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Re: Request for the Determination of Non-regulated Statusfor MON 89034

Dear [N

Monsanto Company requests-that the USDA-APHIS review theénclosed petition for the
determination of nonzregulated. status for corn MON 89034

Monsante has developed, by the tise of recombinant DNA techniques, MON 89034 as a
second generation insect protection cor product toprovide enhanced benefits for the
control of lepidopteran’insect pasts. MON 89034 produces the Cry1A.105 and Cry2Ab2
proteins which belong tora familyof insecticidal proteins derived from Bacillus
thuringiensis (Bt). Compared (6 YieldGard® Corn Borer corn (MON 810), MON 89034
will better serve comn growers” needs bycontrolling a wider spectrum of lepidopteran
pests. In addition, the combination of both Cryl A.105 and Cry2Ab?2 proteins in a single
plant provides'a more effective insect resistance management tool.

The data submitted in:this petition support the conclusion that MON 89034 is not likely
to pose an‘increased plant pest potential or to have an adverse environmental impact
compared to €onventional corn. The introduction of MON 89034 is expected to provide
economic, environmental and health benefits due to the protection of corn yield,
reduction of chemical insecticide usage, reduction of mycotoxin levels in corn grain, and
the increase of Bt corn product durability. The introduction of MON 89034 is not
expected to change the current U.S. corn cultivation practices and the management of
weeds, diseases and insects except for the control of lepidopteran insect pests.

® YieldGard is a registered trademark of Monsanto Technology LLC.
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Monsanto Company, therefore, requests a determination from APHIS that the new
biotechnology-derived corn MON 89034, any progeny derived from crosses between
MON 89034 and conventional corn, and any progeny derived from crosses of MON
89034 with other deregulated biotechnology-derived corn be granted non-regulated status
under 7 CFR Part 340.

The enclosed “Petition for the Determination of Non-regulated Status for MON 89034~
contains relevant information upon which to make a determination. We are claiming the
attachment (copies of study reports submitted to the U.S. EPA) as confidential business
information (CBI). Therefore, we are also submitting a CBI deleted version of thig
petition which can be released to the public.

Contained within this package are:
- six copies (2 original and 4 copies) of the CBI deleted ¥ersion of the petition
- one copy (original) of the CBI versionefithe petitior’ including CBI attachient

Should you have any questions or require further informationegarding this request or
the enclosed petition, please feel fre¢to contact B o0

Reiulatory Affairs Director in Washington DC at | N o mys<if 2t [N

Yours sincerely,

Regulatory Affairs Manager

- -
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MONSANTO

Petition for the Determination of Non-regulated Status for MON 89034

The undersigned submits this petition under 7 CFR Part 340.6 to request that'the
Administrator make a determination that-the article should not be.reguldted under
7 CFRPart 340

Octaber'24, 2006

OECD Unique Identifier: MON-89034-3
Monsant@ Petition Number: 06-CR- 166U

Prepared and Submitted by

Regulatory Affairs Manager
Monsanto Comipany
800 North Lindbergh Blvd.
StcLouis, MO 63167

Contributors and/or Principal Investigators
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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.- Mensanto
expects that no information that has been identified as CBI (confidéntial ‘business
information), will be provided to any third patty” Monsanto understands.that a CBI-
deleted copy of this information may be made;-available @0 the publi¢ in.@reading room
and by individual request, as part of a publie:comment period. Except ivaccordande with
the foregoing, Monsanto does not authdrize the release, publication or other distribution
of this information (including website posting)>without Monsanto'scpriorznotice and
consent.

© 2006 Monsanto Company. All Rights Reserved.

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

The undersigned certifies that, to the best knowledge and belief of the undersigned, this
petition includes all information and views on which to base a determination, and that it

includes all relevant data and information known to the petitioner that are unfavorable to
the petition.

Regulatory Affairs Manager

Address:

Monsanto Company

800 North Lindbergh Blvd.
Saint Louis, MO 63167

Phone;
Fax:
E-mail;
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Petition for the Determination of Non-regulated Status for MON 89034

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) and the Plant Quarantine Act (7 U.S.C. §
151-167) to prevent the introduction and dissemination of plant pests into the* United
States. The APHIS regulation 7 CFR 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 should no longer beiregulated., If APHIS détermines that the
regulated article does not present a plant pest risk, the petitionCis granted;-thereby
allowing unrestricted introduction of the artiele.

Monsanto Company is submitting this request-to’ APHIS for a\determination of non-
regulated status for the new biotechndlogy=derived corn producti, MON 89034, any
progeny derived from crosses,between MON 89034 ,and econventional ‘corn, and any
progeny derived from crosses’ of MON89034 with other biotechnology-derived corn
which has been granted nen-regtlated status. undér,7 CFR Part 340.

Corn (Zea mays L.) is the Targest crop grown incthe USS. inlterms of acreage planted and
net value. Insect{pests in thecorn‘fields; if not properly-controlled, significantly reduce
corn yields and grain quality« " In:1997,:Monsanto “commercialized a biotechnology-
derived corn“product, YieldGard™€ornBorer-comn(i.e., MON 810) which contains the
Bacillus thuringiensis (Bt)” cry2Ab. gene - ~The~expréssion of CrylAb protein in corn
plants provides effectiveprotection against damage-caused by lepidopteran insect pests,
such as European corn borer..Since the“launch of MON 810, several other Bt corn
products have alse been' contmerdialized in-the U.S., including YieldGard® Rootworm
corn whieh' expresses Cry3Bbl protein that confers protection against coleopteran pests.
In 2005, approximately.35%,0f the total U.S. corn acreage was planted with corn seed
possessing insect resistance trait:

Monsanto-has-recently developed MON 89034 as a second generation insect protection
corn_productto provide  enhanced benefits for the control of lepidopteran insect pests.
MON 89034 produceés the CrylA.105 and Cry2Ab2 proteins derived from Bacillus
thuringiensis, which are active against lepidopteran insect pests. Compared to MON 810,
MON 89034 will better serve corn growers’ need for controlling a wider spectrum of
lepidopteran pests and help assure the durability of Bt corn. MON 89034 provides
outstanding control of Ostrinia species such as European corn borer (ECB) and Asian
corn borer, and Diatraea species such as southwestern corn borer (SWCB) and sugarcane
borer. Control of these insects provided by MON 89034 is comparable to MON 810.
MON 89034 also provides a high level control of fall armyworm (FAW) throughout the
season, whereas MON 810 principally controls fall armyworm larvae during vegetative
growth stage. Furthermore, MON 89034 provides significantly improved protection from
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damage caused by corn earworm (CEW) than MON 810. In addition to the wider
spectrum of insect control, the combination of the CrylA.105 and Cry2Ab2 insecticidal
proteins in a single plant, MON 89034, provides a much more effective insect resistance
management (IRM) tool.  The results of mathematical modeling indicate that
biotechnology-derived plants expressing two Cry proteins will have significantly greater
durability than plants producing either of the single proteins if the cross-resistance
between the Cry proteins is low and the mortality of susceptible insects caused by each of
the individual proteins is at least 90%. Comparative biophysical studies indicate that the
CrylA.105 and Cry2Ab2 proteins have important differences in their mode of action,
specifically in the way in which they bind to the lepidopteran midgut. Therefore, the
probability of cross-resistance between these two proteins is low. Furthermore, invitro
and in planta studies with CrylA.105 and Cry2Ab2 demonstrfate that both proteins are
highly active against the primary lepidopteran pests of corn (ECB, SWCB{CEW, and
FAW), particularly ECB, achieving close tozor greatercthan the critical»95% tevel of
control in all cases. With these properties, MON,89034 should be’ durable with a
significantly smaller structured refuge than is necessary for Bt Corn products producing a
single insecticidal protein.

The data and information presented in* thisZapplicationdenionstrate that MON 89034 is
not likely to pose an increased plant pest potentialOr to'have~an adversezeénvironmental
impact compared to conventional corn. This conclusion is based ontmultiple lines of
evidence. The first is-thedetailed molecular characterization of the inserted DNA.
Results confirm the'insertion 6f a_single‘functional“copy-of €rylA.105 and cry2Ab2
expression cassettes at\a’single locus within the corn genome:, The second is a detailed
biochemical charactérization of the €ry1 AT105 and Cty2Ab2 proteins produced in MON
89034. In. addition, the data' dentonsttate that the’ Cry1A.105 and Cry2Ab2 proteins
produced:in MON_.89034~areequivalent'to the’ respective CrylA.105 and Cry2Ab2
proteins produced by ;fecombinant. strains of Eschérichia coli, which were used in the
various safety ‘assessment studies. . The.third.linc of evidence is an assessment of the
toxicity andoallergenicity potential’of‘the €rylA.105 and Cry2Ab2 proteins based on
extensive)information’ collected andcstudies performed on the two proteins. The results
demonstrate with, reasonable,'certainty.(that the CrylA.105 and Cry2Ab2 proteins are
unlikely to beallergens -0t toxins. .. Fhe fourth line of evidence is the compositional and
nutritional . @@ssessment. “which confirms that MON 89034 grain and forage are
compositionally- equivalent<to and as safe as those of conventional corn. The fifth line of
evidence is)the cextensive.evaluation of the MON 89034 phenotypic and agronomic
characteristics\and ecological interactions, which demonstrates that MON 89034 is not
likely-{to have.ah"increased plant pest potential compared to the conventional corn.
Finally, an assessment on the potential impact on non-target organisms (NTO) and
endangered species concludes that MON 89034 is unlikely to have adverse effects on
these organisms under the conditions of use.

MON 89034 was produced by Agrobacterium-mediated transformation of corn with PV-
ZMIR245, which is a binary vector containing 2T-DNAs. The first T-DNA, designated
as T-DNA I, contains the crylA.105 and the cry2Ab2 expression cassettes. The second
T-DNA, designated as T-DNA II, contains the nptll (neomycin phosphotransferase II)

Monsanto Company 06-CR-166U Page 5 of 262



CBI Deleted Version

expression cassette. During transformation, both T-DNAs were inserted into the genome.
The nptll gene was used as the selectable marker which was needed for selection of the
transformed cells. Once the transgenic cells were identified, the selectable marker gene
was no longer needed. Therefore, traditional breeding was used to isolate plants that only
contain the crylA.105 and cry2Ab2 expression cassettes (T-DNA 1) and do not contain
the nptll expression cassette (T-DNA II), thereby, producing marker-free corn MON
89034. Molecular characterization of MON 89034 by Southern blot analyses
demonstrated that the DNA inserted into the corn genome is present at a single locus and
contains one functional copy of the crylA.105 and the cry2Ab2 expression cassettes. All
genetic elements are present in the inserted DNA as expected with the exception that the
e35S promoter, which regulates expression of the crylA.105 gene, has been meodified and
that the Right Border sequence present in PV-ZMIR245 was feplaced by“a Left Border
sequence in MON 89034. No backbone plasmid-DNA or nptll sequences were’detected.
PCR and DNA sequence analyses provided the,complete DNA sequence of the-insert and
confirmed the organization of the elements Within the insert.

The stability of the integrated DNA was demonstrated by the fact-thatthe Southern blot
fingerprint of MON 89034 was maintaified for seven geneérations tésted in the breeding
history.  Additionally, T-DNADTI ,analysis ofimultiple  generations @f MON 89034
indicated that there were no~T-DINA II elements present otheér than those which are
common to T-DNA I, in¢luding 35S{promoter, n0s :3” end seqiencesand Left Border
sequence. Furthermore;these generations haye beenshown net'to contain any backbone
sequence from plaspud PVZMIR24S5:" The stability.was furthér confirmed by the fact
that the inheritande of.the lepidopteran prétection tratt indMON,89034 follows Mendelian
segregation priheiple.

The expression levels of Cry1A.1057and-Cry2Ab2 proteins were determined in MON
89034 tissues produced> frem multiple field;sitesin the major U.S. corn production
regions. The Tesults demonstfated-that both. CrylA.105 and Cry2Ab2 proteins were
expressed ifv all-tissues collécted, “including leaf, root, forage, silk, pollen, grain and
stover. . The mean.Cryl AL105protem levels (ug/g dwt) across all test sites were 5.9 in
grainy 42 in forage, 12 in pollen, 520 inleaves of plants at V2-V4 stage, 120 in leaves of
plants at pre<VT stage; @2 m-forage root, and 50 in stover. In tissues harvested
throughout, the growing . season, mean CrylA.105 protein levels (ng/g dwt) across all test
sites varted from 72-520,in leaf; 11-79 in root, and 42-380 in whole plant. In general,
levelszof the CryhA.105 protein declined over the growing season. The mean Cry2Ab2
protein Jevels:(pg/godwt) across all test sites were 1.3 in grain, 38 in forage, 0.64 in
pollen; 180an leaves of plants at V2-V4 stage, 160 in leaves of plants at pre-VT stage, 21
in forage root;'and 62 in stover. In tissues harvested throughout the growing season,
mean Cry2Ab2 protein levels (pg/g dwt) across all test sites varied from 130-180 in leaf,
21-58 in root, and 38-130 in whole plant. In general, levels of the Cry2Ab2 protein
declined over the growing season.

Safety assessment studies require large amount of the CrylA.105 and Cry2Ab2 proteins.

The expression levels of the two proteins in MON 89034 were too low to allow for
purification of sufficient quantities of the two proteins directly from MON 89034 for use
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in the safety assessment studies. Therefore, it was necessary to produce the CrylA.105
and Cry2Ab2 proteins in a high-expressing recombinant host organism, E. coli. The
proteins produced by E. coli were engineered to match the amino acid sequences of their
counterparts expressed in MON 89034. Thus, the physicochemical and functional
equivalence of MON 89034-produced and E. coli-produced proteins was examined to
ensure that the proteins from the two host sources were equivalent so that the E. coli-
produced proteins could be used as surrogates in the studies. Small quantities of the
CrylA.105 and Cry2Ab2 proteins were purified from the grain of MON 89034. Large
quantities of CrylA.105 and Cry2Ab2 proteins were produced and purified from E. coli.
The proteins from the two sources were characterized and the equivalence was evaluated
based a panel of analytical tests and assays, including Western blot analysis; sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE); matrix<assisted laser
desorption/ionization time-of-flight mass specttometry (MALDI-TOE-MS);-N-terminal
sequence analysis; glycosylation analysis; and insect_activity bieassay,: The’ results
provide a detailed characterization of the Ctyl1A.105 ahd Cry2 Ab2-proteins isolated’ from
MON 89034 and confirmed their equivalence tothe E‘“coliproduced Cryl A:105 and
Cry2Ab2 proteins.

The history of safe use and data’fronimultiple studies-support thé-safety of MON 89034
and the CrylA.105 and Cry2 Ab2. proteins. The two proteinscbelong to afamily of Cry
proteins from Bacillus thuringiénsis, ‘an organismywhich has’beefi’used*commercially in
the U.S. for over four'decades to" produce.microbial pesticides,c,Bt corn expressing
several Cryl proteins andBt cotton expressing both Cryliand“Cry2Ab2 proteins have
been cultivated inlargé-areas-in_the U-S’ and other countries,for up to a decade. The
extremely low-mamialiantoxicity-of Bt-based microbial insecticides and Cry proteins
has been demonstrated-in numerous” safety studies, and,there are no confirmed cases of
allergic.reactions to. Cry proteins: Cryl Ai105.and €ry2Ab2 proteins do not share any
amino acid sequénce ;similarities, with. khown allergens, gliadins, glutenins, or protein
toxins which_have-adverse effects;fo mammals:” This has been shown by extensive
assessmentswith-bioinformatic tools, such as FASTA sequence alignment search and an
eight-amino acid sliding windew search. ~€ryl1A.105 and Cry2Ab2 proteins are rapidly
digestible in simulated ‘gastric fluids (SGF). Greater than 95% to 99% of these proteins
were digestediin SGPF in7less-than 30 seconds. Proteins that are rapidly digestible in
mammalianZgastrointestinal systeths are unlikely to be allergens when consumed. Mice
acute oraltoxierty studies demonstrate that the Cryl1A.105 and Cry2Ab2 proteins are not
acutely toxicand-do not causeé any adverse effects even at the highest does levels tested,
which afe 2072 and>2198 mg/kg body weight for CrylA.105 and Cry2Ab2 proteins,
respectively;s The" dietary safety assessment based on the acute toxicity data and corn
product dietary pattern establishes that the margins of exposure (MOE) for the overall
U.S. population are >199,000 and 981,000 for the CrylA.105 and Cry2Ab2 proteins,
respectively. And the MOEs are >79,400 and 390,000 for the CrylA.105 and Cry2Ab2
proteins, respectively, for children aged 3-5 years old, an age group with the highest corn
consumption per unit body weight. For poultry and livestock, the MOEs range between
1,930-13,500 and 2,160—47,600 for the CrylA.105 and Cry2Ab2 proteins, respectively.
Taken together, these data indicate that food and feed drived from MON 89034 which
contains the CrylA.105 and Cry2Ab2 proteins are safe for consumption.
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Compositional assessment of the grain and forage from multiple field sites in the major
U.S. corn production regions demonstrate that MON 89034 is nutritionally and
compositionally equivalent to, and as safe and nutritious as its conventional counterpart.
The compositional analyses were conducted on a total of 77 components, nine in forage
and 68 in grain, including protein, fat, carbohydrate, fiber, ash, moisture, amino acids,
fatty acids, vitamins, anti-nutrients, secondary metabolites and minerals. The results
were within the range of data expected for these types of analyses. Of the 77 components
analyzed, the results of 16 components were below the limit of quantitation for over half
of the analyses conducted. As such, these 16 components were not included in the
statistical analyses. Among the remaining 61 components, analyses of the data across all
test sites (combined sites) indicate that there were no statistical différences for 58
components. The three analytes with statistical>differences\were phosphorisin forage,
and stearic acid (C18:0) and arachidic acid (€20:0) in grain. The differences:observed
are generally small (3.4 — 19.2%) consideting the raiige of natural variability, and the
mean levels and ranges of these three analytes of MON 89034@re well within the ranges
of values observed for the 15 reference commercial corn hybrids.growrralong the side of
MON 89034, and within the ranges . inothecdnternational Life Sciences ‘Institute crop
composition database, as well as'within the’published)literature fanges? Therefore, it is
concluded that the slight difference observed for these 3 components s ot biologically
meaningful, and MON 89034 and the ‘contr0l corivare.compositionally equivalent.

The phenotypic, agronomic, and ecelogical interaction assessment indicates that MON
89034 is comparable to conventional corn’andis unlikely“to have any increased plant pest
risk. An important glement-in assessing plant pest potentialand environmental impact of
MON 89034-is to compare MON*89034-to conventional ‘corn. The assessment is based
initially on the concept of familiarity, which’ USDA recognizes plays an important role in
assessments. Familiarity is based on.the fact that' the biotechnology-derived plant is
developed fromra conventional plant-variéty whose biological properties and plant pest
potential are knewn o~ expérts:: “Familiarity' considers the biology of the crop, the
introduced trait, thecréceiving environment-and the interaction among these factors, and
provides a basis dor comparative aisk assessment between a biotechnology-derived plant
and its conventional’ counterpart.~~ Results from the phenotypic and agronomic
characteristics assessmeénts mdicate'that MON 89034 does not possess characteristics that
would confer~an .increased plant pest risk compared to conventional corn. The
assessments)are (based’:on.a“combination of laboratory experiments and field studies
conducted by.scientists who are familiar with the production and evaluation of corn. In
gach Of these studies, MON 89034 was compared to an appropriate conventional corn
hybrid which has a genetic background similar to MON 89034 but does not possess the
lepidopteran-protection trait. In addition, multiple commercial corn hybrids were also
employed to provide a range of values that are common to the commercial corn hybrids
for each measured characteristic. These assessments included five seed germination
parameters, two pollen characteristics, 14 plant growth and development characteristics,
and more than 70 observations for each of the plant-insect, plant-disease and plant
responses to abiotic stressor interactions.
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Seed dormancy and germination characterization observed no viable hard seed in any of
the temperature regimes tested. No statistically significant differences were detected
between MON 89034 and the control corn for pollen diameter or viability. The
phenotypic and agronomic characteristics data collected from 18 field test sites in 2004
and 2005 demonstrate that no significant differences were detected between MON 89034
and the control corn for seedling vigor, early stand count, final stand count, days to 50%
pollen shed, days to 50% silking, stay green, ear height, dropped ears, root lodged plants,
grain moisture, test weight and yield. Differences in plant height and number of stalk
lodged plants were detected in 2004 trials but not in 2005 trials. In 2004 trials, plant
height was slightly lower for MON 89034 compared to control (84.1 vs. 85.4 inches), and
stalk lodged plants were less for MON 89034 than for the control (0.8 vs. 2.4 pet-plot).
The magnitude of these differences are generally small, sifilar diffefénces@are not
detected in 2005 trials, and the mean values of MON 89034-fall well within theranges of
values observed for the 23 reference commercial corn hybrids grown along the’side of
MON 89034. Therefore, these two differences obsérved in 2004 field trials are not
considered biologically meaningful and“are unlikely to. contribute to increased plant pest
potential. In addition to the phenotypic and,agronomi¢. characteristics; @bservational data
on the presence of and differential response;to. biotic ‘(insects, diseases) and abiotic
(drought, wind, nutrient deficiéncy). stressors_were collected in-the tWwo years of field
trials to examine the ecological interactions of MON 89034 compared with those of the
conventional control corn).*Based ond255 comparative” observations recorded over two
years, no repeatable differences were observed acrass sites’ betweencMON 89034 and the
control in their susceptibility or tolerance to theeeological stressors assessed. The result
supports the conglusien-that-compared te’ cofiventional.€orn,cthe ecological interactions
between MON-89034 and insects, diseases; and.abiatic stressors were not altered except
for the introduced lepidopteran-protection’trait;

The environmental >assessment of MON”89034 and CrylA.105 and Cry2Ab2 proteins
indicates that these two proteins posé-no.adverse effect on non-target organisms (NTOs)
and endangered-species under-:the ¢onditions of use. The assessment took into
consideration several components, including the familiarity with the mode of action of
Cry proteins, the-activity spectra of the, Cry1A.105 and Cry2Ab2 proteins, the expression
levels of the two proteinsin MON 89034, the environmental fate of the proteins, the lack
of interaction"between‘the two proteins, and feeding tests of the two proteins or MON
89034 corn materials to representative NTOs. The tested NTOs include one mammalian
species (mice), two_awianspecies (broiler chicken and bobwhite quail), one aquatic
species (Daphnia),-two species of soil decomposers (Collembola and earthworm), and
four beneficial insect species (honeybee, minute pirate bugs, ladybird beetle, and parasitic
wasp). The estimates of MOEs for the non-target insects exposed to CrylA.105 and
Cry2Ab2 proteins are >14. Risk assessments of potential effects on the federally listed
threatened or endangered species indicated that only Karner blue butterfly (Lycaeides
melissa samuelis) has the potential to occur in proximity to corn fields. There are only
two Wisconsin counties in the Midwestern corn belt where potential temporal overlap
between Karner blue butterfly larvae and corn pollen shed is likely. Based on a
conservative risk analysis model, it is shown that the margin of safety for Karner blue is
>12 fold using the highest possible pollen concentration from MON 89034. Taken
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together, these data support the conclusion that MON 89034 is unlikely to have adverse
effects on NTOs and endangered species under the conditions of use.

The potential for MON 89034 outcrossing to sexually compatible species is unlikely in
the U.S. Corn and annual teosinte (Zea mays subsp. mexicana) are genetically
compatible, wind-pollinated and, in areas of Mexico and Guatemala, freely hybridize
when in close proximity to each other. However, teosinte is not present in the U.S. other
than as an occasional botanical garden specimen. Differences in factors such as
flowering time, geographical separation and development factors make natural crosses in
the U.S. highly unlikely. In contrast with corn and teosinte, special techniques are
required to hybridize corn and Tripsacum. With the exception of Tripsacum:floridanum,
it is difficult to cross Tripsacum with corn, and-the open literature indicatesthat the
offspring of the cross show varying levels of sterility. Tripsacum-corn;hybrids have not
been observed in the field. Therefore, the enyvironmental’consequence ofcpolleh-transfer
from MON 89034 to other wild plant species is considéred negligible.

Finally, an assessment of current.\ corm,“agronomic practices -detérmined that the
introduction of MON 89034 will not impact.cultivation practices and the management of
weeds, diseases and insects exeept for the Contrdl of depidepteran-insect pests. As with
other lepidopteran-protected Bt cern, MON 89034 provides a simple.and lghly effective
means for controlling lepidopteran pests. ,The approach is;envifonmentally benign and
helps to preserve beneficial-insects and. decrease-cultivation-input,, and requires fewer
chemical insecticideapplicationis. _The eombination~of the Cryl1A.105 and Cry2Ab2
insecticidal proteins in\a’single plant prevides not:only-aswider spectrum of pest control
but also a better-insect resistanee management teol:

Based onCthe data and information présented’in this submission, it is concluded that MON
89034 is not likely to-posean_.increased plant pest potential or to have an adverse
environmental Tmpact compared-to conventional’corn. The successful adoption of MON
89034 is expected’to.increase ecofiondic, environmental and health benefits due to the
protection-of corn yields,decrease of.chentical insecticide usage, reduction of mycotoxin
levels_in corn grain, ahd inerease;of Bt corn product durability. Therefore, Monsanto
Company requests.@ detérmination~from APHIS that MON 89034 and any progeny
derived from" crosses-between MON 89034 and other commercial corn varieties be
granted non-regulatéd status under 7 CFR Part 340.
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2T-DNA
35S

AACC
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ADF
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AOCS
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BCW
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Bt

Cab

CaMV
CAPS

CBI

CEW
CFR

Cry
CrylA_ 105

crylAv105
Cry2Ab2

cry2Ab2
CTAB
CTP
CvV
DAP

Monsanto Company

Plasmid vector containing two separate T-DNA regions each
surrounded by left and right borders of the Ti plasmid

The promoter and leader from the cauliflower mosaic virus
(CaMV) 35S RNA

American Association of Cereal Chemists

Bacterial promoter and coding sequencefor an aminoglycoside-
modifying enzyme, 3'(9)<O-nucleotidyltransferase from the
transposon Tn7

Asian corn borer,:Ostrinia funicalis

Acid detergent-fiber

Analysis of-Variance

American Oil Chemists Society
Assoctation of Qfficial-Seed-Analysts
Black eutworm, Agrotis ipsilon

Bovine serum albumin

BaciHus tharingiénsis

The'5' untranslated-J€éaderof the geneencoding wheat chlorophyll
a/b-binding protein

cauliflower mosai€virus
N-Cyclohexyl-3+aminopropanesulfonic acid
Confidential-business information

Corn earworm; Helicoverpa zea

Code. of FederalRegulations
Crystal-proteins from Bacillus thuringiensis

A ghimeric protein comprised of domains from the naturally
occurring CrylAb, CrylF, and CrylAc proteins of Bacillus
thuringiensis

Coding sequence for Cryl1A.105 protein

A Cry2 class crystal protein from Bacillus thuringiensis subsp.
kurstaki.

Coding sequence for Cry2Ab protein
Hexadecyltrimethylammonium bromide
Chloroplast transit peptide

Column volume

Days after planting
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dCTP
DNA
dNTP
DTso
DTog
DTT
DW
dwt

E. coli
e35S

ECsg

ECB
ECL
EDTA
ELISA
EPA
EPPS
EPSPS
FA
FASTA

FAW
FDA
FIFRA
FMV.
FW
fwt
GDU
HERES
HRP,
Hspl7

Hsp70
IgG
ILSI-CCD
IRM

Monsanto Company

CBI Deleted Version

Deoxycytidine triphosphate
Deoxyribonucleic acid

Deoxynucleotide triphosphate

Time to 50% dissipation of a protein in soil
Time to 90% dissipation of a protein in soil
Dithiothreitol

Dry weight

Dry weight of tissue

Escherichia coli

The promoter and leader from cauliflowetmosaic vifus (CaMV)
35S RNA containing the duplicated enhancer region

Effective protein concefitration tofthibit the growth‘of the target
insect by 50%

European corn borer, Ostrinia nubilalis

Enhanced chemiluminescence
Ethylenediaminetetraaceticiacid

Enzyme-linked immunosorbent assay

United States Environmental Protection Agency
4-(2-Hydroxyethyl)- 1-piperazinepropanesulfonic acid
S¢Enolpyruvylshikimate-3-phesphate synthase
Fatty-acid

Algorithm used to-find-localhighscoring alignments between a
paitof protein:or nueleotide sequences

Fall armyworm,Spodopterafrugiperda

United-States Food .and Drug Adminstration

Federal Insectictde, Fungicide and Rodenticide Act
Figwart mosaic virus 35S promoter

Fresh weight

Freshweight of tissue

Growing degree units
N-[2-(Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid)]
Horseradish peroxidase

The 3' nontranslated region of the gene for wheat heat shock
protein 17.3, which ends transcription and directs polyadenylation

Maize heat shock protein 70 gene

Immunoglobulin G

International Life Sciences Institute crop composition database
Insect resistance management

06-CR-166U Page 20 of 262



LB buffer

LCs

Left Border

LOD
LOQ
LSD
MALDI-TOF MS

MEEC
MH"
MMT
MOE
MON 810

MON 863
MON 89034

MS
MW
MWCO
MWM
N/A
NCGA
NDF
NFDM
NK603

NMWC
NOEC
NOEL
nos
nptll

NPTII

Monsanto Company
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Laemmli buffer [62.5mM Tris-HCI, 5% (v/v) 2-mercaptoethanol,
2% (w/v) sodium dodecyl sulfate, 0.005% (w/v) bromophenol
blue, 10% (v/v) glycerol, pH 6.8]

LC stands for lethal concentration. LCsq is the concentration of a
substance which causes the death of 50% (one half) of a group of
test organisms

DNA region from Agrobacterium tumefaciens containing the left
border sequence used for transfer of the T-DNA

Limit of detection
Limit of quantitation
Least significant difference

Matix-assisted laser desorption/ionization time-of-flight mass
spectrometry

Maximum expected environmental concentration
Protonated mass ton
Million metric tones
Margin of-exposure

A Monsanto-cornrproduct, producing the insecticidal Bt Cryl Ab
protein

A Mgnsante comnproduct, producing the inseeticidal Bt Cry3Bbl
protein

A Monsanto corn preduct, and. the subject of this application,
whichproduces Bt CrylA:105%and €Cry2Ab2 proteins

Mass speetrometry

Molecular weight

Molecular weight ¢ut-off
Moleculartweight marker

Not applicable

National-Cormn Growers Association
Neutral detergent fiber

Non-fat dried milk

A Monsanto corn product producing the glyphosate-tolerant CP4
EPSPS protein

Nominal molecular weight cut-off

No Observable Effect Concentration

No Observable Effect Level

The nopaline synthase gene from Agrobacterium tumefaciens

Coding sequence of neomycin phosphotransferase II gene that
confers resistance to neomycin and kanamycin

Neomycin phosphotransferase 11
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NTO
OECD
ori-PBR322

ori-V

OSL

OSR

OSWP
PAGE

PBS

PBST

PCR

PIP

PMSF

PTH

PVDF

PVPP
PV-ZMIR245
Ractl

Right Border

rop

SAP

SAS

SCB

SD

SDS
SDS-PAGE
SE

SGF
SSU-CTP

SWCB
TDF
T-DNA I

Monsanto Company
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Non-target organism
Organization for Economic Co-operation and Development

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

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

Overseason leaf

Overseason root

Overseason whole plant

Polyacrylamide gel electrophoresis
Phosphate buffered saline

Phosphate buffered saline containing*0.05% (v/v) Tween-20
Polymerase chain tedction
Plant-incorporated-protectant
Phenylmethanesulfonyl fluoride
Phenylthiohydantoin

Polyvinylidéne difluoride
Polyvinylpolypyrrolidone

Plasmid vector used todevelop. MON 89034
the rice-actin(gene

DNA-region from Agrobacterium-tumefaciens containing the right
bordersequence used fortransfer ofithe T-DNA

Coding sequence forrepressor of primer protein for maintenance
of’plasmid copy aumber in E:‘coli

Scientific AdyisoryPanelorganized by US EPA

Statistical Analysis System

Sugarcane bérer, Diatraea saccharalis

Stafidard-deviation

Sodium dodecyl sulfate

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
Standard error

simulated gastric fluid

The DNA encoding the transit peptide region of maize ribulose
1,5-bisphosphate carboxylase small subunit including the first
intron

Southwestern corn borer, Diatraea grandiosella
Total dietary fiber

Transfer DNA containing the cry1A.105 and cry2Ab2 expression
cassettes in plasmid vector PV-ZMIR245
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T-DNA II

T-DNA

TFA

TMB

Tris

Tween-20
USDA-APHIS

USDA-ERS

USDA-NASS

USDA-NRCS

USFWS
WBCW

Monsanto Company
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Transfer DNA containing the nptll gene cassette in plasmid vector
PV-ZMIR245

Transfer DNA

Trifluoroacetic acid
3,3°,5,5’-tetramethylbenzidene
Tris(hydroxymethyl)aminomethane
Polyoxyethylenesorbitan monolaurate

United States Department of Agriculture — Animal and Plant
Health Inspection Service

United States Department of Agriculture <Economic,Research
Service

United States Department of Agriculture — National Agricultural
Statistics Service

United States Department of Agriculture< Natienal Resouirces
Conservation Service

United States Fish-and Wildlife Service
Western-bean ¢utworm, Striacosta albicosta
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I. Rationale for the Development of MON 89034

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) and the Plant Quarantine Act (7 U.S.C. § 151-167), to prevent the introduction and
dissemination of plant pests into the United States. The APHIS regulation 7 €FR Part
340.6 provides that an applicant may petition APHIS to evaluate submitted data to
determine that a particular regulated article does not present aplant pest risk and should
no longer be regulated. If APHIS determines that-the regulated article.does not’present a
plant pest risk, the petition is granted, therebyallowing @nrestricted;introduction of the
article.

I.B. MON 89034

Monsanto has developed a biotechnology-derived.cormy MON 89034, which produces the
CrylA.105 and Cry2Ab2 insecticidal proteins and”is protected from feeding damage
caused by European corn:borer(Ostrinia nubilalis) and other lepidopteran insect pests.
CrylA.105 is a modified Bacillus"thuringiensis (Bt) €ryl A>protein. Cry2Ab2 is a
protein derived from" Bt ‘(subsp: kurstaki). The" combination“of the CrylA.105 and
Cry2Ab2 insecticidal proteins in a single-plant provides.éffective insect control against a
broad range of-lepidopteran insect.pestsiand offers-an effective and durable insect-
resistance management-tool.

I.C. Rationale for the-Development of MON 89034 and Benefits

Corn is thelargest'crop growsi in:the 14.S. in terms of acreage planted and net value. In
2005, cotn was planted on81.8 million actes and grain harvested from 75.1 million acres
(NCGA, 2006). -The corn grain harvested had an average yield of 148 bushels per acre,
with a total preduction of 11 billion bushels valued at _ (NCGA, 2006). In
2005, approximately 42.5 million‘acres of corn planting area in the U.S. (or 52% of the
total U.8:-corn-acreage), was planted with biotechnology-derived corn seed, and 28.6
million-acres (o 35%-of thetotal corn acreage) were planted with corn seed possessing
inseet resistance (Bt)trait (USDA-NASS, 2006).

In the U.S., both corn yields and grain quality are significantly negatively impacted by
insect pests (James, 2003). In 1997, Monsanto commercialized the biotechnology-
derived corn product, YieldGard® Corn Borer corn (i.e., MON 810) which contains Bt
crylAb gene that encodes the CrylAb protein, providing effective protection against
damage caused by lepidopteran insect pests, especially the European corn borer (ECB,
Ostrinia nubilalis) and the corn earworm (CEW, Helicoverpa zea). At that time in the
U.S., the combination of crop losses and management costs resulting from lepidopteran

® YieldGard is a registered trademark of Monsanto Technology LLC.
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pests were estimated to be over $- per year (Mason et al., 1996). The introduction
of MON 810 and other Bt corn products provided corn growers with a more effective
solution for the control of lepidopteran pests such as ECB and CEW. In addition to the
benefits as an effective insect pest management tool, MON 810 also resulted in lower
levels of harmful mycotoxins in corn grain, which has resulted in improved food and feed
safety of the corn products. The mycotoxin reduction effect was due to the decrease of
insect damage to the Bt corn ears and thereby reducing the entering routes by mycotoxin-
producing fungi. The mycotoxin reduction has been consistently demonstrated in
countries around the world where corn borers are the predominant insect pests (Clements
et al., 2003; Dowd, 2000 and 2001; Hammond et al., 2002 and 2004; de la Campa et al.,
2005; Bakan et al., 2002; Magg et al. 2002; Munkvold et al.,.1999; Munkvold,(2003;
Papst et al., 2005; Pietri and Piva 2000; Wu, 2006). Furtherniore, the us¢“of MON 810
and other Bt corn products has reduced the use of-chemical-insecticides;(Carpenter et al.,
2004; Brookes and Barfoot, 2005). Withingten years since the first Bt corn-product
introduction, the safe and effective use of Bt'corn hastbeen adopted globally<on over 44
million acres in 2005 to control several ‘primary.insect-pests)in 12 countries (James,
2005).

Recently, Monsanto developed MON:89034’as a'second generation ingect protection corn
to provide enhanced benefits for.the control.of lepidopteran pests, . Compared to MON
810, MON 89034 will even better Serve,‘corn‘growers’ need for controlling a wider
spectrum of lepidopteran’pests, reducing the levels-0f myeetoxins incgfain, enabling more
efficient plant breeding oftthis ‘multisgeni¢. trait ‘into Superior hybrids, and reducing the
refuge acreage needed for insect resistance management.“By producing efficacious levels
of two insecti¢idal proteins, = (Cryl A 105> and Cry2Ab2;,MON 89034 increases the
durability of‘the produet’against thé primary.lepidopteran-pests of corn. In addition, the
individual-proteins extend'the spectrum of-control"against lepidopteran insects commonly
present in corn fields,‘Specifically, the“CryTA.10% protein provides increased activity
against fall armywerm_ (FAW., Spodoptéra frugiperda) and black cutworm (BCW,
Agrotis ipsilon) epmpated to,CrylAb. “The Cry2Ab2 protein provides improved control
over Cry}Ab products from damage caused by corn earworm. This wider spectrum of
activity also will potentially,contiibuteto the further reduction of mycotoxins in grain
that result fronmt-fungal’invasion-after-insect feeding damage.

Taken together,-adoption,of MON 89034 will enhance the economic benefits to growers
and improve thecquality ofgrain and the safety of food and feed products derived from
the grainZ Tn addition, MON 89034 was developed to allow the efficient introgression of
two uisect protection genes into improved corn germplasm, which will reduce the time
and-costs for the introduction of new improved varieties into the marketplace. MON
89034 was developed using a single transformation vector containing both the crylA.105
and cry2Ab2 genes. This approach, known as vector stacking, increases the efficiency of
breeding multiple traits into new corn hybrids, thereby providing growers an earlier
access to improved germplasm containing these traits rather than through conventional
inbred stacking.
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The benefits of MON 89034 are multi-faceted and interact in several ways to provide
four key advantages, which are more specifically described below:

1) Extended Spectrum: A major benefit of MON 89034 is the protection of corn
plants from feeding damage caused by lepidopteran insect pest larvac. MON
89034 provides outstanding control of Ostrinia species such as European corn
borer and Asian corn borer (ACB), and Diatraea species such as southwestern
corn borer (SWCB) and sugarcane borer (SCB). Control of these insects provided
by MON 89034 is comparable to MON 810. MON 89034 also provides a high
level of control of fall armyworm (FAW) throughout the season, whergas MON
810 principally controls damage caused by FAW larvae during vegetative gtowth.
In addition, MON 89034 provides significant protectiofi-from damiage .caused by
corn earworm. Although earworm conttel’is not complete, itAs superior to that
provided by MON 810. Introduction of MON 89034 will offer farmers a-safe and
effective alternative to the use of‘chemical insecticides~for the control:of the
lepidopteran pests.

2) Improved Insect Resistant;;Management (IRM):O " MON 89034 “produces two
different Bt proteins, Cryl A0S @nd Cry2Ab2, both are highly efficacious
against a variety of lepidopteran pests. ““The/mechanismof insecticidal activity or
mode of action of:Cry protein$consists of a numberoof stéps e:g:, solubilization,
activation, receptor binding, oligomerization, and’ pore: formation (English and
Slatin, 1992;CGill et al551992; Schnepfet al; 1998; Zhuang and Gill, 2003).
There arecimportant-diffefénces-in_each. step-. of the mode of action, which
influences theinteractions .ofthese~ proteins<with{susceptible insects without
qualitatively influencing théir host range. Several\lines of evidence establish that
Cry1A.105 and Cry2Ab2)have important’ differences in their mode of actions,
particularlyin the way in whichbthey bind’to the lepidopteran midgut. These
proteing-have different ptimary structures; share only 14% of amino acid sequence
identity, and bind to-distinct proteins in the midgut of target species at different
rafes with different” affinities.” Therefore, the probability of cross-resistance
between these proteinsis very low. Furthermore, in vitro and in planta studies of
the Cr¥lA.105 and* Cry2Ab-proteins demonstrate that both proteins are highly
active-against the primaryClepidopteran pests of corn: ECB, SWCB, CEW, and
BAW. ~In’view of ‘the dual effective dose and the distinct mode of action of the
two proteins innMONB9034, the likelihood of resistance evolution is significantly
reduced compared to single protein products. Therefore, MON 89034 is expected
to be sustainable using a reduced structured refuge. Based on conservative
mathematical models, a 5% structured refuge in the U.S. corn belt and a 20%

structured refuge in cotton growing regions will ensure the durability of MON
89034.

3) Mycotoxin Reduction: Lepidopteran pests such as ECB, CEW and FAW cause
substantial damage to stalks, ears, and leaves of developing corn plants resulting
in reduced yields. MON 89034 has been shown to provide protection against a
wider variety of lepidopteran pests than MON 810, as such it will provide greater
yield protection and result in continuous reduction for potential mycotoxin
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contamination of the corn products. Corn ears that are protected from feeding
damage caused by ECB, CEW, and FAW would have fewer ports of entry for
invasion by mycotoxin-producing fungi, which will make the grain even safer to
consume. As regulations are implemented globally that limit mycotoxin levels in
food and feed, the economic impacts of mycotoxin contamination in grain will
become increasingly important. In the U.S., the FDA has set guidelines for
acceptable levels of the mycotoxin, fumonisin, in corn used for food and feed. In
the recent study by Wu (2006), the economic benefit of mycotoxin reduction in Bt
corn grain to meet this FDA standard resulted in an annual benefit in the U.S. of
h With the expanded insect control spectrum of MON- 89034
compared to MON 810, it is expected that there will be .a greater benefit to>food
and feed consumed globally.

4) Efficient Trait Integration: The rapid development of ~elitec,corn<“hybrids
containing the crylA.105 and cry2Ab2 genesds: made passibledby «wectorzstack
technology, i.e., the incorporation*of multiple’ genes into a single transformation
event. This approach increases the €fficiency of-introduction ofdboth proteins into
new corn germplasm by conventiohal-breeding, thereby providing growers early
access to a variety of elite’ corn germplasim’ containing both insgeticidal proteins.
Corn hybrids containing multiple: Bt. proteifis” conferriig insect protection traits
have been developéd pteviously using traditienal breeding techniques, i.e., two
inbreds containifig individual traits were crossed‘to produce the combined trait
product. Howevet; such™ bréeding. progbams~are. @enerally costly because of
duplicated:work"to introgréss two transformation, events into new germplasms.
MON 89034 can: reduce the -timeand ‘eostfactors in breeding programs to
introgress only @ single trahsformfation-event:

In summary, the introduction. of* MON 89034 will provide superior corn hybrids with
higher yieldsy better quality»graifty” reduced-potential for the development of insect
resistance;and will ehhanee breéding. efficiencies.

L.D. Adoptionof MON 89034

Corn is the largest cfop grown i the U.S. in terms of acreage planted and net value. In
2006, approximately 40% of the total corn acreage in the U.S. was planted with corn seed
possessing’inseet resistance (Bt) trait (USDA-NASS, 2006). Growers are expected to
adopt MON89034-in those regions of the U.S where lepidopteran pest pressure is high.
The major area‘of adoption is likely to be the U.S. corn belt including Illinois, Indiana,
Iowa, Kansas, Kentucky, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio,
South Dakota and Wisconsin.
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L.LE. Submissions to Other Regulatory Agencies

I.LE.1. Submissions to the EPA

Substances that are pesticides, as defined under the Federal Insecticide, Fungicide and
Rodenticide Act [7 U.S.C. §136(u)], are subject to regulation by the Environmental
Protection Agency (EPA). Pesticides produced in planta, referred to as plant-
incorporated protectants (PIP’s), are also subject to regulation by the EPA.

Pursuant to §408(d) of the Federal Food Drug and Cosmetic Aet [21 U.S(E. 346 a(d)]
Monsanto petitioned EPA for temporary exemptions from the’requirement of @ tolerance
for CrylA.105 and Cry2Ab2 proteins in 2005. In July 2006, .EPA established a
temporary exemption from the requirement“0f a toletance for,the plant-incorporated
protectant Bt CrylA.105 protein and the‘genetic material necessaty for itsproduction in
all corn commodities including field corn, sweet corn,dnd pepcori (40 CFR§174.453).
Likewise, temporary exemption frém the“requirement ofa tolerance forcBt Cry2Ab2
protein and the genetic material ngcessary for-its produetion in coriv was-also granted by
EPA in July 2006 (40 CFR §174:454):

Monsanto has filed an-appli¢ation; datéd September 28y 2006, to)the EPA for the
registration of the plant-in€orporated-protectant Bacillus tharingiensis CrylA.105 and
Cry2Ab2 proteinsy‘and the gemeticiimaterial (vector:PV-ZMIR245) necessary for their
production including field ¢orn, sweet corn;.and popcorn.

1.E.2. Submission to'the FDA

MON 89034 fals within the scope of the Food and Drug Administration’s (FDA) policy
statement concerning régulation ofproducts.derived from new plant varieties, including
those produced through geneticiengineering. Monsanto has voluntarily initiated and will
compléte a consultation” process with(FDA prior to commercial distribution of this
product. A safety and'nutritional assessment of food and feed derived from MON 89034
was submitted to, the FIDA dated October 13, 2006.

L.E.3 . Submissions to-Foreigh Government Agencies

Regulatory submissions for import and production approvals will be made to countries
that importU.S:¢orn grain and have regulatory approval processes in place. These will
include submissions to a number of foreign government regulatory agencies, including
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; Argentina’s National Advisory Committee on Agricultural
Biotechnology (CONABIA) and the National Service of Agricultural and Food Health
and Quality (SENASA); the European Food Safety Authority (EFSA), and the regulatory
authorities in many other countries. As appropriate, notifications of import will be made
to importing countries that do not have a formal approval process.
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I1. The Biology of Corn

This section summarizes the biology of corn based on: 1) the consensus document on the
biology of corn (maize) developed as part of the Organization for Economic Co-operation
and Development (OECD, 2003); 2) a summary prepared by the Biotechnology
Regulatory Services of the United States Department of Agriculture-Animal and Plant
Health Inspection Service (USDA-APHIS, 2006); 3) information provided in the USDA
petition for MON 88017 (Monsanto Company petition No. 04-CR-108U); and 4) other
published literature.

II.A. Corn as a Crop

Corn (Zea mays L.), or maize, is one of thesfew majorcerop species indigenous to the
Western Hemisphere. It is a member of the;Maydeae ribe of the-grass family, Poaceae.
It is a robust monoecious annual plant; which requites the help of mantto diSperse its
seeds for propagation and survival. .Corn_is;an efficient plant for. captuting the energy of
the sun and converting it into foodgand:adaptsireadily to different conditions of humidity,
sunlight, altitude, and temperatufre:

Corn is grown in nearly all*areas of the world and ranks third behind-rice (Oryza sativa
L.) and wheat (Triticum sp;), in.fotal global ‘production:’ In»2004, corn was planted
globally on 146.7 million ha witlva tetal production 9f:723;9-million metric tones (MMT)
(FAOSTAT, 2006). .The top three production eountries in,2004 were: USA (299.9
MMT), China-(130,4 MMP) and Brazil (41.8 - MMT): .In-the U.S., corn is grown in
almost all the’ states, and in2004;.it produced”’11:8-billion bushels of corn grain with a
market value of S(USDA-NASS, 2006

In industrializéd countries, corii-has.two majorcuses: 1) as animal feed in the form of
grain, forageor silage;-and 2)‘as araw material for wet- or dry-milled processed products
such as high fructese cotn sytup, oil, starch, glucose, and dextrose (Tsaftaris, 1995).
These processedcproducts are'used as ifigredients in many industrial applications and in
human food ptroducts.’ Inrdeveloping countries, corn is used in a variety of ways. In
Latin American_countries such asMexico, one of the main uses of corn is for food. In
Africa, gorn is~consumed, as a food in the sub-Saharan region, and in Asia it is generally
used to feedyanimals (Morris;1998).

Corn-has been studied extensively, and it seems that the domestication of corn occurred
in seuthern Mexico 7,000 to 10,000 years ago. The putative parents of corn have not
been recovered, but it is likely that teosinte played an important role in the genetic
background of corn. The transformation from a wild, weedy species to one dependent on
humans for its survival probably evolved over a long period of time by the indigenous
inhabitants of the Western Hemisphere. Corn, as we know it today, cannot survive in the
wild because the female inflorescence (the ear) restricts seed dispersal. Although grown
extensively throughout the world, corn is not considered a persistent weed or one difficult
to control. A summary of the history, taxonomy, genetics, and life cycle of corn is
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presented below, followed by a discussion of gene flow between cultivated corn and its
wild relatives.

I1.B. History of Corn

Corn originated in the highlands of Mexico 7,000 to 10,000 years ago. By the time
Columbus discovered the Western Hemisphere, corn was being grown by the indigenous
people from Chile to southern Canada. Columbus noted the presence of corn on the north
coast of Cuba in November 1492, and introduced corn to Europe upon his return to Spain
(Goodman, 1988). Within two generations after the introduction of corn to Eurepe, corn
became distributed throughout those regions of the world where it could be cultivated.

The original corn-growing areas did not include;the Northcentral regien (U.S:corn belt)
of the United States. The highly productive UzS. corn beltdent corn was derived-after the
colonization of North America. The European settlers accepted-the ‘local. ‘native
American varieties and incorporated them Wwith other cropsto providefood, feed;and fuel
for their survival. The current U.S. cort¥ belt dent~corn“evolved.fromcthe gradual
mingling of those settlements that sptead.morth ‘and, west from-{Southeastern North
America, and those settlements) that spread south and 'west from Northeastern North
America.

The corn types grown ir'the-northeast are called northern-flints; their origin is not clear,
but races from the highlads of"Guatemala-have‘similar eaf-motphology (Goodman and
Brown, 1988). Northern flints are’largely eight-towed“withceylindrical ears, are early
maturing, and-are short-statured.plants-with-tillers: The southern dent corn grown in the
southeast United States-appears to.have originated from the southeast coast of Mexico.
SouthemCdent corn.'is characterized“as having-fall,«late maturing, non-tillered, poorly
rooted plants with soft-textured white kernels-on many-rowed, tapering ears. It seems the
Tuxpeno race, contributed’to the’developnient -of southern dents. The intentional and/or
unintentional cressing-between -the early northern flints and late southern dents led
eventually to the highly:productive~U.Ss corn belt dent corn that is used extensively
throughout the world today.

The origin ©f corn has been studied extensively and four main hypotheses have been
suggested(OECD, 2003);

. Descent fromvteosinte - corn originated by direct selection from teosinte;
Theztripartite hypothesis: a) corn originated from pod corn, b) teosinte derived
from a-¢ross of corn and Tripsacum, and ¢) modern corn varieties evolved by corn
intercrossing with teosinte or Tripsacum or both (Mangelsdorf, 1974);

3. The common origin hypothesis - corn, teosinte, and Tripsacum descended
independently from a common, unknown ancestor; and,

4. The catastrophic sexual transmutation hypothesis — that modern corn originated
from teosinte by an epigenetic sexual mutation causing ear development.
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Other suggestions have included Coix and species of the genus Manisuris in the tribe
Andropogoneae as contributing to the genome of corn. The hypotheses have been tested
by the study of crosses for genome commonality, fertility, variation, and segregation of
morphological plant traits, by archeological evidence, and by the use of molecular genetic
markers.

Evidence has been reported to support the different hypotheses, but it seems that the
preponderance of evidence supports the hypothesis that corn descended from teosinte
(Galinat, 1988). The teosinte genome is similar to corn, teosinte easily crosses with corn,
and teosinte has several plant morphological traits similar to corn. Teosinte has‘a more
weedy appearance and more tillers than modern corn varieties.. The one major distinct
difference between corn and teosinte is the female inflorescence, or ear¢“Modeérn corn
varieties have one to three lateral branches that terminate in an ear with 8.0 24 kernel
rows of 50 seeds, and the ear is enclosed in modified leaves or husks: Teosinté-dlso has
lateral branches, but they terminate in twosrowed spikes of perhaps 12-fruit‘cases; with
each fruit case having one seed enclosed:by an indurated glume((Goodman;>1988):

I1.C. Taxonomy

Corn (Zea mays L.) is a member. ofrthe tribe:Maydae, which isincluded ifi'the subfamily
Panicoideae of the grass‘family Gramingae. .Table-1I-1summarizes the taxonomic
classification of corn and’its-close felatiyes.

The genera included .in-thectribe Maydae include Zeacand dripsacum in the Western
Hemisphere, and CgiX, Rolytoca, Chionachne,. Schlerachng, and Trilobachne in Asia.
Although somie rescarchers have implicated.the Asian genera in the origin of corn, the
evidenceCfor them i$-/not:as extensive and-convincing as for the genera located in the
Western Hemisphere.

The genus Zea imeludes twosections:“Luxuriantes and Zea. Corn (Zea mays L.) is a
separate Species within thesubgenusZ€ea, along with three subspecies. All species within
the genus Zea, except ¢orn,are different species of teosinte. Until recently, the teosinte
species were iicluded in-the genus Euchlaena rather than the genus Zea.

The other”genus included~in the Maydae tribe is Tripsacum. Tripsacum includes 16
species* with“a _basic*set of “18 chromosomes (n = 18), and the different species of
Tripsacun includemultiples of 18 chromosomes ranging from 2n = 36 to 2n = 108
(Table" II<1). An additional species, Tripsacum hermaphrodita (Anthephora
hermaphrodita), has been described in the literature but has not been formally included in
this taxonomic classification. In addition to their occurrence in other regions of the
Americas, five Tripasacum species are native to the U.S. (USDA-NRCS, 2006).
Tripsacum dactyloides, or Eastern gamagrass, is the most widely distributed species and
can be found in the Midwestern, Eastern and Southern regions of the U.S. The other
species have a more limited geographical distribution and can be found in the following
states and territories: Tripsacum floridanum in Florida, Tripsacum lanceolatum in
Arizona and New Mexico, Tripsacum fasciculatum in Puerto Rico, and Tripsacum
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hermaphrodita in Florida, Hawaii, Puerto Rico and the Virgin Islands (USDA-NRCS,
2006). Twelve of 16 Tripsacum species are native to Mexico and Guatemala. Tripsacum
australe and two other species are native to South America. The center of variation for
Tripsacum is the western slopes of Mexico, the same area where teosinte is frequently
found. The habitat preferences of Tripsacum are similar to those for teosinte: seasonally
dry, summer rains, elevation of 1500 m, and limestone soils (Wilkes, 1972).

Five genera are included in the tribe Maydeae that originated in Asia. Except for Coix,
the basic chromosome number is n = 10. Within CoiXx, n = 5 and n = 10 have been
reported.

II.D. Genetics

Corn is genetically one of the best developed@and best characterized:of the-higher plants.
Because of the separation of male and female infloreseence, number of seeds produced
on the female inflorescence, ease in handling (growing 4nd hand pollinating).nature of
the chromosomes, and low basic chromosome numberi(n =,10), corn.has been accessible
for study at all levels of genetics.

Corn was one of the first crop! speeies included in.genetic laboratories tozobtain a basic
understanding of mitosis,. meiosis, chromosome segregation, ~linkage and effects of
crossing-over, and transposable eléments. Becausefof the-importance of corn in the U.S.
and world economies; and‘the genetic informatier obtained-sincé<1900, corn continues to
receive extensivestudy in modern génetic’ laboratories.

Molecular geneticists ‘have developed extensive genetic maps of corn to complement
those developed by.'the eatly @orn:.geneticistsc“Corn"has been used in tissue culture
research, in extensive;studies to relate molecular markers to qualitative and quantitative
traits, in sequencing-of genes,in study .of transposable elements for gene tagging and
generating ‘genetic’ variability, and”in ‘genextransformation (Coe et al., 1988; Carlson,
1988; Phillips et al., 1988{ Walbot and Messing, 1988).

The corn genome is-approximately.5%10° kb in size (OECD, 2003). It includes highly
repeated sequences that .constituteabout 20% of the genome; these sequences are present
in about-tencsuperabundant sequence types. There are more than 1000 different
moderately. repetitive 'sequenee families, collectively representing 40% of the genome.
Thé-remaining 40%>0f the genome contains single-copy sequences, or more than 10°
gene-size regions:
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Table II-1. Taxonomic classification of corn and its close relatives

Family - Gramineae
Subfamily - Panicoideae
Tribe - Maydae
Western Hemisphere:
I. Genus - Zea
A. Subgenus - Luxuriantes
1. Zea luxurians (2n = 20)
2. Zeaperennis (2n = 40)
3. Zeadiploperennis (2n = 20)
B. Subgenus - Zea
1. Zea mays (2n = 20)
Subspecies
1. Z. mays parviglymis (2n = 260)
2. Z. mays huehuetenangensis (2ns20)
3. Z. mays mexicana (Schrad.) (2n'=.20)

IT. Genus — Tripsacum

A. Section — Tripsacum B.“Section —Fasciculata
Species Species
1. T.andersomii. (2= 64) 1. T.jalapense-(2n=72)
2. Tvaustrale 2w= 36) 2>°T. lanceglatum (2n = 72)
Varieties 3. Fifasciculatum (2n = 36)
a)- T.australevar~australe 4 T. maizar (2n = 36, 72)
b) TZaustralevar. hirstum 5. Tipilosum (2n = 72)
37 Tbravdm Qu'&E 36,72) Varieties
4. 7. cundinamarce-(2n =36) a) T. pilosum var. guatemalense
57 Tedactyloides 2n =72) b) T. pilosum var. pilosum
Varieties
a)~T. dacetyloides var. hispidum
b) T.dactyloidesyar. dactyloides
¢).\7T. dactyloides varmeridonale
d) T.actyloides yvar. mexicanum
6. T floridanum. 2n= 36)
7. Avintermediih (2n = 72
& 'T. manisuroides (2n = 72)
9. T latifélium (2n = 36)

10,-T. percuvianum (2n = 72, 90, 108)
H. T. zopilotense (2n = 36, 72)

Asia:

I. Genera—
Chionachne (2n = 20) Schlerachne (2n = 20)
Coix 2n =10, 20) Trilobachne (2n = 20)

Polytoca (2n = 20)
Tribe—Andropogoneae
I. Genus - Manisuris
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IL.E. Life Cycle

Corn is an annual plant and the duration of its life cycle depends on the cultivars and on
the environments in which the cultivars are grown (Hanway, 1966). Corn cannot survive
temperatures below 0°C for more than six to eight hours after the growing point is above
ground (five- to seven-leaf stage). Damage from freezing temperatures, however,
depends on the extent of temperatures below 0°C, soil condition, amount of residue, the
duration of freezing temperatures, wind movement, relative humidity, and stage of plant
development. Light frosts in the late spring of temperate areas can cause leaf’burning,
but the extent of the injury usually is not great enough to cause permanent darage,
although the corn crop will have a ragged appearance because;the leaf areéas damaged by
frost persist until maturity. The completion of the-Tife cycle-of corn, therefore, is dictated
by the duration of the average number of frost=free days,

The number of frost-free days dictates that corn with differences in the length of their life
cycles can be grown in north-to-south'directions.of temperate-areas. In‘the United States,
corn with relative maturities of §07days-or less are grown-in the extreme northern areas,
and corn with relative maturities’of more than. 125 days are'growir in.thi¢ southern areas.
Corn having relative maturities of2100-to 115 days“is typically grown ifi‘the U.S. corn
belt. Relative maturitiesy-however,.are not parallel {ines east-toswest'because they are
dependent on prevailing” weather-patterns, topography,clarge;bodies of water, and soil
types (Troyer, 1994y.

Another measure used to‘judge:the relative’ maturity of corn is the number of growing
degree units, (GDU) requiredfrom ‘emergence to maturity, ' Based on the GDU required to
matures£corn is assigred to areds that’have; oncthe average, less than 1850 GDU in the
extreme northernareas of the United States to)cora that requires more than 2750 GDU in
more southern areas;’ Assiime.a-115-daymaturity hybrid is grown in central lowa. The
average lastfrost date.is May~1 and theé.average first frost date is October 5, resulting in
an expected 158 frost-fred.days;  If average emergence is May 15 and average flowering
is July 15, 60 days arerequired 4drom emergence to flowering. Corn requires 50 to 60
days to attainphysiological maturity. If physiological maturity occurs 55 days after
flowering, physiological maturity-will occur on or about September 10, or 115 days from
emergence to.physiological'maturity.

If .ene considers the-central U.S. corn belt as an example, the following time frame for
€achstage of cotn development could be as follows:

Planting date: May 1 + 10 days

Date of emergence: May 10 + 4 days

Date of flower: July 20 + 10 days
Physiological maturity: September 10 £ 5 days
Harvest maturity: October 10 + 10 days
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These estimated time frames could vary within the same year among locations and
among years at the same location, depending on the environmental conditions
experienced from planting to harvesting.

ILF. Hybridization

Hybridization is a fundamental concept used in the breeding, production, and growing of
corn in the United States. Corn evolved as an open-pollinated (cross-fertilizing) crop
species, and until the 20™ century, only open-pollinated corn varieties were grown.
Because corn is essentially 100% cross-pollinated, the corn varieties were a collection of
heterozygous and heterogeneous individuals (genotypes). Varicties were developed by
simple mass selection by the indigenous natives prior to the artival of Columbus. Their
methods of selection were simple by present-day standards, but they. obviously were
effective in developing races, varieties, and strains to satisfy their dood,duel,-feed, and
cultural needs. Hybridization occurred between varigties as cultures tmoved“within the
Western Hemisphere, releasing genetic Variability to develop other unique Varieties.

The fundamental concepts for development,;of. hybrid-com."wete defined by 1920
(Sprague, 1946). Basic studi€s~on:the «genetic "composition of a _gorn variety were
conducted to determine the “¢ffects of“self pollinating-(orcinbreedingy, which is the
opposite of outcrossing) withinva cotn variety,(Shull;” 1908). ~Because corn naturally
cross-fertilizes, the genetic compositionsof each plant is'not kaown:., Continuous selfing
of individuals for seven tocten generations resulted in‘pure lines<(or inbred lines) within
which every plant had similar-traits! The cortect dnterpretation of what occurred during
inbreeding was-based on Mendelian. genetics: the heterozygous loci were eliminated by
inbreeding to-homozygous lact of eithei~one of'the two alleles at each locus. The fixation
of alleles:in pure. lihes.causedza’ gefieral-reduction \in* vigor and productivity. Recent
techniques such:as marker-assisted breéeding' have’ reduced the time and number of
generations required-to proeducepure.inbreds (Y.ouseff and Juvik, 2001).

It was found uponcerossing two pure listes that vigor was restored. If no selection
occurred during dnbreedinggthe average performance (e.g., grain yield) of all possible
crosses was similar to -petformance; of the original variety in which inbreeding was
initiated. Some crosses, however,‘were better than the original open-pollinated variety
and could-be reproduced.fromthe cross of the pure-line parents of the cross. Hence, the
concept of hybridycorn:wasdetermined: self to develop pure lines, cross the pure lines to
produce hybrids, evaluate hybrids to determine the best hybrid, and use pure-line parents
to reproduce the:superior hybrid and distribute it for use by the growers (Shull, 1909).

Hybridization is used in many phases of corn breeding because of the expression of
heterosis. Hybridization is used to produce breeding populations (e.g., F») to develop
inbred lines for use in hybrids, to produce the crosses of superior lines for distribution to
growers. Hybridization is easily accomplished either by hand-pollination or by wind-
pollination in large crossing fields (male and female inbred lines) to produce large
quantities of high-quality hybrid seed.
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II.G. Pollination

I1.G.1. Outcrossing with Wild Zea Species

Annual teosinte (Zea mays subsp. mexicana) and corn are wind-pollinated, self-
compatible, and are highly variable, interfertile species (Wilkes, 1972 and 1989). Corn
and teosinte are genetically compatible, and in areas of Mexico and Guatemala they
freely hybridize when they are in proximity to each other and other conditions are
favorable. Teosinte exists primarily as a weed around the margins of corn fields, and the
frequency of hybrids between teosinte and corn has been studied. A frequencyof ene F;
hybrid (corn X teosinte) for every 500-corn plants has been reported for the Chalcd region
of the Valley of Mexico (Wilkes, 1972). The F, hybrid of tegsinte by corn isdobust and
fertile and is capable of backcrossing to corn. JIntercrossing and gene'exchange between
teosinte and corn occurs freely, and, accompanied by selection, tegsinte iad a significant
role in the evolution of corn. Recently;’Evans andKermicle(2001) haveshown that
although corn can introgress into teosinte, there s incompatibility between<Some corn
populations and certain types of teosinte; Fesulting in' lowofitness of some hybrids that
prevents a high rate of introgression.

Although corn easily crosses with-teoginte,.teosinte is not presentln the-U.S. corn belt.
The natural distribution of‘teosinte is. limited tothe seasonally dry, subtropical zone with
summer rain along the western. escarpment of Mexico ‘and Guatemala and the Central
Plateau of Mexico YWilkes, .1972;~Gonzalez and Corral,1997).; Dependent upon the
human characterization' of teosinte with itsClocalyenvironmént, it may be considered a
weed. However, itthas beennoted that populations-of teesinte have been in decline for
several decades because of-increased gtazing andurbanization in Mexico (Wilkes, 1995).
Except™for special‘plantings,(there’are 110 repotts of teosinte occurring in the United
States.

I1.G.2. Outcrossing with Tripsacum Speciés

Tripsacum evolved~ by ppolyploidy,- whereas corn and teosinte have undergone
introgressiyve, “hybridization sat the-diploid level (2n = 20). The diploid forms of
Tripsacuw (2i= 36) are“morphologically distinct and allopathic in their distribution
(Wilkes, 1989). Tripsacum species are perennials and seem to be more closely related to
the*genus-"Manisuris- than to either corn or teosinte (Goodman, 1976). Tripsacum
received greatercinterest in the evolution of corn after Mangelsdorf and Reeves (1931)
suécessfully erossed corn and Tripsacum dactyloides (2n = 36). The cross by
Mangelsdorf and Reeves (1931) was made with the diploid Tripsacum dactyloides (2n =
36) as the male parent. Silks of the female corn parent were cut to permit successful
pollination. The cross had 28 chromosomes and was male sterile. Five other Tripsacum
species have been crossed with corn, and Galinat (1988) has mapped more than 50
homologous loci on the chromosomes of corn and Tripsacum.

In contrast with corn and teosinte, which can be easily hybridized, both in the wild and by
controlled pollinations, special techniques are required to hybridize corn and Tripsacum.
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With the exception of Tripsacum floridanum, it is difficult to cross Tripsacum with corn,
and the offspring of the cross show varying levels of sterility. Tripsacum-corn hybrids
have not been observed in the field, and Tripsacum-teosinte hybrids have not been
produced (Wilkes, 1972).

In recent years additional research has been conducted on the hybridization of corn with
Tripsacum species. Eubanks (1995, 1998) has developed a method for transferring
Tripsacum genes into corn. In this method two wild relatives of corn, Tripsacum and
diploid perennial teosinte (Zea diploperennis), were crossed to produce a hybrid, which is
called tripsacorn and can be used to generate corn-tripsacorn hybrids. The use of
tripsacorn is intended to confer resistance to pests and disease, drought tolerance; and
improved uniformity. Eubanks (2000) has claimed that fraits such“as .dpomixis,
totipotency, perennialism, adaptation to adversesoil conditions and to<a carbon dioxide
enriched atmosphere can be transmitted tozecorn by such techniques.>>® While these
discoveries show promise, additional reseatch needs £0 be conducted te determine their
widespread applicability.

In experiments with Tripsacum daetyloides or Eastérn gamaggass, DeWald and others at
the USDA successfully obtaied a‘truedIripsacum,cytoplasni- witha corn nuclear
background (DeWald et al., 1999).“In this experiment Easterngamagrass was used as the
female parent and cornias -the male jor pollen doner) The Tripsacum-derived
mitochondrial chondrom¢ and chloroplast plastonic” in these hybrids contribute to the
seed qualities of the-plantsgbut the nuclear'geneme appeared to be totally corn in origin.
These results suggest that any possibility-of corn contribatinggenetic material to Eastern
gamagrass threbigh randomypollen flow in agricultural situations is extremely remote, and
if this were to occur, the resultant.genome would be lacking in most or all of the corn
chromosemal complément.

I1.G.3. Outcrossing-withcCultivated - Zea-Varieties

Corn is>‘wind-pollinated, and'thedistarices that viable pollen can travel depend on
prevailing wind:patterns, humidity, andtemperature. Occasionally it has been found that
corn pollen can travel upto 3:2 kni(2 miles) by wind under favorable conditions. All
corn will interpollinate; exeept for certain popcorn varieties and hybrids that have one of
the denf-sterile gametophyte factors (Ga’, Ga, and ga allelic series on chromosome 4).
Pollen’ of car'specific hybrid-can be carried by wind to pollinate other dent corn, sweet
corn, and popcorn.if the popcorn does not carry the dent-sterile gametophyte factor. Corn
polten, therefore, moves freely within an area, lands on silks of the same cultivar or
different cultivars, germinates almost immediately after pollination, and completes
fertilization within 24 hours. Although there may be some minor differences in the rate
of pollen germination and pollen tube elongation on some genotypes, corn pollen is
promiscuous. It is estimated each corn plant can shed more than 10 million pollen grains.

Certification standards for distances between different corn genotypes have been

established to assist in the production of hybrid corn having desired levels of purity. A
specific isolation field to produce commercial seed will be located so that the seed parent
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is no less than 660 feet (200 m) from other corn of a similar type (i.e., if seed parent is a
yellow, dent corn it should be isolated at least 660 ft from other yellow, dent corn). The
distance of 660 ft can be modified because of size of field, number of border rows, and
different maturity dates of flower, provided no receptive silks are available at the time
pollen is being shed from the contaminating field.

II.H. Weediness of Corn

Modern-day corn cannot survive outside of cultivation (Gould and Shaw, 1968). One
does not find volunteer corn growing in fence rows, ditches, and roadsides as»a weed.
Although corn from the previous crop year can overwinter and.germinate the following
year, it cannot persist as a weed. The appearance of corn in soybean fields“following the
corn crop from the previous year is a common @ecurrence,-\Measures-often.@are taken to
eliminate either the plants with a hoe or teruse herbicides to kill theceorn-plants in
soybean fields, but the plants that remain,and produce_seed usually do‘not petsistdn the
following years.

It is difficult for corn to survive ag;a wéed becausé.of past selection in the evolution of
corn. In contrast with weedy plants, corn has a polystichousfemale inflorescence (or ear)
on a stiff central spike (or cob).eficlosed with-husks (modified’ leaves), @Consequently,
seed dispersal of individual kerhels does pot occur naturally because -of the structure of
the ears of corn. Individual-kerngls of;corn, however,~¢can be' distributed during grain
harvest and transportation to storage facilities. Inrneither inStance (natural or mechanical
harvesting) does ¢orn.-become-a troublesome weed. “Corfv cannot survive without human
assistance and-is'notcapable’of surviving as-a weed.

IL.I. Characteristics-of the'Recipient-Corn’ Material

The corn germplasm'thatowas: Gtilized as-the initial recipient of the transgenes in MON
89034 is the proptictary-inbred ling; LH172 (Eggerling 1994). This inbred line was used
because it responds well totransformationswith Agrobacterium and tissue regeneration.

The inbred line' LH172 Wwas developed from the cross of (LH82 x LH122) x LHS82.
LH172 is characterized-as a-non-Stiff-Stalk, yellow dent corn. Its parental line LH82 is
considered tocrepresent a unique heterotic group that typically is crossed to Stiff Stalk
lines_to produce commercialiF; hybrids. The progenitors of LH82 include Pioneer 3558,
WI53R A Wisconsin»"Agricultural Experiment Station release), and ‘Krug’ (open-
pollinated variety). Parental line LH122 was derived from Pioneer 3535.

I1.J. Corn as a Test System in this Petition

In developing the data in support of this petition, appropriate test and control materials
were developed, and where feasible, conventional reference corn materials were used to
establish a range of responses expected for commercial corn in the U.S. In general, the
background of the test material was matched with that of the control material so that the
effect of the genetic insert could be assessed in an unbiased manner. The transgenic
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(MON 89034) and non-transgenic corn lines were used as test and control (and/or
reference) materials, respectively. Further descriptions of the test, control, and reference
materials are provided in the methods and materials sections for each trial or study.
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I11. Description of the Transformation System
ITILA. Transformation System

MON 89034 was developed through Agrobacterium-mediated transformation of the corn
LH172 to express the Bacillus thuringiensis insecticidal proteins CrylA.105 and
Cry2Ab2 using the plasmid vector PV-ZMIR245 (Figure III-1). Agrobacterium-
mediated transformation is a well-documented process for the transfer and integration of
exogenous DNA into a plant’s nuclear chromosome. MON 89034 was produced using
the 2T-DNA transformation plasmid vector PV-ZMIR245 which contains two séparate
T-DNA’s. The first T-DNA, designated as T-DNA 1, contaiais’ the crylA.1050and the
cry2Ab2 expression cassettes. The second T-DNA; designated as T-DNA I, Contains the
nptll expression cassette. During transformation, both. T~-DNAs were inserted-into the
genome. Traditional breeding was then usedto isolate.plants that only contain‘the T<DNA
I (crylA.105 and the cry2Ab2 expression” cassettes)<and=do not containthe T-DNA II
(nptll expression cassette). This resulted inthe-production;of marker-free, lepidopteran-
protected corn — MON 89034.

The use of selectable marker genes; such-as nptll,is’essentialto’ select transformed cells
due to the relatively smalknumber of target 'cellsin whieh integration of'the foreign DNA
occurs. Once the transgenic:cells @re identified, the selectable marker gene is no longer
needed. For commetcial development; it is desirable to produce ‘marker-free plants. Co-
transformation of{plants-with-Agrobacteriumtumefaciens>2T-DNA binary vector system
is an effective-dapproach te generate marker-free plants:-This-approach takes advantage of
Agrobacterium-mediated transfer ‘of two-different TX-DNAS bearing the gene of interest
and thecselectable marker geneyand. their subsequientiintegration at sufficiently unlinked
sites in the primary tranformants followed bysgeneti¢ segregation in the progenies. This
2T-DNA binary vector approach has beensuccessfully used in tobacco (Komari et al.
1996); soybean (Xing-et al:;2000), barley (Matthews et al. 2001), corn (Miller et al.
2002); and'rice (Komari:et al.~1996; Breitler et al. 2004). MON 89034 was developed
using:such 2T-DNA veetor transfermation and selection techniques.

Freshly isolated immature eorn gmbryos were used in the transformation (Ishida et al.
1996; Rout and” Armstrong, 1997). Agrobacterium tumefaciens strain ABI, containing
plasmid PVsZMIR245 wasinduced to be virulent by the use of acetosyringone. Strain
ABFalso’contains a disarmed Ti plasmid that is incapable of inducing tumor formation
because of) theldeletion of the phytohormone genes originally present in the
AgrobacteriumtTi plasmid. Following inoculation with Agrobacterium, the immature
embryos were transferred to a co-culture medium for one to three days to ensure
transformation of individual cells. This process of Agrobacterium-mediated
transformation of corn involves the attachment of the bacterium to the corn cells, which
leads to transfer of the region of DNA between the Left and Right Borders of the binary
plasmid (i.e., the T-DNA) into the corn genomic DNA. Each T-DNA was integrated into
the plant genome at separate loci.
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Following the incubation period on the co-culture medium, the immature embryos were
transferred to selection medium containing carbenicillin to eliminate Agrobacterium, and
paromomycin to eliminate cells that were not transformed, so that only cells containing
T-DNA II and/or T-DNA I + T-DNA II survived. The resulting transformed cells were
then subcultured several times on a selection medium and regenerated into plants
according to the protocol described by Armstrong and Phillips (1988).

During subsequent breeding at the F; generation the unlinked insertions of T-DNA I or T-
DNA II were segregated. The plants containing only the insert that contains the
crylA.105 and cry2Ab2 gene cassettes were selected using molecular analysis, svhile the
plants containing the nptll cassette (T-DNA II) were eliminated from:subséquent
breeding. The absence of the nptll gene and the NPTII proteintwas furthet“confirmed by
both Southern blot and ELISA analyses. FigureTII-2 displays the processimap of the
major steps involved in the transformation, selection, anddevelopment of MON-89034.
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Figure HI-1. Plasmid map of yector PV-ZMIR245

A circular map of the plasmid vector PV-ZMIR245 used to develop corn MON 89034 is
showit.” PVAZMIR245 contains two T-DNA regions designated as T-DNA I and T-DNA
II. "“The genetic elements and restriction sites used in Southern blot analyses (with
positions relative to the size of the plasmid vector) are shown on the exterior of the map.
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Assembly of plasmid vector PV-ZMIR245 in E. coli and
transfer into Agrobacterium tumefaciens strain ABI

v

Transformation of the immature embryos of LH172 tissue with
Agrobacterium tumefaciens ABI containing PV-ZMIR245

|

Initial selection of transformed cells that contain either7F-DNA 11 or
T-DNA I+ T-DNA II on a medium cofitaining paromomycifi

|

Regeneration of transformed corivplants

!

Separation of unlinked DNA. inhsefts of T-DNA T and T-DNA
through segregation during ttaditional breeding

!

Sereening of transformed platits forthe presence of T-DNA I
(crylA.105’and:Cry2Ab2 gene cassettes) and the absence of the
T-DNA II{the nptll gene cassette)

!

Evalyation of selected plants or agronomic performance and
field efficacy

|

Selection of MON 89034 as the lead commercial
candidate for further evaluation

Figure I11I-2. Process map for transformation, selection, regeneration and
evaluation of MON 89034
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IV. Donor Genes and Regulatory Sequences

This section describes the donor genes and regulatory sequences used in the development
of MON 89034 and the deduced amino acid sequences of the Cry1A.105 and Cry2Ab2
proteins produced in MON 89034.

IV.A. Vector PV-ZMIR245

The plasmid vector PV-ZMIR245 (Figure II1-1) was used for the transformatieni of corn
cells to produce MON 89034. It was constructed at Monsanto’s\research laboratoties in
St. Louis, Missouri, using molecular biology techniques. PV-ZMIR2451is a,2T-DNA
transformation plasmid vector which contains two separate;T=DNAs.

The first T-DNA, designated as T-DNA [)¢ontains two expression cassettes= CrylA.105
and cry2Ab2 expression cassettes. An expression«gassette, or.gene-cassette, isdefined as
a coding sequence and the sequences necessdry for preper expression . of”'the coding
sequence (e.g., promoter, intron,and:3"end- sequerice).\ ThelfirstCeassette in T-DNA 1
contains the crylA.105 coding-Sequenice. under, the regilation of the e35S promoter, Ractl
intron, and the Hspl7 3' end sequence; The second cassette in T-DNA™I contains the
coding sequence for a chloroplasttransitopeptide (SSU-CTP).and the cry2Ab2 coding
sequence under the regulation ‘of the EMV promoter, the‘Hsp70-intron, and the nos 3' end
sequence.

The second T<DNAG designated-as T=DNAVII, contains theptll expression cassette. The
nptll coding sequence.is under the regtlation-of the CaMV 35S promoter and nos 3' end
sequence: The nptll coding Sequence,encodes the neomycin phosphotransferase II
protein which confers the baeterial cells -resistanceto kanamycin and was used during the
initial selection progcess..-Traditional breeding was used to isolate plants that contain the
crylA.105:and the cry2Ab2 expressiomcassettes (T-DNA 1) but do not contain the nptll
expression cassette \(T-DNA II), therefore producing marker-free, lepidopteran-protected
MON-89034 (se&”Section IID).. The specific genetic elements and origins of the various
components used to-constructiplasmiid vector PV-ZMIR245 are provided in Table IV-1.
The following sections’provide further descriptions on these genetic elements.

IV.B.:“T-DNA I

IV.B.1. The'crylA.105 Coding Sequence and CrylA.105 Protein

The crylA.105 coding sequence encodes the 133 kDa Cry1A.105 insecticidal protein that
provides protection against feeding damage by lepidopteran insect pests. The CrylA.105
is a modified Bt CrylA protein with amino acid sequence identity to CrylAb, CrylAc
and CrylF proteins of 90.0%, 93.6% and 76.7%, respectively (see Section VI). The
deduced amino acid sequence of the CrylA.105 protein produced in MON 89034 is
presented in Figure I'V-1.
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Table IV-1. Summary of the genetic elements in plasmid vector PV-ZMIR245

Genetic Location in
Element Plasmid Function (Reference)
Vector Backbone
Intervening
Sequence 1-257 Sequences used in DNA cloning
Bacterial promoter, coding sequence, and terminator for
an aminoglycoside-modifying enzyme, 3'(9)-O-
nucleotidyltransferase from the-transposon @n7 (Eling et
al., 1985) (GenBank accessiony X03043) The aadA
aadA 258-1146 | confers resistance to streptomycin and spectinomycin.
Intervening
Sequence 1147-1261 | Sequenicés used in DNAccloning
T-DNAL
DNA:regionfrom Agrobacteriumdtumefaciens
B'-Right containig the-24 bpright-border sequence used for
Border 1262-1618" | transfer of the T-DNA (Depicker etal., 1982)
Intervening
Sequence 1619-1728 |-Sequences Uised in’dDNA Cloring
The promoter and 9.p leader forthe cauliflower mosaic
yirus (CaMV) 35S RNA(Qdell et al., 1985) containing
P2-35S 1729-2349 | the duplicated enhancer region (Kay et al., 1987)
Intervening
Sequence 2350:2375 | Sequences used innDNA cloning
The'5' untranslated leader of the wheat chlorophyll
L3-Cab 2376-2436 |-a/b-bindingprotein (Lamppa et al., 1985)
Intervening
Sequence 2437-2452 . ‘Sequences used in DNA cloning
I*-Ractl 2453-2932" | Iatron from the rice actin gene (McElroy et al., 1991)
Intervening
Sequence 2933-2941 | Sequences used in DNA cloning
Coding sequence for Bacillus thuringiensis Cry1A.105
CS’<cry1AY105 2942-6475 | protein (Monsanto unpublished data)

' B — border region
* P - promoter

3L - leader

*1 - intron

Table IV-1 continues on next page.

> CS — coding sequence. The sequence length listed in this table for cry1A.105 includes one stop codon
which accounts for 3 bp.
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Table I'V-1 (continued). Summary of the genetic elements in plasmid vector PV-

ZMIR245
Genetic Location in
Element Plasmid Function (Reference)
Intervening
Sequence 6476-6506 | Sequences used in DNA cloning
The 3' nontranslated region of the coding sequence for
wheat heat shock protein 17.3, which ends transcription
T'-Hsp17 6507-6716 | and directs polyadenylation (McElwain and Spiker, 1989)
Intervening
Sequence 6717-6783 | Sequences used it’DNA cloning
P-FMV 6784-7347 | The figwort mosaic vitus 35S promoter:{Rogers, 2000)
Intervening
Sequence 7348-7369 | Sequencesiused.in DNA cloning
Thefirst intron from theymaize heat-shoek protein 70
I-Hsp70 7370-8173+| gene (Brown-and Santing,1995)
Intervening
Sequence 8174-8189 | Sequences used in DNA:-¢loning
The DNAregion’ containing the targeting sequence for
the transit peptide region-of maize ribulose 1,5-
bisphosphate carboxylase small subunit and the first
TS?-SSU-CTP | 8190-8590. | intron (Matsuoka etal., 1987)
Coding sequence for,Cty2Ab2 protein from Bacillus
thuringiensis (Widaer and Whitely, 1989; Donovan,
199})." This coding sequence uses a modified codon
CS’-cry2Ab2 859110498 | usage.
Intervening 10499-
Sequence 10524 Sequenees used in DNA cloning
The 3" transcript termination sequence of the nopaline
synthase (nos) gene from Agrobacterium tumefaciens
105235- which terminates transcription and directs
T-nos 10777 polyadenylation (Bevan et al., 1983)
Intervening 10778-
Sequernice 10844 Sequences used in DNA cloning
DNA region from Agrobacterium tumefaciens
10845- containing the 25 pb left border sequence used for
B-Left Border 11286 transfer of the T-DNA (Barker et al., 1983)

!'T — transcript termination sequence
2 TS — targeting sequence
3 CS — coding sequence. The sequence length listed in this table for cry2Ab2 includes two stop codons

which account for 6 bp.
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Table IV-1 (continued). Summary of the genetic elements in plasmid vector PV-

ZMIR245
Genetic Location in
Element Plasmid Function (Reference)
Vector Backbone
Intervening 11287-
Sequence 12489 Sequences used in DNA cloning
T-DNA 11
DNA region frem’ Agrobacterium tumefaciens
B-Right 12490- containing the 24 bp right border sequence used-for
Border 12846 transfer ofithe T-DNAy (Depicker:et al.;1982)
Intervening 12847-
Sequence 12971 Sequences usedin DNA cloning
The 3'termination sequence of;the nopaline synthase
(nos) coding sequence fronfAgrebacterium tumefaciens
12972 which terminates trahscriptiontand directs
T-nos 13224 polyadenylation (Bevan etal’, 1983)
Intervening 13225
Sequence 13255 Sequengés usedin DNA cloning
Coding sequence-for neomycify phosphotransferase 11
13256- protein that cofifers resistange to neomycin and
CS-nptlli 14050 kanamycin (Beckiet al.;21982)
Intervening 14051-
Sequence 14083 Sequences,usedin’ DNA cloning
14084~ The promoter-and 31 pb leader for the cauliflower mosaic
P-35S 14407 virus (CaMV) 35S RNA (Odell et al., 1985)
Intetvening 14408«
Sequence 144357 Sequences used in DNA cloning
DNA region from Agrobacterium tumefaciens
14458- containing the left border sequence used for transfer of
B-Léft Border 14899 the T-DNA (Barker et al., 1983)
Vector Backbone
Intetvening 14900-
Sequence 14985 Sequences used in DNA cloning
14986- Origin of replication for Agrobacterium derived from the
OR'-ori V 15382 broad host range plasmid RK2 (Stalker et al., 1981)

' OR-origin of replication

Monsanto Company
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Table IV-1 (continued). Summary of the genetic elements in plasmid vector PV-
ZMIR245

Genetic Location in
Element Plasmid Function (Reference)
Intervening 15383-
Sequence 16119 Sequences used in DNA cloning
Coding sequence for repressor of primer protein for
16120- maintenance of plasmid copy number in E. coli(Giza
CS-rop 16311 and Huang, 1989)
Intervening 16312-
Sequence 16738 Sequences used in DNA cloning
16739- Origin of replication from pBR322 for.mainténance ‘of
OR-0ri-PBR322 17327 plasmid in E. coliSutcliffe, 1978)
Intervening 17328-
Sequence 17600 Sequencesused in,DNA«cloning

IV.B.2. The crylA.105 RegulatorySequences

The expression cassette for the coding séquence of the Cry1A-105 protein consists of the
promoter (P-355) afid leader for the cauliflower mosaic vitus (CaMV) 35S RNA (Odell
et al.,, 1985)-with a duplicated enhancer region (Kay et al., 1987). The cassette also
containgthe 5' untranslated’leader ofthe wheatchlorophyll a/b/ binding protein (L-Cab)
(Lamppa et al., 1985),Cthe. intron from'¢the rice actin gene (I-Ractl) (McElroy et al.,
1991), the cryYA.105 coding séquence that wasyoptimized for expression in monocots,
and the 3’ nontranslated region of:the coding sequence for wheat heat shock protein 17.3
(T-Hspl#?),, which ctérminates:-transcription and provides the signal for mRNA
polyadenylation (McElwainand Spiker,(1989).

IV.B.3. Thecry2Ab2 Coding Sequence and Cry2Ab2 Protein

The Ctry2Ab2 protein-present in MON 89034 is a member of the Cry2Ab class of
proteins-sthat-share >95% amino sequence homology (Crickmore et al., 1998). It is a
variant of the wild-type Cry2Ab2 protein isolated from Bacillus thuringiensis subsp.
kurstaki. The deduced amino acid sequence of the Cry2Ab2 protein, together with the
chloroplast transit peptide (CTP), produced in MON 89034 is shown in Figure IV-2.
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PMFSWIHRSA
RRTSGGPFAY
FNKTMDTGDP
RFELIPVTAT
LVTYLSDEFC
GGSTGITIQG
LRGY I1EDSQD
CAPHLEWNPD
IKTQDGHARL
YKEAKESVDA
PGVNAAIFEE
QNNQRSVLWV
ENNTDELKFS
SVPADYASVY
TDKVWIEIGE

IPYNCLSNPE
VDI IWGIFGP
AESFREWEAD
YVQAANLHLS
YNTGLERVWG
SQLTREIYTN
RGEYYWSGHQ
TLSSTLYRRP
DE IPPQNNNV
EFNNI1ASDS
TIVNINGQLP
LTFQSFSYAT
LEAEYNLERA
LDEKRELSEK
GDDVFKENYV
LEIYSIRYNA
LDCSCRDGEK
GNLEFLEEKP
LFVNSQYDQL
LEGRIFTAFS
PEWEAEVSQE
NCVEEEIYPN
EEKSYTDGRR
TEGTFIVDSY

VEVLGGERIE
SQWDAFLVQI
PTNPALREEM
VLRDVSVFGQ
PDSRDWIRYN
PVLENFDGSF
IMASPVGFSG
FNIGINNQQL
PPRQGFSHRL
1TQIPLVKAH
QRYRARIRYA
INTAFTFPMS
QKAVNALFTS
VKHAKRLSDE
TLSGTFDECY,
KHETVNVPGT.
CAHHSHHESL
LVGEALARVK
QADTNTAMIH
LYDARNYA KN
VRVGPGRGY4
NTVATCNRYTV
ENPCEFNRGY:
ELLLMEE

TGYTPIDISL
EQLINQRIEE
RIQFNDMNSA
RWGFDAATIN
QFRRELTLTV
RGSAQGIEGS
PEFTFPLYGT
SVLDGTEFAY
SHVSMFRSGF
TLQSGTTVVR
STTNLRIYVT
QSSFTVGADT
TNQLGLKTNV
RNLLQDSNFK
PTYLYQKIDE
GSLWPLSAQS
DIDVGCTDLN
RAEKKWRDKR
AADKRVHSIR
GDFNNGLSCIf
LRVFAYKEGY
NQEEYGGAYT.
RDYTPLPVGY
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SLTQFLLSEF
FARNQAISRL
LTTAIPLFAV
SRYNDLTRLI
LDIVSLFPNY
IRSPHLMDIL
MGNAAPQQRI
GTSSNLPSAV
SNSSVSIIRA
GPGFTGGDIL
VAGERIFAGQ
FSSGNEVYID
TBYHIDQVSN
DINRQPERGW
SKLKAETRYQ
P1GKCGEPNR
EDLGVIW IFK
EKLEWETN1V.
EAYLPELSVH
NVKGHVBVEE
GEGCYTIHELI
SRNRGYNEAP
VIKELEYFPE

Figure IV-1. Deduced amino acid sequence
MON 89034

of the CrylAl105 protein produced in
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WKKNNHSLYL
LNQRLNTDTL
LPQFOMQGYQ
NYCINTYQSA
GPQQTQSFTS
NYSGGISSED
TLGLRSGAFT,
RAYMVSVHNR
DSLRFEQNNT
NDNGARFSDI

DP1VGTVASF
ARVNAELTGL
LELLPLFAQA
FKGLNTRLHD
QDWPFLYSLF
FGASPENQNF
ARGNSNYERD
KNNTHAVHEN
TARYTLRGNG
NFGNVVASSN

DNSVLNSGRT
P LKKYGSIVG
QANVEEFNRQ
ANLHLSFIRD
MLEFRTYMFL
QVNSNYVLNG
NCSTFLPPLL
YEIRNISGVP
GSMIHLAPND
NSYNLYLRVS
SDVPLDINVT

T1CDAYNVAA
KRPLSELRNL
VDNFLNPNRN
VILNADEWGI
NVFEYVSIWS
FSGARLSNTF
TPFVRSWLDS
LVVRNEDLRR
YTGFTISPIH
SIGNSTIRVT
LNSGTQFDLM

HDPFSFQHKS
IFPSGSTNLM
AVPLSITSSV
SAATLRTYRD
LFKYQSLLVS
PNIVGLPGST
GSDREGVATV
PLHYNEIRNI
ATQVNNQTRT
INGRVYTATN
NIMLVPTNIS

LDTVQKEWTE
QDILRETEKF
NTMQQLFLNR
YLKNYTRDYS
SGANLYASGS
TTHALLAARV
TNWQTESFET
ASPSGTPGGA
FI1SEKFGNQG
VNTTTNNDGV
PLY

Figure IV-2. Deduced amino acid sequence of the chloroplast transit peptide and the
Cry2Ab2 protein produced in MON 89034

The chloroplast transit peptide (CTP) is underlined. Accumulation of the Cry2Ab2
protein is targeted to the chloroplasts using CTP. The CTP is typically cleaved from the
mature protein on uptake into the chloroplasts and is then rapidly degraded (see Section
VI.B.1 for more detail).
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IV.B.4. The cry2Ab2 Regulatory Sequences

The cry2Ab2 gene expression cassette that produces the Cry2Ab2 protein consists of the
35S promoter from figwort mosaic virus (P-FMV) (Rogers, 2000), the first intron from
the corn heat shock protein 70 gene (I-Hsp 70) (Brown and Santino, 1995). The cassette
also contains a cry2Ab2 coding sequence with a modified codon usage (CS-cry2Ab2)
(Widner and Whitely, 1989; Donovan, 1991) fused to a chloroplast transit peptide region
of corn ribulose 1,5-biphosphate carboxylase small subunit including the first intron (TS-
SSU-CTP) (Matsuoka et al., 1987). The 3’ nontranslated region of the nopaline-synthase
(T-nos) coding region from Agrobacterium tumefaciens T-DNACterminatesCtransCription
and directs polyadenylation (Bevan et al., 1983).

IV.B.5. T-DNA Borders

Plasmid vector PV-ZMIR245 contains sequences”that-are nécessary, for transfer of T-
DNA into the plant cell. Thesesequences are tetmed as the Right and Left Border
regions. The Right and Left Border regions’eachicontains acborder sequence that is a 24-
26 bp sequence that defines the extent of thé-DNArthat:should be_transferred into the
plant genome. They flank both® T-DNA (' and) T-DNA 1" allewing' for independent
transfer and integration“of each T-DNA. into ‘the pldant:genome during transformation..
The Right Borders presentin PV=ZMIR245 are made of a 24 bp nucleotide sequence that
was originally derived from-plasmid pTiT37 which was isolated from A. tumefaciens
(Depicker et al(,;1982). The Left Borders:present’in RV-ZMIR245 are made of a 25 bp
nucleotide séquence from the A. tUmefaciens plasmid pTi5955, a derivative of plasmid
pTiA6 (Barker et al.,(1983);

IV.C. T-DNA H

IV.C.1. Fhe nptll gene and NPFII protein

The nptll genes encodes’ the.“neomycin phosphotransferase II enzyme (NPTII) that
inactivates{.‘certain aminoglycoside antibiotics such as kanamycin, neomycin and
paromomycin;.* The usecof selectable marker genes, such as nptll, is essential to select
transformed’cells’under selective growth conditions. In the presence of paromomycin;
cells transformed with nptll survive, while those that do not contain nptll are eliminated
due-t0"the ‘action-of the paromomycin. The T-DNA II, and therefore the nptll gene, is
segregated out at the F1 generation.

IV.C.2. The nptll regulatory sequences

The nptll gene cassette that produces the NPTII protein consists of the promoter (P-e35S)
from the the cauliflower mosaic virus (CaMV) 35S RNA (Odell et al., 1985). The
cassette also containts the coding sequence for the NPTII protein (Beck et al., 1982),
followed by the 3’ nontranslated region of the nopaline synthase (T-nos) sequence from
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Agrobacterium  tumefaciens which terminates the transcription and directs
polyadenylation (Bevan et al., 1983).

IV.C.3. T-DNA borders

The Right and Left T-DNA borders are described under Section IV.B.5.
IV.D. Genetic Elements outside the T-DNA Borders

The backbone region outside of the inserted DNA contains two origins of.€plication
which are necessary for replication and maintenance of the plasmid in bactefia, astwell as
a bacterial selectable marker gene, aadA, which(encodes anZaminoglycosidesmodifying
enzyme that provides resistance to the actiont of the antibiotics.spectinomycin and
streptomycin. Detailed descriptions of all eléments in.the plasmid;backbone tegion are
presented in Table I'V-1.

IV.E. References

Barker, R.F., K.B. Idler, D.V ~Thompsong-}.D.and Kemp. (1983 Nucleotide. sequence of
the T-DNA region. from-the Agrobacteriom tumefaciens ©Octopine Ti Plasmid
pTil5955. Plant-Mol. Biol. 2:335-350.

Beck, E., G. Ludwig, E.A. Atierswald, B. Reiss, atid H{ Schaller. 1982. Nucleotide
sequence-and exdct-localization~of the neemycirophosphotransferase gene from
transpesen ThS. Gene, 19:327-336,

Bevan, M. W.M. Barnesy and-M. Chilton.” 1983. Structure and transcription of the
nopaline systhase-gene.region of T-DNA: Nucl. Acids Res. 11:369-385.

Brown, S.M,and €.G.-Santino. 1995..Enhanced expression in plants. United States
Patent Na.5,424,412.

Crickmore, N., D.R. Ziegler, J. Feitelson, E. Schnepf, J. Van Rie, D. Lereclus, J. Baum,
and D.H:"Dean, 1998. Révision of the nomenclature for the Bacillus thuringiensis
pesticidal crystal-proteins.Microb. Mol. Biol. Rev. 62:807-813.

Depicker, A;'S. StachelgP. Dhaese, P. Zambryski, and H.M. Goodman. 1982. Nopaline
synthase: transcript mapping and DNA sequence. J. Mol. Appl. Genet. 1:561-573.

Donovan, W: P:C1991. CrylIB crystal protein gene from Bacillus thuringiensis. United
States Patent No. 5,073,632.

Fling, M., J. Kopf, and C. Richards. 1985. Nucleotide sequence of the transposon Tn7
gene encoding an aminoglycoside-modifying enzyme, 3°(9)-0O-
nucleotidyltransferase. Nucleic Acids Res. 13:7095-7106.

Giza, P.E. and R.C. Huang. 1989. A self-inducing runaway-replication plasmid
expression system utilizing the Rop protein. Gene 78:73-84.

Monsanto Company 06-CR-166U Page 55 of 262



CBI Deleted Version

Kay, R., A. Chan, M. Daly, and J. McPherson. 1987. Duplication of CaMV 35S promoter
sequences created a strong enhancer for plant genes. Science 236:1299-1302.

Lamppa G., G. Morelli, and N. Chua. 1985. Structure and developmental regulation of a
wheat gene encoding the major chlorophyll a/b-binding polypeptide. Mol. Cell.
Biol. 5:1370-1378.

Matsuoka, M., Y. Kano-Murakami, Y. Tanaka, Y. Ozeki, and N. Yamamoto. 1987.
Nucleotide sequence of the cDNA encoding the small subunit of ribulose-1,5-
bisphosphate carboxylase from maize. J. Biochem. 102:673-676.

McElroy, D., A.D. Blowers, B. Jenes, and R. Wu. 1991. Construction of{expression
vectors based on the rice actin 1 (Actl) 5° region” for use’in monocot
transformation. Mol. Gen. Genet. 231:150-160.

McElwain, E. and S. Spiker. 1989. A wheat ¢DNA clone“which is ilemologous to the 17
kd heat-shock protein gene familyof'soybean..Nucl. Acids'Res; 17:1764,

Odell, J.T., F. Nagy, and N. Chua. 1985. Identification of DNA\sequencesaequired for
activity of the cauliflower mosaic¥irus 35S promoter. Nature313:810-812.

Rogers, S.G. 2000. Promoter for trarisgenic plants. United States:Patent-No..6,018,100.

Stalker, D.M., C.M. Thomas, and D.RHelinski. 198 I.;Nucleotidé’sequence of the region
of the origin of-replication of ;the broad host range-plasmid RK2. Mol. Gen.
Genetics 18E8-12.

Sutcliffe, J.G. (1978 ‘Coniplete-HAucleotide’sequence:of the-Escherichia coli plasmid
pBR322. Symposia o:Quantitative Biclogy 43:77<103.

Widner; W.R. and H:R. Whitely 1989. Two highly rélated insecticidal crystal proteins of
Bacillus thuringiensis subsp. kurstakicpossess different host range specificities. J.
Bacteriol. 1711965974

Monsanto Company 06-CR-166U Page 56 of 262



CBI Deleted Version

V. Genetic Analysis

Characterization of the DNA insert in MON 89034 was conducted by Southern blot
analyses, PCR, and DNA sequencing. The results demonstrated that MON 89034
contains a single functional copy of crylA.105 and cry2Ab2 expression cassettes. The
complete insert includes: (1) the crylA.105 coding sequence whole transcription is directed
by a modified 35S promoter, the 5’ untranslated leader of the wheat chlorophyll a/b-
binding protein (Cab), the intron sequence from rice actin gene (Ractl), and the
transcriptional termination and polyadenylation sequence derived from the 3’ nontranslated
region of the coding sequence for wheat heat shock protein 17.3 (Hspl7);:and (2) the
cry2Ab2 coding sequence whole transcription is directed by figwort mesaic.virus 35S
promoter (FMV), the first intron from the maizetheat shock-protein 70-gene (HSp70), the
DNA region containing the targeting sequencesfor the chlorophyll transit.peptidesof maize
ribulose 1,5-bisphosphate carboxylase small subunit andcthe first intton (SSU-CTP), and the
transcriptional termination and polyadenylation sequence derived from the 3’ termination
sequence of the nopaline synthase (nQs) coding sequence-from“Agrobacteriumctumefaciens.
This T-DNA (T-DNA 1) was inserted int@thecern genome and<results in the synthesis of
CrylA.105 and Cry2Ab2 proteins)from: the expression of-the cry1A:105 and’cry2Ab2 genes.
The chlorophyll transit peptide (CIP) isipresent topdirect the Cry2Ab2 protein to corn
plastids.

The PCR and DNA sequeneing analysis-of the’ complete-DNAyinsert-and adjacent genomic
DNA in MON 89034 confirmed the organizatien of the genetic. elements within the insert.
PCR primers were designedto-amplify seven overlapping régions of DNA that span the
entire lengthCot the“insert, and theZsequencing results of.the amplified DNA fragments
confirmed:that the sequence of;the. DNA dnsertdn MON 89034 matched the designed,
corresponding sequences,in PV-ZMIR245 with one@xception. This exception is that the
e35S promotercthat regulates expression of, the-6ry1A.105 gene has been modified and
that the Right’Border s€équence present in PV-ZMIR245 was replaced by a Left Border
sequence,in MON -890343. ~This.molecular rearrangement can be explained by a
recombination event which _oecurfed, either prior to or during the process of T-DNA
transfer to the plant eell, betweefrthe DPNA sequences near the 35S promoters in T-DNA 1
and T-DNAc Il (Figure'V-1).> Due to this recombination event, the reconstituted €35S
promoterin MON 89034 (refetred to as modified 35S or e35889) no longer has the
duplicated efthancer elements,compared to the original e35S promoter in PV-ZMIR245.
Despite the deletion of the enhance elements, the CrylA.105 protein expression levels in
MON.89034 are still sufficiently high under the regulation of the modified €35S promoter
to deliver the required efficacy against target insect pests.

Analysis of the stability of the integrated DNA demonstrated that a unique Southern blot
fingerprint of MON 89034 was maintained in seven generations during conventional
breeding, thereby confirming the stability of the insert. Additionally, T-DNA II analysis
of multiple generations in the MON 89034 breeding history indicated that there were no
detectable T-DNA II elements other than those which are common to T-DNA 1, i.e., 35S
promoter, NoS 3" end sequence, Left Border sequence. Furthermore, these generations
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were shown not to contain any detectable backbone sequence from plasmid PV-
ZMIR245.

The following sections describe the molecular analysis experiments and results. Southern
blot, PCR and DNA sequencing analyses were used to assess the following: 1) number of
insertions of the integrated expression cassettes; 2) number of copies of the integrated
expression cassettes; 3) intactness of the expression cassettes; 4) the presence or absence
of plasmid backbone sequences; 5) the stability of the inserted DNA during conventional
breeding; and 6) organization of the insert in MON 89034. Detailed materials and
methods of Southern blot and PCR analyses are provided in Appendix A. cMaps of
plasmid vector PV-ZMIR245 annotated with the probes used in the Southern:analyses are
shown in Figures V-2 and V-3. The generations used in the studies dre depicted in
Figure-17. The overall results of the moleculartanalyses are,summarized in.althear map
(Figure V-4) which illustrates the organization of the dmsert, the ccorn.@genomic DNA
flanking the insert, the restriction sites, and expected Sizes of the-DNA’ fragiments’ after
restriction digestion. The description of.the genetic elements of the. DNA Gnsert\in MON
89034 is provided in Table V-1.
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A) B-Left Border P35S | CS-nptll | T-nos | B-Right Border
X nptll cassette g
B) |B-Right Border DER |P-e35S LI crylA.105 T P I cry2Ab2 T.{ B-Left Border
) cry1A.105 cassette “ ery2hb cassette g
\*J
C) B-Left Border P-e@%% | F eryin 108 | o P I cry2Ab2 T | B-Left Border
crylAN105 cassette > cry2Ab2 cassette g

Figure V-1. Description of the recombination process that-explains the'modified 5’end of the insert
A) Illustration of the T-DNA II of plasmid’PVZMIR245.
B) Illustration of the T-DNA I of plasmid PV-ZMIR245.
C) Illustration of the modified T-DNA I in MON 89034,

Abbreviations and symbols: DER = duplieated enHancérregion; L=leader sequence; I = intron sequence; P = promoter;
T = termination sequence. Detailed descriptioniof all'the geneti¢ elements are described in Table V-1 and Figure V-4.

The diagram illustrates a recombination event, which:ikely occurred prior to or during the process of T-DNA transfer to the plant cells, between the
DNA sequences near the 35S promotefrsiin T<DNA and T-DNA II. Due to this recombination event, the reconstituted 35S promoter in MON
89034 (referred to as modified €358 0or €355%) 410 longer has the duplicated enhancer elements (DER) compared to the original €35S promoter in
PV-ZMIR245. Despite the deletion of the enhance elements, the CrylA.105 protein expression levels in MON 89034 are still sufficiently high
under the regulation of the modified €35S promoter to deliver the required efficacy against target insect pests.
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BstE 1l 458

B-Right Border
P-e35S

OR-ori-PBR322
Nde | 16501
L-Cab

BstE 1l 2464
OR-ori V

Ssp | 1507
B-Left Border
p-355 4 Nco | 2940

T-DNA I

PV-ZMIR245

17600 bp BStE Il 4613

CS-crylA.105

\I- BstE 11 4894

T-nos

B-Right Border

T-DNA |

B-Left Border

TS:SSU-CTP,

BStE 1| 10267
Cs-cry24b2

Nco)l 8589

Probe DNA Probe Description Start Position (bp) ~ End Position (bp) =~ Total Length (~kb)
Number
1 P-e355/L-Cab 1714 2447 0.7
2 I-Ractl 2427, 2941 0.5
3 CS-cryTA.205 probe.t 2942 4923 2.0
4 CS-Cry1lA.205 probe 2 4726 6505 1.8
5 T-Hspdt 6499 6797 0.3
6 P-EMV 6755 7366 0.6
7 I=Hsp70 7347 8179 0.8
8 TS-SSU-CTP/CS-Cty2Ab2 probe-} 8173 9516 1.3
9 TS-SSU-CTP/CS<cry2Ab2 prebe 2 9296 10509 1.2
10 T-nos 10525 10778 0.3
11 T-DNAHprobe 1 12458 13391 0.9
12 T-DNAVI probe 2/GS-nptliprobe 13256 14050 0.8
13 T<DNA 1l¢probe,3 13973 14916 0.9
14 Backbone'] 11287 12489 1.2
15 Backbone 2 14900 16511 1.6
16 Backbone 3 16289 136 1.4
17 Backbone 4 48 1261 1.2

Figure V-2. Plasmid map of vector PV-ZMIR245 showing probes 1-17 used in
Southern blot analyses

A circular map of the plasmid vector PV-ZMIR245 used to develop corn MON 89034 is shown.
The genetic elements and restriction sites used in Southern analyses (with positions relative to the
size of the plasmid vector) are shown on the exterior of the map. The probes used in the Southern
analyses are shown on the interior of the map. PV-ZMIR245 contains two T-DNA regions
designated as T-DNA I and T-DNA 1I.
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_aadA
BstE 1l 458

_B-Right Border

P-e35S

OR-ori-PBR322

Nde | 16501
L-Cab

BstE Il 2464

OR-ori V
Ssp | 15077
B-Left Border

I-Ractl

b35S Nco | 2940

CS-nptll

RPV-ZMIR245

17600 bp BstE(h4613

CS-crylA.105

T-nos
BstE 11,4894

-Hsp70
Ssp. L7921

BstE 11.10267
CS-cry2Ab2

T'S-SSU-CTP

~Nco | 8589

Probe DNA Probe Description Start Position (bp) End Position (bp) Total Length (~kb)
Number
18 TF-DNA I'probe-1 1210 2753 1.5
19 T-DNA-T probg 2 2649 4676 2.0
20 T-DNA I probe 3 4518 6505 2.0
21 T-DNA I probe 4 6371 8179 1.8
22 T-DNA I probe 5 8004 9863 1.9
23 T-DNA I probe 6 9780 11354 1.6

Figure V-3. Plasmid map of vector PV-ZMIR245 showing probes 18 — 23 used in
Southern blot analyses

A circular map of the plasmid vector PV-ZMIR245 used to develop corn MON 89034 is shown.
The genetic elements and restriction sites used in Southern analyses (with positions relative to the

size of the plasmid vector) are shown on the exterior of the map. The overlapping T-DNA 1
probes used in the Southern analyses are shown on the interior of the map.

Monsanto Company 06-CR-166U Page 61 of 262



5' Genomic Flank DNA

CBI Deleted Version

3' Genomic Flank DNA

BstE 11 5196 Ssp 18223
Nco | 3242 BstE Il 4915 Nco |1 8891 BStE 1110569
Nde 1452 _ Nde | 1531 BstE Il 2766_ Nc6.10813 _Nco | 11920
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BStE Il ol 5.4 kb |
1T | |
| >11.4'kb
Nde | I
>3.2 kb ~5/6.kb ~1.9 kb ~1.1kb
Nco | ] | |

Figure V-4. Schematic representation ofthe insert and genomie¢ flanking sequences in MON 89034

The linear DNA derived from T-DNA I of vector PV-ZMIR245 which was incorporated into MON 89034 is shown. Arrows indicate
the end of the insert and the beginning ef\corn’genemic flanking sequence. Identified on the map are genetic elements within the
insert, as well as restriction sites with positions relative tothe size of the linear map for enzymes used in the Southern blot analyses. A
portion of Left Border sequence-and aymodified €35S promoter sequence is present at the 5' insert-to-flank junction in MON 89034.

Monsanto Company

06-CR-166U

Page 62 of 262



CBI Deleted Version

Table V-1. Summary of genetic elements in MON 89034

Location
Genetic in
Element Sequence Function (Reference)
Sequence
flanking the 5’
end of the insert 1-2060 | Corn genomic DNA
The 239 bp DNA region from the B-Left Border region
B'-Left Border | 2061-2299 | remaining after integration
Intervening
Sequence 2300-2349 | Sequences used in DNA cloning
Modified 35S ptomoter and 9 bp leaderresulting from a
P-e355% 2350-2651 | recombinatiombetween the €35S and35S promoters
Intervening
Sequence 2652-2677 | Sequences used in DNACcloning
The’S' untranslated leadet ©f the\wheat-chloréphyll
L*-Cab 2678-2738 La/b-binding protein (Lamppacet al 1985)
Intervening
Sequence 2739-2754,.}. Sequences ased it DN'A cloning
I’-Ractl 2755-3234 | Introndiom the rice actinigene (McElvoy et al. 1991)
Intervening
Sequence 3235-3243 |Sequences:used in DNA-¢cloning
Coding sequence for the Bacillus thuringiensis Cryl1 A.105
CS*-cry1A.105 3244-6777 A -protein (Monsanto unpublished data)
Intervening
Sequence 6778<6808.} Sequencesusedin DNA cloning
The 3!montranslated region of the coding sequence for
wheat heat'shock protein 17.3, which ends transcription
T -Hspl7 6809-7018" | and direéts polyadenylation (McElwain and Spiker, 1989)
Intervening
Sequence 7019-7085 | Sequences used in DNA cloning

Table V-1 continues on next page.

' B — border region

*L - leader

’I - intron

* CS — coding sequence of cryl1A.105, including one stop codon which accounts for 3 bp.
> T — transcript termination sequence
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Table V-1 (continued). Summary of genetic elements in MON 89034

Genetic Location in
Element Sequence Function (Reference)

P'-FMV 7086-7649 | The figwort mosaic virus 35S promoter (Rogers, 2000)

Intervening

Sequence 7650-7671 | Sequences used in DNA cloning
The first intron from the maize heat shock protein70

I-Hsp70 7672-8475 | gene (Brown and Santino, 1995)

Intervening

Sequence 8476-8491 Sequences used in DNA cloning
DNA region containing thetargeting-$eéquence forthe
transit peptide region efimaize ribulose 1;5-
bisphosphate carboxylase small’subunit and the first

TS2-SSU-CTP 8492-8892 | intron“(Matstuoka et al., 1987
Codingssequence fora Cry2Ab2 protein from, Bacillus
thuringiensis-(Widner,and Whitely;1989; Donovan,
1991). Fhis coding sequenice uses a modified codon

CS’-cry2Ab2 8893-10800 | Usage:

Intervening

Sequence 10801-10826 3} Sequences.used-in DNA cloning
The 3! nontranslated -region of the nopaline synthase
(hosycoding sequence from<Agrobacterium tumefaciens
which términates transcription and directs

T-nos 10827-11079 {‘polyadenylation(Bevan et al. 1983)

Intervening

Sequence 11080-11146-"Seqguiences used th DNA cloning

B-Left-Border

1b147-11377

The 230 bpyDNA region from the Left Border region
remaining’after integration

Sequence
flanking the 3"
end of the
insert

1437812282

Corn genomic DNA

' P <prometer

2 TS — targeting sequefice
3 CS — Coding sequence for Cry2Ab2, including two stop codons which account for 6 bp.

Monsanto Company

06-CR-166U Page 64 of 262



CBI Deleted Version

V.A. Insert and Copy Number

The insert number (the number of integration sites of T-DNA I in the corn genome) was
evaluated by digesting the test and control DNA with Nde I, a restriction enzyme that
does not cleave within T-DNA 1. This enzyme generates a restriction fragment
containing T-DNA I and adjacent, plant genomic DNA. The number of restriction
fragments detected indicates the number of inserts present in MON 89034. The number
of copies of the T-DNA I integrated at a single locus was determined by digesting test
and control genomic DNA samples with Ssp I, which cleaves once within the insert: If
MON 89034 contains one copy of T-DNA I, probing with T-DNA I should result in two
bands, each representing a portion of the T-DNA 1 along with adjacent, ‘Corn ‘plant
genomic DNA. The blot was examined with overlapping T-DNA I probes:spanning the
entire inserted DNA sequence (probes 18 — 23in FigurezV-3). The-results of-this
analysis are shown in Figure V-5. It is noted that the long run (overnight.runs).enabled
greater separation of the higher molecular‘weight restriction”fragments while the short
run (runs for a few hours) allowed the smaller-molecular weight restrictiofv fragments to
be retained on the gel.

Genomic DNA isolated from conventional corn.digested with Nde’I (lanes.2and 6) or
Ssp I (lanes 4 and 8) produced several ‘hybridization signals:-;>This”is not unexpected
because several genetic elements-comprising T-DNA [wereoriginally derived from corn.
These hybridization signals,result ‘from\the probes<hybridizing to“endogenous targets
residing in the corn génome-andare not-specific to theinserted DNA. These signals were
produced in all lanés, includingthese contdiniiig the conyeéntional corn control DNA, and
therefore they. ate considered o be.‘endogenous baekground bands. Plasmid PV-
ZMIR245 DNA mixed,'with:conyentioral cotn conttolxlDNA and digested with Ssp |
(lanes 9 and 10) préduced’the ‘expected bandsiat approximately 10.4 and 7.2 kb in
addition to the endogenous backgrdund: hybridization produced by the conventional corn
control DNA (lane 8):"MON 89034 DNA digested with Nde I (lanes 1 and 5) produced a
single unique-band of approximately 13.Kkb in addition to the endogenous background
hybridization observed in, the conventional corn control DNA (lanes 2 and 6). This result
confirms that MON'89034 contains:one nsert located on an approximately 13.0 kb Nde I
restriction fragment.

The MON" 89034 DNA ‘digested with Ssp I (lanes 3 and 7) produced two bands in
addition-to the endogenous background hybridization observed in the conventional corn
control DNA (lanes:4.and 8). The approximately 8.2 kb band is the expected size for the
border‘fragment containing the 5' end of the inserted DNA (T-DNA I) along with the
adjacent genomic DNA flanking the 5' end of the insert. The approximately 7.4 kb band
represents the 3' border fragment containing the 3' end of the inserted DNA along with
the adjacent genomic DNA flanking the 3' end of the insert which was expected to be
greater than 4.3 kb (refer to Figure V-4).

These results indicate that MON 89034 contains one copy of T-DNA I that resides at a
single locus of integration on an approximately 13.0 kb Nde I restriction fragment.
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Figure V-5. Southern’blot analysis of MON 89034 — insert and copy number

analysis

The long run enablgd“greater sepatratiow of. the higher molecular weight restriction fragments
while the short run“allowed the.smaler molecular weight restriction fragments to be retained on

the gel. The gelSide-arrowcsymbals denote the sizes

of DNA (kb) based on the reference DNA

size markerson the ethidium bromidé stained gel. The arrows on the left side of the gel are for
the long run‘lanes, and the arrows.oft the right side of the gel are for the short run lanes. The blot
was examined with\ overlapping **P-labeled probes that spanned the T-DNA I sequence (probes
18 < 23 in Figure V-3). Each lane contains approximately 10 ug of digested genomic DNA

isolated from grain.-\Lane designations are as follows:
Lane 1: MON 89034 (Nde I)

Conventional corn (Nde I)

MON 89034 (Ssp I)

Conventional corn (Ssp I)

MON 89034 (Nde I)

Conventional corn (Nde I)

MON 89034 (Ssp 1)

Conventional corn (Ssp 1)

Monsanto Company 06-CR-166U

9: Conventional corn spiked with
PV-ZMIR245 (Ssp 1) [0.5

copy]
10: Conventional corn spiked

with PV-ZMIR245 (Ssp 1) [1.0
copy]
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V.B. Intactness of crylA.105 and cry2Ab2 Expression Cassettes

The presence of all the elements of the inserted crylA.105 and cry2Ab2 expression
cassettes was assessed by digestion of the test DNA with the restriction enzyme Ssp 1,
Nco I, or BstE 1II.

Digestion with Ssp I releases two border fragments with the expected size of
approximately 8.2 and greater than 4.3 kb (refer to Figure V-4). The approximately 8.2
kb fragment contains genomic DNA flanking the 5' end of the insert, Left Border
sequence, modified e35S promoter sequence, Cab leader, Ractl intron, cryl1A.105 ¢oding
sequence, Hspl7 3' end sequence, FMV promoter,.and a portioniot the Hsp?0intron. The
greater than 4.3 kb fragment contains the remaining portion of the Hsp70-intron, SSU-
CTP targeting sequence, cry2Ab2 coding sequence, Nos»3' end sequence, Left"Border
sequence, and genomic DNA flanking the 3%end of theGnserted DNA.

Digestion of the test substance with,NcO I xeleases twa interdal restriction fragments and
two border fragments (refer to Fignre: V=4).cThe ¥ border fragment is, expected to be
greater than 3.2 kb and contains_genemic DNA flanking the'S' ead of the ‘insert, the Left
Border sequence, modified, 35S “promoter:sequence, the Cab leader, @nd the Ractl
intron. The approximately 5:6 kb ‘internial fragment” containsthe .€ry1A.105 coding
sequence, Hspl7 3' end sequence;” FMV promotér;, Hsp70-intron, and the SSU-CTP
targeting sequence.. The approximately L9 kbdinternal fragment contains the cry2Ab2
coding sequence.(~The'3" border fragment i expected-to becapproximately 1.1 kb and
contains the nos 3'.€nd sequence, a second Left Botder sequence, and genomic DNA
flanking the 3" end of the’inserted DNA:

Digestion of the:test sabstance with BStE Ilsgenerates two border fragments and three
internal fragments (refer to Figure V44). . The 5'dorder fragment is expected to be greater
than 2.8 kbCand ¢éntains genomic?DNA"flanking the 5' end of the insert, Left Border
sequencepmodified @35S prometer sequenge, and the Cab leader sequence. The 3' border
fragment is expected toobe approximatély 1.7 kb and contains a portion of the cry2Ab2
coding sequence, the Nos 3 end, Left.Border sequence, and genomic DNA flanking the 3'
end of the ifiserted DINAT Plasmid PV-ZMIR245 DNA was combined with conventional
corn control DNA and digested with Nco I or BstE II (BstE II was used for the T-nos and
T-DNA' IL.Southern_blots)and loaded on the gel to serve as a positive hybridization
control,

Individual Southern blots were examined with the following probes: €35S promoter
including the Cab leader, the Ractl intron, the crylA.105 coding sequence, the Hspl7 3'
end sequence, the FMV promoter, the HSp70 intron, the SSU-CTP targeting
sequence/cry2Ab2 coding sequence, and the nos 3' end sequence (probes 1-10 in Figure
V-2).
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V.B.1. €35S Promoter/Cab Leader

Figure V-6 shows the Southern blot examined with the probe of €35S promoter including
the Cab leader (probe 1 in Figure V-2). Conventional corn control DNA digested with
Ssp I (lanes 2 and 6) or Nco I (lanes 4 and 8) showed no detectable hybridization bands,
as expected for the negative control. Conventional corn control DNA spiked with
plasmid PV-ZMIR245 DNA digested with Nco I (lanes 9 and 10) produced the expected
size band at approximately 10.0 kb.

MON 89034 DNA digested with Ssp I (lanes 1 and 5) produced the expected single
unique band of approximately 8.2 kb. MON 89034 DNA digested with*Nca’l (lanes 3
and 7) produced the single unique band of approximately §.4 kb. This-is eonsistent with
the expected band being greater than 3.2 .kB. No unexpected, dbands werg. detected,
indicating that MON 89034 contains noadditional,~detectable €355 -promoter, and Cab
leader elements other than those associated with the cryl/A.105 cassétte.

V.B.2. Ract 1 Intron

Figure V-7 shows the Southetn ‘blot examined with:Ract 1 infron probe (probe 2 in
Figure V-2). Conventignal corn controllDNA"digested with Ssp T (lanes 2 and 6) or Nco
I (lanes 4 and 8) showed no-detéctable hybtidization bands,@s expected, for the negative
control.

Conventional’corn control DINA spiked with plasmid PV-ZMIR245 DNA digested with
Nco I (lanes 9 and_10) produced the-expected size band at approximately 10 kb. The
migration of the:approximatély 10 Kb _fragment is slightly higher than indicated by the
size marker band. -\ The: altered ntigrations. may be due to the difference in salt

concentrations between. the-‘Corn<DNA “sample and the reference DNA size markers
(Sambrookiand Russell, 2001).

MON 89034 -DNA digested with SSp1 (lanes 1 and 5) produced the expected single
unique band,of approximately 8. 2°kb. MON 89034 DNA digested with Nco I (lanes 3
and 7) produced the singleédinigie band of approximately 5.4 kb. This is consistent with
the expected”band” being gréater than 3.2 kb. No unexpected bands were detected,
indicating-that MON" 89034 contains no additional, detectable Ractl intron elements
other than these.associated with the cry1A.105 cassette.
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Figure V-6.0Southern blotanalysis of MON 89034 — e35S promoter/Cab leader

The long‘tun enabled’ greater s¢paration of ‘the higher molecular weight restriction fragments
whilelthe short rutrallowed the’smalter molecular weight restriction fragments to be retained on
the gel. The gél'side arrow. Symbols denote the sizes of DNA (kb) based on the reference DNA
size markers“on the-ethidium bromide stained gel. The arrows on the left side of the gel are for
the longtun lames, and the arrowson the right side of the gel are for the short run lanes. The blot
was examined with~a **P-labeléd probe that spanned the e35S promoter and Cab leader region
(probe 1 an”'Figure V=2). Each lane contains approximately 10 pg of digested genomic DNA
isolated\from grainC~Lane designations are as follows:

Lane)” 1:

MON'89034 (Ssp 1)

2: Conventional corn (Ssp I)
3: MON 89034 (Nco I)

4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)

6:
7
8
9:
1

Conventional corn (Ssp I)

: MON 89034 (Nco I)
: Conventional corn (Nco I)

Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]

0: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

Monsanto Company 06-CR-166U
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The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the g&l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run fanes, and the arrows on-the right side of the gel are for the short run lanes. The blot
was examined with a(¥*P-labeledprobe that spanned the Ractl intron (probe 2 in Figure V-2).
Each _lane containsyapproximately 10 pug of digested genomic DNA isolated from grain. Lane

designations are as follows:
Lane 1. MON 89034 (Ssp I)
2: Conventional corn (Ssp I)
3: MON 89034 (Nco I)
4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)
6: Conventional corn (Ssp I)
7: MON 89034 (Nco I)
8: Conventional corn (Nco I)
9: Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]
10: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

Monsanto Company 06-CR-166U
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V.B.3. crylA.105 Coding Sequence

Figure V-8 shows the Southern blot examined with overlapping probes spanning the
crylA.105 coding sequence (probes 3 and 4 in Figure V-2). Conventional corn control
DNA digested with Ssp I (lanes 2 and 6) or Nco I (lanes 4 and 8) showed no detectable
hybridization bands, as expected for the negative control. Conventional DNA spiked
with plasmid PV-ZMIR245 DNA digested with Nco I (lanes 9 and 10) produced the
expected size band at approximately 5.6 kb. The migration of the approximately 5.6 kb
fragment is slightly higher than indicated by the reference DNA size markers.. The
altered migrations may be due to the difference in salt concentrations between the corn
DNA sample and the reference DNA size markers (Sambrook‘and Russell,~2001).

MON 89034 DNA digested with Ssp I (lanes 1 and §) produced; theiexpected single
unique band of approximately 8.2 kb. MON 89034-DNA digested with Neo I(lanes 3
and 7) produced the expected single) unique band..of approximatelyy5.6<kb. No
unexpected bands were detected, indicatiflg that MON 89034 contains. .no” additional,
detectable crylA.105 elements other than those’associated with'the €ry1A:105 cassette.

V.B.4. Hspl7 3' End Sequence

Figure V-9 shows the Southernblot ¢xamined with HSp17.3! end séquence probe (probe
5 in Figure V-2).(Conventignal corn control DNA digested with Ssp I (lanes 2 and 6) or
Nco I (lanes 4Cand ) shewed(no detectable hybridization. bands, as expected for the
negative cortrol. Conventienal ¢orn controlDNACspiking with plasmid PV-ZMIR245
DNA digested withoNco=l (lanes. @~ and> 10)<“produced the expected size band at

approximately 5.6.kb.

MON 89034 DNA “digested ‘' with.Ssp“l (lanes 1 and 5) produced the expected single
unique band of approximately 8.2 kb. - MON 89034 DNA digested with Nco I (lanes 3
and .7)* produced, the ‘expected csingléunique band of approximately 5.6 kb. No
unexpected bands were.detected, .indicating that MON 89034 contains no additional,
detectable H3pl7 3" end elements-Other than those associated with the crylA.105 cassette.
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Figure V-8. Southern blot analysis‘of MON 89034 — cry1A.105 coding sequence

The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the g&l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run fanes, and the arrows on-the right side of the gel are for the short run lanes. The blot
was examined with overlapping “*P-labeled probes that spanned the cry1A.105 coding sequence
(probes,3 and“4 imFigure V-2)? Each lane contains approximately 10 pg of digested genomic
DNA-isolated from grain. Lane designations are as follows:

l.ane

Monsanto Company

I

MON 89034 (Ssp I)

2: Conventional corn (Ssp 1)
3: MON 89034 (Nco I)

4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)

6:
7
8
9:
1

Conventional corn (Ssp I)

: MON 89034 (Nco I)
: Conventional corn (Nco |)

Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]

0: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

06-CR-166U
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LONG RUN SHORT RUN
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Figure V-9. %(ﬁi h

@ \(&Z&“@S"@%@N 8&4 Hspl7 3' end sequence

e at cée \'1on(§f igher molecular weight restriction fragments
Ll ecular weight restriction fragments to be retained on

elg\ the sizes of DNA (kb) based on the reference DNA

size markers o 1ned gel. The arrows on the left side of the gel are for

the long rur\ﬁﬁ and s 0 ‘Qle right side of the gel are for the short run lanes. The blot

was ex - le &)robe that spanned the Hspl7 3' end sequence (probe 5 in

Flgur@ an approx1mate1y 10 ug of digested genomic DNA isolated from

at1 are as follows

4SspD)

tlonal corn (Ssp 1)

3: MON 89034 (Nco I)

4: Conventional corn (Nco I)

5: MON 89034 (Ssp I)

6: Conventional corn (Ssp I)

7

8

9:

1

The long n en

while tke@hort run
the gel. " The gel: @e

: MON 89034 (Nco I)
: Conventional corn (Nco )

Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]
0: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]
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V.B.5. FMV Promoter

Figure V-10 shows the Southern blot examined with FMV promoter probe (probe 6 in
Figure V-2). Conventional corn control DNA digested with Ssp I (lanes 2 and 6) or Nco
I (lanes 4 and 8) showed no detectable hybridization bands, as expected for the negative
control.

Conventional corn control DNA spiked with plasmid PV-ZMIR245 DNA digested with
Nco I (lanes 9 and 10) produced the expected size band at approximately 5.6 kb. The
migration of the approximately 5.6 kb fragment is slightly higher than indicated by the
reference DNA size markers. The altered migrations may be due¢;to the difference in salt

concentrations between the corn DNA sample @and the reférence DNA size, markers
(Sambrook and Russell, 2001).

MON 89034 DNA digested with Ssp I<{lanes 1 and5) produced the expected:single
unique band of approximately 8.2 kb. CMON 89034 DNA digested with-Ncod (lanes 3
and 7) produced the expected single unique-band of/approximately. 56 kb. No
unexpected bands were detected; indicating ‘that\MON, 89034 coéntains, no additional,
detectable FMV elements othet'than those-associated with.the cry2Ab2 cassette.

Monsanto Company 06-CR-166U Page 74 of 262



LONG RUN SHORT RUN

( h/A N

1 2 3 4 75 6 7 8 9 10
S ———— . G- D O

« 40
«— 20
« 15
40—» +«— 10
20— - pELLS
15— e -u-r-::gi
10— K?“CQ {\'\\4_41
81— NN AQ QQ) <+ 31
7.1 Q)(b O :
- & \Q.é'o ‘
61— @) 0’0 o7 e 20
S N\ X R 6(04—16
51> %) ,&’0 \\Q, 6Q A
> Qo & & N "\\o*“’
SN S
) &(b @ 06 OQ
\? > o QY =»
VG TN NS
S
OO0 X
N NG 7 S G )
@HQ o KO X 09 S¥e.
Y N\ \$ A 0$ \r\Q)

CBI Deleted Version

Figure V-10._Southern blot analysis’'of MON 89034 — FMV promoter

The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the g&l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run fanes, and the arrows on-the right side of the gel are for the short run lanes. The blot
was examined with a2?P-labeled probe that spanned the FMV promoter (probe 6 in Figure V-2).
Each _lane containsyapproximately 10 pug of digested genomic DNA isolated from grain. Lane

designations are as follows:
Lane . MON 89034 (Ssp I)
2: Conventional corn (Ssp I)
3: MON 89034 (Nco I)
4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)
6: Conventional corn (Ssp I)
7: MON 89034 (Nco I)
8: Conventional corn (Nco I)
9: Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]
10: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

Monsanto Company 06-CR-166U
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V.B.6. Hsp70 Intron

Figure V-11 shows the Southern blot examined with HSp70 intron probe (probe 7 in
Figure V-2). Conventional corn control DNA digested with Ssp I (lanes 2 and 6) or Nco
I (lanes 4 and 8) produced several hybridization signals. This is not unexpected because
the Hsp70 intron was originally derived from corn. These hybridization signals result
from the probes hybridizing to endogenous sequences residing in the corn genome and
are not specific to the inserted DNA. These signals were produced in both test and
control corn lanes, and therefore the bands are considered to be endogenous backgreund.

Conventional corn control DNA spiked with plasmid PV-ZMIR245 DNA digested with
Nco I (lanes 9 and 10) produced the expected size band-'at approximately 5:6 kb in
addition to the endogenous bands. The migration of the@pproximately 5.6 kb fragment is
slightly higher than indicated by the reference DNA size markers:- The-altered migrations
may be due to the difference in salt concentrationsbetween the corn'DNA sample and the
reference DNA size markers (Sambrook and Russell, 200 1)

MON 89034 DNA digested with Ssprl (lanes. 1 and:5) produced two expected bands of
approximately 8.2 and 7.4 kb in-addition totthe endogénousbands.” The approximately
8.2 kb band is the expected size for the‘border -fragment-containing the 5' end of the
inserted DNA (T-DNA 1) along with the adjacenf genomic DNAflanking the 5' end of
the insert (refer to Rigure V-4), The approximately#.:4 kbband represents the 3' border
fragment containing the 3~end of the inserted DNA-along:with the adjacent genomic
DNA flanking-the 3"end of the-insert, which was expected’to be >4.3 kb. MON 89034
DNA digested with Nco 1 (lanes\3 and.7) preduced the expected single unique band of
approximately 5.6.kb in‘addition to>the endogenous bands. No unexpected bands were
detected, indicating that”' MON 89034 contains-no” additional, detectable Hsp70 intron
elements other thari those-associated with:the cry2Ab2 cassette.
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The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the g&l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run fanes, and the arrows on-the right side of the gel are for the short run lanes. The blot
was examined with acP-labeledprobe that spanned the Hsp70 intron (probe 7 in Figure V-2).
Each_lane containsyapproximately 10 pg of digested genomic DNA isolated from grain. Lane
designations are as follows:

Lane

Monsanto Company

. MON 89034 (Ssp I)

2: Conventional corn (Ssp I)

3: MON 89034 (Nco I)

4: Conventional corn (Nco I)

5: MON 89034 (Ssp 1)

6: Conventional corn (Ssp I)

7: MON 89034 (Nco I)

8: Conventional corn (Nco I)

9: Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]
10: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

06-CR-166U
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V.B.7. SSU-CTP Targeting Sequence / cry2Ab2 Coding Sequence

Figure V-12 shows the Southern blot examined with overlapping probes spanning the
SSU-CTP targeting sequence / cry2Ab2 coding sequence (probes 8 and 9 in Figure V-2).
Conventional corn control DNA digested with Ssp I (lanes 2 and 6) or Nco I (lanes 4 and
8) produced several hybridization signals. This is not unexpected because the SSU-CTP
targeting sequence was originally derived from corn. These hybridization signals result
from the probe hybridizing to endogenous targets residing in the corn genome and are not
specific to the inserted DNA. These signals were produced with both test and’ centrol,
therefore they are considered to be endogenous background. Endegenous bands were not
detected in the long runs of the Nco I digests (lane’4) because they ran off the gel.

Conventional corn control DNA spiked with\plasmid PV-ZMIR245-"DNA"digested with
Nco I (lanes 9 and 10) produced the expeeted size bands at approximately 1.9 and 5.6 kb
in addition to the endogenous bands.

MON 89034 DNA digested withoSspil(lanes’1 and S5)‘produced one expected band of
approximately 7.4 kb in addition to’the endogenous-bands: The approximately 7.4 kb
band is consistent with the ¢xpected band of>4.3.kb (refer tolFigure V-4). MON 89034
DNA digested with Neo~1 (lanesc3 and»7).produced two bands dn addition to the
endogenous bands that are Consistentwith, the expected-sizes of approximately 5.6 and
1.9 kb. The migration of theappreximately 5.6 and 1.9 kb fragments is slightly higher
than indicated by the>reference @DNA sizeCmarkers .in*thelong run (lane 3) but run
concurrently>with the bands produeed by.PV-ZMIR245 inthe short run (lane 7, 9, and
10). The altered migrations may\be due to.the difference in salt concentrations between
the corn. DNA sample and the reference"DNA' size” markers (Sambrook and Russell,
2001). No unexpected bands were detected; indicating that MON 89034 contains no
additional, detectable’ SSU-CTP/cry2Ab2 elements other than those associated with the
cry2Ab2 cassette:

V.B.8: nos 3' End Sequence

Figure V-13 shows/the Souithetn blot examined with nos 3' end sequence probe (probe
10 in FigureV-2), Conventional corn control DNA digested with Ssp I (lanes 2 and 6) or
BstE 11 (lanes, 4’ andy8) showed no detectable hybridization bands, as expected for the
negative control.(*Conventional corn control DNA spiked with plasmid PV-ZMIR245
DNA™ digestedi'with BStE II (lanes 9 and 10) produced the expected size band at
approximately 7.8 kb.

MON 89034 DNA digested with Ssp I (lanes 1 and 5) produced a single, unique band of
approximately 7.4 kb that is consistent with the expected band of >4.3 kb (refer to Figure
V-4). MON 89034 DNA digested with BstE II (lanes 3 and 7) produced the expected
single unique band of approximately 1.7 kb. No unexpected bands were detected
indicating that MON 89034 contains no additional nos 3' elements other than those
associated with the cry2Ab2 cassette.
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Figure V-12. Southern’blet analysis of MON 89034 — SSU-CTP targeting
sequence/Cry2Ab2 ceding sequence

The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the g&l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run anes, and the arrows on-the right side of the gel are for the short run lanes. The blot
was examined with overlapping *?B-labeled probes that spanned the SSU-CTP targeting sequence
and cry2Ab2-¢oding-sequence (probes 8 and 9 in Figure V-2). Each lane contains approximately
10 pg of digested-genomic DNA isolated from grain. Lane designations are as follows:

Lane F:

MON 89034 (Ssp 1)

2: Conventional corn (Ssp 1)
3: MON 89034 (Nco I)

4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)

6:
7
8
9:
1

Conventional corn (Ssp I)

: MON 89034 (Nco I)
: Conventional corn (Nco I)

Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]

0: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

Monsanto Company 06-CR-166U
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Figure V-13.Southerncblot analysis of MON-89034 — nos 3' end sequence

The longtun enabled greater separation-of the~higher molecular weight restriction fragments
while the short run allowed the-smallép molecular weight restriction fragments to be retained on
the gel: The gel-side arrow, symbols-denote the sizes of DNA (kb) based on the reference DNA
size markers on the €thidiom brémidesstained gel. The arrows on the left side of the gel are for
the long runlanes; and-the arrows ofvthe right side of the gel are for the short run lanes. The blot
was examinedwith a-"P-labeled probe that spanned the nos 3' end sequence (probe 10 in Figure
V-2)~“Each Jane-contains approximately 10 ug of digested genomic DNA isolated from grain.
Lane designations are)as follows:

Lane~1:

Monsanto Company

MON 89034 (Ssp 1)

2: Conventional corn (Ssp I)
3: MON 89034 (BstE II)

4: Conventional corn (BstE II)
5: MON 89034 (Ssp 1)

6:
7
8
9:
1

Conventional corn (Ssp I)

: MON 89034 (BstE Il)
: Conventional corn (BstE 1)

Conventional corn spiked with PV-ZMIR245 (BstE 1I) [0.5 copy]

0: Conventional corn spiked with PV-ZMIR245 (BstE II) [1.0 copy]

06-CR-166U
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V.C. Analysis of the Presence or Absence of the Plasmid Backbone

Figure V-14 shows the Southern blot analysis to determine the presence or absence of
plasmid PV-ZMIR245 backbone. Conventional corn control DNA digested with Ssp I
(lanes 2 and 6) or Nco I (lanes 4 and 8) examined with overlapping probes spanning the
vector backbone of PV-ZMIR245 (detected with probes 14 — 17 of Figure V-2) showed
no detectable hybridization bands, as expected for the negative control.

Conventional corn control DNA spiked with plasmid PV-ZMIR245 DNA digested with
Nco I (lanes 9 and 10) produced the expected size band of approximately 10 kb.

MON 89034 DNA digested with Ssp I (lanes 1 and 5) or Nco 1 (lanes 3 and.7)*produced
no detectable hybridization bands, indicating that MON 89034 contains no-PV.ZMIR245
backbone elements.

V.D. Southern Blot Analysis to Confirm the Absence-of T-DNA-11

V.D.1. Analysis of the Presence or Absence of the nptll Coding Sequence

Southern blot analysis-was tsed\to confirm@that-the Mptll(sequence necessary for
transformation is no longer.present in MON 89034, This’is important to ensure that only
desired proteins ar¢“produced-in MON 89034." Figure V=15 shows the Southern blot
analysis used te>'determine: thepresence.©Ot absencevof. theé nptll coding sequence.
Conventional.corn ¢ontrol'DNA"digested-with-Ssp L{lanes'2 and 6) or Nco I (lanes 4 and
8) examineéd with the«nptll coding ‘seqence ‘probe. (probe 12 in Figure V-2) showed no
detectable hybridization-bands; as expected for.the negative control.

Conventionalecornfeontrol DNA spike with plasmid PV-ZMIR245 DNA digested with
Nco I (lanes 9 and 10) produced the expected size band of approximately 10 kb.

MON:-89034 DNA digested with Ssp-J4lanes 1 and 5) or Nco I (lanes 3 and 7) produced

no detectable hybridization bands, indicating that MON 89034 contains no nptll coding
sequence.
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Figure V-14. Southern-blot analysis of MON 89034 — PV-ZMIR245 backbone

sequence

The long run”enabled greater Separationcof the¢ higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the gel. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run lanes, and the arrews onithe right side of the gel are for the short run lanes. The blot
was exannined with *P-labeled probes that spanned the PV-ZMIR245 backbone sequence (probes

14-17an’ Figare NV-2).

isolated from grain. Lane designations are as follows:

Lane I

MON 89034 (Ssp 1)

2: Conwventional corn (Ssp I)
3: MON 89034 (Nco I)

4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)

6:
7
8
9:
1

Conventional corn (Ssp I)

: MON 89034 (Nco I)
: Conventional corn (Nco )

Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]

0: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

Monsanto Company 06-CR-166U

Each-lane contains approximately 10 pg of digested genomic DNA
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Figure V-15._ Southern blot analysis'of MON 89034 — nptll coding sequence

The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on
the g&l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on the reference DNA
size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for
the long run fanes, and the arrows on-the right side of the gel are for the short run lanes. The blot
was examined with a5?P-labeled-probe that spanned the npt Il coding sequence (probe 12 in
Figure,V-2).y“Each lane contains approximately 10 ug of digested genomic DNA isolated from

grain: Lane’ designations are as follows:
Lane 1. MON 89034 (Ssp I)
2: Conventional corn (Ssp I)
3: MON 89034 (Nco I)
4: Conventional corn (Nco I)
5: MON 89034 (Ssp 1)
6: Conventional corn (Ssp I)
7: MON 89034 (Nco I)
8: Conventional corn (Nco I)
9: Conventional corn spiked with PV-ZMIR245 (Nco 1) [0.5 copy]
10: Conventional corn spiked with PV-ZMIR245 (Nco I) [1.0 copy]

Monsanto Company 06-CR-166U
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V.D.2. Analysis of the Presence or Absence of the Overall T-DNA II Region

This analysis further confirms the absence of the nptll coding sequence and demonstrates
the absence of any additional T-DNA II sequences except for those elements that are
shared with the T-DNA I expression cassettes. The analysis confirmed that the F1 plants
that contained T-DNA II elements were segregated out and that the plants selected for
further development contained only T-DNA 1.

Figure V-16 shows the Southern blot analysis to determine the presence or absence of T-
DNA II. Conventional corn control DNA digested with Ssp I (lanes 2 and 6);and‘BStE 11
(lanes 4 and 8) examined with overlapping probe §panning T-DNA II (probes 11, 12, and
13 in Figure V-2) showed no hybridization bands.

Conventional corn control DNA spiked with plasmid-PV-ZMIR245 DNA digested with
BstE 1I (lanes 9 and 10) produced the two expected sizé’bandsat approxXimately 7.8 and
2.0 kb. It should be noted that the*overlapping-probe spanning>T-DNA M contains the
35S promoter, nos 3' end sequencg, and Left:Border sequencés which are also contained
in T DNA 1. Therefore, the T-DNAII probe isexpeosted ta hybridizeto fragments which
are common to T-DNA I.

MON 89034 DNA  digested’ with Ssp 1 (lanes>'1 .and 5) produced two bands of
approximately 8.2-and 7.4 kb; = The 8.2<kb band:is consistent” with the 8.2 kb band
detected with the 35S promoter/Cab leader tegion probe (refer to Figure V-6, lanes 1 or
5). The 7.4 kb’bandis_consistent with the.7.4 kb band detéeted with nos 3’ end sequence
probe (refepto Figure V-13, tanes 1 or3).

MON 89034 DNA  digested with BStE II'{lanés” 3 and 7) produced two bands of
approximately,4.2-and 17 kb, The appreximately 4.2 kb band is consistent with the >2.8
kb expected band for,”T-DINA. Idigested with BStE II (refer to Figure V-4), and the
approxitiately 1.7¢kb band is'consistent'awith the T-DNA I specific band observed in
Figure V-13 (laés 3:and 7).’ Ng-unexpected bands were detected, indicating that MON
89034 contains nozadditional; detectable T-DNA II elements other than those that are
common t0-T-DNA L
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The long runenabled greater separationcof theé> higher molecular weight restriction fragments
while the.Short run allowed,the smaller\molecular weight restriction fragments to be retained on

the g¢l. " The gel side arrow symbols-denote’the sizes of DNA (kb) based on

the reference DNA

size markers ofithe ethidinm bromide:stained gel. The arrows on the left side of the gel are for

the long run fanes, and the arrows on-the right side of the gel are for the short
was examined with ovetlapping **P-labeled probes that spanned the T-DNA

run lanes. The blot
II sequence (probes

11-13¢in Figare MV-2).«Each-lane contains approximately 10 pg of digested genomic DNA

isolated from grain. Lane designations are as follows:
Lane 1. MON 89034 (Ssp I)
2: Conventional corn (Ssp I)
3: MON 89034 (BstE 1I)
4: Conventional corn (BstE II)
5: MON 89034 (Ssp 1)
6: Conventional corn (Ssp I)
7: MON 89034 (BstE Il)
8: Conventional corn (BStE II)
9: Conventional corn spiked with PV-ZMIR245 (BstE 1I) [0.5 copy]
10: Conventional corn spiked with PV-ZMIR245 (BstE II) [1.0 copy]

Monsanto Company 06-CR-166U
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V.E. Insert Stability across Generations of MON 89034

In order to demonstrate the stability of MON 89034 across generations, additional
Southern blot analyses were performed using DNA samples obtained from multiple
generations in the MON 89034 breeding history. For reference, the breeding history of
MON 89034 is presented in Figure V-17. The specific generations tested are indicated
in the legends of Figures V-18, V-19, and V-20. In these analyses, DNA samples were
digested with the restriction enzyme Ssp I which cleaves once within the inserted DNA
and in both the 5' and 3' genomic flanking sequences of MON 89034. This produces two
DNA fragments of approximately 8.2 and >4.3 kb (refer to Figure -V-4).O The
approximately 8.2 kb fragment contains genomic DNA flanking the 5' end’of .the insert,
Left Border sequence, modified €35S promoter-sequence) Cab leader, Ractl intron,
crylA.105 coding sequence, Hspl7 3' end sequence, FMV promoters and.aportion of the
Hsp70 intron. The >4.3 kb fragment contains the remaining portion ofithe Hsp70 intron,
SSU-CTP targeting sequence, cry2Ab2 coding sequence, nes 3! end -Sequence, Left
Border sequence, and genomic DNA\ flanking the 3. end gf‘the.inserted DNA (refer to
Figure V-4).

Plasmid PV-ZMIR245 DNA was.Spiked into the ¢conventionat€ornicontrol DNA which
served as a positive hybtidization control. Allysamples-were-‘Subjected to the same
digestion and probing procedure..CIndividual Southern blots werecexamined with three
probe sets: (1) The-stability of the MON 89034 insettacross generations was confirmed
using overlapping. T-DNA Iprobes’spanning_the entire.inserted DNA sequence (probes
18 — 23 in Figure V-3);(2) The absenceof the nptli-selectable marker and unique T-
DNA II genetic elements was' confirmed’ using oyverlapping probes spanning T-DNA 11
(probes 11, 12, and, V3 inFigure V<2); and (3)Thelabsence of plasmid PV-ZMIR245
backbone sequence acrdss generations was confirmed using overlapping probes spanning
the vector backbone, of PV-ZMIR245 (probes)14 — 17 in Figure V-2). A second
conventionalcorneontrol (referred to as.conventional corn A) was used in these Southern
blots toensure that)thei(genetic’ backgretinds of all the generations were accurately
represented.
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LH172 BCO F,
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LH172 BCOF, <—

® enerations used for

l G I d fi

LH172 BCOF; <+ segregation analyses
3

®)
LH172 BCO Ky «——
@)
LH172°'BE€O F5
®)
LH172,BC0-Fg

%)

TI: BC1:F,; x RP!

x LH198

LH172.BCOF5
[(CH172 BCO Fex LH198]F

x LH198 @l

LH172 BC0 F6 X F2H1
[LH172 BCO F7x LH198]Fy4

Ry = transformed plant; F(#) = filial generation; ® = self-pollination; BC(#) = backcross
generation) RP & recutrentparent; H = hybrid; T1 = Trait Integration

Figure V-17. Breeding history of MON 89034

The-LH172 BCO F x Foy; generation was used for all molecular analyses. Generations
used for molecular stability analysis are shown in bold in the breeding tree.

'Recurrent parent (RP) that was used in the analyses is referred to as conventional corn A
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V.E.1. Stability of the T-DNA I Insert across Generations of MON 89034

Figure V-18 shows the Southern blot analysis examined with overlapping T-DNA I
probes spanning the entire inserted DNA sequence (probes 18-23 in Figure V-3).
Conventional corn control DNA digested with Ssp I (lane 7 and 9) showed several
hybridization bands. These bands are difficult to observe in the blot of Figure V-18, but
are visible upon longer exposure. This is not unexpected since several genetic elements
comprising T-DNA I were originally derived from corn.

Conventional corn control DNA containing plasmid PV-ZMIR245 DNA _digested with
Ssp I (lanes 10 and 11) produced the two expected;size bandszat approximately, 10.4 and
7.2 kb in addition to the expected endogenous hybridization (Figure V-18). The
migration of the approximately 10.4 kb fragmiént is slightly higherthantindicated by the
reference DNA markers in the lanes 10 aid”11. The-altered migration-maycbe due to the
difference in salt concentration between' the test DNA-samples and the(reference DNA
markers (Sambrook and Russell, 2001).

DNA extracted from seven MON 89034 generations;digested with Ssp-1 (lanes 1, 2, 3, 4,
5, 6, and 8) each produced.tivo bands.of approximately'8.2 and 7.4 kb inr-addition to the
expected endogenous hybridization(Figure V-18). The approximately 8.2 kb band is the
expected size for the 5! border fragment’and‘the approximately 7.4.Kb band is consistent
with the expected-band-size.of >4:3" kb.for the 3“border fragment. These bands are
consistent with the bands detected’in FigureV-5 (lanes3-and:7).

Two faint.tinexpected-bands of approximately’'15:6 and@2.0 kb were observed in lanes 3
and 4 of Figure V-18. Thesebands are likely.the result of partial digestion because they
are not seen in.prior, or subsequént generations-that were produced by self pollination.
The presenceof the) 5 6:kb band is consistent\with the possibility that internal Ssp I site
was not digested:”’ As'a result, a-combination of the 7.4 and 8.2 kb bands produced 15.6
kb band:“The 12.0°kb band is‘consistent With the partial digestion of the Ssp I site in the
5' flanking genomic sequence which would result in an approximately 11.8 kb band.

No additienal unexpeéted bands.were detected, indicating that the single copy of T-DNA
I in MON 89034 is'stable’acress the generations tested.
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The blot was@gia agt@g probes that spanned the T-DNA I sequence
(probes 1 1823 in ﬁ;?v \@ Qd w symbols denote the sizes of DNA (kb) based
on the teterence g}h’& the €thidium bromide stained gel. Each lane contains

appr(})umately @ug@dmgsted Iﬁg@DNA isolated from grain. Lane designations are as

follows:
Lane 1I: @%ﬁ@g\q& @ B@\%sXFsz Ssp D)

BCO Fs3, Ssp 1)
N@o:; sz BCO F., Ssp I)
M§N 89034 (LH172 BCO Fs, Ssp I)
34 (LH172 BCO Fg, Ssp 1)
6 MO§\89034 ([LH172 BCO F; x LH198]F 34, Ssp 1)
7: Conventional corn (Ssp I)
8: MON 89034 ((TI: BC1: F;x RP, Ssp I)
9: Conventional corn A' (Ssp I)
10: Conventional corn spiked with PV-ZMIR245 (Ssp I) [1.0 copy]
11: Conventional corn spiked with PV-ZMIR245 (Ssp I) [0.5 copy]

! Monsanto proprietary conventional corn hybrid
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V.E.2. Confirmation of the Absence of T-DNA II in Multiple Generations of MON
89034

Figure V-19 shows the Southern blot analysis examined with three overlapping probes
spanning T-DNA II (probes 11, 12, and 13 in Figure V-2). Conventional corn control
DNA digested with Ssp I (lane 7 and 9) showed no detectable hybridization bands.
Conventional corn control DNA spiked with plasmid PV-ZMIR245 DNA digested with
Ssp I (lanes 10 and 11) produced the two expected size bands at approximately 10 and 7.2
kb. The migration of the approximately 10 kb fragment is slightly higher than-ihdicated
by the reference DNA size markers in the lanes 10 and 11. The altered migfationimay be
due to the difference in salt concentration between the test DNA samples, and the
reference DNA size markers (Sambrook and Russell, 200T). The.overlapping, probes
spanning T-DNA II contains the 35S promotef; nos 3' end; and the &eft Border‘which are
also contained on T-DNA I. Therefore, the¢ T-DNA~H probe iscexpected to-hybridize to
fragments which are common to T-DNAT.

DNA extracted from seven generations.of MON 89034-digested with Sspil (lanes 1, 2, 3,
4,5, 6, and 8) each produced two bands of-approximiately. 8.2 and 7.4°kb (Figure V-19),
which are consistent with those observed with the overlapping T<DNA™T probes. The
approximately 8.2 kb band is-thecexpeéted size for the-S' border>fragment and the
approximately 7.4 kbband.is consistent-withthe expected band size“of >4.3 kb for the 3'
border fragment. -On longer exposures; two_faint:gnexpected bands of approximately
15.6 and 12.0 kb>were observeddn lanes 3.and 4-(notcobvigus in Figure V-19). These
bands are consistent with*the bandsobserved ‘in Figure -V-18 (lanes 3 and 4) and are
likely the result of partial digestion.

No additional unexpected bandsCwere detected,indicating that different generations of

MON 89034cdo not ‘contain any 4ddditional detectable T-DNA II elements other than
those which are commpn to:F DNA L.
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Figure V-19. T-DNA'II analysis\in. multiple generations of MON 89034 — T-DNA 11

The blot was examined with overlapping *2P-tabeled probeés that spanned the T-DNA II sequence
(probes 11-13 in“Figure V-2).; Thé gel side arrow symbols denote the sizes of DNA (kb) based
on the reference DNA"size markers on¢he ethidium bromide stained gel. Each lane contains
approximately 10 pg of-digested genomic DNA(isolated from grain. Lane designations are as

follows:

Lane™ 1:
2
3
4
5:
6
7
8
9.

MON-89034(LH}72BCOF xEsfiy, Ssp )

. MON 89034 (IcF1172BCO-Es. Ssp I)
: MON:890344L Ht72 BCO F,, Ssp 1)
+ MON 89034 (LH172,BC0 Fs, Ssp I)

MON-$9034 (LH72 BCO Fg, Ssp I)

“MON 89034 ([LH172 BCO F; x LH198]F,y, Ssp 1)
: Conventional corn (Ssp I)
: MON 89034 ((TI: BC1: F;x RP, Ssp I)

Conventional corn A' (Ssp 1)

10: Conventional corn spiked with PV-ZMIR245 (Ssp I) [1.0 copy]
11: Conventional corn spiked with PV-ZMIR245 (Ssp I) [0.5 copy]

! Monsanto proprietary conventional corn hybrid
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V.E.3. Confirmation of the Absence of Plasmid PV-ZMIR245 Backbone Sequence in
Multiple Generations of MON 89034

Figure V-20 shows the Southern blot analysis examined with four overlapping probes
spanning the PV-ZMIR245 backbone sequence (probes 14-17 in Figure V-2).
Conventional corn control DNA obtained from LH172, digested with Ssp I (lane 7 and 9)
showed no detectable hybridization bands. Although difficult to observe in Figure V-20,
overexposures of Southern blots showed that conventional corn A control DNA, digested
with Ssp I (lane 7 and 9), produced two faint hybridization bands at 6.0 and’ 3.5 kb.
These are likely the result of endogenous hybridization to corn genetic elements specific
to this background. Conventional control DNA spiked withplasmid PV-ZMIR245 and
digested with Ssp I (lanes 10 and 11) produced the :two expected size bands at
approximately 10.4 and 7.2 kb.

DNA extracted from seven generations-of MON 89034 digested with Ssp F(lanes 1, 2, 3,

4,5, 6, and 8) produced no hybridizatton bands.*Thisiindicates that MON 89034 does not
contain any PV-ZMIR245 backbone elements‘across-the different generations tested.
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Figure V-20. Backbone analysis\in multiple generations of MON 89034 — PV-
ZMIR24S5 backbone sequence

The blot was examined with ovérlapping 32PZlabéled probes that spanned the PV-ZMIR245
backbone sequence {probes 14=17 in‘Figure V-2).” The gel side arrow symbols denote the sizes
of DNA _(kb) based.on-theGeference DNA sizé markers on the ethidium bromide stained gel.
Each.lane containg, approximately 10-pg ofrdigested genomic DNA isolated from grain. Lane
designations ar¢@s follows;

Lane 1I:

9.

MON 89034 (ILH172BCOFexF 21, Ssp 1)
MON:89034(LH172 BCO F5, Ssp I)

MON 89034 (EH172BCO F4, Ssp 1)
MON89034.(LH172 BCO Fs, Ssp I)

MON 89034 (LH172 BCO Fs, Ssp 1)

MON:89034 ([LH172 BCO F7 x LH198]Fy, Ssp I)
Conventional corn (Ssp I)

MON 89034 ((TI: BC1: F;x RP, Ssp I)
Conventional corn A' (Ssp 1)

10: Conventional corn spiked with PV-ZMIR245 (Ssp I) [1.0 copy]
11: Conventional corn spiked with PV-ZMIR245 (Ssp I) [0.5 copy]

! Monsanto proprietary conventional corn hybrid
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V.F. Organization and Sequence of the Insert and Adjacent Genomic DNA in MON
89034

The organization of the elements within the insert in MON 89034 was confirmed by
DNA sequencing analyses. PCR primers were designed to amplify seven overlapping
regions of DNA that span the entire length of the insert (9317 bp), and the amplified
DNA fragments were subjected to DNA sequencing analyses (for more details refer to
Appendix A). The results confirmed that the sequence of the DNA insert in MON 89034
matched the designed, corresponding sequences in PV-ZMIR245 with one exception.
This exception is that the 35S promoter that regulates expression of the crylA.105,gene
has been modified and that the Right Border sequence present in PV.ZMIR245 was
replaced by a Left Border sequence in MON 89034. This molecular réarrangement can
be explained by a recombination event which occurred; ¢ither prior to—er during the
process of T-DNA transfer to the plant cell;\betweencthe DNA sequences near the 35S
promoters in T-DNA I and T-DNA II (Kigure V-1). ‘Dueto this)recofiibination event, the
reconstituted €355 promoter in MON\89034-(referred 1o as:modified £35S o0r'€355%%) no
longer has the duplicated enhances elements eompared téothe Original €35S promoter in
PV-ZMIR245. Despite the deletion<of the enhance-elements, the CtylA.105 protein
expression levels in MON 89034 care still sufficiently high under the regulation of the
modified e35S promoter tocdeliver thewequited efficacy.against target insect pests.

V.G. Inheritance of the Liepidopteran Protection Trait in/MON" 89034

Significance oflthe segregationpattern’(positivesmegativesy.was assessed by Chi square
analysis ovef-four genetations: of MON:89034°to determine the heritability and stability
of the trait(crylA.105 and the,cry2Ab2 genes,and .€rylA.105 and Cry2Ab2 proteins)
(Table V-2). Theconfirmation of the presence of:the gene and stability of the trait was
based on one ofseveral agsays:b) ELISA to detect Cry2Ab2 protein; 2) ELISA to detect
CrylA.105-protein;” 3)GeneCheck® immunoassays to detect Cry2Ab2 protein (Cry2A
QuickStix Lateral Flow test strips, Envirolégix Inc., Portland, MN); and 4) PCR assay to
detect the presence-of the'cry. gengs:

As described, earlier, MON 89034was developed using a 2T-DNA vector transformation
system that employed two. separate T-DNAs. One T-DNA (T-DNA I) contained the
crylA;105 and cry2Ab2- genes while the other T-DNA (T-DNA 1II) contained the nptll
gene: Fplants'were generated in a LH172 germplasm by making crosses of the Ry plant
with the LH172 inbred. From the population of produced F, plants, selections were made
for the absence of nptll gene, and the plants were screened for copy number of the
crylA.105 and cry2Ab2 inserted cassettes using Southern blot analysis. Plants selected in
the F; generation were either used to make BC;F; seed, or were self-pollinated to
generate F, seed (Figure V-17). The overall goal in the F; population of plants was to
select single copy, marker—free plants. A final plant was selected from the F; generation,
designated as event MON 89034, and progeny derived from this plant showed the
expected patterns for genetic segregation (Table V-2).

® GeneCheck is a trademark of Envirologix Inc.
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The Chi-square analysis is based on testing the observed segregation ratio of the Cry
proteins to the ratio that is expected according to Mendelian principles as shown below:

Generation Expected Comment
Ratio”
LH172 BCOF, n.a. screened for copy number and absence of nptl|

(segregation data not shown)

LH172 BCOF, 3:1 positive:negative (product of self pollination)
LH172 BCOF; 1:0 positive:negative (homozygous plant selection)
LH172 BCOF4 1:0 positive:negative (homozygous plant selection)
LH172 BCIF," 1:1 positive:negative (product of backcrossing)
LH172 BCI1FE;* 3:1 positive:negative-(product of self pollination)
LH172 BCI1F,* 3:1 positive:negative (product-of self pollination)

“n.a. = not applicable.

®To confirm segregation, LH172 BCOF, plants Were backcrossed to thefecurrént parent (LE172)
to produce this generation (not shown on the breeding treey Figire V<17).

To confirm segregation, The LH172 BCIF; plants were selfed tosproduce twe different plant
populations of this generation (not shown onthe bréeding tree, FigureV-17).

The Chi-square test was computed as:
<L (07 e{20.577 €]

where o = observed-frequency-of the genotype;.e = expected frequency of the genotype,
and 0.5 = Yates correction.factor-for.analysis-with-onedegree-of freedom (Little and
Hills, 1978).

Results of the Chi-square testare summatized-in Table V-2. All x* values indicated no
significant differences between observed and expected genetic ratios across all tested
generations. 0 MON 89034. Thesexresults are-consistent with molecular characterization
data indigating a single insertionSsite for thecry1A.105 and cry2Ab2 expression cassettes.
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Generation Number of Ob?e.rve(l Obser.ved EX[.N‘:Cteda Expec.ted Chi- Probability
plants Positives Negatives | Positives = | Negatives | Square
LH172 BCOF, 11 7 4 8.25 2.75 0.2727 >0.05
LH172 BCOF; 24 24 0 24 0 Fixed + n.a.
LH172 BCOF, 30 30 0 30 0 Fixed + n.a.
LH172 BCIF, 28 13 15 14 14 0.0357 >0.05
LH172 BCI1F, 24 20 4 18 6 05 >0.05
LH172 BCIF, 24 17 7 18 6 0.0556 >0.05

? The confirmation of the trait was based on one of several assays: 1) ELISAte detect the
Cry2Ab2 protein; 2) ELISA to detect the CryLA¥ 05 proteifi; 3) PCR assay todetectpresence
of the cry genes; and, 4) GeneCheck immunoassays to detect the Cry2Ab2-protein.

V.H. Conclusions for the Genetic°:Characterization of MON89034

MON 89034 was producedcby Agrobacterium-mediated-_transformation.of corn with the
PV-ZMIR245, which is™a binary~vector containiig 2T-DNAs. (The first T-DNA,
designated as T-DNAI, contains the-Cry1Az105 and the cry2Ab2expression cassettes.
The second T-DNAj designated asST-DNA II,- contains ¢he nptll expression cassette.
During transformation, both® T<DNAS."were  inserted-intoxthe genome. Traditional
breeding wasCused to -isolate-plants that” only contain.the crylA.105 and cry2Ab2
expressionceassettes (T-DNA-T) and de‘not.contain. the nptll expression cassette (T-DNA
1), thereby, producing marker<ftee carn MON 89034,

Molecular charactetizatioff o MON:89034 by Southern blot analyses demonstrated that
the DNA _insertéd into> the-'corn-genome isCpresent at a single locus and contains one
functional’ copy ofthe .crylA.105-and. cry2Ab2 expression cassettes. All expression
eleménts are shown to be presentin theinserted DNA as expected with the exception of a
modified e35S-promoter regulating:the crylA.105 gene, and there are no other elements,
either full-déngth or partial‘present other other than those associated with the intended
insert. No backbone plasmid DNA or nptll sequences were detected.

PCR and DNA, sequence analyses provided the complete DNA sequence of the insert and
confirmed the organization of the elements within the insert. The sequence of the DNA
insert in MON 89034 matched the designed, corresponding sequences of T-DNA I in PV-
ZMIR245 with one exception in that the €35S promoter that regulates expression of the
crylA.105 gene has been modified and that the Right Border sequence present in PV-
ZMIR245 was replaced by a Left Border sequence in MON 89034. This molecular
rearrangement can be explained by a recombination event which occurred, either prior to
or during the process of T-DNA transfer to the plant cell, between the DNA sequences
near the 35S promoters in T-DNA I and T-DNA II. Due to this recombination event, the
reconstituted €35S promoter in MON 89034 (referred to as modified e35S or e355%) no
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longer has the duplicated enhancer elements compared to the originally-designed €35S
promoter in PV-ZMIR245. Despite this modification, the Cryl1A.105 protein expression
levels in MON 89034 are still sufficiently high under the regulation of the modified €35S
promoter to deliver the required efficacy against target insect pests.

The stability of the integrated DNA was demonstrated by the fact that the Southern blot
fingerprint of MON 89034 was maintained in the tested generations of the breeding
history. Additionally, T-DNA 1II analysis of multiple generations from the MON 89034
breeding history indicated that there were no T-DNA II elements present other than those
(i.e., 35S promoter, nos 3" end sequence, Left Border sequence) which are common to T-
DNA 1. Furthermore, these generations have been shown not to contain any backbone
sequence from plasmid PV-ZMIR245. This stability was further confirmied by‘the fact
that the inheritance of the lepidopteran protection-trait in MON 89034 follows Mendelian
segregation principle.
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VI. Characterization of the Introduced Cry1A.105 and Cry2Ab2 Proteins

This section summarizes the evaluation of the CrylA.105 and Cry2Ab2 proteins
produced in MON 89034 including: (a) equivalence of the in planta-produced proteins to
the recombinant E. coli produced proteins used in protein safety studies; (b) the
expression levels of the proteins determined in corn tissues; and (c) a summary of the
food and feed safety assessment of the Cryl A.105 and Cry2Ab2 proteins.

VI.A. The Cry1A.105 Protein

VI.A.1. Identity and Function of the CrylA.105-Protein

CrylA.105 is a full-length, insecticidal protéin consisting of 1177-amino acids with a
molecular weight (MW) of 133 kDa. It4%a chimeri¢ protein that consistscot domains I
and II from CrylAb or CrylAc', domain III from Cry1F, and the C-termigal domain
from CrylAc (Figure VI-1). CrylAgc, CrylAbrand Cry Mvare all well known and well
characterized insecticidal proteinsyderived from the Soil-bacterium Bacillus thuringiensis
(Bt). CrylA.105 was designed-using’domain exchange strategy-to achievechigh levels of
activity against target lepidopteran-inseet pests. The demain§ I and 11 of CrylA.105 are
100% identical to the.respective domains’ ofCrylAb oriCrylAc. (The domain III of
CrylA.105 is 99% identical to the domain>IIl of CrylF, CThex€-terminal region of
CrylA.105 is 100% identical»to that of<CrylAc..CThe ‘overall amino acid sequence
identity of CrylA.105yto. €rylAe, CrylAboand-CrylF: is. 9376%, 90.0%, and 76.7 %,
respectively (FableVI-1): According to-an accepted phylégram (Crickmore et al., 1998)
for Bt crystal proteins, CrylA.105 can be clustered with CrylAc due to high degree of
homology h , 2004; Figure,VI-2):

Domain exchange-i9 a well known @ccurting mechanism in nature, resulting in Bt protein
diversities, which’has been.described extensively in the literature (De Maagd et al.; 2001;
2003; Masson et al;;2002). Domain exchange strategy with modern molecular biological
toolswhas beencmsed\to switchethe .functional domains of Cryl proteins to develop
microbial biopesticides with improved specificity to lepidopteran insect pests. Microbial
pesticides-~that:contai CryPAc/CrylF chimeric protein have been used for control of
lepidopterancpestssince@ 997 (Baum, 1998; 1999), and a biotechnology-derived cotton
expressingya chimeric protein consisting of domains or sequences from CrylF, CrylC,
and CrylAbdas been commercialized (Gao et al., 2006).

The general mechanism of insecticidal activity of Cry proteins is well understood (Gill et
al., 1992; Schnepf et al., 1998; Zhuang and Gill, 2003). Cry proteins are comprised of
several functional domains that have highly conserved regions among the classes. For
example, the amino acid sequence of Cryl A proteins is highly conserved in domains I, 1T
and III. These functional domains have been shown to determine the activity and
specificity of the Cry proteins. Domain I is involved in membrane insertion and pore

" Cryl1Ab and CrylAc shares 100% amino acid sequence identity in domains I and II.
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formation. Domain II is involved in specific receptor recognition and binding. Domain
IIT has been suggested to maintain the structural integrity of the protein molecule (Li et
al., 1991) and also to contribute to specificity (De Maagd et al., 2000; 2001). The C-
terminal domain is implicated in crystal formation which does not directly contribute to
the insecticidal activity (De Maagd et al., 2001). C-terminal domain is cleaved upon entry
into the insect midgut or by certain proteases in vitro. Domains I, I, and III are retained
during the formation of active toxins (from the protoxins) in insect guts. Only those
insects with specific receptors are affected and no toxicity is observed in species that lack
these receptors (Crickmore et al., 1998; De Maagd et al. 2001).

As with other CrylA proteins, CrylA.105 is active against major lepidopteran (insect
pests. The spectrum of activity includes corn borers fromCthe generd”Ostrinia and
Diatraea (such as European corn borer, Asian corn borer, sugarcane berer, southwestern
corn borer), armyworms (Spodoptera spp:: including fall armywornt), ~arworms
(Helicoverpa spp. including corn earworni); ‘and cutworms (e.g-Agrotis ipsilonblack
cutworm).

VI.A.2. Characterization of CrylA.105Protein Produced in"MON 89034

The expression levels of .Cryl A:105cprotéin inodifferent fissueCof MON 89034 are
relatively low. Therefore, it wds neeessaty to.produce thé-protein ima high-expressing,
recombinant microorganism in erder~to obtain sufficient quantities of the protein for
safety studies. A récombinant-CrytA.105protein was producedin Escherichia coli, the
sequence of which wasengimeered to match that of CrydA.105protein produced in MON
89034. Theréequivalence of the physicochemi¢al characteristics and functional activity
between the MON 89034-produced<and. E. ¢oli-préduced CrylA.105 protein was
confirmed by a_panel:fof analytical techniques,.including sodium dodecyl sulfate
polyacrylamide.gel electrophoresis' (SDS-PAGE)?Western blot analysis, matrix assisted
laser desorption/ionization ftime-of-flight” mass spectrometry (MALDI-TOF MYS),
glycosylation analysis;”and assay-of biological activity. The details of the materials,
methods;“and results-are.described i Appéndix B, while the conclusions are summarized
as follows.

The CrylA.105:ptotein iselated Irom MON 89034 was purified and characterized, and
results <confirmed<the -€quivalence of MON 89034-produced and E. coli-produced
CrylA'105 proteinx_~ SDS-PAGE demonstrated that the MON 89034-produced
CtylAd05 co-migrated to the same position on the gel as the E. coli-produced
Cryl1A.105 ‘protein, indicating the protein from both sources was equivalent in molecular
weight. On the basis of Western blot analysis with a polyclonal antibody against
CrylA.105, the electrophoretic mobility and immunoreactivity of the MON 89034-
produced CrylA.105 protein were shown to be equivalent to those of the E. coli-
produced CrylA.105 protein. The intactness of the N-terminus for the MON 89034-
produced Cryl1A.105 protein was confirmed with an antibody which is specific to the N-
terminal peptide. Tryptic peptide mapping by MALDI-TOF MS yielded peptide masses
consistent with the expected tryptic peptides generated in silico based on the predicted
trypsin cleavage sites in the CrylA.105 sequence. In addition, the MON 89034- and the
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E. coli-produced CrylA.105 protein was found to be equivalent based on functional
activities and the lack of glycosylation. Taken together, these data provide a detailed
characterization of the CrylA.105 protein isolated from MON 89034 and were used in
establishing its equivalence to the E. coli-produced Cry1A.105 protein.

DomainI Domain II Domain III C-Terminal

CrylAb or CrylAc CrylE Cry¥Ac

CrylA105

Figure VI-1. Schematic representation.of the origin of CrylA.105 protein domains

Different colorCand patternsare.used tordifferentiate the*originfof domains. For simplicity, the
lengths of domains in this-illustration are 1ot in proportion terthe lengths of amino acid sequence
of the respective domains.

Table VI>T. Aminoacid-sequence identity between the CrylA.105 and CrylAc,
CrylAb, and CryIF proteins

Amino acid identity to CrylA.105 (%)

Domniain
CrylAc CrylAb CrylF
I 100 100 57
11 100 100 37
111 57 46 99
C-terminal 100 92 93
Overall 93.6 90 76.7
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CrylAa

Cry1lAg

Cry1Ad

Cry1Ab

CrylAe

Cry 1Af
Cry 1A¢ }
Cfy1A.105

Cry1Ai

Cry 1Ah

85% 90% 95%

Figure VI-2. Phylogram showing Cryl'A.105 andCrylAc proteins in the same
cluster based on amino acid sequence identity

VIL.B. The Cry2Ab2 Protein

VI.B.1. Identity and Function of the Cry2Ab2 Protein

The Cry2Ab2 is.a protein derived fromi BaciHus.thuringiensis subsp. kurstaki (Btk). Btk
has been used;as an active ingredignt inithany-commercial microbial pesticide products
such as DiPél® dnd Cutlass™(EPA; 2005). -Cry2Ab protein has been listed as one of the
proteins:ih Cutlass’; and Cry2Aa as onélof the proteins in DiPel® (Betz et al., 2000).
Cry2Ab and Cry2Aashare 88% amino acid sequence identity (Dankocsik et al., 1990;
Widner and Whiteley, 1989).

Like thé'Cry2Ab2proteit produced in the biotechnology-derived cotton Bollgard® II, the
Cry2Ab2 protein-produced in MON 89034 is a slight variant of the wild-type Cry2Ab2
protein® The-Cry2Ab2 produced in MON 89034 is identical to the Cry2Ab2 produced in
BoHgard Il ‘Cotton, and they differ from the wild-type Cry2Ab2 of Bt by only one amino
acid (Figure VI-3). Accumulation of the Cry2Ab2 protein in corn MON 89034 is
targeted to the chloroplasts using a chloroplast transit peptide (CTP). CTPs facilitate the
intracellular transport of proteins from the cytoplasm and the plastids (Bruce, 2000).
CTPs are typically cleaved from the mature protein on uptake into the chloroplasts, and
then rapidly degraded. To allow targeting of the Cry2Ab2 protein to the plastids in MON

® DiPel is a registered trademark of Abbott Laboratories. Cutlass is a registered trademark of Ecogen, Inc.
Bollgard is a registered trademark of Monsanto Company.

Monsanto Company 06-CR-166U Page 102 of 262



CBI Deleted Version

89034, the DNA sequence encoding the CTP region of corn ribulose 1,5-biosphosphate
carboxylase small subunit was fused to the cry2Ab2 coding sequence.

The Cry2Ab2 protein expressed in cotton Bollgard® II is also targeted to plastids through
a CTP. The attempts to determine the N-terminal sequence of the Cry2Ab2 in Bollgard”
II (after the CTP was cleaved) indicated that the N-terminus was blocked, therefore, the
exact excision site of the CTP is not known. Attempts to determine the N-terminal
sequence of the full-length Cry2Ab2 protein produced by MON 89034 indicated that the
protein was also blocked at the N-terminus. Consequently, the cleavage site in the CTP
that is processed in the chloroplast could not be experimentally determined. @’he CTP
used in MON 89034 has a preferred cleavage site (methionine) located three:aming-acids
upstream from the start of the Cry2Ab2 protein sequence (Figure VI<3). . The next
preferred cleavage site would have resulted inta-protein approximately  2:8°kDa larger
than what was actually detected. Since the MON 89034-produced Cry2Ab2 comigrated
to the similar position as the Cry2Ab2 produced by a.fecombinant-E. coli, which has the
three extra amino acids (Figure VI-3), very likely.the CFP intMON-89034 was cleaved
at the preferred cleavage site located, three“amino acids uypstreamy’ from thestart of the
Cry2Ab2 protein sequence. This resulted in.the production ofia Cry2Ab2 protein of 637
amino acids (634 from Cry2Ab2 and 3 fron¥'the CTP)with atheoretical'tholecular weight
of 71 kDa.

Cry2Ab2 protein is active-against corh and ‘cotton pests. ~The sspectrum of activity
includes corn borers. from’the ‘genera Ostrinia‘and Diatraea (such as European corn
borer, Asian cofn borer, \sugarcane cborer; southwestern ceorn borer), armyworms
(Spodoptera spp. in¢luding fallarmyworm), easworms-(Helicoverpa spp. including corn
earworm), cutworms (&.g., Agrotis.ipsilen, black cutworm), tobacco budworm (Heliothis
virescens)-and pink Bollworm (Rectinophora gossypiella).

MON 89034 M-Q-A'-M-D* N-S-V-L-N
RecombinantE,.coli  M-Q-A'-M-D?- N-S-V-L-N
B. thuringiensis -M- - N-S-V-L-N

' M~Q-AS predicted amino acids from the chloroplast transit peptide
(€TP)
? Pe~"an additional amino acid included for the ease of cloning

Figure VI-3. Comparison of the putative N-terminal sequence of Cry2Ab2 protein
produced in MON 89034, the recombinant E. coli, and Bacillus thuringiensis
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VI.B.2. Characterization of the Cry2Ab2 Protein Produced in MON 89034

Similar to the case for CrylA.105, the expression level of Cry2Ab2 protein in the tissue
of MON 89034 is relatively low. Therefore, it was necessary to express the protein in a
high-expressing, recombinant host system in order to obtain sufficient quantities of the
Cry2Ab2 protein for safety studies. Thus, a recombinant Cry2Ab2 protein was produced
in E. coli, the sequence of which was engineered to match the Cry2Ab2 protein produced
in MON 89034. The equivalence of the physicochemical characteristics and functional
activity between the MON 89034-produced and E. coli-produced Cry2Ab2, protein was
confirmed by a panel of analytical techniques, including SDS-PAGE, densitometry,
Western blot analysis, MALDI-TOF MS, N-terminal sequencing, glycosylation, analysis,
and functional bioassay with corn earworm (CEW) (Helicoverpa zea):The-details of the
materials, methods, and results are describeddn Appendix C, while thé conclusions are
summarized as follows.

The Cry2Ab2 protein from MON 89034:was purified and €haracterized, .and the results
confirmed the equivalence between’ MON 89034-and E:\coli-produced Cry2Ab2 protein.
The apparent molecular weight was‘estimatedby SPS-PAGE..'Since-the MON 89034-
derived Cry2Ab2 migrated comparably-to the E..coli-produced proteinton SDS-PAGE,
the apparent molecular weight of the Cry2Ab2 protein-from-botht MON 89034 and E. coli
was determined to - be equivalént. ~<On ‘the _basis. ‘of Western’ blot analysis, the
electrophoretic mobility{and.émmunoreactive properties of theyMON 89034-produced
Cry2Ab2 proteinywere,demonstrated to be.Comparable-to these of the E. coli-produced
Cry2Ab2 protein for the, antibody ssed.~The N-terminus-ef the Cry2Ab2 derived from
MON 89034 was blocked but the peptide mapping-analysis by MALDI-TOF MS yielded
peptide'masses consistent with'the expected peptide masses based on the trypsin cleavage
sites in the sequence‘of Cry2Ab2 protein, ‘confitming the identity of the protein. In
addition, the MON89034- and the E. coli-produced Cry2Ab2 protein was found to be
equivalent\based-on functional. activities and>the lack of glycosylation. Taken together,
these data provide@detailed characterization of the Cry2Ab2 protein isolated from MON
89034-and established.its equivalénce.to the E. coli-produced Cry2Ab2 protein.

VI.C. Expression Levels of"CryTA.105 and Cry2Ab2 Proteins in MON 89034

Thedevels of the’ Cry'A.105 and Cry2Ab2 proteins in various tissues of MON 89034
were determined using enzyme-linked immunosorbent assays (ELISA). The materials
and- methods for-the ELISA analysis, as well as a description of the tissue types, are
provided in Appendix D. To produce the tissues for analysis, MON 89034 and
conventional corn were planted at five field locations during the 2005 growing season.
The sites were located in the major corn-growing regions of the United States. A
randomized complete block design with three replications was used at all sites. Forage,
stover, silk, pollen, and grain samples were collected at appropriate times of plant
development. Leaf, root, and whole plant samples were collected multiple times over the
season. The expression levels of CrylA.105 and Cry2Ab2 proteins in these tissues are
shown in Tables VI-2 to VI-4.
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The mean CrylA.105 protein levels across all sites were 5.9 ng/g dwt in grain, 42 pg/g
dwt in forage, 12 pg/g dwt in pollen, 520 pg/g dwt in leaves of plants at V2-V4 stage',
120 pg/g dwt in leaves of plants at pre-VT stage, 12 ng/g dwt in forage root, and 50 pg/g
dwt in stover. In tissues harvested throughout the growing season, mean CrylA.105
protein levels across all sites varied from 72-520 pg/g dwt in leaf, 11-79 pg/g dwt in root,
and 42-380 pg/g dwt in whole plant. In general, levels of the Cryl1 A.105 protein declined
over the growing season.

The mean Cry2Ab2 protein levels across all sites were 1.3 pg/g dwt in grain, 38qug/g dwt
in forage, 0.64 ng/g dwt in pollen, 180 ng/g dwt in leaves of plants at V2-V4 stage, 160
pg/g dwt in leaves of plants at pre-VT stage, 21 pg/g dwt in forage root, and 62 wg/g dwt
in stover. In tissues harvested throughout the growing season, mean~Cry2Ab2 protein
levels across all sites varied from 130-180 pg/g dwt in leaf, 21-58 ug/g dwt iniroot, and
38-130 pg/g dwt in whole plant. In general) levels of the Cry2 Ab2 protein deelined over
the growing season.

! Cornt growth stages are divided intovegetative (V) and reproductive (R) stages. Corn growth staging
begins with VE,.or emergenée of seedlings-above ground. The second growth stage is V1, and is given to
plants that (display<their~fitst coHared“leaf. Subsequent stages run from V2, V3 ... V(n), each stage
corresponding to-the mumbertof leaves displaying collars. V(n) refers to the last leaf stage, and will vary
depending on-the hybrid, in-consideration. The final vegetative stage is VT, or tassling stage when last
branch of the tassel 1s completely visible and the silks have not yet emerged. VT begins approximately 2-3
days before silk emetgence. Reproductive (R) stages range from R1 to R6. Stage R1 is the silking stage,
whénysilk is visible outside the husk. Stage R2 is the blister stage and occurs 10-14 days after silking. In
this stage kernels are white and small, resembling blisters. Milking stage (R3) occurs 18-22 days after
silking. Kernels are yellow and contain white fluid, due to accumulating starch. In the dough stage (R4),
this fluid begins to thicken into a white paste within the kernels, and the shelled cob takes on a pinkish hue.
Stage RS is the dent stage, where kernels begin drying and exhibit a dent on their top. Around 55-65 days
after silking the ears are physiologically mature (R6). In this stage, all kernels have attained their
maximum dry weight. Black zones have formed internally at the base of kernels, indicating that kernel
growth has ceased. Also, husks and leaves are no longer green at this stage, though stems may still be
pigmented. Source: lowa State University (maize.agron.iastate.edu/corngrows.html. Accessed on July 17,
2006.
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Table VI-2. Cryl1A.105 and Cry2Ab2 protein expression levels in MON 89034 tissues

Tissue Growth CrylA.105 Mean® (SD), Cry2Ab2 Mean’® (SD),
Type Stage Range, n=15 Range, n=15
ng/g fwt pg/g dwt ng/g fwt pg/g dwt
Young leaf ' V2-V4 85 (21) 520 (130) 29 (6.8) 180 (59)
56 —-130 380 — 850 19-43 94 -270
Pollen R1 6.4 (1.5) 12 (1.7) 0.34:(0.084) 0.64 (0:091)
3.8-8.8 85-16 021"—0.47 0.49<0.79
Silk R1 3.0 (0.57) 26/(3.9) 8.2 (3.6) 71435)
2.0-3.8 20 - 31 33 -6 33’- 160
Forage R4-R6 14 (3.6) 42 (9.4) 12 (4.0) 38'(14)
(early dent) 83-24 20,=56 6,5-18 15-55
Forage root R4-R6 22 (0.35) 12°(3.1) 4.81.4) 21(5.9)
(early dent) 1.352.7 6.2 -6 2.2 65 14-33
Grain R6 5.1€0:67) 5.9 (0777) D1 (0.31) 1.3 (0.36)
4.1 - 60 49~7.0 0.67-1.8 0.77-2.1
Stover R6 17 (4.4) 50417) 22 (3.6) 62 (15)
(after harvest) 9.5+26 26 -.85 17 -29 46 - 97
Senescent root | R6 2.210.36) 11, (4 5.3(2.0) 26 (8.8)
(after harvest) Iz — 341 9:4:15 24-9.1 13-43

" Young leaf=overseasonleaf I (OS2 1); m= nufmber of samples; SD = standard deviation; fwt =
fresh weight tissue; dwt = dry weight tissue.
? Limits of detection(LOB) andJimits.of quantitation (LOQ) in the various tissues were as follows:
Cry2Ab2 (ng/g fwt)
LOQ

Tissue
Forage
Leat
Pollen
Root
Silk
Grain

CivdA. 105 (ugle fwt)

LOD
0.372
0,568
0.412
0.254
0.275
0.262

LOQ
044
0.66
1.1
0.33
0.44
1.1

LOD
0.191
0.081
0.055
0.056
0.040
0.123

0.44
0.44
0.11
0.22
0.22
0.22

Whole plant and stover were analyzed in the same manner as forage, and senescent root was analyzed
in the same manner as root.
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Table VI-3. Cryl1A.105 proteins expression levels in overseason tissues of MON 89034

Plant growth stages'

Over- V2-V4 V6-V8 V10-V12 pre-VT R4-R6 R6
Season (21-29 DAP) (28-43 DAP) (41-53 DAP) (56-68 DAR) (100120 DAP) (130-160 DAP)
Tissue Units ne/g ne/g ne/g ne/g ne/g ne/g fg/g pg/g Helg ne/g ng/g ne/g
(n=15) dwt fwt dwt fwt dwt fwt dwt fwt dwt fwt dwt fwt

Leaf Mean’ (SD) 520 (130) 85(21) 140 (36) 28 (8.7)0<72(14) .Cl6 (43)  120(77) 30200 N/A N/A N/A N/A

Range 380-850 | 56-130 | 80-200 | 12-45 | c47-89") 9i4-24.7,27:040 196.359 |5 N/A NA | NA | NA

Whole  Mean’ (SD) 380 (90) 40 (5.7) 260 (52) 24 (3x7) 100 (26) '11(2:4)012029) 17 (37 42(94) 14(3.6) 50(17) 17 (4.4)

plant Range 230-570 | 30-52 | 170-350 16231 58-160 ¢ 7.0-15< . 568-170y 9:3-22 20-56 83-24 | 26-85 | 9.5-26

Root Mean’ (SD) | 79 (17) 8.9 (1.3) 48(11)O" 5.81(1.6)-745 (10) .64 (1.8) 42 (103 6.7 (0.63) 12 (3.1) 2.2(0.35) 11(14) 2.2(0.36)

Range 52-110 | 7.3-12 30-63 3.0-85" | 26-64 4410 30:63 | 5.6-8.1 6.2-16 1.3-2.7 19.4-15 | 1.7-3.1

! Growth stages V2-V4, V6-V8, Vi10-V12 andpre-VT (tasseling) correspond to:overseason tissue samples 1, 2, 3 and 4, respectively
(e.g., OSWP-1, etc.). The whole plant and root samples collected dt'the-R4-Ré-(early dent) and R6 (after harvest) stages correspond to
forage plant/root and stover/senescent root, respectively.. N/A ~@ot applicable; VT-vegetative stage at tasseling; DAP - days after
planting; dwt - dry weight tissue; fwt <fresh‘weight tissue.

*The LODs and LOQs for CrylA, 105 can be foundin Table VI-2. SD = standard deviation.
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Plant.growth stages'

Over- V2-V4 V6-V8§ V10-V]2 pre-VT R4-R6 R6
Season (21-29 DAP) (28-43 DAP) (41-53DAP) (56-68 DAP) ' (100-120 DAP) | (130-160 DAP)
Tissue  Units ne/g ng/g ng/g He/g ne/g He/g ng/g ng/g He/g He/g neg/g  nglg
(n=15) dwt fwt dwt fwt dwt fwt divt fwit dwt fwt dwt fwt
Leaf Mean® (SD) 180 (59) 129 (6.8) 170 (34) | 32(5.3)030434) 29 (5.4) ' 160,(44) 0 37(12);% N/A N/A N/A N/A
Range 94270 | 19-43 | 110-230 | 23-44, | 85220000 2341 48210 |511-56 N/A NA | NA | NA
Whole | Mean® (SD) | 130 (51) | 13 (4.6) | 79 (18) | 7.5 (1.8) | 40:(9.9)14.2.(0.94)139.(16) 5.9 26) | 38(14) | 12(4.0) |62 (15) ] 22(3.6)
plant Range 52230 5.2-21  45-110,% 4,097 52260  24-58° 50:67.0° 042711  15-55  6.5-18  46-97  17-29
Root Mean’ (SD) | 56 (17) 6.4 (1.6)| 58{18)) 7.64@2) ¢35 (17) .50 2.7) | 2607705 4.2(12) | 21 (5.9) | 4.1 (1.4) [26 (8.8)| 5.3 (2.0)
Range 33-100  4.4-10 .025-86° _25-15> 15-74 522712 & 15-45 3.2-76 1433 22-65 13-43 2491

! Growth stages V2-V4, V6-V8, V102V 12 and pre-V7 (tasseling) correspond to ovérseason tissue samples 1, 2, 3 and 4, respectively
(e.g., OSWP-1, etc.). The whol¢ plant and redt samples.collected at the R4-R6 (early dent) and R6 (after harvest) stages correspond
to forage plant/root and stover/senescenttoot, respectively,. N/A.= not applicable; VT-vegetative stage at tasseling; DAP - days after

planting; dwt - dry weight tissue; fwt -dreshiweight tissue.

The LODs and LOQs for Cryl1A.105 can be found in-Table VI2. SB= standard deviation.
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VIL.D. Food and Feed Safety Assessment Summary of the CrylA.105 and Cry2Ab2
Proteins

Numerous factors have been considered in the safety assessment of the CrylA.105 and
Cry2Ab2 proteins that are expressed in MON 89034. A comprehensive assessment of
safety of these proteins was submitted to the EPA and FDA. The assessment leads to the
following conclusions, which are consistent with the conclusions reached for other Cry
proteins produced in a number of insect-protected crops currently on the market.

a)

b)

The donor organism, Bacillus thuringiensis, has been used commergially.fin the
U.S. since 1958 to produce microbial-deriyed products. with insecti¢idal activities.
The extremely low mammalian toxicity of-Bt-based-insecticideproducts has been
demonstrated in numerous safety studies, and there are no. confirmedicases of
allergic reactions to Cry proteins inzapplicators of microbial-derived-Bt products
during the past 45 years of use.

CrylA.105 is a chimeric CrylAyprotein of“Bt that is-comprised of three N-
terminal domains (I, I, and IEH) and the C<terminal region. Thedomains I and II
of CrylA.105 are 100% Addenti¢al to.the respectivedomains ©f CrylAb or
CrylAc. The domaim HI of €1yl A10541s 99% identical; to the domain III of
CrylF. The C-terminal tegion of Cry1A108Gs 100% identical’to that of CrylAc.
The overall amino acid sequence identity, 093 6%,.90:0%,and 76.7% to CrylAc,
CrylAb, and CrylF proteias, respectively.*>Cry2Ab2 s a Bt (subsp. kurstaki)
protein.(Bt strains producing Cryl Ac; Cryl Ab, CrylF, and Cry2A proteins have
been Gused “forOdecades «as  biopesticides,)” and>Bt pesticides that contain
CryTAc/CrylE-chimeric;protein have been used-since 1997. Bt corn and cotton
expressing-CrylAc, Ctyl AbyCrydF, or:Cry2Ab2 proteins have been cultivated in
large areas inithe USS. and other countries:for up to a decade. There are no known
reports’of allergy-or toxicityzto Bt'or to-these Cry proteins.

A-dietary safety-assessmientto evaluate the risks to humans and animals from the
CrylA.1035 and Cry2Ab2proteins present in the foods and feeds derived from
MON 89034: Risks are quantified as a margin of exposure (MOE), which is
defined:as theratio;‘of the No Observable Effect Level (NOEL) from an acute
mouse: gavage. studyto- estimates of the dietary intake of the respective Cry
protein. ¢ Mice acute-oral toxicity studies demonstrated that the two proteins are
not acutelytoxic and do not cause any adverse effects even at the higest dose
levels test, which are 2072 and 2198 mg/kg body weight for CrylA.105 and
Cry2Ab2 proteins, respectively. The dietary safety assessment showed that the
MOE:s for the overall U.S. population were greater than or equal to 199,000 and
981,000 for the CrylA.105 and Cry2Ab2 proteins, respectively. For children
aged 3-5 years old, an age group with the highest corn consumption, the MOEs
were greater than or equal to 79,400 and 390,000 for the Cry1A.105 and Cry2Ab2
proteins, respectively. For poultry and livestock, the MOEs ranged between
1,930 — 13,500 and 2,160 — 47,600 for the CrylA.105 and Cry2Ab2 proteins,
respectively.
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d) CrylA.105 and Cry2Ab2 proteins are rapidly digestible in simulated gastric
fluids. Greater than 95% to 99% of the proteins were digested in simulated
gastric fluids in less than 30 seconds. Proteins that are rapidly digestible in
mammalian gastrointestinal systems are unlikely to be allergens when consumed.

e) CrylA.105 and Cry2Ab2 proteins do not share any amino acid sequence
similarities with known allergens, gliadins, glutenins, or protein toxins which
have adverse effects to mammals. This has been shown by extensive assessments
with bioinformatic tools, such as FASTA sequence alignment tool and an eight-
amino acid sliding window search.

Using the guidance provided by the FDA, a conclusion of “no cancern” is r¢ached for the
donor organisms and the CrylA.105 and Cry2Ab2-proteins. The food and feed products
containing MON 89034 or made of MON 89034 are(safe for Jhwmanand.animal
consumption. The EPA has issued a time limtéd tolerance exemption for3 years starting
from July 17, 2007 for the two proteins ‘while the review. for a<full registration s under
review.
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VII. Phenotypic, Agronomic, Ecological Interactions and Compositional
Assessment

This section provides an assessment of the phenotypic and agronomic characteristics, the
ecological interactions, and compositional analyses of MON 89034. Phenotypic and
agronomic characteristics of MON 89034 were evaluated relative to an appropriate
control to assess plant pest potential and meaningfully altered ecological impact. These
assessments included 14 plant growth and development characteristics, five seed
germination parameters, two pollen characteristics, and more than 70 obseryations for
each of the plant-insect, plant-disease and plant responses to abiotic stressor-interactions.
Results from the phenotypic and agronomic assessments indicate that MON"89034 does
not possess characteristics that would confer a plant pest risk or increased ecological risk
compared to conventional corn. Data on ecological interactionsCindicate that MON
89034 does not confer any increased suseeptibility,©r toleranee to-specific diseases,
insects (except for the target lepidopteran species), .or“abiofic stressors:” Data from
compositional analyses demonstrated” compaositional~ eqitivalence..in the - levels of
nutritional, anti-nutritional, and ¢secendary zmetabolites’ between’. MON" 89034 and
conventional corn grain and forage. -Faken@ogether, these data support@ conclusion that
MON 89034 is not likely to, pose‘n increased plafit pest risk-or result i meaningfully
altered ecological impact:¢ompared toconventional corn.

VIIL.A. Phenotypic,Agronomicyand Ecologicaldnteractions Assessment

VIL.A.1. Phenotypi¢ and<Agrenomic Characteristics-and-Ecological Interactions

In the phenotypic;‘agronomie;andcecological interactions assessment of MON 89034,
data were collected to-evaluate specific ecological risks regarding altered pest potential
based on requireménts of USDA-APHIS:(The assessment encompasses five general data
categories:, 1) germination; dormancy and emergence; 2) vegetative growth; 3)
reproductive growth-(inchuding-pollen characteristics); 4) seed retention on the plant; and
5) plant interactions-with-insects; dis€éases and abiotic stressors. An overview of the
characteristics assessed is-presentedin Table VII-1.

The phenotypic, 4agrondmic.and ecological interactions evaluations are based on a
combination ofdaboratory experiments and field studies conducted by scientists who are
familiafowith<the production and evaluation of corn. In each of these assessments, the
regulated article; MON 89034 (referred to as test substance or material), was compared to
an appropriate conventional corn (referred to as control substance or material) which has
a genetic background similar to MON 89034 but does not possess the lepidopteran-
protection trait. In addition, multiple commercial corn hybrids (referred to as reference
substances or materials) were also employed to provide a range of baseline values that are
common to the existing commercial corn hybrids for each measured phenotypic,
agronomic, and ecological interaction characteristic. Further descriptions of the test,
control and reference materials are provided in Appendices E and F.
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Table VII-1. Phenotypic, agronomic and ecological interaction characteristics

measured for MON 89034
General Characteristics Evaluation
characteristics = measured timing Evaluation description
Dormancy / Dormancy, After 4,7,and | Percent normally germinated,
Germination Germination' 12 days abnormally germinated, viable hard
(dormant), dead, and viable firm swollen
seed
Emergence Seedling vigor Stage V2 — V4 | Rated on a 0-9 scale, where 0= dead,
and 9 = above average vigor
Early stand count | Stage V2 - V4 | Number of eémerged plants)perplot
Vegetative Final stand count | Pre-harvest | Number of plants perplot
Growth Stay green Maturity Rated:on a 0-9 scale) where 0 = entire
plant-s dried, and’9 =entire(plant is
green
Ear height Maturity | Distance frem thesoil-surface at the base
of the plant to\the.ear attaéhinent node
Plant height Maturity \Distance fiom the soil surface at the base
of the plant tethe flag leaf collar
Stalk lodged Pre-harvest (Number of'plants per plot broken below
plants the'ear
Root lodged plants ;Pre-harvest (Number of plants per plot leaning at the
Q9 O Y @¥ seil surfaee at *30° from the vertical
Reproductive Days to50% Pollen‘shed “Days from planting until 50% of the
Growth pollefshed plants have begun to shed pollen
Days to-50% Silking ~Pays from planting until 50% of the
silking ™~ 07 <0 A | plants have silks exposed
Pollen viability' Tasseling |, Viable and nonviable pollen based on
“pollen grain staining characteristics
Pollen Tdssehing Diameter of viable pollen grains
morphology?
Grain moisture Harvest Moisture percentage of harvested shelled
grain
Testweight Harvest Test weight of harvested shelled grain
(1b/bu)
Yield(bu/ag) Harvest Harvested shelled grain, adjusted to
15.5% moisture
SeedRetention, {UDropped ears Pre-harvest Number of mature ears dropped from

plants

Plant~
ecological
interactions

Insect, disease and
abiotic stressors

Variable, from
planting to
harvest

Qualitative assessment of each plot, with
rating on a 0-9 scale for plant-insect,
plant-disease, and plant response to
abiotic stressor interactions

1 .. . .
These characteristics were measured in the laboratories.
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VIIL.A.2. Interpretation of Phenotypic, Agronomic and Ecological Interaction Data

The concept of familiarity is useful when evaluating the potential environmental impact
of a biotechnology-derived plant. The concept of 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 interaction
among these factors, and provides a basis for comparative risk assessment between a
biotechnology-derived plant and its conventional counterpart. An expert’s kfowledge
and experience with a crop is the basis for selecting appropriate endpoints and estimating
the range of responses that would be considered familiar. Thus, “assessment of
phenotypic and agronomic characteristics and ‘ecological‘interactions can becused to
compare the biotechnology-derived plant to th€ conventional counterpart;and.a‘subset of
the data (e.g., certain dormancy, lodgingtot pre-haryest seed loss’characteristics),can be
used to assess whether there is an enhanced weediness potential: Based én all ef the data
collected, an assessment can be made-whether the biotechnology<derived plant is likely to
pose an increased plant pest potential-or have a meaningfullyraltered eeological impact
compared to the conventional €ounterpart;

Agronomists familiar with the’ experimental design,-evaluation® critetia, and expected
outcomes were involyed in.all’steps of-data collection, summarization and analyses. This
oversight ensured that measurements were taken .properly, data were consistent with
expectations based oncexperiencecwith the erop, and the-expetimental and field sites were
carefully mehitoréd: ~These ™ scientistsowere’ expected->to report any unexpected
observations or issues.during the coursé of the’studies. .The overall dataset was evaluated
for evidence of biologically relevant changes and for,any evidence of an unexpected plant
response, and the data‘were-subsequently submitted for statistical analysis.

Comparative plant characterization data befween a biotechnology-derived crop and the
controlCare considered.in the’ context ‘0f contributions to increased pest/weediness
potential. Charagcteristics for whieh.no differences are detected support a conclusion of
no increased “pest) potentialiof the biotechnology-derived crop compared to the
conventional crop. Characteristi¢s for which differences are detected are considered in
the step-wise, method .(Figure<VII-1). Any detected difference for a characteristic is
consideredin the-context of-whether or not the difference would increase pest/weediness
potential of the bietechnology-derived crop. Ultimately, a weight of evidence approach
conmsijdering”all characteristics and studies is used for the overall risk assessment of
differences and their significance in terms of increased pest potential. In detail, Figure
VII-1 illustrates the stepwise assessment process employed:

. Steps 1 & 2. 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 potential adverse effects in terms of pest/weediness
potential. A difference in the combined-site analysis is further assessed
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regardless of whether or not the difference is detected in the individual-site
analysis.

. Step 3. If a difference is detected in the combined-site analysis across multiple
environments, then the test substance mean value is assessed relative to the
range of values of the reference substances.

o Step 4. If the test substance mean is outside the variation of the reference
substances (e.g., reference range or tolerance interval), the test substance mean
is considered in the context of known values common for the crop.

J Step 5. If the test substance mean is outside the range of values common for the
crop, the test substance is considered “non-familiar” fotsthat charagteristic. The
detected difference is then assessed for whether or not it is adverse.in, terms of
pest/weediness potential.

o Step 6. If an adverse effect (hazard) is identified, risk a$sessmyent 6n the
difference is conducted. The” risk assessment considers contribitions to
enhanced pest potential of the crop’ itself; the impact of diffetences detected in
other measured characteristics;‘and potential fory’and'effects of trait transfer to
feral populations of the crop or a:seéxually compatible spéeies.

Step 1

Differences. detected inthe c@mbined-site

and.individual-site analyses are evaluated*
Niend l No adverse changes in

the characteristic that

Statjstical differences’detected L Noy

in cembined-sjté analysis? would contribute to pest
es potential
Step'3 \ 4
Testmean‘outside variation of oy Not adverse; the
refetences? detected difference in
Ves the measured
Step 4 N T
characteristic does not

Test:meanwutside variation No )
fordhe crop? (‘non-familiar”)

contribute to a
biological or ecological

Yes concern for the crop in
=5 = No o t f pest potential
| Adyerse iyterms of pest potential? I—) erms of pest potentia
Yes
Step 6 ¥
Hazard identification & risk *See text for interpretation of differences detected
assessment on difference in the individual-site analysis

Note: A “no” answer at any step indicates that the characteristic does not contribute
to a biological or ecological concern for the crop in terms of pest/weediness potential
and further steps are not considered.

Figure VII-1. Flow chart for interpretation of detected differences
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VII.A.3. Evaluation of Phenotypic and Agronomic Characteristics and Ecological
Interactions

VII.A.3.a. Evaluation of Seed Dormancy and Germination

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). Dormancy mechanisms, including hard seed, vary with species and tend to
involve complex processes. For corn, the number of hard seed is negligible or
nonexistent.  Standardized germination assays are routinely used to measure the
germination characteristics of corn seed. The Association of-Official Seed Analysts
(AOSA) recommends a temperature range of 20-30°C as optimal for germination of corn
(AOSA, 2002).

The seed materials for the evaluation of*MON 89034 were produced in~2004Cat three
production locations (Dayton, IA;, Jerseyville,OIL:and“Monmouth;” IE)~ that are
representative of the environmental. variability found” in ccorn producing regions. Seed
materials included MON 89034 the €¢onventional-control cern (H1325023) which has a
genetic background similar totMON ‘89034, and' four referenceccommercial corn hybrids
from each production location.

The dormancy and germination-characteristics .eyaluated,. temperature regimes and the
evaluation description are presented in>Table VII-2, - The tests were conducted in
temperature-controlled” growth.-¢hambers »using ‘the «rolled“towel test method. Four
replicates of MON“89034, the controland.the four references were tested in seven
growth chambers, each maintained .in the dark undercone of the following temperature
regimes (Table VH-2):(1) constant target temperature of approximately 5, 10, 20, or
30°C; and (2) alternating targetctemperatures of approximately 10/20, 10/30, or 20/30°C.
In these alternatingtemperature regimes, the lower temperature was maintained for 16 h
and the higher temperature for 8-h. Counts for characteristics were made four and seven
days after planting” Acstatistical ¢omparison between the MON 89034 and the control
was conducted usinga .SAS (Statistical Analysis System) program (SAS Release 9.1,
2002-2003 )¢, - Statistical-sigrificanice was set at p<0.05. A summary of the results is
provided-below, while thé.details of the materials, methods and results from individual
produetion sites ate provideddn Appendix E.

Atotal of 29.comiparisons were made between MON 89034 and the conventional control
seéd) germination parameters across three seed production sites (Table VII-3). No
statistically significant differences were detected between MON 89034 and the control
for any seed characteristic measured in the AOSA temperature regime (20/30°C) or the
additional temperature regimes (5, 10, 20, 30, 10/20, 10/30°C).

The observation of no viable hard seed in any temperature regime indicates that the
introduction of the lepidopteran-protection trait and the expression of the Cryl A.105 and
Cry2Ab2 proteins did not alter dormancy and germination of the seed of MON 89034
compared to the conventional corn seed. Thus, it is concluded that there was no change
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in the pest potential of MON 89034 compared to conventional corn based on the
germination and dormancy characteristics assessed.

VII.A.3.b. Evaluation of Pollen Morphology and Viability

The purpose of this evaluation was to assess whether the introduction of the lepidopteran-
protection trait and the expression of the CrylA.105 and Cry2Ab2 proteins altered the
pollen characteristics of MON 89034 compared to the conventional corn. The test
material was corn pollen collected from MON 89034 plants. The control material was
corn pollen collected from the conventional corn plants (H1325023) which has‘a genetic
background similar to MON 89034. The reference materials were pollen collected’from
plants of commercially available conventional cornvhybrids that-were used'to demonstrate
a range of morphology and viability characteristi¢s for corn<pollen.

MON 89034, the conventional control (H¥325023),<and three @eferences~(DKC61-42,
RX740, and Burrus 576) were grown ina randomized.complete block designawith three
replications in Carlyle, IL, under similax @gronomic,conditions:y Pollen cellected from
five plants per plot were fixed and’stained with :5<diluted Alexander stain (Alexander,
1980) and evaluated for viability.” When- expaesed to.the. staining-solution, viable pollen
grains stained red (due to ¢he th¢”presence of vital cytoplasmicccontenit), while dead
pollen grains stained light-bluey Ten‘representative viable pollen’ grams collected from
one of the five plants per plot were measured for pollen diametet, which were observed at
200X magnificatiow and: were, alsosevaluated for gemeralymorphology. Data analysis
compared the mean of MON" 89034 toCthe mean-of the€ontfol corn for average pollen
diameter andcCarcsine transformed percent” viable pollent); No statistically significant
differences-were detected at-p < 0.05.between MON 89034 and the control for pollen
diametér or viability (Table VH-4).-"NoCstatistically-differences between MON 89034
and the control were obseryed in pollengenefal morphology.

These results demonstrated.that the introduction of the lepidopteran-protection trait and
the expression ofthe .€rylAy105{and ©ry2Ab2 proteins did not alter the overall
morphology or viability:of MON=89034-pollen compared to the conventional corn. The
lack of differences,between the peollen collected from MON 89034 compared to the
conventional centrol for the@assessed characteristics demonstrate that the observed values
were within the range ofesponses familiar to what is expected for corn.
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Table VII-2. Seed dormancy and germination parameters evaluated

Slle;gé?::;;rilc ;l;ecrr)lperature fegime Evaluation description
Normally Germinated ~ 20/30 Seedlings that exhibited
normal developmental
characteristics and
possessed both a root and a
shoot.
Abnormally 20/30 Germinated, but with
Germinated insufficient rgot or-shoot
development, may have
possesséd a hollow
coleoptile,or-exhibited
mechanical damage:
Total Germinated 5;/10,20, 30,710/20, Seedlings thathad,
10/30 germinated:
Dead 5,30, 20230, 0/20; Seeds thathad visibly
10/305:20/30 deteriorated and had
become soft to the touch.
Viable-Hard 5,10, 20,30, 10720 Seeds that did not imbibe
10/30,20/30 water and remained hard to
the touch.
Viable FirmCSwollen 5,410, 20,-30,30/20, Seeds that had visibly
10/30,°20/30 swollen (imbibed water)

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

Note: Dermancy and germination tests were conducted in temperature-controlled growth
chambers using .the rolled towel test method to measure dormancy and germination
characteristics.~Four replicates of MON 89034, the control, and the four references were
tested in“seven growth chambers, each maintained in the dark under one of the following
temperature regimes: (1) constant target temperature of approximately 5, 10, 20, or 30°C; and
(2) alternating target temperatures of approximately 10/20, 10/30, or 20/30°C. In these
alternating temperature regimes, the lower temperature was maintained for 16 h and the
higher temperature for 8 h. Counts for characteristics were made four and seven days after
planting.
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Table VII-3. Germination of MON 89034 and a conventional control corn

0
?Snfﬁ Stamgg E— Viable
Regime' ? © 2 Norrpally Abnomally Viable Hard Dead Firm
°C) ype Germinated Germinated Swollen
Test 94.2 0.1 0.0 5.8 0.0
20/30 Control 95.3 0.2 0.0 4.5 0.0
Ref. Range  78.0 —100.0 0.0-4.0 0.0-0.0 0.0-22.0 0.0-1.0
Additional Starting Mean (%) :
Temp. Seed Viable
Regime' Tvpe Germinated Vidble Hard Dead Firm
(°C) P Swollen
Test 0.0 0.0 57 94.3
5 Control 0.0 0.0 6.0 94.0
Ref. Range 0.0-0.0 0.090.0 0.0~19.0 81.0-100.0
Test 96.0 0.0 4.0 0.0
10 Control 943 0.0 57 0.0
Ref. Range 82.0>7100.0 0:0.— 0.0 00~ 170 0.0-1.0
Test 95.9 0.0 44 0.0
20 Control 952 0.0 48 0.0
Ref. Range 85.0'— 100.0 0:0= 0.0 0.0-150 0.0-0.0
Test 95.6 0.0 4.4 0.0
30 Control 95.5 0.0 4.5 0.0
Ref:Range 80.0 -,100.0 0.0 £ 0.0 0.0 —20.0 0.0-0.0
Test 95.9 0.0 4.1 0.0
10/20 Control 9613 0,0 3.8 0.0
Ref. Range 81.0;~,100:0 0,0%0.0. 0.0 -20.0 0.0-0.0
Test 95.3 0.0 4.7 0.0
10/30 CGontrol 96:8 00 33 0.0
Ref. Range 81,0 100.0 0.0 —0.0 0.0-19.0 0.0-0.0

" In alternating temperature tegimes the fower femperature was maintained for 16 h and the higher temperature
for 8 h. Counts for characteristics were made four'and seven days after planting.
? Test'=" MON 89034; Control &' conventional control corn (H1325023); Ref. Range = Minimum and
maximum valués>among ‘foutDreplicationsyof four references at each of three production sites (except
H4242304 produced at TA and HEXP1184produced at JR with three replications).

The datadn“this table are the gombinéd-site results of the seeds from the three production sites. The results

for seeds' fromi'each andividual preduction site are included in Appendix E.
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Table VII-4. Diameter and viability of pollen collected from MON 89034 and
conventional control corn

Mean (SE)’ Reference Range3
Characteristic MON 89034 Control’ Minimum Maximum
Diameter (um) 91.8 (1.29) 90.4 (0.18) 85.2 95.5
Viability (%) 96.8 (0.42) 96.4 (1.14) 90.5 99.0

' SE = standard error.

* The control corn was H1325023 which has a genetic background, similar to MON 89034.

3 References were three commercial corn hybrids: DKC61-42, RX740; and-Burrus 576.
Minimum and maximum mean diameter valiiés of nine)teference gplantsi(thrée  different
reference corn X three replications). Each réplication was.a mean of ¢en viable pollen, giains per
plant. Minimum and maximum observed- viability yalues were based<on 45 reference plants
(three reference corn X three replications, % five plants pepreplication):

VII.A.3.c. Evaluation of Phenotypic_ and>Agrenomic-Characteéristics under Field
Conditions

Phenotypic and agrenomic characteristics@encompassing plant growth, development and
yield characteristics ‘were~assessed undercfieldsconditions.” The purpose of these
evaluations was tozidentify any unintended changes. to the phenotypic and agronomic
characteristics of MON 89034 relativé. to .conventional,corn. In each study, reference
corn hybrids were.included to-provide a tange of valdes for the assessed characteristics
that are common’to corn:’ lr-addition, certain’growth, reproduction, and pre-harvest seed
loss characteristics((such-as lodging and:€ar diop) can be used for an assessment of any
altered weediness potential for MON §9034.CThe characteristics assessed are well known
to experts familiar with corn bréeding andagronomic performance.

Phenotypic and agronemiic data -Wwere collected from 18 field locations over two
consecutive “years: nii¢ lpcations in 2004 and nine locations in 2005. Table VII-5
provides-a list of the test site locations, soil description, cropping history, and planting
informationy” These ‘locations provided a range of environmental and agronomic
conditions representative of major U.S. corn-growing regions where commercial
production of MON 89034 would be expected. Plots were established at each of the field
sites in a randomized complete block design with three replications. Each plot consisted
of two to six rows of corn spaced approximately 30 inches apart and approximately 17.5-
20 ft in length.

The following 14 phenotypic and agronomic characteristics were evaluated during the
2004 and 2005 field trials: seedling vigor, early stand count, days to 50% pollen shed,
days to 50% silking, stay green, ear height, plant height, dropped ears, stalk lodging, root
lodging, final stand count, grain moisture, test weight, and yield. The evaluations and
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timing of plant assessments are already described in Table VII-1. The phenotypic and
agronomic data were analyzed using SAS. Means were calculated across-sites (referred
to as combined-site or across-site analysis, in which data were pooled from all test sites
and analyzed statistically) for each characteristic, and MON 89034 was compared to the
control. Differences were considered significant at the 5% level (p < 0.05). The
following is a summary of the results from the two years of phenotypic and agronomic
evaluations. It is noted that only the combined-site data are presented in this section,
while the results from individual sites are provided in Appendix F.

In the 2004 field trials, comparative assessments of phenotypic and agronomic
characteristics were conducted on MON 89034 and a conventional control {H1325023).
In addition, 23 commercially available corn hybrids were included as<réferences to
provide a range of values common to the crop.»The 2004-field trialscincluded nine test
sites or locations.

For the combined-site analyses, no significant differences were detected between MON
89034 and the control corn for seedling vigor, early stand count, final stand count, days to
50% pollen shed, days to 50% silking; stay.green, ear heights dropped ears, root lodged
plants, grain moisture, test wéight-and yseld (Table® VII-6). ~Two-~differences were
detected between MON 89034 aund the “control, ix¢?, plant height was lewer for MON
89034 compared to control (84:1 vs¢ 85:4 ‘inches), and MON~89034*had fewer stalk
lodged plants than the.contrel(0.8.¥s. 2:4) (Table VI1-6):

Although plant height.for MON 89034-was-feduéed compared to the control, the mean
value observed- forMON--89034 falls within, the«range*of values observed for the
commercial reference ‘corn hybrids”(Table VH-6). - Furthermore, the magnitude of the
difference i plantcheight-is small(appreximately 1:5%), and the difference was not
detected in 2005 trials:(see_below). Therefore, the slightly decreased plant height is
unlikely to confribute todncredsed.weediness: potential. Likewise, the mean value for
stalk lodged plants‘observedfor MON 89034-falls within the range of values observed for
the commercial com hybrids;s FEurthermore, fewer stalk lodged plants would be
agronomically desirable; thezdiffetence‘was not detected in 2005 trials (see below), and
fewer stalk lodged plants wouldc-not contribute to increased weediness potential.
Therefore,the differences detectéd in plant height and in the number of stalk lodged
plants during the 2004 field trials are unlikely to be biologically meaningful in terms of
increased weediness potential:

In the20057field trials, two separate field studies were conducted with Study-1 involving
fourtest sites and Study-2 involving five test sites for a total of nine test sites. In the two
studies, MON 89034 hybrids were bred to adapt to different environmental conditions
(northern regions vs the Midwest). Accordingly, two different control hybrids were
employed in the two studies, and each had a genetic background similar to the MON
89034 hyrbids, respectively.

In Study-1, the control corn was conventional corn hybrid DKC51-43. The background
germplasm for MON 89034 hybrid and DKC51-43 hybrid used in this study was adapted
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for northern corn growing regions in the U.S. In addition, 12 commercially available
corn hybrids were included as references to provide a range of values common to the
crop. A total of 14 different phenotypic and agronomic characteristics were evaluated.
In the combined-site analysis, no differences were detected between MON 89034 and the
conventional control for any of the assessed phenotypic and agronomic characteristics
(Table VII-7).

In Study-2, the control corn was conventional corn hybrid H1325023. In addition, 14
commercially available corn hybrids were included as references to provide a range of
values common to the crop. A total of 14 different phenotypic and agronomic
characteristics were evaluated. In the combined-site analysis, no differences owere
detected between MON 89034 and the control for any of thelassessed phenotypic and
agronomic characteristics (Table VII-8).

The results of both 2004 and 2005 field-tfials demonstrate that-the observed values of
phenotypic and agronomic characteristics for MON 89034 were, withif) the ‘range of
responses familiar to what is expected for“corny” This supports-a conclusion that the
measured phenotypic and agronomi¢ characteristics were not altered-for MON 89034 as a
result of the introduction of the lepidoptefan-protection’ trait and-the-expression of the
CrylA.105 and Cry2Ab2 proteins~and there.is-no:altered-pest-potential for MON 89034
compared to the conventienal corn.

Monsanto Company 06-CR-166U Page 122 of 262



Table VII-5. Test site locations, planting information, soil description, and cropping history

CBI Deleted Version

2004 field trials
Study Planting Planting Planting Plot Soil series description; 2003 2002
Site' Date Rate? depth size Reps®, ¢, 0rganic matter (%); and pH. crop crop
(mm/dd/yy) (seed/plot) (in) (ft)
1A 05/29/04 35 1.5 15 %20 3 Silty clay loam; 3.9%; 6.8 Soybean Soybean
IL-1 06/02/04 35 1.3 5% 20 3 Siltloam;2:0%;'6’3 Soybean Sorghum
IL-2 05/24/04 35 2.0 15 x:20 3 Silty clay loams; 4.3%; 7.0 Soybean Corn
IN-DA 06/21/04 40 1.0 5175 3 Crogby siltdoam{ 2.7%; 5.8 Corn Soybean
MN-GE  05/16/04 40 1.5 5 x-20 3 Hamel leam;5.4%:;-7:9 Soybean Corn
MO-BE  05/17/04 40 Lo 55020 3 Putnam siltloam{\1.8%; 6.9 Soybean Soybean
MO-CL 05/20/04 40 1.0 5x20 3 Putnamgsilt loam; 1.0%; 6.1 Soybean Corn
NE 05/21/04 35 1.5 15:x 20 3 Silt loam;.3.:0%; 6.8 Soybean Soybean
OH 06/03/04 35 1.5 15x 20 3 Leam; 2:2%; 6.8 Non-crop Soybean

! Study sites: IA = Jefferson County, IA;AIL-1-= Jersey County IL; IL<2 = Warren County, IL; IN-DA = Hendricks County, IN; MN-GE =
Freeborn County, MN; MO-BE = Shelby Coufty, MO; MOCL-=2" site atShelby County, MO; NE = York County, NE; OH = Fayette County,

OH.

* All plots were thinned to a uniform plant density after seedling vigor and early stand count data were collected at each site.
? Reps = replications.
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Table VII-5 (continued). Test site locations, planting information, soil description, and cropping histery

2005 field trials, Study-1

Study Planting

Plot size Rows/ Row

Planting rate* Planting

Soil series description;

; ; 2004 2
Site'  Date (ft) I()?i;)t spacing (seed/row) depth (in) organic matter, (%); and’pH c?c?p c?(?;
(mm/dd/yy) (in)
MI 05/12/05 5x20 2 30 40 125 Nester leam; 2:2%; 6.5 Cabbage N/A®
MN  05/17/05 5x20 2 30 40 1.5 Dindersandyloam;2.0%; 7.2 Corn Soybean
NY 05/20/05 5x20 2 30 40 ) Collamersilt lgam; 4.0%; 6.0 Soybean Soybean
WI 05/21/05 5x20 2 30 40 1.0 McHenry silt.loam;-1-3%; 5.6-7.3 Soybean Corn

! Study sites: MI = Ottawa County, MI; MN = Er¢eborty County, MN; NY_= Wayne.County, NY;-WI = Walworth County, WI.
? All plots at each site were thinned to a uniformi plant density affet seedling vigor and edfly stand count data were collected.

3 N/A = Not available.
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Table VII-5 (continued). Test site locations, planting information, soil description, and.cropping history:

2005 field trials, Study-2

Study Planting date Plot Rows/plot Planting rate lg(laarélt:ng Soil series. desctiption; orgafic 2004 2003
site’' (mm/dd/yy)  size (ft)  (#)* (seed/row)* (inl; matter(%); and pH crop crop
1 3 . 0/ .
1A 05/17/05  15x20 6 40 175 gagmtor silty:clay logim; 3.9%; 2" Sorghum  Soybean
5 B 07 4
IL-N 05/17/05  15x20 6 40 26 5%’16 $ibY clay-loam:4.3%; Soybean Corn
IL-S 06/17/05 5x17.5 2 40 2.5 Cisne siltloamy2.1%:; 7.0 Corn Soybean
MO 05/20/05 15x20 6 40 [0 Putnam silt Toana;1.8%; 6.9 Soybean Corn
NE 05/16/05 15x20 6 40 2.0 Hastings silt 1oam; 3.0%; 6.8 Corn Soybean

! Study sites: IA = Jefferson CountysJA; IL-N -=Warren-Coufity, I3 1L-$*= Clititon County, IL; MO = Shelby County, MO; NE = York County,
NE

* The IL-S site was originally planted on May 20, 2005 with six-fow.plots.. (Dry conditions at planting, however, resulted in poor seedling
emergence across all plots. The study are@was-destroyed and’a new study-area was established on June 17, 2005 with two-row plots.

* All rows were spaced 30 inches apart;

* All plots at each site were thinned €0 ‘a uniform plantdensity-afterseedling vigor and early stand count data were collected.
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Table VII-6. Phenotypic and agronomic comparison of MON 89034 to the control in the combined-site analysis for 2004 field
trials

1 References ,
. . . ;
characiarstc ey MON89034 Comrol o e e e T
Seedling vigor 6.9 6.9 4.3 9.0 1.7 9.0
Early stand count (#/plot) 68.3 67.8 583 8.7 49.5 89.4
Days to 50% pollen shed 61.9 61.5 55.3.07 TAT 44.8 81.6
Days to 50% silking 60.8 604 52.0 747 408 83.1
Stay green 6.0 5.8 4.7 77 3.1 8.4
Ear height (in) 39.9 40.3 34.6 54:6 272 59.9
Plant height (in) 84.1% 85.4 76.8 1066 67.0 120.4
Dropped ears (#/plot) 0.1 02 0.0 1.0 0.0 1.2
Stalk lodged plants (#/plot) 0.8* 2.4 0.0 60 0.0 6.7
Root lodged plants (#/plot) 1.0 0.5 0:0 27.0 0.0 28.0
Final stand count (#/plot) 60.5 60:5 533 66.3 50.9 73.2
Grain moisture (%) 234 22,9 126 417 0.0 47.7
Test weight (Ib/bu) 52.6 533 428 577 39.4 67.6
Yield (bu/ac) 192.9 19123 92.8 290.8 17.9 373.5

! Reference range: minimum and maximum mean yalues @among the 23 reference corn.
% 99% tolerance interval with 95% confidence.
* Indicates a statistically significant’difference between the test and control at p < 0.05.
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Table VII-7. Phenotypic and agronomic comparison of MON 89034 to the control in combined-site analysis for Study-1 of
2005 trials

References

MON 89034 Control Range' 99% Folerance Interval®
Phenotypic and agronomic Mean Mean Min! Max: Lower limt  Upper limit
characteristic (units)
Seedling vigor 6.7 6.6 5,0 8.0 1.8 9.0
Early stand count (#/plot) 77.1 vra 667 82.3 55.4 95.8
Days to 50% pollen shed 68.0 67.6 64.3 71.0 56.7 79.2
Days to 50% silking 66.9 66.3 62:0 .0 52.8 80.5
Stay green 6.3 6.2 3.9 9.0 0.0 9.0
Ear height (in) 41.9 421 380 59:9 13.9 77.8
Plant height (in) 91.6 89.8 82.0 112.3 43.8 142.2
Dropped ears (#/plot) 0.0 0;1 0.0 03 0.0 0.4
Stalk lodged plants (#/plot) 0.1 0.3 0.0 2.3 0.0 3.4
Root lodged plants (#/plot) 0.0 0:0 0:0 0.0 nv nv
Final stand count (#/plot) 61.3 61.8 59.0 64.0 53.5 69.7
Grain moisture (%) 189 186 173 222 12.7 25.1
Test weight (Ib/bu) 55.9 56.1 54.0 57.0 52.0 59.4
Yield (bu/ac) 2055 1954 171.0 220.0 124.4 258.5

! Reference range: minimum and maximum valites among the 12 individual reference means.
% 99% tolerance interval with 95% confidence’
No statistically significant differences wete detected;between MON 89034 and the control at p < 0.05.
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Table VII-8. Phenotypic and agronomic comparison of MON 89034 to the control in the combined-site analysis for Study-2 of

2005 trials

References
MON 89034 Control Rarnlge' 99% Tolerance Interval’

Phenotypic and agronomic Mean Mean Mii. Max: Lower limit  Upper limit
characteristic (units)

Seedling vigor 6.4 6.3 5.7 80 3.7 9.0
Early stand count (#/plot) 69.4 72.3 67.0 78.7 63.1 88.3
Days to 50% pollen shed 60.2 59:6 52.3 670 443 79.7
Days to 50% silking 60.9 60.2 523 69.0 42.5 82.3
Stay green 5.0 52 3.0 70 0.0 9.0
Ear height (in) 380 39.4 322 50.3 23.6 59.8
Plant height (in) 80.3 820 774 99:1 60.3 120.1
Dropped ears (#/plot) 14 0.9 0.0 2.0 0.0 3.0
Stalk lodged plants (#/plot) 9.6 54 0:0 49.0 0.0 66.6
Root lodged plants (#/plot) 06 0.6 0.0 7.3 0.0 12.2
Final stand count (#/plot) 58.9 598 521 63.0 48.8 71.2
Grain moisture (%) 19.6 19.4 16.3 25.8 7.0 33.5
Test weight (Ib/bu) 56.0 56,7 49.1 63.7 40.5 71.8
Yield (bu/ac) 1268 125.7 31.7 203.5 0.0 374.8

! Reference range = Minimum and maximuni.values among the T4 individual reference means.
% 99% tolerance interval with 95% confidence.

No statistically significant differences-were deétected-between MON 89034 and the control at p<0.05.
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VII.A.3.d. Evaluation of Ecological Interactions

In the two years of field trials for evaluation of phenotypic and agronomic characteristics
of MON 89034, observational data on the presence of and differential response to biotic
(insects, diseases) and abiotic (drought, wind, nutrient deficiency etc.) stressors were also
collected to examine the ecological interactions of MON 89034 compared with those of
the conventional control corn. The observed stressors were “natural” (i.e., no artificial
infestation or interference was used). Therefore, the same stressors were not necessarily
observed at each field site.

Ecological interactions were assessed qualitatively. Observation of plant interactions
with insect pests and diseases, and plant responses to abioti¢ stressors ‘were, collected
from each of the 18 field locations in 2004 and'2005. The purpose of’these evaluations
was to assess whether plant-insect or plant<disease interactions,.or plaat response to
abiotic stressors of MON 89034 were altered compared’to the conventiohal-contrél-corn.
For the plant-insect interactions, plant-disease intetactions, and-plant fesponses-to abiotic
stressors, the reported values represent the range of ratings observed’across the three
replications at each site. MON-89034“and“the control “were considered qualitatively
different in response to a stressor'if the ratings between MON 89034 and the control corn
did not overlap across all thre¢ replications for that particular stressor (e£” “none” rating
vs “slight-moderate” rating). CThe~ratings* observed among the~commercial reference
hybrids provide qualitative~assessiment data commonCto the crép for each stressor
assessed.

In the 2004. field trials, “across the. nine\field’ locationss)l1 insect and other animal
categories {species ot group), 12 disease categories (species or group), and eight abiotic
stressord categories awerecevaluated »(Table-VII-9). “For the plant-insect or plant-other
animal interactions, no q*ualitative differences were observed between MON 89034 and
the control among the 37 ‘plant-ihsect-or plant-ether animal interactions evaluated (Table
VII-9). Itshould be noted.that inthese field, trials, efficacy testing of MON 89034 was
not the Objective. »The entire(plot-area at'cach location would have been treated with
insecticides if needed, as.indicated by,the insect pressure in the control and reference
plots observed: Thats, it'is'notunexpected when no difference was observed for the plant
response to“lepidopteran insectsclike corn borer between MON 89034 and the control
corn. For plant-diSeasezinteraction, no qualitative differences were observed between
MON<89034 and the.controlfor 52 out of the 54 interactions assessed (Table VII-9). At
the\-TA and IN=DAdocations a slight incidence of ear rot was observed in the control and
fio ear'rot was observed in MON 89034. This difference was not observed at the other 7
locations where ear rot data were recorded.

For the plant-abiotic stressor interactions, no qualitative differences were observed
between MON 89034 and the control for 35 out of the 38 interactions assessed (Table
VII-9). At the seedling stage at MO-BE, excess moisture stress was not observed in

" The number of interactions is on a per stressor/test location/plant growth stage basis. For example, aphids
were assessed at the IA and MO-BE sites, both during the reproductive stage. This was counted as two
interactions.
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MON 89034, while a slight incidence of excess moisture stress was observed in the
control. Excess moisture stress was assessed at various growth stages at four sites, but
differences between MON 89034 and the control were only observed at MO-BE. This
qualitative difference was likely due to the lack of uniformity of moisture (i.e., standing
water) across plots at MO-BE. Wind damage was assessed at various growth stages at
six sites, but differences between MON 89034 and the control were only observed at 1L-2
and MO-BE. At IL-2, during harvest, wind damage was not observed in MON 89034,
while slight wind damage was observed in the control. At the reproductive stage at MO-
BE, slight wind damage was observed in MON 89034, while no wind damage was
observed in the control. This qualitative difference was not considered biologically
meaningful since there was no consistent trend observed between MON 89034 and the
control regarding to the response to wind damage across sites where differences were
observed. Furthermore, no differences were observed between MON" 89034 and the
control at four additional sites where wind damage was assessed (Table V.H-9),

In Study-1 of the 2005 field trials, a total of 6 insect gategories (speci€s or group), 8
disease categories (species or group),\and 7 dbiotic stressors were, evalaated (Table VII-
10). Within these categories, 16 _plant-insectrintera¢tions; 24, plantdisease interactions,
16 plant responses to abiotic stréssors.-werelevaluated: ' For.the plant-disease interactions
or plant-abiotic stressor interactiefis, no qualitativecdifférences“wete ‘observed in MON
89034 plant responses cothpared to the control (Fable-VII=10).-For the 16 plant-insect
interactions evaluated, four qualitative difterences-were observed. between MON 89034
and the control for gorn borer dnd cormn eatworn¥dandage (Table VII-10). Specifically,
corn borer and corn earworm-damages-werenot ebserved onsMON 89034 while slight
damage was_obseryéd inthe, control at MIvand, Wl “Fhis~was expected because of the
introduced lepidopteransprotection-trait:-for MON 89034, If there was lepidopteran insect
pressure (such as._corn borer or corfv earworm)-andif insecticide application was not
conducted in a timely-fashion, one would expect.to see the difference between MON
89034 (resistarit'to lepidopteran‘insects) and thecgontrol corn (susceptible to lepidopteran
insects).

In Study-2 of 2005 field trials, a total 0’9 insect and other animal categories (species or
group), 7 disease categories (species-or group), and 5 abiotic stressors were evaluated
(Table VII<11),, Within these catégories, 21 plant-insect and other animal interactions,
30 plant=disease int€ractions and 19 plant responses to abiotic stressors were evaluated
and, no qualitative differencés were observed in the ecological interactions of MON
89034 compared to-those of the control (Table VII-11).

In summary, based on 255 comparative observations recorded over 2 years, no consistent
differences were observed across sites between MON 89034 and the control in their
susceptibility or tolerance to the ecological stressors assessed during 2004 and 2005 field
trials. These results support the conclusion that compared to the conventional corn, the
ecological interactions between MON 89034 and insects, diseases, and abiotic stressors
were not altered except for the introduced lepidopteran-protection trait.
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Table VII-9. Ecological stressor incidence of MON 89034, the control, and references in 2004 field trials

Seedling Vegetative Reproductive Harvest
Stressors Sites* Test Contr. | Ref. Test Contr. | Ref{ Test Contr. [ Ref. Test Contr. | Ref.
Insects

Aphids 1A — — — — — - NO NO NO-MOY — — —

MO-BE | — — — — — — SL. NO-SL < ’NO=SI. |/& — —
Armyworm' IL-1 — — — — — — NO NO NO — — —

IL-2 NO NO NO — — — - o — — — —

MO-CL | — — — NO-SL_4{"NO NO-SI~¢ — — < NO NO NO
Corn borer’ IL-1 — — — — S - =\ — - NO NO NO-SL

IL-2 NO NO NO NO NO, NO — - — NO-SL | SL NO-SL

MN-GE | NO NO NO NO NO-SL (\NO NO NO-SL |-NO-SL | NO-SL | NO-SL | NO-SL

MO-BE | — — — NO=SL _|. NO NO-SL_(H— - — — — —

NE — — — NO NO NO - — — NO NO-MO | NO-MO

OH — — - NO NO NO NO NO NO NO NO NO
Corn earworm IN-DA | — — — X — ~— — - — NO-SL | SL SL
Corn rootworm | IN-DA | SL-MO | SL-MO,’| SLEMO:. ((SL-MO | SL-MO.\) SL-MO {}SL. SL SL-MO | — — —

NE — — e < — —- NO NO NO — — —
Cutworms’ 1A NO NO NO. D - > & — — — — —

IN-DA | NO NO NO — - - — — — — — —

MO-BE | NO-SL | NO-SL <’NO:SD |%— — — — — — — — —

NE NO NO NO — (= - — — — — — —
Flea beetles MO-CL | NO NO:SL (ONO-SI: " | -4 - = — — — — — —

OH NO NO NO — — — — — — — — —
Grasshoppers 1A — — > NO NO-SE | NO-SL | — — — — — —

MO-BE | — — — = - — — — — NO NO-SL | NO-SL

MO-CL | — — - — > — NO NO NO — — —
Japanese beetles | IL-1 — £ — NO NO NO — — — — — —
Wireworms 1L-1 NO NO NO — — — — — — — — —

Seedling, vegetative, reproductive, and harvest-referto different growth stages. Test = MON 89034; Contr. = Control corn; Ref. = Reference corn; NO = None;
SL = Slight; MO = Moderate; SE =Severe,~Dash-(—).denotes no observations taken. The severity of stressor symptoms per plot were rated using the following
scale: 0 = none (no symptoms ebserved);’1-3-= slight-(symptoms observed but not detrimental to plant growth and development), 4-6 = moderate (intermediate
between slight and severe), and7-9 Sseverd(symptoms observed and detrimental to plant growth and development). ' Including fall armyworm. * Including
European corn borer. * Including black cutworm.® Refer to Table VII-5 for test site descriptions. Table VII-9 continues on next page.
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Table VII-9 (continued). Ecological stressor incidence of MON 89034, the control, and references in.2004 field trials

Seedling Vegetative Reproductive Harvest
Stressors Sites Test Contr. | Ref. Test Contr. | Ref. Test Contr. -} Ref. Test Contr. | Ref.
Other animals
Rodents IL-1 NO-SL | NO-MO | NO-MO | — — — — — — = — —
Diseases
Anthracnose MO-CL | — — — NO NO NO. - — — — — —
Ear rot’ 1A — — — — S = — P - NO SL NO-MO
IL-1 — — — — — — = — — NO-SL | SL SL-MO
IL-2 — — — — - - — - — NO NO-SL | NO-SL
IN-DA | — — — > — — £ — - NO SL SL
MN-GE | — — — — — — — — — NO NO NO
MO-BE | — — — — — — — — — SL NO-SL | NO-SL
MO-CL | — — - — — — — S5 — NO-SL | SL NO-SL
NE — — — - - — - — — NO NO NO
OH — — - < — — — — — NO NO NO-SL
Eyespot MO-CL | — — — — — — NO-SL | NO-SL | NO-SL | — — —
Fusarium MN-GE | NO NO NO — — — — — — — — —
Gray leaf spot 1L-2 — — — NO NO. NO SL SL SL — — —
IN-DA | — — — — — - — — — SL SL SL
MO-BE | — — — NO-SE~] NO-SL /A NO-SL | NO-SL | NO-SL | NO-SL | — — —
MO-CL | — > — — >~ — — — — SL SL SL
Leaf blight 1A — — — SL NO-SL | SL — — — — — —
IN-DA | — — Q — \3 — SL SL SL — — —
MN-GE | — —— — — — — — — — NO-SL | NO-SL | NO-SL
NE — — - — — — NO NO NO — — —
OH — — — > — — — — — NO NO NO

> Ear rot data collected on 5 plants/plotafall sites.
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Table VII-9 (continued). Ecological stressor incidence of MON 89034, the control, and references in.2004 field trials

Seedling Vegetative Reproductive Harvest
Stressors Sites Test Contr. | Ref. Test Contr. | Ref. Test Contr. -~} Ref: Test Contr. | Ref.
Diseases
Pythium 1A NO NO NO — — — SN —X N i — —
IL-2 NO NO NO — — — — — — ~ — —
IN-DA | NO NO-SL | NO-SL | — — — & — L — — —
MO-BE | NO-SL | SL NO-SL | — - 5 — - - — — —
Root rot 1L-1 NO NO NO — — — — — S5 — — —
Rust 1A — — — — > — NO NO NO-SL | SL-SE | SL-SE | SL-MO
IL-1 — — — SL SE SL - — — — — —
IL-2 — — — — — o SL, SL SL — — —
IN-DA | — — — S SL SL-MO |— — — — — —
MN-GE | — — - NO NO NO-SLEC}'SL SL SL SL SL SL
MO-BE | — — — = = — — — — SL-MO | MO SL-MO
MO-CL | — — gas < — & — — — SL-MO | SL-MO | SL-MO
NE — — — NO NO NO e — — — — —
OH — — — NO NO<SL |.NO-Slg, | NO NO-SL | NO-SL | — — —
Seedling blight | MO-CL | NO NO NO — - — — — — — — —
OH NO NO NO — o A — — — — — —

Table VII-9 continues on next page.
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Table VII-9 (continued). Ecological stressor incidence of MON 89034, the control, and references in.2004 field trials

Seedling Vegetative Reproductive Harvest
Stressors Sites Test Contr. | Ref. Test Contr. | Ref. Test Contr. -} Ref. Test Contr. | Ref.
Diseases
Stalk rot® 1A — — — — — — Q —x N NO-SL | NO-SL | NO-SL
IL-1 — — — — — — — — — NO-SL | NO-SL | NO-SL
IL-2 — — — — — — — — — NO-SL | SL-MO | SL-MO
IN-DA | — — — — - - — — - NO NO NO
MN-GE | — — — — - — — — 5 NO-SL | NO-SL | NO-SL
MO-BE | — — — — < - - — — NO-SL | SL NO-SL
MO-CL | — — — = —— — —— — — SL SL-MO | SL
NE — — — = — L= - — — NO NO NO
OH — — — ~ — — — - — SL SL SL
Stewart’s wilt IL-1 — — ~— N — o NO. NO NO — — —
NE NO NO NO A — — - — — — — —
Abiotic
Cold weather MO-CL | NO NO NO — — — — — — — — —
Compaction OH NO NO NO NO NO-ST | NO-SL, — — — — — —
Drought-Heat 1A — — = — — — NO NO NO — — —
1L-1 — — — NO NO NO NO NO NO — — —
1L-2 NO NO NO NO NO NO — — — — — —
IN-DA | — — — e — — NO NO NO — — —
MO-CL | — — > — — — NO NO NO — — —
OH — — — - — — NO NO NO — — —
Frost IN-DA | — — — — — — — — MO MO MO
Hail 1L-1 NO NO NO. — — — — — — — — —
NE NO NO NO NO NO NO NO NO NO NO NO NO

6 Stalk rot data collected on 5 plants/ptot at'all sites? The ranges-of the mean plot ratings are presented in this table. At IL-1, IL-2, and NE, stalk rot data were
collected both on a per plot basis andcon’ 5 plants/plot. For these sites, the mean ratings from the 5 plants/plot were combined with the overall plot ratings and
the ranges are presented in this table, Table VII-9 continues on next page.
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Table VII-9 (continued). Ecological stressor incidence of MON 89034, the control, and references in.2004 field trials

Seedling Vegetative Reproductive Harvest
Stressors Sites Test Contr. | Ref. Test Contr. | Ref. Test Contr. -} Ref. Test Contr. | Ref.
Abiotic
Nutrient MN-GE | NO NO NO — — — SP. Sk, SL NO-SL | NO-SL | NO-SL
Excess moisture | 1L-2 NO NO NO — — — — - — s — —
IN-DA | — — — SL NO;SL .| .NO-SIx |.~< — — — — —
MN-GE | NO NO NO NO-SL }kNO NO-SL j— - — — — —
MO-BE | NO SL NO-SL | NO NO NO-SL< | NO NO NO-SL | — — —
Wind 1A SL SL SL NO NO NO-SL . (y— — — NO NO NO
IL-1 NO NO NO — — — — L — NO NO NO
IL-2 — — — — — — — P — NO SL SL-MO
MO-BE | — — — — — - Sk NO NO-SL | NO-SL | NO NO-SL
MO-CL | — — — NO NO NO 2 — — NO NO NO
OH — — — — — - - — — NO NO NO
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Table VII-10. Ecological stressor incidence of MON 89034, the control, and references in Study-1 0f2005 trials

Seedling Vegetative Reproductive Harvest
Stressors Sites® | Test Contr. | Ref. Test Contr. | Ref. Test Contr. | Ref. Test Contr. | Ref.
Insects
Corn borer' | MI — — — NO SL |NO-SL | NO SL SL — — —
MN — — — NO NO NO NO NO NO NO NO NO
NY — — — — — o —- = X NO NO NO
WI — — — NO SL NO-SL = — — NO NO-SL | NO-SL
Corn
earworm MI — — — — — — - — — NO SL SL
Corn
rootworm NY NO NO NO — — — NO NO NO — — —
WI NO NO NO — — — — e — — — —
Cutworm” MI NO NO NO — ) — > — — — — —
MN NO NO NO — - = = — — — — —
Grasshopper | WI — — — — - — NO NO NO — — —
Stalk borer NY — - — NO NO NO — — — — — —

Seedling, vegetative, reproductive, and harvest refer-to different growth. states.“ Testy= MON 89034; Contr. = Control; Ref. = References; NO = none; SL =
slight; MO = moderate; SE = severe. Dashes (<) indicate no, obsefvations_taken» Theseverity of stressor symptoms per plot were rated using the following
scale: 0 = none (no symptoms observed), 1-3slight)(symptoms.@bserved but not detrimental to plant growth and development), 4-6 = moderate (intermediate
between slight and severe), and 7-9 = severe, (symptoms ©bserved and(detrimeéntal to.plant growth and development).
"Includes corn borer and European corn-bérer.
?Includes cutworm and black cutworth.
3 Refer to Table VII-5 for test site descriptions.

Table VII-10 continues on next page.
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Table VII-10 (continued). Ecological stressor incidence of MON 89034, the control, and references in’'Study-1 of 2005 trials

Seedling Vegetative Reproductive Harvest
Stressors Sites Test Contr. Ref. Test Contr. Ref. Test Contr. Ref, Test Contr. Ref.
Diseases

Ear rot’ MI — — — — — — a — A NO-SI | NO-SL NO-SL
MN — — — — — — — - — NO-SL NO-SL NO-SL
NY — — — — - L - — - NO NO NO
WI — — — — < — — — > NO-SL NO-SL NO-SL

Eyespot WI — — — — — — NO NO NO — — —

Northern leaf

blight NY — — — NO NO NO NO NO NO NO NO NO

Pythium MI NO NO NO — — —= — = — — — —
NY NO NO NQ — —= — o — — — — —

Rust® MI — — ~ NO NO NO NO NO NO — — —
MN — — —& NO NO NO SL SL NO-SL SL SL SL
WI NO NQ NO — — — — — — — — —

Seedling

blight MN NO NO NO — — — — — — — — —

* Ear rot data collected from 5 plants/plot at each site. (The rarges of the individyal'plant fatings at each site are presented in this table.
> Includes rust and leaf rust.

Table VII-10 continues on next page.
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Table VII-10 (continued). Ecological stressor incidence of MON 89034, the control, and references in’'Study-1 of 2005 trials

Seedling Vegetative Reproductive Harvest
Stressors Sites | Test Contr. | Ref. Test Contr. | Ref. Test Contr. | Ref, Test Contr. Ref.
Diseases

Smut MI — — — — — — — — — NO NO NO-SL
WI — — — NO NO NO —< — - NO-SL NO NO-SL

Stalk rot’ MI — — — — ¢ %~ - — -5 NO-SL | NO-SL | NO-SL
MN — — — — — — < — — NO-SL | NO-MO | NO-MO
NY — — — — — o - ~— - NO NO NO
WI — — — — — — g —£ — NO-MO | NO-SL NO-SL

Abiotic

Cold stress NY NO NO NO — — — — — — — — —

Drought’ MI — — — NO NQ NO NO NO NO — — —
NY — — ~— — — - NO NO NO NO NO NO
WI NO NO NO NO NO NO — > — NO-SL NO-SL NO-SL

Frost MI — — — — — — = — — NO NO NO

Heat stress NY — — — NO NO NO —x — — — — —

Herbicide

injury MI NO-SL NO NO-SI, - == o — — — — — —
MN NO NO NO-SL — - S — — — — — —

Nutrient

deficiency* | MN — — — NQ@ NO NO SL SL SL SL SL SL

Wind WI — — — - - — NO NO NO — — —

® Data collected from 5 plants/plot at each sife.’ The\ranges of théZindiyidual plant ratings at each site are presented in this table.
7 Includes drought and drought/heat.

¥ Includes nutrient deficiency and nitrogen deficiency:
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Table VII-11. Ecological stressor incidence of MON 89034, the control, and references in Study-2 of 2005 trials

Seedling Vegetative Reproductive Harvest

Stressors Sites® Test Contr Ref Test Contr Ref Test Contr Ref Test Contr Ref

Insects

Aphids IL-S — — — — — — MO MO MO-SE’ | NO-SL NO NO-SL
MO — — — — — — SE. SL SL — — —

Black

cutworm 1A NO-SL SL NO-SL — = — — = — — — —
IL-N NO NO NO — — — = S — — — —
MO NO-SL | NO-SL | NO-SL — — e — — =< — — —
NE NO NO NO <L - — = - — — — —

Corn borer' | IA — — — = — & 2 7 — SL SL-MO | SL-SE
IL-N — — — SL SC SL SL SDh NO-SL SL SL-MO | NO-MO
MO — — ~ NQOQ=SL | NO-SI-| NO-SIs < — — — — —
NE — — — NO NO NO — — — — — —

Corn

earworm MO — = — — — — L — — SL-MO MO SL-MO

Corn

rootworm” | TA — — i X — —— NO-SL | NO-SL | NO-SL — — —
NE — — <5 — — =~ NO NO NO-SL NO NO NO

Grasshopper | IL-S — — — — — — NO-MO | NO-SL | NO-MO — — —

Japanese

beetle IL-S MO SL-MO |. SL-MO — — — — — — — — —

Leaf hopper | IA — — —< SL SE NO-SL — — — — — —

Seedling, vegetative, reproductive, and haryest refento different-growtl stages. Contr = Control; Ref = References; NO = none; SL = slight; MO = moderate; SE
= severe. Dashes (—) indicate no observations:fakenon'stressor. The severity of stressor symptoms per plot were rated using the following scale: 0 = none (no
symptoms observed), 1-3 = slight (symptoms)observed but.not-detrimental to plant growth and development), 4-6 = moderate (intermediate between slight and
severe), and 7-9 = severe (symptoms-obseryed and-detrimiental to plant growth and development).
" Including European corn boret.
? Including corn rootworm adults.
3 Refer to Table VII-5 for test site descriptions.

Table VII-11 continues on next page.
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Table VII-11 (continued). Ecological stressor incidence of MON 89034, the control, and references in’Study-2 of 2005 trials

Seedling Vegetative Reproductive Harvest
Stressors Sites Test Contr Ref Test Contr Ref Test Contr Ref Test Contr Ref
Diseases
Anthracnose 1A — — — NO NO-SL |.\NO-SL SE SI SL SL-MO SL SL-MO
IL-S — — — — — — — = — SE MO-SE MO-SE
MO — — — SL ST SL — ~c L — — —
Blight' 1A NO-SL | NO-SL | NO-SL
IL-N NO NO NO — ) - hE - - — — —
IL-S NO NO NO — — —— SE SD-M@ Y SIe=MO — — —
NE — — — — = — NO NO NO — — —
Ear/kernel rot” | 1A — — — A — — o — — NO NO-SL | NO-SL
IL-N — — N — > - — N — NO-SL | NO-MO | NO-MO
IL-S — — =N \Y £ ~ D — — NO-SE | NO-MO | NO-SE
MO — — — —= — - — — — NO-SE SL-SE SL-SE
NE — ~ = — — — 5 — — NO NO NO
Fusarium MO NO-SLY{"NO-SL NO — e - — — — — — —
NE NO NO NO. NO NO NO — — — — — —
Gray leaf spot | IA — — — == > — — — — MO MO MO-SE
IL-N — i — >~ =4 — NO NO NO SL SL SL
MO — — > — — — SL SL SL SL-MO MO SL-MO
NE — — — — — — — — — SL SL SL-MO
Rust IL-N — — > Sk SL SL — — — — — —
Stalk rot’ 1A — 2 —@ N — — — — — NO-SL | NO-SE | NO-SL
IL-N — =K - — — — — — — NO-MO | NO-SE | NO-MO
IL-S ~ > . — — — — — — SL-SE SL-SE SL-SE
MO - = — — — — — — — NO-SL NO-SL | NO-MO
NE = P — — — — — — — NO-SL NO-SL NO-SL

* Including seedling blight, pythium, southern leaf blight, and northern corn leaf blight. ° Data collected on 5 plants/plot at each site. The ranges of the individual
plant ratings are presented in this table.
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Table VII-11 (continued). Ecological stressor incidence of MON 89034, the control, and references in’Study-2 of 2005 trials

CBI Deleted Version

Seedling Vegetative Réproductivé Harvest
Stressors Sites Test Contr Ref Test Contr Ref Test Contr Ref Test Contr Ref
Abiotic

Drought’ 1A — — — NO NO NO SL SL SENO MO MO MO-SE
IL-N NO NO NO MO MO MO, MO MO MO — — —
IL-S MO-SE | MO-SE | MO-SE — — — SE MO-SE SE — — —
MO — — — MO-SE () MO-SE | MO-SE SE MO-SE |\ MO-SE | MO-SE | MO-SE | MO-SE
NE — — — — o = NQ NO NO NO NO NO

Nutrient

deficiency IL-N — — — —= — — —= — — NO NO NO

Soil

compaction | NE SL SL Sk SL SE Sk, — — — — — —

Wet soil MO SL SL NO-MO — — — — — — — — —

Wind 1A SL SL Sk — o — — — — — — —
IL-S — —£ — S — — — — — MO-SE | SL-SE MO-SE

Other
Deer
damage NE — — — — — ~ — — — NO NO-SL NO-SE
% Including drought/heat.
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VIIL.B. Compositional Assessment of MON 89034

Compositional analyses were conducted to assess whether the nutrient, anti-nutrient and
secondary metabolite levels in the grain and forage tissues derived from MON 89034 are
comparable to those in the conventional control corn which has a genetic background
similar to MON 89034. Additional conventional corn hybrids (references) currently in
the marketplace were also included in the analysis to establish a range of natural
variability for each analyte, where the range of variability is defined by a 99% tolerance
interval for that particular analyte. Results of the comparisons indicate that M@N 89034
is compositionally and nutritionally equivalent to conventional corn hybrids:currefitly in
commerce.

In 2004, grain and forage tissues of MON 89034 and_conventional-control corn were
harvested from plants grown in three replicated plots at’éach of five field sites? The field
sites were located in regions of the U.S. that are conducive t6) the growth of corn, and
representative of commercial corn production. . The five test'sites were» Site”1-Jefferson
County, IA; Site 2-Jersey Countyg,IL;Site.3xWarten County,.IL;-Site 4-York County,
NE; and Site 5-Fayette County,” OH: Fifteen' conventighal eorn hybrids were also
included as references by growing“three different hybrids-at each of five Gites for a total
of 15 references. These~teference corn hybridsowere-included-to provide data for the
development of a 99%- tolerance interval for, each-component analyzed. This tolerance
interval is expected-to contain, ‘with.95% confidence,;99% of the values obtained from
the population of commereial corns. ~ isdmpertant.to establish the 99% tolerance
interval from répreséntative-coniventional ¢orn hybrids-tfor/¢ach of the analytes, because
such data illustrate the:.compositionial variability that naturally occurs in commercially
grown (varieties. . By .compafison-to the' 99% telerance interval, any statistically
significant differénce between MON 89034 and the‘control may be put into perspective,
and can be assessed-for biological .rélevaice in“the context of the natural variability in
corn.

The.ecompositional analyses were-conducted on a total of 77 components - nine in forage
and 68 in grai.” Components were selected based on recommendations from the OECD
(OECD, 2002). . Composittonal analyses of the forage samples included proximates
(proteinyfat, ash, .and moisture), acid detergent fiber (ADF), neutral detergent fiber
(NDE)," minerals) (calciumy”and phosphorus), and carbohydrates by calculation.
Composgitional analyses of the grain samples included proximates (protein, fat, ash, and
moisture), ADF; NDF, total dietary fiber (TDF), amino acids, fatty acids (C8-C22),
vitamins (B, B3, Be, E, niacin, and folic acid), anti-nutrients (phytic acid and raffinose),
secondary metabolites (furfural, ferulic acid, and p-coumaric acid), minerals (calcium,
copper, iron, magnesium, manganese, phosphorus, potassium, sodium, and zinc), and
carbohydrates by calculation. Methods for analysis were based on internationally-
recognized procedures and published literature.

Statistical analyses of the compositional data were conducted using a mixed model
analysis of variance with data from each of the five sites, and a combination of all five
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field sites. Each individual analyte for MON 89034 was compared to that of the
conventional control, for the combination of all five sites (i.e., the combined-site) and for
each of the five sites. The statistical significance was defined at the level of p < 0.05. Of
the 77 components analyzed, 16 components had greater than 50% of the analytical
values that were below the limit of quantitation (LOD), and were not included in the
statistical analyses.

Statistical analyses of the remaining 61 components were conducted for comparison of
MON 89034 with control corn. The overall data set was examined for evidence of
biologically relevant changes. Based on this evaluation and the results of statistical
analyses, analytes for which the levels were not statistically different were deemed>to be
present at equivalent levels between MON 89034-and the confrol. Analyses using data
from the combination of all five sites (combined-site) indicated that there” were no
statistical differences for 58 of the 61 components. Details of the combined-site-analysis
results are provided in Appendix G. Analyses using“data from the fivesingle’ sites
indicated that there were no statistically ‘significant<differences in 261.-out of the 305
comparisons made between MON 89034 apnd’the-control:

Table VII-12 shows all the (Statistical«differencesyin both ~the eombined-site and
individual site (total of 5 sites).amalyses. ~For the combined<sit&. analyses, statistical
differences between MON"89034 and control corn ;were-observed for three analytes,
which included phospherus in, forage, and 18:0 stearic and 20:0" arachidic acids in grain.
The differences observedcare generally small<(3:4:= 19.2%) ‘considering the natural
variability, and the mean levels and ranges Of these analytes,of MON 89034 are well
within the 99%-toletance intervalsfor commescial «corn. ~The levels of phosphorus in
forage, and 18:0 stearic:and 20:0, arachidic acids in‘grain, were also within the ranges in
the International Life’Sciences dnstittite (HSI) EropComposition Database (ILSI-CCD,
20006), as well within published literature ranges. Therefore, it is concluded that MON
89034 and the~control corn afe compositionally equivalent based on analyses of the
combined-site data.  The repotted-JLSIkand published literature ranges for the analytical
components presentdin corn are-summarized in Appendix G.

The reproducibility @nd -ttends-at individual sites were also examined, and comparisons
made to conventionalcorp;hybrids using the 99% tolerance intervals. Of the 44
statistical-differences observedin the individual site analyses, 33 were only observed at
one site (outof the total of-5’sites). There were no consistent trends and the mean and
ranges of the analytes in MON 89034 were well within the 99% tolerance interval for
conventional'coril.” The mean levels and ranges for calcium and methionine in grain were
slightly outside'the 99% tolerance interval but within the ILSI database. It is concluded
that these differences are not biologically significant. Of the remaining 11 differences
observed at more than one site, there were no analytes that were consistently and
statistically different across five or four sites. In addition, there were no analytes that
showed statistically significant differences in three sites that had not been previously
observed to be different in the combined-site analysis.  Statistically significant
differences were observed in as many as two sites for three analytes (carbohydrates,
copper, iron), which were not previously found to be different in the combined-site
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analysis. For carbohydrates and iron, the observed differences from the control were
small and lower at one site and higher at the other site. As there is no evidence of any
reproducibility across sites, it is concluded that the statistical differences are not
biologically relevant for carbohydrates and iron. For copper, the differences for MON
89034 were higher than the control at both sites. The observed differences are small in
magnitude, and the mean levels and ranges of MON 89034 are well within the 99%
tolerance interval. Therefore, it is concluded that the statistical differences for copper are
not biologically relevant.

Based on the data and information presented above, it was concluded that corn grain and
forage derived from MON 89034 are compositionally and nutritionally gquivalent to
those of conventional corn. The few statistical differences between MON” 89034 and
control corn likely reflect the natural variability of the components sinee themean levels
of analytes for MON 89034 are well within the 99% tolerance intervals.for conventional
corn, and/or within the ranges in the ILSI database (ILSI-CCD, 2006) and the¢ scientific
literature.
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Table VII-12. Summary of differences (p<0.05) for the comparison of corn component levels for MON 89034 vs the control
and commercial references

Mean Difference
(Test minus Control)

A . N MON 89034 Control % of Significafice MON'89034 Commercial

nalytical Component (units) 2
Mean Mean Control (p-Value) (Rangg) Tolerance Int.

Statistical Differences Observed in Combined-site Analyses

Mineral

Forage Phosphorus (% DW) 0.25 0.21 19.24 001 (0.22-£0.32) [0.071,0.32]

Fatty Acid

Grain 18:0 Stearic (% Total FA) 1.89 1582 3.97 0.002 (1579 £ 2.03) [0.86,2.98]

Grain 20:0 Arachidic (% Total FA) 0.39 0.38 343 <0.001 (0.360.42) [0.23,0.54]

Statistical Differences in More Than One Site

Proximate

Site IA Grain Carbohydrates (% DW) 8338 84.52 -1.34 0.008 (83.29 - 83.55) [81.08,88.80]
Site OH Grain Carbohydrates (% DW) 84.26 83.8 0.55 0.009 (83.99 - 84.59) [81.08,88.80]
Mineral

Site IL-1 Grain Copper (mg/kg DW) 176 136 2935 0.023 (1.51-2.21) [0,4.20]
Site NE Grain Copper (mg/kg DW) 215 1.67 28.66 0.023 (1.92 -2.38) [0,4.20]
Site IL-1 Grain Iron (mg/kg DW) 20:86 19.48 741 0.048 (19.23 - 21.79) [8.88,34.51]
Site OH Grain Iron (mg/kg DW) 21237 25.74 -17 0.006 (20.59 - 21.76) [8.88,34.51]
Fatty Acid

Site IL-1 Grain 18:0 Stearic (% Total FA) 1.96 1782 7.94 <0.001 (1.89-2.02) [0.86,2.98]
Site IL-2 Grain 18:0 Stearic (% Total FA) 198 1.82 9.05 <0.001 (1.93-2.03) [0.86,2.98]
Site IL-1 Grain 20:0 Arachidic (% Total FA) 0.41 039 523 0.007 (0.40 - 0.42) [0.23,0.54]
Site IL-2 Grain 20:0 Arachidic (% Total FA) 0:39 0.37 6.83 0.021 (0.38 - 0.40) [0.23,0.54]
Site OH Grain 20:0 Arachidic (% Total FA) 0.38 0.37 3.12 0.035 (0.38-0.39) [0.23,0.54]

'DW = dry weight; FW = fresh weight} FA==fatty-4cid; Gombined-site = analyses of the combined data from each of the five replicated field trials.
2With 95% confidence, interval contains $9% of tii¢ valies expressed in the population of commercial lines. Negative limits were set to zero.

Table VII-12 continues on the next page.
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Table VII-12 (continued). Summary of differences (p<0.05) for the comparison of corn component levels for MON 89034 vs
the control and commercial references

Mean Difference
(Test minus Control)

A . N MON 89034 Control % of Significafice MON'89034 Commercial
nalytical Component (units) 2
Mean Mean Control (p-Value) (Rangg) Tolerance Int.
Statistical Differences Observed in One Site Only
Amino Acid
Site IA Grain Alanine (% DW) 0.88 0.81 7.83 003 (0.87-£0.88) [0.48,1.08]
Site IA Grain Arginine (% DW) 0.51 0.46 10.83 0.005 0750 - 0.52) [0.33,0.56]
Site IA Grain Aspartic acid (% DW) 0.77 071 8:66 0.003 (0.77,-'9:78) [0.43,0.90]
Site IA Grain Cystine (% DW) 0.25 0:23 7.54 0.014 (024 £ 0.26) [0.18,0.27]
Site IA Grain Glutamic acid (% DW) 2.27 2.09 866 0:011 (2.262.28) [1.25,2.75]
Site IA Grain Glycine (% DW) 0.41 0:38 6.94 0.02 (0.40- 0.41) [0.28,0.46]
Site IA Grain Histidine (% DW) 0.34 0.32 7416 0:022 0.34-0.34) [0.22,0.38]
Site IA Grain Leucine (% DW) 1.49 137 8.96 0.032 (1.48 - 1.51) [0.77,1.92]
Site IA Grain Lysine (% DW) 035 0.32 6.66 0.028 (0.33-0.36) [0.20,0.40]
Site IA Grain Methionine (% DW) 0.25 023 1.2 0.003 (0.25-0.27) [0.14,0.25]
Site IA Grain Phenylalanine (% DW) 0538 0.53 9.43 0.028 (0.57 - 0.59) [0.32,0.73]
Site IA Grain Proline (% DW) 1.05 0.98 7:29 0.028 (1.04 - 1.05) [0.68,1.21]
Site IA Grain Serine (% DW) 026 0.56 8.28 0.004 (0.60-0.61) [0.34,0.71]
Site IA Grain Threonine (% DW) 037 0.34 8.45 0.004 (0.37-0.37) [0.24,0.41]
Site IA Grain Tyrosine (% DW) 0:43 0.36 17.5 0.006 (0.42 -0.43) [0.17,0.52]
Fatty Acid
Site IA Grain 18:3 Linolenic (% Total FA) 121 134 94 0.009 (1.20 - 1.23) [0.63,1.77]
Site IL-1 Grain 16:1 Palmitoleic (% Total FA) 043 0.14 -6.87 0.012 (0.12-0.13) [0,0.28]
Site IL-2 Grain 18:1 Oleic (% Total FA) 24.75 2382 3.93 0.003 (24.14 - 25.25) [7.51,46.46]
Site IL-2 Grain 18:2 Linoleic (% Total FA) 6187 63.17 -2.07 0.001 (61.19 - 62.42) [39.41,76.74]
Site NE Grain 20:1 Eicosenoic (% Total EA) 0.28 0.29 -1.5 0.03 (0.28 - 0.28) [0.15,0.39]

'DW = dry weight; FW = fresh weight{ FA =faity acid; Combined-site = analyses of the combined data from each of the five replicated field trials.
2With 95% confidence, interval cofitains 99% of théwalugg expressed in the population of commercial lines. Negative limits were set to zero.

Table VII-12 continues on the next page.
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Table VII-12 (continued). Summary of differences (p<0.05) for the comparison of corn component levels for MON 89034 vs
the control and commercial references

Mean Difference

(Test minus Control)
A . N MON 89034 Control % of Significafice MON'89034 Commercial
nalytical Component (units) 2
Mean Mean Control (p-Value) (Rangg) Tolerance Int.

Mineral
Site IA Grain Calcium (% DW) 0.0064 0.0058 10.96 0.012 (0.0062 - 0:0066) [0.0016,0.0059]
Site IA Grain Manganese (mg/kg DW) 8.34 6.99 19.32 0:017 (7.62--9.32) [3.17,9.99]
Site IA Forage Calcium (% DW) 0.24 0.26 18.77 0.033 024 - 0.24) [0.016,0.38]
Site NE Forage Phosphorus (% DW) 0.25 07 46,95 0.036 (0.23 -0:28) [0.071,0.32]
Proximate
Site IA Grain Protein (% DW) 11.89 10.85 9.59 0.005 (11,73 -11.98) [7.54,13.13]
Site IL-1 Forage Moisture (% FW) 69.03 66,53 346 0:031 (68.50 - 69.40) [57.62,86.45]
Site NE Forage Ash (% DW) 3.2 4.39 27.12 0.021 (2.93 - 3.38) [1.93,6.31]
Site NE Forage Carbohydrates (% DW) 8816 84.98 3.74 0.004 (86.86 - 88.84) [83.05,90.74]
Fiber
Site NE Grain Neutral Detergent Fiber (% DW) 10.52 9.05 16.27 0.028 (10.43 - 10.69) [5.93,13.63]
Site OH Forage Acid Detergent Fiber (% DW) 33 23.58 32.78 0.012 (26.92 - 34.93) [16.76,43.76]
IS)‘{;)OH Forage Neutral Detergent Fiber (% 4321 37.87 14.11 0.027 (40.07 - 46.82) [25.94,55.67]
Vitamin
Site IL-2 Grain Folic Acid (mg/kg DW) 037 0.32 13.81 <0.001 (0.35-0.38) [0.012,0.69]
Secondary Metabolite
Site OH Grain p-Coumaric Acid (ug/g DW) 218.38 185.63 17.64 0.032 (187.79 - 253.04) [0,378.57]

'DW = dry weight; FW = fresh weight; FA ='fatty agid; Cotbined-site = analyses of the combined data from each of the five replicated field trials.

2With 95% confidence, interval contains,99% ofthe valués'expressed inthe population of commercial lines. Negative limits were set to zero.
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VII.C. Conclusions of Phenotypic, Agronomic, Ecological Interactions and
Compositional Assessment of MON 89034

An extensive set of information and robust data were used to assess whether the
introduction of the lepidopteran-protection trait and the expression of the Cryl1A.105 and
Cry2Ab2 proteins altered the plant pest potential of MON 89034 compared to the control.
The assessment was based on thorough phenotypic, agronomic, ecological interactions
and compositional characterization and comparison of MON 89034 to control and
conventional reference corn hybrids. Data were collected for five seed
dormancy/germination parameters, two pollen characteristics, 14 phenotypic> and
agronomic characteristics during plant growth and development, more. ‘than 70
observations for each of the plant-insect, plant disease. and plant-abigtic’ stressor
interactions, and 305 comparisons in compositional analyses.

Results from the phenotypic and agrononiic assessments;indicate that MON 89034 does
not possess characteristics that would confet a.plant pest risk ot result in meaningfully
altered ecological impact compared;to conventional ‘corn, “Data‘on ecological interactions
also indicate that MON 89034 does not confer any increased suse€ptibility or tolerance to
specific disease, abiotic stressorsy or .insects vexcept for the-introduced lepidopteran-
protection trait. Data fromi.composition anglyses‘support the.conelusion'of compositional
equivalence between MON 89034 and conventional corn-in nutritional, anti-nutritional,
and secondary metabolite Ievels‘in grain and forage. Takentogether, these data support a
conclusion that MON.\890341s not’likely to(pose. increased plant pest risk or result in
meaningfully altered‘ecological impact-compared to conventional corn.

VII.D. References

Alexander, M,P. 1980.cA’ versatilg stain for pollen fungi, yeast and bacteria. Stain
Technology. 55:13=18.

Anderson, W.P.. 1996:“Weed S€ience, Principles and Applications, 3rd ed. West
Publishing Cempany, St.Paul; MN. pp 27-37.

AOSA. 2002. Rules for Testing Seeds. Association of Official Seed Analysts. Lincoln,
NE. 166pp.

ILSIFCCD: 2006 International Life Science Institute Crop Composition Database.
Verston 3,00 Available at http://www.cropcomposition.org/

Lingenfelter, D:D. and N.L. Hartwig. 2003. Introduction to Weeds and Herbicides.
Agricultural Research and Cooperative Extension CAT UCI175. The
Pennsylvania State University, University Park, PA.

OECD. 2002. Consensus document on compositional considerations for new varieties of
maize (Zea mays): key food and feed nutrients, anti-nutrients and secondary plant
metabolites.  Organisation for Economic Co-operation and Development.
Environmental  Health and  Safety  Publications, Paris,  France.
ENV/IM/MONO(2002)25.

Monsanto Company 06-CR-166U Page 148 of 262



CBI Deleted Version

VIII. Environmental Assessment and Impact on Agronomic Practices

This section provides an environmental assessment of MON 89034 and considers the
impact of the introduced CrylA.105 and Cry2Ab2 proteins on non-target organisms
(NTOs) and endangered species, the potential for gene flow, and the weediness potential
of MON 89034. The section also provides a brief summary of the current production and
the agronomic practices for corn in the U.S., and an assessment of the impact from the
introduction of MON 89034 on the agronomic practices and insect resistance
management (IRM).

The assessment of the impact of MON 89034 and the introduced proteins<on NTOs and
endangered species concludes that risk to these arganisms from the use-0f MON 89034 is
negligible. This risk assessment took into considerationzseveral components,-including
familiarity with the mode of action of Cry, proteins; thé-activity spectra-of theCrydA.105
and Cry2Ab2 proteins; the expression“levels of the’ twdproteins, i’ MON 89034; the
environmental fate of the proteins;-the lack ef>Synergistic“or,antagonistic’interaction
between the two proteins; and feeding tests with each of the two proteins.or MON 89034
corn materials to representative fion-target-organisms,

The evaluation of weedingss petentidland'geneflow coneludes-that MON 89034 is no
more likely to become a“weed than conyentional coin, and’MON 89034 is expected to be
similar to conventional corti regarding the potentrdl fot“gend-tlow. "Pollen-mediated gene
flow would be expected-to eccur only withinultivated ¢orn.in, the U.S. The probability
for horizontal gene flow is‘exceedingly small. Eyen dftit were to occur, the consequences
would be negligible sinee the genes intreduced into'-MON 89034 are of bacterial origin
and the two Cry proteins.produced-have-no medningtul toxicity to humans and other
NTOs under the conditions of use.

An assessmient of” current. ¢orn -agrononiic spractices indicates that the introduction of
MON 89034 will (mot impaet - the~currgnt U.S. corn cultivation practices and the
management of weeds, diseases and insects except for the control of lepidopteran insect
pests. In addition, MON.89034:will-provide an effective IRM tool due to the production
of both the.Cryl A.105and €ry2Ab2 proteins in a single plant.

VIILA: Environmental Asséssment of the CrylA.105 and Cry2Ab2 Proteins

VIILA.1. Mode-of Action of CrylA.105 and Cry2Ab2 Proteins

The history of safe use of Bt microbial pesticides and Bt crops and the well understood
mode of action of Bt Cry proteins are important considerations in the environmental
safety assessment of these proteins. Bt microbial pesticides have been used for several
decades. Bt corn producing CrylAb or CrylF (YieldGard®, Herculex® I) and Bt cottons

® YieldGard and Bollgard are trademarks of Monsanto Company. Herculex and WideStrike are trademarks
of Dow AgroSciences LLC.
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producing CrylAc, CrylF, and Cry2Ab2 (Bollgard®, Bollgard® 11, WideStrike®) have
been in commerce for up to a decade.

As discussed in Section VI, MON 89034 produces two Cry proteins — CrylA.105 and
Cry2Ab2. CrylA.105 is a full-length Cry1 protein (protoxin) with a molecular weight of
133 kDa. It is a chimeric protein which consists of domains I and II from CrylAb or
CrylAc, domain III from CrylF, and the C-terminal domain from CrylAc. The
Cry2Ab2 protein produced in MON 89034 is also derived from Bt and shares 99.8%
sequence identity with the wild-type Cry2Ab2 differing by one single amino acid.

The general mode of action of Bt Cry proteins is well understood. The: bactgrially-
produced crystal proteins are first solubilized in the insect midgut, followed by.dctivation
of the protoxins (full-length proteins) to active~toxins (proteolytic. resistant Cores) by
midgut proteases. A similar process occurs when Cry proteins areCexpressed-in’ plants.
The activated proteins then bind to midgut- membran@ receptors;in susceptible ifisects,
insert into the apical membrane and fotm“pores. ‘Formation of the pores_causes loss of
osmotic regulation, and eventually leads toeelldysis, which.is thought“to be’responsible
for insect death (Gill et al., 1992; Schnepfet.al,;'1998; Zhtiang.and Gill, 2003).

Cry1 protoxins (such as Cryl Ab, Cryl Ac; and €rylF) are-13046" 140.kDadn size, and are
activated by proteases to'actiye. corés of, 65 to70 kDa. ~The ¢rystal*solubilization is
facilitated by an alkaline pH: The typical midgut.pH is-betweenc9-11 in lepidopteran
larvae. During the solubilizatiow and activation 'of Cryl préteins, an N-terminal peptide
of 25-30 amino acids.and approximately-half of the-sequences from the C-terminus are
cleaved (Choma et al:, 1990; Gill et.al., 1992; Schnepf et-al., 1998; Bravo et al., 2002;
Zhuang and “Gill, 2003)) The rol¢’ of-the Csterminal domain is believed to be in the
formation-of crystalline .inclusion’bodics withincthe Bt bacterium and is not required for
insecticidal activity® (Rark et al., 2000;.De Maagd-et al., 2001). The 25-30 amino acid
residues at the N-terminus,play‘a role’in promoting crystallization of the protoxin in the
bacterium, but de-not contribute 16" toxicCity-to insects (Choma et al., 1990; Gill et al.,
1992; Schnepf et alg1998). In fact it was-shown with CrylAc that proteolytic removal
of the N-terminal, peptide isessential before the protein becomes fully active (Bravo et
al., 2002). €ry2, Cry3»Cryl0, €xyll and Cry20 proteins appear to be naturally
truncated, and they are'present in'Crystals as 65 to 86 kDa proteins. Although naturally
truncated;-these-65.fo 86,kDa proteins also require proteolytic activation, resulting in 60
to 65 kDa active cores(Leeand Gill, 1997; Zhuang and Gill, 2003).

The 3~dimensional structures of three members of the Cry protein family, which may
well’prove to be representative of all Cry proteins, reveal the presence of three structural
domains (Li et al., 1991; Grochulski et al., 1995; Morse et al., 2001). Domain I,
consisting of seven a-helices, is involved in membrane insertion and pore formation.
Domain II, consisting of three B-sheets in a Greek key conformation, is involved in
specific receptor recognition and binding. Domain III, which consists of two -sheets in
a jellyroll conformation, has been suggested to maintain the structural integrity of the
protein molecule (Li et al., 1991) and also to contribute to specificity (De Maagd et al.,
2000; 2001). All three domains are included in the N-terminal portion of the protoxins
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during the formation of active toxins in insect guts. Since domains II and III can both
contribute to the specificity, the difference in these domains among different Cry proteins
would account for the diversity of insecticidal activities. These domains may dictate
whether and how binding occurs between the Cry proteins and the insect midgut. Only
those insects with specific receptors are affected by Cry proteins and no toxicity is
observed in species that lack these receptors (Crickmore et al., 1998; De Maagd et al.,
2001). Monsanto’s research data indicates that there are important differences between
the Cryl A.105 and Cry2Ab2 proteins regarding their binding to the lepidopteran midgut.
The data demonstrate that CrylA.105 and Cry2Ab2 proteins bind to some unique
components on European corn borer brush border membrane. They also share many
common binding sites. By screening a limited number of glycosylated bovine.Serum
albumins, it was shown that galactosamine is recognized by CrylA.105 “only, while
Cry2Ab2 demonstrated a high affinity for Nsacetylglucosamine and" galactosamine.
These differences are advantageous to insect resistant@nanagement for;MON 89034
because they result in a low probability7ef insect.Cross-resistance -between thé two
proteins (see Section VIILF.).

VIIL.A.2. Activities against Target Insécts

VIII.A.2.a. Laboratory Tests on-Activities @against Target InsectPests

Lepidopteran pest larvae feed on-leaves, stalks, sitk’and cars-of cornrand can significantly
affect yield. Furthermore, féeding cancalso-affecti the overall’ quality of the crop by
providing an opportunity .for infectiondby fungi which{produce mycotoxins. The major
lepidopterancinsect”pests include zcorncborets; such asEuropean corn borer (ECB,
Ostrinia aubilalis), southwestern:cora borer, (SWCB,Diatraea grandiosella), sugarcane
borer (SCB, Diatraea.saccharalis), African stalk berer (Busseola fusca), and Asian corn
borer (ACB, Ostrinia funicalis)-»ECB-is the primary pest in the U.S. In addition, corn
leaves, silks-and ears aré the primary food source for fall armyworm (FAW, Spodoptera
frugiperda), corn earworm (CEW, Helicoverpa zea), and black cutworm (BCW, Agrotis
ipsilon) and feedirig damage from thesepests negatively affects growth and development
of the plants.

Studies were conducted €0 evaluate the spectra of the insecticidal activities of the
Cryl1 A<105 and Cry2 Ab2proteins with a variety of agronomically-important insects from
three ' major-taxa: InSect species tested included four representative lepidopterans: ECB,
CEW.~FAW, and“BCW; two representative coleopterans: boll weevil (Anthonomus
grandis grandis) and southern corn rootworm (Diabrotica undecimpunctata howardi);
and two representative hemipterans: western tarnished plant bug (Lygus hesperus) and
green peach aphid (Myzus persicae). The insects were exposed for either 5 or 7 days to a
range of concentrations of CrylA.105 or Cry2Ab2 protein up to 80 or 100 pg of protein
per ml of insect diet using either diet-incorporation or diet-overlay bioassay procedures.
The results showed that Cryl1A.105 and Cry2Ab2 proteins had activities against all four
representative lepidopteran insects. There was no indication of activity of these two
proteins against the two coleopteran or two hemipteran species evaluated. The results
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from these assays confirm that, under expected agricultural use, these proteins have the
targeted range of insecticidal activity against lepidotperan insect pests.

VIII.A.2.b. Field Efficacy Trials

The field efficacy of MON 89034 against major lepidopteran pests of corn was evaluated
at multiple locations in the U.S. and Puerto Rico during 2004 and 2005. The 2004 field
trials were conducted at 10 locations in Illinois, Tennessee, Mississippi, Alabama,
Arkansas, Oregon, and Puerto Rico. The 2005 field trials were conducted at 18 locations
in Wisconsin, Illinois, Indiana, Missouri, Arkansas, Tennessee, Mississippi,~Alabama,
Louisiana, Nebraska, and Colorado. MON 89034 was tested along with aconventional
control corn and one current Bt corn (Yieldgard® corn borer, i.e., MON 810) as a
reference. The experimental design for all locations was a‘randomized complete block
with four replications. Experimental units,@ere eithet“one-, two- or. four-row plots,
ranging from 5.3 to 6.1 m in length depending upondocation. Each row was thinned to
35 plants, and row spacing was 0.76 m~The entire trial areas.were surrounded by at least
two conventional corn border rows and buffered:by a complete range:of hybrid plants to
further eliminate border effects.

Seven insect pests were tested durifg the twao years,of field trials, including ECB SWCB,
FAW, CEW, SCB, BCW-andhwestern bean cutworm (WBCW, ' Striacosta albicosta).
The infestations were. either artifieially introduced  to the plants.ab appropriate growth
stages (using neonate larvae for ECB, SWCB{FAW, CEW and BCW; and eggs for
WBCW) or relied on,heavy natural .insect pressure (for SEB). Insect damage was
assessed on 10524 plants per plot (damage rating’systems varied by insect species). Mean
separation tests were performed at o0 =.0.05 level to assess treatment differences.

The results demonstrate-that.the high level of efficacy of MON 89034 against ECB and
SWCB was equivalent to”the<commerciaktefetence Bt corn, MON 810. MON 89034
provided outstanding contrgl of EAW,-which was superior to that of MON 8§10. MON
89034 was also suyperiorito MON 810 for'the control of CEW. SCB control by MON
89034. was comparable<to, that o5 MO 810. MON 89034 appeared to be efficacious
against BCW ‘and have potential forcthe control of WBCW. However, since the pressure
was light_and the-number of" locations limited for these two pests, additional testing is
needed £0 confirm this aetivity:> The performance of MON 89034 to reduce ear damage
was anost evidentundér combined infestations of both WBCW and CEW. In conclusion,
the broadeér spectrum’ of activity of MON 89034 compared to MON 810 provides greater
insurance against yield loss from lepidopteran pests, and further enhances agronomic
quatities, ease of harvest, and grain quality.

VIII.A.3. Impact on Non-target Organisms

Evaluation of the potential risks to NTOs is an important component of an overall
environmental risk assessment of a biotechnology-derived crop. Assessment of the
potential risks to NTOs associated with the introduction of a biotechnology-derived crop
producing insecticidal proteins is based on the characteristics of the crop and introduced
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proteins. Since risk is a function of hazard and exposure, it is critical to determine the
potential hazards and exposure scenarios that are most likely and that require evaluation
through experimental studies. Selection of the test organisms and test material are
important decisions that are based on the characteristics of the trait and the product. In
the U.S., regulatory guidelines for NTO risk assessment of insect-protected crops were
developed by the EPA. The testing is conducted according to a tier-based system (EPA,
1996; 2001a-d; 2004a-b). Additionally, the EPA has convened several Scientific
Advisory Panel (SAP) meetings to make recommendations and provide guidance for
NTO testing and risk assessment for agricultural products produced by methods of
biotechnology (EPA, 2001a-b; 2002; 2004a-b).

For the Cry proteins tested in laboratory assays to date, potefitially significant®adverse
effects have been observed for only a very few NTO species-that are clesely rélated to the
target species (Mendelsohn et al., 2003; Romeis et al.,2006). However; field”studies
conducted over the past decade by industry-and the academic comimunity o registered
insect-protected crops that produce a vatiety of Cry.proteins have demonstrated that these
crops have no adverse effects on the diversity..and abundance of’ nefstarget arthropod
communities including predators, parasitoids and other ecelogically-important non-target
arthropods (Bitzer et al., 2005; Bhatti'et al.52005; Daly and Buntin, 2005; Dively, 2005;
Head et al., 2005; Lopez, et al.,.2005; Pilcher-et alg) 2005; Tofres-and Ruberson, 2005;
Whitehouse et al., 2005; Naranjo et al; 2005; Naranjo,2005a-b;Lozzia et al., 1998; Orr
and Landis, 1997; Pilchet et:al., 1997)..Additionally, Ciyl and Cry2 proteins have been
shown to pose low risk to populations of non-target lepidopterans (Hellmich et al., 2001;
Mattila et al., 2005; Pleasants et al., 2001).C For_examiple, ¢the impact of exposure to
pollen containing Cry1 and Cry2 preteins on populations of-lepidopteran species has been
evaluated in“d number<of empirical’ studies and several risk assessments (Mattila et al.,
2005; Mendelsohn &t al.,~20037 Wolt et al.;, 2005), and the risk has been shown to be
negligible.

The NTO risk assessmerit of CrytA.105 and Cry2Ab2 proteins was a multi-step process
taking into ‘consideration-hazard-identification and characterization, exposure assessment,
and risk characterization.” Theé hazard identification and characterization included testing
the spectra of«insecticidal’activitres.of the CrylA.105 and Cry2Ab2 proteins, efficacy of
MON 89034against target eorn insect pests, and the potential for interaction between the
CrylA.105 and Cry2Ab2 proteins. These studies demonstrated that the Cry proteins
produeed in"MON 89034 perform in the expected manner based on the extensive
knowledge ‘and “experience on Cry proteins. The insecticidal activity spectra of the
CrylA.105%and Cry2 Ab2 proteins were found to be typical for the Cryl and Cry2 classes
of "Bt proteins. The activity was most evident against insects within the order
Lepidoptera. An assessment of the potential for interaction between CrylA.105 and
Cry2Ab2 proteins demonstrated that there was no interaction between the two proteins.
The CrylA.105 and Cry2Ab2 proteins were tested alone and in combination against two
sensitive lepidopteran species — ECB and CEW. Two species were tested to demonstrate
reproducibility thereby strengthening the validity of the study. The insects were exposed
to purified CrylA.105 and Cry2Ab2 proteins in diet-incorporation bioassays. The results
demonstrated that these proteins only showed additive effect in insecticidal activity, and
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no synergistic or antagonistic effects were observed. The result is consistent with the
findings in an earlier study that demonstrated no interaction between the CrylAc and
Cry2Ab2 proteins (Greenplate et al., 2003). The lack of interaction between CrylA.105
and Cry2Ab2 allows for each protein to be tested and evaluated independently.

The exposure assessment of the NTO risk assessment is comprised of three components:
estimation of the expression levels of the CrylA.105 and Cry2Ab2 proteins in tissues
from MON 89034; a conservative calculation of margins of exposure based on the
maximum amount of corn tissue that might be exposed to NTOs; and assessment of the
environmental fate of the CrylA.105 and Cry2Ab2 proteins in soil. Expression values
from several tissue types were used to calculate the doses used in the NTO toxicity tests,
while the results from soil degradation studies were used toCharacterize’ the ‘potential
exposure to soil organisms and the likelihood-that each protein eould {petrsist and
accumulate in agricultural soils.

Dosing in the NTO tests was based on‘th¢ estimated' maXimum expected‘envirenmental
concentrations (MEEC) of the Cryl1 A:105 atid/or Cry2Ab2 protein presént incthe tissue(s)
likely to be ingested by the representative NTO. Altargeted margin‘of exposure (MOE)
of at least 10-times greater than the* MEEC was used ifi the<tests:© The maximum
expression levels for the Cryl'A.105 (8,8 1g/g fwt):and Cry2Ab2' (047 pglg twt) proteins
in pollen were used to det¢rminé-the dose levels. for honeybee, ladybirdibeetle, a parasitic
wasp, and minute pirate-bug,for which pollen represents.the major route of exposure.

The principal route of'eéxposure. for soH-dwelling organisms,such as Collembola and
earthworms was’assimed:to-be from.decomposing plant tissue containing the CrylA.105
and Cry2Ab2 proteins.” The use.of a'soil MEEC to, calculate MOEs 1is appropriate
because these organisms feed on detfitus that is~made up of soil and decaying plant and
other material. Theréfore; the.maximum amount of plant tissue entering the soil
environment and the-maximum concéntration of the Cryl A.105 and Cry2Ab2 proteins in
the plant tissue-were considered dn determining the MEEC for the CrylA.105 and
Cry2 Ab2yproteins inthe t0p 15,¢cm of soil,. "The EPA model assumes that corn plants in
the field are tilled, into the top 6 inches (15 cm) of soil, and the plants uniformly express
the introduced proteins atithe maximum concentration. However, because expression of
Cry proteinsivaries in-a tissge-sp&cific and temporal manner this hazard assessment was
generated based on.the, maxintum in planta expression of the CrylA.105 (240 pg
CrylA:105/g" dwt) and the~Cry2Ab2 (210 pg Cry2Ab2/g dwt) proteins at a late
developmental, stage (pre-tasseling) of corn.  The protein levels in late plant
developmefital stage represent a probable exposure scenario. These data as well as
additional parameter estimates' were used to calculate the soil MEECs for Collembola
and earthworm.

' The soil MEEC for Collembola and earthworm was calculated using the following parameter
assumptions: 25,000 corn plants/acre; a corn plant dry weight is 650 g/plant; a bulk density of soil of 1500
kg/cubic meter; a soil depth is 0.15 m (about 6 inches) and a soil volume in a one-hectare 0.15 m layer is
1500 cubic meters. The CrylA.105 and Cry2Ab2 maximum expression values were taken for leaves at the
pre-tasseling stage and were 240 and 210 pg/g dwt, respectively.
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The August 2002 EPA SAP reports (EPA, 2002) recommended that nontarget testing be
focused on species exposed to the crop being registered (i.e., beneficial insects and avian
species). The exposure of fish to Cry proteins in corn is negligible in agricultural
settings. According to EPA "There is no evidence of sensitivity of aquatic (including
endangered) species to Cry proteins. Toxicity studies with aquatic organisms show very
limited hazard for fish or invertebrates exposed to either corn pollen or bacterially-
expressed Cry protein" (EPA, 2001d). The requirements for a freshwater fish were
waived for a number of Bt corn products based on a lack of any substantial exposure of
fish to Bt proteins produced in corn (EPA, 2003). Therefore, a static renewal freshwater
fish toxicity study was not performed. The exposure of aquatic invertebrates;to corn
pollen, if it occurs at all, would be of a very short duration and. at extremely-lowlevels
that are not expected to produce any adverse effects. Nevefttheless, an“acute”aquatic
invertebrate species test was performed with Daphnia magna using pollenfrom MON
89034. No treatment mortality or other;;adverse effects were” observed~ at the
concentration of 100 mg pollen/l over a 48<hour exposure period-Under a well accepted
toxicity classification system for freshwater ecotoxicology, 4f no “advetse effects are
observed at a concentration of 100,mg/l, the tested material is.classified as practically
non-toxic (EPA, 1985). Thereforeyno hazardas anticipated to,aquatic invertebrates from
exposure to the registered uses 6f MON 89034,

Based on the results from' the;\product gharacterization and exposute assessment, an
evaluation of the potential toxicityto selected NTOs (hazard assessment) was conducted.
The detailed hazard-assessment ‘included toxicity<testiig against‘one mammalian species
(mice), two aviaf- species (broiler’ chicken @nd bobwhite quail), one aquatic species
(Daphnia), twd-species of-soil decomposers (Collembola.and earthworm), and four
beneficial .insect speecies [honeybee ~(Apisy-mellifera);: minute pirate bugs (Orius
insidiosus), ladybird-beetle’ (Coleomegilla-mactiata); and parasitic wasp (Ichneumon
promissorius)]. The tést materials were’ selectedfor each study based on the species
being evaluated’and-whether niore .ecologicallycrelevant exposures (plant tissues) could
be achievedwithout compromising’ thé performance of the study. In many cases, pure
proteins.‘were usedbecause ingestion of the material could be ensured using artificial
diets:containing high lévels of either Cry1 A.105 or Cry2Ab2 protein. When tissues were
used (e.g. Collembola), the expression levels for both Cryl1A.105 and Cry2Ab2 proteins
were estimated to calculate the doses. The NOECs (no observed effect concentrations) of
CrylA.105 and Cfy2Ab2< proteins determined for each of the tested NTOs are
summarized)in Table VIII-4

MOES.for the non-target arthropods were also calculated based on the ratio of the NOECs
to the MEECs:" The result showed that the MOEs were >14 fold of the potential
maximum exposure level for these NTOs (Table VIII-2). MOEs that exceed 10 are
considered as indicative of minimal risk by many regulatory authorities. Therefore, as
with other Cry proteins, CrylA.105 and Cry2Ab2 are not likely to produce adverse
effects at field exposure levels on tested representative terrestrial beneficial invertebrate
species. This conclusion is in agreement with prior published literature which reported
no adverse effects on non-target organisms from insect-protected crops that produce Cry1
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or Cry2 proteins (Mendelsohn et al., 2003; Daly and Buntin, 2005; Dively, 2005; Naranjo
et al., 2005, Pilcher et al., 2005).

Table VIII-1. No observed effect concentrations (NOECs) of Cryl1A.105 and
Cry2Ab2 proteins for non-target organisms

Test organism NOEC:s for CrylA.105 NOEC:s for Cry2Ab2
Collembola 80 ug/g 70 ug/g
Earthworm 178 mg/kg dry soil 330 mg/kg dry-soil
Honeybee larvae 1100 pg/ml as a single dose' 100-ug/ml as-a'single dose
Honeybee adult 550 pg/ml 68-ug/ml

Minute pirate bugs 120 pg/g 100pg/g
Ladybird beetle 2401g/g 120 pglg
Parasitic wasp 240'ug/mi 100 ug/ml

Mouse 2072 mg/kg 2198 mg/kg

Quail 50% corn grai fromMON 89034 inrdiet
Broiler 50% to 55%.coern grain from MON 89034:in diet
Daphnia 100mg/1 pollenfrom MON, 89034

' The NOEC for the honeybée laryal\assay-is based onthé concentration of the dosing solution.
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Table VIII-2. Estimated margins of exposure (MOEs) to non-target arthropods for the CrylA.105 and Cry2Ab2 proteins

Test organism CrylA.105 Cry2 Ab2
Source MEEC' NOEC MOE” | Source MEEC " | -, NOEC | MOE |
Collembola Leaf 4.3 mg/k3g dry | >80 pg/g =19 Igaf | 3.7amg/kgdry, 270 pg/g =19
soil soil
Earthworm E. coli 43 mg/kgdry | >178 mg/kg >41 Bt 3.7-mg/kgdry«|” >330 mg/kg | >89
soil dry soil soil dry soil
Honeybee larvae E. coli 8.8 ug/g fw >1100-fsg/mkas |-=>128§ Bt 0.47 ngig fw | >100 ug/ml | >213
(pollen level) a single dose 4 (pollénlevel) | asasingle
dose”
Honeybee adult E. coli 8.8 ng/g ftw >550 g/l >63 Bt 0.47'pg/g fw | >68 ug/ml | >145
(pollen level) (pollen level)
Minute pirate bugs | E. coli 8.8 ng/gdw 120 g/g 14 E.coli_t 047 pug/gfw | >100 pg/g >213
(pollendevel) (pollen level)
Ladybird beetle E. coli 8.8 pg/g fw >240 pglg 27 E.coli | 047 pg/gfw | >120 pg/g | =255
(pollen level) (pollen level)
Parasitic wasp E. coli 8.8 ng/gdw >240 ng/ml 227 E.coli | 047 pg/gfw | >100 pg/ml | >213
(pollentdevel (pollen level)

! Expression levels determined from MON®9034;

? Margins of Exposure (MOE) wer&’calculated-based on the ratio of the NOEC to MEEC. The MOE was determined based on the
expression level of the Cryl A:105 and Cry2 Ab2<proteins.in thetissue from MON 89034 deemed most relevant to the NTO
exposure.

? The MEEC for Collembola and earthwerm was calculated using the following parameter assumptions: 25,000 corn plants/acre; corn
plant dry weight is 650 g /plant;cthe bulk density of soil'ts 1500 kg/cubic meter; soil depth is 0.15 m (about 6 inches); soil volume in
a one-hectare 0.15 m layer is-¥500-cubic-meters: The CrylA.105 and Cry2Ab2 expression values were taken for leaves at the pre-
tasseling stage and were 240 and,210-pg/g dwt, respectively.

* The NOEC for the honeybee larval 4ssay'is based on the concentration of the dosing solution.
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VIII.A.4. Impact on Endangered Species

As discussed in the above sections, Cry proteins are known to have biological activity
exclusively toward insect species. Extensive literature references support the observation
that Cry proteins have a high degree of specificity and will not pose a significant hazard
to non-insect animals (Federici, 2002; Romeis et al., 2006). This observation has been
confirmed through testing with a standard battery of terrestrial and aquatic non-target
organisms, including mammals, birds, water fleas and earthworms and beneficial insects,
for Bt crop registrations (Mendelsohn et al., 2003). These data establish that'the Cry
proteins pose negligible risk to non-insect animals and the vast majority of non-target
insects. Based on the demonstrated low hazard of €ry proteins to non-insect animals, no
adverse effects are expected for endangered mammals, birds, non-inseet aquatic animals,
and non-insect soil organisms.

Monsanto has conducted extensive studies testing;the Cry1A:105 dand Cty2 Ab2 proteins
for activity against a range of both target and non-target insect species(referto Sections
VIII.A.2 and VIII.A.3). Experiments-were-also, conductedito, examine any potential
interaction between the two-\protéins, cand. the resultsOconeluded: the: activities of
CrylA.105 and Cry2Ab2 ofvrepresentative.lepidopteran-species are additive. There are
no synergistic or antagenistic ‘interactions betweenthe two proteins.™ The results also
show that both the CtylA.105 and Cry2 Ab2 profeins.are highly-specific in insecticidal
activity against lepidopteran.dnsects  and“have little- activity @gainst non-lepidopteran
insects. These-data_indicate thatsthe -only. potential risk toendangered species resides
with endangered butterflies and 'moths in the order Lepidoptera.

Risk assessments o0f potential effects” of Bt crops en the federally listed threatened or
endangered lepidoptefans beganiwithCan examination of an overlay map showing the
county level distribution-of ehdangered-lepidaepteran species as listed by the U.S. Fish
and Wildlife Service, relative toccorn produétion counties in the U.S. The result showed
that mest endangered lepidopteran-specieés do not occur in agricultural counties where
corn:is grown. ~Of the Tl endangered depidopteran species that do occur in counties that
also produce corn,an analysis of thé-endangered species critical habitat showed that only
the habitat of the ,Karier blie butterfly (Lycaeides melissa samuelis) has the potential to
occur inproximity_to con fields. A recent academic analysis of Karner blue butterfly
phenology and corn pollen shed showed that there are only two Wisconsin counties in the
Midwestern corn belt where there is a potential for temporal overlap between corn pollen
shed‘and the presence of Karner blue larvae. At present there is no evidence that Karner
blue larvae are exposed to corn pollen in these two locations (Peterson et al., 2006).
Based on its feeding habits and phenology, Karner blue larvae will have a low likelihood
of exposure to corn pollen from MON 89034.

Although the likelihood of exposure of Karner blue larvae to corn pollen from MON
89034 is low, a risk analysis based on conservative hazard using the most sensitive
species approach and exposure estimates was used to determine the margin of safety.
Since Karner blue larvae use wild lupine plant (Lupinus perennis) exclusively as a host
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plant, the only route of exposure of CrylA.105 and Cry2Ab2 proteins to Karner blue
larvae is through deposition of pollen from MON 89034 onto lupine plants. The
interactions among Karner blue, its lupine host, and corn pollen are very similar to those
among the monarch butterfly, milkweed plant, and corn pollen. Therefore, the
approaches used for evaluating potential effects of corn pollen on Monarch butterfly
(Pleasants et al., 2001; Stanley-Horn et al., 2001, Sears et al., 2001; Dively et al., 2004)
were used for assessing the effects of MON 89034 pollen on Karner blue. The exposure
level of Karner blue to MON 89034 pollen was estimated based on the potential pollen
density on the lupine plants and the combined maximum expression level of CrylA.105
and Cry2Ab2 proteins in the pollen. Since toxicity testing of Karner blue larvae directly
is not possible due to its endangered status, the LCsy value of CrylA.105 and Cry2Ab2
proteins for larvae of a most sensitive lepidopteran. insect — European corn‘borer (ECB) —
was used in the risk analysis. The results of thistisk analysis showed-thathere was a
minimum 12-fold margin of safety for Karnerblue larvaezin the event-thatthey:would be
exposed to the highest possible pollen congentration from MON-89034. The’ marfgin of
safety was calculated as the quotient of th& LCs value for’ECB.divided by the shaximum
exposure level of the two proteins. Therefot€, it-Can be con¢luded that pollewfrom MON
89034 is not likely to adversely affect Kdatner blue.lacvae,

VIIL.A.5. Environmental Eate of Cryl'A.105-andCry2Ab2-Proteins and Impact on
Soil-dwelling Organisms

Soil organisms may<be gxposed to the CrylA.105 and Cry2Ab2 proteins by contact with
roots, the above-ground plant residues;after_falling orctitling-into the soil, or by pollen
deposited on~the soil: Microbial exposure’may<occur by;feeding on living or dead corn
biomass or“by ingestion or-absorption-of the €ryproteifis after their release into the soil.
Several'soil factorse.g. pH and clay content)\can influence the degradation rate of Cry
proteins. Published studies-suggést that-Cry proteins may bind to the clay components of
soil and become more resistantto dégradation by soil microorganisms (Tapp and Stotzky,
1998). Howevery’soil' pH nedr oriabove neutrality substantially increases the degradation
rate of Cry proteins:” Under most e¢orn.production conditions, corn would be grown on
soils\that are near neutral pH. (Wright et al 2004), i.e., under conditions favorable to
degradation_of Cryzproteins. <Indeed, published field monitoring studies have shown no
persistence: or..accumulatioty’ of; Cry proteins in fields where corn expressing CrylAb
protein(Dubelman et .aly 2005) or Cry3Bbl protein (Ahmad et al., 2005), and cotton
expressing  Cryd Ac protein’(Head et al., 2002) were grown continuously for several
years.

A laboratory aerobic soil degradation study showed that the CrylA.105 and Cry2Ab2
proteins dissipated rapidly in soils from several sources (MO, IL and ND) that contained
significant proportions of clay (up to 41%), organic matter (up to 4.5%) and a range of
soil pH (5.9-8.0). Purified CrylA.105 and Cry2Ab2 proteins were added to each soil in a
large excess relative to the maximum (worst-case) concentration possible under corn
growing conditions. The large excess was used to improve the accuracy of the analytical
quantifications, and to ensure that the DTso and DTy, (time to 50% and 90% dissipation
of the proteins) could be calculated from the measured values. This excess also provided
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an increased margin of environmental safety, including possible exudation of the Cry
proteins through the roots into soil. A sensitive soil insect bioassay showed that the DTsg
ranged 2 to 7 days, and the DTq ranged 7 to 19 days for the CrylA.105 protein. The
DTso ranged 0.5 to 3 days and the DTg ranged 3 to 13 days for the Cry2Ab2 protein.

Published studies on the effect of Cry proteins on soil-dwelling organisms show little or
no impact on the soil microflora from the use of biotechnology-derived plants producing
Bt proteins. For example, a season-long field study conducted with the Cry3A protein
expressed in biotechnology-enhanced potato, showed no adverse effects towards soil-
dwelling microorganisms (Donegan et al., 1996). In a study conducted in Kansas during
the 2000 and 2001 growing seasons, the numbers of soil .mites, Collembolar and
nematodes observed in plots planted with Cry3Bb1-producing corn were similarcto those
observed in plots planted with conventional corn:(Al-Deeb.et al., 2003 )+ Oth€rpublished
reports showed that Cry proteins had no micrebiocidal ogmicrobiostatic aectivity-in vitro
against selected bacteria, fungi, and algae»(KoskellaCand StotzKy, 2002),<and had no
apparent effect on earthworms, nematodes, protozoa, bacteria and fungd (Saxena and
Stotzky, 2001).

These results suggest that thereowill.be negligible risk: to_soil-dwelling’organisms from
their exposure to MON 89034 which expresses CrylA.105 and- Cry2Ab2 proteins.

VIII.B. Weediness Potentiallof MON 89034

In the United States, corn ismot listed as-a weed in the majorayeed references (Crockett,
1977; Holm et-al., 1979; Muenscher; 1980); noris it¢present-on the lists of noxious weed
species distributed by the federal ‘gevernment;{7 CFR Part 360). Furthermore, corn has
been grown throughout the’wotld without'any reéport.that it is a serious weed. Modern
corn cannot survive as-a’weed because.of past seleetion in the evolution of corn. During
domestication of corn, traits often associated with weediness such as seed dormancy, a
dispersal méchanism, ot the @bility.to form reproducing populations outside of cultivation
have not‘been selected. For example;.the ¢orn ear is enclosed with husks. Consequently,
seed dispersal of individualckernels is limited. Even if individual kernels of corn were
distributed within a fieldoor alohg transportation routes from the fields to storage or
processing, facilities, sustainable Volunteer corn populations are not found growing in
fence rows, ditehes; and, roadcsides. Corn is poorly suited to survive without human
assistance and ismot capable;of surviving as a weed (Baker, 1965; Keeler, 1989; Galinat,
1988). _¢Although.corn seed can overwinter into a crop rotation with soybeans,
mechanicalzand ehemical measures can be used to control volunteers.

In comparative studies conducted between MON 89034 and a conventional control,
dormancy and germination, growth and development, and reproductive characteristics
were evaluated for changes that would impact plant pest potential, and in particular, plant
weediness potential (see Section VII). The results of these studies support a conclusion
that the introduction of the insect protection trait did not unexpectedly alter the assessed
characteristics compared to the control. Thus, the results support a conclusion of no
increased weediness potential of MON 89034 compared to the conventional corn.

Monsanto Company 06-CR-166U Page 160 of 262



CBI Deleted Version

Furthermore, extensive postharvest monitoring of field trial plots planted with MON
89034 under USDA-APHIS notifications (see Appendix H for a complete list of USDA
notifications approved for MON 89034) did not reveal any differences in survivability or
persistence relative to other corn. These data suggest that MON 89034 is no more likely
to become a weed than conventional corn.

VIII.C. Gene Flow

Gene flow (often used synonymously with the term “outcrossing” or “cross pollination”)
is a natural biological process that occurs in most crop species including corng; ‘Pollen-
mediated gene flow is a term used to describe the movement of plant genes from one
plant to another via pollen. The rate of pollen-mediated gene flow dependson.biotic and
abiotic factors such as plant biology, pollen biology/volume, plant phenology, overlap of
flowering times, proximity of the pollen soutce and sink, ambient conditions-such as
temperature and humidity, and field architecture.

VIII.C.1. Vertical Gene Flow — Transfercof GeneticInformation among Species with
which Corn can Interbreed

Corn morphology fosters créss-pollination; therefore, high levels of pollen-mediated gene
flow can occur in this speciest” Researchers also'recognize that 1) the amount of gene
flow that occurs can_ be high because of opén-pollination; 2) the petcent gene flow will
vary by populationi“hybfid or-inbred; 3)the level.of genle flow decreases with greater
distance between the source,and recipient plants; 4)-environniental factors affect the level
of gene flow;.S) cotn pollen is viable for-a’short’period oftime under field conditions; 6)
corn produces ample. pollen” over aniextended period’ of time; and, 7) there are no
purposéful insect ‘pollinators 0f corn but that pollinating insects, especially bees, are
occasional visitors to, the tassels but rarely visit silks of corn.

For gene flow to-occur by-normal sexval transmission, certain conditions must exist: 1)
the twoCparents must be sexually. epmpatible; 2) there must be overlapping phenology;
and “3) a suitablé factor \(suchcas wind or insects) must be present and capable of
transferring pollen‘between the-.two-parents.

Several‘studies have beety conducted on the extent of pollen-mediated gene flow in corn.
Asexpected, results “were’ found to vary depending on the experimental design,
enyironnental conditions and detection method. In general, percent gene flow was found
to diminish“with-increasing distance from the source field. It was previously reported
that corn cross-pollination rate fell below 1% at distances >200 m (Jemison and Vayda,
2000; Luna et al., 2001). A more recent research showed that corn cross pollination rate
decreased below 0.9% level beyond 15 m (Bannert, 2006)

As discussed in Section II.G, corn and annual teosinte (Zea mays subsp. mexicana
Schrad.) are genetically compatible, wind-pollinated and, in areas of Mexico and
Guatemala, freely hybridize when in close proximity to each other. Corn easily crosses
with teosinte; however, teosinte is not present in the U.S. other than as an occasional
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botanical garden specimen. These specimens would only flower at the same time as corn
if they were subject to artificial day length shortening for several weeks at a time
(Wilkes, 1967). Differences in factors such as flowering time, geographical separation
and development factors make natural crosses in the U.S. highly unlikely.

In contrast with corn and teosinte, which easily hybridize, it is only with extreme
difficulty and special techniques that corn and Tripsacum hybridize. Furthermore, the
offspring of the cross show varying levels of sterility (Galinat, 1988; Mangelsdorf, 1974;
Russell and Hallauer, 1980). (see Section I1.G.). No cases of gene flow between corn and
its wild relatives are known to occur naturally in the U.S.

VIII.C.2. Horizontal Gene Flow — Transfer of Genetic Information to-Species with
which Corn Cannot Interbreed

Monsanto is aware of no reports of the fransfer of genetic material-fromcornto other
species with which corn cannot sexually interbreed: The probability for‘horizental gene
flow to occur is judged to be exceedingly smallo” Even ifyit were.to” occur, the
consequences would be negligible”'since thergenes introducéd int@ MON 89034 are of
bacterial origin and the two~Cry proteins produced have ne)meaningful toxicity to
humans and other NTOs under the conditions of use:

VIIL.D. Production and Current'Agronomic Practices-for U.S. Field Corn

This section providesca review of U.S, -agrenomic: practices:in corn and the anticipated
environmental-consequences from, the commereialization 6fMON 89034.

VIIL.D.1. Production

Corn is thelargesbU.S{crop‘in terms of acreage planted and net crop value. In the past
10 years £1996-2005);totab annyal corn acrerage planted varied from approximately 76 to
82 million acres,.total annual productionyranged from 9 to 11.8 billion bushels, and total
annual value fluctuated from 17fo 25 billion dollars depending on the production output
and commodity prices (Fablé. VIH=3).

Corn g8 planted in~almost every state in the continental U.S. For convenience the states
can“be grouped-intesthe following regions (number of states): Midwest (12), Northeast
(8), Mid-Atlantic((5), Southeast (9), Great Plains (5), Northwest (4) and Southwest (5).
However, the majority of the corn (86%) is grown in the Midwest region (Table VIII-4).
Yields vary considerably from region to region because of the diversity in
rainfall/irrigation, climatic conditions and soil productivity.
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Year pﬁc;te: d ha?:::tse d Yield Production Price Value
(x1000) | (x1000) | (bu/acre) | (x1000bu) | ($/bu) | (8 billion)

1996 79,229 72,644 127.1 9,232,557 | N
1997 79,537 72,671 126.7 9,206,832 | N
1998 80,165 72,589 1344 9,758,685 [ ] N
1999 77.386 70,487 133.8 9,430,612 | |
2000 79,551 72,440 136.9 9,915,051 [ N
2001 75,702 68,768 138.2 9,502,580 | N
2002 78,894 69,330 129.3 8,966,787 | N
2003 78,603 70,944 1422 10:089,222 [ I
2004 80,929 73,631 1604 11,807,086 || N
2005 81,759 75,107 147.9 112,072 B ]

Source: USDA-NASS, 2006¢
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Table VIII-4. Field corn production by regions and states in the U.S. (2005)

State Acres planted ha?x:tse d Yield Production % tot::ta;ll onal
(x 1000) (x1000) (bu/acre) (x1000 bu) production
Midwest region
llinois 12,100 11,950 143 1,708,850 15.38
Indiana 5,900 5,770 154 888,580 8.00
lowa 12,800 12,500 173 2,162,500 19.46
Kentucky 1,250 1,180 132 155,760 1.40
Michigan 2,250 2,020 143 288,860 2.60
Minnesota 7,300 6,850 174 1,191,900 10.73
Missouri 3,100 2,970 11d 329,670 2.97
Nebraska 8,500 8;250 154 1,270,500 11.43
North Dakota 1,410 1,200 129 154,800 1.39
Ohio 3,450 3,250 143 464,750 4.18
South Dakota 4,450 3,950 H9 490,050 4.23
Wisconsin 3,800 2,900 148 429200 3.86
Regional total 66,310 62,790 9,515,420 85.63
Northest region
New York 990 460 124 57,040 0.51
Pennsylvania 14350 960 122 117,120 1.05
Connecticut 28
Maine 26
Massachusetts 20
New Hampshire 15
Rhode Island 2
Vermont 95
Regional total 2,526 1,420 174,160 1.57
Mid-Atlantic
region
Delaware 160 154 143 22,022 0.20
Maryland 470 400 135 54,000 0.49
New Jersey 80 62 122 7,564 0.07
Virginia 490 360 118 42,480 0.38
West Virginia 45 28 109 3,052 0.03
Regional total 1,245 1,004 129,118 1.16
Source: USDA-NASS, 2006c
Table VIII-4 continues on the next page.
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Table VIII-4 (continued). Field corn production by regions and states in the U.S.

(2005)
State Acres planted ha?g::e d Yield Production o tot::f;ll onal
(x 1000) (x1000) (bu/acre) (x1000 bu) production

Southeast region
Alabama 220 200 119 23,800 0.21
Arkansas 240 230 131 30,130 0.27
Florida 65 28 94 2,632 0.02
Georgia 270 230 129 29,670 0.27
Louisiana 340 330 136 44,880 0.40
Mississippi 380 365 129 47,085 0.42
North Carolina 750 790 120 84,000 0.76
South Carolina 300 285 146 33,060 0.30
Tennessee 650 595 130 77,350 0.70
Regional total 3,215 2,963 372,607 3.35
Great plains
region
Colorado 1,100 950 143 140;600 1.27
Kansas 3,650 3450 135 465,750 4.19
Oklahoma 290 250 15 28,750 0.26
Texas 2,050 1850 114 210,900 1.90
Wyoming 80 49 140 6,860 0.06
Regional total 7,170 6,549 852,860 7.68
Northwest
region
Idaho 235 60 170 10,200 0.09
Montana 65 17 148 2,516 0.02
Oregon 53 25 160 4,000 0.04
Washington 150 80 205 16,400 0.15
Regional total 503 182 33,116 0.30
Southwest
region
Arizona 50 22 195 4,290 0.04
California 540 110 172 18,920 0.17
Nevada 5 0.00
New Mexico 140 55 175 9,625 0.09
Utah 55 12 163 1,956 0.02
Regional total 790 199 34,791 0.31
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VIIL.D.2. Corn Cultivation and Management

The key considerations for corn production include soil quality, tillage practices, hybrid
selection, moisture, nutrients, and the management of insects, weeds and diseases. A
summary of the corn cultivation and management practices is provided below.

VIIL.D.2.a. Soil Quality and Tillage Practices

Corn is grown in a variety of soils in the U.S. ranging from the sandhills of Nebraska and
Colorado to the clays of delta regions, from strongly acidic to stfongly alkaline sgils, and
from shallow soils on residual material to deep.soils in loess; till or alluviufi: Within
these ranges, however, there is a corresponding variation in. the crop’s:productivity. Ideal
soils are those that have intermediate textures of loam te’silt loamn the surface herizon
and somewhat higher clay content as silt’loam tq silty elay leam inythe-subseil. This
combination, complemented with good‘structural propettics,.allows good storage of water
and nutrients and a degree of permeability favorableé’to water-iritake-and air exchange.
Corn growth is optimal on soils with pH-levéls ranging between 6.0 and 7.0 and
moderate-to-high fertility (Jones, 2003).

There are three main tillage practices employedin corn production; éonventional tillage,
reduced tillage, and conseryationitillage. Conventional tillage practices leave <15% crop
residue cover afterplanting and involvecthe use of*@ moldboard’plow or other intensive
tillage procedure” Réducedtillage practices’leave between 15-30% crop residue cover
after planting-and ‘exclude -the use of-a meldboard plow or other intensive tillage
procedure:“Conservation.tillage-is a system, thatwovers”30% or more of the soil surface
with crop residue-afterplanting to‘reduce soil ‘erosion by water, and consists of three
subtypes: no-tdly ridge-till~andy muleh-till; ~ These subtypes differ in the timing of
cultivation of‘the seedbed and,typerof equipment used. In recent years, there has been a
trend toward the increased use-of conServation tillage practices. In 1996, the total acres
planted'to corn were tiled as'follows: censervation tillage (38%), reduced tillage (32%),
and conventional tillage (30%) (USDA<ERS, 2002).

VIIL.D.2.b. Corn Hybrids

In the U S hundredsief corn hybrids are marketed by seed companies. Their selection is
primarily based on-yield potential, climatic environment, and disease/pest resistance for
that locale. “ Osi¢ key determinant is the selection of seed with the appropriate maturity
group for the local region (see Section II.LE). Corn hybrids with relative maturities of
100 to 115 days are typically grown in the U.S. corn belt. To maximize yield, planting of
corn on 30-in rows with a density of between 28,000 to 32,000 kernels per acre is
typically recommended for the corn belt (Aldrich et al., 1986; lowa State University,
2002).

Monsanto Company 06-CR-166U Page 166 of 262



CBI Deleted Version

VIIL.D.2.c. Moisture and Nutritional Requirements

In the five major corn belt states, corn uses more moisture for evapotranspiration than is
provided by rainfall, especially during the critical months of July and August (Shaw,
1988). The additional moisture requirement can be supplemented by irrigation, which is
practiced on 10-11 million acres or approximately 15% of the total corn acreage (USDA-
ERS, 2002). Irrigation practices also facilitate the application of agricultural chemicals
and fertilizers.

Corn, like all higher plants, requires at least 13 elements from~the soil for;growth and
development (Olson and Sander, 1988). The 13 elements inelude the primary, €lements
(nitrogen, phosphorus, and potassium), secondary elements (caleium, . magnesium,
sulphur), and micronutrient elements (iron, manganese, zific, coppet,-borotr; malybdenum
and chlorine). By far the most importantcate the primary elements, which are-depléted in
the soil as the corn plant develops. Whereas nitrtogen @nd phosphate uptakezcontinues
until maturity, potassium absorption:-is lafgely completed by the silking stage. This is
why fertilization of corn fields is“essential\to ensure produetion @and profitability. In
2005, nitrogen was applied to 96% ofithe planted-corn‘acreage at@an average usage rate of
138 pounds of nitrogen per acre pefcrop year, Phosphate wasapplied to-81% of the corn
acreage at an average rat¢-of 58 pounds peracre per ¢rop year. Potassium, applied at 84
pounds per acre per crop yeat, wasdpplied to65%of thelacreage planted to corn (USDA-
NASS, 2006Db).

VIIL.D.2.d. Management.of Diseases and)Inseets

Management of diseases@and insects duriig cornr growth and development is essential for
protecting the yield of-the harvested gtain. , Estimates for annual yield losses because of
diseases haverrangéd fromr'7 t0-17% (Shuttleff; 1980). Incidence of disease infestation is
highly variable ‘and depends .on many factors such as location, climate, and other
environtdental factors. Most corn hybrids’on the market today have acceptable levels of
resistance to common diseases. - Phe.diseases found to occur in corn grown in the U.S.
are summarized in>Table VHI-S:°In addition, several nematode species have been
known to-¢ause-disedses in“corm(Dicke and Guthrie, 1988). The use of fungicides in
corn is:{imited because-the incidence and severity of most diseases tends to be low and
quite~variable. ¢ -The_fungi¢ides currently used on corn plants in the U.S. include
azoxystrobin;chlofothalonil, and propiconazole (USDA-NASS, 2006b).

The corn crop 1s subject to attack by a complex of insects from the time it is planted until
it is used as food and feed. The economically important insect pests in North America
include wireworms, the black cutworm, European corn borer, Southwestern corn borer,
the corn rootworms, grasshoppers, fall armyworm, and corn earworm. Table VIII-6 lists
the insect pests in corn grown in the U.S. Approximately 27 active ingredients are
registered for use in corn for the control of insect pests. In its annual survey of
agricultural chemical usage, USDA determined that 23% of the corn acreage was treated
with insecticides in 2005 (USDA-NASS, 2006b).  Tefluthrin, cyfluthrin, and
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tebupirimphos were the most widely applied insecticides, at 7, 7, and 6%, respectively, to
the acres planted to corn. Chlorpyrifos was only applied to 2% of the acres, but total
quantity applied is more than 3 times greater than next highest insecticide at 2.0 million
pounds.

The introduction of biotechnology-derived Bt corn has offered growers an alternative and
effective solution for the control of major insect pests in corn. The Bt corn products
which have been commercialized in the U.S. include YieldGard® Corn Borer corn
(producing CrylAb), YieldGard® Rootworm corn (Cry3Bbl), Herculex® 1 (CrylF),
Herculex” RW (Cry34Abl and Cry35Abl), and Bt11 (CrylAb). These Bt cornzproducts
provide control of a spectrum of lepidopteran and coleopteran insect pests:  In<2006,
approximately 40% of the total corn acreage in the U.S. was planted“withOhybrids
possessing insect protection traits (USDA-NASS;2006a).

VIIL.D.2.e. Weed Management

Weeds cause significant losses and require careful management by the“growers because
they interfere with corn plants by’ competing for available resources including water,
nutrients and light. Economi¢ally, damaging. weeds . in cornr” inglude, annuals and
perennials, grasses, broadleaf and“sedge species. ‘Some weeds ean tolerate cold, wet
conditions better than corh, and ¢an get a hiead start prior tocplanting. Fields infested with
perennial weeds present specialyproblemsyfor corn @rowers. .xbike annual weeds,
perennials can reproduce by seeds, but they also regtow and spread vegetatively. This
means that their. thizomes, thickened roots. ot tubers propogatenew shoots, usually soon
after corn is planted. " Unless, effectively contrelled,‘perentiial weeds can quickly gain a
season-long,advantage over the corn crop:

Corn yield loss is,generally propertional to the amount of weeds present. While the ratio
is not always one-torone, Some studies suggest-that for every pound of weed dry matter,
there is a reduction of-approximately onie pound of corn plant dry matter (Gianessi et al.,
2002). Competition’ for light,cnutriénts, and moisture resources by the crop and weeds
can lead to proportionakredtetions in yield (Knake et al., 1990). Numerous studies have
shown that wéed control earlyin the(growing season is necessary to reduce yield losses in
corn. Weed’ species such as giant foxtail, barnyardgrass and pigweed can reduce corn
yields by up 013,35 and*50% respectively (Bosnic and Swanton, 1997; Fausay et al.,
1997 “Knake and Slife; 1965). In a study of mixed weed populations competing with
cotn, cord yields were reduced by up to 20% when the weed plants reached a height of
eightanches’(Catey and Kells, 1995).

Corn is typically planted in wide rows (30 inches) and has an upright leaf orientation. As
a result, corn is not successful in competing with weeds early in the growing season.
Corn is also usually planted early when soil temperature and weather conditions favor
weed over corn growth. A survey of Extension Service weed scientists solicited
estimates of the percent of corn acreage infested with individual weed species by state or
region, as well as the the potential impact on corn yields if the species were left
uncontrolled. In this survey, 12 annual broadleaf, nine annual grass, and seven perennial

Monsanto Company 06-CR-166U Page 168 of 262



CBI Deleted Version

species were identified as troublesome weeds (Table VIII-7) (Gianessi et al., 2002).
Estimates of yield loss ranged from a low of 15% due to wirestem muhly and sandburs to
a high of 48% from burcucumber.

Pigweed is the most widespread weed species, infesting corn fields throughout the U.S.
despite the fact that it is readily controlled by most corn herbicides. This is because it is a
prolific seed producer and those seeds remain viable in the soil for years. Some weed
species are problems at a regional level, e.g., hemp dogbane is a problem in Missouri and
Illinois, wirestem muhly is a problem in Pennsylvania, and woolly cupgrass is a problem
in Wisconsin and Iowa.

Until the early 1950s, tillage and cultivation practices were(primarily «tised. for weed
control in corn, but since then they have been largely replaced by the us¢-of hérbicides.
Herbicide use in corn became widespread bycthe end ofithe 1970s.C i 2005, herbicides
were applied to 97% of the corn planted acreage (USDA-NASS 2006b)s~ Afrazine
continues to be the most widely applied<hérbicide with 66% ofithe planted acreage being
treated. It was applied at an average rate of>1.133 peunds.per..aere. ¢Glyphosate
isopropylamine salt was applied to,'3 1%00f. plantedacres, up,from{19% in 2003, at an
average rate of 0.963 pounds petacre. In térms of areajapplied, that was‘followed closely
by S-metolachlor and acetochlor, ab23% of the-planted ¢orn acreage.treated. Glyphosate
(Roundup) is the most effective-herbicide in cotn. Roundup Ready corn developed by
Monsanto makes the application of glyphosate easy- for-control of-a broad spectrum of
weeds.
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Common Name

Causative Agent [transmittal agent]

Seed rots and seedling blights

Fusarium moniliform, Pythium spp.

Foliar Diseases

Bacterial leaf blight and stalk rot
Bacterial stripe

Pseudomonas avenae
Pseudomonas andropogonis

Stewart’s wilt

Erwinia stewartii

Chocolate spot

Pseudomonas coronafaciens

Goss’s wilt Clavibacter michiganense

Holcus spot Pseudomonas syringe

Anthracnose Colletotrichum graminicola

Eyespot Kabatiellazeae ) a5
Gray leaf spot Cercospora zeae-maydis

Northern leaf spot Bipolaris zeicola

Northern corn leaf blight Exserohilum turcicum

Physoderma brown spot - Physoderma maydis ., il
Southern corn leaf blight Bipolaris'maydis

Yellow leaf blight Phyllosticta-maydis

Common rust

Puccinjasorghi

Southern corn rust
Common corn smut

. Pucginia polysora

Ustilago maydis

Systemic Diseases

Head smut

Sphacelothecaaeiliana

Crazy top PR ¢
Sorghum downy ;mildew

_.Sclerephthora macrospora

Peronosclerospora sorghi

Maize dwarfmosaicvirus faphids}

Maize chlé¢rotic dwarf'virus [leathoppers]

Corn lethal necrosis@ 0 {ehrysomelid beetles]
Maize white line.nlosaic virus [not'identified]

Corn stunt [leathoppers]

Maize bushy’stunt [leathoppers]

Stalk and@oot rots ¢
Gibberella stalk rot

CGibberella zeae

Diplodia stalk<rot

Stenocarpella maydis

Anthracnosesstalk rot

Colletotrichum graminicola

Charcoalrot ~>~ "
Fusarium stalk rot

Macrophomina phaseolina
Fusarium moniliforme

Pythiumgstalk rot

Pythium aphanidermatum

Bacternial stalk rotcdiseases

Erwinia chrysanthemi

Rootrots N
Ear rots and storage molds

Pythium spp.

Fusarium ear rot

Fusarium moniliforme

Gibberella ear rot

Gibberella zeae

Diplodia ear rot
Aspergillus ear and kernel rot

Diplodia maydis
Aspergillus flavus

Storage molds

Penicillium spp., Aspergillus spp.

Source: Smith and White, 1988
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Common Name

Latin name

Soil Insects

Northern corn rootworm

Diabrotica barberi

Western corn rootworm
Southern corn rootworm

Diabrotica virgifera virgifera
Diabrotica undecimpunctata

Black cutworm

Agrotis ipsilon

Wireworms A. mancus, Horistonotus uhlerii, Melanotus
cribulosus, others

Billbugs Sphenophorus spp.

White grubs Phyllophaga spp.

Corn root aphid Anuraphis maidiradicis

Seedcorn maggot

Delia platura

Grape colaspis

Colaspis brunnea

Seed corn beetle

Stenolophus lécontei

Insects attacking the leaf, stalk, and ear

Corn earworm

Helicoverpazea

European corn borer

Ostrinia‘nubilalis

Corn leaf aphid .. ‘Rhopalosiphum maidis~~ (
Fall armyworm Spadoptera frugiperda

Stalk borers Diatraea spp-

Armyworm Pseudaletia unipuncta

Lesser stalk borer _(Elasmopalpus lignosellus

Chinch bug Blissus leucopterus leucopterus
Grasshoppers Melanoplusdifferentialis

Corn flea beetle

Chaetocnema.palicaria

Japanése beetle .«

Popillia japenica

Other insects

Thrips

Anaphothrips spp., Frankliniella spp.

Leafthoppers 28
Western bean cutworm

. Trigonotylus brevipes, others
Striacosta albicosta

Corn blotch leaf miner

Agromyza parvicornis

Spider mites

Oligonychus spp., Tetranychus spp.

Pink scavenger eaterpillar

Garden symphlan

Pyroderces rileyi
Scuttigerella immaculata

Hop-vine borer

Hydraecia immanis

Sod webworms

Subfamily Cramdinae

Leaftollers
Stink bugs

Insect disease vectors

Several

Sources: Dicke and Guthrie, 1988; and University of Missouri, 1998.
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Acreage Infested Potential Yield Loss

Weed Species Area Infested ' (%) (%)
Annuals
Broadleaves
Burcucumber PA/OH/TN/SE 5-10 48
Cocklebur MW/NP/SE 20-60 33
Jimsonweed MW/CO 5-20 17
Kochia NP/NW 10-70 33
Lambsquarters MW/SE/NE/CA 15-80 33
Morningglory MW/SE/SP 20-75 33
Nightshade MW/NP/CA _(» 25-50 ¢ .26
Pigweeds/Waterhemp uUsS 30-90 36
Ragweed, Common MW/SE/NE 20=70 | 30
Ragweed, Giant MW/NP 10-45 28
Smartweeds MW/SD/NE/SE | 30670 < 4 7 22
Velvetleaf MW/NEANP 25-70 1 28
Grasses
Barnyardgrass L SP/NW/CA . NOB090T ¥ kv @ 23
Bermudagrass MD/SE/UT/ICA 10-20 47
Crabgrass spp. MW/SE/NE 20=80 29
Cupgrass, Woolly 1A/WI 15-20 29
Foxtail spp. 710 MW/NE/NP ¢ ~e 050900 31
Millet, Wild-Proso UT/WY/COID 15-40 31
Panicum, Fall, MW/SE/NE/NP 15-80 30
Sandburs NP/UT/WY: 5<30 15
Shattercane ¢ ~AMW/SP o, 5-40 33
Perennials
Bindweed, Field ND/SW/CA 40-80 18
Dogbane, Hemp oY dE/MO- 2 2-20 21
Johnsengrass MW/SE/SW/EA 20-60 45
Muhly, Wirestem PA 2 15
Nutsedge, Yéllow MW/SE/NE/NP/CA 10-70 21
Quackgrass’ <~ MW/NE/UT 10-70 27
Thistle; Canadd NE/MW/NP/CO 5-25 26
Source: Gianessietal., 2002.
1Regions States
MW-Midwest US:United States CA: California OH: Ohio
NE: Northeast CO: Colorado PA: Pennsylvania
NP: Northern Plains ID: Idaho SD: South Dakota
NW: Northwest IA: Towa TN: Tennessee
SE: Southeast MD: Maryland UT: Utah
SW: Southwest MO: Missouri WI: Wisconsin
SP:  Southern Plains ND: North Dakota WY: Wyoming
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VIIL.D.2.f. Volunteer Management

Volunteer corn commonly occurs in rotational crops in the season following corn
cultivation regardless of whether or not the corn was conventional or biotechnology-
derived. Volunteers in rotational crops do not occur with corn grown for silage
(approximately 9% of the US corn acres) since corn harvested for silage does not produce
grain. In the warmer climates of the Southeast and Southwest, the occurrence of
volunteer corn is rare because any corn grain remaining after harvest is likely to
germinate in the fall and the resulting plants can usually be controlled by tillage or by
freezing temperatures in the winter. In the Northern corn-growing regions; velunteer
corn does not always occur in the rotational crop because of seed decompesition‘over the
winter, efficient harvest procedures, and tillage prior to planting rotational crops.

The first step to manage volunteer corn im ¥otationalicrops is toninimize ©r reduce the
potential for volunteers. The following practices should be’ implemented o reduce
volunteer corn in rotational crops: 1):adjus€harvest equipment to mininiize.the amount of
corn grain lost in the field, 2) pldant corf” hybrids-that reduceythe extent\of ear drop, 3)
choose corn hybrids with superier stalk sttength-and reduced lodging,-and 4) practice no-
till production to significantly teduce the potentialfor voluntéer growthqin' the rotational
crop. If volunteer corn“doesHoccur”in subsequent_erops;” preplant:tillage or in-crop
cultivation is very effective in'managing:it. Selective hetbicides labeled for the control of
volunteer corn in the particular Totationalcrop‘are.availabté. Assure II® (quizalofop),
Fusilade® DX (fluazifop), Fusion' (fldazifop + fenoxaprop), Poast” (sethoxydim), and
Select® 2EC-(elethodim) ‘provide, effective postemetgencé control of volunteer corn in
labeled crops. Theseproducts are labeled forusen eight field crops, including soybeans,
cotton,’sugar beet and alfalfa,.and eleven vegetable crops identified as rotational crops for
corn.

VIILE. Impact of the Intreduction of MON 89034 on Agronomic Practices

No mnegative impact.\is® expected® from the introduction of MON 89034 on current
cultivation and" management practices for corn. MON 89034 has been shown to be no
different from:eonvéntional corn in its phenotypic, ecological, and compositional
characteristies  (refér to, Section<VII). Thus, MON 89034 is expected to be similar in its
agronomic characteristics, and have the same levels of resistance to insects and diseases
ashcurrent coinmercial corn, except for the introduced trait of enhanced protection from
feeding damagg caused by lepidoperan pests. Biotechnology-derived Bt corn has been
cultivated and consumed in the US since 1997 and has proven to have a positive impact
on agricultural practices. These products have provided simple, inexpensive and highly
effective means for controlling lepidopteran and coleopteran pests.  They are

® Assure 11 is a trademark of E.I. DuPont de Nemours, Inc.

® Fusilade and Fusion are trademarks of Syngenta Group Company.
® Poast is a trademark of BASF Corporation.

® Select is a trademark of Valent U.S.A. Corporation.
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environmentally benign so that they preserve beneficial insects, decrease cultivation
input, and require less chemical pesticide applications. MON 89034, with two Cry
proteins in a single plant, will provide an even more effective tool for corn farmers to
control lepidopteran pests compared with Bt corn which only produces one Cry protein.

VIILF. Insect Resistance Management

A critical component for the long-term use of biotechnology-derived Bt crops containing
insecticidal proteins is to implement Insect Resistance Management (IRM) programs to
prevent or delay the onset of resistance in the target insect species. Research byindustry
as well as academic scientists over the past decade has improved understanding and
gained broad agreement for the major elements of IRM plan§-for Bt crops. . The core
element of an IRM plan is the use of a refugeto ensure an adequate p@pulation of
susceptible insects of the target species is available to mate with anycresistant insects that
survive exposure to the Cry protein produced by the c¢fop. This refuge mayinclude wild
host plants, other crops, or non-Bt plantings of the crdp in<questien. -Monsanto has
developed an IRM plan for MON 89034, which has. beer submitted“separately to the
EPA. A summary of the plan is includedas fotlows!

The combination of the CrylA.105 and Cry2 Ab2:ifisecticidal-proteins iva single plant
MON 89034 provides both better inséct control than current;Bt corn products and a more
effective approach for TIRM.\Mathematical modeling conducted by, Monsanto indicates
that biotechnology-derived plants expressing two Cry proteinscwill have significantly
greater durability(than'-plants” producing either ‘«of the>single proteins if: (1) cross-
resistance between the Cry-prefeins.is lows and, (2).the mortality of susceptible insects
caused by each of the individual proteins’is atleast'90%, and preferably >95%. Several
lines of“evidence. idicate-that)the. CrylA105and<Cry2 Ab2 proteins have important
differences in theoway'iin which-they bind to*the:lépidopteran midgut. Therefore, the
probability of “crosssresistance. between-‘4hese) proteins is very low. Comparable
biophysicalstudi¢s also “indicatethat €ryl A.105 differs from CrylAb in the mode of
action with regard.to binding to-the ansect;midgut. Therefore, Cryl1A.105 and Cry2Ab2
have.distinct modes of‘action regarding‘to receptor binding. Furthermore, in vitro and in
planta studies:with CrylA:105 and Cry2Ab2 demonstrate that both proteins are highly
active agauist' the priptary lepidopteran pests of corn (ECB, SWCB, CEW, and FAW),
particularly EEB, achieving clese to or greater than the critical 95% level of control in all
cases, Withythese properties,MON 89034 should be durable with a significantly smaller
structured refuge thah is necessary for a Bt corn product containing only a single
insecticidalyprotein. Based on these data and appropriate mathematical models, a 5%
structured refuge in the U.S. corn belt (where current Bt corn products have a 20%
refuge), and a 20% structured refuge in cotton growing regions (where current Bt corn
products have a 50% refuge), is predicted to preserve the durability of MON 89034 for
more than 20 years.

The specific requirements of the IRM plan for MON 89034 are described below.

1) Refuge Requirements - Planting of a 5% non-B.t. corn refuge in the U.S. corn belt
and a 20% non-B.t. corn refuge in cotton growing regions.
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2) Grower Agreements - Requirement for the growers to sign a contractual
agreement, which imposes an obligation on each grower to comply with the
refuge requirements.

3) Grower Education — Requirement to develop, implement, and report to EPA on a
program to educate growers about IRM requirements for MON 89034.

4) Compliance Assurance Program - Requirement to develop, implement, and report
to EPA on a program to evaluate and promote grower compliance with IRM
requirements.

5) Monitoring - Requirement to develop, implement, and report to EPA on‘programs
to evaluate whether there are statistically significant and biologically relevant
changes in target insect susceptibility to the.Cryl1 A.1050r Cry2Ab2 proteins.

6) Mitigation - Requirement to develop and, if triggeted, to imiplemént a-remedial
action plan in the event that any insectiresistance ts detected:

7) Reporting to EPA - Submit annual reports.on.sales of?MON 89034 seed, IRM
grower agreement results, complianee assuranee, and - edueationab program.

VIIIL.G. Conclusions of the Environmental and Agronomic Practice Assessment

An environmental assessment-0of MON 89034 was) conducted*to_assess the potential
impact of the introdueed CrylA-105cand . Cry2Ab2. proteins’ on~non-target organisms,
endangered specigs-andysoil=dwelling organisms, the potentialfor gene flow, and the
weediness potential 0P MON 89034, Based‘on the results of this assessment, it has been
concluded that the“potential«risk of MON 89034and<the CrylA.105 and Cry2Ab2
proteins_ to¢ause adverse,effectsion N'FOsrand endangeted species is negligible. MON
89034 1s no more-likely to bécome.a weed than conventional corn, and MON 89034 is
also expected to;be similar(to cenventional.corn regarding to the potential for gene flow.
Introduction-of MON 89034,will mot impact-current corn cultivation practices and the
management of weeds, diseases@nd insects-e€xcept for the control of lepidopteran insect
pests. The combination ot the-CryDA.105 and Cry2Ab2 insecticidal proteins in a single
plant'provides.not only a wider spectrim of pest control but also a more effective insect
resistance management tool.
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IX. Adverse Consequences of Introduction

Monsanto knows of no study results or observations associated with MON 89034 that
would be anticipated to result in adverse environmental consequences from its
introduction. MON 89034 provides protection from feeding damage caused by
lepidopteran insect pests. As demonstrated by field results and laboratory tests, the only
phenotypic difference between MON 89034 and conventional corn is the presence of the
CrylA.105 and Cry2Ab2 proteins.

The data and information presented in this petition demonstrate that MON" 89034 is
unlikely to pose an increased plant pest potential or to have an adverse ‘environmental
consequence compared to conventional corn. »This conglusion is reached-based on
multiple lines of evidence developed from @-detailed characterization.@f thé-product
compared to conventional corn, followed by risk assessment on detected differencess The
characterization studies included moleé¢ular and protein ‘analyses, whichCconfirmed the
insertion of a single functional copy.-of crylA.105 and ery2Ab2 expression cassettes at a
single locus within the corn genome and that.the two.proteins were gkpressed in tissues at
levels that are efficacious for the control of targetiinsectpests: Extensive characterization
of the plant phenotype includimg cémpositional analysis 0f key-nutrient afid antinutrients
also indicated that MON.89034, with the exception’ of jintended modification, was
unchanged compared, t6’ conyentional -Corn,, “Allérgenicity assessment concluded that
CrylA.105 and Cry2Ab2 proteins are unlikely tobe allergens forhumans. Toxicity tests
including an acuté. mouse oral gavage and’ oth€r selected.non-target organisms with either
equivalent proteins.produced by recombinant strains ‘of E:Coli or MON 89034 tissues
showed no_signs of adverse effects.at high doses. An endangered species risk assessment
also concluded that MON-89034 is.unlikely to have ‘adverse effects on these organisms,
including endanggéred Iépidepteran insects. Therefore, the risks for humans, animals, and
other non-targetorganisms, front MON 89034 are)negligible under the conditions of use.

The introduction of MON>89034 iscexpected to increase economic, environmental and
health "benefits. due to‘the proteetion of corn yields, decrease of chemical insecticide
usage, reduction of mycotoxin:levels in corn grain, and increase of Bt corn product
durability. . The introduction-of MON 89034 will not impact cultivation practices and the
management of-weeds, diseasesand insects except for the control of lepidopteran insect
pests.2, The.combination of.the CrylA.105 and Cry2Ab2 insecticidal proteins in a single
plant provides\not only a wider spectrum of pest control but also a more effective insect
resistance management tool.
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Appendix A. Materials and Methods for Molecular Characterization and Results of
PCR Analysis on MON 89034 Insert

Molecular analysis was performed using genomic DNA isolated from MON 89034 in
order to characterize the integrated DNA. MON 89034 genomic DNA was analyzed by
Southern blot analysis for the number of integration sites, the number of copies of the
integrated DNA at each locus, the integrity of the inserted gene cassettes, the presence or
absence of plasmid backbone sequence and the stability of the introduced DNA across
multiple generations. Additionally, PCR amplification and DNA sequencing were used
to confirm the 5' and 3' insert-to-plant junctions, confirm the organization of the eléments
within the insert, and determine the complete DNA sequence ofthe integrated DNA.

A.1. Test Material
The test material was grain, leaf or seedfrom corn MON 89034
A.2. Control Material

The control material was conventional corn with a'genetic background similar to MON
89034. Where applicable, asecond gconventional-corn” with a-different genetic
background to MON 89034 was also ineluded to prévide an additional negative control.

A.3. Reference Materials

PV-ZMIR24% was used-as apositive_hybridization-control for Southern blots and as a
template control for, PCR analyses. . Fhe plasmid-wvasiisolated and its identity confirmed
by restriction enzyme digestion.

The 1 kb DNA extension ladder, low DNA mass ladder, high DNA mass ladder, and A
DNA/Hind 111 fragments:from-Invitregen(Carlsbad, CA) were used for size estimations
of DNA fragments on, Southern blots andragarose gels.

A.4. Characterization'of Test and Control Materials

Eventsspecific PCR assays wete used to confirm the identity of test and control materials.
The-testcand. contrel ‘materials were considered stable during storage if they did not
dppear. visibly dégraded on ethidium bromide-stained gels and/or yielded interpretable
signals on the Southern blots.

A.5. Genomic DNA Isolation
Grain and seed samples were processed and genomic DNA was extracted using a CTAB
(hexadecyltrimethylammonium bromide)-based method (Rogers and Bendich, 1985).

For a single DNA extraction, chloroform was used rather than chloroform:isoamyl
alcohol. For leaf tissue, genomic DNA was extracted using a Sarkosyl extraction method
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(Fulton et al, 1995). Extracted DNA solutions were stored in a 4°C refrigerator and/or a
-20°C freezer. For purification of plasmid DNA, Qiagen QIA filter Plasmid Mini Kit
was used.

A.6. Quantitation of Genomic DNA

Extracted DNA was quantified using Hoefer’s DyNA Quant 200 Fluorometer. Molecular
size marker IX (Roche, Indianapolis, IN) was used as the calibration standard.

A.7. Restriction Enzyme Digestion of Genomic DNA

Approximately 10 or 20 pg of genomic DNAs .extracted from the test and” control
substances, were digested overnight in a total volume of approximately)5S00.jt! using 100
units of the restriction enzyme. For positive ligbridizatiefi’controls,approkimately one or
half genomic equivalent of PV-ZMIR24§,was spiked.into conventional cornt-DNAprior
to digestion.

A.8. Agarose Gel Electrophoresis

Approximately 10 pg of digested“DNA “were separated using 0.8% agarose gels. For
insert number, copy number, @nd. cassette" intactness> experiments, a;‘long run’ and a
‘short run” were performed-during the,gel electrophotesis..;“Approximately 20 pg of
digested test and control substance DNA .was divided-in half'to lead approximately 10 pg
on the long runvgel :and approximately” 105pg on” the“sheft run gel. The long run
electrophoresis)enabled greater separation-of cthe higherCinolecular weight restriction
fragments,while the short ruw allowed.the smallermolecular weight restriction fragments
to be retdined on the gel;

A.9. Probe Preparation

Approximately 12:5-27 ng’ of €ach probegemplate were prepared by PCR amplification
and -radiolabeled>with 3*P-dCTR>(6000” Ci/mmol) using the random priming method
(except probe 10 which was labeledby PCR).

A.10. Southern Blot Analyses

Digested“genomic-DNA isolated from test and control materials was evaluated using
Southern blot analyses (Southern, 1975) with modifications.

A.11. PCR and Sequence Analyses
Overlapping PCR products were generated that span the insert in MON 89034. These
products were sequenced to determine the nucleotide sequence of the insert in MON

89034 as well as the nucleotide sequence of the genomic DNA flanking the 5' and 3' ends
of the insert.
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The PCR analyses were conducted using 50 ng of genomic DNA template in a 50 pul
reaction volume containing a final concentration of 2 mM MgSO,, 0.2 uM of each
primer, 0.2 mM each dNTP, and 1 unit of DNA polymerase mix. The specific DNA
polymerase mix used to amplify the products was Accuprime Taq (Invitrogen). The
amplification of Product A was performed under the following cycling conditions: 94°C
for 3 minutes; 30 cycles at 94°C for 15 seconds, 57°C for 30 seconds, 68°C for 3 minutes
and 30 seconds; 1 cycle at 68°C for 5 minutes. The amplification of Product B was
performed under the following cycling conditions: 94°C for 3 minutes; 35 cycles at 94°C
for 15 seconds, 66°C for 30 seconds, 68°C for 3 minutes and 30 seconds; 1 cycle at 68°C
for 5 minutes. The amplification of Products C, D, and E was performedcunder the
following cycling conditions: 94°C for 3 minutes; 30 cycles at 945C for 15 seconds; 60°C
for 30 seconds, 68°C for 3 minutes; 1 cycle at 68°C for 5 minutes. The-amplification of
Products F and G was performed under the following cycling conditions: 94°€ for 3
minutes; 30 cycles at 94°C for 15 seconds,;60°C for 30<seconds, 68°Cdor 1ainute and
30 seconds; 1 cycle at 68°C for 5 minutes: The products A-G are illustratedin Figure A-
1.

Aliquots of each PCR product were separated on<120 %(w/v). agarose gels and visualized
by ethidium bromide staining 4o verify that the‘produets were ofthe expected size prior to
sequencing. The PCR products ‘weresequenced-withr multiple ¢primers used for PCR
amplification in addition to-those designed internal to.the amplified sequences. All
sequencing was performedyby the Monsanto Genomies Sequencing Center using dye-
terminator chemistry.

A.12. PCR Analysis Reésult acrossithe Insertin MON 89034

The organizationof the ¢lements withintthe insert.ih MON 89034 was confirmed using
PCR analysis by amplifying seven overlapping.tegions of DNA that span the entire
length of the ihsert:< The location.of the PCR products generated in relation to the insert,
as well as\the results of-the PCR ,analyses, are shown in Figure A-1. The control
reactiois containing no-template . \DNA, (lanes 2, 5, 8, 12, 16, 20, and 23) and the
conventional ¢orn controbtreactions (lanes 3, 6, 9, 13, 17 and 21) did not generate PCR
products with-any of the-primer sets; as expected. The conventional corn control reaction
in lane 24 producedaproduct of.equal size to that of MON 89034 (lane 25) because both
primes'sequénces-are locateddn the corn genomic flanking sequence adjacent to the 3' end
of /the insert i’ MON 89034. Additionally, the products generated using plasmid
PV-ZNMIR245 DNA as a template (lanes 11 and 15) appear overloaded in comparison to
the. MON 89034 genomic DNA samples which likely contributes to the intensity of the
products observed in these lanes.

MON 89034 DNA generated the expected size PCR products of approximately 2.5 kb for
Product A (lane 4); approximately 3.3 kb for Product B (lane 7); approximately 2.6 kb for
Product C (lane 10); approximately 2.6 kb for Product D (lane 14); approximately 3.2 kb
for Product E (lane 18), approximately 1.1 kb for Product F (lane 22) and approximately
0.8 kb for Product G (lane 25). The generation of the predicted size PCR products from
MON 89034 establishes that the arrangement or linkage of elements in the insert are the

Monsanto Company 06-CR-166U Page 186 of 262



CBI Deleted Version

same as those in plasmid PV-ZMIR245 and that the elements within each gene cassette
are arranged as depicted in the schematic of the insert in Figure V-4 (see Section V).
The results of DNA sequencing on the amplified DNA fragments confirmed that the
sequence of the DNA insert in MON 89034 matched the designed, corresponding
sequences in PV-ZMIR245 with one exception. This exception is that the €35S promoter
that regulates expression of the crylA.105 gene has been modified and that the Right
Border sequence present in PV-ZMIR245 was replaced by a Left Border sequence in
MON 890343 (see Section V for more discussion).
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Figure A-1. Overlapping PCR analysis acress thé.insert in MON-89034

PCR analyses demonstrating theclinkage of:theé individual genétic elements within the insert in
MON 89034 were. performed on MON 89034 genomic-DNAcextracted from grain (Lanes 4, 7, 10,
14, 18, 22, and25). qlianes 3,76, 9; 13,117, 21y and24 contain.teactions with conventional corn
control DNA while lanes*2, 5,8, 12,"16,,20; and 23 ate Teactions containing no template DNA.
Lanes 14315, and. 19-contain réactions’ with-PV<ZMIR245 control DNA. Lane 1 contains
Invitrogen 1 kb DNA ladder. «Lanes _are markedto show which product has been loaded and is
visualized on thé¢-agarose gek,* Thelgel side arrow symbols denote the sizes of DNA (kb) based on
the reference(®NA Gize miarkerscon therethidium.bromide stained gel. The expected product size
for each amplicon is provided in the illustration-of the insert in MON 89034 that appears below

the image.

Lane " 1:  Invitrogen I-kb DNA ladder
No template DNAcontrol
Conyentionalcorn dontrolNA
MQON89034 genomic DINA

No'template DNA cefttrol
Conventional corn control DNA
MON 89034 genomic DNA

No temiplate DNA control

9: Conventional corn control DNA
10: MON 89034 genomic DNA

11: PV-ZMIR245 plasmid

12: No template DNA control
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13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:

Conventional corn control DNA
MON 89034 genomic DNA
PV-ZMIR245 plasmid

No template DNA control
Conventional corn control DNA
MON 89034 genomic DNA
PV-ZMIR245 plasmid

No template DNA control
Conventional corn control DNA
MON 89034 genomic DNA

No template DNA control
Conventional corn control DNA
MON 89034 genomic DNA
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Appendix B. Materials, Methods, and Results for Characterization of Cryl1A.105
Protein

The CrylA.105 protein was purified from the grain of MON 89034 as well as from a
recombinant E. coli culture. A panel of analytical tests was used to identify, characterize
and compare the MON 89034-produced and E. coli-produced CrylA.105 protein
including: (1) Western blot analysis; (2) sodium dodecyl sulfate polyacrylamide gel
electrophoresis  (SDS-PAGE) and  densitometry; (3) matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS); (4)
glycosylation analysis; and (5) insect activity bioassay. The materials, methods and the
results are described below.

B.1. Materials and Methods

B.1.1. Purification of MON 89034-Produced CrylA.105Protein

The MON 89034 produced CrylAz105. protem-was‘purified from grain of MON 89034.
The identity of the MON 89034 grain was confirmed by event-spééific PCR. The
purified MON 89034-produced CrylA.105 protein/was stored'4h ax4°C refrigerator in a
buffer solution containing$0 mM CAPS, I mMPMSE, 2 mM bénzamidine-HCI, 1 mM
EDTA, 0.8 M NaCl, and30%?\(v/v) ethylene glycol,;pH 10.

The purification procedure was conducted at 4°C from an.extract of ground grain using a
combination of_ ammoniuny’sulfate fractionation,-anion” exchange chromatography, and
immunoaffinity chromatography.

The ground grain10 kg) wasimixed'in PBS (phosphate buffered saline) extraction buffer
(1 mM KH,PO%10.mM Na;HRO4, 137 mM Na€l; and 2.7 mM KCI, pH 7.4) for 2.5 h at
approximately a 1510 ratio of’sample weight (g) to buffer volume (ml). The slurry was
filtered using an Ertel’Alsop filter press (Kingston, NY) and the PBS-washed filter cakes
were rétained. The'cakes were resuspended in approximately 100 L of CAPS extraction
buffer [SO mMCCAPS; 1 mM EDTA,-10 mM DTT, 1 mM PMSF, 2 mM benzamidine-
HCIl, and 1% PVPP (w/v),.pH 10:8] and stirred for 2 h. To remove lipids from the
extract, CelPute P65 diatomaeéous earth (Advanced Minerals Corp, Goleta, CA) was
added-to the“slurry at(7.5%2(w/v) and allowed to mix for 10 min. The extract was
clarified by filtration;using the Ertel Alsop filter press and concentrated using a hollow
fiber cartridge (Amersham Biosciences, Piscataway, NJ). The plant genomic DNA was
rethoved by-ta combination of benzonase treatment and precipitation with
polyethyleneimine. Benzonase was added to a final concentration of 7 U/ml in the
presence of 5 mM MgCl, and allowed to mix overnight. A polyethyleneimine solution
[10% (w/v)] was added to the concentrated extract to a final concentration of 0.05%
(w/v) and the extract was clarified by centrifugation to remove the remaining DNA. An
ammonium sulfate pellet (35% saturation) was prepared by the addition of ammonium
sulfate salt to the clarified extract and was allowed to settle overnight.  After
centrifugation, the ammonium sulfate pellet was dissolved over the weekend in 15 L of
resuspension buffer (50 mM CAPS, 1 mM EDTA, 10 mM DTT, 1 mM PMSF, and 2 mM
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benzamidine-HCI, pH 10.8). The resuspended sample was clarified by centrifugation,
diafiltrated against fresh buffer (same as the resuspension buffer) to remove any residual
ammonium sulfate, and then concentrated to final volume of 8 L, and CHAPS was added
to a final concentration of 0.5 mM.

The concentrated sample was loaded onto a 2.1 L (6.7 cm x 20 cm) Q Sepharose Fast
Flow anion exchange column, which was equilibrated with a loading buffer (50 mM
CAPS, 1 mM EDTA, 10 mM DTT, 1 mM PMSF, 2 mM benzamidine-HCI, and 0.5 mM
CHAPS, pH 10.8). The bound proteins were eluted with a linear salt gradient that
increased from 0 M to 0.20 M NaCl over 12 L and then maintained a 0.20 M NaCl for 4
L. Next, the salt gradient increased to 0.65 M NaCl over 21 L, and finally elevatedto 1.0
M NaCl instantly. Fractions containing the CrylA.105 proteinr (based onstairied SDS-
PAGE gel and Western blot analysis of all fractions) were paoled to a final volume of 10
L. Salt was removed from these pooled fractions by diafiltration with a:fresh buffer (50
mM EPPS, 1 mM EDTA, 10 mM DTT, 1 mM PMSFE{and 2 mM benzamidine-HEl, pH
7.5).

The buffer-exchanged sample wasdoaded onto;a 2.1.L (1377 em'x 14.0 cm) Q Sepharose
XL anion exchange column, which was equilibrated with anotherloadinig buffer (50 mM
EPPS, 1 mM EDTA, 10 mM DTT,»1 mM PMSF, 2émM benzamidine-HCI, and 0.5 mM
CHAPS, pH 7.5). The«bound. proteins were, eluted-with>a linear-salt gradient that
increased from 0 M to 0’25-M NaCl over 4,L and then-held-at 0.25"M NaCl for 10 L.
Next, the salt gradienit increasedto 0.65 M-NaCllever21 L:dnd finally increased to 1.0 M
NaCl over 4 L and held-constantly-for 8. The fractions containing Cryl1A.105 protein
were pooled te-a fifal volume of J0-L. These, fractions swere diafiltrated into a fresh
buffer (50 mM EPPS, 1 mM®EDTAS 10-mM DTT, 1thM, PMSF, and 2 mM benzamidine-
HCI, pH'Z:5) to remgve salt; andthen‘coneéntrated to-2. L using a hollow fiber cartridge.

Prior to the affinity purification step,-the samplewas diafiltrated into fresh buffer (50 mM
EPPS, ImMMEDTA, 1. mM PMSF;2 mM benzamidine-HCI, and 150 mM NacCl, pH 7.6),
and concentrated too!” L.CThe-solution centaining CrylA.105 protein was re-circulated
over.the 9.3 ml (1.75 é¢m x 2!6 cm) protein A agarose column (Sigma) conjugated with
monoclonal anti-CrylAc.antibedy (Strategic Biosolutions, Newark, DE). Bound proteins
were elutedarsing .50 mM CAPS,I"mM EDTA, 1 mM PMSF, 2 mM benzamidine-HCl,
0.8 M NaC€l, and 30% (viv) ethylene glycol, pH 10. After analysis of fractions by lateral
flow test strips, SDS-PAGE-ge¢l and Western blot, fraction #25 was determined to contain
the “majority \of the™ full-length CrylA.105. This fraction was used for further
characterization.tests.

B.1.2. Escherichia coli-Produced Cry1A.105 Protein

E. coli-produced CrylA.105 protein which was produced and purified previously was
used as a reference standard for determination of protein concentration of the MON
89034-produced CrylA.105 protein. This protein was also used as a reference standard
to evaluate equivalence between MON 89034- and E. coli-produced CrylA.105 protein
for immunoreactivty (Western blot), molecular weight (SDS-PAGE) and functional
activity assay. The E. coli-produced Cryl1A.105 protein was stored in a -80°C freezer in
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a buffer solution (25 mM CAPS, 1 mM benzamidine-HCI, 0.1 mM EDTA, and 0.2 mM
DTT, pH 10.3) at a total protein concentration of 1.2 mg/ml.

B.1.3. Determination of MON 89034-Produced CrylA.105 Protein Concentration

The concentration of the full-length Cryl1A.105 protein in the purified sample from MON
89034 grain was estimated using quantitative immunoblot analysis. The E. coli-produced
CrylA.105 protein was used to create a standard curve. Aliquots of the MON 89034-
produced CrylA.105 protein and reference standard were diluted in deionized water and
5x Laemmli buffer (5x LB), heated at approximately 95.5°C for 5 min, and applied to a
pre-cast Tris-glycine 4—20% polyacrylamide gradient gel. Three different:amounts of
the MON 89034-produced protein were loaded, in duplicate. Electtophorésis was
performed at a constant voltage of 125 V for 15-min followed by a.constant voltage of
170 V for 75 min. Pre-stained molecular weight markers (Bio-Rad Precision Plus Dual
Color, Hercules, CA) were used to verify the completehess of electrotranster:of protein to
the membrane and estimate the size“of the immunoreactive bands ebserved. The
electrotransfer to a 0.45 um PVDF mémbrane (Invitrogen, £arlsbad, CA) was performed
for 90 min at a constant voltage of25 V.

The membrane was blocked-for 1xbowith 5%(w/v).NFDM (nen-fat-dry milk) in IxPBST
(phosphate buffered saline withy Tween 20).” The membrane was“probed with a 1:1000
dilution of rabbit anti-CrylA105 antibody 4n" 1%, (w/¥) "NFDM.in PBST for 60 min.
Excess antibody was removed. using:four avasheés”(5 min ¢ach) with PBST. Finally, the
membrane was probed with HRP “(horseradish peroxidase)-conjugated goat anti-rabbit
IgG (Sigma,.St:"Lowis, MO) at.a dilution.of 1:7500 in~1%c(w/v) NFDM in PBST for 60
min. Excess"HRP-conjugaté-was removed. using three washes (5 min each) with PBST.
All incubations were petforméd’ at-foom-teniperature. Immunoreactive bands were
visualized using the’ ECE detection.systetn (Amersham Biosciences, Piscataway, NJ) and
exposed (5, ming310-Zming 20 -min)” toOHyperfilm ECL high performance
chemiluminescence film (Amersham Biesciences). Films were developed using a Konica
SRX-101A’automated filinw’processor( Tokyo, Japan).

The immunoreactive band’of the MAON 89034-produced CrylA.105 protein in each lane
migrating at'the.samedistance as-the full-length reference standard Cry1A.105 protein of
E. coli was quantitated relative to the standard curve. Quantitation was performed using
the yolume.tool @and the linear regression method in the Quantity One software (version
4.4.0) after scanning with a Bio-Rad GS-800 densitometer. The concentration of the
MON;89034-produced CrylA.105 was determined by dividing the amount of protein in
each’'lane by the volume of protein loaded in the respective lanes.
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B.1.4. Western Blot Analysis

Western blot or immunoblot analysis was performed to confirm the identity of the
CrylA.105 protein, the intactness of its N-terminus, and compare immunoreactivity of
the MON 89034- and E. coli-produced Cry1A.105 protein.

Western blot analysis using anti-Cry1A.105 antibody

The Western blot (see above Section B.1.3) was used to establish the identity of the
MON 89034-produced protein and to compare the immunoreactivity of the MON 89034-
produced and E. coli-produced CrylA.105 protein. Equivalence was demonstrated for
bands representing full-length CrylA.105 pretein that was identified by ~the anti-
CrylA.105 antibody and showed similar mobility withcthe E. colisproduced reference
standard on the gel/blot.

Western blot analysis using the anti-N-terminal peptide antibody

Western blot analysis using the< anti-N-tevminal” peptide cantibody was performed to
confirm the intactness of the Neterminus .of the OMON~ 89034-produced CrylA.105
protein. The anti-N-terniinal peptidérantibody was produced with assynthetic peptide
consisting of the first 14:amino acids of the CrylA.105 protein N-terminus as the antigen.
The trypsin resistanticore‘of CfylA. 105 was us€d as“a negative control because its N-
terminus was removed by trypsin, The MON89034-produced CrylA.105 protein, the E.
coli-produced -CrylA:105: reference.standard, and the CrylA.105 trypsin-resistant core
were each loaded on gels at 20 ngland 40 ng-per lane. Each protein was mixed with 5x
LB, heated at 96°C" for”5 ming.‘and ~applied’ tola pre-cast Tis-glycine 4—20%
polyacrylamide gradient’gel. “The eletrophoresis was performed at a constant voltage of
150 V for 5_min fellowed by a constant’ veltage of 200 V for 60 min. Pre-stained
molecular weight-markers (Bio-Rad Precision Plus Dual Color) were used to verify
electrotransfer of proteinito the membrane.and estimate the size of the immunoreactive
bands. “Electrotransfer to a ¢.45 unr'PVDF membrane (Invitrogen) was performed for 90
min at a constant voltage.of 25-V~

The membrane-was.blocked overnight with 5% (w/v) NFDM in 1xPBST. The membrane
was probed withca rabbit anti“N-terminal peptide antibody in 1% (w/v) NFDM in PBST
for60 min. Excess:antibody was removed using three washes (5 min each) with PBST.
Finally, theymenibrane was probed with HRP-conjugated anti-rabbit IgG (Sigma) at a
dilution of 1:7500 in 1% (w/v) NFDM in PBST for 60 min. Excess HRP-conjugate was
removed using three washes (5 min each) with PBST. Immunoreactive bands were
visualized using the ECL detection system and exposed for 1 min, 2 min, 5 min, and 10
min to ECL high performance chemiluminescence film. Films were developed using a
Konica SRX-101A automated film processor.
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B.1.5. Molecular Weight and Purity Estimation by SDS-PAGE

Aliquots of the E. coli-produced reference standard and MON 89034-produced
CrylA.105 protein were mixed with 5x LB to a final protein concentration of 10 ng/pl
and 2.4 ng/pl, respectively. The MON 89034-produced protein was analyzed in duplicate
at 48, 72, and 96 ng of total protein per lane. The E. coli-produced Cryl1A.105 reference
standard was analyzed at 96 ng of purity-corrected for the full-length protein. All
samples were heated in a thermo-block at 99°C for 3 min and applied to a pre-cast Tris-
glycine 4—20% polyacrylamide gradient gel (Invitrogen).  Electrophorésis was
performed at a constant voltage of 125 V for 10 min followed by a constant voltage of
170 V for 70 min.

The gel was stained using the SilverXpress® silver staming kit (Invittégen, Carlsbad,
CA). The gel was fixed for 10 min in 200!l of fixing’ solution (90 mil-ultra‘pure water,
100 ml methanol, and 20 ml acetic a€id). This;was dollowed by “10min_ in* 100 ml
sensitizing solution (105 ml ultra pure water, 100 mbmethanol, and 5<ml sensitizer) and
repeated once. The excess of the-sensitizing solution was removed-using two washes (5
min each) in 200 ml ultra purewater: The gel.was stained-for 15-mindn 100 ml staining
solution (5 ml Stainer A, 5;mil Stainer B, and 90 ml ulira ptire water)~“The stain was
removed using two washes (5ymin, éach),of 200 mb ultra”’pure”’water. Development
occurred in 100 ml of:solution (5.ml developer and,95 mlb ultra-pure-water) for 3-15 min,
and was stopped byzaddition of 5 mlstopping setution-for’10 min. The gel was washed
three times for 10 ‘min\each with,200.aml of ultraipure:watef> Analysis of the gel was
performed using a,Bio-Rad “GS-800 densitometet. withOthe supplied Quantity One
software (wersion 4.4.0;" Hereules; CA).” Molecular weight markers (Bio-Rad, broad-
range) swere used tozestimate the’apparentmolecular weight of the MON 89034-produced
CrylA.105 protein.” For the purity evaluation, all-visible bands within each lane were
quantified. Stained, bands correspending-to ithmunoreactive bands identified by anti-
CrylA.105 “antibody -and..migratifig Arom capproximately 56 kDa to 130 kDa were
included'dn the putity calculation for theyprotein of interest as they represent various
lengths (proteolytic fragments'to_full-length) of the Cry1A.105 protein.

B.1.6 Glycosylation Analysis

Glycosylation analysis® was used to determine whether the MON 89034-produced
CryTA.105 proteinvas post-translationally modified with covalently bound carbohydrate
moieties. Aliquots of the MON 89034-produced Cry1A.105 protein, the E. coli-produced
CrytA.105 reference standard, and the positive control glycoproteinss, transferrin
(Amersham Biosciences) and horseradish peroxidase (Sigma), were each mixed with 5x
LB. These samples were heated at 95 °C for 4 min, cooled, and loaded on a Tris-glycine
4—20% polyacrylamide gradient gel. Each sample was loaded at 48 and 96 ng (purity
corrected for the full length protein) per lane. Precision Plus Dual Color pre-stained
protein molecular weight markers (Bio-Rad) were loaded to verify electrotransfer of the
proteins to the membrane, and the CandyCane™ glycoprotein molecular weight
standards (Molecular Probes, Eugene, OR) were loaded as positive/negative controls and
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markers for molecular weight. Electrophoresis was performed at a constant voltage of
125 V for 10 min followed by a constant voltage of 170 V for 70 min. Electrotransfer to a
0.2 um PVDF membrane was performed for 90 min at a constant voltage of 25 V.

Carbohydrate detection was performed directly on the PVDF membrane using the Pro-
Q® Emerald 488 glycoprotein gel and blot stain kit (Molecular Probes). The
manufacturer’s protocol was followed. All steps were performed at room temperature.
The PVDF membrane was fixed in 25 ml of a solution containing 50% methanol and 5%
glacial acetic acid for 1 h, and then the solution was changed once and the membrane was
incubated overnight. Two 15 min washes (50 ml each) of 3% (v/v) glacial acetic acid
(wash solution), were followed by a 20 min oxidation in 25. ml of the kit supplied
oxidizing solution. After oxidation, three 15 min washes (50" ml each)’prepared the
membrane for staining. The blot was incubated in 25 ml\of Pro-Q-Emerald’ Staining
Solution that was prepared using the kit reagents. After 1. & of stainingin the darks’two 30
min, 50 ml wash cycles were followed bystwo 45 min; 50 ml wash ¢ycles;” Thefinal
wash cycles included two 25 ml, 1 min‘deionized water washes>followed-by thiee 25 ml,
5 min methanol washes. The blot was thew scanned using the'Bio-Rad Molecular Imager
FX with the Alexa 488 illumination setting (Qunatity One seftware; verston 4.6, build
036) in order to visualize the fluorescing glycosylated proteifis.

B.1.7. Tryptic Peptide Mapping Analysis.by MALDI-TOEMS

Matrix assisted laset 'desorptiofi/ionization time<of-flight :1nass ‘spectrometry (MALDI-
TOF MS) was ased.\te further, confirm the"identity.cof the MON 89034-produced
CrylA.105 pretein,

The purified MON,\89034produced-protein (45 mil) was diluted to 9.0 ml with a
concentration buffer [25°mM CAPS; 0.02% (w/v):SDS] followed by concentration to 64
pl using Amicen Wltrafree CL’ coneentrators.(Millipore Corporation, Bedford, MA).
Sixty microliterscof 5 x LB was used to‘wash-the concentrator walls and membranes. The
membranes were heated with §x” LB-for/ 5 min at 95°C. Sixteen microliters of this 5x
LB was then used as the loading duffer‘for the CrylA.105 sample for SDS-PAGE. The
broad- range*moleénlar. weight matkers (Bio-Rad) were used to estimate molecular
weights. MON _89034-produced CrylA.105 protein and molecular weight markers were
heated .at” 95°C for 5.min <and then applied to a pre-cast Tris-glycine 4—520%
polyaerylamiide gradient gel;“Electrophoresis was performed at constant voltage (125 V
for 10 amin followed by 170 V for 70 min). Proteins were stained with Bio-Rad
Coomassie?l" x.stain for 2 h, and destained by washing with 1x destain solution (Bio-
Rad) for 2 h with one change of the destain solution.

The bands representing the full-length CrylA.105 protein were excised from two gel
lanes, destained, reduced, alkylated, and subjected to an in-gel trypsin digestion
(Williams et al., 1997). Briefly, each gel band was individually destained for 30 min by
incubation in 100 pl of 40% (v/v) methanol and 10% (v/v) glacial acetic acid in a
microfuge tube. This was repeated two additional times. Following destaining, the gel
bands were incubated in 100 pul of 100 mM ammonium bicarbonate buffer for 30 min at
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room temperature. The protein was reduced in 100 ul of 10 mM dithiothreitol solution
for 2 h at 37°C. The protein was alkylated by the addition of 100 ul of 200 mM
iodoacetic acid. The alkylation reaction was allowed to proceed at room temperature for
20 min in the dark. The gel bands were then incubated in 100 pl of 100 mM ammonium
bicarbonate buffer for 30 min at room temperature at which time 100 ul of acetonitrile
was added and the incubation was continued for an additional 30 min. The ammonium
bicarbonate/acetonitrile incubations were repeated two additional times to remove the
reducing and alkylating reagents and other salts from the gel. The gel slices were dried in
a SpeedVac concentrator, rehydrated with 40 pl 25 mM ammonium bicarbonate
containing 33 pg/ml trypsin, and the protein contained in the gel band was digested for 16
h at 37°C. Digested peptides were extracted for 60-80 min at room temperature with 50
ul 70% (v/v) acetonitrile containing 0.1% (v/v)-TFA per gel band. Beoth .extraction
supernatants were combined into a single tubevand dried-in a SpeedVac ‘concentrator.
This process of extracting the peptides was eepeated twio more times. .. Fhe final dried
materials were reconstituted in 5 pl of 0.15%64v/v) TFA:

An aliquot (4 pl) of the digested sample’ was:desalted. (Bagshaw -et7al.,.2000) using
Millipore (Bedford, MA) ZipTip €18 tips. .Prior to<desalting; the tips were wetted with
methanol and equilibrated with«021%(v/v)FF A.-The sample was-applied to a ZipTip and
eluted with 4 pul of Wash 1[0.1%A(v/v) TFA], followed by 4l of-Wash' 2 [20% (v/v)
acetonitrile containing 0:1% (v/v).TFAL>followedCby 4l of Wash 3 [50% (v/v)
acetonitrile containing ‘0.1%:(v/v)-TFA}, and finally with 4-ul of-Wash 4 [90% (v/v)
acetonitrile containing 0.1% (v/v) TEA].

Mass spectralcanalyses were performed as follows. « Mass calibration of the instrument
was performed using “an external“peptide «mixture frem a Sequazyme peptide mass
standards kit (Applied Biosysteéms, Foster-City,(CA)>Samples (0.5 pl) from each of the
desalting steps,.-as’well as. a sample- 0f solution-taken prior to desalting, were co-
crystallized with 0.8 ul.&-cyane-4-hydroxy cinhamic acid on the analysis plate. The
sample was analyzed.in the 500:t6" 5000 Da range using 100 shots at a laser intensity
setting oP2781 (a unit-less MALDI<TOF instrument specific value). Protonated (MH")
peptide’ masses. were , measured_monaisotopically in reflector mode (Aebersold, 1993;
Billeci and Stults, 1993)..0GPMAW32 software (Applied Biosystems, version 4.23) was
used to generate expected tryptic-peptide masses based on the expected cleavage sites in
CrylA. 105 protein-sequence. The in silico generated masses were compared to the raw
experimental masses, obtained. Experimental masses (MH") were assigned to peaks in
the.500-t0 1000 Da range if there were two or more isotopically resolved peaks, and in
the 1000 to25000:Da range if there were three or more isotopically resolved peaks in the
speetra. Peaks*were not assessed if the peak heights were less than approximately twice
the baseline noise, or when a mass could not be assigned due to overlap with a stronger
signal £2 Da from the mass analyzed.
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B.1.8. Functional Activity Biossay

Aliquots of the MON 89034-produced and E. coli-produced CrylA.105 protein were
tested for biological activity in a diet-incorporation insect bioassay to compare the
equivalence of the biological activity of the Cry1A.105 protein from the two sources.

The total protein concentration of the E. coli-produced CrylA.105 protein aliquots was
1.2 mg/ml, with a purity of 92%, and a purity corrected concentration of 1.1 mg
CrylA.105 mg/ml. The CrylA.105 protein concentration of the purified MON89034-
produced CrylA.105 protein aliquots was 3 pg/ml. The control substances used‘in the
bioassays were buffers of the same composition used for,formulating” the E. coli-
produced and MON 89034-produced proteins. ‘Fhe E. coli-produced reference’ standard
was suspended in 25 mM CAPS, pH 10.3, 1 mM benzamidine-HCI; 0.1.aM EDTA, 0.2
mM DTT buffer solution. The buffer composition for‘the MON 89034-produced protein
was 50 mM CAPS, 1.0 mM PMSF, 2:0 ' mM benzamidine-HC1, 1 mM-EDTA; 0.8 M
NaCl, 30% (v/v) ethylene glycol, .pH 10, The  MON._89034-produced .and E. coli-
produced CrylA.105 proteins were stored at@°C.and -80°Cgrespectively. The control
buffers for both proteins were stored-at 4°C.

The test system was corioearworm-(CEW, Helicoverpa zea) which was obtained from
Benzon Research Ine (Carlisle, PA), ¢Insect eggs wepe incubated at a temperatures
ranging from 10°Czto 27°C,-to’ achievesthe desired”hatch time. The bioassay was
replicated three.fimes.on sé€parate days with"separate:-batchies of insects. The MON
89034-produced’and E. coli-produced protem treatments were run in parallel during each
bioassay.. Each bioassay replicate consisted-of a series of five protein levels yielding a
dose seties rangingzfron1~0.00048 ~0.039 ng CrylA:105 protein/ml diet with a 3-fold
separation factor-between idoseclevels. ~ This dose series was chosen to adequately
characterize the dose-effeet relationship.for the-proteins from both sources. Each dose
level, including dhe control, had an equivalent volume of buffer added to the dosing
solution:“The CrylA.105 protein dosing §olutions were prepared by diluting the protein
withpurified water and<incérporating ¢he diluted solution into an agar-based insect diet
(Southland Corp., Lake Village; AR)." Diet mixture was then dispensed in 1 ml aliquots
into a 128:welltray (€D International, Pitman, NJ). Insect larvae were placed on these
diets using a‘finepaintbrush,‘with a target number of 16 insects per treatment. The
infested wells were covered by a ventilated adhesive cover (CD International, Pitman,
NJ) and the ansectsywere allowed to feed for a period of 6-7 days in an environmental
chamber programmed at 27°C, ambient relative humidity and a lighting regime of 14
h:10 h (light:dark). The combined weight of the surviving insects at each dose level for
each source of protein was recorded at the end of the 6-7 day incubation period.

The following three-parameter logistic model, with an extra parameter for the change in
variation with the expected weight (equation below), was used to model the dose-
response curves for each protein source and each replicate under the PROC NLMIXED
procedure in SAS (Statistical Analysis System):
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Equation: Wi = W, e
N DietDose
EC50
2
Var(e) = s-W, .
+[D'etDosej
EC50

where Wt is the average CEW larvae weight and DietDose is the CrylA. )OS protein diet
dose level. The residual variation was assumed to be proportionalto the expectedzmean
weight. The parameters that are included in the modebare<W, whichcreprésents the
expected weight at DietDose = 0.0,-ECsoovhich represents; the concentration' needed to
inhibit the growth of the target insect by 50%¢B whi¢h reflects the rate of the weight loss
as DietDose increases, S which tepresents:the proportion’ of 'the standard deviation to the
expected weight, and e which denotes the residual (etror):

B.2. Results
B.2.1 Cryl1A.105/Protein Immunoreactivity

Western blot’analysis*usingha polyclonal anti-Cry1A,105 antibody was conducted to
determin€* the relative ~immunoreactivity’ of~‘thepurified, MON 89034-produced
CrylA.105 protein and'the -E coli-produced Cry LAZ105 reference standard. The results
demonstrated that the anti=CrylA.105 antibodyrecognized the full-length MON 89034-
produced Cry1A:105 protein/that:migrated similarly to the full-length E. coli-produced
reference)Cry1 A. 105 protein (Figure B-1). As expected, the immunoreactive signal
increased with increasing levels of loading for both MON 89034- and E. coli-produced
proteins. Theximmunoreactivecband with lower molecular weight most likely represents a
a proteolytic " fragment of cthe C€rylA.105 protein. It is common to observe such
proteolytic’ fragments of.Cryl(proteins due to the cleavage by proteases in vivo or in
vitro.¢A faint immunoteactive band with molecular weight above 250 kDa was observed
in.the samples of the MON 89034-produced and E. coli-produced CrylA.105 protein.
This band most-likely represents the aggregate of the CrylA.105 protein.

The Western blot analysis confirmed the identity of the MON 89034-produced
CrylA.105 protein and demonstrated that the MON 89034- and E. coli-produced
CrylA.105 protein had equivalent immunoreactive properties for the antibody used for
the antibody used.
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Figure B-1. Western blot analysis'of MON,89034-produced and<E. coli-produced
Cryl1A.10S5 protein

Aliquots of the purified, MON 89034-produced and E.ccoli-produced CrylA.105 protein
were separatéd byoSDS-PAGE, and electrotransfetred ;te) a PVDF membrane. The
membrane‘was incubated with rabbit polyclonal anti-Cey1A.105 antibody and developed
using an . ECL systém. Approximate, moleculariweights (kDa) are shown on the left side
of the blot, whichrcorrespond to the markers loaded in lanes 1 and 12.

Lane Sample Amount Amount
Loaded (ng) Loaded (ul)

1 Precision Plus Dual Color molecular weight markers — — —
2 E. coli-producéd Cryl'A.10S standard 1 —
3 E. cali-produced Cry1A:105 standard 2 —
4 E.-coli-produced Cryl A.105 standard 4 —
5 £’ coli-produced CrylA.105 standard 6 —
6 MON .89034-produced CrylA.105 protein — 7.5
7 MON:89034-produced CrylA.105 protein — 7.5
8 MON 89034-produced Cryl A.105 protein — 10
9 MON 89034-produced CrylA.105 protein — 10
10 MON 89034-produced Cryl1A.105 protein — 20
11 MON 89034-produced Cryl1A.105 protein — 20
12

Precision Plus Dual Color molecular weight markers — — —
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B.2.2. Cryl1A.105 Protein Molecular Weight

The equivalence in apparent molecular weight of the purified MON 89034- and the E.
coli-produced Cryl1A.105 protein was demonstrated using SDS-PAGE stained using the
SilverXpress® silver staining kit (Invitrogen). The full-length MON 89034-produced
CrylA.105 protein migrated to a position similar to that of the E. coli-produced protein
standard which was analyzed concurrently (Figure B-2). Based on the comparable
electrophoretic mobility, the MON 89034- and E. coli-produced CrylA.105 protein was
determined to have equivalent molecular weight.

B.2.3. Confirmation of the N-terminus Intactness Using Immunoblot Analysis

The N-terminus of the plant-produced proteins could be blocked>by chemical
modifications. Therefore, the intactness ofthe N-terminus of thesMON-89034-produced
CrylA.105 was examined using Western blot analysis®with) an, N-terminalpeptide-
specific antibody. The anti-N-terminal peptide-antibody was raised .againstia synthetic
peptide consisting of the first 14 amino.acidsAMDNNPNINECIPYN) at the N-terminus
of the Cryl A.105 protein.

The E. coli-produced €rylA:105 ‘Containing Cthe ~intactN-términal sequence, the
CrylA.105 trypsin-resistant-eore lacking the,N-terfninus;of the full;length protein were
used as positive and negativeé“reference’ standards, “respectively. As expected, no
immunoreactive .bands -were--observed~ih the" lanes loadedewith CrylA.105 trypsin-
resistant core (Figure B-3;-lanes 6:and 7). The band corresponding to the full-length
CrylA.105.protein (approximately.130:kDa). was obseryed in the lanes loaded with both
the MON:89034- and E. coli-produced CrytA 405 protein. Additionally, a fragment of
lower moleculatOweight (approximately 85 kBa) was observed in both protein
preparations (Figure\B-3¢lanes-2-5)0 This’fragment represents a proteolytic product of
C-terminal “degradation;of . Cry 1 As305 ‘protein.” As expected, the intensity of the bands
increasedyin a manner dependent ofcthe loading quantities. These results are consistent
with spublished. literature that the intermediate proteolytic fragments of Cryl proteins
have intact Nsterminus, while the N-terminal peptide (approximately 25-30 amino acids)
was cleaved‘for the trypsin-resistant core (Gao et al., 2006).

In conelusion, theintacthess of the N-terminus of the MON 89034-produced CrylA.105
protein was confirmed.
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Figure B-2. SDS-PAGE of MON 89034-produced@and E. coli<produced’Cry1A.105
protein

Aliquots of the MON "89034-produced Cryl A J05 proteinand:the E. coli-produced
CrylA.105 reference standardewere;separated by a Tris-glycinet4—20% polyacrylamide
gradient gel and-stained with an Javitrogen SilverXpress-silverstaining kit. Approximate

molecular weights ‘(kDa) ‘ar¢- shown on-the left side of:the gel and correspond to the
markers loaded in lanes 1, and 9,

Lane Sample Amount (ng)
1 Broad Range-molecular weight markers (Bio-Rad) —
2 E. coli=producedCry1A:105 reference standard 96
3 MON 89034-produeed Cryl A.105 protein 48
4 MON 89034-produced CrylA.105 protein 48
5 MON 89034-produced Cryl A.105 protein 72
6 MON:89034-produced CrylA.105 protein 72
7 MON 89034-produced Cryl A.105 protein 96
8 MON 89034-produced CrylA.105 protein 96
9 Broad Range molecular weight markers (Bio-Rad) —
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Figure B-3. Examination of the.intactness of N-terminus by immunoblot analysis
using anti-N-terminal peptide-antibody

Aliquots of the MON:89034~produced“Cry IA.105 protein, E. coliproduced Cryl1A.105
reference standard;“and-{Cryl@A.105 trypSin-resistant-coré standard were separated by
SDS-PAGE and. electrotransferred to.a- PVDF membgane.. The membrane was probed
with the anti-N-terminal, peptide antibody; and”immunorédctive bands were visualized
using an -ECL system (5 anin_exposure). » Approximate molecular weights (kDa) are
shownon'the left side ofthe blot and correspond-to the markers loaded in lanes 1 and 8.

Lane Sample Amount (ng)
1 Precision Plus Duoal Color molecular weight markers —
2 MON 89034-produced CrylA.105 protein 20
3 MON 89034-produced CrylA.105 protein 40
4 E..coli-produced CrylA.105 reference standard 20
5 E. colizproduced Cry1A.105 reference standard 40
6 CryI’A.105 trypsin-resistant core standard 20
7 CrylA.105 trypsin-resistant core standard 40
8 Precision Plus Dual Color molecular weight markers —
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B.2.4. Tryptic Peptide Mapping by MALDI-TOF MS

The MON 89034-produced, full-length CrylA.105 protein was further identified by
tryptic peptide mapping analysis using MALDI-TOF MS. The protein sample was heat-
denatured, chemically reduced, alkylated and digested with trypsin, and the masses of the
tryptic peptides were measured.

There were 52 protein peptide masses identified that matched the expected tryptic
peptides generated in silico based on the predicted cleavage sites in the sequence. The
identified masses were used to assemble a coverage map that.displays those matched
peptide sequences for the protein (Figure B-4), Overall,(the confirimed. sequence
accounts for 43.8% (516 out of 1177 aminoacids) of-the full-length-sequence of
CrylA.105 protein. In general, a protein identificationymade bycpeptide mapping is
considered to be reliable if the measured coyerage of the sequence-is 15% orthighér with
a minimum of five matched peptides ‘(Jensen et ak, 1997). Oln the cutrent case, the
detected peptide coverage was 43.8% with=52.madtched peptides,-thereforegithe protein
identity of MON 89034-produced Cry . Ac105 proteiivwas ‘confirmed.

B.2.5. Lack of Glycosylation for CrylA.105Protein

Some eukaryotic proteins are’ post-translatiohallyCmodified with-carbohydrate moieties
(Rademacher et al”1988). .These; carbohydrate moieties’ may be complex, branched
polysaccharide structures. ot simple oligosaccharides to- monosaccharides. In contrast,
prokaryotic ;drganisms ~such« as  non-vitulent “E. .Coli strains used for cloning and
expression“purposes<lack .the necessary biochemical “synthetic capacity required for
protein’glycosylation.

To examine cwhether potential pgst-translational glycosylation of the MON 89034-
produced -Cryl A/105-protein oceurred, thé purified protein sample was subjected to
glycosylation analysts. The Ec'¢oliproduced Cryl1A.105 reference standard represented a
negative control.” The positivecontrol was represented by transferrin and horseradish
peroxidase (HRP)) proteins<that.-are known to have multiple covalently-linked
carbohydrate modifications;” The transferrin, HRP, as well as the purified CrylA.105
protein‘isolated from. MON. 89034 and E. coli were separated on SDS-PAGE, and
glycosylation analysis ‘was performed to detect oxidized carbohydrate moieties on the
proteinss~ Theiresults of this analysis are shown in Figure B-5. The positive controls
weredetected at-the expected molecular weights in a concentration-dependent manner
(Figure B-5, lanes 2-5). No detectable signal was observed for the MON 89034-
produced and E. coli-produced CrylA.105 protein (Figure B-5, lanes 6-9).

Therefore, the MON 89034-produced protein is not glycosylated and, thus is equivalent

to the E. coli-produced CrylA.105 reference standard with respect to the lack of
glycosylation.
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Figure B-4. ‘Sequénce eoverage inthe trypticpeptide mapping analysis of MON
89034-produced fullslength CrylA.105 with MALDI<TOF MS

Shaded regions cortespond to'52 fragments ofitfryptic’peptide masses that were identified
from the full-lemgth protem -band>” Overall,d3.8% of the protein sequence was identified.

Monsanto Company

06-CR-166U

Page 203 of 262



CBI Deleted Version

1 2 3 4 5 6 7 8 9 10

kDa | kDa
180 | == P
100

82 | - 75

42 : >

- 37

- T 25

18 | w— ) _%2

-\&
. L 19
ADD) .rO"

Figure B-5. Glycosylation analysis of the MON89034-produced-Cryl A.105 protein

Aliquots of the MON 89034-produced Cry 1A 105, protein, EOcalicproduced CrylA.105
reference standard (negative~control),. horseradish:peroxidase: (positive: control) and
transferrin (positive control) were separated by >SDS-PAGE (4<520% gradient) and
electrotransferred to a PVDF ‘membrane’0” Where present; periodate-oxidized protein-
bound carbohydrate inoieti€s 'reacted~with Pro-QOEmerald 488 -glycoprotein stain and
emitted a fluorescent signal.at 488 nm& The sighal was captured using a Bio-Rad
Molecular Imager FX:. . Approximate molecular weights:(kDa) correspond to the
CandyCane glycopfotein, markers loaded-in lang’1 and the'Precision Dual Color markers

in lane 10.
Lane Sample Amount (ng)
1 CandyCane.glycoptotein‘molecular weight standards —
2 Horseradish’Peroxidase’ (positive control) 48
3 Horseradish Peroxidase (positive control) 96
4 Transferrin(positive control) 48
5 Transferrin (positive control) 96
6 MON89034-produced Cryl1A.105 48
7 MON 89034-produced CrylA.105 96
8 E. coli-produced Cry1A.105 (negative control) 48
9 E. coli-produced Cryl1A.105 (negative control) 96
10 Precision Plus Dual Color molecular weight markers —
Monsanto Company 06-CR-166U Page 204 of 262



CBI Deleted Version

B.2.6. Cryl1A.105 functional activity

The biological activities of E. coli-produced and MON 89034-produced CrylA.105
protein were estimated by determining ECsy values in a corn earworm (CEW) diet-
incorporation bioassay. The ECs value is defined as the level of CrylA.105 protein in
the diet that results in 50% inhibition to larval growth.

The ECs, values for each replicate bioassay are summarized in Table B-1, and the dose
response relationships for MON 89034- and E. coli-produced CrylA.105 are_illustrated
in Figure B-6. The ranges of the estimated ECsy values overlapped for the proteiffrom
the two host sources. The ECs values for the MON 89034-produced protein ranged from
0.0055 to 0.0089 pg CrylA.105/ml diet and the ECs, values for the E. coli=produced
protein ranged from 0.0053 to 0.0170 pg CrylA.105/ml diet. FEigure“B-6.shows an
equivalent slope for the dose-response relationship for the E., coli-.and MON 89034-
produced CrylA.105 protein in the CEW bioassay.~ These results clearly demonstrate
that the CrylA.105 protein derived\ from”MON 89034~ andE. cali ha$’ equivalent
functional activity.

Table B-1. ECs values of E. cgli-produced and-MON 89034-produced CrylA.105
protein in a corn earworm-diet-incorporation bioassay

ECso-(ig Cry 1 A-105/mEdigty’
E. coli-produced MON 89034-produced

1 00150, 0.0025 0.0055 +0.0014
Replicate 2 0.0053 + 0.0022 0:0089 + 0.0018
3 0201704 0.0021 0.0077 £ 0.0012
Overall 0.0120 £:0.0062 0.0074 £ 0.0017

' ECso{(mean + standard errof) Teptesents the concentration needed to inhibit the growth
of the target.insect by 50%.

* Each bioassay replicaté’consisted-of a series of five protein levels yielding a dose series
ranging -from-"0.00048 > 0.039 pg CrylA.105 protein/ml diet with a 3-fold
separation;factor between dose levels. Insect larvae were placed on the diets with
16 1nhsects pertreatment. The combined weight of the surviving insects at each
doseylevel was recorded at the end of the 6-7 day incubation period. ECsy was
calculated with SAS software.
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Figure B-6. Functional equivalence of the E. coli-produced-and’the MON 89034-
produced CrylA.105 protein against corn earworm (CEW)

Bioassay results from three replicates have beeh conibined, for Hustration purpose only
and are shown ona log concentration scale.~Each.data:pointrepresents the mean of the
three bioassays along with the standard error ofithe mean;. (Equivalent slope was seen for
dose-response relationships for the E. coli- and MQN 89034-produced Cry1A.105 protein
in the €EW bioassay. The data demonstrate that the test insect body weight decreases
with the increase,of the~CrylA.105 des¢ level, indicating the greater growth inhibitory

effect on the test insects at’higher doses.
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Appendix C. Materials, Methods, and Results for Characterization of Cry2Ab2
Protein

The Cry2Ab2 protein was purified from the grain of MON 89034 as well as from a
recombinant E. coli culture. A panel of analytical tests was used to identify, characterize
and compare the MON 89034-produced and E. coli-produced Cry2Ab2 protein including:
(1) Western blot analysis; (2) SDS-PAGE and densitometry; (3) MALDI-TOF MS; (4)
N-terminal sequence analysis; (5) glycosylation analysis; and (6) insect activity bioassay.
The materials, methods and the results are described below.

C.1. Materials and Methods

C.1.1. Purification of MON 89034-Produced Cry2Ab2®Protein

The MON 89034 produced Cry2Ab2 protein was. purified frem grain of > MON-89034.
The identity of the grain containing MON_89034 was<confirmed by event-specific PCR.
The isolated MON 89034-produced Cry2Ab2-ptotein was stored ina —80°C freezer in a
buffer solution containing 50.cmM.CAPS; 2-inM DTT (pH-1I) dtra total protein
concentration of 0.25 mg/ml.

The purification was performed using a combination-of ammoniumcsulfate fractionation,
anion exchange chromatography;and immunoaffinity ¢hromatogtaphy.

The isolation 0P Cry2Ab2-protein from ground, corn “grainiwas started from two 10 kg
batches. Each batch was extractedwith \PBS-buffer’ (1 mM KH,PO,4, 10 mM Na,HPOy,
137 mMcNaCl, 2.7CmMKClyypH. 7.4) t0 removecontaminant proteins. The PBS
extraction procedure consisted of soaking’ground grain in PBS for 2 h in a 4°C cold room
at approximately 1;10 ratio of sampléoweight (g)to buffer volume (ml). The slurry was
clarified byCfiltration using-an Ettel Alsop- filter press (Kingston, NY), and the PBS
washed solid particle (cake) was retained. ,Subsequently, the Cry2Ab2 protein in the cake
was . extracted with extraction buffer containing 50 mM CAPS, 1 mM EDTA, 2.5 mM
DTT, 1 mM PMSF,2 mibbenzamidine-HCI, 0.5 mM CHAPS, 1% (w/v) PVPP, pH 10.8
at approximately, 1:10ratio of saniple weight (g) to buffer volume (ml) for 2-3 h. During
extraction;’ liptds ‘were removed: from the extract by adding CelPure P65 diatomaceous
earth ¢Advanced-Minerals Cotp, Goleta, CA) to the homogenate at approximately 7.5%
(w/v) andallowed toomix for 10 min. The slurry was clarified by filtration using the filter
press-and the restiltant extract from both batches was pooled for a total volume of 230 L.
The-pooled extract was concentrated using a 30,000 NMWC (nominal molecular weight
cutoff) hollow fiber cartridge (Amersham Biosciences, Piscataway, NJ) to a final volume
of 35 L. To remove plant genomic DNA, 10% (w/v) polyethyleneimine, was added to a
final concentration of 0.05% (w/v), the extract was clarified by centrifugation to remove
precipitated DNA, and the supernatant was retained. The Cry2Ab2 protein in the
supernatant was precipitated with 35% ammonium sulfate saturation. The precipitate was
pelleted by centrifugation and the pellet was dissolved in 20 L of resuspension buffer
containing 50 mM CAPS, 1 mM EDTA, 2.5 mM DTT, 1 mM PMSF, 2 mM
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benzamidine-HCI, pH 10.8 by mixing in 4°C cold room. The suspension was clarified by
centrifugation, and 21 L supernatant was retained, concentrated, and buffer-exchanged by
diafiltration against a buffer containing 50 mM CAPS, 1 mM EDTA, 2.5 mM DTT, 1
mM PMSF, 2 mM benzamidine-HCI, pH 10.8 (loading buffer) to remove any residual
ammonium sulfate salt. The concentrated sample of 13 L was loaded onto an anion
exchange column in two batches — Run 1 (6 L) and Run 2 (7 L). The elution parameters
were identical for both runs and thus only the Run 1 column parameters are described
below.

A portion of concentrated sample was loaded onto a 4.5 L (20 cm x 14.4 cm column) Q
Sepharose Fast Flow anion exchange column, which was equilibrated with:the loading
buffer. The bound proteins were eluted with step gradients ag.follows: 0220% buffer B
(loading buffer plus 1M NaCl) in 10 column volumes (CV),-then the gradient.was held at
20% buffer B for 4 CV, and then the gradient®as increaseéd to 65% buffer'B oyer'10 CV,
and finally the gradient was stepped up to-100% buffer'B and held,at 100% bufter 8’for 2
CV. Fractions, each of 4 L, containing” Cry2Ab2<protein_were (identified by Cry2A
QuickStix™ lateral flow test kit (EnviroLogix, Portland, ME) forfurthér analysis. Based
on SDS-PAGE and Western blot analysis'results, fraction-7 from Run 2 was selected for
affinity purification.

The fraction 7 was concentrated,to 400’ mlusing a>30;,000 NMWE-holléw fiber cartridge.
Approximately one half-of the aferementioned sample was buffer-exchanged into EPPS
buffer (50 mM EPPS, 2 mM DTT,  pH¢7.2) using:€entrifuge’concentrators (30 kDa
MWCO), resulting in~a-final*volume of-200:ml. “This sample; in two separate batches,
was applied. to-ansaffinity “column(1.0.em >,2.7«cm). containing Protein G agarose
conjugated-with Cry2Aa-specific mAb.and equilibrated syith EPPS buffer (50 mM EPPS,
2 mM DTT, pH 7.2)” The sample was re-circulated<through the column for 2 h at 100
ml/h. The columi-was then:washed with“17-20 CV-of EPPS buffer (50 mM EPPS, 2 mM
DTT, pH 7.2), followed by 5-7.€V of-an.EPPS.buffer with a different pH (50 mM EPPS,
2 mM DTT) pH;8.5) The“bound Cry2Ab2 protein was then eluted with 100 mM
triethylamine, pH 10.4, in'fivesfractions (1.5 ml each). Based on SDS-PAGE analysis,
fractions containing Cry2Ab2' protein from batches one and two were concentrated and
buffer-exchanged uito a storage buffer containing 50 mM CAPS, 2 mM DTT, pH 11.0,
using centrifuige\ congentrators (30 kDa MWCO). Concentrated samples were then
pooled,fesulting in-a*final volume of 2 ml.

The~affinity_chromatography procedure was repeated beginning with 100 ml of the
fraction 7 ftom Ruh 2. As previously described, the sample was concentrated and buffer-
exchanged into*EPPS buffer (50 mM EPPS, 2 mM DTT, pH 7.1) to a final volume of 50
ml using centrifuge concentrators (30 kDa MWCO). This sample was re-circulated for 2
h (60 ml/h) through the affinity column equilibrated with an EPPS buffer (50 mM EPPS,
2 mM DTT, pH 7.1). The column was then washed with 15 CV of EPPS buffer (50 mM
EPPS, 2 mM DTT, pH 7.1) followed by 5 CV of another EPPS buffer with a different pH
(50 mM EPPS, 2 mM DTT, pH 8.5). The bound Cry2Ab2 protein was eluted with 100
mM triethylamine, pH 11.4, in five fractions (1.5 ml each).
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Based on SDS-PAGE analysis, Cry2Ab2 enriched fractions were individually
concentrated and buffer-exchanged into a storage buffer containing 50 mM CAPS, 2 mM
DTT, pH 11, using a centrifuge concentrator (30 kDa MWCO). The concentrated
samples were pooled into a final volume of 2.4 ml. The sample and the sample from the
first runs (2 ml) were pooled, resulting in a final volume of 4.4 ml. This sample was a
clear, colorless solution and was used for further characterization tests.

C.1.2. Escherichia coli-Produced Cry2Ab2 Protein

E. coli-produced Cry2Ab2 protein produced and purified previously was used as a
reference standard for determination of protein concentration of the MON 89034-
produced Cry2Ab2 protein. This protein was also used asra referenée ~standard to
evaluate equivalence between MON 89034-produced and\ E. coli-produced~Cry2Ab2
proteins for immunoreactivity (Western blet), molecular weight {SDS-PAGE) and
functional activity assay.

C.1.3. Determination of MON 89034-Produced Cry2Ab2:Protein Concentration

The total protein concentrationcof the purified MON-~89034-produced Cry2Ab2 protein
was estimated using a Bio-Rad protein assay. “~TheE. coli-preduced. Cry2Ab2 reference
standard protein (concentrations. range from 0.05,to0 /05 mg/ml)@wvas.used to prepare a
standard curve. The MON-89034-produced Cry2Ab2 tetal .protein concentration was
estimated by comparison af absorbance values obtained fof the‘sample to the values of
the standard curve.

C.1.4. Western Blot Analysis

Aliquots’ of the stock.§olutions of”’the™™MON" 89034-produced Cry2Ab2 and E. coli-
produced reference standard wepe diluted.to a final concentration of 2 ng/ul in dilution
buffer (50°M-CAPS, 2cmM=DTF, ‘pH.11) and 5x sample loading buffer [5x
concentrated LaemmH butfer {312 mM Tris-HCL, 20% (v/v) 2-mercaptoethanol, 10%
(w/v). SDS, 0.025% (w/v) bromephenol blue, 50% (v/v) glycerol, pH 6.8)]. Samples
were then heated to~100?C fotS.min and applied to a pre-cast Tris-glycine 4—20%
polyacrylamiide gradient gel,, TheMON 89034-produced Cry2Ab2 protein was loaded in
duplicate-at three differentloadings of 20, 30, and 40 ng per lane. The E. coli-produced
Cry2Ab2 reference standard” was loaded at 20 ng per lane. Electrophoresis was
perfermed at.a constant voltage of 140 V for 20 min followed by a constant voltage of
200 M-for 43 min. The pre-stained MW markers (Bio-Rad Precision Plus Dual Color,
Hereules, CA)*were used to verify electrotransfer of protein to the membrane and to
estimate the molecular weight of the immunoreactive bands.  Samples were
electrotransferred to a 0.45 um PVDF membrane (Invitrogen, Carlsbad, CA) for 60 min
at a constant current of 300 mA.

The membrane was blocked for one hour with 5% (w/v) NFDM in PBST. The

membrane was probed with a 1:3000 dilution of goat anti-Cry2Ab2 antibody in 2% (w/v)
NFDM in PBST for one hour. Excess antibody was removed using three 10 min washes
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with PBST. The membrane was probed with HRP-conjugated rabbit anti-goat IgG
(Sigma, St. Louis, MO) at a dilution of 1:10,000 in 2% (w/v) NFDM in PBST for one
hour. Excess HRP-conjugated antibody was removed using three washes (10 min each)
with PBST. All procedures, including blocking, and all other incubations were
performed at room temperature. Immunoreactive bands were visualized using the ECL
detection system (Amersham Biosciences, Piscataway, NJ) and exposed (30 sec, 1 min, 2
min, 3 min, and 7 min) to Hyperfilm ECL high performance chemiluminescence film
(Amersham Biosciences, Piscataway, NJ). Films were developed using a Konica SRX-
101A automated film processor.

C.1.5. Molecular Weight and Purity Estimation by SDS-PAGE

Aliquots of the test substance and reference standard proetein were €ach-.diluted with
sample dilution buffer and 5x sample loading, buffer to.@ final protein.céncentration of
0.2 ng/ul. MW markers (Bio-Rad broad-range, Hercules, CA) that were-usedto estimate
the apparent MW of the test protein were diluted to*a final conhcentration’ of ©:9 pg/pl.
The MON 89034-produced Cry2 Ab2-protéin was’analyzedan duplicateat 1,22, and 3 pg
total protein loads per lane. The E; coli-produced Cry2Ab2 reference standard was
analyzed at 1 pg total protein per lane: Allsamples were heated‘at approximately 102°C
for 5 min and applied to apre-cast Tris-glycine 4—20% polyacrylamide gradient gel
(Invitrogen, Carlsbad, CA). Electrophoresis wasperformed at a constant voltage of 150
V for 82 min. Proteins were fixed,by placingthe gel in a’solution 9£40% (v/v) methanol
and 7% (v/v) glacial acetic .acid for' 30.@in, stained foro16 hywith Brilliant Blue G-
Colloidal stain (Sigma; St. LouisgMO); destained-30 sec-with-a solution containing 10%
(v/v) acetic acid and-25% (v/v)-methanol;.and finally.destdined with 25% (v/v) methanol
for 6 h.

Analysis of the proteins ii-thecstained gelowasyperformed using a Bio-Rad GS-800
densitometer owith ¢he supplied Quantity.One software (version 4.4.0, Hercules, CA).
Values for the markers>supplied by the manufacturer were used to estimate the apparent
MW of-éach observed band. <All yisible’bands within each lane were quantified using
Quantity One_softwares For thé>MON 89034-produced Cry2Ab2 protein, purity was
calculated as the percent;optical density of the subject protein band relative to all bands
combined-4 given lang:

C.1.6Glycosylation:Analysis

Glycosylation analysis was used to determine whether the MON 89034-produced
Cry2Ab2 protein was post-translationally modified with covalently bound carbohydrate
moieties. Aliquots of the MON 89034-produced Cry2Ab2 protein, the E. coli-produced
Cry2Ab2 reference standard (a negative control), and the positive control transferrin
(Amersham Biosciences, Piscataway, NJ) were each diluted in dilution buffer and in 5x
sample loading buffer to a final concentration of 50 ng/ul. These samples were heated at
100°C for 5 min, and loaded along with Precision Plus Dual Color pre-stained protein
MW  markers (Bio-Rad, Hercules, CA) on a pre-cast Tris-glycine 4—20%
polyacrylamide gradient gel. All three samples were loaded at 0.5 and 1 pg protein per
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lane. Electrophoresis was performed at a constant voltage of 140 V for 20 min followed
by a constant voltage of 200 V for 47 min. After electrophoresis, proteins were
electrotransfered to a 0.45 um PVDF membrane for one hour at a constant current of 300
mA.

Carbohydrate detection was performed directly on the PVDF membrane using the ECL
detection system (Amersham Biosciences, Piscataway, NJ). After the electrotransfer of
the proteins, the PVDF membrane was incubated in PBS for 10 min, and transferred to a
solution of 100 mM acetate buffer, pH 5.5, containing the oxidation reagent — 10 mM
sodium metaperiodate. The membrane was incubated in the dark for 20 min. The
oxidation solution was removed from the membrane by two brief rinses followed by three
sequential washes (10 min each) in PBS. The membrane was transferred 4o’ a solution of
100 mM acetate buffer, pH 5.5, containing 25 nM biotin hydrazide and incubated for 60
min. Biotin hydrazide solution was removed by washing in PBScas described’ above.
The membrane was blocked with 5% blocking agent.in*PBS for-60 min. The blecking
solution was removed by washing in PBS as previously.described.. ‘The-membrane was
incubated with streptavidin-HRP conjugate (diluted 1:6000).in acetatebuffer;for 30 min
to detect carbohydrate moieties bound tobigtim. ExXcess streptavidin-HRP-was removed
by washing in PBS as describedbabove. Bands were wvisualized using the' ECL detection
system (Amersham Biosciences, :Piscataway, NJ).Films were’exposed @1 min, 3 min,
and 6 min) to Hyperfilm<ECL-high performance)chemilumineseence-film. Films were
developed using a Konica SRX-101A agtomated filfrprocessor;

C.1.7. N-terminal Sequencing

An aliquot.of the MON-89034-produced’ Cry2Ab2 protein was diluted with 5x sample
loading<buffer to a final.concentratiory of 80 ng/pl. Molecular weight markers (Bio-Rad
Precision Plus Dual’ Color, Hercules, CAY) were us€d to confirm the transfer of protein to
the PVDF membraney The MON 89034-produced Cry2Ab2 protein was electrophoresed
in eight lanes at2 ug perfolane.” The Cry2Ab2 containing samples were heated to
approxinmately 99°€-for S:minPrior-to eleetrophoresis on a pre-cast Tris-glycine 4—20%
SDS-polyacrylamide get at 140 Vefor 20-min followed by 200 V for 43 min. The gel was
then electroblottedto a 0;2" und PVBDF membrane for 60 min at a constant current of 300
mA in a solitien containing’10 mM CAPS, 10% (v/v) methanol, pH 11. Protein bands
were stained by briefly soaking the membrane with Coomassie Blue R-250 stain (Bio-
Rad)-and visualized by-destaining with a Coomassie R-250 destain solution (Bio-Rad).

The proteif”bands of interest were excised from the membrane. N-terminal sequence
analysis was performed using automated Edman degradation chemistry (Hunkapillar et
al., 1983). An Applied Biosystems 494 Procise Sequencing System with 140C
microgradient system and 785 programmable absorbance detector and Procise Control
Software (version 2.1) was used. Chromatographic data were collected using Atlas
software (version 2003R1.1, LabSystems, Altrincham, Cheshire, England). A PTH-
amino acid standard mixture (Applied Biosystems, Foster City, CA) was used to calibrate
the instrument for each analysis. This mixture served to verify system suitability criteria
such as percent peak resolution and relative amino acid chromatographic retention times.
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A control protein (10 picomole B-lactoglobulin from Applied Biosystems) was analyzed
before and after the analysis of each different protein band to verify that the sequencer
met performance criteria for repetitive yield and sequence identity.

C.1.8. Tryptic Peptide Mapping Analysis by MALDI-TOF MS

MALDI-TOF mass spectrometry was used to confirm the identity of the MON 89034-
produced Cry2Ab2 protein. An aliquot of the MON 89034-produced Cry2Ab2 protein
was diluted with 5x sample loading buffer to a final concentration of 80 ng/ul, and 2 pg
was electrophoresed in each of five lanes. The broad-range MW markers (Bio-Rad,
Hercules, CA) were used to estimate molecular weights. Samples were: heated to
approximately 99°C for 5 min prior to electrophoresis on a pre-cast Tris-glycine 4—20%
SDS polyacrylamide gel at 140 V for 20 min followed by a-€onstant veltage-ot 200 V for
46 min. Proteins were fixed by placing the gel in a solution of 40% (v/v)pmethanol and
7% (v/v) glacial acetic acid for 30 min, statned 2 h with Brilliant:Blue,G-Colloidal’ stain
(Sigma, St. Louis, MO), destained 30 se¢. with a solutionccontaining10% (y/v) acétic acid
and 25% (v/v) methanol, and followed by.25% (w/v) miethanol for,1"h.

Two protein bands, identified as-band~1 and"band-2, were subjected tocthe tryptic peptide
mapping analysis. The proteinxbands ~of :interest” were excised;.destained, reduced,
alkylated, and subjected to an in-gel trypsin digestion (Williams-et al1997). Each gel
band was individually “destained-for 30 mm by incubation;-in..J00 pl of 40% (v/v)
methanol and 10%2(v/w) ‘glacial acetic. @cid i its~ownomicrofuge tube. Following
destaining, the gel bands were incubatéd in~1}00 gl of 100 miM ammonium bicarbonate
buffer for 30(min at room temperature..oProteins were; feduced in 100 pl of 10 mM
dithiothreitol solution.for 2 h' at 37°C.\ Proteins Wwere then alkylated by the addition of
100 plof buffer ¢ontaining<200 maM Adodoacetic -acid. The alkylation reaction was
allowed to proceed at roonrtempgrature for,20 min in the dark. The gel bands were then
incubated in.200 pllof 100 mM ammonitun bicarbonate for 30 min at room temperature
at which time 100 ul of acetonitrile was added and the incubation was continued for an
additional 30 min{> The ammonium' bicarbonate/acetonitrile incubations were repeated
two additional times:to removethe reducing and alkylating reagents, and salts from the
gel. The gel bands were dried ina SpeedVac concentrator (Savant, Holbrook, NY),
rehydrated with-40 25 mM ammonium bicarbonate containing 33 pg/ml trypsin, and
the protein c¢ontained in-the gel band was digested for 16 h at 37°C. Digested peptides
were ‘extracted for.ene hour at room temperature with 50 pl 70% (v/v) acetonitrile
containing 0.1%C(v/v) TFA per gel band. Supernatants for each extraction were
combined intova single tube and dried in a SpeedVac concentrator. This process of
extracting the peptides was repeated two more times. The final dried materials were
reconstituted in 10 pl of 0.1% (v/v) TFA.

A portion (5 ul) of the digested samples was desalted (Bagshaw et al., 2000) using
Millipore (Bedford, MA) ZipTip C18 tips. Prior to desalting, the tips were wetted with
methanol and equilibrated with 0.1% (v/v) TFA. Each sample was applied to a ZipTip
C18 and eluted with 5 pl of Wash 1 [0.1% (v/v) TFA], followed by 5 pul of Wash 2 [20%
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(v/v) acetonitrile containing 0.1% (v/v) TFA], followed by 5 ul of Wash 3 [50% (v/v)
acetonitrile containing 0.1% (v/v) TFA], and finally with 5 pl of Wash 4 [90% (v/v)
acetonitrile containing 0.1% (v/v) TFA].

Mass spectral analyses were performed as follows. Mass calibration of the instrument
was performed using an external peptide mixture from a Sequazyme™ peptide mass
standards kit (Applied Biosystems). Samples (0.3 pl) from each of the desalting steps, as
well as a sample of the solution taken prior to desalting, were co-crystallized with 0.75 ul
o-cyano-4-hydroxy cinnamic acid (Waters, Milford, MA) on the analysis plate. All
samples were analyzed in the 500 to 5000 dalton range using 100 shots at a laser“intensity
setting of 2318-2460 (a unit-less MALDI-TOF instrument specific value)o, Protonated
(MH") peptide masses were observed monoisotopically in reflector mode (Acbersold,
1993; Billeci and Stults, 1993). GPMAW32 software (Applied Biosystems,version 4.23)
was used to generate the peptide masses, in.sHico, basedon the trypsin cleavage sites in
the Cry2Ab2 protein sequence. Experimefital peptide masses (MH ) were assigned to
peaks in the 500 to 1000 Da range if there were two or.moreisotopicallyresolved peaks,
and in the 1000 to 5000 Da range if‘therg:were-three/or mote isotopically resolved peaks
in the spectra. Peaks were not assessed-if the‘peak heights were less than approximately
twice the baseline noise, or when aZmass.could not.be assigned due-to overlap with a
stronger signal +2 Da from-the mass analyzed>

C.1.9. Functional Activity,Biossay

The purpose of-this assay was t& comparethe biological .activity of the MON 89034-
produced and‘the Er coli-produced,Cry2Ab2 proteins by determining ECsy values in a
corn earworm (CEW,Helicoverpa zea) diet-inCorporation bioassay.

The test system was, corn earworm (CEW) which>rwas obtained from Benzon Research
Inc (CarlisleZPA).Q Insect eggs were incubated at temperatures ranging from 10°C to
27°C, to_achievé’the-desired hatch time. ~The bioassay was replicated three times on
separate days with'separate batchesyof insects. The MON 89034-produced and E. coli-
produeed proteins wete Tun in parallel‘during each bioassay. Each bioassay replicate for
the E. coli-produced and:MON"89034-produced Cry2Ab2 proteins consisted of a series
of seven dilutions and’ a buffer.Control yielding a dose series with a 2-fold separation
factor ranging from0.016 — 1,0 pg Cry2Ab2 protein/ml diet. The dose-response curves
forieach proteinsincluded abuffer control. The Cry2Ab2 protein dosing solutions were
prepared by dilutidg the protein with purified water and incorporating the dilution into an
agar-based sect diet (Southland Corp. Lake Village, AR). This dose series in diet was
chosen to adequately characterize the dose-effect relationship on CEW weight gain for
the proteins from both sources. The diet mixture was then dispensed in 1 ml aliquots into
a 128 well tray (CD International, Pitman, NJ). Insect larvae were placed on these diets
using a fine paintbrush, with a target number of 16 insects per treatment. The infested
wells were covered by a ventilated adhesive cover (CD International, Pitman, NJ) and the
insects were allowed to feed for a period of 7 days in an environmental chamber
programmed at 27° C, ambient relative humidity and a lighting regime of 14 h:10 h
(light:dark). The combined weight of the surviving insects at each dose level for each
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source of protein was recorded at the end of the 7-day incubation period. Dose response
modeling was the same as described in Section B.1.8 of Appendix B.

C.2. Results
C.2.1. Cry2Ab2 Protein Immunoreactivity

Western blot analysis using a polyclonal, goat anti-Cry2Ab2 antibody was conducted to
confirm the identity and determine the relative immunoreactivity of the MON 89034-
produced Cry2Ab2 protein and the E. coli-produced Cry2Ab2 reference standard.
Results indicated that the anti-Cry2Ab2 antibody recognized the MON 89034-produced
Cry2Ab2 protein which migrated comparably to the E. coli-produced reference’standard
protein (Figure C-1, band-1). The immunoreactive signal increased- with increasing
levels of the Cry2Ab2 protein. Besides the expected band;an immunoreactive bahd with
lower molecular weight (Figure C-1, band-2) was observed in-the-partially purified
MON 89034-produced Cry2Ab2 sample, Which represents a proteolytic fragment of the
Cry2Ab2 protein.

The above Western blot result Confirmed-the identity yof Cry2Ab2 pretein produced by
MON 89034, and demonstrated. that MON 89034<¢and"E. colizpraduced’Cry2Ab2 had
equivalent immunoreactivity for;the afitibody use¢d)for;the antibody used:

C.2.2. Cry2Ab2 Pretein Molecular Weight Equivalénce

The equivalence in apparent molecular weight of the“purified MON 89034- and the E.
coli-produced Cry2 Ab2:protein was fuither demonstrated using SDS-PAGE stained with
BrilliantBlue G-Colloidal stain: . Phe MON-~89034-produced, full-length Cry2Ab2
protein (band-1) migrated te a position comparable:to that of the E. coli-produced protein
standard which”was\analyzed.‘concurrently (Figure C-2). Based on the comparable
electrophorétic miebility, the, MON 89034-:and E. coli-produced, full-length Cry2Ab2
protein (band-1) was detefmined to have equivalent molecular weight.

Monsanto Company 06-CR-166U Page 215 of 262



CBI Deleted Version

MWW (kD a) MW (kDa)
250 — — 2V
150 —— —150
100 — —100
75 — 5
- —_——ﬁﬁ§_=1—i p cand-1
50 — i oy T ——band-2
37— iy
20 — po
N
b - —10
10 —

Figure C-1. Western blot analysis of MON’89034-producéd and-E. coli-produced
Cry2Ab2 protein

Samples of the' partially~purifiecd MON.89034=produced and E. coli-produced Cry2Ab2
protein were separated by SDS-PAGE (4—20% gradient), electrotransferred to a PVDF
membrane. The mémbtane was then detected: using goat anti-Cry2Ab2 antibody and
developed using-an ECL systeni.*" Amounts-loaded correspond to subject protein after
normalizatiowwwith'purity.” The approximate molecular weights (kDa) correspond to the
markers leaded i’ Lane$ 2:and 10;

Amount of
Lane Sanmiple Cry2Ab2 (ng)
I Emptylane sl et N/A
2 Precision®Plus.Pual Cotor molecular weight markers  MWM) ............... N/A
3 ECCOli-produced Cry2Ab2 Protein .........ccueeeeeeeerueeieereenreeeeeeeesieesaeeeeeveenns 20
4 SMON89034-produced Cry2 Ab2 Protein ........ccceeveeerieereeesiienieeieenieeieane 20
52" MON 89034-produced Cry2Ab2 protein ........ccoeceevveeeieereeerreenreeneeenenenn 20
6  MON 89034-produced Cry2Ab2 protein .........cceceeereersieeneeeieenieeieenieenn 30
7 MON 89034-produced Cry2 Ab2 protein ........cceeeveereerreeeieerieenreeeeenenenns 30
8  MON 89034-produced Cry2Ab2 protein ..........cceeeveeercreeerveeenieeesreeeneveens 40
9  MON 89034-produced Cry2 Ab2 protein ........cceeeeeereerieeeveenieenieerieenenenns 40
10 Precision Plus Dual Color molecular weight markers (MWM) ............... N/A
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Figure C-2. SDS-PAGE of the MON-89034=and E. coli-preduced Cry2Ab2 protein

Samples of the partially purified MON 89034-produced Cry2Ab2.protein, and the E. coli-
produced Cry2Ab2 reference standard-werg separated-by alTris=glycine 4—20% SDS
polyacrylamide gel and stained with. BrilliantBlue G-Colloidal stainy” Amounts loaded
correspond to total protein. loaded per lane: Approximate molecular weights (kDa)
correspond to the miatrkers loaded in-Eanes2 and10.

Lane Sample Amount (ug)
I Empty Lame ... an o e e Bt ettt N/A
2 MWM,(molecularweight markers, Bto-Rad, broad range) ...................... 4.5
3 E. coli-preduced Cry2Ab2seference standard...........ccooceeeeieierienienienienene 1
4 MON 89034sproduced Cry2 AD2 PrOteIN .......cocuveevierireeiieriieeieeere e 1
5 AMON 89034-produced-Cry2ZAb2 Protein .......c.coveeeveerueerrreniieeieereeeeveennen 2
6> MON.89034-produced Cry2AB2 protein .........cccceeeeeeeriierieenienieeieeneeeneeen 2
7 MON 89034-produced Cry2Ab2 Protein ........cccceevueveeereerieneerieeieseeieneeans 3
8  MON 89034-produced Cry2Ab2 protein .........cceeveeeceeenieeniienieeieeeeeeneeen 3
9 <MON89034-préduced Cry2 Ab2 protein ........ccceeeveevreerreerreenieeieeereeneenees 1
L0~ MWM (imolecular weight markers, Bio-Rad, broad range) ...................... 4.5
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C.2.3. Analysis of the N-terminal Sequence

N-terminal sequencing analysis demonstrated that the MON 89034-produced, full-length
Cry2Ab2 (band-1) was blocked at the N-terminus with no definitive sequence obtained in
the sequencing analysis using Edman degradation chemistry. A minor portion of the
protein co-migrating with the full-length protein was proteolytically degraded and the
sequence was determined to start from amino acid residue No. 24. N-terminal sequence
analysis of the lower molecular weight proteolytic fragment (band-2) revealed that this
fragment starts from amino acid residue No. 145. With E. coli-produced Cry2Ab2 (band-
1) the N-terminus sequence was determined as MQAMDN, as expected. This(result
further confirms that band-1 is the full-length Cry2Ab2 protein;

In summary, the N-terminal sequencing results indicate that MON 89034<produced, full-
length Cry2Ab2 protein is blocked at its N4terminus, but°N-terminal sequeneing result of
the lower molecular weight proteolytic fragment (band-2)confitms the Cry2Ab2-identity.
In addition, the N-terminus of E. coli-produced,.full-length Cry2 Ab2 was confirmed.

C.2.4. Tryptic peptide mapping-by MALDI-TOF MS

The MON 89034-produced; full-length Cxy2Ab2)(band-1)-and the proteolytic fragment
(band-2) were characterized-by tryptic peptide mapping analysis with MALDI-TOF MS
to further confirm their identity. For band-1, @ totab of.32 observed peptide masses
matched the theotetical-tryptic peptide masses of €ry2Ab2cprotein. These identified
peptides were tsed t6assemble a coverage map inthe €ry2Ab2 protein sequence (Figure
C-3). The overall peptide sequence_coverage was’ 44,4% out of the 637 amino acid
residues Of the full length Cry2Ab2 protein; For-band-2, a total of 24 observed peptide
masses matched the expected tryptic peptide masses‘of Cry2Ab2 protein, which yielded a
coverage map equalito 47.7% out;of the“493camino acid residues of this proteolytic
fragment (Figure'C-4):

In general, a protein identificationymade by peptide mapping is considered to be reliable
if the measured coveragérof the sequence is 15% or higher with a minimum of five
matched peptides (Jensen etal., 1997). In the current case, the detected peptide coverage
was 44.4% with 32 matched peptides for the full-length Cry2Ab2 protein, and 47.7%
with 24 matchedpeptides forthe proteolytic fragment of Cry2Ab2, therefore, the identity
of MON@®9034-produced Cry2Ab2 protein is confirmed.
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EWTEWKKNNH
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Figure C-3. Peptide mass coverage map of the MON 89034-produced full-length
Cry2Ab2 protein in MALDI-TOF MS analysis

Shaded regions correspond to 32 fragments‘of trypticipeptide masses, that were idéntified
from the band-1 of the isolated Cry2Ab2 protein fron MON<89034. (The N-terminal
MQA sequence (underlined) originates frefn the‘chloreplast/transit peptide (€TP).
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Figure.C-4. Peptide mass coverage map of the MON 89034-derived proteolytic
fragment of Cry2Ab2 protein.in MAEDI-TOF MS analysis

Shaded regions_correspondcto 24 tryptic peptide masses that were identified from the
band-2 (proteolyticfragment of Cry2Ab2) from MON 89034. The amino acid residue
number was assigned-based-on the respective position in the full-length sequence of
Cry2Ab2protein. N=terminal sequencing result showed that band-2 started from amino
acid residue@No.:145.
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C.2.5. Lack of Glycosylation of MON 89034-Produced Cry2Ab2

To test whether post-translational glycosylation of the MON 89034-produced Cry2Ab2
protein occurred, the isolated MON 89034-produced Cry2Ab2 protein was analyzed for
the presence of covalently bound carbohydrate moieties. The E. coli-produced Cry2Ab2
reference standard (negative control) and transferrin (positive control) were analyzed
concurrently with the MON 89034-produced Cry2Ab2 protein.

The result showed that positive glycoprotein transferrin was detected, as expected, in a
concentration-dependent manner at loadings of 0.5 and 1.0 pg/lane (Figure C-=5, ldnes 3-
4). No detectable signal was observed for the. MON 89034-produced”and‘E. coli-
produced Cry2Ab2 protein at the positions of thé-expected molecular weightsbetween 50
to 75 kDa (Figure C-5, lanes 5-8).

Since no positive signal was seen at the band positienfor.Cry2 Ab2 protein;it was evident
that the MON 89034-produced Cry2Ab2 protein.is not glycosylated and is-équivalent to
the E. coli-produced Cry2Ab2 protein regarding to.the lack’of glycosylation:

C.2.6. Functional activity of the.Cry2Ab2 protein

The functional activity~of the MON 89034-produced cand E> coli-produced Cry2Ab2
protein was compared by determining ECsg valués in @ corp’earworm diet-incorporation
bioassay. The ECs, value is-defined as’theClevel of Cry2Ab2 protein in the diet that
results in 50%-inhibition to-larval growth.

The ECsg values for éachireplicate bioassay are’summarized in Table C-1 and the dose
response relationships-for the Cry2Ab2 ‘protein from the two sources are illustrated in
Figure C-6.  The meanECsy'values for“the E: coli- and the MON 89034-produced
proteins wete similar and were detérmined to,be 0.16 pg Cry2Ab2/ml diet, with standard
deviations of 0.04~and 0,01 pg Cry2Ab2/ml diet, respectively. Figure C-6 shows an
equivalent slope“for the dose-response-telationship for the E. coli- and MON 89034-
produced Cry2Ab2 protéin inthe:CEW bioassay. These results clearly showed that
MON 89034 and E. coh-produced Cry2Ab2 protein has equivalent functional activity.
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Figure C-5. Glycosylation analysis.of the MON-89034-produced Cry2Ab2 Protein

Samples of the MON 89034-produced Cry2Ab2 protein, E. coli-produced Cry2Ab2
reference standard (negative control).and transferrin (positive control)were separated by
a Tris-glycine 4—20% SDS polyaerylaniide gel, and electrotfansferred to PVDF
membrane. Wher&” present, protein-bound carbohydraté moieties were labeled with
biotin, and detected .with . Gtreptavidinshorseradish™ .peroxidase and enhanced
chemilumineseencel Amountrefersto total pretein lJoaded per lane, except for the E. coli
and the MON 89034-produced proteins whose concentrations were normalized based on
Cry2 AbB2 purity.

Lane Sample Amount (ug)
LN 2301 013,720 - 1 [ e e < SRR N/A
2% MWM-(molecularweight-markers, Precision Plus Dual Color).............. N/A
3 Transferri(pasitive CONtrOD ... ....oov i 0.5
4 Transferrin (FOSItVE’ COMIOL) ........o.ovvoveieeeeeeeeeeee oo 1
5 <E. coli-produced’Cry2 Ab2 protein (negative control)..........c.cceeeveeuvennenne. 0.5
6. ECcoli<produced Cry2Ab2 protein (negative control)..........ccecvevvereereeniennene 1
7 ~ASMON89084-produced Cry2 Ab2 Protein .......eeeevveeeeeveeecveeeeiieeeieeeevee e 0.5
8~ MON 89034-produced Cry2ADb2 protein ..........cceeveeecueeneeesieenieeieenreenennn 1
O EMPLY LANe ...ooooiiieee e e e N/A
10 EMPLy Lane ....cooouiiiiiiiieiieeee ettt N/A

! Part of the transferrin appeared to be degraded. But this did not affect the utility of this protein as a
positive control for glycoproteins in this test.
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Table C-1. ECs values of E. coli-produced and MON 89034-produced Cry2Ab2
proteins in a corn earworm diet-incorporation bioassay

ECso (Ug Cry2Ab2/ml diet)'

E. coli-produced MON 89034-produced
1 0.13 £0.03 0.17 £0.03
Replicate® 2 0.16 = 0.02 0.16 +0.03
3 0.20 £ 0.02 0.16 = 0.02
Overall 0.16 £ 0.04 0.16 £ 0;01

' ECso (mean + standard error) represents the concentration needed to
inhibit the growth of the target insect by 50%.

* Each bioassay replicate for the E. ¢ofi-produced>and, MON 89034-
produced Cry2Ab2 proteins, eonsisted ~of a<Seri€s: ofCseven
dilutions yielding a dose series with @ 2-fold separation factor
ranging from 0.016 — -0/ ug Cry2Ab2 protein/ml-diet, = Insect
larvae were placed on the diets with 16%insects per.treatiient: The
combined weight of thetsurviving insectsyat each dose level was
recorded at the.end of the 7 day incubation’ period. ."ECsg Was
calculated with"SAS software.
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Figure C-6. Functional equivalence of the E:.coli-producedand the MON 89034-
produced Cry2Ab2{protein against corn:eéarworm (CEW)

Bioassay tesults from. three replicates<have beéen-combined for illustration purpose only
and are‘shown on-&’log:concentration scale. Each data point represents the mean of the
three bioassays along with the standard error‘of the'mean. Equivalent slope was seen for
dose-response;relationships for'the E:"cali- and-MON 89034-produced Cry2Ab2 protein
in the CEW bioassay:>The'data~demonstrate that the test insect body weight decreases
with the‘increase ©f the Cry2Ab2-dose Tevel, indicating the greater growth inhibitory
effecton the testiinsectstat-higher‘doses.
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Appendix D. Materials and Methods for the Determination of Cryl1A.105 and
Cry2Ab2 Proteins

D.1. Test, Control, and Reference Materials

The test material was MON 89034 grown in 2005 U.S. field trials. The control material
was a conventional corn with a similar genetic background to the MON 89034 plants.
The identities of the test and control corn seeds were confirmed by event-specific PCR
analyses. In addition, the identities of grain samples harvested from the field were also
verified by PCR analyses.

The protein reference standards of CrylA.105"and Cry2Ab2 weré produced with
recombinant E. coli. The CrylA.105 standard (lot 20-#00086) had-a.purity~corrected
concentration of 1.0 mg/ml by amino acid ¢emposition-analysis. ~Fhe purity<was 80% as
determined SDS-PAGE and densitometty.” The Cry2Ab2standatd (lot 20<200071) had a
purity-corrected concentration of 0.4\mg/mP by-amino-acid-.composition analysis. The
purity was 87% as determined by SDS-PAGE@nd.densitometry:

D.2. Generation of Plant Samples
D.2.1. Field Design

The field production of'the test materials-wasdnitiated during the 2005 planting season to
generate test and control<matetials-at-various gorn-growing locations in the U.S. The
field sites wete as follows: dJeffetson County,”1A; Warren County, IL; Clinton County,
IL; York€ounty, NE; and Fayette County; OH.~These field sites were located within the
major corn-growing régions: of . the USS. and previded a variety of environmental
conditions. At each sitey,three replicated’plots of MON 89034 and the conventional
control coriiowereplanted using a-randemized complete block design. Over season leaf
(OSL 1-4), over season root (OSR 4-4), over season whole plant (OSWP 1-4), forage,
stover, forage roeot, senescent reot, pollen, silk, and grain were collected from each
replicated plotiat all fieldzsites:~Allisamples, except grain, were stored and shipped on
dry ice to the Monsanto processing facility in Creve Coeur, Missouri. Grain samples
were stored and-shipped at'ambient temperature.

D.2.2. Description-ef the Collected Tissues

Pollén. Approximately 10 ml of pollen was collected from multiple tassels in each plot at
pollination, approximately 60-74 days after planting.

Silks. Silks were collected from the ears of five plants in each plot, approximately 60-74

days after planting. Silks were only collected from ears of plants that were covered with
shoot bags to preserve their genetic identity.
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Forage. Two whole plants in each plot were cut above the soil surface at an early dent
stage, at approximately 100-120 days after planting, and then combined to form the
forage sample.

Grain. Grain was harvested at maturity from all plants in each plot and dried to a
moisture content of 12-15%.

Stover. Following harvest, approximately 130-160 days after planting, two whole plants
in each plot were cut above the soil surface and combined to form the stover sample.

Leaf. The youngest immature whorl leaf was collected from. 15 plants in-each>plot,
which were combined to form the leaf sample. QOyerseason leaf samples:were ‘collected

as follows:

Overseason leaf (OSL) Corn development stage Days after planting (DAP)

OSL-1 V2:V4 21-29
OSL-2 V6 V8 28-43
OSL-3 V10-Vi12 41-53
OSL-4 pre-V-E (pre“tasseling) 5668

Whole plant. The aerial<portien of the plant without the root was collected from four
plants in each plot at the V2-V4.stage-and combihed to-forny thecwhole plant sample.
Two plants were collectedand ‘combined to form thewhoele plant samples for the later
growth stages. Overseasen whole plant samples were-collected-as follows:

Overseason wholeplant (OSWP) Corn development stage DAP
OSWP-1 V2-V4 21-29
OSWPR22 V6-V8 28-43
OSWP-3 V10-V12 41-53
OSWP-4 pte-VT (pre-tasseling) 56-68

Root: Roots remaining‘aftercollection of whole plants from each plot were combined to
form the root sample. ‘Overseason reot samples were collected as follows:

Overseasonroot (OSR) Corn development stage DAP
OSR-] V2-V4 21-29
OSR-2 V6-V8 28-43
OSR-3 V10-V12 41-53
OSR-4 pre-VT (pre-tasseling) 56-68
Forage root early dent stage (R4-R6) 100-120
Senescent root after harvest 130-160
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D.3. Tissue Processing and Protein Extraction

All tissue samples produced at the field sites were shipped to Monsanto’s processing
facility. Processed tissue samples were stored in a -80°C freezer until shipped on dry ice
to Monsanto’s analytical facility. All processed tissue samples were stored in a -80°C
freezer during the study.

For all tissue types except pollen, CrylA.105 protein was extracted with a Tris-borate
buffer (pH 7.8) containing 100 mM Tris, 100 mM Na,;B407-10 H,O, 5 mM MgCl»:6 H,O0,
0.05% (v/v) Tween 20, 0.2% (w/v) L-ascorbic acid, 2 M urea, and 100 mM dithiothreitol.
For pollen, CrylA.105 protein was extracted with 50 mM Na»B4O7-10<H,0, 750 mM
KCL, 0.075% (v/v) Tween 20, 0.2% (w/vy~ L-ascorbic acid,.and 10 “"mM N-
lauroylsarcosine, pH 10.5.

For all tissue types except pollen, Cry2Ab2 protein was extracted<with’a Tris-borate
buffer (pH 7.8) containing 100 mM Fris, 100 mM Na,B:07:10 H>O; 5:mM MgCl,-6 H,0,
and 0.05% (v/v) Tween 20. Forpolleny Cry2ZAb2 protein was extracted ‘with a buffer
with the same compositions except the-pH:of 7.4:

All tissue samples were extracted usifig ayHarbiPmixer, and’ tissu¢ debris was removed
from the extracts by usmg a:Serum Filter System~(Fisher-Scientific; Pittsburgh, PA), or
by centrifugation. ¢The.extracts were ahquoted and”'stored i a -80°C freezer until
analysis.

D.4. ELISA Reagents and Methods
D.4.1 CrylA.105 Antibodies and ELISA.

Goat polyclonalCantibedies (1ot 75091 75)specific for the CrylA.105 protein were
purified-Using Protein-G -Agatose affinity; chromatography. The concentration of the
purified [gG wa$ determinéd’ tocbe 0,93 mg/ml by spectrophotometric methods. The
purified antibody was stored An"a-phosphate buffered saline (1X PBS) buffer (pH 7.4)
containing<¥ mM ‘KHzPO4,210 mM Na,HPO4 7H,0, 137 mM NaCl, and 2.7 mM KCI.
The purified CrylA.105,antibodies were coupled with biotin (Sigma, St. Louis, MO)
according t0 theCmantfacturer’s instructions and assigned lot 7509180. The detection
redgent-was NeutrAvidin (Pierce, Rockford, IL) conjugated to horseradish peroxidase
(HRP):

The goat anti-Cry1A.105 antibody was diluted in coating buffer (15 mM Na,CO3, 35 mM
NaHCOj;, and 150 mM NaCl, pH 9.6) and immobilized onto 96-well microtiter plates at
5.0 pg/ml followed by incubation in a 4°C refrigerator for >8 h. Prior to each step in the
assay, plates were washed with 1X PBS containing 0.05% (v/v) Tween-20 (1X PBST).
For grain tissue only, plates were blocked with the addition of 100 to 150 pul per well of
1X PBST with 9% non-fat dried milk (NFDM) for 30 to 90 minutes at 37°C. CrylA.105
protein standard or sample extract was added at 100 ul per well and incubated for 1 h at
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37°C. The captured CrylA.105 protein was detected by the addition of 100 pl per well
of biotinylated goat anti-CrylA.105 antibodies and NeutrAvidin-HRP (Pierce). Plates
were developed by adding 100 pl per well of HRP substrate, 3,3',5,5'-tetramethyl-
benzidine (TMB; Kirkegaard & Perry, Gaithersburg, MD). The enzymatic reaction was
terminated by the addition of 100 ul per well of 6 M H3PO4. Quantitation of the
CrylA.105 protein was accomplished by interpolation from a CrylA.105 protein
standard curve that ranged from 0.438 — 14 ng/ml.

D.4.2. Cry2Ab2 Antibodies and ELISA

Mouse monoclonal antibody (lot G-800601) specific for the. Cry2Ab2 ~protein” was
purified using Protein-A Agarose affinity chromatography. ,‘The concertration of the
purified IgG was determined to be 1.0 mg/ml by :spectrophotometric’ “methods.
Production of the Cry2Ab2 monoclonal @antibody @vas performed® by ~Strategic
Biosolutions (Newark, DE). The purified antibody‘was stored-in .a-buffer (pH' 7.2)
containing 20 mM Na,HPO47H,0O and. 150 mM:\NaC},with"0.05% NaN; added as a
preservative. Purified Cry2Ab2 antibodies” (let> 7381862)-were~ coupled Gwith biotin
(Sigma) according to the manufacturer’s instructions and assigned- lot \7381898. The
detection reagent was NeutrAvidin-HRP.

The mouse anti-Cry2 Ab2<antibody. was diluted in’coating buffer{ 5 mM Na,CO; and 35
mM NaHCOs;, pH 9:6) and-immobilized onto 96-well>mictptiter-plates at 5.0 pg/ml
followed by incubation in‘a 4°C refrigerator for >8-h:" Prior to,each step in the assay,
plates were washed with 1X*PBST. Cry2Ab2 ptrotein:standard or sample extract was
added at 100.ul pepywell and.incubated for 1 hé@t 37°C. ;The captured Cry2Ab2 protein
was detected by the<addition of “100%ul per well ofbiotinylated goat anti-Cry2Ab2
antibodies and NeutrAvidin-HRP. ‘Plates-were developed by adding 100 pl per well of
TMB. The enzynmiatictréaction was terminated by;the addition of 100 ul per well of 6 M
H;PO4. Quantitation’ofthe Cry2Ab2 protein was accomplished by interpolation from a
Cry2Ab2 proteirntstandard ¢@rve that ranged from 0.219 — 7 ng/ml.
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Appendix E: Materials, Methods and Individual Site Results for Seed Dormancy
and Germination

E.1. Materials
The MON 89034, the conventional control corn, and reference corn seeds were produced

in Dayton, Webster Co., IA (IA); Jerseyville, Jersey Co., IL (JR); and Monmouth,
Warren Co, IL (MN) in 2004.

Material Material Type Genotype Locations

MON 89034 Test Lepidopteran-protegted [A; IR, MN
H1325023 Control Conventional TA, JR,"MN
HEXP1184 Reference Conventional IAAR, MN
H4242304 Reference Conventional TA, JR;"MN
H1198600 Reference Conventional IA;JR, MIN
H1200203 Reference Conventional IA, JRY MN

E.2. Characterization of the Materials

The presence or absence-of MON- 89034 insert was vetified by eyent-specific PCR
analysis for the MON. 89034 and\contfol corn seeds. The results of these verifications
were as expected.

E.3. Performing Facility and Experimental Methods

Dormancy and germination evaluations were conducted at BioDiagnostics, Inc. in River
Falls, WI. Theyprincipal-investigator was>certified to conduct seed dormancy and
germination gesting) consistent: with-theCstandards established by the Association of
Official Seed Analysts (AQSA), aseed-tradecassociation (AOSA, 2000; AOSA, 2002).

Seven. germination chambers’ wefe used-in the study and each chamber was maintained
dark under one of;the following séven temperature regimes: constant temperature of
approximately 55 10,020 of2307C or alternating temperatures of approximately 10/20,
10/30, .0t 20/30°Cc Theralternating temperature regimes were maintained at the lower
temperature-for-16 h and the higher temperature for 8 h. The temperature inside each
getmination chamber was monitored and recorded throughout the duration of the study.

Germination towels for MON 89034, control, and reference materials were prepared per
the facility SOPs. Each germination towel represented one replication. The types of data
collected depended on the temperature regime. Each rolled germination towel in the
AOSA-recommended temperature regime (i.e., 20/30°C) was assessed periodically
during the study for normally germinated, abnormally germinated, hard (viable and
nonviable), dead, and firm swollen (viable and nonviable) seed as defined by AOSA
guidelines (AOSA, 2002). Each rolled germination towel in the additional temperature
regimes (i.e., 5, 10, 20, 30, 10/20 and 10/30°C) was assessed periodically during the
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study for germinated, hard (viable and nonviable), dead, and firm swollen (viable and
nonviable) seed.

E.4. Statistical Analysis

Statistical analyses were performed by the Monsanto Statistics Technology Center.
Analysis of variance was conducted according to a completely randomized design using
the Statistical Analysis System (SAS® Version 9.1, SAS Institute, Inc. 2002-2003) to
compare the MON 89034 to the control material for each temperature regime.

For each temperature regime, test material was separately compared to-the Sontrol
material at each site (individual-site or by-site analysis) and pooled across @ll sites
(referred to as combined-site). No statistical comiparisons-were made,between the test
and reference materials. Minimum and maximum valuesdor the reference‘matetials were
determined. =~ An analysis of variance,Was conducted according to a<‘¢ompletely
randomized design with four replications using SAS.< Thelevelbof statisti¢al significance
was predetermined to be 5% (p<0.05). Dormancy and getmination :characteristics that
were analyzed included: percent @erminated’seed (categorized as-normally germinated
and abnormally germinated seed>for AOSA-<recommended teémperature-fegimes), percent
viable hard seed, percent dead seed;and percent viable firm swollen-seed.

E.S. Individual Site Seed Dormancy and Germination Results

MON 89034, the‘control, and reference-seed ‘materials ‘werecproduced at three sites to
assess germination gharacteristics of'seed grown undervarious environmental conditions.
No viable hard seed were détected‘in any temperature regime with seed produced from
any location, indicating nd-1hcréased-weediness potential of MON 89034 from changes in
seed dormancy. Furthermore, of the 87 ¢omparisons’over the germination characteristics
from the threeseed-production-locations;“onlyCtwo differences were detected between
MON 89034 and’the .control” MON 89034 from the JR site had higher percentage of
germinatéd'seed and a lower percentage ofidead seed at the 10°C temperature regime than
the control (Table E-1). No differendes were detected between MON 89034 and the
control at the<JA ot MNUsitecin anmy temperature regime. The significant differences
detected in‘the by-site- analysis were not detected in the combined-site analyses (see
Section VI forthe‘combined-site result). Therefore, the differences detected in the by-
site_ analysiswere not indicative of a consistent trend and are not likely to be biologically
meaningful in\terms-of altered seed dormancy or germination of MON 89034 compared
to the-conventional corn.

E.6. References

AOSA. 2000. Tetrazolium Testing Handbook. Association of Official Seed Analysts.
Lincoln, NE.

® SAS is a registered trademark of SAS Institute, Inc.
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AOSA. 2002. Rules for Testing Seeds. Association of Official Seed Analysts. Lincoln,
NE. 166 pp.

Table E-1. Germination for MON 89034

Mean (%)
AOSA Viable
Temp. Normally Abnormally Firm
Reg.!  Prod. Germinated Germinated Viable Hard Dead Swollen
°C) __siee T C T C T C T C T C
1A 99.5 99.0 0.0 0.0 0.0 0.0 025 1.0 0.0 0.0
20/30 JR 83.3 87.0 0.3 0.5 0,0 0.0 16.5 12.5 0.0 0.0
MN 99.8  100.0 0.0 0.0 0.0 0.0 0.3 0.0 0:0 0.0
0,
Additional M () .
Temp. Prod. . : Vl.a ble
Regi Site Germinated ViableHard Dead Firm
gime
©C) Swollen
T C T C T C T C
1A 0.0 0.0 0.0 0.0 3.5 2.8 96.5 97.3
5 JR 0.0 0:0 0.0 0.0 13.0 12.8 87.0 87.3
MN 0.0 0.0 0.0 0.0 0.5 2.5 99.5 97.5
1A 98.0 98.5 0.0 0:0 2:0 1.5 0.0 0.0
10 JR 90.5% 84.5 0.0 0.0 Q5% 15.5 0.0 0.0
MN 995 10020 0.0 0,0 0.5 0.0 0.0 0.0
A 99.3 98.5 0.0 0.0 0:8 1.5 0.0 0.0
20 JR 89.3 87.5 0:0 0.0 10.8 12.5 0.0 0.0
MN 99.3 99.5 0.0 0.0 0.8 0.5 0.0 0.0
1A 983 98.5 00 0.0 1.8 1.5 0.0 0.0
30 JR 88.8 88.0 0.0 00 11.3 12.0 0.0 0.0
MN 99.8 100.0, 0:0 0.0 0.3 0.0 0.0 0.0
1A INS 98-8 0.0 0.0 0.5 1.3 0.0 0.0
10/20 JR 88.8 90.0 00 0.0 11.3 10.0 0.0 0.0
MN 99.5 1000 0.0 0.0 0.5 0.0 0.0 0.0
IA 98.8 995 0.0 0.0 1.3 0.5 0.0 0.0
10/30 JR 875 90.8 0.0 0.0 12.5 9.3 0.0 0.0
MN 99.8 100.0 0.0 0.0 0.3 0.0 0.0 0.0

* Indicates thatza significant-difference between MON 89034 and the control was detected at p<0.05 for seed
produced ata given site within a'given temperature regime.

' In‘alternafing temperatute regimes the lower temperature was maintained for 16 hours and the higher

temperature for-eight\hours.

% Pfod. Site = site:where seed lot was produced; IA = Dayton, lowa; JR = Jerseyville, Illinois; MN =

Monmouth, Illinois.
3 T=MON 89034
* C = Control corn (H1325023)
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Appendix F: Phenotypic and Agronomic Assessment: Individual Site Results from
2004 and 2005 Field Trials

The methods, test sites, and the combined-site results for the phenotypic and agronomic
assessments are described in Section VII. This appendix provides the details of the test,
control, and reference corn materials and the results for each individual test site.

F.1. Materials

The materials for phenotypic, agronomic, and ecological interaction assessments studies
are included in Tables F-1, F-2, and F-3. The presence or abs¢nce of MON 89034 insert
in the test and control materials was confirmed by-event-specific PCR analyses:

F.2. Test Sites

2004 field trials included nine (9) testisites{(Site.codes;in patenthesis): .Hendricks County,
IN (IN-DA); Freeborn County, MN' (MN-GE); Shelby Ceunty, MO. (MO-BE and MO-
CL); Jefferson County, IA (IA);“Jersey County,. 1L (L-1);>Warren €ounty, IL (IL-2);
York County, NE (NE); and Fayette County, OH (QH).

Study-1 of the 2005 field trials included four (4){test sites;-Ottawa County, MI (MI);
Freeborn County, MN'(MN); Wayne.County, NY{N Y)? and Walworth County, WI (WI).

Study-2 of the!2005 field trials. included five (5) test-sites: Jefferson County, IA (IA);
Warren County, IL (IE=N); Clinton’ County, IE (IL-S);,Shelby County, MO (MO), and
York County, NE (NE).

F.3. IndividuaFField Site’Results

Table F<4 shows the results of-the 14 phenotypic or agronomic characteristics evaluated
at 9 sites in 2004., No differences-between MON 89034 and the control were detected for
seedling vigor,.¢ar heightyplant-height, dropped ears, root lodged plants, and final stand
count. A (total of 13.‘out of 123 site-by-characteristic comparisons were significantly
different-between MON 89034 and the control. The significant differences were
distributed.among eight of-the fourteen phenotypic characteristics. Except for plant
height and number-of stalked lodged plants, all of the significant differences detected in
the individual-site analysis were not detected in the combined-site analyses (see Section
VIIVfor combined-site analysis result). Therefore, the differences detected in the
individual-site analysis were not indicative of a consistent, trait-induced response, and are
not likely to be biologically meaningful in terms of increased weediness potential of
MON 89034 compared to the control.

Table F-5 shows the results of 14 phenotypic or agronomic characteristics for the four

test sites in Study-1 of the 2005 trials. No differences were detected between MON
89034 and the control for the following ten characteristics: seedling vigor, early stand
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count, days to 50% pollen shed, stay green, ear height, dropped ears, stalk lodged and
root lodged plants, grain moisture and test weight. A total of four differences out of 56
site-by-characteristic comparisons were significantly different between MON 89034 and
the control. The significant differences were distributed among four of the fourteen
phenotypic characteristics. None of the significant differences detected in the individual-
site analysis were detected in the combined-site analyses (see Section VII for combined-
site analysis result). Therefore, the differences detected in the individual-site analysis
were not indicative of a consistent, trait-induced response, and are not likely to be
biologically meaningful in terms of increased weediness potential of MON 89034
compared to the control.

Table F-6 shows the results of the 14 phenotypic or agronomicCharacteristics for’the five
test sites in Study-2 of the 2005 trials. For therindividual-site analyses, no differences
were detected between MON 89034 and the control for the following nhinedharagteristics:
seedling vigor, days to 50% pollen shed and’50% silking; plant hetght, dropped ears; stalk
and root lodged plants, final stand count ‘and grain moisture. CA total ofifive-out of 65
site-by-characteristic comparisons were sigttificantly different between®MON, 89034 and
the control. The significant differences” were’ distributed among-five of the fourteen
phenotypic characteristics. None of the significant differences detected in'the individual-
site analysis were detected in the combined-site analyses (see.Section VI for combined-
site analysis result). Thetefore; the ‘differencestdetected inthe-individual-site analysis
were not indicative ofia consistént, trait-induced' response,~and care not likely to be
biologically meaningful, in" terms of* inefeased“weediness’ potential of MON 89034
compared to the contrel:

Monsanto Company 06-CR-166U Page 233 of 262



CBI Deleted Version

Table F-1. Test, control, and reference corn used in the 2004 field trials

Corn Hybrid Names Seed Types Site
MON 89034 Test All
H1325023 Control All
Golden Harvest-H8751 Reference IA
Golden Harvest-H9231 Reference IA
Northrup King-N60-N2 Reference IA
Burris-590 Reference IL-1
Mycogen-2784 Reference IL-1
DKC 62-15 Reference IL-1
Pfister-2730 Reference 1L-2
Mycogen-2E685 Reference 1p-2
DKC 61-42 Reference 1122
DK611 Reference IN-DA:
DKC59-08 Reference IN-DA
RX708 Reference IN-DA
DKC51-45 Reference MN~GE
DKC57-01 Reference MN-GE
DKC60-15 Reference MN-GE
DKC61-42 Refetence MO-BE
DKC62-15 Reference MO-BE
RX690 Reférence MO-BE
DKC60-17 Reference MO-CL
RX742RR2 Reference MO-CL
RX772 Referénce MO-CL
DKC 60~15 Réference NE
Mycogen-2P682 Refefence NE
Mycogen-2A791 Reference NE
Seed Consultants=SC1124A Reférence OH
Crows<4908 Reference OH
RX708 Reference OH
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Table F-2. Test, control and reference corn used in the Study-1 of 2005 field trials

Corn hybrid Names | Seed Types Sites
MON 89034 Test All
DKC51-43 Control All
DKC48-15 Reference MI
DK537 Reference MI
Pioneer 36K67 Reference MI
DKC51-45(RR2) Reference MN
DKC53-33(RR2) Reference MN
Pioneer 36N70 Reference MN
DKC51-88 Reference NY
Garst 8779 Reference NY-
Garst 8715 Reference NY
RX508 Reference WI
N45-T5 Reference WI
N48-K2 Reference W

Table F-3. Test, control, and reference.corn

Corn Hybrid Names | Seed Types Sites
MON 89034 Test All
H1325023 Control All
DK(C59-08 Reférence 18
DKC60-15 Referenice IA
H-8991 Reéference X
DKCe61-42 Refererice IL-S
RX740 Réference L-S
Mycogen 2E685 Refefence IL-S
RX708 Reference IL-N
DKC61-50 Reference IL-N
Pioneer 34H31 Reference IL-N
DKC61:44(RR2) Reference MO
Pfister 2760 Referefice MO
Proneer34B23 Reference MO
DKC60-17(RR2) Reference NE
RX715 Reference NE
Mycogen 2E685 Reference NE
Monsanto Company 06-CR-166U
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Table F-4. Phenotypic comparison of MON 89034 to the control at each site in 2004 field trials

Phenotypic Characteristic (units)

Early stand count Days to 50% Days to 50% Ear height
Seedling vigor (#/plot) pollen shed silking Stay green’ (in)
Site Test Control Test Control Test Control . Testy* Controb, * TFest <Contfol Test Control
IA 6.7 6.3 65.7 64.3 59.0 59.3 58.3 58.7 4.7 4.7 45.3 45.7
IL-1 53 5.0 60.0 56.0 53.3 53,7 50.7% 50.0 ~o— — 38.9 42.3
IL-2 8.0 8.5 68.3 68.3 59.4 58.9 56.2 56.7 7.6* 6.6 44.5 41.0
IN-DA 5.0 6.0 72.3* UN; 66.0%* 64.3 66.0* 643 . - — 31.9 36.1
MN-GE 8.0 7.7 75.0 77.3 73.3 73.3 730 733 6.0 6.0 42.5 41.2
MO-BE 7.3 7.3 753 72:3 58.3 58.3 5723 57.0 5.0 4.7 40.3 40.1
MO-CL 6.0 5.7 70.7 68.0 59.0 58,3 SHT 57.3 6.3 6.3 39.1 38.8
NE 8.0 8.0 637 63:0 67.0 66.7 67.0 66.3 6.7* 5.7 40.1 41.1
OH 7.7 7.7 63.7 640 61.0 60.0 61.0 60.0 6.0 7.0 37.1 37.5

* Indicates a statistically significant difference between the test and control at p < 0.05.
! Dashes indicate data that are missing’or excludéd front the statistical analysis.

Table F-4 continues on the next page.
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Table F-4 (continued). Phenotypic comparison of MON 89034 to the control at each site in 2004 field trials

Phenotypic Characteristic (units)

Plant height Dropped ears Stalk lodged Root lodged Final $tand-count. ~ Grain moisture
(in) (#/plot) plants (#/plot)’ plants (#/plot) (#/plot) (%)

Site Test Control Test Control Test Control)” Test ~Control «Test;”> Control~ Test  Control
IA 85.2 84.8 0.0 0.0 0.0 0.3 0:0 0.0 56.0 59.0 28.5 28.0
IL-1 81.8 83.1 0.0 0.0 — — 0.0 0.0 54.3 52.7 14.1 13.1
IL-2 90.6 91.7 0.0 0.0 2:3% 83 114 4.6 66.2 64.2 253 235
IN-DA 69.6 74.8 0.0 0.0 0.0 1.3 0.3 0.3 65.7 61.7 40.1 38.4
MN-GE 102.1 102.8 0.0 0.0 0.0 0.3 0.0 0.0 62.7 63.7 30.5 30.5
MO-BE  83.8 86.1 1.0 1.0 1,7 1,7 0.0 0.0 63.7 64.7 16.8%* 19.6
MO-CL  85.7 85.6 0.0 0.0 IN0) 1.3 0:0 0.0 533 57.3 15.9 16.1
NE 80.2 81.0 0.0 0.0 0.0 1.3 0.0 0.0 62.0 62.0 19.3* 17.6
OH 78.6 79.1 0.0 0.7 1:0* 4.7 0.0 0.0 60.7 59.3 20.2 18.9

* Indicates a statistically significant difference between thetest and control at p < 0.05.
! Dashes indicate data that are missing ot-exclided from the statistical analysis.

Table F-4 continues on the next page.
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Table F-4 (continued). Phenotypic comparison of MON 89034
to the control at each site in 2004 field trials

Phenotypic characteristic (units)

Test weight Yield
(Ibs/bu) (bu/ac)
Site Test Control Test Control
1A 54.3 54.7 258.8*% 2348
IL-1 54.4 54.8 207.0 197.0
1L-2 48.6 52.0 2249  205.8
IN-DA 433 442 96.7 1002

MN-GE  53.0 53.0 171.1 187.0
MO-BE  53.7 53.1 236.3 2354
MO-CL 55.0 55.0 177.5_ 22020
NE 55.1* 572 2053* 185:5

OH 56.5 57.0 159.3 17240

* Indicates a statistically significant-différence between
the test and control at p < 0.05,
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Table F-5. Phenotypic comparison of MON 89034 to the control at each site in Study-1 of 2005 field ®rials

Phenotypic Characteristic Means

Early stand Days to 50% Daysto 50%
Seedling Vigor count (#/plot) pollen shed silking Stay green
MON MON MON MON MON
Site 89034 Control 89034  Control 89034  Control 89034 Control 89034  Control
MI 6.7 6.7 76.7 79.7 69.3 687 69.3 70.0 5.7 6.0
MN 6.0 5.7 76.0 72.0 64.7 64.3 66.3 66.3 5.0 5.0
NY 6.0 6.0 79.3 80.0 .0 7150 62.0 62.0 9.0 9.0
WI 8.0 8.0 76.3 780 67.0 663 70.0* 67.0 5.7 4.7
Phenotypic Characteristic Means
Dropped ears Stalk lodged Root lodged plants
Ear height (in) Plant height (in) (#{plot) plants (#/plot) (#/plot)
MON MON MON MON MON
Site 89034  Control 89034 CControl 89034 ~ Control 89034  Control 89034  Control
MI 38.7 37.3 82.1 81.7 0.0 0.3 0.0 0.7 0.0 0.0
MN 36.0 38.8 827 82.7 0:0 0.0 0.3 0.3 0.0 0.0
NY 48.7 48.7 103.9% 100.5 0.0 0.0 0.0 0.0 0.0 0.0
WI 44.2 43.6 97.7 941 0.0 0.0 0.0 0.3 0.0 0.0

* Indicates a statistically significant difference between MON 89034 and the control at p < 0.05.

Table F-5 continues on the next page.
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Table F-5 (continued). Phenotypic comparison of MON 89034 to the control at each site in Study-1
of 2005 field trials

Phenotypic Characteristic Means

Final stand count Grain moisture Test weight
(#/plot) (%) (Ibs/bu) Yield (bu/ac)

MON MON MON MON
Site 89034 Control 89034  Control 89034, Eontrol 89034 (Control
MI 64.0 64.0 21.7 21.2 55.7 553 205.8%. " 175.6
MN 61.7 61.3 17.5 17.8 56.5 564 204.3 19727
NY 58.7 58.7 19.0 18.7 55.5 5597 174.1 175:6
WI 60.7* 63.3 17.4 16,7 55.8 56,8 237.7 231.6

* Indicates a statistically significant difference betweent MON 89034 and'the.contrelat p.£0.05.
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Table F-6. Phenotypic comparison of MON 89034 to the control at each site in Study-2 of 2005 field trials

Phenotypic Characteristic Means

Early stand Days to 50% Days to. 50%
Seedling Vigor count (#/plot) pollen shed silking Stay green
MON MON MON MON MON
Site 89034 Control 89034  Control 89034  Control 89034  Control 89034 < Control
1A 6.0 4.7 67.0* 73.0 57.7 58.3 58.3 59.0 6.7* 7.3
IL-N 7.3 7.3 72.0 71.3 65.0 6477 64.3 63.7 6.3 6.3
IL-S 6.3 7.0 75.0 73.7 St.3 50:3 52.0 513 33 33
MO 6.0 6.5 64.7 70.5 65.0 64.0 67.0 66.0 4.7 5.0
NE 6.0 6.0 67.5 72.5 63.0 63.5 64.0 64.0 3.5 3.0

Phenotypie-Characteristic Means

Dropped-ears StalkTodged Root lodged plants
Ear height (in) Plant height (in) (#/plot) plants (#/plot) (#/plot)
MON MON MON MON MON

Site 89034 Control 89034 < Control 89034. - Control 89034 Control 89034  Control
1A 39.9 39.8 83.0 84.3 1.7 0.0 0.0 0.3 0.0 0.0
IL-N 35.2 36.1 85.7 86.0 0.0 07 0.0 0.0 0.0 0.0
IL-S 42.3%* 46.0 87.1 89.9 I3 23 40.0 19.0 2.0 2.7
MO 35.9 37.2 68,9 698 3.3 1.0 4.3 3.0 1.0 0.0
NE 35.8 35.9 75.1 73.2 0.0 0.5 1.0 3.0 0.0 0.0

* Indicates a statistically significant-differénce between MON 89034 and the control at p < 0.05.
Table F-6 continues on the next page.
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Table F-6 (continued). Phenotypic comparison of MON 89034 to the control at each site in
Study-2 of 2005 field trials

Phenotypic Characteristic Means

Final stand count Grain moisture Test weight
(#/plot) (%) (Ibs/bu) Yield (bu/ac)

MON MON MON MON
Site 89034 Control 89034 Control 89034, -\ Control 89034 -~ ‘Control
1A 58.3 58.3 26.0 26.2 559 55.3 164.3 154.9
IL-N 63.3 63.0 18.7 17.6 59.1 59.4 183.3 164.5
IL-S 52.0 56.7 16.2 16.5 55.3 557 &3.9 10026
MO 60.0 60.0 19.3 17.3 53.3* 519 472 40.1
NE 62.0 62.0 16.4 18.0 5655 55.1 169:9* +«146.9

* Indicates a statistically significant difference between-MON89034" and the control at'p < 0.05.
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Appendix G: Forage and Grain Compositional Analysis
G.1. Materials

MON 89034, control corn (LH198 x LH172), and commercial reference corns were
grown at five U.S. locations in 2004. The control material, LH198 x LH172, has a
genetic background similar to MON 89034 but does not possess the lepidopteran
protection trait. In addition, 15 conventional corn hybrids produced along side of MON
89034 were included for the generation of 99% tolerance interval. The reference corn
hybrid varieties, locations, and seed lot numbers are listed below:

Vendor/Hybrid Starting Seed Lot No,\"| Field Site
Golden Harvest/ H8751 REF-0404-14931-S 1A
Golden Harvest/ H9231 REF-0404-14932-S A
Northrup King/ N60-N2 REE-0404214933-S IA
Burrus/ 590 REE-0404-14934-S 1L<1
Mycogen/ 2784 REF-0404-14935-S IL-1
Dekalb/ DKC62-15 REF-0404-14936-3 IL-1
Pfister/ 2730 REF<0404-14937-S IL-2
Mycogen/ 2E685 REF-0404-14938=S IL-2
Dekalb/:DKC61-42 REF-0404-14939-S IL-2
Dekalb/ DKC60-15 REF-0404-14940-S NE
Mycogen/ 2P682 REF-0404514941-S NE
Mycogen/ 2A791 REE-0404-14942-S NE
Seed Consultants /-SC1124A REF-0404-14943-S OH
Crow’s/ 4908 REF-0404-14944-S OH
Asgrow/ RX708 REF-0404-14945-S OH

Thefdentities 0P theXMON 89034, the control, and reference corn hybrids were verified
prior te-the §tudy-by examination of the chain-of-custody documentation supplied with
the samples collected from the field. Additionally, the grain samples of the test and
control corn were further characterized by an event-specific PCR analysis to confirm the
presence or absence of the MON 89034 insert.
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G.2. Field Trial Description

Seed was planted in a randomized complete block design with three replicates per block.
All the samples at the field sites were grown under normal agronomic field conditions for
their respective geographic regions. The five sites were: Site 1-Jefferson County, IA;
Site 2-Jersey County, IL; Site 3-Warren County, IL; Site 4-York County, NE; and Site 5-
Fayette County, OH. Forage and grain samples were harvested from all plots and
shipped on dry ice (forage) or ambient temperature (grain) to Monsanto Company, St.
Louis, MO, USA. The samples were ground, stored in a -20°C freezer located at
Monsanto Company (St. Louis, MO), and then shipped, overnight, on dry ice tozCovance
Laboratories, Inc. (Madison, WI) for analyses.

G.3. Analytical Methods

A total of 90 ground forage and grain samples were analyzed by Covance Laboratories,
Inc. Analyses were performed using ‘méthods that<are’eurrently used to eyaluate the
nutritional quality of food and feed. ~ Specifically, standdrd ~AOAG (Association of
Official Analytical Chemists, 2000).metheds were used o' determine amino acid
composition, fat, minerals, totabdietary fiber, moisture, folic aeid, Miacin, pyridoxine
(Vitamin B6), riboflavin (Vitamin“B2), and thramio’(Vitamin-B1).:. The @protein content
was determined based on both AOAC (2000)»methods-jand ~two literature methods
(Bradstreet, 1965; Kalthoff and Sandell;1948). Acid detergent fiber, was analyzed based
on the method of USDA ‘Agriculture: Handbook“No:379-(1970)." Carbohydrates were
measured based on an\USDA-Agriculture Handbook Neo. 74:(1973). Fatty acids were
analyzed based-on dan AQCS (American Oil Chemists Soeiety, 1997) method. Neutral
detergent fiber was determined based:on an,AACC (American Association of Cereal
Chemists;~1998) method -and an- USDA Agriculture ‘Handbook No. 379 (1970) method.
In addition, othet{literature.methods were used toxmeasure furaldehyde (Albala-Hurtado
et al., 1997), p-coumaric and ferulic-a¢ids-(Hagerman and Nicholson, 1982). phytic acid
(Lehrfeld 1989; 1994), raffinose (Mason and-Slover, 1971; Brobst, 1972), and Vitamin E
(Cort et al., 1983; McMurtay etal., 1980; Speek et al., 1985).

G.4. Statistical Analysis

At the freld sites, the test<(MON 89034), control, and reference corns were grown in
singlez;plots™ randomly " assigned within each of three replication blocks.  The
compositional\comporients for the test and control corn were statistically analyzed using a
mixedmodel analysis of variance. The data from the five replicated sites were analyzed
separately and-as a combined data set. Individual replicated site analyses used the model

Y; =U+T+Bj+ej,

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

Combined site analyses used the model:
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Yijk =U+T;+ Lj =+ B(L)jk + LTij + Cijk ,

where Yjjx = unique individual observation, U = overall mean, T; = hybrid effect,
L; = random location effect, B(L);c = random block within location effect, LT;; =
random location by hybrid interaction effect, and e = residual error. For each
compositional component, the forage and grain from MON 89034 was compared
to the conventional control.

A range of observed values from the reference corns was determined for each analytical
component. Additionally, the reference corn data were used to develop-population
tolerance intervals. A tolerance interval is an interval that one €an claim, with a specified
degree of confidence, contains at least a specified proportion, p, of @n entire’ sampled
population for the parameter measured. For each compositional component, 99%
tolerance intervals were calculated that are expected o' contains,with'95% confidence,
99% of the quantities expressed in the‘population.of commercial references (George et
al., 2004; Ridley et al., 2002b). Each tolerance>intetval estimate’ was based upon one
observation per unique reference, substance.” .Ihdividual -substances, with multiple
observations were summarized ithin*site§’to ‘ebtain-a single estimate’for inclusion in
tolerance interval calculationsy Beécause negative \quantities are’ not.possible, calculated
negative lower tolerance Hounds wer&set o zexo) SAS® softwaré was'used to generate
all summary statistics.and perform@ll analyses (SAS Software-Release 9.1, 2002-2003).

G.5. Compositional Analysis Results
The results-of compositionalcanalysis, ineluding a.summary of statistical differences, are
discussed.in Section, VIL--Tables G- to G-6 of this'appendix provide a summary of the

combined site analysis,-and Table G-7 1ists-the lit€rature and historical ranges for the
components analyzed,
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Table G-1. Comparison of fiber, mineral, and proximate content in forage from MON 89034 and control corn in combined-site

analysis
MON 89034 Control Difference (MON 89034 minus €ontrol) Commercial
. . + SE! + + %, GI igfii
Analytical Component (units)’ Mean + SE Mean + SE Mean + SE 95% CI Sigfiificance (Range)
(Range) (Range) (Range) (Lower;Uppet) (p-Value) [99% Tolerance Int.]
Fiber
Acid Detergent Fiber (% DW) 28.95+1.69 27.26 £ 1:69 L:69+ 1.48 -0.8144.19 0.17 (26.72 - 38.94)
(22.60 - 35.85) (19.93.435.59), (.22~ 10.45) [16.76,43.76]
Neutral Detergent Fiber (% DW) 39.69 +1.32 3760 £ 132 2009 + 1.40 -0,88,5.05 0.155 (33.70 - 46.74)
(33.99 - 46.82) (31.4423.96) (-3.4733:47) [25.94,55.67]
Mineral
Calcium (% DW) 0.20 +0.019 0.19 £.0:019 0.0066,£ 07011 -00017,0.031 0.569 (0.11-0.29)
(0.16 - 0.24) (0.3 0.28) (-0.036'-0,063) [0.016,0.38]
Phosphorus (% DW) 0.25+0,011 0.210.011 0.040.£.0.014 0:011,0.069 0.01 (0.14 - 0.25)
(0.22-20.32) (645 - 0,25) (-0.0019 - 0.13) [0.071,0.32]
Proximate
Ash (% DW) 3.70£0.27 3904 0.27 -0204 0:21 -0.65,0.25 0.356 (3.40 - 5.45)
(2.51 -4:67) (2159 - 5:10) C1725097) [1.93,6.31]
Carbohydrates (% DW) 86.90+ 0.43 86.69 £.0.43 0.21+ 0.53 -0.91,1.33 0.697 (84.88 - 88.39)
(8493 - 89,13) (84:36:-89.57) (4723 -4.41) [83.05,90.74]
Moisture (% FW) 72.20 £ 1,35 753 £ 1035 0.67 £0.52 -0.44,1.77 0.22 (64.90 - 77.40)
(68.50 -75:40) (65:90°-96.80) (-3.50 - 4.20) [57.62,86.45]
Protein (% DW) 7.82+ 0.27 7370 £029 0.13£0.26 -0.43,0.68 0.635 (6.58 - 8.82)
(6.34 - 8.98) (6.06<8:37) (-2.32-2.35) [4.78,10.38]
Total Fat (% DW) 1L.57 % 0,24 171 +£0.24 -0.13+0.23 -0.59,0.32 0.558 (0.58-3.11)
(0.63-3:17) (0.77 - 2.91) (-2.28 - 1.95) [0,4.54]

' DW = dry weight; FW = fresh weight; SE = standard error; CI = confidence interval.
? With 95% confidence, intervalcontains 99% of the'values expressed in the population of commercial lines. Negative limits were set to zero.
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Table G-2. Comparison of amino acid content in grain from MON 89034 and control corn in combinéd-site analysis

MON 89034 Control Difference (MON 89034 minus Control) Commercial
. . + SE! + SE! + % CI* igni
Analytical Component (units)’ Mean + SE Mean + SE Megan + SE 95% CI Significance (Range)
(Range) (Range) (Range) (LowerfUpper) (p-Value) [99% Tolerance Int.”]

Alanine (% DW) 0.77 £ 0.039 0.78 £ 0.039 -0.0070 £0.019 -0:046,0.032 0.709 (0.67 - 0.96)
(0.64 - 0.89) (0.67 - 0.89) (-0.13750.089) [0.48,1.08]

Arginine (% DW) 0.48 +0.013 0.47 £0:013 0.011 £0.012 -0:014,0.036 0.361 (0.37 - 0.49)
(0.38-0.52) (0.41370.5%) (=0.090>- 0.062). [0.33,0.56]

Aspartic acid (% DW) 0.68 +=0.029 0,67 20,029 0:0038£0.015 -04028,0.036 0.804 (0.57-0.77)
(0.56 - 0.78) (0:60--0.76) (-0.11.20.078) [0.43,0.90]

Cystine (% DW) 0.23 + 0.0057 0.23 £ 0.0057 0.0023 £ 6:0038 -000057,0.010 0.554 (0.20-0.24)
(0.20 - 0.26) (0.21:20.25) (-0.022< 0,023) [0.18,0.27]

Glutamic acid (% DW) 1.97 £ 0097 199 + 0.097 ~0:012,£0.049 =0.11,0.091 0.809 (1.71 - 2.41)
(1.6352.29) (1702 2.26) (-0.33 0.24) [1.25,2.75]

Glycine (% DW) 0.38 +0.0087 0:38 £0(0087 0,0042,4+0.0071 -0.011,0.019 0.566 (0.32 - 0.40)
(0.32-0.41) (0,36~ 0.41) (-0.067"- 0:035) [0.28,0.46]

Histidine (% DW) 0.31 +£0.0p1 0.31 £0.011 0,002749.0055 -0.0090,0.014 0.632 (0.26 - 0.33)
(0.25+0.35) (028 0.34) (-0,030’- 0.030) [0.22,0.38]

Isoleucine (% DW) 0.36 0,018 0.36x.0.018 20.00003 + 0.0088 -0.019,0.019 0.997 (0.32-0.45)
(0.30 -0.43) (0:30- 0.42) (-0.056 - 0.041) [0.23,0.51]

Leucine (% DW) 1.31 +0,077 1.3240°077 -0.014 + 0.036 -0.089,0.062 0.7 (1.14 - 1.68)
(1.09°1.57) (1:08~ 1,55) (-0.21 - 0.16) [0.77,1.92]

Lysine (% DW) 0:33 £.0.0097 0.32 £0.0097 0.0088 +0.0078 -0.0077,0.025 0.273 (0.24 - 0.34)
(0.26> 0.36) (0:29- 0.36) (-0.056 - 0.033) [0.20,0.40]

Methionine (% DW) 023 £.0.0064 0.22 + 0.0064 0.0038 = 0.0047 -0.0061,0.014 0.427 (0.17-0.22)
(0.200.27) (0.20 - 0.24) (-0.017 - 0.028) [0.14,0.25]

' DW = dry weight; SE = standard erfor; CI <tonfidence interval. > With 95% confidence, interval contains 99% of the values expressed in the population of
commercial lines. Negative limits were set to zero.
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Table G-2 (continued). Comparison of amino acid content in grain from MON 89034 and control corn'in combined-site

analysis
MON 89034 Control DifferencecMMON 89034 minys-Control) Commercial
. . + SE! + SE! + % €I iehi
Analytical Component (units)’ Mean + SE Mean + SE Mean + SE 95% €1 Sighificance (Range)
(Range) (Range) (Range) (Lower,Upper) (pValue) [99% Tolerance Int.]
Phenylalanine (% DW) 0.51 +£0.028 0.52 +£0.028 =0.0012+ 0,013 -0.029;0.026 0.925 (0.45-0.65)
(0.43-0.61) (0.43 - 0°60) (:0°080 - 02067) [0.32,0.73]
Proline (% DW) 0.93 +£0.030 0.93.+ 0.030 0.0034+ 0.019 0.037,0.044 0.861 (0.83-1.11)
(0.79 - 1.05) (0:83 - 1/01) (€0:15 - 0.10) [0.68,1.21]
Serine (% DW) 0.52 +0.022 0.52 +0.022 -0.0046 + 0.012 -0.030;0.02.1 0.703 (0.45-0.62)
(0.44 - 0.61) (6:46 - 0:60) (<0087 ~0,058) [0.34,0.71]
Threonine (% DW) 0.33+0.010 0.33+£0.01Q 0.00063+ 0.0074 -0.015,0.016 0.933 (0.29 - 0.37)
0.27 - 037 @29 - 8:36) (-0.05220:039) [0.24,0.41]
Tryptophan (% DW) 0.05640.0018 0.056% 0.0018 0.00031 + 0:0013 -0.0025,0.0031 0.817 (0.043 - 0.059)
(0,048 - 0.064) (0,045 - 0,063) (-0.0055 0:0072) [0.032,0.072]
Tyrosine (% DW) 0.37+£0.015 0.36% 0:.045 0.0088 + 0016 -0.026,0.043 0.596 (0.25 - 0.40)
(0.22 - 0.4%) (024 - 0.42) (:0.21 £0.14) [0.17,0.52]
Valine (% DW) 0.4960.020 0.49+ 0:020 0.0034 £ 0.010 -0.019,0.026 0.748 (0.42-0.55)
(040 - 0:39) (0:43.40.55), (20:084 - 0.055) [0.35,0.62]

" DW = dry weight; SE = standard error; CI= confidenée intetval.

? With 95% confidence, interval contairls 99% of the valuesexpressed in the population of commercial lines. Negative limits were set to zero.
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MON 89034 Control Difference (MON 89034 mints Control) Commercial
. . +SE' + SE! + % CI! igni
Analytical Component (units)’ Mean + SE Mean + SE Mean + SE 95% CI Significance (Range)
(Range) (Range) (Range) (LowergUppet) (p-Value) [99% Tolerance Int.”]
16:0 Palmitic (% Total FA) 9.19 £ 0.060 9.12 +0.060 0.071, 0049 -0.034,0:18 0171 (9.10 - 12.55)
(8.98 - 9.46) (8.91 - 9.34) (-0.14> 0.33) [6.12,15.67]
16:1 Palmitoleic (% Total FA) 0.13 +0.0058 0.12 £ 0/0058 00022 +0:0054 -0:0093,0.014 0.696 (0.050-0.19)
(0.11-0.14) (0.048»-0.14) (0.012,- 0.079) [0,0.28]
18:0 Stearic (% Total FA) 1.89 £0.021 1282 +0.021 0:072.£70.021 0,028,0.12 0.002 (1.57 -2.45)
(1.79 - 2.03) (176+1.87) (-0.055- 0.18) [0.86,2.98]
18:1 Oleic (% Total FA) 24.96 + 0.34 24.84 £0.34 0.12 £'0.20 =0.32,0.55 0.574 (21.17 - 35.33)
(23.38 - 25.75) (23.62.226.66) (-148>-1.15) [7.51,46.46]
18:2 Linoleic (% Total FA) 61.82 £0.40 62.07 £.0.40 -0.25 £0.23 -0.73,0.24 0.292 (50.33 - 63.59)
(60.85263.61) (60,5122 63.41) (-1.62- 1.24) [39.41,76.74]
18:3 Linolenic (% Total FA) 1419 £ 0.027 122 £0.027 -0.028 £.0.016 -0.063,0.0061 0.099 (0.93 - 1.52)
{1.12 - 1.23) (1,15 1,43) (-0.23* 0.036) [0.63,1.77]
20:0 Arachidic (% Total FA) 0.39 + 00062 0.38 + 0.0062 0:013 £0.0031 0.0063,0.019 <0.001 (0.32-0.47)
(0.36:50.42) (036~ 0,46) (-0,019"- 0.032) [0.23,0.54]
20:1 Eicosenoic (% Total FA) 0.28 + 0.0040 028 0.0040 0+ 0.0024 -0.0051,0.0051 0.999 (0.23-0.32)
(0.26 -0.29) (0:25:0.29) (-0.014 - 0.011) [0.15,0.39]
22:0 Behenic (% Total FA) 0.16 + 0.0050 0.15 £0:0050 0.0027 + 0.0062 -0.010,0.016 0.665 (0.12-0.19)
(0.130.20) (0.13~ 0.18) (-0.019 - 0.029) [0.081,0.23]
'FA = fatty acid; SE = standard error; CI = ¢onifidenice interval.
* With 95% confidence, interval contains99% of‘the valués expressedin the population of commercial lines. Negative limits were set to zero.
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MON 89034 Control Difference (WION 89034 minus Control) Commercial
. . + SE! + SE! + %.Cr1! igni
Analytical Component (units)’ Mean + SE Mean + SE Mean + SE 95%.CI Significance (Range)
(Range) (Range) (Rangg) (Lower,Upper) (psValue) [99% Tolerance Int.”]
S - i
Calcium (% DW) 0.0050 + 0.00034 0.0049 £+ 0.00034 0.00016 £0.0001.1 0.00008:0.00040 0.18 (0.0031 - 0.0049)
(0.0038 - 0.0066) (0.0040 - 0.0059) (-0.00027 - 0.60090) [0.0016,0.0059]
Copper (mg/kg DW) 1.74 + 0.38 2.074£0.37 -0:3340.53 -1:45.,0.79 0.547 (1.15 - 3.56)
(1.33-2.38) (1.26* 4.54) (<2.96 - 0:78) [0,4.20]
Iron (mg/kg DW) 21.40 + 1.00 22.20:£0.99 -0.80% 0.67 2:22,0.62 0.25 (18.04 - 29.22)
(19.23 - 25.23) (19:03 - 28.26) (£6:50 -5,90) [8.88,34.51]
Magnesium (% DW) 0.12£0.0043 0312 £0:0043 +0.00028 + 0.0021 -0.0047,0.0041 0.893 (0.099 - 0.14)
(0.10-0.14), (0.19 - 0.44) (<0018 »0.011) [0.075,0.17]
Manganese (mg/kg DW) 6.79 £0:29 6.5 0.29 0,28 + 0,21 -0.18,0.73 0.213 (5.56 - 8.64)
(5.4329.32) (557 - 8:00) ¢154¢ 2:36) [3.17,9.99]
Phosphorus (% DW) 0.33 = 0.0095 0.33 £ 0.0095 0.00039 + 0.0043 -0.0087,0.0095 0.929 (0.25-0.37)
(0.27 - 0.36) (029" 0.36) £0:038 +0:026) [0.18,0.45]
Potassium (% DW) 0.36 00065 0.3640.0065 0.0032+ 0.0042 -0.0052,0.012 0.45 (0.32-0.40)
(032~ 0.40) 0:34 - 0:40) 02030 - 0.035) [0.26,0.46]
Zinc (mg/kg DW) 22.05 £1.14 21.990£1.14 0.14 +£0.51 -0.94,1.22 0.788 (16.72 - 34.04)
(18.91 - 26.89) (1881 - 26,04) (-3.37-3.19) [7.16,38.55]

" DW = dry weight; SE = standard ertor; CI = confidence-interval.
? With 95% confidence, interval contains 99% ofthe values expresséd in the’population of commercial lines. Negative limits were set to zero.
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Table G-5. Comparison of proximate and fiber content in grain from MON 89034 and control corn itvx combined-site analysis

MON 89034 Control Difference (MON 89034 mihus Ceontrol) Commercial
. . + SE! + SE! + % CI¢ igni
Analytical Component (units)’ Mean + SE Mean + SE Mean + SE 95% CI Significance (Range)
(Range) (Range) (Range) (LoweZUppet) (p-Value) [99% Tolerance Int.]
Proximate
Ash (% DW) 1.41 £0.036 1.39 +£0.036 0.014,% 0:041 <0.072,0:10 0.734 (1.12 - 1.62)
(1.25 - 1.56) (1.28 - 1,51) (041 - 0,13) [0.74,1.96]
Carbohydrates (% DW) 84.85+0.42 84.96+°0.42 -0.11H+0.18 -0,50,0.28 0.562 (82.91 - 86.78)
(83.29 - 86.52) (8358~ 86:22) (142 - 084) [81.08,88.80]
Moisture (% FW) 9.52+0.77 9.50:+0.77 0.02D+ Q.22 -0.44,0.48 0.923 (7.60 - 15.30)
(7.89 - 12.80) (786 - 13.10) (¢1,00 - 0087) [0.45,19.52]
Protein (% DW) 10.43 £0.42 10.36. 0.42 0.070£ 0.19 -0.34,0.48 0.725 (9.33-11.82)
(8.54 - 11,98) (9.22- 11332) (-1.26 ~1:2%) [7.54,13.13]
Total Fat (% DW) 3.32 £0:069 3.29'¢0.069 0.025)x 0.089 -0.16,0.21 0.784 (2.66 -3.71)
(3.05- 3.89) (3:05 - 3.75) (€050 -0.29) [2.20,4.55]
Fiber
Acid Detergent Fiber (% DW) 548 +£0.19 5.27 =049 0.21 + 0125 -0.30,0.72 0.41 (4.11 - 6.33)
(3.82 -122) (4.17.- 7.00) (-3.1853.07) [2.77,7.56]
Neutral Detergent Fiber (% DW) 10206 + 037 9.75 £.0.37 031 £0.34 -0.41,1.03 0.37 (8.20 - 11.30)
(8359 - 12:08) (8.48 511759 (-2.26 - 2.05) [5.93,13.63]
Total Dietary Fiber (% DW) 15.17 = 047 1467 047 0.50 +0.54 -0.66,1.65 0.375 (12.99 - 18.03)
(13.39 <17.02) 012.82-17.62) (-3.61 - 4.20) [9.20,20.27]

' DW = dry weight; FW = fresh weight; SE = standardrror{CI = ¢onfidence interval.
2 With 95% confidence, interval contains 99% of.the valués exprésseddn'the population of commercial lines. Negative limits were set to zero.
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Table G-6. Comparison of vitamin, antinutrient and secondary metabolite content in grain from MON 89034 and control corn

in combined-site analysis

MON 89034 Control Difference:MON 89034 minys.Control) Commercial
. . + SE! + SE! + % CI" igni
Analytical Component (units)’ Mean + SE Mean + SE Mean + SE 95% €1 Significance (Range)
(Range) (Range) (Range) (Lower,Upper) (p=Value) [99% Tolerance Int.]
Vitamin
Folic Acid (mg/kg DW) 0.35 +£0.037 0.36 + 0037 -0.0080 +0.022 -0:054,0:038 0.717 (0.13 - 0.45)
(0.26 - 0.48) (0.23-£0.53) (-0.11 50.11) [0.012,0.69]
Niacin (mg/kg DW) 30.08 £1.11 29.59 + 11 0:48 £.0.65 -0.82,1:79 0.461 (16.17 - 29.19)
(25.72 - 34.84) (24.93<35.75) (-4.4455.64) [6.97,37.83]
Vitamin B1 (mg/kg DW) 3.07+0.13 2:94 £40:13 013 0,17 £0.24,049 0.474 (2.19 - 5.60)
(2.39 - 3.44) 2.393.36) (-0.660.68) [0.37,6.35]
Vitamin B2 (mg/kg DW) 1.42 + 0,046 42 + 0:046 0.0015 £0:050 402099,0.10 0.976 (1.34-1.91)
(1.24 - 1:65) (1.16~ 1.61) (-0.30.- 0.45) [0.91,2.30]
Vitamin B6 (mg/kg DW) 622 +0.23 6.26 0,23 20:036 4,0.18 -0.41,0.34 0.838 (5.08 - 7.47)
(528 - 6.99) (5.37.-'6.80) (-0.72.-1.10) [3.12,9.30]
Vitamin E (mg/kg DW) 6.77 £0.42 6.63 +0.42 0:14 +£0.36 -0.64,0.91 0.714 (2.71-13.94)
(5.55-8762) (2.729.02) (-2.35-3.83) [0,20.49]
Antinutrient
Phytic Acid (% DW) 0:75 0,050 0.73£0.050 0.016 £0.027 -0.037,0.069 0.537 (0.50 - 0.94)
(0.53 - 0.87) (0356 - 0:88) (-0.15-0.18) [0.21,1.22]
Secondary Metabolite
Ferulic Acid (ug/g DW) 2131:38+ 108.09 2148.05 £ 108:09 -16.67 + 50.08 -116.98,83.65 0.74 (1412.68 - 2297.36)
(1790.25 - 2525319 (1878.66:<2669.85)  (-330.17 - 264.79) [1136.69,2806.24]
p-Coumaric Acid (ng/g DW) 19425 + 7.32 18396 + 7.12 10.28 + 7.08 -4.73,25.30 0.165 (99.30 - 285.75)
(166711 +253.04) (67.76 - 210.13) (-24.37 - 70.84) [0,378.57]

' DW = dry weight; SE = standard\errorg€1 = eonfidefice interval.
? With 95% confidence, intervalcontains 99% of the'values expressed in the population of commercial lines. Negative limits were set to zero.
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Table G-7. Literature and historical ranges of components of corn forage and grain

Tissue/ Literature ILSI

Component1 Range2 Range3
Forage
Proximates (% dw)
Ash 2.43-9.64%; 2-6.6 1.527 -9.638
Carbohydrates 83.2-91.6"; 76.5-87.3" 76.4 —92.1
Fat, total 0.35-3.62" 1.42-4.57° 0.296 —4.570
Moisture (% fw) 56.5-80.4%55.3-75.3" 49.1 - 813
Protein 4.98-11.56" 3.14 — 11.57
Fiber (% dw)
Acid detergent fiber (ADF) 18.3:41.0"; 17.5-38.3" 16.1347:39
Neutral detergent fiber (NDF) 26.4-54.58: 27:9254.8" 2029 63.71

Minerals (% dw)

Calcium 0.0969-0.3184” 00714 = 0.5768
Phosphorous 0.1367-0,2914" 0.0936 03704
Grain
Proximates (% dw)
Ash 1.1-3.9%70.89-6.28" 0.616 — 6.282
Carbohydrates 77.4-87.2°:82.2-88.1° 77.4 —89.5
Fat, total 34-57% 2.4874.81° 1.742 — 5.823
Moisture (% fw) 7-23% 8:18-262° 6.1 —40.5
Protein 6-12%9.7¢16.1° 6.15—17.26
Fiber (% dw)
Acid detergent fiber (ADF) 3.3.4.3% 2.46-11.34*° 1.82-11.34
Neutral detergent fiber (NDF)> 83-11.9% 7.58-15.91° 5.59 —22.64
Total dietafy fiber (TDF) 10.99-11.41" 8.82 —35.31
Minérals
Calciunt(Y%. dw) 0.01-0.1¢ 0.00127 — 0.02084
Copper (mg/kg dw) 0.9-10¢ 0.73 — 18.50
Iron (mg/kg dw) 1-100° 10.42 —49.07
Magnesium (% dw) 0.09-1¢ 0.0594 — 0.194
Manganese (mg/kg dw) 0.7-54¢ 1.69 — 14.30
Phosphorous (% dw) 0.26-0.75" 0.147 — 0.533
Potassium (% dw) 0.32-0.72° 0.181 — 0.603
Zinc (mg/kg dw) 12-30¢ 6.5—37.2
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Table G-7 (continued). Literature and historical ranges of components of corn
forage and grain

Tissue/ Literature ILSI
Component1 Range2 Range3
Grain
Amino Acids (% dw)
Alanine N/A 0.439 —1.393
Arginine N/A 0.119-0.639
Aspartic acid N/A 0.335-1.208
Cystine N/A 0.125-0.514
Glutamic acid N/A 0965 —3.536
Glycine N/A 0.184 —0.539
Histidine N/A 0.13720.434
Isoleucine N/A 0.179 — 0,692
Leucine NA 00642<=72.492
Lysine N/A 0,72 —0.668
Methionine N/A 0.124-0.468
Phenylalanine N/A 0.244 —=0:930
Proline N/A 0.4622+ 1.632
Serine N/A 0.235 —0:769
Threonine N/A 0.224 > 0.666
Tryptophan N/A 0,0271 — 0.215
Tyrosine N/A 0.103 — 0.642
Valine N/A 0.266 — 0.855
Fatty Acids (% totalfat) (% total fatty acid)
16:0 Palmitic 72195 7.94 -20.71
16:1 Palmitoleic € 0.095 — 0.447
18:0 Stearic 1-3° 1.02 -3.40
18:1:0leic 20-46° 17.4 -40.2
18:2 Linoleic 35-70° 36.2 — 66.5
18:3 Linolénic 0.8-2° 0.57-2.25
20:0 Arachidic 0.1-2° 0.279 — 0.965
20:1.Eicosenoic - 0.170 - 1.917
2250 Beliénic - 0.110—-0.349
Vitamins (mg/kg dw)
Folic acid 0.3¢ 0.147 — 1.464
Niacin 9.3-70° 10.37 — 46.94
Vitamin B, 3-8.6° 1.26 —40.00
Vitamin B, 0.25-5.6° 0.50-2.36
Vitamin Bg 5.3%9.6° 3.68 — 11.32
Vitamin E 3-12.1% 17-47° 1.5—68.7
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Table G-7 (continued). Literature and historical ranges of components of corn
forage and grain

Tissue/ Literature ILSI
Component' Range’ Range’
Grain
Antinutrients (% dw)
Phytic acid 0.48-1.12° 0.111-1.570
Raffinose 0.08-0.30° 0.020 — 0.320
Secondary Metabolites
(png/g dw)
Ferulic acid 113-1194";.30008 291.9-3885.8
p-Coumaric acid 22-75" 534 —576.2

!fw=fresh weight; dw=dry weight; Niacin’&Vitamin BYy Vitamin B, =Thiamine;Vitamin B,
=Riboflavin; Vitamin Bs =Pyridoxine;N/A = 1ot avdilable as.percent'dry wt:

’Literature range references: - -2002a. *Sidhu etal., 20600. ‘Jugenheimer,1976.
YWatson, 1987. “Watson, 1982. ‘Classen.et al 219905 éDowd and;Vega; 19967 "Choi‘et al., 1999.
*ILSI range is from ILSI Crop‘@omposition Database, 2006.

Conversions: % dw x 10%= ug/g dwsg/g dw x10° =mg/kgdw;mg/100g dw x 10 = mg/kg dw
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Appendix H: USDA Notifications Approved for MON 89034

Field trials of MON 89034 were conducted in the U.S. since 2001. The protocols for
these trials include field performance, agronomics, and generation of field materials and
data necessary for this petition. In addition to the phenotypic assessment data provided
for MON 89034, observational data on pest and disease stressors were collected from
these product development trials. The majority of the final reports have been submitted
to the USDA. However, some final reports, mainly from the 2005-2006 seasons, are still
in preparation. A list of trials conducted under USDA notification and the status of the
final reports for these trials are provided in Table H-1.
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Table H-1. USDA notifications approved for MON 89034 and status of trials
conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial Status

2001 Field Trials

01-348-04n 1/13/2002 PR (2) Submitted to USDA
01-348-07n 1/11/2002 HI (6) Submitted to USDA
2002 Field Trials

02-009-12n 2/8/2002 IL (3) Submitted to USDA
02-009-15n 2/8/2002 1A (6) Submitted taZUSDA
02-017-12n 3/20/2002 AL, MS, OR, TN, WA Submitted;to USDA
02-242-10n 10/1/2002 PR (2) Submitted to USDA
2003 Field Trials

03-024-06n 2/23/2003 ADMS Submitted to USDA
03-034-25n 3/5/2003 OR,TN (2) Submifted to USDA
03-034-27n 3/5/2003 1L42) Submittedto USDA
03-042-06n 3/13/2003 MO Submitted to USDA
03-043-04n 3/17/2003 LE11) Submitted to USDA
03-043-05n 3/17(2003 IA (1) Submitted to USDA
03-052-57n 3/23/2003 TN Submitted to USDA
03-161-05n 8/5/2003 HI (5) Submitted to USDA
03-219-04n 9/5/2003 PR/(2) Submitted to USDA
03-265-09n H/2142003 HI (6) Submitted to USDA
03-280-01n 11/672003 PR(3) Submitted to USDA
2004 Field Trials

04-009-01n 3/25/2004 HI (5) Submitted to USDA
04-009-02n 3/25/2004 PR44) Submitted to USDA
04-014-05n 2/26/2004 GA Submitted to USDA
04-014-08n 2/4372004 TN.(2) Submitted to USDA
04-021-02n 2/20/2004 AL, MS Submitted to USDA
04-021-09n 2/20/2004 ?H(z)’ IL (4), IN, KS, NE, Submitted to USDA
04-021-11n 2/20/2004 AR Submitted to USDA
04-021-14n 2/20/2004 TN Submitted to USDA
04-023:09n 2/2512004 1A (12) Submitted to USDA
04-023~10n 2/25/2004 1A (8) Submitted to USDA
04-023<11n 2/25/2004 WI(3) Submitted to USDA
04-028-10n 3/24/2004 MN (5) Submitted to USDA
04-028-23n 2/27/2004 TN Submitted to USDA
04-028-24n 2/27/2004 CO (3), NE (4) Submitted to USDA
04-028-25n 2/27/2004 1A (4) Submitted to USDA
04-028-26n 2/27/2004 OR (2), WA Submitted to USDA
04-028-27n 2/27/2004 IL (15) Submitted to USDA
04-028-28n 2/27/2004 KS (2) Submitted to USDA

Table H-1 continues on next page.
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Table H-1 (continued). USDA notifications approved for MON 89034 and status of

trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial Status
04-028-29n 2/27/2004 IN 4) Submitted to USDA
04-028-30n 2/27/2004 MI (2) Submitted to USDA
04-028-31n 2/27/2004 MO (2) Submitted to USDA
04-028-32n 2/27/2004 NE (4) Submitted to USDA
04-028-33n 2/27/2004 OH (2) Submitted to USDA
04-040-01n 4/2/2004 MD (2) Submitted to USDA
04-040-02n 3/12/2004 NE Submitted ta.USDA,
04-040-03n 3/10/2004 IL (6) Submitted;to USDA
04-041-03n 3/11/2004 IL (10) Submitted to USDA
04-041-04n 3/11/2004 KS (2) Submittedto USDA
04-044-07n 3/14/2004 1A (6) Submitted to,V'SDA
04-056-06n 3/26/2004 TA2), IL (2),4N, MO (3) Submiitted to USDA
04-079-02n 4/26/2004 IN, MN, MQ, WL Submifted to USDA
04-085-15n 4/24/2004 NEA3) Submittedto USDA
04-090-03n 6/18/2004 HI (5) Submitted to USDA
04-093-03n 5/2/2004 15 Submitted to USDA
04-093-04n 5/2/2004 IA Submitted to USDA
04-189-03n 9/27/2004 HP(15) Submitted to USDA
04-217-02n 9/20/2004 PR (2) Submitted to USDA
04-231-03n 9/29/2004 PR,(3) Submitted to USDA
04-260-01n 11/1/2004 HI Submitted to USDA
04-273-01n 1041872004 1AL (2), NE Submitted to USDA
04-274-08n 10/28/2004 PR (2) Submitted to USDA
04-309-03n 1/10/2005 HE() Submitted to USDA
04-309-04n 1/10/2005 PR (3) Submitted to USDA
04-337-02n 12/16/2004 MS Submitted to USDA
04-337-03n 12/20/2004 AL Submitted to USDA
04-358-20n 1725120035 GA(2) Submitted to USDA
04-358-21n 1724/2005 1A (14) Submitted to USDA
04-358-22n 1/24/2008 IA (15) Submitted to USDA
04-358-23n 1/24/2005 IL (11) Submitted to USDA
04-358-24n 1/25/2003 IN (3) Submitted to USDA
04-358-25n 1724/2005 KS (2) Submitted to USDA
04-358-26n 2/7/2005 MD Submitted to USDA
04:358-27n 1/26/2005 MI (3) Submitted to USDA
04-358-28n 2/9/2005 MN (8) Submitted to USDA
04-358-29n 1/24/2005 MO (2) Submitted to USDA
04-358-30n 1/25/2005 NE (5) Submitted to USDA
04-358-31n 1/25/2005 OH (2) Submitted to USDA
04-358-32n 1/27/2005 TN (2) Submitted to USDA
04-358-33n 1/25/2005 WI(3) Submitted to USDA
04-362-09n 1/18/2005 TN (3) Submitted to USDA
04-362-11n 1/18/2005 AR Submitted to USDA

Table H-1 continues on next page.
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Table H-1 (continued). USDA notifications approved for MON 89034 and status of
trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial Status

2005 Field Trials

05-025-04n 2/22/2005 3) IL (), IN, KS,NE,OH | 1 pporess
05-026-19n 2/14/2005 IL (8), IN, WI (3) In Progress
05-028-02n 2/14/2005 CO (5),KS, NE (3) In Progress
05-028-11n 2/22/2005 1A (4), IL (9) In Progress
05-028-12n 2/22/2005 HI (4) In Progress
05-039-09n 3/10/2005 NE, OR, WA In Progress
05-039-11n 3/28/2005 1@&2%\4% 8 ﬁ\IE(?IYMng TnsREQprews
05-040-15n 3/10/2005 LA Submniifted tgdJSDA
05-049-13n 3/24/2005 LA0), IL (2 IN (I NE ()" | ¢ 5 o0r95

TX (2)

05-055-03n 4/11/2005 1,(2), MN (5)MO @) Inc Progress
05-056-10n 4/1/2005 MO In Progress
05-063-06n 4/1/2005 1L(2) Submitted.to USDA
05-104-03n 5/17/2005 HI (10) In Progress
05-129-01n 53172005 NEA6) In Progress
05-131-01n 6/9/2005 LA T Progress
05-133-05n 7/20/2005 HI¥4), PR (2) In Progress
05-201-06n 9/26{2005 PR (3) In Progress
05-201-10n 9(6/2005 HI(5) In Progress
05-201-11n 9/26/2005 PR (3) In Progress
2006 Field Trials

06-025-04n 3/3072006 AD;ARGEA, MS (2), TN (2) | In Progress
06-027-06n 2/27/2006 GA @) In Progress
06-027-07n 3/6/2006 OH(2) In Progress
06-027-08n 3/6/2006 WI (3) In Progress
06-027-09n 3/712006 MN (9) In Progress
06-027-11n 371/2006 MI (3) In Progress
06-027-12n 2/2712006 NE (4) In Progress
06-027-13n, 2/27/2006 MO (2) In Progress
06-027-14n 2/27/2006 TN (4) In Progress
064027-15A 2/27/2006 KS (2) In Progress
06-027<17n 4/5/2006 1A (5) In Progress
06-030-01n 2/28/2006 IN (4) In Progress
06-030-02n 2/28/2006 IL (13) In Progress
06-030-04n 3/7/2006 1A (12) In Progress
06-030-05n 3/7/2006 1A (13) In Progress
06-030-06n 2/28/2006 IL (12) In Progress
06-031-25n 2/28/2006 NE (2) In Progress
06-032-12n 4/5/2006 1A (12) In Progress

Table H-1 continues on next page.
Monsanto Company 06-CR-166U Page 261 of 262



CBI Deleted Version

Table H-1 (continued). USDA notifications approved for MON 89034 and status of
trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial Status
06-033-07n 5/18/2006 HI (7) In Progress
06-037-08n 5/18/2006 HI(5) In Progress
06-037-10n 5/26/2006 PR (3) In Progress
06-037-11n 3/16/2006 PR (3) In Progress
06-038-05n 4/6/2006 IA,IL (3), IN (2), TX (3) In Progress
06-046-06n 3/23/2006 CO (5), NE (2) In Progress
06-046-10n 3/16/2006 IL (4), MO (5) In Progress
06-046-11n 4/17/2006 1A (8), NE (6), SD In Progress
06-052-11n 3/23/2006 MS In Progress
06-060-09n 4/24/2006 1A (2) In Progress
06-060-10n 4/24/2006 1A (14) In®rogress
06-073-01n 6/12/2006 i‘}l\@’ IL (4, ING). KS, 5 progress
06-073-02n 5/5/2006 IA (9 1L (5)yNE;,OH (2) In Progreéss
06-081-02n 5/9/2006 TA In Progress
06-082-05n 5/18/2006 HI (3)£PR (2) T Progress
06-089-11n 5/15/2006 1A (5), IL, NE In Progress
06-090-04n 5/18/2006 HI (6) [n/Progtess
06-090-05n 6/12/2006 PR\(3) In Brogress
06-090-06n 5/18/2006 HI(5) In"Progress
06-090-07n 5/26/2006 PR\(3) In Progress
06-108-03n 5726/2006 PR In Progress
06-108-04n 52612006 HIJIN (2)7PR In Progress
06-108-05n 5/18/2006 HI, PR(2) In Progress
06-108-06n 5/26/2006 HIZIN In Progress
06-114-03n 5/26/2006 HI, 1Ig In Progress
06-118-02n 5/9/2006 IA In Progress
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Monsanto Company
1300 | (EYE) STREET, NW
SuITE 450 EAST
WasHingTON, D.C. 20005
PHONE

January 23, 2007 http: / /www.monsanto.com

Supervisory Biotechnologist

Plant Pests and Protectants Branch
USDA/APHIS/BRS

4700 River Road, Unit 147
Riverdale, MD 20737

Re: Response to USDA/APHIS/BRS Lietterion Draft Reviewfor Completeness and
Acceptability of USDA Petition Numbered 06-298-01p (ice., Monsanto Company File
No. 06-CR-166U) for the Determination of Non-regulated Statusdor Corn MON
89034

Dear [N

Thank you for your letter dated January 8, 2007, tequésting. additional information and
clarificationcrégarding.the petition indicated above. (Responses by Monsanto Company
are presénted in the attached addendunt'to the pefition,“In addition to the paper copy, a
compact disc (CD}1s also'in¢luded.with-files ¢f this;addendum and the non-CBI version
of the petitionattached by this addendum.

Should you have any-questions fegarding the addendum, please feel free to contact
*Monsanto Regulatory Affairs Director in Washington DC at
S o o

Yours sincerely;

Regulatory Affairs Manager

Attachment

- -
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Addendum to USDA Petition No. 06-298-01p (i.e., Monsanto Company File No. 06-
CR-166U) for Determination of Non-regulated Status for MON 89034

January 23, 2007

This addendum provides further information requested by USDA-APHIS in the Agency’s
letter to Monsanto Company dated January 8, 2007, concerning Monsanto’s petition for
the determination of non-regulated status for corn MON 89034. In the letter, USDA
requested Monsanto Company to provide a short summary of a list of studies on the non-
target organisms (NTOs) of MON 89034. In addition, the Agency requested Monsanto
Company to provide an update on the trial status of USDA natifications approved for
MON 89034.

The following provides a short summary for each NTO stady with the;Agency’s‘request
highlighted in bold font and the full reference ‘of the studies in italic-

1. Evaluation of Dietary Effects of Liyophilized Leaf Tissu¢ from Corn MON 89034
in a Chronic Exposure Study with Cellembola (Folsontia candida).

2006. Evaluation’of.Dietary Effects of LyophilizedLeaf. Tissue from Corn
MON 89034 in a Chronic-Expasure Study with Collembola (Folsemia candida).
Monsanto Technical Report MSL-20169;

The objective of(this.\study~was, t0 detérmine the-potentiak-effect of chronic dietary
exposure of lyophilized corn leat tissue of MON 89034 on survival and reproduction of
Collembola (Folsomia-candida). “Collembola-were-exposed for 28-days to lyophilized
leaf tissue; combined with”Brewer’s“yeast;’ front’either MON 89034 or a conventional
control corn with{similapbackground genctics at 50% (w/w) of diet, yielding dose levels
of 80 ng CrylA.105/g diet and-70.44g Cry2Ab2/g diet for the MON 89034 treatments,
which resulted in‘a safety factor (miargin of exposure or MOE) of 19X for Collembola to
both proteins based)on :the estimated maximum expected concentrations of the two
proteins’ in the op 15 cnw,50ik"’ Additionally, positive controls (treatments with
thiodicarb) were included>to demonstrate the validity of the test system. No adverse
effect on sutvival .and-reproduction was observed in the treatment containing leaf tissue
from MON 89034 Therefore, the NOEC (no-observed-effect-concentration) was
determined to bec280 ng CryFA.105/g diet and >70 pg Cry2Ab2/g diet.

2. Evaluation ef Exposure to MON 89034 with the Cladoceran Daphnia magna: An
Acute Static-renewal Test with Corn Pollen.

2006. Evaluation of Exposure to MON 89034 with the
Cladoceran Daphnia magna: An acute static-renewal test with corn pollen. Monsanto
Study WL-2005-011.

! Details on assessment of the maximum expected environmental concentrations and calculation of safety
factor (MOE) are presented in Section VIII.A.3.
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The objective of this study was to determine the potential for acute effects to the
cladoceran, Daphnia magna, during a static-renewal test with pollen from MON 89034.
The test procedure followed the methodology of U.S. EPA OPPTS Guideline Number
850.1010, which provides specific guidance for testing Daphnia magna. Initially, a limit
test was performed at a concentration of 120 mg pollen/l from MON 89034, including a
control group containing 120 mg pollen/l from a conventional corn line with a similar
genetic background to MON 89034, and a diluent water control. At the end of the limit
test, there was 17% mortality/immobility and no mortality in the control groups.
Therefore, a dose-response test was conducted under static-renewal conditions at
concentrations of 6.3, 13, 25, 50, 100 and 120 mg pollen/l. There were no meortalities,
immobile daphnids or signs of toxicity noted in any control er test group.durifig the
exposure in the dose-response test. Based on the-combined résults of thélimitctest and
the dose-response test using pollen from MON 89034, the NOEC was-deterinined to be
>100 mg pollen/l. Under a well accepted toxicity classification systemcfor fteshwater
ecotoxicology, if no adverse effects are-observed at(@“concentration of 100 mg/l, the
tested material is classified as practically.non-toxic:(EPA;1985)3:

3. Evaluation of Potential Effects of Exposure t0 CrylA.105 Protein-in an Acute
Study with the Earthworm in an Artificial Soil Substrate.

2006. Evaluation of‘Potential Effects
of Exposure to Cry1A,105 Proteindn apAcute Study-with-the Earthworm in an Artificial
Soil Substrate. Monsanto Techrtical ReportMSL20147.

The objective Of this study-was‘to evaluaté-the potential effects of acute exposure of the
CrylA.105. protein adininistered“to the’ earthworm, Eisenia fetida, during a 14-day
exposure(period whepr mixed inzan artificial-soilcsubsttate. A single concentration of 178
mg CrylA.105 protein/kg soil dry weight was tested, which resulted in a safety factor
(margin of eXposute) of 41X based -on -the” maximum expected environmental
concentration forthe pretein in thetop“l5 cm of soil. Appropriate negative and positive
controls were also.dncluded inthe study. The results showed that there was no mortality
in the assay control group (soil only), control substance group (soil with 25 mM CAPS
buffer), and the CrylA.105 protein-group during the 14-day test. The positive control
groups of (@5 mg and 30-,mg ~¢hloroacetamide/kg soil resulted in 48% and 100%
mortalities, respectively,.demonstrating the validity of the test system. A slight loss in
average individual earthwerti body weight from test initiation to test termination was
noted in @ll test groups, which was expected since the earthworms were not fed during the
14-day testperied: There was no significant difference (p>0.05) in body weight losses
between the CrylA.105 protein treatment group and the control substance group. The
study concluded that the NOEC for earthworms was > 178 mg CrylA.105 protein/kg dry
soil.

4. Evaluation of the Dietary Effect(s) of a Cryl1A.105 Protein on Honeybee Larvae
(Apis mellifera L.). The report for this study states that honey bee larvae were dosed

2 EPA. 1985. Hazard evaluation division, standard evaluation procedure: acute toxicity for freshwater
invertebrates. PB86-129269.
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with at least a 10X safety factor. In the summary of this study for the petition,
explain what the safety factor is based on (e.g., 10X expression in pollen).

2006. Evaluation of the Dietary Effect(s) of a CrylA.105 Protein on
Honeybee Larvae (Apis mellifera L.). Monsanto Study CA-2005-071.

The objective of this study was to evaluate potential dietary effects of Cryl A.105 protein
when administered to honeybee larvae. The protein was tested at a concentration of 1100
pg CrylA.105/ml using a 25 mM CAPS buffer, which resulted in a safety factor of
approximately 125X based on the maximum CrylA.105 protein expression level (8.8
pg/g fwt) in pollen from MON 89034. In addition, appropriate negative -and positive
controls were included in the study. The results-revealed thatthe survival rate for the
honeybee larvae in the negative controls was 92.5% for both.the 25 mM CAPS buffer and
water treatments. The CrylA.105 proteingtreatment ¢yielded ac95%csuryival rate,
comparable to the negative control groups. Behavioral obsetvations atemetgence
indicated no adverse behavior or morphological effects, Basedon statistical analyses and
behavioral observations there were no significanteffects on'the development or survival
of honeybees treated with either the CrylA.105 protein or-the buffer/water controls. The
survival rates for the positive control treatments were;26.4% and-5.0% for 200 pg and
2000 pg potassium arsenate/ml, xespectively, confitiming the validity of the test system.
In conclusion, the NOEC:0f Cryl A. 105 pretein omyhoneybee Jarvae was:>1100 pg/ml.

5. Evaluation of the Dietary Effect(s) of a CryTA.105 Protein on Adult Honeybees
(Apis mellifera 1£). In-the summary of this study for“the petition, explain what the
safety factor is-bas¢d on(e:g.; 10X expressionin pollen).

2006." Evaluation.ob the-Dietary Effect(s) of a CrylA.105 Protein on
Adult Honeybees(Apis-mellifera L.).” Mofsanto Study CA-2005-072.

The objective of this study. was to:cvalaate potential dietary effects of CrylA.105 protein
on the adult honeybee’ dufing ehronic.feeding. The protein was tested at a concentration
of 550 g CrylA,105/ml inca 30% sucfose solution, which resulted in a safety factor of
approximately 63X based’on the maximum CrylA.105 protein expression level (8.8 pg/g
fwt) in pollen from MON 89034.C°In addition, appropriate negative controls (12.5 mM
CAPS bufferan 30% sucrosescand 30% sucrose in water) and a positive control (100
pg/mbpotasstumcarsenate in30% sucrose) were included in the study. Adult honeybees
(0.fo 5 days old) were exposed to the test and control solutions continually for the test
period.” The number of dead bees was assessed on a daily basis. The study was
terminated on-day 20 and all the bees in each cage were counted to determine the exact
number of bees present in each cage. The potassium arsenate positive control produced
100% mortality by Day 2, confirming the validity of the test system. Based on statistical
analyses and behavioral observations there were no significant effects on the
development or survival of honeybees treated with either the CrylA.105 protein or the
negative controls. Thus, the NOEC of CrylA.105 protein on adult honeybees was >550
pg/ml.

Monsanto Company 06-CR-166U Addendum Page 3 of 14



6. Honey bee dietary toxicity studies submitted with this petition utilized Cryl1A.105
protein as the test material. Studies with Cry2Ab2 protein should also be submitted
and summarized for the petition.

Studies (below) regarding the effects of Cry2Ab2 on honeybees have been previously
submitted to USDA in Bollgard II cotton (MON 15985) submission (USDA Petition No.
00-342-01p). The summaries of the studies are provided below.

2000. Evaluation of dietary effect(s) of purified Bacillus thuringiensis
Cry2Ab2 protein on honey bee larvae. Monsanto Technical Report MSL-16961.

The objective of this study was to evaluate potential dietary effects of Cry2Ab2 protein
when administered to honey bee larvae. The protein was tested at two-concentrations of
1 and 100 pg Cry2Ab2/ml in 10 mM sodium carbonate buffer. Theconcentration of 100
pg/ml resulted in a safety factor of approximately 213X0based onthe maximum Cry2Ab2
protein expression level (0.47 pg/g fwt) in pollens from MON 890340 Inaddition,
appropriate negative and positive controls were.included in-the study..Survival of honey
bee larvae was assessed on days 7cand.12-after treatinent. - The'results showed that mean
mortality at Day 12 was 17.5%.and 18.75%4or honey dee latvae €xposed to 1 and 100 pg
Cry2Ab2/ml solutions, respectively. Mean mortality at'Day-~¥2 in.the buffer (10 mM
sodium carbonate) and water control‘@roups wasy21.25% and 10.0%;respectively. No
significant difference was observed in mortality between'the Cry2 Ab2 treatments and the
buffer control treatment uSing the Dunnett’s test’ The mettality in the positive control
treatments was 19.89%-and"76,79% for 500ng«and 1000, pg potassium arsenate/ml,
respectively, ebnfirming <the validity-'of ‘the test system: In conclusion, this study
indicated that'the NOEC-of the Cry2Ab2 protein on honey-bee larvae was >100 pg/ml.

2000, Evaluation of the dietary-effect(s) of insect protection protein 2 on
adult honey beés (Apis meflifera L.)?. Monsante Fechnical Report MSL-16176.

The objective of .this study ~was to evaluate the toxicity of the Cry2Ab2 protein
administered in _the diév to adult honeyibees. Two levels of the Cry2Ab2 protein were
evaluated at 3.4 and 68.{ig/mhlin S~mM sodium carbonate solution with 30% sucrose.
The concentration.of 68 pg/ml restilted in a safety factor of approximately 145X based on
the maximum-Cry2Ab2 protein-expression level (0.47 pg/g fwt) in pollen from MON
89034 In.addition, three control groups were included: a buffer control (5 mM sodium
carbonate buffer with 30% sucrose), an assay control (30% sucrose in water), and a
positive control:teceived 100 pg potassium arsenate/ml in 30% sucrose solution. The
bees’were allowed to feed ad libitum in cages inside a dark, environmentally controlled
room. The number of dead bees in each cage was assessed on a daily basis. On Day 19,
the study was terminated as the cumulative percentage of mortality in the assay control
group (22.4%) exceeded the pre-determined criterion of 20%. At termination, the
cumulative mortality of 3.4 and 68 pg Cry2Ab2/ml treatments was 26.1% and 19.0%,
respectively. The buffer control group had a mortality of 21.7%. No significant

3 The insect protection protein 2 referred to in the title of the report is synonymous with the Cry2Ab2
protein.
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difference was noted between the Cry2Ab2 protein treatments and the control treatment.
No behavioral or morphological abnormalities were observed in bees exposed to the test
or negative control substance treatments. The positive control group produced 100%
mortality by Day 5 of the study, confirming the validity of the test system. In conclusion,
this study indicated that the NOEC of the Cry2Ab2 protein on adult honey bees was >68
ug/ml.

7. Evaluation of Potential Dietary Effects of CrylA.105 Protein on the Ladybird
Beetle, Coleomegilla maculata (Oleoptera: Coccinellidae). In the summary of this
study for the petition, explain what the safety factor is based on (e.g., 10X expression
in pollen).

2006. Evaluation of Potential Dietary Effects of Cry2A.105 Protein on
the Ladybird Beetle, Coleomegilla maculata;(Coleoptera: CoccineHidae). Monsanto
Technical Report MSL-20150.

The objective of this study was to\examine.theé potential”for\ dietary effects of the
CrylA.105 protein on the mortality and.developmentof the ladybird-beetle,-Coleomegilla
maculata using an agar-based attificial* diet?’ The CrydA.10S5 protein was incorporated at
240 pg/g of diet, which resulted.in a safety. factorof approximately 27X based on the
maximum Cry1A.105 protein expression level (88 pg/g’fwt)-in pdllen from MON 89034.
In addition, appropriate-hegative.controls (25 mM.CAPYS buffer, purified water) and a
positive control (100 "ng ‘potassium.arsenate/g<dict) . werelinclided in the study. The
results showed that there’'wereno significant differences.for the,mean survival percentage
of C. maculata-among the “CryTA.105 protein treatment group (88.5%), buffer control
group (87.5%), and the water control-group (91:6%).~ The positive control group
(potassiun arsenate)-only produced:. asuryival rate of2.08%, confirming the validity of
the test system. Likewise, there were no“significant’differences for the mean percentage
of C. maculatd-laryvae that devéloped-to.adults@mong the CrylA.105 protein treatment
group (88.5%), buffer control‘group’(85.4%);.and the water control group (90.6%). None
of the ingects in the potassium-arsenate positive control group developed to the adult
stage. “In addition, theére were mo significant differences in the mean weight of C.
maculata adults ameong the CrydA.105 protein treatment group (10.8 mg) and the buffer
control group“(11.2'mg).” In-econclusion, the NOEC of Cryl1A.105 on ladybird beetle was
>240 pgfgof diet.

8. Evaluation of Potential Dietary Effects of Cry2Ab2 Protein on the Ladybird
Beetlé, Coleomegilla maculata (Coleoptera: Coccinellidae).

2006. Evaluation of Potential Dietary Effects of Cry2Ab2 Protein on the
Ladybird Beetle, Coleomegilla maculata (Coleoptera: Coccinellidae).  Monsanto
Technical Report MSL-20151.

The objective of this study was to examine the potential for dietary effects of the
Cry2Ab2 protein on the mortality and development of the ladybird beetle, Coleomegilla
maculata using an agar-based artificial diet. The test substance was incorporated at 120
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png Cry2Ab2 protein/g of diet, which resulted in a safety factor of approximately 255X
based on the maximum Cry2Ab2 protein expression level (0.47 pug/g fwt) in pollen from
MON 89034. In addition, appropriate negative controls (50 mM CAPS buffer, purified
water) and a positive control (100 pg potassium arsenate/g diet) were included in the
study. The results showed that there were no significant differences for the mean
survival percentage of C. maculata among the Cry2Ab2 protein treatment group (94.7%),
buffer control group (88.8%), and the water control group (91.6%). The positive control
group (potassium arsenate) only produced a survival rate of 2.08%, confirming the
validity of the test system. Likewise, there were no significant differences for the mean
percentage of C. maculata larvae that developed to adults among the Cry2Ab2 ‘protein
treatment group (92.6%), buffer control group (85.3%), and the water control(group
(90.6%). None of the insects in the potassium arsenate positive control group developed
to the adult stage. In addition, there were no significant differences in the'mean-weight of
C. maculata adults among the Cry2Ab2 proteinr treatment’group (103 mg)-and the buffer
control group (10.5 mg). In conclusion, the NOEC of)Cry2Ab2-on ladybird‘beetle was
>120 pg/g of diet.

9. Evaluation of Potential Dietary Effects of CrylA,105 Protein on,Minute Pirate
Bugs, Orius insidiosus (Hemiptera; Anthécoridae), (In’the summary of this study for
the petition, explain what, the.safety factor is:based onc(€.g, 10X Zexpression in
pollen).

2006 Evaluatiorr of Rotential DietaryEffects of. Cry1lA.105 Protein on
Minute Pirate Bugs, Orius -insidiosus (Hemipteras Anthecoridae). Monsanto Technical
Report MSL-20170,

The purpose of this study:was to-determineithe potential dietary effects of the CrylA.105
protein on mortality ahd development ‘6f minute pirate bugs, Orius insidiosus. The
CrylA.105 protein-was_incorporated-into‘a pollen-based diet for treatment of the test
group. A buffericontrol group was féd with the base pollen diet treated with 25 mM
CAPS butfer. An assay controlgroup. was,fed with the base pollen diet only. In addition,
a positive control grotp was fed-the base pollen diet treated with 15 pg potassium
arsenate/g of diet, which.demonstrated the validity of the test system. The study was first
started withZa test at the maximum dose level of 240 pg CrylA.105 protein/g of diet.
This treatment produced,a<mean survival rate of 47% for Orius insidiosus, while 88%
survival rate was)obsetvedin’ the buffer control and assay control groups in this initial
test: Based on the.résults of this maximum dose test, three dose-response tests were
conducted with Cryl1A.105 exposure levels at 30, 60, 120, and 240 pg/g of diet. Each
dosetresponse-test was performed independently at a different time using separate groups
of Orius. For the three dose response replicate tests, mean survival of 55% was observed
for the 240 pg CrylA.105/g of diet treatments. In the buffer control and assay control
groups, mean survival rates of 89% and 91%, respectively, were observed in the dose
response tests. Based on the results of these dose response tests, the LCsy value was
empirically determined to be >240 png CrylA.105/g of diet. The recorded endpoints of
measurement (survival and development) of each dose-response replicate in the 30, 60,
and 120 pg CrylA.105/g of diet treated Orius was equal to or greater than those of the
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buffer control and assay control groups. Therefore, the NOEC of CrylA.105 to Orius
was >120 pg/g of diet, which resulted in a safety factor of 14X based on the maximum
CrylA.105 protein expression level (8.8 pg/g fwt) in pollen from MON 89034.

10. Evaluation of Potential Dietary Effects of Cry2Ab2 Protein on Minute Pirate
Bugs, Orius insidiosus (Hemiptera: Anthocoridae). In the summary of this study for
the petition, explain what the safety factor is based on (e.g., 10X expression in
pollen).

2006. Evaluation of Potential Dietary Effects of Cry2Ab2 Protein on
Minute Pirate Bugs, Orius insidiosus (Hemiptera: Anthocoridag). Monsanto Technical
Report MSL-20171.

The purpose of this study was to determine the potentialedietary effects:of the Cry2Ab2
protein on mortality and development ofminute pifate bugs, Oriusiinsidiosus® The
Cry2Ab2 protein was incorporated into “a pollen-based>dietCat 100 ugl/g of-diet for
treatment of the test group, which was equivalent to.a saféty factorcof approximately
213X based on the maximum Cry2Ab2 protein expression’level (0.47 pg/g-fwt) in MON
89034 pollen. A buffer control group wasded with, the base pollen diet treated with 50
mM CAPS buffer. An assay-confrol group was fed with*the-basexpolleydiet only. In
addition, a positive contiol group was fed the»base-pollen diet treated with 15 pg
potassium arsenate/g of'diet.-~\ The(results demonstrated ithat the test,substance treatment
(100 pg Cry2Ab2/g-of diet) produced a méan survivalrateof 91% for Orius insidiosus,
which was similat to the survival rdtes-of the buffer control group (81%) and the assay
control group-(88%):~ Statistical -analysis  detected “no. significant differences in the
survival percentage betweenthe "Cry2Ab2 proteintreatment, buffer control and assay
control4reatments, ~The percentsuryival forthe-Oriusiexposed to the potassium arsenate
positive control group;was 40%, confirming the validity of the test system. The percent
of nymphs thatdeveloped:to adults.for the“Cry2Ab2 treatment, buffer control, and assay
control treatments-was 93%;,91%,and<95%,, respectively. In conclusion, the NOEC of
Cry2Ab2:to Orius insidiosus was =100 pgig of diet.

11. Evaluation ‘of Petential Effects of Exposure to CrylA.105 Protein in an Acute
Study with" the Parasitic ‘Wasp, Ichneumon promissorius (Hymenoptera:
Ichneumonidae). .In the summary of this study for the petition, explain what the
safety factor is based-on (e:g’, 10X expression in pollen).

2006. Evaluation of Potential Effects
of Exposure to-Cry1A.105 Protein in an Acute Study with the Parasitic Wasp, Ichneumon
promissorius (Hymenoptera: Ichneumonidae). Monsanto Technical Report MSL-20149.

The objective of this study was to evaluate the potential effects of acute exposure to the
CrylA.105 protein administered to the non-target parasitic wasp, Ichneumon
promissorius. Parasitic wasps were exposed to the test substance CrylA.105 protein at a
concentration of 240 pug/ml in a 30% sucrose solution diet, which resulted in a safety
factor of approximately 27X based on the maximum CrylA.105 protein expression level
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(8.8 ng/g fwt) in pollen from MON 89034. In addition, appropriate negative controls (25
mM CAPS buffer in 30% sucrose and 30% sucrose alone) and positive controls (100 and
400 pg/ml potassium arsenate in 30% sucrose) were included in the study. The results
showed that at test termination on Day 21, the mortality in the assay control group (30%
sucrose alone), control substance group (25 mM CAPS buffer in 30% sucrose), and the
CrylA.105 protein treatment group was 10%, 8%, and 7%, respectively. There was no
significant difference (p>0.05) in mean mortality between the CrylA.105 protein
treatment group and the control substance group. All surviving wasps were normal in
appearance and behavior. The mortality rates for the positive controls of 100 and 400
pg/ml potassium arsenate in 30% sucrose were 70% and 97%, respectively, confirming
the validity of the test system. In conclusion, the NOEC of the CrylA.105 protein-for the
parasitic wasp, Ichneumon promissorius, was >240. ug/ml.

12. Evaluation of Potential Effects of Exposure to Cry2Ab2 Protein'in an Acute
Study with the Parasitic Wasp, - lchneumonO promisserius - -(Hymeneptera:
Ichneumonidae). In the summary of this study for the petition; explain_what the
safety factor is based on (e.g., 10X expression.in pollen).

2006." Evaluation of¢Potential Effects
of Exposure to Cry2Ab2 Protein inan, Acute Study with"the Rarasitic Wasp, Ichneumon
promissorius (Hymenoptera: Ichneunonidae). Monsanto Technical Report MSL-20148.

The objective of this;study’was‘to evaluate the potential effects ‘of acute exposure to the
Cry2Ab2 protein.administered to, the non-target parasiticcwasps, Ichneumon promissorius.
Parasitic wasps-werg.expesed t0.the:test substance” Cry2Ab2 protein at a concentration of
100 pg/ml ‘in a 30%:-sucrose solution dief, which resulted in a safety factor of
approximately 213X -based’ onzthe. imaxinpium €ry2Ab2 protein expression level (0.47
ug/g fwt) in pollew fromdMON 89034. Iwadditionyappropriate negative controls (50 mM
CAPS buffer in730%- sucrose and 30% suctose alone) and positive controls (100 and 400
pg/ml potassium-‘arsenate. m“30%” suerose). were included in the study. The results
showed that at test.termination-on Day 2 1;the mortality in the assay control group (30%
sucrose alone), .control‘substance-group (50 mM CAPS buffer in 30% sucrose), and the
Cry2Ab2 protéin treatmefit group .was 10%, 3%, and 3%, respectively. There was no
significant difference (p=0.05) in‘mean mortality between the Cry2Ab2 protein treatment
group and-the-control substance group. All surviving wasps were normal in appearance
and behavior. dhe mortality rates for the positive controls of 100 and 400 pg/ml
potassium arsenatesin 30% sucrose were 70% and 97%, respectively, confirming the
validity ofthe test system. In conclusion, the NOEC of the Cry2Ab2 protein for the
parasitic wasp;-fchneumon promissorius, was >100 pg/ml.

13. Evaluation of Potential Dietary Effects of MON 89034 with the Northern

Bobwhite: an Eight-day Dietary Study with Corn Grain. An explanation of how
this study can be used in a risk assessment for migratory birds should be included.
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2006. Evaluation of Potential Dietary Effects of MON
89034 with the Northern Bobwhite: an Eight-day Dietary Study with Corn Grain.
Monsanto Technical Report WL-2005-012.

The objective of this study was to examine the potential of effects from a dietary
exposure to corn grain from MON 89034 to bobwhite quail (Colinus virginianus).
Bobwhites are a commonly used surrogate species to develop data on dietary toxicity and
are one of EPA’s preferred test species. The test procedure followed the methodology of
U.S. EPA ecological effects test guideline OPPTS Guideline Number 850.2200, which
provides specific guidance for testing bobwhite. Groups of 30 bobwhite quail, 10 days of
age, were fed basal diets (with the corn component removed) mixed with ‘eitherfinely
ground test, control, or reference corn grain at a limit dose of 50% by weight of’the diet
for eight days. The control substance was a corn-grain from'a conventional -corn line that
has a similar genetic background to MON 89034, and the@etference substances wete three
conventional corn varieties. The results showed thatthere wasfo mortality”in the test
group fed diet containing 50% MON 89034, and all the birds in the test group were
normal in appearance and behavior, throughout.the test. There.was.a-single’ incidental
mortality in the control substance group/and.in-two‘of the-referencegroups. There were
no statistically significant (p>0.05) treatmeént-related-effects on'body cveight and feed
consumption among birds fed MON 89034 when®compared“with. the ccontrol group.
Therefore, the 8-day dietaty NOEC was determined to-be >50%<cornigrain from MON
89034.

The results from.the short-term study with bebwhite demonstrate that no significant risk
to wild avian species'is anti¢ipated from consumptien-of. grain from MON 89034. This
study is constdered to ‘be acceptable for assessing shortsterm risk to wild migratory bird
populations becausei-1). the study followed acecépted.methodology for assessing short-
term risk to wildaviad-populations and®2) juvenile’ birds were tested at a high dietary
level of corn grain from MON.§9034.
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Update on USDA Notification Trials

In the Agency’s letter, it was stated that “All field test reports for trials terminated six
months or more ago should be submitted. Appendix H: USDA Notifications Approved
for MON 89034 in the petition should be amended to indicate that all field test reports
that are due have been submitted particularly those from 2005 that are outstanding”.

Table H-1 has been amended to include the most recent updated trial status as of January
23, 2007 (the Amended Table H-1 is attached, starting from the next page). ¢All field
test reports that are due have been submitted to the USDA. .The USDA:regulations
specify that a field test report be submitted to the agency within 6<months after
termination of the field test. We have noted thetmiost recent\guidance en the WSDA web
site, USDA-APHIS Biotechnology Regulatory Services' User’s _Guide; “Chapter 6,
Notification” which states that APHIS considers the field test report to’ bexdue ne later
than 6 months after expiration of the fiotification: “Monsanto follows this most recent
guidance on the due date of field test-reports:
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Amended Table H-1. USDA notifications approved for MON 89034 and status of

trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial/Report Status
2001 Field Trials
01-348-04n 1/13/2002 PR (2) Submitted to USDA
01-348-07n 1/11/2002 HI (6) Submitted to USDA
2002 Field Trials
02-009-12n 2/8/2002 IL (3) Submitted to. USDA
02-009-15n 2/8/2002 IA (6) Submitted'to USDA
02-017-12n 3/20/2002 AL, MS, OR, TN, WA Submitted to - USDA
02-242-10n 10/1/2002 PR (2) Submittédito USDA
2003 Field Trials
03-024-06n 2/23/2003 AL MS Submiitted toyUSDA
03-034-25n 3/5/2003 OR, TNy(2) Submittedto USDA
03-034-27n 3/5/2003 IL 2) Submitted to USDA
03-042-06n 3/13/2003 MO Submitted to USDA
03-043-04n 3/17/2003 TIL(@1) Submitted to USDA
03-043-05n 3/17/2003 IA (11) Submitted to USDA
03-052-57n 3/23/2003 TN Submitted to USDA
03-161-05n 8/5/2003 HI (5) Submitted to USDA
03-219-04n 9/5/2603 PR (2) Submitted to USDA
03-265-09n 14/21/2003 HI(6) Submitted to USDA
03-280-01n 11/6/2003 PR 3) Submitted to USDA
2004 Field Trials
04-009-01n 3/25/2004 HI5) Submitted to USDA
04-009-02n 3/25/2004 PR (4) Submitted to USDA
04-014-05n 2/26/2004 GA Submitted to USDA
04-014-08n 2/1312004 TN (2) Submitted to USDA
04-021402n 2/20/2004 AL, MS Submitted to USDA
04-021-09n 2/20/2004 ?H(z)’ IL (4), IN, KS, NE, Submitted to USDA
04-021-11n 2/20/2004 AR Submitted to USDA
04-021<14n 2/2072004 TN Submitted to USDA
04:023-09n 2/25/2004 1A (12) Submitted to USDA
04-02340n 2/25/2004 1A (8) Submitted to USDA
04-023-11n 2/25/2004 WI(3) Submitted to USDA
04-028-10n 3/24/2004 MN (5) Submitted to USDA
04-028-23n 2/27/2004 TN Submitted to USDA
04-028-24n 2/27/2004 CO (3),NE (4) Submitted to USDA
04-028-25n 2/27/2004 1A (4) Submitted to USDA
04-028-26n 2/27/2004 OR (2), WA Submitted to USDA
04-028-27n 2/27/2004 IL (15) Submitted to USDA
04-028-28n 2/27/2004 KS (2) Submitted to USDA

Amended Table H-1 continues on next page.
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Amended Table H-1 (continued). USDA notifications approved for MON 89034 and
status of trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial/Report Status
04-028-29n 2/27/2004 IN (4) Submitted to USDA
04-028-30n 2/27/2004 MI (2) Submitted to USDA
04-028-31n 2/27/2004 MO (2) Submitted to USDA
04-028-32n 2/27/2004 NE (4) Submitted to USDA
04-028-33n 2/27/2004 OH (2) Submitted to USDA
04-040-01n 4/2/2004 MD (2) Submitted to. USDA
04-040-02n 3/12/2004 NE Submitted'to USDA
04-040-03n 3/10/2004 IL (6) Submitted to-USDA
04-041-03n 3/11/2004 IL (10) Submittédito USDA
04-041-04n 3/11/2004 KS:(2) Submitted to,USDA
04-044-07n 3/14/2004 IA(6) Submitted to USDA
04-056-06n 3/26/2004 1A (2), IL(2), IN, MO (3) Submitted. toyUSDA
04-079-02n 4/26/2004 IN, MNy MO, WI Submittedto USDA
04-085-15n 4/24/2004 NEA3) Submiitted to USDA
04-090-03n 6/18/2004 HI(5) Submitted to USDA
04-093-03n 5/212004 1L, Submitted to USDA
04-093-04n 5/2/2004 A Submitted to USDA
04-189-03n 9/27/2004 HL@5) Submitted to USDA
04-217-02n 9120/2004 PR (2) Submitted to USDA
04-231-03n 9/277/2004 PR (8) Submitted to USDA
04-260-01n 11/1/2004 HI Submitted to USDA
04-273-01n 10/18/2004 1A, I (2)«NE Submitted to USDA
04-274-08n, 10/28/2004 PR1(2) Submitted to USDA
04-309,03n 1/1072005 HI (9) Submitted to USDA
04-309-04n 1/10/2005 PR(3) Submitted to USDA
04-337-02n 12/16/2004 MS Submitted to USDA
04-337-03n 12/20/2004 AL Submitted to USDA
04-358-20n 1/25/2005 GA (2) Submitted to USDA
04-358-21n 12472005 1A (14) Submitted to USDA
04-358-22n 1/24/2005 1A (15) Submitted to USDA
04-358-23n 1/24/2005 IL (11) Submitted to USDA
04-358-24n 1/25/2005 IN (3) Submitted to USDA
04-358<25n 1(24/2005 KS (2) Submitted to USDA
04-358-260 2/7/2005 MD Submitted to USDA
04-358<2/n 1/26/2005 MI (3) Submitted to USDA
04-358-28n 2/9/2005 MN (8) Submitted to USDA
04-358-29n 1/24/2005 MO (2) Submitted to USDA
04-358-30n 1/25/2005 NE (5) Submitted to USDA
04-358-31n 1/25/2005 OH (2) Submitted to USDA
04-358-32n 1/27/2005 TN (2) Submitted to USDA
04-358-33n 1/25/2005 WI (3) Submitted to USDA
04-362-09n 1/18/2005 TN (3) Submitted to USDA
04-362-11n 1/18/2005 AR Submitted to USDA

Amended Table H-1 continues on next page.
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Amended Table H-1 (continued). USDA notifications approved for MON 89034 and
status of trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial/Report Status
2005 Field Trials
05-025-04n 2/22/2005 3)’ IL (), IN, KS, NE, OH Submitted to USDA
05-026-19n 2/14/2005 IL (8), IN, WI(3) Submitted to USDA
05-028-02n 2/14/2005 CO (5), KS, NE (3) Submitted to USDA
05-028-11n 2/22/2005 1A (4), IL (9) Submitted o USDA
05-028-12n 2/22/2005 HI (4) Submitted to USDA
05-039-09n 3/10/2005 NE, OR; WA Subniitted to’USDA

IA 2pIC (2), IN (3 M1, Submittedto USDA
05-039-11n 3/28/2005 Mlé %\40 ((23 NEE &Y, o
05-040-15n 3/10/2005 LA Submitted to USDA
05-049-13n 3/24/2005 1A (5), I (), IN42), NE'(4), RSubmitiedo-USDA
TX (2)
05-055-03n 4/11/2005 IL(2), MN/(5), MO (2) Submiitted to USDA
05-056-10n 4/1/2008 MO Submitted to USDA
05-063-06n 4/172005 1IL(2) Subntitted to USDA
05-104-03n 5A17/2005 HI (10) Submitted to USDA
05-129-01n 5/31/2005 NE(6) Submitted to USDA
05-131-01n 6/9/2005 LA Submitted to USDA
05-133-05n 7/20/2005 HI (4), PR(2) Submitted to USDA
05-201-06n 9/26/2005 PR (3) In progress*
05-201-10n 9/6/2005 HI () In Progress™
05-201-11n 9/26/2005 PR'(3) In Progress™
2006 Field Trials
06-025-04n 3/30/2006 AL AR, LA, MS (2), TN (2) | In Progress
06-027-06n 2127/2006 GA (4) In Progress
06-027-07n 3/6/2006 OH (2) In Progress
06-027-08n 376/2006 WI (3) In Progress
06-027-09n 3/7/2006 MN (9) In Progress
06-027-11n. 3/1/2006 MI (3) In Progress
06-027-12n 2/27/2006 NE (4) In Progress
06-027-13n 2/271/2006 MO (2) In Progress
06-027-14n 2/27/2006 TN (4) In Progress
06-027-15n 2/27/2006 KS (2) In Progress
06-027-17n 4/5/2006 IA (5) In Progress
06-030-01n 2/28/2006 IN (4) In Progress
06-030-02n 2/28/2006 IL (13) In Progress
06-030-04n 3/7/2006 1A (12) In Progress
06-030-05n 3/7/2006 1A (13) In Progress
06-030-06n 2/28/2006 IL (12) In Progress
06-031-25n 2/28/2006 NE (2) In Progress
06-032-12n 4/5/2006 1A (12) In Progress
Amended Table H-1 continues on next page.
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Amended Table H-1 (continued). USDA notifications approved for MON 89034 and
status of trials conducted under these notifications.

USDA No. Effective Date (m/d/y) Release Site (State) Trial/Report Status
06-033-07n 5/18/2006 HI (7) In Progress
06-037-08n 5/18/2006 HI (5) In Progress
06-037-10n 5/26/2006 PR (3) In Progress
06-037-11n 3/16/2006 PR (3) In Progress
06-038-05n 4/6/2006 IA, IL (3), IN (2), TX (3) In Progress
06-046-06n 3/23/2006 CO (5), NE (2) In Progress
06-046-10n 3/16/2006 IL (4), MO (5) In Progress
06-046-11n 4/17/2006 IA (8), NE (6), SD In Progress
06-052-11n 3/23/2006 MS In Progress
06-060-09n 4/24/2006 1A (2) In'Progress
06-060-10n 4/24/2006 1A-(14) In Progress
06-073-01n 6/12/2006 i?l\?), IL (4);IN (2), KS, It Progress
06-073-02n 5/5/2006 IA(7),4 (5)sNE, OH(2) InProgress
06-081-02n 5/9/2006 TA In Progress
06-082-05n 5/18/2006 HF(3), PR (2) In-Progress
06-089-11n 5/15/2006 1A (5); 1L, NE In Progress
06-090-04n 5/18/2006 HI(6) In-Progress
06-090-05n 6/12{2006 PR (3) In Progress
06-090-06n 5/18/2006 HI (5) In Progress
06-090-07n 5/262006 PR 3) In Progress
06-108-03n 52672006 PR In Progress
06-108-04n 5/26/2006 HI, IN°(2), PR In Progress
06-108-051 5/18/2006 HI; PR (2) In Progress
06-108-06n 5/26/2006 HI, IN In Progress
06-114-03n 5/26/2006 Hi, TL In Progress
06-118-02n 5/9/2006 1A In Progress

* It is.noted that as-6f Janirary 23.°2007) when this addendum is made, there are three notifications for
2005 field trialsvof which the tepgrts havé’ not been submitted. Among the three notifications, no
plantings occurred under 05-201<06n, and a field test report will be submitted to that effect. The two
field trialsunder-notifications-05-210-10n and 05-201-11n are still in progress. These two notifications
involvedfield trials incontinmous planting situations in Hawaii and Puerto Rico. We plan to submit these
reports prioryto the,due date as-défined by 6 months after notification expiration (as shown in the table

below).
USDA’No, Trial/Report Notification | Notification 6 months 6 months
Status effective date | Expiration after after

termination notification
date® expiration

05-201-06n In progress 9/26/2005 9/26/2006 Not planted 3/26/2007

05-201-10n In progress 9/6/2005 9/6/2006 2/28/2007 3/6/2007

05-201-11n In progress 9/26/2005 9/26/2006 3/11/2007 3/26/2007

® Termination date refers to the destruction of the last plants in the trials.
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MONSANTO
imagine

Monsanto CoMPANY

1300 | (Eve) Streer, NW
SuiTe 450 East
WasHinGTON, D.C. 20005
PHONE

FAX

hitp:/ fwww.monsanto.com

May 18, 2007

Director, Environmental Risk Analysis Program
USDA/APHIS/BRS

4700 River Road, Unit 147

Riverdale, MD 20737

Re: Addendum to Section VIII . (Environmental> Assessment and Impact on
Agronomic Practices).of USDA Petition No. 06-298-01p (ice;, Monsanto Company
File No. 06-CR-166U) forDetermination.of Non-regufated Status for MON 89034

pea

We are submitting . an”’addendutiy to-Section’ VIII of “USDA Petition No. 06-298-0lp
(Petition) submitted-by Monsanto Company (Monsanto) on October 25, 2006.

This addendum provides additional information and assessments on: (1) potential
cumulativeé” impact .0F MON 89034Cwithpother Bt crops on insect pest resistance
development and @volution; (2) potentidl cumulative impact of deregulation of MON
89034 on Bt proteis accmulation in' the soil environment; (3) potential cumulative
impact of MON .89034¢in combined trait products resulted from conventional breeding
with othet biotechnology-defived corn products; (4) potential impact of deregulation of
MON 89034.0n biodiversity,(preservation of corn germplasm purity, and specialty corn
productiony (3)\ potential impact of deregulation of MON 89034 on land use and
agricultural production; and (6) mitigation and remediation measures before and after
registration and deregulation of MON 89034 in the U.S.

Our understanding is that the National Environmental Policy Act or NEPA' requires the
inclusion of a detailed statement “in every recommendation or report on proposals for
legislation and other major Federal actions significantly affecting the quality of the
human environment.”” The Council on Environmental Quality (CEQ) regulations define

' 42 U.S.C. Section 4321 et seq.
142 U.S.C. § 4332(C) (2005).
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“major Federal action” to include actions with effects that may be major and which are
potentially subject to Federal control and responsibility.> Once it is clear that a proposed
action triggers the requirement of NEPA and is not categorically excluded, the federal
agency must decide what NEPA document to prepare. The CEQ regulations direct
agencies to determine whether, under the agency’s own supplemental procedures, the
proposal is one which “normally requires an environmental impact statement.” If so, an
environmental impact statement (EIS) is prepared. If not, the agency prepares an
environmental assessment (EA).*

We believe an EA would satisfy the NEPA requirement for the determination ofznon-
regulated status for MON 89034 because the action is “characterized by its limited scope
(particular sites, species, or activities) and potential _effect (impacting relativelyofew
environmental values or systems). Individuals andssystems that may be. affected-can be
identified. Methodologies, strategies, and technigues employed to deal with-the issues at
hand are seldom new or untested. Alternative,means of dealing with those issues.are well
established. Mitigation measures are gerierally available and have been successfully
employed.”

Our understanding is that an EA leads to-one oftwao determinations; the first’possibility is
that the proposed action will nat result-in significant impacts-to the“human environment,
in which case a “Finding -of No. Significant Impact™(FONSI)-4s prepared which
documents the agency’s rationale forCits decision. The second. possibility is that the
proposed action will result incsignificant -impacts t6”the-human environment, in which
case the agency praceeds'-to -prepare’an~EIS o inform-dts decision-making on the
proposed action.

Monsanto believes the. Petition and 'the=38 yMolumes’ ofthe attachment that Monsanto
submitted to APHIS:an> Ogtober 25, 2006, the addendum submitted on January 23, 2007,
and the addenduni=submitted-herein” collectively -provide substantial data, information,
and evidence that MON.-89034°will ‘hot«have. any significant impact on the human
environmentyi.e., a finding ofmo significant impact or FONSI.

Our conclusion that there are no significant environmental impacts resulting from the
deregulation of2MON 89034 is based on the comprehensive assessments which have
taken into gonsideration- both thefcontext” and “intensity” that deregulation of MON
89034 may have on-the humanienvironment. The term “context” refers to the setting
withindwhickrthe proposed action takes place. We have considered the potential impacts
of MON_89034;0n the*human environment in the following context:

(i) The affected crop: the biology and genetics of corn, pollination and outcrossing
characteristics and gene flow potential, and assessment of weediness and plant pest
potential (Petition sections I1, VIII.B, and VIII.C).

%40 C.F.R. § 1508.18.
440 C.F.R. § 1501.4.
>7C.F.R.§3725
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(i)
(iii)
(iv)

(V)

(vi)

The target insect pests, non-target organisms, and threatened and endangered
species: (Petition sections VIII.A.2 to VIII.A.5; addendum submitted on January
23, 2007; points No. 1 and 2 of the current addendum).

Affected agricultural practices: (Petition sections VIII1.D.2, VIIIL.E, and VIIILF).
Affected regions and locality: farms in all states where corn is grown (Petition
section VIII.D.1).

Affected interests: the interests of U.S. farmers (field corn growers, specialty corn
growers, organic corn growers, and farmers specializing in other major crops such
as soybeans and cotton), poultry and dairy farmers who use corn as animal feeds,
and grain handlers and traders (Petition section I.C; points No. 4 and 5 of the
current addendum).

Land use and agricultural production: U.S. cropland anduses for major.crops;
supply and demand of corn grain for utilizations as food, feed, production of
ethanol for fuel, and for export (point No:'5 of the @urrent addendumr; Pétition
section 1.C).

With respect to the intensity element, CEQ regulations provide. ten.factors to guide the
analysis.®° The term “intensity” refersdo the@éverity ofthe impacty” We have'taken into
consideration the potential direct, indirect;-and Cumutlative impacts of:the deregulation of
MON 89034 on the human enviroRment.

1)

Impacts that may be beneficial of adverse with respect:te’ the use of MON 89034 in
the U.S.

MON 89034 isCexpected-to protecticorn, yields: against damage caused by
lepidopteran insect-pests, thus.“increasing-cropland, productivity and increasing
farmers” income.{point-No, 5-of the current addendum).

MON 89034 :is expected to reduce chemical pesticide use in corn and reduce the
environmental impact-of the>conventional -agricultural production of corn (point
No. 5 ofthe cirrentaddendumy:

MON> 89034 .isy-expected-to reduce’mycotoxin levels commonly found in
conventionalccorn grain.cLower levels of mycotoxin in the grain are beneficial to
human and.-"animal -health-(Petition section 1.C.; point No. 5 of the current
addendum),

MON:-89034 ‘is<expected toprovide an effective insect resistance management
(IRM) tool and increasethe durability of Bt corn technology (Petition sections I.C.
and VH1.F; points'No. 1 and 6 of the current addendum).

MON 89034:is not likely to have any impact on the weediness potential of corn
and raisesno concerns of ourcrossing with wild relatives of corn in the U.S.; and
unintended cross pollination between corn varieties targeted for different market
segments is manageable under the well-established agricultural practices and
marketing standards in the U.S. (Petition sections I1, VII1.B and VIII.C; point No.
4 of the current addendum).

®40 C.F.R. § 1508.27.
740 C.F.R. § 1508.27(b).
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f. MON 89034 is not expected to have any adverse impact on current agricultural
practices (Petition section VII1.D; point No. 5 of the current addendum).

g. MON 89034 is not likely to pose any risk to non-target organisms, and
endangered and threatened species (Petition sections VIIILA.2 to VIILALS;
addendum submitted January 23, 2007; points No. 1 and 2 of the current
addendum). MON 89034 contains two insecticidal proteins, therefore, this
product is also subject to regulatory review and oversight by EPA. Monsanto has
filed applications to the EPA for the registration of the plant-incorporated
protectants Cry1A.105 and Cry2Ab2 proteins, and the genetic material (vector
PV-ZMIR245) necessary for their production. EPA registration processes include
extensive assessments regarding potential effects of MON 89034 on non-target
organisms, and threatened and endangered ,species. A<Ccopy of Monsdnto’s
submission to EPA was provided to APHIS as-an attachment (38 volumesdin-total)
to the Petition on October 25, 2006. It iscour understanding that APHIS consults
with EPA and confirms EPA’s regulatory responsibility~ with respect.@o
assessment of potential effects of MON 89034 -on’nop=target organisms including
threatened and endangered specigs,

(2) The degree to which the proposed actionaffects.public health orsafety:.

a. MON 89034 has no petential adverse effect-on hiimansand-animal health. The
food and feed derived from MQN 89034 are at least as-safe.and nutritious as those
derived from corn' varieties ‘currently in comimerce? MON 89034 is expected to
reduce mycotoxin.\levels-in corn grain.and thereby provide added benefit to
human andianimal health ¢émpared ta:conventional corn grain (Petition section
I.C.; paint No. 5 ofthe current@addendum)? Under the “Coordinated Framework
for the'Regulatiofy of Biotechnology ;. the reSponsibilities of regulatory oversight
of biotechnolagy-derived- crops” fall“onthree<dead federal agencies, including
USDA, EPA, and\FDA: Monsanto hasSubmitted a premarket notification entitled
“Food and Feéd Safety.and Nutritional Assessment of the Lepidopteran-Protected
CornZMON 89034” ta the-FDA:. The key conclusions of that assessment have
been included, in the Petition section VI.D. It is our understanding that APHIS
consults with EDA and confirms-FDA’s regulatory responsibility over the food
and feed safety asséssment on“MON 89034. FDA is responsible for all the food
and feed safety issues, except-the safety of the two insecticidal proteins which falls
into the jorisdiction'of ERPA.

b..{Monsanta.\has filed applications to the EPA for the registration of the plant-
incorporated-‘protectants CrylA.105 and Cry2Ab2 proteins, and the genetic
material (vector PV-ZMIR245) necessary for their production. In July 2006, EPA
established a temporary exemption from the requirement of a tolerance for
Cry1A.105 protein and the genetic material necessary for its production in all
corn commodities (40 CFR 8174.453). Likewise, temporary exemption from the
requirement of a tolerance for Cry2Ab2 protein and the genetic material necessary
for its production in corn was also granted by EPA in July 2006 (40 CFR

® Federal Register. 1986. Coordinated framework for regulation of biotechnology; announcement of policy.
1986 June 26; 51(123):23302-50.
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8174.454). Monsanto is petitioning EPA to amend 40 CFR 8174.453 and 40 CFR
8174.454 by removing the time limitation for the exemption from the requirement
of a tolerance for the Cry1A.105 and Cry2Ab2 proteins. It is expected that the
EPA review will conclude with the registration of the MON 89034 and the
issuance of tolerance exemption for the two proteins relative to the food and feed
safety.

(3) Unique characteristics of the geographic area such as proximity to historic or
cultural resources, park lands, prime farmlands, wetlands, wild and scenic rivers, or
ecologically critical areas.

Like any other corn variety, MON 89034 will be grown>in existing’ cropland
(point No. 5 of the current addendum). Asssuch, the planting of MON.89034 is
not likely to affect historic or cultural resources, parklands, wettands; wild-and
scenic rivers, or ecologically criticalz-areas in.@ny way ~different from .the
cultivation of current corn varieties:,. MON 89034 is-substantially equivalent to
conventional corn except for the lepidopteran protection trait (Petitionz 'section
VII). MON 89034 has no plant,pestrisk.compared to‘conventional corn (Petition
section VII1.B). MON 89034 poses noZsignificant, riskto endangered butterflies
and moths in the order Lepidoptera (Petition section MI1.A:4).

(4) The degree to which the effects.on the quality of-the human-environment are likely
to be highly controversial:

The term_¢ontroversial™ asused.in thes\NERA cantext,hased on CEQ guidelines,
refers not’to the amountf public opposition, but to where there is a substantial
dispute as to the“size;“hature; orceffectof the major federal action.” Although
there is general ;opposition . from @ certain ;groups or individuals to plant
biotechnology in‘general, there .is-no.substantial dispute as to the size, nature, or
effect of >OMON 89034 .corn encthe“human environment based on scientific data
and evidence.

(5) The degree~to which -the possible;effects on the human environment are highly
uncertain @rinvolve gniqug-or unknown risks.

MON 89034is a lepidopteran insect protected Bt corn product. Similar Bt corn
products (such-as events MON 810, line 1507, and Bt11l) have completed the
regulatory processes by EPA, FDA, and USDA, and have been successfully
cultivated by farmers in the U.S. and other countries in large areas for nearly a
decade. In 2006, 40% of corn acreage in the U.S. was planted with corn varieties
possessing Bt traits, including lepidopteran protection or coleopteran protection,
or the combined Bt trait products. The cultivation and consumption records and
experiences of Bt corn have shown, with a great degree of certainty, significant
beneficial impacts and no adverse impacts on human and animal health and the
environment. Similar conclusions of no significant adverse impacts on human

° Hanley v. Kleindienst, 471 F.2d 823 (2d Cir. 1972), cert. denied, 412 U.S. 908 (1973).
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(6)

(7)

(8)

environment have been reached for MON 89034 [Petition sections VI, VII, and
V.111; points No. 5 of the current addendum; also refer to the above points (1) and

(2)].

The degree to which the action may establish a precedent for future actions with
significant effects or represents a decision in principle about a future consideration.

The review, approval and deregulation of biotechnology-derived crops have been
conducted on case-by-case basis. There have been 71 deregulations by USDA-
APHIS from 1992 to April 2007.° There is no indication that APHIS ar, any
other federal agencies intend to use deregulation of MON 89034 as a precedent
for future biotechnology-derived crop deregulations or registrations.

Whether the action is related to other actigns with individually cansignificant”but
cumulatively significant impacts. Significance existsif it is reaspnable’to agticipate
a cumulatively significant impact on. the environmenrt:” SignificanceCcanpot be
avoided by terming an action tempaorary or>by breaking .it-down into small
component parts.

"Cumulative impact"” is.the .impact on the-environment which:results' from the
incremental impact of" the. action” when _added\-to other-‘past,:present, and
reasonably foreseeable future actions.regardless.of what agency.(Federal or non-
Federal) or persen-undertakes such othér actions,.‘Cumalative 1impacts can result
from individually .minorcbut collectively Gignificantcactions taking place over a
period of tifne.':CThe attached addendum provides; as iffdicated below, additional
assessments regarding potential’cumulative’ impacts, of MON 89034, taking into
considerations, other_biotechnology-detived-crops_.deregulated and cultivated in
the past and present;-and those likely to bejcultivated in the future (points No. 1, 2,
3, and 4 oPthe-current addendum). @ hese assessments concluded that MON
89034 19 unlikely-to . pose -asignificant” impact on the human environment
considering thecpast, present, and likely future deregulations and approvals of
hiotechnology;derived crops.

The degree" to, which the-action~ may adversely affect districts, sites, highways,
structures, or-objects listed dn or eligible for listing in the National Register of
Histaric Placesor may cause loss or destruction of significant scientific, cultural, or
historical resources:

Like any ether corn variety, MON 89034 will be grown on existing cropland
(point No. 5 of the current addendum). As such, it is not likely to affect districts,
sites, highways, structures, or objects listed in or eligible for listing in the
National Register of Historic Places or may cause loss or destruction of
significant scientific, cultural, or historical resources.

19 petitions of Nonregulated Status Granted or Pending by APHIS.
http://www.aphis.usda.gov/brs/not_reg.html
40 C.F.R. §1508.7
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(9) The degree to which the action may adversely affect an endangered or threatened
species or its habitat that has been determined to be critical under the Endangered
Species Act of 1973.

The potential risks to non-target organisms, and threatened and endangered
species by the introduction of MON 89034 has been assessed by Monsanto and
the assessment has been submitted to EPA for review. A summary of the
assessment have been included in the Petition section VIII.A. It was concluded
that MON 89034 poses no significant risk to these organisms. This conclusion is
consistent with other approved Bt corn products. Substantial number of studies
conducted over the past decade by industry-and the academic comimunity on
registered and deregulated insect-protected «crops that.produce a varietyof Cry
proteins have demonstrated that thesezcrops have no adverse ceffects’ on
biodiversity, tested populations of natural enemies, and-othet - ecologicatly
important non-target arthropods. Importantly, when-expressed .inBt-crops,-even
sensitive non-target lepidopteran-and celeopteran species“have-been shown to be
exposed to very low levels of the Cry’proteins. The exposure levels were too low
to pose a significant risk. &0 populations .of the: sensitivenon-~target species
including threatened and,endangered-species (Peétition-sections MIH.A3; VIILA 4,
and VII1.AS5).

(10) Whether the action threatens a .\violation of’ Federal; State," or local law or
requirements imposed-for the protection’of the environment,

There is no indication that this<action-would violate Federal, State, or local law or
requirements imposed=~forthe. protection~of the environment.  Concurrent
jurisdictions exist among federal agencies; namely, USDA, EPA, and FDA under
the “Coordinated\Framework for.the Regulation of Biotechnology” regarding the
regulation of-biotechnology-derived. crops.” As mentioned above, Monsanto has
submitted registration<or premarket consultation documents to EPA and FDA, in
addition to the Petition to'USDA-APHIS (point No. 6 of the current addendum).
Furthermote; a numbenof states.have statutes or regulations on the cultivation and
environmental.release of-biote€hnology-derived insect protected crops, such as Bt
cornc-Monsantowill seek registrations and approvals from those states in which it
plans toymarket MON.89034 prior to the commercialization. Deregulation of
MON» 89034 by "USDA does not serve as a substitute for the approval or
registration . xrequirement of other federal or state agencies but constitutes an
essential element towards overall regulatory compliance for this product.

In conclusion, the Petition, the prior submitted addendum, and the addendum attached
herein, together, provide substantial evidence that MON 89034 is not likely to pose any
significant impact on the human environment. Monsanto requests a determination from
APHIS that MON 89034 and any progeny derived from crosses between MON 89034
and other commercial corn varieties be granted non-regulated status.
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Thank you very much for your attention. In addition to the paper copy, a compact disc
(CD) is also provided with files of this letter and the addendum, and the non-CBI version
of the petition attached by the addendum. Should you have any questions regarding the
Petition, please feel free to contact onsanto Regulatory Affairs
Director in Washington DC at

or me at

Sincerely,

Regulatory Affairs Manager

Encl.

CC:
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Addendum to Section VIII (Environmental Assessment and Impact on Agronomic
Practices) of USDA Petition No. 06-298-01p (i.e., Monsanto Company File No. 06-
CR-166U) for Determination of Non-regulated Status for MON 89034

May 18, 2007
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Addendum to Section VIII (Environmental Assessment and Impact on Agronomic
Practices) of USDA Petition No. 06-298-01p (i.e., Monsanto Company File No. 06-
CR-166U) for Determination of Non-regulated Status for MON 89034

Summary

This addendum provides additional information and assessments to section VIII of
Monsanto Company (Monsanto) File No. 06-CR-166U for the “Determination of Non-
regulated Status for MON 89034 (Petition). Specifically, the addendum addfesses the
following topics: (1) potential cumulative impact of MON 89034 with other;:Bt crops on
insect pest resistance development and evolution; (2) potential cumulative .impact of
deregulation of MON 89034 on Bt protein actumulation-in the soil-environment; (3)
potential cumulative impact of MON 890342in combinéd trait productsoresulted from
conventional breeding with other bioteehnology-derived cornproducts; (4) potential
impact of deregulation of MON 89034 0on biodiversity, preservation of gorn germplasm
purity, and specialty corn production;{(5) petential impact.of deregulation of MON 89034
on land use and agricultural productieny and(6). mitigation-and rémediation measures
before and after registration and‘deregulation of MON®B9034 in the U.S.

The introduction of MON:89034-in the’ U.S: is nobexpected to result intan increase in the
risk of resistance development and-evolution-in thetarget pests’to the Cry proteins. This
conclusion takes into consideration' thecpotential ctmulativesimpact from Bt crops
approved in the past, present;-and,likelyto belintréducedin the future. MON 89034 will
be introduced-with;an insect resistance management(IRM) plan under the regulatory
oversight of EPA. The-effectiveness, of this plan.will be' monitored through surveys of
target pest susceptibility,~and the’ implementation of<the plan will be tracked through a
Compliance AssuranceProgram (CAP).that isjcomparable to the CAP used for current Bt
corn products. @ Adoption” of -MON-89034 should reduce the risk of the resistance
evolution inlepidopteran pests tawards. Cry~proteins because MON 89034 will provide
two Bt proteins (Cry1AI05 and Cry2Ab2) that are independently active against the
lepidepteran pests of, corn. @ ‘Also, by, introducing distinctive properties in insecticidal
modes of action, the selectioncpressure on CrylAb and CrylF, the active ingredients of
the existing4depidopteran protected corn products, will be reduced.

Therezis no significant.riskcf any potential cumulative adverse impact from CrylA.105
and ‘Cry2Ab2 proteins derived from MON 89034 to the environment and soil-dwelling
organisims. > Numerous studies conducted in both laboratories and fields demonstrated
little’ or no cumulative impact on the soil microflora from the use of biotechnology-
derived crops expressing Cry proteins. In the past decade, a number of Bt corn and Bt
cotton products have been approved and commercialized in the U.S. and around the
world. The active insecticidal Cry proteins in these crops include CrylAb, CrylAc,
CrylF, Cry2Ab2, Cry3Bbl, Cry34Abl, Cry35Abl, and Cry3A proteins. Many
laboratory soil degradation studies have been conducted with these Cry proteins. In most
studies, a rapid initial dissipation of the Cry proteins was observed, sometimes followed
by a slower decline of the remaining soil-bound trace levels of the Cry proteins. In
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addition, a number of field monitoring studies have been conducted to assess the potential
accumulation of Cry proteins following several years of sustained Bt corn or Bt cotton
cultivation. The results showed no persistence or accumulation of Cry proteins in the
fields. Given the structural and functional similarities of the CrylA.105 and Cry2Ab2
with those Cry proteins, and the rapid degradation of both of these proteins in studies
conducted and submitted in the Petition section VIII.A.5, the risk of any potential
cumulative adverse impact from CrylA.105 and Cry2Ab2 proteins to the environment
and soil-dwelling organisms is negligible.

Crop varieties produced by conventional plant breeding have a demonstrated long history
of safety. For biotechnology-derived corn products, once single events are assesséd and
determined to be safe for human and animal consumption and safe to thé“enhyironment,
then combining the unrelated single events thteugh conventional breeding should not
pose any new characteristics which would change the Gafety assessment' conclusions.
The safety assessments conducted for the single eventproducts are sufficient4o cover any
event combinations that may occur for Unrelated. traits;” Bréeders<have put:in place
standard testing and assessment procedures-to .examine and-‘confirm .the equivalence of
the combined trait products to the single.event ‘produets in" pheénotypes, agronomic
characteristics, and the efficacy-of the traits. In theccase Of combining ‘closely related
traits, e.g., two or more Bt protein§; any potential cumulative effects. willtbe assessed on
case-by-case basis. So farjno cimulative gffectsthave been-documniented- for all registered,
combined trait products©of Bt corn. MON 89034 maybe combined with the existing
approved and deregulatedOcornevents including rodtworf pretection trait, herbicide
tolerance trait, orChigh Jysine-corn-trait-by gonventronabbbreeding. The combined trait
products are net’expéectedto-interact.at-the-molecular. or protein levels based on their well
characterized” modes_of” action. “The: assessments-on, any existing corn products in
commerce-and on MON, 89034 applyto thé-combthed trait products. No new cumulative
impacts should b&expected by these combinations.

There is noevidence to suggest that the intreduction of MON 89034 corn will adversely
impact bioediversitygenetic pusity of.corn.germplasm, or specialty corn production even
considering the cpotential cumulative effect of multiple biotechnology-derived traits.
There has been a lonig history0f preserving, protecting and enhancing corn germplasm.
Measures of'preservation of,corn‘germplasm purity including isolation, detasseling and
the use ofcytoplasmic male sterility have been well established and have a track record
of effectivenessfor <many,“years. The adoption and large scale cultivation of
biotechnelogyxderived corn in the past decade did not have any negative impact on
biodiversity, genétic purity of corn, or specialty corn production including organic corn in
the U.S.

Introduction of MON 89034 will not have any adverse impact on agricultural land use,
instead, it will help to protect corn yields and sustain agricultural land productivity. The
introduction and rapid adoption of biotechnology-derived corn products in the past
decade had no significant impact on the cropland use in the U.S. The total crop area in
the U.S. has remained relatively steady for decades, as was the case with field corn
planting acreage. From 1996 to 2006, the total annual field corn acres fluctuated around
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80 million acres, while in the same time span the adoption rate for biotechnology-derived
corn products increased from none to 61%. Farmers rotate crops and adjust planting
acreages of different crops based on the market demand and commodity prices. U.S. and
global corn market demand remains high for food, feed, ethanol production, and other
industrial uses. Planted corn acres are projected to significantly increase in 2007
compared to previous years due to the increased need of corn for ethanol production.
This increase is not related to biotechnology-derived corn. Corn products that maximize
the yield potential may reduce the overall acres needed for such new uses. Adoption of
biotechnology-derived corn has been demonstrated to protect corn yields, increase
agricultural land output, and alleviate pressure on the reduction of acreages of other large
crops (such as soybeans, wheat, and cotton), which translates into sustained:-benéfits to
the U.S. farmers and consumers.

Monsanto employs a rigorous product compliance and stewardship .programy’ which
considers many factors. Consistent with Monsanto’s commitments; MON 89034 will not
be launched without regulatory approvals’in the U.S. and key corn tmpadit colintries to
ensure global compliance with local regulations-and the flow of.international trade. We
commit to the leading industrycstandards con séed quality.and contrel to prevent
adventitious presence of unapproved. traits.“Monsante’s steWwardship policy is the shared
responsibility of Monsanto, out licénsees and.our customers tocinsure.that s products are
used properly. We are committed to legal andethical obligations to ensure that our
products and technologies are safe'and-environmentally-responsible, and do not pose
undue risks to human health or‘the environment‘duridg any-stage of their life cycle. In
the U.S., under the Coerdinated Frameworkfor ‘the Regulation of Biotechnology, the
responsibility for regilatory~oversight of biotechnolegy-derived crops falls on three lead
federal ageneies — EPA] FDA, and USDA. Prior-to the commercialization of MON
89034, Monsanto will se¢k’approval§sand-elearances-from those three agencies and any
necessary approvals at the state leyel as well.
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1. Assessment of Potential Cumulative Impact of MON 89034 with other Bt Crops
on Insect Pest Resistance Development and Evolution

The first Bt corn product expressing the Cryl Ab protein was approved for commercial
use in the U.S. in 1995 (Federal Register, 1995). Since then, additional CrylAb
expressing biotechnology-derived corn, along with CrylF, Cry3Bbl, Cry34Abl,
Cry35Abl, and Cry3A expressing corn, and CrylF, CrylAc and Cry2Ab2 expressing
cotton have been approved and cultivated in the U.S. and other countries (ERA, 2007,
FDA, 2007; USDA, 2007a; James, 2006).

Currently, Bt corn products are grown on ovér-40 million acres inthe U:S. and on
substantial areas in Canada, Argentina, Spain@nd the Philippines, and on.$smallerareas in
a number of other countries (James, 2006),dn many parts of the northern’ U.S“Cortv'Belt,
Bt corn adoption exceeds 50% of the corn acreage:. Theconsistently high'adoption of Bt
corn potentially exerts selection for resistance te:these Cry proteins by the targeted pests,
such as European corn borer, southwestern cotn berer, corn earworni; and corn rootworm.

As a mitigation measure to reduce‘the likelihood of‘the developmeiit of r€sistant insects,
Insect Resistance Management-(IRM) plans have been’ developed and implemented for
all Bt corn and cotton.produets in @l countries in which they have been cultivated. These
IRM plans and their underlying strategies recéived.extensivesiexpert review and are
required conditions of.the ERA registration of'these prodacts (EPA, 2001a, b; 2005a, b, c,
d, e, f, g; 2006). Also the effectiveness of these plans chas been monitored annually
through surveys of target pest susceptibility (Farino et al., 2004; ABSTC, 2006; Siegfried
et al., 2006). No instancés of.insect fesistancedevelopment to any of the Bt corn or Bt
cotton events have’been cenfirmed in_any cof the target pests anywhere in the world
(Tabashnik et.al’, 2003; Fatino-et al.;:2004;”’ABSTC, 2006). Even when highly sensitive
methods have been used to-search:for Bt.resistant alleles, no evidence of an increase in Bt
resistant/allele frequency‘has been obseryed during the eleven years of commercial Bt
corn.use (Bourguet et al., 2003; Stodola et al., 2006). Therefore, the risk of resistance
evolving to the currently’commercial Bt corn and Bt cotton products has been managed
effectively<through the current agticultural practices and IRM programs. This in planta
Bt protein-expression approachigontrasts with the use of traditional Bt microbial pesticide
spraypplications whereé noyIRM plans have been implemented and field resistance has
been observedy most-notably in the diamondback moth (Tabashnik et al., 1997).

As'with all previously commercialized Bt corn products, MON 89034 will be introduced
with an effective IRM plan. Monsanto has drafted such a plan, which is being reviewed
by the EPA (-2006). EPA will mandate an IRM plan as part of the EPA registration
conditions for MON 89034. The components of this plan are based on the best available
science and employ comparable approaches to the plans which have been successfully
implemented for the current biotechnology-derived Bt corn products. The effectiveness
of this plan will be monitored through annual surveys of target pest susceptibility, and the
implementation of the plan will be tracked through a Compliance Assurance Program
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(CAP) that is comparable to the CAP used for current Bt corn products. The CAP will
employ a combination of educational programs and surveys of growers’ compliance. The
results of the susceptibility surveys and the CAP will be reported to EPA for review on a
regular basis. Therefore, the introduction of MON 89034 in the U.S. is not expected to
result in an increase in the overall risk of resistance development and evolution in the
target pests to the Cry proteins.

To the contrary, the adoption of MON 89034 should reduce the overall risk of the
resistance evolution in lepidopteran pests towards Cry proteins in a number of important
ways. First, the introduction of MON 89034 into the marketplace will provide two Bt
proteins that are independently active against the lepidopteran pests oficorni> By
introducing new and distinctive properties in insecticidal mod@s” of actiony’ the ‘selection
pressure on CrylAb and CrylF, the active ingredients-of the curtent Jepidopteran
protection corn, will be reduced, decreasing the riskcof resistance .develepment in
European corn borer, southwestern corn boter, and cofn ‘earworm~ Second, MON 89034
contains a combination of two Bt proteins™— Cryl A, 105 dand Ciy2Ab2 - each of which is
highly effective against these corn pests and which ‘differ -significantly in key
characteristics in their insecticidalbmodeés ofcactionsuch-that this product exhibits two
independent and effective modes>of action:

Crops producing two orimore. insecticidal proteins;)-are-sometime -called pyramided
products (Roush, 1998)-and-have been-shown*to have a lowep associated risk of insect
resistance than products containing a,single Btcprotein for'a similar spectrum of pests.
Mathematical modeling-(Captio, 1998;Roush; 1998) and experimental studies in model
systems (Zhao-et al,52003)-have shewn that insect t€sistance evolves many times more
slowly to preducts with’ two highly effective”Bt. proteins than products with a single
highly «effective Bt'-proteih. 2MQON> 89034 will be" introduced by Monsanto as a
replacement for the CryPAb. éxpressing MON;810:(YieldGard® corn borer) and also may
displace other lepidopteran protection, single Btprotein corn products in the marketplace.
The net effect will be to convert:much. of the' corn-growing area in the U.S. and other
countrieszfrom single Bt:protein products;to MON 89034 and combined trait products,
with .a ‘significant, associated, reductiontin the risk of resistance evolution in the target
pests.

2. Assessment of Potential Gumulative Impact of Deregulation of MON 89034 on Bt
Protein Accumulation in Soil Environment

Long before biotechnology-derived Bt crops were developed, the agriculture industry had
been using whole Bt microbes and spores as microbial pesticides on crops for insect
control, a pest management practice still in application in organic crop production and
forestry today. Bacillus thuringiensis is a Gram-positive, soil dwelling bacterium. It also
occurs naturally in the caterpillars of some moths and butterflies as well as on the surface
of plants (Madigan and Martinko, 2005). Upon sporulation, Bt produces a variety of

®YieldGard is a registered trademark of Monsanto Technology, LLC.
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crystal (Cry) proteins which display specific activities against insect species of the orders
Lepidoptera (moths and butterflies), Diptera (flies and mosquitoes) and Coleoptera
(beetles).

Spray applications with microbial pesticide formulations consisting of whole Bt cells and
spores have been used in organic agriculture in the U.S. for over four decades (Betz et al.;
2002). No significant environmental impact has been reported with this practice despite
findings of detectable concentrations of Cry proteins long after spraying (Smith and
Barry, 1998). The soil degradation of Cry proteins from microbial Bt sprays was initially
documented by radioisotope labeling and monitoring of the liberated '*CO, (West; 1984).
The half-life of the sprayed Bt pesticides was reported to be less than six days i soil.
Later studies of aerial Bt-spray applications indicated that Bt spores pefsistedfor two
years in soil and one year in leaf samples (Smithyand Barry;\1998). Field studies in Italy
indicated that Bt spray residues were detectable by inseet bioassay: for.28  months after
spraying, while the bacterial spores (Btk) @vere detected for 88months. However, the
insecticidal activity decreased markedly‘between 14 and 28 mofths (Vettofvet ali,2003).

In contrast to Bt spray applicationszwith.imicrobial pesticide formulations, biotechnology-
derived plants have built-in protection -through the expressiofi-of ohe or-imore specific Cry
proteins. This approach offers .some envirenmental advantages over the Bt microbial
pesticide formulations. First, Bt.cropsrare,very selective and spe¢ific with respect to the
active insecticidal ingredients, normally one, two,or three Cry prot€ins compared to a
unknown number of" Cryo proteins.\from'the (Bt ¢c¢lls and spores in the microbial
formulations. Seécond, Bt -crops. are readily(degradable; expesing the Cry proteins to
microbial soil-degradatien’, “As a. conséquence, the' Cry proteins expressed in the
biotechnology-derived cropschave'a“lower tendency ‘for aceumulation in the environment.
A recent(study compared-the ¢onceftration of~CrykAb protein from a biotechnology-
derived Bt corn #nd frém Dipel® Bt spray formuldfions in soil and surface water. The
report concluded that,CrylAb. from the biotechnology-derived Bt corn degraded faster in
soil and water than . the .Cry1AY protein;contained in the Dipel® microbial spray
formulations (Douville et:al:, 2005).

In the past decade, @ number of bietechnology-derived Bt corn and Bt cotton products
have been @approved and commer¢ialized in the U.S. and around the world. The active
insecticidal Cry proteins in these crops include CrylAb, CrylAc, CrylF, Cry2Ab2,
Cry3Bbl, Cry34Abl, Cry35Abl, and Cry3A proteins (EPA, 2007). In 2006, there were
22.«countries growing biotechnology-derived crops, and there were 19 million hectares (or
47 million acres).planted to Bt crops including corn and cotton (James, 2006). In the
U.S.] 40% of-eorn acreage and 57% of the cotton acreage were planted with varieties
possessing Bt insect protection traits in 2006 (USDA-NASS, 2006). Many laboratory
soil degradation studies have been conducted with various Cry proteins. In most studies,
a rapid initial dissipation of the Cry proteins was observed, sometimes followed by a
slower decline of the remaining soil-bound trace levels of the Cry proteins (Palm et al.,
1996; Sims and Holden, 1996; Sims and Ream, 1997; Herman et al., 2001; Herman et al.,

® DiPel is a registered trademark of Abbott Laboratories.
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2002a, b; _2002a, b; Stotzky, 2004; Hopkins and Gregorich, 2005; -

I 2000).

In addition to the laboratory studies, a number of field monitoring studies have been
conducted to assess the potential accumulation of Cry proteins following several years of
sustained Bt corn or Bt cotton production. These studies have shown no persistence or
accumulation of Cry proteins in fields where corn expressing CrylAb protein (Dubelman
et al., 2005) or Cry3Bbl protein (Ahmad et al., 2005), and cotton expressing CrylAc
protein (Head et al., 2002) were grown continuously for several years. The results of
these long-term field studies suggest that there were no significant accumulation of Bt
proteins from continuous cultivation of Bt crops.

Published studies show little or no cumulative impact on the\soil microflora.from the use
of biotechnology-derived crops expressing Cty proteinsz® For examplegsa recent field
study over a 3-year cropping cycle concluded that growing MON-863,-which expresses
the Cry3Bbl1 protein, showed no adverse.impact on.the seib ecology.(Bevate et dl:, 2007).
Another study conducted in two  fieldsgin Germany showed\ that“corn=rhizosphere
microbial communities exposed tocthe Ciy1 Ab protéin from MON 810 were less affected
by CrylAb protein than by othetenyironmental factors; such-as the ageof the plants and
field heterogeneities (Baumgarte. aftid Teebe, 2005):CA s€parate-study to assess the effect
of Bt-corn on soil microbial community structufe, concluded that’Cry-proteins had only
minor effects on soil ‘Mmicrobial .community, profiles when comparéd to their non-Bt
isolines (Blackwood and Buyer;72004). A season-long ficld study conducted with the
Cry3A protein expressed im biotechnology-derived- potato .showed no adverse effects
towards soil-dwelling microorganisms-(Donegan et al; 1996). In a study conducted in
Kansas during the 2000:and 2001 growing seasons, the numbers of soil mites, collembola
and nematodes obsetved in’plots ‘planted Avith €ry3Bb1-producing corn were similar to
those observed in‘plots planted with non“Bt egrn (Al<Deeb et al., 2003). Other published
reports showed<that:Cry proteirts’ hadno miicrobiocidal or microbiostatic activity in vitro
against selected bacteria, fungi,-:and algae (Koskella and Stotzky, 2002), and had no
apparentzeffect on @arthworms; nematodes, protozoa, bacteria and fungi (Saxena and
Stotzky, 2001).

MON 89034, the product of this petition, expresses two Cry proteins — CrylA.105 and
Cry2Ab2:"MON 89034 is intended to replace MON 810 corn and to compete with other
existing biotechnology-deriveéd, lepidopteran protection corn products. Given the
strueturaband functional similarities of CrylA.105 and Cry2Ab2 with other Cry proteins,
and the lack of'\soil accumulation of other Cry proteins derived from large scale
cultivation of Bt corn and Bt cotton in the past decade, and the rapid degradation of both
of these proteins in studies conducted and submitted in the Petition section VIII.A.5, the
risk of any potential cumulative adverse impact from CrylA.105 and Cry2Ab2 proteins
to the environment and soil-dwelling organisms is negligible.
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3. Assessment of Potential Cumulative Impact of MON 89034 in Combined Trait
Products Resulted from Conventional Breeding with other Biotechnology-Derived
Products

Different biotechnology-derived corn products have been combined through conventional
breeding practices to produce combined trait corn products that meet the broader needs of
corn growers. For example, insect protection traits have been combined through
conventional breeding with herbicide tolerance traits, and lepidopteran insect protection
traits have been combined through conventional breeding with coleopteran-‘insect
protection traits to produce corn products possessing a combination of traits in‘a single
plant.

In the past one and a half decades, over,20°biotechnology-derived corh products’have
completed the regulatory process in the 1J.S. underthe regulatory oversight'of EPA, FDA,
and USDA (EPA, 2007; FDA, .2007;c,USDA, 2007a)” Three“major types of
biotechnology-derived corn traits. hiave been. developed and widely-adopted by the U.S.
corn growers, who increasingly chogse te'purchase.and plant eombined trait products.
These three major types of the<bietechnology-derived corn traits include (1) lepidopteran
pest protection corn, (2) coleopteran pest protection corn, and (3)herbicide tolerant corn
including the glyphosate’tolerancé-trait-and the glufosinate toleranee trait. In addition,
other corn trait suchas high'lysine cotn was-alsodeveloped-and approved in the U.S.

Different combined-trait products have beenproduced from'the approved and deregulated
single event corn products through“conventional breeding, and have been cultivated by
corn farmers in the &-S.. A-survey by-the National Agricultural Statistics Service showed
that that 61% of total U:S. eorn acreage in 2006 was planted with biotechnology-derived
varieties (USDA-NASS, 2006).” The petcentages of insect protected corn, herbicide
tolerant corn, and”combined “trait.corit.products possessing both insect protection and
herbicidétolerance. traits-were25%,21%and 15%, respectively. It should be noted that
in this survey the,insect’protected cornincludes both single event and combined trait Bt
corn products:

Biotechnology-derived, .combined trait or combined event products produced by
conyentional breeding fromthe approved and deregulated single event products should
beisubjeet to the same regulatory oversight that is applied to conventional crop varieties
that ate produced by conventional plant breeding. The safety assessments conducted for
thesingle event products are sufficient to cover any trait combinations that may occur for
unrelated traits. Crop varieties produced by conventional plant breeding have a
demonstrated long history of safety. For biotechnology-derived products, once single
events are assessed and determined to be safe for human and animal consumption and
safe to the environment, then combining the unrelated single events through conventional
breeding should not pose any new characteristics which would change the safety
assessment conclusions. Any assessments conducted for the single trait products can be
used as a basis for any potential trait combinations based on the type of genes, the
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localization of the proteins or other active ingredients, and the modes of action of the
traits. Breeders have put in place standard testing and assessment procedures to further
examine and confirm the equivalence of the combined trait products to the single event
products in phenotypes, agronomic characteristics, and the efficacy of the traits. In the
case of combining closely related traits, e.g., two or more Bt proteins, any potential
cumulative effects will be assessed on case-by-case basis. No cumulative effects have
been reported for all registered combined trait products of Bt corn or Bt cotton (EPA,
2007).

MON 89034 may be combined with the existing approved and deregulated corn events
including rootworm protection, herbicide tolerance traits, or high lysine ¢orn tfait by
conventional breeding. The combined trait products are not éxpected to‘interact at the
molecular or protein levels based on their wel-Characterized modesof -action. The
assessments on any existing corn products in commerce and on MON-89034 apply to the
potential combined trait products. No newr cumulative*impacts-should’ bex¢xpected by
these combinations.

4. Assessment of Potential Impact 6f Deregulation ef MON 89034 ofvBiodiversity,
Preservation of Corn Germplasm-Purity, and Specialty-Cor’Preduction

The Petition section. W has dis¢ussed, in,great detail,” the>outcrossing potential of
contemporary domestic ¢orn varieties' and, theit Wwild relatives.~.Section VII presented
data on the phenetypig, agronomie,¢cological intéractions and-compositional assessment
of MON 890347 Section.V1M:B andVIIFC examined the potential of weediness and
gene flow of MON 89034 corn. Thesecanalyses concluded that (1) MON 89034 exhibits
no characteristics. that would -Cause increased. weediness and is not likely to become
invasive or form-$elf-sustaining populations outsiderof agricultural fields; (2) unconfined
cultivation should not lead to.increased .weediness of sexually compatible relatives (of
which ther¢‘are none in the 1J.S,)sand*(3) use of MON 89034 in breeding for improved
corn hybtids will nobreduce ordimitthe genetic diversity available to corn breeders in the
future, *In addition, the-assessment in séction VI also concluded that it is unlikely that
MON 89034 "would. hayé’long=termy direct or indirect effects on non-target organisms
common to~agricultural production areas or on threatened and endangered species
recognized by the-U.S.Fish@nd Wildlife Service and the National Marine Fishery
Service. Basedon these analyses, there is negligible potential for adverse effects on
biodiversity from MON 89034 compared to conventional and previously approved insect
protection ¢orn-already under cultivation.

Since the development of hybrid corn systems in the 1930’s, the corn industry has created
and adopted systems to maintain and preserve the purity of inbred corn lines, hybrids and
corn populations developed for various uses including food, feed, processing, and
specialty uses such as popcorn, sweet corn, high oil corn, white corn, blue corn, high
protein corn (Smith et al., 2004; Sprague and Dudley, 1988). These systems have been
developed and implemented over several decades to maintain and meet industry
standards on genetic purity and seed quality. Biotechnology-derived corn traits have
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been incorporated into these systems while achieving accepted purity standards for the
corn industry and taking into consideration the cumulative effects of biotechnology-
derived corn products.

To maintain the genetic purity of inbred parents, hybrids and corn populations,
production activities for each type are isolated from one another and from commercial
grain production (Smith et al. 2004; Sprague and Dudley, 1988). Isolation is achieved
through various means but may include physical separation to prevent cross pollination,
temporal isolation by planting at different times to stagger pollination times of different
materials, detasseling, and the use of cytoplasmic male sterility. Additionally, preduction
guidelines and operating procedures are used to ensure genetic purityand -quality
throughout the entire production process from planting and growth of theé<crop;‘through
harvesting, transport, conditioning, packaging, storage and\sale. With ‘these-operating
procedures being widely used in the corn industry, the industry has been able tointroduce
new varieties including biotechnology-detived cornCinto the marketplace“while still
maintaining the desired levels of purity and quality-ofiindividual varieties. (Thus;-over the
last 70 years, systems have been developed to.maintain the purity.and quality of the
diverse corn types needed to meetcthe needs. and desires, of cofn farmers and consumers.
These systems have allowed the® introduction ‘of biotechnology=derived’ traits into the
desired inbred lines while at<the“same“time “allowing for th¢”maintenance of desired
conventional inbred lines:\ Thetefore ’no significant single or cumulative impact on the
production of corn seeds“forvarious desired uses has-been-observed:, The introduction of
MON 89034 is not expected to have any effect on‘the well established effective processes
already in place to.insure’ genetic isolation’

There has been a long=history of pfeserving, protecting,and enhancing corn germplasm.
The introduction of biotechnology-derived corndias had little impact on genetic diversity
and germplasm tesourées of ‘corn, even“considering the potential cumulative effect of
multiple biotechnology-derived traits béing. dntroduced to corn. Plant breeders,
institutions,‘government and-non-government agencies take great strides to maintain corn
germplasm’'resources.” Axfull reviewcof this topic is presented in Chapter 1.3 of the book
Corn:_"Origin, History,Technology-and-Production (Smith et al., 2004). As noted in the
text, corn genetic diversity)is maintained through public and private plant breeding efforts,
seed conservation.in géne banks, germplasm collections maintained by the International
Maize and"Wheat Improyement Center (CIMMYT) and other governmental agencies, on-
farm conservation'and<enhanc¢ément activities in Latin America, and conservation of corn
wild'relatives in' Mexico and Central America. These efforts maintain and preserve corn
genetie diversity.necessary for improving the base genetics of corn, separate from or in
combination with the breeding practices used to introduce biotechnology-derived traits
into new corn varieties. Thus, the genetic diversity of corn will continue to be
maintained.

The introduction and large scale cultivation of biotechnology-derived corn in the past
decade did not have any negative impact on organic corn production or other specialty
corn production in the U.S. It is well recognized that some corn seed companies and
farmers specialize in small specialty use corn, such as organic corn, sweet corn and
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popcorn. Organic farmers may prefer to use spray applications of Bt microbial pesticides
over their crops for insect control instead of using the biotechnology-derived, built-in
insect protection Bt traits. These seed manufacturers and growers have been using the
same established processes and methods (e.g., isolation, detasseling, and use of
cytoplasm male sterility) as described above to ensure the genetic purity of their corn
products. Organic producers, like the producers of other specialty corn products
including popcorn, use process based standards to assure that products produced meet the
specifications set by the industry or the purchasers of the products.

Organic farming is a small sector of the U.S. agriculture industry with only about,0.5% of
all U.S. cropland and 0.5% of all U.S. pasture being certified aerganic in 2005 (USDA-
ERS, 2007). Only a small percentage of the top U.S. field crops (0.16%-6f corn} 0.17%
of soybeans, and 0.48% wheat) were grown under certified organic-farming systems
(Table 1). Although small, organic produgction has begen one oftthe.fastest growing
segments of U.S. agriculture for the past decade. The*U.S. had-less than<one sillion
acres of certified organic farmland when Congress-passed’the Otgani¢ Foods Production
Act of 1990. By the time USDA-implemented national‘organic .standards in 2002,
certified organic farmland had doubled) and,doubled again ‘between 2002 and 2005
(USDA-ERS, 2007). For example, from 1995 t0. 2005 the ofganie corn-acreage increased
by 300% in the U.S. (Table™1),.while during-the.same‘time-~frame. the biotechnology-
derived corn acreage increased;from'‘none.to 52% of-totaloU.Scornracreage in 2005
(USDA-NASS, 2006).~”These national statistics-‘do not’ suggestcthat the increase in
organic corn produgtion and the increase-in biotéchnology-derived corn production are
correlated, but they do\indicate that the-adoption of bietechnology-derived corn did not
adversely affeet’organic corn, pfoduction. ~Accordingly; thete is no reason to expect that
Monsanto’s second generation lepidopteran .protection corn product, MON 89034, will
have anyegative impaction the produiction-of organie corn or other specialty corn.

In conclusion, ‘heasures @©f préservation Of cern' germplasm purity including isolation,
detasselingand the' use'of cytoplasmic male sterility have been well established and have
a track record of effectiveness ever many years. The adoption and large scale cultivation
of bietechnology-derived cern in-the past decade did not have any negative impact on
biodiversity, géneti¢ purity of eorn,erthe production of specialty corn including organic
corn in the WS, There 1s no evidence to suggest that the introduction of MON 89034
corn willadversely.impactbiodiversity, genetic purity of corn germplasm, or small scale
specialty usecornyproduction‘éven considering the potential cumulative effect of multiple
biotechnelogy=derived traits. It is also concluded based on past experience and standards
that the intsoduction of MON 89034 will not have an impact on the production of
specialty cornproducts, including organic corn.
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Table 1. Certified organic and total U.S. acreage of selected crops (USDA-ERS, 2007).

US. Cropland Certified
Total certified organic (acres) 2'065 (aé)res) organic to
Item total (%)
1995 1997 2000 2001 2002 2003 2004 2005
Total cropland: 638,500 | 850,173 | 1,218,905 | 1,302,392 | 1,299,632 | 1:451,601 | 1452353 | 1,723271°C}3401650,083 0.51%
Grains--
Com 32,650 | 42,703 77912 93,551 96,270, 105,574 < | 992111 1305672 81,759,000 0.16%
Wheat 96,100 | 125,687 | 181,262 194,640 | 9¥7614 234221 204244 - 277:487 57,229,000 0.48%
Oats 13,250 | 29,748 29,771 33,254 53459 46074 42,616 46,465 4,246,000 1.09%
Barley o
17,150 | 29,829 41,904 31478 34,031 30,265 26,629 39271 3,875,000 1.01%
Sorghum - 3,075 1,602 938 3,043 4,152 4,453 6042 6,454,000 0.09%
Rice 8,400 11,043 26,870 29,022 22,381 20,152 22,173 26,428 3,384,000 0.78%
Spelt
12,350 | 1,704 12,606 7639 6,939 9719 6,203 8,169 - -
Millet 18,550 | 12,285 15,103 23366 17575 26,935 21,036 14,175 565,000 2.51%
Buckwheat 13250 | 7,616 10599 14:341 8,388 8,086 7,960 6,364 - -
Rye 2,900 4,365 7488 7,056 9,644 1,616 10,289 8,597 1,433,000 0.60%
Beans--
Soybeans 47200 | 82,143 136071 194467 126540 122,403 114,239 122,217 72,142,000 0.17%
Dry beans - 4,641 14,010 15,080 2.430 9,836 7,642 10,561 1,659,300 0.64%
Dry peas & lentils 5,900 5,187 10,142 9,362 7,476 16,188 15,893 17,757 571,000 3.11%
Oilseeds--
Flax 5,850 8,053 25,076 20,672 20,484 14,940 35,104 30,843 983,000 3.14%
Sunflowers 14,200 | 10,894 19,342 15,295 7,624 7,121 9,742 6,087 2,709,000 0.22%
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5. Assessment of the Potential Impact of Deregulation of MON 89034 on Land Use
and Agricultural Production

The introduction and rapid adoption of biotechnology-derived corn products in the past
decade had no significant impact on cropland use in the U.S. The total crop area in the
U.S. remained relatively steady for decades, as was the case with field corn acreage.
From 1996 to 2006, the total annual field corn acres fluctuated around 80 million acres
(Table 2), while at the same time frame the adoption rate for biotechnology-derived corn
products increased from none to 61% (USDA-NASS, 2006). Farmers rotate. ¢rops and
adjust planting acreages of different crops based on the market.demand and cominodity
prices. U.S. and global corn market demand semains high for food;“feed,”ethanol
production, and other industrial uses. Adoptioniof biotechnology-derived corn has been
proven to protect corn yields, increase ageicultural land productivityoand:alleviate
pressure on the reduction of acreages of othier large crops (such as soybeans,“wheat, and
cotton), which translates into sustained-benefits to)farmers and.consumers. Introduction
of MON 89034 will not have any adverseampact on.the agricultural land. use, instead it
will help to protect corn yields and®ustain agricultural land productivity.

According to the national census;the total harvested cropland-areas. from>1974 to 2002
varied annually from 2959 326, million aetes. £orn 15 the dargestéropgrown in the U.S.
in terms of acreage planted-and set value. An 2006, corn was planted on 78.3 million
acres with a total production.of 105 bilion bushelsZof ;grain-valued at

(Table 2), with_dn additional 6.5 million acres of corn“crops harvested for silage use.
The acreages _of-other major-creps (in.million acres) in 2006,were 75.5 for soybeans, 57.3
for wheat,- 15.2 for cotton03.5 “for barley,»2.8 for rice, 2.0 for sunflower, 1.4 for
sugarbeets, 1.1 for potatoes, and)1.0-for canela (USDA-NASS, 2007).

Corn grain andits processed products-haveédong been a very important component of the
U.S. agriculturalproductioncessential to-the nation’s economy. Because of its high starch
content,.’corn grain(is used asya valuable:energy source in animal feed for domestic
livestock, such as,cattley pigs;andpoultry. Corn is also extensively processed to generate
a wide range*of food’ and industrial products including corn syrup, glucose, dextrose,
starch, cereals, and ethanolg,'In addition, as the largest corn producer in the world, the
U.S. alsoexports corn grain €0° a number of countries. As corn demand and supply
fluctuate year over year; the-average annual data of the most recent five years (2002-20006)
wetre uséd to-illustrate the contemporary utilization profile of U.S. corn. The average
annual-total’cornruse from 2002-2006 was 10,683 million bushels, among which, feed use
is highest, taking 55.5%, followed by export shipment (18.2%), ethanol for fuel (13.6%),
and food (12.6%) (Table 3).
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Table 2. U.S. corn acreages, production, value, supply, demand, and export shipment (USDA-NASS,22007).

Planting Area Pro@ugtion Yield Price Value ($ Suppl'y .Total Use. T.otal Erilr?\llr;itz[f; ‘ Export (million
YU | (million acres) | (MNP (bushels/acre) | ($/bushel) | billion) (million (miiten illion bushels)
ushels) bushels) bushels) bushels)
1987 66.20 7,131.30 119.80 [ | 12,016.40 77757.32 4,259.08 1,716.43
1988 67.72 4,928.68 84.60 [ | [ 9.190.85 7,260:12 1,930.43 2,028.45
1989 72.32 7,531.95 116.30 [ ] ] 9,464.28 8.119.83 1,344.45 2,367.30
1990 74.17 7,934.03 118.50 [ ] N 981,90 7,760.66 1,521.24 1,726.63
1991 75.96 7,474.77 108.60 ] N 9,015265 7.915.34 1,100.31 1,583.92
1992 79.31 9,476.70 131.50 [ ] [ 10,584.10 8,471012 2,112.98 1,663.28
1993 73.24 6,337.73 100.70 || N 8,471753 7.:631.38 850.15 1,328.32
1994 78.92 10,050.52 138:60 [ ] [ 10,910,232 9,352.38 1,557.84 2,177.48
1995 71.48 7,400.05 13.50 || I 8,974.38 8,548.44 425.94 2,227.82
1996 79.23 9,232.56 127.10 [ ] [ 0,671.76 8,788.60 883.16 1,797.37
1997 79.54 9,206.83 126.70 B [ 10,098.80 8,791.00 1,307.80 1,504.43
1998 80.17 9,758.69 134.40 [ ] [ 11,085.29 9,298.32 1,786.97 1,984.19
1999 77.39 9,430.61 133.80 [ ] [ 11,232.33 9,514.78 1,717.55 1,936.57
2000 79.55 9,915.05 13690 [ [ 11,639.42 9,740.32 1,899.10 1,941.35
2001 75.70 9,502.58 138220 | [ 11,411.83 9,815.40 1,596.43 1,904.77
2002 78.89 8,966.79 129:30 [ | [ 10,577.66 9,490.99 1,086.67 1,587.89
2003 78.60 10,089.22 142.20 B ] 11,189.97 10,231.88 958.09 1,899.82
2004 80.93 11,807.09 160,40 [ ] [ 12,776.01 10,662.04 2,113.97 1,818.06
2005 81.78 11,114.08 148.00 || [ ] 13,237.00 11,269.84 1,967.16 2,147.34
2006 78.33 10,534.87 149,10 [ ] [ ] 12,512.03 11,760.00 752.03 2,250.00
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Table 3. Average annual U.S. corn utilization during 2002-2006.

Mean (million Standard deviation
bushels) (million bushels) % to total use
Feed and residual 5,926.5 224 .4 55.5%
Food 1,348.6 15.6 12.6%
Ethanol 1,447.8 403.9 13.6%
Export 1,940.6 236.5 18.2%
Seed 20.3 0.4 0.2%
Total use 10,683.8 791.0 100.0%

Corn is emerging as an important renewable (resource that can be. processed and
fermented to produce ethanol as an alternative fuel and gasoline additive.cIn the recent
years, significantly increased oil prices and the¢’government regulations.on-cleaner air and
alternative fuel (e.g. Energy Policy Act 0f22005) have dramatically driyen the demand for
ethanol production from corn grain. Many new ethanol-plants,are being built in'the Corn
Belt. Current USDA projections indicated that U S0 comacréage will increase, while
other major crops such as soybeans and wheat will either decreasé-or remain flat. As a
result of the strong near-termy economic-outlook for com, @ sharp increase in corn
planting is expected to occut’for 2007, “Cornfacreage is-expected to.incréase from 78.8 to
90.4 million acres from 2006 t6-2007, reptesenting a15%cincrease in @ single year. Corn
production is projectéd to.stay strong-through 2006 (USDAS 2007b). This increase in
projected acres of €orn i§.independent of the biotechnology*derived traits that have been
commercialized-in corn: The biotechnologysderived corn traits that have been introduced
or with the rintroduction "of “MON89034 in-‘the future¢;-combined with advances in
conventiontal breeding. method are intended ‘to maximize the yield protection of corn.
Therefore, these traits will hépefully help tosmeet-the growing demands for corn and
reduce the number of increased acres that may need to be planted.

Higher cotn”yields and sustained productitity of U.S. cropland are also important to
maintaifi-the status>for-the U.S. asya key’supplier of corn grain to the world. As the
world®s largest-corn grain producer,.the U.S. not only supplies the domestic market but
also exports, large ‘quantities .0f cotn-to other countries. In the past 20 years, U.S. corn
export fluctuated, year’over~year,’but overall remained flat (Table 2). The average of
annualcorn export in.1987-2006 was 1,879.6 million bushels and the average for the
most recent” five-years (2002-2006) was 1,940.6 million bushels (Table 3). The lead
importing countries’and regions of U.S. corn include Japan, Mexico, Korea, and Taiwan.
USDA projectsiU.S. corn export will remain flat or slightly decrease over the next five
years due to the strong domestic demand for corn.

The introduction and adoption of biotechnology-derived insect protection corn products
in the past decade had no adverse impact on cropland use but protected corn yields and
increased agricultural land output. Corn plants are subject to damage by both insect pests
and weeds. Insect pests of corn such as corn borers and corn rootworms can be
controlled by chemical pesticides or plant incorporated protectants such as Bt corn. No
adverse effects to human and animal health and the environment have been documented
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for the adoption and cultivation of biotechnology-derived corn in the past decade. In
contrast, there have been well-documented economical and environmental benefits from
the adoption of Bt corn, herbicide tolerance corn, and their combined trait products. The
use of these biotechnology-derived corn in the U.S. increased corn yields, reduced
mycotoxin levels in corn grain, enhanced simplicity and flexibility of insect pest control
and weed management, reduced chemical insecticide and herbicide use, increased no-till
corn acreage which resulted in less soil erosion and less runoff of pesticides and water
(Koziel, 1993; Martin and Hyde, 2001; Carpenter and Gianessi, 2001; Gianessi et al.,
2002; Shelton et al., 2002; Fawcett and Towery, 2002; Hyde et al., 2003; Carpenter et al.,
2004; Sankula and Blumenthal, 2004; Sankula et al., 2005; Sankula, 2006; W, 2006;
NCGA, 2007).

Numerous studies demonstrated that lepidopteran protection corn reduces. mycotoxin
levels in corn grain, resulting in healthier food-and feed. Lepidopteran pests such-as ECB,
CEW and FAW cause substantial damage to'stalks, ears, and leaves of-developing corn
plants. Some of these pests, notably CEW and FAW, cause damage<to corn ears which
provide entrance of mycotoxin-producing,fungid> (Miller, .~2001). .Corn ears that are
protected from feeding damage caused- by CEW.and FAW would<have fewer ports of
entry for invasion by fungi, especially those_that produce myeotoxins, increasing the
safety of grain for food and feéd use: ResultsOof fieldcstudies have consistently
demonstrated that Bt cornchad significantly lowetincidence and severity of Fusarium ear
rot and Aspergillus kernel rot\and produced corn grains;with lower-levels of fumonisins
and aflatoxins (Munkvoldoet _al, 1999; Bakan“et_aly, 2002; Hammond et al., 2003;
Windham et al., J999).“The-results’ fromy’ field trials-conducted between 1997 and 2001,
in Argentina, Francg, Ttaly; Tuikey,;and USA indicated that.the overall fumonisin levels
in Bt corn were reduced’by @7% ‘t0" 97%’ compared-with ‘non-Bt corn (Hammond et al.,
2003). «Windham et.al. (1999) reportéd that-whenplaits were infested with southwestern
corn borers, a Bt{corn-hybrid provided moresthanx75% reduction in aflatoxin compared
with its non-Btocounterpart. Most. of these prior studies included MON 810 as the Bt
corn. Preliminary-data-for MON-89034 demonstrates that MON 89034 is subject to even
less inseet’ damagecthaniMON-810;. and this lower level of insect damage tends to
translate into even lower mycotexin contamination in the corn grain. The data show
there is a statistically significant-reduction in aflatoxin levels in MON 89034 compared to
MON 810 ot'hon-Bt centrol.corn.

Monsanto’s firstcgenerationsbiotechnology-derived, lepidopteran protection corn product
MON 810°(YieldGard® corn borer) has been shown to protect corn yields and reduce
chemigal ingecticide use. In 2005 about 34 U.S. states planted 27.9 million acres of corn
possessing YieldGard”® corn borer trait either as a single trait product (YieldGard® corn
corer) or combined trait products (YieldGard® Plus and YieldGard® Triple), resulting in
an increased production of 109.3 million bushels or 6.12 billion pounds of corn valued at

(Sankula, 2006). Net returns were estimated to be h In addition,
the amount of pesticide required for pest control is estimated to decrease by 4.85 million
pounds per year when using corn-borer protected traits. In percentage terms, MON 810
and combined trait corn containing MON 810 planted in 2005 improved the return on
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investments that translates to 24% increase in yield, 27% decrease in pesticide use, and
increased monetary gain of 26% compared to 2004 (Sankula, 2006).

MON 89034 is Monsanto’s second generation lepidopteran protection corn with dual
effective dose that expands the pest spectrum beyond that of MON 810. MON 89034 is
intended to replace MON 810, and is expected to be at least equally or even more
economically advantageous depending on the level and type of pest infestation that
occurs locally. There is no reason to expect that deregulation of MON 89034 will have
any adverse impact on cropland use in the U.S., instead, like the existing biotechnology-
derived lepidopteran protection corn, MON 89034 will protect corn yieldsgincrease
agricultural land productivity, and decrease mycotoxin levels in corn grain;which will
translate into direct benefits for farmers and consumers.

6. Mitigation and Remediation Measures before and after Registration and
Deregulation of MON 89034 in the U.S.

Under the Coordinated Framework for-Regulation ot Biotechnology, the responsibility
for regulatory oversight of biotechnology‘derived, crops{falls~on three lead federal
agencies: EPA, FDA, and USDA «(Federal Register;4986). Deregulation.of MON 89034
from USDA constitutes ‘only @ne_compenent 0F theroverall regulatéry oversight and
review of this product>” MON 89034 ccannet ‘be teleased and marketed until all three
agencies have completed their review'and assesstents-under-theit.respective jurisdictions.

Food and feed-from "biotechneology=derived crops are subject to regulatory review by
FDA underthe Federal'Food,Drug, and-€osmeticAct [21* U.S.C. 346 a(d)]. Since 1992,
FDA has used a voluntaty cofisultation process to 'work together with biotechnology-
derived product developers«to identify. dand resolyerany issues regarding the safety and
nutritional content-of food and feed from biotechnology-derived crops that would
necessitate legalcaction by the agency:if the products were introduced into commerce.
Althoughythis process isinot degally binding, to date, all biotechnology-derived crops
marketed in the U.S. have completed the consultation process before commercialization.
Using the current processy’Monsantoyhas initiated and will complete a consultation with
FDA priorto' commereial distribution of MON 89034 (refer to Petition section 1.E.2).

Monsanto .has provided FDA a comprehensive data package which included: (1) the
intended“technicaleffect of the modification of the corn plants; (2) a molecular
characterization:of the modification, including the identities, sources, and functions of the
intreduced genetic material; (3) information on the expressed protein products encoded
by the introduced genes; (4) information on assessment of potential allergenicity of the
introduced proteins; (5) information on assessment of potential toxicity of the introduced
proteins; and (6) information on the compositional and nutritional characteristics of the
food and feed derived from MON 89034. At the conclusion of the consultation process,
FDA has the ability to notify the submitter if there are unresolved questions regarding the
safety of the food under review, thereby effectively halting introduction of the food into
commerce. As an ultimate mitigation measure, FDA has the authority to initiate a variety
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of actions against food or feed in commerce if the agency has reason to believe that the
food or feed is unsafe.

As presented in the Petition section 1.E.1, because MON 89034 contains two insecticidal
proteins, it is also subject to regulatory review and oversight by EPA under the Federal
Insecticide, Fungicide and Rodenticide Act [7 U.S.C. §136(u)] and the Federal Food,
Drug, and Cosmetic Act [21 U.S.C. 346 a(d)]. Monsanto has filed applications with EPA
for the registration of the plant-incorporated protectants CrylA.105 and Cry2Ab2
proteins, and the genetic material (vector PV-ZMIR245) necessary for their production.
Monsanto has also submitted data to enable EPA to conduct a food safety review,of those
proteins in support of exemptions from the requirement of a tolerance:  Sale or
distribution of those insecticidal proteins or their presence inCfood or feed without the
requisite EPA approvals would be a violation of federal law:

Since 1995, EPA has reviewed the safety and‘environmental effeets and approved. the use
of 23 biotechnology-derived Bt proteir/ctop combinatiohs (EPA, 2007).COver the past
decade, many of these Bt crops, in particulaf, Bt.cornand Bt‘Cotton have been cultivated
in the U.S. over substantial acres. .No adyverse ‘effects’ on,-humans, animals, or the
environment have been documented from:the use of these crops-(Petition’ section VIII).
EPA has implemented a comprehensive data review @and assessment process on the
biotechnology-derived Bticropstand other, plantsincorporated protectants or PIPs (EPA,
2001b). The review “includes, but is;not, limitéd to; the examination of data and
information on (1) the source “of the genes; (2) the“exptession” of the PIPs; (3) the
modifications to the intreduced trait’as eompated to that.frait.in, nature; (4) the biology of
the recipient crops;(5) environmental fate of the PIRs;(6) potential effects on non-target
organisms, threatened and endangered species;-and (7) potential toxicity and allergenicity
of the PIPs on humans and-animals.

As an importanimitigation and remediation’measure, EPA has placed time restrictions on
many of the registered PIRs“and deqhires xevaluation and re-registration prior to the
expiratioft- date for, those:PIPs if the~technology providers decide to continue to market
those- products . (EPA, 2007)." One’ conicern with the use of Bt crops is the potential
development and evolution of #esistance from the insect pests as has been observed with
chemical insecticides in”the pasti~'As a preventative and remedial measure, EPA has
implemented cconditional <registrations with mandatory requirements for Bt crop
developers.to implement Inséct Resistance Management (IRM) plans. As discussed
earlter i@ this addendum, the IRM programs include refuge requirement, grower
dgreementsy IRM* education, and Compliance and Assurance Program, and insect
resistance monitoring [refer to reference EPA (2005¢) for an example of the details of
these requirements]. Annual reporting to EPA is required with respect to these
requirements and the sales of the product. It is expected that EPA will implement similar
measures and requirements to MON 89034 and the combined trait products containing
MON 89034.

Monsanto employs a rigorous product stewardship program that demonstrates respect for
our customers, their markets and the environment. Our market stewardship program
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considers many factors to ensure global integration and increased transparency. In
keeping with past practice, we will not launch MON 89034 without regulatory approvals
from key corn import countries to ensure global compliance and the flow of international
trade. We commit to the industry practices on seed quality and control to prevent
adventitious presence of unapproved traits. Before commercializing MON 89034, a
detection method will be made available to grain producers, processors and buyers. Our
stewardship policy is the shared responsibility of Monsanto, our licensees and our
customers to insure that our products are used properly. We are committed to legal and
ethical obligations to ensure that our products and technologies are safe and
environmentally responsible, and do not pose undue risks to human health' or the
environment during any stage of their life cycle. As such, Monsanto has poli¢ies in-place
to monitor our procedures as we research, develop, design, manufacture, market and
discontinue products through the product life cycle:
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