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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

BLOSUMS0 BLOcks SUbstitution Matrix, used to score similarities between
pairs of distantly related of protein or nucleotide sequences

CP4 EPSPS S-enolpyruvylshikimate-3-phosphate synthase from
Agrobacterium tumefaciens sp. strain CP4

E-Score Expectation Score

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

GI Gene Identification number

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, 2009)

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

The bioinformatic evaluation of CP4 EPSPS has been conducted several times
throughout the research and development process, with all reports concluding that the
CP4 EPSPS protein was not similar to known allergens, toxins (Silvanovich, 2009), or
other biologically active proteins (Tu and Silvanovich, 2009) that may adversely affect
human or animal health. Periodically, the databases used to evaluate proteins are
updated. The allergen database (AD_2010) has been revised and published (FARRP,
2010; Tu and Silvanovich, 2010) and the new toxin (TOX_2010) and protein
(PRT_2010) sequence databases have been assembled (Tu and Silvanovich, 2010). In
order to determine if the CP4 EPSPS protein shares significant sequence similarity to
new sequences contained in the updated allergen, toxin or protein databases, the CP4
EPSPS protein sequence was used as a query for a FASTA and Sliding Window search of
the AD_ 2010 database and a FASTA search of the TOX_2010 and PRT_2010 databases.

Results indicate there were no biologically relevant sequence similarities to allergens or
toxins when the CP4 EPSPS protein sequence was used as a query for a FASTA search of
the AD_2010 or TOX_2010 database. Furthermore, no short (eight amino acid)
polypeptide matches were shared between the CP4 EPSPS protein sequence and proteins
in the updated allergen database. When searching the PRT_2010 database, results
confirm that no biologically relevant structural similarity to proteins of concern was
observed for CP4 EPSPS sequence. These data are consistent with those previously
reported (Silvanovich, 2009; Tu and Silvanovich, 2009), where it was concluded that
there was a lack of structurally relevant sequence similarity to allergens, toxins or other
biologically active proteins that could be harmful to human or animal health.

2.0 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 (December 15, 2009), 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).

Mocated at http://www.allergenonline.com
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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).

3.0 Sequence Database Searches

The CP4 EPSPS sequence (Figure 1) used in this analysis was the same as that used
previously as described in Silvanovich (2009). 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 3.4t26 (July 7, 2006).
The structural similarity of the protein sequence to sequences in each database
(AD_2010, TOX_2010, and PRT_2010) was assessed using the FASTA algorithm
(Lipman and Pearson, 1985; Pearson and Lipman, 1988). In the case of FASTA searches
of the PRT_2010 database performed using the CP4 EPSPS sequence, the Appendix 1
was truncated to display only the top 50 alignments.

FASTA comparisons are initiated by aligning the first match of a specific wordsize. The
alignment is then extended based on the chosen scoring matrix. Specific FASTA
comparison parameters used in this study included a wordsize (k-tuple) of two, a gap
creation penalty of 10, and a gap extension penalty of two. The expectation score (E-
score) was set to ten for searches of the AD_2010 and TOX_2010 databases and one for
the PRT_2010 database. 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 1e-5 or smaller to be considered to have significant homology. FASTA comparisons
were performed using the BLOSUMSO0 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 alignment is
extensively analyzed for each database sequence. The BLOSUMS0 matrix series
(Henikoff and Henikoff, 1992) 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. BLOSUMS0 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,

PROPRIETARY INFORMATION OF MONSANTO COMPANY
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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.

4.0  Significance of the Alignment

An E-score of 1e-5 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 le-5 was analyzed further to determine if such an alignment
represented significant sequence homology.

5.0 Results and Discussion

Potential structural similarities shared between the CP4 EPSPS protein and proteins in the
allergen, toxin, or protein databases were evaluated using the FASTA sequence
alignment tool. Identified proteins were ranked according to their degree of similarity
(Appendix 1).

5.1 Assessment of Potential Allergenicity

Using CP4 EPSPS as the query sequence to search the AD_2010 database, the top
alignment was with GI-21725588 with an E-score of 1.5. Due to the high E-score
value, this is not a meaningful alignment. No alignment met or exceeded the
threshold of 35% identity over 80 amino acids recommended by Codex
Alimentarius (2003). Furthermore, no eight contiguous amino acid identities were
detected when the CP4 EPSPS protein sequence was compared to the AD_2010
sequence database (Appendix 1).
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5.2 Assessment of Potential Toxicity

Using CP4 EPSPS as the query sequence to search the TOX_2010 database, the top
alignment was with GI-267990064 with an E-score of 1.7. Due to the high E-score
value, this is not a meaningful alignment (Appendix 1).

5.3 Assessment of Potential Adverse Biological Activity

Using CP4 EPSPS as the query sequence to search the PRT_2010 database, the top
alignment positively identified CP4 EPSPS (GI: 27549260) with 100.00% identity
over 455 amino acids with an E-score of 1.8e-173 (Appendix 1). The positive
identification of CP4 EPSPS does not indicate potential adverse biological activity
of the CP4 EPSPS protein.

6.0 Conclusions

The results of these data indicate that no biologically relevant sequence similarities were
observed between the CP4 EPSPS protein and allergen, toxin, or biologically active
proteins. These results and conclusion are consistent with those previously reported by
Silvanovich (2009) and Tu and Silvanovich (2009), which concluded that CP4 EPSPS
demonstrated no structurally relevant sequence similarity to allergen, toxin, or other
biologically active proteins that could be harmful to human or animal health.
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Figure 1: The CP4 EPSPS Protein Sequence
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