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Abstract To date, both quality related high-molec-
ular-weight (HMW) and low-molecular-weight 
(LMW) glutenin genes associated with dough exten-
sibility and viscoelasticity traits were investigated 
separately in wheat. Therefore, the present study 
was designed to characterize at molecular level, nine 
spring wheat genotypes for desirable bread quality 
attributes, using gene/allele-specific DNA markers for 
both HMW and LMW glutenin and validating these 
results by conducting different bread quality analy-
sis. The PCR results indicated that UAF-10,137 and 
Akbar-19 genotypes carried those HMW & LMW-Gs 
alleles that had previously been associated with good 
bread quality. These genotypes had Ax2*, Bx7 + By8 
and Dx5 + Dy10 allelic combinations at Glu-1 loci, 
while gluA3b and gluB3b alleles were only present 
in UAF-10,137 at Glu-3 loci. However, Akbar-19 
only had gluB3b allele at Glu-3 loci. Furthermore, 
the PCR investigation in UAF-10,123, Subhani-21, 
UAF-10,136 and Dilkash-20 genotypes confirmed the 

presence of some unknown alleles at both Glu-1 and 
Glu-3 loci thus indicating moderate bread making 
quality. In contrary to this, UAF-9515 and M.H-21 
showed the presence of unknown alleles at Glu-A1, 
Glu-B1, Glu-A3, Glu-B3 loci and showed poor per-
formance for bread quality parameters. Similar results 
were observed by using various bread quality-related 
tests such as farinograph, extensograph, sedimen-
tation and bread volume. The results of these tests 
were in line with the findings of molecular investi-
gations performed on the same wheat genotypes. In 
conclusion, genotypes UAF-10,137 and Akbar-19 
were identified for having good bread making qual-
ity attributes and can be used as parents or as a good 
source of bread quality genes/alleles in future breed-
ing programs.

Keywords Wheat · Bread quality · Glutenin · 
HMW · LMW · Dough extensibility

Introduction

The rheological characteristics of the dough, which 
are used to further process it into a wide variety of 
food products, are determined by several seed stor-
age proteins found in wheat. Based on their solubility 
in various solvents, the wheat storage proteins have 
been divided into four groups: albumins, globulins, 
glutenins, and gliadins (Osborne 1907). Of these, glu-
ten, which makes up 80% of all the proteins in mature 
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wheat grain, is formed when glutenin and gliadin 
interact. Essentially, the value addition of wheat into 
various products is carried out by the gluten protein. 
Together, glutenins and gliadins play a critical role in 
controlling the bread or dough quality of wheat flour. 
Contrarily, it is not believed that globulins and albu-
mins have a significant role in determining the wheat 
flour’s ability to make dough or bread (Jones et  al. 
2006). Gliadin helps to increase the dough’s elastic-
ity and strength, whereas glutenin is known to con-
trol the dough’s viscosity. As a result, the flour’s abil-
ity to make bread depends on the ideal ratio of both 
proteins (Khatkar and Schofield 1997; Wieser et  al. 
2006). HMW-GS (High-Molecular-weight Glutenin 
Subunits) and LMW-GS (Low-Molecular-weight 
Glutenin Subunits) are the two other broad types of 
glutenins. Molecular research has also shown that 
HMW glutenins are further classified into x-type 
(higher-molecular-weight) and y-type (low-molecu-
lar-weight) glutenins based on their isoelectric points 
and electrophoretic mobility. Genetic research has 
demonstrated that the Glu-1 locus is located on the 
homologous group-1 (A, B, and D) chromosomes. 
Glu-A1, B1, and D1 loci are responsible for encoding 
HMW-GS (Bietz et al. 1975). Additionally, each Glu-
1 locus has genes that encode the x and y-types of 
glutenin protein, respectively. These genes are closely 
linked to one another (Harberd et  al. 1986; Payne 
1987; Shewry et al. 2003). But LMW-GS is encoded 
by the Glu-3 locus found on the Glu-A3, B3, and D3 
loci of homologous group-1(A, B, and D) chromo-
somes (Gupta and Shepherd 1990).

The composition of HMW-GS has a consider-
able impact on the qualities associated with dough 
or bread making process (Payne 1987; Shewry et  al. 
1992). Similarly, the LMW-GS are crucial in deter-
mining the bread’s physical characteristics. In contrast 
to the LMW-GS, which accounts for 50% of the total 
gluten due to the expression of 30–40 genes in each 
individual genotype and contributes only 30% for glu-
ten and dough-related parameters, the HMW-GS only 
accounts for 10% of the total gluten proteins due to 
the small number of protein subunits (3–5) present in 
each genotype. The roles of both HMW and LMW glu-
tenin proteins have been revealed in earlier research. 
According to reports, the LMW-G alleles contribute 

significantly more to dough extensibility and resistance 
than the HMW-G alleles (Gupta et  al. 1989; Cornish 
et  al. 2001). Overall, HMW and LMW glutenin are 
connected to one another by disulfide bonds to produce 
macropolymers of gluten that provide qualities like 
extensibility and viscoelasticity to dough and eventu-
ally affect the dough’s capabilities for usage (Luo et al. 
2001).

SDS-PAGE technology has been used in earlier 
studies to better understand the composition of HMW 
and LMW-GS and their function in bread quality (Bietz 
et al. 1975; Singh and Shepherd 1988). Based on their 
molecular weight, this approach classifies the proteins 
that affect the quality of the flour. The main issue with 
utilizing SDS-PAGE to characterize HMW and LMW 
protein subunits on a broad scale is that it is unable to 
identify allele-specific variations of HMW and LMW 
glutenin that are correlated with the rheological charac-
teristics of the bread. Researchers have developed sev-
eral DNA-based markers as an efficient substitute that 
can more quickly and accurately detect allele-specific 
variation for both LMW and HMW-GS (Ma et al. 2003; 
Andersen and Lübberstedt 2003; Zhang et  al. 2004; 
Wang et al. 2010). These DNA markers are also well 
recognized to correlate with the rheological characteris-
tics of bread. Furthermore, to find genotypes with good 
bread-making qualities, both HMW and LMW glutenin 
genes related with dough extensibility and viscoelastic-
ity traits were investigated separately in earlier research 
work. Prior to the current work, however, the combined 
effect of the HMW & LMW glutenin alleles on bread 
or dough-making properties had not been explored.

The aim of the present study was to use a combina-
tion of both HMW and LMW glutenin allele-specific 
markers for identifying genotypes having good bread-
making qualities. Furthermore, the testing of flour for 
different dough rheological and bread-making proper-
ties by using different quality tests to confirm the effi-
ciency of these markers for selecting genotypes having 
good bread-making properties. This study also sought 
to determine the best glutenin allelic combination asso-
ciated with desirable bread-related characteristics and 
to confirm the effectiveness of these molecular markers 
for genotype selection with favourable dough’s rheolog-
ical and bread-making features.
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Materials and methods

Planting material

Five indigenous elite lines of wheat (Table  1) were 
taken from the Department of Plant Breeding and 
Genetics, University of Agriculture, Faisalabad. Simi-
larly, four Pakistani wheat cultivars (Dilkash-20, Sub-
hani-21, Akbar-19 and M.H-21) were sourced from 
Wheat Research Institute, AARI, Faisalabad. The 
wheat genotypes were planted in Randomized Com-
plete Block Design (RCBD) layout with three repli-
cations. Harvested seed was used for further quality 
related analysis.

DNA extraction and PCR amplification

The DNA was extracted by using CTAB method 
(Doyle and Doyle 1987). The PCR reactions were 
carried out to identify HMW & LMW-GS contribut-
ing to bread-making properties using twelve gene or 
allele-specific primers listed in Table 2.

Quality testing for dough rheological traits

The harvested seeds were cleaned, and flour was 
extracted at 14% moisture content from the collected 
samples of each genotype separately. The dough-
rheological properties such as WA% (Water Absorp-
tion Percentage), DDT (Dough Development Time), 
DST (Dough Stability Time) and MTI (Mixing Tol-
erance Index) was determined by using Brabender 
Farinograph with a bowl capacity of 50 g according 
to AACC 54−21 method (AACC 2000). Extenso-
graph was used to determine the RE (Resistance to 

Extension) and E (Extensibility) using AACC 54−10 
method (AACC 2000). Moreover, Sodium dodecyl 
sulfonate (SDS)-Sedimentation volume was measured 
using 12% sodium dodecyl sulfate and 85% lactic 
acid in a standard cylinder tube by following AACC 
56–61 method (AACC 2000). The bread volume 
(BV) was also measured by AACC 10−05 method 
(AACC 2000).

Statistical analysis

All tests were repeated in triplicate and the obtained 
data for each trait were subjected to Analysis of 
Variance (ANOVA) according to Steel et  al. (1997). 
Moreover, the means comparison test was also 
applied to determine the differences among all the 
genotypes for the studied quality traits at the prob-
ability level of 5% (P < 0.05). The statistical analysis 
was performed using Statistica software v8.1.

Results

Glu-1 and Glu-3 loci gene/allele identification

Twelve HMW and LMW glutenin genes/alleles were 
used in this work to describe the genotypes of Paki-
stani spring wheat. At Glu-1 loci, these alleles are 
known to encode the HMW glutenin subunits Ax1, 
Ax2, Ax2*, Bx7, Bx7*, Dx2, Dx5, and Dy12. How-
ever, in order to encode LMW glutenin subunits at 
Glu-3 loci, gluA3b, gluA3e, gluA3f, gluB3b, gluB3i, 
and gluB3c are required. PCR analysis showed that 
the PS1 primer pair did not amplify any PCR product 
for the Ax1 and Ax2 alleles in any wheat genotype and 
showed no allelic frequency (Tables 3 and 4). Similar 
to this, the PS2 primer pair amplified the PCR prod-
uct for the Ax2* allele and confirmed its existence in 
the UAF-10,141, UAF-10,123, UAF-10,136, UAF-
10,137, Subhani-21, and Akbar-19 genotypes by giv-
ing a single band of 1319 bp (Table 3; Fig. 1A). Con-
trary to this, the UAF-9515, Dilkash-20, and M.H-21 
genotypes completely lacked the Ax2* allele. The 
Ax2* allele’s allelic frequency at the Glu-A1 locus 
was found to be 66.67% (Table 4).

The PS3 primer displayed a multi-banding pattern 
and amplified just one band (766  bp) for the Bx7* 
allele while displaying two bands of 670 and 770 bp 
for the Bx7 allele. Only the genotypes UAF-10,137, 

Table 1  Sources of wheat genotypes used

Sr. No. Genotypes Source

1 UAF-9515 University of 
Agriculture, 
Faisalabad.

2 UAF-10,136
3 UAF-10,137
4 UAF-10,141
5 UAF-10,123
6 Akbar-19 Ayub Agricul-

tural Research 
Institute, 
Faisalabad.

7 Dilkash-20
8 Subhani-21
9 M.H-21
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Subhani-21, Akbar-19, and M.H.-21 were discov-
ered to carry the Bx7 allele. Moreover, Bx7* allele 
was found in three genotypes: UAF-10,141, UAF-
10,136, and Dilkash-20 (Table 3; Fig. 1B). Addition-
ally, (Table 4) showed that Bx7 and Bx7* had allelic 
frequencies of 44.45 and 33.33%, respectively, but 
Table  3 showed that PS4 primer failed to amplify 

the necessary band size. The PS5 primer set ampli-
fied a band with a size of 527  bp, confirming the 
existence of the By8 gene in all genotypes except for 
UAF-10,136, Subhani-21, and M.H-21, as shown in 
Table 3; Fig. 1C. Additionally, the Glu-B1 locus dis-
played an allelic frequency of 66.67%, as indicated in 
Table 4.

Table 2  Sequences of allele-specific primer combinations for the identification of HMW & LMW glutenins in wheat genotypes

Locus Gene/Allele Primer set Forward and reverse primer 
sequence (5′–3 ′)

Primer 
annealing  
(Tm °C)

Product size (bp) References

Glu-A1 Ax1 P1 F: AAG ACA AGG GGA GCA AGG 
T

R: GTG CTC CGC GCT AAC ATG 

64 1090 (Radovanovic et al. 2002)
Ax2 1063

Ax2* P2 F: ATG ACT AAG CGG TTG GTT 
CTT 

R: ACC TTG CTC CCC TTG TCT TT

56 1319 (Ma et al. 2003)

Glu-B1 Bx7 P3 F: CGC AAC AGC CAG GAC AAT T
R: AGA GTT CTA TCA CTG CCT 

GG

58 770 Ma et al. 2003)
670

Bx7* 766
By18 P4 F: CAA CAA AAC GGG CGT TGT 

R: CAA CAA AAC GGG CGT TGT 
62 365 (Liang et al. 2015)

By8 P5 F: TT AGC GCT AAG TGC CGTCT 
R: TTG TCC TAT TTG CTG CCC TT

56 527 (Lei et al. 2006)

Glu-D1 Dx5 P6 F: CGT CCC TAT AAA AGC CTA 
GC

R: AGT ATG AAA CCT GCT GCG 
GAC 

56 450 (Ahmad 2000; Rado-
vanovic et al. 2002)

Dy10 P7 F: GTT GGC CGG TCG GCT GCC 
ATG 

R: TGG AGA AGT TGG ATA GTA 
CC

56 576

Glu-A3 b P8 F: TTC AGA TGC AGC CAA ACA A
R: GCT GTG CTT GGA TGA TAC 

TCTA 

56 894 (Wang et al. 2010)

e P9 F: AAA CAG AAT TAT TAA AGC 
CGG 

R: GGC ACA GAC GAG GAA GGT 
T

56 158

f P10 F: AAA CAG AAT TAT TAA AGC 
CGG 

R: GCT GCT GCT GCT GTG TAA A

58 552

Glu-B3 b P11 F: ATC AGG TGT AAA AGT GAT 
AG

R: TGC TAC ATC GAC ATA TCC A

60 1570 (Wang et al. 2009)

i P12 F: TAT AGC TAG TGC AAC CTA 
CCAT 

R: TGG TTG TTG CGG TAT AAT 
TT

58 621

c P13 F: CAA ATG TTG CAG CAG AGA 
R: CAT ATC CAT CGA CTA AAC 

AA

56 472
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At Glu-D1 locus, Dx5 and Dy10 genes were 
detected in all genotypes as shown in Table 3; Fig. 1D 
and E. Bands of 450 and 576  bp were amplified by 
PS6 and PS7 primers. The Dy12 allele cannot be 
amplified by the PS7 primer, according to the PCR 
data. Due to their presence in all genotypes, the Dx5 
and Dy10 genes displayed 100% allelic frequency at 
the Glu-D1 locus (Table 4).

While other genotypes did not demonstrate the 
presence of the gluA3b allele at the Glu-A3 locus, 
the PS8 primer pair amplified the PCR product of 
894  bp for the gluA3b allele and validated its pres-
ence in UAF-9515, UAF-10,123, UAF-10,136, UAF-
10,137, and Subhani-21 (Table 3; Fig. 1F). Only five 
genotypes had the gluA3b, and its allele frequency 
was 55.56%. (Table 4). But the gluA3e allele was not 
amplified by the PS9 primer, which confirmed its 
absence in all genotypes and showed no allelic fre-
quency (Tables 3 and 4). Moreover, the PS10 primer 
pair did not amplify any PCR product for gluA3f 
allele and showed no allelic frequency (Tables 3 and 
4).

Except for UAF-9515 and Subhani-21, the PS11 
primer pair produced a PCR product of 1570  bp 
for the gluB3b allele and validated its presence in 
all genotypes examined, as shown in (Table  3) and 
(Fig.  1G). Additionally, it had a higher allelic fre-
quency of 77.78% at the Glu-B3 locus since its Ta
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Table 4  Allelic frequency of HMW & LMW-GS of nine 
wheat genotypes determined by PCR.

Locus HMW-GS LMW-GS Genotypes Frequency (%)

Glu-A1 Ax1 0 0
Ax2 0 0
Ax2* 6 66.67

Glu-B1 Bx7 4 44.45
Bx7* 3 33.33
By18 0 0
By8 6 66.67

Glu-D1 Dx5 9 100
Dy10 9 100

Glu-A3 b 5 55.56
e 0 0
f 0 0

Glu-B3 b 7 77.78
i 0 0
c 1 11.11
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frequency was at its highest in the genotypes under 
study, as seen in (Table  4). Table  3 shows that the 
PS12 primer pair failed to amplify the PCR result for 
the gluB3i allele, and that the allele frequency was 
0%. (Table 4). While the remaining genotypes did not 
demonstrate the existence of the gluB3c allele, the 
PS13 primer produced a PCR product of 472 bp size 
for the gluB3c allele at the Glu-B3 locus in genotype 
UAF-9515 (Table 3). (Fig. 1H). Additionally, it had a 
low allelic frequency of 11.11% because of its rarity 
in the investigated germplasm (Table 4).

Variability in quality traits

To determine the variability for all the examined 
features, the results from the Farinograph, Extenso-
graph, SDS-Sedimentation, and bread volume tests 
were subjected to analysis of variance (Supplemen-
tary Table 1). Water absorption, dough development 
and stability times, mixing tolerance index, resistance 
to extension, extensibility, SDS-sedimentation, and 
bread volume attributes all had significant variation 
(P < 0.05), according to the analysis of variance.

Farinograph studies

A farinograph is frequently used in the food industries 
to analyse the rheological characteristics of dough. 
It offers details on a variety of dough characteris-
tics, including the quantity of water needed, dough 
development and stability times, and dough mixing 
tolerance. These characteristics have a key role in 
predicting the ultimate dough quality. The findings 
revealed that the UAF-10,137 genotype had the high-
est percentage of water absorption (61.3), whereas the 
UAF-9515 genotype had the lowest proportion (51%). 
Except for UAF-9515, all genotypes showed non-
significant differences for the water absorption trait 
according to the Tukey HSD test. Significant changes 
between UAF-10,137, UAF-10,123, and UAF-9515 
were found for DDT. The fastest dough formation 
times were 10.35 and 7.35  min for the genotypes 
UAF-10,137 and UAF-10,123, respectively. However, 
UAF-9515 had the shortest dough development time 
(3.35 min). (Table 3). DST was shown to significantly 
differ solely between the UAF-10,137 and UAF-9515 
genotypes. UAF-10,137 had the longest dough sta-
bility time (18.8  min), whereas UAF-9515 had the 
shortest (5.85 min.). Additionally, there were notable 
differences between UAF-10,137 and M.H-21 in the 

Fig. 1  Amplified PCR products obtained by using Nine gene/
allele-specific markers of both HMW & LMW glutenin mark-
ers. A Ax2*, B Bx7 and Bx7*, C By8, D Dx5, E Dy10, F 
gluA3b, G gluB3b,  H gluB3c. 1–9 numbering indicates the 

name of different wheat genotypes i.e., UAF-9515, UAF-
10,141, UAF-10,123, UAF-10,136, UAF-10,137, Subhani- 21, 
Dilkash-20, Akbar-19, M.H-21. M represents the 100 bp gene 
ruler
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mixing tolerance of the dough. According to Table 3, 
the genotype M.H-21 had the highest MTI value 
(51 min), whereas the genotype UAF-10,137 had the 
lowest MTI value (11.75 min.).

Extensensograph studies

Using this test, you may find out how strong the glu-
ten is, how well the wheat makes bread, how long the 
fermentation process lasts, and how other ingredients 
affect the qualities of the dough. Using this method, 
we can calculate the dough’s RE (resistance to exten-
sion) and E (extensibility) values. The means com-
parison test for RE and E revealed that there were 
differences between genotypes that were statistically 
significant. Subhani-21 shown the least amount of 
resistance to extension, whereas genotype UAF-
10,137 displayed the most (422 B.U. (336.5 B.U.). 
UAF-10,137 also displayed maximum extensibility 
values in terms of extensibility (277 mm). However, 
as shown in Table 3, genotype M.H-21 indicated min-
imum extensibility value (221 B.U).

Bread volume and SDS-sedimentation

The strength and quality of the gluten are also evalu-
ated using the sedimentation test. It is a crude method 
that is used to have an understanding about bak-
ing quality related properties of the flour. Addition-
ally, the main aspect of flour quality that determines 
whether a genotype is suitable for bread manufactur-
ing or not is bread volume. Results showed that for 
sedimentation and bread volume, all the genotypes 
varied significantly. It was noted that UAF-10,137 
had the greatest results for both bread volume (316 
 cm3) and sedimentation (55 ml), respectively. UAF-
9515, on the other hand, had the lowest levels of sedi-
mentation and bread volume, which were 29 ml and 
249  cm3, respectively.

Discussion

Many studies were conducted to determine the com-
position of LMW & HMW glutenin subunits in bread 
wheat (Jin et al. 2011; Atanasova et al. 2009; Henkrar 
et  al. 2017a, b). Their appropriate composition con-
trols the quantity and quality of the gluten protein and 
is crucial in determining the rheological properties of 

the dough. The characterization of LMW & HMW 
glutenins subunits in bread wheat is crucial for devel-
oping genotypes with desired bread quality. SDS-
PAGE was used in earlier investigations to analyze 
the composition of HMW and LMW-GS. However, 
because of its complexity and the similarity in elec-
trophoretic mobility between gliadins and LMW-GS, 
this approach is not appropriate for high-throughput 
study (Liu et al. 2008; Gupta et al. 1994; Masci et al. 
1998; Maruyama-Funatsuki et al. 2004). For the Glu-
1 and Glu-3 loci, numerous thorough genomic studies 
have been described in recent studies. In recent stud-
ies, a lot of comprehensive genomic studies have been 
reported for characterizing the Glu-1 and Glu-3 loci. 
To study these, gene/allele-specific DNA markers 
were developed for HMW & LMW-GS for improving 
bread quality of wheat (Ahmad 2000; Radovanovic 
et al. 2002; Radovanovic and Cloutier 2003; Ma et al. 
2003; Lei et al. 2006; Wang et al. 2010). Furthermore, 
Kuchel et  al. (2007) also reported the use of MAS 
(Marker-Assisted Selection) approach to improve the 
bread or dough-related properties of wheat.

The PCR results indicated that all the genotypes 
except UAF-9515 and M.H-2 carried Ax2* allele 
and demonstrated an allelic frequency of 66.67% at 
Glu-A1 locus. Moreover, the absence of Ax1, Ax2 and 
Ax2* alleles in UAF-9515 and M.H-21 may indicate 
the presence of AxNull or any other type of allele at 
Glu-A1 locus. There is need to investigate that which 
alleles is present in UAF-9515 and M.H-21 geno-
types. Similar findings were also reported by Nucia 
et  al. (2019), who analysed 79 genotypes of spring 
wheat from all around the Europe and found that 
Ax2* had highest frequency (71%) at Glu-A1 locus. 
Jin et  al. (2011), who evaluated 719 wheat geno-
types from 20 countries to assess the composition of 
HMW-GS, complement the findings of the current 
study by demonstrating that Ax2* had a 43.3% allelic 
frequency among the studied genotypes. These stud-
ies also confirmed that the presence of Ax2* allele 
had strong influence on dough and bread related prop-
erties. Moreover, our PCR findings for Glu-B1 locus 
indicated the high variation and confirmed the pres-
ence of Bx7 and Bx7* alleles in the studied genotypes 
except from UAF-9515, Dilkash-20 and M.H-21. 
These genotypes might contain unidentified or other 
alleles like Bx17, Bx7OE, and Bx6. The presence of 
Bx7 and Bx7* showed an allelic frequency of 44.45 
and 33.33%, respectively. Our findings conflict with 
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prior research by Nucia et  al. (2019), and Jin et  al. 
(2011). They discovered that in the European wheat 
germplasm, Bx7* is the allele that is more prevalent 
than Bx7. Similarly, Esp’ et  al. (2013Henkrar et  al. 
(2017a, b) also noted a higher frequency of allele 
Bx7*. However, our PCR results for “y” type glu-
tenin subunits indicated that By18 allele was absent 
and showed 0% allelic frequency, but By8 allele 
showed 66.67% allelic frequency due to its pres-
ence in all genotypes apart from UAF-10,136, Sub-
hani-21, and M.H-21 at Glu-B1, as shown in Tables 3 
and 4. These genotypes may carry the By9, Bynull, 
and By8* alleles. Therefore, it is necessary to iden-
tify the unknown alleles utilizing a variety of tech-
niques, such as peptide mass sequencing and nucleo-
tide sequencing. In contrast to the current work, Janni 
et  al. (2017) identified 19 genotypes of bread and 
durum wheat and noted that the By8 allele had just 
16% allelic frequency. Jin et al. (2011) also found that 
By8 had a higher allelic frequency (31.1%) than By9, 
which had only a 22.28% allelic frequency. In the 
present study, By8 also showed higher frequency but 
its absence in some genotypes concluded that higher 
variability is present at Glu-B1 locus in bread wheat.

At Glu-D1, a single allelic combination 
Dx5 + Dy10 was observed in all the genotypes and 
showed 100% allele frequency. This indicated that 
both Dx5 and Dy10 alleles are more common in Paki-
stani spring wheat genotypes. A similar study was 
conducted by Ali et  al. (2013), who also confirmed 
the high allelic frequency (95%) of Dx5 + Dy10 com-
bination in Pakistani spring wheat genotypes. Moreo-
verDias et  al. (2017); Henkrar et  al. (2017a, b) also 
confirmed the high allelic frequency of Dx5 + Dy10 
in their studies that was 73% and 85%, respectively. 
Nucia et al. (2019) also observed that more than 80% 
European’s wheat genotypes had Dx5 + Dy10 allele 
at Glu-D1 locus. This allele showed a strong associa-
tion with good bread-making properties as compared 
to Dx2 + Dy12 allelic combination (Costa et al. 2013; 
Barakat et al. 2018).

At Glu-A3 locus, only a few genotypes showed the 
presence of gluA3b allele and an allelic frequency of 
55.56%. This lower frequency % age may point out 
the presence of other alleles such as the a and g allele 
at the Glu-A3 locus. Similar results were reported by 
Zhang et al. (2004), who discovered six distinct allelic 
variants of a single gene encoding LMW glutenin and 
developed six allele-specific markers to differentiate 

each allele from the others. Similarly, the presence 
of gluB3b, gluB3c, and other unknown alleles at the 
Glu-B3 locus also showed the existence of several 
other LMW glutenin alleles. Additionally, the allelic 
frequencies for the gluB3b and gluB3c alleles were 
77.78 and 11%, respectively as shown in Tables 3 and 
4. The observed differences in allelic frequency also 
evident the presence of several LMW glutenin alleles 
at the Glu-B3 locus. Different alleles of the Glu-B3 
locus, including alleles a, b, c, d, e, f, g, h, and i were 
also found by Gupta and Shepherd (1990). Addition-
ally, Costa et al. (2013) discovered many alleles and 
revealed that the spring wheat genotypes under study 
had the highest frequency of gluB3b (33.33%). Our 
findings support earlier research, which reported 
the significant level of polymorphism at the Glu-B3 
locus.

Molecular findings were further validated with var-
ious bread quality-related tests such as farinograph, 
extensograph, sedimentation, and bread volume. 
These analytical tests proved helpful in assessing the 
effectiveness of Marker-Assisted Selection (MAS) 
technique that was utilized in this study for genotyp-
ing and selection of wheat genotypes that contrib-
uted to good bread-making properties. The farino-
graphic analysis indicated that, genotype UAF-10,137 
absorbed more water than UAF-9515 by a wide mar-
gin. Similar findings were reported by Simon (1987), 
who concluded that greater water absorption is a 
sign of high-quality flour and is necessary for bak-
ing bread of excellent quality. Other genotypes, on 
the other hand, displayed non-significant differences 
for WA%; this could be because various alleles have 
a similar effect or because other flour quality param-
eters play an important role. Future research on this 
figure will require a thorough comprehension.

Additionally, the dough development time data 
demonstrated that all genotypes, except for Sub-
hani-21, UAF-9515, and M.H-21 genotypes, showed 
largest and non-significant differences for DDT. 
These three genotypes might exhibit less DDT 
because of the different HMW and LMW glutenin 
subunits. Stronger flour is typically indicated by a 
longer dough development time, whereas a lower 
value denotes weaker flour. Safdar et al. (2009) also 
reported that genotypes with higher DDT indicated 
good quality flour as compared to genotypes with 
lower DDT. In addition to this, UAF-10,137 geno-
type indicated highest DST (Dough Stability Time) 
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and lowest MTI (Mixing Tolerance Index) or dough 
softening whereas UAF-9515 had lowest value for 
DST and highest MTI value. The higher DST and 
lower MTI values also indicate strong flour quality, 
and these rheological properties are required to make 
good bread (Anjum and Walker 2000). Moreover, 
all the genotypes showed a minor difference for both 
DST and MTI values in the present study, it may be 
due to the minor differences in the protein quality and 
quantity in the studied genotypes. Similar findings 
were also reported in many studies (Rehman et  al. 
2001).

The Extensograph results indicated that UAF-
10,137 had highest RE (Resistance to Extension) and 
E (Extensibility). However, Subhani-21 and M.H-21 
had lower RE and E, respectively. Our results sug-
gested that genotypes had varying performance for 
both RE and E parameters of Extensograph. It implies 
that these two factors alone are insufficient to ascer-
tain the rheological or viscoelastic characteristics of 
the dough. Moreover, the differences in the extenso-
graphic properties may be exhibited due to the pres-
ence of different allelic combinations at both Glu-1 
and Glu-3 loci. Torbica et  al. (2007) concluded that 
the differences in RE and E may occur due to imper-
fect balance between gliadin and glutenin content. 
The imperfect balance between these two proteins 
leads to increased extensibility whereas lower resist-
ance to extension. Torbica et al. (2011) also observed 
that RE and E parameters of Extensograph are not 
enough to determine the visco-elastics properties of 
the bread. Now there is a need to study other param-
eters of extensgraph while selecting genotypes for 
good visco-elastics properties.

The SDS-Sedimentation volume is widely used to 
measure the gluten quality and its strength. Addition-
ally, it also gives an information about bread-making 
properties. The findings of the sedimentation test 
revealed that UAF-10,137 had the maximum volume 
of sedimentation while UAF-9515 had the lowest 
amount. A significant positive correlation between 
loaf volume and sedimentation volume was found by 
Guzmán et al. (2022). Moreover, they also found that 
Glu-D1 locus had less 1% contribution to this char-
acter. However, at Glu-3 locus, gluA3b and gluB3b 
alleles were also showing a strong association with 
sedimentation volume. Our results are also in agree-
ment with Guzmán et al. (2022). Our findings showed 
a substantial difference between the genotypes for 

bread volume. The genotype UAF-10,137 displayed 
the highest value for bread volume, whereas the geno-
type UAF-9515 displayed the lowest value. These 
significant variations could be the result of distinct 
HMW and LMW glutenin subunits. Similar results 
were reported by Guzmán et  al. (2022). They con-
cluded that environmental conditions and protein 
content, in addition to the makeup of different alleles, 
also affect bread volume. They also confirmed that 
gluA3b and gluB3b alleles had higher contributions 
to bread volume than Glu-D1, which has a minimal 
effect on bread volume. These findings are consistent 
with the current investigation.

Conclusion

Marker-Assisted Selection (MAS) and various qual-
ity-related test indicated that Ax2*, Bx7, By8, Dx5, 
Dy10, gluA3b, and gluB3b genes/alleles can be used 
for early selection of bread wheat genotypes with 
good dough or bread quality. Wheat genotypes (UAF-
10,137 and Akbar-19) that are selected in this study, 
can be utilized as parents or as a source of high-qual-
ity contributing genes/alleles in breeding efforts to 
evolve genotypes that produce large quantity of grains 
while maintaining higher bread quality standards.

Future prospect

Several unknown alleles at the Glu-1 and Glu-3 loci 
that were discovered in the current study still need 
to be identified. Future mutant studies will also be 
required for a thorough investigation of the func-
tion of each allele at the Glu-1 and Glu-3 loci. These 
investigations will aid in clarifying the precise nature 
of the contribution of each allele to the final quali-
ties of dough or bread. Additionally, it is important 
to research how each allele expresses itself in vari-
ous environmental contexts. This will give specific 
information about how the environment may affect 
the quality of the bread. Additionally, it is essential to 
develop new testing methods that may aid breeders in 
validating the outcomes of marker-assisted selection 
(MAS).
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