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RELEASE OF INFORMATION

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

© 2009 Monsanto Company. All Rights Reserved.

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

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

YR (G

Glen Rogan, M.S.
Regulatory Affairs Manager

Address:

Monsanto Company

800 North Lindbergh Blvd., C3SD
Saint Louis, MO 63167

Tel: (314)-694-6602
Fax: (314)-694-3080

Monsanto Company 09-SY-201U Page 3 0f 471



EXECUTIVE SUMMARY

The Animal and Plant Health Inspection Service (APHIS) of the 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 Part 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 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
nonregulated status in whole for the new biotechnology-derived soybean product,
MON 87705, any progeny derived from crosses between MON 87705 and conventional
soybean, and any progeny derived from crosses of MON 87705 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 87705 with an
improved fatty acid (FA) profile that results in an oil that has enhanced nutritional
characteristics, and improved suitability and stability for food and industrial uses.
Currently commodity soybean oil requires hydrogenation to improve its stability for use
in many foods given its high proportion of polyunsaturated fatty acids. Hydrogenation
results in the formation of frans fatty acids that pose known coronary health risks. As
food companies reformulated foods to replace trans fat-containing hydrogenated oils with
healthier alternatives, they have faced challenges in finding high stability oils that are
also relatively low in saturated fat.

Using the extensive information known regarding the fatty acid biosynthetic pathway in
soybean, MON 87705 was developed to selectively down-regulate, in seed, two key
enzymes involved in fatty acid biosynthesis. As a result, MON 87705 soybean oil is
lower in saturated fats (6% vs. 15% of total fatty acids) and higher in monounsaturated
18:1 oleic acid (76% vs. 23% FA), with an associated decrease in the polyunsaturated
18:2 linoleic acid levels (10% vs. 53% FA) relative to commodity soybean.
Consequently, MON 87705 soybean oil, with improved oxidative stability and lower
saturated fats than currently available commodity soybean oil, is suitable for a range of
food and industrial applications. In addition, soybean meal derived from MON 87705,
which contains very low residual oil, is unchanged in composition relative to commodity
soybean meal. MON 87705 also contains the 5-enolpyruvylshikimate-3-phosphate
synthase gene derived from Agrobacterium sp. strain CP4 (cp4 epsps) encoding the CP4
EPSPS protein that is expressed throughout the plant conferring tolerance to glyphosate,
the active ingredient in the Roundup® family of agricultural herbicides.

® Roundup is a registered trademark of Monsanto Technology LLC.
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The improved fatty acid profile in MON 87705 soybean oil is achieved through the use of
endogenous soybean (Glycine max L.) gene segments configured to suppress FATB and
FAD?2 gene expression. MON 87705 contains FATBI-A and FAD2-14 gene segments
under the control of a seed promoter, limiting oil composition modification to this tissue.
The assembled gene transcript has an inverted repeat that produces double stranded RNA
(dsRNA) that, via the RNA interference (RNA1) pathway, suppresses endogenous FATB
and FAD2 gene expression, thereby producing the desired fatty acid phenotype (see
Figure below).
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Schematic of the Soybean Fatty Acid Biosynthetic Pathway and Summary of
Modified Fatty Acid Content in Soybean Qil Derived from MON 87705

Panel A: Schematic of the soybean fatty acid biosynthetic pathway

Panel B: MON 87705 soybean oil compared to commodity soybean oil and other vegetable oils

X indicates suppression of endogenous FATB and FAD2 in MON 87705 seeds.

Acyl-acyl carrier protein (ACP) thioesterases (referred to herein as FATB enzymes) are
localized in plastids and hydrolyze saturated fatty acids from the ACP-fatty acid moiety.
The suppression of FATB results in a decrease in the transport of the saturated fats out of
the plastid, thus retaining their availability for desaturation to 18:1 oleic acid (see Figure
above). Therefore, suppression of FATB decreases saturated fat content in the oil as well
as increasing oleic acid. Subsequently, this increased amount of oleic acid is either
delivered to the oil body or endoplasmic reticulum for further desaturation. Delta-12
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desaturases (referred to as FAD2 enzymes) desaturate 18:1 oleic acid to 18:2 linoleic acid.
The suppression of FAD2 in soybean seed causes reduced desaturation of oleic to linoleic
acid thus contributing further to the increase in oleic while reducing linoleic acid content
in the oil. Therefore, the overall result of the suppression of these two enzymes is a
reduction in saturated 16:0 palmitic and 18:0 stearic fatty acids, an increase in
monounsaturated 18:1 oleic acid, and lower levels of polyunsaturated 18:2 linoleic acid
relative to commodity soybean.

The MON 87705 soybean oil improved fatty acid profile provides new options for food
companies interested in the formulation of lower saturated fat foods. Soybean oil is
comprised primarily of five major fatty acids: saturated fatty acids 16:0 palmitic and 18:0
stearic acids, monounsaturated 18:1 oleic acid, and the polyunsaturated fatty acids, 18:2
linoleic, and 18:3 linolenic acids. These five major fatty acids have very different
oxidative stabilities and chemical functionalities. Conventional soybean oil typically
contains 60-65% polyunsaturated fatty acids, mostly in the form of linoleic acid. This
composition makes soybean oil unsuitable for certain food applications since the high
concentrations of polyunsaturated fatty acids in the oil are susceptible to oxidation and
degradation at high temperature. Therefore, hydrogenation of soybean oil is necessary to
reduce levels of polyunsaturated fatty acids by converting them to more saturated fatty
acids resulting in higher stability oil suitable for a range of food uses. The hydrogenation
process used to reduce polyunsaturated fatty acids and increase the stability of soybean
oil produces trans fatty acids that are linked to increased cardiovascular risk due to the
elevation of low-density lipoproteins (LDL) and reduced levels of high-density
lipoproteins (HDL). Because MON 87705 soybean oil has a reduced level of
polyunsaturated fatty acids, it has higher oxidative stability without the need for
hydrogenation, while also containing a lower level of saturated fats. Saturated fats,
notably palmitic acid, have also been shown to contribute to cardiovascular disease and
other chronic diseases. As a result, the reduced saturated fat levels in MON 87705
soybean oil can also positively impact the goal of keeping human dietary consumption of
saturated fats below 10% of total energy intake'.

In addition to providing improved formulation options for food companies, the reduction
in saturated fats and increased oxidative stability of MON 87705 soybean oil increases
suitability for biodiesel and other industrial applications. Low saturated fats and high
(>70%) oleic acid levels are key attributes for vegetable oils targeted for biodiesel and
industrial uses because of improved cold weather performance, improved stability, and
reduced nitrous oxide emissions.

Therefore, the fatty acid profile of MON 87705 soybean oil, with an increase in
monounsaturated oleic acid and decreases in saturated fats and polyunsaturated fatty
acids (17% vs. 60% FA), significantly improves the soybean oil functionality and
nutritional value. MON 87705 will be bred with current commercial low linolenic acid
soybean varieties that will further enhance the oxidative stability of soybean oil.

! Department of Health and Human Services, Dietary Guidelines for Americans, 2005.
www.health.gov/dietaryguidelines [Accessed June 7, 2009]
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Studies Confirm the Lack of Plant Pest Potential of MON 87705

The data and information presented in this petition demonstrate MON 87705 is
agronomically, phenotypically, and compositionally comparable to conventional soybean
with the exception of the intended modifications to oil composition and tolerance to
glyphosate. Moreover, the data presented show MON 87705 is unlikely to pose an
increased plant pest risk, including weediness or adverse environmental impact,
compared to conventional soybean. The food, feed and environmental safety of
MON 87705 was confirmed based on multiple, well established lines of evidence:

1. Soybean is a familiar crop that does not possess any of the attributes commonly
associated with weeds, has a history of safe consumption, and serves as an
appropriate basis of comparison.

2. A detailed molecular characterization of the inserted DNA demonstrated a single,
intact copy of the transgenic insert in a single locus within the soybean genome.
This insert contains the FATB and FAD?2 suppression cassette and the cp4 epsps
expression cassette.

3. The inverted repeat encoded by the FATB and FADZ2 suppression cassette in
MON 87705 does not code for any protein. The RNA-based suppression of FATB
and FAD?2 soybean genes in MON 87705 is mediated by double stranded RNA
(dsRNA) molecules. Double stranded RNAs are commonly used by eukaryotes,
including plants, for endogenous gene suppression and pose no novel risks from a
food, feed or environmental perspective. Nucleic acids, such as RNA, have a
long history of safe consumption and are considered GRAS by the U.S. Food and
Drug Administration.

4. The only introduced protein produced in MON 87705 is CP4 EPSPS. Data
confirmed the CP4 EPSPS protein in MON 87705 is unlikely to be a toxin or
allergen based on extensive information collected and evaluations performed.
The CP4 EPSPS protein in MON 87705 has the same functional and enzymatic
activity as the CP4 EPSPS in other Roundup Ready® crops previously deregulated
by USDA, and is structurally homologous to EPSPSs naturally present in other
Crops.

5. A compositional assessment confirmed that, except for intended fatty acid
changes, MON 87705 seed and forage are compositionally equivalent to seed and
forage of conventional soybean. MON 87705 soybean oil does not contain any
new fatty acids that are not already present in commodity soybean oil, and the
fatty acid profile of MON 87705 soybean oil is similar to many other commercial
oils currently available.

6. An extensive evaluation of MON 87705 phenotypic and agronomic characteristics
and environmental interactions demonstrate MON 87705 shows no increased
plant pest risk potential compared to conventional soybean.

® Roundup Ready is a registered trademark of Monsanto Technology LLC.
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7. An assessment of potential impact to nontarget organisms (NTOs) and
endangered species indicates MON 87705 is unlikely to have adverse effects on
these organisms compared to conventional soybean under normal agricultural
practices.

8. An evaluation of MON 87705 on current cultivation and management practices
for soybean concluded deregulation of MON 87705 will not significantly impact
current soybean agronomic practices and land use.

Sovbean is a Familiar Crop Lacking Weedy Characteristics

There is a long standing history of safe consumption of conventional soybean and its oil,
as soybean is the most prevalently grown oilseed in the world, with approximately 222.1
million metric tons of harvested seed (MMT) produced in 2007, representing 56% of
world oilseed seed production that year. Soybean is grown as a commercial crop in over
35 countries and domestication of this crop can be traced back to approximately 1000
B.C. A major food use for soybean is purified oil, for use in margarines, shortenings,
cooking, and salad oils.

The commercial Glycine species in the U.S. (Glycine max L.) does not exhibit weedy
characteristics and is not effective in invading established ecosystems. Soybean is not
listed as a weed in major weed references, nor is it present on the lists of noxious weed
species distributed by the federal government. Soybean does not possess any of the
attributes commonly associated with weeds, such as long persistence of seed in the soil,
the ability to disperse, invade, and become a dominant species in new or diverse
landscapes, or the ability to compete well with native vegetation. Due to a pronounced
lack of dormancy, soybean seed can germinate quickly under adequate temperature and
moisture and potentially can grow as a volunteer plant. However, a volunteer plant likely
would be killed by frost during autumn or winter of the year it was produced. If it did
become established, a volunteer plant would not compete well with the succeeding crop,
and could be controlled readily by either mechanical or chemical means. In addition,
since wild populations of Glycine species are not known to exist in the U.S., the potential
does not exist for MON 87705 to outcross to wild or weedy relatives and alter their
weediness potential.

The genetic background of MON 87705 was matched with that of an appropriate control,
so the effect of the genetic insertion and the presence of the CP4 EPSPS protein could be
assessed in an unbiased manner. Since MON 87705 was derived from the A3525
conventional variety, it was deemed appropriate to use the nontransformed A3525 as the
control variety because its use would minimize the potential bias in subsequent
comparative assessments.

Molecular Characterization Verified the Integrity and Stability of the Inserted DNA

MON 87705 was produced by Agrobacterium-mediated transformation of soybean with
the binary vector PV-GMPQ/HT4404 that contains two T-DNAs. T-DNA I and T-DNA
IT both contain DNA segments designed to suppress endogenous FAD2 and FATB genes
which encode for two key enzymes in the soybean fatty acid biosynthetic pathway. T-
DNA I also contains a cp4 epsps expression cassette. The partial suppression cassette in
T-DNA I contains the sense segments of the FAD2-14 intron and FATBI-A 5'
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untranslated region (UTR) which are under the regulation of the 7Sa' seed promoter. T-
DNA 1II contains a partial suppression cassette that contains the antisense segment of
FAD2-1A4 and FATBI-A.

During plant transformation, the two T-DNAs (T-DNA I and T-DNA 11, respectively) co-
integrated into one locus in the soybean genome. The cointegration of the T-DNAs in
this configuration creates an insert containing a single cp4 epsps expression cassette and a
single FAD2-14 and FATB1-A suppression cassette. The in planta assembled suppression
cassette includes an inverted repeat that results in suppression of endogenous FAD?2 and
FATB RNA expression.

Molecular characterization of MON 87705 by Southern blot demonstrates there is one
copy of each T-DNA insert within the same locus of integration. Backbone sequences
from plasmid PV-GMPQ/HT4404 were not detected in the genome of MON 87705.
Additionally, the data confirm the organization and sequence of the insert, demonstrate
the stability of the insert over several generations, and that the genomic DNA sequences
flanking the 5' and 3' ends of the insert are native to the soybean genome.

RNA-Based Suppression Technology in MON 87705 Does not Pose Unique Safety
Risks

The RNA-based suppression of FATB and FAD2 soybean genes in MON 87705 is
mediated by dsRNA molecules. Double stranded RNAs are commonly found in
eukaryotes, including plants, for endogenous gene suppression and are composed of
nucleic acids. Nucleic acids have a long history of safe consumption and are considered
GRAS by the U.S. Food and Drug Administration. There is no evidence to suggest
dietary consumption of RNA is associated with toxicity or allergenicity. Moreover,
analysis of the DNA segments encoding this dsSRNA showed they lack the sequences
required for translation initiation and protein synthesis. The production of a protein from
the dsRNA encoded by the insert in MON 87705 1is highly unlikely.  Several
biotechnology-derived plant products previously deregulated by APHIS were developed
using RNA-based suppression mechanisms, including virus-resistant papaya and squash,
high oleic soybean, FLAVR SAVR tomatoes, and plum trees resistant to Plum pox virus.
Based on this information, it is concluded that the inserted DNA and resulting dsRNA are
safe and unlikely to produce a protein or polypeptide. As a result, the RNA-based
suppression technology used in MON 87705 poses no novel risks from a food, feed or
environmental perspective.

Data Confirm CP4 EPSPS Protein Safety

A multistep approach was used to characterize and assess the safety of the CP4 EPSPS
protein expressed in MON 87705. This detailed characterization confirms the CP4
EPSPS protein is safe for human and animal consumption. The assessment involved: 1)
characterizing the physicochemical and functional properties of the protein; 2)
quantifying protein levels in MON 87705 plant tissues; 3) examining the similarity of the
CP4 EPSPS protein to known allergens, toxins and other biologically-active proteins
known to have adverse effects on mammals; 4) evaluating the digestibility of CP4 EPSPS
protein in simulated gastrointestinal fluids; 5) documenting the history of safe
consumption CP4 EPSPS protein; and 6) investigating potential mammalian toxicity
through an oral gavage assay. Results confirm that CP4 EPSPS is expressed in all tissues
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collected, including root, forage, seed, and leaf tissues at four developmental stages. CP4
EPSPS has no relevant amino acid sequence similarities with known allergens, gliadins,
glutenins, or protein toxins which can have adverse effects on mammals. Studies
utilizing the CP4 EPSPS protein revealed that it degrades rapidly in simulated gastric and
intestinal fluids and mouse acute oral toxicity evaluations demonstrate the protein is not
acutely toxic and does not cause any adverse effect, even at the highest dose tested. The
safety assessment supports the conclusion that dietary exposure to CP4 EPSPS protein
derived from MON 87705 poses no meaningful risk to human or animal health.

MON 87705 is Compositionally Equivalent to Conventional Sovbean, Except for the
Intended Fatty Acid Changes

Detailed compositional and nutritional comparisons were conducted to assess whether
levels of nutrients, anti-nutrients, and key secondary metabolites in seed and forage
derived from MON 87705 are comparable to those in a conventional soybean control and
several commercially available reference varieties. The analysis included proximates
(protein, fat, carbohydrates, fiber, ash, moisture) in seed and forage, and fatty acids,
amino acids, vitamin E, and antinutrients in seed. Composition data were analyzed
statistically for all components and their biological and nutritional significance were
evaluated. Statistical analyses were conducted on data from a combination of all sites
(combined-site) and data from each of five individual sites (individual-site). If a
significant difference (p<0.05) in an analyte was detected between MON 87705 and its
conventional control in the combined-site comparison, an analysis including
reproducibility across individual sites, magnitude of differences, and comparisons of
MON 87705 mean analyte values to the 99% tolerance interval for the population of
commercial conventional soybean varieties grown concurrently at the same time and field
sites and published values was made to assess whether the difference was biologically
meaningful from a food and feed safety or nutritional perspective. The compositional
analysis confirmed that MON 87705 seed had the intended fatty acid composition, while
the other components analyzed in MON 87705 seed and forage were considered to be
compositionally equivalent to conventional soybean. Moreover, no new fatty acids
beyond those presently found in soybean were detected in MON 87705.

Of the nine fatty acids that were analyzed statistically, significant differences (p<0.05)
were observed for seven fatty acids in the combined-site analysis. As intended,
MON 87705 seed had significantly (p<0.05) lower 16:0 palmitic and 18:0 stearic acid
levels (combined saturates 5.7%), higher 18:1 oleic acid (76.5%) and an associated
decrease in 18:2 linoleic acid (10.1%) compared to conventional soybean. Differences in
these four fatty acids were consistently observed at each of the individual sites and levels
fell within the intended fatty acid ranges. A combined-site statistical difference (p<0.05)
between MON 87705 and the conventional control was observed in the levels of 18:3
linolenic acid. The decrease in 18:3 linolenic acid is expected given that it is produced
from 18:2 linoleic acid which was reduced by the suppression of the FAD2 gene.
Examination of the reproducibility within sites shows the levels of 18:3 linolenic acid
were significantly lower than the soybean control in four of five individual-site analyses,
with the absolute magnitude of the differences being small (<1.5% total FA content). In
addition, all the mean levels of 18:3 linolenic acid in MON 87705 seed from the
combined-site and individual-site analyses were well within the 99% tolerance interval,

Monsanto Company 09-SY-201U Page 10 of 471



and therefore these differences are not considered biologically relevant compositional
changes. Combined-site statistical differences between MON 87705 and the
conventional control were also observed in the levels of two minor fatty acids, 20:0
arachidic acid, and 20:1 eicosenoic acid. Examination of the reproducibility within sites
shows the absolute magnitude of the differences for these two minor fatty acids was very
small (<0.19% of total FA) and mean values and ranges in MON 87705 seed were within
either the 99% tolerance interval for the population of the conventional reference
varieties or the values reported in International Life Science Institute-Crop Composition
Database (ILSI-CCD) and published literature. No difference was observed between
MON 87705 and the conventional control for the remaining two minor fatty acids (22:0
behenic acid and 24:0 lignoceric acid) evaluated. Thus, apart from the intended or
expected differences in fatty acid levels, there were no other biologically meaningful
differences in the levels of other fatty acids.

Combined-site analyses of both forage and seed samples for non-fatty acid analytes
showed no statistically significant difference (p>0.05) between MON 87705 and the
conventional control for 37 of 41 analyte comparisons. Statistical comparisons between
MON 87705 and the conventional control for the presence of other components showed
that three analytes in soybean seed (cystine, arginine and total fat) and one analyte in
forage (ash) were significantly different (p<<0.05) in the combined-site analysis. For these
four analytes where differences were noted (p<0.05), the absolute magnitude of
differences between MON 87705 and the conventional soybean control were generally
low (<1.1% dw), were not observed consistently across individual sites (individual-site
analyses), and mean values for MON 87705 were within the calculated 99% tolerance
interval for the population of conventional reference varieties. Harvested seed and forage
analytical component values also were comparable to values reported in the ILSI-CCD
and/or published literature, further supporting the conclusion that harvested seed and
forage from MON 87705 are compositionally equivalent to those of conventional
soybean. Therefore, it is concluded that the statistical differences observed are not
biologically meaningful.

In addition to the compositional analysis of seed and forage, four soybean processed
fractions (refined oil, meal, lecithin, and protein isolate) were produced from
MON 87705 and conventional control seed and subjected to compositional analysis in
accordance with OECD guidelines. As expected, and consistent with results obtained for
seed fatty acid levels, the intended fatty acid changes were observed in the refined oil
fraction. As in seed, levels of several other less abundant fatty acids were also
significantly different (p<0.05) between the refined soybean oil fractions from
MON 87705 and the conventional soybean control. For these analytes, MON 87705
mean values fell within the 99% tolerance intervals for the reference varieties and/or
were comparable to published literature ranges for conventional soybean oil. Differences
in the levels of two other minor fatty acids, likely formed by spontaneous isomerization
during the oil refining process, were also observed. Since these differences are not
considered biologically relevant, as they likely are an artifact of the refining process.
Apart from the intended fatty acid changes in the oil, the composition of the soybean
processed fractions from MON 87705 is equivalent to the composition of the soybean
processed fractions from the conventional soybean control. Thus, the processed fractions
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from MON 87705 are as safe and nutritious as the processed fractions from conventional
soybean.

The compositional analysis confirmed that MON 87705 seed had the intended fatty acid
profile. In all compositional and nutritional comparisons of MON 87705 to its
conventional control where a significant difference (p<<0.05) was detected, other than for
intended fatty acid changes, an analysis including reproducibility across individual sites,
magnitude of differences, and comparisons of mean test analyte values to the 99%
tolerance interval and published values, indicated that differences observed were not
biologically meaningful from a food and feed safety or nutritional perspective.
Therefore, except for the intended fatty acid changes, the compositional and nutritional
assessment of MON 87705 supports the conclusion that seed and forage and key
processed fractions produced from MON 87705 are compositionally equivalent to those
of conventional soybean in accordance with OECD guidelines.

MON 87705 Does Not Change Sovbean Plant Pest Potential or Environmental
Interactions

The phenotypic, agronomic, and environmental interaction assessment indicates that
MON 87705 is comparable to the parental conventional soybean control, A3525, which
has background genetics similar to MON 87705, but lacks the introduced traits. Thus,
MON 87705 is unlikely to have changed plant pest risk potential or environmental impact
compared to conventional soybean. An important element in assessing plant pest risk
potential and environmental impact of MON 87705 is to compare MON 87705 to
conventional soybean. The assessment is based initially on the concept of familiarity,
which USDA recognizes plays an important role in these assessments. Familiarity is
based on the fact that the biotechnology-derived plant is developed from a conventional
plant variety whose biological properties and plant pest potential are known to experts.
Familiarity considers the biology of the crop, the introduced trait, the receiving
environment and the interactions among these factors, and provides a basis for
comparative risk assessment between a biotechnology-derived plant and its appropriate
conventional counterpart. The MON 87705 characteristics assessed include: seed
dormancy and germination, pollen morphology, and symbiont interactions conducted in
the laboratory and greenhouse, and plant phenotypic observations and environmental
interaction evaluations conducted in the field.

Seed dormancy and germination characterization indicated that MON 87705 seed had
germination characteristics similar to that of the conventional soybean control. In
particular, the lack of hard seed, a well-accepted characteristic of weediness affecting
seed germination rate and viability, supports a conclusion of no increased weediness
potential of MON 87705 compared to conventional soybean for germination and
dormancy characteristics. For pollen characteristics and symbiont interactions, there
were no statistically significant differences (p<0.05) observed for any of the parameters
measured, including pollen viability, nodule dry weight, and shoot total nitrogen.
Collectively, these results support the conclusion that MON 87705 is not likely to exhibit
increased weed potential compared to conventional soybean.

The field evaluation of phenotypic, agronomic, and ecological characteristics of
MON 87705 also supports the conclusion that MON 87705 is not likely to pose an
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increased weed or plant pest potential compared to conventional soybean. The
evaluations were conducted at 17 replicated field sites across U.S. soybean production
regions. These assessments included 14 plant growth and development characteristics, as
well as observations for plant-insect and plant-disease interactions and plant responses to
abiotic stressors. The observed phenotypic characteristics were comparable between
MON 87705 and the conventional soybean control. Across sites, data show no
statistically significant differences between MON 87705 and the control for seedling
vigor, plant height, lodging, pod shattering, seed moisture, test weight, or yield. Flower
color and plant pubescence data were categorical and were not statistically analyzed;
however, at each site, all plants of MON 87705 and the control had purple flowers and
pubescence as expected.

Four statistically significant differences (p<0.05) were detected between MON 87705 and
the control in the combined-site analysis. MON 87705 was lower than the control for
early stand count, final stand count, the weight of 100 seeds and flowered approximately
one day later than the control. MON 87705 and the control were within the same range
of plant growth stages for 113 out of the 114 growth stage observations among the sites,
and the single different observation at one site, was within the range of growth stages
observed for the reference varieties. None of these differences were considered
biologically meaningful in terms of increased weed potential.

In an individual site assessment of plant response to abiotic stress, disease damage, and
arthropod damage, no differences were observed between MON 87705 and the control
for 574 of 579 comparisons (including 167 abiotic stress response, 206 disease damage,
and 206 arthropod damage comparisons) among all observations at the 17 sites. The five
observed differences were in the disease and arthropod damage categories. For each of
the five observed differences, the severity of damage in MON 87705 was within the
range of the reference soybean varieties, and were not consistently observed across sites.
Therefore, they were not considered biologically meaningful in terms of increased weed
potential.

In an assessment of pest and beneficial arthropod abundance, no statistically significant
differences (p> 0.05) were detected between MON 87705 and the control for 95 out of 96
comparisons (including 46 arthropod pest comparisons and 50 beneficial arthropod
comparisons) among the collections at the four sites. The single statistically significant
difference was for bean leaf beetle in a single collection time from a single site, where the
mean abundance value from MON 87705 plots was lower than the conventional control,
yet fell within the reference range. The differences in pest and beneficial arthropod
abundance were not indicative of a consistent plant response associated with the traits
and are unlikely to be biologically meaningful in terms of plant pest potential or
environmental impact of MON 87705 compared to conventional soybean.

The plant phenotypic and ecological interaction parameters evaluated were used to
characterize the plant and its interactions with the environment, and to assess the plant
pest or weed potential of MON 87705 compared to the conventional soybean control. An
analysis based on the weight of the evidence, including reproducibility, magnitude and
direction of a difference, and comparison to reference ranges of the detected differences
(p<0.05) found in the evaluation of phenotypic, agronomic and environmental
characteristics of MON 87705 compared to the conventional soybean control supports the
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conclusion that MON 87705 is not likely to increase weed or plant pest potential or to
have a biologically meaningful change in terms of environmental impact potential.

MON 87705 Will Not Adversely Affect NTOs or Threatened or Endangered Species

Evaluation of the impacts of MON 87705 on NTOs is a component of the plant pest risk
assessment.  Assessment of the expected differences between MON 87705 and
conventional soybean included the presence of the inserted genes, the expression of the
CP4 EPSPS protein, and the improved fatty acid profile in MON 87705 seed. The nature
of MON 87705 as a product with no pesticidal activity leads to a conclusion that all
exposed organisms are considered to be NTOs. The environmental assessment of
MON 87705 indicates that MON 87705 poses no adverse effect on NTOs or endangered
species under normal agricultural practices. The environmental interactions evaluation
included data collected in the phenotypic studies on plant-insect, plant-disease, and plant-
environment interactions. The results of this assessment indicated the presence of the
CP4 EPSPS protein and improved fatty acid profile in seed did not unexpectedly alter
plant-insect interactions, including beneficial arthropods and insect pests, or alter disease
susceptibility of MON 87705 compared to conventional soybean.

The fatty acids present in MON 87705 seed are widely prevalent in the environment.
Fatty acids play a key role in metabolic energy storage and as components of
phospholipids, which are essential for cellular membrane formation and function. As
natural components of the plant and animal world, these fatty acids are not expected to
accumulate, persist or be detrimental to the environment. In addition, the improved fatty
acid profile in MON 87705 seed results in an oil that is very similar to seed fatty acid
profiles in widely cultivated crops, such as canola (Brassica napus L. and B. campestris
L.), thus establishing a history of safe environmental exposure.

The naturally glyphosate-tolerant EPSPS protein from an Agrobacterium sp., CP4
EPSPS, has been introduced into several conventional crops, such as soybean, corn and
cotton, to provide tolerance to glyphosate, the active ingredient in the Roundup family of
herbicides. There is no toxicity associated with this family of proteins, and since they are
ubiquitous in plants and microorganisms, they have a history of safety in the
environment. The CP4 EPSPS protein is nontoxic to animals including mammals, birds,
and arthropods. Lack of hazard for MON 87705 was established through a combination
of biochemical information and experimental data demonstrating the existence of no
reasonable mechanism for harm.

Therefore, the assessment considered pertinent product characterization information,
information from the protein safety assessments, the history of environmental exposure to
these fatty acids, and results from the environmental interaction assessment. Taken
together, these data support the conclusion that MON 87705 is unlikely to have an
adverse effect on NTOs or endangered species under normal agricultural practices in U.S.
soybean production.

The potential for MON 87705 to outcross with sexually compatible species, including
threatened or endangered species, is unlikely in the U.S., since no known wild Glycine
species related to cultivated soybean are known to be present in North America. In those
world areas where sexually compatible species do exist, the potential to outcross is
concluded to be low because soybean is a highly self-pollinated species, with cross-
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pollination to other soybean varieties occurring at very low frequencies (0 to 6.3%) in
adjacent plants. Furthermore, in the rare event when cross-pollination does occur,
MON 87705 and its progeny would not have a significant environmental impact, because
evaluations have shown the improved fatty acid profile and glyphosate-tolerance traits in
MON 87705 have not enhanced weediness or plant-pest potential relative to conventional
soybean. Therefore, the environmental consequence of pollen transfer from MON 87705
to other Glycine species is considered negligible.

Deregulation of MON 87705 Will Not Significantly Impact Soybean Agronomic
Practices or Land Use

Soybean fields are typically highly managed agricultural areas that can be expected to be
dedicated to crop production for many years. MON 87705 likely would be used in
common rotations on land previously used for agricultural purposes. No significant
impact would be expected following the introduction of MON 87705 on current
cultivation and management practices for soybean. Except for the intended modification
in fatty acid profile and glyphosate tolerance, MON 87705 is no different from
conventional soybean in its agronomic, phenotypic, ecological, characteristics and has the
same levels of resistance to insects and diseases as current commercial soybean. The
introduction of MON 87705 provides growers the means to produce a highly valued oil
for use in multiple food and industrial applications. Based on these considerations, there
is no apparent potential for significant impact on agronomic practices or land use.

Conclusion

Based on the data and information presented in this petition, it is concluded that
MON 87705 is not likely to be a plant pest. Therefore, Monsanto Company requests a
determination from APHIS that MON 87705 and any progeny derived from crosses
between MON 87705 and conventional soybean or deregulated biotechnology-derived
soybean be granted nonregulated status under 7 CFR Part 340.
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I. RATIONALE FOR THE DEVELOPMENT OF MON 87705

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

The Animal and Plant Health Inspection Service (APHIS) of the U.S. Department of
Agriculture (USDA) has responsibility, under the Plant Protection Act (7 U.S.C. § 7701-
7772) to prevent the introduction and dissemination of plant pests into the U.S. The
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
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
nonregulated status in whole for the new biotechnology-derived, nutritionally improved
soybean product, MON 87705, any progeny derived from crosses between MON 87705
and conventional soybean, and any progeny derived from crosses of MON 87705 with
other biotechnology-derived soybean that has been granted nonregulated status under 7
CFR Part 340.

I.B. Rationale for the Development of Nutritionally Improved Soybean
MON 87705

Monsanto Company has developed biotechnology-derived soybean MON 87705 with an
improved fatty acid profile to enhance the suitability of soybean oil for food and
industrial uses. The fatty acid (FA) levels in MON 87705 soybean oil are lower for
saturated fats (6% vs. 15% FA) and higher for oleic acid (76% vs. 23%). The increase in
monounsaturated fatty acid (oleic) is accompanied by an overall decrease in
polyunsaturated fatty acids (17% vs 60% FA). Conventional soybean oil typically
contains 60-65% polyunsaturated fatty acids (PUFA’s), mostly in the form of linoleic
acid. This high PUFA content makes soybean oil unsuitable for many food applications
since the high concentrations of PUFA’s in the oil are susceptible to oxidation and
degradation at high temperature.

To improve the stability of soybean oil, the polyunsaturated fatty acids in the oil can be
decreased through a process called hydrogenation that reduces the number of unstable
double bonds found in fatty acids such as linolenic and linoleic, and converts them to
saturated fats. Although hydrogenation produces oil with excellent thermal and oxidative
stability, it also results in the production of significant levels of trans fatty acids in the
oil. Trans fatty acids contribute to cardiovascular risk by elevating LDL (bad cholesterol)
and reducing HDL (good cholesterol) (Kris-Etherton, 1995; Hu et al., 1997).

Soybean oil oxidative stability can be improved because the stability of vegetable oils is
drastically influenced by the proportion of monounsaturates to polyunsaturates. High
oleic soybean oils are estimated to have improved oxidative stability up to 17.5 times
greater than conventional soybean oil (Frankel, 2005). Oil from MON 87705 would
similarly have an enhanced oxidative stability (approximately three-fold) relative to
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conventional soybean oil due to its increase in monounsaturated fatty acid and decrease
in PUFA’s, without the need for hydrogenation. Therefore, MON 87705 soybean oil can
provide the food industry with options of enhanced stability for food formulation.

Numerous global health authorities recognize that diets high in total fat and saturated fat
are associated with increased risk of chronic disease (FAO/WHO, 2002; Lichtenstein et
al., 2006; 10, 2002; USHHS, 1988), and health experts, including the American Heart
Association (Eckel et al., 2007), have recognized that an unintended consequence of a
shift to oils with no or lower frans fat levels, may be an increase in levels of saturated fats
in foods. With a fatty acid profile lower in saturated fats than commodity soybean oil,
and a reduced need for hydrogenation, MON 87705 soybean oil can help address this
concern as MON 87705 soybean oil contains less than 7% saturated fatty acids (palmitic
+ stearic acid). Based on U.S. Food and Drug Administration (FDA) guidance, a low
saturated fat food contains less than 1 g of fat per serving (www.fda.gov) and the typical
serving size for soybean oil is 14g (www.thumboilseed.com/soy-oil.htm). As a result, to
qualify as a low saturate soybean oil the maximum amount of saturated fats allowed is
7% (0.98 g per serving). Therefore, under FDA guidance MON 87705 soybean oil can
be classified as a low saturate oil.

The fatty acid profile of MON 87705 soybean oil is also well suited for industrial
applications. Soybean oils have very good lubricating properties, and are highly
biodegradable compared to mineral oils, but typically lack the stability needed to meet
industrial requirements. Hydrogenation of soybean oil is not acceptable for most
industrial uses because it leads to formation of saturated and frans fatty acids which can
cause the oil to be solid at lower temperatures, resulting in excessive wear and tear of
machinery (Kinney, 1998). The fatty acid profile of MON 87705 provides an industrial
oil with improved stability that could serve as a lubricant without needing hydrogenation.
In addition, soybean oil with elevated oleic acid is an attractive source for other industrial
applications, such as petrochemical-derived plasticizers (Kinney, 1998). The higher oleic
acid and lower saturated fat levels of MON 87705 also make it much more suitable for
use in biodiesel due to its greater stability, improved cold weather performance, and
reduced nitrous oxides emissions (Knothe 2005; Bringe, 2005; Graef, 2009)

As with all new biotechnology-derived traits, MON 87705 will also be bred into soybean
varieties with diverse genetic backgrounds. These varieties will include commercial
varieties with low linolenic acid levels which can further enhance the oxidative stability
of the soybean oil. In addition, MON 87705 will be combined using traditional breeding
methods with other biotechnology-derived traits, including glyphosate tolerance
(MON 89788), to deliver the best agronomic platform to farmers.

To summarize, MON 87705 was developed to improve soybean oil’s oxidative stability
profile, without the need for hydrogenation, and lower the saturated fat content of the oil.
Due to the compositional improvement in MON 87705 soybean oil, MON 87705 could
expand the food market applicability of soybean oil, without contributing further to
known dietary health risks or sacrificing food flavor. Similarly, MON 87705 soybean oil
could also serve as an improved source for industrial and biofuel products.
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I.C. Gene Suppression of FATB and FAD2 and Resulting Fatty Acid Composition
of the Seed

Suppression of FATB and FAD2 RNAs in soybean decreases saturated fats (16:0
palmitic acid and 18:0 stearic acid), increases oleic acid (18:1), and decreases linoleic
acid (18:2).

The improved fatty acid profile in MON 87705 soybean oil is achieved through the use of
endogenous soybean (Glycine max L.) gene segments configured to suppress FATB and
FAD?2 gene expression. MON 87705 contains FATBI-A and FAD2-14 gene segments
under the control of a seed promoter, limiting oil composition modification to this tissue.
The assembled gene transcript has an inverted repeat that produces double stranded RNA
(dsRNA) that, via the RNA interference (RNAi) pathway, suppresses endogenous FATB
and FAD2 gene expression, thereby producing the desired fatty acid phenotype. Acyl-
acyl carrier protein (ACP) thioesterases (referred to herein as FATB enzymes) are
localized in plastids and hydrolyze saturated fatty acids from the ACP-fatty acid moiety.
The suppression of FATB results in a decrease in the transport of the saturated fats out of
the plastid, thus retaining their availability for desaturation to 18:1 oleic acid (see Figure
I-1). Therefore, suppression of FATB decreases saturated fat content in the oil as well as
increasing oleic acid (Kinney, 1996). Subsequently, this increased amount of oleic acid
is either delivered to the oil body or endoplasmic reticulum for further desaturation
(Kinney, 1996). Delta-12 desaturases (referred to as FAD2 enzymes) desaturate 18:1
oleic acid to 18:2 linoleic acid. The suppression of FAD2 in soybean seed causes
reduced desaturation of oleic to linoleic acid thus contributing further to the increase in
oleic while reducing linoleic acid content in the oil (Dyer and Mullen, 2005). Therefore,
the overall result of the suppression of these two enzymes is a reduction in saturated 16:0
palmitic and 18:0 stearic fatty acids, an increase in monounsaturated 18:1 oleic acid, and
lower levels of polyunsaturated 18:2 linoleic acid relative to commodity soybean.

The RNA-based suppression of FATB and FAD2 soybean genes in MON 87705 is
mediated by dsRNA molecules. Double stranded RNAs are commonly found in
eukaryotes, including plants, for endogenous gene suppression and are composed of
nucleic acids. Nucleic acids have a long history of safe consumption and are considered
GRAS by the U.S. Food and Drug Administration. There is no evidence to suggest
dietary consumption of RNA is associated with toxicity or allergenicity. Moreover,
analysis of the DNA segments encoding this dsSRNA showed that they lack the sequences
required for translation initiation and protein synthesis. The production of a protein from
the dsRNA encoded by the insert in MON 87705 is highly unlikely. Several
biotechnology-derived plant products previously deregulated by APHIS were developed
using RNA-based suppression mechanisms, including virus-resistant papaya and squash,
high oleic soybean, FLAVR SAVR tomatoes, and plum trees resistant to Plum pox virus
(FDA, 1994; USDA-APHIS, 1994; USDA-APHIS, 1997; USDA-APHIS, 2006; USDA-
APHIS, 2007). Based on this information, it is concluded that the inserted DNA and
resulting dsRNA are safe and unlikely to produce a protein or polypeptide. As a result,
the RN A-based suppression technology used in MON 87705 poses no novel risks from a
food, feed or environmental perspective.
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To examine suppression of the RNA levels of the endogenous FAD?2-14 and FATBI-A
genes, immature seed” at stage R5/6 were subjected to northern blot analyses and
compared to a conventional control® that has a genetic background similar to the test
substance. The details of the materials and methods are described in Appendix J.

To confirm the outcome of gene suppression on the seed fatty acid profile of
MON 87705, fatty acid analysis was performed on MON 87705 compared to a
conventional control. This analysis indicates the impact of the suppression of FATB and
FAD2 genes on fatty acid profiles. The details of the full compositional analyses of
MON 87705 are in Section VII, and the materials and methods for these analyses are
described in Appendix E from Section VII.

Northern blot analysis of FAD2-14 RNA level in MON 87705 confirms suppression.

PolyA enriched RNA (PolyA+ RNA) isolated from approximately 50 ug total RNA from
immature seed was resolved on a formaldehyde/agarose gel, blotted, and hybridized to
the FAD2-1A probe (Figure I-2A). Approximately 200 pg of the FAD2-1A probe
template was loaded on the gel to serve as a positive control, and the probe template
produced a hybridization signal at approximately 0.4 kb (Figure I-2A, lane 9).
Approximately 50 pg of actin probe template was loaded on the gel to serve as a negative
control and, as expected, there is no hybridization signal produced (Figure I-2A, lane 10).
The detection of the probe template hybridization control demonstrates that the probe is
hybridizing only to the target DNA sequence.

PolyA+ RNA from each of four replicates of the conventional soybean control immature
seeds (Figure I-2A, lanes 1, 3, 5, and 7) produced a strong hybridization signal at
approximately 1.5 kb which is the expected size of the FAD2-1A4 transcript, whereas
polyA+ RNA isolated from each of the four replicates of MON 87705 immature seeds
(Figure I-2A, lanes 2, 4, 6, and 8) produced a very faint hybridization signal of
approximately 1.5 kb at a greatly reduced level relative to the conventional control RNA.
There were faint, nonspecific hybridization signals observed at approximately 1.7 kb, 3.2
kb, and 3.6 kb, which were detected in both the conventional soybean control and
MON 87705. These data show a reduction in the levels of detectable FAD2-14 RNA in
MON 87705 compared to conventional soybean.

In order to confirm that the reduced F4D2-14 RNA levels in MON 87705 was not due to
a reduced RNA loading on the gel or poor RNA quality, the FAD2-1A hybridization
signal was removed and the blot was re-hybridized with the actin probe (Figure I-2B).
The approximately 50 pg of actin probe template that was loaded on the gel as a positive
hybridization control showed a band at approximately 0.9 kb (Figure I-2B, lane 10).
There is a faint band at approximately 1.8 kb, which most likely resulted from
dimerization of the actin probe template. In lane 9, there is a band at approximately 0.4
kb, which likely results from the incomplete removal of the FAD2-1A probe template.

? For studies presented throughout this petition referring to the use of MON 87705, conventional control, or reference
material seed, the term “seed” refers to the harvested seed.

3 For studies presented throughout this petition comparing MON 87705 to the conventional control, the conventional
control was a nontransgenic parental soybean with genetics similar to MON 87705, but lacked the introduced traits
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There is no hybridization signal with the actin probe at approximately 0.9 kb, as expected
from a negative control (Figure I-2B, lane 9). The detection of the actin probe template
hybridization control demonstrates that the probe is hybridizing only to the target DNA
sequence.

PolyA+ RNA from conventional (Figure [-2B, lanes 1, 3, 5, and 7) and MON 87705
immature seeds (Figure I-2B, lanes 2, 4, 6, and 8) showed a strong hybridization signal at
approximately 1.6 kb, which is expected for the actin transcript. The hybridization
signals from conventional soybean and MON 87705 immature seeds have similar
intensities, indicating that the RNA loading, RNA quality, and hybridization between
conventional and MON 87705 are similar. Therefore, the difference in the FAD2-1A
hybridization signals between conventional and MON 87705 reflects a large decrease in
FAD2-14 RNA level.

Northern blot analysis of FATBI-A RNA level in MON 87705 confirms suppression.

PolyA+ RNA isolated from approximately 100 ug total RNA from immature seed was
resolved on a formaldehyde/agarose gel, blotted, and hybridized to the FATBI1-A probe
(Figure I-3A). Approximately 10 pg of the FATBI1-A probe template was loaded on the
gel to serve as a positive control. As expected, the probe template produced a
hybridization signal at approximately 0.4 kb (Figure [-3A, lane 9). Approximately 50 pg
of the actin probe template was loaded on the gel to serve as a negative control and, as
expected, there is no signal produced (Figure I-3A, lanel0). The detection of the
FATBI-A probe template hybridization control demonstrates that the probe is
hybridizing only to the target DNA sequence.

PolyA+ RNA from four replicates of the immature seeds from conventional soybean
(Figure I-3A, lanes 1, 3, 5, and 7) produced a strong hybridization signal at
approximately 1.8 kb, which is expected for the FATBI-A transcript, whereas polyA+
RNA isolated from four replicates of MON 87705 immature seeds (Figure I-3A, lanes 2,
4, 6, and 8) also produced a hybridization signal of approximately 1.8 kb, but at a much
reduced level. In addition, there was a hybridization signal at approximately 1.5 kb,
which was not present in the conventional soybean control. The approximately 1.5 kb
signal is likely a degraded FATBI-A transcript. These data indicate a reduction in the
RNA levels of the FATB1-A in MON 87705 compared to conventional soybean.

In order to confirm that the difference in the hybridization of the FATB1-A probe in
MON 87705 is not due to a reduced RNA loading on the gel or poor RNA quality, the
FATBI1-A hybridization signal was removed and the blot re-hybridized with the actin
probe after stripping (Figure I-3B). The approximately 50 pg of actin probe template that
was loaded on the gel as a positive control showed a band at approximately 0.9 kb
(Figure I-3B, lane 10). The FATBI1-A probe template did not produce any signal, as
expected from a negative control (Figure I-3B, lane 9). The detection of the actin probe
template control demonstrates that the probe is hybridizing only to the target DNA
sequence.

PolyA+ RNA from the conventional soybean control (Figure I-3B, lanes 1, 3, 5, and 7)
and MON 87705 immature seed (Figure [-3B, lanes 2, 4, 6, and 8) showed a strong
hybridization band at approximately 1.6 kb, which is expected for the actin transcript and
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the intensity of the bands are similar between the conventional control and MON 87705.
These data indicate that the RNA loading, RNA quality, and hybridization between
conventional soybean and MON 87705 are similar. Therefore the difference in the
FATBI-A hybridization signals between conventional and MON 87705 reflects the
difference in FATB1-A RNA level.

Fatty Acid Composition of MON 87705shows predicted phenotype.

An assessment of the seed fatty acid profile collected from five field sites in Chile during
2007/2008 demonstrates MON 87705 has the intended fatty acid changes. MON 87705
had a decrease in saturated fats (from 15.33% to 5.67% FA: 16:0 palmitic acid plus 18:0
stearic acid), an increase in oleic acid (from 22.81% to 76.47% FA), and a decrease in
linoleic acid (from 52.86% to 10.10% FA). Statistically significant differences reflecting
intended seed fatty acid changes were observed in the combined-site analysis (Table I-1)
and at each individual site (Appendix E).

Conclusion

The suppression of FATB in soybean seed decreases both of the major saturated fatty
acids (16:0 palmitic acid and 18:0 stearic acid), and suppression of FAD?2 in soybean
seeds increases oleic acid (18:1) and subsequently decreases linoleic acid (18:2) in
soybean oil (Dyer and Mullen, 2005). MON 87705 northern blot data confirms the
suppression of endogenous FAD2-14 and FATBI-A RNAs. MON 87705 seed
composition data demonstrates that suppression of these endogenous RNAs produces the
intended alteration in fatty acid profile, which is a lower level of saturated fats (16:0
palmitic acid and 18:0 stearic acid), a higher level of oleic acid (18:1), and an associated
lower level of linoleic acid (18:2).
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Figure I-1. Schematic of the Soybean Fatty Acid Biosynthetic Pathway
> indicates suppression of endogenous FATB and FADZ2 in MON 87705 seeds
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Figure I-2. Northern Blot Analysis of FAD2-14 RNA Level in MON 87705

Panel A and Panel B are the same northern blot containing polyA+ RNA isolated from
stage R5/6 immature seed tissue. Panel A is hybridized with the FAD2-1A probe. Panel B
is hybridized with the actin probe after removal of the FAD2-1A signal. Arrow heads
indicate FAD2-1A hybridization signals and stars indicate the actin hybridization signal.
Lane designations are as follows:

Lane Conventional control (PolyA+ RNA replicate 1)
MON 87705 (PolyA+ RNA replicate 1)
Conventional control (PolyA+ RNA replicate 2)
MON 87705 (PolyA+ RNA replicate 2)
Conventional control (PolyA+ RNA replicate 3)
MON 87705 (PolyA+ RNA replicate 3)
Conventional control (PolyA+ RNA replicate 4)
MON 87705 (PolyA+ RNA replicate 4)

: FAD2-1A probe template (200 pg)

10 Actin probe template (50 pg)

AR AR AR A S

~ Symbol denotes size of RNA, in base pairs, obtained from MW markers on ethidium stained
gel.
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Figure I-3. Northern Blot Analysis of FATBI-A RNA Level in MON 87705

Panel A and Panel B is the same northern blot containing polyA+ RNA isolated from
stage R5/6 immature seed tissue. Panel A is hybridized with the FATB1-A probe. Panel
B is hybridized with the actin probe after removal of the FATB1-A signal. Arrow heads
indicate FATB1-A hybridization signals and stars indicate the actin hybridization signal.
Lane designations are as follows:

Lane Conventional control (PolyA+ RNA replicate 1)
MON 87705 (PolyA+ RNA replicate 1)
Conventional control (PolyA+ RNA replicate 2)
MON 87705 (PolyA+ RNA replicate 2)
Conventional control (PolyA+ RNA replicate 3)
MON 87705 (PolyA+ RNA replicate 3)
Conventional control (PolyA+ RNA replicate 4)
MON 87705 (PolyA+ RNA replicate 4)

: FATBI1-A probe template (10 pg)

10 Actin probe template (50 pg)

SR A S

— Symbol denotes size of RNA, in base pairs, obtained from MW markers on ethidium stained
gel
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Table I-1. Summary of Product Concept Fatty Acid Levels for Test (MON 87705)
vs. the Conventional Control (A3525) and Commercial Tolerance Interval

MON 87705 A3525 Commercial
Mean Mean Tolerance
Component (Units) [Range] [Range] Interval'

Statistical Differences Observed in Combined-Site Analysis Seed Fatty Acid

(% Total FA)

16:0 Palmitic 2.36 10.83 [7.62,12.55]
[2.25-2.44] [10.51—-11.08]

18:0 Stearic 3.31 4.50 [2.87, 7.15]
[3.07-3.82] [4.24 —4.85]

18:1 Oleic 76.47 22.81 [18.40, 30.22]
[73.13-79.17] [21.41 —25.08]

18:2 Linoleic 10.10 52.86 [47.75, 56.46]
[7.85-12.42] [51.68 —53.89]
'With 95% confidence, interval contains 99% of the values expressed in the population of
commercial soybean varieties

L.D. Submissions to Other Regulatory Agencies

Under the Coordinated Framework for Regulation of Biotechnology, the responsibility
for regulatory oversight of biotechnology-derived crops that do not include plant-
incorporated protectants falls on two federal agencies: FDA and USDA. Deregulation of
MON 87705 by USDA constitutes only one component of the overall regulatory
oversight and review of this product. As a practical matter, MON 87705 cannot be
released and marketed until FDA and USDA have completed their reviews and
assessments under their respective jurisdictions.

Submission to FDA

MON 87705 falls within the scope of the 1992 U.S. Food and Drug Administration’s
(FDA) policy statement concerning regulation of products derived from new plant
varieties, including those developed through biotechnology (FDA, 1992). In compliance
with this policy, Monsanto will initiate a consultation with the FDA on the food and feed
safety and nutritional assessment summary for MON 87705.

Submissions to Foreign Government Agencies

To support commercial introduction of MON 87705 in the U.S., regulatory submissions
will be made to countries that import significant quantities of soybean or its processed
fractions from the U.S. and have established regulatory approval processes in place.
These will include submissions to a number of foreign government regulatory authorities,
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including: Ministry of Agriculture, People’s Republic of China; Japan’s Ministry of
Agriculture, Forestry, and Fisheries (MAFF) and the Ministry of Health, Labor, and
Welfare (MHLW); the Canadian Food Inspection Agency (CFIA) and Health Canada; the
Intersectoral Commission for Biosafety of Genetically Modified Organisms
(CIBIOGEM), Mexico; the European Food Safety Authority (EFSA); and the 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.
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II. THE SOYBEAN FAMILY

This section summarizes the taxonomy, biology, and use of soybean based on: 1) the
consensus document for Glycine max (L.) Merr. prepared by the Organization for
Economic Co-operation and Development (OECD, 2000; OECD, 2001), and 2) a
summary prepared by USDA-APHIS (2006) and a biology document published by
Canadian Food Inspection Agency-Plant Biosafety Office (CFIA, 1996).

ILLA. Soybean as a Crop

Soybean is the most prevalently grown oilseed in the world, with approximately 222.1
million metric tons (MMT) of harvested seed produced in 2007, which represented 56%
of world oilseed seed production that year (ASA, 2008; Soyatech, 2008). Soybean is
grown as a commercial crop in over 35 countries. The major producers of soybean are
the U.S., Brazil, Argentina, China, and India, which accounted for approximately 91% of
the global soybean production in 2007 (Soyatech, 2008); also see Table II 1.
Approximately one-third of the 2007 world soybean production was produced in the U.S.
(Soyatech, 2008). The soybean produced in China and India are primarily for domestic
use, while a significant portion of soybean produced in U.S., Brazil, and Argentina is
traded globally in the form of soybean harvested seed, soybean meal, or soybean oil.
Globally, the U.S. was the largest soybean seed export country, while Argentina led the
soybean meal and soybean oil export markets in 2007 (ASA, 2008; Soyatech, 2008).

Table II-1.  World Soybean Production in 2007/2008

Country Production (million metric tons)
U.S. 71.4

Brazil 61.0

Argentina 47.0

China 15.6

Other 8.9

India 7.9

Paraguay 6.2

Canada 3.1

EU 1.0

Source: Soya and Oilseed Bluebook (Soyatech, 2008).

Approximately 50% of the world soybean seed supply was crushed to produce soybean
meal and oil in 2007 (ASA, 2008; Soyatech, 2008), and the majority was used to supply
the feed industry for livestock use or the food industry for edible vegetable oil and
soybean protein isolates. Another 34% of the world soybean seed supply was traded to
other geographies, with China, EU, Japan, and Mexico being the top soybean seed import
geographies (ASA, 2008). The remainder of the soybean seed produced was used as
certified seed, feed, or stocks.

Soybean is used in various food products, including tofu, soybean sauce, soymilk, energy
bars, and meat products. A major food use for soybean is purified oil, for use in
margarines, shortenings, cooking, and salad oils. Soybean oil generally has a smaller
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contribution to soybean’s overall value compared to soybean meal because the oil
constitutes just 18 to 19% of the soybean's weight. Nonetheless, soybean oil accounted
for approximately 30% of all the vegetable oils consumed globally, and was the second
largest source of vegetable oil worldwide, slightly behind palm oil at approximately 32%
share (Soyatech, 2008).

Soybean meal is used as a supplement in feed rations for livestock. Soybean meal is the
most valuable component obtained from processing the soybean, accounting for roughly
50-75% of its overall value. By far, soybean meal is the world's most important protein
feed, accounting for nearly 69% of world protein meal supplies (ASA, 2008). Industrial
uses of soybean range from a carbon/nitrogen source in the production of yeasts via
fermentation to the manufacture of soaps, inks, paints, disinfectants, and biodiesel.
Industrial uses of soybean have been summarized by Cahoon (2003) and the American
Soybean Association (ASA, 2008).

Global soybean plantings reached 90.8 million hectares in 2007/08, an 8.9% increase
over the previous four years, with an average of 82.3 million hectares planted from
2002/03 to 2007/08 (Soyatech, 2008). Soybean production has realized, on average, a
6.2% annual growth between 1995/96 to 2006/07. Increased planting flexibility,
increased yield from narrow-row seeding practices, a higher rate of corn-soybean
rotations, and low production costs favored expansion of soybean areas in the mid-1990s,
and the expanded areas tended to be concentrated where soybean yields were highest.

IL.LB. History of Soybean

Domestication of soybean is thought to have taken place in China during the Shang
dynasty (approximately 1500 to 1027 B.C.) or earlier (Hymowitz, 1970). However,
historical and geographical evidence only could be traced back to the Zhou dynasty (1027
to 221 B.C.) where the soybean was utilized as a domesticated crop in the northeastern
part of China. By the first century A.D., the soybean probably reached Central and
Southern China as well as peninsular Korea. The movement of soybean germplasms was
probably associated with the development and consolidation of territories and the
degeneration of Chinese dynasties (Ho, 1969; Hymowitz, 1970).

From the first century A.D. to approximately the 15th and 16th centuries, soybean was
introduced into several countries, with land races eventually developing in Japan,
Indonesia, Philippines, Vietnam, Thailand, Malaysia, Myanmar, Nepal, and Northern
India. The movement of soybean throughout this period was due to the establishment of
sea and land trade routes, the migration of certain tribes from China, and the rapid
acceptance of seeds as a staple food by other cultures (Hymowitz and Newell, 1981;
Hymowitz et al., 1990).

Starting in the late 16th century and throughout the 17th century, soybean was used by
the Europeans, and in the 17th century, soybean sauce was a common item of trade from
the East to the West.

Soybean was introduced into North America in the 18th century. In 1851, soybean was
introduced in Illinois and subsequently throughout the Corn Belt. In 1853, soybean seed
were deposited at the New York State Agricultural Society, the Massachusetts
Horticultural Society, and the Commissioner of Patents. The two societies and the
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Commissioner of Patents sent soybean seed to dozens of growers throughout the U.S.
Soybean has been cultivated extensively and improved through conventional breeding
following its introduction in the U.S. and subsequently has become a key source of
nutrients for food and feed use in the U.S. (Hymowitz and Singh, 1987).

II.C. Taxonomy and Phylogenetics of Soybean

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

Family: Leguminosae

Subfamily: Papilionoideae

Tribe: Phaseoleae

Genus: Glycine

Subgenus: Soja (Moench) F.J. Herm.

Species: max

The genus Glycine Willd. is of Asian and Australian origin and is divided into two
subgenera, Glycine and Soja (Moench) F.J. Herm. The subgenus G/ycine consists of 22
wild perennial species, which are indigenous to Australia, West, Central and South
Pacific Islands, China, Russia, Japan, Indonesia, Korea, Papua New Guinea, the
Philippines, and Taiwan (Hymowitz, 2004). The subgenus Soja includes the cultivated
soybean, G. max (L.) Merr. and its wild annual relatives from Asia, G. soja Sieb. and
Zucc. The list of species in the genus Glycine Willd. is presented in Table 11-2.
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Table II-2. List of Species in the Genus Glycine Willd., 2n Chromosome Number,
Genome Symbol, and Distribution

Genus 2n  Genome' Distribution

Subgenus Glycine

1. G. albicans Tind. & Craven 40 11 Australia
2. G. aphyonota B. Pfeil 40 -* Australia
3.  G. arenaria Tind. 40 HH Australia
4. G. argyrea Tind. 40 A2A2 Australia
5.  G. canescens F.J. Herm. 40 AA Australia
6. G. clandestina Wendl. 40 AlA1l Australia
7.  G. curvata Tind. 40 Ci1C1 Australia
8.  G. c¢yrtoloba Tind. 40 CC Australia
9.  G. dolichocarpa Tateishi and Ohashi 80  -- (Taiwan)
10. G. falcate Benth. 40 FF Australia
11.  G. hirticaulis Tind. & Craven 40 HIH1 Australia

80 - Australia
12.  G. lactovirens Tind. & Craven. 40 1111 Australia
13. G. latifolia (Benth.) Newell & 40 BI1BI1 Australia

Hymowitz

14. G. latrobeana (meissn.) Benth. 40 A3A3 Australia
15. G. microphylla (Benth.) Tind. 40 BB Australia
16. G. peratosa B. Pfeil & Tind. 40 - Australia
17. G. pindanica Tind. & Craven 40 H3H2 Australia
18.  G. pullenii B. Pfeil, Tind. & Craven 40  -- Australia
19. G. rubiginosa Tind. & B. Pfeil 40 - Australia
20. G. stenophita B. Pfeil & Tind. 40 B3B3 Australia
21. G. tabacina (Labill.) Benth. 40 B2B2 Australia

80 Complex®  Australia, West Central and

South Pacific Islands

22.  G. tomentella Hayata 38 EE Australia

40 DD Australia, Papua New Guinea
78  Complex*  Australia, Papua New Guinea
80 Cornplex5 Australia, Papua New Guinea,

Indonesia, Philippines, Taiwan
Subgenus Soja (Moench) F.J. Herm.

23. G. soja Sieb. & Zucc. 40 GG China, Russia, Taiwan, Japan,
Korea (Wild Soybean)
24. G. max (L.) Merr. 40 GG Cultigen (Soybean)

! Genomically similar species carry the same letter symbols.

* Genome designation has not been assigned to the species.

3 Allopolyploids (A and B genomes) and segmental allopolyploids (B genomes).
* Allopolyploids (D and E, A and E, or any other unknown combination).

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

Note: Table is adapted from Hymowitz (2004).

Glycine soja grows wild in China, Japan, Korea, the Russian Far East, and Taiwan, and is
commonly found in fields, hedgerows, roadsides, and riverbanks (Lu, 2004). The plant is
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an annual, slender in build with narrow trifoliolate leaves. The purple or very rarely
white flowers are inserted on short, slender racemes. The pods are short and tawny with
hirsute pubescence, producing oval-oblong seeds (Hermann, 1962).

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

A third and unofficial species named G. gracilis is also described within the context of
the Soja subgenus in addition to G. soja and G. max. The G. gracilis is known only from
Northeast China, is intermediate in morphology between G. max and G. soja, and is
sometimes considered a variant of G. max. The three species in the Soja subgenus can
cross-pollinate, and the hybrid seed can germinate normally and subsequently produce
fertile pollen and seed (Singh and Hymowitz, 1989). The taxonomic position of G.
gracilis has been an area of debate, and neither ILDIS (International Legume Database
and Information Service) nor USDA-GRIN (USDA Germplasm Resources Information
Network) recognizes G. gracilis as a distinct species. The wild and weedy relatives (G.
soja and G. gracilis) of soybean do not occur in the U.S., and, therefore, are not likely to
contribute to the potential for outcrossing (USDA-APHIS, 2006).

IL.D. The Genetics of Soybean

Glycine is the only genus in the tribe Phaseoleae where species have diploid chromosome
numbers of 40 and 80, but not 20 (Lackey, 1981). The unique chromosome number of
Glycine is probably derived from diploid ancestors with base number of 11. The
ancestral species have undergone aneuploid reduction (loss of a specific chromosome),
which is prevalent throughout the Papilionoideae, to a base number of 10 chromosomes
(Lackey, 1981). Tetraploidization (2n = 2x = 40) through autopolyploidy or
allopolyploidy of the progenitor species occurred either prior to or after dissemination
from the ancestral region. The path of migration from a common progenitor is assumed
by (Singh et al., 2001) as: wild perennial (2n = 4x = 40, unknown or extinct) to wild
annual (2n = 4x = 40; G. soja) to soybean (2n = 4x = 40; G. max). Soybean should be
regarded as a stable tetraploid with diploidized genome (Gurley, 1979; Lee and Verma,
1984; Skorupska, 1989).

ILLE. Pollination of Cultivated Soybean

Soybean is a self-pollinated species, propagated by seed (OECD, 2000). The
papilionaceous flower consists of a tubular calyx of five sepals, a corolla of five petals,
one pistil, and nine fused stamens with a single separate posterior stamen. The stamens
form a ring at the base of the stigma and elongate one day before pollination, at which
time the elevated anthers form a ring around the stigma (OECD, 2000). The soybean
flower stigma is receptive to pollen approximately 24 hours before anthesis and remains
receptive for 48 hours after anthesis. The anthers mature in the bud and directly pollinate
the stigma of the same flower. As a result, soybean is considered to be a highly self-
pollinated species, with cross-pollination to adjacent plants of other soybean varieties
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occurring at very low frequency (0 to 6.3%) in adjacent plants (Caviness, 1966; Ray et
al., 2003; Yoshimura et al., 2006). Pollination typically takes place on the day the flower
opens. The pollen naturally comes in contact with the stigma during the process of
anthesis. Anthesis normally occurs in late morning, depending on the environmental
conditions. The pollen usually remains viable for two to four hours, and no viable pollen
can be detected by late afternoon. Natural or artificial cross-pollination can only take
place during the short time when the pollen is viable.

ILLF. Cultivated Soybean as a Volunteer

Cultivated soybean plants are annuals, and they reproduce solely by means of seeds.
Volunteer soybean in rotational crops is typically not a concern in most environments
where soybean is cultivated (CFIA, 1996; OECD, 2000). Soybean seed rarely exhibit
any dormancy characteristics, and seed remaining in the field after harvest likely will
readily imbibe water (Lersten and Carlson, 2004), germinate, and will be killed by frost
or field cultivation. If they did become established, volunteer plants would not compete
well with the succeeding crop, and could be controlled readily by either mechanical or
chemical means (OECD, 2000).

II.G. Characteristics of the Recipient Plant

The soybean variety used as the recipient for the DNA insertion to create MON 87705
was A3525, a nontransgenic conventional variety developed by Asgrow Seed Company.
A3525 is a mid-maturity Group III soybean variety with very high yield potential. It has
superior yields relative to lines of similar maturity and has excellent agronomic
characteristics (Steffen, 2004).

ILH. Soybean as a Test System in Product Safety Assessment

In developing the data to support the safety assessment of MON 87705, A3525 was used
as the nontransgenic conventional soybean comparator. In general, the genetic
background of MON 87705 was matched with that of the control so the effect of the
genetic insertion and the presence of the CP4 EPSPS protein could be assessed in an
unbiased manner. Since MON 87705 was derived from the A3525 conventional variety,
it was deemed appropriate to use the nontransformed A3525 as the control variety
because its use would minimize the potential bias in subsequent comparative
assessments. In addition, commercial conventional and Roundup Ready soybean (40-3-
2) varieties were used as reference materials to establish ranges of responses or values
representative of commercial soybean varieties. The reference varieties used at each
location were selected based on their availability and agronomic fit (Appendix F and
Table F-1).
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III.  DESCRIPTION OF THE TRANSFORMATION SYSTEM

MON 87705 was developed through Agrobacterium-mediated transformation of soybean
meristem tissue using the double-border, binary vector PV-GMPQ/HT4404 (Section IV,
Figure IV-1). The vector, PV-GMPQ/HT4404, contains both the left and right border
sequences flanking the transfer DNA (T-DNA) to facilitate transformation.

This vector, PV-GMPQ/HT4404, is approximately 13.1 kb and contains two T-DNAs,
each delineated by left and right border regions. The first T-DNA, designated T-DNA 1,
contains a cp4 epsps expression cassette and a partial suppression cassette. The cp4
epsps expression cassette is under the regulation of FMV/Tsf1 chimeric promoter and E£9
polyadenylation sequence. The partial suppression cassette in T-DNA 1 contains the
sense segments of the F4D2-14 intron and FATBI-A 5' UTR, including the chloroplast
targeting sequence, that are under the regulation of the seed 7Sa' promoter. The second
T-DNA, designated T-DNA II, contains a partial suppression cassette that consists of the
antisense segments of FAD2-14 intron and FATBI-A 5' UTR, which is flanked by the H6
untranslated sequence. During plant transformation, the two T-DNAs co-integrated at
one locus in the soybean genome, creating a DNA insert that contains a cp4 epsps cassette
and a single FAD2-14 and FATBI-A suppression cassette.

The Agrobacterium-mediated soybean transformation to produce MON 87705 was based
on the method described by Martinell et al. (2002), which allows the generation of
transformed plants without utilization of callus. Briefly, meristem tissues were excised
from the embryos of germinated A3525 seed. After co-culturing with Agrobacterium
carrying the vector, the meristems were placed on selection medium containing
glyphosate to inhibit the growth of untransformed plant cells, as well as carbenicillin and
Claforan to inhibit excess Agrobacterium. The meristems were then placed in media
conducive to shoot and root development, and only rooted plants with normal phenotypic
characteristics were selected and transferred to soil for growth and further assessment.

The Ry plants generated through this transformation were self-pollinated, and the
subsequent R; plants were screened for the zygosity of inserted gene. Only the R, plants
that were homozygous for the insertion, as determined by quantitative PCR, and
produced seeds with the desired fatty acid composition were advanced for development.
Their progeny were subjected to further phenotypic assessments. MON 87705 was
selected as the lead event based on superior phenotypic characteristics, agronomics, and
molecular profile. Regulatory studies on MON 87705 were initiated to further
characterize the genetic insertion and the expressed protein, and to establish the food,
feed, and environmental safety relative to conventional soybean. The major steps
involving the development of MON 87705 are depicted in Figure III-1.
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Assembled Agrobacterium binary plasmid vector
PV-GMPQ/HT4404 in E. coli and translerred to
Agrobacterium tumefaciens, strain AB1

v

Translormed A3525, a non-transgenic soybean variety,
meristem tissue with the vector PV-GMPQ/HT44(04 using

Agrobacterium tumefaciens

'

Selected glyphosate-tolerant transformants and generated
rootcd shoots from the transformed meristem tissucs

'

Evaluated the transformed plants for the presence of the
transgene and insertion and the resulting R1 seeds for total
latty acid composition

'

Selected homozygous plants via quantitative PCR and
screened for desired fatty acid composition

'

Identified MON 87705 as lead event based on analysis of
the genomic insert and evaluation of progeny generations
in laboratory and field studies

Figure III-1. Schematic of the Development of MON 87705
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IV.  GENETIC ELEMENTS

This section describes the vector, the donor genes and the regulatory elements used in the
development of MON 87705 and the deduced amino acid sequence of the CP4 EPSPS
protein produced in MON 87705. In this section, 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. The suppression cassette refers to the sequences and regulatory
elements necessary for the suppression of the endogenous FAD2 and FATB RNA
transcripts.

IV.A. Vector GMPQ/HT4404

The PV-GMPQ/HT4404 vector used for the transformation of soybean to produce
MON 87705 is shown in Figure IV-1 and its elements described in Table IV-1. This
vector is approximately 13.1 kb and contains two T-DNAs, each delineated by left and
right border regions. T-DNA I contains a cp4 epsps expression cassette and a partial
suppression cassette. The cp4 epsps expression cassette is under the regulation of
FMV/Tsfl chimeric promoter and E9 polyadenylation sequence. The partial suppression
cassette in T-DNA I contains the sense segments of the FAD2-14 intron and FATBI-4 5'
UTR, including the chloroplast targeting sequence, which are under the regulation of the
seed 7Sa' promoter. T-DNA II contains a partial suppression cassette, which consists of
the antisense segment of FAD2-14 intron and FATBI1-A 5' UTR that is flanked by the H6
untranslated sequence. During plant transformation, a portion of the plants that were
generated contained the two T-DNAs co-integrated at one locus in the soybean genome
creating a DNA insert that contains a cp4 epsps cassette and a single FAD2-14 and
FATBI-A suppression cassette.

The vector backbone region outside of the T-DNA contains two origins of replication for
maintenance of plasmid in bacteria (OR-oriV, OR-ori-PBR322), a bacterial selectable
marker gene (aadA), and a coding sequence for repressor of primer protein for
maintenance of plasmid copy number in E. coli (rop). A description of the genetic
elements and their prefixes (e.g., P-, L-, I, TS-, OR-, B-, CS-, and T-) in
PV-GMPQ/HT4404 is provided in Table IV-1.

IV.B. The cp4 epsps Coding Sequence and the CP4 EPSPS Protein (T-DNA 1)

The cp4 epsps gene expression cassette is present in MON 87705. The cp4 epsps coding
sequence encodes a 47.6 kDa CP4 EPSPS protein consisting of a single polypeptide of
455 amino acids (Padgette et al., 1996b). The cp4 epsps gene expression cassette was
used as a selectable marker during the transformation to produce MON 87705. The CP4
EPSPS protein is similar and functionally identical to endogenous plant EPSPS enzymes,
but has a much reduced affinity for glyphosate, the active ingredient in Roundup
herbicides, relative to endogenous plant EPSPS (Padgette et al., 1996a). The CP4 EPSPS
protein confers resistance to glyphosate and has been used safely and successfully in
many Roundup Ready crops, such as canola, corn, cotton, soybean, and sugar beet. The
deduced CP4 EPSPS protein full-length amino acid sequence is shown in Figure IV-3.
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IV.C. The FAD2-14 and FATBI-A segments Sequence (T-DNA I and II)

MON 87705 contains a partial sequence of the soybean (Glycine max) FAD2-14 gene
and FATB1-A gene. The FAD2-1A4 and FATBI-A gene segments are comprised of ~ 0.6
kb of sequence from the FADZ2-14 intron and the FATBI-A 5' UTR, and form the
MON 87705 suppression cassette. This suppression cassette expresses an inverted repeat
of the FAD2-14 and FATBI-A gene segments. The assembled gene transcript has an
inverted repeat that produces double stranded RNA (dsRNA) that, via the RNA
interference (RNA1) pathway, suppresses endogenous FATB and FAD2 RNA, and,
ultimately, an improved fatty acid composition in the seed.

IV.D. Regulatory Sequences

The cp4 epsps coding sequence that is located in T-DNA 1, is under the regulation of the
FMV/Tsf1 promoter, the TsfI leader and intron, the CTP2 targeting sequence and the E£9
3' untranslated sequence. The FMV/Tsf1 is a chimeric promoter consisting of enhancer
sequences from the promoter of the Figwort Mosaic virus 35S RNA (Richins et al., 1987)
combined with the promoter from the 7sf1 gene of Arabidopsis thaliana that encodes
elongation factor EF-1 alpha (Axelos et al., 1989). The T’sf1 leader is the 5’ untranslated
region from the Arabidopsis thaliana Tsfl gene (Axelos et al, 1989) that encodes the
elongation factor EF-1 alpha. The CTP2 targeting sequence is the sequence encoding the
transit peptide from the ShkG gene of Arabidopsis thaliana (Klee et al., 1987) and is
present to direct the CP4 EPSPS protein to the chloroplast. The £9 3" untranslated region
is the 3' untranslated sequence from the RbcS2 gene of Pisum sativum (Coruzzi et al.,
1984) and is present to direct polyadenylation of the cp4 epsps transcript.

Also located in T-DNA I is a partial suppression cassette with a portion of the FAD2-14
intron and a portion of the FATBI-4A 5' UTR, including the plastid targeting sequence
under the regulation of the Glycine max 7Sa’ seed storage gene promoter (designated
Sphas 1) which drives expression in immature seeds (Doyle et al., 1986).

T-DNA II contains another partial suppression cassette with the FAD2-14 and FATBI-A
gene segments followed by the H6 3' untranslated sequence. The H6 3' untranslated
region is from the Gossypium barbadense cotton fiber gene and is present to terminate
transcription (John and Keller, 1995).

IV.E. T-DNA Borders

Plasmid PV-GMPQ/HT4404 contains right border and left border regions (Figure V-1
and Table IV-1) that were derived from Agrobacterium tumefaciens plasmids (Barker et
al., 1983; Zambryski et al., 1982). The border regions each contain a 24-25 bp nick site
that is the site of DNA exchange during transformation. The border regions delineate the
T-DNA and are involved in their efficient transfer into the soybean genome. Because
PV-GMPQ/HT4404 is a two T-DNA vector, it contains two right border regions and two
left border regions, where one set flank T-DNA 1 and the other set flank T-DNA II (see
description above).
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IV.F. Genetic Elements Outside of the T-DNA Borders

Genetic elements that exist outside of the T-DNA borders are those that are essential for
the maintenance and selection of the vector PV-GMPQ/HT4404 in bacteria. The origin
of replication OR-ori V is required for the maintenance of the plasmid in Agrobacterium
(Stalker et al., 1981) and is derived from the broad host plasmid RK2. The origin of
replication OR-ori.pBR322 is required for the maintenance of the plasmid in E. coli and
is derived from the plasmid pBR322 (Sutcliffe, 1979). CS-rop is the coding sequence of
the repressor of primer (ROP) protein and is necessary for the maintenance of plasmid
copy number in E. coli (Giza and Huang, 1989). The selectable marker aadA is a
bacterial promoter and coding sequence for an enzyme from transposon Tn7 that confers
spectinomycin and streptomycin resistance (Fling et al., 1985) in E. coli and
Agrobacterium during molecular cloning. Because these elements are outside the border
regions, they are not expected to be transferred into the soybean genome. The absence of
the backbone sequence in MON 87705 has been confirmed by Southern blot analyses
(see Section V.B.).
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Xhol 13088 - [~ FAD2-14°
FATBIA4P

P-7Sa’
Spel 12631

T-DNAI

B-Right Border

aadA

\/ OR-ori.pBR322

PV-GMPQ/HT4404

13088 bp

B-Left Border

OR-oriV
B-Right Border -

T-H6

T-DNAII
Total Length

DNA Probe Start Position Stop Position (~kb)
1 T-DNA I Probe 1A 7657 9406 1.8
2 T-DNA I Probe 2B 9270 10042 0.8
3 T-DNA I Probe 3C 9943 11325 1.4
4 T-DNA I Probe 4D 11151 160 2.1
5 T-DNA I Probe 5E 13080 973 1.0
6 T-DNA II Probe 1A 5570 6693 1.1

Figure IV-1. Circular Map of Plasmid PV-GMPQ/HT4404 showing probes 1-6
Plasmid PV-GMPQ/HT4404 containing the T-DNAs used in Agrobacterium-mediated
transformation to produce MON 87705. Genetic elements (depicted in the exterior of the
map) and restriction sites for enzymes used in Southern analyses (with positions relative
to the size of the plasmid vector) are shown on the exterior of the map. The T-DNA I and
T-DNA II probes used in the Southern analyses (labeled 1-6 within the interior of the
map) are detailed in the accompanying table.
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Xho 13088 - [ FAD2-147

, FATBIA
T-DNAI P-750" 4
Spel 12631

B-Right Border

OR-oripBR322

B-Left Border J
OR-ori V
B-Right Border —

B-Left Border

FATBI1A? FAD2-14P

T-DNAII

Total Length
DNA Probe Start Position Stop Position (~kb)
7 Backbone Probe 1 974 2280 1.3
8 Backbone Probe 2 2140 4080 1.9
9 Backbone Probe 3 3631 5127 1.5
10 Backbone Probe 4 7025 7656 0.6

Figure IV-2 Plasmid Map of Vector PV-GMPQ/HT4404 Showing Probes 7-10
Plasmid PV-GMPQ/HT4404 containing the T-DNAs used in Agrobacterium-mediated
transformation to produce MON 87705. Genetic elements (depicted in the exterior of the
map) and restriction sites for enzymes used in Southern analyses (with positions relative
to the size of the plasmid vector) are shown on the exterior of the map. The backbone
probes used in the Southern analyses (labeled 7-10 within the interior of the map) are
detailed in the accompanying table.
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Table IV-1. Summary of Genetic Elements in Plasmid Vector PV- GMPQ/HT4404

Genetic Element

Location in
Plasmid

Function (Reference)

T-DNA I

B!-Left Border

7657 — 8098

DNA region from Agrobacterium tumefaciens
containing the left border sequence used for
transfer of the T-DNA (Barker et al., 1983)

Intervening Sequence

8099 — 8134

Sequence used in DNA cloning

P-FMV/Tsf1

8135-9174

Chimeric promoter consisting of enhancer sequences
from the promoter of the Figwort Mosaic virus 35S
RNA (Richins et al., 1987) combined with the
promoter from the T'sf1 gene of Arabidopsis thaliana
that encodes elongation factor EF-1alpha (Axelos et
al., 1989)

L-Tsf1

9175 - 9220

5' untranslated leader (exon 1) from the
Tsf1 gene of Arabidopsis thaliana that encodes
elongation factor EF-1 alpha (Axelos et al., 1989)

I*-Tsf1

9221 — 9842

Intron with flanking exon sequence from the Tsf7
gene of Arabidopsis thaliana that encodes
elongation factor EF-1alpha (Axelos et al., 1989)

Intervening Sequence

9843 — 9851

Sequence used in DNA cloning

TS-CTP2

9852 — 10079

Targeting sequence from the ShkG gene encoding
the transit peptide region of Arabidopsis thaliana
EPSPS (Klee et al., 1987) that directs transport of
the CP4 EPSPS protein to the chloroplast

CS®-cp4 epsps

10080 —11447

Codon modified coding sequence of the aro4 gene
from the Agrobacterium sp. strain CP4 encoding
the CP4 EPSPS protein (Barry et al., 1997;
Padgette et al., 1996a)

Intervening Sequence

11448 — 11505

Sequence used in DNA cloning

T-E9

11506 — 12148

3" untranslated region of the pea RbcS2 gene
which functions to direct polyadenylation of the
mRNA (Coruzzi et al., 1984)

Intervening Sequence

12149 — 12236

Sequence used in DNA cloning

P-7Sa’

12237 - 13077

Promoter and leader from the Sphas1 gene of
Glycine max encoding beta-conglycinin storage
protein (alpha'-besp) (Doyle et al., 1986) that
directs transcription in seed

B! — Border; P? — Promoter; L'~ Leader; I — Intron; TS’ — Targeting Sequence; CS® — Coding Sequence;
T’ — 3' untranslated transcriptional termination sequence and polyadenylation signal sequences;
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Table IV-1 (cont.).

GMPQ/HT4404

Summary of Genetic Elements in Plasmid Vector PV-

Intervening Sequence

13078 — 11

Sequence used in DNA cloning

FAD2-147

12 -277

Partial sequence from intron #1 of the Glycine max
FAD2-1A4 gene that encodes the delta-12
desaturase (Fillatti et al., 2003) which forms part
of the suppression cassette

FATBI-A"

278 — 578

Partial sequence from the 5' untranslated region
and the plastid targeting sequence from Glycine
max FATBI1-A gene that encodes the palmitoyl
acyl carrier protein thioesterase (Fillatti et al.,
2003) which forms part of the suppression cassette

Intervening Sequence

579 -616

Sequence used in DNA cloning

B-Right Border

617 -973

DNA region from Agrobacterium tumefaciens
containing the right border sequence used for
transfer of the T-DNA (Zambryski et al., 1982)

Vector Backbone

Intervening Sequence

974 - 1109

Sequence used in DNA cloning

aadA

1110 —1998

Promoter, coding sequence, and 3' UTR for an
aminoglycoside-modifying enzyme, 3"(9)-O-
nucleotidyltransferase from the transposon Tn7
(Fling et al., 1985) that confers spectinomycin and
streptomycin resistance

Intervening Sequence

1999 — 2528

Sequence used in DNA cloning

OR®-ori-pBR322

2529 - 3117

Origin of replication from pBR322 for
maintenance of plasmid in E. coli (Sutcliffe, 1979)

Intervening Sequence

3118 —3544

Sequence used in DNA cloning

CS-rop

3545 - 3736

Coding sequence for repressor of primer protein
from the ColE1 plasmid for maintenance of
plasmid copy number in E. coli (Giza and Huang,
1989)

Intervening Sequence

3737 -5127

Sequence used in DNA cloning

T-DNA II

B-Left Border

5128 — 5569

DNA region from Agrobacterium tumefaciens
containing the left border sequence used for transfer
of the T-DNA (Barker et al., 1983)

P _ Partial sequence; OR® — Origin of Replication.
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Table IV-1 (cont.).
GMPQ/HT4404

Summary of Genetic Elements in Plasmid Vector PV-

Intervening Sequence

5570 — 5667

Sequence used in DNA cloning

T-Hé6

5668 — 6103

3' UTR sequence of the H6 gene from Gossypium
barbadense encoding a fiber protein involved in
secondary cell wall assembly (John and Keller,
1995)

Intervening Sequence

6104 - 6115

Sequence used in DNA cloning

FAD2-14°

6116 — 6381

Partial sequence from intron #1 of the Glycine max
FAD2-14 gene that encodes the delta-12 desaturase
(Fillatti et al., 2003) which forms part of the
suppression cassette

FATBI1-47

6382 — 6682

Partial sequence from the 5' untranslated region and
the plastid targeting sequence from Glycine max
FATBI-A gene that encodes the palmitoyl acyl
carrier protein thioesterase (Fillatti et al., 2003)
which forms part of the suppression cassette

Intervening Sequence

6683 — 6693

Sequence used in DNA cloning

B-Right Border

6694 — 7024

DNA region from Agrobacterium tumefaciens
containing the right border sequence used for transfer
of the T-DNA (Zambryski et al., 1982)

Vector Backbone

Intervening Sequence

7025 - 7173

Sequence used in DNA cloning

OR-ori V

7174 - 7570

Origin of replication from the broad host range
plasmid RK2 for maintenance of plasmid in
Agrobacterium (Stalker et al., 1981).

Intervening Sequence

7571 - 7656

Sequence used in DNA cloning

MLHG ASSRPATARK SSGLSGTVRI
DTWIIDGVGN GGLLAPEAPL DFGNAATGCR
TLRGPKTPTP 1TYRVPMASA QVKSAVLLAG
TGQVIDVPGD PSSTAFPLVA ALLVPGSDVT
TVPEDRAPSM IDEYPILAVA AAFAEGATVM
GAAVATHLDH RIAMSFLVMG LVSENPVTVD

PGDKSISHRS FMFGGLASGE TRITGLLEGE DVINTGKAMQ AMGARIRKEG
LTMGLVGVYD FDSTFIGDAS LTKRPMGRVL NPLREMGVQV KSEDGDRLPV
LNTPGITTVI EPIMTRDHTE KMLQGFGANL TVETDADGVR TIRLEGRGKL
ILNVLMNPTR TGLILTLQEM GADIEVINPR LAGGEDVADL RVRSSTLKGV
NGLEELRVKE SDRLSAVANG LKLNGVDCDE GETSLVVRGR PDGKGLGNAS
DATMIATSFP EFMDLMAGLG AKIELSDTKA A

Figure IV-3. Deduced Amino Acid Sequence of the Mature CP4 EPSPS Protein in

PV-GMPQ/HT4404

The amino acid sequence of the CP4 EPSPS protein was deduced from the full-length
coding nucleotide sequence present in vector PV-GMPV/HT4404.
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V. GENETIC ANALYSIS

A multi-faceted approach was taken to characterize the genetic modification made to
produce MON 87705. The results confirm that MON 87705 contains a single insert that
is stably integrated and is inherited according to Mendelian principles over multiple
generations. These conclusions were based on several lines of evidence: 1) Southern blot
analyses to assay the entire soybean genome for the presence of DNA derived from the
transformation plasmid PV-GMPQ/HT4404, and to confirm that a single copy of the cp4
epsps expression cassette and the FAD2-14 and FATBI-A suppression cassette was
inserted 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 allow a comparison to
the T-DNA sequence in the transformation vector to confirm that only the expected
sequences were integrated; and 3) a comparison of the genomic DNA flanking the insert
to the sequence of the insertion site in conventional soybean to identify any
rearrangements that occurred at the insertion site during transformation. Taken together,
the characterization of the genetic modification demonstrates that a single copy of the T-
DNA was inserted at a single locus of the genome.

Southern blot analyses were used to determine the number of copies and the insertion
sites of the integrated DNA as well as the presence or absence of plasmid backbone
sequence. The Southern blot strategy was designed to ensure that all potential transgenic
segments would have been identified. The entire soybean genome was assayed with
probes that spanned the complete transformation plasmid to detect the presence of the
insertion as well as confirm the absence of any backbone sequence. This was
accomplished by using probes that were less than 2 kb in length ensuring a high level of
sensitivity. This high level of sensitivity was demonstrated for each blot by detection of a
positive control added at the equivalent of 1/10™ of a genome. Two restriction enzyme
sets were specifically chosen to independently confirm the presence of the insert. This
two enzyme design also maximizes the possibility of detecting an insertion elsewhere in
the genome which could be missed 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’ or 3’ flanking sequence and that together the enzyme sets
result in overlapping segments covering the entire insert. Therefore, at least one segment
for each flank is of a predictable size and overlaps with another predictable size segment.
This overlapping strategy confirms that the entire insert sequence is identified in a
predictable hybridization pattern.

The results of these analyses of MON 87705 show that a single copy of the T-DNA is
inserted at a single locus of the genome. Generational stability analysis demonstrated
that an expected Southern blot fingerprint of MON 87705 has been maintained through
four generations of the breeding history, thereby confirming the stability of the insert.
Results from segregation analyses show heritability and stability of the insert occurred as
expected across multiple generations, which corroborates the molecular insert stability
analysis and establishes the genetic behavior of the DNA insert at a single chromosomal
locus.

For each digest used to confirm copy number there were duplicated samples that
consisted of equal amounts of digested DNA. One set of samples was run for a longer
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period of time (long run) than the 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. For estimating the sizes of bands present in the long run
lanes of Southern blots, the molecular weight markers on the left of the figure were used.
For estimating the sizes of bands present in the short run lanes, the molecular weight
markers on the right of the figure were used.

The DNA sequencing analyses complement the Southern analyses. Southern analyses
determined that MON 87705 contains T-DNA I and T-DNA Il-derived sequences at a
single insertion site. Sequencing of the insert and the flanking genomic DNA confirmed
the organization of the elements within the insert, determined the 5' and 3' insert-to-plant
junctions, determined the complete DNA sequence of the insert and adjacent soybean
genomic DNA, and confirmed that the genomic DNA sequences flanking the 5' and 3'
ends of the insert in MON 87705 are native to the soybean genome. Each genetic element
is intact and the sequence of the insert matches the corresponding sequence in
PV-GMPQ/HT4404. In addition, genomic rearrangements at the insertion site were
assessed by comparing the insert and flanking sequence to the insertion site in
conventional soybean.

The stability of the DNA insert across multiple generations (R3-R6) was also
demonstrated by Southern blot fingerprint analyses. Four generations of MON 87705
were digested with one of the enzyme sets used for the copy number analysis and were
hybridized with probes that would detect restriction segments that encompass the entire
insert (two hybridization bands). This fingerprint strategy consists of two border
segments that assess not only the stability of the insert, but also the stability of genomic
DNA directly adjacent to the insert.

The Southern blot analysis confirmed the insert reported in Figure V-1 represents the
only detectable insert in MON 87705. The genetic elements integrated in MON 87705
are summarized in Table V-2. Maps of plasmid vector PV-GMPQ/HT4404, used in the
transformation to produce MON 87705 and annotated with the probes used in the
Southern analysis are presented in Figures IV-1 and IV-2. Figure V-1 shows a linear map
depicting restriction sites within the insert as well as within the known soybean genomic
DNA immediately flanking the insert in MON 87705. Based on the linear map of the
insert and the plasmid map, a table summarizing the expected DNA segments for
Southern analyses is presented in Table V-1. In some of the Southern blots, the
migration of the genomic DNA is slightly different when compared to the migration of
the molecular weight markers. These altered migrations are likely the result of different
base pair composition and/or differences in salt concentration between the genomic DNA
samples and the molecular weight marker (Sambrook, 1989). The generations used in
these studies are depicted in the breeding history shown in Figure V-7. Materials and
methods used for characterization of the insert for MON 87705 are found in Appendix B.
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Figure V-1. Schematic Representation of the Insert and Genomic Flanking Sequences in MON 87705

A linear map of the insert and genomic DNA flanking the insert in MON 87705 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. Shown on the lower portion of the map are the expected sizes of the DNA segments after digestion with respective
restriction enzymes. Arrowheads (— ) indicate the end of the insert and the beginning of soybean genomic flanking sequence. The
arrows (—) indicated the sequence direction of the elements in MON 87705. The * indicates partial sequences from the Left Border
and Right Border sequences after integration into MON 87705 (Table V-2). Base pairs 906-3279 in the 5’ flanking genomic DNA,

and 10535-12908 in the 3’ flanking genomic DNA represent duplicated bases from the 3’ end of the flanking soybean genomic DNA
(see Section V.C).
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Table V-1.

Summary Chart of the Expected DNA Segments Based on Hybridizing Probes and Restriction Enzymes Used in

MON 87705 Analysis
Southern blot
) V-2 V-3 V-4 V-5 V-6 V-8
Figure
Probes Used in 1.4,6 2.5 3 7,9 8, 10 1,6
Analysis
Positive Hybridization Controls
Xho 1+ Neo I Digested <32, ~9.9 kb ~3.2,~9.9 kb 32 kb ~9.9 kb 9.9 kb ~9.9 kb

Plasmid
Probe Templates ! ~1.8,~2.1,and ~1.1 kb ~0.8 and ~1.0 kb 2 ~1.3 and ~1.5kb ~1.9 and ~0.6 kb ~1.8 and ~1.1 kb
MON 87705 DNA Digestion
Nco 1 ~4.0 and ~5.7 kb ~4.0 and ~5.7 kb ~5.7kb No band No band ~4.0 and ~5.7 kb
Spe 1 >8.1" and ~5.0kb >8.1" and ~5.0kb >8.1" kb No band No band o

! probe templates were added to predigested conventional soybean DNA when multiple probes are used in Southern blot analysis.

2
3 ‘__7

“Southern analysis indicates this segment to be ~ 11 kb.
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Table V-2. Summary of Genetic Elements in MON 87705

Location in

Genetic Element’ Sequence2 Function (Reference)
Unique 5' flanking
sequence of the insert 1-905 Soybean genomic DNA
Sequence flanking 5' end 2374 bp of soybean genomic DNA duplicated from
of the insert 906-3279 the 3' end of the flanking sequence of the insert
259 bp sequence from the B-Left Border region
B’-Left Border 3280 — 3538 remaining after integration (Barker et al., 1983)
Intervening Sequence 3539 -3574 Sequence used in DNA cloning
Chimeric promoter consisting of enhancer
sequences from the promoter of the Figwort Mosaic
virus 35S RNA (Richins et al., 1987) combined
with the promoter from the 7sf7 gene of
Arabidopsis thaliana that encodes elongation factor
P*-FMV/Tsf1 3575 -4614 | EF-1 alpha (Axelos et al., 1989)
5" untranslated leader (exon 1) from the
Tsf1 gene of Arabidopsis thaliana that encodes
L’-Tsf1 4615 — 4660 elongation factor EF-1 alpha (Axelos et al., 1989)
Intron with flanking exon sequence from the 7sf7
gene of Arabidopsis thaliana that encodes
1°-Tsf1 4661 — 5282 | elongation factor EF-1 alpha (Axelos et al., 1989)
Intervening Sequence 5283 — 5291 Sequence used in DNA cloning
Targeting sequence from the ShkG gene encoding
the transit peptide region of Arabidopsis thaliana
EPSPS (Klee et al., 1987) that directs transport of
TS’-CTP2 5292 — 5519 | the CP4 EPSPS protein to the chloroplast
Codon modified coding sequence of the aroA4 gene
from the Agrobacterium sp. strain CP4 encoding
the CP4 EPSPS protein (Barry et al., 1997;
CS*-cp4 epsps 5520 — 6887 Padgette et al., 1996¢)
Intervening Sequence 6888 — 6945 Sequence used in DNA cloning

B — Border; P* — Promoter; L’ — Leader; I° — Intron; TS’ — Targeting Sequence; CS® — Coding Sequence;
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Table V-2 (cont.)

Summary of Genetic Elements in MON 87705

Genetic Element

Location in
Sequence

Function (Reference)

T°-E9

6946 — 7588

3' untranslated region of the pea RbcS2 gene which
functions to direct polyadenylation of the mRNA
(Coruzzi et al., 1984)

Intervening Sequence

7589 — 7676

Sequence used in DNA cloning

P-7Sa’

7677 — 8517

Promoter and leader from the Sphas! gene of
Glycine max encoding beta-conglycinin storage
protein (alpha'-bcsp) (Doyle et al., 1986) that
directs transcription in seed

Intervening Sequence

8518 — 8539

Sequence used in DNA cloning

FAD2-14°

8540 — 8805

Partial sequence from intron #1 of the Glycine max
FAD2-14 gene that encodes the delta-12
desaturase (Fillatti et al., 2003) which forms part
of the suppression cassette

FATBI1-4"

8806 - 9106

Partial sequence from the 5' untranslated region
and the plastid targeting sequence from Glycine
max FATBI1-A gene that encodes the palmitoyl
acyl carrier protein thioesterase (Fillatti et al.,
2003) which forms part of the suppression cassette

Intervening Sequence

9107-9114

Sequence used in DNA cloning

B-Right Border

9115-9134

20 bp sequence from the B-Right Border region
remaining after integration (Zambryski et al.,
1982)

B-Left Border

9135-9172

38 bp sequence from the B-Left Border region
remaining after integration (Barker et al., 1983)

FATBI-A"

9173 — 9443

Partial sequence from the 5' untranslated region
and the plastid targeting sequence from Glycine
max FATBI-A gene that encodes the palmitoyl
acyl carrier protein thioesterase (Fillatti et al.,
2003) which forms part of the suppression cassette

FAD2-14"

9444 — 9709

Partial sequence from intron #1 of the Glycine max
FADZ2-1A4 gene that encodes the delta-12
desaturase (Fillatti et al., 2003) which forms part
of the suppression cassette

Intervening Sequence

9710 - 9721

Sequence used in DNA cloning

T’ — 3' untranslated transcriptional termination sequence and polyadenylation signal sequences; ” — Partial
sequence; ©’ — Truncated partial sequence of FATBI-A.
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Table V-2 (cont.) Summary of Genetic Elements in MON 87705

Location in

Genetic Element Sequence Function (Reference)

3' UTR sequence of the H6 gene from Gossypium
barbadense encoding a fiber protein involved in
secondary cell wall assembly (John and Keller,

T-H6 9722 - 10157 | 1995)
Intervening Sequence 10158 —10255 | Sequence used in DNA cloning
275 bp sequence from the B-Left Border region
B-Left Border 10256 - 10530 | remaining after integration (Adang et al., 1985)
Soybean genomic DNA including the 2374 bases
Sequence flanking 3' end duplicated at the 5' end of the flanking sequence
of the insert 10531 — 12908 | of the insert

Unique 3' flanking
sequence of the insert 12909 — 13243 | Soybean genomic DNA

V.A. Copy Number of T-DNA I and T-DNA II in MON 87705

The copy number and insertion sites of T-DNA I and T-DNA II were assessed by
digesting test DNA with restriction enzymes Nco 1 or Spe 1 and hybridizing Southern
blots with probes that span T-DNA I and T-DNA II (Figures IV-1 and IV-2). Each
restriction digest is expected to produce a specific banding pattern on the Southern blots
(Table V-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 Nco 1 cuts once in the MON 87705 insert and once in each of the
known 5' and 3' flanking sequences of MON 87705. Therefore, if T-DNA I and
T-DNA II sequences are present at a single integration site in MON 87705, the digestion
with Nco I was expected to generate two border segments with expected sizes of ~4.0 kb
and ~5.7 kb (Figure V-1). The ~4.0 kb restriction segment contains genomic DNA
flanking the 5' end of the insert, the Left Border, the FMV/TsfI1 promoter, the 7sf1 leader,
and the 7sf1 intron. The ~5.7 kb restriction segment contains the CTP2 targeting
sequence, cp4 epsps coding sequence, £9 3' untranslated sequence, 7Sa’ promoter, FAD?2-
14 and FATBI-A sense sequences, partial sequences of Right Border and Left Border,
FATBI-A and FAD2-1A4 antisense sequences, H6 3' untranslated sequence, Left Border
and genomic DNA flanking the 3' end of the insert.

The restriction enzyme Spe I cuts once in the MON 87705 insert and once in the known
3' flanking sequence of MON 87705. Therefore, if T-DNA I and T-DNA II sequences
are present at a single integration site in MON 87705 digestion with Spe I is expected to
release two border segments with expected sizes of ~5.0 kb and greater than 8.1 kb
(Figure V-1). Since the Spe I site in the soybean genome flanking the 5' end of the insert
lies outside of the known sequence, it was not possible to predict a precise segment size.
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However, the segment size was determined by Southern blot analyses to be ~11 kb
(Figures V-2, V-3, and V-4). The ~11 kb DNA segment contains genomic DNA flanking
the 5' end of the insert, Left Border, FMV/Tsf1 promoter, TsfI leader, TsfI intron, CTP2
targeting sequence, cp4 epsps coding sequence, E9 3' untranslated sequence, and a
portion of 7Sa' promoter. The ~5.0 kb restriction segment contains the remaining portion
of the 7Sa' promoter, FAD2-14 and FATBI-A sense sequences, partial sequences of
Right Border and Left Border, FATBI-A and FADZ2-1A4 antisense sequences, H6 3'
untranslated sequence, Left Border and genomic DNA flanking the 3' end of the insert.

In the Southern blot analyses performed, each Southern blot contained a negative and
several positive controls. Conventional soybean DNA digested with Nco I or Spe 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, digested plasmid and
probe templates were used. Plasmid PV-GMPQ/HT4404 digested with a combination of
Xho 1 and Nco 1 was mixed with predigested conventional soybean genomic DNA and
loaded on the gel. For Southern blots hybridized with multiple probes, each probe
template was mixed with predigested conventional soybean 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 probe sets: Probes 1, 4, and 6; Probes 2 and 5; Probe 3; Probes 7 and
9; and Probes 8 and 10 (refer to Figures IV-1 and 2 and Table V-1). The results of this
analysis are shown in Figures V-2 through V-6.

V.A.1. Probes 1,4 and 6

Conventional soybean DNA digested with Nco I (Figure V-2, lanes 1 and 8) or Spel
(Figure V-2, lanes 3 and 10) and hybridized with the probes 1, 4, and 6 (Figure IV-1)
produced several hybridization signals. These hybridization signals result from the
probes (Probes 1, 4, and 6, Figure IV-1) hybridizing to endogenous sequences residing in
the soybean genome and are not specific to the inserted DNA. These results were
expected, because several genetic elements covered by probes 1, 4 and 6 are native to the
soybean genome. These signals, as expected, were produced in both test and
conventional soybean lanes, and therefore the bands are considered to be endogenous
background hybridization.

Probe template spikes (Probes 1, 4 and 6, Figure IV-1) generated from plasmid
PV-GMPQ/HT4404 were mixed with the conventional soybean DNA predigested with
Spe 1 and produced the expected bands at ~1.8, ~2.1, and ~1.1 kb, respectively, (Figure
V-2, lanes 5-6) in addition to the endogenous background hybridization observed in the
conventional soybean DNA (Figure V-2, lane 10). Plasmid PV-GMPQ/HT4404 digested
with a combination of XA#o I and Nco 1 and mixed with conventional soybean DNA
predigested with Spe I (Figure V-2, lane 7) produced the expected size bands of ~3.2 and
~9.9 kb (refer to Figure V-1) in addition to the endogenous background hybridization
observed in the conventional soybean DNA (Figure V-2, lane 10). These results indicate
that the probes are hybridizing to their target sequences.

MON 87705 DNA digested with Nco I (Figure V-2, lanes 2 and 9) produced two unique
bands of ~4.0 and ~5.7 kb in addition to the endogenous background hybridization
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observed in the conventional soybean DNA (Figure V-2, lanes 1 and 8). The ~4.0 kb
band is the expected size for the border segment containing the 5' end of the inserted
DNA (T-DNA I) along with the adjacent genomic DNA flanking the 5' end of the insert
(Figure V-1). The ~5.7 kb band is the expected size for the border segment containing
the 3' end of the inserted DNA (T-DNA I and II) along with the adjacent genomic DNA
flanking the 3' end of the insert (Figure V-1).

MON 87705 DNA digested with Spe I (Figure V-2, lanes 4 and 11) produced two unique
bands of ~5.0 and ~11 kb, in addition to the endogenous background hybridization
observed in the conventional soybean DNA (Figure V-2, lanes 3 and 10). The ~11 kb
segment is consistent with the expected band being greater than 8.1 kb. This band in the
short run appears slightly larger, at ~13 kb, than the corresponding band in the long run.
This border segment contains the 5' end of the inserted DNA (T-DNA 1) along with the
adjacent genomic DNA flanking the 5' end of the insert (Figure V-1). The ~5.0 kb band
(Figure V-2, lane 4) is consistent with the expected band of 5.0 kb; however, the
migration of the segment is slightly higher at ~5.2 kb in the short run (Figure V-2,
lane 11) as indicated by the molecular weight marker. The ~5.0 kb band is the expected
size for the border segment containing the 3' end of the inserted DNA (T-DNA I and II)
along with the adjacent genomic DNA flanking the 3' end of the insert (Figure V-1).

There were no additional bands detected using the probes 1, 4, and 6. Based on the
results presented in Figure V-2, it was concluded that T-DNA sequences covered by
probes 1, 4, and 6 reside at a single integration locus in MON 87705.

V.A.2. Probes 2 and 5

Conventional soybean DNA digested with Nco 1 (Figure V-3, lanes 1 and 8) or Spel
(Figure V-3, lanes 3 and 10) and hybridized with probes 2 and 5 (Figure IV-1) produced
several hybridization signals. These hybridization signals result from the probes (Probes
2 and 5, Figure IV-1) hybridizing to endogenous sequences residing in the soybean
genome and are not specific to the inserted DNA. These results were expected, because
several genetic elements covered by probes 2 and 5 are native to the soybean genome.
These signals, as expected, were produced in both test and conventional soybean lanes,
and therefore the bands are considered to be endogenous background.

Probe template spikes (Probes 2 and 5, Figure IV-1) generated from plasmid
PV-GMPQ/HT4404 mixed with the conventional soybean DNA predigested with Spe |
produced the expected bands at ~0.8 and ~1.0 kb (Figure V-3, lanes 5-6) in addition to
the endogenous background hybridization observed in the conventional soybean DNA
(Figure V-3, lane 10). Plasmid PV-GMPQ/HT4404 digested with a combination of XAo [
and Nco I and mixed with conventional soybean DNA predigested with Spe 1 (Figure V-
3, lane 7) produced the expected size bands of ~3.2 and ~9.9 kb (refer to Figure V-1) in
addition to the endogenous background hybridization observed in the conventional
soybean DNA (Figure V-3, lane 10). These results indicate that the probes are
hybridizing to their target sequences.

MON 87705 DNA digested with Nco I (Figure V-3, lanes 2 and 9) produced two unique
bands of ~4.0 and ~5.7 kb (Figure V-3, lanes 1 and 8). The ~4.0 kb band is the expected
size for the border segment containing the 5' end of the inserted DNA (T-DNA I) along
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with the adjacent genomic DNA flanking the 5' end of the insert (Figure V-1). The ~5.7
kb band is the expected size for the border segment containing the 3' end of the inserted
DNA (T-DNA I and T-DNA II) along with the adjacent genomic DNA flanking the 3'
end of the insert (Figure V-1).

MON 87705 DNA digested with Spe I (Figure V-3, lanes 4 and 11) produced two unique
bands of ~5.0 and ~11 kb (Figure V-3, lanes 3 and 10). The ~11 kb segment is consistent
with the expected band being greater than 8.1 kb and with the ~11 kb segment seen with
probes 1, 4, and 6 (Figure V-2, lanes 4 and 11). The ~11 kb band is the expected size for
the border segment containing the 5' end of the inserted DNA (T-DNA I) along with the
adjacent genomic DNA flanking the 5' end of the insert (Figure V-1). The ~5.0 kb border
segment contains the 3' end of the inserted DNA (T-DNA I and T-DNA II) along with the
adjacent genomic DNA flanking the 3' end of the insert (Figure V-1). There were no
additional bands detected using probes 2 and 5. Based on the results presented in Figure
V-3, it was concluded that sequence covered by probes 2 and 5 resides at a single
integration locus in MON 87705.

V.A.3. Probe 3

Conventional soybean DNA digested with Nco 1 (Figure V-4, lanes 1 and 7) or Spel
(Figure V-4, lanes 3 and 9) and hybridized with probe 3 (Figure 1V-1) showed no
detectable hybridization bands, as expected for the negative control.

Plasmid PV-GMPQ/HT4404 digested with a combination of X%o I and Nco I and mixed
with conventional soybean DNA predigested with Spe I (Figure V-4, lanes 5-6) produced
the expected size band of ~3.2 kb (refer to Figure V-1). This hybridization indicates that
the probe is hybridizing to its target sequence.

MON 87705 DNA digested with Nco I (Figure V-4, lanes 2 and 8) produced the expected
band of ~5.7 kb. The ~5.7 kb band is the expected size for the border segment containing
the 3' end of the inserted DNA (T-DNA I and T-DNA II) along with the adjacent
genomic DNA flanking the 3' end of the insert (Figure V-1).

MON 87705 DNA digested with Spe I (Figure V-4, lanes 4 and 10) produced the
expected band of ~11 kb. The ~11 kb band is consistent with the expected band being
greater than 8.1 kb and with the ~11 kb segment seen in Figures V-2 and 3 (lanes 4 and
11). The ~11 kb band represents the border segment containing the 5' end of the inserted
DNA (T-DNA 1) along with the adjacent genomic DNA flanking the 5' end of the insert
(Figure V-1).

There were no additional bands detected using probe 3. Based on the results presented in
Figure V-4, it was concluded that sequence covered by probe 3 resides at a single
detectable integration locus in MON 87705.

Taken together, the data presented in Figures V-2, V-3, and V-4 indicate that a single
copy of the T-DNA I and T-DNA II sequences integrated into the soybean genome at a
single detectable site in MON 87705.
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Figure V-2. Southern Blot Analysis of MON 87705: Probes 1, 4, and 6
The blot was hybridized with **P-labeled probes that span a portion of T-DNA I and T-DNA II sequences
(probes 1, 4, and 6, Figure IV-1). Each lane contains ~10 pg of digested genomic DNA isolated from leaf
tissue. Lane designations are as follows:
Lane : Conventional soybean (Nco I)
MON 87705 (Nco 1)
Conventional soybean (Spe I)
MON 87705 (Spe I)
Conventional soybean (Spe I) spiked with probe templates [~0.1 genomic equivalent]
Conventional soybean (Spe I) spiked with probe templates [~1 genomic equivalent]
Conventional soybean (Spe I) spiked with PV-GMPQ/HT4404 (Xho I/Nco 1) [~1 genomic equivalent]
Conventional soybean (Nco I)
: MON 87705 (Nco 1)

10 Conventional soybean (Spe I)

11: MON 87705 (Spe 1)
— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium stained gel.
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Figure V-3. Southern Blot Analysis of MON 87705: Probes 2 and 5

The blot was hybridized with **P-labeled probes that span a portion of T-DNA I sequences (probes 2 and 5,
Figure IV-1). Each lane contains ~10 pg of digested genomic DNA isolated from leaf tissue. Lane
designations are as follows:

Lane 1: Conventional soybean (Nco I)

MON 87705 (Nco 1)

Conventional soybean (Spe I)

MON 87705 (Spe I)

Conventional soybean (Spe I) spiked with probe templates [~0.1 genomic equivalent]
Conventional soybean (Spe I) spiked with probe templates [~1 genomic equivalent]
Conventional soybean (Spe I) spiked with PV-GMPQ/HT4404 (Xho I/Nco 1) [~1 genomic equivalent]
Conventional soybean (Nco I)

: MON 87705 (Nco 1)

10 Conventional soybean (Spe I)

11: MON 87705 (Spe 1)

—  Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium stained gel.
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Figure V-4. Southern Blot Analysis of of MON 87705: Probe 3
The blot was hybridized with a **P-labeled probe that span a portion T-DNA I sequences (probe 3, Figure

IV-1). Each lane contains ~10 pg of digested genomic DNA isolated from leaf tissue. Lane designations
are as follows:

Lane 1:

9:
10:

Conventional soybean (Nco I)
MON 87705 (Nco 1)
Conventional soybean (Spe I)
MON 87705 (Spe I)
Conventional soybean (Spe I) spiked with PV-GMPQ/HT4404 (Xho I/Nco 1) [~0.1 genomic equivalent]
Conventional soybean (Spe I) spiked with PV-GMPQ/HT4404 (Xho I/Nco 1) [~1 genomic equivalent]
Conventional soybean (Nco I)
MON 87705 (Nco 1)
Conventional soybean (Spe I)
MON 87705 (Spe I)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium stained gel.
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V.B. Southern Blot Analysis to Determine the Presence or Absence of Plasmid
PV-GMPQ/HT4404 Backbone

MON 87705 and conventional soybean genomic DNA were digested with the restriction
enzymes Nco I or Spel. Probe template spikes (probes 7-10, Figure IV-2) generated
from plasmid PV-GMPQ/HT4404 were mixed with the predigested conventional soybean
genomic DNA to serve as positive hybridization controls. Additionally, plasmid
PV-GMPQ/HT4404 DNA previously digested with the combination of XAo I and Nco |
was mixed with conventional soybean DNA digested with Spe I and loaded on the gel to
serve as a positive hybridization control. The blots were hybridized with probes 7-10
(Figure 1V-2) that covered the entire backbone sequence of PV-GMPQ/HT4404. If
backbone sequences are present in MON 87705, then probing with backbone sequence
should result in unique hybridizing bands. The results are shown in Figures V-5 and V-6.

V.B.1. Plasmid Backbone Probes 7 and 9

Conventional soybean DNA digested with the restriction enzyme Nco I (Figure V-5,
lanes 1 and 8) or Spe I (Figure V-5, lanes 3 and 10) and hybridized with probes 7 and 9
(Figure 1V-2) showed no detectable hybridization bands, as expected for the negative
control.

Probe template spikes (Probes 7 and 9, Figure IV-2) generated from plasmid
PV-GMPQ/HT4404 and mixed with conventional soybean DNA predigested with Spe 1
produced the expected bands at ~1.3 and ~1.5 kb (Figure V-5, lanes 5 and 6). In
addition, there is an unexpected faint band at ~3.0 kb (Figure V-5, lane 6). Based on size,
this band is likely derived from dimers of the probe template (Qiagen at
www.qiagen.com). Since this extra band only is present in the positive control and is not
present in the conventional or MON 87705 DNA, it was concluded that the presence of
this extra band did not impact or alter the final results for MON 87705. Plasmid
PV-GMPQ/HT4404 digested with XAo I/Nco 1 and mixed with conventional soybean
DNA digested with Spe I (Figure V-5, lane 7) produced an expected band that migrated at
~9.4 kb. This band is consistent with the expected band at ~9.9 kb; however, the
migration of the ~9.4 kb segments is slightly lower than indicated by molecular weight
marker most likely due to differences in salt concentrations between sample and marker.
Overall, these results indicate that the probes are hybridizing to their target sequences.

MON 87705 DNA digested with either Nco 1 (Figure V-5, lanes 2 and 9) or Spe |
(Figure V-5, lanes 4 and 11) showed no detectable hybridization signal, indicating that

MON 87705 does not contain any detectable backbone sequence from the transformation
vector PV-GMPQ/HT4404 that is covered by probes 7 and 9.

V.B.2. Plasmid Backbone Probes 8 and 10

Conventional soybean DNA digested with the restriction enzyme Nco I (Figure V-6,
lanes 1 and 8) or Spe I (Figure V-6, lanes 3 and 10) and hybridized with probes 8 and 10
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(Figure 1V-2) showed no detectable hybridization bands, as expected for the negative
control.

Probe template spikes (Probes 8 and 10, Figure IV-2) generated from plasmid
PV-GMPQ/HT4404 and mixed with conventional soybean DNA predigested with Spe [
produced two expected bands that migrated at ~0.7 and ~2.1 kb (Figure V-6, lanes 5
and 6). Plasmid PV-GMPQ/HT4404 digested with Xho 1/Nco 1 and mixed with
conventional soybean DNA digested with Spe 1 (Figure V-6, lane 7) produced an
expected band that migrated at ~9.4 kb, which is consistent with the expected band at
~9.9 kb. The migration of the positive hybridization controls (Figure V-6, lanes 5-7) is
slightly different than indicated by the molecular weight marker, most likely due to
differences in salt concentrations between samples and markers. Overall, these results
indicate that these probes are hybridizing to their control sequences.

MON 87705 DNA digested with either Nco I (Figure V-6, lanes 2 and 9) or Spe |
(Figure V-6, lanes 4 and 11) showed no detectable hybridization signal. These results in
combination with Figure V-5 indicate that MON 87705 does not contain any detectable
backbone sequence from the transformation vector PV-GMPQ/HT4404.

Monsanto Company 09-SY-201U Page 73 of 471



LONG RUN SHORT RUN

1334@67891011\\

<« 231
0
- <« 94

<« 0.0
<« 44
<« 23
<« 2.0

23.1—» I

94 —»

0.6 —» <+ (0.6

44 —»

23 —»

20 —»

Figure V-5. Southern Blot Analysis of MON 87705:PV-GMPQ/HT4404 Backbone
Probes 7 and 9
The blot was hybridized with **P-labeled probes that span a portion of backbone sequences (probes 7 and 9,
Figure IV-2) of plasmid PV-GMPQ/HT4404. Each lane contains ~10 pg of digested genomic DNA
isolated from leaf tissue. Lane designations are as follows:
Lane 1: Conventional soybean (Nco I)
MON 87705 (Nco 1)
Conventional soybean (Spe I)
MON 87705 (Spe 1)
Conventional soybean (Spe I) spiked with probe templates [~0.1 genomic equivalent]
Conventional soybean (Spe I) spiked with probe templates [~1 genomic equivalent]
Conventional soybean (Spe 1) spiked with PV-GMPQ/HT4404 (Xho 1/Nco 1) [~1 genomic equivalent]
Conventional soybean (Nco I)

9: MON 87705 (Nco 1)

10: Conventional soybean (Spe I)

11: MON 87705 (Spe 1)
— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium stained gel.
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Figure V-6. Southern Blot Analysis of MON 87705: PV-GMPQ/HT4404
Backbone Probes 8 and 10

The blot was hybridized with **P-labeled probes that span a portion of backbone sequences (probes 8 and
10, Figure IV-2) of plasmid PV-GMPQ/HT4404. Each lane contains ~10 pg of digested genomic DNA
isolated from leaf tissue. Lane designations are as follows:

Lane 1:

9:
10:
11:

Conventional soybean (Nco I)
MON 87705 (Nco 1)
Conventional soybean (Spe I)
MON 87705 (Spe 1)
Conventional soybean (Spe I) spiked with probe templates [~0.1 genomic equivalent]
Conventional soybean (Spe I) spiked with probe templates [~1 genomic equivalent]
Conventional soybean (Spe I) spiked with PV-GMPQ/HT4404 (Xho I/Nco 1) [~1 genomic equivalent]
Conventional soybean (Nco I)
MON 87705 (Nco 1)

Conventional soybean (Spe I)

MON 87705 (Spe 1)

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium stained gel.
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V.C. Organization and Sequence of the Insert and Adjacent Genomic DNA in
MON 87705

The organization of the elements within the MON 87705 insert was confirmed by DNA
sequence analyses. Several PCR primers were designed with the intent to amplify six
overlapping regions of DNA that span the entire length of the insert (see Appendix B).
The amplified DNA segments were subjected to DNA sequencing analyses. The insert in
MON 87705 is 7251 base pairs and matches the sequence of PV-GMPQ/HT4404 as
described in Tables IV-3 and V-2.

A sequence comparison between the PCR product generated from the conventional
soybean (A3525) and the sequence generated from the 5' and 3' flanking sequences of
MON 87705 indicates there was a 36 bp deletion (bases 896-931) and a 2374 bp insertion
just 5' to the MON 87705 insertion site. Given the very high homology between the
2374 bases flanking the 5° end of the insert and the genomic DNA flanking the 3’ end of
the insert, the 2374 bases are most likely from the 3' end of the flanking genomic DNA
and were duplicated at the 5' end of the insertion site when T-DNA I and T-DNA II
integrated into the genome. This duplication has the following characteristics: 1) there is
a single nucleotide change detected in the duplicated 2374 base pairs at the 5' flanking
sequence; and 2) there are four unique bases located at the junction of the insert DNA and
the 2374 bases in the 3' flanking sequence. This analysis confirms that the genomic
sequences flanking the insert in MON 87705 are native to the soybean genome and that a
36 base-pair deletion and a 2374 base pair duplication that contains a single base change
occurred at the insertion site during integration of the T-DNA sequences. These
molecular rearrangements presumably resulted from double-stranded break repair
mechanisms in the plant during the Agrobacterium-mediated transformation process
(Salomon and Puchta, 1998).

V.D. Southern Blot Analysis to Examine Insert Stability in Multiple Generations
of MON 87705

In order to demonstrate the stability of the T-DNA I and T-DNA II insert in MON 87705
in multiple generations, Southern blot analyses were performed using DNA obtained
from multiple generations of the MON 87705 breeding history. For reference, the
breeding history of MON 87705 is presented in Figure V-7. The specific generations
tested are indicated in the legends of Figure V-8. DNA samples from R3, R4, RS, and R6
generations of MON 87705 (refer to Figure V-7) were digested with Nco 1 and were
expected to release two border segments with the expected sizes of 4.0 and 5.7 kb (Figure
V-1). The detected hybridization bands in R4, RS, and R6 generations are compared to
the fully characterized MON 87705 R3 generation to evaluate stability. Any instability
associated with the insert would be detected as faint novel bands within the fingerprint on
the Southern blot. The blot was hybridized simultaneously with two radiolabeled probes
that cover both border segments generated by the digest (probes 1 and 6, Figure IV-1).
This blot has two of the same positive hybridization controls (probes 1 and 6, Figure IV-
1) as described in Section V.A.1. The result of this analysis is shown in Figure V-8.
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Conventional soybean DNA digested with Nco I and hybridized with probes 1 and 6
(Figure V-8, lane 4) showed hybridization bands. These hybridization signals result from
the probes hybridizing to endogenous targets residing in the soybean genome and are not
specific to the inserted DNA.

Probe templates spikes (Probes 1 and 6, Figure IV-1) generated from plasmid
PV-GMPQ/HT4404 and mixed with conventional soybean DNA predigested with Nco [
(Figure V-8, lanes 1 and 2) produced the expected size bands at ~1.8 and ~1.1 kb. The
detection of the probe template positive hybridization controls demonstrates that both
probes were hybridizing to the target DNA. Plasmid PV-GMPQ/HT4404 digested with a
combination of XAo I and Nco 1 and mixed with conventional soybean DNA predigested
with Nco 1 (Figure V-8, lane 3) produced the expected size band at ~9.9 kb, which
indicates that the probes are hybridizing to their corresponding sequence in the
transformation vector. This expected band at ~9.9 kb migrated together with an
endogenous hybridization signal observed in Figure V-8, lane 4.

Digestion of MON 87705 from multiple generations (refer to Breeding History of
MON 87705, Figure V-7) with restriction enzyme Nco 1 produced two bands at ~4.0 and
~5.7 kb (Figure V-8, lanes 5-8) in addition to the endogenous background hybridization
observed in the conventional soybean DNA (Figure V-8, lane 4). The ~4.0 kb band is the
expected size for the border segment containing the 5' end of the inserted DNA (T-DNA
I) along with the adjacent genomic DNA flanking the 5'end of the insert (Figure V-1).
The ~5.7 kb band is the expected size for the border segment containing the 3' end of the
inserted DNA (T-DNA I and T-DNA II) along with the adjacent genomic DNA flanking
the 3' end of the insert (Figure V-1). However, the migration of this segment appears
slightly lower than indicated by the molecular weight marker most likely due to
differences in salt concentrations between the samples and marker. This restriction
pattern is the same as the restriction pattern observed in the Southern blot analysis of the
R3 generation shown in Figure V-2 (lanes 2 and 9).

There were no additional unexpected bands detected, indicating that the single copy of
T-DNA I and T-DNA II in MON 87705 is stably maintained in the selected generations.
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Figure V-7. Breeding History of MON 87705

All generations were self pollinated (®). The R3 generation was used for the molecular
analyses of MON 87705 reported in Figures V-2 through V-6 and is referred to as

MON 87705 in all Southern blot figures. The R3, R4, R5, and R6 generations were used
for analyzing the stability of the insert in multiple generations.
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Figure V-8. Generational Stability of MON 87705: Probes 1 and 6

The blot was hybridized with **P-labeled probes that spanned a portion of T-DNA I and T-DNA II
sequences (probes 1, and 6, Figure IV-1). Each lane contains ~ 10 pg of digested genomic DNA isolated
from leaf tissue. The breeding history of MON 87705 is illustrated in Figure V-7. Lane designations are as

follows:
Lane

1: Conventional soybean (Nco 1) spiked with probe templates [~0.1 genomic equivalent]

2: Conventional soybean (Nco 1) spiked with probe templates [~1 genomic equivalent]

3: Conventional soybean (Nco 1) spiked with PV-GMPQ/HT4404 (Xho 1/Nco 1) [~1 genomic equivalent]
4:
5
6
7

Conventional soybean (Nco I)

: MON 87705 [R3, (Nco 1)]
: MON 87705 [R4, (Nco 1)]
: MON 87705 [R5, (Nco 1)]
8:

MON 87705 [R6, (Nco 1)]

— Symbol denotes size of DNA, in kilobase pairs, obtained from MW markers on ethidium stained gel.
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V.E. Inheritance of the Genetic Insert in MON 87705

During development of MON 87705 segregation data were recorded to assess the
heritability and stability of the coding sequences present in MON 87705. Chi-square
analysis was performed over several generations to confirm the segregation and stability
of the MON 87705 insertion. The Chi-square analysis is based on testing the observed
segregation ratio to the expected segregation ratio according to Mendelian principles.

The MON 87705 breeding path from which segregation data were generated is described
in Figure V-9. The transformed RO plant was self-pollinated to produce R1 seed. From
the R1 segregating population, an individual plant (#90, designated MON 87705)
homozygous for a single copy of the H6 3’UTR was identified via Invader (Wave
Technologies, Inc.) and Southern blot analysis.

The selected R1 MON 87705 plant was self-pollinated to give rise to a population of R2
plants that were repeatedly self-pollinated through to the R4 generation. At each
generation, the fixed homozygous plants were tested for the expected segregation pattern
of 1:0 (positive: negative) for the /6 3’UTR using Invader analysis.

At the R4 generation, homozygous MON 87705 plants were bred via traditional breeding
with a soybean variety that did not contain the A6 3’UTR to produce F1 hemizygous
seed. The resulting F1 plants were then self-pollinated to produce F2 seed. The
heritability and stability of the coding sequences present in MON 87705 were assessed
from plants of the F2, F3, F4, and F5 generations. At each of these generations, the
plants were tested for the presence of the H6 3°’UTR by Invader analysis, and hemizygous
positive plants were then selected and self-pollinated to produce seed of the next
generation.

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

1 =XI(lo—e|)/e]

where o = observed frequency of the genotype and e = expected frequency of the
genotype. The level of statistical significance was predetermined to be 5% (p<0.05).

The results of the ¥* analysis of the segregating progeny of MON 87705 are presented in
Table V-3. The y* values in the F2 generation indicated no statistically significant
difference between the observed and expected 1:2:1 (homozygous positive:hemizygous
positive:homozygous negative) segregation ratio. The y° value in the F3 generation
indicated a statistically significant difference between the observed and expected 1:2:1
segregation ratio. However, there were ten plants out of 91 total plants tested in the assay
in which the zygosity could not be determined by Invader analysis. These missing data
combined with a relatively small sample size (n=81) of tested plants may have skewed
the segregation ratio. This caused the results of the analysis to be inconclusive and the
data from the F3 generation could not be used to accurately assess the heritability and
stability of the coding sequences present in MON 87705. Therefore, the F4 and F5
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generations were tested using larger sample sizes to further assess the heritability and
stability of the inserted coding sequences. The y” values in the F4 and F5 generations
indicated no statistically significant differences between the observed and expected 1:2:1
segregation ratios. Considering the data from three generations (F2, F4, and F5), the
results support the conclusion that the coding sequences present in MON 87705 reside at
a single locus within the soybean genome and are inherited according to Mendelian
inheritance principles.  These results are also consistent with the molecular
characterization data that indicate a single genomic insertion site for the coding
sequences present in MON 87705 that encode for the improved fatty acid profile and
glyphosate tolerance trait (Table VI-1).
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Transformed and regenerated RO plant

®
R1

l Plant #90 (MON 87705) selected and self pollinated

R2 (homozygous positive)

®
R3 (homozygous positive)
®
R4 (homozygous positive) - - —» F1 (hemizygous positive)
cross with variety that did
not contain the H6 3’UTR ®
Breeding path continued F2 (expected segregation of 1:2:1)'

homozygous positive : hemizygous positive : homozygous negative

le
F3 (expected segregation of 1:2:1)"
homozygous positive : hemizygous positive : homozygous negative

®

4 (expected segregation of 1:2:1)!
homozygous positive : hemizygous positive : homozygous negative

| o

F5 (expected segregation of 1:2:1)"
homozygous positive : hemizygous positive : homozygous negative

® = Self pollinated

Figure V-9. Breeding Path for Generating Segregation Data MON 87705

' Chi-square analysis conducted on segregation data from the F2, F3, F4 and F5 generations
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Table V-3.  Segregation of the H6 3’UTR Gene During the Development of MON 87705
1:2:1 Segregation
Observed # Observed # Observed # Expected # Expected # 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
F2 4197 1009 2091 1097 1049.25 2098.5 1049.25 3.7 0.1538
F3 81 30 35 16 20.25 40.5 20.25 6.3 0.0421
F4 266 68 126 72 66.5 133 66.5 0.9 0.6514
F5 175 44 88 43 43.75 87.5 43.75 0.0 0.9915

"F2 progeny were from the cross of MON 87705 homozygous positive for the H6 3’UTR with a soybean variety that did not contain the H6
3’UTR. F3, F4, and F5 progeny were from self-pollinated plants of the previous generation that were hemizygous positive for the H6 3°’UTR.
? Plants were tested for the presence of the H6 3°UTR by Invader analysis. “Total plants” refers to the total number of plants in which zygosity

could be determined using the assay.
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V.F. Conclusion of Molecular Characterization

Molecular characterization of MON 87705 by Southern blot analyses demonstrated that a
single copy of the T-DNA I and T- DNA II sequences from the transformation vector
PV-GMPQ/HT4404 was integrated into the soybean genome at a single locus. There
were no additional genetic elements, including backbone sequences, from the
transformation vector PV-GMPQ/HT4404 detected, linked or unlinked to the intact DNA
insert, in MON 87705.

PCR and DNA sequence analyses were performed on MON 87705, which confirmed the
organization of the elements within the insert, determined the 5' and 3' insert-to-plant
junctions, determined the complete DNA sequence of the insert and adjacent soybean
genomic DNA sequence in MON 87705, and confirmed that the genomic DNA sequences
flanking the 5' and 3' ends of the insert in MON 87705 are native to the soybean genome.
The PCR and DNA sequence analysis identified 36 bp of conventional soybean DNA
sequence deleted at the insertion site in MON 87705. Additionally, a 2374 bp duplication
was identified in the 5' genomic flanking sequence of MON 87705. This duplicated
sequence is likely from the 3’ flanking sequence of MON 87705 and it contains a single
nucleotide change.

Generational stability analysis demonstrated that an expected Southern blot fingerprint of
MON 87705 has been maintained through four generations of the breeding history,
thereby confirming the stability of the insert. Results from segregation analyses show
heritability and stability of the insert occurred as expected across multiple generations,
which corroborates the molecular insert stability analysis and establishes the genetic
behavior of the DNA insert at a single chromosomal locus.
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V. CHARACTERIZATION OF THE INTRODUCED CP4 EPSPS PROTEIN
IN MON 87705

As described in Section V, the MON 87705 insert contains a cp4 epsps expression
cassette and a FATB/FAD?2 supression cassette. As the FATB/FADZ2 cassette does not
encode for any proteins, this section focuses on the characterization and safety of the CP4
EPSPS protein produced by MON 87705.

The RNA-based suppression of FATB and FAD2 soybean genes in MON 87705 is
mediated by dsRNA molecules. Double stranded RNAs are commonly found in
eukaryotes, including plants, for endogenous gene suppression and are composed of
nucleic acids. Nucleic acids have a long history of safe consumption and are considered
GRAS by the U.S. Food and Drug Administration. There is no evidence to suggest
dietary consumption of RNA is associated with toxicity or allergenicity. Moreover,
analysis of the DNA segments encoding this dsSRNA showed that they lack the sequences
required for translation initiation and protein synthesis. The production of a protein from
the dsRNA encoded by the insert in MON 87705 is highly unlikely.  Several
biotechnology-derived plant products previously deregulated by APHIS were developed
using RNA-based suppression mechanisms, including virus-resistant papaya and squash,
high oleic soybean, FLAVR SAVR tomatoes, and plum trees resistant to Plum pox virus.
Based on this information, it is concluded that the inserted DNA and resulting dsSRNA are
safe and unlikely to produce a protein or polypeptide. As a result, the RNA-based
suppression technology used in MON 87705 poses no novel risks from a food, feed or
environmental perspective (FDA, 1994; USDA-APHIS, 1994; USDA-APHIS, 1997,
USDA-APHIS, 2006; USDA-APHIS, 2007).

The remainder of this section summarizes the assessment of the CP4 EPSPS protein
produced in MON 87705 including: 1) the identity of the CP4 EPSPS protein from
MON 87705; 2) demonstration of the equivalence of the plant-produced and E. coli-
produced CP4 EPSPS proteins used in laboratory and regulatory safety evaluations; 3)
the CP4 EPSPS protein expression levels in MON 87705 soybean tissues; and 4) an
allergenicity assessment for the CP4 EPSPS protein. Results indicate that the
MON 87705-produced CP4 EPSPS protein is equivalent to E. coli-produced protein.
Data also support a conclusion of safe consumption based on several lines of evidence,
all of which will be submitted to FDA as part of the pre-market consultation.

VI.A. Identity and Function of the CP4 EPSPS Protein from MON 87705

The 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS: EC2.5.1.19) family of
enzymes is ubiquitous to plants and microorganisms. EPSPS proteins have been isolated
from both sources, and their properties have been extensively studied (Harrison et al.,
1996; Haslam, 1993; Klee et al.,, 1987; Schonbrunn et al., 2001; Steinrucken and
Amrhein, 1984). The shikimate pathway and the EPSPS protein are absent in mammals,
fish, birds, reptiles, and insects (Alibhai and Stallings, 2001). The bacterial and plant
enzymes are mono-functional with a molecular weight of 44-48 kDa (Kishore et al.,
1988). EPSPS proteins catalyze the transfer of the enolpyruvyl group from
phosphoenolpyruvate (PEP) to the 5-hydroxyl of shikimate-3-phosphate (S3P), thereby
yielding inorganic phosphate and 5-enolpyruvylshikimate-3-phosphate (EPSP) (Alibhai
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and Stallings, 2001). Due to the specificity of EPSPS for its substrates, the only known
catalytic product generated is EPSP, which is the penultimate product of the shikimic
acid pathway. Shikimic acid is a substrate for the biosynthesis of the aromatic amino
acids (phenylalanine, tryptophan and tyrosine) and other aromatic molecules. It has been
estimated that aromatic molecules, all of which are derived from shikimic acid, represent
35% or more of the dry weight of a plant (Franz et al., 1997).

The EPSPS transgene in MON 87705 is derived from Agrobacterium sp. strain CP4 (cp4
epsps). The cp4 epsps coding sequence encodes a 47.6 kDa EPSPS protein consisting of
a single polypeptide of 455 amino acids (Padgette et al., 1996b). The CP4 EPSPS protein
is similar and functionally identical to endogenous plant EPSPS enzymes, but has a much
reduced affinity for glyphosate, the active ingredient in the Roundup family of
agricultural herbicides, relative to endogenous plant EPSPS (Padgette et al., 1996b). In
conventional plants, glyphosate binds to the endogenous plant EPSPS enzyme and blocks
the biosynthesis of shikimate-3-phosphate, thereby depriving plants of essential amino
acids (Haslam, 1993; Steinriicken and Amrhein, 1980). In Roundup Ready plants, which
are tolerant to the Roundup family of agricultural herbicides, requirements for aromatic
amino acids and other metabolites are met by the continued action of the CP4 EPSPS
enzyme in the presence of glyphosate (Padgette et al., 1996b). The CP4 EPSPS protein
expressed in MON 87705 is identical to the CP4 EPSPS protein in other Roundup Ready
crops including Roundup Ready soybean (404-3-2), Roundup Ready 2 Yield soybean
(MON 89788), Roundup Ready Corn 2, Roundup Ready canola, Roundup Ready sugar
beet, and Roundup Ready cotton.

VI.B. Characterization of the Full Length CP4 EPSPS Protein from MON 87705

The safety assessment of crops derived through biotechnology includes characterization
of the introduced protein produced from the inserted DNA, confirmation of its functional
and physicochemical properties, and confirmation of the safety of the protein. The level
of CP4 EPSPS protein produced in MON 87705 is too low to allow purification of
sufficient quantities for use in subsequent safety assessment studies. Therefore, it is
necessary to produce the protein in high-expressing recombinant host systems (such as
bacteria) in order to obtain sufficient quantities of the CP4 EPSPS protein. CP4 EPSPS
protein was produced in E. coli, and subsequently purified and characterized. A small
quantity of the CP4 EPSPS protein was also purified from harvested MON 87705 seed.
The equivalence of the physicochemical characteristics and functional activity between
the MON 87705-produced and E. coli-produced CP4 EPSPS proteins was confirmed by a
panel of analytical techniques, including: (1) sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) to establish equivalence of the apparent molecular weight
between MON 87705-produced and the E. coli-produced reference standard protein, (2)
western blot analysis to establish immunoreactive equivalence between MON 87705-
produced and the E. coli-produced reference standard protein using an anti-CP4 EPSPS
antibody, (3) N-terminal sequence analysis, (4) matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) to generate a
tryptic peptide map of MON 87705-produced CP4 EPSPS, (5) CP4 EPSPS enzymatic
activity analysis to demonstrate functional equivalence between MON 87705-produced
and the E. coli-produced reference standard protein, and (6) glycosylation analysis to

Monsanto Company 09-SY-201U Page 86 of 471



establish equivalent glycosylation status between MON 87705-produced and E. coli-
produced reference standard protein. The details of the materials, methods, and results
are described in Appendix C while the conclusions are summarized below.

A comparison of the MON 87705-produced CP4 EPSPS to the E. coli-produced
CP4 EPSPS reference standard protein confirmed the identity of the MON 87705-
produced CP4 EPSPS protein and established the equivalence of the plant produced
protein to the E. coli-produced CP4 EPSPS reference standard protein. The molecular
weight of the MON 87705-produced and E. coli-produced CP4 EPSPS protein was
estimated by SDS-PAGE. The SDS-PAGE demonstrated that the proteins migrated
identically, indicating that the CP4 EPSPS proteins from both sources are equivalent in
their molecular weight. The electrophoretic mobility and immunoreactive properties of
the MON 87705-produced CP4 EPSPS protein were shown to be equivalent to those of
the E. coli-produced CP4 EPSPS protein reference standard by immunoblot. The N-
terminus of the MON 87705 produced CP4 EPSPS protein was consistent with the
predicted amino acid sequence translated from the CP4 EPSPS coding sequence, and the
MALDI-TOF MS analysis yielded peptide masses consistent with the expected peptide
masses from the translated CP4 EPSPS coding sequence. The MON 87705- produced
and the E. coli-produced CP4 EPSPS protein reference standard were also found to be
equivalent based on the functional activities and the lack of glycosylation. Taken
together, these data provide a detailed characterization of the CP4 EPSPS protein isolated
from MON 87705 and established its equivalence to the E. coli-produced CP4 EPSPS
reference standard protein. Furthermore, since CP4 EPSPS proteins isolated from other
Roundup Ready crops (Roundup Ready soybean, Roundup Ready 2 Yield soybean,
Roundup Ready canola, Roundup Ready cotton and Roundup Ready sugar beet) have
established equivalence to the E. coli-produced protein standard, by inference, the
MON 87705-derived CP4 EPSPS protein is likely to possess equivalent biochemical and
physiological characteristics with the CP4 EPSPS proteins expressed in other Roundup
Ready crops, all of which have been deregulated by USDA-APHIS.

VI.C. Expression Levels of CP4 EPSPS Protein in MON 87705

CP4 EPSPS protein levels in various tissues of MON 87705 that are relevant to the risk
assessment were assessed by a validated enzyme-linked immunosorbent assay (ELISA).
Tissues of MON 87705 and conventional control were collected during the 2007/2008
growing season from five field sites in Chile (City, Province): Quilapilum, Chacabuco;
Melipilla, Melipilla; Calera de Tango, Maipo; Rancagua, Cachapoal; and San Fernando,
Colchagua. These field sites were representative of soybean producing regions suitable
for commercial production. At each site, three replicated plots of plants containing
MON 87705, as well as a conventional soybean control, were planted using a randomized
complete block field design. Over-season leaf (OSL 1-4), root, forage, and mature seed
tissues were collected from each replicated plot at all field sites. A description of tissues
collected is provided below.
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Table VI-1. Tissues collected for MON 87705

Tissue Soybean development stage Days a{;;;lg);antlng
OSL-1 V2-V3 31-35
OSL-2 \%i 46-50
OSL-3 V10 62-66
OSL-4 V14 84-88
Forage R5-R6 101-106
Root R5-R6 101-106
Mature Seed RS 154-158

The CP4 EPSPS protein levels were determined in all seven tissue types described above.
The results obtained from ELISA analysis are summarized in Table VI-2 and the details
of the materials and methods are described in Appendix D. In summary, the 2007/2008
Chilé expression study showed the CP4 EPSPS protein in MON 87705 was detected in
all tissue types across all five sites with a range from 40 — 1000 pg/g dwt. The levels of
the CP4 EPSPS protein from the conventional control (A3525) were less than the assay
limits of detection (LOD) or limit of quantitation LOQ in all tissue types. The mean CP4
EPSPS protein levels across the five sites were highest in leaf (ranging from OSL-1 200
ng/g dwt to OSL-2 530 pg/g dwt), followed by root (120 pg/g dwt), seed (110 pg/g dwt)
and forage (77 png/g dwt).
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Table VI-2. Summary of CP4 EPSPS Protein Levels in Leaf, Seed, Root, and Forage
Tissues from MON 87705 Grown in 2007/2008 Chile Field Trials

Tissue | CP4 EPSPS Range’ CP4 EPSPS Range® LOQ/LOD
Type' protein ng/g fwt* protein ng/g dwt® ng/g fwt’
ng/g fwt® ng/g dwt’
(SDY’ (SD)’
OSL-1 36 (14) 16-65 200 (72) 84-340 0.57/0.26
OSL-2 110 (51) 60-230 530 (230) 290-1000 0.57/0.26
OSL-3 51(21) 11-84 220 (94) 47-350 0.57/0.26
OSL-4 51 (21) 27-94 210 (92) 110-410 0.57/0.26
Root 32(5.3) 22-40 120 (24) 77-160 0.57/0.10
Forage 24 (6.4) 14-34 77 (24) 41-120 0.57/0.11
Mature | 100G9) 35-190 110 (44) 40-210 0.34/0.26

'"The OSL-1, OSL-2, OSL-3, OSL-4 samples were collected approximately at V2 — V3, V7, V10; and V14
stages, respectively. The forage and root were collected approximately at R5-R6 stage, and the mature
seed was collected at RS stage.

*Protein levels are expressed as microgram (pg) of protein per gram (g) of tissue on a fresh weight (fwt)
basis.

The means and standard deviations were calculated for each tissue type across all sites (n=15 for all tissues,
except OSL-2 where n=12 and OSL-3 where n=19).

*Minimum and maximum values were determined for each tissue type across all sites.

>Protein levels are expressed as microgram (pg) of protein per gram (g) of tissue on a dry weight (dwt)
basis. The dry weight values were calculated by dividing the pg/g fwt by the dry weight conversion
factors obtained from moisture analysis data.
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VL.D. Assessment of Potential Allergenicity of the CP4 EPSPS Protein from
MON 87705

According to guidelines adopted by the Codex Alimentarius Commission (Codex, 2003)
for the allergy safety evaluation of novel proteins, the allergenic potential of a novel
protein is assessed by comparing the biochemical characteristics of the novel protein to
characteristics of known allergens (Codex, 2003). A protein is not likely to be associated
with allergenicity if: 1) the protein is from a nonallergenic source; 2) the protein
represents only 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. The CP4 EPSPS
protein in MON 87705 has been assessed for its potential allergenicity according to these
safety assessment guidelines.

The CP4 EPSPS protein is from Agrobacterium sp., strain CP4, an organism that is not a
source of known allergens. Bioinformatics analyses demonstrated that the CP4 EPSPS
protein does not share immunologically relevant amino acid sequence similarities with
known allergens and, therefore, is highly unlikely to contain immunologically cross-
reactive allergenic epitopes. Digestive fate experiments conducted with the CP4 EPSPS
protein demonstrated that the full-length protein is rapidly digested in simulated gastric
fluid (SGF) and in simulated intestinal fluid (SIF) in vitro assays (Harrison et al., 1996).
Finally, the CP4 EPSPS protein represents no more than 0.031% of the total protein in
the seed of MON 87705, a relatively low abundance for this protein compared to the rest
of the seed protein content. Taken together, these data support the conclusion that the
CP4 EPSPS protein present in MON 87705 is not similar to known allergens and does
not pose a significant allergenic risk to humans or animals.

VILE. Safety Assessment Summary of CP4 EPSPS Protein

The U.S. Environmental Protection Agency (EPA) has established an exemption from the
requirement of a tolerance for residues of CP4 EPSPS protein and the genetic material
necessary for its production in all plants (EPA, 1996). This exemption was based on a
safety assessment that included rapid digestion in simulated mammalian gastrointestinal
fluids, lack of homology to toxins and allergens, and lack of toxicity in an acute oral
mouse gavage study. Since the MON 87705-produced CP4 EPSPS protein is equivalent
to the exempted CP4 EPSPS protein, a similar conclusion can be reached that the
MON 87705-produced CP4 EPSPS is safe for human and animal consumption. The
comprehensive food and feed safety and nutritional assessment of MON 87705 also is
scheduled to be submitted to the FDA, which will include the following conclusions:

a) The donor organism, Agrobacterium species strain CP4 is not known for human
or animal pathogenicity, and is not commonly allergenic. Agrobacterium sp.
strain CP4 has been previously reviewed as a part of the safety assessment of the
donor organism during Monsanto consultations with the FDA regarding Roundup
Ready soybean (1994), Roundup Ready canola (1995), Roundup Ready cotton
(1995), Roundup Ready Corn 2 (1996), Roundup Ready sugar beet (1998),
Roundup Ready Flex cotton (2005), and Roundup Ready 2 Yield soybean (2007).
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b) EPSPS exerts its function in the shikimate pathway that is integral to aromatic
amino acid biosynthesis in plants and microorganisms (Levin and Sprinson, 1964;
Steinriicken and Amrhein, 1980). Therefore, this enzyme and its activity are
found widely in food and feed derived from plant and microbial sources. Genes
for numerous EPSPSs have been cloned (Padgette et al., 1996b), and the catalytic
domains of this group of proteins are conserved. Bacterial EPSPSs have been
well characterized with respect to their three dimensional X-ray crystal structures
(Stallings et al., 1991) and detailed kinetic and chemical mechanisms (Anderson
and Johnson, 1990).

c) The EPSPS from Agrobacterium sp. strain CP4 is highly tolerant to inhibition by
glyphosate and has high catalytic efficiency, compared to most glyphosate-
tolerant EPSPSs (Barry et al., 1992; Padgette et al., 1996b). The CP4 EPSPS
protein thus represents one of many different EPSPSs found in nature, and the
CP4 and native plant EPSPS enzymes are functionally equivalent except for their
affinity to glyphosate. The CP4 EPSPS protein present in MON 87705 is similar
to EPSPSs consumed in a variety of food and feed sources. CP4 EPSPS protein is
homologous to EPSPSs naturally present in plants, including food crops (e.g.,
soybean and corn) and fungal and microbial food sources such as baker’s yeast
(Saccharomyces cerevisiae), all of which have a history of safe human
consumption (Harrison et al., 1996; Padgette et al., 1996b). The similarity of the
CP4 EPSPS protein to EPSPSs in a variety of foods supports extensive human
consumption of the family of EPSPS proteins and the lack of health concerns.
Furthermore, the ubiquitous presence of homologous EPSPS enzymes in food
crops and common microorganisms establishes that EPSPS proteins, and their
enzyme activity, pose no hazards for human and animal consumption.

d) The CP4 EPSPS protein does not share amino acid sequence similarities with
known allergens, gliadins, glutenins, or protein toxins which have adverse effects
to mammals. This has been demonstrated by extensive assessments with
bioinformatic tools, such as the FASTA sequence alignment tool and eight-amino
acid sliding window search. An amino acid sequence may be considered to have
allergenic potential if it has an exact sequence identity of at least eight linearly
contiguous amino acids with a potential allergen epitope (Metcalfe, 1996
Hileman et al., 2002). Using a sliding window of less than eight amino acids can
produce matches containing significant uncertainty depending on the length of the
query sequence (Silvanovich et al., 2006) and are not useful to the allergy
assessment process (Thomas et al., 2004).

e) The CP4 EPSPS protein is readily digestible in simulated gastric and simulated
intestinal fluids (Harrison et al., 1996). Rapid degradation of the full-length CP4
EPSPS protein in SGF and SIF makes it highly unlikely for CP4 EPSPS protein to
be absorbed by epithelial cells of the small intestine in a biologically active form.

f) An acute toxicology study was conducted with a CP4 EPSPS protein (Harrison et
al., 1996) that was shown to be physicochemically and functionally equivalent to

Monsanto Company 09-SY-201U Page 91 of 471



the CP4 EPSPS protein produced in MON 87705. Results indicate that the CP4
EPSPS protein did not cause any adverse effects in mice, with a No Observable
Adverse Effect Level (NOAEL) of 572 mg/kg, the highest dose level tested.

g) Potential human health risks from consumption of the CP4 EPSPS protein in
foods derived from MON 87705 were evaluated by calculating a Margin of
Exposure (MOE) between the acute mouse NOAEL for CP4 EPSPS protein and
95™ percentile “cater-only” estimates of acute dietary exposure determined using
the Dietary Exposure Evaluation Model (DEEM-FCID version 2.03, Exponent
Inc.) and food consumption data from the 1994-1996 and 1998 USDA Continuing
Survey of Food Intakes by Individuals (CSFII). The MOEs for acute dietary
intake of the CP4 EPSPS protein were estimated to be 60,000 and 1,600 for the
general population and non-nursing infants, respectively. These very large MOEs
indicate that there is no meaningful risk to human health from dietary exposure to
the CP4 EPSPS protein produced by MON 87705.

h) Potential health risks to animals from the presence of CP4 EPSPS protein in feed
were evaluated by calculating an estimate of daily dietary intake (DDI). In the
worst case scenario, the percentage of the CP4 EPSPS protein consumed from
MON 87705 as part of the daily protein intake for a dairy cow is 0.0907% and for
both the broiler and pig is less than 0.0325%.

Using the guidance provided by the FDA, a conclusion of “no concern” is reached for the
donor organism and the CP4 EPSPS protein. The food and feed products containing
MON 87705 or derived from MON 87705 are as safe as soybean currently on the market
for human and animal consumption.
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VIL COMPOSITIONAL AND NUTRITIONAL ASSESSMENT OF
MON 87705

Compositional comparisons between biotechnology-derived and conventional crops
represent an integral part of a nutritional and safety assessment. Compositional
assessments are performed using the principles and analytes outlined in the OECD
consensus documents for soybean composition (OECD, 2001). These principles are
accepted globally and have been employed previously in assessments of soybean
products derived through biotechnology.

Compositional equivalence between biotechnology-derived and conventional crops
provides an “equal or increased assurance of the safety of foods derived from genetically
modified plants” (OECD, 1998). The OECD consensus documents emphasize
quantitative measurements of essential nutrients, and known antinutrients and toxicants.
This is based on the premise that such comprehensive and detailed analyses will most
effectively discern any compositional changes that imply potential safety and
antinutritional concerns. Levels of the components in seed and forage of the
biotechnology-derived crop product are compared to: 1) corresponding levels in a non-
modified comparator, typically the nontransgenic parental line grown under identical
conditions, and 2) natural ranges generated from an in-study evaluation of commercial
varieties or from data published in the scientific literature.

MON 87705 was developed to generate soybean oil with lower levels of saturated fats
(16:0 palmitic acid and 18:0 stearic acid) and higher levels of 18:1 oleic acid, with an
associated decrease in 18:2 linoleic acid, through suppression of FAD2 and FATB RNAs
(Figure VII-1). MON 87705 contains the same major fatty acids that are found in
conventional soybean, including 16:0 palmitic, 18:0 stearic, 18:1 oleic, 18:2 linoleic and
18:3 linolenic fatty acids. MON 87705 has a fatty acid profile that is comparable to other
commercial high oleic vegetable oils (high oleic canola, high oleic safflower, high oleic
sunflower), traditional oils, such as olive oil, that have a long-history of consumption in
the diet, and canola oil that was granted GRAS status by the U.S. FDA. MON 87705
also contains the cp4 epsps gene encoding the CP4 EPSPS protein that is expressed
throughout the plant conferring tolerance to glyphosate, the active ingredient in the
Roundup family of agricultural herbicides.

Compositional analyses were conducted to assess whether the nutrient and antinutrient
levels in the seed and forage derived from MON 87705 are comparable to those in the
conventional soybean control, A3525, which has background genetics similar to
MON 87705, but lacks the introduced traits. In addition, commercial conventional
soybean varieties were included in the seed and forage composition analyses to establish
a range of natural variability for each analyte, defined by a 99% tolerance interval.
Statistically significant differences were determined at the 5% level of significance
(p<0.05) using established statistical methods.

Seed and forage of MON 87705 and the conventional soybean control were harvested
from soybean grown in three replicated plots, planted in a randomized complete block
design, at each of five sites across Chile during the 2007-2008 growing season:
Quilapilun, Chacabuco Province (QUI); Melipilla, Melipilla Province (MEL); Calera de
Tango, Maipo Province (CdT); Rancagua, Cachapoal Province (RAN); and San
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Fernando, Colchagua Province (SFR). Samples from all three replicates of MON 87705
and the control were collected from all three plots and analyzed. Four different
commercial reference soybean varieties also were grown at each site for a total of 20
varieties. Samples from the commercial reference varieties grown at each site were
collected from all three plots. All replicates from 19 of 20 commercial conventional
reference soybean varieties were analyzed; however, one reference variety had all
replicates damaged by an early frost and was excluded from the study. All MON 87705,
control and reference soybean varieties were grown under normal agronomic field
conditions for their respective geographic regions. Forage was collected at the R6 plant
growth stage, and harvested soybean seed was collected at physiological maturity. The
seed and forage collected from MON 87705, the conventional control, and the reference
varieties were analyzed for compositional components.

In all, 67 analytical components were measured, 60 in seed and seven in forage. The
analytes in forage included proximates (ash, fat, moisture, protein, and carbohydrates by
calculation), acid detergent fiber (ADF), and neutral detergent fiber (NDF). Seed
samples were analyzed for proximates, ADF, NDF, amino acids (18), fatty acids (26; C8-
C24), trypsin inhibitors, phytic acid, lectin, isoflavones (daidzein, glycitein, and
genistein), vitamin E, raffinose, and stachyose. Materials and methods used for
compositional analysis of the seed and forage of MON 87705, the conventional soybean
control, and commercial conventional reference soybean varieties are presented in
Appendix E.

The composition data then were statistically compared to that of the conventional
soybean control to establish substantial equivalence. Of the measured components, 17
fatty acids in seed had more than 50% of the observations below the assay limit of
quantitation (LOQ) and could not be statistically analyzed. Thus, statistical analyses
were conducted for 50 components (43 in seed and seven in forage). The data set was
examined for evidence of biologically relevant changes using a mixed model of variance.
Six sets of statistical analyses were conducted, five based on the data from each of the
replicated field sites (individual-site) and the sixth analysis based on data from a
combination of all five field sites (combined-site). The statistical summaries of the
combined-site analysis and the individual-site analyses, reported literature and the
International Life Sciences Institute-Crop Composition Database (ILSI-CCD at
http://www.cropcomposition.org) ranges for the analytical components present in seed
are provided in Appendix E. The compositional data set was examined for evidence of
statistically significant differences (p<0.05) between MON 87705 and the conventional
soybean control. A summary of the significant differences observed between
MON 87705 and the control are presented in Table VII-2.

Results of the comparisons indicate that except for the intended fatty acid changes, the
composition of the seed and forage of MON 87705 is equivalent to that of the
conventional soybean control A3525, in accordance with OECD guidelines. Moreover,
no new fatty acids beyond those presently found in soybean were detected in MON
87705. Therefore, MON 87705 is regarded as safe and nutritious as conventional
soybean for food and feed use. Further details of this assessment are provided in Section
VII-A.
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Figure VII-1. Schematic of the Soybean Fatty Acid Biosynthetic Pathway and
Summary of Modified Fatty Acids in MON 87705
Panel A: Schematic of the soybean fatty acid biosynthetic pathway,
Panel B: MON 87705 soybean oil compared to commodity soybean oil and other vegetable oils
X Indicates suppression of endogenous FATB and FAD2 in MON 87705 seeds

VIL.A. Overall Assessment of the Composition of Forage and Seed from MON 87705
Compared to the Conventional Soybean Control

Based on the comprehensive assessment procedures discussed above, MON 87705 is
compositionally equivalent to conventional soybean except for the intended changes in
fatty acid levels. Combined-site analysis of both forage and seed samples showed no
statistically significant difference (p>0.05) between MON 87705 and the control for 39 of
50 comparisons.  Significant differences (p<0.05) between MON 87705 and the
conventional soybean control were detected for 10 analytes in seed (arginine, cystine, fat,
16:0 palmitic acid, 18:0 stearic acid, 18:1 oleic acid, 18:2 linoleic acid, 18:3 linolenic
acid, 20:0 arachidic acid, and 20:1 eicosenoic acid) and one analyte (ash) in forage.

The compositional analyses confirmed that MON 87705 had the intended changes in the
levels of four major soybean oil fatty acids (16:0 palmitic, 18:0 stearic, 18:1 oleic and
18:2 linoleic). For the remaining seven comparisons where a significant difference
(p<0.05) was detected, an analysis, including magnitude of the differences,

Monsanto Company 09-SY-201U Page 95 of 471



reproducibility across individual sites, and comparisons of mean analyte values to the
99% tolerance interval and literature values, indicated they were not materially different
and were not biologically meaningfully different from a food and feed safety perspective.
Further assessment of the statistically significant differences observed between
MON 87705 and the conventional soybean control is provided in the following sections.
Therefore, the compositional assessment of MON 87705 supports the conclusion that,
except for intended changes in seed fatty acid composition, seed and forage produced
from MON 87705 are compositionally equivalent to those of conventional soybean.

VII.A.1 Intended Changes to Fatty Acid Levels in MON 87705 Seed

As described previously, MON 87705 was developed to generate soybean oil with lower
levels of saturated fats (16:0 palmitic acid and 18:0 stearic acid) and higher levels of 18:1
oleic acid, with an associated decrease in 18:2 linoleic acid, through suppression of FATB
and FAD2 RNAs (Figure VII-1). As expected, all of the intended changes in fatty acid
levels were statistically significant in the combined-site analysis and are summarized in
the Table VII-1 below.
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Table VII-1. Summary of Intended Changes in Fatty Acid Levels for MON 87705
vs. the Conventional Soybean Control (A3525) in the Combined-Site Analysis

MON 87705 A3525 Commercial

Mean Mean Tolerance

Fatty Acid (% total) [Range] [Range] Interval®
16:0 Palmitic' 2.36 10.83 [7.62, 12.55]

[2.25-2.44] [10.51—11.08]

18:0 Stearic' 3.31 4.50 [2.87, 7.15]
[3.07-3.82] [4.24 —4.85]

18:1 Oleic' 76.47 22.81 [18.40, 30.22]
[73.13-79.17] [21.41 —25.08]

18:2 Linoleic' 10.10 52.86 [47.75, 56.46]
[7.85-12.42] [51.68 — 53.89]

'Significance level = <0.001
*With 95% confidence, interval contains 99% of the values expressed in the population of
commercial soybean varieties. Negative limits were set to zero.

The results show that the level of the saturated 16:0 palmitic acid decreased from 10.83%
total FA in the conventional control to 2.36% total FA in MON 87705, and the level of
the saturated 18:0 stearic acid decreased from 4.50% total FA in the conventional control
to 3.31% total FA in MON 87705. Thus, total saturated fat was decreased from
approximately 15.3% total FA in the conventional control to 5.7% total FA in
MON 87705. In addition, the mean level of 18:1 oleic acid increased from 22.81% total
FA in the conventional control to 76.47% total FA in MON 87705. These changes were
associated with a decrease in the mean level of 18:2 linoleic acid from 52.86% total FA
in the conventional control to 10.10% total FA in MON 87705. As expected, all intended
changes in fatty acid levels in the seed of MON 87705 were statistically significant in the
combined-site analysis and consistently observed at all five of the individual sites. Thus,
compositional analysis confirmed MON 87705 had the intended fatty acid profile
required for improved nutrition and soybean oil stability.

VII.A.2 Fatty Acid Levels in Soybean Seed

Of the 26 fatty acids analyzed in seed, 17 fatty acids had more than 50% of the
observations below the assay limit of quantitation and, as a result, were excluded from
the statistical analysis. Of the nine fatty acids that could be statistically analyzed,
significant differences (p<0.05) were observed for seven fatty acids in the combined-site
analysis (Table VII-2). Four of these differences were due to the intended changes in
fatty acids, as described in Section VIILA.1. The three remaining significant differences
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in the combined-site analysis were for 18:3 linolenic, 20:0 arachidic and 20:1 eicosenoic
acids. Given the intended changes in fatty acid metabolism, these additional differences
in fatty acid levels were not unexpected. The biological relevance of these differences
was assessed based on the magnitude of the difference, reproducibility across sites, and
comparison of mean analyte values to the 99% tolerance interval for the population of
commercial conventional soybean varieties grown concurrently at the same field sites.

A combined-site statistical difference (p<0.05) between MON 87705 and the
conventional control was observed in the levels of 18:3 linolenic acid. The decrease in
linolenic acid is expected given that it is produced from 18:2 linoleic acid which was
reduced by the suppression of the FAD?2 gene. Examination of the reproducibility within
sites shows the levels of 18:3 linolenic acid were significantly lower than the soybean
control in four of five individual-site analyses, with the absolute magnitude of the
differences being small (<1.5% total FA; Appendix E). In addition, all the mean levels of
18:3 linolenic acid in MON 87705 seed from the combined-site and individual-site
analyses were well within the 99% tolerance interval, and therefore these differences are
not considered biologically relevant compositional changes.

Combined-site statistical differences between MON 87705 and the conventional control
also were observed in levels of two minor fatty acids, 20:0 arachidic acid, and 20:1
eicosenoic acid. The mean level of 20:0 arachidic acid in MON 87705 was significantly
lower than in the conventional soybean control in the combined-site analysis. An
examination of the reproducibility within sites showed that the levels of 20:0 arachidic
acid were consistently lower than the soybean control in all five individual-site analyses.
However, the absolute magnitude of the differences was small (<0.063% total FA;
Appendix E), all combined-site and individual-site means were well within the 99%
tolerance interval, and therefore these differences are not considered biologically relevant
compositional changes.

The mean level of 20:1 eicosenoic acid in MON 87705 was significantly higher than in
the conventional soybean control in the combine-site analysis. An examination of the
reproducibility within sites showed that the levels of 20:1 eicosenoic acid were
consistently higher than the soybean control in all five individual-site analyses.
However, the absolute magnitude of these differences was small (<0.19% total FA;
Appendix E). The combined-site mean for 20:1 eicosenoic (0.18% total FA) was slightly
(0.09% total FA) outside the upper end (0.25% total FA) of the 99% tolerance interval
but within the values reported in ILSI-CCD. In addition, 20:1 eicosenoic acid has a
history of consumption in other commonly consumed vegetable oils, such as canola
(4.3% total FA), corn (0.6% total FA), mustard seed (13.0% total FA), peanut (1.7% total
FA), high oleic safflower (0.5% total FA, and high oleic sunflower (0.5% total FA)
(Codex, 2005). Therefore, the small change in the mean level of 20:1 eicosenoic acid in
MON 87705 is not considered a biologically relevant compositional change.

These results lead to the conclusion that apart from the intended changes in the levels of
four fatty acids (16:0 palmitic, 18:0 stearic, 18:1 oleic and 18:2 linoleic), the seed from
MON 87705 is compositionally equivalent to conventional soybean with regard to the
levels of other fatty acids. The differences observed for 18:3 linolenic, 20:0 arachidic,
and 20:1 eicosenoic fatty acids were not unexpected, given the intended shift made in
fatty acid metabolism (see Figure VII-1). Furthermore, the mean levels of these fatty
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acids were within the 99% tolerance interval and/or the ILSI-CCD and literature values.
Therefore, these differences are not considered biologically meaningful from a food and
feed safety or nutritional perspective.

VII.A.3. Levels of Non-Fatty Acid Nutrients in Soybean Seed

In addition to fatty acids, soybean seed also was analyzed for the following 26 nutrients:
proximates (5), ADF, NDF, amino acids (18), and vitamin E. No statistically significant
differences (p<0.05) were observed for 23 nutrient analytes. Three analytes were
statistically different (p<<0.05) between MON 87705 and the conventional control in the
combined-site analysis: total fat, arginine and cystine (Table VII-2). The biological
relevance of these differences was assessed based on the magnitude of the difference,
reproducibility across sites, and comparison of mean analyte values to the 99% tolerance
interval for the population of commercial conventional soybean varieties grown
concurrently at the same field sites. Mean analyte values were further compared to ILSI-
CCD and literature ranges.

The mean level of total fat was significantly lower (p<0.05) in MON 87705 than the
conventional soybean control in the combined-site analysis; however, the absolute
magnitude of the mean difference was small (1.04% dw; Appendix E). There were no
differences in total fat in any of the individual-site analyses. Furthermore, the mean level
of total fat in MON 87705 was well within the 99% tolerance interval. Therefore, the
difference in total fat in MON 87705 compared to the control is not considered
biologically meaningful.

The mean level of cystine was significantly higher (p<0.05) in MON 87705 than the
conventional soybean control in the combined-site analysis; however, the absolute
magnitude of the mean difference was small (0.022% dw; Appendix E). There were no
differences in cystine levels in any of the individual-site analyses. Furthermore, the mean
level of cystine in MON 87705 was within the 99% tolerance interval. Therefore, the
difference in cystine in MON 87705 compared to the control is not considered
biologically meaningful.

The mean level of arginine was significantly higher (p<0.05) in MON 87705 than the
conventional soybean control in the combined-site analysis; however, the absolute
magnitude of the mean difference was small (0.1% dw). Examination of the
reproducibility within sites shows that the mean level of arginine was significantly higher
in only one of five individual-site analyses; however, the absolute magnitude of the mean
difference was small (0.18% dw; Appendix E) These differences are not biologically
relevant changes in composition, given that the mean levels of arginine in MON 87705 in
the combined-site and individual-site analyses were all well within the 99% tolerance
interval.

These results lead to the conclusion that the seed from MON 87705 is compositionally
equivalent to conventional soybean with regard to the levels of nutrients. The differences
observed for nutrients were limited in number, not consistently observed across sites, and
reflect the natural variation of conventional soybean. Furthermore, the mean levels of
nutrient analytes were within the 99% tolerance interval and ILSI-CCD values.
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Therefore, these differences are not considered biologically meaningful from a food and
feed safety or nutritional perspective.

VII.A.4. Naturally Occurring Anti-Nutrient Levels in Soybean Seed

Soybean seed contains several well-described antinutritional factors according to OECD
(2001), which include: trypsin inhibitors, lectins, isoflavones (genistein, daidzein and
glycitein), stachyose, raffinose, and phytic acid. Combined-site analysis of antinutrients
showed no significant differences (p>0.05) between MON 87705 and the conventional
soybean control. Additional information is provided below to complete the discussion
for the group of antinutrients.

Trypsin inhibitors are heat-labile antinutrients that interfere with the digestion of proteins
and result in decreased animal growth (Liener, 1994). Lectins are also heat labile, and
can inhibit growth and cause death in animals if raw soybean is consumed (Liener, 1994).
Both trypsin inhibitors and lectins are inactivated during processing of soybean protein
products or soybean meal and, when processed appropriately, the final edible soybean
fractions should contain minimal levels of these antinutrients. No significant differences
(p=>0.05) were observed in trypsin inhibitor levels between MON 87705 and the
conventional soybean control in the combined-site or individual-site analyses.

There are three principle isoflavones in soybean seed, namely daidzein, genistein, and
glycitein. Although they have been reported to possess biochemical activities, including
estrogenic and anti-estrogenic effects, it is not universally accepted that the isoflavones
are antinutrients because they have also been reported to have beneficial antioxidant,
anticarcinogenic and heart-healthy hypocholesterolemic effects (OECD, 2001). It is well
documented that isoflavone levels in soybean seed are highly variable and are greatly
influenced by many factors (OECD, 2001; Messina, 2001; Nelson et al., 2001). No
significant differences (p>0.05) in isoflavone levels were observed between MON 87705
and the conventional soybean control for the combined-site or individual-site analyses.

Stachyose and raffinose are low molecular weight carbohydrates present in soybean seed
that are considered to be antinutrients due to their consumption, which causes flatulence.
No significant differences (p>0.05) in raffinose levels were observed between
MON 87705 and the conventional soybean control in the combined-site or individual-site
analyses. Stachyose levels showed no differences between MON 87705 and the
conventional soybean control in the combined-site analysis, but were different at one site
(Table VII-2). This difference is not considered biologically relevant because it was
observed only at one site and was not observed consistently across all sites.

Phytic acid present in soybean seed chelates mineral nutrients, including calcium,
magnesium, potassium, iron and zinc, rendering them biologically unavailable to
monogastric animals consuming the seed (Liener, 2000). Unlike trypsin inhibitors,
phytic acid is not heat labile, and remains stable through most soybean processing steps.
No significant differences (p=>0.05) in phytic acid levels were observed between
MON 87705 and the conventional soybean control for the combined-site or individual-
site analyses.
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Based on the data and information presented above, it is concluded that the seed from
MON 87705 is compositionally equivalent to conventional soybean with regard to the
levels of antinutrients.

VIIL.A.S. Proximate and Fiber Levels in Forage

Combined-site analysis of forage showed one significant difference (p<0.05) between
MON 87705 and the conventional soybean control for ash. The biological relevance of
this difference was assessed based on the magnitude of the difference, reproducibility
across sites, and comparison of mean analyte values to the 99% tolerance interval for the
population of commercial conventional soybean varieties grown concurrently at the same
field sites.

The mean level of ash was significantly higher (p<0.05) in MON 87705 than the
conventional soybean control; however, the absolute magnitude of this difference was
small (0.57% dw). There were no differences in ash in any of the individual-site
analyses. Furthermore, the mean level of ash in MON 87705 was well within the 99%
tolerance interval. Therefore, the difference in ash in MON 87705 compared to the
control 1s not considered biologically meaningful. These results lead to the conclusion
that the forage from MON 87705 is compositionally equivalent to that from conventional
soybean.

VIIL.B. Compositional Equivalence of MON 87705 Seed and Forage to Conventional
Soybean

Consistent with OECD guidelines for soybean composition (OECD, 2001) compositional
analyses were conducted to assess whether levels of nutrients, antinutrients, and key
secondary metabolites in seed and forage derived from MON 87705 are comparable to
those in the conventional soybean control, A3525, which has background genetics similar
to MON 87705 but lacks the introduced improved fatty acid profile and glyphosate
tolerance traits. Intended changes in the levels of the seed fatty acids 16:0 palmitic, 18:0
stearic, 18:1 oleic, and 18:2 linoleic comprised four of the 11 significant differences in
the combined-site analyses. For the remaining seven comparisons where a significant
difference (p<0.05) was detected, an analysis, including magnitude of differences,
reproducibility across individual sites, and comparisons of mean test analyte values to the
99% tolerance interval and published values, indicates the differences are not materially
different and/or not biologically meaningful from a food and feed safety or nutritional
perspective. Therefore, the compositional and nutritional assessment of MON 87705
supports the conclusion that, except for intended changes in seed fatty acid composition,
forage and seed produced from MON 87705 are compositionally equivalent to those of
conventional soybean.
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Table VII-2. Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705 vs. the
Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean Commercial

MON 87705 Control Difference Significance = MON 87705 Tolerance
Component (Units)’ Mean Mean (% of A3525) (p-Value) Range Interval?
Statistical Differences Observed in Combined-Site Analysis
Forage Proximate (% DW)
Ash 8.75 8.18 6.99 0.020 [7.39 -10.11] [6.78,9.91]
Seed Amino Acid (% DW)
Arginine 2.78 2.68 3.74 0.048 [2.43 - 3.16] [1.81, 3.62]
Cystine 0.61 0.59 3.66 0.043 [0.57 - 0.64] [0.49, 0.69]
Seed Fatty Acid (% Total FA)
16:0 Palmitic 2.36 10.83 -78.18 <0.001 [2.25 - 2.44] [7.62, 12.55]
18:0 Stearic 3.31 4.50 -26.39 <0.001 [3.07 - 3.82] [2.87,7.15]
18:1 Oleic 76.47 22.81 235.20 <0.001 [73.13 - 79.17] [18.40, 30.22]
18:2 Linoleic 10.10 52.86 -80.90 <0.001 [7.85-12.42] [47.75, 56.46]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance =~ MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in Combined-Site Analysis
Seed Fatty Acid (% Total FA)
18:3 Linolenic 6.69 8.02 -16.59 <0.001 [5.55-7.81] [4.97,9.93]
20:0 Arachidic 0.30 0.34 -11.72 0.005 [0.28 - 0.36] [0.22, 0.53]
20:1 Eicosenoic 0.34 0.19 79.85 <0.001 [0.27 - 0.40] [0.13, 0.25]
Seed Proximate (% DW)
Total Fat 18.29 19.33 -5.38 <0.001 [16.55 - 19.50] [15.35,25.95]
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
16:0 Palmitic Site CdT 2.31 10.80 -78.62 <0.001 [2.29 - 2.32] [7.62, 12.55]
16:0 Palmitic Site MEL 2.39 10.83 -77.92 <0.001 [2.35-2.42]
16:0 Palmitic Site QUI 2.30 10.56 -78.24 0.005 [2.25-2.37]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference

(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
16:0 Palmitic Site RAN 2.40 10.96 -78.12 <0.001 [2.39 -2.40] [7.62, 12.55]
16:0 Palmitic Site SFR 2.42 11.00 -78.00 <0.001 [2.40 - 2.44]
18:0 Stearic Site CdT 3.17 4.58 -30.88 <0.001 [3.09 - 3.23] [2.87,7.15]
18:0 Stearic Site MEL 3.33 4.39 -24.06 0.018 [3.20 - 3.47]
18:0 Stearic Site QUI 3.51 4.82 -27.20 0.004 [3.15-3.82]
18:0 Stearic Site RAN 3.34 4.50 -25.73 0.001 [3.28 -3.41]
18:0 Stearic Site SFR 3.22 4.31 -25.26 0.001 [3.07 - 3.41]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
18:1 Oleic Site CdT 76.44 23.02 232.08 <0.001 [76.35 - 76.60] [18.40, 30.22]
18:1 Oleic Site MEL 76.10 22.31 241.09 <0.001 [75.68 - 76.33]
18:1 Oleic Site QUI 78.61 24.95 215.05 0.003 [77.70 - 79.17]
18:1 Oleic Site RAN 74.69 21.53 246.87 <0.001 [73.13 - 75.98]
18:1 Oleic Site SFR 76.49 22.42 241.12 <0.001 [75.33 - 77.21]
18:2 Linoleic Site CdT 10.09 52.43 -80.75 <0.001 [9.94 - 10.22] [47.75, 56.46]
18:2 Linoleic Site MEL 10.50 53.48 -80.38 <0.001 [10.16 - 10.92]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
18:2 Linoleic Site QUI 8.75 51.70 -83.07 0.006 [7.85-10.02] [47.75, 56.46]
18:2 Linoleic Site RAN 11.32 53.73 -78.92 <0.001 [10.37 - 12.42]
18:2 Linoleic Site SFR 9.82 52.84 -81.42 <0.001 [9.33 - 10.55]
18:3 Linolenic Site CdT 6.90 8.15 -15.32 0.001 [6.85 - 6.94] [4.97,9.93]
18:3 Linolenic Site MEL 6.58 8.00 -17.72 0.002 [6.53 - 6.65]
18:3 Linolenic Site QUI 5.64 7.02 -19.69 0.029 [5.55-5.71]
18:3 Linolenic Site SFR 6.98 8.49 -17.72 0.009 [6.79 - 7.26]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705

vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
20:0 Arachidic Site CdT 0.29 0.35 -18.10 0.016 [0.28 - 0.29] [0.22, 0.53]
20:0 Arachidic Site MEL 0.30 0.34 -11.86 0.026 [0.29 - 0.30]
20:0 Arachidic Site QUI 0.33 0.36 -8.84 0.041 [0.30 - 0.36]
20:0 Arachidic Site RAN 0.28 0.33 -13.08 0.014 [0.28 - 0.29]
20:0 Arachidic Site SFR 0.29 0.32 -8.18 0.006 [0.29 - 0.29]
20:1 Eicosenoic Site CdT 0.36 0.21 76.81 <0.001 [0.36 - 0.38] [0.13, 0.25]
20:1 Eicosenoic Site MEL 0.35 0.20 70.85 0.001 [0.34 - 0.36]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference

(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in More than One Individual Site
Seed Fatty Acid (% Total FA)
20:1 Eicosenoic Site QUI 0.38 0.20 89.53 0.049 [0.37 - 0.40] [0.13, 0.25]
20:1 Eicosenoic Site RAN 0.29 0.16 82.18 0.003 [0.27-0.31]
20:1 Eicosenoic Site SFR 0.33 0.18 80.72 0.005 [0.32 - 0.35]
Seed Fiber (% DW)
Acid Detergent Fiber Site CdT 18.23 16.27 12.10 0.049 [17.57 - 18.58] [12.71, 19.29]
Acid Detergent Fiber Site RAN 16.32 13.94 17.07 0.002 [15.71 - 16.78]
Statistical Differences Observed in One Site
Forage Proximate (% DW)
Carbohydrates Site RAN 69.77 72.09 -3.22 0.027 [68.94 - 71.06] [64.45, 80.50]
Total Fat Site MEL 5.79 6.76 -14.29 0.030 [5.37-6.57] [0, 9.74]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in One Site
Seed Amino Acid (% DW)
Alanine Site SFR 1.51 1.44 4.62 0.024 [1.49 - 1.54] [1.25,1.92]
Arginine Site SFR 2.52 2.34 7.56 0.047 [2.43 -2.64] [1.81, 3.62]
Aspartic Acid Site SFR 3.76 3.56 5.48 0.009 [3.67 - 3.88] [3.02, 5.11]
Glutamic Acid Site SFR 5.90 5.53 6.62 0.008 [5.72 - 6.12] [4.42, 8.48]
Histidine Site SFR 0.90 0.85 5.90 0.018 [0.88 - 0.94] [0.74, 1.16]
Leucine Site SFR 2.54 2.41 5.12 0.014 [2.47 - 2.61] [2.06, 3.41]
Lysine Site SFR 2.25 2.13 5.32 0.007 [2.19 -2.30] [1.87,2.81]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference

(MON 87705 minus Control)

Mean

MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in One Site
Seed Amino Acid (% DW)
Phenylalanine Site SFR 1.68 1.60 4.83 0.019 [1.64 - 1.73] [1.35,2.31]
Proline Site SFR 1.62 1.55 5.02 0.021 [1.59 - 1.66] [1.29,2.21]
Tyrosine Site SFR 1.18 1.12 5.72 0.042 [1.17 - 1.20] [0.99, 1.49]
Seed Fatty Acid (% Total FA)
24:0 Lignoceric Site CdT 0.15 0.15 -3.24 0.008 [0.14 - 0.15] [0.030, 0.26]
Seed Fiber (% DW)
Neutral Detergent Fiber Site CdT 21.04 17.99 16.97 0.009 [20.47 - 22.18] [12.07, 21.51]
Seed Proximate (% DW)
Carbohydrates Site CdT 41.82 40.05 4.40 0.016 [41.62 - 42.00] [30.78, 45.86]
Seed Vitamin (mg/100g DW)
Vitamin E Site MEL 3.26 3.83 -15.05 0.005 [3.15 - 3.45] [0, 7.36]
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Table VII-2 (continued). Summary of Differences (p<0.05) for the Comparison of Soybean Component Levels for MON 87705
vs. the Conventional Control (A3525) and Commercial Reference Varieties

Mean Difference
(MON 87705 minus Control)

Mean
MON 87705 Control Difference  Significance = MON 87705 Commercial
Component (Units)' Mean Mean (% of A3525) (p-Value) Range Tolerance Interval?
Statistical Differences Observed in One Site
Seed Antinutrient (% DW)
Stachyose Site CdT 3.76 3.10 21.27 0.046 [3.55-4.16] [1.96,4.41]

'DW = dry weight; FA = fatty acid.
2With 95% confidence, interval contains 99% of the values expressed in the population of commercial soybean varieties. Negative limits were set

to zero.
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VII.C. Compositional Comparison of Processed Fractions from Soybean Seed of
MON 87705 and the Conventional Control

To prepare soybean processed fractions, seed samples were collected from field trials
conducted with MON 87705 and the conventional soybean control at two field sites
(Jefferson County, IA and Clinton County, IL) in the U.S. during the 2007 growing
season. In addition, 12 commercial conventional soybean varieties were grown at three
field sites in the U.S. and processed to determine a 99% tolerance interval for each
component analyzed. The seed samples were processed into defatted toasted soybean
meal (TD soybean meal); refined, bleached, and deodorized soybean oil (RBD oil);
protein isolate; and crude lecithin fractions. The processed fractions were analyzed
according to the principles outlined in the OECD consensus document for soybean
composition (OECD, 2001). The TD soybean meal was analyzed for proximates
(moisture, protein, fat, ash, and carbohydrates by calculation), ADF, NDF, amino acids,
trypsin inhibitors and phytic acid. The RBD oil was analyzed for fatty acids and vitamin
E (o-tocopherol). The protein isolate fraction was analyzed for amino acids and
moisture. The crude lecithin fraction was analyzed for phosphatides (a-phosphatidic
acid, a-phosphatidylcholine, a-phosphatidylethanolamine, and a-phosphatidylinositiol).
Compositional analyses were conducted to assess whether the processed fractions from
MON 87705 are comparable to those of the conventional soybean control, A3525, which
has background genetics similar to MON 87705, but lacks the introduced improved fatty
acid profile and glyphosate tolerance traits. Statistically significant differences were
determined at the 5% level of significance (p<0.05) using established statistical methods.
The statistical analysis compared MON 87705 and the conventional control across the
two sites (combined-site). Statistical summary of the composition of each processed
fraction and summary of the significant differences observed between the processed
fractions prepared from the seed of MON 87705 and the conventional control are
included in Appendix E.

Results show that there were no statistically significant differences (p>0.05) between
MON 87705 and the conventional control for components measured in the protein isolate
fraction or phosphatides of crude lecithin. Comparison of the composition of TD
soybean meal processed from MON 87705 and the conventional soybean control showed
no differences (p>0.05) for 21 of the 27 components analyzed. Significant differences
(p<0.05) were observed for six components of the TD soybean meal: alanine, glycine,
isoleucine, lysine, valine, and NDF. The absolute magnitude of the differences was small
(<1.8% dw) and the MON 87705 mean values fell within the 99% tolerance interval for
the conventional soybean varieties and also within the range of published values for
conventional soybean. The low levels of residual oil (0.78% dw, as total fat) present in
the TD soybean meal from MON 87705 also are expected to reflect the intended changes
in fatty acid levels observed in seed.

As expected, and consistent with the results obtained for seed fatty acid levels, the
intended fatty acid changes (16:0 palmitic, 18:0 palmitic, 18:1 oleic and 18:2 linoleic)
also were observed in RBD oil. In addition, six fatty acids were detected in RBD oil that
were not detected in seed: 14:0 myristic acid, 16:1 palmitoleic acid, 17:0 margaric
(heptadecanoic) acid, 17:1 9c heptadecenoic acid, 18:2 other frans isomer fatty acids
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(excluding 9t,12t linolelaidic), and 18:2 6¢,9c, octadecadienoic acid. As observed in
seed, levels of several less abundant fatty acids were significantly different (p<0.05)
between the RBD oil from MON 87705 and the conventional control. Differences were
observed for 14:0 myristic acid, 16:1 palmitoleic acid, 17:0 margaric (heptadecanoic)
acid, 20:0 arachidic, 20:1 eicosenoic and 22:0 behenic acids. However, the absolute
magnitude of the differences was small (<0.15% total FA), and the MON 87705 mean
values fell within the 99% tolerance intervals for the reference varieties and/or within
published ranges for conventional soybean oil (Codex, 2005; Appendix E).

A significant increase (p<0.05) in the level of the minor fatty acid 17:1 9c heptadecenoic
acid was observed in MON 87705 compared to conventional control RBD oil. This is not
unexpected, given the intended shift in fatty acid levels in MON 87705. The mean level
of 17:1 9c heptadecenoic acid in MON 87705 (0.12% total FA) was outside the range of
values obtained for the RBD oil from commercial references. However, 17:1 9c
heptadecenoic acid is present at similar or higher levels in a variety of oils (canola, corn,
peanut, high oleic safflower, and high oleic sunflower; Codex, 2005) and foods (tofu,
ground beef, and soft-spread margarine; USDA-ARS, 2007). Therefore, there are no
adverse food and feed safety or nutrition effects associated with the levels of 17:1 9¢
heptadecenoic acid observed in MON 87705 soybean oil. The remaining minor fatty
acids 18:2 other trans (excluding linolelaidic) and 18:2 6¢,9¢c, octadecadienoic acid, not
detected in seed and are believed to arise from the spontaneous isomerization of
unsaturated fatty acids during the oil refining process. Levels of these fatty acids were
significantly lower (p<0.05) in MON 87705 compared to control RBD oil and thus, these
differences were not considered biologically relevant from a food and feed safety or
nutritional perspective (Chardigny et al., 1996).

Therefore, this supports the conclusion that, except for the intended changes in fatty acid
composition, minor differences in the levels of less abundant fatty acids and occurrence
of low levels of minor fatty acids due to spontaneous isomerisation during the oil refining
process, the processed fractions produced from MON 87705 are compositionally
equivalent to those of conventional soybean.

VII.D Safety and Nutritional Assessment of the Intended Changes in MON 87705

MON 87705 was developed to generate soybean oil with decreased levels of saturated
fats (16:0 palmitic acid and 18:0 stearic acid) and increased levels of 18:1 oleic acid, with
an associated decrease in 18:2 linoleic acid. Replacement of conventional soybean oil
with MON 87705 soybean oil under the proposed food uses results in changes in the fatty
acid composition in the U.S. diet that lead to higher oleic acid intake,and lower
consumption of saturated fats (i.e., 16:0 palmitic and 18:0 linoleic acid) with no impact
on total fat intake. This assessment assumes all of the targeted oil components of the
foods proposed for replacement that are consumed in the U.S. are replaced with
MON 87705 soybean oil. Therefore, the results presented in this petition represent a
theoretical maximal effect of MON 87705 soybean oil on fatty acid composition of the
diet. The nutritional impact from the use of MON 87705 soybean oil in targeted foods
under the intended conditions of use is estimated to result in changes in fatty acid
consumption that are within current dietary guidelines for fatty acid intake (Lichtenstein
et al., 2006; USDA-ERS 2005; WHO/FAO, 2003). A discussion of the safety and
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nutritional impact resulting from the intended changes in MON 87705 is included in
Appendix M.

VILLE Safety and Nutrition Assessment Conclusion

In conclusion, except for the intended changes in fatty acid levels, the compositional
equivalence of MON 87705 seed, forage, and processed fractions to conventional
soybean has been demonstrated in accordance with OECD guidelines. In addition, the
nutritional impact from the use of MON 87705 soybean oil in targeted foods under the
intended conditions of use is estimated to result in changes in fatty acid consumption that
are within current dietary guidelines for fatty acid intake. Therefore, MON 87705 is
regarded to be as safe and nutritious as conventional soybean for food and feed use.
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VIII. PHENOTYPIC, AGRONOMIC, AND ENVIRONMENTAL
INTERACTIONS ASSESSMENT

This section provides an evaluation of the phenotypic and agronomic characteristics and
environmental interactions of MON 87705 compared to the conventional A3525 control,
a conventional soybean variety that has background genetics similar to MON 87705 but
does not possess the improved fatty acid profile and glyphosate tolerance trait.
Phenotypic and agronomic characteristics of MON 87705 were evaluated in a
comparative manner to assess plant pest potential (OECD, 1993). In the phenotypic,
agronomic, and environmental interactions assessment of MON 87705, data were
collected to evaluate specific aspects of altered plant pest potential based on requirements
of USDA-APHIS set forth at 7 CFR § 340.6. The MON 87705 plant characterization and
environmental interactions data cover six general categories: 1) germination, dormancy,
and emergence; 2) vegetative growth; 3) reproductive growth (including pollen
characteristics); 4) seed retention on the plant and lodging; 5) plant-symbiont
associations; and 6) plant interactions with insect, disease, and abiotic stressors. An
overview of the characteristics assessed is presented in Table VIII-1.

Results from the phenotypic and agronomic assessments indicate that MON 87705 does
not possess characteristics that would confer a plant pest risk or significant environmental
impact compared to conventional soybean. Data on environmental interactions also
indicate that MON 87705 does not confer any increased susceptibility or tolerance to
specific diseases, insects, or abiotic stressors.

VIII.A. Characteristics Measured for Assessment

The phenotypic, agronomic, and environmental interactions data were evaluated from a
basis of familiarity (OECD, 1993) and were comprised of a combination of field,
greenhouse, and laboratory studies conducted by scientists who are familiar with the
production and evaluation of soybean. In each of these assessments, MON 87705 was
compared to an appropriate conventional control that had a genetic background similar to
MON 87705 but did not possess the improved fatty acid profile and glyphosate tolerance
trait. In addition, multiple commercial soybean varieties (see Appendix F and Tables F-
I, 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. Data collected from the
commercial reference varieties reflect a range of selection and breeding for desirable
characteristics and therefore can provide context for interpreting experimental results.
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Table VIII-1. Phenotypic, Agronomic and Environmental Interaction
Characteristics Evaluated in U.S. Field Trials or Greenhouse Studies

Data Characteristics Evaluation timing’ Evaluation description
Category measured (measurement endpoints)
Normal germinated Day 5 and 8 (20/30°C) % of seed producing seedlings exhibiting
normal developmental characteristics
Abnormal germinated Day 8 (20/30°C) % of seed that could not be classified as
normal germinated
Germinated Day 5, 8, and 13 (10, 20, 30, % of seed that had germinated normally
10/20 and 10/30°C) and abnormally
Dead Day 5 and 8 (10, 20, 30, % of seeds that had visibly deteriorated
Germination 10/20, 10/30, and 20/30°C); and had become soft to the touch
, dormancy, Day 13 (10, 20, 30, 10/20 and
and 10/30°C)
emergence Hard viable and Day 8 (20/30°C); Day 13 (10, | % of seeds that did not imbibe water and
nonviable 20, 30, 10/20 and 10/30°C) remained hard to the touch
Firm swollen viable Day 8 (20/30°C); Day 13 (10, | % of seeds that imbibed water
and nonviable 20, 30, 10/20 and 10/30°C) |
Early stand count V2 -V4 Number of emerged plants in two rows,
standardized to 20 ft rows
Final stand count Maturity, R8 Number of plants in two rows,
standardized to 20 ft rows
Seedling vigor V2-V4 Rated on a 1-9 scale, where 1-3 =
excellent, 4-6 = average, and 7-9 = poor
| vigor
Growth stage Every two-three weeks, V2- Average soybean plant growth stage per
Vegetative assessment R8 plot
growth Flower color Flowering, R1-R2 Color of flowers: purple, white, or mixed
Plant pubescence Maturity, R8 Pubescence on plants in each plot
categorized as hairy, hairless, or mixed
Plant height Maturity, R8 Distance from the soil surface to the
uppermost node on the main stem of five
representative plants per plot
Days to 50% flowering | Flowering, R1-R2 Calendar day number when approximately
50% of the plants in each plot were
flowering
Pollen viability Flowering, R1-R2 Viable and nonviable pollen based on
Reproducti pollen grain staining characteristics
CPrOGUCtV " pollen morphology Flowering, R1-R2 Diameter of viable pollen grains
¢ growth Seed moisture Harvest Percent moisture content of harvested seed
100 seed weight (g) Harvest Mass of 100 harvested seeds
Test weight (Ib/bu) Harvest Mass of a bushel of harvested seed
Yield (bu/ac) Harvest Bushels of harvested seed per acre,
| adjusted to 13% moisture
Lodging Maturity, R8 Rated on 0-9 scale, where 0 = completely
Seed -
retention and erect and 9 = completely flat or lodged .
lodging Pod shattering Maturity, RS Rated on 0-9 scale, where 0 = no shattering
and 9 = completely shattered
Biomass 6 weeks after emergence in Nodule, root, and shoot dry weight
Plant- greenhouse .
. Nodule number 6 weeks after emergence in Nodule number
symbiont
interactions greenhouse i
Total nitrogen 6 weeks after emergence in Shoot total nitrogen (% and g/plant)
greenhouse
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Table VIII-1 (continued). Phenotypic, Agronomic and Environmental
Interaction Characteristics Evaluated in U.S. Field Trials or Greenhouse Studies

Data Characteristics Evaluation timing' Evaluation description
Category measured (measurement endpoints)
Plant response to Four times per growing Qualitative assessment of each plot, with
abiotic stressors and season rating on a 0-9 scale, where 0 = no
disease damage symptoms and 9 = severe symptoms
Plant Arthropod damage Four times during growing Qualitative assessment of each plot, with
interactions season rating on a 0-5 scale, where 0 = no
symptoms and 5 = severe symptoms
Arthropod abundance Three times during growing Quantitative assessment of pest and
season beneficial arthropods

'Soybean plant growth stages were determined using descriptions and guidelines outlined in Soybean
Growth and Development (Pedersen, 2004).

VIII.B. Interpretation of Phenotypic and Environmental Interaction Data

Plant pest risk assessments for biotechnology-derived crops are, by standard, 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 soybean was the basis for
selecting appropriate endpoints and estimating the range of responses that would be
considered typical for soybean. As such, assessment of phenotypic and agronomic
characteristics and environmental interactions was essential to compare the
biotechnology-derived plant to the conventional counterpart. An overview of the
characteristics assessed is presented in Table VIII-1. A subset of the data relating to
well-understood weediness criteria (e.g., seed dormancy, pre-harvest seed loss
characteristics, and lodging) was used to assess whether there was an increase in
weediness potential, an element of APHIS’s plant pest determination. Based on all of the
data collected, an assessment was made whether the biotechnology-derived plant is likely
to pose an increased plant pest risk compared to the conventional counterpart.

Experienced scientists familiar with each experimental design and evaluation criteria
were involved in all components of data collection, summarization, and analysis. Study
personnel assessed that measurements were taken properly, data were consistent with
expectations based on experience with the crop, and the experiment was carefully
monitored. Prior to analysis, the overall dataset was evaluated for evidence of
biologically relevant changes, and for possible evidence of an unexpected plant response.
These scientists did not identify any unexpected observations or issues in the course of
these evaluations. Data were then subjected to statistical analysis.
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VIII.C. Interpretation of Detected Differences Criteria

Comparative plant characterization data between a biotechnology-derived crop and the
control are interpreted in the context of contributions to increased plant pest potential as
assessed by APHIS. Under the framework of familiarity, characteristics for which no
differences are detected support a conclusion of no increased plant pest potential of the
biotechnology-derived crop compared to the conventional crop. Characteristics for
which differences are detected are considered in a step-wise method (Figure VIII-1 or a
similar method). All detected differences for a characteristic are considered in the
context of whether or not the difference would increase the plant pest potential of the
biotechnology-derived crop. Ultimately, a weight of evidence approach considering all
characteristics and studies was used for the overall risk assessment of differences and
their significance. In detail, Figure VIII-1 illustrates the stepwise assessment process
employed:

Step 1
Differences detected in the combined-site The measured
and individual site analyses are evaluated* characteristic does not
Stop 2 l« contributg to a biological
— . No | OF ecological change for
Statistical differences detected (3| the crop in terms of plant
in combined-site analysis? pest potential
Yes
Step 3 N % No
Outside variation of study —>| Not adverse; the direction
or magnitude of the
Step 4 Yes‘( d . .
etected difference in the
Outside variation for crop? No. | measured characteristic
—>| does not contribute to a
Yes biological or ecological
Step 5 2 No change for the crop in
Adverse in terms of plant pest  f—> terms of plant pest
potential? potential
Yes
Step 6 N

Hazard identification and
risk assessment on
difference

*See text for interpretation of differences
detected in the individual site analysis

Note: A “no” answer at any step indicates that the characteristic does not contribute to a biological or
ecological change for the crop in terms of plant pest potential and subsequent steps are not considered. If
the answer is “yes” or uncertain the subsequent step is considered.

Figure VIII-1. Schematic Diagram of Agronomic and Phenotypic Data
Interpretation Methods

Monsanto Company 09-SY-201U Page 118 0of 471



Steps 1 and 2. Evaluate Detected Statistical Differences. Combined-site and
individual-site statistical analyses are conducted and evaluated on each measured
characteristic. Differences detected in the individual-site analysis must be observed in
the combined site analysis to be considered further for plant pest potential. Any
difference detected in the combined-site analysis is further assessed.

Step 3. Evaluate Differences Relative to Reference Range. If a difference is detected
in the combined-site analysis across multiple environments, then the test substance mean
value is assessed relative to the reference substances.

Step 4. Evaluate Differences in the Context of the Crop. If the test substance mean is
outside the variation of the reference substances (e.g., reference range), the test substance
mean is considered in the context of known values common for the crop.

Step 5. Plant Pest Potential. If the test substance mean is outside the range of values
common for the crop, the detected difference 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 identified, risk assessment on the difference is conducted. The risk assessment
considers contributions to enhanced plant pest potential of the crop itself, the impact of
differences detected in other measured characteristics, and potential for and effects of
trait transfer to feral populations of the crop or to a sexually compatible species.

VIIL.D. Phenotypic, Agronomic and Environmental Interactions Characteristics

As a significant part of the evaluation of MON 87705, plant phenotypic and agronomic
characteristics including seed dormancy and germination, phenotypic, agronomic and
environmental interactions, pollen characteristics, and symbiont interactions were
evaluated. The phenotypic, agronomic, and environmental interaction evaluations are
based on replicated laboratory, greenhouse, and/or multi-site field trials and experiments.
In evaluating the phenotypic and agronomic characteristics of MON 87705, data were
collected that address specific environmental risks regarding plant pest potential based on
the considerations of USDA-APHIS.

VIIL.D.1. Seed Dormancy and Germination Characteristic

APHIS considers the potential for weediness to constitute a plant pest factor (CFR §
340.6). Seed germination and dormancy mechanisms vary with species and their genetic
basis tends to be complex. Seed dormancy (e.g., hard seed) is an important characteristic
that is often associated with plants that are considered as weeds (Anderson, 1996;
Lingenfelter and Hartwig, 2003), where in soybean it is not uncommon to observe low
levels of hard seed (Mullin and Xu, 2001; Potts et al., 1978). Standardized germination
assays are available and routinely used to measure the germination characteristics of
soybean seed. The Association of Official Seed Analysts, an internationally recognized
seed testing organization, recommends a temperature range of 20/30° C as optimal for
germination of soybean (AOSA, 2007).

Comparative assessments of seed dormancy and germination characteristics were
conducted on MON 87705 and A3525, where A3525 served as a comparable control
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because it has background genetics similar to MON 87705 but does not possess the
improved fatty acid profile and glyphosate tolerance trait. In addition, eight
commercially available soybean varieties were included as references to provide baseline
values common to soybean. The seed lots for MON 87705, the conventional soybean
control and reference varieties were produced during 2007 in Iowa (IA), Indiana (IN),
and Missouri (MO), geographic areas which represent environmentally relevant
conditions for soybean production for this product. In addition to the AOSA
recommended temperature range of 20/30 °C, seed was tested at five other temperature
regimes of 10, 20, 30, 10/20, and 10/30 °C to assess seed germination properties. The
details of the materials, experimental methods, and germination data from all individual
production sites are presented in Appendix F.

No statistically significant differences were detected between MON 87705 and the
control for percent viable hard seed in any temperature regime with the exception of the
20 °C temperature regime (Table VIII-2). At 20 °C, MON 87705 had lower percent
viable hard seed than the control (0.0 vs. 0.3%). The mean value for percent viable hard
seed of MON 87705 was within the reference range (0.0 — 0.3%). Thus, the statistical
difference detected for percent hard seed is unlikely to be biologically meaningful in
terms of increased weed potential of MON 87705 compared to conventional soybean.
Furthermore, a decrease in hard seed would not contribute to increased weediness of
soybean.

No statistically significant differences were detected between MON 87705 and the
control for percent viable firm swollen seed in any temperature regime (Table VIII-2).
Within some temperature regimes, it was not possible to conduct an analysis of variance
for percent viable firm swollen seed because there was no variability present in the data.
For these data, the values for MON 87705 and the control were all zero, indicating no
biological differences. Additionally, no statistically significant differences were detected
between MON 87705 and the control for percent germinated, viable hard, dead, or viable
firm swollen seed in the 10, 10/20, or 10/30 °C temperature regimes.

Three other statistically significant differences were detected between MON 87705 and
the control in the combined-site analysis (Table VIII-2). MON 87705 had lower percent
germinated seed than the control at 30 °C (92.8 vs. 95.5%), and had higher percent dead
seed than the control at 30 °C (7.3 vs. 4.5%) and 20/30 °C (2.7 vs. 1.3%). Lower percent
germinated seed and higher percent dead seed would not contribute to increased
weediness. Furthermore, all values were well within the recommended standards for
certified soybean seed (AOSCA, 2009b).

The biological characteristics evaluated in this study were used to characterize
MON 87705 in the context of plant pest risk assessment. Based on the dormancy and
germination characteristics assessed, the results of this study, particularly the lack of
increased hard seed, demonstrate there were no changes indicative of increased weed
potential of MON 87705 relative to conventional soybean.
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Table VIII-2. Germination Characteristics of MON 87705 and A3525

Mean % (S.E.)?

Eﬁ;ﬁie ' Category MON 87705 A3525 Reference Range 3
10 °C Germinated 97.7 (0.7) 98.4 (0.4) 98.2-99.5
Viable Hard 0.1 (0.1) 0.3 (0.1) 0.0-0.8
Dead 2.1(0.8) 1.1 (0.4) 03-1.3
Viable Firm-Swollen 0.2 (0.1) 0.3 (0.1) 0.0-0.5
20°C Germinated 99.1 (0.5) 98.8 (0.3) 96.9 —99.8
Viable Hard 0.0 (0.0) * 0.3 (0.1) 0.0-0.3
Dead 0.9 (0.5) 0.8 (0.3) 0.3-3.1
Viable Firm-Swollen 0.0 (0.0)+ 0.0 (0.0) 0.0 - 0.0
30°C Germinated 92.8 (2.4)* 95.5 (0.6) 94.4-99.5
Viable Hard 0.0 (0.0) 0.0 (0.0) 0.0-0.3
Dead 7.3 (2.4)* 4.5(0.6) 03-54
Viable Firm-Swollen 0.0 (0.0) 1 0.0 (0.0) 0.0-0.0
10/20°C  Germinated 99.3 (0.2) 99.6 (0.2) 98.4 —100.0
Viable Hard 0.1 (0.1) 0.1 (0.1) 0.0-0.3
Dead 0.6 (0.1) 0.3(0.2) 0.0-1.6
Viable Firm-Swollen 0.0 (0.0) T 0.0 (0.0) 0.0-0.0
10/30°C  Germinated 98.0 (0.7) 98.8 (0.4) 98.0-99.5
Viable Hard 0.0 (0.0) 0.0 (0.0) 0.0-0.3
Dead 2.0 (0.7) 1.3(0.4) 0.5-1.8
Viable Firm-Swollen 0.0 (0.0) t 0.0 (0.0) 0.0-0.0
20/30 °C  Normal Germinated 92.4 (1.0) 93.6 (0.7) 57.0-98.5
(AOSA)  Abnormal Germinated 4.9 (0.7) 5.0 (0.7) 1.3-42.5
Viable Hard 0.0 (0.0) 0.2 (0.1) 0.0-0.4
Dead 2.7(0.8) * 1.3 (0.4) 0.3-2.4
Viable Firm-Swollen 0.0 (0.0) 0.0 (0.0) 0.0-0.1

Note: The data were analyzed according to three randomized complete block (RCB) designs with four
replications; each site represented a separate RCB.
*Indicates a statistically significant difference between MON 87705 and the control (p < 0.05).

+No statistical comparison could be made due to lack of variability in the data.

! For the alternating temperature regimes of 10/20, 10/30, or 20/30 °C, the lower temperature was
maintained for 16 hours, and the higher temperature for eight hours.
? Means based on four replicates (n = 4) of approximately 100 seeds. In some instances, the total

percentage for both MON 87705 and the control did not equal exactly 100% due to numerical rounding of
the means. S.E. = Standard Error.
3 Minimum and maximum means determined from among the eight commercially available reference
soybean varieties produced at the sites.
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VIIL.D.2. Field Phenotypic, Agronomic Characteristics and Environmental
Interactions

Plant growth, development, and yield characteristics were assessed under field conditions
as part of the plant characterization assessment of MON 87705. These data were
developed to provide APHIS with a detailed characterization of MON 87705 relative to
the conventional soybean control, A3525, and commercially available soybean.
According to 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 87705 compared to the unmodified recipient organism that may impact its pest
potential. Environmental interactions were also assessed as an indirect indicator of
phenotypic changes to MON 87705 relative to the same comparators described above.
The purpose of these field evaluations was to assess the phenotypic and agronomic
characteristics and the plant-insect, plant-disease, or plant-abiotic stressor interactions of
MON 87705 compared to the control. Certain growth, reproduction, and pre-harvest seed
loss characteristics (such as lodging and pod shattering) can be used in the assessment of
whether MON 87705 has enhanced plant pest potential.

Data were collected at 17 field locations during 2007 to thoroughly evaluate phenotypic,
agronomic, and environmental interaction characteristics. These 17 locations provided a
diverse range of environmental and agronomic conditions representative of commercial
soybean production areas in the U.S. (Table VIII-3). The experiments were arranged as
randomized complete block designs. The categories and timings of phenotypic
characteristics and environmental interactions evaluated are included in Table VIII-1.
The methods and detailed results of the individual site data comparisons are presented
and discussed in Appendix G, while the combined-site analyses are summarized below.
The results of this assessment showed the improved fatty acid profile and glyphosate
tolerance trait did not unexpectedly alter MON 87705 compared to conventional soybean
in terms of weediness potential, and the lack of differences in plant response to abiotic
stressors, disease damage, arthropod damage, and arthropod pest and beneficial insect
abundance further support the conclusion that the introduction of the modified oil profile
trait is unlikely to increase plant pest potential.

VIIL.D.2.1. Field Phenotypic and Agronomic Characteristics

A total of 14 phenotypic and agronomic characteristics were evaluated. For the
combined-site analyses, no significant differences were detected between MON 87705
and the control for seedling vigor, plant height, lodging, pod shattering, seed moisture,
test weight, or yield (Table VIII-4). Four statistically significant differences were
detected between MON 87705 and the control in the combined site analysis.
MON 87705 was lower than the control for both early stand count (235.1 vs. 256.1
plants/plot) and final stand count (216.3 vs. 239.3 plants/plot); however, mean counts of
MON 87705 were within the reference soybean varieties range for both stand count
evaluations. Furthermore, it is unlikely that decreased stand counts would contribute to
increased weed potential of MON 87705 and the detected differences in stand count did
not impact final yield. MON 87705 flowered approximately one day later than the
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control (198.1 vs. 196.9 days after 1 Jan. 2007) and the weight of 100 seeds was lower
for MON 87705 compared to the control (15.6 vs. 16.1 g). The differences in days to
50% flowering and 100 seed weight were relatively small in magnitude (0.6% and 3.2%,
respectively), and the mean values of MON 87705 were within the range of the reference
soybean varieties for both characteristics. Thus, the differences in days to 50% flowering
and 100 seed weight are unlikely to be biologically meaningful in terms of increased
weed potential.

Flower color, plant pubescence, and plant growth stage data were categorical and were
not statistically analyzed; however, at each site all plants of MON 87705 and the control
had purple flowers and pubescence as expected. Furthermore, MON 87705 and the
control were within the same range of plant growth stages for 113 out of the 114 growth
stage observations among the sites. During a single observation at one site, MON 87705
plants were at the V6 growth stage while the control plants were at V7; however, the
growth stage of MON 87705 was within the range of growth stages observed for the
reference soybean varieties (Appendix G; Table G-4).

The phenotypic and agronomic characteristics evaluated in this study were used to
provide a detailed description of MON 87705 compared to the nontransformed control
(A3525). A subset of these characteristics was useful to assess the weediness potential of
MON 87705 compared to the conventional soybean control. Based on the measured
phenotypic and agronomic characteristics, the results support a conclusion of no
unexpected changes in the phenotype and no increased plant pest potential of
MON 87705 compared to the conventional soybean control.
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Table VIII-3. Field Phenotypic Evaluation Sites for MON 87705 during 2007

Location}

Location USDA-APHIS

Code Notification Number

Jackson County, Arkansas * AR 07-043-105n

07-115-103n
Jefferson County, lowa IA1 07-043-104n
Benton County, lowa 1A2 07-043-104n
Clinton County, Illinois IL1 07-043-104n
Stark County, Illinois L2 07-043-104n
Warren County, Illinois IL3 07-043-105n
Boone County, Indiana IN1 07-043-104n
Parke County, Indiana IN2 07-043-105n
Pawnee County, Kansas KS 07-043-105n
Ottawa County, Michigan MI 07-043-105n
Lincoln County, Missouri MO2 07-043-105n
St. Louis County, Missouri MO3 07-043-105n
Macon County, Missouri MO4 07-043-105n
York County, Nebraska NE 07-043-104n
Fayette County, Ohio OH 07-043-104n
Berks County, Pennsylvania PA 07-043-104n
Walworth County, Wisconsin WI 07-043-104n

* The Arkansas site utilized two USDA-APHIS notifications. 07-043-105n was a release

notification and 07-115-103n was a movement notification.

+Shelby County, Missouri (USDA-APHIS notification number 07-043-105n) data not reported
due to wild animal damage early in the season.
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Table VIII-4. Plant Growth and Development Data across 17 Locations during 2007

MON 87705* A3525 Reference Range'
Phenotypic Characteristic (units)  Mean (S.E.) Mean (S.E.) Minimum Maximum
Early stand count (#/plot) 235.1* (8.8)  256.1 (6.9) 142.3 267.2
Seedling vigor (1-9 scale) 3.0(0.2) 2.9(0.2) 2.3 5.4
Days to 50% flowering’ 198.1*% (1.1)  196.9 (1.1) 194.5 200.1
Plant height (in) 34.2(0.9) 35.1(0.9) 26.6 43.0
Lodging (0-9 scale) 1.8 (0.3) 1.6 (0.3) 0.4 23
Pod shattering (0-9 scale) 0.2 (0.1) 0.2 (0.1) 0.0 0.5
Final stand count (#/plot) 216.3*(8.7)  239.3(7.3) 145.0 258.2
Seed moisture (%) 12.3 (0.3) 12.3(0.3) 11.0 13.6
100 seed weight (g) 15.6* (0.4) 16.1 (0.4) 13.8 20.5
Test weight (Ib/bu) 54.3 (0.6) 54.0 (0.7) 51.7 56.0
Yield (bu/ac) 54.3 (2.5) 54.8 (2.3) 38.7 63.8

* Indicates a statistically significant difference between MON 87705 and the conventional soybean control (A3525) (p < 0.05).
! Reference range = Minimum and maximum mean values among the 17 commercially available reference soybean varieties.

? Calendar day number when approximately 50% of the plants in each plot were flowering.

S.E. = standard error. Means based on n= 51 (except 100 seed weight where n = 48).
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VIIIL.D.2.2. Environmental Interaction Analyses

APHIS considers the environmental interaction potential of the biotechnology-derived
soybean compared to its conventional counterpart to determine the potential for increased
weedy or invasive characteristics. Evaluations of environmental interactions were
conducted as part of the plant characterization for MON 87705. In the 2007 U.S. field
trials conducted for evaluation of phenotypic and agronomic characteristics of
MON 87705, observational data on plant response to abiotic stressors (drought, wind,
nutrient deficiency, etc.), disease damage, arthropod damage, and arthropod abundance
(Appendix G; Tables G-5, G-6, G-7, G-8, and G-9, respectively) also were collected.
These data are used as part of the environmental risk assessment to assess the plant pest
potential and potential increased adverse impact on NTOs for MON 87705 compared to
the conventional soybean control (see Section X and Section XI for additional
discussion). In addition, multiple commercial soybean varieties were included in the
analysis to establish a range of natural variability for each assessed characteristic. The
environmental interactions evaluation included data collected in the phenotypic studies
(plant-insect, plant-disease, and plant-environment interactions). The results of this
assessment showed the improved fatty acid profile and glyphosate tolerance trait did not
unexpectedly alter MON 87705 compared to conventional soybean in terms of pest
potential. The lack of differences in plant response to abiotic stressors, disease damage,
arthropod damage, and arthropod pest and beneficial insect abundance indicate that the
introduction of the improved fatty acid profile and glyphosate tolerance trait is unlikely
to be biologically meaningful in terms of increased pest potential. In these trials, the
observations of plant response to abiotic stressors, disease damage, and arthropod
damage were performed four times during the growing season at all 17 sites, and
arthropod abundance was assessed from collections performed three times during the
growing season at four of the 17 sites. The observed stressors were at natural levels (i.e.,
no artificial infestation or interference was used). Therefore, the same stressors were not
necessarily observed at each field site.

Environmental interactions were assessed qualitatively at 17 sites, and arthropod
abundance data were collected quantitatively from four sites. For the plant-insect
interactions, plant-disease interactions, and plant responses to abiotic stressors, the
reported values represent the range of ratings observed across the three replications at
each site. MON 87705 and the control were considered qualitatively different in
response to a stressor if the ratings between MON 87705 and the conventional soybean
control did not overlap across all replications for that particular stressor (e.g., “none”
rating vs. “slight-moderate” rating). The ratings observed among the commercial
reference soybean varieties provide qualitative assessment data common to soybean for
each stressor assessed.

In an assessment of abiotic stress response, disease damage, and arthropod damage, no
differences were detected between MON 87705 and the conventional soybean control for
574 of 579 comparisons (including 167 abiotic stress response, 206 disease damage, and
206 arthropod damage comparisons) among all observations at the 17 sites (Appendix G;
Tables G-5, G-6, and G-7). The five observed differences were in the disease and
arthropod damage categories. MON 87705 had less damage than the control from
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bacterial blight during three observations at a single site and from aphids and leathoppers
during one observation at a single site. For each of the five observed differences, the
severity of damage in the MON 87705 plots was within the range of that for the reference
soybean variety plots. Therefore, the detected differences in disease and arthropod
damage ratings are unlikely to be biologically meaningful in terms of increased plant pest
potential for MON 87705 compared to the conventional soybean control.

In an assessment of pest and beneficial arthropod abundance, no statistical differences
were detected between MON 87705 and the conventional soybean control for 95 out of
96 comparisons (including 46 arthropod pest comparisons and 50 beneficial arthropod
comparisons) among the collection intervals at the four sites (Appendix G; Tables G-8
and G-9). The single detected statistically significant difference was for bean leaf beetle
in a single collection from one site, and the mean abundance value from the MON 87705
plots was within the range of that for the reference soybean variety plots. Thus, the
differences are unlikely to be biologically meaningful in terms of increased plant pest
potential.

These results indicate that compared to conventional soybean, the environmental
interactions between MON 87705 and arthropod pest and beneficial organisms, diseases,
and abiotic stressors were not altered compared to conventional soybean. The lack of
significant biological differences in plant response to abiotic stressors, disease damage,
arthropod damage, and arthropod pest and beneficial insect abundance indicate that the
improved fatty acid profile and glyphosate tolerance trait of MON 87705 is unlikely to be
biologically meaningful in terms of increased plant pest potential.

VIII.D.3. Pollen Characteristics

APHIS considers the potential for gene flow to, and introgression of the biotechnology-
derived trait into other soybean varieties and wild relatives to determine the potential for
increased weedy or invasive characteristics of the receiving species. Pollen morphology
and viability information are pertinent to this assessment and therefore were assessed on
MON 87705. In addition, morphological characterization of pollen produced by
MON 87705 and the conventional soybean control is relevant to the plant pest risk
assessment because it adds to the detailed description of the phenotype of MON 87705
compared to the conventional soybean.

The purpose of this evaluation was to assess the morphology and viability of pollen
collected from MON 87705 compared to a conventional soybean control. Pollen was
collected from MON 87705, the control (A3525), and five commercially available
reference soybean varieties grown under similar agronomic conditions in a field trial in
Missouri. The trial was arranged in a randomized complete block design with three
replications. A minimum of 20 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 87705, the control, and the reference soybean varieties (see
Appendix H).
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No statistically significant differences were detected between MON 87705 and the
control for percent viable pollen or pollen grain diameter (Table VIII-5). Furthermore,
no visual differences in general pollen morphology were observed between MON 87705
and the control. These results demonstrate that the introduction of the modified oil
profile trait did not alter the overall morphology or viability of MON 87705 pollen
compared to the conventional soybean control. The lack of statistically significant
differences between the pollen collected from MON 87705 compared to the conventional
soybean control for the assessed characteristics demonstrate that the observed values
were within the range of observations expected for soybean. Thus, these data further
support no change in plant pest potential for MON 87705 compared to the
nontransformed control and other soybean varieties.

Table VIII-S. Pollen Grain Diameter and Viability Analyses

Pollen MON 87705*  A3525 Reference Range'
Characteristic Mean (S.E.) Mean (S.E.) Minimum Maximum
Viability (%) 98.3(0.3) 96.7 (0.5) 97.2 99.6
Diameter (um) 25.7 (0.1) 25.0(0.5) 24.3 25.8

S.E. = Standard Error. Means based on n = 3.
* No significant differences were detected between the MON 87705 and the control (p > 0.05).

! Reference range is the minimum and maximum mean value observed among the five reference soybean
varieties.
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VIIIL.D.4. Symbiont Interactions

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 Bradyrhizobium
Jjaponicum. As a result of this relationship, no nitrogen inputs are needed for agricultural
production of soybean.

As part of the plant pest risk assessment, APHIS considers the impact of the modified
crop on pest potential and the environment as well as on agricultural or cultivation
practices (CFR § 340.6). Changes in the symbiotic relationship with Rhizobiaceae and
Bradyrhizobiaceae could directly impact pest potential, the environment, or cultivation
practices (i.e., need to add additional nitrogen to soybean production). Thus, the purpose
of this evaluation was to assess whether the B. japonicum-soybean symbiosis of
MON 87705 had been altered as a result of the introduction of the improved fatty acid
profile and glyphosate tolerance trait compared to a conventional soybean control.

The relative effectiveness of the symbiotic association between a leguminous plant and
its rhizobial symbiont can be assessed by various methods. Assessment of nodule
number and mass along with plant growth and nitrogen status are commonly 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 number relative to
nodule dry weight may be variable in soybean experiments because some nodules may be
larger in diameter and less numerous, while others are not as developed (smaller) but
more abundant (Appunu and Dhar, 2006; Israel et al., 1986).

MON 87705, a conventional soybean control (A3525), and six reference soybean
varieties were produced from seed planted in pots containing nitrogen-deficient potting
medium grown in a greenhouse. Seeds were inoculated with a solution of B. japonicum.
The pots were arranged in a randomized complete block design with eight replicates. At
six weeks after emergence, plants were excised at the surface of the potting medium, and
then shoot and root plus nodule material were removed from the pots. Nodules were
separated from roots prior to enumeration and determination of dry weight. Detailed
information on materials and methods used for symbiont evaluation is presented in
Appendix I.

No significant differences were detected between MON 87705 and the control for each
measured parameter, including nodule number, shoot total nitrogen (percent and mass),
and biomass (dwt) of nodules, shoot material, and root material (Table VIII-6).

Based on the assessed characteristics, the results support the conclusion that the
introduction of the improved fatty acid profile and glyphosate tolerance trait does not
alter the symbiotic relationship between B. japonicum and MON 87705 compared to
conventional soybean. Thus, there is no increased plant pest potential and no expected
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impact to cultivation practices relative to nitrogen inputs for MON 87705 compared to
the nontransformed control or other soybean varieties.

Table VIII-6. Symbiont Interaction Assessment of MON 87705 and the Control

1

Measurement Mean (S.E.)* Reference Range
Endpoint MON 87705 A3525 p-Value Min Max
Nodule N

odule Number 229 (43) 246 (39)  0.6625 140 235
(per plant)
Nodule Dry Wt (g/plant) 0.61 (0.08)  0.64(0.03)  0.7160 0.52 0.73
Root Dry Wt (g/plant) 1.68 (0.11) 1.52(0.10)  0.4228 1.54 2.22
Shoot Dry Wt (g/plant) 5.24(0.59)  5.13(0.38)  0.8839 5.76 7.71
Shoot Total Nitrogen

3.26 (0.21 3.54(0.12)  0.0832 2.74 3.41

(% dwt) (0.21) (0.12)
Shoot Total Nitrogen (g) 0.18(0.02)  0.18(0.02)  0.7957 0.18 0.23

Note: Pots were arranged in eight replicated blocks (n = 8) in a greenhouse using a randomized completed
block design. S.E. = standard error.

*No significant differences were detected between MON 87705 and the control (p>0.05).

'Reference range is the minimum and maximum mean value observed among six commercial reference

soybean varieties.

VIILE. Overall Conclusions for Phenotypic, Agronomic, and Environmental
Interactions Evaluation

An extensive and robust set of information and data were used to assess whether the
introduction of the improved fatty acid profile and glyphosate tolerance tolerance trait
altered the plant pest potential of MON 87705 compared to the conventional soybean
control A3525. Phenotypic and agronomic characteristics of MON 87705 were evaluated
and compared to those of the conventional soybean control. These assessments included
14 plant growth and development characteristics; five seed dormancy and germination
parameters under six different temperature regimes; two pollen characteristics;
observations for abiotic stressor, disease damage, arthropod damage and arthropod
abundance; plant-symbiont interaction characteristics; and compositional evaluation
(Section VII) of 67 different components (seven in forage, and 60 in seed).

Results from the phenotypic and agronomic assessments demonstrate that MON 87705
does not possess characteristics that would confer a plant pest risk compared to
conventional soybean. Data on environmental interactions also indicate that MON 87705
does not confer any biologically meaningful increased susceptibility or tolerance to
specific disease, insect, or abiotic stressors, or changes in agronomic and phenotypic
characteristics. Taken together, these data support the conclusion that MON 87705 is not
likely to pose increased plant pest risk compared to conventional soybean.
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IX. U.S. AGRONOMIC PRACTICES
IX.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 87705. Discussions include soybean production, seed
production, growth and development, general management practices (including identity
preservation practices), management of weeds, insects and diseases, soybean rotational
crops, and volunteer soybean management. Information presented in the previous section
demonstrated that MON 87705 is no more susceptible to diseases or pests than
conventional soybean. Additionally data presented in Section VIII show that, with the
exception of an improved fatty acid profile and tolerance to the herbicide glyphosate,
MON 87705 is phenotypically equivalent to conventional soybean. Thus, there are no
changes to the inputs needed for MON 87705, and no specific impacts to most of the
agronomic practices employed for production of soybean. Where there is potential for
impact on agronomic practices from the deregulation of MON 87705, discussion
delineating the scope and magnitude of those impacts is provided. For example,
MON 87705 will be produced under an identity preservation system requiring specific
management practices to preserve the value of the oil. Therefore, emphasis is placed on
anticipated impacts to agronomic practices used for production of specialty type soybean
uponderegulation of MON 87705. Additionally MON 87705 has a glyphosate-tolerance
trait so potential impacts to crop rotation practices are considered.

Soybean is planted in over 30 states, demonstrating its wide adaptation to soils and
climate. The soil, moisture, and temperature requirements for producing soybean are
generally similar to those for corn, and thus the two crops share a similar cultivation area.
Proper seedbed preparation, appropriate variety selection, appropriate planting dates and
plant population, and good integrated pest management practices are important for
optimizing the yield potential and economic returns of soybean.

MON 87705 is expected to bring added value for growers, soybean handlers, crushers
and food processors. An identity preservation system will be used for production, post-
harvest handling and processing to preserve the enhanced value of MON 87705. As such,
production practices, post-harvest handling of soybean, and processing will fall under a
separate production system and distribution channel termed for this specialty soybean.
MON 87705 is expected to utilize existing agricultural practices employed for production
and identity preservation of specialty soybean.

Annual and perennial weeds are perceived to be the greatest pest problem in soybean
production. Economic thresholds for controlling weeds in soybean require some form of
weed management practice on all soybean acreage. Approximately 98% of the soybean
acreage receives a herbicide application. Soybean insects and diseases generally are

Monsanto Company 09-SY-201U Page 131 of 471



considered less problematic, 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 from tillage practices.
Additionally, mechanical and chemical control methods are available to manage the
occasional volunteer soybean plant. Due to the lack of weediness potential, introduction
of MON 87705 in the soybean production system would have a negligible impact on
managing soybean volunteer plants in rotational crops such as corn, cotton, and rice,
because control measures are available for volunteer soybean when they arise. Preplant
tillage is the first management tool for control of emerging volunteer soybean in the
spring. If volunteer soybean plants emerge after planting, shallow cultivation will control
most of the plants and effectively reduce competition with the crop. Several
postemergence herbicides also are available to control volunteer soybean (conventional
or glyphosate-tolerant soybean) in each of the major rotational crops.

As shown in Sections VII and VIII, with the exception of the improved fatty acid profile
and glyphosate tolerance trait, no phenotypic, compositional, or environmental
differences between MON 87705 and conventional soybean have been observed.
Moreover herbicide-tolerant soybean is currently grown on 92% of soybean acres
(USDA-NASS, 2008). Therefore, it is not anticipated that commercialization of
MON 87705 in the U.S. would have a notable impact on current soybean cultivation
practices, including the management of weeds, diseases, and insects.

IX.B. Overview of U.S. Soybean Production
IX.B.1. Soybean Production

Soybean first entered North America in the 18" century (Hoeft et al., 2000). Sometime
during the 1930s, soybean started to be processed industrially in the U.S. for edible oil
and protein meal. Currently, the U.S. produces approximately 32% of the global soybean
supply (ASA, 2008). In 2007, the U.S. exported 1 billion bushels (27.9 million metric
tons) of soybean, which accounted for 37 percent of the world's soybean exports (ASA,
2008). In total, the U.S. exported $12.9 billion USD worth of soybean and soybean
products globally in 2007 (ASA, 2008). China is the largest export market for U.S.
soybean with purchases totalling $4.1 billion. Japan is the second largest export market
with sales of $1.1 billion in the same year. Other significant markets include the
European Union and Mexico.

The production of soybean is highly dependent upon soil and climatic conditions. In the
U.S., the soil and climatic requirements for growing soybean are very similar to corn.
The soils and climate in the Eastern, Midwestern and portions of the Great Plains regions
of the U.S. provide sufficient water supplies 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 available water, allowing soybean roots to penetrate
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deeper in medium-textured soils than in clay soils. Irrigation is used on approximately
9% of the acreage to supplement the water supply during dry periods in the western and
southern soybean growing regions (ASA, 2008).

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 vast majority of soybean grown in the U.S. is grown for animal feed and is usually
fed as soybean meal. However, soybean is also grown as a specialty soybean product for
a specific market or use.”> Examples of specialty soybean include high protein, tofu, high
oil, high oleic, non-biotechnology-derived (also referred to as non-genetically modified),
and organic soybean.® The uses of these soybean varieties include human consumption,
food processing or specialty products. The soybean varieties used in the specialty market
are typically specified by buyers and end-users of soybean for production, and a premium
relative to commodity soybean is paid for delivering a product that meets purity and
quality standards (Pritchett et al., 2002; Elberhi, 2007; Sundstrom et al., 2002; Lee and
Herbek, 2004; Muth et al, 2003; and Smyth and Phillips, 2002) for the soybean variety.
Product differentiation and market segmentation in the specialty soybean industry
includes mechanisms to keep track of the soybean (traceability), methods for identity
preservation (IDP), including closed-loop systems, and quality assurance processes (€.g.,
ISO9001-2000 certification), as well as contracts between growers and buyers that
specify delivery agreements. MON 87705 is an improved fatty acid profile soybean oil
product and will be considered a specialty soybean product and marketed in a manner
similar to other high-value specialty crops.

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
IX-1). Average soybean yields have varied from 33.9 to 43.3 bushels per acre over this
same time period. Soybean production ranged from 2.45 to 3.19 billion bushels over the
past ten years, with 2006 being the largest production year on record. According to data
from USDA-NASS (2009a,b), soybean was planted on approximately 75.7 million acres
in the U.S. in 2008, producing 2.96 billion bushels of soybean (Table IX-1). Soybean
acreage and production in 2007 was down significantly from 2006, mainly due to a large
increase in corn acreage. The value of soybean reached $27.4 billion in the U.S. in 2008
(USDA-NASS, 2009a,b). In comparison, corn and wheat values in 2008 were $47.37
and $16.57 billion, respectively (USDA-NASS, 2009a,b).

5 http://usb.adayana.com:8080/usb/jsp/login.jsp
® http://usb.adayana.com:8080/usb/jsp/login.jsp
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For purposes of this agronomic practices discussion, soybean production is divided into
three major soybean growing regions accounting for 99.1% of the 2008 U.S. soybean
acreage: Midwest/Great Plains region (IL, IN, IA, KS, KY, MI, MN, MO, NE, ND, OH,
SD, and WI), Southeast region (AL, AR, GA, LA, MS, NC, SC, and TN) and the Eastern
Coastal region (DE, MD, NJ, NY, PA, and VA) (Table 1X-2). The vast majority of
soybean was grown in the Midwest region, representing 82.1% of the total U.S. acreage.
The Southeast and Eastern Coastal regions represented 14.3% and 2.7% of the acreage,
respectively. Among the three regions, the Midwest region produced the highest average
yield at 38.6 bushels per acre in 2008, and average state yields in this region ranged from
28.0 to 47.0 bushels per acre. The average yield in the Southeast region was 34.4 bushels
per acre, with states within this region averaging from 30.0 to 40.0 bushels per acre. The
average yield in the Eastern Coastal region was 34.1 bushels per acre, with individual
state averages ranging from 27.5 to 46.0 bushels per acre.

Managing input costs is a major component to the economics of producing a soybean
crop. Key decisions on input costs include choosing what soybean varieties to plant,
amounts of fertilizer to apply, and what herbicide program to use. The average operating
cost for producing soybean in the U.S. in 2006 was $93.41 per acre, according to
statistics compiled by the USDA-Economic Research Service (USDA-ERS, 2006). The
value of the production less operating cost was reported to be $161.43 per acre. A
summary of potential production costs and returns are presented in Table 1X-3.

Table IX-1. Soybean Production in the U.S., 1999 — 2008

Acres Acres Average Total

Planted  Harvested Yield Production Value
Year (x1000) (x1000) (bushels/acre) (x1000 bushels) (billions $)
2008 75,718 74,641 39.6 2,959,174 27.40
2007 64,741 64,146 41.7 2,677,117 26.97
2006 75,522 74,602 42.7 3,188,247 20.42
2005 72,142 71,361 43.3 3,086,432 16.93
2004 75,208 73,958 42.2 3,123,686 17.89
2003 73,404 72,476 339 2,453,665 18.01
2002 73,963 72,497 38.0 2,756,147 15.25
2001 74,075 72,975 39.6 2,890,682 12.61
2000 74,266 72,408 38.1 2,757,810 12.47
1999 73,730 72,446 36.6 2,653,758 12.21

Source: USDA-NASS, 2009b.
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Table IX-2. U.S. Soybean Production by Region and State in 2008

Acres Acres Total
Planted' Harvested' Average Yield' Production’ Value'
Region/State (thousands) (thousands) (bushels/acre) (x1000 bushels) (billions §)

Midwest Region

Illinois 9,200 9,100 47.0 427,700 4.00
Indiana 5,450 5,430 45.0 244,350 2.27
Iowa 9,750 9,670 46.0 444,820 4.29
Kansas 3,300 3,250 37.0 120,250 1.03
Kentucky 1,390 1,380 34.0 46,920 0.42
Michigan 1,900 1,890 37.0 69,930 0.64
Minnesota 7,050 6,950 38.0 264,100 2.54
Missouri 5,200 5,030 38.0 191,140 1.72
Nebraska 4,900 4,860 46.5 225,990 2.12
North Dakota 3,800 3,760 28.0 105,280 0.96
Ohio 4,500 4,480 36.0 161,280 1.55
South Dakota 4,100 4,060 34.0 138,040 1.25
Wisconsin 1,610 1,590 35.0 55,650 0.51
Region Totals 62,150 61,450 38.6 2,495,450 23.30
Southeast Region

Alabama 360 350 35.0 12,250 0.12
Arkansas 3,300 3,250 38.0 123,500 1.09
Georgia 430 415 30.0 12,450 0.11
Louisiana 1,050 950 33.0 31,350 0.29
Mississippi 2,000 1,960 40.0 78,400 0.69
North Carolina 1,690 1,670 33.0 55,110 0.47
South Carolina 540 530 32.0 16,960 0.15
Tennessee 1,490 1,460 34.0 49,640 0.43
Region Totals 10,860 10,585 34.4 379,660 3.35
Eastern Coastal Region

Delaware 195 193 27.5 5,308 0.05
Maryland 495 485 30.0 14,550 0.13
New Jersey 92 90 29.0 2,610 0.02
New York 230 226 46.0 10,396 0.09
Pennsylvania 435 430 40.0 17,200 0.15
Virginia 580 570 32.0 18,240 0.16
Region Totals 2027 1994 34.1 68,304 0.60

"Source: USDA-NASS, 2009b.
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Table IX-3. U.S. Soybean Production Costs and Returns in 2006

Return per
Planted Acre
Production Cost or Return Category  Itemized Costs ($ USD)
Total Gross Value of Production 254.84
Operating Costs: Seed 32.30
Fertilizer 13.05
Chemicals 14.46
Custom operations 6.01
Fuel, lube and electricity 13.51
Repairs 11.80
Purchased irrigation water 0.11
Interest on operating capital 2.17
Total, operating costs 93.41
Allocated overhead: Hired labor 1.78

Opportunity cost of unpaid 15.20
grower’s labor

Capital recovery of machinery 60.38
and equipment

Opportunity cost of land (rental 86.17

rate)

Taxes and insurance 7.93

General farm overhead 13.22
Total, allocated overhead 184.68
Total cost listed 278.09
Value of production less total cost (23.25)
listed
Value of production less operating 161.43
costs

Supporting Information: Yield = 46 bushels/acre, Price = $5.54/bushel, Enterprise size = 268
planted acres, Irrigated = 9%, Dry land = 91%.

Source: USDA-ERS, 2006.
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IX.B.2. Specialty Soybean

Commodity and specialty soybean are the two primary production and distribution
systems for soybean produced in the U.S. The majority of soybean is commonly grown
and marketed through commodity markets for the oil and protein content. Commodity
soybean is not consumed directly, but is crushed for meal that is predominantly used for
animal feed and as a minor protein source for food. The oil produced during the crushing
of the soybean is used for cooking or food ingredients. The goal of the commodity
supply chain is to supply a homogenous product to the enduser. The grower producing
soybean for this chain has a choice from many different varieties for production;
however, harvested soybean is viewed to be the same for all commodity soybean
varieties. At harvest, the grower either delivers soybean to a handler or stores them on
farm for later delivery. The handler is not interested in differentiating the commodity
soybean for later use. Commodity soybean handlers typically have large volume storage
capacity. Similarly, commodity soybean processors crush large volumes of soybean to
produce homogeneous oil and meal products. The commodity system is designed to
maximize efficiency at a low profit margin resulting in comingling of different sources of
soybean that does not affect the price received for the final product. This production
system has been in place in the U.S. since the production of soybean began in earnest in
the 1960s (Sonka et al., 2004).

In recent years, there has been an increased demand by consumers and food processers
for soybean that has specific physical or chemical characteristics that are required by
certain customers to meet specific food or feed needs. As a result a separate specialty
soybean channel has developed. This production system and distribution channel is
focused on value-added traits that involve much smaller volumes than commodity
soybean (Sonka et al., 2004). Specialty soybean varieties are produced on approximately
12% of the U.S. soybean acreage’ (and according to the Midwest Shippers Association
(MSA, 2009), this acreage could grow to over 25% of the crop acreage in certain states
within the next decade. This supply chain typically consists of a specialty firm that
contracts production of a specific variety and sets standards for quality of the harvested
soybean (Lee and Herbek, 2004). In return, growers receive a premium over the price
paid for commodity soybean. Growers may store harvested soybean on farm or deliver
the product directly to a processor or to special containers for international shipment.
The goal of this identity preserved system is to minimize handling so that value is
maintained. The cost incurred from an identify preservation system is offset by the
higher value received for the final product.

According to the American Soybean Association (2009), specialty soybean can be
grouped into ten broad categories: non-biotechnology-derived, certified seed, organic
food-grade, low saturated fat, clear hilum, tofu, natto, high sucrose, high oleic, low

7 http://usb.adayana.com:8080/usb/jsp/login.jsp: Percent U.S. soybean acreage estimate based on
U.S. Domestic Consumption by Segment — 2008/09. D. Ludwig, personal communication, 2009.
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linolenic and high protein. The categories refer to soybean with characteristics such as
altered seed composition (e.g., low saturated fat, high sucrose, high oleic, low linolenic,
and high protein), varieties of soybean with unique physical characteristics suited to their
specific uses (e,g., clear hilum for direct human consumption), or refer to a production
process (e.g., organic, certified seed). The categories are not meant to be exclusive; for
example, soybean used to produce natto or tofu may employ organic production
processes, and soybeans from all of the categories are often derived from varieties
produced according to certified seed production practices. Tofu and soymilk produced
from the tofu soybean category represent a large segment of the specialty soybean market
and are produced from unique soybean varieties that have clear hilum and large seed size
(Lee and Herbek, 2004). Tofu varieties also must be high in protein (40% or higher) and
low in oil concentration compared to commodity soybean. Clear hilum and other
characteristic are required for soybean used in the production of other soybean food
products consumed directly by humans such as natto, soybean sprouts, edamame
(vegetable soybean), and soy nuts (Lee and Herbek, 2004; UK, 2009). Organic food-
grade and non biotechnology-derived soybean varieties are identity protected and
produced not to contain biotechnology-derived traits. Organic soybean have additional
production restrictions requiring the soybean to be produced using no synthetic fertilizers
or pesticides. In recent years, public and private soybean breeders have developed
soybean varieties with improved nutritional characteristics (e.g., high sucrose, high oleic,
low linolenic and high protein) and MON 87705 is considered part of this trend towards
production of value-added soybean products. The characteristics or modifications in this
group include reducing the need for hydrogenation of the soybean oil, increasing sugar
concentration, increasing protein concentration, decreasing concentration of saturated and
polyunsaturated fats, and lipoxygenase free soybean which removes some of the flavors
that are objectionable to some consumers (Lee and Herbek, 2004).

The majority of specialty soybean varieties are offered in Maturity Group II and early
Group III varieties which are adapted to the upper Midwest/Great Plains region (Section
IX.C) (Lee and Herbek, 2004). Maturity Group II and III soybean varieties are grown on
approximately 42-45 million acres, occupying the largest percentage of soybean acreage
(see Section IX.C). The varieties were developed for this area primarily due to proximity
to processing facilities as well as international routes of shipment and to take advantage
of efficiencies in soybean breeding programs (S. Joehl, personal communication, April
2009). With a few exceptions, the agronomic or management practices for growing
specialty soybean from planting to harvest are similar to commodity soybean (Lee and
Herbek, 2004). Because special varieties are used in the production of each specialty
soybean, the variety selection is dictated by the specialty soybean buyer or processor.

Non biotechnology-derived and organic soybean by definition must be produced utilizing
only conventional soybean varieties. Weed control is extremely important for specialty
soybean to maintain a high yield potential and because weeds, such as nightshade
(Solanum nigrum), can stain harvested soybean, which is particularly undesirable in food-
grade soybean (TCM, 2008). Because organic soybean must be grown without synthetic
fertilizers or pesticides for three or more years prior to the current crop of soybean,
fertilization and pest management is much more difficult (Lee and Herbek, 2004). Weed
control in organic soybean relies on a combination of crop rotation, tillage, in-crop
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cultivation, and hand-weeding. Insect and disease control is managed primarily through
crop rotation. Certain approved pesticides are permitted in this specialty soybean
production.

All equipment and storage facilities for specialty soybean must be clean of seed from
other soybean varieties or plants, dirt, pathogens and other foreign material. Some
soybean contracts may require a special inspection of the handling and storage facilities.
The specialty soybean for soybean foods may require special harvesting equipment since
some of these soybeans are harvested before full maturity (e.g., edemame or vegetable
soybean).

IX.B.3. Identity Preservation

Identity Preservation (IDP) refers to a system of production, handling, and marketing
practices that maintains the integrity and purity of agricultural commodities (Sundstrom
et al., 2002). Commodity grains, on the other hand, are marketed in mass according to
USDA grading standards. Specialty crops require some form of segregation or full-scale
identity preservation to keep these grains separate from commodity grains (Elberhi,
2007). This market segmentation within the grain channeling system is driven by the
need to preserve market value or ensure a specified purity of the product. With certain
specialty crops, IDP is required to prevent accidental or unintended commingling (e.g.,
non biotechnology, organic) or to segregate products that are approved only for certain
uses (industrial use only).

IDP grain production has been in existence for a long time. Agricultural producers have
over many decades developed practices that allowed for differentiation between food vs.
feed grain, or grain vs. seed production, or organic vs. non organic (Massey, 2002). Seed
certification programs such as those used by the Association of Official Seed Certifying
Agencies are often cited as the model of IDP systems. These programs date back to the
1920s and 1930s when the certification process was implemented to verify the genetic
purity of seed made available to growers (see Section 1X.B.4). Standards were
established to ensure production of seed from known pedigree with high purity and
quality.  Similarly, commodity grain traders, marketing organizations, and food
processors have established purity and quality tolerances for specific end-product uses.
The need for segregation and IDP production systems has increased with the
development of specialty crops or crops with special output traits, such as high oil corn,
high oleic sunflower, and low-linolenic soybean (Sundstrom et al., 2002).

The production of IDP grains requires special processes in order for growers to meet
buyers’ criteria for variety identification, composition, and quality. Buyers of IDP
soybean typically contract for the production of seed-variety specific soybean and work
directly with seed suppliers, growers, independent certification agencies, intermediate
processors, and freight companies to deliver the preferred product within specified
tolerances.® Contract specifications are written to ensure the delivery of the desired

¥ United Soybean Board, International Buyer’s Guide at
http://www.ussoyexports.org/ussoy/buyersguide/Chap6.pdf
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attribute-specific product and that predetermined management practices are used
(Massey, 2002). Lack of compliance with a product specification can lead either to a
price discount or rejection of a shipment by the buyer. Depending on the end use,
contracts can be extensive, defining many of the production, harvest and storage
activities, or less stringent dealing more with pricing, quality specifications and only the
most critical production practices. Premiums are paid to growers for the additional risk
and management only when the grain meets the contract specifications. Premium prices
provide the impetus to maintain the specialty grain’s purity and identity separate from
commodity grains (Massey, 2002). Premiums are affected by various factors, including
the proximity of suppliers to buyers and the cost and availability of substitutes
(Sundstrom et al., 2002). For many trait-specific crops, price premiums rise or fall
depending on the supply conditions for the generic commodity.

Growers of IDP grains must have good managerial ability and implement certain
management practices to produce and deliver grain possessing the desired physical and
chemical characteristics. The production and marketing of trait-specific grains involves
additional financial risks (Elberhi, 2007). The growers’ managerial ability can affect
both yield performance and proficiency in meeting the contract specifications. From a
soybean buyer’s perspective, contracts help the buyer meet the demand for specific
product qualities, improve cost efficiencies of product processing, and reduce transaction
costs.

While specific IDP production practices vary depending on the characteristics of the
product to be delivered, general elements are implemented to ensure that the end-user or
processor receives the grain or end-product with the intended identity and desired quality.
As mentioned above, many IDP systems were developed using the principles similar to
those used in seed certification. IDP production begins with a system of standards,
records, and auditing that are put in place throughout the entire crop production,
harvesting, handling, and marketing process (Sundstrom et al., 2002). Some key
considerations in the establishment of an IDP system include: 1) planted seed identity and
tolerances, 2) appropriate field isolation, 3) inspection and clean-out of equipment and
facilities, 4) end-product sampling and testing, and 5) record maintenance and identity
labeling (Sundstrom et al., 2002). Each of these components are described in greater
detailed below:

Planting Seed Identity and Tolerances

The purity and identity of starting seed should be tested and confirmed. The purity of the
seed stock should equal or exceed the purity standards of the desired final product.
Single or multiple quality tolerances may be established in specialized IDP programs
based on market-driven standards.

Field Isolation

Crops must be isolated either spatially or temporally from pollen sources that could
impact the quality or purity of the harvested seed. The amount of isolation depends on
flower characteristics, sexual compatibility with neighboring crops, pollen quantity and
viability, and mode of pollen dissemination. A self-pollinating crop, such as soybean,
requires relatively small isolation distances to effectively preclude cross-pollination.
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Equipment and Facilities

Equipment used in production should be cleaned and inspected before and after use for
IDP crop. Storage facilities and transporting vehicles are cleaned and inspected to assure
that segregation is maintained and no physical contamination occurs.

Sampling and Testing

In some cases, the IDP grain is sampled and tested at various stages to confirm the
product identification, purity, and quality. Special consideration should be given to
sampling and testing techniques that ensure reliable results.

Record Maintenance and Identity Labeling

Records typically are maintained on field designations, harvest amounts, storage bin
locations, and product transfers. IDP products must be identified, segregated, and labeled
in the market chain.

Because value capture is also a vital part of IDP productions systems, growers must
assure markets or buyers for these IDP crops are available, especially if the crop is not
being grown under contract. The soybean industry has collaborated to foster the
development and availability of several specialty soybean and soybean oil markets.” As
an example, the soybean industry initiated a program called the Low-Linolenic Locater,
an internet-based program to assist growers in locating the closest processor or elevator
that contracts acreage and offers premiums for low-linolenic soybean.

As with current IDP systems used for specialty soybean to preserve market value or
ensure purity of the product, MON 87705 will employ an IDP system based on
established practices. The IDP practices will be implemented to ensure that the end-user
or processor receives the soybean with the identity, fatty acid composition of the oil, and
desired quality for this value-added specialty soybean.

IX.B.4. 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 in crop yields.
States developed seed laws and certification agencies to ensure that purchasers who
received certified seed could be assured that the seed met established seed quality
standards (Bradford, 2006). The federal government passed the U.S. Federal Seed Act of
1939 to recognize seed certification and official certifying agencies. Regulations first

? Qualisoy: Low-linoleic locator at http://www.qualisoy.com\
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adopted in 1969 under the Federal Seed Act recognize land history, field isolation, and
varietal purity standards for foundation, registered, and certified seed. @ Under
international agreements such as the Organization for Economic Co-Operation and
Development (OECD) scheme, the U.S. and other countries mutually recognize
minimum seed quality standards (Bradford, 2006). The Association of Official Seed
Certifying Agencies represents state and private seed certification in the U.S., and
includes international member countries in North and South America, Australia, and New
Zealand.

Soybean seed is separated into four seed classes: 1) breeder, 2) foundation, 3) registered,
and 4) certified (AOSCA, 2009a). Breeder seed is seed directly controlled by the
originating or sponsoring plant breeding organization or firm. Foundation seed is first-
generation seed increased from breeder seed and is handled to maintain specific varietal
purity and identity. Registered seed is the progeny of foundation seed that is handled to
maintain satisfactory variety purity and identity. Certified seed is the progeny of breeder,
foundation or registered seed, and is two generations from foundation seed. All soybean
seed sold may not be officially certified; however, commercial soybean seed sold and
planted for normal soybean production is produced predominately to meet or exceed
certified seed standards. This section of the petition will provide a broad overview of the
practices used in producing certified seed.

Soybean seed breeders and producers have put in place practical measures to assure the
quality and genetic purity of soybean seed varieties 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 the Association of Official Seed Certifying Agencies. Large
seed producers implement their own seed quality assurance programs. However, large
seed producers often will utilize the services of state certifying agencies as a third party
source to perform certain field inspections and audits.

The U.S. soybean production for all purposes has varied from approximately 64.7 to 75.7
million acres in the past ten years, with the lowest acreage recorded in 2007 and the
highest in 2008 (USDA-NASS, 2009 b; Table IX-1). This range of soybean acreage
would require between 105 - 125 million units (50 Ibs/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 be required to
produce this volume of commercial certified soybean seed each year.

Soybean seed is produced throughout most of the U.S. soybean-growing regions.
Soybean varieties are developed and adapted to certain geographical zones and are
separated into ten maturity groups — Group 00 to Group VIII (see Section IX.C.). Seed
production for these maturity groups is grown in the respective geographical zone for
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each maturity group. However, the production areas generally are on the northern edge
of the respective zone to minimize incidences of disease.

Soybean seed is produced by companies that produce and sell seed, such as Monsanto
Company, Pioneer Hi-Bred International, Syngenta Seeds, Kruger Seed Co., Becks
Hybrids, and tollers, which are companies that produce but do not sell certified seed, such
as Remington Seeds LLC and Precision Soya. Seed companies and tollers in turn
contract acreage with growers to produce the required amount of soybean seed.
Production or processing plants at these seed companies identify top soybean growers to
produce the seed and also monitor and inspect seed fields throughout the growing season.
The production plants also clean, condition, and bag the harvested soybean seed as well
as monitor and inspect all the processes at the plant. Production plants typically produce
between 100,000 units to 2,000,000 units of soybean seed. Production plants will
produce the various soybean varieties in different climates or environments to spread
production risks.

The entire seed production process at the majority of the seed companies and tollers is
International Organization for Standardization (ISO) certified and; therefore, includes
internal and external audits (ISO, 2009). ISO standards ensure desirable characteristics
of seeds and services, such as quality, safety, reliability, and efficiency. 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.

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
and Minor, 1993). General guidelines specific for seed production are discussed below.
The seed production field should not have been planted with soybean the previous crop in
order to avoid volunteer soybean plants (even though the risk of soybean volunteer plants
is negligible) and to ensure genetic purity.

Very early planting should be 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 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 economical threshold
levels. Foliar-applied fungicides should be considered when disease infestations are
predicted in the area. Harvest should occur as soon as the mature soybean seed reaches
13% moisture content. Harvesting soybean seed 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 adjusted to minimize or avoid seed damage.
Harvesting equipment must be cleaned before entering the seed fields to minimize
genetic contamination. Certain handling equipment, such as auger elevators, should be
avoided because they can increase seed damage.
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Field inspections are vital to ensure the soybean seed meets seed certification
requirements, ISO certification standards, regulatory standards, and trait licensing
agreement standards. Field inspections are conducted on seed production fields
throughout the soybean growing season to evaluate variety purity, ensure soybean plants
are developing 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
requirement of five feet (AOSCA, 2009a). Some states and seed producers have a stricter
isolation requirement of 10 feet.

Production plant personnel make every effort to avoid mechanical damage to the
harvested seed during the screening, cleaning, and bagging process. Specific methods are
used to assure the genetic purity and identity of th