Monsanto Company Study REG-10-333
Final Report MSL0022911
Regulatory Product Characterization Center Page 1 of 70

Study Title

Bioinformatics Evaluation of DNA Sequences Flanking the 5’ and 3’ Junctions of
Inserted DNA in MON 87427: Assessment of Putative Polypeptides

Authors

Haidi Tu, M.S.
Andre Silvanovich, Ph.D.

Study Completed On

July 28, 2010

Sponsor and Performing Laboratory

Monsanto Company
Regulatory Product Characterization Center
800 North Lindbergh Blvd.
St. Louis, MO 63167

Laboratory Project ID

MSL Number: MSL0022911
Study Number: REG-10-333



Monsanto Company Study REG-10-333
Final Report MSL0022911
Regulatory Product Characterization Center Page 2 of 70

The text below applies only to use of the data by the United States Environmental
Protection Agency (U.S. EPA) in connection with the provisions of the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA).

The inclusion of this page in all reports is for quality assurance purposes and does
not necessarily indicate that this report has been submitted to the U.S. EPA.

Statement of Data Confidentiality Claim

Information claimed confidential on the basis of its falling within the scope of FIFRA
section 10(d)(1)(A), (B), or (C) has been removed to a confidential appendix, and is cited
by cross-reference number in the body of the study.

We submit this material to the United States Environmental Protection Agency
specifically under the requirements set forth in FIFRA as amended, and consent to the
use and disclosure of this material by the EPA strictly in accordance with FIFRA. By
submitting this material to the EPA in accordance with the method and format
requirements contained in PR Notice 86-5, we reserve and do not waive any rights
involving this material that are or can be claimed by the company notwithstanding this
submission to the EPA.

Company: Monsanto Company

Company Agent:

Title:

Signature: Date:




Monsanto Company Study REG-10-333
Final Report MSL.0022911

Regulatory Product Characterization Center Page 3 0of 70

Statement of Compliance

This project does not meet the U.S. EPA Good Laboratory Practice requirements as
specified in 40 CFR Part 160.

Date:

Submitter

%«'Z//&\ ﬁl Aﬂ—s Date: 7-2%8- 1O

Michelle R. Starke, Ph.D.
Spansor Representative

;-“’”’? - . - 7 -
G i Zﬂ Date: 7»37/0@ ~ 10

Haidi Tu, M.S.
Author




Monsanto Company Study REG-10-333
Final Report MSL0022911

Regulatory Product Characterization Center Page 4 of 70

Quality Assurance Statement

Study Title: Bioinformatics Evaluation of DNA Sequences Flanking the 5" and 3’
Junctions of the Inserted DNA in MON 87427: Assessment of Putative

Polypeptides
Study Number: REG-10-333

Reviews conducted by the Quality Assurance Unit confirm that the final report accurately
describes the methods and standard operating procedures followed and accurately reflects
the raw data of the study.

Following is a list of reviews conducted by the Monsanto Regulatory Quality Assurance
Unit on the study reported herein.

Dates of Phase Date Reported to Date Reported
Inspection/Audit Study Director to Management
7/19/2010 Draft Report Review 7/20/2010 7/20/2010

K,WJQW 7/&-(3/1».

Quality Assurance Unit Date
Monsanto Regulatory, Monsanto Company



Monsanto Company Study REG-10-333
Final Report MSL0022911

Regulatory Product Characterization Center Page 5 of 70

Study Certification

This report is an accurate and complete representation of the study/project activities.

Signatures of Final Report Approval:

#ﬂz‘/ 7”‘“ Date: 7" 24 - 10

Haidi Tu, M.S.
Author

)Zta,w\/f 6&’% Date: jw% Y 818

ary A/fB annon, Ph. D.
Lead, Regulatory Product Characterization Center




Monsanto Company Study REG-10-333
Final Report MSL0022911
Regulatory Product Characterization Center Page 6 of 70

Study Information
Study Number: REG-10-333

Title: Bioinformatics Evaluation of DNA Sequences Flanking the
5"and 3’ Junctions of the Inserted DNA in MON 87427:
Assessment of Putative Polypeptides

Facility: Monsanto Company
Regulatory Product Characterization Center
800 North Lindbergh Blvd.
St. Louis, MO 63167

Protein Sciences Lead:  Gary A. Bannon, Ph.D.
Sponsor Representative: Michelle R. Starke, Ph.D.

Authors: Haidi Tu, M.S.
Andre Silvanovich, Ph.D.

Study Start Date: June 15, 2010
Study Completion Date: July 28, 2010

Records Retention: The protocol, all raw data, documentation, records, and the
final report for this study are retained at Monsanto Company.

®2010 Monsanto Company. All Rights Reserved.

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



Monsanto Company Study REG-10-333

Final Report MSL0022911
Regulatory Product Characterization Center Page 7 of 70
Table of Contents
Section Page
STUAY TILE ..ottt ettt e st e st e st e e st eesabeeesabeeeeans 1
Statement of Data Confidentiality Claim..........coocueeiiiiiiiiiiiiniieiiieeeeeeeeee e 2
Statement Of COMPIIANCE ......ccuveeeiuiieeiieeeiieeeiteeeieeeeire et eerbeeesebeeesaaeeetaeeensaeessaeesnseeennnes 3
Quality ASSUTanCe StateIMENL..........eeeruiieeiiireeiieeeitieeeieeerteeesreeesereeesareeesreeeseeesseeesseeennnes 4
StUAY COrtifICAION ..c..vvieeiiieeitee ettt ettt et e ettt e et e et ee st eesabteesabteesabaeesans 5
Study INFOrMATION ...coueiiiiiiie ettt st st e e st e e 6
TaDIE OF CONLENLS ..c..eeniiiiiiiiie ettt ettt et sab e et esabeesbeesaeeenees 7
Abbreviations and Definitions .........ccccueiuiiriiiiiiiiiie e 10
L.O SUMIMATY ..ottt ettt ettt e et e et esbbeesbbeesabeeesabeeeas 11
2.0 INErOQUCHION .. .eeiiiieiiieiieete ettt ettt ettt ettt et s e e e e naee 12
3.0 PUIPOSE. .o eiiitiee ettt ettt ettt e e ettt e e ettt e e e sttt e e e et e e e e ettt e e e eabaeeeeennrees 13
4.0 MEENOMAS. ..ottt ettt ettt ettt et eas 14

4.1 Sequence Database Preparation .............coecveeviieeniiieniieiniieeieeceeeeee e 14
4.2 Translation of Putative Polypeptides ...........coovueeriiiiniiiiiniiiiieecieeeieeeeeee 14
4.3 Sequence Database Searches .........c.coocveveiiieeiiieciiiece e 14
4.4 Significance of the ALGNMENt ..........cccviieiiieiiiieeieeee e 16
5.0 Results and DISCUSSION .....coouuieiiiriiiiiiinieeiieieeeeeceeeete et 16
5.1 Assessment of Potential AllergeniCity .........cooveeerieeriieeinieeiieeniieesieeeeieee e 17
5.2 Assessment of Potential TOXICItY......cccuviiriuieeriiieeiiie et 17
5.3 Assessment of Potential Adverse Biological ACtiVIty ......ccceevveeerireerciieenieeennne. 17
6.0 CONCIUSIONS ...ttt ettt et e sttt esab e et e st e s beesaneeneeeaee 18

T.0  REIEIENCES c.coeiiieeeeee ettt e e e e ettt st e e e s e e eestaaa e eseeeesssannnns 19



Monsanto Company Study REG-10-333

Final Report MSL0022911
Regulatory Product Characterization Center Page 8 of 70
Figures

Figure 1. Reading frame assignment and DNA sequence at the 5" junctions of the

IMION 7427 INSEIL. wevveueeeeeeeeeiiieeeeee e ettt ettt et eeeeettaaa e aeaeeseeettssaanaaeseeesssssarseseseessssnnnns 21

Figure 2. Reading frame assignment and DNA sequence at the 3" junctions of the

IMON STA27T INSETL. w.eveniiiiiiieiieiieeitete ettt ettt sttt sttt et st aeenesanesbeeneeanens 22

Figure 3. Graphic mapping of the flanking DNA sequences and putative polypeptides
encoded by each reading frame at the 5" and 3" junctions of the MON 87427 insert. ..... 23

Tables

Table 1. The predicted sequence of polypeptides encoded by each reading frame at the 5°
and 3" junctions of the MON 87427 INSEIT. ...c.eeevureeriiieeeiieeriieeieeerieeerireeeireeeareesreeees 24

Table 2. Summary of alignments for the FASTA searches of the AD_2010 database
using putative polypeptide sequences encoded by the genomic DNA-intervening DNA
and/or intervening DNA-T-DNA 5" junctions in MON 87427 ......ccccceevvuveviieencieenrieenns 25

Table 3. Summary of alignments for the FASTA searches of the AD_2010 database
using putative polypeptide sequences encoded by the the genomic DNA-intervening

DNA and/or intervening DNA-T-DNA 3" junctions in MON 87427.........ccccccevverveennens 25

Table 4. Summary of alignments for the FASTA searches of the TOX_2010 database
using putative polypeptide sequences encoded by the genomic DNA-intervening DNA
and/or intervening DNA-T-DNA 5" junctions in MON 87427. .......ccccceviivvinneeniieeneennn. 26

Table 5. Summary of alignments for the FASTA searches of the TOX_2010 database
using putative polypeptide sequences encoded by the the genomic DNA-intervening

DNA and/or intervening DNA-T-DNA 3’ junctions in MON 87427........cccccoveevcuveennnenn. 26

Table 6. Summary of alignments for the FASTA searches of the PRT_2010 database
using putative polypeptide sequences encoded by the genomic DNA-intervening DNA
and/or intervening DNA-T-DNA 5" junctions in MON 87427. .......cccccevviiniinneeniieenneennn. 27



Monsanto Company Study REG-10-333
Final Report MSL0022911
Regulatory Product Characterization Center Page 9 of 70

Table 7. Summary of alignments for the FASTA searches of the PRT_2010 database

using putative polypeptide sequences encoded by the the genomic DNA-intervening

DNA and/or intervening DNA-T-DNA 3’ junctions in MON 87427........ccccccvveveuveennnenn. 27
Appendices

Appendix 1. Bioinformatic analysis of polypeptide 5_1 ......cccoeeeviiiiiiieniiiiieieeceeeeen 28
Appendix 2. Bioinformatic analysis of polypeptide 5_2a .........ccoccveeviiieniieeniieeniieeneen. 30
Appendix 3. Bioinformatic analysis of polypeptide 5_2b .........ccocveiviiiiniiiiniieiniieeeen. 33
Appendix 4. Bioinformatic analysis of polypeptide 5_3 .......cccceeviiiviiieniieeeieeeeeeeen 35
Appendix 5. Bioinformatic analysis of polypeptide 5_4 ........ccccoevvieiiiieniieeniieeeieeeeeen 38
Appendix 6. Bioinformatic analysis of polypeptide 5_5 ......ccccoeeviiiiiiiiiniiiiniieeieeeen, 42
Appendix 7. Bioinformatic analysis of polypeptide 5_06a .........ccoccueeviiiiniieeniieeniiennneen. 45
Appendix 8. Bioinformatic analysis of polypeptide 5_6b .........cccccvevveiieeiieencieeniieeee. 47
Appendix 9. Bioinformatic analysis of polypeptide 3_1 ......cccccovieniiiiiiniiiiiiniiieenes 50
Appendix 10. Bioinformatic analysis of polypeptide 3_2 .........ccoccveiviiiiniieiniieenieeeen. 54
Appendix 11. Bioinformatic analysis of polypeptide 3_3 .........ccocveiviiiiniiiiniiiiniieeeen, 57
Appendix 12. Bioinformatic analysis of polypeptide 3_4a ........cccceeveieeevieencieencieennen. 62
Appendix 13. Bioinformatic analysis of polypeptide 3_5 ......ccccceovvieviiieniieenieeeeeeeen 64

Appendix 14. Bioinformatic analysis of polypeptide 3_6 .........cccccveeviiiiriiiiniieenieeneen. 67



Monsanto Company Study REG-10-333
Final Report MSL0022911
Regulatory Product Characterization Center Page 10 of 70

Abbreviations and Definitions

AA Amino acid

AD_2010 Allergen and gliadin protein sequence database (Release date
January 22, 2010)

BLOCKS A database of amino acid motifs found in protein families

BLOSUM BLOcks SUbstitution Matrix, used to score similarities between
pairs of distantly related protein or nucleotide sequences

CP4 EPSPS 5-Enolpyruvylshikimate-3-phosphate synthase protein from
Agrobacterium sp. strain CP4

E-Score Expectation score

FARRP Food Allergy Research and Resource Program Database

FASTA Algorithm used to find local high scoring alignments between a
pair of protein or nucleotide sequences

GenBank A public genetic database maintained by the National Center for

Biotechnology Information at the National Institutes of Health,
Bethesda, MD, USA

GI Gene Identification number

IgE Immunoglobulin E

NCBI National Center of Biotechnology Information at the National
Institutes of Health, Bethesda, MD, USA

ORF Open Reading Frame

PRT 2010 GenBank protein database, 175.0 (Release date January 22,
2010)

TOX_2010 Toxin protein sequence database (Release date January 22, 2010
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1.0 Summary

Monsanto Company has developed MON 87427, an inducible male sterile and glyphosate
tolerant corn, to facilitate the production of viable hybrid corn seed. MON 87427
produces CP4 EPSPS protein via the incorporation of a cp4 epsps coding sequence.
MON 87427 utilizes a specific promoter and intron combination (e35S-Hsp70) to drive
CP4 EPSPS protein expression in vegetative and female reproductive tissues. Little to no
CP4 EPSPS protein is expected to be produced in MON 87427 pollen, thus pollen from
MON 87427 is not tolerant to glyphosate. Appropriately timed glyphosate applications
produce a male sterile phenotype and allow for specific cross pollinations to be made in
corn without using traditional methods to control self pollination.

As part of a comprehensive safety assessment, bioinformatic analyses were performed to
assess the potential for allergenicity, toxicity, or biological activity of putative
polypeptides encoded by the 5" and 3" corn genomic DNA- inserted DNA junctions.
Besides the T-DNA sequence, two short intervening sequences were inserted into

MON 87427 at both the 5" and 3" junctions. Therefore, sequences spanning the 5" and
3’corn genomic DNA-intervening DNA and intervening DNA-T-DNA junctions were
translated from stop codon to stop codon in all six reading frames. A total of 14 putative
polypeptides of eight amino acids or greater in length were compared to allergen
(AD_2010), toxin (TOX_2010), and all protein (PRT_2010) database sequences using
bioinformatic tools.

The FASTA sequence alignment tool was used to assess structural relatedness between
the query sequences and protein sequences in the AD_2010, TOX_2010, and PRT_2010
databases. Structural similarities shared between each putative polypeptide with each
sequence in the database were examined. The extent of structural relatedness was
evaluated by detailed visual inspection of the alignment, the calculated percent identity,
and the E-score. In addition to structural similarity, each putative polypeptide was
screened for short polypeptide matches using a pair-wise comparison algorithm. In these
analyses, eight contiguous and identical amino acids were defined as immunologically
relevant, where eight represents the typical minimum sequence length likely to represent
an immunological epitope.

The bioinformatic analysis performed using the 14 putative sequences translated from
junctions is theoretical as there is no reason to suspect, or evidence to indicate, the
presence of transcripts spanning the flank junctions. The results of bioinformatic analysis
indicate that no structurally relevant sequence similarities were observed between the 14
putative flank junction derived sequences and allergens, toxins or biologically active
proteins. As a result, in the unlikely occurrence that any of the 14 peptides analyzed
herein is found in planta, none would share significant similarity or identity to known
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allergens, toxins, or other biologically active proteins that could affect human or animal
health.

2.0 Introduction

Monsanto Company has developed MON 87427, an inducible male sterile and glyphosate
tolerant corn, to facilitate the production of viable hybrid corn seed. MON 87427
produces CP4 EPSPS protein via the incorporation of a cp4 epsps coding sequence.
MON 87427 utilizes a specific promoter and intron combination (e35S-Hsp70) to drive
CP4 EPSPS protein expression in vegetative and female reproductive tissues. Little to no
CP4 EPSPS protein is expected to be produced in MON 87427 pollen, thus pollen from
MON 87427 is not tolerant to glyphosate. Appropriately timed glyphosate applications
produce a male sterile phenotype and allow for specific cross pollinations to be made in
corn without using traditional methods to control self pollination.

As part of a comprehensive safety assessment, bioinformatic analyses were performed to
assess the potential for allergenicity, toxicity, or biological activity of putative
polypeptides encoded by the 5" and 3" corn genomic DNA-inserted DNA junctions.
Besides the T-DNA sequence, two short intervening sequences were inserted into

MON 87427 at both the 5" and 3" junctions. Therefore, sequences spanning the 5 and 3’
corn genomic DNA-intervening DNA and intervening DNA-T-DNA junctions were
translated from stop codon to stop codon in all six reading frames. A total of 14 putative
polypeptides of eight amino acids or greater in length were compared to allergen
(AD_2010), toxin (TOX_2010), and all protein (PRT_2010) database sequences using
bioinformatic tools.

Exposure to allergens in foods may cause sudden, medically significant reactions in
susceptible individuals. Additionally, gliadins and glutenins are suspected to cause celiac
disease, a non-IgE mediated disorder (gluten-sensitive enteropathy), and are also
considered important immunologically active proteins. Screening the amino acid
sequences of proteins introduced into plants by modern biotechnology for similarity to
sequences of known allergens, gliadins, and glutenins is one of many assessments
performed to support product safety. Similarly, the amino acid sequences of introduced
proteins are also screened against known toxins as well as all known proteins in publicly
available genetic databases.

The FASTA algorithm can be used to evaluate the extent of sequence alignment between
a query protein sequence and a database sequence. In principle, if two proteins share
sufficient linear sequence similarity and identity, they will likely share three-dimensional
structure and, therefore, functional homology. By definition, homologous proteins share
secondary structure and common three-dimensional folds (Pearson, 2000). Because the
degree of relatedness between homologs varies widely, the data need to be carefully
evaluated in order to maximize their potential predictive value. The allergenicity
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assessment is used to identify known allergens or potentially cross-reactive proteins.
While related (homologous) proteins may share 25% amino acid identity in a 200 amino
acid overlap (Pearson, 2000), this is not generally sufficient to indicate IgE mediated
cross-reactivity (Aalberse et al., 2001). Indeed, allergenic cross-reactivity caused by
proteins is rare at 50% identity and typically requires >70% amino acid identity across
the full length of the protein sequences (Aalberse, 2000). A conservative approach is
currently applied by which related protein sequences are identified as potentially cross-
reactive if linear identity is 35% or greater in an 80 amino acid overlap (Thomas et al.,
2005). Such levels of identity are readily detected using FASTA. Additionally, proteins
closely related to gliadins or glutenins, the proteins that trigger celiac disease, can be
easily identified using FASTA.

A second bioinformatics tool, an eight amino acid sliding window search, is used to
specifically identify short linear polypeptide matches to known or suspected allergens. It
is possible that proteins structurally unrelated to allergens, gliadins, and glutenins may
still contain smaller immunologically significant epitopes. A query sequence may be
considered allergenic if it has an exact sequence identity of at least eight contiguous
amino acids with a potential allergen epitope (Goodman et al., 2002; Hileman et al.,
2002; Metcalfe et al., 1996). However, most allergen epitopes have not been confirmed
and the amino acid length for those that have been identified can vary widely, thus the
relevance of an exact match of eight amino acids may have limited immunological
relevance (Thomas et al., 2005). The eight amino acid bioinformatic strategy is currently
an in silico search that can produce matches containing significant uncertainty depending
on the length of the query sequence (Silvanovich et al., 2006).

This report describes the bioinformatics assessment of putative polypeptides encoded at
the corn 5" and 3" genomic DNA-intervening DNA and intervening DNA-inserted DNA
junctions of MON 87427. Inspection of the bioinformatic analysis data can be used to
indicate whether the putative polypeptides have biologically relevant sequence similarity
to known allergens, toxins, or other biologically active proteins.

3.0 Purpose

The purpose of this study was to evaluate the amino acid sequences of putative
polypeptides obtained from all reading frames that span the 5" and 3" corn genomic
DNA-intervening DNA and intervening DNA-T-DNA junctions in MON 87427 to
sequences in established databases. Sequences spanning these four junctions were
translated from stop codon to stop codon in all reading frames. Structural relatedness
between the putative polypeptides and known allergens, toxins, and biologically active
proteins was assessed using the FASTA sequence alignment tool. Using each putative
polypeptide as a query sequence that was eight amino acids or greater in length and that
spanned one of the junctions, FASTA searches were performed on allergen (AD_2010),
toxin (TOX_2010), and all protein (PRT_2010) sequence databases. Immunologically
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relevant correlates were assessed using the pairwise comparison algorithm using the
putative polypeptide as a query sequence to search against the AD_2010 database.

4.0 Methods

4.1 Sequence Database Preparation

The allergen, gliadin, and glutenin sequence database (AD_2010) was obtained
from (FARRP, 2010)' and was used as provided. The AD_2010 database contains
1,471 sequences. A complete description of the AD_2010 database can be found in
Tu and Silvanovich (2010).

GenBank protein database, release 175.0, was downloaded from NCBI and
formatted for use in these bioinformatic analyses. It is referred to herein as the
PRT_2010 database and contains 17,815,538 sequences. A complete description of
the PRT_2010 database can be found in Tu and Silvanovich (2010).

The toxin database is a subset of sequences derived from the PRT_2010 database
that was selected using a keyword search and filtered to remove likely non-toxin
proteins. It is referred to herein as the TOX_2010 database and contains 8,448
sequences. A complete description of the TOX_2010 database can be found in Tu
and Silvanovich (2010).

4.2 Translation of Putative Polypeptides

DNA sequence spanning the 5" and 3" junctions of the MON 87427 insertion site
(Arackal et al., 2010) was analyzed for translational stop codons (TGA, TAG,
TAA). All six reading frames spanning the genomic DNA-intervening DNA
and/or intervening DNA-T-DNA junctions were translated using the standard
genetic code from stop codon to stop codon. A total of fourteen sequences of eight
amino acids or greater that spanned the junction(s) were analyzed. The DNA
sequence was translated to the amino acid sequence with DNASTAR, version 8.0.2
(13), 412 (Table 1).

4.3 Sequence Database Searches

FASTA analyses using the AD_2010, TOX_2010 and PRT_2010 databases were
performed on a virtual machine loaded with a SUSE LINUX version 10 operating
system and FASTA version 3.4t 26 (July 7, 2006). The structural similarity of the
translated protein sequences to sequences in each database (AD_2010, TOX_2010,

"ocated at http://www.allergenonline.com
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and PRT_2010) was assessed using the FASTA algorithm (Lipman and Pearson,
1985; Pearson and Lipman, 1988).

FASTA comparisons are initiated by aligning the first match of a specific wordsize.
The alignment is then extended based on the chosen scoring matrix. With the
exception of expectation threshold (E-score) of one, default FASTA search
parameters were used. The E-score is a statistical measure of the likelihood that the
observed similarity score could have occurred by chance in a search. A larger
E-score indicates a lower degree of similarity between the query sequence and the
sequence from the database. Typically, alignments between two sequences will
need to have an E-score of le-5 (1><10'5 ) or smaller to be considered to have
significant homology. FASTA comparisons were performed using the BLOSUMS50
scoring matrix (Henikoff and Henikoff, 1992). Multiple alignments are made
between the query sequence and each sequence in the database with a score
calculated for each alignment. Only the top scoring alignments are extensively
analyzed for each database sequence. The BLOSUM matrix series was derived
from a set of aligned, ungapped regions from protein families, called the BLOCKS
database. Sequences from each block were clustered based on the percent of
identical residues in the alignments (Henikoff and Henikoff, 1996). The
BLOSUMS50 matrix will identify blocks of conserved residues that are at least 50%
identical. BLOSUMS50 works well for identifying sequence similarities that include
gaps, and thus recognizes distant evolutionary relationships (Pearson, 2000).

If two proteins share sufficient linear sequence similarity and identity, they will also
share three-dimensional structure and, therefore, functional homology. By
definition, homologous proteins share secondary structure and common
three-dimensional folds (Pearson, 2000). Because the degree of relatedness
between homologs varies widely, the data need to be carefully evaluated in order to
maximize their potential predictive value. The allergenicity assessment is used to
identify known allergens or potentially cross-reactive proteins. While related
(homologous) proteins may share 25% amino acid identity in a 200 amino acid
overlap (Pearson, 2000), this is not generally sufficient to indicate IgE mediated
cross-reactivity (Aalberse et al., 2001). Indeed, allergenic cross-reactivity caused
by proteins is rare at 50% identity and typically requires >70% amino acid identity
across the full length of the protein sequences (Aalberse, 2000). A conservative
approach is currently applied by which related protein sequences are identified as
potentially cross-reactive if linear identity is 35% or greater in an 80 amino acid
overlap (Thomas et al., 2005). Such levels of identity are readily detected using
FASTA. Additionally, proteins closely related to gliadins or glutenins, the proteins
that trigger celiac disease, can be easily identified using FASTA.

In addition to the FASTA comparisons of each putative polypeptide to known
allergens (to assess overall structural similarity), an eight amino acid sliding
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window search was performed. An algorithm was developed to identify whether or
not a linearly contiguous match of eight amino acids existed between the query
sequence and sequences within the allergen database (AD_2010). This program
compares the query sequence to each protein sequence in the allergen database
using a sliding-window of eight amino acids; that is, with a seven amino acid
overlap relative to the preceding window. While there have been recommendations
for using a shorter scanning window (Gendel, 1998; Kleter and Peijnenburg, 2002),
only a few studies have actually investigated the ability of six, seven, or eight
amino acid search windows to identify allergens (Goodman et al., 2002; Hileman et
al., 2002; Stadler and Stadler, 2003). In these studies, randomly or specifically
selected protein sequences were used as query sequences in FASTA and six, seven,
and eight amino acid window searches against allergen databases. The results
demonstrated that searches with six and seven amino acid windows led to high
rates of false positive matches between non-allergenic query sequences and
allergen database sequences. Additionally, searches with a six or seven amino acid
window identified apparently random matches between totally unrelated proteins,
such that the matched proteins were not likely to share any structural or sequence
similarities that could act as cross-reactive epitopes. These studies concluded that
six or seven amino acid sliding-window searches yielded such a high rate of false
positive hits that they were of no predictive value. Furthermore, Silvanovich et al.
(2006) recently demonstrated the lack of value of six or seven amino acid
sliding-window searches in a comprehensive analysis of short peptide match
frequencies by analyzing the match frequencies of peptides derived from ~1.95
million published protein sequences. In order to provide the best predictive
capability to identify potentially cross-reactive proteins, a window of eight
contiguous amino acids is used to represent the smallest immunologically
significant sequential, or linear IgE binding epitope (Metcalfe et al., 1996).

4.4 Significance of the Alignment

An E-score of 1e-5 (1 x 10™) was set as an initial high cut-off value for alignment
significance. Although all alignments were inspected visually, any aligned
sequence that yielded an E-score less than or equal to 1e-5 was analyzed further to
determine if such an alignment represented significant sequence homology.

5.0 Results and Discussion

Bioinformatics analyses were performed on 14 putative polypeptides deduced from DNA
sequence spanning the 5" and 3" inserted DNA-genomic DNA junctions of MON 87427
to assess the potential for similarity towards known allergens, toxins, or other
biologically active proteins. DNA sequence flanking the 5" (Figure 1) and 3" (Figure 2)
junctions of the insertion site in MON 87427 were translated from stop codon to stop
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codon in all possible reading frames. Polypeptide sequence from each reading frame was
then inspected to confirm that the sequence was both encoded by DNA spanning the
genomic DNA-intervening DNA and/or intervening DNA-T-DNA junctions and was
greater than or equal to eight amino acids in length. At each of the 5" and the 3’ flanks,
eight and six deduced putative polypeptides spanned the junctions (see Figure 3 and
Table 1). Each putative polypeptide was designated as 5 or 3 (representing the 5" or 3’
end, respectively), separated with an underscore by a numerical value 1 to 6 representing
the respective reading frame, followed by a letter a or b (representing the junction
between genomic-intervening DNA or intervening DNA-T-DNA, respectively; a or b is
omitted for those putative polypeptides spanning both junctions) (see Figures 1 and 2 for
reading frame assignment). Supporting dataset output files for each putative 5’
polypeptide are contained in Appendices 1-8, while dataset output files for each putative
3’ polypeptide are contained in Appendices 9-14.

5.1 Assessment of Potential Allergenicity

The results of the allergenicity assessment are shown in Tables 2 and 3. Potential
allergenicity of the fourteen putative polypeptides was assessed using the FASTA
and eight amino acid sliding window search algorithms. Using the FASTA
algorithm to search the AD_2010 database, no alignments with any of the fourteen
query sequences generated an E-score of less than or equal to le-5. Likewise, no
alignment met or exceeded the Codex Alimentarius (2003) FASTA alignment
threshold for potential allergenicity of 35% identity over 80 amino acids. Finally,
no eight amino acid matches were identified in the sliding window search of the
AD_2010 database. As a result, these fourteen putative polypeptides are unlikely
to contain any cross-reactive IgE binding epitopes with known allergens.

5.2 Assessment of Potential Toxicity

The results of the toxicity assessment are shown in Tables 4 and 5. Potential
toxicity of the fourteen putative polypeptides was assessed using the FASTA
algorithm. When searching the TOX_2010 database, no alignments with any of the
fourteen query sequences generated an E-score of less than or equal to le-5.

5.3 Assessment of Potential Adverse Biological Activity

The results of this assessment are shown in Tables 6 and 7. Potential untoward
biological activity of the fourteen putative polypeptides was assessed using the
FASTA algorithm. When searching the PRT_2010 database, no alignments with
any of the fourteen query sequences generated an E-score of less than or equal to
le-5.
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6.0 Conclusions

The bioinformatic analysis performed using the 14 putative sequences translated from
junctions is theoretical as there is no reason to suspect, or evidence to indicate the
presence of transcripts spanning the flank junctions. The results of bioinformatic analysis
indicate that no structurally relevant sequence similarities were observed between the 14
putative flank junction derived sequences and allergens, toxins or biologically active
proteins. As a result, in the unlikely occurrence that any of the 14 putative polypeptides
analyzed herein is found in planta, none would share significant similarity or identity to
known allergens, toxins, or other biologically active proteins that could affect human or
animal health.
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Table 2. Summary of alignments for the FASTA searches of the AD_2010 database using putative polypeptide sequences

encoded by the genomic DNA-intervening DNA and/or intervening DNA-T-DNA 5 junctions in MON 87427.

AD_2010 Sequence Database

Appendix | Polypeptide Sliding Window FASTA search
Hits H#:ts Gl # Description I delryloti ty Ovzilap E-score
1 5.1 No - - - - - -
2 5_2a No - - - - - -
3 5_2b No - - - - - -
4 5.3 No - - - - - -
5 5 4 No 4 51315784 EST_HEVBR RecName: Full=Estera 21.739 92 0.025
(391 aa)
6 5.5 No - - - - - -
7 5_6a No - - - - - -
8 5_6b No 1 110349081 Pis v 1 allergen 2S albumi (149 aa) 100.000 4 0.68

Table 3. Summary of alignments for the FASTA searches of the AD_2010 database using putative polypeptide sequences

encoded by the the genomic DNA-intervening DNA and/or intervening DNA-T-DNA 3’ junctions in MON 87427.

AD_2010 Sequence Database

Appendix | Polypeptide Sliding Window FASTA search
Hits H#:ts GI# Description I delryfti ty Ov::lap E-score
9 3.1 No 6 114794319 | X Chain X, Crystal Structure Of (245 aa) 63.158 19 0.84
10 32 No - - - - - -
11 3.3 No 6 59895728 pectin methylesterase aller (339 aa) 32.353 34 0.12
12 3_4a No - - - - - -
13 3.5 No - - - - - -
14 3.6 No - - - - - -
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Table 4. Summary of alignments for the FASTA searches of the TOX_2010 database using putative polypeptide sequences
encoded by the genomic DNA-intervening DNA and/or intervening DNA-T-DNA 5 junctions in MON 87427.

Appendix | Polypeptide FASTA search of TOX_2010 Sequence Database
# Hits Gl # Description % lIdentity | aa Overlap E-score
1 5_1 - - - - - -
2 5_2a - - - - - -
3 5_2b - - - - - -
4 53 - - - - - -
5 5.4 - - - - - -
6 5.5 2 12619449 AF214958_1 conotoxin scaffol (67 aa) 34.615 52 0.33
7 5_6a - - - - - -
8 5_6b - - - - - -

Table 5. Summary of alignments for the FASTA searches of the TOX_2010 database using putative polypeptide sequences

encoded by the the genomic DNA-intervening DNA and/or intervening DNA-T-DNA 3’ junctions in MON 87427.

Appendix | Polypeptide FASTA search of TOX_ 2010 Sequence Database
# Hits Gl # Description % Identity | aa Overlap E-score
9 3.1 1 256682085 XV conotoxin Vx15a precurs (85 aa) 30.556 72 0.24
10 3 - - - - - -
11 3.3 6 22324597 hirsutellin A toxin [Hirsut (153 aa) 42.308 26 0.99
12 3_4a - - - - - -
13 3.5 1 1644265 Yersinia Heat-stable Entero (71 aa) 31.707 41 0.99
14 3.6 - - - - - -
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Table 6. Summary of alignments for the FASTA searches of the PRT_2010 database using putative polypeptide sequences
encoded by the genomic DNA-intervening DNA and/or intervening DNA-T-DNA 5 junctions in MON 87427.

Appendix

Polypeptide

FASTA search of PRT_2010 Sequence Database

E-score

5_1

# Hits

Gl #

Description

% Identity

aa Overlap

2

o

2

o8

mmmlu‘u‘

3
4
5

[eel RN Koy AU, | F 2 ROST | O] o

|

a
_6b

Table 7. Summary of alignments for the FASTA searches of the PRT_2010 database using putative polypeptide sequences

encoded by the the genomic DNA-intervening DNA and/or intervening DNA-T-DNA 3 junctions in MON 87427.

FASTA search of PRT_2010 Sequence Database

Appendix | Polypeptide # Hits Gl # Description % Identity | aa Overlap E-score
9 3_1 - - -
10 3_
11 3.3
12 3_4a
13 3.5
14 3.6
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