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Abstract: Due to difficulty of managing of heat tolerance through conventional phenotypic selection and the
presence of several QTLs for such a polygenic trait with complex inheritance, Marker Assisted Selection (MAS)
was considered as an efficient method for screening 25 bread wheat genotypes to heat stress. Fourteen SSR
markers which were linked to some important traits including grain filling duration, HSI (Heat Susceptibility
Index) grain filling duration, HSI_single kernel weight of main spike and HSI kernel weight under heat stress
were selected from previous reports. After DNA extraction and running PCR products on 8% acrylamide gel
and PeqGOLD MoSieve Agarose MS-1000 and staining procedure, data scoring and statistical analysis were
performed. Constructed dendrogram using the Unweighted Pair-Group Method on Arithmetic mean (UPGMA)
grouped genotypes in 3 clusters. Two genotypes were laid in a same cluster. One genotype was grouped in
another cluster and the remaining 22 genotypes were laid in the third cluster. The results of field experiments
from previous reports and the results of molecular screening for heat tolerance indicated that selected markers
were able to screen bread wheat genotypes for heat tolerance.
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INTRODUCTION
The frequency of extreme events such as high
temperatures is predicted to increase in a future warmer
climate [1]. Heat stress severely restricts plant growth and
productivity and is classified as one of the major abiotic
adversities for many crops [2, 3, 4] particularly when it
occurs during reproductive stages, which may lead to
substantial yield loss in wheat [5]. The rising temperatures
of the late phases of wheat development and particularly,
from the beginning of heading and after anthesis, should
be considered as an important factor limiting yield [6, 7, 8]
in U.S. Southern Great Plains, Australia as well as many
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wheat-growing regions in China, India, the Middle East,
Africa, some European countries and Iran. Heat stress at
the time of anthesis until ripeness, reduces grain yield
significantly. Gibson and Pulson [9] reported that heat
stress (35°C) that began 10 days after anthesis and
continued until ripeness, caused a reduction by 78% in
grain yield and 63% in kernel number. Besides, it
decreased the kernel weight by 29%. But heat stress that
began 15 days after anthesis and continued until complete
ripeness caused no effect on kernel number but a decease
of 18% on kernel weight. Wardlaw et al. [10] reported that
a global reduction in crops production of about 3-4 %
occurs when the mean temperature increases by 1°C
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above optimum. Although a variety of wheat cultivars
that show improved yield stability under heat stress have
been identified, [5, 11] the quantitative nature of heat
tolerance and unpredictability of heat stress in the field
makes it particularly difficult for breeders to effectively
select for the trait. Due to difficulty of managing of heat
tolerance through conventional phenotypic selection and
the presence of several QTLs for a single target trait with
complex inheritance, the selection of target traits can be
achieved indirectly using molecular markers that are
closely linked to underlying genes or that have been
developed from the actual gene sequences. Theoreticalbased simulation studies suggest that the effectiveness
of marker-assisted selection (MAS) for polygenic traits
can be greater than traditional trait-based selection
[12, 13, 14, 15a, 15b]. In general, these studies agree that
MAS efficiency is enhanced when markers are tightly
linked (<5.0 cM) to quantitative trait loci (QTL), selection
is performed in early generations prior to recombination
between markers and QTL, large populations are used
and selection is practiced on traits with low heritability.
There are many markers along with the chromosomal
location of the target genes reported from different
scientists, currently in use for MAS applications in wheat
at CIMMYT: High protein [16], Flour color [17], Grain
hardness [18], Dough strength [19], Swelling volume [20],
Fusarium head blight [21], Durable leaf and brown rust
[22], stem rust [23, 24], Barley yellow dwarf [25], Crown rot
[26], Resistance to Heterodera avenae [27a, 27b] and
Boron tolerance [28]. Although a number of different
marker systems are being used in genetic characterization
of traits [29, 30], PCR based markers such as
microsatellites (SSR) are the most popular in marker
implementation due to their often codominant inheritance
and their robustness, defined by repeatability and
reliability as a PCR based marker system [31].
Accordingly, the aim of this study is to use Marker
Assisted Selection for screening 25 bread wheat
genotypes (including some cultivars and promising lines)
for late seasonal heat tolerance.
MATERIALS AND MTHODS
Plant materials and DNA Isolation: Twenty five bread
wheat genotypes including some common cultivars
for cultivation in southern Iran w ith specific climate
(late seasonal heat stress) along with some new

promising lines for this climate were selected for the
study. The seeds were provided by the Research Centre
of Agricultural and Natural resources of Khuzestan-Iran.
Total genomic DNA was extracted from fresh leaf material
by appropriate modifications of the method described by
Dallaporta et al. [32]. The quantity and quality of DNA
were evaluated by spectrophotometery and 0.8% Agarose
gel respectively.
Molecular Markers: Fourteen SSR markers (Table 1)
were selected from previous reports [11, 33, 34]. These
QTLs were adjacent to some important traits mainly grain
filling duration, HSI1 (Heat Susceptibility Index) grain
filling duration, HSI_single kernel weight of main spike
and HSI kernel weight under heat stress.
PCR Amplification and Running Conditions: PCR
amplification was performed in a 25-µl reaction volume
containing the following components: 20 ng of template
DNA, 200 µM of each of the four dNTPs, 1X Taq
polymerase buffer, 1 unit Taq polymerase, 2 mM MgCl2
and 0.25 µM of each of the two primers. All PCR
components except for primers (Metabion-Germany) were
provided by Fermentas Company. Amplifications were
performed in a BioRad thermocycler programmed for
40 cycles. The amplification cycles followed by a Touch
down PCR protocol recommended by the manufacturer to
enhance the specificity of the initial primer-template
duplex formation. At the beginning of the cycling stage,
the annealing temperature was set 12°C above the Tm of
the primers. In subsequent cycles the temperature was
decreased 1°C per cycle (for 30 seconds) until it reached
to annealing temperature (2 to 5°C below Tm). The
remaining cycles were run on annealing temperature of
the primers. The denaturation and extension were at
94°C for 30 seconds and 72°C for 1 minute respectively.
After a pre-run of the gel (8%-denaturing) for an hour
(until the temperature of the buffer reached at 60°C), 5 µl
of the amplification products was mixed with an equal
volume of formamide loading buffer (10 mM NaOH, 95 %
Formamide, 0.05 % Bromophenol Blue, 0.05 % Xylene
Cyanol) and was denatured for 2 min at 92°C in the
thermocycler and placed on ice before being applied to
the gel in TBE buffer [35]. The running conditions was
350-400V until the temperature was kept at 55°C [36].
In addition to acrylamide gel, PeqGOLD MoSieve Agarose
MS-1000 - special agarose for separating small nucleic

HSI = (1 - Xh/X)/(1 - Yh/Y), where Xh and X are the phenotypic means for each genotype under heat stressed and control
conditions, respectively and Yh and Y are the phenotypic means for all lines under heat stressed and control conditions, respectively.
1
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Table 1: Characteristics of fourteen en SSR markers for Marker Assisted Selection of 25 bread wheat genotypes for heat tolerance.
Marker name

Reverse Primer

Forward Primer

QTL for

gwm11

Chromosome number
1B

GTGAATTGTGTCTTGTATGCTTCC

GGATAGTCAGACAATTCTTGTG

Grain-filling duration

Reported by
[11]

Xcfd43

2D

CCAAAAACATGGTTAAAGGGG

AACAAAAGTCGGTGCAGTCC

Grain-filling duration

[33]

Xgwm356

2A

CCAATCAGCCTGCAACAAC

AGCGTTCTTGGGAATTAGAGA

HSI_single kernel weight of main spike

[33]

Xbarc137

1B

CCAGCCCCTCTACACATTTT

GGCCCATTTCCCACTTTCCA

Grain-filling duration

[33]

Gwm484

2D

AGTTCCGGTCATGGCTAGG

ACATCGCTCTTCACAAACCC

Grain-filling duration

[34]

Gwm293

5A

TCGCCATCACTCGTTCAAG

TACTGGTTCACATTGGTGCG

Grain-filling duration

[11]

gwm291

5A

AATGGTATCTATTCCGACCCG

CATCCCTAGGCCACTCTGC

HSI kernel weight

[33]

Gwm325

6D

TTTTTACGCGTCAACGACG

TTTCTTCTGTCGTTCTCTTCCC

HSI grain filling duration HSI kernel weight

[33]

Xgwm294

2A

GCAGAGTGATCAATGCCAGA

GGATTGGAGTTAAGAGAGAACCG

HSI_single kernel weight of main spike

[33]

Gwm268

1B

TTATGTGATTGCGTACGTACCC

AGGGGATATGTTGTCACTCCA

HSI kernel weight

[33]

Xwmc407

2A

CATATTTCCAAATCCCCAACTC

GGTAATTCTAGGCTGACATATGCTC

Grain-filling duration

[33]

HSI grain filling duration HSI kernel number
Xcfa2129

1A

ATCGCTCACTCACTATCGGG

GTTGCACGACCTACAAAGCA

HSI kernel number HSI single kernel weight

[33]

HSI_single kernel weight of main spike
Xgwm111.2

2B

ACCTGATCAGATCCCCATCG

TCTGTAGGCTCTCTCCGACTG

HSI kernel weight HSI kernel number

[33]

HSI_kernel number of main spike
WMC527

3B

GCTACAGAAAACCGGAGCCTAT

ACCCAAGATTGGTGGCAGAA

HSI_kernel weight of main spike

[33]

HSI kernel weight

acid fragments between 50 bp and 2000 bp and high gel
strength for easy handling- (Peq Lab -Germany) was
utilized to identify fragments of PCR products. With the
concentration of 3.5% an appropriate separation of
different fragment of PCR products with a size range of
20 to 2000 bp can be done easily.

(UPGMA). For the dendrogram, the cophenetic
coefficients between the matrix of genetic similarities
and the matrix of cophenetic values were computed and
the significance of cophenetic correlation was tested
using Mantel matrix correspondence test [40].

Staining Procedure: The method described by
Sanguinetti et al. [37] was slightly modified, with altered
time for improved detection.
After electrophoresis, gels were submerged in a
fixative solution containing 10% ethanol and 0.5% acetic
acid, at room temperature (RT) for 20 minutes. The gels
were then transferred to the 0.2% AgNO3 (analytical
grade) for 30 minutes at room temperature. After a brief
rinse with distilled water to eliminate the excess of silver
ions, gels were developed in 3% NaOH containing 37%
formaldehyde (5 ml/L) until bands became visible (brown).
For Agarose gel staining, the gel was stained with EtBr
after electrophoresis and the photograph of the gel was
taken by a transluminator UVP. All staining chemicals
were provided by Merck Company.
Data Scoring and Statistical Analysis: Detected Bands
were coded in binary by giving character state (1) or (0)
for presence or absence of bands in each genotype
for subsequent statistical analysis. The generated data
matrix was subjected to statistical analyses using
NTSYS-pc version 2.0 software [38]. Genetic similarities
were calculated using Dice similarity index as in Nei and
Li [39] Dendrogram showing genetic relationships of
the 25 genotypes were constructed
using
the
unweighted pair-group method on arithmetic averages

RESULTS AND DISCUSSION
The selection of these fourteen SSR markers for
screening of mentioned genotypes is mostly based
on QTLs of mapping each yield component as a separate
HSI. Although previous QTL studies have used a
susceptibility index for measuring flooding tolerance in
soybean [41] and drought tolerance in both hexaploid
wheat [42] and durum wheat [43] but the approach of
mapping each yield component as a separate HSI is
unique and allows for the identification of QTL affecting
single traits that would collectively contribute to overall
yield stability and heat tolerance [33]. In view of this
fact that heat shock comes above 15 days after
anthesis, therefore it has no effect on kernel number but
a considerable decrease in kernel weight. Accordingly the
markers which were selected for this study had the
highest influence on HSI_kernel weight of main spike,
HSI_single kernel weight of main spike, Grain-filling
duration and HSI grain filling duration. Considering that
lower grain weight and altered grain quality result from
heat stress during grain- filling [44], therefore some of the
markers selected for this study were those with close
proximity to this trait. Moreover grain filling duration
has been widely used as a measurement of heat tolerance
[45, 11, 34]. All 14 primers utilized for this study were
polymorphic indicating their ability to assess mentioned
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Fig. 1-4: Some gel photographs for the PCR products of using different markers and a 50 bp ladder for 25 bread wheat
genotypes for screening to heat tolerance
bread wheat genotypes. Figures 1 to 4 show some
photographs of the gels after staining by Silver nitrate
and EtBr. In this study, a total of 75 alleles were detected
among twenty five genotypes (Table 2). The highest
belonged to marker gwm11 and Gwm293 with 9 alleles and
the lowest belonged to marker Gwm268 with 2 alleles.
It should be noted that multiple allelism is very common
in SSR markers and they are able to produce different
alleles in one locus [46]. This reveals significant
differences in allelic diversity among various microsatellite
loci.

Many studies have reported remarkable differences
in allelic diversity among various microsatellite loci
[47, 48, 49, 50]. The average of produced alleles for all loci
in this study was 5.4. There are different reports for
obtaining different alleles of using SSR markers to study
genetic variation among different wheat cultivars and
lines. While Fahima et al. [51] reported an average of
10 alleles per locus on some wild wheat accessions,
Zeb et al. [52] reported an average of 5.2 alleles per
cultivar. Besides Salem et al. [53] reported an average of
3.2 alleles from 7 wheat cultivars. These allelic variations
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Table 2: Number of produced alleles with fragment sizes of the alleles in 14
SSR markers for Marker Assisted Selection of 25 wheat genotypes
for heat tolerance
Marker

Number of produced allels

Fragment size(bp)

gwm11

9

30-70

Xcfd43

8

80-190

Xgwm356

3

30-180

Xbarc137

8

40-300

Gwm484

6

35-150

Gwm293

9

40-350

gwm291

8

40-200

Gwm325

3

40-100

Xgwm294

5

40-180

Gwm268

2

30-50

Xwmc407

4

50-110

Xcfa2129

3

30-50

Xgwm111.2

3

30-50

wmc527

4

35-50

in different studies is mostly attributed to the kind of
wheat genotypes for the mentioned studies. Considerable
amount of natural out crossing that occurs in wild wheat
accessions and also the landraces which are selected from
local germplasm have a wide range of diversity and thus
will result in higher alleles [53]. However cultivars which
are product of repeated inbreeding, would have lower
alleles than both of wild genotypes or landraces. Among
25 genotypes selected for this study, 11 genotypes were
lines with repeated inbreeding which resulted in
producing lower alleles in comparison with remaining
genotypes. The size of the detected alleles produced from
using the SSR primer sets ranged from 30 to 350 bp,
(Table 2) which reflects not a large difference in the
number of repeats between different alleles. While Salem
et al. [53] obtained an allelic size range between 77 to 266
bp on using 15 microsatellite markers on some wheat
genotypes, Moghaieb et al. [54] reported an allelic size
range between 82 to 1620 bp on using SSR markers
associated with salt tolerance in Egyptian wheats. It
should be noted that SSR markers not only can show
different allelic variations in the same species but also
they are able to assess even monoallelic differences in
subspecies specifically [46].
The cophenetic correlation coefficient between the
dendrogram and the original distance matrix was 0.71 and
significant. Based on the formulae ( n / 2) the SSR based
dendrogram grouped the investigated genotypes into
three main clusters (Figure 5). Arvand and Virinak were
grouped in the first cluster. Bayat was laid in a separated

Fig. 5: The dendrogram of the cluster analysis (UPGMA)
of 25 bread wheat genotypes using 14 SSR
markers for screening to heat tolerance
group in the second cluster and the remaining genotypes
were grouped in the third cluster. Arvand and Virinak
have been proved to be highly tolerant to heat stress from
a previous field study [55] and our results were in accord
with their results. It should be noted that Arvand and
Virinak are 2 cultivars which have been breeded for warm
regions of Iran and have been adapted to this climate for
a long time. Bayat has also been introduced as a highly
tolerant wheat cultivar to heat stress and it was grouped
in a separated cluster. Bayat has also passed its breeding
period for cultivation in the southern Iran with warm
climate. The reason for not grouping Bayat with Arvand
and virinak in the same cluster could be that presumably
different alleles of thermo-tolerant genes have been
produced and these alleles laid Bayat in a different cluster.
Naghavi et al. [46] also reported different allelic
variations in the same species and even monoallelic
differences in subspecies. Among remaining genotypes
which have been grouped in another cluster (third cluster)
there were Chamran and Atrak which are highly tolerant
known wheat cultivars. But surprisingly, they were
grouped with some sensitive cultivars and lines in the
third cluster. The reason could be that Arvand and Bayat
are two late- mature cultivars. Virinak, is an early mature
but a late planting cultivar which can tolerate heat stress
in the late season with the minimum losing yield. It seems
that these three cultivars have the genes with the real
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tolerance mechanism (a physiologic heat tolerance due to
heat tolerance genes) to heat stress. Hence it is concluded
that selected markers have been able to flank to these
genes and produced specific alleles which were effective
in putting them in different clusters. But Chamran and
Atrak are not late mature cultivars. They have no
mechanisms for heat tolerance (no physiologic heat
tolerance) but have an escape mechanism for heat
tolerance. A previous field data on yield of these two
cultivars confirms these results [55]. They reported a
significant decrease in the yield of these two cultivars
when they were cultivated in the late season (2 to 3
months after on time cultivation), in comparison with
Arvand, Virinak and Bayat. Among all genotypes which
have been clustered in the third cluster, 8 cultivars
(Shole, Chenab, Inia, Hamoon, Roshan, Darab, Star,
Bolani) have been proved to be highly or partially
sensitive to heat tolerance from a previous field study
[55]. Besides S-85-19 has been proved to have a
considerable adaptation and stability for yield in warm
climatic conditions [56]. But the results of this
dendrogram have grouped it in to the sensitive cluster.
Although this line has a good adaptation and stability for
yield in warm conditions but it seems that selected
markers were not able to link to genes which are
responsible for mentioned traits (Grain-filling duration,
HSI Grain-filling duration, HSI_single kernel weight of
main spike and HSI kernel weight) for heat tolerance in
this line. Besides, some studies have introduced cultivar
Falat as a tolerant cultivar and some reports have
introduced this cultivar as a sensitive genotype [55].
Our dendrogram has introduced this cultivar as a
sensitive cultivar. Accordingly selected markers were not
able to produce any specific alleles to put this cultivar to
the tolerant cluster.
The reason for these differences is that the stresses
and specifically heat stress is a regional problem. In some
areas it shocks the plant for just a few hours and in some
areas the effect is a lot longer than a shock and the
temperature may increase gradually and continuously
during the reproductive stage until ripeness. Besides in
some areas heat stress comes at the vegetative stage and
in some areas it comes at the reproductive stage. Facing
the high temperature at the beginning of anthesis or 10 to
15 days after that will also have different effects on yield
of a same wheat genotype. Therefore the results of
different studies on evaluating of this cultivar for heat
resistance in different areas of the world is different. The
remaining promising lines including SS-83-3, SD-84-10,
SS-85-20, SD-84-12, SS-81-14, S-85-11, S-85-14, S-80-18 S-

84-10 and SD-84-9 which have been clustered in sensitive
group have not been studied for heat tolerance previously
and there were no reliable field data for their tolerance to
heat stress.
CONCLUSION
Although there have been numerous QTL mapping
studies for a wide range of traits in diverse crop species,
relatively few markers have actually been implemented in
plant breeding programs [57]. The main reason for this
lack of adoption is that the markers used have not been
reliable in predicting the desired phenotype. In many
cases, this would be attributable to a low accuracy of QTL
mapping studies or inadequate validation [17, 57].
However, Young [57] emphasized that scientists must
realize the necessity of using larger population sizes,
more accurate phenotypic data, different genetic
backgrounds and independent verification, in order to
develop reliable markers for MAS. Although in this study
Selected markers were almost able to make a good
screening of selected genotypes but to make sure that the
results of marker assisted selection is reliable and
validated, a field screening of mentioned genotype for
heat tolerance is recommended. Among 25 bread wheat
cultivars and lines 15 genotypes had been evaluated
previously for heat tolerance in different field experiments.
Except for S-85-19 the results of molecular screening
grouped remaining 14 genotypes correctly with the lack or
having the mechanism of heat tolerance (due to heat
tolerance genes and not escape). These results indicate
that selected markers have a sufficient efficiency for
screening genotypes to heat stress. The remaining 10
genotypes (all were promising lines) had not been
evaluated previously for heat tolerance in any field
experiments. Hence a field experiment in a compound
analysis for more than 2 years is recommended
strongly to validate the results of the molecular
screening more precisely. Moreover by using more
flanking markers from reliable QTL mapping
(high-resolution mapping, validation of markers) studies,
the results will be more accurate. Since a reduction of
grain weight is more important than kernel number
for the yield lose in southern Iran (heat stress comes 10 to
15 days after anthesis and continues until ripeness),
therefore selected markers are linked to traits mostly
related to grain weight. Accordingly, it would be
recommended to use these markers in the regions with the
same climate to have an acceptable molecular screening
for heat tolerance.
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