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Genotype profiling of seed storage proteins in wheat (Triticum aestivum L.)
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Abstract

Seed-storage proteins are important reservoirs of food and energy which are also involved in the determination of
bread making quality. Solubility properties of these proteins are traditionally classified into four classes: albumin,
globulin, prolamin and glutelin. Gliadin and glutenin have also been studied extensively and the genetics and
biochemistry are relatively well known. Grain proteins from 18 Pakistani wheat genotypes were checked for
genetic diversity evaluation based on 15% sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS—
PAGE). According to quality score, WL-711, Abadghar, Yacoora, Punjab—96 and Zardana showed the highest
score of 10. All these varieties had subunit 5+10 which had positive correlation for bread-making quality.
Different Bioinformatics tools like STRUCTURE, TASSEL AND STATISTIXL were used to examine the data
obtained from different varieties and the outcomes were conveyed in the course of a dendrogram revealing the
conflicts and similarities among varieties. STRUCTURE was used for the analysis of population structure. This
tool performed the grouping of 18 wheat varieties into two groups. TASSEL was used for cluster analysis, which
grouped the varieties under study into two main groups containing the same individuals as described by other
tools. STATISTIXL performed a cluster analysis using the similarity measure of Jaccard. The results were shown
in the form of dendrogram on the basis of group average. Dendrogram revealed two main clusters differentiated as
A and B at the distance of about 85%. With the aim of improving flour quality, wheat seed storage protein

fingerprinting is used to govern the gluten protein pattern in studies.
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1. Introduction

Wheat (Triticum spp.) is a grass, cultivated
worldwide for food. In Pakistan, during the fiscal
year 2011-12, wheat contributed 12.5% of value
added in agriculture and 2.6% to GDP (Economic
Survey of Pakistan, 2011-12). Wheat grain is a
staple food used to make flour for breads, biscuits,
cookies, cakes, breakfast cereals, pasta, and
noodles. Wheat is planted to a limited extent as a
forage crop for livestock, and its straw can be used
as a construction material for roofing slate (Farooq
et al., 2010).

Storage proteins of wheat seeds (Triticum
aestivum L.) are important reservoirs of energy and
food, and also deal with the determination of the
bakery quality (Shewry and Halford, 2002). The
quality parameters are strongly correlated with the
SDS or acetic acid extractable glutenin. Quality
relationships are weaker for high molecular glutenin
subunits. In some studies, it was shown that the
presence of some high glutenin subunit molecular
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correlate with the amount of non-extractable
glutenin. Therefore, the subunits are probably
ultimately related to the quality of bread by the
amount of non-extractable glutenin (Zilic et al.,
2011).

Small scale testing has recently been set up to
analyze small amounts of glutenin fractions. The
importance of high molecular glutenin has been
shown by controlling breeding studies and, to a
lesser extent, for the quality. Many of the
resolutions have not described the amount of
glutenin (Huang and Khan, 1997). Seed protein
electrophoresis is increasingly being used as an
additional method for the documentation of species,
as well as a useful tool for the follow-up of the
evolution of different groups of plants. Using the
protein profile of the seed obtained by the
resolution of taxonomic and evolutionary problems
has expanded considerably over the last decade. It
has been applied in more than 45 different genera
belonging to 13 families of plants. A number of
researchers have studied the importance of the seed
protein profile taxonomic and evolutionary goals
(Singh et al., 2007).
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Constancy is one of the central features of seed
protein profiles. The regularity of the character profile
additive and seed protein electrophoresis is unique and
they are powerful tools to examine the source and
evolution of polyploid plants. The seed protein
composition is highly stable. Mature seeds of different
ages that have the same profile as the proteins are
mainly seed storage proteins and are not likely to be
changed in the mature dry seed (Tahir et al., 1995).
Morphological markers were not enough to describe
the morphological genetic diversity among cultivars
and accessions. So, this study was designed to
evaluate the genetic diversity of seed storage proteins
of local wheat genotypes. The genetic variability
observed could be useful in any selection strategy
(Omid and Valizadeh, 2009).

2. Materials and Methods

2.1. Plant Samples

Eighteen wheat genotypes were obtained from a
collection of wheat germplasm currently available
with Marker assisted Breeding Group, Plant Breeding
and Genetics Division, Nuclear Institute for
Agriculture and Biology, Faisalabad, Pakistan. The
samples were comprised of varieties grown in
different ecological regions of Pakistan, as well as
some exotic lines. The wheat varieties included in the
present work are presented in Table 1. Three reference
varieties (with known subunits of HMW-Glu) were
used to detect different subunits in the genotypes
under study and are presented in Table 2.

2.2. Protein Extraction

Random samples of three seeds from each genotype
were selected for total protein extraction. The seeds
were ground to fine powder with pestle and mortar.
Ethanol solution (70%) was added.

Table 1. Local wheat varieties used in study

Wheat Reference

S. Origins
No. Varieties No.

1 HD-2329 7 Punjab
2 C-217 8 Sindh

3 C-228 9 Punjab
4 WL-711 11 Punjab
5 M-H-9-7 12 Punjab
6 Inglab-91 16 Punjab
7 Marwat 17 Punjab
8 Sulman-96 24 NWFP
9 Abadghar 31 Sindh
10 Kiran 32 Sindh
11 Igbal-2000 36 Punjab
12 Saleem-2000 41 NWFP
13 AS-2002 46 Punjab
14 SH-2002 a7 Punjab
15 Yacoora 48 Sindh
16 Punjab-96 51 Punjab
17 Paban 54 Sindh
18 Zardana 62 Balochistan

Table 2. Reference varieties used for protein
profiling and their subunits

S.No. Varieties HMW Subunits
1. Marquis 1, 749, 5+10

2 Chinese Spring  Null, 7+8, 2+12
3 Gabo 2%, 17+18, 2+12,

(400ul) to sample and kept for an hour at room
temperature. The samples were vortexed after every
15 min. Then, samples were centrifuged for 10
minutes and the supernatant was discarded. At the end,
500ul sample buffer [0.5 M Tris-HCI (pH 6.8), 30%
SDS, 10 % glycerol and 5% 2-mercaptoethanol] was
added to each sample and held overnight at 40°C.

2.3. Protein Profiling

Seed composition was analyzed by SDS — PAGE
slab type gel using 15% polyacrylamide. SDS — PAGE
of total seed proteins was performed in a
discontinuous buffer system according to the method
of Laemmli, (1970). The gel was stained with
Coomassie Brilliant Blue (CBB) and destained until
the background became clear.

2.4. Data Analysis

For each variety, electropherogram was scored and
the presence (1) or absence (0) of each subunit was
observed. Presence and absence of data were entered
into a binary data matrix (Rohlf, 2000).

3. Results

3.1. Genetic diversity evaluation

Eighteen wheat varieties used in this study showed
different patterns of bands on SDS-PAGE. SDS-
PAGE was performed in order to study the genetic
diversity among wheat varieties. Electropherogram
showed the protein banding pattern of different
varieties of wheat (Fig. 1 & 2).

A total of 18 varieties were included in the study.
Strains 1, 5 and 6, 4,9,17 and 10, 14 and 15, 16 and 7,
12 were common, while others showed significant
variation (Table 3).

1 2 3 4 6 6 7 8 9 10 11 12 M

Fig. 1. Electrophorogram showing banding pattern of
wheat proteins. L1-L12=Wheat Protein samples, and L-
13=Protein marker
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Fig. 2. Electrophorogram showing banding pattern of
wheat proteins. L1-L12: Protein samples, L-13=Protein
marker

3.2. Cluster analysis on the basis of SDS-PAGE

All of the commonly found allelic variants at the
Glu-Al locus (null, 1, 2) as described by Payne and
Lawrence, (1983) were found in the genotypes
under study. Frequency and partial frequency of 2*
allele, i.e. 10 and 55.55 respectively, were high
among all the alleles of a Glu-Al locus. At Glu-B1
locus, 8 different HMW glutenin subunits (17+18,
7+9, 13+19, 15 and 20) appeared in Pakistani
genotypes. Among these subunits 17+18 and 7+9
were the most frequent combinations. The
frequency and partial frequency of subunit 17+18

are 11 and 22.22 respectively, while the subunit
7+9 had a frequency and partial frequency values of
4 and 61.11, respectively. The subunits 13+19 and
15 occurred least in this study with a frequency of 1
and partial frequency of 5.55 for each respectively.

At Glu-D1 locus only two subunit combinations
were expressed, 5+10 and 2+12. The 2+12 subunit
was the most dominant combination having the
highest frequency and partial frequency values
i.e.10 and 55.55 respectively (Table 4). A subunit
compositions of Null, 17+18, 5+10 and 2*, 17+18,
2+12 were more frequent and occurred in 16.67%
of the varieties. While 2*, 7+9, 2+12, 1, 17+18,
5+10 and 2*, 7+9, 5+10 subunit combinations
occurred in 11.11% of the varieties. The third place,
6 different subunit combinations 2*, 17+18, 5+10,
1, 17+18, 2+12, 2*, 20/15, 2+12, Null, 20, 2+12,
2*, 13+19, 2+12, Null and 17+18, 2+12 exhibited
the lowest frequency of 5.55% and each
combination appeared in only one cultivar. The
overall quality score for individual varieties ranged
from 4 to 10 (Table 5). High scores of these
varieties were due to the presence of subunits 2*,1,
17+18, 13+19 and 5+10, having the quality points
of 4, 3, 3, 3, and 3 respectively.

The cluster analysis of 18 wheat varieties was
performed using STATISTICA (Fig. 3). This tool
performed a cluster analysis using the similarity
measure of Jaccard. The results were shown in the
form of dendrogram on the basis of group average.

Table 3. Distribution of seed storage protein subunits in different local wheat varieties

Subunits
Glu-Al Glu-B1 Glu-D1
S. No. varieties Null 1 2~ 6 7 8 9 13 14 15 17 18 19 20 2 5 10 12
1 HD-2329 0 01 01010 0O O O O o0 o 1 0 O 1
2 C-217 0 01 0O0O0OOO O 1T 0 O 0 1 1 0 O 1
3 C-228 1 0o 0 00 0O0OO O O O O O 1 1 0 O 1
4 WL-711 1 o 0o oO0OOO O OO 1T 0 O 011 o0
5 M-H-9-7 0 01 01010 0O O O O 0 O 1 0 O 1
6 Inglab-91 0 01 0 0 O0O0OO0O O O 1 1 0 o0 1 0 O 1
7 Marwat 0 o1 01010 0 O O O O O OT1T1 o0
8 Sulman-96 0 01 0 O0O0OO0OT1 0 0 o0 O 1 0 1 0 O 1
9 Abadghar 1 0 0 00 OO O 0 O 1 1 0 0 0 1 1 o0
10 Kiran 0 01 0 0 0 O0OO0O O o0 1 1 0 o0 1 0 O 1
11 Igbal-2000 0 1 0 0 0O O OO O O 1 1 0 o0 1 0 O 1
12 Saleem-2000 O 01 01010 0 O O O O O OT1TW1 o0
13 AS-2002 1 0 0 00 O O O O O 1 1 0 o0 1 0 O 1
14 SH-2002 0 01 0 0 O0O0OO0O O O 1 1 0 o0 1 0 O 1
15 Yacoora 0 1 0 0 0O O OO O O 1 1 0 0 0 1 1 o0
16 Punjab-96 0 1 0 0 0O O OO O O 1 1 0 0 01 1 o0
17 Paban 1 0 0 00 O O O O O 1 1 0 0 0 1 1 o0
18 Zardana 0 01 0 0 0 0O O0O 0 O 1 1 0 0 0 1 1 o0
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Table 4. Frequency distribution of seed storage protein subunits

Glu-1 loci Glu-Al Glu-B1 Glu-D1
Glu-1 alleles Null 1 2* 7+9 17+18 13+19 15 20 2+12  5+10
Frequency 5 3 10 4 11 1 1 2 10 8
Partial frequency 27.78 16.67 5555 2222 6111 555 555 11.11 5555 4444

Table 5. Combination of Glu-1 alleles and quality score of the varieties

S. No. Combination of Glu-1 Alleles Percentage Frequency No. of Cultivars Quality Score
1. Null, 17+18, 5+10 16.67 3 8
2. 2* 7+9, 2+12 1111 2 7
3. 2* 17+18, 2+12 16.67 3 8
4. 1, 17+18,5+10 1111 2 10
5. 2*17+18, 5+10 5.55 1 10
6. 1,17+18, 2+12 5.55 1 8
7. 2*,20/15, 2+12 5.55 1 6
8. Null, 20, 2+12 5.55 1 4
9. 2*, 13419, 2+12 5.55 1 8
10. Null, 17+18, 2+12 5.55 1 6
11. 2* 7+9, 5+10 1111 2 9
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Fig. 3. Bioinformatics analysis of seed storage proteins of wheat. A: Phylogenetic analysis of different wheat varieties
showing diversity among seed storage proteins, B: Grouping of 18 wheat varieties by using
STRUCTURE, and C: Grouping of wheat varieties by TASSEL

Dendrogram

revealed

2

main

clusters

differentiated as A and B at the distance of nearly
85%. Cluster A comprised of eight varieties,

namely Punjab-96,

Yacora,

Zardana,

Pavon,

Abadgar, WL-711, Saleem-2000 and Merwat. In

this cluster Pavon and Abadgar, Punjab-96 and
Yacora and Saleem-2000 and Merwat showed
100% similarities. Members of cluster B were C-
228, Sulman-96, C-217, Kiran, Ingilab-91, Igbal-
2000, AS-2002 and SH-2002. In cluster B 100%
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similarities were shown between MH-97 and HD-
2329 and among Kiran, Ingilab-91 and SH-2002.
STRUCTURE was used for the analysis of
population structure. This tool performed the
grouping of 18 wheat varieties into two groups as
shown in the Fig. 4. TASSEL was used for cluster
analysis. This tool also grouped the 18 varieties into
2 main groups containing same individuals as
described by other tools.

4, Discussion

The storage proteins are not affected by
environmental ~ changes,  therefore  protein
electrophoresis is a powerful tool for population
genetics and SDS — PAGE is a reliable tool for
economic characterization of germplasm (Javid et
al., 2004; Igbal et al., 2005). Seeds are the most
important plant storage organ and play an important
role in the life cycle of plants. Since little is known
about the protein composition of seed storage
protein of wheat (Larre et al., 2010), their
comparison has been found to provide no biological
basis for unraveling closely connected small and
large seeded lentils (Ladizinsky, 1979). Similar
results were obtained in our genotypes investigated
in the present study.

Our results demonstrated the low degree of
heterogeneity in the overall form of seed storage
proteins. The diversity in high molecular protein
subunits is the outcome of gene silencing in some
varieties encoding these proteins (Lawrence and
Shepherd, 1980). With a review of the results, it is
evident that polymorphism of HMW-GS existed
among the Pakistani wheat varieties as described by
many researchers (Chaparzadeh and Sofalian,
2007). In this study, Glu-1A locus of A genome
contributed three alleles i.e, Null, 1 and 2* with the
dominance of 2* subunit 55.55% and is comparable
to the reports of Lee et al., (2007) and Chaparzadeh
and Sofalian, (2007). The presence of Null allele
was relatively low as compared to 2*, but higher
than the allele 1 having lowest frequency (16.67%).
The presence of subunits 1 has been reported in
European wheat landraces and obsolete cultivars
(Gregova et al., 2006).

Glu-1B  locus showed higher levels of
polymorphism by contributing 5 different types of
allelic variants. Previously, Pike and MacRitchie,
(2004) and Yang et al., (2007) also observed
maximum glutenin polymorphism at glu-B1 locus.
The most frequent pattern was 17+18 (61.11%)
and are in line with the findings of Singh et al.,
(2007) and Tahir et al., (1995) who reported a
higher frequency of subunit pair 17+18 but not in
agreement with other scientists (Gregova et al.,

2006; Popa et al., 2003 and Lee et al., 2007). The
Glu-D1 locus of the D genome also showed a
considerable amount of polymorphism. The alleles
encoding the subunits pairs 5+10 and 2+12 were the
most frequent patterns. The dominant proportion of
2+12 and 5+10 subunits had already been covered
in various collections in different studies
(Nakamura, 2001; Popa et al., 2003; Lee et al.,
2007), although  Valizadeh, (2001) and
Chaparzadeh and Sofalian, (2007) observed the
lower frequency of 5+10 subunits in Iranian
genotypes.

STATISTIXL performed a cluster analysis using
the similarity measure of Jaccard. The results were
displayed in the form of dendrogram on the basis of
group average. Dendrogram revealed 2 main
clusters differentiated as A and B at the distance of
about 85%. The data obtained from cluster analysis
is useful to identify contrasting parents coupled
with the close genetic relatedness among various
crop species for better development of hybrid
identification and generation of wider variability for
crop improvement (Maity et al., 2004). Likewise,
wheat genotypes in this field indicated no clear
differentiation regarding the origin of genotypes but
exhibited homology among each other.
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