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Abstract

The complex nature of drought stress is one of the key bottlenecks in wheat improvement. Besides conventional breeding
approaches for wheat improvement under water deficit conditions use of wild relatives like Aegilops tauschii (DD), as a source
of rich genetic variation has significantly triggered the process. In this study, we have assessed the D-genome based genetic
diversity in drought tolerant germplasm by using SSR markers. A total number of 178 alleles were detected on 49 loci with an
average of 3.49 alleles per locus with the highest number being of 10 alleles for marker gwm515-2D. Genetic diversity
explained by these SSR makers ranged from 4 to 67% with an average of 56.2% per marker. There were 23 SSR markers,
which revealed PIC (Polymorphism Information Content) values of more than 50% while overall the PIC values for all
markers ranged from 8 to 63.2% with an average of 48.1%. Clustering of genotypes D41, D43, D44, D50 and D51 within two
well-known drought tolerant cultivars viz. Dharwar Dry and Sitta showed the suitability of these genotypes for water deficit
areas. In conclusion, the genetic diversity present in the studied germplasm may be used in wheat breeding programs targeted

for the drought tolerance especially in arid/semi-arid (rain-fed) environments. © 2015 Friends Science Publishers
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Introduction

Drought is the most significant factor among the abiotic
stresses which limits productivity of crop plants including
wheat (Cattivelli et al., 2008). The scenario has become
worse due to prevailing climatic changes which include
global warming, uneven distribution/erratic rainfalls and
shortage of water supply for agriculture (Battisti and Naylor,
2009; Bloem et al., 2010). Periodic droughts affect half of
the world’s bread wheat (Triticum aestivum L.) production
area (Rajaram, 2001) causing substantial losses in grain
production (Aprile et al., 2009).

The complex nature of drought stress is one of the key
bottlenecks in wheat improvement. Conventional breeding
approaches has little affect because drought tolerance is a
quantitative trait and through selection high level of
heritability is needed for the improvement of yield under
such circumstances (Sohail et al., 2011). So among other
approaches for wheat improvement the use of wild relatives
as a source of rich genetic variation has significantly
triggered the process (Ashraf, 2010). Example of such a

wild relative in wheat is Aegilops tauschii, which is
homologous to the D-genome of bread wheat. This species
carries novel genetic diversity not only for biotic (Mujeeb-
Kazi et al., 2007) but also for abiotic stress tolerance
(Reynolds et al., 2007; Reynolds and Trethowan, 2007) that
has tremendous potential for wheat improvement (Jones et
al., 2013). In fact of the three genomes of wheat i.e. A, B
and D the latter possesses great homology to the D genome
of wheat as compared to the A and B genomes (Dubcovsky
and Dvorak, 2007). So to widen the genetic diversity of D-
genome the International Maize and Wheat improvement
Center (CIMMYT) exploited the core collection of Ae.
tauschii to resynthesize bread wheat termed as “synthetic
hexaploid wheat” (SH) (Mujeeb-Kazi et al., 1996).
Although SH do not possess superior good agronomic traits
like modern wheat cultivars the genetic variability of the Ae.
tauschii accessions has attracted most of the wheat breeders
searching for allelic diversity for drought tolerance (Sohail
et al., 2011). In these synthetic hexaploids, Ae. tauschii
accessions have shown good adaptation to limited supply of
water and perform well in rainfed areas. They are hence the
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potential source of genetic material for improving drought
tolerance of cultivated wheat (Baalbaki ef al., 2006) This is
the main reason that a significant number (one-third) of all
the advanced bread wheat lines developed by CIMMYT for
irrigated and low rainfall areas have SH in their pedigrees
(van Ginkel and Ogbonnaya, 2007).

Molecular techniques have also helped plant breeders
and physiologists to select genotypes with improved yield
under drought conditions (Chang-Xing et al., 2008). In this
regard the advent and development of molecular markers
have illustrated a new way of DNA fingerprinting of
genotypes and to characterize each genotype in terms of the
marker alleles at a number of locations across the genome
(Quarrie et al., 2003). Among these molecular markers,
microsatellite or simple sequence repeats (SSR’s) detect
high level of polymorphism. In hexaploid wheat, there are
some difficulties to use molecular markers due to the
presence of a high proportion of repetitive DNA, large
genome size, continuous inbreeding caused by self-
pollination and a narrow genetic base (Joshi and Nguyen,
1993) but the high level of polymorphism detected. The
ability to analyze by automated systems, high accuracy and
repeatability make SSRs suitable for large scale DNA finger
printing of wheat genotypes (Snape, 1998; Christiansen et
al., 2002). These markers are currently used to identify
those traits which might be helpful in breeding wheat
cultivars under drought conditions. Several quantitative trait
loci have been reported for drought in wheat (Kato et al.,
2000; Liviero et al., 2002; Quarrie et al., 2003; McCartney
et al., 2005; Breseghello and Sorrells, 2007; Kuchel et al.,
2007; Maccaferri et al., 2008; von Korff et al., 2008,
Mclntyre et al., 2010; Pinto et al., 2010). In these studies
more of the drought tolerance traits were reportedly located
on the A and B genomes of bread wheat. So the present
study was designed with the aim to characterize the D-
genome of the SH genetic stocks developed in CIMMYT
for drought breeding by microsatellite markers and study the
contribution of the D genome from Ae. tauschii.

Materials and Methods
Plant Material

Fifty seven wheat hexaploid lines from drought tolerant
genetic stock based on D-genome developed in CIMMYT
along with five well-known drought tolerant spring wheat
cultivars i.e. Dharwar Dry, Weebil, Sitta, Nesser and
Inquilab were used in this experiment. The seeds of above
mentioned plant material were sown in growth chamber in
the laboratory of Wheat Wide Crosses, National
Agricultural Research Center, Islamabad.

DNA Extraction and PCR Analysis

DNA was isolated from 5 g fresh leaf material of single
plants of each genotype according to the protocol described
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by Faheem et al. (2010). Forty nine SSR markers
(Supplementary material, Table 1) distributed over the
seven D genome chromosomes were used to characterize
the advanced drought tolerant lines and the two drought
tolerant cultivars viz. Dharwar Dry and Nesser. The PCR
reaction was carried out in a final volume of 25uL. The
reaction mixture contained 50-150 ng of total genomic
DNA template, 250 nM of each primer, 0.2 mM of each
dNTP, 1.5 mM MgCl,, 10X Taq buffer + KCI and 1 unit of
Taq DNA polymerase (Roder et al., 1998). The following
PCR profile was used: initial denaturation at 92°C for 3 min
followed by 45 cycles of 92°C for 1 min, 50-55-60°C
(depending on the annealing temperature of the SSRs) for 1
min, 72°C for 2 min, and a final extension step of 10 min at
72°C (Roder et al., 1998). Thermocycler “Amplitronyx 6”
was used for all amplification reactions. The PCR products
were separated on 1.5% agarose/TBE gel. Gels were
visualized by ethidium bromide under the UV light chamber
and observed using the computer program UVI PhotoMW.
To estimate the molecular weights of PCR products 1 Kbp
ladder (Fermentas) was used.

Data Analysis

For statistical analysis the presence or absence of PCR
amplified products were converted into binary data i.e. 0
and 1 respectively. Genetic distances were calculated using
un-weighted the pair group of arithmetic means (Nei and Li,
1979) procedure as: GD,, = 1-d,,/d, + dy-d,. In which GD,,
= Genetic distance between two genotypes, dy, = Total
number of common loci (bands) in two genotypes, d, =
Total number of loci (bands) in genotype 1, d, = Total
number of loci (bands) in genotype 2. Allelic polymorphism
information content (PIC) was calculated according to
following formula as described by Botstein ez al. (1980):

Polymorphism Information Content PIC = 1- X (Pij) 2

Where Pjj is the frequency of the ith pattern revealed
by the jth primer summed across all patterns revealed by the
primers. The analysis was performed using computer soft
wares MVSP V3.1 (Multi variate statistical package)
(Kovach, 2005) and Power marker V3.0 (Liu and Muse,
2005).

Results

The data obtained was used to analyze the genetic diversity
present in the drought tolerant germplasm based on the D-
genome. The summarized results of all the studied SSR’s
for gene diversity, number of alleles per locus and their
respective PIC value are presented in Table 1. Forty nine
SSR  markers, covering all the seven D-genome
chromosomes of hexaploid wheat with 3 to 11 primers per
chromosome were used to compare the 62 wheat genotypes.
Population genetic analysis showed that a total number of
178 alleles were detected on 49 loci with an average of 3.49



Genetic Diversity in Drought Tolerant Wheat Germplasm / Int. J. Agric. Biol., Vol. 17, No. 4, 2015

Table 1: Characteristics of the SSR markers and their number of alleles, gene diversity and PIC values calculated for 62
wheat genotypes

Marker AlleleNo Gene Diversity PIC Value Marker Allele No Gene Diversity PIC Value

gwm337-1D 3.00 0.571 0.480 gwm 3-3D 3.00 0.619 0.546
gwm458-1D 1.00 0.453 0.350 gwm 52-3D 5.00 0.646 0.588
gwm642-1D 3.00 0.556 0.459 gwm 71-3D 2.00 0.508 0.387
gwml106-1D 3.00 0.52 0.508 gwm 484-4D 2.00 0.568 0.474
gwm?232-1D 1.00 0.499 0.375 gwm 165-4D 5.00 0.570 0.478
gwm33-1D 6.00 0.571 0.481 gwm 194-4D 4.00 0.649 0.594
gwm?249-2D 3.00 0.556 0.460 gwm 639-5D 5.00 0.599 0.521
gwm?261-2D 1.00 0.492 0.371 gwm 271- 5D 3.00 0.571 0.480
gwm296-2D 4.00 0.648 0.592 gwm 358-5D 4.00 0.508 0.387
gwm349-2D 3.00 0.582 0.495 gwm 565 - 5D 6.00 0.674 0.632
gwm455-2D 5.00 0.552 0.453 gwm 583-5D 5.00 0.645 0.587
gwm515-2D 10.00 0.645 0.590 gwm 174- 5D 1.00 0.500 0.375
gwm539-2D 5.00 0.650 0.595 gwm 182-5D 1.00 0.481 0.365
gwml57-2D 3.00 0.624 0.556 gwm 192-5D 2.00 0.047 0.047
gwm208-2D 2.00 0.554 0.456 gwm 205-5D 5.00 0.569 0.476
gwm30-2D 4.00 0.587 0.502 gwm 212-5D 6.00 0.642 0.583
gwml02-2D 4.00 0.617 0.543 gwm 16-5D 5.00 0.668 0.623
gwm314-3D 3.00 0.543 0.439 gwm 325- 6D 1.00 0.092 0.088
gwm341-3D 3.00 0.622 0.555 gwm 469-6D 1.00 0.494 0.372
gwm383-3D 4.00 0.604 0.529 gwm 55-6D 3.00 0.629 0.563
gwm497-3D 4.00 0.538 0.431 gwm 295-7D 3.00 0.650 0.595
gwml61-3D 3.00 0.537 0.431 gwm 350-7D 6.00 0.523 0.410
gwml83-3D 4.00 0.642 0.583 gwm 428- 7D 3.00 0.571 0.480
gwm?2-3D 4.00 0.611 0.539 gwm 635-7D 4.00 0.632 0.567
gwm 111-7D 7.00 0.652 0.599
Mean 3.49 0.562 0.481
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Fig. 1: SSR marker based cluster formation of 62 wheat genotypes

alleles per locus. The number of alleles per locus ranged variability among the genotypes. The size of amplification
from 1 for gwml82-5D, gwm?232-1D, gwm261-2D, products ranged from 50 bp to 1000 bp.

gwm325-6D, gwm458-1D, gwm469-6D, gwm174-5D to 10 The genetic diversity explained by SSR makers in the
for gwm515-2D (Table 1). However many of the SSR studied germplasm ranged from 4% to 67% with an average
primers had more than 3 alleles indicating wide genetic of 56.2% per marker (Table 1). Maximum gene diversity
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(67.4%) was revealed by gwm565-5D, while gwm16-5D
also showed higher diversity of 66.8% (Table 1).
SSR markers which detected the least gene diversity were
gwml92-5D and gwm325-6D for which the gene diversity
values were 4% and 9% respectively. Twenty SSR markers
detected more than 60% gene diversity, which depicted that
a lot of the genetic variation found in the germplasm was
due to the presence of different alleles on the D-genome.
Polymorphism information content value is one of the most
reliable tools used scientifically to measure genetic diversity
by any molecular marker and to distinguish one individual
from another. The loci polymorphism can be categorized
into three main categories viz. high, medium and low
depending upon the value of PIC 0.5, 0.5>PIC>0.25 and
PIC<0.25. PIC values calculated for the studied SSR
markers ranged from 8% to 63.2% for marker gwm192-5D
and gwm565-5D respectively with an average of 48.1% per
marker (Table 1). It is noteworthy that the same markers i.e.
gwml92-5D and gwm565-5D also exhibited the minimum
and maximum gene diversity respectively, thus, proving that
the PIC values actually reflected the presence of gene
diversity. The results show that there were 23 SSR markers,
which revealed P values of more than 50%. Among these
markers  gwm515-2D, gwm296-2D, gwml94-4D,
gwm?295-7D, gwm539-2D, gwml11-7D, gwml16-5D and
gwm565-5D were very significant due to their high PIC
values (59%, 59.2%, 59.4%, 59.5%, 59.5%, 59.9%, 62.3%
and 63.2%) respectively (Table 1).

A similarity matrix based on simple matching
algorithm as described by Nei and Lei, (1979) was generated
for the 49 SSR primers by using software MVSP. The value
of the similarity co-efficient of these genotypes ranged from
0.103 (10.30%) to 0.875 (87.50%). Minimum similarity of
10.30% was shown by D5 with D40 while genotypes D34
and D35 were 87.50% related to one another which was
computed to be the maximum similarity. Cluster analysis
based on UPGMA grouped the 62 genotypes into two main
clusters named as A and B (Fig. 1). Cluster A had only four
genotypes i.e. Nesser, Weebil, Inquilab and D63. Clustering
of these cultivars in one group might be due to the similarity
of D-genome with one another and with the D63. Separation
of these cultivars from rest of the genotypes shows that the
D-genome of these cultivars was different from that of
genotypes in which different accessions of Ae. fauschii has
been used as diploid progenitors. Genotype D24 was the
most diverse in the germplasm due to its unique clustering
pattern. The remaining genotypes along with cultivar
Dharwar Dry and Sitta were clustered in cluster B. To
understand the relationship among the genotypes cluster B
was further divided into four groups. Four genotypes D38,
D32, D31 and D30 were in group-I (Fig. 1) among which
D30 and D31 were almost similar. Among these, group II
was the most significant group of cluster B. It contained two
well known drought tolerant cultivars i.e. Dharwar Dry and
Sitta and twenty four drought tolerant genotypes. Among
these genotypes D42 was found more similar to Dharwar
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Dry and D49 also had close similarity with Sitta. This may
suggest that the D-genome of these genotypes share some
common alleles like that of Dharwar Dry and Sitta which
might be involved in combating drought stress in these
genotypes. Clustering of Dharwar Dry and Sitta in this group
also suggested that some genetic differences were found in
the D-genomes of these cultivars as compared to Nesser,
Weebil and Inquilab. Similarity index among the genotypes
with that of Dharwar Dry and Sitta showed that genotypes
D41, D43, D44, D50, D51 and D52 were genetically similar
and thus were clustered in a tight linkage in group II (Fig. 1).
Fourteen genotypes D4, D5, D6, D7, D8, D13, D14, D15,
D16, D21, D23 and D29 clustered in the same group
designated as group III of cluster B. The dendrogram showed
that among these genotypes D14 and D15 are about 95%
similar based upon the D-genomic constitution. The
remaining 14 genotypes in group IV of cluster B among
which was D1 and D2 had very close genetic proximity due
to the involvement of same Ae. tauschii accession in their SH
parentage.

Discussion

Of the three genomes (A, B and D) of hexaploid wheat, the
D-genome donated by Ae. tauschii has the least diversity
(Dubcovsky and Dvorak, 2007) there by acts as a potential
barrier for its improvement. The availability of few genes
for developing drought tolerant wheat cultivars has
compelled the wheat breeders to use the genetic diversity of
wild species to achieve their goals (Sohail et al., 2011). In
this regard Ae. tauschii appeared to be the most desirable
species as many desirable genes for biotic and abiotic
resistance were found its accessions (Mujeeb-Kazi and
Hettell 1995; Zaharieva et al., 2001). Using this D-genome
diversity International center for maize and wheat
improvement (CIMMYT) resynthesized the hexaploid
wheat by crossing elite durum lines with Ae. tauschii
accessions (Mujeeb-Kazi 2003; Trethowan and Mujeeb-
Kazi, 2008). These synthetic hexaploid wheats (SHW’s)
have thus been used widely to incorporate drought tolerant
traits into modern wheat cultivar due to their good
performance under water deficit conditions. In this study we
assessed the diversity of D-genome from Ae. tauschii by
SSR markers in the background of the SH wheat. The
genetic diversity explained by SSR makers in the studied
germplasm ranged from 4% to 67% with an average of
56.2% per marker which is promising. Similarly, the
number of alleles also varied from 4 to 10 with an average
value of 3.49 alleles per locus. However there were about 23
primers which have more alleles than average value. This
suggests the presence of more than two alleles on the D-
genome for the markers studied. Sohail et al. (2011)
reported wider genetic diversity for drought in SH wheats as
compared to the corresponding accessions of Ae. tauschii
and concluded that the expression of traits in wild species
may vary in expression in SH wheats derived from them.
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PIC value which is considered as one of the most
reliable parameters to detect diversity assessed by any
marker ranged from 8% to 63.2% for 49 SSR primers. Hao
et al. (2006) also suggested that to evaluate the genetic
diversity in any germplasm the PIC value and number of
alleles per locus must be considered. Huang (2002) and Hai
et al. (2007) proved that there is positive correlation
between the number of alleles per locus and PIC value.
Bousba et al. (2012) also used the same strategy to evaluate
the genetic diversity for drought tolerance in durum wheat
and suggested the suitability of SSR makers and PIC value
for characterizing the germplasm. The value of the
similarity co-efficient of these genotypes ranged from 0.103
(10.30%) to 0.875 (87.50%). Das et al. (2007) also reported
that the similarity coefficient among drought tolerant
synthetics and conventional wheat ranged from 0.16 to 0.79.
Clustering of D41, D43, D44, D50, D51 and D52 with
Dharwar Dry and Sitta suggested the suitability of these
genotypes for arid and semi-arid areas which are mostly
affected by drought globally. Dharwar Dry is an outstanding
cultivar selected in India where it performed exceptionally
well in water stressed regions. The pedigree of this cultivar
is unknown and some scientists believe that it may be
derived from CIMMYT germplasm (Kirigwi et al., 2007).
Similarly Sitta is also one of the high yielding cultivar for
drought affected areas developed in CIMMYT and has close
proximity to the above mentioned genotypes that includes
Dharwar Dry. This proximity can be explained that there
might be some genes or quantitative trait loci associated
with drought tolerance located on the D-genome. On other
hand clustering of three other drought tolerant cultivars i.e.
Weebil, Nesser and Inquilab separately in one cluster
showed that their D-genomes were different from the
remaining genotypes offering useful potent resources for
allelic diversity.

The results of present study have elucidated that the
genetic diversity present in the studied germplasm can be
used in wheat breeding programs targeted for the drought
tolerance especially in arid and semi-arid areas.
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