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Abstract

Knowledge of composition of high molecular weight
glutenin subunits (HMW-GS) and low molecular weight
glutenin subunits (LMW-GS) and their associations with
bread making and quality will contribute to genetically
improving processing quality of bread wheats in Iraq. Six
bread wheat varieties (Tammuz, Aras, Rabia, Cham 4,
Cham 6 and Costantino) were conducted to detect the
allelic variation at Glu-1 and Glu-3 loci by SDS-PAGE
electrophoresis and to understand their effects on dough
properties. Important methods applied for the breeding of
bread-quality wheat (Triticum aestivum L.) consist of
small-scale bread-quality tests for the determination of
the grain protein content, SDS-sedimentation volume,
thousand kernel weight and kernel diameter. The
thousand kernel weight and SDS-sedimentation volume
showed relatively higher significant among the varieties,
whereas the flour yield showed no significance
difference. The results of SDS-PAGE indicate that
subunits/alleles 1 and null at Glu-Al, 7, 20 and 7+9 at
Glu-B1, 2+12 and 5+10 at Glu-D1, allele a at Glu-A3,
alleles d and m at Glu-B3 and alleles j and k at Glu-D3 in
bread wheat varieties. The lowest frequency of subunit
7+9 was found in variety Tammuz. On the other hand,
the variety Tammuz showed the highest value of score
quality and the varieties Cham 4 and Cham 6 had the
lowest value of score quality. Genetic diversity of wheat
was evaluated by constructing the dendrogram for high
molecular weight (HMW) and low molecular weight
(LMW) gluten subunit bands.
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1. Introduction

Wheat grain storage proteins are composed of 2 major
fractions, gliadin and glutenin. Glutenin consists of both
high-molecular-weight (HMW) and low-molecular weight
(LMW) subunits. The HMW-glutenin subunits (HMW-
GS) are encoded by Glu-Al, Glu-B1, and Glu- D1 on the
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long arm of chromosomes 1A, 1B and 1D, respectively
(Payne et al., 1980). The LMW-glutenin subunits (LMW-
GS) are encoded by Glu-A3, Glu-B3, and Glu-D3 on the
short arm of these chromosomes (Gupta et al., 1990).
Glutenin subunits were also classified into A (HMW-GS),
B and C (LMW-GSs) subunits based on their mobility in
SDS-PAGE analysis (Gupta et al., 1990). These glutenin
subunits are polymerized by intermolecular disulfide
bonds, which play a major role in the rheological
properties of wheat flour doughs. It has been shown that
allelic variations of HMW-GSs and LMW-GSs affect
dough properties in various wheat cultivars (Gupta et al.,
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1991; Gupta et al., 1994; Khelifi et al., 1992; Nagamine et
al., 2000; Payne et al., 1987a; Payne et al., 1987b). The
HMW glutenins represents 5-10% of the total grain
protein. The HMW glutenins are further subdivided into
allelic pairs on 1B and 1D and a single subunit on 1A and
each of these subunits influences wheat flour and dough
quality. The role of individual LMW-GSs is, however,
much less well characterized than that of HMW-GSs,
because large numbers of the subunits display similar
mobilities in SDS-PAGE analysis.

While the HMW glutenins are the major determinants
of bread quality, LMW glutenins and gliadins are also
important. Genes encoding the LMW glutenins are present
on the short arm of chromosome 1A, 1B, and 1D.The
LMW glutenins are one-third of the total seed protein and
60% of the total glutenins. The HMW and the LMW
glutenins form extensive disulphide linked polymers that
influence the dough quality. The LMW glutenins form
aggregates may be important for dough strength. The
cysteine residues in the LMW structure helps to separate
two different HMW polymer-building subunits. The chain
extenders (having two or more cysteine residue) allow the
formation of stronger dough’s, while chain terminators
have the opposite effect (Greenfield et al., 1998; Masci et
al., 1998). The chain extender proteins have increased
strength and stability due to the longer repetitive domains.
The polypeptides with single cysteine residue have
decreased dough strength and stability as they act as chain
terminators in the glutenin polymers. The reduction in
proportion of LMW glutenins, results in dough properties
shifting towards greater strength due to an increase in the
HMW/LMW glutenin ratio (MacRitchie and Lafiandra
2001; Lawerence et al., 1998). The increase in the
polymeric proteins results in a stronger dough strength that
is good for bread quality. In contrast the dough mixing
strength is reduced in deletion lines missing the HMW
glutenins. An increase in the amount of polymeric protein
and better flour performance has also been demonstrated
(Ciaffi et al., 1995; Rogers et al., 1997; Lafiandra et al.,
1998). The use of registered crop varieties makes their
expeditious identification important; its significance is
increased by the diversity of varieties in many important
traits. Each variety is characterized by a specific set of
traits that determine its use.

Gliadins and glutens are genetic markers allowing the
expeditious and objective identification of a variety,
determination of its genetic constitution, and determination
of some important characteristics and traits. Genetic
diversity is the basis for successful crop improvement and
can be estimated by different methods such as
morphological traits, end-use quality traits, and molecular
markers (Fufa et al., 2005). The present study was
undertaken to evaluate the quality and genetic diversity in
gluten-subunits in six wheat varieties using SDS-PAGE.

2. Materials and Methods

2.1. Plant Sample

Grains of wheat varieties were collected from the
department of Agriculture of Sulaimanyah. The bread
wheat varieties (Tammuz, Aras, Rabia, Cham 4 and Cham
6) sown, grown and harvested in the same location. The

origin of Tammuz, Aras and Rabia is Iraq while the origin
of Cham 4 and Cham 6 is Syria (ICARDA). Costantino
was used as a reference in this study. Cham 4 and Cham 6
were introduced to Iraq by FAO (Food and Agriculture
Organization) since 1997.

2.2. BDSPAGE Electrophoresis

2.2.1. HMW-GS Extraction

The grain protein HMW-GS was analyzed by
using SDS-PAGE (sodium dodecyl sulfate polyacrylamide
gel electrophoresis). The grains (30 gram) were ground to
fine powder and 20 mg was weighed in 1.5 ml microtube.
Three hundred microliter of protein extraction buffer [
28.5% sample buffer (7% SDS, Tris-HCI 0.01 M (pH 6.8),
30% glycerol, 0.001% Coomassie bleu), 5% 2-
mercaptoethanol] was added to each micro tube, kept 2 hr
at room temperature (27°C) and centrifuged at 13000 rpm
for 10 min. The supernatant contains dissolved extracted
protein HMW-GS ready for experiment purposes, which
could be kept for longer time at 4°C. Before the loading of
samples on the SDS-PAGE gel, the samples were heated at
80°C for 20 min and then loaded on SDS-PAGE. The gel
consisted of a 15% separating gel (pH 8.4), beneath a 3%
stacking gel (pH 6.8). Electrophoresis was carried out at
room temperature using a home-made vertical
electrophoresis apparatus, and the running was performed
at 15 mA/gel for 18 hours. After 18 hours, the gels were
stained in 12.5% (w/v) trichloroacetic acid, 0.01% (w/v)
Coomassie Brilliant Blue R250 and distained with distilled
water (Akhtar et al., 1994).

2.2.2. LMW-GS Extraction

The flour (20 mg) was added to 500 pl 50%
(v:v) propan-2-ol at 60°C for 30 min with agitation every
10 min at room temperature, then centrifuged at 13000
rpm for 10 min. The residue was washed with 500 ul 50%
propan-2-ol for 30 min at 60 °C. After centrifuging at
13000 rpm for 10 min, the supernatant was again
discarded. This step to remove gliadins was repeated three
times. Glutenin was then solubilized with 500 pl of
solution [50% (v:v) propan-2-ol, 0.08 M Tris-Hcl (pH 8.5),
20 mM dithiothretol] at 60°C for 30 min. The supernatant
was diluted with 1 volume of solution [50% (v:v) propan-
2-ol, 0.08 M Tris-HCI (pH 8.5), 40 mM 4-vinylpyridine],
and incubated for 3 hr at 60°C. Glutenin was precipitated
by 1 ml acetone and the dried pellet was solubilized in 200
ul of buffer [7% SDS, Tris-HC1 0.01 M (pH 6.8), 30%
glycerol, 0.02% Bromophenol blue or 0.001% Coomassie
bleu]. Finally, 30 pl samples were loaded into the slots of
SDS-PAGE (Cherdouh et al., 2005). The gel consisted of a
15% separating gel (pH 8.4), beneath a 3% stacking gel
(pH 6.8). Electrophoresis was carried out at room
temperature using a home-made vertical electrophoresis
apparatus, and the running was performed atl5 mA/gel for
18 hours. After 18 hours, the gels were stained in 12.5%
(w/v) trichloroacetic acid, 0.01% (w/v) Coomassie
Brilliant Blue R250 and distained with distilled water
(Akhtar et al., 1994).

2.2.3. Two Dimensional Gels A-PAGE X SDS-PAGE

The two dimensional Acid-PAGE x SDS-PAGE
was performed by the protocol as described by Pagne et
al., 1984. After the first dimension A-PAGE (Acid
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polyacrylamide gel electrophoresis), the gels were cut into
single strips and incubated for 15 min in 0.0625 M Tris-
HCI (pH 6.8), 2% (w/v) SDS, 40% (w/v) glycerol. The
strips were then loaded onto a SDS-PAGE gel prepared as
described above. Gels were run at 40mA/gels at room
temperature and stopped 30 min after the tracking dye had
reached the bottom of the gel. They were stained as
described above.

2.3. Quantification of Protein

Percentage of nitrogen was determined on 0.25 g of
flour by the Dumas combustion method using a nitrogen
analyzer according to Approved Method 38-12 (AACC
2000) and reported as protein by N*6.25. (American
Association of Cereal Chemists. 2000 approved method of
the AACC, 9" ed. Method 38-12).

2.4. DS Test

Five ml of distilled water put in the cylinder and
0.5 g of flour added to the cylinder. The cylinder was
closed and shaken 15 times (one per second) at the first
minute and at the second minute; the cylinder was shaken
again 15 times (one per second). At the completion of 3
min and 45 second, the cylinder again was shaken 15 times
(one per second) and 5 ml of SDS/ lactic acid [20 g of SDS
in 1L of distilled water and 20 ml of mix (10 ml lactic acid
88% and 80 ml of distilled water) was added to SDS
solution] added to cylinder and the cylinder was shaken 4
times. At the completion 6, 8 and 10 minute, the cylinder
was shaken again 4 times. The volume of sediment read at
the completion 25 min. The value obtained is multiplied by
10 to obtain a value of sedimentation volume compared
with 100ml of solution.

2.5. Measurement of Quality Traits

e Thousand Kernel Weight: We prepared a 300 gram of
wheat grain by removing all dockage, shrunken and
broken seeds, and other foreign material. The samples
(300 gram /variety) divided into five lots of 60 gram
and the number of seeds was calculated for each lot.

e Length And Large Kernel Diameter: the diameter of
kernel was calculated by taking several photos of five
lots of each variety (10 gram/lot). The diameter was
determinate by Image-J software.

e Flour Yield: five lots of 60 gram of each variety were
weighted before and after grinding. The flour yield was
measured by the difference between the weight of
kernel before grinding and the weight of flour yield.

2.6. Data Analysis

Electrophoregrams for each variety were scored and the
presence (1) or absence (0) of each band noted. Presence
and absence of bands were entered in a binary data matrix.
LSD (least significant difference) test was carried out
using a statistical package SPSS-PC, version 15. UPGM
(Unweighted Pair Group Method with Arithmetic) used for
construct the dendrogram.

3. Results and Discussion

3.1. Characterization of Wheat Varieties by Quality
Evaluation

Thousand kernel weight, length diameter kernel,
larger diameter kernel, protein content, SDS-Test and SDS

index showed significant differences, while flour yield was
not significant (Table 1). Costantino gave the lowest
thousand kernel weight and Aras gave the highest value. In
terms of kernel quality, inverse relationships have been
reported between the kernel size and protein content
(O'Brien and Ronalds, 1984). The highest value for length
kernel diameter was that of Tammuz, Aras and Rabia
while Cham 4, Costantino and Cham 6 showed lower
value for length kernel diameter (Table 1). The varieties
Cham 4, Cham 6 and Tammuz had the highest values of
larger kernel diameter and Aras, Costantino and Rabia had
the lowest values. The flour protein content ranged from
8.14 to 9.24 and Costantino showed the lowest value.
According to the SDS-test, the varieties were divided into
five groups. The SDS-test of Tammuz was highly
significant than the rest of varieties. The variety Cham 4
had the lowest value of SDS-test suggesting poor insoluble
protein content. The SDS-sedimentation volume correlated
with the amount of total HMWG subunits and individual
HMWG subunits. Some subunits were positively
correlated, and the others were negatively correlated with
the sedimentation volume (Seilmeier et al., 1991). Carrillo
et al. (1990) reported that HMWG subunits had additives
and epistatic effects on the SDS-sedimentation volume.
Rharrabti et al. (2003) studied the relationship between
some quality traits and yield of durum under different
conditions.

3.2. Characterization of Wheat Varieties by SDS-PAGE

3.2.1. Allelic Variation of HMW-GS Subunits at Glu-1

The wheat varieties analyzed showed four different
HMW glutenin banding patterns (Table 2). The frequency
of occurrence of HMW glutenin subunits with composition
of 1 (50%), 7+9 (16.67%), 7 (50%), 20 (33.33%), 5+10
(33.33%) and 2+10 (66.67%). Subunit 20 had different
effects on the functional properties in three subunits at the
Glu-D1 allele. Subunit 20 with a background of subunits
2+12 had a smaller negative effect than subunits 5+10 and
subunits 2.2+12 (Kanenori et al., 2003). Subunits 17+18
had higher values of functional properties than subunits
7+9 with a background of subunits 2.2+12 (Kanenori et al.,
2003). On the other hand, based on the analysis of various
cultivars from several countries, Moonen et al., (1983)
reported that the Glu-Alb alleles exerted stronger effects
on the SDS sedimentation than Glu-Ala.

The varieties Tammuz, Aras and Costantino
showed the presence of allele 1 at the locus Glu-Al. On
the other hand, the varieties Rabia, Cham 4 and Cham 6
revealed the absence of allele at the locus Glu-Al (Table
2). All varieties showed the presence of alleles at locus
Glu-B1. At Glu-B1, there are three types of alleles a, c, ¢
(7, 7+9 and 20) (Tables 2 and 3). The SDS-PAGE analysis
showed two types of alleles at locus Glu-D1: a, d (5+10
and 2+12) (Tables 2 and 3). Figure 2 showed the two
dimensional A-PAGE x SDS-PAGE maps of reduced and
alkylated glutenin from wheat varieties. The HMW-GS of
glutenin were identified easily (Figure 2). The results
confirmed the significantly beneficial effects of the Glu-
D1d on the dough and gluten strength (Tadashi et al.,
2006). Kanenori et al. (2003) showed that the Glu-Ala and
Glu-A1b alleles exerted similar effects on the gluten score.
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Table 1. Thousand kernel weight, length kernel diameter, large
kernel diameter, flour yield, flour protein content, SDS-
sedimentation volume and SDS index of wheat varieties.

Varieties TEW LEEKD LAKD FY PC SDS-test  SDSi
@ (o) () (%) (%) ()

Tammmz 4080ab 6.25a 314a 7482a 915a 40a 437a
Arag 41.82a 6.17a 247b  7407a 9.09a 5k 3850
Rabia 3562cd 611a 207c T7364a 903a Ne 2434
Costantino  34.61d 53520 214c T7492a 8140 30c 3680
Cham 4 3634c 5540 319a 7436a 924a 244d 259ed
Cham 6 30670 5400 316a 7432a 9.09a 25d 275¢
LSD 132 033 025 1.87 035 272 028

TKW: Thousand kernel weight, LESD: Length kernel diameter,
LASD: Large kernel diameter, FY: Flour yield, PC: Protein
content, SDS-test: Sedimentation Test, SDSi: Sedimentation
Index.Values shown by the same letter are not significantly
different (p=0.05) by LSD test.

Table 2. HMW subunits composition and quality score of wheat
varieties.

Varieties Glu:Al Glu:B1 Glu:D1 Quality Score ;
Tammuz 1 7+9 5+10 14 _
Aras 1 20 5+10 10
Rabia Null 20 2+12 5
Costantino 1 7 2+12 7
Cham 4 Null 20 2+12 5
Cham 6 Null 20 2+12 5

Table 3. Allele’s composition at the Glu-1 loci of bread wheat
varieties.

Varieties GhiAl Ghi:BI Glu:Dl
Tammuz a c d
Aras a e d
Rabia - e a
Costantmo a a a
Cham 4 - a a
Cham 6 - a a

E e R

Figure 1. SDS-PAGE gel showing the HMW and LMW-GS
glutenins of bread wheat varieties.

1: Tammuz, 2: Aras, 3: Rabia, 4: Costantino, 5: Cham 4, 6: Cham
6. Arrow head: alleles encoded by locus Glu-D3, arrow square:
alleles encoded by GI-B3, arrow circle: alleles encoded by Glu-
A3.

From the electrophoretic spectra the individual HMW
glutenin subunits were determined and so Glu-quality
score was calculated (Table 2). The highest value of Glu-
score was achieved by the variety Tammuz. On the other
hand, Cham 4 and Cham 6 showed the lowest value of
score quality (Table 2). These results show that the variety
Tammuz contains more of insoluble protein than others of
varieties. The couple of subunits 5+10 is the good marker
for breading-making quality and the subunit 20 is the
marker for weak wheat quality (Payne and Lawrence 1983,
Payne et al, 1987a). HMW-GS may be used as a
molecular marker of bread-making quality of wheat. The
verified correlations between bread-making quality and
specific HMW subunit of glutenin can be utilized by wheat
breeders using SDS-PAGE of proteins as a screening test
for the prediction of breading-making quality of wheat.

Several electrophoretic techniques have been
applied to separate the subunits of glutenin in bread wheat
cultivars. The method proposed by Gupta and Shepherd
(1990) consists of a two-step, one-dimensional
fractionation by SDS-PAGE in which glutenin is reduced
before being loaded onto a gradient gel for the second step.
A great number of bread wheat cultivars have been
analyzed by this method. Three different groups of
electrophoretic patterns were identified and attributed to
genomes A, B and D. A similar approach was proposed by
Khelifi and Branlard (1992) and Redealli et al., (1995).
Redealli (1995) showed the fraction of HMW-GS and
LMW-GS of glutenin by one and two dimensional gels.
The storage proteins of hexaploid wheat are important
nutritionally but, above all, because of the unique
cohesive-elastic properties they bestow on dough made
from wheat flours. The HMW subunits of glutenin are
considered to be the most important components with
respect to the baking quality. Correlations have been
established between particular HMW glutenin subunits and
bread-making quality of wheat (Payne et al., 1987a; Kriac
etal., 1997).
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Figure 2. Two-dimensional A-PAGE x SDS-PAGE fractionation of HMW and LMW-GS from bread wheat varieties. a: Costantino, b:

Tammuz, ¢: Rabia, d: Aras, e: Cham 6, f: Cham 4.

3.2.2. Allelic Variation of LMW-GS Subunits at Glu-3

Low molecular weight glutenins are important because
the variation in LMW-B glutenin decides the end use
quality. We studied the LMW-GS composition of the six
wheat varieties by SDS-PAGE analysis. SDS-PAGE
profiles of LMW glutenins showed five different LMW
glutenin subunits at Glu-3 loci (Figure 1, Table 4). The
differences between the patterns were for mobility of
bands. The LMW-5 is the most frequent type and the rest
of them are present only in one variety. We detected the B
and C subunit of LMW-GS in all varieties (Figure 1). The
SDS-PAGE gel also showed the C subunit of LMW-GS
with a higher mobility than B subunit of LMW-GS (Figure
1). Each variety had 5-6 bands of LMW glutenin B and C
subunits coded Glu-A3, Glu-B3 and Glu-D3 loci (Table 4).
The same variations were detected in the LMW-Gs among
the varieties. According to the profile of LMW subunit B,
the varieties divided into four groups: group 1 contains
Tammuz, group 2 includes Rabia, group 3 contains Aras
and Costantino, group 4 includes Cham 4 and Cham 6. On

Table 4. Allele’s composition at the Gli-3 loci and LMW pattern
of bread wheat varieties.

Varieties Glu:A3 Glu:B3 Glu:D3 LMW pattern
Tammuz a m k LMW-1
Aras a m k LMW-1
Rabia a d ] LMW-3
Costantino a m k LMW-4
Cham 4 a d j LMW-5
Cham 6 a d ] LMW-5

the other hand, the profile of LMW subunit C divides
the varieties into five groups: group 1= Tammuz, group 2=
Aras, group 3= Rabia, group 4= Costantino, group 5=
Cham 4 and Cham 6. Several LMW subunits in the SDS-
PAGE patterns are not attributed to any specific Glu-3
locus because of the overlapping between polypeptides
encoded by different alleles (Pogna et al., 1995). Low
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molecular glutenin subunits are important in determining
the dough viscoelastic properties of hexaploid and
tetraploid wheat flours (Pogna et al., 1990). However, the
basis of differences in effects of different low molecular
weight subunits alleles on dough properties is still largely
unknown. Gupta and MacRitchie (1991) have shown that
the Glu-A3m produces no major B subunit, whereas allele
Glu-A3a codes for the major B subunit. This allelic
difference was found to be responsible for variation in
both the size distribution of the glutenin polymers and
dough strength.

3.3. Genetic Diversity among The Varieties

In this study SDS-PAGE of grain storage proteins
HMW and LMW-GS was performed in order to analyze
molecular weight of gluten subunits and investigate
genetic diversity among different wheat varieties. The
electrophorogram showing proteins banding pattern of
different wheat varieties are given in Figures 1. A total of
18 bands were obtained among which 12 bands were show
variation but the other bands common in all varieties
(Figure 1).

To investigate evolutionary relationships among the
bread wheat varieties according to HMW and LMW
glutenin subunits, phylogenetic trees were drawn from the
alignment of these varieties based on both HMW and
LMW-GS (Figure 3). Cluster analysis of wheat grain
storage proteins was performed on the results of SDS-
PAGE using the software UPGMA to find out the diversity
among the given wheat varieties. The Alignment indicated
that the phylogenetic tree was divided into three parts:
group 1= Cham 4, Cham 6, Rabia; group 2= Tammuz,
Aras and group 3= Costantino. The varieties Cham 4 and
Cham 6 showed more similarity than others varieties. On
the other hand, Costantino showed more distance with the
others varieties. Genetic diversity of European spelts
wheat was evaluated by constructing the dendrogram for
HMW and LMW glutenin subunit bands (Xueli et al.,
2005). Fufa et al. (2005) reported that the genetic diversity
estimates based on seed storage protein were lowest
because they were the major determinants of end-use
quality, which is a highly selected trait.

| Cham
| Cham
Rabia
Aras
Tammuz
Costantino

Figure 3. Dendrogram of bread wheat varieties showing the
relationship among the varieties based on SDS-PAGE-HMW and
LMW-GS.

In conclusion, the results showed that there was the
significant difference among the varieties for some of
quality traits tested. The electrophorogram revealed that
HMW subunit 7+9 which related with the strong quality of
wheat for baking is less frequent in the varieties tested. In
contrast, HMW subunits 2+12 and 20 which related with
the weak quality for making of bread is more frequent in
the varieties tested. The LMW-B subunits revealed more
high level of polymorphisms than LMW-C subunits.
Identification of glutenin subunits in bread wheat varieties

in Iraq may be useful for selection aims in breeding
programs to determine the relationship between gluten
visco-elastic properties.
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