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Abstract

Durum wheat grain, which is used in the production of pasta and groats, must meet
requirements for specific parameters of gluten quality. Its high quality depends on various factors,
including the allelic state of the high-molecular-weight glutenin genes that encode subunits of wheat
storage proteins (HMW-GS). This work presents, for the first time, the allelic structure of the Glu-1
loci in a wide collection of facultative durum wheat varieties and breeding lines. The objective of this
study was to identify the allelic state of the Glu-AI and Glu-BI genes which encode high-molecular-
weight glutenins in this collection. Additionally, the study aimed to evaluate the impact of these genes
on the gluten index. The material for the research consisted of a collection of 198 breeding lines and
varieties of facultative durum wheat obtained from the Lukyanenko National Grain Center. The allelic
state of HMW-GS was assessed using SDS-PAGE. The gluten index value was measured using the
Perten Glutomatic® 2100 System (PerkinElmer, USA). To identify allelic variants of HMW-GS genes,
KASP markers were also used. The Glu-Ax1/x2* SNP marker was utilized to identify the alleles of
Glu-Al. The BX70E_866_SNP marker was employed to differentiate between the Glu-B1b (Bx7 + By8)
and Glu-Blal (Bx79E + By8) alleles, which cannot be distinguished through SDS-PAGE. The
BX70E_866_SNP marker is based on a single nucleotide polymorphism (SNP) in the promoter region:
the C variant is associated with the Glu-Blal allele, which carries a duplicated copy of the Bx7 locus,
while the G variant is associated with the absence of the Bx7 duplication. The allelic state of the Glu-
Al and Glu-B1 was identified by comparing the results obtained using the KASP and SDS-PAGE
assays. According to the research results, three alleles were identified for Glu-A1, and eight alleles were
identified for Glu-B1. The vast majority of the studied accessions contained the Glu-Alc allele (98 %),
while the proportion of accessions with Glu-Ala and Glu-A1b accounted for 0.5 % and 1.5 %, respec-
tively. For Glu-B1, there was a higher number of accessions with the Glu-Blal allele (60 %) compared
to accessions carrying Glu-Bld (17 %) and Glu-Ble (12 %). The accessions containing subunits
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Bx7 + By8 (Glu-B1b) accounted for 3 % of the collection. In addition, rare alleles Glu-Bilh (1 %),
Glu-Bli (1 %), as well as Glu-Blz (1 %) and Glu-BIz* (5 %) were identified. The last two differed in
a single nucleotide polymorphism in the promoter region of the gene that encodes the Bx7 subunit.
There was a tendency towards the distribution and fixation of the Glu-BIz* allele in durum wheat
varieties. A positive effect of Glu-Bld on the gluten index and a negative effect of Glu-Ble on its value
were also observed.

Keywords: Triticum durum, durum wheat, high molecular weight glutenins, HMW-GS, Glu-
Al, Glu-BI, KASP marker, SDS-PAGE, gluten index

Durum wheat (Triticum durum Desf.) is one of the main crops cultivated
for food. Durum wheat grain is widely used for pasta and cereal production and
in bakery [1]. Durum wheat grain for high-quality pasta production must have
appropriate glassiness and contents of protein, gluten and carotenoids [2-4]. Con-
sumers’ interest in products with improved properties increases manufacturers’
requirements for the quality of raw materials [5]. Particular attention is paid to
gluten index, characterizing the strength of its intra- and intermolecular bonds. In
breeding, the gluten index, along with classical methods of farinograms and mix-
ograms or SDS sedimentation, is used to select the most promising lines of durum
wheat [6, 7]. The gluten index is extremely important for modern technology of
high-temperature drying widely used in the pasta industry in North America, Aus-
tralia and Europe. This technology, which increases both the volume and effi-
ciency of pasta production, is also used in Russia, but its wide distribution in our
country and the CIS countries is hampered by the small number of durum wheat
varieties with the required genetic basis that provides gluten of a certain quality
[8, 9].

The quality of durum wheat gluten determined by its rheological proper-
ties, depends on the components of the gliadin and glutenin fractions of the pro-
tein, the ratio of gliadins and glutenins, allelic variants of gliadin and glutenin loci,
and on the genotype-environment interaction [10-12]. Glutenins are storage pro-
teins of wheat formed by interconnected polypeptide chains (subunits) [13, 14].
The glutenin fraction of the protein consists of high molecular weight (HMW) and
low molecular weight (LMW) glutenins. The genes encoding high-molecular-
weight glutenins are located in the Glu-1 locus, while the genes for low-molecular-
weight glutenins are located in Glu-3 [15].

High- and low-molecular glutenins have different effects on the quality of
durum wheat gluten and pasta. LMW glutenins have the greatest influence on the
quality of grain and final products [10, 16, 17]. However, the influence of HMW
glutenins is also important [11, 18, 19]. High molecular weight glutenins in durum
wheat are encoded by the Glu-AIl and Glu-BI loci, each for x- and y-subunits
resulting from ancient duplication, while the y-subunit of Glu-A1 is not expressed
[13]. There is no clear opinion about the influence of the Glu-AlI allelic state on
the quality of durum wheat products due to the actual fixation of the Glu-Alc null
allele in most world collections of modern varieties [19, 20]. Glu-BI alleles with a
positive effect on the quality of durum wheat gluten and pasta include, for exam-
ple, Glu-BIb (Bx7 + By8), Glu-Blal (BXx7°E + By8), Glu-BId (Bx6 + By8), Glu-
B1h (Bx14 + Byl5), Glu-BlIz (Bx7 + Byl5), Glu-Ble (Bx20 + By20) is the allele
with a negative effect [19, 21, 22].

The genes for high molecular weight glutenins are significantly diverse in
allelic variants of protein subunits. In turn, these variants differ in the degree of
influence on the quality of durum wheat grain. Therefore, it is of interest to assess
the distribution of allelic variants of the HMW-GS genes and the combination of
their alleles in different collections of durum wheat [16, 19, 23]. Despite the ac-
curacy of lab-on-a-chip, liquid chromatography and mass spectrometry methods



for detecting subunits of grain storage proteins, sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE) of proteins remains the most accessible and
widely used procedure [11, 21, 22].

The allelic state of Glu genes is detected by classical polymerase chain
reaction (PCR) with separation of amplification products in an agarose or poly-
acrylamide gel, and competitive allele-specific PCR, or KASP assay [24]. KASP
markers distinguish single nucleotide polymorphisms (SNPs) between alleles due
to competition between two forward primers, the oligonucleotide sequences that
are complementary to the target DNA region but differ at the 3’-end in target
SNPs, and at the 5'-end have different “tails” with unique sequences. In addition
to two alternative forward primers and one common reverse primer, the KASP kit
includes two FRET (fluorescence resonance energy transfer) cassettes, each is a
double-stranded oligonucleotide. One strand of the FRET cassette at the 3'-end is
complementary to the unique “tail” of a particular forward primer, and at the 5'-
end carries a covalently bound fluorophore (as a rule, one cassette carries FAM,
the other HEX). The second strand of the FRET cassette complementary to the
first strand carries a fluorophore quencher at the 3'-end.

In the first round of PCR, one of the alternative forward primers is an-
nealed. In the competition between direct alternative primers, the primer corre-
sponding to the SNP of the template DNA with which PCR is run has an ad-
vantage. In the second round of PCR, the reverse (common) primer is annealed.
In the third round of PCR, the “tail” of the forward primer anneals the one of
the two FRET cassettes that is complementary to the “tail” of the forward primer
which had an advantage. As a result, the fluorophore and quencher are spatially
isolated and a signal (FAM or HEX) is emitted. If a heterozygote is analyzed, two
signals are detected simultaneously [24]. Due to the fact that the KASP assay is
based on signal detection in real-time PCR, it does not involve the stage of frag-
ment separation in a gel, which significantly speeds up the genotyping procedure.

KASP system markers effectively detect both single-nucleotide polymor-
phisms and insertions/deletions of a specific DNA region [25]. The basis of KASP
markers can be either previously created classical PCR markers developed for pol-
ymorphisms between gene alleles, or single-nucleotide polymorphisms identified
by of association genetics methods using high-throughput SNP genotyping [26].
KASP markers are widely used in plant breeding, including wheat, due to their
high accuracy, efficiency and productivity, which allows large-scale screening of
varieties, segregating populations and breeding lines [27]. KASP markers are used
to analyze the allelic state of genes for economically valuable traits in wheat, in-
cluding genes for storage proteins [28-30].

In previous studies of winter durum wheat varieties and breeding samples
[23] and samples from the nursery for competitive variety testing of spring durum
wheat [21] collected at the Lukyanenko National Grain Center (NGC), we ana-
lyzed the effects of allelic variants Glu-AI and Glu-BI on grain and pasta quality
parameters.

This work is the first to report the structure of an extended collection of
durum wheat varieties and spring-winter breeding lines for the combination of
Glu-1 gene allelic variants.

The purpose of the work was to identify allelles of the high molecular
weight glutenin genes Glu-AI and Glu-B1 using SDS-PAGE and KASP assay in
a collection including varieties and promising breeding lines of durum wheat, and
to assess their effect on the gluten index.

Materials and methods. A total of 198 breeding lines and spring-winter
varieties of durum wheat of the Lukyanenko National Geain Center were tested.

The allelic state for HMW-GS was assessed by SDS-PAGE according to



previously described methods [23, 31]. The gluten index value was measured using
the Perten Glutomatic® 2100 System (PerkinElmer, USA) according to the pro-
tocol [23, 32].

Genomic DNA was isolated from 4-day-old seedlings by CTAB method
with some modifications using titer tubes for mass analysis [33].

To identify allelic variants of the Glu-AI gene, the Glu-Axl/x2* SNP
marker was used, including the FAM primer 5'-AAGTGTAACTTCTCCGCAA-
CG-3’ (it corresponds to the Glu-Alc null allele, Ax-null), HEX primer 5’-ACC-
TAAGTGTAACTTCTCGCAACA-3" (it corresponds to the Glu-Ala allele encod-
ing the Ax1 subunit or the Glu-Alb allele for the Ax2* subunit), general primer
was 5’ -CGAAGAAGCTTGGCCTGGATAGTAT-3" (28).

Samples with the Glu-BIb allele (Bx7 + ByS8) carrying one copy of Bx7,
and samples with the Glu-Blal allele (Bx79E + By8) that overexpress the Bx7 due
to duplication of a fragment of the locus [34], are indistinguishable when analyzed
by SDS-PAGE. Thereof, the KASP marker BX70E 866 SNP was used, includ-
ing the HEX primer 5'-GTGGAATATTAGTGATGGCGTGAC-3" correspond-
ing to the presence of the Glu-Blal allele for Bx70E + By8 subunits, the FAM
primer 5 -GTGGAATATTAGTGATGGCGTGAG-3 corresponding to the ab-
sence of the Glu-Blal allele, and the general primer 5 -TTCTTCTCTCGTT-
GGCCTTATCGC-3" [33]. The marker is based on a SNP in the promoter region,
the C variant is associated with the Glu-Blal allele carrying a double copy of Bx7,
G variant is associated with the absence of a double copy of Bx7 [28, 29].

PCR was performed in a 96-well PCR plate (BIO-RAD CFX96, Bio-Rad
Laboratories, Inc., USA; Bio-Rad CFX Manager 3.1 software). The 10 ul PCR
mixture contained 5 ul Master mix KBS-1050-102 with FAM, HEX, ROX dyes
(LCG Biosearch Technologies, UK), 1.5 pM allele-specific primers, 3.75 pM gen-
eral primer and 5 ul template DNA (50 ng per well). The touchdown protocol was
as follows: 15 min at 94 °C for enzyme activation; 20 s at 94 °C, 60 s at 61-55 °C
(temperature decreases by 0.6 °C with each cycle), 30 s at 94 °C (10 cycles); 20 s
at 94 °C, 60 s at 55°C (35 cycles); signal reading 60 s at 37 °C.

The allelic status of the HMW-GS Glu-A1 and Glu-B1 genes was indicated
based on KASP assay and SDS-PAGE analyis.

For statistically processing data on the gluten index expressed as a per-
centage, a logit transformation was performed [35]. All further calculations were
performed with the transformed values. The significance of differences in the av-
erage gluten index was assessed using Tukey’s test for multiple pairwise compari-
sons at a 95% confidence interval for one-way ANOVA models (https://www.stats-
models.org/dev/generated/statsmodels.sandbox.stats.multicomp.MultiCompari-
son.html).

Results. KASP analysis and SDS-PAGE provided data on the structure of
the collection of breeding lines and spring-winter varieties of durum wheat (Fig. 1,
Appendix 1; the full data of the Appendix for 198 samples can be found at
http://www.agrobiology.ru).

It was found that 194 samples from the collection (98%) had the Glu-Alc
allele, which indicated the absence of the Ax subunit. Samples with the Glu-Ala
(1 sample) and Glu-Alb (3 samples) alleles, carrying the Ax1 and Ax2* subunits,
respectively, were also found.

We identified 8 variants of alleles at the Glu-BI locus. The Glu-B1b allele,
corresponding to the presence of Bx7 + By8 subunits, was detected in 6 samples.
The combination of subunits Bx6 + ByS8, inherent to Glu-BId, was identified in 34
samples, which is 17% of the studied collection. The Glu-Ble allele was carried by
24 samples with Bx20 + By20 subunits. Rare alleles were Glu-Bilh (Bx14 + Byl5)
and Glu-Bl1i (Bx17 + Byl8), each was found in only two samples, in 3552h59-18-
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7 and COLOSSEOQO, and in 4814h20 and 3902h3-18-3, respectively. The largest
part of the collection (118 samples, or 60%) was carriers of the Glu-Blal allele
(Bx79E + Bx8), which is characterized by overexpression of the Bx7 subunit due
to duplication of a fragment of the locus [34].

B Glu-Ala + Glu-Bld
W Giu-Alb + Glu-Bld

W Glu-A1b + Glu-BIi
B Giu-Ale + Glu-Blal
B Glu-Alc + Glu-Bld
W Glu-Alc + Glu-Ble
I Glu-Alc + Glu-BIzi
[ Giu-Alc + Glu-BIb

Glu-Ale + Glu-BIh
| Glu-Alc + Glu-Biz

12 %

16 %

60 %

Fig. 1. Distribution of HMW-GS gene allele combinations in the collection of breeding lines and spring-
winter varieties of durum wheat (7Triticum durum Desf.) (Lukyanenko National Grain Center, 2021).

Appendix 1. Allelic variants of HMW-GS genes in durum wheat (Triticum durum Desf.) breeding lines
and spring-winter varieties of a combined type (the collection of Lukyanenko National Grain Center,

2021)
No. Accession Allele Glu-Al Allele Glu-B1
1 4801h142 : Glu-Ale Glu-Blal
2 4822019 Glu-Alc Glu-Blal
3 3902h3-18-3 Glu-ATb Glu-Bli
4 4646h22 Glu-Ale Glu-Blal
5 4583h47 Glu-Alc Glu-Blal
(] 4789h26 Glu-Alc Glu-Blal
7 4290h4 Glu-Alc Giu-Blal
8 4754h76 Glu-Alc Glu-Blal
9 4507h14 Glu-Alc Glu-Blal
10 4799h38 Glu-Alc Glu-Bib
1 4387h8 Glu-Alc Glu-Blal
12 4782he7 Glu-Alc Glu-Bib
13 4503h23 Glu-Alc Glu-Bib
14 4293h25 Glu-Alc Glu-Bib
15 4810h54 Glu-Alc Glu-Blal
16 4814020 Glu-Alb Glu-Bli
17 4291h83 Glu-Ale Glu-Blal
18 4297h12 Glu-Ale Glu-Blal
19 4316h90 Glu-Ale Glu-Blal
20 4249h103 Glu-Ale Glu-Bid
1 3 4
> 3
b4
2%
6
o %
7 70E
L 17
-
8 8 g 18

Fig. 2. Patterns of HMW-GS subunit combinations detected in the collection of breeding lines and
spring-winter varieties of durum wheat (7riticun durum Desf.) by SDS-PAGE and confirmed by KASP
analysis: 1 — 4598h48 (Bx6 + By8), 2 — ALLEMANNO (Bx7 + By8), 3 — 4583h47 (Bx7°F + BysS),
4 — 4814h20 (Ax2*; Bx17 + Byl8), 5 — SAN MARCO (Bx20 + By20), 6 — 4593h36 (Bx7 + Byl5),
7 — 4808h8 (Bx7(C) + Byl5), 8 — 4626h42 (Axl; Bx6 + By8), 9 — 4391h47 (Ax2*; Bx6 + By8),
10 — 3552h59-18-7 (Bx14 + Byl5) (Lukyanenko National Grain Center, 2021).

In samples with Bx7 + Byl5 subunits, polymorphism was observed for the



KASP marker. Two samples (4636h22 and 4593h36) have variant G, ten samples
have variant C in the promoter region, and therefore we named the first variant
Glu-Bl1z (Bx7 + Byl5), the second Glu-Bliz*, the subunits are conventionally des-
ignated Bx7(C) + Byl5 (Fig. 2). Glu-Ala and Glu-A1Ib in the studied durum wheat
collection were found only in combination with Glu-Bld and Glu-Bli. Glu-Bld
was also found in combination with Glu-Alc.

Figure 2 shows the patterns of protein subunits of high molecular weight
glutenins, identified by SDS-PAGE com,ined with the KASP assay.

The effect of alleles of high molecular weight glutenins and their subunits
on the gluten index is shown in the table. Due to the lack of samples with com-
binations of alleles Glu-Ala + Glu-Bld and Glu-Alb + Glu-Bld, statistical data
are not submitted.

The gluten index in samples from the collection of breeding lines and spring-winter
varieties of durum wheat (Zriticum durum Desf.) depending on the alleles and subunits
of HMW-GS (Lukyanenko National Grain Center, 2021)

Factor [ Gluten index, % | The number of samples
By Byl5 94.37ab 14
Byl18 99.11ab 2
By20 94.09b 24
By8 97.632 158
Glu-Al Glu-Alb 98.912 3
Glu-Alc 97.152 194
Glu-A1+Glu-B1 Glu-A1b + Glu-Bli 99.11ab 2
Glu-Alc + Glu-Blal 97.460 118
Glu-Alc + Glu-BIb 98.29ab 6
Glu-Alc + Glu-Bld 97.982 32
Glu-Alc + Glu-Ble 94.09b 24
Glu-Alc + Glu-Blh 89.45ab 2
Glu-Alc + Glu-BlIz 97.81ab 2
Glu-Alc + Glu-Biz* 94.053b 10
Glu-B1 Glu-Blal 97.463b 118
Glu-B1b 98.29ab 6
Glu-Bld 98.032 34
Glu-Ble 94.09b 24
Glu-Blh 89.453b 2
Glu-Bli 99.11ab 2
Glu-BIz 97.81ab 2
Glu-Blz* 94.052b 10

N ot e. Statistically insignificant means based on Tukey’s test are indicated by the same letters.

In 2021, samples with Glu-B1i had the maximum gluten index. Due to the
low occurrence of this allele among the studied accessions, we could not identify
its statistically significant differences from others, but it is of undoubted interest
for further study. As for the contribution of each of the subunits to the increase in
the gluten index, we can note a significant increase in this indicator due to the
By8 subunit. A statistically significant decrease in the gluten index is associated
with the By20 subunit, characteristic of Glu-Ble.

The Glu-Al locus in our studies was represented by three alleles with a
predominance of Glu-Alc (98%). The predominance of this allele can be traced
in many other durum wheat collections, regardless of the region of origin of the
varieties [36-38]. Although the Glu-Alc allele is ubiquitous and is recorded even
in varieties of modern breeding, among durum wheat samples there are genotypes
with the Glu-Ala and Glu-AIb alleles [19, 23, 38]. In the collection we tested they
accounted for 0.5 and 1.5%, respectively. Compared to modern varieties, landraces
and old Mediterranean varieties are characterized by an increased frequency of
the Glu-Ala allele occurrence (up to 38%) [37, 39]. The Gilu-Ala and Glu-Alb
alleles are of interest for further study because high gluten index scores were ob-
served in samples in which they were combined with the Glu-B1 locus alleles. For
example, the highest gluten index was noted in the sample with the combination



Glu-Alb + Glu-Bli, however, due to the small sample, we were unable to identify
statistically significant differences between this combination of alleles and other
combinations (see Table).

The Glu-BI locus had 8 allelic variants. The Glu-Blal allele for subunits
Bx70E + By8 was dominant (60%). Due to the fact that SDS-PAGE does not
distinguish Bx79F + By8 (Glu-Blal) from Bx7 + By8 (Glu-B1b), we used the
KASP marker which detects C/G polymorphism in the promoter region of the
gene encoding subunit Bx7 [28]. In most other studies, KASP analysis was not
performed and subunit composition was determined using SDS-PAGE. Combin-
ing data on Glu-B1b and Glu-Blal, we get a share of 63% (124 samples), close to
the figures in European [37] and Australian [38] durum wheat collections. Ac-
cording to our data, samples with the Glu-Blal and Glu-B1b alleles had high gluten
index (see Table).

The combination of subunits Bx6 + By8 (Glu-Bl1d) in soft wheat varieties
leads to a deterioration in baking qualities, and in durum wheat varieties, on the
contrary, is associated with high gluten quality indicators [37, 38, 40]. According
to our data, samples carrying Glu-BIld were also characterized by high gluten index
(see He mpeacTaByieHbl). This allele is moderately common in Mediterranean va-
rieties [37], where it accounts for about 20% of accessions, similar to our study.
A significant distribution of Glu-BlId is observed in US and Canadian cultivars
(approximately 70%) [38, 41].

The Glu-Ble allele (Bx20 + By20) worsens gluten quality indicators [22,
40, 42]. In modern varieties, it is less common than in landraces and varieties of
old selection [16, 37]. Although it reduces the gluten index value, this allele is
present (15-20%) in modern durum wheat varieties [19, 21, 39]. This may be
explained by the fact that the gluten index is not the only indicator that determines
the quality of pasta. Since Bx20+By20 is still found in modern commercial varie-
ties, such varieties are interesting for the search and study of other genetic systems
that determine high quality pasta (LMW-GS, starch and protein content, gliadins,
color index).

The identified rare alleles Glu-Blh, Glu-Blz, Glu-BIz* Glu-Bli are of
interest for diversification of the gene pool of durum wheat to expand the range
of technological qualities of food products from durum wheat. The small number
of samples with the Glu-Bli (Bx17 + Byl8) and Glu-Blh (Bx14 + Byl5) alleles
did not allow us to fully assess their effect on the gluten index, however, they were
characterized by the highest and lowest average gluten index values, respectively
(see Table). Other researchers have noted a reduced SDS sedimentation value
when assessing gluten in samples with Bx14+By15 subunits compared to samples
with Bx17+By18 [20].

Using KASP analysis, we identified two Glu-BlIz variants (Bx7 + Byl5)
with two SNPs in the promoter of the gene encoding the Bx7 subunit. Two sam-
ples had polymorphism G (the Glu-BIz), 10 samples had polymorphism C (the
Glu-B1z*). Since the promoter influences protein expression, it can be expected
that the identified SNPs lead to phenotypic differences between varieties pos-
sessing the Glu-Blz and Glu-BlIz* alleles. This is indirectly confirmed by the dif-
ferences in the average gluten index values between samples carrying the two in-
dicated alleles (see Table). Due to the small sample size, the difference was not
statistically significant, so the effect of this SNP requires further study. In addition,
it is interesting that the number of accessions with the Glu-BIz* allele (5%) pre-
vailed over the number of accessions with the Glu-B1b allele (3%) widely used in
durum wheat breeding, that is, the Glu-BIz* allele is gradually spreading and be-
coming consolidated in modern varieties of durum wheat.

Thus, the analysis of 198 lines and varieties of durum wheat from the



collection of the Lukyanenko National Grain Centerwe revealed that the over-
whelming majority of the studied samples contained the Glu-Alc allele (98%), and
the samples with Glu-Ala and Glu-AIb accounted for 0.5 and 1.5%, respectively.
At the Glu-BI locus, there was a superiority of the Glu-Blal samples (60%) over
Glu-Bl1d (17%) and Glu-Ble (12%) samples. The samples with subunits Bx7 + By§
(Glu-B1b) accounted for 3% of the collection studied. In addition, we identified
rare alleles Glu-Blh (1%), Glu-Bli (1%), Glu-Blz (1%) and Glu-Biz* (5%). The
last two alleles differ in single nucleotide polymorphism in the promoter region of
the gene for the Bx7 subunit. There was a tendency for the Glu-Bliz* allele to
become widespread and consolidated in durum wheat varieties. A positive effect
of Glu-BId on the gluten index and a negative effect of Glu-Ble were revealed.
Previously we published data about promising winter durum wheat and spring
durum wheat samples. The results for double-handling samples we described
herein, together with previous data, expand understanding the influene of high
molecular weight glutenins on the quality of grain, gluten and pasta. It may be
useful in durum wheat breeding for improved varieties in demand.
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