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Abstract: Higher molecular weight gluten subunits (HMW-GS) articulate variation in allelic frequency, reflecting a strong
correlation with bread quality. In order to determine this quality trait, 23 different Pakistani indigenous wheat varieties were
screened that may be used as selection criteria in a breeding program. For detecting variations in HMW-GS, sodium dodecyl
sulfate acrylamide gel electrophoresis was used. In all, 77 Glu-1 were identified including 25 at Glu-A1, 26 at Glu-B1 and 26 at
Glu-D1. Alleles at Glu-1 were 2* with a frequency of 53.3% and N with 60% frequency at Glu-Al, 6+8 with 60%, 17+18 with 45
% at Glu-B1 and 5+10 with 60% and 72% at Glu-D1. The highest frequency of subunits 20 and 5+10 were found at Glu-B1-e and
Glu-D1 (a), followed by a frequency of 2* and Null at Glu-Al (b, c), which is then followed by 2+12 at GluD-1 (a). The lowest
frequency of 13+16, 17+18 and 6+8 were observed at Glu-B1 (f, i, d), respectively. Glu-Al, Glu-B1, and Glu-D1 alleles showed
genetic index (i.e. 0.587, 0.54), (0.587. 0.065 and 0.48, 0.39, respectively) with an average of 0.55 and 0.37. The glu-D1 locus has
a lower genetic index comparatively. The composition N, 20, 5+10 was found in maximum number (4) in Fakhr-e-Sarhad, Pasban,
Pirsabak-2004 and Tatara genotypes, followed by the composition of 2*, 20, 2+12 in one check (Marvi-2000) and two varieties
i.e. Chakwal-97 and Bakhtawar-92. The results describing the allelic frequency and composition of bread wheat would benefit
further breeding plans for wheat to select good quality parameters.
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Introduction

Wheat is one of human civilisation's most important food
crops, providing about 20% of the total dietary calories and
proteins worldwide (FAO, 2023). Wheat has a long history
of domestication and cultivation, dating back to 10,000
years ago in the Fertile Crescent. Wheat has many
advantages over other crops, such as requiring less water,
being adaptable to different climates and soils, and being
suitable for processing various food products, such as bread,
pasta, noodles, cakes, biscuits and more. Wheat also
contains many essential nutrients for human health, such as
carbohydrates, fibre, vitamins (especially B vitamins),
minerals (such as calcium and iron), and phytochemicals.
Wheat fibre helps regulate digestion, lower cholesterol
levels, control blood sugar levels, and prevent inflammation
and cancer. Wheat is, therefore, a vital crop for global food
security and human well-being. Bread wheat (Triticum et
al.) endosperm comprises 70% starch and 10-15% protein
content (Dai et al., 2023). Generally, wheat gluten is
characterised by two main subunits: glutenin and gliadin.
Glutenin is divided into high Glu-1 and low molecular
weight Glu-3 subunits (Rathan et al., 2020). Both glutenin
and gliadin (Gli-1) locus determine the dough strength of
bread wheat (Velu et al., 2020). Wheat quality is indicated
by the high molecular weight of glutenin subunits (Gupta et
al., 1994).

Higher molecular weight gluten subunits (HMW-GS) show
variation in allelic frequency, which are supposed to be

strongly correlated with differences in bread-making quality
(Guzmaén et al., 2019). Genetic diversity in wheat can be
explored using HMW-GS because they also serve as reliable
genetic markers. In order to improve this quality, HMW-GS
are subjected to analysis, which acts as a criterion in
breeding for quality (Shewry et al., 1995). On the long arm
of chromosomes, 1A, 1B, and 1D genes are present, which
encode high molecular weight glutenin and are identified as
Glu-Al, Glu-B1 and Glu-D1 (Payne et al., 1980).

High molecular weight glutenin subunits are present in the
endosperm of wheat and are seed storage proteins
(MacRitchie, 1992). These comprise 5-10% of flour protein
(Shewry et al., 1992) and about 12% of the total protein
content in wheat grains (Payne, 1987; Shewry et al., 1995
& 2002). Electrophoresis was used to check the mobility
and size-based separation of high molecular weight glutenin
subunits in both bread wheat (Payne et al., 1980) and pasta
wheat (Branlard et al., 1989), which exposed substantial
polymorphism.

The high molecular weight glutenin subunits may act as
carbon and nitrogen sources for the germinating seedlings
since they possess a high proportion of nitrogenous amino
acids in their primary structures. End-use properties of
wheat grains are mainly determined based on these subunits,
and extensive studies have been conducted on their role
(Payne et al., 1981; Shewry et al., 1995). Gluten strength
and end-use quality of grains in tetraploid and hexaploid
wheat are affected by the composition of high molecular
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weight glutenin subunits (Payne, 1987; Shewry et al., 1995
& 2002). Genetically, high molecular weight glutenin
subunits are encoded by the x and y genes, which are present
in the Glu-1 locus. Owing to the presence of three Glu-1
loci (Glu-Al, Glu-B1 and Glu-D1) and gene silencing, there
are usually three to five subunits expressed in individual
hexaploid wheat varieties (Payne & Lawrence, 1983; Payne,
1987).

Due to the multidimensional aspect of HMW-GS, the
present study was designed to evaluate the traditional wheat
varieties that may be used in wheat breeding programmes to
enhance the quality and quantity of wheat yield.

Methodology

This study was performed at the Wheat Wide Crosses
National Agricultural Research Center from 2022 to 2023.
In the experiment, 26 parents were analysed, four of which
were used as standards (Dirk et al.).

SDS-PAGE: A single spike was harvested separately from
each genotype for SDS-PAGE analysis. A single grain from
the spiked sample was crushed to make powder and 10 mg
of each was weighed and taken in a microtube. 1 ml of
protein extraction buffer (0.05M Tris + 0.2% SDS + 5 M
Urea, adjusted to pH 8.0 with HCI) was added to the
microtube to extract protein from flour. After a few minutes,
10 pl of mercaptoethanol was added into the microtube and
mixed well with the help of a VVortex mixer. The HMW-SG
was analysed through slab-type SDS-PAGE using 8% and
12% of polyacrylamide gels without urea. Electrophoresis
was run at 200 V until the blue line marker passed through
the bottom of the gel plates. Gels were removed from plates
and stained with 0.2% (w/v) Coomassie brilliant blue for 20-
30 min over a shaker. A 5% methanol solution was prepared
using 7.5% acetic acid for de-staining.

Allele Identification: The allelic classification at Glu-Al
and Glu-B1 loci and the numbering of HMW-GS were made
after Payne & Lawrence (1983). The alleles at the Glu-D1
locus were identified according to Pena et al. (1995) and
William et al. (1993). Name sources of all the alleles were
made by using MacGenes (Mclntosh et al., 2008, 2010).
Statistical Analysis: The genetic diversity at each locus
was calculated by using Nei’s index (Nei, 1973) as follows:
H=1-2Pi?

Where H and Pi denote the genetic variation index and the
frequency of the number of alleles at the locus, respectively,
allelic frequencies were determined by summing the allelic
frequencies in the individual accessions, irrespective of the

HMW-GS  composition, either homogeneous or
heterogeneous and then dividing this total by the number of
accessions.

Results & Discussion

Allelic frequency (%) for Glul loci of 23 different Pakistani
wheat genotypes is shown in Table 1 and Table 2. In all, 77
Glu-1 were identified including 25 at Glu-Al, 26 at Glu-B1
and 26 at Glu-D1. At Glu-A1l, frequencies of occurrence of
Null, 2* and 1 were 33.3, 53.3 and 13.3% (Table 1) and 0.1,
0.3 and 0.6%, respectively (Table 2). At Glu-B1, subunits
7+8, 13+16, 17+18, 20 and 6+8 were found at frequencies
of (20, 0.272) (6.66, 0.181) (6.66, 0454) (60, 0.090) and
(6.66, 0) respectively (Table 1, 2). At Glu-D1, subunits
2+12 and 5+10 frequencies were found to be 40 and 60
(Table 1) and 0.272 and 0.727%, respectively (Table 2). The
most prevalent allele was 5+10 with a frequency of 72 and
60% at Glu-D1, 2* with a frequency of 53.3% at Glu-Al,
6+8 with 60% at Glu-B1 and 5+10 with 60 % at Glu-D1 and
45% frequency of 17+18 at Glu-B1 (Tables 1, 2) (Alhabbar
etal., 2018a). The highest frequencies of 20 and 5+10 were
found at Glu-B1 (e¢) and Glu-D1 (a), followed by a
frequency of 2* at Glu-Al (b) and 2+12 at GluD-1 (a). The
lowest frequency of 13+16, 17+18 and 6+8 were observed
at Glu-B1 (f, i, d), respectively (Battenfield et al., 2016).
The scarcity of the 6+8 subunit is advantageous because it
has been associated with poor bread-making quality (Payne
etal., 1987; Dong et al., 19991). The frequency of the 2+12
allele at Glu-D1 is comparable with that already reported in
several studies (Nakamura et al., 2000; Branlard et al.,
2003).

The genetic index of the three loci was H=0.55 and 0.37
(Table 1 & 2). The genetic index for Glu-Al, Glu-B1 and
Glu-D1 were (0.587, 0.54), (0.587, 0.0657) and (0.48,
0.3976), respectively. In the case of the Glu-D1 locus, the
same was lowered compared to other loci. Subunits 5+10
were identified at this locus in more than 60% of cultivars.
The allelic subunit composition of varieties differs (Table
3). The composition N, 20, 5+10 was found in a maximum
number (5) of genotypes such as Fakhr-e-Sarhad, Pashan,
Pirsabak-2004, Tatara and Bahawalpur-97, followed by the
allelic composition 2*, 17+18 and 5+10 in three wheat
varieties (Manthar-2003 et al.). Similar number of varieties
(i.e. Marvi-2000, Chakwal-97 and Bakhtawar-92) showed
the composition of 2*, 20, 5+10

Table 1. Allelic frequency (%) for Glul loci of 15 different Pakistani wheat genotypes

Locus Alleles | Subunit Frequency Relative frequency | (pi)? Genetic Genetic variation
composition pi= Variation/Diversity mean (Average of
Frequency/Total H=1-Y (pi)? H)
frequency
Glu-Al A 1 2 0.133333 0.017778 | 0.5866
B 2% 8 0.533333 0.284444
C N 5 0.333333 0.111111
Glu-B1 B 7+8 3 0.2 0.04 0.5866
F 13+16 1 0.066667 0.004444 0.5511
| 17+18 1 0.066667 0.004444
E 20 9 0.6 0.36
D 6+8 1 0.066667 0.004444
Glu-D1 A 2+12 6 0.4 0.16 0.48
D 5+10 9 0.6 0.36
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Table 2. Allelic frequency (%) for Glul loci of 11 different Pakistani wheat genotypes
Locus | Alleles | Subunit Frequency | Relative frequency | (pi)? Genetic Genetic
composition pi= Frequency/Total Variation/Diversity | variation
frequency H=1-Y (pi)? mean
(Average of H)
Glu-Al | A 1 1 0.1 0.01 0.54
B 2% 3 0.3 0.09
C N 6 0.6 0.36
Glu-B1 | B 7+8 3 0.272 0.0739 | 0.0657
F 13+16 2 0.181 0.327 0.327
| 17+18 5 0.454 0.206
E 20 1 0.090 0.09
D 6+8 0 0 0
Glu-D1 | A 2+12 3 0.272 0.0739 | 0.3976
D 5+10 8 0.727 0.5285
Table 3. Subunit composition for 23 Pakistani wheat varieties along with standards (E-1-52).
Allelic composition Variety Name
Glu-Al Glu-B1 Glu-D1
N 6+8 2+12 E-1-52 (Standard)
N 20 5+10 Fakhr-e- Sarhad, Pasban, Pirsabak-2004, Tatara, Bahawalpur-97
N 7+8 2+12 Chinese Spring
N 7+8 5+10 Fareed -2006
N 13+16 5+10 Ingilab-91
N 13+16 2+12 Sehr-2006
N 17+18 5+10 Miraj-2008
2% 7+8 5+10 Shafag, Marvi-2000
2* 13+16 5+10 Dirk (Check)
2% 7+8 2+12 Zam-2009
2* 20 5+10 Marvi-2000 (Check), Chakwal-97, Bakhtawar-92
2* 20 2+12 Khyber-87, Daman-98
2% 17+18 5+10 Manthar-2003, Dirk and Punjnad-2001
1 7+8 2+12 NARC-2009
1 17+18 2+12 Chanab-2000 (Check)
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Fig.1l. HMW-GS profile. (From left) 1=Marvi-2000 (Check), 2= NARC-2009, 3= Chakwal-97, 4= Bakhtawar-92, 5= Dirk
(Check), 6= Zam-2009, 7= Khyber-87, 8= Daman-98, 9= Channab-2000 (Check), 10= Fakhre-e-Sarhad, 11= Tatara, 12=
Pirsabak-2004, 13= Pasban, 14= Shafaq and 15= E-1-52 (Check)
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Fig.2. HMW-GS profile. (From left) 1': Chinese Spring, 2= Inglab-91, 3= Sehr-2006, 4= Marvi-2000, 5= Manthar 2003), 6=
Miraj-2008, 7= Dirk (Check), 8= Bahawalpur-97, 9= Channab-2000 (Check), 10= Punjnad-2001, 11= Fareed-2006.

Other allelic composition was depicted by different varieties
e.g. E-1-52 (N, 6+18, 2+12), Shafaq and Marvi -2000 (2*,
7+8, 5+10), Dirk (2*, 13+16, 5+10), Zam-2009 (2*, 7+8,
2+12), NARC-2009 (1, 748, 2+12) and Chanab-2000 (1,
17+18, 2+12). Locus, linked to some genes having
agronomic  importance, is greatly influenced by
environmental adaptation, which might be the reason for the
relatively low variability found at the Glu-B1 (Mclntosh et
al., 1998). It has been shown that specific alleles, such as
5+10, have a positive influence, whereas others, such as
Null, hurt dough strength and bread-making quality (Payne
et al., 1987). The alleles 7+8 at Glu-B1 were present in
Shafaq, Zam-2009, and NARC-2009, and subunits 17+18
and 18+16 were present in control varieties (i.e. Chanab-
2000 and Dirk), respectively that are associated with good
bread-making quality and are responsible for the medium-
quality scores. The subunits 2+12 and 5+10 are highly
correlated with weak and robust glutens, respectively
(Johansson et al., 1994), and various genotypes through
environment interactions (Blumenthal et al., 1995).

Since the advent of human civilisation, food quality has
been an immense desire and need of humans, with the main
focus on wheat. Moreover, since then, efforts have been
made to improve wheat's processing and bread-making
quality through the exploitation of genetic variability. With
the importance of Glu-D1 encoded proteins, the breeding
becomes more precise for quality improvement in wheat
(Lagudah et al., 1987; William et al., 1993). In our study,
we have identified good quality enhancing HMW-GS
having different genetic backgrounds with superior
combinations from indigenous wheat varieties, which can
be used as promising breeding material for crop
improvement.

Conclusion

Evaluating these varieties effectively determines the quality
of the alleles and allelic combinations. This will be helpful

and useful when selecting local varieties with better and
improved quality. It could also be used as a genetic source
to breed new, improved-quality lines.
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