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Release of Information

Monsanto is submitting the information in this petition for review by the USDA as part of
the regulatory process. By submitting this information, Monsanto does not authorize its
release to any third party. In the event the USDA receives a Freedom of Information
Act request, pursuant to 5 U.S.C., § 552, and 7 CFR Part 1, covering all or some of this
information, Monsanto expects that, in advance of the release of the document(s), USDA
will provide Monsanto with a copy of the material proposed to be released and the
opportunity to object to the release of any information based on appropriate legal
grounds, e.g. responsiveness, confidentiality, and/or competitive concerns. -NMonsanto
understands that a copy of this information may be made available to the publi¢’ in a
reading room and by individual request, as part of.a public comment period. -Except in
accordance with the foregoing, Monsanto does ‘ot authorize the release, publication or
other distribution of this information (including websit¢ posting) without Monsanto's
prior notice and consent.

© 2006 Monsanto Company. All Rights Reserved.

This document is protected under copyright law. This document is for use only by the
regulatory authority to which this has been submitted by Monsanto Company, and only in
support of actions requested by Monsanto Company. Any other use of this material,
without prior written consent of Monsanto, is strictly prohibited. By submitting this
document, Monsanto does not grant any party or entity any right or license to the
information or intellectual property described in this document.
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Summary

Monsanto Company is submitting this request to APHIS for a determination of
nonregulated status for MON 89788 soybean and any progeny derived from crosses
between MON 89788 and other soybeans, including conventional and other genetically-
modified soybeans that have been granted nonregulated status under 7 CFR Part 340.

Roundup Ready® soybean 40-3-2 (herein referred to as Roundup Ready soybean) was the
first soybean product containing a biotechnology trait commercialized in the U.S.
Roundup Ready soybean was produced by incorporation of the cpd epsps;-coding
sequence derived from the common soil bacterium Agrobacterium sp. strain.CP4 The
cp4 epsps coding sequence directs the production of the 5-€nolpyruvyl’shikimate-3-
phosphate synthase (termed CP4 EPSPS) that is less sensitive to inhibition by glyphosate
compared to plant endogenous EPSPS. The CP4 EPSPS renders Roundup~'Ready
soybean tolerant to glyphosate, which is th¢ active ingredient in Roundup® agricultural
herbicides. The utilization of Roundup “agricultural herbicides plus Roundup Ready
soybean, collectively referred to as.the Roundup Reddy seybean system, hds provided
significant convenience in weed control; @ncovraged’the use of-conservation-tillage, and
provided positive economic impact to"the farmers. . In 2005, Roundup’Ready soybean
was planted on approximately<87% of the U.S. (USDA-~NASS; 2005a) and 60% of the
global soybean areas (James, 2005), which 1s the-most cultiyated Biotechnology product
to date.

Developments in-biotechhology and’'melecular=assisted breeding have enabled Monsanto
to develop . @~ second-generation- glyphesatestolerant . soybean product, Roundup
RReady2Yield or MON 89788.“ MON 89788 “will, ‘continue to provide growers
flexibility, simplicity;’ and cost effective weed control.options; in addition, MON 89788
and varieties containing-the«trait have the potential'to enhance yield and thereby further
benefit farmers dnd-the soybean industry. AMONE9788 was developed by introduction of
the cp4 epsps gene’ cassette. containing & promoter that has been used in other crops such
as Roundup Ready:Flex cottonc(Fincher etzal., 2003). In addition, the transformation was
based._on a new technique' ofcAgrebacterium-mediated gene delivery to soybean
meristem, where cells’wére induced directly to form shoots and give rise to transgenic
plants (Martinell\et alz2002). This new technique allowed direct transformation of the
gene cassette dnto glite seybeat germplasm such as the Asgrow soybean variety A3244
(Paschal, 1997),Owhich is~known for its superior agronomic characteristics and high
yielding ‘property (Tylka and Marett, 1999). Using elite germplasm as the base genetics,
the superiop-agtonomic characteristic of A3244 can be introgressed to other soybean
varteties through crosses with MON 89788 containing the cp4 epsps cassette. In general,
MON 89788 has been found to have a 4 to 7% yield advantage compared to Roundup
Ready soybeans in the same elite genetic background (A3244) while maintaining the
weed control and crop safety benefits of the Roundup Ready soybean system. As a
result, MON 89788 will be an excellent agronomic base trait for future breeding
improvements and multi-trait products.

*® Roundup and Roundup Ready are registered trademarks of Monsanto Technology LLC
Roundup RReady2Yield is a trademark of Monsanto Technology LLC
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The data and information presented in this summary demonstrate that MON 89788 is not
likely to pose an increased plant pest potential or to have an increased environmental
impact compared to conventional soybean. This conclusion is based on several lines of
evidence. The first is the detailed molecular characterization of the inserted DNA.
Results confirm the insertion of an intact cp4 epsps cassette integrated at a single locus
within the genome. The second is a detailed biochemical characterization of the CP4
EPSPS protein produced in MON 89788. Data demonstrate that the CP4 EPSPS
produced in MON 89788 is equivalent to the CP4 EPSPS proteins consumed in foods and
feeds derived from other Roundup Ready crops such as Roundup Ready soybean that
have an experience of safe use. The third is an updated assessment of the:toxicity and
allergenicity potential of the CP4 EPSPS protein produced in " MON 89788 based on
extensive information collected and studies perfermed on.the protein-Restlts confirm
the previous assessment and the safety of the;CP4 EPSPS due to the lack® of -allergenic
potential and the lack of acute toxicity when ingested. “The fourth is the compositional
and nutritional assessment of MON 89788 grain and forage, which confirms that MON
89788 is compositionally equivalent to and.as safeas gonventronal soybeans.cFinally, the
extensive evaluation of the MON 89788. phenotypic ‘€haracteristics .and ecological
interactions demonstrates that MON 89788 ds not\likely to increase plant’pest potential or
to have increased environmental impact compared td‘conventiondl soybearn.

Molecular analyses indicate’ thatt MON 89788 -contains a.single” intact cpd epsps
expression cassettemtegrated at a.single. locus’ within the séybean genome. DNA
sequencing analyses of the MON 89788 insert confirm the expected coding region of the
cp4 epsps gene cassettes which encodesia CP4 EPSPS-protein identical to that in
Roundup Ready soybean. No backbonesequences from the transformation plasmid were
detected:(~In additidn, no-partial genetic-‘elements, linked or unlinked to the inserted
expression cassette>were detected. ~ Furthermore, the DNA insert and the glyphosate-
tolerant trait_in MON _@&9788 were’ shown. to be stably inherited across multiple
generations: O Phenotypic segfegation data confirmed the single chromosomal insertion,
which resulted in theyexpected Mendelian segregation pattern.

The CP4 EPSPS proteinvexpression-levels were determined in MON 89788 tissues
produced under commercially relevant field conditions. Results confirm that CP4 EPSPS
is expressed invall tissues collected, including root, forage, seed, and leaf tissues at four
developmerital stages,<and the’CP4 EPSPS expression level in MON 89788 seed is lower
than-thatdn RounduprReady soybean. Expression of CP4 EPSPS protein in MON 89788
confets its toleratice to Roundup agricultural herbicide applied at the commercial rate.

The protein characterization studies show that seed derived from MON 89788 contains
the CP4 EPSPS protein of the expected molecular weight, amino acid sequence,
immunological activity, and functional activity. The CP4 EPSPS protein in MON 89788
has the same functional and enzymatic activity as the CP4 EPSPS in other Roundup
Ready crops, and is structurally homologous to EPSPSs naturally present in other crops.
The amino acid sequence of the CP4 EPSPS protein in MON 89788 is identical to that in
Roundup Ready soybean, Roundup Ready canola, and Roundup Ready Flex cotton, all of
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which have been deregulated by USDA and have been commercialized. Taken together,
these data and information demonstrate familiarity with respect to the family of EPSPS
proteins, which naturally occur in crops and plants that have a long history of safe use.

Information and data from studies also support the safety of the CP4 EPSPS protein.
These data have demonstrated that CP4 EPSPS is unlikely to be an allergen or toxin, the
lack of acute oral toxicity in mice, and the history of safe consumption of similar EPSPS
proteins from a variety of food sources. This conclusion is further supported by the lack
of any documented reports of adverse effects from the consumption of other Roundup
Ready crops since 1996.

Compositional assessment of the grain and forage demonstrated that MON. 89788 is
nutritionally and biologically equivalence toy-and as.-safe and ~nutritious as its
conventional counterpart, A3244. The A3244-has similar’genetic background with MON
89788 but does not contain the cp4 epsps ‘gene cagsette. The-composition analyses
compared the levels of 63 components between MON 89788 and A3244,(each-of which
were grown at five field sites in the U,S. during.2005.< I addition;the Samecomponents
were analyzed in 12 conventional* seybeancvarictics to” establish' the ,99% tolerance
interval for each of the analytes ORestlts ofthe compesitional analyses-indicate that there
were no statistically significant .differences (Pp=<0.05) in-91%cof the comparisons made
between MON 89788 and A3244. 'Of the few) analytes-Wher¢” statistical differences
occurred, differences were not reproducible actoss-sites@nd the trends of the differences
were not consistent Furthétmotre, the.mean-levels’ of all analytes:from MON 89788 grain
were within the 99% tolerance intervals-for-conventionab soybeans. Therefore, the few
statistically significant differences between - MON 89788 and A3244 were not considered
to be biologically relevant. These‘data:support the congelusion that MON 89788 soybean
grain and“forage are’ compositionally and-nutritionally equivalent to the conventional
soybean, A3244 . These-data have been presented tothe U.S. FDA for evaluation of food
and feed safety for MON 89788'as part of the pr€market consultation process.

An impoftant element in dssessing plant pest potential and environmental impact of MON
89788 “is to establishv thez, familiarity> of MON 89788 to conventional soybeans.
Familiarity considets’ the biology~of the crop, the introduced trait, the receiving
environment’ and -theinteractioni.of these factors. Familiarity provides a basis for
comparative environmentak riskyassessment between a genetically-modified plant and its
conventional” counterpart through evaluating phenotypic, agronomic and ecological
interaction characteristics. Data are used to assess whether a genetically-modified plant
1s likely toposexan increased plant pest potential or to have an increased environmental
impact compared to conventional soybean.

Results of extensive plant characterization conclude that MON 89788 is not likely to pose
an increased plant pest potential or to have increased environmental impact compared to
conventional soybean. The evaluation was based on comparative assessments of the
phenotypic characteristics between MON 89788 and A3244. The characteristics assessed
include: seed dormancy and germination, pollen morphology, and symbiont interactions
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conduced in the laboratory, and plant phenotypic observations and ecological interaction
evaluations conducted in the field.

Seed dormancy and germination characterization indicated that MON 89788 seed had
germination characteristics similar to that of A3244. For pollen characteristics and
symbiont interactions, there were no statistically significant differences observed for all
seven parameters measured, including pollen viability, nodule dry weight, and shoot total
nitrogen. These results lead to the conclusion that MON 89788 is not likely to exhibit
increased weed potential compared to conventional soybean.

The field evaluation of phenotypic, agronomic and ecological.characteristics of IMON
89788 also support the conclusion that MON 89788 is not likely to pose”an. increased
weed or plant pest potential compared to conventional seybean. THese -studies were
conducted at 17 replicated field sites acrossche major_soybean production areas. The
assessments analyzed 11 phenotypic characteristics; (12 insect-categotries; 18 disease
categories, and 10 abiotic stressor interagtions.

The phenotypic characteristics were .similarzbetween MON,\89788 and-A3244. No
statistically significant differences. - were©obsérved-yfor {10 of thé® 11 phenotypic
characteristics measured, including early stand ount;’seedling -vigordays to 50%
flowering, flower color, fodging, podishattering, final-Stand count, seed moisture, seed
test weight, and yield, “Fhe only sfatistically significant difference was in plant height at
maturity, where MON 89788 was estimated to<be 5% shorter<than the control. The
difference in plant-height ismot considered biologically.imeaningful as the magnitude of
the difference-is’ minimaly and-the mean height-of MON 89788 is well within the range
observed for-commercial soybeans? In-addition, the interactions of MON 89788 with
insect and-disease, ahd its‘résponse td-abietic streéssorwere similar to that of A3244. No
consistent qualitative differences. between MON 89788 and A3244 were identified for
any of the 40 _categoties evaluated.. Taken‘together, these comparative assessments lead
to the conclusion-that MON&9788 4s not likely to increase plant pest potential or to have
increased’environmental impact,compared-to conventional soybean.

The potential<for MON. 89788 0uterossing to sexually compatible species is unlikely
since no known, wild-‘Glycine species related to cultivated soybean are known to be
present in-North ‘America.< Incaddition, soybean is considered a self-pollinated species
wherercrossspollination.oceurs at very low frequency (0.04 to 3.62%) in adjacent plants.
Furthermore, .in the.rare event when cross-pollination does occur, MON 89788 and its
progeny are not.expected to exhibit significant environmental impact because studies
conducted to date have shown that the glyphosate-tolerant trait in MON 89788 is not
likely to enhance plant pest potential. Therefore, the environmental consequence of
pollen transfer from MON 89788 to other Glycine species is considered negligible.

An assessment of the impact on agronomic practices indicates that MON 89788 will not
alter cultivation and rotational practices, or the management of insects and diseases
currently employed for conventional soybeans and Roundup Ready soybean system. In
addition, MON 89788 will encourage the use of conservation-tillage and integrated weed
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management practices that are facilitated by the use of the Roundup Ready soybean
system. Based on the data and information presented in this submission, it is concluded
that MON 89788 is not likely to pose an increased plant pest potential or to have
increased environmental impact compared to conventional soybean. Furthermore, the
successful adoption of MON 89788 is expected to increase economic benefits due to the
enhanced yield potential, and maintain the environmental and weed control benefits
afforded by the current product, Roundup Ready soybean. Therefore, Monsanto
Company requests a determination from APHIS that MON 89788 and any progeny
derived from crosses between MON 89788 and other soybeans be granted nonregulated
status under 7 CFR Part 340.

Monsanto Company 06-SB-167U Page 8 of 237



Table of Contents

RELEASE OF INFORMATION....uuconiniinuicrensensnnssenssessanssssssesssssssssssssasssssssssssssssssssssass 2
CERTIFICATION ..uuiiiiiiisricsensecssecsssssesssncsssssnssssssssssssssssssssssssssssssssassssssassssssssssssssasssess 3
SUMMARY ..ouuiiiiiuinnuinsensissaissenssnsssnssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssns 4
TABLE OF CONTENTS ..cuuiivininninsennecsnncsensecssnssssssesssssssssssssssssssssssssssssssssssssssssssssssess 9
LIST OF FIGURES ....cuuiitiiiitinnuininsissaisesssisssisssssssssssssssssssssssssssssssssssssssssssssssssassssssns 12
LIST OF TABLES .....ucouiiiiiiiinnicniseisaicssisesssecssssssssssssssssssssessssssssssssssssssssssssssssssssssns 13
ABBREVIATIONS AND DEFINITIONS.....ccoievininnuisrensaissansessanssasssesssssessssisdessssnas 15
I. RATIONALE FOR THE DEVELOPMENTOF MON 89788 ..........e.50 e pieeinnennns 18
A. Basis for the Request for a Determination of Wonregulated Status under
7 CFR Part 340.6....c..cooiiiiniiiiiiieeeee sl el 18
B. Rationale for the Development of RReady2Yield Soybean, MON 89788 -iii.....8. ... 18
C. Submissions to Other Regulatory AZENCIES..... o .t e i@serepmerioneesilesSeee deoiirnessldsionnennns 21
II. THE SOYBEAN FAMILY {uiiiiflenis o ioesitncessiorossedsiosssesissunssatsesssssssssasssessas 22
A. Soybean as a Crop.........c...duin @i a0 e e 22
B. History of SOYDean........ .5 e oo e et o te s aesite e efiade e e it e e aoieleseveenvaesanans 23
C. The Taxonomy of Soybean ci...e. L i ol o O e e 24
D. The Genetics of SQybeanti... o @ittt b33 Tt 26
E. Pollination of Cultivatéd Soybean::.... 2. ... 8.0 it T b e eee e 27
F. Hybridization with Cultivated.-Soybean Varieties ... o7 ... x %o 27
G. Cultivated:Soybean asta Volunteer ... . @i b i e 27
H. Characteristics of.the Re€ipient-Plant:..... o0 il @i 28
I. Soybean as a Test'System itvthis Petition ...« ... 28
III. DESCRIPTION OF-THE TRANSFORMATION SYSTEM......cccocenveicsneesnncens 29
IV. DONOR GENES AND REGULATORY SEQUENCES.......ccoctvverrensuccsensaccsanane 31
A. Vector PV-GIMGOX20 .. ..o ettt 31
B. The cp4 epsps Coding Sequence@nd the CP4 EPSPS Protein ........cccccoooeeiiiiiienne. 31
C. The Arabidopsis thalian@ EPSPS Transit Peptide .........cccevveviviiiieieieieieieeieee 32
D. Regulatory SEqUENCES,. . . ... 50 ettt ettt ettt ettt b e st ebee st ens 32
E. TEDNAIBOIARLS ... 5 0 ettt sttt sttt ae e 32
F.(Genetic Elements’outside of the T-DNA Borders ..........ccoceeiieiieinieniiiiniiiieeieeiee 32
V. "GENETIC ANALYSIS..uuiiiriieisinsnicensinssicssssecssecsssssnssssssssssssssesssssssssssssssssasssses 38
A. Insert and Copy Number Determination.........ccccveeieerieeiieniieniieenieeeieeieesveeeeesanens 41
B. Confirmation of the Absence of Plasmid PV-GMGOX20 Backbone........................ 41
C. Cp4 epsPs Cassette INTEEIITY ......eevieriieriieeiieiie ettt ettt ettt siee e seae e e saee e 44
C.1. FMV/Tsf1 Promoter + TSFL Leader .......c.ccvevvevierierenieeecieeeeeeeeee e 44
C.2. TSTLINEION ..ottt ettt et e e et e e aveeeteeeaseesaeenseens 44
C.3. CTP2 Targeting Sequence + cp4 epsps Coding Sequence.........ccccveeveerereennnne 45
C.4. E9 3’ Nontranslated SEqQUENCE...........ocoueriiriiiiiriinieieniereeeeteee e 45

Monsanto Company 06-SB-167U Page 9 of 237



D. Southern Blot Analyses of MON 89788 across Multiple Generations....................... 50

D.1. Generational Stability of the INSert............ccccvveeiiieniiieeiiece e 50
D.2. Confirmation of the Absence of PV-GMGOX20 Backbone Sequence............. 50
E. Organization of the Genetic Elements in MON 89788 ........ccoovieeviieecieeniee e, 54
F. Inheritance of the Glyphosate Tolerance Trait in MON 89788.........ccccceveriinviniennene 54
G. Conclusions of Molecular Characterization..............cecueevueerieinieniiienienieeee e 55

VI. CHARACTERIZATION OF THE INTRODUCED CP4 EPSPS PROTEIN... 57

A. EPSPS Biochemistry and Mode of ACLION ........ccceeviieriiiiiieniieiieeiieeie e 57
B. Characterization of the CP4 EPSPS Protein Produced in MON 89788...........%....... 58
C. Safety Assessment Summary of the CP4 EPSPS Protein.........coccveveenee it o 59
D. Levels of the CP4 EPSPS Protein in MON 89788 .........ovvveliriiii L0 60

VII. COMPOSITIONAL AND NUTRITIONAL ASSESSMENTS

OF MON 89788 ...cueruenuinensaensansasesfBindensenssnssanisbobivesasssessansiinisessninitessesissossenisodess 61
VIII. PHENOTYPIC AND ECOLQGICAL ASSESSMENTS OF MON 89788..... 66
A. Interpretation of Phenotypic and Ecological Intefaction’Data. ... ch.ooseeeeeneennnnnn. 66
B. Phenotypic, Agronomic and Ecolegical Interactions,Characteristicsatl.......cocvevuenne. 68

B.1. Seed Dormancy and Germunation Characteistic ... .50 et 68

B.2. Field Phenotypic,'Agrenomic’Chatacteristics'and Ecological Interactions....... 73

B.3. Pollen CharaCteristies ..... o . Garee i teeearminree e eimee e rtidhee s 4G eeseeesneeesieeenneesanes 80

B.4. Symbiont hiteractions 2.....ch0 e @ieee 20,0 L S 81
C. Overall Conclusions-for Phenotypic,Agrofiomic and Ecological

Interactions EvalUation = . sl e e @ me s e oo eete sttt sbe e e see e eaees 83

IX. FACTORS INFLUENCING AN ECOLOGICAL ASSESSMENT

OF MON 89788 ciisuciicioneesasasessesassbioseeiisssessssinitsssessessessessessessassassassssssssssssssssesassasss 84
A. Characterization:of the Trait.). ...l a0 e 84
AT, Safety and Nubtrithomn ... i et 84
A.2_ nteractions withPest-and Non-pest Organisms: Field Observations
and Change 1N TOXICANTS ... ltueeiieiieesiieeieeieeseeeteeseeebeeseeeereeseaeebeeseneensaens 85
B. EcologicakCharacterizationof MON 89788.....c..cooiriiriiiiriiniiieecceceeeeeeene 85
B.1. Petential .for MON89788.to Become a Weed .......ccoceevuieiiniiniiniinieieieeenee 85
B.2 Potential Impact of MON 89788 on Non-pest Organisms.........cccceveeeereenuenne. 86
C. Patentiabfor Pollen=Mediated Gene FIoW...........cccoviiiiiiiiiiniiieececee 86
C. 1, Vertical GENE FIOW .......oiiiiiiiiiiieie e 86
C.2: Transfet'.of Genetic Information to Species with Which Soybean
Cannet Interbreed (Horizontal Gene FIOW) .......cccoeiiieiiiiiiiiiiniiiecciee 88
D. U.S. AGronomic PraCtiCes ........ccuieriiiiiiiiieriieeniieesiteeriteeireeeriteeeieee s esaeeesaeeesvee s 90
D.1. INtrOQUCHION .....eiiiiiiiieie et ettt ettt et b e e esaeeeaeeas 90
D.2. U.S. Soybean Production .............ccceeriiiiiiiniieiienie et 90
D.3. Production Management Considerations ............ccecueveevuereeneenieneeneeneeneenueennes 95
D.4. Occurrence of Weeds and Losses Due to Weeds in Soybean Production......... 99
D.5. Methods of Weed Control in Conventional Soybean .........c..ccccceeveriineeniennnene 104
D.6. Method of Weed Control in Herbicide-Tolerant Soybean.............cccccvenneenee. 109

Monsanto Company 06-SB-167U Page 10 of 237



D.7. Roundup RReady2Yield Soybean MON 89788 .......ccovveviieiieniieiieeieeieene 111

D.8. Crop Rotation Practices in Soybean...........ccccceeeviieeciieeciieeiieee e 115
E. Weed Resistance to GlyphoSate ...........cceeviieiiiiniieiiecieeiiee et 130
X. SUMMARY OF ENVIRONMENTAL ASSESSMENT ......cccocenievurssensurssensansanes 131
XI. ADVERSE CONSEQUENCES OF INTRODUCTION .....ccccevveerursrersacssaccsessas 132
REFERENCES......uioiiiineininnissnnsinssisssissesssisssssssssasssssssssssssssssssssssssssssssssssssssssssass 133
APPENDICES ....uuoitiitinirnicnissensnisssnssesssisssnssssssisssssssssasssssssssssssasssssssassssssssssotabossageisds 153
Appendix A. USDA Notifications for MON 89788 Field Trialsoir............ 8000 154

Appendix B. Materials and Methods Used for Melecular Analyses of MON-89788.... 158
Appendix C. Materials, Methods and Resultsfor Characterization of the

CP4 EPSPS Protein Produced’in MON 89788.........c050 v oo 40 161
Appendix D. Materials and Methods Used for the Analysis of the Levels of
CP4 EPSPS Protein in MONSB9 7880 ... o gire e b ekt 175

Appendix E. Materials and Methods Uséd forxCompositional Analysis of
MON 89788 Soybean Grain-and Feragedrom Five Replieated

Field Sites........ s S L i 0 e, 178
Appendix F. Materials, Methods, anddndividual Site Results-forSeed

Dormancy-and:Gernmiination Analysesiof MON 89788, oucuvveviiiiiiienins 195
Appendix G. Material, Méthods and.Individual Site Results frontPhenotypic,

Agronomie and-Ecological:Interactions Analyses-of MON 89788.......... 199
Appendix H. Materials andMethods.for Pollen Morphelogy-and

Viability Evaluation ... i o5t e e 219
AppendixI. Materials andMethods-for Symbiont Study ..........cccoveviiiiiiincncnnennn. 221
Appendix J. Appearanee of Glyphosate Resistant Weeds........ccooeeeevverieeciienieeneennen. 223

Monsanto Company 06-SB-167U Page 11 of 237



List of Figures

Figure I1I-1. Schematic of the Development of MON 89788........c.covvviveveiievciieeieeeen. 30
Figure IV-1. Circular Map of Plasmid PV-GMGOX20 ........ccccocveviriiiniininienienienienens 34
Figure IV-2. Deduced Amino Acid Sequence of the CP4 EPSPS Protein

Present in MON 89788 ..ottt 37
Figure V-1. Schematic Representation of the Insert and Genomic Flanking

Sequences in MON 89788 ........ooouiiiiieiecieeieeee ettt 39
Figure V-2. Southern Blot Analysis of MON 89788: Insert and Copy Number............ 42
Figure V-3. Southern Blot Analysis of MON 89788: PV-GMGOX20 BackbonégZ........ 43
Figure V-4. Southern Blot Analysis of MON 89788: P-FMV/Tsfl + L-Tsfl zu...a... 46
Figure V-5. Southern Blot Analysis of MON 89788: I-Tsfl.. o 850 5, 47
Figure V-6. Southern Blot Analysis of MON 89788: TS-CFP2 + CS-cp4 epsps........... 48
Figure V-7. Southern Blot Analysis of MON89788: T-E9............. 0@ ovl. 49
Figure V-8. MON 89788 Breeding Diagrami.............. o veeeeeeee sl a3 e yniv s e 51
Figure V-9. Generational Stability Analyses of MON"89788 Using Insert

and Copy NUumber Probes ....Gul .. 55 . a2t s i it enevee e 52
Figure V-10. Generational Stabilityzof MON:89788 Wsing PV-GMGOX20

Backbone Probes.. ..z it O a0 53
Figure VIII-1. Schematic Diagrantof Data Interpretation Methods.cuv.....afveennennnen. 67
Figure C-1. SDS-PAGE Molecular Weight Analysis of thecCP4 EPSPS Protein

Isolated from MON 89788A5rain,. ...t bt i e 168
Figure C-2. Immuneblot.Analysis ofithe . CP4 ERSPS-ProteinIsolated from

MONB9TEE GIATN . . e fi T oo piia e e Mttt ettt 171
Figure C-3. MALDI-TOE Coverage:-Map.of the:xCP4EPSPS Protein Isolated

from MON 89788 GIal .l e e re e G eeeeeieesieenee ettt seee e 173
Figure C“4. Glycogylation-Analysis-of the:CP4.EPSPS Protein Isolated from

MOIN 89788 GLAIN . efineseeee et fabneeeeeenteete sttt et eiee sttt st sae e eaees 174

Monsanto Company 06-SB-167U Page 12 of 237



List of Tables

Table II-1. List of Species in the Genus Glycine Willd., 2n Chromosome

Number, Genome Symbol, and Distribution............cccceeeeveeeriieecveenciieenen. 25
Table IV-1. Summary of Genetic Elements in the Plasmid PV-GMGOX20 .................. 35
Table V-1. Summary Chart of the Expected DNA Fragments Using
Combination of Restriction Enzymes and Probes...........cc.cccovvveeiiienienieenen. 40
Table V-2. Selection Process and Expected Segregation Ratio during
MON 89788 DeVElOPMENL .......oovuvieiieniieiiieiieeieeriie ettt soi e 54
Table V-3. Glyphosate-Tolerant Trait Segregation Patterns of MON 89788 ... ... 55
Table VI-1. Summary of CP4 EPSPS Protein Levels in Tissue;€ollected
from MON 89788 Produced in the US. During2005 .......00 a0, 60
Table VII-1. Summary of Statistical Differenceés between Component-Levéls of
MON 89788, A3244 and Converntional Varieties. ... .00 ..ot ot afarnn. 64
Table VIII-1. Seed Dormancy and Germiination Parameters Evaluated:....cZ.... ... 70
Table VIII-2. Germination Characteristics©f MON 89788 and A3244:%.....5% ........... 71
Table VIII-3. Field Phenotypic Evaluation Sites for MON-89788 dusing 2005 ............. 76
Table VIII-4. Phenotypic Characteristics Evaluated inU.SField Trials
AUring 2005 .5 e s e e et e eshte et oL e ereereenaaaens 77
Table VIII-5. Plant Growth and)Deyvelopment Data Acrossd/7 Loedtions
during 2005 ke B Bt e 3 D 79
Table VIII-6. Pollen Grain"Diametersand Viability ARalyses:....cmveevieviervieenieeiienenne. 80
Table VIII-7. SyinbiontInteraction-Assessment of MON:89788 and A3244 ................. 82
Table IX-1. Summary of Published Literature om Soybean Cross Pollination................ 89
Table IX-2:, Soybean.Production in‘the WS, 199620035 .. .....oooveveerererereereeeeeen. 92
Table IX<3. U.S. Soybean Productionby Regionand 'State in 2005 ..........c.ccceeveeeeennnne. 93
Table IX-4. U.S:Soybean Produetion €9sts and Réturns in 2003" ...........coovvvevveeveenne. 94
Table IX-5. Comman Wéeds in-SoybeanProduction: Midwest Region...................... 102
Table [X-6.“Common-Weeds'in Soybean Production: Mid-South Region................... 103
Table [X<7! Common Weeds in'Soybean Production: Eastern Coastal Region........... 103
TableJX-8. Herbicide Use in'Soybeans'in the U.S. from 1995 through 2001"............ 106
Table IX-9: Crop Tolerance and Grass Weeds Responses to Herbicides
Applied in*Soybean Broduction .............ccceevveeiienieiiieiieeiice e 107
Table [X=10; Broadleaf Weeds Responses to Herbicides Applied in
Soybean ProduCtion ...........ceevieiiierieeiieiie et 108
Table [X<11, Agricultural Chemical Applications Registered for Soybean Use
in AR, IA, IL, IN, KS, MN, MO, NE, ND, OH, and SD in 2004' ............ 113
Tabte IX-12. Rotational Practices in the U.S. Following Soybean Production.............. 118
Table IX-13. Rotational Practices Following Soybean Production in the
MiIdWeSt REZION ......eeeiiiiieiiieciieecee et 119
Table IX-14. Rotational Practices Following Soybean Production in the
Mid-South REGION......cueiiiiiieiiiieiie et 124
Table IX-15. Rotational Practices Following Soybean Production in the
Eastern Coastal REZION.........cccoviiiiiiiiieiiieiiecie et 126

Monsanto Company 06-SB-167U Page 13 of 237



Table IX-16. Ratings for Control of Volunteer Roundup Ready Soybean in

Labeled Rotational CrOPS' ...........o.oveeeeveeeeeeeeeeeeeeeeeeeeeeeee e eee s 129

Table A-1. USDA Notifications for MON 89788 Field Trials..........cccceevieeveeniiennnnns 155
Table C-1. N-terminal Amino Acid Sequence Analysis of the CP4 EPSPS

Protein Purified from Grain Tissue of MON 89788........cccccovevieiiieriennnne 172
Table E-1. Statistical Summary of Combined-Site Soybean Forage Fiber and

Proximate Content for MON 89788 vs. A3244 .......cccvvviiiiiieieeieieeienn, 185
Table E-2. Statistical Summary of Combined-Site Soybean Grain Amino Acid,

Fatty Acid, Fiber, Isoflavone, Proximate,Vitamin E and

Antinutrient Content for MON 89788 vs. A3244 ......ccoviiiiiniiine @i 186
Table E-3. Literature and Historical Ranges for Components in Soybean Forage.... 0. 192
Table E-4. Literature and Historical Ranges for Components intSoybean Grain.. ¢..... 193
Table F-1. Germination Characteristic By-Site Analyses of MON 89788

and A3244 ..o Py e T i D et 197
Table G-1. Starting Seed for Phenotypic Asgessments..ii...........cveees e fiienne .t 40 200
Table G-2. Field and Planting Information™............ 5.5 ..o S e el g, 201
Table G-3. Phenotypic Comparison of MON-89788 and ‘A3244 at EachSite .x......... 204
Table G-4. Growth Stage Monitoring of MON-89788), A3244, and thé

Reference Soybean Natietles ...« 50 .. ot erpedot e o e s o e 206
Table G-5. Insect Stressor Symptom Severity.of MON 89788, A3244, andithe

Reference Soybean Varieties .. om ... ofdiee 0t i oot i 210
Table G-6. Disease Stressor, Symptom Severity of MON 89788,5A3244, and the

Reference SoyBean VArietios .. i ... £ e et 212
Table G-7. Abiotic-Stressor Symptom Severity-of MON-89788;,A3244, and the

Reforence SoyDean - WaTIQLiCs ... . ar Te e eensinheeeveeneeenreensnesseesseeenseennnes 214
Table G-8. Insect Abundance Data-fromr-Beat Sheet Samples of MON 89788,

A3244, and the ReferenceSoybéan Varieti€s........coocevveveevinienennicnecnneenne. 216
Table G-9. In-Field Plant Damage of MON 89788,:A3244, and the Reference

Soybean-Varigties b . bl n e O 218

Monsanto Company 06-SB-167U Page 14 of 237



~

AA
AACC
aadA

ACCase
ADF
ALS
AOAC
AOCS
APS
ASA

B-

BSA
CAPS
CI
CFIA
CFR
CP4 EPSPS

cp4 epsps
CS-rop

CTAB
CTP2

CV
CVol
dCTP
dNTP
DTT
DWCE
DW
ECL
E. coli
EDTA
ELISA
EPA
EPSPS
FA
FDA

Monsanto Company

Abbreviations and Definitions

Approximately

Amino acid

American Association for Clinical Chemistry
Bacterial promoter and coding sequence for an aminoglycoside-
modifying enzyme from the transposon Tn7
Acetyl-CoA Carboxylase

Acid detergent fiber

Acetolacate synthase

Association of Analytical Communities

American Oil Chemists’ Society

Analytical protein standard

American Soybean‘Association

Border region

Bovine serum.albumin
3-[cyclohexylamino]-1-propanesulfonic ‘acid
Confidence interval

Canadian‘food dnspection Agency

Caode of Federal Regulations
5-enolpyravylshikimate-3-phosphate.synthase from
Agrobageterium sp.(strain.CP4

Coding sequence’forithe CP4 EPSPS protein from Agrobacterium
sp.strain CR4present inplasmid PV-GMGOX20
Coding sequence fortepressor of primer protein for maintenance
ofplasmid copy namber'in E.Coli
Cetyltrimethylammoniumbromide
Chloreplast-transit peptide, isolated from Arabidopsis thaliana L.
EPSPS

Cocefficient of variation

Column volume

Deoxyeytidine triphosphate

Deoxynugleotide triphosphate

Dithiothreitol

Dry weight conversion factor

Dry weight

Enhanced chemiluminescence

Escherichia coli

Ethylenediaminetetraacetic acid

Enzyme-linked immunosorbent assay
Environmental Protection Agency
5-Enolpyruvylshikimate-3-phosphate synthase
Fatty acid

United States Food and Drug Administration

06-SB-167U Page 15 of 237



FIFRA
FMV
FwW
GLP
HPLC
HRP
IgG
ILDIS
ILSI-CCD
IPM
I-Tsfl

IUPAC-IUB

kb
kDa
LOQ
LOD
L-Tsfl

MAFF
MALDI-TOF MS

MES
MHLW
MOA
MRL
MS
MW
NDF
NFDM
NOEL
OD
OECD
OR
OR-0ri*PBR322

OR=0riv
OSL
PAGE
PBS

PBST
PCR

Monsanto Company

Federal Insecticide, Fungicide and Rodenticide Act

Figwort mosaic virus

Fresh weight

Good Laboratory Practice

High performance liquid chromatography

Horseradish peroxidase

Immunoglobulin G

International Legume Database and Information Service
International Life Sciences Institute Crop Composition Database
Integrated pest management

Intron from the Arabidopsis thaliana Tsfl gene encoding
elongation factor EF-1 alpha

International Union of Pure and Applied Chemistry -dnternational
Union of Biochemistry

Kilo base pair

Kilo dalton

Limit of quantitation

Limit of detection

Leader (exon 19 from the‘Arabidopsis’thatiana tsfl géne encoding
elongation factor EF-1idlpha

Ministry of Agriculture, Forestry and Fisheries of Japan
Matrix assisted laser désorption ionizatien time of flight mass
spectrometry:

2-[NcMorpholinolethanesulfoni¢@cid

Ministry. of Health; Eabor and:Welfare' of Japan

Ministry of\Agriculture of China

Maximum restduelevel

Mass spectrometry.

Molecular weight

Neutral detergent fiber

Non-fat'driedmilk

No‘observable-effect level

Optical density

Organization for Economic Co-operation and Development
Originyof replication

Origin of replication from pBR322 for maintenance of plasmid in
E. coli

Origin of replication for Agrobacterium derived from the broad
host range plasmid RK2

Over-season leaf - leaf material collected from different time
points during the growing season

Polyacrylamide gel electrophoresis

Phosphate buffered saline

Phosphate buffered saline containing 0.05% (v/v) Tween-20
Polymerase chain reaction

06-SB-167U Page 16 of 237



PEP
P-FMV/Tsfl1

PMSF
PPO
PSII
PTH
PVDF
PVPP
RbcS2
RCSB
SAM
SD
SDS
SE
SGF

sp

STS
T-DNA
TE
T-E9

TFA

TIU

Tris
TS-CTP2

TSSP

U

USB
USDA-APHIS
USDA-ERS
USDA-GRIN
USDA-NASS

v/v
w/vV

Phosphoenolpyruvate

Chimeric promoter containing the Arabidopsis thaliana Tsfl gene
promoter, encoding elongation factor EF-1 alpha, and enhancer
sequences from the Figwort Mosaic virus 35S promoter
Phenylmethylsulfonyl fluoride

Protoporphyrinogen oxidase

Photosystem II

Phenylthiohydantoin

Polyvinylidene difluoride

Polyvinylpolypyrrolidone

Ribulose-1, 5-bisphosphate carboxylase small subunit
Research Collaborator for Structural Bioinformatics
S-adenosyl methionine

Standard deviation

Sodium dodecyl sulfate

Standard error

Simulated gastric fluid

Species

Sulfonylurea-tolerant soybean

Transfer(ed) DNA

Tfis-EDTA buffer

DN Aysequences-derived from Pisum.sativum-L., containing the 3’
nontranstated region of the pea-ribulose-1,5-bisphosphate
carboxylase; small subunit E9 gene

Trifluoteacetic acid

Trypsin Inhibitor-Unit

Trs(hydroxymethyl)aminométhane

Targeting sequence of chloroplast transit peptide, isolated from
Arabidopsis.thaliana L.. EPSPS

Tissue-specifie.site pool

Wnits

United SoybeanBoard

United, Stateés' Department of Agriculture — Animal and Plant
Health Inspection Service

UnitedStates Department of Agriculture — Economic Research
Service

United States Department of Agriculture — Germplasm Resources
Information Network

United States Department of Agriculture — National Agricultural
Statistics Service

Volume per volume

Weight per volume

Note: Standard abbreviations, e.g., units of measure, are used according to the format described in
‘Instructions to Authors’ in the Journal of Biological Chemistry.

Monsanto Company

06-SB-167U Page 17 of 237



I. Rationale for the Development of MON 89788

A. Basis for the Request for a Determination of Nonregulated Status under 7 CFR
Part 340.6

The Animal and Plant Health Inspection Service (APHIS) of the U.S. Department of
Agriculture (USDA) has responsibility, under the Plant Protection Act (7 U.S.C. § 7701-
7772) and the Plant Quarantine Act (7 U.S.C. § 151-167), to prevent the introduction and
dissemination of plant pests into the United States. The APHIS regulation 7 CFR, § 430.6
provides that an applicant may petition APHIS to evaluate submitted data t0.'detepmine
that a particular regulated article does not present.a plant pestaisk and sheuld no longer
be regulated. If APHIS determines that the regulated article:does not presentiaplant pest
risk, the petition is granted, thereby allowing unrestricted antroduction;of the article.

B. Rationale for the Development of RReady2Yield Soybean, MON 89788

Soybean is one of the largest crops‘produced inthe lJ.S. dn " terms of the acreage planted
and quantity harvested. In 2004, there were <85.5 million” metric _tons of soybeans
produced domestically, whichbohad-a“netivalue of greater-than $- dollars (Soya
and Oilseed Bluebook, 2005). Soybean yield can-greatly impactithe economic value of
the crop, and increased.yield can be-achieved by proper weed. management and by using
soybean varieties thathaveenhanced yield potential.

MON 89788 isca-second-géneration glyphosate-tolerant.soybean product, which provides
enhanced yield poténtialrelative tothe current-product, Roundup Ready soybean. MON
89788 produces the same CP4 EPSPSprotein as-in other Roundup Ready crops including
Roundup Ready soybean.

Introductionyof MONC89788" has “the“-potential to enhance soybean yield. Field
experiments with MON 89788 (were “conducted in 2001 to 2005 throughout the U.S.
soybeanr growing regions undet USDA mnotifications (Appendix A). Results from multi-
site field trialsduring2004-05 have démonstrated that MON 89788 could produce up to
7% more soybean“than-Roundup~Ready soybean in similar genetic background and
grown under similagenvirénmental conditions and management. In comparison, the U.S.
soybean'yield incfease:averaged 0.4 bushels per acre per year according to regional yield
trends from 1960 to. 2004 (USDA-ERS, 2005). This increase in yield is equivalent to 1%
yield gain per year-based on national average of 40 bushels per acre. Therefore, using
varieties containing MON 89788 is likely to enhance soybean yields and provide more
economic benefits to the growers.

In addition, MON 89788 is equivalent to Roundup Ready soybean in its tolerance to
Roundup herbicide under the current label rate, which will provide the same weed control

benefits as the Roundup Ready soybean.

Phenotypic characterization studies summarized in this submission demonstrate that
MON 89788 is not different from a conventional soybean variety, A3244. There is no
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evidence that growing MON 89788 soybean will result in any adverse effects to the
environment.  In addition, agronomic evaluations of plant vigor, growth habit
characteristics, and general disease susceptibility have not shown biological meaningful
differences in terms of plant pest potential between MON 89788 and the control. Use of
a Roundup agricultural herbicide on MON 89788 is not expected to cause any adverse
changes in the field environment outside of the current Roundup Ready soybean
production system. The commercialization of MON 89788, following appropriate
regulatory clearances, will represent an efficacious and environmentally compatible
addition to the existing options of weed control in soybean.

The introduction of MON 89788 is expected to provide enhanced soybean yield potential,
and continue to offer growers superb weed control options in@ddition to ‘€nvirohmental
benefits currently provided by the utilization of-the Roundup Ready soybcan system.
These benefits include:

1. Effective weed control: The most gritical period of-weed control inSoybgan is the
first month after planting, as earlysseasoy canopy closure gives soybean a‘competitive
advantage over late-emerging weeds. and.increases herbicide effectiveness (Mickelson
and Renner 1997; Wax et al 1977, Yelverton andCoble 1994). The’Roundup Ready
soybean system provides ‘growers improved efficacy-in weed control' compared to
herbicide programs used An conventional (soybeans (non-transgenic commercial
soybean varieties), as’speeific preemergent herbicides; that-are used for prevention are
replaced by a pest-emergent herbicide that” canbe ~tsed ‘on an as-needed basis
(Roberts et al:, 1999).c-Altheugh-soybean «growers haye many post-emergence
herbicide @ptions; none’ has' the broad spectrumi-of aweed control of glyphosate.
Further, many conventional hetbicides cause injury to the crop, while glyphosate may
be applied over,'Roundup Ready-variéties at’any.stage of growth without causing
damage (Carpenter-and Gianessi, 2001). €rop.injury may not reduce yield, but it can
delay canopy closure and increasé-weed’competition with the crop.

2. Convenience and’ simplicity: <The,Roundup Ready soybean system increases
simplicity and fleXibility,'of -a-weed-control program that relies on glyphosate to
control a broad,Spectfitm of ‘weeds without crop injury or crop rotation restrictions,
which was a majordriver for the adoption of Roundup Ready soybean (Carpenter and
Gianessi, (1999).-" Additienally, the Roundup Ready soybean system has been
recognized as* affording“outstanding flexibility of production system because it
presents no herbicide carryover problems (Marra et al., 2002). The introduction of
RoundupReady soybeans in the U.S. has eliminated 19 million herbicide applications
per year —a decrease of 12%, even though the total soybean acres increased by 18%
from 1996-1999 (Carpenter, 2001). This decrease in herbicide applications means
that growers make fewer trips over their fields to apply herbicides, which translates
into ease of management and reduced fuel use.

3. Increased adoption of reduced tillage practices: Conservation tillage improves water

quality and creates habitat for wildlife (CTIC, 2000; Fawcett and Towry, 2002), and
control of existing weeds has been a major barrier to the success of conservation
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tillage systems (Nowak, 1983; Wilson and Worsham, 1988). Success in adoption of
conservation tillage has been enhanced with the introduction of Roundup Ready
soybean and use of glyphosate in the cropping systems (Marra et al., 2004; Duffy,
2001; Swanton et al., 2000; Krausz et al., 1996). In an survey by the American
Soybean Association (ASA), it was found that 48% of the growers have increased no-
till soybean acres from 1996 to 2001 due to adoption of Roundup Ready soybeans,
and 53% of the growers were making fewer tillage passes in soybean fields. Reduced
tillage practices in Roundup Ready soybeans was estimated to save 247 million tons
of irreplaceable topsoil and reduce fuel use by 234 million gallons in 2000 (ASA,
2001).

4. Compatibility with Integrated Pest Management (IPM)~and soil<conservation
techniques: Roundup Ready soybean is highly compatible with"inteégrated pest
management and soil conservation techmiques (Keeling et al.g 19985 ASA, 2001;
Fawcett and Towry, 2002), resulting in‘@number e importantenvironmental benefits
including reduced soil erosion and improved wateér quality .as discussed” above,
improved soil structure with highercorganic matter(Kay,-1995; CTIC, 2000),
improved carbon sequestration(Reicosky219955Reicosky,;and Lindstrom, 1995) and
reduced CO; emissions (Kerfv'andJohnson, 1993; ETIC,2000):

5. Increased income and‘enhanced Valug'for the grawers;> It has been estimated that
U.S. soybean growers saved .anet-of ﬁ m weed eontrol costs in 1999
compared to 1995, the year before' Roundup.Ready soybean was introduced
(Carpenter, 2001)..\In addition,-there-arehonpecunidary values that growers perceive
in adopting{Roundup Ready‘soybean according to asurvey conducted of 610 growers
in the Midwest and the"South in-2003; where comparative assessments of all
measirable costs-andirevenue .were shadecbetween farms that grew conventional
soybeans and:those that.produced Roundup Ready soybeans. This survey considered
both financtal and nonfinancial .aspects‘of farm management practices, and assigned
value judgments' (in-dollars) to.@ssess costs and benefits of adopting Roundup Ready
soybgan. Results indicated-that.farmets perceived up to $. per acre benefit by
adopting Roundup‘Ready seybean,> and the most profound benefits came from
reduced herbicide ‘costs, overall-¢onvenience, and time saved from reduced tillage
(Marra.et al., 2004);. "Also, as-noted above, use of MON 89788 is expected to increase
soybean yield over use’ of Roundup Ready soybean. Therefore, adoption of MON
89788 will provide:more-fncome per acre and bring added values to the growers.

6.” Minimalyenvironmental impact of glyphosate: The Roundup Ready soybean system
utilizes one'main ingredient, glyphosate, to control a broad spectrum of weeds. Aside
from being one of the most effective herbicides, glyphosate has been shown to have
favorable environmental characteristics compared to other herbicides (Nelson and
Bullock, 2003). In addition, glyphosate has been shown to have favorable safety
profile as concluded by the U.S. EPA (1993) where it indicates that use of Roundup
agricultural herbicides does not pose unreasonable risks to humans, birds, mammals,
aquatic organisms, bees and invertebrates.
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In summary, the Roundup Ready soybean system has become the preferred weed
management system for soybean production in the U.S. Use of the current Roundup
Ready soybean system has reduced the number of herbicide applications, which results in
effective weed control and increased income for the soybean growers. The Roundup
Ready soybean system also offers environmental benefits associated with the use of
conservation tillage and integrated weed-management practices. MON 89788 provides
all of the benefits afforded by the Roundup Ready soybean system, and in addition,
provides enhanced yield benefits to the growers. Furthermore, use of MON 89788 will
maintain effective and familiar weed control management practices that are fully
compatible with conservation tillage practices.

C. Submissions to Other Regulatory Agencies

Submission to FDA

MON 89788 falls within the scope of the, 1992 Food:@nd Drug Administration’s((FDA)
policy statement concerning regulatior of products<desived from, new plant.varieties,
including those developed through biotechnology (FDA; 1992). .In’ compliance with this
policy, Monsanto has submitted ca food and-'feed safety and mutritional assessment
summary for MON 89788 to FDA:

Submission to EPA

The United States Environmentals Protection* Agency chas authority over the use of
pesticidal substances under the> Federal Insecticide,“Fungicide ‘and Rodenticide Act
(FIFRA), as amended(7°U.S:€. §, 136 etSeq.). A proposed label for the use of Roundup
WeatherMA X herbicide (EPA®Reg: No. 524-537) o MON 89788 will be submitted in
2007. The resulting glyphosate and plant metabolite residue levels using the proposed
label will’be consistent with’ national-and internationak MRLs.

Submissions to‘Foreign Governments

Regulatory submissions will-bé made td.countries that import significant soybean grain or
food and)feed productsiderived from U.S. soybeans and have functional regulatory
review “processes,in place. ¢’Fhese - willoinclude submissions to a number of additional
governmental-tegulatory.ageneies including, but not limited to, Ministry of Agriculture
(MOA) of;China, Ministry>of Health, Labor and Welfare (MHLW) and Ministry of
Agricultore, Forestry~and, Fisheries (MAFF) of Japan, Canadian Food Inspection Agency
(CF1A) and Health Canadasand the European Commission of the European Union. As
appropriate, notifications will be made to countries that import significant quantities of
U'S. soybeans and soybean products and do not have a formal regulatory review process
for'biotechnology-derived crops.
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II. The Soybean Family

This section summarizes the biology of soybean based on the consensus document for
Glycine max (L.) Merr. prepared by the Organization for Economic Co-operation and
Development (OECD, 2000; OECD, 2001), a summary prepared by USDA-APHIS
(USDA-APHIS, 2006), a biology document published by CFIA-PBO (CFIA, 1996),
information provided in the USDA petition for Roundup Ready soybean (93-258-01P), as
well as recent literature.

A. Soybean as a Crop

Soybean is grown as a commercial crop in over 35 countries..' The major’proeducers of
soybeans were the U.S., Brazil, Argentina, China, and<India, which agceounted for
approximately 90% of the global soybeanZproduction”in 2004, (Soya and-Oilseed
Bluebook, 2005). The soybean produced,it China and India are>primarily-for demestic
use, while a significant portion of that produced in.U.S ¢ Brazil, and Argentina;1s traded
globally in the form of soybean, soybean.meal or soybeanceil. Globally, the'U.S. is the
largest soybean export country, while:Argentina led the soybean meal and soybean oil
export markets in 2004 (Soy Stats, 2005).

There were 85.5 million "metric tons of spybeans produced-in th€ U.S. in 2004, which
contributed to greater.than $- of total crop value (Seya an@ Oilseeds Bluebook,
2005). Approximately half the totalssoybean supply-in’theé\U.S~was crushed to produce
soybean meal and oilj and the majority was-used:domestically, primarily supplying the
feed industry c(for livestoék “use: or “the food industry “forcedible vegetable oil and soy
protein isolates. Anothetr ore-third of the U:S: soybean supply was exported as grain to
other geographies, awith.«Chinay>Japan, Mexicoland “EU being the top soybean import
geographies (Soya’and” Oilseed~ Bluebooksy2005). The remainder of the soybean
produced was,usedasseed; feed-or stocks:

Soybeans’are used-in various food produets, including tofu, soy sauce, soymilk, energy
bars;rand meat products: A @ajor-food use for soybean in North America is purified oil,
for use in margarings, shertenings,-and cooking and salad oils. Soybean oil generally has
a smaller eontributionzto soybeany's overall value compared to soybean meal because it
constitutes just 18 t0.19%, of the soybean's weight. Nonetheless, soybean oil accounts for
approXimately two-thirds of all the vegetable oils and animal fats consumed in the U.S.,
and 1s still thelargest'source of vegetable oil worldwide (USDA, 2006).

Soybean mealis used as a supplement in feed rations for livestock. Soybean meal is the
most valuable component obtained from processing the soybean, accounting for roughly
50-75% of its overall value. By far, soybean meal is the world's most important protein
feed, accounting for nearly 65% of world supplies. Industrial uses of soybeans range
from the production of yeasts via fermentation to the manufacture of soaps, inks, paints
and disinfectants. Industrial uses of soybean have been summarized by Cahoon (2003),
and United Soybean Board (2003).
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U.S. soybean plantings reached 75.1 million acres in 2004, a 30% increase since 1990.
Increased planting flexibility, rising yield improvements from narrow-row seeding
practices, a higher rate of corn-soybean rotations, and low production costs favored
expansion of soybean acreage in the 1990s. More than 80% of U.S. soybean acreage is
concentrated in the upper Midwest, although significant amounts are still planted in
historically important areas of the Delta and Southeast. Acreage tends to be concentrated
where soybean yields are highest, and the top soybean producing states include Illinois,
Iowa, Indiana, Minnesota, Missouri, Nebraska, and Ohio, which accounted for over 65%
of U.S. soybean production in 2004 (USDA-NASS, 2005a and 2006a).

Convenience in weed management also has encouraged expansion of soybean acreage
since the introduction of Roundup Ready soybean in 1996. Because  glyphosate
agricultural herbicides are highly effective against the majority of ananal and-perennial
grasses and broadleaf weeds, growers planting Roundup' Ready soybeans arg-able to
reduce the number of herbicides used tg @ontrol economically-~destriaétiveweeds that
grow in their fields. Farmers realize savings in weed centrol Costs and enhancement in
yield by reduction of crop-weed competition? The benefits ofthe. Roundup Ready system
(combining Roundup Ready soybean with Roundup’herbicideuse)was evidenced from
the rapid adoption of Roundup. Ready-soybean, The U).S. soybean acreage planted with
Roundup Ready soybean grew<from less than.5% in/d996'to 87% in:2005. (USDA-NASS,
2006a). In 2004, Roundup.Ready soybean,was planted-on 56% ofithe 86 million hectares
of soybean grown globally (fames,(2004).

B. History of Soybean

Domestication of soybean 15 thought te have taken place during the Shang dynasty
(approximately 1500to 1027 B(C)) orearlier (Hymowitz, 1970). However, historical and
geographical evidence ¢ould only. be traced back to'the Zhou dynasty (1027 to 221 B.C.)
where the soybean was utilized‘as a-domesticated crop in the northeastern part of China.
By the first(centtiry” A:D.,.the soybearprobably reached central and southern China as
well as peninsularcKorga: JThe movement of soybean germplasms was probably
associated with. the development and consolidation of territories and the degeneration of
Chinese dynasties (Ho; 1969; Hymowitz, 1970).

From the-first-century A.D. tocapproximately the 15th to 16th centuries, soybeans were
introduced . into cseveral countries, with land races eventually developing in Japan,
Indonesia; Philippines, Vietnam, Thailand, Malaysia, Myanmar, Nepal, and northern
India-{ The:movement of the soybean throughout this period was due to the establishment
of 'séa and land trade routes, the migrations of certain tribes from China, and the rapid
acceptance of seeds as a stable food by other cultures (Hymowitz et al., 1990; Hymowitz
and Newell, 1981).

Starting in the late 16th century and throughout the 17th century, soybean was used by
the Europeans, and in the 17th century, soy sauce was a common item of the trade from
the East to the West.
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Soybean was introduced into North America in the 18th century. Samuel Bowen, a
former seaman employed by the East India Company, brought soybean to Georgia from
China, and Benjamin Franklin also brought soybean to North America in 1770
(Hymowitz and Harlan, 1983). In 1851, the soybean was introduced in Illinois and
subsequently throughout the Corn Belt. In 1853, soybean seeds were deposited into the
New York State Agricultural Society, the Massachusetts Horticultural Society, and the
Commissioner of Patents. The two societies and the Commissioner of Patents sent
soybean seeds to dozens of farmers throughout the U.S., and soybean has been cultivated
ever since and subsequently has become a key source of nutrient for food and feed use in
the U.S. (Hymowitz, 1987).

C. The Taxonomy of Soybean

Cultivated soybean, Glycine max (L.) Merr.,cis a diploidized tetraploid: (2n=40), which
belongs to the family Leguminosae, the subfamily Papilionoideae; the tribe:Phaséoleae,
the genus Glycine Willd. and the subgenus’Soja (Moench)F.J. Herm.

Family: Leguminosae
Subfamily: Papilionoideae
Tribe: Phaseoleag
Genus: Glycine
Subgenus: Soja (Moench) F J;-Herm:
Species: max

The genus Glyeine, Willd:1s ‘0f Asian and Amstralian origin and is divided into two
subgenera, Glycine and-Soja(Mocnch). F.J, Herm. The.subgenus Glycine consists of 22
wild perennial species, which ate indigenous toAustralia, west, central and south Pacific
Islands, China, Russia;Japan, Indonesia,“Korea, Paptia New Guinea, the Philippines and
Taiwan (Hymowitz;;2004)." The’ subgenus‘Sojacincludes the cultivated soybean, G. max
(L.) Merr. and its-wildyannual relatives. from Asia, G. soja Sieb. and Zucc. The list of
species ifvthe genusGlycine Willd. is-presented in Table 11-1.

Glycine soja grows wild.in China,-Japan, Korea, Russia, and Taiwan, and is commonly
found in figlds, hedgerows, oadsides, and riverbanks. The plant is an annual, slender in
build with-narrow trifoliplate leaves. The purple or very rarely white flowers are inserted
on short, slkéndercracemes. <Fhe pods are short and tawny with hirsute pubescence, which
produce oval-oblongseeds (Hermann, 1962).
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Table I1-1. List of Species in the Genus Glycine Willd., 2n Chromosome Number,
Genome Symbol, and Distribution

Genus 2n  Genome' Distribution
Subgenus Glycine
1. G. albicans Tind. & Craven 40 11 Australia
2. G. aphyonota B. Pfeil 40 -2 Australia
3. G.arenaria Tind. 40 HH Australia
4.  G.argyrea Tind. 40 A2A2 Australia
5. G.canescens F.J. Herm. 40 AA Australia
6.  G. clandestina Wendl. 40 AlAl Australia
7. G. curvata Tind. 40 Clel Australia
8.  G. cyrtoloba Tind. 40 €€ Australia
9.  G. dolichocarpa Tateishi and Ohashi 80 ) -- (Taiwan)
10. G. falcate Benth. 40 FF Australia
11. G. hirticaulis Tind. & Craven 40 HIH1 Australia
805 -- Australia
12. G. lactovirens Tind. & Craven. 40 it Australia
13. G. latifolia (Benth.) Newell & 40" BIBI1 Australia
Hymowitz
14. G. latrobeana (meissn.) Benth: 400 A3A3 Adstralia
15. G. microphylla (Benth?) Tind; 40 BB Australia
16. G. peratosa B. Pfeil'& Tind. 400, -- Australig
17. G. pindanica Tind. & Craven 40  H3H2 Australia
18. G. pullenii B.Pfeil,\Find.:& Craven 40 O =- Australia
19. G. rubiginosa Tiad. & B Pfeil 407 - Australia
20. G. stenophita B.'PfeiD& Tind. 40 “B3BS3 Australia
21. G. tabacina (Labill:) Bénth. 40, B2B2 Australia
80 ~Complex’  Australia, West Central and
South Pacific Islands
22. G.tomentella Hayata 38 EE Australia
400 DD Australia, Papua New Guinea
78 Complex*  Australia, Papua New Guinea
80 Cornplex5 Australia, Papua New Guinea,
Indonesia, Philippines, Taiwan
Subgenus Sgja (Moench)F.J. Herm.
23. G.gs0ja Sieb. & Zucc, 40 GG China, Russia, Taiwan, Japan,
Korea (Wild Soybean)
24 56, max (L.)-Merr, 40 GG Cultigen (Soybean)

'Genomically similar species carry the same letter symbols.
? Genome designation has not been assigned to the species.

* Allopolyploids (A and B genomes) and segmental allopolyploids (B genomes).

* Allopolyploids (D and E, A and E, or any other unknown combination).
> Allopolyploids (A and D genomes, or any other unknown combination).

Note: Table is adapted from Hymowitz, 2004.
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Glycine max (L.) Merr., the cultivated soybean, is an annual that generally exhibits an
erect, sparsely branched, bush-type growth habit with trifoliolate leaves. The leaflets are
broadly ovate, and the purple, pink, or white flowers are borne on short axillary racemes
or reduced peduncles. The pods are either straight or slightly curved, and one to three
ovoid to sub-spherical seeds are produced per pod.

A third and unofficial species named G. gracilis is also described within the context of
Soja subgenus in addition to G. soja and G. max. The G. gracilis is known only from
northeast China, is intermediate in morphology between G. max and G. soja, and is
sometimes considered a variant of G. max. The three species in the Soja subgenus can
cross pollinate, and the hybrid seed can germinate normally and subsequently pfoduce
fertile pollen and seed (Singh and Hymowitz, 1989). The_ taXonomic<position of G.
gracilis has been an area of debate, and neither - IEDIS (International Liegume~Database
and Information Service) nor USDA-GRIN (USDA Germplasm Resources Information
Network) recognizes G. gracilis as a distinet’species..(The wild @nd weedy relatives (G.
soja and G. gracilis) of soybean do not“occur in the U,S:;?andate therefore not-likely to
contribute to the potential for outcrossing (SDA=APHIS, 2006);

D. The Genetics of Soybean

Glycine is the only genus:in‘the-tribe Phasgoleae where speeies have diploid chromosome
numbers of 40 and 80, but net 20(Lackey, 1980).L The tnique chromosome number of
Glycine is probably derived from diploid ancestors=withi-base number of 11. The
ancestral species.have.undergone aneuploid réduction, which ds prevalent throughout the
Papilionoideae,-to a base number of 10 chtomosomes (Lackey, 1980). Tetraploidization
(2n = 2x =40) through autopolyploidy oryallopelyploidy of the progenitor species
occurred<either pripf-to. or-after disseminationdrom-the ancestral region. The path of
migration from a:commien progenitor is assumed bySingh et al. (2001) as: wild perennial
(2n = 4x = 40, unknown ar'extifict) to-wild“annual (2n = 4x = 40; G. soja) to soybean (2n
= 4x = 40; ' G. max). Soybear’ should be regarded as a stable tetraploid with diploidized
genome (Gurley et.al; 1979; Leeand-Vernia, 1984; Skorupska et al., 1989).

Crosses withini:the Subgefius S0ja.indicated that the F1 hybrids of G. soja and G. max
carried similar_genomes, and th&ir seeds were fertile (Newell and Hymowitz, 1983).
However;-inter-specics cross-ability between G. max and the wild perennial Glycine
species'is extremely low, because they are genomically dissimilar (Table II-1), and pod
abortions common:.” From time to time, immature seeds of the crosses could be
germinatedyyaseptically in vitro, and the resulting F1 hybrids are slow-growing,
morphologicaly weak, and completely sterile. Their sterility is due to poor chromosome
pairing. Further, species distantly related usually produce nonviable F1 seeds, or
premature death of germinating seedlings, and seedling and vegetative lethality (Singh
and Hymowitz, 1989; Kollipara et al., 1993).
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E. Pollination of Cultivated Soybean

Soybean is a self-pollinated species, propagated by seed (OECD, 2000). The
papilionaceous flower consists of a tubular calyx of five sepals, a corolla of five petals,
one pistil, and nine fused stamens with a single separate posterior stamen. The stamens
form a ring at the base of the stigma and elongate one day before pollination, at which
time the elevated anthers form a ring around the stigma (OECD, 2000). The soybean
flower stigma is receptive to pollen approximately 24 hours before anthesis and remains
receptive for 48 hours after anthesis. The anthers mature in the bud and directly pollinate
the stigma of the same flower. As a result, soybeans exhibit a high percentage of self-
fertilization, and cross-pollination is usually less than one percent (Caviness,-1966).
Pollination typically takes place on the day the flower opens. The pollen naturally comes
in contact with the stigma during the process of-anthesis..~Anthesis. pormally-occurs in
late morning, depending on the environmental conditions: The pollen usually-remains
viable for two to four hours, and no viable’ pollen can be detected By late”afternoon.
Natural or artificial cross-pollination orily can take. place during the shortttime-when the
pollen is viable.

F. Hybridization with Cultivated Soybean V arieties

In studies with cultivated-traditional Soybeans where ¢onditions-have.-been optimized to
ensure close proximity-and flowering synchrony, cross-pollination has been found to be
generally very low. -Outcrossing-has.been reported to-range from.0.03 to 3.62% between
adjacent rows (Beard and Knowles,1974;'Caviness, 1966). Atdistances of more than 4.5
meters from thé-pollen source,natural crosspolination'in soybean is very rare (less than
0.02%) and most often:not detectable ((€aviness, 1966). - Consistent with earlier cross-
pollinatien" studies,recent-data) fromr Ray-et al”’ (2003) found cross pollination rates
ranging from 0.41% t0-0.03% at.distances of*0.9:1% and 5.4 m from the pollen source,
respectively. . “When, plants are’grown inwery close proximity to each other (15 cm),
average cross-pelination . rates -:weres 1.8% (Ray et al., 2003). Cross-pollination
frequencies may vary due togrowing Season and genotype, and most outcrossing
occurred with surrounding plants; - Insect activity does increase the outcrossing rate, but
soybeans generally. are notthe-prefetred plant for pollinators (Erickson, 1975; Erickson,
1984). Thedimited potential for cross-pollination is evident in certified seed regulations
for Foundation-seed,  which permit any distance between different soybean cultivars in
the field asylongyas the distance is adequate to prevent mechanical mixing (USDA-
APRHIS, 2006):

G. Cultivated'Soybean as a Volunteer

Soybean plants are annuals, and they reproduce solely by means of seeds. Mature
soybean seeds have no innate dormancy (TeKrony et al., 1987), are sensitive to cold
(Raper and Kramer, 1987), and are not likely to survive in the U.S. from one growing
season to the next if left in the field over winter. Due to the lack of dormancy (a trait that
is selected for in commercial soybean seed), soybean seeds can germinate quickly under
adequate temperature and moisture and can potentially grow as a volunteers. However,
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volunteers likely would be killed by frost during autumn or winter of the year they were
produced. If they did establish, volunteers would not compete well with the succeeding
crop, and could be controlled readily either mechanically or chemically (OECD, 2000).

H. Characteristics of the Recipient Plant

The soybean variety used as the recipient for the DNA insertion to create MON 89788
was A3244, a non-transgenic conventional variety developed by Asgrow Seed Company.
The A3244 is an elite maturity group III soybean variety, which was developed and
selected based on its superior agronomic performance over other soybean lines' (Tylka
and Marett, 1999).

I. Soybean as a Test System in this Petition

In developing the data to support this petition, MON=89788 and appropridte <ontrol
materials (A3244 or E. coli-produced CR4"EPSPS)were aised as)comparatér. In‘addition,
conventional and commercial Roundup Ready soybean- varieties. werecused @s reference
materials to establish a range of expected responses.’ In, general, the.genetic background
of MON 89788 was matched with*that.of the control, so the &ffectiof the‘genetic insertion
and the presence of CP4 EPSPS protein could be assessed in an-unbiased@anner. Since
the MON 89788 was derived-from‘the ;A3244) conventional ~Nariety, it was deemed
appropriate to use A3244 as-the contro} wvariety asiits use’would minimize the potential
bias in subsequent corparative assessments. On'the etherhand,‘teference varieties were
selected based on:prevalence and-performafice of“-thecsoybean varieties at each trial
location.  Asi-a general priiciple, “varieties, that. ‘were<well adapted to the local
environments’and were.common]y.tsed by the’ local producers would be considered for
use as reference soybean varieties:
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ITI. Description of the Transformation System

MON 89788 was developed through Agrobacterium-mediated transformation of soybean
meristem tissue using the double-border, binary vector PV-GMGOX20 (Section 1V,
Figure IV-1). Agrobacterium tumefaciens strain ABI contains a disarmed Ti plasmid that
is incapable of inducing tumor formation due to the deletion of the phytohormone genes
originally present in the Agrobacterium plasmid (Koncz and Schell, 1986). The vector,
PV-GMGOX?20, contains both the left and right border sequences flanking the transfer
DNA (T-DNA) to facilitate transformation.

The Agrobacterium-mediated soybean transformation to produce MON 89788 was based
on the method described by Martinell et al. (2002), whieh allowscthe genération of
transformed plants without utilization of callés. Brieflyi’meristem tissu€s were excised
from the embryos of germinated A3244 seéd.’ After co-culturingwith the Agrobacterium
carrying the vector, the meristems ~vere placed ™ omnr selection« medittm  containing
glyphosate, and Carbenicillin and Claforam to imhibit the growth of udtransformed plant
cells and excess Agrobacterium, réspectively©The meristemswere-then placed in media
conducive to shoot and root development,:and only rooted plantscwith-normal phenotypic
characteristics were selected-and transferred te soil-for growth-and furtherassessment.

The RO plants generated threugh the above transformation were scfeened for glyphosate
tolerance, and subjected; to numerous melecular and”phenotypic assessments. MON
89788 was selected as-the lead event based ont-superior phenotypic characteristics and the
comprehensiveymolecular.profile. Regulatory studies on MON 89788 were initiated to
further characterize thé-genétic insertion-and the expressed protein, and to establish the
food, feed, and environmental-safety relative tg conventional soybean. The major steps
involving the development of MON 89788 are depicted in Figure I1I-1.
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Assembled Agrobacterium binary plasmid vector
PV-GMGOX20 and transferred to Agrobacterium
tumefaciens, strain ABI

v

Transformed A3244, a non-transgenic soybean variety,
meristem tissue with the vector PV-GMGOX20 in
Agrobacterium tumefaciens

A 4

Selected transformants and generated rogted shoots from
the transformed“meristemdtissues

v

Evaluated the/transformed-plants for-tolerance to
glyphosate

'

Selected*homozygous plants with quantitative polymerase
¢hainreaction method

|

Evaluated plants forinsert-integrity and’tolerance to
glyphosate

|

Identified MON-89788 as.lead candidate and further
evaluated- its progeny genérations in laboratory and field
foragronomic performance

;

Gonducted characterization and
safety studies

v

Introgressed MON 89788 into other germplasms and
evaluated these for commercial performance

Figure III-1. Schematic of the Development of MON 89788
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IV. Donor Genes and Regulatory Sequences

This section describes the donor genes and regulatory sequences used in the development
of MON 89788, and the deduced amino acid sequence of the CP4 EPSPS protein
produced in MON 89788.

A. Vector PV-GMGOX20

The PV-GMGOX20 vector used for the transformation of soybean meristem té’produce
MON 89788 is shown in Figure IV-1. This vector is approximately 9.7 kb and contdins a
cp4 epsps gene expression cassette delineated by-left and right border régions.“ The T-
DNA that is incorporated into the soybean genonie is approximately 4.3 kb, and the DNA
backbone region that is not incorporated into’the soybedni genome,is” approximately 5.4
kb.

The T-DNA contains, from the right‘border region, 4 chimetic transetiptiofial promoter
(P-FMV/Tsfl), a leader and an intron séquence derived fromyTsfligene (L-Tsfl and I-
Tsfl), a chloroplast transit peptide sequence’ (TS-CTR2), the cp4-epsps‘coding sequence
(CS-cp4 epsps), and a polyadenylation sequence from RhcS2 gene (T-E9).“The cp4 epsps
expression cassette used*to generate MON 89788 is>the samecas one' of the cassettes
present in the current Roundup Ready Elex cotton product:

The backbone region:outside of the TeDNA; ‘which is:not .integrated into the soybean
genome during-transformation;. contains .two arigins of réplication for maintenance of
plasmid incbacteria (OR-0ri\; OR=0ri-PBR322), as well,as a bacterial selectable marker
gene (aadA). A deseription of-the’ geneticelements and their prefixes (e.g. P-, L-, I-, TS-,
OR-, B-, CS-, and"T-) in’PV-GMGOX20 s provided in Table I[V-1.

B. The cp4-epsps Coding Sequence and the, CP4 EPSPS Protein

The ¢cp4 epsps gene from Agrobacterium’sp. strain CP4, a common soil-borne bacterium,
has been sequenced. and shown tocencode a 47.6 kDa EPSPS protein consisting of a
single polypeéptide of 455 aminoacids (Padgette et al., 1996). In plants, the endogenous
EPSPS ¢énzyme“is docated within the chloroplast. The CP4 EPSPS protein produced in
Roundup Ready plantsiis functionally identical to endogenous plant EPSPS enzymes with
the exception-that €P4 EPSPS naturally displays reduced affinity for glyphosate relative
to endogenous plant EPSPSs (Padgette et al., 1996). The amino acid sequence of the
mature CP4 EPSPS protein in MON 89788 is identical to that in Roundup Ready
soybean. The deduced full-length amino acid sequence is shown in Figure IV-2.

In conventional plants, glyphosate binds to the endogenous plant EPSPS enzyme and
blocks the biosynthesis of the 5-enolpyruvyl shikimate-3-phosphate, thereby depriving
plants of essential amino acids that are necessary for growth and development (Steinriicken
and Amrhein, 1980; Haslam, 1993). In Roundup Ready plants, the presence of CP4 EPSPS
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reconstitutes the shikimic acid pathway, and is able to continuously synthesize aromatic
amino acids even in the presence of glyphosate (Padgette et al., 1996).

C. The Arabidopsis thaliana EPSPS Transit Peptide

The cp4 epsps coding sequence is preceded by a chloroplast transit peptide sequence,
CTP2, derived from the Arabidopsis thaliana epsps gene (Klee et al., 1987). This transit
peptide directs the transport of the CP4 EPSPS protein to the chloroplast, which is where
the plant EPSPS resides and the site of aromatic amino acid biosynthesis (Klee et al.,
1987; Kishore et al., 1988). Transit peptides are typically cleaved from the translated
polypeptide following delivery to the plastid (Della-Cioppa et. al., 1986),:-The CTP2
present in PV-GMGOX20 is identical to the CTP2 transit peptide sequence in Roundup
Ready Flex cotton.

D. Regulatory Sequences

From the right border region of plasmid PV-GMGQOX20,:the CTP2/epd epsps coding
sequence is under the regulatoryccontrol ofcthe .P<FMV/TsfA transcriptional promoter.
P-FMV/Tsfl is a chimeric promoter. confainingtheyArabidopsis thaliana Tsfl gene
promoter (Axelos et al., 1989)-and enhancer sequendes from thefigwort mosaic virus 35S
promoter (Richins et al.x1987). ~Located' between the P-FMV/Tsfl. promoter and the
CTP2/cp4 epsps coding8equence.are the nontranslated E-Tsfl leader sequence (exon 1)
and the I-Tsfl nontranslated infron (Axeles et al?, 1989). ~The ‘CTP2/cp4 epsps coding
sequence is linked at the’3’ end to the T<E9 DNA sequence derived from Pisum sativum,
containing the-3” nontranslated. region-of the pea tibulose-1;5-bisphosphate carboxylase,
small subunit’(RbcS2)*E9 gene (Coruzzi-et al;’1984) for transcriptional termination and
polyadenylation of the CTR2/cp4 epsps mRNA,

E. T-DNA Borders

Plasmid PV-GMGOX20:contains right betder and left border regions that delineate the
T-DNA 'to be transferred into'soybean.and are necessary for the efficient transfer of the
T-DNA into the soybean/genome. . These border regions (Figure IV-1 and Table IV-1)
were derived from Agrobacteriumtumefaciens plasmids (Depicker et al., 1982; Barker et
al., 1983).

F.<Genetic Elements outside of the T-DNA Borders

Foup genetic ¢lements exist outside of the T-DNA borders that are essential for the
maintenance and selection of the vector PV-GMGOX20 in bacteria. They include: OR-
ori V, origin of replication for maintenance of plasmid in Agrobacterium (Stalker et al.,
1981); CS-rop, coding sequence for repressor of primer (ROP) protein for maintenance
of plasmid copy number in E. coli (Giza and Huang, 1989); OR-ori-pBR322, origin of
replication from pBR322 for maintenance of plasmid in E. coli (Sutcliffe, 1978); and
aadA, a bacterial promoter and coding sequence of an enzyme from transposon Tn7 that
confers spectinomycin and streptomycin resistance for molecular cloning and selection
purposes (Fling et al., 1985). As these elements are outside of the border regions, they
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are not expected to be transferred into the soybean genome. The absence of the backbone
sequence in MON 89788 has been confirmed by Southern blot analyses, which are

presented in the following section.
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NotI 7

\

B-Right Border P-FMV/Tsf1

I-Tsfl T-DNA

Ncol 1767

. TS-CTP2
OR-ori-PBR322

CS—p4-epsps

Not I <4070

B-Left Border

Start End Total Length
Probe DNA Rrobe Position Position (~kb)
1 T—-DNA Probe 1 9271 1164 1.6
2 T5DNA Probe2 1071 2916 1.8
3 T-DNA Probe 3 2784 4583 1.8
4 P-FMV/TstT/ L=Tsf1 28 1153 1.1
5 1-Tsfl Prebe 1131 1764 0.6
6 TS-CTP2/CS—-¢cp4 epsps Probe 1769 3364 1.6
7 T—E9 Probe 3407 4060 0.7
8 Backbone'Probe 1 4508 6178 1.7
9 Backbone Probe 2 6041 8187 2.1
10 Backbone Probe 3 8056 9322 1.3

Figure IV-1. Circular Map of Plasmid PV-GMGOX20

Plasmid PV-GMGOX20 containing the T-DNA was used in Agrobacterium-mediated
transformation to generate MON 89788. Genetic elements and restriction sites for
enzymes used in the Southern analyses (with positions relative to the plasmid vector) are
shown on the exterior of the map. Probes used in the Southern analyses are detailed in
the accompanying table.
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Table I'V-1. Summary of Genetic Elements in the Plasmid PV-GMGOX20

Genetic Element"?

Position in

Function and Source (Reference)

Plasmid
T-DNA
Intervening 1-51 Sequences used in DNA cloning
Sequence
Chimeric promoter consisting of enhancer sequences
from the 35S promoter of the Figwort Mosaic virus
P - FMV/Tsfl 52-1091 | (Richins et al., 1987) and the promoter from the Tsfl
gene of Arabidopsis thaliana encoding elongation factor
EF-1 alpha (Axelos et al., 1989)
5' nontranslated leader (exon'd’) from the
L —Tsfl 1092-1137 | Tsfl gene of Arabidopsisthaliana encoding-elongation
factor EF-1<alpha (Axelos et al., 1989)
Introncfirom the Tsfligene of Arabidopsis thaliana
I-Tsfl 1138-1759 | enceding elongation factor EF=l alpha (Axelosetal.,
1989)
Intervening 1760-1768(} Sequences.usedin DNA cloning
Sequence
Sequences.encodifig the‘chloreplastitransitpeptide from
TS - CTP2 1769-1996. | the’ShkG genecof Arabidopsis thahana encoding EPSPS
(Kleetetal,, 1987)
Codon optimized-coding sequencé-of the aroA (epsps)
gene from the Agrobacterium.sp! strain CP4 encoding the
CS —cp4 epsps eSS CP4EPSPS protein (Padgette et al., 1996; Barry et al.,
1997)
Intervening 336523406 Sequences used-in DNA cloning
Sequenee
3' nontranslatedsequence from the ribulose-1, 5-
T-E9 3407-4049 | bisphosphate.carboxylase small subunit (RbcS2) E9 gene
of p&a (Pisum sativum)(Coruzzi et al., 1984)
Intervepid 4050-4092 - Sequences used in DNA cloning
Sequence
DNA region from Agrobacterium tumefaciens containing
B — Left Border 4093-4534 [ the left border sequence used for transfer of the T-DNA
(Barker et al., 1983)
Vector Backbone
Isrvep@e 4535-4620 | Sequences used in DNA cloning
Sequence
Origin of replication from the broad host range plasmid
OR-ori V 4621-5017 | RK2 for maintenance of plasmid in Agrobacterium
(Stalker et al., 1981)
Intervening 5018-6525 | Sequences used in DNA cloning
Sequence
Coding sequence for repressor of primer protein for
CS -rop 6526-6717 | maintenance of plasmid copy number in E. coli (Giza and

Huang, 1989)
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Table I'V-1 (continued). Summary of Genetic Elements in the Plasmid PV-

GMGOX20

Intervening
Sequence

6718-7134

Sequences used in DNA cloning

OR - ori-PBR322

7135-7763

Origin of replication from pBR322 for maintenance of
plasmid in E. coli (Sutcliffe, 1978)

Intervening 7764-8263 | Sequences used in DNA cloning
Sequence
Bacterial promoter and coding sequence for an
i aminoglycoside-modifying enzyme, 3' (9)-O-
aadA 8264-9152 nucleotidyltransferase from the ¢zansposon Tn7 (Eling et
al., 1985)
Intervening 9153-9288 | Sequences used in DNA-tlohing
Sequence

T-DNA

B — Right Border

9289-9645

DNAregion fronmrAgrebacterium timefaciens ¢ontaining
the right’border’sequence @ised for tranisfer ofithe T-DNA
(Depickerétal. »1982)

Intervening
Sequence

9646-9664

Sequenices used iDNA¢loning

" Intervening sequences are not:fégarded as géneticglements:
2 P — Promoter; L— Leadery I <\Introni TS Targetiig Sedquende; CS- = Coding Sequence; T — 3'
nontranslated transcriptional terminatieni-sequence and“polyadenylation signal sequiences; B — Border; OR —

Origin of Replication,
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1
51
101
151
201
251
301
351
401
451

MLHGASSRPA
LEGEDVINTG
TGCRLTMGLV
RLPVTLRGPK
DHTEKMLQGF
PLVAALLVPG
VADLRVRSST
RVKESDRLSA
HLDHR IAMSF
DTKAA

TARKSSGLSG
KAMQAMGARI
GVYDFDSTFI
TPTPITYRVP
GANLTVETDA
SDVTILNVLM
LKGVTVPEDR
VANGLKLNGV
LVMGLVSENP

TVRIPGDKSI
RKEGDTWIID
GDASLTKRPM
MASAQVKSAV
DGVRTIRLEG
NPTRTGLILT
APSMIDEYPI
DCDEGETSLV
VTVDDATMIA

SHRSFMFGGL
GVGNGGLLAP
GRVLNPLREM
LLAGLNTPGI
RGKLTGQVID
LQEMGADIEV
LAVAAAFAEG
VRGRPDGKGL
TSFPEFMDLM

ASGETRITGL
EAPLDFGNAA
GVQVKSEDGD
TTVIEPIMTR
VPGDPSSTAF
INPRLAGGED
ATVMNGLEEL
GNASGAAVAT
AGLGAKIELS

Figure IV-2. Deduced Amino Acid Sequence of the CP4 EPSPS*Protein Present in
MON 89788
The amino acid sequence of the plant-produced CP4 EPSPS protein incMON, 89788 was
deduced from the full-length cp4 epsps.coding-séquence present in PV-GMGOX20.
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V. Genetic Analysis

This section details the molecular analyses that characterized the integrated DNA insert
in MON 89788. The results confirmed the presence of each genetic element at the
insertion site and not at any region outside of the insert, confirmed the lack of plasmid
backbone elements, and confirmed the insert stability across generations. In addition,
DNA sequencing analyses were performed, and results confirmed the expected
nucleotide sequence of the insert in MON 89788 as well as the organization of the
genetic elements. Furthermore, insert segregation analysis also confirmed that the
expected and the observed segregation ratios were identical. This result is consistént with
the finding of a single chromosomal insertion of the cp4 epsps gene  cassette’ that
segregates according to Mendel’s laws of genetics:

Genomic DNA from MON 89788 was digested with restfiction enzymes-and subjected to
Southern blot analyses to characterize th¢DNA that-was integratedyinto-the soybean
genome. Genomic DNA samples from-conventional*soybean (A3244) were used as the
negative controls on the blots to determine” potential nionspecific hybridization signals.
The positive controls for SoutheriZblots“were’generated by digestions of plasmid DNA
with different restriction enzymes or;enzynie¢ combinations-to produce:the DNA banding
patterns that were most relevant to'the moleclar assessment of MON-89788. In addition,
DNA markers were includedcto provide;sizesestimation of the’ hybridized bands on
Southern blots. The genetiewelements withimthe FsDNA>that are expected to be present
in MON 89788 are disted i Table [V-1 (Section. V) starting’at Right Border and ending
at Left Border. . The probestused in the Southernianalyses afid the map of the plasmid
(PV-GMGOX20) used in'the transformation to,generate MON 89788 are presented in
Figure IV~ of SectionTV.© The informatien” and Tesults derived from the molecular
analyses ‘were used:Ao constructra linear map of the*insert in MON 89788. This linear
map depicts restriction sites. identified. in the T-DNA insert and the flanking soybean
genome, and provides information-on the“expected banding patterns and sizes of the
DNA fragments cafter testriction €nzyme digestions. The liner map is shown in Figure
V-1. BaSed on thesetwo-figures and'the probes used in the analyses, a table summarizing
the expected DNA fragments for Southern analyses is presented in Table V-1. The
materials and metheds used inthe analyses are presented in Appendix B.
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Figure V-1. Schematic Representation.ef theInsertand :Genomic Flanking Sequences in MON 89788

A linear map of the insert and genomicCDNAflanking the insert in MON 89788 is shown. The upper portion of the figure displays
genetic elements within the insért (thick réctangular bar), as well as restriction sites used in Southern blot analyses. The positions of
the restriction sites are consistent-with-the information presented in the plasmid map (Section IV, Figure IV-1). Arrows underneath
the designated insert indicate the direction’ef transcription. Shown on the lower portion of the map are the expected sizes of the DNA
fragments after digestions with respective restriction enzyme or combination of enzymes.
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Table V-1. Summary Chart of the Expected DNA Fragments Using Combinations

of Restriction Enzymes and Probes

Expected Size of the DNA Fragment (kb)

Probes used

Southern blot
in Figure

Plasmid
Not I
NotI+ Nco I

MON 89788
Xmn 1/Bpl I
Nco I
Not I
Not I + Nco I

4:1
2.3

" In Figures V-9 and V-10, MON 89788 DNA-samplés were only-digested with"Nco I and not

with Xmn 1/Bpl 1.

2¢ >

Monsanto Company

06-SB-167U

--” indicates that the particular restriction enzyme or-the combination-of the-enzymes was not
used in the analysis.
3 “ND’ indicates that n6. DNA’band‘was détected.
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A. Insert and Copy Number Determination

The insert number (the number of integration sites of the T-DNA in the soybean genome)
was determined by digesting the MON 89788 and A3244 DNA with the combination of
restriction enzymes Bpl I and Xmn I, which do not cleave within the T-DNA. Therefore,
these enzymes should release a restriction fragment containing the entire T-DNA and
adjacent plant genomic DNA (Figure V-1). The number of restriction fragments detected
should indicate the number of inserts present in MON 89788. The number of copies of
the T-DNA integrated at a single locus was determined by digesting the MON 89788
DNA with the restriction enzyme Nco I, which cleaves once within the T-DNA; (Figure
V-1). If MON 89788 contains one copy of the T-DNA, Southern blot probed with the
entire T-DNA will result in two bands, each representing a pottion of theT-DNA along
with adjacent plant genomic DNA.

The blot was hybridized with three overlapping **P-labeled T-DNA’ probes (probes’ 1, 2,
and 3, Figure IV-1; Section IV). The résults of this analysis are presented’in Figure V-2,
and the expected DNA fragments are summarized in Fable V1. A$ shown inthe figure,
the A3244 DNA digested with a combination@f Bpll and-Xmr\I (lanes 1.and 7) or Nco I
alone (lanes 3 and 9) producedmo hybridization'signal.’ Plasmid-PV-GMGOX20 DNA
that was mixed with A3244 DNAcnd digested with Not.I (lanes S:and 6) produced the
expected size bands of 4:1 kbiand ‘5.6 kb (refer toyTable’ V.19, MON 89788 DNA
digested with a combination-ef BplI and Xmp I (larics 2 and 8).produced a single band of
5.7 kb, indicating that MON 89788 contains one ‘insertdocated within a 5.7 kb Bpl I/Xmn
I restriction fragment.. MON-89788’'DNA’ digested with.Nco E(lanes 4 and 10) produced
two unique bands of 2.6Cand-«<3.5kb” representing«the two expected fragments. This
banding pattern indicates that' only”one single¢’ copy’ of.the T-DNA is present in MON
89788.

B. Confirmation of‘the Absence of Plasmid PV-GMGOX20 Backbone

To confifm the absence 0 PV-GMGOX20 backbone sequence, MON 89788 and A3244
DNA.were digested with either a.combination of the restriction enzymes Bpl I and Xmn I
or the restriction enzyme /Nco 4:-"Plasmid PV-GMGOX20 DNA digested with Not I was
used as a positive hybridization dontrol. The blot was hybridized simultaneously with
three ovetlapping probes.(probes 8, 9, and 10, Figure IV-1; Section IV) that spanned the
backbone sequence of PV-GMGOX20. The results are shown in Figure V-3, and the
expectedDNA fragments are summarized in Table V-1.

A3244 controFDNA digested with a combination of Bpl I and Xmn I (lanes 1 and 7) or
NcoI (lanes 3 and 9) showed no detectable hybridization bands, as expected for the
negative control. Plasmid PV-GMGOX20 Not I restriction fragments mixed with control
DNA (lanes 5 and 6) produced the expected size band at 5.6 kb. MON 89788 DNA
digested with either a combination of Bpl T and Xmn I (lanes 2 and 8) or Nco I (lanes 4
and 10) showed no detectable hybridization signal. This result indicates that MON 89788
does not contain any detectable backbone sequence from the transformation vector
PV-GMGOX20.

Monsanto Company 06-SB-167U Page 41 of 237



LOWG RN SHOET BTN

IIrl234-%'(’55'F'EQ]EI\'L

-+— 40
-«
40 —e 4+ 15
20— o« 10
15— gl
2 -GN
+Jg1
10—+ .'-, : 51
21— “ 41
71 -
|
Bl . -
51w
a0
11w <+ L&
g 11
31 -
Q * 05
20—
N —

Figure V-2.-SouthernBlot Analysis of MON:89788: Insert and Copy Number
The blot was hybridized simultaneously with-three overlapping **P-labeled T-DNA
probes{probes 1, 2)and 3, Figure TV-1 in Section IV). Each lane contains ~10 pg of
digested genomiic DNA iselated from:leaf. Lane designations are as follows:

Lane 1: Ceonventional((Bpld/Xmn:I)

MON"89788 (Bpl 1/Xmn I)

Conventional\(Ncavl)

MON-89788 (Nco I)

Conventional mixed with PV-GMGOX20 (Not I) [2 copies]
Conyventional mixed with PV-GMGOX20 (Not I) [1 copy]

Conventional (Bpl I/’Xmn I)

MON 89788 (Bpl I/Xmn I)

9: Conventional (Nco I)

10: MON 89788 (Nco I)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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Figure V-3. Seuthern Blot Analysis of MION 89788: PV-GMGOX20 Backbone

The blot was hybridized simultaneonsly. with. three **P-labeled probes that span the entire
backbonesequence (probes'8, 9;'and 10, Figure IV-1 in Section I'V) of plasmid PV-
GMGOX20. Eachlanecontains ~10 pgof digested genomic DNA isolated from leaf.
Lane designations are as.folows:

Lane 1:

00D NE N

10:

Conventional (Bpll/Xmn-T)

MON 89788 (Bpl 1/%mn 1)

Conventional (Ncod)

MON-"89788 (Nco I)

CGonventional (Nco I) mixed with PV-GMGOX20 (Not I) [0.5 copy]
Conventional (Nco I) mixed with PV-GMGOX20 (Not I) [1 copy]
Conventional (Bpl I/Xmn I)

MON 89788 (Bpl I/Xmn I)

Conventional (Nco I)

MON 89788 (Nco I)

—> Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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C. cp4 epsps Cassette Integrity

The intactness of the inserted cp4 epsps coding sequence and the associated genetic
elements was assessed by digesting MON 89788 DNA with Not I or a combination of
Not I and Nco I and probing the Southern blots with individual genetic elements in the
cp4 epsps cassette. Digestion with Not I was expected to generate a single 4.1 kb
restriction fragment containing the cp4 epsps gene cassette, and digestion with the
combination of Not I and Nco I was expected to generate two restriction fragments of 1.8
kb and 2.3 kb (Figure V-1). The 1.8 kb fragment contains the FMV/Tsfl promoter, Tsfl
leader, and Tsfl intron, whereas the 2.3 kb fragment contains the CTPZ2 ctargeting
sequence, cp4 epsps coding sequence, and the E9 3' nontranslated region.” Plasmid
PV-GMGOX20 DNA digested with Not I or a combination ofNot I and Ne¢o [ was used
as a positive hybridization control and size estimator. JIndividual Southetn~blot was
examined with the FMV/Tsfl promoter + Tsfl leader probe, Tsflcintrom probe, CTP2
targeting sequence + cp4 epsps coding sequence probe;or E9 3'-nontranslatéd sequence
probe (probes 4, 5, 6, and 7 respectively; Figure [V-1; S¢etionIV), “The €xpected DNA
fragments identified by probes 4-7 are.summiarized in.Table -V-1.

C.1. FMV/Tsf1 Promoter + TSfl* Leader

The A3244 control DNA."digésted ‘with,\Not D)(Figure ;V*4; lanesxl” and 7) or the
combination of Not | and Nco [C(lanes 3 .and 9). showed no detectable bands when
hybridized with the \FMV/ITsf1<prometer-+ Tsfl ‘leader probe’(probe 4, Figure IV-1;
Section 1V). Plasmid . PV-GMGOX20 DNA digested with Not, I and mixed with control
DNA produced-the @xpected size band at4.1 kb (lanes 5.and 6). MON 89788 DNA
digested with’Not I (lanes 2 @nd 8)‘produced the expected band of 4.1 kb, and the DNA
digested with the cédmbination7ef Not1 and Neo’'I (lanes 4 and 10) produced a single
expected size band of 1.8 kb. . There“were* noradditional bands detected using the
promoter and leader-sequence.probe. Based oncthe results presented in Figure V-4, it is
concluded that MON 89788 ‘€ontains ho-additional FMV/Tsf1 promoter or Tsfl leader
elementsother than those:associated with the intact cp4 epsps cassette.

C.2. Tsfl Intren

The A3244 controlDNA- digested with Not I (Figure V-5; lanes 1 and 7) or the
combinationy;of Not I and Ne¢’I (lanes 3 and 9) was hybridized with the Tsfl intron probe
(probe 57 Figure IV:1; Section IV). Results indicated that there were no detectable
hybridization bands, as expected for the negative control. As positive control, plasmid
PV-GMGOX20'DNA digested with the combination of Not I and Nco I (lanes 5 and 6)
produced the expected size band of 1.8 kb. MON 89788 DNA digested with Not I (lanes
2 and 8) or with the combination of Not I and Nco I (lanes 4 and 10) produced the
expected bands of 4.1 kb or 1.8 kb, respectively. No additional bands were detected
using the Tsfl intron probe. These results indicate that MON 89788 contains no
additional Tsfl intron elements other than that associated with the intact cp4 epsps
cassette.
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C.3. CTP2 Targeting Sequence + cp4 epsps Coding Sequence

Hybridization of the Not I-digested (Figure V-6; lanes 1 and 7) or Not I- and Nco I-
digested A3244 DNA (lanes 3 and 9) with the CTP2 targeting sequence + Cp4 epsps
coding sequence probe (probe 6, Figure IV-1; Section IV) showed no detectable
hybridization bands. Positive control plasmid PV-GMGOX20 DNA digested with Not I
produced the expected size band of 4.1 kb (lanes 5 and 6). MON 89788 DNA digested
with Not I (lanes 2 and 8) produced the expected size band of 4.1 kb, and the same source
of DNA digested with a combination of Not I and Nco I (lanes 4 and 10) produced the
expected size band of 2.3 kb. As there are no unexpected bands on the Southerwblot, the
results indicate that MON 89788 contains no additional CTP2 targeting sequence.or cp4
epsps coding sequence elements other than those associated with the intact cp4 epsps
gene cassette.

C.4. E9 3' Nontranslated Sequence

The A3244 control DNA digested\with Not- 1" (Figure:V-7;\lanes> 1_and 7) or a
combination of Not I and Nco I (lanes 3-and.9);showed no-detectable hybridization bands
when examined with the E9 3" nontranglated sequence probe (probe’7, Figure 1V-1;
Section IV). Positive control..plasmid PV-GMGEOX20 DNA _digested with Not I
produced the expected size band of 471 kbi(lanes>5 and 6)- - MON 89788 DNA digested
with Not I (lanes 2 and8) or:a combination of Not-I.and:Nco L (lanes 4 and 10) produced
the expected size band of 421 kbor 2.3 kb respectively? There were no additional bands
detected using the. E9.3"“nhontranslated sequence probe. - These-results indicate that MON
89788 contains-noadditional -E9 elements>other than' these associated with the intact
Cp4 epsps gene cassette.
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Figure V-40Southern Blot Analysis of MON 89788: P-FMV/Tsfl + L-Tsfl

The blotwas hybridized with a-*P-labeled probe that spanned the FMV/Tsfl promoter
and Tsf1 leader (probe 4, Figure I¥-1; Section IV). Each lane contains ~10 pg of
digested genomic DNA isolated frompleaf. Lane designations are as follows:

Lane 1: Conventional (NotT)

MQON 89788 (INot I)

Conventional (Not1/Nco I)

MON 89788 (Not I/Nco I)

Conventional (Not I/Nco I) mixed with PV-GMGOX20 (Not I) [0.5 copy]
Conventional (Not I/Nco I) mixed with PV-GMGOX20 (Not I) [1 copy]
Conventional (Not I)

MON 89788 (Not I)

9: Conventional (Not I/Nco I)

10: MON 89788 (Not I/Nco I)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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Figure V-5. Seuthern Blot Analysis-of MON 89788: I-Tsfl
The blot wasfrybridized with-a - “P-fabeled probe that spanned the Tsfl intron (probe 3,

Figure I'V=1; Section.IV).. Eachlane contains~10 pg of digested genomic DNA isolated
from leaf. Lane désignations-ate agfollows:

Lane~" 1: Conwventional (Not 1)
MON 89788 (Not I)
Conventional (Not I/Nco I)
MON 89788(Not #/Nco I)
Conventional mixed with PV-GMGOX20 (Not I/Nco I) [1 copy]
Conventional mixed with PV-GMGOX20 (Not I/Nco I) [2 copies]
Conyventional (Not I)

MON 89788 (Not I)

9: Conventional (Not I/Nco I)

10: MON 89788 (Not I/Nco I)

—> Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium

bromide-stained gel.
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Figure V-6. Southern Blot Analysis-of MON.89788: TS-CTP2 + CS-cp4 epsps

The blot washybridized with'a **P<fabgled probe that spanned the CTP2 targeting
sequencezand cp4 epsps coding-sequence (probe 6, Figure IV-1; Section IV). Each lane
contains ~10 pg of digested genomic DNA isolated from leaf. Lane designations are as
follows:

Lane Conventional (Nat 1)

MQN 89788 (Not I)

Conventional (NetT/Nco I)

MON 89788 (Not I/Nco I)

Conventional (Not I/Nco I) mixed with PV-GMGOX20 (Not I) [0.5 copy]
Conventional (Not I/Nco I) mixed with PV-GMGOX20 (Not I) [1 copy]
Conventional (Not I)

MON 89788 (Not I)

9: Conventional (Not I/Nco I)

10: MON 89788 (Not I/Nco I)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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Figure V-7. Southern Blot Analysis-of MON 89788: T-E9

The blot was hybridized With‘a**P<labeléd probe that spanned the E9 3' nontranslated
sequencej (probe 7, FiguredV-1;Section IV):"Each lane contains ~10 ng of digested
genomic DNA isolateddrom leaf. -L.ane designations are as follows:

Lane* 1: Conventional (Not I)

MON 89788(Not.1)

Conyventional (Not I/Nco I)

MON 89788 (Not.I/Nco I)

Conventional (Not I/Nco I) mixed with PV-GMGOX20 (Not I) [0.5 copy]
Gonventional (Not I/Nco I) mixed with PV-GMGOX20 (Not I) [1 copy]
Conyentional (Not I)

MON 89788 (Not I)

: Conventional (Not I/Nco I)

10: MON 89788 (Not I/Nco I)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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D. Southern Blot Analyses of MON 89788 across Multiple Generations

To assess the stability of the T-DNA in MON 89788, Southern blot analysis was
performed using MON 89788 DNA across four generations. For reference, the breeding
history of MON 89788 is presented in Figure V-8, and the generations examined span R4
to R7. The expected Southern hybridization DNA banding pattern for these analyses is
summarized in Table V-1.

D.1. Generational Stability of the Insert

DNA samples from four generations of MON 89788 were isolated and :subjected to
digestion with Nco I to determine the generational stability of the inserted’T“-DNA. The
blot was hybridized simultaneously with three overlapping probes, which; taken’together,
span the entire T-DNA region of plasmid PV-GMGOX20:(probes 1,2; and3, Figure IV-
I; Section 1V).

Hybridization of A3244 control DNA (digested with' Nco'T (Figure\V-9; lane L) showed no
detectable hybridization bands, cas expected for“theOnegative< control.  Plasmid
PV-GMGOX20 DNA digested with Not L produced the expected. sizebands of 4.1 and
5.6 kb (lane 2). Hybridization of MON-89788 DNA"digested ‘with<Nco & produced two
bands of 2.6 kb and ~3.5.kb (ldnes 38).{Thisis the-same restriction pattern observed
for the RS generation shhown-in Figure V-2 (lanes 4'and 10). The results of this analysis
establish the stability(of the)insetted DNA over four generations of MON 89788.

D.2. Confirmation of the- Absence of PV=GMGOX20 Backbone Sequence

The four~generations,of WON,89788 material-utilizéd to assess generational stability
were also examimed fop,the‘absence of’backbone“sequence by Southern blot. MON
89788 and confrol DINA samples were digested-with Nco I and the blot was hybridized
simultaneously with thiee everlapping probes, which taken together, span the entire
backbone sequence of plasmid RV-GMGOX20 (probes 8, 9, and 10, Figure I[V-1; Section
V).

Hybridization of the A3244 control DNA digested with Nco I did not detect any bands
(Figure ¥-10;-lane d), as‘expected for the negative control. Hybridization of plasmid
PV-GMGOX20 BNA:digested with Not I produced the expected size band of 5.6 kb
(lane 2).0,MON-89788 DNA from four generations showed no detectable hybridization
signal((lanes 3-8):~ Consistent with the results depicted in Figure V-3, these results
indicate that the generations examined do not contain any detectable backbone sequence
from the transformation vector PV-GMGOX20.
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Figure V-8, MON 89788 Breeding Diagram

All'generations are.self-pollinated (®). R1 generation was used for segregation analysis
and the selection'of homozygous plants (Section V.F.). R5" seed material was used either
for-éommercial” development (on the left) or for regulated field trials (on the right).
Generation R5° was used in the molecular analyses and was the starting seed for
Argentina field trial, and the resulting seed (R6°) was used in the protein characterization
studies. R6" was the seed source for U.S. field trial, and the resulting seed (R7%) was
used in the composition and expression analyses. Seed lot R7" was the seed source for
additional field trial. Generation R6° represents the materials entering commercial
development. Seed lots R4%, R5°, R6°, R6Y, R6%, and R7" were used in molecular
generation stability analyses.
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Figure V-9. Generational Stability-Analysesiof MON 89788 Using Insert and Copy
Number Probes

The blotWwas hybridized:simulfaneously with three overlapping **P-labeled T-DNA
probes (probes A2, and 3, Figure TV-15Section IV). Each lane contains ~10 pg of
digested genomic DNA, dsolated from’leaf material. The breeding history of MON 89788
is illustrated in-Figure V-8 Lane-designations are as follows:

Lane <1

RS

8:

Conventional{Ncao-l)

Conventional (NCo I) mixed with PV-GMGOX20 (Not I) [1 copy]
MON.89788 — R4" (Nco I)

MON'89788 — R5° (Nco I)

MON 89788 — R6° (Nco I)

MON 89788 — R6 (Nco I)

MON 89788 — R6° (Nco I)

MON 89788 —R7" (Nco I)

—> Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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Figure V-10. Generational Stability of MON 89788 Using PV-GMGOX20 Backbone
Probes

The blotwas hybridizéd simultaneously with three **P-labeled probes that span the entire
backbone sequence (probes 8;'9, and 10{Figure IV-1; Section IV) of plasmid PV-
GMGOX20. Each lane contains~10-pig of digested genomic DNA isolated from leaf
material. Lane designationszare asfollows:

Lane J¢-Conventional (Nco B

Conventional (Neo1) mixed with PV-GMGOX20 (Not I) [1 copy]

MON 89788 — R4 (Nco I)

MON:89788 — R5° (Nco I)

MON 89788 — R6° (Nco I)

MON 89788 — R6* (Nco I)

MON 89788 — R6° (Nco I)

8: MON 89788 — R7" (Nco I)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium
bromide-stained gel.
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E. Organization of the Genetic Elements in MON 89788

The organization of the genetic elements within the insert of MON 89788 was confirmed
by DNA sequence analyses. Several PCR primers were designed with the intent to
amplify three overlapping DNA fragments spanning the entire length of the inert
(Appendix B). The amplified DNA fragments were subjected to DNA sequencing
analyses. Results confirm that the arrangement of the genetic elements is identical to that
in plasmid PV-GMGOX20 and is as depicted in Figure V-1.

F. Inheritance of the Glyphosate Tolerance Trait in MON 89788

During the development of the MON 89788, phenotypic segregation data were generated
and analyzed across several generations. The—expected, segregatiofi ratio>for each
generation is summarized in Table V-2, and suinmaries of these analyses. ate presented in
Table V-3. The presence and gene copy mimber of the<cp4 epsps-gene wasdetermined
by quantitative PCR, a method sometimes’ referred t¢ ascTaqMan (Schmidt and-Parrott,
2001; Bubner and Baldwin, 2004). \The presenée of'the *glyphosate=tolerance trait of
individual plants was determined;;by.CP4 EPSPS“ELISA and/or by  treatment with
glyphosate.

After self-pollination of the 'R0:plant)the R1 seeds were germinated,sand the resulting
plants were expectedto segregate on a_3:1 ratio 0f positive:negative based on
glyphosate-tolerance{phenotype-(Table V<2). .Selected -RI" plants that survived the
glyphosate treatment . (29 out-of 43; Table (V-3). ‘Werecsubjected to quantitative PCR
analyses, and acsingle-plant’that-was_homozygous’for<cp4 epsps expression cassette was
selected. This homozygousplant-was ;self-pellinated to ‘give rise to a population of R2
plants, and the segrégatiotv ratio’ for=R2 and the’subsequent generation is expected to
maintain’ a populationOof, 100% positive (130 for positive:negative plants) for the
glyphosate-toletance.trait {Table>V-2).

Table V-2., Selection’Process and Expected Segregation Ratio during MON 89788
Development

Generation Expected Ratio and Selection
RO Plant,was self-pollinated to produce R1 seed; no Chi-square analysis
R1 3:1 (positive:negative) based on glyphosate-tolerance phenotype

R1'Homozygous | Homozygous plant selection was conducted using TagMan for cp4
plant selection epsps from the segregating R1 population.

RO 1:0 positive:negative (homozygous progeny, derived from R1
selection)
1:0 positive:negative (homozygous progeny established in field

R3 plots, derived from homozygous selection)
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Phenotype frequency was compared by means of a Chi-square analysis (Little and Hills,
1978), which was performed on the RI1 generation to determine heritability and
phenotype stability of the cp4 epsps expression cassette in MON 89788. The Chi-square
analysis is based on testing the observed to the expected trait segregation ratio according
to Mendelian principles, and the Chi-square test was computed as:

X2=2[(|0—e|—0.5)2/e]

where, 0 = observed frequency of the genotype, e = expected frequency of the genotype,
and 0.5 = Yates correction factor for analysis with one degree of freedom (df).

The %’ value in the R1 generation indicated no_significantCdifference$” Between the
observed and expected phenotypic ratio for MON-89788 as-the Chi-square was’less than
the critical value of 3.84 at p<0.05 (Table~V-3). Following the selection” of the
homozygous event, the subsequent generations wer€ no longet-segtegating, afid the
expected and the observed segregation ratios are identical-oThe@esults’of this apalysis are
consistent with the finding of a single chromesomal insertion.of thé cp4zepsps gene
cassette that segregates accordingcto Méndel’s-laws’of genetics. These results are also
consistent with the molecular characterization data‘indicating a sisigle misettion site of the
Cp4 epsps cassette.

Table V-3. Glyphosate-Tolerant Trait Segregation - Patterns of MON 89788

P #of Plants: Expected? Observed’ Chi-
Generation o T
(% Germ.)"  _\positive  Négative .| Positive Negative Square
R1 43 32.25 10.75 29 14 1.31°
R2 58 58 0 58 0 Fixed
R3 240; (80%) 192 0 192° 0 Fixed
R3 240;(85%)~ 204 0 204° 0 Fixed
R3 240; (85%) 204 0 204° 0 Fixed

! Percent germination ased ovisual estimation (plant stand, in 5% increments).

? Expebted number of glyphosatestolerant plants.

3 Observed \nimber’of glyphositeé-tolerant plants by ELISA and glyphosate application.

*Not significant at p<0.05 (Chi-square = 3.84 at 1df)

*Nushber of plants'(observed positives) was calculated based on #seed planted x percent germination

G. Conclusions of Molecular Characterization

Molecular analyses were performed to characterize the integrated DNA insert in
MON 89788. Southern blot genomic analyses were used to determine the DNA insert
number (number of integration sites within the soybean genome), copy number (the
number of copies within one insert), the intactness of the cp4 epsps gene expression
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cassette, and to establish the absence of plasmid backbone sequences in the plant. The
stability of the DNA insert across multiple generations was also demonstrated by
Southern blot fingerprint analysis. In addition, DNA sequencing analyses were
performed to confirm the organization of the elements within the DNA insert.

Data show that one intact copy of the cp4 epsps expression cassette was integrated at a
single chromosomal locus contained within a ~5.7 kb Xmn I/Bpl 1 restriction fragment.
No additional elements from the transformation vector PV-GMGOX20, linked or
unlinked to the intact DNA insert, were detected in the genome of MON 89788.
Additionally, backbone sequence from PV-GMGOX20 was not detected. Generational
stability analysis demonstrated that the expected Southern blot fingerprint of MON.89788
has been maintained across four generations of breeding, thereby confirmifig thédstability
of the DNA insert over multiple generations. These generations were-also ‘shown not to
contain any detectable backbone sequence from plasmid,PV-GMGOX20." Intaddition,
DNA sequence analyses confirmed the organization 61 the genetic eléments“within the
cp4 epsps expression cassette of MON 89788, which' isddentical to ‘that-in plasmid PV-
GMGOX20 and is as depicted in the\schematic.of Figure V1. ~Finally, heritability and
stability of the glyphosate-tolerance. phenotype ‘were “as oxpected across multiple
generations, which corroborates(the molecular insert stability~analysis and’ establishes the
genetic behavior of the DNA insertat a single chromosomal locus.

Monsanto Company 06-SB-167U Page 56 of 237



V1. Characterization of the Introduced CP4 EPSPS Protein

This section summarizes the evaluation of the CP4 EPSPS protein produced in MON
89788 and establishes the equivalence between the plant-produced and E. coli-produced
CP4 EPSPS proteins. As the E. coli-produced CP4 EPSPS has been used previously in a
number of safety assessment studies, including the simulated gastric fluid (SGF) and
acute mouse gavage, demonstration of protein equivalence between E. coli- and MON
89788-produced CP4 EPSPS proteins allows utilization of the existing data to confirm
the safety of the CP4 EPSPS protein in MON 89788. Results indicate that the MON
89788-produced CP4 EPSPS protein is equivalent to the E. coli-produced protein, which
is also equivalent to the CP4 EPSPS proteins produced in other Roundup Ready:-¢crops
including Roundup Ready soybean. Data also support a conclusion of safe’consumption
based on several lines of evidence, all of which/have been-submitted o FDA as part of
the pre-market consultation.

A. EPSPS Biochemistry and Mode ofAction

The 5-enolpyruvylshikimate-3-phosphate synthase: (EPSPS;» EC2.5.1:19) family of
enzymes is ubiquitous to plants‘and microofganisms: EPSPS proteinsdhave been isolated
from both sources, and its propertie8 have been extensively studied (Harrison et al., 1996;
Haslam, E., 1993; Klee et.al., 1987, Schonbrunn-et al);"200}; Steinriichen and Amrhein,
1984). The shikimate.pathway and-the EPSPS protein ar¢-absent indmammals, fish, birds,
reptiles, and insects(Alibhai and Stallings,~2001). .Fhe bacterial and plant enzymes are
mono-functional “with~molecular weight of 44-48 KDa - (Kishore et al., 1988). EPSPS
proteins catalyze the transfer of the enolpyruvylbgroup-tfrom,phosphoenolpyruvate (PEP)
to the 5-hydroxyl of shikimate-3-phosphate (S3P); thereby yielding inorganic phosphate
and 5-enelpyruvylshikimate-3~-phosphate (EPSP) (Alibhai and Stallings, 2001). Due to
the specificity of EPSPSfor.ts substrates, the only-known catalytic product generated is
EPSP, whichisthepenulfimate product of the shikimic acid pathway. Shikimic acid is a
substrate for-the biosyathesis of the aromati¢ramino acids (phenylalanine, tryptophan and
tyrosing)cand other@romatic molecules, 4t has been estimated that aromatic molecules,
all of‘which are deriveddfromshikimicaeid, represent 35% or more of the dry weight of a
plant (Franz etal., 1997):

MON 89788 (contains the* 5-énolpyruvylshikimate-3-phosphate synthase gene derived
from.Agrobacterium.sp: straint CP4 (cp4 epsps). The cp4 epsps coding sequence encodes
a_47.6 .kDa EPSPS’ protein consisting of a single polypeptide of 455 amino acids
(Padgette etral.;:1996). The CP4 EPSPS protein is structurally similar and functionally
identical to endogenous plant EPSPS enzymes, but has a much reduced affinity for
glyphosate relative to endogenous plant EPSPS (Padgette et al., 1996). In conventional
plants, glyphosate binds to the endogenous plant EPSPS enzyme and blocks the
biosynthesis of S3P, thereby depriving plants of essential amino acids (Steinriicken and
Amrhein, 1980; Haslam, 1993). In Roundup Ready plants, which are tolerant to the
Roundup family of agricultural herbicides, requirements for aromatic amino acids and
other metabolites are met by the continued action of the CP4 EPSPS enzyme in the
presence of glyphosate (Padgette et al.,, 1996). The CP4 EPSPS protein expressed in
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MON 89788 is identical to the CP4 EPSPSs in other Roundup Ready crops including
Roundup Ready soybean, Roundup Ready canola, Roundup Ready sugar beet, and
Roundup Ready Flex cotton.

B. Characterization of the CP4 EPSPS Protein Produced in MON 89788

The CP4 EPSPS protein was purified from MON 89788 grain, and the biochemical
characteristic of the protein was compared to that of the E. coli-produced reference
standard. The analyses employed for characterization or establishment of the identity of
MON 89788-produced CP4 EPSPS protein included: (1) sodium dodecyl - sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) to establish equivalence of'the apparent
molecular weight between MON 89788- and E. coli-produced{proteins, (2) immunoblot
analysis to establish immunoreactivity equivalence between MON 89788-.and E. coli-
produced proteins using anti-CP4 EPSPS antibody, (3) N=terminal sequenee analysis, (4)
matrix assisted laser desorption ionization time.Cotf flight~{MALEDI~FOF)“mass
spectrometry to generate tryptic peptide‘map, (5) CP4 ERPSPS enzymatic activity-analysis
to demonstrate functional equivalence betweenr MON 89788-\dnd.“E. coli-produced
proteins, and (6) glycosylation analysi§Oto. establish equivalence -of the“glycosylation
status between MON 89788- and E: colisproduced proteinis. The eonclusions of the
characterization are summarized.below. “The.materials and methods, and detailed results
of the characterization can'be found incAppendixC.

The CP4 EPSPS pretein isolated fromr MON 89788 was purified and characterized, and
results confirmed: the.\equivalence-between MON ~89788- .and E. coli-produced CP4
EPSPS proteins’ The apparentimoleculariweight was-estimated by SDS-PAGE. Since
the MON ,89788-derived CP4 EPSPS-migrated. comparably to the E. coli-produced
proteincon SDS-PAGE, ‘the _apparént moélecular weight of these two proteins was
determined to b&lequivalent: This result is-consistent with the deduced amino acid
sequence based-on the DNA sequencé-analysis: (On the basis of western blot analysis, the
electrophorétic miobility and Ammunoreactiye properties of the MON 89788-produced
CP4 EPSPS proteincwere:demonstrated to-be comparable to those of the E. coli-produced
CP4. EPSPS reference standard. The N-terminus of the CP4 EPSPS derived from MON
89788 was consistenit 'with' the:predicted amino acid sequence translated from the cp4
epsps coding “sequence; and the MALDI-TOF mass spectrometry analysis also yielded
peptide masses.consistent with<the expected peptide masses from the translated cp4 epsps
coding sequence;y In ‘addition, the MON 89788- and the E. coli-produced CP4 EPSPS
refeérence’standard wete found to be equivalent based on functional activities and the lack
of glycosylation:'"Taken together, these data provide a detailed characterization of the
CP4/EPSPS protein isolated from MON 89788 and established its equivalence to the E.
coli-produced CP4 EPSPS protein standard. Furthermore, since all CP4 EPSPS proteins
isolated from other Roundup Ready crops have established equivalence to the E. coli-
produced protein standard previously, by inference, the MON 89788-derived CP4 EPSPS
protein is likely to possess equivalent biochemical and physiological characteristics with
the CP4 EPSPSs expressed in other Roundup Ready crops, all of which have been
deregulated by USDA-APHIS.
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C. Safety Assessment Summary of the CP4 EPSPS Protein

The EPA has previously reviewed and established a tolerance exemption for CP4 EPSPS
and the genetic material necessary for the production of this protein in or on all raw
agricultural commodities (40 CFR §180.1174). This exemption was based on a safety
assessment that included rapid digestion in simulated gastric fluids, the lack of homology
to toxins and allergens, and lack of toxicity in an acute oral mouse gavage study. Similar
safety assessments were conducted on MON 89788 and the CP4 EPSPS protein it
produced, and similar conclusion of safety was reached. The comprehensive food and
feed safety and nutritional assessment of MON 89788 was submitted to the FDA; which
included the following conclusions:

1. The donor organism, Agrobacterium sp. strain-CP4, is nat a known human-or animal
pathogenicity and is not know to induce allergenic responses in human. Additionally, the
safety of the Agrobacterium sp. strain CP4as the dénor organism has been reviewed
previously as a part of the safety assessthent for other-Roundup®eady-crops.

2. A history of safe use of CP4EPSPS protein has been démonstrated,-based on the
similarity of the CP4 EPSPS protein.in MON 89788 to EPSPS proteinsaturally present
in food crops (e.g., soybean and corn) and insmicrobial food sources such@s bakers yeast
(Saccharomyces cerevisiag). The CPAEPSPS profeinis functionally equivalent to native
plant EPSPS proteins, except-for the lack: of affinity. for glyphesatec,In addition, there is
experience of safe gise ofithe CP4 EPSPS protein simcexthe introduction of Roundup
Ready crops in 1996, \which-inclade Reundup Ready.Soybean, Roundup Ready Flex
cotton, and Roundup Ready-Corn 2.

3. No biclogically rélevant-structural’similarities-were observed between the CP4 EPSPS
protein and allergens, toxins, and.pharmacolegically’active proteins, which suggests that
CP4 EPSPS is”not:likely to.pose.d huntan health concern. This conclusion is also
supported bythe rapid degradation.of CP4 ERSPS protein in simulated digestive fluids.

4. The-acute oral, toxidity study demonstrated that the CP4 EPSPS protein did not cause
any adverse effectsin’ mice with’ a No Observable Effect Level (NOEL) of equal to or
greater than572 mg/kg;

5. The margin of*exposuresto CP4 EPSPS derived from consumption of MON 89788
were detérmined tosbe approximately 58,000 for the overall U.S. population, and 1,500
for non-nursing<infants. These large margins of exposure indicate that there is no
meaningful risk to human health from dietary exposure to food products derived from
MON 89788.

MON 89788 produces the same CP4 EPSPS as that in other Roundup Ready crops
including Roundup Ready soybean. The above studies reconfirm the safety of the CP4
EPSPS in MON 89788 and in other Roundup Ready crops previously deregulated, which
also establish the food and feed safety of the CP4 EPSPS protein produced in MON
89788.
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D. Levels of the CP4 EPSPS Protein in MON 89788

CP4 EPSPS protein levels in tissues derived from MON 89788 were determined by a
validated enzyme-linked immunosorbent assay (ELISA). The levels of the CP4 EPSPS
protein in over-season leaf (OSL), grain, root, and forage were determined in tissues
collected from MON 89788 produced in replicated field trials across five U.S. field
locations during 2005. CP4 EPSPS protein levels for all tissue types were calculated on a
ug/g fresh weight (FW) basis. Moisture content was determined in each tissue type, and
protein levels in these tissues were converted to a dry weight (DW) basis by caleulation.
Materials and methods are described in detail in Appendix D.

For MON 89788, the mean CP4 EPSPS protein-levels across sites for OSTE1, OSL2,
OSL3, OSL4, grain, root, and forage were 300, 340, 330, 290, 150; 74-and-220 ng/g
DW, respectively (Table VI-1). The levels of the“CP4 EPSPS -proteity’ from the
conventional control (A3244) were les§.than the assay Jimits ©f detectionw (LOD) in all
tissue types. The mean CP4 EPSPS expression.devel jn-grain fromrMON §9788 is lower
than that from Roundup Ready soybean (Padgette eti.al., 1995),

Table VI-1. Summary of CP4 EPSPS Protein Levels in Tissue Collected from MON
89788 Produced in the U.S. During 2005

Tissue CP4 EPSPS Range’ CP4 EPSPS Range LOQ/LOD

Type | pg/g FW.(SD)D" (ug/s FW) g/ PW (SP)’ . c(ug/g PW)  (ng/g FW)
OSL1* 54,(7.8) 40266 300 (51) 220— 380 0.57/0.26
osL2* 60 (10) 42 ~80 340 (59) 250 — 440 0.57/0.26
OoSsL3* 58.(11) 40 <79 330 (9%) 200 - 520 0.57/0.26
OSL4* 75017) 60 —110 290 (48) 210-390 0.57/0.26
Grain 140+20) 98 — 170 150 (22) 110180 0.34/0.26
Root 22(6.0) 13 -38 74 (27) 41-150 0.57/0.11
Forage 5914) 41 - 94 220 (51) 140 — 330 0.57/0.10

17 Protein quantities-are expressed as mean pg of CP4 EPSPS/g tissue on a fresh weight (FW) basis. The
mean and’standard deviation (SD) were calculated across all sites.

2.  Minimum and maximum values across all sites.

3. Protein quantities are expressed as mean pg of CP4 EPSPS/g tissue on a dry weight (DW) basis. The
dry weight values were calculated by dividing the fresh weight values by the dry weight conversion
factors obtained from moisture analysis data.

4. OSLI1 to OSL4 represent over-season leaves collected at the following developmental stages: OSL1:
V3-V4 growth stage; OSL2: V6-V8 growth stage; OSL3: V10-V12 growth stage; OSL4: V14-V16
growth stage.

Note: Sample number is 14 for forage, and 15 each for OSL1 to OSLA4, grain, and root.
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VII. Compositional and Nutritional Assessments of MON 89788

Compositional analyses were conducted to assess whether the nutrient and anti-nutrient
levels in grain and forage tissues derived from MON 89788 are comparable to those in
the conventional soybean variety, A3244, which has background genetics similar to
MON 89788 but does not contain the cp4 epsps gene cassette. Additional conventional
soybean varieties currently in the marketplace were also included in the analysis to
establish a range of natural variability for each analyte, where the range of variability is
defined by a 99% tolerance interval for that particular analyte. Results of the
comparisons indicate that MON 89788 is compositionally and nutritionally equivalent to
conventional soybean varieties currently in commerce.

Grain and forage tissues of MON 89788 and A3244 were haryested from soybeans grown
in three replicated plots at each of five field sites across-the U.S. duting2005.-TFhe field
sites were located in regions that were.¢onducive to-the growth of soyb&an maturity
group III varieties, and were represeiitative of commercial ‘soybean produetion. In
addition, 12 conventional soybean vatieties; were-also,iicluded as references“where three
varieties were grown at each of two sites’and’two. varieties were grown at each of three
sites for a total of 12 references” The 12:cenventional soybeanaeference varieties were
included to provide data for-~the“development of“a 99% tolerance inferval for each
component analyzed. For each compositionaloecomponent,;99%“tolerance interval was
calculated. This interval’is expected toccontain, with 95% confidenee, 99% of the values
obtained from the population of“commercial reférences. It1s umportant to establish the
99% tolerance interval from@epresentative conventional:soybéan varieties for each of the
analytes, because such data-illustrate.the compositional variability naturally occurring in
commercially grown, varieties. | By.compatison to the 99% tolerance interval, any
statistically significant differences between-MQON 89788 and the control (A3244) may be
put into perspective, and can becassessed fob biological relevance in the context of the
natural variability in-soybean. Additionakinformation on the field design and reference
varieties is presented inyAppendixE.

A total of 63 components. wiete analyzed in grain and forage samples. Components for
forage samplestincluded proximatesc(protein, fat, ash, and moisture), acid detergent fiber
(ADF), neutral detergent fiber (NDF), and carbohydrates by calculation. Components for
grain samplesCincluded proximates (protein, fat, ash, and moisture), ADF, NDF, amino
acidsAfatty~acids (C8-C22)s phytic acid, trypsin inhibitor, isoflavones, lectins, raffinose,
stachyose, Vitamin)E, and carbohydrates by calculation. The methods employed for
these-analyses atepresented in Appendix E.

Statistical analyses of the compositional data were conducted using a mixed model
analysis of variance with data from each of five sites, and a combination of all five field
sites. Each individual analyte for MON 89788 was compared to that of the conventional
control, A3244, for each of the five sites and for the combination of all five sites (i.e., the
combined-site). The statistical significance is defined at the level of p<0.05. Of the 63
components analyzed, 14 minor fatty acids had greater than 50% of the analytical values
that were below the limit of quantitation. These fatty acids are known to occur at low or
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non-detectable levels in soybean oil (Codex Standard, 2005), and were not included in
the statistical analyses.

Statistical analyses of the remaining 49 components (63 minus the 14) between MON
89788 and A3244 were conducted. The overall data set was examined for evidence of
biologically relevant changes. Based on this evaluation and the results of statistical
analyses, analytes for which the levels were not statistically different were deemed to be
present at equivalent levels between MON 89788 and A3244. Analyses using data from
the combination of all five sites (combined-site) indicated that there were no statistical
differences in the levels of 92% of the analytes (45 of the 49). Statistical analyses for the
combined-site data are presented in Appendix E, Table E-1 for forage and Table E-2 for
grain. Analyses using the five single-site analyses indicated that there ‘Were no
statistically significant differences in the levels ©f91% of.the analytes;(223Cotf the 245)
between MON 89788 and A3244.

For the combined-site analyses, statisti¢al”differences between ) MON 89788 and A3244
were observed for four analytes, which included forage moisture, and grain daidzein,
glycitein, and Vitamin E (Table VI-1).0 The, différences’ observed are generally small
(1.6 — 11%), and the mean levels gf - MON 89788 are 'wel within the '99% tolerance
intervals for the conventional soybeans. “The.mean levels.of MON 89788cgrain daidzein,
glycitein, and Vitamin Elarealso_ well svithin“the ;tanges- for-‘Conventional soybeans
reported in the International-Life Science Instituté. Crop-Composition Database (ILSI-
CCD; ILSI, 2004) as well ‘as in the literatute (Appendix E;Tablé E-3 for forage and E-4
for grain). The fcan\levels-of forage-moisture €or both MON 89788 and A3244 are
below that of the ILSI-CCD-and literature tanges; however, the difference between MON
89788 and. A3244 is only 1:6%.<“Thetefore;~it was concluded that MON 89788 and
A3244 .are compositionally and nutritiohallycequivalent based on analyses of the
combined-site data.

The reproducibility” and" trends across:sites. were also examined, and comparisons to
conventional soybean vatieties-using-the 99% tolerance intervals were made. There were
no analytes thatewere ‘Consistently and statistically different across sites. Statistically
significant differences were observed in as many as two sites for only one analyte,
raffinose. Since\the differences observed were lower for MON 89788 at one site (AR)
while higher at-the ©Other, (EL-2); and there is no evidence of any trend across sites, it is
concluded.that the statistical-differences are not biologically relevant.

For the' renmaining 16 analytes where statistically significant differences were observed in
only’ one site,~the differences between MON 89788 and A3244 were not reproducible
across sites, and no consistent trends were observed. In addition, all mean levels of MON
89788 analytes were well within the 99% tolerance interval for conventional soybeans
that were grown concurrently in all sites. It is concluded that these analytes where the
statistical differences were observed in only site were not biologically different between
MON 89788 and A3244.
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Based on the data and information presented above, it was concluded that soybean grain
and forage derived from MON 89788 are compositionally and nutritionally equivalent to
those of the conventional soybeans. The few statistical differences between MON 89788
and A3244 are likely to reflect the natural variability of the components since the mean
levels of analytes for MON 89788 are well within the 99% tolerance intervals for
conventional soybeans.
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Table VII-1. Summary of Statistical Differences between Component Levels of MON 89788, A3244 and Conventional Varieties

Difference
(MON 89788 minus A3244)
. . MON 89788 A3244 %.of MON 89788 Conventional
1 -

Analytical Component (Units) Mean Mean £3244 p-Value (Range) Tol. Int.2
Statistical Differences Observed in Combined-Site Analyses

Forage Moisture (% FW) 72.07 73.21 -1.55 0.006 [67.90~ 77.60] [60.84, 83.36]
Daidzein (ug/g DW) 993.67 1073.57 .44 0:021 [631.32 - 1571.41] [0, 1925.63]
Glycitein (ug/g DW) 91.77 102.61 -10.56 0:037 [53.78 - 162.52] [0, 287.45]
Vitamin E (mg/100g DW) 2.71 2.52 741 0.015 [1.88 - 3.72] [0, 7.00]
Statistical Differences Observed in More Than One Site and Notiin the Combined-Site

Site AR Raffinose (% DW) 0.65 0.81 -20.02 0.024 [0.58 -0.71] [0, 1.01]
Site IL-2 Raffinose (% DW) 0.42 0.33 25.45 0.035 [0.40 - 0.43] [0, 1.01]
Statistical Differences Observed in One Site and-Not in‘the Combined-Site

Site AR Phenylalanine (% DW) 2.00 2,01 -0.41 0.014 [2.00 - 2.01] [1.70, 2.45]

Site AR Palmitic (% DW) 2.21 2.40 -7.73 0.004 [2.17 - 2.25] [1.32,2.64]
Site AR Stearic (% DW) 0.76 0.81 -5.43 0.024 [0.75-0.77] [0.37, 1.28]
Site AR Oleic (% DW) 3.30 3.68 -10.31 0.001 [3.24 - 3.36] [2.06, 6.43]
Site AR Linoleic (% DW) 10.27 11.02 -6.86 0.005 [10.06 - 10.42] [7.75,11.22]
Site AR Linolenic (% DW) 145 1.55 -6.16 0.029 [1.41 -1.48] [0.84, 1.69]
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Table VII-1 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Level§for MON 89788 vs. A3244
and Conventional Reference Varieties

Difference
(MQON 89788 minus ‘A3244)

Analytical Component (Units)* MOI\I/IIe?‘?ZSS 1;/?::: 1;’?2(‘)‘2 p-Value M(ORl:I“?g9€;7)88 CO;;:‘;S:?M
Statistical Differences Observed in One Site and Not in the Combined-Site

Site AR Arachidic (% DW) 0.060 0.064 -6.35 0.021 [0:038 - 0.060] [0.031, 0.094]
Site AR Eicosenoic (% DW) 0.048 0.053 -8.,60 0.032 [0.047 - 0.049] [0.021, 0.065]
Site AR Behenic (% DW) 0.066 0.070 -5.86 0.034 [0.064 - 0.068] [0.034, 0.091]
Site AR ADF (% DW) 21.17 16.10 31.47 0003 [19.28 - 23.94] [9.62, 28.57]
Site AR Carbohydrates (% DW) 38.13 36.02 5.88 0.048 [37.77 - 38.42] [27.86, 45.79]
Site AR Fat (% DW) 18.82 20.41 ~71.79 0.002 [18.42 - 19.17] [15.38,21.95]
Site AR Stachyose (% DW) 2.32 2.83 <18.13 0.010 [2.10 - 2.50] [1.19,3.31]
Site IL-2 Genistein (ug/g DW) 762.46 849.88 -10.29 0.032 [721.05 - 797.84] [0, 1387.95]
Site IL-2 Grain Moisture (% FW) 8.53 7-48 14.04 0.045 [8.19-9.13] [4.64, 9.94]
Site NE Grain NDF (% DW) 17.42 1991 -12.51 0.023 [16.79 - 18.39] [13.26, 26.33]

'DW = dry weight; FW = fresh weight; FA = fatty acid:
2With 95% confidence, tolerance interval contains 99% of'the values expressed in the population of commercial varieties. Negative limits were set to zero.
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VIII. Phenotypic and Ecological Assessments of MON 89788

This section provides an evaluation of the phenotypic and agronomic characteristics
(including plant-symbiont associations), and the environmental interactions of MON
89788 compared to the control, A3244. The A3244 is a conventional soybean variety
that has background genetics similar to MON 89788 but does not contain the cp4 epsps
gene cassette. These data support a determination that MON 89788 is no more likely to
pose a plant pest risk or to have an increased environmental impact compared to
conventional soybean. The conclusions are based on the results of the multiple studies
reported herein.

The evaluation of the phenotypic and agromomic characteristics, and -ecological
interactions was conducted to assess potentialdifferences' between IMON- 89788 and
A3244 in the context of ecological risk. The@esults were also considered-relative to the
data generated on commercial reference varieties. <‘The phenotypic;-agronomi¢, and
environmental interaction evaluations are based on"replicated laboratory, greenhouse,
and/or multi-site field trials and «experiments;” I “evaluating™ thé” phenotypic and
agronomic characteristics of MON 89788, .(data. were\ collected (that address specific
ecological risks regarding pest:‘potential based-on thé considerationsof USDA-APHIS.
The characterization encompass-six general data categories<}) getmination, dormancy
and emergence; 2) vegetative® growth;;3) aeproductive- growth ~fincluding pollen
characteristics); 4) seed retention'on the plant; 5) plant-Symbiont~associations; and 6)
plant interactions with inseet, disease:and abiotic.stressors.

A. Interpretation of Phenotypic and Ecological Interaction Data

Familiatity is a useful -approach’ ter€valuate the potential environmental impact of a
genetically-modified plant,x The. coneept of familiarity is based on the fact that the
genetically-modified plant is«developedfrom.@ well-characterized conventional plant
variety. Familiatity considets theibiolegy ofithe crop, the introduced trait, the receiving
environment and the interaction of these factors, and provides a basis for comparative
envirenmental risk assessmeént between,a genetically-modified plant and its conventional
counterpart. Phenetypic; d@gronomicrand ecological interactions assessment can be used
to support.damiliaritycof thegenetically-modified plant to the conventional counterpart,
and a subset of the'datac(e’g., ‘Ceértain dormancy or pre-harvest seed loss characteristics)
can. be&used-for an assessment of enhanced weed potential. Based on the collection of all
data; an-assessment,ean be made whether a plant is likely to pose an increased plant pest
potential ot torhave an increased environmental impact compared to conventional
soybean.

During the processes of data collection, summarization and analysis, experienced
scientists familiar with each experimental design and evaluation criteria were involved in
all steps. This oversight ensured that the evaluation system was functioning
appropriately, measurements were taken properly, and data were consistent with
expectations based on experience with the crop. In addition, the overall dataset was
evaluated for evidence of biologically relevant changes, and for possible evidence of an
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unexpected plant response. These scientists did not indicate any unexpected observations
or issues in the course of the studies. Data were then submitted to statistical analysis.

Characteristics for which no significant differences are detected support familiarity of
MON 89788 to conventional soybean as it relates to ecological risk assessment. Detected
differences are considered in the context of whether they are reproducible and whether
they are adverse in terms of potential environmental impact. On the basis of these data,
one can assess the probability of increased pest potential of MON 89788, and whether the
phenotypic, agronomic, or environmental interactions characteristics of the plant have
been adversely changed beyond the intended introduced trait.

A tiered approach is used to assess whether a-detected difference is;“or .is“not, of
biological or ecological concern. When noystatistically, significant differences in
phenotypic characteristics are detected between the getietically-modified: crop“and an
appropriate control, a conclusion of no contribution {0 pest potential-can be’ made. A
detected difference would be interpreted in the.conteXt ofireproducibility-and pest
potential (i.e., whether or not the difference increased pest-potentialand. in particular
weed potential of the genetically-modified crop) as.described;in Eigure VIII-1. During
the assessment, a “no” answerCat any step indicates)thattheretis not' a biological or
ecological concern for the crop interms-of pest potential andsubsequent steps are not
considered.

Step 1

Statistical differerce between Fest N0
and Control atan individual site

Step 2 Yesl
Statistical differefice across No
multiple environments
Step 3 Yés ]
No
Outside variation 6f study references Not adverse; the
Y VA characteristic does not
e .
z) tsig  tion contribute to a
utside variationfor crop No bi . .
o) ,| biological or ecological
(“nen-famitiar”) 9 9

concern for the crop in
Step.s Yes terms of pest potential

Adverse in terms of pest potential }NL>

Yes

Hazard identification & risk
assessment on difference

Figure VIII-1. Schematic Diagram of Data Interpretation Methods
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= Steps 1-2. A significant difference between the test and control for a characteristic at
an individual site is assessed in the context of whether or not a difference is detected
across multiple environments.

= Step 3. If a significant difference is detected when the data are pooled across multiple
environments, the test mean value is assessed relative to the range of the
commercially available reference varieties.

= Step 4. If the mean of the test material is outside the range of the commercially
available references, the test material value is considered in the context of known
values common to the crop.

= Step 5. If the mean of the test material is outside the range of valu¢s coriimon to the
crop, the test material is considered “non-familiar?; for that ccharaeteristic. The
detected difference is then assessed forzwhether of'not it is adverse’in tefs &f pest
and weed potential.

= If an adverse effect (hazard)zis .idéntified, .risk assessnient .On the“difference is
conducted. The risk assessment considers contributionsto enhanced’pest potential of
the crop itself, the impaet .of>significant-differences detected. in .other measured
characteristics, and potential for, and effects.of, trait'transfer to’a sexually compatible
species. Higher tief experiméntation could bé-conducted to, further elucidate any
potential adverse effects identified.

B. Phenotypic;’Agronomic’and Eceological Interactions Characteristics

As a significant part-of the’evaluatiomw of MON-~89788, plant phenotypic and agronomic
characteristics including) seed dormancy’ and ‘gerniination, phenotypic, agronomic and
ecological intefactions, pellen.characteristi€s, and symbiont interactions were evaluated.

B.1. Seed Dormaney’and Germination Characteristic

Seed ‘dormanegy (e.g-~hard)seed)-is a:survival mechanism for plants and is an important
characteristie - that “is _often ‘assoeiated with plants that are weeds (Anderson, 1996;
Lingenfelter and Hartwig, 2003): "Dormancy mechanisms, including hard seed, vary with
species-and-tend-to involve ¢omplex processes. Standardized germination assays of the
Association of Official Seed Analysts (AOSA, 2002) are used as a baseline to measure
the germination:(potential of soybean seed, where they are evaluated for various
germiination parameters at the optimum temperature of growth (20/30°C) (Table VIII-1).
In addition, five other temperature regimes of 10, 20, 30, 10/20, and 10/30°C were used
to assess other seed germination properties. The temperature regimes and types of
observation are listed in Table VIII-1. For the alternating temperature regimes of 10/20,
10/30, or 20/30°C, the lower temperature was maintained for 16 hours, and the higher
temperature for eight hours.
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Comparative assessments of seed dormancy and germination characteristics were
conducted on MON 89788 and A3244, where A3244 served as a comparable control with
background genetics similar to MON 89788 but didn’t contain the cp4 epsps gene
cassette. In addition, 12 commercially available soybean varieties were included as
references to provide baseline values common to soybeans. The seed lots for MON
89788, A3244 and references were produced during 2005 at Arkansas, Illinois, and Ohio,
which represented environmentally relevant conditions for soybean production. The
experimental methods and individual site data of these comparisons are presented in
Appendix F.

A total of 25 comparisons were made between MON 89788 and .A3244 seed.germination
parameters across three seed production sites (Table VIII-2). .No statistically significant
differences were detected between MON 89788 and A3244 for petcent. geérminated,
viable hard, dead, or viable firm swollen seed in the 10;° 20, 30, 10/205and-10/30° C
temperature regimes. In addition, no statistically significant differences were détected
between MON 89788 and the control” for percent normal’ getminated, ~abnormal
germinated, viable hard, or viable fitm swollen.seed<in the AQSA temperature regime
(20/30° C). Under the same temperature regime,. on¢ statistical difference-was detected
between MON 89788 and A3244; where jpércent dead seed was-Jowetfor MON 89788
compared to A3244 (5.7 vs, 10.1%). -The mean wvalue-of percent:dead &eed for MON
89788 was within the reference rangé’and 99%, tolerance interval’of the reference seed.
In addition, this difference was not defected in any of~the five additional temperature
regimes. Thereforegthis sifigle difference detected in.0nly one témperature regime is not
likely to have biological-relevance ‘ih terms of incteasedweed-potential. No viable hard
(dormant) seed” wefe obseryed: for, MON 8978801 A3244 from any site in any
temperature regime. The results “support a .conclusion. that there is no increased weed
potentialCof MON,89788 comparéd te-thecconventional soybeans based on the
germination and dormandy parameters assessed.
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Table VIII-1. Seed Dormancy and Germination Parameters Evaluated

Category and Evaluation Regime . . L.
Chargactzristic (Temperature %CT) Evaluation Description
Normal-Germinated 20/30 Seedlings that exhibited
normal developmental
characteristics and
possessed both a root and a
shoot.
Abnormal-Germinated  20/30 Germinated, but
insufficient root and'shoot
development, lacked a
shoot, shoot with deep
cracks.or lesions;‘or
exhibited meehanical
damage.
Total Germinated 10520, 30, 10220, 10/30 Seedlings that had
germinated.
Dead 10, 20,230, 40/204 Seeds that had visibly
10/30, 20/30 deteriorated and had
become soft to the touch.
Viable Hard 10, 20,30, 407204 Seeds that did not imbibe
10430, 20/30 water and remained hard to
the touch.
Viable Firm Swollen 10, 20;.30,4.0/20, Seeds that had visibly
10£30, 20/30 swollen (imbibed water)

and were firm to the touch
but lacked any evidence of
growth.

"Consfant temiperafure maintained at ~10, 20, or 30°C. In alternating temperatures of ~10/20,

10/30, 0r'20/30°C, the-ower temperature was maintained for 16 hours and the higher temperature
for eight hous.
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Table VIII-2. Germination Characteristics of MON 89788 and A3244

References

122;[;: Ature  Germination Category' Mean % (SE)’ Ratnge3 99% Tol. Interval®
MON 89788 A3244 Min Max LL UL
10°C Total Germinated 94.1 (2.2) 94.54(2.0) 49.3 99.3 12:0 100.0
Viable Hard 0.0 (nv) 00 (nv) 0:0 0:3 0.0 0.3
Dead 5.7 2.1 5.2419) 0.8 49,5 0.0 87.0
Viable Firm Swollen 0.3 (0.2) 0:3 (03) 020 13 0.0 2.2
20°C Total Germinated 92.3 (2.8) 90,6(3.3) 445 99:3 6.0 100.0
Viable Hard 0,0%nv) 0.0 (ay) 0.0 0.3 0.0 0.3
Dead 7.8 (2.8) 9.3(3.3) 0-8 555 0.0 94.1
Viable Firm Swollen 0:0~(nv) 0.1¢0:1) 0.0 0.0 nv nv
30°C Total Germinated 94.4:(16) 939 (157) 57.0 98.5 223 100.0
Viable Hard 0.0 (nv) 0.0:(nv) 0.0 0.0 nv nv
Dead 5:6(1.6) 6.1 (1:7) 1.5 43.0 0.0 77.7
Viable Firm Swollen 0.0 (nv) 0.0 (ny) 0.0 0.0 nv nv
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Table VIII-2 (continued). Germination Characteristics of MON 89788 and A3244

References

Temperatur Mean % (SE)’ Range’ 99% Tol.

e Regime Germination Categoryl MON 89788 A3244 Min. Max TL UL

10/20°C Total Germinated 94.5 (2.2) 94.2 (2:0) 46.3 99:0 13.0 100.0
Viable Hard 0.0 (nv) 0.0 (nv) 0.0 0.0 nv nv
Dead 54(2.2) 58 (210) 1.0 53.3 0.0 86.7
Viable Firm Swollen 0.1(0.1) 0,0 (nv) 00 0:3 0.0 0.4

10/30°C Total Germinated 94.1 22) 93.92.4) 50.3 99.5 15.7 100.0
Viable Hard 0,0(nv) 0:0 (nv) 0.0 0:0 nv nv
Dead 59 (22) 6.1.(2.4) 0.5 49.5 0.0 84.1
Viable Firm Swollen 0.0(nw) 0.0 (v) 0.0 0.3 0.0 0.3

20/30°C Normal Germinated 78.4 (6.5) 73:27(6.1) 125 94.5 0.0 100.0

(AOSA) Abnormal Germinated 15.9 (4.3) 16.543.5) 4.5 36.5 0.0 68.9
Viable Hard 00xnv) 0:0 (av) 0.0 0.0 nv nv
Dead 5.7 @2.7)* 103(2.8) 0.8 55.8 0.0 100.0
Viable Firm Swollen 0.0"(nv) 0.0 (av) 0.0 0.3 0.0 0.3

* Indicates a statistically significant difference between tHeo MON.89788 and A3244-atp < 0.05.
! Germinated seed in the AOSA temperatilre regime were catégorized as either notmal-germinated or abnormal-germinated seed.

2 SE = standard error.

* Minimum and maximum mean values from twelye corfithercial soybean varieties.
#999% tolerance interval with 95% confidence- L =Jower-limit; B = upper limit.

Note: nv = no variability in the data.
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B.2. Field Phenotypic, Agronomic Characteristics and Ecological Interactions

Plant growth, development and yield characteristics were assessed under field condition
to identify any unintended phenotypic effects or ecological interactions in MON 89788
relative to the conventional control, A3244, and commercially available soybean. The
purpose of these field evaluations was to assess whether the introduction of the
glyphosate-tolerant trait altered the phenotypic and agronomic characteristics or the
plant-insect, plant-disease, or plant-abiotic stressor interactions of MON 89788 compared
to the control. Certain growth, reproduction, and pre-harvest seed loss characteristics
(such as lodging and pod shattering) can be used for an assessment of enhanced-weed
potential of MON 89788.

Field trials were conducted at 17 locations during 2005 to thoreughly:evaluate
phenotypic, agronomic and ecological interaction characteristies:~ These 117 lo¢ations
provided a diverse range of environméntal and agrononyic conditions representative of
the majority of commercial soybean\productionotegions in the.U:S.;dncluding regions
where MON 89788 would be anticipatedto.be-produced(Table VIH-3)., A randomized
complete block design with thfee replications was employed for theComparisons and
analyses. Glyphosate herbicide was not applied to the experimental plots. “The categories
of phenotypic characteristics and ecological interactions evaluated ate listed in Table
VIII-4. Plant growth-stage\wasCassessed several times duting thé growing season.
Observational data en' the'presénce_of stressors ‘and dny differential responses to biotic
(pests and disease) and abiotic-stressorscwere Collected. -Jn addition to the qualitative data
collected at the- 17 Sites,<inseets were” collected, “identified, and quantified, and insect-
specific damage was rated atthree‘of the' 17 sites. “The methods and detailed results of
these individual site,data-comparisonsrarepresentéd and discussed in Appendix G, while
the across-site analyses‘are summarized below:

B.2.1. Field’Phenotypic and“Agronomic Characteristics

A totalof 11 differentophenotypic characteristics were evaluated. For the across-site
analyses, no significant differences were detected between MON 89788 and A3244 for
early stand“@ount, seedling-vigot;-days to 50% flowering, flower color, lodging, pod
shattering; final*stand count, seed moisture, seed test weight, or yield (Table VIII-5). The
only significant [differencedétected in the across-site analyses was the reduced plant
height for MON 89788 compared to A3244 (30.6 vs. 32.3 inches; Table VIII-5).
Althotgh plant.height for MON 89788 was reduced compared to the control, the mean
valu¢ observed for MON 89788 falls well within the range of values observed for the
commercial soybean varieties. Furthermore, the magnitude of the difference in plant
height is small (approximately 5%), and decreased plant height is unlikely to contribute
to increased weed potential.

For the growth stage comparisons, there was no qualitative difference observed between

MON 89788 and A3244 in 113 out of 114 observations (Appendix G, Table G-4). The
single exception was during the third observation at the IA2 site, where MON 89788 was
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evaluated as more mature than the control (R3 vs. R2, respectively). This single
difference in growth stage was not observed in any of the other sites during the same
period, and was also not observed during any other developmental stage. In addition, the
growth stage of MON 89788 was within the range observed for the reference soybean
varieties. This single observation of growth stage difference was not reproducible across
sites and is not likely to be biologically meaningful in terms of increased pest potential of
MON 89788 compared to A3244. The results of the phenotypic and agronomic analyses
support familiarity and the conclusion of no increased pest potential of MON 89788
compared to A3244.

B.2.2. Ecological Interaction Analyses

Data on the susceptibility to insect pest, disease and response, to abiotic-stressor-were also
collected from each of the 17 field sites during the season. The purposeiof these
evaluations was to assess whether plant-disease or.plant-inseet-intetactions, or<plant
response to abiotic stressors of MON 899788 were altered compared tothe -A3244.control.

The reported severity of specific ingect;, disease, and-abioti¢ stréssor-Symptoms represents
the range of ratings observed across.the-three replicationsat €ach site’ (Appendix G,
Tables G-5, G-6, G-7, respectively). > MON 89788and~A3244 were considered
qualitatively different if the ratings across,all thtee replications for a specific ecological
stressor of MON 89788=did-not overlap with that-of A3244 (&:g., mone vs. moderate to
severe). The ratings obseryed among the commercial reference varieties provide
qualitative assessment.data common’to soybeans for each’parameter assessed.

Across all sités, a total.ef 12)inseet categories’(speeies.or group), 18 disease categories
(species or group), and 10-abiotic stressors-were-€valtiated. Of the 216 disease and 224
responses to abiotic sttessor ‘observations, no* qualitative differences were observed in
MON 89788 compared torA3244 (Appendix G, Tables G-6 and G-7). Of the 221 insect
stressor observations,.a single qualitdtive difference was observed. The severity of
symptonis caused by leathoppet-was-lowet:in MON 89788 plots than the control plots at
the MOT1 site atithe fourth ebservationttime (none vs. slight; Appendix G, Table G-5).
This qualitative difference was not.€onsidered biologically meaningful since leathopper
symptoms were_not different-between MON 89788 and A3244 at other sites or at other
observation pettodstat MOd. In*addition, the symptoms on MON 89788 fell within the
rangecobservied inythe referenee soybean varieties. Leathopper resistance is not a known
characteristic_attributéd to the glyphosate-tolerant trait, nor had it been observed in
Roundup Ready:soybean to date.

Specific pest and beneficial insects plus spiders were collected and quantified at the IL1,
MO1, and MO?2 sites (Appendix G, Table G-8). The insects and spiders were collected
three times during the season from each replicate plot using a beat sheet sampling
method. The number of insect collected was low for most species. No statistical
differences were detected in insect abundance on MON 89788 compared to the control
for 63 out of 66 comparisons. Abundance on MON 89788 was higher compared to
A3244 for corn earworm during the second collection at IL1 (0.7 vs. 0.0), southern corn
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rootworm during the second collection at MO1 (2.0 vs. 0.0), and tarnished plant bug
during the third collection at MO2 (0.3 vs. 0.0). No significant differences were detected
between MON 89788 and A3244 at other sites or during other collections for southern
corn rootworm and tarnished plant bug. Corn earworm was not observed at the other two
sites or during the other collections at the IL1 site. Since no reproducible differences
were observed across sites or across collections, it was concluded that there were no
quantitative differences for pests, beneficial insects, and spiders between MON 89788
and A3244.

Quantitative assessments of plant damage caused by defoliation or fluid feeding due to
specific insects at the IL1, MOI1, and MO2 are presented in Appendix Gi Table>G-9.
Overall, plant damage was low with only 6 of the 48 compafative assessments having
damage ratings exceeding a mean value of "1" (represents-10% damage' or.defoliation).
No significant differences were detected in MON 89788 compared to’ A3244 inany of the
48 comparisons. The results of the insect abundande“and plant damage=assessments
indicate that plant-insect interactions ‘of” MON 89788 ~were <hot .altered> conipared to
A3244.
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Table VIII-3. Field Phenotypic Evaluation Sites for MON 89788 during 2005

Location USDA-APHIS
Location Code Notification Number
Jackson Co., Arkansas AR 05-070-01n
Jefferson Co., Iowa IA1 05-049-14n
Benton Co., Iowa T1A2 05-049-14n
Clinton Co., Illinois IL1 05-049-14n
Stark Co., Illinois IL2 05-049-14n
Warren Co., Illinois IL3 05-049-14n
Clinton Co., Illinois IL4 05-070-01n
Warren Co., Illinois IL5 05-070<Hn
Hendricks Co., Indiana INT 05-066-01n
Boone Co., Indiana IN2 05-066=01n
Pawnee Co., Kansas KS 05-049-14n
Shelby Co., Missouri MO1 05-066-01n
Lincoln Co., Missouri MO2 05-066-0 kn
York Co., Nebraska NE 057049<14n
York Co., Nebraska NE2 05-070-01n
Fayette Co., Ohig OH 05:06701n
Fayette Co., Ohio OH2 05-070-01n

04-CT-112U Page 76 of 237



Table VIII-4. Phenotypic Characteristics Evaluated in U.S. Field Trials during

2005
Category and Evaluation
Characteristic Timing Evaluation Description

Plant Growth and Development

Early stand count Seedling Number of emerged plants in rows 2 and 3
of each plot

Seedling vigor Seedling Rated on a 1 - 9 scale, where 1 -3 =
excellent, 4 - 6 = average, and 7 - 9 =poor,
vigor

Days to 50% flowering ~ Flowering  Days from planting until apptox..50% of the
plants in eachplot are flowering

Flower color Flowering % Color offlowess? purple, white,.or mixed

Plant height Maturity Distance from the’soibsturface to-the
uppermost node on the main stem of five
répresentative plants per plot

Lodging Maturity Ratedroni a-0>- 9 scale,where,0 = completely
upand 9 completely down

Pod shattering Maturity Rated on.a-0 - 9-scale, where 0 = no
shattering and 9 = completely shattered

Final stand’count Maturity Number,of plants in rows 2 and 3 of each
plot

Seed moisture Hatvest Percent moisture content of harvested grain

Seed test:weight Harvest Mass of 100 harvested seed
(g/ 100 seed)

Yield Harvest Bushels of harvested grain produced per
acre, adjusted to 13% moisture

Growth stage Recurring  Average growth stage, using guidelines

monitoring outlined in Soybean Growth and
Development (ISU, 2004), recorded every
2-3 weeks from approx. V2 until R8
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Table VIII-4 (continued). Phenotypic Characteristics Evaluated in U.S. Field Trials

during 2005

Category and
Characteristic

Evaluation

Timing

Evaluation Description

Ecological Interactions

Insect, disease, abiotic
stressors

Insect damage

Insect abundance

Recurring

Recurring

Recurring

Qualitative assessment of specific
stressors rated on a 0 - 9 rating scale,
where 0 = no stressor symptoms;and 9
= most severe stressor symptoms,
recorded every 4 weeks béginning at
approx. V2:V4

Quantifative assessment.of damage by
specific insectsrated on a- 0.~ 9aating
s¢ale, where’® = no'damage and 9 =
90% defolration; recordedevery 4
weeksdbeginning.at-approx. V2 at the
IL1; MO 1 andMO25sites

Quantitative assessment of insects
collected every 4 weeks beginning at
4 weeks after plants reached approx.
V2 stage-at the IL1, MO1, and MO2
site$
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Table VIII-S. Plant Growth and Development Data Across 17 Locations during 2005

References
Range1 Tolerance Interval’
Phenotypic Characteristics (units) MON 89788 A3244 Min. Max. LL UL
Early stand count (# plants/2 rows) 291 299 193 360 115 419
Seedling vigor rating 2.5 2.4 1.7 5:0 0.0 5.9
Days to 50% flowering 44 45 33 50 27 60
Flower color’® Purple Pusple — — — —
Plant height (in) 30.6* 32.3 192 42:6 9.1 52.9
Lodging rating 0.5 0:6 0:0 5.2 0.0 54
Pod shattering rating’ 0.0 0.0 0.0 0.2 0.0 0.3
Final stand count (# plants/2 rows) 266 270 178 297 119 359
Seed moisture (%) 1.5 117 8.8 15.1 6.6 17.3
Seed test weight (g/100 seed) 150 15.2 13.5 17.4 11.2 19.2
Yield (bu/ac) 48.4 50.0 15.9 65.2 2.5 90.1

* Indicates a statistically significant difference between MQIW 89788 and A3244 at p < 0.05.
! Reference range = minimum and magimum mean valugsobserved among;the references.

% 99% tolerance interval with 95%.confidence.

? Not statistically analyzed due to lack of vatiation
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B.3. Pollen Characteristics

The purpose of this study was to assess whether the introduction of the glyphosate-
tolerant trait altered pollen morphology or pollen viability characteristics of MON 89788
compared to the control, A3244. Soybean flower samples were collected from three
replications of MON 89788, A3244, and four commercial soybean varieties grown in
Missouri under randomized complete block design. The plants were not treated with
glyphosate. Flowers from five plants of each plot were collected, pollen was removed
and stained with Alexander’s stain (Alexander, 1980). Pollen viability, grain diameter,
and general pollen morphology were evaluated for MON 89788, A3244, and @eference
soybean varieties. The mean and weighted mean of MON 89788 were compared-to that
of A3244 for pollen grain diameter and percent viable pollen, réspectively:

No statistically significant differences were detected at p£0.05 between MON 89788 and
A3244 for average pollen grain diameter,@nd percent-viable pollen (TablexVII-6) No
visual differences between MON 89788 and the. contrél material<wefe observed in
general pollen morphology. The lack'of différences bétween-pollen collected’from MON
89788 compared to the conventional-¢ontrol for ‘the assessed characteristics support
familiarity of MON 89788 to A3244,

Table VIII-6. Pollen Grain Diameter and Viability. Analyses

Pellen MON 89788 A3244 Reference Range’
Characteristic Mean (SE)1 Mean (SE)1 Min.-Max. (SE)
Average Diameter (i) 23.7 -€0.3) 23.1 (0.3) 21.6-23.4 (0.3)
Viability (%)’ 820 .(2:4) 75.3 (2.4) 56.4-80.1 (2.4)

' Mean ord.éast Squafe Medn andassociated standard error for each characteristic.

? Reference range ds the minim@m and maximum mean value observed among the four reference
varieties.

? Weighted Iceast Square Means'are réported for viability.
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B.4. Symbiont Interactions

Members of the bacterial family Rhizobiaceae and Bradyrhizobiaceae form a highly
complex and specific symbiotic relationship with leguminous plants (Gage, 2004). The
Rhizobium-legume symbiosis results in the formation of root nodules, providing an
environment in which differentiated bacteria called bacteroids are capable of reducing or
“fixing” atmospheric nitrogen. The product of nitrogen fixation, ammonia, can then be
utilized by the plant. In soybean, atmospheric nitrogen is fixed into organic nitrogen
through a symbiotic association with the bacterium Bradyrhizobium japonicum.

The purpose of this study was to assess whether the introduction of the:glyphosate-
tolerant trait altered the symbiotic association between Bradytrhizobium japonicum and
MON 89788 compared to conventional soybean. MON-89788, A3244-¢control, and
reference plants were produced from seed germinateddn an environmental-chamber.
Germinated seedlings were then planted inpots contaifiing nitrogen-free’potting niédium
and grown in a greenhouse. Seedlings. were inoculated>withoa selutionocontaining B.
japonicum at planting, and then re-inoculated.after plants“emerged “fromcthe potting
medium. The pots were arranged .in’a_.randomized ‘split=block. desigh with eight
replications. Four and six weeks after emetrgence, eight plafits per-group were excised at
the surface of the potting mediim,@nd shoot:and root plusnodule materiabwere removed
from the pots. Nodules'were. theridseparated from roots’ pridr to-iehumeration and
determination of dry weight:y MON 89788 swas compared to)A3244 for the following
parameters at each of-the two sampling periods: dodulenumber, nodule dry weight, shoot
dry weight, root dty weight,and shoot total nitrogen.

No significant differences were detected -between MON. 89788 and the control for any of
the paramieters measured; ihcluding.nodule’ number;shoot total nitrogen, and biomass
(dry weight) of nodules) shoot material,“and-root haterial at each of the two sampling
periods (Table“VIl-7). Based-on.the assessed)characteristics, the results support the
conclusion “that -the introduction‘of the¢ glyphosate-tolerant trait does not alter the
symbioti¢y relationship between” Bo.japenicum and MON 89788 compared to the
conventional soybean,
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Table VIII-7. Symbiont Interaction Assessment of MON 89788 and A3244

MON

Measurement Sampling 39788 A3244 Standard Treatments
. . 1
Endpoint Period (Mean) (Mean) Error SSD
Nodule Dry 4 week 0.10 0.10 0.016 NS
Weight
(mg/plant) 6 week 0.35 0.38 0.067
Nodule 4 week 41.25 51.75 6.84 NS
Number
(per plant) 6 week 147.13 153.25 17.59
Root Dry 4 week 0.95 0.88 0.16 NS
Weight
(mg/plant) 6 week 2.60 266 0.30
Shoot Dry 4 week 122 115 0.29 NS
Weight
(mg/plant) 6 week 496 5:43 0.82
Shoot Total 4week 3.31 3.04 0.21 NS
Nitrogen
(%DW?) 6week 2.87 273 0.17

"'SSD, statistical significance of differenices: NS, not sigrificant-at 5% level (P>0.05).
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C. Overall Conclusions for Phenotypic, Agronomic and Ecological Interactions
Evaluation

Phenotypic and agronomic characteristics of MON 89788 were evaluated and compared
to those of A3244 to establish a comparative assessment framework in the context of
familiarity, plant pest potential, and increased environmental impact. These assessments
included 11 plant growth and development characteristics, five seed germination
parameters, two pollen characteristics, more than 200 observations for each of plant-
insect, plant-disease and plant-abiotic stressor interactions, and five plant-symbiont
characteristics. In addition, forage and grain composition analyses (Section VIL),are also
considered as they provide analytical context for the assessment of familiarity:

Results from the phenotypic and agronomic assessments indicate that MONE9788 does
not possess characteristics that would confer a plant pest@isk or increased-envirenmental
impact over conventional soybean. Data ofi:éenvironmental interactions'alsoxindicate that
MON 89788 does not confer any increased susceptibility;or toleéranece<to specific-disease,
insect, or abiotic stressors. Data from composition analyses support the conclusion of
equivalence between MON 89788 and.A3244 based on“nutritional.and, anti-nutritional
components, which substantiate_the assessment 0f familiarity betweenMON 89788 and
A3244. These conclusions dre.€onsistent,with :our knowledge for Roundup Ready
soybean where no increaséd weed potential.or altered susceptibility to disease, insect, or
abiotic stressors have-been- obsérved- compared{to ¢onventional, soybeans. Taken
together, these data¢onclude that MON 89788 d4s’not-likely-to pose increased plant pest
risk or to have increased-environmental impact comparedto conventional soybean.
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IX. Factors Influencing an Ecological Assessment of MON 89788

This section provides relevant information regarding the introduced trait, interactions
with pest and non-pest organisms, potential to become a weed, gene flow potential,
agronomic practices, occurrence of weeds and their control in conventional and
herbicide-tolerant soybeans, and volunteer management practices that has been used to
conduct an environmental assessment of MON 89788.

MON 89788 is being developed as a second-generation product that is expected to
enhance soybean yield potential. Farmers planted Roundup Ready soybean on
approximately 87% of U.S. acres in 2005 (USDA-NASS, 2005a) due to the economic,
weed control, and convenience benefits it provides growers. From<dn .ecological
perspective, the transition to MON 89788 is\not expected to alter either the crop
rotational practices or volunteer control mieasures cuirently being utihzed by U.S.
soybean growers.

A. Characterization of the Trait
A.1. Safety and Nutrition

Several Roundup Ready cropscthat produce the-CP4 EPSPS-protein have been reviewed
by regulatory agencies andCleared’ forrenvironmental release-in. e or more countries
around the world, dncluding the United (States.” These products are Roundup Ready
alfalfa, canola, corn, ¢ottoti,  soybean, and -sugar: beet; > Extensive compositional data
demonstrate that these crops containing the-CP4, EPSPS protein are compositionally and
nutritionally, equivalent'to their conventional counterparts (Padgette et al., 1996; Taylor et
al., 19995 Sidhu et @l’, 2000; McCanf' etal:, 2005). “Likewise, the safety assessment of
the CP4 EPSPS protein; which isthe same proteinproduced in MON 89788, has included
a protein characterization“demonstratingthe lack of similarity to known allergens and
toxins and, the long historyCof safe’ consumption of similar proteins. In addition, data
confirm-the CP4 EPSPS proteinydigestibility in vitro, and the lack of acute oral toxicity in
micey Collectively, these data'establish-the safety of the CP4 EPSPS protein.

Similar to<the. Roundup Readyc-ecrops listed above, compositional analyses of field-
generated MON 89788 seed and forage tissues were conducted to assess the levels of key
nutrignts, anti-nutrients; and other components for comparison to conventional soybean.
The compositional-analysis of MON 89788 (Section VII and Appendix E) demonstrated
that there were few (26 out of 294 comparisons) significant differences (p<0.05) between
MON 89788 and the control, where the mean levels for all components associated with
statistically significant differences fell within the 99% tolerance interval for conventional
soybean varieties. Therefore, these observed differences are unlikely to be biologically
meaningful nor are they likely to contribute to an alteration in pest potential. Soybean
seed and forage from MON 89788 is therefore considered to be nutritionally equivalent
to the seed and forage of conventional soybean.

06-SB-167U Page 84 of 237



A.2. Interactions with Pest and Non-pest Organisms: Field Observations and
Change in Toxicants

Extensive phenotypic and ecological assessments of MON 89788 have been presented in
Section VIII. Included in these assessments were more than 200 observations for each of
plant-insect and plant-disease stressor interactions. Data support the conclusion that
MON 89788 does not confer an increased susceptibility or tolerance to the diseases and
insects evaluated compared to A3244. In addition, composition analyses of soybean seed
and forage (Section VII) have concluded that the levels of key nutrients and anti-nutrients
in MON 89788 are comparable to those in conventional soybeans. Baskedcon these
extensive plant-stressor and compositional assessments, MON 89788 is not:expected to
exert increased environmental impact compared to-conventional Soybean.

As discussed in Section VI, the CP4 EPSPS protein produced in MON-89788 is-similar to
the EPSPS proteins that exist ubiquitouslydn’plants and*microorganisms. Based.on this
history of occurrence, the CP4 EPSPS protein is not expected to<possess biological
activity towards pest and non-pest organisms throughtingestion;.\ The dack of toxicity is
further supported by field experimentation;conducted” on'‘Roundup “Ready crops
producing the CP4 EPSPS protein. ThereWwereho differences obseryed in the diversity
and abundance of Collembola.between Roundup’ Ready seoybean™ and' conventional
soybean grown under the<same-management systems (Bitzeret al:y 2002). Other studies
conducted with commeréial-Roundup Ready. soybéan under various weed management
systems also concluded  that Roundup Reéady frait Had no apparent direct impact on
arthropods, although weed management-and phenotypic.differences associated with plant
variety influen¢ed afthropod populations (Jasinski et al.,.2003; McPherson et al., 2003;
Buckelew et-al., 2000); A>similar lack of-effect’ on ‘Collembola and arthropods is
expectedfor MON 89788:

Even though CP4 ERSPS was.not khown4o exert adverse effects to pest and non-pest
organisms, ‘@ number of studies: weré. conducted to examine the potential effects of
RoundupzReady crops to:arthrepods{Goldstein, 2003; Boongird et al., 2003; Jamornman
et aly 2004; Harvey et‘al., 2003)."Representative pollinators, soil organisms, beneficial
arthropods and ‘pest species wete.exposed to pollen, seed, and foliage tissues from
Roundup Ready crops;. These studies, although varying in design, all reported a lack of
toxicity observed intvarigus species exposed to Roundup Ready crops producing the CP4
EPSPS protein. Theseresults’are consistent with the data generated for MON 89788, and
support.the conclusion that MON 89788 is not likely to exert increased environmental
tmpaet compared'to conventional soybean.

B. Ecological Characterization of MON 89788
B.1. Potential for MON 89788 to Become a Weed
The commercial Glycine species in the U.S. (Glycine max L.) does not exhibit weedy

characteristics and is not effective in invading established ecosystems. Soybean does not
possess any of the attributes commonly associated with weeds, such as long persistence
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of seed in the soil, the ability to disperse, invade, and become a dominant species in new
or diverse landscapes, or the ability to compete well with native vegetation. It is
recognized that in some agricultural systems, soybean can volunteer in a rotational crop;
however, volunteer plants are controlled through tillage or use of appropriate herbicides
(see Section D.9). In addition, since the wild populations of Glycine species are not
known to exist in the U.S., it is unlikely that MON 89788 would out-cross to weedy
relatives and become a problem weed. This is also supported by the fact that there are no
known reports of Roundup Ready soybeans becoming a problem weed after ten years of
commercial cultivation.

Empirical studies used to assess the weed potential of MON 89788 include evaluation of
the dormancy and germination of the seed, and phenotypic characteristics’of .the plants
(Section VIII). Based on these data, it is concluded that MON 89788 issno more likely to
become a weed than conventional soybean.c Furthermore, severalyears-of gualitative
assessments and post-trial monitoring of7the MONC89788 fields have not revealed
differences in survivability or persistenice relative.to’ other varieties-of soybean”(list of
trials found in Appendix A). Collectivelyothese findings conclude’'thatMON"89788 has
no increased weed potential compared to/conventional soybean.

B.2. Potential Impact of MON 89788 on Non-pest’Organisms

During the phenotypic field trials at'17 locations in-2005:(Section VI; Appendix C), each
field site was rated.at four'to_five titme intervals’ during the season for specific insects
(pest and non-pests), diseases; and-abiotic stressors.” The purpose of these trials was to
assess whether the plant-disease. or plant-insect interactions;of MON 89788 were altered
compared to-commercially @vailable soybeans. Twelye insect categories (species or
group),< 8" disease categorics and 10-abietic stréssors were evaluated. Out of the 221
insect observations, only one difference’in dinsect presence between MON 89788 and
A3244 was noted duringzone-Of the’ observation intervals at a single site. A single
difference ifv plarit*insect interaction at.one site does not indicate a trend; therefore, the
single difference is.not considered to-have-biological significance. Out of the 216 disease
and 224 abiotic. stressor-observations, nodifferences were detected between MON 89788
and A3244. These fesultgsupport the conclusion that MON 89788 does not have altered
ecological ifiteractions relative to dther soybeans.

C. Potential for Pollen-Mediated Gene Flow
C.1. Nertical Géne Flow

Assessment of cross pollination in soybean

Soybean is considered to be a self-pollinated species, although natural crossing can occur
(OECD, 2000; Garber and Odland, 1926; Caviness, 1966). In studies with conventional
soybean where conditions have been optimized to ensure close proximity and flowering
synchrony, cross pollination has been found to be low. Cross pollination frequencies
vary with growing conditions, genotypes, and physical placement of the plants. The
results of published studies on cross pollination in soybean (with and without
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supplemental pollinators) are summarized in Table IX-1. Under natural conditions, cross
pollination among adjacent plants in a row or among plants in adjacent rows ranged from
0.03 to 3.62%. In experiments where supplemental pollinators (usually bees) were added
to the experimental area, cross pollination ranged from 0.5 to 7.74% in adjacent plants or
adjacent rows. However, cross pollination does not occur at these levels over long
distances. Cross pollination rates decrease to less than 1.5% beyond one meter from the
pollen source and rapidly decrease with greater distances from the source. For example,
the following cross pollination rates at extended distances have been reported: 0.02% at
8.2 m (Caviness, 1966), 0.05% at 5.4 m (Ray et al., 2003), and 0% at 6.5 m (Abud et al.,
2003).

Cross pollination with wild species

The genus Glycine is subdivided into two subgenera, the-subgenus Seja -that’ includes
cultivated soybean and the wild annual species, and the@ubgenus_Glycine that.includes
the wild perennial species (Hymowitz and 'Singh, 1987; Hymewitz;\2004). Species
within both subgeneras have been evaluated for:their abilityoto cress with Cultivated
soybean. Crosses with species in other genera-have not been documented ¢Hymowitz,
2004; OECD, 2000). Therefore, the cross pollination discussion will focus-on species of
subgeneras Glycine and Soja.

Hybridization with wild perennial species of subgenus-Glycine

There are no wild relatives of subgenus'Glygcine in‘North-“Americac, Therefore, the only
opportunities for inter-subgenerie hybridization: would®ocedr in“Australia, West Central
and South Pacifi¢ Islands, China, ‘Papua’New ‘Guinea,.Philippines, and Taiwan, where
those species are endemic (Hymowitz and Singh, 1987 Hymowitz, 2004). Nonetheless,
there are no’ known ‘teports" of “stuccessful ynatural hybridization between cultivated
soybean-and these Wild perennial species.” Allvinterssubgeneric hybrids were obtained
through In vitro seed cilture (Hymowitz,2004). The resulting F1 hybrids were generally
sterile and further progeny have béen .obtained only in a few cases and with great
difficulty. “Consequently,. theé possibility m North America of natural gene transfer
between eultivated.soybean and wild-speci¢s of the subgenus Glycine does not exist.

Hybridizationwith the'wild-annual species of subgenus Soja

The subgenus'Soja includes the cultivated soybean G. max and the wild annual species G.
soja. G.cs0jaqs found in China, Taiwan, Japan, Korea, and Russia and can hybridize
naturally with the cultivated-soybean, G. max (Hymowitz, 2004). Hybridization between
female G Soja andumale G. max was less successful then hybridization in the opposing
direction (Dorokhov et al., 2004), where frequency of spontaneous cross pollination in
reciprocal combinations of G. max and G. soja varied from 0.73 (? G. soja x &' G. max)
to 12.8% (9 G. max x & G. soja). Species relationships in the subgenus Soja indicated
that F1 hybrids of G. max (2n=40) and G. soja (2n=40) carry similar genomes and are
fertile (Singh and Hymowitz, 1989).

The subgenus Soja also contains a form known as G. gracilis (Hymowitz, 2004). G.

gracilis is known only from Northeast China, and is considered to be a weedy or semi-
wild form of G. max, with some phenotypic characteristics intermediate to those of G.
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max and G. soja. G. gracilis may be an intermediate in the speciation of G. max from G.
soja (OECD, 2000) or a hybrid between G. soja and G. max (Hymowitz and Singh,
1987). Inter-species fertile hybrids between G. max and G. soja and between G. max and
G. gracilis have been easily obtained (Dorokhov et al., 2004; OECD, 2000).

Importantly, the frequency of crop-to-wild relative gene introgression, which is defined
as the permanent incorporation of genes from one population or species to another after
hybridization, in soybean is reported to be exceedingly low (Stewart et al., 2003). In
conclusion, gene transfer between cultivated soybean and wild species of the subgenus
Soja may occur, but not in North America, where wild relatives of subgenus Soja‘are not
naturally present. The glyphosate-tolerant trait will not be expected to enhance the pest
potential if out-crossing to a wild relative were to occur.

C.2. Transfer of Genetic Information to Species with Which Soybean €annot
Interbreed (Horizontal Gene Flow)

Monsanto is not aware of any reports regarding the“unaided transferof genetic material
from soybean species to other species with ' which soybeantcannot sexually ‘interbreed.
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Table IX-1. Summary of Published Literature on Soybean Cross Pollination

Distance

from Pollen o (;ros§- Comments Reference
Pollination
Source
0.3m 0.04% | Interspaced plants within a row. Experiment | Woodworth,
(estimated per | conducted in a single year. Single male and | 1922
pod) | female parental varieties. Percent
outcrossing calculated per pod rather than
per seed.

0.8 m 0.07 to 0.18% | Adjacent rows. Experiment conducted over | Garber and
two years. Several male and female.parental | Odland;:1926
varieties.

0.m | 0.38t02.43% | Adjacent plants within a row., Experiment Cutler, 1934
conducted in a gingle year. Several male and
female parenfal varieties:

0.1m 0.2 to 1% | Adjacent.plants within‘a rows Experiment Weberand
conducted in®ingle.year at'two.Jocations. Hanson, 1961
Seyeral male and female’parental varieties:

0.9m | 0.03 to 0.44 % | Frequency by distance was-investigated: Caviness, 1966

2.7-4.6m | 0.007 to 0.04%, Experiment-conducted.over, thice years.
64-82m 0 to 0.02% | Single male and female patental varieties.
10-155m 0to 0.01%

0.8 m 0.3 t0 3.62% | Various@rrangements within and ameng Beard and
adjacent rows. Experiment cenducted over Knowles, 1971
three years. Several‘male and ferhale
parental varieties,

One row 1.15 10 74%) | Beepollination of single-row, small-plots of | Abrams et al.,
(undefined) pollen‘reéceptor surrounded by large fields 1978
(several acres)-of' pollén donor soybean.
Soybean is net a preferred flower for
honegybee:
0.1-0.6\m | 0.51t01.03%  |-Bee pollinatien' of soybean grown in various | Chiang and
(depending on-{<Spatial arrangements. Experiment conducted | Kiang, 1987
planting design) |. ever fotr years. Several soybean cultivars.

1.0m |~ 0.09 to, 1:63%¢ Adjdcent rows. Experiment conducted over | Ahrent and
two years. Several male and female parental | Caviness, 1994
Varieties.

0.5m | ~044,t6-0.45% | Frequency by distance was investigated. Abud et al.,

1“0 m 0:04 to 1.4% | Experiment conducted in a single year. 2003

6.5 m"| -xnone detected | Single male and female parental varieties.

0.9 m [~'0.29 to 0.41% | Frequency by distance was investigated. Ray et al., 2003

54m | 0.03to0.05% | Experiment conducted in a single year.

Single male and female parental varieties.
0.15m 1.8% | Interspaced plants within a row. Experiment | Ray et al., 2003

conducted in a single year. Single male and
female parental varieties.
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D. U.S. Agronomic Practices
D.1. Introduction

This section provides a summary of the important agronomic practices in the U.S. for
producing soybean.  Discussions will include soybean production, growth and
development, general management practices, weed occurrence and their management,
soybean rotational crops, and volunteer soybean management. Discussion will be
provided on the current use of Roundup Ready soybean and the expected use of MON
89788.

Soybeans are planted in over 30 states, demonstrating its wide adaptation to_Ssoils and
climate. The soil, moisture, and temperature tequirements, for producing.§oybean are
generally similar to those for corn. Thereforeythe majority of soybean is produced in the
same states as corn. Proper seedbed preparation, good genetics, proper plantityg dates and
plant population, and good integrated. pest managemeént pfactices arédimpertant to
optimizing the yield potential and economie,feturns of soybean.

Annual and perennial weeds are perceived’to be the-greatest pest problem in soybean
production. Soybean insects<and>diseases ~are generally consideted less' problematic.
Weeds compete with soybean for water, nutrientsy and; tight;resulting in*substantial yield
losses when left uncontrélled:, Weed species,in soybean vary-fromereégion to region and
state to state. Econemic, thresholds for controlling weeds ifi'soybean require some form
of weed management \practice on“all seybean aereage™ Weed management practices
include mechanical fillage;-erop. rotations, cultural practices; and herbicides. Numerous
selective herbicides are.available for preplant;preemergence, and postemergence control
of annual and perenphial weedsan soybean:” Roundup.agricultural herbicides applied in
the Roundup Ready soybean system have been a“widely adopted and effective weed
control managément-program sihce itsintroduction in 1996.

As discussed in Section D.9., velunteer soybean is not considered a significant concern in
rotational crops:, primarilye, because ,of climatic conditions and tillage practices.
Additionally, “tnechanical?and~chemical control methods are available to manage the
occasional ¥olunteer seybean plant.

D.2. U.S. Seybean Productien

Soybeans first entered North America in the 18" century (Hoeft et al., 2000). Sometime
during the 1930s, soybeans started to be processed industrially in the U.S. for edible oil
and protein meal. Since that time, it has become the most widely grown protein/oilseed
crop in the world, with the U.S. producing approximately 40% of global soybean supply
(Soy Stats, 2005). The U.S. exported a record 1.1 billion bushels (29.94 million metric
tons) of soybean, which accounted for 48 percent of the world's soybean exports in 2004
(Soy Stats, 2005). The U.S. exported h worth of soybean globally in 2004 (Soy
Stats, 2005). China is the largest export market for U.S. soybeans with purchases totaling
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. Japan is the second largest export market with sales of $- in the
same year. Other significant markets include the European Union and Mexico.

The production of soybeans is highly dependent upon soil and climatic conditions. In the
U.S., the soil and climatic requirements for growing soybeans are very similar to corn.
The soils and climate in the eastern half of the U.S. provide sufficient water supplies
under dry land conditions to produce soybean. The general water requirement for a high-
yielding soybean crop is approximately 20 inches of water during the growing season,
which is similar to corn (Hoeft et al., 2000). Soil texture and structure are key
components to the level of water availability in soils, where medium-textured_soils hold
more available water, such that soybean roots will penetrate deeper in medium-textured
soils than in clay soils. Irrigation is used on-approximately 9% of the” acreage to
supplement the water supply during dry periods-in the western and-southé€rin soybean
growing regions (Soy Stats, 2005).

Most of the soybean acreage is grown as“a full-season erop. Six to-nine‘percent of the
soybean acreage is planted in a double-crop-system following winter wheat @outh of 35°
North latitude (Boerma and Specht, 2004; CTIC,.2004). “Howevers. this, pércentage can
vary significantly from year te yeat.” The dedisiom to plant deublescrop soybean is
influenced by both agronomic-and“economic.factors’ Agronomic factors imclude harvest
date of the wheat crop,<which. det€rmings' soybean planting date, and available soil
moisture. Economic, factors\ include expected soybean;price and,expected economic
return (Boerma and Specht{2004).

The U.S. soybéan acreage-in the past-teniyears, has. varied from approximately 64.2 to
75.2 million“acres, with’theClowest acreage. recorded in~1996 and the highest in 2004
(Table I1X=2). Average soybean yields have varied from 33.9 to 43.3 bushels per acre.
Soybean production rarged from 2.38 to 3.12-billion-bushels over the past ten years, with
2004 being thetargest production year on-fecord:” According to data from USDA-NASS
(2006a), soybeans-were planted on‘approximately 72.1 million acres in the U.S. in 2005,
producing 3.09 billion bushels f soybean(Table IX-2). This was the second largest U.S.
soybean crop oncrécord.  The average(yield in 2005 of 43.3 bushels per acre was the
highest yield on recérd. -The value of soybean reached in the U.S. in 2005.
In compatison, \corn.‘and swheafvalues in 2005 were and $_,
respectively (USDA=NASS; 2006b).

For ‘purposes.of thisiagronomic practices discussion, soybean production is divided into
thfee-major,soybean growing regions accounting for 99.2% of the 2005 U.S. soybean
acredge — Midwest region (IL, IN, IA, KS, KY, MI, MN, MO, NE, ND, OH, SD, and
WI), Mid-South region (AL, AR, LA, MS, and TN) and the Eastern Coastal region (DE,
GA, MD, NJ, NC, PA, SC, and VA) (Table IX-3). The vast majority of soybeans were
grown in the Midwest region, which represents 84.2% of the total U.S. production. The
Mid-South and Eastern Coastal regions represented 9.4% and 5.6% of the production,
respectively. Among the three regions, the Midwest region produced the highest average
yield at 45.2 bushels per acre in 2005, and average state yields in this region ranged from
36.0 to 53.0 bushels per acre. The average yield in the Mid-South region was 35.4
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bushels per acre, with states within this region averaging from 33.0 to 38.0 bushels per
acre. The Eastern Coastal region spans a large area from north to south and subsequently
results in a large variation in average state yields. The average yield in this region was
29.7 bushels per acre, with individual state averages ranging from 20.5 to 42.0 bushels
per acre.

Managing input costs is a major component to the economics of producing a soybean
crop. Key decisions on input costs include choosing what seed or soybean varieties to
plant, amounts of fertilizer to apply, and what herbicide program to use. The average
operating cost for producing soybean in the U.S. in 2003 was _ per acre according
to statistics compiled by the American Soybean Association (Soy. Stats, 2005).- Thé.value
of the production less operating cost was reported.to be _,per acre.< A Suhmary of
all potential production costs and returns from this” farmer.survey are presented in Table
IX-4.

Table IX-2. Soybean Production in'the U;S., 1996 ~2005'

Acres Acres Average Total
Planted Harvested Yield Production Value
Year (x1000) (x1000) (bushels/acre) ™ (%1000 bushels) (billions $)
2005 72,142 71,361 433 3,086,432
2004 75,208 73,958 422 3,123,686
2003 73404 72,476 33.9 2.453,665
2002 73,963 72497 380 2,756,147
2001 74,075 72,975 39.6 2,890,682
2000 74,266 72,408 38.1 2,757,810
1999 73,730 72,446 36.6 2,653,758
1998 72,025 70,441 389 2,741,014
1997 70,005 69,110 389 2,688,750
1996 64,195 63,349 37.6 2,380,274

'Source:; WSDA-NASS; 2006¢.
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Table IX-3. U.S. Soybean Production by Region and State in 2005

Acres Acres Total
Planted' Harvested' Average Yield' Production' Value®
Region/State  (thousands) (thousands) (bushels/acre) (x1000 bushels) (billions $)
Midwest Region
Illinois 9,500 9,450 47.0 444,150 -
Indiana 5,400 5,380 49.0 263,620 -
Iowa 10,100 10,050 53.0 532,650 -
Kansas 2,900 2,850 37.0 105,450 -
Kentucky 1,260 1,250 430 53,750 B
Michigan 2000 1,990 39.0 77,610 -
Minnesota 6,900 6,800 45.0 3065000 -
Missouri 5,000 4,960 37.0 183,520 -
Nebraska 4,700 4,660 505 235,330 -
North Dakota 2,950 2,900 37.0 107,300 -
Ohio 4,500 4,480 45.0 204,600 -
South Dakota 3,900 3,850 36.0 138,600 -
Wisconsin 1,610 1,580 440 69,520 -
Region Totals 60,720 60,200 45.2 2,719,160 R
Mid-South
Alabama 150 145 330 4,785 B
Arkansas 3,030 3,000 34.0 102,000 -
Louisiana 880 850 340 28,900 -
Mississippi 15610 1,590 3780 58,830 -
Tennessee 1,130 15100 38.0 41,800 -
Region Totals 6,800 6,685 354 236,315 -
EasterncCoastal Region
Delaware 185 182 26.0 4,732 ]
Georgia 180 175 26.0 4,550 -
Maryland 480 470 34.0 15,980 ]
New-Jersey. 95 91 28.0 2,548 -
New York 190 188 42.0 7,896 -
North;€Carolina 1,490 1,460 27.0 39,420 -
Pennsylvania 430 420 41.0 17,220 -
South Carolina 430 420 20.5 8,610 -
Virginia 530 510 30.0 15,300 -
Region Totals 4,010 3,916 29.7 116,256 |
"Source: USDA-NASS, 2006a.
*Source: USDA-NASS, 2006b.
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Table IX-4. U.S. Soybean Production Costs and Returns in 2003'

Production Cost or Return Category

Itemized Costs

Return per
Planted Acre

($ USD)

Total Gross Value of Production

Operating Costs:

Total, operating costs

Allocated overhead:

Total, allocated overhead
Total cost listed

Value of production less.total eost
listed

Value'of praduction less‘operating
costs

Seed

Fertilizer

Soil conditioners

Manures

Chemicals

Custoin operations

Fuel, lube and €lectricity
Repairs
Putchased“irrigation water
Interest'on operating capital

Hired labor

Oppotitunity‘cost-ob unpaid
labor

Cdpital recovery of'thachinery
andequipient

Opportunity ‘cost ofland (rental
rate)

Taxes and insurance
General farm overhead

! Seurceé Soy-Stats,2005. Supporting Information: Yield = 36 bushels/acre, Price = $i/acre,
Enterprise size =268 planted acres, Irrigated = 9%, Dry land = 91%.
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D.3. Production Management Considerations

Pre-Season

Crop rotation, tillage system, row spacing, planting equipment, seed or variety
selection(s), and soil fertility are areas that require production decisions well in advance
of planting the soybean crop. Many of the decisions in this area are made immediately
after harvest of the previous crop or sooner. There are many benefits to crop rotation,
with the majority of the soybean acreage planted in a two-year corn-soybean rotation (see
Section D.8). Crop rotation is generally a long term decision, but the rotation sequence
can be modified to take advantage of a particular economic or market opportunity. The
decision to plant soybean in a conservation tillage or no-till system may require special
equipment and will be made long before planting, In additionsthis decision-wilb-usually
be a long term commitment, provided the system-is’successful:” A decision tocchange row
spacing is a similar long term commitment that‘generally requires new-equipment;

The benefits of conservation tillage or no-<till systems are> wellydocumented arid-include
reduced soil erosion, reduced fuel and, labor‘costs; and conserving soil moisture.” In 2004,
approximately 29.3 million acres 38.6%) of-soybean were planted in a“no-till system
(CTIC, 2004). Slow soybean emergence and growth plus lower yields liave been some of
the concerns associated with’ adoption.-of, consefvation-tillage systems: in soybean,
especially no-till. Research” in“Wisconsinand Minnesota shows’that:soil temperatures
can be four to five degrees calderan nostill than cenventional fillage systems which can
slow emergence, but haverlittleseffect on<soybéan yield .(Pedersen, 2006). Improved
planters for establishmeént of good>soybean qpopulations,and- planting Roundup Ready
soybean to effectively control~weeds in>no-til fields have made no-till a viable
production system for s¢ybean. Researchers still re€ommend some spring tillage on fine-
textured-and poorly drained’soils for propercseedbed preéparation.

Most field crops, including-soybean;, tespond very well to fertilizer when planted in soils
with low fertility) levéls.  -Soybéan requires' 16 essential elements for growth and
development. Defieiencies intany of these elements can reduce yields (Hoeft et al.,
2000).<The primary or>majot nutrients are nitrogen, phosphorus and potassium. Since
soybean is a lggume-and fixes its own nitrogen, soybean does not respond to additional
nitrogen.  Therefore, nitrogén fertilizer is seldom applied prior to planting a soybean
crop. Adthough not'common,deficiencies can occur in secondary nutrients (calcium,
magnesium; ‘and-sulfuf) or-inicronutrients (boron, chloride, copper, iron, manganese,
molybdenum, and zinc). The availability of soil nutrients is dependent on soil acidity or
pH level. Soybean-is adversely affected when the pH is below approximately 5.8 (Hoeft
et aly,2000). Since soybean is grown in rotation with corn and other crops, pH should be
maintained at about 6.0 to 6.5 on acidic soils.

Soil tests are the only reliable way to determine the pH, phosphorus, and potassium levels
in the soil. Fertilizer requirements are subsequently determined based on these soil test
results. Ideal soil test results for corn are also ideal for soybean (Scott and Aldrich,
1970). In corn-soybean rotations in the Midwest, phosphorus and potassium fertilizers
are applied prior to a corn crop in accordance with soil test recommendations.

06-SB-167U Page 95 of 237



Subsequently, no additional phosphorus or potassium fertilizers are required for the
soybean crop. However, soybean plants require large amounts of phosphorus and
potassium; therefore, fertilizer is often needed in some of the southern growing areas due
to differences in crop rotations and soil types.

Soybean varieties are developed and adapted to certain geographical zones and are
separated into ten maturity groups — Group 00 to Group VIII. Groups 00 and O are the
earliest maturity groups and are adapted best to the region north of latitude 46° North.
Succeeding groups are adapted further south with Groups I and II within latitudes 41° and
46° North, and Group III within latitudes 38° and 41° North. Groups IV, V, and VI are
adapted to the southern states (Zhang et al., 2004). Groups VII and VIII, when avdilable,
are also planted in the southern states (_2006; personal communication).

Row spacing is important to maximize soybean yield. Research in_the Midwest.over the
past twenty years consistently shows thatrow spacingf less than-20 inches'is préferred
for soybean regardless of tillage system, Totation sequenee ofoplanting date (Pedersen,
2006). In the southern states, the advantage.from. harrow rows’ is.dess consistent or
beneficial. In 2000, approximately*40% of soybean was’planted in row spacing of 10
inches or less, 27% in 10.1 to 285 inches,«and 33% inrowsWwider:than28.5 (Hoeft et al.,
2000).

Planting and Early Seasen

An understanding of the growthstages of -soybean is:impoftant for the proper timing of
certain management praetices, such-as herbicide and mseéticide, applications. In addition,
the impact of €ertain weather ¢onditions and diseases on soybean yield is dependent on
growth stage: The system of soybean-growth stages.divides plant development into
vegetative (V) and réproductive(R).stages-(Pedersen,<2006). The vegetative stages begin
with VE, which designates emergence, Vstages continue and are numbered according to
how many fully-developed trifoliate leaves. are present (i.e., V1, V2, etc.). The
reproductiveé(R)-stages begin“at -flowering (R1) and include pod development and plant
maturation. Full maturityds designated R8.

Adequate soikimojsture-and warm temperatures facilitate rapid seed germination and
emergence; ©The, ideal.-soil tempetature for soybean germination and emergence is 77° F
(Pedersen;’2006). -However, waiting for soils to reach this soil temperature will delay
planting beyondcthe optimium planting date that will maximize yield. Soybean can
germinate at a\soil temperature of 50° F when planted at a depth of two inches. However,
e¢mergences slow and can take up to three weeks in northern climates. Because of
fluethations in-Soil temperature in early spring, soil temperature should not be the only
criteria for optimum planting time. Planting into a good seedbed is the most important
consideration. Planting into soil that is too wet will reduce emergence and plant
population, and can lead to reduced yield.

Planting date has the greatest impact on yield according to research conducted in the

northern states (Hoeft et al., 2000). Highest yields are generally obtained when planting
is in early to mid May. Yields begin to drop off quite rapidly when planting is delayed
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until late May. For example, the optimum planting dates for soybean in lowa are the last
week of April in the north and the first week of May in the south (Pedersen, 2006). In the
southern U.S., planting adapted varieties before late April results in shorter plants and, in
many cases, lower yields than when the same varieties are planted in May or early June.
Planting after early June generally decreases plant height and yield due to water shortages
in July and August.

Variations in plant spacing through row spacing and plant population have a significant
effect on canopy development and soybean yield. Soybean has the ability to produce
good yield over a wide range of plant populations. Most soybean varietieschave the
ability to branch and adjust the number of pods on branches to compensate for large
differences in seeding rate. Maximum yields generally requir€ planting rates that result
in about 2.5 to five plants per square foot (Hoeft-¢t al., 2000).” Therefore, a.ful stand of
soybean is approximately eight to 10 plants per foot of row at harvest for-40-inch rows,
six to eight plants per foot of row in 30-inchyrows, fouf'to six plants in-20-inch rows, and
two to three plants in 10-inch rows. This translates.to’ 109;000¢o 218;000plants-per acre
at harvest. Higher populations are recommended in narrow rows’ forrmaximum yields
because plants are more uniformly@spaced inaarrow'-vows.-Seeding rates are generally 10
to 25% higher than the desired harvest popalation, espeerally in no-till;10 account for the
losses in germination, emergence,“and.seedling diseases;- The“accuracy ©f the planting
equipment can also impaet.the decision on;seeding rate:” Seybeanseedis usually sold by
weight. Therefore, the” farmer must know, the -iumber’ of . seeds, per pound for the
particular soybean vdrieties’being planted for accurate-seeding rates.

The soybean_plant fixes a significant portion of, its own nitrogen through the symbiotic
relationship with the nitrogensfixing’Bradyrhizebia bacteria (Bradyrhizobium japonicum)
that livedn the nodules. on”its. toots: 2Bradyrhizobia<are unicellar, microscopic bacteria
that invade the soybegdn plant through ‘dts reot haits (Hoeft et al., 2000). The plant
responds to this’inyasioncy fofming-hodules which contain colonies of bacteria. Once
established on th¢ soybean xoot, bacteria in-the nodule take gaseous nitrogen from the
atmosphere and fix dt'in forms-easily. used by the soybean plant. Since the bacteria are
not native to mest U.S. soils, inoculation of the soybean seed is recommended when
soybeans havenot béen gfown.n-a field for three to five years.

High quality seed .is essential_for controlling seedling diseases. The most important
seedling diseases)in_soybeatr’are Phytophthora and Pythium (Pedersen, 2006). Many
soybean warietics have race-specific resistance to Phytophthora. Treating soybean seed
with - fungicide'(e.g., mefenoxam) is effective against damping-off disease (seedling
blight) causedby common soil fungi, such as Phytophthora and Pythium. Additional
fungicides are available for control of other seedling diseases.

Soybean cyst nematode is one of the most damaging pests of soybean throughout the
Midwest (Faghihi and Ferris, 2006). This nematode can cause yield losses up 50%. The
simplest, least expensive method to reduce populations of this pest is to rotate soybean
with a non-host crop such as corn, small grains and sorghum. Planting resistant varieties
is also an effective management strategy to prevent losses from this pest. Several public
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and private soybean varieties offer sources of resistance to certain races of nematode.
Nematicides are no longer recommended as a management approach due to their limited
effectiveness to reduce soybean cyst nematode populations and high mammalian toxicity.

Mid to Late Season

Ideal daytime temperatures for soybean growth are between 75° F and 85° F (Hoeft et al.,
2000). Warmer temperatures result in larger plants and earlier flowering. Sustained
temperatures below 75° F will delay the beginning of flowering significantly. Seed set
also is affected by temperature. Seed set is generally good when pollination follows
night temperatures around 70° F. Soybean varieties differ in their response andolerance
to temperatures.

Soybean is photoperiod sensitive, which means-that it transitions .from vegetative to
flowering stage in direct response to length of daylight (Scott and Aldrich; 1970). Most
soybean varieties begin flowering soon aftep the day length beginsto sherten.“Flowering
of southern varieties is initiated by a Shorter day.than that of varieties-@dapted to the
northern region. The extent of vegetative growth(eccurring after“the dnitiation of
flowering depends not only on environmiéntalcfactors but also the growth habit. Soybean
varieties are described as eitherdndeterminate or'determinate in their gtowth habit (Scott
and Aldrich, 1970). Indeterminate varieties.incredse their height by twa to four times
after flowering begins. These are grown in the‘northern and central U.S. Determinate
varieties increase their height veryolittle after flowering and are generally grown in the
southern U.S. Indeterminate@and\ determinate " varieties’ also" differ in flowering
characteristics. Indetertminateplants generally~bloom first at the fourth or fifth node and
progress upward. Elowening oii.determinate plants begins at the eight or tenth node and
progresses both downward and upward.

The first appearance of-flowers signals the beginning of the reproductive stage, namely
the R1 stage (Hoeft-et al.z22000). The'reproductive period consists of flowering, pod set,
and seed formatiew." Climatic‘Conditions such as temperature and moisture supply during
the flowering period will:affect;the numbet-of flowers. The soybean plant does not form
a pod for each flewer. It is common forthe soybean plant to have 75% of the flowers fail
to develop a‘pod (Scottand Aldrich; 1970). This characteristic makes soybean less
susceptible @han, corn.to short periods of adverse weather during flowering. Under
normal gonditions, pod set-occurs over about a three week period. Good soil moisture is
most eritical“during the" pod-filling stages to prevent pod abortion and to ensure high
yields (Hoeft et al.;;2000). Another critical period is during the seed-filling stages to
assure’ highy rates” of photosynthesis. High humidity and temperatures during seed
development and maturity can result in poor seed quality since these conditions promote
the development of reproductive-stage diseases.

Asian soybean rust is a foliar fungal disease that typically infests soybeans during
reproductive stages of development and can cause defoliation and reduce yields
significantly (University of Illinois, 2006). Soybean rust is caused by the fungus
Phakopsora pachyrhizi. Concerns about this disease have been increasing since it was
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first detected in Louisiana in 2004. Foliar application of fungicides is the standard
disease management practice to limit yield losses due to soybean rust at this time.

Bean leaf beetle and soybean aphids (Aphis glycines) are the most common threats from
insects (Pedersen, 2006). Late-season feeding by second-generation green leaf beetles
can cause considerable damage and require an insecticide treatment. Thiamethoxam was
recently approved as a seed treatment to protect soybean from green leaf beetle.
Thiamethoxam moves systemically throughout the plant and protects it by either direct
contact or stomach activity following ingestion. Soybean aphid also can reach economic
threshold levels requiring an insecticide treatment.

Harvest Season

When dry matter accumulation ends, the plant isteonsidered-to be physidlogically mature.
The seed moisture content is approximately 55 to 60% atthis stage (Hoeft et al; 2000).
At this stage, namely R7, at least one normal pod on‘the plantreaches the'mature pod
color. Under warm and dry weather conditions, seedmeoisture(content will'drop-to 13 to
14% in 10 to 14 days from physiological maturity (Hoeft et al.,»2000)> Soybean can be
harvested when the moisture content drops below.15%. However, soybeans should be at
13% moisture to be stored without artificialdrying (Scott and Addrich;1970). Moisture
content below 12% may increase séed cracking-and-seed coat damage.

Pre-harvest losses are.influeneed by variety, weather, and\timeliness-of harvest (Scott and
Aldrich, 1970). Farmers should plant shatter-resistantvarieties ‘to' minimize pre-harvest
losses. Timely harvest\when the meisture’content is™13 t614%-will also minimize losses.
Proper operation and adjustment of the’combine. 15 essential, to minimizing harvest losses
in the field.

D.4. Occurrence.of Weeds and Losses Due-to Weeds in Soybean Production

Annual weéds are perceived’to:be the “greatest pest problem in soybean production,
followedby perennial’ weeds (Aref and Pike, 1998). Soybean insects and diseases were
rated.less problematic, ‘Weed ‘control intsoybean is essential to optimizing yields. Weeds
compete with<soybean -for light, nutrients, and soil moisture. The primary factors
affecting seybean yield-loss-fromweed competition are the weed species, weed density,
and the duration of the competition. When weeds are left to compete with soybeans for
the entire growing season, yield losses can exceed 75% (Dalley et al., 2001). Generally,
the competition increases with increasing weed density. The relationship between weed
density andysoybean yield loss is best described by a hyperbolic equation (Cousens,
1989). At low-densities, increases in weed density result in a linear increase in yield loss.
At high densities, incremental increases in weed density result in a lower yield loss until
the yield loss plateaus and no additional incremental yield loss occurs. Research at the
University of Wisconsin in 1998 and 1999 showed that low densities of giant foxtail and
common lambsquarters resulted in soybean yield losses of 11% and 1%, respectively
(Conley et al., 2003), whereas yield losses were 95% and 50% when the two weeds were
at high densities. Research in North Carolina reported that soybean yield was reduced by
62% when ragweed was allowed to grow in soybean (Coble et al., 1981).
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The time period that weeds compete with the soybean crop influences the level of yield
loss. The critical period for weed control is defined as the maximum length of time
weeds can be allowed to compete without affecting crop yields (Zimdahl, 1987). In
general, the later the weeds emerge, the less impact the weeds will have on yield. The
critical period of competition for weeds emerging simultaneously with soybean varies
depending upon weed species, weed populations, and environmental conditions. The
critical period will be shorter with high weed populations and highly competitive weed
species. Soybean withstands early season weed competition longer than corn, and the
canopy closes earlier in soybean than corn. In addition, canopy closure is much sooner
when soybean is drilled or planted in narrow rows.

Numerous studies have been conducted to detetmiine the critical time-period weeds can
grow in a soybean crop without impacting yields. This ds'especially impertant-with the
high adoption rates of postemergence herbicides and herbicide-tolerant-soybean incecent
years, as weeds are allowed to emerge and’grow with<thecrop for a period-of time. Most
research indicates that no yield reductions eccur-whenweeds are.aHowed to @merge with
the crop and are controlled by fourrweeks after soybean emergence.-Research by Purdue
University has shown that in a total postemergence Roundup Ready soybean system, with
moderate to heavy weed infestations, an initial weed €ontrol“operation?must be done
according to one of threg criteria té6’minimize“yield losses due to-weed competition
(Johnson et al., 2004), ~Phese\ critéria consist,of either: ((}) controlling weeds by four to
five weeks after planting, (2) controlling sweeds before they redeh six to nine inches in
height, or (3) céntrolling -weeds -before soybean“-reaches, the V3 stage of growth.
Environmental\-conditions; ~“weed -densities, and wvariety.can slightly shift optimal
management-times in gither direction for.any.of’the criteria.

Wisconsin resear€h’ studies.with drilled Soybean showed no measurable yield loss from
weeds competing prior to,the. V4 ;stage - Mulugeta and Boerboom, 2000). However,
yields declined rapidly-if allowed:t6 compete beyond the V4 stage. Whereas, soybean in
30-inch_fows were shown)to be mere semsitive to early season weed competition, and
weeds needed tobe removed by the V2 .to V4 stage to avoid yield losses.

Research in“no-till, double-erop sdybean indicates that glyphosate herbicide applications
made when the-weeds were eight or 12 inches in height were the most consistent for
reducing weed biomassandanaintaining soybean yield potential (Dewell et al., 2003).

Extension weed specialists survey farmers to determine the most common or troublesome
weeds in vartous crops. Common weeds are those species which can be found
abundantly infesting a significant portion of the acreage for a given crop throughout the
state. These weeds are most commonly present when no weed management intervention
has occurred. The most common weeds in soybean for each region are presented in
Tables IX-5, IX-6, and IX-7. The number of states within each region reporting each
weed as a common weed in soybean in their state is also provided. In the Midwest region
(Table 1X-5), the top five weed species are foxtail spp. (foxtail species group), pigweed,
velvetleaf, lambsquarters, and cocklebur. The most frequently reported common weeds
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in the Mid-South region (Table IX-6) are morning glory spp., prickly sida, sicklepod,
palmer amaranth, and broadleaf signalgrass. Some of the weed species common in the
Midwest region do not exist in the Mid-South region and visa versa. The most common
weeds in the Eastern Coastal region (Table IX-7) are common ragweed, cocklebur, and
morning glory spp. Crop rotations and environment have a significant impact on the
adaptation and occurrence of weeds in soybean.

Some extension weed specialists also denote certain weed species as troublesome or
problematic weeds. Troublesome weeds are most likely to be inadequately controlled
with typical weed control measures and interfere with crop production. Someof these
species may not be widely distributed but can be difficult to manage. These:speciés may
initially be controlled effectively with typical herbicide progtams but ¢an continue to
emerge throughout the season, making it diffieult to keep the crop)weed free until
harvest. Weed species that are considered treublesome ot problematic may require high
levels of weed management to achieve effective control:

Weed species shifts are also studied, extetisively” by condiucting-weed surveys over a
period of time. Extension weed specialists at’Purdae University conducted mail surveys
with Indiana’s farmers in 1996,(2000;.and2004-{Gibson’ctal., 2005).~Results indicated
that giant ragweed, Canada thistlelambsquarters, ¢ockleébur,and horseweed (marestail)
were among the ten most ptoblematic, weeds) in~all three -surveys. Waterhemp,
chickweed, and dandgelion showed up-en the top-ten list for' the, first time in 2004.
Although some grass ‘species, such_as foxtail species;”are-among the most common in
Indiana, no grass(species were listed by’ the farmers asomast, problematic in the 2004
survey. Howeéver, johnsongrass and-'shattercane were .included among the ten most
problematic weeds in the’ 1996 and- 2000 surveys.
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Table IX-5. Common Weeds in Soybean Production: Midwest Region

Foxtail spp. (12) ! Ragweed, giant (3) Dandelion (1)

Pigweed spp. (11) Shattercane (3) Johnsongrass (1)
Velvetleaf (11) Quackgrass (3) Milkweed, honeyvine (1)
Lambsquarters (10) Buckwheat, wild (2) Nightshade, hairy (1)
Cocklebur (9) Crabgrass spp. (2) Oats, wild (1)
Ragweed, common (7) Kochia (2) Pokeweed, common (1)
Smartweed spp. (6) Mustard, wild (2) Prickly sida (1)
Morningglory spp. (5) Nightshade, Eastern black (2)  Proso millet, wildx1)
Sunflower, spp. (5) Palmer amaranth (2) Sandbur, field. (1)
Waterhemp spp. (5) Canada thistle (1) Yenice mallow (1%
Horseweed (marestail) (3) Chickweed (1) Volunteer.cereal (1)
Panicum, fall (3) Cupgrass, woolly:(1) Volunteer.corn (1)

' Number provided in parenthesis is the number of states ‘eut ofthe thirteen‘total states in'the
Midwest region reporting each weed as\a-Common weed.

Sources:

IL: University of Illinois (2002) and_ ExtensionrWeed“SpecialistyUniversity of
Illinois - Personal Communication (2008):

IN: 2003-2005 Statewide Purdue Horsewéed Weed Supvey, Specidl database gquery and personal
communication (2006), _ ExtensionWeed-Speeialist,Purdue University.

IA, MN, OH, WI: WSSA, 1992.

KS: _ Extension-Weed-Specialist, Kansas-State -\Personal communication
(2000).

KY, MO: Webstér et:al., 2005:

MI: Davis, A, K. Renner;-C. SpraguelL, Byer and’D. Mutch, 2005, Integrated Weed
Management: “On¢ Year’s Seeding”; Exténsionbulletin E-2931. Michigan State
University. Listis notyranked in order 6f impertanceor frequency.

NE: Extension'Weed Specialist, Dniversity of Nebraska — Personal communication
(2000).

ND: Zollinger, 2000,

SD:

Extension Weed Spe€ialist, South Dakota State University — Personal
communication (2006).
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Table IX-6. Common Weeds in Soybean Production: Mid-South Region

Morningglory spp. (5) Pigweed spp. (3) Ragweed, common (1)
Prickly sida (5) Crabgrass spp. (2) Ragweed, giant (1)
Johnsongrass (4) Palmer amaranth (2) Red rice (1)

Sicklepod (4) Cocklebur (1) Smartweed (1)

Signalgrass, broadleaf (4) Copperleaf, hophorn (1) Spurge, nodding/hyssop (1)
Barnyardgrass (3) Florida pusely (1) Spurge, Prostrate (1)

Hemp sesbania (3) Horseweed (marestail) (1)

Nutsedge spp. (3) Poinsettia, wild (1)

"Number provided in parenthesis is the number of states out of thefive total states in‘the Mid-
South region reporting each weed as a common weed.
Sources:
AL, LA, MS, TN: Webster et al., 2005.
AR: _Extension Weed Specialisty University-of Arkansas ~’Persohal ¢omnmunication
(2006).

Table IX-7. Common Weeds.in Soybean Production:- Eastern Coastal Region

Ragweed, common (8)" Jimsonweed/(4) Dandelion (b

Cocklebur (7) Sicklepod(3) Goosegrass'(1)
Morningglory spp. (7) Elorida‘pusély (2) Nightshade, Eastern black (1)
Crabgrass spp>(6) Johnsongrass (2) Panicum, Texas (1)

Foxtail spp.(6) Palmet-amaranth (2) Prickly sida (1)
Lambsquarters (6) Quackgrass (2) Shattercane (1)

Pigweed spp. (6) Arrowleaf sida (1) Signalgrass, broadleaf (1)
Velvetleaf (6) Beggarweed, Florida(1) Smartweed spp. (1)
Nutsedge spp. (5) Burcucumber (1)

Panicum,fall(5) Canada thistlel¢1)

"Numbét providedin parenthesis is the number of states out of the eight total states in the
Eastern Coastalregion teporting ¢ach weed as a common weed. Data were not available for
DE in soybean.

Sources:

DE, MD;'NJ/PA: WSSA, 1992,

GANC, S€: Webster et al.-~2005.

NY: Extension Weed Specialist, Cornell University — Personal Communication

2006).

VA: Extension Weed Specialist, Virginia Tech — Personal Communication

(2006).

06-SB-167U Page 103 of 237



D.5. Methods of Weed Control in Conventional Soybean

Mechanical methods of weed control including tillage have been used for centuries to
control weeds in crop production. Spring or fall preplant tillage and in-crop shallow
cultivation can effectively reduce the competitive ability of weeds by burying the plants,
disturbing or weakening the root systems, or causing sufficient physical injury to kill the
plants. Research in the early 1900s centered on determining the economic benefits of
removing weeds with the use of cultivation (Klingman et al., 1975). A consequence of
in-crop cultivation for weed control can be injury to crop roots and moisture loss.
Selective herbicides have proved more efficacious and reduced the need for, in-crop
tillage or cultivation to control weeds in soybean production, The deyelopment of
selective herbicides has progressed rapidly since-the introduction of the ‘first herbicide
(2,4-D) for weed control in corn in early 1940s.Although, the primary-purpose of tillage
is for seedbed preparation, tillage still is used;to supplemient weed control-withiselective
herbicides in soybean production.

Alanap (1949), allidochlor (1956), amibenA1958), trifluralin(1939), liauronA1960), and
alachlor (1969) led the way for mumerous selective herbicides in-soybean (Agranova,
2006). Bentazon (1968) was one of the early selectiyve,post€émergence-herbicides used in
soybean production. By the“earlyy 1990s, there were over 707registered herbicides or
premix herbicides for weed control‘dn soybean)(Gianessi-et ak, 2002). Table 1X-8
provides a summary of‘herbicide.use in soybeans-in’ the;U.S: from, 1995 through 2001.
Weed control programs in‘Conyéntional soybean consist of preemergence herbicides used
alone or in a tankmixture with other preemergence herbieides:, Applications are made as
preplant incorperated-or preemeérgence surface applications-prior to or at planting. Tank
mixtures of two preemergence herbicides’ areised te broaden the spectrum of control to
both grasses and breadleaf weed species- Preemergence herbicides are followed by
postemergence applications«to control weed escapes-that emerge later in the crop. Total
postemergence “programscseldomly, were-used. dn conventional soybean prior to 1995.
Soybeans planted-in .a no-till systenmi« would" receive a preplant burndown herbicide
application’ for broad-~spectrum-contrel of-€xisting weeds at time of planting. Therefore,
multiple herbicides and/or anultiple applications are generally made in conventional
soybean. The<average numberof herbicide applications per acre in soybean rose from 1.5
in 1990 to 127 applications #r 1995 reflecting the use of at-plant and post applications or
two postaapplications(Gianessiet al., 2002).

It issimpertant\to observe the herbicide use in 1995, as this is prior to the introduction of
Roundup Ready''soybean. The most widely used herbicides in 1995 were the
sulfonylurea (ehlorimuron, thifensulfuron) and imidazonlinone (imazethapyr, imazaquin)
herbicide classes that are applied preemergence and postemergence in a soybean crop.
These two classes of herbicides, both acetolactate synthase (ALS) inhibitors, were
applied on approximately 87% of the soybean treated acres in 1995 (Table IX-8). The
dinitroanaline herbicides (trifluralin and pendimethalin) were the second most widely
used preemergence herbicides. Selective postemergence herbicides were used on 52% of
the treated acres and were generally either effective on the grass species or broadleaf
species. Sethoxydim, clethodim, quizalofop, and fluazifop were among the
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postemergence grass herbicides. Acifluorfen and bentazon were the main postemergence
broadleaf herbicides. Glyphosate was used on 20% of the treated acres, mainly as a
preplant burndown treatment, but it also was used in spot treatments or ropewick
applications to control weed escapes or volunteer corn in soybeans.

Herbicide programs in conventional soybean have not changed significantly since 1995.
Several new active ingredients have been introduced, including -carfentrazone,
sulfentrazone, flufenacet, cloransulam, and imazamox. These new active ingredients
improve the level or spectrum of weed control. Numerous products have been introduced
that are a pre-mixture product of two active ingredients for broad spectrum weed, control.
Some of the new active ingredients and pre-mixtures are more effective in.contfolling
waterhemp, ALS-resistant weeds, and other troublesome weeds(species.

Tables IX-9 and 10 provide a summary of the crop tolerance of herbicides applied in
soybean production and the efficacy of these herbicideés on 26-comnion weed species
identified in Section D.4. These tableslist only thexmost commonly<used herbicides in
soybean production. Glyphosate .applied “postemergence’‘and four~other; herbicides
applied either preemergence or postemergence have’the highest crop tolerance rating of
excellent. The other herbicidescare rated efily good toypoor:~ Seldom would one field or
farm have all 26 weed species; butthey ‘generally Have a-mixture of grass and broadleaf
weed species. These ratings areiintended te-facilitate the selection‘of a-herbicide program
for a soybean crop, which offers the bestrovesall control of'the weed:-species. Glyphosate
is considered to hawe better control (80%) on<more grass-and“broadleaf weed species
than any of the other.herbicides,, ‘Glyphosate/imazethapyr has the next highest overall
rating, but it is\rated only good‘on crop toleranee.” S-Metolachlor and pendimethalin are
rated high.on many grass species,’ but.are.rated lew_on most of the broadleaf weed
species< “Chlorimuren/tribenuron, fomesafen, andflumioxazin/cloransulam are rated high
on the broadleaf species;’but are rated low on-grass:species.
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Table IX-8. Herbicide Use in Soybeans in the U.S. from 1995 through 2001"

% Treated Acres

Active Ingredient 1995 1996 1997 1998 1999 2000 2001
2,4-D 10 13 8 7 5 5 4
2,4-DB 1 <1 1 <1 <1 NA NA
Acifluorfen 12 11 12 7 3 3

Alachlor 4 5 3 2 2 1 <1
Bentazon 12 11 11 7 4 2 1
Chlorimuron 16 14 13 12 12 10 5
Clethodim 5 7 4 4 5 4 4
Clomazone 4 3 5 4 1 <l <1
Cloransulam NA NA NA 1 5 4
Dimethenamid 1 1 1 1 <l <} NA
Ethalfluralin 1 1 <1 NA <1 <1 NA
Fenoxaprop 6 4 6 4 4 4 3
Fluazifop 10 7 7 3 4 5 3
Flumetsulam 2 2 4 2 2 2 <1
Flumiclorac NA 2 | <] <1 <1 <1
Fomesafen 4 5 6 6 4 7 7
Glyphosate 20, 25 4L 47 62 66 76
Imazamox NA NA NA 7 3 6 5
Imazaquin 15 15 13 8 5 4 2
Imazethapyr 44 43 38 17 16 12 9
Lactofen 5 8 4 2 2 2 1
Linuron 2 1 1 <1 <1 <1 NA
Metolachlor 7 5 7 4 4 2 NA
Metribuzin 11 9 10 6 5 4 2
Paraquat 2 1 2 1 1 <1 NA
Pendimethalin 26 27 25 18 14 11 10
Quizalofop 6 7 4 3 1 <1 <1
S-Metolachlor NA NA NA NA NA NA <1
Sethoxydim 7 9 7 5 3 2 1
Sulfentrazone NA NA NA 3 4 4 5
Thifensulfuron 12 10 9 5 5 6 2
Trifluralin 20 22 21 16 14 14 7

"Seurce: Giandssi et-al., 2002.
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Table IX-9: Crop Tolerance and Grass Weeds Responses to Herbicides Applied in Soybean Production

Common Grass Weeds'”

Herbicide/Application CT? BY BS CG FP FT GG SC JGs JGr RR QG NSy
Preplant Incorporated

Trifluralin 1 9 9 9 9 9 9 7 7 3 9 0 0
Preplant or Preemergence

Chlorimuron/tribenuron 2 3 6 3 3 3 5 0 0 0 4 0 3
Cloransulam 0 5 NA 5 5 5 NA 0 0 0 NA 0 0
Flumioxazin 2 3 NA 3 3 5 NA 0 0 0 NA 0 0
Flumioxazin/cloransulam 2 5 NA 5 5 b) NA 5 0 0 NA 0 0
Imazaquin 1 5 7 5 5 5 5 5 5 2 5 0 6
Imazethapyr 1 6 NA 7 7 7 NA 7 7 3 NA 0 4
Metribuzin 2 6 6 5 6 6 7 2 2 0 4 0 2
Pendimethalin 2 8 9 9 9 8 9 7 7 3 4 0 0
s-Metolachlor 1 8 8 9 8% 8+ 9 S 4 0 8 0 &+
Postemergence

Bentazon/acifluorfen 2 3 4 3 3 5 3 0 0 0 0 0 7
Chlorimuron 2 0 0 0 0 0 0 0 0 0 0 0 8
Clethodim 0 9 9 ik 9 9 9 9 9 9 8 9 0
Cloransulam 1 0 0 0 0 0 0 0 0 0 0 0 6
Clorimuron/thifensulfuron 0 0 NA 0 0 0 NA 0 0 0 NA 0 8
Fluazifop/fenoxaprop 0 9 8 8+ 9 9 9 9 9 9 7 9 0
Flumiclorac 2 0 NA 0 0 0 NA 0 0 0 NA 0 0
Fomesafen 2 2 3 5 2 5 3 0 0 0 0 0 0
Glyphosate 0* 8+ 9 8+ 8+ 9 8 9 9 9 8 9 7
Glyphosate/imazethapyr 1 9 NA 8+ 9 9 NA 9 9 8+ NA 8+ 7
Imazamox 2 6 NA 7 T 7-8+ NA NA NA NA NA 0 4
Imazethapyr 1 6 7 7 7 748 5 8 8 5 4 0 5
Lactofen 3 2 4 3 2 3 4 0 0 0 0 0 0
Thifensulfuron 2+ 0 NA 0 0 0 NA 0 0 0 NA 0 0

" All weed control ratings except for BS, GG, andRR are from the 2006 Weed Control Guide for Ohio and Indiana, Ohio State University and Purdue University.
Ratings for BS, GG and RR are from Weed GontrolGuidelines for Mississippi, Mississippi State University. Weed control rating for weeds, except BS, GG, and
RR, are: 9=90% to 100%, 8 = 80% to 90%; 7 =70% t6.80%.6= 60%to 70%, where ratings of five or less are rarely of commercial significance. Weed control
ratings for BS, GG, and RR are: 9-10sgxcellent, 7-8'= good; 4-6"<fair, 0-3 = none to slight. Ratings assume the herbicides are applied in the manner suggested
in the guidelines and according to th¢\labelunder eptimuih-growing conditions.

*Weed species: BY = barnyardgrdss, BS< broadleaf signalgrass, CG = crabgrass, FP = fall panicum, FT = giant and yellow foxtail, GG = goosegrass, SC =
shattercane, JGs = seedling johnsongtass, JGr = rhizome johnsongrass, RR = red rice, QG = quackgrass, and NSy = yellow nutsedge.

3 Crop tolerance (CT) rating: 0 = excellent, 1 = good, 2 = fair, 3 = poor.

NA denotes not available. *Rating based on glyphosate applied to Roundup Ready soybeans.
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Table IX-10: Broadleaf Weeds Responses to Herbicides Applied in Soybean Production

Common Broadleaf Weeds"?

Herbicide/Application BN CB CR GR HS LQ MG PA PW PS SP SW VL WH
Preplant Incorporated Only
Trifluralin 0 0 2 0 0 8+ 2 7 9 0 4 4 3 8

Preplant or Preemergence

Chlorimuron/tribenuron 0 8 9 8 5 9 9 9 9 4 6 9 8+ 5
Cloransulam 0 8 9 8 NA 9 8 NA 9 NA NA 8 8+ 5
Flumioxazin 9 4 7 3 NA 9 NA NA 9 NA NA 7 7 8
Flumioxazin/cloransulam 9 8 9 8 NA 9 8 NA 9 NA NA 9 8+ 8
Imazaquin 9 8 8 8 0 9 6-8 9 9 9 5 9 7 5
Imazethapyr 9 7 6 6 NA 9 7 NA 9 NA NA 9 8 5
Metribuzin 4 5 7 5 9 9 28 9 9 9 8 9 7 7
Pendimethalin 0 0 2 0 0 8+ 2 7 9 4 2 4 4 7
s-Metolachlor 8 0 5 2 6 0 8 8 4 3 4 0 7
Postemergence

Bentazon/acifluorfen 7 8+ 9 as 9 6 8-9 7 9 7 2 9 8 8+
Chlorimuron 3 9 8 8 8 2 89 6 9 2 7 8 8 5
Clethodim 0 0 0 0 0 0 0 0 (0] 0 0 0 0 0
Cloransulam 0 9 9 9 3 0 8-9 2 5 2 7 8 9 5
Clorimuron/thifensulfuron 4 9 8 8 NA 8 8 NA: 9 NA NA 9 9 5
Fluazifop/fenoxaprop 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Flumiclorac 5 7 7 5 NA 7 6 NA 7 NA NA 5 9 7
Fomesafen 8 7 8% 8 9 5 8-9 8 9 2 3 7 6 9
Glyphosate 8 9 8+ 8+ y 8 6-9 9 9 7 8 8 8 8+
Glyphosate/imazethapyr 9 9 8+ 8+ NA: 8+ 8 NA 9 NA NA 9 9 8
Imazamox 9 8 7 8 NA 8 7 NA 9 NA NA 8 9 5
Imazethapyr 9 9 6 7 0 6 7-9 6 9 6 0 9 9 5
Lactofen 8+ 8 9 8 9 4 8-9 8 9 8 5 6 7 9
Thifensulfuron 4 6 4 3 NA 8 NA NA 9 NA NA 8 8 8+

'All weed control ratings except for HS, MG, PAZPS, and 'SP _dre’ from the 2006 Weed Control Guide for Ohio and Indiana, Ohio State University and Purdue
University. Ratings for HS, MG, PA, PS, and_SP arefromW<eed Control.Guidelines in Soybeans for Mississippi, Mississippi State University. Weed control
ratings for weeds, except HS, MG, PA, PS;‘and SP, are:('9 = 90% to £00%, 8 = 80% to 90%, 7 = 70% to 80%, 6 = 60% to 70%, where ratings of five or less are
rarely of commercial significance. Weed-control ratings for HS, M@, PA, PS, and SP are: 9-10 = excellent, 7-8 = good, 4-6 = fair, 0-3 = none to slight. Ratings
assume the herbicides are applied inth¢ manfer suggested in the guidelines and according to the label under optimum growing conditions.

*Weed species: BN = black nightskade, €B'= ceklebur, CR = common ragweed, LQ = lambsquarters, MG = morningglory spp., HS = hemp sesbania, PA = palmer
and spiny amaranth, PW = pigweed, RS= prickly sida, SP = sicklepod, SW = smartweed, VL = velvetleaf, and WH = waterhemp.

NA denotes not available.
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D.6. Method of Weed Control in Herbicide-Tolerant Soybean

Herbicide-tolerant soybeans were introduced to provide farmers with additional options
to improve crop safety and/or improve weed control. Herbicide-tolerant soybeans enable
the use of certain herbicides in soybeans that previously would not provide satisfactory
crop safety when applied postemergence to conventional soybeans. The first introduced
herbicide-tolerant soybean was sulfonylurea-tolerant soybean (STS), which was
developed through mutational (conventional) breeding. STS was introduced in 1993 to
increase tolerance to the sulfonylurea class of herbicides, such as chlorimuron and
thifensulfuron. = Roundup Ready soybean was subsequently introduced dm 1996.
Currently, Roundup Ready soybean is planted on 87% of the U.S. soybean acreage
(USDA-NASS, 2005a).

Roundup Ready soybean contains in-plant tolerance to¢postemergence.applications of
Roundup agricultural herbicides providingra total weed contre} program:in séybean
production. The Roundup Ready soybedn system = that is,planting Roundip’ Ready
soybean and applying Roundup agricultural herbicidestin crop —has becomecthe standard
weed control program in soybean gproductione, Farmers incorporate-other herbicides and
cultural practices as part of the Roundup<Ready cropping system where appropriate.
Glyphosate, the active ingredient“n Roundup agricultural herbicides, provides broad-
spectrum control of annual and petennial” grass and- breadleaf’weeds. The current
Roundup herbicide labePallows péstemergence applications te)Roundup Ready soybean
from emergence (cracking) throughout the'flowering.stage ‘of sdybean development. A
single applicationtof glyphesate up’to -5 pounds acidequivalent per acre or multiple
applications up- to,,2:25 <pounds acid’ equtvalent per acre can be made during this
application. window. A’ preharvest application of*glyphosate up to 0.75 pounds acid
equivalent-per acre ¢an besmadezup to14 days prior toharvest.

Starting with a Weed-free dield and makingtimely postemergence in-crop applications are
critical to ‘6btaining excellent weed contrel "and maximum yield potential with the
RounduprReady soybeanCsystem. dn nestill systems, a preplant burndown herbicide
application is reeommeénded to controlany emerged weeds present at planting. In-crop
applications of Routidup ‘agricultural-herbicides are recommended when the weeds are
two to eight/inches talli."A sequential application may be required to control new flushes
of weeds;-depending on thesweed species present and soybean row spacing.

Table IX211 shows.the herbicide usage in soybean in the 11 primary soybean production
states-in 2004. . Glyphosate-containing herbicides were used on 91% of the treated area.
Although someof this usage was as a preplant burndown application, the predominant
use was a postemergence application in Roundup Ready soybean. In contrast to
herbicide use in 1995 (Table 1X-8), postemergence glyphosate applications on Roundup
Ready soybean largely replaced the previous widespread use of the ALS-inhibiting
herbicides (imazethapyr, imazaquin) and the dinitroanaline herbicides (pendimethalin,
trifluralin), which were used in combination. The ineffectiveness of ALS-inhibitors on
waterhemp and the excellent control of glyphosate on this weed is one of the contributors
to the rapid adoption of Roundup Ready soybean (Gianessi et al., 2002).
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The adoption of the Roundup Ready soybean system has been rapid and widespread since
its introduction. There are several reasons for the rapid adoption of the Roundup Ready
soybean system over conventional weed control systems in soybean production. The
primary reasons are: (1) more effective weed control, (2) excellent crop tolerance, (3) no
carryover issues to subsequent crops, (4) longer herbicide application window, (5) only
one herbicide required, (6) lower cost, (7) convenience and ease of use, and (8) it allows
adoption of reduced and no-tillage systems (Marra et al., 2004; Gianessi, 2005).

Tables 1X-9 and 10 provide the efficacy of postemergence use of glyphosate' on the
common weed species in soybean. The weed control ratings for glyphosate hetbicide
support the superior effectiveness of glyphosate compared fo other hérbicides. As
previously mentioned, glyphosate is rated 8 or~above (80%+ contrel)’ onimore weed
species than any of the other herbicides. Other herbicides will control only certain types
of weeds, either grasses and/or broadleaf weeds, while glyphosate is effective‘on abroad
spectrum of annual and perennial grassés and broadleaf weedsOAdditionally, glyphosate
is generally more effective on taller weedsOne-of the key teasons-for the rapid adoption
of the Roundup Ready soybean gysteri is. the ability, of glyphosate to“control weed
species that were difficult andCexpensive 4o control-using other herbicides (Gianessi,
2005).

Crop safety is also an important considetation in selection-of a.soybean herbicide. When
used in the Roundup Reddy soybean-system, Roundup agricultural herbicides provide
excellent crop tolerance-compared to other herbicides. -Glyphesate is rated excellent for
crop tolerance-whenUsedin-the Roundup Ready.soybean system (Table IX-9). Only four
other herbicides receive this highest‘crop:safety rating.

The Roundup Ready soybean system also provides“greater flexibility in replanting and
crop rotations.” Glyphosate dées not have recropping restrictions that limit planting
options that(exist‘with many other herbicides. “Imazethapyr, an ALS-inhibitor herbicide,
requires.an’ 18-month-interval between application and planting of cotton, oats, sorghum,
or sweet corn.. cFomesafeny,a diphenyl ether, requires an 18-month interval between
application and planting ofralfalfa, serghum, or sugar beets, based on product labels.

Convenience is-another important feature of the Roundup Ready soybean system (Marra
et al,,22004);~Convenience.is‘€quated to less labor time, less management effort, or more
flexibility 1n timing field operations. The other herbicide programs for conventional
soybean usually:involve two or more herbicides applied multiple times during the season,
ofter supplemented with tillage. The longer window of application, simplicity of use
with one herbicide, ease of controlling multiple weed species and less difficulty with
weather disruptions were key features that incentivized growers to adopt the Roundup
Ready soybean system.

Farmers also increased the use of conservation tillage with adoption of the Roundup

Ready soybean system (Marra et al., 2004). Farmers value conservation tillage benefits
such as reduced tillage costs and conserving soil. The proportion of farmers using
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reduced tillage increases with Roundup Ready soybean adoption. Tillage trips decrease
when the percent of soybean acres in no-till systems increase, and time saved from tillage
activities increases as farmers shift from conventional soybean to the Roundup Ready
soybean system (Marra et al., 2004). Market research in North Carolina indicates that
there was 24 to 25% fewer tillage passes per season with the Roundup Ready soybean
system compared to conventional soybean (Marra et al., 2004). The average total number
of tillage passes per season for conventional soybean was 1.73 per acre compared to 1.39
per acre for the Roundup Ready soybean system in 2001 and 2002.

Full adopters of the Roundup Ready soybean system perceived a net benefit om,average
of over $. per acre (Marra et al., 2004). While farmers estimate the seed- costs-to be
higher with the Roundup Ready soybean system, the herbicide and application ‘Costs are
lower. The average savings on herbicides alone-was $- per acre. for fulladopters of
the Roundup Ready soybean system according to the mational market tesearch study.
Another study reports the average cost difference between the Roundup Ready sdybean
system and conventional programs it replaced was m pet-acre(Gianessi,-2005);

D.7. Roundup RReady2Yield SoybeancM QN 89788

Developments in biotechnology and molecular-assisted breeding have enabled Monsanto
to develop the second-generation glyphosate-tolérant;soybean product,;MON 89788. In
considering MON 89788 adeption soybéan production practices will,remain the same for
MON 89788 as they,are for th¢"Roundup-Ready~soybean:§ystem, including: rotational
crops, tillage systems; rtew spacing;’and-planting and hafvesting machinery. In addition
to compatible-agrofiomicpractices,, MON 89788 «will. eontinue to provide growers
flexibility and simplicity inOweed.‘Control, and allew them to reap the environmental
benefits associated with.the’usezof conseryationstillagé and integrated weed management
practices that are-facilitated by the Roundup Ready soybean system.

In addition'to providing the ‘agrotiomic and. environmental benefits, MON 89788 and
varietiesZeontaining_the trait have the petential to enhance yield and thereby further
benefit-farmers .and the‘soybean industry.> MON 89788 was developed by introduction of
the cp4 epspsgene. cassette containing a promoter that has been used in other crops such
as RoundupReady Flex cotton (Fincher et al., 2003). In addition, the transformation was
based on-a mew .technique of Agrobacterium-mediated gene delivery to soybean
meristem, where cells<were-induced directly to form shoots and give rise to transgenic
plants (Martinell et:al, 2002). This new technique allowed direct transformation of the
gene Gassette into. elite soybean germplasm such as the Asgrow soybean variety A3244
(Paschal, 1997, which is known for its superior agronomic characteristics and high
yielding property (Tylka and Marett, 1999). Using elite germplasm as the base genetics,
the superior agronomic characteristic of A3244 can be introgressed to other soybean
varieties through crosses with MON 89788 containing the cp4 epsps cassette. In general,
MON 89788 has been found to have a 4 to 7% yield advantage compared to Roundup
Ready soybeans in the same elite genetic background (A3244) while maintaining the
weed control and crop safety benefits of the Roundup Ready soybean system. As a
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result, MON 89788 will be an excellent agronomic base trait for future breeding

improvements and multi-trait products.
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Table IX-11. Agricultural Chemical Applications Registered for Soybean Use in AR, IA, IL, IN; KS;MN, MO, NE, ND, OH,

and SD in 2004

Total Area Quantity Total Quantity
Mode of Action Area Appliéed Applied Applied Applied
Herbicide Chemical Family (MOA) (Percent) (Percent/MOA) (1000 1bs) (1000 1bs/MOA)
Glyphosate glycine EPSPS inhibitor. 87 57,701
Glyphosate, diam. salt glycine EPSPS inhibitor 2 91 1,184 60,498
Sulfosate glycine EPSPS inhibitor 2 1,613
Pendimethalin dinitroanaline tubulindnhibitor 4 5 2,082 4771
Trifluralin dinitroanaline tubulin inhibitor 5 2,689 ’
Bentazon benzothiadiazinone | PSII inhibitor * 221
Metribuzin triazinone PSH\inhibitor 2 8 278 961
Sulfentrazone triazolinone RSII inhibiter 6 462
Chlorimuron-ethyl sulfonylurea ALS inhibitor 7 77
Cloransulam-methyl triazolopyrimidine (AL Sxnhibitor 2 36
Flumetsulam triazolopyrimiding)y ALS inhibitor * 9
Imazamox imidazolinone ‘ALSanhibifor 2 16 27 )84
Imazaquin imidazolinone ALS inhibitor 1 36
Imazethapyr imidazolinone ALSinhibitor 3 97
Thifensulfuron sulfonylurea ALS inhibitor 1 1
Tribenuron-methyl sulfonylurea ALS inhibitor * 1
Alachlor chloroacetamide not wellunderstood * 240
Metolachlor chloroacetamide not&vell understood * 1 164 1,129
S-Metolachlor chloroacetamide not wellunderstood 1 725
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Table IX-11 (continued). Agricultural Chemical Applications Registered for Soybean Use in AR, A, IL, IN, KS, MN, MO,
NE, ND, OH, and SD in 2004

Total Area Quantity Total Quantity
Mode of Action Area Applied Applied Applied Applied
Herbicide Chemical Family (MOA) (Percent) (Percent/MOQA) K<(1000:1bs) (1000 Ibs/MOA)
Paraquat bipyridilium PSI disruption X <l 115 115
Clethodim cyclohexenone ACCase inhibitor 2 145
Fenoxaprop aryloxyphenoxy ACCase inhibifor 1 88
proplonate
Fluazifop-P-butyl aryloxyphenoxy ACCas@ inhibitor. | 4 25 329
propionate
Quizalofop-P-cthyl aryloxyphenoxy ACCage inhibitor c 12
propionate
Sethoxydim cyclohexenone ACCase-inhibiter & 59
Acifluorfen diphenyl ether PPOinhjbitor * 52
Flumiclorac-pentyl N-phenylphthalimide |.PPO inhibitor 1 6
Flumioxazin N-phenylphthalimide?, PPQ-inhibitor 1 5 57 517
Fomesafen diphenyl ether RPO inhibiter 2 346
Lactofen diphenyl ether PPOnhibitor 1 56
2,4-D phenoxy auxintype 2 771
2,4-DP, dimeth. salt phenoxy auxih type 1 200
2,4-D (acetic acid) phenoxy auxintype 1 6 375 1854
2,4-D (butoxy ester) phenoxy auxin type 1 236
MCPA (sodium salt) phenoxy auxin-type 1 272

* Area receiving application is less tha0.5 percent.
'Data derived from USDA-NASS, Agricultural Statistics Board. Agricultural Chemical Usage 2004 Field Crops Summary (USDA-NASS,

2005b). Planted acreage for'the glevenprimaty soybean production states was 61.2 million acres, which represents 81.4% of total planted acres.
Acetamide was not transferred from USDA=NASS table, as this is a subgroup of total chloroacetamides.
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D.8. Crop Rotation Practices in Soybean

The well-established farming practice of crop rotation is still a key management tool for
farmers. The purposes of growing soybean in rotation are to improve yield and
profitability of one or both crops over time, decrease the need for nitrogen fertilizer on
the crop following soybean, increase residue cover, mitigate or break disease, insect, and
weed cycles, reduce soil erosion, increase soil organic matter, improve soil tilth, and
reduce runoff of nutrients, herbicides, and insecticides (Boerma and Specht, 2004; Al-
Kaisi et al., 2003). According to USDA Economic Research Service (ERS) crop residue
management studies, 95% of the soybean-planted acreage has been in some form of a
crop rotation system since 1991 (USDA-ERS, 2001). Corn- and wheat-planted acreage
have been rotated at a slightly lower level of 75% and 70%, respectively: “Although the
benefits of crop rotations can be substantial, the farmer must.make cropping.decisions by
evaluating both the agronomic and economic geturns on_various cropping®systems. Crop
rotations also afford farmers the opportunity to diversify farm-produetionin order to
minimize market risks.

Continuous soybean production_ds' not0a .common practice’1n the Midwest and is
discouraged by most extension_soybean specialists, to' reduce the risk’of diseases and
nematodes (Hoeft et al., 20005 Al<Kaisi~et al.;>2003). Lorn.and seybead occupy more
than 80% of the farmland'in many of’the - Midwestern states; and‘the two-year cropping
sequence of soybean-corn is-used most-extensively.in this region, cHowever, a soybean
crop sometimes is grown'aftersoybean and then rotated-to corn in a 3-year rotation
sequence (soybeafi-soybean-corn), in the-Midwesti Compared-to corn, soybean shows a
greater response’ to being grown. after a number.of years without soybean. The yields of
both corn and’soybeans.are approximately 10% higher when grown in rotation than when
either crop is grown.eontintiousty (Hoeft et'al., 2000):

A combination“of conservation‘tillage praé¢ticescand crop rotation has been shown to be
very effective in-improvingsoil physi¢al properties. Long-term studies in the Midwest
indicate ‘that the .corh-soybean rotation improves yield potential of no-till systems
compared to comtinuous corn preduction (Al-Kaisi, 2001). The reduction in yield of
continuous corn production’ inao-tillisystems is attributed to low soil temperature during
seed germination, whigh'is evident.on poorly drained soils under no-till practices.

Crop @otations may change-over a long period of time due to economic conditions and
matket .opportunities. Roundup Ready soybean has provided farmers more profit
opportunities than“conventional soybean primarily by reducing input costs. In addition,
Roundup Ready soybean has provided farmers greater flexibility to grow soybean in
fields with weed infestations, which previously were considered to be too problematic or
unproductive for growing soybean. However, crop rotation practices for soybean
production have not changed significantly since the introduction of Roundup Ready
soybean in 1996.

Unique to the southern portion of the Midwest and the Mid-South regions, soybean is
grown in a double-cropping system. Double-cropping refers to the practice of growing
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two crops in one year. This practice can improve income and reduce soil and water
losses by having the soil covered with a plant canopy most of the year (Hoeft et al.,
2000). In the Midwest, winter wheat is harvested in late June or July, and then soybean is
planted into the wheat residue in a no-till system to conserve moisture. Due to the
uncertainty of double-cropping yields, farmers sometimes do not plant if soils are too dry
at the time of wheat harvest. Soybean is typically grown in a corn-wheat-soybean
rotation sequence when soybeans are grown in a double-cropping system. In the northern
soybean growing areas, wheat will follow soybean in the rotation.

Agronomic practices such as rotations for soybean vary from state to state. However,
there are similarities among states within certain growing regions. This sectfion provides
a detailed description and quantitation of the rotational cropping practices’ immediately
following soybean production, by state. This assessment accounts for-99+%.of the total
soybean acreage. These data are presented in Zjables IX-12 through EX-15¢

The majority of the U.S. soybean acreage (71%) is rotated to‘corn (Table 1X-12). The
second largest rotational crop following soybeanris soybean: Approximately 13.2% of
the soybean acreage is rotated back to”soybean the folowing yeéar. \Wheat follows
soybean on approximately 10.5% of\the«U.S. soybean 'acteage;-with'#ice, cotton, and
sorghum the next largest rotationalecrops-following.soybean. Hewever, these three crops
were planted on only 4% of the soybeantacreage. ~Other-mindr rotational crops that
follow soybean production are listéd in Tables IX-12through 1X-=15.

Column J of each table'provides the pereentage of soybean acreage as a function of the
total rotational-crop.-acreage to' indicate-the level, that soybean is the primary crop
preceding the’ rotational’crops. For the”U.S;7(Table 1X+-12), this percentage is 34.8%
indicating that soybean isia’major crop preceding-these rotational crops. The percentage
of soybean as a preceding crop varies widely dn different states, which ranges from 12.1%
(GA) to 89.6%(NJ):+ In the Midwest.region where 84% of the soybean is grown, 34.7%
of the rotationalerop-area- wasxplanted with soybeans during the previous growing
season.

One rotation *ghoice" available:to..farmers is to plant another Roundup Ready crop
following the production of- Roundup Ready soybeans. To determine the likelihood that
the rotatronal cropsplanted after MON 89788 will be another Roundup Ready crop, an
assessment. has also beéen provided in Tables IX-12 through IX-15. This assessment is
based onvcurrent agbonomic practices following soybean production. Roundup Ready
alfalfa; canola,..¢orn, cotton, soybean, and sugar beets have been deregulated by the
USDA and were considered as potential Roundup Ready crops following soybean
production. For the purposes of this assessment, the adoption rates used for Roundup
Ready corn, cotton, and soybean in 2005 were obtained from the USDA-NASS Acreage
Summary report (USDA-NASS, 2005a). The percentages for Roundup Ready corn,
cotton, and soybean in the following tables were assumed to be the total percentage of
herbicide-tolerant crops, since the USDA-NASS report does not show the percentages of
each individual herbicide-tolerant trait. Therefore, this is a slight overstatement for
Roundup Ready corn, cotton, and soybean since other herbicide-tolerant traits are
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planted. Considering Roundup Ready alfalfa and sugar beets were recently deregulated
by the USDA, no current adoption rates were available for these crops from the USDA-
NASS report. Therefore, adoption rates for Roundup Ready alfalfa and sugar beets were
assumed to be 50% to represent the projected adoption rate for these products.

This assessment showed that the percentage of the total rotational crop acreage that may
be rotated from Roundup Ready soybean to another Roundup Ready crop (Table IX-12 -
Column K) is estimated to be 10.5% in the U.S. and ranges from 4.4% (KS) to 70.1%
(MS) across the soybean growing states. The percentage is 8.7% in the Midwest region,
which is the largest soybean growing region.
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Table IX-12. Rotational Practices in the U.S. Following Soybean Production

A B C D E F G H I J K
Acreage of Estimated
Major Crops Total % Rotational  Rotational % % Roundup Roun%iup % Soybean % Roundup
Total . Acreage of Rotational Ready Acres
State Soybean Following Rotational Crop Crop A.cres Crop of Rotational Rea.dy Preceding Ready
Acres! Soybea.n In Crop in the F ollowm%J F ollowm3g Total Crop Rotational Major Crop's as
Rotation U.S.! Soybean Soybezk Soybean" Option5 Cr.o p 6 Rotations’ Maj.or 8
Option Rotations

United 71530 Corn 76650 66.3 50851 714 2451 12238

States Soybean 71530 13.2 9470 132 88.9 8418
Sorghum 3805 20.6 783 1.1 NA

Cotton 6968 15.9 1107 D5 74.2 821
Wheat 32148 234 7523 10.5 NA
Barley 1729 2.0 39 005 NA
Oats 2784 3.4 94 0.1 NA
Rice 2654 385 1023 14 NA

Alfalfa 2295 7.2 165 02 50 83

Sugar Beets 943 141 133 02 50 67
Potatoes 351 9.2 32 0:05 NA
Dry Beans 1231 28 35 0.05 NA
Dry Peas 540 5.5 30 0204 NA
Millet 275 142 39 0.05 NA
Flax 928 6.4 59 0.08 NA
Other’ 759 195 148 0.2 NA

Total: 205589 Total: 71530 Total: 21627 34.8 10.5

The United States summary (Table IX-12).was developedby compiling the datafrom.all three regional summaries. NA denotes not applicable. All acreages are expressed as 1000s

of acres.
1

Acreage planted of the specific crops is based 0’2005 planting'data (USDA-NASS, 2006a); “other” crop and newly seeded alfalfa acreages are based on 2005 planting data from

the Individual States data which was obtained from Quick Stat'searches onhttp://www.nass.usda.gov/Data_and_Statistics/Quick_Stats/index.asp (USDA-NASS, 2006d).

= - N I N VUi N}

Various vegetables.

Column E is obtained by dividing Columa‘F*by Column D:
Column F is obtained by multiplying Column B.by Column G-
Column G is obtained by dividing Column E’by Column B
Column H is obtained by dividing'Columm¥ by, ColumnF:
Column I is obtained by compiling the'data frony all three regional summaries.
Column J is obtained by dividing Coldmn B by Column D Total.
Column K is obtained by dividing Column I Total by Column D Total.
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Table IX-13. Rotational Practices Following Soybean Production in the Midwest Region

A B C D E F G H L J K
Major Crops Total % Rotational "/? % Roundup Acreage of. % Soybean  Estimated %
Total Following Acrea.ge of Rotational Crop Acres Rotational Rea.dy Roundup Acre§ Roundup
State Soybealn Soybean In Rotatlo.nal CI’O[.I Following Crop of Rotational Rea.dy Prece.dlng Ready C.rops
Acres Rotation Crop 1{1 F ollowng Soybean’ Total ) Crf)p ] Rotatlon.al ) Ma].or ; as Mfl]or8
States Soybean Soybean Option Crop Option Rotations Rotations
Region 60720 Corn 69960 67.6 47269 778 235 11091
Soybean 60720 7.5 4582 7.5 87.1 3993
Sorghum 3515 18.0 634 1.0 NA
Cotton 514 14.6 75 0.1 74.7. 56
Wheat 29733 24.5 7274 12.0 NA
Barley 1495 2.6 39 0206 NA
Oats 2325 4.0 94 0.2 NA
Rice 216 8140 175 0.3 NA
Alfalfa’ 2017 8.2 165 0.3 50 83
Sugar Beets 943 14:1 133 02 50 67
Potatoes 288 11.2 32 0.1 NA
Dry Beans 1206 29 35 0206 NA
Dry Peas 540 5.5 30 0.05 NA
Millet 275 142 39 0.06 NA
Flax 928 6.4 59 0.1 NA
Other"’ 463 18:4 85 0.1 NA
Total: 175137 Total: 60720 Total: 15289 34.7 8.7
IL 9500 Corn 12100 73 8835 93.0 11% 972
Soybean 9500 3 238 2.5 81% 192
Sorghum 85 89 76 0.8 NA
Wheat 630 56 352 3.7 NA
Total: 22315 Total: 9500 Total: 1164 42.6 5.2
IN 5400 Corn 5900 82 4860 90 15% 729
Soybean 5400 5 270 5 89% 240
Wheat 360 75 270 5 NA NA
Total: 11660 Total: 5400 Total: 969 46.3 8.3
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Table IX-13 (continued). Rotational Practices Following Soybean Production in the Midwest Region

A B C D E F G H T J K
Major Crops Total ”/? Rotational % % Roundup Acreage of % Soybean  Estimated %
Total . Acreage of Rotational Rotational Roundup Acres Roundup
State  Soybean Following Rotational Crop Crop A.cres Crop of Rea.dy Ready. Preceding Ready Crops
1 Soybean In . . Following Rotational R R .
Acres Rotation Crop 1{1 Followng Soybean3 Total - Crop Op tioh’ Rotatlon'al ) Maj.or . as M?qor8
States Soybean Soybean Crop Option Rotations Rotations
IA 10100 Corn 12800 77 9797 97 25 2449
Soybean 10100 2 202 2 91 184
Alfalfa’ 150 67 101 50 51
Total: 23050 Total: 10100 Total: 2684 43.8 11.6
KS 2900 Corn 3650 40 1450 50 40 580
Soybean 2900 10 290 10 90 261
Sorghum 2750 5 145 5 NA
Wheat 10000 10 1015 35 NA
Total: 19300 Total:'2900 Total: 841 15.0 4.4
KY 1260 Corn 1250 86 1071 85 32 343
Soybean 1260 10 126 10 84 106
Wheat 390 16 63 5 NA
Total: 2900 Total:(1260 Total: 449 434 15.5
MI 2000 Corn 2250 62 1400 70 25 350
Soybean 2000 S 100 5 76 76
Wheat 600 &3 500 25 NA
Total: 4850 Total: 2000 Total: 426 41.2 8.8
MN 6900 Corn 7300 72 5244 76 33 1731
Soybean 6900 3 207 3 83 172
Wheat 1820 68 1242 18 NA
Sugarbeets 491 21 104 1.5 50 52
Dry Beans 145 24 35 0.5 NA
Othép™ 221 31 69 1 NA
Total: 16877 Total: 6900 Total: 1954 40.9 11.6
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Table IX-13 (continued). Rotational Practices Following Soybean Production in the Midwest Region

A B C D E F G H | J K
Major Crops Total ‘%3 Rotational ‘V? % Roundup Acreage of % Soybean  Estimated %
Total Following Acreage of Rotational Crop Acres Rotational Rea.dy Roundup Acre_s Roundup
State Soybealn Soybean In Rotatlo.nal Cro;f Following Crop of Rotational Rea'dy Prece.dlng Ready C.rops
Acres Rotation Crop 1{1 Followm§ Soybean® Total ) Crf)p ] Rotatlor!al ) Ma].or , as Mfl]or8
States Soybean Soybean Option Crop Option Rotations Rotations
MO 5000 Corn 3100 58 2650 53 18 477,
Soybean 5000 30 1500 30 89 1335
Sorghum 135 74 100 2 NA
Cotton 440 17 75 1.5 74 56
Wheat 590 85 500 10 NA
Rice 216 g1 175 3.5 NA
Total: 9481 Total: 5000 Total: 1868 52.7 19.7
NE 4700 Corn 8500 4% 3525 75 30 1058
Soybean 4700 10 470 10 91 428
Sorghum 340 69 235 5 NA
Wheat 1850 25 470 10 NA
Total: 15390 Total: 4700 Total: 1485 30.5 9.7
ND 2950 Corn 1410 63 885 30 32 283
Soybean 2950 21 620 21 89 551
Wheat 9090 S 1328 45 NA
Sugar Beets 255 12 30 1 50 15
Dry Peas 540 5 30 1 NA
Flax 890 59 2 NA
Total: 15135 Tatal: 2950 Total: 849 19.5 5.6
OH 4500 Corn 3450 98 3375 75 9 304
Soybean 4500 10 450 10 77 347
Wheat 860 78 675 15 NA
Total:\8810 Total: 4500 Total: 650 51.1 7.4
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Table IX-13 (continued). Rotational Practices Following Soybean Production in the Midwest Region

A B C D E F G H L J K
Major Crops Total "/? Rotational % % Roundup Acreage of % Soybean Estimated %
Total Following Acrea.ge of Rotational Crop Acres Rotational Rea.dy Roundup Acre§ Roundup
State Soybealn Soybean In Rotatlo.nal Crop Following Crop of Rotational Rea.dy Prece'dlng Ready C.rops
Acres Rotation Crop 1{1 F ollowng Soybean’ Total ) Crf)p X Rotatlon.al . Maj.or ; as Mfl]or8
States Soybean Soybean Option Crop Option Rotations Rotations
SD 3900 Corn 4450 63 2808 72 53 1488
Soybean 3900 2 78 2 95 74
Sorghum 180 43 78 2 NA
Wheat 3315 24 780 20 NA
Barley 65 60 39 1 NA
Oats 380 21 78 2 NA
Millet 140 28 39 1 NA
Total: 12430 Total: 3900 Total: 1562 314 12.6
WI 1610 Corn 3800 36 1369 85 24 328
Soybean 1610 2 32 2 84 27
Wheat 208 39 81 5 NA
Oats 400 4 16 1 NA
Alfalfa’ 650 10 64 4 50 32
Potatoes 68 47 32 2 NA
Other' 152 11 16 1 NA
Total: 6888 Totald 1610 Total: 388 23.4 5.6

The Midwest region summary (Table IX-13)'was developed by comipilingthe datafrom @ll the states within the region. Unlike the individual state data, the data in Column G for this
regional summary were obtained by dividing ColumnE by Column B-and the.data in"Column H were obtained by dividing Column I by Column F. NA denotes not applicable. All
acreages are expressed as 1000s of acres.

! Acreage planted of the specific crops is based 8112005 planting data (USDA<NASS, 2006a); “other” crop and newly seeded alfalfa acreages are based on 2005 planting data from
the Individual States data which were obtained fromrQuickStat searches ey http://www.nass.usda.gov/Data_and_Statistics/Quick_Stats/index.asp (USDA-NASS, 2006d).

Column E is obtained by dividing Column.F by Column:D.

Column F is obtained by multiplying:Column(B.by Column.G,

The rotational crop percentages are-based onestinmates freni-personal communications (2006) with individual state Extension Crop Production Specialist; Extension Agronomists —
Soybean, Corn and Cotton; Extension Weed Control Specialist on Soybean and Corn; and/or Monsanto Technology Development Representatives.

Roundup Ready rotational crop adoption rates for corn, soybean and cotton are based on 2005 planting data (USDA-NASS, 2005a). The percentages for Roundup Ready corn,
cotton and soybean represent the percentages for total herbicide-tolerant traits. Percentages of herbicide-tolerant alfalfa and sugar beets are future market adoption estimates.
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Column I is obtained by compiling the data from all the states within the region. 2
Column J is obtained by dividing Column B by Column D Total. S \(Q
Column K is obtained by dividing Column I Total by Column D Total. Q (74)

° Newly seeded alfalfa. O > <

10 Various vegetables. K?\ @@

' Sweet corn and green peas.

12 Sweet corn, green peas, and onions. @Q) &OQ X O\'Q $0

6
7
8
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Table IX-14. Rotational Practices Following Soybean Production in the Mid-South Region

A B C D E F G H I J K
% Acreage of Estimated
Total Major C.r ops Acfeoatgel: of Rot:f;onal Rotational Rot:?i)onal Roundup Roun%iup 7 15&(32: RT Roundup
Following A Crop Acres Ready Ready: . Ready
State Soybealn Soybean In Rotatlo.n al le? Following Crop of Rotational Rotational Prece_dlng Crops as
Acres . Crop in Following 3 Total Major .
Rotation States' S()ybean2 Soybean Soybean" Cr'op 5 Cr.o P 6 Rotations’ Maj.or 3
Option Option Rotations
Region 6800 Corn 1830 53.2 974 143 320 312
Soybean 6800 61.3 4170 61.3 91.7 3822
Sorghum 213 69.8 149 22 NA
Cotton 4060 10.7 433 6.4 73.9 321
Wheat 740 30,7 227 3.3 NA
Rice 2438 34.8 848 12.5 NA:
Total: 16081 Total:~6800 Total: 4455 42.3 27.7
AL 150 Corn 220 24 53 35 32 17
Soybean 150 5 8 5 34 6
Cotton 550 M4 75 50 74 56
Wheat 100 15 15 10 NA
Total: 1020 Total: 150 Total: 79 14.7 7.7
AR 3030 Corn 240 88 212 7 32 68
Soybean 3030 64 1939 64 92% 1784
Sorghum 66 92 61 2 NA
Wheat 220 96 212 7 NA
Rice 1643 37 606 20 NA
Total:5199 Total:-3030 Total: 1852 58.3 35.6
LA 880 Corn 340 26 88 10 32 28
Soybean 880 65 572 65 84 480
Sorghum 90 98 88 10 NA
Cotton 610 22 132 15 74 98
‘Total: 1920 Total: 880 Total: 606 45.8 31.6
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Table IX-14 (continued). Rotational Practices Following Soybean Production in the Mid-South Region

A B C D E F G H I J K
Major Total % . % % Roundup Acreage-of % Soybean Estimated
. Rotational X Roundup % Roundup
Total Crops Acreage of  Rotational Rotational Ready Acres
. K Crop Acres R Ready. . Ready
Soybean Following Rotational Crop . Crop of Rotational Y Preceding
State 1 . . Following Rotational . Crops as
Acres Soybean In Crop in Following 3 Total Crop Major .
Rotation States' Soybean’ Soybean Soybean* Option® Crop Rotations’ Major
y y P Option® Rotations®
MS 1610 Soybean 1610 85 1369 85 96 1314
Rice 265 91 242 15 NA
Total: 1875 TFotal: 1610 Tetal: 1314 85.9 70.1
TN 1130 Corn 650 96 622 55 32 199
Soybean 1130 25 283 25 84 237
Cotton 640 35 226 20 74 167
Total: 2420 Total: 1130 Total: 603 46.7 24.9

The Mid-South region summary (Table IX-14) was developed by'\dompiling'the data froni.all the states within the region. “Unlike the individual state data, the data in Column G for
this regional summary were obtained by dividing Column-F by-Columi B and-thé data in Column H were obtained\by dividing Column I by Column F. NA denotes not applicable.
All acreages are expressed as 1000s of acres.

! Acreage planted of the specific crops is based on 2005 planting‘data (USDA-NASS, 2006a); <other’xcrop and hewly seeded alfalfa acreages are based on 2005 planting data from
the Individual States data which were obtained‘from Quick Stat searches omhttp.//Www.ndss.usda.gév/Data and_Statistics/Quick Stats/index.asp (USDA-NASS, 2006d).
Column E is obtained by dividing Column E by Column-D;

Column F is obtained by multiplying Column B by Column Gt

The rotational crop percentages are based on estimates from personal communications (2006) with individual state Extension Crop Production Specialist; Extension Agronomists —
Soybean, Corn and Cotton; Extension Weed Control Spécialist-on'Soybean and €orné;and/or Mensanto Technology Development Representatives.

Roundup Ready rotational crop adoption rates-for corn, Soyb€ati and.cotton @are based-on 2005 planting data (USDA-NASS, 2005a). The percentages for Roundup Ready corn,
cotton and soybean represent the percentages-for total hegbicide-tolerant traits, Percentages of herbicide-tolerant alfalfa and sugar beets are future market adoption estimates.
Column I is obtained by compiling the data from all the-states, within the region®

Column J is obtained by dividing Column B by Coliiom D Tetal.

Column K is obtained by dividing Column I Total by Column Dotal.
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Table IX-15. Rotational Practices Following Soybean Production in the Eastern Coastal Region

A B C D E F G H I J K
Major Crops Total 9% Rotational  Rotational % % Roundup Acreage of % Soybean  Estimated %
Total . Acreage of Rotational Ready Roundup Acres Roundup
State Soybean Following Rotational Crol? Crop A.cres Crop of Retational Ready Preceding Ready Crops
1 Soybean In . Following Following . R .
Acres Rotation Crop 1{1 Soybean’ Soybean’ Total . Crf)p . Rotatlon'al Y Maj.or , as M?l‘]ors
States Soybean Option Craep Option Rotations Rotations
Region 4010 Corn 4860 53.7 2608 65.0 32:0 835
Soybean 4010 17.9 78 17.9 84.0 603
Cotton 2394 25.0 599 1449, 50 446
Wheat 1675 1.3 22 0.5 NA
Other’ 277 22.8 63 166 NA
Total: 13216 Total:"4010 Total: 1883 30.3 14.2
DE 185 Corn 160 98 157 85 32 50
Soybean 185 15 28 15 84 23
Total: 345 Total: 185 Total: 73 53.6 21.3
GA 180 Corn 270 7. 18 10 32 6
Cotton 1220 13 162 90 66 107
Total: 1490 Total:"180. Total: 113 12.1 7.6
MD 480 Corn 470 92 432 90 32 138
Soybean 480 10 48 10 84 40
Total: 950 Tatal: 480 Total: 179 50.5 18.8
NJ 95 Corn 80 89 71 75 32 23
Other"’ 26 91 24 25 NA
Total: 106 Total: 95 Total: 23 89.6 21.5
NY 190 Corn 990 18 181 95 32 58
Other"' 75 13 10 5 NA
Total:x1065 Total: 190 Total: 58 17.8 5.4
NC 1490 Corn 750 95 715 48 32 229
Soybean 1490 25 373 25 84 313
Cotton 815 46 373 25 78 291
Other' 61 44 30 2 NA
Total: 3122 Total: 1490 Total: 832 47.7 26.7
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Table IX-15 (continued). Rotational Practices Following Soybean Production in the Eastern Coastal-Region

A B C D E F G H 1 J K
. Total % . % % Roundup Acreage-of % Soybean  Estimated %
Major Crops . Rotational .
Total Followin Acreage of  Rotational Crop Acres Rotational Ready Roundup Acres Roundup
State  Soybean g Rotational Crop P Al Crop-of Rotational Ready. Preceding Ready Crops
1 Soybean In . s Following \ R .
Acres Rotation Crop in Following Sovbean® Total Crop Rotational Major as Major
States’ Soybean’ Y Soybean* Option® Crop Option® Rotations’ Rotations®
PA 430 Corn 1350 31 421 98 32 135
Soybean 430 2 9 2 84 7
Total: 1780 Total: 430 Total: 142 24.2 8.0
SC 430 Corn 300 79 231 55 32 76
Soybean 430 30 129 30 84 108
Cotton 266 16 43 10 74 32
Wheat 170 13 22 5 NA
Total: 1166 Total: 430 Total: 216 36.9 18.5
VA 530 Corn 490 79 376 71 32 120
Soybean 530 25 133 23 &4 111
Cotton 93 23 21 4 74 16
Total: 1113 Total:.S30 Total: 247 47.6 22.2

The Eastern Coastal region summary (Table 1X:15) was deyveloped by compiling thedata from all thestatés within the region. Unlike the individual state data, the data in Column G
for this regional summary were obtained by dividing ColumimF by(Column. B and the data/in Column H Were obtained by dividing Column I by Column F. NA denotes not

applicable. All acreages are expressed as 1000s of acres.
! Acreage planted of the specific crops is based on 2005 plafiting data( USDA-NASS; 2006a); “otltet” crop and newly seeded alfalfa acreages are based on 2005 planting data from

Column E is obtained by dividing Column E-by,Column D,
Column F is obtained by multiplying Coluiin B by Coluin G.
The rotational crop percentages are baséd on estimates‘ffom personal commutiications (2006) with individual state Extension Crop Production Specialist; Extension Agronomists —

the Individual States data which were obtained from Quiek Statsearches-on hitp://www.nass:usda.gov/Data_and_Statistics/Quick_Stats/index.asp (USDA-NASS, 2006d).

Soybean, Corn and Cotton; Extension Weed Control'Specialist on.Soybean'and Corii; and/or Monsanto Technology Development Representatives.

Roundup Ready rotational crop adoption rates for,corn, soybean and cotton arebased on 2005 planting data (USDA-NASS, 2005a). The percentages for Roundup Ready corn,

cotton and soybean represent the percentagescfor totalherbicide-tolerant traits’ Percentages of herbicide-tolerant alfalfa and sugar beets are future market adoption estimates.

e o 2 o

Column I is obtained by compiling the datd from all the states within the region.
Column J is obtained by dividing Column B by.ColummD Total
Column K is obtained by dividing Column [-Tetal by ‘€olumn-D Total.

Sweet corn and other vegetables:

19 Sweet corn, onions, and other vegetablEs.

"' Sweet corn and onions.

12 Cucumbers, sweet potatoes, and Irish potatoes.
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VIIL.D.9 Soybean volunteer management

Volunteer soybean is defined as a plant that has germinated and emerged unintentionally
in a subsequent crop. Soybean seeds can remain in a field after soybean harvest as a
result of pods splitting before or during harvest. Soybean seeds also can remain in a field
when pod placement on the plants is too close to the ground for the combine head to
collect all the pods or the combine is improperly adjusted for efficient harvesting.
Volunteer soybean in rotational crops is typically not a concern in the Midwest region
because the soybean seed is typically not viable after the winter period. In southern
soybean growing areas of the U.S. where the winter temperatures are milder, it igpossible
for soybean seed to remain viable over the winter and germinate the following:spring.

Volunteer soybean is normally not a concern in fotational crops such as-corn,cotton, rice,
and wheat that are the significant rotationalb,crops following soybean.@due to~'control
measures that are available for volunteer soybean whefvthey arise.- Preplant-dillagé’is the
first management tool for control of ‘emerging voluntéer soybean<in the spring. If
volunteer soybean should emerge after planting,.shallow cultivation will control most of
the plants and effectively reduceccompetitionwith’ the “€rop.." Seweral, postemergence
herbicides also are available t6 control voluntéer soybean: (conventional or Roundup
Ready soybean) in each of, the.miajor retational erops.-Table’ [X«16 provides control
ratings on volunteer Routidup Readycsoybean for several-herbidides-used in the major
rotational crops.

To provide control of.velunteer soybean-in cOrn, postemiergence applications of AAtrex
(atrazine), Clarity (dicamba), Distingt (diflufenzopyr.+dicamba), Hornet (flumetsulam +
clopyralid). 'and Widematch" (clopyralid +~ fluroxypyr) provide excellent control
(Zollinget; 2005). In” wheat, Bronate” Advanced’ (btomoxynil), Clarity (dicamba) and
Widematch poste&mergence«provide” excellent control of volunteer soybean (Zollinger,
2005).

Volunteep soybean dn cotton is;normally ot a concern. However, hurricanes or other
extreme weather-conditionsccan damagera soybean crop preceding cotton production in
the Mid-Southregion, 'where the-unharvested soybean seed can produce volunteer plants.
Preplant applications.‘of paraquat or herbicide mixtures containing paraquat will
effectively’ control.Cvolunteer (Roundup Ready soybean (Montgomery et al., 2002;
Murdock ¢t~ alg) 2002). . ~“Recent research in North Carolina indicates Envoke
(trifloxysulfuron) will provide excellent postemergence control of soybean with traits for
glyphosateand. sulfonylurea herbicide tolerance in Roundup Ready cotton (York et al.,
2005).

Volunteer soybean in rice is rarely a concern due to the combination of preplant tillage,
flooding practices and herbicides utilized in producing rice i2006; personal
communication). If volunteer plants should emerge in rice, the postemergence
applications of Grasp (penoxsulam), Permit (halosulfuron) and Regiment (bispyribac)
typically used for weed control in rice will effectively alleviate competition from
volunteer soybean (Dillon et al., 2006).
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Table IX-16. Ratings for Control of Volunteer Roundup Ready Soybean in Labeled

Rotational Crops'

Rate Soybean Soybean
Product (Product/Acre) V2-V3 V4-V6
Corn®
AAtrex 0.38 gts E P
0.50 gts E F
Clarity 41l oz E E
5floz E E
Distinct 1oz E G
20z E E
Hornet 1 oz E E
20z E E-G
Widematch 0.25 pt E G
Wheat®
Bronate Advanced 0.8 pt E E
Clarity 4 fl'oz E E
51l oz E E
Widematch 0.25%t E G
Cotton’
Envoke 0.1oz E E
Rice*
Grasp 2.0z E NA
Permit I oz E NA
Regiment 040z E E

NA denotes “not.applicable”.

' Weed contrabratings:? E~FExcellent (90 t0:99% control), G = Good (80 to 90% control), F =

Fair (65 to 80 control);.and:P'= Poor(40-to 65% control).

? Zollinggr, 2005.
3 York et al., 2005:
* Dillon et al., 2006.
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E. Weed Resistance to Glyphosate

The risk of weeds developing resistance and the potential impact of resistance on the
usefulness of a herbicide vary greatly across different modes of action and is dependent
on a combination of different factors. Monsanto considers product stewardship to be a
fundamental component of customer service and business practices and invests
considerably in research to understand the proper uses and stewardship of the glyphosate
molecule. This research includes an evaluation of some of the factors that can contribute
to the development of weed resistance. Detailed information regarding glyphosate
stewardship is presented in Appendix J.
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X. Summary of Environmental Assessment

The phenotypic evaluations of MON 89788 included an assessment of seed germination
and dormancy characteristics, plant growth and development characteristics, pollen
characteristics, ecological interaction characteristics, plant-symbiont characteristics, and
compositional components. These studies were conducted across a broad range of
environmental conditions and agronomic practices to represent the conditions that MON
89788 would likely to encounter in commercial production.  These detailed
characterizations and comparisons demonstrate that MON 89788 is not likely to pose an
increased pest potential compared to conventional soybean currently grown incthe U.S.
In addition, the glyphosate-tolerance trait and the CP4 EPSPS protein produced intMON
89788 are identical to those present in Roundup Ready -soybean 40:3-2. that was
previously granted a determination of nonregulated status, by APHIS, and has been
widely planted in the U.S. and global soybeancareas.

The environmental consequences of pollen transfer.frony MON/89788 to-ethersoybeans
are considered negligible due to limited movement of Soybean pollen“and-the safety of
the introduced trait. Additionallyy the potential for outcrossing toysexually compatible
species is also unlikely because’of the lack' of-sexually compatible species in the U.S.
The agronomic consequences of volunteer MON 89788 soybedn plants aréexpected to be
minimal as these plants atre easily controlled byanechanical means-or by one of a number
of herbicides currently registeted.for the’control of Soybean plants. . TFhere is no indication
that MON 89788 would: tave an adverse ,impact onrbeneficialior non-pest organisms,
including threatened or\endatigered organisms:

From an ecological perspective, MON:89788 is similar to the commercial Roundup
Ready soybean prodiicts used imvtheJ:S. since 1996. <Farmers familiar with the Roundup
Ready soybean systemi-would continue“to employ”’the same crop rotational practices
and/or volunteéf control measures currently“in place for Roundup Ready soybean system.
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XI. Adverse Consequences of Introduction

Monsanto knows of no study data or observations associated with MON 89788 that will
result in adverse environmental consequences from its introduction. MON 89788 is a
second-generation glyphosate-tolerant soybean product that expresses the same CP4
EPSPS protein as in Roundup Ready soybean 40-3-2. As demonstrated by field and
laboratory studies, the only biologically relevant phenotypic difference between MON
89788 and conventional soybean is the expression of CP4 EPSPS protein in MON 89788,
which provides tolerance to application of Roundup agricultural herbicide. Successful
adoption of MON 89788 is expected to increase the economic benefits to the“growers,
and maintain the environmental and weed control benefits afforded by~ the cdrrent
Roundup Ready soybean products that are grown en the majority of U.S. soybeart‘acres.
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Appendix A. USDA Notifications for MON 89788 Field Trials

Field trials of MON 89788 were conducted under notification in the U.S. since 2001. In
the submitted notifications, MON 89788 was designated as GM_A19788 or as PV-
GMGOX20. MON 89788 and GM_A19788 refer to the same transformation event.

The protocols for these trials include field performance, agronomics, and generation of
field materials and data necessary for this petition. In addition to the phenotypic
assessments made on MON 89788, observational data on pest and disease stressors were
collected from these product development trials. The majority -of the final ‘reportshave
been submitted to the USDA. However, some final reports that are not yet du¢) mainly
from the 2005-2006 seasons, are still in preparation. A list.of trials conducted with MON
89788 under USDA notification and the status of the final reports,for.these trials are
provided in Table A-1.

The observations made during these-trialscand provided as part of thefinal dield reports
provide confirmatory information® regarding the following characteristics: insect
susceptibility, weediness, disease susceptibility; plant ‘growth and plant stand. The
qualitative assessments contained.ii the final:reportsdindicate that MON 89788 performed
similarly to the control, A3244;and other.contrgDmaterialsin thérials; Over numerous
years and geographies of ficld, testing thére were no.reports in-any . of the trials of notable
or unexpected plant phenotypes ‘Or interactions with plant pests with MON 89788 relative
to controls. These results areas expected, and are. consistent syith the more detailed and
quantitative phenotypic and-agronomic assessment of MON. 89788 described in Section
VIII of the petition. The combination .of these’ qualitative reports and more quantitative
assessmefits support'a conclusion’ of mo enhanced’ survivability for MON 89788 relative
to conventional soybeans:
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Table A-1. USDA Notifications for MON 89788 Field Trials'

USDA Reference . Release Sites (by State) Covered
Number Effective Date by Nf)tiyﬁcatiozl

2001 Field Trials
01-206-02n 8/24/2001 PR

2002 Field Trials
02-074-05n 4/14/2002 IL
02-263-12n 10/20/2002 PR

2003 Field Trials
03-070-10n 4/10/2003 1A, T, KS
03-181-05n 7/30/2003 PR
03-258-10n 10/27/2003 PR

2004 Fi¢ld Trials
04-068-21n 5/14/2004 LA, 11N, MD, - OH
04-068-24n 5/14/2004. 12 IN
04-072-02n 5/1472004 IA, 115 KS
04-072-03n 5/14/2004 TA
04-098-03n 5412/2004 1A
04-218-02n 10/522004 PR
04-230-02n 9/16/2004 PR
04-278-06n 11//2004 PR
04-321-01n 12/15/2004 PR

2005 Field Trials
05-049-14n%* 3/24/2005 IA, IL, KS, NE
05-056<08n 4711/2005 AR
05-056-09n* 4/142005 IL
05-060-15n 4/1/2005 IA, IL
05-060-161n 4/172005 IA, IL, IN, KS
05-060-17n 4/1/2005 IL
05<066-01n* 4/142005 IN, MO
05-067-01n* 3/22/2005 OH
05-070-01n 4/13/2005 AR, IL, NE, OH
05-073-09n* 4/11/2005 IL, IN
05-073-10n 4/26/2005 AR, IL, MD, OH, WI
05-073-11n 4/12/2005 IA
05-073-12n 4/12/2005 IL
05-080-06n 5/4/2005 IA, IL, IN, MN, PA
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Table A-1 (continued). USDA Notifications for MON 89788 Field Trials

2005 Field Trials (continued)

05-122-01n* 6/9/2005 PR
05-122-02n* 7/22/2005 HI
05-151-07n* 6/28/2005 PR
05-217-02n* 9/28/2005 PR
05-271-07n* 10/12/2005 IL, MO, NE
05-291-01n* 11/7/2005 IN
05-325-03n* 12/12/2005 PR

2006 Field Trials
06-031-05n* 3/8/2006 AR, IA, IL, 4N, MI, MN;"NEcOH
06-033-01n* 3/14/2006 IL
06-033-02n* 3/23/2006 IA, IE; IN
06-038-06n* 4/6/2006 TAXMN,\WI
06-038-08n* 4/6/2006 IA, IL,-IN,-MN, ND,WI
06-040-01n* 3/15/2006 PR
06-045-16n* 5/18/2006 PR
06-045-18n* 5/18/2006 PR
06-045-19n* 5/18/2006 PR,
06-045-20n* S5H70/2006 AR L, IN;-MD, NC
06-045-29n* 4/13/2006 TA, I, IN, OH
06-058-0¥n* 5/11/2006 AR, IA, IL, MD, MN
06-058-02n* 5/11/2006 AL, GA
06-058-05n* 4/3/2006 IL, IN, MI
06-058-06n* 42472006 1A
06-058-08n* 4/2442006 IA, PR
064058-10n* 4/11/2006 MN
06-061-07* 5/132006 IA, IN, MI, NE, WI
06-069-TIn* 4/24/2006 PR
06-072-07n* 5/19/2006 IL, WI
06-2072-08n%* 5/19/2006 IL
06-076-10n* 5/5/2006 AL, GA, LA
06-076-11n* 5/25/2006 IA, IL, KS, KY, MN, NE, OH, SD
06-086-07n* 5/15/2006 WI
06-087-07n* 5/25/2006 IA, IL, IN, MO
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Table A-1 (continued). USDA Notifications for MON 89788 Field Trials

2006 Field Trials (continued)

06-087-08n*
06-093-02n*
06-094-04n*
06-118-03n*

5/15/2006
5/5/2006
6/8/2006
5/9/2006

IL
IN
PR
TIA

* Final Test Reports in preparation and not due prior to the submission of this petition.
1. This list contains notifications granted through June 15, 2006 and MON 89788 was planted.
In these notifications MON 89788 is also designated as GM_A19788-o0t as PV-GMGOX20.
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Appendix B. Materials and Methods Used for Molecular Analyses of MON 89788

Materials

The DNA used in molecular analyses was isolated from leaf tissue of MON 89788
collected in 2005 from seed lot GLP-0405-15118-S. Additional DNA extracted from
various generations of leaf tissues were used in generation stability analyses. The control
DNA was isolated from the leaf tissue of a conventional soybean variety, A3244. The
reference substances included the PV-GMGOX20 plasmid and the size estimation
molecular weight standards. As a positive control on Southern blots, PV-GMGOX20
plasmid DNA was digested with a restriction enzyme or combination of enzymes to
produce the banding patterns that were most relevant to the. assessmentiof the test
substance digested with appropriate enzyme(s). The plasmid DNA was ither ‘added to
undigested A3244 soybean genomic DNA and‘digested, or\was digested fitst’and then
added to pre-digested A3244 soybean genomic DNA. The molecular weight-standards
include the 1 kb DNA Extension LadderInvitrogen)and A DNA/Hind HF fragiments
(Invitrogen) for size estimations on Southeérn blots.. Fhe 500 bpoDNA-ladder (Iavitrogen)
was used for size estimations for the PCR analyses.

Characterization of the Materials

The quality of the source material$>from"MQON-89788 and A3244 were verified by PCR
analysis to confirm the présence.or absenge. of MON 89788 except thetmaterials used in
the generational stability”’analyses Where the identity of the materials “was confirmed by
the generation stability Southerw blets themselves. The stability of the genomic DNA
was confirmed in‘each \Southern analysis-by gbservation‘of the,digested DNA sample on
an ethidium bromide=stained’agarose.gel.

DNA lIsolation for SeutherirBlot.and PCR Analyses

Genomic DNA samples) from MON 89788 and A3244 used in the insert and copy
number, insert“integrity,zbackbone.(analysis,. and PCR analyses were isolated from
soybean leaftissues that were’ ground fo a fine powder in liquid nitrogen using a mortar
and pestle.’ DNA was exfracted from the processed leaf tissue using the Sarkosyl DNA
isolation method by Fultow, et al;"(1995) with the following exceptions. Instead of
recovering DNA by(centrifugation,.the DNA was spooled using a glass hook and placed
in a microgéntrifuge gibe containing 70% ethanol. Also, during one of the isolations,
RNAse Arwas-added to theextraction buffer to minimize the co-purification of RNA.

Genomic’DNA used.in the generational stability analysis was isolated using the following
methed: Leaf tissue was ground to a fine powder in liquid nitrogen using a mortar and
pestle. Approximately 2 ml equivalents of fresh leaf tissue powder were transferred to 13
ml conical tubes, and ~10 ml of CTAB extraction buffer [1.5% CTAB, 75 mM Tris pH
8.0, 100 mM EDTA, 1.05 M NacCl, 0.75% PVP (40K)] were added to the tissue. The
samples were incubated at 68°C for 45-50 minutes and were mixed halfway through the
incubation. Samples were split into 13 ml conical tubes (2/sample) containing 5 ml of
chloroform. The suspensions were mixed by inversion for 2 minutes. The two phases
were separated by centrifugation at ~10,300 x g for 8§ minutes at room temperature. The
aqueous (upper) layer was transferred to a clean 13 ml tube and the chloroform extraction
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was repeated as above with 5 ml of chloroform. The aqueous layer was transferred to a
clean 13 ml tube containing 5 ml of 100% ethanol to precipitate the genomic DNA. The
genomic DNA of like samples was spooled into a 13 ml tube containing 10 ml of 70%
ethanol. Samples were centrifuged at ~5,100 x g for 5 minutes at room temperature to
pellet the DNA. The pellet was transferred with an inoculating loop to a microcentrifuge
tube containing 1 ml of 70% ethanol. The DNA was spun for 1 minute at maximum
speed in a microcentrifuge. Ethanol was removed with a pipette tip and the samples were
allowed to air dry for 1-2 hours. The DNA was resuspended in TE buffer and stored in a
4°C refrigerator until use.

Quantification of Genomic DNA
Quantification of DNA samples was performed, using a Hoefer DyNA “Quant 200
Fluorometer with Roche molecular size marker IX~as a DNA\calibration standard.

Restriction Enzyme Digestion of Genomic-DNA

Approximately 10 pg of genomic DNA ‘were used* for,Testriction enzyme digestions.
When digesting genomic DNA with.Not L (Roche), Nco'I.(Reche), or:the combination of
Not I and Nco I (Roche), 10X buffer-H (Roche) was _used.;When digesting genomic
DNA with the restriction enzym¢ combination of Bpl' I (Fermentas)cand Xmn I (New
England Biolabs), buffers 10X Tango bufferand 2.5 mM SAM (Fermentas) were used.
Finally, 100X BSA (New England Biolabs);wasCadded” to~all digests to a final
concentration of 1X.« Overnight digests' were performed at-37°C4n a total volume of
500 pl using 100 units ofithe appropriate restriction enzyme(s).

DNA Probe Preparation for Southern Blot Analyses

Probes were prepared by PCR _amplification of ithe RPY-GMGOX20 template using a
standard procedurecbased - on Sambreok and Russell'(2001). Approximately 25 ng of
each template was-usedto generate-the-probelabeled with 32p_dCTP (~6000 Ci/mmol) by
random priming method'“(RadPrime¢"DNA" Labeling System, Invitrogen) or by PCR.
Probe positions felative to:the genetic-¢lements in plasmid PV-GMGOX20 are depicted
in FiguredV-1.

Southern Blot"Analyses of Genomic:DNA

Digested DNA.was separated using 0.8% (w/v) agarose gel electrophoresis. Except for
generational stability analyses, DNA samples were loaded on the gels for a long run and a
short-run in-an effort.to-provide better resolution of larger DNA fragments while retaining
smallercDNA-\fragments on the gel. After transferring the DNA to the membrane,
Southern blots ‘were hybridized at 65°C except when probing with the Tsfl intron
sequence and the E9 3' nontranslated sequence. These elements contain A-T rich
sequences; therefore, it is necessary to lower the hybridization temperature to 60°C.
Multiple exposures of each blot were then generated using Kodak Biomax MS film in
conjunction with one Kodak Biomax MS intensifying screen in a -80°C freezer.

DNA Sequence Analyses of the Insert
The organization of the elements within the T-DNA of MON 89788 was confirmed using
DNA sequencing analyses. Several PCR primers were designed with the intent to
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amplify three overlapping DNA fragments (Products A, B and C) spanning the entire
length of the insert. The PCR for Products A and B were conducted using 50 ng of
genomic DNA or 6 ng of plasmid DNA as templates in a 50 pl reaction volume
containing a final concentration of 1.5 mM MgCl,, 0.2 uM of each primer, 0.2 mM each
dNTP, and 2.5 pl of Platinum Taq DNA polymerase (Invitrogen). The PCR for Product
C was conducted using 50 ng of genomic DNA template in a 50 pl reaction volume
containing a final concentration of 2 mM MgSOy, 0.2 uM of each primer, 0.2 mM each
dNTP, and 1 unit of Accuprime Taq (Invitrogen) DNA polymerase mix. The
amplification of Product A was performed under the following cycling conditions: 94°C
for 3 minutes, 35 cycles at 94°C for 30 seconds, 59°C for 30 seconds, 72°C for3 minutes,
and 1 cycle at 72°C for 10 minutes. The amplification of ProductB was performed under
the following cycling conditions: 94°C for 3 minutes, 35 cycles at 94°C. for 30, seconds,
65°C for 30 seconds, 72°C for 3 minutes, and' 1 cycle.at 72°C for-10_ minutes. The
amplification of Product C was performed ynder the following cycling conditions;>94°C
for 3 minutes, 35 cycles at 94°C for 15 seconds, 55°Cfor 30 seconds,68°C-for 3 minutes,
and 1 cycle at 68°C for 5 minutes, \Aliquots of ‘cachi-PCR roduct were separated on
1.0 % (w/v) agarose gels and visualizedby ethidium bromide staining to “verify that the
products were of the expected)sizé prior;to-sequencing:. The PCR ‘products were
sequenced with primers used for PCR amplificationas well as-multiple primers designed
internal to the amplified.sequences. 2All sequencing:was performed by the Monsanto
Genomics Sequencing Center'using dye-terminator chenistry.
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Appendix C. Materials, Methods and Results for Characterization of the CP4
EPSPS Protein Produced in MON 89788

Materials

The MON 89788-produced CP4 EPSPS protein was isolated from grain of MON 89788.
The grain used for the isolation of CP4 EPSPS protein was produced in Argentina field
production during the 2004-2005 season. The identity of the grain sample containing
MON 89788 was confirmed by event-specific PCR. The isolated MON 89788-produced
CP4 EPSPS protein was stored in a —80°C freezer in a buffer solution containing 50 mM
Tris-HCI1 pH 7.5, 50 mM KCI, 2 mM DTT, 0.5 mM PMSF, 1 mM benzamiding<HCI, and
25% (v/v) glycerol. Data supporting the extraction and isolation of the .CP4 EPSPS
protein from the grain of MON 89788 conducted- prior to theinitiation of this'plan are
archived under APS lot 60-100085.

The E. coli-produced CP4 EPSPS protein (APS lot 20=00015) was used as@ reference
standard to establish equivalence in select’analyses.‘’These analysestncluded molecular
weight determination by SDS-PAGE, immunoblet analysis;, glycoesylation analysis, and
the functional enzymatic assay. The CP4EPSPS protein was stored.dn'a -80°C freezer in
a buffer solution [50 mM TrissHEL pH7.55-50 -mM (KCLx2" mM® DTT, 1 mM
benzamidine-HCIl, and 25% (v/v) glycerol] at a-totalprotein concentration ©f 3.8 mg/mL.

Description of Assay Controls

Protein molecular weightanarkers were uséd to,calibrate SDS-PAGE gels and verify
protein transfer ta~PVDF mémbranes, O;The. E. coli-produced CP4 EPSPS reference
standard protein;as‘used(in the“generation’of the standard-curve to estimate the total
protein concentration using the BiosRad protein assay. It-was also used as the positive
control inrthe immunoblot analysis. Betaslactoglobulih protein and PTH-amino acid
standards were used tocverify the performance of.the amino acid sequencer. A peptide
mixture was used to ‘calibrate~the. MALDI-TOF mass spectrometer for tryptic mass
analysis. Trdnsferrin and E. ¢oli-produced CP4 EPSPS proteins were used as the positive
control and the negative control,Tespectively;’in glycosylation analysis.

Protein Purification

The CP4 EPSPS proteit was purified from an extract of ground grain of MON 89788,
using a_combinatien~ ofCisoelectric precipitation, ammonium sulfate fractionation,
hydrophobicdnteraction-chromatography, anion exchange chromatography, and cellulose
phosphate-affinity chromatography.

Approximately:one kilogram of pre-chilled MON 89788 grain material was ground and
defatted in hexane, air-dried, and stored in a —80°C freezer prior to protein extraction.
The ground and defatted material (100 g) was mixed in Buffer A [1 mM KH,PO4, 10 mM
Na,HPOy4, 137 mM NaCl, 2.7 mM KCl, 10% (v/v) glycerol, 2 mM DTT, 1 mM EDTA, 1
mM benzamidine-HCL, 0.5 mM PMSF, and 1% (w/v) PVPP, pH 7.4] at 1:50 sample
weight to buffer volume ratio. The sample-buffer suspension was homogenized and the
crude homogenate was clarified by centrifugation and filtration. The 11S globulin
protein in the extract was removed by lowering the pH of the supernatant to 5.5 by
addition of ~50.5 ml of 1 N HCI (Liu, 1999). The protein precipitate was removed by
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centrifugation followed by filtration. The resultant 4.55 L supernatant was subjected to
40% ammonium sulfate protein fractionation. The solution was stirred and centrifuged,
and the remaining supernatant was subject to a 70% ammonium sulfate fractionation.
The pellet was collected by centrifugation and was re-suspended in 500 ml of Buffer B
[50 mM Tris-HCI, 10% (v/v) glycerol, 0.5 mM PMSF, 2 mM DTT, 1 mM EDTA, 1| mM
benzamidine-HCI, 1.25 M ammonium sulfate, pH 7.56]. The supernatant was filtered
and the volume was brought to 740 ml with Buffer B.

The sample was loaded onto a 206 ml (5 cm x 10.5 cm column) Phenyl Sepharose 6 Fast
Flow (high sub) hydrophobic resin column, which was equilibrated with § column
volume (CVol) of Buffer B. The unbound proteins were removed with 2 CVol of Buffer
B. The bound CP4 EPSPS protein was eluted with a linear salt gradient<of 100440% of
Buffer B in 1 CVol followed by a 40-0% gradient of Buffer B in.§CVol." “Fractions
containing the CP4 EPSPS protein, identified’based on phosphate releasgractivity assay
and immunoblot analysis, were pooled to-adinal volume of ~500anl. The pooledsample
was concentrated and desalted by diafiltration against Buffer © [50 mM-Dris-HCI, 10%
(v/v) glycerol, 0.5 mM PMSF, 2 mM DIT, 1. mMEDTFA; [~mM:benzamidine-HCI,
pH 7.5]. The final volume of the concentrated sample was breughtto 125 ml, and it was
clarified by centrifugation.

The protein solution of ~¥25 mlwas leaded-onte‘an anjon exchange column (Source 15Q
resin; 45 ml; 2 cm x. 4.2 em columny,which was equilibrated. with Buffer C prior to
sample loading. The resin” was“washed with 3.“CVel“of Buffet.C and the bound CP4
EPSPS protein was eluted with a inearcsalt gradient of 0=25%-0f 1 M NaCl in 4 CVol of
Buffer C followed by 25-100%:in 3 €CVol. Fractionsicontaining CP4 EPSPS protein were
identified using SDS-PAGE Gmmunoblot-analysisyand phosphate release activity assays.

Fractions containiig the’highest amount of CP4 EPSPS protein were buffer exchanged
into Buffer D,[50 mM MES, - mM:-DTT;1 mM benzamidine-HCI, 15% (v/v) glycerol,
pH 5.8] and’ applied .to a- 7 ‘ml pre-cycled~cellulose phosphate cation exchange resin
(1.6 cm~%3.5 cm ¢olumn).’ Prior to.Sample loading, the cellulose phosphate column was
equilibrated withvat least.200 mbof Buffer D and the bound protein was eluted with
Buffer D, pH' 58, containing 0 mM phosphoenolpyruvate (PEP) and 0.5 mM
shikimate-3<phosphate’(S3R). The MON 89788-produced CP4 EPSPS protein found in
the flow~throtugh fractions*and’the column wash were pooled and prepared for anion
exchange columfchromatography. One of the major contaminant proteins was removed
by:cellulose phosphate affinity column chromatography.

A pooled sample of ~13 ml containing the CP4 EPSPS protein was buffer exchanged
against Buffer E (50 mM bis-tris propane, 0.5 mM PMSF, 2 mM DTT, 1 mM EDTA, and
I mM benzamidine-HCI, pH 8.5) and concentrated to a final volume of 5 ml prior to
loading onto a Mono Q column (Amersham, 5/50 GL; 0.5 cm x 5 cm). Unbound proteins
were removed with 5 CVol of Buffer E and the bound CP4 EPSPS protein was eluted
with Buffer E containing 1 M NaCl with a linear salt gradient of 0-50% in 12 CVol
followed by 50-100% in 8 CVol. Fractions containing CP4 EPSPS protein, identified by
SDS-PAGE, were pooled and buffer exchanged against Storage Buffer [SO0 mM Tris-HCI,
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50 mM KCl, 25% (v/v) glycerol, 0.5 mM PMSF, 2 mM DTT, 1 mM benzamidine-HCI,
pH 7.5]. The volume of the concentrated protein sample was brought to 2.4 ml in
Storage Buffer. Prior to the protein characterization, the protein sample was assigned to
the APS program as lot 60-100085.

Molecular Weight and Purity Estimation — SDS-PAGE

Aliquots of stock solutions of the MON 89788-produced CP4 EPSPS and reference
standard protein were each diluted with 5x loading buffer [312 mM Tris-HCI, 20% (v/v)
2-mercaptoethanol, 10% (w/v) SDS, 0.025% (w/v) bromophenol blue, 50% (v/v)
glycerol, pH 6.8)] and water to a final concentration of 0.2 pg/ul.. Molecular weight
markers (Bio-Rad broad-range) were diluted to a final total protein concenttation'ef 0.9
pg/ul. The MON 89788-produced CP4 EPSPS protein was analyzed in duplicate at 1, 2,
and 3 pg total protein per lane. The E. coli-produced CP4 EPSPS.teference standard
(APS lot 20-100015) was analyzed at 1 ug tetal proteincyAll samples were heated at 98-
99°C for 5 min and loaded onto a pre-cast tris-glycite 4—20%:polyacrylamide gradient
10-well mini-gel (Invitrogen, Carlsbad, CA). Electfophoresis~was perfofmed at a
constant voltage of 150 V for 78 or90 min. Proteins werefixed by placingthe gel in a
solution of 40% (v/v) methanol and 7%-(v/v)-glacial acetic acid fof’30 min, stained 16 h
with Brilliant Blue G-Colloidal staif(Sigma, St. Louis, MO), destained with a solution
containing 10% (v/v) acetic "acid and 25% (v/v) methanel followed by 25% (v/v)
methanol.

Analysis of the gél'was performed” using a Bio:Rad GS-800,"densitometer with the
supplied Quantity One software; (vetsion (4.4.0; Hercules; “CA). Molecular weight
markers wereused fo estimate_the apparent molecular weight of each observed band. All
visible bands within each lane were ‘quantified ysing Quantity One software. For the
MON 89788-produced €P4 EPSPS protein, purity was estimated as the percent optical
density of the 44:kDa band-telative to.all bands detected in the lane. Apparent molecular
weight and purity wereaéported as-an average-of all six loadings containing the MON
89788-produced ‘CP4EPSPS-protein.

Immunoblot Analysis.+ Immunoreactivity

Aliquots of the stock solutions ofithe MON 89788-produced CP4 EPSPS protein and
reference Standard were diluted o a final purity-corrected protein concentration of 0.2
ng/uL inwater and in S¥Jloading buffer. Samples were then heated to ~100°C for 5 min
and:loaded onto’a pre-cast tris-glycine 4—20% polyacrylamide gradient 10-well gel. The
MON 89788=prodiced CP4 EPSPS protein and reference standard protein were loaded at
three-different Joadings of 1, 2, and 3 ng per lane. Electrophoresis was performed at a
constant voltage of 140 V for 20 min followed by a constant voltage of 200 V for 47 min.
Pre-stained molecular weight markers included during electrophoresis (Bio-Rad Precision
Plus Dual Color, Hercules, CA) were used to verify electro-transfer of protein to the
membrane and to estimate the molecular weight of the immunoreactive bands. Samples
were electrotransferred to a 0.45 micron PVDF membrane (Invitrogen, Carlsbad, CA) for
one h at a constant current of 300 mA.
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The membrane was blocked for one h with 5% (w/v) NFDM in PBST. The membrane
was probed with a 1:4000 dilution of goat anti-CP4 EPSPS antibody (lot 6844572) in 2%
(w/v) NFDM in PBST for one hour. Excess antibody was removed by three washes with
PBST. The membrane was probed with peroxidase-conjugated rabbit anti-goat IgG
(Sigma, St. Louis, MO) at a dilution of 1:10,000 in 2% (w/v) NFDM in PBST for one
hour. Excess peroxidase-conjugated IgG was removed by three washes with PBST.
Immunoreactive bands were visualized using the ECL detection system (Amersham
Biosciences, Piscataway, NJ) and exposed (5 s, 10 s, and 3 min) to Hyperfilm ECL film
(Amersham Biosciences, Piscataway, NJ). Films were developed using a Konica SRX-
101 A automated film processor.

Image analysis of immunoreactive bands on blot-films was cénducted using a‘Bio-Rad
model GS-800 calibrated imaging densitometeritHercules,-CA) equipped with’ Quantity
One software Version 4.4.0. The intensity of>signal deteeted in eachlane-was-measured

as band adjusted intensity (average band>OD x band area in-~mm2).  The pércent
difference between the MON 89788- and E. coli-produeed ©P4 (EPSPS proteins was
calculated as shown below:

|(E.coli Produced CP4EPSPS) ~{PlantProdiced CP4 BESPS)| 00
| (E“e0li Produced CP4 EPSPS) |

N-terminal Sequence Analysis

An aliquot of the-MON 89788-produced CP4’EPSPS, proteiniwas diluted with 5 x loading
buffer to a (final purity cortectedOprotein concentration” of 272 ng/ulL. Pre-stained
molecular:weight markersncluded duringelectrophoresis (Bio-Rad Precision Plus Dual
Color, Hercules, €A) were used to verifyoelectro-tsansfer of protein to the membrane and
to estimate MW. The MON.89788=produced L£P4 EPSPS protein was loaded in five
lanes at 5.4Cg (purity‘corrected). per dane.. The CP4 EPSPS containing samples were
heated t07>99°C for@-minprior;to electrophoresis on a pre-cast tris-glycine 4—20% SDS
polyacrylamide. gel at 125V for,90 min. The gel was then electro-blotted to a 0.45
micron PVDE {menibrane»for-90 min at a constant current of 125 mA in a solution
containing  t0omM CAPS, 10% (¥Vv) methanol, pH 11. Protein bands on the membrane
were visualized-with'\Ponceau S-stain (Sigma).

Theé-protein band that ‘migrated at 44 kDa in each of three lanes was excised individually
from the membrane and pooled prior to sequence analysis. N-terminal sequence analysis
was_performediusing automated Edman degradation chemistry (Hunkapillar et al., 1983).
An Applied Biosystems 494 Procise Sequencing System with 140C Microgradient
system and 785 Programmable Absorbance Detector and Procise” Control Software
(version 2.1) was used. Chromatographic data were collected using Atlas™ software
(version 2003R1.1). A PTH-amino acid standard mixture (Applied Biosystems, Foster
City, CA) was used to calibrate the instrument for each analysis. This mixture served to
verify system suitability criteria such as peak resolution, peak area and relative amino
acid chromatographic retention times. A control protein (B-lactoglobulin, Applied
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Biosystems) was analyzed before and after the analysis of the CP4 EPSPS protein to
verify that the sequencer met performance criteria for repetitive yield and sequence
identity.

MALDI-TOF Analysis

MALDI-TOF mass spectrometry was used to confirm the identity of the MON 89788-
produced CP4 EPSPS protein. With sufficient mass accuracy, four tryptic peptides were
found to be sufficient to identify a protein (Jiménez et al., 1998).

SDS-PAGE Separation of Proteins: Approximately 5.4 ug of the MON 89788<produced
CP4 EPSPS protein along with broad Range molecular weight markers: (Bio*Rad,
Hercules, CA) were heated to 99°C for 4 min prier to electrophoresis on.a’ pre-east tris-
glycine 4—20% polyacrylamide gel. Proteins were fixed by'placing the*gel:in a solution
of 40% (v/v) methanol and 7% (v/v) glacial acetic acid for 50 min, Stained with Brilliant
Blue G-Colloidal stain (Sigma, St. Louis,MO), destained with a solution’ cosntaining’ 10%
(v/v) acetic acid and 25% (v/v) methanel; followed by 25% (v/Vv) methanol;

In-gel Protein Digestion: The stained protein’band that\migrated at/44 kDa was excised
from the gel, destained, reduced; alkylated,“and-subjected to ‘an in=gelctrypsin (Promega,
Madison, WI) digestion (Williams=et al.,"1997). Briefly; each gel band was individually
destained by incubation_in* 100 pL. 0f“40%"(v/v)-methanol and 40% v/v) glacial acetic
acid. Following destatning;’ the,-gel cbands, were* incubated-in «300 pL of 100 mM
ammonium bicarbonate bufferfor 30:min @t roon temperature. Proteins were reduced in
100 uL of 10 mM- dithiothreitol selutiofifortwo hiat 372€. Proteins were then alkylated
by the addition of $00 uL-of buffer, containing 200 mM igdoacetic acid. The alkylation
reaction was allowed:to proeeed, at reom temperature for 20 min in the dark. The gel
bands were incubated ind00 pldof 100 mM amimonitum bicarbonate buffer for 30 min at
room temperaturg, at which'time 400 pd. of aCetonmtrile was added and the incubation was
continued foran additional 30:min.<Fhexammonium bicarbonate/acetonitrile incubations
were repeated twio additional times-to removerthe reducing and alkylating agents and salts
from the‘gel. The'gel was dried itva SpeedVac concentrator (Savant, Holbrook, NY),
rehydrated with-40 pL 25-mM ammonium bicarbonate containing 33 pg/ml trypsin, and
digested for 16 hqat 37°€. Digested peptides were extracted with 50 uL. 70% (v/v)
acetonitrilg.containing’0.1%(v/v)>TFA. Supernatant from each extraction was combined
and dried in 4 SpeedVac,concentrator. This process was repeated two more times, and
the drted material’'was reconstituted in 10 pL of 0.1% (v/v) TFA.

Sample Preparation: A portion (5 puL) of the digested sample was desalted (Bagshaw et
al.,2000) using Millipore (Bedford, MA) ZipTip® C18 pipette tips. The mixture of
tryptic peptides was applied to a ZipTip C18 and eluted with 5 uLL. of Wash 1 [0.1% (v/v)
TFA], followed by 5 pL. of Wash 2 [20% (v/v) acetonitrile containing 0.1% (v/v) TFA], 5
ulL of Wash 3 [50% (v/v) acetonitrile containing 0.1% (v/v) TFA], and 5 pL. of Wash 4
[90% (v/v) acetonitrile containing 0.1% (v/v) TFA].

MALDI-TOF Instrumentation and Mass Analysis: Mass spectral analyses were
performed as follows: mass calibration of the instrument was performed using a peptide
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mixture from a Sequazyme™ Peptide Mass Standards kit (Applied Biosystems). Samples
(0.3 uL) from each of the desalting steps, as well as a sample of solution taken prior to
desalting, were co-crystallized with 0.75 puL a-cyano-4-hydroxy cinnamic acid (Waters,
Milford, MA) on the analysis plate. All samples were analyzed in the 500 to 5000 dalton
range using 100 shots at a laser intensity setting of 2603-2960 (a unit-less MALDI-TOF
instrument specific value).  Protonated (MH+) peptide masses were observed
monoisotopically in reflector mode (Aebersold, 1993; Billeci and Stults, 1993).
GPMAW32 software (Applied Biosystems, version 4.23) was used to generate a
theoretical trypsin digest of the expected CP4 EPSPS protein sequence deduced from the
nucleotide sequence. Masses were calculated for each theoretical peptide and compared
to the raw mass data. Experimental masses (MH+) were assigned to peaks:in the>500-
1000 Da range if there were two or more isotopieally resolved peaks, and in.the 1000-
5000 Da range if there were three or more isétopically resolved peaks inithe spectra.
Peaks were not assessed if the peak heights, 'were lessZthan approximately twice the
baseline noise, or when a mass could netibe assignéd due to, overlap’with“a stronger
signal of £ 2 daltons from the mass analyzed. Knownrfrypsia autocatalytic dragments
were also identified in the raw data..-The identity-of the "CP4-EPSPS protein.i$ confirmed
if > 40 % of the protein sequence‘can be’idefititied by matching experimetital masses to
the expected masses for the fragments.

Functional Activity Assay

This end-point type celofimetric assay measures the releéase of-inorganic phosphate from
one of the substrates, PEP, whichuis released.by.the action-of the EPSPS enzyme.
Briefly, reaction~muxtures containing the isolated.CP4-EPSPS enzyme with S3P were
initiated by the~addition ‘of PEP. -The final reageft ‘concentrations in the assay were
50 mM HEPES (pH 7.0), 00 mM-ammonium moelybdate, 2 mM S3P, 1 mM PEP and
5 mM potassium fluoride.- Reactions’were incubated for two min at 25°C to allow for
product formation: "The-reaetions.were.quenched with malachite green (phosphate assay
reagent) and fixed after two min’ with’ 33%”(w/¥) sodium citrate. The EPSPS-catalyzed
release of \inorganic phosphate from PEP was determined at a wavelength of 660 nm
using a~-PowerWave X, (Bio<Tek) microplate reader, relative to a standard curve of
inorganic phosphate treated with ¢he malachite green (phosphate assay) reagent and 33%
(w/v) sodium citrate,  For CP4EPSPS; one unit (U) of enzyme activity was defined as the
amount of«enzyme that produced;l pmole of inorganic phosphate from PEP per min at
25°C. (alculations of the specific activities were performed using Microsoft Excel 2000
version 9,0.44020SR-1. Specific activity values were calculated based on the purity-
cofrected” concentration of the CP4 EPSPS protein. As specified in Monsanto
¢haracterizationplan, the MON 89788-produced CP4 EPSPS protein was considered
equivalent to the E. coli-produced CP4 EPSPS protein if the average specific activity was
within two-folds of the average specific activity of the E. coli-produced protein.

Glycosylation Analysis

Glycosylation analysis was used to determine whether the MON 89788-produced CP4
EPSPS protein was post-translationally modified with covalently bound carbohydrate
moieties. Aliquots of the MON 89788-produced CP4 EPSPS and the E. coli-produced
CP4 EPSPS reference standard (in this instance, a negative control) were diluted in 5 x
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loading buffer and water to a final purity corrected concentration of ~55 ng/uL and 50
ng/uL, respectively. An aliquot of the transferrin protein (positive control) was diluted in
5 x loading buffer and water to a total protein concentration of 50 ng/ul.. These samples
were heated to ~100.3 °C for five min, and loaded along with Precision Plus Dual Color
pre-stained protein molecular weight markers (Bio-Rad, Hercules, CA) and a No Protein
Control (loading buffer only) and electrophoresed on a pre-cast tris-glycine 4—20%
polyacrylamide gradient 10-well mini-gel. The transferrin and E. coli-produced CP4
EPSPS protein were loaded at 0.5 and 1 pg protein per lane, while the MON 89788-
produced protein was loaded at 0.6 pg and 1.1 pg protein per lane. Electrophoresis was
performed at a constant voltage of 140 V for 20 min followed by a constantcvoltage of
200 V for 47 min. After electrophoresis, proteins were Celectrotransferred to a
0.45 micron PVDF membrane for 75 min at a constant current’of 300 mA.

Carbohydrate detection was performed directly on the PVDF membrane using the ECL
detection system (Amersham Biosciences)Piscataway, NJ). The’PVDF membrane was
incubated in PBS for 10 min, and transferred toca solation,of 100 mM acetate buffer,
pH 5.5, containing the oxidation reagent, 10 mM-sodium metaperiodate: The membrane
was incubated in the dark for 20y‘min: The oxidationsolution was removed from the
membrane by two brief rinses-followed. by-three sequentialy 10 min washes in PBS. The
membrane was transferred o a ‘selution of (300 mM adetateCbuffer, pHS.5, containing
25 nM biotin hydrazide ‘and Gncubated for 60 min;” Biotinchydrazide solution was
removed by washing in PBS-as previetsly described. . The membrane was blocked with
5% blocking agent{{provided swith the ECL detection system) in* PBS for 60 min. The
blocking solution* was' remevedzby washing inyPBSvas pteéviously described. The
membrane was incubated ‘with streptavidin-HRP conjugate)(diluted 1:6000) in PBS for
30 min to.detect carbohydrate moieties bound to'biotii: Excess streptavidin-HRP was
removed by washing in:PBS as previously desceribed: Bands were visualized using the
ECL detection system‘(Amersham Bigsciences).. Films were exposed (10 s, 30 s, 1 min,
and 3 min) te Hyperfilm”ECLE filin (Amersham Biosciences). Films were developed
using a Konica SRX-101 A automated film processor.

Results of CP4 EPSPS Molecular:Weight Equivalence

The equivalence imapparent molectlar weight of the purified MON 89788- and the E.
coli-produé¢ed CP4 EPSPS proteins was demonstrated using SDS-PAGE and stained with
Brilliant Blue G-Colloidal stain' (Figure C-1). The MON 89788-produced CP4 EPSPS
protein migrated;with a‘molecular weight indistinguishable to that of the E. coli-produced
proteinsstandard analyzed concurrently (Figure C-1, lane 2 vs. lanes 3-8). Based on the
comparable“electrophoretic mobility, the MON 89788- and E. coli-produced CP4 EPSPS
proteins were determined to have equivalent apparent molecular weight. The estimated
molecular weight is consistent with the calculated molecular weight of 47.6 kDa based on
translation of the coding sequence of cp4 epsps.
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Figure C-1. SDS-PAGE Molecular Weight> Analysis of the.CP4EPSPS Protein
Isolated from MON 89788 Grain

Aliquots of the purifiedt MON 89788-produced CR4 EPSPS protein, and the E. coli-
produced CP4_EPSPS" reference’ standard (were-separated: by denaturing tris-glycine
4—20% PAGE and stained with Brilliant-Blu¢/G-Colloidab stain. Amounts correspond
to total protein loaded per lane. Approximate-molecularweights (kDa) correspond to the
marker§Joaded in Téanes: 1 and 9.

Lane

= 0 oo N B W —

Sample Amount (ug)
MW MaTKEES ..o i e o7 et 4.5
E. coli-praduced CP4-EPSPS reference standard ...........cccooeevvirecnnennne. 1
MON:89788<producedCP4 EPSPS protein ........cccceeveveevciveeniieeeieeeen 1
MON 89788-ptoduced CP4 EPSPS protein ........cccoceevveeieneenienieneennenne. 1
MON 89788-produced CP4 EPSPS protein .........cccccueeveeriienienieeieennnnns 2
MON 89788-produced CP4 EPSPS protein ........ccceceevveeveneenienicneenncnnne. 2
MON.89788-produced CP4 EPSPS protein ..........ccceeeeveevciveenciieeeieeee. 3
MON 89788-produced CP4 EPSPS protein .........ccoceevveeeeneenienieneennennne. 3
MW MATKETS ..ottt 4.5
EMPLY [AN€ ..ot N/A
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Results of CP4 EPSPS Immunoreactivity Equivalence

A western blot analysis using goat anti-CP4 EPSPS serum was conducted to determine
the relative immunoreactivity of the MON 89788-produced CP4 EPSPS protein and the
E. coli-produced CP4 EPSPS reference standard. Results indicated that the anti-CP4
EPSPS antibody recognized the mature MON 89788-produced CP4 EPSPS protein that
migrated identically to the E. coli-produced reference standard protein (Figure C-2).
Moreover, the immunoreactive signal increased with increasing levels of the CP4 EPSPS
protein. The observed immunoreactivities between the MON 89788- and E. coli-
produced proteins were similar based on densitometric analysis of the western blot.
Based on the above analysis, the MON 89788- and E. coli-produced CP4,"EPSPS
demonstrated equivalent immunoreactive properties, which confirmed the identity and
equivalence of the two proteins.

Results of N-terminal Sequence Analysis

The N-terminus of the purified MON, 89788-prodiced CP4~EPSPS ‘proteifiv was
determined. The resulting sequence ‘matched the<predictedOCP4 EPSPS N-terminal
sequence translated from the cp4 epsps coding région (Table"C-1,-Observed’Sequence-1
and 2). The removal of the N-terminal>methionine was’observediin a, fraction of the
purified MON 89788-produced protein. This is-likely-due to cellular enzyme processing
in plant (Schmidt et al., 1992) This result is not unexpected.as’ the initial methionine is
frequently removed from proteinrs in éukaryotic 6rganisms by an-endogenous methionine
aminopeptidase (Arfin and Bradshaw, 1988). ‘Similar findings have been observed in a
number of productsthat have been dereguldted by USDA, which‘include Roundup Ready
Flex cotton and .Roundup Ready, soybeanh (Harrison, etoal.,c1996). This information,
therefore, confirms the N<terminal sequence identity, of the,CP4 EPSPS protein isolated
from MON. 89788, andthat this sequence-is consistent with the coding region of the gene.

Results of MALDJ-TOFMass Spectrometry Analysis

The identity of the~CP42EPSPS protein“wascestablished using matrix assisted laser
desorption “donization - time of “flight (MALDI-TOF) mass spectrometry. With
appropriate mass accuracy, fourtryptic peptides were found to be sufficient to identify a
protein-(Jiménez-et al,,"1998)."” Observed tryptic peptides were considered a match to the
expected tryptic ' mass when differenees in molecular weight of less than one Dalton were
found between_the observed,and predicted fragment masses. Such matches were made
without ceonsideration for potential natural amino acid modifications such as
glycosylation.

Using'the aforemientioned criteria, the identity of the MON 89788-produced CP4 EPSPS
protéin was assessed by MALDI-TOF mass spectrometry of chemically reduced and
alkylated tryptic fragments prepared from the MON 89788-produced CP4 EPSPS protein.
A total of 23 masses matched the expected tryptic digest mass fragments from the
deduced amino acid sequence of the CP4 EPSPS protein. The identified masses were
used to assemble a coverage map indicating the matched peptide sequences for the entire
CP4 EPSPS protein (Figure C-3). This analysis confirmed the identity of the MON
89788-produced CP4 EPSPS protein.
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Results of CP4 EPSPS Functional Activity Equivalence

The specific activity of the MON 89788-produced CP4 EPSPS protein was estimated
using a phosphate release assay, where one unit (U) of enzyme activity was defined as the
amount of enzyme that produced 1 pmole of inorganic phosphate from PEP per minute at
25°C. The E. coli- and MON 89788-produced CP4 EPSPS were considered functional
equivalent if the specific activity of one protein was within two-fold of the other. Results
showed that the estimated specific activity was 3.7 U/mg protein for the MON 89788-
produced CP4 EPSPS, and 4.4 U/mg protein for the E. coli-produced reference standard.
The enzymatic activity assay demonstrated that the MON 89788-produced CP4 EPSPS
protein was as active as the E. coli-produced reference standard. These results confirmed
that these two proteins are functionally equivalent.

Results of CP4 EPSPS Glycosylation Equivalence

As many eukaryotic proteins are post-translationally modified with carbohydrateé moieties
(Rademacher et al., 1988), glycosylation analysis was_conducted to further-démofistrate
the equivalence between E. coli- and MON 89788-produced CP4 EPSPS proteins. Since
non-virulent E. coli strains used for-cloning”and expressioit-purposes.dack the ability to
glycosylate endogenous proteins,cthe <E> coli-produced ‘CP4, EPSPS was used as the
negative control for glycosylation analysis:;” The peositiveCecontiel was represented by
transferrin protein that was kKnown to “have ‘multiple ~covalently linkedcarbohydrate
modifications on each molecule. The transferrin protein,jas well assthe purified CP4
EPSPS proteins isolated”from; MON 89788 and Elcolirwere-separated on SDS-PAGE,
and western blot analysis was petrformed teo.detect oxidized carbohydrate moieties on the
proteins.

Results of -this analysis-areCpresented.in Figure C-4. _No carbohydrate moieties were
detected for CP4 EPSPS protein isolated from either'E. coli or MON 89788 (lanes 5-6
and lanes 7-8, réspectively).~ As expected,~carbohydrate moieties covalently lined to
transferrin were“deteeted at the-expected transferrin molecular weight of ~75 kDa (lanes 3
and 4). The&tadditional lower moleculatweight fragments in lanes 3 and 4 are likely to be
the proteolytic fragments.of the;full-dength protein. In addition, a faint band migrating at
approximately 44 kDa Wwas obseryed intlane 5 through lane 8. Since it was established
that the E. coli strdins used in-the-expression system were non-virulent, and lack the
ability to glycosylate-recombinant proteins (Letourneur et al., 1995), this faint band
observed-across E. coli- and MON 89788-CP4 EPSPS samples was deemed nonspecific.
Takemwtogether, the restlts démonstrated that, similar to the E. coli-produced CP4 EPSPS,
the: MON 89788-produced CP4 EPSPS protein is not glycosylated. This analysis also
confirms the equivalence between the MON 89788- and the E. coli-produced CP4 EPSPS
reference standard with respect to the status of glycosylation.

06-SB-167U Page 170 of 237



250 ——
150 —

100 —
75—
50 ——
37—
25 ——
20—
15—
10 —

e —— e ——

Figure C-2. Immuneblot-Analysis of the CP4 EPSPS Protein Isolated from MON
89788 Grain

Aliquots of cthe purified MON 89788-produced €P4 EPSPS protein and the E. coli-
produced “\CP4 EPSPS reference standard “were separated by denaturing tris-glycine
4—20% PAGE, electrotransferred to a PVDFE membrane and detected using CP4 EPSPS
polyclonal antiserum, followed. by development using the ECL system (10-second exposure
shown). Approximate molecular weights.(kDa) correspond to the markers loaded in lane 1.

Lane Sample Amount of CP4 EPSPS (ng)
1 MW MaATKEIS . e ar e N/A
2 E. Coli=produced €P4 EPSPS reference standard ...........ccceceevvevenenenenen. 1
3 E. coli-produced CP4 EPSPS reference standard ...........ccecveveenienineeenenne. 2
4 Excolizproduced CP4 EPSPS reference standard .............ccceovvevennienennnnn. 3
S EMPLY LANC.....cooiiiiiiiiiiiieceece ettt e N/A
6 MON 89788-produced CP4 EPSPS protein ........cccoceevveeeeneenieneencennennn. 1
7 MON 89788-produced CP4 EPSPS protein ..........ccceeeeveevciveeniieerieeeen. 2
8 MON 89788-produced CP4 EPSPS protein ........cccoceeveeueneenienveneennennne. 3
9 EMPLY LANE ..ovviiiiiiiiiecieeeceee et et N/A
10 EMPLY AN cueiiiiiiiii et N/A
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Table C-1. N-terminal Amino Acid Sequence Analysis of the CP4 EPSPS Protein
Purified from Grain Tissue of MON 89788

Amino acid residue #
from the N-terminus

Predlcted1C2P4 EPSPS M L H G A S S R P A T
Sequence

Observed Sequence-1°* M X H GUA X 8§ [R) P A (1)

Observed Sequence-2>* L HYG A S s . ® . X X

The predicted amino acid sequence of\the €P4 EPSPS protein was.deduced from' the coding
region of the full length cp4 epsps gene present in-MON 89788.

2 The single letter [IUPAC-IUB amino%acid, code-is-A, 4dlanine; G, glycingy H, histidine; L,
leucine; M, methionine; P, proline; R, ‘arginine; S, sering; andT, theeonine:

The amino acids in parentheses ( )>were fentatively-designated due to-high background noises.
The undesignated amino-acids,are shown as'“X” due todnterferences fromother amino acids.

4 Observed sequence-ltand 2 werer identified ‘after.‘comparison o theé predicted CP4 EPSPS
protein sequence.
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1 MLHGASSRPA TARKSSGLSG TVR|IPGDKSI SHRSFMFGGL ASGETRITGL]

51 |LEGEDVINTG KAMQAMGAR/l RKEGDTWIID GVGNGGLLAP EAPLDFGNAA

101 TGCRLTMGLV GVYDFDSTFI GDASLTKRPM GRVLNPLREM GVQVKISEDGD

151 |RLPVTLRGPK TPTPITYRVP MASAQVKSAV LLAGLNTPGI TTVIEPIMTR

201 DHTEKMLQGF GANLTVETDA DGVRTIRLEG RGKLTGQVID VPGDPSSTAF

251 PLVAALLVPG SDVTILNVLM NPTRTGEILT LQEMGADIEV: INPREAGGED

301 ADLRVRSST LKGVTVPEDR APSMIDEYPI LAVAAAFAEG-ATYMNGIEEL

351 RVKESDRLSA VANGLKLNGV DCDEGETSLYV VRGRPDGKGL®GNASGAAVAT]

401 HLDHRIAMSF LVMGLVSENP VTVDDATMIA TSFPEFMDLM-AGLGAKIELS

451 DTKAA

Figure C-3. MALDI-TOF Coverage Map of the:CP4 EPSPS Protein Isolated from
MON 89788 Grain

Tryptic,masses identified by MALDI-TOEF are boxed. These identified masses yielded a
coverage map equal t050.3% (229-of 455 amino-acids) of the full-length CP4 EPSPS
protein, which“is considered . sufficient to) confirm the identity of the MON 89788-
produced CP4 EPSPS protein;
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Figure C-4. Glycosylation Analysis of the CP4 EPSPS Protein Isolated from MON
89788 Grain

Aliquots of the MON-89788-produced-EP4, EPSPS.protein, E.Calizproduced CP4 EPSPS
reference standard«(fhegative eéntrol), and transferrin{(positive control) were separated by
denaturing tris-glycine' 4-520%<2PAGE and electrotransferred to PVDF membrane.
Approximate molecularcweights (kPa) injthe figure-correspond to the markers loaded in
lane 2. Amount below refers to-total protein-loaded pér lane for transferrin, and purity-
corrected protein values-for the E. coli- and thee MON, 89788-produced proteins.

Lane Saniple Amount (ug)
1 NO Proteit-Control ... .. et e N/A
2 MW Markers (PredisionPlusdtial Color)......cceeveveeiiieniiiiiiiiiiieee, N/A
3 Transferrin (POSItiVECONLLOD) .......ccveviieiieriieeeeie e 0.5
4 Transferrin (POSItiVE COMEIOL) ...co.viriiniiiiiiiiiiieicecee e 1
5 E. col-produced CP4‘EPSPS protein (negative control).............c.cu...... 0.5
6 E.coli-produced CP4 EPSPS protein (negative control)...........ccceeeeunnene. 1
7 MON 89788-produced CP4 EPSPS protein ..........ccceeveveevciieeniieeieeenee, 0.6
8 MON 89788-produced CP4 EPSPS protein .......c..cccceeeeverieneeneneennenne 1.1
9 EMPLY Lane.....coooviiiiiiiieiiiceece ettt N/A
10 EmPLy Lane.....cccooiiiiiiiiiieeeeee et N/A
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Appendix D. Materials and Methods Used for the Analysis of the Levels of CP4
EPSPS Protein in MON 89788

Materials

Tissue samples analyzed in this study were produced from five field sites in the U.S.
during 2005 season from seed lot GLP-0504-16045-S for MON 89788 and GLP-0504-
16046-S for control. The control line was A3244, which is a conventional variety and
does not contain the cp4 epsps coding region. Samples were stored in a -80°C freezer
throughout the study. An E. coli-produced CP4 EPSPS protein (Monsanto APSZot # 20-
100015) was used as a reference standard for the assay.

Characterization of the Materials

All samples were verified by either the chain-of-custody documentation or-an event-
specific PCR method. Three MON 89788/ grain samples (one each from thedL-151L-2,
and NE sites) contained less than or equalto 3.05% of the’Roundup Ready soybean, and
the samples were included for analyses as the low levél of impurity weuld nét impact the
integrity of the study. Howevergtwo. @onttol grain samples from the TL-1 site also
contained the Roundup Read{ “soybean,“and:these" two.» samplescalong with their
associated tissues were not analyzed.

Field Design and Tissue-Coltection

Field trial was initiated during the 2005 growing’season at five:locations in the U.S. to
generate the MON 89788:and control-substances:” The freld locations were: York
County, Nebraska (NE), Clinten County, IHinois (Il-1, Warren County, Illinois (IL-2),
Jackson County, Arkansas (AR), and Fayette \County, Qhio (OH). The production sites
were lacated within-major soybean“growing aegions, and they provided a range of
environmental and’ agronemic ~conditionsrepreésentative of eventual MON 89788
commercial production. CAt ¢aeh ldeationr; three replicated plots of MON 89788 and
control were’planted using a fandemized complete block field design. Over-season leaf
(OSL1,,.08L2, OSL3; and OSL4), graingroot, and forage tissues were collected from
eachureplicated plot at\all field locatigns. Samples were tracked throughout the field
production using unique.Sample-identifiers and proper chain-of-custody documentation.
Upon colleé¢tion, all samples,were-placed in uniquely labeled bags or containers. Over-
season leaf, reot, and forage tissue samples were stored on dry ice and shipped frozen on
dry_ice" to..Monsanto’s-processing facility in Creve Coeur, MO. Grain samples were
stored and shipped atambient temperature.

Over-season leaf tissue samples were collected from the youngest set of fully expanded
trifoliate leaves at the following growth stages: OSL1 at the V3-V4 growth stage; OSL2
at the V6-V8 growth stage; OSL3 at the V10-V12 growth stage; and OSL4 at the V14-
V16 growth stage. The root and forage tissues were collected at approximately the R6
growth stage, and the above-ground portion of the plant was labeled as the forage, and
the below ground portion was washed and labeled as root tissue. Grain samples were
collected at the R8 growth stage.
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Tissue Processing and Protein Extraction

All samples produced at the field sites were shipped to Monsanto’s processing facility in
Creve Coeur, MO. During the processing step, dry ice was combined with the individual
samples, and vertical cutters or mixers were used to thoroughly grind and mix the tissues.
Processed samples were transferred into capped 15 ml tubes and stored in a -80°C freezer
until use.

The CP4 EPSPS protein was extracted from all tissues using a Harbil mixer and the
appropriate amount of Tris-borate buffer with L-ascorbic acid (TBA) [0.1 M Tris, 0.1 M
Na,;B407 - 10H,0, 0.01 M MgCl,, 0.05% (v/v) Tween-20 at pH 7.8, and 0.2%Aw/v) L-
ascorbic acid]. Insoluble material was removed from the extracts using a-seruni-filter
(Fisher Scientific, Pittsburgh, PA). The clarified extracts wergtaliquot, and“stored frozen
in a -80°C freezer until ELISA analysis.

Anti-CP4 EPSPS Antibodies

The capture antibody was mouse monoclonal antiboedy clonie 39B6 (1gG2a isotype, kappa
light chain; lot 6199732) specific for\CP4&EPSPS pretcin, and was purified from mouse
ascites fluid using Protein-A Sepharose:-affinity chrematography. Fhe production of the
39B6 IgG2a monoclonal antibody was performed by TSD Bioserviceés, Inc. (Newark,
DE), and the concentration ef the<purified [gG2a was 32-mg/ml. The purified antibody
was stored in a buffer containing 0.02° M,Na,HPO4 <7H,0; 0.15M NaCl, and 15 ppm
ProClin 300, pH 7.2.“"The" detéction, reagent was goat anti-CP4 EPSPS polyclonal
antibodies (Sigma, St: Louis, MO) conjugated tochorserddish-perexidase (HRP).

CP4 EPSPS ELISAMethod

The CP4 EPSPS ELISA was performed-using-an automated robotic workstation (Tecan,
Researeh' Triangle Patrk,NC).-‘Moypse anti-CP4 EPSPS antibody was diluted in coating
buffer [0.015 M. Na;CO3, 0:035 M NaHCO;,cand 0:15 M NaCl, pH 9.6] at 1.0 ng/ml and
immobilized onto 96-welkmigctotiter:plates, follewed by incubation in a 4°C refrigerator
for > 12 h, “Plates were washed with phosphate buffered saline (PBS) with 0.05% (v/v)
Tween-20" (PBST);followed by theladdition of CP4 EPSPS protein standard or sample
extract at 100 ylper well, and incubatedat 37°C for 1 h. Plates were washed with PBST,
followed by the additionr”of @goat anti-CP4 EPSPS peroxidase conjugate at 100 pl per
well, anddncubated at’37°C€“forDh. Plates were washed with PBST, and developed by
addingcCTMB ™ substrate (3,3',5,5'- tetramethyl-benzidine, Kirkegaard & Perry,
Gaithersburg, MD) at 100 pl per well. The enzymatic reaction was terminated by the
additiefrof 100 plet 6 M H;PO, per well. Quantitation of CP4 EPSPS protein levels was
accomplished by interpolation from a CP4 EPSPS protein standard curve that spanned
0.456 - 14.6 ng/ml.

Moisture Analysis

A homogeneous, tissue-specific site pool (TSSP) was prepared by mixing comparable
amounts (on a volumetric basis) of at least four test and control samples from each field
location. Pools were prepared for all tissue types analyzed in this study. All tissues were
analyzed for moisture content using an IR 200 Infrared Moisture Analyzer (Denver
Instrument Company, Arvada, CO). The mean percent moisture for each TSSP was
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calculated from three analyses of a given pool and used to convert the fresh weight values
for the test and control substances at each site to dry weight values. A tissue-specific Dry
Weight Conversion Factor (DWCF) was calculated as follows:

DWCF =1 - [Mean Percent TSSP Moisture / 100]

The DWCF was only applied to samples with protein quantities greater than the assay
limits of quantitation (LOQ). All protein values calculated on a fresh weight basis were
converted into protein values reported on a dry weight basis using the following
calculation.

(Protein Level in FreshWeight)

Protein Level in Dry Weight =
(DWEF)

Data Analyses
All ELISA plates were analyzed on a~SPECTRAFIluorZPlus, micréplate reader (Tecan,

Research Triangle Park, NC) using dual wavelengths?™ The CP4 EPSPS protein
absorbance readings were determiried at’a wavelength-'of 450" nmowithia simultaneous
reference reading of 620 nm that' wassubtracted-from'the 450 nim'reading. . Data analysis
was performed using MoleeulariDeviees SOFTmax PRO wversion2.4c17 Absorbance
readings and protein standard ©oncentrations were fitted with a foursparameter logistic
curve fit. Followingxthe interpolationdromithe standard curve, the amount of protein
(ng/ml) in the tissue was reported-on a-fg/g FW.basis. OThis)conversion utilized the
sample dilution-factoriand tissuefo-buffer ratio. The proteiniquantities in pg/g FW were
also converted’to ug/g-DW ‘by applying-the-DWEF. The arithmetic mean, standard
deviation (SD), and range-(FW-\and -DW)-werezcalculated for each tissue type across
locations.” Microsoft Excel 2002 (Version+10.6730.6735 SP3, Microsoft, Redmond, WA)
was used to caleulate the CP4 ERSPS protein quantities in all tissues from MON 89788.
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Appendix E. Materials and Methods Used for Compositional Analysis of MON
89788 Soybean Grain and Forage from Five Replicated Field Sites

Materials

MON 89788, A3244 and conventional reference soybeans were grown at five U.S.
locations in 2005. MON 89788 and A3244 were grown from seed lots GLP-0504-16045-
S and GLP-0504-16046-S, respectively. The control material, A3244, has background
genetics representative of MON 89788 but does not contain the cp4 epsps coding
sequence or produce the CP4 EPSPS protein. In addition, twelve conventional soybean
varieties produced alongside of MON 89788 were included for the generatiomw;of 99%
tolerance interval. The varieties, locations, and seed lot numbers.are listed below:

Starting Seed Lot Field

Variety Number Site
Stine/ST3600 REF-0409-15515-S AR
Stine/ST3870 REFE-0409<15516-S AR
Asgrow/A3525 REF-0409-15502-S k-1
Asgrow/A3559 REF20504-16051-S 1L-1
Asgrow/A2553 REEL0504-160524S IL-2
Asgrow/A3204 REF-0409-15509<S 1L-2
Stine/ST2788 REF-0409-15512-S IL-2
Asgrow/A2804 REF<0504-16048-S NE
Stine/ST3300 REF-0409-15514<8 NE
Asgrow/A2704 REE:0504216053-S OH
Stine/ST2800 REF-0409:15513-S OH
Asgrow/A2833 REF-0504-16056-S OH

Characterization of the Materials

The identities  of the MON 89788 A3244, and reference soybean varieties were verified
prior to alse by examination of the chain-of-custody documentation. Additionally, the
identities of\the MON:-89788%“nd A3244 grain samples were confirmed by event-specific
PCR-anatysis_to-determine the presence or absence of MON 89788.

Field Production of the Samples

The field design and tissue collection process have been described previously in
Appendix C with the addition of reference varieties as described above. A total of twelve
different conventional soybean varieties were planted at five field locations with two to
three different varieties grown at each site. Fields were managed with normal agronomic
practices for soybean, and plots containing MON 89788 were treated with a commercial
rate of Roundup agricultural herbicide.
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Summary of Analytical Methods

Soybean grain and forage samples from MON 89788, A3244, and conventional reference
materials were shipped overnight on dry ice to Covance Laboratories Inc., Madison,
Wisconsin, for compositional analyses. Analyses were performed using methods that are
currently used to evaluate the nutritional quality of food and feed.

The following analyses were performed on forage samples:

Analyte Method Mnemonic'
Proximates
Moisture M100
Protein PGEN
Fat FAAH
Ash ASHM
Acid detergent fiber ADF

Neutral detergent fibér NDEE

'analytical methods were'kept @n filexat Covance;LaboratoriesInc,

The following,analyses were performed onthe grain-samples:

Analyte Method Minemonic'
Proximates

Moisture M100

Protein PGEN

Fat FSOX

Ash ASHM
Acid Detergent Fiber ADF
Neutral Detergent Fiber NDFE
Aming-Acid:composition TAAP
Fatty-Acid profile (C8-C22) FAPM
Trypsin Inhibitor TRIP
Lectin LECT
Isoflayones ISOF
Phytic acid PHYT
Stachyose/Raffinose SUGT
Vitamin E (alpha-tocopherol) LCAT

"analytical methods were kept on file at Covance Laboratories Inc.

In addition, carbohydrate (CHO) values were estimated by calculation. The methods are
described below:

Acid Detergent Fiber (ADF) The method was based on a USDA Agriculture Handbook
No. 379 (1970) method. The sample was placed in a fritted vessel and washed with an
acidic boiling detergent solution that dissolved the protein, carbohydrate, and ash. An
acetone wash removed the fats and pigments. Lignocellulose fraction was collected on
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the frit and determined gravimetrically. The limit of quantitation for this study was
0.100%.

Amino Acid Composition (TAAP) The method used was based on AOAC International
(2000a) method 982.30 that estimates the levels of 18 amino acids in the sample: alanine,
arginine, aspartic acid (including asparagine), cystine (including cysteine), glutamic acid
(including glutamine), glycine, histidine, isoleucine, leucine, lysine, methoinine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine. The sample
was assayed by three methods to obtain the full profile. Tryptophan required a base
hydrolysis with sodium hydroxide. The sulfur containing amino acids required an
oxidation with performic acid prior to hydrolysis with hydrochloric acid. Analysis‘of the
samples for the remaining amino acids was accomplished through direct @cid hydrolysis
with hydrochloric acid. Once hydrolyzed, the” individual amino~acidsCWwere then
quantitated using an automated amino acid analyzer. The limit ofcquantitation-for this
study was 0.1 mg/g FW. The reference standards weré- Beckman; K18;,2.5 jamol/mlL per
constituent (except cystine 1.25 umol/mL), Lot Number§304255; Sigma; L.-Tryptophan,
>99% (used as 100%), Lot Number: 063K0382; Fluka, L=Cysteic Acid Monohydrate,
99.9% (used as 100%), Lot Numbér 1 157629;Sigma; L-Methionine-Sulfone, >99% (used
as 100%), Lot Number 012H3349

Ash (ASHM) The method used was based on?AQAC hternational'(2000b) method
923.03. The sample was placed in-an _electric furnace at>550-2C and ignited to drive off
all volatile organie* matter. .. “The' nonvolatile .matter’;remdining was quantitated

gravimetrically and calculated to determine percent.ash.Thedimit of quantitation for this
study was 0.1% FW-

Carbohydrates (CHO) The method-uised was based on an USDA Agriculture Handbook
No. 74 (1973) method.~The limit.ef quantitation for this study was 0.1% FW. The total
carbohydrate Jevel was calculated by-differéncé-using the fresh weight-derived data and
the following equation:

% carbohydrates =7100% - (%-protein + % fat + % moisture + % ash)

Fat by Acid”Hydrolysis (FAAH)~The method used was based on AOAC International
(2000c)‘methed 922.06 and 954.02. The sample was hydrolyzed with hydrochloric acid
at an.‘¢levated temperature:OThe fat was extracted using ether and hexane. The extract
was ‘washed with a-dilute alkali solution, then evaporated under nitrogen, re-dissolved in
hexane and>filtéred through a sodium sulfate column. The hexane extract was then
evaporated again under nitrogen, dried, and weighed. The limit of quantitation for this
study was 0.100%.

Fat by Soxhlet Extraction (FSOX) The method used was based on AOAC International
(2000d) method 960.39. The sample was weighed into a cellulose thimble containing
sand or sodium sulfate and dried to remove excess moisture. Pentane was dripped
through the sample to remove the fat. The extract was then evaporated, dried, and
weighed. The limit of quantitation for this study was 0.1% FW.
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Fatty Acids (FAPM) The method used was based on AOCS (1997a) method Ce 1-62 that
estimates the levels of C8-C22 fatty acids in the samples. The lipid was extracted and
saponified with 0.5 N sodium hydroxide in methanol. The saponification mixture was
methylated with 14% boron trifluoride:methanol. The resulting methyl esters were
extracted with heptane containing an internal standard. The methyl esters of the fatty
acids were analyzed by gas chromatography using external standards for quantitation.
The limit of quantitation for this study was 0.00300%.

Reference Standards:

Nu Chek Prep GLC Reference Standard Hazelton No. 1, used.as 100%, Lot AU22-P
Nu Chek Prep GLC Reference Standard Hazelton No. 2, used-as 100%,Eot Md3-0
Nu Chek Prep GLC Reference Standard Hazelton No. 3, used as 100%, Lot MA13-0
Nu Chek Prep GLC Reference Standard Hazelton No, 4, used as 100%,dot JA13-P
Nu Chek Prep Methyl Gamma Linolenate; used as 100%, Lot U-63M-J1-P.

Sigma Methyl Tridecanoate, used as 100%, Lot 035K 1392

Isoflavones Analysis (ISOF) The method’is based.on’Seo and Morr (1984) and Pettersson
and Kiessling (1984). The sample was extracted using’a solution of-hydrochloric acid
and reagent alcohol heated on steam baths :or hotplates.” The extract was brought to
volume, diluted, and centtifuged. Andaligiot of the supernatant.was placed onto a C18
solid-phase extraction column, Unwanted components of the matrix were rinsed off with
20% methanol and then theisoftavones were eluted with 80% meéthanol. The sample was
analyzed on a . ‘highsperfermance’ liguid Chromatographyc, system with ultraviolet
spectrophotomeétric quantitation‘and:was compared against-an external standard curve of
known standatds. The limit of quantfitation for\each component was 10.0 mcg/g.

Reference Standards:

Indofine, daidzein, 99+%¢; lot dumbér 020308146
Indofine, genisteif, 9949, 1ot numiber 9103070
IndofineGlycitein, 99%1, Lot Number 0310189

Note: [Used as 100% in calénlations

Lectin (LECT) The method used was based on Klurfeld and Kritchevsky (1987) and
Liener (1955).~The‘sample was. suspended in phosphate buffered saline (PBS), shaken,
and filtered.” An\aliquot .of’the resulting extract was serially diluted in 10 cuvettes
containing PBS:” A .10% hematocrit of lyophilized rabbit blood in PBS was added to each
dilutioh:” After 2:5-hours, the absorbance of each dilution of the sample and lectin control
was read by atspectrophotometer at 620 nm, using PBS to zero the instrument. One
hemagglutinating unit (H.U.) was defined as the level that caused 50% of the standard
cell suspension to sediment in 2.5 hours. The limit of quantitation for this study was 0.10
H.U./mg based on a 2 g equivalent sample.

Moisture (M100) The method used was based on AOAC International (2000e) methods
926.08 and 925.09. The sample was dried in a vacuum oven at 100 °C to a constant
weight. The moisture weight loss was determined and converted to percent moisture.
The limit of quantitation for this study was 0.1% FW.
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Neutral Detergent Fiber, Enzyme Method (NDFE) The method used was based on
AACC (1998) methods 32.20 and a USDA Agriculture Handbook No. 379 (1970)
method. Samples were placed in a fritted vessel and washed with a neutral boiling
detergent solution that dissolved the protein, carbohydrate, enzyme, and ash. An acetone
wash removed the fats and pigments. Hemicellulose, cellulose, and lignin fractions were
collected on the frit and determined gravimetrically. The limit of quantitation for this
study was 0.1% FW.

Phytic Acid (PHYT) The method used was based on Lehrfeld (1989 and 1994). The
sample was extracted using 0.5M HCI with ultrasonication.  Purification) and
concentration was done on a silica based anion exchange (SAX) colamn. “Sample
analysis was done on a macroporous polymer HPEC column\PRP-1, Spmi (150% 4.1mm)
and a refractive index detector. The limit of quantitation for this study was
approximately 0.100%. Reference Standard’ was: Aldrich, Phytie Acid Dedecasodium
Salt Hydrate, 95%, Lot Number 01913EC

Protein (PGEN) The method used wasbased -on AOAC-Intefnational (2000f) methods
955.04 and 979.09 and two literature.methods ‘(Bradstreet,(1965;. Kalthoff and Sandell,
1948). Nitrogenous compounds .in, the sample were reduceddn the presence of boiling
sulfuric acid and a mercury. catalyst mixturg to fotm amwnonia. The acid digest was made
alkaline. The ammonia‘was-distilled and then titrated with a standard’acid. The percent
nitrogen was calculated and converted to‘protein*using the factor 6.25. The limit of
quantitation for this study was-0.100%.

Raffinose and Stachyose (SUGT) “The methodds bdsed on"Mason and Slover (1971) and
Brobst (1972). Aftet extraction, fronvthe sample“with 'deionized water, the sugars were
treated with a hydroxylamine-hydrochloride solution in pyridine, containing phenyl- f -
D-glucoside asothe-internal standard)® The resulting oximes were converted to silyl
derivatives with-Chexamethyldisilazane (HMDS) and trifluoracetic acid (TFA) and
analyzed;by gas chromatography using.a flame ionization detector.  The limit of
quantitation for this stady was caleulated out to be a range of 0.179-3.571% for a 4/5
dilution. Reference~ Stapndards” Sigma, Raffinose Pentahydrate, 99%/84.0% after
correction .for degree.-of Shydration, Lot Number 073K0938; Sigma, Stachyose,
99%/95.4% after cotrection’for-degree of hydration, Lot Number 103K3776

Trypsin_dnhibitor (TRIP) The method is based on AOCS (1997b). The sample was
ground-and/or deéfatted with petroleum ether, if necessary. A sample of matrix was
extracted for 3*hours with 0.1N sodium hydroxide. Varying aliquots of the sample
suspension were exposed to a known amount of trypsin and benzoyl-DL-
arginine~p~nitroanalide hydrochloride. The sample was allowed to react for 10 minutes
at 37°C. After 10 minutes, the reaction was halted by the addition of acetic acid. The
solution was filtered or centrifuged, then the absorbance was determined at 410 nm.
Trypsin inhibitor unit (TIU) was determined by photometrically measuring the inhibition
of trypsin’s reaction with benzoyl-DL-arginine-p-nitroanalide hydrochloride. The limit
of quantitation for this study was 1.00 Trypsin Inhibitor Unit/mg.
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Vitamin E (LCAT) The method used was based on three literature methods (Cort et al.,
1983; Speek et al., 1985; McMurray et al., 1980). The sample was saponified to break
down any fat and release any vitamin E. The saponified mixture was extracted with ethyl
ether and then quantitated directly by high-performance liquid chromatography on a
silica column. The limit of quantitation for this study was approximately 0.005 mg/100g.
Reference Standard: USP, Alpha Tocopherol, 100%, Lot Number M.

Data Processing and Statistical Analysis

After compositional analyses were performed at Covance Laboratories Inc., data
spreadsheets containing individual values for each analysis were sent to Monsanto
Company for review. Data were then transferred to Certus International where they'were
converted into the appropriate units and statistically analyzed{ The following formulas
were used for re-expression of composition data for statistical analysis:

Component From (X) To Formula’
Proximates (excluding Moisture),
Fiber, Phytic Acid, Raffinose, % W % DW X/d
Stachyose
Isoflavones ug/g EW pglig DW X/d
Trypsin Inhibitor TIU/mg EW | TIU/mg DW, X/d
Vitamin E mgHM00gFW, Oimg/100g DW X/d
Amino Acids (AA) mg/¢'FW % DW X/(10*d)
Fatty Acids (FA) % EW % -DW X/d

'd is the fraction ofithe sample that is dry matter.

Across’samples, analytes‘with<greater than- fifty\percent of observations below the assay’s
limit of quantitation, (COQ)-were ‘excluded fromisummaries and analysis. Otherwise,
results belowZthe quantitation limit-were'assigned a value equal to half the quantitation
limit. No-analytes were assigned valaes in‘this study. The following 14 analytes with
>50% ©6f observations -below <the EOQ‘of the assay were excluded from statistical
analysis:  8:0.caprylic acid,”10:0-captic acid, 12:0 lauric acid, 14:0 myristic acid, 14:1
myristoleic acid, 15:0 pentadeCanoic-acid, 15:1 pentadecenoic acid, 16:1 palmitoleic acid,
17:0 heptadecanoic~1dcid; 171> heptadecenoic acid, 18:3 gamma linolenic, 20:2
eicosadienoic,acid; 20:37eicosatrienoic acid, and 20:4 arachidonic acid. Studentized
PRESS residuals” revealed ‘the absence of outliers. No data was excluded from the
statistical amalyses.)” A PRESS residual is the difference between any value and its
predieted value from a statistical model that excludes the data point.

Statistical analyses were conducted on the converted values for each component in the
soybean grain and forage using a mixed model analysis of variance for the six sets of
comparisons: analysis for each of the five replicated trial sites (AR, IL-1, IL-2, NE, OH),
and one for the combination of all five sites. There were a total of 49 components
statistically evaluated (the initial 63 analytes minus the 14 for which >50% of the
observations were below the LOQ). A total of 294 comparisons were made: 49
components with six statistical analyses each.
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At the field sites, the MON 89788, A3244 and references substances were grown in
single plots randomly assigned within each of three replication blocks.  The
compositional components for the test and control substances were statistically analyzed
using a mixed model analysis of variance. The five replicated sites were analyzed both
separately and combined across sites. Individual replicated site analyses used the model:

Y; =U+T+Bj+ej,

where Y;; = unique individual observation, U = overall mean, T; = substance effect, B; =
random block effect, and e;; = residual error.

Combined-site analyses used the model:
Yix =U+T;+L;+B(L)jstET + eijks

where Yijx = unique individual observation; U =-overall'mean, T;='substanceeffect, L; =
random location effect, B(L)jx = @andom block within, location effect, [T;; = random
location by substance interactioveffect, and’e;; = residual etror. For each compositional
component, the values obtained. for the“forage and®grain' fromy’ the test Substance were
compared to the conventienal centrol.

A range of observed values ffom the reference substances was' determined for each
analytical component..\ Additionally, the'refefence:substancescdata were used to develop
population toletancefintervals. <A tolerance'interval is an interval that one can claim, with
a specified-degree of confidence, ‘contains at least. a-specified proportion, p, of an entire
sampled population'for. the' patameter measured”’ FOr each compositional component,
99% tolerance intervals were calculatéd that are expected to contain, with 95%
confidence, 99% of:the quantities expresséd in.the population of commercial references.
Each tolerafice interval estimdte-was based upon one observation per unique reference
substance; ‘Individual reférences with.multiple observations were averaged within sites to
obtain a'single estimaté.for inclusion intolerance interval calculations. Because negative
quantities are*hot possible; caleulated negative lower tolerance bounds were set to zero.
SAS® software was uséd to generdte all summary statistics and perform all analyses (SAS
Software Release 91, 2002-2003). Report tables present p-values from SAS® as either
<0.00% or the actual yalue truncated to three decimal places.
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Table E-1. Statistical Summary of Combined-Site Soybean Forage Fiber and Proximate Content for MON 89788 vs. A3244

Difference (MON 89788 minus A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.Ev) 95% CI (Range)
Analytical Component (Units)* [Range] [Range] [Range] (Loewer, Upper)-. p-Value [99% Tol. Int.?]
Fiber
Acid Detergent Fiber (% DW) 36.82 (2.35) 38.23 (237) 1241 (1'88) -6)63, 3:81 0.494 (29.64 - 50.69)
[30.95 - 45.99] [31.18#50.89] [11,96 -4.]12] [19.03, 54.55]
Neutral Detergent Fiber (% DW) 36.37 (0.80) 38:25:0286) -1.88¢T.17) -4.29,,0.53 0.121 (31.43-43.70)
[32.77 - 41.12] [32.69-- 43.14] [-945 - 6.95] [26.89, 46.89]
Proximate
Ash (% DW) 6.76 (0.3%) 6.65 (0.39) 0.11L.(0.36) -0.90, 1.12 0.775 (5.36-8.36)
[5.20 € 8.45] [5.28%7.95] [-1.40 - 2:10] [3.50, 9.58]
Carbohydrates (% DW) 67.28 (1.06) 67.404(1.08) -0.42+(0.55) -1.30, 1.07 0.837 (62.57 - 72.28)
[61.61 - 71:00] [64.55 - 72,30] [<3:34 -4.46] [55.96, 77.90]
Fat (% DW) 5.87,(0.70) 6:11(0,70) <0:24 (0.17) -0.60, 0.12 0.176 (3.51-9.87)
[4:20 - 9.49] [3°96:~:8760] [-0.93 - 0.88] [0, 14.70]
Moisture (% FW) 72.07 (L25) 73.211:25) -1.14 (0.21) -1.72,-0.55 0.006 (68.50 - 78.40)
[67.9077.60] 69,90 77.60] [-2.60 - 0] [60.84, 83.36]
Protein (% DW) 20.08(0:51) 19,79-0.52) 0.29 (0.47) -1.00, 1.58 0.572 (16.48 - 22.78)
[1841 - 23.50] [17.47 - 22.18] [-3.75 - 2.34] [13.55, 25.95]

'DW = dry weight; FW = fresh weight; S)E. = §tandatd error; €I = Confidence Interval.

2With 95% confidence, tolerance inte¢val contains 99% of the values expressed in the population of commercial varieties. Negative limits were set to zero.
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Table E-2. Statistical Summary of Combined-Site Soybean Grain Amino Acid, Fatty Acid, Fiber, Isoflavone, Proximate,
Vitamin E and Antinutrient Content for MON 89788 vs. A3244

Difference (MON 89788 miinus A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.EY) 95% CI (Range)
Analytical Component (Units)* [Range] [Range] [Range| (Liower, Upper)~~ p-¥alue [99% Tol. Int.?]
Amino Acid (% DW)
Alanine (% DW) 1.77 (0.017) 1.77 (0.018) -0.0035 (0:018) -0,042;.0.035 0.845 (1.62 - 1.89)
[1.56 - 1.87] [1.71-4.83] [20.19.-°0.069] [1.51,2.00]
Arginine (% DW) 3.06 (0.082) 3:07.(0:083) =0:0095.(0.037) <0.090, 0.07¢ 0.801 (2.61-3.27)
[2.73 -3.31] [2.76 - 3.34] [-026 - 0:33] [2.27, 3.60]
Aspartic Acid (% DW) 4.73 (0.068) 4.72:(0.070) 0.0072(0.045) <0:090, 0.10 0.875 (4.21-5.02)
[4.20 - 5.08] [442 - 4:98] [-0:4] «0:33] [3.85, 5.44]
Cystine (% DW) 0.62.(0.0084) 0:62-(0.0085) -0,00028 (0.0050) -0.011, 0.010 0.955 (0.57 - 0.65)
}0.58 - 0.67] {0.59\- 0.65] {20.044 - 0.026] [0.55,0.67]
Glutamic Acid (% DW) 7.53 (0:42) 7.4940,13) 0.035¢0.075) -0.13,0.20 0.647 (6.62 - 8.19)
[6.69 8.20] [6:97 - 7.90] [-0:63 - 0.53] [5.86, 8.96]
Glycine (% DW) 1.78 (0.020) 1.78+€0.021) 0.0012 (0.018) -0.037, 0.040 0.949 (1.62 - 1.90)
[1.58 - 1:88] [1=71 =.1.86] [-0.18 - 0.11] [1.46, 2.05]
Histidine (% DW) 1.077(0.014) 107 (0.015) -0.0035 (0.0099) -0.025, 0.018 0.729 (0.96 - 1.13)
£0.95=1134 [1.02.21.13] [-0.10 - 0.057] [0.90, 1.21]
Isoleucine (% DW) 183 (0.029) 1.83 (0.031) -0.0092 (0.030) -0.071, 0.053 0.760 (1.64 - 2.00)
[1:6S - 1.97] [1.70 - 1.99] [-0.22 - 0.26] [1.44,2.16]
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Table E-2 (continued). Statistical Summary of Combined-Site Soybean Grain Amino Acid, Fatty Acid, Fiber, Isoflavone, Proximate,

Vitamin E, and Antinutrient Content for MON 89788 vs. A3244

Difference (MON 89788 miinus A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.EY) 95% CI (Range)
Analytical Component (Units)* [Range] [Range] [Range] (Liower,Upper)~” p<Yalue [99% Tol. Int.?]
Amino Acid (% DW)
Leucine (% DW) 3.18 (0.040) 3.18 (0.042) -0.0024 (0:0631) <0.070,:0:065 0.940 (2.89-3.42)
[2.81-3.39] [3.04,4£3.33] [-0.32 +0.20] [2.62, 3.66]
Lysine (% DW) 2.62 (0.025) 2:62.(0:026) =0:00003(0.023) <0.051, 0.050 0.998 (2.40-2.77)
[2.33-2.76] [2,51 - 2.73] [-025 - 0:13] [2.22,2.95]
Methionine (% DW) 0.52 (0.0059) 0.5340:0062) £0.0081<(0.0060) -0.021, 0.0049 0.200 (0.45 - 0.56)
[0.47 - 056] (0550 - 0:55] [<0.040+10:032] [0.42, 0.60]
Phenylalanine (% DW) 2:10(0.030) 2.10(0,031) -0.0011 (0.021) -0.047, 0.045 0.959 (1.90 - 2.29)
[1.84 -2.24] [2.00\-2.19] [-0.21 - 0.14] [1.70, 2.45]
Proline (% DW) 2.05 (0.029) 2:05 £0.029) 0-0047-(0.020) -0.039, 0.048 0.819 (1.86-2.23)
[1,8122.2H [L:95 - 2:16] [z0318 - 0.12] [1.66, 2.38]
Serine (% DW) 2.23 (0.029) 2.21:(0.030) 0.019 (0.023) -0.031, 0.069 0.432 (1.99 -2.42)
[1.93 - 2142] [2:08 ~2.228] [-0.16 - 0.17] [1.84, 2.54]
Threonine (% DW) 1,587(0.014) 1.59 (0.015) -0.0073 (0.013) -0.035, 0.020 0.573 (1.44-1.67)
[1.42:1°68] [1.5021.66] [-0.13 - 0.062] [1.38, 1.76]
Tryptophan (% DW) 0.39 (0.015) 0.39 (0.015) -0.0025 (0.015) -0.044, 0.039 0.875 (0.30-0.47)
[0.34 - 044 [0.33 - 0.46] [-0.10 - 0.064] [0.25, 0.54]
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Table E-2 (continued). Statistical Summary of Combined-Site Soybean Grain Amino Acid, Fatty Acid, Fiber,Isoflavone, Proximate,
Vitamin E, and Antinutrient Content for MON 89788 vs. A3244

Difference (MON 89788 minus-A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.E.). 95% CI (Range)
Analytical Component (Units)* [Range] [Range] [Range] (Lower, Upper)~~ p<Value [99% Tol. Int.?]
Amino Acid (% DW)
Tyrosine (% DW) 1.41 (0.019) 1.42 (0.020) -0:0091 (0:015) -0:051,0.033 0.582 (1.28 - 1.51)
[1.25-1.48] [1.33~4.47} [#0.12.-0.070] [1.18, 1.64]
Valine (% DW) 1.91 (0.035) 1193.¢0:036) -0.:017-(0.032) =0.084, 0.051 0.615 (1.71 - 2.09)
[1.73 - 2.05] [179 -2.11) [-0024 - 0:28] [1.51,2.27]
Fatty Acid (% DW)
16:0 Palmitic (% DW) 2.07 (0,094) 2.07 (0¢094) -0.002740.052) -0.14,0.14 0.961 (1.66 - 2.35)
[1.84->2.40] [1.71<2.46] [-0.21- 0.24] [1.32, 2.64]
18:0 Stearic (% DW) 0.78 (0.027) 0.77.(0.027) 0.012.(0.018) -0.036, 0.060 0.531 (0.63 -1.07)
[0.65 - 0.89] [0:61 - 0:86] [-0.053 - 0:14] [0.37, 1.28]
18:1 Oleic (% DW) 3,5340.14) 3.54 (0:14) +0.015 (0.10) -0.29, 0.26 0.890 (2.99 -5.29)
[3:05 +4.24] [2.92.24.09] [-0.40 - 0.51] [2.06, 6.43]
18:2 Linoleic (% DW) 9.17 (0.47) 925 (0:47) -0.079 (0.21) -0.64, 0.48 0.720 (8.41 - 10.69)
[8.00=10.42] [7.425711:29] [-0.86 - 0.99] [7.75,11.22]
18:3 Linolenic (% DW) 1.29:(04063) 1.30(0.063) -0.0059 (0.028) -0.082, 0.070 0.843 (1.02 - 1.55)
[E09 - 148] [1.69 - 1.60] [-0.13 - 0.15] [0.84, 1.69]
20:0 Arachidic (% DW) 0.061, (0.0026) 0.060 (0.0026) 0.0012 (0.0016) -0.0031, 0.0055 0.482 (0.046 - 0.076)

[0:049.20.071]

[0.046 - 0.068]

[-0.0048 - 0.012]

[0.031, 0.094]
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Table E-2 (continued). Statistical Summary of Combined-Site Soybean Grain Amino Acid, Fatty Acid, Fiber, Isoflavone,
Proximate, Vitamin E, and Antinutrient Content for MON 89788 vs. A3244

Difference (MON 89788 minus A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.E.) 95% €1 (Range)
Analytical Component (Units)* [Range] [Range] [Range] (Lower;Upper)- p=Value [99% Tol. Int.?]
Fatty Acid (% DW)
20:1 Eicosenoic (% DW) 0.042 (0.0031) 0.042 (0,0031) 0.00036 (0:0013) -0:0032,0:0039 0.796 (0.030 - 0.057)
[0.032 - 0.050] [0.029-¥0.053] [£0.0062 <0.0073] [0.021, 0.065]
22:0 Behenic (% DW) 0.063 (0.0030) 0.062 (620031) 0.00094.¢0.0014) <0.0029,0.0048 0.539 (0.046 - 0.073)
[0.050 - 0.072] [0.046 - 0.0721] [-0.0056 - 0:0096} [0.034, 0.091]
Fiber
Acid Detergent Fiber (% DW) 18.01 (0:94) 1746 (0,95) 0.54¢1.21) -2.79, 3.88 0.676 (13.30 - 26.26)
[14.64-23.94] [14.392: 22.44] [-322 - 5:67] [9.62, 28.57]
Neutral Detergent Fiber (% DW) 18.18 (0.46) 19.11 (0.48) -0,93 (0.60) -2.34,0.49 0.165 (14.41 - 23.90)
[16.38 - 2049] [15.60 - 20.73] [+3:35 - 2:77] [13.26, 26.33]
Isoflavones
Daidzein (ug/g DW) 993.67 (114.34) 1073.574(914,79) -79.90 (30.47) -146.14, -13.66 0.021 (274.88 - 1485.52)
p631.32 - 1574411 :(]747 .53~ 152623 .8{-272.18 - 106.63] [0, 1925.63]
Genistein (ug/g DW) 797.90:(49.93) 824.837(50:35) -26.93 (19.52) -69.66, 15.81 0.193 (354.09 - 984.29)
[565.26 - 996.66])" [651.01 <~0003.02]  [-151.16 - 74.36] [0, 1387.95]
Glycitein (ug/g DW) 91,77 (9:88) 10261 (10.01) -10.84 (4.69) -20.98, -0.70 0.037 (52.72 - 298.57)
[53.78=162.:521 [72.93 - 148.31] [-32.97 - 30.19] [0, 287.45]
Proximate
Ash (% DW) 5.04°(0.12) 5.03 (0.12) 0.0099 (0.073) -0.14,0.16 0.892 (4.61 -5.57)
[4.66 - 5.60] [4.75 - 5.46] [-0.81 - 0.42] [4.00, 6.08]
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Table E-2 (continued). Statistical Summary of Combined-Site Soybean Grain Amino Acid, Fatty Acid, Fiber,Isoflavone, Proximate,
Vitamin E, and Antinutrient Content for MON 89788 vs. A3244

Difference (MON 89788 miinus A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.E.). 95% C1 (Range)
Analytical Component (Units)* [Range] [Range] [Range] (LoweryUpper)~” p=Value [99% Tol. Int.?]
Proximate
Carbohydrates (% DW) 37.07 (0.54) 36.88 (0:56) 0:20 (055) 51.30,:3.69 0.738 (32.75 - 40.98)
[35.01 - 40.24] [35.17~40.74] [~2.38 -2.95] [27.86,45.79]
Fat (% DW) 17.57 (0.74) 17.72(0.74) 20.1510.42) -1.28, 0.99 0.745 (15.97 - 20.68)
[15.35-19.98] {14,460 - 20.91] [-1$74 - 73] [15.38, 21.95]
Moisture (% FW) 7.76 (0.47) 7.545(0.47), 0.2540:2%) -0:51, 1.01 0.417 (6.24-9.11)
[6.41 - 9335] [6:51 - 9:63] [-0.44=131] [4.64, 9.94]
Protein (% DW) 40.32 (0.72) 40.38 (0-73) ~0:0690.31) -0.74, 0.60 0.828 (36.48 - 43.35)
[357.31 - 42.54] [36.96\- 42.44] [-1.72 - 2.44] [31.50, 47.45]
Vitamin
Vitamin E (mg/100g DW) 2.7140.22) 2:52 (0:22) 019 (0.065) 0.043, 0.33 0.015 (1.29 - 4.80)
[88 +3-72] [1.58.3707] [-0.23 - 0.66] [0, 7.00]
Antinutrient
Lectin (H.U./mg FW) 4.29(0.97) 4:55(1.00 -0.26 (1.02) -2.38,1.86 0.800 (0.45 - 9.95)
[0.70 - 9.77] [1.44 < 40:87] [-8.11 - 5.75] [0, 9.72]
Phytic Acid (% DW) 076 (0.035) 0.75 (0.037) 0.011 (0.044) -0.084, 0.11 0.811 (0.41 -0.96)
[0.58+;0.93] [0.51-1.07] [-0.24 - 0.30] [0.39, 1.07]
Raffinose (% DW) 0:52 (0.063) 0.54 (0.063) -0.014 (0.041) -0.13, 0.099 0.751 (0.26 - 0.84)
[0.40-0.71] [0.31-0.83] [-0.20 - 0.11] [0, 1.01]
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Table E-2 (continued). Statistical Summary of Combined-Site Soybean Grain Amino Acid, Fatty Acid, Fibér, Isoflavone, Proximate,
Vitamin E, and Antinutrient Content for MON 89788 vs. A3244

Difference (MON'89788 minus’A3244)

MON 89788 A3244 Conventional
Mean (S.E.) Mean (S.E.) Mean (S.E.) 95% €1 (Range)
Analytical Component (Units)* [Range] [Range] [Range] (Lower, Upper) p-Value [99% Tol. Int.?]
Antinutrient
Stachyose (% DW) 2.36 (0.070) 2.50 (0.073) -0.15%0.10) =0.38; 0.085 0.183 (1.53-2.98)
[2.02 - 2.85] [2.12 - 3.04) [-0359 - 053] [1.19,3.31]
Trypsin Inhibitor (TIU/mg DW) 33.69 (2.84) 31.44'(2.88) 2:25 (1:560) 2.32, 681 0.231 (20.79 - 55.51)
[24.59 - 53.85] [2343.+41.91] [-4:81 13.99] [5.15, 59.34]

IDW = dry weight; FW = fresh weight; FA = fatty acid; S.E»=standard error; Cl== Confidence Interval:
2With 95% confidence, interval contains 99% of the values@xpressed it the population of commetcial varieties- Negative limits were set to zero.
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Table E-3. Literature and Historical Ranges for Components in Soybean Forage

Tissue/Component’ Literature Range” ILSI Range’
Proximates (% DW)
Ash 8.8-10.5" 6.718-10.782
Carbohydrates not available 59.8-74.7
Fat, total 3.1-5.1° 1.302-5.132
Moisture (% FW) 74-79" 73.5-81.6
Protein 11.2-17.3* 14.38-24.71
Fiber (% DW)
Acid detergent fiber (ADF) 32-38° not available
Neutral detergent fiber (NDF) 34-40° not available
Crude fiber not available 13:58-31.73

' FW=fresh weight; DW=dry weight;

? Literature range references: *“OECD, 2001

31LSI Soybean Database, 2004.

Conversions: % DW x 10* = pg/g DW; mg/g DW x. 103 = mgikg DW; m&/100g DW x 10 =
mg/kg DW; g/100g DW x 10 = mg/g DW
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Table E-4. Literature and Historical Ranges for Components in Soybean Grain

Tissue/Component1 Literature Range2 ILSI Range3
Proximates (% DW)
Ash 4.61-5.94"; 4.29-5.88" 3.885-6.542
Carbohydrates 29.3-41.3° 29.6-50.2
Fat, total 198-277¢ g/kg DW; 8.104-23.562
160-231¢ g/kg DW
Moisture (% FW) 5.3-8.73%,5.18-14.3 5.1-14.9
Protein 329-436° g/kg DW; 33.19-45.48
360-484¢ g/kg DW
Fiber (% DW)
Acid detergent fiber (ADF) net'available 7.81518.61
Neutral detergent fiber (NDF) not available 8353-214:25
Crude fiber 5:74-7.89° 4.12-10.93
Amino Acids (mg/g DW = %-DW x:10)
Alanine 16.0518.64" 15:13-18:51
Arginine 25:6-34:6™" 92.85-33.58
Aspartic acid 41.8-49.9%" 38.08-51.22
Cystine/Cysteine 5%-66%" 3.70-8.08
Glutamic acid 66.4-81,6"" 58.43-80.93
Glycine 16:0-18.7*" 14.58-18.65
Histidine 9.8<41.6%" 8.78-11.75
Isoleucine 16.5-19:5" 15.63-20.43
Leucine 28.1833 72" 25.90-33.87
Lysine 24.7-284*h 22.85-28.39
Methionine 5.145.9* 4.31-6.81
Phenylalanine 17.8-21.9*" 16.32-22.36
Proliné 18.6-22.3%" 16.87-22.84
Serine 19.6-22.8*" 16.32-24.84
Threonine 15.1-17.3*" 12.51-16.18
Tryptophan 5.6-6.3"" 3.563-5.016
Tyrosine 13.5-15.9*" 10.16-15.59
Valine 17.1-20.2*" 16.27-22.04
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Table E-4 (continued). Literature and Historical Ranges for Components in
Soybean Grain

Tissue/Component’ Literature Range’ ILSI Range’
Fatty Acids (% DW)
12:0 Lauric not available not available
14:0 Myristic not available not available
16:0 Palmitic 1.44-2.31F not available
16:1 Palmitoleic not available not available
17:0 Heptadecanoic not available not availablé
17:1 Heptadecenoic not available not available
18:0 Stearic 0.54-0:91° not avaitable
18:1 Oleic 3.1558.82" not@vailable
18:2 Linoleic 6.48-11.6" not avdilable
18:3 Linolenic 0.72-2.16" not.available
20:0 Arachidic 0.04-0,7" not available

20:1 Eicosenoic
20:2 Eicosadienoic
22:0 Behenic

ot available
not@avatilable
not available

notavailable
not available
not@vailable

Vitamins (mg/100g) EW DW
Vitamin E 0.85% 0.47-6.17
Anti-Nutrients

Lectin (H.U./mg EW) 0.8-2.4" 0.105-9.038
Trypsin Inhibitor (TIU/mg DW) 33:2-54.5" 19.59-118.68
Raffinose not available 0.212-0.661
Stachyose notavailable 1.21-3.50
Isoflavones mg/100g FW (mg/kg DW)
Daidzein 9.88-124.2° 60.0-2453.5
Genistein 13-150.1° 144.3-2837.2
Glycitein 4.22-20.4° 15.3-310.4

' FW=fresh weight; DW=dry weight;

? Literature range references: Padgette et al., 1996. "Taylor et al., 1999. “Maestri et al., 1998.
‘Hartwig and Kileh, 1991. “USDA-ISU Isoflavone Database, 2002. 'OECD, 2001. *USDA-
NND, 2005~ Datacconverted from g/100g DW to mg/g DW. ‘Moisture value = 8.54g/100g.
IS Soybean Patabase, 2004.

Conversions: % DW x 10* = pug/g DW; mg/g DW x 10° = mg/kg DW; mg/100g DW x 10 =
mg/kg DW; g/100g DW x 10 = mg/g DW
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Appendix F. Materials, Methods, and Individual Site Results for Seed Dormancy
and Germination Analyses of MON 89788

Materials

The MON 89788, control, and reference starting seed were produced in Jackson County,
AR; Clinton County, IL; and Fayette County, OH in 2005.

Material Material Name from Each Site
Type AR IL OH
Test MON 89788 MON 89788 MON 89788
Control A3244 A3244 A3244
Reference ST3600 A3525 A2704
Reference ST3870 A3559 ST2800
Reference DKB37-51 AG3404 A2833
Reference DKB38-52 DKB3151 AG3201

Characterization of the Materials

The presence or absence of MON+89788 wasyerified by event=speeific pdlymerase chain
reaction for the MON 89788 and control starting-Seed. The results of:these verifications
were as expected with two.exceptions.2; The;MON-89788 seed sample from the IL site
contained <1.84% of Roufidup Ready” .soybeati“40-322. ~In addition, the control seed
sample from the ‘AR site’ contained <3.05% of MON §9788.+In both cases, these results
were not detected i the" seed samples fronw,thes other>sites. Furthermore, it was
determined-that the level’ of Roundup Ready™40-3-2"in the MON 89788 seed sample and
MON 89788 in theconfrol seéed sample-from*the*single sites was low and did not
negatively affect the quality-of the study or interpretation of the results.

Performing Facitity andExperimental Methods

Dormanéy and germination evaluations were conducted at BioDiagnostics, Inc. in River
Fallsy WI. The»principal Anvestigator-was certified to conduct seed dormancy and
germination testing consistent-with)the standards established by the Association of
Official Seed Analysts’(AOSA), ajseed trade association (AOSA, 2000; AOSA, 2002).

Six.geérmination chambers were used in the study and each chamber was maintained dark
under one of thefollowing six temperature regimes: constant temperature of
approximately 10;20 or 30° C or alternating temperatures of approximately 10/20, 10/30,
or 20/30° C.™ The alternating temperature regimes were maintained at the lower
temperature for 16 hours and the higher temperature for eight hours. The temperature
inside each germination chamber was monitored and recorded every 15 minutes
throughout the duration of the study.

Germination towels for MON 89788, control, and reference materials were prepared per

facility SOPs. Each germination towel represented one replication. The types of data
collected depended on the temperature regime. Each rolled germination towel in the
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AOSA-recommended temperature regime (i.e., 20/30° C) was assessed periodically
during the study for normal germinated, abnormal germinated, hard (viable and
nonviable), dead, and firm swollen (viable and nonviable) seed as defined by AOSA
guidelines (AOSA, 2002). Each rolled germination towel in the additional temperature
regimes (i.e., 10, 20, 30, 10/20 and 10/30° C) was assessed periodically during the study
for germinated, hard (viable and nonviable), dead, and firm swollen (viable and
nonviable) seed.

Statistical Analysis

Statistical analyses were performed by the Monsanto Statistics Technology; Center.
Analysis of variance was conducted according to a split plot design using the Stafistical
Analysis System (SAS®) to compare the MON 89788 to the(control material for each
temperature regime. The whole plot treatment was the site effect arfanged in a
randomized complete block design. The subsplot was the seed materialbbarranged in a
completely randomized design. The data were pooled-across sites-andsMON-89788 was
compared to the control for the following germindtion ‘characteristics; ) percent
germinated (categorized as percent normalgerminated.and-percent abnormal’germinated
for the AOSA temperature regime), percent; dead, percent,viablé. firm“~swollen, and
percent viable hard seeds. Seed from the thtee .sifes were dested~within the same
germination chamber for eachstemiperature regime; thus, an analysis of the data pooled
across sites is more apptopriate thdn am analysis withinj€éach'$ite.3* However, if an
interaction between site-and-seed-material (i;e., MON 89788-and .centrol materials) had
been detected, the MON 89788 would have been‘€ompared-to the.control material within
sites. The meansof the-MON-89788 and control materials (across-sites and within-sites)
and the results-of thé analysis ef variance are reported.“MON 89788 was not statistically
compared to the reference materials. The reference materials provided seed germination
charactetistic values;-common.to ’commercrally-available soybean. The minimum and
maximum values‘among the individual “means (reférence range) and a 99% tolerance
interval with 95% confidence wete determined: ffom the twelve reference materials. Data
transformation was performed’before the analysis of variance to validate the F-test and t-
test, which requires the assumption of normality.

Individual Site'SeedDormancy-and.Germination Results and Discussion

MON 89788;°A3244, and reference seed materials were produced at three sites to assess
germination characteristics<of seed grown under various environmental conditions. The
individual .site data presented’in Table F-1 indicate that overall seed germination across
all<seed materials and temperature regimes was lower for seeds produced at the OH site
relative tothe :AR and IL sites. The results were not unexpected because droughty
growing conditions at the OH site may have affected the quality of the MON 89788,
A3244, and reference starting seed. Although percent germination at OH was poor by
seed production standards, it is representative of areas where MON 89788 will be grown
for grain. In the analysis of the data, no site x seed material interactions were detected
for any characteristic in any temperature regime. Therefore, MON 89788 was compared
to the A3244 material across sites (Table VIII-2 in Section VIII).

® SAS is a registered trademark of SAS Institute, Inc.
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Table F-1. Germination Characteristic By-Site Analyses of MON 89788 and A3244

AR 1L OH
Temperature Mean % (SE) Mean, % (SE) Mean % (SE)
Regime Germination Category' MON 89788 A3244\” MON 89788 A3244)°"  MON, 89788 A3244
10°C Total Germinated 98.5 (1.0) 99.54(0.3) 9818 (0=5) 98.310.9) 85.0 (3.5) 85.8(2.5)
Viable Hard 0.0 (nv) 0.0 mv) 0.0.¢nv) 0-0 (0v) 0.0 (nv) 0.0 (nv)
Dead 1.5 (1.0) 0:57(0:3) 10 (0.4) 18(0.9) 14.5 (3.2) 13.3 (2.6)
Viable Firm Swollen 0.0 (nv) 0:00(nv) 0,37(0:3) 0.0 (av) 0.5 (0.5) 1.0 (1.0)
20°C Total Germinated 98:3(0.8) 98.5 (O.5) 99:00.7) 97:8 (0:9) 79.5 (1.3) 75.5(2.1)
Viable Hard 0.040v) @20 (nv) 0.0 (av) 00 (nv) 0.0 (nv) 0.0 (nv)
Dead 1.8 (08) 1.50.5) 150°(0.7) 2.3(0.9) 20.5 (1.3) 243 (2.3)
Viable Firm Swollen 0:0-(nv) 0.0 (av) 0.0(nv) 0.0 (nv) 0.0 (nv) 0.3 (0.3)
30°C Total Germinated 95.3 (0.5) 96:3'(1.3) 99.8 £0.3) 98.8 (0.5) 88.3(2.2) 86.8 (1.9)
Viable Hard 0:0 (0v) 0.04nv) 0.0’ (nv) 0.0 (nv) 0.0 (nv) 0.0 (nv)
Dead 4.80.5) 3.8 (,3) 0.3(0.3) 1.3 (0.5) 11.8 (2.2) 13.3(1.9)
Viable Firm Swollen 0.0 (mv) 0.0"(nw) 0.0 (nv) 0.0 (nv) 0.0 (nv) 0.0 (nv)
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Table F-1 (continued). Germination Characteristic By-Site Analyses of MON 89788 and A3244

AR 1L OH
Temperature Mean % (SE)* Mean % (SE) Mean % (SE)
Regime Germination Category' MON 89788 A3244 MON@9788 A3244 MON 89788 A3244
10/20°C Total Germinated 100.0 (nv) 985X0.9)  99:3+(0.5) 99.0-(0.6) 843 (0.5) 86.3 (1.4)
Viable Hard 0.0 (nv) 0.0.(av) _. 0.0 @) 050 (nv) 0.0 (nv) 0.0 (nv)
Dead 0.0 (nv) 15 (0.9 0:8(0.9) 1.05(0.6) 15.5(0.3) 13.8 (1.4)
Viable Firm Swollen 0.0 (av) 0.0:nv) > 0,08mv) 0.0 (nv) 0.3(0.3) 0.0 (nv)
10/30°C Total Germinated 98:87(0.5) 98.5 (0:3) 1,99.54075) 99:8 (0:3) 84.0 (1.2) 83.5(2.5)
Viable Hard 0.0:(nv) 0:0 (nv)* 00 (nv) 0.0:(nv) 0.0 (nv) 0.0 (nv)
Dead 133 (0:5) 1:52(0.3) % 70,5(0.5) 0.3 (0.3) 16.0 (1.2) 16.5 (2.5)
Viable Firm Swollen 00)(ny) 0.0.av) (0.0 () 0.0 (nv) 0.0 (nv) 0.0 (nv)
20/30°C Normal Germinated 92.3¢(1.9) 895 (0.3Y 893 (1.0) 84.3 (2.4) 45.3 (0.7) 48.5 (3.6)
(AOSA) Abnormal Germinated 6.8 (19) 7.040.4)59,5¢1.0) 11.3(3.7) 36.7 (6.1) 30.0 (2.3)
Viable Hard 0.0(ny 0.0 (nv) ~0.0 (nv) 0.0 (nv) 0.0 (nv) 0.0 (nv)
Dead 1.0-10.4) 30 (LY 1.3(0.3) 4.3(1.3) 18.0 (5.5) 21.5(1.7)
Viable Firm Swollen 0.0 (nv) 0.0)(nv) 0.0 (nv) 0.0 (nv) 0.0 (nv) 0.0 (nv)

" Germinated seed in the AOSA temperdture regime Were categorizéd as €ither.normal germinated or abnormal germinated seed.
*SE = standard error; nv = no variability in the data
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Appendix G. Material, Methods and Individual Site Results from Phenotypic,
Agronomic and Ecological Interactions Analyses of MON 89788

Materials

The materials for phenotypic assessments include: MON 89788, A3244, and 23
commercially available soybean varieties as references. The references contain both the
conventional soybeans and Roundup Ready soybean 40-3-2 varieties. The list of soybean
varieties planted in each site is presented in Table G-1. The identities of MON 89788
and A3244 seed were confirmed by PCR analysis prior to use.

Field Sites and Plot Design

Field trials were established at 17 locations (site code in patenthesis)/“Jackson Co.,
Arkansas (AR), Jefferson Co., lowa (IA1), Bentoir Co., lowa (IA2), ClintonCa., Illinois
(IL1), Stark Co., Illinois (IL2), Warren Co.Hlinois (1Ig3), Clinton;Co.&Hlinois (IL4),
Warren Co., Illinois (IL5), Hendricks Coy Indiana (IN1), Boone C9.) Indiana(IN2),
Pawnee Co., Kansas (KS), Shelby Co.,“Missouri (MO1),Lincoln Col, Missouri (MO2),
York Co., Nebraska (NE), York Co.; Nebraska (NE2); Pickaway-Co5 Ohio(OH), and
Fayette Co., Ohio (OH2). Thesecl'7 locations provided-a range of environmental and
agronomic conditions representative-0f major UL S. soybeafi-growingfe€gions where the
majority of commercial production of MON“-89788 is expected to occur. The field
cooperators at each site wete familiardavithithe growth; productiony and-evaluation of the
soybean characteristics:

The experiment was established at-each-of the 1 7:sites-in a randomized complete block
design with three replications.<(At the'TAL, TA2, TL2-1L3;IN1, IN2, KS, NE, and OH
sites, each. plot consisted of four rows spaced; approximately 30 inches apart and
approximately 20 féet intlength. The plots were planted adjacent to each other and
surrounded by a-bordet-of commercially”’available¢.Soybean approximately 10 feet (four
row) in width, “At the IL I, MOT, and-’MO2’sites; where additional insect abundance and
insect damage data were - ‘Collected;. each ~plot consisted of eight rows spaced
approximately 30 inches apart and approximately 30 feet in length. At these sites, 10 feet
(fourrows) of cemmerciallyzavailable soybeans were planted surrounding each plot. At
the AR, IL430ILS,ONE2) and"OH2"sites, each plot consisted of six rows spaced
approximately 30 inchés apait and‘approximately 20 feet in length. The plots within each
replicatecwere separated by<approximately five feet (two rows) of commercially available
soybeans, and albplots:were surrounded by a border of commercially available soybeans
approximately, 10 feet (four rows) in width.

Planting and Field Operations

Planting information is listed in Table G-2. Agronomic practices used to prepare and
maintain each study site were characteristic of those used in each respective geographic
region. Herbicides containing glyphosate were not used in this study to avoid injury to
the conventional control or reference plants and to ensure all plants were managed
uniformly.
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Table G-1. Starting Seed for Phenotypic Assessments

Genotype

Sites'

Variety Material
Type
MON 89788 Test
A3244 Control
A3525 Reference
A2553 Reference
A2704 Reference
A2804 Reference
A2833 Reference
A2869 Reference
A3204 Reference
A3204 Reference
A3469 Reference
A3559 Reference
ST2788 Reference
ST2800 Reference
ST3300 Reference
ST3600 Reference
ST3870 Reference
AG3005 Reference
AG3201 Reference
AG3302 Reference
AG3401 Reférence
AG3905 Reference
DKB31-51 Referénce
DKB37-51 Reference
DKB38-52 Referénce

Glyphosate-tolerant

Conventional
Conventional

Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional
Conventional

Glyphosate-tolerant’
Glyphosatestolerant™
Glyphosate-tolerant”
Glyphésate-tblerant’
Glyphosate:toletant’
Glyphosate-tolerant>
Glyphosaté-tolerant
Glyphosate-tolerant’

All

All

IA1, 1A2, IL1, IL2, IL3, IN1, IN2,
KS, MO1, MO2, NE, OH, TL4
L5

OH2

NE2

OH2

L2, IL3

IN2, MOl 'NE

L5

ILEKS

L4

ILS

IA1, IA2, OH2
IN1;\MO270H, NE2

MO2, AR

AR

AT IA2IL2; T3, NE2
IN1,IN2, MO1, NE, OH2
INT, INZ,MO{, NE, NE2
L4

L5 KSyoH

TA1, FAZ, IL2, IL3, IL4, IL5
AR

iL1, KS, MO2, OH, AR

" The MON 89788-and A3244 materialswere planted at alksites; the reference materials were site-specific.

? Commercially@yailable Rounidup Ready soybean (40-3:2) varieties.
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Table G-2. Field and Planting Information

. Planting Planting Planting Plot . . < 2004 2003
Site Date Rate! Depth Size (ft) Soil Series, Organi¢ Matter, pH Crof Crop
AR 06/20/2005 9.2 1 in 15x 20 Bosket loam, 153%, 5.5 Rice —
IA1 05/31/2005 9.0 lin 10 x 20 Taintor silty,€lay loamy3.5%, 6.9 Corn Soybean
1A2 06/01/2005 9.0 21in 10x 20 Tama silty clay loam, 3.8%, 6.6 Cormn Soybean
IL1 05/24/2005 9.0 lin 20x 30 Cisnessilt loam, 2.3%, 7.0 Corn Soybean
L2 06/01/2005 9.0 1.75 in 10x 20 Flatiagan'silttoam,:3.8%,6.4 Corn Corn
IL3 06/03/2005 9.0 lin 10 x 20 Sablessilty ¢lay loam, 4.3%.,6:5 Corn Soybean
L4 05/24/2005 7.5 1 in. 15x213 IC%s(I;e Iéhéey SR Corn Wheat/beans

1070500
. 0
LS 06/03/2005 93 Lin. 15 x20 g/lglscatlne siltyr clay loam{ 4.5 %; Comn o
IN1 05/26/2005 9.0 I.11in 10 %20 Crosby silt loam, 1.1%,.5:6 Corn Soybean
IN2 05/24/2005 9.0 lin 10x 20 Crosby silt.loam2.6%, 6.2 Corn Soybean
KS 06/06/2005 7.2 1.54n 10x 25 Farnum.doam,2:1%, 7.5 Corn Alfalfa
MO1 05/28/2005 9.0 1n 20x 30 Putnam silt foam{1.8%;6.9 Corn Soybean
MO2 06/03/2005 9.0 1.51n 20 x:30 Keswicksilt 16am, 2:3%, 6.5 Corn Soybean
NE 05/23/2005 9.0 lin 10x 20 Hastings siltloamy, 3%, 6.2 Soybean Soybean
NE2  05/20/2005 9.3 1 in. 15 x20 Hastings;silt loam, 3%, 6.5 Soybean —
OH 05/24/2005 9.0 Kin 10°x 20 Brookston 1oam, 2.5%, 6.1 Wheat Soybean
OH2  05/24/2005 8.0 1 in. 15x 20 Cresby doam, 1.8%, 7 Soybean —
— = Not provided.
"'Seeds per foot.
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Phenotypic Observations
The description of the characteristics measured and the designated developmental stages
where observations occurred are listed in Section VIII, Table VIII-4.

Ecological Observations

The plots at all sites were qualitatively evaluated at least four times (except at 1L3) for
differential response to naturally occurring ecological stressors during the growing
season. During each observation, each plot was evaluated for the severity of symptoms
caused by three insect, three disease, and three abiotic stressors that commonlyoccur at
the study sites. With a few exceptions, these stressors were predetermined. by the
individual site Principal Investigators (PIs) based,on their experience. <Fhe ecological
stressors evaluated were not artificially induced and could yary betweensites.. "Plots were
rated on the 0 — 9 scale described below bt the results were reported-as eategorical
(none, slight, moderate, or severe).

0 = none (po’symptoms-observed)

1-3 = slight-(symptonis-observed,‘not detriméntal fo
plant gtowthcand development)

4_6 = moderate(intermediate-between Slightiand
severe)

7§ . severe (symptems observed, detrimental to

plant growth@nd development)

At thelL1, MOL,%and:MO2:sites;insect (and spider) abundance was quantitatively
evaluated three fimes‘during the growing seasomyusing a beat sheet sampling method.
The beat sheet consisted-of an- approximately:40 x 30 inch white sheet with a central
opening to, which a epntainer lid-had beenCglued. The attached lid had a hole in the
middle40 allow insects to pass threugh. ‘“Prior to insect collection, an empty container
was “attached tothe lid: -The. beat sheet was placed flat on the ground between two
sampling rows, and plants from both rows adjacent to the beat sheet were shaken
vigorouslys. Dislodgedinsects that fell onto the beat sheet were brushed toward the center
into theleontainer.~The(container was removed from the beat sheet, filled with enough
alcohol toceover the insects‘and plant debris, and sealed with a solid lid. Two insect sub-
samples-werecollected from non-systematically selected plants in each plot, one from
rows{dive and six-and the other from rows six and seven. The two sub-samples from each
plot were combined into a single container.

To focus the insect evaluation on the most abundant pest and beneficial species, the
following predetermined selection criteria were employed. A list of important
Midwestern pest and beneficial species was developed. Four randomly selected samples
from each collection time point at each site were examined to determine the five most
abundant pest species and the three most abundant beneficial species from the list. These
eight species were then counted in each sample from each plot. Because the species
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counted were site- and collection-specific, they varied from site to site and from
collection to collection.

Plant damage caused by defoliation or by pre-selected fluid feeding insect species was
also evaluated four times during the growing season at the IL1, MO1, and MO?2 sites.
Damage caused by a minimum of four specific insect species or groups commonly found
at each field site were rated by the PIs using a 0 — 9 scale, where 0 = no damage or
defoliation observed, 5=50 % damage or defoliation, and 9=90% damage or
defoliation.

Statistical Analysis

An analysis of variance was conducted according(te a randomized complete block design
using SAS® (SAS Version 9.1.3, SAS Institute, Inc.~2002-2003)." -The_devel of
significance was p<0.05. For each analyzed-characteristic, MON 89788 was compared to
A3244 at each site (by-site analysis) and)pooled aetoss.all sites (across-Site @analysis).
Characteristics analyzed include: Eatly stand .count;“seedling~vigors- days’ to 50%
flowering, plant height, lodging, final stand’count, seed moisture, seed test-weight, yield,
insect damage, insect abundance.

No statistical analyses weresconducted on flower color’and pod. shattering due to low
categorical variability . in ‘the ‘data:c. Growth stage monitering‘and cecological stressor
observations were qualitative .and were, not statistically.Canalyzed. No statistical
comparisons werg~-made. between AMON<89788 and* referencedmaterials. For the 23
reference varietics, the' minmimuniand maximum mean valués-observed across the three
replications at’a given site and a,99%-tolerance antervalbwith 95% confidence were
calculated.for each characteristic.

Individual Field Site Plant Growih and:Development Results and Discussion

For the by-site analysessno differences between MON 89788 and A3244 were detected
for early stand count,flower colot; pod shattering, or yield (Table G-3). A total of 14 out
of 181 site x characteristic’comparisons were significantly different between MON 89788
and “A3244. _The significant differénces were distributed among seven of the 11
phenotypic characteristics: Except-for plant height, all of the significant differences
detected in-the:by-sité“analysis were not detected in the across-site analyses. Therefore,
the differences detected in the by-site analysis were not indicative of a consistent trend,
andvare not:likely toxbe biologically meaningful in terms of increased weed potential of
MON 89788-compared to A3244.

® SAS is a registered trademark of SAS Institute, Inc.
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Table G-3. Phenotypic Comparison of MON 89788 and A3244 at Each Site

Phenotypic Charagteristics (units)

Early stand count

Plant height

(# plants/2 rows) Seedling vigor Days to 50% flowering Flower color’ (in) Lodging
Site gg?g; A3244 gg%; A3244 1;/;?81\; A3244 23(7);; A3244 gg%g A3244 g;%j; A3244
AR 248 257 3.0 2.7 31* 32 Purple Purple 22:9 24.6 1.7 1.0
IA1 273 280 1.7 1.0 40 40 Purple Purple 31.0 33.2 0.7 1.0
1A2 323 336 2.0 2.0 43 47 Purple Purple 379 39.8 1.0 1.3
IL1 453 455 3.7 33 44 45 Purple Purple 37.9 40.0 0.7 0.7
IL2 308 293 2.0 2.0 41 41 Parple Purple 36.5 37.3 0.0 0.0
IL3 332 334 1.3 1.7 45 45 Pugple Purple 39.5 40.9 0.7 2.0
IL4 253 260 4.0 3.7 47 48 Rurple Purple 34.5 36.1 0.7 0.3
ILS 327 339 2.0 2.0 - — - — 32.7 353 0.0 0.0
IN1 307 319 4.0 40 46 46 Purple Purple 27.1 29.0 0.7 0.7
IN2 206 218 2:0 1.0 S5k 5 Putple Purple  33.7% 36.1 0.3 1.0
KS 302 298 3.0 3.3 43 43 Purple Purple 26.7 27.5 1.3% 0.3
MOl 194 221 3.7 4.7 54 54 Purple Purple  19.9% 21.9 0.3 0.0
MO2 259 302 2.7 23 42 42 Purple Purple  17.7* 20.6 0.0 0.0
NE 293 273 23* 13 45 46 Purple Purple  36.7* 39.1 0.3 0.7
NE2 277 279 1.3 ¥3 46 46 Purple Purple 37.6 38.3 0.7 0.7
OH 305 325 2.0 20 44 45 Purple Purple 24.8 26.7 0.0 0.0
OH2 286 287 2.0 23 42 43 Purple Purple 22.6 22.0 0.0 0.0
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Table G-3 (continued). Phenotypic Comparison of MON 89788 and A3244 at Each Site

Phenotypic Characteristics (units)

Pod shattering' Final stand count Seed moisture Seed test weight Yield
(# plants/2 rows) (%) (2100 seed) (bu/ac)

Site 81\/;?7)81; A3244 81\/;?7)81; A3244 g/;?sl; A3244 x%\; A3244 23705; A3244
AR 0.0 0.0 235 247 13.1% 4.1 13°6* 146 47.1 47.8
IA1 0.0 0.0 258 276 13:3 132 15.7 16,3 55.5 59.1
1A2 0.0 0.0 307 309 10.4 10.4 148 15.0 75:6 76.8
IL1 0.0 0.0 380 362 1.9 12:0 144 14.t 39.4 37.3
L2 0.0 0.0 305 292 8.2 8.4 - =~ 49.4 47.8
IL3 0.0 0.0 302 294 12,1 12.4 —= — 57.5 56.7
1L4 0.0 0.0 238 230 P1.4% 12.0 133 140 39.6 45.5
ILS 0.0 0.0 287 300 147 k4 = — 57.5 55.2
IN1 0.0 0.0 262 270 11.0 11.3 14.6 14.7 42.3 47.1
IN2 0.0 0.0 135 142 L4 145 166 16.6 39.1 443
KS 0.0 0.0 281 272 12.4 12.9 17.0 18.0 65.5 68.6
MOl 0.0 0.0 193 216 124 12,5 — — 39.0 42.0
MO2 0.0 0.0 254 287 13.6 14.2 15.9% 15.3 22.0 21.0
NE 0.0 0.0 230 260 8.8 87 14.7* 15.3 74.9 75.8
NE2 0.0 0.0 261 266 9.0 9.0 15.0 15.0 68.3 71.4
OH 0.0 0.0 283 301 12:4 12.3 14.0 14.8 28.3 32.7
OH2 0.0 0.0 274% 267 12.4% 12.9 15.3 14.1 21.9 20.6

* Indicates a statistically significant differefice between MON 89788 and A3244 at p < 0.05.
— Dashes indicate data that are missing:
! Not statistically analyzed due to lack“ef variation:
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Table G-4. Growth Stage Monitoring of MON 89788, A3244, and the Réference Soybean Varieties

Assessment Date and Range of Growth Stages. Qbserved

Site Material Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 QObs. 6 Qbs. 7 Obs.' 8 Obs. 9 Obs. 10
AR 07/11 08/01 08/23 09/13 10/03 —= — — — —
MON 89788 V2 V8-R3 V13-R5  VI14-R6-) VI4-R8 s - L —
A3244 V2 V8-R3 V13-R5  V14-R6 (£ V14-R8 — — — — —
References V2 V7-R3 V13-R5  VA4-R6 ‘0" V14-R8 = e — — —
IA1 06/20 07/06 07/18 08/02 08/16 08/30 09/09. 10/10 —
MON 89788 V2 V6 V8-R2 R4 RS RS5R6 R6 RS — —
A3244 V2 Vo6 V8-R2 R4 RS R5-R6 R6 RS — —
References V2 V5-V7 V8LR2 R3-R4 RS RS=R6 R63R7 RS —
1A2 06/28 07/12 07/26 08/09 08/23 09/06 09/27 10/18 — —
MON 89788 V2 Vo6 R3 R4 RS R6 R7 RS — —
A3244 V2 Vé R2 R4 RS R6 R7 RS —
References V2 V6-R1 R2-R3 R4 R5 R6 R7-R8 RS — —
IL1 06/16 07/08 07/24 08/13 08/31 09/17 10/03 — — —
MON 89788 V2 R1 R3 R4 RS R7 R8 — —
A3244 V2 V8-R1 R3 R4 RS R7 RS — — —
References V2 VI-R1 R3 R4 R4:R5 R6-R7 RS — — —
1L2 06/27 07/18 08/08 08/30 09/15 09/27 10/17 — — —
MON 89788 V2 R1 R2-R3 R4-R5 R5-R6 R6 RS — — —
A3244 V2 R1 R2-R3 R4-R5 R5-R6 R6 RS — —
References V2-V3 R1 R2-R3 R4.R5 R5-R6 R6 RS — — —
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Table G-4 (continued). Growth Stage Monitoring of MON 89788, A3244, and the Reference Soyb¢an Varieties

Date and Range of Grewth Stages Observed

Site Material Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 «“0Obs. 9 Obs. 10

IL3 06/24 07/15 08/04 08/26 09/08 10/03 — — 2 —
MON 89788 V2 V6 R4 R6 R6 R - - — —
A3244 V2 Vo6 R4 R6 R6 R =X — — —
References V2 Vo6 R4 R6 R6 RS — = — —
1L4 06/17 06/21 07/06 07/21 08/21 09/08 09/29 - — —
MON 89788 V2 V3 Vo6 V10 V16 R6 RS o~ — —
A3244 V2 V3 Vo6 Vi0 V16 R6 RS — — —
References V2 V3 Vo6 V10 V16 R6 RS — —
IL5 06/24 07/15 08105 08425 0945 09/28 “4 — — —
MON 89788 V2 V5 V12 RS R7-R8& R ~ — — —
A3244 V2 V5 VA2 RS R7-R8 RE — — —
References V2 V5 V12 R5 R7-R8 RS — — — —

IN1 06/24 07106 07/19 08/03 08/10 08/a5 08/29 09/12 09/21  09/21-10/04'
MON 89788 V2 V5 R2 R2-R3 R4 R5 R6 R7 R7-R8 R8
A3244 V2 V5 R2 R2 R4 R5 R6 R7 R7 R8
References \% Vs R2 R2-R3 R4 R5 R6 R7 R7 RS
IN2 06/10 06127 07/22 0817 0945 — — — — —
MON 89788 Vi V3-V4 R1-R2 R4 R6-R7 — — — — —
A3244 Vi V3-V4 R1=R2 R4 R6-R7 — — — — —
References VC-V1 V3-V4 R1-R2 R4 R6-R8 — — — — —
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Table G-4 (continued). Growth Stage Monitoring of MON 89788, A3244, and the Reference Soyb¢an Varieties

Date and Range of Growth Stages Observed

Site Material Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Qbs. 8§ Obs. 9 Obs. 10
KS 07/05 07/26 08/15 09/15 09/21 09/27 — — — —
MON 89788  V2-V3 R2-R3 R5 R6 R7 RS e 5 — —
A3244 V2-V3 R3 R4-R5 R6-R7 R7-R8 R =~ — — —
References V2-V3 R2-R3 R3-R5 R6-R7 R6-R7 R7-R8 RS’ - — —
MOl 06/20 07/08 07/27 0815 09/24 10/09 —x — — —
MON 89788 V2 V6 R2 R4 R7 RS — — — —
A3244 V2 Vo6 R2 R4 R6-R7 RS — — — —
References V2 Vo6 R2 R4 R6-R7 RS — — — —
MO2 06/21 — 07405 07/22 08/11 08/22 09706 10/06 — —
MON 89788 V2 — V5 R2 R4 RS R6 R8 — —
A3244 V2 — V5 R2 R4 R5 R6 RS — —
References V2 — V5 R2 R4 R5 R6 RS — —
NE 06/17 07105 07726 08415 09/06 09/26 — — — —
MON 89788 V2 V9-R1 R4 R5 R6 R — — — —
A3244 V2 V7-R1 R3:R4 RS R6 RS — — — —
References V2 V7-Rd R3-R4 RS R6 RS — — — —
NE2 06/13 07405 07/26 0815 09/06 09/26 — — — —
MON 89788 V2 V7-R1 R3 RS R6 RS — — — —
A3244 V2 V7-R1 R3 RS R6 RS — — — —
References V2 V7-R1 R3 R5 R6 RS — — — —
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Table G-4 (continued). Growth Stage Monitoring of MON 89788, A3244, and the Reference Soyb¢an Varieties

Date and Range of Growth Stages Observed

Site Material Obs. 1 Obs. 2 Obs. 3 Obs. 4 Obs. 5 Obs. 6 Obs. 7 Obs. 8 Obs. 9

OH 06/18 07/05 07/18 07/30 08720 09/11 10/03 X —
MON 89788 V2 V7-V8 V10-R3 R3-R4 R5 R7 R7-R8 2 —
A3244 V2 V7-V8& V10-R2 R3-R4 RS RY R7-R8 — —
References V2 V7-V8 V10-R3 R3-R4 R5 R7 R7-R8 = —

OH2 06/18 07/05 07/18 07126 08/20 09411 10/02 — —
MON 89788 V2 V7-V8  VI10-V1l R3 VI3-R5 R7 R8 ~— —
A3244 V2 V7-V8  VI10-V1l1 R3 V13RS5 R7 RS& — —
References V2 V7-V8  V10-Vil R3 MI3-R5 R7 RS — —

Note: Obs. = Observation number; all data were collected during2005
' The date where each plot reached the R8 growth stage wasrecorded for this observatien.
? Only the references that had not reached RS in the previous obsetvation werg tated.in this Obseryation.
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Table G-5. Insect Stressor Symptom Severity of MON 89788, A3244, and the Reference Soybean-Variéties

Observation 1

Observation 2

Observation 3

Observationd

Observation 5

Insect Site(s) 23?81\; A3244  Ref. gg%\; A3244  Ref. gg%l\; A3244  RGL gg)sl\; A3244 Ref. 23?81\; A3244  Ref.
Aphid' IAl  no no no no no no no no-sl~s no-sl - no=sl ~no-sL.{vno-sl  no-sl sl no-sl
IA2 no no no no no no sl sh st no na 1o — — —
IL1 no no no sl no-sl  no-sl sl sl sl no 110 no — — —
IL2, IN1,OH, OH2  no no no no no 0o no no no no no no no no no
IL4, IN2, KS, MOl,NE,NE2  no no no no no no ne ne no no no no — — —
Bean leaf IAl no no no sl sl sl sl sl ne=st sl sl sl sl sl sl
beetle 1A2 sl sl sl sl st sl sl sl sl sl sl sl — — —
ILI no no no no no no no no no L S — — — —
IL2,0H, OH2 no no no no no noé no no no ho no no no no no
IL3 no no no no no no sl sl sl — — — — — —
IL5 no no no sl sl $L sl sl sl sl sl sl — — —
INI sl sl sl no 10 ho. no no no sl sl sl no no no
MOl no no no sl sl sh sl sl st mo mo mo — — —
MO2 sl sl sl sl sl sl sl st sl sl sl sl-mo — — —
NE no no no no 1no no no no no sl sl sl — — —
NE2 no no no no no no no no no no no no — — —
Beet armyworm
AR sl sl sl < — = — — — — — — — — —
Grasshopper IL1 no no no no no 110 no no no sl sl sl — — —
IL4, NE,NE2  no no no no no no o no no no no no — — —
INI — S — — —£ — — — — sl sl sl — — —
Green AR — — — st sl sl sl-mo sl sl-mo — — — — — —
cloverworm KS no no no sl sl no-sl sl sl-mo  sl-mo no no no — — —
MO2 — — — — 5 — — — — sl sl sl — — —
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Table G-5 (continued). Insect Stressor Symptom Severity of MON 89788, A3244, and.the Reference Soybean Varieties

Observation 1 Observation 2 Observation\3 Obseryation 4 Observation 5
MON MON MON MON MON

Insect Site(s) 89788 A3244 Ref. 89788 A3244 Ref. 89788 A3244 Ref. «89788 " A3244 Ref. 89788 A3244 Ref.
Japanese 4 sl sl sl — — < — — — - — — — — —
beetle INI no no no sl sl sl sl sl st no no no no no no
IN2 no no no sl sl sl sl st sl 09 1o no — — —

MO2 no no no no ng 020 no no ne fo-sl no no-sl — — —

OH,0H2 no no no no 10 no no 0o no no no no no no no

Leafhopper” IL3 no no no no no no no no no = — — — — —
IL5 no no no no no no no no no no no no — — —

Mol sl sl sl no=sl _ (no-sl~. "no-sl sl sl sl no sl no-sl — — —

Soybean looper AR no no no sl st sl no no no no no no — — —
Spider mite IAl  no no no no o no, no no no-sl\. "no-sl  no-sl  no-sl no no no
IA2,1L4,1L5,IN2 1O no no no no 10 no no no no no no — — —

IL2 no no no no 110 no no no fo no no no no no no

IL3 no no no no ne 10 sl sl sl — — — — — —

Soybean stem borer KS — & — ne no no no no no no no no — — —
Stink bug’ AR no no no no no no no no no no no no — — —
ILr  — — - ) ~ — — — — sl sl sl-mo — — —

MO2 no no no 1) no no sl sl sl sl sl sl — — —

Velvetbean caterpillar AR no no no no ne no no no no no no no — — —

Ref. = References; NO = None; SL = Slight; MO= Moderate; SE= Severe.
' Including soybean aphid

2 Including potato leafhopper

* Including green stink bug

— Insects not evaluated at this observation and site.
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Table G-6. Disease Stressor Symptom Severity of MON 89788, A3244, and the Reference Soybean:Varieties

Observation 1

Observation 2

Observation 3

Observationd

Observation 5

MON MON MON MON MON
Disease Sites 89788 A3244 Ref. 89788 A3244 Ref. 89788, A3244 ,Ref. 89788 A3244 _Ref. - 89788 A3244 Ref.
Alternaria leaf spot

KS no no no no no no no no no no no no-sl — — —

Anthracnose MO2 no no no no no no - S5 — - = — — — —
Asian rust KS,NE,NE2 no no no no no no no no no no no, no — — —
Bacterial blight AR — — — — — — sl sl sl —x — — — — —

INl no no no sl sl sl sl sl sl sl sl sl sl sl sl

Brown spot' IA2 1o no no no no 1o sl sl sl sl sl sl — — —
L1 — — — — — — sl sl sl-mo sl sl sl-mo — — —
IL2,0H,OH2 no no no no ne fo no ne no no no no no no no

IL4 no no no no no no no 1o no no no no — — —

KS no no no 1O no no s1 sl sl ne‘sl  no-sl  no-sl — — —

Mol sl sl sl no, nossl _@o-sl . nosslD” no=sl . ~ho-sl sl sl sl — — —

NE — — -~ 2= — — — — —< sl sl sl — — —

Brown stem IA1,IL2 no no no no. no no no no no no no no no no no
rot ILs — — — no no ne — — — — — — — — —
Cercospora AR  no no no no no no no no. no no no no — — —
leaf blight2 MO1 no no no ne no no ne ne no no no no — — —
Charcoal rot INl no no no 1o no no no no no no no no sl sl sl
Frogeye leaf AR no no no no no no sl sl sl no no no — — —
spot MOl no no no ho no no 0o no no sl sl sl — — —
MO2 ho no no no no no no no no no no no — — —
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Table G-6 (continued). Disease Stressor Symptom Severity of MON 89788, A3244, and the Reference Soybean Varieties

Observation 1

Observation 2

Observation 3

Obseryation@

Observation 5

MON MON MON MON MON
Disease Sites 89788 A3244 Ref. 89788 A3244 Ref. 89788\ A3244 ,Ref. 897887 A3244 _Ref. - 89788 A3244 Ref
Phytophthora3
IA2,IL1,IL4, IN2,NE,NE2  ho no no no no no no no no no no no — — —
IN1,OH,OH2 no no no no no no no no no no no no no no no
Powdery IN2 1o no no no no no 1o no no no no no — — —
mildew KS — — — — — > — — 3 no-sl~ no-sl  no-sl — — —
Pythium IL1 no no no no no no i — =3 g — — — — —
IL3 no no no no no 10 no no no — — — — — —
IL5 no no no no no no — — — no. 1no no — — —
NE no no no no no Nno no no no —— — — — — —
NE2 no no no ne. no nho no. 7o no no no no — — —
Rhizoctonia IL1 no no no no no no no no no no no no — — —
IL3 no no no no 1o no no 1o no — — — — — —
IL5 no no no no no no - — —< no no no — — —
Soybean
mosaic virus MO2 — — — - — — sl sl sl sl sl sl — — —
Soybean rust IN2 1o no no no no no no no. no no no no — — —
Stem canker AR  no no no no no no no no no no no no — — —
Sudden death IAl no no no 1O no no no no no no no no no no no
IL4,MO2 no no no no no 110 no. no no no no no — — —
‘White mold
IA1,IL2, OH,OH2 no no no no no no no no no no no no no no no
IA2 1o no no, no. no no no no no no no no — — —
IL3 no no no 10 no. AO. no no no — — — — — —
IL5 no no no no no no — — — no no no — — —

Ref. = References; NO = None; SL = Slight; MO = Moderate;'SE =(Severe.

! Including septoria brown spot and septoria*leaf spot
2 Including cercospora leaf disease

? Including phytophthora root rot

— Diseases not evaluated at this obseryation and site.
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Table G-7. Abiotic Stressor Symptom Severity of MON 89788, A3244, and the Reference Soybean Varieties

Observation 1

Observation 2

Observation 3

Observationd

Observation 5

MON MON MON MON MON
Abiotic Sites 89788 A3244 Ref. 89788 A3244 Ref. 89788 " A3244 ,Ref. 89788 A3244 _Ref. . 89788 A3244 Ref
Chloride toxicity
AR  no no no no no no no no no no no no — — —
Cold stress' AR  no no no no no no, no no no no no no — — —
Compaction’ IL1 no-sl  no-sl  no-sl no no no no no no no no no — — —
IL3 no no no no no no no 1o no — —— — — — —
IL5 no no no no no no ho ho 1o 1no no no — — —
IN1 sl sl sl sl st sl sl sl sl sl sl sl sl sl sl
MO1 sl-mo sl-mo  sl-se no no no no 1no no 110 1no no — — —
Drought’
AR,IA2,KS,NE,NE2 no no no no no no no no no no no no — — —
IAl no no no sl sl sl 1no no no sl sl sl no no no
IL1 no no no no no no sl sl sl no no no — — —
w2 sl sl sl sl st sl sl sl sl no no no no no no
IL3 no no ne mo mo mo mo mo mo — — — — — —
IL4 no no no sl sl sl noé no no no no no — — —
IL5 no no no se se sé se se se mo mo mo — — —
INT sl sl sl mo mo mo ne no no no no no no no no
IN2 sl sl sk no no no no no no no no no — — —
MO1 no no no sl sl sl no no no sl no-sl no — — —
M02 sl sl sl st sl sl sl sl sl sl sl-mo  sl-mo — — —
OH,OH2 no no no sl sk sl sl sl sl no no no no no no
Flood* AR,IL5,IN2, NE  no no no, no, no no no no no no no no — — —
IL3 no no no no no. ne. no no no — — — — — —
OH,OH2 no no no ne. 1o no no no no no no no no no no
Frost NE2 no no neo no no no no no no no no no — — —
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Table G-7 (continued). Abiotic Stressor Symptom Severity of MON 89788, A3244, and the Reference Soybean Varieties

Observation 1

Observation 2

Observation 3

Observation4

Observation 5

MON MON MON MON MON
Abiotic Sites 89788 A3244 Ref. 89788 A3244 Ref. 89788<A3244 Ref. 89788,°A3244 _Ref. 89788 A3244 Ref.
Hail IAl no-sl  no-sl  no-sl no no no no no no no no no no-sl no no-sl
IA2, IL4, MO2, NE,NE2  ho no no no no no no ne o no no no — — —
IL2 no no no no no no no no no no 1o no no no no
KS sl sl sl-mo no no no 1o no no no no no — — —
Heat® AR no no no no no no no no no no ne no — — —
1A1 sl sl sl sl sl sl no no 1o Nno no no no no no
IL1 no no no no no 1o sl sl sl — £ — — —
IL2 no no no no no no no no no 1o no no no no no
INT sl sl sl sl sl sl sl sk st no no no no no no
M02 sl sl sl sl sl sl sl sl sl sl sl sl — — —
OH,OH2 no no no sl sl st no no no no no no no no no
Herbicide KS sl sl sl ne 10 ho. no no no no no no — — —
injury® Mol sl sl sl no no nossi no no no no no no — — —
Wind IA2, IL4, IN2 no no ho ne no no, no no no no no no — — —
IL1 — — — — — — — — sl no-sl no-mo — — —

Ref. = References; NO = None; SL = Slight; MO = Moderate; SE ="Seyere.

! Including temperature extremes

2 Including wet soil/ compaction due to torrential waii fall

? Including soil moisture extremes
4 Including excess moisture, excess water, flgoding, and soil\moisture extremes

3 Including heat stress and temperature extreines

6 Herbicides other than glyphosate
— Abiotic stressors not evaluated at this observation and sité:
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Table G-8. Insect Abundance Data from Beat Sheet Samples of MON 89788, A3244, and the Reféerence Soybean Varieties

Insect Abundance'

Collection 1 Collection 2 Collection 3
MON Reference MON Reference MON Reference
Insect Sites Category 89788 A3244 Range 89788 A3244 Range 89788 A3244 Range
Aphid IL1 Pest 0.0 0.0 0.0-0.3 0.3 00 0.0~0.3 1.3 3.0 0.3-3.0
MO1 0.3 0.3 0.0 — 0.3 0:0 0.3 00 — 0.7 0.0 0.0 0.0-0.3
MO2 6.0 12.3 4.7~93.0 — — — 1.0 1.3 03-1.7
Bean leaf beetle IL1 Pest 2.0 2.7 0.3 - 33 — — o 3.0 1.7 27-5.0
MO1 0.7 0.0 0.0.50.3 33 53 47253 0.0 0.0 03-23
MO2 0.7 2.0 20-4.3 5.3 9.0 53~ 6.7 2.3 2.0 03-33
Corn earworm IL1 Pest — - — 087* 0:0 0.0=0:0 — — —
Flea beetle MOl Pest 0.0 0:0 00-2+0.7 2.3 1.7 0.3=1.7 33 2.3 0.7-2.7
MO2 — — — — — — 0.3 0.0 0.0-0.3
Garden fleahopper MO2 Pest 53 4,0 0.3% 9.3 — N — — — —
Grape colaspis IL1 Pest 03 0.3 0.0 - 1.3 —@ — — — — —
MO2 0.0 00 0.0 0.3 = o — — — —
Green cloverworm IL1 Pest — — — 3.0 4.0 50-11.0 43 6.3 7.0-83
MO1 0.7 0.0 0.0 - 0.7 7 1.3 0.7-3.7 0.0 0.7 03-1.3
MO2 2.0 1.7 10— 3.3 29.7 27.3 26.7-41.0 — — —
Japanese beetle IL1 Pest 17 2.3 1.0 17 — — — — — —
Southern corn MO1 Pest 1.0 1.0 0A~0.7 2.0%* 0.0 0.0-0.3 — — —
rootworm
Stink bug IL1 Pest 0.0 0.0 0.050.3 — — — 1.0 2.0 0.7-4.0
MO1 = 2 - — — — 0.0 0.3 0.0-1.0
MO2 — — — 0.7 1.0 1.0-2.0 28.7 14.7 19.3-29.7
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Table G-8 (continued). Insect Abundance Data from Beat Sheet Samples of MON 89788, A3244, and the Reference Soybean

Varieties
Insect Damage Ratings
Collection 1 Collection 2 Collection 3
MON Reference MON Reference MON Reference

Insect Sites Category 89788 A3244 Range 89788 A3244 Range 89788 A3244 Range
Tarnished plant IL1 Pest — — — 03 0.3 03 -23 — — —
bug

MO2 — — — — . — 0.3* 0.0 0.0-0.0
Weevil IL1 Pest — — — 0.0 00 0.0~0.7 0.0 0.0 0.0-0.7
Asian ladybeetle MO2 Beneficial 0.0 0.3 0:0.—0.7 — = — — — —
Lacewing MO1 Beneficial — — — —~ — — 0.3 0.3 0.0-0.0
Nabis IL1  Beneficial 0.0 0.0 0.0,~0.7 0.7 0.3 0.3=1.0 1.7 3.0 0.7-17.7

MO1 — — — 0.0 0.0 00-0.3 — — —

MO2 2.0 2.9 0.3&2.7 0.7 3 1.0-3.0 2.0 1.0 03-13
Orius IL1  Beneficial 2.3 3.7 2:0 — 47 4.3 5.7 20-6.7 5.0 5.3 3.0-103

MOI1 2.0 2.3 1.0-4.7 0.7 03 1.0-2.7 — — —

MO2 1.3 3.3 13+ 3.0 2.3 2.0 03-17 1.0 0.7 1.0-2.0
Pink spotted MO1 Beneficial — - — - — — 0.0 0.3 0.0-0.3
ladybeetle
7 spotted MO1 Beneficial 0.0 0.0 0.0.+0:3 - — — — — —
ladybeetle
Spider IL1  Beneficial 0.7 1.7 0.0 - 0.7 2.0 1.0 1.3-23 4.7 8.7 2.7-8.7

MOI1 0.7 0.7 0.391.0 — — — — — —

MO2 — — — 6.7 7.0 57-11.3 2.0 1.7 1.0-2.7

* Indicates a statistically significant difference betwéen the-MON 897887and A3244 at p < 0.05.
— Insects not evaluated at this observation and-site.
' MON 89788 and A3244 values represent mean number ofinsects/spiders collected across three replications
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Table G-9. In-Field Plant Damage of MON 89788, A3244, and the Reference Soybean Varieties

Damage'
Evaluation 1 Evaluation 2 Evaluation'3 Evaluation 4
MON Reference MON Reference MON Reference;” MON Reference

Insect Sites 89788  A3244 Range 89788 A3244 Range 89788 A3244 Range 89788  A3244 Range
Aphid MO1 0.0 0.0 0.0-0.0 0.3 0.2 0.2-0.2 0.2 0+ 0.050.1 0.0 0.0 0.0-0.0
Bean leaf beetle IL1 0.2 0.1 0.0-0.1 0.0 0.0 0.0 — 00 0.0 0.1 0.0 —0.% 0.4 0.4 0.3-04

MO1 0.0 0.0 0.0-0.0 0.8 1.0 0.80.9 2.2 2.3 1.9+23 4.0 4.3 43-5.0

MO2 0.6 0.7 0.6-0.8 0.9 0.8 028 — 1.0 1.0 1.2 10— 1.1 1.2 1.4 1.2-1.4
Grasshopper IL1 0.0 0.0 0.0-0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.3 0.2 0.2-0.3

MOI1 0.5 0.4 0.5-0.7 04 0.4 0:4-0,5 06 0.7 0.6 0.7 0.3 0.4 0.3-04
Japanese beetle IL1 0.4 0.4 0.5-0.9 0.1 0 0.1 <05 1.0 07 0.8-1.0 1.0 1.0 1.0-1.0

MO2 0.0 0.0 0.0-0.0 0.0 0.0 0.0~ 0.0 0.1 01 0.1-0.1 0.2 0.4 0.2-0.5
Spider mite MO2 0.0 0.0 0.0-00 0.0 0.0 0:0 - 0.0 0.0 0.0 0.0-0.0 0.0 0.0 0.0-0.0
Stink bug IL1 0.0 0.0 0.0:~0.0 040 0.0 0.05°0.0 0.0 0:0 0.0-0.0 0.0 0.0 0.0-0.0

MO1 0.0 0.0 0.0 — 0.0 0:0 0.0 0.0 - 0.0 0:0 0.0 0.0-0.0 0.0 0.0 0.0-0.0

MO2 0.0 0.0 0.0-0.0 0.4 0.1 0.0~=0.1 1.2 1.2 1.2-1.3 1.7 1.4 1.5-1.7

* Indicates a statistically significant difference between the MON 89788 and A3244 at,p < 0.05 (non&’detected).
'Based on a 0 — 9 Plant Damage Scale (Where 0 = Neo:Damage Obseived, = 50,% Defoliation, and 9 = 90% Defoliation). MON 89788 and A3244 values
represent mean number of insects/spiders collected across threereplications.
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Appendix H. Materials and Methods for Pollen Morphology and Viability
Evaluation

Plant Production

Plants of MON 89788, A3244, and four commercially available reference varieties were
grown in Lincoln County, MO, in a randomized complete block design with three
replications. Each plot consisted of eight rows approximately 30 ft in length with inter-
row spacing of approximately 30 in.

Flower Collection

While plants were flowering, whole flowers were collected from five non-systematically
selected plants from the fourth row of each plot. The samples were identified by’the plot
number and the plant number (e.g., plot 101 plant1 or simply, 101-1)~All flowers from
all plots were collected on the same day. Three flowers were collected from edch of the
five plants per plot: one from the bottom,, one from the middle, and one frony the Yop of
each plant. Flowers from each selected‘plant were transférred 0 an.appropriately labeled
microcentrifuge tube (three flowers.-per tube)...Flowers fiom different plants within a
given plot were not mixed. All tubes.containing flowers were maintained on wet ice
from immediately after collection until thepollen‘was extracted and fixeéd.

Pollen Sample Preparation

Pollen was collected using tweezers anda dissecting needle to.opencthe flower and brush
the pollen out. Pollen from each of the three flowers per plant was removed and placed
into a new, appfopriately -dabeled” microcentrifuge tube. ,Approximately 0.1 ml of
Alexander’s stain (Alexander,<1980) was-added to the microcentrifuge tube containing
the pollen. . The tube was' closed and’tapped against the bench top to dislodge pollen from
the tube wall. The pbllenand stain.solutieh’ was-thoroughly mixed via vortex. Samples
were heated in a‘water-bath at approximately* 55%C’ for approximately ten minutes and
placed in cold storage (approxithately-4°C)e Microscope slides were prepared by labeling
them with identifying. sample“information and by drawing a water-repellant circle in the
center of’the slide. with a pap-hydrophobic barrier pen. Approximately 0.05 ml of the
pollen and stain solution was transferred to the circle on the microscope slide and a cover
slip was placed overcthe sample:

A mininpum of 100.pollen grains per sample was desired for data collection. For samples
containing.less_than 100 pollen grains on the microscope slide, a second slide was
prepareddromithe remaining pollen/stain solution, and evaluated along with the first slide
to obtain the 100 pollen grains per sample target. Thirty-eight out of 90 samples contain
lessthan 100~pollen grains but the variable sample size was accounted for in the
statistical analysis by using weighted means.

Data Collection

All pollen samples were viewed under an Olympus Provis AX70 light/fluorescence
microscope with an Olympus DP70 digital color camera. Microscope and camera
software [DP Controller v1.2.1.108 and DP Manager v1.2.1.107, respectively (© 2001-
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2003, Olympus Optical Co., Ltd.)] were installed on a connected computer [running
Microsoft Windows 2000 Professional (© 1981-1999, Microsoft Corp.)].

Pollen viability was evaluated by counting viable and dead pollen grains. When exposed
to the staining solution, viable pollen grains stained red to purple (due to the presence of
vital cytoplasmic content). Dead pollen grains stained blue to green and may have
appeared round to collapsed, depending on the degree of hydration. Pollen grains were
counted one field of view at a time until at least 100 pollen grains had been classified or
until all pollen grains present in the sample had been counted. Dense clusters of pollen or
pollen grains adhering to flower parts were not counted because they did not absorb the
staining solution uniformly.

Pollen grain diameter was evaluated for ten reptesentative,viable pollen grains’collected
from one (randomly selected) of the five plants,per plot (ie: three plants per MON 89788,
A3244, and reference). Micrographs (200X) of theOT0 selected pellen »grainsowere
imported into Image-Pro Plus v4.5.1.27€© 1993-2002, Media Cybernetics; Inc.) software
for diameter measurement. Pollen grain diameter-was meastired along the x<axis and the
y-axis (perpendicular to the x-axis): Pdllen @eneral morpholdgy was observed for one
(randomly selected) of the three~micrographs per MON 89788;-A3244, and reference
materials evaluated for pollen grain-diameter;

Statistical Analysis

An analysis of variance was corducted aceording<to_a-randemized complete block design
using SAS® (SAS*Version:9:1, SAS Instituté, Inc. 2002<2003). Weighted means of the
percentage viable pellen and’' meéan pellen grain diameter for MON 89788 were compared
to A3244 .at'the p<0:05 significance level.” Nostatistical comparisons were made
between MON 89788 and-reference materials. (I-cast.square means (LSMean), standard
error (SE), and nfihimunm/maximum mean values were calculated for each MON 89788,
A3244, and reference,material.

®SAS is a registered trademark of SAS Institute, Inc.
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Appendix I. Materials and Methods for Symbiont Study

Materials

The MON 89788 and A3244 were produced in Argentina in 2005. The reference starting
seed was acquired commercially (see table below). Nodules, root, and shoot tissue
collected from MON 89788, A3244, and reference plants were evaluated in the study.

Materials 1,}/[;:2“31 Phenotype

MON 89788 Test Glyphosate-tolerant
A3244 Control Conventional
A2553 Reference Conventional
A2824 Reference Conventional
ST3600 Reference Conventional

The presence or absence of MON*897881n (the startingcseed was verified by event-
specific polymerase chain reaction’ (PCR) analyses.” Resultscof PCR analyses were as
expected.

Greenhouse Phase and Experimental Design

Soybean seeds were germinated by in¢ubating for four-days_ in a‘tray containing moist
paper towels placed’in ah enyironmentalchamber set'to maintain a temperature of 22 +
3°C. Germinated seedlings were@lanted in. 10-inch pots-Containing nitrogen-free potting
medium (LB2 from Sun Gro- Herticulture, Inc.,~Garland, TX) composed of peat,
vermiculité; and perlite.” Plants were grown:iir'a climate<controlled greenhouse with a 14-
hour phetoperiod afid with a target day-time temperature of 27°C and a target night-time
temperature of 22°C."~ Actual -temperatures ~ranged from approximately 17°C to
approximately, 32°C) * Actotal 0t 20 pots-were_planted with two germinated seedlings per
pot for each of‘the MON:89788, A3244_.and reference materials. At planting, each
seedling was inoculated>with-approximately 1 x 10® cells of B. japonicum (Becker
Underwood, Ames, IA) delivered<in.aphosphate-buffered saline solution (pH 7.0). Pots
were arranged in tén replicated blocks for each 4- and 6-week sampling period using a
randomized “splitsbloc¢k design..CTwo additional blocks (for a total of 10 blocks per
sampling period) were planted to assure 8 replicate plants were sampled for each MON
89788, A3244, and reference material for the 4- and 6-week sampling periods.

Approximately.one week after emergence, plants were thinned to one seedling per pot
and re-inoculated with approximately 1 x 10° cells of B. japonicum delivered in a
phosphate-buffered saline solution. Nitrogen-free nutrient solution (~250 mL) was added
weekly after plants emerged from the potting medium.

Plant Harvesting/Data Collection

Four and six weeks after emergence, plants were excised at the surface of the potting
medium and shoot and root plus nodule material were removed from the pots. The shoot
material was cut into smaller pieces and placed in labeled bags. The plant roots with
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nodules were separated from the potting medium by washing with water. Excess
moisture was removed using absorbent paper towels and the roots plus nodules were
placed in labeled bags. The nodules were then excised from the roots of each plant,
enumerated, and the fresh weight determined. Nodules from each plant were then dried
for at least 48 hours at approximately 65°C, and dry weights were determined.

The remaining root and shoot mass (fresh weight) were determined for each plant. Root
and shoot material from each plant was then dried for at least 48 hours at approximately
65°C for dry weight determination. The shoot tissue was ground after drying with a
mortar and pestle and sieved (1.7 mm) prior to analysis for total nitrogen. Shoot total
nitrogen was determined by combustion using a nitrogen analyzer.

Statistical Analysis

The data consisted of five measurement endpeints from each of the two sampling periods
(4- and 6-week): nodule number, nodule dry weight (inig), shoot dry Wweight"(mg); root
dry weight (mg), and shoot total nitrogen (%). Data obtained ftom MON-89788,°A3244,
and A2553, A2824, ST3600 references were-analyzed.,

An analysis of variance was conducted usifig a randomizedsplit-block design with eight
replications for each MON, 89788, A3244.and réfererice materials™ at @ach sampling
period. Data were analyzed using SAS (Version9,1, SAS Institute; Ine:2002-2003) with
the level of statistical, sighificance(predetermined td.be 5% (p-=0.05).” The means of the
MON 89788 and A3244 ‘were ‘compared;’. Midimuniand ‘imaximum values (reference
range) were detefmined for-the three xeferefice materials. .INoO statistical comparisons
were made between, MON 89788 and the reference materials;
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Appendix J. Appearance of Glyphosate Resistant Weeds

Monsanto considers product stewardship to be a fundamental component of customer
service and business practices. The issue of glyphosate resistance is important to
Monsanto because it can adversely impact the utility and life cycle of our products if it is
not managed properly. The risk of weeds developing resistance and the potential impact
of resistance on the usefulness of a herbicide vary greatly across different modes of
action and are dependent on a combination of different factors. As leaders in the
development and stewardship of glyphosate products for over 30 years, Monsanto invests
considerably in research to understand the proper uses and stewardship of the glyphosate
molecule. This research includes an evaluation of factors that can conttibute.to the
development of weed resistance.

A. The Herbicide Glyphosate

Glyphosate (N-phosphonomethyl-glycing)?(CAS Registry #: 4071-83-6);<the ‘active
ingredient in the Roundup family “of nonselective,” foliar-applied, Opostemergent
agricultural herbicides, is among. the wotld s> most widely ~used.cherbieidal active
ingredients.  Glyphosate is highly .effective” against, the anajority of “economically
significant annual and perenniab grasses -dnd breadleaf 'weeds. ~Glyphosate kills plant
cells by inhibition of 5-enolpyruvylshikimate-3<phesphate synthase: (EPSPS), an enzyme
involved in the shikimic a¢id pathwayfor dromatic amino acid bigsynthesis in plants and
microorganisms (Franz ¢t al.;21997). This arematictamino’acidypathway is not present in
mammalian metaboli¢ systems “(Cole; 1985). <Fhis mode of dection contributes to the
selective toxicityof glyphosate towardplants’and:to the-dlowa@isk to human health from
the use of glyphosate according to.label direetions." A c€omprehensive human safety
evaluation and risk assessment concluded-that glyphesate has low toxicity to mammals, is
not a carCtnogen, does not-adyersely‘affeet-reproduction and development, and does not
bioaccumulate i) 'mammals: (Wilhams” et~al., x2000).  Glyphosate has favorable
environmental charaeteristics,.ia¢luding a-low potential to move through the soil to reach
ground wateépr and'is degraded ‘Over imgby spil ' microbes. Because it binds tightly to soil,
glyphosate’s bioavailability is-teduced immediately after use, which is why glyphosate
has no residual .seil activity.2,An eeotoxicological risk assessment concluded that the use
of glyphosate*does not pose an-unreasonable risk of adverse effects to non-target species,
such as birdsand fish,-when-ised-according to label directions (Giesy et al., 2000).

B. Characteristics Related to/Resistance

Today, some 182 herbicide-resistant species and 305 biotypes within those species have
been ddentified . (Heap, 2006). A significant portion of the biotypes are resistant to the
acctolactate synthase inhibitor (ALS) family of herbicides. Resistance usually has
developed because of the long residual activity of these herbicides with the capacity to
control weeds all year long and the selection pressure exerted by the repeated use of
herbicides with a single target site and a specific mode of action. Glyphosate has no soil
residual activity (WSSA, 2002), a unique mode of action and apparently low resistance
frequency (Weersink et al., 2005). Nonetheless, the question has been raised as to
whether the introduction of crops tolerant to a specific herbicide, such as glyphosate, may
lead to the occurrence of weeds resistant to that particular herbicide.

04-CT-112U Page 223 of 237



It is important to recognize that weed resistance is a herbicide-related issue, not a crop-
related issue. The use of a specific herbicide with a herbicide-tolerant crop is no different
than the use of a selective herbicide over a conventional crop from a weed resistance
standpoint. While the incidence of weed resistance often is associated with repeated
applications of a herbicide product, its development depends very much on the specific
herbicide chemistry in question as well as the plant’s ability to inactivate them. Some
herbicide products are much more prone to develop herbicide resistance than others.
Glyphosate has been used extensively for over three decades with very few cases of
resistance development, particularly in relation to many other herbicides. A summary of
some of those factors is described below.

B.1. Target Site Specificity
Target site alteration is a common resistance mrechanismc@among many hetbicide classes,
such as ALS inhibitors and triazines, but is fess likely for"glyphosate.

A herbicide’s mode of action is classified“by..the interference.of a eritical’ metabolic
process in the plant by binding toza target protein ‘and disrupting the required function.
The specificity of this interaction is;critical forithe opportunityto develop target site-
mediated resistance. Because-the herbicide gontacts’discreet aming acids’during protein
binding, changing one of these €ontact’point amino acids can-interrupt this binding.
Specificity of inhibitor-binding is.dependent-on the . nunibér and type of the amino acids
serving as contact points ‘and. can be measured<inditectly‘by counting the number of
unique compounds-that 'ean bind in‘the same site. On oné-extreme, glyphosate is the only
herbicide compound that«can bind to EPSPS. Singlé¢-amine acid substitutions near the
active site.have been*observed for ERSPS,yand; while ‘glyphosate binding is slightly
weaker, these enzymies ate-alsopless-fit. Similarly, high specificity also is observed for
glutamine synthetase, binding three compounds including phosphinothricin in the active
site (Crespo et=al.,1999): Parfaquatiand-diquat are the only two herbicides inhibiting
photosystem> 1. ~No targetc site-:mutations shave been reported to be responsible for
resistanc@in these systems (Powles and Heltum, 1994).

On the other extrenmie are‘target.enzymes that are efficiently inhibited by a wide array of
compoundsie.g.; ALS‘and acetyl{CoA carboxylase (ACCase) are inhibited by over 50
and 20 separate-herbicide compounds, respectively, that bind both within and outside the
activer site (HRAC, 2002;~Trannel and Wright, 2002), respectively. These cases
demonstrate that numeérous noncritical amino acids are involved outside of the active site,
offering a relatively large range of permissible mutations. In these two cases, a single
amino acid change can result in virtual immunity to the class of herbicides and has led
directly to the preponderance of resistant weed species for these mode-of-actions, with 93
and 35 species, respectively, identified to date for ALS and ACCase herbicides.

Glyphosate competes for the binding site of the second substrate, phosphoenolpyruvate in
the active site of EPSPS and is a transition state inhibitor of the reaction (Steinriicken and
Amrhein, 1984). This was verified by x-ray crystal structure (Schonbrunn et al., 2001).
As a transition state inhibitor, glyphosate binds only to the key catalytic residues in the
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active site. Catalytic residues are critical for function and cannot be changed without a
lethal or serious fitness penalty. Furthermore, very few selective changes can occur near
the active site of the enzyme to alter the competitiveness of glyphosate without
interfering with normal catalytic function. Therefore, target site resistance is highly
unlikely for glyphosate. This was further illustrated in that laboratory selection for
glyphosate resistance using whole plant or cell/tissue culture techniques were
unsuccessful (Jander et al., 2003; Widholm et al., 2001; OECD, 1999).

B.2. Limited Metabolism in Plants

Metabolism of the herbicide active moiety is often a principle mechanisny, for the
development of herbicide resistance. The lack of glyphosate metabolism or significantly
slow glyphosate metabolism has been reported in several speci€s and reviewed.ifvvarious
publications (Duke, 1988; Coupland, 1985). Thetefore, this mechanism isCunlikely to
confer resistance to glyphosate in plants.

B.3. Lack of Soil Residual Activity

Herbicides with soil residual activity dissipatesover.time-‘in ;the soil, resulting in a
sublethal exposure and, in effect, aesulting iwtow ‘dose, se¢lection pressure: Glyphosate
adsorption to soils occurs rapidly, usually“within” one hout(Franz et'al., 1997). Soil-
bound glyphosate is unavailable to“plant roots, so the’impact of Sublethal doses over time
is eliminated. Subsequently, the postémergence 6nly activityof glyphosate allows for the
use of a high dose weed hanagemeént strategy.

The graph in Figare J-I-illustrates'the anstanCes of weedbresistance to various herbicide
families. The-different slopes<observed are largely.due toithe factors described above,
which relate~to chemistry and funetion,-in addition’ to,levels of exposure in the field.
Glyphosate is a member-of the glycine familycof herbicides, which has experienced a
limited number 6f>resistance cases despitesalmost three decades of use. The ALS
inhibitors and tfiazine families on.the othér hand, have experienced extensive cases of
resistance even after they were available for pnly a relatively short period of time.

It also is important to reécognize that each herbicide targets a large number of weeds, so
the development of tesistance incertain species does not mean the herbicide is no longer
useful to the ‘grower.‘Forcexample, resistance of certain weeds to imidazolinone and
sulfonyurea chemistries developed within three to five years of their introduction into
cropping systems;* Nevertheléss, Pursuit (imidazolinone) herbicide had a 60% share of
the U.S.Gsoybean herbicide market despite the presence of a large number of resistant
weeds' because- it 'was used in combination with other herbicides that controlled the
resistant species. How weed resistance impacts the use of a particular herbicide varies
greatly depending on the herbicide chemistry, the biology of the weed, availability of
other control practices and the diligence with which it is managed.
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Source: Heap2006.

C. Weeds Resistant to Glyphosate

Weed resistance generallyyis defined:as the naturally occurring heritable ability of some
weed biotypes within @’ given weed population to survive a herbicide treatment that
should, under-normal use ‘eonditions, effectively control that weed population. Thus, a
resistant weed must demonstrate two criteria: (1) the ability to survive application rates
of @herbicide product that once were effective in controlling it, and (2) the ability to pass
the resistange trait-to its seeds. Procedures to confirm resistance generally require both
field and greefthouse analyses, particularly if the level of resistance is relatively low.
This correlation has been particularly important for the accurate detection of glyphosate
resistance, for which the levels of resistance observed have been as low as 2X the
susceptible biotypes.

Herbicide tolerance differs from resistance in that the species is not controlled but has the
inherent ability to survive applications of the herbicide from the beginning. In other
words, the species does not develop tolerance through selection but is innately tolerant.
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As part of our product stewardship and customer service policy, Monsanto investigates
cases of unsatisfactory weed control to determine the cause, as described in the
performance evaluation program outlined in section E of this appendix. Weed control
failures following application of Roundup agricultural herbicides are most often the result
of management and/or environmental issues and are very rarely the result of herbicide
resistance. However, the procedures included in Monsanto’s performance evaluation
program provide early detection of potential resistance, with field and greenhouse
protocols to investigate suspected cases and mitigation procedures established to respond
to confirmed cases of glyphosate resistance.

To date, biotypes of eight weed species resistant to glyphosate have been“ddentified and
confirmed. Monsanto has worked with local ‘seientists to identify. alternative control
options that have been effective in managing the resistantiotypes.

Lolium rigidum

In 1996 in Australia, it was reported-that a biotype of annyal ryegrassc¢Lolium rigidum)
was surviving application of label tecomimended rates of glyphosate (Pratley et al., 1996).
A collaboration was established>with Charles Sturt University te:develop an agronomic
understanding of the biotype anddnvestigate the miechanismcof resistance. Where the
biotype has been found, it has-occurted as.isolated patches-within a field and does not
appear to be widespread.” The\resistant biotype s effectively coentrolled with conservation
and conventional tillage systemswith'other herbicides; tillage or seed removal.

A large body-ef biochemical<and .molectlar biology-experiments between Australian
ryegrass biotypes resistant @nd susSceptible to glyphosate indicate that the observed
resistanceis due to a-combinhation of factors: Thé’mechanism of resistance appears to be
multigenic and caused: by a complex inheritance pattern, which is unlikely to occur across
a wide range ‘of other species.” The mechanism is yet to be fully defined despite
significant fesearch " effort .(Owen-and ‘Zelaya, 2005). Research by several groups has
identifiedra difference ifv the translocation of glyphosate in the plant between the
susceptible and resistantbiotypes{I-orraine-Colwill et al., 2003; Wakelin et al., 2004).

Glyphosate @esistant rigid ryegrass biotypes have been observed in orchard systems of
South Adrica.~ Similar to the Australian locations, these ficlds are small and isolated.
Glyphosate Sresistant “tigid ~ryegrass also has been found in California. Monsanto
establishéd collaborations with local scientists to identify alternative control mechanisms.
The wse ofyother'herbicides, tillage, mowing, and seed removal have been effective in
controlling this‘tesistant ryegrass.

Lolium multiflorum

A population of Italian ryegrass (Lolium multiflorum) was reported to survive labelled
rates of glyphosate by a scientist conducting greenhouse and field trials in Chile in 2001.
Monsanto conducted field and greenhouse trials to confirm the resistance and worked

with the researcher to identify alternative control options. Populations were also
identified in Brazil in 2003 and in Oregon, U.S., in 2004.
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The mechanism responsible for herbicide resistance in these biotypes is still unclear.
Recently published research studies with the resistant biotype from Oregon have
indicated that the resistance is not due to an altered target site (Perez-Jones et al., 2005).

The resistant biotypes have been found on only a few farms and are easily controlled
through tank mixes with other herbicides and cultural agronomic practices. Italian
ryegrass is not a common weed in soybean fields in the U.S.

Eleusine indica

Goosegrass is a warm season annual grass that can be found in U.S. soybean fields. A
population of Eleusine indica (goosegrass) was-reported tolsurvive labeled dates of
glyphosate in some orchard systems in Malaysia=—"Monsanto entered mto collaborations
with the University of Malaysia and identified* alternative' control eptions>to effectively
manage the resistant biotype. Extensive molecular investigations-determined that’some
of the resistant goosegrass plants have ‘a modified EPSPS that)is twe to-four fimes less
sensitive to glyphosate than in more sensitiye biotypes. (Baerson-et'al;x 2002}, However,
some resistant individuals did not' exhibit. the enzyme“modification, suggesting that
different mechanisms may be @t*play or tesistance mdy be due to~a”combination of
factors.

The resistant biotypes.Zareeasily" controlled thtough,-application™ timing (applying
glyphosate during the"early growth stages); other’hetbicides’ (SWCG, 2006), tillage and
other cultural control practices:

Conyza canadensis

Laboratory“and field “invéstigations ceonfitmed-the .presence of a glyphosate-resistant
biotype of marestail (Conyza canadensis) in:certain states of the eastern and southern
U.S. (VanGessel, 2001). ~Fhe -mechanism of resistance in the marestail biotype is likely
due to altered cellular.distribution’that impaired phloem loading and plastid import of
glyphosat¢that redueed overall translocation (Feng et al., 2004).

Investigations:thus_fan indicate:that this biotype has a heritable resistance ranging up to
approximately six to eight times field herbicide application rates. Current data indicates
that the -heéritance is-dominantiand transmitted by a single nuclear gene. Additional
studies, found that' resistance was not due to overexpression of EPSPS, glyphosate
metabolism®or, réduction in glyphosate retention or uptake. Resistance also was not due
to-'target site mutation, as the three isozymes of EPSPS identified in marestail were
identical in sensitive and resistance lines (Heck et al., 2002). Tissues from both sensitive
and resistant biotypes showed elevated levels of shikimate, suggesting that EPSPS
remained sensitive to glyphosate. Analysis of tissue shikimate levels relative to those of
glyphosate demonstrated a reduced efficiency of EPSPS inhibition in the resistant
biotypes.

The resistant marestail biotype has been observed in conventional and Roundup Ready
cotton and soybean fields. As in other cases, Monsanto responded to weed control
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inquiries and alternative weed control options were provided. @ The primary
recommendation is for growers to use a tank mix of glyphosate with either a dicamba or
2,4-D based herbicide in their burndown treatment. If marestail is present in-crop in
Roundup Ready soybeans, then growers are advised to use a tank mix of glyphosate and
cloransulam-methyl. An alternative control option is to plant a cover crop that can
compete with marestail and limit its fall and winter germination.

In addition, as part of Monsanto’s stewardship program, we have obtained a supplemental
label, approved by EPA, which provides specific instructions on proper use of glyphosate
herbicides where the resistant biotype has been confirmed. Growers are instructed to use
the alternative control options, regardless of whether they had troublg: contfolling
marestail on their farm the previous season, as-a means tgminimize ‘Spredd of the
resistant biotype. It has been recommended tosgrowers in-surrounding. areds  where the
resistant biotype has not been confirmed that'they use the alternative control options if
marestail has been a difficult weed for thenyto controlk

Ambrosia artemisiifolia

Field and greenhouse investigations have’confirmed the, presence of . glyphosate-resistant
biotypes of common ragweed . in“Missouri“(Pollard et;al.,.20044;b). ~A biotype of this
species from Arkansas also “is.listed. as glyphosate résistant’ at:the website for the
International Survey of*‘Herbicide ‘Resistant weeds- (Heap, ~2006):*" Results from
greenhouse experiments’ with the' common *ragweed  biotype . from Missouri have
demonstrated that tho resistant biotype exhibited ‘an Isg-value’that. was approximately 10-
fold higher than the susceptible biotypeon a diy weight basis,

The mechanism of resistance' in “these-.common ragweed biotypes has not been fully
elucidated: Current'results’ from’ enzyme-assays-with. the Missouri biotype indicate an
elevated level ofoshikimhate ih both semsitive and”resistant biotypes, suggesting that
EPSPS remains’ sensitivezto glyphosate.-“Overytime, shikimate levels in the resistant
biotype return to-normal, indicating“that. glyphosate no longer would be present at the site
of action (_2006; personal. communication). These results are consistent with a
reduced translocation or exchision mechanism for glyphosate resistance. The exclusion
mechanism for'.glyphosat@resistance has been seen previously with glyphosate-resistant
horseweed.and some biotypes of glyphosate-resistant rigid ryegrass and Italian ryegrass.

Field studyymn Roundip Ready soybeans have demonstrated effective control of the
resistantcommon ragweed biotype from Missouri by using tank mixes of glyphosate at
the labeledrate and lactofen (Pollard et al., 2004b). Monsanto also is collaborating with
an “academic researcher at the University of Missouri to further study this biotype.
Additional field studies in corn at the site indicated that the use of atrazine preemergence
or early postemergence, and the use of dicamba or 2,4-D postemergence provided
excellent control of the glyphosate-resistant ragweed.

Amaranthus palmeri
Field and greenhouse investigations have been completed to confirm the presence of a
glyphosate-resistant biotype of Palmer amaranth in Georgia (Heap, 2006). The resistant
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biotype was controlled at approximately 27 times the herbicide rate needed to control the
susceptible biotype (Haider et al., 2006).

The mechanism of resistance in this Palmer amaranth biotype has not been fully
elucidated. Current results from laboratory studies indicate no differences in foliar
uptake between the resistant and susceptible biotypes, and no significant differences in
glyphosate translocation out of the treated leaf between the resistant and susceptible
biotypes. Differences in shikimate accumulation were observed between the resistant and
susceptible biotypes, with no shikimate accumulation observed in the resistant biotype
until treated with the highest glyphosate concentration tested (Haider et al., 2006). The
observation of no shikimate accumulation found in the resistant biotype at thelower
glyphosate rates tested appears to indicate that the resistance may be due:to a.difference
at the site of action.

Field study results in Roundup Ready cottonrhave demonstrated controliof thé‘glyphosate
resistant Palmer amaranth biotype by using preemergence residual herbicides:'and tank
mix of glyphosate and another effective herbicide; such-as flumioxazin(Culpepper et al.,
2006). Several of the herbicides msed:in these’ treatments are'alsofapproved for use in
soybeans. Monsanto continu€s™to. collaborate. with* an {academic ~t€searcher at the
University of Georgia to further study this bietype.

Other Species
Outside of the U.S.;populations of two additional weed spécies;hairy fleabane (Conyza

bonariensis) and<{buckhornplantain (Plantago lanceolata), have been reported to be
resistant to glyphosate (Heap, 2006). “Whére pessible;-Monsanto has collaborated in the
investigation-of these biotypes, and’supports. the academic research. Various herbicides
are available for control of thege spéeiessbut these species commonly do not occur in
U.S. soybean production

Plant speciés tolerant.to" glyphosate, stich as Equisetum arvensis (field horseweed), are
occasionally described asoresistant.c. This:characterization is technically inappropriate
because glyphosate is not commercially effective on those weeds and they generally are
not listed as controlled onRoundupagricultural herbicide product labels. Other species,
such as Conwolvulus arvensis (ficld bindweed) that are listed on the label may be partially
tolerant.or-difficult.to control with glyphosate alone. In these cases, additional herbicides
are usually.recommended te\be tank mixed with glyphosate. Still other species, such as
Abdtilontheophrasti(velvetleaf), are listed as controlled by glyphosate on the label and
are _ controlled. by glyphosate alone under most conditions, but a tank mix
recommendation for an additional herbicide may be used in the field due to sensitive
environmental conditions at the time of the herbicide application.

In summary, Monsanto has effective product stewardship and customer service practices
established to directly work with the grower communities and provide appropriate control
measures for the occurrence of glyphosate-resistant weeds. Monsanto has collaborated
with academic institutions to study these glyphosate-resistant biotypes and findings have
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been communicated to the scientific community through publications in peer-reviewed
scientific journals and in presentations at scientific meetings.

D. Weed management strategies for glyphosate

A key element of good weed management is using the correct rate of glyphosate at the
appropriate window of application for the weed size and species present. Higher
herbicide doses result in higher weed mortality and less diversity of resistance genes in
the surviving population (Matthews, 1994). Low herbicide rates also may allow both
heterozygous and homozygous resistant individuals to survive (Maxwell and Mortimer,
1994), further contributing to the buildup of resistant alleles in a population. As
resistance is dependent upon the accumulation of relatively weak genes, which appears
may be the case for one or more of the eight-weed speci€s in which“resistance to
glyphosate has been found, using a lethal dosetef herbicide, is critical. Thé glyphosate
rates recommended in Roundup agricultural product labeling have been evaluated for the
effective control of the target weed populations, and@re consistent with the’high’dose
strategy.

Results that support these strategies have emerged‘from ‘recent field research studies at
several universities. Various weed management programs§:haye- beety” évaluated since
1998 to determine how they.impacbweed population’dynamics:~Studies were initiated in
Colorado, Nebraska, Wyoming. (Wilson et al$»2006), and Wisconsin (Jeschke and
Stoltenburg, 2006) to evaluate continuoys use,of a Roundup Ready, system with exclusive
use of glyphosate at)label’@nd below:1abel rates;rotation 0P glyphosate with herbicides
with other modés-of=aetion;--and “only--honsglyphosate>herbicides. These treatment
regimes were-¢ompared to-a conventional herbicide ‘program for each crop evaluated.
General observations after eight years are:

1. Use of a continuous; Roundup Ready cropping system with either glyphosate alone at
labeled rates-or incorporation-of hérbicides with other modes-of-action resulted in
excellentweed ! control and‘generally<lower numbers of seed in the weed seed bank,

2. Use‘of glyphosate atbelow, labeled rates resulted in a weed shift to common
lambsquartets at two logations(NE;-WY), and

3. Weed species-diversity tended.to be higher in the recommended rate and application
timing of @lyphosate=basedweed management treatments.

By using glyphosate at the recommended lethal dose, the build up of weeds with greater
inherent tolerarice or potential resistance alleles has been avoided over the duration of
these studies. These results indicate that continuous Roundup Ready systems used over
several years did not create weed shifts or resistant weeds when the correct rate of
glyphosate was applied and good weed management was practiced.

E. Glyphosate stewardship program
Commercial experience, field trials and laboratory research demonstrate that one of the
most important stewardship practices is achieving maximum control of weeds. This can
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be accomplished by using the correct rate of glyphosate at the appropriate window of
application for the weed size and species present, and using other tools or practices as
necessary.

As the recognized leader on the development and commercialization of glyphosate,
Monsanto is committed to the proper use and long-term effectiveness of glyphosate
through a four-part stewardship program: developing appropriate weed control
recommendations, continuing research to refine and update recommendations, educating
growers on the importance of good weed management practices, and responding to
repeated weed control inquiries through a performance evaluation program.

E.1. Develop Local Weed Management Recommendations to Ensure Maximum Practical
Control is Achieved

Weed control recommendations in product labels and informational materials-arc based
on local needs to promote the use of the,management>tool(s) that aremost appropriate
technically and economically for each‘region. Furtheriiore, @rowers are instructed to
apply the same principles when makingoweedocontrol decisiens fof their;own farm
operation. Multiple agronomic factors,‘including ‘Wweed ‘Speetrum-and population size,
application rate and timing, herbicide réSistance status (whete applicable), and an
assessment of past and current fafming pragtices used 4in' the-région or.©n the specific
operation are considered. to ~ensure’ appropriate recommenddtionsifor the use of
glyphosate to provideveffective .weed:; control. Carefully ~developing and regularly
updating the use récommendadtions: for glyphosate “are>fundamental to Monsanto’s
stewardship program.

Weed Spectrum

Weed spectrum refers .to--all the weed Species”present in a grower’s field and the
surrounding areas.that-may-impact. those“fields. The spectrum may vary across regions,
farm operations, and even .among-fields within a farm operation depending on
environmental cenditions and’othef fagtors.» Weed control programs should be tailored
on a casgsby-case basis by identifying the target weeds present, considering the efficacy
of glyphosate and other weed managément tools against those particular weeds, and
assessing if any are unlikely 4o’ be-controlled sufficiently with glyphosate alone (not
included onthe Roundfip brand agricultural herbicide label: difficult to control based on
the agronomic--and/or envirommental conditions, or having documented resistance to
glyphosate).~A formulations fate, application parameters, and additional control tools are
recommended; as necessary, to optimize control of all weeds in that system.

Application Rate

Application rate is integral to the correct use of glyphosate and critical to obtaining
effective weed control. Significant research is conducted to identify the appropriate rate
of glyphosate that should be applied for a particular weed at various growth stages in
various agronomic and environmental conditions. These rates are included in rate tables
provided in product labels and other materials. In addition, Monsanto recommends that
growers use the rate necessary to target the most difficult to control weed in their system
to minimize weed escapes. When using tank mixes, growers should consider the
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potential impacts on glyphosate efficacy through antagonism or below-recommended
rates and make adjustments accordingly.

Application Timing

Application timing is based on the growth stage of weeds, the size/biomass of weeds and
the agronomic and environmental conditions at the time of application. Delaying the
application of glyphosate and allowing weeds to grow too large before applying the
initial recommended rate of glyphosate will result in poor efficacy. Applying glyphosate
at a time while weeds are under agronomic stress (e.g., insect and/or disease) or
environmental stress (e.g., moisture and/or cold) can also result in poor weed control.

Compensating for a delayed application through subsequent{applications may’ not be
effective, as the first application may inhibit weed growth, and impair efficacy of the
second application because the weeds may not'be in an active growth process.

Correct application timing is dependent.on management'of the weed’ spectrum; the size
and layout of the farm operation and thefeasibility.to make tiumely.applications of all
weeds in each field with labor and equipment available. Monsanto reecommends an
application timeline that targets 'smalld weeds,, cand wheré- applicable includes
recommendations for inclusion..¢f additional> control toolscas n&cessary to optimize
control of all weeds on that farn:

Finally, it is important to assess current agronomic practices‘used:in a region or on a farm
operation to integrate\ ‘the glyphosate~recommendations inte the grower’s preferred
management_system{ " Vartiables such as tilage-methods, etop rotations, other herbicide
programs, other agronemic Qractices, and th¢”resistance: status of weeds to herbicides
other thaf glyphosaté-can:impact the.spectium of‘weeds present and the tools available to
the grower.

Weed management recommendations cemmunicated to the grower also incorporate other
components of the, glyphesate stewardship program, including the use of certified seed,
employing sanitary practices,'such as ¢leaning equipment between fields, and scouting
fields and reperting instances of unsatisfactory weed control for follow up investigation.

E.2. Contihuing Research

A fundamental «component‘of Monsanto’s leadership in glyphosate stewardship is
continuing research.on the recommended use of glyphosate and factors impacting its
¢ffectiveness. In‘addition to extensive analyses conducted to determine the labeled rate
of glyphosate prior to product registration, ongoing agronomic evaluations are conducted
at the local level to refine weed management recommendations for specific weed species
in specific locations.

Weed efficacy trials are part of ongoing efforts by Monsanto to tailor recommendations
to fit local conditions and grower needs. Application rate and timing, additional control
tools and other factors are included in these analyses. As a result of weed efficacy trials,
changes are made to specific weed control recommendations where and when applicable,
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and modifications to local recommendations are highlighted to growers through
informational sheets and other methods.

E.3. Education and Communication Efforts

Another key element of effective product stewardship and appropriate product use is
education to ensure that growers understand and can implement effective weed
management plans and recommendations. Monsanto communicates weed management
recommendations through multiple channels and materials to multiple audiences.

All internal technical and field sales representatives are required to takeza weed
management training course to understand the glyphosate stewardship program and the
importance of proper product use. The training program is supported by ‘ongoifig weed
management updates that highlight seasonal conditions and.recommendations.

Monsanto weed management recommendations and the importance of sound-agronomic
practices are communicated to grower$, dealers and’ retailers academic ©xtension, and
crop consultants through multiple tools:

a. Technology training programs: ., -Highlighting' weed nianagement principles, weed
management plans, and practical management gaidelines.

b. Technology Use Guide: hicludes tables outlining” appropriate rate” and timing for
different weed speciesand .Sizeso Crop specifi¢yweed resistance management
guidelines are also included.

c. Grower meetings:\-Conducted-prior’ to planting tooemphasize the importance of
following lo¢al application-tecommendations,

d. Marketing programs: Designed to:reinforce and encourage the continued adoption
and«use of weed-management recomniendations by the grower (e.g., recommended
rate and timing of application,. additional weed control tools when applicable).

e. Informational Sheets:z Isstied .16 grewers cand dealers/retailers to highlight local
recommendations for specific weeds.

f.  Weedresistancemanagément:com-website.

As with most: stewardship efforts;-education is key in helping growers and other
stakeholders” understand ™ the impditance of proper product use and encouraging those
practices:in the-ficld.

E.4:-Performance Inquiry Evaluation and Weed Resistance Management Plan

{0 supportand-ehhance Monsanto’s weed management principles and recommendations,
Monsanto impléments a performance evaluation program based on grower performance
inquiries and field trial observations. The goal of the program is to continue to adapt,
modify, and improve Monsanto’s weed control recommendations, with a focus on:

a. Identifying particular weeds and growing conditions,
b. Providing product support to customers who are not satisfied with their level of weed
control, and
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c. Identifying and investigating potential cases of glyphosate resistance early so that
mitigation strategies can be implemented.

The grower generally reports instances of unsatisfactory weed control following
glyphosate application to Monsanto or the retailer. It is important to Monsanto, as part of
its customer service and stewardship commitment, that these product performance
inquiries are acted upon immediately, resolved to the satisfaction of the customer, and not
repeated.

The vast majority of inquiries is due to application error or environmental conditions and
resolved through a phone conversation with the grower. However, a system is-in place to
investigate a repeated performance inquiry for a specific weed in a specific field within
the same year. The investigation considers the~various factors that €ouldaccount for
ineffective weed control such as:

Application rate and timing,

Weed size and growth stage,

Environmental and agronomic eonditions at timé.of application, and
Calibration of herbicide application equipmerit.

ac o

In all cases, the first ptiority:\is_to0provide control” options~to the' grower so that
satisfactory weed control is.achievied for that, growing season.>The-majority of repeated
product  performance , ‘Uinquiries.\~ is>~ du¢” " 107 Amproper  application  or
environmental/agfonomic conditions that are not. repeated.. cHowever, if the problem
occurs again Afv thaf field-and does mnot-appearto. be due to application or growing
condition factors, then steps are takeén to-determine if'resistance is the cause as outlined in
the Monsanto Weed Resistahce'Management Plan:

The Monsanto Weed-Resistancé Managemént Plan consists of three elements:

a. Identification process:for petential cases of glyphosate resistance,
Initiation of steps torespond to;cases of suspected resistance, and

c. Development and communicationof guidelines to incorporate resistance mitigation
into weeéd management recommendations.

Identification” ofypotential~cases of glyphosate resistance is accomplished through
evaluation of product performance inquiries and local field trials. These efforts provide
an early indication of ineffective weed control that may indicate potential resistance.

If the follow up investigation clearly indicates that the observation is due to application
error or agronomic/environmental conditions, then appropriate control options are
recommended to the grower for that season and the grower receives increased education
on the importance of proper product use. The vast majority of weed control inquiries fall
into this category.
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If repeated lack of control is observed and does not appear to be due to application error
or environmental conditions, then a field investigation is conducted by Monsanto to more
thoroughly analyze control of the weed.

The vast majority of field investigations do not repeat the insufficient control reported by
the grower, largely due to characteristics of the mode of action of glyphosate that make
subsequent applications by the grower ineffective. The weed usually must be in an active
growth phase in order for glyphosate to be effective. Application error or environmental
conditions that result in insufficient glyphosate to kill the weed often stunt its growth
such that subsequent applications by the grower are ineffective. Monsanto’s field
investigations at this stage remove that artifact by ensuring that the weeds tested aréin an
active growth phase. If the field investigation confirms that agronomic factorsaccount
for the observation, then the grower receives inet€ased education on proper.application
recommendations.

In addition, the internal network ‘of” Monsantoe . téchnical managérs and sales
representatives in the surrounding-\areacare.notified tohighlight“any ¢problematic
environmental conditions or application’ practices ‘that, may,be common-in that area.
Critical information regarding (location, -‘weed species,’ we€ed size, rate’ used and the
potential reason for lack of controkare captured, and’the fesults@re reviewed annually by
the appropriate technicalmanager toCidentify 4dny trends-or ledrnings: that need to be
incorporated into the weed managementrecommendations:

If the reported .Observationis repeated inC-thes field“investigation, then a detailed
performance inguiry{s conductéd and greenhouse trials-are-initiated. If greenhouse trials
do not repeat’ the obsetvation® and ‘the;weed s clearly controlled at label rates, then a
thoroughCfollow up-visit-is .¢onducted ~with the ‘grower to review the application
recommendationstand;¢onditions. of the ©peration:that may be impacting weed control.
The internal nétwork\of agronomic.managers iscnotified of the results to raise awareness
of performance inquiries on-that-weed‘the fellowing season. If the greenhouse efficacy
trials do.dndicate insufficient control-at label rates, then detailed studies are conducted to
determine if the weed isresistant.

Resistance.is considered to be confirmed if the two criteria outlined in the Weed Science
Society ©of America. definition_of resistance are deemed to be fulfilled either through
greenhouse data or experienee’ with similar cases:

1.” The suspectiplant is demonstrated to tolerate labeled rates of glyphosate that
previously-were effective in controlling it, and
2. The suspect plant is capable of passing that ability to offspring (the trait is heritable).

Additional field trials will be initiated simultaneously as these investigations are
conducted to identify the most effective and efficient alternative control options for that
weed in various growing conditions. The research may be conducted internally as well as
through collaboration with external researchers.
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If resistance is confirmed, then the scientific and grower communities are notified as
appropriate and a weed resistance mitigation plan is implemented. The mitigation plan is
designed to manage the resistant biotype through effective and economical weed
management recommendations implemented by the grower. The scope and level of
intensity of the mitigation plan may vary depending on a combination of the following
factors:

Biology and field characteristics of the weed (seed shed, seed dormancy, etc.),
Importance of the weed in the agricultural system,

Resistance status of the weed to other herbicides with alternate modes of action, and
Availability of alternative control options.

ac o

These factors are analyzed in combination with“economi¢, and practical - management
considerations to develop a tailored mitigation,strategy that is technically @pprepriate for
the particular weed and incorporates practical management Strategies ‘that c¢an be
implemented by the grower.

Once developed, the mitigation plan is.¢ommunicated to the grower'.community through
the use of supplemental labeling; informationalifactcsheets; retailer ttaining programs,
agriculture media or other means,.@s appropriate.

The final step of the Weeed Resistance Management Plan,may.include extensive genetic,
biochemical or physiological analyses: of gonfirthed cases Of glyphosate resistant weeds
in order to elucidatethe -mechanism~of resistance. - “Findings of this research are
communicated-to thé scientific:community through scientific meetings and publications,
and information pertinent to)field.‘applications is corporated into weed management
recommendations.

F. Summary
Development of syeed tesistance-is‘a complex process that is very difficult to accurately

predict. /No single cagronomic-practice will mitigate resistance for all herbicides or all
weeds.~ As a result, weed resistance needs to be managed on a case-by-case basis and
tailored for the particularzherbicide-and grower needs. Using good weed management
principles, built upon-achieving high levels of control through proper application rate,
choice of-cultural practices, and appropriate companion weed control tools, will allow
Roundup agricultural *herbieides, with their glyphosate active moiety, to continue to be
used-effectively.

The key principles for effective stewardship of glyphosate use, including Roundup Ready
crops, include: (1) basing recommendations on local needs and using the tools necessary
to optimize weed control, (2) using proper rate and timing of application, and (3)
responding rapidly to instances of unsatisfactory weed control.
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