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The enclosed information is being submitted in accordance with the Guidance for 
Requesting a Regulatory Status Review under 7 CFR part 340 (USDA-APHIS 
Document ID BRS-GD-2020-003).  

We would be pleased to meet with you and other USDA officials and scientists to 
respond to any questions you may have, or to provide you with additional 
information that you may request. Should you have any questions on this letter, the 
enclosed information or wish to set up a meeting to further discuss MON 94313 
please contact James Nyangulu, Federal Engagement Lead, at (202) 304-6594, or 
Gregory Tilton at (412) 676-9691.   

 
 
Yours sincerely, 
 

 

Jessica Fernandez, B.S.  
Global Regulatory Manager  
Bayer CropScience LP 
 

 

cc: Bayer Regulatory File 
James Nyangulu, Ph.D., (202) 304-6594 
Gregory Tilton, Ph.D., (412) 6769691 
Debbie Mahadeo, B.S., (314) 623-7219 
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RELEASE OF INFORMATION 

Bayer CropScience LP (hereafter Bayer) is submitting this request for a Regulatory Status 
Review (RSR) by the USDA.  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 
request, 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 made available via the 
internet as part of a public comment period.  Bayer also understands that if the review proceeds 
to the plant pest risk assessment (PPRA) step and the RSR request has been deemed complete, a 
copy of the RSR request 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 and 
required under applicable law, Bayer does not authorize the release, publication or other 
distribution of this information without Bayer's prior notice and consent. 

 
 
 
 
 
 
 
 
 
© 2022 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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ABBREVIATIONS AND DEFINITIONS 

APHIS Animal and Plant Health Inspection Service 
CTP Chloroplast transit peptide 
DNA Deoxyribonucleic Acid 
DMO Dicamba mono-oxygenase 
DCSA Dichlorosalicylic acid 
FT_T.1 Modified FOPs and 2,4-D dioxygenase protein  
GE Genetically Engineered  

ILSI-CERA International Life Sciences Institute – Center for Environmental 
Risk Assessment 

mRNA Messenger Ribonucleic Acid 
OECD Organization for Economic Co-operation and Development 
PAT Phosphinothricin N-acetyltransferase 
RdpA R-2,4-dichlorophenoxypropionate dioxygenase 
RSR Regulatory Status Review 
T-DNA Transfer Deoxyribonucleic Acid 
TDO Triketone dioxygenase 
USDA United States Department of Agriculture 
WHO World Health Organization 
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I REQUESTOR  

The submitter of this initial Regulatory Status Review request for soybean MON 94313 is: 

Bayer CropScience LP 

700 Chesterfield Parkway West 

Chesterfield, MO 63017 

Communications with regard to this submission should be directed to Jessica Fernandez, B.S., 
Global Regulatory Manager, at the Bayer address listed above, or by email at 
jessica.fernandez@bayer.com. 

II RATIONALE FOR THE DEVELOPMENT OF MON 94313 

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 § 340.4, that are in effect 
on the date this Regulatory Status Review (RSR) request was filed, provide that an applicant may 
request a RSR of a plant developed using genetic engineering to evaluate whether the 
combination of the plant, introduced trait, and the trait’s mechanism of action (MOA) pose an 
increased plant pest risk relative to the comparator plant. 

II.A Basis for the Request 

Bayer is submitting this request for an initial RSR to APHIS for the agency to evaluate whether 
the genetically engineered (GE) soybean product, MON 94313, any progeny derived from 
crosses between MON 94313 and conventional soybean, and any progeny derived from crosses 
between MON 94313 and other GE soybean not subject to 7 CFR Part 340 regulations should 
continue to be regulated by APHIS. 

II.B Rationale for the Development of Herbicide Tolerant Soybean 

Bayer CropScience LP has developed herbicide tolerant MON 94313 soybean, which is tolerant 
to the herbicides glufosinate (2-amino-4-(hydroxymethylphosphinyl)butanoic acid), dicamba 
(3,6-dichloro-2-methoxybenzoic acid), 2,4-D (2,4-dichlorophenoxyacetate), and mesotrione 
(2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione). MON 94313 contains 
the phosphinothricin N-acetyltransferase (pat) gene from Streptomyces viridochromogenes that 
expresses the PAT protein to confer tolerance to glufosinate herbicide, a demethylase gene 
from Stenotrophomonas maltophilia that expresses a dicamba mono-oxygenase (DMO) protein 
to confer tolerance to dicamba herbicide, the ft_t.1 gene, a modified version of the R-2,4-
dichlorophenoxypropionate dioxygenase (RdpA) gene from Sphingobium herbicidovorans that 
expresses a modified FOPs and 2,4-D dioxygenase protein (FT_T.1) to confer tolerance to 2,4-D 
herbicide, and the TDO gene from Oryza sativa that expresses the triketone dioxygenase (TDO) 
protein to confer tolerance to mesotrione herbicide. 
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MON 94313 soybean will offer growers multiple choices for effective weed management 
including tough-to-control and herbicide-resistant broadleaf and grass weeds.  The flexibility to 
use combinations of any of these four herbicides representing multiple modes-of-action provides 
an effective and more durable weed management system for soybean production.  The best 
management practices for minimizing the development of herbicide resistant weeds involve 
implementing diversified weed management programs, which includes using multiple herbicides 
with different modes of action either in mixtures, sequences or in rotation and other 
recommended integrated weed management principles. 

MON 94313 soybean will be combined, through traditional breeding methods, with other 
deregulated soybean events (e.g., glyphosate-tolerant trait). MON 94313 soybean combined with 
glyphosate-tolerant soybean systems will provide: 1) an opportunity for an efficient, effective 
weed management system for hard-to-control and herbicide-resistant weeds; 2) a flexible system 
with multiple herbicide modes-of-action for in-crop application in current soybean production 
systems; 3) an opportunity to delay selection for further resistance to glyphosate and other 
herbicides that are important in crop production; 4) excellent crop tolerance to dicamba, 
glufosinate, 2,4-D, mesotrione and glyphosate; and 5) additional weed management tools to 
enhance weed management systems necessary to maintain or improve soybean yield and quality 
to meet the growing needs of the food, feed, and industrial markets. 

III DESCRIPTION OF COMPARATOR PLANT 

Soybean (Glycine max L. Merrill) variety A3555 is the parental line of MON 94313 and was 
used as the conventional soybean comparator in the safety assessment of MON 94313. 
MON 94313 and A3555 have similar genetic backgrounds with the exception of the dmo, pat, 
ft_t.1 and TDO expression cassettes, thus the effect of the dmo, pat, ft_t.1 and TDO cassesttes 
could be assessed in an unbiased manner in the comparative safety assessment. Variety A3555 
was developed via conventional breeding and is characterized by indeterminant growth habit and 
maturity group 3.5, making it best adapted to the central portion of the U.S. soybean growing 
region.  

IV GENOTYPE OF THE MODIFIED PLANT FOR MON 94313 

This section describes information to understand the genetic differences between the modified 
plant and the comparator plant, including nucleotide sequence and annotation of the genetic 
material that has been inserted into and remains in the genome of the modified plant, as 
described in the “Guidance for Requesting a Regulatory Status Review under 7 CFR part 340” 
(USDA-APHIS Document ID BRS-GD-2020-003).  

IV.A Sequence, Identity and Sources of the Genetic Material Inserted into MON 94313 

MON 94313 was created through an Agrobacterium-mediated transformation in A3555 soybean 
meristem explants with the PV-GMHT529103 binary vector DNA (~24.5 kb) based on the 
methods described by (Ye et al., 2008). After co-culturing with Agrobacterium AB30 strain 
carrying the plasmid vector, meristem explants were placed on selection medium to favor 
selection of transgenic events and inhibit the overgrowth of Agrobacterium.  
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PV-GMHT529103 contains two separate T-DNAs, each delineated by Left and Right Border 
regions and the vector backbone sequences.  The first T-DNA, designated as T-DNA I, contains 
the dmo, pat, ft_t.1, and TDO expression cassettes.  The second T-DNA, designated as 
T-DNA II, contains the selectable marker genes splA and aadA expression cassettes.  During 
transformation, both T-DNAs were inserted into the soybean genome.  Subsequently, 
segregation, selection and screening were used to isolate those plants that contained the dmo, pat, 
ft_t.1, and TDO expression cassettes (T-DNA I) and did not contain the splA and aadA 
expression cassettes (T-DNA II) or the backbone sequences from the transformation vector. 
MON 94313 was selected as the lead event based on superior agronomic, phenotypic and 
molecular characteristics.  The nucleotide sequence of the inserted genetic material in 
MON 94313 is provided in 0, and an annotation of the different genetic elements is provided in 
Table IV-1.  
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Table IV-1.  Annotation of the Inserted Genetic Material in MON 94313  
 

Genetic Element Location in 
Sequence 

Function (Reference) 

B1-Right Border 
Regionr1 

1-71 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)  
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 72-110 “Synthetic2 sequence” used in DNA cloning 
P3-ubq3-At1 111-1118 Promoter, leader and intron from Arabidopsis thaliana 

of the polyubiquitin gene ubq3 (Norris et al., 1993), 
which directs transcription in plant cells 
(Note: GenBank accession number not yet 
available)8 

TS4-apg6-At1 1119-1322 Targeting sequence of the APG6 gene from 
Arabidopsis thaliana encoding a HSP101 (heat shock 
protein) homologue and acts as a transit peptide that 
directs transport of the protein to the chloroplast 
(Myouga et al., 2006) 
(Note: GenBank accession number not yet 
available)8 

CS5-dmo 1323-2345 Codon optimized coding sequence for the dicamba 
mono-oxygenase (DMO) protein of Stenotrophomonas 
maltophilia that confers dicamba tolerance (Herman et 
al., 2005); (Wang et al., 1997) 
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 2346-2364 “Synthetic” sequence used in DNA cloning 
T6-sali3-2-Mt1 2365-2864 3ʹ UTR sequence from Medicago truncatula (barrel 

medic) of an aluminum-induced Sali3-2 protein that 
directs polyadenylation of the mRNA (Hunt, 1994) 
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 2865-2942 “Synthetic” sequence used in DNA cloning 
P-GSP579 2943-3442 A promoter and 5ʹ UTR that has been developed from 

multiple promoter and 5ʹ UTR sequences from 
Arabidopsis thaliana (To et al., 2021) that directs 
transcription in plant cells. 
(Note: GenBank accession number not yet 
available)8 

I7-GSI102 3443-3752 An intron that has been developed from multiple 
intron sequences from Arabidopsis thaliana (To et al., 
2021) that is involved in regulating gene expression 
(Note: GenBank accession number not yet 
available)8 
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Table IV-1.  Annotation of the Inserted Genetic Material in MON 94313 (Contiued) 
 
Intervening sequence 3753-3758 “Synthetic” sequence used in DNA cloning 
CS-pat 3759-4310 Codon optimized coding sequence for the 

phosphinothricin N–acetyltransferase (PAT) protein of 
Streptomyces viridochromogenes that confers 
tolerance to glufosinate (Wehrmann et al., 1996); 
(Wohlleben et al., 1988) 
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 4311-4318 “Synthetic” sequence used in DNA cloning 
T-Hsp20-Mt1 4319-4818 3ʹ UTR sequence from Medicago truncatula (barrel 

medic) of a putative Hsp20 gene encoding a heat 
shock protein that directs polyadenylation of the 
mRNA (Hunt, 1994) 
(GenBank accession: OK149196) 

Intervening sequence 4819-4901 “Synthetic” sequence used in DNA cloning 
P-ubq10-At1 4902-6103 Promoter, leader and intron from Arabidopsis thaliana 

of the polyubiquitin gene ubq10 (Norris et al., 1993), 
which directs transcription in plant cells 
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 6104-6109 “Synthetic” sequence used in DNA cloning 
CS-ft_t.1 6110-6997 Modified version of R-2,4 dichlorophenoxypropionate 

dioxygenase (rdpA) gene of Sphingobium 
herbicidovorans that expresses a modified FOPs and 
2,4-D dioxygenase protein (FT_T.1) that confers 
tolerance to 2,4-D herbicide in soybean (Larue et al., 
2019). 
(GenBank accession: MH043115) 

Intervening sequence 6998-7005 “Synthetic” sequence used in DNA cloning 
T-guf-Mt2 7006-7505 3ʹ UTR from an expressed gene of Medicago 

truncatula of unknown function that directs 
polyadenylation of mRNA (Hunt, 1994) 
(GenBank accession: OK149195) 

Intervening sequence 7506-7643 “Synthetic” sequence used in DNA cloning 
P-GSP576 7644-8143 A promoter and 5ʹ UTR that has been developed from 

multiple promoter and 5ʹ UTR sequences from 
Arabidopsis thaliana (To et al., 2021) that directs 
transcription in plant cells. 
(Note: GenBank accession number not yet 
available)8 

I-GSI17 8144-8443 An intron that has been developed from multiple 
intron sequences from Arabidopsis thaliana (To et al., 
2021) that is involved in regulating gene expression 
(Note: Genbank accession number not yet 
available)8 
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Table IV-1.  Annotation of the Inserted Genetic Material in MON 94313 (Contiued) 
 
Intervening sequence 8444-8478 “Synthetic” sequence used in DNA cloning 
CS-TDO 8479-9534 Codon optimized coding sequence for the triketone 

dioxygenase (TDO) protein of Oryza sativa that 
confers tolerance to mesotrione (Maeda et al., 2019) 
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 9535-9564 “Synthetic” sequence used in DNA cloning 
T-GST7 9565-9864 A 3ʹ UTR that has been developed from multiple 3ʹ 

UTR sequences from Zea mays (maize) (To et al., 
2021) that directs polyadenylation of the mRNA. 
(Note: GenBank accession number not yet 
available)8 

Intervening sequence 9865-9964 “Synthetic” sequence used in DNA cloning 
B-Left Border 
Regionr1 

9965-10196 DNA region from Agrobacterium tumefaciens 
containing the left border sequence used for transfer of 
the T–DNA (Barker et al., 1983) 
(GenBank accession: OK586894 positions 1 
through 232) 

1 B, Border 
r1 Superscript in the Left and Right Border Regions indicates that the sequence in MON 94313 was 
truncated compared to the sequences in PV-GMHT529103. 
2 The term “synthetic” used in this table is defined and described in the USDA/APHIS-BRS Guidance 
Document BRS-GD-2020-0003. In the context of this table, the word synthetic does not indicate that the 
sequence was manufactured but rather that the sequence is not purposefully obtained from a known 
source and does not have an assigned function, although some homology may exist to known DNA 
sequences. 
3 P, Promoter 
4 TS, Targeting sequence 
5 CS, Coding sequence 
6 T, Transcription termination sequence 
7 I, Intron 
8 GenBank accession numbers not available as of July 13, 2022 
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V DESCRIPTION OF THE NEW TRAIT FOR MON 94313 

This section describes the intended MON 94313 trait, intended phenotype associated with the 
trait, and mechanism of action by which the intended phenotype will be conferred, as described 
in the Guidance for Requesting a Regulatory Status Review under 7 CFR part 340 (USDA-
APHIS Document ID BRS-GD-2020-003 ).   

V.A Description of the Intended MON 94313 Trait 

MON 94313 is intended to provide herbicide tolerance.  

V.B Intended Phenotype of MON 94313 

Herbicide tolerant soybean MON 94313 is intended to provide tolerance to dicamba, glufosinate, 
2,4-D, and mesotrione herbicides and will offer growers multiple choices for effective weed 
management including tough-to-control and herbicide-resistant broadleaf and grass weeds.   

V.C Description of the Mechanism of Action for MON 94313 

DMO Protein 

MON 94313 soybean contains a demethylase gene from Stenotrophomonas maltophilia that 
expresses a dicamba mono-oxygenase (DMO) protein. As a mono-oxygenase protein, the DMO 
protein is part of the larger oxygenase family of enzymes that incorporate one or two oxygen 
atoms into substrates and are widely distributed in many universal metabolic pathways 
(Harayama et al., 1992). The DMO protein enzymatically catalyzes the demethylation of the 
broadleaf herbicide dicamba to the non-herbicidal compound 3,6-dichlorosalicylic acid (DCSA) 
and formaldehyde, thus conferring dicamba tolerance (Chakraborty et al., 2005). Expression of 
the DMO protein in MON 94313 is targeted to the chloroplast by a chloroplast transit peptide 
(CTP), which facilitates its co-localization with the endogenous reductase and ferredoxin 
enzymes required to supply electrons for the DMO demethylation reaction (Behrens et al., 2007).  

The DMO protein expressed in MON 94313 is identical to one of the DMO variants in 
MON 87429 maize (Petition Number 19-316-01p), submitted to APHIS in 2019 for 
determination of nonregulated status. Designated as DMO+0 in Petition 19-316-01p, the DMO 
protein in MON 94313 contains 340 amino acids and an apparent molecular weight ~35.6 kDa. 

The MON 94313 DMO protein shares a high level of sequence identity with other DMO proteins 
previously assessed and present in biotechnology-derived crops that were deregulated by USDA-
APHIS (MON 87708 soybean, USDA-APHIS Petition #10-188-01p, MON 88701 cotton, 
USDA-APHIS Petition #12-185-01p and MON 87419 maize, USDA-APHIS Petition #15-113-
01p). The minor amino acid substitutions between the wild-type DMO protein from the DI-6 
strain of S. maltophilia, the MON 94313 DMO protein and the DMO proteins expressed in these 
other biotechnology-derived crops are localized to the N-terminus of the proteins and at positions 
2 and 112 of the amino acid sequences (Herman et al., 2005); (Figure V-1). Additionally, based 
upon the crystal structure of the wild-type DMO proteins, these amino acid substitutions are 
structurally distant from the active site and are not expected to impact catalytic site coordination, 
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functional activity, immunoreactivity or specificity (D'Ordine et al., 2009, Dumitru et al., 2009, 
Wang et al., 2016). Thus, prior evaluations of the DMO protein expressed in other 
biotechnology-derived crops are directly applicable to the DMO protein expressed in 
MON 94313.

Figure V-1.  Variants of DMO Protein and Their Relation to the Wild-Type DMO Protein
The diagram represents the wild-type DMO from S. maltophilia relative to various DMO variants
discussed in this section. Position refers to amino acid residues as wild-type DMO and the N-terminal 
maroon region indicate residues from chloroplast transit peptides (CTPs). The blue regions indicate 
regions of 100% amino acid identity. The MON 94313 DMO protein is identical to one of the 
MON 87429 DMO variants and to wild-type DMO, except for the insertion of a leucine at position 2. The 
MON 94313 DMO protein is also identical to DMO isoforms from other crop products with the exception 
of some minor differences at either position 2 or position 112.  Other DMO variants also have additional 
N-terminal amino acids remaining from the processing of the CTP. The MON 87708 DMO (fully 
processed) protein additionally lacks a lead methionine residue.

The DMO protein is specific for the oxidative demethylation of dicamba, forming DCSA. 
Dicamba interacts with amino acids in the catalytic site of DMO through both the carboxylate 
moiety and the chlorine atoms of dicamba, which are primarily involved in orienting the 
substrate in the catalytic site. These chlorine atoms are required for catalysis (D'Ordine et al., 
2009, Dumitru et al., 2009). Given the limited existence of chlorinated compounds with 
structures similar to dicamba in plants and other eukaryotes (Wishart et al., 2009, Wishart, 
2010), it is unlikely that MON 94313 DMO will catalyze the metabolism of endogenous 
compounds. An assessment of MON 94313 DMO which evaluated the potential for DMO to 
catabolize dicamba and o-anisic acid confirmed the specificity of the DMO protein expressed by 
MON 94313.  O-anisic acid was the natural plant metabolite chosen for this confirmatory 
assessment since it is the plant metabolite most structurally similar to dicamba (identical to 
dicamba, except for absence of chlorine atoms) (Dumitru et al., 2009). Similar results were 
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obtained for other DMO variants, such as MON 87419 DMO (USDA-APHIS Petition #15-113-
01p). The assessment demonstrates that the minor differences in amino acid sequences present in 
the MON 94313 DMO protein relative to other DMO proteins expressed in previous 
biotechnology-derived crops do not impact the activity or selectivity for dicamba herbicide as 
compared to potential endogenous substrates.  

The data and information summarized in this section confirm that the molecular mechanism of 
the MON 94313 DMO protein that confers dicamba tolerance is well understood, that the 
MON 94313 DMO protein is specific for dicamba, and that aside from dicamba tolerance, no 
changes to metabolism, physiology or development of the soybean plant are expected. 
Furthermore, the MON 94313 DMO protein is structurally and functionally homologous to the 
DMO proteins present in biotechnology-derived crops that have been deregulated by USDA-
APHIS.  

PAT Protein 

MON 94313 soybean contains an acetyltransferase gene from Streptomyces viridochromogenes 
that expresses phosphinothricin N-acetyltransferase (PAT) protein. The molecular mechanism of 
the PAT protein, which acetylates glufosinate in the presence of acetyl CoA to form N-acetyl 
glufosinate, is well understood (Thompson et al., 1987). Glufosinate is a racemic mixture of the 
D- and L-forms of the amino acid phosphinothricin. The herbicidal activity of glufosinate results 
from the binding of L-phosphinothricin to glutamine synthetase (OECD, 1999, 2002). 
Expression of the PAT protein in MON 94313 soybean results in the ability to convert L-
phosphinothricin to the non-herbicidal N-acetyl-L-phosphinothricin, thus conferring glufosinate 
tolerance to the crop. 

Phosphinothricin N-acetyltransferase (PAT) proteins have been isolated from two separate 
species of Streptomyces, S. hygroscopicus (Thompson et al., 1987) and S. viridochromogenes 
(Wohlleben et al., 1988). The PAT protein isolated from S. hygroscopicus is encoded by the bar 
gene, and the PAT protein isolated from S. viridochromogenes is encoded by the pat gene. These 
PAT proteins are made up of 183 amino acids with 85% identity to each other at the amino acid 
level (Wohlleben et al., 1988). Based on previous studies (Wehrmann et al., 1996) that have 
extensively characterized PAT proteins produced from bar and pat genes, OECD recognizes 
both proteins to be equivalent with regard to function and safety (OECD, 1999). Expression of 
the pat gene in MON 94313 results in a single polypeptide of 182 amino acids with an apparent 
molecular weight of ~25 kDa. Data from N-terminal sequencing analysis of the MON 94313-
produced PAT protein indicate that it is identical to the wild type PAT protein encoded by S. 
viridochromogenes and to the PAT proteins produced in several glufosinate tolerant crops 
previously deregulated by USDA-APHIS, (USDA-APHIS Petitions #94-357-01p, #00-136-01p, 
#03-353-01p and #15-113-01p maize; #98-278-01p and #01-206-01p canola; #96-068-01p, #98-
014-1p #12-215-01p, #11-234-01p and #09-349-01p soybean; #97-336-01p sugarbeet, #98-329-
01p rice; and #12-185-01p, #13-262-01p and #08-340-01p cotton) (Hérouet et al., 2005, ILSI-
CERA, 2011), except for the first methionine that is removed due to cotranslational processing in 
MON 94313. N-terminal methionine cleavage is common and naturally occurs in the vast 
majority of proteins (Meinnel and Giglione, 2008). 
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PAT proteins have been extensively assessed by regulatory agencies in at least 15 different 
countries for more than 30 biotechnology-derived events in several different crop species (e.g., 
maize, soybean, cotton, canola and sugar beet). Prior assessments of the PAT proteins expressed 
in these other biotechnology-derived crops are directly applicable to the MON 94313 PAT 
protein because the amino acid sequence of the MON 94313 PAT protein is identical to the PAT 
proteins in these biotechnology-derived crops that are derived from the pat gene. Furthermore, 
PAT proteins produced from the bar and pat genes are equivalent in terms of function and 
safety.  

The PAT protein expressed in MON 94313 is highly specific for glufosinate. Enzyme assays 
indicated that the PAT protein does not acetylate other common L-amino acids that are 
structurally similar to L-phosphinothricin, and substrate competition assays showed no inhibition 
of glufosinate acetylation in the presence of high concentrations of L-amino acids that are 
structurally similar to L-phosphinothricin (including the glufosinate analog L-glutamate) 
(Wehrmann et al., 1996). Recent metabolic profiling reported some non-specific PAT (bar) 
mediated acetylation of two amino acids (aminoadipate and tryptophan) in senescent leaf extracts 
from A. thaliana and also in PAT (pat)-expressing soybean (Christ et al., 2017).  However, the 
activity level for these two amino acids was very low relative to the activity for  
L- phosphinothricin, indicating that PAT (pat) has a very high level of specificity for the 
herbicidal molecule.  

The data and information summarized in this section confirm that the molecular mechanism of 
the MON 94313 PAT protein that confers glufosinate tolerance is well understood, that the 
MON 94313 PAT protein is identical to the PAT proteins present in several biotechnology-
derived crops that have been deregulated by USDA-APHIS, and is highly specific for 
glufosinate. Aside from glufosinate tolerance, no changes to metabolism, physiology or 
development of the soybean plant are expected. Thus, prior evaluations for the PAT protein are 
directly applicable to the MON 94313 PAT protein. 

FT_T.1 Protein 

The FT_T.1 protein produced in MON 94313 soybean is encoded by the ft_t.1 gene that provides 
tolerance to 2,4-D. The ft_t.1 gene in MON 94313 is a modified version of the  
R-2,4- dichlorophenoxypropionate dioxygenase (Rdpa) gene from the soil bacteria Sphingobium 
herbicidovorans. The amino acid sequence of the FT_T.1 protein shares ~ 89% sequence identity 
with wild type RdpA and >98% identity with the FT_T protein from MON 87429 maize. FT_T.1 
maintains high activity at the elevated temperatures experienced during the summer months in 
typical soybean growing areas, which was a characteristic introduced into the FT_T protein. 
Three additional amino acid changes provide FT_T.1 with enhanced enzymatic activity for the 
2,4-D molecule relative to FT_T (Larue et al., 2019). This modification is important as soybean 
is highly sensitive to 2,4-D. 

RdpA protein is an alpha-ketoglutarate-dependent non-heme iron dioxygenase (Müller et al., 
2006), and given their structural similarity, the FT_T.1 protein is also an alpha-ketoglutarate-
dependent non-heme iron dioxygenase. Alpha-ketoglutarate-dependent non-heme iron 
dioxygenases belong to a diverse superfamily of Fe(II)/alpha-ketoglutarate dependent 
hydroxylases that catalyze a range of oxygenation reactions in synthesis and decomposition 
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reactions that include hydroxylation reactions, desaturations, demethylations, ring expansions, 
ring formations and other oxidative reactions (Hausinger, 2004). This protein superfamily is 
broadly distributed across the plant, animal and bacterial kingdoms, therefore environmental 
exposure to Fe(II)/alpha-ketoglutarate dependent hydroxylases is ubiquitous. Members of this 
superfamily share a common structural fold comprised of eight β-strands forming two, four-
stranded sides, with three metal-binding ligands found in a His1-X-Asp/Glu-Xn-His2 motif 
(Hausinger, 2004). In oxygenation reactions, alpha-ketoglutarate (αKG) chelates Fe(II) using its 
C1 carboxylate and C2-ketone. Decarboxylation of αKG results in the formation of succinate and 
carbon dioxide, which leads to the generation of an Fe(IV)-oxo or other activated oxygen species 
that subsequently hydroxylate the primary substrate, e.g., 2,4-D (Carolis and Luca, 1994, Bugg, 
2003, Hausinger, 2004). Thus, the FT_T.1 protein catalyzes the dioxygenase reaction that 
degrades 2,4-dichlorophenoxyacetic acid (2,4-D), a synthetic auxin herbicide, into herbicidally-
inactive 2,4-dichlorophenol (2,4-DCP) and glyoxylic acid in the presence of αKG and oxygen. 
Succinate and carbon dioxide are released as products of this reaction.  

FT_T.1 has been optimized for 2,4-D activity by three amino acid changes to the FT_T 
sequence, but these modifications do not impact the specificity of FT_T.1 relative to FT_T. Both 
proteins are still active on the same substrate molecules, with FT_T.1 displaying higher 
enzymatic activity for 2,4-D (see Table 1 in Larue et al., 2019 (Note: FT_T.1 is referred to as 
FT_Tv7 in this article) (Larue et al., 2019). 

In order to confirm that the FT_T.1 enzyme is specific for herbicide substrates and not 
endogenous metabolites, an in vitro assessment of potential substrates was conducted.  
Information submitted previously for MON 87429 maize examined the substrate specificity of 
FT_T protein by measuring the functional response of purified FT_T protein to potential 
endogenous plant specific compounds.  These compounds, which included soybean metabolites, 
were selected through an in silico screen of a plant metabolite database that gauged their 2-D and 
3-D similarity to a known FT_T substrate (dichlorprop) and the potential of the compound to fit 
correctly into the active site. Available candidate compounds were tested in vitro to examine if 
any were substrates for the FT_T protein. Given the high level of similarity between the expected 
structure, active site, and function of FT_T.1 and FT_T, the same list of potential plant 
metabolites were assayed to examine the specificity of FT_T.1. The results were nearly identical 
to the those of FT_T from MON 87429 maize (USDA-APHIS Petition #19-316-01p, page 82)  
where FT_T.1 showed activity against the same herbicidal positive controls but did not 
demonstrate activity on any of the plant specific molecules, showing that FT_T.1 is specific 
towards the herbicidal substrates and not endogenous plant metabolites. 

The data and information summarized in this section confirm that the molecular mechanism of 
the MON 94313 FT_T.1 protein that confers 2,4-D tolerance is well understood, that the 
MON 94313 FT_T.1 protein is highly specific for its herbicide substrates and that aside from the 
intended herbicide tolerance, no changes to metabolism, physiology or development of the 
soybean plant are expected. 
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TDO Protein 

MON 94313 soybean expresses triketone dioxygenase (TDO) protein encoded by the TDO gene 
that provides tolerance to mesotrione. TDO itself is a codon-optimzed version of the HPPD 
INHBITOR SENSITIVE 1 (HIS1) gene from rice that has the same amino acid sequence as the 
HIS1 protein.  Mesotrione, a β-triketone herbicide, is an inhibitor of 4-hydroxyphenylpyruvate 
dioxygenase (HPPD; EC: 1.13.11.27) which catalyzes the first committed step of tyrosine 
catabolism in plants.  Inhibition of HPPD in plants leads to a depletion of key downstream 
metabolites, most notably tocopherols and plastoquinone. Plastoquinone is critical for the 
functioning of photosystem II and carotenoid biosynthesis (Mitchell et al., 2001).  Carotenoids 
and tocopherols are, in turn, key molecules in protecting the photosynthetic machinery from 
oxidative damage.  As a result of the reduction in levels of these protective molecules after 
application of mesotrione to susceptible plants, characteristic bleaching occurs, ultimately 
leading to plant death.  Natural tolerance to β-triketone herbicides in certain Oryza sativa (rice) 
cultivars was determined to be a result of the presence of the HIS1 protein, which includes 
motifs conserved in Fe(II)/alpha-ketoglutarate-dependent dioxygenases and was shown to 
oxidize the mesotrione herbicide molecule (Maeda et al., 2019).  Expression of the codon-
optimized TDO gene in MON 94313 soybean results in soybean plants that are capable of 
tolerating in-crop applications of mesotrione through oxidation of the mesotrione molecule.   

Like other Fe(II)/alpha-ketoglutarate-dependent dioxygenases, such as FT_T.1 described above, 
TDO uses iron and alpha-ketoglutarate as cofactors in the oxidation of its substrate, producing 
succinate and the oxidized product.  In vitro studies of recombinant TDO shows that the initial 
oxidation of mesotrione takes place at the 5C, yielding hydroxy-mesotrione.  The second 
oxidation at the same carbon creates oxy-mesotrione, which non-enzymatically cyclizes to 
produce hydroxy-xanthone (Figure V-2).  In vitro assays demonstrated that hydroxy-mesotrione 
is less inhibitory to HPPD than mesotrione, and oxy-mesotrione had virtually no impact on the 
activity of HPPD.  Thus, the oxidative capabilities of TDO provide a mechanism by which 
mesotrione is metabolized to a non-herbicidal molecule(s) and prevented from inhibiting the 
native soybean HPPD activity. 

In vivo studies of soybean expressing the TDO protein show that the plants can tolerate in-crop 
applications of mesotrione (Dai et al., 2022).  Metabolic analysis of soybean leaves in soybean 
expressing TDO demonstrated that tolerance is accomplished through quick conversion of 
mesotrione to products such as hydroxy-mesotrione, hydroxy-xanthone, and downstream 
glucosyl and malonyl conjugates (oxy-mesotrione is not detected in TDO-expressing soybean, 
likely due to non-enzymatic cyclization to hydroxy-xanthone).  In addition, mesotrione is not 
translocated from the treated tissues in TDO-expressing soybean, thus preventing inhibition of 
HPPD in newly developing apex or root tissues.  In contrast, apical and root tissues of treated 
conventional soybean accumulate mesotrione, resulting in the inhibition of HPPD and the 
bleaching phenotype typical of β-triketone treatments of susceptible plants (Dai et al., 2022).   
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Figure V-2. TDO Biochemical Mechanism of Action 
TDO oxidizes mesotrione sequentially, yielding hydroxy-mesotrione in the first round of oxidation, 
followed by oxy-mesotrione after the second oxidative step and the loss of a water molecule.  Hydroxy- 
and oxy-mesotrione are progressively less inhibitory to HPPD than the parent mesotrione molecule, 
providing MON 94313 soybean with tolerance to in-crop applications. Oxy-mesotrione is likely quickly 
and non-enzymatically converted to hydroxy-xanthone, which is further metabolized to glucosyl and 
malonyl conjugates (Dai et al., 2022) (2-OG = alpha-ketoglutarate). 

In vitro assays of TDO demonstrate that it is specific for β-triketone type HPPD inhibitors (ex. 
mesotrione, tembotrione, sulcotrione) but not other HPPD inhibitor class herbicide molecules 
(ex. isoxaflutole and topramezone).  To more fully characterize the specificity of TDO, an in 
silico approach was used to identify potential plant substrates. 

Similar to the in silico screen described above for the FT_T.1 protein, a screen was conducted to 
identify potential soybean endogenous molecules that could be substrates for TDO.  The results 
showed that TDO had no activity with any of the putative plant substrates, and was specific to 
the β-triketone class of herbicide compounds (ex. mesotrione, tembotrione, and sulcotrione). 

The data and information summarized in this section confirm that the molecular mechanism of 
the MON 94313 TDO protein that confers mesotrione tolerance is well understood, and is not 
expected to have any impact on metabolism, physiology, and/or the development of the soybean 
plant. 

Finally, based on the unique mechanisms of action and the specificity exhibited by each of the 
four proteins expressed in MON 94313, there is no plausible hypothesies suggesting likelihood 
of potential interaction between the proteins. 

Conclusion 
 
This request for Regulatory Status Review (RSR) of MON 94313, provides details on our next 
generation herbicide tolerant genetically engineered soybean product following the guidance 
outlined in the Agency’s document titled “Guidance for Requesting a Regulatory Status Review 
(RSR) under 7 CFR part 340”, Document ID BRS-GD-2020-003. Molecular characteristics as 
well as mechanism of action for the expressed proteins are provided herein and support the 
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conclusion that MON 94313 soybean does not include any expected changes in metabolism, 
physiology, and/or the development of the soybean plant due to the trait/genetic modification.  
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Appendix A: Sequence of the Insertion for MON 94313 

GCCAGTCAGCATCATCACACCAAAAGTTAGGCCCGAATAGTTTGAAATTAGAAAGCTCGC 
AATTGAGGTCTGTCGACCCTGCACTAACTATAACGGTCCTAAGGTAGCGATTTATTAGAG 
TAGATTAGAATCTTTTATGCCAAGTATTGATAAATTAAATCAAGAAGATAAACTATCATA 
ATCAACATGAAATTAAAAGAAAAATCTCATATATAGTATTAGTATTCTCTATATATATTA 
TGATTGCTTATTCTTAATGGGTTGGGTTAACCAAGACATAGTCTTAATGGAAAGAATCTT 
TTTTGAACTTTTTCCTTATTGATTAAATTCTTCTATAGAAAAGAAAGAAATTATTTGAGG 
AAAAGTATATACAAAAAGAAAAATAGAAAAATGTCAGTGAAGCAGATGTAATGGATGACC 
TAATCCAACCACCACCATAGGATGTTTCTACTTGAGTCGGTCTTTTAAAAACGCACGGTG 
GAAAATATGACACGTATCATATGATTCCTTCCTTTAGTTTCGTGATAATAATCCTCAACT 
GATATCTTCCTTTTTTTGTTTTGGCTAAAGATATTTTATTCTCATTAATAGAAAAGACGG 
TTTTGGGCTTTTGGTTTGCGATATAAAGAAGACCTTCGTGTGGAAGATAATAATTCATCC 
TTTCGTCTTTTTCTGACTCTTCAATCTCTCCCAAAGCCTAAAGCGATCTCTGCAAATCTC 
TCGCGACTCTCTCTTTCAAGGTATATTTTCTGATTCTTTTTGTTTTTGATTCGTATCTGA 
TCTCCAATTTTTGTTATGTGGATTATTGAATCTTTTGTATAAATTGCTTTTGACAATATT 
GTTCGTTTCGTCAATCCAGCTTCTAAATTTTGTCCTGATTACTAAGATATCGATTCGTAG 
TGTTTACATCTGTGTAATTTCTTGCTTGATTGTGAAATTAGGATTTTCAAGGACGATCTA 
TTCAATTTTTGTGTTTTCTTTGTTCGATTCTCTCTGTTTTAGGTTTCTTATGTTTAGATC 
CGTTTCTCTTTGGTGTTGTTTTGATTTCTCTTACGGCTTTTGATTTGGTATATGTTCGCT 
GATTGGTTTCTACTTGTTCTATTGTTTTATTTCAGGGTATGGCGACGGCTACGACGACTG 
CTACGGCGGCGTTTAGTGGTGTAGTCAGTGTAGGAACGGAGACTCGAAGGATTTATTCGT 
TTTCTCATCTTCAACCTTCTGCGGCTTTTCCGGCGAAGCCTAGTTCCTTCAAATCTCTCA 
AATTAAAGCAGAGCGCGAGGCTCACACGGCGGCTTGATCATCGGCCGTTCGTTGTCCGAT 
GTATGCTCACTTTCGTTAGAAACGCTTGGTACGTTGCTGCACTTCCTGAGGAGTTGAGCG 
AGAAGCCTCTAGGAAGAACTATCCTCGATACTCCACTAGCTCTCTATCGTCAACCTGACG 
GAGTTGTCGCTGCCCTGCTTGATATTTGTCCGCATCGCTTCGCTCCGTTGAGTGACGGTA 
TTCTAGTCAACGGACATCTCCAGTGTCCATATCACGGTCTGGAATTTGACGGAGGTGGCC 
AGTGTGTCCACAACCCGCACGGCAACGGAGCCCGCCCTGCTTCTCTGAACGTGCGATCAT 
TCCCTGTCGTGGAAAGAGACGCATTGATCTGGATCTGGCCTGGAGATCCAGCACTCGCAG 
ATCCCGGTGCTATCCCTGACTTTGGGTGTCGTGTTGATCCAGCTTACCGTACTGTCGGAG 
GTTACGGTCACGTGGACTGCAACTACAAGCTCCTTGTGGATAACCTCATGGATCTTGGAC 
ACGCTCAGTACGTGCACCGCGCTAACGCCCAAACAGACGCCTTCGATAGACTTGAGCGTG 
AGGTGATCGTTGGCGACGGCGAGATCCAGGCGCTCATGAAGATCCCTGGTGGCACACCCT 
CAGTTCTCATGGCTAAGTTCTTGCGTGGTGCTAACACACCAGTTGACGCCTGGAACGACA 
TCCGGTGGAATAAGGTGTCGGCTATGCTGAACTTCATCGCGGTCGCGCCGGAAGGGACGC 
CGAAGGAGCAGTCAATCCACTCCCGAGGAACCCATATCCTTACTCCTGAGACCGAGGCAA 
GCTGCCATTACTTCTTCGGTAGTTCCCGCAACTTCGGTATAGACGATCCAGAGATGGACG 
GTGTTCTCAGGAGCTGGCAAGCTCAAGCCCTGGTGAAGGAGGACAAAGTGGTCGTTGAAG 
CTATCGAAAGGCGGAGGGCTTACGTCGAAGCGAACGGGATCAGACCCGCCATGTTGTCCT 
GCGACGAGGCAGCCGTCAGGGTATCCAGGGAGATTGAGAAGCTCGAACAACTAGAAGCGG 
CGTGAGGCCTAGCAGGCCGGTACCGAGTACTCTCCAACATGGACACACCATGGGATTGTG 
TAACATAAATAATGTGTCGTTTGTAATGAATGCTCGCAACTTTTCTAGCTAATTAAGCTA 
GAGTTGAACTTGAGCTACTTTTATGTACCCTAAAGAGGCACAATCTTTGCTGTTGATGTA 
CTATGATCATGTTATAATATGATGAAAATGGAGTGTGCCTCATTTTATAATTTTTATTTT 
CCTGAGTATATGTTTTTAGGGCTAAACACCTTATAAAAAAAGGTCACTTAGAATATGAAA 
CATGAACTTTTGTAAAAAAGTAGAGATTAAAATTGAAATCAAAAATTTTTATAGGATCAA 
TATTCGAAGAATTTTTTTAGAGGGATTAAAATTAAATATAGTTTCGGACTGACCCAAGGC 
ACAATCCGGCTCCGCTCGGGTTCGACCTGAGTCCACCATGCATCTGTCACCTTACCATTG 
ACACGCCCTAAAATACATTAGATCGCAGTACAAATTGAGAGTTATGACGGCCACGAGCGA 
ACTCCTGCAGGTGTTTAAACTAGGGATAATAGCTGTTTGCCAATCGTTCTTCTTGGCGCG 
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CCCATAGAGCAGTCTTGTCTCAAAAAAATCGAATTAAGCAGTTGAAAGTGTTCGTCTTAT 
CAAGATGAAAATCTGACAAAAATTTTGTTAAAATTTGGTAGTATTTGATAAGATATGTAC 
CTTAAAATTGATGTTAATAATCTTCTTATCCAAAAAAAGAACCAATCCATTGCAGTCTTA 
AATGAAATATTTCAAGAAAGGATTGAGCCAAAAACCGTGTTTATAAAATTTTCAAATCCA 
CAATTTCCACATTCACTTGGATATTACAAGTGTGGCATCTCATAAAAAAAAAGAAAAAGA 
AAAACCACGTGGACTATTATATCCAGCCACGTGGCTTTAAAATCTTATCCAAAATCACCT 
CTCATCCAACGGATAAGGTAACCACACAGCCTTATCCAACCACATCACACGAATCCACTC 
TATATATACTCCATATAACCATCACTCACACGTCTTTCATCACACAAGTAAAACAGCATC 
ACTAAAAGAAAAAAAACAAGAATTTCAGGTTTAGCTTTCTCTCCGATCTCGGCTTTCGAT 
CTGATCTCGTCTGATCTCCGATTTCGATCCCCGTCCGATCTCGATCTGATCCCATCCGAT 
CTGTGATTGATTCGTTGAGATTCAGATCTGATCTTAGGATCTCTCTGATAGATCATAGAT 
TCAATCTCTCGAGATAGAGATGATTGATGTTGTTCAGATCGGTTTTGATCTCTGATCTGA 
TCAGCTCGATTGATTCGATTTGATTCTCGATTCGATTTGATCGACAATTGATCTGATTCT 
CTAATTGATGTTCTGTTTTTGTTACAGGTTTTGGTACCATGTCTCCCGAGCGACGGCCAG 
TAGAGATTAGACCCGCAACAGCCGCCGACATGGCGGCAGTATGTGACATCGTAAATCACT 
ACATCGAGACATCCACAGTAAACTTTCGTACCGAACCACAAACTCCTCAGGAATGGATTG 
ATGACTTGGAGAGACTACAAGACCGCTATCCGTGGCTCGTGGCAGAGGTCGAAGGCGTCG 
TCGCGGGAATCGCCTACGCTGGACCGTGGAAGGCTCGAAATGCTTACGACTGGACTGTGG 
AATCCACTGTTTACGTCTCGCATCGCCATCAGAGGCTGGGTCTGGGCAGCACCCTGTACA 
CCCACTTACTCAAATCTATGGAGGCTCAGGGCTTTAAGTCAGTGGTGGCCGTCATCGGAC 
TACCTAACGATCCTTCTGTGCGCCTACATGAAGCACTAGGCTACACGGCACGCGGAACAT 
TGAGGGCCGCCGGGTACAAACACGGAGGATGGCACGACGTTGGATTCTGGCAACGGGATT 
TCGAACTTCCAGCACCTCCAAGACCCGTTAGACCAGTTACCCAGATTTGATTAATTAAAC 
ACATATTCAAGCTCTATTACTCTGTTTTTAGGTTGAGAATATTGTGAAGTGTGTTGTGTG 
TGCGTTCTGTTTTATGTAAAAGTAAATTCTGTGAATTATATTTTGTAAGGAATAAATTAT 
GTAAGAATGGTTTAATTATCTATTGTCTCACATCGTTTTTTATGTCTATTTTAAGTATTG 
GTATTGTATTCTATTTATACACAAGAGTTAATAATAGCATAACATAAATTCCACAAGGAT 
CAAGTAAAATAATATCCACATGAAACATCTAAGAAAGGAAAACAATATGGCTCAATTTCC 
TATCTTTCTTTATTTATGTTTTAGTCATCTTTCTTTCCCTATTTCTTGTTGAAAGCTAAT 
AGGAGTATGGTACTTTCTACGCCATTTTTTTTTAAGTACTCTCTTTTACACAATATTTTA 
TCAAATTGTAGTGACATTTTATTTTACGATGCAGTTAATGTTCGTTGTGTTACTGTCAAT 
GATTGTCCAAAGGTGAAAGGCCGTGACGGCCACGAGCGAACTCCTGCAGGTGTTTAAACT 
AGGGATAATAGCTGTTTGCCAATCGTTCTTCTTGGCGCGCCGTTTTGTGTATCATTCTTG 
TTACATTGTTATTAATGAAAAAATATTATTGGTCATTGGACTGAACACGAGTGTTAAATA 
TGGACCAGGCCCCAAATAAGATCCATTGATATATGAATTAAATAACAAGAATAAATCGAG 
TCACCAAACCACTTGCCTTTTTTAACGAGACTTGTTCACCAACTTGATACAAAAGTCATT 
ATCCTATGCAAATCAATAATCATACAAAAATATCCAATAACACTAAAAAATTAAAAGAAA 
TGGATAATTTCACAATATGTTATACGATAAAGAAGTTACTTTTCCAAGAAATTCACTGAT 
TTTATAAGCCCACTTGCATTAGATAAATGGCAAAAAAAAACAAAAAGGAAAAGAAATAAA 
GCACGAAGAATTCTAGAAAATACGAAATACGCTTCAATGCAGTGGGACCCACGGTTCAAT 
TATTGCCAATTTTCAGCTCCACCGTATATTTAAAAAATAAAACGATAATGCTAAAAAAAT 
ATAAATCGTAACGATCGTTAAATCTCAACGGCTGGATCTTATGACGACCGTTAGAAATTG 
TGGTTGTCGACGAGTCAGTAATAAACGGCGTCAAAGTGGTTGCAGCCGGCACACACGAGT 
CGTGTTTATCAACTCAAAGCACAAATACTTTTCCTCAACCTAAAAATAAGGCAATTAGCC 
AAAAACAACTTTGCGTGTAAACAACGCTCAATACACGTGTCATTTTATTATTAGCTATTG 
CTTCACCGCCTTAGCTTTCTCGTGACCTAGTCGTCCTCGTCTTTTCTTCTTCTTCTTCTA 
TAAAACAATACCCAAAGAGCTCTTCTTCTTCACAATTCAGATTTCAATTTCTCAAAATCT 
TAAAAACTTTCTCTCAATTCTCTCTACCGTGATCAAGGTAAATTTCTGTGTTCCTTATTC 
TCTCAAAATCTTCGATTTTGTTTTCGTTCGATCCCAATTTCGTATATGTTCTTTGGTTTA 
GATTCTGTTAATCTTAGATCGAAGACGATTTTCTGGGTTTGATCGTTAGATATCATCTTA 
ATTCTCGATTAGGGTTTCATAGATATCATCCGATTTGTTCAAATAATTTGAGTTTTGTCG 
AATAATTACTCTTCGATTTGTGATTTCTATCTAGATCTGGTGTTAGTTTCTAGTTTGTGC 
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GATCGAATTTGTCGATTAATCTGAGTTTTTCTGATTAACAGGTGGTACCATGCACGCGGC 
TTTGACACCTTTGACCAACAAGTATCGGTTCATCGACGTTCAACCACTCACAGGCGTGCT 
CGGCGCAGAGATTACCGGAGTGGACCTGAGGGAGCCCTTAGACGACTCCACTTGGAACGA 
GATCCTCGACGCCTTTCACACCTACCAAGTTATCTACTTTCCTGGACAGGCGATCACCAA 
CGAGCAGCACATTGCCTTCTCAAGGAGGTTCGGACCGGTAGATCCAGTTCCAATTCTCAA 
ATCCATTGAGGGTTATCCCGAGGTGCAGATGATTAGACGAGAAGCCAACGAGTCCTCACG 
GTACATAGGCGACGATTGGCACGCAGACAGCACCTTCCTTGACGCTCCTCCGGCTGCCGT 
GGTTATGCGCGCAATAGAGGTGCCGGAGTACGGCGGCGATACCGGTTTCCTATCAATGTA 
CTCTGCATGGGAGACGCTCTCACCAACGATGCAAGCCACCATTGAAGGTCTAAACGTGGT 
TCACTCAGCTACTAAGGTCTTCGGAAGTCTTTACCAGGCGACGAATTGGAGGTTCAGTAA 
CACCAGTGTGAAGGTGATGGATGTGGACGCTGGAGACAGGGAGACGGTGCATCCACTCGT 
AGTTACACACCCTGTAACTGGACGCAGAGCCCTTTACTGCAACCAGGTTTACTGCCAGAA 
GATCCAGGGAATGACTGATGCGGAGTCTAAGTCCCTGCTTCAATTCCTCTACGAACACGC 
CACCCAATTCGACTTCACTTGTCGTGTTCGGTGGAAGAAGGACCAAGTGCTCGTGTGGGA 
TAACCTTTGCACCATGCACCGAGCAGTACCAGACTACGCCGGGAAATTCCGCTATCTCAC 
CCGCACTACAGTGGCCGGAGACAAGCCTAGCCGCTGAGGCCGGCCGCATGAATAATCAAG 
CTCATAAATTTCATGGCTTTGAATTTGTACTATTTTGGTTACTAGAAAGTGTATTTGTGT 
GTTTATGCAGTAATAAATCTCTAAGAGATATATGTTTGTTATTTTTTATAATTATCCAAA 
AAATCGTTAATGTTGAAAATTGATTCAAAATTGATATTGAAGTTCTGAAAAAATCGTGGC 
GTGATTAAAAATCCAAACTTTTTTATAAAATAATATTGTGTCTATATCTTTTATAAATGA 
CGATAAATGGGATAAAGTAAATGAAACAAAACCGTTAATGCAATGTTCATCTGCACAATA 
TATATAATTAAAAAACATTATAAAACCTTGTTTCTTCACTCATTTACAATCTTGAAATTT 
TAGTCTTTACCATTTGAAAGTACAATCTTTTCATGAAAGTTTATAGTACAAATCAAGAGT 
TTGGATAAGCTGCTCTGCTTTTTATAATCACTGGGAAATGATTTATGACTTGGAAAAACA 
ACTTGGGCCGTGACGGCCACGAGCGAACTCCTGCAGGTGTTTAAACTAGGGATAACAGGG 
TAATAGGTCTCACGCGGCAAATCCTACCACCTCATTTAAACTAGGGATAATAGCTGTTTG 
CCAATCGTTCTTCTTGGCGCGCCAATTAAATTCAACACGTTTGTTATATATTTTTTATTG 
AAATTATTCTTCATTCGTCTTTTAATGGATAAAAAGGTATAATCAAGTATATTTTATACA 
CATCTTTCTATTTGTGTGTACCAAATGTTAAAATGGCCAATTTTGACCAAAAAACCGCAT 
AATTTTCTTAATTTCTTAAATATGATTAATTCATCAATAACTTGGAATTTCACAATACAC 
AAAAGTGGGTGTAGTTACCGTTATTATATTTATACACAACAACTCATCTCCTCATAGAAA 
GAAAAGAAAAATAAAATAAGAAATCAAAAAACGACAAGATAACCAATCTCCACATCATCC 
ACGTGGCGTAAGGATAAGGTCACAACCACCACTCAGCCACGTGGCAGAATCTTATCCAAT 
CACTCTCACCACACAAACCTTATCCACTTCTATATATAATCTCTTCTTCTCATTATCACT 
CACCACACATCCTTGCAAAAGTAAAGAGAAAAAACAAACAAGACAGGTAAACCCAGATCT 
CTTTCTTCTCTTCTCTTCATCTCGATCTCTCCATTTTCATAAACCCAATTTTTTCTCTGA 
TTTGTTTGATTTGGTTTGGATCTTTCTGTGTTTCCATGGTTTTAGGAATTTTAGGATAGA 
TTTTTGTTTGTTCATGTTATTCATCGGATATATAGATTTCAAATTCTTTTGCAATTTTTC 
TCTCTCTTTAGTTTTGCTCAATTTTGGTTGTTGTTGTGATGAGTGTTCTCTTTATGGGTT 
TATCTGAGCTTGGTGAGAGTTTTTTGATATTGATTTTGCAGGTGGTACCCTCAGCGCTGT 
GCCTGTTGCGATCGCACCATGGCTGACGAGTCATGGAGGGCGCCGGCGATAGTGCAAGAG 
CTGGCGGCAGCCGGCGTCGAGGAGCCGCCGAGCCGATACCTGCTACGGGAGAAAGACCGT 
TCTGACGTCAAGCTGGTCGCCGCCGAGCTGCCGGAGCCTCTCCCAGTCGTTGATCTCAGC 
CGGCTAGATGGTGCCGAGGAGGCCACCAAGCTCAGGGTGGCTCTGCAGAATTGGGGCTTC 
TTCCTGCTTACCAACCATGGAGTAGAAGCCTCTCTGATGGACAGCGTGATGAACTTGTCG 
AGAGAGTTCTTCAACCAGCCAATCGAACGGAAGCAGAAATTCAGCAACTTGATCGATGGC 
AAGAACTTCCAGATTCAAGGGTATGGAACTGACCGGGTGGTTACCCAAGATCAGATCCTG 
GACTGGTCTGATCGGTTGCATCTCAGAGTTGAACCCAAGGAGGAGCAAGATCTTGCCTTC 
TGGCCTGACCATCCTGAATCTTTCAGGGATGTTCTGAACAAGTATGCATCAGGAACTAAA 
AGAATTAGAGACGATATCATTCAGGCTATGGCCAAGCTTCTTGAGCTTGATGAGGATTAC 
TTCTTGGACCGACTCAACGAAGCTCCTGCATTCGCAAGATTCAACTACTACCCTCCCTGT 
CCAAGGCCTGACCTTGTGTTCGGCATCAGGCCTCACTCCGACGGCACCCTCTTGACGATT 



No CBI 
 

Bayer CropScience    SY291-22U1     28 of 28 

CTTCTCGTCGACAAAGATGTCAGTGGCCTGCAAGTTCAGAGGGATGGCAAGTGGTCCAAC 
GTTGAGGCAACTCCTCACACATTGCTGATCAACTTAGGTGACACCATGGAGGTAATGTGC 
AATGGCATCTTCAGGAGCCCGGTGCACAGGGTGGTGACAAACGCCGAGAAGGAGAGGATC 
TCCCTGGCCATGTTATACAGCGTGAACGATGAGAAAGACATTGAGCCGGCGGCTGGTTTG 
CTGGATGAGAATCGGCCTGCAAGATACAGGAAAGTGAGCGTCGAAGAGTTCAGGGCCGGG 
ATCTTTGGAAAATTCTCTCGAGGAGAGAGGTACATCGACTCCCTGAGGATCTGAGCGATC 
GCTTAATTAATTAATTAAGAGCTCATGTCTGCTGCGGCGGCCTTCACAGTTTGTTTATTT 
CCTACTGTTTGCTGCGGCGATTGTTGTTGTTTTCTGTTTTATAAATAATAAAGGAGGAGG 
AGATTTGTTTTGGTTTGTGTTTGTTTCCATCCTTGCTGCTCCATCACACTATCTGTAATT 
TGTAAACAGCGACAATAAATAAATTAATAAATTTGGTTTCTCATACCTATATGTGTCTGT 
TTGGAGGCTTGTTTGTTTGAGACATCTGTCTGGTTGTTTTTTTGCTGCCAGCCGGTAGTA 
TAAATTTTGTTTTTGGACGACGAAAAATAGAGTGAGGTTGATTTGCGGCCGCACAACAAA 
CGCCGGCGCTCTCCTCTCTTAAGGTAGCCGGTGACACCCTTGGGCCGCATCGATCGTGAA 
GTTTCTCATCTAAGCCCCCATTTGGACGTGAATGTAGACACGTCGAAATAAAGATTTCCG 
AATTAGAATAATTTGTTTATTGCTTTCGCCTATAAATACGACGGATCGTAATTTGTCGTT 
TTATCAAAATGTACTTTCATTTTATAATAACGCTGCGGACATCTACATTTTTGAATTGAA 
AAAAAATTGGTAATTACTCTTTCTTTTTCTCCATATTGACCATCATACTCATTGCT 
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