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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 § 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. Monsanto understands that a copy of this information maythe made
available to the public in a reading room and upon individual request as part of a public comment
period. Except in accordance with the foregoing, Monsanto does-hot authorizé the“release,
publication or other distribution of this informatiofr~{(including websiteposting) without
Monsanto's prior notice and consent.

©2012 Monsanto Company. All Rights-Reserved.

This document is protected under copyright law. This document is for use only by the regulatory
authority to which itas béen submitted by Monsanto Company and only in support of actions
requested byMonsanto. Company..cAny other use of this material, without prior written consent
of Monsanto, is@trictly prohibited. By submitting this document, Monsanto does not grant any
party orlentity anyrightto license or to use the information or intellectual property described in
this document.

Monsanto Company 10-SY-210U 2 of 721



. CERTIFICATION

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

Regulatory Affairs Manager

Address:

Monsanto Company

800 North Lindbergh Blvd., C3ND
St. Louis, MO 63167
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EXECUTIVE SUMMARY

The Animal and Plant Health Inspection Service (APHIS) of the United States (U.S.)
Department of Agriculture (USDA) has responsibility, under the Plant Protection Act (Title IV
Pub. L. 106-224, 114 Stat. 438, 7 U.S.C. § 7701-7772) to prevent the introduction and
dissemination of plant pests into the U.S. APHIS regulation 7 CFR § 340.6 provides that an
applicant may petition APHIS to evaluate submitted data to determine that a particular regulated
article does not present a plant pest risk and should no longer be regulated. If APHIS determines
that the regulated article does not present a plant pest risk, the petition is granted, thereby
allowing unrestricted introduction of the article.

Monsanto Company is submitting this request to APHIS for a determination of’montegulated
status in whole for the new biotechnology-derived soybean product, MON 87708, .any progeny
derived from crosses between MON 87708 and conyventional soybean, and @any progeny-derived
from crosses of MON 87708 with other biotechnology-derived soybean;that-has been granted
nonregulated status under 7 CFR Part 340.

Product Description

Monsanto Company has developed biotechnology-derived soybean MON 87708 that is tolerant
to dicamba (3,6-dichloro-2-methexybenzoicracid)-herbicide. >MON 87708 offers growers an
expanded use of dicamba in soybean production from the cutrentpreplant and’preharvest labeled
uses. The tolerance of MQN 87708 to;-dicamba dfdcilitates. a, wider’window of application in
soybean, allowing preemergence application up to-~the. day .of Crop-emergence and in-crop
postemergence applications~through the¢”early reproductive «(R1/R2) growth stage. Dicamba
provides effective control of aver 95 annual and bienfiial weed species, and suppression of over
100 perennial broadleaf and woedy plant speeiesc, Dicambacis’ efficacious on broadleaf weeds
that are hard-to-control~withcglyphesate}-’such" as-\common lambsquarters, hemp sesbania,
morning glory speciesgiightshadel Pennsylvania smartweed, prickly sida, velvetleaf, waterhemp
and wild buckwheat:“Hard=to-controhweeds generally:require a higher rate and/or application at
a smaller growth:stage in order to consistently achieve commercially acceptable control. Refer
to the Roundup-WeatherMax label (U:S. EPA Reg: No. 524-537) for a listing of these weeds.

Additionally, dicamba provides effective” control of herbicide-resistant broadleaf weeds,
including glyphosate-resistant-weeds such as marestail, common ragweed, giant ragweed, palmer
pigweed, and waterhemp Herbi¢ide reésistant weeds are those listed on the International Survey
of Resistant'Weeds website (www.weedscience.org).

MON 87708 will be combined with MON 89788 (Roundup Ready 2 Yield® soybean) utilizing
traditional breeding techniques. Dicamba is an effective broadleaf herbicide and the potential
use of dicamba and glyphosate herbicides at the same time in mixtures for weed control will
provide growers greater application flexibility prior to planting as well as in-crop for greater
consistency of control in both conventional and conservation tillage situations. Use of dicamba,
in addition to glyphosate and the other herbicide options currently labeled for use on soybean,
provides more options to implement diversified weed management programs to control a broad

® Roundup Ready 2 Yield and Roundup Ready are registered trademarks of Monsanto Technology LLC.
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spectrum of grass and broadleaf weed species. Successful adoption of the dicamba tolerance
trait, into the Roundup Ready® soybean system, will provide: 1) growers with an opportunity for
an efficient, effective weed management system; 2) an option to delay or prevent further
resistance to glyphosate and other critically important soybean herbicides, in particular,
herbicides in the ALS and PPO class of chemistry; 3) excellent crop safety, and 4) continue to
provide soybean growers with effective weed control systems necessary for production yields to
meet the growing needs of the food, feed, and industrial markets. The combination of dicamba
and glyphosate tolerance in soybeans will also provide the basis for delaying or preventing the
evolution of further weed resistance to glyphosate, dicamba, and herbicides in general, because
of the ability to use these two modes of action in mixtures and sequences.

MON 87708 contains a gene from Stenotrophomonas_maltophiliacthat expresses @ mono-
oxygenase enzyme that rapidly demethylates dicamba gendering it\inactive, thereby conferring
tolerance to dicamba. The demethylation of dicamba produces 3,6-dichlorosalicylic acid
(DCSA), a known soybean, soil, and livestock metabolite whosessafety has‘been evaluated by the
Environmental Protection Agency (U.S. EPA). <DCSA, in-addition to dicamba, isdncluded in the
current 10 ppm pesticide residue tolerance_for soybean seed<that supports the, existing uses of
dicamba on commercial soybean (40 CFR-§ 180:227).- Even with the@xpanded use of dicamba
on MON 87708, compared to commercial soybeanases, the rapid metabgolism of dicamba results
in residues in dicamba-treated MON‘87708 seed; including’the DCSAmetabolite, that are well
below the established 10 ppm tol€rance, andzthergfore 0o’ modification fo" the existing soybean
seed tolerance is needed. Consequently, only approval forcthe expanded use pattern of dicamba
on MON 87708 has been requestedof EPA.

Data and Information; Presented-Confirm ‘the Lack of Plant Pest Potential of MON 87708
Compared to Conventional Soybean

The data and information:ptesented 4n this-petition demonstrate MON 87708 is agronomically,
phenotypically, and compositionally comparable te, conventional soybean with the exception of
its tolerance to dicamba. ~Moreover the data presented demonstrate MON 87708 is unlikely to
pose an increased plant pest risk, including weediness or adverse environmental impact,
compared to eonventional soybean, -\ Fhe. food; feed, and environmental safety of MON 87708
was confirmed based on-multiple, well-established lines of evidence:

1. Soybean ds a.familiar crop that does not possess any of the attributes commonly
associated with weeds and has a history of safe consumption.

2. A detailed molecular characterization of the inserted DNA demonstrated a single, intact
copyof the T-DNA insert in a single locus within the soybean genome.

3. Data confirmed that the dicamba mono-oxygenase (DMO) in MON 87708 (MON 87708
DMO) is unlikely to be a toxin or allergen based on extensive information collected.

4. A compositional assessment of seed and forage confirmed that MON 87708 is
compositionally equivalent to conventional soybean.
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5. An extensive evaluation on phenotypic and agronomic characteristics and environmental
interactions of MON 87708 demonstrated no increased plant pest potential compared to
conventional soybean.

6. An assessment of potential impact on non-target organisms (NTOs) and endangered
species indicated that, under normal agricultural conditions, MON 87708 is unlikely to
have adverse effects on these organisms compared to conventional soybean.

7. Evaluation of MON 87708 using current cultivation and management practices for
soybean concluded that deregulation of MON 87708 will not significantly .impact
soybean agronomic practices or land use, with the exception of the expandedwindew of
dicamba application.

Sovbean is a Familiar Crop Lacking Weedy Characteristics

There is a longstanding history of safe use and’ consumption.of conventional{soybean and
processed products. Soybean is grown as a commergial crQp in:over, 35 countries’ Dodiestication
occurred as early as 1000 B.C. and is now the'mast' widely grown-oilseed cropin the world, with
approximately 211 million metric tons_of hatvested: seed produced ifi 2008, which represented
56% of world oilseed seed production-that y¢ar.

The commercial soybean species-in the WU.S. (Glycine max'L. Metr.)‘does-hot exhibit weedy
characteristics, does not invade ‘established ecosystems, and does’not ©utcross to weedy relatives.
Soybean is not listed as a weed in major weéd reférences, ner'is it(present on the lists of noxious
weed species distributed by the federal governtent (7 CER Part:360).“During 2004 to 2008, U.S.
growers planted between 64.7 and 75.7million acres of soybean. Soybean does not possess any
of the attributes commonly associated with weeds, sueh asilongpersistence of the seed in the soil,
ability to dispérse, invade,or beécome-a dominant species in-nhew or diverse landscapes, or the
ability to compete well with native vegetation{-Howeversdue to a pronounced lack of dormancy
it is known that soybean seed can germinate quickly wnder adequate temperature and moisture
conditions, and can-poténtially grow as-avolunteer_plant. However, a volunteer soybean plant
likely would bé” killed by’ frost’ duting ~the .adtumn or winter of the year it germinated.
Furthermore,.if a volunteer plant were te“survive, it would not compete well with the succeeding
crop, and would be“controlled“readily Via mechanical or other chemical means. Twenty
commonly used agricultural herbicides, @epresenting eight modes-of-action (i.e., ALS-inhibitor,
chloroacetamide,” ERSPS<PPQOdnhibitor, PSI disruption, PSII inhibitor, synthetic auxin, and
tubulin inhibitor elasses)were testéd as potential substrates for MON 87708 DMO. None of the
herbicides tested were found to effect the tolerance of MON 87708 at commercial application
rates, therefore, hefbicides effective for control of volunteer soybean can still be used to control
MON 87708 volunteers. Finally, since wild populations of Glycine species are not known to
exist in the U.S., there is no potential for MON 87708 to outcross to wild or weedy relatives.

Conventional Soybean A3525 is an Appropriate Comparator to MON 87708

Soybean variety A3525 is the near isogenic line to MON 87708 and was used as the
conventional soybean comparator to support the safety assessment of MON 87708. MON 87708
and the near isogenic conventional soybean control A3525 have similar genetic backgrounds
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with the exception of the dmo expression cassette, thus, the effect of the dmo expression cassette
and the expressed MON 87708 DMO could be assessed in an unbiased manner.

Molecular Characterization Verifies the Integrity and Stability of the Inserted DNA in
MON 87708

MON 87708 was developed through Agrobacterium-mediated transformation of conventional
soybean A3525 meristem tissue with the 2T-DNA plasmid vector PV-GMHT4355.
PV-GMHTA4355 contains two separate T-DNAs that are each delineated by Left and Right
Border sequences. The first T-DNA, designated as T-DNA I, contains the dmo expression
cassette regulated by the peanut chlorotic streak virus (PC1SV) promoter and the pea’£9 3 non-
translated region. The second T-DNA, designated as T-DNA Il,~contains the’ cp4 epsps
expression cassette under the regulation of the figwort mosaic virus (FMV)) promoter-and the pea
E9 3’ non-translated region. During transformation, both T-DNAs wete insérted-dnto the
soybean genome, where T-DNA II, containing the ¢p4 epsps expression cassette; functioned as a
marker gene for the selection of transformed‘plantlets.O" Subsequently,Oconventional self-
pollination breeding methods and segregation-were used‘to isolate’@ plant containing the dmo
expression cassette but not containing the’'cp4 epSps expression cassette, resulting in the
production of marker-free, dicamba-toletant soybean-MON §7708.

Molecular characterization by Southern blot analyses determined that MON 87708 contains one
copy of the T-DNA I at a single-integrationtlocus and all expression elements.are present. These
data also demonstrated that MON,87708-does not, contain’ detectable’backbone sequences from
the plasmid vector or T-DNAAI sequences. The complete: DNA sequence of the insert and
adjacent genomic DNA-sequenceCin MON 87708 confitmed the integrity of the inserted dmo
expression cassette within'the, inserted sequences-and-identified<the 5’ and 3’ insert-to-genomic
DNA junctions.. Farthermore;-Southern-blot analysis demonstrated that the insert in MON 87708
has been maintained throughcat least five generations .of breeding, thereby confirming the
stability of the insert over multiple(generations.

Data Confirm MON 87708 DMQO-Safety

MON 87708 ¢contains_a‘dmo. expression ‘cassette that results in two forms of the DMO protein;
referred to as DMO and DMO+27 (SectionfV.A.). The active form of these proteins, necessary
to confer dicamba'tolerance,ds a trimerccomprised of three DMO monomers. In MON 87708,
the trimer can<be comprised of ' DMO, DMO+27, or a combination of both. Therefore, this
document will refer to-‘both forms-of the protein and all forms of the trimer as MON 87708
DMO.

A multistep approach was used to characterize MON 87708 DMO.  This detailed
characterization and assessment confirmed that MON 87708 DMO is safe for human and animal
consumption. The assessment involved: 1) characterization of the physicochemical and
functional properties of MON 87708 DMO; 2) quantification of MON 87708 DMO levels in
plant tissues; 3) comparison of the amino acid sequence of MON 87708 DMO to known
allergens, gliadins, glutenins, toxins, and other biologically active proteins known to have
adverse effects on mammals; 4) evaluation of the digestibility of MON 87708 DMO in simulated
gastric and intestinal fluids; 5) endogenous and exogenous substrate specificity of DMO; 6)
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documentation of the history of safe consumption of mono-oxygenases (the class of enzymes to
which MON 87708 DMO belongs); and 7) investigation of the potential mammalian toxicity
through an oral gavage assay.

DMO was found to be specific to dicamba when tested using structurally similar endogenous
substrates and exogenous herbicide substrates representing a wide range of modes-of-action.
MON 87708 DMO has no relevant amino acid sequence similarities with known allergens,
gliadins, glutenins, toxins, and other biologically active proteins that may have adverse effects on
mammals. MON 87708 DMO was rapidly degraded in simulated gastric and intestinal fluids
and a high dose of this protein in a mouse acute oral toxicity evaluation demonstrated-that it is
not acutely toxic, and does not cause any adverse effect. The safety .assessment :supports the
conclusion that exposure to MON 87708 DMO poses no meaningful risk to the efivironiment, or
human and animal health.

MON 87708 is Compositionally Equivalent to Cenventional\Soybean

Detailed compositional analyses in accordancé with,OECD guidelines were conducteéd’to assess
whether levels of key nutrients and anti-nutrients inCMON’87708 were comparable to levels
present in the aforementioned near isogenictconventional soybean control A3525 and several
commercial reference soybean varieties. Seed-and forage-were-harvested, from five individual
sites in which MON 87708 (both.tieated with,dicamba herbicide’ at the V2-V3_growth stage and
not treated with dicamba herbicide),”theCeonyventional control;-and{a rahge of commercial
reference varieties were grown concurrently an’the same field, trial-\-The-eommercial reference
varieties used to establish@“tange of'natural variability .for the key-nutrients and anti-nutrients in
commercial soybean varieties have,a history of sdafe consumption:~Nutrients assessed in this
analysis included proximates (ash, carbohydrates by calculation, moisture, protein, and fat), fiber,
amino acids (18 components)y fatty acids (FA;C8:C22)gzand vitamin E (a-tochopherol) in seed,
and proximates(ash, carbohydrates by calculation; moistures, protein, and fat) and fiber in forage.
The anti-nutrients assessed . in se€d ineluded-raffinose; stachyose, lectin, phytic acid, trypsin
inhibitors, and isofla¥ones;(daidzein, genistein, and glycitein).

The combined<site analysis was.conducted to determine statistically significant differences (5%
level of sighificance). between MON 87708 .and the near isogenic conventional control A3525.
The results from the combined-site data were reviewed using considerations relevant to food and
feed safety and nutritional quality~These’ considerations included assessments of: 1) the relative
magnitudes of‘the difference.ifi”the, mean values of nutrient and anti-nutrient components of
MON 87708 andcthe conventional ‘€ontrol, 2) whether the MON 87708 component mean value
was within'therange-of natural variability of that component as represented by the 99% tolerance
interval "of-the commercial reference varieties grown concurrently in the same field trial, 3)
analyses of the reproducibility of the statistically significant combined-site component
differences at individual sites, and 4) assessing the differences within the context of natural
variability of commercial soybean composition published in the scientific literature and in the
International Life Sciences Institute (ILSI) Crop Composition Database.

Assessment of the analytical results confirmed that the differences observed in the combined-site
analysis were not meaningful to food and feed safety or the nutritional quality of MON 87708
soybean. In addition, the levels of assessed components in MON 87708 were compositionally
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equivalent to the conventional control and within the range of variability of the commercial
reference varieties that were grown concurrently in the same field trial.

MON 87708 Does Not Change Sovbean Plant Pest Potential or Environmental Interactions

Assessing the plant pest potential of a biotechnology-derived crop includes the concept of
familiarity that the USDA recognizes as an important consideration. Familiarity is based upon
the fact that the new biotechnology-derived plant is developed from a conventional plant variety
whose biological properties and plant pest potential are well known. Familiarity considers the
biology of the plant, the introduced trait, the receiving environment, and the interactions among
these factors that provides a basis for comparative risk assessment between a biotechnology-
derived plant and the conventional control. Following this concept, the phenotypic,-agronomic,
and environmental interaction assessment of MON 87708 fincluded ~the. Mear «Gsogenic
conventional soybean control A3525 and the commercial refetence varieties)* Characteristics
assessed included: seed dormancy and germination, follen,-motpholegy, and ‘Symbiont
interactions conducted in the laboratory and, greenhouse;”and plant‘phenotypic-and‘agronomic
evaluations and environmental interaction. observations conductedin the'field.” The commercial
soybean reference varieties grown coneurteéntly owerec‘used{to establish” a range of natural
variability for each assessed charaCteristic in' soybean."Thephenotypic, agronomic, and
environmental interaction assessnient« demonstrated that MON 877082)is equivalent to the
conventional control. Thus, MON.87708is unlikely~to have.@ changed plant pest potential
compared to conventional soybeamn:

Seed dormancy and germiniationOcharacterization’demonstrated that MON 87708 seed had
germination characteristicsésimilar tosséedof theyeonventional centrol. In particular, the lack of
hard seed, a well<accepted c€haracteristic of-weediness @affecting seed germination, supports a
conclusion of no increased weediness of D MON 87708 .when compared to the conventional
control. For pollen coharacteristics. and . symbient interactions, there were no statistically
significant differendés (5% level of" significance) -observed between MON 87708 and the
conventional conttol for any©f the parameters-measutred, including pollen viability and diameter,
nodule number‘and dry weight,shootitetal @itrogen, and shoot and root dry weight. Collectively,
these resultssupport the conelusion thatMON-87708 is not likely to exhibit increased plant pest
potential compared to conventional soybean:

The field evaluationrof phenotypic, agronomic, and environmental interaction characteristics of
MON 87708-alsocsuppoit the.conclusion that MON 87708 is not likely to have an increased plant
pest potential.‘compared.fo conventional soybean. The evaluations were conducted at 18
replicated Afield sites across North American soybean production regions. These assessments
included plant growth and development characteristics, as well as observations for plant
responses to abiotic stressors and plant-disease and plant-arthropod interactions. The observed
phenotypic characteristics were similar between MON 87708 and the conventional control.

In a combined-site analysis, data show no statistically significant differences (5% level of
significance) between MON 87708 and the conventional control for early stand count, seedling
vigor, days to 50% flowering, lodging, pod shattering, final stand count, seed moisture, seed test
weight, or yield. Two statistically significant differences were detected between MON 87708
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and the conventional control for plant height and 100 seed weight. MON 87708 was slightly
taller and had a lower 100 seed weight than the conventional control. However, both differences
were small in magnitude. Additionally, MON 87708 and the conventional control were within
the same range of plant growth stages for 131 out of the 132 growth stage observations among
the sites. Except for the differences in plant height, 100 seed weight, and a single growth stage
observation at one site, all values for MON 87708 fell within the range of the commercial
reference varieties grown concurrently. None of these differences were considered biologically
meaningful in terms of increased plant pest potential of MON 87708 compared to conventional
soybean.

In an individual-site assessment of abiotic stress response and disease_damage, no differences
were observed between MON 87708 and the conventional control” for 1937 out?of 194
comparisons for the assessed abiotic stressors or for any-of the 215 _comparisons for the assessed
diseases among all observations at the 18 sites. ~One difference wag -observed:between
MON 87708 and the conventional control for wind damage during a sinigle observation @t one
site. The damage rating for MON 87708 (slight damage) Wwas outside) theOrange- of the
commercial reference varieties (no damage); however, the difference was not,observed during
any of the other 29 wind damage observations‘among’ theCsites. O Thus; the slight-difference in
wind damage rating was not indicative “0f acconsistent-plant. response‘vassociated with
MON 87708 and is not considered ‘biolegically- meaningful in terms” of «increased plant pest
potential or an altered environmental. impaet from MON:§7708>compared to conventional
soybean.

In an assessment of arthropod-related“damage, 1o statistically . significant differences (5% level
of significance) were detected between-MON87708 and-the-conventional control for 89 out of
95 comparisons for the assessed arthtopods: Lack of‘variability<in-the data precluded statistical
comparisons between MON@&7708and-the conventionalcontrol for 121 additional comparisons;
however, the means for MON.87708Cand thé conventional. Gontrol were the same value for these
comparisons, indicating-no.biological differencesz, For;each of the six statistically significant
differences betweensMON87708 andrthe €onventional ‘control, the severity of arthropod-related
damage to MON; 87708 was-within or'slightly outside the range of the commercial reference
varieties. The-differenceés” between MON87708 and the conventional control were small in
magnitude and werexnot eonsistent acrossiobservations or sites. Thus, the differences in
arthropod-related damage “are:‘not_indicative of a consistent plant response associated with
MON 87708 and are-not considered biologically meaningful in terms of increased plant pest
potential or 4dn altered -environmental impact from MON 87708 compared to conventional
soybean.

In an asseéssment ofi\pest and beneficial arthropod abundance, no statistically significant
differences (5% level of significance) were detected between MON 87708 and the conventional
control for 142 out of 151 comparisons (including 74 arthropod pest and 77 beneficial arthropod
comparisons) among the multiple collections conducted during the season at four sites. For the
nine detected differences in arthropod abundance, seven were arthropod pests (green cloverworm,
Japanese beetles, and stink bugs) and two were beneficial arthropods (spiders and Nabis spp).
The differences detected in pest and beneficial arthropod abundance were small in magnitude
and were not consistent with other collection times at the individual sites or across the sites.
Consequently, it is concluded that the differences in pest and beneficial arthropod abundance are
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not indicative of a consistent plant response associated with MON 87708 and are not biologically
meaningful in terms of increased plant pest potential or an altered environmental impact from
MON 87708 compared to conventional soybean.

Field evaluations of phenotypic, agronomic, and environmental interaction characteristics of
MON 87708 treated with dicamba herbicide were also conducted. Data were collected from
field trials conducted at eight sites within the U.S. soybean producing regions. These
assessments included plant growth and development characteristics, as well as observations for
plant responses to abiotic stressors, plant-disease and plant-arthropod interactions. The
phenotypic, agronomic, and environmental interaction assessment demonstrated that-treated
MON 87708 is equivalent to the conventional control. Thus, MON 87708 is unlikely.to have an
altered plant pest potential compared to conventional soybean.

The observed phenotypic characteristics were similar;between thé dicamba-treated MON 87708
and the conventional control. In a combined-site assessment, no stdtisticallyesignificant
differences were detected between treated MQN.87708 and thecconventional control«for early
stand count, seedling vigor, days to 50% flowering; plant height, 16dging; pod shattering, final
stand count, seed moisture, or yield. One_stafistically cstgnificantcdifference<was detected
between treated MON 87708 and the centrol;-for $00 seed weight~ The«difference in 100 seed
weight was relatively small in magnitude and the ' mean 100;seed - weight of treated MON 87708
was slightly below the referencecrange." It«s’ unlikely-that.this small difference in 100 seed
weight would contribute to increased weed;potential of MON 87708 when treated with dicamba
compared to conventional soybean. Additionally, ‘treated -MON 87708“and the control were
within the same range of-plantcgrowth’stages forrall growth stage Observations among the sites.
None of these differences were considered. biologically meaningful in terms of increased plant
pest potential of treated MON .87708-compdred to Conventiohal soybean.

In an assessment of plantyespoense to-abiofic stressorsiandddisease damage, no differences were
observed between treated MON 87708 and the conyentional control for 181 of 182 comparisons
among all observations cat’ théeight- sites: . One_difference was observed between treated
MON 87708 and-the control for. white.mold during-a single observation (slight vs. none). The
damage rating’for treated>MON 87708 ‘was outside of the reference range (no damage was
observed in the references).~This difference-was not observed in any of the other two white mold
evaluations across the sités’and_is not considered biologically meaningful in terms of increased
plant pest potential or.an altéred @nvironmental impact from treated MON 87708 compared to
conventional soybean.

In an assessment of-arthropod-related damage, there were no statistically significant differences
detected between treated MON 87708 and the control for 56 out of 59 comparisons. Lack of
variability in the data precluded statistical comparisons between treated MON 87708 and the
conventional control for 34 additional comparisons. The mean damage ratings for bean leaf
beetle and grasshopper damage was outside the reference range however the response was not
consistent across observations or sites. Thus, the results are not considered biologically
meaningful in terms of adverse environmental impacts of treated MON 87708 compared to the
conventional soybean.
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In summary, the phenotypic, agronomic, and environmental interaction data were collected to
provide a detailed characterization of MON 87708 and to assess whether the introduction of the
dicamba tolerance trait in MON 87708 and the associated application of dicamba herbicide alters
the plant pest potential compared to conventional soybean. The analysis considered the
comparisons of MON 87708 to the conventional control, the reproducibility, magnitude, and
direction of detected differences (trends), and comparison to the range of the commercial
reference varieties. Results from the phenotypic, agronomic, and environmental interactions
assessment indicated that MON 87708 does not possess weedy characteristics, increased
susceptibility or tolerance to specific abiotic stress, diseases, or arthropods, or characteristics that
would confer a plant pest risk or a significant environmental impact compared to conwentional
soybean.

MON 87708 Will Not Adversely Affect NTOs or Threatened and Endangered Species

Evaluation of the impacts of a biotechnology-derived crop on<Non-Target Organisms (NTOs)
and threatened and endangered species is a component of the plant pest risk assessment) Since
MON 87708 does not possess pesticidal activity, alFerganisms that ifteracbwith MON 87708 are
considered to be NTOs. The environmental ‘assessment demonstrated-that the presence of the
dicamba tolerance trait in MON 87708-~and ¢he associatéd application of dicamba did not alter
plant-arthropod interactions, including beneficial .arthropods,«eor alter disease  susceptibility
compared to the conventional control.

The biochemical information-and;experimental data fordevaluatien’ of MON 87708 included
molecular characterization; MON §7708 DMO safety. assessments; the ‘history of environmental
exposure to mono-oxygenases (the class of enzymes to which MON 87708 DMO belongs),
information from the” envitonmental. interaction-assessment, demonstration of compositional
equivalence to.-conventiondl soybean;, and- demonstration-<of agronomic and phenotypic
equivalence to ‘conventional seybean:  Taken tpgether, thes¢ data support the conclusion that
MON 87708 has no reasonable mechanism for harm to:NTOs, or to pose an additional risk to
threatened and endangered species compared to the cultivation of conventional soybean.

The potential for outcrossing and gene introgression from MON 87708 to sexually-compatible
species in the-U.S. is unlikely since no knownwild Glycine species related to cultivated soybean
are known to be presentrin NorthCAmerica. Furthermore, should cross-pollination occur,
MON 87708 and-jits progeny~ are~fot €xpected to exhibit a significant environmental impact
because, as described-abave, evaluations have shown that the presence of the dicamba tolerance
trait is not:dikely'to enhance weediness or plant-pest potential. Therefore, the environmental
consequence 0f pollen. transfer from MON 87708 to other Glycine species is considered
negligible,

Deregulation of MON 87708 Will Not Significantly Impact Soybean Agronomic Practices
or Land Use

Soybean fields are typically highly managed agricultural areas that are dedicated to crop
production for many years. Cultivation of MON 87708 would not be expected to differ from
typical soybean cultivation, with the sole exception of an expanded window of dicamba
applications due to the presence of the dicamba tolerance trait in MON 87708. MON 87708
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likely would be used in common rotations on land currently used for agricultural purposes. As
demonstrated, MON 87708 is similar to conventional soybean in its agronomic, phenotypic,
ecological, and compositional characteristics and has comparable levels of resistance to insects
and diseases as compared to commercial soybean. Therefore, the introduction of MON 87708
into the Roundup Ready soybean system is not expected to have a significant impact on current
cultivation and management practices for soybean. The adoption of MON 87708 into the
Roundup Ready soybean system will provide growers with another herbicide mode-of-action and
the means to control broadleaf weeds, including hard-to-control and herbicide-resistant broadleaf
weeds, and will help preserve conservation tillage practices by providing growers with an
additional weed management tool. Based on these considerations, there is no apparentzpotential
for significant impacts on agronomic practices or land use, with the exception of the expanded
application window of dicamba.

Conclusion

Based on the data and information presented in. this petition,)it is-concludedthat MON:87708 is
not likely to be a plant pest. Therefore, Monsanto Cempany requestsCa determigtation from
APHIS that MON 87708 and any progeny 'derived ‘fromm‘Crosses betweens MON 87708 and
conventional soybean or previously déregulatedcbiotechnology-derived soybean, be granted
nonregulated status under 7 CFR Part340.
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I. RATIONALE FOR THE DEVELOPMENT OF MON 87708

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

The Animal and Plant Health Inspection Service (APHIS) of the United States (U.S.)
Department of Agriculture (USDA) has responsibility, under the Plant Protection Act
(Title TV Pub. L. 106-224, 114 Stat. 438, 7 U.S.C. § 7701-7772), to prevent the
introduction and dissemination of plant pests into the U.S. APHIS regulation
7 CFR § 340.6 provides that an applicant may petition APHIS to evaluate submitted data
to determine that a particular regulated article does not present.a plant pest:risk and no
longer should be regulated. If APHIS determines that the regulated afticle ‘does not
present a plant pest risk, the petition is granted, thereby allowing unrestricted introduction
of the article. A listing of all regulated MON-87708 field trials conducted, under’ USDA
notification can be found in Appendix A.

Monsanto Company is submitting this fequest” toc’APHIS for a cdetermunation of
nonregulated status for new biotechhology-derived soybean product,” MON 87708, any
progeny derived from crosses between MQON 87708 and conventional §eybean, and any
progeny derived from crosses of MON 87708 withzbiotechnology-derived: soybean that
have previously been granted ndnregulated statusunder.7 CER Part;340;

I.B. Rationale for the-Deyelopmentof Dicamba-~Tolerant-Soybean MON 87708

The Roundup Reéady™ soybean-System petimits Over=the-top- application of Roundup®
agricultural hetbicides containing the .active angredient (glyphosate for effective weed
control. The value of.the Roundup Ready soybean systém has been demonstrated by the
significant growth:in the number of'planted aeres since its introduction in 1996. Today
more than 90%:-0f all, soybean actes grown in thel'S. are Roundup Ready (USDA-NASS,
2009¢). The?Roundup Ready -soybean systemdelivers effective broad spectrum weed
control, provides-flexibility-of.applicationtiming, has facilitated increased adoption of
reduced-tillage practices, and-has a@esulted in increased grower income (Carpenter and
Gianessi, 2001;-Bonny, 2008; -Hurley<et al., 2009). Additionally, the Roundup Ready
soybean system provides incrémental environmental benefits (Bonny, 2008; Brookes and
Barfoot 2009);:and glyphosate,<as concluded by the U.S. EPA (1993), has a favorable
safety grofile.: Continded use® of the Roundup Ready soybean system will maintain
effective and faniiliar.weed control management practices that are fully compatible with
allcugrent tillageand land management systems including conservation tillage practices.
Growth of conservation tillage in the U.S. was greatly accelerated with the introduction
of glyphosate-tolerant crops in large part because of the broad spectrum postemergence
control offered by glyphosate (Price et al. 2011).

As with all herbicides used in agriculture, there is potential for weeds to develop
resistance to the herbicide over time.! If unmanaged, herbicide resistance can become a
limiting factor in crop production. Glyphosate has had few cases of weed resistance,

" http://www.weedscience.org/In.asp
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particularly in relation to other herbicides. In the U.S., while there have been thirteen
confirmed glyphosate-resistant weeds (Heap, 2011), glyphosate still controls more than
160 weed species (Roundup WeatherMax herbicide label, EPA Reg. No.524-537) and
remains an extremely valuable tool for U.S, soybean crop production. Herbicide resistant
weeds are those listed on the International Survey of Resistant Weeds website
(www.weedscience.org). Additionally, studies have shown that resistance can be
postponed, contained and managed through good management practices. One of the
management practices most often recommended by University/Cooperative Extension
Service and industry is the use of multiple herbicide modes-of-action. Simultaneously
using two herbicides with different modes-of-action significantly reduces the probability
of weeds developing resistance to either or both herbicides (Powles et al., 1996; Beckie
and Reboud, 2009). Other recommended management practices to manage. herbicide
resistance includes the use of multiple herbicidetmodes-ofsaction in sequence, and/or the
inclusion of mechanical or cultural practices iaddition terthe use ofaan hetbicide:

Monsanto Company has developed bioteehnology-derived' soybean MON)87708’ that is
tolerant to dicamba (3,6-dichloro-2-methoxybenzoic acid) ‘herbi¢ide:, Dicamba is a
synthetic auxin herbicide that kills;plants)by. mimicking naturally-occurring plant growth
hormones called auxins, thereby destroying-tissue-throtigh uncontrolledzeell division and
growth (Ahrens, 1994). Dicamba’s mode-of-actiovis different from' glyphosate, and it
provides efficacious conttol of ‘broadleaf weedsand is-complementary:to glyphosate on
hard-to-control weeds §uch -as” common. lambsquarters; ‘hemp,'sesbania, morning glory
species, nightshade, Pénnsylvania smdartweed, prickly-sidapvelvetleaf, waterhemp, and
wild buckwheat (Johnson et al:; 2070). ~Additionally; dicamba provides effective control
of herbicide-resistant broadleaf~weeds, including glyphosate-resistant weeds such as
marestail, common ragweed giantragweed, palmer ‘pigweed, and waterhemp (Johnson et
al., 2010)~"Hard-to-contrel’weeds generally requite athigher rate and/or application at a
smaller growth stage inoorder to_consistently:-achiéve commercially acceptable control.
Refer to the Reuindup WeatherMax: label (IJ.S. - EPA Reg. No. 524-537) for a listing of
these weeds,)~Heftbicide resistant<weeds “are. those listed on the International Survey of
Resistant;Weeds website(www.weedscience.org). Since its introduction in 1967, only
four .species with~knewn dicamba-resistant biotypes have been identified in North
America (Heap, 20 14

MON 87708 will be combined -with MON 89788 (Roundup Ready 2 Yield soybean)
utilizing traditional -breeding techniques. Dicamba is an effective broadleaf herbicide and
thexpotential use’ of dicamba and glyphosate herbicides at the same time in mixtures for
weed contrel will-provide growers greater application flexibility prior to planting as well
as in~crop for greater consistency of control in both conventional and conservation tillage
situations (Johnson et al., 2010). Use of dicamba, in addition to glyphosate and the other
herbicide options currently labeled for use on soybean, provides more options to
implement diversified weed management programs to control a broad spectrum of grass
and broadleaf weed species (Johnson et al, 2010). Successful adoption of the dicamba
tolerance trait, into the Roundup Ready soybean system, will provide: 1) growers with an
opportunity for an efficient, effective weed management system; 2) an effective tool for
the management of glyphosate resistant weeds that will help to conserve reduced tillage
practices; 3) an option to delay or prevent further resistance to glyphosate and other
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critically important soybean herbicides, in particular herbicides in the ALS and PPO class
of chemistry; 4) excellent crop safety; and 5) soybean growers with effective weed
control systems necessary for production yields to meet the growing needs of the food,
feed, and industrial markets.

MON 87708 expresses a mono-oxygenase enzyme that rapidly demethylates dicamba
rendering it inactive, thereby conferring tolerance to dicamba. The demethylation of
dicamba produces 3,6-dichlorosalicylic acid (DCSA), a known soybean, soil, and
livestock metabolite whose safety has been evaluated by the Environmental Protection
Agency (U.S. EPA). DCSA, in addition to dicamba, is included in the current,-10 ppm
pesticide residue tolerance for soybean seed that supports the existing uses of:dicamba on
conventional soybean (40 CFR § 180.227). Even with the expanded use @f-dicamba on
MON 87708, compared to conventional soybean,uses, the_rapid metabelismcof dicamba
results in residues in dicamba-treated MON 87708 seed, including the-DCSA metabolite,
that are well below the established 10 ppm telerance, and thereforé.no modific¢ationto the
existing soybean seed tolerance is needed.”Consequently,onlyapproval fonthe ‘expanded
use pattern of dicamba on MON 87708 has-been tequested. of EPA. cFurthermore, the
U.S., Canada and the EU have reeently. €ompleted teviews of dicamba where the safety
of dicamba has been confirmed(U.SXEPA¢2009;-PMRA, 2008; Europeéan Commission,
2008). The proposed use pattern of dicamba in MON 87708 falls withincithe use pattern
criteria (rates and methods)-evaluatedzand. approved by EPAbin association with existing
dicamba agricultural usés.

I.C. Submissionsto Other Regulatory Agencies

Under the Coordinated Framewortkfor-Regulationof Biotechnology, the responsibility
for regulatory ovefsight>, of ~biotechnology-derived” crops that do not include
plant-incorporated protectants.” falls> onptwo.sfederal agencies: U.S. Food and Drug
Administration.;(FDA) ~ and . United )" States Department of Agriculture (USDA).
Deregulation“f MON 87708,by USDA<constitutes only one component of the overall
regulatory-oversight cand teview> of this product. As a practical matter, MON 87708
cannotcde released‘and marketed until FDA and USDA have completed their reviews and
assessments under their rgspective jurisdictions. Additionally, EPA must complete its
review and assessments priorto approving the use of dicamba on MON 87708.

1.C.1. Submission to FDA

MON 87708~ fallsowithin the scope of the 1992 FDA policy statement concerning
regulation of products derived from new plant varieties, including those developed
through biotechnology (U.S. FDA, 1992). In compliance with this policy, Monsanto has
initiated a consultation with the FDA (BNF No. 125) on the food and feed safety and
compositional assessment of MON 87708. A safety and nutritional assessment summary
document for MON 87708 (BNF No. 125) was submitted to FDA on November 9, 2010.
FDA completed the consultation process for MON 87708 on October 11,2011 .2

? http://www.accessdata.fda.gov/scripts/fen/fenDetailNavigation.cfm?rpt=bioListing&id=86
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1.C.2. Submission to EPA

The EPA has authority over the use of pesticidal substances under the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA), as amended (7 U.S.C. § 136 ef seq.). Monsanto
has submitted to the EPA an application to amend Registration Number 524-582 to
register a new use pattern for dicamba on MON 87708. The new use pattern facilitates a
wider window of application of dicamba on MON 87708, allowing dicamba to be applied
preemergence through crop emergence (cracking) and in-crop postemergence through the
early R1/R2 reproductive phase. EPA has reviewed the safety of dicamba and DCSA, the
primary metabolite in MON 87708, during the reregistration of dicamba in 2006. EPA
concluded in the 2006 dicamba Reregistration Eligibility Decision (RED) document that
risks to human health and the environment associated with exposure to dicamba and its
metabolites, including DCSA, were below the~Agency’s “level oflcongern for all
registered uses of dicamba including conventional soybean (U.S. EPA, 2009). *Dicamba
residues on soybean seed (less than 0.07ppm average: residue-and less thdan 05 ppm
maximum residue) resulting from its application on MON-87708 at th¢ maximum-labeled
use rate are well below the established 10 ppm soybean seedpesticide xesidue tolerance.
Therefore, a change to the current soybean seed-toletance is notneeded to Support the use
of dicamba on MON 87708. Howevér-Monsanto.has requested thie establishment of new
tolerances for soybean forage ‘and hay, which will allow forthefeeding ofiforage and hay
to livestock. No other r€visions to?dicamba pesticide residuectolerances are needed
including animal products such as meat. or milk. (Furthermore; the use of dicamba on
MON 87708 does not*present afty new environmentalexpesiire scenarios not previously
evaluated and deenied dcceptable by EPA. Additional details-regarding dicamba and its
use on MON 87708 are avatablein Appendix M.

I.C.3. Submissions to Fereign-Government Agencies

To support commercial inttoduetion of MON 87708 in the U.S., regulatory submissions
will be made to~countries that will .eventually commercialize or import significant
quantities~of soybean-orits processed fractions from the U.S. These will include
submissions to aCnumber ef* foreign: government regulatory authorities, including:
Ministry of Agticulture, People’s’ Republic of China; Japan’s Ministry of Agriculture,
Forestry, and Fisheties, Ministry of Environment, and the Ministry of Health, Labor, and
Welfare; the Canadian Feod Inspection Agency and Health Canada; the Intersectoral
Commissioncfor Biosafety of Genetically Modified Organisms, Mexico; the European
Foed Safety Authority, as well as to regulatory authorities in other soybean importing
countries with functioning regulatory systems. As appropriate, notifications of
importation” will* be made to importing countries that do not have a formal approval
process.

Monsanto Company 10-SY-210U 35 of 721



II. THE BIOLOGY OF SOYBEAN

The Organization for Economic Co-Operation and Development (OECD) Consensus
Document (OECD, 2000) on the biology of soybean provides key information on:

e a general description of soybean biology, including taxonomy and morphology as
well as soybean use as a crop plant

agronomic practices in soybean cultivation

geographic centers of origin

reproductive biology

cultivated soybean as a volunteer weed

inter-species/genus introgression into re€latives and) interactions with other
organisms, and

e asummary of the ecology of soybean

The taxonomic information for soybean is available i the, USDA’s PLANTS Profile
(USDA-NRCS, 2010).

To support the evaluation of-the  plant“pest. potentiallof MONE&7708 relative to
conventional soybean, additional“infermation regarding several-taspeéts of soybean
biology can be found elséwhere in. this petition.-This includes: cdgrondmic practices for
soybean in Section VIIE; volunteet-management of soybean in’Section VIIL.J; and inter-
species/genus introgression-potentialin Section VII.C.3:

II.A. Soybean;as a Crop

Soybean.ds the mostwidely grown oilseed(in thécworld, with approximately 211 million
metric tons of hatvested)seed produced ‘in 2008. -Fhis represents 56% of world oilseed
seed productiofvthat.year, Soybean 1S grown as-a‘commercial crop in over 35 countries.
The majorproducers <are the U.S., Brazil,“Argentina, China, India, and Paraguay,
accounting) for approximately-94% ~ of(the global soybean production in 2008.
Approximately . ene-thitd of,the 2008 world soybean production was in the U.S.
(Soyatech, 2010). The US: was-also the largest soybean seed exporting country in 2008
(ASA, 2009);

Soybean has<a long history of planting and production in North America. Soybean was
originally -introduced- into North America from China in 1765 and has since been
teintroduced . several times by scientists, seed dealers, merchants, military expeditions,
and various individuals (Singh and Hymowitz, 1999). Conventional plant breeding is
based on the interplay and combination of genes present in the particular crop genome,
and soybean is limited with regard to genetic diversity (Chung and Singh, 2008).

I1.B. Characteristics of the Recipient Plant

The conventional soybean variety A3525, used as the recipient for the dmo expression
cassette insertion that produced MON 87708, was developed by Asgrow Seed Company.
A3525 is a mid—maturity group III soybean variety with very high yield potential.
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A3525 has superior yields relative to varieties of similar maturity and has excellent
agronomic characteristics (Steffen, 2004).

II.C. Soybean as a Test System in Product Safety Assessment

Soybean variety A3525 is the near isogenic line to MON 87708 and was used as the
conventional soybean comparator (hereafter referred to as the conventional control) in the
safety assessment of MON 87708. MON 87708 and the conventional control have
similar genetic backgrounds with the exception of the dmo expression cassette, thus, the
effect of the dmo expression cassette and the expressed MON 87708 DMO could
therefore be assessed in an unbiased manner. In addition, commercial soybean varieties
that were derived through conventional methods and Roundup-Ready soybean<yarieties
(hereafter referred to as commercial reference varieties) were tsed as reference’materials
to establish ranges of natural variability ortresponsestepresentative. of  commercial
soybean varieties. The commercial reference varieties used ‘at’ each locationywere
selected based on their availability and agtonomic fitfor the respective geographic region.
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III. DESCRIPTION OF THE GENETIC MODIFICATION

MON 87708 was  developed through  Agrobacterium  tumefaciens-mediated
transformation of conventional soybean A3525 meristem tissue utilizing transformation
plasmid vector PV-GMHT4355. This section describes the plasmid vector, the donor
genes, and the regulatory elements used in the development of MON 87708 and the
deduced amino acid sequence of the MON 87708 DMO. In this section, transfer DNA
(T-DNA) refers to DNA that is transferred to the plant during transformation. An
expression cassette is comprised of sequences to be transcribed and the regulatory
elements necessary for the expression of those sequences.

ITI.A. The Plasmid Vector PV-GMHT4355

PV-GMHT4355 was used for the transformation of conventional Soybean toproduce
MON 87708 and is shown in Figure III-1; PM-GMHT4355 is approximately. ©1.4 kb and
contains two T-DNAs, each delineated by’ Left and ‘Right-Border sequences to-facilitate
transformation. The first T-DNA, designated .as" T-PNA=Iy contains: the @mio coding
sequence under regulation of the peanut ehloretic streak virus (PC1S)V) promoter and the
pea E9 3' non-translated regionyThésecond T-DNA‘designated.as T<DNA II, contains
the cp4 epsps coding sequenée under the regulatienyof the figwort<mosaic virus (FMV)
promoter and the pea £9 3" non+transtated region:, During transformation, both T-DNAs
were inserted into the soybean genome (Section [H:B) where T-DNA I, containing the
cp4 epsps expression” cassetter; funétioned “as@a- markerCgene “for the selection of
transformed plantlets.. \Subseguently, conventional self-pollinated breeding methods and
segregation, along with a combination-of analytical techniques, were used to isolate those
plants that contain the-dmo expression:cassette (TXDNA)"and did not contain the cp4
epsps expression cassette (P-DNA 1)

The backbone region,of PY-GMHT4355 that is putside both of the T-DNAs contains two
origins of replication for maintenance “of the" plasmid vector in bacteria (ori V, ori-
PpBR322),a bacterial selectablemarker-gene-(aadA), and a coding sequence for repressor
of primiet (rop) protein.which s neéessary for the maintenance of the plasmid vector copy
number in E. coli. Acdescriptionrof the-genetic elements and their prefixes (e.g., P-, L-, I,
TS-, OR-,; B-, €S-;Cand~T-)~in PV-GMHT4355 is provided in Table III-1.
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B-Left Border

Bsp12861386
Bsp12861554
T-E9- OR-ori V
PvuTI 10380 Bsp12861830
Kpn110278 L Bspl128611217
CS-dmo S mmar U CS-rop
—— vs\ ¥ Pyull 1814
4
L-TEV) ’i’f = 1o x ’0,“ Bsp128612041
NS 9 Nde1 2044
PRCIsy i ) “‘ Bsp128612539
ii 8 PV-GMHT4355 B~OR-oripBR322
B-Right Border — T 11352bp
B 47 )5
“‘ 6 /“—Bsp128613370
B-Right Border-! .
Bsp128617733‘D w }i BspJ28613720
P-FMY M. S & aadA
Pw (73977 e
L-Diak- Bspl1286T 4444
TS;CTP2 B-LeffBorder
Rpin 163224
CS-¢p4'epsps-
Aar11,6042
Bspl 28615867
Pyu 115823 LTEY
- Py 11563
Probe Probe Probe Start Position.& End Position  Total Length
Number Type Name (bp) (bp) (bp)
1 Backbone Probe Bl 443 1328 886
2 Backbonéprobe B2 1250 2754 1505
3 Backbone Probe B3 2625 4384 1760
4 T-DNA II-Probé TII-1 4796 5637 842
5 T-DNA-II Prébe TII-2 5575 7021 1447
6 TDNAALProbe TII-3 6937 7761 825
7 Backbone Probe B4 8119 8289 171
8 T-DNADProbe TI-1 8290 9523 1234
9 T-DNA I Prebe TI-2 9448 10668 1221
10 T-DNA I Probe TI-3 10610 442 1185

Figure III-1. Circular Map of Plasmid Vector PV-GMHT4355 Showing Probes 1-10
The plasmid vector PV-GMHT4355 containing the T-DNAs used in Agrobacterium-mediated
transformation to produce MON 87708. Genetic elements and restriction sites for enzymes used in the
Southern blot analyses (with positions relative to the size of the plasmid vector) are shown on the exterior
of the map. The probes used in the Southern blot analyses (labeled 1-10 on the interior of the map) are
detailed in the accompanying table above.

*The Left and Right Border sequences of T-DNA II share 100% identity to those of T-DNA I, which were
covered by probes 8 and 10 and thus not included in the T-DNA 1II probes.
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Table III-1. Summary of Genetic Elements in the Plasmid Vector PV-GMHT4355

Genetic Element

Location in
Plasmid (bp)

Function (Reference)

T-DNA I (Present in MON 87708)

DNA region from Agrobacterium tumefaciens
containing the Right Border sequence used for

1 .
B -Right Border 8290-8646 transfer of the T-DNA (Depicker et al., 1982;
Zambryski et al., 1982)
Intervening sequence 8647-8691 | Sequence used in DNA cloning
Promoter for the Full-Length Tramseript-(FLt)
2 of peanut.chlorotic streak caulimovirus’ (Maiti
P-PC1SV 8692-9124 | ind Shépherd, 1998) that directs tfanscription
in plant cells
Intervening sequence 9125-9144 | Sequence usedin DNA ¢loning
5" non-translated region from*the  Tobacco Etch
L-TEV 9145-9276 | vatus genome(Niepel and Gallie,.4999) that is
involved in regulating)gene expression
Intervening sequence 9277 Sequence used in DNA ¢cloning
Sequences encodingthe transitpeptide and the
first 247amino’acids of the mature protein of the
TS*-RbcS 9278-9520 PRbcS gen® from Pisum sativum (pea) (Fluhr et
ally’ 1986) .that directsctransport to the DMO
precursor-protein of the chloroplast
InterveningSequence | 95219529 | Sequence used in-DNA cloning
Coding . sequence  for the  dicamba
CS5-dnio 9530°1055> | Mmonosoxygenase from  Stenotrophomonas

maltophilia (Herman et al., 2005; Wang et al.,
1997)

Intervening Sequence

10553-40620

Sequence used in DNA cloning

TS-E9

10621-11263

3Pnon-translated region from the RbcS2 gene of
Pisum sativum (pea) encoding the Rubisco
small subunit, which functions to direct
polyadenylation of the mRNA (Coruzzi et al.,
1984)

Intervening Sequence

11264-11352

Sequence used in DNA cloning

B-Lieft Border

1-442

DNA region from Agrobacterium tumefaciens
containing the Left Border sequence used for
transfer of the T-DNA (Barker et al., 1983)
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Table I1I-1 (continued). Summary of Genetic Elements in the Plasmid Vector
PV-GMHT4355

Location in
Genetic Element Plasmid (bp) | Function (Reference)

Plasmid Vector Backbone (Not present in MON 87708)

Intervening Sequence 443-528 Sequence used in DNA cloning

Origin of replication from the broad host range
OR’-ori V 529-925 plasmid RK2 for maintenance of plasmid in
Agrobacterium (Stalker et al., 1981)

Intervening Sequence 926-1662 | Sequence used in DNA.Cloning

Coding,_‘sequence . for repressor. of) primer
protein ‘derived from the EolEl<{plasmid for
mainfenance ofplasmid edpy number in £ coli
(Giza and Huang;1989)

CS-rop 1663-1854

Intervening Sequence | 1855-2281, ‘VY'Seguencemsedin DNA cloning

QOrigino of“replication from ‘pBR322 for
OR-ori-pBR322 22822870~} maintenance of ) plasmid-in Ercoli (Sutcliffe,
1979)

Intervening Sequence | 28713400} Sequence:used.in DNA cloning

Bacterial <prométer, .~ coding and 3' UTR
sequences™ for, anCOaminoglycoside-modifying
aadA 3401-4289 |enzyme, 3" (9):O-nucleotidyltransferase from
transposon Tn7 (Fling et al., 1985) that confers
spectinomycin and streptomycin resistance

Intervening Sequence” | x4290s4384< 1 Sequenece’usedin DNA cloning

T-DNA II (Not present innkMON 87708)

DNA .region from Agrobacterium tumefaciens
B-Left Border 4385-4795 ¢ containing the Left Border sequence used for
transfer of the T-DNA (Barker et al., 1983)

Intervening Sequence <)~ 4796-4809 | Sequence used in DNA cloning

3’ non-translated sequence from RbcS2 gene of
Pisum sativum (pea) encoding the Rubisco

T-E9 481055452 | small subunit, which functions to direct
polyadenylation of the mRNA (Coruzzi et al.,
1984)

Interyening Sequience | 5453-5458 | Sequence used in DNA cloning

Codon optimized coding sequence of the aroA4
gene from Agrobacterium spp. strain CP4
encoding CP4 EPSPS (Barry et al., 1997;
Padgette et al., 1996a)

CS-cp4 epsps 5459-6826
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Table I1I-1 (continued).
PV-GMHT4355

Summary of Genetic Elements in the Plasmid Vector

Location in

Plasmid
Genetic Element (bp) Function (Reference)
Sequences encoding the chloroplast transit
peptide region from the shkG gene of Arabidopsis
TS-CTP2 6827-7054 | thaliana encoding EPSPS (Herrmann, 1995; Klee
et al., 1987) that directs transport 6f the CP4
EPSPS precursor protein to the chloroplast
Intervening Sequence | 7055-7063 | Sequencelused in DNA cloning
5" non-translated< -leader sequence .from the
L-DnaK 7064-7159 Petunia hybrida Hsp70 gefie (Rensing and-Maier,
1994) thatQis dnvolved in” regulating gene
expression
Intervening Sequence | 7160-7162-°| Sequence used in DNAcloning
Promoter for the, 35S“RNA- from figwort mosaic
P-FMV 7163~77147 | virus (Rogers; 2000) that directs franscription in
plant-cells
Intervening Sequence-.{» 7715=7761" | Sequence used in ONA:cloning
DNA" region dromcAgrobacterium tumefaciens
. containing ‘the .Right Border sequence used for
B-Right Border 3023 transfer (%f the T-gDNA (Depicl?er et al.,, 1982;
Zambryski eval., 1982)
Intervening sequence™ | ~«8119-8289 c|"Sequencéusedin DNA cloning

'B -border:
*P-promoter.

’L- leader.

*TS- targeting séquence.
>CS-codingsequence.

°T- 3! non-translated transcfiptional termindtion sequence and polyadenylation signal sequences.

"OR-origin of replication:
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II1.B. Description of the Transformation System

The Agrobacterium-mediated soybean transformation used to produce MON 87708 was
based on the method described by Martinell et al. (2002), which allows for the generation
of transformed plants without utilization of callus. Briefly, meristem tissues were excised
from the embryos of germinated conventional seed. After co-culturing with the
Agrobacterium carrying the vector, the meristems were placed on selection medium
containing glyphosate, carbenicillin, cefotaxime, and ticarcillin/clavulanate acid mixture,
to inhibit the growth of untransformed plant cells and excess Agrobacterium. The
meristems were then placed in media conducive to shoot and root development;,-Rooted
plants with normal phenotypic characteristics were selected and transferred'to soil for
growth and further assessment.

The Ry plants generated through this transformation werg. self-pollinated-t0 produce R;
plants, and the unlinked insertions of T-DNA I andyT-DNA Iksvere segregated. A
non-lethal dose of glyphosate was applied to R; plants,and-thoseDplants” with minor
herbicide injury were selected for further analyses, whereas plants showing.no injury,
indicating that they contained the‘cp4epsps-codimg sequence’ from T=DNA II, were
eliminated from further developmient.>Subsequently,-plants, that. werezhomozygous for
T-DNA I were identified byQquantitative polymerase chain @eaction (PCR) analysis.
MON 87708 was selected-as’the lead gventcbased,on superior phenotypie characteristics,
dicamba tolerance, and its\ molecular_ profile. (The (major" development steps of
MON 87708 are depicted in'Figure 111<2° The result ofthis process-was the production of
marker-free, dicamba-tolerant. soybean MON 87708
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Assembled Agrobacterium binary plasmid vector PV-GMHT4355 and
transferred to Agrobacterium tumefaciens strain ABI

l

Transformed meristem tissue from A3525 with PV-GMHT4359 in
Agrobacterium tumefaciens

:

Selected transformants‘and,generated rooted.shootsfromythe
transformed metistent-tissues

l

Screening:of transformed plants forthepresence of T-DNA I (dmo
expression cassette) and absence of the T-DNA 11
(cp4-epsps expression cassette)

3!

Identified MON 87708 as lead candidate based on analysis of the
genomic<insért and-evaliation of progeny generations in laboratory and
field assessments

Figure ITI-2.-Schematic of the Development of MON 87708
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II.C. The dmo Coding Sequence and MON 87708 DMO (T-DNA I)

The dmo expression cassette (T-DNA I) present in MON 87708 encodes MON 87708
DMO (Figure III-3). The dmo expression cassette contains the coding region for the
DMO from Stenotrophomonas maltophilia (Herman et al., 2005; Wang et al., 1997). The
presence of MON 87708 DMO confers tolerance to dicamba (refer to Section V.A for
more details).

1 MASMISSSAV TTVSRASRGQ SAAMAPFGGL KSMTGFPVRK VNTDITSITS NGGRVKCMQV
61 WPPIGKKKFE TLSYLPPLTR DSRAMATFVR NAWYVAALPE ELSEKPLGRT ILDTPEALYR
121 QPDGVVAALL DICPHRFAPL SDGILVNGHL QCPYHGLEFD GGGQEVHNPH GNGARPASEN
181 VRSFPVVERD ALIWICPGDP ALADPGAIPD FGCRYDPAYR TVGGYGHVDC NYKLLVDNLM
241 DLGHAQYVHR ANAQTDAFDR LEREVIVGDG EIQAEMKIPG GTPSVLMAKE(LRGANTPVDA
301 WNDIRWNKVS AMLNFIAVAP EGTPKEQSIH SRGTHILTPENTEASCHYEEG SSRNFGEDDP
361 EMDGVLRSWQ AQALVKEDKV VVEAIERRRALYVEANGIRPA MLSCDEAAVR-~VSREINEKLEQ
421 LEAA

Figure I1I-3. Deduced Amino Acid,Sequence of the RbeS Targeting Sequence and
MON 87708 DMO

The transit peptide and the first<24 amino dcids.of the<mature: protein of the RbcS gene are
underlined. Accumulation of MON=87708 DMO, 1§ tatgeted to the chloroplastsusing the RbcS
transit peptide. (see Section*V*. A for more(detail).

HLD. The cp4 epsps Coding Sequence-andthe CP4 EPSPS Protein (T-DNA II)

The cp4 epsps expression cassette (T<DNAI), that i not present in MON 87708,
encoded-a47.6 kDa CP4 EPSPS protein, consisting of.a single polypeptide of 455 amino
acids (Padgette etoal., 1996b).: The 'cp4lepsps coding sequence is the codon optimized
coding sequence of-the aroA .gene from Agrobacterium spp. strain CP4 encoding CP4
EPSPS (Bartry etcal, 1997;-Padgétte et al.; 1996a). CP4 EPSPS confers tolerance to
glyphosate’and was usedyas a'selectableCmarker during the transformation selection
process.” Through ‘conventional self*pollinated breeding methods and segregation, along
with a combinationcof analytical techniques, plants that did not contain the cp4 epsps
expression cassette were-isolated.

IILE. Regulatory Sequences

The dpio coding sequence in T-DNA I is under the regulation of the PCI/SV promoter,
TEY leader, the-RbcS targeting sequence, and the E9 3' non-translated region. The
PCI1SV promoter is the promoter for the Full-Length Transcript (FLt) of peanut chlorotic
streak caulimovirus (Maiti and Shepherd, 1998) that directs transcription in plant cells.
The TEV leader is the 5’ non-translated region from the Tobacco Etch virus (Niepel and
Gallie, 1999) and is involved in regulating gene expression. The RbcS targeting sequence
is the sequence encoding the chloroplast transit peptide and the first 24 amino acids of the
mature protein of the ribulose-1,5-bisphosphate carboxylase oxygenase gene from pea
(Pisum sativum) (Fluhr et al., 1986) that directs transport of the DMO precursor protein
to the chloroplast. The £9 3’ non-translated region is the 3’ non-translated region from
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the RbcS2 gene of pea encoding the Rubisco small subunit, which functions to direct
polyadenylation of the mRNA (Coruzzi et al., 1984).

T-DNA II contains the cp4 epsps coding sequence under the regulation of the FMV
promoter, DnakK leader, the CTP2 targeting sequence, and the £9 3’ non-translated region.
The FMV promoter is the promoter for the 35S RNA from figwort mosaic virus (Rogers,
2000) that directs transcription in plant cells. The DnraK leader is the 5’ non-translated
leader sequence from the Petunia hybrida Hsp70 gene (Rensing and Maier, 1994) that is
involved in regulating gene expression. The CTP2 targeting sequence is the sequence
encoding the chloroplast transit peptide region from the shkG gene of Arabidopsis
thaliana encoding EPSPS (Herrmann, 1995; Klee et al., 1987) that directs transportcof the
CP4 EPSPS precursor protein to the chloroplast. The £9 3’ non=translated. tegion’ts the 3’
non-translated region from the RbcS2 gene of pea’encoding the Rubisco small subunit,
which functions to direct polyadenylation of thé mRNA (Coruzzi et al;; 1984).

III.F. T-DNA Borders

PV-GMHT4355 contains Right and-Left-Border regions\(Figure I1I=1 and" Table III-1)
that were derived from Agrobacterium:-tumefaciens (Barker-et’al., 19833 Depicker et al.,
1982; Zambryski et al., 1982):"The border regions each contaima 24425 bp.nick site that
is the site of DNA exchange during,tfansformation.. Fhe border regions separate the
T-DNA from the backbene region<and.ate involved in their fficient transfer into the
soybean genome. Because PV-GMHT4355 ds a-2T-DNA wector; it contains two Right
Border regions and\twodeft Borderiregions, where e set-flanks T-DNA I and the other
set flanks T-DNA/1I,

II1.G. Genetic Elements Outside of the T-DNA-Bordeérs

Genetic elements that‘exist-outside of the T-DNAgborders are those that are essential for
the maintenance ofhselection;of PY-GMHT4355 in bacteria and are referred to as the
plasmid backbone. The orxiV, derived fromcthe broad host plasmid RK2, is required for
the maintenance of the plasmid veetor indgrobacterium (Stalker et al., 1981), whereas
the “ori-pBR322;> derived. from“the ¢plasmid vector pBR322, is required for the
maintenance of theyplasmid yéctorin E. coli (Sutcliffe, 1979). The rop is necessary for
the maintefnance-of plasmid@ector copy number in E. coli (Giza and Huang, 1989). The
aadA is.a bacterial promoter.and coding sequence for an enzyme from transposon Tn7
that.eonfers-spectinomycin and streptomycin resistance (Fling et al., 1985) in E. coli and
Agrobaeteriyim during molecular cloning. Because these elements are outside the border
regions, they were not expected to be transferred into the soybean genome. The absence
of the backbone sequence in MON 87708 was confirmed by Southern blot analyses (see
Section IV.C).
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IV. CHARACTERIZATION OF THE GENETIC MODIFICATION

A multi-faceted approach was taken to characterize the genetic modification that
produced MON 87708. The results confirmed that MON 87708 contains a single copy of
the dmo expression cassette (T-DNA I) that is stably integrated at a single locus and is
inherited according to Mendelian principles over multiple generations (Section IV.G).
The results confirmed that no T-DNA II or plasmid vector backbone sequences are
detected in MON 87708. These conclusions are based on several lines of evidence:
1) Southern blot analyses to assay the entire soybean genome for the presence of DNA
derived from PV-GMHT4355, and to confirm that a single copy of T-DNA 1 waSinserted
at a single site and that the insert is stably inherited; 2) DNA. sequencing analyses to
determine the exact sequence of the inserted DNA and allewed a comparison to the
T-DNA I sequence in PV-GMHT4355 to confirin-that only-the expected sequences were
integrated; and 3) a comparison of the DNAc#flanking TeDNA 1 toCthe.sequence of the
insertion site in conventional soybean to idéntify any fearrangements that ocetirred<at the
insertion site during transformation. Taken together; the Characterization-of the genetic
modification demonstrates that a single copy ef'the,T-DNAI was insertedvat a single
locus of the genome.

Southern blot analyses were used<to determine thé‘number of-copies and' the insertion
sites of T-DNA I as well@as the presence or absence of T-DNAII and plasmid vector
backbone sequences. The Southerfiblot'strategy was designed.to ensure that all potential
inserted segments would be idéntified. The entire soybean genome was assayed with
probes that spanned the-complete plasmid vector PV-GMHT4355 to detect the presence
of T-DNA I as‘well@s confirmthe Jack ofiany.detectable T-DNA II and plasmid vector
backbone sequences. This was accomplished by using probes that were less than 2 kb in
length, ~ensuring a.‘high<Jdevel; of..Sensitivity~~ This high level of sensitivity was
demonstrated fot(each.blot. by detection” of a* positive control added at 0.1 copies per
genome equivalent.\ Two- restriction enzymecsets were specifically chosen to fully
characterizeOT-DNA [<and dook for dny petential fragments of T-DNA I. This two
enzyme_set design. also maximizes the possibility of detecting an insertion elsewhere in
the genome that-could'be overlooked if that band comigrated with an expected band.
Additionally, the restriction enzyme sets were chosen such that at least one enzyme from
each set resides in.the known 5’ ot{3" flanking sequence and that together the enzyme sets
result incoverlapping segmentscovering the entire insert. Therefore, at least one segment
for each flank is of a predictable size and overlaps with another predictable size segment.
This" oyerlapping strategy confirms that the entire insert sequence is identified in a
predictable hybridization pattern.

To determine the number of copies and the insertion sites of T-DNA I, and the presence
or absence of T-DNA II and the plasmid vector backbone sequences, duplicated samples
that consisted of equal amounts of digested DNA were run on the agarose gel. One set of
samples was run for a longer period of time (long run) than a second set (short run). The
long run allows for greater resolution of large molecular weight DNA, whereas the short
run allows the detection of small molecular weight DNA. The molecular weight markers
on the left of the figures were used to estimate the sizes of the bands present in the long
run lanes of the Southern blots, and the molecular weight markers on the right of the
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figures were used to estimate the sizes of bands present in the short run lanes of the
Southern blots.

The DNA sequencing analyses complement the Southern blot analyses. Southern blot
results demonstrated that MON 87708 contains a single copy of T-DNA T at a single
insertion site. Sequencing of the insert and the flanking DNA confirmed the organization
of the elements within the insert, determined the 5" and 3’ insert-to-plant junctions, as
well as the complete DNA sequence of the insert and adjacent DNA. In addition, DNA
sequencing analyses confirmed that each genetic element in the insert is intact and the
sequence of the insert matches the corresponding sequence in PV-GMHT4355.
Furthermore, genomic organization at the insertion site was assessed by comparing the
insert and flanking sequence to the insertion site in.conventionalsoybean.

The stability of the T-DNA I present in MON_87708 across multiple*generations=(R,-Re)
was demonstrated by Southern blot analysisy Genomie: DNA frem five generations of
MON 87708 was digested with one of the enzyme)sets,used for the insert @nd copy
number analysis and was hybridized with_a probe that detects restriction segments that
encompass the entire T-DNA I. Thisfingerprint stratégy consists of two border segments
that assess not only the stability of “T=-DNA'L,- but also: the. stability of ‘genomic DNA
directly adjacent to T-DNA 1.

The results of these analyses for MON 87708“demonstrated that a‘single copy of the
T-DNA I was inserted-at a single’locus’ of the genome.” Generational stability analysis
demonstrated thatan expected“Southernblot fingerprint of MON 87708 was maintained
through five generations:.of the“breeding: history, thereby~confirming the stability of
T-DNA T incMON'87708. Results,from-segrégation analyses showed heritability and
stability -of the insert .gecurred .as- expectedz across multiple generations, which
corroborates the molecular insert stability,analysis and establishes the genetic behavior of
the T-DNA I at-a’single chromosomal-locus;

The Southern blet anmalysis:confirmed that-T-DNA I reported in Figure IV-1 represents
the only~detectable” insert in’MON 87708. Figure I[V-1 is a linear map depicting
restriction sites-within the. insert-as..well as within the known soybean genomic DNA
immediately, flanking the insert innMON 87708. The circular map of PV-GMHT4355
annotated-with:the probesaised ivthe Southern blot analysis is presented in Figure III-1.
Based ©n the linear map of-the insert and the plasmid map, a table summarizing the
expected DNA segments for Southern analyses is presented in Table IV-1. The genetic
elements integratedin MON 87708 are summarized in Table IV-2. The generations used
are~depicted in the breeding history shown in Figure IV-9. Materials and methods used
for characterization of T-DNA I in MON 87708 are found in Appendix B.
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Figure IV-1. Schematic Representation of the Insert and DNA Flanking Sequences in MON 87708

A linear map of the insert and genomiec DNA flarking. the insert indMON/87708 is shown. Identified on the map are genetic elements within the
insert, as well as restriction sites with positions-relative to the size,of the-linear map for enzymes used in the Southern analyses. The relative sizes
and locations of the T-DNA I probes, which are described incEigureI1I-1, are shown on the middle portion. Shown on the lower portion of the
map are the expected sizes of the DNA seégments after-digestion with respective restriction enzymes. Arrowheads (— ) indicate the end of the
insert and the beginning of the genomic-DNA-sequence flanking the 5’ and 3’ end of the insert. The arrows (—) indicate the sequence direction of

the elements in MON 87708.
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Table IV-1. Summary Chart of the Expected DNA Segments Based on Hybridizing Probes and Réstriction Enzymes Used in

MON 87708 Analysis
Southern Blot Figure V-2 IV-3 V-4 IV-5 IV-6 V-7 IV-8 | 1V-10
Probe Used 8 9 10 4 5 6 <4 &> 9
and 7
QO 230 @ N0 o
Probing Target Digestion Enzyme Expected Band Sizes((kb).on' Each’' Southern Blot
Plasmid Vector ~4.0 ~4.0 ~4.0 ~4.0
PV-GMHT4355 Aat 11/Nde 1 ~7.4 ~7:4 7 4 o 74 ~7.4 74 ~7.4
~0.2
1 2 b 2 2 2 2 ~0.9 2
Probe Templates N/A Ao <L e ~ ~~ ~~ 15 ~~
~1.8
Conventional Bsp1286 THPvu 11 None Norie None None None None None | None
Control A3525 Hpa l/Kpn 1 Norne None None None None None None | None
~2.6 ~2.6
Bsp1286 Y/Pvu 11 ~2:6 13 &1.5 ~1.5 None None None 15
MON 87708 = :
Hpa Vkpn 1 >0 >~2177 ~1.7 ~1.7 | None | None | None -3

"Probe templates were spiked when multiple’probes are used in‘Southern blot analysis.

2
3

" Southern analysis indicatesthis segffient o be.~526 kb.

Monsanto Company

~~" indicates that only plasmid template'wasaised sifice the’Southern blot was hybridized with one probe.
‘--> indicates that the particularrestrigtion enzyme.or the combination of the enzymes was not used in the analysis.
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Table IV-2. Summary of Genetic Elements in MON 87708

Location

Genetic Element (bp) Function (Reference)

5' Flanking Sequences 1-1048 DNA sequence adjacent to the 5’ end of the
insertion site

DNA region from Agrobacterium tumefaciens

containing the Right Border sequence used for

transfer of the T-DNA (Depicker et al., 1982;

Zambryski et al., 1982)

Intervening sequence 1092-1136 | Sequence used in DNA cloning

Promoter for the Full-Length Transcript (FELt) of

peanut chlorotic streak’ocaulimovirus (Maiti and

B'-Right Border 1049-1091

2
P-PCISV H37-1569 Shepherd,¥1998) that<directs transeription in.plant
cells
Intervening sequence 1570-1589 | Sequeénce used in-DNA cloning
5\ non-translatéd. eegion “from the (TFobaceo Etch
L-TEV 1590-1721,.~ vitug,“genome ANiepel-and.\Galliey 1999) that is
involved in régulating gene expression
Intervening sequence 1722-1722 .4 Sequence used. iny DN A eloning

Sequences encoding.the transit'peptide,and the first
24 amino @cidsrof the matute protein of the RbcS
TS*-RbcS 1723-1965 " | gene from Pisuin sativum~(pea) (Fluhr et al., 1986)
that directs transport of the DMO precursor protein
to'the chloroplast

Intervening Sequenhce 1966-1974._ {Sequénce used in®NA-cloning

Qodingsequence for'the dicamba mono-oxygenase
CS’-dmo 1975-2997. A from~Stenotrophomonas maltophilia (Herman et al.,
2005; Wang epal., 1997)

Intervening Sequiehce 2998-3065. ;Sequence used in DNA cloning

3"“non-translated region from the RbcS2 gene of
Pisum-sativum (pea) encoding the Rubisco small
subunit, which functions to direct polyadenylation
of the mRNA (Coruzzi et al., 1984)

Intervening Sequence 37093797 Sequence used in DNA cloning

TS-E9 3066=3708

DNA region from Agrobacterium tumefaciens
B-Left Border” 37984051 | containing the Left Border sequence used for
transfer of the T-DNA (Barker et al., 1983)

DNA sequence adjacent to the 3’ end of the
insertion site

3" FlanKing Sequences | 4052-5322

'B-border.

*P-promoter.

’L-leader.

*TS- targeting sequence.

>S- coding sequence.

5T-3' non-translated transcriptional termination sequence and polyadenylation signal sequences.
*These borders are truncated.
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IV.A. Insert and Copy Number of T-DNA I in MON 87708

The copy number and insertion site of T-DNA I was assessed by digesting MON 87708
genomic DNA with the restriction enzyme combination Bsp/286 1/Pvu 1l or Hpa 1/Kpn 1
and hybridizing Southern blots with probes that span T-DNA I (Figure I1I-1). Each
restriction digest is expected to produce a specific banding pattern on the Southern blots
(Table IV-1). Since each detected segment contains flanking genomic DNA, any
additional integrated sites would produce a different banding pattern with additional
bands.

The restriction enzyme combination Bspl286 I/Pvu 1l cuts once within T=-DNA:L and
once within each of the known genomic DNA sequences flanking the 5'.and 3ends of
T-DNA 1 (Figure IV-1). Therefore, if T-DNA-V sequences” are present atba single
integration site in MON 87708, the digestion. with Bspl286 1/Pvul” was"expected to
generate two border segments with expected;sizes of ~2.6 kb and“*1.5kb (Figure’IV-1,
and Table IV-1). The ~2.6 kb restriction‘segment.contained genomi¢ DNA: flarking the
5" end of T-DNA I, the Right Border,-the PCISV promotery the (TEV leader, the RbcS
targeting sequence, and a portion of the;dmo coding“sequence:-"The ~1.5Xkb restriction
segment contained a portion of<the dmoccoding sequence,” the £9 3" non-translated
sequence, the Left Border, and genemic DNA flanking the-3" end of T-DNA-I.

The restriction enzymeccombination Hpa“l/Kpr'I cuts once within T-DNA I and once
within the known genomic 'DNA flanking the< 3'cend 0f T-DNA T (Figure IV-1).
Therefore, if T-DNA [ sequenices are présent at a single integration site in MON 87708,
the digestion with Hpa I/KpnJ‘was-expected tO generate~two border segments with
expected sizes-of ~1.7 kb ‘and. greater than' 2.7kb (Figure'lV-1, and Table IV-1). Since
the Hpa l/Kpn 1 restrictioncsite in\the genomic DINA flanking the 5’ end of the insert lies
outside ‘of the knewn. sequence, it‘wasmot possible to predict a precise segment size.
However, the segment size was. determined by Southern blot analyses to be ~5.6 kb
(Figures IV-20and V-39~ The 5.6 kb restriction segment contained genomic DNA
flanking the 5' end of T-DNA L the Right Berder, the PCISV promoter, the TEV leader,
the RbeS targeting sequencej-andoa portion of dmo coding sequence. The ~1.7 kb
restriction segment-¢ontained.ca” portion of the dmo coding sequence, the E9 3’
non-translated sequence, the ‘Left-Border, and genomic DNA flanking the 3' end of
T-DNA

In the"Southerncblot:analyses performed, each Southern blot contained a negative and a
positivé-control. . Conventional control genomic DNA digested with either the restriction
enzyme combination Bspl286 I/Pvu Il or Hpa I/Kpn 1 was used as a negative control to
determine if the probes hybridized to any endogenous soybean sequences. As a positive
control on the Southern blots, PV-GMHT4355 digested with the restriction enzyme
combination Aat II/Nde 1 was mixed with predigested conventional control DNA. The
positive hybridization control was spiked at 0.1 and 1 genome equivalent to demonstrate
sufficient sensitivity of the Southern blot. Individual Southern blots were hybridized
with the following probes: probes 8, 9, and 10 (refer to Figure III-1 and Table IV-1).
The results of this analysis are shown in Figures V-2 through IV-4.
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IV.A.1. Probe 8

Conventional control DNA digested with the restriction enzyme combination
Bsp1286 1/Pvu 11 (Figure IV-2, lanes 1 and 5) or Hpa I/Kpn 1 (Figure IV-2, lanes 3 and 7)
and hybridized with probe 8 (Figure III-1) produced no detectable hybridization bands as
expected for the negative control. PV-GMHT4355, digested with the restriction enzyme
combination Aat [I/Nde I and mixed with conventional control DNA predigested with the
restriction enzyme combination Hpa I/Kpn 1 (Figure IV-2, lanes 10 and 11), produced the
expected size band at ~7.4 kb (refer to Figure III-1 and Table IV-1). These results
indicate that the probe is hybridizing to its target sequence.

MON 87708 DNA digested with the restriction enzyme combiation BspF286 1/ Pvu 11
and hybridized with probe 8 (Figure IlII-1) produced one“unique band-~ab ~2.6 kb
(Figure IV-2, lanes 2 and 6). The ~2.6 kb band is the'expected size for the border
segment containing the 5’ end of T-DNA- along with the adjacent) genomiccDNA
flanking the 5" end of T-DNA I (Figure LV-1).

MON 87708 DNA digested with the’restriction enzyme*¢ombination Hpa 1/Kpn 1 and
hybridized with probe 8 (Figure IlI-1)‘produced.one unique band at=5.6:kb (Figure IV-2,
lanes 4 and 8). The ~5.6 kb band is consistent.with.the expected -band beirg greater than
2.7 kb for the border segment containing the-5S’ end of T-DNA I along with the adjacent
genomic DNA flanking the 5'.end of T-DNA [(Figure TV.<1).

No additional bands’ were detected; using”probe 8.:CBaséd onCthe results presented in
Figure IV-2, it was concluded. that T-DNAQ sequences covered by probe 8 reside at a
single integration locus as oné copy,in MON 87708.

IV.A.25 Probe 9

Conventional>, conttol DNA- digested.cwith-"the restriction enzyme combination
Bsp1286 1/Pvu 1L (Figure IV<3, lanes 1-and 5)or Hpa I/Kpn 1 (Figure IV-3, lanes 3 and 7)
and hybridized with-probe-9 (FiguredlI-1)produced no detectable hybridization bands as
expected for themegative control>PV-GMHTA4355, digested with the restriction enzyme
combination 4at [I/Vde Iand mixedwith conventional control DNA predigested with the
restriction €hzyme combination Hpa I/Kpn 1 (Figure IV-3, lanes 10 and 11), produced the
expected.'size band-at 74 kb’ (refer to Figure III-1 and Table IV-1). These results
indicate that'the-probe’ss hybridizing to its target sequence.

MON87708 DNA' digested with the restriction enzyme combination Bspl286 I/Pvu 11
and-hybridized" with probe 9 (Figure III-1) produced two unique bands at ~1.5 kb and
~2.6 kb (Figure IV-3, lanes 2 and 6). The ~1.5 kb band is the expected size for the border
segment containing the 3’ end of T-DNAT along with the adjacent genomic DNA
flanking the 3’ end of T-DNA I (Figure IV-1). The ~2.6 kb band is the expected size for
the border segment containing the 5’ end of T-DNA I along with the adjacent genomic
DNA flanking the 5’ end of T-DNA I (Figure IV-1).

MON 87708 DNA digested with the restriction enzyme combination Hpa I/Kpn 1 and
hybridized with probe 9 (Figure III-1) produced two unique bands at ~1.7 kb and ~5.6 kb
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(Figure IV-3, lanes 4 and 8). The ~1.7 kb band is the expected size for the border
segment containing the 3’ end of T-DNA 1 along with the adjacent genomic DNA
flanking the 3’ end of T-DNA I (Figure IV-1). The ~5.6 kb band is consistent with the
expected band being greater than 2.7 kb for the border segment containing the 5’ end of
T-DNA T along with the adjacent genomic DNA flanking the 5’ end of T-DNAI
(Figure IV-1).

No additional bands were detected using probe 9. Based on the results presented in
Figure IV-3, it was concluded that T-DNA I sequences covered by probe 9 reside at a
single integration locus as one copy in MON 87708.

IV.A.3. Probe 10

Conventional control DNA digested with ‘the restfiction enzyme( combination
Bsp1286 1/Pvu 11 (Figure IV-4, lanes 1 and 5).or Hpa 1/Kpn 1 (Figute 1V-4; lanes 3 and 7)
and hybridized with probe 10 (Figure I1I<D) produced no-detectable hybridization' bands
as expected for the negative control© PV,GMHT4355, digested: with” the  restriction
enzyme combination Aat II/Nde I and mixed with cefiventiohal-control DNA predigested
with the restriction enzyme combination Hpa l/Kpn I-(Figure [V-4, lanes 10 and 11),
produced two bands at ~4.0 kbyand ~7.4 kb. Both bands were expected because probe 10
contains E9 and left borderséquences-that hybridized.to;both the ~4.0 kb.and the ~7.4 kb
fragments from the digested plasmid (referto Figuredll-1cand Table IV-1). These results
indicate that the probe.is hybridizing to-its target sequence.

MON 87708 DNA digested, witho the. testriCtion cenzyme combination Bspl286 1/Pvu 11
and hybridized with probe«10 (Figurelll-L)“produced:’a unique band at ~1.5kb
(Figure IV44, lanes 2<and 6). The ~1.5 kb-band is the expected size for the border
segment. containing” the'3’ end of T-DNA I.along with the adjacent genomic DNA
flanking the 3’ gnd of T-DNA [ (FigurgIV-1):

MON 87708 DNA' digested-with-therestriCtion enzyme combination Hpa I/Kpn 1 and
hybridized with probe 10y(Figre IH-1) pfoduced a unique band at ~1.7 kb (Figure IV-4,
lanes4 and 8). Fhe ~1:7 kbbandis the expected size for the border segment containing
the 3" end of T-DNA I-along‘withthe adjacent genomic DNA flanking the 3’ end of
T-DNA I (Figure\I'V-D).

No .additional bands, Wwere detected using probe 10. Based on the results presented in

Figure EV:4, it was ¢oncluded that T-DNA sequences covered by probe 10 reside at a
single integration-locus as one copy in MON 87708.
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Figure IV-2.” Southern Blot Analysis-to .Determine Insert and Copy Number of
T-DNATin MON 87708:Probe 8

The blot was hybridized-with.a®*P labeled T-DNA'T probe that spans a portion of the T-DNA I
sequence (Probes8; Figure IH-1).. Each.lane_containsrapproximately 10 pg of digested genomic
DNA isolated-fromdeaf tissue. -IZane.designations are as follows:

Lane Description

1 Conventional.controH(Bsp? 286 1/Pvu 1)

2 MON-"87708 (Bspl 2861/ Pvu 1)

3 Conventional-contted (Hpa 1/Kpn 1)

4. MON:87708 (Hpall/Kpn 1)

S. Conventional\control (Bsp1286 1/Pvu 1)

65 MON-87708 (Bsp1286 I/Pvu 11)

7 Conventional control (Hpa I/Kpn 1)

8 MON 87708 (Hpa I/Kpn 1)

9. Blank

10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat 11/Nde 1)
(~1 genome equivalent)

11. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat II/Nde 1)

(~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.
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Figure IV-3.” Southern Blot Analysis-to .Déetermine Insert and Copy Number of
T-DNAIin MON 87708:Probe 9

The blot was hybridized-with.a®*P labeled T-DNA'T probe that spans a portion of the T-DNA I
sequence (Probe”9; Figure IH-1),.. Each.lane contains approximately 10 pg of digested genomic
DNA isolated-fromdeaf tissue. -IZane.designations are as follows:

Lane Description

1 Conventional.contro( Bsp? 286 1/Pvu 1)

2 MON-"87708 (Bspl 2861/ Pvu 11)

3 Conventional-contted (Hpa 1/Kpn 1)

4. MON:87708 (Hpall/Kpn 1)

S. Conventional\control (Bsp1286 1/Pvu 1)

65 MON-87708 (Bsp1286 1/Pvu 11)

7 Conventional control (Hpa I/Kpn 1)

8 MON 87708 (Hpa 1/Kpn 1)

9. Blank

10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (4at 11/Nde 1)
(~1 genome equivalent)

11. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (A4at II/Nde 1)

(~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.
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Figure IV-4.” Southern Blet Analysis to ‘Determine, Insert and Copy Number of
T-DNA Lin MON 87708:-Prebe 10

The blot was hybridized with'a **P Jabeled T-DNA I probe that spans a portion of the T-DNA I
sequence (Probe®0, Figure #II-1):-Eachilane-¢ontains approximately 10 pg of digested genomic
DNA isolated from'leaf tissue. cIéanedesighations ate as follows:

Lane Description

1 Conveitional.control (Bsp7286 1/Pvu 1)

2 MON 87708 (Bsp1286:Y Pvu 11)

3 Conventional control (Hpa I/Kpn 1)

4, MON87708 (Hpal/Kpn 1)

5. Conventional ‘eontrol (Bsp1286 1/Pvu 11)

6; MON87708 (Bsp1286 I/Pvu 11)

7 Conventional control (Hpa I/Kpn 1)

8 MON 87708 (Hpa 1/Kpn 1)

9. Blank

10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat 11/Nde I)
(~1 genome equivalent)

11. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat 1I/Nde 1)

(~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.

Monsanto Company 10-SY-210U 57 of 721



IV.B. Southern Blot Analysis to Determine the Presence or Absence of T-DNA II
Sequences in MON 87708

To determine the presence or absence of T-DNA Il sequences, MON 87708 and
conventional control genomic DNA were digested with the restriction enzyme
combination Bspl286 1/Pvu 1l or Hpa I/Kpn 1 and Southern blots were hybridized with
probes that span the T-DNA II sequence (Figure III-1). As a positive control on the
Southern blots, PV-GMHT4355 digested with the restriction enzyme combination
Aat 1I/Nde 1 was mixed with predigested conventional control DNA. The positive
hybridization control was spiked at 0.1 and 1 genome equivalent to demenstrate
sufficient sensitivity of the Southern blot. Each blot was hybridized with :one of three
overlapping probes spanning the T-DNA II sequence other than'the two bordet regions
that share the same sequences as present in T-DNA’I (Probes 4, 5 and 6§ Figure’llI-1). If
T-DNA II sequences were present in MON-87708, then probing withcthe T-DNA II
sequences should result in unique hybridizing bands(<The results of(this«analysis are
shown in Figures V-5 through IV-7.

IV.B.1. Probe 4

Conventional control DNA digested“with Bsp£286 /Pvu IV (Figure IV-5, Janes 1 and 5)
or Hpa I/Kpn 1 (Figure IN~8, lanes 3,and [7) and>hybridized" with" probe 4 showed no
detectable hybridizationzbands;”’as €xpeeted for’'thetnegative control PV-GMHT4355,
previously digested ~withAat IH/Nde I and” mixed. with ¢enventional control DNA
predigested with Hpa I/ Kpn 14(Figure [V=5, lanes 10" and-11),“produced two bands at
~4.0 kb and ~7:4’kb-Bothbands‘were expécted because prebe 4 contains E9 sequence
that hybridized to béth the ~4.0'kband the ~74kb dragments from the digested plasmid
(refer to.Figure I1I-1 and Table IM-1).These results indicate that the probe is hybridizing
to its target sequence.

MON 87708 MDNA{digested ywith the restriction enzyme combination Bspl286 I/Pvu 11
and hybridized “with;-probe’4. (Figure 1II-1) produced one unique band at ~1.5kb
(FiguredV-5, lanes?2 ,and 6)7 .MON 87708 DNA digested with Hpa I/Kpn1 and
hybridized with:probe\4 (Figure 4l1-1)produced one unique band at ~1.7 kb (Figure IV-5,
lanes 4 and 8). Pfobe 4 contains the E9 3’ non-translated region sequence that is also
contained-in T-DNAJ{(Figure I1I-1). Therefore, probe 4 was expected to hybridize to the
~1.5 kbland 1.7 kb fragments=(Figure [V-1) derived from the T-DNA I insert. These
bands-were:also,detected by probe 10 (Figure I[V-4, lanes 2 and 6, and lanes 4 and 8).
Any T-DNAJLD sequences other than those associated with T-DNA I would be detected as
novel’bands. No unexpected bands were detected indicating that MON 87708 contains
no detectable T-DNA II elements covered by probe 4.

IV.B.2. Probe 5

Conventional control DNA digested with the restriction enzyme combination
Bsp1286 1/Pvu 11 (Figure IV-6, lanes 1 and 5) or Hpa I/Kpn 1 (Figure IV-6, lanes 3 and 7)
and hybridized with probe 5 (Figure I1I-1) showed no detectable hybridization bands, as
expected for the negative control. PV-GMHT4355, previously digested with Aat II/Nde 1
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and mixed with conventional control DNA predigested with Hpa I/Kpn 1 (Figure IV-6,
lanes 10 and 11), produced two expected size bands at ~4.0 kb and ~7.4 kb (refer to
Figure I1I-1 and Table IV-1). These results indicate that the probe is hybridizing to its
target sequence.

MON 87708 DNA digested with the restriction enzyme combination Bspl286 I/Pvu 11
(Figure IV-6, lanes 2 and 6) or Hpa I/Kpn 1 (Figure IV-6, lanes 4 and 8) and hybridized
with probe 5, produced no detectable hybridization bands. These results indicate that
MON 87708 contains no detectable T-DNA II elements covered by probe 5.

IV.B.3. Probe 6

Conventional control DNA digested with Bsp1286'1/Pvu 11 (Figure IV<7, lanés)1 and 5)
or Hpa I/Kpn 1 (Figure IV-7, lanes 3 and 7) and hybridized’ with probe 6{(Figuse I11-1)
showed no detectable hybridization bands,” as expécted for «the -negative  control.
PV-GMHTA4355 previously digested with Aat [1/Nde 1 aand mixedwith{conventional
control DNA predigested with Hpa I/Kpn 1{Figure 1V=6; lanes 10cand 11 produced one
expected size band at ~7.4 kb (refer to,Figure I1I-1, and” Table IV-1). «These results
indicate that the probe is hybridizing toits target sequence.

MON 87708 DNA digested”with:the restriction..€nzyme combination Bspl286 I/Pvu 11
(Figure IV-7, lanes 2 and 6) ot-Hpal/Kpnl (EiguredV-7-Janes4 and 8) and hybridized
with probe 6 produced no.detectable iybridization bands. ~These results indicated that
MON 87708 contaitis nodetectable-F-DNA II elements covered by probe 6.
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Figure I'V-5{>Southern Blot-Analysis toDetect the Presence or Absence of T-DNA 11
Sequences-in MON 877082 Prebe 4

The blot was hybridized with a 2*P labeled TSEDNAUII probe that spans a portion of the T-DNA II
sequence (Probe4; Figure 11J<1).. Each lane contains.@pproximately 10 ug of digested genomic
DNA isolated-fromdeadf tissue. Dane designations are as follows:

Lane Description

1 Conventional contel(Bspd286 1/Pvu 11)

2 MON87708/(Bspt2860/Pvu 11)

3 Conventional controly(Hpa 1/Kpn 1)

& MON87708 (Hpal/Kpn 1)

5. Conventiohaleontrol (Bsp1286 1/Pvu 1)

3% MON.87708 (Bsp1286 1/Pvu 1)

7 Conventional control (Hpa I/Kpn 1)

8 MON 87708 (Hpa l/Kpn 1)

9. Blank

10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat lI/Nde 1)
(~1 genome equivalent)

11. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat lI/Nde 1)

(~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.
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Figure IV<6. Southern Blot’Analysisto Detect the Presence or Absence of T-DNA 11

Sequences in MON'87708: PrebeS

The blot was hybridized with’a **Pdabeled. T-DNA Ilprobe that spans the coding region of the
T-DNA II sequence (Rrobe.$; Figure IH=Y). -Each lane contains approximately 10 pg of digested
genomic DNA 1solated from Jeaftissu¢. Lane designations are as follows:

Lane Description
Conventional contrel (Bspl286 1/Pvu 1)
2 MON 87708 (Bsp1286-1/Pvu 11)
3 Conventional contrfol (Hpa I/Kpn 1)
4. MON 87708 (Hpa'l/Kpn 1)
5, Conventional control (Bsp1286 1/Pvu 11)
6 MON87708 (Bsp1286 I/Pvu 11)
7 Conventional control (Hpa I/Kpn 1)
8 MON 87708 (Hpa l/Kpn 1)
9 Blank

(~1 genome equivalent)

1
10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat lI/Nde 1)

11. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (4at 1I/Nde 1)

(~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on

ethidium bromide stained gel.
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Figure IV-7:Southern-Blot Analysis to’Deteet the' Presence or Absence of T-DNA 11
Sequences'in MON. 877082 Probe.6

The blots were hybridizéd with a *’P labéled T-DNAII probe that spans a portion of the
T-DNA II sequence (Probe 65 Figure 111<1)). Each lane‘Contains approximately 10 pg of digested
genomic DNAsolated fromt leaftissuey-Lane designations are as follows:

Lane Description

1 Conventional contrel(Bsp2286 1/Pvu 1)

2 MON87708(BspI286.1/Pvu 11)

3 Conventional ontrol(Hpa I/Kpn 1)

4. MON-\87708 tHpal/Kpn 1)

5. Conventionahcontrol (Bsp1286 1/ Pvu 11)

6 MON.87708 (Bsp1286 I/Pvu 11)

7 Couventional control (Hpa I/Kpn 1)

8 MON 87708 (Hpa l/Kpn 1)

9. Blank

10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat lI/Nde 1)
(~1 genome equivalent)

11. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat 1I/Nde 1)
(~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.
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IV.C. Southern Blot Analysis to Determine the Presence or Absence of
PV-GMHT4355 Backbone Sequences in MON 87708

To determine the presence or absence of PV-GMHT4355 backbone sequences,
MON 87708 and conventional control genomic DNA were digested with the restriction
enzyme combination Bspl2861/Pvull or Hpal/Kpnl and Southern blots were
hybridized with probes that span the plasmid vector backbone sequence (Figure III-1).
As a positive control on the Southern blots, digested PV-GMHT4355 and probe
templates generated from PV-GMHT4355 were used. Approximately 1 genome
equivalent of PV-GMHT4355 digested with the restriction enzyme combination
Aat 11/Nde 1 was mixed with predigested conventional control DNA. As an additional
positive control, approximately 0.1 and 1 genome equivalent of probe témplates
(Figure III-1, probes 1, 2, 3, and 7) generated froem PV-GMHT4355 vereanixed with
predigested conventional control DNA. The blot was hybridized with-probes 12, 3, and
7 (Figure III-1). If backbone sequences ar¢’present in"MON 87708, then probing with
backbone probes should result in hybridizing bands. Fhe results Of this analysis are
shown in Figure IV-8.

IV.C.1. Plasmid Vector Backbone Probes 1, 2,3, and 7

Conventional control DNA c«digested with .the .restriction sehzyme combination
Bsp1286 1/Pvu 11 (Figure,1V-8,fanes™1 and”S) er’Hpal/Kpn (Figure IV-8, lanes 3 and 7)
and hybridized simultaneously with the“probes 152, 3,.and 7(Figure I1I-1) spanning the
entire backbone sequenee of PV-GMHT4355 showed no.detectable hybridization bands,
as expected for’ the“negative~‘control. . PV-GMHT4355; -previously digested with
Aat 11/Nde 1 cand mixedowith*conventional control DNApredigested with Hpa I/Kpn 1
(Figure [V=8, lane 10);-produced-two €xpected size'bands at ~4.0 kb and ~7.4 kb (refer to
Figure TH-1 and.TabledV-1)c\"In addition, there are two faint hybridization bands at
~4.5 kb and ~14;kb (Figure IV-8;lane-10). -The ~4)5 kb band was likely due to an artifact
that occurred” during the electrophoresis, and the ~11kb band was likely due to
undigested\ plasmid IDNA “or an@rtifact that-occurred during the electrophoresis. Since
these faint bands (appeared -only-.in' the ‘plasmid spike and the expected bands were
observed, theychave-no negativesimpact on the conclusions made from this blot. Probe
template spikes of‘probes 1,2, 3,~and 7 (Figure III-1) generated from PV-GMHT4355
mixed with conventionalocontrel DNA predigested with Hpa I/Kpn 1 (Figure IV-8,
lanes 1d+and?12) (produced the expected size bands at ~0.2 kb, ~0.9 kb, ~1.5 kb, and
~1,8%kb, respectively:. The 0.1 genome equivalent copy of the expected ~0.2 kb band was
not observed on the’exposure of the Southern blot that is reported in Figure IV-8§, lane 12;
however, the band was observed on the same blot with a longer exposure. These results
indicate that the probes are hybridizing to their target sequences.

MON 87708 DNA digested with the restriction enzyme combination Bspl286 I/Pvu 11
(Figure IV-8, lanes 2 and 6) or Hpa I/Kpn I (Figure IV-8, lanes 4 and 8) and hybridized
simultaneously with probes 1, 2, 3, and 7 produced no detectable bands. The data
indicate MON 87708 contains no detectable backbone sequences from PV-GMHT4355.
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Figure IV-8. ~Southern<Blot Analysis to Determine . the Presence or Absence of
PV-GMHT4355 Backbone Sequéncesin MON 87708:, Probes 1, 2, 3, and 7

The blotwas hybridized simultangously“with-four P’ labéled backbone probes (Probes 1, 2, 3,
and 7, Figure I1I-1)0 Eachilane contains approximately=<}0 pg of digested genomic DNA isolated
from leaf tissue. “ane. designations are asHfollows:

Lane Description

1 Conventienal centrol (Bsp 1286 1/Pvu 1)

2 MON 87708\(Bspl286 1/Pvu 11)

3. Conventional control (Hpa I/Kpn 1)

4, MON 87708 (Hpa liKpn )

5 Conventional control (Bsp1286 1/Pvu 11)

6 MON 87708 B5p1286 1/Pvu 1)

7 Conyventional control (Hpa I/Kpn 1)

8 MON 87708 (Hpa l/Kpn 1)

9. Blank

10. Conventional control (Hpa I/Kpn 1) spiked with PV-GMHT4355 (Aat 11/Nde I)
(~1 genome equivalent)

11. Conventional control (Hpa l/Kpn 1) spiked with probe templates (~1 genome
equivalent)

12. Conventional control (Hpa I/Kpn 1) spiked with probe templates (~0.1 genome
equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.
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IV.D. Organization and Sequence of the Insert and Adjacent DNA in MON 87708

The organization of the elements within the T-DNA I was confirmed by DNA sequence
analyses. PCR primers were designed with the intent to amplify two overlapping regions
of the DNA that span the entire length of T-DNA I (Figure B-1, Appendix B). The
amplified DNA segments were subjected to DNA sequencing analyses. The T-DNA I in
MON 87708 is 3003 bp and matches the sequence of plasmid vector PV-GMHT4355, as
described in Tables III-1 and IV-2.

IV.E. PCR and DNA Sequence Analyses to Examine the MON 87708 Insertion Site

PCR and sequence analyses were performed on genomic>DNA extracted™ from
MON 87708 and conventional control to examine the inseftion sitesc. TheCPCR was
performed with one primer specific to the genamic DNA sequence flanking the.5' end of
T-DNA I paired with a second primer specific to the geénomic DNA sequence flanking
the 3’ end of T-DNA I (Figure B-2, Appendix B). A‘sequenceicompatison between the
PCR product generated from the conventional ceftrol-and the sequence-generated from
the 5’ and 3’ flanking sequences of (F-DNA'I inyMON 87708 indicates thefe was an 8§99
bp deletion and a 128 bp insertion just S’ of T-DNA I;“and a’35 bp insertion just 3’ of
T-DNA 1. These molecular rearrangements presumably-resulted from double-stranded
break repair mechanisms in‘the«plant during'the Agrobacteriiim-mediated: transformation
process (Salomon and Puchta, 1998).

IV.F. Southern Blot Analysis>to Examine Insert Stability in Multiple Generations of
MON 87708

In order to, demonstrate the” stability-‘of the’ T-DNA & insert present in MON 87708
through\multiple generations, Southern blot analysis,was performed using DNA obtained
from five breeding geénerations of MON 87708.. For reference, the breeding history of
MON 87708 as presented-in Figure }V-9.:(The specific generations tested are indicated in
the legend ~of (Figure TV-10. ~The'R3 (generation was used for the molecular
characterization analyses shown in Figures'1V-2 through IV-8. To analyze stability, four
additienal generations were“evaluated’by Southern blot analysis and compared to the
fully characterized?R; generation. \Genomic DNA, isolated from each of the selected
generation$. of -MON87708 and" the conventional control, was digested with the
restriction  enzymecombination Bspl286 I/Pvu Il (Figure IV-1) and hybridized with
probe® (Figure HI-1).~ Probe 9 will detect both border fragments generated by the
Bsp12861/Pyw11 digestion. Any instability associated with the T-DNA I insert would be
detected as‘novel bands within the fingerprint on the Southern blot. The Southern blot
has the same positive hybridization controls as described in Section IV.A. The results are
shown in Figure IV-10.
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IV.F.1. Probe9

Conventional control DNA digested with the restriction enzyme combination
Bsp1286 1/Pvu 11 produced no hybridization signals (Figure IV-10, lane 1) as expected
for the negative control. PV-GMHT4355, digested with the restriction enzyme
combination Aat II/Nde I and mixed with conventional control DNA predigested with the
restriction enzyme combination Bspl286 1/Pvu 11 (Figure IV-10, lanes 8 and 9), produced
the expected size band at ~7.4 kb (refer to Figure III-1 and Table IV-1). Additionally,
there were two very faint hybridization bands in the ~1 genome equivalent plasmid
vector PV-GMHTA4355 spike at ~4.3 kb and ~6.5 kb observed in a longer exposure of the
Southern blot (data not shown). These bands were likely due to_an artifact that occurred
during the electrophoresis. Since these faint bands appeared only in the plasmid vector
spike and the expected ~7.4 kb band was observed; they do not have any negative impact
on the conclusions from this Southern blot analysis. These results indicate that'the probe
is hybridizing to its target sequence.

Digestion of MON 87708 genomic DNA from multiple generations with' the.restriction
enzyme combination Bspl286 1/Pvu 1l;yand, Chybridizedy with probe 9= (Figure II1-1)
produced two bands at ~1.5 kb and ~2.6 kb(Figure V<10, lanes 2-6). The ~1.5 kb band
is the expected size for the border segment containing the 3’ end of. T-DNA T along with
the adjacent genomic DNA-flanking the 3'cend of 'T-DNA I(Figure IVs1). The ~2.6 kb
band is the expected size for.the border segment containing theS” end’of T-DNA I along
with the adjacent genomicy DNA-flanking: the 5/ end-of T=DNAY (Figure IV-1). The
fingerprint of the<Southern blot signalsCfrom. multiple. generations, R, R4, Rs, and Rg
(Figure IV-10, clanes-2, 4,95, .and.6); of \AMON 87708 is consistent with the fully
characterized> generatiotv Ri~(Figure V<3, lancs 2Cand 6;” Figure IV-10, lane 3). No
unexpected” bands were .detected, indicating that MON 87708 contains one copy of
T-DNA 1 that is stably.- maintained acrossimultiple generations.
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Ry—originally transformed plant; g <self pollinated

Figure I'V-9. Breeding History of MON 87708

The R; generationwas'used for the molecular analysesTeported in Figures IV-2 through IV-8 and
is referred to'as MON 87708 din-all-Southern blot figures. The Rs generation was used for
development of all’commergial praducts. OMON-87708 from generations R,, R3, Ry, Rs, and Ry
(bolded-Ain the breeding tree) were used for danalyzing the stability of T-DNA I in MON 87708
across generations (Figure'I V.- 10).
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Figure I'V-10. Southern Blot Analysis tet'Examine Insert Stability in Multiple
Generations of MON 87708: . Probe 9

The blot was-hybridized swith a73°P labeled F-DNAT probe that spans the coding region of the
T-DNA I (Probe 9; Figure [I1=1). \Each lane contains approximately 10 ug of digested genomic
DNA is¢lated from leaf tissue. Iiane.designations are as follows:

Lane “Description

1 Gonventional contrah(Bsp 1286 1/Pvu 1)

2 R, generation*of MON 87708 (Bsp1286 1/Pvu 11)

3. Rggenetrationof MON 87708 (Bsp1286 I/Pvu 11)

4 R} generation of MON 87708 (Bsp1286 1/Pvu 11)

5 Rs{generation of MON 87708 (Bsp1286 1/Pvu 1I)

6 R generation of MON 87708 (Bsp1286 1/Pvu 11)

7 Blank

8 Conventional control (Bspi2861 and Pvull) spiked with PV-GMHT4355
(dat II/Nde 1) (~1 genome equivalent)

9. Conventional control (Bspl2861 and PvulIl) spiked with PV-GMHT4355
(Aat 11/Nde 1) (~0.1 genome equivalent)

Arrows denote sizes of DNA, in kilobase pairs, obtained from molecular weight markers on
ethidium bromide stained gel.
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IV.G. Inheritance of the Genetic Insert in MON 87708

During development of MON 87708, segregation data were generated to assess the
heritability and stability of the T-DNA I present in MON 87708. Chi-square analysis was
performed over several generations to confirm the segregation and stability of T-DNA I
in MON 87708. The Chi-square analysis is based on testing the observed segregation
ratio to the expected segregation ratio according to Mendelian principles.

The MON 87708 breeding path, from which segregation data were generated, is
described in Figure IV-11. The transformed Ry plant was self-pollinated to produce R;
seed. An individual plant (#2, designated as MON 87708), that was homozygous-for a
single copy of the dmo expression cassette, was identified Arom the R;“segregating
population via Invader® and Southern blot analysis. Invaderts a non-PCR based assay
that can be used to accurately quantify transgene copy number in plant genomes’(Gupta
et al., 2008).

The selected Ry MON 87708 plant was’self-pollinated<to’ give riseto a population of R,
plants that were repeatedly self-pollinated,throuigh the"R4 generation.. At each generation,
the fixed homozygous plants were tested for .the expected. segregation’ pattern of 1:0
(positive:negative) for the dmo expression cassette wsing-the Invadet analysis, Southern
blot analysis, and/or PCR,

At the R4 generation,homezygous MON 87708 plants-were-bred via traditional breeding
with a soybean variéty that did not contain the dnio-expression cassette to produce F;
hemizygous seed; The'resulting®; plants;were then self-pelinated to produce F, seed.
The F, plants-wer&tested for the presence ofi‘the dmo expression cassette by Invader
analysis, afid hemizygous E; plants wete selected>and self-pollinated to produce Fs seed.
This process was repeated through the Fggeneration:, The heritability and stability of the
dmo expression cassette inMON87708 was assessed in the F,, F3, and F4 generations. A
total of 2413%out of 3223 plants _were, positive for the presence of the dmo expression
cassette in‘the Fo-generation; hoeweverthe zygosity of 200 of those 2413 plants could not
be detefmined fromy the-assayi-<Exclusion‘of these dmo-positive plants from the analysis
likely>~  wouldy” have .skewed -x‘the  distribution of homozygous positive:
hemizygous. positive:homozygous negative plants. Therefore, the segregation assessment
in the F, generation was based an’the presence or absence of the dmo expression cassette
which was expected to.segregate at a 3:1 (positive:negative) ratio according to Mendelian
inhetitance- principles.” Subsequently, assessment of segregation in the F; and Fu
generations was.based on zygosity, and the dmo expression cassette was predicted to
segregate at a.1N2:1 (homozygous positive:hemizygous positive :homozygous negative)
ratio according to Mendelian inheritance principles.

A Chi-square (%) analysis was used to compare the observed segregation ratios to the
expected ratios according to Mendelian inheritance principles. The x* was calculated as:

C=XI[(lo-e|)2/¢]
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where o = observed frequency of the phenotype and e = expected frequency of the
phenotype. The level of statistical significance was predetermined to be 5%.

The results of the y* analysis of the segregating progeny of MON 87708 are presented in
Table IV-3. The x2 value for the F,, F3, and F4 generations indicated no significant
difference between the observed and expected segregation ratios. These results support
the conclusion that the dmo expression cassette in MON 87708 resides at a single locus
within the soybean genome and is inherited according to expected Mendelian inheritance
principles. These results are also consistent with the molecular characterization data that
indicate MON 87708 contains a single, intact copy of the dmo expression cassette that
was inserted into the soybean genome at a single locus.
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Transformed and regenerated R, plant
! ®
R,
l Plant #2 (MON 87708) selected and self pollinated

R, (homozygous positive)
l ®
R; (homozygous positive)

l@

homozygous positive » F (hemizygeus positive
R Zygous positive) cross with variety/that didnot 1 ( Zygo0s positive)
l contain the dno expression l ®
cassette
Breeding path continued F¥(expected $€gregation of G11)”

positiye : negative

V@

Fy(expieted segregation of 1:2:1)"
homozygous positive ¢hemizygous positive : homozygous negative

I

F, (expected segregation of 1:2:1)"
homozygous positive : hemizygous positive : homozygous negative

® = Self pollinated

Figure IV-11. Breeding Path for Generating Segregation Data for MON 87708

* Chi-square analysis conducted on segregation data from the F,, F3, and F, generations.
Note: Hemizygous positive plants in the F, F,, F3, and F, generations were selected and self-pollinated to produce seed of the subsequent generation.
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Table IV-3. Segregation of the dmo Expression Cassette During the Development of MON 87708

3:1 Segregation’
Total Observed Observed  Expected  Expected
Plants # Plants # Plants # Plants # Rlants
Generation'  Tested” Positive Negative Positive Negative x2 Probability

F> 3223 2413 810 2417.25 805.75 0:03 0.863

1:2:1 Segregation

Observed Observed Observed Expected Expécted Expected

Total # Plants # Plants # Plants # Plants # Plants # Plants
Plants Homozygous Hemizygous,‘\Homozygous . Homozygous Hemizygous Homozygous
Generation'  Tested” Positive Positive Negative Positive Positive Negative x> Probability
F; 118 29 52 37 29.5 59 29.5 2.7 0.2534
F4 343 83 171 89 85.75 171.5 85.75 0.2 0.8991

'F., F3, and F, progeny were from sélf-pollinated:E{, F,;‘and F5 plantshemizygous positive for the dmo expression cassette, respectively.

*Plants were tested for the presence of the dmo-expressioneassette by Iivader‘analyss.

Assessment of segregation in the F, generation(was based on the preseiice or'absence of the dmo expression cassette due to an unacceptable
number of dmo-positive plants for which'zygosity cenld nét be determined from the assay.
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IV.H. Genetic Modification Characterization Conclusion

Molecular characterization of MON 87708 by Southern blot analyses demonstrated that a
single copy of the T-DNA I sequences from the plasmid vector PV-GMHT4355 was
integrated into the soybean genome at a single locus. There were no additional genetic
elements from the T-DNAII or backbone sequences of the plasmid vector
PV-GMHT4355 detected, linked or unlinked to the intact T-DNA T present in
MON 87708.

The PCR and DNA sequence analyses performed on MON 87708, which confiumed the
organization of the elements within T-DNA I, demonstrated the 5’ and 3’ insert-to-plant
junctions and determined the complete DNA sequence of T-DNA I and adjacent DNA
sequence flanking the insert in MON 87708. Analysis of the T-DNA- I .insértion site
indicates that there was an 899 bp deletion ofgenomic DNA at the insert=to-plant DNA
junction. Additionally, a 128 bp insertiog-was identified in th¢”5' :adjacent flanking
sequence of MON 87708 and a 35 bp insértion was identified i the 3" adjacent flanking
sequence of MON 87708.

Generational stability analysis by . Southern blot demonstrated that MON; 87708 has been
maintained through five breeding “generations, .therebyconfirming the - stability of
T-DNA T in MON 87708~<Results fromsegregation,-analyses show heritability and
stability of the insert;, occutredCas expected ~across cmultiple = generations, which
corroborates the molecular-insert stabitity analysis,and.establishes the genetic behavior of
the T-DNA I in MON 87708 ataa single chromosomal-locus:

Monsanto Company 10-SY-210U 73 of 721



V. CHARACTERIZATION AND SAFETY ASSESSMENT OF THE
MON 87708 DMO

Characterization of the introduced protein in a biotechnology-derived crop product is
important to establishing its food, feed, and environmental safety. As described in
Section IV, MON 87708 contains a dmo expression cassette that upon translation results
in two forms of the DMO protein; referred to as DMO and DMO+27 (Section V.A). The
active form of these proteins, necessary to confer dicamba tolerance, is a trimer
comprised of three DMO monomers (Chakraborty et al., 2005). In MON 87708, the
trimer can be comprised of DMO, DMO+27, or a combination of both. Ther¢fore, this
document will refer to both forms of the protein and all forms of the trisner as
MON 87708 DMO.

This section summarizes: 1) the functionality of DMO; 2) the characterization of
MON 87708 DMO; 3) the levels of MON, 87708 DM@ in plant tissues;4) assessmient of
the potential allergenicity of MON 87708 DMO and %) therfood; feedJandenvironmental
safety assessment of MON 87708 DMO. Fhe data“suppeort a:conclusion-that MON 87708
is safe for the environment and human:6r animal .consumption'based on several lines of
evidence, all of which are summarized.below:

V.A. Function of DMO and MON 87708 DM

DMO was initially-purnified cfromCStenotrophomondas maltophilia (S. maltophilia)
strain DI-6, isolated from soil“at acdicamba manufacturing plant (Krueger et al., 1989).
DMO is an enzyme-that ;catalyzes the demethylationof dicamba to the non-herbicidal
compound DESA and.formaldehyde (Chakraborty €t al.,<2005). DMO is a Rieske-type
non-hemetiton oxygenasey that-is part of\a thfee comiponent system comprised of a
reductase, a ferredoxingiand 4a-ternithal oxygenase,vin this case the DMO. These three
enzymes work ¢ogether in,a redox system similaro many other oxygenases to transport
electrons freth nicotinamide adenine dinucleotide (NADH) to oxygen and catalyze the
demethylation (Behréns et-al., 2007) as-presented in Figure V-1.

3,6 DCSA
Dicamba O OH
Reductase Ferredoxin Mono-Oxygenase
NADH (oxidized) (reduced) (oxidized)
+ Flavin [2Fe-2S] [2Fe-2S]
e Fe+2
Formaldehyde
Dicamba OCH
NAD+ Reductase Ferredoxin Mono- Oxygenase 3
(reduced) (oxidized) (reduced
Dicamba

Figure V-1. Three Components of the DMO Oxygenase System
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The crystal structure of a DMO has been solved (D'Ordine et al., 2009; Dumitru et al.,
2009) and shows that the DMO monomers contain a Rieske [2Fe-2S] cluster domain and
a non-heme iron center domain typical of all Rieske-type mono-oxygenases (Ferraro et
al., 2005). To catalyze the demethylation of dicamba, electrons transferred from NADH
are shuttled through an endogenous reductase and ferredoxin to the terminal DMO. The
electrons are received by the Rieske [2Fe-2S] cluster on one DMO monomer and
transferred to the non-heme iron center at the catalytic site of an adjacent monomer
(D'Ordine et al., 2009; Dumitru et al., 2009), where it reductively activates oxygen to
catalyze the final demethylation of dicamba. As a result of the reaction, 3.6
dichlorosalicylic acid (DCSA) and formaldehyde are formed. DCSA is a knowmwsoybean,
soil, and livestock metabolite whose safety has been evaluated by the CEPA.
Formaldehyde is found naturally in many plants-at levels yp.to severalchundred ppm
(Adrian-Romero et al, 1999). An assessment of-the safety\and potential effects of the
DMO reaction products is provided in SectionidX.B.3.6.

V.A.1. Formation of MON 87708 DMO

DMO is targeted to chloroplasts for-co-localizatiomywithCthe endogenous-réductase and
ferredoxin enzymes that supply< electrons, for<‘the . DMQ-. demethylation reaction as
described by Behrens et al. (2007).. The MON<87708,DMO’precurser protein contains 84
additional amino acids cerreésponding,to a~57 amine:acid. Chloroplast:Transit Peptide
(CTP) from pea and 24 amino acids from the N<erminal coding“tegion of the pea
Rubisco small (RbcS)-subunit to-target the protein;to the chloroplast (Comai et al., 1988),
and three amino a¢ids_from anintervening sequenceused-for cloning purposes (Table III-
I). It was anticipated-that‘during’translocation_of the DM@ precursor into chloroplasts
the introduced 84 amino acids would:be fully cleaved resulting in the predicted N-
terminus ©f'the DMQ protéin. However, analysis‘of mature seed extracts by western blot
demonstrated the~presence of two’ immunoreactive bands (Figure C-2, Appendix C).
Analysis of these two bandsy-determined that” the lower molecular weight band
corresponded“to_the ful-length. DMO, protein” (referred to as DMO). DMO has an
apparent molecular sveight of 39:8 kDa andis a single polypeptide chain of 339 amino
acids. The higher ‘molecular;weight band “of approximately 42 kDa corresponded to the
full-length DMO™ protein plus 27 aniihio acids originating from the pea Rubisco small
subunit and-intervening‘sequence.on its N-terminus (referred to as DMO+27; 367 amino
acid polypeptide): Both forms ef'the DMO protein were characterized (Appendix C).

As.described pfeviously the active form of DMO is a trimer (Chakraborty et al., 2005;
Dumitrw et @l 2009). For MON 87708 DMO to be functionally active and confer
dicamba tolerance to MON 87708, a trimeric structure is required. This trimer contains
either form of DMO or a mixture of both, and its activity was confirmed during
characterization (Section V.B. and Appendix C).

V.A.2. Specificity of MON 87708 DMO

DMO has high specificity for its substrate dicamba (D'Ordine et al., 2009; Dumitru et al.,
2009). The specificity of DMO for dicamba is likely due to the specific interactions that
occur in the catalytic site between the dicamba substrate and DMO. Dicamba interacts
with amino acids in the active site of DMO through both the carboxylate moiety and the
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chlorine atoms of dicamba, which are primarily involved in orienting the substrate in the
catalytic pocket. These chlorine atoms are required for catalysis (D'Ordine et al., 2009;
Dumitru et al., 2009).

The possibility that MON 87708 DMO can metabolize plant endogenous substrates was
tested in in vitro experiments using an Escherichia coli (E. coli)-produced DMO. The E.
coli-produced DMO is similar in sequence and function to MON 87708 DMO, therefore
it is appropriate to extend specificity data generated with the E. coli-produced DMO to
MON 87708 DMO (Appendix C.2.). A set of potential substrates was selected based on
structural similarity to dicamba and abundance in soybean (Janas et al., 2000), including
o-anisic acid (2-methoxybenzoic acid), vanillic acid (4-hydroxy-3-methoxybenzoiccacid),
syringic acid (3,5-dimethoxy-4-hydroxybenzoic acid), ferulic” acid [34(4-hydtoxy-3-
methoxy-phenyl)prop-2-enoic  acid]  and >sinapic .\ acid  [3-(4-hydroxy-3,5-
dimethoxyphenyl)prop-2-enoic acid] (Figure:\V-2). The disappearance: ofxpotential
substrates and the formation of potential oxidation products were monitored’using LC-
UV and LC-MS (Appendix C). None«ot the tested’substrates)was‘metabolized by the
E.coli-produced DMO in vitro. Therefore;? DMO), though«structurally, similar to other
Rieske mono-oxygenases, is speeific..for dicamba)(se€-Section V.E.3 “for additional
details).

’l COOH COOH COOH CH=CHCOCH CH=CHCOOCH
COOH ) of : A !
d " 4, ~OCHg |K Il Hy '.jﬂ‘b'"“"‘i " ;:“’T‘l PR T : ’f-;-l
| | b - L Qs LR L oy e
gy > S SOCHaHeo” 7 TOCH 07y (JOCHg Hy0O™ 7 "OCH,
CH OH OH OH
Dicamba O-Anizic acid ~ Vanillic.acid Syringic acid ferulic acid sinapic acid

FigureV-2. Dicamba and Set'of Potential Endogenous Substrates Tested in in vitro
Experiments with DMO
The arrow indicates methyl group-remoyed by-PDMO(

The possibility that MON 87708 PMOcCean metabolize exogenous substrates was tested
in in vivo expefiments, Imyaddition todicamba, a total of 19 herbicides representing eight
families with distinct modes<of-agtion, some of which are approved for use in soybean,
were tested with MON 87708 and the near isogenic conventional soybean control A3525
(Table;V-1).“ Soybean‘naturally has varying levels of tolerance to different herbicides.
For\example, soybean is tolerant to in-crop postemergence applications of alachlor, but
not atfazine,  Each herbicide was applied at two spray rates, representative of potential
commercial rates needed to control broadleaf weeds, at the V2-V3 soybean growth stage
and then scored a visual rating based on the amount of injury observed on the plants.
Across nearly all of the herbicides tested, MON 87708 and the conventional control were
similar in their level of tolerance, indicating that these herbicides do not serve as a
substrate for MON 87708 DMO. However, MON 87708 did show slightly more
tolerance compared to the conventional control when treated with the three
phenoxycarboxylic acid (phenoxy) synthetic auxin herbicides: 2,4-D
(2,4-dichlorophenoxy acetic acid), MCPA (2-methyl-4-chlorophenoxy acetic acid) and
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2,4-DB (2,4-dichlorophenoxy butanoic acid). Chloramben and TBA are no longer
available in the U.S and were excluded from this testing. See Appendix C, Section C.2.

As 2,4-D is the most structurally similar to dicamba of the three phenoxy auxin
herbicides (2,4-D, 2,4-DB, and MCPA), it was selected as a representative for further in
vitro experimentation. Subsequent experiments were performed to evaluate whether
2,4-D can be metabolized by E. coli-produced DMO. The presumptive product of the
oxidative reaction between 2,4-D and DMO is 2,4-dichlorophenol (2,4-DCP), formed
from the dealkylation of 2,4-D. The potential disappearance of 2,4-D and formation of
2,4-DCP were monitored using LC-UV and LC-MS (Appendix C, Section C.2)z, Neither
the formation of 2,4-DCP nor any measurable decrease in 2,4-D were detected incthe in
vitro experiment. These results indicate that 2,4-D cannot be metabolizéd’by2FE. coli-
produced DMO, and demonstrate that DMO issspecific toidicamba. ~TFhe tolerance of
MON 87708 to other herbicides at anticipated commercial application ratés is no
different than the conventional soybean, ex¢ept for the)phenoxy auxintherbicides where
MON 87708 showed limited, but not commercially.acceptable,tolerance when treated.

Table V-1. Herbicides Applied to'MON87708 and“Conventional:Control

Herbicide Active Ingredient _<Herbicide C€hemical Family-(MOA)'

Dicamba Benzoic acid(Synthetic Auxin)

2,4-D Phenoxycarboxylic acid (Synthetic"’Auxin)

2,4-DB Phenoxycarboxylicracid (Synthetic:Auxin)

MCPA Phenoxycarboxylic aeid (Synthetic Auxin)

Triclopyr Pyridinécarboxyliciacid (Synthetic Auxin)

Clopyralid Pyridinecarboxylic a¢id (Synthetic Auxin)

Picloram Pyridinecarboxylictacid ¢Synthetic Auxin)

Alachler Chloroacetamidé (Inhibition of VLCFASs)

Acetochlor Chloroacctamide. (Inhibition of VLCFAS)

Atrazine Triazine (Inhibition of Photosynthesis at Photosytem II)

Linuron Ureas (Inhibition of Photosynthesis at Photosytem II)
Oxyfluetofen Diphenylether(Inhibition of PPO)

Lactofen Diphenyltether (Inhibition of PPO)

Chlorimuron Sulfonylurea (Inhibition of ALS)

Chlorsulfuton Sulfonylurea (Inhibition of ALS)

Halosulfuron Sulfonylurea (Inhibition of ALS)

Imazapyr Imidazolinone (Inhibition of ALS)

Trifluralin Dinitroaniline (Microtubule Assembly Inhibition)
Paraquat Bipyridilium (Photosystem I electron diversion)
Glyphosate Glycine (Inhibition of EPSP synthase)

THRAC (2009)

V.B. Characterization of MON 87708 DMO
The safety assessment of crops derived through biotechnology includes characterization

of the functional and physicochemical properties, and confirmation of the safety of the
introduced protein. As stated previously, both forms of the protein and all forms of the
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trimer are referred to as the MON 87708 DMO. MON 87708 DMO was purified in
sufficient quantities directly from the seed of MON 87708 and used in subsequent safety
assessment studies. Typically protein safety studies are conducted on proteins produced
in heterologous expression systems, such as E. coli. Since the MON 87708 DMO used in
the subsequent safety studies was purified directly from MON 87708 DMO, equivalence
evaluations between plant-produced and bacterial-produced MON 87708 DMO was not
necessary.  The physicochemical characteristics and functional activity of the
MON 87708 DMO were determined by a panel of analytical techniques, including: 1)
western blot analysis to establish identity and immunoreactivity of MON 87708 DMO
using an anti-DMO antibody, 2) N-terminal sequence analysis, 3) matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) to-genérate a
tryptic peptide map of the MON 87708 DMO, 4) sodium dode¢yl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) to establish-"the apparent molecular{Wweight of
MON 87708 DMO, 5) glycosylation status of*MON 87708 DMO,cand: 6) MON 87708
DMO activity analysis to demonstrate functional activity. The details\of the materials,
methods, and results are described in “AppendixC, ~whileOthe, ‘eonclusions~ of the
MON 87708 DMO characterization are summarized below.

The identities of both forms of the’ DMO proteinproduced in- MON 87708 that constitute
MON 87708 DMO were confirmed by ‘western blot analysis-by probing with an anti-
DMO antibody, N-terminal séquencing, and MALDI-TOF MS analysis of peptides
produced after trypsin digestion. The antibody-speeifically detected DMO and DMO+27
on a western blot. The¢ Naerminal s€quence of: the fifst 1.5Camino acid residues of both
DMO and DMO+27, was .identical to. the predicted -amino- acid sequence, with the
exception of the N-terminal-methionine’ residue., MALDI-TOF MS analyses of DMO and
DMO+27 yielded peptide masses ‘consistent with their expected sequence. The apparent
molecular-weights ot " DMO and) DMO+27 were 398 and 42.0 kDa, respectively and
neither were glycosylated. The MON 87708 DPMO-&etivity was determined by measuring
the production of DESA wsing dicamba as the substrate, resulting in a specific activity of
62.21 nmoles DCSA/min/mg’'of MON 87708 DMO. Taken together, these data provide a
detailed characterization ef the MON-87708 DMO isolated from the seed of MON 87708.

V.C. Expression Levels of MON 87708 DMO

The levels of MON 87708MMQ in various tissues of MON 87708 that are relevant to the
risk assessment were determined by a validated ELISA. Tissues of MON 87708 and the
neat{isogenic, conventional” soybean control A3525 were collected during the 2008
growing’season from five field sites in the U.S.: Jefferson County, lowa; Stark County,
Mlinots; Clinton County, Illinois; Parke County, Indiana; and Berks County, Pennsylvania.
These field sites were representative of soybean producing regions suitable for
commercial production. At each site, three replicated plots containing MON 87708, as
well as the conventional control, were planted using a randomized complete block field
design. Over-season leaf (OSL 1-4), root, forage, and seed tissues were collected from
each replicated plot at all field sites (except for the conventional control from Berks
County, Pennsylvania where only two replicates were collected). A description of tissues
collected is provided in Table V-2.
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Table V-2. Tissues Collected and Analyzed for MON 87708 DMO

Tissue Soybean Development Stage' Days After Planting
OSL-1 V3-V4 21-30
OSL-2 V5-V8 31-42
OSL-3 R2-V12 43-58
OSL-4 R5-V16 55-78

Root R6 70-91
Forage R6 70-91

Seed RS 109-147

'Soybean plant growth stages described in Soybean Growth and Development(ISU,
2004).

The levels of MON 87708 DMO were determined in all seven tissuedypesaas described in
Table V-3. The ELISA assay detected all forms of MON 87708 DMO‘and therefére the
levels represent the total of MON 87708 'DMO. The results Qbtained from the ’ELISA
analysis are summarized in Table V-3 and the.details of the“materials-and miethods are
described in Appendix D. In summary;,-&xpression analysis of-the sainples from the 2008
U.S. field trial showed that MON<87708 DMO was detected in all-tissu¢ types across all
five sites ranging from 3.9~ 180 pg/g dry-weight (dwt),~“The<meanlevels of the
MON 87708 DMO across'the five sités were highest:in' leaf’(ranging -from OSL-1 at 17
png/g dwt, to OSL-4~at 69 upgl/g dwt), .followed by forage (53 png/gdwt), seed
(47 pg/g dwt), and goot (601 pgrg dwt). As expected-for-the cenventional control, the
ELISA values for MON87708 DMO were I€ss than the-limit,of quantitation (LOQ) of
the assay in all-tissug.types:
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Table V-3. Summary of the Levels of MON 87708 DMO in Leaf, Root, Forage, and
Seed from MON 87708 Grown in 2008 U.S. Field Trials

MON 87708 MON 87708
DMO' DMO

Tissue Mean (SD)? Range’ Mean (SD) Range LOQ/LOD
Type (ng/g fwt)® (ng/g fwt) (ng/gdwt)’  (ng/gdwt)  (ug/g fwt)*’
OSL-1 3.1(1.9) 0.87-6.8 17 (7.7) 6.2-29 0.63/0.20
OSL-2 5.2(2.6) 1.4-9.8 31 (13) 12 — 54 0.63/0.20
OSL-3 6.0 (2.2) 35-11 44 (14) 25-T1 0.63/0.20
OSL-4 16 (12) 4.6 -43 69 (46) 23— 180 0:63/0.20
Root 1.9 (0.73) 1.223.6 6.1.(21) 3.9 11 0.031/0.015
Forage 12 (2.5) 1.00=17 53:(18) 25 <84 0.63/0.10
Seed 43 (7.7) 3155 47.48.7) 3459 1.3/0.21

'Represents total-for MON 87708 DMO.

*The mean and'standard deviation (SD)were-calculated (n=15):"The “n” values for the calculated
mean and standard deviations-represent the:number ofisamplés figured into the calculation.
*Protein‘levels are eXpressed asciicrogram, (ig) of protein per gram (g) of tissue on a fresh
weight (fwt) basis,

*Minimum and-maximum values-were detérmined for'each tissue type.

*Protein levels arecexXpressed.as flg/g'dwt. “The dry weight values were calculated by dividing the
ng/g fwt by the dry weight conversion factorsobtained from moisture analysis data.

The .limit of quantitation @OQ) wasCecalculated based on the lowest DMO standard
concentration. «The ‘ng/ml’ value®was eonverted to “pg/g fwt” using the respective dilution
factor and tissue-to-buffer ratio;

"The limitCof detection (LOD) was calculated as the mean value plus three SD using the data
generated” with conventional centrol sample extracts for each tissue type. The LOD value in
“ng/ml” was. converted.to “ug/g fwt” using the respective dilution factor and tissue-to-buffer
rat10.
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V.D. Assessment of Potential Allergenicity of MON 87708 DMO

The allergenic potential of an introduced protein is assessed by comparing the
biochemical characteristics of the introduced protein to biochemical characteristics of
known allergens (Codex Alimentarius, 2003). A protein is not likely to be associated
with allergenicity if: 1) the protein is from a non-allergenic source, 2) the protein
represents a very small portion of the total plant protein, 3) the protein does not share
structural similarities to known allergens based on the amino acid sequence, and 4) the
protein is rapidly digested in mammalian gastrointestinal systems. MON 87708 DMO, as
defined above, refers to all forms of the protein and the resulting trimer, has been
assessed for its potential allergenicity according to these safety assessment guidelings.

1) MON 87708 DMO originates from §.“maltophilia”an orgamism thdt has not
been reported to be a source of known allergens.

2) MON 87708 DMO represents ‘no more than 0.01% of the total-protein in the
seed of MON 87708.

3) Bioinformatics analyses demonsttated that the, DMO+27 fornr-of MON 87708
DMO, that also contains the DM@ sequence, does.not share aminoacid sequence
similarities with kndwn.allergens and; therefore;’1s highlyinlikely for DMO or
DMO+27 to contain immunetogically cross-reactive-allergenic epitopes.

4) In vitro-digestive, fate experimients conductedCwithothe MON 87708 DMO
demonstrate that the-proteins are rapidly digested 1 sithulated gastric fluid (SGF)
and inSimulated intestinal fluid (SIF).

Taken together, these data support the-conclusion that MON 87708 DMO does not pose a
significant allergenic risk tochumans or-animals.

V.E. Safety’Assessment Summary of MON 87708 DMO

Numerous factors, have beew,consideredin the safety assessment of MON 87708 DMO.
A comprehensive food,-feed, and environmental safety assessment of the MON 87708
DMO was, €onducted.;". The results are summarized below along with the conclusions
reached frem the assessment.

V.E.1. Thé Donor Organism is Safe

The dmo genevis derived from the bacterium Stenotrophomonas maltophilia (Palleroni
and Bradbury, 1993). S. maltophilia is an aerobic, ubiquitous environmental gram
negative bacterium commonly present in aquatic environments, soil, and plants.
S. maltophilia is ubiquitously associated with plants and has been isolated from the
rhizosphere of wheat, maize, grasses, beet, cucumber, chicory, potato, strawberry,
sugarcane, and rapeseed (Berg et al., 1996; Berg et al., 1999; Berg et al., 2002; Denton et
al., 1998; Echemendia, 2007; Juhnke and des Jardin, 1989; Juhnke et al., 1987; Lambert
et al., 1987). S. maltophilia was isolated from cotton seed, bean pods, and coffee (Nunes
and de Melo, 2006; Swings et al., 1983), thus, S. maltophilia can be found in a variety of
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foods and feeds. It is also widespread in the home environment and can be found around
dishwashers, sponges, toothbrushes, flowers, plants, fruits, vegetables, frozen fish, milk,
and poultry (Ryan et al., 2009). Strains of S. maltophilia have been found in the transient
flora of hospitalized patients as a commensal organism (Echemendia, 2007). Infections
caused by S. maltophilia are extremely uncommon , 2006) and S. maltophilia can
be found in healthy individuals without causing any harm to human health (Denton et al.,
1998). Similar to the indigenous bacteria of the gastrointestinal tract, S. maltophilia can
be an opportunistic pathogen (Berg, 1996). As such, S. maltophilia is of low virulence in
immuno-compromised patients where a series of factors must occur for colonization by S.
maltophilia on humans (Ryan et al., 2009). The ubiquitous presence of S. maltophilia in
the environment, the presence in healthy individuals, and the incidental presenee o foods
without any adverse safety reports establishes the safety of the donor organism.

V.E.2. MON 87708 DMO Belongs to a Common Class;of Mono-Oxygenases

MON 87708 DMO is classified as an‘“oxygenase:” Oxygenasesareenzymes that
incorporate one or two oxygen atoms, into substrates and ar¢iwidely distributed in many
universal metabolic pathways (Hardyamaet al,;01992). Withinhis large enzymatic class
are mono-oxygenases that incorporate a single oxygen-atomeas a hydroxyl group with the
concomitant production of water and oxidation of INABR(P)H QHarayama'et al., 1992).
Non-heme iron oxygenases;“Wwhere iron-is involved in.the catalytie site,\are an important
class of oxygenases. Within\ this «¢lass are Ric¢ske:oxygenases, which contain a Rieske
iron-sulfur [2Fe-2S] cluster;s All-Rieske non-hemetiron,oxygenases-contain two catalytic
domains, a non-h€me-ron domaitd (nh<ke) that iswa site”of. OXygen activation, and a
Rieske [2Fe-2S] domain (Eerrare-et.al.; 2005). MON87708DMO belongs to this class
of oxygenases which ar® found in.diverse phyla ranging from bacteria to plants (Ferraro
et al., 2005;'Schmidtaand Shaw,-2001)-

As discussed previously, the crystal stiuctuze of a:DMO has been solved (D'Ordine et al.,
2009; Dumittu et als, 2009). Jhe crystallography results demonstrated that, similar to all
Rieske non-heme iron oxygenases, DMO contains two catalytically important and highly
conserved domains; a-mononuclear non‘heme iron domain (nh-Fe) that is a site of
oxygen activation, and a Ricske{2Fe<2S] domain (D'Ordine et al., 2009; Dumitru et al.,
2009; Ferraro. et ald) 2005). The.amino acids binding the non-heme iron and those that
constitutecthe Rieske[2Fe<2S] domain in the DMO protein are also highly conserved in
these plant proteins, as-iS theirspatial orientation (D'Ordine et al., 2009; Ferraro et al.,
2005)." Rieske domains are-ubiquitous in numerous bacterial and plant proteins like the
iron-sulfur ptetein'of the cytochrome bel complex, chloroplast cytochrome b6/f complex,
and ¢holine meno-oxygenases (Breyton, 2000; Darrouzet et al., 2004; Gray et al., 2004;
Hibino et al., 2002; Rathinasabapathi et al., 1997; Russell et al., 1998). The presence of
two conserved domains, a Rieske [2Fe-2S] domain and a mononuclear iron domain,
suggests that all Rieske type non-heme iron oxygenases share the same reaction
mechanism, by which the Rieske domain transfers electrons from the ferredoxin to the
mononuclear iron to allow catalysis (Chakraborty et al., 2005; Dumitru et al., 2009;
Ferraro et al., 2005). The structure and mechanistic homologies are further evidence of
the evolutionary relatedness of all Rieske non-heme iron oxygenases to each other (Nam
et al., 2001; Rosche et al., 1997; Werlen et al., 1996). Additionally, a FASTA alignment
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search of publicly available databases using the DMO+27 sequence as a query yielded
homologous sequences from many different species, predominantly bacteria, with amino
acid sequence identity ranging up to approximately 42%. Homologous oxygenases are
also present in plants, including such crops as rice (Orysa sativa), canola (Brassica
napus), and corn (Zea mays), with sequence identity up to 24%. The highest homology
was observed to pheophorbide A oxygenases from corn, canola and pea (Pisum sativum).
Pheophorbide A oxygenase is also a Rieske-type oxygenase that plays a key role in the
overall regulation of chlorophyll degradation in plants (Rodoni et al., 1997). The protein
is constitutively present in all green tissues and, at slightly lower levels, in etiolated and
non-photosynthetic tissues including seeds (Yang et al., 2004).

Therefore, MON 87708 DMO shares sequence identity and many catalytic-and>domain
structural similarities with a wide variety of oxygenases present in bacteria~and plants
currently widely prevalent in the environment.and consumed, establishing that-animals
and humans are extensively exposed to these types of enzymes.

V.E.3. DMO is a Dicamba-Specific Mono-Oxygenase

DMO converts dicamba to DCS AL This demethylationds, very‘specific to;dicamba, where
both the carboxylate moiety @nd the’ chlofine‘atoms - help- position the substrate at the
active site of the enzyme (D'Ordine et'al., 2009;-Pumitru et-al., 2009),Crystallography
studies of the substratecin the active site ‘demonstrated. that these chlorines function as
steric “handles” that position the substrate in‘the proper, orientation in the binding pocket
(Dumitru et al., 2009). -Potential substrates abundant in_soybean (o-anisic acid, vanillic
acid, syringic acid, ferulic.acid.and sinapic-acid) that ate structurally similar to dicamba,
were not metabolized by an E. colisproduced DPMOn laboratory tests indicating that the
DMO enzyime is specific, for dicamba-(Seetion V:A.2)~ The E. coli-produced DMO is
similar in sequence’ and:function to" MON 87708 HMO, therefore it is appropriate to
extend specificity’ data:generated withithe E, colisproduced DMO to MON 87708 DMO.
Given the limited amount of chlorinated metabolites with structures similar to dicamba in
plants and\ other-eukaryotes (Wishart, 2040; Wishart et al., 2009) it is unlikely that
MON §7708 DMO~ will' catalyze>the. conversion of other endogenous substrates.
Therefore, theactivity of the enzyme<is specific for dicamba while it maintains many
structural propertiés’ common to oxygenases that are ubiquitous to all organisms.

V.E.4.:-MON 87708 DMO is.Not a Known Allergen or Toxin

Bioinformatics, analyses were performed to assess the allergenic potential, toxicity, or
biological activity of MON 87708 DMO. The bioinformatics assessment was performed
on DMO+27, which includes the amino acid sequence of DMO. The analysis
demonstrated that MON 87708 DMO does not share amino acid sequence similarities
with known allergens, gliadins, glutenins, or protein toxins which could have adverse
effects to human or animal health (Section V.D).
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V.E.5. MON 87708 DMO is Labile in in vitro Digestion Assays

MON 87708 DMO was readily digestible in SGF and SIF. Rapid degradation of the
MON 87708 DMO in SGF and SIF makes it highly unlikely that the MON 87708 DMO
would be absorbed in the small intestine and have any adverse effects on human or
animal health.

V.E.6. MON 87708 DMO is Not a Toxin

An acute oral toxicology study was conducted with MON 87708 DMO. Results indicate
that MON 87708 DMO did not cause any adverse effects in mice, with a No ©bseryable
Adverse Effect Level (NOAEL) of 140 mg/kg body weight (BW), the highest dese level
tested.

Potential human health risks from consumption of foodsxderived from MON 87708 were
evaluated using a Margin of Exposure (MOE) approach. A MOE-was-calculated between
the acute mouse NOAEL (140 mg/kg BW) for the MON87708 DMO and-95thpercentile
“eater-only” estimates of acute dietary exposure-detépmined using the-Dietary Exposure
Evaluation Model (DEEM-FCIDwersion 2.03, Exponentilnc.).C DEEM foed consumption
data are obtained from the 1994-1996 and 1998 TUSDAOContinuing Survey of Food
Intakes by Individuals (CSEH). . The MOEs for acute dietary intake‘'of MON 87708 DMO
were estimated to be 24,800 and 600 for, the general-population and non-nursing infants,
the sub-population with the¢ highest estimatéd exposure,-respectively. These very large
MOEs, in addition'to the above mentioned proteinsafety-data>for MON 87708 DMO,
support the coneclusion' that,there is no meaningful risk™ to-human health from dietary
exposure to MON 87708,.DMQO.

Potential ‘health risks tox@animals from thé presence,of MON 87708 DMO in feed were
evaluated by calculating’ an-estimate of daily dietary intake (DDI). In the worst case
scenario, the> percentage”of XMON:87708 DMO consumed from MON 87708 as a
percentage, of thé-daily-protein intake for a dairy cow is 0.0396% and for both the broiler
and pig is less than 0.0121%: . Fhese Wery small levels of exposure of animals to
MON:87708 DMO in their“feedy in. @ddition to the above mentioned safety data for
MON 87708 DMQy; support the conclusion that there is no meaningful risk to animal
health when MON 87708 is‘present in their diets.

Usingthe~guidance .providéd by the FDA in its 1992 Policy Statement regarding the
evaluation of NewPlant Varieties, a conclusion of “no concern” is reached for the donor
orgamism and MON 87708 DMO. The food and feed products containing MON 87708 or
derived from MON 87708 are as safe as soybean currently on the market for human and
animal consumption.

V.F. MON 87708 DMO Characterization and Safety Conclusion

MON 87708 DMO is an oxygenase that catalyzes the O-demethylation of the herbicide
dicamba.  MON 87708 DMO was derived from S. maltophilia, which is an
environmentally ubiquitous bacterium that does not pose a health risk to healthy
individuals. MON 87708 DMO is a Rieske-type mono-oxygenase that has homologs in
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bacteria and plants that share many of the typical structural and functional characteristics
of these types of oxygenases, while maintaining specificity for its substrate. MON 87708
DMO was fully characterized confirming both the N-terminal and internal amino acid
sequence and the lack of glycosylation. MON 87708 DMO was isolated from
MON 87708 and was used for the described safety studies; therefore an equivalence
evaluation to the protein produced in a heterologous expression system was not required.
Expression studies using ELISA demonstrated that MON 87708 DMO was expressed in
all tissues assayed at levels ranging from 3.9 — 180 pg/g dwt, representing a low
percentage of the total protein in soybean. Bioinformatics analysis determined that
MON 87708 DMO does not share amino acid sequence similarities with knowncallergens,
gliadins, glutenins, or protein toxins. MON 87708 DMO was rapidly digested in ivitro
assays using simulated gastric and intestinal fluids and did notshow any.adverse effects
when administered to mice via oral gavage at-levels that resulted<in large MOE:s.
Together with the safety data, these data support a conclusion that there issnio meaningful
risk to human health from dietary exposuré-to MON.87708 DMO." Therefore, the’food
and feed products containing MON 87708 or derived. frtom MON 87708Care ds safe as
soybean currently on the market for hamanzand adimaliconsimption.
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VI. COMPOSITIONAL ASSESSMENT OF MON 87708

Safety assessments of biotech crops typically include comparisons of the composition of
forage and whole grain of the GM crop to that of conventional counterparts (Codex
Alimentarius, 2003). Compositional assessments are performed using the principles and
analytes outlined in the OECD consensus documents for soybean composition (OECD,
2001).

A recent review of compositional assessments conducted according to OECD guidelines
that encompassed a total of seven GM crop varieties, nine countries and elevenrgrowing
seasons concluded that incorporation of biotechnology-derived agronomic traits has had
little impact on natural variation in crop composition; most_compositiogal “vatiation is
attributable to growing region, agronomic practices and gengtic background (Harrigan et
al., 2010). Numerous scientific publications: have further documented-the extensive
variability in the concentrations of cropmutrients and anti-nutrients.that“refléct the
influence of environmental and genetic factors as well as-€xtensive conventional breeding
efforts to improve nutrition, agronomics .and  yield,. (Reynolds» et cal., 2005).
Compositional equivalence between . biotechnology-derived,‘and-{conventional crops
provides an “equal or increased @ssurance-of thesafety, of feods derived’from genetically
modified plants” (OECD,. 20013 _The .OECD consensus’ documents emphasize
quantitative measurements.of essentidbnutrients, @nd kbhown anti-autrients. This is based
on the premise that such cemprehensive and detatledanalyses will most effectively
discern any compositional‘changes that iniply potential safety and nutritional concerns.
Levels of the componeénts-in-seed’ and-forage of the biotechnology-derived crop are
compared to:-~ 1) Ceorresponding. Jevels>in .a~ conventional comparator, the non-
biotechnology near isogenic line,“grown’ concurrently, under identical field conditions,
and 2) natural rangés generated from an-‘evaluationof commercial reference varieties
grown concurrently and-from ‘data published inr'the:s¢ientific literature.

The latter comparison places‘any:potential differences between the assessed crop and its
comparaton in the ceftextcof theiwell-documented variation in the concentrations of crop
nutrients and antj-nutrients.

VI.A. Compositional Equivalence of MON 87708 Seed and Forage to Conventional
Soybean

Seed ~andOforage” samples “were collected from MON 87708 and the near isogenic
cenventional soybean control A3525 grown in a 2008 U.S. field production. Four
differént commercial reference varieties were included at each site of the field production
to provide data on natural variability of each compositional component analyzed. The
field production was conducted at five sites: Jefferson County, lowa; Stark County,
[llinois; Clinton County, Illinois; Parke County, Indiana; and Berks County, Pennsylvania.
All soybean plants including MON 87708, the conventional control, and the commercial
reference varieties were treated with maintenance pesticides as necessary throughout the
growing season. In addition, MON 87708 plots were either treated at the V2-V3 growth
stage with dicamba herbicide at the maximum in-crop label rate (0.5 lb acid equivalence
(a.e.)/acre) or not treated with dicamba herbicide.

Monsanto Company 10-SY-210U 86 of 721



Compositional analyses were conducted to assess whether levels of key nutrients and
anti-nutrients in MON 87708 were equivalent to levels in the conventional control and to
the composition of the commercial reference varieties. A description of nutrients and
anti-nutrients present in soybean is provided in the OECD consensus document on
compositional considerations for soybean (OECD, 2001). Nutrients assessed included
proximates (ash, carbohydrates by calculation, moisture, protein, and fat), fiber, amino
acids (18 components), fatty acids (FA, C8-C22), and vitamin E (a-tochopherol) in seed,
and proximates (ash, carbohydrates by calculation, moisture, protein, and fat) and fiber in
forage. Anti-nutrients assessed in seed included raffinose, stachyose, lectin, phytic acid,
trypsin inhibitors, and isoflavones (daidzein, genistein, and glycitein).

In all, 64 different components were measured (seven in dforage and257 in seed).
Components that had more than 50% of thecobservations “below the assay limit of
quantitation (LOQ) were excluded from statistical analysis. Therefore, 50" comiponents
for both dicamba-treated and untreated MON 87708 were statistically(assessed using a
mixed-model analysis of variance method. Values’forcall assessed components were
reported on a dry weight basis with_the exception‘of moisture, which, was reported as %
fresh weight (fwt) and fatty acids, which‘werezeported as % of total FA.

For MON 87708, six statistical comparisons .t0-the.¢onventional’control were conducted.
One comparison was basgd on“compositignal data combined across .all five field sites
(combined-site analysis)and\fivecseparate comparisons‘were,conducted on data from
each of the individual-field)siteso Statistically signhificant differences were identified at a
5% level of significance:” Dadta from thé-commercial reference varieties were combined
across all sitesCand wmsed:te> calculate~a 99% tolerance ‘intérval for each compositional
component todefine the'natural variability ofeach‘¢omponent in soybean varieties that
have a history of safe conSumption. and that were’grown concurrently with MON 87708
and the conventional control in' the same‘trial.

For the combined=site analysis, statistically.significant differences in nutrient and anti-
nutrient eomponents were-further evaluated-using considerations relevant to the safety
and nufritional qudlity of-MON<87708 when compared to the conventional control A3525,
the conventiomal ceunterpart “with ~a~history of safe consumption: 1) the relative
magnitude of the differénce in the-mean values of nutrient and anti-nutrient components
of MON.87708>and<the c¢onventional control, 2) whether the MON 87708 component
mean yalue-is within the'range of natural variability of that component as represented by
thex99% tolerance interval of the commercial varieties grown concurrently in the same
trial, 3)” analyses~of the reproducibility of the statistically significant combined-site
component differences at individual sites, and 4) assessing the differences within the
context of natural variability of commercial soybean composition published in the
scientific literature and in the International Life Sciences Institute (ILSI) Crop
Composition Database (ILSI, 2006; Ridley et al., 2004).

This analysis provides a comprehensive comparative assessment of the levels of key

nutrients and anti-nutrients in seed, and of key nutrients in forage of MON 87708 and the
conventional control, discussed in the context of natural variability in commercial
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soybean. Results of the comparison indicate that the composition of the seed and forage
of MON 87708 is equivalent to that of the near isogenic conventional control A3525 and
within the range of natural variability of the commercial reference varieties.

VI.A.1. Composition of Soybean Seed and Forage (Treated)
VI.A.1.1. Nutrient Levels in Soybean Seed (Treated)

In the combined-site analysis of nutrient levels in seed, the following components
showed no statistically significant differences in mean values between MON 87708 and
the conventional control: moisture, total fat, six amino acids (alanine, lysine, methienine,
serine, threonine, and tryptophan), and three fatty acids (18:0 stéaric acid, 20:0 arachidic
acid, and 20:1 eicosenoic acid) (Table VI-2).

The components that showed statistically significant differences inanean valugs between
MON 87708 and the conventional control in the ombined-sité analysis were: three
proximates (ash, carbohydrates by calculation, and pretein);, 12, amino ‘acids“(arginine,
aspartic acid, cystine, glutamic acids‘glycine, histiding)isoleuciné, leucine,.phenylalanine,
proline, tyrosine, and valine), three types of fiber (acid detergent fiber,-ADF, neutral
detergent fiber -NDF, and crude fiber), five fatty acids:(16:0 palmitic aeid, 18:1 oleic acid,
18:2 linoleic acid, 18:3 linplénic acid, dnd 22:0 behenic acid),‘and yitamin-E (Tables VI-1
and VI-2).

These statistically sighificant differefices;it hutrientscwere evaluated using considerations
relevant to the .safetyyand-nutritionaliquality ofS MON-87708 when compared to the
conventional-¢ontrok:

1) “AH nutrient” component” differences observed in the combined-site analysis,
whether reflecting inereased or’decréased MON 87708 mean values with respect
to thecconyentional’ control were small. "Relative magnitude of differences ranged
from 2.65to 7.91%for amino-acids,» 1.51 to 8.19% for fatty acids, 15.13% for
vitamin E, and 2.4} to,12.37% for proximates and fibers.

2) Mean values-for all ofithesg statistically different nutrient components from the
combined-site canalysis of \MON 87708 were within the 99% tolerance interval
gstablished from the commercial reference varieties grown concurrently and were,
therefore{-within theCrange of natural variability of that component in commercial
soybean varieties with a history of safe consumption (Tables VI-1 and VI-2).

3) Assessment of the reproducibility of the combined-site differences at the five
individual sites showed: statistically significant differences for carbohydrates by
calculation, crude fiber, cystine, and glycine at one site; aspartic acid,
phenylalanine, proline, tyrosine, valine, 16:0 palmitic acid, and 18:2 linoleic acid
at two sites; protein, arginine, glutamic acid, histidine, isoleucine, leucine, and
22:0 behenic acid at three sites; vitamin E at four sites; and 18:1 oleic acid and
18:3 linolenic acid differed across all five sites. Although they were different in
the combined-site analysis, no differences were observed for ash, ADF or NDF at
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any of the individual sites. Individual site mean values of MON 87708 for all
nutrient components with statistically significant differences fell within the 99%
tolerance interval established from the commercial reference varieties grown
concurrently and were, therefore, within the range of natural variability of that
component in commercial soybean varieties with a history of safe consumption.

4) All mean values of MON 87708 for all nutrient components were within the
context of the natural variability of commercial soybean composition as published
in the scientific literature and available in the ILSI Crop Composition Database
(ILSI, 2006; Ridley et al., 2004).

Thirteen of the 24 differences between MON 87708 and the conventional) control
observed in the combined-site data analysis were attributable to small difterences in
protein and 12 individual amino acids (all exptessed as %.dwt). Therelative magnitude
of the difference between the mean protein,values for MON 87708 and the conventional
control was small (a decrease of 3.65% in the combined=site analysis” forsMON87708)
and reached statistical significance “-at_conly < threg> of«‘the \five cindividual sites.
Correspondingly, differences in all. amino,acids-were,smalb'andmot observed consistently
as statistically significant differences @t all individual sites. Eleven of the 12 amino acids
observed to be different in the eombined-site” analysis:wereZdecreased (2.65-7.91%)
relative to the conventiondl ‘contrel~’and;~ ascswith.oprotein, statistically significant
differences were not comsistently -observed at-all cindividual ites. “Cystine showed a
relative increase of 3:01%but ayas statistically @ignificantly-different at only one site.
Four of the six amiino acids(alanine, lysine, serine, and, threonine) not observed to be
statistically differentqin’ the!combiried-site analysis-alse'showed modest decreases ranging
from ~ 1.5-2.3% (TableCVI-2).consistent with‘the directionality of the changes observed
in protein-content. Qverallyobseryvedddifferencesn protein and amino acid levels are not
considered to becmecaningful from-a food and feed safety and nutritional perspective
because they were. small) andythe aneany MON-87708 values were within the 99%
tolerance intervalcestablished?by. the carhmereial reference varieties grown concurrently
in the samg, trial.

Five of the combined=site-differences between MON 87708 and the conventional control
were attributable to’fattyacid levels(all expressed as % total FA) in seed, whereas total
fat contefit" was: notCstatistically. significantly different. For 18:1 oleic acid and 18:3
linolenic acid, the relative amagnitude of differences between the mean values for
MON 87708 and conventional control were small in the combined-site analysis (a
decrease’ of(8.19% and an increase of 6.65% compared to the conventional control,
respectively) and at the five individual sites (levels were <11% decreased for 18:1 oleic
acid and <10% increased for 18:3 linolenic acid at all sites compared to conventional
control) (Tables VI-2, E-4, E-7, E-10, E-13, and E-16).

By comparison, the observed differences between MON 87708 and conventional control
for 18:1 oleic and 18:3 linolenic acids are markedly less than differences in soybean
varieties developed through conventional breeding (Fehr, 2007; Clemente and Cahoon,
2009). The average relative levels of 18:3 linolenic acid in commercial soybean are
approximately 10% total FA, while the average relative level of 18:1 oleic acid in
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commercial soybean is approximately 18-25% total FA. In the compositional analysis
presented here, the values of FA components in the conventional control, when assessed
as individual replicates across all five individual sites, ranged from 19.6 to 22.4% total
FA for 18:1 oleic acid and from 8.4 to 10.1% total FA for 18:3 linolenic acid
(Table VI-2). The values from the commercial reference varieties ranged from 17.9 to
25.3% total FA for 18:1 oleic acid and 7.4 to 11.4% total FA for 18:3 linolenic acid
(Table VI-2). Additionally, literature data from Lundry et al. (2008) and Berman et al.
(2009) and the ILSI Crop Composition Database (ILSI, 2006; Ridley et al., 2004)
highlight the extensive natural variability in fatty acid levels in soybean, as presented in
Table VI-9. The small relative magnitudes of the differences in 18:3 linoleniczacid and
18:1 oleic acid compared to the conventional control as well the broad range of these
fatty acids present in commercial soybean varieties, suggest that the difféfences are not
meaningful to food and feed safety and nutritional-quality in MON 87708

The relative magnitudes of differences between the mean values for MON 87708 and the
conventional control for the other threeftty acids ebserved in the combined-site analysis
were small (2.29% increase for 16:0_palmitie acid; 1.51% inétrease’forcl8:2 dinoleic acid
and a 4.70% decrease for 22:0 behenic.acid). che small magnitude of diffetences as well
as the lack of statistical differencesacross; all-.individual sites (TablesVI-2, E-4, E-7,
E-10, E-13, and E-16) further confirmed that thé»>differencés observed,in fatty acid
composition are not meanifigtul‘to food and‘feed safety:and nutritional quality.

One of the combined-site differenices < Observed cbetween « MON 87708 and the
conventional contfol was attributable toovitamin E (expressed-as mg/100g dwt). The
relative magnititde cof difference . between' the’ mean values of MON 87708 and
conventionalocontrél fop vitamin« B inithe céombined-site-analysis was an increase of
15.1% with respect to the.conventional ¢ontrol (TablescV1-1).

Levels of vitamin E are known-to be-affected by cenvironmental growing conditions (E)
and germplasm (&) as‘demeonstrated .in>results from recent assessments on soybean
varieties .grown at thtee Jocatienis in the W.S. over a period of four years (Britz et al.,
2008) and across Six enviropments in jEastern Canada in a single year (Seguin et al.,
2009). Britz eteal. (2008).showed more than a two-fold variation in levels across their
study (units expressed as the ratio.ef a-tocopherol (vitamin E) to total tocopherol content).
Vitamin Eyvalues incS¢guin-et al’’ (2009) ranged from 0.87 to 3.32 mg/100g dwt. Both
assessments Showed that‘G and'E effects as well as G x E interaction effects influenced
vitamin ECeontént. In the compositional analysis presented here, values of vitamin E in
the conventional.eontrol, when assessed as individual replicates across all sites, ranged by
as much as 0.89:t0 2.11 mg/100g dwt (Table VI-2). Ranges of vitamin E values from the
concurrently grown commercial reference varieties were even greater and ranged from
0.69 to 2.91 mg/100g dwt (Table VI-2). Literature data from other compositional
assessments (Berman et al., 2009; Lundry et al., 2008; ILSI, 2006; Ridley et al., 2004)
that further highlight the extensive natural variability in vitamin E levels in soybean are
presented in Table VI-9. Therefore, given this established variability of vitamin E levels
in conventional soybean and the fact that soybean is not an important nutritional source
of vitamin E in human or animal diets, this increase in vitamin E levels in MON 87708
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compared to the conventional control supports the conclusion that this observed
difference is not meaningful to food and feed safety and nutritional quality.

The remaining combined-site differences between MON 87708 and the conventional
control were attributable to two proximates (ash and carbohydrates by calculation) and
three fibers (ADF, NDF, and crude fiber). The relative magnitude of these increases
were small (2.41% to 12.37%) and there was no consistency of these combined-site
differences at the individual sites (carbohydrates by calculation and crude fiber were
different at only one site, whereas ash, ADF and NDF were not different at any of the
individual sites). The combined-site mean values for these nutrient components also
were within the 99% tolerance interval established from the commercial reférence
varieties grown concurrently establishing that these differences” are not @eaningful to
food and feed safety and nutrition.

In summary, statistical analyses found no consistent differences across:sites.in thedevels
of nutrient components in seed from MON 87708 and the conyentional eontrel, except
for differences in 18:1 oleic acid, 18:3”lineleic acid, and vitamin E levels that were of
small magnitude and were within\ thenatural” variability’ of~the «concutrently grown
commercial soybean varieties. ~Fhese data support the conclusion that MON 87708 is
compositionally equivalent toConvertional soybean:

VI.A.1.2. Anti-Nutrient Levels in‘Soybean Seed (Treated)

In the combined-site analysis;no statistically significant ‘diffetences were observed in
four of the eight-anti-nutrient component comparisons.(tectin, frypsin inhibitors, genistein,
and glycitein)’ between, "MON 87708 .-and the eonventional control.  Statistically
significant‘differences.were, obsetved between MON 87708 and the conventional control
in the Other four anti-nutrient_.components that were measured (Tables VI-1 and VI-3).
The differences.included decreaseéd mean values for phytic acid, raffinose, stachyose, and
an increased mean-Jevel-of daidzein, compared to the conventional control.

The statistically c~significant Odifferencés” in anti-nutrients were evaluated using
considerations_relevant* to “the -safety,and nutritional quality of MON 87708 when
compared to the conventignal ¢ontrol:

1) (All anti-nutrient €omponent differences observed in the combined-site analysis,
whether teflecting increased or decreased MON 87708 mean values with respect
to~thetconventional control were small. Relative magnitude of differences in the
combingd-site analysis for the anti-nutrients that were decreased in MON 87708
ranged from 6.1% (phytic acid) to 7.73% (raffinose). The relative magnitude of
difference (increase) in daidzein was 11.5%.

2) MON 87708 mean values for these anti-nutrient components from the combined-
site analysis were within the 99% tolerance interval established from the
commercial reference varieties concurrently grown in the same trial and, therefore
were within the range of natural variability of these components in commercial
soybean varieties with a history of safe consumption (Tables V1-1 and V1-3).
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3) Assessment of the reproducibility of the combined-site differences at the five
individual sites showed no consistent pattern across sites. A statistically
significant decrease was observed for stachyose at one site and phytic acid at two
sites, whereas a significant increase was seen for daidzein at two sites. No
differences for raffinose were observed at any of the individual sites. Mean
values for all of the above anti-nutrient components in MON 87708 at the
individual sites were within the 99% tolerance interval established from the
concurrently grown commercial reference varieties.

4) All mean values of MON 87708 for all anti-nutrients were within the context of
the natural variability of commercial soybean composition as published dn the
scientific literature and available in the ILSI Crop Composition Database (ILSI,
2006; Ridley et al., 2004).

In summary, statistical analyses found no consistent differences across:sites.in thedevels
of anti-nutrient components in seed fromi MON.87708cand (the cenventional control.
Thus, a comprehensive evaluation of’ anti-nutrient .componentsOin_seed support the
conclusion that MON 87708 is compositipnally-equivalentto cenventional'seybean.

VI.A.1.3. Nutrient Levels incSoybean Forage (Treated)

In the combined-site analysis of forage, six’of the seven nutrient'component comparisons
did not have a statistically significant, difference. between, -MON 87708 and the
conventional contrel (Tables.VI-1 and VI:4). The ouly statistical difference was for the
ADF mean value andbit was evaluated using considerations-relevant to the safety and
nutritional quality of MON 87708 when.compared to-the ¢enventional control.

1) “The relativeZmagnitude‘of differetice in ADF; with respect to the conventional
control, was smal with amincrease of10.45%.

2) The meansvalue' forClADE fromthe ccombined-site analysis of MON 87708 was
within the 299% . tolerance ifiterval" established from the commercial reference
varieties.grown ‘concurrently iwthe same trial and, therefore within the range of
naturalvvarniability“of that -component in commercial soybean varieties with a
history of.safecconsumption (Tables V1-1 and V1-4).

3)2Assessment of the reproducibility of the combined-site difference of ADF across
the individual sites showed no statistically significant differences at any of the
tiveandividual sites.

4) The level of ADF was within the natural variability observed for commercial
soybean varieties as published in the scientific literature and available in the ILSI
Crop Composition Database (ILSI, 2006; Ridley et al., 2004).

In summary, statistical analyses found no consistent differences across sites in the levels
of nutrient components in forage from MON 87708 and the conventional control. Thus, a
comprehensive evaluation of nutrient components in forage supports the conclusion that
MON 87708 is compositionally equivalent to conventional soybean.
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VI.A.2. Composition of Soybean Seed and Forage (Untreated)
VI.A.2.1. Nutrient Levels in Soybean Seed (Untreated)

In the combined-site analysis of nutrient levels in seed, the following components
showed no statistically significant differences in mean values between MON 87708
(untreated) and the conventional control: ash, carbohydrates by calculation, moisture,
total fat, crude fiber, ten amino acids (alanine, aspartic acid, glycine, histidine, lysine,
methionine, serine, threonine, tryptophan, tyrosine), and three fatty acids (18:0 stearic
acid, 20:0 arachidic acid, and 20:1 eicosenoic acid) (Table VI-6).

The components that showed statistically significant differencestin mean valiies-between
MON 87708 (untreated) and the conventional cortfol in the combined-site analysis were:
protein, eight amino acids (arginine,cystine; glutamic-’acid, isoleucine,.cleucine,
phenylalanine, proline, and valine), two types of fiber(acid detergent fiber (ADE), and
neutral detergent fiber (NDF)), five fattyacids (16:Q palmitic acid, 181 oleic acid, 18:2
linoleic acid, 18:3 linolenic acid, and 22:0 beheni¢Zacid), andvitamin E.(Pables’VI-5 and
VI-6).

These statistically significant differences.in nuttients,were ‘evaluated using considerations
relevant to the safety and.nutritional guality:of MON. 87708 (untréated) when compared
to the conventional contrel:

1) All nutrient”component differences observed in-the Ccombined-site analysis,
whether reflecting incCreased or@ecreased MON;87708 (uittreated) mean values with
respect to the-eonventional control were small - ‘Relative magnitude of differences ranged
from 2.27t0 5.88% ot protein and amino aeids, 145 t0%.60% for fatty acids, 18.16% for
vitamin“E, and 3.9940 6.33% for fibers.

2) Meangyalues forcall of thesg statistically-different nutrient components from the
combined-site analysis-of MON 87708 (untreated) were within the 99% tolerance interval
establishéd from the commetcial ~referénce varieties grown concurrently and were,
therefore, within® the\ range” of -matural” variability of that component in commercial
soybean varieties with ahistory of safe consumption (Tables VI-5 and VI-6).

3) Assessmentof the reproducibility of the combined-site differences at the five
individual-sites-(showed: “Cstatistically significant differences for cystine, isoleucine,
valine, and 1610 palmitic acid at one site; protein, arginine, glutamic acid, and leucine at
two. sites; phenylalanine, proline, 18:2 linoleic acid, and 22:0 behenic acid at three sites;
18:1 oleic acid, 18:3 linolenic acid, and vitamin E at four sites. No components were
statistically significantly different at all five sites. Although they were different in the
combined site analysis, no differences were observed for ADF or NDF at any of the
individual sites. Individual site mean values of MON 87708 (untreated) for all nutrient
components with statistically significant differences fell within the 99% tolerance interval
established from the commercial reference varieties grown concurrently and were,
therefore, within the range of natural variability of that component in commercial
soybean varieties with a history of safe consumption.
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4) All mean values of MON 87708 (untreated) for all nutrient components were
within the context of the natural variability of commercial soybean composition as
published in the scientific literature and available in the ILSI Crop Composition Database
(ILSI, 2006; Ridley et al., 2004).

Nine of the 17 differences between MON 87708 (untreated) and the conventional control
observed in the combined-site data analysis were attributable to small differences in
protein and eight individual amino acids (all expressed as % dwt). The relative
magnitude of the difference between the mean protein values for MON 87708 (untreated)
and the conventional control was small (a decrease of 2.94% in the combined-site
analysis for MON 87708 (untreated) and reached statistical significance at:Only_two of
the five individual sites. Correspondingly, differences in all amino acids were small and
not observed consistently as statistically significant differences at allCindividual sites.
Seven of the 8 amino acids observed to be different in the combined-site analysis were
decreased (2.27 to 5.88%) relative to the conventional control. Cystine:showéd a relative
increase of 3.27% but was statistically ssignificantly different at  only’ oneCsite. < Overall,
observed differences in protein and amino acid levels are not.considered-to bezmeaningful
from a food and feed safety and nutritional petspective bécause they. were*small, and the
mean MON 87708 (untreated) values<werewithin-the-99% tolerance interval established
by the commercial reference varieties grown concurfently-in thesame trial.

Five of the combinedssite\ diffetences “between CMON 87708 (untreated) and the
conventional control were attributableto fatty acidevels (albexpressed as % total FA) in
seed, whereas total fat .content-wasmot statistically significantly different. For 18:1 oleic
acid and 18:3 dinolenic acid, th¢’relativesmagnitude<of differences between the mean
values for MON 87708 (untreated) and conventional’conttol"'were small in the combined-
site analysis (a decrease of7.60%'\and-an increase’of 5:78% compared to the conventional
control, respectively) and at the individual sites (levels were <12% decreased for 18:1
oleic acid and <8% increased for;18:3 linolenic acid at all sites compared to conventional
control) (Tables ViI~6, B-19, F>22, B-25, E-28,-and E-31).

By cemparison, (the ~observed - differences between MON 87708 (untreated) and
conventional centrol-for 18:1-.@leicxand 18:3 linolenic acids are markedly less than
differences in.soybean yarieties developed through conventional breeding (Clemente and
Cahoon, 2009;:Fehr;“2007). (Fhe average relative levels of 18:3 linolenic acid in
commercial soybean aredpproximately 10% total FA, while the average relative level of
18:1Coleicracidvin ¢ommercial soybean is approximately 18-25% total FA. In the
compositional analysis presented here, the values of FA components in the conventional
control, when .assessed as individual replicates across all five individual sites, ranged
from 19.6 to 22.4% total FA for 18:1 oleic acid and from 8.4 to 10.1% total FA for 18:3
linolenic acid (Table VI-6). The values from the commercial reference varieties ranged
from 17.9 to 25.3% total FA for 18:1 oleic acid and 7.4 to 11.4% total FA for 18:3
linolenic acid (Table VI-6). Additionally, literature data from Lundry et al. (2008) and
Berman et al. (2009) and the ILSI Crop Composition Database highlight the extensive
natural variability in fatty acid levels in soybean, as presented in Table VI-9. The small
relative magnitudes of the differences in 18:3 linolenic acid and 18:1 oleic acid compared
to the conventional control as well the broad range of these fatty acids present in
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commercial soybean varieties, suggest that the differences are not meaningful to food and
feed safety and nutritional quality in MON 87708 (untreated).

The relative magnitudes of differences between the mean values for MON 87708
(untreated) and the conventional control for the other three fatty acids observed in the
combined-site analysis were small (2.37% increase for 16:0 palmitic acid, 1.45% increase
for 18:2 linoleic acid and a 3.71% decrease for 22:0 behenic acid). The small magnitude
of differences as well as the lack of statistical differences across all individual sites
(Tables VI-6, E-19, E-22, E28 and E-28) further confirmed that the differences observed
in fatty acid composition are not meaningful to food and feed safety and nutritional
quality.

One of the combined-site differences observed between MON’87708 (untreated) and the
conventional control was attributable to vitamin E (expressed as mg/100g dwt). The
relative magnitude of difference between the-mean values of MON87708 (untreated) and
conventional control for vitamin E in.th¢ combined-site-analysis @as @n increase of
18.16% with respect to the conventionalcontrol (TableVI-6);

Levels of vitamin E are known tQ be‘affected byenvironmental grewing)conditions and
germplasm as demonstrated dn resilts- from=recent-assessments on.soybean varieties
grown at three locations in'the U.S. over a-period’of four years (Britz:et al., 2008) and
across six environmentscin Eastern ‘Canada’in a'single year)(Seguin etal., 2009). Britz et
al. (2008) showed more than ajtwo<fold (variation .in, Tevels across their study (units
expressed as the ratio of & toeopherol (vitamin. E) tototal tocopherol content). Vitamin E
values in Seguin etial. (2009)° ranged .from ©0.87.@0 3:32 mg/100g dwt. In the
compositional-analysis, presented here,. valuescof vitamin E’in the conventional control,
when assessed as individual replicates‘across all sites;ranged by as much as 0.89 to 2.11
mg/100g dwt (Table VI-6). Rangés ofvitamin E alues from the concurrently grown
commercial referénce varigties were eyen greater'and ranged from 0.69 to 2.91 mg/100g
dwt (Table M1:6).~Literaturedata from other-compositional assessments (Berman et al.,
2009; ILSI, 2006; Lundry-et aly 2008; Ridley et al., 2004) that further highlight the
extensive natural variability invitamin E devels in soybean are presented in Table VI-9.
Therefore, given this-established-variability of vitamin E levels in conventional soybean
and the fact that soybeatu1s not an-important nutritional source of vitamin E in human or
animal diets, thisiincréase in vitamin E levels in MON 87708 (untreated) compared to the
conventional?,control .supports*® the conclusion that this observed difference is not
meaningfulto food and feed-safety and nutritional quality.

The ‘femaining  combined-site differences between MON 87708 (untreated) and the
conventional control were attributable to two fibers (ADF and NDF). The relative
magnitude of these increases were small (3.99% to 6.33%) and ADF and NDF were not
different at any of the individual sites. The combined-site mean values for these nutrient
components also were within the 99% tolerance interval established from the commercial
reference varieties grown concurrently establishing that these differences are not
meaningful to food and feed safety and nutrition.
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In summary, statistical analyses found no consistent differences across sites in the levels
of nutrient components in seed from MON 87708 (untreated) and the conventional
control, except for differences in 18:1 oleic acid, 18:3 linoleic acid, and vitamin E levels
that were of small magnitude and were within the natural variability of the concurrently
grown commercial soybean varieties.  These data support the conclusion that
MON 87708 (untreated) is compositionally equivalent to conventional soybean.

VI.A.2.2. Anti-Nutrient Levels in Soybean Seed (Untreated)

In the combined-site analysis, no statistically significant differences were observed in
five of the eight anti-nutrient component comparisons (lectin, phytic acid; raffinose,
stachyose, and glycitein) between MON 87708 (untreated) and-the conventionalycontrol.
Statistically significant differences were observed-between MON 87708 (untteated) and
the conventional control in the other three anti-nutrient ¢dmponents that were 1heasured
(Tables VI-5 and VI-7). The differences’ included increased:‘4mean values trypsin
inhibitors, daidzein, and genistein compared to the conventional-control.

The statistically significant differénees” in-antisnutriénts~ were " evaluated using
considerations relevant to the safety<and nutritional quality. 6f MON §7708 (untreated)
when compared to the conventional control:

1) All anti-nutrient-component_differénces’observed-in the.‘combined-site analysis
reflected increased MON 87708 (untreated) mean,values-withrespect to the conventional
control, but were allless‘than20%: Relative magnitnde of'differences in the combined-
site analysis for-the anti-nutrientsiwere 15.37% (trypsincinhibitor), 17.24% (daidzein) and
11.59% (genistein)!

2) MON 87708& (untfeated)‘mean values for these-anti-nutrient components from the
combined-site analysis® wete within_the 99% telerance interval established from the
commercial reference varieties.conourrently grown in the same trial and, therefore were
within the, rangé of -natutal variability ofCthese components in commercial soybean
varieties\with a history ofisafe consumption (Tables VI-5 and VI-7).

3) Assessmentof the’ reprodugibility of the combined-site differences at the five
individual sttes-showed ngZconsistent pattern across sites. None of the anti-nutrient
components found-to be, différent in the combined site analysis were observed to be
statistically different.at-more than one of the five individual sites. Mean values for all of
thé above anti-nutrient components in MON 87708 (untreated) at the individual sites
wereOwithift ther 99% tolerance interval established from the concurrently grown
commercial reference varieties.

4) All mean values of MON 87708 (untreated) for all anti-nutrients were within the
context of the natural variability of commercial soybean composition as published in the
scientific literature and available in the ILSI Crop Composition Database (ILSI, 2006;
Ridley et al., 2004).

In summary, statistical analyses found no consistent differences across sites in the levels
of anti-nutrient components in seed from MON 87708 (untreated) and the conventional
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control. Thus, a comprehensive evaluation of anti-nutrient components in seed support
the conclusion that MON 87708 is compositionally equivalent to conventional soybean.

VI.A.2.3. Nutrient Levels in Soybean Forage (Untreated)

In the combined-site analysis of forage, none of the seven nutrient component
comparisons had a statistically significant difference between MON 87708 (untreated)
and the conventional control (Tables VI-5 and VI-8). In summary, statistical analyses
found no consistent differences across sites in the levels of nutrient components in forage
from MON 87708 (untreated) and the conventional control. Thus, a comprehensive
evaluation of nutrient components in forage supports the conclusion that MON 87708
(untreated) compositionally equivalent to conventional soybean:

Monsanto Company 10-SY-210U 97 of 721



Table VI-1. Summary of Differences (¢=0.05) for the Comparison of Soybean Component Levels for MON 87708 (Treated)

vs. Conventional Control

(MON 87708 minus Control)

Mean Difference

MON 877082 Control* Mean Difference  Significance MON87708 Commercial
Analytical Component (Units)’ Mean® Mean (% of Contrel) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Combined-Site Analysis
Seed Proximate (% dwt)
Ash 5.24 5.12 2.41 0:031 4.94 -5.69 4.74, 6.01
Carbohydrates 37.93 36.64 3.50 02012 35.65-39.21 32.07, 40.08
Protein 40,86 42.41 =3.65 0.016 39.00 - 42.53 35.50,45.19
Seed Fiber (% dwt)
Acid Detergent Fiber 13.55 12.36 5.30 0.009 12.45 - 15.57 10.06, 18.04
Crude Fiber 8.29 7:37 b2:37 <0.001 6.23 -9.65 5.76,10.76
Neutral Detergent Fiber 15.29 14.34 6.63 0.028 13.11-17.83 11.36, 19.38
Seed Amino Acid (% dwt)
Arginine 3:30 3:58 -7.91 0.006 3.09-3.50 2.55,3.83
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Table VI-1 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 87708 minus Control)

MON 877082 Control* Mean Differénce Significance MON&7708 Commercial
Analytical Component (Units)’ Mean? Mean (% of Control) (p2Valuey Range Tolerance Interval’
Statistically Significant Differences Observed in Combined-Site Analysis
Seed Amino Acid (% dwt)

Aspartic Acid 4.63 478 -3.18 0:016 4.44 - 4.80 4.04,5.13
Cystine 0.61 0.59 301 <0.001 0.58 - 0.63 0.50, 0.68
Glutamic Acid 7.38 T69 403 0:010 7.05-7.73 6.28, 8.30
Glycine 1.76 1.81 22.65 0.020 1.67-1.83 1.53,1.92
Histidine 1.06 1.09 =3.07 0.017 1.02-1.10 0.93,1.16
Isoleucine 1.88 1.95 =3.58 0.006 1.75-1.97 1.65,2.06
Leucine 306 3.17 -3.37 0.008 2.93-3.19 2.72,3.39
Phenylalanine 206 2.13 -3.33 0.034 1.92-2.18 1.80, 2.30
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Table VI-1 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 87708 minus Control)

MON 87708 Control* Mean Difference Significance MON«§7708 Commercial
Analytical Component (Units)’ Mean® Mean (% of Centrol) (p2Valuey Range Tolerance Interval’

Statistically Significant Differences Observed in Combined-Site Analysis
Seed Amino Acid (% dwt)

Proline 1.99 2.05 23.24 0:017 1.90 - 2.09 1.65,2.26
Tyrosine 1.37 1.42 3047 0:048 1.28-1.46 1.24,1.50
Valine 1.98 206 L3789 0:006 1.82-2.09 1.72,2.20

Seed Fatty Acid (% Total FA)

16:0 Palmitic 11.59 11.33 2.29 0.002 11.25-12.16 8.44,12.56
18:1 Oleic 19.20 20091 -&19 <0.001 17.85-19.94 15.73,27.19
18:2 Linoleic 54.40 53:59 1.51 0.010 53.42 - 55.67 48.61, 59.37
18:3 Linolenic 10.12 9.49 6.65 <0.001 8.99 - 10.88 6.01, 12.58
22:0 Behenic 0.27 0.28 -4.70 0.001 0.25-0.29 0.24, 0.40
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Table VI-1 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Componént Levels for MON 87708

(Treated) vs. Conventional Control

Mean Difference
(MON 87708 miinus Control)

MON 87708 Control* Mean Difference Significance MON§7708 Commercial

Analytical Component (Units)" Mean? Mean (% of Control) (p~Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Combined-Site Analysis
Seed Vitamin (mg/100g dwt)
Vitamin E 1.41 1.23 15:13 0.001 1.08 - 2.17 0,3.49
Seed Anti-nutrient (% dwt)
Phytic Acid 1.30 1.39 ~6.14 0.043 1.08 - 1.51 0.77,1.91
Raffinose 0,43 0.47 =773 0.045 0.32-0.59 0.13,0.70
Stachyose 3.36 3.62 -7.24 0.011 3.07 -4.02 2.30,4.07
Seed Isoflavone (ug/g dwt)
Daidzein 149497 1340.71 V.51 0.046 899.83 - 2305.26 0,2271.38
Forage Fiber (% dwt)
Acid Detergent Fiber 30.58 2769 10.45 0.021 23.30-45.11 16.54, 41.80
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Table VI-1 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Levels for MON 87708

(Treated) vs. Conventional Control

(MON 87708 minus Control)

Mean Difference

MON 87708 Control* Mean Difference ™ Significance MON«§7708 Commercial

Analytical Component (Units)’ Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Five Individual Sites
Seed Fatty Acid (% Total FA)
18:1 Oleic Site IARL 19.38 24067 -10.58 0.001 19.07 - 19.73 15.73,27.19
18:1 Oleic Site ILCY 19.74 24,57 -8.:46 0.01% 19.44 - 19.94 15.73,27.19
18:1 Oleic Site ILWY 19.52 2114 -7.66 0.010 19.34 - 19.64 15.73,27.19
18:1 Oleic Site INRC 18.78 20:19 -6.96 <0.001 18.58 - 18.95 15.73,27.19
18:1 Oleic Site PAHM 18.58 20:01 =313 0.015 17.85-19.42 15.73,27.19
18:3 Linolenic Site IARL 10.64 10.04 5.94 0.033 10.58 - 10.74 6.01, 12.58
18:3 Linolenic Site ILCY 9.07 858 5.78 0.007 8.99-9.16 6.01, 12.58
18:3 Linolenic Site ILWY 10.54 10.05 4.92 0.026 10.51 - 10.59 6.01, 12.58
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708

(Treated) vs. Conventional Control

(MON 877084aninus Control)

Mean Difference

MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Five Individual Sites
Seed Fatty Acid (% Total FA)
18:3 Linolenic Site INRC 10.03 9.31 7.65 <0:001 9.89 -10.10 6.01, 12.58
18:3 Linolenic Site PAHM 10.33 941 9.02 0:006 9.91-10.88 6.01, 12.58
Statistically Significant Differences Observed indfourdndividual Sites
Seed Vitamin (mg/100g dwt)
Vitamin E Site [ARL IS 0.94 22.25 0.033 1.10-1.22 0, 3.49
Vitamin E Site ILCY 243 1.86 14.43 0.038 2.10-2.17 0, 3.49
Vitamin E Site ILWY 118 0.94 24.64 0.011 1.08 - 1.26 0,3.49
Vitamin E Site PAHM K32 1.23 7.90 0.010 1.21-1.54 0, 3.49
Statistically Significant Differences Observed imThree Individual Sites
Seed Proximate (% dwt)
Protein Site ILCY 40.17 41.72 -3.72 0.047 39.44 - 40.96 35.50,45.19
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)
MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Three Individual-Sites
Seed Proximate (% dwt)
Protein Site ILWY 40.88 41.99 ~2.64 0.042 40.56 - 41.37 35.50,45.19

Protein Site PAHM 40.25 43.69 -7.86 0:002 39.00 - 41.05 35.50, 45.19

Seed Amino Acid (% dwt)

Arginine Site ILWY 3.30 3,57 =758 0.002 3.24-3.33 2.55,3.83
Arginine Site INRC 3.44 3.72 -7.37 0.011 3.39-3.50 2.55,3.83
Arginine Site PAHM 3.25 3.88 -16:13 0.001 3.09-3.36 2.55,3.83
Glutamic Acid Site ILCY 7.43 761 -2.38 0.032 7.27-7.54 6.28, 8.30
Glutamic Acid Site ILWY 7.29 751 -2.86 0.002 7.20 -7.35 6.28, 8.30
Glutamic Acid Site PAHM 7.28 8.00 -9.08 0.003 7.06 - 7.40 6.28, 8.30
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)
MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Three Individual-Sites
Seed Amino Acid (% dwt)

Histidine Site ILCY 1.06 .08 ~1.84 0.022 1.04 - 1.07 0.93,1.16
Histidine Site ILWY 1.05 1.07 -1.62 0:019 1.05-1.05 0.93,1.16
Histidine Site PAHM 105 1.13 =7.52 0.002 1.02 - 1.06 0.93,1.16
Isoleucine Site ILCY 1789 1.99 -3.98 0.010 1.87-1.93 1.65,2.06
Isoleucine Site ILWY 187 1.90 =1.22 0.004 1.85-1.89 1.65,2.06
Isoleucine Site PAHM 1G85 2.00 -7.59 0.014 1.79-1.90 1.65,2.06
Leucine Site ILCY 3:09 3.7 -2.42 0.002 3.04-3.14 2.72,3.39
Leucine Site ILWY 3002 3.10 -2.49 <0.001 3.00-3.04 2.72,3.39
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)

MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’

Statistically Significant Differences Observed in Three Individual-Sites
Seed Amino Acid (% dwt)
Leucine Site PAHM 3.03 3.28 ~7.42 0.002 2.96 - 3.09 2.72,3.39

Seed Fatty Acid (% Total FA)

22:0 Behenic Site IARL 0.26 0:28 -5:49 0.022 0.25-0.27 0.24,0.40
22:0 Behenic Site ILWY 0.26 0,28 -6.67 0.008 0.26 - 0.27 0.24, 0.40
22:0 Behenic Site INRC 0.28 0.29 -4.85 0.038 0.27-0.29 0.24,0.40

Statistically Significant Differences Observed)in Two-Individual -Sites
Seed Proximate
Moisture (% fwt) Site ILWY 6.96 6.16 12.99 0.022 6.80-7.17 4.27,9.58

Moisture (% fwt) Site PAHM 7.84 10.50, -25.30 <0.001 7.38 - 8.47 4.27,9.58

Seed Amino Acid (% dwt)
Aspartic Acid Site ILWY 4:59 4.67 -1.90 0.011 4.55-4.61 4.04,5.13
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)
MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Two Individual Sites
Seed Amino Acid (% dwt)

Aspartic Acid Site PAHM 4.56 4.94 ~7.65 0.002 4.45-4.63 4.04,5.13
Phenylalanine Site ILWY 2.01 2.07 2.95 0:046 1.96 - 2.06 1.80, 2.30
Phenylalanine Site PAHM 204 2.21 =7.96 0.010 2.00 - 2.07 1.80,2.30
Proline Site ILWY 1:94 2.08 -5.09 0.020 1.93-1.96 1.65,2.26
Proline Site PAHM 1498 2.10 =5.98 0.016 1.94 -2.00 1.65,2.26
Threonine Site ILWY 1052 1.55 -1.69 0.005 1.51-1.53 1.40, 1.69
Threonine Site PAHM 1SS 1.62 -4.23 0.029 1.52-1.57 1.40, 1.69
Tyrosine Site INRC 1238 1.44 -4.49 0.044 1.35-1.43 1.24,1.50
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)

MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’

Statistically Significant Differences Observed in Two Individual Sites
Seed Amino Acid (% dwt)

Tyrosine Site PAHM 1.35 .49 :9.43 0.011 1.28-1.43 1.24,1.50
Valine Site ILCY 1.96 2.05 -4.37 0:013 1.94-2.01 1.72,2.20
Valine Site PAHM 195 2.13 =8.17 0.012 1.89-2.00 1.72,2.20

Seed Fatty Acid (% Total FA)

16:0 Palmitic Site [ARL 11.49 11:00 4.47 0.001 11.44-11.54 8.44,12.56
16:0 Palmitic Site ILWY 11.26 11:04 2,02 0.017 11.25-11.27 8.44,12.56
18:2 Linoleic Site [ILCY 54.54 53:26 2.40 0.021 54.45 - 54.70 48.61, 59.37
18:2 Linoleic Site INRC 54.98 54.43 1.00 0.019 54.80 - 55.14 48.61, 59.37
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)
MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Two Individual Sites
Seed Anti-nutrient (% dwt)
Phytic Acid Site IARL 1.36 .53 <11.28 0.018 1.33-1.38 0.77,1.91

Phytic Acid Site ILWY 1.40 1.55 9.34 0:030 1.33-1.46 0.77,1.91

Seed Isoflavone (ng/g dwt)

Daidzein Site ILWY 1458.08 1271760 14.67 0.004 1416.31 - 0,2271.38
1535.98

Daidzein Site INRC 168350 1419.40 18.61 0.049 1593.24 - 0,2271.38
1777.49

Glycitein Site ILWY 1177 7970 40.23 <0.001 109.88 - 113.86  31.24, 233.60

Glycitein Site INRC b11.51 98:42 13.31 0.016 11091 -112.28  31.24, 233.60

Forage Proximate (% dwt)
Protein Site IARL 2521 23.00 9.63 0.043 24.71 - 25.52 15.69, 26.63
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708

(Treated) vs. Conventional Control

(MON 877084aninus Control)

Mean Difference

MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in Two Individual Sites
Forage Proximate (% dwt)
Protein Site INRC 21.78 23.33 ~6.63 0.019 20.99 - 22.51 15.69, 26.63
Statistically Significant Differences Observed in One Individual Site
Seed Proximate (% dwt)
Carbohydrates Site PAHM 3830 35.23 8.71 0.008 37.69 - 38.65 32.07, 40.08
Seed Fiber (% dwt)
Crude Fiber Site INRC 8.06 6.89 17.03 0.009 7.76 - 8.47 5.76,10.76
Seed Amino Acid (% dwt)
Alanine Site PAHM 175 1.86 £5.81 0.010 1.74 - 1.77 1.56,1.91
Cystine Site PAHM 0.62 0.59 4.79 0.024 0.60 - 0.63 0.50, 0.68
Glycine Site PAHM 73 1.86 -6.78 0.004 1.69 - 1.75 1.53,1.92
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Table VI-1 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Componeént Levels for MON 87708
(Treated) vs. Conventional Control

Mean Difference
(MON 877084aninus Control)

MON 877082 Control* Mean Difference Significance’ ~MONE7708 Commercial
Analytical Component (Units)" Mean? Mean (% of Control) (p-Value) Range Tolerance Interval’
Statistically Significant Differences Observed in One Individual Site
Seed Amino Acid (% dwt)

Lysine Site PAHM 2.60 2.75 ~5.39 0.009 2.53-2.65 2.33,2.84
Serine Site ILWY 1.98 2.06 3.83 0:003 1.97-2.00 1.78,2.27
Tryptophan Site ILCY 051 0.48 6.21 0.024 0.49-0.53 0.38,0.52

Seed Anti-nutrient (% dwt)
Lectin (H.U./mg dwt) Site ILWY 1.10 2.33 -52.88 0.045 0.59 - 1.51 0,7.73

Stachyose Site INRC 3.14 3.46 <9.18 0.043 3.12-3.17 2.30,4.07

Forage Proximate (% dwt)
Carbohydrates Site PAHM 70,95 6581 7.81 0.015 69.23 - 73.31 60.69, 73.46

Moisture (% fwt) Site PAHM T4:27 7490 -0.86 0.021 73.40 - 75.40 62.08, 89.80

'dwt = dry weight; fwt = fresh weight; FA = fattyacid; H/U. 5 Hemagglutinating Units.

ZMON 87708 was treated with disamba.

3Mean = least-square mean.

*Control refers to the near isogenic_conventional-soybean control A3525.

*With 95% confidence, interval contains 99% of the values expressed in the population of commercial reference
varieties. Negative limits set to zero.
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Table VI-2. Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Treated) vs. Conventional Control

Difference (MON:87708 minu§"Control)

MON 87708> Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.E.) 95% Significance Tolerance Interval’
Analytical Component (Units)’ (Range) (Range) (Range) Confidence Intervali“(p-Value) (Range)
Proximate (% dwt)
Ash 5.24 (0.067) 5.12 (0.067) 0.12:(0.055) 0.011, 0:24 0.031 4.74, 6.01
(4.94 - 5.69) (4.73 - 5,47) (0228 -.0:45) (4.93 - 5.88)
Carbohydrates 37.93 (0.50) 36:64°(0.50) 128 (0.40) 0:3652.20 0.012 32.07, 40.08
(35.65-39.21) (34.11 £38.45) (-0.38,94.07) (33.82-39.26)
Moisture (% fwt) 6.88 (0.65) 7:1440:65) -0.26-(0.52) -£46, 0.94 0.629 4.27,9.58
(5.17 - 8.4D) (579 10:60) (312 ~1.43) (5.50-9.23)
Protein 40.86(0.39) 42.41 (0:39) 1255 (0.51) -2.73,-0.37 0.016 35.50,45.19
(39.00 - 42.53) (40.6943.85) (-4.84- 0.08%) (37.06 - 43.42)
Total Fat 15.97.0:59) 15.84:(0.59) 0-137(0.31) -0.58, 0.84 0.691 12.33,24.10
(14.00 - 18.56) (14240 -.18:39) =1.90 - 2.37) (15.47 - 21.34)
Fiber (% dwt)
Acid Detergent Fiber 13.5540.40) 12,86 (0.40) 0.68 (0.25) 0.18,1.19 0.009 10.06, 18.04
(12.45- 15:57) (11262 -14.57) (-0.71 - 2.13) (12.07 - 17.46)
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Table VI-2 (continued).
Conventional Control

Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Treated) vs.

Difference (MON 87708 -minus Control)

MON 877082 Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.E) 95% Significance Tolerance Interval’
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Fiber (% dwt)
Crude Fiber 8.29 (0.26) 7.37 (0.26) 09T (0.26) 0.40,1.43 <0.001 5.76, 10.76
(6.23 -9.65) (6.05 <B.64) (<0.34-2.67) (6.35-11.31)
Neutral Detergent Fiber 15.29 (0.59) 14.34(0.59) 0.95/0.419 01, 179 0.028 11.36, 19.38
(13.11-17.83) (1L.81- 17,99) (+1:31 -4:57) (11.66 - 19.45)
Amino Acid (% dwt)
Alanine 1.76 (0.018) 1.80(0:018) x0.032(0.01.7) -0.075, 0.0018 0.059 1.56,1.91
(1.66- 1.83) (L69 - 1.90) (<016 -0.042) (1.59 - 1.86)
Arginine 3.30 (0.069) 358 (0.069) s0:28 (02078) -0.46, -0.10 0.006 2.55,3.83
(3.09 -3.50) (3.19.~3.93) (+0.83-0.0059) (2.88 -3.74)
Aspartic Acid 4.63 (0.044) 4.78(0.044) -0.15 (0.050) -0.27,-0.037 0.016 4.04,5.13
(4.44 - 480) (4.46 - 5:01) (-0.56 - 0.12) (4.22 -4.94)
Cystine 0.61:(0.0049) 0159 (0-0049) 0.018 (0.0046) 0.0085, 0.027 <0.001 0.50, 0.68
(0.58£0.63) (0,56)- 0.62) (-0.0071 - 0.053) (0.53 - 0.66)
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Table VI-2 (continued).
Conventional Control

Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Treated) vs.

Difference (MON 87708 -minus Control)

MON 877082 Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.E) 95% Significance Tolerance Interval’
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Amino Acid (% dwt)
Glutamic Acid 7.38 (0.085) 7.69 (0.085) -031 (0.093) <0.53,~0.095 0.010 6.28, 8.30
(7.05 - 7.73) (7.12 <9.14) <1.09-0.17) (6.69 - 7.92)
Glycine 1.76 (0.016) 181 (0:016) 50.048,(0.017) =0.086; -0-0096 0.020 1.53,1.92
(1.67 - 1.83) (1.70:- 1.89) (-020 - 0,042) (1.58 - 1.84)
Histidine 1.06 (0.0095) 1.09-(0.0095) -0:033 (0:011) 20:059, -0.0076 0.017 0.93, 1.16
(1.02 -1J10) (1.02 -+1.14) (-0.12- 0.031) (0.95-1.13)
Isoleucine 1:88 (0.019) 1.9540:019) -0.070 (0.019) -0.11, -0.026 0.006 1.65, 2.06
(1.75-1.99 (179 - 2004) (-0:24.£0:11) (1.68 - 2.02)
Leucine 3.0640.029) 317 (0029) =0711 (0.031) -0.18, -0.035 0.008 2.72,3.39
(2:93-3.19) (2.96+3.32) (-0.36 - 0.072) (2.80 - 3.27)
Lysine 2.64 (0.019) 2.68.(0.019) -0.041 (0.023) -0.094, 0.012 0.110 2.33,2.84
(2.53 - 222D (2254 -2777) (-0.23 - 0.090) (2.38 -2.74)
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Table VI-2 (continued).
Conventional Control

Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Treated) vs.

Difference (MON 87708 -minus Control)

MON 877082 Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.E) 95% Significance Tolerance Interval’
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Amino Acid (% dwt)
Methionine 0.58 (0.0053) 0.58 (0.0053) 0.00012 (0:90062) #0:013;0.013 0.985 0.50, 0.64
(0.53-0.60) (0.53 <0.60) (0.039-0.071) (0.52-0.63)
Phenylalanine 2.06 (0.028) 2:13 (0:028) 50.074,¢0.028) -0.13,-0.0067 0.034 1.80, 2.30
(1.92 - 2.18) (1.95)- 2.29) (-027 - 0,048) (1.85-2.21)
Proline 1.99 (0.021) 20570.021) -0:067 (0:022) <0.12,-0.015 0.017 1.65,2.26
(1.90 +2.09) (1.89 -2.13) (-0.17+ 0.065) (1.74 - 2.16)
Serine 2:04 (0.023) 2.09,0:023) -0.048 (0.026) -0.11, 0.013 0.105 1.78,2.27
(1.92-2.12) (1295 - 2021) (-0-19<0.054) (1.90 - 2.18)
Threonine 1.5640.015) 158 (0.015) 0:023 (0.015) -0.058, 0.012 0.169 1.40, 1.69
(1448 - 1.62) (1.514-~1.64) (-0.10 - 0.052) (1.47 - 1.64)
Tryptophan 0.47 (0,0085) 0.464(0.0085) 0.0070 (0.0097) -0.015, 0.029 0.494 0.38, 0.52
(0.44 - 0:53) (043 ~0:50) (-0.035 - 0.064) (0.39-0.50)
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Table VI-2 (continued).
Conventional Control

Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Treated) vs.

Difference (MON 87708 -minus Control)

MON 877082 Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.E) 95% Significance Tolerance Interval’
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Amino Acid (% dwt)
Tyrosine 1.37 (0.018) 1.42 (0.018) -0.049 (0.621) -0;098, 0.00046 0.048 1.24,1.50
(1.28 - 1.46) (1.34 <0.52) (€0.20:=-0.078) (1.26 - 1.49)
Valine 1.98 (0.020) 2.06 (0:020) 50.080,(0.022) -0-13; -0:030 0.006 1.72,2.20
(1.82 -2.09) (1.905- 2.19) (0,27 -©0:13) (1.73 - 2.13)
Fatty Acid (% Total FA)
16:0 Palmitic 11.59 (0.16) 11.33(0.16) 0.2640.060) 0.12, 0.40 0.002 8.44,12.56
(11.25+ 12.16) (10.92 - 12.08) (-0215 -50.62) (9.40 - 11.54)
18:0 Stearic 4.06 (0.10) 4.04 (0.10) 0.028(:049) -0.085, 0.14 0.584 2.90,5.19
(3.60_-4.40) (3.67.~4.31) (-0.19-0.42) (3.24 - 4.67)
18:1 Oleic 19.20 (0.30) 20.91-¢0.30) -1.71 (0.19) -2.15,-1.27 <0.001 15.73,27.19
(17.85 - 19:94) (19.60 -22°44) (-2.71 - -0.90) (17.88 -25.31)
18:2 Linoleic 5440 (0:37) 53.5940:37) 0.81 (0.24) 0.25,1.37 0.010 48.61, 59.37
(53.424355.67) (52.33- 54.99) (-0.59 - 1.68) (50.95 - 56.68)
Monsanto Company 10-SY-210U 116 of 721



Table VI-2 (continued). Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Treated) vs.
Conventional Control

Difference (MON 87708 -minus Control)

MON 877082 Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.E) 95% Significance Tolerance Interval’
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Fatty Acid (% Total FA)
18:3 Linolenic 10.12 (0.27) 9.49 (0.29) 0.63(0.072) 0.46,0.80 <0.001 6.01, 12.58
(8.99 - 10.88) (8.42 -10:14) €0.36:>1.20) (743 -11.37)
20:0 Arachidic 0.26 (0.0052) 0:26 (0:0052) 40:0012,;(0.0031) _~0.0082, 0:0059 0.707 0.19,0.34
(0.23-0.27) (0.2%- 0.27) (-0913 ~0:020) (0.20 - 0.30)
20:1 Eicosenoic 0.093 (0.017) 0.090 (0.017) 0.0029 (0:0042) 020056, 0.011 0.495 0.022, 0.24
(0.069 = 0216) (0.068 ~0,17) (+0.010'- 0.050) (0.065 - 0.17)
22:0 Behenic 0.27 (0.0038) 0:28 (0:0038) -0.013+(0.0029) -0.020, -0.0066 0.001 0.24,0.40
(0.25-0.29 (0:27 - 0:30) (-0.623-70.0024) (0.28 - 0.36)
Vitamin (mg/100g dwt)
Vitamin E 141 (0.18) 1.23(0.18) 0.19 (0.038) 0.098, 0.27 0.001 0,3.49
(1.08 - 24%) (0.89 - 2:11) (0.018-0.42) (0.69 -2.91)

'dwt = dry weight; fwt = fresh weight; F'A = fatty acid.

ZMON 87708 was treated with dicapiba.

3Mean (S.E.) = least-square mean (standard erfor).

*Control refers to the near isogenic ¢dnventional soybean control A3525.

*With 95% confidence, interval ¢ontains 99%0f the values expressed in the population of commercial reference
varieties. Negative limits set to zero.
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Table VI-3. Statistical Summary of Combined-Site Soybean Seed Anti-Nutrients for MON 87708 (Treated) vs. Conventional

Control

Difference (MON 87708.minus €ontrol)

MON 87708> Control* Commercial
Mean (S.E.) Mean (S.E.) Mean (S.Ec) 95% Significance Tolerance Interval’
Analytical Component (Units)' (Range) (Range) (Range) Confidence Interval (p-Value) (Range)
Anti-nutrient
Lectin (H.U./mg dwt) 3.17 (0.76) 3.16 (0.76) 0.013 (0:67) 21.54,4.57 0.984 0,7.73
(0.59-10.27) (0.46 - 10:38) 4.27-8.13) (0.68 - 8.34)
Phytic Acid (% dwt) 1.30 (0.071) 1.39 (0:071) 50.085,¢0.035) -0.17:-0.0034 0.043 0.77,1.91
(1.08 - 1.51) (1.09- 1.62) (0,29 -0:15) (1.00 - 1.64)
Raffinose (% dwt) 0.43 (0.038) 0.47+(0.038) -0:036 (0.018) -0.072, -0.00077 0.045 0.13,0.70
(0.32 -.0:59) (0.36 =0.60) (=0.24°- 0.069) (0.26 - 0.59)
Stachyose (% dwt) 3:36 (0.078) 3.62(0:078) -0.26+(0.099) -0.46, -0.062 0.011 2.30, 4.07
(3.07 -4.02) (3:07 - 415) (-P00.£0-40) (2.50 - 3.94)
Trypsin Inhibitor (TIU/mg dwt) 32.27 (1.40) 30:37 (1LA0) 1.90 (1.79) -2.23,6.04 0.319 22.05,41.12
(26:09 - 39.27) (25.22.=34.22) (-4.76 - 8.72) (22.81 - 44.56)
Isoflavone (ug/g dwt)
Daidzein 149497 (155.94)1340.71 (155.94)  154.26 (65.62) 2.95,305.57 0.046 0,2271.38

(899:83 <2305.26) (762.4%-1729.91) (-258.27 - 795.19)

(451.33 - 2033.05)
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Table VI-3 (continued). Statistical Summary of Combined-Site Soybean Seed Anti-Nutrients for®™ON 87708 (Treated) vs.
Conventional Control

Difference (MON 87708.minus, Control)

MON 87708 Control’ Commercial
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)! (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Isoflavone (ng/g dwt)
Genistein 967.01 (90.36) 886.57 (9036) 8044 (41.86) 4:30, 165.19 0.062 78.36, 1869.48
(594.13 - 1496.78) (588.17 - 1162 01) («185.98-513:56) (533.88 - 1726.03)
Glycitein 108.01 (5.24) 95.85¢(5.24) 12.16(6.91) -3.37, 2809 0.116 31.24,233.60
(77.67-119.09) « (68.68% 122:09) ¢,* (-43,86 -50.41) (73.61 - 231.75)

'dwt = dry weight; H.U. = Hemagglutinating Units; THJ = FrypsiwInhibitor Units.

ZMON 87708 was treated with dicamba.

*Mean (S.E.) = least-square mean (standard error).

*Control refers to the near isogenic cofiVentional soybean contréDA3525.

*With 95% confidence, interval contains 99% of‘the valdes expressed in-the population-of commercial reference
varieties. Negative limits set to zero.
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Table VI-4. Statistical Summary of Combined-Site Soybean

Control

Forage Nutrients for MON 87708 (dreated) vs. Conventional

Difference (MON 87708.minus €ontrol)

MON 87708> Control* Commercial
Mean (S.E.)* Mean (S.E.) Mean (S.Ec) 95% Significance Tolerance Interval’
Analytical Component (Units)' (Range) (Range) (Range) Confidence Interval (p-Value) (Range)
Proximate (% dwt)
Ash 7.29 (0.54) 7.39 (0.54) -0210 (0.27) 20.71,0.51 0.712 3.36, 10.84
(5.94-9.65) (6.10 - 10346) ¢0.89:-1.56) (5.20-9.81)
Carbohydrates 66.48 (1.03) 65.66(1.04) 0.830.96) -1c40, 3.05 0.414 60.69, 73.46
(62.21-73.31) (62.91)- 67.94) (-3,95 -6:90) (62.73 - 71.72)
Moisture (% fwt) 75.63 (1.82) 75.55 (182) 0:081 (0.27) 20.55, 0.71 0.775 62.08, 89.80
(72.40 -.82-80) (.60 =82.70) (-1.40- 1,30) (70.40 - 84.10)
Protein 21:52 (0.95) 22.32:(0.95) -0.80 (0.80) -2.67,1.07 0.350 15.69, 26.63
(15.23 - 25.:52) (20:88 - 24:11) (-6226.42:75) (18.50 - 25.86)
Total Fat 4.67 (0.66) 4.64 (0260) 0-032 (0.26) -0.57, 0.63 0.904 0, 10.04
(2:00 - 7.34) (2.01.<6.72) (-0.68 - 1.96) (1.57-7.99)
Fiber (% dwt)
Acid Detergent Fiber 30.58 (1:79) 272.69 (1:80) 2.89 (1.19) 0.45,5.34 0.021 16.54, 41.80
(23.30.£45.11) (21.79,-38.15) (-4.78 - 16.24) (20.98 - 39.23)
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Table VI-4 (continued). Statistical Summary of Combined-Site Soybean Forage Nutrients for- ™MON 87708 (Treated) vs.
Conventional Control

Difference (MON 87708.minus €ontrol)

MON 87708> Control* Commercial
Mean (S.E.)* Mean (S.E.) Mean (S.Ec) 95% Significance Tolerance Interval’
Analytical Component (Units)' (Range) (Range) (Range) Confidence Interval (p-Value) (Range)
Fiber (% dwt)
Neutral Detergent Fiber 29.63 (1.68) 30.49 (1,70) -0:86 (1.22) 33.65,:1.94 0.503 20.28, 44.03
(24.21 - 38.51) (23.66 :39.42) (¢8.13:211.03) (24.81 - 42.80)

'dwt = dry weight; fwt = fresh weight.

ZMON 87708 was treated with dicamba.

3Mean (S.E.) = least-square mean (standard error).

*Control refers to the near isogenic conventional §oybean control A3525,

*With 95% confidence, interval contains 99% of the-values'expressed.in-the population .of comifercial reference
varieties. Negative limits set to zero.
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Table VI-5. Summary of Differences (¢=0.05) for the Comparison of Soybean Component Levels fordMON 87708 (Untreated)

vs. Conventional Control

(MON'87708 minus Control)

Mean Differeénce

MON 877082 Control* Mean Difference Significance. 5" MON 87708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contfrol) (prValue) Rarige Tolerance Interval’
Statistical Differences Observed in Combined-Site Analysis
Seed Proximate (% dw)
Protein 41.17 4241 -2.94 0.040 39.96 - 43.06 35.50, 45.19
Seed Fiber (% dw)
Acid Detergent Fiber 13.38 12.86 3.99 0:046 11.01 - 15.72 10.06, 18.04
Neutral Detergent Fiber 15:24 14.34 6.33 0.035 12.91 - 18.38 11.36, 19.38
Seed Amino Acid (% dw)
Arginine 3.37 358 -5.88 0.026 3.12-3.60 2.55,3.83
Cystine 0.61 0,59 3.27 <0.001 0.59 - 0.64 0.50, 0.68
Glutamic Acid 7.46 7269 -3.03 0.037 7.25-7.88 6.28, 8.30
Isoleucine 1.90 1295 -2.42 0.039 1.80-2.02 1.65, 2.06
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Table VI-5 (continued). Summary of Differences (0¢=0.05) for the Comparison of Soybean Component Levels for MON 87708
(Untreated) vs. Conventional Control

Mean Difference
(MON 87708aninus Control)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’

Statistical Differences Observed in Combined-Site Analysis
Seed Amino Acid (% dw)

Leucine 3.10 3.17 ~2.27 0.049 3.01-3.24 2.72,3.39
Phenylalanine 2.06 2.13 3.04 0:048 1.98-2.14 1.80,2.30
Proline 198 2.05 =3.39 0.014 1.89-2.05 1.65,2.26
Valine 200 2.06 -2.76 0.030 1.90-2.13 1.72,2.20

Seed Fatty Acid (% Total FA)

16:0 Palmitic 11.60 11:33 2,37 0.002 11.02 - 12.15 8.44,12.56
18:1 Oleic 19.32 2091 -7.60 <0.001 18.26 - 20.73 15.73,27.19
18:2 Linoleic 5437 53.59 1.45 0.012 52.18 - 55.62 48.61, 59.37
18:3 Linolenic 10,04 9.49 5.78 <0.001 8.94 - 10.90 6.01, 12.58
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708
(Untreated) vs. Conventional Control (continued)

Mean Difference
(MON 87708aninus Control)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’

Statistical Differences Observed in Combined-Site Analysis
Seed Fatty Acid (% Total FA)
22:0 Behenic 0.27 0.28 =3.71 0.006 0.25-0.29 0.24, 0.40

Seed Vitamin (mg/100g dw)
Vitamin E 1.45 123 18,16 <0,001 1.11-2.27 0, 3.49

Seed Anti-nutrient
Trypsin Inhibitor (TIU/mg dw) 35.03 30.37 15.37 0.031 23.32-51.50 22.05,41.12

Seed Isoflavone (ng/g dw)
Daidzein 1571.79 1340.71 124 0.007 910.73 - 2297.58 0,2271.38

Genistein 989.28 886.57 11.59 0.018 654.16 - 1469.13  78.36, 1869.48

Statistical Differences Observed\in More thawOne Individual Site
Seed Fatty Acid (% Total FA)
18:1 Oleic Site IARL 19.28 21.67 -11.02 0.001 18.77 - 19.68 15.73,27.19
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708

(Untreated) vs. Conventional Control

(MON 87708minus Conttol)

Mean Difference

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
18:1 Oleic Site ILCY 19.85 21.57 ~7.98 0.013 19.62 - 20.22 15.73,27.19
18:1 Oleic Site INRC 18.80 20,19 -6.90 <0:001 18.63 - 18.96 15.73,27.19
18:1 Oleic Site PAHM 1845 20.01 =7.98 0.011 18.26 - 18.80 15.73,27.19
18:3 Linolenic Site ILCY 9,09 8.58 5.96 0.006 8.94-9.23 6.01, 12.58
18:3 Linolenic Site ILWY 10265 10.05 5.95 0.014 10.37-10.90 6.01, 12.58
18:3 Linolenic Site INRC 10,05 9.31 7.94 <0.001 10.00 - 10.10 6.01, 12.58
18:3 Linolenic Site PAHM 10:03 9.47 5.87 0.026 9.74 -10.18 6.01, 12.58
Seed Vitamin (mg/100g dw)
Vitamin E Site [ARL 1.26 0.94 33.64 0.008 1.11-1.42 0,3.49
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708
(Untreated) vs. Conventional Control

Mean Difference
(MON 87708“minus Confrol)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’

Statistical Differences Observed in More than One Individual Site
Seed Vitamin (mg/100g dw)

Vitamin E Site ILCY 2.21 .86 18.85 0.016 2.11-227 0,3.49
Vitamin E Site ILWY 1.15 0.94 21.98 0:017 1.11-1.20 0, 3.49
Vitamin E Site PAHM 137 1.23 12.00 0.002 1.26 - 1.59 0,3.49

Seed Amino Acid (% dw)

Phenylalanine Site ILCY 2.07 213 -3.03 0.024 2.05-2.08 1.80,2.30
Phenylalanine Site INRC 2.08 2.20 5,54 0.037 2.03-2.14 1.80, 2.30
Phenylalanine Site PAHM 2.08 2.21 -6.07 0.025 2.03-2.11 1.80,2.30
Proline Site ILCY 1.95 2206 -5.34 0.004 1.90 - 1.98 1.65,2.26
Proline Site INRC 2.04 2.06 -2.63 0.020 1.99 -2.04 1.65,2.26
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708
(Untreated) vs. Conventional Control

Mean Difference
(MON 87708aninus Control)

Mean Difference Significange’ ~MON®&7708

MON 877082 Control* Conventional

Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’
Statistical Differences Observed in More than One Individual Site

Seed Amino Acid (% dw)

Proline Site PAHM 2.00 2.10 ~5.09 0.028 1.93-2.04 1.65,2.26
Seed Fatty Acid (% Total FA)

18:2 Linoleic Site IARL 54.30 52,70 3:04 0.025 53.70 - 55.34 48.61, 59.37
18:2 Linoleic Site [ILCY 54.31 53.26 197 0.040 53.67 - 54.63 48.61, 59.37
18:2 Linoleic Site INRC 54.94 5443 0.93 0.024 54.79 - 55.13 48.61, 59.37
22:0 Behenic Site IARL 0.26 0.28 4.96 0.030 0.26 - 0.27 0.24,0.40
22:0 Behenic Site INRC 0.28 0.29 -5.54 0.025 0.27-0.28 0.24,0.40
22:0 Behenic Site PAHM 0.26 0227 -4.78 0.018 0.25-0.27 0.24,0.40
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708
(Untreated) vs. Conventional Control

Mean Difference
(MON 87708aninus Control)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’

Statistical Differences Observed in More than One Individual Site
Seed Proximate (% dw)

Moisture (% fw) Site IARL 7.84 6.07 29.21 0.010 7.39-8.73 4.27,9.58
Moisture (% fw) Site PAHM 9.53 10.50 -9.24 0:011 9.21-9.91 4.27,9.58
Protein Site INRC 4147 43.58 4.85 0.049 40.22 - 43.06 35.50, 45.19
Protein Site PAHM 40,38 43.69 -7.59 0.002 39.96 - 40.97 35.50,45.19

Seed Amino Acid (% dw)

Arginine Site INRC 3.40 3.72 <8.50 0.007 3.35-3.50 2.55,3.83
Arginine Site PAHM 3.39 3.88 -12.75 0.002 3.35-3.44 2.55,3.83
Glutamic Acid Site ILCY 7.44 T61 -2.24 0.039 7.33-7.51 6.28, 8.30
Glutamic Acid Site PAHM 7.42 8.00 -7.24 0.007 7.32-7.50 6.28, 8.30
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708
(Untreated) vs. Conventional Control

Mean Difference
(MON 87708aninus Control)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’

Statistical Differences Observed in More than One Individual Site
Seed Amino Acid (% dw)

Leucine Site ILCY 3.11 3.17 ~1.82 0.008 3.08-3.13 2.72,3.39
Leucine Site PAHM 3.10 3.28 5.46 0:009 3.08-3.11 2.72,3.39
Lysine Site ILWY 268 2.63 1.76 0.006 2.66 - 2.69 2.33,2.84
Lysine Site PAHM 264 2.75 -4.02 0.025 2.62-2.65 2.33,2.84

Seed Isoflavone (ug/g dw)
Glycitein Site ILWY 96.96 79:70 2165 0.001 92.19 - 103.25 31.24,233.60

Glycitein Site INRC 119.29 98:42 21.19 0.003 113.04 - 124.24 31.24, 233.60
Statistical Differences Observedin One Individual Site

Seed Amino Acid (% dw)
Alanine Site PAHM 1.79 D.86 -3.65 0.046 1.76 - 1.81 1.56,1.91
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708

(Untreated) vs. Conventional Control

Mean Difference
(MON 87708aninus Control)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’
Statistical Differences Observed in One Individual Site
Seed Amino Acid (% dw)
Aspartic Acid Site PAHM 4.66 4.94 ~5.62 0.008 4.64 - 4.69 4.04,5.13
Cystine Site INRC 0.62 0.59 5.30 0:029 0.60 - 0.63 0.50, 0.68
Glycine Site PAHM 177 1.86 4 .84 0.014 1.76 - 1.78 1.53,1.92
Histidine Site PAHM 1,07 1.13 -5.39 0.008 1.07 - 1.08 0.93, 1.16
Isoleucine Site PAHM 189 2.00 -5.67 0.035 1.88-1.91 1.65, 2.06
Serine Site ILWY 210 2.06 2.11 0.026 2.09-2.11 1.78,2.27
Threonine Site ILWY 159 1.55 2.85 <0.001 1.58 - 1.60 1.40, 1.69
Valine Site PAHM 2200 2.13 -5.93 0.035 2.00 - 2.00 1.72,2.20
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Table VI-5 (continued). Summary of Differences (¢=0.05) for the Comparison of Soybean Component Lévels for MON 87708

(Untreated) vs. Conventional Control

Mean Difference
(MON 87708aninus Control)

MON 877082 Control* Mean Difference Significange’ ~MON®&7708 Conventional
Analytical Component (Units)" Mean? Mean (% of Contrel) (p-Value) Range Tolerance Interval’
Statistical Differences Observed in One Individual Site
Seed Fatty Acid (% Total FA)
16:0 Palmitic Site IARL 11.51 11.00 4.67 0.001 11.39-11.63 8.44,12.56
20:1 Eicosenoic Site ILCY 0.15 0.16 -4.82 0:028 0.15-0.16 0.022,0.24
Seed Anti-nutrient
Trypsin Inhibitor (TIU/mg dw) Site ILWY 38.93 29.73 30.95 0.033 37.89 -39.49 22.05,41.12
Forage Proximate (% dw)
Ash Site INRC 620 6.95 ~10,70 0.047 5.87-6.72 3.36,10.84
Moisture (% fw) Site IARL 8347 81,97 1.83 0.027 82.70 - 84.10 62.08, 89.80
Protein Site IARL 2576 2300 12.02 0.022 24.63 - 27.04 15.69, 26.63

'dw = dry weight; fw = fresh weight; FA = fatty acid; TIU = Frypsin.Inhibitor Units.
2 MON 87708 plants were not sprayed with dicamba,but received another conventional treatment as was done for the conventional control.

3Mean = least-square mean.

*Control refers to the non-biotechnélogy-derived) conventional control (A3525).
*With 95% confidence, interval.containg 99% of the values expressed in the population of conventional substances. Negative limits set to zero.
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Table VI-6. Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Untreated) vs. Conventional

Control

Difference (MON 87708 minus Control)

MON 87708 2 Control* Conventional
Mean (S.E.)? Mean (S.E.) Mean (S.E¢) 95% Significance Tolerance Interval’
Analytical Component (Units)' (Range) (Range) (Range) Confidence Interval (p-Value) (Range)
Proximate (% dw)
Ash 5.22 (0.067) 5.12 (0.067) 0.20°(0.055) -0.010,40.21 0.073 4.74, 6.01
(4.89 -5.51) (4.73 :547) =0.28-70.55) (4.93 - 5.88)
Carbohydrates 37.30 (0.50) 36.64(0.50) 0.66:(0.40) -0:26, 1.58 0.138 32.07, 40.08
(35.27-39.79) (34 43 38:45) (+1,.89 -4:52) (33.82-39.26)
Moisture (% fw) 7.30 (0.65) 714 (0.65) 0,16 (0:52) 21.04, 1.36 0.771 4.27,9.58
(5.68 ©9.91) (5.79.-40.60) (-1.19:- 2.89) (5.50-9.23)
Protein 4117 (0.39) 42.41(0.39) -1.25(0.51) -2.42,-0.069 0.040 35.50, 45.19
(39.96 - 43.06) (40:69 - 43:85) (-3289.40:47) (37.06 - 43.42)
Total Fat 16.32 (0.59) 15:84 (0:59) 0248 (0.31) -0.23,1.19 0.155 12.33,24.10
(13295 - 18.66) (14.40<18.39) (-1.73 - 1.70) (15.47 - 21.34)
Fiber (% dw)
Acid Detergent Fiber 1338 (0:40) 12.86 (0:40) 0.51 (0.25) 0.0084, 1.02 0.046 10.06, 18.04
(11.01.415.72) (11.62,-"14.57) (-0.72 - 2.45) (12.07 - 17.46)
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Table VI-6 (continued). Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Untreated) vs.

Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 Control’ Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Fiber (% dw)
Crude Fiber 7.50 (0.26) 7.37 (0.26) 043 (0.26) -0.39;90.64 0.620 5.76, 10.76
(6.14 - 8.89) (6.05 :B.64) (#1.33-1.19) (6.35-11.31)
Neutral Detergent Fiber 15.24 (0.59) 14.34(0.59) 0.9(0.419) 0,064, 175 0.035 11.36,19.38
(12.91 - 18.38) (11.81H- 172,99) (227 -&:17) (11.66 - 19.45)
Amino Acid (% dw)
Alanine 1.78 (0.018) 1.80.(0:018) +0.025,(0.01.7) -0.063, 0.014 0.174 1.56, 1.91
(1.72+ 1.84) (1.69 - 1.90) (=010 -.0.043) (1.59 - 1.86)
Arginine 3.37 (0.069) 358 (0.069) -0:221 (@078) -0.39,-0.031 0.026 2.55,3.83
(3.12 -3.60) (3.19:3.93) (-0.55=0.051) (2.88 -3.74)
Aspartic Acid 4.68 (0.044) 4.78(0.044) -0.10 (0.050) -0.22,0.014 0.078 4.04,5.13
(4.57 - 490) (4.46 - 5,01) (-0.35-0.10) (4.22 -4.94)
Cystine 0.61(0.0049) 059 (0.0049) 0.019 (0.0046) 0.010, 0.029 <0.001 0.50, 0.68
(0.59.£0.64) (0.56,- 0.62) (-0.0068 - 0.047) (0.53 - 0.66)
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Table VI-6 (continued). Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Untreated) vs.

Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 2 Control’ Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Amino Acid (% dw)
Glutamic Acid 7.46 (0.085) 7.69 (0.085) =023 (0.093) -0.45,-0.018 0.037 6.28, 8.30
(7.25 - 7.88) (7.12 :B.14) (20.70-0.12) (6.69 - 7.92)
Glycine 1.77 (0.016) 1.81 (0;016) 50.034,(0.017) -0.073; 0,0042 0.074 1.53,1.92
(1.74 - 1.85) (1.70y- 1.89) (-0»13 - 6,041) (1.58 - 1.84)
Histidine 1.07 (0.0095) 1.09.(0.0095) -0:021 (0:011) <02047, 0.0044 0.092 0.93, 1.16
(1.05 -1011) (1.02 =-1.14) (+0.073)- 0.029) (0.95-1.13)
Isoleucine 1:90 (0.019) 1.9540:019) =0.047(0.019) -0.091, -0.0028 0.039 1.65,2.06
(1.80 - 2.02) (179 - 2004) (-0-22<0:085) (1.68 - 2.02)
Leucine 3.10:4(0.029) 3317 (04029) 0:072 (0.031) -0.14, -0.00024 0.049 2.72,3.39
(3:01 - 3.24) (2.96=3.32) (-0.23 - 0.055) (2.80 - 3.27)
Lysine 2.65 (0.019) 2.68.(0.019) -0.026 (0.023) -0.079, 0.027 0.295 2.33,2.84
(2.60'- 2:76) (2554 ~2:77) (-0.13 - 0.083) (2.38-2.74)
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Table VI-6 (continued). Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Untreated) vs.

Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 2 Control* Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Amino Acid (% dw)
Methionine 0.58 (0.0053) 0.58 (0.0053) 0.0013 (0.0062) 0:.011;:0.014 0.834 0.50, 0.64
(0.55-0.61) (0.53 :0.60) (£0.036:-0.056) (0.52-0.63)
Phenylalanine 2.06 (0.028) 2:13 (0,028) 50.065,(0.028) 20.13,~<0.00067 0.048 1.80,2.30
(1.98 -2.14) (1.95)- 2.29) (-018 - 0.023) (1.85-2.21)
Proline 1.98 (0.021) 2.05%0.021) -0:070 (0:022) <0.12,-0.018 0.014 1.65,2.26
(1.89 -2.05) (1.89 52.13) (=0.17%+ 0.043) (1.74 - 2.16)
Serine 2:07 (0.023) 2.09/0:023) =0.021 (0.926) -0.081, 0.039 0.449 1.78,2.27
(1.91-2.1D (195 - 2221) (:019<0:073) (1.90 - 2.18)
Threonine 1.57:(0.015) 158 (0.015) -0.0093 (0.015) -0.044, 0.026 0.556 1.40, 1.69
(1249 - 1.61) (1.51=1.64) ¢-0.088 - 0.052) (1.47 - 1.64)
Tryptophan 0.47 (0.0085) 0.46¢(0.0085) 0.0095 (0.0097) -0.013, 0.032 0.359 0.38,0.52
(0.41°- 0:50) (0243 -:0:50) (-0.053 - 0.049) (0.39 - 0.50)
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Table VI-6 (continued). Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Untreated) vs.

Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 2 Control* Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Amino Acid (% dw)
Tyrosine 1.41 (0.018) 1.42 (0.018) -0.015 (0.021) 0:064,:0.034 0.506 1.24,1.50
(1.35-1.48) (1.34 :D.52) (£0.086:-70.098) (1.26 - 1.49)
Valine 2.00 (0.020) 2.06 (0,020) 50.057,(0.022) 0.135-0.0069 0.030 1.72,2.20
(1.90-2.13) (1.90:- 2.19) (-0:25 - 0.097) (1.73-2.13)
Fatty Acid (% Total FA)
16:0 Palmitic 11.60 (0.16) 11.3370.16) 0.2740.060) 0.13,0.41 0.002 8.44, 12.56
(11.02+ 12.15) (10.92 - 12.08) (-0.094.£0.59) (9.40 - 11.54)
18:0 Stearic 4.04 (0.10) 4.04 (0.10) 0,0057.(0.049) -0.11, 0.12 0.909 2.90, 5.19
(3.55 -4.57) (3.67=4.31) (-0.23"- 0.38) (3.24-4.67)
18:1 Oleic 19.32 (0.30) 20.91-¢0.30) -1.59 (0.19) -2.03, -1.15 <0.001 15.73,27.19
(18.26 - 20:73) (19.60 -.22744) (-2.82 - -0.045) (17.88 - 25.31)
18:2 Linoleic 5437 (0:37) 53.59 (0:37) 0.78 (0.24) 0.22,1.34 0.012 48.61, 59.37
(52.18455.62) (52.33/-54.99) (-0.98 -2.61) (50.95 - 56.68)
Monsanto Company 10-SY-210U 136 of 721



Table VI-6 (continued). Statistical Summary of Combined-Site Soybean Seed Nutrients for MON 87708 (Untreated) vs.

Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 2 Control’ Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Compoent (Units)' (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Fatty Acid (% Total FA)
18:3 Linolenic 10.04 (0.27) 9.49 (0.2%) 0.557(0.072) 0:38,0.72 <0.001 6.01, 12.58
(8.94 - 10.90) (8.42 -10714) (<0.18-1.00) (7.43 -11.37)
20:0 Arachidic 0.26 (0.0052) 0:26 (0:0052) 4:0013;¢0.0031) _¢:-0.0083, 0:0058 0.684 0.19, 0.34
(0.23-0.29) (024- 0.27) (-0:014 -0:022) (0.20 - 0.30)
20:1 Eicosenoic 0.092 (0.01.7%) 0.090 (0.017) 0,0011 (0;0042)~~ 2070074, 0.0096 0.795 0.022, 0.24
(0.065 ~(:16) (0.068~0.17) (+0.013:- 0.058) (0.065 - 0.17)
22:0 Behenic 0:27 (0.0038) 0:28 (0:0038) -0.010+(0.0029) -0.017, -0.0038 0.006 0.24, 0.40
(0.25-0.29) (0:27 - (.30) (-0.023<0.0054) (0.28 - 0.36)
Vitamin (mg/100g dw)
Vitamin E 145 (0.18) 1.23(0.18) 0.22 (0.038) 0.14,0.31 <0.001 0,3.49
(1.11 - 229) (0.89 - 2;11) (0.0086 - 0.49) (0.69 -2.91)

'dw = dry weight; fw = fresh weight; EA’= fatty acid.

2MON 87708 plants were not sprayed with(dicamiba, butreceived another conventional treatment as was done for the conventional control.

*Mean (S.E.) = least-square mean{standard erfor).

*Control refers to the non-biotechnoldgy derived, conventional control (A3525).
With 95% confidence, interval cofitains 99% ofthe values expressed in the population of conventional substances. Negative limits set to zero.
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Table VI-7. Statistical Summary of Combined-Site Soybean Seed Anti-Nutrients for MON 87708 (Untreated) vs. Conventional

Control

Difference (MON 87708 minus Control)

MON 87708 2 Control* Conventional
Mean (S.E.)? Mean (S.E.) Mean (S.E¢) 95% Significance Tolerance Interval’
Analytical Component (Units)' (Range) (Range) (Range) Confidence Interval (p-Value) (Range)
Anti-nutrient
Lectin (H.U./mg dw) 3.05 (0.76) 3.16 (0.76) -0212 (0:67) 21.67541.44 0.867 0,7.73
(1.18 - 6.35) (0.46 - 10:38) +7.835-3.07) (0.68 - 8.34)
Phytic Acid (% dw) 1.33 (0.071) 1.39 (0,071) 50.060,(0.035) -0.44; 0,022 0.129 0.77,1.91
(1.05-1.48) (1.09:- 1.62) (-6.21 -0:26) (1.00 - 1.64)
Raffinose (% dw) 0.46 (0.038) 0.47+(0.038) -0:0069 (0.018) <0.042, 0.029 0.697 0.13,0.70
(0.34 -.0.58) (0.36 =.0.60) (+0.065- 0,056) (0.26 - 0.59)
Stachyose (%o dw) 3:48 (0.078) 3762.(0:078) -0.15(0.099) -0.35,0.054 0.147 2.30, 4.07
(2.94 - 3.85) (3:07 - 415) (-082.40:53) (2.50 - 3.94)
Trypsin Inhibitor (TIU/mg dw) 35.03 (1.40) 30:37 (1240) 4.67 (1.79) 0.53, 8.80 0.031 22.05,41.12
(28:32 - 51.509 (25.22.534.22) (-2.94 - 18.17) (22.81 - 44.56)
Isoflavone (ug/g dw)
Daidzein 157139 (155:94)1340.71 (155.94)  231.08 (65.62) 79.76, 382.39 0.007 0,2271.38

(910:73 -2297.58) (762.49r 1729.91) (-187.35-691.83)

(451.33 - 2033.05)
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Table VI-7 (continued). Statistical Summary of Combined-Site Soybean Seed Anti-Nutrients for MON 87708 (Untreated) vs.
Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 2 Control’ Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Isoflavone (ng/g dw)
Genistein 989.28 (90.36) 886.57 (9036) 102771 (41:86) E1.96,A87.46 0.018 78.36, 1869.48
(654.16 - 1469.13) (588.17 - 1162 01) («146.63-400:27) (533.88 - 1726.03)
Glycitein 110.40 (5.24) 95.85¢(5.24) 14.55-(6.91) -1.38; 30:48 0.068 31.24,233.60
(83.25-133.73) « (68.68% 122:09) (-2,04 - 37.48) (73.61 - 231.75)

'dw = dry weight; H.U. = Hemagglutinating Units; TIY = Trypsindnhibitor Units.

2MON 87708 plants were not sprayed with dicamba, but received another conventional‘tr¢atment as was done for the conventional control.
3Mean (S.E.) = least-square mean (standard error).

*Control refers to the non-biotechnolegy derived, conventional-Gontrel PA3525).

*With 95% confidence, interval contains 99% of‘the valdes expressed in-the population-of conventional substances. Negative limits set to zero.
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Table VI-8. Statistical Summary of Combined-Site Soybean Forage Nutrients for MON 87708 (Untréated) Conventional

Control

Difference (MON 87708 minus Control)

MON 877082 Control* Conventional
Mean (S.E.)? Mean (S.E.) Mean (S.E¢) 95% Significance Tolerance Interval’
Analytical Component (Units)' (Range) (Range) (Range) Confidence Interval (p-Value) (Range)
Proximate (% dw)
Ash 7.01 (0.54) 7.39 (0.54) -039 (0.27) 20.99,0.22 0.183 3.36, 10.84
(4.92 - 9.45) (6.10 - 10746) ¢1.52-0.97) (5.20-9.81)
Carbohydrates 65.55 (1.03) 65.66(1.04) -0.14,¢0.96) -2:33,2.42 0.913 60.69, 73.46
(61.64 - 71.05) (62.91)- 67.94) (=6.11 -4:64) (62.73 - 71.72)
Moisture (% fw) 75.81 (1.82) 75.55 (182) 0,25 (0:27) 20.37,0.88 0.379 62.08, 89.80
(72.30 -.84:10) (7.60 =82.70) (-1.00- 2,70) (70.40 - 84.10)
Protein 2270 (0.95) 22.32(0.95) 0.38(0.80) -1.49,2.25 0.648 15.69, 26.63
(16.28 - 27.04) (20-88 - 24:11) (-521.44-89) (18.50 - 25.86)
Total Fat 4.70 (0.66) 4.64 (0.66) 0055 (0.26) -0.55, 0.66 0.838 0, 10.04
(2:61 - 6.52) (2.01.6.72) (-1.38 - 1.63) (1.57 -7.99)
Fiber (% dw)
Acid Detergent Fiber 2742 (1:79) 272.69 (1:80) 0.036 (1.19) -2.41,2.48 0.976 16.54,41.80
(23.32.434.63) (21.79,-38.15) (-7.68 - 4.38) (20.98 - 39.23)
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Table VI-8 (continued). Statistical Summary of Combined-Site Soybean Forage Nutrients for MON 87708 (Untreated) vs.
Conventional Control

Difference (MON 87708 minus-Control)

MON 87708 Control’ Conventional
Mean (S.E.)* Mean (S.E.) Mean (S.Ex) 95% Significance Tolerance Interval®
Analytical Component (Units)" (Range) (Range) (Range) Confidence Interyal (p-Value) (Range)
Fiber (% dw)
Neutral Detergent Fiber 30.98 (1.68) 30.49 (1,70) 049 (1.22) s2.315;3.29 0.698 20.28, 44.03
(25.38 - 37.80) (23.66 -39.42) (¢5.93:210.81) (24.81 - 42.80)

'dw = dry weight; fw = fresh weight.

2MON 87708 plants were not sprayed with dicamba, but received another conventional treatment-as was-done for the conventional control.
*Mean (S.E.) = least-square mean (standard error).

*Control refers to the non-biotechnology derived{.convéntional-control (A3525);

*With 95% confidence, interval contains 99% of the(values-eéxpiéssed.ii-the population.of conventional substances. Negative limits set to zero.
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Table VI-9. Literature and ILSI Database Ranges for Components in Soybean Seed

1'5:0 Pentadecanoic
15:1cPentadecenoic

not available
not available

and Forage
Seed Tissue Components’ Literature Range’ ILSI Range’
Seed Nutrients
Proximates (% dwt)
Ash 4.61 —6.32%4.32—5.88" 3.89 - 6.99
Carbohydrates by calculation ~ 32.75 — 40.98% 29.88 — 43 .48" 29.6 —50.2
Moisture (% fwt) 6.24 —12.10% 5.44 — 11.70° 4.7-34.4
Protein 34.78 — 43.35% 32.29 — 42.66" 33.19-45.48
Total Fat 14.40 —20.91% 15.10 — 23.56" 15.5°—24.7°  8.10 —23.56
Fiber (% dwt)
Acid Detergent Fiber 9.22 -26.26% 11.81 +19.45° 7.81<18.61
Neutral Detergent Fiber 10.79 — 23.90%; 13.32=23.57° 853 - 2125
Amino Acids (% dwt)
Alanine 1.62 — 1.89*7243 — 1.93 151 =210
Arginine 2.57-3.34"2.15 - 3.05 2.29.+3.40
Aspartic acid 4.16 2502°:401 — 5.92° 381 =542
Cystine/Cysteine 0.52'0,69%00.4120.74" 0.37—0.81
Glutamic acid 652 — 819%; 549 — 8.972° 5.84 - 8.20
Glycine 1.59~ 1.90%41°41 %1.99" 1.465,2.00
Histidine 096 143% 0.86- 1,24° 088=1.18
Isoleucine 1259 ~2.00% 141 - 2:02° 1.54 —2.08
Leucine 2792 3.40%2.39 3.328 2.59-3.62
Lysine 236 —2077% 2:19 — 3.45° 2.29-2.84
Methionine 0.45 ©0.63%-0.39-0.65" 0.43 -0.68
Phenylalaning 182 - 229" 1562 2.44 1.63 —2.35
Proline 1:83.42.23% 163 2225 1.69 —2.28
Serine 1.95-2.42% 1,51 2.30 1.11-2.48
Thréonine 1444 >371%.023 —1.74° 1.14-1.86
Tryptophan 0.30 — 0.48"0.4150.56" 0.36-0.50
Tyrosine 127 —133% 074 - 131° 1.02-1.61
Valine 1.68272.14"1.50 =2.13° 1.60 —2.20
Fatty~Acids (% total FA)
8:0 Caprylic not-available 0.148 —0.148
10:0 Capric 0015 ~0:27° not available
12:0 Lautic not-available 0.082 -0.132
14:0 Myristi¢ 0063 -0.11° 0.071 - 0.238
141 Myristoleic not available 0.121 —0.125

not available
not available

16:0 Palmitic 9.80 — 12.63° 9.55-15.77

16:1 Palmitoleic 0.055—0.14° 0.086 -0.194

17:0 Heptadecanoic 0.076 —0.13° 0.085-0.146

17:1 Heptadecenoic 0.019 — 0.064° 0.073 - 0.087

18:0 Stearic 3.21-5.63° 2.70 — 5.88

18:1 Oleic 16.69 —35.16° 143-322

18:2 Linoleic 44.17 - 57.72° 42.3-58.8

18:3 Gamma Linolenic not available not available

18:3 Linolenic 427 -9.90° 3.00-12.52
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Table VI-9 (continued). Literature and ILSI Database Ranges for Components in
Soybean Seed and Forage

Seed Tissue Components’ Literature Range’ ILSI Range’
Seed Nutrients

Fatty Acids (% total FA)

20:0 Arachidic 0.35-0.57° 0.163 — 0.482
20:1 Eicosenoic 0.13-0.30° 0.140 - 0.350
20:2 Eicosadienoic 0.016 —0.071° 0.077 —0.245

20:3 Eicosatrienoic
20:4 Arachidonic
22:0 Behenic

not available
not available
0.35-0.59"

not available
not available
0.277 — 0595

22:1 Erucic not available not available
Vitamins (mg/100g dwt)

Vitamin E 1.29 — 4.80% 1.12:8.08° 0.19.56.17
Seed Anti-Nutrients

Lectin (H.U./mg fwt) 0.45 — 10.87% 0,090 — H:18° 0.09-8.46
Trypsin Inhibitor 20.79 =59.03%718.14>42 51° 19.59 ~418.68
(TIU/mg dwt)

Phytic Acid (% dwt) 041 — 1:92%; 081 — 2.66 0.63 - 1.96
Raffinose (% dwt) 0.26 — 0/84%0.43 =185 0:21 =40:66
Stachyose (% dwt) 1,53 3,04%; 1.97> 6.65° 1.20~3.50
Isoflavones (ng/g dwt) (mg/kg dwt)
Daidzein 224.03% 157591%; 198.95-1458.24° 60.0 —2453.5
Genistein 338:24 — 1488.89%; 148.06 —.1095.57" 144.3 — 2837.2
Glycitein 52.72:5298.57%'32.42 = 255:94° 15.3-3104
Forage Tissue Components1 Literature Range2 ILSI Range3
Forage Nutrients

Proximate (% dwt)

Ash 5.2829.24%4 77 =8.54° 6.72 - 10.78
Carbohydrates by calculation” 62.25 —72/30%60.61 — 77.26 59.8-74.7
Moisture (% fwt) 68.507>78:40% 62.76 — 80.20° 73.5-81.6
Protein 1648 ~24:29% 12.68 — 23.29° 14.38 —24.71
Total Fat 2.65459.87% 2.96 — 7.88° 1.302-5.132

Fiber.(% dwt)
Agid DetergentFiber
Neutral Detérgent Eiber

23.86 — 50.89% 25.49 — 47.33°
19.61 — 43.70% 30.96 — 54.55"

not available
not available

'fuit = freshweightdwt = dry weight; H.U. = hemagglutinating unit; TIU = trypsin inhibitor unit.
2Literature range references: a(Lundry et al., 2008); ®Berman et al., 2009); “OECD, 2001).
*ILSI Crop Composition Database (2006).

Monsanto Company

10-SY-210U

143 of 721



VI.B. Compositional Assessment Conclusion

Analyses of nutrient and anti-nutrient levels in both dicamba-treated and untreated
MON 87708 and the near isogenic conventional control A3525 were conducted to assess
compositional equivalence. The tissues analyzed included seed and forage harvested
from plants grown at five field sites in the U.S. during the 2008 field season. The
composition analysis, conducted in accordance with OECD guidelines, also included
measurement of nutrients and anti-nutrients in the commercial reference varieties
concurrently grown with MON 87708 to provide data on natural variability of each
compositional component. All soybean plants including MON 87708, the conyentional
control, and the commercial reference varieties were treated with maintenancg pesticides
as necessary throughout the growing season. In addition, MON-87708 plets’'weépe either
treated at the V2-V3 growth stage with dicambaherbicide at the maximum. in=Crop label
rate (0.5 1b a.e./acre) or not treated with dicamba herbicide,

For MON 87708 treated, the combined-site analysistof both seed and forage showed no
statistically significant differences between MON:87708 and conventional centrol for 21
(42.0%) of the 50 mean value comparisons. ,Of the“statistically significant differences
observed, one was from the forage’ analysisgand 28 were from thexseed analysis. Nutrient
component differences in seed cincluded . mean oyalues- forZ ash, carbohydrates by
calculation, protein and }2<amino acids, five fatty acids, ADF, &NDF,\erude fiber, and
vitamin E. In the combined-site-analysis, all"nutfient. Component ‘differences in seed
between MON 87708 and the conventional«controfwere of. smalkrelative magnitude with
respect to the conventional controb and,>whether, increased or-decreased, ranged from
1.51% to 12.37% for’the three-proximates; amino, acids,fatty acids, and fibers, and
15.13% for vitamin’ E. CTwetof the nutrient.€omponents in the combined-site analysis
(decreased-Tevels of 18:1 gleic acid and increased’levels-of 18:3 linolenic acid) were also
observed to be statisticallyCdifferent at allv‘five@individual sites, and one nutrient
component (vitamin E) was observedto beancreased at four of the five individual sites as
in the combitied-site analysis?) Theother-combined-site differences occurred at fewer or
none of the individual sites:" Anti-nutrientcomponent differences in seed were observed
in meanr values for-phytie acid; raffinose, stachyose, and daidzein. In the combined-site
analysis, all anti-nutttent-.compénent: differences in seed between MON 87708 and the
conventional, contrél were of small telative magnitude, with respect to the conventional
control, and ranged from a‘6.14% decrease (phytic acid) to an 11.51% increase (daidzein).
None of the@nti-nutrient’components were observed to be statistically different at more
than twao-of the-five individual sites. The only nutrient component difference in forage
for the--“combined-site analysis was observed in ADF and its relative magnitude of
difference, with" respect to the conventional control, was 10.45%. No differences
between MON 87708 and the conventional control ADF mean values were observed at
any of the five individual sites. Mean values of MON 87708 components with
statistically significant differences to the conventional control were all within the 99%
tolerance interval established from the commercial reference varieties grown
concurrently and at the same field sites, as well as ranges in the scientific literature and
the ILSI Crop Composition Database.
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For MON 87708 (untreated) the combined-site analysis of both seed and forage showed
no statistically significant differences between MON 87708 (untreated) and conventional
control for 30 (60.0%) of the 50 mean value comparisons. Of the statistically significant
differences observed, none were from the forage analysis, and 20 were from the seed
analysis. Nutrient component differences in seed included mean values for protein and
eight amino acids, five fatty acids, ADF, NDF, and vitamin E. In the combined-site
analysis, all nutrient component differences in seed between MON 87708 (untreated) and
the conventional control were of small relative magnitude with respect to the
conventional control and, whether increased or decreased, ranged from 1.45% to 7.60%
for protein and amino acids, fatty acids, and fibers, and 18.16% for vitamin E.zNone of
the nutrient components in the combined-site analysis were observed to bg:statistically
different at all five individual sites. Anti-nutrient component_ differences”in seed were
observed in mean values for trypsin inhibitor, daidzein, and\genistein.~In the€ combined-
site analysis, all anti-nutrient component differences @n seed between,s MON 87708
(untreated) and the conventional control wete'of small telative magnitude, with respect to
the conventional control, and ranged“from an 11:59%>increase, (genistein),~15.37%
increase (trypsin inhibitor), and a 17.24% ancrease (daidzein). None .of the @nti-nutrient
components from the combined-site analysis. were observed to,be stdtistically different at
more than one of the five individual sitesx “No nutrient component differences in forage
for the combined-site analysis<were observed. “Mean values of MON 87708 components
with statistically significant differences to:the cdonventional'control were all within the
99% tolerance interval”established from the commetcial roference varieties grown
concurrently and at the same field sites, as'well ‘as raniges in théscientific literature and
the ILSI Crop Composition Database.

In summary,“a compreliensive: evaltation of Key nutrients and anti-nutrients in seed and
key nutrients in forage for‘bothydicamba-treated-and untreated MON 87708 supports the
conclusion that soybean seed ‘and forage ‘produced from MON 87708 are compositionally
equivalent to that of ‘conventional seybeancand that neither the dicamba tolerance trait in
MON 87708; nor(the dicamba hetbicide-treatment, applied according to maximum in-
crop label rates (inchiding the associated dicamba residue levels) have a meaningful
impact'on the composition and therefore on the food and feed safety or the nutritional
quality of MON'87708 compared’to conventional soybean.
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VII. PHENOTYPIC, AGRONOMIC, AND ENVIRONMENTAL
INTERACTIONS ASSESSMENT

This section provides an assessment of the phenotypic, agronomic, and environmental
interaction characteristics, including plant-symbiont associations of both dicamba treated
and untreated MON 87708 compared to the near isogenic conventional soybean control
A3525. Analysis of the untreated MON 87708 allows an assessment of the effect of the
inserted gene only. However, for this product, since DCSA and formaldehyde are
reaction products formed in the presence of dicamba herbicide, and since salicylic acid
and formaldehyde are known to be involved in plant defense responses, dicamba' treated
MON 87708 data are supplied as well. The data support a determinatiof’ that
MON 87708 is similar to conventional soybean,with the gXception of’the ‘dicamba
tolerance trait and, therefore, is no more likely t&pose a plant pest risk-than ¢onventional
soybean. These conclusions are based on the tesults of multiple evaltations:.

Phenotypic, agronomic, and environmental interaction <characterisfics ~‘0f both
dicamba-treated and untreated MON. 87708 Wwer¢ evaluated in a.comparative manner to
assess plant pest potential. Theserassessments-included ‘evaluationiof seed germination
characteristics, plant growth and developmenticharacteristics,~observations for plant
responses to abiotic stress,< plant-disease. and »plant-arthrepod xinteractions, pollen
characteristics, and plant-symbiont‘Ointeractiofy, characteristics?”” Results from the
phenotypic, agronomic,”and-\ environmental, mterdctions- asse¢ssment demonstrate that
MON 87708 does net possess weedy.characteristics, inereased saisceptibility or tolerance
to specific abioti¢ stress; diseases,-or arthropods,«or characteristics that would confer a
plant pest risk-¢ompared to-the.conventional control.

VIIL.A. Characteristics Measured for-Assessmeént

A detailed phenotypic description .of the xegulatéd article is requested as part of the
petition for.determination of monregulated status in 7 CFR § 340.6 including differences
from the aimmodified recipient organism that-would “substantiate that the regulated article
is unlikely to pose-a greater plant.pest risk than the unmodified organism from which it
was derived”..cAs part of the.eharactérization of MON 87708, data were collected to
provide a detailed pherotypic, agronomic, and environmental interaction description of
both dicamba-tteated and untreated MON 87708 and included an evaluation of specific
characteristi€s related to-altered weediness or plant pest potential.

The plant characterization and assessment of MON 87708 encompassed six general data
categeories: 1) seed germination, dormancy, and emergence; 2) vegetative growth; 3)
reproductive development (including pollen characteristics); 4) seed retention on the
plant and lodging; 5) plant response to abiotic stress and interactions with diseases and
arthropods; and 6) plant-symbiont interactions. An overview of the characteristics
assessed is presented in Table VII-1.
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The data were evaluated from a basis of familiarity (OECD, 1993) and were comprised of
a combination of field, greenhouse, and laboratory assessments conducted by scientists
who are familiar with the production and evaluation of soybean. In each of these
assessments, the dicamba-treated and/or untreated MON 87708 was compared to the near
isogenic conventional soybean control A3525 that has a genetic background similar to
MON 87708 but does not possess the dicamba tolerance trait. In addition, multiple
commercial reference varieties (see Appendices F-I and Tables F-1, G-1, and I-1) were
included to provide a range of comparative values that are representative of existing
commercial soybean varieties for each measured phenotypic, agronomic, and
environmental interaction characteristic. Commercial reference soybean varigties are
developed through a process of selecting and breeding for various desirable soybean
characteristics and can provide a range of natural variability for characteristics and
context for interpreting experimental results.

Monsanto Company 10-SY-210U 147 of 721



Table VII-1. Phenotypic, Agronomic, and Environmental Interaction
Characteristics Evaluated in U.S. Field Trials, Laboratory, or Greenhouse Tests
Characteristics
measured
Data (associated section | Evaluation timing (setting of | Evaluation description
category where discussed) evaluation)' (measurement endpoints)
Normal germinated | Day 5 and 8 (20/30°C) Percentage of seed producing seedlings
(VIL.C.1) (laboratory) exhibiting normal developmental
characteristics
Abnormal Day 8 (20/30°C) (laboratory) Percentage of seed producing seedlings
germinated that could not be classified as normal
(VIL.C.1) germinated
Germinated Day 5, 8, and 13 (10, 20, 30, Percentage©f seed that had germinated
(VIL.C.1) 10/20 and 10/30°C) normallyand abnormally,
(laboratory)
Dead Day 5 and 8 (10, 20, 30, 10/20, | Pereentage of seed that had visibly.
Seed (VIL.C.1) 10/30, and 20/30°C); Day 13 deteriorated and become Soft to.the touch
germination, (10, 20, 30, 10/20,@nd 10/30°C)< ~(also includéd hon-viable hard andnon-
dormancy, (laboratory) viable firm+swoller seed)
and Viable hard Day 8 (20/30°C); Day 13 (10, Percentage ofseed that did not imbibe
emergence (VIL.C.1) 20, 30, 16/20 and10/30°€) watet’and temained hard o the touch
(laboratory) (Viazbility determined by, a tetrazolium
test?)
Viable firm-swollen | Day 8420730°C); Day<13 (10¢ Percentage’of seed'that imbibed water and
(VIL.C.1) 20, 30;10/20-and 10/30°C) were firm to the touchbut did not
(laboratery) gerrhinate (Viability,determined by a
tetrdzolinin test?)
Early stand©eunt V24 V4 (Field) Number-of emetged plants in two rows,
(VIL.C.2:3) standardizéd to 20 ft rows
Final.stand count Maturity, R8\(Field) Number of plants in two rows,
(VALC.2.3)\ FRANMERNN RN standardized to 20 ft rows
| Sgedling vigor: V2 - V4)Field) Rated’on a 1-9 scale, where 1 = excellent,
P(VILC.2.3) $'= average, and 9 = poor vigor
Growth sfage Every 2=3'weeks, ' V2-R8 Average soybean plant growth stage per
assessment (Field) plot
. (VIEEC2.3)
Vegetative | Flower color Flowering, R2(Field) Color of flowers: purple, white, or mixed
growth WILE23) 0 T AT A
Plant pubéscence C Maturity{ R8 (Field) Pubescence on plants in each plot
(VILC.23) categorized as hairy or hairless
Plant.height Matority; R&/(Field) Distance (in) from the soil surface to the
(VIL.C.23) uppermost node on the main stem of five
i representative plants per plot
| Days'to 50% Flowering, R1-R2 (Field) Calendar day number (days from January
| Howering 1) when approximately 50% of the plants
NVIIEC2.3)%, in each plot were flowering
Pollen viability Flowering, R1-R2 (laboratory) | Percentage of viable pollen based on pollen
2(VILES) grain staining characteristics
Pollen morphology Flowering, R1-R2 (laboratory) | Diameter (um) of viable pollen grains
Reproductive (VILC.3)
d Seed moisture Harvest (Field) Percent moisture content of harvested seed
evelopment
(VIL.C.2.3
100 seed weight Harvest (Field) Mass (g) of 100 harvested seed
(VII.C.2.3)
Test weight’ Harvest (Field) Mass (Ib) of a bushel of harvested seed
(VII.C.2.3)
Yield Harvest (Field) Bushels of harvested seed per acre,
(VIL.C.2.3) adjusted to 13% moisture
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Table VII-1 (continued). Phenotypic, Agronomic and Environmental Interaction
Characteristics Evaluated in U.S. Field Trials, Laboratory or Greenhouse Tests

Characteristics
measured
Data (associated section | Evaluation timing (setting of | Evaluation description
category where discussed) evaluation)' (measurement endpoints)
Seed Lodging Maturity, R8 (Field) Rated on 0-9 scale, where 0 = completely
retention and (VII.C.2,3). erect and 9 = completely flat or lodged ‘
lodging Pod shattering Maturity, RS (Field) Rated on 0-9 scale, where 0 = no shattering
(VIL.C.2.3) i and 9 = completely shattered
Plant response to Four times per growing season | Qualitative assessment of each plot, with
abiotic stress (Field) rating on a 0-9 scale, where-0=no
(VIL.C.2.4) symptoms and 9 = severe.symptoms
Disease damage Four times per growing seasen | Qualitative assessment of each+plot, with
(VIL.C.2.4) (Field) rating'on a 0-9 scale;\where )'=no
Plant- A symptoms and 9 #severe symptoms
environment | Arthropod-related Four times during growing Damage assessed on upper fournodes of
interactions damage (VII.C.2.4) | season (Field) 10 representative plants per.plot using
asthropodsspecific0-5 rdting scales of
increasing severity
Arthropod Four times during growing Quantitative-assessment of pest and
abundance season“(Field) beneficial-arthropods
| (VILC.2.4)° ¢ N x@ S L & 97
Biomass &weeks, after emergenee Nodule, root, and shoot dry weight
Plant- (VIL.C.4) (Greenhouse) (g/plant)
symbiont Nodule number 6(weeks-after emergence Nodule number
imteractions® (VIL.C4) {Greenhouse)
Total nitrogen 6 weceks after emetgence Shoottotal hitrogen (% and g/plant)
(VIL.C.4) (Greenhouse)

'Soybean plant growth stages. were determined using descriptions” and“guidelines outlined in Soybean
Growth and Devélopment (ISU; 2004).

2Viability ofdard and firm-swollen-seed were.determined by<a fetrazolium test (AOSA, 2000).
? Plant pubescence, test-weight,-arthrapod abundance, and-plant.symbiont interactions were recorded only

in the 2008 (untreated) field-trials:
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VIL.B. Interpretation of Phenotypic and Environmental Interaction Data

Plant pest risk assessments for biotechnology-derived crops are comparative assessments.
Familiarity provides a basis from which the potential environmental impact of a
biotechnology-derived plant can be evaluated. The concept of familiarity is based on the
fact that the biotechnology-derived plant is developed from a well-characterized
conventional plant variety. Familiarity considers the biology of the crop, the introduced
trait, the receiving environment and the interaction of these factors, and provides a basis
for comparative environmental risk assessment between a biotechnology-derived plant
and its conventional counterpart.

Expert knowledge and experience with conventionally bred seybean wasthe basis for
selecting appropriate endpoints and estimating.the range of responses that-would be
considered typical for soybean. As such,’ both dicamba-treated 4nd -umtreated
MON 87708 was compared to the conventional controlyin the assessment of phenetypic,
agronomic, and environmental interaction characteristics. ~ AnOoveryiew Oof the
characteristics assessed is presented in Pable-VII-1¢~ Arsubset/of the data relating to well-
understood weedy characteristics.” (eqg, seed dormancy, - pre<harvest seed loss
characteristics, and lodging) wasused:to assess whethet there 1s an increase in weediness
of MON 87708, an elementOof APHIS’s plant. pest «determination. ~Evaluation of
environmental interactioncharacteristics (e:g., (plant-abiotic: stress, plant-disease, and
plant-arthropod interactions).was also considered inthe plant pest assessment. Based on
all of the data collected, amassessment wasimaderAo determine’ iftMON 87708 is likely to
pose an increasedplant’pest:risk compared to. conventional soybean. Prior to analysis,
the overall dataset was evaluated-for evidence of-biologically relevant changes, and for
possible evidence of an tinexpected plantresponse. No unexpected observations or issues
were identified.

VIIL.B.1. Interpretation of Detected DifferencesCriteria

Comparative plant chdracterization data ffom a biotechnology-derived crop and the
conventional control areinterpreted-in the €ontext of contributions to increased plant pest
potential as assessed-by APHISc;Under the framework of familiarity, characteristics for
which no differences are detectedsupport a conclusion of no increased plant pest
potential ~of the," biotechnology-derived crop compared to the conventional crop.
Characteristies for‘which”differences are detected are considered in a step-wise method
(Figure VII=1). cAll detected’differences for a characteristic are considered in the context
ofywheéther cor nét the difference would increase the plant pest potential of the
bigtechnology-derived crop. Ultimately, a weight of evidence approach considering all
characteristics and data is used for the overall risk assessment of differences and their
significance. Figure VII-1 illustrates the stepwise assessment process employed in detail:
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Step 1

Differences detected in the combined-site The measured

and individual site analyses are evaluated* characteristic does not
contribute to a biological

Step2 ¥ or ecological change for
Statistical differences detected L_T0y| the crop in terms of plant
Step 3 Yesv No
Outside variation of study references [—>| Not adverse; the direction
or magnitude.of the
Step 4 Yes - :
- > detected differencedn the
Outside variation for crop? No | measured characteristic
»| sdoes not'contfibutéto a
Yes biological or ec@logical
Step 5 N 4 N change for the crop in
Adverse in terms of plant pest® .= terms of plqnt pest
potential? potential
Yes
Step 6 NP

Hazard identification.and
risk assessment’on
difference

*See toxt for interpretation of differences
detected in'the andividual site analysis

Note: A “no” answer at any step indicates that the characteristic does not contribute to a biological or
ecological change for the crép in terms of plantpest potentialand subsequent steps are not considered. If
the answer is.®yes” or “uncertain’, the subsequent step is cansidered:

Figure VII-1. Schematic Diagram _of ‘Agronomic and Phenotypic Data
Interpretation Methods

Steps X@nd 2 - Evaluate Detected Statistically Significant Differences

Data on each measured characteristie’are statistically analyzed, where appropriate, within
each individualsite and in-a“combined-site analysis, in which the data are pooled among
sites. Al statistically significant differences are evaluated and considered in the context
of acchange’in plant:pest potential. Differences detected in individual-site analyses that
are noteonsistently observed across multiple environments in the combined-site analysis
are-consideted not biologically meaningful in terms of plant pest potential and, therefore,
are not further considered in subsequent steps. Any difference detected in the combined-
site analysis is further assessed.

Step 3 - Evaluate Differences Relative to Commercial Reference Varieties Range

If a difference for a characteristic is detected in the combined-site analysis across
multiple environments, then the mean value of the biotechnology-derived crop for the
characteristic is assessed relative to the commercial reference varieties.

Monsanto Company 10-SY-210U 151 of 721



Step 4 - Evaluate Differences in the Context of the Crop

If the mean value of the biotechnology-derived crop is outside the variation of the
commercial reference varieties (e.g., reference range), the mean value of the
biotechnology-derived crop for the characteristic is assessed relative to known values
common for the crop (e.g., published values).

Step 5 - Plant Pest Potential

If the mean value of the biotechnology-derived crop is outside the range of values
common for the crop, the detected difference for the characteristic is then.assessed for
whether or not it is adverse in terms of plant pest potential.

Step 6 - Conduct Risk Assessment on Identified ‘Hazard

If an adverse effect (hazard) is identifiedsrisk assessment on the ‘differenceas conducted.
The risk assessment considers contributions. to enhanced plant pest.potefitial of the crop
itself, the impact of differences detected ifi’ othér measured characteristics;cand potential
for and effects of trait transfer to feral;populations-ofthe\crop or to @sexually-compatible
species.
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VII.C. Comparative Assessments of the Phenotypic, Agronomic, and Environmental
Interaction Characteristics of MON 87708

This section provides the results of comparative assessments conducted in replicated
laboratory, greenhouse, and/or multi-site field experiments to provide a detailed
phenotypic, agronomic, and environmental interaction description of MON 87708. The
MON 87708 characteristics evaluated in these assessments included: seed dormancy and
germination characteristics (Section VII.C.1), plant phenotypic and environmental
interaction observations under field conditions (Section VII.C.2), pollen characteristics
(Section VII.C.3), and symbiont interactions (Section VII.C.4). Additional details for
each assessment are provided in Appendices F through I.

VII.C.1. Seed Dormancy and Germination Characteristics

USDA-APHIS considers the potential for weediness-t0 constitute a.plantpest factor
(7 CFR § 340.6). Seed germination and ‘dormancy mechanisms'vary-among species and
their genetic basis tends to be complex’’ Seed dormaney(e.g2 hardyseed)-is an“tmportant
characteristic that is often associated with plants that ar¢ €onsidered -weeds (Anderson,
1996; Lingenfelter and Hartwig{2003); hewevet, it _is“not. incemmon;to observe low
levels of hard seed in conventional soybean’ (Mullin .and Xu, 2001). < Standardized
germination assays are .available and roeutinely” used to)-measure the germination
characteristics of soybean seed:’ The Association of Official Séed Analysts (AOSA), an
internationally recognized seed testing organization, recommends a-temperature range of
20/30°C as optimal-for testing’thecgermination, chatacteristics of soybean seed (AOSA,
2007).

Comparative assessmentsc.0of seed .dormancy @nd.gérmination characteristics were
conducted on MON-87708 and thecconventional control. In addition, eight commercial
reference varieties were includéd to-provideé a.tange of comparative values that are
representatiye of existing-commercial soybean varieties. The seed lots for MON 87708,
conventional control,and the' comimercial reference varieties were produced in replicated
field trials during 2008 10 Towa, Illinois, and Missouri, geographic areas which represent
environmentally-relevant conditionis for'soybean production for this product. In addition
to the AOSA “recommended<temperature range of 20/30°C, seed was tested at five
additional temperature regimes“of 10, 20, 30, 10/20, and 10/30°C to assess seed
germination gpropérties-< The~ details of the materials, experimental methods, and
germination data from all individual production sites are presented in Appendix F.

In ;aCcombinedssite analysis, in which the data were pooled among the three seed
production sites, no statistically significant differences (5% level of significance) were
detected between MON 87708 and the conventional control for percent viable hard seed
or percent viable firm-swollen seed in any temperature regime (Table VII-2). Within
some temperature regimes, it was not possible to conduct an analysis of variance for
percent viable firm-swollen seed due to no variance in the data. For these data, the values
for MON 87708 and the conventional control were all zero, indicating no biological
differences. No statistically significant differences were detected between MON 87708
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and the conventional control for percent germinated or percent dead seed in the 20, 30,
10/20, and 20/30°C temperature regimes.

Four statistically significant differences were detected between MON 87708 and the
conventional control in the combined-site analysis (Table VII-2). MON 87708 had lower
percent germinated seed than the conventional control at 10°C (98.9% vs. 99.7%) and
10/30°C (98.6% vs. 99.7%). Concurrently, MON 87708 had higher percent dead seed
than the conventional control at 10°C (0.8% vs. 0.2%) and 10/30°C (1.4% vs. 0.3%).
The differences in percent germinated and dead seed of MON 87708 were small in
magnitude, and the mean values of MON 87708 were all within the range- of the
commercial reference varieties produced in the field trials along with MON.87708 and
the conventional control. Furthermore, lower percent germinated'seed and highetpercent
dead seed would not contribute to increased weediness.

The biological characteristics evaluated were used to-characterize MON 87708 an the
context of plant pest risk assessment. ¢ Based on_the seed dermancy and gerfnination
characteristics assessed, the results, “particularly” MON 87708°8> lack ~of hard seed,
demonstrate there were no changes 'indicative” of-increasedweediness<or plant pest
potential of MON 87708 comparéd to-conyentiondl’soybean,
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Table VII-2. Combined-Site Comparison of MON 87708 to Conventional Control
for Seed Dormancy and Germination Characteristics

Temperature Germination Mean % (S.E.)’ Reference Range’
Regime Characteristic' MON 87708 Control Min. Mas.
10 °C Germinated 98.9 (0.4)* 99.7 (0.2) 94.4 99.8
Viable Hard 0.0 (0.0) 0.0 (0.0) 0.0 0.3
Dead 0.8 (0.4)* 0.2 (0.1) 0.2 5.3
Viable Firm-swollen 0.3 (0.1) 0.2 (0.1) 0.0 0.4
20 °C Germinated 99.3 (0.4) 99.3(0.3) 95.3 1000
Viable Hard 0.0 (0.0) 0.1(0.1) 0.0 0.4
Dead 0.8 (0.4) 0.6 (0.3) 0.0 48
Viable Firm-swollen 0.0y(0.0) 0:0<(0.0) 0.0 0.3
30°C Germinated 98.7 (0.6) 99.3:(0.3) 93.3 1900
Viable Hard 0070.0) 0.0 (00) 0.0 0.1
Dead 1.3%0%6) 0:7(0.3) 0.0 6.8
Viable Firm-swollen 0.0 (0:0)t 0.0:(0:0) 0.0 0.0
10/20 °C Germinated 99.3.¢0.3) 99:3 (0,3) 95.9 100.0
Viable, Hatd 0.1 (0.1) 0.1¢0'1) 0.0 0.4
Dead 076'(0.3) 076 (0.3) 0.0 3.9
Viable Firm-swollen 0.0400:0) 00.1) 0.0 0.3
10/30 °C Germinated 98.6 (0.5)* 99.7 (0:2) 95.9 99.8
Viable Hard 0.0x0.0) 0:17(0.1) 0.0 0.0
Dead 1.4 (055)* 0.3(0.2) 0.3 4.1
Viable Firm‘swollen 0:0°(0.0) 0.0 (0.0) 0.0 0.1
20/30 °C Normal-Germinated 95.941.2) 96.6 (1.0) 86.0 99.0
Abnormal-Germinated 279 (0.7) 2.8 (0.8) 0.8 9.8
Viable Hand 0.0 (0.0) 0.0 (0.0) 0.0 0.3
Dead 1.2 (0.5) 0.7 (0.3) 0.3 4.1
Viable Firm-swollén 0.0 (0.0)f 0.0 (0.0) 0.0 0.0

Noter~The data in-this table ar¢‘the combined-site results for the seeds from three 2008 field sites. The
experimental design was-a split-plot where the whole-plot treatment was seed production site and the sub-
plot tréatment, was\seed material (i.e., MON 87708, conventional control, or commercial reference
varieties).

*Indicates a statistically significant difference between MON 87708 and the conventional control (¢=0.05).
T No statistical comparisons were made due to lack of variability in the data.

'Germinated seed in the AOSA temperature regime (20/30°C) were categorized as either normal
germinated or abnormal germinated seed.

*Means based on twelve replicates (n = 12) of 100 seeds. The total percentage of all germination
characteristics of MON 87708 or conventional control in some temperature regimes is greater than 100.0%
due to numerical rounding of the means. S.E. = Standard Error.

*Minimum and maximum mean values from among eight commercial reference varieties.
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VII.C.2. Phenotypic, Agronomic, and Environmental Interaction Characteristics
Evaluated under Field Conditions

Plant growth, development, and yield characteristics were evaluated under field
conditions as part of the plant characterization assessment of MON 87708. These data
were developed to provide USDA-APHIS with a detailed description of MON 87708
relative to the conventional --control and commercial reference varieties. According to
7 CFR § 340.6, as part of the petition to seek deregulation, a petitioner must submit “a
detailed description of the phenotype of the regulated article.” This information is being
provided to assess whether there are phenotypic differences between MON 87708 -and the
conventional control that may impact its pest potential. Certain growth, reproduction,
and pre-harvest seed loss characteristics (e.g., lodging, podshattering)@wereZused to
assess whether there is an increase in weediness:of’  MON 87708, an element©@f’APHIS’s
plant pest determination. Environmental intefactions were also assessed-as an-indirect
indicator of phenotypic changes to MON87708 compared to-the same -¢omparators
described above and are also considerediinrthe plant pest assesstent.

VII.C.2.1. Phenotypic, Agronomic, and Environmental Interaction Characteristics
for Untreated MON 87708 Evaluated -under 2008 Field Cenditions

Data were collected from field-trials located at’ 16, dield sites i theW.S. and two field
sites in Canada during 2008 to-evaluate, phenotypie, “agrénomic; and environmental
interaction charactetisties: These 18 tield sites provided a diverse range of environmental
and agronomic-conditionsCrepresentative .of commetcial soybean production areas in
North America (Table VII-3):. Theyexperiments were arranged as randomized complete
block desighs with three.replications at each field sit¢? All plots of MON 87708, the
conventional contrel, and theccommertcial referencegyarieties at each site were uniformly
managed in order'to_assesswhether thé intreduction of the dicamba tolerance trait altered
the phenotypic and "agronomic  characteristics or the environmental interactions of
MON 87708 compared tosthe conventional.€ontrol. Therefore, dicamba herbicide was
not applied to MON 87708 duringthe study. A description of the evaluated phenotypic
and environmental interaction-charagteristics and the designated developmental stages
when evaluations 6¢curfed are listed in Table VII-1. The methods and detailed results of
the individual-site data comparisens are presented and discussed in Appendix G, while
the combingd-site analyses care summarized below. The results of this assessment
demonstrated  that the introduction of the dicamba tolerance trait did not alter
MON 87708 compared to the conventional control in terms of weediness. The lack of
differénces in plant response to abiotic stress, disease damage, arthropod-related damage,
and pest and beneficial arthropod abundance further support the conclusion that the
introduction of the dicamba tolerance trait is not likely to result in increased plant pest
potential or an altered environmental impact from untreated MON 87708 compared to
conventional soybean.
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Table VII-3. 2008 Field Phenotypic Evaluation Sites for Untreated MON 87708

Location USDA-APHIS
Location Code Notification Number

Jackson County, Arkansas AR 08-072-110n
Norfolk County, Ontario, Canada Canl N/A
Kent County, Ontario, Canada Can2 N/A

Jefferson County, lowa IA1 08-058-101n
Benton County, lowa 1A2 08-058-101n
Howard County, lowa IA3 08-072-110n
Clinton County, Illinois IL1 08-058-101n
Stark County, Illinois L2 08-058-101n
Boone County, Indiana IN1 08-072-110n
Clinton County, Indiana IN2 08-072-110n
Parke County, Indiana IN3 08-058-101n
Pawnee County, Kansas KS 08<072-110n
Ottawa County, Michigan M1 08-072-110n
Shelby County, Missouri MO1 08-072-110n
Macon County, Missouri MO2 08-072-110n
York County, Nebraska NE 08:072-110n
Berks County, Pennsylvania PA 08-058-10In
Walworth County, Wisconsin WI 08-058<101n

N/A = Not applicable, trial-was_conducted aander~a Canadian confined research field
testing permit,

VII.C.2.2. Phenotypi¢,>Agronomic, and Environmental Interaction Characteristics
for Dicamba-TFreated Evaluatéd under 2009 Field Conditions

In additien to the data firom ~2008. field trials, data were collected from field trials
conducted in 2009-at eight sites within*U:S. soybean production regions (Table VII-4).
MON 87708, .the¢ conventional .control variety A3525, and three commercially-released
reference soybean varietics wete evaluated at each site. A total of 14 reference varieties
were evaluated-among the(sites.. The experimental design at each site was a randomized
compléte block with fourreplications. All plots of MON 87708, the conventional control,
and'the eommercial reference varieties at each site were uniformly managed in order to
assesscwhether' the'introduction of the dicamba tolerance trait in the presence of dicamba
altéred the phenotypic and agronomic characteristics or the environmental interactions of
MON 87708 compared to the conventional control. Therefore, MON 87708, in each
replication at all sites, received an application of a commercial formulation of dicamba
(Clarity) at 0.5 pound a.e dicamba per acre. Treated MON 87708 was compared to the
control within each site (i.e., individual-site analysis) and in a combined-site analysis, in
which the data were pooled across the eight sites, for 12 plant characteristics. The
minimum and maximum mean values (reference range) were determined from the
references to provide phenotypic characteristic and environmental interaction values
representative of commercial soybean varieties.
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Table VII-4. 2009 Field Phenotypic Evaluation Sites for Dicamba Treated
MON 87708

Location USDA-APHIS

County, State Code Notification Number
Jackson County, Arkansas ARNE 09-061-108n
Jefferson County, lowa IARL 09-061-108n
Clinton County, Illinois ILCY 09-061-108n
Stark County, Illinois ILWY 09-061-108n
Parke County, Indiana INRC 09-061-108n
Boone County, Indiana INSH 09-061-108n
Pawnee County, Kansas KSLA 09-061-108n
York County, Nebraska NEYO 09-061-108n

VIIL.C.2.3. Field Phenotypic and Agronoemic Characteristics

VII.C.2.3.1. 2008 Field Phenotypic and Agronomic Characteristics for Untreated
MON 87708

A total of 14 phenotypic and agrohomiic characteristics, were evaluated (Table VII-5 and
Table G-5 of AppendixcG). Am a combined-site analysis. in which the data were pooled
among the sites; no'statisticaly’ significant différences were detected (5% level of
significance) between untreated MON 87708 and the)conventional control for early stand
count, seedling vigor, days-to 50% flowering, lodging,pod shattering, final stand count,
seed moisture, test-weight, ot\yield(Table VH-5), ¢A statistically significant difference
was detected between unfréateds MON 87708 and the conventional control for plant
height and .}00 seed weight m-the;combined-site analysis. Untreated MON 87708 was
6% taller(33.5 vs.C31.6vinches) ahd had 3.3% lower 100 seed weight than the
conventional control (15:0 vsi-F5.5(grams). However, the differences in plant height and
100 seed weight-were'small in magnitude, and the mean values of untreated MON 87708
for both plant height and 100 seed weight were within the range of the commercial
reference Ovarieties grown)in the trials along with untreated MON 87708 and the
conventional’conttel. Fhe différence in 100 seed weight did not result in a statistically
significantdifférence in final yield, and it is unlikely that a difference in seed weight or
plant height{would”contribute to increased weediness of MON 87708 compared to the
conventional centrol.

Flower color, plant pubescence, and plant growth stage data were categorical and were
not statistically analyzed; however, at each site, all plants of untreated MON 87708 and
the conventional control had purple flowers and hairy pubescence as expected.
Additionally, untreated MON 87708 and the conventional control were within the same
range of plant growth stages for 131 out of the 132 growth stage gobservations among all
sites (Appendix G; Table G-4). During the second observation at the WI site, untreated
MON 87708 plants were at the V5 growth stage while the conventional control was at V4.
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The growth stage of untreated MON 87708, however, was within the range of growth
stages observed for the commercial reference varieties grown concurrently (V4 — V5).
Thus, there were no biologically meaningful differences in plant development observed
between untreated MON 87708 and the conventional control.

Table VII-5. Combined-Site Comparison of Untreated MON 87708 to Conventional
Control during 2008 for Phenotypic and Agronomic Characteristics

Phenotypic Mean (S.E.) Reference Range'
Characteristic (units) MON 87708 Control’ Minimum MaXimum
Early stand count (#/plot) 271.1 (9.0) 265.2 (9.8) 195.7 45275
Seedling vigor (1-9 scale) 3.5(0.2) 34(0.2) 1.8 4.5
Days to 50% flowering’ 206.4 (1.2) 206.2 (1.3) 199.6 216.7
Flower color® Purple Purple Purple Purple
Plant pubescence’ Hairy Hairy, Hairy Hairy
Plant height (in.) 33.50:9)* 31.670.8) 254 42.4
Lodging (0-9 scale) 12 (0:2) 0.9 (01 0.1 2.9
Pod shattering (0-9 scale) 0.4,(0.0) 0:12(0.0) 0.0 0.3
Final stand count (#/plot) 251.1 (8°4) 243 48.7) 1783 338.0
Seed moisture (%) 118 (0.3) 157 (0.8) 10.4 13.9
100 seed weight (g)2 15.0+(0.2)% 15.510.2) 14.2 18.7
Test weight (1b/bw) 56:2.(0:3) 55.9 (0.3) 53.6 57.6
Yield (bu/A) 55.4(2.0) 55.0(2.3) 37.7 72.7

Note: Theexperimental design was,a randomized completelblock. S.E. = Standard Error. Means

based on'n = 54 foryMON)§87708 and n’= 53 for the conventional control with exception of 100

seed weight for the’control where.n5="52.

* Indicates a statistically significant difference between MON 87708 and the conventional control

(0=0.05).

'Reference ranges were determined from the thinimum and maximum mean values from among
18 cotmmercial reference varieties,

*Excessive water damage from héavy precipitation early in the season at the W1 site resulted in a

poor stand in‘one-replicate of the conventional control. Therefore, the data for all characteristics

from theSmiglecreplicate atthe WIsite were excluded from the statistical analysis.

*Calendar day humaber (fiom 1-Jan 2008) when approximately 50% of the plants in each plot were
flowering;

*Flowercoler and{plant pubescence data were categorical and not statistically analyzed (see

Appendix G, Table G-3).

*Data on 100 seed weight were inadvertently not collected from one replicate of the conventional

control at the MO1 site.
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VII.C.2.3.2. 2009 Field Phenotypic and Agronomic Characteristics for
Dicamba-Treated MON 87708

A total of 12 phenotypic and agronomic characteristics were evaluated (Table VII-6 and
Table G-6 of Appendix G). In the combined-site analysis, no statistically significant
differences were detected between treated MON 87708 and the conventional control for
early stand count, seedling vigor, days to 50% flowering, plant height, lodging, pod
shattering, final stand count, seed moisture, or yield (Table VII-6). One statistically
significant difference was detected between treated MON 87708 and the control, where
MON 87708 had a lower 100 seed weight than the control (14.6 vs. 15.6g). The
difference in 100 seed weight is relatively small in magnitude _and the mean 100 seed
weight of treated MON 87708 was slightly below the referencerange. It is unlikely that
a difference in 100 seed weight would contribute-to increased weed potential’of MON
87708 when treated with dicamba compared t0.conventional soybean: Flower ‘color and
plant growth stage data were categorical and were notcstatistically-analyzed; however, at
each site, all plants of treated MON«87708 and “the e€ontrol* had purple flowers as
expected. Additionally, treated MON, 87708 and the control were'within the>same range
of plant growth stages for all growth stage observations-among the sites.: Thus, there
were no biologically-meaningful< differences i plant. development observed between
treated MON 87708 and conventional soybean:

The results of this assessment'demonstrated that thecntroduction of the’dicamba tolerance
trait and the associateéd dicamba-application does’not.alter-MON: 87708 compared to the
conventional control in terms-of weedinéss. The lack of:differences in plant response to
abiotic stress, Cdisease damage;” and- arthropod-related damage further support the
conclusion_that the introduction 6fCthe dicamba tolérance: trait is not likely to result in
increased plant pestCpotential or ancalteréd environmental impact for dicamba-treated
MON 87708 compared to conventional soeybean.
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Table VII-6.

Combined-Site Comparison of Dicamba Treated MON 87708 to

Conventional Control during 2009 for Phenotypic and Agronomic Characteristics

Phenotypic MON 87708 (S.E.) Reference Range'
Characteristic (units) MON 87708 Control Minimum  Maximum
Early stand count (#/plot) 298.9 (5.20) 301.1 (3.58) 2634 340.8
Seedling vigor (1-9 scale) 3.0 (0.33) 3.0 (0.31) 1.0 4.5
Days to 50% flowering” 214.7 (1.12) 214.6 (1.19) 205.0 226.0
Plant height (in) 31.6 (0.78) 31.2 (0.92) 253 38.3
Lodging (1-9 scale) 2.2(0.27) 2.4 (0.3 10 4.5
Pod shattering (1-9 scale) 1.1 (0.05) 1.1 (0:07) 1.0 1.5
Final stand count (#/plot) 264.8 (6.87) 266.8 (5:20) 2495 305.5
Seed moisture (%) 13.1.(0:38) 13.4400.37) Ll 17.0
100 seed weight (g) 14%6* (0:23) 1556 (0.23) 15.0 17.7
Yield (bu/ac) 46.762.37) 46.8(2.23) 204 59.9

Note: The experimental design, was a randomized<¢omplete block with four replications. Site
codes are as follows: ARNE= ‘Jackson Countyy ARNIARLE-= Jetferson’ County, 1A; ILCY =
Clinton County, IL;7YLWY. = Stark County<IL; INRC(= Pafke County, IN; INSH = Boone
County, IN; KSLA= Pawnee County; KS;:NEYO,= Yerk County, NE
* Statistically. Significant differences (0=0.05)" between*MONE7708(T) and the conventional

soybean control.

! Referenée range = Minimuir and maxifium niean valtuesdmong the 14 commercially-released

reference soybean Yarietics)

? Calendar day number\(days after. DJan.2009). when@pproximately 50% of the plants in each plot

were flowering:
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VII.C.2.3.3. Field Phenotypic and Agronomic Characteristics for Both
Dicamba-Treated and Untreated MON 87708 - Conclusion

The phenotypic and agronomic characteristics were used to provide a detailed description
of both dicamba-treated and untreated MON 87708 compared to the conventional control.
A subset of these characteristics was useful to assess the weediness potential of
MON 87708. Based on the assessed phenotypic and agronomic characteristics, the
results support a determination that both dicamba-treated and untreated MON 87708 are
similar to conventional soybean and are no more weedy or likely to pose a plant pest risk
than conventional soybean.

VII.C.2.4. Environmental Interaction Characteristics

USDA-APHIS considers the environmental interaction of the'biotechnology=derived crop
compared to its conventional counterpart to determingithe potential for increased,plant
pest characteristics. Evaluations of envifenmental interactions were conducted @ part of
the plant characterization for untreated- MON-87708. Anthe 2008 North-Ametican field
trials conducted for evaluation <f . phenotypic ~and cagronomic “chatacteristics of
MON 87708, data were also collected<on plant response to abtotic stress (drought, wind,
nutrient deficiency, etc.), disease. damage, arthropod-relatedcdamage, -and arthropod
abundance (Appendix G; Tables. G=9, 6210,G-11,G-12yand G-13); Similarly these data,
except for arthropod -abundance, ‘Were: also <collected. for the 2009 U.S. field trials
(Appendix G; Tables:G-14," G-15, and G-16). - These "data-were used as part of the
environmental consequencesx(Section [X)“to assess'plant pest ‘potential and provide an
indication of petential-effects of-untreated MON &7708 on non-target organisms (NTOs)
and threatened-and ‘endangered Species compared tocthe conventional control. In addition,
multiple commercialfeference varieties'were incladedqry the analysis to establish a range
of natural variability foreachcassessed characteristic;, The results of the field evaluations
showed that the dicamba*tolerance; trait, did\@ot unexpectedly alter the assessed
environmental’ interactions of- untreated> MON 87708 compared to the conventional
control. Additionally, results offield evaluations showed that the dicamba tolerance trait
in thel\presence ‘of dicamba herbicidé” did not unexpectedly alter the assessed
environmental.interactions of treated MON 87708 compared to the conventional control.
The lack of,significant biologically-meaningful differences in plant response to abiotic
stress, diseasexdamage, arthropod-related damage, and pest and beneficial arthropod
abundance suapport-the.conclusion that the introduction of the dicamba tolerance trait is
unlikely to~result intincreased plant pest potential or an altered environmental impact
from MON 87708 compared to conventional soybean.

In the 2008 field trials, the observations of plant response to abiotic stress, disease
damage, and arthropod-related damage were performed four times during the growing
season at all 18 sites, and arthropod abundance was assessed quantitatively from
collections performed four times during the growing season at four of the 18 sites (i.e.,
IL2, IN1, MI, and MO sites). In the 2009 field trials, the observations of plant response
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to abiotic stress, disease damage, and arthropod-related damage were performed four
times during the growing season at all eight sites.

The assessed stressors (abiotic, diseases, and arthropods) were at natural levels as no
artificial infestation or imposed abiotic stress was used and, therefore, typically varied
between observations at a site and among sites. Abiotic stress and disease damage data
were collected from each plot using a non-specific 0 — 9 scale of increasing severity of
observed damage. The 0 — 9 scale was not designed to rate specific damage symptoms.
However, the non-specific scale was utilized to allow for the evaluation of the wide
variety of potential abiotic stressor and disease damage symptoms potentially occurring
across the season and across sites. Due to the non-specific nature of the scaleused; the
data were not statistically analyzed but rather assessed qualitatively and placeddnto one
of the following categories: none, slight, moderate, or Severe. -The. tresponse of
MON 87708 and the conventional control to ah abiotic stress or disease were considered
different on a particular observation dateyat a site ,ifithe rangé-of igjurySsevetity to
MON 87708 did not overlap with the range of injury severity to thé control aetross all
three replications (e.g., “none” vs. “slight-moderate” rating) For-each, obsetvation at a
site, the range of injury severityzacross the,eommercial reference varieties provided
assessment data that are representative of’cominercial ‘soybeantvarieties. Arthropod-
related damage was assessed fromeach plot on-the Upper-foursiodes of 1@ representative
plants using a 0 — 5 pest-specific rating scale of increasing severity of observed damage.
These numerical data-“along, with* thet quantitative arthropod abundance data were
subjected to statisticalanalysis.

VII.C.2.4.1. 2008 - Environmental” Interaction «‘Characteristics for Untreated
MON 87708

In an assessment-of abietic stress‘response .and discase damage, no differences were
observed between untreatedMON"87708 and the conventional control for 193 out of 194
comparisons-for the’dsséssed abiotic- stressors-or for any of the 215 comparisons for the
assessed diseases-among all:obsgivations atcthe sites (Appendix G; Tables G-9 and G-10).
One difference was observed|in abiotic-stress response during the fourth observation at
the W1 site whete minor wind damagewas observed in MON 87708 (“slight” rating) and
no wind damage Wwas observed .in-the conventional control or commercial reference
varieties (“non¢&>rating). <The difference, however, was not observed during any of the
other 29 wind damage.observations among the sites. Thus, the small difference in wind
damage rating during.the single observation was not indicative of a consistent response
associated with the trait and was considered not biologically meaningful in terms of
incfeased weediness or plant pest potential or an altered environmental impact from
untreated MON 87708 compared to conventional soybean.

In an assessment of arthropod-related damage, no statistically significant differences
were detected (5% level of significance) between untreated MON 87708 and the
conventional control for 89 out of 95 comparisons for the assessed arthropods
(Appendix G; Table G-11).  Statistical comparisons could not be made between
MON 87708 and the conventional control for 121 additional arthropod-related damage
comparisons due to no variance in the data; however, the means for MON 87708 and the
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conventional control were the same value for these comparisons, indicating no biological
differences. A total of six statistically significant differences involving four taxa were
detected between MON 87708 and the conventional control. MON 87708 had less
damage than the conventional control from aphids in the third observation at the A2 site
(0.3 vs. 0.5 rating) and second observation at the IA3 site (0.8 vs. 0.9 rating).
MON 87708 had less damage than the conventional control from blister beetles in the
second observation at the MO1 site (0.1 vs. 0.4 rating) and more damage than the
conventional control from potato leathopper in the first observation at the PA site (1.1 vs.
0.6 rating). MON 87708 had less damage than the conventional control from Japanese
beetle in the second observation at the IN1 site (0.6 vs. 0.9 rating) and more damage in
the fourth observation at the PA site (0.6 vs. 0.4 rating). The mean damage ratings for
MON 87708 were within the range of the commercial r€ference varieties” grown
concurrently with MON 87708 and the conventienal contrel for all differences detected
in arthropod-related damage with the exception of thecdifferences in. Japanese beetle
damage at the IN1 and PA sites. The)>mean Japanese beetle damage“ratifig for
MON 87708 at the IN1 site was slightly lower than<the‘rangé of commeércial reference
varieties for the difference detected (MON 87708 mean= 0.6 rating; range of commercial
reference varieties = 0.7 — 0.9 ratings)-and slightly‘higher’'than the-fange of commercial
reference varieties for the difference’detected at.the PA site (MON 87708 mean = 0.6
rating; range of commercial referénce varieties =203 0.5 ratings).” Fuarthermore, the
differences detected in arthroped-reldted damage were-all small-in magnitude and were
not consistent across ,obseryationsCor sites. -Iheselresults’ support @ conclusion that the
detected differences in afthropod-related damage” wefe not indicative of a consistent
response associated with thefrait ‘and werenot eonsidered, biologically meaningful in
terms of increased weediness of plant-pest-potentiak or an-altered environmental impact
from untreated MON 87708 compared to-conventional soybean.

In an assessment©f pestyand‘beneficial ‘arthropod-abundance, no statistically significant
differences wefe detected (5% level of significance) between untreated MON 87708 and
the conventional Control for'd42xout of \151 comparisons, including 74 arthropod pest
abundance¢ comparisons and 77 beneficial arthropod abundance comparisons, among the
collection intervals”at ¢he four sites (Appendix G; Tables G-12 and G-13). Statistical
comparisons ¢ould not beymade“between MON 87708 and the conventional control for
eight additional compatisons;.including three arthropod pest abundance comparisons and
five beneficial-arthropod abundance comparisons, due to no variance in the data; however,
the means for MON 87708 -and the conventional control were the same value for these
comparisons, indicating no biological differences. A total of nine statistically significant
differénces,were “detected between MON 87708 and the conventional control for
arthropod abundance, including seven for pest arthropods and two for beneficial
arthropods.

The seven differences detected for pest arthropod abundance included observations for
green cloverworm, Japanese beetles, and stink bugs (Table G-12). MON 87708 had
lower green cloverworm abundance than the conventional control in the first collection
from the IL2 site (0.0 vs. 2.0 per plot), third collection from the IN1 site (7.0 vs. 11.3 per
plot), and fourth collection from the MI site (0.0 vs. 0.7 per plot); and higher green
cloverworm abundance than the conventional control in the first collection from the MI
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site (1.7 vs. 0.0 per plot). MON 87708 had lower Japanese beetle abundance than the
conventional control in the first collection from the MI site (2.3 vs. 8.0 per plot). In
addition, MON 87708 had lower stink bug abundance than the conventional control in the
third collection from the IL2 site (0.0 vs. 1.3 per plot) and higher stink bug abundance in
the third collection from the IN1 site (2.0 vs. 0.0 per plot). The mean arthropod
abundance values for MON 87708 were within the range of the commercial reference
varieties grown concurrently with MON 87708 and the conventional control for all
differences detected with the exception of the difference detected for green cloverworm
abundance at the IL2 site (MON 87708 mean = 0.0 per plot; range of commercial
reference varieties = 0.3 — 2.7 per plot) and the IN1 site (MON 87708 = 7.0¢per plot;
range of commercial reference varieties = 8.0 — 13.0 per plot) and stink bug abundance at
the IN1 site (MON 87708 = 2.0 per plot; range of commercial feference varietics’= 0.0 —
0.7 per plot). Furthermore, the differences detected in green cloverworm, Japanese beetle,
and stink bug abundance were all small in magnitude @and were not detected-ih other
collections or sites where these pests werezpresent. These results support ‘d“conclusion
that the detected differences in pest ‘arthropod abundance Wwere not 4ndicative of a
consistent response associated with\ the otrait.and were 1ot rconsidered cbiologically
meaningful in terms of increased" weediness’ or{plant-pest. poténtial, or an altered
environmental impact from MON87708 cempated to convefitional-soybean.

The two differences detected for beneficial arthropod abundance included observations
for Araneae (spiders) ‘and Nabis spp. (Table'G-13)” MON 87708 had lower Araneae
abundance (0.0 vs. 3.0 petploty-and highet Nabis spp- abundance (4.7 vs. 1.7 per plot)
than the conventional\ Control”in the fourthceollectioncfrom: the MI site. The mean
Araneae abundanceCvalue>for"MON 87708 was  slightly~lower than the range of
commercial teference varieties (0.7 1;0.per plot), while the mean Nabis spp. abundance
value foradMON 87708 was-within the-tangerof eommercial reference varieties (2.0 — 6.3
per plot). Furthermore; the.differences detected“for both Araneae and Nabis spp.
abundance were small ingnagnitude @nd were not consistent across collections or sites.
The resultscsupport: a conclasion:that«the detected differences in beneficial arthropod
abundanc¢’ were not;-indicative-of a congistent response associated with the dicamba
tolerance trait and-were not,considered; biologically meaningful in terms of increased
weediness or<plantcpest potential .or-an altered environmental impact from untreated
MON 87708 ,comparedite conventional soybean.

VII.C.2:4.2. 2009 cEnvironmental Interaction Characteristics for Treated
MON 87708

In an-assessment of plant response to abiotic stressors and disease damage for the 2009
field trials (Appendix G; Table G-14 and G-15), no differences were observed between
treated MON 87708 and the conventional control for 181 of 182 comparisons (including
89 abiotic stress response and 92 disease damage comparisons) among all observations at
the sites. One difference was observed between treated MON 87708 and the control for
white mold during a single observation (slight vs. none). The damage rating for treated
MON 87708 was outside of the reference range (no damage was observed in the
references), and this difference was not observed in any of the other two white mold
evaluations across the sites.

Monsanto Company 10-SY-210U 165 of 721



In an assessment of arthropod-related damage (Appendix G; Table G-16) there were a
total of 93 comparisons. No statistically significant differences were detected between
treated MON 87708 and the control for 56 out of 59 comparisons. In addition, no
numerical differences were observed for the 34 comparisons for which p-values could not
be generated due to lack of variability in the data. Treated MON 87708 had lower bean
leaf beetle damage than the control for Observation 3 at the KSLA site (0.00 vs. 0.08),
and greater grasshopper damage for Observation 3 at the INRC site (0.45 vs. 0.10) and at
the KSLA site (0.20 vs. 0.03). The mean damage ratings for bean leaf beetle damage and
grasshopper damage at the KSLA site were within the respective reference ranges. For
the remaining difference, the mean damage rating for grasshopper damage at the INRC
site from treated MON 87708 was outside the reference range; however, this- difference
was not consistent across observations or sites. Thus, there wag not a consistent ‘response
associated with the dicamba tolerance trait or the-herbicide-treatment, and th¢ results are
not considered biologically meaningful in terms of adverse environmental umpacts of
treated MON 87708 compared to the conyefitional soybean.

VII.C.2.4.3. Environmental InteractioncCharacteristics.for Both -Dicamba Treated
and Untreated MON 87708 - Con¢lusion

The results of the 2008 field evaluations:showed that the dicamiba tolerance trait did not
unexpectedly alter the assessed ‘environmientalCinteractions of @ntreated MON 87708
compared to the conventional controlf ~Additionally‘the results of the 2009 field
evaluations showed that the dicamba tolerance trait in‘the pfesence of dicamba herbicide
did not unexpectedly: @lter~the dassesseéd environmental interactions of MON 87708
compared to the conventional .control:” The lack of significant biological differences in
plant resporises to abidfic stressj disease damage{- arthtopod-related damage for both
dicamba-treated and untredted MON.&87708, and-pest.and beneficial arthropod abundance
for untreated MQN 87708 support the conclusion:that the introduction of the dicamba
tolerance trait“is unlikely- to.(result)in  increased plant pest potential compared to
conventionabsoybean.

VII.C.3: Pollen Characteristics

USDA-APHIS  conisidérs the petential for gene flow and introgression of the
biotechnology-derived-traityintocether soybean varieties and wild relatives to determine
the potentialzfor increased weedy or invasive characteristics of the receiving species.
Pollen” morphology “and viability information are pertinent to this assessment and,
therefore, were .assessed for MON 87708. In addition, characterization of pollen
praduced by MON 87708 and the conventional control is relevant to the plant pest risk
assessment because it adds to the detailed description of the phenotype of MON 87708
compared to the conventional control.

The purpose of this evaluation was to assess the morphology and viability of pollen
collected from MON 87708 compared to that of the conventional control. Pollen was
collected from MON 87708, the conventional control, and four commercial reference
varieties grown under similar agronomic conditions in a field trial in Illinois. The trial
was arranged in a randomized complete block design with three replications. Twenty
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flowers were collected from each plot. Pollen was extracted, combined among flowers
collected from the same plot, and stained with Alexander’s stain (Alexander, 1980).
Pollen viability was evaluated for each sample, and pollen grain diameter was measured
for ten representative viable pollen grains per replication. General morphology of the
pollen was observed for each of the three replications of MON 87708, the conventional
control, and the commercial reference varieties (see Appendix H).

No statistically significant differences were detected (5% level of significance) between
MON 87708 and the conventional control for percent viable pollen or pollen grain
diameter (Table VII-7). Furthermore, no visual differences in general pollen mesphology
were observed between MON 87708 and the conventional control. These rtesults
demonstrate that the introduction of the dicamba tolerance trait-did not alter th@ overall
morphology or viability of MON 87708 pollen,compared.to” the conventienal control.
The pollen characterization data contribute to the detailed phenotypiccdescription of
MON 87708 compared to the conventional) control.<“The result’ supports©an .overall
conclusion that MON 87708 is similar to“conventiohal soybean and 48 nocmorehikely to
pose a plant pest risk than conventional soybean,

Table VII-7. Pollen Charactéristics of-MON87708 Compared_teo> Conventional
Control

Pollen Mear(S.E.)" Referénce Range”
Characteristic MON 87708 Control Minimum Maximum
Viability (%) 99.:3(0:3) 98:410.9) 98.1 98.4
Diameter(pm) 244 (05) 243 (0.7 23.4 24.3

Note: No statigtically “sigiificant differences were“detected between MON 87708 and the
conventionalcontraly@=0:05).

'Means based on n= 3. S.E, = Standard Error

*Reference ranges were determined from the Minimum and maximum mean value from among
the four commercial reference varieties.

VII.C.4. Symbiont Intéractions

As part-of the plant pest risk assessment, USDA-APHIS considers the impact of the
biotechnology-derived crop on plant pest potential and the environment as well as on
agricultural or cultivation practices compared to its conventional counterpart. Changes in
the symbiotic relationship with rhizosphere-inhabiting bacteria Rhizobiaceae and
Bradyrhizobiaceae could directly impact pest potential, the environment, or cultivation
practices (i.e., the need to add additional nitrogen to sustain soybean production). Thus,
the purpose of this evaluation was to assess whether the introduction of the dicamba
tolerance trait altered the symbiotic interaction of MON 87708 with Bradyrhizobium
Jjaponicum (B. japonicum) compared to that of the conventional control.
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Members of the bacterial family Rhizobiaceae and Bradyrhizobiaceae form a highly
complex and specific symbiotic relationship with leguminous plants, including soybean
(Gage, 2004). The nitrogen-fixing plant-microbe 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, then can be utilized by the plant. In soybean, atmospheric nitrogen is fixed
into ammonia through a symbiotic association with the bacterium B. japonicum. As a
result of this relationship, nitrogen inputs are typically not necessary for agricultural
production of soybean.

The relative effectiveness of the symbiotic association between a leguminous plant and
its rhizobial symbiont can be assessed by various methodscAssessment ofrnodule
number and mass along with plant growth and,nitrogen status are commenty used to
assess differences in the symbiotic association between:a legume;-and-its associated
rhizobia (Israel et al., 1986). It should be noted, however, that nodule tumbet relative to
nodule dry weight may be variable in: soybean experimentscbecause nodules:-may be
larger in diameter and less numerous, while othérs are not‘as .developed (smaller) but
more abundant (Appunu and Dhar 2006 1srael €t al()1986).

MON 87708, the conventional centrol;‘and *six .commercial @eferénce Varieties were
produced from seeds planted’in‘pots containing nitrogen-deficientgpotting medium grown
in a greenhouse. Seedscwere inoculatedwith a.solution ofB. japonicum. The pots were
arranged in a randomized complete block design with eight replicates. At six weeks after
emergence, plantsWwereexcised at the surface-of the potting medium, and shoot and root
plus nodule material-were femoved. from the pots.  Nodules were separated from roots
prior to enumeration’ and>detetmination of dry.weight. MON 87708 was compared to the
conventiohal controlcfor key characteristics relatéd totheir association with the soybean-
B. japonicum symbijosis;, Détailed-infofmation on“materials and methods used for the
symbiont evaluation is presentediin Appendix 1.

No statistically significant.differences‘were detected (5% level of significance) between
MON §7708 and ‘the cenventionab control for any of the measured characteristics,
including nodwle number, -nodule-dry-weights, root dry weights, shoot dry weights, and
shoot total nitrogen’(percent and mass) (Table VII-8).

Based ¢on the assessed<characteristics, the results support the conclusion that the
intreduction” of_ the :dicamba tolerance trait does not alter the symbiotic relationship
betweetv B. gaponicum and MON 87708 compared to the conventional control. Thus,
thesé-data further support a conclusion of no change in plant pest potential and no
expected impact to cultivation practices relative to nitrogen inputs for MON 87708
compared to conventional soybean.

Monsanto Company 10-SY-210U 168 of 721



Table VII-8. Symbiont Interaction Assessment of MON 87708 and Conventional
Control

Mean (S.E.)' Reference Range2
Characteristic MON 87708 Control Minimum Maximum
g‘;f‘;ll‘; E;lmber 264(25)  238(13) 148 346
zj’sgllft)l)ry Weight (58 (0.03)  0.56 (0.02) 0.43 0.66
é‘;}‘)’faﬁgy Weight 133(0.07)  1.15 (0.04) 1,09 1'89
f’;;‘l’;n%ry Weight 6.95 (0.46)  6.030.23) 5.93 863
Ii?gf)gl‘l’t(a} awo 4.46 (0.05)_\ 4.4870.06) 351 426
IS\I}:frgtg;rr?t(élgl) 0.31 (0:02) £°0.27:(0.01) 0:25 032

Note: Pots were arranged .in a, greenhouse .in a randomiized .Complete block design. No
statistically significant differences” were“detéoted betweén MON 87708 and the conventional
control (0=0.05).

'Means based on n = 8.~ S.E."= Stanidard:Error.

Reference ranges-were.deternnined ffom the’ midimuri and fmaximum mean value from among
the six commergial reference varieties.

VILD. Phenotypic, Agronomic,andy, Enyvironmental Interactions Assessment
Conclusion

An exténsive and (vobust’set-of information and data were used to assess whether the
introduction of-the dicamba tolerance4rait or the introduction of the dicamba tolerance
trait in the presence of dicamba hetbicide altered the plant pest potential of MON 87708
comparedto the conventionali‘€ontrol. Phenotypic, agronomic, and environmental
interaction characteristics of, both dicamba-treated and untreated MON 87708 were
evaltatedand compared to those of the conventional control and considered within the
variatien amoeng.-commercial reference varieties. These assessments included plant
growth and development characteristics; seed dormancy and germination characteristics;
pollen characteristics; observations of abiotic stress response, disease damage, arthropod-
related damage and arthropod abundance; and plant-symbiont interaction characteristics.
Results from the phenotypic, agronomic, and environmental interactions assessment
demonstrate that MON 87708 does not possess weedy characteristics, increased
susceptibility or tolerance to specific abiotic stress, diseases, or arthropods, or
characteristics that would confer a plant pest risk or significant environmental impact
compared to conventional soybean.
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VIII. U.S. AGRONOMIC PRACTICES

VIII.A. Introduction

As part of the plant pest assessment required by 7 CFR § 340.6(c)(4), impacts to
agricultural and cultivation practices must be considered. This section provides a
summary of current agronomic practices in the U.S. for producing soybean and is
included in this petition as a baseline to assess possible impacts to agricultural practices
due to the cultivation of MON 87708. Discussions include soybean production, seed
production, plant growth and development, general management practices during the
season, management of weeds, insects and diseases, soybean rotational:crops, and
volunteer soybean management. Information presented in Section VII.C.2.demonstrated
that MON 87708 is no more susceptible to diseases or pests than conyentienal’soybean.
Additionally data presented in Section VII.C shew that, with the exception-of tolerance to
the herbicide dicamba, MON 87708 is 7phenotypically equivalentto conventional
soybean. Thus, there are no changesto the inputs needed dor MON.87708;-and no
specific impacts to most of the agronomic practices employed for productionzof soybean.
In the areas where there is potential/dor. ampact) on, ‘agronomic! practices from the
deregulation of MON 87708, the scope-and magnitude-of’these impactswill be discussed.

Soybean is planted in over30 states, demonstrating 'itsswide adaptation to varied soils and
climate. The soil, moisture,\and dempegrature. requrements for producing soybean are
generally similar to these for corn; and thus.the two crops share a.similar cultivation area.
Proper seedbed preparation, appropriate variety- seléctions, appropriate planting dates and
plant population; and” good intégrated pest management.ptractices are important for
optimizing the yield potentialand €conomiic return for soybean.

Annual and perential weedsCare perceived torbe.the greatest pest problem in soybean
production (Aref-and Pike,1998). Weeds compete’ with soybean for water, nutrients, and
light resulting incsubstantiabyyield-losses when left uncontrolled. Weed species in
soybean vary from-(region' to.region’ and--“state to state. Economic thresholds for
controlling weeds “in soybean-require seme form of weed management practice on all
soybean acreage.” Weed management:practices include mechanical tillage, crop rotations,
cultural praetices, and herbicide application. Numerous selective herbicides are available
for preplant, preemergence, and{postemergence control of annual and perennial weeds in
soybean:  Approximately’98% of the soybean acreage in the U.S. receives an herbicide
application (USDA-NASS, 2006). Soybean insects and diseases generally are considered
less problematie; -although infestations can reach economic thresholds requiring
treatment.

Volunteer soybean, i.e., soybean plants that have germinated and emerged unintentionally
in a subsequent crop, are not considered a significant concern in rotational crops
primarily because of climatic conditions and adequate control of volunteer soybean from
tillage practices. Additionally, mechanical and chemical control methods are available to
manage the occasional volunteer soybean plant. Due to its lack of weediness potential,
introduction of MON 87708 in the soybean production system would have a negligible
impact on managing soybean volunteer plants in rotational crops such as corn, cotton,
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and wheat. The numerous control measures that are effective on conventional and
Roundup Ready soybean volunteer plants will continue to be effective on volunteer
MON 87708 plants when they arise.

As shown in Sections VI and VII, with the exception of the dicamba tolerance trait, no
phenotypic, compositional, or environmental differences between MON 87708 and
conventional soybean have been observed. Moreover herbicide-tolerant soybean is
currently grown on 91% of U.S. soybean acres (USDA-NASS, 2009c). MON 87708 will
facilitate a wider window of application of dicamba (at planting and in-crop) and will
replace or supplement the use of other soybean herbicides. Therefore, it is not anticipated
that commercialization of MON 87708 in the U.S. would have a notable\impdet on
current soybean cultivation practices, including the management-of weedsy diseases, and
insects other than the in-crop use of dicamba in sgybean production.

VIIIL.B. Overview of U.S. Soybean Production
VIIL.B.1. Soybean Production

Soybean first entered North America in the 18" century(Hoeft et al., 2000). During the
1930s, soybean started to be processed industtially in-the US. for edible ail and protein
meal. In 2008, soybean represented S6-percent of world-oilseed production, and about a
third of those soybeans were ‘produced in thé?U.S35(ASA, 2009). CIn 2008, the U.S.
exported 1.16 billion-bushels' (3 1:6 million metrictons) of soybeai,which accounted for
40 percent of the world's.soybean exports{(ASA, 2009). In total, the U.S. exported $.

worth of soybean and soybean products globallyin 2008 (ASA, 2009). China was
the largest export market, for U.S. seybean'with“purehases-totalling . Mexico
was the second largest export market with-purchases 6f

. Other significant
marketSunclude theEurepeanUnion( ) and"Japan ( ).

Approximately 94% of the’world’s soybean seed 'supply was crushed to produce soybean
meal and _oil’ in 2008 {Soyatech;2010), and the majority was used to supply the feed
industry~for livestoek use or‘the food mdustry for edible vegetable oil and soybean
protein isolates.

The produetivity'of soybeanas highly dependent upon soil and climatic conditions. In the
U.S., the soiland «€limatic requirements for growing soybean are very similar to corn.
The soils and climate in'theMidwestern, Eastern, and portions of the Great Plains regions
ofithe AFS. .provide’ sufficient water under normal climatic conditions to produce a
soybean crop. “The general water requirement for a high-yielding soybean crop is
approximately 20 inches of water during the growing season (Hoeft et al., 2000). Soil
texture and structure are key components determining water availability in soils, where
medium-textured soils hold more water, allowing soybean roots to penetrate deeper in
medium-textured soils than in clay soils. Irrigation is used on approximately 9% of the
soybean acreage to supplement the water supply during dry periods in the Western and
Southern soybean growing regions (USDA-ERS, 2008).
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Most of the soybean acreage is grown as a full-season crop. Approximately 8% of the
soybean acres are planted in a double-crop system following winter wheat south of 35°
North latitude (Boerma and Specht, 2004). However, this percentage can vary
significantly from year to year. The decision to plant double-crop soybean is influenced
by both agronomic and economic factors. Agronomic factors include harvest date of the
wheat crop, which determines the double-crop soybean planting date, and available soil
moisture. Economic factors include expected soybean price and anticipated economic
return (Boerma and Specht, 2004).

The U.S. soybean acreage in the past 10 years has varied from approximately 64;7-to 75.7
million acres, with the lowest acreage recorded in 2007 and the highest in:2008 (Table
VIII-1). Average soybean yields have varied from 33.9 to 43.3cbushels perzacreover this
same time period. Annual soybean production ranged from 2.45 to 3.19 billion bushels
over the past ten years. According to data from USDA-NASS (2009a),;soybean was
planted on approximately 75.7 million acres'in the U.S=in 2008, producing 2.96_billion
bushels of soybean (Table VIII-1). Soybean acreage‘and production in 2008 wasvp from
2007, mainly due to a decrease in corn acreage:“ The-valug’ of \soybean reached

in the U.S. in 2008 (USDA-INASS,2009b). In"comparison, corn and*wheat values

in 2008 were $- and $_, respectively (HSDA=NASS; 2009a, b).

For purposes of this agronomickpractices discussion, soybean production is divided into
three major soybean growing regions accounting for 991% of the 2008 U.S. soybean
acreage: Midwest/Great Plains region (IL, AN, [A;KScKY, MI, MN, MO, NE, ND, OH,
SD, and WI), Southeastaegion(ALHARGA, LA, MS, NC; SC,-and TN) and the Eastern
Coastal region (DE,-MD,NJ, NY, PA, and“VA)(Table VIII-2). The vast majority of
soybean was grown“in.the Midwest’region, representing 82:1% of the total U.S. acreage.
The Southeast and EasternizCoastal regions represented14.3% and 2.7% of the acreage,
respectively. Among the three regions, the Midwestregion produced the highest average
yield at 38.6 bushels per acre inc2008;5and averagé state yields in this region ranged from
28.0 to 47.0bushels percacre.7The @average yield in the Southeast region was 34.4 bushels
per acre, with states-withinjthistegion‘averaging from 30.0 to 40.0 bushels per acre. The
average-yield in_the Eastern €oastal region was 34.1 bushels per acre, with individual
state averages ranging\from 27,510 46.0 bushels per acre.

Managing input. costs“is asmajer’component to the economics of producing a soybean
crop (Helseland Minor;”1993). Key decisions on input costs include choosing what
soybean yvarieties to plant, amounts of fertilizer to apply, and what herbicide program to
use. The ayerage-operating cost for producing soybean in the U.S. in 2008 was h
per acre, according to statistics compiled by the USDA-Economic Research Service
(USDA-ERS, 2008). The value of the production less operating cost was reported to be

per acre. A summary of potential production costs and returns are presented in
Table VIII-3.
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Table VIII-1. Soybean Production in the U.S., 1999 — 2008’

Value
$)

Acres Acres Average Total
Planted  Harvested Yield Production
Year (x1000) (x1000)  (bushels/acre) (x1000 bushels)
2008 75,718 74,641 39.6 2,959,174
2007 64,741 64,146 41.7 2,677,117
2006 75,522 74,602 42.7 3,188,247
2005 72,142 71,361 43.3 3,086,432
2004 75,208 73,958 42.2 3,123,686
2003 73,404 72,476 33.9 2,453,665
2002 73,963 72,497 38.0 2,756,147
2001 74,075 72,975 39.6 2,890,682
2000 74,266 72,408 38.1 27757,810
1999 73,730 72,446 36.6 2,653,758
Ave. 73,277 72,151 39.6 2,854,672
'Source is USDA-NASS (2009a,b).
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Table VIII-2. U.S. Soybean Production by Region and State in 2008’

Acres
Acres Planted  Harvested ~ Average Yield Total Production Value
Region/State  (thousands)  (thousands) (bushels/acre) (x1000 bushels) (-S)_
Midwest Region
linois 9,200 9,100 47.0 427,700 -
Indiana 5,450 5,430 45.0 244,350 -
Iowa 9,750 9,670 46.0 444,820 -
Kansas 3,300 3,250 37.0 120,250 -
Kentucky 1,390 1,380 34.0 46,920 -
Michigan 1,900 1,890 37.0 69,930 -
Minnesota 7,050 6,950 380 264,100 -
Missouri 5,200 5,030 38.0 191,140 -
Nebraska 4,900 4,860 46.5 225¢990 -
North Dakota 3,800 3,760 28.0 105,280 -
Ohio 4,500 4,480 36,0 164,280 -
South Dakota 4,100 4,060 34.0 138,040 -
Wisconsin 1,610 15590 35.0 55,650 -
Region Totals 62,150 61,450 38,6 2,495,450 ]
Southeast Region
Alabama 360 350 35:0 12,250 -
Arkansas 3,300 3,250 38.0 123,500 -
Georgia 430 415 30:0 12,450 ]
Louistana 1,050 950 33.0 31,350 -
Mississippi 2,000 1,960 4020 78,400 -
North Carolina® 1,690 1,670 33.0 55,110 -
South Carghina 540. 530 32.0 16,960 -
Tennéssee 1,490 1,460 34.0 49,640 -
Region Totals *>10,860 10,585 34.4 379,660 -
Eastern Coastal Region
Delaware 195 193 27.5 5,308 -
Maryland 495 485 30.0 14,550 [
New Jersey 92 90 29.0 2,610 -
New York 230 226 46.0 10,396 -
Pennsylvania 435 430 40.0 17,200 [
Virginia 580 570 32.0 18,240 -
Region Totals 2027 1994 34.1 68,304 -
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Table VIII-3. U.S. Soybean Production Costs and Returns in 2008’

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, alocated overhead

Total cost listed

Value of production less: total cost

listed

Value of production, dess .Operating

costs

Seed

Fertilizer

Chemicals

Custom operations

Fuel, lube-and electricity
Repairs

Purchased irrigation water
Interest on operating capital

Hired labor

Oppoifunity,~cost Oof cunpaid
grower’s labor

Capitalzrecovery of machinery
and equipnient

Qpportunity, cost of-land (rental
rate)

Taxes and’insurance
General farm overhead

Supporting Information: Yaeld =43 bushels/acre, Price = _/bushel, Enterprise size = 303
plantedacres, Irrigated =.9%,Dry land = 91%.

'Sourceds USDA-ERS (2008).
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VIIIL.B.2. Soybean Seed Production

Standardized seed production practices are responsible for maintaining high-quality seed
stocks, an essential basis for U.S. agriculture. By the early 20th century, agronomists
learned how to develop specific plant varieties with desirable traits. In the U.S., state
agricultural experiment stations developed many seed varieties that were distributed to
growers for use. Seed was saved by growers and later sold to neighbors; however, the
desirable traits of the varieties often were lost through random genetic changes and
contamination with other crop and weed seed (Sundstrom et al., 2002). The value of seed
quality (including genetic purity, vigor, and presence of weed seed, seed-borne.diseases,
and inert materials, such as dirt) was quickly identified as a major factor impacting crop
yields. States developed seed laws and certification agenciescto ensure that parchasers
who received certified seed could be assured that-the seed met established seed quality
standards (Bradford, 2006). The federal goverhment passed the U.S-Federal Seed Act of
1939 to recognize seed certification and the,establishment of official cettifying agencies.
Regulations first adopted in 1969 under the Federal Seed Act recognize land history, field
isolation, and varietal purity standards for>foundation, registeréd, and certified seed.
Under international agreements sueh as:the Organization for Economic Co*Operation and
Development (OECD) scheme;~the"U.Szand “othér® countries mutually recognize
minimum seed quality standards, (Bradford; 2006)2 The “Asseciation of,Official Seed
Certifying Agencies (AOSCA) represents state oand- private seed certification
organizations in the US., and includes. internationdl miember countries in North and
South America, Austialia, @and New Zeéaland.

Soybean seed is separated-into four seed classes: V) bréedery2) foundation, 3) registered,
and 4) certified (AOSCA, 2009)" BreedereseedOis seed directly controlled by the
originating or sponsoring-plant-breeding organizationcor firm. Foundation seed is first-
generation seed dincreased from breeder?seedtand @s handled in a manner to maintain
specific levelscof varietalpurity and identity:.“ Registered seed is the progeny of
foundation.séed_that is-handled.to” maintain-satisfactory varietal purity and identity.
Certified seed is theprogeny of breeder, foundation or registered seed, and is typically
two generations removed from feundation seed. While not all soybean seed sold to
growers is offieially-certified,.commetcial soybean seed sold and planted for typical
soybean productiontis pfoduced predominately to meet or exceed certified seed standards.
This section of the<petition will provide a broad overview of the practices used in
producing cértified seed:

Seybear seed breeders and producers have put in place practical measures to assure the
quality and gengtic purity of soybean varietal seed for commercial planting. The need for
such systems arose from the recognition that the quality of improved soybean varieties
quickly deteriorated in the absence of monitoring for quality and genetic purity (CAST,
2007). Seed certification programs were initiated in the early 1900s in the U.S. to
preserve the genetic identity and variety purity of seed. There are special land
requirements, seed stock eligibility requirements, field inspections and seed labeling
standards for seed certification. Seed certification services are available through various
state agencies affiliated with AOSCA. Large seed producers implement their own seed
quality assurance programs. However, large seed producers often will utilize the services
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of state certifying agencies as a third party source to perform certain field inspections and
audits.

U.S soybean production for all purposes has varied from approximately 64.7 to 75.7
million acres in the past ten years (USDA-NASS, 2009a; Table VIII-1). To plant this
area of soybean acreage requires 105 to 125 million units (50 1bs/unit) of soybean seed.
This seed volume includes allowances for seed losses due to weather, poor yields, and
quality issues. Additional allowances are included for distribution excess, seed returns,
replants, and potential increases in soybean acreage. Assuming an average soybean yield
of 45 bushels, or 54 units (50 lbs/unit) per acre, 1.9 to 2.3 million acres would berequired
to produce this volume of commercial certified soybean seed each year.

Certified soybean seed is produced throughout“most of, the U.S. soybean-growing
regions. Soybean varieties are developed and adapted to-¢ertain gepgraphical zénes and
are separated into ten maturity groups — Group 00 to-Group VIH<(see Section VHI.C).
Seed production for these maturity groups’'is grown<in the respective geographical zone
for each maturity group. However, the production areas génerally are on the northern
edge of the respective zone to minimize incidences of‘disease.

Soybean seed is produced byanumber of ‘Conpanies-that produce and sell.seed, such as
Monsanto Company, Pioneer Hi-Bred International, Syngenta Seeds, Kruger Seed Co.,
and Becks Hybrids. Incaddition, certified seed is produced by tollseed producers, or
tollers, which are companigs that-produce but do-not directly-sell-certified seed, such as
Remington Seeds LEC and Precision Soya. Seed, companies and tollers in turn contract
acreage with growers.to produce-the n¢eded amount of §oybean seed. Seed production or
processing plants at’these seed companies-identity local soybean growers to produce the
seed and also monitet-andcinspect seed fields througheut the growing season. The seed
production plants-also_elean, condition,cand bag the harvested soybean seed as well as
monitor and inspect all the proeesses at the plant. Production plants typically produce
between 1005000-unitsc‘to 2;000,000 wmnits_ef* soybean seed. Production plants will
produce the various Soybean vapieties in different climates or environments to spread
production risks.

The entire seed production process-at the majority of the seed companies and tollers
operate using International-Organization for Standardization (ISO) certification standards
and, thérefore; inelude internal~and external audits (ISO, 2009). ISO standards ensure
desirable characteristics ofseeds and services, such as quality, safety, reliability, and
efficienicy. The ISO standards represent an international consensus on good management
practices with the aim of ensuring that the organization can consistently deliver excellent
product or services. The standards not only must meet the customer’s requirements and
applicable seed regulatory requirements, but must aim to enhance customer satisfaction
and achieve continual improvement of its performance in pursuit of these objectives
(ISO, 2009).

The field operations and management practices for producing soybean seed are similar to

normal soybean production. However, special attention is needed in certain areas to
produce seed with high quality, high germination rates, and high genetic purity (Helsel
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and Minor, 1993). General guidelines specific for seed production are discussed below.
Importantly, the seed production field should not have been planted with soybean in the
previous crop season in order to avoid potential volunteer soybean plants (even though
the risk of soybean volunteer plants is negligible) and to ensure genetic purity.

Very early planting is typically avoided because the seed produced from early planting
often results in poorer quality seed (Helsel and Minor, 1993). Every effort must be made
to eliminate weeds in a seed field through the use of herbicides and cultivation practices
to prevent weed seed in the harvested soybean seed. Fields are scouted frequently for
insect pests and insecticides are applied when insect pest infestations reach ecgnomical
threshold levels.  Foliar-applied fungicides should be considered whien disease
infestations are predicted in the area. Harvest should occur-as soon.@s”thé mature
soybean seed reaches 13% moisture content. Harvesting soybean seéd with~less than
13% moisture can cause damage to the seed coat and result in split soybean-seed that can
affect germination and viability. Harvesting equipment must be adjustéd to-minimize or
avoid seed damage. Harvesting equipment must. be cléaned before entering:the seed
fields to assure genetic purity. Certain seed“handling equipment; such, as auger elevators,
should be avoided because they canjincrease seed daniages

Field inspections are vital Cto _enSurel the*<soybean -seed  imeets" seed- ‘certification
requirements, ISO certification “standdrds; -regulatory ~standards, and trait licensing
agreement standards. - “Field inspections are” conductéd” on'seed- production fields
throughout the soybean growing season<to visually, evaluate. variety purity, ensure
soybean plants areCdeveloping properly, and fields are maintained free of weeds, insects,
and diseases. (The fields-are also mapped:-to ensure'the seed field has the minimum
federal isolation requirément-of five feet as a-physical barrier (AOSCA, 2009). Some
states and-seed producers have astricter isolation tequirément of 10 feet.

Production plant’ personnel” make ' every effort 4o avoid mechanical damage to the
harvested seed during the screening; cleaning,-and bagging process. Specific methods are
used to assure the genetic purity@nd the identity of the seed is maintained throughout the
handling and storage operation= Bin'inspéctions and sample collections are conducted at
storage locations-at the seed production plant to examine the physical characteristics of
the soybean,seed and te ensure proper bin cleanout. Seed is inspected for appearance,
disease, discoleration;seed coaty mechanical damage, inert matter, and weed seed. Warm
and cold germination tests are,conducted on all seed lots to verify acceptable germination
rates.” Many séed companies will also conduct tetrazolium staining tests to assess seed
viability:

Commercially certified soybean seed must meet state and federal seed standards and
labeling requirements. AOSCA standards for certified soybean seed are as follows: 98%
pure seed (minimum), 2% inert matter (maximum), 0.05% weed seed (maximum, not to
exceed 10 per 1b.), 0.60% total of other crop seeds (maximum), 0.5% other varieties
(maximum, includes off-colored beans and off-type seeds), 0.10% other crop seeds
(maximum, not to exceed three per 1b.), and 80% germination and hard seed (minimum)
(AOSCA, 2009). State seed certification standards vary slightly from state to state and
can be more restrictive than the seed standards of AOSCA.
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When deregulated, MON 87708 seed will be produced in the same manner as
commercially certified soybean seed, such that it will meet all state and federal seed
standards and labeling requirements.

VIII.C. Production Management Considerations
VIII.C.1. Pre-Season

Well in advance of planting a soybean crop, decisions are made regarding the planned
crop rotation, the tillage system and row spacing that will be implemented, the planting
equipment that will be used, the seed or variety that will be planted, and.so1l fertility
management requirements. Many of the decisions in this aréa are made)prior to or
immediately after harvest of the previous crop. There are many benefits:to crop rotation,
with the majority of the soybean acreage planted'in a two-year corn-soybeafi-rotation (see
Section VIILI). Crop rotation is generally a;Jong-term decision, but’the.rotation sequence
can be modified to take advantage of a particular economic or-farket-opportunity. The
decision to plant soybean in a conservation-tillageror no-tillsystem may-require special
equipment and will be made long before planting. ~In addition; this decision on tillage
system usually will be a long-tefim commitment, provided the systemqs)successful. A
decision to change row spacing'is a similar long-term commitment that generally requires
new equipment.

The benefits of consetvation' tillage orfo-till systems.are well decumented and include
reduced soil erosien, reduced-fuel<and Alabor costs{and ‘consépvation of soil moisture
(CTIC, 2011). ~In 2004, approximately 27.5 millioncacres:(39.6%) of soybean were
planted in a no-till system (CTIC, 2007).~Slow:-soybean emergence and growth leading to
lower yields have been some of'\the concerns associateéd with adoption of conservation
tillage “systems in:soyb&an, especially no-till:\*Research in Wisconsin and Minnesota
shows that soil> temperatures €an be four teofive degrees colder in no-till than
conventional ¢illagé.systems, swwhich,can sfow seedling emergence, but have little effect on
soybean yield (Pedersen, 2008a): Tmproved-planters for establishment of good soybean
populations and planting RoundupyReady soybean allowing the use of glyphosate to
effectively control weeds i no-tilPfields have made no-till a viable production system for
soybean (Pederseny20082). Extensien specialists still recommend some spring tillage on
fine-textured and'pootly drainedsoils for proper seedbed preparation (Pedersen, 2008a).

Most-field-ctops,-including ‘soybean, respond well to fertilizer when planted in soils with
low fertility levels)Soybean requires 16 essential elements for growth and development.
Defi¢iencies in any of these elements can reduce yields (Hoeft et al., 2000). The primary
or major essential nutrients are nitrogen, phosphorus and potassium. The soybean plant
is a member of the legume family, like alfalfa and clover, and fixes a significant portion
of its own nitrogen through the symbiotic relationship with the nitrogen-fixing
Bradyrhizobia bacteria (Bradyrhizobium japonicum) that live in the nodules on its roots.
Bradyrhizobia are unicellar, microscopic bacteria that invade the soybean plant through
its root hairs (Hoeft et al., 2000). The plant responds to this invasion by forming nodules
which contain colonies of bacteria. Once established on the soybean root, bacteria in the
nodule take gaseous nitrogen from the atmosphere and fix it in forms easily used by the
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soybean plant. Since these bacteria are not native to U.S. soils and would not normally
be found in these soils, inoculation of the soybean seed with these bacteria is
recommended when soybean has not been grown in a field for three to five years.
Nitrogen fertilizer applications at planting generally do not improve yield and decrease
nodulation while increasing the plant’s dependency on the soil for nitrogen (Pedersen,
2008a). Therefore, nitrogen fertilizer is seldom applied prior to planting a soybean crop.

Soil tests are the only reliable way to determine the pH, phosphorus, and potassium levels
in the soil. Liming and fertilizer requirements subsequently are determined based on 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 recommendationsybut are
seldom applied prior to a soybean crop. Howevet,-th some of the southeth growing areas,
differences in crop rotations and soil types may requireca fertilizer applicationprior to
planting soybean.

Although not common, deficiencies_in’soil>can -gccuriin s¢condary nutrients (calcium,
magnesium, and sulfur) or micronutrients (borons¢chloride, .copper, iron; manganese,
molybdenum, and zinc). The avatlability of soil qutrients is~dependention soil acidity or
pH level. Because soybean is@dversely affected when the-pH is’below apptroximately 5.8
(Hoeft et al., 2000), soil pH-should beanaintained at about 6.0 to 6.5 through the addition
of limestone.

Soybean varietiescare, developed and addpted ‘to “certain-geographical zones and are
separated into tén maturityCgroups — Group. 00 to_Group VIH-(Pimentel, 1991; Zhang et
al., 2004). Groups©0.and 0‘ar¢ the carliest maturity  groups and are adapted best to the
area north™of latitude- 46%-North, Sueceeding groupsare adapted further south with
Groups T and II within latitudés 41°@and 46° North, and Group III within latitudes 38° and
41° North. Group 00 through Group IV soybeanvarieties are planted in the Midwest and
Eastern Coastal regions Groups 4l; [1I<and 1V account for approximately 76% (24%,
36%, and-16%, respectively) oftthe soybean’planted in the U.S. (ﬂpersonal
communication, August2008).<Groups 1V through VIII are planted in the southern states
with“Groups V5-"VI:and -VII representing 7%, 2%, and 2% of the planted soybean,
respectively, (_personal communication, August 2008).

Soybean variety selectiof’is erucial for high yield and quality, and is the foundation of an
effective management plan (Pedersen, 2008a). Characteristics to consider in selecting a
varietyanclude maturity, yield potential, disease and pest resistance, iron deficiency
tolerance (¢hlorosis), lodging score, height, and specific soybean quality traits, such as
protein and oil content. If a field has a history of a particular disease or pest, planting
soybean varieties that have resistance or tolerance to these pests and diseases can be an
effective and economical method of control.

VIII.C.2. Planting and Early Season

An understanding of the growth stages of soybean is also important for the proper timing
of certain management practices, such as herbicide and insecticide applications. In
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addition, the impact of certain weather conditions, insect pests, and diseases on soybean
yield is dependent on growth stage. The system of soybean growth stages divides plant
development into vegetative (V) and reproductive (R) stages (Pedersen, 2008a). The
vegetative stages begin with VE, which designates emergence. V stages continue and are
numbered according to how many fully developed trifoliate leaves are present (i.e., V1,
V2, etc.). The reproductive (R) stages begin at flowering (R1) and include pod
development and plant maturation. Full maturity is designated as RS.

Adequate soil moisture and warm temperatures facilitate rapid seed germination and
emergence. The ideal soil temperature for soybean germination and emergence is 77°F
(Pedersen, 2008a). However, waiting for soils to reach this soil temperaturé. will_delay
planting beyond the optimum planting date that will maximize yield..@Soybean can
germinate at a soil temperature of 50°F when planted at a depth of two iiches:“However,
emergence is slow and can take up to three-weeks in morthern climates, Because of
fluctuations in soil temperature in early spring, soil temperature-should not B¢ 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 résearch conducted in the
Northern states (Hoeft et at:;"2000). Highest yields are. generally obtained when planting
in early to mid May. Yields beginto decline quite rapidly>whetr planting is delayed until
late May. For example, theyoptimum planting dates for-soybean in'lowa are the last week
of April in the southernctwo-thirds©f the state.and the first week of May in the northern
one-third of the state~(Pederseny2008a). Inthe Southern U:S:; planting adapted varieties
before late April resultsCin shorter.plants;and, in many cases, lower yields than when the
same varieties are planted-in May.or-early June. PRlanting 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 eanopy development and soybeancyield. Row spacing is important to maximize
soybeanyield. Réseareh’in the Midwest ‘Over the past 20 years consistently shows that
row Spacing of-less than 20 inches iscpreferred for soybean regardless of tillage system,
rotation sequence ‘or planting date”’ (Pedersen, 2008a). In the Southern states, the
advantage> from nartow <rows.-is less consistent and less beneficial. In 2000,
approximately 40%  of.soybean*was planted in row spacing of 10 inches or less, 27% in
10,10 285 inches, and 33% in rows wider than 28.5 inches (Hoeft et al., 2000).

Soybean has the-ability to produce good yield over a wide range of plant populations.
Most soybean varieties have the ability to branch and adjust the number of pods on
branches to compensate for large differences in seeding rate. Maximum yields generally
require planting rates that result in about 2.5 to 5 plants per square foot (Hoeft et al.,
2000). Therefore, a full stand of soybean is approximately eight to ten plants per foot of
row at harvest for 40-inch rows, six to eight plants per foot of row in 30-inch rows, four
to six plants in 20-inch rows, and two to three plants in 10-inch rows. This translates to
109,000 to 218,000 plants per acre at harvest. Higher populations are recommended in
narrow rows for maximum yields because plants are more uniformly spaced in narrow
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rows. Seeding rates are generally 10 to 25% higher than the desired harvest population,
especially in no-till fields, to account for the losses in germination, emergence, and
seedling diseases. The accuracy of the planting equipment also can impact the decision
on seeding rate. Soybean seed traditionally has been sold by weight. Therefore, the
grower must know the number of seeds per pound for the particular soybean varieties
being planted for accurate seeding rates.

Treating soybean seed with a fungicide (e.g., metalaxyl or mefenoxam) to prevent
damping-oftf diseases may be beneficial when planting in cold, wet soils, using reduced
till and no-till planting systems, and when planting seed with a low germination rate
(<80%) or low seed vigor (Pedersen, 2008a).

Annual and perennial weeds are considered to be“the greatest pest prablem-1d soybean
production (Aref and Pike, 1998). In order to maximize yields, weeds:must.be eéntrolled
during the early growth stages of soybeam-because weeds compete :with.soybean for
water, nutrients, and light. There have béen many.studies-examining_the loss in‘soybean
yield due to weed competition. The amountof less is*dependent Upon-the species, time
when the weed is growing with thie”crop; and crop,‘cultural practiees, particularly row
spacing. A sampling of these studiesishowhat -soybean yield teductions are generally in
the range from 10% to 50% (Norsworthy et al,2002; Shurtleff’and.Coble,-1985; Vail et
al., 1993, Hock et al., 2006).~ In‘one study, yield loss due to several,annual grasses ranged
from 13% to 16% while~yield losses due to vatious ‘annual broadleaf'weeds ranged from
23% to 52% (Hock et al.2006);- A combination~of ¢illage;and herbicides are used to
control weeds througheut the:growing season (Section VHILF),

VIII.C.3. Mid to Late Season

Ideal daytime tempetatures fotsoybean growth are between 75°F and 85°F (Hoeft et al.,
2000). Warmer-temperatures résult.in larger plants and earlier flowering. Sustained
temperatures helow. 75F will delay-the<beginning of flowering significantly. Seed set
also is affected by temperaturec; Seed set-is generally good when pollination follows
night tetmperatures_around 70K, Soybean‘varieties differ in their response and tolerance
to temperatures-.

Soybean i$. phetoperiod sensitive, which means that it transitions from vegetative to
flowering stage indirectresponse to length of daylight (Scott and Aldrich, 1970). Most
soybean varieties-begin flowering soon after the day length begins to shorten. Flowering
of\southetn ~varieties is initiated by a shorter day than that of varieties adapted to the
northy The €xtent of vegetative growth occurring after the initiation of flowering depends
not only on environmental factors but also the growth habit. Soybean varieties are
described as either indeterminate or determinate in their growth habit (Scott and Aldrich,
1970). Indeterminate varieties increase their height by two to four times after flowering
begins. Indeterminate varieties are typically grown in the northern and central U.S.
Determinate varieties increase their height very little after flowering and generally are
grown in the southern U.S. Indeterminate and determinate varieties also differ in
flowering characteristics. Indeterminate plants generally bloom first at the fourth or fifth
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node and progress upward. Flowering on 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., 2000). The reproductive period consists of flowering, pod set,
and seed formation. Climatic conditions such as temperature and moisture supply during
the flowering period will affect the number of flowers. The soybean plant does not form
a pod from each flower. It is common for the soybean plant to have 75% of the flowers
fail to develop a pod (Scott and Aldrich, 1970). This characteristic makes soybean less
susceptible than corn to short periods of adverse weather during floweringy,- Under
normal conditions, pod set occurs over about a three week period. Good soil‘moisture is
most critical during the pod-filling stages to prevent pod abortion and  to -ensure high
yields (Hoeft et al., 2000). Another critical requitement during the seed4filling stages is a
high rate of photosynthesis to maximize yield:. High humidity and-temperatureés during
seed development and maturity can result mpoor seed quality bécause thes¢ conditions
promote the development of reproductive-stage disedses.

VIII.C.4. Harvest Season

When dry matter accumulationyends,‘the plant:is considered’to be physiologically mature.
The seed moisture content-is’ approximately-55 te-60%at this stage  (Hoeft et al., 2000).
At this stage, namely R7, at least dhe nofmal pod on theyplant reaches the mature pod
color. Under warm and dryWeather conditions, seed moistute content will drop to 13 to
14% in 10 to 14 days from physiologicalimaturity (Hoeft et al.{-2000). Soybean can be
harvested when-the nioistute content drops-belowDl5%.~ However, soybean should be at
13% moisture to be“stored without artificial deying(Scott and Aldrich, 1970). Moisture
content below 12% may increase-seed cracking and seed“coat damage.

Pre-harvest losses are“influenced by séybean-variety, weather, and timeliness of harvest
(Scott and Aldrichy1970)." Timely haryvest when the moisture content is 13 to 14% also
will minimize losses:;”Proper .operation and adjustment of the combine is essential to
minimizing harvestlosses in the field.

VIIL.D. Management of Insects

Althoughinsécts are rated as 1ess problematic than weeds in U.S. soybean production,
management of-insect pestsiduring the growth and development of soybean is important
for'protecting-the yield of soybean (Aref and Pike, 1998). Understanding the impact of
insects' on ‘Soybean growth is essential for proper management (Higley and Boethel,
1994). It is important to understand the way that insects injure soybean as well as how
the soybean plant responds to insect injury. Insect injury can impact yield, plant
maturity, and seed quality. Insect injury in soybean seldom reaches levels to cause an
economic loss, as indicated by the low percentage (16%) of soybean acreage that receives
an insecticide treatment (USDA-NASS, 2007b).

Characterizing soybean responses to insect injury is essential in establishing economic
injury levels (Higley and Boethel, 1994). Most often, soybean insects are categorized or
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defined by the plant parts they injure, namely root-feeding, stem-feeding, leaf-feeding, or
pod-feeding insects. The root- and stem-feeding insect groups are often the hardest to
scout and typically are not detected until after they have caused their damage. The leaf-
feeding insects comprise the biggest group of soybean insect pests, but not necessarily the
most economically damaging insects. Research on defoliation has determined that a
major effect of leaf injury is to reduce light interception by the soybean canopy which in
turn can have a significant effect on yield (Higley and Boethel, 1994). Soybean has an
extraordinary capacity to withstand considerable defoliation early in the season without
significant yield loss. By contrast, defoliation during the flowering and pod filling stages
poses a greater threat to yield because the soybean plant has less time to compensate for
injury compared to other growth stages. Research indicates that the soybean plant can
sustain a 35% leaf loss prior to the pre-bloom period without lowering ¥ield ¢{NDSU,
2002). However, from pod-set to maturity, the plant can tolerate only-a 20% defoliation
level before yield is impacted.

VIILLE. Management of Diseases and ‘Other Pests

More than 100 pathogens are knowhn to affect Soybean, of which-35.are considered to be
of economic importance (Heathérly and Hodges,-1999), TFhe estimated yield losses to
soybean diseases in the U.S. were 4275, 13:2, and 13:0 million metric tons-in 2008, 2009,
and 2010, respectively ( Wrathér andKoenning, 201 1), > Which equated.to 15.5%, 14.4%,
and 14.4% of total soybean produetion, respectively (ASA, 2011). Pathogens can affect
all parts of the soybean plant, resilting in reduced quality and-yield:” The extent of losses
depends upon the{pathogen,:the state of plant.development and health when infection
occurs, the severity of-the diseaseon imdividual plants;‘and.the number of plants affected
(Heatherly and Hodges,1999):

One or“more disedsesccan generally be:found inyfields wherever soybean is grown
(Heatherly and Hodges, 1999). However, a,pathogen may be very destructive one season
and difficult‘or impossible topfindthe next season. The extent and severity of soybean
diseases depend on the-degree of compatibility between the host and the pathogen and the
influence of the environinent.

According to fieldsurveys conducted in soybean-producing states during 1996 to 2010,
soybean eyst nematode (SEN),«Heterodera glycines, caused the greatest soybean yield
losses (Wrather and’ Keenning; 2011). Phytophthora root and stem rot (Phytophthora
sojae);, brown cspotx(Sepforia glycines), charcoal rot (Macrophomina phaseolina),
Sclerotinia _stem fot (Sclerotinia sclerotiorum), seedling diseases, and sudden death
syndréome (Fusarium solani f.sp. glycines) followed in economical importance. As
expected, yield losses vary by region. Sclerotinia stem rot caused yield losses in several
Northern states, but not in other states. Rhizoctonia foliar blight losses were greatest in
Arkansas, Louisiana, and Texas where humidity and temperature conditions are suitable
for disease development (Wrather et al., 2001).

Selecting resistant varieties is the primary tool growers have for disease control

(Heatherly and Hodges, 1999). Resistant varieties may have morphological or
physiological characteristics that provide immunity, resistance, tolerance or avoidance to
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certain pathogens. Cultural practices can also play an important role in disease
management by reducing initial inoculums or reducing the rate of disease development
(Heatherly and Hodges, 1999). Preplant tillage can bury crop residue, which encourages
the decomposition of fungal-resting structures. Crop rotation is routinely recommended
as a disease-management strategy. Rotating crops interrupts the disease cycle and allows
time for the decomposition of inoculums. One exception is Rhizontonia spp., a soil-
inhabitant pathogen that grows on a wide variety of crops and can survive sufficiently in
the soil to make crop rotation as a means of controlling this pest impractical. Row
spacing, plant population, and planting date also can be changed to manage soybean
diseases.

Soybean cyst nematode is one of the most damaging pathogens’ of soybean’ thtoughout
the soybean growing regions of the U.S. (Pedersen; 2008b).\ Cosses have been-estimated
to be at about in the U.S. (Pedersen, 2008a).SCN can causecyield:dosses up
to 50%, where this pest in 2004 alone caused an estinrated loss of50 millien’bushels of
soybean in Iowa (Pedersen, 2008c). Soybean cyst. nematodes feed on theroots,-causing
severely stunted and yellow plants. | The‘simplest, Ieast expensive method: to reduce
populations of this pest is to rotate soybeanswith @ non<host{cropssuch “as corn, small
grains, or sorghum. Planting resistant.varigties is.regarded as the:best and most effective
management practice to prevent losses from this pest>"Several publie and private soybean
varieties offer sources ofifesistance to certain races of’nematode’” Alternating varieties
with different sources ofresistancecalso is beneficial.

High-quality seed{is essential”forCcontrolling seedling -diseases. The most important
seedling diseases’in soybean are-Phytophthora spp., Pythiumr-spp., Rhizoctonia spp., and
Fusarium spp. (Pedersen, 2008a). 2" Many soybearDvarieties demonstrate resistance to
specific taxonomic races ebPhytophthora, (Treating soybean seed with a fungicide (e.g.,
metalaxyl or mefenoxam) is-effective Zagainst damping-off disease (seedling blight)
caused by common_.soil fungi, sich as Phytophtfiora spp. and Pythium spp. Fungicide
seed treatments are recommended.where there-is a history of these seedling diseases.

Asian @oybean rust is~a foliar fangal. disease that typically infests soybean during
reproductive stages—of development“and can cause defoliation and reduce yields
significantly, in géographies<such~as Brazil (Dorrance et al., 2007). Soybean rust is
caused by the fungus-Phakopsore’pachyrhizi. This disease in the U.S. was first detected
in Louisianazin 2004 (ESU, 2009). At this time, foliar application of fungicides is the
standard diseasé-management practice to limit yield losses due to soybean rust.

Fohar fungicideapplications can effectively reduce the incidence of many fungal
diseases (Heatherly and Hodges, 1999). However, the economic return from a fungicide
application may be limited to select soybean production systems; for example, high-yield
environments or when producing soybean seed. According to USDA-NASS (2007b)
statistics, fungicides were applied on approximately 4% of the soybean acreage in 2006.
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VIIL.F. Weed Management

Annual weeds are perceived to be the greatest pest problem in soybean production,
followed by perennial weeds (Aref and Pike, 1998). Soybean insects and diseases are
rated less problematic but may reach economic thresholds requiring treatment. Weed
control in soybean is essential to optimizing yields. Weeds compete with soybean for
light, nutrients, and soil moisture. Weeds can harbor insects and diseases, and also can
interfere with harvest, causing extra wear on harvest equipment (Pedersen, 2008a). The
primary factors affecting soybean yield loss from weed competition are the weed species,
weed density, and the duration of the competition. When weeds are left to compete with
soybean for the entire growing season, yield losses can exceed 75% (Dalley et al., 2001).
Generally, the competition between crops and weeds increases with higher evelsiof weed
density. The time period that weeds compete with’the soybean crop influences’the level
of yield loss. In general, early season weed gompetitionpwill have the greatestnegative
impact on yield (Dalley et al., 2001). _Soybean plants withstand early-s€asonoweed
competition longer than corn without affecting yield, and' the canopy closes ‘earlier in
soybean than corn. In addition, canopy clgsure.is“much soener.-when soybean is drilled
or planted in narrow rows. The most.commen weeds in-soybean for each of the three
major U.S. growing regions are presented uvTablesVHI-4, VIII-S:and VHI-6.

Crop rotations and environmeént have acsignificant>impact on the adaptation and
occurrence of weeds in.soybean. Foxtaikspp. (Setaria spp.), pigweed (Amaranthus spp.),
velvetleaf (Abutilon aheophrasti); lambsquarters?(Chenopodium. album), and cocklebur
(Xanthium strumarium))-are:€ommon  weeds - in, ‘Midwest corn and soybean fields.
However, growers consider giant ragweed”’ (Admbrosia artemisiifolia), lambsquarters,
Canada thistle” (Cirsium aryvense)o¢ockleburi>andCvelvetleaf to be the top five most
problematic’ weeds in-corfv and;soybean because of:difficulty controlling these weeds
(Nice and Johnsen;;2005).. In a reeentisurvey of @rowers utilizing glyphosate-tolerant
crops, pigweed;” morninggloryo(Ilpomoeaz,spp)s” Johnsongrass (Sorghum halepense),
ragweed spp~ (Ambrosia spp.),..foxtail;vand-wvelvetleaf were mentioned as the most
problematic weeds, depenading 6n the-state-and cropping system (Kruger et al., 2009).
With,_the exception’of morninggloty and pigweed, these problematic weed species were
present beforecthe introduction.‘of glyphosate-tolerant crops, and some improvement in
weed control- was“realized <aftercthe implementation of glyphosate-tolerant cropping
systems (Kruger ‘et al:, 2009).-Common waterthemp (Amaranthus rudis) and ragweed
were the most fréquently mentioned problematic weeds in glyphosate-tolerant crops in
Illinoeis, lndiana-and fowa.

The most frequently reported common weeds in the Southeast region were morningglory
(Ilpomoea spp.), prickly sida (Sida spinosa), johnsongrass (Sorghum halepense),
sicklepod (Cassia obtusifolia), and broadleaf signalgrass (Brachiaria platyphylla)
(Webster et al., 2005, 2009). Morningglory, sicklepod, and pigweed are the most
frequently mentioned problematic weeds in glyphosate-tolerant crops in Mississippi and
North Carolina (Kruger et al., 2009).

Cultural and mechanical weed control practices can be important components of an
effective weed management program (Loux et al., 2009). Crop rotation, narrow row
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spacing and planting date are a few of the crop management practices that are
implemented to provide the crop with a competitive edge over weeds. Although the
primary purpose of tillage is for seedbed preparation, tillage is still used to supplement
weed control with selective herbicides in soybean production. Approximately 98% of the
soybean acreage received an herbicide application in 2006, indicating the importance of
excellent weed control in maximizing soybean yield (USDA-NASS, 2007b).

Herbicide-tolerant soybean was introduced to provide growers with additional options to
improve crop safety and/or improve weed control. The Roundup Ready soybean system
(planting Roundup Ready soybean and applying glyphosate in crop to provide,primary
weed control) was introduced in 1996 and has become the standard weed contfol program
in U.S. soybean production and is utilized on 91% of U.S. soybean acteage (USDA-
NASS, 2009¢).

Herbicides provide effective and economical, control ef<weeds in'soybean.. dhe risk of
weeds developing resistance to herbicides’and the potential impact Of resistance on the
usefulness of an herbicide vary greatly actoss_different’ me¢chanisms of ‘action and are
dependent on a combination of factors,.such as-selectton pressure, herbicide soil residual
activity, herbicide chemistry, prelific:seed production and high genetic variation in plants
(see Appendix K for a more détailed disctission-of herbicide resistance in weeds). Weed-
resistance management programs thaf’ integrate,the.use of herbicides with different
mechanisms of action -and short residual activity times irvsoil<reduce’selection pressure
exerted on weed species (Prathei-et al:; 2000). cCroperotation can-also be beneficial in
managing resistance because it may allow the. grower. to mantpulate planting times to
avoid early-season weed germination and-to’ useé-meehanical as well as chemical weed
control methods (Jordartet als; 1995). As-deseribedyin Appendix K, when utilized in an
integrated.manner, these management practices-¢an be used to impede the development
of herbicide resistance in.weeds.
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Table VIII-4. Common Weeds in Soybean Production: Midwest Region

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

Pigweed spp. (11) Shattercane (3) Johnson grass (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, wild(1)
Sunflower, spp. (5) Palmer pigweed (2) Sandbur, field(1)
Waterhemp spp. (5) Canada thistle (1) Venice 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.out of the thirteer-totak Statesin the

Midwest region reporting each weed as a common weed.,

Sources:

IL: University of Illinois (2002) and _ Exténsion Weed” Specialist,» University of
Ilinois - Personal Communication (2006).

IN: 2003-2005 Statewide Purdue-HorseweedWeed\Survey, Spécial database quety and personal
communication (2006), Extension Weed Specialist; Purdue University.

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

KS: Extension Weed)Specialist, Kansas State'- Personal.communication (2006).

KY, MO: Webster et @l:, 2005.

MI: Davis et al., 2005.

NE: Extension. Weed Specialist, University ‘of*Nebraska — Personal communication

(2000).
ND: Zolliager, 2000.
SD:

Extension Weed Specialist, South Dakota State University — Personal
communication (2006).

Monsanto Company 10-SY-210U 188 of 721



Table VIII-5. Common Weeds in Soybean Production: Southeast Region

Morningglory spp. (8)' Goosegrass (3) Cutleaf evening-primrose (1)
Crabgrass spp. (6) Johnsongrass (3) Groundcherry (1)

Prickly sida (6) Ragweed, common (3) Henbit (1)

Nutsedge spp. (6) Cocklebur (2) Lambsquarters (1)
Sicklepod (5) Florida beggarweed (2) Ragweed, giant (1)
Signalgrass, broadleaf (5) Hemp sesbania (2) Smartweed (1)

Palmer pigweed (4) Horseweed (marestail) (2) Spurge, nodding/hyssop (1)
Pigweed spp. (4) Texas millet (2) Spurge, Prostrate (1)
Barnyard grass (3) Browntop millet (1) Tropic.croton (1)

Florida pusely (3) Copperleaf, hophorn(1)

"Number provided in parenthesis is the number of-states out-of the eight total States in the
Southeast region reporting each weed as a common,weed.

Sources:

AL, AR, GA, LA, NC, SC: Webster et al., 2009.

MS, TN: Webster et al., 2005.

Table VIII-6. Common Weeds:in Soybean -Production: Eastern-Coastal Region

Foxtail spp. (6)' Mormingglory-spp. (4) Dandelion (1)

Ragweed, common (6) Panictm, fall'(4) @Goosegrass. (V)

Velvetleaf (6) Crabgrass spp. (3) Johnson grass (1)
Lambsquarters {5) Nutsedge spp. (3) Nightshade, Eastern black (1)
Pigweed sppc(5) Quackgrass (2) Prickly sida (1)
Cocklebur(4) Canada thistle (19 Shattercane (1)

Jimson-weed (4) Burcucumber (1) Smartweed spp. (1)

"Number provided.inparenthesis-is thé-number of'stateszout of the six total states in the Eastern
Coastal region reporting each  weed ‘as 4.comunon weed. Data were not available for DE in
soybean.

Sources:

DE, MD;\NJ, PA: WSSA,.1992.

NY: _ Extension®Weed Speeialist, Cornell University — Personal Communication
(2006).

VA: Websteret aly, 2009:

VIILF;1. Methods of WeedControl in Soybean

Mechanicalbmethods of weed control including tillage have been used for centuries to
control weedsun 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 their root systems, or causing sufficient physical injury to kill
the weeds. 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 development of
selective herbicides has progressed rapidly since the introduction of the first synthetic
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herbicide (2,4-D) for weed control in corn in the early 1940s. Although the primary
purpose of tillage is for seedbed preparation, tillage still is used to supplement weed
control with selective herbicides in soybean production.

Alanap (1949), amiben (1958), trifluralin (1959), linuron (1960), and alachlor (1966) led
the way for numerous selective herbicides in soybean (Agranova, 2010). Bentazone
(1968) was one of the early selective postemergence herbicides used in soybean
production. By the early 1990s, there were over 70 registered herbicides or premix
herbicides for weed control in soybean (Gianessi et al., 2002). Table VIII-7 provides a
summary of herbicide use in soybean production in the U.S. from 1995 through 2001.
Weed control programs in soybean production during this time period consisted of
preemergence herbicides used alone or in a tank mixture with other @reeriergence
herbicides. Applications were made as preplant-thcorporated or preemergence surface
applications prior to or at planting. Tank mixtures of two,preemergence. herbicides were
used to broaden the spectrum of control t0'both grasses and broadleaf weéed species.
Preemergence herbicides are followed ¢by postemetgence applications te>contrel weed
escapes that emerge later in the crop., Totabpostemergence:programs were seldom used
in soybean production prior to 1995.2Forosoybean planted in_a mno-till system, an
additional preplant burndowncherbicide. capplication forcbroad-spe¢trum control of
existing weeds at time of planting was:also“applied. ~Theréforey multiple herbicides
and/or multiple applications were gefierally made insoybean production. The average
number of herbicide applicationscper dcre i soybean-trose. from. 1’5 in 1990 to 1.7
applications in 1995 teflecting the us¢.of at-plant’and.postemergence applications or two
postemergence applications.(Gianessi et-al., 2002):

It is important to understand Rerbicide use in 1995, as'thistwas prior to the introduction of
Roundup-Ready soybean.Systemy, The most widelyased herbicides in 1995 were the
sulfonylurea (chlotimuron, thifensulfuron) and*imidazolinone (imazethapyr, imazaquin)
herbicide classes 'that are applied preemergence;and postemergence in a soybean crop.
These two-classes~of cherbi¢idespboth -acetolactate synthase (ALS) inhibitors, were
applied on“approximately.8§7% of the soybean treated acres in 1995 (Table VIII-7). 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 ¢ither effective on grass species or broadleaf species.
Sethoxydim, clethodim, quizalefop, and fluazifop were among the postemergence grass
herbicides. Aciflyorfemrand bentazon were the main postemergence broadleaf herbicides.
Glyphosate: was’ used on 20% of the treated acres, mainly as a preplant burndown
treatment, but ‘it@lso was used in spot treatments or ropewick applications to control
weed escapes or volunteer corn in soybean.

Herbicide programs used in conventional soybean have not changed significantly since
1995, with many of the traditional herbicides still in use. Although, new active
ingredients have been introduced, including carfentrazone, sulfentrazone, flufenacet,
flumetsulam, flumiclorac, flumioxazin, 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
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effective in controlling waterhemp, ALS-resistant weeds, and other hard-to-control weeds.
Hard-to-control weeds generally require a higher rate and/or application at a smaller
growth stage in order to consistently achieve commercially acceptable control. Refer to
the Roundup WeatherMax label (U.S. EPA Reg. No. 524-537) for a listing of these
weeds. Herbicide resistant weeds are those listed on the International Survey of Resistant
Weeds website (www.weedscience.org).

Table VIII-8 provides a summary of the herbicide use in soybean in the U.S. in 2006. In
2006, herbicide-tolerant soybean (glyphosate-tolerant) was planted on 89% of the 75.5
million acres of soybean (USDA-NASS, 2007a). With the high percentage of
glyphosate-tolerant soybean and the additional use of glyphosate for preplant burndown
applications on both glyphosate-tolerant and conventional soybean, it is@ot surprising
that glyphosate was used on 97% of the total soybean acres\int 2006. The percentage of
herbicide-tolerant soybean has subsequently dncreased t0,91% in 2009. (USDA2NASS,
2009c). The remaining preemergence and) postemergence herbicides are“utilized in
conventional soybean as well as glyphosate-tolérant “soybean., VA _grower- survey
conducted in 2006 showed that 15 to 21%_ 6f growers<applied non-glyphosate -herbicides
as another mode-of-action in addition. fo” glyphosate for weed control i glyphosate-
tolerant soybean (Givens et al.(,2009). These-non-glyphosate herbicides were applied
prior to planting, at planting and postemergenceé’in soybean. =The mon-glyphosate
herbicides mainly included” applications .0f chlerimuron, flumiclora¢,” pendimethalin,
imazethapyr, and 2,4-Dpwhich were commonly used hérbicides_in ‘weed management
programs prior to the introduction of glyphosate<tolerant soybean.  Although these non-
glyphosate herbicides\ Were-applied t6> supplement -the” weed control provided by
glyphosate, researchers report.that.approximately 40-to 55% of the growers utilizing
glyphosate-télerant crops indicate‘that rotating-herbicides or tank mixing glyphosate with
other herbicides is an effective;management practice:to minimize glyphosate resistance
development (Johmson(et al:52009). It sheuld be noted that in 2006 approximately
16,000 lbs of dicamiba was used inCsoybean. production which would be a sufficient
amount of dicamba to_tfeat 64,000 acres assuming the average application rate of 0.25 Ib
dicambacacid equivalent (a:¢.) pet aere (se€ TableVIII-7). Dicamba is currently labeled
only for preplant.and pfeharyest applications in soybean, where restrictions on days after
preplant treatment care - required due to insufficient ability of soybean to tolerate
applicationsz,of the herbicide, referred to as “crop tolerance.” Similarly, dicamba
currently-‘eannot be sised inicrop postemergence applications on soybean due to a lack of
crop tolerance.

Tables VIII:9 and VIII-10 provide a summary of the crop tolerance to herbicides applied
in Soybean production and the efficacy of these herbicides on 25 of the common weed
species identified in Section VIILF. These tables list only the most commonly used
herbicides in soybean production. Glyphosate applied postemergence (as part of the
Roundup Ready soybean system) and four other herbicides applied either preemergence
or postemergence have the highest crop tolerance rating of excellent. The other
herbicides are rated only good to poor. Seldom would one field or farm have all 25 weed
species, but they generally have a mixture of grass and broadleaf weed species. These
ratings can be used by growers to facilitate the selection of an herbicide program for a
soybean crop, which offers the best overall control of the weed species. Based on Tables
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VIII-9 and VIII-10, glyphosate is considered to have better control (>80%) on more grass
and broadleaf weed species than any other herbicide. Glyphosate/imazethapyr has the
next highest overall rating, but it is rated only good on crop tolerance. S-Metolachlor and
pendimethalin are rated high on many grass species, but are rated low on most of the
broadleaf weed species. Chlorimuron/tribenuron, fomesafen, and
flumioxazin/cloransulam are rated high on the broadleaf species, but are rated low on
grass species.

Table VIII-7. Herbicide Use in Soybean in the U.S. from 1995 through 2001

Percent-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 3
Alachlor 4 5 3 2 2 | <l
Bentazon 12 11 11 7 4 1
Chlorimuron 16 14 13 12 12 10 5
Clethodim 5 7 4 4 5 4 4
Clomazone 4 3 5 4 1 < <1
Cloransulam NA NA NA. 1 5 4 5
Dimethenamid 1 1 1 1 =1 <l NA
Ethalfluralin 1 1 <1 NA <1 <1 NA
Fenoxaprop 4 6 4 4 4 3
Fluazifop 10 7 7 5 4 5 3
Flumetsulam 2 2 4 2 2 2 <1
Flumiclorac NA 2 1 <] <1 <1 <1
Fomesafen 4 5 6 6 4 7 7
Glyphosate 20 25 29 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
Pendiméthalin 26 27 25 18 14 11 10
Quigzalofop 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

'Source is Gianessi et al. (2002).
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Table VIII-8. Agricultural Chemical Applications Registered for Soybean Use in AR, IA, IL, IN, KS, KY, LA, MI, MN, MS, MO,

NE, NC, ND, OH, SD, TN, VA, and WI in 2006

Total Area Quantity Total Quantity
Mode-of-Action Percent- Applied Applied Applied
Herbicide Chemical Family (MOA) Treated Acres~~ (Percent/MOA) (@000 Ibs) (1000 1bs/MOA)
Glyphosate glycine 4 2,841
Glyphosate, amm. Salt lycine e * 142
Glzghosate, iso. salt glzcine EPSPS inhibitor 92 o 88,903 92,856
Sulfosate glycine 1 970
Pendimethalin dinitroanaline A 3 1,894
Trifluralin dinitroanaline Tubulin infipitgr 2 > 1,454 3,348
Bentazon benzothiadiazinone Y, 70
Metribuzin triazinone PSI'inhibitor 2 3 437 577
Sulfentrazone triazolinone 1 70
Chlorimuron-ethyl sulfonylurea 4 52
Cloransulam-methyl triazolopyrimidinge 1 17
Flumetsulam triazolopyrimidine ¥ 8
Imazamox imidazolinene * 9
Imazaquin imidazolinone ALScnhibitor 1 11 66 265
Imazethapyr imidazolinone 3 100
Imazethapyr, ammon. Imidazolinone \ 5
Thifensulfuron sulfonylurea 1 3
Tribenuron-methyl sulfonyluréa 1 5
Alachlor chloroacetamide NS * 485
S-Metolachlor chloroacetamide Ceu d'1V1510n 1 837 1,402
_ inhibitor,
Flufenacet oxyacetamide 80
Paraquat bipyridilium PSI. disruption 1 1 335 335
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Table VIII-8 (continued). Agricultural Chemical Applications Registered for Soybean Use in AR, IA, IL, IN, KS, KY, LA, MI, MN,

MS, MO, NE, NC, ND, OH, SD, TN, VA, and WI in 2006’

Total Area Quantity Total Quantity
Mode-of-Action Percent- Applied Applied Applied
Herbicide Chemical Family (MOA) Treated Acres-O (Percent/MOA) (#6000 lbs) (1000 1bs/MOA)
Clethodim cyclohexenone 3 190
Fenoxaprop arquxyphenoxy X 9
propionate
Fluazifop-P-butyl aryloxyphenoxy ACCase mhibieg® ! 4 8 266
propionate
. b aryloxyphenoxy %
Quizalofop-P-ethyl propionate 14
Sethoxydim cyclohexenone * 10
Acifluorfen diphenyl ether X 47
Carfentrazone-ethyl triazolinones * 10
Flumiclorac-pentyl N-phenylphthalimide N 1 17
. . O. PPOGnhibit 6 565
Flumioxazin N-phenylphthalimide HERGer 3 138
Fomesafen diphenyl ether 2 330
Lactofen diphenyl ether i 23
2,4-D, 2-EHE phenoxy 7 2,505
2,4-D, dimeth. salt phenoxy \ ( 3 953
thet 10 3,542
2,4-D (butoxy ester) phenoxy SMEOC awgn * 68 ’
Dicamba, digly salt benzoic'acid * 16
Total 103,156

* Area receiving application is less thaf 0.5 percent.

'Data derived from USDA-NASS<(2007b). (Planted acreage for the nineteen primary soybean production states was 72.9 million acres, which

represented 96.5% of total pladted actes.

Monsanto Company

10-SY-210U



Table VIII-9. Crop Tolerance and Common Grass Weed Responses to Herbicides Applied in Soybean Production

I
Common Grass Weeds'*

Herbicide/Application CcT’ BY BS CG FP FT GG SC JGs JGt RR NSy
Preplant Incorporated
Trifluralin 1 9 9 9 9 9 9 7 7 3 9 -
Preplant or Preemergence
Chlorimuron/tribenuron 2 - 8 - - - % - = 2 8 -
Cloransulam 0 - NA - - - NA - - NA NA -
Flumioxazin 2 5 - 5 0 8 -
Flumioxazin/cloransulam 2 - 5 - - £ 5 - - 0 8 -
Imazaquin 1 - 7 - = - 5 - < 2 5 6
Imazethapyr 1 6 NA 7 7 7 NA 6 6 NA NA -
Metribuzin 2 2 6 6 5 6 7 6 - 0 4 -
Pendimethalin 2 8 9 9 9 8 9 7 ¥ 3 4 -
s-Metolachlor 1 8 8 9 8+ 8 9 5 - 0 3 8+
Postemergence
Bentazon 1 - 0 ¢ - < 0 = - 0 NA 8+
Chlorimuron 2 - 0 - - - 0. - - 0 0 8
Clethodim 0 9 9 8+ 9 9 9 9 9 9 8 -
Cloransulam 1 < 0 - - s 0 - - 0 0 6
Clorimuron/thifensulfuron 0** - NA - = - NA - - NA NA 8
Fluazifop/fenoxaprop 0 9 8 8+ 9 9 9 9 9 9 7 -
Flumiclorac 2 - NA - 4 - NA - - NA NA -
Fomesafen 2 < 3 - - - 3 - - 3 0 -
Glyphosate 0* 8+ 9 8+ 8+ 9 8 8 9 9 8 7
Glyphosate/imazethapyr 1* 9 NA 8+ 9 9 NA 9 9 NA NA 7
Imazamox 2 6 NA 7 7 7-8+ NA - - NA NA -
Imazethapyr 1 6 7 7 7 7-8 5 8 8 6 4 -
Lactofen 3 £ 4 > - - 4 - - 2 0 -
Thifensulfuron 2 - NA - - - NA - - NA NA -

'All weed control ratings except for BS, GG, JGriand RR are fromhe 2009-Weed Control Guide for Ohio and Indiana, Ohio State University and Purdue University (Loux et al., 2009).

Ratings for BS, GG, JGr and RR are from the 2009 Weed Control-Guidelines for'Mississippi, Mississippi State University (MSU, 2010). Weed control rating for weeds, except BS, GG, and

RR, are: 9 =90% to 100%, 8 = 80% to 90%,"7 = 70%to 80%, 6 = 60% to 70%, - = less than 60% control, not recommended. Weed control ratings for BS, GG, and RR are: 9-10 = excellent,

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 the label under optimum growing conditions.

*Weed species: BY = barnyardgrass, BS = broadleaf sighalgrass; CG = crabgrass, FP = fall panicum, FT = giant and yellow foxtail, GG = goosegrass, SC = shattercane, JGs = seedling

Johnsongrass, JGr = rhizome Johnsongrass,'RR = red rice, and NSy = yellow nutsedge.

3All crop tolerance ratings are from the 2009 Weed Control Guide for Ohio and Indiana, Ohio State University and Purdue University (Loux et al., 2009). Crop tolerance (CT) rating: 0 = excellent, 1 =
good, 2 = fair, 3 = poor.

NA denotes not available. *Rating based on application to Roundup Ready soybean. **Ratings based on application to STS soybean.
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Table VIII-10. Common Broadleaf Weed 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 8% 2 7 9 0 4 -
Preplant or Preemergence

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

Bentazon - 9 7 6 4 7 29 4 - 8 0 9 8+
Chlorimuron - 9 8 J+ 8 = 8-9 6 9 2 7 8 8
Cloransulam - 9 9 9 3 - 8<9 2 - 2 7 8 9
Clorimuron/thifensulfuron - 9 8 T+ NA 8 NA NA 9 NA NA 9 9
Flumiclorac - 7 7 - NA 7 NA NA 7 NA NA - 9
Fomesafen 8 7 8+ 8 9 & 8-9 8 9 2 3 7 6
Glyphosate 8 9 8+ 8 7 8 7-9 9 9 7 8 8 8
Glyphosate/imazethapyr 9 9 8+ 8+ NA 8+ NA NA 9 NA NA 9 9
Imazamox 9 8 7 8 NA 8 NA NA 9 NA NA 8 9
Imazethapyr 9 9 6 7 0 6 7-9 6 9 6 0 9 9
Lactofen 8+ 8 9 8 9 - 8-9 8 9 8 5 6 7
Thifensulfuron - 6 - < NA 8 NA NA 9 NA NA 8 9

oo OO 1

N Q0

'All weed control ratings except for HS; MG, ‘PA, PS; and:SP are-from the 2009 Weed Control Guide for Ohio and Indiana, Ohio State University and Purdue
University (Loux et al., 2009). Ratings for HS, MG, PA;PS, and SP are from the 2009 Weed Control Guidelines for Mississippi, Mississippi State University
(MSU, 2010). Weed control ratings forweeds; except-HS, MG, PA, PS, and SP, are: 9 =90% to 100%, 8 = 80% to 90%, 7 = 70% to 80%, 6 = 60% to 70%, - =
less than 60% control, not recommended. Weed control ratings for HS, MG, 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 in the manner suggested in the guidelines and according to the label under optimum growing conditions.

*Weed species: BN = black nightshade, CB = cocklebur, CR = common ragweed, GR = giant ragweed, LQ = lambsquarters, MG = morningglory spp., HS =
hemp sesbania, PA = palmer and spiny pigweed, PW = pigweed, PS= prickly sida, SP = sicklepod, SW = smartweed, VL = velvetleaf, and WH = waterhemp.
NA denotes not available.
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VIII.G. Dicamba Herbicide Use in the U.S.

Dicamba was approved by the U.S. EPA for agricultural uses in 1967 (U.S. EPA, 2009).
Dicamba is formulated as a stand-alone herbicide product and marketed by several
companies under various trade names such as Banvel®, Clarity®, Diablo®, Riﬂe®, and
Sterling” that are various salt formulations of dicamba. These dicamba products can be
tank mixed with one or more active ingredients depending on the treated crop. For
example, Clarity can be tank mixed with over 75 herbicide products in labeled crops.
Additionally, dicamba is formulated as a registered premix product with one or more
other herbicide active ingredients such as glyphosate, 2,4-D, diflufenzopyr,catrazine,
nicosulfuron, metsulfuron, primsulfuron, triazulfuron, rimsulfuron and halosulfuron.
Dicamba herbicide (e.g., Clarity — diglycolamine (DGA) saltcof dicamba)-is €urrently
labeled for weed control in soybean, corn, cotten;’sorghum, wheat, batley, ©ats, millet,
pasture, rangeland, asparagus, sugarcane, turf,grass grown-for seed,Conseryatiofrreserve
programs, and fallow croplands. Table VHI=11 provides a sumniary of dicamba-treated
acres (crop acreage that has dicamba applied to it)<and“the amount)of dicaniba active
ingredient applied for all labeled crops’each year”from 1990 throughc2008;, Dicamba-
treated acreage has ranged from 17,4 t036.3 anillionacrés during this period. Usage of
dicamba peaked during the period’ of<1994 ¢hrough 1997, where 1994 was the peak year
when 36.3 million acres werétreated with 9.4 million pounds.'of dicamba,  Since 1994,
the use of dicamba has st€adily. declined t0 20.2 million treated<acresiwith 2.7 million
pounds in 2008 due tothe ecompetitive; market introductions .of sulfonylurea herbicides
(chlorsulfuron, metsulfuron-methyl, and thifensulfuronsmethyl) in“wheat, new broadleaf
herbicide active ingredients in-corh} and Roundup Ready corn.” Usage in cotton is one
exception, whére dicamba-treated .acres (preplant applications) have increased from
140,000 to 590,000 acres from2004°to 2008 (AgroTrak, 2009).

Table VIII-12 provides,a summary of>the-‘dicamba-treated acres by crop in 2008.
Approximatelyc20.2 million acres were treated -with dicamba in 2008. Over 8 million
acres of cormywere treated, which. is740.4% of the total dicamba-treated acres for all crops.
The next;highest levels of treated acres are'in wheat (25.2%) and fallow land (14.9%).
The crops with the highest pefcentage of dicamba-treated acres are sugarcane (21.9%),
fallow land (19:2%);-sorghum (¥5:8%); and wheat (8.4%). Although corn represents the
crop with the highest dicamba-treated acres, only 9.4% of the total corn acreage was
treated with dicamba~in 2008.-{For comparison, the treated percentage in corn was at
approximately 29% as.recently as 2000 (USDA-NASS, 2001).

Approximately 2:67 million pounds of dicamba active ingredient were applied for all
agricultural uses*in 2008 (Table VIII-12). The distribution of dicamba active ingredient
across the various labeled uses is similar to the distribution of treated acres. Based on
USDA-NASS (2004, 2006, 2007b, 2008) statistics, dicamba application rates ranged
from 0.03 to 0.25 pounds per acre with the number of applications ranging from 1 to 1.2
applications per cropping season (Table VIII-13). Dicamba rates are the lowest in barley,
wheat, and oats, where typically more than one application is made in these crops per
cropping season. The average application rate in corn is 0.19 pounds of dicamba per acre
with slightly over one application per season.
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Dicamba is currently labeled for use in conventional or Roundup Ready soybean,
although dicamba use is extremely limited because applications are restricted to very
early preplant and/or preharvest applications due to soybean tolerance concerns. The
dicamba-treated acreage in 2008 soybean production was approximately 530,000 acres
that represented 0.7% of the total soybean acreage.

Table VIII-11. Dicamba Use in All Labeled Crops from 1990 to 2008’

Treated Acres Dicamba (a.e.)
Year (000,000 acres) (000,000 Ibs)
1990 26.8 6.7
1991 24.5 6.3
1992 30.3 7.4
1993 27.7 7.0
1994 36.3 9.4
1995 343 8.7
1996 333 8.2
1997 33.1 8.6
1998 32.2 8.0
1999 29.8 6.3
2000 29.4 54
2001 30.6 54
2002 29.4 5.0
2003 27.1 4.3
2004 22.3 39
2005 213 34
2006 174 239
2007 18.6 2.7
2008 20.2 2:7

'Source is AgroTrak (2009):
Shaded bar indieates-the year with maximum di¢amba-treated acres.
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Table VIII-12. Dicamba-Treated Acres and Amounts Applied to Labeled Crops and Uses in 2008'

Dicamba- Dicamba- Dicamba Dicamba’Pounds
Total Crop Treated Acres  Treated Acres Treated €rop (000 a.e.)

Crop Acres (000) (000) (% of Total)’ (%)

Asparagus 34 1 <0.1 1.8 0.1
Barley 3,868 211 1.0 5.5 23
Corn 87,245 8,115 40.1 94 961
Cotton 9,309 590 2.9 63 139
Fallow 15,751 3,018 14.9 19.2 420
Pastureland 96,151 1,218 6:0 1.3 254
Sorghum 7,035 1,114 5.5 1528 137
Soybean 74,405 530 2:6 0.7 118
Sugarcane 810 177 0.9 2189 40
Wheat, all 60,835 5,094 252 8.4 549

All other uses NA 139 NA NA 30
Total 20,207, 2,670

NA denotes not applicable.
'Source is AgroTrak (2009).
*The percentage of the total dicamba-treated-acres for all labeled crops and uses.

Table VIII-13. Dicamba Applications— Average Number-and Rates-to Labeled Crops1

# of Dicamba . ‘Rate of Dicamba'per {Rate-of Dicdmba per

Crop Applications Application Crop”Year
Corn 1.02 0.188 0.192
Cotton 1.00 0,191 0.192
Sorghum 1.05 0.205 0.215
Soybean 1.00 0-250 0.250
Barley 1.20 0.060 0.080
Wheat, spring 1.43 0:032 0.085
Wheat, winter 1.20 0.122 0.149
Oats 1.00 0.088 0.088

'USDA-NASS, 2004 (sorghum), 2006 (corn and oats), 2007b (soybean, barley and wheat), and 2008 (cotton)
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VIII.G.1. Dicamba Application Timing for Labeled Crops

Label recommendations on the application timing of dicamba are highly dependent on the
crop being treated to ensure adequate crop safety. Many of the field crops currently labeled
for dicamba, such as soybean and cotton, include preplant applications but certain timing
intervals are required between application and planting to avoid crop injury. However,
dicamba can be applied in other field crops such as corn, sorghum, barley, and wheat either
as preplant or postemergence applications with restrictions regarding the crop stage of
growth. Broadcast applications in corn can be made up to the 5-leaf stage or 8 inches tall,
whichever occurs first. Sorghum can be treated with broadcast applications from after the
spike stage up to the 5-leaf stage or 8 inches tall>. These applications are considered early-
postemergence since they occur relatively early in the growing season;@ypically ending
sometime in June. Post-directed applications can-be made in corn (up t6°36 inches tall) and
sorghum (15 inches tall), which would be’much later in the Season, than”an early-
postemergence application. However, growers seldontmake these“applications in@orn and
sorghum since post-directed applications require speeial spraying equipment and-equipment
setup. Applications in wheat and barley muist beymade-priotto the jointing stage except in
spring seeded wheat where application.can be-madeup to-the 6-leaf stage*of wheat. These
applications are relatively early inthe“springor late inthe fatl

Preharvest applications of\"dicamba care permitted in>several crops.including soybean,
sorghum, barley, and wlheat. Preharyvest applications‘are only allowed after the crops reach a
certain maturity stage and: then- harvesting” must be, delayed: for a given time period
depending on the ¢rop*.CThisitype of application is infrequently used since it is considered a
rescue or harvest-aid” treatment” intendedto remove" weeds which interfere with the
harvesting equipment or‘operdtions

Table VIII-14 provides-a summary‘of the application timings of dicamba in labeled crops.
Approximately-24%, of the dicamba tteated, acrescare treated either in the fall or spring as
preplant applications tocthe crop. . Over 50% of the treated acres are treated postemergence.
Postemergence applications.tepresent the primary timing in corn, sorghum, and wheat.

3 Clarity product label can be found at: http://www.cdms.net/LDat/Id797002.pdf.

* Clarity label specifies that preharvest application requires that soybean pods must have reached mature
brown color and at least 75% leaf drop has occurred. Harvest of soybean is allowed 14 or more days after
preharvest application.
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Table VIII-14. Dicamba-Treated Acres (000) by Application Timing and Crop in 2008'

Application Timing’

Fall Spring Pre-Crop In-Crop Other
Crop Preplant Preplant At Planting Emergence Postemergence Tiinings’ Totals
Asparagus - - - 4 - 1 1
Barley 8 41 - : 162 - 211
Corn 136 851 71 285 6,771 - 8,114
Cotton 41 549 - - = - 590
Fallow 647 - - - - 2,371 3,018
Sorghum 439 380 12 81 202 - 1,114
Soybean 43 486 - - - - 529
Sugarcane 13 - . &} 149 - 177
Wheat, spring 341 193 - 26 791 - 1,351
Wheat, winter 608 - 13 71 3,050 - 3,742
Pastures 84 - L - - 1,134 1,218
Totals 2,360 2,500 96 478 11,125 3,506 20,065
% of Applications 11.8 12.5 0.5 24 55.4 17.5

- denotes no application at the timing for the'listed crop.

'Source is AgroTrak (2009).

* Dicamba-treated acres are expressed-as dicamba a.e.

3 Application timing could be thréughout the §easof since”applications aré made between harvests or are not dependent on a specific
stage of growth.
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VIII.G.2. Distribution of Dicamba Use in the U.S.

Table VIII-15 provides a summary of the dicamba-treated acres by crop for each of the
states in the U.S. soybean growing regions. As expected, based on the dicamba use data
previously presented, over one-half of the dicamba-treated acres (58%) are in the Midwest
region representing approximately 11.8 million acres. The primary dicamba-treated
crops/uses in this region are corn, wheat, barley, and fallow. Although the Plains and
Western States regions are not considered a soybean producing region, it represents a large
portion (32%) of the dicamba-treated acres (6.4 million). Only 1.4 and 0.6 million acres are
treated with dicamba in the Southeast and Eastern Coastal regions, respectively,. Soybean
producing states with over one million dicamba-treated acres include Illinois," Kansas, and
North Dakota. The state of Kansas, which grows many of the primary“dicamba-labeled
crops, has the largest amount of dicamba-treated-acres at approximately 4.6~million acres
(22.6% of total dicamba-treated acres), which\is 2.5 times more than the nextJargest use
states of North Dakota, Colorado, Montanagand Texas(Dicamba-is-used on:less than 1% of
U.S. soybean acres, but in Arkansas dicamba is uséd on12.6% of the soybean-acres, and
accounts for the majority of dicamba-treated ,soybean acres in\'‘the U.S. A~78%). The
primary reason for the relatively dighet usecof dicambaoin Arkansas, compared to other
soybean producing states, is that dicamba is{being recommended by academics and
extension agents in the Delta to control glyphosate r€sistant marestail.

The maps presented _ino Figures M-I and “VIII<2 providea visual illustration of the
historical distribution and‘ntensity of ‘dicamba-trcated acres for all labeled crops and the
current U.S. soybean production acres at-the county-level, respectively. By overlaying the
geographical répresentations from Kigures<VIII-Mand VIIIL2, it can be concluded that the
historical usé-and intensity of totaldicamba-tréated aeres align with soybean acreage.
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Table VIII-15. Dicamba-Treated Acres by State and Labeled Crop in 2008'

Crop“Acres Treated With Dicamba (000)

Total Percent
Soybean Dicamba  U.S.
Acres Acres Dicamba Small Other
Region/State (000) (000) Acres’ Corn Grains’~  Fallow™ . Pasture’ Cotto’ Sorghum Soybean  Crops’
Midwest Region
Illinois 9,200 1,213 6.0 1,204 - - - - 3 6 -
Indiana 5,450 494 2.4 489 - - - - - -
Iowa 9,750 580 2.9 576 - 2 4 - - - -
Kansas 3,300 4,558 22.6 658 2,198 904 30 2 675 61 33
Kentucky 1,390 36 0.2 36 - - - - - - -
Michigan 1,900 294 L5 285 8 - - - - - 1
Minnesota 7,050 628 3.1 606 2] - <1 - - - -
Missouri 5,200 341 1.7 205 <1 - 36 99 - - -
Nebraska 4,900 946 4.7 558 222 134 6 - <1 21 4
North Dakota 3,800 1,670 8.3 740 846 64 - - - 9 11
Ohio 4,500 270 1.3 247 23 - - - - - -
South Dakota 4,100 502 2.5 1,83 88 198 - - 16 13 4
Wisconsin 1,610 261 113 250 - - 11 - - - -
Region Totals 62,150 11,793 58.4 6,037 3,407 1,297 88 101 695 115 53
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Table VIII-15 (continued). Dicamba-Treated Acres by State and Labeled Crop in 2008'

Crop.Acres Treated With Dicamba; (000)

Total Percent
Soybean Dicamba  U.S.
Acres Acres  Dicamba Small Other
Region/State (000) (000) Acres’ Corn  Grains ~ Fallow: * Pa§ture Q"  Cotton-O Sorghum Soybean  Crops®
Southeast Region
Alabama 360 119 0.6 54 - 14 5 - -
Arkansas 3,300 791 3.9 - 2 92 262 415 22
Georgia 430 32 0.2 17 - 15 - - -
Louisiana 1,050 215 1.1 Y7 23 . 5 - 175
Mississippi 2,000 102 0.5 : - 50 52 - -
North Carolina 1,690 53 0.3 39 - 14 - - -
South Carolina 540 6 0.0 - - - - - 6
Tennessee 1,490 102 0.5 5 - <] 96 - -
Region Totals 10,860 1,420 7.0 132 23 186 461 415 203
Eastern Coastal Region
Delaware 195 0 0 2 - - - - -
Maryland 495 268 1.3 268 - - - - -
New Jersey 92 0 0 3 - - - - -
New York 230 62 0:3 62 - - - - -
Pennsylvania 435 170 0.8 168 - 2 - - -
Virginia 580 118 0.6 104 - 9 - - -
Region Totals 2,027 618 3.1 602 - 11 - - -
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Table VIII-15 (continued). Dicamba-Treated Acres by State and Labeled Crop in 2008'

Crop Acres Treated With’Dicamba(000) €xpressed as a.e.

Total Percent
Soybean Dicamba U.S.
Acres Acres

Dicamba Small

Other
4

Region/State (000) (000) Acres’ Corn  Grains® ~ Fallow:. * PaSture Q" Cotton-© Sorghum Soybean  Crops
Plains and Western States Region

California 0 95 0.5 32 63 - - ) - - -
Colorado 0 1,606 8.0 248 253 958 3 - 122 - 22
Florida 327 142 0.7 - - - 140 > - - 2
Idaho 0 170 0.8 114 51 <] < - - - 4
Montana 0 1,657 8.2 £ 955 686 - < - - 16
New Mexico 0 46 0.2 37 - - - - 9 - -
Oklahoma 400 622 31 8 84 5 409 - 113 - 3
Oregon 0 222 1.1 - 218 - 4 - - - -
Texas 230 1,641 8.1 850 212 14 360 27 175 - 3
Utah 0 22 0.1 3 <1 12 - - - - 6
Washington 0 96 0.5 - 55 31 5 - - - 5
Wyoming 0 57 083 54 - 3 - - - - -
Region Totals 957 6,376 31.6 1,346 1,892 1,710 934 27 419 61
U.S. Totals 75,994 20,207 100 8417 5,304 3,030 1,207 589 1,114 530 317

- denotes no dicamba-treated acres for listed crop/use,
'Source is AgroTrak (2009).

*Percent of total U.S. DicambacAcres = Tetal Dicamba:Treated Acres (per state)/U.S. Total Dicamba-Treated Acres (20,207,000) x

100
3Small grains include barléy; winter wheéatand spring wheat.
*Other labeled crops include asparagus and sugarcane.
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Figure VIII-2. Planted Soybean Acreage by County in the U.S. in 2009'
'Source is USDA-NASS (2010).
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VIII.G.3. Potential Impacts to Adjacent Crops

U.S. EPA considers possible effects from offsite movement as part of the pesticide
registration process. In order to approve the use of a pesticide (herbicide) under FIFRA,
U.S. EPA must conclude that no unreasonable adverse effects on non-target vegetation will
result from offsite movement when the herbicide is used according to the product label.
Thus, when herbicides are applied in accordance with the pertinent label restrictions, offsite
impacts can be avoided. EPA reassessed the potential risks to non-target plants in its
analysis in the dicamba RED, and it concluded that no specific additional drift mitigations
were needed to support the continued registration of all dicamba uses (U.S. EPA, 2009).
Since the proposed use pattern for dicamba on MON 87708 is consistent with use patterns
evaluated and deemed eligible for reregistration in the dicamba RED, itZis’ reasonable to
conclude that dicamba use on MON 87708 meets’ the FIFRA standards related to offsite
movement and does not pose any greater risk 0. non-target, vegetation,over-existing dicamba
agricultural uses approved by EPA when used accordingto the product label.

Growers and commercial herbicide applicators hdve been applying dicamba to agricultural
row crops for over 40 years. This practice-has provided valuableexperience and knowledge
on the proper application of dicamba-for, effective weed centrol and @lso for minimizing
offsite movement to sensitive(crops.” Dicambaherbicide:spraydrift can be reduced during
application by using industry “standard procedures ~for minimizing Spray drift. These
procedures include making applicationswith ¢oarse‘droplet size through appropriate nozzle
selection, using lower spray pressure, applying @t the, lowest nozzle height that provides
uniform coverageand aaking applications when "wind-speeds’are low and consistent in
direction (SDTE; 1997)..{In caddition, growers‘“and:‘commercial applicators are legally
required to follow label fequitements and are ¢ducated by university specialists and industry
representatives on _the proper;-apphcation equipment, equipment setup, and climatic
conditions to maximize herbicide’ performance “and minimize offsite movement of
herbicides. Forexample, with. the introduction of Roundup Ready crops and the subsequent
increase in.glyphosate Qise, university specialists conducted extensive education programs
on proper;-applicatiofi procedures and-precautions _ — Purdue University,
2010_personal communication). Equipment manufacturers have developed spray nozzles
that provide .unifornr) coyerage=for effective weed control while applying larger spray
droplets to reduce the potential for particle drift. Similarly, offsite movement of dicamba
has been.managed with the’knowledge of the proper spray equipment and equipment setup,
climatic* conditions: forcaccurate, on-target applications, and based on the requirements for
applying-dicamba atian appropriate distance from adjacent crops and plants (Jordan et al.,
2009):

Monsanto plans to further address the use of dicamba on MON 87708 with US EPA to
evaluate whether any additional measures may be appropriate to further address potential
drift and offsite movement.
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VIIL.H. Dicamba-Tolerant Soybean MON 87708

Monsanto has developed a new herbicide-tolerant soybean, MON 87708, to offer growers
an expanded use of the herbicide dicamba in soybean production. MON 87708 will
facilitate a wider window of dicamba application in soybean, allowing preemergence
application up to the day of crop emergence (cracking) and in-crop postemergence
applications through the R1/R2 growth stage. MON 87708 will be combined with
MON 89788 (Roundup Ready 2 Yield soybean) utilizing traditional breeding techniques.
The combination of herbicide-tolerance traits will allow the pre- and postemergence use of
both dicamba and glyphosate herbicides in an integrated weed managementcprogram to
control a broad spectrum of grass and broadleaf weed species (Johnsonet al.; 2010).
Increasing postemergence herbicide options is important, especially in cofiservation tillage
situations, where the performance consistency efpostemergence herbicides has generally
been greater than that of soil active residual preducts. Dicamba will'improve the’control of
glyphosate’s hard-to-control broadleaf weeds)(e.g., common lambsquatters, -hémp Sesbania,
morningglory species, nightshade, Pennsylvania “smaftweed;" prickly Csidai-and wild
buckwheat) and also offer an effective control option for.glyphosate-resistant broadleaf
weed species, namely marestail, common ragweed, giant ragweed; palmer pigweed, and
waterhemp (Johnson et al., 2010): Dicamba will-alse offer-an effective control option for
broadleaf species resistant to‘ALS-and PPO.chemistries:>n the case of PPO resistance, a
primary dicamba benefit will be.to provide options for’delaying the further spread of PPO
resistant amaranthus species (University,of Tennessee, 2010).

Upon integration0f MON 87708 into the Roundup: Ready soybean system, growers will
have the ability to continug’to use established soybeant.production practices including crop
rotation, tillage systemis, labeled:‘herbicides,“and @ow Spacing, thereby using the same
planting.and harvesting machingry cutrently beifig utilized. Growers will also continue to
have the flexibility and simplicity m wéed control@rovided by glyphosate that will allow
growers to continug to reap cthe. environmental benefits associated with the use of
conservationstillage=that-is facilitated by the-use of glyphosate for postemergence weed
control insthe Roundup Ready soybean-system (CTIC, 2011; CTIC, 2004).

Currenit labeled "usesy of.dicamba -ir’ soybean are limited to early preplant and late
postemergence (preharvest) applications. Significant planting restrictions exist in soybean
for preplant applications of dicamba, including a maximum application rate of 0.5 lbs a.e.
per acre; a 28-daydnterval between application and planting soybean, and a minimum of one
inchfof rainfall mustieccur before planting soybean to avoid soybean injury. Monsanto has
submitted anapplication to U.S. EPA to amend Registration Number 524-582, a DGA salt
formulation, to.remove all preemergence planting restrictions (intervals and rainfall) and to
allow in-crop postemergence dicamba applications to MON 87708 through the R1/R2
growth stage of soybean. Once approved, growers would be authorized to apply dicamba
alone or in mixtures with glyphosate or other herbicides for preplant or in-crop
postemergence applications on MON 87708. Dicamba would be authorized to be applied
preemergence up to crop emergence as a single application or split applications up to a total
of 1.0 Ib a.e. per acre, and up to two postemergence applications up to 0.5 1b a.e. per acre
each through the R1/R2 growth stage of soybean. The maximum annual application rate of
dicamba on MON 87708 is 2.0 Ib dicamba a.e. per acre. Furthermore, Monsanto’s proposed
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dicamba label does not allow aerial applications of dicamba on MON 87708, a stewardship
measure intended to address potential offsite impacts. As indicated, Monsanto also plans to
further address the use of dicamba on MON 87708 with US EPA to evaluate whether any
additional measures may be appropriate to further address potential drift and offsite
movement.

The potential increase in dicamba use in U.S. soybean production upon deregulation of
MON 87708 was assessed by estimating the total dicamba use across soybean acres.
Assuming 100% adoption of MON 87708 across all U.S. soybean acreage® and an
application of dicamba at the maximum labeled use rate on all soybean acres, dicamba use
on MON 87708 could potentially total 150 million pounds. In practice, howeversa single
early season in-crop application per year of dicamba at 0.38 Ibrae. per aete-is éxpected on
the majority of MON 87708 planted acres. However, in\no-till or-Conservation tillage
soybean systems, an additional preplant application at 0:50 1b a.e.-per.acre could also be
common practice, and in areas where glyphosate resistant weeds;.espeially Ambrosia and
Amaranthus species, are present two inscrop applicationscat 0.5)1b a.e! each may-be needed
in some situations. These anticipated uSe patterns represent\‘a high-end: estimate for
prediciting dicamba use associated, withzMON-87708 integrated with' the"Roundup Ready
soybean system.

Furthermore, consistent with’reéommendations by;acadeémics,and weed.seientists, Monsanto
will recommend the use of a third herbicide modetof-action with soil residual activity as
part of a comprehensive weed resistanice management,programeto-assure that at least two
effective modes-of-action arg.always used in-the cultivated soybean field. A summary of
the anticipated weed-contréobrecommendations for'the<combined MON 87708 and Roundup
Ready soybean system.i§provided:in Table VIH-16.

In 2010; Monsantoconducted-an ififormal survey, of weed scientists across the country to
estimate the number of crop acres with glyphosate’'resistant weed populations. Based upon
this survey.it‘was-estimated that, approximately 14-16 million acres of planted row-crops
(i.e. corn,-8oybeans, cotton) hadpopulations-of glyphosate resistant weeds. Of these acres,
the majority of acres~(+ 1O-~million)- dre infested with glyphosate resistant marestail
populations where a preplant application of dicamba and glyphosate described above will be
effective for,control. The remainder-of resistant acres (~5 million) have resistant Ambrosia
(commoncand -giant ragweed) and Amaranthus (palmer pigweed and water hemp,) species
present.~'A conservative-estimate of 5 million resistant acres is assumed for this assessment,
which oyerestimates current resistant acres in soybean producing areas and also accounts for
petential incfeasesiin resistant acres because not all resistant crop acres would be planted to
soybean in any.given year.

% Based on approximately 75 million acres planted to soybean in 2008, see Table VIII-1.
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Table VIII-16. Anticipated Weed Management Recommendations for MON 87708

Combined with the Roundup Ready 2 Yield Soybean System'

. . 2 Conservation Tillage 2
Conventional Tillage (No-till or reduced till)
GR Weeds or Suspected GR Weeds or Suspected
No GR GR Weeds No GR GR Weeds
Application Weeds Option 1° | Option 2* Weeds Option 1° Option 2*
Timing
Residual Residual Residual
Preemergence + + +
(burndown, at Residual Residual Residual Glyphosate | Glyphosate Glyphosate
planting) > + + +
Dicamba Dicamba Dicamba
Postemergence | Glyphosate | Glyphosate | Glyphesate | Glyphosate | Glyphosate Glyphosate
(VI-V3) + + + ¥ + +
Dicamba Dicamba Dicamba Dicamba Dicamba Dicamba
Postemergence 2 B Glprl:osate " . Glprl:osate B
(V4-R2) Dicatnba Dicamba

' The anticipated use patterns représent azhigh-eénd estimate<for prediciting “dicamba use associated with

MON 87708 integrated with the;Roundup Ready soybean system¢ Actual'weed contrelpractices by growers
will vary depending on the specific-weed spectrum and agroneinic situation.of the.individual soybean field,
specifically dicamba usefcould\be lower especially. for¢the preemergence.and second postemergence
applications.

Average rate for dicamba js'0.38.pound a:e. peracre except.for fieldswith(glyphosate resistant (GR) species
where a 0.5 poundya.e. per acre.postemergence application. rate-will befecommended. In some situations,
the second postemergence application may.not be needed.

Option 1 would be used:for more aggressive glyphosate-resistant” weed species, such as Ambrosia or
Amaranthus species.

Option 2 would be gised forless aggressive glyphosate:resistant weed species, such as marestail.

Monsanto and academics recommend. the use of sol residuals as part of a comprehensive weed resistance
management prograi to ensure that twe effecfive hetbicide modes-of-action are used in soybean and to
provide protections;against addifional fesistarice development to existing soybean herbicides.

Assuming the -anticipated @se rate of-0.5 1b a.e. per acre dicamba for preemergence
applications and 0,38 1b-ale. per-acre-dicamba for postemergence applications, and using a
conservative’assumption that- MON 87708 has 100% adoption across all U.S. geographies
and conservation tillage systems are used on approximately 40% of the U.S. soybean acres
(CTIE;2007), dicamba- use-on MON 87708 would total approximately 44 million pounds.
When considering a-more realistic adoption rate for MON 87708 of 40% (refer to Section
VIII.H.2), dicamba use on MON 87708 would total approximately 17 million pounds. In
areas where resistant Ambrosia and Amaranthus species are present requiring two in-crop
applications, the use of an additional 5 million pounds of dicamba per year is estimated.

It is anticipated that dicamba applications will continue for currently labeled crops at the
dicamba-treated acreage levels and amounts presented in Table VIII-12, such that the
dicamba treatment to MON 87708 will thereby result in a total U.S. dicamba use of
approximately 25 million pounds annually. This level of dicamba use would be
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approximately double the historical peak level (Table VIII-11) experienced since dicamba’s
introduction in 1967.

Upon integration of MON 87708 into the Roundup Ready soybean system, dicamba will
provide excellent control of numerous annual and perennial broadleaf weed species,
including populations of broadleaf weeds that are resistant to ALS, atrazine, or glyphosate
herbicides. Table VIII-17 shows weed control ratings for dicamba, glyphosate and several
glyphosate tank mixtures when applied as a preplant burndown application to common
broadleaf weed species found in soybean fields of the Midwest and Southeast regions. An
application of dicamba alone provides effective control of a broad spectrum of winter and
summer annual and perennial broadleaf weed species. In comparison, glyphosate alone
provides excellent control of many grass species. in additioncto many eof the ‘annual and
perennial broadleaf species listed. However, digamba provides a highet level-of control of
certain broadleaf weeds including common Jambsquarters, Pennsylvania; smattweed, red
clover, alfalfa, marestail, hairy vetch, and prickly> dettuce. ~~Dicamba-Swill.che very
complementary in mixtures with glyphosate for.weed. control in ‘@ preplantiapplication
(Johnson et al, 2010) and will offer growers.equal~or superior weed control to other
glyphosate mixtures because it offers.reduced’ potential herbicide<antagenism, improved
efficacy and broader weed spectrum.

The dicamba tolerance trait“in MON 87708 will-permit-in-crop applications of dicamba to
soybean with excellentferop.safety, (crop “toletance)) Dicamba“ will-also complement the
weed control of in<crop <applications of «glyphosate-;-when-applied as a mixture or in
sequence. Table VIII-18shows common broadleaf weed-responses to dicamba compared to
glyphosate andcseveral’ glyphosate labeled:tank mixtures ingoybean. Since dicamba is not
currently labeled for in-Crop dpplicationsin seybean, weed control ratings for dicamba were
taken from~ labeled an-crop applications of dicamba~in corn for comparison purposes.
Glyphosate will eontinue;to_ptovide-broad spectrumeontrol of annual grasses and broadleaf
weeds, while dicamba will. provide.improved centrol of common ragweed, giant ragweed,
hemp sesbanid, morningglory>specics,. and .prickly sida. As presented in Table VIII-17,
dicamba is‘more effectivedn controlling marestail then glyphosate. Likewise, in comparison
to glyphosate, dicambasis expected to ;also improve the control of lambsquarters, eastern
black' nightshade, &ochia; palmerpigweed, and wild buckwheat. In addition to
complementing thé” weed centrol-of glyphosate, dicamba will provide another mode of
action inCtheRoundup Ready. soybean system to lower the potential risk of weeds
develpping -fesistance. to glyphosate (see Section L.5.3.3 of Appendix L). Furthermore,
dicambawill provide- an alternative mode of action for control of broadleaf weeds with
populations,known-to be resistant to ALS and PPO classes of herbicides (see Table VIII-8
fortherbicide listings).

Application of both dicamba and glyphosate to MON 87708 integrated with the Roundup
Ready soybean system will provide effective control of both dicamba- and glyphosate-
resistant broadleaf weeds (Johnson et al, 2010). In the U.S., kochia (Kochia scoparia) and
prickly lettuce (Lactula serriola) are the only species with biotypes confirmed to be resistant
to dicamba after 40+ years of use (Heap, 2009). Additionally, a population of lambsquarters
(Chenopodium album) has been confirmed as resistant in New Zealand, and in Canada
common hempnettle (Galeopsis tetrahit) and wild mustard (Sinapis arvensis) have been
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confirmed as resistant, for a total of five species worldwide with confirmed resistance to
dicamba. Glyphosate has been shown to provide good to excellent control of all five of
these broadleaf weeds. In addition, there are 3 species (spreading dayflower (Commelina
diffusa), field bindweed (Convolvulus arvensis) and wild carrot (Daucus carota)) in the U.S.
with confirmed resistance to 2,4-D. Of the dicamba and 2,4-D species with known
resistance in the U.S. and Canada, cross resistance between dicamba and 2,4-D has only
been documented in wild mustard. However, cross resistance within the other species can
not be totally ruled out nor assumed to be present. Currently in the U.S., six grass species
and seven broadleaf species have been confirmed to have resistance to glyphosate. Dicamba
provides good to excellent control of all seven of these broadleaf species. None of these
broadleaf weed biotypes have been shown to have populations that are resistant'to both
glyphosate and dicamba. However, there are known resistant populations.efkochia that are
either resistant to glyphosate or to dicamba, but nepopulation with known resistance to both
glyphosate and dicamba. Since there is no cross resistance between dicamba and-glyphosate
either product can be effective on kochia populations sesistant to-the other. AXmoré€’detailed
discussion regarding the potential development of dicambaresiStance in weeds can be found
in Appendix K.

The introduction of MON 87708 into the, RoundupReady soybeandsystem will allow
dicamba to effectively compete, with ‘and .provider an*additional« mode-of-action to the
alternative herbicides that:are currentlyused in combination-with glyphesate in preplant and
in-crop postemergence-applications;in soybean- (for.a comiparison of dicamba to alternative
non-glyphosate herbicides/see Appendix L). Thiswillprovide an additional mode-of action
into the soybean weed management-systém that was previously not available. A comparison
of dicamba to alternative herbicides,.in’terms of human-health effects (acute toxicity, cancer
risk, chronictrisk, and«fisk tojinfants and children)i-ecological effects (aquatic animal risk
and aquatic¢ plant risk), weed ananagement efficacy, herbicide-resistant weed frequency,
rotational crop restrictions, .and the potential £or injury to the soybean crop, is presented in
Table VIII-19% In-\thisanalysis, -dicamba offers an improved risk profile over each
alternative herbicide in.at least-one’and«p to.five of the comparative categories; however all
alternative herbicides’ areysafe::when used  according to label directions. Additionally,
dicamba is expected 4o offer greater)benefits than some alternative herbicides as a
supplement to:glyphosateyfor inZcrop-applications on MON 87708 since planting interval
restrictions dollowing _preplant applications of dicamba in soybean will be removed and
allowing-dicamba td-"be_applied through planting and up to crop emergence (cracking).
Dicamba will have greater“flexibility for preplant applications than current preplant
applications of 2,4-D-and potentially will replace some 2,4-D applications in soybean. The
superiOr breadleaf weed control provided by dicamba and excellent crop tolerance when
applied to MON 87708 will provide an additional mode-of-action and an alternative to the
herbicides used for broadleaf weed control in soybean, particularly acifluorfen, lactofen,
chlorimuron, and flumiclorac. The human health and environmental safety of dicamba
relative to other non-glyphosate alternative herbicides is discussed in greater detail in
Appendix L. Considering the characteristics of dicamba from a weed control, compatibility
with glyphosate, and human and environmental safety perspective, it is concluded that
MON 87708 will complement the established safety and efficacy of glyphosate use in the
Roundup Ready soybean system.
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Table VIII-17. Common Broadleaf Weed Responses to Preplant Burndown Herbicides

Common BroadleafWeeds'*

M, DN,
Herbicide/Application LQ CR GR SW CC SpPL CT RC AL -HVoMTx2PL HB DL CG
Spring Preplant Application
2,4-D (0.5 1b/1.0 1b) - - - - - 9 16 _6/85C -/ 6/8 89 89 -/8 6/7T 9/9
Dicamba 9 9 9 9 0 J 4 9 8 8 7 9 - 7 -
Dicamba + 2,4-D 9 9 9 9 6 9 6 9 8 9 9 9 - 8 9
Glyphosate 8 9 8 7 7 8 6 J 6 ) 6 8 - 7 7
Glyphosate + 2,4-D 9 9 9 8 7 9 ) 8 8 8 8+ 9 6 8 9
Glyphosate + Canopy 8 9 9 9 7 8 6 7 6 ) 8 8+ 9 8+ 9
Glyphosate + Canopy + 2,4-D 9 9 9 9 7 9 6 8 8 8 9 9 9 8+ 9
Glyphosate + Gangster + 2,4-D 9 9 9 9 7 9 6 8 8 8 9 9 8 8 9
Glyphosate + Python + 2,4-D 9 9 9 8 7 9 6 8 8 8 9 9 6 8 9
Glyphosate + Scepter + 2,4-D 9 9 9 8 7 9 6 8 8 8 8+ 9 6 8 9
Gly + Sonic/Authority First +
2,4-D 9 9 9 9 7 9 6 8 8 8 9 9 8 8 9

Glyphosate + Valor + 2,4-D 9 9 9 8 7 9 6 8 8 8 8+ 9 8 7 9

'All weed control ratings are from the 2009 Weed Conttol Guide for Ohio and Indiana — Weed Responses to Burndown Herbicides,
Ohio State University and Purdue University.(Boux:€t al 2009). "Weed control ratings for weeds are: 9 =90% to 100%, 8 = 80% to
90%, 7 = 70% to 80%, 6 = 60%. to 70%, and -'= l€ss than 60% control, not recommended. Ratings assume the herbicides are applied
in the manner suggested in the guidelines:and aeccording to-the Jabel under optimum growing conditions.

*Weed species: LQ = lambsquarters, CR = commion ragweed; GR = giant ragweed, SW = annual smartweed, CC = common
chickweed, M & SP = mustard and-shephard’sipurse, CT= Canada thistle, RC =red clover, AL = alfalfa, HV = hairy vetch, MT =
marestail, PL = prickly sida, DNo& HB™= deadnettle & henbit, DL = dandelion, and CG = crested groundsel
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Table VIII-18. Common Broadleaf Weed Responses to Dicamba Compared to Labeled Postemergence Herbicides in Soybean
Production

Cominon Broadleaf Weeds'#

Herbicide/Application BN CB CR GR HS EQ MGgr PA  PW PS SP SW VL WH
Postemergence

Bentazon - 9 7 6 4 7 2-9 4 - 8 0 9 8+ -
Chlorimuron - 9 8 7+ 8 - 8-9 6 9 2 7 8 8 -
Cloransulam - 9 9 9 3 = 8-9 2 - 2 7 8 9 -
Chlorimuron/thifensulfuron - 9 8 gks NA 8 NA NA 9 NA NA 9 9 -
Dicamba® 8 9 9 9 9 8 9 9 8 8 8 8 7+ 8
Flumiclorac - 7 7 = NA 7 NA . NA 7 NA NA - 9 7
Fomesafen 8 7 &+ 8 9 - 8-9 8 9 2 3 7 6 9
Glyphosate 8 9 8+ 8 7 8 79 9 9 7 8 8 8 8
Glyphosate/imazethapyr 9 9 8% 8+ NA 8+ NAS  NA 9 NA NA 9 9 8
Imazamox 9 8 7 8 NA 8 NA & ~ANA 9 NA NA 8 9 -
Imazethapyr 9 9 6 7 0 6 7-9 6 9 6 0 9 9 -
Lactofen &+ 8 9 8 9 - 8-9 8 9 8 5 6 7 9
Thifensulfuron - 6 < - NA 8 NA NA 9 NA NA 8 9 -

'All weed control ratings except for HS,"MG;-PA, PS, and SRfare ffom.the 2009 Weed Control Guide for Ohio and Indiana — Ohio
State University and Purdue University (Loux et al., 2009): Ratings for' HS, MG, PA, PS, and SP are from the 2009 Weed Control
Guidelines for Mississippi, Mississippi State trniversity(MSU, 2010), except for dicamba ratings for PA are from the 2010 Weed
Control Manual for Tennessee«(University-of Tennessee, 2010), (Weed control ratings for weeds, except HS, MG, PA, PS, and SP,
are: 9 =90% to 100%, 8 = 80% to 90%,.7 =.70% 10-80%,"6.=.60% to 70%, and - = less than 60% control, not recommended. Weed
control ratings for HS, MG, 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 in the manner suggested in the guidelines and according to the label under optimum growing conditions. NA
denotes not available.

*Weed species: BN = black<hightshade; €B =¢ocklebur, CR = common ragweed, GR = giant ragweed, LQ = lambsquarters, MG =
morningglory spp., HS =‘heémp-sesbania, PA = palmer and spiny pigweed, PW = pigweed, PS= prickly sida, SP = sicklepod, SW =
smartweed, VL = velvetleaf, and WH = waterhemp

*Weed control ratings for dicamba are from postemergence applications in corn.
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Table VIII-19. Summary of Comparative Analysis of Dicamba and Alternative Herbicides

Long Serious  Number

Aquatic-Non- Rotational Crop of Number

Target'Species Crop Injury “Yes”  of “No”

Human Health Risk Measures Risk Measures Known Herbicidal (“Restriction Potential  Entries’  Entries®

Acute Infants & Aguatic  Aquatic Resistant Efficacy
Herbicide Active Mode-of- Toxicity =~ Cancer  Chronic  Children ¢ “Animal Plant Weed (< 50%of
Ingredient Action’ Risk Risk Risk Risk Risk Risk Species’ dicamba)

2,4-D acid / esters Aux (4) Yes Yes Yes Neutral Yes Yes € Neutral Neutral Neutral 6 0
2,4-DB Aux (4) Neutral ~ Neutral  Neutral Neutral Neutral |, (Neutral Yes Neutral Neutral 2 0
imazethapyr ALS (2) No Neutral  Neutral Neutral Neutsal > Nebtral Yes Yes Neutral 3 1
cloransulam-methyl ALS (2) No Neutral  Neuttdl Neutral Neutral ~Neutral Yes Yes Neutral 4 1
chlorimuron-ethyl ALS (2) No Neutral . Neutral Neititral Neutral NA Yes Yes Neutral 3 1
thifensulfuron ALS (2) No Neutral~.~Neutral Neutral Neuitral Yes Yesd07) Yes Yes Neutral 4 1
imazaquin ALS (2) No No Neutral Neutral Neutral NA Yes Yes Neutral 3 2
imazamox-ammonium ALS (2) No Neutral No Neutral Neutral ‘Neutral Yes Yes Neutral 4 2
flumioxazin PPO (14) Neutral (" Neutral Yes Neutral Yes Yes Yes Yes Neutral 5 0
fomesafen PPO (14) Yes Neutral Yes Neutral Neutral - ‘ONeuttal Neutral Yes Yes 4 0
flumiclorac-pentyl PPO (14) No No Neutral Neutral Neutral NA > Yes Neutral Neutral 1 2
sulfentrazone PPO (14) Yes Neutral\ Neutral Neutral Ngutral Yes Yes Neutral Neutral 4 0
lactofen PPO (14) No Yes Neutral Yes Yes Yes 5 Neutral Neutral Yes 5 1
fluthiacet-methyl PPO (14) No Yes Neutral Neutral Neutral  Neutral 5 Yes Neutral Yes 3 1
acifluorfen sodium PPO (14) Yes Xes Neutral Yes Neutral  Neutral 5 Yes Neutral Yes 5 0
glufosinate-ammonium Glu (10) Yes No Yes Neutral Neutral ~ Neutral =~ No reports Neutral Neutral Neutral 3 0
paraquat dichloride BiPyr (22) Yes No Yes Neutral Neutral Yes 24 Yes Neutral Neutral 4 0
mesotrione HPPD (28) No Neutral® Neutral Yes Neutral Yes No reports Yes Yes Neutral 4 1

Refer to Appendix L for additionaldetails’on the conmiparison of alternative herbicides to dicamba.

“Yes”, indicates that dicamba has animproved risk-profile based on presented categories. Entries not indicated with a “Yes” mean that dicamba is
either comparable or less fayorable ‘thamthe. alternative herbicide. ”Neutral” entries indicate similar risks exist for dicamba and the alternative
herbicide. “No” means the alternative herbicide offers a risk benefit compared to dicamba

'Mode-of-Action based upon WSSA (2010) classifications.

?A listing of the worldwide numbers of known resistant weeds for each herbicide based on its mode-of-action group. Dicamba has five known
resistant weed biotypes worldwide (www.weedscience.org/summary/MOASummary.asp Accessed May 28, 2010). A “Yes” indicates that the
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number of resistant weeds in this herbicide class is many more than the known five dicamba resistant species biot)g\%.‘ A comparison of each
individual herbicide in the class is not provided. See Section L.5.3.3 in Appendix L. R\ Qé
*Number of “Yes” entries in each row is a summation for all the categories assessed, indicating a tpgl score fQ& raved risk profile for dicamba.
*Number of “No” entries in each row is a summation for all the categories assesseé,, dicating%tal score.for wqé risk profile for dicamba.
. R N\

NA - not available < 7. ™ O
N N O @ (@

;o KO QO Q &O\

9° \{& &Q \@Q \& 00 N2

A 38 B O © P
> .0 (ﬁ

Monsanto Company 10-SY-210U 216 of 721



VIII.H.1. Potential Impact of Dicamba Application Timing to MON 87708

The proposed label directions for dicamba applications in MON 87708 will permit preplant
applications up to the crop emergence and in-crop postemergence applications up to the
R1/R2 soybean growth stage. Most in-crop applications are expected to be made up to the
V4 growth stage, when germinated weeds are more easily and economically controlled and
broadcast applications can be uniformly applied to the weeds (reduced crop canopy
compared to later vegetative growth stages); with limited applications up to R1/R2, where
this application is primarily anticipated to control missed weeds, treat a flush of broadleaf
weeds germinating after the V4 application, or for control of more aggressivecglyphosate-
resistant weed species such as Amaranthus or Ambrosia species. Currentlys)in-crop
postemergence applications of dicamba, except for preharvest applications, are not
permitted or practical on commercially available,soybean due to the lack of .crop tolerance.
An application of dicamba at or following the\V4 soybean growth Stagecis expected to be
later in the growing season than the current latest in=crop application tifingsc¢to corn,
sorghum, and wheat.

To assess the potential impact related’ topan_anticipated difference in“application timing of
dicamba to MON 87708 compared to current labeled uises of dicambay;the latest timing of
in-crop postemergence dicamba applications.in:.cormywas-assesseéd. -The comparison to corn
application timing is pertiment since corn iscgrown-in the same general areas where soybean
is grown and a high pereentage of-the total dicamba-treated acres oceur in corn (see Table
VIII-15). Table VII-20 provides the typical date and days from planting for corn and
soybean to reach<various gtowth(stages:” According. to USDA-NASS (2009¢) planting
progress reports,the-dates.at which 50% of'the corn and soybean are planted in Illinois are
April 25 andMay 17, .sespectively? The current dicamba label’ specifies an allowable use
pattern relative to corn growth stages-as defineddy the'humber of leaves and plant height.
Dicamba can be.broadcast_applied-to corn up' to.@ height of 8 inches, which is roughly
equivalent to the-5-leaf stage. .To relate these application timings to soybean, it is necessary
to convert thetiming of the Szleaf stage of corn'to a comparable soybean vegetative growth
stage (Vstage). ~ The S-leaf stage of-corn-is equivalent to a V4 growth stage (Personal
communication, _— Purdue University, 2010). Corn will generally reach this
growth stage 1037 days from planting based on central Illinois temperatures. Presuming
corn planting-occurs on-April 25,corn would reach the comparable V4 stage on June 1.
Soybean.will typically reach thé. V4 growth stage in 35 days. Presuming soybean planting
on avetage occurs.on May 17, soybean will reach the V4 stage on approximately June 21.
Thetefore;, based on-planting and environmental data from central Illinois, the most likely
applicatron, timing-for dicamba to MON 87708 is approximately 20 days later than the
current latest application timing for corn. The timing difference is expected to be applicable
to much of the Midwest region where the majority of the soybean is grown.

7 Clarity product label can be found at:http://www.cdms.net/Images/acroiconwblue.gif. Label specifies when
applying to corn not to apply Clarity when soybean are growing nearby if any of the following conditions
exist: 1) corn is more than 24” tall, 2) soybean is more than 10” tall, and 3) soybean has begun to bloom.
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Table VIII-20. Dates and Days to Reach Various Growth Stages in Corn and Soybean
in Central Illinois

Corn' Soybean”
Growth Date & Calendar Days From Date & Calendar Days
Stage Day Planting Day From Planting
Planting April 25 (115)° May 17 (137)
VE May 10 (130) 15 May 27 (147) 10
vC June 1 (152) 15
\Y! May 27 (137) 22 June 6 (157) 20
V2 May 22 (142) 27 June 11(162) 25
V3 May 27 (147) 32 TJane 16 (167) 30
V4 June 1 (152) 37 June 21 (¥72) 35
V5 June 5 (156) 41 June 26/(177) 40
W) June 9 (160) 45 June 29°(180) 43
V7 June 13 (164) 49 July 2 £183) 46
V8 June 17 (168) 53 July<5°(186) 49

'Corn growth based on Nielsen (2008).and ayerage(growing degreedays at Champaign, IL
(1971-2000).

Soybean growth is based on Naeye,(2005).

3 Average date when 50%0F the‘crop dereage was planted in itinois during the 5-year period
2004-2008 (USDA-NASS, 2009d);

Corn and soybean-planting.dates and elimates-are considerably different in the Southeast
region states than the Midwest region’ states. ~T'hus,“a second analysis was conducted to
assess the potential difference: in timing'between current dicamba applications in corn and
the likely-dicamba. ‘applicatiom;,to . MON.87708<in «a “southern location. Table VIII-21
provides the typical>date’and days for plasitings of eorn and soybean to reach various growth
stages in westetn Tennessee. The dates at which-50% of the corn and soybean are planted in
Tennessee ‘ape April 15