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Abstract

Baking industry exigencies and wider consumer preferences are highly demanding variable end product use of bread
wheat. Diversity in bread wheat to fulfill these demands is primarily dependent on the D-genome encoded glutenins
complemented by desirable glutenins from the A- and B- genome. The present study was designed to evaluate and compare
glutenin compositions and their effect on key quality parameters in D-genome synthetic hexaploid derivatives (SDW) and
conventional bread wheat (CBW) germplasm. The germplasm set selected encompasses the earlier investigated drought
tolerant characteristics. Grain quality analyses have provided stringent selection sieve to select the drought tolerant
genotypes with desirable end quality characteristics. Several unique D-genome encoded HMW-GS were found along with
favorable alleles at A- and B-genomes. D-genome encoded subunit Dx5+Dy10 which is known to encode superior grain
quality attributes was observed in 63.64% genotypes followed by 1Dx2+1Dy12 (30.91%). Apart from HMW-GS, PCR
based allele specific markers were used to identify allelic variation at Glu-3 loci (LMW-GS), which had a significant effect
on visco-elastic properties of wheat dough. Several combinations of favorable LMW-GS alleles were observed at Glu-A3
and Glu-B3 loci. Key quality parameters like protein, sedimentation volume and carotenoids differed significantly within
genotypes. Higher values for desirable quality traits were found in synthetic derived genotypes as well as in conventional
bread wheat varieties. Our results established significant variability in quality characteristics and glutenin composition
among D-genome synthetic-hexaploid wheat derivatives as compared to conventional bread wheat germplasm suggestive of

their ability to improve quality traits in bread wheat.
Introduction

Common wheat (Triticum aestivum L.) being one of
the most important food crops worldwide, needs extensive
research with major emphasis on yield improvement as
well as its adaptation to various biotic and abiotic stresses.
It is believed that only a few accessions of the donor
species were involved in the evolution of common wheat.
Consequently, genetic diversity was introduced into
common wheat by the ‘bridge’ of synthetic hexaploid (SH)
wheat derived from artificial synthesis of hexaploid wheat
(T. Turgidum x Ae. tauschii) in a manner analogous to the
evolution of hexaploid wheat (Mujeeb-Kazi et al., 1996).

Various synthetic hexaploid wheats (T. turgidum ssp.
durum/Ae.tauschii) have resulted in significantly superior
combinations  for  biotic/abiotic  resistance/tolerances
(Mujeeb-Kazi, 2003). But at the same time, baking industry
exigencies and wide consumer preferences have driven
wheat breeders to incorporate the grain quality related traits
as an important preference in current research (Bushuk,
1998). Hence the development of wheat cultivars with good
bread making quality is a challenging task in many wheat
breeding programmes. Accordingly, grain yield together
with grain protein contents by its end use quality
contribution are the primary and foremost important
characters in the determination of the economic value of a
bread wheat crop (Oury & Godin, 2007; Ali et al., 2011),
particularly if adaptive to a stress environment. Wheat end
use quality is influenced by several important traits and the
production of specific end-use products can be attributed to
high variability among these traits. The quality and quantity
of wheat gluten proteins give elasticity and extensibility

necessary for bread making and are the key endosperm
components that are mainly emphasized regarding end use
quality traits (Payne et al., 1987; Kerfal et al., 2010). The
gluten contributes about 80-85% of the total flour protein
(Shewry et al., 1995) and it is comprised of two prolamine
groups, gliadins and glutenin. The glutenins, in turn, are
long chains of polypeptides linked by disulfide bonds, and
comprising further of low molecular weight glutenin
subunits (LMW-GS) and high molecular weight subunits
(HMW-GS) (Payne & Lawrence, 1983). The HMW-GSs
designated as Glu-Al, Glu-B1 and Glu-D1 are encoded by
multi-allelic genes located on the long arms of
chromosomes 1A, 1B, and 1D respectively (Payne et al.,
1984). It has been reported previously that the HMW-GSs
of glutenin constitute about 10% of the wheat endosperm
storage proteins in comparison to 40 % LMW-GSs but still
have a major influence on the bread making properties of
flour (Payne et al., 1987). Allelic variation in HMW-GS
composition was found strongly correlated with differences
in bread making quality (Shewry et al., 1995). Additionally
they also have proven as important genetic markers for
exploring genetic diversity in wheat. Therefore, analysis of
LMW-GS and HMW-GS is a pre-requisitt and an
important criterion in breeding for bread making quality
improvement.

It has generally been recognized that there is a need
to further improve the ability to capture and manipulate
diversity (Able et al., 2007). Plant breeders involved in
crop improvement efforts in order to meet the ever
increasing demand for food are finding appropriate
germplasm with desired traits among cultivated crops and
in wild, uncultivated plants. High grain yield in wheat
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relies upon high yielding varieties possessing resistance
and tolerance to various biotic and abiotic stress
problems. Recently, Tang et al., (2008, 2010) suggested
that grain quality improvement is also possible through
the utilization of SHs in breeding programmes.

Utilization of wheat is highly dependent on its end-
use quality which in turn relies on traits including protein
content, carotenoid contents and SDS-sedimentation
volume. The main objective of the present study was to
investigate a collection of drought tolerant wheat
genotypes comprising of D-genome SH derivatives and
conventional bread wheat germplasm, for key grain
quality parameters and their genetic composition based on
the HMW-GSs and LMW-GSs profiles.
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Materials and Methods

Experimental material: The experimental germplasm
consisted of a core collection of 50 (designated AAl
toAA50) drought tolerant wheat germplasm comprising 3
groups: i) D-genome synthetic hexaploid derivatives, ii)
conventional bread wheat lines and, iii) five elite check
cultivars of wheat (Table 1). The germplasm for the study
was obtained from wheat wide crosses (WWC) and
cytogenetics laboratory, NARC, Islamabad. Its pedigree is
given in Ali et al., (in preparation), in which the
performance of the same germplasm evaluated under
drought stress has been reported.

Table 1. Groups and the entry no. of the germplasm used in the study.

S. No. Group Entry No.
1. Synthetic derived ~ AA5, AA12, AA13, AAl4, AA16, AAL7, AA18, AAL9, AA20, AA24, AA26, AA27, AA28,
bread wheat (SBW) AA29, AA31, AA32, AA33, AA34, AA36, AA39, AA4L, AA44, AALS, AA46, AA4T, AA4S,
2. Conventional bread  AA1, AA2, AA3, AA4, AAB, AAT, AA8, AA9, AA10, AAll, AA15, AA21, AA22, AA23,
wheat (CBW) AA25, AA30, AA35, AA37, AA38, AA40, AA42, AA43, AA49, AASD,
3. Check cultivars AA5L (Ingilab 91), AA52 (Seher 2006), AA53 (Chakwal 50), AA54 (NR 372), AA55(Wafaq 2001)

Analysis of High molecular weight glutenin subunits
(HMW-GS): Single kernel was crushed by mortar &
pestle and 10 mg flour sample was taken in eppendorff
tubes. Protein extraction and SDS-PAGE analysis was
followed as described in Rasheed et al., (2012). Alleles at
Glu-Al and Glu-B1 loci were designated according to
Payne & Lawrence, (1983) whereas alleles at Glu-D1
locus were identified according to William et al., (1993).

Analysis of Low molecular weight glutenin subunits
(LMW-GS)

DNA extraction and PCR amplification: Genomic DNA
extraction was done according to phenol-chloroform
method as described in Pallotta et al., (2000) with some
modifications. First 5 to 7 cm long pieces of fresh leaf
material were harvested from 2 week-old seedlings,
subsequently freeze it in the liquid Nitrogen and then
crushed to a fine powder with a knitting needle while still
inside the tube. Five hundred pul DNA extraction buffer
(1% SDS, 100mM NaCl, 100mM Tris base, 100mM
Na,EDTA, PH: 8.5 by HCI) were added to each eppendorf
tube containing the crushed leaf material and mixed well
with the help of a knitting needle after which 500 pl
phenol: chloroform: isoamylalcohol (in the ratio of
25:24:1) was added to it. Samples were then centrifuged at
5000 rpm for 5 minutes. The aqueous phase (supernatant)
was transferred to a fresh tube. To precipitate the DNA 50
pl 3M sodium acetate (pH= 4.8) and 500ul chilled
isopropanol was added to the tube and mixed gently. To
make the DNA pellet, samples were centrifuged at 5000
rpm for 5 minutes. After pouring supernatant, the pellet
was washed with 70% ethyl alcohol and dried at room
temperature for an hour, and was resuspended in 40 pl TE
buffer (10mM Tris, ImM EDTA and PH: 8.0). To remove
RNA, DNA was treated with 40ug RNAase-A (20 pl of
commercially supplied RNAase-A purchased from Gene

Link, USA) at 37°C for 1 hour. After RNAase treatment,
DNA samples run on 1.0% agarose gel to check the quality
of DNA and then were stored at 4°C. To use in Polymerase
Chain Reaction (PCR), all DNA samples were quantified
spectrophotometrically, and then diluted to a concentration
(20ng/pl) with doubled distilled, deionized and autoclaved
water. PCR reactions were performed in a total volume of
10 pl containing 50-100 ng of genomic DNA, 1x PCR
buffer, 1.0-1.5 mM of MgCl,, 200 mM of each
deoxyribonucleotide (dNTP), 5pmol of each primer and 0.3
U of Taqg DNA polymerase. PCR reactions were repeated
twice for all primer sets to confirm the results of the
amplified products. Allele-specific PCR of the Glu-A3 and
Glu-B3 loci was carried out using the primer sets reported
by Wang et al., (2010) & Wang et al., (2009), respectively.
These analyses are more robust and now considered
superior over the earlier conventional technique of SDS-
PAGE for identifying LMW-GS. Amplification conditions
were similar to those reported by the authors mentioned
above. The amplified fragments were separated on 1.5%
agarose gel, stained with ethidium bromide and visualized
using the Gel Documentation System (Bio-Rad). The DNA
marker of 100bp size (Fermentas Cat # SM0321) was used
for the identification of amplified products.

Quality tests: The analysis were carried out in quality lab of
CRA-Cereal Research Centre, Foggia, Italy. Wheat grains
were milled to flour by Perten Laboratory Mill 3100 installed
with 0.8 mm sieve in order to carry out further quality tests.
The protein content, carotenoid content and sodium dodecyl
sulfate (SDS) sedimentation test were determined by a near-
infrared  spectrophotometer (FOSS Rapid ContentTM
Analyzer) already calibrated according to AACC Method
46-19.01, 56-70.01 and 14-50.01, respectively. Protein
content was expressed on a 14% moisture basis. The flour
NIR spectra for each sample were taken in five scans and
were than averaged.
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Results and Discussions

Glutenin composition: The frequency of HMW-GS and
LMW-GS alleles identified in germplasm are presented
in Table 2. HMW-GSs are key determinants of bread-
making qualities of wheat and studied genotypes showed
a variable number of alleles. HMW-GS controlled by
Glu-1 loci encoded 11 different alleles across three
genomes in these genotypes. At Glu-Al locus, three
alleles were observed, of which Axnull allele was pre-
dominantly found in 46 (83.64%) genotypes. At Glu-B1
locus, the subunit 17+18 encoded by Glu-B1b was found
in maximum (54.55%) genotypes. Similarly, Glu-D1d
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which encodes Dx5+Dy10 subunit was observed in
(63.64%) genotypes which is an important good quality
subunit encoding high molecular weight glutenin allele.
Maximum allelic diversity was found at Glu-B1 (0.61)
locus followed by Glu-D1 (0.50) and Glu-Al (0.29).
This is primarily due to the allelic richness (5 alleles)
observed at Glu-B1 locus, however the other two loci
(Glu-Al and Glu-D1) had same allelic richness (3 alleles
on both loci) but the distribution of allele frequencies at
Glu-D1 locus contributed towards more diversity than
that of alleles at Glu-Al locus. The HMW-GS observed
are presented as Fig. 1.

Table 2. Allelic variation at Glu-1 (HMW-GS) and Glu-3 (LMW-GS) loci in wheat germplasm under study.

Locus Allele Subunit Number of accessions Frequency (%) H (Nei's Index)
a 1 3 5.45
Glu-Al b 2% 6 10.91
c Null 46 83.64 0.29
a 7 2 3.64
b 7+8 30 54.55
Glu-B1 d 6+8 3 5.45
i 17 + 18 16 29.09
f 13+ 16 4 7.27 0.61
a 2+12 17 30.91
Glu-D1 d 5+10 35 63.64
z 3+10 3 5.45 0.50
a 2 3.64
b 15 27.27
c 25 45.45
Glu-A3 d 3 5.45
f 7 12.73
g 3 5.45 0.70
b 2 3.64
d 6 10.91
e 5 9.09
f 7 12.73
Glu-B3 g 4 797
h 12 21.82
i 8 14.55
j 8 14.55 0.87
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Fig. 1. HMW glutenin subunit profile of germplasm
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Lane (From left): 1: CS (Check), 2: AA1l, 3: AA15, 4: AA37, 5: AAL7, 6: AA18, 7: AA27, 8: AA31, 9: AA38, 10: AA22, 11:
AA213, 12: C291 (Check), 13: Pavon (Check), 14: AA41, 15: AA45, 16: C591 (Check), 17: CS (Check).
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In Table 2 are reported the allele frequency and the
genetic diversity of alleles at each LMW-GS locus.
Allelic variations at the Glu-3 loci encoding LMW-GS
have a pronounced effect on dough visco-elastic
properties (Gupta & MacRitchie, 1994; Maucher et al.,
2009). Given the discrepancy reported in some studies
about the correct identification of the alleles coded at
LMW-GSs loci using SDS-PAGE (lkeda et al., 2008), in
this study, alleles were identified using an analysis-
based on PCR. In effect, the recent development of
allele-specific markers for Glu-A3 (Wang et al., 2010)
and Glu-B3 (Wang et al., 2009) alleles have profoundly
increased the efficiency, accuracy and reduced the cost
for allelic characterization in bread wheat germplasm
(Liu et al., 2010). The PCR profiles of LMW-GS alleles
are presented as Fig. 2. Unfortunately, no functional
markers for the Glu-D3 locus were developed due to the
very small variations among alleles (Liu et al., 2010),
but its impact on dough quality is relatively small in
comparison with the Glu-A3 and Glu-B3 loci (Gupta et
al., 1989). Six different alleles at Glu-A3 locus and eight
alleles at Glu-B3 locus were identified by allele specific
markers (Table 2). At Glu-A3, the allele Glu-A3c was
present in majority of the genotypes (45.45%), while
Glu-A3a was present only in two genotypes (AA39 and
AAA41). The predominant frequency of Glu-A3c has been
observed in Indian cultivars (Ram et al., 2011) and other
studies also showed its presence in diverse wheat
genotypes representing different regions (Liu et al.,
2010; Wang et al., 2010; Zhang et al., 2004). The
frequency of other alleles Glu-A3b, Glu-A3d, Glu-A3f
and Glu-A3g was found to be 27.27%, 5.45%, 12.73%
and 5.45%, respectively. The major alleles found at Glu-
B3 locus was Glu-B3h which appeared in 12 genotypes
(21.81%) followed by Glu-B3i and Glu-B3j (14.54%)
each. Maximum allelic diversity was found at Glu-B3
(0.87) locus followed by Glu-A3 (0.70) which is
primarily due to the allelic richness (8 alleles) observed
at Glu-B3 locus. There are many reports indicating
different allelic frequencies representing the Glu-B3
locus in genotypes from different regions. Among Indian
cultivars, frequency of Glu-B3b was highest (29.3%)
followed by Glu-B3j (27.1%) and Glu-B3h (13.8%).
Similarly, Branlard et al., (2003) reported Glu-B3b in
10.0% of cultivars in France, Glu-B3g in 49.0% and
Glu-B3d in 3.5%. Other reports have also indicated the
presence of Glu-B3b and Glu-B3g alleles in large
numbers of cultivars (Igrejas et al., 2010; Jackson et al.,
1996; Wang et al., 2009). Glu-B3g has been shown to
have a positive effect on gluten strength (Liang et al.,
2010; Maucher et al., 2009; Oury et al., 2010).

Results from previous studies on the relationship
between glutenin subunits and end-use quality have
confirmed that HMW-GS are highly correlated with bread
baking quality (Payne et al., 1987; Gupta et al., 1989;
Carrillo et al., 1990; Sontag-Strohm et al., 1996). LMW-
GS and gliadins were also found to influence the bread-
making quality (Payne et al., 1987) but with inconsistent
results. This is mostly due to the use of different genetic
materials with various genetic backgrounds in different
studies. For example, when measuring the effect of the
subunits 2* on SDS-sedimentation volume, a value of =1
was observed from using the British-grown wheat
varieties (Payne et al., 1987), whereas a value of >1 was
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found by Mao et al., (1995) using different wheat
varieties, and a value of <1 was obtained by Liu et al.,
(2005) using 251cultivars and advanced lines. Therefore
genotype selection based on HMW-GS and LMW-GS for
bread-making quality traits is reliable and is considered as
a crucial analysis of the germplasm (Xiyong et al., 2012).

Quality parameters: The key quality parameters studied
in this germplasm include protein contents (%), SDS-
sedimentation volume and carotenoids and their values in
individual genotypes are depicted in Table 3. Protein
contents ranged from 11.2% to 19.9% with an average of
13.6%. The highest protein content was observed in AA53
(Chakwal-50) which is a rainfed cultivar released in
Pakistan and in this study was used as control for
comparing the other experimental germplasm. The lowest
protein content was found in AA55 which is also cultivated
in Pakistan. Eighteen genotypes (32.7%) were found to
have more than 14% protein content which is significantly
a promising result. In the same way for SDS (AACC
standard methods 2001), when the value is greater than 4ml
wheat flour is considered to be of good quality, while with
value between 3ml and 3.5 ml is of medium quality. The
SDS sedimentation volume in the studied germplasm
ranged from 2.4ml to 5ml with an average 3.4ml. Chakwal-
50 which is known to have good glutenin composition and
protein contents had SDS-sedimenation value of 5 ml. At
the same time, other lines including AA20 and AA48
which are synthetic derivatives exhibited SDS-
sedimenation volume of 4.3 ml and 4.1 ml respectively.
Carotenoids ranged from 4.4 ppm to 9.9 ppm with an
average of 6.5 ppm. Among these quality traits, proteins
content was most consistent with 9.37% CV, followed by
SDS-sedimentation (CV%, 11.89) and carotenoids (CV%,
18.04). This indicated the maximum variability for
carotenoids was found among these genotypes. Results
with NIR spectroscopy for grain quality traits of wheat was
found promising and economical as well. Wheat flour SDS
sedimentation volume together with gluten strength is
correlated with dough rheology (Mondal et al., 2009).
Since, wheat is focused mainly from end-use quality point
of view a better understanding of the genetics underlying
specific quality parameters is essential to enhance selection
during the breeding process (Carter et al., 2012). The
results help us improve understanding of the relationships
among glutenin compositions and grain quality traits
(Tabasum et al., 2011).

Comparative assessment of both germplasm sets:
Quality traits and diversity for glutenin alleles were
compared between conventional bread wheat germplasm
and D-genome synthetic hexaploid derivatives (Table 4).
In synthetic derivatives, more diversity for Glu-Al (0.38)
and Glu-D1 (0.59) was observed while no comparison
was found for Glu-B1 and Glu-B3 loci. Similarly, protein
contents (13.840.9) and SDS-sedimentation volume
(3.50.3) were slightly higher in synthetic derivatives as
compared to bread wheat cultivars. Carotenoids were
slightly lower in synthetic derivatives, which may be
statistically non-significant.
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Table 3. HMW-GS, LMW-GS and quality characteristics of wheat genotypes under study.

Genotype | Type HMW LMW Protein | Carotenoid | SDS-sedimentation
(AA) Glu-Al | Glu-B1 | Glu-D1 [ GIu-A3 [ GIu-B3 | (%) Ppm ml
1 cBw Null 7+8 2+12 b J 133 6.2 31
2 cBw Null 13+16 2+12 b J 133 8.1 35
3 CBW Null 7+8 5+10 b g 125 6.6 31
4 cBwW Null 17+18 5+10 d f 13.2 8.1 3.2
5 SBW Null 6+8 2+12 d i 134 6.5 3.3
6 cBwW Null 7+8 5+10 c h 13.0 8.3 3.3
7 CBW Null 7+8 5+10 f h 13.9 7.4 35
8 cBw Null 7+8 5+10 c h 12.3 45 3.0
9 cBwW Null 17+18 5+10 c i 12.9 5.9 24
10 CBW Null 7+8 2+12 f J 12.0 7.2 2.9
11 CBW Null 17+18 5+10 g d 12.7 8.4 2.7
12 SBW Null 13+16 3+10 d i 135 9.9 3.6
13 SBW Null 7+8 3+10 b f 120 5.2 35
14 SBW Null 7+8 5+10 g J 125 55 31
15 cBwW Null 17+18 5+10 b d 12.4 8.0 3.2
16 SBW Null 7+8 2+12 c i 13.7 55 3.9
17 SBW Null 7+8 5+10 f c 13.3 7.2 3.7
18 SBW Null 7+8 5+10 ¢ h 150 8.3 34
19 SBW Null 7+8 5+10 c h 134 5.2 3.2
20 SBW Null 7+8 5+10 c f 145 6.1 4.3
21 CBW Null 7+8 5+10 b J 14.2 8.7 3.3
22 cBw Null 7 5+10 a d 13.6 8.5 3.4
23 CBW Null 7 5+10 c f 134 1.7 4.1
24 SBW Null 7+8 2+12 b i 13.7 7.0 3.2
25 CBW Null 7+8 5+10 a d 135 7.0 3.6
26 SBW Null 6+8 2+12 c f 149 5.7 3.6
27 SBW Null 17+18 2+12 f e 14.3 6.9 3.7
28 SBW 2* 17+18 5+10 c f 15.3 8.2 3.6
29 SBW Null 7+8 5+10 c f 15.3 5.3 3.6
30 cBwW Null 17+18 2+12 f J 15.3 5.9 3.4
31 SBW 2* 7+8 2+12 c h 13.6 6.9 3.4
32 SBW 1 7+8 2+12 b e 14.4 5.8 35
33 SBW 1 6+8 2+12 b h 13.9 6.2 33
34 SBW Null 7+8 5+10 b h 12.7 6.2 2.9
35 CBW Null 7+8 5+10 ¢ h 13.0 53 2.8
36 SBW Null 7+8 5+10 b b 12.0 6.6 33
37 CBW Null 13+16 2+12 f d 133 6.4 35
38 cBwW Null 17+18 5+10 c e 12.9 6.5 3.8
39 SBW 2% 17+18 5+10 b b 13.0 6.3 35
40 CBW 2* 17+18 2+12 b i 12.7 51 3.0
41 SBW Null 17+18 5+10 ¢ h 12.8 51 35
42 cBw Null 7+8 5+10 b d 135 6.0 3.0
43 cBw Null 7+8 5+10 f h 13.8 55 3.4
44 SBW 2* 17+18 5+10 ¢ J 14.8 7.7 3.6
45 SBW Null 17+18 5+10 c i 134 6.4 3.6
46 SBW Null 7+8 2+12 c e 13.8 5.9 3.4
47 SBW Null 7+8 3+10 c h 14.1 6.0 3.6
48 SBW Null 13+16 2+12 b i 14.6 6.0 4.1
49 cBwW Null 17+18 5+10 c e 15.3 5.9 33
50 CcBwW Null 7+8 5+10 c j 14.1 7.0 41
51 CBW*  Null 17+18 2+12 c g 14.0 6.7 35
52 CBW*  Null 7+8 5+10 g g 14.7 6.0 3.2
53 CBW*  Null 7+8 5+10 c c 19.9 5.1 5.0
54 CBW*  Null 17+18 5+10 c c 12.2 4.4 3.0
55 CBW* 2* 7+8 5+10 c g 11.2 5.3 3.2
Average 13.6 6.5 34
St. Dev 1.28 1.18 0.41
CV(%) 9.37 18.04 11.89
Max 19.9 9.9 5.0
Min 11.2 4.4 24

SBW, synthetic-derived bread wheat; CBW, conventional bread wheat and Check cultivars
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Fig. 2. Electrophoresis of some of the PCR products amplified from the studied germplasm on agarose gel using allele specific markers
for: a gluB3b, b gluB3d, ¢ gluB3g, gluB3h, gluB3e , d gluB3i, e gluA3a, f gluA3b, g gluB3f, gluA3c, h gluA3d, i gluA3f, j gluA3g.
Materials used as PCR templates were as follows: (a) B3b- AA36, AA39 (b) B3d-Aall, AA15, AA22, AA25, AA37, (c) B3g-AA29, B3h-
AA18, AA19, AA31L, B3e-AA27, AA32, AA46, (d) B3i- AA5, AA9, AA12, AA1L6, AA24, AA4D, AA45, AA48, (e) A3a-AA22 (f) A3b-
AAL, AA3, AA13, AA15, AA21, AA32, AA33, AA34, AA36, AA39, AA40, AA42, AA4S, (g) B3f-AA4, AA13, AA20, AA26, AA28,
AA29; A3c-AA16,. AA18, AAL9, AA20, AA26, AA28, AA29, AA3L, (h) A3d-AA30, (i) A3f-AA7, AAL0, AA27,(j) A3g-AALL.

Table 4. Comparison of quality traits and glutenin D-genome synthetic hexaploids originated from Ae.
diversity between D-genome synthetic derivatives Tausphu. The potentiality of this diploid grass for improving
and conventional bread wheat. quality was unclear (Lagudah et al, 1987) and its

- introgression for quality improvement not preferred. Later,

Traits SBWs (n=26) CBW (n=29) Yueming et al., (2003) proposed that introgressed novel
Protein (%) 13.8+0.9 135+ 15 genes from the D-genome may improve wheat quality. After

. . this proposal, Gedye et al., (2004) reported novel haplotypes
SDS-Sedimentation 35+03 33:04 for grain hardiness genes (puroindolines) in D-genome
Carotenoids 65+1.1 6.6 +1.25 synthetic hexaploids with potential impact on kernel texture

; ; . in wheat. They suggested that the new puroindoline alleles
Diversity (H) at: from Ae. tauschii all gave soft endosperm, although textural
Glu-Al 0.38 0.19 differences were apparent and attributable to interactions
Glu-B1 0.59 0.6 between the durum and Ae. tauschii genomes. But
contrastingly, Lillemo et al., (2006) found significant but

Glu-D1 0.59 0.36 small differences in grain hardness amongst the hardness
Glu-A3 0.64 0.64 genes using a larger collection of synthetics and their
) derivatives. However there was not much progress observed
Glu-B3 0.82 0.84 for the functional effects of the new Ae. tauschii derived
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puroindoline alleles in wheat quality and has still to be
determined. From evaluation of about 200 synthetics it
appears that the Ae. tauschii parent has a much larger
influence on the quality of the synthetic hexaploid than the
durum parent (Van Ginkel & Ogbonnaya, 2007). About 20%
of synthetic hexaploids could be classified as attaining the
Australian  hard and Australian prime hard quality
classification based on examination of the polymeric
glutenins proteins (Van Ginkel & Ogbonnaya, 2007). This
study reports the glutenin diversity and good end-use quality
profile of synthetic derivatives which is the practical example
for improving quality traits of bread wheat using synthetic
hexaploids in breeding programs. This is consistent with the
results of Lage et al., (2006), who reported significant
genetic variation among synthetic hexaploids for protein
content and quality, grain weight and plumpness. However
the quality sensitive breeding program can also use synthetic
hexaploids with poor bread-making quality but otherwise
outstanding traits by crossing and backcrossing to high
quality conventional wheats, while other synthetics with
novel proteins should be studied to determine their potential
value in terms of improved quality characteristics. In recent
studies at CIMMYT, it has become abundantly clear that
synthetic derivatives carrying excellent bread-making quality
can indeed be bred if the common bread wheat parent(s) in
the cross have good bread quality traits. High molecular
weight and low molecular weight glutenin profiles of the
primary synthetic hexaploids (Bibi et al., 2012; Rasheed et
al., 2012) can be used to determine promising crosses, and to
identify the best quality lines in their progeny. Nelson et al.,
(2006) reported that some lines from the ITMI (International
Triticeae Mapping Inititative) population showed quality
values consistently superior to those of the parental lines.
Despite these observations, some breeders remain skeptical
about using synthetics to resolve non-quality related
constraints in their target production environment, because
they are afraid of compromising wheat quality, and mores
studies of this type are needed.

Conclusively, this germplasm set which is known to
have drought tolerant characteristics possessed desirable
glutenin alleles and grain quality characteristics. The
diverse origin of the genotypes in this germplasm set will
enhance the genetic base of breeding programs and will
contribute to new alleles from D-genome synthetic
hexaplioids, for both drought and grain quality.

References

AACC International Approved Methods 2001a. Determination
of Pigments. Method 14-50.01.

AACC International Approved Methods 2001b. Crude Protein,
Calculated from Percentage of Total Nitrogen, in Wheat
And Flour. Method 46-19.01.

AACC International Approved Methods 2001c. Sedimentation
Test for Flour. Method 56-60.01.

Able, J.A., P. Langridge and A.S. Milligan. 2007. Capturing
diversity in the cereals: many options but little promiscuity.
Trends in Plant Sci., 12: 71-79.

Ali, A, M. Arshad, S.M.S. Naqgvi, A.M. Mastrangelo, P. De Vita
and A. Mujeeb Kazi. Biochemical and phenological attributes
to unravel drought tolerance in D-genome synthetic derived
and bread wheat germplasm. (In preparation).

Ali, F., N. Igbal, M. Hussain and J. Anwar. 2011. Grain quality
attributes of wheat lines having differential Photosynthetic
efficiency under prolonged drought stress. Pak. J. Bot.,
43(5): 2485-2489.

Bibi, A., A. Rasheed, A.G. Kazi, T. Mahmoood, S. Ajmal and
A. Mujeeb-Kazi. 2012. High-molecular-weight (HMW)
glutenin subunit composition of the Elite-1l synthetic
hexaploid wheat subset (Triticum turgidum x Aegilops
tauschii; 2n = 6x =42; AABBDD). Plant Genet. Resour.,
10: 1-4.

Branlard, G., M. Dardevet, N. Amiour and G. Igrejas. 2003.
Allelic diversity of HMW and LMW glutenin subunits and
omega-gliadins in French bread wheat (Triticum aestivum
L.). Genet. Resour. Crop Evol., 50: 669-679.

Bushuk, W. 1998. Wheat breeding for end-product use.
Euphytica, 100: 137-145.

Carrillo, J.M., J.F. Vazquez and J. Orellana. 1990. Relationship
between gluten strength and glutenin proteins in durum
wheat cultivars. Plant Breed., 104: 325-333.

Carter, A.H., K. Garland-Campbell, C.F. Morris and K.K.
Kidwell. 2012. Chromosomes 3B and 4D are associated
with several milling and baking quality traits in soft white
spring wheat (Triticum aestivum L.) population. Theor.
Appl. Genet., 124: 1079-1096.

Gedye, K.R., C.F. Moris and A.D. Bettge. 2004. Determination
and evaluation of the sequence and textural effects of
puroindoline a and puroindoline b genes in a population of
synthetic hexaploid wheat. Theor. Appl. Genet., 109: 1597-
1603.

Gupta, R.B. and F. MacRitchie. 1994. Allelic variation at the
glutenin subunit and gliadin loci, Glu-1, Glu-3 and Gli-1, of
common wheats. 1l. Biochemical basis of the allelic effects
on dough properties. J. Cereal Sci., 19: 12-29.

Gupta, R.B., N.K. Singh and K.W. Shepherd. 1989. The
cumulative effect of allelic variation in LMW and HMW
glutenin subunits on dough properties in the progeny of two
bread wheats. Theor. Appl. Genet., 77: 57-64.

Igrejas, G., A. Juhasz, M.C. Gianibelli, K.R. Gale and S.
Rahman. 2010. Low-molecular-weight glutenins in durum
wheat: analysis of Glu-A3 alleles using PCR markers. Plant
Breed., 129: 574-577.

lkeda, T.M., G. Branlard, R.J. Pena, K. Takata, L. Liu, Z. He,
S.E. Lerner, M.A. Kolman, H. Yoshida and W.J. Rogers.
2008. International collaboration for unifying Glu-3
nomenclature system in common wheats. In: International
Wheat Genetics Symposium, Brisbane, Australia.

Jackson, E.A., M.H. Morel, T. Sontag-Strohm, G. Branlard,
E.V. Metakovsky and R. Redaelli. 1996. Proposal for
combining the classification systems of alleles of Gli-1 and
Glu-3 loci in bread wheat (Triticum aestivum L.). J. Genet.
Breed., 50: 321-336.

Kerfal, S., P. Giraldo, M. Rodriguez-Quijano, J.F. Vazquez, K.
Adams, O.M. Lukow, M.S. Roder, D.J. Somers and J.M.
Carrillo. 2010. Mapping quantitative trait loci (QTLs)
associated with dough quality in a soft x hard bread wheat
progeny. J. Cereal Sci., 52: 46-52.

Lage, J., B. Skovmand, R.J. Pena and S.B. Anderson. 2006.
Grain quality of emmer wheat derived synthetic hexaploid
wheats. Genet. Resour. Crop Evol., 53: 955-962.

Lagudah, E.S., F. Macritchie and G.M. Halloran. 1987. The
influence of high-molecular-weight glutenin from Triticum
tauschii on flour quality of synthetic hexaploid wheat. J.
Cereal Sci., 5: 129-138.

Liang, D., J. Tang, R.J. Pena, R. Singh, X. He, X. Shen, D. Yao,
X. Xiaand Z. He. 2010. Characterization of CIMMYT bread
wheats for high and low-molecular weight glutenin subunits
and other quality-related genes with SDS-PAGE, RP-HPLC
and molecular markers. Euphytica, 172: 235-250.

Lillemo, M., F. Chen, X. Xia, M. William, R.J. Pena, R.
Trethowan and H. Zhonghu. 2006. Puroindoline grain
hardness alleles in CIMMYT bread wheat germplasm. J.
Cereal Sci., 44: 86-92.



296

Liu, L., T.M. Ikeda, G. Branlard, R.J. Pena, W.J. Rogers, S.E.
Lerner, M.A. Kolman, X. Xia, L. Wang, W. Ma, R. Appels,
H. Yoshida, A. Wang, Y. Yan and Z. He. 2010.
Comparison of low molecular weight glutenin subunits
identified by SDS-PAGE, 2-DE, MALDI-TOF-MS and
PCR in common wheat. BMC Plant Biol., 10: 124-147.

Liu, L., Z.H. He, J. Yan, Y. Zhang, X.C. Xia and R.J. Pena.
2005. Allelic variation at the Glu-1 and Glu-3 loci,
presence of the 1B.1R translocation, and their effects on
mixographic properties in Chinese bread wheat. Euphytica,
142: 197-204.

Mao, P, Z.Z. Li and S.Y. Lu. 1995. The composition of high
molecular weight glutenin subunits of genetic resources of
bread wheat and their relationship with bread-making
quality. Scientia Agricultura Sinica., 28: 22-27.

Maucher, J., J.D.C. Figueroa, W. Reule and R.J. Pena. 20009.
Influence of low molecular weight glutenins on viscoelastic
properties of intact wheat kernels and their relation to
functional properties of wheat dough. Cereal Chem., 86:
372-375.

Mondal, S., D.B. Hayes, N.J. Alviola, R.E. Mason, M. Tilley,
R.D. Waniska, S.R. Bean and K.D. Glover. 2009
Functionality of gliadin proteins in wheat flour tortillas. J.
Agric Food Chem., 57: 1600-1605.

Mujeeb-Kazi, A. 2003. New genetic stocks for durum and bread
wheat improvement 10" international wheat genetic
symposium, Paestum, Italy, pp. 772-774.

Mujeeb-Kazi, A., V. Rosas and S. Roldan. 1996. Conservation
of the genetic variation of Triticum tauschii (Coss.)
Schmalh. (Aegilops squarrosa auct. Non L.) in synthetic
hexaploid wheats (T. turgidum L.x T. tauschii; 2n = 6x =
42, AABBDD) and its potential utilization for wheat
improvement. Genet. Resour. Crop Evol., 43: 129-134.

Nelson, J.C., C. Andreescu, F. Breseghello, P.L. Finney, G.
Daisy, D.G. Gualberto, C.J. Bergman, R.J. Pena, M.R.
Perretant, P. Leroy, C.O. Qualset and M.E. Sorrells. 2006.
Quantitative trait locus analysis of wheat quality traits.
Euphytica, 149: 145-159.

Oury, F.X. and C. Godin. 2007. Yield and grain protein
concentration in bread wheat: how to use the negative
relationship between the two characters to identify
favorable genotypes? Euphytica, 157: 45-57.

Oury, F.X.,, H. Chiron.,, A. Faye, O. Gardet, A. Giraud, E.
Heumez, B. Rolland, M. Rousset, M. Trottet, G. Charmet
and G. Branlard. 2010. The prediction of bread wheat
quality: joint use of the phenotypic information brought by
technological tests and the genetic information brought by
HMW and LMW glutenin subunits. Euphytica, 171: 87-109.

Pallotta, M.A., R.D. Graham, P. Langridge, D.H.B. Sparrow and
S.J. Barker. 2000. RFLP mapping of manganese efficiency
in barley. Theor. Appl. Genet., 101: 1100-1108.

Payne, P.l. and G.J. Lawrence. 1983. Catalogue or alleles for the
complex gene loci, Glu-Al, Glu-B1 and Glu-D1 which
code for the high-molecular weight subunit of glutenin
whose in hexaploid wheat. Cereal Res. Commun., 11: 29-
35.

Payne, P.l., L.M. Holt, E.A. Jackson and C.N. Law. 1984.
Wheat storage proteins: their genetics and their potential
for manipulation by plant breeding. Philosophical
Transactions of the Royal Society London, 304: 359-371.

Payne, P.I., M.A. Nightingale, A.F. Krattinger and L.M. Holt.
1987. The relationship between HMW glutenin subunit

AHMAD ALI ET AL,

composition and bread making quality of British grown
wheat varieties. J. Sci. Food Agric., 40: 51-65.

Ram, S., S. Sharma, A. Verma, B.S. Tyagi and R.J. Pena. 2011.
Comparative analyses of LMW glutenin alleles in bread
wheat using allele-specific PCR and SDS-PAGE. J. Cereal
Sci., 54: 488-493.

Rasheed, A., T. Mahmood, A.G. Kazi, A. Ghafoor and A.
Mujeeb-Kazi. 2012. Allelic variation and composition of
HMW-GS in advanced lines derived from D-genome
synthetic hexaploid / bread wheat (Triticum aestivum L.). J.
Crop Sci. Biotech., 15(1): 1-7.

Shewry, P.R., AS. Tatham, F. Barro, F.P. Barcelo and P.
Lazzeri. 1995. Biotechnology of bread-making: unraveling
and manipulating the multi-protein gluten complex.
Biotechnology, 13: 1185-1190.

Sontag-Strohm, T., P.l. Payne and H. Salovaara. 1996. Effect of
allelic variation of glutenin subunits and gliadins on baking
quality in the progeny of two biotypes of bread wheat cv.
Ulla. J. Cereal Sci., 24: 115-124.

Tabasum, A., N. Igbal, A. Hameed and R. Arshad. 2011.
Evaluation of Pakistani wheat germplasm for bread quality
based on allelic variation in HMW glutenin subunits. Pak.
J. Bot., 43(3): 1735-1740.

Tang, Y., W. Yang, J. Tian, J. Li and F. Chen. 2008. Effect of
HMW-GS 6 + 8 and 1.5 + 10 from synthetic hexaploid
wheat on wheat quality trait. Agri. Sci. China., 7: 1161-
1171.

Tang, Y., W. Yang, Y. Wu, C. Li, J. Li, Y. Zou, F. Chen and D.
Mares. 2010. Effect of high molecular weight glutenin
allele, Glu-B1d, from synthetic hexaploid wheat on wheat
quality parameters and dry, white Chinese noodle-making
quality. Aust. J. Agri. Res., 61: 310-320.

Van Ginkel, M. and F.C. Ogbonnaya. 2007. Novel genetic
diversity from synthetic wheats in breeding cultivars for
changing production conditions. Field Crops Res., 104: 86-
94.

Wang, L.H., G.Y. Li, RJ. Pena, X.C. Xia and Z.H. He. 2010.
Development of STS markers and establishment of
multiplex PCR for Glu-A3 alleles in common wheat
(Triticum aestivum L.). J. Cereal Sci., 51: 305-312.

Wang, L.H., X.L. Zhao, Z.H. He, W. Ma, R. Appels, R.J. Pena
and X.C. Xia. 2009. Characterization of low-molecular-
weight glutenin subunit Glu-B3 genes and development of
STS markers in common wheat (Triticum aestivum L.).
Theor. Appl. Genet., 118: 525-539.

William, M.D.H.M., R.J. Pena and A. Mujeeb-Kazi. 1993. Seed
protein and isozyme variations in Triticum tauschii
(Aegilops squarrosa). Theor. Appl. Genet., 87: 257-263.

Xiyong, C., X. Haixia, D. Zhongdong, C. Feng, Z. Kehui and C.
Dangqun. 2012. Genetic evolution and utilization of wheat
germplasm resources in Huanghuai winter wheat region of
China. Pak. J. Bot., 44(1): 281-288.

Yueming, Y., S.L.K. Hsam, Y. Jianzhong, Y. Jiang and F.J.
Zeller. 2003. Allelic variation of the HMW glutenin
subunits in Aegilops tauschii accessions detected by
sodium dodecyl sulphate (SDS-PAGE), acid
polyacrylamide gel (A-PAGE) and capillary
electrophoresis. Euphytica, 130: 377-385.

Zhang, W., M.C. Gianibelli, W. Ma, L. Rampling and K.R.
Gale. 2004: Isolation and characterization of LMW-GS
genes from different Glu-A3 alleles of bread wheat and
PCR detection. Theor. Appl. Genet., 108: 1409-1419.

(Received for publication 1 September 2012)



