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The consumption of wheat, rye, and barley may cause adverse reactions to wheat such
as celiac disease, non-celiac gluten/wheat sensitivity, or wheat allergy. The storage
proteins (gluten) are known as major triggers, but also other functional protein groups
such as a-amylase/trypsin-inhibitors or enzymes are possibly harmful for people suffering
of adverse reactions to wheat. Gluten is widely used as a collective term for the complex
protein mixture of wheat, rye or barley and can be subdivided into the following gluten
protein types (GPTs): a-gliadins, y-gliadins, w5-gliadins, w1,2-gliadins, high- and low-
molecular-weight glutenin subunits of wheat, w-secalins, high-molecular-weight secalins,
y-75k-secalins and y-40k-secalins of rye, and C-hordeins, y-hordeins, B-hordeins, and
D-hordeins of barley. GPTs isolated from the flours are useful as reference materials for
clinical studies, diagnostics or in food analyses and to elucidate disease mechanisms. A
combined strategy of protein separation according to solubility followed by preparative
reversed-phase high-performance liquid chromatography was employed to purify the
GPTs according to hydrophobicity. Due to the heterogeneity of gluten proteins and their
partly polymeric nature, it is a challenge to obtain highly purified GPTs with only one
protein group. Therefore, it is essential to characterize and identify the proteins and their
proportions in each GPT. In this study, the complexity of gluten from wheat, rye, and barley
was demonstrated by identification of the individual proteins employing an undirected
proteomics strategy involving liquid chromatography-tandem mass spectrometry of
tryptic and chymotryptic hydrolysates of the GPTs. Different protein groups were obtained
and the relative composition of the GPTs was revealed. Multiple reaction monitoring liquid
chromatography-tandem mass spectrometry was used for the relative quantitation of the
most abundant gluten proteins. These analyses also allowed the identification of known
wheat allergens and celiac disease-active peptides. Combined with functional assays,
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these findings may shed light on the mechanisms of gluten/wheat-related disorders
and may be useful to characterize reference materials for analytical or diagnostic assays

more precisely.

Keywords: allergy, amylase/trypsin-inhibitor, celiac disease, gliadin, gluten, mass spectrometry, non-celiac gluten

sensitivity, proteomics

INTRODUCTION

Cereals including wheat, rice, and maize are the most important
staple foods for mankind worldwide. However, the consumption
of wheat and the closely related cereals rye and barley may cause
adverse reactions to wheat such as celiac disease (CD), non-
celiac gluten sensitivity (NCGS), or wheat allergy (Sapone et al.,
2012; Ludvigsson et al., 2013; Catassi et al., 2017, for review). The
triggers are mainly the storage proteins (gluten), but non-gluten
proteins like a-amylase/trypsin-inhibitors (ATIs), lipid transfer
proteins, puroindolines, or B-amylases are also immunoreactive
(Tatham and Shewry, 2008; Scherf, 2019, for review). Gluten is
widely used as a collective term for the complex protein mixture
of wheat, rye, or barley, which is not soluble in water or salt
solution (Codex Alimentarius Commission, 2015). Traditionally,
cereal proteins are classified into the so-called Osborne fractions
that can be obtained with salt solution (albumins/globulins), 60%
aqueous ethanol (prolamins), and a reducing solution of 50%
propanol and Tris-hydrochloride buffer (Tris-HCI) (glutelins).
Albumins/globulins are mainly protective or metabolic
proteins whereas prolamins and glutelins constitute the
storage proteins called gluten. Gluten is composed of gliadins
(prolamins) and glutenins (glutelins) in wheat, secalins in rye
and hordeins in barley (Scherf et al., 2016). Each gluten fraction
can be further subdivided into the respective gluten protein types
(GPTs) by preparative reversed-phase high-performance liquid
chromatography (RP-HPLC) according to their characteristic
retention times. The GPTs of wheat prolamins are a-gliadins,
y-gliadins, wl,2-gliadins, and w5-gliadins, and wheat glutelins
are divided into high- (HMW-GS) and low-molecular-weight
glutenin subunits (LMW-GS). The GPTs of rye are called
w-secalins, HMW-secalins, y-75k-secalins, and y-40k-secalins
and the barley GPTs are B-hordeins, C-hordeins, D-hordeins,
and y-hordeins (Scherf et al., 2016). These GPTs can be classified
into three different groups according to their homologous amino
acid sequences and similar molecular weights: LMW group,
medium-molecular-weight group and HMW group (Table 1).
Each GPT contains numerous different proteins, which differ
partly only by exchange, deletion or insertion of single amino
acids in their sequences. Proteins of the HMW group occur in
the glutelin fraction as polymers linked by interchain disulfide
bonds. Previous studies revealed similar molecular weights (70—
90 kDa) and homologous amino acid sequences of D-hordeins,
HMW-secalins and HMW-GS (Field et al., 1982; Shewry et al.,
1988; Gellrich et al., 2003). The amino acid sequences contain
repetitive units such as QQPGQG, YYPTSP, or QQP and QPG.
Differences between the proteins result from modifications
of single amino acids or the arrangement and number of the

repetitive units. The medium-molecular-weight group proteins
mainly occur as monomers in the prolamin fraction and have
molecular weights around 40-50 kDa, with the exception of
w5-gliadins (60-68 kDa) that are unique for wheat. The typical
repetitive unit for w5-gliadins is QQQPE, and QPQQPFP is
characteristic for wl,2-gliadins, w-secalins and C-hordeins.
The LMW group consists of monomeric (a-gliadins, y-gliadins,
y-40k-secalins, and y-hordeins) and polymeric proteins
(LMW-GS, y-75k-secalins, and B-hordeins). Their molecular
weights range from 28 to 35 kDa, except for y-75k-secalins with
a molecular weight around 50 kDa. The proteins of the LMW
group comprise unique repetitive units such as QPQPFPPQQPY
(a-gliadins), QQPQQPFP (y-gliadins, y-75k-secalins, and
B-hordeins), and QQPPFS (LMW-GS).

These characteristic features of the GPTs are known to
contribute to the CD-immunoreactivity of wheat, rye, and
barley, because most CD-active peptides are derived from these
repetitive units. For example, the T-cell epitopes QGYYPTSPQ
(DQ8.5-glut-H1), QQPQQPFPQ (DQ2.5-glia-y4c), or
QQPQQPFPQ (DQ8-glia-yla) contain typical repetitive units
highlighted in bold (Sollid et al., 2012). Beside CD, a wide
range of wheat, rye, and barley proteins are potential allergens
or triggers of innate immunity in NCGS. The recently published
reference sequence RefSeq v1.0 of the hexaploid common wheat
genome (International Wheat Genome Sequencing Consortium
(IWGSC), 2018) provides further insights as the first reference to
which known immunoreactive gluten and non-gluten proteins
can be annotated (Juhasz et al., 2018).

Numerous studies have demonstrated the complexity of
gluten as a mixture of closely related, but distinct proteins
(Arentz-Hansen et al., 2000; Dupont et al, 2011; Colgrave
et al,, 2013; Schalk et al.,, 2017). Their similarity poses major
difficulties in clearly separating gluten into well-defined
gluten protein fractions, GPTs and especially individual gluten

TABLE 1 | Gluten protein types and their classification according to molecular
weight (Scherf et al., 2016).

Group Wheat Rye Barley

HMW HMW-GS HMW-secalins D-hordeins

MMW o1,2-gliadins wo-secalins C-hordeins
w5-gliadins - -

LMW LMW-GS y-75Kk-secalins B-hordeins
y-gliadins y-40k-secalins y-hordeins
a-gliadins - -

GS, glutenin subunits; HMW, high-molecular-weight; MMW, medium-molecular-
weight; LMW, low-molecular-weight.
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proteins (Mamone et al., 2009; Ellis et al., 2011; Lagrain et al,,
2013). One strategy is to combine separation according to
solubility (Osborne fractionation) with subsequent fractionation
according to polarity by preparative RP-HPLC. However, the
ultraviolet signal at a specific retention time during preparative
RP-HPLC does not provide any further information on the
identity of the proteins being collected. Considering the highly
variable immunoreactivities of wheat, rye and barley proteins it
is essential to know the exact composition of the GPT isolates,
especially when trying to gain further insights into pathogenic
cascades of CD, NCGS, and wheat allergies (Vader et al., 2002;
Matsuo et al., 2005; Scherf et al., 2019). For example, wheat ATIs
were only identified as triggers of innate immunity via the toll-
like receptor 4 in NCGS, because they were co-purified within
the w-gliadin fraction (Junker et al., 2012). Therefore, it is crucial
to identify the individual proteins within each GPT isolate and
undertake relative quantitation of the highly abundant proteins
by liquid chromatography-mass spectrometry (LC-MS/MS).

In the current fundamental study, LC-MS/MS analysis was
applied to all isolated GPTs of wheat, rye, and barley to precisely
determine the identities of the proteins in each isolate as well
as their relative abundances to provide a detailed assessment of
the molecular composition. A special focus was placed on the
identification of known CD-immunoreactive and allergenic
peptides and proteins.

MATERIAL AND METHODS

Material

All chemicals and solvents were at least HPLC or LC-MS grade.
Formicacid (FA),ammonium bicarbonate (Ambic), dithiothreitol
(DTT), and iodoacetamide (IAM), were purchased from Sigma-
Aldrich (Sydney, NSW, Australia). Trypsin (sequencing grade,
V511A; specific activity: 15,282 units/mg) and chymotrypsin
(sequencing grade, V106A; specific activity: at least 70 units/mg
by N-benzoyl-L-tyrosine ethyl ester assay) were purchased from
Promega (Sydney, NSW, Australia).

Grain Samples

Grains of wheat [cultivar (cv.) Akteur, harvest year 2011, L.G.
Pflanzenzucht, Munich, Germany], rye (cv. Visello, harvest
year 2013, KWS Lochow, Bergen, Germany), and barley (cv.
Marthe, harvest year 2009, Nordsaat Saatzucht, Langenstein,
Germany) grown in Germany were milled into white flour using
a Quadrumat Junior mill (Brabender, Duisburg, Germany).
Subsequently, the flours were sieved to a particle size of 200 um
and allowed to rest for 2 weeks. The choice of these cultivars
was based on production shares in Germany for conventional
farming to ensure that these cultivars were of economic relevance
and, therefore, deemed to be representative for each grain.

Analysis of Moisture and Crude Protein
Contents

The determination of moisture and crude protein (CP) contents
(conversion factor N X 5.7) was carried out according to

International Association for Cereal Science and Technology
Standards 110/1 and 167.

Preparation of Gluten Protein Types

The a-gliadins, y-gliadins, w1,2-gliadins, w5-gliadins, HMW-GS
and LMW-GS of wheat, w-secalins, HMW-secalins, y-75k-
secalins, and y-40k-secalins of rye, and B-hordeins, C-hordeins,
D-hordeins, and y-hordeins were isolated by modified Osborne
fractionation and preparative RP-HPLC (Schalk et al., 2017)
from the flours after a maximum of 6 weeks storage after milling
in the respective year. The flours of wheat, rye, and barley (4 x
50 g) were extracted step-wise three times each with 200 ml salt
solution (0.4 mol/l NaCl with 0.067 mol/l Na,HPO,/KH,PO,,
pH 7.6) for 10 min at 22°C, centrifuged and the supernatant
containing albumins/globulins was discarded. The sediments
were extracted with ethanol/water (60/40, v/v) (3 x 200 ml) for
10 min at 22°C to obtain the prolamin fractions. For the glutelins,
the resulting sediments were extracted three times each with 200
ml 2-propanol/water (50/50, v/v)/0.1 mol/l Tris-HCI, pH 7.5,
containing 2 mol/l (w/v) urea and 0.06 mol/l (w/v) DTT for 30
min at 60°C under nitrogen. The supernatants of each prolamin
and glutelin fraction were combined, concentrated, lyophilized
and stored at -20°C until use. This whole extraction procedure
was performed on four independent batches to give enough
material for further analyses.

For preparative RP-HPLC, the wheat, rye, and barley prolamin
fractions (200 mg) were dissolved in 10 ml ethanol/water and the
glutelin fractions (1,000 mg) in 10 ml of the glutelin extraction
solution. The solutions were filtered (0.45 pm) and separated on
a Jasco HPLC (Jasco, Gross-Umstadt, Germany) according to
their retention times, collected from several runs, pooled and
lyophilized as described previously (Schalk et al., 2017). The
isolated GPTs were again stored at -20°C until use. Long-term
experience with storage of the Prolamin Working Group-gliadin
reference material (Van Eckert et al., 2006) in our laboratory
since its isolation in the early 2000s indicates that protein isolates
are stable for several years or even decades when kept frozen
at -20°C or, ideally, at -80°C.

Enzymatic Cleavage of GPTs

The GPT hydrolysates were prepared as reported in Colgrave
et al. (2016a; 2016b). Briefly, each GPT (n = 3) was dissolved in
50 mmol/l Ambic buffer with a concentration of 2 mg/ml and
applied to a 10 kDa molecular weight cutoff filter (Millipore,
Australia). The GPT solutions were washed with washing
solution (2 x 100 pl; 8 mol/l urea; 100 mmol/l Tris-HCL; pH
8.5) and the filters were centrifuged. For reduction, DTT
solution (10 mmol/l) was added; the filters were incubated for
40 min at room temperature and then centrifuged. For cysteine
alkylation, 100 ul of IAM solution (25 mmol/l; in 8 mol/l urea;
100 mmol/l Tris-HCI) was added and the solution was incubated
at room temperature in the dark for 20 min. The filters were
centrifuged and washing solution was added (2 x 100 pl). To
exchange the buffer, two times 200 pl of Ambic buffer was added
and centrifuged. The 10 kDa filters were transferred to fresh
centrifuge tubes, the digestion enzyme (trypsin or chymotrypsin:
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200 pl; 250 pg/ml in 50 mmol/l Ambic; 1 mmol/l CaCl,; enzyme/
substrate ratio of 1/4 (w/w); respectively) was added, and the
mixture was incubated overnight at 37°C. The filtrates with the
enzymatically cleaved peptides were collected by centrifugation,
the filters were washed again with 200 uL of Ambic, and the
filtrates and the washing solution were combined separately
for each replicate and lyophilized. For LC-MS/MS analysis the
peptides were resuspended in 100 pl 1% FA.

Undirected LC-MS/MS Analysis

Aliquots (5 pl) of each GPT replicate were pooled for analysis. The
LC-MS/MS analysis was performed on an Ekspert nanoLC415
(Eksigent, Dublin, CA, United States) directly coupled to a
TripleTOF 6600 MS (SCIEX, Redwood City, CA, United States)
with the following parameters: Trap column: ChromXP C18 (3
pm, 12 nm, 10 x 0.3 mm); flow rate: 10 pl/min solvent A; 5 min;
column: ChromXP C18 (3 um, 12 nm, 150 mm x 0.3 mm); flow
rate: 5 pl/min; solvents: (A) 5% DMSO, 0.1% FA, 94.9% water;
(B) 5% DMSO, 0.1% FA, 90% acetonitrile, 4.9% water; linear
gradient from 3 to 25% solvent B over 68 min, followed by a
second linear step from 25-35% solvent B over 5 min, followed
by a third linear step from 35-80% B over 2 min; a 3 min hold
at 80% B; return to 3% B over 1 min; 8 min of re-equilibration;
injection volume: 2 ul. DMSO was added as it enhances
ionization and increases the signal-to-noise ratio (Hahne et al.,
2013). The eluent from the HPLC was directly coupled to the
DuoSpray source of the TripleTOF 6600 MS. The MS settings
were as follows: Ion spray voltage: 5,500 V; curtain gas: 138 kPa
(20 psi); ion source gas 1 and 2 (GS1 and GS2): 103 and 138 kPa
(15 and 20 psi); heated interface temperature: 100°C. The MS
was operated in the information-dependent acquisition (IDA)
mode. The IDA method consisted of a high-resolution time-of-
flight-MS survey scan followed by 30 MS/MS scans, each with
an accumulation time of 40 ms. The mass-to-charge (m/z) range
of the acquisition of the MSI spectra in positive ion mode was
400-1,250 with a 0.25 s accumulation time. MS2 spectra were
acquired on precursor ions that exceeded 150 counts/s with
charge states 2+ to 5+ and over the mass range of m/z 100-1,500
using the manufacturer’s rolling collision energy based on the
size and charge of the precursor ion and a collision energy spread
of 5V for optimum peptide fragmentation. Analysis was carried
out with dynamic ion exclusion of precursor ions with a 15 s
interval after one occurrence and a mass tolerance of 100 ppm,
and peaks within 6 Da of the precursor mass were excluded.

Data Analysis for Protein Identification

For protein identification, the SCIEX.wift raw files were directly
used as input in the ProteinPilot 5.0 software (SCIEX) with the
Paragon algorithm (Shilovetal.,2007). The raw data were searched
against a database comprising UniProtKB-Poaceae proteins
(https://www.uniprot.org; version 2018/02) appended with
cRAP (http://www.thegpm.org/crap/), the common repository
of adventitious proteins (1,601,923 sequences). The settings used
were: IAM as the alkylating agent; trypsin, chymotrypsin, or
no enzyme as the cleavage enzyme. ProteinPilot automatically
considers enzyme cleavage specificity rules and all UniMod

modifications, including e.g., oxidation of methionine and
deamidation of asparagine and glutamine, and uses a probability-
based approach that considers sample treatment conditions. A
1% global false discovery rate (FDR) was applied for the protein
identifications. The detected proteins were classified according to
Dupont et al. (2011) into the following groups: gluten proteins,
ATTs, globulins, B-amylase, other enzymes, farinins, serpins,
grain softness proteins and puroindolines (GSPs+PINs), avenin-
like proteins, other inhibitors, uncharacterized proteins (name of
entries in the database UniProtKB) and others. The group “others”
contains all identified proteins, which could not be assigned
to any of the aforementioned groups. All proteins identified
as “uncharacterized” and “predicted” were manually reviewed
using the basic local alignment search tool (BLAST) (Altschul
et al., 1990) on the UniProtKB webpage with the target database
UniProtKB reference proteomes plus SwissProt (parameters:
identity >70%, except for hits with names of a group or from the
subfamily Pooideae). Due to the challenge of having different
terms and often uncurated and incomplete protein sequences in
the UniProtKB Poaceae database, the protein names for gluten
proteins were summarized in the group “gluten proteins”, which
comprise gliadins, glutelins, glutenins and prolamins for wheat,
secalins, glutelins, glutenins and prolamins for rye and hordeins,
glutelins, glutenins and prolamins for barley. By means of the
rank for the specified protein given by the Paragon algorithm in
ProteinPilot, the detected proteins are sorted relative to all other
ones. The proportion in each different group was calculated as
the number of identified proteins per group multiplied by the
number of distinct peptides with a >95% confidence level by
which these proteins were identified to have a weighting factor
for the rank of the specific protein relative to all other proteins

Preparation of the Multiple Reaction
Monitoring Methods Using Skyline

Within each GPT, the identified proteins were selected according
to the following parameters: belonging to the family Poaceae, the
subfamily Pooideae and to gluten; 1% global FDR; confidence
score > 99% and unused score > 2.0. The manually curated FASTA
files list and the results of the undirected LC-MS/MS experiments
were imported into Skyline (version 4.2.0.19072). Multiple
reaction monitoring (MRM) transitions were determined for each
peptide predicted with precursor ion (Q1) with m/z (50-1,500)
and charge (2+; 3+) and fragment ion (Q3) m/z values using
the data collected in the undirected LC-MS/MS experiments
(Colgrave et al., 2012). Up to six transitions were used in the
preliminary analyses and the MRM transitions were refined and
the top four MRM transitions were selected per peptide for use in
the final method. In the subsequent experiments scheduled MRM
transitions were used for analysis in triplicate.

Multiple Reaction Monitoring Mass
Spectrometry for Relative Protein
Quantitation

Scheduled MRM experiments were used for quantitation of
the reduced and alkylated tryptic and chymotryptic peptides of
each GPT in triplicate, respectively. The LC-MS/MS analysis was
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performed on an UHPLC system (Shimadzu Nexera, Sydney,
Australia) directly coupled to a QTRAP 6500 mass spectrometer
(SCIEX). The cycle time was set to 0.3 s, and the MRM transitions
were scheduled to be monitored within 60 s of their expected
retention time (+ 30 s) (Colgrave et al., 2017a).

Relative Protein Quantitation

The peaks were integrated using Skyline. The relative quantitation
of the proteins within each GPT was performed by using the “best
flyer methodology” (Ludwig et al., 2012), in which the peak areas
of four transitions of one peptide (average of three replicates)
were summarized. One peptide is used to represent one protein
and the values of the peak area of each peptide were assigned
to the respective protein. The datasets from the tryptic and
chymotryptic digests were combined by removing the duplicate
protein with the lower value. Then, the areas of all proteins from
the same category according to their UniProtKB accession were
summarized. The calculations were done in Microsoft Excel and
the graphical images were done in Origin (version 2018b (9.55),
OriginLab Northampton, MA, USA).

RESULTS

General Characterization of Gluten

Protein Types

The moisture contents of the flours were 14.59 + 0.01% for wheat,
11.42 + 0.01% for rye and 12.09 + 0.06% for barley. The contents
of CP, albumin/globulin, prolamin, and glutenin fractions in the
flours are given in Table S1. Table S2 lists the CP contents of the
GPTsisolated from wheat, rye and barley flours and the proportions
of each GPT within total gluten. The Osborne fraction values are
based on flour weight; the proportions of GPTs are based on total
gluten content (Lexhaller et al., 2016; Lexhaller et al., 2017). The
results corresponded well to those reported previously (Gellrich
et al., 2003; Kerpes et al., 2016; Schalk et al., 2017)

Identification of Protein Groups in the
Gluten Protein Types

The Osborne fractions (prolamins and glutelins) extracted from
the flours were separated into the GPTs by preparative RP-HPLC.
These purified GPTs were reduced, alkylated and subjected to
tryptic (T) and chymotryptic (C) hydrolysis, respectively. The
GPT hydrolysates were analyzed by LC-MS/MS to identify the
complete suite of proteins present in each GPT. Proteins with
identical sequences were used once. For each GPT, the suite
of proteins identified after tryptic digest (Table S3) and after
chymotryptic digest (Table S4) were recorded. All proteins
originally identified as “uncharacterized” or “predicted” were
manually searched again using the BLAST tool available from
the UniProtKB webpage. According to the data of the undirected
LC-MS/MS experiments, Figure 1 shows the qualitative
composition and proportion of the proteins in each GPT.

Wheat
A similar composition with mainly gluten proteins (87% and
85%, respectively) and 6-7% ATIs was detected in the a- and

y-gliadin-GPTs. The w5-gliadin-GPT was composed of 77%
gluten proteins and 14% ATIs, whereas the wl,2-gliadin-
GPT contained about 58% gluten proteins, 26% ATIs and 6%
GSPs+PINs. HMW- and LMW-GS-GPTs showed a comparable
composition with about 78% or 81% gluten proteins, respectively
(Figure 1A).

Rye

The w-secalin-GPT consisted of 79% gluten proteins, 10% ATIs,
and 6% GSPs+PINs. In the HMW-secalin-GPT, 4% farinins, 3%
other enzymes, and 3% globulins were identified besides 76%
gluten proteins. The y-75k-secalin-GPT was composed of 58%
gluten proteins, 5% ATIs and more than 10% other enzymes. The
composition of the y-40k-secalin-GPT included only 23% gluten
proteins, 23% other enzymes and about 23% others. It should be
noted that 21% of the identified proteins were uncharacterized
ones (Figure 1B).

Barley

The C-hordein-GPT consisted mainly of 62% gluten proteins, 10%
ATTs and 7% GSPs+PINs. The y-hordein-GPT was composed of
over 92% gluten proteins and 4% ATIs and the residual groups
amounted only to 4% altogether. The compositions of B- and
D-hordein-GPTs were similar, but the B-hordein-GPT had a
greater diversity of enzymes (15% in total) and contained 11%
uncharacterized proteins. In the D-hordein-GPT (Figure 1C)
high proportions of other proteins (24%) were present.

Identification of Single Proteins in the
Gluten Protein Types

Tables S3 and $4 list all identified proteins with their UniProtKB
accession number, name, organism, rank, score, sequence
coverage and number of identified peptides. As an overview of
the qualitative data, the three proteins with the highest ranks
identified in the tryptic (Table 2) and in the chymotryptic
(Table 3) hydrolysates, respectively, of each GPT according to
the rank are summarized. The rank of each specified protein is
relative to all identified proteins in the fraction and contaminant
proteins, such as the proteases used and/or keratins from sample
preparation were excluded.

Wheat

The high-scoring proteins detected in the tryptic hydrolysates
of the a-gliadin-GPT and the y-gliadin-GPT represented gluten
proteins, except one a-amylase-inhibitor (Table 2). The top-
ranked proteins often did not match those of the corresponding
protein type, whereas the matching proteins appeared at lower
ranks, e.g., y-gliadins (DOES80; H8YOP9) at ranks five and
seven in the y-gliadin-GPT with similar scores and peptide
numbers. The chymotryptic hydrolysates (Table 3) showed
similar compositions. The tryptic hydrolysate of the w5-gliadin-
GPT contained mainly HMW-GS proteins, but an w-gliadin
(AOAOB5J8A9) was identified based on eight peptides at rank
12. Surprisingly, no w-gliadin was identified in the chymotryptic
hydrolysate of the w5-gliadin-GPT. The tryptic hydrolysate of the
w1,2-gliadin-GPT was composed of different types of proteins
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FIGURE 1 | Composition and proportions of proteins in each GPT. Classification of identified proteins into the following groups for wheat (A), rye (B), and barley
(C) gluten protein types: gluten proteins, a-amylase/trypsin-inhibitors (ATls), globulins, other enzymes, p-amylase, farinins, serpins, grain softness proteins, and
puroindolines (GSPs+PINs), uncharacterized proteins, avenin-like proteins, other inhibitors, and others. When a group is missing in individual GPT, no proteins were
identified. Groups without number represent less than 2%. GS, glutenin subunits; HMW, high-molecular-weight; LMW, low-molecular-weight.

representing the two main groups of this GPT (Figure 1A).
The chymotryptic hydrolysate contained an w-gliadin protein
(AOAO60NO0S6) at rank 1 with by far the highest score and the
most identified peptides (89). In the tryptic and chymotryptic
hydrolysates of the HMW-GS-GPT the highest ranked proteins
were HMW-GS. The high-scoring proteins in the tryptic LMW-
GS-GPT were the 12§ seed storage globulin (M7ZK46), which
belongs to the cupin super-family with nutrient reservoir activity
(Dunwell, 1998) and one LMW-GS, which was identified with the

highest number of peptides. These proteins represent the main
group, gluten proteins, and the second main group in this GPT,
the globulins (Figure 1A). Globulins are known to polymerize
via interchain disulfide bonds and may thus appear in the high-
molecular-weight group (Vensel et al., 2014).

Rye
The three proteins with the highest scores in the tryptic w-secalin-
GPT hydrolysate (Table 2) were an w-secalin, a trypsin inhibitor
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TABLE 2 | High-scoring proteins (top 3) identified in each gluten protein type (GPT) after tryptic cleavage.

GPT Rank? UniProtKB accession UniProtKB name Score® Peptides
a-gliadins 1 ROXUM8 Alpha-gliadin 30.03 96
2 B2Y2Q4 Low molecular weight GS 17.12 55
3 P17314 Alpha amylase inhibitor CM3 13.52 18
v-gliadins 1 Q41553 HMW-GS Ax2 27.66 31
3 I3XHQ1 LMW-9 24.08 38
4 WBAX70 HMW-GS 20.79 25
w5-gliadins 1 Q41553 HMW-GS Ax2 52.89 56
4 VITRL3 HMW-GS 1Dy 21.91 24
6 P10388 HMW-GS Dx5 16.73 17
®1,2-gliadins 5 GOIMR7 Alpha-gliadin Gli-M2 24.59 29
7 C8CAI4 Dimeric alpha-amylase inhibitor 24.10 28
8 BOVRI3 Alpha-amylase inhibitor CM16 20.01 28
HMW-GS 1 WBAX70 HMW subunit 71.28 113
2 AOAOBOMZP1 HMW subunit 54.59 123
3 P10388 HMW subunit 41.05 97
LMW-GS 1 M7ZK46 Seed storage globulin 1 26.70 32
2 AOA0B0MZPA HMW glutenin subunit 18.51 31
4 DBRVY4 LMW glutenin subunit 16.56 73
w-secalins 2 AOA159KI56 Omega-secalin 23.75 79
5 Q7M220 Trypsin inhibitor 16.31 22
6 WBAW98 HMW-GS x 14.17 19
HMW-secalins 1 WBAW92 HMW-GS y 39.73 221
2 Q93WFO HMW-GS x 30.31 109
4 WB8NKZ9 B-type farinin protein 10.70 27
v-75k-secalins 1 ESKZQ2 75k gamma secalin 53.31 165
2 BOABE2 Protein disulfide-isomerase 11.52 30
3 Q9ZSR6 Heat shock protein HSP26° 2.60 12
v-40k-secalins 1 AOA1D5U769 Sucrose synthase 28.58 25
2 MBASF1 Actin-24 27.76 23
4 H8YOK4 Gamma prolamin 24.32 83
C-hordeins 2 QB84LE9 D-hordein 17.38 32
3 Q5IUH1 Hordoindoline-B 1 10.09 6
4 Q41518 RNA-binding protein® 8.14 7
vy-hordeins 2 16TMWA4 B3-hordein 33.90 60
3 P0B470 B1-hordein 16.30 64
4 P80198 Gamma-hordein-3 13.20 16
B-hordeins 1 F2D284 Protein disulfide-isomerase 31.05 22
2 M7ZK46 128 seed storage globulin 1 22.68 17
3 16TMW4 B3-hordein 21.90 102
D-hordeins 1 I6TRS8 D-hordein 36.20 209
3 Q41350 Osmotin-like proteind 13.57 8
4 Q41518 RNA-binding protein® 11.63 10

aThe rank of the specified protein is relative to all other proteins in the list of detected proteins, PUnused ProtScore, defined as a measure of the protein confidence for
a detected protein, calculated from the peptide confidence for peptides from spectra that are not already completely “used” by higher scoring winning proteins, thus
reflecting the amount of total, unique peptide evidence related to a given protein, cafter BLAST search (identified as uncharacterized protein: R7W8L3), %after BLAST
search (identified as uncharacterized protein: W5AHI2), eafter BLAST search (identified as predicted protein: F2CR90), ‘after BLAST search (identified as predicted
protein: F2E9NO), 9after BLAST search (identified as predicted protein: F2DZW3), "after BLAST search (identified as predicted protein: F2CR90).

and a HMW-GS, which represent the two main groups of the
w-secalin-GPT in Figure 1B. Only two proteins passing the 1%
FDR threshold were identified in the chymotryptic hydrolysate
of the w-secalin-GPT (Table 3). In the tryptic and chymotryptic
hydrolysates of the HMW-secalin-GPT, the highest ranked
proteins were a HMW-secalin (Q93WFO0; rank 2) and a wheat
HMW-GS protein (W6AW92; rank 1), which is, however, very
similar to the HMW-secalin protein D3XQB8 (95.8% identity).
The tryptic hydrolysate of the y-75k-secalin-GPT consisted
mainly of the 75k gamma secalin protein E5KZQ2. The high
scoring proteins represent the three main groups in the y-75k-
secalin-GPT (Figure 1B). Another 75k y-secalin protein
(E5KZQ6) was also identified with a high number of peptides,

but a lower score. In the chymotryptic hydrolysate, the protein
identified with the most peptides (49) was the 75k y-secalin
E5KZQ1 at rank 3. In case of the y-40k-secalin-GPT, only one
y-prolamin protein was identified in the tryptic hydrolysate
at rank 3. A sucrose synthase and an uncharacterized protein
(W5AHI2) ranked first and second, respectively. The BLAST
search identified an actin-2 protein (M8ASF1) with 100% identity
to this uncharacterized protein. Uncharacterized proteins
represented one of the largest groups in the y-40k-secalin-GPT
(Figure 1B), probably due to missing reference protein sequences.
The chymotryptic hydrolysate showed a similar proportion with
a formate dehydrogenase and two uncharacterized proteins as
the three high-scoring proteins.
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TABLE 3 | High-scoring proteins (top 3) identified in each gluten protein type (GPT) after chymotryptic cleavage.

GPT Rank? UniProtKB UniProtKB name Score® Peptides
accession
a-gliadins 1 J71026 Alpha-gliadin 19.29 34
2 AOA0U2P410 Low molecular weight GS 14.37 19
3 IBXHQ1 Low molecular weight GS 8.51 7
y-gliadins 2 QIXGFO Low molecular weight GS 4.97 4
3 B6UKM7 Gamma gliadin 2.97 1
4 P94021 LMM glutenin 2 (Fragment) 2.92 1
w5-gliadins 1 DBRVY4 LMW-GS (Fragment) 6.66 10
2 P10387 HMW-GS Dy10 6.45 9
4 Q41553 HMW-GS Ax2 2.49 4
o1,2-gliadins 1 AOAOBONOS6 Omega-gliadin 17.11 89
2 P10388 HMW-GS Dx5 4.84 6
3 P10385 Low molecular glutenin subunit® 4.53 3
HMW-GS 1 COoSuC3 HMW glutenin subunit x5 27.39 39
2 P10387 Glutenin, HMW subunit Dy10 13.58 44
3 Q03872 HMW subunit 1Ax1 12.04 30
LMW-GS 1 D6RVY4 Low molecular glutenin subunit 13.32 41
2 IBXHQ1 LMW glutenin subunit LMW-9 12.30 19
3 AOA0S2GJT4 LMW glutenin subunit 9.1 24
w-secalins 1 AOA159KI90 Omega-secalin 10.57 68
2 W6ewWo8s HMW-GS x 4.45 8
HMW-secalins 1 WBAW92 HMW-GS y 17.33 38
2 Q93WFO HMW-GS x 14.61 58
3 Q43639 Secl 3.96 12
y-75k-secalins 1 P52589 Protein disulfide-isomerase 8.38 4
2 Qo412 HMW-GS x 5.47 3
3 E5KZQ1 75k gamma-secalin 4.68 49
v-40k-secalins 1 WS5IA32 Formate dehydrogenase 7.41 3
2 KBZAI0 Uncharacterized protein 7.31 8
3 WA4ZSH7 Uncharacterized protein 5.98 5
C-hordeins 1 P06472 C-hordeind 7.44 19
y-hordeins 2 P06470 B1-hordeine 3.95 9
4 A0A287Q402 Uncharacterized protein 2.00 1
B-hordeins 1 Q84LE9 D-hordein 13.59 21
2 P06470 B1-hordein 11.49 38
3 F2D284 Protein disulfide-isomerase 9.79 7
D-hordeins 1 16SW34 D-hordein 33.73 99
2 P0O7597 Non-specific lipid-transfer protein 5.07 4
3 P02864 C-hordeinf 4.30 2

aThe rank of the specified protein is relative to all other proteins in the list of detected proteins, "Unused ProtScore, defined as a measure of the protein confidence for
a detected protein, calculated from the peptide confidence for peptides from spectra that are not already completely “used” by higher scoring winning proteins, thus
reflecting the amount of total, unique peptide evidence related to a given protein, cafter BLAST search (identified as uncharacterized protein: T1LG74), “after BLAST
search (identified as uncharacterized protein: AOA287EIM?7), eafter BLAST search (identified as uncharacterized protein: AOA287EFG2), after BLAST search (identified

as uncharacterized protein: AOA287EEX5).

Barley

The high-scoring proteins detected in the tryptic hydrolysate of the
C-hordein-GPT (Table 2) corresponded to the three main groups
of this GPT, the gluten proteins, the group of others and the group
of GSPs+PINs (Figure 1C). A C-hordein (Q40055) was identified
at rank 23. An uncharacterized protein of Hordeum vulgare
subsp. vulgare (A0OA287EIM?7) sharing 99.0% homology with the
C-hordein (P06472) was present in the chymotryptic hydrolysate of
the C-hordein-GPT (Table 3). Two B-hordeins and the previously
reported y3-hordein (P80198) (Colgrave et al., 2012) were detected
with a high number of peptides in the tryptic hydrolysate of the
y-hordein-GPT. Only two uncharacterized proteins from Hordeum
vulgare subsp. vulgare were identified in the chymotryptic
y-hordein-GPT hydrolysate. The highest ranked protein was
identified as a B1-hordein (P06470) with an identity of 94.6% after

the BLAST search. The tryptic and chymotryptic hydrolysates of
the B-hordein-GPT contained the B3-hordein [eTMW4 with 102
peptides and the two other B-hordeins with a high peptide number,
B1-hordein (P06470) and B hordein (Q40026). D-hordein (I6TRSS,
209 peptides detected) was the highest ranking protein in the tryptic
hydrolysate of the D-hordein-GPT. The D-hordein (I6SW34,
99 peptides) and an uncharacterized protein (A0A287EEXS5, 2
peptides), which was identified as a C-hordein (P02864) with 50%
identity were identified in the chymotryptic hydrolysate. Moreover,
D-hordeins were detected in all other hordein GPTs with high
sequence coverage.

The best three protein hits of each GPT are summarized in
Tables 2 and 3, according to their ranking of identification. The
total numbers of gluten proteins identified using either trypsin or
chymotrypsin are presented in Table 4. The numbers of identified
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proteins were between 2- to 10-fold higher in all GPT hydrolysates
using the so-called gold standard proteolytic enzyme trypsin as
compared to chymotrypsin. The numbers of identified gluten
proteins were 2- to 8-fold higher in the tryptic hydrolysates, except
for HMW-GS and LMW-GS. Chymotrypsin revealed as many
gluten proteins as trypsin for HMW-GS and more gluten proteins
were identified in the chymotryptic hydrolysate of LMW-GS than
with trypsin. The total numbers of identified proteins differed from
24 for the y-hordeins up to 317 for the y-40k-secalins in the tryptic
hydrolysates and from 4 (w5-gliadins) to 58 (y-40k-secalins) in
the chymotryptic hydrolysates. The ratio of the numbers of all
identified proteins to the numbers of identified gluten proteins
ranged from 2 for a-gliadins up to 29 for y-40k-secalins in
the tryptic hydrolysates and from 1 for a-gliadins, w5-gliadins
and wl,2-gliadins to 19 for y-40k-secalins in the chymotryptic
hydrolysates. It should be noted that 18 gluten proteins, but no
GPT-specific proteins were identified (73 proteins in total) in the
tryptic digest of the wl,2-gliadin-GPT. In contrast, only seven
gluten proteins were identified in the chymotryptic hydrolysate,
but among which three of them were w-gliadin proteins. The same
findings were observed for the LMW-GS, for which 22 LMW-GS
proteins of 27 gluten proteins were identified in the chymotryptic
hydrolysate, but only 2 LMW-GS-proteins within 20 gluten
proteins in the tryptic hydrolysate. For the hordeins, the data
shows that the enrichment is more specific and that the trypsin
data for these GPTs is misleading, because in the chymotryptic
hydrolysates less gluten proteins were identified, but more of them
corresponded to their appropriate GPT. When looking at the other
GPTs, more GPT-specific proteins were identified in the tryptic
than in the chymotryptic hydrolysates.

Identification of Inmunoreactive Proteins
Various gluten and non-gluten proteins of wheat, rye and
barley have been identified as triggers of adverse reactions. The

proteomic characterization of the GPTs also provided an insight
into the presence of immunoreactive proteins. All identified
proteins of the GPTs were searched for the UniProtKB accession
based on the allergen code of the World Health Organization/
International Union of Immunological Societies and for the
name of the immunoreactive proteins. The identified allergens
with their allergen code, molecular weight and identification
parameters are shown in Table 5. Some of the allergens were
identified only in one GPT with a small number of peptides
(profilin in the LMW-GS-GPT or serpin in the y-40k-secalin-
GPT), but especially ATIs and gluten proteins were very
abundant and present in more than one GPT. However, it should
be noted that most of the allergens were enriched in one GPT.
The WDEIA allergen tri a 19 “w5-gliadin” was identified only in
the appropriate GPT.

Beside the shown exemplary allergens, many identified
proteins contained peptides with known CD-active sequences.
Immunoreactive peptides carrying known, non-deamidated
peptide-binding motifs of gluten-specific T-cells are shown
in Table 6. CD-active peptides were identified in all wheat
GPTs, except w5-gliadins. The list of T-cell epitopes according
to Sollid et al. (2012) contains 31 entries that are reduced to 21
different motifs after reversal of deamidation and removal of
duplicates. One of these motifs is specific to oats that were not
studied, leaving 20 possible motifs. Of these, five epitopes were
not identified (DQ2.5-glia-a3, DQ2.5-glia-y4a, DQ2.5-glia-y4b,
DQ2.5-glia-y4d, DQ8-glia- al), but 15 motifs were detected,
especially in the w1,2-gliadin-, LMW-GS-, and HMW-GS-GPTs.
The findings were comparable for the rye GPTs, where similar
numbers of peptides were identified in the w- and HMW-
secalin-GPTs as in the y-75k-secalin-GPT, with the exception of
the y-40k-secalin-GPT with just two epitopes. In the y-, B-, and
D-hordein-GPTs just one peptide-binding motif was detected,
but six different peptides were identified in the C-hordein-
GPT. The DQ2.5-glia-y4c peptide-binding motif QQPQQPFPQ

TABLE 4 | Total numbers of identified proteins, gluten proteins, and gluten protein type (GPT)-specific proteins in each GPT digested with trypsin or chymotrypsin,

respectively.
GPT Tryptic Chymotryptic Total gluten
proteins¢
Proteins? Gluten GPT-specific Proteins? Gluten GPT-specific
proteins® proteins® proteins® proteins°®
a-gliadins 48 20 7 11 11 2 31
y-gliadins 61 21 4 19 6 2 27
»5-gliadins 37 8 1 4 3 0 ihl
o1,2-gliadins 73 19 0 8 7 3 26
HMW-GS 117 19 10 37 16 6 35
LMW-GS 78 20 2 52 27 22 47
w-secalins 56 10 6 10 2 1 12
HMW-secalins 96 10 3 18 6 1 16
y-75k-secalins 244 13 3 43 3 1 16
y-40k-secalins 317 11 2 58 3 1 14
C-hordeins 37 7 1 IRl 1 1 8
y-hordeins 24 8 1 7 1 0 9
B-hordeins 152 7 3 15 3 2 10
D-hordeins 130 8 1 24 3 1 ihl

aGlobal FDR = 1%, Pproteins from all Poaceae included; conly proteins from appropriate GPTs included; “numbers of gluten proteins identified in tryptic and chymotryptic

hydrolysates summed without duplicates.
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TABLE 5 | Identified allergens of wheat (Tri), rye (Sec), and barley (Hor), their allergen code according to the World Health Organization/International Union of
Immunological Societies allergen nomenclature, their UniProtkKB accession number and name, the gluten protein type (GPT), in which they were identified and their
identification parameters.

Allergen UniProtKB Name MW [kDa] GPT T/ Ck Score® Peptides (>95%)
name accession
Tria12 DOPRB5 Profilin 14 LMW-GS T 2.00 1
Tria15 P01083 a-Amylase-inhibitor 0.28 17 y-40k-secalins T 2.00 1
Tria19 AOAOB5J8A9 ®5-Gliadin 40 w5-gliadins T 8.00 8
Tria 20 DOES80 y-Gliadin 34 y-gliadins T 20.59 51
a-gliadins T 5.85 9
Tria 21 10IT55 a-/p-Gliadin 34 a-gliadins T 2.27 77
pPo4727 36 y-gliadins T 2.71 10
10IT62 38 w1,2-gliadins T 2.00 26
Q41546 36 HMW-GS T 2.00 7
P0O4721 30 LMW-GS T 4.38 Ihl
Tria 26 P10388 High molecular weight glutenin 88 y-gliadins T 3.23 6
subunit Dx5 wb-gliadins T 16.73 17
w1,2-gliadins T 6.24 24
HMW-GS T 41.05 97
Q45R38 High molecular weight glutenin 85 HMW-GS T 39.96 64
subunit Bx7 HMW-GS C 8.16 33
Tria28 P0O1085 a-Amylase-inhibitor 0.19 13 wb-gliadins T 6.00 8
LMW-GS T 2.00 2
Q5MD68 a-Amylase-inhibitor 0.19 13 w1,2-gliadins T 8.01 20
P0O1084 a-Amylase-inhibitor 0.53 13 a-gliadins T 8.78 6
y-gliadins T 3.94 4
Tria 30 P17314 Tetrameric alpha-amylase 16 a-gliadins T 13.52 18
inhibitor CM3 y-gliadins T 10.00 5
w1,2-gliadins T 8.31 4
HMW-GS T 2.03 1
Tria 31 P462264 Triosephosphate-isomerase 27 y-75k-secalins T 2.00 1
y-40k-secalins T 9.85 5
Tria 32 QBeW8Q2 1-cys-peroxiredoxin LMW-GS T 2.47 1
Tria 33 Q9ST57 Serpin y-40k-secalins C 2.02 1
Tria 34 C7C4X1 Glyceraldehyde-3-phosphate- y-40k-secalins C 2.02 1
dehydrogenase
Tri a 36 B2Y2Q4 LMW glutenin subunit 42 a-gliadins T 17.12 55
IBXHQ1 LMW glutenin subunit y-gliadins T 24.08 38
QIXGFO LMW-9 w5-gliadins T 6.47 4
Q8W3V1 LMW GS group 11 type VI w1,2-gliadins T 17.69 35
AOA165R8I1 S-type LMW GS LMW-GS T 14.25 22
D6RVY4 LMW GS HMW-GS T 16.56 73
R4JFB5 LMW GS w-secalins T 6.02 5
QB6PKM2 LMW GS y-75k-secalins T 4.24 5
y-hordeins T 2.00 10
Tria 37 QITOP1 Alpha purothionin 12 HMW-GS T 2.00 2
Tria 40 Q41540 Chloroform/methanol-soluble 16 o1,2-gliadins T 8.00 24
(CM) 17 protein [alpha amylase HMW-GS T 4.39 4
inhibitor] LMW-GS T 4.53 3
Tria 44 AOAOG3F720 Endosperm transfer cell HMW-secalins T 4.06 3
specific PR60 precursor
Sec ¢ 38 Q9S8H2 Dimeric alpha-amylase/trypsin 13.5 y-75k-secalins T 2.00 1
inhibitor y-40k-secalins T 2.00 1
Hor v 15 P16968 Alpha-amylase inhibitor 14.5 y-75k-secalins T 2.00 1
pP28041 BMAI-1 precursor Alpha- y-hordeins T 2.00 1
amylase/trypsin inhibitor CMa B-hordeins T 4.59 3
D-hordeins T 11.35 16
Hor v 17 P16098 Beta-amylase 60 B-hordeins T 19.68 17
U5SNJ12 60 B-hordeins ¢} 4.65 3
Hor v 20 I6TEV2 Gamma 3 hordein C-hordeins T 7.85 8
P80198 Gamma-hordein 3 34 y-hordeins T 2.00 1

aMolecular weight according to UniProtKB accession, °T, tryptic digest, C, chymotryptic digest, °Unused ProtScore, defined as a measure of the protein confidence for
a detected protein, calculated from the peptide confidence for peptides from spectra that are not already completely “used” by higher scoring winning proteins, thus
reflecting the amount of total, unique peptide evidence related to a given protein, 996% identity to Q9FS79 Triticum aestivum.
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TABLE 6 | Celiac disease relevant T-cell epitopes (nomenclature according to Sollid et al., 2012) identified in the gluten protein types, respectively.

Epitope Peptide-binding Reference Gluten protein type?
motif

DQ2.5-glia-ala PFPQPQLPY Arentz-Hansen et al., 2000 a-gliadins LMW-GS HMW-GS

DQ2.5-glia-a1b PYPQPQLPY Arentz-Hansen et al., 2002 LMW-GS

DQ2.5-glia-a2 PQPQLPYPQ Arentz-Hansen et al., 2000 LMW-GS HMW-GS

DQ2.5-glia- y1 PQQSFPQQQ Sjostrom et al., 1998 w-secalins

DQ2.5-glia- y2 IQPQQPAQL Qiao et al., 2005; Vader et al., 2002 a-gliadins y-gliadins LMW-GS

DQ2.5-glia- y3 QQPQQPYPQ Arentz-Hansen et al., 2002 w-secalins y-75k-secalins

DQ2.5-glia- y4c QQPQQPFPQ Arentz-Hansen et al., 2002 o1,2-gliadins HMW-GS LMW-GS w-secalins HMW-secalins y-75k-
secalins y-40k-secalins C-hordeins

DQ2.5-glia- y5 QQPFPQQPQ Arentz-Hansen et al., 2002 HMW-GS o-secalins HMW-secalins y-75k-secalins y-40k-secalins
C-hordeins

DQ2.5-glia-n1 DQ2.5-hor-1 PFPQPQQPF Tye-Din et al., 2010; Vader et al., 2003 o1,2-gliadins HMW-GS w-secalins HMW-secalins y-75k-secalins

DQ2.5-sec-1 C-hordeins y-hordeins

DQ2.5-glia- w2 PQPQQPFPW Tye-Din et al., 2010 o1,2-gliadins HMW-GS C-hordeins

DQ2.5-glut-L2 FSQQQQSPF Vader et al., 2002; Stepniak et al., 2005 LMW-GS

DQ2.5-hor-2 DQ2.5-sec-2 PQPQQPFPQ Vader et al., 2003 v-75k-secalins

DQ2.5-hor-3 PIPQQPQPY Tye-Din et al., 2010 y-hordeins B-hordeins D-hordeins

DQ2.2-glut-L1 PFSQQQQPV Bodd et al., 2012 a-gliadins HMW-GS

DQ8-glut-H1 QGYYPTSPQ van de Wal et al., 1999 y-gliadins w1,2-gliadins HMW-GS LMW-GS HMW-secalins

aGluten protein types in which the peptides were identified.

was detected in the wl,2-, HMW-, and LMW-GS-GPTs, in all
four rye GPTs and in the C-hordein-GPT. The DQ2.5-glia-y5
motif QQPFPQQPQ was also identified in all rye GPTs and
in the HMW-GS-GPT. The most frequently detected peptide-
binding motif was PFPQPQQPF (DQ2.5-glia-w1, DQ2.5-hor-1,
DQ2.5-sec-1).

Relative Quantitation of Proteins Within
Gluten Protein Types

The tryptic and chymotryptic GPT hydrolysates were then
subjected to relative quantitation to monitor the relative
abundance of the peptides. Only peptides of gluten-derived
proteins were selected for the MRM analysis. According to the
“best-flyer method” of Ludwig et al. (2012), the peak areas of
the four most intense transitions of the best flying peptide per
protein (TopPep1/TopTra4) were summed. The model TopPep1/
TopTra4 was selected, because only one peptide was detected for
many gluten proteins in the undirected LC-MS/MS experiments
and it is indicated that this model is as reasonable and robust
as the others. The peak areas cannot be compared between
peptides, because the MS response is dependent on the amino
acid sequence, but the peak areas of the same peptide may be
compared between the GPTs. The peak areas of the peptides were
summed according to their categories (Figure 2). To estimate the
enrichment of each category in every GPT the peak areas of each
category were converted to a percentage relative to the summed
peak area of the respective category for ease of data comparison.

Wheat

For the wheat GPTs, the single proteins were grouped according
to their UniProtKB names into the categories LMW-GS, a-, y-,
and w-gliadins, HMW-GS and avenin-like proteins. LMW-GS
constituted the main proportion in the appropriate LMW-GS-
GPT, but they were also enriched in the a- and y-gliadin-GPTs

and were present in the other wheat GPTs (Figure 2A). Vice versa,
a large share of a-gliadins was detected in the a-gliadin- (=42% of
total a-gliadins) and HMW-GS-GPT (=40% of total a-gliadins).
The percentages always refer to 100% of total protein type summed
over all wheat, rye or barley GPTs, respectively, e.g., to 100% of
total a-gliadins summed over all wheat GPTs. Smaller proportions
of a-gliadins were detected in the w1,2-, y-gliadin-, and LMW-GS-
GPTs. The y-gliadins were detected in almost all GPTs, except the
w-gliadin-GPTs, but were noticeably enriched in the y-gliadin-
GPT (=66% of total y-gliadins). The w-gliadins were present
almost only in the w1,2-gliadin-GPT (=76% of total w-gliadins).
HMW-GS accounted for a small proportion in each wheat GPT,
but the HMW-GS-GPT had the highest proportion of HMW-GS
(=77% of total HMW-GS), as expected. The w5-gliadin-GPT
showed low proportions of the analyzed proteins of HMW-GS,
LMW-GS and w-gliadins. The avenin-like proteins were present
in small amounts in almost all wheat GPTs, except the w5-gliadin-
GPT. The technical variation was assessed by examining the mean
(combining GPTs of wheat) coefficient of variation (CV) for each
peptide with an overall average of 13% for the cleavage with trypsin
and 12% for the cleavage with chymotrypsin.

Rye

For the rye GPT5, the proteins were categorized according to their
UniProtKB names into y-75k-secalins, y-prolamins, HMW-secalins,
w-secalins, LMW-GS, and avenin-like proteins (Figure 2B). The
w-secalins were almost only detected in the w-secalin-GPT (=99% of
total w-secalins). HMW-secalins were detected in all rye GPTs, but
with a noticeable enrichment in the appropriate HMW-secalin-GPT
(=96% of total HMW-secalins). The HMW-secalin-GPT contained
almost only HMW-secalins. The y-75k-secalin-GPT contained
a very high proportion of y-75k-secalins (=95% of total y-75k-
secalins) and lower amounts of HMW-secalins, avenin-like proteins
and LMW-GS. In comparison, the y-40k-secalin-GPT comprised
mainly y-prolamins and y-75k-secalins with a lower proportion
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FIGURE 2 | Relative protein quantification in GPTs. The summed peak areas of selected tryptic and chymotryptic peptides of the most abundant proteins
representing protein groups in individual GPTs: peak areas of peptides representing a-gliadins, y-gliadins, w-gliadins, HMW-GS, LMW-GS, and avenin-like proteins in
the GPTs of wheat (A), peak areas of peptides representing y-prolamins, w-secalins, HMW-secalins, LMW-GS, y-75k-secalins, and avenin-like proteins in the GPTs
of rye (B), peak areas of peptides representing y3-hordeins, HMW-GS, D-hordeins, B-hordeins, C-hordeins, and avenin-like proteins in the GPTs of barley (C). Data

Hordeins

of HMW-secalins. The avenin-like proteins were enriched in the
y-75k-secalin-GPT. The average CV for the tryptic cleavage of the
GPTs of rye was 10% and for the chymotryptic cleavage 6%.

Barley
The barley GPTs were grouped into the following categories:
D-hordeins, B-hordeins, y3-hordeins, C-hordeins, avenin-like

proteins, and HMW-GS from Triticum aestivum and a similar
tribe (C) in the family Poaceae. In comparison with the other
barley GPTs, the C-hordein-GPT contained the highest amount of
C-hordeins (=96% of total C-hordeins) and a high proportion of
D-hordeins. The D-hordeins were also detected in the B-hordein-
GPT, but they accounted for the largest share of their appropriate
GPT (=90% of total D-hordeins). B- and y-hordein-GPTs were
mainly composed of B-hordeins, whereas the B-hordein-GPT
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showed noticeably higher proportions of the B-hordeins (=77% of
total B-hordeins) and also of proteins of the other groups analyzed
(Figure 2C). The y-hordein-GPT showed a clear enrichment of
the B-hordeins. For the tryptic cleavage of the barley GPTs the
average CV was 9% and for the chymotryptic cleavage 10%.

DISCUSSION

In this study, we provided novel insights into the complexity
of gluten from wheat, rye, and barley by identification of the
individual proteins and relative quantitation of the most abundant
gluten proteins in the GPTs. A preparative strategy (Schalk et al.,
2017) was used to isolate the GPTs from wheat, rye and barley
flours according to solubility and hydrophobicity. The LC-MS/
MS experiments confirmed an enrichment of the expected
gluten proteins in their corresponding GPTs in most cases. The
application of high-resolution MS allowed a much more detailed
and accurate insight into the composition of the isolated GPTs
compared to our earlier low-resolution MS analyses (Schalk
etal., 2017). The data of the undirected LC-MS/MS experiments
showed the qualitative composition of the GPTs, according to the
number of peptides identified and revealed a first assumption of
the total composition of each GPT. All GPTs contained gluten
proteins other than those derived from the known RP-HPLC
retention times as well as ATIs, enzymes or uncharacterized
proteins. These findings underline the incomplete separation of
prolamins and glutelins according to solubility and show that
even the separation by preparative RP-HPLC is not clear-cut
enough to separate individual GPTs without co-purifying other
components, such as ATTs (Junker et al., 2012).

The undirected LC-MS/MS experiments revealed that the
group of gluten proteins constituted the highest proportion in the
wheat GPTs followed by the second largest group of ATIs, which
were present especially in the w5- and w1,2-gliadin-GPTs. The
MRM data showed that the group of gluten proteins had different
compositions of a-, y-, w-gliadins, LMW-GS, and HMW-GS,
mostly enriched in their appropriate GPTs. However, we found
that the LMW-GS were detected in all wheat GPTs. Recently, the
presence of LMW-GS in the gliadin fraction has been reported as
well (Boukid et al., 2019). Due to their polymeric nature (Shewry,
2019), their similarity to a-gliadins in molecular weight and also
to y-gliadins in RP-HPLC retention times, it may not be possible
to achieve a clear-cut separation between those GPTs. Thus,
small proportions of LMW-GS were contained in all wheat GPTs.

The w- and HMW-secalin-GPTs showed high proportions
of gluten proteins in the undirected LC-MS/MS analysis. The
subsequent MRM analyses revealed that the gluten protein
fractions were highly enriched with the expected protein types.
As described in previous studies, HMW-secalins were detected
with notably high proportions in the other rye GPTs. In case
of the w-secalin-GPT this may be due to the reduction of the
disulfide bonds of the HMW-secalins, which then co-eluted in
the w-secalin-GPT (Gellrich et al,, 2003). When fractionating
rye gluten proteins, we observed that the separation according
to solubility is even less complete than in wheat. This led to a
higher co-mingling of the individual GPTs even after preparative

RP-HPLC. The detection of LMW-GS and avenin-like proteins
beside the main group y-75k-secalins in this GPT may give another
hint for the similarity of those GPTs due to the close genetic
relationship of rye and wheat (Kasarda et al., 1983). There was no
reliable reference sequence available for the y-40k-secalins (June
2019), but the group named y-prolamins was only detected in the
y-40k-secalin-GPT. Although the molecular weight (UniProtKB
database) of the y-prolamins detected was somewhat too low
compared to the generally known mass range for y-40k-secalins,
the assignment to this GPT would be possible due to amino acid
sequence, organism and similarity to other rye proteins. This
fact showed the incompleteness of the rye protein entries in the
UniProtKB database, because these y-prolamins were very similar
to previously identified ones (Schalk et al., 2017).

The same separation issue as for the rye GPTs appeared for
barley GPTs. As stated by Schalk et al. (2017), y/B-hordeins from
the prolamin fraction contained the monomeric y-hordeins and
partly the disulfide-bound B-hordeins. The B/y-hordeins prepared
from glutelin fraction showed the opposite case with the majority
of oligomeric or polymeric B-hordeins. Similar results were
obtained in this study, except that the y-hordeins were detected
with similar proportions in all barley GPTs. The same applied to
the D-hordeins, which were clearly enriched in the D-hordein-
GPT, but also identified with noticeably high amounts in the other
GPTs. This may also be traced back to the customized separation
technique. The identification of hordeins revealed again the
challenge with incomplete or unannotated protein entries in the
database (Colgrave et al., 2013). Especially the number of entries
for barley and rye were low and many proteins were matched as
uncharacterized proteins. Reliable protein reference sequences,
especially for the Hordeum sp. and Secale sp. are urgently needed,
because the proteomics results are likely to be affected by the
drastically different number of protein sequences available.

One limitation of the current study is that the results are based
on the analysis of GPTs isolated from one single cultivar of each
grain grown in one year. Although the choice of the cultivars
was done carefully to select representative samples, genetic and
environmental factors and their interaction are known to influence
the proteome composition of cereals (Hajas et al., 2018; Juhasz
etal,, 2018; Malalgoda et al., 2018; Geisslitz et al., 2019). The results
obtained here thus only provide one snapshot and are expected to
change depending on the flour sample. The overall procedure from
milling to collecting sufficient amounts of GPTs after preparative
RP-HPLC is rather time-consuming as well as cost- and labor-
intensive, so that it is impossible to do this for more than a very
limited number of samples. This is why the current study first
focused on determining the efficiency of fractionation of the various
GPTs, prior to studying the variability arising from different factors.

This study also revealed that trypsin is preferred for the
identification experiments for almost all GPTs, except for wl,2-
gliadins and LMW-GS, which were better characterized using the
chymotryptic hydrolysate to increase sequence coverage. This may
be in part due to the fact that w1,2-gliadins are more resistant to
trypsin and have less K/R (trypsin cleavage sites), so these will be
under-represented compared to “other” proteins that have higher
K/R and hence more tryptic peptides, such as HMW-GS (Alves
et al., 2018). However, for the identification of specific gluten
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proteins, chymotrypsin yielded more results, because it is shown
that the enrichment is more specific and that the trypsin data for
some GPTs might be misleading. In general, gluten contains few
lysine and arginine residues, but it seems that trypsin was still
mostly superior to chymotrypsin due to its cleavage specificity,
efficiency and delivery of peptides with favorable chromatographic
and MS properties in terms of ionization and fragmentation, as
has been reported before (Colgrave et al., 2017b). Most peptides
were tryptic, but some were also generated from aspecific cleavage
sites. We also observed that the identified proteins and their ranks
change depending on the cleavage enzyme used. Due to a number
of confounding factors, it is hard to make an assessment which
enzyme is more representative of the truth, which is why the
results of both approaches were combined in Figure 2. Further
experiments would be necessary using additional enzymes
with different cleavage specificities to investigate this in more
detail. The undirected LC-MS/MS analysis of the chymotryptic
hydrolysates seemed to be more suitable for the detection of
peptides with CD-active epitopes, because significantly more of
these peptides were identified than after tryptic hydrolysis. It is
known that peptides containing CD-active epitopes are typically
resistant to cleavage by trypsin and may therefore be identified in
a low amount (Shan et al., 2005). In total, 15 out of 20 different
CD-active epitopes were detected. Of the five that were not
detected, two (DQ2.5-glia-y4a, DQ2.5-glia-y4d) were not present
either in historical and modern spring wheat cultivars (Malalgoda
etal., 2018).

To conclude, the combination of discovery proteomics and
relative quantitation of gluten proteins provided novel insights
into the relative amounts of the individual proteins in purified
GPTs. These well-defined materials are suitable for a wide range of
applications and have already been used as reference materials to
quantitate gluten from wheat, rye and barley using targeted LC-MS/
MS (Schalk et al., 2018a; Schalk et al., 2018b), as stimulatory agents
for epitope mapping (Rockendorf et al., 2017) and for recognition
profiling of monoclonal antibodies (Lexhaller et al, 2017).
Further potential uses are a variety of functional assays to study
mechanisms of immune activation. Our findings raise awareness of
the challenges of obtaining “pure” GPTs for analytical purposes and
clinical studies on disease mechanisms. Especially when applying
gluten or gluten fractions in studies on pathomechanisms of, e.g.,
CD, NCGS, or WDEIA, it is essential to know which proteins are
present in the fractions of interest to establish relationships between
structure, functionality and bioactivity.
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Supplementary Material
1 Supplementary Tables

1.1 Supplementary Table S1

Contents of crude protein, albumin/globulin (ALGL), prolamin, and glutenin fractions in the flours.

Flour Crude protein ALGL Prolamins  Glutelins insoluble residue®
[g/100 g of flour]

Wheat 9.93+0.14 1.61+0.04 494+0.10 2.66+0.11 0.72+0.10

Rye 5.81+0.29 1.77+0.03 2.82+0.08 0.46=+0.07 0.76+0.12

Barley 6.72 +0.04 1.58+0.03 199+0.12 1.66+0.10 1.49+0.07

Values are given as means + standard deviation (n = 3), * Difference between the crude protein
content and the sum of ALGL, prolamin, and glutelin contents quantified by RP-HPLC



Supplementary Material

1.2 Supplementary Table S2

Crude protein contents of the gluten protein types (GPTs) isolated from wheat, rye and barley flours
and the proportions of each GPT within total gluten.

Flour GPT Crude protein®  Proportions of glutenb

[7o] [70]

a-gliadins 792+ 1.1 33.5

y-gliadins 64.2+0.8 21.6
w5-gliadins 63.6 0.6 4.8

Wheat 1 5 oliadins 89.4 + 0.6 5.9
HMW-GS 71.0+1.9 9.3

LMW-GS 79.6 £ 0.9 24.9

w-secalins 99.5+04 28.4

Rve HMW-secalins 96.3+0.5 5.8
Y v-75k-secalins 75.6+ 1.8 39.9
y-40k-secalins 85.0+ 1.0 25.9
C-hordeins 99.6 0.4 19.0

Barley y/B-hordeins 99.4+0.5 35.5
B/y-hordeins 97.0+0.1 39.4

D-hordeins 50.0+1.5 6.1

“ Values are given as means + standard deviation (n = 3), ® Determined by RP-HPLC



1.3 Supplementary Table S3

Identified proteins (1% global FDR) in each wheat, rye and barley gluten protein type after tryptic
hydrolysis with their UniProtKB accession number, species, name, rank, score, coverage and number
of identified peptides. The rank of a specific protein is given relative to all other detected proteins.

Uniprot Species Name Rank® Score” Cove Pep-

accession -rage tides

Wheat

a-gliadins

RIXUMSE Triticum Alpha-gliadin 1 30.03 443 96
aestivum

B2Y2Q4 Triticum Low molecular weight 2 17.12 369 55
aestivum glutenin subunit

P17314 Triticum Alpha amylase inhibitor 3 13.52 542 18
aestivum CM3

AOA060MZP1  Triticum High molecular weight 5 11.23 13.7 19
aestivum glutenin subunit (Fragment)

W6AX70 Triticum High molecular weight 6 10.25 18.8 18
aestivum glutenin subunit

Q2A784 Triticum Avenin-like al 7 10.15 35.1 16
aestivum

AOAID6DC72  Triticum Uncharacterized protein 8 9.75 409 16
aestivum

BLAST search: D2KFG9 Gliadin/avenin-like seed protein (identity: 89.7%)

ASJSA9 Triticum Alpha-gliadin 9 9.08 56.1 91
aestivum

P01084 Triticum Alpha-amylase inhibitor 0.53 10 878 540 6
dicoccoides

AOAOKOKDM6  Triticum High molecular weight 11 8.17 119 13
aestivum glutenin subunit 1Dy3

X2KYP9 Triticum Monomeric alpha-amylase 12 798 358 5
aestivum inhibitor

[7KM78 Triticum Gamma-gliadin 13 7.19 263 11
aestivum

CS5IFV2 Triticum Low molecular weight 14 712 29.6 20
aestivum protein (Fragment)

DOES80 Triticum Gamma-gliadin (Fragment) 15 585 264 9
aestivum

C8CAIl4 Triticum Dimeric alpha-amylase 16 557 546 7
aestivum inhibitor
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AOAOE3UQX9  Triticum Alpha-gliadin (Fragment) 17 553 60.1 o4
spelta

W8PU74 Brachypodium Farinin protein 18 527 186 4
distachyon

RIXVI1 Triticum LMW-GS 19 492 261 29
aestivum

BY9VRI3 Triticum Alpha-amylase inhibitor 20 484 21.8 3
macha CM16 subunit (Fragment)

AT7X9X6 Triticum Low molecular weight 21 4.69 345 22
turgidum glutenin (Fragment)

P10386 Triticum Glutenin, low molecular 22 445 31.6 44
aestivum weight subunit 1D1

AOA1KO0J4V2  Triticum Alpha-gliadin 23 441 333 38
aestivum

Q2A783 Triticum Avenin-like bl 24 417 284 11
aestivum

P33432 Triticum Puroindoline-A 25 346 203 4
aestivum

B6DQB2 Triticum Gamma gliadin (Fragment) 27 313 125 9
aestivum

D2KFG9 Triticum Gliadin/avenin-like seed 28 285 284 16
aestivum protein

NI1QTWS Aegilops Trypsin inhibitor CMc 29 275 46.8 9
tauschii

Q43723 Triticum Trypsin/alpha-amylase 30 264 74 1
aestivum inhibitor CMX1/CMX3

D2KFHO Triticum Gliadin/avenin-like seed 31 256  19.1 3
aestivum protein

K7Wv42 Triticum Alpha-gliadin 32 245 62.1 83
aestivum

I0IT55 Triticum Alpha/beta-gliadin 34 227 491 77
aestivum

Q05806 Triticum Type-5 thionin 35 225 7.6 1
aestivum

M8BV45 Aegilops Alpha-amylase/trypsin 36 220 489 14
tauschii inhibitor CM3

Ql1ZZT4 Triticum Low-molecular-weight 37 206 27.8 22
aestivum glutenin subunit

VI9P779 Triticum LMW-m glutenin subunit 38 38 201 342 45
aestivum



AOAID5X2J6 Triticum Uncharacterized protein 39 2.01 9.6 2
aestivum

Q5UHH6 Triticum 0.19 dimeric alpha-amylase 40 200 450 6
aestivum inhibitor (Fragment)

AO0AOK2QJU7  Triticum Alpha/beta-gliadin 41 200 632 95
aestivum

AOA1Z5R8D6  Sorghum Uncharacterized protein 42 200 29 1
bicolor

AOAOAINGFO  Arundo donax Uncharacterized protein 43 2.00 1.7 7

v-gliadins

Q41553 Triticum HMW glutenin subunit Ax2 1 27.66 254 31
aestivum

I3XHQI Triticum Low molecular weight 3 2408 329 38
aestivum glutenin subunit LMW-9

W6AXT70 Triticum High molecular weight 4 20.79 28.7 25
aestivum glutenin subunit

DOESS80 Triticum Gamma-gliadin 5 20.59 322 51
aestivum

H8YOP9 Australopy- Gamma prolamin (Fragment) 7 13.83 344 31
rum
retrofractum

AOAOE3Z6U5  Triticum Alpha-gliadin (Fragment) 8 13.51 243 13
spelta

WOCS8NS Triticum High-molecular-weight 9 13.02 11.3 15
aestivum glutenin subunit 1Bx1

P10387 Triticum Glutenin, high molecular 10 1230 232 25
aestivum weight subunit DY'10

P17314 Triticum Alpha-amylase/trypsin 13 10.00 38.7 5
aestivum inhibitor CM3

X2JAE7 Triticum Low-molecular-weight 14 9.57 20.1 23
aestivum glutenin subunit Glu-A3

(Fragment)

W8PU74 Brachypodium Farinin protein 16 9.16 275 6
distachyon

Q8HO0J4 Triticum Low molecular weight 18 8.13 263 16
aestivum glutenin subunit (Fragment)

P33432 Triticum Puroindoline-A 19 7.74 264 S
aestivum

Q4U198 Triticum Dimeric alpha-amylase 20 7.57 418 6
aestivum inhibitor

C4P598 Triticum Monomeric alpha-amylase 21 745 29.1 4
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dicoccoides inhibitor

VIP785 Triticum LMW-m glutenin subunit 50 22 6.84 256 16
aestivum (Fragment)

JTHUTO Aegilops Gamma-gliadin (Fragment) 23 540 165 10
umbellulata

AO0A286QSW6  Triticum Avenin-like protein A4 24 497 166 4
aestivum

I[7KM78 Triticum Gamma gliadin 25 482 144 5
aestivum

QO6RS99 Triticum Globulin 1 26 452 17.0 3
turgidum

P01084 Triticum Alpha-amylase inhibitor 0.53 28 396 476 5
aestivum

Q84QI5 Triticum GSP-1 Grain Softness 29 394 220 4
aestivum Protein

B9VRI3 Triticum Alpha-amylase inhibitor 30 376 218 3
macha CM16 subunit (Fragment)

AOAID6DC72  Triticum Uncharacterized protein 32 348 148 5
aestivum

BLAST search: D2KFG9 Gliadin/avenin-like seed protein (identity: 89.7%)

AOA1DSXGF4  Triticum Beta-amylase 33 346 54 2
aestivum

P10388 Triticum Glutenin, high molecular 34 323 6.1 6
aestivum weight subunit DXS5

MSBAKS Aegilops Uncharacterized protein 35 315 138 2
tauschii

BLAST search: Q43723 Trypsin/alpha-amylase inhibitor CMX1/CMX3 (identity: 92.6%)

VI9P779 Triticum LMW-m glutenin subunit 38 36 272 31.0 40
aestivum

P04727 Triticum Alpha/beta-gliadin clone 37 271 144 10
aestivum PWg142

AS8IE96 Thinopyrum Low molecular weight 38 261 228 15
ponticum x glutenin subunit
Triticum
aestivum

P08453 Triticum Gamma-gliadin 39 227  17.1 26
aestivum

Q18NR2 Triticum LMW glutenin subunit 40 220 37.0 40
aestivum

AOA287NA39  Hordeum Uncharacterized protein 41 217 2.5 1



vulgare subsp.

vulgare

BLAST search: P06293 Serpin-Z4 (identity: 99.0%)

WSEFT2 Triticum Uncharacterized protein 42
aestivum

AOATPSDTB3  Triticum Alpha-gliadin storage protein 43
spelta (Fragment)

WS5AKY9 Triticum Uncharacterized protein 44
aestivum

BLAST search: M7ZK46 12S seed storage globulin 1 (identity: 94.5%)

C3VWGQ@G2 Triticum Dimeric alpha-amylase 45
dicoccoides inhibitor

AOA1D5X2J6 Triticum Uncharacterized protein 46
aestivum

BLAST search: POCZ11 Avenin-like a7 (identity: 56.3%)

AOA1KOIT13 Triticum Alpha-gliadin 47
aestivum

P01084 Eremopyrum  Alpha-amylase inhibitor 0.53 48
bonaepartis

M8B2U4 Aegilops Uncharacterized protein 49
tauschii

2.13

2.08

2.03

2.01

2.01

2.00

2.00

2.00

4.4

18.5

1.9

30.5

9.6

20.8

47.6

14.2

BLAST search: Q43723 Trypsin/alpha-amylase inhibitor CMX1/CMX3 (identity: 91.7%)

ATXUM7 Aegilops Avenin-like protein 50
triuncialis

Q43769 Hordeum Oleosin 51
vulgare

MSALF6 Aegilops Subtilisin-like protease 52
tauschii

K4A391 Setaria italica  Uncharacterized protein 53

[4EP89 Avena Avenin 54
strigosa

I3NV45 Triticum Centromeric histone 3 55
aestivum

AOAID6AS82  Triticum Uncharacterized protein 57
aestivum

BLAST search: P16969 Trypsin/alpha-amylase inhibitor (identity: 84.8%)

AOAOEOLSP7 Oryza Uncharacterized protein 58
punctata
AOAOEOCG60  Oryza Uncharacterized protein 59

2.00

2.00

2.00

2.00
2.00

2.00

2.00

2.00

2.00

9.9

4.9

1.4

2.2
5.0

6.7

6.5

1.2

4.3

10

11
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meridionalis

wS-gliadins

Q41553 Triticum HMW glutenin subunit Ax2 1 52.89 290 56
aestivum

VITRL3 Triticum High molecular weight 4 2191 22.0 24
aestivum glutenin subunit 1Dy protein

P10388 Triticum Glutenin, high molecular 6 16.73 8.3 17
aestivum weight subunit DX5

W6AX70 Triticum High molecular weight 7 16.04 214 16
aestivum glutenin subunit

S5SCQ8 Secale cereale High-molecular-weight 10 10.78 8.9 13
x Triticum glutenin subunit
aestivum

C8CAIl4 Triticum Dimeric alpha-amylase 11 942 46.1 9
aestivum inhibitor

AOAO0BSJ8A9 Triticum Omega-gliadin 12 800 165 8
aestivum

P16159 Triticum Alpha-amylase/trypsin 13 800 336 5
aestivum inhibitor CM16

QI9XGFO0 Triticum Low molecular weight 14 6.47 106 4
turgidum glutenin subunit (Fragment)
subsp. durum

PO1085 Triticum Alpha-amylase inhibitor 0.19 15 6.00 524 8
aestivum

F2E8X4 Hordeum Oleosin 17 396 144 2
vulgare subsp.
vulgare

W5DS5L4 Triticum Fructose-bisphosphate 18 3.15 6.7 2
aestivum aldolase

Q9SC06 Triticum Grain softness related protein 20 201 104 1
monococcum  (Fragment)

Q43770 Hordeum Oleosin 21 201 7.6 1
vulgare

Q5UHH6 Triticum 0.19 dimeric alpha-amylase 22 200 476 6
aestivum inhibitor (Fragment)

QSLPA7 Triticum Cold shock protein-1 23 200 79 1
aestivum

AOA1D5SWQ92  Triticum Uncharacterized protein 24 2.00 1.7 2
aestivum

W5GUDS Triticum Uncharacterized protein 25 2.00 4.0 1



aestivum

W5G4V0 Triticum Uncharacterized protein 26 200 139 1
aestivum

Q7XYC3 Triticum 19 kDa globulin (Fragment) 27 2.00 6.6 1
aestivum

Q8GZBO0 Triticum Non-specific lipid-transfer 28 2.00 95 1
aestivum protein

Q41546 Triticum Alpha/beta-gliadin storage 30 2.00 29 1
aestivum protein

K4ABCS Setaria italica  Uncharacterized protein 31 2.00 3.7 1

K4A308 Setaria italica ~ Uncharacterized protein 32 2.00 29 1

F2CR79 Hordeum Predicted protein 33 2.00 3.7 1
vulgare subsp.
vulgare

ol,2-gliadins

GOI1R7 Aegilops Alpha-gliadin Gli-M2 5 2459 362 29
comosa

C8CAIl4 Triticum Dimeric alpha-amylase 7 24.10 73.0 28
aestivum inhibitor

BI9VRI3 Triticum Alpha-amylase inhibitor 8 20.01 62.7 28
macha CM16 subunit (Fragment)

P16851 Triticum Alpha-amylase/trypsin 9 19.55 60.7 28
aestivum inhibitor CM2

AOA060MZP1  Triticum High molecular weight 10 1920 258 36
aestivum glutenin subunit (Fragment)

X2KYP9 Triticum Monomeric alpha-amylase 11 18.01 57.0 11
aestivum inhibitor

Q8W3V1 Triticum Low-molecular-weight 12 17.69 373 35
aestivum glutenin subunit group 11

type VI

P06470 Triticum B1-hordein 13 17.41 263 11
aestivum

W6AX70 Triticum High molecular weight 14 16.26 319 36
aestivum glutenin subunit

B8XU28 Triticum Alfa gliadin 15 1485 224 13
monococcum

S5SCQS8 Secale cereale High-molecular-weight 17 1241 18.8 24
x Triticum glutenin subunit
aestivum

VS5RL87 Triticum Puroindoline 18 1222 554 25

aestivum



Supplementary Material

VIOTRL3 Triticum High molecular weight 19 11.80 26.8 22
aestivum glutenin subunit 1Dy protein

M8BZV7 Aegilops Uncharacterized protein 20 11.34 38.7 21
tauschii

BLAST search: POCZ09 Avenin-like a5 (identity: 98.8%)

P17314 Triticum Alpha amylase/trypsin 22 831 363 4
aestivum inhibitor CM3

AOA173DQZ7  Triticum Type-b avenin-like protein 23 8.19 275 7
aestivum

P16850 Triticum Alpha-amylase/trypsin 24 8.02 478 25
aestivum inhibitor CM1

Q5MD68 Triticum 0.19 dimeric alpha-amylase 25 801 669 20
aestivum inhibitor (Fragment)

Q41540 Triticum CM 17 protein 26 8.00 566 24
aestivum

P10388 Triticum Glutenin, high molecular 27 624 13.6 24
aestivum weight subunit DX5

Q84Q0QI5 Triticum GSP-1 Grain Softness 28 6.15 152 3
aestivum Protein

K7XEBO Triticum Alpha-gliadin 29 6.09 338 29
aestivum

Q84LE9 Hordeum D-Hordein 30 6.03 94 16
vulgare

C3VWQ4 Triticum Dimeric alpha-amylase 31 6.00 44.7 14
dicoccoides inhibitor

AOAID6DC72  Triticum Uncharacterized protein 33 425 148 4
aestivum

BLAST search: D2KFG9 Gliadin/avenin-like seed protein (identity: 89.7%)

I6TEVS Hordeum B3 hordein 34 410 235 8
vulgare

AOAIP8DSZ1  Triticum Alpha-gliadin storage protein 35 4.07 257 20
spelta (Fragment)

W8PU74 Brachypodium Farinin protein 36 401 143 4
distachyon

X2L2H1 Triticum Alpha-gliadin protein 37 4.00 415 31
aestivum

B7S4N5 Thinopyrum  HMW gluten subunit 39 400 17.6 16
intermedium

P33432 Triticum Puroindoline-A 40 4.00 554 8

10



aestivum

AOA1D5X2J6  Triticum Uncharacterized protein 41
aestivum

BLAST search: B8YG97 Avenin-like b11 (identity: 57.9%)

Q8GZBO0O Triticum Non-specific lipid-transfer 42
aestivum protein

AOA287NA39  Hordeum Uncharacterized protein 43
vulgare subsp.
vulgare

BLAST search: P06293 Serpin-Z4 (identity: 99.0%)

M8BDX3 Aegilops Uncharacterized protein 44
tauschii

Q7XYC3 Triticum 19 kDa globulin (Fragment) 45
aestivum

P52589 Triticum Protein disulfide-isomerase 46
aestivum

Q43770 Hordeum Oleosin 47
vulgare

VIQFJO Cochliobolus  Elongation factor-1a 49
miyabeanus (Fragment)

Q5UHHS Triticum 0.19 dimeric alpha-amylase 50
aestivum inhibitor (Fragment)

AOA1IDSTKES  Triticum Uncharacterized protein 51
aestivum

BLAST search: P29546 Elongationsfactor 1-beta (identity: 95.4%)

WSBI1ES Triticum Superoxide dismutase [Cu- 52
aestivum Zn]

101T62 Triticum Alpha/beta-gliadin 53
aestivum

I6PWK7 Triticum Dimeric alpha-amylase 54
aestivum inhibitor (Fragment)

M7ZIU1 Triticum Glutenin, low molecular 55
urartu weight subunit

Q41546 Triticum Alpha/beta-gliadin storage 56
aestivum protein

AOA287EFH8  Hordeum Uncharacterized protein 57
vulgare subsp.
vulgare

BLAST search: P06470 B1-hordein (identity: 93.9%)
C3VW87 Triticum Dimeric alpha-amylase 58

4.00

2.92

2.83

2.54

2.46

2.30

2.20

2.07

2.06

2.05

2.01

2.00

2.00

2.00

2.00

2.00

2.00

14.7

27.6

7.6

5.7

4.2

1.9

15.8

3.5

75.0

6.4

7.9

22.7

66.0

20.5

21.7

20.3

51.8

26

26

17

33

19

17
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dicoccoides inhibitor

C3VWV4 Eremopyrum  Dimeric alpha-amylase 59 2.00 383 10
bonaepartis inhibitor

I7KM78 Triticum Gamma-gliadin 60 2.00 8.6 2
aestivum

Q53WS1 Triticum Alpha 1 purothionin 61 2.00 6.6 1
aestivum

JTHY A4 Aegilops Gamma-gliadin (Fragment) 62 200 4.4 1
umbellulata

D2KFHO Triticum Gliadin/avenin-like seed 63 2.00 38 1
aestivum protein

WS516P3 Triticum Uncharacterized protein 64 2.00 2.0 1
aestivum

BLAST search: M8AZHO Enolase 1 (identity: 99.3%)

WS5HZ47 Triticum Fructose-bisphosphate 65 2.00 39 1
aestivum aldolase

AOA1D5ZY48  Triticum Uncharacterized protein 66 2.00 3.0 1
aestivum

J3LDJO Oryza Uncharacterized protein 67 2.00 2.8 1
brachyantha

I1HBQ3 Brachypodium Uncharacterized protein 68 200 23 1
distachyon

I1GWR?7 Brachypodium Uncharacterized protein 69 2.00 2.7 1
distachyon

F2DRY3 Hordeum Predicted protein (Fragment) 70 2.00 4.7 1
vulgare subsp.
vulgare

F2DHM1 Hordeum Predicted protein 71 2.00 1.6 1
vulgare subsp.
vulgare

A2YYSS Oryza sativa Uncharacterized protein 72 200 1.3 1
subsp. indica

AOA287WAT6  Hordeum Uncharacterized protein 73 2.00 32 1
vulgare subsp.
vulgare

HMW-GS

W6AX70 Triticum High molecular weight 1 71.28 46.8 113
aestivum glutenin subunit

AOAO060MZP1  Triticum High molecular weight 2 5459 369 123
aestivum glutenin subunit (Fragment)

12



P10388

Q45R38

Q0Q5D3

M8CU50

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii

Glutenin, high molecular
weight subunit DX5

HMW glutenin x-type
subunit Bx7

Y-type HMW glutenin

Uncharacterized protein

BLAST search: ASA4L4 Avenin-like b5 (identity: 72.2%)

Q0Q5D4

AOA165R8I1

R4JDKS

AOAIDO6A2LS

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Globulin 1

S-type low molecular weight
glutenin subunit

Low-molecular-weight
glutenin subunit

Uncharacterized protein

10

11

41.05

39.96

35.20

22.88

18.53

14.25

12.01

11.97

BLAST search: Q99070 Glycine-rich RNA binding protein 2 (identity: 70.6%)

M8BDX3

X2KYP9

Q03033

R9XV30

AOA1IDSY5RS

BLAST search: M4VSRO Low temperature-responsive RNA-binding protein (identity: 97.0%)

Q10464

WS5BI1ES

QOPG36

P16850

WS5DPI4

AO0A1DS5S923

Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum

Uncharacterized protein

Monomeric alpha-amylase
inhibitor

Elongation factor 1-alpha
Alpha-gliadin

Uncharacterized protein

Puroindoline-B

Superoxide dismutase [Cu-
Zn]

Glucose-1-phosphate
adenylyltransferase

Alpha-amylase/trypsin
inhibitor CM1

Uncharacterized protein

Globulin 1

12

13

14

15

16

17

18

20

21

22

23

9.64

9.59

8.33

8.30

8.00

8.00

8.00

6.30

6.26

6.20

6.11

35.6

37.2

54.6

61.8

50.4

28.6

16.6

54.6

17.5

344

11.6

13.3

43.4

304

28.3

5.6

33.8

5.1

28.9

97

64

104

51

28

22

10

10

4

10
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R9XVI1

Q93XQ8

A0A173DQZ7

QIFVIJ5

AOA1IDSZLTS

Q8HOBS

WSFAYS

W3IA32

AO0A1G4P1V3

D2KFHO

Q41540

M8BZV'7

aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii

LMW-GS

Protein disulfide isomerase
(Fragment)

Type-b avenin-like protein
GSP-Al

Uncharacterized protein
Cold regulated protein
Actin

Formate dehydrogenase,
mitochondrial

HMW glutenin x-type
subunit 1Ax21

Gliadin/avenin-like seed
protein

CM 17 protein

Uncharacterized protein

BLAST search: POCZ09 Avenin-like b5 (identity: 98.8%)

MOV3UO0

Q41518

H6UQP6

G8CNJ3

TINLC6

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Elymus
libanoticus

Psathyrostach
ys juncea

Triticum
urartu

Non-specific lipid-transfer
protein

Single-stranded nucleic acid
binding protein

High molecular weight
subunit of glutenin

Puroindoline a

Uncharacterized protein

BLAST search: AOA3B5ZWW6 HSP 70 (identity: 98.1%)

I3NM41

Triticum
aestivum

Oleosin

24

25

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

Supplementary Material

6.09

6.07

6.02

6.01

6.01

6.00

6.00

5.96

5.35

4.56

4.39

4.32

4.08

4.07

4.07

4.03

4.00

4.00

20.1

5.7

13.4

20.7

254

21.8

8.5

12.7

253

16.4

25.2

20.8

32.5

66.5

39.6

14.8

46.1

16.2

11

25

14



P93602

Q94F69

WSFPN2

M77ZK46

B7S4N5

AOA1DSUXT7

QOKIW?2

M4VSRO

WS5C8N6

WS5DK32

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
urartu

Thinopyrum
intermedium

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

PUPS8S protein; member of
trypsin/a-amylase inhibitors
family from cereals

Peptidyl-prolyl cis-trans
isomerase (Fragment)

Uncharacterized protein

128 seed storage globulin 1
HMW gluten subunit
Cysteine proteinase inhibitor
Glycine-rich RNA-binding

protein

Low temperature-responsive
RNA-binding protein

40S ribosomal protein S6

Uncharacterized protein

45

46

47

48

50

51

52

53

54

55

BLAST search: P01085 Alpha-amylase inhibitor 0.19 (identity: 100%)

D6RVY4

Q7XYE2

Q9FUU7

QOQ5E3

Q38411

Q53WSI

Q43723

Q9ZRBO

W5D591

AOA1D5US77

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum

Low molecular glutenin
subunit (Fragment)

57

Catalase isozyme (Fragment) 58

Starch branching enzyme 2
Globulin 1

Eukaryotic translation
initiation factor SA

Alpha 1 purothionin

Trypsin/alpha-amylase
inhibitor CMX1/CMX3

Tubulin beta-3 chain

Small ubiquitin-related
modifier

Uncharacterized protein

60

61

62

64

66

67

68

69

3.92

3.75

3.74

3.31

3.19

3.10

3.07

2.98

2.86

2.85

2.72

2.52

2.34

2.21

2.20

2.14

2.09

2.08

2.06

2.04

13.1

22.1

6.1

4.6

40.7

17.9

42.3

43.2

9.2

17.5

33.1

9.7

1.0

44.5

6.2

15.4

6.8

52

9.9

3.5

25

15



P17314

W5BVA4

WSE8X2

AO0A1D5UB33

aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Alpha amylase/trypsin
inhibitor CM3
Uncharacterized protein

Uncharacterized protein

Uncharacterized protein

70

71

72

73

Supplementary Material

2.03

2.02

2.02

2.02

BLAST search: P16159 Alpha-amylase/trypsin inhibitor CM16 (identity: 42.3%)

E7DVE3

WSFTF6

QOGLF2

Q0Q5D9

AO0A060NOC7

VoXYU2

Q41546

P16851

B2Y2S3

ASQRKO

P16159

Q9TOPI

W5H208

TINADO

W35I301

Aegilops
kotschyi
Triticum
aestivum
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Pseudoroegner
ia strigosa

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
dicoccoides

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
urartu

Triticum
aestivum

High molecular weight
glutenin subunit Ux2.3

Uncharacterized protein
High molecular weight
glutenin 1Dx1.6t
Globulin 1

Low molecular weight

glutenin subunit (Fragment)

High molecular weight
glutenin subunit

Alpha/beta-gliadin storage
protein

Alpha-amylase/trypsin
inhibitor CM2

Low molecular weight
glutenin subunit

Grain softness protein
Alpha-amylase/trypsin
inhibitor CM16

Alpha purothionin

40S ribosomal protein S24
Malate dehydrogenase

Uncharacterized protein

74

75

76

77

78

79

80

81

82

83

84

85

86

87

&9

2.01

2.01

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

2.00

8.9

8.7

18.5

6.7

15.6

10.1

23.4

36.0

22.3

42.9

13.1

324

13.4

15.3

17.5

15.3

8.0

2.5

9.2

42

60

17

14

31

16



BLAST search: M7ZWX9 60S acidic ribosomal protein P3 (identity: 98.3%)

WS5HZ68 Triticum
aestivum
WSFWEF5 Triticum
aestivum

40S ribosomal protein S27

Uncharacterized protein

90

91

BLAST search: M7Y6X6 40S ribosomal protein S19 (identity: 100%)

WS5FNH7 Triticum
aestivum
WSEFT2 Triticum
aestivum
WSESD7 Triticum
aestivum
WS5DYDI1 Triticum
aestivum
W5DIU6 Triticum
aestivum

Uncharacterized protein
Uncharacterized protein

1,2-dihydroxy-3-keto-5-
methylthiopentene
dioxygenase

Uncharacterized protein

Uncharacterized protein

92

93

94

95

96

2.00

2.00

2.00

2.00

2.00

2.00

2.00

BLAST search: P46226 triosephosphate isomerase, cytosolic (identity: 96.8%)

WS5CCL7 Triticum
aestivum
WS5ASI4 Triticum
aestivum
WS5AKH4 Triticum
aestivum

DNA-(apurinic or
apyrimidinic site) lyase

Uncharacterized protein

Uncharacterized protein

97

98

99

2.00

2.00

2.00

BLAST search: E6Y3A2 Putative translation initiation factor (identity: 89.6%)

WS5AS520 Triticum
aestivum

BLAST search: M7ZRL8 60S ribosomal protein L18-2 (identity: 98.9%)

AOA1D5SUKZ4  Triticum
aestivum

A4K4Y & Triticum
aestivum

WS5FEU1 Triticum
aestivum

AOATE5W824  Dichanthelium
oligosanthes

AOAOAINGFO  Arundo donax

AOAO077RW06  Triticum
aestivum

Uncharacterized protein

40S ribosomal protein S8
Tubulin alpha chain
Uncharacterized protein

I-aminocyclopropane-1-
carboxylate oxidase-like
protein 3 (Fragment)

Uncharacterized protein

Uncharacterized protein

100

101

102

103

104

105
106

2.00

2.00

2.00

2.00

2.00

2.00
2.00

9.3

7.1

2.6

44

54

2.7

4.7

1.5

1.6

7.4

7.8

6.2

33

5.9

3.1

1.7
4.8

17
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LMW-GS

M7ZK46 Triticum 12S seed storage globulin 1 1 26.70 32.6 32
urartu

AOA060MZP1  Triticum High molecular weight 2 1851 229 31
aestivum glutenin subunit (Fragment)

D6RVY4 Triticum Low molecular glutenin 4 16.56 38.1 73
aestivum subunit (Fragment)

W6AX70 Triticum High molecular weight 5 1523 289 32
aestivum glutenin subunit

K7X1G8 Aegilops Alpha-gliadin 6 12.74 275 20
tauschii

Q93XQ7 Triticum Protein disulfide-isomerase 7 10.81 155 7
aestivum

X2KYP9 Triticum Monomeric alpha-amylase 8 10.26 45.7 8
aestivum inhibitor

AOAOKOKDM6  Triticum High molecular weight 10 958 16.0 24
aestivum glutenin subunit 1Dy3

Q93W25 Triticum Peptidyl-prolyl cis-trans 11 941 36.8 8
aestivum isomerase

AOAIDSYFA7  Triticum Beta-amylase 12 871 176 8
aestivum

W8PU74 Brachypodium Farinin protein 13 8.62 268 10
distachyon

C3VW69 Triticum Dimeric alpha-amylase 14 845 532 6
dicoccoides inhibitor

R4JB50 Triticum Low-molecular-weight 15 7.86 21.0 39
aestivum glutenin subunit (Fragment)

MS8BV45 Aegilops Alpha-amylase/trypsin 16 7.69 339 6
tauschii inhibitor CM3

Q8LKVS Aegilops Seed globulin 17 7.03 270 6
tauschii

I3XHQI1 Triticum Low molecular weight 18 693 329 72
aestivum glutenin subunit LMW-9

P08453 Triticum Gamma-gliadin 19 682 196 9
aestivum

AOA173DQZ7  Triticum Type-b avenin-like protein 20 6.58 282 15
aestivum

Q1ZZT4 Triticum Low-molecular-weight 22 6.17 32.0 34
aestivum glutenin subunit

ASHMGI Triticum HMW glutenin subunit 23 5.75 8.7 7

18



WS5FZ62

aestivum

Triticum
aestivum

1Bx13

Uncharacterized protein

BLAST search: P93693 Serpin-Z1B (identity: 99.5%)

TINADO

R4JDKS

Q41540

MSBDK9

ROUNY9

WS5CWR9

B6DQB2

Q10464

WSEFT2

V5RL87

AOA1D5SXGF4

AO0A1D6SDX2

Q41585

C8CAI4

Q07810

AO0AO077RXHO

B2BZC7

I0IT55

Triticum
urartu

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Malate dehydrogenase

Low-molecular-weight
glutenin subunit

CM 17 protein

Alanine aminotransferase 2

Xylanase inhibitor protein

Uncharacterized protein

Gamma-gliadin (Fragment)

Puroindoline-B
Uncharacterized protein
Puroindoline
Beta-amylase
Uncharacterized protein
Type V Thionin
Dimeric alpha-amylase
inhibitor

rRNA N-glycosidase
Uncharacterized protein
LMW-m glutenin subunit

0154A5-M
Alpha/beta-gliadin

24

25

27

28

29

33

34

35

36

37

38

39

41

42

43

47

5.00

4.96

4.71

4.53

4.15

4.12

4.08

4.05

4.05

4.04

4.01

4.00

4.00

3.93

3.85

3.73

3.39

3.33

2.86

5.0

9.1

27.8

18.9

5.5

6.3

7.6

23.7

12.2

26.4

15.3

1.8

21.5

40.4

6.5

11.5

31.9

19.2

37

34

13

19



Supplementary Material

K7X119 Triticum Alpha-gliadin 48 282 2777 16
aestivum

WS5B5R3 Triticum Sucrose synthase 49 281 1.3 1
aestivum

QS8LRMS Triticum Translationally-controlled 50 249 54 1
aestivum tumor protein homolog

Q6W8Q2 Triticum 1-Cys peroxiredoxin PER1 51 247 5.0 1
aestivum

AOA1D5SRYA9  Triticum Uncharacterized protein 52 245 85 1
aestivum

BLAST search: Q8HO0BS cold regulated protein (identity: 99.4%)

Q03033 Triticum Elongation factor 1-alpha 53 236 1.8 1
aestivum

AOAIDSTK48  Triticum Uncharacterized protein 54 231 2.7 1
aestivum

W47ZQ59 Triticum Uncharacterized protein 55 230 204 2
aestivum

BLAST search: M8A407 60S acidic ribosomal protein P2B (identity: 100%)

I3XHQI1 Triticum Low molecular weight 56 2.18 329 72
aestivum glutenin subunit LMW-9

AOA1D6CI9LY9  Triticum Uncharacterized protein 57 2.18 4.1 1
aestivum

BLAST search: W5GYX5 Glyceraldehyde-3-phosphate dehydrogenase (identity: 96.3%)

P04729 Triticum Gamma-gliadin B-I 58 216 273 33
aestivum

L7VFZ3 Aegilops Delta gliadin 1 59 2,15 3.7 1
tauschii

VITRL3 Triticum High molecular weight 60 2.14 260 24
aestivum glutenin subunit 1Dy protein

Q43723 Triticum Trypsin/alpha-amylase 61 208 74 1
aestivum inhibitor CMX1/CMX3

WS5AKY9 Triticum Uncharacterized protein 62 206 277 28
aestivum

BLAST search: M7ZK46 12S seed storage globulin 1 (identity: 94.5%)

WS5AGK9 Triticum Nucleoside diphosphate 63 2.02 6.0 1
aestivum kinase

AOA1D5X2J6  Triticum Uncharacterized protein 64 201 9.6 3
aestivum

BLAST search: BBYG97 Avenin-like b11 (identity: 57.9%)
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VOIP779 Triticum LMW-m glutenin subunit 38§ 65 201 342 73
aestivum

Q93XQ6 Triticum Peptidyl-prolyl cis-trans 66 2.00 36.8 8
aestivum isomerase

W5DO003 Triticum Uncharacterized protein 67 200 383 5
aestivum

BLAST search: P10846 Alpha-amylase inhibitor WDAI-3 (identity: 95.5%)

WSEBg4 Triticum Uncharacterized protein 68 2.00 2.1 2
aestivum

BLAST search: W5EB84 Ribonuclease (identity: 100%)

DOPRB5 Triticum Profilin 69 2.00 99 1
aestivum

W5H4P2 Triticum Uncharacterized protein 70 2.00 34 1
aestivum

BLAST search: M7Z0D7 DNA damage-inducible protein 1 (identity: 99.3%)

AOAID6CIIS Triticum Uncharacterized protein 71 2.00 5.7 1
aestivum

M8BDUI1 Aegilops Basic 7S globulin 72 200 24 1
tauschii

C5XET8 Sorghum Uncharacterized protein 74 2.00 20 2
bicolor

AO0A287G1Y3  Hordeum Uncharacterized protein 75 2.00 3.9 1
vulgare subsp.
vulgare

Rye

o-secalins

AOAT59KI56 Triticum Omega-secalin 2 23.75 395 79
aestivum

Q7M220 Secale cereale  Trypsin inhibitor 5 16.31 554 22

W6AWOIS Triticum High molecular weight 6 1417 172 19
aestivum glutenin subunit x

W6AW92 Triticum High molecular weight 7 13.56 312 31
aestivum glutenin subunit y

C3VWWO Secale cereale Dimeric alpha-amylase 8 12.03 48.6 10

inhibitor

AOEPP1 Secale cereale Puroindoline-a 9 840 374 10

C4ANFQ2 Triticum Omega secalin 10 735 432 25
aestivum

Q45FA6 Secale cereale Cereal-type amylase 12 6.02 339 5
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R4JFB5

D2KFH1

AO0A159KI54

C4NFN6
Q43639
C3VWW1

Q6S5B1

TIWIL2

Q6J0X9

C4NFNS
AOEPP1
AOA161E6H2

C3VWWI1
WS5AKS6
AOATWSRMH
3

R7WSHO
R7TW7X6
Q9S8H2
Q38794

MOZDF5

K4ABCS8

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Secale cereale
Secale cereale

Secale cereale

Triticum
turgidum
subsp. durum

Kengyilia
kaschgarica

Aegilops
biuncialis
Secale cereale
Secale cereale

Triticum
aestivum

Secale cereale

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii

Aegilops
tauschii

Secale cereale

Avena sativa

Hordeum

vulgare subsp.

vulgare

Setaria italica

inhibitor (Fragment)

Low-molecular-weight

glutenin subunit (Fragment)

Avenin-like a4
Omega-secalin

Omega secalin

Sec-1

Dimeric alpha-amylase
inhibitor

Alpha amylase inhibitor
CM3

Dimeric alpha-amylase
inhibitor

Puroindoline a mutant

Omega secalin
Puroindoline a

Omega-secalin

Dimeric alpha-amylase
inhibitor

Uncharacterized protein

Elongation factor-1a
(Fragment)

Two-component response

regulator ARR2
Cytochrome P450 94A1

Major BAKER'S ASTHMA
allergen SEC C 1 (Fragment)

A.sativa seed storage protein

Uncharacterized protein

Uncharacterized protein

13

14

16

17
18
19

20

21

22

23
25
26

27

28

29

31

32

34

35

Supplementary Material

6.02 139 5
6.02 215 9
4.14 437 27

4.04 420 69
4.00 440 71
4.00 48.6 12

4.00 19.1 2

370 225 3
277 182 15

230 373 45
208 374 10
2.00 403 44

2.00 409 11

200 7.6 1
200 25 1
2.00 3.6 1
200 26 1
200 423 1
2.00 438 1
200 1.8 1
200 3.7 1
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J3NDYO0 Oryza Uncharacterized protein 36 2.00 6.6 1
brachyantha

B9FVQO Oryza sativa ~ Uncharacterized protein 37 2.00 39 1
subsp.
japonica

B8ABK4 Oryza sativa  Uncharacterized protein 38 200 1.2 1
subsp. indica

BLAST search: Q8GU92 ABC transporter G family member 35 (identity: 93.8%)

AO0A287JQN1 Hordeum Uncharacterized protein 39 2.00 84 1
vulgare subsp.
vulgare

AOAI1Z5RAA3  Sorghum Uncharacterized protein 40 2.00 303 1
bicolor

AOA1DS5S983 Triticum Uncharacterized protein 42 200 104 1
aestivum

BLAST search: E9NX12 Glutamate dehydrogenase (identity: 90.7%)

AOAOEOL6AO  Oryza Uncharacterized protein 43 2.00 9.0 1
punctata

AOAOEOL4F6 Oryza Uncharacterized protein 44 200 29 1
punctata

AOAOEOGRU7  Oryzanivara  Uncharacterized protein 45 2.00 45 1

AOAOEODCJ4  Oryza Uncharacterized protein 46 2.00 2.0 1
meridionalis

AO0AOEOD3J0 Oryza Uncharacterized protein 47 200 33 1
meridionalis

HMW-secalins

W6AWOI2 Triticum High molecular weight 1 39.73 59.2 221
aestivum glutenin subunit y

Q93WFO0 Secale cereale High molecular weight 2 30.31 41.5 109

glutenin subunit x

WENKZ9 Aegilops B-type farinin protein 4 10.70 39.3 27
umbellulata

W5G1U9 Triticum Uncharacterized protein 5 808 384 5
aestivum

QoUJYS Triticum Globulin 6 730 28.0 11
turgidum

W5D591 Triticum Small ubiquitin-related 8 6.92 406 4
aestivum modifier

Q40052 Hordeum Glycine rich protein, RNA 9 6.88 38.7 5
vulgare binding protein

23



ACT1 Sorghum Actin-1 10
bicolor

Q45FA6 Secale cereale Cereal-type amylase 11

inhibitor (Fragment)

Q6S5B1 Triticum Alpha amylase inhibitor 12
turgidum CM3
subsp. durum

G8CN40 Secale cereale Uncharacterized protein 14

BLAST search: M7YWL9 Selenium-binding protein 1 (identity: 99.4%)

S4VIB2 Secale cereale  Secaloindoline b 15
x Triticum
aestivum

W5DPI4 Triticum Uncharacterized protein 16
aestivum

BLAST search: M7ZIE1 Calreticulin (identity: 86.8%)

WS5FMJ1 Triticum Uncharacterized protein 17
aestivum

C5WZL1 Sorghum Peptide-methionin (R)-S- 18
bicolor oxide reductase

W4ZRH9 Triticum Glucose-1-phosphate 19
aestivum adenylyltransferase

Q5DVL6 Hordeum C2 domain-containing 20
vulgare subsp. protein
vulgare

WSIA32 Triticum Formate dehydrogenase, 21
aestivum mitochondrial

AO0AO0G3F720 Triticum Endosperm transfer cell 22
aestivum specific PR60

AO0A2DOUFQO  Triticum X-type HMW-GS 1S1x2.2 23
aestivum

I1TH5K3 Brachypodium 40S ribosomal protein S21 24
distachyon

COPAG67 Zea mays Tubulin beta chain 25

RIXWGY Triticum LMW-GS 26
aestivum

Q43639 Secale cereale Secl 27

AOAIESWOT3  Dichanthelium Elongation factor 1-alpha 28
oligosanthes

Q2XSP8 Aegilops Puroindoline a (Fragment) 29

Supplementary Material

6.59

6.33

6.09

5.06

4.84

4.42

4.36

4.24

4.24

4.23

4.09

4.06

4.00

4.00

3.81
3.29

2.92
2.75

2.73

8.0

43.2

29.2

6.3

36.9

7.5

323

23.9

3.4

13.8

10.1

30.8

8.2

31.7

4.9
5.8

14.3
3.1

20.8

3

14

42
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QYFEG4

QY4ILS

TIWIL2

WSHXXO0

BLAST search: M8A775 Elongation factor 1-gamma 2 (identity: 99.3%)

R7WFEO

QIFR41

WSFTF6

AOA3B5YYT3

AOA287E848

Q7M220

WSETWS

H6UQP6

R7W9Z9

WSERI9

MS8A1S2

WS5B5R3

W4Z7ZR59

ASHMGI1

AVLA4

sharonensis

Triticum
turgidum
subsp. durum

Secale cereale

Kengyilia
kaschgarica

Triticum
aestivum

Aegilops
tauschii

Secale cereale

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Secale cereale

Triticum
aestivum

Elymus
libanoticus
Aegilops
tauschii

Triticum
aestivum

Triticum
urartu

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Protein disulfide isomerase
(Fragment)

High molecular weight
glutenin subunit x

Dimeric alpha-amylase
inhibitor

Uncharacterized protein

1,4-alpha-glucan-branching
enzyme 2,
chloroplastic/amyloplastic

Secalin

Uncharacterized protein

Peptide-methionine (R)-S-
oxide reductase

Uncharacterized protein

Trypsin inhibitor

UDP-glucose 6-
dehydrogenase

High molecular weight
subunit of glutenin

Uncharacterized protein

Non-specific lipid-transfer
protein

Trypsin/alpha-amylase
inhibitor CMX1/CMX3

Sucrose synthase

Mitochondrial fission 1
protein

HMW glutenin subunit
1Bx13

Avenin-like a4

32

33

34

35

36

37

38

39

40

41

43

44

45

46

47

48

49

50

52

2.35

2.32

2.23

2.22

2.19

2.17

2.15

2.12

2.11

2.08

2.07

2.06

2.06

2.04

2.04

2.03

2.03

2.01

2.01

7.7

13.8

7.2

5.1

1.0

4.4

29.0

11.4

1.4

15.7

3.1

13.6

7.9

9.7

6.2

1.3

5.5

3.1

14.0

34

\S]
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Supplementary Material

Q8L808 Triticum Putative cytochrome c 53 201 64 1
aestivum oxidase subunit

E7DVE3 Aegilops High molecular weight 54 2.00 8.0 28
kotschyi glutenin subunit Ux2.3

AO0A1D5S923 Triticum Globulin 1 55 2.00 228 8
aestivum

B6VCMS5 Secale cereale Chloroplast putative glucose- 56 200 196 2

1-phosphate
adenylyltransferase large
subunit 1 (Fragment)

AO0A287JQN1 Hordeum Uncharacterized protein 57 2.00 84 1
vulgare subsp.
vulgare

W5G3X9 Triticum Uncharacterized protein 59 200 94 1
aestivum

BLAST search: M7Z124 40S ribosomal protein S20 (identity: 97.5%)

WSFEZ3 Triticum 40S ribosomal protein S12 60 2.00 6.9 1
aestivum

WSE8X2 Triticum Uncharacterized protein 61 200 185 1
aestivum

BLAST search: M7ZP32 40S ribosomal protein S28 (identity: 100%)

W5DYDI1 Triticum Uncharacterized protein 62 2.00 2.7 1
aestivum

W5AMQS8 Triticum Uncharacterized protein 63 2.00 2.1 1
aestivum

W4ZTE4 Triticum Uncharacterized protein 64 2.00 3.8 1
aestivum

M8CU71 Aegilops Vesicle transport v-SNARE 65 2.00 8.1 1
tauschii 13

MS8C8R9 Aegilops Uncharacterized protein 66 2.00 5.6 1
tauschii

M7ZARS Triticum Uncharacterized protein 67 2.00 4.0 1
urartu

v-75k-secalins

ESKZQ2 Secale cereale 75k gamma secalin 1 53.31 43.7 165

B9ASE2 Triticum Protein disulfide-isomerase 2 32.01 41.0 30
aestivum

R7WSL3 Aegilops Uncharacterized protein 4 18.00 37.0 12
tauschii
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BLAST search: Q9ZSR6 Heat shock protein HSP26 (identity: 100%)

AOA1D6RH21

Q7M220
Q7M1Z3
W6AW92

AO0A1D5U769

M7ZK46

M8C1W9

WSE2W7

R7WO001

E5KZQ6
C3VWWO0

CALM

Q96185

Q93XQ6

Q8VX48

Q6KE43

Ws5I14U0

BLAST search: M7ZNI1 Putative Calcium-binding protein CML7 (identity: 98.7%)

Q6BCKO
MS8BDK9

Q941K9

WENKZ9

Triticum
aestivum

Secale cereale

Secale cereale

Triticum
aestivum

Triticum
aestivum

Triticum
urartu
Aegilops
tauschii
Triticum
aestivum
Aegilops
tauschii

Secale cereale

Secale cereale

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Secale cereale

Triticum
aestivum

Secale cereale

Aegilops
tauschii

Secale cereale

Aegilops
umbellulata

Uncharacterized protein

Trypsin inhibitor
rRNA N-glycosidase

High molecular weight
glutenin subunit y

Sucrose synthase

128 seed storage globulin 1

L-ascorbate peroxidase 2,
cytosolic

40S ribosomal protein SA

1-Cys peroxiredoxin PER1

75k gamma secalin
Dimeric alpha-amylase
inhibitor

Calmodulin
Superoxide dismutase

Peptidyl-prolyl cis-trans
isomerase

Phosphoglucomutase
(Fragment)

Xylanase inhibitor
(Fragment)

Uncharacterized protein

Puroindoline b

Alanine aminotransferase 2

High molecular weight
glutenin subunit x

B-type farinin protein

5

14

15
16

17

18

19

20

23

24

25
26

27

28

16.35

15.01
14.81
14.17

13.81

13.58

13.35

12.83

11.70

11.52
11.03

10.13

10.10

9.61

9.34

8.68

8.54

8.52
8.08

7.95

7.76

28.2

61.2
23.2
27.3

13.2

15.2

394

28.9

33.0

74.8
54.9

544

26.4

46.2

9.1

20.3

35.1

43.9
9.6

10.2

29.6

10

23

39

10

16

153
15

10

14

14

15

12
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M8BDX3

MS8B1Z5

Q9SAUS

C1J958

I11TE4

AOAIDSTFS7

Q45FA6

WS5FZ62

Aegilops
tauschii

Aegilops
tauschii

Triticum
aestivum

Secale cereale

Brachypodium
distachyon

Triticum
aestivum

Secale cereale

Triticum
aestivum

Uncharacterized protein
Lactoylglutathione lyase
HSP70
Fructose-bisphosphate
aldolase
Uncharacterized protein
Uncharacterized protein
Cereal-type amylase

inhibitor (Fragment)

Uncharacterized protein

BLAST search: P93693 Serpin Z1B (identity: 100%)

W4ZRH9

AOA1D6SBI15

AOEPP1
W5CY88

WS5FEQ2

Triticum
aestivum

Triticum
aestivum

Secale cereale

Triticum
aestivum

Triticum
aestivum

Glucose-1-phosphate
adenylyltransferase

Uncharacterized protein

Puroindoline a

Peroxiredoxin

Uncharacterized protein

BLAST search: M7YC85 Prohibitin-2 (identity: 92.5%)

F2D1GS5

Q6E5AS

Q6UIYS

AMYB
WSEF79

I1HBSI1

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
turgidum

Secale cereale

Triticum
aestivum

Brachypodium

Predicted protein

Plastidial ADP-glucose
transporter

Globulin

Beta-amylase (Fragment)

Uncharacterized protein

Uncharacterized protein

29

30

31

32

33

34

35

36

37

38

39
40

42

43

44

45

Supplementary Material

728 149 5
7.16 151 4
7.15 5.7 3
7.06 129 4
6.84 203 4
6.67 268 4
6.66 305 4

6.56 150 5

644 79 3
640 79 3

6.29 36.7 11
628 191 4

623 118 3

6.12 83 3

6.10 6.4 3

6.06 173 4

6.04 180 4
6.04 230

6.00 242 4
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distachyon
BLAST search: P12810 16.9 kDa class | heat shock protein 1 (identity: 85.7%)

W5HGY%4 Triticum Uncharacterized protein 49 6.00
aestivum

AOAIDSUB33  Triticum Uncharacterized protein 50 6.00
aestivum

MS8CBB2 Aegilops Peptidylprolyl isomerase 51 5.97
tauschii

Q35412 Triticum Pathogenesis-related 5 52 5.65
monococcum

WSENP1 Triticum Uncharacterized protein 53 5.60
aestivum

QOFSI8 Hordeum Cold-regulated protein 54 5.60
vulgare

F2EKR6 Hordeum Predicted protein 55 5.55
vulgare subsp.
vulgare

MO0Z0Z6 Hordeum Uncharacterized protein 56 5.49
vulgare subsp.
vulgare

AOAID6B171 Triticum Uncharacterized protein 57 5.38
aestivum

BLAST search: P01083 Alpha-amylase inhibitor 0.28 (identity: 70.1%)

MSATN9 Triticum Universal stress protein A- 58 5.20
urartu like protein

W5G3G1 Triticum Uncharacterized protein 59 5.13
aestivum

BLAST search: M8ATI4 Homocysteine S-methyltransferase 3 (identity: 98.7%)

AOAIDSWIE9  Triticum Uncharacterized protein 60 5.05
aestivum

BLAST search: M7YUQG6 Aspartic proteinase oryzasin-1 (identity: 91.4%)

M0Z954 Hordeum Uncharacterized protein 61 4.96
vulgare subsp.
vulgare

R9W924 Triticum ER molecular chaperone 62 4.81
aestivum

M7Z0L4 Triticum Glutelin type-A 1 63 4.64
urartu

AOAID6APE7  Triticum Uncharacterized protein 64 4.49
aestivum

8.9

14.9

4.5

36.9

19.2

21.3

4.3

15.3

33.8

18.2

14.4

5.6

7.2

33

7.1

18.9

10
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Supplementary Material

BLAST search: M8B1US5 Putative invertase inhibitor (identity: 92.2%)

Q308L7 Secale cereale Eukaryotic translation 65 432 137 2
initiation factor SA

R7W8V3 Aegilops Tubulin alpha chain 66 429 8.0 3
tauschii

WSEKIO Triticum Beta-amylase (Fragment) 67 429 9.1 5
aestivum

R4JFA4 Triticum Low-molecular-weight 68 424 105 5
aestivum glutenin subunit (Fragment)

WSEBg&4 Triticum Ribonuclease 69 423 20 2
aestivum

MOUSC9 Hordeum Aspartate aminotransferase 70 422 8.1 3
vulgare subsp.
vulgare

AVLA4 Triticum Avenin-like a4 71 422 215 20
aestivum

AO0A287E848 Hordeum Uncharacterized protein 72 420 2.5 2
vulgare subsp.
vulgare

BLAST search: M7ZQ95 1,4-alpha-glucan-branching enzyme (identity: 94.6%)

M8A2J7 Triticum Ubiquilin-1 73 414 53 3
urartu

Q6S5B1 Triticum Alpha amylase inhibitor 74 410 191 6
turgidum CM3
subsp. durum

1116D9 Brachypodium Uncharacterized protein 75 4.08 109 2
distachyon

R7W3WO0 Aegilops Cytochrome b-c1 complex 76 406 151 2
tauschii subunit 7

B6UEI15 Zea mays Soluble inorganic 77 404 122 2

pyrophosphatase

W5B2J4 Triticum Uncharacterized protein 78 4.02 124 2
aestivum

W5I4Y2 Triticum Glucose-1-phosphate 79 4.01 3.7 2
aestivum adenylyltransferase

WSEMF3 Triticum Ubiquitin-fold modifier- 80 401 201 3
aestivum conjugating enzyme |

MOYHS1 Hordeum Uncharacterized protein 81 4.00 5.5 2
vulgare subsp.
vulgare
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WSHXXO0 Triticum Uncharacterized protein 82 4.00 4.8

aestivum

BLAST search: M8A775 Elongation factor 1-gamma 2 (identity: 98.8%)

WS5CQE4 Triticum Uncharacterized protein 83 4.00 10.0
aestivum

MSBAKS Aegilops Uncharacterized protein 84 4.00 13.8
tauschii

BLAST search: Q43723 trypsin/alpha-amylase inhibitor CMX1/CMX3 (identity: 92.6%)

Q9AXR9 Secale cereale 31.7 kDa class I 85 400 34

endochitinase-antifreeze
protein

R7WARO Aegilops Isocitrate dehydrogenase 86 388 4.6
tauschii [NADP]

F471.26 Secale Alpha-gliadin storage protein 87 383 17.6
strictum
subsp.
africanum

Q9SDK4 Oryza sativa GTP-binding protein 88 3.70 109
subsp.
japonica

W5BVL3 Triticum Uncharacterized protein 89 3.64 7.5
aestivum

BLAST search: M7YGC2 Putative quinone-oxidoreductase-like protein (identity: 91.2%)

W5GVY4 Triticum Uncharacterized protein 90 349 188
aestivum

USS8M6 Dendrocalamu  Elongation factor 1-alpha 91 348 5.1
s latiflorus

F2DIQ9 Hordeum Predicted protein 92 342 45
vulgare subsp.
vulgare

MSAJF7 Triticum Uncharacterized protein 93 339 308
urartu

BLAST search: Q05806 Type-5 thionin (identity: 95.4%)

TINADO Triticum Malate dehydrogenase 94 338 8.8
urartu

F2E5Q1 Hordeum Profilin 95 337 351
vulgare subsp.
vulgare

Q6J0X9 Aegilops Puroindoline a mutant 96 335 182
biuncialis

W5GY XS5 Triticum Glyceraldehyde-3-phosphate 97 328 11.0

14
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aestivum dehydrogenase

W4ZR59 Triticum Mitochondrial fission 1 98 328 134 2
aestivum protein

MSBTX4 Aegilops 12-oxophytodienoate 99 323 103 2
tauschii reductase 2

M7YW45 Triticum Vacuolar-sorting receptor 1 100 3.17 2.7 2
urartu

S4ULQ4 Secale cereale Dimeric alpha-amylase 101 315 457 9

inhibitor (Fragment)

A0A287WJQ6  Hordeum Uncharacterized protein 102 3.08 204 3
vulgare subsp.
vulgare

BLAST search: M7ZWD9 Nuclear transport factor 2 (identity: 99.0%)

W5AXT4 Triticum Uncharacterized protein 103 3.05 4.6 2
aestivum

BLAST search: M8B153 Coproporphyrinogen-111 oxidase (identity: 99.3%)
AOAOE3T7BI Secale cereale  Putative elongation factor 1 104 299 1.2

WSEF42 Triticum Uncharacterized protein 105 299 5.1 2
aestivum

BLAST search: M8A214 Vicilin-like antimicrobial peptides 2-2 (identity: 93.2%)

F2D1U7 Hordeum UMP-CMP kinase 106 293 85 2
vulgare subsp.
vulgare

AOEPP1 Secale cereale Puroindoline-a 107 285 367 11

F2CS51 Hordeum Pyruvate kinase 108 276 19 1
vulgare subsp.
vulgare

Q8H530 Oryza sativa 0s07g0485100 protein 109 272 6.1 2
subsp.
japonica

W5G6L7 Triticum Uncharacterized protein 110 271 22 1
aestivum

BLAST search: M8BATW1 Betaine aldehyde dehydrogenase 1 (identity: 97.3%)

Q6KE41 Secale cereale  Xylanase inhibitor 111 264 139 6

MS8A392 Triticum Uncharacterized protein 112 2.62 4.0 1
urartu

BLAST search: M7ZAQ9 Oxalate oxidase 2 (identity: 100%)

WS5DQS5 Triticum Uncharacterized protein 113 262 40 1
aestivum
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HO6ULIS Secale 75k gamma secalin 114 2.60

strictum
subsp.
africanum

F2D284 Hordeum Protein disulfide-isomerase 115 2.55
vulgare subsp.
vulgare

W5I139 Triticum Uncharacterized protein 116 2.40
aestivum

C4P5P7 Triticum Monomeric alpha-amylase 117 2.32
dicoccoides inhibitor

WS5DLHO Triticum Uncharacterized protein 118 2.29
aestivum

W5DYDI1 Triticum Uncharacterized protein 119 2.28
aestivum

W4ZQ59 Triticum Uncharacterized protein 120 2.26
aestivum

BLAST search: M8A407 60S acidic ribosomal protein P2B (identity: 100%)

Q43660 Triticum Heat shock protein 17.3 121 2.25
aestivum

M7ZGK1 Triticum Uncharacterized protein 122 2.21
urartu

MOWZIS Hordeum Uncharacterized protein 123 2.20
vulgare subsp.
vulgare

BLAST search: M8A2G0 ADP,ATP carrier protein, mitochondrial (identity: 97.9%)

MS8BT11 Aegilops Stromal 70 kDa heat shock- 124 2.18
tauschii related protein, chloroplastic

MS8CA41 Aegilops Adenylate kinase A 125 2.16
tauschii

I1THCH9 Brachypodium NADH-cytochrome b5 126 2.16
distachyon reductase

AOA1D6BSII Triticum Uncharacterized protein 127 2.15
aestivum

M7Z7R6 Triticum Uncharacterized protein 128 2.15
urartu

F2E8C1 Hordeum Predicted protein 129 2.13
vulgare subsp.
vulgare

F2E9NO Hordeum Predicted protein 130 2.08

vulgare subsp.

47.7

37.2

3.0

13.9

3.9

6.5

8.9

9.6

7.5

24

16.6

3.9

12.1

4.5

9.1

11.9

160

27

15
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vulgare
BLAST search: M7ZK46 12S seed storge globulin 1 (identity: 86.6%)
MT7YF70 Triticum Uncharacterized protein 131 208 54 1
urartu
BLAST search: Q8LRM8 Translationally-controlledtumor protein homolog (identity: 99.4%)
W5G4R7 Triticum Pyrophosphate--fructose 6- 132 208 1.5 1
aestivum phosphate 1-
phosphotransferase subunit
alpha
Q8LK23 Triticum Peroxidase 133 208 34 1
aestivum
AOAIDSXGF4  Triticum Beta-amylase 135 207 9.1 5
aestivum
F2DSB7 Hordeum Predicted protein 136 2.06 4.7 2
vulgare subsp.
vulgare
BLAST search: M7ZRF8 Acid phosphatase 1 (identity: 88.5%)
WS5BGNS Triticum Uncharacterized protein 137 205 2.1 1
aestivum
Q0J4K2 Oryza sativa Lipoxygenase 138 205 0.8 1
subsp.
japonica
WS5FPN2 Triticum Uncharacterized protein 139 204 2.0 1
aestivum
WSE8D7 Triticum 1,2-dihydroxy-3-keto-5- 140 204 54 1
aestivum methylthiopentene
dioxygenase
WS5CKU7 Triticum Uncharacterized protein 141 2.03 5.1 1
aestivum
MS8CZ52 Aegilops Farnesyl pyrophosphate 142 2.03 3.0 1
tauschii synthetase
QI9LKMO Lolium Nucleoside diphosphate 143 2.02 6.0 1
perenne kinase
M8CGQI1 Aegilops Uncharacterized protein 144 2.02 89 1
tauschii
MSBYD7 Aegilops Purple acid phosphatase 145 202 22 1
tauschii
WSEFT2 Triticum Uncharacterized protein 146 201 39 1
aestivum
TIN6WO Triticum Uncharacterized protein 147 201 104 1
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urartu
BLAST search: AOA3B6HWML1 Alanine--tRNA ligase (identity: 100%)

B6SGYS Zea mays RNA binding protein 148

K7WM32 Secale cereale 75k gamma secalin 149

E5SKZQO0 Secale cereale 75k gamma secalin 150

Q9AXH7 Triticum 1-Cys peroxiredoxin 151
turgidum
subsp. durum

[MH7J7 Brachypodium Uncharacterized protein 152
distachyon

BLAST search: Q00445 Small heat shock protein (identity: 86.0%)

W5A619 Triticum Uncharacterized protein 153
aestivum

BLAST search: P62162 Calmodulin (identity: 99.3%)

C3VWW1 Secale cereale Dimeric alpha-amylase 154

inhibitor

H8YOP2 Secale cereale Gamma prolamin (Fragment) 155
subsp.
tetraploidum

J71265 Aegilops Gamma-gliadin (Fragment) 157
speltoides

MOUGW6 Hordeum Uncharacterized protein 158
vulgare subsp.
vulgare

WS5D6S5 Triticum S-formylglutathione 160
aestivum hydrolase

TIN7I1 Triticum Uncharacterized protein 161
urartu

P83207 Triticum Chymotrypsin inhibitor WCI 162
aestivum

P16968 Hordeum Alpha-amylase inhibitor 163
vulgare BMAI-1 (Fragment)

K3XLS0 Setaria italica ~ Uncharacterized protein 164

WSIC49 Triticum Uncharacterized protein 165
aestivum

WS5I0BO Triticum Uncharacterized protein 166
aestivum

WS5GBF3 Triticum Uncharacterized protein 168
aestivum

WS5FP48 Triticum Uncharacterized protein 169

2.01

9.5

38.4
34.8
33.5

213

544

54.9

12.8

6.7

6.5

59

5.5

16.8

7.5

5.4
33

2.4

3.1

43

2
161
162

10

13

15

35



WSEX16

P46226

WS5ALSS

W47U05

R7WDL2

R7W2G4

Q9S8H2

A2SXR9

D2KZ09

FOMIXS
AOAID6RYC2

Q69Y17

N1QP80

AOA1D5ZWI3

AOA1DS5SY85

MT7YA95

K3Y8WO0
B8BMJ7

AOATWOVU20

AOA1D5SYMB2

aestivum

Triticum
aestivum

Secale cereale

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii

Aegilops
tauschii

Secale cereale

Triticum
aestivum

Triticum
aestivum

Secale cereale

Triticum
aestivum

Oryza sativa
subsp.
japonica
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
urartu

Setaria italica

Oryza sativa
subsp. indica

Sorghum
bicolor

Triticum
aestivum

Uncharacterized protein

Triosephosphate isomerase,
cytosolic

Phosphoinositide
phospholipase C

Uncharacterized protein

Isopentenyl-diphosphate
Delta-isomerase I

Formate--tetrahydrofolate
ligase

Major BAKER'S ASTHMA
allergen SEC C 1 (Fragment)

Uricase
Seed protein B32E

Purple acid phosphatase

Uncharacterized protein

Putative PrMC3

Translocon-associated
protein subunit beta

Uncharacterized protein
Uncharacterized protein
Putative 6-
phosphogluconolactonase 2

Uncharacterized protein

Uncharacterized protein
Uncharacterized protein

Uncharacterized protein

170

172

174

175

176

177

178

179

180

181
182

183

184

185

187

188

189
190

191

192
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2 1.1 1
2 4.7 1
2 1.5 1
2 3.5 1
2 6.2 1
2 1.6 1
2 423 1
2 33 1
2 2.0 1

1.9 1

3.0 1
2 4.4 1
2 6.2 1
2 5.1 1
2 4.2 1
2 33 1

4.5 1

4.9 1
2 3.2 1
2 2.7 1
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v-40k-secalins

AO0A1D5U769

WS5AHI2

Triticum
aestivum

Triticum
aestivum

Sucrose synthase

Uncharacterized protein

BLAST search: M8ASF1 Actin-2 (identity: 100%)

H8YO0K4
BY9ASE2

AO0A287HMMO

Secale cereale

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Gamma prolamin

Protein disulfide-isomerase

Uncharacterized protein

28.53

27.76

24.32
21.67

19.77

BLAST search: M7ZLT6 Alpha-1,4-glucan-protein synthase (identity: 98.3%)

Q41593

AOAOE3T7BlI
W6AW92

AOA1D6C5Y4

WS5AFW9

Triticum
aestivum

Secale cereale

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Serpin-Z1A

Putative elongation factor 1

High molecular weight
glutenin subunit y

Uncharacterized protein

Uncharacterized protein

BLAST search: MBAMKS Actin-7 (identity: 100%)

M8BW46

004074

WS5AUU7

M8BDX3

K7WZBS8
EOWC53

WS5HXVO0

WS5IA32

N1QXI7

Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii

Secale cereale

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii

RNA-binding protein Nova-1
Starch branching enzyme 1
Uncharacterized protein
Uncharacterized protein

75k gamma secalin
WALI7

Uncharacterized protein

Formate dehydrogenase,
mitochondrial

Stromal 70 kDa heat shock-
related protein, chloroplastic

8

10
11

12

13

14

15

16

17

18
19

20

22

23

17.61

16.20
15.88

15.59

15.00

14.69

13.70

13.61

13.31

13.24
12.75

12.62

12.17

12.15

23.0

48.8

54.8
25.6

38.4

29.9

6.9
233

294

43.3

22.2

9.9

30.9

26.6

23.8
34.1

19.1

18.6

10.4

25

23

83
13

18

13

18

19

10

28
11
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NI1QTF4

R7WS8L9

MS8A4TO

A0A287X6Z0

F2DSA1

MS8BB60

Q84UC6

QIM5G3

WSEKIO

B2ZES2

S4VIB2

Q7M1Z3

HY9AXB3

P46226

Q7M220
W5AKO5

MOV255

W5H4V7

Aegilops
tauschii

Aegilops
tauschii

Triticum
urartu

Hordeum

vulgare subsp.

vulgare

Hordeum

vulgare subsp.

vulgare

Aegilops
tauschii

Hordeum

vulgare subsp.

vulgare

Hordeum

vulgare subsp.

vulgare

Triticum
aestivum

Triticum
aestivum

Secale cereale
X Triticum
aestivum

Secale cereale

Triticum
aestivum

Secale cereale

Secale cereale

Triticum
aestivum

Hordeum

vulgare subsp.

vulgare

Triticum
aestivum

DEAD-box ATP-dependent
RNA helicase 37

Glutamate-1-semialdehyde
2,1-aminomutase,
chloroplastic

V-type proton ATPase
subunit C

Uncharacterized protein

Predicted protein

Prohibitin-1, mitochondrial

Pyrroline-5-carboxylate
reductase

Translationally-controlled
tumor protein homolog

Beta-amylase

Small heat shock protein
16.9 kDa

Secaloindoline b

rRNA N-glycosidase
Serpin-n3:2

Triosephosphate isomerase,
cytosolic

Trypsin inhibitor

Glucose-6-phosphate
isomerase

Uncharacterized protein

Phosphoglycerate kinase

24

25

26

28

29

30

32

33

34

35

36

37

38

39

40
41

42

43

12.11

12.09

12.00

11.46

11.42

11.02

10.89

10.87

10.81

10.56

10.35

10.18

10.00

9.85

9.29
9.12

9.04

9.01

6.0

17.2

15.5

24.7

52.7

44.5

28.7

25.6

15.3

43.1

43.6

23.9

17.1

26.5

54.5
9.2

20.9

11.2
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6

11

16
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WSEO031

WENKZ9
MSATA7

AOA1DSWIE9

P30271

MOUP66

Q43661

C3VWWO0

AOA1DSX277

MSETS52

WS5GBF3

MSAMF7

Q8LK23

ROW924

Q941K9

MOWXCS5

F2E9NO

Triticum
aestivum

AEGUM

Triticum
urartu

Triticum
aestivum

Secale cereale

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Secale cereale

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Secale cereale

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Uncharacterized protein

B-type farinin protein

26S proteasome non-ATPase

regulatory subunit RPN12A

Uncharacterized protein
Beta-amylase (Fragment)
Uncharacterized protein
Wali7 protein (Fragment)
Dimeric alpha-amylase
inhibitor
Uncharacterized protein
GT47 2D
Uncharacterized protein
Universal stress protein A-
like protein

Peroxidase

ER molecular chaperone
High molecular weight

glutenin subunit x

Uncharacterized protein

Predicted protein

44

45
46

47

48

49

50

51

52

53

54

55

56

58

59

60

61

BLAST search: M7ZK46 12S seed storage globulin 1 (identity: 86.6%)

N1QZ20

AOA1D5SWF54

Aegilops
tauschii

Triticum
aestivum

Methylmalonate-

semialdehyde dehydrogenase

(Acylating), mitochondrial

Uncharacterized protein

62

63

8.69

8.50
8.35

8.29

8.26

8.16

8.09

8.00

7.88

7.84

7.83

7.48

7.47

7.35

7.18

7.14

7.09

7.06

6.94

16.7

26.1
16.5

12.3

21.6

13.8

18.5

40.8

10.9

12:4

9.6

39.2

12.3

6.8

10.9

16.2

11.4

6.7

6.0

11



Q93XQ6

WS5BKC3

F2EA18

AOA1DSRTSI1

D4N8DS

WS5DLHO

WS5AVSS

BLAST search: M8AOZ1 Putative 26S proteasome non-ATPase regulatory subunit 7 (identity:

96.3%)
AOA1D6S9Y1

WS5DOE3
Q6UJTYS
AOAIESWIH2
M7ZL68
U3NIP5
QS5KSN7
Q3S411
Q8VX48

A0A287S5K9

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Secale cereale
X Triticum
turgidum
subsp. durum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
turgidum
Dichanthelium
oligosanthes

Triticum
urartu

Triticum
turgidum
Leymus

chinensis

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Peptidyl-prolyl cis-trans
isomerase

Uncharacterized protein

Predicted protein (Fragment)

Malate dehydrogenase

Carbonic anhydrase

Uncharacterized protein

Uncharacterized protein

Uncharacterized protein

Fructose-bisphosphate
aldolase

Globulin

Ubiquitin-conjugating
enzyme E2 28

Universal stress protein A-
like protein

Glutamine synthetase

Betaine aldehyde
dehydrogenase

Eukaryotic translation
initiation factor SA

Phosphoglucomutase
(Fragment)

UTP--glucose-1-phosphate
uridylyltransferase

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80
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6.90

6.77

6.75

6.69

6.66

6.58

6.35

6.30

6.24

6.17

6.13

6.02

6.00

5.94

5.85

5.81

5.68

28.7

12.3

9.1

6.0

15.8

10.5

11.3

16.8

8.7

17.3

33.8

19.3

9.1

11.2

21.1

7.4

4.7

7

5
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WS5AQ87

Triticum
aestivum

Uncharacterized protein

81

5.67

BLAST search: AOA2871TX4 Isocitrate dehydrogenase [NADP] (identity: 90.2%)

WS5CAC3

G4XHT71

W4ZSW9

AO0A1D6BQZ0

Ws5I774

Q75RZ2

Q6J0X9

TINAK2

BLAST search: AOA140KPU9 GA30x-A3 protein (identity: 97.0%)

W5G919

W5G208

WS5BVL3

Q6ESAS

WS5BNII

A0A287SV63

M7ZUX7

Q5EWZ1

Triticum
aestivum

Secale cereale
x Triticum
turgidum
subsp. Durum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Aegilops
biuncialis

Triticum
urartu

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Hordeum

vulgare subsp.

vulgare

Triticum
aestivum

Hordeum

vulgare subsp.

vulgare

Triticum
urartu

Triticum

Uncharacterized protein

Peptidyl-prolyl cis-trans
isomerase

Serine/threonine-protein
phosphatase
Tubulin beta chain

Sucrose synthase

Putative caffeoyl CoA O-
methyltransferase
(Fragment)

Puroindoline a mutant

Uncharacterized protein

Uncharacterized protein
Malate dehydrogenase
Uncharacterized protein

Plastidial ADP-glucose
transporter

Aldose 1-epimerase

Uncharacterized protein

Cytochrome b-c1 complex
subunit Rieske,
mitochondrial

Actin

82

83

84

85

86

88

&9

90

91

92

93

94

95

96

97

5.56

5.56

5.56

5.54

542

5.32

5.21

5.20

5.18

5.17

5.02

4.99

4.95

4.82

4.80

4.78

31.0

12.4

28:7

7.5

9.9

7.2

8.4

16.9

12.2

8.8

6.4

10.1

4.2

9.3

5.5

8.3

46.2

19
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aestivum

AOAIDSYA21  Triticum Uncharacterized protein 98 474 135 4
aestivum

WS5FSYS Triticum Homoserine dehydrogenase 99 469 7.8 3
aestivum

F4Z1.28 Secale Alpha-gliadin storage protein 100 4.63 167 3
strictum
subsp.
africanum

WS5ERMS Triticum Proteasome subunit beta type 101 462 185 3
aestivum

W5CPG2 Triticum Uncharacterized protein 102 460 2.6 2
aestivum

BLAST search: M7Z099 Glutaminyl-tRNA synthetase (identity: 99.1%)

WSELUS8 Triticum Uncharacterized protein 103 458 202 4
aestivum

AOAIDSWEO6  Triticum Uncharacterized protein 104 448 6.3 2
aestivum

AOA1D6ABF1  Triticum Uncharacterized protein 105 437 101 5
aestivum

W5CY88 Triticum Uncharacterized protein 106 436 123 2
aestivum

W5GVY4 Triticum Uncharacterized protein 107 430 188 3
aestivum

W5DQS5 Triticum Uncharacterized protein 108 420 11.0 2
aestivum

WS5I4R6 Triticum Uncharacterized protein 109 417 7.1 2
aestivum

Q1EMA2 Secale cereale  Glucan endo-1,3-beta-D- 110 414 7.1 2

glucosidase

M7ZPJ4 Triticum 26S proteasome non-ATPase 111 414 132 3
urartu regulatory subunit 14

MS8CZ52 Aegilops Farnesyl pyrophosphate 112 413 52 2
tauschii synthetase

QI9SAUS Triticum HSP70 113 407 3.7 2
aestivum

MS8C8G6 Aegilops Glyceraldehyde-3-phosphate 114 406 133 4
tauschii dehydrogenase

P36183 Hordeum Endoplasmin homolog 115 4.06 2.5 2
vulgare

42



AOA1D5RU62

Q7XYEI

MS8B7Y1

WS5AC28

WS5B7WS5

AOA1D5SXGF4

Q41602

B9VRH9

M8AXM7

MS8BI24

M7Z2Gl6

F2CSC4

AOA1DS5X6C4

W5G4R7

W5G3G1

Q9AXH7

Q10MF7

M7ZGK1

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
turgidum
subsp. durum

Triticum
macha
Aegilops
tauschii
Aegilops
tauschii

Triticum
urartu

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
turgidum
subsp. durum

Oryza sativa
subsp.
japonica

Triticum

Uncharacterized protein
Tat binding protein

(Fragment)
Putative 6-

phosphogluconolactonase 4,
chloroplastic
Uncharacterized protein
Caleosin

Beta-amylase

Gamma gliadin (Fragment)

Gamma-gliadin

Pectin acetylesterase

E3 ubiquitin-protein ligase
RGLG2

Oxalate oxidase 2

Predicted protein

Uncharacterized protein

Pyrophosphate--fructose 6-
phosphate 1-
phosphotransferase subunit
alpha

Uncharacterized protein

1-Cys peroxiredoxin

Expressed protein

Uncharacterized protein

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

4.05

4.04

4.04

4.04

4.02

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

4.00

12.8

11.8

6.5

7.7

14.3

14.3

16.4

15.4

6.0

7.0

11.6

7.5

11.3

33

7.9

8.7

2.5

8.0

10

10
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WS5GHTS

AOA1D6BI171

WSES41

WS5AQ78

F2DZ50

R7W0Y8

AOA1DSRYQ7

AOA1ID5SWIYS

MS8ASR4

AOA287EJZ6

WS5AZ11

urartu

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii
Hordeum

vulgare subsp.
vulgare

Triticum
aestivum

Isocitrate dehydrogenase
[NAD] subunit,
mitochondrial
Uncharacterized protein
Uncharacterized protein

Caleosin

Predicted protein

Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Peroxidase

Uncharacterized protein

Uncharacterized protein

134

135

136

137

138

139

140

141

142

143

144

Supplementary Material

389 64 2

388 241 3
374 31.8 17
362 6.0 2

3.61 6.1 2

3.60 4.1 2
355 6.0 2
350 149 3
349 9.2 2

342 12 1

340 329 5

BLAST search: M7YGBO Ubiquitin-conjugating enzyme E2 2 (identity: 100%)

Q6XEBS

ESKZQ6
QYLKMO

WSFAYS

AOA1D5SXQJ1

W5H232

W5B985

Triticum
aestivum

Secale cereale

Lolium
perenne

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Malate dehydrogenase
(Fragment)

75k gamma secalin

Nucleoside diphosphate
kinase

Actin

Uncharacterized protein

Uncharacterized protein

Proliferating cell nuclear
antigen

145

146
147

148

149

150

151

326 35 1

324 421 27
323 147 2

3.09 488 23

302 128 4

3.01 5.7 2

298 6.5 2
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Q41584

AO0A0C4BJJ3

AO0A287HIDO

AOA1D6RF95

M4GQ75

WSI5DS8

F2DZFO0

W4Z7ZR59

I1GLA9

WS5HPC1

F2EFA2

WSENPI

Q41585

MSBLL3

MB8A9J7

AOA287NA39

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Bambusa
emeiensis

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Brachypodium
distachyon

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii

Triticum
urartu

Hordeum
vulgare subsp.
vulgare

Thaumatin-like protein
Uncharacterized protein

4-alpha-glucanotransferase

Uncharacterized protein

Cafteoyl-CoA O-
methyltransferase

Uncharacterized protein

Mitochondrial fission 1
protein

Mitochondrial fission 1
protein

Uncharacterized protein

60S acidic ribosomal protein
PO

Predicted protein
Uncharacterized protein
Type V Thionin

Pyruvate, phosphate dikinase
1, chloroplastic

Catalase

Uncharacterized protein

BLAST search: P06293 Serpin-Z4 (identity: 99.0%)

WS5DWP8

W5D2J1

Triticum
aestivum

Triticum
aestivum

Uncharacterized protein

Importin subunit alpha

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

291

2.86

2.86

2.85

2.85

2.82

2.82

2.78

2.74

2.70

2.70

2.66

2.63

2.57

2.57

2.56

2.55

2.54

15.3

23.6

2.0

7.8

10.1

8.9

12.4

4.9

4.2

6.3

7.7

6.9

21.5

0.6

1.6

11.6

1.5

1.9
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WSI3BI1

WS5DBH3

AO0A1D5UZD7

WS5DR73

MS8BHE6

F8THZ7

WSE2X4

WSHXF2

R7WSL3

M8BX24

MS8BZC4

WS5AMP7

W5GCA3

D2KFHI1

Q43660

L7R664

WS5CRIJO

AOA1E5VLY4

WS5EF42

W5C8D1

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Aegilops
tauschii
Aegilops
tauschii
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Dichanthelium
oligosanthes

Triticum
aestivum

Triticum
aestivum

Uncharacterized protein
Aspartate aminotransferase
Uncharacterized protein
Proteasome subunit alpha
type

268 protease regulatory
subunit S10B

Protein disulfide-isomerase
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Coatomer subunit alpha
Uncharacterized protein
Eukaryotic translation
initiation factor 3 subunit F
Avenin-like a4

Heat shock protein 17.3
Gamma-gliadin
Uncharacterized protein
Protein IN2-1-like protein B

Uncharacterized protein

Uncharacterized protein

170

171

172

173

174

175

176

177

178

180

181

182

183

184

185

186

187

188

189

190

Supplementary Material

2.52

2.52

2.50

2.50

2.48

242

241

241

2.40

2.35

2.33

2.33

2.31

2.30

2.28

2.27

2.25

2.24

2.23

2.22

2.1 1
3.6 1
7.6 2
4.2 1
2.1 1
22,1 12
54 1
3.5 1
5.0 1
94 1
1.6 2
2.8 1
3.1 1
186 5
159 2
173 12
1.6 1
7.1 4
3.2 1
147 2
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AOA1D6D1Q3

R7W3WO0

M8BYD7

M8CZB3

E2GJIB9

W5D4G1

C5X6V7

W5I956

M7ZJD8

AOAOEOBBD6

W5C8P4

WS5FBQ2

AOA1DS5SR02

F2ECH4

W5B347

R7WGB2

WSFIN3

W5C4B9

WS5FB69

Triticum
aestivum

Aegilops
tauschii
Aegilops
tauschii
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Sorghum
bicolor

Triticum
aestivum

Triticum
urartu
Oryza
glumipatula

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum

Pyrophosphate--fructose 6-
phosphate 1-
phosphotransferase subunit
beta

Cytochrome b-c1 complex
subunit 7
Purple acid phosphatase

Tocopherol O-
methyltransferase,
chloroplastic

Profilin
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Palmitoyl-protein
thioesterase 1
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein

Carboxypeptidase

Predicted protein

Uncharacterized protein
Signal recognition particle
receptor subunit alpha
Uncharacterized protein

Uncharacterized protein

Lysine--tRNA ligase

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

2.20

2.20

2.19

2.18

2.17

2.17

2.16

2.15

2.15

2.14

2.14

2.12

2.12

2.12

2.07

2.06

2.06

2.06

2.03

2.1

7.1

2.2

7.9

244

6.9

5.3

3.6

2.9

1.0

4.8

2.0

2.4

3.6

3.1

1.4

2.7

1.3

1.5
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WS5CP75

MS8CIS8

WSFEUI

F6LAX4

Q9ST58

W35B757

aestivum

Triticum
aestivum

Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Vacuolar protein sorting-
associated protein 28
homolog

UPF0676 protein
Uncharacterized protein
Protein phosphatase 2A
structural subunit

Serpin-Z1C

Uncharacterized protein

BLAST search: EOWC53 WALI7 (identity: 97.3%)

SPZ2A

W4ZSH7

Triticum
aestivum

Triticum
aestivum

Serpin-Z2A

Uncharacterized protein

211

212

213

214

215

216

217

218

Supplementary Material

2.03

2.03

2.01

2.01

BLAST search: M7YRJO Ubiquitin-conjugating enzyme E2 7 (identity: 100%)

A0A194YU99

B6T2A6
M8B621

C3VWV8

W5DVU9

V5RMO09

MS8CALl1

P01083

TIMDG3

11H7J7

MS8BDJ4

Sorghum
bicolor

Zea mays

Aegilops
tauschii

Secale cereale

Triticum
aestivum

Triticum
aestivum

Aegilops
tauschii

Triticum
aestivum

Triticum
urartu

Brachypodium
distachyon

Aegilops

Uncharacterized protein

Stem-specific protein TSJT1

Uncharacterized protein
Dimeric alpha-amylase
inhibitor

Uncharacterized protein
Puroindoline

DEAD-box ATP-dependent
RNA helicase 40
Alpha-amylase inhibitor 0.28
Uncharacterized protein

Uncharacterized protein

Uncharacterized protein

219

220
221

222

223

224

225

226

227

228

229

2

6.1

4.7

59

1.9

22.4

28.8

13.8

42.6

53

14.3
20.6

40.9

3.7

15.0

2.7

7.2

10.3

5.0

2.9

10
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Q45FA6

W5I127

W5D4W6

AOA1D5SWRV9

WSFXK6

AOA1DSRPNS

X4YJY3

WS5HA38

WS5I868

WS5I6C5

WSI217

WS5HIH4

WSFNH7

WSFI19

WSF7H1

WS5D2A3

W5BMW7

WS5AP46

WS5AKZ7

WS5A2C0

tauschii

Secale cereale

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Cereal-type amylase
inhibitor (Fragment)
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Caleosin
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein

Uncharacterized protein

Uncharacterized protein

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

7.6

9.8

2.0

9.3

1.6

7.4

5.6

1.9

24

2.6

2.7

6.5

2.6

2.2

2.1

8.1

5.3

8.9

1.9

4.7
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Supplementary Material

W47U05 Triticum Uncharacterized protein 250 2 3.5 1
aestivum

W4ZPS8 Triticum Uncharacterized protein 251 2 7.3 1
aestivum

V5UPDI1 Saccharum B12D-like protein 252 2 103 1
hybrid cultivar

TIN7I1 Triticum Uncharacterized protein 253 2 5.5 1
urartu

TIMVX3 Triticum Uncharacterized protein 254 2 4.6 1
urartu

R7WS5Z8 Aegilops Adenylate kinase A 255 2 2.9 1
tauschii

Q9S8H2 Secale cereale Major BAKER'S ASTHMA 256 2 423 1

allergen SEC C 1 (Fragment)
QI9FXT2 Zea mays Ethylene receptor 257 2 0.9 1
Q8VXC4 Oryza sativa Glycine rich RNA binding 258 2 52 1
protein

Q84VC(Cs Oryza sativa Gamma hydroxybutyrate 259 2 5.5 1
subsp. dehydrogenase-like protein
japonica

AOAID6CYN6  Triticum Defective in cullin 260 2 3.2 1
aestivum neddylation protein

Q5HIYS5 Oryza sativa p0650D04.17 protein 261 2 1.0 1
subsp.
japonica

082688 Hordeum Amino acid selective channel 262 2 9.7 1
vulgare protein

024396 Triticum Adenylosuccinate synthetase, 263 2 2.3 1
aestivum chloroplastic (Fragment)

AOA1D6CKW3  Triticum Uncharacterized protein 264 2 4.4 1
aestivum

MSBVL4 Aegilops Cytochrome b5 265 2 119 1
tauschii

MS8BURG6 Aegilops Uncharacterized protein 266 2 4.4 1
tauschii

MSBRA2 Aegilops Lipase 267 2 2.1 1
tauschii

MOUYA9 Hordeum Uncharacterized protein 268 2 6.7 1
vulgare subsp.
vulgare
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MOUGW6 Hordeum Uncharacterized protein 269 2 6.5 1
vulgare subsp.
vulgare
K3ZUU8 Setaria italica ~ Uncharacterized protein 270 2 3.8 1
K3ZPT5 Setaria italica ~ Uncharacterized protein 271 2 105 1
K3Z3K1 Setaria italica ~ Uncharacterized protein 272 2 1.2 2
K3YK61 Setaria italica ~ Uncharacterized protein 273 2 6.7 1
I1PVE7 ORYGL Kinesin-like protein 274 2 1.0 1
ITHLLS Brachypodium Uncharacterized protein 275 2 24 1
distachyon
F2DJMS5 Hordeum Predicted protein 276 2 4.5 1
vulgare subsp.
vulgare
F2D9S4 Hordeum Predicted protein 277 2 7.3 1
vulgare subsp.
vulgare
C573P7 Sorghum Uncharacterized protein 278 2 2.3 1
bicolor
C5XIMO Sorghum Uncharacterized protein 279 2 2.8 1
bicolor
B6TRI3 Zea mays Leucine-rich repeat- 280 2 1.9 1
containing protein 40
AOA1ID6MSJ0  Zea mays Alpha/beta-Hydrolases 281 2 2.2 1
superfamily protein
AOAID6B277  Triticum Uncharacterized protein 282 2 1.9 1
aestivum
AOA1DSXTA3  Triticum Uncharacterized protein 283 2 3.9 1
aestivum
AOAOEOJ5N3 Oryzanivara ~ ATP-dependent DNA 284 2 1.4 1
helicase
AOAOEOCXH1  Oryza Uncharacterized protein 285 2 7.0 1
meridionalis
G1JSL4 Avena sativa  Peroxygenase 1 286 2 5.2 1
Barley
C-hordeins
Q84LE9 Hordeum D-Hordein 2 17.38 40.7 32
vulgare
Q5IUHI Hordeum Hordoindoline-B1 3 10.09 449 6
vulgare subsp.
vulgare
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Supplementary Material

F2CR90 Hordeum Predicted protein 4 8.14 394 7
vulgare subsp.
vulgare

BLAST search: Q41518 Single-stranded nucleic acid binding protein (identity: 90.4%)

I6TEV2 Hordeum Gamma 3 hordein 5 7.85 19.0 8
vulgare

AO0A287JQN1 Hordeum Uncharacterized protein 6 747 338 4
vulgare subsp.
vulgare

BLAST search: MOUY52 Trypsin inhibitor CMe (identity: 37.5%)

AOA287PVL8  Hordeum Uncharacterized protein 7 6.86 22.1 4
vulgare subsp.
vulgare

BLAST search: P32936 Alpha-amylase/trypsin inhibitor CMb (identity: 100%)

[6TMW4 Hordeum B3 hordein 8 6.10 27.1 11
vulgare

AOA060MZP1  Triticum High molecular weight 9 569 8.7 9
aestivum glutenin subunit (Fragment)

F2DZW3 Hordeum Predicted protein 10 566 148 3
vulgare subsp.
vulgare

W6AX70 Triticum High molecular weight 11 5.08 8.9 7
aestivum glutenin subunit

Q5SURW7 Hordeum Hordoindoline b-2 13 424 38.1 5
vulgare subsp.
vulgare

F2CXF8 Hordeum Predicted protein 14 422 224 2
vulgare subsp.
vulgare

BLAST search: P43472 Glycine-rich RNA-binding protein blt801 (identity: 97.5%)

MOV3UO0 Hordeum Non-specific lipid-transfer 16 417 37.6 4
vulgare subsp. protein
vulgare

F2EJSO Hordeum Predicted protein (Fragment) 17 406 223 4
vulgare subsp.
vulgare

BLAST search: P21742 Beta-Hordothionin (identity: 98.8%)

P80284 Hordeum Protein disulfide isomerase 18 3.53 4.1 2
vulgare

Q2V8X0 Hordeum Limit dextrinase inhibitor 19 349 225 2
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vulgare

MOWO9B7 Hordeum Uncharacterized protein 20 347 554 3
vulgare subsp.
vulgare

BLAST search: P16062 Subtilisin-chymotrypsin inhibitor CI-1A (identity: 100%)

P28041 Hordeum Alpha-amylase/trypsin 22 3.11 303 6
vulgare inhibitor CMa

Q40055 Hordeum C hordein 23 2.88 8.9 7
vulgare

P06470 Hordeum B1-hordein 24 215 225 10
vulgare

P11643 Hordeum Alpha-amylase/trypsin 25 2.09 99 1
vulgare inhibitor CMd

MOUFI7 Hordeum Uncharacterized protein 26 204 115 1
vulgare subsp.
vulgare

BLAST search: P34937 Triosephosphate isomerase, cytosolic (identity: 99.1%)

P01086 Hordeum Trypsin inhibitor CMe 27 2.02 88 1
vulgare

W4zZMU6 Triticum Uncharacterized protein 28 2 3.6 1
aestivum

Q96458 Hordeum 17 kDa class I small heat 29 2 100 1
vulgare shock protein

N1QWT9 Aegilops Hydroxymethylglutaryl-CoA 30 2 2.2 1
tauschii synthase

I3NM41 Triticum Oleosin 31 2 104 1
aestivum

F2E&C1 Hordeum Predicted protein 32 2 9.1 1
vulgare subsp.
vulgare

B6SV48 Zea mays 4-coumarate--CoA ligase 33 2.1 1

AOAI1Z5RPZ1 Sorghum Uncharacterized protein 34 5.7 1
bicolor

AOAOD9YWKRI1 Leersia Uncharacterized protein 35 2 7.2 2
perrieri

v-hordeins

[6TMW4 Hordeum B3 hordein 2 339 513 60
vulgare

P06470 Hordeum B1-hordein 3 163 451 64

vulgare



Supplementary Material

P80198 Hordeum Gamma-hordein-3 4 132 266 16
vulgare

Q4G3S6 Hordeum B3-hordein 5 8.0 157 16
chilense

P34951 Hordeum Trypsin inhibitor CMc 7 5.2 315 6
vulgare

P01086 Hordeum Trypsin inhibitor CMe 8 4.2 29.1 3
vulgare

P11643 Hordeum Alpha-amylase/trypsin 9 4.0 187 2
vulgare inhibitor CMd

AVLA4 Triticum Avenin-like a4 10 4.0 163 2
aestivum

Q84LE9 Hordeum D-Hordein 12 3.1 6.2 4
vulgare

Q2XQF1 Hordeum B hordein 13 2.4 48.7 52
vulgare subsp.
vulgare

BY9VRI3 Triticum Alpha-amylase inhibitor 14 2.2 113 1
macha CM16 subunit (Fragment)

I6R4A7 Hordeum B-hordein 15 2 303 37
vulgare subsp.
vulgare

Q6PKM?2 Elymus Low molecular weight 16 2 10.2 10
elongatus glutenin subunit

P16968 Hordeum Alpha-amylase inhibitor 17 2 9.6 1
vulgare subsp. BMAI-1 (Fragment)
vulgare

F2E6J8 Hordeum Predicted protein (Fragment) 18 2 4.5 1
vulgare subsp.
vulgare

J3MIJG3 Oryza Uncharacterized protein 19 2 1.8 1
brachyantha

AOAODOWI175  Leersia Phospholipase D 20 2 2.6 1
perrieri

AOAO0B4SVDS8  Triticum Receptor kinase-like protein 21 2 2.8 1
aestivum

AOAOA9MI62  Arundo donax Uncharacterized protein 22 21.7 1

AOAOA8Y0GS  Arundo donax Uncharacterized protein 23 159 1

B-hordeins

F2D284 Hordeum Protein disulfide-isomerase 1 31.05 435 22
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vulgare subsp.

vulgare

F2E9NO Hordeum Predicted protein 2
vulgare subsp.
vulgare

BLAST search: M7ZK46 12S seed storage globulin 1 (identity: 86.6%)

[6TMW4 Hordeum B3 hordein 3
vulgare

P16098 Hordeum Beta-amylase 4
vulgare

[6SW23 Hordeum D hordein 5
vulgare

M0Z0D3 Hordeum Malate dehydrogenase 6
vulgare subsp.
vulgare

P08477 Hordeum Glyceraldehyde-3-phosphate 8
vulgare dehydrogenase 2, cytosolic

(Fragment)

Q6ESAS Hordeum Plastidial ADP-glucose 9
vulgare subsp. transporter
vulgare

Q9T2L4 Hordeum 26 kDa heat shock protein 10
vulgare

MOWXO05 Hordeum Uncharacterized protein 11
vulgare subsp.
vulgare

BLAST search: M7YWL9 Selenium-binding protein (identity: 99.0%)

Q945R5 Hordeum Ascorbate peroxidase 12
vulgare

P52572 Hordeum 1-Cys peroxiredoxin PER1 13
vulgare

F2E8C1 Hordeum Predicted protein 14
vulgare subsp.
vulgare

AO0A287SRS7  Hordeum rRNA N-glycosidase 15
vulgare subsp.
vulgare

AOA287NA39  Hordeum Uncharacterized protein 16
vulgare subsp.
vulgare

BLAST search: P06293 Serpin-Z4 (identity: 98.2%)

I6TEV2 Hordeum Gamma 3 hordein 17

22.68

21.90

19.68

17.52

15.75

10.71

10.35

8.48

8.12

8.11

8.03

8.00

7.77

7.22

6.98

28.4

49.1

30.8

43.5

304

28.9

15.1

21.3

9.8

28.5

20.6

38.0

19.6

16.8

12.5

17

102

17

42

12

13
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vulgare

AO0A287TCL5  Hordeum
vulgare subsp.

vulgare

P01086 Hordeum

vulgare.

A0A287P659 Hordeum
vulgare subsp.

vulgare

AO0A287KI1P5 Hordeum
vulgare subsp.

vulgare

M8BDX3 Aegilops

tauschii

P52894 Hordeum

vulgare

P13691 Hordeum

vulgare

P06470 Hordeum

vulgare

A0A287HKD4  Hordeum
vulgare subsp.

vulgare

F2D6B1 Hordeum
vulgare subsp.

vulgare

Hordeum
vulgare subsp.
vulgare

F2EEVS

AO0A287N132 Hordeum
vulgare subsp.

vulgare

Peptidyl-prolyl cis-trans
isomerase

Trypsin inhibitor CMe

Uncharacterized protein

Uncharacterized protein

Uncharacterized protein
Alanine aminotransferase 2
Alpha-amylase inhibitor
BDAI-1

B1-hordein

Sucrose synthase

Predicted protein

Peroxidase

Uncharacterized protein

BLAST search: MP458510xalate oxidase 2 (identity: 83.6%)

P16968 Hordeum

vulgare

F2CUW7 Hordeum
vulgare subsp.

vulgare

AO0A287V373 Hordeum
vulgare subsp.

vulgare

Alpha-amylase inhibitor
BMAI-1 (Fragment)

Predicted protein

Uncharacterized protein

18

19

20

21

22

23

24

25

26

27

29

30

31

32

33

Supplementary Material

6.84

6.58

6.46

6.40

6.28

5.93

5.90

5.64

5.30

5.28

5.10

4.86

4.59

4.56

4.55

38.6

33.8

279

19.9

13.2

7.1

38.2

45.7

6.1

18.4

10.6

17.8

26.7

18.6

6.5

10

122

56



F2DTH9

AOA287EFG2

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Predicted protein

Uncharacterized protein

BLAST search: P06470 B1-hordein (identity: 94.6%)

MOV3UO0

Q40052

WS5CWR9

Q40026

F2DD34

M8CGD2

MOUSC9

WSE2W7

WS5CAC3

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Triticum
aestivum

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare
Aegilops
tauschii
Hordeum

vulgare subsp.
vulgare

Triticum
aestivum

Triticum
aestivum

Non-specific lipid-transfer
protein

Glycine rich protein, RNA
binding protein
Uncharacterized protein

B hordein

Predicted protein

Elongation factor 2

Aspartate aminotransferase

408 ribosomal protein SA

Uncharacterized protein

34

35

36

37

38

39

40

41

42

43

44

4.51

4.35

4.32

4.30

4.28

4.19

4.12

4.06

4.05

4.05

4.04

BLAST search: Q9FZ48 Ubiquitin-conjugating enzyme E2 36 (identity: 99.3%)

MOV6E2

MO0X060

P11643

JOV71J5

F2CXF8

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.

Uncharacterized protein

Uncharacterized protein

Alpha-amylase/trypsin
inhibitor CMd

Isa (Fragment)

Predicted protein

46

47

48

49

50

4.02

4.00

4.00

4.00

4.00

6.7

45.0

46.1

37.0

6.5

39.0

242

52

4.4

6.2

12.4

7.1

18.8

304

15.3

15.5

57

56



Q4L1B2

F2CYL7

BLAST search: Q43472 Glycine-rich RNA-binding protein blt801 (identity: 97.5%)

D2KFHI1

F2CXK6

AO0A287WCP3

vulgare

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Glucose-1-phosphate
adenylyltransferase

Predicted protein

Avenin-like a4

Predicted protein

Uncharacterized protein

BLAST search: A0S6X4 FT-like protein (identity: 50.9%)

MO0XQ24

P32936

Ws5I1774

P34951

P01545

U6AI1T2

VOSHG4

Q5URW6

P28041

F2CXT7

Q40025

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Triticum
aestivum

Hordeum
vulgare

Hordeum
vulgare

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum
vulgare

Hordeum
vulgare

Uncharacterized protein

Alpha-amylase/trypsin
inhibitor CMb

Sucrose synthase
Trypsin inhibitor CMc
Alpha-hordothionin
Glucose-1-phosphate

adenylyltransferase

Starch synthase,

chloroplastic/amyloplastic

Hordoindoline b-1

Alpha-amylase/trypsin
inhibitor CMa

Fructose-bisphosphate
aldolase

Beta-glucosidase

51

52

53

55

56

57

58

59

60

61

62

63

64

65

66

67

3.82

3.72

3.71

341

3.31

3.28

3.12

2.94

2.85

2.81

2.77

2.72

2.63

2.58

2.46

242

53

52

14.0

7.8

32.6

1.7

16.8

1.1

273

15.0

4.0

3.5

9.5

30.3

59

1.8

Supplementary Material

58



Q7XYE2

F2EHS2

F2D1GS5

Q8HIL9

F2DCE3

A0A287M898

BLAST search: AOA3B6TUDY Thiamine thiazole synthase (identity: 78.1%)

T1LDI8

Q7XZK6

F2DZW3

F2ECH4

WS5EH96

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
urartu

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Catalase isozyme (Fragment)

Predicted protein

Predicted protein

Actin

Pyruvate, phosphate dikinase

Uncharacterized protein

Uncharacterized protein

Starch branching enzyme I
(Fragment)

Predicted protein

Predicted protein

Uncharacterized protein

68

70

71

72

73

74

75

76

71

78

79

BLAST search: M7Z528 14kDa zinc-binding protein (identity: 99.2%)

F2DCS7

AO0A287RUV4

AO0A287WXAS

QIFSIS

F2D4L0

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum

Ketol-acid reductoisomerase

Uncharacterized protein

Glyceraldehyde-3-phosphate
dehydrogenase

Cold-regulated protein

Predicted protein

80

81

83

84

2.40

2.36

2.35

2.28

222

2.19

2.14

2.13

2.08

2.08

2.07

2.07

2.05

2.04

2.03

2.03

3.0

24.1

4.4

2.7

1.6

6.7

1.7

1.3

4.8

4.1

14.7

43

52

12.4

6.1

11.7

59



C5XN41

A8V498

WSEMEF3

W5CPG2

W5I14U0

WSBIES

F2DGAS8

P42210

AO0AO0DY9X308

Q40055

MOVYCl1

WSFPN2

AO0A287WJQ6

Q2V8X0

F2CV01

J3ML64

MOYMY2

vulgare subsp.
vulgare

Sorghum
bicolor

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Leersia
perrieri

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Oryza
brachyantha

Hordeum
vulgare subsp.

Uncharacterized protein

Chymotrypsin inhibitor-2

Ubiquitin-fold modifier-
conjugating enzyme |

Uncharacterized protein

Uncharacterized protein

Superoxide dismutase [Cu-

Zn]

Predicted protein
Phytepsin
Uncharacterized protein
C hordein

Uncharacterized protein

Uncharacterized protein

Uncharacterized protein

Limit dextrinase inhibitor

Predicted protein

Uncharacterized protein

UDP-glucose 6-
dehydrogenase

85

86

87

88

&9

90

91

92

93

94

95

96

97

98

99

100

101

Supplementary Material

2.03 87 1
203 143 1
202 54 1
202 1.0 1
2.01 8.1 1
2.01 8.6 1
2 285 3
2 4.5 3
2 7.4 2
2 2.6 2
2 2.5 1
2 2.0 1
2 6.2 1
2 6.8 1
2 6.2 1
2 1.2 1
2 1.8 1
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AO0A287QLB7

WS5FZ62

WSFZ59

WS5FS88

WSFJITS

WSE416

W5D322

WS5BV35

WS5ART77

WS5AQ87

MO0X743

MOYBO08

F2CXF2

MOYZF1

F2EG29

MOY7M3

F2DEFO0

vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.

Uncharacterized protein

Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Tubulin beta chain

Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein

Uncharacterized protein

Cytochrome b-c1 complex

subunit 7

4-hydroxy-4-methyl-2-

oxoglutarate aldolase

Predicted protein

Ubiquitin-fold modifier 1

Predicted protein

Uncharacterized protein

Predicted protein

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

4.8

2.5

7.2

4.2

4.0

24

1.6

7.9

5.6

10.1

7.1

54

3.1

1.4

9.0

33

1.0
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vulgare

F2EL44 Hordeum Predicted protein 119 2 1.6 1
vulgare subsp.
vulgare

MOXBS5 Hordeum Uncharacterized protein 120 2 18.1 1
vulgare subsp.
vulgare

MOVT27 Hordeum Uncharacterized protein 121 2 143 1
vulgare subsp.
vulgare

F2EJW3 Hordeum Predicted protein 122 2 145 1
vulgare subsp.
vulgare

F2E8B4 Hordeum Predicted protein 123 2 3.0 1
vulgare subsp.
vulgare

F2E6K4 Hordeum Predicted protein 124 2 6.1 1
vulgare subsp.
vulgare

F2DA79 Hordeum Predicted protein 125 2 2.4 1
vulgare subsp.
vulgare

F2DgP4 Hordeum Predicted protein 126 2 3.9 1
vulgare subsp.
vulgare

F2CQP8 Hordeum Predicted protein 127 2 3.8 1
vulgare subsp.
vulgare

B8BIJI1 Oryza sativa  Uncharacterized protein 128 2 0.7 1
subsp. indica

B8AYX1 Oryza sativa Uncharacterized protein 129 2 5.8 1
subsp. indica

A0A287K2A4  Hordeum Uncharacterized protein 130 2 2.2 1
vulgare subsp.
vulgare

AOA1D5SVUQO  Triticum Uncharacterized protein 131 2 1.5 1
aestivum

D-hordeins

I6TRS8 Hordeum D hordein 1 3520 54.6 209
vulgare

F2DZW3 Hordeum Predicted protein 3 13.57 340 8
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vulgare subsp.

vulgare

BLAST search: Q41350 Osmotin-like protein (identity: 50.0%)

F2CR90 Hordeum Predicted protein 4 11.63 58.9
vulgare subsp.
vulgare

BLAST search: Q41518 Single-stranded nucleic acid binding protein (identity: 90.4%)

P28041 Hordeum Alpha-amylase/trypsin 5 11.35 559
vulgare inhibitor CMa

P01545 Hordeum Alpha-hordothionin 6 1032  36.2
vulgare

P06470 Hordeum B1-hordein 7 10.25 20.8
vulgare

Q03678 Hordeum Embryo globulin 8 9.58 8.6
vulgare

U6A1T2 Hordeum Glucose-1-phosphate 9 928 132
vulgare adenylyltransferase

F2EJFO Hordeum Predicted protein 10 9.07 28.1
vulgare subsp.
vulgare

BLAST search: Q0Q5D4 Globulin 1 (identity: 83.0%)

F2CXF8 Hordeum Predicted protein 11 8.86 44.7
vulgare subsp.
vulgare

BLAST search: Q43472 Glycine-rich RNA-binding protein blt801 (identity: 97.5%)

QsIu17 Hordeum Hordoindoline-B2 12 835 333
vulgare subsp.
vulgare

F2EC88 Hordeum Predicted protein 13 825 27.0
vulgare subsp.
vulgare

F2DD34 Hordeum Predicted protein 14 820 403
vulgare subsp.
vulgare

F2ECH4 Hordeum Predicted protein 15 745 14.1
vulgare subsp.
vulgare

F2D224 Hordeum Predicted protein 16 7.18  12.7
vulgare subsp.
vulgare

AO0A287TMY0  Hordeum Uncharacterized protein 17 7.13 489

vulgare subsp.

10

11
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vulgare

BLAST search: POCG83 Polyubiquitin (identity: 99.3%)

F2E9NO Hordeum Predicted protein 18 7.02 9.6 4
vulgare subsp.
vulgare

BLAST search: M7ZK46 12S seed storage globulin (identity: 86.6%)

M0Z0D3 Hordeum Malate dehydrogenase 19 6.87 142 5
vulgare subsp.
vulgare

AO0A287SV63 Hordeum Uncharacterized protein 20 6.78 9.0 5
vulgare subsp.
vulgare

BLAST search: M7ZB42 Calreticulin (identity: 78.5%)

F2DJM5 Hordeum Predicted protein 21 6.63 17.8 4
vulgare subsp.
vulgare

F2CW55 Hordeum Small ubiquitin-related 22 6.60 406 4
vulgare subsp. modifier
vulgare

F2D284 Hordeum Protein disulfide-isomerase 23 6.57 6.2 3
vulgare subsp.
vulgare

F2DHH7 Hordeum Superoxide dismutase [Cu- 24 640 434 6
vulgare subsp. Zn]
vulgare

Q6LAA4 Hordeum Elongation factor 1-alpha 25 624 103 4
vulgare

AOA060MZP1  Triticum High molecular weight 26 6.07 6.8 20
aestivum glutenin subunit (Fragment)

Q8HI1L9 Hordeum Actin 27 6.05 12.7 4
vulgare

Q5UNP2 Hordeum Non-specific lipid-transfer 28 6.00 202 3
vulgare subsp. protein
vulgare

F2EB17 Hordeum Predicted protein 29 6.00 5.0 3
vulgare

F2ELO1 Hordeum Predicted protein 30 574 188 3
vulgare subsp.
vulgare

MOWF40 Hordeum Uncharacterized protein 31 537 7.0 3

vulgare subsp.
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vulgare
BLAST search: M8AT775 Elongation factor 1-gamma 2 (identity: 97.3%)

QI9SAUS Triticum HSP70 32
aestivum

MOV3UO0 Hordeum Non-specific lipid-transfer 33
vulgare subsp. protein
vulgare

MOWXO05 Hordeum Uncharacterized protein 34
vulgare subsp.
vulgare

BLAST search: M7YWL9 Selenium-binding protein (identity: 98.2%)

I6TEV2 Hordeum Gamma 3 hordein 35
vulgare

Q7FPQ5 Hordeum Ascorbate peroxidase 36
vulgare (Fragment)

F2D326 Hordeum Predicted protein 37
vulgare subsp.
vulgare

BLAST search: P14928 ABA-inducible protein PHV Al (identity: 99.2%)

C3W8M1 Hordeum Starch branching enzyme 39
vulgare subsp. (Fragment)
vulgare

M0XJ70 Hordeum Uncharacterized protein 40
vulgare

P01086 Hordeum Trypsin inhibitor CMe 41
vulgare

Q2V8X0 Hordeum Limit dextrinase inhibitor 42
vulgare

QI93W25 Triticum Peptidyl-prolyl cis-trans 43
aestivum isomerase

Q05191 Hordeum Late embryogenesis 44
vulgare abundant protein B19.4

F2CS22 Hordeum Predicted protein 45
vulgare

F2CRO0O8 Hordeum Predicted protein 46
vulgare

MOYO075 Hordeum Bowman-Birk type trypsin 47
vulgare subsp. inhibitor
vulgare

P06471 Hordeum B3-hordein (Fragment) 48
vulgare

5.30

5.10

4.84

4.61

4.34

4.22

4.16

4.11

4.09

4.02

4.00

4.00

4.00

3.78

3.72

3.62

5.6

52.1

9.4

15.9

222

25.0

4.5

21.6

29.1

36.1

17.0

16.3

8.5

5.6

12.3

20.8

15
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W6AXT70 Triticum High molecular weight 49 356 7.1 9
aestivum glutenin subunit

F2D6Y8 Hordeum Peptide-methionine (R)-S- 50 348 253 3
vulgare subsp. oxide reductase
vulgare

AO0A287JQN1 Hordeum Uncharacterized protein 51 337 175 4
vulgare subsp.
vulgare

BLAST search: Q7X7E6 17kDa alpha-amylase/trypsin inhibitor 1 (identity: 50.0%)

F2CTI8 Hordeum Predicted protein 53 329 3.6 2
vulgare subsp.
vulgare

F2DY31 Hordeum Predicted protein 54 326 174 2
vulgare subsp.
vulgare

P32936 Hordeum Alpha-amylase/trypsin 55 315 134 2
vulgare inhibitor CMb

ASCFY4 Hordeum Tubulin beta chain 56 3.04 6.0 2
vulgare subsp.
vulgare

Q5DVL6 Hordeum C2 domain-containing 57 299 7.7 2
vulgare subsp. protein
vulgare

F2DIF8 Hordeum Pyrophosphate--fructose 6- 58 2.86 4.2 3
vulgare subsp. phosphate 1-
vulgare phosphotransferase subunit

alpha

A0A287Q3Y5  Hordeum Uncharacterized protein 59 277 173 2
vulgare subsp.
vulgare

A5CFY6 Hordeum Tubulin beta chain 60 270 5.8 2
vulgare subsp.
vulgare

F2D6N2 Hordeum Uncharacterized protein 61 2.67 29 2
vulgare subsp.
vulgare

BLAST search: M7ZQL9 Heat shock 70kDa protein 4L (identity: 94.6%)

F2CX17 Hordeum Predicted protein 62 2.66 448 7
vulgare subsp.
vulgare

BLAST search: AOA3B5YZ25 cold shock domain protein 2 (identity: 88.3%)
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Q40058

F2EIl14

Hordeum
vulgare

Hordeum

vulgare subsp.

vulgare

HSP70

Uncharacterized protein

BLAST search: Q94KMO HSP17 (identity: 90.1%)

AOA287KNT7

Q4L1B2

F2CPQ3

ESAXU6

Q94B09

THNB

QG6ESAS

MOWPC3

MOUFI7

Hordeum

vulgare subsp.

vulgare

Hordeum
vulgare

Hordeum

vulgare subsp.

vulgare

Hordeum
vulgare

Hordeum
vulgare

Hordeum
vulgare

Hordeum

vulgare subsp.

vulgare

Hordeum

vulgare subsp.

vulgare

Hordeum

vulgare subsp.

vulgare

Uncharacterized protein

Glucose-1-phosphate
adenylyltransferase

Predicted protein

Vacuolar-processing enzyme
2c
Calcium-binding protein 1

Beta-hordothionin

Plastidial ADP-glucose
transporter

Probable non-specific lipid-
transfer protein

Uncharacterized protein

63

64

65

66

67

68

69

70

71

72

73

BLAST search: P34937 Triosephosphate isomerase (identity: 99.1%)

Q42849

G4Y3Y0

F2D4Y3

F2D0GS5

MOUTDI

Hordeum
vulgare

Triticum
aestivum

Hordeum

vulgare subsp.

vulgare

Hordeum

vulgare subsp.

vulgare

Hordeum

vulgare subsp.

Non-specific lipid-transfer
protein

High-molecular-weight
glutenin subunit Bx7.1

Predicted protein (Fragment)

Cytochrome c oxidase
subunit

Fructose-bisphosphate
aldolase

74

75

76

77

2.64

2.58

2.54

2.53

2.30

2.27

2.26

2.23

2.23

2.22

2.16

2.16

2.14

2.10

2.08

2.07

4.1

15.4

19.8

5.5

7.9

2.0

8.2

27.9

2.1

27.0

23.9

18.3

4.0

12.0

10.4

3.9

19
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F2DF10

Q43769

P07596

H6UQP6

AO0A287X6Z0

BLAST search: M8A775 Elongation factor 1-gamma 2 (identity: 96.9%)

MOWBH4

Q39999

F2CS23

F2DVM8

F2EHS2

MOXHQS5

AO0A287THI2

WSFWEF5

Q9T2L5

F2E325

vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum
vulgare

Elymus
libanoticus

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Hordeum
vulgare subsp.
vulgare

Triticum
aestivum

Hordeum
vulgare

Hordeum
vulgare subsp.
vulgare

Predicted protein
Oleosin
Alpha-amylase/subtilisin
inhibitor

High molecular weight
subunit of glutenin

Uncharacterized protein

Uncharacterized protein

Gamma-thionin

40S ribosomal protein S21

Predicted protein

Predicted protein

Uncharacterized protein

Uncharacterized protein

Uncharacterized protein
26 kDa heat shock protein

Predicted protein

79

80

81

85

86

87

89

90

91

92

93

95
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2.04

2.03

2.03

1.6

6.0

6.9

5.5

7.0

8.2

26.8

13.4

4.9

9.5

14.9

9.9

5.8

4.6

10.0

21

68



F2DNB2 Hordeum Mitochondrial fission 1 96 2 6.7 1
vulgare subsp. protein
vulgare

TIM2Y3 Triticum Uncharacterized protein 97 2 6.3 1
urartu

P11643 Hordeum Alpha-amylase/trypsin 98 2 9.9 1
vulgare inhibitor CMd

F2DB07 Hordeum Uncharacterized protein 99 2 9.0 1
vulgare subsp.
vulgare

A0A287XGW7 Hordeum Uncharacterized protein 100 2 6.5 1
vulgare subsp.
vulgare

AO0A287V267 Hordeum Uncharacterized protein 101 2 4.0 1
vulgare subsp.
vulgare

AO0A287RSZ8 Hordeum Uncharacterized protein 102 2 5.6 1
vulgare subsp.
vulgare

AO0A287LNA3  Hordeum Uncharacterized protein 103 2 120 1
vulgare subsp.
vulgare

AOAOA8XXT2  Arundo donax Uncharacterized protein 104 2 147 1

" missing rank numbers corresponded to contaminants

® A measure of the protein confidence for a detected protein, calculated from the peptide confidence
for peptides from spectra that are not already completely “used” by higher scoring winning proteins
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1.4 Supplementary Table S4

Identified proteins (1% global FDR) in each wheat, rye and barley gluten protein type after
chymotryptic hydrolysis with their UniProtKB accession number, species, name, rank, score,
coverage and number of identified peptides. The rank of a specific protein is given relative to all
other detected proteins.

Uniprot Species Name Rank® Score” Cove- Pep-

accession rage tides

Wheat

a-gliadins

J71026 Triticum Alpha-gliadin 1 1929 464 34
aestivum

AOAOU2P410  Aegilops Low molecular weight 2 1437  28.0 19
longissima glutenin subunit

I3XHQI1 Triticum Low molecular weight 3 8.51 22.8 7
aestivum glutenin subunit LMW-9

R4JBIJ8 Triticum Low-molecular-weight 4 7.73 21.9 7
aestivum glutenin subunit (Fragment)

A0A2D2CI59 Triticum HMW glutenin y-type 5 7.56 17.6 7
spelta subunit By22.1

WOC8NS Triticum High-molecular-weight 6 6.77 10.0 5
aestivum glutenin subunit 1Bx14

Q03872 Triticum High molecular weight 7 6.52 8.7 5
aestivum glutenin subunit 1Ax1

I0IT51 Triticum Alpha/beta-gliadin 8 6.18 26.9 9
aestivum

ATX9X7 Triticum Low molecular weight 9 6.00 17.0 5
turgidum glutenin (Fragment)

AO0A0S2GJT4 Triticum Low-molecular-weight 10 5.70 19.7 7
aestivum glutenin subunit

L7VFZ3 Aegilops Delta gliadin 1 11 4.93 10.5 3
tauschii

v-gliadins

Q9XGF0 Triticum Low molecular weight 2 4.97 9.5 4
turgidum glutenin subunit (Fragment)
subsp. durum

B6UKM7 Triticum Gamma-gliadin 3 2.97 3.6 1
aestivum

P94021 Triticum LMM glutenin 2 (Fragment) 4 2.92 3.5 1
aestivum
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B6UKM4 Triticum Gamma-gliadin 5 2.83 22.5 7
aestivum

Q5XZE4 Triticum High molecular weight 6 242 4.4 3
polonicum glutenin subunit Bx7.1

(Fragment)

R4JDKS Triticum Low-molecular-weight 7 2.36 4.6 1
aestivum glutenin subunit

T2HRF3 Triticum High-molecular-weight 8 2 1.6 1
aestivum glutenin subunit

WSFZ62 Triticum Uncharacterized protein 9 2 3.0 1
aestivum

BLAST search: P93693 Serpin-Z1B (identity: 99.5%)

AOAO0A9QR17  Arundo donax Uncharacterized protein 10 2 92.9 1

o5-gliadins

D6RVY4 Triticum Low molecular glutenin 1 6.66 14.0 10
aestivum subunit (Fragment)

P10387 Triticum Glutenin, high molecular 2 6.45 20.8 9
aestivum weight subunit Dy10

Q41553 Triticum HMW glutenin subunit Ax2 4 2.49 5.6 4
aestivum

ol1,2-gliadins

AO0A060N0S6 Triticum Omega-gliadin (Fragment) 1 17.11  73.5 89
aestivum

P10388 Triticum Glutenin, high molecular 2 4.84 9.2 6
aestivum weight subunit DX5

TILG74 Triticum Uncharacterized protein 3 4.53 8.2 3
urartu

BLAST search: P10385 Glutenin, low molecular weight subunit (identity: 83.6%)

AOA060MZP1  Triticum High molecular weight 5 4.08 9.1 5
aestivum glutenin subunit (Fragment)

P10387 Triticum Glutenin, high molecular 6 3.91 18.5 10
aestivum weight subunit DY 10

Q571R2 Triticum Putative omega-gliadin 7 2.85 24.0 12
aestivum (Fragment)

D6QY47 Triticum Omega-gliadin (Fragment) 8 2.23 37.7 27
monococcum

HMW-GS

CoSucC3 Triticum High-molecular-weight 1 2739 356 39
aestivum glutenin subunit x5

P10387 Triticum Glutenin, high molecular 2 13.58 364 44

71



Q03872

D6RVY4

Q45R38

B6ETR9

R4JFK3

DOFOC5

QOOMS56

QSLKV7

K7XR61

Q8W3V4

AOAOU3AIU6

Q7Y074

Q6R510

A5]J50

W5G4V0

WSELG62

Q8HOBS

J3LDT4

C5XEJ2

AOAO0A9GY X4

aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Aegilops
umbellulata
Triticum
aestivum
Aegilops
tauschii

Triticum
aestivum

Triticum
aestivum
Aegilops
searsii

Triticum
aestivum

Triticum
aestivum
Aegilops
geniculata

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum
Oryza
brachyantha

Sorghum
bicolor

weight subunit DY 10

High molecular weight
glutenin subunit 1Ax1

Low molecular glutenin
subunit (Fragment)

HMW glutenin x-type
subunit Bx7

D-type LMW glutenin
subunit (Fragment)

Low-molecular-weight

glutenin subunit (Fragment)

Low molecular weight
glutenin subunit m3
LMW-GS
HMW-glutenin
Alpha-gliadin
LMW-glutenin P3-6
Low molecular weight

glutenin subunit

Low molecular weight
glutenin

HMW glutenin subunit
(Fragment)
LMW-glutenin LMW-il
Uncharacterized protein
40S ribosomal protein S21
Cold regulated protein

Uncharacterized protein

Glycosyltransferase

Arundo donax  Uncharacterized protein

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Supplementary Material

12.04

8.49

8.16

6.16

5.71

5.47

3.85

241

2.13

2.08

2.01

2.01

31.8

17.8

32.8

36.8

11.8

14.9

11.9

31.6

4.6

4.7

12.2

4.7

38.3

5.1

17.7

18.3

9.1

2.5

3.5

36.7

30

14

33

21
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LMW-GS

D6RVY4

I3XHQI

A0A0S2GJT4

R4JB44

VOP766

AOA1D8V7C6

WS5AKY9

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Low molecular glutenin
subunit (Fragment)

Low molecular weight

glutenin subunit LMW-9

Low-molecular-weight
glutenin subunit

Low-molecular-weight

glutenin subunit (Fragment)
LMW-m glutenin subunit 46

(Fragment)

High molecular weight
glutenin subunit

Uncharacterized protein

BLAST search: M7KZ46 12S seed storage globulin (identity: 94.5%)

AO0AOU2JFUI

B2BZD0

Q93XQ8

P04721

R4JDA42

AOA1KOITH3

Q03872

QOGNG1

Q5MGR4

13QPG3

Q5XM79

B5ANT6

Aegilops
speltoides

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Secale
sylvestre
Aegilops
crassa

Triticum
dicoccoides

Triticum
aestivum

Low molecular weight
glutenin subunit

LMW-s glutenin subunit

0359D24-S

Protein disulfide-isomerase

Alpha/beta-gliadin A-I

Low molecular weight

glutenin subunit (Fragment)

Alpha-gliadin

High molecular weight
glutenin subunit 1Ax1

Low molecular weight
glutenin subunit

Low molecular weight
glutenin subunit

Low molecular weight
glutenin subunit t128

Low-molecular-weight
glutenin

LMM glutenin

8

9

10

14

15

16

17

18

19

20

13.32

12.3

9.11

8.93

8.86

8.03

6.44

6.14

5.82

4.59

4.38

4.02

3.48

3.47

3.38

2.51

2.08

2.05

2.01

34.8

32.6

31.5

28.3

21.2

10.1

4.9

21.1

33.1

2.7

22.5

30.2

29.3

5.5

27.6

26.1

16.7

9.5

32.6

41

19

24

11

13

10

47

11

15

17

15

16

27
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F1C943

R4JDM1

Q8W3X1

R4JBL2

Q5MFHO

VIP6N2

V5NDJ9

B2LWZ2

A5]J50

K4pPC84

P01085

AOA1DS5VST3

WS5FTQO

TIMNX1

QSHOBS

P83207

M7Z0K6

K3ZH02
B6U440
B6TY90
AOAO0A9R3C9

Brachypodium
distachyon

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
dicoccoides

Aegilops
comosa

Aegilops
geniculata

Aegilops
markgrafii

Triticum
aestivum

Triticum
aestivum

Triticum
aestivum

Triticum
urartu

Triticum
aestivum

Triticum
aestivum

Triticum
urartu

Setaria italica
Zea mays
Zea mays

Arundo donax

Low molecular weight
glutenin subunit

Low-molecular-weight
glutenin subunit (Fragment)

Low-molecular-weight
glutenin subunit group 3 type
II (Fragment)

Low-molecular-weight
glutenin subunit

Low molecular weight
glutenin

LMW-i glutenin subunit 1
Low-molecular-weight

glutenin subunit emmer-3

Low molecular weight
glutenin subunit L1
LMW-glutenin LMW-il
Alpha gliadin
Alpha-amylase inhibitor 0.19
Uncharacterized protein
Uncharacterized protein
Uncharacterized protein
Cold regulated protein
Chymotrypsin inhibitor WCI
Peptidyl-prolyl cis-trans
isomerase

Uncharacterized protein
Uncharacterized protein

Gibberellin receptor GID1L2

Uncharacterized protein

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

38

39
40
41
42
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16.8

39.1

31.0

25.1

13.9

20.5

13.8

18.0

10.1

17.8

20.2

54

4.1

1.3

9.1

12.6

5.5

1.6
8.3
3.7
16.7

6

41

2

1

4

0
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Rye

w-secalins

AOAT59KI90 Triticum Omega-secalin 1 10.57 64.2 68
aestivum

W6AWOIR Triticum High molecular weight 2 4.45 10.1 8
aestivum glutenin subunit x

HMW-secalins

W6AW92 Triticum High molecular weight 1 17.33  28.7 38
aestivum glutenin subunit y

QI93WF0 Secale cereale HMW glutenin subunit x 2 14.61 512 58

Q43639 Secale cereale  Secl 3.96 22.4 12

VIXX55 Pseudoroegner High molecular weight 5 2.38 21.2 19
1a strigosa glutenin subunit

AOA1G4PITS  Triticum HMW glutenin y-type 6 2.03 4.4 6
aestivum subunit 1By7

E5KZQO0 Secale cereale 75k gamma secalin 7 2.1 1

R7W9Z9 Aegilops Uncharacterized protein 2 8.6 1
tauschii

K7TU65 Zea mays Transglutaminasel5 9 2 4.4 1

v-75k-secalins

P52589 Triticum Protein disulfide-isomerase 1 8.38 5.6 4
aestivum

Q941L2 Secale cereale High molecular weight 2 5.47 7.7 3

glutenin subunit x

E5SKZQ1 Secale cereale 75k gamma secalin 4.68 535 49

Q7M1Z3 Secale cereale rRNA N-glycosidase 4.12 12.9

W5GXD6 Triticum Uncharacterized protein 6 2.58 14.4 2
aestivum

A0A287WJQ6  Hordeum Uncharacterized protein 7 2.5 14.8 2
vulgare subsp.
vulgare

Ws5I14U0 Triticum Uncharacterized protein 8 2.29 8.8 1
aestivum

16QF63 Triticum Small heat shock protein 9 2.26 16.6 2
aestivum

C3VWWO Secale cereale Dimeric alpha-amylase 10 2.18 5.6 1

inhibitor
AOEPP1 Secale cereale  Puroindoline-a 11 2.05 109 2
WSEIR1 Triticum Uncharacterized protein 12 2.03 94 1
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aestivum

AOAID8VT7C6  Triticum High molecular weight 13 2.02 5.9 4
aestivum glutenin subunit

M8CGY6 Aegilops Tubulin alpha chain 14 2 3.6 1
tauschii

I3RXTS Secale cereale  Glyceraldehyde-3-phosphate 15 2 6.0 1

dehydrogenase (Fragment)

WS5BPN7 Triticum Uncharacterized protein 16 2 2.2 1
aestivum

WS5AR77 Triticum Uncharacterized protein 17 2 6.0 1
aestivum

AOA1DS5ZX82  Triticum Uncharacterized protein 18 2 4.2 1
aestivum

v-40k-secalins

WS5IA32 Triticum Formate dehydrogenase, 1 7.41 12.2 3
aestivum mitochondrial

K3ZAIO Setaria italica ~ Uncharacterized protein 7.31 35.1

W4ZSH7 Triticum Uncharacterized protein 5.98 40.2 5
aestivum

Q43223 Triticum Sucrose synthase 4 5.62 42 3
aestivum

MOWF40 Hordeum Uncharacterized protein 5 4.82 6.3 2
vulgare subsp.
vulgare

F2DB00 Hordeum Predicted protein 6 4.75 9.5 2
vulgare subsp.
vulgare

F2DWTI1 Hordeum Predicted protein 7 4.33 17.3 2
vulgare subsp.
vulgare

MSA1Q4 Triticum Uncharacterized protein 8 4.05 24.5 2
urartu

QI9FR41 Secale cereale  Secalin 10 3.76 8.4

WSFRU7 Triticum Uncharacterized protein 11 3.67 4.4 2
aestivum

Q94IL2 Secale cereale High molecular weight 12 3.64 6.1 5

glutenin subunit x

QI9FESS Triticum Protein disulfide-isomerase 13 3.44 2.5 1

turgidum

subsp. durum
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ITHGAS Brachypodium Uncharacterized protein 14 3.35 6.3 3
distachyon

H8YO0K4 Secale cereale Gamma prolamin 15 3.08 13.8 8

WS5C539 Triticum GT75-3 16 2.18 6.9 3
aestivum

C7C4X1 Triticum Glyceraldehyde-3-phosphate 17 2.02 3.6 1
aestivum dehydrogenase

F2DC21 Hordeum Predicted protein 18 2.02 4.2 1
vulgare subsp.
vulgare

Q9ST57 Triticum Serpin-Z2A 19 2.02 3.8 1
aestivum

F2DGAS8 Hordeum Predicted protein 20 2 24.5 2
vulgare subsp.
vulgare

R7WFW35 Aegilops Oligopeptidase A 21 2 1.4 1
tauschii

QI1PBI3 Triticum Glucose-6-phosphate 22 2 3.9 2
aestivum isomerase (Fragment)

AOAIDSUWB4  Triticum Uncharacterized protein 23 2 1.8 1
aestivum

WS51956 Triticum Uncharacterized protein 24 2 3.9 1
aestivum

WS5I4R6 Triticum Uncharacterized protein 25 2 2.8 1
aestivum

W5H4V7 Triticum Phosphoglycerate kinase 26 2 3.0 1
aestivum

WS5BUF4 Triticum Caleosin 27 2 3.7 1
aestivum

Barley

C-hordeins

AOA287EIM7 Hordeum Uncharacterized protein 1 7.44 17.1 19
vulgare subsp.
vulgare

BLAST search: P06472 C-hordein (identity: 99.0%)

v-hordeins

AOA287EFG2  Hordeum Uncharacterized protein 2 3.95 22.2 9
vulgare subsp.
vulgare

BLAST search: P06470 B1-hordein (identity: 94.6%)

77



Supplementary Material

A0A287Q402 Hordeum Uncharacterized protein 2 9.8 1
vulgare subsp.
vulgare

B-hordeins

Q84LE9 Hordeum D-Hordein 13.59 363 21
vulgare

P06470 Hordeum B1-hordein 11.49 457 38
vulgare

F2D284 Hordeum Protein disulfide-isomerase 9.79 14.8 7
vulgare subsp.
vulgare

USNJ12 Hordeum Beta-amylase 4.65 7.7 3
vulgare

AOA287NA39  Hordeum Uncharacterized protein 3.99 34 2
vulgare subsp.
vulgare

BLAST search: P06293 Serpin-Z4 (identity: 99.0%)

AOA287EFF7 Hordeum Uncharacterized protein 2.44 18.0 12
vulgare subsp.
vulgare

BLAST search: P06470 B1-hordein (identity: 87.5%)

MOWXO05 Hordeum Uncharacterized protein 2.36 2.2 1
vulgare subsp.
vulgare

BLAST search: M7WY9 Selenium-binding protein (identity: 98.2%)

F2DGAS8 Hordeum Predicted protein 2.17 24.5 3
vulgare subsp.
vulgare

BLAST search: Q41560 16.9 kDa heat shock protein 2 (identity: 96.7%)

A0A287WJQ6  Hordeum Uncharacterized protein 2.11 8.6 1
vulgare subsp.
vulgare

F2E9NO Hordeum Predicted protein 2.04 2.3 1
vulgare subsp.
vulgare

BLAST search: M7ZK46 12S seed storage protein (identity: 86.6%)

AO0A287K1V4  Hordeum Uncharacterized protein 2 18.2 3
vulgare subsp.
vulgare

BLAST search: Q21810 16.9 kDa heat shock protein 1 (identity: 95.4%)
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F2EDK4 Hordeum Uncharacterized protein 13 2 6.1 1
vulgare subsp.
vulgare

QI9SME6 Hordeum Glutathione peroxidase 14 2 5.1 1
vulgare

M7Z0K6 Triticum Peptidyl-prolyl cis-trans 15 2 55 1
urartu isomerase

P28041 Hordeum Alpha-amylase/trypsin 16 2 9:7 1
vulgare inhibitor CMa

D-hordeins

[6SW34 Hordeum D hordein 1 33.73  62.1 99
vulgare subsp.
vulgare

P07597 Hordeum Non-specific lipid-transfer 2 5.07 25.6 4
vulgare protein

AOA287EEX5  Hordeum Uncharacterized protein 3 4.30 5.8 2
vulgare subsp.
vulgare

BLAST search: P21292 C-hordein (identity: 50.0%)

Q2V8XO0 Hordeum Limit dextrinase inhibitor 4 4.07 20.4 3
vulgare

P01545 Hordeum Alpha-hordothionin 6 2.83 19.7 2
vulgare

F2DD34 Hordeum Predicted protein 7 2.21 4.8 1
vulgare subsp.
vulgare

F2E931 Hordeum 40S ribosomal protein S21 8 2.01 33.3 2
vulgare subsp.
vulgare

AOAID8VT7C6  Triticum High molecular weight 9 2 11.1 3
aestivum glutenin subunit

AO0A287JQN1 Hordeum Uncharacterized protein 10 2 8.4 1
vulgare subsp.
vulgare

BLAST search: Q7X8H9 17kDa alpha-amylase/trypsin inhibitor 2 (identity: 49.4%)

MOYO075 Hordeum Bowman-Birk type trypsin 11 2 6.1 1
vulgare subsp. inhibitor
vulgare

K3ZQC5s Setaria italica ~ Uncharacterized protein 12 1.4 1

F2DJMS5 Hordeum Uncharacterized protein 13 43 1

vulgare subsp.
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ITHGAS

P15312

AO0ATWOVS91

P82938

vulgare

Brachypodium
distachyon

Hordeum
vulgare

Sorghum
bicolor

Hordeum
vulgare

Putative rRNA

methyltransferase

Root-specific lectin

Uncharacterized protein

(Fragment)

Unknown endosperm protein

C (Fragment)

14

15

16

17
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1.3 1
52 1
2.8 1
100.0 1

¢ Missing rank numbers corresponded to contaminants, " unused ProtScore, defined as a measure of the
protein confidence for a detected protein, calculated from the peptide confidence for peptides from spectra that
are not already completely “used” by higher scoring winning proteins, thus reflecting the amount of total,
unique peptide evidence related to a given protein

80



	2019-10-1530.pdf
	
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	﻿

	﻿
	﻿
	﻿
	
	
	

	﻿
	
	
	

	﻿
	﻿
	
	
	


	﻿
	﻿
	﻿
	﻿
	﻿
	﻿
	


	DataSheet_1_Characterization and Relative Quantitation of Wheat, Rye, and Barley Gluten Protein Types by Liquid ChromatographyŒTandem Mass Spectrometr.pdf

