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Bioinformatics Evaluation of the Putative Reading Frames across the Junctions in Maize Event 
DAS-40278-9 for Potential Protein Allergenicity and Toxicity 

 

SUMMARY 

A plant-optimized aryloxyalkanoate dioxygenase-1 (aad-1) gene, originally from common soil 

bacterium Sphingobium herbicidovorans, was integrated into maize (Zea mays) to produce event 

DAS-40278-9 by Whiskers®-mediated transformation using a DNA fragment released by Fsp I 

from plasmid pDAS1740.  The AAD-1 protein, encoded by the aad-1 gene, provides tolerance to 

2,4-dicholorophenoxyacetic acid (2,4-D) and aryloxyphenoxypropionate (e.g. haloxyfop, 

cyhalofop, quizalofop, etc.) based herbicides.  DNA sequences flanking the aad-1 insert in event 

DAS-40278-9 maize have been cloned and characterized.  The DNA sequence of the insert is 

identical to the corresponding portion in the Fsp I fragment of pDAS1740 except for truncations 

at the 5’ end of the 2 MAR elements flanking the AAD-1 expression cassette in an opposite 

orientation. The junctions of the insert and flanking genomic borders were identified and 

screened for “novel” reading frames spanning the junction sites.  A total of 10 “novel” reading 

frames were identified and evaluated for potential allergenicity and toxicity using bioinformatics 

tools.  Searches of the putative “novel” reading frames against a peer reviewed allergen database 

(FARRP Allergen Database Version 10, Released in January, 2010) did not generate any 

significant amino acid sequence similarities with known allergens.  Similarly, searches against 

the GenBank non-redundant protein sequences “nr” did not detect any protein sequence 

similarities with toxic proteins harmful to humans or animals. 
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Bioinformatics Evaluation of the Putative Reading Frames across the Junctions in Maize Event 

DAS-40278-9 for Potential Protein Allergenicity and Toxicity 

 

ABSTRACT 

 

A plant-optimized aryloxyalkanoate dioxygenase-1 (aad-1) gene, originally from common soil 

bacterium Sphingobium herbicidovorans, was integrated into maize (Zea mays) to produce event 

DAS-40278-9 by Whiskers®-mediated transformation using a DNA fragment released by Fsp I 

from plasmid pDAS1740.  The AAD-1 protein, encoded by the aad-1 gene, provides tolerance to 

2,4-dicholorophenoxyacetic acid (2,4-D) and aryloxyphenoxypropionate (e.g. haloxyfop, 

cyhalofop, quizalofop, etc.) based herbicides.  DNA sequences flanking the aad-1 insert in event 

DAS-40278-9 maize have been cloned and characterized.  The DNA sequence of the insert is 

identical to the corresponding portion in the Fsp I fragment of pDAS1740 except for truncations 

at the 5’ end of the 2 MAR elements flanking the AAD-1 expression cassette in an opposite 

orientation. The junctions of the insert and flanking genomic borders were identified and 

screened for “novel” reading frames spanning the junction sites.  A total of 10 “novel” reading 

frames were identified and evaluated for potential allergenicity and toxicity using bioinformatics 

tools.  Searches of the putative “novel” reading frames against a peer reviewed allergen database 

(FARRP Allergen Database Version 10, Released in January, 2010) did not generate any 

significant amino acid sequence similarities with known allergens.  Similarly, searches against 

the GenBank non-redundant protein sequences “nr” did not detect any protein sequence 

similarities with toxic proteins harmful to humans or animals. 
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INTRODUCTION 

A plant-optimized aryloxyalkanoate dioxygenase-1 (aad-1) gene, originally from common soil 

bacterium Sphingobium herbicidovorans, was integrated into maize (Zea mays) to produce event 

DAS-40278-9 by Whiskers®-mediated transformation using a DNA fragment released by Fsp I 

from plasmid pDAS1740.  The AAD-1 protein, encoded by the aad-1 gene, provides tolerance to 

2,4-dicholorophenoxyacetic acid (2,4-D) and aryloxyphenoxypropionate (e.g. haloxyfop, 

cyhalofop, quizalofop, etc.) based herbicides.  DNA sequences flanking the insert in event DAS-

40278-9 maize have been cloned and characterized (1). The DNA sequence of the insert is 

identical to the corresponding portion in the Fsp I fragment of pDAS1740 except for truncations 

at the 5’ end of the 2 MAR elements flanking the AAD-1 expression cassette in an opposite 

orientation.  

 

Theoretically, the DNA sequences surrounding the junctions of the insert and its flanking borders 

could create potential “novel” reading frames spanning those junction sites.  In the safety 

assessment of transgenic crops, one of the concerns is that “novel” proteins could be expressed 

that might have a potential to elicit allergic or toxic reactions in humans.  Therefore, the potential 

novel reading frames spanning the junctions of the insert and border sequences can be analyzed 

for sequence similarity to known allergens or toxins as an indication of a safety concern should 

those reading frames actually be expressed.  For this study, “novel” reading frames are defined 

very conservatively as any reading frame spanning the junctions regardless of the presence of a 

start codon and the number of amino acid residues. 

 

To assess potential allergenicity using bioinformatics tools, two criteria for evaluating structural 

similarities between query proteins and known allergens are currently used based on amino acid 

sequence alignments (2, 3, 4).  The first criterion is a search over 80-amino-acid stretches 

(sliding window search) to detect >35% identity between a query protein and known allergens.  

The window size of 80 amino acids was selected to correspond with a typical domain size in a 

protein, and recognizes that single protein domains may contain epitopes that mediate antibody 
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binding.  The second criterion involves evaluating short amino-acid stretches for identity 

between the query protein and known allergens.  As stated in the report of Codex Ad Hoc 

Working Group on Allergenicity (2), “the size of the contiguous amino acid search should be 

based on a scientifically justified rationale in order to minimize the potential for false negative or 

false positive results”.  Window sizes of 6 to 8 amino acids have been suggested based on 

hypothetical epitope sizes, however, use of window sizes of less than 8 amino acids have been 

largely abandoned based on the high probability of random alignments that are of no predictive 

value (5, 6).  The use of any short-alignment criteria for predicting the allergenic potential of 

proteins has also been recently criticized (7, 8, 9, 10).  For evaluation of potential protein 

toxicity, structure similarity between a query protein and known protein toxins are identified 

using local sequence alignment search tools such as BLAST and FASTA algorithms against a 

database of all available protein sequences.  

The purpose of this study is to identify the potential “novel” reading frames at the junction of the 

border and insert sequences of event DAS-40278-9 and evaluate them for potential allergenicity 

and toxicity using bioinformatics tools along with updated allergen and non-redundant protein 

databases. 

METHODS  

Search for “Novel” Reading Frames 

DNA sequences including the whole insert and its border regions of maize event DAS-40278-9 

were analyzed with an in-house Perl script to search six-frame translations from stop codon to 

stop codon across all the identified junctions (Figure 1).  For each reading frame (RF), the exact 

locations of 5’ and 3’ stop codons were identified.  Those RFs spanning the junctions were 

considered as “novel” and evaluated for any potential protein allergenicity or toxicity using 

bioinformatics tools.   
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Query Sequence Preparation 

Each putative reading frame sequence was prepared in FASTA format for the use of FASTA and 

BLASTp search programs. 

Allergenicity Assessment 

For the allergenicity assessment, the amino acid sequence of each RF was compared with a peer-

reviewed database containing 1471 known and putative allergens as well as celiac-induction 

protein sequences residing in the FARRP dataset (Version 10, Released in January 2010, 

University of Nebraska, http://www.allergenonline.org/).  Potential identities between the RF 

peptide sequences and proteins in the allergen database were evaluated with the FASTA program 

(v34) using the default algorithm parameters (Matrix = BLOSUM50; Expectation = 10; Gap 

Penalties = -12/-2; ktup=2).  The FASTA search was run by an in-house Perl script in a UNIX 

computer with Linux operation system.  If a query sequence is longer than 80 amino acids, the 

script parses the query sequence into a complete (overlapping) set of 80 amino acid long 

fragments and each fragment is subjected to a FASTA search.  A greater than 35% identity 

threshold over any 80 or more amino acid sequences between a query sequence and an allergen 

was used to indicate the potential for cross-reactivity.  To ensure that high identity over a short 

stretch (for example, 80% over 60 amino acids) will not be overlooked, a calculation, (Identity% 

× number of overlapped amino acids)/80, was implemented as a conversion to check the criteria 

of >35% over 80 amino acids when the FASTA alignment (overlapped amino acids) is less than 

80 amino acids.  Reading frames shorter than 29 amino acids were not evaluated using FASTA 

search since >35% identity requires at least a match of 29 amino acids over 80 amino acids.  RF 

peptide sequences were also screened for any matches of 8 contiguous amino acids to the 

allergens contained in the database noted above as long as an RF is equal to or longer than 8 

amino acids.  This was done using an in-house Perl script that generates all sequentially possible 

(overlapping) 8-residue peptides from a query protein, followed by Fuzzpro program (Emboss 

Package v2.10.0) search that compares each query “word” with all allergen sequences in the 

database for perfect matches. 

http://www.allergenonline.org/�
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Toxicity Assessment 

To assess potential toxicity of the in silico translated peptides of the RFs, a similarity search was 

conducted using the BLASTp algorithm.  Reading frames were queried using the BLASTp 

2.2.21 algorithm against non-redundant protein dataset (update to April 23, 2010), which 

incorporates non-redundant entries from all GenBank and RefSeq nucleotide translations, 

including non-redundant GenBank CDS translation along with protein sequences from SWISS-

PROT (http://www.expasy.org/sprot/), PIR (http://pir.georgetown.edu/), PRF 

(http://www.prf.or.jp/aboutdb-e.html), and PDB (http://www.wwpdb.org/).  BLASTp searches 

were done in the NCBI (National Center of Biotechnology Information) BLAST website 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi).  BLASTp searches were performed in an internal UNIX 

computer using the default setting of algorithm parameters (Matrix = BLOSUM 62, Gap Costs: 

Existence: 11, Extension: 1, Word size=3) except that the low complexity filter was off and 

Expectation =1.  Although a statistically significant sequence similarity generally requires an 

alignment with an expectation value less than 0.01, a threshold of E-value < 1.0 ensures that 

proteins with even limited similarity will not be overlooked in the search (11). 

RESULTS AND CONCLUSIONS 

A total of 10 reading frames spanning the junctions across the DAS-40278-9 insert and its border 

regions were identified (Table 1).  When the amino acid sequences of the 10 reading frames were 

compared with the FARRP allergen dataset (Version 10, January 2010), no matches of eight or 

greater contiguous amino acids were observed in any of the translated sequences.  Since the RF 

1_-2, 1_-3, and 2_+2 are less than 29 amino acids, only 7 RFs were subject to search against the 

allergen database using the FASTA program. No over threshold identities (greater than 35% 

identity over greater than or equal to 80 amino acid residues) were detected in the FASTA search 

outputs when using the peptide sequences from the 7 RFs as query (Table 2, APPENDIX 1).  

 

When the 10 reading frames were subjected to BLASTp analysis against the GenBank non-

redundant protein dataset, no alignments with E-value less than 1 were returned (Table 2, 

APPENDIX 2).   

http://www.expasy.org/sprot/�
http://pir.georgetown.edu/�
http://www.prf.or.jp/aboutdb-e.html�
http://www.wwpdb.org/�
http://blast.ncbi.nlm.nih.gov/Blast.cgi�
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In conclusion, bioinformatics evaluation of the 10 putative “novel” reading frames did not 

generate any significant amino acid sequence similarities with known allergens or toxic proteins 

that are harmful to humans or animals. 
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Table 1. Deduced Amino Acid Sequences of Reading Frames across the Junctions in Maize 
Event DAS-40278-9 

Reading Frame 
Name 

(Junction_Frame) 

Nucleotide 
location 

Number 
of 

amino 
acids 

Deduced amino acid sequence 

1_+1 1588−1878 97 
ETYDPHVRMECPTVVYIRSRGYPIISIDHLPISSAFLH
SGDLACNPPHIDPSQEVVYYASLSGPNLQKTAYPSL
VRPARTIELQSTAPYLEAEYNEG_ 

1_+2 1772−1960 63 AAQTCRKPPIPLSCVQHEPLSYNQQHRTLKRNTMK
VSYDLQQSQNTMNHKVIEARNIRRNKYF_ 

1_-1 1888−1682 69 IVANLHCIPLQGTVLLIVTQWFVLDARERDRRFSAS
LGRLERRNTLLLGMDLYVVGYKRGLLNGEKLMR_ 

1_-2 1881−1843 13 LTFIVFRFKVRCC_ 

1_-3 1877−1800 26 PSLYSASRYGAVDCNSMVRAGRTREG_ 

2_+1 6670−6783 38 KLYIYIFYPKAPQGVALGVRTDSKHRQLARQVGGV
SLI_ 

2_+2 6656−6712 19 RHIYKNYIFIFFTQKHRKG_ 

2_+3 6621−6737 39 IFFKENSIKSLKGIYIKTIYLYFLPKSTARGSPGCADG
L_ 

2_-1 6736−6620 39 SPSAHPGLPLAVLLGKKYKYIVFIYMPLRLFIEFSLK
NI_ 

2_-2 6792−6676 39 ASSDQRHTPYLARQLSVFRVRPHTQGYPLRCFWVK
NINI_ 
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Table 2. Summary of Results from BLASTp Search for Sequence Similarities of Putative  
Reading Frames across Junctions in Maize Event DAS-40278-9  

Reading Frame 
(Junction_Frame) 

Length 
(aa) 

Match of 8 or more 
residues with known 

allergens  

FASTA Search ( 
>35% identity over 

≥ 80 residues) 

Number of 
BLASTp hits 

(E()<1) 
1_+1 97 No No 0 
1_+2 63 No No 0 
1_-1 69 No No 0 
1_-2 13 No N/A 0 
1_-3 26 No N/A 0 
2_+1 38 No No 0 
2_+2 19 No N/A 0 
2_+3 39 No No 0 
2_-1 39 No No 0 
2_-2 39 No No 0 
N/A = Not applicable 
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Figure 1. Diagram of the Insert, its Flanking Borders, and Junction Sites in Maize Event 
DAS-40278-9 

aad-1
MAR v4

MAR v3

5' Border 3' Border

Junction 2Junction 1

ZmUbi1

ZmPer5 3' UTR

8557 bp

aad-1
MAR v4

MAR v3

5' Border 3' Border

Junction 2Junction 1

ZmUbi1

ZmPer5 3' UTR
aad-1

MAR v4
MAR v3

5' Border 3' Border

Junction 2Junction 1

ZmUbi1

ZmPer5 3' UTR

8557 bp



Dow AgroSciences LLC 
Study ID:  101709 

Page 19 
 
 

 

APPENDIX 

1. FASTA Search Outputs of the Putative Reading Frames (>28 aa) in Maize Event DAS-
40278-9 against the Allergen Database V10 

 

There were 7 reading frames (>28 aa).  FASTA search output files are electronically stored 

in a secured computer in Dow AgroSciences and are available for view in PDF format. 

 

2. BLASTp Search Outputs Using Putative Reading Frames as Queries in Maize Event DAS-
40278-9  

 

BLASTp search output files of the 10 putative reading frames are electronically stored in a 

secured computer in Dow AgroSciences and are available for view in PDF format. 
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