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*Navigation * Welcome to AllergenOnline.org Latest News:

New Version

AllergenOnline provides access to a peer reviewed allergen list and
sequence searchable database intended for the identification of Version # i4

Home proteins that may present a potential risk of allergenic cross- o e
- ; ) ’ h ) Peer Reviewsd 1706
I reactivity. This website was designed to help in assessing the safety =

,i\boutAIIEI'genOnllnE of proteins that may be introduced into foods through genetic BUEnCes

engineering or through food processing methoads. The objective is taxonomic- 845
Contact us to identify proteins that may require additional tests, such as protein groups

serum IgE binding, basophil histamine release or in vivo challenge _'""'"'"""'""J'"""""'

to evaluate potential cross-reactivity. Released On anuary
Browse the Database 202014

The database is updated annually. Version 4 was released on a Download: Wi, pdf /-
ersion HiStOf"}" public website in 2004. The database is freely accessible with the

intent of providing a simple and useful tool that may be useful in food safety evaluations.

Sequence Search Allergen | . Featyres and Tools Available.

Database
Search Algorithm Help Sequence search routines for food safety
= We continue provide simple amino acid search routines to allow you to compare a protein
Database and GMO sequence with the sequences in the current AllergenCnline database, which is updated on an
information links annual basis. This is intended primarily for evaluating new proteins in Genetically Maodified
crops or in Novel Foods.
= Saarch for full-length alignments by FASTA: The most pradictive search is the overall FASTA
FARRP Home alignment (see FASTA Help Page), with identity matches greater than 50% indicating possible
cross-reactivity (Aalberse, 2000]).
Celiac Disease ® Search for 80 amino acid alignments by FASTA: A precautionary search using a sliding window
Novel Protein Risk of 80 amino acid segments of each protein to find identities greater than 25% (according to
Assessment tool CODEX Alimentarius guidelines, 2003).

» Search for 8 amino acid exact match: An 8-amino acid short-sequence identity search is
provided since some regulatory authorities demand results of this extremely precautionary




Outline: Development of Celiac
Database and bioinformatics tests

« Developers of biotechnology products (genetically
modified crops — GM) or food processors need a test:

— Codex Alimentarius Guideline for GM Safety (2003): any gene
(protein) transferred from wheat or near wheat relative should
be evaluated for potential to cause Celiac Disease

« Bioinformatics should provide efficient evaluation to
demonstrate:

— the SAFETY of >98+% of wheat proteins that would not
cause CD

— And RISK ~ 100% identification of those that would cause
CD...... http://www.allergenonline.org/celiachome.shtmi

* | will present selection of Celiac eliciting peptides and
representative proteins (for immunogenic and toxic
properties)

« Testing

— Exact peptide matching
Sememen —  FASTA |dentity and E-score evaluation to set criteria N




Grasses as a single genetic system
Evolutionary history of cereals — AND GLUTEN
COMPLEX Divergence
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Probable Evolution of modern wheat
D. Kasarda, JAFC 2013 61:1155-1159

Gluten genetics are complex, gene duplication + divergence —

Common Line

- - - T urartu X T speltoides T tauschii
DlpIOId wheat SPecCles A genome B genome D genome

progenitor progenitor progenitor

Chromosome doubling l

Tetraploid wheat species dicoccoides tauschii
AABB D genome

_ progenitor
“D” genome has more CD epitopes,
but all 3 have multiple epitopes | ¥ doubling

v

. , \
Hexaploid wheat species aestivum

Figure 3. Combinations of diploid wheats leading to the polyploid

forms.




Immunogenic effect Is the most common
problem, associated with MHCII DQ 2 or 8

Digestion
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Toxic effects - less well defined, - may bind innate
Immune receptors, rather than MHC / TCR

Stress pathways

Activation pathways
involving specific receptors

a-gliadin 31-43 (LGQQQPFPPQQPY)
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Building the Database (2010-2012)

1. Plaimein reviewed 53 CD research papers
identified from PubMed

2. ldentified 1,016 peptides with CD related
activity - Peptide database
ad. 464 native & 552 deamidated peptides
D. Toxic peptides = 18
C. Length of peptides from 8 to 55 aa

3. BLAST search with each peptide against
NCBI - Protein database (non-redundant
sequences) to identify the “parent proteins”




Method of selecting CD peptides

1. Literature search for “celiac” and “coeliac” in PubMed
52 publications 1984 - 2011

2. Peptides/proteins are selected based on evidence in
CD patients:

Immunogenic: able to bind the HLA-DQ molecules &
stimulate T-cell response (proliferation &/or IFNy
secretion)

Toxic: able to

Stimulate & release proinflamatory cytokine IL-15
= Reduce brush border alkaline phosphatase activity
" Reduce mean enterocyte surface cell height

= |nduce partial villus atrophy

" |nduce increase in intestinal permeability

Collected sequences:
473 native peptides and 558 deamidated peptides
18 peptides were toxic and not immunogenic
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Testing specific deamidation (is rarely

done this well, but this is only 1 TCL, T cell line, not a clone)

Il 5nM
150 nM
N 500 nM
74 5 uM
2150 uM

Thus 10
QLQPFPQPELPY - dominant,

20 30
cpm (x103)

But 3 other peptides stimulate slightly in this study...

MHC Il DQ2.5, DR3+ DQ2+ B-LCL were irradiated and
incubated with TCL cells using native peptide or synthetic
peptides to simulate specific deamidation (Q>E)




Peptide divergence test: alanine substitutions in alpha-2
gliadin peptide G4: T cell clones Ellis et al. Gut 2003, 52:212-217

Test (clone 6) CPM S I[FN-y IL-4
T+APC only 1053 (211) — 31 0
PQPELPYPQPQLPY 14764 (3870) 14 232 0
PQAELPYPQPQLPY 343 (110) <1 0 0
PQPEAPYPQPQLPY 244 (59) <] 0 0
PQPELAYPQPQLPY 182 (42) <1 0 0
PQPELPAPQPQLPY 236 (25) <1 0 0
PQPELPYAQPQLPY 211 (33) <1 0 0
PQPELPYPAPQLPY 798 (123) <1 31 0
PQPELPYPQAQLPY 341 (70) <1 0 0
PQPELPYPQPALPY 14454 (197) 14 205 0
PQPELPYPQPQAPY 13681 (1209) 13 225 0
Test (clone 8) CPM Sl IFN-y IL-4
T+APC 4238 (418) — 50 0
PQPELPYPQPQLPY 51683 (?13) 12 575 130
PQPELPYPQPQLAY 54782 (771) 13 600 nd

PQPELPYPQPQLPA 57467 (1999 14 600 nd




Toxic effect of a-gliadin G8 peptide
(LOQLQPFPQPQLPYPQPQLPY) following proteolysis

(pepsin and trypsin) of peptide and dosing 4 hours in
vitro Enterocyte cell height of 3 CD patient biopsies
Fraser et al. Gut 2003, 52: 1698-1702.
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MVRVPVPQLQPQNPSQQQPQEQVPLVQQQQFPGQQQPFPPQQPYPQPQPFPSQQPYLQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPFRPQQPYPQSQPQ YSQPQQPISQQQQAQQQAQAQAQQQAKQAQ

VRVPVPQLQPQNPSQQQPQEQVPLVQQQQF G I 7209265 a-g I i a.d i n

VRVPVPQLQPQNPSQQQPQ
VPVPQLQPQNPSQQQPQEQVPL

QNPSQQQPQEQVPLV\?QQQQQQFPGQQQPFPPQQPYPQPQPFPSQQPY [Tr i t i C u m aeSt i V u m ] 2 9 O aa
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QQPQQQYPSGQGSFQPSQQNPQAQG
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EIRNLALETLPAMCNVYIPPYCTIAPVGIFGTNYR
| ]




Database 68 Proteins (2010-2012)

3. The proteins were aligned by ClustalW2 to
remove redundant protein sequences

4. 68 representative parent proteins -2
Protein database

= Triticum aestivum (43) = Secale cereale (6)

= Triticum monococcum (2) = Avena sativa (3)

= Hordeum vulgare (11) = Avena nuda (2)

= Hordeum vulgare subsp. = HMW glutenin synthetic construct (1)
vulgare (7)

Short protein fragments : 20, 29, 43, 52, 54, 68, 72 aa
Full protein lengths : 150-839 aa



CD Database and search routines
(2010-2012)

Exact sequence
matching (MysqL)

r —> FASTA (version 35.04)

—

1,016 peptides —

68 proteins

N

Plaimein Amnuaycheewa identified sequences
John Wise constructed the MYSQL database and search routines
Verified by Afua Tetteh and Rick Goodman



www.AllergenOnline.orqg/celiachome.shtml

Browse and Search functions

—AlleraenOnline

Home of the farro alleroen nrotein database

Home

About AllergenOnline
Contact us

Browse the Database
Version History

Sequence Search Allergen

Database
Search Algorithm Help

Database and GMO
information links

FARRP Home

* Celiac Disease (CD) Novel Protein Risk

Assessment Tool

The Food Allergy Research B Resource Program (FARRP) in the
Department of Food Science & Technology, University of Nebraska, By References
has added a new biocinformatics tool to identify Exact Peptide -
matches between the amino acid sequence of a query protein and
the 1,016 naturally occcurring, mutated or deamidated [(Gln
converted to Glu by tissue transglutaminase) peptides from wheat
and wheat relatives (barley, rye and two proteins from oats) that
have been demonstrated to elicit celiac disease or activate MHC
Class II restricted T cells of subjects with celiac disease. The basis
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Celiac Tools
Browse Entries

By Peptides

By References

By Proteins
Sequence Search
Exact peptide match

Full FASTA

Celiac Tools
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By Peptides

By Proteins
Sequence Search
Exact peptide match

Full FASTA
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Peptide Exact match alpha-gliadin
Triticum spelta var. arduini GI:3928509

= alpha gliadin Triticum spelta
mkiflilall afvattatta vivpvpqlgp qnpsqqqpge qvplvagqaflzqqqpfppq qoypapapfp sqqpylglap fpapqlpysq papfipggpy papgpqysqp qupisqqqeq 9399993949 99qqqilqqi lggqlipemd viqghniah grsqvlggst yqllgeleeq hiwgipeqsq cqathiovvha dilhqggkgq qgpesql
qplaqyplgq gsfrpsqqnp qaqgsvgpaq Ipgfeeiml alqgtipamen vyippyctit pfgiftn
Your Search returned 33 results
ID| Type Description Toxicity Form Refs Sequence HLADQ SeqLen :‘;;i
iadi 77
1 ;Phﬂ ;llil’;'ghadm CT1(pl-p22ofB o o0 Native |41 VPVPQLQPQNPSQQQPQEQVEL Unenown 2 1
3 ;‘.’hﬂj alpha-gliadin pl4 (p1-p19) Immunogenic | Native [34 VRVPVPQLQPQNPSQQQPQ DQ2 19 1
alpha- - . S .
4 liad: alpha-ghiadin p15 (p11-p28) Immunogenic | Native [34 QNPSQQQPQEQVPLVQQQ D2 18 1
alpha- L i . .
6 ladi alpha-gliadin p62 (p61-p3g) Immunogenic | Native [34 QPYPQPQPFPSQQPYLQL DQ2 18 1
7 |#PE | ipha-sliadin (p44-p53) Immunogenic,  |\ative|10 PQPQPEPSQQPY HLADR 12 1
alpha- DQ2-Glia-alphal epitope . o . <
160 gliadin | (p8-pT2: S69) Immunogenic  |Native |39 LQPFPQPQLPYSQPQ DQ2 15 1
164 ;‘.’hﬂj Wheat peptide W08 Immunogenic  |Native 62 QPFPQPQLPYSQ DQ2 12 1
alpha- ) ) .
166 sliadi Glia-alpha Immunogenic Native |38 PFPQPQLPYSQ DQ2 1 1
alpha- o ) .
168 ladi alpha-gliadin (p202-p220) Toxic Native |11 QOQYPLGQGSFRPSQQNPQA DQ2 19 1
Imkt£1ilallai ttattavrvrp 1 lvggogfl 1gl i ilggilgggli v1lgghni qusf vgllgelccgh i ihkvvhaii
VEVRQLQPQNPIQRREQEQVEL
VREVEVPRLRPGNRIRRRER
QNPSQRAEQEQVELTRON
QEYPQEQETRIQRTYLOL
TREQEFRIQEEY
LQLQPFEQEQLEY
QLQPEEQEQLEY
LGPFEQEQLEY
QETERQLEY
PEERQLEY
FREQRFYER




AllergenOnline Celiac Search Results

Caliar anhr

{a::ﬂﬁexeg}ﬁﬂfmlglm;zl;j n:.g;;ﬂC:‘L“r'mdm'\Iemp‘LcelCAﬁB.tmpfastafoeli.ac.fasta Search FA STA Wlth alph a gII adln
oo ot from Triticum spelta

[User Query #1

> alpha gliadin Triticum =pelta
mke£lilall aivastatta vrvpvpglge grpsgggeae grvplvgoesf lgogorfppa epyparerfr =gopyloler fpopqlpy=q popfrpgoey PODORQy=or QUpisgogge 999999999 g9999ilggil lggglipemd wrlgghn
eqgaihkvvha iilhggokgg gop==sgv=sfq gplgoyplogg g=frp=gonp gaggsvgpog lpgfeeirnl algtlpamen vyippyctit pfgifgtn

# fasta3S.exe —g -H -B -m 91 -w 100 -E 10 -d 20 C:\Windows\Temp\celCA&B.tmp fasta/celiac.fasta
FASTA searches a protein or [NA sequence data bank

wversion 35.04 Jan. 15, 2009

Please cite:

W.R. Pearscn & D.J. Lipman FNAS (1938) 85:2444-2447

Query: CinWipdows\TemphcelCRER, TID

Li;z:zyhlgc:-ritlm: FASTZ (3.5 Sept 20068) [cptimized]
Parameters: BLS0 matrix (15:-5) ktup: 2

Jjoin: 36, opt: 24, copensext: -10/-2, width: 1é

Scan time: 1.000

»>gi|7209247 |enb|CABT6955.1] alpha-gliadin [Triticum aestivum] {274 aa)
The beat 3acores are: initn: 1208 imitl: 1208 opt: 1892 Z-score: 1441.6 bita: 274.6 E{): 1.2e-0746

gi| 7208247 |emb | CABTEI55) Smith-Waterman score: 1892; 97.4% identity (98.5% similar) in 271 aa overlap (21-288:2-272)

gi| 7208263 | emb | CABTG963

gil?EﬂﬂEE?lemblCEB?ﬁﬂﬁﬂ 10 20 30 40 50 &0 70 a0 a0 100
gil MEG | gb|ABQS5212 METFLITALLATVATTAT IEVRVPVPQLQPQNPS OO POEVE VOO LEROOPFP PO PY PO PO PFPSO0 PY LOLOPF PO POLEY SQPOPFRPOOPY
gil wl emb | CABTE362 gil|720 H’\-’RVT‘;’PQLQPQNPS L POECVE LV OO F L0 PFPPOOPY POPOPFPS QO PY LOLOPFPQPOLEPY SQPOPFRPQQFY
10 20 30 40 50 &0 70 a0
110 120 130 140 150 160 170 180 190

B P Y SO PO P S OO0 ——-TLOQ I LOQOL I PCMDVVLOQHN TAHGRSOVLOQ STYQLLOELCCQHLWQ I FEQSQUQAT HEV

gil720 PQEQEQYSQPQQPISO0Q00000000000000000000I o0 LOQLL I PCMDVVLOQHN IVHERSGVLOQSTYQLLOELCCQHLWGI PEQSQCQATHNY
a0 100 110 120 130 140 150 160 170 180

200 210 220 230 240 250 260 270 280
VHAI I LHQQOKDQONPSSOVSFQRPLOOY PLENGS FRESQON POADGSVQPQULPQFEE IRNLALQT LEAMCN VY IPEYCT ITEFGIFGTN

gil720 VHAIILHQQQEDQOOPSSQVSFQQPLONY PLEGSFRESQONPQRQESVOPQLEQFEEIRNLALGTLEAMCNVY I PPYCTIAPFGIFGINYR
190 200 210 220 230 240 250 260 270

gl | 7209263 |enb |CABT76963.1| alpha-gliadin [Triticum aestivum] {269 aa)
initn: 1303 initl: 1303 opt: 188 Z-3acore: 1437. 'Z-‘ bll’.EI 273.8 E{): 1.%=-076
it Lo o o . o o _ L o o




Why do a FASTA? Why not just
exact match?

 Either Natural or artificial mutations could
lead to proteins with no exact match, but that
pose high risk.

« Example, modified alpha gliadin (next slide)
* Would such a protein be safe?

« FASTA may prove a good backup for exact
match....BUT WE NEEDED to establish
CRITERIA and LIMITS




MODIFIED a-gliadin [Triticum

aestivum] alanine substitutions for glutamine

>>gi| 7209265 |emb|CABT6964.1| alpha-gliadin [Triticum aestivum] {290 aa)
initn: 199%6 initl: 19%6 opt: 1996 Z-score: 1360.4 bits: 255.7 E(}): 3.7=-072
Smith-Waterman score: 1996; 55.5% identity (95.5% similar) in 29%0 aa overlap (1-29%0:1-250)

10 20 30 40 20 &0 70 g0 80 100
modifi MVRVEVPQLOPONPSQAQPQEQVPLVOQOQFPGORAPFPPQOPYPQPQPFPSAQPYLOLOPFPAPQLPYPQPALPYPQPALPYPQPQPFRPAQPYPQSQP

gi|720 MVRVPVRPQLOPQNPSQOQPQEQVPLVQOQQFPGROOPFPRPQQPYPQPQPFPSOQPYLOLOPFPOPQLPYPQPOLPYPQPOLEPYPQPQPFRPOQPYPQSQP
10 20 30 40 50 &0 70 a0 S0 100

110 120 130 140 150 160 170 180 190 200
modifi QYSQPOOPISQ0Q000000000KQ0000000ILOQILOQALI PCRDVVLOQHS IAYGSSQVLOQSTYQLVQQLCCOOLWQIPEQSRCOQATHNVVHATIILY

gi]720 QYSQPQOPISQO0000000000K00000000ILOQILOQOLI PCRDVVLOOHSIAYGSSQVLOQSTYQLVOQLCCQOLWQIPEQSRCQATHNVVHATIILH
110 120 130 140 150 160 170 180 150 200

210 220 230 240 250 260 270 280 250
modifi QOOQOO0EO0QOPLEQVSFQQPOQNYPSGAGSFQPSQANPQRQGSVAPQQLPQFEEIRNLALETLPAMCNVY IPPACTIAPVGIFGTNYR

gi|720 QQQ000Q00N00PLSQVSFOOPQOQYPSGESFOPSQONPQAQGSVOPQQLPQFEEIRNLALETLPAMCNVYIPPYCTIAPVGIFGTNYR
210 220 230 240 250 260 270 280 2390

Theoretical 13 alanine substitutions in CD inducing peptide
E score = 3.7E-072, 95.5 % id over full length overlap

No exact peptide matches, if exact match, no risk..?
WOULD THIS PROTEIN POSE A RISK?




Tests of Allergenonline.org
Celiac Database

With proteins from Pooideae and
other taxonomic groups




Taxonomy of Plants: CD database test

Magnoliophyta (Flowering plants)

Class Monocotyledons Dicotyledons
Order Poales
Family Poaceae
Subfamily Pooideae Ehrhartoideae Chloridoideae Panicoideae
Tribe Poeae Triticeae| Oryzeae Cynodonteae Andropogoneae Paniceae
Genus  Oat Wheat Rice Finger millet Corn Pearl millet
Barley Sorghum Little millet
Rye Sugarcane
Job's tears

No evidence they induce CD WpeiEad

Quinoa
Buckwheat




Tests for Exact peptide matches using
randomly selected NCBI “gluten-like”
proteins from taxonomic groups

* Proteins in Pooideae
— 2,666 from NCBI tested
— 2,104 exact matches to CD peptide
* Proteins from other monocots (non-Pooidea)
— 1,059 from NCBI tested
— 0 exact matches
* Proteins from dicotyledons

— 1,050 from NCBI tested
— 0 exact matches




Testing Efficiency of Protein Screening

1. Tested proteins from sources with evidence of CD

2. Tested proteins from sources without evidence of CD

2.1 Representative proteins from the NCBI database keyword
Inclusion by protein, exclusion by taxonomic group homologous

proteins R
Pooideae monocots Non-Pooideae monocots
History of CD History of Safe Use

Gluten Zein

Prolamin Kafirin
Glutelin Coixin
Gliadin Canein

Glutenin Pennisetin
Hordein Oryzin
Secalin Oryzenin
Avenin

2.2 Tested by BLASTP vs. NCBI with peptides in our CD
NO matches of 1,016 peptides in non-Pooideae monocots



Exact peptide Sequence Match Testing

IV

Group

Prolamins in Pooideae
Prolamins in Pooideae

Prolamins & prolamin-like
proteins in other Monocots

Prolamin-like proteins in
Dicots

Unrelated proteins

Number of
Proteln

2,104
562

1,059

1,050

48

Contain exact
CD peptides

Yes
No

No

No

No




Examples of additional testing by exact
match and FASTA unrelated proteins

= Some non-Pooideae query proteins were found to
have “FASTA" alignments with the 68 CD proteins,
but were NOT significant

= Short protein segment alignments of 20
to 29 aa

= Yielded high percent identities & moderate
to low E scores

= NO epitope alignments



Group Il = FASTA GI:330732090 unnamed protein
[Zea mays]

NO EXACT matches S

>>gi|269854576|gb|ACZ51336.1| low molecular weight glutenin subunit A3-2 [Triticum aestivum] (360 aa)
initn: 380 initl: 380 opt: 566 Z-score: 370.6 bits: 76.9 E(): 5.3e-017
Smith-Waterman score: 566; 41.0% identity (61.6% similar) in 268 aa overlap (29-287:35-284)

10 20 30 40 50 60 70 80 90
gi]330 MKLVLVVLAFIALVSSVSCTQTGGCSCGQQQSHEQQHHP——QQHHPQKQQHQPPPQHHQQQQHQQQQVHMQPQKHQQQQEVHVQQQQQQPQHQQ

gi|269 AVAQISQQQQQPPFSQQQQPPFSQQQQSPFSQQQQQPPFLQQQQPPFSQQPPISQQQQPPFSQQQQPQFSQQQ———QPPYSQQQQPPY——SQQQQPPFSQ
10 20 30 40 50 60 70 80 90

100 110 120 130 140 150 160 170 180
gi|330 QQQQQQHQQQHQCEGQQQHHQQSQGHVQQHEQSHEQHQGQSHEQQHQQQFQG HDKQQQP———QQPQQYQQGQEK SQQQQCHCQEQQQTTRCSYNYYSS

gil269 QQQPPFSQQQQPPFSQQ———QQQPPFTQQQQPSFSQQPPISQQQQQQQQQQQPFTQQQQPPFSQQPPISQQQQPPFSQQQQPPFSQQQQIP———VIHPSV
100 110 120 130 140 150 160 170 180

190 200 210 220 230 240 250 260 270 280
gi]330 SSNLKNCHEFLRQQCSPLVMP——FLQSRLIQPSSCQVLQQQCCHDLRQIEPQYIHQAIYNMVQSIIQEEQQQQPCELCGSQQATQSAVAILTAAQYLPSM

gi|269 LQQLNPCKVFLQQQCIPVAMQRCLARSQMLQQSICHVMQQQCCQQLRQIPEQSRHESIRAIIYSIILQQQQQQ ——————— QQQQQQGQSIIQYQQQQPQQ
190 200 210 220 230 240 250 260 270 280

290 300
gi|330 CGLYHSYYQNNPCSSNDISGVCN

gi|269 LGQCVSQPQOOLOQOLGQQPQQQQLAHGTFLQPHQIAQLEVMTSIALRTLPTMCSVNVPLYETTTSVPLGVGIGVGVY
290 300 310 320 330 340 350 360

= Region of CD inducing peptides in LMW glutenin of 7.
aestivum



Group IV — FASTA with GI:281206089 hypothetical
protein PPL_ 07106 [Polysphondylium pallidum ; slime mold]

NO EXACT PEPTIDE MATCH —

>>gi| 73912496 |dbj|BAE20328.1| omega-5 gliadin [Triticum aestivum] (439 aa)
initn: 974 initl: 504 opt: 722 Z-score: 438.5 bits: 91.4 E(): 8.8e-021
Smith-Waterman score: 793; 41.2% identity (56.1% similar) in 437 aa overlap (49-462:31-438)

10 20 30 40 50 60 70 80 90
gi|281 MEDWRVTIKDFERQELVQRLMHLLKHEKDDGNLFERANNLEKKIFDMKHDSQRQ--QQQQQPQPMQOAQQ——-PQOOQOTLOQQQPMOQOQPMOOQQOQQPMO
gil|7309 MKTFIIFVLLAMAMNIASASRLLSPRGKELHTPQEQFPQQQQFﬁéﬁééFPQQQIﬁééﬁélPQQPQQFPQQQQFLQQQQIPQQ

10 20 30 40 50 60 70 80

100 110 120 130 140 150 160 170 180 190
gilz8l QQPIQQQQQQQQQQPMQQQQQPMQQQQQPMQQQQFQTQQQPNGHMNMQQQPMQQQQQQQPQQQPNGHMNIQQQQQQPHPPN——LKQQPQMQHHPVNSNFQ

gil739 QIPQQHQIPQQPQQFPQQQQFP QQHQSP——QQQFPQQQFPQQKLPQQEFP QQQISQQPQQLP ——————— QQQQIPQQPQQFLQQQQFPQQQPPQ———Q
90 100 110 120 130 140 150 160

200 210 220 230 240 250 260 270 280 290
gi|Z281 NQYNQNMLPQQQ IQNTNFNPQQQQQQQQQQQQQQQQQQQQQQQHVPVGNAGAATVTTQS PHLFNGPAGQSQQQQQQQPQQQQRVMTQPGQSPMMNLQQ

gil739 HQFPQQQLPQQQQIPQQQQIPQQPQQIPQQQQIPQQPQQFPQQQF PQQQFPQQQFPQQEFPQQQQFPQQQIARQPQQLPQQQQ IPQQPQQFPQQ——QQ
170 180 190 200 210 220 230 240 250 260

300 310 320 330 340 350 360 370 380
gil281 PGQQGQPHTQ——PQ———PQQQQISIAILNKLATTNPQLQQLLALYQQKSMRNNEIDKNPAFQSESEQLKSEMQGIYIQI——HQTAKQQIIAQQQAHAQAQ

gil739 FPQQQSPQQQQFPQQQFPQQQQLPQKQFPQ PQQIPQQQQIPQQPQQFPQQQFPQQQQFPQQQEFPQQQFPQQQFHQQQLPQQQFPQQQFPQQQFPQQQQ

270 280 290 300 310 320 330 340 350 360
390 400 410 420 430 440 450 460 470
gil281 AQGQQQQQQQQ————QQHPNQQ——PQQQLQTQPNQQSTMNMQQHPQQQ—PLPSANMPPLPTGKIAAKQQATQPNNTIPNAGVIGGAAVQPPALNRGNQPP
gil|739 FPQQQQLTQQQFPRPQQSPEQQQFPQQQFPQQPPQQ ——————— FPQQQFPIP-——YPPQQOSEEPSPYQQYPQQQPSGSDVISISGL
370 380 390 400 410 420 430

\

= Region of CD inducing peptides in o-5 gliadin of 7. aestivum




Group Il — FASTA dicot protein homologue No
exact match, showing alignment Secalin GI: 212

>>gi|21202|emb|CAA42836.1| Secl precursor [Secale cereale] (357 aa)
initn: 226 initl: 87 opt: 87 2-score: 79.7 bits: 21.7 E(): 0.85
Smith-Waterman score: 87; 63.2% identity (68.4% similar) in 19 aa overlap (25-43:64-82)

10 20 30 40 S0 60
gi|297 MSLENVLLLLVVVCVVVSTNAQLLPQFPFPFPFQPTPGMPGLPDITKCWSSVMNIPGCITEISQA

gi|212 SIITTARQLNPSEQELQSPQQPVPKEQSYPQQPYPSHQPFPTPQQYSPYQPQQPFPQPQQPTPIQPQQRPFPQRPQQPFPQPQQQLPLOPQQ
20 30 40 50 QYSPYQPQQPFPQPQQPTPI
YSPYQPQQPFPQ
QPFPQPQQPTPI
PTPIQPQQPFPQRPQQPFPQ
PTPIQPQQPFPQ
TPIQPQQPFPQ
PFPQRPQQPFPQ
QPFPQPQQQALPL

Arabidopsis (mustard) alignment with rye Sec 1
precursor does NOT have exact matches to the 8
CD inducing peptides



Group IV — FASTA with unrelated protein
yeast 516 AA showing region of epitopes In
Avenln (GI 2119756) |

>>gi|2119756|p1r||807621 avenin gamma-3 - small naked oat (fragment)(43 aa)
initn: 157 initl: 120 opt: 120 2-score: 80.4 bits: 20.9 E(): 0.77
Smith-Waterman score: 120; 68.2% identity (90.9% similar) in 22 aa overlap

200 210 220 230 240
gi|255 GVFLNGRAVRVSTTSKNRSKFQQPLQQQQQPYMQQQQPYVQQQARA

gil211l TTTVQYDPSEQYQPYPEQQEPFVQQQPPFVQQQQPFVQQQEPF
TTTVQYDPSEQYQPYPEQQEPFVQQQPPFVQ
TTTVQYDPSEQYQPYPEQQEPF
QYQPYPEQQEPFVQ
YQPYPEQQEPFV
PYPEQQEPF

Yeast RNA binding protein FASTA alignment
with 68% ID and E=0.77 over 22 AA
alignment with Avenin y3 adjacent to, but
does not have exact matches with the 5
overlapping CD inducing peptides



Group IV — Unrelated Protein (bacteria) 310
AA alignment with LMW gamma gliadin
GI. 78059081

>gil78059081|gblm17941.1| gam-glidin/nﬂ-glutenin chimera Ch7 precursor [Triticum aestivum (156 aa)
initn: S50 initl: 50 opt: 54 2-score: 87.1 bits: 23.3 E(): 0.33
Smith-Waterman score: 54; 77.8% identity (88.9% similar) in 9 aa overlap (154-162:3-11)

gi|383 GVYLLVGPSGQVNWFGVGLALLATFLFSLQMALTQWTLAPYPTRTVAFYVTAW

gil780 IQVDPSGQVQWPRRQQPFPQPQRRPFSQQPQRQIFPQPRRTFPHQPQOQFPQ
QVDPSGQVQWPQ
PQQQQPFPQPQQPFSQQPQQ
QPFPQPQQPFSQ
PFPQPQQPF

Bacterial protein alignments with 77% ID, E=0.33m
over 9 AA overlap to y-gliadin/LMW-glutenin clearly
no exact match to the 4 CD inducing peptides



Group IV — Unrelated Protein
(Chlamydomonas sp. 8188 AA alignment
with Secalin GI:169

>>gi|1699227 |gb|AAB37405.1| gamma-35 secalin isoform P9-1
initn: 67 initl: 67 opt: 67 2Z-score: 72.1 EB(): 2.2
Smith-Waterman score: 67; 100.0% identity in 8 aa overlap

7630 7640 7650 7660 7670
gi|159 PLTLQCFTPCPAVMWPQEWPQQQPLIYNLSDITASKTIRLKVFEN

gi|l69 NMQVGPSGQVEWPQQQPLPQ
NMQVGPSGQVEWPQQQPLPQ

QVGPSGQVEWPQ

Algae protein alignment with 100% ID, E =
2.2 to 8 AA segment of y-35 secalin but
clearly no exact-match to the 2 CD inducing

peptides




Predicting the likelihood of a query protein to
cause CD using AllergenOnline.org Celiac DB

Query protein
Exact CD
active peptides

<45% ID

or > le-16

or <100 aa overlap

Sequence homology
to the 68 proteins

Yes

> 45% ID

Low likelihood of

causing CD
(Accept as
safe)

Test

v /
~

>

Uncertain

likelihood

of causing

High

Test I

Positive
REJECT

Toxicity
test on
defined CD
patients

CD

l

Reject as probable CD elicitor




GM proteins from Pooideae that pass the
bioinformatics evaluation and are transferred to a
non-Pooideae crop should be as safe as these =

Rice .
Maize (corn) .
Sorghum (Jowar) .
Millet (Bajra) .
Amaranth

Arrowroot

Buckwheat

Flax

Oats (if pure), although
some varieties??

Potato

Quinoa
Tapioca
Flours from nuts and
beans

INTERNATIONAL SYMBOL OF
GLUTEN FREE
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