.OWMONS # 95226PR 

FINAL REPORT 

Monsanto Company 

The purpose of this trial was seed propagation. 

Imperia1 Countv, CA 

Field Monitoring for Disease Susceptibility: Common diseases to canola are 
altemaria, blackleg and sclerotinia and none of these diseases were detected 
in the crop. 

.Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 

Field Monitoring for Plant Growth Characteristics: The yields of regular 
open pollinated varieties averaged close to 40 bushels per acre. There was 
average standability and the variety was easy to swath and harvest. The 
variety was anchored well in the swath so plants were unable to blow and get 
into irrigation canals. There was even germination and no stress to the plants 
during growing season. 

Field Monitoring for Weediness Characteristics: Roundup@ gave extremely 
good control of the weeds in the crop. 
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Roundup Ready Canola RT73, USDA-APHIS 

1996 CANOLA FIELD RELEASE 
USDA # 96904501R/MONS # 96-018PR 

FINAL REPORT 

 
Monsanto Company 

The purpose of the trial was to demonstrate field tolerance of selected 
glyphosate tolerant lines with various rates of glyphosate. 

State 
MT 

Countv 1 
Teton 

WA Adam 
WA Douglas 
ND Mountrail 

Individual Site Information 

Teton County, MT 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. The trial 
was monitored May 3, June 18, and July 151996. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. The trial was monitored May 3, June 18, and July 15,1996. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of the transgenic and non- 
transgenic plants. The trial was monitored May 3, June 18, and July 15, 
1996. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from the non-transgenic plants. The trial was 
monitored May 3, June 18, and July 15, 1996. 
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. 
Roundup Ready Canok R173, USDA-APSIS 

Mountrail County, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. The trial 
was monitored June 12, July 3, July 31, August 28, September 25, October 
23 and November 20,1996. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. The trial was monitored June 12, July 3, July 31, August 28, 
September 25, October 23 and November 20,1996. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of the transgenic and non- 
transgenic plants. The trial was monitored June 12, July 3, July 31, August 
28, September 25, October 23 and November 20,1996. 

P 
Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from the non-transgenic plants. The trial was 
monitored June 12, July 3, July 31, August 28, September 25, October 23 
and November 20,1996. 

Adams Countv, WA 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of the transgenic and non- 
transgenic plants. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 

P 
plants was not different from the non-transgenic plants. 
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Roundup Ready Canola RT73, USDA-APHIS 

Douglas County, WA 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of the transgenic and non- 
transgenic plants. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from the non-transgenic plants. 
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P 

Roundup Ready Canola RT73, USDA-APHIS 

1996 CANOLA FIELD RELEASE 
. USDA # 96-061-02RMONS # 96-034PR 

FINAL REPORT 

 
Monsanto Company 

The purpose of this trial was to co&m in-house research data by increasing 
seed volume to evaluate polymer characteristics and composition. 

Countv State 
Ward 

ND Cavalier 

Individual Site Information 

Ward Counts ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 

Field Monitoring for Plant Growth Characteristics: There were no differences 
in the general appearance and growth of the trausgenic and non-transgenic 
plants. l 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from the non-transgenic plants. 
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Roundup Ready Canola RT73, USDA-APHIS 

Cavalier Count-v, ND 

Field Monitoring for Disease Susceptibility: The transgenk plants did not 
have a higher incidence of disease than the non-transgenic plants. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 

Field Monitoring for Plant Growth Characteristics: There were no differences 
in the general appearance and growth of the transgenic and non-transgenic 
plants. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from the non-transgenic plants. 
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Roundup Ready Gmolrr RT73, USDA-APHIS 

P 1996 CANOLA FIELD RELEASE 
USDA # 96-211.OlR/MON # 96.135PR 

FINAL REPORT 

Monsanto Company 

The purpose ofthis trial was seed propagation. 

State 
CA 

County 
Imperial 

Planting Date Harvest Date 
October 18, 1996 April 17,1997 

Imperial County, CA 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. The trial 
was monitored November 20,1996, January 5, February 15, and March 10, 
1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not, 
have a higher incidence of non-target insect species than the non-transgenic 
plants. The trial was monitored November 20,1996, January 5, February 
15, and March 10,1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of the transgenic and non- 
transgenic plants. The trial was monitored November 20,1996, January 5, 
February 15, and March 10,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was in no way different from non-transgenic plants. The trial was 
sprayed with Roundup@ in November killing less than four percent of the 
plants. The trial was monitored November 20,1996, January 5, February 
15, and March 10,1997. 
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Roundup Ready Canolu RT73, USDA-APHIS 

1996 CANOLA FIELD RELEASE 
USDA 96-274.OlR/MONS # 96-170PR 

FINAL REPORT 

Monsanto Company 

The purpose of this trial was seed propagation. 

Countv State 
AZ Yuma 

Yuma County. MT 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 

Field Monitoring for Plant Growth Characteristics: There were no differences 
in the genera3 appearance and growth of the transgenic and non-transgenic 
plants. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants waS not different fiorn the non-transgenic plants. . 
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Roundup Ready Ganok’u R273, USDA-APHIS 

1997 CANOLA FIELD RELEASE 
USDA # 97-0220OlR/MONS # 97-035PR 

FINAL REPORT 

Monsanto Company 

The purpose of this trial was to supply data on the glyphosate residue levels 
that will likely result in or on canola raw agriculturaI commodities as a result 
of the application of Roundup Ultra herbicide according to label directions for 
current use plus the topical applications afforded by and use of Roundup 
Readym canola plants. 

State 
WA 

Countv Planting Date Harvest Date 
Grant May 13,1997 August 25,1997 

ND McHemy May 14,1997 August 21,1997 
ID Blaine May 13,1997 August 16,1997 

Individual Site Information 

Grant Countv, WA 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. The trial 
was monitored June 9, July 2 and August 22,1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 
The trial was monitored June 9, July 2 and August 22,1997. 

Field Monitoring for Plant Growth Characteristics: There were no differences 
in the general appearance and growth of the transgenic and non-transgenic 
plants. All plants were normal and vigorous. The t&l was monitored June 9, 
July 2 and August 22,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from the non-transgenic plants. Germination was 
normal. The trial was monitored June 9, July 2 and August 22,1997. 
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Roundup Ready Canola RT73, USDA-APHIS 

McHenrv Countv, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. The trial 
was monitored May 26, June 19, July 15, and August 2 1,1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 
The trial was monitored May 26, June 19, July 15, and August 21,1997. 

Field Monitoring for Plant Growth Characteristics: There were no differences 
in the general appearance and growth of the transgenic and non-transgenic 
plants. The trial was monitored May 26, June 19, July 15, and August 21, 
1997. 

Field Monitoring for Weediness Characteristics: Germination of trausgenic 
plants was not different from the non-transgenic plants. The trial was 
monitored May 26, June 19, July 15, and August 21,1997. 
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Roundup Ready Canoliz RT73, USDA-APHIS 

Blaine, ID 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. The trial 
was monitored June 9, July 11, August 9, and August 19,1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not have 
a higher incidence of non-target insect species than the non-transgenic plants. 
The trial was monitored June 9, July 11, August 9, and August 19,1997. . 

Field Monitoring for Plant Growth Characteristics: There were differences in 
the general appearance and growth of the transgenic and non-transgenic 
plants. Monitoring June 9,1997 revealed 35% speckling of leaves in the 
transgenic lines. Monitoring August 19,1997 revealed that 100% of the 
transgenic plants were shorter. Seed yield was good. The trial was 
monitored June 9, July 11, August 9, and August 19,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was slightly different from the non-transgenic plants. Monitoring 
August 19,1997 revealed more weeds in the non-trangenic plants. The trial 
was monitored June 9, July 11, August 9, and August 19,1997. 
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State 
ID 

MN 

MT 

MT 
ND 

ND 
ND 

ND 
WA 
WA - 

Roundup Ready Canokz RT73, USDA-APHIS 

1997 CANOLA FIELD RELEASE 
USDA # 97-024-OlRMONS # 979038PR 

FINAL REPORT 

Monsanto Company 
. 

These were effkacy’studies trials and demo trials. 

Count* 
Rexburg 
IS&son 
Red Lake 
Pondera 
Pondera . 
Glacier 
Hill 
Barnes 
Cass 
Towner 
Golden Valley 
Ekhonds 
Ward 
Williams 
Garfield 
Whitman 

Planting; Date 
5/l 5197 
Cancelled 
Caucelled 
5m97 
5/g/97 
Cancelled 
5/6/97 
5/l 7197 
5129197 
5124197 
5/l 3197 
519197 
519197 
5/l 2197 
Cancelled 
4/l 6/97 

Harvest Date 
8/25/97 

8127197 
g/8/97 

7/10/97 
8/l 8197 
g/23/97 
713 1197 
8122197 
8l22J97 
8/19/97 
8122197 

6/l 9197 
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Roundup Ready Canoh RlY3, USDA-APHIS 

Individual Site Information 

Pondera County. MT 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. There 
were no diseases during this trial. Plants looked normal and healthy. Trials 
were monitored June 9, July 2, August 12, and September 8, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Insects were not a problem. Trials were monitored June 9, July 2, 
August 12, and September 8, 1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Plants grew and looked normal. Trials were monitored 
June 9, July 2, August 12, and September 8,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Plants germinated and 
grew normally. Trials were monitored June 9, July 2, August 12, and 
September 8, 1997. 
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Roundup Ready Canoik RT73, USDA-APHIS 

Pondera County, MT 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. O-5% of 
the transgenic plants experienced Black leg while 5-100% of the non- 
transgenic plants experienced Black leg. Trials were monitored May 15, 
June 15, July 7, August 12, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Trials were monitored May 15, June 15, July 7, August 12, 1997. 

Field Monitoring for Plant Growth Characteristics: There were no, 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Trials were monitored May 15, June 15, July 7, August 
12,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Trials were monitored 
May 15, June 15, July 7, August 12,1997. 

Hill County, MT 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. Trials 
were monitored June 6 and July 7,1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Trials were monitored June 6 and July 7, 1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Trials were monitored June 6 and July 7, 1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Trials were monitored 
June 6 and July 7, 1997. 
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Roundup Ready Canola RT73, USDA-APHIS 

P Barnes Counts, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. Trials 
were monitored June 7, June 14, June 20, July 1, July 10, and August 5, 
1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Trials were monitored June 7, June 14, June 20, July 1, July 10, and 
August 5,1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Monitoring July 1,1997 revealed that Blister Beetles 
were in 10% of the transgenic plants while 0% were in the non-trangenic 
plants. Trials were monitored June 7, June 14, June 20, July 1, July 10, and 
August 5, 1997. 

rx”, Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Trials were monitored 
June 7, June 14, June 20, July 1, July 10, and August 5,1997. 
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Roundup Ready Canoh RT73, USDA-APHIS 

Cass County, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. 
Monitoring occurred June 18, July 11, August 12 and September 4, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Monitoring occurred June 18, July 11, August 12 and September 4, 
1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Monitoring occurred June 18, July 11, August 12 and 
September 4, 1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Monitoring occurred 
June 18, July 11, August 12 and September 4, 1997. 

Towner County, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. Trials 
were. monitored June 17, July 15 and July 23,1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Trials were monitored June 17, July 15 and July 23, 1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Trials were monitored June 17, July 15 and July 23, 
1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Trials were monitored 
June 17, July 15 and July 23, 1997. 
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Roundup Ready Canola RT73, USDA-APHIS 

P Golden ValIev, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. No 
diseases were present in either crop. Trials were monitored June 17, June 
27, July 23, and August 22, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Trials were monitored June 17, June 27, July 23, and August 22, 
1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Trials were monitored June 17, June 27, July 23, and 
August 22,1997. 

p 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Trials were monitored 
June 17, June 27, July 23, and August 22,1997. 
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Roundup Ready Clznoliz Rl73, USDA-APHIS 

Edmonds Countv, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higherincidence of disease than the non-transgenic plants. 
Monitoring occurred June 14, June 23, July 23, and August 22,1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Monitoring occurred June 14, June 23, July 23, and August 22, 
1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Monitoring occurred June 14, June 23, July 23, and 
August 22,1997. 

. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Monitoring occurred 
June 14, June 23, July 23, and August 22,1997. 
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Roundup Ready Canola RT73, USDA-APHIS 

’ Ward County. ND 

Field Monitoring for Disease Susceptibility: ‘The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. Disease 
was not present on either plants. Monitoring occurred June 16, July 14, and 
August 19, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. One hundred percent of both plants experienced flea beetle pressure. 
Monitoring occurred June 16, July 14, and August 19,1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Monitoring occurred June 16, July 14, and August 19, 
1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Monitoring occurred 
June 16, July 14, and August 19,1997. 
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Roundup Ready Canoka RT73, USDA-APHIS 

Williams County, ND 

Field Monitoring for Disease Susceptibility: The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. Disease 
was not present in either plants. Monitoring occurred June 3, June 27, July 
28, and August 22, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. One hundred percent of both groups experienced moderate flea 
beetle pressure. Monitoring occurred June 3, June 27, July 28, and August 
22, 1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
transgenic plants. Monitoring occurred June 3, June 27, July 28, and 
August 22,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Monitoring occurred 
June 3, June 27, July 28, and August 22,1997. 
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Roundup Ready Canola RT73, USDA-APHIS 

Whitman County, WA 

Field Monitoring for Disease Susceptibility: ‘The transgenic plants did not 
have a higher incidence of disease than the non-transgenic plants. 
Monitoring occurred June 18, 1997. 

Field Monitoring for Insect Susceptibility: The transgenic plants did not 
have a higher incidence of non-target insect species than the non-transgenic 
plants. Monitoring occurred June 18,1997. 

Field Monitoring for Plant Growth Characteristics: There were no 
differences in the general appearance and growth of transgenic and non- 
tmnsgenic plants. Monitoring occurred June 18,1997. 

Field Monitoring for Weediness Characteristics: Germination of transgenic 
plants was not different from non-transgenic plants. Monitoring occurred 
June 18,1997. 
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Roundup Ready Canola RT73, USDA-APHIS 

Appendix 2. Study Summary: Cloning and expression in Escherichia 
coli of the glyphosate-to-aminomethylphosphonic acid 
degrading activity from Achromobacter sp. strain LBAA 

MSL-13245 Abstract 

Date: May 9, 1994 

Title: Cloning and expression in Escherichiu coli of the glyphosate-to- 
aminomethylphosphonic acid degrading activity from Achromobacter sp. strain LBAA. 

Authors:  
 

Abstract: The conversion of glyphosate to aminomethylphosphonic acid (AMPA) and 
glyoxylate is the primary route for the degradation of glyphosate, the active ingredient of 
the herbicide Roundup@, in soils and other environments. Little is known about the 
protein(s) involved in this conversion and there have been no reports of cell-free 
conversion of glyphosate-to-AMPA. Using a genetic approach, in which recombinant 
clones were identified by the ability of AMPA-degrading E.coZi to use glyphosate as a P 
source, we have cloned the coding region responsible for this activity. The activity is 
encoded by a soluble 45 kD protein. 
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Roundup Ready Canola RT73, USDA-APHIS 

Appendix 3. Study Summary: Isolation and characterization of a 
variant of the enzyme glyphosate oxidoreductase with 
improved kinetic properties. 

MSL-13246 Abstract 

Date: May 9, 1994 

Title: Isolation and characterization of a variant of the enzyme glyphosate 
oxidoreductase with improved kinetic properties. 

Authors:  
 

Abstract: The enzyme glyphosate oxidoreductase (GOX) carries out the conversion of 
the herbicide glyphosate to aminomethyl phosphonate and glyoxylate. This step is the 
primary route for the degradation of glyphosate in the soil and other environments. The 
gene for GOX has been cloned from Achromobacter sp. strain LBAA and expressed in E. 
coli. The cloned enzyme shows activity on only a very few substrates, primarily 
glyphosate and iminodiacetic acid. To increase our understanding of the enzyme and its 
activity, the gox gene was mutagen&d and screened for the production of variants with 
improved enzyme activity. One variant, containing five nucleotide differences that result 
in three amino changes, was characterized in detail. The appKm for both substrates has 
been reduced approximately IO-fold. The improvements in enzyme activity are all 
attributable to one of the changed amino acids and the effect of different substitutions at 
this position on the enzyme activity and kinetics has been investigated. 
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Roundup Ready Gmoh iW73, USDA-APHIS 

p Appendix 4. Study Summary: Purificati&, Cloning and 
Characterization of a Highly Glyphosate-tolerant ti- 
Enolpyruvylshikimate-3-phbsphate Synthase from 
Agrobacterium sp. strain CP4 

MSL-12738 Abstract 

Date: 10/9/93 

TITLE 
Purification, Cloning and Characterization of a Highly Glyphosate-tolerant S- 
Enolpyruvylshikimate-3-phosphate Synthase from Agrobacterium sp. strain CP4 

AUTHORS 
 

ABSTRACT 
5-Enolpyruvyl-shikimate-3-phosphate synthase (EPSPS), an enzyme of the shikimate 
pathway for aromatic amino acid biosynthesis in plants and microorganisms, is the 
biological target enzyme of glyphosate, the active ingredient of Roundup@ herbicide. 
Expression in planta of glyphosate-tolerant EPSPSs has proven to be an effective 
mechanism for conferring glyphosate-tolerance to crop plants. We now wish to report the 
purification, cloning and expression in E. coli of EPSPS from Agrobacterium sp. strain . 
CP4 (CP4 EPSPS). Based on steady-state kinetic analysis, CP4 EPSPS exhibits very 
high-level glyphosate tolerance (app&[glyphosate]=2.7mM), while retaining a very low 
appK&PEP) (12 @I), comparable to that of wild-type plant EPSPSs. CP4 EPSPS has 
the highest app& (glyphosate)/appK,,,(PEP) ratio, 227, of any EPSPS described to date, 
while the appL(S3P) is approximately 1 @I. CP4 EPSPS has approximately SO-60% 
similarity to previously described EPSPSs, and numerous active site residues are 
conserved relative to other EPSPSs. The kinetic data collected supports the use of the 
CP4 EPSPS gene obtained herein for the development of glyphosate-tolerant crops. 
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Roundup Ready Canoliz RT73, USDA-APHIS 

Appendix 5. GLUCOSINOLATE ANALYSIS METHODOLOGY 
IS0 Determination of glucosinolates 
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INTERNATIONAfi sEp l t992 ISo 
STANDARD 

I 

. Rapeseed - Qefermlnafion of glucosinolates 
content - 

. 

P 

. 

. . 

Part I: . 
Method using high-peiformance Iiqu’Fd 
chromatography 

Greines de colze - Dosage des glucoslnolefes - 
Pertie I: M8fhode par chromatographle liquide 8 hatie performance 

Reference number 
ISO9187-1:1992(E) 
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Fbtewotd . 

rSO (the tntematlonat drganftatlon Cbr StandardttaUon) Is a worldwide 
lederatlon of nationat standards boctfes (IS0 member bodies). The work 
of prepadng tnkmatfonal Standards is normally carded Ott! thraugh IS0 
lechnical cammilteec. Each member body Interested In a sublect tar 
which a lechnlcsl commlttee has been ertabllshed has the rtghf to be 
represented on that committee. tnt$matkna? organt2elion8, ~ovem- 
mental and non-governmental, In tialson with ISO, afso fake parI in the 
work IS0 cotfaborates closely with the InternatIonal Etectrotechnftal 
Commfssfon (EC) WI qtt matters of electrotechnfcal standardization. 

Oratt International Standards edopted.by the technkel commiftees are . 
clrcutated to the member bodies for vottng. Publfcatigcr as an Inter- 
natIonat Standard requires appravat by at feast 75% of the member . 
bodies casting a vote. . 
tntemattonal Standard IS0 9187-f was prepared by Technical Committee ’ 

p 
ISOKC 34, Agcicuttural food products, Sub-Commftfee SC 2. Oleaginous 
seeds end twits. 
IS0 9167 consists of th& lotlowk~ harts: under !he generet t?rie’ 
Rapeseed - Oetemtnetion olgtucoslnolate~ content; 

- Pad 1: Method u&g Mgh-pt~onnance Nquld chromatograp!iy 

- Pert 2: Method .ustng X-ray fluOff!SC8nCS Sp8CffOmt?t/y 

Annex A 01 thfs part ol IS0 9167 is for Informalion only. 
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1NTERNAflONAL STANDARD IS0 Qt6?-1:1992(E) 
w 

t-b 

. Rapeseed - Determination 

. Part 1: ’ 

of glucosinolates content - 

Method using high-performance liquid chromatography 

. 

1 Scope 
This part of IS0 9167 rpcctfies a method kr the 
determlnatlon of the content of the dlfleren: gIua+ 
stnolates In rapeseeds (cotta) using high- 
pet&rnwnce liquid chromalography. 

boom= 
mlnercid ripetaed. 

. 

2 Normatfve references 

The following standards conlaln provisions which, 
through reference lo lhis texl, consllule provlsIons 
of thlt part of IS0 0167. At Ihe llimt of publication, 
the cdiUons indlca~ed wera vatld. AI1 standard6 ari3 
aubJed lo revkbn, and parties to sgreements based 
on Ws pad .of IS0 9167 ore encouraged to lnvestf- 
gate the poasfblllty of applying lhe, most recent edb 
lions of the standards lndlcakd below. Members of 
EC snd IS0 msintaln reglslers of cur?enUy velid In- 
tematlonaf Standards. 

IS0 664:1990, Oil$eedr i Reduction of labm&y 
sample lo fed campte. 

IS0 665~1977. Ofkeeds - QeMnfnaflon of motsture 
end volatile mailer confenf. 

SO 8896:1967, Waf& [or snelyfkal laboratory use - 
SpecMcation and lest methods. 

96 

3 Ptlnciple 
Exlracljon 01 glucoslnolales by methanol. then puri- 
gcalon. and enzymatic ~desulfatatlon on bn- 
exchange reolnr. Oetermlnatfon uslng 
reversed-phase hlghqerkxmance llquld chro- 
matography (liPl.C) wilh ttutlon gradient and uttra- 
&let detectton. 

4 Reagents 

Use only reagents of recognized analytical grade, 
unless otherwtse cpedged. and waler complylng 
wtth grade 2 of IS0 3696. 

4.1 8d6haOf. HPLC grade. 70 ./a (V/v) oolullon. 

4.2 bodlum acetde. 0.02 mot/l at pH 4.0, 

43 Sodium acetate. 0,2 moffl solution. 

4A lmtdarote formale, 6 mot/l solullon. 

Olsoolve 204 g of lmldazole In I13 ml of formic acid 
In a SW mf one-mark vokmetrtc gack Make up to 
Ihe mark with waler. 

. 4.5 Interpaf standard. use either rlnfgrln mono= 
hydrate (potasrtum allyl9lucosinotate monohydrate, 
M,=4lS,49) (see 4.9.1) or, for rapereed (cultivated 
or self+mprgded) In which sinlgrin fs present na- 
lurally, glucotropaeollo (benzylglucoslnofate. pot- 
atrlum salt, M, - 447.L2) (see 4.92). 

For rapeseed with a low gfuccslnofale content 
(< 20 @m/g), reduce the Inlemal standard concen- 
tration (1 mmolfl t0 3 mmolp) In 4.5.1 and 4.5.2.1 . 
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SO 91’6~4:1992(E) 

f- 
glnlgrtn monohydrate 

a.S.l.3 Slntgrln monohydtate, 5 &A/l roluUon. 

Dissolve 207.7 mg of potassium ollylglucoslnotate 
monohydrate In water in a 100 ml one-mark 
ralumetrlc Aask Make up to the mark wi!h water. 

me solution thus prepared may be stored In a 
,Wfrtgcrator at approxfmately 4 l C for ug to 8 week 
ar In a freefar at - 18 T for a longer period. 

a.12 Stntgrtn monohydrate, 20 mmotfi solution. 

Olssofve e3i.o mg of polarslum allytglucosInofate 
monohydrate in water In a 100 ml one-mark 
+umetrlc gask. Make up to the mark u&h waler. 

The rotution thus prepared mby be stored in a 
rsfrtgefator at opproxflmately 4 l C for up to a week 
%r.la a freezer at - 16 l C for a longer pertad; 

. 

t.S.1.S Purlf~ check 

9~s one or more of the following three tests: 

r” C analysis using the method specified in this 
of IS0 SlBf; 

- analysis of the Intact rlnigrtn byHPLC (ton-pair 
technique): 

- anatysls of the desullated and rflyfoted stnlgrtn 
by gas chromatography. 

3~ each lest, the. chromatogram shall show only 
u\e major peak representing at least $8 *A. of the 

Ial peak area. 

Zontirm the purlly by determinlng the quantity of 
flucose released after hyclrofysls with myrosinase 
thioglucostde gluwhydroiate, EC 3.2.9.1). Measure 
he glucose by erfzymatlc means. The use of a 
zofnmercJafty avatlabte tent ktt Qcilltates the deler- 
nlnatioq. Take Into account any free glucose pres- 
furl: lhla Is determfned In the same way but tilhout 
tddttion of myroslnase. 7he molar concentration of 
tlucose measured should be at least 98 l h of the 
nolat cmcentratlon of the slnlgrln solution tested, 

4.5.2 Glucolropaeolln 

NOTE 3 Glucotroprcotin it ron~thnsr difticutt to rap 
rrato from other n*lurAl mlnof glucodnolatos. 

4.15.2.1 GJuco~paeOlln, 5 mmol/l sotutlon. 

Olrsolve 233.8 mg of gtucolropaeofin In water In 8 
100 ml volumetric flask. Make up to Ihe mark with 
water. 

4.6.2.2 Glucotropaeolln, 26 mmolfl sotution. 

* Otssotve 695.0 mg of glucotropaeolln In water In a 
'100 ml votumttrk IIasK. Make up to the mark with . 
water. 

4.S.2.3 Purity check 

Check the purity In accordance with the gmedure 
described ln 4.5.1.3. a 

4.CR.4 l!+ponse hctot . 

Veriv that the responsu factors of glucotropaeotin, 
In compartson gth sinlgrtn, correspond to those h- 
dkated In 9.2. 

4.6 MobUe phases 

4.6.1 Eluan! A: water, purified by passing II through 
an activated charcoal cattridge (e.g. Norgank 
Mlfllpore~ system) or water of equivalent purity, 

4.6.2 Eluant 8: acetonltrlle. HPLC grade, 
20 % (V/v) sofution in purif~ecl water. The concen- 
tmtion may be modified in fetalton to the column 
used, 

4.7 ton-exchange resin. use either 4.7.1 or 43.2. 

4.7.1 OEAE Sepharose CL-663 l uspenslon, avalt- 
able commercially ready for use, or an equtvafent 
product. 

4.7.2 OEAE Sephadax A2pl ruspenslon, prepared 
as follows. 

Mk 10 g of DEAE Sephader A25 resin (or an equlv- 
alenl resin) In excefs 2 mot/l acetic acid solution. 
leave to settle. Add 2 mot/l acetlc acid until the 
volume of fhe llquld Is equal to twice the volume of 
the sedlmenl. 

)corgmic Mifliparo syrtem ir 8n l rmple d E tuitablo pro&cl rvrilrbfe commardrlty. Ma informrllon Is given for tho 
F Of Users of this part Of Is0 Of67 and dciar not constt!uto an enUofsement by IS0 of fMs product. 

Sephrrota WI Gephrdex 8~ exwnplar of rubble productr rvrlfobk commsrdaffy. Th?r Informalton is gfven for 
ha convanlem Of Usors of thk part of IS0 8467 and doer not ~nctitute an endorcomenl by IS0 of thaca prodvctr 
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4.8 Sutlafaro, Helix pomaf!a type HI EC 3.W.C). 
having an scttvl~y of greater than 0.5 unltr d~cttvity 
per millike 01 purlfled rulMate roIuWi. 
Furify. test and dtfute the rulfatase In accordance 
wilh the method described in 48.1 to 4.8.4. 

4.8.1 Prepantton ot Ion-exchange columns 

Cut five Pasteur ptpettef (S.Q) i cm above the neck 
oncl place I glass wool Plug (56) In the neck. Place 
the pipettes vartlcalIy on 6 stand and add to each a 
sufficient quantity of bn-e%change r&n (4-t) such 
that, once’ the waler has dralned 61, a vdume of 
SC0 Pt of resin Is obtatned. 

Pour ( ml of the lmtdazole lormate oolution (4.4) Into 
each pfpette. rnd rtnse twice with 1 ml portions 01 
wafer. 

4.0.2 Pufuicatl0.n 

Weigh. to the nearest Q,l mg, 2i ing dtfdirpoqt8th 
type HI (4.8). disrohre It In 2.8 ml of water and 
lransler 500 pl d this rdutko to each dthe column6 
prepared In 4.8.1. Wash each column with 1.S ml of 
wafer and discard the efhent Then add IS ml ol 
the sodium acetate solutfon (43) and coltect the 
eluates from the five columns in a test tube. 

if- /’ 

. 

Concentrate the efuates by filtralkn uslno a 
Millipore PTGC flK25* fmmefslon filter unUl ap- 
proxlmalely 100 ~1 of lfquld remafnr (suffatss6 wilh 
a molar mass In excess or S 000 is not removed). 
Add 2.5 ml al waler and concenlrale once more by 
Uttratlon until approximately ICI0 pl of liqufd rematnr. 
Flute to 2.5 ml with water and slore lhe purllied 
8uNatase in 8 freezer at - (8 l C In small amounts In 
order lo allow dehrling of the amount necessary 
f&r Immediate use. 

’ 4.8.3 Tesl of the sulfatase rcUvIty 

. 

4.8.3.1 Preparatton of a 0,IS mmot/t cttigrln rot- 
uffon, buffered Q pH 6.6. . 

Prepire three safutians In successton at follows: 

l 0)  

b) 

cl 

transfer I ml uf acetic sctd to a 600 ml one-mark 
volumetric (lark and make up to the mark with 
Wd8r; . 

transfer 1 ml of ethylene dlamlnc M a So0 ml 
one-mirk vokmet4ic Qusk snd make up 10 the 
mark wllh water, 

mix 73 ml of solutktn a) with 40 ml of rofutlon b) 
and adjust the mlxtwe to pH SJ using rolutfon 
a) or rofutlon b) as approprtale. 

Pour 3 ml of the S mmol/l rlnigrln solution (4.5.1.1) 
into a 100 ml one-mark volumetrlC flask and make 
up to the mark wilh soWon c). 

4.8.3.2 Test of acllvlty 

Using a pipette, transfer 2.ml of the bu(lered sinfgrin 
solution (4.8.3.1) into the reference and measuring 
cells 01 the spectrometer (5.3) adJusted to a wave- 
length of 229 nm with a cell temperature of 30 .C. 
At Urns 1 I 0, add 50 Pf of Purified culktasr (4.8.2) to 
the measurtng cell and Immediately switch on the 
recorder. Stop Ihe recorder when the absorbance 
no longer vartes (AJ. plot the langent to the pold 
t= 0 and measure Its gradient &f/&f. 

The actMy of the rulfatase (I.e. the production 01 
1 micromote of desulfaled rlntgrin per. minute et 
80 ‘C and pH 5.6). expressed In units of actMy per 
mttlititre of rullatase rolutton. -Is equaf to 

where 
U/At Is the gradient of the tangenl lo 

point I -0, in absorbance unHs 
. mfnule; 

Ihe 
w 

V 

AC 

Is the volume;ln titrefkd the readtng 
medium (I.e. 2,OS x 10 I); 

(approximately’ 1 SCU l-m01 ‘.cm’ ‘) is 
the dillerence between the molar ex- 
tlncllon coeficlents of slnlgrin and of 
desullosfnlgrln at 228 om. i.e. 

A bra C k 
where * 

A, is the dllterence between the 
absorbance at equilibrium of 
the desullated rlnigrln and Ihe 
absorbance at ltme I c 0; 

I Is Ihe Path length of the cell, In 
centimetres (Le. 1 cm): 

c is lhe concentration of desul- 
lated slnlgrln al equlflbrium. in 
moles pet litre. Le. * 

cli; 0,1sx~0-‘x0,95x2 
. 2.05 

- 1.3s Y 10 matA 

0,QS Is the yield at equlllbrlu~ 
of the desulfelatfon of the 
sinigrtn. 

3) ~~lpora PTGC flK25 Is l errmpfs d a sullabfe product avaffrbfe cuntnorclafly. Talc lnfwmation IS &en for the 
cmvonhco of users of IhIr part of tS0 9167 and dew not constitute an endorremenl by IS0 of WC product. 
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n&ivety. the activity of the sulfatare may be 

P 
d urlng {he lollowing rlmplitkd formula, 

,~3 activiiy 16 given by the expression 
AA rS,T 

AtA. 

L8.4 011uti0n 

Isfag a @petto, transfer 1 ml of ourilied 8ulfalas.a ’ 
.4.8.2) to a 10 m! one-mark volumetric flask. Make 
rp to Ihe mark with water and mlx. 

Wkle lhe solution into small quanlllies and storr In 
tietar at - ‘46 %. 

6 Apparatus 
Ueual laboratory apparatus end. In particular. the 
Cbllowfng. 

6.4 Hlgh-perlormance tiquld chromtqnph, &N- 
able for obtalnlng an efution gradient Qnd control al 
the temperature of the column. 8t 20 ‘C, connected 
to art uitravlolet deteclor pcrmlfling measuremenli. 
lo tie made at :a wavelength of 229 nm. 

6.2 Chromatography column for HPLC. type Cs8 or 
4~~;$rtlcle size less than or equal to S pm. lor 

P 
. 

‘._ hrosorb RIW cdlumn, c Svrn (1SO mm x 
4.8 mm) 

SpheriSo& OOS? column, < Spm (250 mm x 
4 mm: 250 mm x 5 mm) . 

. 
Novapak Cl6 ‘column. 4 pm (1sO mm Y 4 mm) 

Uchrospher kP8 column, <S&m (125.mmx 
4 mm1 . - 
Nuc!eorii Cl8 column, c S urn (200 mm x 4 mm) 

The performance of lhe wiumn ohoufd be ‘checked 
regularly, preferably using a relennce sample .of 
colza desuilogiucosinolate% In particular, the col- 
umn shall not degrade 4~hydroxyglucobrasslcln, .an 
important bti relatively unstabfe giucosinolate. 

‘New columns shaft be subJected to pnliminar)r con- 
dltlonfng In acwrdance wilh the manufacturer% In- 
&uctSonc eo that reproducible results can be 
obtained. 

S.3 boubte-beam cpectromeler, capable d operal- 
ing in the ullravtolet region of lhe spectrum, and at 
a controlted temperature of 30 l C. equipped with 

. quartz calls of palh length I: cm and a recording 
system. 

S.4 &tlcrogrinder, for example a coifee mill. 

6.6 Centrifuge, suitable for use ‘with the tubes 
(5.6). capable 01 obtaintng’s centrifugal accelcratlon 
of 5 ooog. 

S.6 Polypmpylenr lubes. of 6 ml capacity. 

6.7 Water-bath OF other hertlng ipprratus. capable 
of maintaining 8 temperature of 75 % f 1% 

6.8 Glafs woot 

L.9 Pasteur p&tar. 1% mm tong, end a r&able 
rtand, or any other appropdate apparatus. 

, 6 Sampling ‘. _ 

Sampling should haw been ched out In accord- 
ance wtlh IS0 542. . 

, 
If large non-oleaginous lorelgn bodies have been 
separated before the reduction of the Iaboratoory . - 
sample, allowance shall be made for this In the col- 
cutatlon, 

. 7 Preparation of the test sampte 

Reduce the laboratory sample In accordance with 
ISO~664. 

If the seeds have 8 molsture 8nd voiallle matter 
content tn excess of 10 VI (tina!, dry them using a 
currenl of elr 81 opproxlmately 4S l C. 

The Impurities level is generally 2 Yo (m/d. If 
slnlgrin is found. In the sample. carry out the test on 
pure seed.snd 8nslyse lhe impurltier ceporalely. 

DetermIne the moisture and volatile matter wnteni 
ol the test sample In accordance with IS0 665.. 

II the seeds have been treated, wash them with 
dlchloromethane. 

Grind lha seeds tn the mlcroQrinder (5.4) lor 20 c. 
Mix the meal and then grind for a lurlher S l . 

l xmpier gfvcn are rult&l~ productr rvollrMe commcrcfaUy, MI Infom\rllon ir @en (or Uw cowenlcnce of 
thlr part of IS0 9167 rnd deer not coorWts rn sndorrerncnt by Es6 of there Qroductr. 

81 Reference samples of c&i dectif~tucosfnofrta may be obt8iti from Iha Ckrnrnunfty Rsfcrencs lureru 
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8 Procedure 

6.1 Tesl porllon 

8.4 Purificallon and desulfalallon 

1.4.1 Carry out lhe operallorrr given In 8.42 lo 6.4.6 
for each wmblned extract. 

Label two lubeo (5.6) A and B and lnnrfer300 mg, 
welghed lo lhe nearest 0.1 mg, of Itthe’ prepared ttsr 
sample (clause 7) lo each tube. 

. 8.2 Extra&on of gtucorlnolales 

I 
. 

6.2.1 Piaca the tubes In the waler-bath or other’ 

I * 
heating apparatus (S.7) se1 al IS ‘C and kave tar 
I mtn. Add 2 mt of boning .melhanof eohftbn (4.0 
and then lmrnediately add 

- to lube A, 200 pi of S &mot/l internal Standard 
solution (4.5.1.1). and 

- to lube 8. 200 fit of 20 mmoifl Internal standard 
. colullon (4.S.W. 

6.2.2 Continue heatlng at 7s % for a furlher 
10 mln, shaking the lubes 81 regular lntennls. Mix 
(he contents of each lube and then centriluge d on 
acceferaliin of ii OCQg br 3 min. Transfer lhe 

r 

supernalant 8quld from each lube lo two other lubes 
(5.6) iabelled A’ and 8’. 

8.2.3 Add lo the two tubes confalning the roild 
residue 24111 of boiling methanol soiUlidn (4.1) and 
reheat kr 10 min in the water-bath-or other healing 
apparatus (5.7) set at 75 ‘C, rhak)ng the tubes at 
regutar inlervab. 

Centrifuge for 2 mln and then add the rupernrtanl 
liquid from the two lubes lo the respedIve 
supernatant liquids retafned ln 81.2. 

8.2.4 Adjusl the volume d Ihe wmbtned extracls 
lo approximately 5 ml tilh waler and mix. 0 
these extreds may be kept br 2 weeks if slored In 
Ihe dark in a freezer at - (6 %. 

8.3 Prep&allon ol l&exchange columns 

Cut lhe required number of Pasleur pipettes (5.Q 
t.e. one ptpelte per combiged extract, LO as lo leave 
a volume uf 1.2 ml above the neck and plaro i glass 
wool plug (S.8) In the neck of each pipette. Place lhe 
plpeltes vertically on 8 Eland. 

i 

Transktr 0,s ml of a weiinixad suspensI& d Ion- 
exchange resin (4.7) lo each pipette and allow to 
seltie. 

Rinse the pipettes v&h 2 ml ol the lmidaroie brmale 
(4.4) and lhen lwke wirh 1 ml porlionr of waler. 

64.2 Transler 1 &I of the extract (82.4) to a pre- 
pared column (8.3) without disturbing the resin sur- 
lace and allow lo drain. Add two I ml porfions of the 
sodium acelale buffer (4.2). eiiowing lhe buffer to 
drain sfler each addltion. 

6.44 Add lo lhe column 75 @f d’diiuted purliied 
suifalase sot&ion (48.4). Leave lo act ovemighr a( 
ambient temperature. I 

IA.4 Piace a tube (S.7) under the column to collect 
the eluala. 

Efule lhe desuifogiucocinoiale obtained with Iwo 
1 ml portions of water, allowing the waler lo drain 
aKar each addiUon. I ‘. 
6.4.5 Mix the eluale well. If not used ImmedIalely 
for chmmalography, lhe eiuale may be stored in lha 
dark In a &eeter al - 18 ‘C for up to 1 week 

8.6 Blank test 

if required (see 9.3), carry out a blank let1 using the 
same procedure on a test porllon taken rrom lhe 
‘same test aafnpie. but omilling lhe sinigrin Inlemai 
standard soiulbn in order to detect and quantify any 
sinigrin present In (he lest portion. 

8.6 Chromatography 

8.6.1 AdJuslmenl of the appamlus 

Adjust the chromaltiraph b give: 

a gow-rafe of Ihe mobile phase (4.8). depending 
on lhe nature of lhe wlumn (see 8.6.2). of gen- 
erally of the ordar of 1 mi/min, 

a column (S.2) lemperrture or 30 ‘C. and . 
8 deledlon wdvelengfh 01229 nm. 

Operating in accordance with lhe lnstructbns for the 
apparatus, lnjecl lnlo the chromaiograph not more 
than &iOpi of the deoulfogtuco&olale aofu¶ion ob- 
lalned in 8.4.4. 

Use an elulion gradient appropriaW lo the dumn 
empbyed. 
WOTES 

4 Tha klbwing eluUori gradentc are given 8s examptss. 
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. 

f”korb RF18 column, C 5 urn (150 mm x 4.9 mm) 

pace 100 94 of elorn~ A (4.8.1) far 1 mh 

8ppIy 8 Iitmr elutbn grrdknt over 20 dn until 

rppfy 0 linear duth gradknt over S mln until 
100 K of &ant A ad 0 W of l luant B l ra ob- 
t8Tcrod 

p& 100 Ym of Want A for S mln to cstrbllch 
equtllbrtum _ 

I uthrosphw RPB column, < 6 wn (125 mm I 4 mm) 

pars 100 Y. of &ant A for 2 infn 30 8 

r&y 8 linear &lion gradient over 14 mln until 
0 9% of &ant A and 100 Ye of &an1 B are ub- 
,bfnwf 

. pars to0 % of &ant 8 for 6 min 

a 
if 

u ttnear dutlon gradient ever 2 mtn until 
1 k ol &ant A and 0 9% of &ant 8 are & 
tairred . 

pas8 100 9-G of tluale A for S mfn lo. estxblirh 
, bquw~- 

P a&n; fwofller msy be inodl(ied to gfve optimum 
c ins according to the columI?s wed. 

:Rd Bxamtnatlon of chromatogratns 

‘de Into account only those peaks having en area 
treater than 1 O/o d the rum Wsl of the peak areas. 

‘he order of slutlon of the perks WIfh u type C,a 
dumd and .a suitable elulfon gradlent (see the 8x- 
tfT$es given In 9.6.2) Is generally as shown In fig- 

. . 

I E%pmsslon of results 
. 

&I Calculation ol the content of each 
tfucosfnofete 

f%e oontent of each glucostnolate, &pressed 4n 
nlcmrnofes per gram of dry matter d the product, 
8 equal to 

4 100 . 
-u-x 4, ii w 100-w 

vhtre 
A, Is the peak area, In Integrator units. corre- 

P 
apondIng lo desulfoglucosinofa~e; 

_ Is the *peak area, in intsgrrtor units. corre- 
rpondhg lo desulforlnlgrln; 

K, Is the response factor of depull+ 
gluwsinolale (9.2); 

m Is the mass, In gram, of the test por¶Im: 

n fs the quantlty, in mlcromotes, ol Internal 
standard added lo the tube In 8.2; 

w Is the mdsture and volatile matlet conlent, 
expressed as a percentage by mass. of the 
test sample. 

If It la deslrtd to express the result relative to a 
speclflcd molstun and volstlle matter content w 
[e.g. w, R 9 % (m/ml J, multiply the result obtatned 
fix dry matter (as dove) by 

m-w, * . 
wo 

9.2 Response lactors 

the CoIlowIng response factors shall be adopted. 

NOTE 6 Ihart response Bctors hrvt been determlned 
experimentQy and have been Grad by concensus be- 
tween the vrrtour laboratorlor uho took part ICC the test 
they may noab ta be rcwirsd In due cvurce. 

1 Oesulfoglucofberin 
2 Desulfoprogoltriir 
3 Desulfoa@-progoIVin 
1 Desulforlnlgrfn 
5 Desuifoglucoraphanln 
6 DesulFogluconapolelferh 
7 Oesulloglucoalysoln 
u DesulfogfuconapIn 
9 Oesulfg-4-hydmxygh&zobrasslcln 

10 Desulfoglucobrasslcanapin 
(1 Oesuffoglucdropaeof~n. 
12 Desulfoglucobrasrldn 
13 Desullogluconasturtin 
14 Oesulf~~-methoxyglrrcobrorPlcin 
45 Oerulfoglucebrass?cln . 
16 Other deoulfoglucoslnolates 

B.3 Cafculstlon of the total glucodnolate 
content 

. 

IN 
1.09 
lx)g 
1.00 
1.07 
1.w 
1.07 * 
1.11 
0*2e 
1.15 
a.95 
0.29 
0.95 
425 
0.20 
1.W 

The total glucodnolala conlent, exprwed In micm 
moles per gram of dry matler of the product, Is equal 
to the sum of the contents of each glucoslnolale (the 
corresponding peak are8 of which Is greater than 
1 W ol the sum total of the peak areas). 

If the difference between Ihe total glucosinolste 
content results UClng both concentrotlons ratlsfy the 
rtqulremcnt8 for repeatablllty (See 10.21, there Is no 
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. . 

IS0 91674:t992(E) 

. 

contamtnatton of the Internal standard. tn th$ case 
take as the result the arithmetic mean of the two 
delsrminstlons. 

10 Prectston 

. 

10.1 Results of tnCer4aboralory test 

An Inter&boratory t&t, carded out rt the Inter- 
natlonaf level In 4068, In which 11 taboratorlts par- 
tidpated, each 01 which carried oul two 
deterrnlnatiins on each sample, gave the staHstlca1 
‘results (evatuafed In accordance v&h Is9 S72S, 

. 

I P 

shown In table 1. . * 

1 MAt 1 - statist&t results of Inter-labors 

6rrnpla 

Standard deviation of 
repeotArllty. 8, 
cotmknt of vati- 
atlen of repealabIlity 
Repeafabllity. 2,83r, 

Smdrrd .dcv&i= 
reprorf~bllity. r, 
cedridcnl of varf- 
Non of reproctuc- 
IMlI~y 
peproducibili~y. 2.83r, 

Rlpra R8pt. 
tttd tttd 

A B 

‘11 

20.6 141 49 

31 11 

‘0,6 OJ 

4.4 H 6.7 % 

1.7 0.9 

2.5 1,6 

18 w 31 % 

7.1 1.4 

IO.2 RepeatablIIty 

The rbsolule diRerence between two Independent 
single test result& obtatned using the same melhod 
on tdenticat test material In the same laboratory by 
the same operator using the tame equlpmrnt MhIn 
a short interval of Ume, should not he greater than 
2 Wnol/g fix glucoslnotate contents less than 
20 pmol/~. and 4 p.mol/g for glucoslnolate contents 
wfthtn the rrnoe 20 &mot/g to 35 pmollg. 

. 

10.3 Reprodudbllity 

The absolute difference belwean two slngte test re- 
rutts. obtained usfng the same method on tdenticat 
Its1 material in ditferent labdraloffes wtth different 
operators urtng dIKered equlpmcnt, should not be 
greater than d pmM/g. Car gtucobtnotate contents 
less lhan 20 prno!{g, ‘and 6 pmti[g tar gtucostnofate 
contents wtthtn the range 20 prnoljg to 35 pmot/@ 

ii Test rep014 

. The iest report rhatt cpeclfy the melhod used and 
the result obtetned. J1 shall piso mentlon all operat- 
fng dehsllr no! cpeclfiad In this pari of Is0 0167. or 
regarded as optlonal. together with detalts of eny 
incidenlo which may hove Influenced lhe result. 

The lest report shall include all Information necess- 
ary lor the complele Mentitica~lon of lhe sample. 

. 
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FIgon 1 - Eramplr of I typical chromatogr;lm 
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‘ISO 9161~1:1992(E) 

.Annew A 
(Mormatlve) 

Btbtt?graphy 

. 
[l] IS0 SA2:1990, Ollseeds - Sampling. 

[2] IS0 $7251986, Preclelon of lest methods L Lklcrminafion of repeabbil~ty and reprodudbllily toor a &an- 
defd lesf method by hter4abmCory hts. 

. 

, 
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Appendix 6. GLUCOSINOLATE EXPERT OPINION LETTER 

Agriculture and Agri-Food Canada 
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@eB r.g.r.vlture and 
kgri-Food Canada 

Agriculture et 
agro-alimentaire Canada 

Research 
f3ranch 

Oirection g&Wale 
de la recherche 

f- 

. 

April % ,I994 

Monsanto Agriculture Co., 
700 ChMerfield Village Parkway 
Chesterfield, M issouri 65198 

Agriculture Canada 
Research Station 
107 Science Place 
Saskatoon, Sask. S7N OX2 
Tel: 
FAX 

, 

FAX: . 

Dear  . . 

RE: Glucosinolate values of the TR Canola 

I have reviewed your data with  and , and we note that 
pretty well all the quality parameters for the transgenic lines RT 200 and RT 73 fall within 

p the range of ttalues recorded for untransformed Wes+r. However, there appeared to be a 
tendency for RT 200 and RT 73 to have sl&jhtly higher values for the alkyl gl~cosinolates 
(averaging 2 to 2.5 v moles per gram of oil &ee meal higher when averaged over all trials.) 
In our opinion, this is a verg m inor deviation and one which woukI be apected when single 
plants are selected f?om the heezygous plant population that constitutes the cultivar 
Westar. 

k the late 1980’6, made eingle plant selectiona to try and selekt out 
. of Westaq lines that had the genetic make up to produce no more than 1 or 2 pmoles/g 

alI@  glucosinolates. It has taken some time to locate these data, but t;hey indicate that in 
the low -1 year (unselected Westar 10.8 IL moles ) of 1991, they were able to identify 

i 
single plant lines from  Westar that were genetically stable at 6.7 p moles. Since tlrr. the high- 
glucosinolate plants ww discarded in the selection process we can not say f&r &&in what 
the uppei;lev&l of the glucosi~late range within single plants of Westar would be. However, 
given our knowledge of biological systems, we can confidently predict that there would be 
plants within Westar that would produce at least 4 p moles/g more than the Westar 
average. We feel very confident in this conclusion, since the evaluation test v&h low 
glucosinolate lines was a six rep field test +ith glucosinolate values determined far each line 
in all six reps. 

It is unfortunate that Monsanto happened to choose plants for transformation that had 
genotypes capable of producing very slightly more alkyl glucosinolates’than the average of 
the genotypes that make up Westar. 

plv 
. Cam id%  . ..!zf 

Recycled Paper I Papier recyclb 
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. . 

-2- 

r‘ 
There is also agreement. among canola researchers here, that an increase of I to 2 p moles 
in the range of about 6 to 16 p moles is insignificant as to the quality of the product from . 
such strai?s, particularly since in no test did the lines approach the maximum acceptable 
value of 20 p moles per gram oil free meal. 

I hope you End this information useful. 

Research Scientist - 
. 

__ _ __.-m- -,.-. .- - 

0%?7OFO434 
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Roundup Ready Canola RT73, USDA-APffIS 

Appendix 7. WEEDINESS POTENTIAL STUDIES 
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Roundup Ready Canola RT73, USDA-APHIS 

Weediness Assessment of Roundup Ready Canola RT73 

P 

The parental variety Westar is a spring oil seed rape (OSR) or canola variety best 
suited to Canadian environments. Therefore comparisons between RT73 and the 
parental variety Westar have been conducted mainly in Canada, since it is the most 
appropriate environment for the establishment of substantial equivalence. In 
February 1995 the Western Canadian Canola and Rapeseed Recommending 
Committee (WCCRRC) recommended RT73 for conditional registration on the basis of 
its suitable agronomic performance under Canadian conditions. Extensive studies 
have also been conducted with RT73 and its progeny in Europe and the United States 
to confirm the conclusion of substantial equivalence under Canadian conditions. On 
the basis of observations made in all of the tests environments, there were no 
phenotypic differences, except for tolerance to Roundup, between Westar and RT73. 
This conclusion is supported by data demonstrating that there are also no 
compositional differences. 

The following section describes data and information related to the biology of RT73 
which demonstrates that RT73 is substantially equivalent to its non-modified 
counterpart in all relevant parameters. 

Measurements and observations recorded from 1992 to 1994 were used’ to compare 
RT73 and non-modified canola varieties in commercially significant properties, except 
for tolerance to Roundup@ herbicide. Every test was conducted such that a direct 
comparison to the control, Westar, grown side-by-side at each field site was made. 

RT73 was selected from a single seed of the Westar genotype, and it is certain that . 
RT73 inherited only a portion of the genetic variability of the parental variety (See 
expert letter in Appendix 6). Therefore, additional data was also collected from 
multiple sites in order to more accurately reflect the range of values (variability) 
expected for the parental genotype and allow for a reliable comparison with values for 
RT73. 

A Modes and/or rate of reproduction 

i. Flowering period? 
Extensive observations recorded by cooperators in 1992,1993 and 1994 Canadian field 
trials indicate that the flowering period of RT73 is typical of a variety selected from 
Westar. As is the case for the parental variety, RT73 flowers from the end of June 
through the month of July across the Canadian prairies. Thus, there is no significant 
change in the flowering period of RT73 compared to Westar. 

Under northern European conditions in the 1993 and 1994 field seasons flowering of 
RT73 and Westar also occurred simultaneously, in the period end-May to mid-June. 
When RT73 was hybridized and backcrossed with winter OSR varieties, the flowering 
dates of the progeny (mid-April) were also typical for winter OSR under European 
conditions. 
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ii. Pollen production and pollen viability: 
As a means of determining pollen production and viability for RT73, yields of both 
RT73 and the parental variety Westar were measured in 1992 and 1993. Based on 
these results (see Table A6 below for 1993 data), it is concluded that there is no 
detectable difference in pollen production and viability of RT73 compared to the 
Westar grown at the same locations. 

iii. Self compatibility: 
Westar and RT73, like all Brussicu napus varieties, are self compatible. The program 
to develop RT73 used this property to generate homozygous plants with the 
glyphosate tolerance genes. Self-pollination of R1 and R2 RT73 plants gave R2 and 
R3 seed, respectively, which were shown to he homozygous for the glyphosate 
tolerance phenotype. RT73 has been shown by segregation and molecular analyses to 
have a single insert and single copies of the CP4 EPSPS andgox genes. Furthermore,’ 
traditional breeding programs designed to introduce the glyphosate tolerance genes 
into other varieties of B. napus have been successful. Based on these facts, we 
conclude that there are unlikely to be any differences between RT73 and Westar in 
self compatibility. 

iv. Time from seeding to maturity: 
Data from the 1993 Canadian trials indicate that RT73 is on average approximately 1 
day later in maturation when compared to Westar. This result is consistent with the 
fact that RT73 is a selection from a single seed of Westar (see above in this Section). 
Table A5 summarizes the maturity data from a range of Canadian environments. No 
delays in maturity have been noted in European trials, and the conclusion of no 
substantial difference has been confirmed in European trials from 1992 to 1994. 

v. seed production: 
The information provided in Table A6 is from the 1993 Canadian Co-Op Test and is an 
average of data recovered from 21 diverse test sites. The average yield of 2,000 kg/ha 
for the cultivar Westar is not atypical because values fiom some test sites were very 
low. This variation in performance from test site to site is a result of local .weather, 
soil, disease and pest conditions. It is important to note that these trials are managed 
under “weed free” conditions, but Roundup was not applied to the plots. 

These data show a slightly lower yield from RT73 versus Westar which was attributed 
to a poor seed source for RT73 from a winter nursery in Chile. Seed of RT73 was 
bulked in Chile over the winter of 1992 and 1993. To meet deadlines for Co-Op 
introduction, this seed was harvested earlier than considered optimal. Consequently, 
the slight yield reduction in the 1993 Co-Op was attributed to the slightly immature 
seed. Private data from 1992 shows no yield reduction in RT73 relative to Westar. 
Yield data from Western Canada from 73 side-by-side comparisons of RT73 to other 
commercial varieties showed a 2.1 bu/ac yield increase for RT73. 

Yield trials conducted in Belgium in 1993 and 1994 also demonstrated that under 
representative European conditions there were no substantial differences in yield 
between RT73 and Westar. 
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Table AS. Days to Maturity from the 1993 Canadian Co-Op Test. 

Location Strain or CuItivar 
(days) 

RT73 Westar 
Lacombe 120 119 
Scott 112 110 
Durban 107 108 
Melfort 114 113 
Winnipeg 98 97 
Fort Saskatchewan 116 119 
Olds 129 126 
Yorkton 107 105 
Rosebank 99 98 
High Level 119 119 
Portage la Prairie 94 94 
Brandon 102 102 
Fort Vermilion 113 111 
Saskatoon 112 110 
Average 110.1 109.4 

B. Dissemination 

i. Outcrossing frequency within species: 
There is no a priori scientific basis to believe that the outcrossing. frequency from 
RT73 to other B. napus varieties will be different to that of Westar. The glyphosate 
tolerance phenotype has been successfully transferred to other B. napus varieties of 
canola using traditional backcrossing procedures as a part of the breeding programs of 
several canola seed companies to develop RT73. Based also on the fact that the pollen 
production and pollen viability (as measured by yield and germination of progeny) and 
self compatibility are unchanged by the genetic modification, the outcrossing 
frequency within species is unlikely to be different for RT73 when compared to Westar 
(See Section IV.F.2). 
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Table A6. Seed Yield for Test Lines in 1993 Canadian Co-Op Trial. 
(Values are 100X kg/ha) 

Location 

Lacombe 
Loon Lake 
Westock 
Olds 
High Level 
Fort Vermilion 
Average Short Season Zone 
Scott 

Strain or Cdtivar I 

RT73l Westar 
29.6 30.5 
12.8 16.9 
31.8 31.6 
16.8 17.0 
13.9 12.1 
15.2 17.6 
20.0 20.9 
18.7 20.8 

Lashbum 21.4 22.0 
Durban 20.7 20.0 
Mel fort . 20.7 16.6 
Fort Salk. 29.2 33.8 
Kelsey 20.5 22.5 
Alexandra 37.8 41.5 
Yorkton 13.7 13.8 
Saskaton 23.3 24.0 
AveraeeMid SeasonZone 22.9 23.9 
Thomhill 8.1 7.5 
Winnipeg 7.2 9.0 
Rosebank 18.8 15.1 
Portage 11.9 14.8 
Brandon 11.8 18.3 
Average Long Season Zone 11.6 12.9 

I- Seed of RT73 was bulked in Chile over.the winter of 1992 and 1993. To meet deadlines for 
Co-Op introduction, this seed was harvested earlier than considered optimal. Consequently, 
the slight yield reduction in the 1993 Cc-Op was attributed to the slightly immature seed. 

ii. Silique shattering and dispersak 
The loss and local dispersal of seed by shattering of mature seed pods is a well known 
characteristic of canola. Agronomic practices like swathing are routinely used to limit 
the loss of seed before harvest, however it is inevitable that some seed is lost. The 
degree of loss to shattering is largely dependent on environmental factors that 
influence the degree of pod maturity, the degree of moisture present, and physical 
disturbance of the material prior to harvest. 

Brussica seeds do not have any special or specific adaptations to facilitate wide-spread 
dispersal (they do not blow in the wind or stick to animal fur) so the shattered seed 
will remain in close proximity to the original site. Since it is accepted that a high 
proportion of the mature shattered seed can remain viable and will germinate 
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subsequent to harvest, the degree of shattering can be assessed by counting the 
volunteers in the subsequent years. It is equally important to note that the 
volunteers in the subsequent field season result from not only shattering, but also 
spillage and other mechanisms of seed loss at harvest. Thus, counting volunteers 
overestimates shattering, but addresses the main issue of potential invasiveness. 

Defined test sites which had contained RT73 in 1992 or 1993 were planted in the 
following year with wheat, barley, barley/rye mixture, occasionally alfalfa and/or left 
fallow. As expected in the year immediately following a test, some volunteers were 
observed at some test locations. The numbers of volunteers was highly variable, but 
no reproducible differences were found upon comparison of RT73 and the Westar 
control. Furthermore, no differences were evident between plots of RT73 which had 
been treated and untreated with Roundup herbicide. The data obtained from some 
selected Canadian test sites is shown below in Table A7. 

Table A?. Volunteer Cauola Counts Taken in 1993 on 1992 Trial Sites. 
(Values are plants/m2) 

Location Westar 
Minto’ 10” 
Mel fort’ 67’ 
Saskatoon”’ no data 
Saskatoon” 168a 

RT73 (untreated)’ 
12a 
2b 

292p 
20ga 

RT73 (treated)* 
13a 
6b 

3888 
no data 

1 Untreated indicates .that Roundup herbicide was not applied to these plants. 
2 Treated indicates that Roundup herbicide was applied to these plots at the 2 to 

6 leaf stage at a rate of 0.45 kg a.iJha. 
3 Statistical significance for a listed location were determined using Duncan’s 

Multiple Range Test P=O.O5. Values followed by the same letter are not 
significantly different. 

4 Data from plots of a tolerance trial conducted in 1992. No data were available 
for Westar. 

6 Data &om plots of a variety trial conducted in 1992. No data were available for 
treated RT73. 

Although the simple statistical analysis of data at the Melfort site suggest that there 
was a significant difference in the shattering of Westar when compared with the 
transgenic materials, it was noted that the Westar control plot ‘was somewhat more 
mature, which may have resulted in the higher loss of shattered seed. The numbers 
of volunteers at Saskatoon were much larger because of adverse weather conditions 
during the harvest period. Although poor weather conditions increased seed loss to 
shattering and variability of the data obtained, no significant differences were 
observed between the treatments. Volunteers were monitored in 1994 at five sites, 
and the results are given in Table AS. 
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Table A8. Average Volunteer Counts Taken on 1993 Canola Plots in 1994. 
(Values are plantdm2) 

1 Untreated indicates that Roundup herbicide was not applied to these plants. 
2 Treated indicates that Roundup herbicide was applied to these plots at the 2 to 6 leaf stage at a 

rate of 0.45 kg active ingredient/ha. 
3 Statistical significance for a listed location were determined using Duncan’s Multiple Range 

Test P=O.O5. Values followed by the same letter are not significantly different. 
4 Counts were taken from 0.25 m2 plot. 
5 Counts were taken from 0.1 m2 plots. 
6 Counts were taken from 0.5 m2 plots. 
7 Counts were taken from 0.35 m2 plots. 

Based on two years of monitoring, the evidence shows no difference between Westar 
and RT73 in its shattering properties. The variability noted at the Minto site (Table 
A8) was attributed to the topography of the plots. The untreated RT73 plot was on 
a hill where the snow melted sooner, the soil warmed faster, and the largest flush of 
volunteers was observed (1063.2 planta/m2). The Westar plot was located midslope 
and had more counts (671.2 plants/m2) than the treated RT73 plots which were in a 
depression (188.4 plants/m2). Most importantly, the average values from all 
locations showed no statistical differences. 

A direct measure of seed loss to shattering was also conducted at Mint0 and Melfort 
test sites in 1993. At both locations, shattering was evaluated by placing catch pans 
in plots at the same time as the OSR began to ripen. The results of this test 
expressed as a percent of Westar are given in Table A9. 
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Table A9. Results of Shattering Studies Conducted in 1993. 
(Values are expressed as % Westar control) 

I Location I Westar I RT73 I RT73 I 

Minto3 
(untreated)’ (treated)* 

100” 110” 85” 
Melfort 100” 538 66’ 
1 Untreated indicates that Roundup herbicide was not applied to these plants. 
2 Treated indicates that Roundup herbicide was applied to these plots at the 2 to 6 leaf stage at a 

rate of 0.45 kg a.i./ha. 
3 ANOVA statistical analysis was performed indicating no significant difference at each 

location as indicated by the letter following the value. 

Analysis of variance (ANOVA) of data generated by catching seed that fell prior to 
harvest did not reveal any significant differences. The results for Melfort were 
variable due to a heavy snowfall and high winds prior to harvest and the uneven 
maturity of the different test plots at this location. This may also reflect the slight 
maturity difference between Westar and RT73 (See section A.iv). 

r” ? 

On the basis of these results, it can be concluded that there are no differences 
between RT73 and Westar with respect to silique shattering and dispersal. This 
conclusion has been confirmed during the monitoring of Eurogean trials, where no 
differences have been noted in the levels of regrowth of RT73 and Westar following 
the harvesting of the trials. 

C. Survivabilits 

i. Germination rate: 
Germination tests of seed of Westar and RT73 from Roundup treated and untreated 
1992 variety trials were conducted at the Agriculture Canada seed quality testing 
laboratory in Saskatoon. The results (Table AlO) of these tests show that all the 
seed samples demonstrated high rates of germination and no differences were 
observed between the RT73 and Westar. These findings also support the conclusion 
of no differences in dormancy between RT73 and Westar (see below in this Section). 

Table AlO. Germination Test of Seed from 1992 Trials. 

Canola Cultivar or Line Percent Germination 
Westar 99 % 

R’l73 (untreated)’ 99 % 
RT73 (treated)2 98 % 

P’ 
1 Untreated indicates that Roundup herbicide was not applied to these plants. 
2 Treated indicates that Roundup herbicide was applied to these plots at the 2 to 6 leaf stage at a 

rate of 0.45 kg a.i./ha. 
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r‘ 
A more extensive study of germination was conducted by Monsanto Canada in 1994. 
Known weights of seed from RT73 and four &her B. nupus varieties (Westar, AC 
Excel, Legend, and Cyclone) were planted at four locations in replicated plots or 
single rows. Westar seed was 1992 pedigree, while seed of the four other non- 
modified varieties was obtained from a more recent pool of seed used for the 1994 
Canadian Co-Op Tests. The number of plants which emerged were counted, and all 
values were normalized on a per square meter basis for comparison and analysis. 
Noted in this test was consistently poor germination of the Westar canola seed 
(Table All), which was older seed that had been stored at room temperature. All 
other materials showed good germination across all locations proving that RT73 is a 
typical B. napus variety as measured by germination (Table All). 

Table All. Germination Test in 1994 of RT73 Compared with Five B. napus 
Varieties. (Values are plants/m*) 

P 

I Location I B. mpus variety --I 
I I RT73 

1 Statistical significance determined using Duncan’s Multiple Range Test P&OS. Averages 
followed by the same letter are not,significantly different. 

ii. Vegetative vigor: 
In 1993 and 1994, RT73 was evaluated at more than 32 Canadian locations for 
vegetative vigor. Based on an analysis of documented visual observations 27 of the 
.32 sites recorded no difference between RT73 and Westar. Of the five documented 
differences, two (Melfort and LaSalle in 1993) assigned the Westar plots as more 
vigorous and 3 (Lethbridge and Minto in 1993 and Saskatoon in 1994) noted the 
RT73 plants to be more vigorous. At only one of the 32 locations (Melfort in 1993) 
was a consistent difference noted throughout the growing season up to harvest, and 
the reduced vigor of RT73 was attributed to a slight maturity delay (Section kiv.). 
Data on plant height from the 1993 Canadian Co-Op Test further confirms that 
RT73 is no more vigorous than other B. napus canola varieties. The mean height of 
RT73 plants at 12 locations was 119.9 cm, while Westar was 115.4 cm and the 
average of all B. napus varieties in the Co-Op Test for genetically-modified plants 
was 119.8 cm. 

Observations on the growth of RT73 and Westar under European conditions have 
been made in trials conducted in Belgium (1993 and 1994), France (1994) and the 
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U.K (1994). It was confirmed that there were no differences in vigor between RT73 
and the parental variety. 

It is concluded, based on two years of observations at numerous locations in 
Canada, and confirmed in northern European locations, that there is no difference 
in the vegetative vigor of RT73 relative to Westar. 

iii. Overwintering capacity as a plant: 
All observation of the over-wintering capacity of RT73 as a plant indicate that it 
behaves in a manner consistent with Westar and any other spring canola currently 
in commerce. Field cooperators have noted that the small amount of seed left in the 
field after harvest due to shattering and loss germinates prior to winter. These 
plants, both RT73 and Westar, do not survive to the next season, although some of 
the seed which has been buried by cultivation may germinate in subsequent years. 
Like other B. napus spring varieties, RT73 is an annual plant which will not 
survive the harsh winters. 

Winter canola plants have been produced by hybridization with RT73 and 
backcrossing to the winter canola parent. Observations on the winter survival of 
these plants has confirmed that the glyphosate tolerance trait has been successfully 
transferred into the winter OSR plants without any negative effects on winter 
survival. 

iv. Seed dormancy: 
The principle measure of seed dormancy was to determine volunteer counts in 
replicated RT73 and Westar plots at multiple locations. Volunteer counts were also 
taken in 1994 in RT73 and Westar plots from 1992 to assess extended dormancy. 
These same data are reported above in the discussion related to shattering (Section 
B.ii.1. 

There is no evidence to support increased dormancy of RT73 seed as a consequence 
of the genetic modification or the introduced trait. The results from volunteer 
counts (Tables A7, A8 and A9) and germination data (Tables A10 and All), show no 
obvious differences between RT73 and Westar. The difference noted at Melfort in 
1993 (Table A7) can be explained by the 1 day maturity difference between RT73 
and Westar (see Section A.iv.), and the atypical growing season in 1992 (35) where a 
maturity delay was exacerbated by the excessive cold and precipitation close to 
harvest. The difference noted in germination of Westar in 1993 (Table All) was 
attributed to the fact that old seed had to be used to plant all control plots due to 
the scarcity of this variety. The multi-site data from 1994 (Table A3) shows no 
statistically significant differences between RT73 and Westar in the number of 
volunteers observed in the following years. Additionally, no volunteers were 
observed in 1994 in test plots of RT73 planted at Minto and Lethbridge in 1992. 
Based on these results, it is concluded that RT73 is not changed in dormancy 
potential versus the parental canola variety. 
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P 

P 

v. Adaptations to stress factors: 
Introduction of the glyphosate tolerance trait into canola has not resulted in any 
exceptional or unexpected adaptations to stress factors which would provide RT73 
with a selective advantage. 

Biotic factors: 
RT73 has not demonstrated any observable difference in adaptation to biotic stress 
factors relative to Westar. Data from the 1993 Canadian Co-Op Tests rank RT73 
similarly to the parental variety Westar in blackleg (Phoma Zingam) disease 
susceptibility with overall disease ratings of 1.6 and 1.9 on a scale of O-5, 
respectively. Like its parental variety, RT73 is highly susceptible to blackleg 
disease. In a separate experiment in a blackleg disease nursery in 1993, RT73 
scored 3.95 out of a possible 5, while Westar was scored at 4.11. Analysis of 
variance of the ratings showed no difference between RT73 and Westar. It is 
concluded therefore that RT73 is unchanged in its susceptibility to blackleg disease 
compared to its parent variety. 

Additionally, observations documented over two years of field trials consistently 
indicate that no differences in disease and insect susceptibility can be seen between 
RT73 and Westar. 

European trials were monitored for the major diseases, including Blackleg or Stem 
canker (Phoma lingam), Light leaf spot (Cylindrosporium), Downy mildew 
(Peronospora brassicae), Alternaria (Alternaria bmssicae), Sclerotinia (Sclerotinia 
sclerotiorum), White leaf spot (Psezdocercosporella) and others, and insect pests, 
including Pollen beetle (Meligethes sp.), l?lea beetle (Phyllotreta sp.), 
Ceuthorrhybchus sp., Baris sp., Psylliodes chlysoccephula and others. In none of the 
European trials were any differences noted between RT73 and Westar in their 
sensitivity to pathogens or predators. 

It is concluded therefore, that there are no measurable differences in the ability of 
RT73 to adapt to biotic stress factors. 

Abiotic factors: 
Observations documented by cooperators over many years of field testing and two 
years of commercial production demonstrate that there is no difference between 
RT73 and Westar in its adaptation to abiotic stress factors. No differences have 
been recorded between RT73 and Westar in their ability to resist drought, heat, and 
frost. 

Herbicidal factors: 
The susceptibility of RT73 to herbicides currently used for control of volunteer 
canola (except glyphosate) was verified in 1994 in Canada, and in Belgium in 1993 
and 1994. In Canadian trials, effective control was obtained with all applications of 
2,4-D or the sulfonylurea based Refine@ (thifensulfuron methyl and tribenuron 
methyl) herbicide when applied at the l-3 leaf stages of the crop. Good control was 
also noted with 560 g active ingredient/ha of 2,4-D at the 3-6 leaf stage. In 
European trials RT73 was shown to be no different to Westar in its sensitivity to a 
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range of herbicides, including those commonly used in wheat, barley and sugar beet. 
Thus, with the exception of glyphosate, RT73 is equivalent to Westar in its 
susceptibility to the herbicides commonly used to control canola volunteers. 
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