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Abstract Because of its wide geographical adaptation and
importance in human nutrition, wheat is one of the most
important crops in the world. However, wheat yield has
reduced due to drought stress posing threat to sustainability
and world food security in agricultural production. The first
stage of drought tolerant variety breeding occurs on the
molecular and biochemical characterization and classifi-
cation of wheat genotypes. The aim of the present study is
characterization of widely grown bread wheat cultivars and
breeding lines for drought tolerance so as to be adapted to
different regions in Turkey. The genotypes were screened
with molecular markers for the presence of QTLs mapped
to different chromosomes. Results of the molecular studies
identified and detected 15 polymorphic SSR markers which
gave the clearest PCR bands among the control genotypes.
At the end of the research, bread wheat genotypes which
were classified for tolerance or sensitivity to drought and
the genetic similarity within control varieties were deter-
mined by molecular markers. According to SSR based
dendrogram, two main groups were obtained for drought
tolerance. At end of the molecular screening with SSR
primers, genetic similarity coefficients were obtained that
ranged from 0.14 to 0.71. The ones numbered 8 and 11
were the closest genotypes to drought tolerant cultivar
Gerek 79 and the furthest genotypes from this cultivar were
number 16 and to drought sensitive cultivar Sultan 95. The
genotypes as drought tolerance due to their SSR markers
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scores are expected to provide useful information for
drought related molecular breeding studies.
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Introduction

Global warming is a threat to world food security and lack
of rain as a result of it has severly affected food security.
The temperature increase has a direct impact on water
resources and agricultural activities, leading to more severe
drought. Plant productivity is declining because of various
climatic events that have increased or changed, and they
threaten global food security (Mickelbart et al. 2015).
When plants are exposed to abiotic stress conditions such
as drought, salinity, excessive rainfall and high tempera-
ture, this affects the development and growth of the plant
negatively and it causes metabolic and physiological
changes in the plant. Changing climate events are predicted
to cause an increase in the frequency of floods, drought and
high temperatures (Bita and Gerats 2013). In these events,
drought is the major abiotic stress factor that adversely
affects crop production and quality especially wheat. The
wheat being affected negatively from drought and climate
changes makes the situation worse (Shao et al. 2005; Kir-
igwi et al. 2007; Huseynova and Rustamova 2010). In
order to minimize effects of drought caused by the weather
changes, studies to produce drought tolerant plants should
be continued. The effect of abiotic stress on plants has
quite complex characteristics, and therefore many studies
are being conducted to gain better understanding. Despite
limitations caused by the environment in terms of poly-
genic properties, morphological markers have been used

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12298-017-0492-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12298-017-0492-1&amp;domain=pdf
https://doi.org/10.1007/s12298-017-0492-1

160

Physiol Mol Biol Plants (January—February 2018) 24(1):159-166

for breeding studies. Molecular markers overcome the
morphological and biochemical markers limitations (Gupta
et al. 1999; Dodig et al. 2010; Ates Sonmezoglu and
Balkan 2014). In order to elucidate the genotypic mecha-
nisms of drought-tolerant wild species; classical breeding
approaches, genetic engineering studies and marker tech-
nologies must be used together.

Most crops, increased in yield by conventional breeding
methods, grow under favorable conditions. For this reason
most of the varieties of crops used for agricultural pro-
duction are not tolerant to drought (Oztiirk 2015). There-
fore, it is very important that biotechnological studies
continue at a rapid speed in order to develop drought-tol-
erant plants that can adapt to local conditions, since they
have a large share in production. The first stage of drought-
tolerant variety breeding begins with research studies
focussing on various apects such as reducing the effects of
drought, molecular and biochemical characterization and
classification of wheat varieties and putting them in terms
of tolerance to drought.

Because of its wide adaptability and nutrition, wheat is
one of the most important plants in the world; however the
decrease in yield based on the drought threatens the sus-
tainability of agricultural production and world nutritional
safety. Global wheat production in the main production
areas has gradually diminished due to recurring drought
which has come as a consequence of the increase in climate
change (Li et al. 2009; Mwadzingeni et al. 2016).
According to USDA (United States Department of Agri-
culture) data for 2015-2016 (https://apps.fas.usda.gov/
psdonline/circulars/production), Turkey ranks ninth in the
world with 19, 5 million tons of wheat produced in year.
Despite of its importance in the world production, some
regions in Turkey are at the risk of drought that is caused
by the effects of global climate change.

Wheat has a large genome sizes (16.000 Mb for bread
wheat), therefore, drought tolerance is a complex and
quantitative trait controlled by multiple genes (Bernardo
2008; Huseynova and Rustamova 2010). In order to over-
come these challenges, many studies have been carried out
about the molecular mechanism of drought tolerance and
molecular breeding for drought (Rampino et al. 2006; Zhao
et al. 2008; Wei et al. 2009; Ashraf 2010; Huseynova and
Rustamova 2010; Dvorak et al. 2011; Esmail et al. 2012;
Ameen 2013; El-Rawy and Youssef 2014; Faheem et al.
2015; Dreisigacker et al. 2016). Recently, several molecular
markers and quantitative trait loci (QTLs) have been found
to be associated with genes responsible for the drought
signaling mechanism (Budak et al. 2015). Significant pro-
gress has been made in molecular identification of genes of
interest (Yildirim et al. 2013). Recent advances in molec-
ular and genomic technologies have enabled the develop-
ment of descriptive molecular markers that can be used for
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many crops and for the identification of QTLs. These
improvements have allowed for the development of crop
that is tolerant to drought conditions in future (Salvi and
Tuberosa 2015). To achieve this, numerous molecular
markers are used. Among these markers, the most
notable ones are the DNA markers which are based on the
Polymerase Chain Reaction (PCR). In genetic characteri-
zation studies of wheat; amplified fragment length poly-
morphisms (AFLP) (Barrett and Kidwell 1998), Sequence
tagged microsatellite site markers (STMSs) or generally
simple sequence repeats (SSRs) (Prasad et al. 2000) and
chloroplast-specific microsatellite markers (CPSSR) (To-
mar et al. 2013) are all used as molecular markers based on
PCR. SSR markers are frequently used for molecular
studies of wheat because it has a large number in genomes,
co-dominant type of inheritance, locus specificity, repro-
ducibility, and high informational content (Rdoder et al.
1998; Yildirim et al. 2009). Additionally, it has multiallelic
nature, chromosome specificity, high polymorphism ratio
and wide distribution throughout the wheat genome, all
these make it a suitable molecular marker for genetic
characterization studies in wheat (Huang et al. 2002; Prasad
et al. 2009; Dodig et al. 2010; Ates Sonmezoglu et al. 2010;
Yildirim et al. 2011; Bousba et al. 2012; Ates Sonmezoglu
et al. 2012). Tomar et al. (2016) made a correlation analysis
of morphological and agronomic characters in drought
stress conditions, and determined that the phylogenetic
relationship between 31 wheat genotypes through SSR
markers exists. The genetic diversity of winter and spring
bread wheat varieties in terms of tolerance to drought was
examined by phenotypic observations and simple sequence
repeats (SSR) (Dodig et al. 2010). Golabadi et al. (2011)
used microsatellite markers to identify QTLs with yield-
trait competent such as thousand grain weight and harvest
index. Faheem et al. (2015) studied D genome-based
genetic diversity research in terms of tolerance to drought
using SSR markers. In another study, Ramya et al. (2015)
reported about physiological and genetic characterization of
24 modern wheat genotypes to use in breeding studies to
examine the drought and temperature tolerance. Taking into
account the results from previous studies, it can be con-
cluded that SSR markers can be effectively used to deter-
minate drought tolerance in wheat.

The aim of this study is to examine the genetic char-
acterization of bread wheat conditions, developed in
Eskisehir Parade Belt Agricultural Research Institute for
drought tolerance in genotypes of bread wheat cultivated in
Turkey and that has adapted to different local conditions.
For this purpose, microsatellite (SSR), single nucleotide
polymorphisms (SNP), randomly amplified fragment
polymorphisms (RAPD) markers were used in molecular
screening that were developed by different researchers and
associated with tolerance to drought.
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Materials and methods
Plant materials

In this study, 10 bread wheat cultivars (Triticum aestivum
L.) and 9 breeding lines from different regions in Turkey
were used and examined by using SSR microsatellite
markers. Pedigree of the bread wheat genotypes are sum-
marized in Table 1. The bread wheat breeding lines were
provided by the Transitional Zone Agricultural Research
Institute, Eskisehir, Turkey. Additionally, Gerek 79
(drought tolerant) and Sultan 95 (recommended for irri-
gated farming lands) were used as control cultivars for
molecular characterization.

DNA isolation and PCR amplification

DNA was extracted from the young leaves of each wheat
genotype according to the method by Doyle and Doyle
(1990) with some modifications. A total of 45 SSR, SNP
and RAPD primers were pre-screened and only 15 most
polymorphic primers were applied for molecular

Table 1 Bread wheat cultivars and breeding lines were used in this
study

No Institute Variety/breeding line

1  TZARI  SULTAN 95

2  TZARI  GEREK 79

3  BDIARI KARAHAN

4  TZARI SONMEZ 2001

5  TARI KATE-1

6 TZARI  ALTAY 2000

7  FCRI BAYRAKTAR

8 TZARI HARMANKAYA 99

9  TZARI 1ZGi 2001

10 TZARI HAYMANA79/ALTAY2000

11 TZARI  GRK/CTY//MESA/3/RL6043/4*NAC/4/MNCH

12 TZARI T 98-9/VORONA/HD2402

13 TZARI  ATTILA//AGRI/NAC/3/ESKINA-8

14 TZARI SMZO01/BEZI

15 TZARI  PASTOR/DEMIR2000/MUFITBEY

16 TZARI  TRKI13 RESEL/TRAP#1/BOW/4/EKG15//
TAST/SPRW/3/2*1D800994. W/VEE/5/SOYER02

17 TZARI  CALIBASAN/MUFITBEY

18 TZARI PM MEI IRR_S-5/2*YAKAR99

19 TZARI PM MEI IRR_S-32//TMP64/YY305/3/MUFITBEY

TZARI transitional zone agricultural research institute, BDIARI Bahri
Dagdas international agricultural research institute, TARI Trakya
agricultural research institute, FCRI field crops central research
institute

characterization. The chromosomal location, annealing
temperature, primer sequences and references to SSR
markers are shown in Table 2.

PCR reactions were performed using BIO-RAD C1000
Touch Thermal Cycler in total of 30 pul mix containing
50 ng wheat DNA, 0.25 pM each primer, 0.2 uM dNTP
mix, 2 uM MgCl,, 10X PCR buffer, and 0.5 units of Taq
DNA polymerase (Thermo Fisher USA). The details of
PCR cycling reactions were as follows: 5 min at 94 °C
initial denaturation, followed by 37 cycles of 94 °C for
30 s, 50-60 °C (different annealing temperatures of pri-
mers) for 30 s, 72 °C for 45 s with a final extension step of
5 min at 72 °C and storage at 4 °C. PCR products were
separated using 2% agarose gels with ethidium bromide.
Electrophoresis was applied at 100 V constant for 4-5 h,
and a 0.5X TBE buffer was used during electrophoresis.

Statistical analysis

Polymorphisms in the amplified bands were determined by
using the Biorad ChemiDoc MP. The SSR markers were
scored as presence (1) or absence (0) of amplified bands
(Nei and Li 1979). Comparisons of genotypes for drought
tolerance were carried out using DendroUPGMA (D-
UPGMA) Analysis System software (http:/genomes.urv.
es/UPGMA). The genetic similarity and dissimilarity
coefficient among the wheat genotypes was calculated us-
ing Jaccard’s coefficient (Jaccard, 1908). SSR marker
polymorphism rates were determined using polymorphism
information content (PIC) values, which were estimated
using PICCalc program (Botstein et al. 1980; Nagy et al.
2012), and calculated according to Liu (1997).

Results and discussion

A total of 45 SSR, SNP and RAPD primers were tested and
15 polymorphic SSR primers were used in this study
(Table 2; Fig. 1). The allele numbers and allele sizes of the
primers are presented in Table 3. The number of alleles
detected by the primers ranged from 4 to 8 among the bread
wheat genotypes. The most polymorphic microsatellite
marker was Xgwm 11 with 8 alleles, followed by Xwmc
78, Xgwm 626 and Xwmc 89 and they all had 7 alleles
(Table 3). A total 88 polymorphic allele were obtained
from screening 19 bread wheat cultivars using the 15 SSR
markers with an average of 5.9 alleles per locus. The
lowest number of alleles was found in Xwmc 118 with 4
alleles. Xgwm 11 had the highest number of alleles (8
alleles) per locus and the highest PIC value (0.82). The
lowest number of alleles per locus and the PIC was cal-
culated to be 5 and 0.51 respectively in Xgwm 389.
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Table 2 Microsatellite markers used for molecular screening

SSR primer Chromosomal location Annealing temp. (°C) Primer sequences (5' — 3') References

Xgwm 11 1B 61 °C F- GGATAGTCAGACAATTCTTGTG Rader et al. (1998)
R-GTGAATTGTGTCTTGTATGCTTCC Dodig et al. (2010)

Xgwm 99 1A 50 °C F- AAGATGGACGTATGCATCACA Roder et al. (1998)
R- GCCATATTTGATGACGCATA Dodig et al. (2010)

Xgwm 108 3B 63 °C F- CGACAATGGGGTCTTAGCAT Galindo (2012)
R- TGCACACTTAAATTACATCCGC

Xgwm 186 S5A 55 °C F- GCAGAGCCTGGTTCAAAAAG Dodig et al. (2010)
R- CGCCTCTAGCGAGAGCTATG

Xgwm 337 1D 55°C F- CCTCTTCCTCCCTCACTTAGC Dodig et al. (2010)
R- TGCTAACTGGCCTTTGCC Faheem et al. (2015)

Xgwm 357 1A 54 °C F- TATGGTCAAAGTTGGACCTCG Roder et al. (1998)
R- AGGCTGCAGCTCTTCTTCAG Dodig et al. (2010)

Xgwm 389 3B 50 °C F- ATCATGTCGATCTCCTTGACG Roder et al. (1998)
R- TGCCATGCACATTAGCAGAT Dodig et al. (2010)

Xgwm 484 2D 52 °C F- ACATCGCTCTTCACAAACCC Rader et al. (1998)
R- AGTTCCGGTCATGGCTAGG Faheem et al. (2015)

Xgwm 603 TA 61 °C F-ACAAACGGTGACAATGCAAGGA Rader et al. (1998)
R-CGCCTCTCTCGTAAGCCTCAAC

Xgwm 626 6B 50 °C F- GATCTAAAATGTTATTTTCTCTC Roder et al. (1998)
R- TGACTATCAGCTAAACGTGT Dodig et al. (2010)

Xpsp 3200 6D 54 °C F- GTTCTGAAGACATTACGGATG Bryan et al. (1997)
R- GAGAATAGCTGGTTTTGTGG Dodig et al. (2010)

Xwmc 78 3B 61 °C F- AGTAAATCCTCCCTTCGGCTTC Somers et al. (2004)
R- AGCTTCTTTGCTAGTCCGTTGC

Xwmc 89 4A 55 °C F- ATGTCCACGTGCTAGGGAGGTA Somers et al. (2004)
R- TTGCCTCCCAAGACGAAATAAC Tomar et al. (2016)

Xwme 118 5B 58 °C F- AGAATTAGCCCTTGAGTTGGTC Somers et al. (2004)
R- CTCCCATCGCTAAAGATGGTAT

Xwme 304 1A 58 °C F- CGATACAAGGAAGACCAGCC Somers et al. (2004)

R- GGTTCGTCTGGTTCGCAAGT
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Fig. 1 The SSR marker profiles of bread wheat genotypes using a Xgwm 99 and b Xwmc 304 SSR primers. List of 19 wheat accessions is
present in Table 1

The polymorphism information content (PIC) values of
the analyzed microsatellite markers ranged from 51 to
82%, with average of 71%. Among the 15 SSR markers
used in this study, Xgwm 11 primer had the highest PIC
values, followed by primer Xwmc 78 at 0.79 PIC and

Xgwm 337 and Xgwm 626 SSR primers with 0.78 PIC
value. According to PIC values of each marker; the lowest
PIC value was presenting Xgwm 389 primer with 0.51 PIC.
Heterozygosity (He) rates were similar to the PIC values. It
was found that the highest He value was found in Xgwm 11
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I’fl?rlr)lltfei sl?zl:lﬁeizg;;rglf)z;ty SSR marker Major allele frequency Allele no Allele size (bp) Heterozygosity (He) PIC value
and PIC value of 15 SSR Xgwm 11 0.23 8 180-209 0.84 0.82
primers used in the research
Xgwm 99 0.29 6 120-165 0.78 0.75
Xgwm 108  0.47 5 150-170 0.68 0.64
Xgwm 186  0.58 5 105-140 0.60 0.56
Xgwm 337  0.30 6 180-210 0.80 0.78
Xgwm 357  0.37 5 120-135 0.75 0.72
Xgwm 389  0.56 5 130-145 0.58 0.51
Xgwm 484  0.31 6 155-190 0.78 0.75
Xgwm 603  0.31 6 100-130 0.78 0.75
Xgwm 626  0.26 7 100-135 0.80 0.78
Xpsp 3200  0.37 6 165-195 0.76 0.73
Xwmc 78 0.31 7 130-175 0.81 0.79
Xwme 89 0.30 7 155-205 0.80 0.77
Xwme 118 0.37 4 110-130 0.73 0.68
Xwme 304 0.42 5 200-230 0.71 0.68
Total - 88 100-230 - -
Mean 0.34 5.9 - 0.75 0.71

primer with the value of 0.84 and Xwmc 78 with the value
of 0.81 and the lowest He value was found in Xgwm 389
primer with 0.58 value. The most widely used criterion for
testing genetic variation in a population is heterozygosity.
The SSR markers used in this study indicates high
heterozygosity with an average of 0.75 He value in the
investigated wheat genotypes have wide genetic variation.

The polymorphism information content (PIC) value for
the primers used in this study, had 15 loci that were con-
sidered to be informative, since they had a PIC value
greater than 0.5. The PIC value can be used to evaluate the
level of gene variation in a plant. When the PIC value is
> (.5 the locus is considered to be of high diversity, while
if the PIC is < 0.25 the locus is considered to be of low
diversity (Botstein et al. 1980; Nagy et al. 2012; Ramadugu
et al. 2015). The mean PIC value used SSR markers in this
study was 0.71 and the range was from 0.51 to 0.82.
Therefore, all of the primers used in this study were found
to be highly informative. The results that used SSRs are
potential markers that could be used as marker to assist in
selection for drought stress tolerance by molecular plant
breeding. Moreover, the results are in agreement with those
reported by Dodig et al. (2010), Brbaklic et al. (2015),
Faheem et al. (2015), Ramya et al. (2015), and Tomar et al.
(2016), who assigned SSR markers to drought tolerance in
wheat genotypes using molecular markers. Hao et al.
(2006) suggested that the allele’s number in each locus and
the calculated PIC values of these alleles should be eval-
uated together as part of an objective assessment of genetic
diversity in genotype collections. Since PIC values corre-
lates positively with the number of alleles for all geno-
types. The number of alleles in SSR markers ranged from 8

(Xgwm 11) to 4 (Xwmc 118) with an average being 5.9 in
total 88 alleles were found (Table 3). The PIC ranged from
0.82 (Xgwm 11) to 0.64 (Xgwm 108) with a mean PIC
value being 0.71. It was determined that the primers that
had fewer alleles also had lower PIC values.

A dendrogram based on the genetic similarity values
among the genotypes was prepared using the SSR marker
information (Fig. 2). It is clearly seen from the dendrogram
that the bread wheat genotypes were divided into 2 main
groups, and these groups were then separated into several
subgroups. Group 1 consisted of 4, 5, 6, 7, 8, 9, 10, 11, 13
and 18 number genotypes and drought tolerant cultivar
Gerek 79, while group 2 included all the remaining geno-
types. According to SSR based dendrogram, two main
groups were obtained for drought tolerance (Fig. 2). The
genotypes examined in the study showed a genetic diver-
sity of 69% in terms of drought tolerance by drought-re-
lated DNA regions-specific SSR primers. At end of the
molecular screening that was done with SSR primers, a
genetic similarity coefficients were obtained that ranged
from 0.14 (9 with 17) to 0.71 (8 with 10). Number 8 and 11
were the closest genotypes to drought tolerant cultivar
Gerek 79 and the farthest genotypes of this cultivar was
number 16 and drought sensitive cultivar Sultan 95. The
closest genotypes to drought sensitive control cultivar
Sultan 95 were number 3 and 14 genotypes, while the
farthest genotypes of Sultan 95 were Gerek 79, number 8,
10 and 18 genotypes. Genotypes that were grouped in
terms of tolerance to drought and SSR markers are
expected to provide a useful information for drought rela-
ted molecular breeding studies. When the data from the
used primers was evaluated, it was determined that the
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Fig. 2 Dendrogram based on
15 SSR marker data of the bread
wheat genotypes was generated
using DendroUPGMA software.
List of 19 wheat accessions is

s
present in Table 1 R

29

10

Ny

genetic similarity coefficient between drought sensitive
cultivar Sultan 95 and Gerek 79 which is known to be
tolerant to drought, was 0.24. Therefore, marker assisted
selection via the SSR markers could be used in identifying
genotypes in terms of drought tolerant.

Conclusion

Characterizing genetic diversity, especially with respect to
important stress factors such as drought, has a great influ-
ence on increasing genetic variation for future wheat
breeding programs. Wheat genotypes exhibit different level
of drought tolerance which makes their molecular charac-
terization and classification important to develop drought-
tolerant wheat varieties. In this study, genetically charac-
terization of some bread wheat genotypes was examined
for drought stress and a wide genetic variation has been
determined between observed genotypes. In this paper, we
used 15 polymorphic SSR markers to determine drought
tolerance of bread wheat genotypes. The most polymorphic
microsatellite marker was Xgwm 11 with 8 alleles and the
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highest PIC value (0.82). According to SSR based den-
drogram, two main groups were found when it came to
drought tolerance. At end of the molecular screening with
SSR primers genetic similarity coefficients were obtained
that ranged from 0.14 to 0.71. Number 8 and 11 were the
closest genotypes to the drought tolerant cultivar Gerek 79
and the furthest genotypes from this cultivar was number
16 and drought sensitive cultivar Sultan 95. It was deter-
mined that the genetic similarity coefficient between
drought tolerant cultivar Gerek 79 and drought sensitive
cultivar Sultan 95 was 0.24. Genotypes that were grouped
in terms of their tolerance to drought and SSR markers are
expected to provide useful information for drought related
molecular breeding studies.

This study has shown that SSR markers are very useful,
reliable and useful in genetic characterization of drought
tolerance studies in bread wheat. It has been also deter-
mined that microsatellites can be successfully used for
genetic characterization, genotype identification and
drought-related genetic resources. Therefore, the SSR pri-
mers used in the study will be useful during MAS in search
of more drought-resistant wheat varieties. In conclusion,
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both the genotypes investigated and the findings of the SSR
markers used are thought to help in creating preliminary
data for future breeding studies and genetic studies on
drought.
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