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Abstract

The gluten composition of over 8,500 wheat varieties world-wide has been catalogued and are available on the web site of AACC

International. This catalogue is primarily of value to wheat breeders selecting new varieties having specific grain-quality attributes.

In addition, this resource is now potentially available for use in attempts to select wheat genotypes that differ with respect to dietary
intolerances, making use of recent knowledge about the relevant aspects of gluten-protein composition and amino-acid sequences.
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Abbreviations
IgE: Immunoglobulin E; G: Genotype: E: Growth Environment: Glu: Allele Designation for Genes Coding for Polypeptides of Wheat Glu-

tenin; Gli: Allele Designation for Genes coding for Wheat Gliadin Proteins; PSS: Protein Scoring System; LMW-GS: Low-Molecular-Weight
Glutenin Subunits; HMW-GS: High-Molecular-Weight Glutenin Subunits

Introduction

Wheat genotypes (varieties) differ considerably in their grain-protein composition and correspondingly in the alleles responsible for

the coding for the grains’ storage proteins – proteins that become gluten after milling the grain into flour, mixing the flour with water

to form a dough, for eventual baking into bread. Wheat genotypes also differ considerably in the respective suitability of their grain for
processing into the wide diversity of wheat-based foods in our diet [1,2]. Many of these differences in grain quality relate to variations

in grain-protein composition, and thus to the genetic alleles of the wheat genome. The gluten composition of over 8,500 wheat varieties
world-wide has been catalogued and are available on the web site of AACC International [3,4], as described below. This catalogue is of

prime value to wheat breeders aiming to select new varieties having specific quality attributes. In addition, this resource is available to at-

tempt the selection of wheat genotypes that differ with respect to dietary intolerances, making use of recent knowledge about the relevant
aspects of protein composition and amino-acid sequences.
Beneficial outcomes via wheat breeding

The unique visco-elastic properties of wheat dough are largely determined by the amount and composition of the gluten proteins. To

a more limited extent, the composition of the gluten proteins also contributes to the various health-related issues caused by wheat gluten

in the diet. These issues include celiac disease and other inflammatory conditions, IgE-mediated hypersensitivities and various forms of
food intolerance [4].

The amino-acid sequences of gluten proteins that are responsible for triggering responses in sensitive individuals have been identified,

showing that they vary in distribution among and between different groups of gluten proteins [2]. The detection of and, in particular, the
quantification of gluten proteins, are critical not only due to their direct effects on end-use quality but also for food intolerance reasons.

Grain composition varies between cereal genotypes, thus leading to opportunities in food-allergen research, so that beneficial out-

comes with new varieties may be achieved via genotype selection in wheat-breeding programs. These ‘beneficial outcomes’ have tradi-

tionally related to improvements in grain yield and in wheat-processing quality, but improvements with respect to dietary intolerance are
also feasible.
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Nevertheless, it is difficult to accurately identify the specific proteins that trigger health problems and to elucidate their genotypic fre-

quency, variability and stability. Reasons for this difficulty include the high sequence similarity and multi-species origin of the prolamins
in gluten, coupled with limitations in the available methodologies, as reviewed by Haraszi., et al [6].
Allergen prediction for specific wheat varieties

High-resolution methods such as mass spectrometry (MS) require accurate quantitative relationships between prolamin peptide bio-

markers and the final gluten/prolamin content to relate the detection of peptide mass to their protein sources. These quantitative relationships, however, are difficult to establish due to genotypic and environmental variability.

To assist peptide biomarker searches, epitope mapping, protein selection and medical studies, a database (ProPepper, https://propep-

per.net) has been developed to contain members of the prolamin superfamily proteins identified from Poaceae species, peptides obtained
with single and multi-enzyme in silico digestion as well as linear epitopes responsible for wheat-related food disorders [7]. Knowledge of

the composition and amounts of epitopes present in a single wheat sample represents a significant gap and the complete grain proteome
datasets now available can provide the necessary information to carry out an estimation of allergen prediction for a single cultivar.

Thus, there is now the significant possibility of coupling these two databases, namely, the ProPepper system for allergen prediction

together with the listing of gluten-protein alleles for a world-wide collection of thousands of wheat varieties.

Gluten-proteins and wheat-processing qualities

Significantly different dough qualities are required for each of the various products made from wheat flour, such as bread (various

types), pasta, pastry, cookies and many other products. The compositions of the gliadin and glutenin fractions of gluten (and thus dough
properties) are determined by the interaction of the genetic constitution (G) of the wheat variety involved and its growth environment
(E).

On the genotype (variety) side of this G X E interaction, the genes of major importance are the glutenin polypeptides (subunits) which

combine by disulfide bonds to form the large aggregates of glutenin macromolecules [8]. The elasticity conferred by the polymeric glutenin is balanced by the gliadin fraction of smaller molecular weight [9].

World-wide wheats and their gluten alleles

The allelic composition of glutenin and gliadin proteins of a wheat sample largely determines its end-use properties. It is the reason

that, beyond its key role in fundamental research, the identification of the allelic composition of a sample is essential information in wheat
breeding, in the baking industry and possibly also to breed for dietary objectives.

Access to information about the glutenin and gliadin alleles of the world’s many wheat varieties has been difficult because it is spread

throughout the literature and in private listings. It was the reason that a comprehensive list of allelic data of wheat cultivars bred and culti-

vated all around the world was collected and prepared for publication as an Appendix in a book published in 2006 by AACC International,

under the title “Gliadin and Glutenin: The Unique Balance of Wheat Quality”, edited by C W Wrigley, F Békés and W Bushuk [9]. When the
large size of this Appendix precluded its inclusion within the covers of a book, the internet permitted its publication.

The AACCI book is still a good source of information about the chemistry, genetics and nomenclature of the three classes of gluten

proteins, namely the gliadins and the high- and low-molecular-weight glutenin subunits (HMW-GS and LMW-GS). The gluten-protein

database, provided on the AACCI web site, serves as a key collection of allelic data for thousands of cultivars in three separate sections:
Gliadins, HMW-GS and LMW-GS. This database continues to be the main website for cereal chemists requiring gluten-protein alleles. Other
sources include similar or complementary information: a part of the GrainGenes website [10] and the website of “Genes On-Line” [11].

Gluten-allele catalogue – Version 4

Version 4 of the database, is available on the AACCI web site (http://www.aaccnet.org/initiatives/definitions/Pages/Gluten.aspx). It

includes a large number of wheat genotypes (over 8,500). It is a completely re-edited, extended version of the previous three versions in

a new format: instead of the simple listing of information in a PDF file, Version 4 is a user-friendly database in which the user can search,
screen and utilize specific applications of the glutenin allelic composition such as:
•
•
•
•
•

To assess the genetic potential of a specific variety for processing;

To determine how readily a specific combination of varieties could be distinguished according to gliadin or glutenin-subunit
composition;

To determine the value of specific genotypes as parent lines to achieve targeted genetic potential for dough quality, applying
the well-established Payne-score [12] and/or the Protein Scoring System model of Békés [13].
To pursue population genetics.

To explore possibilities of breeding for tolerance to dietary problems.
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Version 4 contains two sets of databases (the glutenin and gliadin databases) and related software tools. Both databases contain two

text files and an executable program file, downloadable to the user’s PC from the AACCI website (http://www.aaccnet.org/initiatives/
definitions/Pages/Gluten.aspx). For the convenience of future users, both the glutenin and gliadin program files were written in two al-

ternative versions; one of them is suitable for use with Windows XP and the Windows Vista environment, while the other is for Windows
7 and Windows 8 users.

The Glutenin Database
The glutenin database covers data for over 8,500 cultivars from 80 countries containing 23 alleles of Glu-A1, 87 of Glu-B1, 25 of Glu-D1,

11 of Glu-A3, 13 of Glu-B3 and 12 alleles of Glu-D3, derived from 220 publications.

The user can search/screen in the database, using either the name of a cultivar (variety), its country of origin, or allele(s) of any com-

bination of the six glutenin loci. The original source of information for the searched cultivar is available as well as the predicted genetic
potential for dough properties, characterized by the Payne score or the Protein Scoring System (PSS) (Figure 1).

Figure 1: Result of an enquiry from the glutenin database for the glutenin subunit/allele
composition of the variety Aroona.

Background to the Glutenin Alleles: HMW-GS are coded at the Glu-1 locus on the long arm of Chromosome 1, while LMW-GS are coded

at the Glu-3 locus on the short arm of Chromosome 1. There are thus six sets of glutenin alleles: Glu-A1, Glu-B1, Glu-D1 and Glu-A3, Glu-B3,
Glu-D3. The durum wheats have only the two genomes, A and B; so, there are four sets of glutenin alleles for durum wheats.

The LMW subunits have been more difficult to analyze than the HMW subunits because the bands of the LMW-GS are normally dis-

guised in an SDS gel electrophoretic pattern by the presence of overlapping gliadin proteins. As a result, fewer lists of LMW-subunit

composition are reported in the literature. Nevertheless, it has proved possible to accumulate the LMW-subunit composition for many
genotypes using electrophoretic techniques, starting with the pioneering studies of Gupta and Jackson [14-16]. The number of publications providing data about the LMW-GS alleles has increased significantly by the application of MALDI-TOF technology in recent years.

Difficulties in Establishing Allelic Composition: Inconsistencies have arisen between published lists, due to differences in the methods

used in obtaining composition data and the significant difficulties in interpreting the results of protein fractionation. Early means of iden-

tifying protein composition, e.g., gel-electrophoresis, lacked the resolution of more recent methods, e.g., two-dimensional electrophoresis,
HPLC, MALDI-TOF and DNA-based molecular-marker techniques.
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A fine-tuning of the designation systems for both HMW-GS and LMW-GS alleles is in progress. Good examples for these activities are

the excellent work of Espi., et al. [17] who clarified the differences among the Glu-B1b, Glu-B1u and Glu-B1al alleles (i.e., among the Bx7,

Bx7* and Bx7OE subunits by molecular methods). International collaborations are proceeding on the systematic comparative analysis of

LMW-GS alleles using traditional methods and mass spectroscopy, as well as molecular-marker techniques [18].

The allelic compositions of the wheats listed are provided in the form of the distinct allelic codes (as “a”, “b”, … etc.) for the two glutenin

loci (Glu-1 for HMW-GS and Glu-3 for LMW-GS) for each of the three (A, B and D) or two (A and B) genomes of hexaploid or durum wheat,

respectively. In cases of novel alleles when internationally agreed codes are not yet given, we have specified the designation given to the
allele in the relevant publication. In the case of HMW-GS alleles, the corresponding protein components (subunits or polypeptides) coded

by the allele are also listed. Missing data is indicated as “N.D.”. Durum wheats and lines containing the 1B/1R translocation are specifically
indicated.

Based on the early electrophoresis-based designations of HMW-GS and LMW-GS alleles, a set of cultivars was selected to act as “stan-

dards” for the various subunit mobilities. The list of these cultivars has been extended in Version 4 to include the recently discovered
alleles, citing the publication where they were described.
The Glutenin Database

Gliadins are coded at the Gli-1 and Gli-2 loci on the short arms of Chromosomes 1 and 6, respectively. There are thus six sets of gliadin

alleles: Gli-A1, Gli-B1, Gli-D1 and Gli-A2, Gli-B2 and Gli-D2. The durum wheats have only the two genomes, A and B; so, there are four sets
of gliadin alleles for durum wheats.

The database list of gliadin composition does not include a complete range of reports from the literature even though the gliadins have

been more extensively characterized over a longer period of time than the glutenin subunits. Such information is available via the extensive literature references in Chapters 2 to 4 of the AACCI book ‘Gliadin and Glutenin: The Unique Balance of Wheat Quality’ [19,20]. An

obvious difficulty in comparing these diverse sources of information is that there has not been a generally agreed system of nomenclature
for gliadin composition for much of the time of that gliadin research has been conducted. A unifying nomenclature, now most generally
adopted for gliadins, involves the allocation of alleles for the six loci at Gli-1 and Gli-2 for the three genomes (A, B and D).

Data listed in the gliadin database is primarily due to the efforts of one scientist (Dr Metakovsky), using a consistent approach to

fractionation and to interpretation [21] using every effort to ensure the authenticity of the samples analyzed. Data of 961 varieties from
31 countries are listed in the database, containing 25 alleles of Gli-A1, 24 of Gli-B1, 15 of Gli-D1, 33 of Gli-A2, 52 of Gli-B2 and 33 alleles

of Gli-D2. This list has not been published previously in its entirety but parts have been published. Cultivar names originally published in
Cyrillic were transformed into Latin lettering in accordance to the rules described by Martynov., et al [22]. The gliadin alleles listed were

all determined on the basis of the same procedure of acidic gel electrophoresis [23]. As with the glutenin database, the user can search/
screen the database, based either on the name of cultivar, on its origin, or on allele(s) of any combination of the six gliadin loci.

The collection of related research data on gliadins produced in the last ten years - produced by other separation/identification tech-

niques such as capillary electrophoresis, reversed-phase HPLC and mass spectroscopy - is in progress and will be available in Version 5
of this database.

Similarly, to the glutenin database, the allelic compositions of the wheats listed are provided in the form of the distinct allelic codes

(as “a”, “b”, etc.) for the two gliadin loci, namely, Gli-1 and Gli-2 for each of the three (A, B and D) or two (A and B) genomes of hexaploid or
durum wheat, respectively. Missing data is indicated as “N.D.”. Durum wheats are specifically indicated.

Based on the early electrophoresis-based designation of gliadin alleles, a set of standard cultivars was selected to serve as “standards”

for the various polypeptide mobilities. The list of these cultivars has been extended in Version 4 to include recently discovered alleles,

referring to the publication where each was described. So, suitable “standards cultivars” are provided for each of the 182 gliadin alleles
appearing in the database.
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A difficulty in compiling such a database is the likelihood of polymorphisms within a variety, i.e., more than one version of the allele

mix. This may be due to admixtures and contaminants, but more likely they are due to incomplete selection of a pure line. Thus, different
grains of one authentic sample may differ in their gluten composition, each grain’s composition being an authentic part of the cultivar’s
constitution.

Such “biotypes” may arise from the original cross that produced the variety under study, being sister lines with alternative alleles that

have become fixed in the process of selecting the cultivar. In such cases, the tables indicate that alternative alleles have been detected, e.g.,
in the form “a/b”.

On the other hand, such variations may be due to contamination with foreign seed, thus providing wrong information. In such a case,

the authenticity of the sample source should be examined. Examination of the composition of the parent lines (if definitely known) may

help in establishing that the apparent polymorphism is not due to contamination, but rather that valid biotypes are present. In such
cases, where the real biotypes have segregated (such as the work of Lawrence [24] on several Australian varieties containing biotypes),
the database contains the data both for a sibling line (e.g., AROONA) and for the pure germplasm biotypes (AROONA A and AROONA B).

Estimation of Dough Quality

Compared to the previous versions of this database, Version 4 has the completely new feature of providing tools to estimate the genetic

potential of dough properties for the listed lines based on their glutenin alleles.

Relating protein composition to certain quality traits by statistical means is a frequently used methodology to relate structure-com-

position to functionality in cereal science [3]. Since its development [12,25], the Payne Score has provided a single-number parameter to
estimate the dough strength of a sample as a function of its HMW-GS allelic composition; at the time, this score revolutionized selection
for quality in wheat breeding.

Since the significant success of using the Payne Score in breeding programs as a single number to estimate dough strength from

HMW-GS allelic composition, there have been several attempts to also involve the LMW-glutenin alleles in similar mathematical formulas
[13,26-28]. Using sophisticated statistical approaches, the Wheat Simulator [28], and the Protein Scoring System (PSS) [13] can describe

the effects of both HMW- and LMW-GS alleles on dough strength and extensibility, both individually and considering pair-wise interactions among the alleles.

Applications of the models indicate that the approach of relating allelic composition to quality attributes is possible with careful data

selection and applying robust mathematical tools. One of the most important conceptual findings from evaluating such models is the realization that, because of the large contribution of allele-allele interactions, the different allelic combinations (rather than the individual

glutenin alleles) should be targeted in breeding situations to develop new lines with desired quality attributes predicted from the breadmaking potential of flour samples.

The genetic potential of a line, with a certain combination of alleles at the six glutenin-coding loci, can meaningfully be predicted

where both the contribution of the individual alleles and their pair-wise interactions play equally important roles [27,29,30].

Further applications of the models relate to the milling industry for predicting the bread-making potential of blended mill streams by

modelling the non-linear characteristics of quality parameters [31,32].
On-going Development of the Databases

The databases are “open” for new data, for corrections and for general suggestions. Please contact the authors at firinc47@gmail.com

or c.wrigley1@uq.edu.au. Such contributions will be built into the program and acknowledged. We hope that the database and its search
facilities will continue to be useful in achieving its aims of providing the tools for all sectors of the industry to improve wheat-quality attributes.

Conclusions
The combined use of the AACCI gluten allele, genome sequence and allergen databases, prediction methodology, and cereal chemistry

results in a better understanding of the level of toxicity present in the end-products from wheat flour. The workflow presented in the
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review of Juhász., et al. [33] provides information about the number and distribution of epitopes for a single protein or a protein fraction.

Also, epitopes present in the highest frequency and for the most harmful proteins can be identified. The “epitope toxicity” value obtained
in this way is a significant research output from the analysis of large datasets that can be applied to the food industry.
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