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Abstract

Seven hexaploid synthetic wheats (2n=42, BBAYA"DD), derived by crossing accessions and hybrids
from T. turgidum (2n=28, BBA'AY) to diploid Aegilops tauschii (2n=14, DD), following by colchicine
treatment for chromosome doubling, were subjected for seed protein analysis. Amphidiploids Ne 531 and
Ne 107 revealed x-type subunit 1 at the Glu-A1 locus, but four other synthetics (Ne 32, 106, 530, 532)
expressed subunit 1Ax1.1, uncommon for bread wheat, that could be an example of expanding allelic
diversity for HMW-GS along with the D-genome derived genes. At the Glu-B1 locus, five x-type subunits,
viz., 7, 13, 17, 14 and 22, and four y-type subunits viz., 8, 16, 18 and 15, and their five combinations were
detected. Diversity at the Glu-D1 was found to be greater than the variety of genes contained at Glu-A1
and Glu-B1 loci. In synthetics, the subunit 1Dx1.5+1Dy10 was predominantly observed, which is different
from the T. aestivum genome and affect the wheat quality to great extent. Other detected D-genome
subunits were 1Dx2+1Dy11 and 1Dx4+1Dy10.1. LMW-GS discovered two different lines in each of Ne 32,
530 and 532 (with b and c alleles) that was further supported by the gliadin compositions. D-genome
synthetic hexaploid wheats seemed to be excellent sources for selecting different glutenin compositions
in wheat breeding, as well for gliadins, revealing diverse w- and y genes.
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confer elasticity and extensibility essential for

Introduction bread making. The polymeric glutenins are
Using the genetic resources of wild relatives is subdivided into high- and low-molecular weight
the best strategy to improve the quality and glutenin subunits (HMW-GS and LMW-GS)
productivity of durum and common wheat. which mainly determine elasticity and viscosity
Numerous studies have been carried out to of wheat dough. HMW-glutenins are encoded by
produce and investigate wheat-alien hybrids in two tightly linked genes at the Glu-A1, Glu-B1
order to clarify the inheritance and gene control and Glu-D1 loci (x- and y-type) localized on the
of important traits in segregating populations. long arms of group 1 chromosomes, whereas
Synthetic wheats are good example as resulting LMW-GS are governed by genes at the Glu-3 loci
products of wide hybridization to develop novel (Glu-A3, Glu-B3, Glu-D3) on the short arms of
genetic lines and cultivated crops with group 1 chromosomes. The loci are highly
resistance to different biotic and abiotic polymorphic and serve as reliable genetic
stresses (Trethowan and Ginkel, 2009; markers for exploring genetic variability in
Plamenov and Spetsov, 2011), and for improving common wheat. New allelic variation occurs due
the storage proteins in wheat. to recombination of different HMW glutenin

Wheat gluten  proteins, called subunits, which usually receive Glu-1 quality
prolamins, are wusually divided into two score as a potential estimate for bread-making
fractions, the glutenins and gliadins (Branlard properties (Payne et al., 1984). Although, that
and Dardevet, 1985; Rasheed et al., 2012). They HMW-GS constitute about 5-10 % of the total
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grain proteins, around 67 % of the variation for
quality properties among wheat varieties is due
to differences in their HMW-GS compositions
(Payne et al., 1981, 1984).

The gliadins are monomeric and are
grouped into four structural types: a-, B-, y- and
w-gliadins. The last two are encoded by genes in
Gli-A1, Gli-B1, Gli-D1 on the short arms of
group 1 chromosomes, very close to genes
responsible for the expression of LMW-GS.
Genes controlling a- and B-gliadins are localized
on short arms of group 6 chromosomes (Gli-A2,
Gli-B2, Gli-D2). Fractions encoded by these
gliadins are linked and inherited as separate
blocks. Gliadins differ in their functional
properties with the glutenins contributing to
unique biomechanical properties of the wheat

Materials and Methods
Materials

SHW (Ne 32, 106, 107, 530, 531, 532 and
83/27) are presented in Table 1. Varieties

gluten (Todorov, 2006). The gliadin and glutenin
proteins interact in dough to form a network
that confers cohesive viscoelastic properties
allowing the detention of carbon dioxide during
dough fermentation.

This study aimed to investigate the
storage seed proteins in seven D-genome
synthetic hexaploid wheats (SHW), produced by
crossing several accessions of Aegilops tauschii
and T. dicoccum, including some F1 and F2
hybrids as female parents. The genetics,
biochemistry and structure of protein
compositions in these synthetics are important
as new breeding sources for potential transfer of
unique glutenin and gliadin variants to durum
and common wheat breeding.

Bezostaya 1 and Chinese Spring were used as
checks in protein analyses.

Table 1. Pedigree of the SHW employed in the study

Breeding Ne Pedigree

32 F1 (44961 x 3aropka’ x 45432) x Ae. tauschii Ne 19089
106 F2 (44961 x 3aropKa x 45432) x Ae. tauschii Ne 22744
107 45398 x Ae. tauschii Ne 22744

530 510F; (45390 x 45398) x Ae. tauschii Ne 19088

531 510F; (45390 x 45398) x Ae. tauschii Ne 30422

532 510F1 (45390 x 45398) x Ae. tauschii Ne 22744

83/27 T.dicoccum Khapli-lll x Ae. tauschii

1, Bulgarian T. durum variety

T. dicoccum accessions Ne 44961, 45390, 45398 and 45432 were obtained from the ICARDA, Syria, and

Aegilops tauschii accessions — from the IPGR — Sadovo.

Protein extraction and SDS-PAGE

Five plants from a synthetic were grown
and 50 grains per line were used to reveal the
homogeneity of each SHW. Seeds were crushed
and ground to powder. Gliadins were first
extracted in 70% ethanol and protein fractions
were separated by A-PAGE using 8%
polyacrylamide gel under constant 10°C (Khan
etal., 1983).

Extraction of HMW- and LMW- glutenins
was performed in four stages (Singh et al,,
1991). The electrophoresis was run on vertical
apparatus in two ways (Laemmli, 1970): a)
classical one-dimensional 12% polyacrylamide
gel; 6) one-dimensional 12% polyacrylamide gel
SDS — PAGE with addition of 4M urea (Lafiandra
etal., 1993).
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Protein fractions were investigated and
designated through the use of the following
techniques:

e Universal system for arrangement and
numbering of HMW-GS in wheat (Payne and
Lawrence, 1983);

® LMW-GS nomenclature in wheat (Gupta and
Shepherd, 1988, 1990);

o Combined method for LMW-GS and gliadins
identification (Jackson et al., 1996);

o Catalogue for gliadins identification in
common wheat (Metakovsky, 1991);

e Method for Glu-1 score assessment as a
criterion for wheat quality (Payne, 1987).
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Table 2. Allelic frequencies of HMW-GS at Glu-1 loci of 9 synthetic hexaploid wheats (including two lines

in N2 530 and 532)

Locus Allele Subunit Number of Frequency
lines %
Glu-A1 a 1 2 22.2
X 1.1 6 66.6
c null 1 11.1
Glu-B1 b 7+8 4 44.4
f 13+16 1 11.1
i 17+18 1 11.1
h 14+15 2 22.2
k 22 1 11.1
Glu-D'1 ah 1.5+10 5 55.5
- 2+11 2 22.2
- 4+10.1 2 22.2

Results
Allelic variation and composition of HMW-GS
Eleven allelic variants of HMW-GS were
detected in the synthetics (Table 2 and Fig.1).
Three of them were at the Glu-A1 locus, five - in
Glu-B1 and three - in Glu-D'1. At the Glu-Al
locus, the composition of alleles were only
contributed by x-type subunits, viz. 1Ax1, 1Ax1.1

and null, which are controlled by Glu-Ala, Glu-
Alx and Glu-Alc. The x allele was the most
frequent (encoded for subunit 1.1 in six, 66.6%,
genotypes, followed by a allele (22.2%) and ¢
allele (11.1%). The 1Ax subunit 1.1, which is
uncommon for the A-genome of common
wheat, may be considered as valuable gene for
wheat improvement.

1 2 3 4

5

Figure 1. HMW-GS profile at 12% SDS-PAGE. 1: 83/27, 2: 531, 3: 530-1, 4:530-2, 5: 532-1, 6: 532-2,
7:Bezostayal (check), 8: 107, 9: 106, 10: 32
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The subunit 1Ax 1 positively affected the
bread quality as compared to null allele, which is
estimated to have low Glu-1 score. No y-type
subunits at the Glu-A1 locus were found, although
some authors reported their associations with good
bread-making quality in wheat (Ciaffi et al., 1995).
Species of T. urartu, T. monococcum and T.
boeoticum exerted y-type subunits, that could be
transferred to SHW (Rasheed et al., 2012).

The HMW-GS located in the B-genome are
numerous, less frequent and don’t increase the
variation in quality parameters (Todorov, 2006).
Two of the sevent analyzed synthetic hexaploid
wheats — 530 and 532 are haracterized by two
biotypes at the Glu-B1. Five allelic variants were
detected at this locus. Three alleles, f, i and k,
encoded for subunits 13+16, 17+18 and 22 were
less frequent (11.1%). The most frequent was b
allele, controlled 7+8 in four (44.4%) genotypes,
followed by h allele, responsible for subunit 14+15
in 2 synthetics (22.2%, Fig. 1). It is reported that
subunit 7+8, evaluating to have score 3, assured
good elasticity and extensibility essential for bread
making (Payne, 1987). There were different
estimates for the score of subunit 14+15, varying
from Glu-1 score 2 to 3 (Payne, 1987). This subunit
is rarely occurred in the Glu-B1 locus and have
unproved effect on the gluten strength. It was
reported, that subunits 13+16 and 17+18 possessed
high score (Glu 1 quality score 3), responsible for
good bread making (Todorov, 2006).

From all HMW-GS variants, the D-genome
alleles are essential for wheat dough and flour
properties. The Glu-D'1 locus among the SHW was
contributed by three alleles with the combination of
three x-type and three y-type subunits (Table 2).
The x-type subunits included 1.5, 2 and 4, whereas
the y-type subunits exerted 10, 10.1 and 11. The
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most frequent subunit 1Dx1.5+1Dy10 encoded by
allele Glu-D1ah was observed in five synthetic lines
(55.5%). This subunit was discovered in SHW by
William et al. (1993) and proved to have significant
influence on bread-making traits (Pefia et al., 1995,
Tang et al., 2008). It was established for wheats with
subunits 1.5+10 in combination with 7+8 at the Glu-
B1 and subunit 1 —at the Glu-A1 locus to be superior
in quality (Pefia et al, 1995, Tang et al., 2008) than
lines having allele d at the Glu-D'1 locus, responsible
for the displaying of subunit 5t+10t. Li et al. (2009)
considered this subunit as highly valuable for quality
as compared to others, controlled by D-genome
alleles. The importance and role of subunits 2+11
and 4+10.1 on the technological and baking
properties have not well still clarified, may be
because of their limited frequency in wheat
genotypes and/or the different interactions
between D-genome alleles and allelic variants
occurred at the Glu—Al1, Glu-B1 and Glu-B3 loci
(Pefia et al., 1995).

Allelic distribution and composition of LMW-GS
and gliadins

LMW-GS and gliadin alleles in SHW
expressed additive gene combinations as a result of
their parental genotypes in crosses (Doneva and
Spetsov, 2013). The variation in LMW-GS was very
low as compared to variation in HMW-GS. Three
alleles at the Glu-A3 locus (b, ¢ and d) were
identified, among which allele b was the most

distributed (Fig. 2). At the G/u-Dt3 locus, two alleles
(a and ¢ ) were identified, and the latter one
expressed larger frequency (Fig. 3). SDS-PAGE
analysis with 4M urea showed heterogeneity in
SHW 530 and 532 at the G/u-A3 locus, and in SHW

32 —at the Glu-A3 and G/u—Dt3 loci.
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Figure 2. LMW-GS profile at Glu-A3 locus at 12% SDS-PAGE with 4M urea, 1: Bezostayal (check), 2:530-1, 3:
530-2, 4:532-1, 5:532-2, 6:531, 7:83/27, 8:107, 9:106, 10:32-1, 11:32-2.
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Figure 3. LMW-GS profile at Glu-D3 locus at 12% SDS-PAGE, 1: Bezostayal (check), 2: 530, 3: 531, 4:532, 5: 83/27

,6:107,7:106, 8: 32-1, 9: 32-2.

A-PAGE electrophoresis for gliadins
displayed that SHW 106, 107, 32, 531 and 83/27
were homogenous, while SHW 530 and 32 -
heterogenous (Figs. 4 and 5). The variation at the
Gli-Dt loci was due to Aegilops tauschii accessions
from one side, and the hybrid females used in SHW
breeding from the other side. The established
nomenclature for gliadins in common wheat could
be used in SHW to some extent (Doneva and
Spetsov, 2013). The slow-moving w-bands at the
Gli-D1 locus, characteristics for the wheat checks,
were missing in SHW. The pair of w-components
(wl and w2), reported firstly by Wrigley and
Shepherd (1974) as typical for common wheat, was
applied for identification of gliadins in hexaploid
wheat accessions (Fig. 4).

Generally, Gli-D2 blocks comprise gliadins in -
and a-regions. Most of bands in these blocks are
better coloured than the areas at the Gli-D1 locus.
As observed in gliadin spectrum of Ae. tauschii, we
found some overlapping in y- 1 B- regions between
bands at G/i-D1 and Gli-D2 in SHW. It is accepted
that weaker coloured and slow-moving bands, at
the beginning of B- region, are defined in the Gli-D1

Gli-Dla
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Figure 4. Gliadin profile at A-PAGE. 1: Ae. tauschii 22744, 2: SHW 107, 3: T. dicoccum 45398, 4: Ae. tauschii
22744, 5: SHW 106, 6: T. dicoccum 44961, 7: T. dicoccum 45432, 8: T. durum Zagorka, 9: Ae. tauschii
19089, 10: SHW 32, 11: T. dicoccum 44961, 12: T. dicoccum 45432, 13: T. durum Zagorka, BZ: Bezostayal

(check), CS: Chinese Spring (check).
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group, as compared to more intensive in
colour and situated at the end of y-region,
considering to belong to Gli-D2 locus (Lagudah and
Halloran, 1987). Some B- and mostly a- gliadins of
the diploid parents were not expressed in synthetics
(Fig.4, Doneva and Spetsov, 2011). In this case, our
results support the data published by William et al.
(1993) and Yan et al. (2003). A number of gliadin
blocks at the Gli-D locus are considered to have
positive effect on gluten strength (Yan et al., 2003).
A direct transfer of new gliadin alleles from SHW to
wheat could enhance the variability in genes,
predominantly those responsible for quality in
bread wheat.

Gliadin spectrum in SHW showed that six of
them (N2 32,106, 107,530, 531 and 532) expressed
y-45, which is controlled by allele at the Gli-B1 locus
(Figs. 4 and 5). This gene originated from Triticum
turgidum accessions and was accredited to high
gluten quality. SHW 83/27 exerted y-43.5, which is
commonly distributed in cultivated wheat,
considering as marker for good gluten quality, too
(Todorov, 2006).

9 10 11 12 13
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Figure 5. Gliadin profile at A-PAGE. 1: T. dicoccum 45390, 2: T. dicoccum 45398, 3: SHW 530-1, 4: SHW 530-2, 5:
SHW 530-3, 6: Ae. tauschii 19088, 7: T. dicoccum 45390, 8: SHW 531, 9: T. dicoccum 45398, 10: Ae.
tauschii 30422, 11: T. dicoccum 45390, 12: T. dicoccum 45398, 13: SHW 532-1, 14: SHW532-2, 15: Ae.

tauschii 22744, 16: SHW 83/27, BZ: Bezostayal (check), CS: Chinese Spring (check).

Conclusions

HMW-GS subunit 1.5+10 was expressed in
four synthetics, SHW 32, 106, 107 and 532, which is
controlled by Glu-D1ah allele. This gene originated
from Aegilops tauschii accessions N2 19089 and
22744, and seemed to be a perspective allele for
bread wheat improvement. Ae. tauschii accessions
Ne 19088 and 30422 donated subunits 4+10.1 and
2+11to SHW 530 and 531, respectively. One subunit
1Ax1.1 was found in four SHW, which is unusual for
the A-genome of hexaploid wheat, too.

At the Glu-B1 locus, five x-type subunits,
viz., 7, 13, 17, 14 and 22, and four y-type subunits
viz., 8, 16, 18 and 15, and their five combinations
were detected.

LMW-GS analysis revealed two different
lines in each of SHW 32, 530 and 532 (with b and c
alleles), that was further supported by the gliadin
compositions. The new gliadin genes in synthetics
(y-43.5, y-45, and alleles encoding different w- and
B - subunits) may have significance for the plant
breeding to improve the gluten quality in wheat.
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