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Abstract

Certain cereals like wheat, rye or barley contain gluten, a protein mixture that can trigger
celiac disease (CD). To make gluten-free diets available for affected individuals the gluten
content of foodstuff must be monitored. For this purpose, antibody-based assays exist
which rely on the recognition of certain linear gluten sequence motifs. Yet, not all CD-active
gluten constituents and fragments formed during food processing/fermentation may be cov-
ered by those tests. In this study, we therefore assayed the coverage of reportedly CD-
active gluten components by currently available detection antibodies and determined the
antibody-inducing capacity of wheat gluten constituents in order to provide novel diagnostic
targets for comprehensive gluten quantitation. Immunizations of outbred mice with purified
gliadins and glutenins were conducted and the linear target recognition profile of the sera
was recorded using synthetic peptide arrays that covered the sequence space of gluten con-
stituents present in those preparations. The resulting murine immunorecognition profile of
gluten demonstrated that further linear binding sites beyond those recognized by the mono-
clonal antibodies 020, R5 and G12 exist and may be exploitable as diagnostic targets. We
conclude that the safety of foodstuffs for CD patients can be further improved by comple-
menting current tests with antibodies directed against additional CD-active gluten compo-
nents. Currently unrepresented linear gluten detection sites in glutenins and a-gliadins
suggest sequences QQQYPS, PQQSFP, QPGQGQQG and QQPPF'S as novel targets for anti-
body generation.

Introduction

About 1% of the western population eventually develop an inflammatory intestinal immune
disorder termed celiac disease (CD) upon consuming food containing wheat, rye, barley or, in
rare cases, oats [1]. The causative agent of CD is gluten, the water-insoluble storage protein
fraction of those cereals [1,2]. Rapid and reliable quantitation of gluten in foods is important,
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because CD patients depend on appropriate tests in order to guarantee the safety of their diet.
As the avoidance of gluten-containing foods is currently the only way to prevent symptoms in
CD, legal regulations concerning the labeling of food suitable for gluten-intolerant people have
been set up. In the European Union and the United States of America, for example, the thresh-
old for “gluten-free” foods is 20 mg/kg of gluten [3,4]. Therefore, any technique intended for
gluten quantitation should meet a detection limit below 20 mg/kg, preferably < 10 mg/kg of
gluten. Methods for gluten quantitation in food usually operate on antibody-based test systems
such as ELISA, lateral flow devices (LFDs) or lab-on-chip systems [5,6].

Yet, gluten is not a single protein. Wheat gluten consists of gliadins (prolamins), soluble in
aqueous alcohol, and the alcohol-insoluble glutenins (glutelins). The gliadins are further subdi-
vided into o/B-gliadins, y-gliadins, w5-gliadins and w1,2-gliadins, whereas the glutenins are com-
posed of wb-gliadins, high-molecular-weight glutenin subunits (HMW-GS) and low-molecular-
weight glutenin subunits (LMW-GS) [2]. All of these gluten protein types were shown to be
harmful to affected individuals, i.e. they impair architecture and function of the mucosa, when
tested in vivo by instillation or ex vivo by organ culture, or they at least turned out to be immuno-
genic in proliferation assays with T cells from individuals suffering from CD [7-10]. This way
many major histocompatibility complex (MHC) class II type-restricted sequence motifs, in par-
ticular for the genetically predisposing haplotypes HLA-DQ2 and -DQ8 were identified [11].
Although each of these fragments is able to promote disease, they are not monitored in toto.
Instead, the monoclonal antibodies (mAbs) currently in use for gluten quantitation in food are
directed against a small number of sequence motifs [12-14] and the total gluten content is arith-
metically deduced on the basis of the respective assay results through calibration with reference
materials.

Although still state-of-the-art and endorsed e.g. by the Codex Alimentarius [15] this
approach hinges on the quality of standardization and the reference materials used in the
assay. An analysis based on just one anti-gliadin mAb and extrapolation of the results to the
total gluten content implies that the sample exhibits a fixed prolamin/glutelin ratio—an infer-
ence which is not necessarily correct. Moreover, such analytical procedures may be severely
flawed when it comes to monitoring gluten in processed and/or fermented or hydrolyzed
foods. Treatments like this may selectively enrich or deplete certain prolamin or glutelin con-
stituents in a food product or generate fragments that cannot be detected by current gluten
assays. This issue has also been pinpointed by the FDA in their final rule for the definition of
the "gluten-free label", where they criticize the lack of a "valid competitive ELISA method
which confirms that any gluten peptides detected in a food sample can be accurately quantified
in terms of ppm intact gluten protein. Therefore, these methods [are not considered] scientifi-
cally valid for the purposes of analyzing fermented or hydrolyzed food" [4].

Consequently, there is demand for a more comprehensive monitoring, especially of processed
food along with lower thresholds in order to label a product "gluten-free" [16]. The very first
thing that broader monitoring asks for are further detection reagents, namely mAbs, and knowl-
edge of their binding sites/epitopes. As cereals are often subjected to heat (boiling, baking, cook-
ing) [17,18] and microbial treatment (beer, sourdough, soy sauce) [19,20] before consumption, a
certain degree of protein denaturation and/or fragmentation must be taken into consideration
which renders small structure-independent epitopes of particular interest. Yet, a comprehensive
map of murine antibody immunoreactive sites in relevant gluten constituents has not been
established so far. With that knowledge it should be possible to dovetail anti-gluten mAbs and
thereby reduce or even close the putative gap in gluten monitoring. In this study, sequence infor-
mation from the AllergenOnline database [21] (http://www.allergenonline.org/celiacbrowse.
shtml) containing all CD-active gluten fragments reported to date was compiled, synthesized in
form of peptide arrays and used to check the currently used gluten-specific antibodies for their
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coverage of CD-active gluten fragments. Immunization of outbred mice with gliadin and glute-
nin preparations revealed novel murine B cell epitopes of hitherto analytically uncovered gluten
fragments, which can be used to develop more comprehensive gluten assays.

Materials and methods

Preparation and characterization of gliadin and glutenin fractions from
wheat grains

A mixture of equal parts of grains from four common German winter wheat cultivars (cv.) har-
vested in 2013 (cv. Akteur, I.G. Pflanzenzucht, Munich, Germany; cv. Julius, KWS Lochow,
Bergen, Germany; cv. Pamier, Lantméinnen SW Seed, Hanstedt, Germany; cv. Tommi, Nord-
saat Saatzucht, Langenstein Germany) was milled into white flour using a Quadrumat Junior
mill (Brabender, Duisburg, Germany), sieved through a 200 pm screen and allowed to rest for
two weeks. Moisture, ash and crude protein contents of the flour mix were determined accord-
ing to ICC Standards 110/1, 104/1 and 167 [22-24]. The wheat flour had 13.2 + 0.1% moisture,
0.5+ 0.0% ash and 11.3 + 0.2% crude protein. Prior to fractionation, the wheat flour was defat-
ted three times with n-pentane/ethanol (95/5, v/v) and once by n-pentane as described [25].
Then, 2 x 50 g of the defatted wheat flour were suspended in 200 mL of salt solution (0.4 mol/
L NaCl, 0.067 mol/L Na,HPO,/KH,PO,, pH 7.6) and homogenized for 5 min at 22°C (Ultra
Turrax, IKA-Werke, Stufen, Germany). After centrifugation (3750 X g, 25 min, 22°C), the
supernatant containing albumins/globulins was discarded and the procedure was repeated two
more times. To obtain the gliadin fraction, the sediment was consecutively extracted three
times with 200 mL of 60% (v/v) aqueous ethanol as described. The three combined superna-
tants were pre-concentrated under reduced pressure, dialyzed (molecular weight cut-off:
12,000-14,000, Medicell Membranes, London, UK) against dilute acetic acid (0.01 mol/L) and
lyophilized. To obtain the glutenin fraction, the above sediment was extracted three times
under nitrogen with 200 mL of GLUT solvent (0.1 mol/L Tris-(hydroxymethyl)-aminomethan
(Tris)/HCI (pH 7.5)/1-propanol (1/1, v/v) containing 10 mg/mL of DTT). After homogeniza-
tion, the suspensions were stirred for 30 min at 60°C, cooled and then centrifuged, combined,
pre-concentrated, dialyzed and lyophilized as described above [26]. The freeze-dried gliadin
and glutenin fractions were characterized by determination of crude protein contents (ICC
167), reversed-phase high-performance liquid chromatography [27] (S1 Fig) and sodium
dodecylsulfate polyacrylamide gel electrophoresis (S2 Fig) following a procedure described
before [28]. For immunization, the purified gliadin fraction was solubilized in phosphate-buft-
ered saline (PBS) (0.7 mg/mL) and 1 mL aliquots were snap-frozen in liquid nitrogen. The glu-
tenin fraction was treated with glycerin for 60 min at 40°C to obtain a solution (3 mg/mL)
which was diluted with PBS to a final concentration of 0.7 mg/mL and 1 mL aliquots were
snap frozen in liquid nitrogen and stored at -80°C until use.

Immunization of mice

Female gestating CD1 outbred mice were obtained from Charles River (Sulzfeld, Germany) and
kept on a gluten-free diet (experimental diet EF R/M AIN93G; ssniff, Soest, Germany) in the ani-
mal facility of the Research Center Borstel from gestational day 15 onward. Offspring received
the same gluten-free diet after weaning. Gluten-free raised animals were used for the immuniza-
tion experiments at 8 weeks of age. Systemic immunizations with the antigen formulations
(groups of seven animals each) were carried out by i.p. injection of 3 doses of either 100 pg gliadin
or 100 pg glutenin, each plus 50 pug of muramyl dipeptide (MDP; Sigma, Schnelldorf, Germany),
in 200 pL of D-PBS (137 mmol/L NaCl, 2.7 mmol/L KCl, 10 mmol/L Na,HPO,, 2 mmol/L
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KH,PO,) given at 3 week intervals. Control groups of two animals each were given 200 uL of
D-PBS with 50 ug of MDP. Blood samples were obtained from all mice 2 days before each immu-
nization by bleeding via the tail vein. 13 days after the last immunization, blood was collected via
cardiocentesis and the animals were euthanized by CO, exposure. Blood was allowed to clot over-
night at 4°C and sera were separated by centrifugation at 15,000 x g for 15 min at room tempera-
ture (RT), aliquoted, snap frozen in liquid nitrogen and stored at -80°C. All animal experiments
had been approved by the Ethics Committee of the Ministry of Energy, Agriculture, the Environ-
ment and Rural Areas of the federal state of Schleswig—Holstein (approval number V244-
7224.121.3) and were carried out according to German national law.

Determination of antibody titers

For detection of antibodies against gliadins or glutenins in the sera of immunized mice, microti-
ter plates (Corning, NY, USA) were coated with 75 uL/well of gliadin or glutenin solutions

(5 ug/mL in D-PBS) overnight at 4°C. Plates were washed 3 times with 350 uL/well of PBST
(D-PBS containing 0.05% (v/v) of Tween 20) at RT using an automated washer (biotek 405 LS,
Winooski, VT, USA). Nonspecific binding sites were blocked with 200 uL/well of PBS-Blotto
(D-PBS containing 5% (w/v) nonfat dry milk) for 6 h at RT. After another 4 washes with PBST,
150 pL/well of serum sample (1:75) were serially diluted (1:3) over the plate in PBS-Blotto, and
incubated over night at 4°C. Plates were again washed 4 times with PBST, 75 pL/well of a 1:2000
dilution of secondary antibody (goat anti-mouse IgG-HRP, Southern Biotech, Birmingham,
AL, USA) in PBS-Blotto were applied and the plates were incubated for 90 min at RT. Plates
were washed 6 times with PBST and color was developed at RT in the dark by adding 75 pL/
well of HRP substrate solution as described [29]. The reaction was terminated after 30 min by
the addition of 125 pL/well 2.5 N sulfuric acid and the plates were read at 450/405 nm on a Spec-
tramax M5 microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Epitope mapping of mouse-serum IgG and recognition profiling of
monoclonal antibodies

For the different immunoglobulin mapping experiments, peptide libraries comprising various
gluten entities were created. To check the monoclonal antibodies for their reactivity with CD-
active gluten fragments, the respective protein sequence data were obtained from the Allergen-
Online database (v14.0) hosted by the Food Allergy Research and Resource Program (FARRP)
at the University of Nebraska-Lincoln (http://www.allergenonline.org/celiacbrowse.shtml)
[21]. According to the creators of that compendium, the database includes “1016 naturally
occurring, mutated or deamidated (glutamine converted to glutamic acid) peptides from
wheat and wheat relatives (barley, rye and two proteins from oats) that have been demon-
strated to elicit celiac disease or to activate MHC class II restricted T cells of subjects with
celiac disease”. Those 1016 CD-active gluten fragments were compiled into 1774 overlapping
15 mer peptide sequences with 13 amino acids overlap (offset: 2 amino acids) with having
removed duplicate sequences from the list (S1 Table) to prevent analytical bias.

To map the recognition profile of the polyclonal antisera obtained after immunization with
gliadin and glutenin preparations, sequences of the corresponding proteins were obtained from
the UniProtKB database (entry numbers P04730: y-gliadin; P02863: o/B-gliadin; P18573: o/B-
gliadin MM1; P04721: o/B-gliadin A-I; P04723: o/p-gliadin A-III; P04724: o/B-gliadin A-IV;
P04727: o/B-gliadin clone PW8142; P21292: y-gliadin; P04722: o/B-gliadin A-II; P04725: /-
gliadin A-V; P04726: 0/B-gliadin clone PW1215; P08079: y-gliadin; P06659: y-gliadin B; P04729
y-gliadin B-I; P10387: glutenin, HMW Dy10; P08488: glutenin, HMW subunit 12; P10388: glu-
tenin, HMW subunit Dx5; P10386: glutenin, LMW subunit 1D1; P10385: glutenin, LMW
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subunit; P16315: glutenin, LMW subunit PTDUCD1; P08489: glutenin, HMW subunit PW212;
P02861: glutenin, HMW subunit PC256) and fragmented into overlapping 15mer peptide
sequence motifs as well (S2 Table).

The 15-mer mapping peptides were synthesized by Fmoc solid phase synthesis on amine-
derivatized cellulose disks of 2.7 mm diameter (Intavis Bioanalytical Instruments AG, Cologne,
Germany) using an automated multiple peptide synthesizer (MultiPep RS, Intavis Bioanalytical
Instruments AG). After completion of synthesis, the cellulose disks were disintegrated and the
peptides were spotted in duplicate onto glass slides in arrays with 384 positions each. Slides
were air-dried and stored at —20°C (for details, see S1 Methods).

To identify linear IgG-binding epitopes on gliadin and glutenin proteins, the oligopeptide
microarrays comprising the gliadin and glutenin sequence space were probed with the respec-
tive sera from the mice immunized with gliadin or glutenin preparations. To do so, the slides
carrying the respective arrays were allowed to equilibrate to RT for 10 min before they were
wetted with 100% ethanol for 10 min on a horizontal shaker at RT and rehydrated/washed 3 x
with TBST (Tris-buffered saline, 50 mmol/L, pH 7.4, Tween 20, 0.05%) for 10 min. Slides were
blocked with 1% (w/v) of casein (Hammarsten grade, VWR, Radnor, PA, USA) in 1 mmol/L
maleic acid, 15 mmol/L NaCl, 0.5 mmol/L NaNj, pH 7.5 for 4 h under shaking at RT. After
washing for 10 min with TBST, mouse sera were applied in a dilution of 1:5000 in casein block-
ing buffer. Serum incubation was performed overnight at 4°C on an orbital shaker, slides were
washed 6 x for 10 min with TBST subsequently. The secondary antibody (2 mg/mL, goat anti
mouse IgG-Alexa 680 fluorophore, Thermo Fisher Scientific, Waltham, MA, USA) was applied
in a dilution of 1:50000 in blocking buffer and incubated for 2 h at RT in the dark. After wash-
ing 6 x for 10 min, the slides were air-dried and read-out using a microarray imager (Odyssey
CLx, intensity L2, 21 um resolution, high quality setting; Li-Cor Biosciences, Lincoln, NE,
USA). The epitope mapping process was performed in 2 independent experiments in dupli-
cates each for the sera from all mice.

To check the monoclonal antibodies R5, 020 and G12 for their coverage of CD-active frag-
ments, the peptide arrays carrying the sequence space of gluten peptides potentially hazardous
for CD patients were probed in an analogous manner with the monoclonal antibodies 020
(Gluten-Tec, EuroProxima, Arnheim, The Netherlands), R5 (Ridascreen Gliadin, R-Bio-
pharm, Darmstadt, Germany) and G12 (Agra Quant Gluten G12, RomerLabs, Getzersdorf,
Austria) (for details, see S1 Methods).

Microarray data analysis and statistics

Quantitation of the fluorescence signals was performed using the Image Studio software, ver-
sion 4.0.21 (Licor Biosciences). Further data analysis and statistics was performed with Micro-
soft Excel (MS Office 2013) and GraphPad Prism (version 5.01). For the validation of the
affinity of monoclonal antibodies towards the pool of CD-active gluten fragments, a discrimi-
nation threshold for the measured values was defined by receiver operator characteristic
(ROC) curves. For that, the established 020 epitope PQQPYP [12], the R5 epitope QQPFP
[13,30] and the G12 epitope QPQLPY [14] were used to define groups of "positives” which
comprise all those sequences out of the pool of CD-active fragments which contain the respec-
tive epitopes. The measured fluorescence intensities for these peptides were tested against the
intensities from the group of peptide sequences lacking the abovementioned epitopes ("nega-
tives"), and the respective ROC curves were plotted. The differences between sensitivity (%)
and 100 -specificity (%) were calculated for all possible cutoff values. For each antibody, the
cutoff value resulting in a maximal difference was selected as threshold for a positive signal
(020 =2079000; R5 = 1788000; G12 = 534571) and subtracted from the mean signal intensities
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measured for the respective CD-active peptides. All signal intensities generated in this way are
given in the Supporting Information (S1 Table).

For the immunogenicity profiling with the serum samples from mice, a positive signal was
defined as a positive fluorescence intensity value after subtraction of a cutoff value calculated
from the sera of untreated control mice plus 38.973-fold standard deviation as described [31].
This yields a probability of >99% of positivity for the respective signal. For each peptide, the
positive signals obtained with the sera of all mice from a group were summed up and plotted
against the gliadin/glutenin amino acid sequences (S2 Table) to identify highly immunogenic
murine antibody reactive sites (murine B cell epitopes).

Results and discussion

Detectability of CD-active gluten fragments by currently available
antibodies

The ability of different standard gluten detection antibodies to react with reportedly CD-active
gluten fragments was investigated in order to assess the coverage of recognition of those anti-
bodies regarding CD-active gluten constituents. A comprehensive pool of gluten fragments
whose primary structures were reported to bear risks for CD patients was extracted from
sequence information available at the AllergenOnline database (http://www.allergenonline.
org/celiacbrowse.shtml) [21]. The 1016 CD-active gluten fragments listed in the database were
compiled into overlapping 15 mer mapping peptides, which were then synthesized by solid
phase peptide synthesis [32] and spotted onto cellulose-coated glass slides for identification of
antibody binding sequence domains [33,34] using the monoclonal antibodies 020 [12], R5
[13] and G12 [14], which are standard reagents for the detection and quantitation of gluten in
foodstuffs (Fig 1). The sequence epitopes recognized by these antibodies had been extensively
characterized by others, the 020 epitope is PQQPYP [12], the R5 epitope is QQPFP [30] and the
G12 epitope is QPQLPY [14]. For evaluation of the antibody specificities and sensitivities,
15-mer mapping peptides containing these epitopes were designated “positives” for the respec-
tive antibody, 15-mers lacking the respective motives were “negatives”. On the basis of this
classification and the experimental peptide recognition patterns obtained (Fig 1, left panel) a
ROC analysis was performed. The resulting ROC curves (Fig 1, right panel) demonstrate that
all three antibodies are powerful detection reagents. Their analytical key parameters are sum-
marized in Table 1. Comparison of the areas under the curves revealed that R5 appears to be
the most accurate detection system, followed by G12 and 0:20.

Also from the ROC curves, the best discriminator (cut-off) for positive versus negative sig-
nal intensities was identified at the point of maximum vertical distance between ROC curve
and diagonal. From the recognition profile obtained with the 15mer mapping peptides, the
detectability of the 1016 CD-active gluten fragments from the AllergenOnline database was
deduced and the practical analytical coverage was calculated for all three antibodies in our
read-out system (Table 2). In theory, R5 should detect the highest number of CD-active frag-
ments (22%), because it is directed against a recurring sequence motif of w-secalins that is
largely conserved in wheat relatives and, thus, also frequently occurs in gliadins and hordeins.
G12 and 020 fall short in this respect, because their recognition sequences are less abundant
within gluten. In practice, the percentage of peptides recognized by R5 was higher (29%) due
to Type I errors (false positive rate). Antibodies G12 and 020 have a theoretical detection rate
of 5 and 6% of the 1016 CD-active gluten fragments. In our system, however, they both dem-
onstrated a high false positive rate as well, increasing their detection rate to 13% and 24% in
practice.
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Fig 1. Performance of monoclonal antibodies 020, R5 and G12 in the detection of gluten fragments bearing risks for susceptible individuals.
Left panel: Reactivity of the monoclonal antibodies with immobilized 15mer peptides derived from CD-active gluten fragments. Mean signal intensities
(N = 4) above the threshold as defined by ROC analysis are given (R5, a20: relative fluorescence units, RFU; G12: relative chemiluminescence units,
RCLU), for details see Supporting information, S1 Table. Right panel: ROC curves for determination of threshold values and analysis of sensitivity/
specificity of each antibody, based on recognition of their minimal epitopes (a20: POOPYP, R5: QQPFP, G12: QPQLPY) in the pool of mapping peptides
derived from CD-active gluten fragments.

https://doi.org/10.1371/journal.pone.0181566.9001

Yet, despite the detection of false positives, not surprisingly none of the 3 antibodies was
able to cover the entire 1016 CD-active gluten fragments. For the best performer, R5, more
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Table 1. Characteristics of R5, 020 and G12 antibodies regarding their reactivity with the 1774 15mer mapping peptides.

Antibody 15mers containing epitope (%) AUC True positive rate (%) False positive rate (%) Cutoff
(RFU/RCLU) ®
R5 22 0.9672 86.4 4.4 1.788e+006
a20 5 0.8853 78.0 11.0 2.079e+006
G12 5 0.9529 92.2 8.3 5.346e+006*

2 relative fluorescence or chemiluminescence (*) units

https://doi.org/10.1371/journal.pone.0181566.t001

than two thirds of fragments remained undetected. Even if all three detection reagents were
combined in one triplex assay, this would result in recognition of only 36% of the reported
CD-active gluten fragments. As expected, gaps in the recognition of CD-active sequences were
localized especially within glutenins. For example, some short immunogenic fragments,
namely from glt-17 [35] or glt-156 [36] completely escaped detection. Thus, there seems to be
a gap in the analytical coverage of CD-active gluten fragments by standard detection reagents.

One may argue that the recognition of each small gluten fragment is not essential for detect-
ing the general presence of a gluten component. However, gluten proteins are known to be
fragmented and modified to various degrees by food processing (e.g. heating and fermenta-
tion) [17-20], and an uneven distribution or enrichment of certain fragments during this pro-
cess cannot be ruled out as has been demonstrated for wheat starch [37]. Consequently,
shorter fragments should be detectable as well if they are potentially harmful. Moreover, some
larger gluten components leading to T-cell responses in susceptible individuals, e.g. from o-gli-
adin (p202-p220) [38], o2-gliadin (AJ133612) [39], and a number of other wheat, rye or barley
peptides [33], notably in their deamidated forms, were also missed by the antibodies tested (S1
Table). This means that there are a number of sequence motifs which represent chief targets
for the generation of new, complementary antibodies in order to detect gluten components
which are currently missed by the test systems available.

Identification of novel gluten detection sites

In an approach to identify gluten sequence motifs suitable for the generation of new anti-glu-
ten mAbs, we devised a technique to estimate the immunogenicity of gluten amino acid
sequence motifs in mice, the organism of choice for the production of monoclonal antibodies.
Structural antigen features usually recognized by those antibodies are either three-dimen-
sional antigen surface patterns or short linear amino acid sequence motifs. For our application,
the latter are the most attractive targets because they survive antigen denaturation. Moreover,
they can be chemically synthesized as peptides and assembled into libraries via which the poly-
clonal antigen sequence motif recognition pattern can be mapped. Such an immunogenicity
profiling is a general approach for the identification of linear, immunogenic peptide motifs in

Table 2. Calculated detectability of the 1016 CD-active gluten fragments compiled in the AllergenOn-
line database by R5, 020 and G12 antibodies.

Antibody CD active peptides
containing epitope (%) detectable by antibody (%)
R5 22 29
a20 5 24
G12 6 13
cumulative 30 36

https://doi.org/10.1371/journal.pone.0181566.t002
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a protein sequence which are able to elicit an antibody response. The immunogenicity pro-
filing approach proposed here does not use computational methods but relies on actual,
measurable IgG responses, so that only peptides leading to effective immune responses in
the organism of choice are selected. Peptides which are not presented to the organism’s
immune system due to structural or other restraints of the antigen are discarded.

For gluten immunogenicity profiling, an immunization study with well-defined gliadin and
glutenin extracts from wheat [26] was conducted. The gliadin fraction (yield: 5.4 g gliadin/100
g wheat flour) contained 93.5 + 0.4% crude protein, whereas the glutenin fraction (yield: 3.8 g
glutenin/100 g wheat flour) had a crude protein content of 82.8 + 0.2%. The qualitative high-
performance liquid chromatography profiles and gel electrophoresis patterns (S1 and S2 Figs)
of the gliadin and glutenin fractions were in agreement with previous studies [27,28]. The glia-
din fraction consisted of 8.0% w5-, 11.3% w1,2-, 50.0% o.- and 30.7% y-gliadins. The glutenin
fraction was composed of 2.4% wb-gliadins, 29.2% HMW-GS and 68.4% LMW-GS (all values
given as percentages of the crude protein content). These quantities also lay within the ranges
reported earlier for wheat flours [40]. Taken together, the isolated gliadin and glutenin frac-
tions were obtained in high purity and they contained all relevant gluten components because
they were isolated from a mixture of four wheat cultivars.

For generation of the polyclonal immune response, outbred CD-1 mice were kept on a glu-
ten-free diet for 2 generations in order to avoid tolerance to gluten which could compromise
the mounting of an anti-gluten immune reaction. Following our immunization protocol [41],
all mice immunized with gliadin or glutenin showed strong serum IgG responses against their
specific protein antigen as depicted in Fig 2.

A B
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| —e— 1.Boost
2.Boost

—e— MDP control

—e— |mmunization
—— 1.Boost 34
2. Boost
—eo— MDP control
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Fig 2. Immune responses against gluten antigens after immunization with gliadin (A) or glutenin (B) preparations. Sera of mice (N = 6)
obtained after initial immunizations and booster immunizations were tested in a dilution series in an ELISA against the respective antigen used in the
immunization. Sera from mice (N = 2) treated the same way, but immunized with muramyl dipeptide (MDP) only, served as negative controls.

https://doi.org/10.1371/journal.pone.0181566.g002
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Antigen specific titers in animals immunized with gliadin preparations were slightly higher
than in the glutenin group. This difference might be due to the poor water-solubility of the glu-
tenin preparation, which required glycerol for aiding dissolution. Subsequent dilution of the
glutenin stock with buffer might have resulted in unnoticed precipitation of some protein,
leading to a decreased effective protein concentration in the immunization mixtures for the
glutenin group. Yet, regardless of this slight disadvantage, we can conclude that the immuniza-
tion procedure led to strong serum IgG directed against the respective antigen for both glia-
dins and glutenins.

To find out which sequence regions in the gliadin/glutenin fractions used as antigens had
been responsible for immune reactions in the mice, the sera were probed with peptide arrays
comprising gliadin and glutenin sequences from the UniProtKB database, corresponding to
the protein preparations used for immunization. Only reviewed database entries from Swis-
sProt were selected as sequence sources (see S2 Table for detailed accession numbers and
sequence information).

As described above, these defined gliadin/glutenin sequences were fragmented into 15 mer
peptide sequences with 13 amino acids overlap. After deletion of sequence duplicates, the
resulting library contained 3087 mapping peptides comprehensively covering the gliadin/glu-
tenin sequence pool. All peptides were arranged in arrays on glass slides and probed with the
sera of the immunized mice for identification of sequences recognized by the murine serum
immunoglobulins. Assay read-out was the fluorescence intensity of fluorophore-labeled sec-
ondary antibody on each individual peptide spot. Preimmune sera of all animals were negative
(data not shown). To determine statistically valid positive signals, cutoft values were calculated
for each peptide spot using sera of mice treated only with the adjuvant MDP as negatives,
applying a confidence level of 99% [31]. Fluorescence signals above these cutoff values were
considered to represent a positive recognition of the respective peptide by the serum immuno-
globulins of the immunized mice. To identify the most immunogenic domains in the gluten
antigens, the net signal intensities of all mice of one immunization group were added up for
each peptide, resulting in dominant epitope recognition profiles for each gliadin/glutenin
sequence (Fig 3). In the pool of gliadin peptides, homologous sequence domains in the N-ter-
minal regions of the proteins were highly immunogenic in all mice (Fig 3A).

When this region of a-gliadin was analyzed in more detail, it was found to contain the
33-mer peptide (o/p-gliadin MM1; P18573; 46-126) as well as the binding motifs of the R5
and 020 antibodies (Fig 4). This immunodominant domain matches well with the repetitive,
cysteine-poor protein domain in a-gliadin which contains the majority of CD-active epitopes
[42].

In addition, however, other sequence regions e.g. in y-gliadin (P21292; 33-162) were also
found to be extremely immunogenic in all mice tested. For the glutenin sequences, differences
between LMW - and HMW-GS were detected. In particular, HMW-GS PW212 and PC258
(P08489, P02861) were found to be strongly immunogenic, and especially sequence regions
from the large central repetitive protein domain of HMW-GS P10387 and P10388 displayed a
strong recognition by the murine IgG. Almost no immunogenicity was found in cysteine rich N-
and C-terminal domains of glutenins that are responsible for oligomerization. Due to structural
constraints, these sequence regions might be inaccessible to the immune system in glutenin in its
native state. As evidenced by our immunogenicity mapping approach, they were obviously not
rendered immunogenic by the denaturing extraction conditions and solubilization procedures
applied. For LMW-GS P10385, P10386 and P16315 mainly N-terminal sequence regions largely
lacking cysteine residues were found to lead to strong immune responses.

Taking all data from our immunogenicity mapping together, we can conclude that the
strongly immunogenic sequence regions found in the mouse system are similar to CD-active
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Fig 3. Immune responses in mice regarding linear 15 mer mapping peptides from a pool of protein sequences in the sera of immunized
mice in the gliadin (A) and glutenin (B) group. On the x-axis overlapping 15 mer peptides spanning the protein sequences from N- to C-terminal
end are outlined (for details see S2 Table). (A) P04730: y-gliadin; P02863: a/B-gliadin; P18573: a/B-gliadin MM1; P04721: a/B-gliadin A-I; P04723: o/
B-gliadin A-l1l; P04724: o/B-gliadin A-1V; P04727: o/B-gliadin clone PW8142; P21292: y-gliadin; P04722: o/B-gliadin A-1l; P04725: a/B-gliadin A-V;
P04726: a/B-gliadin clone PW1215; P08079: y-gliadin; P06659: y-gliadin B; P04729 y-gliadin B-I. (B) P10387: glutenin, HMW subunit Dy10;
P08488: glutenin, HMW subunit Dy12; P10388: glutenin, HMW subunit Dx5; P10386: glutenin, LMW subunit 1D1; P10385: glutenin, LMW subunit;
P16315: glutenin, LMW subunit PTDUCD1; P08489: glutenin, HMW subunit PW212; P02861: glutenin, HMW subunit PC256.

https://doi.org/10.1371/journal.pone.0181566.9003
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Fig 4. Detailed analysis of the immune response against gliadin, using 15mer mapping peptides derived from o/B-Gliadin MM1 (P18573). On the x-
axis every 4™ of the overlapping peptide sequences is given, bars indicate cumulative antibody reactivity from all mice against the respective peptide
sequence above threshold. The positions of the 33-mer o/B-gliadin MM1 as well as of the minimal epitopes recognized by the monoclonal antibodies R5, G12
and a20 are indicated.

https://doi.org/10.1371/journal.pone.0181566.9004

regions described for humans. With this information at hand, we started out to define characteristic
sequence regions in gliadins and glutenins suitable for the generation of new monoclonal antibod-
ies that might supplement the panel of antibodies for detection of gluten, and specifically its CD-
active fragments in food. From our data analysis, we suggest o/B-gliadin peptides containing the
sequence motif QQQYPS and y-gliadin peptides containing the POQSFP motif as good candidates
for immunization. All of these sequence motifs are not included in the highly immunogenic gliadin
region already covered by the mAbs 020, R5 and G12. Nevertheless, the suggested peptides exhibit
considerable immunogenicity and are likely to be not cross-reactive with fragments from corn or
rice proteins that do not contain such sequence motifs on the primary structure level. The immuno-
genic sequence motif POQSFEP respectively a slightly modified one (serine to threonine substitu-
tion) are also part of the y-gliadin fragments QPQQPFPQPQQOPQQSFPQQQPSLIQOSLOQQLNPC
and SQQPQQTFPQPQQOTFPHQPQQQVPCOPQQPQQPE which have been proposed in the literature
[43] as analytes for MS-based gluten monitoring. This work also emphasizes the desirability of a
comprehensive set of gluten peptide markers to achieve valid gluten quantitation for all sub-groups
of gluten proteins—a notion which we can support with our findings.

For HMW-GS, the repetitive sequence motif QPGQGQQG might be a good choice for immu-
nization. The same is valid for peptides from LMW-GS containing the sequence motif QQPPF'S,
which is present in y-gliadin, too. These glutenin sequences also should not be cross-reactive
with corn or rice proteins, and strong immunogenicity in all mice tested was seen. Moreover,
all gliadin and glutenin motifs identified here are present in the pool of CD-active fragments as
well. In an overview, sequence alignments of the gliadin- and glutenin proteins tested in our
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Sequence alignment a/p-gliadins

P18573|-----—--- QQ0QQPLSQVSFQOPOOOYPSGOGSFQPSQONPQAQGSVQPQOLPQFEEIR
P02863|--—-——-—-- QQQQPSSQVSFQQPLOQYPLGOGSFRPSQONPQAQGSVQPQOLPQFEEIR
P04721|--—-—--—-- QQQQPSSQVSFQQOPLOQOYPLGQGSFRPSQONPQAQGSVQPQQOLPQFEEIR
P04725 | Q0QLOOO0O00000PSSQVSFQOPOOQYPSSQVSFQPSQLNPQAQGSVQPQOLPQFAEIR
P04724 | ------- 0Q0000QPLSQVCFQOSOQOYPSGOGSFQPSQONPQAQGSVQPQOLPQFEEIR
P04722|------- 0Q00000QPLSQVSFQOPOOOYPSGQGFFQPSQONPQAQGSFQPQOLPQFEEIR
P04723|---—-—-—-- Q0QQOPSSQVSYQQPQEQYPSGQVSFQSSQONPQAQGSVQPQQOLPQFQEIR
P04726|--—-—-—-—--- RQQQPSSQVSLOQPOOOYPSGOGFFQPSQONPQAQGSVQPQQOLPQFEEIR
P04727 | QLOOOOO0O00000PSSQVSFQOPOOQYPSSQGSFQPSQONPOAQGSVQPQOLPQFAEIR
ckkkk kkk  kk | ckkk |k k. kk kkkkkkk Khkkkkkkk kkk
Sequence alignment y-gliadins
P04730|A------ GKPTSAPFPQ------- QQQOHOOLAQQQI PVVQPSILQQLNPCKVFLQQQCS

P21292 | PQQPFPQSQQPQOPFPQPQQQFPQPQOPOOSFPOQOQOPAIQSFLOOOMNPCKNFLLOQCN
P08079 | PQQLFPQSQQPQOQQFSQPQOQFPQPQOPOOSFPOOQPPFIQPSLOQQVNPCKNFLLOQCK
P06659 | PQQPFPQSKQPQ--———-—~ QPFPQPQOPOQSFPOOOPSLIQQSLOQQLNPCKNFLLOQOCK

P04729 | P------ VLPQQOSPFSQQQOQOLVLPPQOOOOOLVOQQIPIVQPSVLQQLNPCKVFLQQQCS
*k ek . kkk ck . kkokkkk kk kkk

Sequence alignment LMW-GS-glutenins

P10386 | MKTFLVFALLAVAATSATAQMETRCIPGLERPHQQQPLPPQOTFPQOPLESQQ-—-——~~
P10385 | MKTFLVFALLALAAASAVAQISQQQQA - - - PPFSQQQQPPESQ-QQQPPFSQQQQSPFSQ
P16315 |MKTFLVFALLAVVATSTIAQMETSCIPGLERPWQEQPLPPQHTLE—~—=———————————
P02861 | ———=—=—————m e EEEEES . _EEEEEE

P10386 | -QQQQLFP--Q0PSFSQQQPPFHQQQPPESQQ-—— === ===========—==—————
P10385 | QQQQPPFAQQOQOPPEFSQQPPISQQOQPPFSQQQQPQFSQOQQPPYSQQQOQPPYSQQQQPP
P16315 | -PQQQPFPQOQQPPFSQQQPSFLOOQPIL -~~~ —— === === == ————m—m——
PO2861 | ———————mmmmmmmm

P10386|---—--—--=—=—=—————————- QPILPQQPPFSQQOOLVLPOOPPFSQQOQQPVLPPQQSPF
P10385 | FSQOQOPPFSQOOQQPPFTQOO0000000PFTQOOOPPFSOOPPISQQ00 -~~~ -~ PPF

Sequence Alignment HMW-GS-glutenins

P10388 | PTSLQQ-~—-—=====—--~ SGQOGQPGYYPTSLOQLGOGOSGYYPTSPQOPGQGOQPGQLOQ
P10387 | PTSPQQLGQOGQQPROWQOSGQGQQGHYPTSLOOPGOGOQGHYLASQQ-—~—————————~
P08488 | PTSPQQLGQGQOPGOWQQSGQGOQGHY PTSLOQPGOGOOGHYLASQQ-——————————=—
P08489 | PTSLQQ-~-~-—-----=-=--~ SGQGQPGYYPTSLQQLGOGOSGYYPTSPQQPGQGQQPGOLOQ

*kk Kkk khkkkk Khohkkkkkkk kkkk K.k .k *

P10388 | PAQGQQPGQGOQGOOPGOGO0GOQPGOGQOPGOGOPGY Y PTSPQOSGOGQPGY YPTSSQQ
P10387|-=—=—=======——— QPGOGOQGHY PASQQOPGOGOQOGHY PASQQQPGOGQQGHYPASQQOE
P08488|---——————————— QPAQGQQGHY PASQQOPGOGOQGHY PASQQQPGOGQQGHYPASQQOE
P08489 | PAQGQQPEQGQQOGOOPGOGO0GOQPGOGQOPCOGOPGY Y PTS PQOSGOGQPGYYPTSSQQ

ok kkkkk. Kk kkkkkkk kokkok kk kkkk Kkokkok k.

P10388 | SGQGQQPGOLOQSAQGOKGQQPGOGOQPGQGQGOOPGOGOOGOOPGOGOPGY YPTSPQQ
P10387 | LGQGQQTGQ--——-—=—===-— PGQKQQPGQGQOQTGOGOQPEQEQQPGOGOQGYYPTSLOQ
P08488 | LGQGQQIGQ--——-—=—===-— PGOKQQPGOGQOTGOCOQPEQEQOPCOGOQGYYPTSLOQ
P08489 | SGQGOQPGOLOQSAQGOKGOQPGOGQOPGOGOOGOOPGOGOOGOOPGOGOPGYYPTSPQQ
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Fig 5. Sequence alignments of selected sequence domains from different a/B-gliadins, y-gliadins,

LMW-GS and HMW-GS. Peptide epitopes suggested for immunization in mice to generate new gluten-

specific antibodies are highlighted.
https://doi.org/10.1371/journal.pone.0181566.9005
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mapping experiments are given in Fig 5, and sequence motifs suggested for immunization are
highlighted in red. With monoclonal antibodies against these sequences at hand, the test sys-
tems for foodstuffs could be considerably improved to cover a broader range of gluten compo-
nents and, thereby, increase food safety.

Conclusion

Gluten quantitation in food on a routine level via antibody-based assays bears the risk of miss-
ing gluten components harmful to sensitive individuals. The gliadin-specific antibodies .20,
R5 and G12 fail to detect a number of wheat, rye and barley sequences, for example from glt-
17, glt-156 and o-gliadin (p202-p220), a2-gliadin (AJ133612) as well as from a number of
other wheat, rye or barley gluten constituents. To further improve food safety, rapid test sys-
tems covering the vast majority of harmful gluten components are required. This work has
identified sequences of gliadins and glutenins from wheat which are suitable for the generation
of new antibodies. Novel CD-active target sequences comprise the peptide motifs QQQYPS
from o/B-gliadins, PQQSFP for y-gliadins, QPGQGQQG for HMW-GS and QPGQGQQG for
LMW-GS. These peptides are unique to wheat gluten and, therefore, cross-reactivity with
maize or rice proteins is very unlikely.
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Figure S1: RP-HPLC profiles of gliadin (A) and glutenin (B) protein fractions used for immunization
of mice.
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Supplementary Methods, Part 1: Generation of oligopeptide microarrays

For monoclonal antibody validation peptide sequences from the AllergenOnline database
(http://www.allergenonline.org/celiacbrowse.shtml) were fragmented into 1774 overlapping 15mer
peptide sequences with 13 amino acids overlap (Table S1). For the immunogenicity mappings with
mouse sera a total number of 3087 overlapping 15mer peptides with 13 amino acids overlap were
synthesized (Table S2). These amino acid sequences were derived from gliadin and glutenin sequence
sources (UniProtKB accessions for gliadin: P21292, P18573, P08079, P06659, P04721, P04722,
P04723, P04724, P04725, P04726, P04727, P04729, P04730, P02863. UniProtKB accessions for
glutenin: P08488, P10387, P02861, P08489, P10388, P02862, P10385, P10386, P16315; Table S2)
All peptides were synthesized by Fmoc solid phase synthesis using standard reagents and solvents on
amine-derivatized cellulose disks of 2.7 mm diameter (CelluSpots disks, Intavis Bioanalytical
Instruments AG, Cologne, Germany) using an automated multiple peptide synthesizer (MultiPep RS,
Intavis Bioanalytical Instruments AG). For this, amine-derivatised cellulose membrane disks were
mounted into 384-well-footprint synthesis frames (CelluSpots frames, Intavis Bioanalytical
Instruments AG), and Fmoc protecting groups present on the amine functions of the disks were
removed by treating each disk 3 x with 4 pl of 20% (v/v) piperidine in dimethylformamide (DMF).
Subsequent washing of the deprotected disks was performed 4 x with 35 ul of DMF and 6 x with 50 pl
of ethanol each. Fmoc-protected amino acid derivatives were pre-activated by converting them into
their corresponding oximes. This was achieved by adding a 1.1 mol/L solution of diisopropyl
carbodiimide (DIC) in DMF to a solution containing 0.4 mol/L. N-a-Fmoc-protected amino acid and
0.7 mol/L ethyl-cyanoglyoxylate-2-oxime (Oxyma Pure, Merck) in DMF. The resulting final
concentration was 0.25 mol/L DIC, 0.2 mol/L N-a-Fmoc-protected amino acid and 0.35 mol/L Oxyma
Pure. Coupling of the pre-activated amino acid derivatives to cellulose disks was accomplished by
applying 1 pl of these solutions to the respective cellulose disks. Coupling at each disk was repeated 3
x and a minimum of 30 min of reaction time was allowed in each synthesis cycle. After coupling,
unreacted amino groups were capped with 4 pl of 5% (v/v) acetic anhydride in DMF (5 min, RT)

before the next synthesis cycle was started by removal of the Fmoc groups. After completion of



peptide synthesis, the disks were treated 4 x for 5 min with 4 pl of a solution of 20% (v/v) piperidine
in DMF, and the liberated amino termini were acetylated for 5 min with 4 ul of a 5% (v/v) mixture of
acetic anhydride in DMF at RT. The disks were washed 7 x with 35 ul of DMF followed by 6 washes
with 50 pl of EtOH each before they were air-dried by application of vacuum suction for 12 min and
transferred to 96-well plates (MegaBlock 96 well 2.2 ml; Sarstedt, Niimbrecht, Germany). Side chain
protecting groups of the peptides were cleaved-off by treatment with 150 pl of cleavage cocktail (80%
trifluoroacetic acid, (TFA), 12.5% dichloromethane (DCM) 5% water, 2.5% of triisobutylsilane
(TIBS), each (v/v)) per well for 2 h at RT. Subsequently, the cleavage cocktail was removed, and the
disks were treated with 250 pl of cellulose lyse-solution (88.5% TFA, 4% trifluoromethane sulfonic
acid (TFMSA), 5% water, 2.5% of TIBS, each (v/v)) for 10 min on an ultrasound bath and for
additional 16 h under continuous shaking. After disintegration of the disks, 750 pl of cold tert.-
butylmethylether (TBME) were added and mixtures were kept at -20 °C for 90 min to precipitate the
dissolved matter. Liquids were carefully removed and precipitates were resuspended 2 x in 750 pl of
TBME per well. TBME was removed and the precipitates were dissolved in 500 ul of DMSO per well
by treating the suspensions in the microwell plates for 10 min on an ultrasound bath and by an
additional 16 h continuous shaking. Plates were centrifuged (2800 x g, 5 min, Megafuge 1.0 R,
Thermo Fisher Scientific, Waltham, MA, USA) for 10 min and 40 pul of the supernatant from each
well were transferred to a 384 well microtiter plate. 40 pl of SSC buffer (SSC buffer: 3 mol/L NaCl
(175 g/L), 0.3 mol/L sodium citrates2H,O (88 g/L), adjusted to pH 7.0 with 1 mol/L HCI, diluted 1:20
with water) were added to each well, the plates were sealed with an adhesive lid and treated on an
ultrasound bath for 5 min. Peptide-modified cellulose solutions were transferred to cellulose-coated
glass slides (Intavis Bioanalytical Instruments AG) using a slide-spotting robot (AutoSpot ASP222,
Abimed Analysentechnik, Hamburg, Germany). A volume of 0.06 pl for each peptide was spotted
onto the slides in two arrays with 384 positions each (16 x 24 spots, 1.2 x 1.2 mm grid). Slides were

air-dried and stored dry at -20 °C.

Supplementary Methods, Part 2: Epitope mapping of monoclonal antibodies

To identify linear binding epitopes of the monoclonal antibodies in the sequence space of gluten
peptides potentially hazardous for CD patients, oligopeptide microarrays spotted with the respective
peptides (Table S1; 1-1774) were probed with the monoclonal antibodies 020, R5 and G12. The slides
were allowed to equilibrate to RT for 10 min, rehydrated with 100% ethanol for 10 min on a
horizontal shaker at RT and washed 3 x with TBST (Tris-buffered saline, 50 mmol/L, pH 7.4, Tween,

0.05%) for 10 min. Slides were immersed in blocking buffer with casein (Hammasten grade, VWR,



Radnor, PE, USA) (1% (w/v) in 1 mmol/L maleic acid, 15 mmol/L NaCl, 0.5 m mol/L NaNj, pH 7.5)
for 5 h under shaking at RT. After washing for 3 min with TBST, the respective monoclonal
antibodies were applied: antibody 20 (Gluten-Tec, 1 mg/ml, EuroProxima, Arnhem, The
Netherlands) in a dilution of 1:3000 in blocking buffer, antibody R5 (Ridascreen Gliadin, R5-Mendez,
8 mg/ml, R-Biopharm, Darmstadt, Germany) diluted 1:21000. Incubation was performed overnight at
4 °C on an orbital shaker, slides were washed 6 x for 10 min with TBST subsequently. The secondary
antibody (2 mg/ml, goat anti mouse IgG A21058 Lot. 1600888, Alexa 680 fluorophore, Thermo Fisher
Scientific) was applied in a dilution of 1:150000 in blocking buffer and incubated for 2 h at RT in the
dark. After washing 6 x for 10 min, the slides were dried and read-out using a microarray imager
(Odyssey CLx, Li-Cor Biosciences, Lincoln, NE, USA; settings: intensity 1, 21 um resolution, high
quality). For testing of monoclonal antibody G12, the respective stock solution (Agra Quant Gluten
G12, HRP conjugate, RomerLabs, Getzersdorf, Austia) was diluted 1:50 in the dilution buffer supplied
by the manufacturer. Incubation was performed overnight at 4 °C on an orbital shaker, slides were
washed 6 x for 10 min with the washing buffer supplied by the manufacturer. Slides were incubated
with substrate solution (Clarity Western ECL substrate, 17050601, BioRad Laboratories, Hercules,
CA, USA) for 5 min at RT. Slides were read-out using a Chemidoc MP imager (BioRad Laboratories)
with the settings: chemiluminescence, 55 s exposure time, binning 1x1. The epitope mapping process

was performed in 2 independent experiments in duplicates for all monoclonal antibodies.
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Table S1: Reactivity of monoclonal antibodies against CD-active gluten fragments.

Sequences from the AllergenOnline database were broken down into overlapping 15mer peptides.
Reactivity of the antibodies against each peptide is given as relative fluorescence (alpha20, R5) or
chemiluminescence (G12) units after subtraction of the threshold value determined by ROC analysis.

GLUTEN FRAGMENT NO. SEQUENCE ALPHA20 R5 G12
PEPTIDE XT (1-55) 1 VRVPVPQLQPONPSQ -1916247  -1746828  -189603
2 VPVPQLOPONPSQQQ -1942909  -1498526  -153804
3 VPQLQPONPSQQQPQ -1939648  -1704874  -154238
4 QOLOPONPSQQQPQEQ -1998502  -1722303  -196406
5 QPONPSQQQPQEQVP 1927090  -1670736  -200229
6 ONPSQQQPQEQVPLY 2016674  -1782872  -156651
7 PSQOQPQEQVPLVQQ 2013850  -1791044  -220570
8 QQQPQEQVPLVQQQQ 2042079  -1810411  -277810
9 QPQEQVPLVQQQQFL 2039623 -1803406  -121350
10 QEQVPLVQQQQFLGQ 2026318 -1775666  -168967
11 QVPLVQQQQFLGQQQ 2036225  -1781026  -162465
12 PLVQQQQFLGQQQPF -1982466 ~ -1728879  -191528
13 VQQQQFLGQQQPFPP -447402 9791246  -175180
14 QQQFLGQQQPFPPQQ 1010736 1213005  -329041
15 QFLGQQQPFPPQQPY -90347 2150682  -334552
16 LGOQQPFPPQOPYPQ 9955069 6419044  -383767
17 QQQPFPPQOPYPQPQ 4004928 2274655  -372721
18 QPFPPQQPYPQPQPF 3287014 3071750 963856
19 FPPQQPYPQPQPFPS 7592975 2800113 1575350
20 POOPYPQPQPFPSQQ 10029873 5702368 2592086
21 QPYPQPQPFPSQQPY -1245174  -1652400 2019116
ALPHA-GLIADIN B 3142 (P3- | 22 QPQEQVPLVQQQQFG -1960665  -1762445 1405006
P55)
23 QEQVPLVQQQQFGGQ -1950395  -1770587 772719
24 QVPLVQQQQFGGQQQ 1964131 -1777093 1210730
25 PLVQQQQFGGQQQPF -1845496  -1677409 1821276
26 VQQQQFGGQQQPFPP 1791193 13151471 1737392
27 QQQFGGQQQPFPPQQ 2514673 2873716 2153910
28 QFGGQQQPFPPQQPY 50434 1744509 628166
29 GGQQQPFPPQOPYPQ 8515615 6255647 940726
HMW GLUTENIN-GLT04 30 SGOGORPGOWLOPGO -1220043  -1630246 1600132
(P707-P742)
31 QGORPGOWLQPGQGQ 1133935  -1661530 1091423
32 QRPGOWLQPGQGQQG 1792903 -1776685 379484
33 PGOWLOPGQGQQGYY -1371775  -1600312 1279570
34 OWLQPGQGQOGYYPT -1721635  -1496613 858031
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179672

167749
1198582
836778
915760
1432400
1469606
983529
229003
1736272
-180890

-374925
-365518
-322117
-100655

-218500
-198278
-202551
-287263
-337156
-377499
-174021
-135836

4012
-219300



T CELL RECOGNIZED
AVENIN EPITOPE HPLC
FRACTION 8

T CELL RECOGNIZED
AVENIN EPITOPE HPLC
FRACTION 9

T CELL RECOGNIZED
AVENIN EPITOPE HPLC
FRACTION 9

T CELL RECOGNIZED
AVENIN EPITOPE HPLC
FRACTION 9

GAMMA-5 GLIADIN (P59-
P84)

GAMMA-5 GLIADIN (P59-
P84; E63)

GAMMA-5 GLIADIN (P59-
P84; E68)

GAMMA-5 GLIADIN (P59-

77
78
79
80

81
82
83

84
85
86
87
88
89
90
91

92

93
94
95
96

97
98
99
100
101
102
103

104
105
106
107
108

109
110
111
112
113
114
115

TVQYNPSEQYQPYPE
QYNPSEQYQPYPEQQ
NPSEQYQPYPEQQEP

QPYPEQQEPEVQOQQQ

YPEQQEPEVQQQOQPF
EQQEPEFVQQQQPEV
PSEQYQPYPEQQEPF

EQYQPYPEQQEPFVQ
YQPYPEQQEPFVQQQ
PYPEQQEPFVQQQQP
PEQQEPFVQQQQPFV
QOEPFVQOOQPFVQQ
EPFVQQOOPFVOOQQ
FVOOOQPFVQQQOPF
YPEQQEPFVQQQPF

TTVQYNPSEQYQPYP

VOYNPSEQYQPYPEQ
YNPSEQYQPYPEQQE
PYPEQQEPFVQQQPF
FLOPEQPFPQQOPQQP

QPEQPFPQQPQQPYP
EQPFPQQPQQPYPQQ
PFPQQPQQPYPQQPQ
POQOPQQPYPQOPQQP
QPQQPYPQQPQQPFP
QQPYPQQPQQPFPQ

FLQPQQPFPEQPQQP

QPQOPFPEQPQQPYP
QOPFPEQPQOPYPQQ
PFPEQPQQPYPQQPQ
PEQPQQOPYPQQOPQQOP
FLOPQQPFPQQPEQP

QPQOPFPQQPEQPYP
QOPFPQOPEQPYPQQ
PFPQOPEQPYPQQPQ
POOPEQPYPQQOPQQOP
QPEQPYPQQPQQOPFEP
EQPYPQOPQOPFEFPQ

FLOPQOPFPQQOPQQOP

-1756529
-1868056
-1955433
-1879954

-1908041
-1826389
-1842723

-1656649
-1340536
-1966291
-2017455
-1988354
-1982702
-1894884
-1972510

-1882459

-1661319
-1675581
-1832816
-1784323

2012696
5515424
3823504
6464806
14030793
3695983
2736172

10310209
2769736
8569225
2111315
533322

7420722
-870235
-341662
-1936033
-1301705
-1213524
3346799

-1582153
-1657271
-1646451
-1531795

-1598635
-1710362
-1694418

-992248
-1480140
-1695850
-1786472
-1765969
-1729818
-1598030
-1560908

-1638914

-1518029
-1569833
-1740175
-1516447

-774845
-55397
21946
-18179
5939887
4359643
9349047

16434025
6149996
1479975

-61380
4404810

11552882
2724271
-1434615
-1647252
1320176
7211262
12243481

-113822
-189155
-218381
-241916

-219402
-119696
-120531

-91951
-222989
-328402
-319325
-354533
-331953
-342397
-282848

-275694

-288221
-180436
-205406
-239327

-382015
-366168
-205360
-344206
-187913
-369598
-378064

-365228
-274259
-356838
-361891
-350721

-345933
-312169
-312462
-363290
-365646
-378737
-330778



P84; E71)

GAMMA-5 GLIADIN (P59-
P84; E76)

GAMMA-5 GLIADIN (P59-
P84; E79)

GAMMA-5 GLIADIN (P59-
P84; E63 AND E68)

GAMMA-5 GLIADIN (P59-
P84; E63 AND E76)
GAMMA-5 GLIADIN (P59-
P84; E63 AND E79)

GAMMA-5 GLIADIN (P59-
P84; E68 AND E76)

GAMMA-5 GLIADIN (P59-

P84; E68 AND E79)

GAMMA-5 GLIADIN (P59-
P84; E71 AND E76)

GAMMA-5 GLIADIN (P59-
P84; E68, E71 AND E76)

GAMMA-5 GLIADIN (P59-
P84; E68, E71 AND E79)

GAMMA-5 GLIADIN (P59-
P84; E71, E76 AND E79)

116
117
118
119
120
121
122

123
124
125
126
127

128
129
130

131
132
133

134

135
136
137
138
139

140
141
142

143
144

145
146

147
148
149

150
151
152
153

154

QPQQPFPQQPQQPYP
QQPFPQQPQQPYPEQ
PFPQQPQQPYPEQPQ
PQQPQQPYPEQPQQP
QPQQPYPEQPQQPFP
QQPYPEQPQQPFPQ

QOPFPQOPQOOPYPQQ

PFPQOOPQQOPYPQQPE
POOPQQOPYPQQPEQP
QPQOPYPQQPEQPFEP
QOPYPQOPEQPFEFPQ

FLOPEQPFPEQPQQP

QPEQPFPEQPQQPYP
EQPFPEQPQOPYPQQ
FLOPEQPFPQQPEQP

QPEQPFPQQPEQPYP
EQPFPQOPEQPYPQQ
EQPFPQOPQOPYPEQ

FLOPQQPFPEQPEQP

QPQOPFPEQPEQPYP
QOPFPEQPEQPYPQQ
PFPEQPEQPYPQQPQ
PEQPEQPYPQQOPQQOP
QOPFPEQPQOPYPEQ

PFPEQPQQPYPEQPQ
PEQPQQPYPEQPQQP
PFPEQPQQOPYPQQPE

PEQPQQOPYPQQPEQP
QOPFPQOPEQPYPEQ

PFPQOPEQPYPEQPQ
POOPEQPYPEQPQQP

QPEQPYPEQPQQPFEP
EQPYPEQPQQPFEFPQ
PFPQOPEQPYPQQPE

POOPEQPYPQQPEQP
QPEQPYPQQPEQPFEP
EQPYPQQOPEQPFEFPQ

PFPQOOPQQOPYPEQPE

POOPQQOPYPEQPEQP

6830661
12137781
4224226
6883501
13849714
7859267
10966993

12682695
5892422

13615598
10971934
-1875022

23148
859378
-1652150

-1810134
-1699197
10905234

2138386

9323593
2457291
-901625
-2015372
7997321

9363846
4864373
4868356

5915455
5793143

-744871
-2002424

-1279180
-238867
27708

-2010951
-1839324
-1858280
-1778748

19758276

9869063
12622188
-565174
-941738
4155825
8335127
19101930

1873000
68971
749653
3128801
-1586823

-1362776
-1070964
-1701832

-1590487
-1633934
83376

5748706

13083318

9720484
-1538111
-1728570
15700319

-65195
-847650
302838

606341
15710670

-1622884
-1753578

5105498
18308181
-1538229

-1765019
-1679067

-808899
-1733681

-367

-260180
-323095
-224939
-241585
-365352
-407815
-364960

-351838
-348614
-346725
-371026
-332314

-304387
-250006
-278624

-325989
-304159
-296410

-314065

-357787
-372428
-333206
-374339
-326101

-339800
-335123
-343290

-292336
-393171

-386642
-379779

-380848
-381166
-349909

-284360
588428
942986
958086

-280936



GAMMA-5 GLIADIN (P59-
P84; E63, E68 AND E71)

GAMMA-5 GLIADIN (P59-
P84; E63, E68 AND E76)
GAMMA-5 GLIADIN (P59-
P84; E68, E71 AND E76)

GAMMA-5 GLIADIN (P59-
P84; E71, E76 AND E79)

GAMMA-5 GLIADIN (P59-
P84; E63, E68, E71,E76 AND
E79)

GLIA-ALPHA2 25-MER (P64-
P89)

GLIA-ALPHA2 25-MER (P64-
P89; E65)

GLIADIN (P198-P222)

ALPHA-2 GLIADIN (P219-
P242) AJ133612
ALPHA-2 GLIADIN (P219-
P242; E229 AND E237)
AJ133612

155
156
157

158
159
160

161

162
163
164
165
166

167
168
169
170

171
172
173

174
175
176
177
178

179
180
181
182
183
184
185
186
187
188
189

190

191
192
193

QPQOPYPEQPEQPFEP
QOPYPEQPEQPFEFPQ
FLOPEQPFPEQPEQP

QPEQPFPEQPEQPYP
EQPFPEQPEQPYPQQ
EQPFPEQPQOPYPEQ

QOPFPEQPEQPYPEQ

PFPEQPEQPYPEQPQ
PEQPEQPYPEQPQQP
PFPEQPEQPYPQQPE
PEQPEQPYPQQPEQP
PFPQOPEQPYPEQPE

POOPEQPYPEQPEQP
QPEQPYPEQPEQPFEP
EQPYPEQPEQPFEFPQ

EQPFPEQPEQPYPEQ

PFPEQPEQPYPEQPE
PEQPEQPYPEQPEQP
POLPQFLQPQPYPQP

LPQFLQPQPYPQPQL
QFLOPOPYPOQPQLPY
LOPQPYPQPQLPYPQ
POPYPQPQLPYPQPQ
PELPQFLQPQPYPQP

LPOQFLOPOPYPQPEL
QFLOPQPYPQPELPY
LOPOPYPQPELPYPQ
POPYPQPELPYPQPQ
QOPOOQYPSGQOGSFQ
POQOQYPSGQGSFQPS
QQYPSGQGSFQPSQQ
YPSGQGSFQPSQONP
SGOGSFQPSQONPQA
QGSFQPSQONPQAQG
QGSFQPSQONPQAQ

QOPOQOQYPSGEGSFQ

POOQYPSGEGSFQPS

QOQYPSGEGSFQPSQE
YPSGEGSFQPSQENP

8159587
17514355
-1726996

-1880408
-1948578
7262974

5074717

-1603782
-2014813
-1491364
-2145118
-516016

-1869323
-1686441
-1953187
-2006496

249049
1519786
-2032699

-1974502
-1759576
1750886
6612067
-1942882

-1909187
-1299201
-1972650
-2011535
-2025573
-1937535
-1906036
-1960869
-2005003
-2038447
-1911959

-2058570

-2054262
-2028646
-2073359

-583685
4331646
-1577350

-1505060
-1763932
-980510

5377980

-1735101
-1774967
-1835600
-1924365
-1781520

-1797345
-1731853

-872184
-1643238

-1679519
-1734659
-1744647

-1754117
-1765823
116491
779337
-1770032

-1757610
-1621118
-1724220
-1747617
-1663459
-1669859
-1750511
-1869598
-1802427
-1807261
-1797698

-1798171

-1781537
-1796363
-1800831

-294112
615307
695602

396106
-248242
-369397

-346200

-320352
-342911
-299519
-336105
-316447

-325946
-341103
-385099
-397543

-388367
-377103
-364076

-215743
1081322

659294
1275712
-266426

-263570
709833
538619
519627

-309371

-348497

-307779

-326736

-328163

-360228

-352418

-330027

-345294
-337285
-382571



ALPHA-2 GLIADIN (P219-
P242; E229) AJ133612

ALPHA-2 GLIADIN (P219-
P242; E237) AJ133612

GAMMA23MER

GAMMA23MER (IN
CONSIDERED DEAMIDATED
FORM)

ALPHA-GLIADIN CT-1 (P1-
P22 OF B 3142)

T CELL RECOGNIZED
AVENIN EPITOPE HPLC
FRACTION 4

GLU-5

GAMMA-GLIADIN OR LMW
GLUTENIN

194
195
196

197
198
199
200

201
202
203
204
205

206

207

208
209

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

SGEGSFQPSQENPQA
EGSFQPSQENPQAQ
QQYPSGEGSFQPSQQ

YPSGEGSFQPSQONP
SGEGSFQPSQONPQA
EGSFQPSQONPQAQ

QQYPSGQGSFQPSQE

YPSGQGSFQPSQENP
SGQGSFQPSQENPQA
QGSFQPSQENPQAQ

QQPYPQQPQQPFPQP
EQPYPEQPEQPFPQP

ONPSQQQOPQEQVPL

SEQYQPYPEQQEPF

QQISQPQIPQQQQIP
ISQPQIPQQOQOQIPQO

QPOIPQOOOIPOQOPQ
QIPOQQOIPQOPOQF
QEISQPQIPQQQQIP
QQISQPEIPQQQQIP
ISQPEIPQQQQIPQQ
QPEIPQOOQOIPOOPQ
EIPQQQOIPQQOPOQF
QQISQPQIPQEQQIP
ISQPQIPQEQQIPQQ
QPOIPQEQQOIPOOPQ
QIPQEQOIPQQOPOQF
QQISQPQIPQQQEIP
ISQPQIPQQQEIPQQ
QPOIPQOOEIPQOPQ
QIPOQQEIPQOPOQF
QEISQPEIPQQQQIP
QEISQPQIPQEQQIP
QEISQPQIPQQQEIP
QQISQPEIPQEQQIP
ISQPEIPQEQQIPQQ
QPEIPQEQQIPQQPQ
EIPQEQQIPQQPQOQF
QQISQPEIPQQQEIP
ISQPEIPQQQEIPQQ
QPEIPQQQEIPQQPQ

-2071325
-2055907
-2034601

-2052068
-2049416
-2048066
-2060264

-2015121
-2039362
-1996100
14953759
-1818374

-2092650

-2127170

-2072868
-2090370

-2035243
-2047404
-2071371
-2063471
-2065688
-2080316
-2059204
-2071883
-2061247
-2050803
-2063435
-2057080
-2073243
-2076994
-2055550
-2042644
-2042915
-2056990
-2040155
-2055780
-2047864
-2075121
-2073310
-2062747
-2063391

-1803748
-1762044
-1701093

-1779621
-1794950
-1751595
-1787572

-1771081
-1793213
-1750576
17678498

-904605

-1832701

-1932775

-1827186
-1837624

-1810477
-1805989
-1820693
-1821917
-1829856
-1831874
-1716904
-1810302
-1803892
-1796102
-1796054
-1764641
-1804490
-1805906
-1784459
-1796751
-1782876
-1788263
-1728794
-1779398
-1789772
-1825829
-1815299
-1814022
-1816602

-383088
-399648
-392732

-371846
-376978
-321191
-311074

-288134
-379758
-355821
-315324
-283049

-313519

-364260

-376185
-376981

-372402
-359252
-361200
-353548
-335898
-331672
-370697
-398327
-405640
-389314
-402139
-391375
-391072
-372925
-347949
-341210
-333309
-358683
-331887
-360076
-352085
-369422
-343323
-365297
-300231



235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

EIPQQQEIPQQPQQF
QQISQPQIPQEQEIP
ISQPQIPQEQEIPQQ
QPQIPQEQEIPQQPQ
QIPQEQEIPQQPQQF
QEISQPEIPQEQQIP
QEISQPEIPQQQEIP
QEISQPQIPQEQEIP
QQISQPEIPQEQEIP
ISQPEIPQEQEIPQQ
QPEIPQEQEIPQQPQ
EIPQEQEIPQQPQQF
QEISQPEIPQEQEIP
QQISQPQLPQQQQIP
ISQPQLPQQQOQIPQQ
QPQLPQQQQIPQQPQ
QLPQQQOQIPQQPQQF
QEISQPQLPQQQQIP
QQISQPELPQQQQIP
ISQPELPQQQQIPQQ
QPELPQQQQIPQQPQ
ELPQQQQIPQQPQQF
QQISQPQLPQEQQIP
ISQPQLPQEQQIPQQ
QPQLPQEQQIPQQPQ
QLPQEQQIPQQPQQF
QQISQPQLPQQQEIP
ISQPQLPQQQOEIPQQ
QPQLPQQQEIPQQPQ
QLPQQQETIPQQPQQF
QEISQPELPQQQQIP
QEISQPQLPQEQQIP
QEISQPQLPQQQEIP
QQISQPELPQEQQIP
ISQPELPQEQQIPQQ
QPELPQEQQIPQQPQ
ELPQEQQIPQQPQQF
QQISQPELPQQQEIP
ISQPELPQQQEIPQQ
QPELPQQQEIPQQPQ
ELPQQQEIPQQPQQF
QQISQPQLPQEQEIP
ISQPQLPQEQEIPQQ
QPQLPQEQEIPQQPQ
QLPQEQEIPQQPQQF
QEISQPELPQEQQIP

-2044783
-2060065
-2079180
-2070272
-2071659
-2063583
-2076053
-2068567
-2066414
-2062780
-2081011
-2078123
-2093261
-2055712
-2035177
-2038916
-2018926
-2046648
-2070406
-2038986
-2038558
-2043250
-2056116
-2056943
-2055306
-2055332
-2023593
-2057778
-2046312
-2058214
-2090791
-2083473
-2073944
-2090239
-2079244
-2065520
-2062739
-2067445
-2061424
-2051873
-2053230
-2072726
-2057117
-2044505
-2047601
-2070703

-1810867
-1813507
-1831735
-1813136
-1807643
-1630267
-1799149
-1815612
-1810508
-1798008
-1798595
-1815752
-1828544
-1807929
-1789174
-1792749
-1761086
-1780248
-1806017
-1786899
-1786422
-1791934
-1806435
-1808367
-1814997
-1796868
-1806782
-1807196
-1796927
-1804810
-1828506
-1826917
-1807753
-1833528
-1790920
-1757702
-1802508
-1802889
-1793900
-1794227
-1794182
-1809302
-1795752
-1794217
-1796028
-1820795

-381679
-351943
-366150
-369399
-305352
-332711
-403106
-370976
-386607
-416572
-393237
-379727
-373038
-375023
-371855
-350350
-374784
-352376
-328491
-331474
-364612
-355224
-358378
-375480
-356675
-364229
-340608
-353690
-347701
-297053
-305097
-362338
-361752
-388879
-376623
-385447
-367260
-375108
-363626
-355352
-336119
-383372
-338677
-365130
-347056
-373999



281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326

QEISQPELPQQQEIP
QEISQPQLPQEQEIP
QQISQPELPQEQEIP
ISQPELPQEQEIPQQ
QPELPQEQEIPQQPQ
ELPQEQEIPQQPQQF
QEISQPELPQEQEIP
QQISQPQIPQQQOQLP
ISQPQIPQQQOQLPQQ
QPQIPQQQQLPQQPQ
QIPQQQOQLPQQOPQQF
QEISQPQIPQQQQLP
QQISQPEIPQQQQLP
ISQPEIPQQQQLPQQ
QPEIPQQQQLPQQPQ
EIPQQQOQLPQQPQQF
QQISQPQIPQEQQLP
ISQPQIPQEQQLPQQ
QPQIPQEQQLPQQPQ
QIPQEQQLPQQPQQF
QQISQPQIPQQQELP
ISQPQIPQQQELPQQ
QPQIPQQQELPQQPQ
QIPQQQELPQQPQQF
QEISQPEIPQQQQLP
QEISQPQIPQEQQLP
QEISQPQIPQQQELP
QQISQPEIPQEQQLP
ISQPEIPQEQQLPQQ
QPEIPQEQQLPQQPQ
EIPQEQQLPQQPQQF
QQISQPEIPQQQELP
ISQPEIPQQQELPQQ
QPEIPQQQELPQQPQ
EIPQQQELPQQPQQF
QQISQPQIPQEQELP
ISQPQIPQEQELPQQ
QPQIPQEQELPQQPQ
QIPQEQELPQQPQQF
QEISQPEIPQEQQLP
QEISQPEIPQQQELP
QEISQPQIPQEQELP
QQISQPEIPQEQELP
ISQPEIPQEQELPQQ
QPEIPQEQELPQQPQ
EIPQEQELPQQPQQF

-2063824
-2062366
-2066211
-2066278
-2062282
-2067626
-2060735
-2057612
-2078177
-2074038
-2073124
-2077387
-2129789
-2086553
-2091417
-2052619
-2057946
-2033415
-2052365
-2054880
-2065156
-2048642
-2055324
-2069035
-2050324
-2067273
-2070594
-2076996
-2068385
-2060751
-2059659
-2067980
-2080328
-2025157
-2073164
-2074691
-2084109
-2080031
-2227772
-2161366
-2065513
-2078735
-2061662
-2062248
-2071670
-2061753

-1810810
-1810860
-1804581
-1806464
-1809923
-1816112
-1794009
-1785535
-1802548
-1813065
-1831756
-1829671
-1855415
-1823121
-1827595
-1781733
-1808619
-1790258
-1792437
-1792290
-1805132
-1793470
-1806003
-1814500
-1811546
-1817466
-1809975
-1814653
-1813256
-1812336
-1810021
-1807281
-1825634
-1821251
-1818743
-1811899
-1824960
-1820790
-1963734
-1910558
-1817729
-1828945
-1804620
-1806454
-1817418
-1809176

-378300
-361281
-376544
-377608
-382627
-364077
-377104
-405588
-405589
-410773
-414133
-414229
-392482
-398234
-405292
-391850
-378694
-382189
-367149
-370011
-380451
-367498
-359485
-301775
-354253
-345158
-327045
-363181
-347652
-332097
-374254
-354103
-407876
-396785
-397105
-409676
-395003
-388632
-401760
-389669
-388551
-371694
-357514
-371294
-379058
-358349



327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372

QEISQPEIPQEQELP
QQLSQPQIPQQQQIP
LSQPQIPQQQOQIPQQ
QELSQPQIPQQQQIP
QOLSQPEIPQQQQIP
LSQPEIPQQQQIPQQ
QOLSQPQIPQEQQIP
LSQPQIPQEQQIPQQ
QOLSQPQIPQQQEIP
LSQPQIPQQQOEIPQQ
QELSQPEIPQQQQIP
QELSQPQIPQEQQIP
QELSQPQIPQQQEIP
QOLSQPEIPQEQQIP
LSQPEIPQEQQIPQQ
LSQPEIPQQQEIPQQ
QOLSQPQIPQEQEIP
LSQPQIPQEQEIPQQ
QELSQPEIPQEQQIP
QELSQPEIPQQQEIP
QELSQPQIPQEQEIP
QOLSQPEIPQEQEIP
LSQPEIPQEQEIPQQ
QELSQPEIPQEQEIP
QQLSQPQLPQQQQIP
LSQPQLPQQQOQIPQQ
QELSQPQLPQQQQIP
QOLSQPELPQQQQIP
LSQPELPQQQQIPQQ
QQLSQPQLPQEQQIP
LSQPQLPQEQQIPQQ
QOLSQPQLPQQQEIP
LSQPQLPQQQOEIPQQ
QELSQPELPQQQQIP
QELSQPQLPQEQQIP
QELSQPQLPQQQEIP
QOLSQPELPQEQQIP
LSQPELPQEQQIPQQ
QOLSQPELPQQQEIP
LSQPELPQQQEIPQQ
QOLSQPQLPQEQEIP
LSQPQLPQEQEIPQQ
QELSQPELPQEQQIP
QELSQPELPQQQEIP
QELSQPQLPQEQEIP
QOLSQPELPQEQEIP

-2013201
-2048563
-2066847
-2039508
-2051904
-2065056
-2069023
-2072544
-2072680
-2071024
-2091020
-2074908
-2075819
-2059549
-2066608
-2077118
-2081892
-2064716
-1990253
-2065975
-2062472
-2070630
-2069590
-2063660
-2069600
-2058950
-2087729
-2082836
-2088025
-2086630
-2053515
-2076002
-2071660
-2077454
-2123234
-2071580
-2064877
-2067514
-2079758
-2076410
-2082079
-2072717
-2080767
-2086221
-2067564
-2080534

-1809612
-1802326
-1812193
-1823352
-1812245
-1803332
-1814662
-1810044
-1820962
-1815833
-1812991
-1782808
-1801235
-1798066
-1805259
-1800693
-1810746
-1779312
-1812362
-1793648
-1798688
-1802631
-1799075
-1805635
-1807992
-1800808
-1825963
-1813378
-1815672
-1824671
-1795545
-1802214
-1812295
-1816665
-1854219
-1803677
-1803445
-1801542
-1814715
-1803808
-1812197
-1809689
-1814358
-1824687
-1802627
-1807242

-340287
-337019
-342160
-353864
-348083
-381271
-343891
-339694
-366953
-388312
-388267
-387397
-394814
-398567
-404173
-402114
-407715
-413332
-403966
-390938
-396724
-382904
-370846
-368737
-363629
-373619
-378262
-357716
-393550
-364655
-373445
-390218
-346865
-373819
-446950
-400372
-410891
-439413
-420914
-417694
-427337
-418663
-416890
-420896
-401591
-404325



373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418

LSQPELPQEQEIPQQ
QELSQPELPQEQEIP
QQLSQPQIPQQQQLP
LSQPQIPQQQQLPQQ
QELSQPQIPQQQQLP
QOLSQPEIPQQQQLP
LSQPEIPQQQQLPQQ
QOLSQPQIPQEQQLP
LSQPQIPQEQQLPQQ
QOLSQPQIPQQQELP
LSQPQIPQQQOELPQQ
QELSQPEIPQQQQLP
QELSQPQIPQEQQLP
QELSQPQIPQQQELP
QOLSQPEIPQEQQLP
LSQPEIPQEQQLPQQ
QOLSQPEIPQQQELP
LSQPEIPQQQELPQQ
QOLSQPQIPQEQELP
LSQPQIPQEQELPQQ
QELSQPEIPQEQQLP
QELSQPEIPQQQELP
QELSQPQIPQEQELP
QOLSQPEIPQEQELP
LSQPEIPQEQELPQQ
QELSQPEIPQEQELP
QQISQPQLPQQOQQLP
ISQPQLPQQOQQLPQQ
QPQLPQOQQOLPQQOPQ
QLPQQQQLPQQPQQF
QEISQPQLPQQQQLP
QQISQPELPQQQQLP
ISQPELPQQOQQLPQQ
QPELPQQQQOLPQQPQ
ELPQQQQLPQOQPQQF
QQISQPQLPQEQQLP
ISQPQLPQEQQLPQQ
QPQLPQEQQLPQQPQ
QLPQEQQLPQQPQQF
QQISQPQLPQQQELP
ISQPQLPQQOELPQOQ
QPQLPQQQELPQQPQ
QLPQQQELPQQPQQF
QEISQPELPQQQQLP
QEISQPQLPQEQQLP
QEISQPQLPQQQELP

-2064720
-2067342
-2032183
-2168737
-2109736
-2171147
-2107541
-2167717
-2102680
-2065155
-2258949
-2093573
-2046125
-2044194
-2054381
-2032302
-2045784
-2039834
-2049883
-2047687
-2071151
-1975261
-2041080
-2048590
-2042416
-2036872
-2028724
-2036334
-1982429
-2000226
-2012343
-2017151
-2045924
-2039095
-2053121
-2043678
-2041964
-2059304
-2045047
-2049335
-2051917
-2046440
-2037579
-2051234
-2041480
-2059911

-1806492
-1805380
-1785499
-1920204
-1850278
-1923938
-1843754
-1907247
-1840965
-1806104
-1995950
-1835494
-1695527
-1650591
-1686796
-1642208
-1691432
-1630896
-1694468
-1700667
-1739883
-1723901
-1696307
-1695282
-1614854
-1684773
-1563620
-1576002
-1601997
-1430066
-1573963
-1646458
-1691981
-1682324
-1646522
-1641202
-1633837
-1620467
-1564156
-1542244
-1691623
-1631641
-1585776
-1717941
-1700383
-1708830

-402867
-395997
-392453
-389253
-405677
-401952
-387566
-382534
-405692
-390420
-368827
-401056
-337183
-270203
-307242
-338624
-354655
-338720
-276187
-286076
-363615
-380917
-337331
-370301
-346292
-373016
-317285
-302306
-289599
-307113
-294605
-271484
-277541
-336707
-358990
-379462
-316923
-322468
-318529
-328970
-315570
-323675
-326748
-337301
-326772
-320268



GAMMA-I GLIADIN 1206

419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

QQISQPELPQEQQLP
ISQPELPQEQQLPQQ
QPELPQEQQLPQQPQ
ELPQEQQLPQQPQQF
QQISQPELPQQQELP
ISQPELPQQOQELPQQ
QPELPQQQELPQQPQ
ELPQQQELPQQPQQF
QQISQPQLPQEQELP
ISQPQLPQEQELPQQ
QPQLPQEQELPQQPQ
QLPQEQELPQQPQQF
QEISQPELPQEQQLP
QEISQPELPQQQELP
QEISQPQLPQEQELP
QQISQPELPQEQELP
ISQPELPQEQELPQQ
QPELPQEQELPQQPQ
ELPQEQELPQQPQQF
QEISQPELPQEQELP
QQLSQPQLPQQQQLP
LSQPQLPQQQQOLPQQ
QELSQPQLPQQQQLP
QOLSQPELPQQQQLP
LSQPELPQQQQLPQQ
QQLSQPQLPQEQQLP
LSQPQLPQEQQLPQQ
QOLSQPQLPQQQELP
LSQPQLPQQQELPQQ
QELSQPELPQQQQLP
QELSQPQLPQEQQLP
QELSQPQLPQQQELP
QOLSQPELPQEQQLP
LSQPELPQEQQLPQQ
QOLSQPELPQQQELP
LSQPELPQQQELPQQ
QQLSQPQLPQEQELP
LSQPQLPQEQELPQQ
QELSQPELPQEQQLP
QELSQPELPQQQELP
QELSQPQLPQEQELP
QOLSQPELPQEQELP
LSQPELPQEQELPQQ
QELSQPELPQEQELP
YOQLPQPQQPQQSFP
QLPQPQQPQOSFPQQ

-2030471
-2054186
-2045598
-2048175
-2057625
-2042881
-2029988
-2041988
-2038299
-2029477
-2044728
-2032229
-2031887
-2045290
-2029368
-2031705
-2065170
-2055098
-2063181
-2041753
-2020688
-2062496
-2031401
-2008721
-2036873
-2045371
-2048823
-2036808
-1971128
-1923296
-1941806
-1907032
-1962989
-1919973
-1983235
-1941898
-1931736
-2030754
-2018890
-2036478
-1947379
-1893296
-1803447
-1879453
-1665216
-1928819

-1664586
-1640063
-1633179
-1653692
-1711109
-1677810
-1664126
-1663359
-1569615
-1668759
-1702482
-1683581
-1715859
-1706513
-1686183
-1693801
-1678342
-1651501
-1659136
-1719956
-1586512
-1615116
-1640419
-1628965
-1683112
-1676965
-1657345
-1651605
-1521830
-1522845
-1558301
-1574590
-1595978
-1625502
-1657190
-1577173
-1687427
-1619068
-1723160
-1729207
-1634243
-1655640
-1603916
-1633148

-699334
-1040282

-348670
-323952
-332642
-351645
-357568
-338422
-313460
-251594
-275382
-241145
-223394
-322030
-340420
-357445
-345393
-146854
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169174
-89460
-88000
-145343
-168974
-206302
-124089
-178160
-129283
-128316
-114254
-142204

-12517
-169126



GLU-21 IN CONSIDERED
NATIVE FORM

ALPHA-GLIADIN P209

EPITOPE DQ2-ALPHA-I/11/11l

ALPHA-2 GLIADIN G8 (P56—
P75)

ALPHA-2 GLIADIN G9 (P56—
P75; E65)

A-GLIADIN (P62-P84)
WHEAT PEPTIDE W18

WHEAT PEPTIDE W18

ALPHA-GLIADIN (P220-
P239) P18573

WHEAT PEPTIDE W02
WHEAT PEPTIDE W02
WHEAT PEPTIDE W01

WHEAT PEPTIDE W01

WHEAT PEPTIDE W34

465
466
467

468
469
470
471
472
473
474
475
476
477
478
479

480

481
482
483
484
485
486
487
488
489
490
491

492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508

POPOOPOQSFPOOOR
PQOPQQSFPQQQRPF
QPQPFPQQSEQSQQP

QPFPQQSEQSQQPFQ
FPQQSEQSQQPFQPQ
QOSEQSQQOPFQPOPF
FPGQQQPFPPQQPYP
GQQQPFPPQQPYPQP
QQPFPPQQPYPQPQP
PFPPQQPYPQPQPF

YLQLQPFPQPQLPYP
QLQPFPQPQLPYPQP
QPFPQPQLPYPQPQL
FPQPQLPYPQPQLP

PQPQLPYPQPQLPY

LOPFPQPELPYPQPQ

PFPQPELPYPQPQLP
POPELPYPQPQLPY
QPQLPYPQPQLPYP
LPYPQPQLPYPQPQP
YPOPQLPYPQPQPFR
QPQLPYPQPQPFEFRP
POLPYPQPELPYPQP
LPYPQPELPYPQPQP
YPOQPELPYPQPQPFR
QPELPYPQPQPFRP
QPOQOQYPSGQGSFQP

Q0QYPSGQGSFQPSQ
QYPSGQGSFQPSQON
PSGQGSFQPSQQNP

MOLQPFPQPQLPYPQ
MQLQPFPQPELPYPQ
PQPFPPQLPYPQPQL
PFPPQLPYPQPQLPY
PPQLPYPQPQLPYPQ
QLPYPQPQLPYPQP

PQPFPPQLPYPQPEL
PFPPQLPYPQPELPY
PPQLPYPQPELPYPQ
QLPYPQPELPYPQP

VAHAIIMHQQQQQQQ
HATIMHQOQQOQQQOQEQ
ITIMHQQOOOOQQEQKQ
MHQOQOOQQOEQKQQ

-1546795
947017
-1976345

-1983003
-1988040
-2011749
9174604
12799109
11493959
15745823
5286372
10026120
8299078
10147114
10854484

-1609746

793108
-1949021
15941318
13984016
11784061
12678614
17669337
-1685885
3211108
-461895
-1872272

-1710804
-1848341
-2000900
7094650

-1702274
9086060

19503116
15858862
13677615
12176687
16454035
16100479
11558916
-1963146
-1969884
-1955275
-1948204

-1080091
2122190
-1441593

-1562547
-813907
-1373087
7789880
8908514
10230615
8841241
4801623
4545137
3139542
3583906
1455128

5193551

-1205709
-1468454
4172537
3148032
6570270
4655294
5249035
-1298921
2776898
-102084
-1173243

-754912
-1109394
-1431328
4047599
2896108
4696877
5245387
7092291
12159638
5342394
7675057
4464158
6011389
-1195052
-1372388
-1356502
-1506126

-134833
24788
-278042

-161886
-170191
-241831
-179358
-227710

-85890

234399
1801353
2250493
1928141
1949482
1221714

815902

1977245
1178668
1470909
1494304
2746864
1966456
1829499

787387
2291898
1945322

-29539

-62970
-3052
-144564
1109763
642235
424405
2857880
2169433
2704836
359711
1623750
575074
551264
-266657
-152862
-19733
8598



ALPHA-GLIADIN P19 (P21-
P40)

ALPHA-GLIADIN CAB76960
(P253-P272)

ALPHA-GLIADIN (P51-P70)

WHEAT PEPTIDE W08

WHEAT PEPTIDE W08

ALPHA-GLIADIN CAB76961
(P251-P270)

WHEAT PEPTIDE W13

WHEAT PEPTIDE W13

ALPHA-GLIADIN

WHEAT PEPTIDE W09

ALPHA-GLIADIN P211

GLIADIN AAG17702 (P80-
P99)

GLIADIN AAG17702 (P88-

509

510

511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526

527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548

549
550
551
552

QQQFLGQQOPFPPQ

AMCNVYIPPYCAMAP

CNVYIPPYCAMAPFG
VYIPPYCAMAPFGIF
IPPYCAMAPFGIFG

SQQOPYLQOLQPEFPQPQ
QPYLQLQPFPQPQLP
YLOLQPFPQPQLPYS
QLOPFPQPQLPYSQ

LOLOPFPQPQLPYSQ
LOPEFPQPQLPYSQPQ
PFPOPQLPYSQPQPF
POPQLPYSQPQPFR

LOLOQPFPQPELPYSQ
LOPFPQPELPYSQPQ
PFPQPELPYSQPQPF
POPELPYSQPQPFR

VYIPPYCTIAPFGIF

IPPYCTIAPFGIFGT
PYCTIAPFGIFGTNY
CTIAPFGIFGTNYR

LOLOQPFPQPQLPYLQ
LOPFPQPQLPYLQPQ
PFPQPQLPYLQPQPF
POPQLPYLOQPQOPFR

LOLOQPFPQPELPYLQ
LOPFPQPELPYLQPQ
PFPOQPELPYLQPQPF
POPELPYLQPQPFR

PFPQPQLPYPQPQPF
POPQLPYPQPQOPFR

LOPFPQPQPFLPQLP
PFPQPQPFLPQLPYP
POPQPFLPQLPYPQP
POPFLPQLPYPQPOQ

FPGOQQOQQFPPQQOPYP
GOOQOQFPPQOPYPQP
QOQFPPQOPYPQPQP
QFPPQOPYPQPQPF

PFTQPQOPTPIQPQQ

TOPOQOPTPIQPQQOPF
POOPTPIQPQOPFPQ
QPTPIQPQOPEFPQQ

TPIQPQOPEFPQQOPQQO

3243251

-1802532

-1754738
-1683505
-1756916
4110562
-1189634
-1551606
-1783945
-1877853
-1747483
1809184
987520
-1800143
-1812515
1786588
-1539770
-1837281

-1771725
-1674806
-1803808
-1491101
-1477160
2715164
81685
-1821570
-1798327
1812444
-1257177
14048366
12012605
-1420742
5162445
6566521
9864232
15362791
17231027
15727808
10905697
-94818

1332131
659027
-1278136
1922254

7446274

-608527

-258371
177803
-61245

3396567
3954902
4223442
5702385
12330
7986861
534139
494842
2425738
6146988
-452389
-1061787
-1065538

-1181564
-522283
-721989
3327733
8825846
1044793
-716266
3426327
5268003
258345
159716
4563459
8380825
3851428
1409420
2496288
3229240
3162578
6667882
7338342
3807931
-1038282

-1215401
8588998
1677021

12261570

-14316

-107360

-33880
48938
77001

206380
445417
1169021
1629860
746621
894110
2810916
1661871
739429
1383787
2592551
601010
-103606

-116819
-125970
-198333
704578
2241196
2556685
822702
598799
643301
1794380
1671196
2739286
2425363
-49099
288883
352202
691665
-56822
-182203
-221791
-129294
-142629

-257055
-281976
-256911
-192278



P107)

OMEGA-GLIADIN

EPITOPE DQ2-OMEGA-I/II

WHEAT PEPTIDE W03, W19,

BARLEY PEPTIDE BO1

WHEAT PEPTIDE W03, W19,

BARLEY PEPTIDE BO1

WHEAT PEPTIDE W30

OMEGA-GLIADIN

WHEAT PEPTIDE W06

GLIADIN AAG17702 P173-

P192

WHEAT PEPTIDE W04

GLIADIN AAG17702 P186-

P205

WHEAT PEPTIDE W20

553
554
555
556
557
558
559
560
561
562
563
564

565
566
567
568

569
570
571
572
573
574
575
576
577
578
579
580
581
582

583
584
585
586
587
588

589
590
591
592
593
594
595

IQPQOPFPOOPQOPQ
POQOPFPOOPQOPQQP
QPFPQQPQQPQQPF

POQOPQOPQQPFPQPQ
QPOQPQOPFPOPQOP
QQPQQPFPQPQQPFP
PQQPFPQPQQPFPW

PQQPQQPFPQPQQPF
QPQQPFPQPQQPFPW
QQPFPQPQQPFPWQP
PFPQPQQPFPWQPQ

QPFPQPQQPFPWQPQ

FPOPQOPFPWQPQQOP
QPQOPEFPWQPQQOPEP
QOPEFPWQPQOPFEPQ

QPFPQPEQPEFPWQPQ

FPOQPEQPFPWQPQQOP
QPEQPEFPWQPQQOPEP
EQPFPWQPQQOPFEPQ

PLOPQQOPFPQOPQQOP
QPQOPEFPQQPQQOPFEP
QOPFPQQOPQOPFEFPQP
PFPQOPQQPFPQPQ

FPOOPQOPFPQPQLP
QOPOQPFPQPQLPFEP
POOPFPQPQLPEFPQQ
QPEFPQOPQOLPFPQOS

QPFPQPQOLPFPQQOSE
FPOPOQLPFPQOSEQ

PFPQOPQQOPFPQPQO

POOPOQQOPFPQPQQOPT
QPQOPFPQPQQOPIP
QPQOPEFPQPOQPIPV
QOPFPQPQQPIPVQP
PFPQPQOPIPVQPQ
QPQOPIPVQPQQOSFP

QOPIPVQPQOSEPQQO
PIPVQPQOSFPQQSQ
PVQPOQOSEPQOSQQO

FPELQQPIPQQOPQQOP
ELQOPIPQQPQQOPFEP
QOPIPOQOPQOPFEFPLQ
PIPQOPQQPFPLQP

81550
2618049
-1892540
244171
277872
5317020
5105411
1817254
9251885
3715753
7218406
1865382

3867755
4426689
4006427
-1872954

-1717661
-564174
2376322
1544808
7144211
1936690
2733312
2654273
4149133
4612041
1386959
1878744
198879
2093946

476774
5532865
3945131
2288073
-641769
-1865402

-1785804
-1839952
-1795542
-2009771
-1375892
6192840

8061471

5061927
15097681

-509125
14727459
18097072
17471884
12402872
16310096
14788629
12319466
12683028

3667512

9709728
10259740
18720905

1622806

79171
3517593
18658340
16723578
18022845
13271791
16605387
15603132
14622739
15430484
6938615
6632776
2278873
16559164

16819070
20229577
15555732
13726243
-255012
-712227

-718136
-745189
-508475
-1128507
2687976
9091712
14180438

-204051
-180734
-50279
-61743
-141946
-88771
-57478
-72476
201512
-62164
208785
13061

-63660
-40851
-180809
-264280

-272035
-203590
-246810
-230494
-249720
-160569
24658
-50546
1069736
1176154
2216326
1292196
750919
165269

-210492
-120104
-103537
-246217
-154203
-206797

-268733
-281983
-261645
-317097
-222207
-236924
-262616



GLIADIN AAG17702 P225-
P244

GLIADIN AAG17702 P239-
P258

GAMMA-GLIADIN P08079

GAMMA-5 GLIADIN (P60-
P79) ; DQ2-GAMMA-V
GAMMA-GLIA (P78 —P97);
GAMMA-3 AND GAMMA-5
PEPTIDE 1317
DQ2-GAMMA-V GAMMA-
GLIA (P78 —P97; E81)

DQ2-GAMMA-V GAMMA-
GLIA (P78 —P97; E86)

DQ2-GAMMA-V GAMMA-
GLIA (P78 —P97; E89)

DQ2-GAMMA-V GAMMA-
GLIA (P78 -P97; ES1, E86
AND ES9)

DQ2-GAMMA-V GAMMA-
GLIA (P78 -P97; ES1, E86
AND E94)

DQ2-GAMMA-V GAMMA-
GLIA (P78 -P97; E81, ES6,
E89 AND E94)
DQ2-GAMMA-V GAMMA-
GLIA (P78 -P97; E89 AND
E94)

DQ2-GAMMA-V GAMMA-
GLIA (P78 -P97; E86 AND
E64)

DQ2-GAMMA-V GAMMA-
GLIA (P78 -P97; E81 AND
E94)

596

597
598
599
600

601
602
603
604
605
606
607
608
609
610

611
612
613
614

615
616
617
618

619
620
621
622
623

624
625

626

627
628
629
630
631
632
633
634
635
636

POOPQQOPFPLOPQQOP

QPQOPFPLQPQQOPFEP
QOPFPLOPQOPEPQQ
PFPLOPQQPFPQQP

PFPQOPQQOPEFPQQPQ

POOPQOPFPQOPQOS
QPQQOPFPQQPQQSFP
QOPFPQOPQOSEFPQ

QQFLQPQOPFPOOPQ
QOPFPQOPQOPYPQ

LQPEQPFPQQPQQPY
PEQPFPQQPQQPYPQ
QPFPQQPQQPYPQQP
FPQOPOQPYPQQOPO

LQPQQPFPEQPQQPY

POOPFPEQPQOPYPQ
QPFPEQPQQPYPQQP
FPEQPQOPYPQQPOQ

LOPQOPFPQQOPEQPY

POOPFPQQPEQPYPQ
QPFPQOPEQPYPQQP
FPOQOPEQPYPQQPOQ

LOPQOPFPQOPQOPY

POOPFPQQOPQOPYPE
QPFPQOPOQPYPEQP
FPOOPQOPYPEQPOQ

LOPEQPFPEQPQQOPY
PEQPFPEQPQQOPYPQ

LOPEQPFPQQOPEQPY
PEQPFPQQPEQPYPQ

PEQPFPQQPQQOPYPE

LOPOQOPFPEQPEQPY
POOPFPEQPEQPYPQ
QPFPEQPEQPYPQQP
FPEQPEQPYPQQPOQ

POOPFPEQPQQOPYPE
QPFPEQPQQPYPEQP
FPEQPQOPYPEQPQ

POOPFPQQOPEQPYPE
QPFPQOPEQPYPEQP
FPOQPEQPYPEQPQ

9372510

12973305
11625739
4944210
4642901

2246724
2944825
3037940
1814460
9468476
-1852615
2726369
14756308
1480284
5853302

5281713
6318623
9991600
7292333

4838258
-1871777
-1899442
5186399

2989563
14139209
15428612
-1895103
333238

-1983165
-1979090

4305519

6353331
4685829
-1661095
-1972155
7209037
7410496
10088480
5612403
-1791680
-1897505

15606585

13689616
17699628
15110916
17699311

18073192
9318282
13665336
13908072
15640133
-624471
1767872
1901280
-675664
15873076

11375862
401761
2271013
17263521

18502321
-700826
293896
18178569

9201181
13021
1704307
-1354244
1062633

-1033530
-576850

1039442

14443830
15584522
-476049
-868146
13905624
-354776
1871237
17235473
-935857
-160331

-238553

-191378
-235329
-164243

-90722

-127133
-168152
-190593
-173828
-159884
-158090
-258130
-173250
-171720
-201680

-277678
-165068
-209329
-280566

-315051
-298921
-261630
-113445

-276774
-234291
-207602
-271813
-307063

-292110
-339751

-288070

-250601
-317254
-302383
-296189
-307722
-296516
-231644
-335672
-329836
-248250



DQ2-GAMMA-V GAMMA-
GLIA (P78 —P97; E81 AND
E89)

DQ2-GAMMA-V GAMMA-
GLIA (P78 —P97; E81 AND
E86)

DQ2-GAMMA-V GAMMA-
GLIA (P78 —P97; E86)

WHEAT PEPTIDE W37

GAMMA-GLIADIN 1370 (P1-
P30) ; GAMMA-GLIADIN M2
M36999 (P11-P30)
HOMOLOGOUS TO DQ2-
ALPHA-|

GAMMA-GLIADIN 1371
(P21-P40)

GAMMA-GLIADIN 1372
(P31-P50)

GAMMA-GLIADIN 1372
(P41-P60)

GAMMA-GLIADIN 1372
(P51-P70)

GAMMA-GLIADIN 1375
(P61-P80) ; GAMMA-
GLIADIN M7 M36999 (P61-
P80) HOMOLOGOUS TO
DQ2-GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64) ; GAMMA-
GLIADIN M7 M36999 (P61-
P80) HOMOLOGOUS TO
DQ2-GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E66) ; GAMMA-

637
638

639

640

641
642
643
644
645
646
647
648
649
650
651
652

653
654
655
656

657
658
659
660

661
662
663
664

665
666
667
668
669
670
671
672
673

674
675

LOPEQPFPEQPEQPY
PEQPFPEQPEQPYPQ

PEQPFPEQPQQOPYPE

POOPFPEQPEQPYPE

QPFPEQPEQPYPEQP
FPEQPEQPYPEQPQ

PEQPFPEQPEQPYPE
ATANMQVDPSGQVQW
ANMQVDPSGQVQWPQ
MQVDPSGQVQWPQQQ
VDPSGQVQWPQQQP

WPQQOPFPQPQQPFC
QQOPFPQPOOPFCQQ
QPFPQPQQPFCQQPQ
FPQPQQPFCQQPQR

QQPFCQQPQRTIPQP

PEFCOQOPORTIPQPHQ
COQOPORTIPQPHQTF
QPORTIPQPHQTFH

TIPQPHQTFHHQPQQ

POPHQTFHHQPQQTF
PHOQTFHHQPQOTFEFPQ
QTFHHQPQQTEFPQP

HOPOQTFPQPQQTYP

POOTFPQPQQTYPHQ
QTFPQPQOTYPHQPQ
FPOPOQTYPHQPQO

QOTYPHQPQOQFPQT

TYPHQPQQQFPQTQQ
PHOPQQOFPQTQQPO
QPOQQFPQTQOPQQ

QFPQTQQPQQPFPQP
POTQOPOQPFPQOPQO
TQQPQQPFPQPQQTF
QPQQPFPQPQQTFEP

QFPETQQPQQPFPQP
PETQQPQQPFPQPQQ

QFPOTEQPQQOPFEFPQP
POTEQPQQPFPQPQO

-1995108
-1950917

1089468

5170445

-1900509
-1928668
-1957132
-1926398
-1935389
-1952921
-1991079
3368659

2133348

-1811749
-238695

-1324038

-1323908
-1871356
-1730089
-1872759

-1867622
-1709060
-1640859
-1588933

-1482746
-1544184
-1674625
-345701

-732230
-1399149
-1715064
661435
223880
1092907
3287816
-641649
-525420

-1237187
-1403084

-1208931
-894897

711233

16673667

-1190889
-296720
-1194356
-1274292
-1083032
-1090445
-1303254
12881327
15447664
385112
2511830
-281091

-708685
-1136043
-761176
-1111407

-930550
3427035
3306221
5052633

6414370

556881
1271124
2193290

1851477
311130
292998

14629933
17455963
13839872
16452553
14021353
12031300

15406439
12390712

-313853
-306527

-317963

-334641

-298078
-280173
-308680
-306467
-290389
-320440
-303026
-240974
-314381
-232086
-141536
-326272

-308966
-315936
-332500
-326647

-328446
-325040
-315858
-229366

-307774
-298074
-294930
-328163

-302235
-290789
-298851
-186712
-163413
-187859
-155005
-288229
-203770

-192143
-219594



GLIADIN M7 M36999 (P61-
P80) HOMOLOGOUS TO
DQ2-GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E69) ; GAMMA-
GLIADIN M7 M36999 (P61-
P80) HOMOLOGOUS TO
DQ2-GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E76) ; GAMMA-
GLIADIN M7 M36999 (P61-
P80) HOMOLOGOUS TO
DQ2-GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64 AND E66) ;
GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64 AND E69) ;
GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64 AND E76) ;
GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E66 AND E69) ;
GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E66 AND E76) ;
GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E69 AND E76) ;
GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64, E66 AND
E69) ; GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64, E66 AND
E76) ; GAMMA-GLIADIN M7

676

677
678
679
680
681
682
683

684
685

686
687

688

689
690
691

692
693

694
695
696

697
698

699

TEQPQOQPFPQPQQOTFE

QFPOTQQPEQPEFPQP
POTQQOPEQPFPQPQQ
TOOPEQPFPQPQQTFE
QPEQPFPQPQQTEP

POTQOPQQPFPQPEQ
TOQOPQQOPFPQPEQTFE
QPQOPFPQPEQTEP

QFPETEQPQQOPFEFPQP
PETEQPQQPFPQPQQ

QFPETQQPEQPFEFPQP
PETQQPEQPFPQPQQ

PETQQPQQPFPQPEQ

QFPOTEQPEQPFPQP
POQTEQPEQPFPQPQQ
TEQPEQPFPQPQQTF

POTEQPQQPFPQPEQ
TEQPQOPFPQPEQTFE

POTQQPEQPFPQPEQ
TOOPEQPFPQPEQTF
QPEQPFPQPEQTFEP

QFPETEQPEQPFPQP
PETEQPEQPFPQPQQ

PETEQPQQPFPQPEQ

-546109

-2004630
-1967817
-1999825
-1971861
1062072
4997774
4611464

-1359151
-1532617

-1938514
-1948519

-272629

-1987139
-1983676
-2002640

-821607
-178176

-1970740
-1994421
-2010830

-1915596
-1950468

-1129409

13729297

-522711
-891425
-1037276
183732
15196581
16052343
18008713

16001684
17305133

-262579
-930790

19148483

-671064
-1032305
-992733

16009913
16815175

-920166
-1288458
-202904

945647
-535862

18129269

-217492

-298360
-311546
-299818
-277125
-205919
-155852

-79753

-211964
-97152

-198062
-225120

-244825

-328235
-313255
-302590

-294404
-312904

-325343
-323971
-363756

-236690
-297241

-317545



M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64, E69 AND
E76) ; GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E66, E69 AND
E76) ; GAMMA-GLIADIN M7
M36999 (P61-P80)
HOMOLOGOUS TO DQ2-
GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E64, E66, E69
AND E76) ; GAMMA-
GLIADIN M7 M36999 (P61-
P80) HOMOLOGOUS TO
DQ2-GAMMA-III

WHEAT PEPTIDE W28, W33

GAMMA-GLIADIN 1376
(P71-P90); GAMMA-
GLIADIN M8 M36999 (71-
80) HOMOLOGOUS TO
DQ2-ALPHA-I AND DQ2-
GAMMA-IV

WHEAT PEPTIDE W10

WHEAT PEPTIDE W07
WHEAT PEPTIDE W07

GAMMA-GLIADIN 1377
(P81-P100)

GAMMA-GLIADIN 1378
(P91-P110), ; GAMMA-
GLIADIN M10 M36999 (91-
110) HOMOLOGOUS TO
DQ2-ALPHA-I

WHEAT PEPTIDE W36

700

701
702

703

704
705
706
707
708
709
710
711

712
713
714
715
716
717
718
719
720
721

722
723
724
725
726
727
728
729
730
731

PETQQPEQPFPQPEQ

POTEQPEQPFPQPEQ
TEQPEQPFPQPEQTF

PETEQPEQPFPQPEQ

POOPFPQPQQTEFPQQ
QPFPQPQOTEPQQPQ
FPOPOQTFPQQOPQLP
QPOOTEFPQOPQLPF

PFPQPQOOTFPQQOPQL
POPQOOTFPQQOPQLPF
POOTFPQQPQLPFPQ
QTFPQOPOLPFPQQ

SQOPQQOFSQPOQOF
QPOOQFSQPQQOOFPQ
QQOFSQPQOQFPOPQ
QFSQPQOOFPOPQQ

FPQPOOPFCQQPQO

WPQOQPFPQPEQPFC
QQQPFPQPEQPFCQQ
QPFPQPEQPFCQQPQ
FPQPEQPFCQQPQQ

QQPQLPFPQQPQQPF

PQLPFPQQPQQPFPQ
LPFPQQPQQPFPQPQ
FPQOPOQPFPQPQO

PQQPFPQPQQPQQPF
QPFPQPQQPQQPFPQ
FPQPQQPQQPFPQSQ
QPOQPQOPFPOSQQ

QQPAQYEVIRSLVLR
PAQYEVIRSLVLRTL
QYEVIRSLVLRTLPN

-1928156

-1930352
-1981965

-1968475

4343678
-1916398
-1954795
-1947925
848255
-1928469
-444129
1067326

-1917539
-1811094
-1511870
-1488449
-1950404
5023529

2668141

-1976615
-2029821
1207465

3500822
2094404
3196350
4940738
433473
545583
-183189
-1784241
-1696293
-1787537

-462723

-483318
-620493

-944497

12509838
752501
3723057
1530417
1733734
1863878
16318059
10838963

-916217
2102323
4522956
4341360
1094994

20314814
12420424
-876324
-321177
14177016

14172971
12502847
16793733
14822136
15719492
10583265
7608495
-381720
-267664
-464011

-321704

-329336
-335579

-332910

-320590
-322583
-84101
755719
-58799
841510
1023034
544365

-274903
-286733
-296903
-283181
-223651
-309005
-320481
-307593
-324737
1143207

-109758
-231409
-238550
-274509
-312913
-289950
-291129
-299845
-290386
-294644



GAMMA-GLIADIN
AAK84778 (P74-P93)

GAMMA-GLIADIN 1379
(P101-P120)

WHEAT PEPTIDE W16

GAMMA-GLIADIN 1380
(P111-P130) ; GAMMA-
GLIADIN M12 M36999 (111-
130) HOMOLOGOUS TO
DQ2-GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E112) ;
GAMMA-GLIADIN M12
M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E119) ;
GAMMA-GLIADIN M12
M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E121) ;
GAMMA-GLIADIN M12
M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E126) ;
GAMMA-GLIADIN M12
M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E112 AND
E119) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E112 AND
E121) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-

732
733

734
735
736
737

738
739
740
741
742
743
744
745
746
747
748
749

750
751
752
753

754
755
756
757

758
759
760

761

762

EVIRSLVLRTLPNM
QOOFIQPQOPFPQOP

QFIQPQOPFPQOPQQ
IQPQQPFPQQPQQTY
PQQPFPQQPQQTYP

PQOPFPQSQQPQQPF

QPFPQOSQQPQQPFPQ
FPQSQQPQQPFPQPQ
QSQQPQOPFPOPQQ

SQOPQOPFPQOPOOOQF
QPOOPFPQPQQOOFPQ
QOPFPQPQOOQFPOPQ
PFPQPQQQFPQPQQ

PQQPFPQPQQQFPQP
QPFPQPQOOFPOPQQ
FPOQPOQQFPQPOOPQ
QPOQQFPQPQOPQQ

PEQPFPQPQQQFPQP

PQQPFPQPEQQFPQP
QPFPQPEQQFPQPQQ
FPQPEQQFPQPQQPQ
QPEQQFPQPQOPQQ

PQQPFPQPQQEFPQP
QPFPQPQQEFPQPQQ
FPQPQQEFPQPQQPQ
QPOQEFPQPQOPQQ

QPFPQPQQQFPQPEQ
FPQPQQQFPQPEQPQ
QPOQQFPQPEQPQQ

PEQPFPQPEQQFPQP

PEQPFPQPQQEFPQP

-1920360
1831942

3025340
4920441
2925216
2467619

619719
1386459
1605559
1587158
3663578
1786309
-33042
2290844
-1585799
-1665298
-1725520
-1885777

5998777

-1911395
-2026837
-2022132

3523591

-1985826
-2021003
-2036421

-1579333
-1584569
-1580269

-1992399

-2003871

-1056756
14525931

19602143
14795180
17087809
14126833

16322254
16208867
13503339
18219227
17287319
16206207
1622580
12515267
4822259
6666522
1732932
4045138

15978633
272510
646586

-1129753

14650899
329682
2248636
-831616

3116834
5421342
2848714

73562

-114416

-285119
-70500

-125568
-214234
-316986
-288810

-289209
-277420
-268000
-274172
-270466
-283192
-348382
-260860
-348317
-373947
-363182
-353182

-372372
-365988
-374721
-383849

-355766
-313818
-300717
-314288

-309647
-307074
-329648

-350513

-348817



GAMMA-IV

GAMMA-GLIADIN 1380
(P111-P130; E119 AND
E121) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E119 AND
E126) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E119 AND
E126) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E121 AND
E126) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E112, E119
AND E121) ; GAMMA-
GLIADIN M12 M36999 (111-
130) HOMOLOGOUS TO
DQ2-GAMMA-IV
GAMMA-GLIADIN 1381
(P121-P140) ; GAMMA-
GLIADIN M13 M36999 (121-
140) IDENTICAL TO DQ2-
GAMMA-|
GAMMA-GLIADIN 1382
(P131-P150)

GAMMA-GLIADIN 1383
(P141-P160)

GAMMA-GLIADIN 1388
(P201-P220)

GAMMA-GLIADIN M23
M36999 (221-240)
HOMOLOGOUS TO DQ2-
GAMMA-II

763
764
765
766

767
768

769

770
771
772

773
774
775
776

777
778
779
780
781

782
783
784
785

786
787
788
789

790
791
792
793
794
795
796

PQQPFPQPEQEFPQP
QPFPQPEQEFPQPQQ
FPQPEQEFPQPQQPQ
QPEQEFPQPQOPQQ

QPFPQPEQQFPQPEQ
FPOPEQQFPQPEQPQ

QPEQQFPQPEQPQQ

QPFPQPQQEFPQPEQ
FPQPQQEFPQPEQPQ
QPOQEFPQPEQPQQ

PEQPFPQPEQEFPQP
QPFPQPEQEFPQPEQ
FPOQPEQEFPQPEQPQ
QPEQEFPQPEQPQQ

QFPQPOOPOQSEFPQQ
POPQOPQOSEFPQOQO
POOPOQSFPOQOOPA
QPQOSFPQOQOPAT

SEFPOOQQOPAIQSFLQ

POOOQPAIQSFLOQO
QQQPAIQSFLQQOMN
QPAIQSFLQQQMNP

QOSFLQOQOMNPCKNFL

FLOOOMNPCKNFLLQ
QOOMNPCKNFLLQQC
QOMNPCKNFLLQQCN

IHSVAHSIIMQOQOEQQ

SVAHSIIMQQEQQQG
AHSIIMOQEQQQGVP
SIIMOQEQQOQGVPI

LRPLFQLAQGLGIIQ
PLFQLAQGLGIIQPQ
FOLAQGLGIIQPQQOP
LAQGLGIIQPQQPA

5299122

-1963373
-2032253
-2045177

-1986143
-2034296

-1866795

-1589959
-1820094
-1900085

-1704959
-1536886
-1908615
-1909813

-1727182
-1779395
-1787733
-1655203
-1840086

-1884046
-1869716
-1862246
-1616730

-1603805
-1696527
-1727757
-1892872

-1933523
-1934033
-1919163
-1735831
-1778441
-1805739
-1904856

15807020
-840519
197012
-1201102

-744451
935717

-1661320

-1010014
-183717
-1396642

-1284495
-1382185

-384332
-1609806

-694584
-1233641
-1129543
-1040668
-1540482

-1586445
-1562019
-1642623
-1573139

-1495449
-1501441
-1504735
-1654422

-1642953
-1664027
-1624629
-1544207
-1557700
-1550548
-1652366

-352064
-366518
-349356
-355415

-347714
-381248

-337788

-282024
-313512
-318443

-329758
-306504
-290152
-288740

-279248
-292648
-298937
-341594
-307779

-351120
-292509
-277309
-276707

-159104
-173170
-280035
-343439

-323618
-293230
-329777
-288909
-284228
-263197
-330824



GAMMA-GLIADIN 1391
(P231-P250) ; GAMMA-
GLIADIN M24 M36999 (231-
250) IDENTICAL TO DQ2-
GAMMA-II
GAMMA-GLIADIN P08453
(P94-P113)

GAMMA-TYPE GLIADIN OF
GDB2_WHEAT (SWISSPROT
P08453) (P134-P153)

GAMMA-GLIADIN
AAK84772 (P130-P149)

GAMMA-GLIADIN
AAK84776 (P102-P121)

GAMMA-GLIADIN
AAK84772 (P121-P140)

WHEAT PEPTIDE W35

WHEAT PEPTIDE W31

WHEAT PEPTIDE W15 LMW

WHEAT PEPTIDE W11

WHEAT PEPTIDE W12

797
798
799
800
801

802
803
804
805
806
807
808
809

810
811
812
813

814
815
816
817

818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840

LGIIQPOOPAQLEGI
IIQPOOPAQLEGIRS
QPOQOPAQLEGIRSLV
QQOPAQLEGIRSLVL

QTQOPOOPEFPQOPQQ

QQPOQPFPQOPOQOPF
PQQPFPQQPQQPFPQ
QPFPQQPQQPFPQT

QOLPQPQOPQOSEPQ
LPQPOQPQOSFPOQQ
QPOQPQOOSFPOQORP
QOPQOSFPQOORPF

PQPQQPQLPFPQQPQ

POOPQLPEFPQOPQQOP
QPQLPFPQQPQQOPFEP
QLPEFPQOPQOPFEFPQ

QOPLPOQPOQPQQOPFEP

PLPQPQOPOQPFPQS
POPQOPQOPEFPQSQQ
POOPOQPFPQOSQOP

QPQOPOOPEFPQOQQOP

QOPQOPFPQQOQOPLI
PQQPFPQQQQPLIQP
QPFPQQQQPLIQPY

POQOPFPOOPQQOOFPQ
QPFPQQPQOOQFPOPQ
FPOOPQQOFPQPOOP
QOPQQOFPQPOOPQ

QPFPQLQQPQQPLPQ
FPQLQQPQQPLPQPQ
QLOQPQOPLPOPQOP
QOPQQPLPQPOOPQ

SHIPGLERPWQQQPL
IPGLERPWQQQPLPP
GLERPWQQQPLPPQQ
ERPWQQQPLPPQQT

QAFPQPQQTFPHQPQ
FPQPQQTFPHQPQQQ
QPQQTFPHQPQQQFP
QQTFPHQOPQOOFPQ

CKVFLQQQCSPVAMP
VFLQQQCSPVAMPQR
LOQQCSPVAMPQRLA
QQCSPVAMPQRLAR

-1890474
-1872521
-1871535
-1821364
508072

3015109
3145948
1657234
-1886996
-1821599
-1171502
308964
433123

530347
3642033
2646184
-1078914

207921
518440
841174
327701

1712878

1031649

-1719038
2137539

-1406693
-1401309
-1581243
-1740505
-1874729
-1931409
-1967602
-1533031
-1444425
-1563342
-1387890
-1733319
-1665059
-1381917
-765287

-1864017
-1647981
-1786763
-1890104

-1600909
-1661413
-1629916
-1544160

5501077

7340778
8575580
7118110
-643031
-1390559
-1049290
96823
9548336

7378333
10367168
9626284
450985

3941427
3899871
3167770
2077701

4406546
3448121
-1424045
8790861
979266
1060451
680489
-1544402
-1317366
-1582050
-1645696
-1570127
-1640708
-1768393
-1686048
88318
1772016
112714
2664882
-1646412
-1638851
-1673164
-1688344

-316019
-337150
-297572
-273571
-271337

-235168
-250050
-269578
-322397
-297589
-255066
-118142

735405

1135934
1499846
-126267
-252809

-282530
-270446
-321065
-284718

242951
-289225
272725
-269924
-282363
-383012
249712
-158698
-173477
-198084
-291454
-396961
-283930
-327676
-286586
242228
-203396
-193894
-243738
-297906
314439
-294231
-319444



WHEAT PEPTIDE W05

WHEAT PEPTIDE W05

WHEAT PEPTIDE W17

LMW GLUTENIN-GLT-156

(P40-P59)

LMW GLUTENIN-GLT-156
(P40-P59; E48)

LMW GLUTENIN-GLT-156
(P40-P59; E51)

LMW GLUTENIN-GLT-156
(P40-P59; E48 AND E51)

WHEAT PEPTIDE W21 HMW

WHEAT PEPTIDE W29

WHEAT PEPTIDE W24 HMW

WHEAT PEPTIDE W22 HMW

BARLEY PEPTIDE B04, B17

841
842
843
844
845
846
847
848
849
850
851
852

853
854
855
856

857
858
859
860

861
862
863
864

865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884

POOOQPFPQPQOPFES
QQOPFPQPQOPFSQQ
QPFPQPQQOPFSQQPQ
FPQPOOPFSQQPQO

POOQQPFPQPEQPFS
QQQPFPQPEQPFSQQ
QPFPQPEQPFSQQPQ
FPQPEQPFSQQPQQ

QQPFPQPQQPQLPFP
PFPQPQQPQLPFPQQ
PQQPQLPFPQQPQQ

QQOQPPFSQQQQSPF

QQPPFSQQQQSPFSQ
PPFSQQQQSPFSQQQ
FSQQQQSPFSQQQQ

QQQQPPFSEQQQSPF

QQPPFSEQQQSPFSQ
PPFSEQQQSPFSQQQ
FSEQQQOSPFSQQQ0

QQQQPPFSQQQESPF

QQPPFSQQQESPFSQ
PPFSQQQESPFSQQQ
FSQQQESPFSQQQ0

QQQQPPFSEQQESPF

QQPPFSEQQESPEFSQ
PPFSEQQESPFSQQQ
FSEQQESPFSQQQQ

QGQQGYYPISPQQSG
QQGYYPISPQQSGQG
GYYPISPQQSGQGQQ
YPISPQQSGQGQQP

GQGQSGYYPTSPQQS
GQSGYYPTSPQQSGQ
SGYYPTSPQQSGQEA
YYPTSPQQSGQEAT

PGQGQSGYYPTSPQQ
QGQSGYYPTSPQQSG
QSGYYPTSPQQSGQK
GYYPTSPQQSGQKQ

LQPGQGQPGYYPTSP
PGQGQPGYYPTSPQQ
QGQPGYYPTSPQQIG
QPGYYPTSPQQIGQ

QPQOPQOPEFPQQPVPQ

1820197
2913026
-1632205
-1755096
2921341
4370559
-1466290
-1838993
3310876
2522055
754779
-1803610

-1751583
-1741739
-1678798
-1892720

-1892475
-1841328
-1790857
-1809206

-1800362
-1713716
-1568824
-1834145

-1765889
-1841966
-1735540
-1216698
-939907

-1221425
-1859885
-1579691
-1583341
-1540042
-1625751
-1488187
-1498956
-1721264
-1638611
-1447885
-1470961
-1424079
-1249754
-1687899

11362721
9867469
-1364609
-604498
10383671
11554357
-1384513
-648022
10150822
3627628
8466796
-1530733

-1529234
-1522762
-1545971
-1671952

-1554420
-1580781
-1532475
-1648752

-1612309
-1651475
-1561919
-1629170

-1604819
-1646692
-1630917

-907311
-1039757
-1099330
-1666684
-1352104
-1342576
-1508323
-1464738
-1200578
-1388044
-1591366
-1535562
-1201616
-1381100
-1319915
-1043161
-1557641

-245626
-261910
-207275
-82077
-307964
-312650
-284596
-166996
902332
943050
854735
-227372

-299334
-307912
-260554
-299154

-330443
-286815
-306518
-249928

-294087
-287445
-243539
-336948

-336054
-317626
-303181
-235191
-307113
-288586
-350768
-295324
-241882
-284145
-285917
-290901
-291446
-291443
-295748
-275753
-269158
-282115
-272146
-286341



BARLEY PEPTIDE BO5, B08
IN NATIVE FORM

BARLEY PEPTIDE BO5, BO8
IN DEAMIDATED FORM

BARLEY PEPTIDE B06

BARLEY PEPTIDE B06

BARLEY PEPTIDE B18

BARLEY PEPTIDE B13

BARLEY PEPTIDE B09, B12,
B30

BARLEY PEPTIDE B11

BARLEY PEPTIDE BO3

BARLEY PEPTIDE B02

BARLEY PEPTIDE B02

885
886
887
888

889
890
891
892

893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912

913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929

QOPOPEFPQQPVPQQOP
POPFPQOPVPQQPQP
PFPQOPVPQQPQPY

POPFPQOPIPQQPQP

PFPQOPIPQQPQPYP
POOPIPQQPQPYPQO
QPIPQQOPOPYPQQOP

POPFPQOPIPEQPQP

PFPQOPIPEQPQPYP
POOPIPEQPQPYPQOQO
QPIPEQPQPYPQQOP

QQOPQOPESQQPIPQQP
POPEFSQQOPIPQQOPQOP
PESQQOPIPQQOPQPYP
SOQOPIPQQOPQPYPQ

QOPQOPEFSQQPIPEQP
POPFSQQPIPEQPQP
PEFSQQPIPEQPQPYP
SOQPIPEQPQPYPQ

QPQPFPQOPIPLQPH
QPFPQOPIPLQPHQP
FPOOPIPLQPHQPYT
QOPIPLQPHQPYTQ

POPYPQOPQPFPQQP
PYPQOPQPFPQQPPF
POQOPOQPFPQQOPPFCQ
QPOPFPQOPPFCQQ

QOPFPQQPFPQQOPQP

PFPQOPFPQQPQPYP
POOPFPQQPQPYPQO
QPFPQOPOPYPQQOP

QPQPYPQOPOPYPQQ
QPYPQOPOPYPQQPF
YPQOPQPYPQQPFQP
QQPQPYPQOPFQPQ

QPQOPEFPQPQQPIPY
QOPFPQPQQPIPYQP
PFPQPQOPIPYQPQO
POPQOPIPYQPQQP

WOPQOPFPQPQQOPFEP
POOPFPQPQQOPFPLQ
QPFPQPQOPFPLQPQ
FPOPOQOPFPLQOPQO

WOPQOPFPQPEQPFEP
POOPFPQPEQPFPLQ

-1763591
-1788999
-66706

-1795949

-834203

-1834927
-1870171
-1884611

-306594

-1849969
-1867120
-1768558
-1749548
-1396352
-1702705
-1429406
-1725556
-1316789
-1609565
-1442465
-1268292
-608310

-1204622
-985279

-871346

-1503061
-1563885
5431121

6544060
2246487
-1679449
-1617564
-1321479
-1029839
-1563170
3428550
3207380
-306673
-1704913
6045930
9077638
10296546
12706536
6589022
3608125

-1523424
-1639567
-1422134
-1598058

-1429516
-1590241
-1685651
-1720776

-1621204
-1691591
-1697760
-1604742
-1607902
-1572002
-1607696
-1531454
-1631307
-1547983
-1615137
-1349903
-1381297
-14634
-1495409
-1460841
-1153533
-1368889
-1300550
9280540

9624274
9197703
-1464105
-1534987
-1232531
-792326
-1364711
12095049
9864150
-1236342
-1553279
10307974
12485073
8252920
10841377
10750514
9679983

-293969
-289750
-278967
-331112

-296800
-267398
-303535
-286292

-274329
-302322
-321266
-272047
-282846
-211042
-314809
-296704
-287456
-296489
-303463
-272852
-299459
-315547
-279453
-306631
-189849
-304448
-293102
-290720

-261812
-271875
-269061
-257370
-175537
-167039
-266955
90243
23413
278377
-107
-257003
-252336
-311092
-258991
-282402
-342803



BARLEY PEPTIDE B19

BARLEY PEPTIDE B26

BARLEY PEPTIDE B29

BARLEY PEPTIDE B14

BARLEY PEPTIDE B15

BARLEY PEPTIDE B16

BARLEY PEPTIDE B21, B25

BARLEY PEPTIDE B21

BARLEY PEPTIDE B22

BARLEY PEPTIDE B27

BARLEY PEPTIDE B23, B24

BARLEY PEPTIDE B10

BARLEY PEPTIDE B10

930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975

QPFPQPEQPFPLQPQ
FPOPEQPFPLQOPQO

LPRPQOPFPWQPQQP
RPQOPEFPWQPQQOPEP
QOPFPWQPQOPFEFPQP
PFPWQPQQPFPQPQ

QOPFPLQOPQOPEPWQ
PFPLOPQQPFPWQPQ
PLOPQQPEFPWQPQQ

QPQQOPESESQQOPQQP
QOPFSESQQPQQOPFEP
PESEFSQQOPQOPFPLQ
SESQOPQQPFPLQP

FOOPOQOSYPVQPQOP
QPQOSYPVQPQQPFP
QQOSYPVQPQOPFEFPQP
SYPVQPQOQPFPQPQ

YPQOPQPEFPQQPIPQ
QOPOPEFPQQPIPQQP
PFPQOPIPQQPQPY

QQQPFPQQOPIPQOQPQ
QPFPQOPIPQOQPQPY
FPOOPIPQQOPQPYPQ
QQPIPQQPOPYPQQ

QPQOPEFPQPOQPFRQ
QOPFPQOPOOPFRQQ

PFPQOPQQOPFPQPEQ
POOPQQOPFPQPEQPF
QPQOPFPQPEQPFRQ
QOPFPQPEQPFRQQ

POOPFQPQOPFPQQT
QPFOQPQQOPFPQQTIP
FOPQOPFPQQTIPQQ
POOPFPQQTIPQQP

TEFPPSQOPNPLQOPQQ
PPSQOPNPLOPQQPF
SQOPNPLOPQOPFPL
QPNPLOPQOPFPLQ

NPLOPQOPFPLQPQP
LOPQOPFPLOPQPPQ
POOPFPLQPQPPQQOP
QPFPLOPOPPQQOPF

QPQOPEFPQPQQOPESW
QOPFPQPQOOPESWQP
PEPQPQOPEFSWQOPQ

QPQQOPEFPQOPEQPFESW

-714339
-798081
12148176
12139525
6649134
4661952
9576138
4812716
2232401
-1650337
1219736
8289883
11084877
3831404
7023611
12196023
2416925
-913806
-1535503
-139379
1886817
-1567447
-1561269
-1686785
10476299
10424445
3059340
2604893
10451583
8447425
1222935
1785153
3064924
1976100
-385401
-156577
4738020
3496103
6979936
9583681
6201899
-1151743
5783442
1985670
1762110
6560458

-974626
145624
6803294
10922440
10565018
12476687
8700345
6611404
5825414
-1477765
2822627
6840818
9359143
-1231323
2284270
12914377
9726916
-764781
-1310330
-1269214
8568587
-1318889
-927484
-1459096
11715986
10892426
11880191
10162639
10806735
12484766
3232222
2665963
4142740
5051311
-1417365
-1512135
7833589
2100638
6909288
8816287
6945616
-1226686
12383316
8645586
-548616
10784964

-325021
-311802
-270277
-211689
-180454
-203155
-300763
-231166
-222299
-260214
-270561
-191552
-175472
-331524
-351679
-280097
-254789
-255798
-297027
-275998
-331450
-345618
-300146
-324521
-290308
-267049
-290426
-303023
-272845
-299410
-283027
-264017
-163825
-283790
-279898
-261731
-287570
-300351
-315646
-286021
-282736
-307463
-245315
-241843
-270840
-363810



BARLEY PEPTIDE B28

BARLEY PEPTIDE B20

BARLEY PEPTIDE BO7

RYE PEPTIDE RO5, R26

RYE PEPTIDE R12

RYE PEPTIDE R29

RYE PEPTIDE R10

RYE PEPTIDE R25

RYE PEPTIDE R22

RYE PEPTIDE R21

RYE PEPTIDE R13, R28

RYE PEPTIDE R23

976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022

QQPFPQPEQPEFSWQP
PFPQPEQPFSWQPQ

PQQTIPQQPQQPFPL
QTIPQQPQQPFPLQP
IPQQPQQPFPLQPQQ
QQPQQPFPLQPQQP

QQPFPLQPQQPFPQP
PFPLQPQQPFPQPQP
PLQPQQPFPQPQPFP
QPQQPFPQPQPFPQ

QSQQQFPQPQQPEFPQ
QQQFPQPQQPFPQQP
QFPQPQQPFPQQPQQ
PQPQQPFPQQPQQP

PAPIQPQQPFPQQPQ
PIQPQQPFPQQPQQP
QQPFPQQPQQPFPQ

FPQOPQQPFPQPQQQ
QQPQQPEFPQPQQQLP
PQQPFPQPQQQLPLQ
QPFPQPQQQLPLQP

PTPIQPQQPFPQRPQ
PIQPQQPFPQRPQQP
QPQQPFPQRPQQPFP
QQPFPQRPQQPFPQ

FPLQPQQPFPQQPEQ
LQPQQPFPQQPEQII
PQOPFPQQPEQIISQ
QPFPQQPEQIISQQ

FPQQPEQIISQQPQQ
QQPEQIISQQPQQPF
PEQIISQQPQQPFPL
QIISQQPQQPFPLQ

PQQLFPLPQQPFPQP
QLFPLPQQPFPQPQQ
FPLPQQPFPQPQQPF
LPQQPFPQPQQPFP

NMQVGPSGQVEWPQQ
QVGPSGQVEWPQQQP
GPSGQVEWPQQQPLP
SGQVEWPQQQPLPQ

SPQPQQPYPQQPFPQ
QPQQPYPQQPFPQQP
QQPYPQQPFPQQPQQ
PYPQQPFPQQPQQP

TQQPQQOPFPQPQQPQ
QPQQPFPQPQQPQOL

3971951
2520001
2511084
5006428
6629082
9550037
9574207
2906408
1679525
4305461
2806202
6564005
2568868
1109597
100510
1342406
3759635
1315786
910546
915284
-1471475
4515090
5553514
12159674
12166646
4278460
3401395
1603287
-1794552
-1820005
-1795959
2754966
5756216
1000415
1000588
3535020
6425264
-1781213
-1854885
-1787982
-1749663
12182626
12145257
13109459
5064635
970902
3057062

10378099
-666758
10806784
4878782
5976779
8575301
11522042
9593437
9971522
12487780
10470519
6972722
11896730
4077673
6388677
8266174
11353359
10129571
9761978
13039807
-1192692
9007678
11197184
10698079
12021717
10239945
9073579
7564321
-1531358
-1193872
-1472589
9776364
3064387
9150641
10539726
13505522
10189211
-1306827
-1569408
-1449680
-1413689
7208955
8757486
6688994
8560001
9383300
10887062

-310249
-288314
-327746
-276045
-315028
-289883
-262608
-246769
-271570
-270698
-277011
-253605
-240184
-301718
-266995
-271335
-283372
-268674
-278647
-199840

-7270
-256706
-253151
-230688
-360293
-303975
-331496
-318347
-312079
-325083
-286836
-260762
-262856
-297495
-265659
-193576
-286055
-294874
-278700
-287563
-285986
-173751
-145056
-277433
-265734
-272196
-279688



RYE PEPTIDE R27

RYE PEPTIDE R17

RYE PEPTIDE RO2

RYE PEPTIDE RO2

RYE PEPTIDE RO7

RYE PEPTIDE R03, R0O4

RYE PEPTIDE RO1, RO9

RYE PEPTIDE R20

RYE PEPTIDE RO6, R11, R16

RYE PEPTIDE RO8

RYE PEPTIDE R15

RYE PEPTIDE R14, R19

1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069

QQPFPQPQQPQQLF

PQEPQQLFPQSQQPQ
EPQQLFPQSQQPQQP
QQLFPQSQQPQQPFP
LFPQSQQPQQPEFPQ

QTQQSIPQPQQPFPQ
QQSIPQPQQPFPQPQ
SIPQPQQPFPQPQQP
PQPQQPFPQPQQPF

PQPQQPFPQPQQPFP
PQQOPFPQPQQPFPQS
QPFPQPQQPFPQSQ

SIPQPQQPFPQPEQP
PQPQQPFPQPEQPFP
PQQPFPQPEQPFPQS
QPFPQPEQPFPQSQ

QYSPYQPQQPEFPQPQ
SPYQPQQPFPQPQQP
YQPQQPFPQPQQPTP
PQQPFPQPQQPTPI

QPFPQPQQPTPIQPQ
FPQPQQPTPIQPQQP
QPQQPTPIQPQQPFP
QQPTPIQPQQPFPQ

QQLPLQPQQPFPQPQ
LPLQPQQPFPQPQQP
LQPQQPFPQPQQPIP
PQQPFPQPQQPIPQ

EQIISQQPFPLQPQQ
IISQQPFPLQPQQPF
SQQPFPLQPQQPFSQ
QPFPLQPQQPFSQP

PQQPFPQQPEQIIPQ
QPFPQQPEQIIPQQP
FPQQPEQIIPQQPQQ
QQPEQIIPQQPQQP

SQQPQRPQQPFPQQP
QPQRPQQPFPQQPQQ
QRPQQPFPQQPQQII
PQQPFPQQPQQIIP

QPQQIIPQQPQQPFP
QQIIPQQPQQPFPLQ
IIPQQPQQPFPLQPQ
PQQPQQPFPLQPQQ

QQPQQPFPLQPQQPV
PQQPFPLQPQQPVPQ
QPFPLQPQQPVPQQP

1846479
-1703553
-1727500
-326426
259182
-908145
418479
856376
2752800
2923736
4441089
2460134
2541149
3451360
3000822
-1305225
5254818
2502829
3757394
2414305
77395
730572
2920229
1892711
586344
720198
2270559
1712795
8820191
13676202
13184124
-1307978
2494226
-1651524
-1674766
-1251238
12191745
12192789
12187616
2391746
-1173633
4816356
5618837
7043920
10184845
9164751
-1652368

9974293
-410627
-690482

2130196

10382665
5418360
11357903
11002365
10166986
11448920
10550070
5061861
9193607
13732697
11121404
-1085684
11520928
10430557
10607185
9906501
-1183225
-900713
80078
8915913
10713597
9172443
9179545
11434332

5646409

6206195

6742007

-1105217
10049412
-1403443
-1079892
-1602011
7748633
12834828
10259881
10282128
369383

3703606

5003665

7861453

8493588

8612847

-1459358

-319265
-292546
-337383
-330272
-285045
-312624
-275278
-216846
-220612
-138864
-285420
-274115
-288721
-269932
-282409
-269929
17671
-95357
-98309
-269945
-284834
-304241
-294477
-279145
-226991
-282292
-230141
-285274
-223972
-214273
-194932
-229652
-261175
-252932
-270847
-281745
-259440
-257370
-290387
-279672
-253780
-237662
-217953
-203669
-233985
-277420
-293436



RYE PEPTIDE R18

RYE PEPTIDE R24

RYE PEPTIDE R24

ANALOG OF ALPHA-
GLIADIN (P31-P49; A31)
ANALOG OF ALPHA-
GLIADIN (P31-P49; A36)

ALPHA-GLIADIN (P202-
P220)

GLUTEN PEPTIDE #25

AVENIN 1490 IN NATIVE
FORM

ALPHA-GLIADIN P15 (P11-
P28)
ALPHA-GLIADIN P62 (P61-
P58)

GLIA-ALPHA2 18-MER (P71-

P89)

GLIA-ALPHA2 18-MER (P71-

P89; E79)

GDAO09 (P202-P219) P18573
GDAO09 (P203-P220) P18573

(ALPHA-GLIADIN (ALPHA-I1))

GDAO09 (P203-P220; E216)
P18573 (ALPHA-GLIADIN
(ALPHA-I)

1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083

1084

1085
1086
1087

1088
1089
1090
1091
1092
1093

1094
1095
1096

1097

1098
1099

1100
1101
1102

1103
1104
1105
1106

1107
1108

FPLQPQOPVPQQPOQ

QOPFLLOPQQOPFESQP
PFLLOPQQPEFSQPQQ
LLOPQOPFSQPQQOPF
QPOQOPEFSQPQQOPFL

SPOOPOLPFPOPQOP
QOPOLPFPQPQQOPEV
POLPFPQPQQPFVVV
LPFPQPQQPFEFVVVV

SPOOPQLPFPQPEQP
QOPOQLPFPQPEQPEV
POLPFPQPEQPFVVV
LPFPQPEQPFVVVV

AGQQQPEFPPQOPYPQ

LGOOQAFPPQOPYPQ

QOQAFPPQQOPYPQPQ
QAFPPQOPYPQPQPF

QQYPLGQGSFRPSQQ

YPLGQGSFRPSQQONP
LGOGSFRPSQONPQA
SHOQQOPFPQOPYPQQO

QOQPFPQOPYPQQPY
QPEFPQOPYPQQPYPS

SEQYQPYPEQEEPFEFV

QYQPYPEQEEPEFVQQ
QPYPEQEEPFVQQQQ

QQQOPQEQVPLVOQQ

YPOQPQPFPSQQOPYLQ

QPQPFPSQQPYLQL
QPQPYPQPQLPYPQP

QPYPQPQLPYPQPQP
YPQPQLPYPQPQPF
QPQPYPQPELPYPQP

QPYPQPELPYPQPQP
YPOQPELPYPQPQPF
SGOGSFQPSQONPQ
PSGQOGSFQPSQONPQ

GOGSFQPSQONPQA
QYPSGEGSFQPSQEN

-1632454
-1104341
-1159822
-1434037
-1599099
628134
2764079
265310
-1318790
1148170
2860731
169554
-1295601
11891852

7631374

9023360
11617897
-45158

-546534
-1246588
11858608
14635612
12823176
-349672

1058756
-1454533
-1881196

2712742

921190
8376773

8822901
12912984
-1398405

-1693845
-1521479
-1873112
-1781555

-1779870
-1484978

-1207036

-901408
-1226503
-1088987
-1072572
11163506
14123905

8501789
-1052576
13329218
12026086

9077619
-1299261

7856862

8588398

10731551
4317634
-1232336

-1420064
-1461882
10077383
10020777

3594205
-1279027

-1026136
-1576187
-1642281

-222002

-1129698
727627

874683
3661502
-1391644

-1439329
-1053363
-1629302
-1612518

-1596673
-1592420

-282690
-234650
-233352
-161909

-87523
1061671
1111497

-54275
-114227

724777

965164
-297112
-286734
-286790

-287185

-281336
-292794
-281896

-262303
-258997
-250554
-246745
-213786
-294570

-279302
-309057
-253676

-81468

-67598
749992

829160
1285504
522105

576490

743251
-306753
-217548

-236219
-252977



GLIADIN (P205-P222)

ALPHA-GLIADIN P135

ALPHA-GLIADIN (P5-P22)
(PROLINE-RICH DOMAIN)

GLUTEN PEPTIDE #19

HMW GLUTENIN-GLT04
(P719-P736)

GLIA-ALPHA2 (P60-P76)

GLIA-ALPHA2 (P60-P76;
E66)

GLIA-ALPHA2 (P60-P76;
E73)

ALPHA-GLIADIN 4037

ALPHA-GLIA (P57-P73)
ALPHA-GLIA (P57-P73; E65)

ALPHA-GLIA (P57-P73; T65
AND S73)

ALPHA-GLIADIN (P57-P73;
§73)

ALPHA-GLIADIN (P57-P73;
S73 AND E65)
ALPHA-GLIA AG11 (P78 -
P95)

ALPHA-GLIA AG11 (P78 —
P95; E86)

ALPHA-GLIA AG12 (P82-
P98)

ALPHA-GLIA AG12 (P82-
P98; E90)

DQ2-OMEGA-1 OMEGA-
GLIA (P102-P118)

DQ2-OMEGA-1 OMEGA-
GLIA (P102-P118; E104)

1109
1110
1111
1112
1113
1114
1115

1116
1117
1118
1119
1120

1121
1122
1123
1124

1125
1126

1127
1128
1129
1130
1131
1132
1133

1134
1135

1136

1137

1138

1139
1140

1141
1142

1143
1144

1145
1146

PSGEGSFQPSQENPQ
GEGSFQPSQENPQA
GOGSFQPSQONPQAQ
GSFQPSQONPQAQG
FLGOQQOPFPPQQOPYP
QOPFPPQOPYPQPQ
CPOQLOPONPSQQQPQ

QPONPSQQQPQEQG
PHOPQOQVPQPQQPQ
QPQQOVPQPQOPQOP
QQQVPOPOQPQOPF
QOGYYPTSPQQOSGQ

FPOPOQLPYPQPQLPY
QPFPQPELPYPQPQL
FPOQPELPYPQPQLPY
QPFPQPQLPYPQPEL

FPOPOQLPYPQPELPY
QPFPQPELPYPQPEL

FPOQPELPYPQPELPY
PPYCTIVPFGIFGTN
YCTIVPFGIFGTNYR
QPFPQPQLPYPQPQP
QLOPFPQPELPYPQP
QPFPQPELPYPQPQP
QLOPFPQPTLPYPQP

QPEFPQPTLPYPQPQS
QPFPQOPQOLPYPQPQS

QPFPQPELPYPQPQS

POPFLPQLPYPQPOQS

POPQPFLPELPYPQP

POPFLPELPYPQPQS
POPQPFPPQLPYPQP

POPFPPQLPYPQPQS
POQPQPFPPELPYPQP

POPFPPELPYPQPQS
QPEQPEFPQPQQPFPW

EQPFPQPQQPEFPWQP
QPEQPFPQPEQPFPW

-1813778
-1814765
-1739039
-1783425
10787687
8740460

-1728540

-1729602
-1769744
-1909577
-1885910
-1303788

13112012
-1233032
-1468964
12347033

14175163
-522982

-1345408
-1531442
-1541010
7474004

-1013595
-1179113
-1503395

-1494961
9426314

-1133943

7698763

-1593204

-1599527
6552511

6785217
-1227115

-1506283
179707

1219280
-1224459

-1657920
-1680298
-1567025
-1607154

7774464

7925332
-1509523

-1631392
-1556556
-1631243
-1604962

-717011

3660993
-1250015
671820
2126415

6045021
-1115053

238615
-1383730
-1407233

930927

5547233
-1428678
3357332

-1454156
1038542

-1378951

61164

-1433256

-1440107
1425020

1013289
-845477

-1535025
7654045

4890151
-128694

-270725
-245774
-182809
-220320
-194405
-237474
-257306

-285543
-289395
-294038
-310204
-163747

1091954
539818
508271
784575

775278
364723

595075
-154542
-264365
665242
294615
217812
-24434

171253
629024

310467

-23307

-243257

-258595
-191709

-264694
-317862

-291662
-266956

-222211
-241543



WHEAT PEPTIDE W03, W19,
BO1

GAMMA3/GAMMA4
GLIA-GAMMAL1 EPITOPE
WHEAT PEPTIDE W02
WHEAT PEPTIDE W34

ALPHA20-GLIADIN (P91-
P106)

ALPHA20-GLIADIN (P93-
106; E97)

ALPHA-GLIADIN (PROLINE-
RICH DOMAIN)

WHEAT PEPTIDE W16
GLIA-ALPHA20

WHEAT PEPTIDE W11
WHEAT PEPTIDE W21 HMW
WHEAT PEPTIDE W21 HMW
WHEAT PEPTIDE W29
WHEAT PEPTIDE W24 HMW
BARLEY PEPTIDE B17
BARLEY PEPTIDE B05
BARLEY PEPTIDE B13
BARLEY PEPTIDE B09
BARLEY PEPTIDE B03
BARLEY PEPTIDE B02
BARLEY PEPTIDE B29
BARLEY PEPTIDE B14

WHEAT PEPTIDE W19

BARLEY PEPTIDE B08
BARLEY PEPTIDE B08

BARLEY PEPTIDE B23
BARLEY PEPTIDE B24

1147
1148

1149
1150
1151
1152
1153
1154

1155
1156

1157
1158

1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189

EQPFPQPEQPFPWQP
QPQOPFPQPEQPFPW

QQPFPQPEQPFPWQP
PQQPFPQQPQQPYPQ
QQPQOSFPQQQRPFI
QPFPQPQLPYPQPQ
HATIMHQOQOQQOQOE
PQPFRPQQPYPQPQP

PFRPQQPYPQPQPQ
POPFRPEQPYPQPQP

PFRPEQPYPQPQPOQ
CPQPFPSQQOPYLQLQ

QPFPSQQPYLOLQG
GQQPFPQPEQEFPQP
QPFPQPEQEFPQPG
QQSFPQQOQRPFIQPS
SFPQQORPFIQPSL
GQOAFPQPEQTFPHQ
QAFPQPEQTFPHQG
QQGYYPISPQQOSGQ
EGQQGYYPISPQQOSG
GQSGYYPTSPQQSG
QGQSGYYPTSPQQS
PQQPQPFPQQPVPQQ
QPQPFPQQPVPQQP
PFPQQPIPEQPQPY
PYPQQPQPFPQQPP
PFPQQPFPQQPQPY
GQQPFPQPEQPIPYQ
QPFPQPEQPIPYQG
GQQPFPQPEQPFPLQ
QPFPQPEQPFPLQG
GFSFSQQOPEQPFPLQ
SFSQQPEQPFPLQG
GQSYPVQPEQPFPQP
SYPVQPEQPFPQPG
GQPFPWQPEQPFPQP
PFPWQPEQPFPQPG
QPQQPIPQQPQPYPQ
EPEQPIPEQPQPYPQ
EQPIPEQPQPYPQQ
LOPQQPFPLQPQPP
PLQPQQPFPLQPQPP

-1473535
5975534

3704051
6521389
1619962
6272540
-1968045
14517741

10368926
-1935387

-1966368
-1928589

-2025575
395661
-2022664
3200010
-1023695
-1737610
-1693341
-2011969
-1172861
-1130892
-2038034
-2027673
-1927500
-1508290
-2003280
3319569
-540571
-1991013
391305
-1937071
-1998123
-2028929
-1980460
-2043951
-2012819
-1878857
-1980247
-2004863
-1998357
4366243
2780883

-880918
12147945

12294334
10958301
831666
293005
-1761950
-1753078

-1809636
-1855627

-1858002
-1859415

-1836861
2630308
-1769507
-30967
-1427649
1813688
-1465108
-1817389
-1601427
-1458317
-1867119
-1846402
-1764474
-1783017
-1772256
4602164
2560662
-1581228
5031418
-1359000
-1771446
-1735846
-1778785
-1821964
-1733260
-1544458
-1830634
-1800043
-1787717
2116071
1219624

-211455
-176619

-209829
-198651
-43573
657019
-392272
-408623

-387385
-405290

-414868
-406766

-405455
-409074
-442085
-414748
-445936
-405424
-433326
-421963
-421065
-409367
-411268
-414819
-397400
-374145
-330044
-343297
-370822
-376650
-383231
-401976
-390916
-379654
-411896
-406163
-402521
-410350
-439811
-425307
-423145
-408016
-414323



WHEAT PEPTIDE W26

RYE PEPTIDE RO5

RYE PEPTIDE R12

RYE PEPTIDE R21

RYE PEPTIDE R13

RYE PEPTIDE RO2

RYE PEPTIDE RO7

RYE PEPTIDE RO3

RYE PEPTIDE RO4

RYE PEPTIDE R6

RYE PEPTIDE R11

RYE PEPTIDE R11

RYE PEPTIDE R11

RYE PEPTIDE R14

ALPHA2-GLIADIN 1420
(P56-P70)
GLIA-ALPHA9 (P57-P71)

GLIA-ALPHA9 (P57-P71; T69
AND H70)

GLIA-ALPHA9 (P57-P71;
R59)

GLIA-ALPHA9 (P57-P71; H63
AND H70)

GLIA-ALPHA9 (P57-P71;
A63)

DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72)
DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72; E65)
DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72; S64)
DQ2-GLIA-ALPHA1 EPITOPE
(P58—-P72; S64 AND E65)
ALPHA2-GLIADIN 1421
(P61-P75)
ALPHA2-GLIADIN 1423

1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218

1219
1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

QPQOPFPLQPQPPQ
GOPFPLOPEQPFPQP
PFPLOPEQPFPQOPG
GOPAPIQPEQPEPQQ
PAPIQPEQPFPQQOG
GOOPFPQPEQELPLQ
QPFPQPEQELPLQG
GMQVGPSGEVEWPQQ
QVGPSGEVEWPQQOG
GOPEQPYPEQPFEFPQQ
PEQPYPEQPFPQQOG
GOOPFPQPEQPFPQS
QPFPQPEQPFPQOSG
GQYSPYQPEQPFPQP
YSPYQPEQPFPQPG
GOOPFPQPEQPTPIQ
QPFPQPEQPTPIQG
GOPTPIQPEQPEPQQ
PTPIQPEQPFPQQOG
GOPQOOPFPEQPEQITI
POOPFPEQPEQIIG
QOPFPQOPEQIIPQQ
PFPQOPEQIIPQQP
EQPFPEQPEQIIPQQ
PFPEQPEQIIPQQP
GOPFPQOPEQIIPQQ
PEFPOQOPEQIIPQQOG
POOPFPLQPQQPVP
YLOLQPFPQPQLPYP

QLQPFPQPQLPYPQP
QLQPFPQPQLPYTHP

QLRPFPQPQLPYPQP

QLOQPFPHPQLPYPHP

QLQPFPQAQLPYPQP

LOPFPQPQLPYPQPQ

LOPFPQPELPYPQPQ

LOPFPQSQLPYPQPQ

LOPFPQSELPYPQPQ

PFPQPQLPYPQPQLP

QPQLPYPQPQLPYPQ

774467
-2056482
-825429
-1955892
-2041223
838042
-2038275
-2052024
-2048660
-2052182
-2022267
-445248
-2035567
-2058589
-2029502
751228
-2029410
-2045398
-2043044
440391
-1172589
-303129
-1735341
-1907148
-1315395
-2011652
-1691436
3765909
-433834

3115331
-1812343

14922489

3993716

89992

1438851

-2034418

1933120

-2019212

-1647754

949345

541720
-1498920
-1398054
-1772159
-1860717
4300971
-1825297
-1858360
-1693152
-1844342
-1847581
1177670
-1776840
-1813179
-1610847
4545387
-1722298
-1832843
-1821529
968395
-451451
3276479
-1783581
-1643770
-1744223
-1866178
-1786939
1487947
-686523

1995949
989852

2865949

-331312

-361227

856259

-1190315

-252405

-1030842

-1791236

-1371207

-407110
-440414
-426842
-421394
-412845
-420140
-392650
-406755
-399021
-397658
-406734
-396028
-411907
-407287
-324186
-413920
-425374
-424425
-417926
-422373
-417069
-414007
-417789
-425019
-418934
-429665
-435484
-436374

325211

842681
652999

1036730

-242833

229544

331028

-222960

158949

-158331

-121971

728098



(P71-P85)

ALPHA2-GLIADIN 1422
(P66-P80)
ALPHA2-GLIADIN 1424
(P76-P90)
ALPHA2-GLIADIN 1447
(P226-P240)
ALPHA2-GLIADIN 1448
(P231-P245)
ALPHA2-GLIADIN 1450
(P241-P255)

GLIA-ALPHA9 (P57-P71;
$69)

DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72; S69)
DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72; S69 AND E65)
DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72; S64 AND S69)
DQ2-GLIA-ALPHA1 EPITOPE
(P58-P72; 564, S69 AND
E65)

GLIA-ALPHA9 (P57-P71;
L69)

P4-P18 OMEGA-GLIADIN OF
AAG17702 (P81-P102)
P5-P19 OMEGA-GLIADIN OF
AAG17702 (P81-P102)
P6-P20 OMEGA-GLIADIN OF
AAG17702 (P81-P102)
P7-P21 OMEGA-GLIADIN OF
AAG17702 (P81-P102)
P8-P22 OMEGA-GLIADIN OF
AAG17702 (P81-P102),
WHEAT PEPTIDE W3
WHEAT PEPTIDE W03

GLU-5 PEPTIDE IN NATIVE
FORM

GLU-5 PEPTIDE IN
DEAMIDATED FORM
GLU-5 PEPTIDE IN
DEAMIDATED FORM
GLU-5 PEPTIDE IN
DEAMIDATED FORM
GLU-5 PEPTIDE IN
DEAMIDATED FORM
GLU-5 PEPTIDE IN
DEAMIDATED FORM
GLU-5 PEPTIDE IN
DEAMIDATED FORM
GLU-5 PEPTIDE IN
DEAMIDATED FORM
DQ2-GAMMA-IIl GAMMA-
GLIA (P83-P97)
DQ2-GAMMA-IIl GAMMA-
GLIA (P83—-P97; E86)
DQ2-GAMMA-IIl GAMMA-
GLIA (P83—-P97; E89)

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

1241

1242

1243

1244

1245

1246
1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

1257

QLPYPQPQLPYPQPQ

YPOPQLPYPOQPQPFR

YPSGQGSFQPSQONP

GSFQPSQONPQAQGS

QAQGSVQPQQLPQFE

QLOPFPQPQLPYSQP

LOPFPQPQLPYSQPQ

LOPFPQPELPYSQPQ

LOPFPQSQLPYSQPQ

LOPFPQSELPYSQPQ

QLOPFPQPQLPYLQP

POOPQOPFPQPQQOPF

QOPOQPFPQPQQOPEP

QPQOPEFPQPOQPFPW

POOPFPQPQQPEFPWQ

QOPEFPQPOQQPEFPWQP

EQPFPQPEQPFPWQP
QIPOQQOIPQOPOQF

QIPQEQOIPQQPQOF

QIPOQQOEIPQQPQOF

QIPQQOOIPEQPQOF

QIPQEQEIPQQPQQOF

QIPOEQQIPEQPQQOF

QIPOQOEIPEQPQQOF

QIPQEQEIPEQPQQOF

PFPQOOPOQOPYPQQPQ

PFPEQPQQOPYPQQPQ

PFPQOPEQPYPQQPQ

10535188

-1883924

-2021729

-2045910

-2045904

-2015673

-2025454

-2029005

-2037392

-2037474

-1759348

-304494

204272

3417493

2061357

3534223

-2028433
-2047292

-2029152

-2038712

-2040455

-2045914

-2051407

-2040328

-2001675

-1781418

-1960990

-1948660

1497837

-1692292

-1789540

-1818902

-1824528

-53749

553687

-208072

-1347453

-892759

834741

4234707

4052175

3519798

7814820

6045614

-1591953
-1804814

-1809698

-1814400

-1823884

-1825331

-1833580

-1829962

-1810898

-1802221

-1767752

-1816546

1071932

392924

-371790

-399722

-365740

578761

635616

332465

358956

91797

935861

-296936

-306973

-310617

-298737

-318865

-365765
-371525

-378896

-369746

-368462

-392710

-371783

-328255

-332662

-360586

-397794

-384714



DQ2-GAMMA-IIl GAMMA-
GLIA (P83-P97; E86 AND
E89)

GAMMA-GLIADIN (P66-P80)
AJ416339

GAMMA-GLIADIN (P66-P80;
E68) AJ416339
GAMMA-GLIADIN (P66-P80;
E71) AJ416339
GAMMA-GLIADIN (P66-P80;
E76) AJ416339
GAMMA-GLIADIN (P66-P80;
E71 AND 76) AJ416339
DQ2-Y-IV Y-GLIA (P117-
P132)

DQ2-Y-IV Y-GLIA (P117-
P132; E123)

DQ2-Y-IV Y-GLIA (P117-
P132; E125)

DQ2-Y-IV Y-GLIA (P117-
P132; E123 AND E125)
WHEAT PEPTIDE W36

WHEAT PEPTIDE W36

GLIA-GAMMA30-GLIADIN
(P222-P236)
GLIA-GAMMA30-GLIADIN
(P222-236; E225)
GLIA-GAMMA30-GLIADIN
(P222-236; E231)
GLIA-GAMMA30-GLIADIN
(P222-236; E225 AND E231)
DQ2-Y -l Y-GLIA (P222—

P236)
DQ2-Y -1l Y-GLIA (P222—-
P236; E229)

DQ2-GAMMA-I GAMMA-
GLIA (P139 —P153)
DQ2-GAMMA-I GAMMA-
GLIA (P139 —P153; E147)
DQ2-GAMMA-I GAMMA-
GLIA (P139 —P153; E150)
DQ2-GAMMA-I GAMMA-
GLIA (P139 —P153; E147
AND E150)
GLIA-GAMMAL1 (P139-
P153)

GLIA-GAMMA1 (P139-
P153; E148)
GLIA-GAMMAL1 (P139-
P153; E140 AND E148)
GLIA-GAMMA1 (P139-
P153; E148 AND E150)
GLIA-GAMMAL1 (P139-
P153; E140, E148 AND
E150)

WHEAT PEPTIDE W15 LMW

WHEAT PEPTIDE W15 LMW

1258

1259

1260

1261

1262

1263

1264

1265

1266

1267

1268
1269
1270

1271

1272

1273

1274

1275

1276

1277

1278

1279

1280

1281

1282

1283

1284

1285
1286

PFPEQPEQPYPQQPQ

FPQOPQOPYPQOPQQ

FPEQPQOPYPQQOPQQ

FPOQOPEQPYPQQOPQQ

FPOOPQOPYPEQPQQ

FPEQPQOPYPEQPQQ

QQFSQPOQOOFPOPQQ

QQFSQPEQQOFPQPQQ

QQFSQPOQQOEFPQPQQ

QQOFSQPEQEFPQPQQ

EYEVIRSLVLRTLPN
QYQVIRSLVLRTLPN
VOGQGIIQPQQOPAQL

VOGEGIIQPQQOPAQL

VOGQGIIQPEQPAQL

VOGEGIIQPEQPAQL

GOGIIQPQOQPAQLIR

GOGIIQPEQPAQLIR

POOPOQSFPOQOOPA

POQOPOOSEFPEQQQPA

POQPOQOSEFPQOEQPA

POQOPOQOSFPEQEQPA

POQOPOQOSEFPQOORPF

POQOPOQOSEFPEQQRPF

PEQPQQOSFPEQQRPF

POQPOQOSFPEQERPF

PEQPQQOSFPEQERPF

QGLERPWQQQOPLPPQ
EGLERPWQEQPLPPQ

-1996157

-2039931

-2029279

-2036259

-2032820

-2034987

-1960350

-2028480

-2039005

-2037913

-2004756
-2016089
-2060499

-2056638

-2020078

-2034865

-2034237

-2042586

-2043986

-2035934

-2046341

-2039996

-1988991

-2035532

-2038573

-2036449

-2040452

-2026299
-2022554

-1821496

-1739847

-1747822

-1806419

-1732323

-1690186

-880627

-1757545

-1671971

-1785698

-1798478
-1781889
-1819023

-1826503

-1828703

-1821147

-1795956

-1809193

-1768027

-1751950

-1725865

-1773282

-1287047

-1760254

-1743798

-1803850

-1811401

-1827895
-1739999

-380173

-377910

-374752

-348220

-367617

-377754

-319232

-402547

-423457

-398803

-399587
-401367
-375040

-403276

-389291

-387860

-426642

-413567

-415505

-411437

-386324

-395066

-381461

-385413

-375351

-357791

-400094

-403182
-380251



WHEAT PEPTIDE W11
WHEAT PEPTIDE W11

GLUTENIN-GLT-17 (P46-
P60)
GLUTENIN-GLT-17 (P46-
P60; E52)
GLUTENIN-GLT-17 (P46-
P60; E53)
GLUTENIN-GLT-17 (P46-
P60; E55)
GLUTENIN-GLT-17 (P46-
P60; E56)
GLUTENIN-GLT-17 (P46-
P60; E52 AND 53)
GLUTENIN-GLT-17 (P46-
P60; E52 AND 55)
GLUTENIN-GLT-17 (P46-
P60; E52 AND 56)
GLUTENIN-GLT-17 (P46-
P60; E53 AND 55)
GLUTENIN-GLT-17 (P46-
P60; E53 AND 56)
GLUTENIN-GLT-17 (P46-
P60; E55 AND 56)
GLUTENIN-GLT-17 (P46-
P60; E52, 53 AND 55)
GLUTENIN-GLT-17 (P46-
P60; E52, 53 AND 56)
GLUTENIN-GLT-17 (P46-
P60; E53, 55 AND 56)
GLUTENIN-GLT-17 (P46-
P60; E52, 55 AND 56)
GLUTENIN-GLT-17 (P46-
P60; E52, 53, 55 AND 56)
GLUTENIN-17 EPITOPE
HOMOLOG
GLUTENIN-17 EPITOPE
HOMOLOG IN
DEAMIDATED FORM
GLUTENIN-17 EPITOPE
HOMOLOG IN
DEAMIDATED FORM
GLUTENIN-17 EPITOPE
HOMOLOG IN
DEAMIDATED FORM
LMW T CELL EPITOPE

WHEAT PEPTIDE W17
WHEAT PEPTIDE W17

GLT/GLIA HOMOLOGUE
PEPTIDE 12

HOMOLOG OF
DEAMIDATED GLT-156
MINIMAL EPITOPE (P40-
P59)

HOMOLOG OF
DEAMIDATED GLT-156
MINIMAL EPITOPE (P40-

1287
1288
1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309
1310
1311
1312

1313

1314

QOAFPQPQQTFPHQP
EQAFPQPEQTFPHQP
QOPPFSQQOQOQQPLPQ

QOPPFSEQQQQPLPQ

QOPPFSQEQQQPLPQ

QOPPFSQQQEQPLPQ

QOPPFSQQQOQEPLPQ

QOPPFSEEQQQPLPQ

QOPPFSEQQEQPLPQ

QOPPFSEQQQEPLPQ

QOPPFSQEQEQPLPQ

QOPPFSQEQQEPLPQ

QOPPFSQQQOEEPLPQ

QOPPFSEEQEQPLPQ

QOPPFSEEQQEPLPQ

QOPPFSQEQEEPLPQ

QOPPFSEQQEEPLPQ

QOPPFSEEQEEPLPQ

QOPPFSQQQOQOPVLPQ

QOPPFSEQQQPVLPQ

QOPPFSQQEQPVLPQ

QQOPPFSEQEQPVLPQ

EQPPFSEQEQPVLPQ
QPFPQPQOPOLPFPQ
EPFPQPEQPELPFPQ
QOPPFSQQQQOPPFESQ

QOQQPPFSEEQESPY

QOQQPPFSEEQESPL

-1766953
-2022558
-2041057

-2062567

-2064439

-2028465

-2062637

-2052006

-2051275

-2052941

-2048518

-2035130

-2046463

-2040919

-2044228

-2045819

-2036788

-2029475

-2034802

-2033074

-2024279

-2033815

-2026004
-1505513
-2045393
-2043538

-2039882

-2068071

3518790
-1427905
-1818418

-1832915

-1824316

-1837921

-1837042

-1828362

-1828106

-1821444

-1825800

-1807858

-1819681

-1818677

-1824120

-1827009

-1824539

-1815964

-1823677

-1825500

-1821456

-1829923

-1783174

2957726
-1695273
-1834269

-1809909

-1833589

-358530
-405576
-420728

-426656

-397700

-390966

-410116

-409110

-396967

-402522

-374424

-405018

-371519

-409810

-394538

-394588

-376332

-374431

-380536

-405763

-405428

-361487

-364516

209222
-260481
-381842

-375475

-414609



P59)

DEAMIDATED GLT-156
MINIMAL EPITOPE (P40-
P59)

GLT-156 MINIMAL EPITOPE
(P41-P55)

GLT-156 MINIMAL EPITOPE
IN CONSIDERED NATIVE
FORM

GLT-156 MINIMAL EPITOPE
IN CONSIDERED
DEAMIDATED FORM
GLT-156 MINIMAL EPITOPE

GLT-156 MINIMAL EPITOPE
IN CONSIDERED NATIVE
FORM

GLT-156 MINIMAL EPITOPE
IN CONSIDERED
DEAMIDATED FORM
GLT-156 MINIMAL EPITOPE
IN CONSIDERED NATIVE
FORM

GLT-156 MINIMAL EPITOPE
IN CONSIDERED
DEAMIDATED FORM
GLT/GLIA HOMOLOGUE
PEPTIDE 13

GLT/GLIA HOMOLOGUE
PEPTIDE 17

GLT/GLIA HOMOLOGUE
PEPTIDE 16

NATURALLY OCCURRING
GLUTENINS P722-P736
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS P722-P736
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS P722-P736
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)

1315

1316

1317

1318

1319
1320

1321

1322

1323

1324

1325

1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

QOQQPPFSEEQESPF

QQQPPFSEEQESPFES

QOPPFSQQQQOSPESQ

QOPPFSEEQESPFEFSQ

QPPFSEEQESPESQQ
PPESQQOQQOSPESQQQ

PPFSEEQESPESQQQ

PFSQQQOQSPFSQQQQ

PEFSEEQESPEFSQQQ0Q

QOPPEFSQQOQPQFSQ

QOPPFSQQQOQOPILPQ

QOPPFSQQQOQOQPILL

GOAGYYPTSPQQSGQ

GOQOGYYPTSPQQOPGQ

GOQOGYYPISPQQOSGQ

GOSGYYPTSPQQSGQ

GOQOGYYPISPQOQLGQ

GOLGYYPTSPQQSGQ

GOPGYYPTSPQQIGQ

GOPGYYPTSPQQPGQ

GOPGYYPTSPQQSGQ

-2047933

-2055206

-2039479

-2036944

-2037700
-2031138

-2035973

-2013362

-2036734

-2021957

-1982836

-2034328

-2028192

-2027902

-2029744

-2001899

-2010713

-2004040

-2003386

-2007203

-2004216

-1823839

-1824335

-1817351

-1809140

-1821188
-1782014

-1810780

-1766355

-1819704

-1783101

-1761636

-1787304

-1819580

-1808858

-1820516

-1804014

-1821116

-1820328

-1788327

-1809654

-1805108

-421846

-417633

-403118

-380809

-396475
-342330

-398253

-366399

-390351

-397527

-350939

-360949

-318316

-360178

-373442

-371155

-369217

-313286

-393726

-353412

-351832



NATURALLY OCCURRING
GLUTENINS P722-P736
(HOMOLOG OF GLT04)
GLTO04 (P722-P736)

NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
NATURALLY OCCURRING
GLUTENINS (P722-P736)
(HOMOLOG OF GLT04)
RYE PEPTIDE R25

HOMOLOG OF OAT
AVENIN-DERIVED T CELL—-
STIMULATORY PEPTIDE IN
DEAMIDATED FORM
HOMOLOG OF OAT
AVENIN-DERIVED T CELL-
STIMULATORY PEPTIDE IN
NATIVE FORM
GLIA-ALPHA9 (P57-P70)

GLIA-ALPHA9 (P57-P70;
E65)

ALPHA-2 GLIADIN 1206
(P62-P75)
ALPHA-II/ALPHA-II
EPITOPE (P62-P75; E72)
ALPHA-2 GLIADIN (P62-P75;
E65)

ALPHA-2 GLIADIN (P62-P75;
E65 AND E72)

G4-9A GLIADIN (P62-P75;
E65 AND A70)

G4-11A GLIADIN (P62-P75;
E65 AND A72)

G4-12A GLIADIN (P62-P75;
E65 AND A73)

G4-13A GLIADIN (P62-P75;
E65 AND A74)

G4-14A GLIADIN (P62-P75;

1336

1337
1338

1339

1340

1341

1342

1343

1344

1345

1346
1347

1348

1349
1350

1351

1352

1353

1354

1355

1356

1357

1358

1359

GOOGYYPTSLOQPGQ

GOQOGYYPTSPQQSGQ
GOQOGYYPISPQQOPGQO

GOOGYYPTSPQQSPQ

GOQOGYYPTSPQQLGQ

GOQOGYYPTSPQHPGQ

GOPGYYPTSPLQSGQ

GOHGYYPTSPQLSGQ

GOQOGYYPTSPQQPPQ

GOQOGYYPTSVQQOPGQ

PEQIISQQPQOPFPL
EYQPYPEQEQPILQQ

QYQPYPOQOOQPILQQ

QLOPFPQPQLPYPQ
QLOPFPQPELPYPQ

POPQLPYPQPQLPY

POPQLPYPQPELPY

POPELPYPQPQLPY

POPELPYPQPELPY

POPELPYPAPQLPY

POPELPYPQPALPY

POPELPYPQPQAPY

POPELPYPQPQLAY

POPELPYPQPQLPA

-1862109

-1958758
-2040459

-2047451

-2021711

-2048605

-2019480

-2012747

-2016611

-2039949

-1291375
-1984860

-969031

-1708311
-2019197

-2037069

-2041321

-2041371

-2025197

-2010816

-2016432

-2016315

-2025638

-1992966

-1789791  -382226
-1758386  -291168
-1827347  -429694
-1819983  -381185
-1792434  -362154
-1827079  -397455
-1779433  -411454
-1783063  -360487
-1806228  -390375
-1794442  -401195
2610151  -410229
-1748686  -396803
-1778923  -335735
-1387311  -169746
-223447 199752
-1726357 608437
-1811142 214759
-1808299 123923
-1750499 168364
-1755920  -275927
-1766143 -3199
-1777040  -74202
-1781788  -81144
-1793069  -304530



E65 AND A70)

GLIA-ALPHA20-GLIADIN
(P93-P106)
GLIA-ALPHA20-GLIADIN
(P93-P106; E97)
WHEAT PEPTIDE W09

WHEAT PEPTIDE W09

OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95 K89)
OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95 K90)
OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95 K91)
OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95 K99)
OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95
K100)

OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95
K101)

OMEGA-GLIADIN
AAG17702 SUBSTITUTED BY
LYSINE (P89-P102; E95
K102)

GAMMAGS-GLIADIN (P60-
P79)

PREDICTED GAMMA-
GLIADIN PEPTIDE
GAMMA-GLIA (P105-P118)

GAMMA-GLIA (P105-P118;
E113)

PREDICTED GAMMA-
GLIADIN

GAMMA-GLIADIN M36999
(P63-P76; E66)
GAMMA-GLIADIN M36999
(P63-P76; E69)
GAMMA-GLIADIN M36999
(P63-P76; E66 AND E69)
GAMMA-GLIADIN (P84-P97)

PREDICTED GAMMA-
GLIADIN

PREDICTED GAMMA-
GLIADIN

PREDICTED GAMMA-
GLIADIN
GLIA-GAMMA2 IN
DEAMIDATED FORM
GLIA-GAMMA2 IN
DEAMIDATED FORM

1360

1361

1362
1363
1364

1365

1366

1367

1368

1369

1370

1371

1372

1373
1374

1375

1376

1377

1378

1379
1380

1381

1382

1383

1384

PFRPQQPYPQPQPQ

PFRPEQPYPQPQPQ

QPOQPFLPQLPYPQP
EPQPFLPELPYPQP
KPFPQPEQPFPWQP

QKFPQPEQPEFPWQP

QPKPQPEQPFPWQP

QPFPQPEQPFKWQP

QPFPQPEQPFPKQP

QPFPQPEQPFPWKP

QPFPQPEQPFPWQK

QQPFPOOPOQPYPQ

QQPYPQOPOQPFEFPQ

POOOTLOPQOPAQL
PQOQTLQPEQPAQL

QFPQTQQPOQPFEFPQ

POQTEQPQQPFPQPQ

POTQOPEQPFPQPQ

POQTEQPEQPFPQPQ

QLPFPQOPQOPFEPQ
PFPQTQQOPQQPFPQ

PEFPQOSQQOPQQOPFPQ

QQPFPQOPOQPFEFPQ

QOPFPEQPEQPFEFPQ

QOPFPQOPEQPFEFPQ

13027124

-1887057

-57816
-2051651
-2058170

-2041553

-2061734

-2034046

-2035273

-1940000

-1818502

-1934515

-187621

-1998408
-2025388

-912276

-1969773

-2020268

-2010336

-1085632
-1370395

-1120985

-957612

-898467

-226167

-1700750

-1751056

-1252003
-1823938
-1778979

-1785607

-1820454

-1801885

-1780910

-1694255

-1638644

-1583748

349053

-1806166
-1792404

6460479

1050975

-1750602

-1754592

3927281
1177489

1956094

1331022

309509

943114

-379234

-377263

-218316
-346371
-394713

-385838

-400468

-366088

-357253

-389004

-365208

-372398

-362737

-329541
-324558

-246293

-309265

-363758

-350997

-381917
-353681

-373063

-359715

-394059

-391784



GLIA-GAMMA?2 IN
DEAMIDATED FORM
PREDICTED GAMMA-
GLIADIN

GAMMA-I, GAMMA-
GLIADIN (P139-P152)
GAMMA-GLIADIN (P139-
P152; E140, E148 AND
E150) E RESIDUES IN THE
GLIADIN PEPTIDES ARE
INTRODUCED TO MIMIC
THE DEAMIDATION
MEDIATED BY TISSUE
TRANSGLUTAMINASE.
GAMMA-GLIADIN (P139-
P152; E148)
GAMMA-GLIADIN (P139-
P152; E140 AND E148)
P-3 GAMMA-GLIADIN
(P139-P152; K139, E140,
E148 AND E150)

P-2 GAMMA-GLIADIN
(P139-P152; K140, E148
AND E150)

P-1 GAMMA-GLIADIN
(P139-P152; K141, E140,
E148 AND E150)

P1 Y-GLIADIN(P139-P152;
K142, E140, E148 AND
E150)

P2 Y-GLIADIN (P139-P152;
K143, E140, E148 AND
E150)

P4 Y-GLIADIN (P139-P152;
K144, E140, E148 AND
E150)

P9 GAMMA-GLIADIN
(P139-P152; E140, E148
AND K150)

P10 GAMMA-GLIADIN
(P139-P152; K151, E140,
E148 AND E150)

P11 Y-GLIADIN (P139-P152;
K152, E140, E148 AND
E150)

PREDICTED GAMMA-
GLIADIN

LMW GLUTENIN-GLT-156
(P40-P59)

14-MER-2 GAMMA-GLIA
(P173-P186)

14-MER-2 GAMMA-GLIA
(P173-P186) IN
DEAMIDATED FORM
GLT-156 HOMOLOG

GLT-156 HOMOLOG IN
DEAMIDATED FORM
GLT-156 HOMOLOG

1385

1386

1387

1388

1389

1390

1391

1392

1393

1394

1395

1396

1397

1398

1399

1400

1401

1402

1403

1404
1405

1406

QOPFPEQPQQOPFEPQ

PFPQLQOPQQPFPQ

POOPOQSFPOQORP

PEQPQQOSFPEQERP

POQPOQOSEFPEQQORP

PEQPQOSFPEQQRP

KEQPQOSFPEQERP

PKQPQQOSFPEQERP

PEKPQQSFPEQERP

PEQKQQOSFPEQERP

PEQPKQSFPEQERP

PEQPQQKFPEQERP

PEQPOQQOSFPEQKRP

PEQPQQOSFPEQEKP

PEQPOQOSFPEQERK

PFPQPQOPQQPFPQ

QPPEFSQQOQQOSPESQ

POOPEFPSQQOQQOPLI

POQOPEFPSQQEQPLI

QPPEFSQQOQQPILPQ
QPPFSEQEQPILPQ

QPPFSQOQQQPILL

419886

-538324

-1974370

-2036182

-2011571

-1973452

-2046633

-2000120

-2052941

-2003148

-2027599

-2021291

-2035411

-2027137

-2027767

-739803

-2011489

-1883895

-1888876

-2020661
-2026279

-2011702

3231543

2992363

-1628140

-1742476

-1624095

-1660039

-1803988

-1649414

-1743894

-1713794

-1808061

-1786710

-1672190

-1761853

-1795970

1731629

-1762174

-642500

-156896

-1798781
-1825087

-1806611

-411368

-388972

-395720

-390663

-409787

-442344

-377255

-392755

-395763

-385287

-373968

-367917

-412551

-367176

-358133

-354595

-370888

-269040

-366952

-363654
-371420

-394569



GLT-156 HOMOLOG IN
DEAMIDATED FORM
GLTO04 (P722-P735)

GLT04 (P723-P736)

ALPHA9-HORDEIN IN
NATIVE FORM
ALPHA9-HORDEIN IN
DEAMIDATED FORM
ALPHA2-HORDEIN IN
NATIVE FORM
ALPHA2-HORDEIN IN
DEAMIDATED FORM
ALPHA2-HORDEIN IN
DEAMIDATED FORM
ALPHA2-HORDEIN IN
DEAMIDATED FORM
ALPHA9-SECALIN IN NATIVE
FORM
ALPHA9-SECALIN IN
DEAMIDATED FORM
ALPHA9-SECALIN IN
DEAMIDATED FORM
ALPHA9-SECALIN IN
DEAMIDATED FORM
ALPHA2-SECALIN IN NATIVE
FORM
ALPHA2-SECALIN IN
DEAMIDATED FORM
SEC-GAMMAL1

SEC-GAMMAL IN
DEAMIDATED FORM
SEC-GAMMAL IN
DEAMIDATED FORM
SEC-GAMMAL IN
DEAMIDATED FORM
SEC-GAMMAL IN
DEAMIDATED FORM
SEC-GAMMAL IN
DEAMIDATED FORM
SEC-GAMMAL IN
DEAMIDATED FORM
SEC-GAMMAL IN
DEAMIDATED FORM
AV-ALPHA9B IN NATIVE
FORM

AV-ALPHA9B IN
DEAMIDATED FORM
AV-ALPHA9A IN NATIVE
FORM

AV-ALPHAO9A IN
DEAMIDATED FORM
AV-GAMMA2B

AV-GAMMA2B IN
DEAMIDATED FORM
AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN

1407

1408
1409
1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422
1423

1424

1425

1426

1427

1428

1429

1430

1431

1432

1433

1434
1435

1436

1437

QPPFSEEQEQPILL

GOOGYYPTSPQQSG
QOGYYPTSPQQSGQ
POOPEFPQPQOQOPFRQ

POQOPEFPQPEQPFRQ

QQFPQPOQOPFPQOQP

QEFPQPQOPEFPQQOP

QOFPQPEQPEFPQQP

QEFPQPEQPFPQQOP

POOPEFPQPQQOPFPQ

PEQPFPQPQQPFPQ

POOPEFPQPEQPFPQ

PEQPFPQPEQPFEFPQ

QPEFPQPQOQOPFPQOSQ

QPFPQPEQPFPQOSQ

POQOPOQOSEFPQQOPOR
PEQPOQOSEFPQOPOR

POQOPEQSEFPQQOPQOR

PQQPQQSFPEQPQR

PEQPEQSEFPQQOPQOR

PEQPOQOSFPEQPQOR

PQQPEQSFPEQPQR

PEQPEQSFPEQPQOR

QYQPYPEQQQPFVQ

QYQPYPEQEQPEVQ

QYQPYPEQQEPFVQ

QYQPYPEQEEPEVQ

QQPEFVOQQOPFVQQ
EQPEFVOQQOPFVQQ

QQPFVEQQOQOPFVQQ

EQPEFVEQQQPEVQQ

-2031673

-1996394
-1983324
3827547

4804827

-49179

-1649432

-2024943

-2037901

192025

-1760611

-794512

-2045096

-809042

-2014134

-1910857
-1913484

-1926510

-2033186

-2006459

-2010963

-1995578

-2033236

-2024944

-1997173

-1986784

-1989306

-1969072
-1961105

-1894747

-2055188

-1824251

-1799460
-1780916
3702040

6553006

1693753

-465149

-1605455

-1791371

6521778

2304849

1865447

-1774316

273639

-1645599

-1091178
-1303790

-1784904

-1801568

-1803269

-1701106

-1795301

-1827595

-1800272

-1806380

-1765490

-1818059

-1770715
-1811572

-1834577

-1835041

-386302

-397906
-403778
-360693

-366335

-375890

-389666

-368239

-370317

-347378

-382728

-382907

-380487

-389488

-348194

-366309
-395754

-366992

-357224

-344093

-354676

-363644

-357356

-407842

-440438

-405230

-419810

-377141
-390122

-395793

-406379



DEAMIDATED FORM

AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN
DEAMIDATED FORM
AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN
DEAMIDATED FORM
AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN
DEAMIDATED FORM
AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN
DEAMIDATED FORM
AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN
DEAMIDATED FORM
AV-GAMMAZ2B IN
DEAMIDATED FORM
AV-GAMMA2B IN
DEAMIDATED FORM

ALPHA-9 GLIADIN G5 (P56—

P68)

ALPHA-9 GLIADIN G5 (P56—

P68; E65)

ALPHA-III EPITOPE (P66-
P78)

ALPHA-III EPITOPE (P66-
P78; E72)

ALPHA-GLIADIN (P31-P43)

GAMMAS (P62-P74)
GAMMAGS (P62-P74; E68)

GAMMAS (P62-P74; E63
AND E68)

GAMMAS (P62-P74; E68
AND E71)

GAMMAS (P62-P74; E63,
E68 AND E71)

GAMMAS (P66-P78)

GAMMAS (P66-P78; E68
AND E71)
GAMMAS (P66-P78; E68
AND E72)
GAMMA-IV (P101-P113)

WHEAT PEPTIDE W16
GLTO04 (P722-P734)
GLTO04 (P723-P735)
GLTO04 (P723-P735; E724)
BARLEY PEPTIDE B21
BARLEY PEPTIDE B21
BARLEY PEPTIDE B27

1438

1439

1440

1441

1442

1443

1444

1445

1446

1447

1448

1449

1450

1451

1452

1453

1454
1455
1456
1457

1458

1459

1460
1461

1462

1463
1464
1465
1466
1467
1468
1469
1470

QQPFVQEQOQOPFVQQ

EQPEFVQEQQPEVQQ

QOPEFVEEQQPEFVQQ

EQPEFVEEQQPEFVQQ

QQPFVQOQEQPFVQQ

EQPEFVQQEQPEVQQ

QOPEFVEQEQPEFVQQ

EQPEFVEQEQPEFVQQ

QOPEFVQEEQPEFVQQ

EQPEFVQEEQPEFVQQ

QOPEFVEEEQPEFVQQ

EQPFVEEEQPEFVQQ

LOLOQPFPQPQLPY

LOLOPFPQPELPY

QLPYPQPQLPYPQ

QLPYPQPELPYPOQ

LGOQQOPEFPPQQOPY
POOPFPQQOPQQOPY
POOPFPEQPQQPY
PEQPFPEQPQQPY

POOPFPEQPEQPY

PEQPFPEQPEQPY

FPOOPQOPYPQQOP
FPEQPEQPYPQQP

FPEQPQEPYPQQP

QFSQPQOOFPOPQ
QPFPQPEQEFPQP
GQQGYYPTSPQQS
QQGYYPTSPQQSG
QEGYYPTSPQQSG
QQPFPQPQQPFRQ
QQPFPQPEQPFRQ
PNPLQPQQPFPLQ

-2052744

-2034622

-2031602

-2048960

-2037250

-2054102

-1980481

-1967844

-1968901

-2002840

-1867298

-1966103

-1963613

-1910318

-22196

-2024369

-377795

-1488721
-1091847
-2018301

-553667

-1623831

7178296
-1881462

-1669061

-1898114
-1997412
-2048908
-2045585
-2044584
1692841
2082282
1945681

-1829863

-1773384

-1779735

-1815115

-1809143

-1830338

-1746629

-1755804

-1794005

-1827807

-1819612

-1818406

-1229087

-928654

-1570586

-1783180

-522304
-266573
-285652
-1800798

144641

-1802233

-599852
-1714716

-1566173

-396743
-1737342
-1800508
-1817896
-1818570
3786122
4868519
373213

-354128

-363825

-389116

-411045

-400770

-390625

-385082

-386295

-394878

-387693

-384330

-315932

247865

78776

165540

-164981

-347365
-341412
-390227
-417990

-426881

-408753

-300144
-361507

-354275

-340639
-362131
-400600
-398103
-397463
-363943
-398032
-398315



RYE PEPTIDE RO2
RYE PEPTIDE RO8
ALPHA-GLIADIN (P44-P55)

ALPHA-9 GLIADIN (P57-
P68); ALPHA2/ALPHA9
GLIADIN

ALPHA-9 GLIADIN (P57-P68;
E65); ALPHA-I

ALPHA-9 GLIADIN EPITOPE
HOMOLOG (P57-P68; E63
(CONSIDERED NATIVE
FORM OF SYNTHETIC))
ALPHA-9 GLIADIN EPITOPE
HOMOLOG (P57-P68; E63
AND E65 (TTG-TREATED
FORM))

ALPHA-9 GLIADIN EPITOPE
HOMOLOG (P57-P68; Q64
(CONSIDERED NATIVE
FORM OF SYNTHETIC))
ALPHA-9 GLIADIN EPITOPE
HOMOLOG (P57-P68; Q64
AND E63 (TTG-TREATED
FORM))

ALPHA-9 GLIADIN EPITOPE
HOMOLOG (P57-P68; Q64
AND E65 (TTG-TREATED
FORM))

ALPHA-9 GLIADIN EPITOPE
HOMOLOG (P57-P68; Q64,
E63 AND E65 (TTG-TREATED
FORM))

ALPHA-2 GLIADIN (P62-P73)

ALPHA-2 GLIADIN (P62-P73;

E65)

ALPHA-1II-GLIADIN (P62-
P79)

ALPHA-III-GLIADIN (P62-
P79; E76)

ALPHA-I EPITOPE

ALPHA-I EPITOPE
DEAMIDATED FORM
WHEAT PEPTIDE W01

GLIADIN (P205-P216) ;
ALPHA2-GLIADIN
GDAO09 (P206-P217) P18573

GDAO09 (P206-P217; E215)
P18573

GDAO09 (P206-P217; E208)
P18573

GDAO09 (P206-P217; E216)
P18573

GDAO09 (P206-P217; E208
AND E216) P18573
WHEAT PEPTIDE W02

WHEAT PEPTIDE W02

1471
1472
1473
1474

1475

1476

1477

1478

1479

1480

1481

1482
1483

1484

1485

1486
1487

1488
1489

1490
1491

1492

1493

1494

1495
1496

QPFPQPEQPFPQS
RPQOPFPQQPQQOT
POPQPFPSQQPY
QLOPFPQPQLPY

QLOPFPQPELPY

QLOPFPEPQLPY

QLOPFPEPELPY

QLOPFPQOQLPY

QLOPFPEQQLPY

QLOPFPQQELPY

QLOPFPEQELPY

POPQLPYPQPQL
POPELPYPQPQL

POQLPYPQPQLPY

POQLPYPQPELPY

LOLPFPQPQLPY
LOLPFPQPELPY

LPYPQPQLPYPQ
PSGQOGSFQPSQQ

SGOGSFQPSQON
SGOGSFQPSEQON

SGEGSFQPSQON

SGOGSFQPSQEN

SGEGSFQPSQEN

QPFPQPQLPYPQ
QPFPQPELPYPQ

-1486359
5402135

-1796107
-1983328

-1944141

-2038656

-1892679

-1955057

-1950466

-1971831

-1842531

-1778841
696562

-1886332

-1813399

-1152516
265336

292640
-2036705

-2036668
-2039296

-2024663

-2043635

-1947983

-700449
-1875321

-1710427

-849198
-1792999
-1203033

-999322

-1748730

-1096882

-1674189

-1770011

-1688615

-1732883

-1828193
-1766805

-1825411

-1794081

783368
3790217

-1326901
-1815917

-1804267
-1827297

-1816935

-1838027

-1832228

-1460760
-1705990

-390811
-352559
-241345

600587

378191

-237564

-250523

285220

-318792

-268301

-426437

-365463
-360333

249991

-55448

108
205283

303853
-349272

-406686
-405724

-412665

-392113

-380943

-139369
213528



WHEAT PEPTIDE W01

ALPHA-GLIADIN (P206-
P217)
WHEAT PEPTIDE W08

WHEAT PEPTIDE W08
WHEAT PEPTIDE W13
WHEAT PEPTIDE W13
WHEAT PEPTIDE W09

WHEAT PEPTIDE W30; RYE
PEPTIDE R28

WHEAT PEPTIDE W03,
BARLEY PEPTIDE BO1
WHEAT PEPTIDE W03,
BARLEY PEPTIDE BO1
WHEAT PEPTIDE W19,
BARLEY PEPTIDE B19
WHEAT PEPTIDE W19

WHEAT PEPTIDE W06

WHEAT PEPTIDE W32,
BARLEY PEPTIDE B25, RYE
PEPTIDE R26

WHEAT PEPTIDE W20

WHEAT PEPTIDE W26,
BARLEY PEPTIDE B20
GLU-5 PEPTIDE EPITOPE IN
NATIVE FORM

GLU-5 PEPTIDE EPITOPE IN
NATIVE FORM

GLU-5 PEPTIDE EPITOPE IN
DEAMIDATED FORM
GLU-5 PEPTIDE EPITOPE IN
DEAMIDATED FORM
WHEAT PEPTIDE W23

GAMMAS (P66-P77)
GAMMAS (P66-P77; E71)
GAMMAS (P66-P77; E68,

E71 AND E76)
WHEAT PEPTIDE W37

WHEAT PEPTIDE W28
WHEAT PEPTIDE W10

GAMMA-GLIADIN
(GAMMAS P102-P113)
GAMMAS (P102-P113;
E106)

GAMMAS (P102-P113;
E108)

GAMMAS (P102-P113; E106
AND E108)

GAMMA-IV (P103-P114)

WHEAT PEPTIDE W07
WHEAT PEPTIDE W07
WHEAT PEPTIDE W14

GAMMA-GLIADIN 1380
(P111-P130) ; GAMMA-

1497
1498

1499
1500
1501
1502
1503
1504

1505

1506

1507

1508
1509
1510

1511
1512

1513

1514

1515

1516

1517
1518
1519
1520

1521
1522
1523
1524

1525

1526

1527

1528
1529
1530
1531
1532

LPYPQPELPYPQ
LGOGSFRPSQON

QPFPQPQLPYSQ
QPFPQPELPYSQ
QPFPQPQLPYLQ
QPFPQPELPYLQ
PQPFLPQLPYPQ
POQOPFPOOPQOP

QPFPOQPQOPFEPW

QPFPQPEQPFEFPW

PFPWQPQQPFPQ

PFPWQPEQPFPQ
QPFPQPQLPFEFPQ
PFPQOPQQPFPQ

PIPQOPOQQPFPL
PFPLOPQQPFPQ

QQQOIPQOPQOF

QQQOLPQOPQOF

QEQOIPEQPQOF

QEQOLPEQPQOF

PFPQQPQQPYPQ
FPQOPQQPYPQQ
FPQOPEQPYPQQ
FPEQPEQPYPEQ

QVDPSGQVQWPQ
PQQTFPQQPQLP
QOFSQPQOOFPQ
FSQPQQQFPQPQ

FSQPEQQFPQPQ

FSQPOQEFPQPQ

FSQPEQEFPQPQ

SQPOQOQFPQPQQ
QPFPQPQQPFCQ
QPFPQPEQPFCQ
QQFIQPQOPFPQ
FPQPOQQFPQPQ

-2016182
-2026191

-2016567
-2009207
-1889023
-2036305
-1716284
-2000152

-2045006

-2067042

634053

-1527152
-1553389
-383910

-247518
-28901

-2047353

-2048752

-2051990

-2049830

202004
2354262
-2007267
-2010952

-2014095
-2044030
-2005897
-2027636

-2040195

-2002480

-1986957

-1834365
-1990066
-2137672
-687463

-1915513

-1833096
-1832635

-1717027
-1790864
-1733497
-1814736
-1627446

-701874

-623965

-1536831

4733972

-1495488
2363640
2848239

2162583
1557675

-1805102

-1805891

-1830133

-1828619

-988630
-1207428
-1516952
-1641003

-1698167
-238224
-961477

-1501649

-1809059

-1709724

-1828577

-746911
-1753685
-1893393

2943610
-45773

-177166
-262183

391258
156698
592916
-204695
-259377
-383342

-373311

-405202

-208142

-300638
386787
-297795

-360402
-365502

-382027

-391831

-416892

-418369

-283197
-360729
-367004
-378456

-387882
-287091
-366799
-359291

-366982

-376828

-380582

-413945
-402223
-433559
-406042
-416710



GLIADIN M12 M36999 (111-
130) HOMOLOGOUS TO
DQ2-GAMMA-IV ; W16
GAMMA-GLIADIN 1380
(P111-P130; E115) ;
GAMMA-GLIADIN M12
M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E117) ;
GAMMA-GLIADIN M12
M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV
GAMMA-GLIADIN 1380
(P111-P130; E115 AND
E117) ; GAMMA-GLIADIN
M12 M36999 (111-130)
HOMOLOGOUS TO DQ2-
GAMMA-IV

GAMMA-I EPITOPE IN
NATIVE FORM
DEAMIDATED FORM OF
GAMMA-I EPITOPE
WHEAT PEPTIDE W35

WHEAT PEPTIDE W31
WHEAT PEPTIDE W15 LMW
WHEAT PEPTIDE W11
WHEAT PEPTIDE W11
WHEAT PEPTIDE W05
WHEAT PEPTIDE W05
WHEAT PEPTIDE W17

GLT/GLIA HOMOLOGUE
PEPTIDE 4
GLT04 (P723-P734)

GLTO04 (P724-P735)

BARLEY PEPTIDE B04
BARLEY PEPTIDE B06
BARLEY PEPTIDE B06
BARLEY PEPTIDE B18
BARLEY PEPTIDE B11
BARLEY PEPTIDE BO3
BARLEY PEPTIDE B03
BARLEY PEPTIDE B02
BARLEY PEPTIDE B02
BARLEY PEPTIDE B26
BARLEY PEPTIDE B14
BARLEY PEPTIDE B14
BARLEY PEPTIDE B29
BARLEY PEPTIDE B29
BARLEY PEPTIDE B15

1533

1534

1535

1536

1537

1538
1539
1540
1541
1542
1543
1544
1545
1546

1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563

FPOPEQQFPQPQ

FPOPQQEFPQPQ

FPOPEQEFPQPQ

QPQOSFPQOQRP

QPOQOSEFPEQQORP

PFPOOPOQQFPQ
QPFPQLOQOPOOP
LERPWQQQPLPP
QAFPQPQQTFPH
QAFPQPEQTFPH
QPFPQPQQPFSQ
QPFPQPEQPFSQ
QPFPQPQQPQLP
QOPPFSQQQOSP

QOGYYPTSPQQS
QOGYYPTSPQOSG
POOPVPQQPQPY
SOQOPIPQQPQPY
SOQPIPEQPQPY
QPQPFPQQPIPL
QPOPYPQQOPQOPY
QPFPQPQQOPIPY
QPFPQPEQPIPY
QPFPQPQQOPFPL
QPFPQPEQPFPL
PFPLOPOQQPFPW
SYPVQPQQPFPQ
SYPVQPEQPFPQ
SEFSQOPQQPFPL
SEFSQQOPEQPFPL
QPQPFPQQOPIPQ

-2076560

-2070231

-2052591

-2055555

-1984334

-1539879
-2059377
-2028626
-2083603
-2114384
-2022735
-2033701
-1996483
-2036171

-2026154
-2045967
-2007399
-1320115
-1999407
-2009433
-2040808
-2042786
-2048013
1214096

-2017136
-2004694
-1513912
-2059668
1865564

-1990744
-2008474

-1282088

-1263637

-1305309

-1770882

-1765655

-582114
-1824696
-1780389
-1771523
-1800509
-1614255
-1734671
-1760547
-1828474

-1786830
-1832857
-1818663
-1758472
-1834162
-1828704
-1830562
-1808962
-1754969
3123606
-1540463
-1224730
83
-1778508
1996552
-1674436
-1798374

-399871

-414879

-419741

-415556

-406431

-404724
-423487
-413829
-407188
-407375
-355695
-415220
-383964
-406617

-409503
-386977
-408664
-417972
-419147
-410024
-420271
-392671
-421014
-424647
-434222
-405312
-417542
-427633
-409772
-424929
-430082



BARLEY PEPTIDE B22
BARLEY PEPTIDE B10
BARLEY PEPTIDE B10
BARLEY PEPTIDE B28
WHEAT PEPTIDE W26
BARLEY PEPTIDE BO7
RYE PEPTIDE RO5
RYE PEPTIDE RO5
RYE PEPTIDE R12
RYE PEPTIDE R12
RYE PEPTIDE R29
RYE PEPTIDE R10
RYE PEPTIDE R21
RYE PEPTIDE R21
RYE PEPTIDE R13
RYE PEPTIDE R13
RYE PEPTIDE R23
RYE PEPTIDE R27
RYE PEPTIDE R17
RYE PEPTIDE RO2
RYE PEPTIDE RO2
RYE PEPTIDE RO7
RYE PEPTIDE RO7
RYE PEPTIDE RO3
RYE PEPTIDE RO3
RYE PEPTIDE RO4
RYE PEPTIDE R0O4
RYE PEPTIDE R09
RYE PEPTIDE RO1
RYE PEPTIDE R20
RYE PEPTIDE R6

RYE PEPTIDE R6

RYE PEPTIDE R11
RYE PEPTIDE R16
RYE PEPTIDE R15
RYE PEPTIDE R24
RYE PEPTIDE R24
AVENIN 1505

AVENIN 1504
(DEAMIDATED FORM OF
AVENIN 1505)

GLU-21 MINIMAL EPITOPE
IN CONSIDERED NATIVE
FORM

DQ2-ALPHA-I EPITOPE (P58-
P68)

DQ2-ALPHA-I EPITOPE (P58-
P68; E65 CONSIDERED
DEAMIDATED FORM)

1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602

1603

1604

1605

QOQPFQPQOPFPQ
QPFPQPQQPFSW
QPFPQPEQPFSW
TIPQQPQQPFPL
PFPLQPEQPFPQ
QQFPQPQOPFPQ
PAPIQPEQPFPQ
PAPIQPQQPFPQ
QPFPQPQQQLPL
QPFPQPEQELPL
PFPQRPQQPFPQ
PFPQQPEQIISQ
QVGPSGQVEWPQ
QVGPSGEVEWPQ
PQQPYPQQPFPQ
PEQPYPEQPFPQ
POQTOQPOQPFPQ
POSQQOPOQPFPQ
QSIPQPQQPFPQ
QPFPQPQQPFPQ
QPFPQPEQPFPQ
YSPYQPQQPFPQ
YSPYQPEQPFPQ
QPFPQPEQPTPI
QPFPQPQQPTPI
PTPIQPQQPFPQ
PTPIQPEQPFPQ
QLPLQPQQPFPQ
QPFPQPQQPIPQ
PFPLQPQQPFSQ
PQQOPFPQQPEQI
PQQPFPEQPEQI
PFPQQPEQIIPQ
PEQIIPQQPQQP
IIPQQPQQPFPL
LPFPQPQQPFVV
LPFPQPEQPFVV
YQPYPEQQEPFV
YQPYPEQEEPFV

QOSEQSQQPFQPQ

LOPFPQPQLPY

LOPFPQPELPY

-640286

-2071414
-2183065
-1345599
-1553188
-646423

-2028900
-1420894
-1991375
-1929038
15716673
-1727776
-2008157
-2042617
-464367

-2062967
-344268

-1264081
-1988880
-845531

-2048158
-685964

-1868027
-2064144
-1783193
-1396221
-2071937
-885735

-2032003
-1356069
-1776489
-1484330
-1757300
-2033060
-1654537
-1873533
-2011261
-2174418
-2060857

-2064256

-1955912

-1960049

3211789
-1763008
-1957547

10607
-1551524

2318076
-1750370

1435951
-1737128
-1756015

4223500
-1762625
-1808144
-1830153

2115272
-1808145

3310097

3012290

-107063

2482183
-1588747

2982520
-1660678
-1831214
-1812446

2986998
-1774014

3986510
-1731467
-1739442

-455792
-549201
-1810207
-1836402

2668458
-1545243
-1800129
-1809740
-1852424

-1831654

1610888

1424811

-419717
-414053
-401383
-404746
-422375
-424042
-425324
-420232
-352934
-422834
-415787
-420866
-440577
-455820
-457034
-442435
-435641
-453061
-452001
-452539
-453787
-311437
-412654
-457740
-452577
-413638
-451610
-440713
-452601
-448243
-457001
-454421
-439909
-448716
-431481
-405318
-459171
-476438
-405623

-327429

951351

689248



GLIA-ALPHA2 (P61-P71)

GLIA-ALPHA2 (P61-P71;
E66)

GLIA-ALPHA2 (P61-P71; T70
AND H71)

GLIA-ALPHA2 (P61-P71;
T70, H71 AND E66)
GLIA-ALPHA2 (P61-P71;
H64)

GLIA-ALPHA2 (P61-P71; H64
AND E66)

ALPHA-II (P62-P72)

ALPHA-II (P62-P72; E65
AND E72)

GLIADIN (P205-P215) ;
ALPHA2-GLIADIN
GLIA-ALPHA20-GLIADIN
(P96-106) MINIMAL
EPITOPE
GLIA-ALPHA20-GLIADIN
(P96-106; E97) MINIMAL
EPITOPE, SYNTHETIC
GLIA-ALPHA

GLIA-ALPHA IN
DEAMIDATED FORM
WHEAT PEPTIDE W27

WHEAT PEPTIDE W25
WHEAT PEPTIDE W04

GLU-5 PEPTIDE EPITOPE IN
NATIVE FORM

GLU-5 PEPTIDE EPITOPE IN
NATIVE FORM

GAMMA-5 GLIADIN (P62-
P72)

GAMMAGS-GLIADIN (P62-
P72; E68)

GAMMAS (P62-P72; E68,
E63 AND E71)

GAMMAS (P67-P77; E68,
E71 AND E76)

WHEAT PEPTIDE W33

GAMMA-GLIADIN OF
GDB2_WHEAT (SWISSPROT
P08453 GI:121101) (P140—-
P150)

GAMMA-GLIADIN 1375
(P61-P80) ; GAMMA-
GLIADIN M7 M36999 (61-
80) HOMOLOGOUS TO
DQ2-GAMMA-III
GAMMA-GLIADIN 1375
(P61-P80; E62 AND E65), ;
GAMMA-GLIADIN M7
M36999 (61-80)
HOMOLOGOUS TO DQ2-
GAMMA-III

1606
1607

1608

1609

1610

1611

1612
1613

1614

1615

1616

1617
1618

1619
1620
1621
1622

1623

1624

1625

1626

1627

1628
1629

1630

1631

PFPQPQLPYPQ
PFPQPELPYPQ

PFPQPQLPYTH

PFPQPELPYTH

PFPHPQLPYPQ

PFPHPELPYPQ

POPQLPYPQPQ
POPELPYPQPE

PSGQGSFQPSQ

POOPYPQPQPOQ

PEQPYPQPQPQ

PEFPOQPQLPYSQ
PFPQPELPYSQ

PFTQPQQPTPI
TPIQPQQPFPQ
PFPQPQQPIPV
QOOIPQOPQOF

QQQLPOQPOQF

POOPFPQOPQQ

POOPFPEQPQO

PEQPFPEQPEQ

PEQPEQPYPEQ

PFPQPQQTEPQ
QOPQOSFPQQQO

TQOPQQPFPQP

TEQPEQPFPQP

2169595 -483120
-1060604 -1566417
-753145 -1586840
-1239711 -1817337
3677171 -43414
-1715444 -1762312
3557471 -469658
-2002110 -1743798
-2059621 -1803935
-2061459 -1860822
-2060736 -1876775
-920555 -1824837
-977673 -1771606
-1197242 -1849544
-1166522 3149210
-1330633 -1838254
-2044093 -1839934
-2082730 -1890815
-283263 1656009
-1061257 181357
-2057382 -1812115
-2067899 -1841835
-2057080 -1202173
-913536 -1721692
-977745 3597222
-2056393 -1755074

503542
172916

1498935

86723

-204477

-313415

107391
419783

-323851

-361106

-170923

2554940
549961

-325632
-387032
-397072
-402119

-387243

-404066

-411308

-389234

-394578

-334442
-316087

-295483

-335883



GAMMAGS-GLIADIN (P227-
P237) ; GAMMA-II EPITOPE
GAMMAS-GLIADIN (P227-
237; E232)

GLT-PEPTIDE (P724-P734)

GLTO04 (P725-P735)
BARLEY PEPTIDE B30
BARLEY PEPTIDE B16
RYE PEPTIDE R22

RYE PEPTIDE R18
GLIA-ALPHA2 (P60-P69)

GLIA-ALPHA2 (P60-P69;
E66)

ALPHA-GLIADIN(P123-P132)

GAMMAS (P102-P111)

GAMMAS (P102-P111;
E106)

GAMMAS (P102-P111;
E108)

GAMMAS (P102-P111; E106
AND E108)
GAMMA-GLIADIN OF
GDB2_WHEAT (SWISSPROT
P08453 GI170738) (P141-
P150)

GAMMA-GLIADIN OF
GDB2_WHEAT (SWISSPROT
P08453 GI170738) (P141-
P150; E148)
GLIA-GAMMA?2 (P89-P102)

GLIA-GAMMA?2 (P89-P102;
£92)

GLIA-GAMMA?2 (P89-P102;
E94)

GLIA-GAMMA?2 (P89-P102;
E92 AND E94)
GAMMAGS-GLIADIN (P228-
237)

GAMMAGS-GLIADIN (P228-
237; E232)

LMW GLUTENIN-GLT-156
(P45-P54) MINIMAL
EPITOPE

LMW GLUTENIN-GLT-156
(P45-P54; E48) MINIMAL
EPITOPE

LMW GLUTENIN-GLT-156
(P45-P54; E49) MINIMAL
EPITOPE

LMW GLUTENIN-GLT-156
(P45-P54; E51) MINIMAL
EPITOPE

LMW GLUTENIN-GLT-156
(P45-P54; EA8 AND E51)
MINIMAL EPITOPE

LMW GLUTENIN-GLT-156

1632

1633

1634
1635
1636
1637
1638
1639
1640
1641

1642
1643
1644

1645

1646

1647

1648

1649
1650

1651

1652

1653

1654

1655

1656

1657

1658

1659

1660

GIIQPQQPAQL

GIIQPEQPAQL

QGYYPTSPQOS
GYYPTSPQQSG
QOPFPQQPFPQ
QOPFPQQPIPQ
LFPLPQQPFEFPQ
FLLOPQQPESQ
QPFPQPQLPY

QPFPQPELPY

QLIPCMDVVL
FSQPOQQFPQ
FSQPEQQFPQ

FSQPQQEFPQ

FSQPEQEFPQ

QPQOSFEPQOQ

QPQOSFPEQQ

PFPQOPQQPF
PFPEQPQQPF

PFPQQOPEQPF

PFPEQPEQPF

ITQPQOOPAQL

ITQPEQPAQL

PEFSQQQQSPF

PEFSEQQQSPF

PFSQEQQSPF

PEFSQQQESPF

PFSEQQESPF

PFSEEQQSPF

-2063467

-2062317

-2041614
-2058439
657871

701284

-1358517
-2030188
-1941485
-1791095

-2054497
-2037944
-2051874

-1718354

-2029925

-2037920

-2058688

-1665927
-1906185

-1863377

-1884431

-2049817

-2056489

-2040985

-2048504

-2033069

-2021551

-2050794

-2018997

-1851292

-1865359

-1858780
-1855189
3317680
2886844
3748142
-1714636
-1825492
-1770821

-1870707
-1169165
-1833704

-1775736

-1845515

-1804436

-1836685

-1835193
-1823186

-1847197

-1847904

-1836398

-1856197

-1849321

-1852353

-1852113

-1860681

-1855477

-1810972

-286334

-309163

-342037
-370638
-353955
-348147
-340105
-250258

193272

391513

-209178
-310057
-339731

-378625

-394061

-407166

-399688

-394146
-390462

-396535

-428371

-426342

-428201

-369372

-393070

-378832

-374378

-381342

-391395



(P45-P54; E48 AND E49)
MINIMAL EPITOPE

LMW GLUTENIN-GLT-156
(P45-P54; E49 AND E49)
MINIMAL EPITOPE

LMW GLUTENIN-GLT-156
(P45-P54; E48, E49 AND
E51) MINIMAL EPITOPE
ALPHA-9 GLIADIN (P60-68)

ALPHA-9 GLIADIN (P60-68;
E65)
ALPHA2-GLIADIN (P62—-P70)

ALPHA2-GLIADIN (P62—P70;
E65 SYNTHETIC TO MIMIC
DEAMIDATED FORM)
ALPHA2-GLIADIN (P67-P75)

ALPHA2-GLIADIN (P67-P75;
E72)
ALPHA20-GLIADIN

ALPHA20-GLIADIN IN
DEAMIDATED FORM
ALPHA2-GLIADIN (P228-
P236)

ALPHA2-GLIADIN (P229-
P237)

GLIADIN EPITOPE ALPHA-|
(P229-P237; E229)
GLIADIN EPITOPE ALPHA-|
(P229-P237; E237)
GLIADIN EPITOPE ALPHA-|
(P229-P237; E229 AND
E237)

OMEGA-II EPITOPE

OMEGA-II EPITOPE IN
NATIVE FORM

GLU-5 MINIMAL EPITOPE IN
NATIVE FORM

GLU-5 MINIMAL EPITOPE IN
DEAMIDATED FORM

GLU-5 MINIMAL EPITOPE IN
NATIVE FORM

GLU-5 MINIMAL EPITOPE IN
DEAMIDATED FORM

GLU-5 MINIMAL EPITOPE IN
DEAMIDATED FORM

GLU-5 MINIMAL EPITOPE IN
DEAMIDATED FORM
GAMMAS (P63-P71)

GAMMAS (P63-P71; E68)

GAMMAS (P63-P71; E63,
E68 AND E71)

GAMMAS (P68-P76)
MINIMAL EPITOPE IN
NATIVE FORM

GAMMAS (P68-P76; E68,
E71 AND E76) MINIMAL

1661

1662

1663
1664

1665
1666

1667
1668

1669
1670

1671

1672

1673

1674

1675

1676
1677

1678

1679

1680

1681

1682

1683

1684
1685
1686

1687

1688

PFSQEQESPF

PFSEEQESPF

PFPQPQLPY
PFPQPELPY

POPQLPYPQ
POPELPYPQ

PYPQPQLPY
PYPQPELPY

FRPQOPYPQ
FRPEQPYPQ

GQGSFQPSQ

QGSFQPSQQ

EGSFQPSQQ

QGSFQPSQE

EGSFQPSQE

POPEQPFPW
POPQOPFPW

QIPQQPOQF

QIPEQPQOQF

QLPOQPOQF

QLPEQPQQF

EIPEQPQOQF

ELPEQPQQF

QQPFPQOPQ
QQPFPEQPQ
EQPFPEQPE

QQPOQPYPQ

EQPEQPYPE

-2025488

-2039987

-880470
-1266187

3495042
-2034392

-2037698
-1969704

19486093
-1088750

-2041579

-2055443

-2059940

-2052220

-2055315

-2037528
-1624764

-2050852

-2052093

-2041283

-2052916

-2056019

-2051811

-110578
-1470610
-2028726

2841353

-1966538

-1817359

-1858318

-1808390
-1719347

-970999
1844836

1872054
1877146

-651501
-1846102

-1853891

1873065

1879254

1869415

1855659

1772993
-722001

1850286

-1860911

-1847499

-1864426

1868042

1866950

880736
675864
1839382

-991758

-1856552

-379639

-344667

287828
144128

822872
-103131

121081
408607

-332992
-401264

-398043

-405534

-417008

-383043

-383097

-408929
-387205

-377026

-382634

-384969

-389925

-384971

-387892

-401000
-415831
-385315

-319574

-330798



EPITOPE

GLIADIN EPITOPE GAMMA-I
IN CONSIDERED
DEAMIDATED FORM
GLIADIN EPITOPE GAMMA-I
IN CONSIDERED
DEAMIDATED FORM
GLIADIN EPITOPE: GAMMA-
n

GAMMA-VIB GLIADIN

GAMMA-VIB GLIADIN IN
DEAMIDATED FORM
GAMMA-VIB GLIADIN IN
DEAMIDATED FORM
GAMMA-VIB GLIADIN IN
DEAMIDATED FORM
GLIA-GAMMA2

GLIA-GAMMA2 IN
DEAMIDATED FORM
GLIA-GAMMA2 IN
DEAMIDATED FORM
GLIA-GAMMA2 IN
DEAMIDATED FORM
GAMMAZ2-GLIADIN

GLIADIN EPITOPE: GAMMA-
|

GLIADIN EPITOPE: GAMMA-
Vil

GAMMAVII-GLIADIN IN
DEAMIDATED FORM
GAMMAS (P103-P111)

GAMMAS (P103-P111; E106
AND E108)
GAMMA-GLIADIN (P90-
P102)
GAMMA-GLIADIN (P90-
P102; E92)
GAMMA-GLIADIN (P90-
P102; E96)
GAMMA-GLIADIN (P90-
P102; E92 AND E96)
GAMMA-GLIADIN 1380
(P112-P128)
GAMMA-GLIADIN 1380
(P111-P130; E115)
GAMMA-GLIADIN 1380
(P111-P130; E115)
GAMMA-GLIADIN 1380
(P111-P130; E115 AND
E117)

GLIA GAMMA-I EPITOPE

GLIA GAMMA-I EPITOPE IN
DEAMIDATED FORM

GLIA GAMMA-I EPITOPE IN
DEAMIDATED FORM
GLIADIN EPITOPE: GAMMA-
|

1689

1690

1691

1692
1693

1694

1695

1696
1697

1698

1699

1700
1701

1702

1703

1704
1705

1706

1707

1708

1709

1710

1711

1712

1713

1714
1715

1716

1717

EQPQQPYPE

EQPQQPFPE

QOPEQPYPQ

QQPYPQOPQ
EQPYPQQPQ

QOPYPEQPOQ

EQPYPEQPOQ

PYPQOPQQP
PYPEQPQQP

PYPQQPEQP

PYPEQPEQP

QQPOQPFPQ
EQPQQPFPQ

QOPEQPFPQ

EQPEQPFPQ

SQPQOQOFPQ
SQPEQEFPQ

FPQQOPQOPF

FPEQPQOPF

FPOQQOPQEPF

FPEQPQEPF

POPQOQFPQ

POPEQQFPQ

POPQOEFPQ

POPEQEFPQ

POQOSFPOQQ
PQOSFPQQE

POOSFPEQE

POQOSFPEQQ

328444

-1889687

-2040292

-2034004
-1974532

-2023739

-2052328

-2060940
-1978549

-2046743

-2054768

-1409985
-1644551

-2054048

-2049829

-2043179
-2055473

-2056044

-2058661

-2053343

-2043194

-2030952

-2048374

-2042145

-2041872

-2031213
-2034086

-2037760

-2040547

-1451057

70962

-1871070

-1871695
-1871924

-1858436

-1878808

-1887011
-1878063

-1852659

-1855138

176944
4384728

-1645967

-1772103

-941482
-1861847

-1632855

-1585095

-1082313

-1574678

-1111103

-1848187

-1849448

-1871720

-1805164
-1825514

-1731535

-1839068

-312978

-349113

-350183

-353285
-389528

-410447

-396910

-413600
-403613

-379728

-378682

-363171
-352512

-389667

-398504

-364139
-387368

-350984

-384540

-418763

-430437

-380765

-402588

-401773

-417575

-408432
-397694

-403807

-408141



GAMMA-2 PEPTIDE 1306;
GLIA-GAMMA30-GLIADIN
(P227-P235) MINIMAL
EPITOPE

GAMMA-2 PEPTIDE 1306;
GLIA-GAMMA30-GLIADIN
(P228-P235; E232)
MINIMAL EPITOPE
GAMMAGS-GLIADIN (P229—
237;), SYNTHETIC (MINIMAL
EPITOPE IN NATIVE FORM)
GAMMAS-GLIADIN (P229—
237; E232), SYNTHETIC
(MINIMAL EPITOPE)
GLUTENIN-GLT-17 (P50-
P58)
GLUTENIN-GLT-17 (P50-
P58; E52)
GLUTENIN-GLT-17 (P50-
P58; E53)
GLUTENIN-GLT-17 (P50-
P58; ES55)
GLUTENIN-GLT-17 (P50-
P58; E52 AND E53)
GLUTENIN-GLT-17 (P50-
P58; E52 AND E55)
GLUTENIN-GLT-17 (P50-
P58; E53 AND E55)
GLUTENIN-GLT-17 (P50-
P58; ES2, E53 AND E55)
GLT-17 (VAR1)

GLT-17 (VAR1) IN
DEAMIDATED FORM
GLT-17 (VAR1) IN
DEAMIDATED FORM
GLT-17 (VAR1) IN
DEAMIDATED FORM
LMW GLUTENIN-GLT-156
(P46-P54)

LMW GLUTENIN-GLT-156
(P46-P54; E48)

LMW GLUTENIN-GLT-156
(P46-P54; E51)

LMW GLUTENIN-GLT-156
(P46-P54; E48 AND E51)
HMW GLUTENIN (P724-
P732)

HMW GLUTENIN (P724-
P732; E724 AND E732)
HOR-I IN NATIVE FORM

HOR-I IN DEAMIDATED
FORM

HORDEIN CORE EPITOPE IN
NATIVE FORM

HORDEIN CORE EPITOPE IN
DEMAINATED FORM
HORDEIN/SECALIN IN
NATIVE FORM

1718

1719

1720

1721

1722

1723

1724

1725

1726

1727

1728

1729

1730
1731

1732

1733

1734

1735

1736

1737

1738

1739

1740
1741

1742

1743

1744

ITQPQOPAQ

ITQPEQPAQ

IQPQQPAQL

IQPEQPAQL

FSQOQQOPL

FSEQQOQQOPL

FSQEQQQPL

FSQOQOQEQPL

FSEEQQQPL

FSEQQEQPL

FSQEQEQPL

FSEEQQEPL

PESQQQQPV
PEFSEQQQPV

PESQQEQPV

PFSEQEQPV

FSQOQOQQSPF

FSEQQQSPF

FSQQQESPF

FSEQQESPF

QGYYPTSPQ

EGYYPTSPE

PIPQQPQPY
PIPEQPQPY

FPPQOPFPQ

FPPEQPFPQ

PFPQPQOPF

-2040577

-2048904

-2044025

-2057293

-2027798

-2039968

-2045899

-2053202

-2055108

-2057209

-2047832

-2054392

-2053723
-2057720

-2035440

-2043090

-2042712

-2118593

-2010839

-2042344

-2050245

-2068743

-2032513
-2027889

-1181157

-2052841

-1635631

-1805457

-1876954

-1876272

-1879307

-1806201

-1842563

-1858629

-1847816

-1863271

-1864774

-1860111

-1865897

-1852366
-1871128

-1854166

-1871628

-1875047

-1932466

-1862748

-1874291

-1870902

-1899523

-1865328
-1850415

3098598

-1589495

-1811227

-405114

-399318

-406829

-425447

-390908

-378208

-315141

-388239

-383566

-392330

-399647

-385869

-393041
-380879

-395590

-411792

-404695

-400411

-418012

-391547

-407500

-408868

-404669
-401650

-398009

-386636

-359948



HORDEIN/SECALIN IN
DEAMIDATED FORM
HORDEIN/SECALIN EPITOPE
IN NATIVE FORM
HORDEIN/SECALIN EPITOPE
IN DEAMIDATED FORM
GAMMA1-SECALIN IN
NATIVE FORM
GAMMA1-SECALIN IN
DEAMIDATED FORM
PRESUMED 9-MER CORE
REGION OF THE AVENIN
EPITOPE IN NATIVE FORM
PRESUMED 9-MER CORE
REGION OF THE AVENIN
EPITOPE IN DEAMIDATED
FORM

PRESUMED 9-MER CORE
REGION OF THE AVENIN
EPITOPE IN NATIVE FORM
PRESUMED 9-MER CORE
REGION OF THE AVENIN
EPITOPE IN DEAMIDATED
FORM

AVENIN CORE EPITOPE IN
NATIVE FORM

AVENIN CORE EPITOPE IN
DEAMIDATED FORM
OMEGA-GLIADIN MOTIF

GLUTENIN-GLT-17 (P49-
P56)

GLUTENIN-GLT-17 (P49-
P56; E52)
GLUTENIN-GLT-17 (P49-
P56; E53)
GLUTENIN-GLT-17 (P49-
P56; E55)
GLUTENIN-GLT-17 (P49-
P56; E56)
GLUTENIN-GLT-17 (P49-
P56; E52 AND 53)
GLUTENIN-GLT-17 (P49-
P56; E52 AND 55)
GLUTENIN-GLT-17 (P49-
P56; E52 AND 56)
GLUTENIN-GLT-17 (P49-
P56; E53 AND 55)
GLUTENIN-GLT-17 (P49-
P56; E53 AND 56)
GLUTENIN-GLT-17 (P49-
P56; E55 AND 56)
GLUTENIN-GLT-17 (P49-
P56; E52, 53 AND 55)
GLUTENIN-GLT-17 (P49-
P56; E52, 53 AND 56)
GLUTENIN-GLT-17 (P49-
P56; E53, 55 AND 56)
GLUTENIN-GLT-17 (P49-

1745

1746

1747

1748

1749

1750

1751

1752

1753

1754

1755

1756
1757

1758

1759

1760

1761

1762

1763

1764

1765

1766

1767

1768

1769

1770

1771

PFPQPEQPF

POPQOPFPQ

POPEQPFPQ

POOSFEFPQQP

POOSFPEQP

PYPEQQQPF

PYPEQEQPF

PYPEQQEPF

PYPEQEEPF

FVQOQQOPF

FVQQOQEQPF

POOPFPQO
PFSQ0Q00

PFSEQQQQ

PFSQEQQQ

PFSQOQEQ

PFSQOQQE

PESEEQQQ

PEFSEQQEQ

PESEQQQE

PESQEQEQ

PEFSQEQQE

PESQQQEE

PEFSEEQEQ

PFSEEQQE

PEFSQEQEE

PEFSEQQEE

-1649983

-1378076

-1995321

-2040386

-2059296

-2062363

-2051295

-1816122

-1861056

-2043264

-2045329

-1308311
-2015869

-2020813

-2047016

-1949983

-2016366

-2023751

-2031977

-1516705

-1240743

-2022872

-2030264

-2023651

-2037455

-2019406

-2019545

-1812433

1475968

-1821866

-1549938

-1689952

-1854608

-1850124

-1864726

-1865714

-1847385

-1863078

-468671
-1846797

-1785747

-1843865

-1819605

-1841774
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Figure S2: Characterization of isolated gluten protein fraction and types from wheat in SDS-PAGE.
M: marker, 1: wheat flour, 2: gliadin fraction, 3: ®w5-gliadins, 4: ®1,2-gliadins, 5: a-gliadins, 6: y-
gliadins, 7: glutenin fraction, 8: high-molecular-weight glutenin subunits (HMW-GS), 9: low-
molecular-weight glutenin subunits (LMW-GS).
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Table S2: Epitope mapping of polyclonal mouse sera after immunization with gliadin or glutenin.
Gliadin and glutenin sequences from SwissProt database entries were broken down into overlapping
15mer peptides. Cumulative reactivity of the sera from all mice of one immunization group against
each peptide is given as relative fluorescence above a statistically determined cut-off value.

No. @ Gliadine Signal [RFU] No. Glutenin sequence  Signal [RFU]
sequence

1 PQOPFPLQPQQSFLW 15015893 1 PLYSATTSVPFGVGT 0

2 QPFPLQPQQSFLWQS 553815 2 YSATTSVPFGVGTGV 0

3 FPLQPQQSFLWQSQQ 317015 3 ATTSVPFGVGTGVGA 0

4 LOPQQSFLWQSQQPF 160700 4 LTILAMAITIGTANI 0

5 PQOSFLWQSQQPFLQ 630308 5 ILAMAITIGTANIQV 0

6 QSFLWQSQQPFLQQP 358828 6 AMAITIGTANIQVDP 0

7 FLWQSQQPFLQOQPQQ 307353 7 AITIGTANIQVDPSG 0

8 WQSQQPFLQQPQQPS 425179 8 TIGTANIQVDPSGQV 0

9 SQQPFLQQPQQPSPQ 187398 9 GTANIQVDPSGQVOW 0

10 QPFLQQPQQPSPQOPQ 0 10 ANIQVDPSGQVQWLQ 0

11 FLOQPQQPSPQPQQV 0 11 IQVDPSGQVQWLOQQ 0

12 QQPQQPSPQPQQVVQ 0 12 VDPSGQVQWLOQQLV 206665
13 POQOPSPQPOQVVQIT 0 13 PSGQVOWLOQQLVPQ 1419152
14 QPSPQPQQVVQIISP 0 14 GQVQWLOQQLVPQLQ 1032007
15 SPQPQQVVQIISPAT 0 15 VOWLQQQLVPQLQQP 0

16 QPQQVVQIISPATPT 0 16 WLQQQLVPQLQQPLS 0

17 QQVVQIISPATPTTI 0 17 QOQLVPQLQQOPLSQQ 0

18 VVQIISPATPTTIPS 0 18 QLVPQLQQPLSQQPQ 0

19 QIISPATPTTIPSAG 0 19 VPQLQQPLSQQPQQT 0

20 ISPATPTTIPSAGKP 0 20 QLOQPLSQQPQQTEP 938234
21 PATPTTIPSAGKPTS 0 21 QOPLSQQPQQTFPQP 1485517
22 TPTTIPSAGKPTSAP 0 22 PLSQQPQQTFPQPQQ 904387
23 TTIPSAGKPTSAPFP 0 23 POPQQTFPHQPQOQQV 2080101
24 IPSAGKPTSAPFPQQ 0 24 PQOTFPHQPQQQVPQ 1048154
25 SAGKPTSAPFPQQQQ 0 25 QTFPHQPQQQVPQPQ 0

26 GKPTSAPFPQQQQOQH 0 26 FPHQPQQQVPQPQQP 0

27 PTSAPFPQQOQOOQHQQO 0 27 HOPQOQVPQPQOPOQ 0

28 SAPFPQOQQQHQQLA 0 28 POOQVPQPQQOPQQPF 0

29 PEFPOOQOOQHQOLAQQ 0 29 QQVPOPQOPOQPFLQ 0

30 POOQQQOHOQLAQQQT 0 30 VPQPQOPQOPFLQOPQ 0

31 QQQQOHOQLAQQQIPV 0 31 QPQOPQOPFLQPQQP 0

32 QOHQQOLAQQQIPVVQ 0 32 QQPQOPFLQPQQPFP 240773
33 HOQLAQQQIPVVQPS 0 33 POOPFLOPQOPEPQQ 635855
34 QLAQQOQIPVVQPSTIL 0 34 QPFLOPQOPFPQQOPQ 626797
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LCCQQLFQIPEQSRC
COQLFQIPEQSRCQA
QLFQIPEQSRCQATIH
FQIPEQSRCQATHNV

5326682
11169998
16100749
15952493
18332089
6129624
4895531
1413867
333773

0
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QPVQGQQIGQGQQPE
VQGOQIGQGQQPEQG
GQQIGQGQOPEQGQQ
QIGQGQQPEQGQQPG
GQGQQPEQGQQPGOW
PTSPQQLGQGQQPGQ
SPQOLGQGQQPGQWQ
QQLGQGQOPGQWQQS
LGQGQOPGOWQQSGQ
QGQQPGQWQQOSGQGQ
QQPGQWQQOSGQGOQG
PGQWQQSGQGQQGHY
GQQGHYLASQQQPAQ
QGHYLASQQQPAQGQ
HYLASQQQPAQGQQG
LASQQQPAQGQQGHY
SQQQPAQGQQGHYPA
QOPAQGQQGHYPASQ
PAQGQQGHYPASQQQ
QOGHYPASLQQPGQQ
GHYPASLQQPGQQGH
YPASLQQPGQQGHYP
ASLOQPGQQGHYPTS
LOQPGQQGHYPTSLQ
QPGQQGHYPTSLQQL
HYPTSLQQLGQGQQT
PTSLQQLGQGQQIGQ
SLOQLGQGQQIGQPG
QOLGOGQQIGQPGOK
LGQGQQIGQPGQKQQ
QGQQIGQPGQKQQPG
QQIGQPGOKQQPGOG
IGQPGQKQQPGQGQQO
HYPASLQQPGQGQGQ
PASLOQPGQGQGQPG
SLOQPGQGQGQPGOR
QQPGQGQGQOPGQORQQ
PGQGQGQPGQRQQPG
QGQGQPGQROQPGQG
ROQPGQGOHPEQGQQ
QPGQGQHPEQGQQPG
GQGQHPEQGQQPGQG
GQHPEQGQQPGQGQQ
HPEQGQQPGQGQQGY
EQGQQPGQGQQGYYP
GQQOPGQGQQGYYPTS

0

0

0

63725
1064777
0
859880
878979
663775
1443394
667513
1083046
0

0

5568
163665
4007867
6327758
4110534
5740273
1719320
2677628
2654339
2919868
1340915
170280
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98378
3075616
585873
1515612
1050938
212064
30259
382459
0
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820278
1373782
5986974
10778665
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IPEQSRCQATIHNVVH
EQSRCQATIHNVVHAT
SRCQATIHNVVHAIIL
CQATIHNVVHATIILHH
ATIHNVVHAIILHHHQ
HNVVHAIILHHHQQQ
VVHAIILHHHQQQQQ
HAIILHHHQQQQQQP
IILHHHQQQQQQPSS
LHHHQQQQQQPSSQV
HHQQQQQQPSSQVSY
0000QQPSSQVSYQQ
Q0QQPSSQVSYQQPQ
QOPSSQVSYQQPQEQ
PSSQVSYQQPQEQYP
SQVSYQQPQEQYPSG
VSYQQPQEQYPSGQV
YOQPQEQYPSGQVSF
QPQEQYPSGQVSFQS
QEQYPSGQVSFQSSQ
QYPSGQVSFQSSQON
PSGQVSFQSSQQONPQ
GQVSFQSSQONPQAQ
VSFQSSQQONPQAQGS
FQSSQQNPQAQGSVQ
SSQONPQAQGSVQPQ
QAQGSVQPQQLPQFQ
QGSVQPQQLPQFQET
SVQPQQLPQFQEIRN
QPQOLPQFQEIRNLA
QOLPQFQEIRNLALQ
LPQFQEIRNLALQTL
QFQEIRNLALQTLPA
QEIRNLALQTLPAMC
LPAMCNVYIPPYCST
AMCNVYIPPYCSTTI
CNVYIPPYCSTTIAP
VYIPPYCSTTIAPFG
IPPYCSTTIAPFGIF
PYCSTTIAPFGIFGT
CSTTIAPFGIFGTN

MKTFLILALRAIVAT
TFLILALRAIVATTA
LILALRAIVATTATI
LALRAIVATTATIAV
LRAIVATTATIAVRV
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0
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0
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1005316
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0
597889
232418
0

o O o o

540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

GQQPGQGQQGHCPMS
QPGQGQQGHCPMSPQ
GQGQQGHCPMSPQQT
GQQGHCPMSPQQTGQ
QGHCPMSPQQTGQAQ
HCPMSPQQTGQAQQL
PMSPQQTGQAQQLGQ
SPQOTGQAQQLGQGQ
QQTGQOAQQLGQGQQT
TGQAQQLGQGQQIGQ
QAQQLGQGQQOIGQVQ
QOLGQOGQQIGQVQQP
LGQGQQIGQVQQPGQ
PGQGQQGYYPTSLQQ
YPTSLQQPGQGQQSG
TSLQQPGQGQQOSGQG
LOQPGQGQOSGOGQQ
GHQPGQGQQSGQEKQ
QPGQGQQSGQEKQGY
GQGQQSGQEKQGYDS
GQQSGQEKQGYDSPY
QSGQEKQGYDSPYHV
GQEKQGYDSPYHVSA
EKQGYDSPYHVSAEQ
MAKRLVLEVAVVVAL
KRLVLEFVAVVVALVA
LVLFVAVVVALVALT
LFVAVVVALVALTVA
VAVVVALVALTVAEG
VVVALVALTVAEGEA
VALVALTVAEGEASE
LVALTVAEGEASEQL
ALTVAEGEASEQLQC
TVAEGEASEQLQCER
AEGEASEQLQCEREL
CEASEQLQCERELQE
ASEQLQCERELQELQ
EQLQCERELQELQER
LQCERELQELQEREL
CERELQELQERELKA
RELQELQERELKACQ
LOELQERELKACQQV
ELQERELKACQQVMD
QERELKACQQVMDQQ
RELKACQQVMDQQLR
LKACQQVMDQQLRDI

2301142
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74396

0
15757861
1440188
767833
408168

0

0

0

0
5462262
10160565
10177827
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1342907
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56014
56865
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AIVATTATIAVRVPV
VATTATIAVRVPVPQ
TTATIAVRVPVPQLQ
ATIAVRVPVPQLQPQ
QLQPQNPSQQQPQKQ
QPQNPSQQQPQKQVP
QONPSQQQPQKQVPLV
PSQQQPQKQVPLVQQ
QQQPQKQVPLVQQQQ
QPOKQVPLVQQQQFP
QKQVPLVQQQQFPGQ
QQQPFPPQQOPYPQQQ
QPFPPQQPYPQQQPF
FPPQQPYPQQQPFPS
PQQPYPQQQPFPSQQ
QPYPQQQPFPSQQPY
YPQQQPFPSQQPYMQ
QOQPFPSQQPYMQLQ
QPFPSQQPYMQLQPF
FPSQQPYMQLQPFPQ
SQQPYMQLQPFPQPQ
QPYMQLQPFPQPQLP
YMOLQPFPQPQLPYP
PYPQPQLPYPQPQPF
PQPQLPYPQPQPFRP
PQLPYPQPQPFRPQQ
LPYPQPQPFRPQQSY
YPQPQPFRPQQSYPQ
QPQPFRPQQSYPQPQ
QPFRPQQSYPQPQPQ
FRPQQSYPQPQPQYS
PQQSYPQPQPQYSQP
QSYPQPQPQYSQPQQ
YPQPQPQYSQPQQPI
QPQPQYSQPQQPISQ
QPQYSQPQQOPISQQQ
QYSQPQQPISQQQQQ
SQPQOPISQQQ0Q00
POOPISQQQ000000
QPISQQQQ00000Q0Q
ISQQQO0000000Q0
QILQOQILQQQLIPCR
QOLIPCRDVVLQQHS
LIPCRDVVLQQHSIA
PCRDVVLQQHSIAHG
RDVVLQQHSIAHGSS
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1560441
2974736
11013533
12663040
13317448
6039974
9907822
8469405
4838756
2066203
3101006
1893724
3245543
9155254
11179987
9335956
5958483
2604146
3054207
2352879
2409448
3045168
1001092
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ACQQVMDQQLRDISP
QQVMDQQLRDISPEC
VMDQQLRDISPECHP
DOQLRDISPECHPVV
QLRDISPECHPVVVS
RDISPECHPVVVSPV
ISPECHPVVVSPVAG
PECHPVVVSPVAGQY
CHPVVVSPVAGQYEQ
PVVVSPVAGQYEQQT
VVSPVAGQYEQQIVV
SPVAGQYEQQIVVPP
VAGQYEQQIVVPPKG
GOYEQQIVVPPKGGS
YEQQIVVPPKGGSFEY
QQIVVPPKGGSFEYPG
IVVPPKGGSFYPGET
PKGGSFYPGETTPPQ
GGSFYPGETTPPQQL
SEYPGETTPPQQOLQQ
YPGETTPPQOLQOORI
GETTPPQOLOQRIFW
TTPPOOLOQRIFWGI
PPOOLOORIFWGIPA
QOLOQORIFWGIPALL
LOORIFWGIPALLKR
QRIFWGIPALLKRYY
IFWGIPALLKRYYPS
WGIPALLKRYYPSVT
IPALLKRYYPSVTCP
ALLKRYYPSVTCPQQ
LKRYYPSVTCPQQVS
RYYPSVTCPQQVSYY
YPSVTCPQQVSYYPG
SVTCPQQVSYYPGQA
TCPQQVSYYPGQASP
POQVSYYPGQASPOR
QVSYYPGQASPQORPG
SYYPGQASPQORPGQG
YPGQASPQRPGQGQQ
GOASPQRPGQGQQOPG
ASPORPGQOGQQOPGOG
PORPGQGQQOPGQGQQO
RPGOGQOPGOGQOOGY
GOGOOPGOGOOGYYP
QGYYPTSPQOPGOWQ
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753812
41997
2596551
2330469
4234726
2616252
0

0
1401651
2146704
1205222
1863519
1085437
2354886
1264111
3169425
1829971
5289091
2274889
1515897
1338321
1352886
3784886
3478428
2032220
2094109
2246209
1840436
1353002
2524490
7767875
6702311
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VVLQQHSIAHGSSQV
LOQHSIAHGSSQVLQ
QHSIAHGSSQVLQQS
SIAHGSSQVLQQSTY
AHGSSQVLQQSTYQL
GSSQVLQQSTYQLVQ
SQVLQQSTYQLVQQF
VLQOQSTYQLVQQFCC
QQSTYQLVQQFCCQQ
STYQLVQQFCCQQLW
YQLVQQFCCQQLWQI
LVQQFCCQQLWQIPE
QQFCCQQLWQIPEQS
FCCQQLWQIPEQSRC
CQQLWQIPEQSRCQA
QLWQIPEQSRCQAIH
WQIPEQSRCQAIHNV
HNVVHAIILHQQQQQ
VVHAIILHQQQQQQQ
HATILHQQQOQQ00QQ
ITLHOQOOO00QQ000
LHQOQO0QQO0000000Q
Q00000000000Q0PL
QQQO0QQOQPLSQVC
Q0000QQOPLSQVCEQ
QO0QQPLSQVCEFQQS
QQOPLSQVCFQOSQQ
QPLSQVCFQQSQQQY
LSQVCFQQSQQQYPS
QVCFQQSQQQYPSGQ
CFQQOSQQQYPSGQGS
Q0SOQQYPSGQGSFQ
SQOQYPSGQGSFQPS
MKTFLILALVATTAT
TFLILALVATTATTA
LILALVATTATTAVR
LALVATTATTAVRVP
LVATTATTAVRVPVP
ATTATTAVRVPVPQL
TATTAVRVPVPQLQP
TTAVRVPVPQLQPKN
AVRVPVPQLQPKNPS
RVPVPQLQPKNPSQQ
PVPQLQPKNPSQQQP
PQLQPKNPSQQQPQE
LOPKNPSQQQPQEQV
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1529925
1716330
1568819
1368351
1402765
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358233
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883868
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757085
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YYPTSPQQPGQWQQP
PTSPQQPGQWQQPEQ
SPQOPGQWQQPEQGQ
QQPGOWQOPEQGQPR
PGQWQQPEQGQPRYY
QWQQPEQGQPRYYPT
QOPEQGQPRYYPTSP
PEQGQPRYYPTSPQQ
QGQPRYYPTSPQQSG
QPRYYPTSPQQSGQL
RYYPTSPQQSGQLQQ
YPTSPQOQSGQLQQPA
TSPQOSGQLQOQPAQG
PQOSGQLOQPAQGQQ
QSGQLQQPAQGQQPG
GOLQQPAQGQQPGOG
LOQPAQGQQPGQGQQ
QPAQGQQPGQOGQQGO
AQGOQPGOGQQOGQQOP
GQOPGQGQQGOQPGQ
QPGQGQOGOOPGQGO
GQOGQQOGQQPGQGQPG
GQQGQQPGQGQPGYY
QGQQPGQGQPGYYPT
QQPGQGQPGYYPTSS
PGQGQPGYYPTSSQL
QGQPGYYPTSSQLQP
QPGYYPTSSQLQPGQ
GYYPTSSQLQPGQLQ
YPTSSQLQOPGQLQQP
TSSQLOPGQLQQPAQ
SQLOPGQLQQPAQGQ
LOPGQLQQPAQGQQG
PGQLOQPAQGQQGQQ
QLQQPAQGQQOGQQPG
QQPAQGQQGQQPGQA
PAQGQQGQQPGQAQQ
QGQQGQQPGOAQQGQ
QQGQQPGOAQQGQQP
GQOPGQAQQGQQPGQ
QPGQAQOGQQPGOGQ
GQAQQGQQPGQGQQP
AQQGOQPGQGQQOPGQ
QGQQOPGQGQOPGQGQ
QQPGQGQOPGQGOQG
PGQGQQPGQGQQGQQ

5554906
269368
282560
592730
2296215
8737513
7528423
8023548
7656760
8641282
5027511
2101810
0

0

0

335150
1002850
3737196
2312620
1731448
343272
1227595
6055019
13200153
16925343
16329699
14681746
11710469
1807546
433343
71226

0

0

5385
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642197
270044
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554639
90004
215165
691954
2230617
3737827
1624140
1674068
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PKNPSQQQPQEQVPL
NPSQQQPQEQVPLVQ
SQOOPQEQVPLVQQQ
QQPOEQVPLVQOOQQF
POEQVPLVQQQQFPG
EQVPLVQQQQFPGQQ
VPLVQQOOQFPGQQQO
LVOQOQFPGQQQOFP
QO0QFPGQOOQFPPQ
QOFPGQOOQFPPQOP
FPGQQOQQFPPQQPYP
GQQQQFPPQQPYPQP
QQQFPPQQPYPQPQP
QFPPQQPYPQPQPFP
PPQQPYPQPQPFPSQ
QQPYPQPQPFPSQQP
PYPQPQPFPSQQPYL
PQPQPFPSQQPYLQL
PQPFPSQQPYLQLQP
PFPSQQPYLQLQPFP
PSQQPYLQLQPFPQP
QQPYLQLQPFPQPQP
PYLQLQPFPQPQPFL
LQLQPFPQPQPFLPQ
LQPFPQPQPFLPQLP
PFPQPQPFLPQLPYP
PQPQPFLPQLPYPQP
PQPFLPQLPYPQPQS
PFLPQLPYPQPQSFP
LPQLPYPQPQSFPPQ
QLPYPQPQSFPPQQP
PYPQPQSFPPQQPYP
PQPQSFPPQQPYPQQ
PQSFPPQQPYPQQRP
SFPPQQPYPQQORPKY
PPQQOPYPQQORPKYLQ
QQPYPQQRPKYLQPQ
PYPQQORPKYLQPQQP
PQORPKYLQPQQPIS
QRPKYLQPQQPISQQ
PKYLQPQQPISQQQA
YLOPQOQPISQQOOAQQ
SQOOAQ00Q000000
Q0AQQQ000000000
AQQO00000000000
Q00000000000 ILY
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4722092
4191467
5735372
5778027
2866057
3043679
15778223
17940890
16935347
19489922
9764370
7492790
9356466
6860199
4128329
6287186
4787153
3390181
3988682
5016575
2125616
5753882
12846638
14349996
14706862
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0
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0
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QGOQOPGOGOQGOOPG
QOPGQGQOGQQPGOG
PGQGOQOGQOPGQGQO
QGOOGQOPGQGQQPG
QOGQQOPGOGQQPGOG
GOQPGQGQQPGOGQQ
QPGQGQOPGQGOOGQ
GQGQOPGOGOOGOOL
GQOPGQGOOGQOLGQ
QPGQGQOGOQLGQGQ
GOGQQOGOOLGQGOOG
GQQGQOLGQGQQGYY
Q0LGQGQQGYYPTSL
LGQGOQGYYPTSLOQ
QGOQGYYPTSLQQSG
QQGYYPTSLOQSGOQG
GYYPTSLQQOSGQGQP
YPTSLOQSGQGQPGY
TSLOQSGQGQPGYYP
LOQSGQGQPGYYPTS
QSGQGQPGYYPTSLOQ
GOGQPGYYPTSLQOL
GQPGYYPTSLOQLGOQ
PGYYPTSLQQLGQGQ
YYPTSLOQLGQGQSG
PTSLOQLGQGQSGYY
SLOOLGQGQSGYYPT
QOLGQGQSGYYPTSP
LGQGQOSGYYPTSPQQ
QGOSGYYPTSPQQPG
QSGYYPTSPQQOPGQG
TSPQOPGQGQQOPGOL
PQQPGQGQOPGQLOO
QPGQGQQPGQLOQPA
GOGQQPGQLQQOPAQG
GOQPGQLQQPAQGQQ
QPGQLOQPAQGQQPG
GOGQOGOQOPGOGQQG
GQQOGQOQPGQOGOQGQQ
GQQOPGOGQQPGQGQP
QPGOGQOPGQGQPGY
GQGQQPGQGQPGYYP
GOQPGQGQPGYYPTS
QPGQGQPGYYPTSPQ
GQGQPGYYPTSPQQS
GOPGYYPTSPQQSGOQ

1675378
1350022
1973794
2191758
2621714
3276928
4079817
1966222
1202256
0

0
2981366
20633354
19753725
15808565
11232341
3719976
4362947
20338037
14258141
15390371
14840583
10763421
6628751
3051468
1670383
8141565
15686958
13189842
15587983
14851698
3692194
3022704
806453
900593
76022
76527
1131110
1892667
3432027
5342379
20421105
27581322
17115712
12652095
14467956
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Q000000000ILOQT
QLIPCRDVVLQQHNI
IPCRDVVLQQHNIAH
CRDVVLQQHNIAHAS
DVVLQQHNIAHASSQ
VLQQHNIAHASSQVL
QQHNIAHASSQVLQQ
HNIAHASSQVLQQST
IAHASSQVLQQSTYQ
HASSQVLQQSTYQLL
SSQVLQQOSTYQLLQQ
QVLQQSTYQLLQQLC
LOQSTYQLLQQLCCQ
QSTYQLLQQLCCQQL
TYQLLQQLCCQQLLQ
QLLQQLCCQQLLQIP
LOQLCCQQLLQIPEQ
QLCCQQLLQIPEQSR
CCQQLLQIPEQSRCQ
QQLLQIPEQSRCQAI
LLQIPEQSRCQAIHN
RCQAIHNVVHAIIMH
QAIHNVVHAIIMHQQ
IHNVVHAIIMHQQEQ
NVVHAIIMHQQEQQQ
VHAIIMHQQEQQQQL
ATIIMHQOEQQQQOLQO
IMHQOEQQQQOLQOQO
HOOEQQOOLOQOOOQQ
QEQQQOLOQO0QQOL
Q000LOOOOOOOLOQ
QOLOQQOOOOLOOQQ
LOOO0OQOLOOO0QQ
Q0000QQLOOOO00QQ
Q000LOOOOO000Q0
Q0OLOQQOOO0000QQ
LOOO00QQO0000PS
Q0000000000PSSQ
Q0000000QPSSQVS
00Q000QPSSQVSFQ
00QQOPSSQVSFQQP
QOQPSSQVSFQOPOQ
QPSSQVSFQQPQOQY
SSQVSFQQPQQOQYPS
QVSFQQPQQOQYPSSQ
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PGYYPTSPQQSGQGQ
YYPTSPQQSGQGQPG
PTSPQQOSGQGQPGYY
SPQOSGQGQPGYYPT
Q0SGQGQPGYYPTSS
SGQGQPGYYPTSSQQ
QGQPGYYPTSSQQPT
QPGYYPTSSQQPTQS
GYYPTSSQQPTQSQQ
YPTSSQQPTQSQQPG
TSSQOPTQSQOPGQG
SQOPTQOSQQPGQGQQ
QPTOSQOPGQGOOGQ
TOSQQPGQGOQGQOV
SQOPGQOGOQGQOVGO
QPGOGQOGOQOVGOGQ
GQGOOGQOVGQGQOQA
GOOGOQVGQGQOOAQQ
QGOQVGQGOOAQQPG
QQVGQGQOAQQPGQG
VGQGOOAQQPGQGQO
QGOOAQOPGQGOOPG
QOAQQPGQGQOPGQG
AQQPGQGQQPGQGQP
SPQQSGQGQPGYYLT
Q0SGQGQPGYYLTSP
SGQGQPGYYLTSPQQ
QGQPGYYLTSPQQSG
QPGYYLTSPQQSGQG
GYYLTSPQQSGQOGQQ
YLTSPQQOSGQGOOPG
TSPQOSGQGQOPGOL
PQOSGQGQOPGQLOQ
QSGOGOOPGOLOOSA
GQGOQPGOLOQSAQG
GQOPGOLQQSAQGOK
QPGOLQQSAQGQOKGQ
GOLQOSAQGQKGQQP
LOQSAQGQKGQQPGQ
QSAQGQKGQQOPGOGQ
AQGQKGQQPGQGQQP
GOKGQQPGQGQOPGQ
KGQOPGQGQQOPGOGQ
QGOOGQOPGOGOOGQ
QOGQQPGOGOOGQOP

7448923
5881846
6232883
18185854
21689550
17011530
17006872
15341330
4946762
0

0

581955
943405
2235135
2140252
9980

0

47596
49782
146481
2229913
3407840
4076134
3635350
14744837
13807277
13185918
7823961
4161185
32780
358395
987619
2610193
2899174
2429068
1232358
0

0

52529
354725
4714887
6418010
9124862
5933268
7380933



Nr.

769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807

Sequenz

SFQQPQQQYPSSQGS
QQPQQQYPSSQGSFQ
PQOQOQYPSSQGSFQPS
QQYPSSQGSFQPSQQ
YPSSQGSFQPSQQNP
SSQGSFQPSQQNPQA
AQGSVQPQQLPQFAE
GSVQPQQLPQFAEIR
VQPQQLPQFAEIRNL
PQQLPQFAEIRNLAL
QLPQFAEIRNLALQT
PQFAEIRNLALQTLP
FAEIRNLALQTLPAM
EIRNLALQTLPAMCN
RNLALQTLPAMCNVY
LALQTLPAMCNVYIP
LQTLPAMCNVYIPPH
TLPAMCNVYIPPHCS
PAMCNVYIPPHCSTT
MCNVYIPPHCSTTIA
NVYIPPHCSTTIAPF
YIPPHCSTTIAPFGI
PPHCSTTIAPFGIFG
HCSTTIAPFGIFGTN
MKTLLILTILAMATT
TLLILTILAMATTIA
LILTILAMATTIATA
LTILAMATTIATANM
ILAMATTIATANMQV
AMATTIATANMQVDP
ATTIATANMQVDPSG
TIATANMQVDPSGQV
ATANMQVDPSGQVQW
ANMQVDPSGQVQWPQ
MQVDPSGQVQWPQQQ
VDPSGQVQWPQQQPF
PSGQVQWPQQQPFPQ
GQVQWPQQQPFPQPQ
VQWPQQQPFPQPQQP

1897298
1478233
1914567
769947
1868953
1150757
0

0

0
199892
114842

O O O o o o

9411
15554
0

0

0
882484
1017452

O O O O O o o o o o

53643
583095
7167561
11015004
8974620

Nr.

769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807

Sequenz

QQPGQGQPGYYPTSP
PGQGQPGYYPTSPQQ
QGQPGYYPTSPQQSG
QPGYYPTSPQQSGQG
GYYPTSPQQSGOGQQ
YPTSPQQSGQGQOPG
TSPQOSGQGQQOPGOW
PQOSGQGQQPGQWQQ
0SGOGQQPGQWOOPG
GQGQOPGQWQQOPGQG
GQOPGQWQOOPGQGQP
QPGOWQQPGQGQOPGY
GQWQOPGQGQPGYYP
WQQPGQGQPGYYPTS
QPGQGQPGYYPTSPL
GQGQPGYYPTSPLQP
GQPGYYPTSPLQPGQ
PGYYPTSPLQPGQGQ
YYPTSPLOPGQGQPG
PTSPLQPGQGQPGYD
SPLQPGQGQPGYDPT
LOPGQGQPGYDPTSP
PGQGQPGYDPTSPQQ
QGQPGYDPTSPQQPG
QPGYDPTSPQQPGQG
GYDPTSPQQPGQGQQ
DPTSPQQPGQGQQPG
QPGQOLQQPAQGQQGQ
GOLQQPAQGQOOGQOL
LOQPAQGQOGQOLAQ
QPAQGQOGOOLAQGQ
AQGQOGOQLAQGQQG
GQQGOQLAQGQOGQQ
QGOQLAQGQQOGOQPA
QOLAQGQOGQOPAQV
LAQGOQGQQOPAQVQQ
QGOOGQOPAQVOQGQ
QQGQQPAQVOQGORP
GQQPAQVQQGQRPAQ

20072991
16931393
18192173
14574761
7704522
2580935
2990659
3522381
2207430
4033449
0
9793676
20173144
20294890
18746011
20168878
16971031
11374191
8865063
2689187
3131383
3737424
3348135
1725086
681209
3054595
3177697
1189847
1842829
1766471

o O O o o

304673
195424
48082
0



808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853

WPQQQPFPQPQQPFC
QQOPFPQPOOPFCQQ
QPFPQPQQPFCQQPQ
FPQPQQOPFCQQPQRT
QPQQPFCQQPQRTIP
QQPFCQQPQRTIPQP
PFCQQPQRTIPQPHQ
CQQPQRTIPQPHQTF
QPQRTIPQPHQTFHH
QRTIPQPHQTFHHQP
TIPQPHQTFHHQPQQ
PQPHQTFHHQPQQTF
PHQTFHHQPQQTFPQ
QTFHHQPQQTFPQPQ
FHHQPQQTFPQPQQT
HQPQQTFPQPQQTYP
PQQTFPQPQQTYPHQ
QTFPQPQQTYPHQPQ
FPQPQQTYPHQPQQQ
QPQQTYPHQPQQQFP
QQTYPHQPQQQFPQT
TYPHQPQQQFPQTQQ
PHOPQQOFPQTQQPO
QPOQQFPQOTQOPQOP
QQOFPQTQQOPOQPEP
QFPQTQQPQQPFPQP
POTQOPOQPFPQPQQO
TQQPQQPFPQPQQTF
QPQQPFPQPQQTFEFPQ
QQPFPQPQQTFPQQP
PFPQPQQTFPQQPQL
PQPQQTFPQQPQLPF
PQQTFPQQPQLPFPQ
QTFPQQPQLPFPQQP
FPQQPQLPFPQQPQQ
QQPQLPFPQQPQQPF
PQLPFPQQPQQPFPQ
LPFPQQPQQPFPQPQ
FPQOPQQPFPQPQQP
QOPOQPFPQPQOPQQ
PQQPFPQPQQPQQPF
QPFPQPQQPQQPFPQ
FPOQPOQPOOPFPOSQ
QPOQPQOPFPOSQQOP
QOPOQPFPQOSQOPQQ
PQOPFPQSQQPQQPF

15972694
15754615
11780354
12399945
7706255
448631

o O o o o

303389
3214096
6677732
7760019
7116078
4810176
1497719
2156025
5041596
5969649
7131167
5237174
3723095
13187436
3254326
13638362
12591977
13418544
5260653
6001146
5225904
6284431
6761276
4253767
13437098
19190197
16489684
17414401
13779567
17519093
8134441
12734226
12015857
12097282
17187584

808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853

QPAQVQQGQRPAQGQ
AQVQQGQORPAQGQQG
VOOGORPAQGQOQGQQ
QGORPAQGQQGOOPG
QRPAQGQQGQQPGQG
PAQGQQOGQQPGQOGQO
Q0GQQPGOGOOGQOL
GOOGQQLGQOGOOGQQ
QGOOLGOGOOGOOPG
QOLGQGOOGOOPGQG
LGOGOQGOOPGOGQQ
GQOPGQGQOOGQOPAQ
QPGOGQOGOOPAQGQ
GOGOQGOOPAQGOQG
GOQGQOPAQGQOGQQ
QGOOPAQGQQOGOOPG
QOPAQGQOGOOPGQG
QPGQGQQPGQGQPWY
GOGQQOPGQGQPWYYP
GQQPGQGQPWYYPTS
QPGQGQPWYYPTSPQ
GQGQPWYYPTSPQES
GQPWYYPTSPQESGQ
PWYYPTSPQESGQGQ
YYPTSPQESGQGQQP
PTSPQESGQGQQPGQ
SPQESGQGQQPGQWQ
QESGQGQOPGQWQQP
SGQGQQOPGQWQQPGQ
QGOOPGOQWOOPGOGQ
QQPGQWQQPGQGQOPG
PGOWQQPGQGQPGYY
QWQQOPGQGQPGYYLT
QQPGQGQPGYYLTSP
PGQGQPGYYLTSPLQ
QGQPGYYLTSPLQLG
QPGYYLTSPLQLGQG
GYYLTSPLQLGQGQQ
YLTSPLQLGQGQQGY
TSPLOLGQGQQGYYP
PLOLGQGQQGYYPTS
QLGQGQQGYYPTSLQ
YYPTSLQQPGQGQQP
PTSLOQPGQGQQPGQ
SLOQPGQGQQPGQWQ
QOPGQGQOPGOWQOS

218625
1799928
2463890
2194585
3287139
1792531
3855925
0

84819
964864
2796303
2924112
104869
1699368
2192396
1900111
2336990
6282378
12527771
13402541
12670857
11440838
8299688
5499838
5532413
0
1434889
1283152
1518282
1645825
4084545
11228822
15932980
16209739
8206815
6977232
2822316
0

0
10741426
13214568
14927604
6371629
2344912
7849347
7958154



854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899

QPFPQOSQQPQQPFPQ
FPQSQQPQQPFPQPQ
QSQOPQOPFPQOPOQQ
QOPQQPFPQPOQQFP
PQQPFPQPQQQFPQP
QPFPQPQOOFPOPQQ
FPQPOQQFPQPOOPQ
QPOQQFPOPQOPQOS
QQOFPQPOOPOQSEP
QFPOPQOPQOSEFPQQ
POPOOPOOSFPQQQQ
POOPQOSFPQOOOPA
QPOOSFPQOQOQPAIQ
QOSFPQOOQOPAIQSFE
SFPQQQQPAIQSFLQ
POOOQPAIQSFLOQO
QQQPAIQSFLQQQOMN
QPAIQSFLQQQMNPC
AIQSFLQOQQOMNPCKN
QOSFLQOQOMNPCKNFL
FLQQQOMNPCKNFLLQ
QQOMNPCKNFLLQQC
OMNPCKNFLLQQCNH
NPCKNFLLQQCNHVS
CKNFLLQQCNHVSLV
NFLLQQCNHVSLVSS
LLQQCNHVSLVSSLV
QQCNHVSLVSSLVSI
CNHVSLVSSLVSIIL
HVSLVSSLVSIILPR
SLVSSLVSIILPRSD
VSSLVSIILPRSDCQ
SLVSIILPRSDCQVM
VSIILPRSDCQVMQQ
IILPRSDCQVMQQQC
LPRSDCQVMQQQCCQ
RSDCQVMQQQCCQQL
DCQVMQQQCCQQLAQ
QVMQQQCCQQLAQIP
MOOOCCOQLAQIPQO
QQCCQQLAQIPOOLQ
CCQQOLAQIPQQLQCA
QQLAQIPQQLQCAAI
LAQIPQQLQCAAIHS
QIPQQLQCAAIHSVA
PQOLQCAAIHSVAHS

15842322
19168125
17330894
18534108
18321250
9080972
8880654
5103013
7319599
5137557
4155514
2784155
0
1974278

o O O o o

113157

59234

62582

0

0
992838
785877
622664
2097185
2377909
1913544
2413373

O O O O o o o o o o

18907
0

854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899

PGQOGQQOPGOWQQSGQ
QQPGQWQQSGQGQHW
PGQWQQSGQGQHWYY
QWQQSGQGQHWYYPT
QOSGQGQHWYYPTSP
SGQGQHWYYPTSPQL
QGQHWYYPTSPQLSG
QHWYYPTSPQLSGQG
WYYPTSPQLSGQGQR
YPTSPQLSGQGQRPG
TSPQLSGQGQRPGQW
PQLSGQGQRPGQWLQ
LSGQGQRPGQWLQPG
GQGQRPGQWLQPGQG
GORPGQWLQPGQGOQ
RPGQWLQPGQGQQGY
COWLQOPGQGQQGYYP
WLOPGQGQQGYYPTS
SPQOPGQGQQLGQWL
QOPGQGQQLGQWLQP
PGQGQQLGQWLQPGQ
OGQOLGOWLOPGQOGQ
QOLGQWLOPGQGQOG
LGOWLQPGQGQQGYY
QWLQOPGQGQQGYYPT
LOPGQGQOQGYYPTSL
QGQQGYYPTSLQQTG
QOGYYPTSLOQTGOG
CYYPTSLQQTGQGQQ
YPTSLQQTGQGQQSG
TSLQQTGQGQQSGQG
LOQTGQGOOSGOGQO
QTGQGQQSGOGQOGY
GQGQQSGOGQQGYYS
GQOSGQGQOGYYSSY
QSGQGQQGYYSSYHV
GQGQQGYYSSYHVSV
GQQGYYSSYHVSVEH
QGYYSSYHVSVEHQA
YYSSYHVSVEHQAAS
SSYHVSVEHQAASLK
YHVSVEHQAASLKVA
VSVEHQAASLKVAKA
VEHQAASLKVAKAQQ
HOAASLKVAKAQQLA
AASLKVAKAQQLAAQ

2817509
2082898
583235
3139660
1247447
3580157
4845110
340200
1163862
1701933
1039084
2289132
1644471
2506347
564384
2966372
17483294
15284398
6336216
6676440
0

13789
244231
7867003
16482282
16554359
17431619
9370651
3705982
0

0

0
1821913
10077187
8749882
10250021
7773448
1161111
43776

O O O o o o o



900
901
902
903
9204
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945

QLQCAATHSVAHSII
QCAAIHSVAHSIIMQ
AATHSVAHSIIMQQE
IHSVAHSIIMQOQOEQQ
SVAHSIIMQQEQQQG
AHSIIMOQEQQQGVP
SIIMOQEQQOQGVPIL
IMOQEQQOQGVPILRP
QOEQQQGVPILRPLFE
EQOQGVPILRPLFQL
QQOGVPILRPLFQLAQ
GVPILRPLFQLAQGL
PILRPLFQLAQGLGI
LRPLFQLAQGLGIIQ
PLFQLAQGLGIIQPQ
FOLAQGLGIIQPQQOP
LAQGLGIIQPQQPAQ
QGLGIIQPQQOPAQLE
LGIIQPQQOPAQLEGI
ITIQPOOPAQLEGIRS
QPOOPAQLEGIRSLV
QOPAQLEGIRSLVLK
PAQLEGIRSLVLKTL
QLEGIRSLVLKTLPT
EGIRSLVLKTLPTMC
IRSLVLKTLPTMCNV
SLVLKTLPTMCNVYV
VLKTLPTMCNVYVPP
KTLPTMCNVYVPPDC
LPTMCNVYVPPDCST
TMCNVYVPPDCSTIN
CNVYVPPDCSTINVP
VYVPPDCSTINVPYA
VPPDCSTINVPYANI
PDCSTINVPYANIDA
CSTINVPYANIDAGI
TINVPYANIDAGIGG
NVPYANIDAGIGGQ

MKTFPILALLAIVAT
TEFPILALLAIVATTA
PILALLAIVATTATT
ATTAVRVPVPQLQLQ
TAVRVPVPQLQLONP
VRVPVPQLOLONPSQ
VPVPQLOLONPSQQQ
VPQLOLONPSQQQPQ

O O O o o o o o

37413

O O O O o o o o

53383

78110

EOOOOOOOOO
o))
D

O O O O o o o o o o

397521
275526
0
80288
0

900
901
902
903
9204
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945

SLKVAKAQQLAAQLP
KVAKAQQLAAQLPAM
AKAQQLAAQLPAMCR
AQQLAAQLPAMCRLE
QLAAQLPAMCRLEGG
AAQLPAMCRLEGGDA
QLPAMCRLEGGDALS
PAMCRLEGGDALSAS
MCRLEGGDALSASQ

MKTFLVFALLAVAAT
TFLVFALLAVAATSA
LVFALLAVAATSAIA
FALLAVAATSAIAQM
LLAVAATSAIAQMET
AVAATSAIAQMETRC
AATSAIAQMETRCIP
TSAIAQMETRCIPGL
AIAQMETRCIPGLER
AQMETRCIPGLERPW
METRCIPGLERPWQQ
TRCIPGLERPWQQQP
CIPGLERPWQQQPLP
PGLERPWQQQPLPPQ
LERPWQQQPLPPQQT
RPWQQQPLPPQQTEP
WQQQPLPPQQTEFPQQ
QQPLPPQQTFPQQPL
PLPPQQTFPQQPLFS
PPQQTFPQQPLFSQQ
QOTFPQOPLFSQQQQ
TFPQOPLESQQQ0QQ
POOPLFSQQQQQQLF
QPLFSQOOQOQQLEFPQ
LFSQOQQQQOLFPOOP
SQOOQQQLFPQOPSE
QOOQQLFPQOPSESQ
QQOLFPQOPSFSQQQ
QLFPQQPSFSQQQPP
FPQQPSFSQQQPPFW
QQPSFSQQQPPFWQQ
PSFSQQQPPFWQQQP
FSQQQPPFWQQQPPF
QQQPPFWQQQPPFSQ
QPPFWQQQPPFSQQQ
PFWQQQPPFSQQQPI
WQQOQOPPFSQQQPILP

O O O O O OO 0O 0o oo oo o o o o

113909
3278877
3479415
3366958
3515489
669593
14643
4528299
3951591
2755471
4215501
1142801
1098374
0

275977

0
1155131
1980969
2055851
1733479
431518
5664127
6638452
7111184
9535390
9820724
11573204
11575256
11334659



946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991

QLQLQONPSQQQPQEQ
QLQNPSQQQPQEQVP
PSQQQPQEQVPLVQE
QQQPQEQVPLVQEQQ
QPQEQVPLVQEQQFQ
QEQVPLVQEQQFQGQ
QVPLVQEQQFQGQQQ
PLVQEQQFQGQQQPF
VQEQQFQGQQQPFPP
EQQFQGQQQPFPPQQ
QFQGQQQPFPPQQPY
QGQQQPFPPQQPYPQ
QPFPQPQLPYPQPQP
FPQPQLPYPQPQPFR
PQPQPFRPQQPYPQP
CRDVVLQQHNIAHGS
DVVLQQHNIAHGSSQ
VLQQOHNIAHGSSQVL
QOHNIAHGSSQVLQE
HNIAHGSSQVLQEST
IAHGSSQVLQESTYQ
HGSSQVLQESTYQLV
SSQVLQESTYQLVQQ
QVLQESTYQLVQQLC
LOESTYQLVQQLCCQ
ESTYQLVQQLCCQQL
IHNVVHAIILHQQHH
NVVHATIILHQQHHHH
VHAIILHQQHHHHQQ
AIILHQQHHHHQQQQ
ILHQQHHHHQQQQQQ
HQQHHHHQQOQQ0QQ
QHHHHQQQQOQQ0QQ
HHHQQQQQOQQQQQPL
HQQQQQQQQOQPLSQ
SFQOPQQQYPSGQGF
QOPQQQYPSGQGFFQ
PQQQYPSGQGFFQPS
QQYPSGQGFFQPSQQ
YPSGQGFFQPSQQNP
SGQGFFQPSQQONPQA
QGFFQPSQQONPQAQG
FFQPSQQONPQAQGSF
QPSQONPQAQGSFQP
SQONPQAQGSFQPQQ
QONPQAQGSFQPQQLP

0

0

12554
124322
214143
212719

0

0
4097898
7196433
9598238
3296584
12410444
14394336
8456151

O O O O O O OO OO0 OO0 oo oo o o o o

2235682
3626254
3853310
3951907
3673209
1952218
2372013
2207022
0

0

0

946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991

QQPPFSQQQPILPQQ
PPFSQQQPILPQQPP
FSQQQPILPQQPPFS
QQQPILPQQOPPFSQQ
QPILPQQPPFSQQQQ
ILPQQPPFSQQQQLV
PQOPPFSQQQQLVLP
QPPFSQQQQLVLPQQ
PFSQQQQLVLPQQPP
SQOQQLVLPQQPPFS
QQQLVLPQQPPFSQQ
QLVLPQQPPFSQQQQ
VLPQQPPFSQQQQPV
PQOPPFSQQQQPVLP
QPPFSQQQQPVLPPQ
PFSQQQQPVLPPQQS
SQQQQPVLPPQQSPF
QQQPVLPPQQSPFPQ
QPVLPPQQSPFPQQQ
VLPPQQSPFPQQQQQ
PPQOSPFPQOQOOQHO
QOSPFPQOOOOHQOL
SPFPQQOOQQHQOLVQ
FPOOOQQHQOOLVOQQ
QO0QQHQOOLVOQQOIP
QQOHQOLVOQQIPVV
QHQQLVQQQIPVVQP
QQLVQQQIPVVQPSI
LVQQQIPVVQPSILQ
QQQIPVVQPSILQQL
QIPVVQPSILQQLNP
PVVQPSILQQLNPCK
VQPSILQQLNPCKVF
PSILQQLNPCKVFLQ
ILQQLNPCKVFLQQQ
QQLNPCKVFLQQQCS
LNPCKVFLQQQCSPV
PCKVFLQQQCSPVAM
KVFLQQQCSPVAMPQ
FLOQQCSPVAMPQRL
QQQCSPVAMPQRLAR
QCSPVAMPQRLARSQ
SPVAMPQRLARSQML
VAMPQRLARSQMLQQ
MPQRLARSQMLQQSS
QRLARSQMLQQSSCH

6629764
4474781
2201899
4033725
4745757
5256381
5359966
3187168
600518
593687
3267644
2818058
4794118
4094171
2681910
1038523
0

0
1983150
1970487
3830390
1897589

O O O o o o o

292432
19817
395790
2120346
115198
0

0

0

0
168876
294601
0

0
32009
27114
50479
59723



992

993

994

995

996

997

998

999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037

PQAQGSFQPQQLPQF
AQGSFQPQQLPQFEE
GSFQPQQOLPQFEEIR
FQPQOLPQFEEIRNL
QLPQFEEIRNLALQT
PQFEEIRNLALQTLP
FEEIRNLALQTLPAM
LQTLPAMCNVYIPPY
MCNVYIPPYCTIAPF
NVYIPPYCTIAPFGI
YIPPYCTIAPFGIFG
PPYCTIAPFGIFGTN
PLVQQQQFPGQQQQF
VOQOOQOFPGQQQQFPP
QQQFPGQQQQOFPPQQ
QFPGQQQQFPPQQPY
PGQOQQFPPQQPYPQ
QQQQFPPQQOPYPQPQ
QQFPPQQPYPQPQPF
QPYLQLQPFPQPQPF
YLOLQPFPQPQPFPP
QLOPFPQPQPFPPQL
QPFPQPQPFPPQLPY
FPQPQPFPPQLPYPQ
QPQPFPPQLPYPQPQ
QPFPPQLPYPQPQSF
FPPQLPYPQPQSFPP
PQLPYPQPQSFPPQQ
LPYPQPQSFPPQQPY
YPQPQSFPPQQPYPQ
QPQSEFPPQQOPYPQQQ
QSFPPQQPYPQQQPQ
FPPQOPYPQQQPQYL
PQOPYPQQQPQYLQP
QPYPQQQPQYLQPQQ
YPQOQPQYLQPQQPI
QQQPQYLQPQQPISQ
QPQYLQPQQOPISQQQ
QYLQPQQPISQQQAQ
LOPQQPTISQQQAQQQ
PQOPISQQQAQQQQQ
QPISQQOAQQQ00QQ
ISQQQAQQQ0QQQQ0
Q00AQQQQ00000Q0
QAQ0QQQ000000QQ
NIAHASSQVLQQSTY

0

535575
265644
1103640
1143538
296008
291004
341830
2972429
2700302
3711178
0
4820756
4305051
3700892
6286364
14252388
15859246
15382422
5417073
6467716
7416310
11322779
12811051
15556610
15015912
12385121
4565765
3935580
13037336
11093555
11574956
13306270
3541904
401008

0

0

142366
599105
814648
232506
110640
26232

0

0

0

992

993

994

995

996

997

998

999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037

LARSQMLQQSSCHVM
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