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RELEASE OF INFORMATION

Bayer is submitting the information in this petition for review by the USDA as part of the
regulatory process. Bayer understands that the USDA complies with the provisions of the
Freedom of Information Act (FOIA). In the event the USDA receives a FOIA request, pursuant
to 5 U.S.C,, § 552, and 7 CFR Part 1, covering all or some of the information in this petition, Bayer
expects that, in advance of the release of the document(s), USDA will provide Bayer 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. Bayer understands that a CBI-deleted copy of this information may be made
available to the public in a reading room and upon individual request as part of a public comment
period. Bayer also understands that when deemed complete, a copy of the petition may be posted
to the USDA-APHIS BRS website or other U.S. government websites (e.g.,
www.regulations.gov). Except in accordance with the foregoing, Bayer does not authorize the
release, publication or other distribution of this information without Bayer's prior notice and
consent.

© 2024 Bayer Group. All Rights Reserved.

This document is protected under national and international copyright law and intellectual property
rights treaties. This document and any accompanying materials are for use only by the regulatory
authority to which it has been submitted by the Bayer Group, including all subsidiaries and
affiliated companies, and only in support of actions requested by the Bayer Group. Any other use,
copying, or transmission, including internet posting, of this document and the materials described
in or accompanying this document, without prior consent of the Bayer Group, is strictly prohibited;
except that the Bayer Group hereby grants such consent to the regulatory authority where required
under applicable law or regulation. The intellectual property, information and materials described
in or accompanying this document are owned by the Bayer Group, who has filed for or been
granted patents on those materials. By submitting this document and any accompanying materials,
the Bayer Group does not grant any party or entity any right or license to the information, materials
or intellectual property described or contained in this submission.
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EXECUTIVE SUMMARY

The Animal and Plant Health Inspection Service (APHIS) of the United States (U.S.) Department
of Agriculture (USDA) has responsibility under the Plant Protection Act (Title IV Pub. L. 106-
224, 114 Stat. 438, 7 U.S.C. § 7701-7772) to prevent the introduction and dissemination of plant
pests into the U.S.

APHIS prior regulations codified in 7 CFR § 340.6 provides that an applicant may petition APHIS
to evaluate submitted data to determine that a particular regulated article does not present a plant
pest risk and no longer should be regulated. If APHIS determines that the regulated article does
not present a plant pest risk, the petition is granted, thereby allowing unrestricted introduction of
the article. Newly promulgated 7 CFR § 340 regulations (issued May 18, 2020) state, in §340.1(c),
that “All plants determined by APHIS to be deregulated pursuant to § 340.6 as that section was set
forth prior to August 17, 2020 will retain their nonregulated status under these regulations.” Thus,
this petition seeks to gain a deregulation determination under those prior regulations and thus be
exempt from the newly issued 7 CFR § 340 regulations.

Bayer is submitting this request to APHIS for a determination of nonregulated status for the new
biotechnology-derived maize product, MON 95379, any progeny derived from crosses between
MON 95379 and conventional maize, and any progeny derived from crosses of MON 95379 with
biotechnology-derived maize that have previously been granted nonregulated status under 7 CFR
Part 340 or determined in the future to not pose a plant pest risk via a regulatory status review or
otherwise deemed to be exempt from 7 CFR Part 340.

Product Description

Insect-protected maize MON 95379 was developed to produce two insecticidal proteins,
Cry1B.868 and Cry1Da_7, which protect against feeding damage caused by targeted lepidopteran
insect pests. Cry1B.868 is a chimeric protein comprised of domains I and II from Cry1Be (Bacillus
thuringiensis, Bt), domain III from CrylCa (Bt subsp. aizawai) and C-terminal protoxin domain
from CrylAb (Bt subsp. kurstaki). CrylDa 7 is a modified CrylDa protein derived from Bt
subsp. aizawai.

MON 95379 was developed to provide growers in South America an additional tool for controlling
target lepidopteran maize pests, including fall armyworm resistant to current Bt technologies.
MON 95379 will be combined through traditional breeding with other deregulated traits to provide
protection against both above-ground and below-ground maize pests, as well as herbicide
tolerance. These next generation combined-trait maize products will offer broader grower choice,
improved production efficiency, increased pest control durability, and enhanced grower profit
potential.

MON 95379 will not be commercialized in the U.S., but is intended to only be cultivated in small-
scale breeding, testing, and seed increase nurseries to develop seed of products that will be sold in
other countries, primarily in South America. These intended cultivation uses will be subject to the
terms and conditions of an EPA seed increase registration, which we have proposed to be limited
to no more than 100 acres per growing season across Nebraska, Hawaii, and Iowa. In the course
of developing these products containing MON 95379, Bayer may also develop breeding stacks in
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which MON 95379 will be combined with other traits for commercialization outside the United
States. To support subsequent global regulatory submissions of these stack products, from time to
time Bayer may conduct confined, small-scale field trials that will be planted in additional
counties/states that are assessed under the standard USDA-BRS permitting process. Trials and trial
material will be managed according to the conditions of applicable BRS permits and terms of an
EPA seed increase registration, if applicable.

Data and Information Presented Confirms the Lack of Plant Pest Potential and the Food
and Feed Safety of MON 95379 Compared to Conventional Maize

The data and information presented in this petition demonstrate MON 95379 is agronomically,
phenotypically, and compositionally comparable to commercially cultivated maize, with the
exception of the introduced trait. Moreover, the data and information presented demonstrate
MON 95379 is not expected to pose a greater plant pest risk, including weediness, or adverse
affects on non-target organisms beneficial to agriculture or maize agronomic practices compared
to conventional maize. The food, feed, and environmental safety of MON 95379 was confirmed
based on multiple, well-established lines of evidence:

e Maize is a familiar crop that does not possess any of the attributes commonly associated
with weeds and has a history of safe consumption. The conventional control used for the
transformation process was included in studies to serve as an appropriate basis of
comparison for MON 95379.

e A detailed molecular characterization of the inserted DNA demonstrates a single, intact
copy of the T-DNA insert in a single locus within the maize genome.

« Extensive evaluation of the Cry1B.868 and CrylDa 7 proteins expressed in MON 95379
confirms they are unlikely to be human and other mammalian toxins or allergens.

e A compositional assessment supports the conclusion that MON 95379 grain and forage is
compositionally equivalent to grain and forage of conventional maize.

e An extensive evaluation of MON 95379 phenotypic and agronomic characteristics and
environmental interactions demonstrates MON 95379 has no increased plant pest risk
potential compared to conventional maize.

e A non-target organism (NTO) assessment supports the conclusion that Cryl1B.868 and
CrylDa 7 proteins are specific for lepidopteran species and MON 95379 maize would not
be expected to adversely impact NTOs beneficial to agriculture at levels expected to be
encountered in the field. As MON 95379 maize will not be commercialized in the U.S., a
threatened and endangered species assessment focused on lepidopteran species in the states
of Nebraska, Hawaii, and lowa, where MON 95379 will be cultivated for small-scale
breeding, testing, and seed increase activities and small-scale, confined field trials
potentially in other locations to collect needed regulatory data to support global regulatory
submissions of future products stacked with MON 95379. Results of the assessment
support a conclusion of no effect for currently listed lepidopteran species.
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e MON 95379 will not be commercialized in the U.S. and therefore will not impact U.S.
commercial maize agricultural practices. It will only be cultivated in small-scale breeding,
testing, and seed increase nurseries in the U.S. with typical production practices to produce
high quality seed and/or data. Evaluation of the agronomic and phenotypic characteristics
of MON 95379 support that, with the exception of the introduced trait, MON 95379 maize
is phenotypically similar to conventional maize and is not expected to have an effect
on maize agronomic practices under its intended use.

Maize is a Familiar Crop Lacking Weedy Characteristics

Maize is grown extensively throughout the world and is the largest cultivated grain crop followed
by wheat (Triticum sp.) and rice (Oryza sativa L.) in total global production. In the U.S., maize is
grown in almost all states and is the largest crop grown in terms of net value. Maize has been
studied extensively, and the initial steps in its domestication can be traced back to approximately
9,000 years ago in southern Mexico. Although grown extensively throughout the world, maize is
not considered a threat to invade natural or agricultural ecosystems because it does not establish
self-sustaining populations outside of cultivation. This lack of weediness may reflect its poor
competitive ability, lack of seed dormancy, and barriers to seed dispersal, as maize cobs retain
seed and are covered in a husk. Several other characteristics common in weeds, such as rapid
flowering following emergence, are lacking in maize. Traits often associated with weediness are
typically not selected for during domestication and subsequent breeding and selection, and
similarly, the history of maize breeding and production in the U.S. does not indicate there are any
changes in the characteristics of maize that would increase the weediness of the crop. Although
maize seed can overwinter in a rotation with soybeans or other crops, mechanical and chemical
measures are routinely used to control maize volunteers. Maize is not sexually compatible with
plant species occurring in the U.S. other than teosinte, an introduced wild relative. However, gene
introgression from maize into teosinte is unlikely in the U.S. due to barriers to crossing, including
morphological and developmental differences and limited geographical distribution of teosinte
populations.

Conventional Maize LH44 is an Appropriate Comparator to MON 95379

Conventional control materials developed for use as comparators in safety assessment studies were
based on the type of study conducted and the genetic background of the test material. The
conventional control materials included the original transformation line (LH244) and LH244
crossed to a conventional line (HCL617) to create F1 starting control materials. LH244 was used
as the control in molecular characterization studies. LH244 x HCL617 was used as the control in
compositional analysis studies and in phenotypic, agronomic and environmental interactions
assessments. Where appropriate, commercial hybrid maize materials (reference hybrids) were also
used to establish a range of variability or responses representative of commercial maize in the U.S.

Molecular Characterization Verified the Integrity and Stability of the Inserted DNA in
MON 95379

MON 95379 was produced by Agrobacterium-mediated transformation of maize tissue using the
transformation vector PV-ZMIR522223. This vector contains a single T-DNA (transfer DNA),
that is delineated by Right and Left Border regions. The T-DNA contains the cry/B.868 and
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crylDa 7 expression cassettes. The T-DNA that was inserted initially contained a cp4 epsps
selectable marker cassette flanked by two excision targeting sequences called /lox sites. After
MON 95379 was selected as an acceptable transformant, the selectable marker cassette was
excised by crossing MON 95379 with a Cre recombinase expressing line (the “Cre line” was
transformed with the vector PV-ZMOO513642). Subsequently, traditional breeding, segregation,
selection, and screening were used to isolate those plants that contained the cry/B.868 and
crylDa 7 expression cassettes, and lacked the cp4 epsps selectable marker and any sequences
from the cre gene containing plasmid, PV-ZMOQO513642.

Characterization of the DNA insert in MON 95379 was conducted using a combination of
sequencing, polymerase chain reaction (PCR), and bioinformatics. The results of this
characterization demonstrate that MON 95379 contains one copy of the intended T-DNA
containing the crylB.868 and crylDa_7 expression cassettes that is stably inherited over multiple
generations and segregates according to Mendelian principles. These conclusions are based on
several lines of evidence:

e Molecular characterization of MON 95379 by Next Generation Sequencing (NGS)
demonstrated that MON 95379 contained a single intended DNA insert. These whole-
genome analyses provided a comprehensive assessment of MON 95379 to determine the
presence and identity of sequences derived from PV-ZMIR522223 and demonstrated that
MON 95379 contained a single T-DNA insert, no detectable backbone or cp4 epsps
selectable marker sequence from PV-ZMIRS522223 or any sequences from
PV-ZMOO513642.

e Directed sequencing (locus-specific PCR, DNA sequencing and analyses) performed on
MON 95379 was used to determine the complete sequence of the single DNA insert from
PV-ZMIR522223, the adjacent flanking genomic DNA, and the 5' and 3' insert-to-flank
junctions. This analysis confirmed that the sequence and organization of the DNA is
identical to the corresponding region in the PV-ZMIR522223 T-DNA and lacks the cp4
epsps selectable marker.

e Furthermore, the genomic organization at the insertion site was assessed by comparing the
sequences flanking the T-DNA insert in MON 95379 to the sequence of the insertion site
in conventional maize. This analysis determined there was a 160 bp deletion upon
T-DNA integration in MON 95379.

e (Generational stability analysis by NGS demonstrated that the single PV-ZMIR522223
T-DNA insert in MON 95379 has been maintained through five breeding generations,
thereby confirming the stability of the T-DNA in MON 95379.

e Segregation analysis corroborates the insert stability demonstrated by NGS and
independently establishes the nature of the T-DNA as a single chromosomal locus that
shows an expected pattern of inheritance.

Taken together, the characterization of the genetic modification in MON 95379 demonstrates that
a single copy of the intended T-DNA was stably integrated at a single locus of the maize genome
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and that no PV-ZMIR522223 plasmid backbone, selectable marker, or PV-ZMOOQO513642
sequences are present in MON 95379.

Data Confirms Cry1B.868 and CrylDa 7 Protein Safety

A multistep approach was used to characterize and assess the safety of the MON 95379 Cry1B.868
and CrylDa_7 proteins. The expression level of the Cry1B.868 and CrylDa_7 proteins in selected
tissues of MON 95379 was determined and exposure to humans and other mammals through diet
was evaluated. In addition, the donor organism for the cry/B.868 and cryiDa 7
coding sequences, Bacillus thuringiensis, is ubiquitous in the environment and is not commonly
known for human or mammalian pathogenicity or allergenicity. Bioinformatics analysis
determined that the Cry1B.868 and CrylDa 7 proteins lack structural similarity to known
allergens, gliadins, glutenins, or protein toxins which could have adverse effect to human or
mammalian health. The Cry1B.868 and CrylDa 7 proteins are rapidly digested in simulated
digestive fluids and demonstrate no acute oral toxicity in mice at the levels tested that far exceed
anticipated exposure by humans and mammals. Hence, the consumption of the Cry1B.868 and

CrylDa 7 proteins from MON 95379 or its progeny poses no risk to human and mammalian
health.

MON 95379 is Compositionally Equivalent to Conventional Maize

Safety assessments of biotechnology-derived crops include a comparative safety assessment in
which the composition of grain and/or other raw agricultural commodities of the biotechnology-
derived crop are compared to the appropriate conventional control that has a history of safe
use. Maize is not known to have any endogenous toxicants or anti-nutrients associated with overall
plant pest potential.

Compositional analysis was conducted on grain and forage of MON 95379 grown at five sites
representative of typical agricultural regions for maize production in the U.S. in 2018. The
compositional analysis provided a comprehensive comparative assessment of the levels of key
nutrients and anti-nutrients in grain and forage of MON 95379 and the conventional control and
followed considerations relevant to the compositional quality of maize as defined by the OECD
consensus document (OECD, 2002a). Grain and forage samples were analyzed for levels of key
nutrients including proximates, carbohydrates by calculation, fiber, amino acids, and linoleic acid.
In addition, grain samples were analyzed for anti-nutrient levels of phytic acid and raffinose. Key
nutrients in forage samples were analyzed for levels of protein, total fat, ash, carbohydrates by
calculation, and fiber. In total, 25 different components were assayed (6 in forage and 19 in grain).

The results of the compositional assessment found that there were no compositional differences
that were biologically meaningful between MON 95379 and conventional control and support the
conclusion that MON 95379 maize is compositionally equivalent to the conventional control.
These results support the overall food and feed safety of MON 95379.
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MON 95379 Will Not Negatively Affect NTOs Including Those Beneficial to Agriculture

An evaluation of the impacts of MON 95379 on non-target organisms (NTOs) beneficial to
agriculture is a component of a comprehensive environmental assessment. MON 95379 maize will
not be commercialized in the U.S. and small-scale breeding, testing, and seed increase activities
would be limited to a maximum total of 100 acres per growing season across three states
(Nebraska, Hawaii and lowa) as proposed in an EPA seed increase registration application, and
small-scale, confined field trials potentially in other locations to collect needed regulatory data to
support global regulatory submissions of future products stacked with MON 95379. Therefore,
exposure of populations of non-target organisms will be low due to limited acreage and geography.

Prior to conducting a risk assessment for MON 95379 maize to beneficial NTOs, the proposed
areas for cultivation of MON 95379 maize, the mode-of-action (MOA) and the spectrum of
insecticidal activity of Cryl1B.868 and CrylDa_7 proteins, as well as expression analyses of the
Cry1B.868 and CrylDa_7 proteins produced by MON 95379 tissues were evaluated. The results
of the activity spectrum studies indicate that, similar to previously commercialized Cryl proteins,
activity of Cry1B.868 and CrylDa_7 proteins is limited to lepidopteran insects and effects are not
expected on NTOs beneficial to agriculture. An evaluation of potential off-crop exposure to
MON 95379 pollen indicated that significant exposure to non-target lepidopteran species is not
anticipated and therefore MON 95379 poses minimal risk to non-target Lepidoptera. Results from
Tier I NTO testing demonstrated no effects on survival from exposure to the Cry1B.868 and
CrylDa_ 7 proteins at levels well above those found in MON 95379 maize and in the environment.
Calculated margins of exposure (MOE) based on LCso values and conservative environmental
concentrations were >11 for all species tested with the exception of C. maculata where the MOE
for CrylDa_7 was >7, indicating low risk to NTOs at field expression levels. A threatened and
endangered species assessment focused on listed Lepidoptera in the states of Nebraska, Hawaii,
and Iowa, where MON 95379 will primarily be cultivated, resulted in the conclusion of no effect
for currently listed lepidopteran species.

MON 95379 Does Not Change Maize Plant Pest Potential or Environmental Interactions

Plant pest potential of a biotechnology-derived crop is assessed from the basis of familiarity that
the USDA recognizes as an important underlying concept in risk assessment. The concept of
familiarity is based on the fact that the biotechnology-derived plant is developed from a
conventional plant hybrid or variety whose biological properties and plant pest potential are well
known. Familiarity considers the biology of the plant, the introduced trait, the receiving
environment, and the interactions among these factors. This provides a basis for the comparative
risk assessment between a biotechnology-derived plant and the conventional control. Thus, the
phenotypic, agronomic, and environmental interaction assessment of MON 95379 included the
genetically similar conventional control as a comparator. This evaluation used a weight of
evidence approach and considered statistical differences between MON 95379 and the
conventional control with respect to reproducibility, magnitude, and directionality. Comparison to
a range of commercial references grown concurrently established the range of natural variability
for maize, and provided a context from which to further evaluate any statistical differences.
Assessments included laboratory evaluation of seed germination and dormancy characteristics, as
well as phenotypic and agronomic characteristics and plant responses to abiotic stressors, diseases,
and arthropod pests in the field. Results from the germination, phenotypic, agronomic, and
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environmental interactions assessments indicated that MON 95379 does not possess enhanced
weediness characteristics, increased susceptibility or tolerance to specific abiotic stressors,
diseases, non-target arthropod pests, or characteristics that would confer an increased plant pest
risk compared to conventional maize.

Deregulation of MON 95379 is Not Expected to Have Effects on Maize Agronomic
Practices

MON 95379 was developed to provide growers in South America an additional, effective tool for
controlling target lepidopteran pests, including those resistant to current Bt technologies. As
MON 95379 will not be commercialized in the U.S, no impact on agronomic or cultivation
practices used in commercial maize production are expected.

While MON 95379 (and possible stack products containing MON 95379) may be grown on small
acreage breeding/seed increase nurseries and agronomic/regulatory testing trials in limited
geographies, subject to an EPA seed increase registration and applicable BRS permits, the
cultivation of MON 95379 is not expected to significantly change current maize agronomic
practices under the intended use. This conclusion is supported by the assessment of phenotypic,
agronomic, and environmental interactions of MON 95379 that included the assessment of seed
germination and dormancy characteristics, as well as phenotypic and agronomic characteristics
and plant responses to abiotic stressors, diseases, and arthropod pests in the field under a range of
environmental conditions. Results demonstrated that MON 95379 is similar to conventional maize
in its agronomic and phenotypic characteristics and susceptibility or tolerance to specific abiotic
stressors, diseases, or non-lepidopteran arthropod pests. Therefore, no changes in agronomic
practices are anticipated for the cultivation of MON 95379 compared to conventional maize,
particularly those that can significantly impact plant diseases or pests or their management.
Furthermore, maize breeding and seed production nurseries are typically closely managed
following best practices to control weed and insect pests to produce high quality data and seed.
Based on this assessment, the intended use of MON 95379 is not expected to result in changes or
impacts to current maize agronomic practices.

Conclusion

Based on the data and information presented in this petition, it is concluded that MON 95379 maize
is unlikely to pose a greater plant pest risk than conventional maize. Therefore, in acknowledgment
of the limitations that the EPA sets on the seed increase registration for MON 95379, Bayer
requests a determination from USDA-APHIS that MON 95379 and any progeny derived from
crosses between MON 95379 and conventional maize or deregulated biotechnology-derived maize
be granted nonregulated status under 7 CFR Part 340.
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ABBREVIATIONS AND DEFINITIONS!

Aminoglycoside-modifying enzyme, 3"(9) -O—

aadA nucleotidyltransferase from the transposon Tn7

Act Actin

ADF Acid Detergent Fiber

APHIS Animal and Plant Health Inspection Service

arod 5-enolpyruvylshikimate-3-phosphate synthetase gene from
Agrobacterium sp. Strain CP4

ANOVA Analysis of Variance

AOSA Association of Official Seed Analysts

BIO Biotechnology Innovation Organization

bp Basepair

BRS Biotechnology Regulatory Service

Bt Bacillus thuringiensis

bw Body Weight

CBI Confidential Business Information

CEW Corn Earworm

CFR Code of Federal Regulations

COA Certificate of Analysis

COMPARE COMprehensive Protein Allergen REsource

CP4 EPSPS Agrobacterium tumefacigns strain CP4, 5-enolpyruvlshikimate-3-
phosphate synthase protein

Cry Crystalline Proteins

Cryl Subspecies of Cry Proteins
Cry1B.868 is a chimeric protein comprised of domains I and 11

Cryl1B.868 from Cry1Be (Bt), domain III from Cry1Ca (Bt subsp. aizawai)

’ and C-terminal protoxin domain from CrylAb

(Bt subsp. kurstaki)

CrylDa 7 Modified CrylDa protein derived from Bt subsp. aizawai

CTP Chloroplast Transit Peptide

CTAB Hexadecyltrimethylammonium Bromide

d Day(s)

DNA Deoxyribonucleic Acid

DTsg 50% Dissipation Time

dw Dry Weight

! Alred, G.J., C.T. Brusaw, and W.E. Oliu. 2003. Handbook of Technical Writing, 7th edn., pp. 2-7. Bedford/St.
Martin's, Boston, MA.
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ECso Median Effective Concentration

E. coli Escherichia coli

EDTA Ethylenediaminetetraacetic acid
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ELISA Enzyme-linked Immunosorbent Assay
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EPA Environmental Protection Agency

ETS Excellence Through Stewardship

FAO Food and Agriculture Organization

FAW Fall Armyworm

FDA Food and Drug Administration (U.S.)
FIFRA Federal Insecticide, Fungicide and Rodenticide Act
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fw Fresh Weight

GE Genetically Engineered

GLP Good Laboratory Practice

HESI Health and Environmental Sciences Institute
IAC Immunoaffinity Chromatography

ICP Insect Control Proteins

ISF International Seed Foundation
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OPA o-phthalaldehyde
OR Origin of Replication
ORF Open Reading Frame
OSL Over Season Leaf
OSR Over Season Root
OT Optimum Temperature
PCR Polymerase Chain Reaction
PEC Predicted environmental concentration
PIPs Plant Incorporated Protectants
PPA Plant Protection Act
SCB Sugarcane Borer
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I. RATIONALE FOR THE DEVELOPMENT OF MON 95379

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

The Animal and Plant Health Inspection Service (APHIS) of the United States (U.S.) Department
of Agriculture (USDA) has responsibility, under the Plant Protection Act (Title IV Pub. L. 106-
224, 114 Stat. 438, 7 U.S.C. § 7701-7772) to prevent the introduction and dissemination of plant
pests into the U.S. APHIS regulations at 7 CFR § 340.6, effective as of the date this petition was
filed, provides that an applicant may petition APHIS to evaluate submitted data to determine that
a particular regulated article does not present a plant pest risk and no longer should be regulated.
If APHIS determines that the regulated article does not present a plant pest risk, the petition is
granted, thereby allowing unrestricted introduction of the article. Newly promulgated 7 CFR § 340
(issued May 18, 2020) states, in §340.1(c), that “All plants determined by APHIS to be deregulated
pursuant to § 340.6 as that section was set forth prior to August 17, 2020 will retain their
nonregulated status under these regulations.” Because this petition was filed before October 1,
2021 (see 7 CFR 340.1(c)(2)), Bayer seeks deregulation pursuant to the regulations in effect prior
to August 17, 2020.

Bayer is submitting this request to APHIS for a determination of nonregulated status for the new
biotechnology-derived maize product, MON 95379, any progeny derived from crosses between
MON 95379 and conventional maize, and any progeny derived from crosses of MON 95379 with
biotechnology-derived maize that have previously been granted nonregulated status under 7 CFR
Part 340 or determined in the future to not pose a plant pest risk via a regulatory status review or
otherwise deemed to be exempt from 7 CFR Part 340.

I.B. Rationale for the Development of Lepidopteran-Protected Maize MON 95379

Lepidopteran-protected maize MON 95379 was developed to provide growers in South America
with new options for protection against the feeding damage of targeted lepidopteran pests,
including fall armyworm (FAW; Spodoptera frugiperda), sugarcane borer (SCB; Diatraea
saccharalis) and corn earworm (CEW; Helicoverpa zea). The larval feeding behavior of these
species typically limits the efficacy of synthetic insecticides by creating additional difficulties for
the sprayed active ingredients to reach the insects (Burtet et al., 2017; Grimi et al., 2018; Reay-
Jones, 2019). MON 95379 produces two insecticidal proteins, Cry1B.868 and CrylDa 7, which
protect against feeding damage caused by these lepidopteran pests. CrylB.868 is a chimeric
protein comprised of domains I and II from Cry1Be (Bacillus thuringiensis, Bt), domain III from
CrylCa (Bt subsp. aizawai) and the C-terminal protoxin domain from Cryl Ab (Bt subsp. kurstaki).
CrylDa_7 is a modified CrylDa protein derived from Bf subsp. aizawai.

Fall Armyworm is the main pest of maize in most of South America. In warmer regions such as
Brazil, where maize can be grown during two growing seasons (summer crop and winter crop),
FAW populations can build up considerably under conditions favoring multiple and overlapping
generations (Omoto et al., 2016). Synthetic insecticides have been the historic management tactic
against FAW in maize and other crops in South America. Resistance to several distinctive classes
of insecticides have been documented in Brazil (Carvalho et al., 2013; Diez-Rodriguez and Omoto,
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2001; Nascimento et al., 2016; Okuma et al., 2018). Therefore, in this challenging environment
for FAW management, Bf maize has become highly adopted by growers for FAW management in
South America. Within nine years of Brazil’s first introduction of insect-protected B¢ maize in
2008, ~85% of the cultivated maize contained one or more insect-protection traits that expressed
Bt proteins (ISAAA, 2017). Due to the appearance of resistance in FAW, growers in South
America are in need of new tools to protect against larval feeding damage caused by lepidopteran
pests. Resistance to Bt traits has already been observed for FAW to the proteins CrylF and Cryl1 Ab
and SCB to the proteins Cry1F and Cryl A.105 in South America (Bernardi et al., 2015a; Farias et
al., 2014; Omoto et al., 2016). Currently, Vip3Aa20 is the only fully effective Bt protein against
FAW available in the market in many regions in South America. However, an allele that confers
resistance of FAW to Vip3Aa20 was already identified in Brazilian field populations (Amaral et
al., 2020; Bernardi et al., 2016; Bernardi et al., 2015b), and is indicative of an increasing potential
of resistance developing to this protein in FAW. The receptors that Cry1B.868 and CrylDa 7
proteins in MON 95379 bind are different from each other in FAW and from other commercially
available Bt proteins such as CrylF, CrylA.105, Cry2Ab, and Vip3 indicating that they would
provide enhanced durability of this B¢ maize technology in the field against this economically
important pest (Wang et al., 2019).

Bayer will not seek a commercial registration for MON 95379 from the EPA since it will not be
commercialized in North America. Under the proposed terms of an EPA seed increase registration
application, MON 95379 will be cultivated for small-scale breeding, testing, and seed increase
nurseries in Nebraska, Hawaii, and Iowa with a maximum total acreage of 100 acres per growing
season. These activities will support the development of future commercial products for South
America. In the course of developing these products containing MON 95379, Bayer may also
develop breeding stacks in which MON 95379 will be combined with other traits for
commercialization outside the United States. To support subsequent global regulatory
submissions of these stack products, from time to time, Bayer may conduct confined, small-scale
field trials that will be planted in additional counties/states that are assessed under the standard
USDA-BRS permitting process. Trials and trial material will be managed according to the
conditions of applicable BRS permits and terms of an EPA seed increase registration, if applicable.

I.C. Submissions to Other Regulatory Agencies

Under the Coordinated Framework for Regulation of Biotechnology (USDA-APHIS, 1986), the
responsibility for regulatory oversight of biotechnology-derived maize falls primarily on three U.S.
agencies: U.S. Food and Drug Administration (FDA), the United States Department of Agriculture
(USDA), and in the case of plant incorporated protectants (PIPs), the Environmental Protection
Agency (EPA). Deregulation of MON 95379 by USDA constitutes only one component of the
overall regulatory oversight and review of this product by the three relevant U.S. regulatory
agencies.

1.C.1. Submission to U.S. EPA

Substances that are pesticides, as defined under the Federal Insecticide, Fungicide and Rodenticide
Act (FIFRA) [7 U.S.C. §136(u)], are subject to regulation by U.S. EPA. Pesticides produced in
planta, referred to as PIPs, are also subject to regulation by U.S. EPA under FIFRA.
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Bayer submitted an application to U.S. EPA on May 1, 2020 requesting a FIFRA Section 3 seed
increase registration (PRIA code B884) of the plant-incorporated protectant Bacillus thuringiensis
Cryl1B.868 and CrylDa 7 proteins and the  genetic  material  (Vector
PV-ZMIR522223) necessary for their production in MON 95379. A maximum total U.S. acreage
of 100 acres per growing season for breeding and seed increase purposes in the states of Nebraska,
Hawaii and Iowa was requested. Thus MON 95379 will not be commercialized in the U.S., and
Bayer will not seek a commercial registration (Section 3) for MON 95379 from the U.S. EPA.

In addition, a petition for a permanent exemption from the requirement of a tolerance for the plant-
incorporated protectant (PIP) proteins Cryl1B.868 and CrylDa 7 in or on the food and feed
commodities of maize was also submitted.

1.C.2. Submission to U.S. FDA

MON 95379 falls within the scope of the 1992 FDA policy statement concerning regulation of
products derived from new plant varieties, including those developed through biotechnology (U.S.
FDA, 1992). In compliance with this policy, Bayer will initiate a formal consultation with the FDA
and will be submitting a Food/Feed Safety and Nutritional Assessment Summary document to
FDA in the near future.

I.C.3. Submissions to Foreign Government Agencies

Consistent with our commitments to the Biotechnology Innovation Organization (BIO) and
Excellence Through Stewardship® (ETS)?, Bayer will meet applicable regulatory requirements for
MON 95379 in the country(ies) of intended production and for key import countries identified in
a trade assessment process that have functioning regulatory systems to assure global compliance
and support the flow of international trade. Bayer will continue to monitor other countries that are
key importers of maize from the intended commercial production countries, for the development
of new formal biotechnology approval processes. If new functioning regulatory processes are
developed, Bayer will re-evaluate its stewardship plans and make appropriate modifications to
minimize the potential for trade disruption.

® Excellence Through Stewardship is a registered trademark of Excellence Through Stewardship, Washington, DC.

2 http://www.excellencethroughstewardship.org/.
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II. THE BIOLOGY OF MAIZE

The biology of maize has been well documented (Anderson and de Vicente, 2010; Farnham et al.,
2003; OGTR, 2008). In addition to the wealth of information on maize biology, the Organisation
for Economic Co-operation and Development authored a Consensus Document (OECD, 2003) on
the biology of maize. This document provides key information regarding:

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

e agronomic practices in maize cultivation

geographic centers of origin

reproductive biology

cultivated maize as a volunteer weed

inter-species/genus introgression into relatives and interactions with other

organisms

e asummary of the ecology of maize

Additional information on the biology and uses of maize has also been compiled by the Australian
Office of the Gene Technology Regulator (OGTR, 2008), and the Canadian Food Inspection
Agency (CFIA, 2020). The taxonomic information for maize is available in the USDA’s PLANTS
Profile (USDA-NRCS, 2019).

To support the evaluation of the plant pest potential of MON 95379 relative to conventional maize,
additional information regarding several aspects of maize biology can be found elsewhere in this
petition. This includes: agronomic practices for maize in Section IX; volunteer management of
maize in Section [X.B and inter-species/genus introgression potential in Section X.D.

I1.A. Maize as a Crop

Maize is widely grown in nearly all areas of the world and is the largest grain crop in the world,
ahead of both wheat (Triticum sp.) and rice (Oryza sativa L.), in total metric ton production
(FAOSTAT, 2020). In the 2019/2020 marketing year, world maize area was approximately 192
million hectares (ha) with a total grain production of approximately 1,115 million metric tons
(MMT) (USDA-FAS, 2020). The top five production regions were: USA (347 MMT), China (261
MMT), Brazil (101 MMT), the European Union (67 MMT), and Argentina (50 MMT) (USDA-
FAS, 2020). In the U.S., maize is grown in most states and in 2019, its production value of over
$53 billion was the highest of any crop (USDA-NASS, 2020).

In industrialized countries maize has two major uses: (1) as animal feed in the form of grain, forage
or silage; and (2) as a raw material for wet- or dry-milled processed products such as high fructose
maize syrup, oil, starch, glucose, dextrose and ethanol. By-products of the wet- and dry- mill
processes are also used as animal feed. These processed products are used as ingredients in many
industrial applications and in human food products. Most maize produced in industrialized
countries is used as animal feed or for industrial purposes, but maize remains an important food
staple in many developing regions, especially sub-Saharan Africa and Central America, where it
is frequently the mainstay of human diets (Morris, 1998).
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Maize is a familiar plant that has been rigorously studied due to its use as a staple food/feed and
the economic opportunity it brings to growers. Archaeological and genetic evidence suggests that
maize domestication began in southern Mexico approximately 9,000 years ago, and that it was
derived from Balsas teosinte, Zea mays subsp. parviglumis (Kistler et al., 2018; Matsuoka et al.,
2002; Piperno et al., 2009). Although grown extensively throughout the world, maize is not
considered a threat to invade natural or agricultural ecosystems. Maize does not establish self-
sustaining populations outside of cultivation (Crawley et al., 2001; OECD, 2003; Raybould et al.,
2012). This lack of weediness may reflect its poor competitive ability (Olson and Sander, 1988),
lack of seed dormancy, and barriers to seed dispersal, as maize cobs retain seed and are covered in
a husk (Wilkes, 1972). A number of other characteristics common in weeds, such as rapid
flowering following emergence, are lacking in maize (Keeler, 1989). Today, the majority of U.S.
maize acreage is planted to hybrids, a practice that started in the 1920s (Wych, 1988). Maize
hybrids have advantages in yield and plant vigor associated with heterosis, also known as hybrid
vigor (Duvick, 1999).

Conventional plant breeding results in selection of desirable characteristics in a plant through the
generation of unique combinations of genes obtained by intra- and inter-specific crossing, mutation
breeding or utilization of other traditional breeding methodologies. However, there is a limit to
the genetic diversity that is available for use and selection with conventional plant breeding.
Biotechnology, as an additional tool to conventional breeding, offers access to greater genetic
diversity than conventional breeding alone, resulting in expression of traits that are highly
desirable to growers and downstream crop users.

ILI.B. Characteristics of the Recipient Plant

The MON 95379 transformation was conducted with inbred maize line LH244, a maize line
assigned to Holden’s Foundation Seeds, LLC in 2001 (U.S. Patent #6,252,148). LH244 is a
medium season yellow dent maize line of Stiff Stalk background that is best adapted to the central
regions of the U.S. corn belt.

Following transformation of immature LH244 embryos, selected transformants were self-
pollinated to increase seed supplies. A Cre recombination system was used to remove the
selectable marker starting with the selected events at the R2 generation. A selected inbred line
homozygous for the presence of the T-DNA and lacking the selectable marker cassette was used
to produce other MON 95379 materials for product testing, safety assessment studies, and
commercial hybrid development. The non-transformed LH244 was used to produce conventional
maize comparators (hereafter referred to as conventional controls) in the safety assessment of
MON 95379.
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II.C. Maize as a Test System in Product Safety Assessment

In studies utilizing hybrid maize, the test was a hybrid of LH244 containing MON 95379
(expressing the CrylB.868 and CrylDa 7 proteins) x HCL617 unless otherwise noted (Figure
IV-4). LH244 x HCL617 was used as near isogenic, conventional control for the hybrid studies
conducted (hereafter referred to as conventional control). LLH244 was used as the conventional
control in molecular characterization studies. LH244 x HCL617 was used as the conventional
control in compositional analysis and in phenotypic, agronomic and environmental interactions
assessments. Where appropriate, conventional commercial maize hybrids (hereafter referred to as
reference hybrids) were used to establish ranges of natural variability or responses representative
of commercial maize hybrids. Reference hybrids used at each field trial location were selected
based on their availability and agronomic fit for the respective geographic regions.

To conduct the studies reported in this petition, appropriate MON 95379 test materials were
generated for the molecular characterization (Sections III and IV), protein characterization and
expression analysis (Section V), compositional analysis (Section VI), assessment of potential
impacts on non-target organisms beneficial to agriculture and threatened and endangered (Section
VII) and phenotypic, agronomic and environmental interactions assessment (Section VIII). The
molecular characterization studies and initiation of commercial breeding efforts were conducted
with the F4 generation (Figure IV-4). Protein characterization and expression analysis,
composition analysis, and phenotypic, agronomic and environmental interactions assessment were
conducted with MON 95379 breeding generation F5F1.
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III. DESCRIPTION OF THE GENETIC MODIFICATION

This section provides a description of the transformation process and plasmid vector used in the
development of MON 95379 (Figure III-1 and Figure I1I-2). Molecular analyses are an integral
part of the characterization of maize products with new traits introduced by methods of
biotechnology. Vectors and methods are selected for transformation to achieve high probability
of obtaining the trait of interest and integration of the introduced DNA into a single locus in the
plant genome. This helps ensure that only the intended DNA encoding the desired trait(s) is
integrated into the plant genome and facilitates the molecular characterization of the product.
Information provided here allows for the identification of the genetic material present in the
transformation vector delivered to the host plant and an analysis of the data supporting the
characterization of the DNA inserted in the plant found in Section V.

ITILA. Description of Transformation Plasmid PV-ZMIRS522223

Plasmid Vector PV-ZMIR522223 was used for the transformation of conventional maize to
produce MON 95379 and its plasmid map is shown in Figure III-2. A description of the genetic
elements and their prefixes (e.g., B, P, TS, CS, T, I, E, and OR) in PV-ZMIR522223 is provided
in Table III-1. PV-ZMIR522223 is approximately 21.6 kb and contains one T-DNA (transfer
DNA), that is delineated by Right and Left Border regions. The T-DNA contains the cp4 epsps
expression cassette, crylB.868 expression cassette, and the crylDa 7 expression cassette. During
transformation, the T-DNA was inserted into the maize genome. Following transformation,
traditional breeding, Cre/lox recombination (described in Section III.A), segregation, molecular
screening and selection were used to isolate those plants that contained the crylB.868 and
crylDa 7 expression cassettes and did not contain the backbone sequences from the
transformation vector, the cp4 epsps selectable marker or any sequence from the
cre gene-containing vector PV-ZMOO513642.

The crylB.868 coding sequence in MON 95379 is under the regulation of the promoter, 5'
untranslated region (UTR) and intron for a ubiquitin gene (Ubq) from Zea mays subsp. Mexicana
(Mexican teosinte) that directs transcription in plant cells (Cornejo et al., 1993). The crylB.868
coding sequence also utilizes the 3' UTR sequence of the Lipid Transfer Protein-like gene (LTP)
from Oryza sativa (rice) that directs polyadenylation of mRNA (Hunt, 1994).

The codon optimized crylDa_7 coding sequence in MON 95379 is under the regulation of the
promoter and 5' UTR from Setaria italica (foxtail millet) tonoplast membrane integral protein
(Tip) gene (Hernandez-Garcia and Finer, 2014). In addition to the promoter and 5' UTR, the
crylDa_7 coding sequence is regulated by the enhancer from the 35S RNA of figwort mosaic
virus (FMV) (Richins et al., 1987) that enhances transcription in most plant cells (Rogers, 2000)
and the intron and flanking UTR sequence from the Actin 15 (Act 15) gene from Oryza sativa
(rice) that is involved in regulating gene expression (Rose, 2008). The crylDa 7 coding sequence
also utilizes 3' UTR sequence from the GOS2 gene encoding a translation initiation factor from
Oryza sativa (rice) that directs polyadenylation of mRNA (Hunt, 1994).

The cp4 epsps selectable marker cassette is also part of the originally inserted T-DNA in
MON 95379. The selectable marker cassette is under the regulation of the promoter, 5' UTR,
intron and 3" UTR sequences of the OsTubA gene family from Oryza sativa (rice) encoding
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a-tubulin (Jeon et al., 2000) that directs transcription and polyadenylation of mRNA in plant cells.
The cp4 epsps expression cassette was excised from progeny plants using the Cre/lox
recombination system for marker removal as described in Section III.A.1 (Hare and Chua, 2002;
Zhang et al., 2003).

The backbone region of PV-ZMIR522223, located outside of the T-DNA, contains two origins of
replication for maintenance of the plasmid vector in bacteria (oripBR322 and ori V) and a bacterial
selectable marker gene (aadA).

ITI.A.1. Marker Removal Through Cre/lox Recombination System

The use of the Cre/lox recombination system for marker removal has been previously described
(Hare and Chua, 2002; Russell et al., 1992; Zhang et al., 2003). The Cre/lox recombination system
is derived from the bacteriophage P1 and consists of the Cre recombinase and a stretch of DNA
flanked by two copies of the loxP sites. The loxP site is 34bp in length and consists of two 13-bp
inverted repeats and an asymmetrical 8-bp spacer. The 13-bp inverted repeats are the
Cre recombinase binding sequence, and the 8-bp spacer is essential for the recombination reaction.
Cre recombinase binds to the inverted repeat sequence in the loxP site, catalyzing a crossover in
the 8-bp spacer regions of the two /oxP sites. The results of this crossover are two-fold: one is the
excision of the DNA fragment flanked by the two half /oxP sites (in MON 95379 this is the cp4
epsps selectable marker cassette) forming a circular extra-genomic DNA fragment, the other is the
recombination of linear DNA between the remaining two half /oxP sites within the maize genome
(Gilbertson, 2003).

As reviewed (Gilbertson, 2003), one of the advantages of the Cre//ox system is the specificity of
the enzyme for the wild-type /oxP 34-bp recognition sequence. The frequency of Cre recombinase-
mediated DNA recombination can be significantly reduced with even a single nucleotide change
in specific regions of the /oxP sequence (Hartung and Kisters-Woike, 1998; Hoess et al., 1986;
Lee and Saito, 1998). Therefore, neither the specific DNA insert nor the usage of the Cre/lox
system was expected to negatively influence the stability of the T-DNA in MON 95379 across
breeding generations, which has been confirmed, and is described in Section IV.E. of this petition.
This technology was previously reviewed by USDA in the petition for LY038 maize (USDA-
APHIS petition #04-229-01p).

A maize line expressing Cre recombinase (developed with the transformation plasmid vector
PV-ZMOO513642) was crossed with lines transformed with PV-ZMIR522223. In the resulting
hybrid plants, the cp4 epsps selectable marker cassette that was flanked by the loxP sites was
excised. The excised cp4 epsps selectable marker cassette (circular extra-genomic DNA) was
subsequently not maintained during cell division. The cre gene and associated genetic elements
were subsequently segregated away from the crylB.868 and crylDa_7 expression cassettes by
conventional breeding to produce the MON 95379 product lacking the cp4 epsps gene cassette.
The absence of both the cp4 epsps gene and cre gene were confirmed in the F4 generation (Figure
IV-4). Since the cp4 epsps gene and sequence derived from PV-ZMOOQO513642 were eliminated
through conventional breeding, the resulting progeny only contain the genes of interest (cry/B.868
and cryl/Da_7) and not the gene used for selection.
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II1.B. Description of the Transformation System

MON 95379 was developed through Agrobacterium tumefaciens mediated transformation of
immature maize embryos based on the method described by Sidorov and Duncan (2009) utilizing
PV-ZMIR522223. Immature embryos were excised from a post-pollinated maize ear of LH244.
After co-culturing the excised immature embryos with Agrobacterium carrying the plasmid vector,
the immature embryos were placed on selection medium containing glyphosate and carbenicillin
disodium salt in order to inhibit the growth of untransformed plant cells and excess Agrobacterium,
respectively. Once transformed callus developed, the callus was placed on media conducive to
shoot and root development. The rooted plants (R0) with normal phenotypic characteristics were
selected and transferred to soil for growth and further assessment. As demonstrated in this petition,
the use of disarmed Agrobacterium tumefaciens strain ABI, a designated plant pest, as the
transformation vector has not imparted plant pest characteristics to MON 95379.

The RO plants were self-pollinated to produce R1 seed. Subsequently, the R1 population was
screened for the presence of T-DNA and absence of vector backbone sequences by construct-level
PCR assay and Southern blot analysis. Only plants that were homozygous positive for
T-DNA and negative for vector backbone were selected for further development and their
progenies were subjected to further molecular and phenotypic assessments. As is typical of a
commercial event production and selection process, hundreds of different transformation events
(regenerants) were generated in the laboratory using PV-ZMIR522223. Selected R2 events were
crossed with a line expressing the Cre recombinase protein and screened for the absence of cp4
epsps and the cre genes. After careful selection and evaluation of these events in the laboratory,
greenhouse and field, MON 95379 was selected as the lead event based on superior trait efficacy,
agronomic, phenotypic, and molecular characteristics according to the general process described
in Prado et al. (2014). Studies on MON 95379 were initiated to further characterize the genetic
insertion and the expressed product, and to establish the food, feed, and environmental safety
relative to conventional maize. The major steps involved in the development of MON 95379 are
depicted in Figure III-1. The result of this process was the production of MON 95379 maize with
the cry1B.868 and crylDa_7 expression cassettes.
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Assembled Agrobacterium binary plasmid vector PV-ZMIR522223 and
transferred to Agrobacterium tumefaciens strain ABI

v

Transformed LH244 (a maize line for more efficient transformation)
immature embryos with PV-ZMIRS522223 in Agrobacterium tumefaciens

|

Selected transformants (RO plants) containing the selectable marker (cp4
epsps expression cassette) and generated rooted shoots from the

transformed callus tissues.

Evaluated R1 plants by PCR and selected the transformed plants for the
homozygous presence of the T-DNA

v

Selected R2 plants were crossed with the Cre recombinase expressing

line
v

Identified plants lacking the cp4 epsps and cre genes in F1 and F2 plants
respectively

\

Evaluated plants (subsequent generations) for insert integrity (via
molecular analyses), insect control efficacy and other phenotypic

characteristics

Identified MON 95379 as lead event and further evaluated its progeny
in laboratory and field assessments for T-DNA insert integrity, trait
efficacy, agronomic/phenotypic characteristics and absence of all other
vector DNA and PV-ZMOO513642 DNA

Figure I1I-1. Schematic of the Development of MON 95379
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TS-CTP2
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loxP
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Figure III-2. Circular Map of PV-ZMIR522223

A circular map of PV-ZMIR522223 used to develop MON 95379 is shown. PV-ZMIR522223 contains
one T-DNA. Genetic elements are shown on the exterior of the map.
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Table III-1. Summary of Genetic Elements in Plasmid Vector PV-ZMIRS522223

Genetic Element

Location in
Plasmid
Vector

Function (Reference)

T-DNA

Bl-Left Border
Region

1-442

DNA region from

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

Intervening Sequence

443-477

Sequence used in DNA cloning

loxP

478-511

Sequence from Bacteriophage P1 for the
loxP recombination site recognized by the
Cre protein (Russell et al., 1992).

Intervening Sequence

512-517

Sequence used in DNA cloning

T4-TubA

518-1099

3' UTR sequence of the OsTubA gene from
Oryza sativa (rice) encoding o—tubulin (Jeon
et al., 2000) that directs polyadenylation of
mRNA.

Intervening Sequence

1100-1106

Sequence used in DNA cloning

CS3-cp4 epsps

1107-2474

Coding sequence of the aroA4 gene from
Agrobacterium sp. strain CP4 encoding the
CP4 EPSPS protein that provides herbicide
tolerance (Barry et al., 2001; Padgette et al.,
1996).

TS3-CTP2

2475-2702

Targeting sequence of the ShkG gene from
Arabidopsis thaliana encoding the EPSPS
transit peptide region that directs transport of
the protein to the chloroplast (Herrmann,
1995; Klee et al., 1987).

Intervening Sequence

2703-2706

Sequence used in DNA cloning

P2-TubA

2707-4887

Promoter, 5' UTR and intron sequences of
the OsTubA gene family from Oryza sativa
(rice) encoding a-tubulin (Jeon et al., 2000)
that directs transcription in plant cells.

Intervening Sequence

4888-4893

Sequence used in DNA cloning

loxP

4894-4927

Sequence from Bacteriophage P1 for the
loxP recombination site recognized by the
Cre protein (Russell et al., 1992).
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Table III-1. Summary of Genetic Elements in Plasmid Vector PV-ZMIRS522223

(Continued)

Intervening Sequence

4928-5038

Sequence used in DNA cloning

T4-Ltp

5039-5338

3' UTR sequence of a Lipid Transfer
Protein-like gene (LTP) from Oryza
sativa (rice) that directs polyadenylation
of mRNA (Hunt, 1994).

Intervening Sequence

5339-5347

Sequence used in DNA cloning

CS3-CrylB.868

5348-8947

Coding sequences of three domains and
a protoxin sourced from Bacillus
thuringiensis (Bt) parental proteins
arranged as a single chimeric pesticidal
protein (Cry1B.868) that confers
protection against lepidopteran insects
via insect midgut disruption (Wang et
al., 2019).

Intervening Sequence

8948-8973

Sequence used in DNA cloning

P2-Zm.Ubq

8974-10981

Promoter, 5' UTR and first intron
sequences of the ubiquitin (Ubgq) gene
from Zea mays subsp. Mexicana
(Mexican teosinte) that directs
transcription in plant cells (Cornejo et
al., 1993).

Intervening Sequence

10982-11008

Sequence used in DNA cloning

E°-FMV

11009-11545

Enhancer from the 35S RNA of Figwort
mosaic virus (FMV) (Richins et al.,
1987) that enhances transcription in
most plant cells (Rogers, 2000).

Intervening Sequence

11546-11556

Sequence used in DNA cloning

P2-Tip

11557-12537

Promoter and 5' UTR sequences from
Setaria italica (foxtail millet) fonoplast
membrane integral protein (Tip) gene
(Hernandez-Garcia and Finer, 2014).

Intervening Sequence

12538-12545

Sequence used in DNA cloning

17-Act15

12546-13838

Intron and flanking UTR sequence from
the Actin 15 (Act 15) gene from Oryza
sativa (rice) that is involved in
regulating gene expression (Rose,
2008).

Intervening Sequence

13839-13856

Sequence used in DNA cloning
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Table III-1. Summary of Genetic Elements in Plasmid Vector PV-ZMIRS522223

(Continued)

CS’-CrylDa_7

13857-17357

Codon optimized coding sequence of
crylDa 7 from Bacillus

thuringiensis (Bt) encoding a modified
CrylDa 7 protein that confers
protection against lepidopteran insects
via insect midgut disruption (Wang et
al., 2019).

Intervening Sequence

17358-17373

Sequence used in DNA cloning

T*-GOS2

17374-17841

3' UTR sequence from the GOS2 gene
encoding a translation initiation factor
from Oryza sativa (rice) that directs
polyadenylation of mRNA (Hunt, 1994).

Intervening Sequence

17842-18045

Sequence used in DNA cloning

B!-Right Border
Region

18046-18376

DNA region from

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

Vector Backbone

Intervening Sequence

18377-18520

Sequence used in DNA cloning

aadA

18521-19409

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

Intervening Sequence

19410-19943

Sequence used in DNA cloning

ORB3-0ri-pBR322

19944-20532

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

Intervening Sequence

20533-21154

Sequence used in DNA cloning

OR%-0ri V

21155-21551

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

Intervening Sequence

21552-21637

Sequence used in DNA cloning

!B, Border
2 P, Promoter
3 CS, Coding Sequence

4T, Transcription Termination Sequence

5 TS, Targeting Sequence
6L, Leader

71, Intron

8 OR, Origin of Replication
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°E, Enhancer
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II1.C. The cry1B.868 Coding Sequence and Cry1B.868 Protein

The crylB.868 expression cassette in MON 95379 encodes a 127 kDa Cry1B.868 protein
consisting of a single polypeptide of 1199 amino acids (Figure III-3.). As is typical for plant-
expressed proteins, the lead methionine of the Cryl1B.868 protein is not present. The crylB.868
coding sequence is the coding sequence of domains I and II from Cry1Be, domain III from Cry1Ca,
and the C-terminal domain from CrylAb from various subspecies of soil bacterium B.
thuringiensis. The presence of CrylB.868 protein in maize provides protection against
lepidopteran pests.
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Figure I11-3. Deduced Amino Acid Sequence of the Cry1B.868 Protein

The amino acid sequence of the MON 95379 Cry1B.868 protein was deduced from the full-length coding
nucleotide sequence present in PV-ZMIR522223 (See Table 111-1 for more details). The lead methionine
(boxed with solid line) of the Cry1B.868 protein produced in MON 95379 is cleaved in vivo.
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IIL.D. The crylDa_7 Coding Sequence and CrylDa_7 Protein

The crylDa_7 expression cassette in MON 95379 encodes a 132 kDa CrylDa_7 protein consisting
of a single polypeptide of 1166 amino acids (Figure I1I-4). The lead methionine of the CrylDa_7
protein is cleaved in vivo. The crylDa 7 coding sequence is a modified version of the crylDa
gene in soil bacterium Bacillus thuringiensis that encodes the CrylDa protein. The CrylDa 7
protein expressed by MON 95379 is highly homologous (approximately 99.7% sequence
similarity) to the amino acid sequence of wild-type CrylDa from B. thuringiensis, with one amino
acid addition (alanine in position 2) and three amino acid substitutions (S282V, Y316S, I368P).
The presence of CrylDa_7 protein in maize provides protection against lepidopteran pests.
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Figure II1-4. Deduced Amino Acid Sequence of the CrylDa_7 Protein

The amino acid sequence of the MON 95379 CrylDa 7 protein was deduced from the full-length coding
nucleotide sequence present in PV-ZMIR522223 (See Table 111-1 for more details). The lead methionine
(boxed with solid line) of the CrylDa_7 protein produced in MON 95379 is cleaved in vivo.

Bayer CropScience LP CR282-20U1 53



IIL.E. Regulatory Sequences

The crylB.868 coding sequence in MON 95379 is under the regulation of the promoter, 5'
untranslated region (UTR) and intron for a ubiquitin gene (Ubq) from Zea mays subsp. Mexicana
(Mexican teosinte) that direct transcription in plant cells (Cornejo et al., 1993). The crylB.868
coding sequence also utilizes the 3" UTR sequence of the Lipid Transfer Protein-like gene (LTP)
from Oryza sativa (rice) that directs polyadenylation of mRNA (Hunt, 1994).

The codon optimized crylDa_7 coding sequence in MON 95379 is under the regulation of the
enhancer from the 35S RNA of Figwort mosaic virus (FMV) (Richins et al., 1987) that enhances
transcription in most plant cells (Rogers, 2000). In addition to the enhancer the cry/Da_7 coding
sequence is regulated by the promoter and 5' UTR from Setaria italica (foxtail millet) fonoplast
membrane integral protein (Tip) gene (Hernandez-Garcia and Finer, 2014) and the intron and
flanking UTR sequence from the Actin 15 (Act 15) gene from Oryza sativa (rice) that is involved
in regulating gene expression (Rose, 2008). The crylDa_7 coding sequence also utilizes 3' UTR
sequence from the GOS2 gene encoding a translation initiation factor from Oryza sativa (rice) that
directs polyadenylation of mRNA (Hunt, 1994).

The cp4 epsps selectable marker cassette is also part of the originally inserted T-DNA in
MON 95379. The selectable marker cassette is under the regulation of the promoter, 5' UTR, intron
and 3" UTR sequences of the OsTubA gene family from Oryza sativa (rice) encoding o-tubulin
(Jeon et al., 2000) that directs transcription and polyadenylation of mRNA in plant cells. The cp4
epsps gene was eliminated from subsequent progeny using the Cre//ox recombination system for
marker removal (Hare and Chua, 2002; Zhang et al., 2003). The cp4 epsps cassette was flanked by
loxP sites that allowed the cassette to be excised by Cre recombinase when plants were crossed
with maize plants expressing the cre gene (the “Cre line” was developed with the transformation
plasmid vector PV-ZMOOS513642). The cre gene was subsequently segregated out by
conventional breeding to produce the MON 95379 product from which the cp4 epsps gene was
eliminated. The absence of both the cp4 epsps gene, the cre gene and their associated genetic
elements were confirmed in the F4 generation (Figure 1V-4). Since the cp4 epsps gene and
sequence derived from PV-ZMOO513642 were eliminated through conventional breeding, the
resulting progeny only contain the genes of interest (cry/B.868 and cryl/Da_7) and not the gene
used for selection.

IIL.F. T-DNA Border Regions

PV-ZMIR522223 contains Left and Right Border regions (Figure I1I-2 and Table I1I-1) that were
derived from A. tumefaciens plasmids. The border regions each contain a nick site that is the site
of DNA exchange during transformation (Barker et al., 1983; Depicker et al., 1982; Zambryski et
al., 1982). The border regions separate the T-DNA from the plasmid backbone region and are
involved in the efficient transfer of T-DNA into the maize genome.
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II1.G. Genetic Elements Outside the T-DNA Border Regions

Genetic elements that exist outside of the T-DNA border regions are those that are essential for
the maintenance or selection of PV-ZMIR522223 in bacteria and are referred to as plasmid
backbone. The origin of replication, ori V, is required for the maintenance of the plasmid in
Agrobacterium and is derived from the broad host range plasmid RK2 (Stalker et al., 1981). The
origin of replication, ori-pBR322, is required for the maintenance of the plasmid in E. coli and is
derived from the plasmid vector pBR322 (Sutcliffe, 1979). The selectable marker aadA is the
coding sequence for an aminoglycoside-modifying enzyme, 3"(9)—-O-nucleotidyltransferase from
the transposon Tn7 (Fling et al., 1985) that confers spectinomycin and streptomycin resistance in
E. coli and Agrobacterium during molecular cloning. Because these elements are outside the
border regions, they are not expected to be transferred into the maize genome. The absence of the
backbone and other unintended plasmid sequence in MON 95379 was confirmed by sequencing
and bioinformatic analyses (Section IV.B).
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IV. CHARACTERIZATION OF THE GENETIC MODIFICATION

This section describes the methods and results of a comprehensive molecular characterization of
the genetic modification present in MON 95379. It provides information on the DNA insertion(s)
into the plant genome of MON 95379, and additional information regarding the arrangement and
stability of the introduced genetic material.

IV.A. Description of Methodology Used to Characterize MON 95379

A schematic representation of the next generation sequencing (NGS) methodology and the basis
of the characterization using NGS and PCR sequencing are illustrated in Figure IV-1 below.
Appendix B defines the test, control and reference substances, and provides an additional overview
of these techniques, their use in DNA characterization in maize plants and the materials and
methods.
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Experimental Stage Resultant Molecular Characterization

Step 1: Next Generation Sequencing (NGS) of
genomic DNA samples. A collection of read
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!
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Figure IV-1. Molecular Characterization using Sequencing and Bioinformatics

Genomic DNA from the test and the conventional control was sequenced using technology that produces a
set of short, randomly-distributed sequence reads that comprehensively cover test and control genomes
(Step 1). Utilizing these genomic sequence reads, bioinformatics searches are conducted to identify all
sequence reads that are significantly similar to the transformation plasmid (Step 2). These captured reads
are then mapped and analyzed to determine the presence/absence of transformation plasmid backbone
sequences, identify insert junctions, and to determine the insert and copy number (Step 3). Overlapping
PCR products are also produced which span any insert and their wild type locus (Step 4 and Step 5,
respectively); these overlapping PCR products are sequenced to allow for detailed characterization of the
inserted DNA and insertion site.
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The NGS method was used to characterize the genomic DNA from MON 95379 and the
conventional control by generating short (~150 bp) randomly distributed sequence fragments
(sequencing reads) generated in sufficient number to ensure comprehensive coverage of the sample
genomes. It has been previously demonstrated that whole genome sequencing at 75x depth of
coverage is adequate to provide comprehensive coverage and ensure detection of inserted DNA
(Kovalic et al., 2012). A comprehensive analysis of NGS as a characterization method
demonstrated that coverage depth as low as 11X is sufficient to detect both intended transgenes as
well as unintended inserted vector-derived fragments as small as 25 base pairs in length (Cade et
al., 2018). Therefore, 75x coverage is a robust level of sequencing for the complete
characterization of both homozygous and hemizygous transgenes, and, well in excess of the levels
which have been demonstrated as sufficient for identifying unintended inserted fragments. To
confirm sufficient sequence coverage of the genome, the 150 bp sequence reads were analyzed to
determine the coverage of a known single-copy endogenous maize gene. This establishes the depth
of coverage (the median number of times each base of the genome is independently sequenced).
Furthermore, the sensitivity of the method was assessed by sequencing the transformation plasmid
and then sampling the data to represent a single genome equivalent dataset and a 1/10™ genome
equivalent dataset. This confirms the method’s ability to detect any sequences derived from the
transformation plasmid. Bioinformatics analysis was then used to select sequencing reads that
contained sequences similar to the transformation plasmid, and these were analyzed in depth to
determine the number of DNA inserts. NGS was run on five breeding generations of MON 95379
and the appropriate conventional controls. Results of NGS are shown in Sections IV.B and IV.E.

The DNA inserts of MON 95379 was determined by mapping of sequencing reads relative to the
transformation plasmid and identifying junctions and unpaired read mappings adjacent to the
junctions. Examples of five types of NGS reads are shown in Figure IV-2. The junctions of the
DNA insert and the flanking DNA are unique for each insertion (Kovalic et al., 2012). Therefore,
insertion sites can be recognized by analyzing for sequence reads containing such junctions.

Directed sequencing (locus-specific PCR and DNA sequencing analyses, Figure IV-1, Step 4)
complements the NGS method. Sequencing of the insert and flanking genomic DNA determined
the complete sequence of the insert and flanks by evaluating if the sequence of the insert was
identical to the corresponding sequence from the T-DNA in PV-ZMIR522223, and if each genetic
element in the insert was intact. It also characterizes the flank sequence beyond the insert
corresponding to the genomic DNA of the transformed maize. Results are described in Sections
IV.B, IV.C and IV.D; methods are presented in Appendix B.

The stability of the T-DNA present in MON 95379 across multiple breeding generations was
evaluated by NGS as described above. This information was used to determine the number and
identity of the DNA inserts in each generation. For a single copy T-DNA insert, two junction
sequence types are expected. In the case of an event where a single locus is stably inherited over
multiple breeding generations, two identical junction sequences would be detected across all the
breeding generations tested. Results are described in Section IV.E; methods are presented in
Appendix B.

Segregation analysis of the T-DNA was conducted to determine the inheritance and generational
stability of the insert in MON 95379. Segregation analysis corroborates the insert stability
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demonstrated by NGS and independently establishes the genetic behavior of the T-DNA. Results
are described in Section IV.F.

Mapping of Plasmid Sequence Alignments

Junction sequence

——

Does not match plasmid sequence Matches plasmid sequence

(Genome) (T—DNA)

1 2 Paired
e B

4 Unpaired
L — . Napping

Figure IV-2. Five Types of NGS Reads

NGS yields data in the form of read pairs where sequence from each end of a size selected DNA fragment
is returned. Depicted above are five types of sequencing reads/read pairs generated by NGS sequencing
which can be found spanning or outside of junction points. Sequence boxes are color-filled if it matches
with plasmid sequence, and empty if it matches with genomic sequence. Grey highlighting indicates
sequence reads spanning the junction. Junctions are detected by examining the NGS data for reads having
portions of plasmid sequences that span less than the full read, as well as reads mapping adjacent to the
junction points where their mate pair does not map to the plasmid sequence. The five types of sequencing
reads/read pairs being (1) Paired and unpaired reads mapping to genomic sequence outside of the insert,
greater than 99.999% of collected reads fall into this category and are not evaluated in this analysis, (2)
Paired reads mapping entirely to the transformation plasmid sequence, such reads reveal the presence of
transformation sequence in planta, (3) Paired reads where one read maps entirely within the inserted DNA
and the other read maps partially to the insert (indicating a junction point), (4) Single read mapping partially
to the transformation plasmid DNA sequence (indicating a junction point) where its mate maps entirely to
the genomic flanking sequence and (5) Single read mapping entirely to the transformation plasmid DNA
sequence where its mate maps entirely to genomic flanking sequence, such reads are part of the junction
signature.
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IV.B. Characterization of the DNA Inserts in MON 95379

The number of inserted DNA sequences from PV-ZMIR522223 in MON 95379 was assessed by
generating a comprehensive collection of reads via NGS of MON 95379 genomic DNA using the
F4 generation (Figure IV-4). A plasmid map of PV-ZMIR522223 is shown in Figure III-2. Table
IV-1 provides descriptions of the genetic elements present in MON 95379. A schematic
representation of the insert and flanking sequences in MON 95379 is shown in Figure IV-3. For
full details on materials and methods see Appendix B.

IV.B.1. Next Generation Sequencing for MON 95379 and Conventional Control Genomic
DNA

Genomic DNA from five distinct breeding generations of MON 95379 (Figure 1V-4) and
conventional controls were isolated from seed and prepared for sequencing. For material and
method details see Appendix B. These genomic DNA libraries were used to generate short
(~150 bp) randomly distributed sequencing reads of the maize genome (Figure IV-1, Step 1).

To demonstrate sufficient sequence coverage the ~150 bp sequence reads were analyzed by
mapping all reads to a known single copy endogenous gene (Zea mays pyruvate decarboxylase
(pdc3), GenBank Accession: AF370006.2) in each of the five distinct breeding generations. The
analysis of sequence coverage plots showed that the depth of coverage (i.e., the median number of
times any base of the genome is expected to be independently sequenced) was 82x or greater for
the five generations of MON 95379 (F4, F5, F4F1, F5F1, and F6F1) and the conventional controls
(Appendix B, Table B-1). It has been previously demonstrated that whole genome sequencing at
75% depth of coverage provides comprehensive coverage and ensures detection of inserted DNA
(Cade et al., 2018; Kovalic et al., 2012). Total sequencing generated, renderings of mappings
across subsequent generations, controls, and reference substances, and summary statistics of
T-DNA coverage are included in Appendix K.

To demonstrate the method’s ability to detect any sequences derived from the PV-ZMIR522223
transformation plasmid or the Cre recombinase-containing transformation plasmid vector
PV-ZMOO513642, a sample of PV-ZMIR522223 and PV-ZMOO513642, were sequenced by
NGS following the same processes outlined for all samples in Appendix B. The resulting
PV-ZMIR522223 and PV-ZMOO513642 reads were randomly selected to achieve a depth of one
and 1/10™ genome equivalent (relative to the median coverage of the LH244 conventional control).
In all cases, 100% coverage of the known PV-ZMIR522223 or PV-ZMOOS513642 sequences were
observed (Appendix B, Table B-2). This result demonstrates that all nucleotides of
PV-ZMIR522223 and PV-ZMOOS513642 are detectable by the sequencing and bioinformatic
assessments performed and that a detection level of at least 1/10™ genome equivalent was achieved
for the plasmid DNA sequence assessment.
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Table IV-1. Summary of Genetic Elements in MON 95379

Genetic Element!

Location in
Sequence?

Function (Reference)

5' Flanking DNA

1-1000

DNA sequence flanking the 5' end of the
insert

B3-Left Border Region
rl

1001-1186

DNA region from

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

Intervening Sequence

1187-1221

Sequence used in DNA cloning

loxP

1222-1255

Sequence from Bacteriophage P/ for the
loxP recombination site recognized by the
Cre recombinase (Russell et al., 1992).

Intervening Sequence

1256-1366

Sequence used in DNA cloning

T4-Ltp

1367-1666

3' UTR sequence of a Lipid Transfer
Protein-like gene (LTP) from Oryza sativa
(rice) that directs polyadenylation of
mRNA (Hunt, 1994).

Intervening Sequence

1667-1675

Sequence used in DNA cloning

CS5-Cry1B.868

1676-5275

Coding sequences of three domains and a
protoxin sourced from Bacillus
thuringiensis (Bt) parental proteins
arranged as a single chimeric pesticidal
protein (Cry1B.868) that confers
protection against lepidopteran insect
pests via insect midgut disruption (Wang
et al., 2019).

Intervening Sequence

5276-5301

Sequence used in DNA cloning

P$-Zm.Ubq

5302-7309

Promoter, 5' UTR and first intron
sequences of the ubiquitin (Ubgq) gene
from Zea mays subsp. Mexicana (Mexican

teosinte) that directs transcription in plant
cells (Cornejo et al., 1993).

Intervening Sequence

7310-7336

Sequence used in DNA cloning

E’-FMV

7337-7873

Enhancer from the 35S RNA of figwort
mosaic virus (FMV) (Richins et al., 1987)
that enhances transcription in most plant
cells (Rogers, 2000).

Intervening Sequence

7874-7884

Sequence used in DNA cloning
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Table IV-1. Summary of Genetic Elements in MON 95379 (continued)

P-Tip 7885-8865 Promoter and 5' UTR sequences from
Setaria italica (foxtail millet) tonoplast
membrane integral protein (Tip) gene
(Hernandez-Garcia and Finer, 2014).

Intervening Sequence 8866-8873 Sequence used in DNA cloning

IB-Actl5 8874-10166 Intron and flanking UTR sequence from

the Actin 15 (Act 15) gene from Oryza
sativa (rice) that is involved in
regulating gene expression (Rose, 2008).

Intervening Sequence

10167-10184

Sequence used in DNA cloning

CS-CrylDa_7

10185-13685

Codon optimized coding sequence of
crylDa_7 from Bacillus

thuringiensis (Bt) encoding a modified
CrylDa_7 protein that confers
protection against lepidopteran insect
pests via insect midgut disruption (Wang
etal., 2019).

Intervening Sequence

13686-13701

Sequence used in DNA cloning

T-GOS2

13702-14169

3' UTR sequence from the GOS2 gene
encoding a translation initiation factor
from Oryza sativa (rice) that directs
polyadenylation of mRNA (Hunt, 1994).

Intervening Sequence

14170-14322

Sequence used in DNA cloning

3' Flanking DNA

14323-15322

DNA sequence flanking the 3' end of the
insert

! Although flanking sequences and intervening sequences are not functional genetic elements, they

comprise a portion of the sequence.
2 Numbering refers to the sequence of the insert in MON 95379 and adjacent DNA

3 B, Border

* T, Transcription Termination Sequence

> CS, Coding Sequence
® P, Promoter

7 E, Enhancer

$1, Intron

™t Superscript in Left indicate that the sequence in MON 95379 was truncated compared to the sequences

in PV-ZMIR522223
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RO
®

R1

l@
x LH244 Cre

|
Ff(lg)

F3
l x HCL617

F4123 mmmmmemp  F4F11

®

Y . xHCL617
F5

®

v x HCL617
F6

> F5F11

>  F6F1!

Figure IV-4. Breeding History of MON 95379

The generations used for molecular characterization and insert stability analyses are indicated in bold text.
RO corresponds to the transformed plant, ® designates self-pollination.

!Generations used to confirm insert stability.

2Generation used for molecular characterization.

3 Generation used for commercial development of MON 95379.

4The F2 generation was screened for plants lacking the cre gene. Only those plants lacking the cre gene
were self-pollinated to create a F3 population of plants lacking the cre gene.
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IV.B.2. Selection of Sequence Reads Containing Sequence of the PV-ZMIRS522223 and
PV-ZMOO0O513642

The transformation plasmid, PV-ZMIR522223, was transformed into the parental variety LH244
to produce MON 95379. Consequently, any DNA inserted into MON 95379 will consist of
sequences that are similar to the PV-ZMIR522223 DNA sequence. Therefore, to fully characterize
the DNA from PV-ZMIR522223 inserted in MON 95379, it is sufficient to completely analyze
only the sequence reads that have similarity to PV-ZMIR522223
(Figure IV-1, Step 2). Similarly, to confirm the absence of the Cre-containing transformation
plasmid vector, PV-ZMOO513642, in MON 95379 it is sufficient to completely analyze only the
sequence reads that have similarity to PV-ZMOO513642.

Using established criteria (described in the materials and methods, Appendix B), any sequence
reads similar to PV-ZMIR522223 and PV-ZMOOS513642 were selected from MON 95379
sequence datasets (PV-ZMOO513642 selection was only conducted on the F4 generation) and
were then used as input data for bioinformatic junction sequence analysis. PV-ZMIR522223 and
PV-ZMOO513642 sequences were also compared against the conventional control sequence
datasets.

IV.B.3. Determination of T-DNA Copy Number and Presence or Absence of Plasmid Vector
Backbone

Mapping sequence reads relative to the transformation plasmid allows for the identification of
junction signatures, the presence or absence of plasmid backbone sequence and the number of
T-DNA insertions. For a single copy T-DNA insert sequence at a single genomic locus and the
complete absence of plasmid vector backbone, a single junction signature pair and few if any reads
aligning with the transformation plasmid backbone sequences are expected.

When reads from the LH244 dataset were aligned with the transformation plasmid sequence, a
number of reads mapped to the T-DNA promoter element Zm.Ubq sequence (Figure IV-5). The
alignment of these sequence reads is the result of an endogenous maize sequence that is
homologous to the T-DNA encoded promoter element Zm.Ubg sequence. No other regions of
homology were identified between the PV-ZMIRS522223 transformation plasmid reference
sequence and the conventional control.

When reads from the MON 95379 (F4) dataset were aligned with the transformation plasmid
sequence, large numbers of reads mapped to the intended T-DNA sequence, one paired read was
identified which aligned to the transformation plasmid backbone, a number of unpaired reads
aligned to the T-DNA promoter element Zm.Ubq, and no reads mapped to the selectable marker
cassette (Figure IV-6). The presence of unpaired reads aliging to this Zm.Ubq are indicative of
sequences from an endogenous maize element mapping to the transformation vector
(Appendix L). This is most readily observed by comparing and contrasting the unpaired reads
aligning to the Zm. Ubq region to those observed in the LH244 conventional control dataset (Panel
1, Figures IV-5 and IV-6). A comparison of mapped reads from F4 and the conventional control
reveals that mapped reads are present at sample equivalent levels and show virtually identical
mapping signatures. This, in conjunction with an absence of junction sites, indicates that all
additional reads and subsequent relative increases of depth across this region are entirely derived
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from the endogenous maize Zm.Ubg homolog, and therefore not indicative of any additional
T-DNA insertion (partial or whole). The mapping of large numbers of reads from the MON 95379
(F4) dataset to the intended T-DNA sequence is expected and fully consistent with the presence of
the inserted DNA.

A single pair of reads was found to align with OR-ori-pBR322 sequences (Figure IV-6). The
sporadic low-level detection of plasmid sequences such as OR-ori-pBR322 has previously been
described (Zastrow-Hayes et al., 2015), and reported (see Supplemental Figure S1 in Yang et al.
(2013)), and is due to the presence of environmental bacteria in tissue samples used in the
preparation of genomic DNA used for library construction. The presence of this sequence from
environmental bacteria does not indicate the presence of backbone sequence in the MON 95379
(F4) generation. This analysis indicates that MON 95379 (F4) does not contain inserted sequence
from the transformation plasmid backbone.

No reads mapped to the selectable marker cassette (T-7ubA, TS-CTP2, CS- cp4 epsps, and P-
TubA). This result is expected as MON 95379 was crossed with a Cre recombinase expressing
line that enable the removal of the cp4 epsps gene cassette positioned between two excision
targeting lox sites (Hare and Chua, 2002; Zhang et al., 2003). After excision, a single lox site
remained, as expected. The absence of the selectable marker cassette results in a gap in reads as
illustrated in Figure IV-6.

To determine the insert number in MON 95379 (F4), selected reads mapping to T-DNA as
described above were analyzed to identify junctions. This bioinformatic analysis is used to find
and classify partially matched reads characteristic of the ends of insertions. The number of unique
junctions determined by this analysis are shown in Table 1V-2.

Table IV-2. Unique Junction Sequence Class Results

Sample Junctions Detected
MON 95379 (F4) 2
LH244 0

Detailed mapping information of the junction sequences is shown in Figure IV-6. The location and
orientation of the junction sequences relative to T-DNA insert determined for MON 95379 are
illustrated in Figure IV-6, panels 1 and 2. As shown in the figure, there are two junctions identified
in MON 95379. Both junctions contain the T-DNA border sequence joined to flanking genomic
sequence, indicating that they represent the sequences at the junctions of the intended T-DNA
insert and the maize genome. As described earlier, no junctions were detected in any of the
conventional maize control samples.

Considered together, the absence of plasmid backbone and the presence of two junctions (joining
T-DNA borders and flanking sequences) indicate a single intended T-DNA at a single locus in the
genome of MON 95379. Both of these junctions originate from the same locus of the MON 95379
genome and are linked by contiguous, previously determined and expected DNA sequence (with
the exception of the selectable marker cassette which was excised as described earlier). This is

Bayer CropScience LP CR282-20U1 66



demonstrated by complete coverage of the sequenced reads spanning the interval between the
junctions and the directed sequencing of overlapping PCR products described in Section I'V.C.

Based on the comprehensive NGS and junction identification it is concluded that MON 95379
contains one copy of the T-DNA inserted into a single locus. This conclusion is confirmed by the
sequencing and analysis of overlapping PCR products from this locus as described in Section IV.C.
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Figure IV-5. Read Mapping of Conventional Maize LH244 Versus PV-ZMIR522223

Panel 1 shows the location of unpaired mapped reads, Panel 2 shows paired mapped reads, and Panel 3
shows a representation of combined raw read depth for unpaired and paired reads across the reference.

Vertical lines show genetic element boundaries.
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Figure IV-6. Read Mapping of MON 95379 (F4) Versus PV-ZMIRS522223

Panel 1 shows the location of unpaired mapped reads. Panel 2 shows paired mapped reads and Panel 3
shows a representation of combined raw read depth for unpaired and paired reads across the reference
sequence. Vertical lines show genetic element boundaries. The region of flank junction sequences that align
with the transformation plasmid are shown in red. Comparable results were observed when read mapping
the F4F1, F5, F5F1, and F6F1 generations of MON 95379 versus PV-ZMIR522223 (Appendix K).
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1V.B.4. Determination of Absence of Plasmid Vector PV-ZM0OO0O513642

At the R2 generation (Figure IV-4), MON 95379 was crossed with a Cre recombinase expressing
line. The Cre/lox technology enables the removal of the selectable marker cassette (T-7TubA, TS-
CTP2, CS-cp4 epsps, and P-TubA) which was inserted during the transformation as part of the
T-DNA insertion that also included the cry1B.868 and crylDa 7 trait cassettes. The resulting F1
progeny were self-pollinated and plants from the F2 generation were screened for the absence of
the cre gene and associated genetic elements (and other sequences from plasmid
PV-ZMOO513642), allowing for selection of lines lacking the Cre recombinase cassette that were
used as the progenitor of subsequent generations and the final product.

To confirm the absence of the Cre recombinase cassette and any part of the cre gene containing
transformation vector, MON 95379 was assessed by utilizing the comprehensive collection of
generation F4 NGS reads and subsequently mapping them to the cre gene containing
transformation plasmid (PV-ZMOO513642) sequence Figure IV-7. In the absence of any
PV-ZMOOS513642 insertions there should be zero junction signature pairs and limited reads
aligning with the PV-ZMOOS513642 sequences.

When reads from the MON 95379 (F4) dataset were aligned with the PV-ZMOQOS513642 sequence,
a number of reads aligned to the left border region (B-Left Border Region). Only a small number

of reads mapping to the promoter element Ract/ mapped to T-DNA, and only one paired read was
identified which aligned to the PV-ZMOOS513642 backbone (Figure IV-7).

The mapping of a number of reads from the MON 95379 (F4) dataset to the left border region (B-
Left Border Region) is expected since PV-ZMOO513642 and PV-ZMIR522223 share the same
left border region sequence and PV-ZMIR522223’s left border region is present in MON 95379
(Figure IV-6). The small number of reads mapping to the promoter element Ract! are also present
in the LH244 control background. This is fully consistent with the presence of a homologous
sequence being present in the LH244 control background (Figure IV-8) and does not indicate the
presence of PV-ZMOO513642 T-DNA in MON 95379. Additionally, a single pair of reads was
found to align with OR-ori-pBR322 sequences (Figure IV-7). The sporadic low level detection of
plasmid sequences such as OR-ori-pBR322 has previously been described (Zastrow-Hayes et al.,
2015), and reported (see Supplemental Figure S1 in Yang et al. (2013)), and is due to the presence
of environmental bacteria in tissue samples used in the preparation of genomic DNA used for
library construction. As such, the incidence of this sequence from environmental bacteria does not
indicate the presence of backbone sequence in the MON 95379 (F4) generation. Considered
together, the limited reads aligning with the PV-ZMOOS513642 sequences and the absence
junctions (joining T-DNA borders and flanking sequences; Table IV-3) indicate that MON 95379
(F4), and subsequent generations, do not contain inserted sequence from the cre gene containing
transformation plasmid, PV-ZMOQO513642.
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Table IV-3. Unique Junction Sequence Class Results

Sample Junctions Detected
MON 95379 (F4) 0
LH244 0
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Figure IV-7. Read Mapping of MON 95379 (F4) Versus PV-ZMOO513642

Panel 1 shows the location of unpaired mapped reads. Panel 2 shows paired mapped reads and Panel 3
shows a representation of combined raw read depth for unpaired and paired reads across the reference
sequence. Vertical lines show genetic element boundaries.
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Figure IV-8. Read Mapping of Conventional Maize LH244 Versus PV-ZMOO513642

Panel 1 shows the location of unpaired mapped reads, there are no paired mapped reads, and Panel 2 shows
a representation of combined raw read depth for unpaired and paired reads across the reference sequence.

Vertical lines show genetic element boundaries.
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IV.C. Organization and Sequence of the Insert and Adjacent DNA in MON 95379

The organization of the elements within the DNA insert and the adjacent genomic DNA was
assessed using directed DNA sequence analysis (refer to Figure IV-1, Step 4). PCR primers were
designed to amplify two overlapping regions of the MON 95379 genomic DNA that span the entire
length of the insert and the adjacent DNA flanking the insert (Figure IV-9). The amplified PCR
products were subjected to DNA sequencing analyses. The results of this analysis confirm that the
MON 95379 insert is 13322 bp and that each genetic element within the T-DNA is intact compared
to PV-ZMIRS522223, with the exception of the border regions. The right border region was absent
and the left border region contained small terminal deletions with the remainder of the inserted
border region being identical to the sequence in PV-ZMIR522223. The sequence and organization
of the insert was also shown to be identical to the corresponding T-DNA of PV-ZMIR522223 as
intended. As noted, in Section IV.B.3, the selectable marker cassette (T-7TubA, TS-CTP2, CS-cp4
epsps, and P-TubA) and one loxP site (bases 478 through 4893 of the PV-ZMIR522223 sequence)
were excised by Cre recombinase, and as expected, are not present in the MON 95379 sequence.
This analysis also shows that only T-DNA elements (described in Table IV-1) were present. In
addition, 1000 base pairs flanking the 5’ end of the MON 95379 insert (Table IV-1, bases 1-1000)
and 1000 base pairs flanking the 3’ end of the MON 95379 insert (Table IV-1, bases 14323-15322)
were determined.
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Figure IV-9. Overlapping PCR Analysis across the Insert in MON 95379

PCR was performed on both conventional control genomic DNA and genomic DNA of the F4 generation
of MON 95379 using two pairs of primers to generate overlapping PCR fragments from MON 95379 for
sequencing analysis. To verify the PCR products, 2 ul of each of the PCR reactions was loaded on the gel.
The expected product size for each amplicon is provided in the illustration of the insert in MON 95379 that
appears at the bottom of the figure. This figure is a representative of the data generated in the study. Lane
designations are as follows:

Lane

1 1 Kb Plus DNA Ladder

2 No template control

3 LH244 Conventional Control
4 MON 95379

5 No template control

6 LH244 Conventional Control
7 MON 95379

8 1 Kb Plus DNA Ladder

Arrows on the agarose gel photograph denote the size of the DNA, in kilobase pairs, obtained from the
1 Kb Plus DNA Ladder (Invitrogen) on the ethidium bromide stained gel.

™t Superscript in Left Border Regions indicate that the sequence in MON 95379 was truncated compared
to the sequences in PV-ZMIR522223.
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IV.D. Sequencing of the MON 95379 Insertion Site

PCR and sequence analysis were performed on genomic DNA extracted from the conventional
control to examine the insertion site in conventional maize (see Figure IV-1, Step 5). The PCR
was performed with one primer specific to the genomic DNA sequence flanking the 5° end of the
MON 95379 insert paired with a second primer specific to the genomic DNA sequence flanking
the 3’ end of the insert (Figure IV-10). A sequence comparison between the PCR product
generated from the conventional control and the sequence generated from the 5 and 3’ flanking
sequences of MON 95379 indicates that 160 bases of maize genomic DNA were deleted during
integration of the T-DNA. Such changes are common during plant transformation (Anderson et
al., 2016) and these changes presumably resulted from double stranded break repair mechanisms
in the plant during Agrobacterium-mediated transformation process (Salomon and Puchta, 1998).
The remainder of the maize genomic DNA sequences flanking the insert in MON 95379 are
identical to the conventional control.
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Figure IV-10. PCR Amplification of the MON 95379 Insertion Site

PCR analysis was performed to evaluate the insertion site. PCR was performed on conventional control
DNA using Primer A, specific to the 5’ flanking sequence, and Primer B, specific to the 3’ flanking
sequence of the insert in MON 95379. The DNA generated from the conventional control PCR was used
for sequencing analysis. This illustration depicts the MON 95379 insertion site in the conventional control
(upper panel) and the MON 95379 insert (lower panel). Approximately 2 pl of each of the PCR reactions
was loaded on the gel. This figure is representative of the data generated in the study. Lane designations
are as follows:

Lane

1 1 Kb Plus DNA Ladder

2 No template control

3 LH244 Conventional Control
4 1 Kb Plus DNA Ladder

Arrows on the agarose gel photograph denote the size of the DNA, in kilobase pairs, obtained from the
1 Kb Plus DNA Ladder (Invitrogen) on the ethidium bromide stained gel.
™t Superscript in Left Border Regions indicate that the sequence in MON 95379 was truncated compared

to the sequences in PV-ZMIR522223.
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IV.E. Determination of Insert Stability over Multiple Generations of MON 95379

In order to demonstrate the stability of the T-DNA present in MON 95379 through multiple
breeding generations, NGS was performed using DNA obtained from five breeding generations of
MON 95379. The breeding history of MON 95379 is presented in Figure IV-4, and the specific
generations tested are indicated in the figure legend. The MON 95379 (F4) generation was used
for the molecular characterization analyses discussed in Sections IV.B-IV.D and shown in Figure
IV-4. To assess generational stability of the T-DNA, four additional generations were evaluated
by NGS as previously described in Section IV.B, and compared to the fully characterized F4
generation. The conventional controls used for the generational stability analysis included LH244,
with similar background genetics to the F4 and F5 generations and represents the original
transformation line; and LH244 x HCL617, a hybrid with similar background genetics to the F4F1,
F5F1, F6F1 hybrids. Genomic DNA isolated from each of the selected generations of MON 95379
and conventional control was used for NGS, mapping, and subsequent junction identification
(Table IV-4).

Table IV-4. Junction Sequence Classes Detected

Junction Sequence
Sample Classes Detected

MON 95379 (F4)
MON 95379 (F5)
MON 95379 (F4F1)
MON 95379 (F5F1)
MON 95379 (F6F1)
LH244
LH244 x HCL617

S O NN

As shown by alignment to the full flank/insert sequence obtained from directed sequencing, a
single conserved pair of junctions linked by contiguous known and expected DNA sequence is
present in MON 95379 (F4). Two identical junctions are found in each of the breeding generations
(F5, F4F1, F5F1, and F6F1), confirming the insertion of a single copy of PV-ZMIR522223 T-
DNA at a single locus in the genome of MON 95379, and the consistency of these junctions in the
mapping data across all generations tested demonstrates that this single locus is stably maintained
throughout the MON 95379 breeding process.

These results demonstrate that the single locus of integration characterized in the F4 generation of
MON 95379 is found in five breeding generations of MON 95379, confirming the stability of the
insert. This comprehensive NGS and bioinformatic analysis of NGS data from multiple
generations supports the conclusion that MON 95379 contains a single, stable insert T-DNA.
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IV.F. Inheritance of the Genetic Insert in MON 95379

The MON 95379 T-DNA resides at a single locus within the maize genome and therefore should
be inherited according to Mendelian principles of inheritance. During development of lines
containing MON 95379, phenotypic and genotypic segregation data were recorded to assess the
inheritance and stability of the MON 95379 T-DNA using Chi square (?) analysis over several
generations. The * analysis is based on comparing the observed segregation ratio to the expected
segregation ratio according to Mendelian principles.

The MON 95379 breeding path for generating segregation data is described in Figure IV-11. The
transformed RO plant was self-pollinated to generate R1 seed. An individual homozygous positive
plant for the MON 95379 T-DNA was identified in the R1 segregating population by Real-Time
TagMan™PCR assay.

The homozygous positive R1 plant was self-pollinated to give rise to R2 seed. At the R2
generation, plants were crossed with a Cre recombinase expressing line. The Cre//ox technology
enables the removal of DNA sequence positioned between two excision targeting sequences called
lox sites (Hare and Chua, 2002; Zhang et al., 2003). The Cre recombinase enzyme facilitates the
excision of the selectable marker cassette which was inserted during the transformation as part of
the T-DNA insertion that also included the gene of interest cassettes. After excision, a single /ox
site remains in the F; generation. The resulting F1 progeny were self-pollinated and the F2
generation were screened for the absence of the cre gene (and other sequences from plasmid PV-
ZMO0OO0513642), allowing for selection of lines lacking the Cre recombinase cassette from
subsequent generations and the final product. The F2 plants lacking the cre gene were self-
pollinated to produce F3 seed. The homozygous positive F3 plant was self-pollinated to give rise
to F4 seed. The homozygous positive F4 plants were crossed via traditional breeding techniques
to a proprietary elite inbred parent that does not contain the cry/B.868 and crylDa 7 coding
sequences to produce hemizygous F4F1 seed. The hemizygous F4F1 plants were self-pollinated
to produce F4F2 seed. The F4F2 generation was tested for the presence of MON 95379 T-DNA
by Real Time TagMan® PCR assay for crylB.868. Hemizygous positive FAF2 plants were self-
pollinated to produce F4F3 seed. The F4F3 generation was tested for the presence of the T-DNA
by Real Time TagMan® PCR assay for crylB.868. Hemizygous positive FAF3 plants were self-
pollinated to produce F4F4 seed. The F4F4 generation was tested for the presence of the T-DNA
by Real Time TagMan® PCR assay for cry1B.868.

The inheritance of the MON 95379 T-DNA was assessed in the F4F2, F4F3, and F4F4
generations. At all generations, the MON 95379 T-DNA was predicted to segregate at a 1:2:1 ratio
(homozygous positive: hemizygous positive: homozygous negative) according to Mendelian
inheritance principles.

3 TaqMan® is a registered trademark of Roche Molecular Systems, Inc.
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A Pearson’s chi square (%) analysis was used to compare the observed segregation ratios of the
MON 95379 T-DNA I coding sequence to the expected ratios.

The Chi square was calculated as:

1?=X[(lo—e])/e]

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

The results of the y* analysis of the segregating progeny of MON 95379 are presented in Table
IV-5. The y? value in the F4F2, F4F3, and F4F4 generations indicated no statistically significant
difference between the observed and expected segregation ratios of MON 95379 T-DNA. These
results support the conclusion that the MON 95379 T-DNA resides at a single locus within the
maize genome and is inherited according to Mendelian principles of inheritance. These results are
also consistent with the molecular characterization data indicating that MON 95379 contains a
single intact copy of the T-DNA inserted at a single locus in the maize genome (Sections IV.B-
IV.E).
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Figure IV-11. Breeding Path for Generating Segregation Data for MON 95379

*Chi-square analysis was conducted on segregation data from F4F2, F4F3, and F4F4 generations (bolded

text).

®: Self-Pollinated

! The F2 generation was screened for plants lacking the cre gene cassette. Only those plants lacking the
cre gene cassette were self-pollinated to create a F3 generation lacking the cre gene cassette.
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IV.G. Characterization of the Genetic Modification Summary and Conclusion

As described in this section, characterization of the genetic modification in MON 95379 was
conducted using a combination of sequencing, PCR, and bioinformatics. The results of this
characterization demonstrate that MON 95379 contains a single copy of the intended T-DNA
containing the cry/B.868 and crylDa_7 expression cassettes that is stably integrated at a single
locus and is inherited according to Mendelian principles over multiple generations. These
conclusions are based on the following:

e Molecular characterization of MON 95379 by NGS demonstrated that MON 95379
contained a single intended DNA insert. These whole-genome analyses provided a
comprehensive assessment of MON 95379 to determine the presence and identity of
sequences derived from PV-ZMIR522223 and demonstrated that MON 95379 contains a
single T-DNA insert, with no detectable backbone or cp4 epsps selectable marker from
sequences from PV-ZMIR522223 or any sequences from PV-ZMOQO513642.

e Directed sequencing (locus-specific PCR, DNA sequencing and analyses) performed on
MON 95379 was used to determine the complete sequence of the single DNA insert from
PV-ZMIR522223, the adjacent flanking DNA, and the 5' and 3' insert-to-flank junctions.
This analysis confirmed that the sequence and organization of the DNA is identical to the
corresponding region in the PV-ZMIR522223 T-DNA. Directed sequencing also
confirmed that the cp4 epsps selectable marker cassette which was excised, along with one
loxP site, by Cre recombinase, is not present in the MON 95379 sequence. Furthermore,
the genomic organization at the insertion site in MON 95379 was assessed by comparing
the sequences flanking the T-DNA insert in MON 95379 to the sequence of the insertion
site in conventional maize. This analysis determined that 160 bases were deleted at the
insertion site in MON 95379 upon DNA integration.

e Generational stability analysis by NGS demonstrated that the single PV-ZMIR522223
T-DNA insert in MON 95379 has been maintained through five breeding generations,
thereby confirming the stability of the T-DNA in MON 95379.

e Segregation data confirm that the inserted T-DNA segregated according to Mendelian
inheritance patterns, which corroborates the insert stability demonstrated by NGS and
independently establishes the nature of the T-DNA at a single chromosomal locus.

Taken together, the characterization of the genetic modification in MON 95379 demonstrates that
a single copy of the intended T-DNA was stably integrated at a single locus of the maize genome
and that no PV-ZMIR522223 plasmid backbone, cp4 epsps selectable marker, or
PV-ZMOO513642 sequences are present in MON 95379.
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V. CHARACTERIZATION AND SAFETY ASSESSMENT OF THE Cry1B.868
AND CrylDa_7 PROTEINS PRODUCED IN MON 95379

Characterization of the introduced protein(s) in a biotechnology-derived crop is important to
establishing food, feed, and environmental safety. As described in Section IV, MON 95379
contains crylB.868 and crylDa_7 expression cassettes that, when transcribed and translated, result
in the expression of the Cry1B.868 and CrylDa 7 proteins, respectively.

A multistep approach to the safety assessment of the MON 95379 Cry1B.868 and CrylDa 7
proteins was conducted according to guidance established by the Codex Alimentarius Commission
(Codex Alimentarius, 2009) and OECD, which embody the principles and guidance of the FDA’s
1992 policy on foods from new plant varieties. The assessment includes: 1) characterization of the
physicochemical and functional properties of each expressed protein; 2) documenting the history
of safe consumption of the expressed protein or its structural and functional homology to proteins
that lack adverse effects on human or mammalian health; 3) examination of the similarity of each
expressed protein to known allergens, toxins or other biologically active proteins known to have
adverse effects on humans and other mammals; 4) evaluation of the susceptibility of each
expressed protein to the digestive enzymes pepsin and pancreatin; 5) quantification of each
expressed proteins’ expression in plant tissues; 6) a confirmatory evaluation of potential
mammalian toxicity. The safety assessment completed for MON 95379 maize supports the
conclusion that exposure to the Cry1B.868 and CrylDa_ 7 proteins derived from MON 95379
would not pose any risk to human or mammalian health.

V.A. Identity and Function of the Cry1B.868 and CrylDa_7 Proteins from MON 95379

The MON 95379 Cry1B.868 and CrylDa 7 proteins belong to the Cry three domain family of
proteins that has a well-documented mode of action (Gill et al., 1992; OECD, 2007; Schnepf et
al., 1998; Vachon et al., 2012). Ingestion of Cry proteins by the target insect pest exposes the
protein to the alkaline conditions and proteases in the insect midgut, resulting in proteolytic
cleavage of the protein’s protoxin domain, thus solubilizing the parasporal inclusions and
converting the protein to the active insecticidal toxin. Following activation, this protease-resistant
core protein is comprised of three distinct structural domains that function in a step-wise
mechanism of binding to specific membrane-embedded receptors, oligomerization at the
membrane interface, insertion into the plasma membrane and pore formation leading to loss of cell
integrity followed by delayed development or insect death (Bravo et al., 2007; Deist et al., 2014).

Cry1B.868 is a protein that comprises a single polypeptide of 1199 amino acids with an apparent
molecular weight of approximately 127 kDa. Like other Cry proteins, CrylB.868 is first
synthesized as a prototoxin that upon exposure to the midgut of target organisms is cleaved by
digestive enzymes to yield an approximately 60 kDa activated protein (Bravo et al., 2007).
Cry1B.868 is a chimeric three domain protein that consists of domains I and II from Cryl1Be,
domain III from Cry1Ca, and the C-terminal domain from CrylAb (Figure V-1). CrylA, CrylC
and Cry1B proteins are from a family of insecticidal proteins derived from various subspecies of
the soil bacterium Bacillus thuringiensis (Bt) which have been used extensively in formulation for
commercial biopesticides (Betz et al., 2000; Bravo et al., 2011; EFSA, 2012). Cryl1B.868 was
designed using a domain exchange strategy to achieve high levels of activity against target
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lepidopteran insect pests. Domain exchange is a well-known mechanism in nature, resulting in
diversities in Cry protein functional activity that have been described extensively in the literature
(de Maagd et al., 2003; de Maagd et al., 2001). By utilizing modern molecular biological tools, a
domain exchange strategy has previously been used successfully to switch the functional domains
of Cryl proteins to develop microbial biopesticides with improved specificity to lepidopteran
insect pests. (Baum, 1998; Baum et al., 1999; Gao et al., 2006). Similarly, by exchanging Domain
II1, Cry1B.868 has been engineered to have an enhanced specificity for fall armyworm relative to
CrylBe (Wang et al., 2019). Domains I and II of Cry1B.868 are 100% identical to the respective
domains of CrylBe. Domain III of Cryl1B.868 is 100% identical to domain III of CrylCa. The
C-terminal region of Cry1B.868 is 100% identical to that of CrylAb.

Domain I Domain II Domain 11 C-Terminal

% Sequence Similarity 100% 100% 100% 100%

Sequence Differences None None None None

Figure V-1. Schematic Representation of the Primary Domain Architecture of the
Cry1B.868 Protein

The domain architecture of the chimeric Cry1B.868 protein is schematically presented. Different shades
are used to differentiate the origin of domains. For simplicity, the lengths of the domains in this illustration
are not in proportion to the lengths of amino acid sequence of the respective domains.

CrylDa 7 in MON 95379 is a protein that comprises a single polypeptide of 1166 amino acids,
with an apparent molecular weight of approximately 132 kDa. Like other Cry proteins, it is first
synthesized as a prototoxin that upon exposure to the midgut of target organisms is cleaved by
digestive enzymes to yield an approximately 60 kDa activated protein (Bravo et al., 2007).
CrylDa_7 is a modified version of the Cry1Da protein that shares approximately 99.7% sequence
identity to its parent protein (Figure V-2). CrylDa is an insecticidal protein derived from the soil
bacterium Bz, which has been used extensively in the formulation of commercial biopesticides
(Bravo et al., 2011; EFSA, 2012). CrylDa_7 has four distinct amino acid differences relative to
CrylDa. In Domain I, the protein has an additional alanine at position 2. This alanine was added
to optimize the codon for translation of the protein in planta. In Domain II, there are three amino
acid substitutions: serine 282 to valine, tyrosine 316 to serine, and isoleucine 368 to proline. These
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amino acid substitutions result in an improvement in activity towards corn earworm relative to
Cry1Da while maintaining fall army worm activity (Wang et al., 2019).

Domain I Domain II Domain III C-Terminal

% Sequence Similarity 99% 99% 100% 100%
Sequence Differences N-terminal Sequence S282V None None
CrylDa: MEI Y316S
CrylDa_7: MAEI 1368P

Figure V-2. Schematic Representation of the Primary Domain Architecture of the
CrylDa_7 Protein

Domain architecture of the CrylDa 7 protein, which differs from its parent protein by only four amino
acids (an alanine is added in position two in Domain I and 3 single amino acid positions in Domain II; V =
valine, S = serine, Y = tyrosine, P = proline, I = isoleucine). For simplicity, the lengths of the domains in
this illustration are not in proportion to the lengths of amino acid sequence of the respective domains.

V.B. Characterization and Equivalence of Cry1B.868 and CrylDa_7 Proteins from
MON 95379

The safety assessment of crops derived through biotechnology includes characterization of the
physicochemical and functional properties of the protein(s) produced from the inserted DNA, and
confirmation of the safety of the protein(s). The expression level of Cry1B.868 and CrylDa 7 in
MON 95379 is low, and insufficient for use in the subsequent safety evaluations. Therefore,
recombinant Cry1B.868 and CrylDa_ 7 proteins were produced in B¢, using expression vectors
with crylB.868 or crylDa_7 coding sequences that matched those of the cry1B.868 or crylDa_7
coding sequences in MON 95379. The physicochemical and functional characteristics of the MON
95379-produced Cry1B.868 and CrylDa 7 proteins were determined and shown to be equivalent
to the Bt-produced Cry1B.868 and CrylDa_7 proteins, respectively. A summary of the analytical
results for the characterization and evaluation of the introduced proteins is shown below and the
details of the materials, methods, and results are described in Appendix C, Appendix D and
Appendix E.

The MON 95379-produced Cry1B.868 and CrylDa_ 7 proteins were purified from the grain of
MON 95379 and the physicochemical and functional properties were characterized using a panel
of analytical tests and compared to the Bz-produced version of each respective protein to establish
equivalence: 1) N-terminal sequence analysis of MON 95379-produced Cryl1B.868 and
CrylDa 7 identified the expected N-terminal sequence; 2) liquid chromatography-mass
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spectrometry (LC/MS) analysis yielded peptide masses consistent with the expected peptide
masses from the theoretical trypsin or Asp-N digest of the MON 95379-produced Cry1B.868 and
CrylDa 7 sequences; 3) western blot analysis with antibodies specific for CrylB.868 and
CrylDa 7 proteins demonstrated that the immunoreactive properties of each respective
MON 95379-produced and Bz-produced protein were equivalent; 4) SDS-PAGE analysis showed
that the molecular weight based on electrophoretic mobility of each respective
MON 95379-produced and Bt-produced protein was equivalent; 5) the MON 95379-produced and
Bt-produced MON 95379 Cryl1B.868 and CrylDa 7 proteins were determined to be non-
glycosylated; and 6) insect bioassay data was used to demonstrate equivalent functional activity
for each MON 95379-produced protein and its corresponding B¢-produced protein (See Appendix
C and Appendix D).

Taken together, these data provide a detailed characterization of the MON 95379-produced
Cry1B.868 and CrylDa_ 7 proteins and establish their equivalence to the Bz-produced Cry1B.868
and CrylDa 7 proteins, respectively. Demonstration of equivalency justifies the use of the
Bt-produced Cry1B.868 and CrylDa 7 proteins in studies to establish the safety of the Cry1B.868
and CrylDa_7 proteins expressed in MON 95379.

V.C. Cry1B.868 and CrylDa_7 Donor Organism and History of Safe Use

V.C.1. The Donor Organism has a History of Safe Use

The coding sequences for the Cry1B.868 and CrylDa 7 proteins are derived from the bacterium
Bacillus thuringiensis:

Kingdom: Bacteria
Phylum: Firmicutes
Class: Bacilli
Order: Bacillales
Family: Bacillaceae
Genus: Bacillus

The Cry1B.868 and CrylDa_7 proteins are derived from genetic elements that code for crystalline
proteins (Cry) that are expressed as parasporal inclusions (or d-endotoxins) in the ubiquitous gram-
positive bacterium Bacillus thuriengensis (Bt) (Gill et al., 1992; Schnepf et al., 1998; Vachon et
al., 2012). Bt isolates have a long, documented history of safe use in agriculture and safe human
consumption. Since the first Bf isolate was registered as a pesticide in 1961, over 180 microbial Bt
products have been registered in the United States (U.S.), with more than 120 microbial products
registered in the European Union (EU) (Hammond, 2004). Bt microbial biopesticides have been
safely and directly applied to consumed agricultural commodities including berry crops, cabbage,
grapes, tomatoes, celery, lettuce, and spinach (U.S. EPA, 1998a). For certain crops, a significant
percentage of the total U.S. grown crop has been treated with Bt crystal/spore preparations (e.g.,
blackberries (50%), celery (46%), and cabbage (39%)) (U.S. EPA, 1998a). In Europe, residual
levels of Bt microbials of up to 100,000 CFUs (colony forming units) were observed on fresh
vegetables following application of Bt microbial pesticides (Frederiksen et al., 2006). Thus, the
use of Bt microbials for pest control in agriculture, including in organic farming, provides a 50-
year history of safe consumption of food crops sprayed with Bt microbial pesticides. Due to the
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high efficacy and safety, global demand for Bt biopesticides, as a preferred substitution for
chemical pesticides, is expected to increase 5.3% from 2018 to 2022 (Chen, 2018) and is projected
to continue increasing (Damalas and Koutroubas, 2018; Seiber et al., 2014).

Several different Bt subspecies, including Bt subsp. kurstaki and Bt subsp. aizawai, have been
subjected to toxicity testing and showed no evidence for adverse effects on human health (Baum
etal., 1999; Betz et al., 2000; Federici and Siegel, 2008; Hammond, 2004; McClintock et al., 1995;
Mendelsohn et al., 2003; Siegel, 2001; U.S. EPA, 1986; 2001a). These subspecies are extensively
used in formulations for commercial biopesticides and express a diverse array of Cryl proteins
(e.g., CrylAa, CrylAb, CrylAc, CrylC, CrylD and CrylB proteins) (Betz et al., 2000).
Additionally, direct toxicity assessments of Bf microbial biopesticide formulations containing
these strains, such as Dipel®, Cutlass® OF°, Crymax®®, Xentari® WG, Turex® 50 WG?® and
Thuricide®™ have shown no evidence for adverse effects on human or mammalian health (Betz et
al., 2000; Fisher and Rosner, 1959; Hadley et al., 1987; McClintock et al., 1995; U.S. EPA, 1986;
1996b; VKM, 2016).

Taken together, the long history of safe use in agriculture and the comprehensive toxicity testing
of Bt subspecies and Br-derived biopesticides provides strong support for the conclusions that the
Cry1B.868 and CrylDa 7 donor organism (Bf) presents no health hazard to mammals when
present in food or feed or in the environment to non-target organisms beneficial to agriculture.

V.C.2. Cry Proteins have a History of Safe Use

The mode of action of Cry proteins has been extensively studied and is well-documented (Gill et
al., 1992; OECD, 2007; Schnepf et al., 1998; Vachon et al., 2012). Insecticidal proteins in this
family confer insect control by forming pores in the insect intestinal tract leading to developmental
delay or insect death. Ingestion of Cry proteins by the target insect pest exposes the protein to the
alkaline conditions and proteases in the insect midgut, which results in proteolytic cleavage of the
protein’s protoxin domain(s), thus solubilizing the parasporal inclusions and converting the protein
to the active insecticidal toxin. Target insect specificity is mediated in part by specific insect
midgut proteases that a