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Abstract: Mutations induced artificially way are one of the tools used to increase genetic variation in populations where genetic
variation has been shrinking especially due to various reasons one of which is domestication. In this study, Simple Sequence
Repeats (SSRs) markers were used to screen genetic diversity in sodium azide (NaNs) induced fourteen fourth-generation
advanced wheat mutant lines. The mean values of polymorphism rate (29.44%), polymorphic information content (PIC; 0.82),
marker index (MI; 1.95) and resolving power (Rp; 1.31) were calculated according to SSR marker profiles. Two SSRs,
Xwmcl170 and Xcfd6, were detected as the most polymorphic markers, Xgwm626 proved the highest PIC and M1 values, and
Xcfd6 gave the highest Rp value. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) dendrogram classified 15
plants into four groups. The Principle Component Analysis (PCA) showed 88.9% of the total genetic variation. The results
obtained in the present study might be useful for determining the efficiency of NaNs for creating mutant wheat lines with
enough genetic variability to implement wheat-breeding programs as germplasm resources.
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Ozet: Yapay yolla indiiklenen mutasyonlar, genetik varyasyonun &zellikle 1slah gibi cesitli nedenlerden dolay1 kiigiildiigii
popiilasyonlarda, ¢esitliligi arttiran araglardan biridir. Bu ¢alismada, sodyum azid (NaNs) kullanilarak indiiklenen on dort
dordiincii jenerasyon ileri mutant bugday hatlarinda, genetik ¢esitliligi taramak i¢in Basit Dizi Tekrarlar1 (SSR) belirtecleri
kullanildi. SSR belirteg profillerine gére ortalama polimorfizm orani (% 29,44), polimorfik bilgi igerigi (PIC; 0,82), belirteg
indeksi (MI; 1,95) ve belirte¢ ¢oziiniirliik giicii (Rp; 1,31) hesaplandi. iki SSR belirteci, Xwmc170 ve Xcfd6, en yiiksek
polimorfizm oranina sahip belirtegler olarak tespit edildi. Xgwm626 en yiiksek PIC ve Mi degerlerini, Xcfd6 de en yiiksek Rp
degerini verdi. Agirliksiz Cift-Grup Yontemi ile Aritmetik Ortalama (UPGMA) dendrogrami 15 bitkiyi dort gruba ayirdi.
Temel Bilesenler Analizi (PCA) toplam genetik varyasyonun % 88,9'unu gosterdi. Bu ¢alisma, bugday 1slah programlarinda
genetik kaynak olarak kullanilmak iizere yeterli genetik ¢esitlilige sahip mutant bugday hatlarini olusturmak i¢in sodyum azitin
etkinliginin gdsterilmesi hususunda yararli olabilir.

Introduction

Wheat (Triticum aestivum L.) is one of the most
important staple crops contributing substantially to food
and nutritional security. Production and productivity of
wheat are affected by several abiotic and biotic stress
factors (Shewry 2009). Although some measures are
taken to protect plant production and productivity against
these stress factors, the ultimate solution is to develop
novel lines, which are tolerant/resistant to these factors. In
addition to the abiotic and biotic stress factors, loss of
genetic diversity duo to monoculture farming or
domestication is one of the distinct disadvantages, which
put long-term yield production potential at risk. Grain
yield is an important trait as it is considered as a measure
of economic productivity in wheat. However, yield and its
component traits are polygenic traits with low inheritance
(Abdipour et al. 2016). On the other hand, induced genetic

variability with mutation techniques brings about
heritable changes in plants and offer new genetic varieties
resistant to effects of climate change and tolerant to
environmental  stresses  (www.iaea.org/topics/plant-
breeding) or germplasm recourses to implement breeding
programs. Chemical mutagens, like sodium azide (NaNs)
are frequently used in studies based on induced mutations
(Al-Qurainy & Khan 2009). Sodium-azide generally
induces mutation bias on AT—GC base pair substitutions
resulting in amino acid changes which in turn change the
function of proteins and alter phenotypes (Olsen et al.
1993). Wannajindaporn et al. (2014) reported that 28
Dendrobium mutants were generated after exposure to
NaNs under in vitro conditions.
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DNA based molecular markers can be used to
investigate the effects of mutagens. Among the molecular
markers, microsatellites or SSRs are multiallelic,
chromosome-specific,  evenly  distributed  along
chromosomes, and have been developed and widely used
for studies of wheat genetic diversity (Mason 2015) and
genetic mapping, such as association to salt tolerance in
Triticum species (Genc et al. 2010, Xu et al. 2013,
Sardouie-Nasab et al. 2013, Ghaedrahmati et al. 2014,
Turki et al. 2015).

The aim of the present study was to identify genetic
diversity in fourteen-fourth generation candidate wheat
mutants induced with NaNsz application with SSR
markers.  Polymorphism rate (%), polymorphic
information content (PIC), marker index (MI), and
resolving power (Rp) were used to calculate according to
SSR markers profile and the genetic distance among the
candidate mutants was assessed by Principle Component
Analysis (PCA) plots and Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) dendrograms.

Materials and Methods

Materials

Fourteen fourth generations advanced wheat mutant
lines were used to screen genetic diversity via SSR
markers. The cultivar used was the bread wheat cultivar
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Adana 99 (Triticum aestivum L. cv.) and was obtained
from the Eastern Mediterranean Agricultural Institute in
Adana, Turkey. To obtain the mutant lines,
two different concentrations (3 and 4 mM) of NaNs (pH
3.5) were applied under in vitro conditions to embryonic
calli for 30 minutes in vitro conditions to induce genetic
variations on the genome. Treated and non-treated
embryonic calli were screened for salinity tolerance by
putting 125 mM NaCl in indirect regeneration media.
Then, the mutant lines were segregated up to fourth
generation by combining in vitro and in vivo NaCl
screening techniques. The treatment concentrations of
NaN3; and NaCl were determined according to the results
of preliminary experiments (Sen and Sarsu unpublished
results).

Genetic variability analysis
DNA isolation

Frozen leaf bulks mixed from five plants from each
mutant line (500 mg) were ground in a mortar and pestle
with liquid nitrogen. The isolation of the genomic DNA
was performed with the CTAB method (Doyle & Doyle
1990). The quality and quantity of the purified genomic
DNA were estimated with spectrophotometry and gel
electrophoresis. Each sample was diluted to 25 nguL* in
TE buffer and stored at 4°C.

Table 1. SSR primers, localized chromosome, total number of alleles, polymorphic alleles, polymorphism ratios, PIC, Ml and Rp.

Primer Localized Total Number of  Polymorphic Polymorphism
MY Name Chromosomes alleles alleles rate (%) e il R
1 Xubc853b? 1B 3 1 33.33 0.50 050 0.93
2 Xgwm10° 2A 9 3 33.33 1.17 351 1.60
3 Xwmc261° 2A 6 3 50.00 1.03 3.09 147
A A 2A 8 2 25.00 094 18 133
5 Xfca2121bP 2A 8 2 25.00 0.94 1.88 1.33
6 Xwmc296° 2A 5 2 40.00 0.55 110 0.67
7 Xgwm515° 2A 9 3 33.33 0.83 249 133
8 Xgwm9sP 2A 8 2 25.00 0.94 188 1.33
9 Xwmc170 2A 5 3 60.00 1.26 3.78 2.04
10  Xwmc445d? 2B 4 2 50.00 0.80 1.60 1.20
11 Xwmcl1P 3A 5 1 20.00 0.50 050 0.93
12 Xgwm403° 3A 8 0 0.00 0.00 0.00 0.00
13 Xgwm6? 3D 7 3 42.86 1.26 378 1.73
14  Xgwm5382 4B 9 2 22.22 0.82 1.64 1.33
15  Xwmc413? 4B 7 2 28.57 0.55 110 0.67
16 Xgwm194® 4B 6 2 33.33 0.69 1.38 0.80
17 Xgwm624° 4D 8 0 0.00 0.00 0.00 0.00
18  Xgwmb404 4D 9 3 33.33 0.76 228 1.07
19  Xcfd080® 5B 8 2 25.00 0.96 1.92 1.60
20  Xgwmé626¢ 5D 6 3 50.00 1.40 420 1.86
21 Xgwmgsd 5D 7 2 28.57 0.96 1.92 1.60
22 Xwmc416° 6A 4 1 25.00 0.50 050 1.07
23 Xwmc83? 6B 10 2 20.00 0.98 196 1.73
24 Xgwm4e 6B 8 3 37.50 0.92 276 173
25  Xcfd6® 6D 5 3 60.00 1.32 396 3.86
26 Xubc853pb? TA 9 2 22.22 0.80 160 1.20
27  XgwmlQb TA 12 3 25.00 0.94 282 133
28  Xwmc261P 7A 4 1 25.00 0.50 050 1.07
Total 197 58 - - - -
Mean 7.04 2.07 29.44 0.82 1.95 131

2 (Xu et al. 2013), ®(Sardouie-Nasab et al. 2013), *(Turki et al. 2015), 9(Ghaedrahmati et al. 2014), ¥(Genc et al. 2010).
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PCR Amplification

Genomic diversity was analyzed through 28 SSR
markers previously determined to be related with salt
tolerance (Table 1). In SSR analysis, the reaction mixture,
25 pL in total, consisted of 400nmol of forward and
reverse SSR primers, 0.2mM of each nucleotide, 2.5 mM
MgCl,, 10x Polymerase Chain Reaction (PCR) buffer, 1
unit of Tag-DNA polymerase, and 75 ng of genomic
DNA. The PCR conditions, separation of the amplified
fragments on 2.5% agarose gel electrophoresis and gel
staining were carried out following Shahzad et al. (2012).

Data analyses

Comparison of mutants was carried out based on the
presence or absence of fragments produced by SSR
primer amplifications. The Multivariate Statistical
Package v3.1 (Kovach 1999) was used to estimate the
genetic diversity with Nei and Li’s similarity coefficients
to construct a UPGMA dendrogram with a neighbor-
joining algorithm (Nei & Li 1979) and control and mutant
scores were plotted with a PCA from a matrix according

to Nei and Li’s (1979) genetic similarity. Dissimilarity
(D) matrices were based on the equation D=1-S, where S
is genetic similarity. PIC, MI, and Rp were calculated
according to Anderson et al. (1993), Powell et al. (1996),
and Prevost & Wilkinson (1999), respectively.

Results

SSR based diversity in wheat mutants

The PCR analysis showed that a total of 197 alleles
were amplified and 58 of these were polymorphic
(29.44%). The number of alleles per locus ranged from 3
(Xubc853b) to 12 (Xgwml0) with an average of 7.04
alleles per locus (Table 1).

The mean values of PIC, MI, and Rp were detected as
a0.82, 1.95, and 1.31, respectively. The highest PIC and
MI values were obtained with the primer Xgwm626 and
the highest Rp value was obtained with the primer Xcfd6.
Most of the PIC values were recorded above 0.5, indicating
that they were informative and useful (Table 1).
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Fig. 1. UPGMA dendrogram of SSR data using Nei and Li’s coefficient (a) and PCA plot of SSR data (b) showing relationships

between the control and the mutant lines.
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Table 2. The genetic distances between the control and the mutant lines based on Nei and Li’s coefficient using banding patterns of SSR primers.

Experimental Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99- Adn99-

Control

Groups 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Control 0.000
Adn99-1 0.174 0.000
Adn99-2 0.255 0.236 0.000
Adn99-3 0.223 0.189 0.113 0.000
Adn99-4 0.149 0.179 0.274 0.228 0.000
Adn99-5 0.152 0.183 0.264 0.200 0.142 0.000
Adn99-6 0.168 0.150 0.248 0.216 0.142 0.161 0.000
Adn99-7 0.197 0.148 0.274 0.243 0.139 0.174 0.125 0.000
Adn99-8 0.198 0.116 0.213 0.182 0.124 0.175 0.143 0.107 0.000
Adn99-9 0.181 0.098 0.227 0.164 0.106 0.158 0.125 0.089 0.019 0.000
Adn99-10 0.216 0.117 0.231 0.167 0.142 0.193 0.161 0.125 0.056 0.037 0.000
Adn99-11 0.284 0.189 0.223 0.173 0.212 0.263 0.232 0.196 0.131 0.112 0.096 0.000
Adn99-12 0.203 0.123 0.250 0.187 0.114 0.149 0.133 0.097 0.046 0.028 0.064 0.138 0.000
Adn99-13 0.231 0.169 0.308 0.248 0.176 0.240 0.210 0.192 0.130 0.113 0.132 0.202 0.137 0.000

Adn99-14 0.210 0.147 0.257 0.211 0.122 0.188 0.157 0.122 0.055 0.054 0.073 0.145 0.062 0.112 0.000
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Table 3. Eigenvectors, eigenvalues, and percentage of variance for six principal components based on SSR data from the control and

the mutant lines.

Eigenvectors

Genotype PC1 PC 2 PC3 PC4 PC5 PC 6
Control 0.185 0.062 -0.498 -0.127 -0.313 0.133
Adn99-1 0.215 -0.055 0.013 -0.563 0.059 -0.065
Adn99-2 0.263 0.437 0.074 0.092 0.123 0.377
Adn99-3 0.261 0.346 0.100 0.071 -0.085 -0.394
Adn99-4 0.200 -0.201 -0.229 0.366 -0.025 -0.005
Adn99-5 0.198 -0.011 -0.295 0.093 0.243 -0.513
Adn99-6 0.216 -0.094 -0.176 -0.052 0.420 0.106
Adn99-7 0.194 -0.211 -0.025 -0.016 0.435 0.174
Adn99-8 0.248 -0.178 0.143 0.019 0.007 0.139
Adn99-9 0.249 -0.199 0.121 -0.005 -0.024 -0.011
Adn99-10 0253 -0.170 0.201 -0.019 -0.114 -0.041
Adn99-11 0.249 -0.037 0.323 0.085 -0.170 -0.033
Adn99-12 0.225 -0.216 0.119 0.060 0.111 -0.091
Adn99-13 0.143 -0.184 0.174 -0.033 -0.512 0.106
Adn99-14 0.204 -0.220 0.157 0.120 -0.091 0.124
Eigen-values 1.883 0.349 0.286 0.157 0.109 0.096
Percentage 58.137 10.765 8.882 4.851 3.386 2.956
Cumulative % 58.137 68.902 77.721 82.573 85.940 88.896

Phylogenetic relationship as revealed by SSR markers

The data from all 15 plants and 197 alleles produced
by SSR primers were compiled and analyzed using Nei
and Li’s coefficient. The analysis showed that genetic
differences between pairs of mutants ranged from 0.019
(Adn99-8 and Adn99-59) to 0.308 (Adn99-13 and Adn99-
2) with an average difference value of 0.203 between
control and mutant lines (Table 2).

The results obtained with the cluster analysis are given
in Fig. la. The UPGMA dendrogram classified the
mutants into four major clusters, the first with two mutant
lines (Adn99-2 and Adn99-3), the second with three
mutant lines (Adn99-11, Adn99-13 and Adn99-5) and the
control, the third with three mutant lines (Adn99-6,
Adn99-1, and Adn99-4) and the fourth with six mutant
lines (Adn99-7, Adn99-8, Adn99-9, Adn99-10, Adn99-12
and Adn99-14).

In order to complement the cluster analysis, a PCA
plot was constructed with SSR data. Eigenvectors,
eigenvalues, and proportion of accounted variance for
each variable are shown in Table 3. The Principle
Component (PC) 1 had an eigenvalue of 1.883, the PCs 2,
3, 4, 5, and 6 had eigenvalues of 0.349, 0.286, 0.157,
0.109, and 0.096, respectively. The first six variables
accounted for 88.896% of the total variance (Table 3). The
control and the mutant lines were grouped into four
groups (termed as group A-D) according to the six
principal components (Fig. 1b). Group A had two mutant
lines (Adn99-2 and Adn99-3), group B had five mutant
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lines (Control, Adn99-1, Adn99-5, Adn99-6, and Adn99-
11), Group C had one mutant line (Adn99-13), and Group
D had seven mutant lines (Adn99-4, Adn99-7, Adn99-8,
Adn99-9, Adn99-10, Adn99-12 and Adn99-14). Both the
cluster analysis and the principle component analysis
classified the control and the mutant lines in four
clusters/groups but the groupings were not identical.

Discussion

In this study, fourteen fourth-generation advanced
mutant lines were used to screen genetic diversity induced
by NaN; application via SSR markers. Chemical
mutagens tend to cause random point mutations
(transitions and transversions) and small
insertions/deletions (InDels) in whole target genome. As
a result, loss- or gain-of-function mutations can occur
leading to formation of different phenotypes. A number
of techniques have been developed to detect natural or
mutagen induced Single Nucleotid Polymorphisms
(SNPs) and InDels in whole genome. Among these
techniques, PCR based molecular marker techniques have
been widely used in genotyping in mutants. For instance,
Wannajindaporn et al. (2014) reported a 22.5%
polymorphism ratio in NaNs; induced Dendrobium
“Earsakum” mutants using inter simple sequence repeats
(ISSR) markers. Polymorphism ratio in our present study
was measured as 29.44%.

Marker attributes such as PIC, Ml, and Rp indicate the
informativeness of primer combinations and are widely
used in genetic diversity studies in natural populations
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instead of mutant lines. The average PIC and MI values
for Turkish wheat varieties, as revealed by SSR markers,
were detected as 0.52 and 1.84, respectively (Akfirat &
Uncuoglu 2013). These average values are lower than
values determined in our study. Turki et al. (2015)
reported that wmc633 detected the highest number of
alleles and PIC value among 119 durum wheat varieties.
The average of PIC, Ml and Rp values for Iranian wheat
cultivars and breeding lines were calculated as 0.22, 1.34
and 12, respectively using 10 ISSR markers (Najaphy et
al. 2011).

Wu et al. et al. (2011) reported in their study based on
ISSR molecular maker technique that NaNs; applied
Chlorophytum showed genetic differences ranging from
0.141 to 0.402 with an average of 0.2715. In the Turkish
wheat population, the rate of genetic differences was
reported between 0.367 and 0.521 (Akfirat & Uncuoglu
2013) and these values are higher genetic difference
values determined in the present study.

PCA is a multivariate analysis method that allows the
simultaneous evaluation of numerous variables, reduces
variations to a manageable level, and visualizes the results
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