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RELEASE OF INFORMATION

Bayer CropScience LP (hereafter Bayer) and KWS SAAT SE & Co. KGaA (hereafter
KWS) are submitting this request for a Regulatory Status Review (RSR) by the USDA.
Bayer and KWS understand 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
5U.S.C., § 552, and 7 CFR Part 1, covering all or some of the information in this request,
Bayer and KWS expect that, in advance of the release of the document(s), USDA will
provide Bayer and KWS 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 and
KWS understand 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 and KWS also understand 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 and KWS do not authorize the
release, publication or other distribution of this information without Bayer's and KWS’
prior notice and consent.

© 2022. Bayer Group and KWS SAAT SE Co. & KGaA. 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 KWS SAAT SE & Co.
KGaA (hereafter KWS), including all subsidiaries and affiliated companies, and only in
support of actions requested by the Bayer Group and KWS. 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 and KWS, is
strictly prohibited; except that the Bayer Group and KWS hereby grant 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 and KWS, who have filed for or been granted
patents on those materials. By submitting this document and any accompanying
materials, the Bayer Group and KWS do 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

CMS Cytoplasmic male sterile

CP4 Agrobacterium sp. strain CP4

cp4 epsps Coding sequence for the CP4 EPSPS protein

CTP Chloroplast transit peptide

DNA Deoxyribonucleic acid

DMO Dicamba mono-oxygenase

dmo Coding sequence for the DMO protein

DCSA Dichlorosalicylic acid

EPSPS 5-enolpyruvylshikimate-3-phosphate synthase

GE Genetically engineered

ILS-CERA Iqternational Life Sciences Institute — Center for Environmental
Risk Assessment

OECD Organisation for Economic Co-operation and Development

PAT Phosphinothricin N-acetyltransferase

pat Coding sequence for the PAT protein

PEP Phosphoenolpyruvate

Pi Inorganic phosphate

PPT DL-phosphinothricin

RSR Regulatory Status Review

S3P Shikimate-3-phosphate

T-DNA Transfer deoxyribonucleic acid

USDA United States Department of Agriculture
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I REQUESTOR

The submitters of this initial Regulatory Status Review request for KWS20-1 sugar beet are:

Bayer CropScience LP
700 Chesterfield Parkway West
Chesterfield, MO 63017

and

KWS SAAT SE & Co. KGaA
Grimsehlstr. 31
37574 Einbeck, Germany

Communications with regard to this submission should be directed to Ronald Schneider, B.S.,
Senior Global Regulatory Manager, at the Bayer address listed above, or by email at
ronald.schneider@bayer.com.

I RATIONALE FOR THE DEVELOPMENT OF KWS20-1 SUGAR BEET

The Animal and Plant Health Inspection Service (APHIS) of the United States 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 pose an increased plant pest risk relative to
the comparator plant.

II.A Basis for the Request

Bayer and KWS are submitting this request for an initial RSR to APHIS for the agency to
evaluate whether the genetically engineered (GE) product, KWS20-1 sugar beet, any progeny
derived from crosses between KWS20-1 sugar beet and conventional sugar beet, and any
progeny derived from crosses between KWS20-1 sugar beet and other GE sugar beet not subject
to 7 CFR Part 340 regulations should continue to be regulated by APHIS.

II.B Rationale for the Development of Herbicide-Tolerant Sugar Beet

Bayer and KWS have jointly developed biotechnology-derived sugar beet KWS20-1 that is
tolerant to in-crop applications of dicamba, glufosinate and glyphosate herbicides. Herbicide
tolerance was conferred to KWS20-1 sugar beet via Agrobacterium-mediated insertion of a
single gene cassette containing a demethylase gene from Stenotrophomonas maltophilia that
expresses a dicamba mono-oxygenase (DMO) protein to confer tolerance to dicamba herbicide, a
gene from Streptomyces viridochromogenes that expresses the phosphinothricin N-
acetyltransferase (PAT) protein to confer tolerance to glufosinate-ammonium herbicide, and the
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cp4 epsps coding sequence isolated from Agrobacterium sp. strain CP4 that encodes the 5-
enolpyruvylshikimate-3-phosphate synthase (CP4 EPSPS) protein to confer tolerance to
glyphosate herbicide.

KWS20-1 sugar beet 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 three herbicides representing multiple mechanisms-of-action
provides an effective and more durable weed management system for sugar beet production.
The best management practices for minimizing the development of herbicide-resistant weeds
involve implementing diversified weed management programs, which include using multiple
herbicides with different mechanisms-of-action either in mixtures, sequencial application or in
rotation and other recommended integrated weed management principles. Therefore, KWS20-1
sugar beet will provide sugar beet growers an efficient and flexible weed management system
that enables: 1) an opportunity to delay selection for further resistance to glyphosate and other
herbicides that are important in crop production; 2) excellent crop tolerance to dicamba,
glufosinate and glyphosate; and 3) additional weed management tools and flexibility to enhance,
maintain or improve sugar beet yield and quality to meet the growing needs of the food, feed and
industrial markets.

III DESCRIPTION OF COMPARATOR PLANT

Sugar beet (Beta vulgaris L. subsp. vulgaris) derived from breeding line 04E05SB1DHO05 was
used as the conventional sugar beet comparator in the safety assessment of KWS20-1 sugar beet.
Breeding line 04E05SB1DHOS has a near-isogenic background to KWS20-1 sugar beet with the
exception of the single T-DNA containing the dmo, pat and cp4 epsps expression cassettes, thus
the effect of the dmo, pat, and cp4 epsps cassesttes could be assessed in an unbiased manner in
the comparative safety assessment. Breeding line 04E05SBIDHO05 was developed via
conventional breeding and is adapted to the U.S. sugar beet growing regions. In commercial
sugar beet root production, growers plant hybrid seed. Similarly, some of the safety assessment
data were generated on materials produced from hybrid seed. Molecular insert sequencing
information described in Section IV was generated on KWS20-1 sugar beet in a cytoplasmic
male sterile (CMS)-F1x 04E05B1DHOS5 hybrid.

IV . GENOTYPE OF THE MODIFIED PLANT FOR KWS20-1 SUGAR BEET

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 KWS20-1 Sugar
Beet

KWS20-1 sugar beet was generated through an Agrobacterium-mediated transformation in
conventional sugar beet (genotype breeding line 04E05B1DHO05) shoot segments cultured with
the 4. tumefaciens strain AGL1, containing plasmid PV-BVHT527462 vector DNA (~18.9 kb)
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based on the methods described by Lindsey and Gallois (1990). After co-culturing with
Agrobacterium AGL1 strain carrying the plasmid vector, calli were placed on selection medium
containing DL-phosphinothricin (PPT) to favor selection of transgenic events and Timentin to
inhibit the overgrowth of Agrobacterium.

PV-BVHTS527462 contains one transfer-DNA (T-DNA), which is delineated by Right and Left
Border regions and the vector backbone sequences. The T-DNA is approximately 12.2 kb and
contains the dmo, pat and cp4 epsps expression cassettes. The dmo expression cassette contains
the dmo coding sequence under the regulation of the DaMV-1 enhancer, Ubq-Cml promoter,
5" untranslated sequence and intron, RbcS (Ps) targeting sequence, and the guf~-M¢2
3" untranslated sequence. The pat expression cassette consists of the pat coding sequence under
the regulation of the Cab-Atl promoter and 5'untranslated sequence, and the Hsp20-Mtl
3’ untranslated sequence. The cp4 epsps expression cassette contains the cp4 epsps coding
sequence under the regulation of the SAM2-Cm1 promoter, intron and 5’ untranslated sequence,
CTP2 targeting sequence, and the guf-M¢/ 3' untranslated sequence. The vector backbone
sequence is approximately 6.7 kb and contains the aadA expression cassette. During
transformation, the T-DNA was inserted into the sugar beet genome. Subsequently, traditional
breeding, selection and screening were used to identify those plants that contain the T-DNA
expression cassettes and did not contain the aadA expression cassette or other backbone
sequences from the transformation vector. KWS20-1 sugar beet was selected as the lead event
based on superior agronomic, phenotypic and molecular characteristics. The nucleotide
sequence of the inserted genetic material in KWS20-1 sugar beet 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 KWS20-1 Sugar Beet

Genetic Element

Location in
Plasmid
Vector

Function (Reference)

B!-Right Border
Region"!

1-41

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). GenBank
accession: JN400383, positions 10468 through 10508)

Intervening Sequence

42-85

“Synthetic’ sequence” used in DNA cloning

T3-guf-Mtl

86-585

3' UTR from an expressed gene of Medicago truncatula of

unknown function that directs polyadenylation of mRNA
(Hunt, 1994). (NCBI Accession: MH931406)

Intervening Sequence

586-591

“Synthetic sequence” used in DNA cloning

CS*-cp4 epsps

592-1959

Codon optimized coding sequence of the aro4 gene from
the Agrobacterium sp. strain CP4 encoding the CP4 EPSPS
protein that provides glyphosate tolerance (Barry et al.,
2001; Padgette et al., 1996). (GenBank accession:
JN400383, positions 7133 through 8500)

TS>-CTP2

1960-2187

Targeting sequence of the ShkG gene from
Arabidopsis thaliana encoding the EPSPS transit peptide
region that directs transport of the protein to the chloroplast
(Klee et al., 1987; Herrmann, 1995). (GenBank accession:
JN400383, positions 8501 through 8728)

Intervening Sequence

2188-2196

“Synthetic sequence” used in DNA cloning

PS-SAM2-Cm1

2197-4200

Intron, 5" UTR, and promoter from a Cucumis melo
(melon) SAM?2 gene encoding S-adenosyl-L-methionine

synthetase which directs transcription (Hernandez-Garcia
and Finer, 2014). (NCBI Accession: OK149194)

Intervening Sequence

4201-4206

“Synthetic sequence” used in DNA cloning

E’-DaMV-1

4207-4538

Enhancer from a Dalia Mosaic Virus (DaMV) promoter
region (Kuluev and Chemeris, 2007) that enhances
transcription in plant cells. (NCBI Accession: EF513491,
positions 1 through 332)

Intervening Sequence

4539-4548

“Synthetic sequence” used in DNA cloning

P-Ubg-Cml

4549-7159

Promoter, leader and intron for a putative ubiquitin protein
gene from Cucumis melo (melon) which directs and

regulates transcription (Hernandez-Garcia and Finer, 2014).
(NCBI Accession: OK149193)

Intervening Sequence

7160-7170

“Synthetic sequence” used in DNA cloning

TS-RbcS (Ps)

7171-7422

Targeting sequence and the first 27 amino acids from Pisum
sativum (pea) rbes gene family encoding the small subunit
ribulose 1.5 bisphosphate carboxylase protein that is
expressed in the chloroplast (Fluhr et al., 1986). (NCBI
Accession: ON714500)

CS-dmo

7423-8445

Codon optimized coding sequence for the dicamba mono-
oxygenase (DMO) protein of Stenotrophomonas maltophilia
that confers dicamba resistance (Herman et al., 2005; Wang
et al., 1997). (NCBI Accession: ON17003)

Intervening Sequence

8446-8451

“Synthetic sequence” used in DNA cloning

Bayer CropScience LP
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T-guf-Mt2 8452-8951 3' UTR from an expressed gene of Medicago truncatula of
unknown function that directs polyadenylation of mRNA
(Hunt, 1994). (NCBI Accession: OK149195)

Intervening Sequence | 8952-8957 “Synthetic sequence” used in DNA cloning

P-Cab-At1 8958-10345 Promoter and leader from an Arabidopsis thaliana
chlorophyll a/b-binding (CAB) protein that is involved in
regulating gene expression (Ha and An, 1988). (NCBI
Accession: OK149192)

Intervening Sequence | 10346-10351 | “Synthetic sequence” used in DNA cloning

CS-pat 10352-10903 | Codon optimized coding sequence from Streptomyces
viridochromogenes ~ for  the  phosphinothricin ~ N-
acetyltransferase (PAT) protein that confers tolerance to

glufosinate (Wehrmann et al., 1996; Wohlleben et al.,
1988). (NCBI Accession: ON17004)

Intervening Sequence | 10904-10911 | “Synthetic sequence” used in DNA cloning

T-Hsp20-Mt1 10912-11411 | 3" 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). (NCBI
Accession: OK149196)

Intervening Sequence | 11412-11463 | “Synthetic sequence” used in DNA cloning
B-Left Border 11464-11722 | DNA region from Agrobacterium tumefaciens containing
Region ™! the left border sequence used for transfer of the T-DNA

(Barker et al.,, 1983). (NCBI Accession: OKS586894,
positions 1 through 259)

' B, Border

™ Superscript in the Left and Right Border Regions indicates that the sequence in KWS20-1
sugar beet was truncated compared to the sequences in PV-BVHT527462.

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 T, Transcription termination sequence

4CS, Coding sequence

> TS, Targeting sequence

¢ P, Promoter

" E, Enhancer
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V  DESCRIPTION OF THE NEW TRAIT FOR KWS20-1 SUGAR BEET

This section describes the intended KWS20-1 sugar beet traits, intended phenotype associated
with the traits, and mechansim-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 KWS20-1 Sugar Beet Trait

KWS20-1 sugar beet is intended to provide herbicide tolerance.

V.B Intended Phenotype of KWS20-1 Sugar Beet

Herbicide-tolerant KWS20-1 sugar beet is intended to provide tolerance to dicamba, glufosinate
and glyphosate 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 KWS20-1 Sugar Beet

DMO Protein

KWS20-1 sugar beet 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 KWS20-1 sugar beet is targeted to the chloroplast by a chloroplast transit
peptide (CTP), which facilitates its co-localization with endogenous reductase and ferredoxin
enzymes required to supply electrons for the DMO demethylation reaction (Behrens et al., 2007).

The DMO protein expressed in KWS20-1 sugar beet is identical to the DMO variants in
MON 87419 and MON 87429 corn (Petition Numbers 15-113-0Olp and 19-316-0lp,
respectively), aside from the residual amino acids remaining from the celluar processing of the
CTP. Additionally, the 27 residual amino acids from the CTP in the KWS20-1 sugar beet DMO
are identical to those present in DMO variants expressed in MON 87708 soybean and
MON 94100 canola (Petition Numbers 10-188-01p and 20-078-01ext, respectively). The DMO
protein in KWS20-1 sugar beet contains 367 amino acids and has an apparent molecular weight
of ~38.3 kDa.

The KWS20-1 sugar beet 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 (e.g., MON 87708 soybean, USDA-APHIS Petition #10-188-01p;
MON 88701 cotton, USDA-APHIS Petition #12-185-01p; and MON 87419 corn, 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 KWS20-1 sugar beet DMO protein, and the DMO
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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, 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 KWS20-1 sugar beet.

Chloroplast Transit
Peptide Type | Position 2 | | Position 112 |

4 4 4
mTF I OMO W (as isolated from S. maltophilia DI-6)
vATF [ VvON 87708 Soybean DMO
MON 87708 Soybean DMO +27
MATF IEI VON 94100 Canola DMO
ez IvATE S VON 94100* Canola DMO +27
CTP2 v Te [ ON 88701 Cotton DMO +9
CTP4 EryaveTe L VION 87419 Corn DMO +12
CTP4 E2y3veTr I VON 87419 Com DMO +7
EveTr I VON 87429* Corn DMO +1
Apg6 vLTF [ ViON 87429* Com DMO
MLTF [ VON 94313 Soybean DMO
RbeS T T Kws20-1 sugar beet DMO+27

*Currently under assessmentby USDA

RbcS 4

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
green region indicate residues from chloroplast transit peptides (CTPs).  The blue regions indicate
sequence of 100% amino acid identity, with the N-terminus region highlighted in yellow. The KWS20-1
sugar beet DMO protein is identical to wild-type DMO, except for the insertion of a leucine at position 2.
The KWS20-1 sugar beet DMO protein is 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 cellular processing of the CTP.
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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, 2010; Wishart et al.,
2009), it is unlikely that KWS20-1 sugar beet DMO will catalyze the metabolism of endogenous
compounds. A previous assessment of MON 87429 corn DMO that contains a variant identical
to the KWS20-1 sugar beet DMO, aside from the residual 27 amino acids from the CTP,
evaluating the potential for DMO to catabolize dicamba and o-anisic acid, confirmed the
specificity of the DMO protein expressed by KWS20-1 sugar beet. O-anisic acid was the natural
plant metabolite chosen for a confirmatory substrate specificity assessment since it is the plant
metabolite most structurally similar to dicamba (i.e., identical to dicamba, except for absence of
chlorine atoms) (Dumitru et al., 2009). The assessment demonstrates that the minor differences
in amino acid sequences present in the KWS20-1 sugar beet 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-
action of the KWS20-1 sugar beet DMO protein that confers dicamba tolerance is well
understood, that the KWS20-1 sugar beet DMO protein is specific for dicamba, and that aside
from dicamba tolerance, no changes to metabolism, physiology or development of the KWS20-1
sugar beet plant are expected. Furthermore, the KWS20-1 sugar beet DMO protein is
structurally and functionally homologous to the DMO proteins present in biotechnology-derived
crops that have been previously deregulated by USDA-APHIS.

PAT Protein

KWS20-1 sugar beet 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 in plants (OECD, 1999; OECD,
2002). Expression of the PAT protein in KWS20-1 sugar beet 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. Aygroscopicus is encoded by the bar
gene, whereas 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, it has been
noted that both proteins are so similar as to be functionally equivalent (OECD, 1999).
Expression of the pat gene in KWS20-1 sugar beet results in a single polypeptide of 182 amino
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acids with an apparent molecular weight of ~22.3 kDa. Data from N-terminal sequencing
analysis of the KWS20-1 sugar beet-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 (e.g., USDA-APHIS
Petitions #94-357-01p, #00-136-01p, #03-353-01p and #15-113-01p corn; #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 KWS20-1 sugar beet. N-terminal methionine
cleavage is common and naturally occurs in the vast majority of proteins (Meinnel and Giglione,
2008).

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.,
corn, soybean, cotton, canola and sugar beet). Prior assessments of the PAT proteins expressed
in these other biotechnology-derived crops are directly applicable to the KWS20-1 sugar beet
PAT protein because the amino acid sequence of the KWS20-1 sugar beet PAT protein is
identical to the PAT proteins in these biotechnology-derived crops that are derived from the pat
gene.

The PAT protein expressed in KWS20-1 sugar beet 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 (paf)-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-
action of the KWS20-1 sugar beet PAT protein that confers glufosinate tolerance is well
understood, that the KWS20-1 sugar beet 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 KWS20-1 sugar beet plant are expected. Thus, prior evaluations for the
PAT protein are directly applicable to the KWS20-1 sugar beet PAT protein.

CP4 EPSPS Protein

KWS20-1 sugar beet contains a codon optimized coding sequence of the aroA gene from the soil
bacterium Agrobacterium sp. strain CP4 that expresses the CP4 EPSPS protein (Padgette et al.,
1996; Barry et al., 2001). 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) is an enzyme
of the shikimate pathway of aromatic amino acid biosynthesis, and is present in plants, bacteria
and fungi. The molecular mechanism of the CP4 EPSPS protein is well understood, where
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EPSPS catalyzes a reversible reaction that produces EPSP and inorganic phosphate (Pi) from
phosphoenolpyruvate (PEP) and shikimate-3-phosphate (S3P) (Levin and Sprinson, 1964),
known to specifically react with these substrates (Gruys et al., 1992). In most plants, the
endogenous EPSPS is inhibited by the herbicide glyphosate that causes cell death (Franz et al.,
1997). The CP4 EPSPS protein is structurally similar and functionally equivalent to endogenous
plant EPSPS enzymes, but has a much-reduced affinity for glyphosate relative to endogenous
plant EPSPS (Barry et al., 2001; Padgette et al., 1996). The presence of this protein renders the
plant tolerant to glyphosate. Expression of the CP4 EPSPS protein in KWS20-1 sugar beet is
targeted to the chloroplast by a CTP, where the plant EPSPS resides and is the site of aromatic
amino acid biosynthesis (Klee et al., 1987; Kishore et al., 1988).

The cp4 epsps expression cassette contains the cp4 epsps gene encoding a precursor protein of
531 amino acids (i.e., 455 amino acids encoded by the cp4 epsps gene and 76 amino acids
encoded by the CTP2 gene for targeting the CP4 EPSPS protein into chloroplasts). KWS20-1
sugar beet expresses an ~43.5 kDa CP4 EPSPS protein, consisting of a single polypeptide of 455
amino acids starting at the methionine position 77 (Padgette et al., 1996) after a complete
cleavage of the chloroplast transit peptide (CTP2).

The CP4 EPSPS protein present in KWS20-1 sugar beet is similar to EPSPS proteins consumed
in a variety of food and feed sources. CP4 EPSPS protein is homologous to EPSPS proteins
naturally present in plants, including food and feed crops (e.g., corn and soybean) and fungal and
microbial food sources such as baker’s yeast (Saccharomyces cerevisiae), all of which have a
history of safe consumption (Harrison et al., 1996; Padgette et al., 1996). The CP4 EPSPS
protein in KWS20-1 sugar beet is also produced in several glyphosate-tolerant crops previously
deregulated by USDA-APHIS (e.g., USDA-APHIS Petitions #00-011-01p, #04-125-01p, #10-
281-01p, #13-290-01p and #19-316-01p corn; #98-089-1p and #11-188-01p canola; #93-258-
01p, #06-178-01p and #09-201-01p soybean; #03-323-01p sugar beet; #04-110-01P alfalfa; and
#95-045-01p and #04-086-01p cotton).

Additionally, the CP4 EPSPS protein has been extensively assessed by regulatory agencies in at
least 20 different countries for more than 15 biotechnology-derived events in several different
crop species (e.g., corn, soybean, cotton, canola, alfalfa and sugar beet). Prior assessments of the
CP4 EPSPS protein expressed in these other biotechnology-derived crops are directly applicable
to the KWS20-1 sugar beet CP4 EPSPS protein because the amino acid sequence of the KWS20-
1 sugar beet CP4 EPSPS protein is identical to the CP4 EPSPS protein in these biotechnology-
derived crops that are derived from the cp4 epsps gene.

The data and information summarized in this section confirm that the molecular mechanism-of-
action of the KWS20-1 sugar beet CP4 EPSPS protein that confers glyphosate tolerance is well
understood, that the KWS20-1 sugar beet CP4 EPSPS protein is identical to the CP4 EPSPS
proteins present in several biotechnology-derived crops that have been deregulated by USDA-
APHIS, and is highly specific for glyphosate. Aside from the intended glyphosate tolerance, no
changes to metabolism, physiology or development of the KWS20-1 sugar beet plant are
expected. Thus, prior evaluations for the CP4 EPSPS protein are directly applicable to the
KWS20-1 sugar beet CP4 EPSPS protein.
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V.D Conclusion

This request for Regulatory Status Review (RSR) of KWS20-1 sugar beet, provides details on a
next generation herbicide-tolerant GE sugar beet 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 the
mechanism-of-action for the expressed proteins, are provided herein and support the conlcusion
that KWS20-1 sugar beet does not include any expected changes in metabolism, physiology or
the development of the sugar beet plant due to the trait/genetic modification.
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Appendix A: Sequence of the Insertion for KWS20-1 Sugar Beet

ttcatgtccg ggaaatctac atggatcagc aatgagtatg atggtcaata tggagaaaaa
gaaagagtaa ttaccaattt tttttcaatt caaaaatgta gatgtccgca gcgttattat
aaaatgaaag tacattttga taaaacgaca aattacgatc cgtcgtattt ataggcgaaa
gcaataaaca aattattcta attcggaaat ctttatttcg acgtgtctac attcacgtcc
aaatgggggc ttagatgaga aacttcacga tcgatgcgge cgctctagaa ttcgagctct
ccggagtcga ctttcacctt tggacaatca ttgacagtaa cacaacgaac attaactgca
tcgtaaaata aaatgtcact acaatttgat aaaatattgt gtaaaagaga gtacttaaaa
aaaaatggcg tagaaagtac catactccta ttagctttca acaagaaata gggaaagaaa
gatgactaaa acataaataa agaaagatag gaaattgagc catattgttt tcctttctta
gatgtttcat gtggatatta ttttacttga tccttgtgga atttatgtta tgctattatt
aactcttgtg tataaataga atacaatacc aatacttaaa atagacataa aaaacgatgt
gagacaatag ataattaaac cattcttaca taatttattc cttacaaaat ataattcaca
gaatttactt ttacataaaa cagaacgcac acacaacaca cttcacaata ttctcaacct
aaaaacagag taatagagct tgaatatgtg tttaattaat caaatctggg taactggtct
aacgggtctt ggaggtgctg gaagttcgaa atccecgttge cagaatccaa cgtcgtgecca
tcctecegtgt ttgtacccgg cggccctcaa tgttcecgegt gecgtgtage ctagtgette
atgtaggcgc acagaaggat cgttaggtag tccgatgacg gccaccactg acttaaagcc
ctgagcctce atagatttga gtaagtgggt gtacagggtg ctgcccagac ccagcectcetg
atggcgatgc gagacgtaaa cagtggattc cacagtccag tcgtaagcat ttcgagectt
ccacggtcca gcgtaggcga ttccecgecgac gacgcecttecg acctcectgecca cgagceccacgg
atagcggtct tgtagtctct ccaagtcatc aatccattcec tgaggagttt gtggttceggt
acgaaagttt actgtggatg tctcgatgta gtgatttacg atgtcacata ctgccgccat
gtcggegget gttgegggtce taatctctac tggeccgtcecge tcgggagaca tggtaccagg
ttgagtagtg cagcacaaag taaaacgttt aagatttgtt gttgtaagcc aagaaatggg
tggtttggta ttgatgcgat tttcgctata tataatacag aaatctaaat actgtcttat
cttgaaatat caatctctga ggttgctatt ggctagtcat agattttttt tggggtttag
attgtttgtt tgcttacgtg gttaatggct cgcacttcge agattcgcaa ttgatatgtg
ttttagatat ctaggtgcgt ttcatggatt ggcgaaacac ccactcatga cgtgacacgt
atacgaatag atctctctat ccttatgaaa tcctgagagc atcaatgtaa accaaaacaa
aaaaaatttg gataattgcc ttgtataata cattttatta aaccttttgt atatatgctt
cttttttttt tcttcttctg ataataataa taactcttgg ctagagataa aacataagaa
caaagtagat aaaactataa aatttatgta tggaaataag attatctaaa actacggaat
tgaatcaaac tttaccacag aaacataaga aattattacc atcttaatta gcacctgtat
tgaccataat attttattag aagaagaaga aaacattgga atccaccaga tcaaggtgat
ggtcagggtc ataagacagc tccataatca cgagtcatgg tcatagactc atagccacaa
gtctgcttct cccttaccaa taccaacggc ttcaacaacg gccacaacta ataagccaat
tccaacggce accatataac tgaaccggat attcaccaaa cccatttcaa ccggaaattg
atccacaagt aattaaaaat gttctgacca aatgtggaat aggtgggaaa atgttgaagt
aaaggccaat tctataatgt gagaggaaaa ctcttttttg agcttcagga atattttctt
agacctgacc ttgaatctat attttgtagt tcttcaatga tttgatttct ctattcattt
ccttataaat taaattactt gtgaaatgaa tttctgttta gaaaaacctt gaacttccta
gttgaccaaa ggattagaaa atctttctaa gtggagtgtc tcctaataat ggatcaaaag
tgtttggagc aaaaaagaac gcatagtgta ttagtgttaa cagcttttat agttcaaagt
ttagaatgtg ctctaaagca tatgtgtgag cctgtgaggt ctggtgattg taaaaaagaa
aaattgtgect tcgtggaaag tgatgcaata aacaacactt ctagggctga gtaaaaccaa
ctagacatgt aatgatagct taaaccgttt tctataggag tgtgattgag gagtaatttg
ttgatggatc ccaagttgtt tttccaagtc ataaatcatt tcccagtgat tataaaaagc
agagcagctt atccaaactc ttgatttgta ctataaactt tcatgaaaag attgtacttt
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caaatggtaa agactaaaat ttcaagattg taaatgagtg aagaaacaag gttttataat
gttttttaat tatatatatt gtgcagatga acattgcatt aacggttttg tttcatttac
tttatcccat ttatcgtcat ttataaaaga tatagacaca atattatttt ataaaaaagt
ttggattttt aatcacgcca cgattttttc agaacttcaa tatcaatttt gaatcaattt
tcaacattaa cgattttttg gataattata aaaaataaca aacatatatc tcttagagat
ttattactgc ataaacacac aaatacactt tctagtaacc aaaatagtac aaattcaaag
ccatgaaatt tatgagcttg attattcatg cactagttca cgccgcttect agttgttcga
gcttctcaat ctcecctggat accctgacgg ctgcctcecgte gcaggacaac atggegggtce
tgatccecgtt cgcttcgacg taagccctcce gcectttcgat agcttcaacg accactttgt
cctccttcac cagggcttga gcttgccage tcecctgagaac accgtccatc tctggatcgt
ctataccgaa gttgcgggaa ctaccgaaga agtaatggca gcttgectecg gtctcaggag
taaggatatg ggttcctcgg gagtggattg actgctcectt cggecgtcect teeggegega
ccgcgatgaa gttcagcata gccgacacct tattccaccg gatgtcecgtte caggcgtcaa
ctggtgtgtt agcaccacgc aagaacttag ccatgagaac tgagggtgtg ccaccaggga
tcttcatgag cgcctggatc tcgccgtcge caacgatcac ctcacgctca agtctatcga
aggcgtctgt ttgggcgtta gcgecggtgca cgtactgage gtgtccaaga tccatgaggt
tatccacaag gagcttgtag ttgcagtcca cgtgaccgta acctccgaca gtacggtaag
ctggatcaac acgacaccca aagtcaggga tagcaccggg atctgcgagt gctggatctce
caggccagat ccagatcaat gcgtctcttt ccacgacagg gaatgatcge acgttcagag
aagcagggcg ggctccgttg cecgtgegggt tgtggacaca ctggccacct ccgtcaaatt
ccagaccgtg atatggacac tggagatgtc cgttgactag aataccgtca ctcaacggag
cgaagcgatg cggacaaata tcaagcaggg cagcgacaac tccgtcaggt tgacgataga
gagctagtgg agtatcgagg atagttcttc ctagaggctt ctcgctcaac tcctcaggaa
gtgcagcaac gtaccaagcg tttctaacga aagtgagcat ggcccgggaa tctctcgtca
atggtggcaa ataggaaaga gtctcaaact tcttctttcc aattggaggc cacacctgca
tgcactttac tcttccacca ttgcttgtaa tggaagtaat gtcagtgttg accttcctceca
ctgggaatcc agtcatggat ttgaggccge cgaatggagc cattgcggeg gattgcccce
tagaggcacg gctgactgtt gtcacagcgg aagaggatat catagaagcc atggtgcgat
cgccacctgt catgacccca attaaacaaa aacaatttaa caattgaaga tagatcgcgce
aatcaagaat actctggaaa aacgttactc agatagcaaa tcatatttcc tacaatgcaa
tttaaatctg aaagacgtcc gtcgaagaac ataattctag taaccagatt caatacatgt
ataaaaaacc aagaaccatg gggaatcgat aaattacaaa tcttgagaag aaaaaaagat
aaaaatcatg ataatcacaa catagaaaga agatgacaaa aaccaaatgt gaatcatccg
aacaacgtcg gacatcacga ttaaaaatcg acctacctaa cgaacagaaa tgaaaaatac
aacaaagact tcaaatcgtt tctcgaaaat tcaaacatca attaatcgaa caggaggggg
aaaagatgca atctgaaaac agaagataga gaaaagatga aaaccttgag aggttgaaga
agagcgaatt acgaaatagg aataaagcgc gatgagaaag tttagagtat ttcgagtctg
tatggaaaat tagcgctcga gaattcacgt atttatacct aaaattgccg acttccgtta
atcacgaata actataatat tctataggaa aatgaaacgt gtctttgatt acttgecgtgt
tacgtattgt ttagttctgg aagaatctag ttggaaaggt caattttcca tttatacgat
tacgcgcagt tgggaaagct ttatggggaa agcataaaga ttaggaagtt agagcagctc
aattagcttt attcacctct caaatgggaa aaaggaagga aaaaacaata cgattccttt
tattttcttt ttcttttttec taatttttct attaataaat ttcatttgaa tttagatttt
ctgttcttaa ttttgatgtt tgtatgtatt tggttcaata aaattttgta tttgacaagt
ctaacaaatt tgaaacctat aaaaattaat taaatccttt atatattagt ttgcattttg
tgtcataaaa tattagatgc tatctttcac ttccatagtt tttcatgtaa aacctagatt
ttttgtatgt gtatcaatta acacattctt caaactttga aaaatagcat acaaaatata
ttattttaat taaacttcta aattcatttt attaagatta catatgaaaa tagttcatgg
attcaattat tacactttat aggagtttaa ttgataacac tataagaatt gcttattatc
caatgaatgg ggtaaataca aaatttcaaa ttttggtagg cacgtgttaa tccaaagata
ctaatctcgg tttcaacaac agtaacctct cgatcttaac tagctcaaga tatgcaaccg
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aaaggaaata taaaaggcat aaatgatacc taatctcttg acaagcagat ttctagagct
tagtaagaaa atatttatgg agattacaag gaatagcaaa agaacataac aaatttattg
tggttcgact aatagtgcct acatccactt tgaagccgece atagagettt tattcaactt
attcaaggat caaacaagta tagagaattt gaaaatgagt tttcttcctc tctctcettta
actttttctt tttctttttec tcattctata tttcatattg agttaaatgg tttattattt
acattacaga gttatttaat ggcagtaaat ataacaaact ctaactaact tattagtttt
tctatttgat ttcagttgta ggatcacgaa gctcaaaatc tgtatttagg ggtaccgagt
tgtcctgaga agtaattgct tcttcatcga gtagacaggg aacaaagcat caggtgcgtce
gagattgaac cgagattgag ccccacagta caacttgctt agcttgttga agagttaggg
cactgggatt gtatcaagat ctctcgagct tcaccaggtt cttaagcaat agagtttcga
atcgagatct ttcgagtttc accgagattt tctttaagta ataaaattca ctcttetttt
taacaatcct ccaccttgaa ttttattgct accaatgact atttcttctg attctattet
tttaagtagt ctattacctt gagcaactgt aggcagtgct cgagtttagc attagtaact
attttagtca acatatctgc tgcattttct tttgtctgaa cctttgatac tgttactttt
ctctttgcta tgacttctct aatgacatat agcttcacat caatatgctt agttctttcg
tgatattgca gatttttaga caagtgtatt gcactttaac tatcacacat gatgtttact
gactgttaaa agaagccaag ttcttcaagt agtcctttta gccagacgac ttctttaaca
acttcagtca tggctataaa ctttactttt gttgtgaata gtgccactac aggctatagg
ttaaacttcc ataaaatcac atttcctctt aggataaaag taaaagcagc gagtgatctt
cttttgtcca ggtcttctge ataaccatac aactctagct ttgtagactt agtatgecttg
tagagtagcec ccttgctagg tgttcctttc agatgtggeg cgeccggcaag tcetttcecgacc
cttgttegte actgctgacg tctttttcte cattattgga ggatgagtca ctgcaagetg
taaagcttgt attattgcta gtggaggccc cacctgcaca tgccgagcaa ttatgattgt
cggccagtag ctttttgagc tgtttgcaga gcaataactt agtggatgtc cccaccatta
catcgttatt gatgatgctt tcttcaaagg aagataagat gctgacatcc tgtctggaga
ttgtcgctce atagtgactc gtgatcaata ctctttcatg tgagtaattg atttttatct
ttgtttctce gttgatccge ggtggatcga ccatgacatt caaaaacctt taagatatgg
atcttataaa ataaatgtaa agggtaaaca attcttcctt gcecttaaccca agctatatat
tttatgcact aatttaggta ttagagtata ttcagctgaa caccacctac caatgctagt
actttaatca gtcaattcta acttcgataa tatatctcaa ccaaattagt gaaaaagagt
cgtaaatgaa aaactatgta ccaagatatt ctatttgttt tttttatgtt taaatatctc
aaagataata cctaaaacgt tttctcctcg tacaaagatt cctcatttac tttttattgt
cgtaaactct aatacaataa actaaaacaa gtacaaatac actagcttta gaaatctact
ttttattgaa accaaaacca ataattcaac atttcatttt caccgacaaa cctttgtaaa
caattgaagt aatttttgtt ggtactatga atagtaacat caagtcttca agtgcatcat
atcaaccaag acatgttctt aaaagcgaca ctaaaagatt taaaaccaaa agcatttatg
aaatccgaac ttaatcaaat cctaaatatt tttcacttaa aaaaaaaaaa ataggaagaa
aaattgacat aaatgggata ttttcgtttt caaactggca agccagcatg caccacgttg
ttgacgtgtec cttccacgtc ggaaaaaaaa atattaccac agtaaaaaga gaataaaatg
aaagtcgttg actctccctt agtcggagga agcgcgtgaa gctgaagccg gattagaaat
cggcaataac cccgacacgt catcgaaatg ctagtatcaa atattgtccg ttggatcttce
cttcaccaac tctatttgaa cggccacgat cttccaggtc caacggttcg gaagaatctt
ttcgaaattc catggctagt ccctacactc ctcectattg getcecctagg gecatccegac
cggttattcec ggttgccggg aaggtggctg gacgctataa atacccgectt tgttcatctce
gtagtccttg taccgttgag cttcgccttc taatagaget ctggttcggt tggcgtatta
gctcgaattc tttctctectt ccagatctac gctgccgatt tcatcaggtt tgcgagctcet
gttccaccat ttttcttttc ctgaagcttt gagcatgctt gtgattcttc atttecctcat
ttctttgatg gtttatgaaa gaatttaggg gaattttctc tttttgtatt ctagtggtac
tggtagattt gtttgaagtt tgtttctctt cttctgagaa gtgaattctt ccagatctga
cagttgcttt tgattttttc tttgggaatt agtgaatgat acttcgatac tgttttttgce
tctctgagat tctggatctc gggccttggg gttttctatt gtcecttttggt agctatgttt
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cgtttgtcag
attttgtagg
ctctggttag
ttgaattgta
gttttataat
gtcgagtcat
gcttgtatta
gttgatattt
gttttttgta
gcaagttagc
atccagtcaa
ttatccgatt
gcttegtect
cagccgtcca
tgacaagtct
tatcaccggt
gggtgccaga
actccttgcet
tatgggtctt
taagcgtcca
tgaagacggt
ctacagggta
caccccaggt
gcttcaaggt
ccgtcttgaa
ctctactgct
taacgttttg
cgacatcgaa
tcgttcttcet
cgagtatcca
tttggaagaa
gctcaacggt
cggtaagggt
cgctatgagc
tactatgatc
gatcgaactc
atgcatgcaa
gtactaataa
gaagaataaa
ttttetttte
tgctatttat
ttatcaacaa
ttttaaataa
aaagaattca

gcaggtcecgg
tcagtttaaa

cttgtatttg
cgcacttgtt
aactaagttt
gatccagtca
tttaattttg
ttccattcat
cccagattte
tcaagcttaa
cacgaactaa
agaatctgca
cgcaaatctc
tcgtegtegt
cttaaggtca
gcaactgctc
atctcccaca
cttttggaag
atccgtaagg
cctgaggctc
gttggtgttt
atgggtcgtg
gatcgtcttc
cctatggctt
atcaccactg
tttggtgcta
ggtcgtggta
ttcccattgg
atgaacccaa
gtgatcaacc
actttgaagg
attctcgctg
ctcecgtgtta
gttgattgcg
ctcggtaacg
ttcctcgtta
gctactagct
tccgacacta
tcttgtgaaa
aagcatgtca
gatgagcttg
tggcttccca
gaaataaatt
aatatctcgg
atcaaagtta
agttgttaat
agagctcatt

tcattgttga
ttccacggtt
tttgtcggta
tcttctacat
ttgtttcecct
taaaagtttc
tataaaccta
gcaatactga
tatggtgttt
atggtgtgca
ccttatcggt
ggggattgaa
tgtcttctgt
gtaagtcctc
ggtccttcat
gtgaagatgt
aaggtgatac
ctctcgattt
acgatttcga
tgttgaaccc
cagttacctt
ccgctcaagt
ttatcgagcc
accttaccgt
agctcaccgg
ttgctgecett
cccgtactgg
cacgtcttge
gtgttactgt
ttgcagctgce
aggaaagcga
atgaaggtga
cttctggagce
tgggtctcgt
tcccagagtt
aggctgcttg
tatatggttt
tgttattttc
ctatgcatgc
tcaatttggt
gttggttata
gaaacaatac
accaatacct
gaacttcggt
taaataagct

ctatcagtgt tt

atggttcgat
ttcgtgttac
attggatttg
gagtgtaggg
gattttgaac
tataatttta
tcttgatttce
tgtgactaaa
tgttatgttt
gaacccatct
ttctctgaag
gaagagtggg
ttccacggceg
tggtctttct
gtttggaggt
tatcaacact
ttggatcatt
cggtaacgct
tagcactttc
acttcgcgaa
gcgtggacca
gaagtccgct
aatcatgact
tgagactgat
tcaagtgatt
gcttgttcca
tctcatcttg
tggtggagaa
tccagaagac
attcgctgaa
ccgtctttet
gacttctctc
agctgtcgcet
ttctgaaaac
catggatttg
aaggccttta
taattagact
atttgatttt
atgcatgcca
gtgaattagt
tttgatctac
ctttttggta
tattcaagtt
taatgataaa

tgatggggat

ccggtttgta
ggtttcatga
gtaagggact
ttccttaggg
ctgtttggtt
tttgaatctt
aagtgtgcta
acttaactaa
cagaggacgc
cttatctcca
acgcagcagc
atgacgttaa
tgcatgcttce
ggaaccgtcc
ctcgctageg
ggtaaggcta
gatggtgttg
gcaactggtt
attggtgacg
atgggtgtgc
aagactccaa
gttctgcttg
cgtgaccaca
gctgacggtg
gatgttccag
ggttccgacg
actctgcagg
gacgtggctg
cgtgctcctt
ggtgctaccg
gctgtcgcaa
gtcgtgegtg
acccacctcg
cctgttactg
atggctggtc
atcatctgaa
tcaatcttat
atctgtactt
tcgattatca
gtgtgtgata
aatctacata
gcaaaattca
ggaggggtct
agaattcgca
cagattgtcg

aataaaataa
ttcecctagat
gttactgtgg
cagatcttgt
gttcagattc
ctgaatctgt
tgtggtaact
tgaactgaat
gtaccatggc
atctctcgaa
atccacgagc
ttggctctga
acggtgcaag
gtattccagg
gtgaaactcg
tgcaagctat
gtaacggtgg
gccgtttgac
cttctctcac
aggtgaagtc
cgccaatcac
ctggtctcaa
ctgaaaagat
tgcgtaccat
gtgatccatc
tcaccatcct
aaatgggtgc
acttgegtgt
ctatgatcga
ttatgaacgg
acggtctcaa
gtcgtcctga
atcaccgtat
ttgatgatgc
ttggagctaa
actgttcacc
gttggcta