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Abstract

Inter simple sequence repeat (ISSR) markers were used to characterize and assess genetic diversity of Iranian bread wheat (Zriticum
aestivum L.) using 101 cultivars and breeding lines. Twenty-three ISSR primers amplified a total of 267 loci, of which 224 (83.9%)
were polymorphic among the genotypes. The percentage of polymorphic loci (PPL) for primers ranged from 54% (UBC808) to 100%
(441, A12 and UBC820). The mean of expected heterozygosity (He) for the primers varied from 0.26 (UBC808, UBC827 and A14)
t0 0.48 (A12, 441). The PPL, He, Shannon’s information index (I), and number of effective alleles (Ne) for breeding lines were slightly
higher than those of cultivars. The Dice similarity coeflicient for the germplasm ranged from 0.76 (between two breeding lines) to 0.91
(between two breeding lines). The dendrogram grouped samples in four main clusters; most cultivars were placed into the same cluster
close to each other with regard to their geographic origin. The genotypes in different groups might be used as potential parents in bread
wheat breeding programs. Also, a high level of genetic similarity detected in this collection may demonstrate the narrow genetic base of

Iranian wheat germplasm.
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Introduction

Bread wheat (Triticum aestivum L.), the most impor-
tant cereal crop in the world, evolved from wild grasses,
probably somewhere in the Near East (Briggle and Curtis,
1987). In the cradle of agriculture, Iran is considered as
the centre of origin of wheat and as a primary centre of its
genetic diversity, but Iranian wheat germplasm has expe-
rienced an overall reduction in its genetic basis as a result
of high selection pressure, recurrent use of the adapted
elite germplasm, and the adoption of particular breeding
schemes.

Genetic diversity patterns can provide insights into
evolutionary and demographic history of a taxon. More-
over, exploitation, evaluation, and strategies for the con-
servation 7z situ and ex situ of genetic diversity present
in natural populations or local cultivars are imperative to
guarantee sustainable development (Smolik ez 4/, 2011).
Dreisigacker ez al. (2005) reported that the genetic varia-
tion of bread wheat landraces and cultivars conserved in
seed banks is usually unknown. Thus, in many countries,
strategies have been devoted to characterize and evaluate
the genetic diversity of their natural populations and lan-
draces, providing considerable opportunities for genetic
research, breeding, and construction of core collections
(Hou et al., 2005).

Genetic diversity among individuals or populations
can be determined using morphological and molecular

markers. Phenotypic characters have limitations since
they are influenced by environmental factors and the de-
velopmental stage of the plant (Archak ez 4/, 2003). Dif-
ferent molecular marker systems have been used to assess
genetic diversity in wheat, including random amplified
polymorphic DNA (RAPD) (Abdollahi Mandoulakani
et al., 2010), amplified fragment length polymorphism
(AFLP) (Khalighi er 4/, 2008), simple sequence repeats
(SSRs) (Gupta ez al., 2002), sequence-tagged-sites (STS)
(Talbert ez al., 1994), and retrotransposon-based mark-
ers (Carvalho ez al., 2010). Inter simple sequence repeat
(ISSR) markers is a PCR-based technique, amplify regions
between adjacent and inversely oriented microsatellites
using di-, tri-, tetra-, and penta-nucleotide SSR primers,
with the advantage that knowledge of the DNA sequence
of the target region is not required. ISSR amplification de-
pends on the variation, motif, and frequency of SSRs that
change among species (Zictkiewicz e al., 1994). ISSR is
an ideal method for fingerprinting and a useful alterna-
tive to single-locus or hybridization-based methods. It is a
powerful technique to determine intra- and inter-specific
genetic diversity (Bornet and Branchard, 2001; Myskow ez
al., 2011; Pradeep Reddy ez al., 2002; Smolik ez al., 2011;
Sofalian ez al., 2009). The ISSR markers are increasingly
applied in the plant sciences and have detected a sufficient
degree of polymorphism in faba bean (Terzopoulos and
Bebeli, 2008), saflower (Golkar ez 4l., 2011), rice (Blair
et al., 1999) and barley (Hou e /., 2005). ISSR mark-
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ers have a better reproducibility than RAPDs, are easy to
detect and can be produced at lower costs than AFLPs.
They are simpler to use than the SSR technique and less
restrictive than restriction fragment length polymorphism
(RFLP), and may offer considerable variation among spe-
cies (Archak ez al., 2003)

In order to extend the genetic base of Iranian wheat
collection, new breeding lines have been currently intro-
duced to this germplasm. To the best of our knowledge,
little information is available on the molecular diversity
of Iranian wheat cultivars and breeding lines using ISSR
markers. Therefore, the objective of our study were to
characterize 101 Iranian bread wheat cultivars and breed-
ing lines using cultivar-specific ISSR markers and to assess
the genetic diversity and relationships among the cultivars
and breeding lines for further planning of germplasm con-
servation and breeding strategies.

Materials and methods

Plant materials and DNA isolation

Fifty Iranian wheat cultivars and 51 breeding lines pro-
vided by the Seed and Plant Improvement Institute, Karaj,
Iran, were used (Tab. 1). Seeds were planted in small pots
with a 10 cm diameter, containing a mixture of garden soil
and vermiculite, in the greenhouse with 20°C of ambient

Tab. 1. 101 bread wheat cultivars and breeding lines used in the
current study

Breeding Breeding Breeding

Cultivar Cultivar . . .

line line line

‘Adl ‘Karaj3’ 2 140 1720
‘Alamut’ ‘Kaveh’ 5 145
‘Akbari’ ‘Kavir’ 8 146
‘Arta’ ‘Mahdavi’ 12 147
‘Aria’ ‘Marvdasht’ 13 149
‘Acrak’ ‘MoghanI’ 15 151
‘Azadi’ ‘Moghan3’ 16 152
‘Bam’ ‘Morvarid’ 18 156
‘Bahar’ ‘M17 19 158
‘Behrang’ ‘Navid’ 20 159
‘Bayat’ ‘Niknezhad’ 22 164
‘Chenab’ ‘Pishgam’ 25 167
‘Darab2’ ‘Rasul’ 28 168
‘Darya ‘Roshan’ 30 169
‘Dena’ ‘Sardari’ 32 170
Dez’ ‘Sepahan’ 38 175
‘Falat’ ‘Shahpasnd’ 110 177
‘Gaskozhen’ ‘Shahriar’ 114 178
‘Gaspard’ ‘Shiraz’ 115 179
‘Ghods’ ‘Sholeh’ 121 183
‘Golestan’ ‘Sorkhtokhm’ 122 608
‘Hamun’ ‘Sistan’ 125 1546
‘Hirmand’ ‘Vee/nak’ 132 1549
‘Inia ‘Zagros’ 133 1661
‘Karaj2’ “Zarin’ 137 1717
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temperature. Genomic DNA was extracted from young
leaves of 20 day seedlings of five plants from each genotype
using the method described by Doyle and Doyle (1990)
with minor modifications. The concentration of genomic
DNA samples was determined by a spectrophotometer
and by 0.8% agarose gel electrophoresis.

ISSR analysis

Fifty-seven ISSR primers were tested on three cultivars
and three breeding lines to choose the primers yielding a
clear, scorable, and discernible banding pattern (Tab. 2).
Gradient PCR was used to optimize the annealing tem-
perature of each primer. PCRs were carried out in a Bio-
Rad thermocycler (Bio-Rad Laboratories Inc., Hercules,
CA, USA). Each 20 pl of the reaction contained 30 ng
of genomic DNA, 1x PCR buffer (10 mM Tris-HCL,
50 mM KCL, PH=8.3), 1.5 mM MgCl, 0.2 uM dNTP,
0.5 U Taq DNA polymerase and 10 picomol primer. The
thermal profile for ISSR-PCR was as follows: 94°C initial
denaturation for 4 min, then 35 cycles of 94°C for 40s, 53
to 61°C (Tab. 2) for 40 s, and 72°C for 2 min, then 72°C
for 5 min. ISSR bands were separated by electrophoresis
in 1.8% agarose gels (Trade Mark) and visualized with
cthidium bromide (1.0 pugml?). The electrophoretic pat-
terns of the PCR products were photographed under UV
light using a Gel-Doc image analysis system (Gel Logic
212 PRO).

Data analysis

For subsequent statistical analysis, ISSR markers were
binary-coded using 1 for presence and 0 for absence of
band in each genotype. The genetic similarity matrix
derived from ISSR data were calculated between 101
genotypes using the Dice similarity coefficient and subse-
quently used to construct the dendrogram using the com-
plete linkage algorithm. To verify the adjustment between
similarity matrix and respective dendrogram-derived ma-
trix (cophenetic matrix), the cophenetic correlation coef-
ficient was estimated. A similarity matrix were also used to
establish the dcenter matrice and subsequently used to ac-
complish principal coordinate analysis (PCoA) to resolve
the patterns of genetic relationships among 101 studied
genotypes. All of these computations were implemented
in NTSYSpc 2.1 (Rohlf, 2000). Number of loci, percent-
age of polymorphic loci (PPL), number of loci with a fre-
quency higher or equal to 5%, number of private or specific
loci, number of less common loci with frequency lower or
equal to 25% and 50%, mean of expected heterozygosity
(He), Shannon’s information index (I) and number of ef-
fective alleles (Ne) (Lynch and Milligan, 1994) were also
calculated for each primers as well as for cultivars, breed-
ing lines and cultivars + breeding lines using GenAlEx
6.41 software (Peakall and Smouse, 2006). To partition
of total genetic variation within and among cultivars and
breeding lines, analysis of molecular variance (AMOVA)
was carried out with this software as well.
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Tab. 2. The primer sequences and annealing temperatures used in the study

Primer Sequence (5°-3)’ Anncaling Primer Sequence (5-3)’ Anncaling
temperature temperature
UBCSI8 (CA)G 54 UBC864 (ATG)6 53
441 (TG),C 61 UBCSSS (AC),YT 56
UBC807 (AG),T 54 UBC816 (CA),T 53
UBCS08 (CALG 54 UBC 827 (AC) G 58
Al3 (GT),CC 55 UBC 812 (GA),A 53
UBC840 (GA),Y'T 54 UBC 3811 (GA),C 54
UBCS25 (AC),T 55 UBC 834 (AG)YT 55
UBCS848 (CAR'G 54 AL2 (GA),CC 53
AlS (AG)/RG 55 UBC 836 (AG).YA 55
Al4 (CA)/AC 54 UBC 844 (CT),RC 56
UBCS57 (AQ),YG 57 UBC 820 (GT),C 55
UBCS80 (G(GA)2)3 53

Y:CorT,R:AorT

Results

In the present study, out of 57 ISSR primers screened,
23 anchored dinucleotide primers amplified 267 clear and
discernible loci which 224 were polymorphic (83.9%)
(Tab. 2 and 3). No cultivar- or breeding line-specific mark-
er was produced. The frequency of all amplified loci was
more than 5%. No less common loci with frequency lower
than 50% were amplified. The number of total loci per
primer ranged from 7 (UBC844) to 16 (UBC811), with
an average of 11.6. The number of polymorphic loci per
primer ranged from 5 to 14 with a mean value of 9.78. The

PPL, He, I, and Ne were calculated in order to characterize
the capacity of each primer to detect polymorphism and
to evaluate the discriminating ability of each primer in this
collection. PPL detected by primers UBC840, UBC820
and A12 were 100%. UBC808 generated 54% polymor-
phism in the studied germplasm. The polymorphism de-
tected by primers A13 and UBCB840 are presented in Fig.
1 and 2, respectively. The size of the amplified fragments
ranged from 75 to 2000 bp. He for primers varied from
0.26 (UBC808, A14, UBC827) to 0.48 (A12, 441) aver-
aging 0.36 (Tab. 3).

1 12 13 14 1S5 16 17

Fig. 1. The ISSR profiles obtained by primer A13, lanes 1 to 20: Pishgam, Darya,
Moghan3, Dez, 121, 608, 1549, 149, 1720, Adl, Golestan, Shiraz, Rasol, 122, Shah-
pasand, Sorkh tokhm, Alamot, Akbari, 1661, 20, M: 1 kb DNA ladder (Fermentas,

SM1303)

Fig. 2 The ISSR profiles obtained by primer UBC840, lanes 1 to 19: breeding lines
111, 158, 170, 152, 159, 110, 151, 156, 20, 28, 16, 175, 1661, 114, 2, 5, 122, 1720,
115, M: 1 kb DNA ladder (Fermentas, SM1303)
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Tab. 3. Total loci, polymorphic loci, PPL, He, I and Ne of ISSR primers in 101 bread wheat genotypes
: : POly— * * * * :
Primer name Tortal loci : . PPL He I Ne Band size (bp)
morphic loci
Al3 10 9 90 0.31 0.48 1.50 200-1500
UBC840 12 12 100 0.34 0.49 1.36 400-2000
UBCS825 12 11 91 0.35 0.51 1.61 400-1500
UBC848 11 6 54 0.34 0.50 1.60 200-1500
AlS 11 10 90 0.42 0.60 1.81 400-2000
441 13 10 76 0.48 0.67 1.92 300-2000
UBCS818 10 9 90 0.41 0.58 1.75 75-700
Al4 11 10 90 0.26 0.37 1.48 300-2000
UBC807 10 9 90 0.41 0.58 1.78 400-1500
UBC857 10 6 60 0.27 0.42 1.42 500-2000
UBCS880 12 10 83 0.37 0.53 1.68 200-1500
UBC864 14 12 85 0.39 0.55 1.73 200-1500
UBCS855 13 11 84 0.41 0.58 1.80 300-1500
UBC816 14 12 85 0.27 0.39 1.49 75-1000
UBC827 11 7 63 0.26 0.38 1.46 200-1000
UBCS812 12 8 66 0.43 0.60 1.82 300-2000
UBCS811 10 9 90 0.31 0.44 1.58 300-1500
UBC834 16 14 87 0.44 0.62 1.86 200-2000
UBCS808 13 12 92 0.24 0.36 1.49 200-2000
Al2 10 10 100 0.48 0.67 191 300-2000
UBC836 15 12 80 0.33 0.48 1.61 200-1500
UBC844 7 5 71 0.30 0.43 1.55 400-1000
UBCS820 10 10 100 0.41 0.60 1.74 200-1500
Total 267 224
Mean 11.6 9.7 83 0.36 0.51 1.65

"PPL: percentage of polym()rphic loci, He: mean of cxpcctcd hctcmzygocity, I: Shannon’s information index, Ne: number of effective alleles

The Dice similarity coefficient values between 101  breedinglines were slightly higher than those for cultivars.
cultivars and breeding lines ranged from 0.76 to 0.91, av-  The highest similarity value was obtained between breed-
eraging 0.86, 0.85 and 0.85 for cultivars, breeding lines, inglines 175 and 170, while lines 121 and 151 were found
and cultivars + breeding lines. The PPL, Ne, He and I for  as genetically most dissimilar. Dice similarity coefhicients

T T
0.84 0.88
Coefficient

I T
0.77 0.81

Fig. 3. Dendrogram of 101 bread wheat genotypes constructed with complete linkage method using Dice similarity coefficient
based on 267 ISSR loci
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Tab. 4. Four clusters of 101 bread wheat cultivars and breeding lines identified by ISSR data

Cluster I Cluster 1T Cluster I1I Cluster IV
‘Sardari’ 2 ‘Behrang’ 179 121 ‘Aria’ 167
‘Azadi’ 152 ‘Arta’ 132 1549 151
‘Niknezhad’ 5 12 16 1720 156
183 ‘Falat’ ‘Roshan’ 32 28 20
‘Sepahan’ 146 ‘Bahar’ ‘Bam’ 608
‘Kavir’ ‘MoghanI’ ‘Atrak’ ‘Sholeh’ 158
‘M17 164 ‘Vee/nak’ 1546 110
‘Navid’ 8 ‘Kaveh’ 13 19
‘Gaspard’ 175 ‘Shorkhtokhm’ 178 114
‘Adl 170 38 ‘Pishgam’ 1661
‘Ghods’ 27 ‘Chenab 149
‘Darya 145 ‘Hirmand’ 1717
Zarin’ 147 ‘Mahdavi’ 18
‘Karaj3’ ‘Inia’ ‘Dena 168
‘Hamun’ ‘Shiraz’ ‘Dez’
‘Karaj2’ ‘Moghan3’ ‘Golestan’
‘Alamut’ ‘Marvdashe’ 169
‘Darab2’ ‘Shahriar’ ‘Morvarid’
140 ‘Rasul’ 177
‘Akbari’ ‘Sistan’ 125
25 ‘Zagros' 15
122 159 ‘Gaskozhen’
115 ‘Bayar’ 30
133 ‘Shahpasand’ 137

with complete linkage clustering algorithm grouped the
101 wheat genotypes into four clusters. Most of the cul-
tivars and breeding lines located in cluster I. Cluster II
consisted of one sample, line 121. All cultivars were in the
vicinity of each other in cluster I except for cultivar Aria
which is in cluster III (Fig 3 and Tab. 4). PCoA was per-
formed to visualize the association among lines and culti-
vars. The first two components of PCoA explained 7.6%
of the total variation, probably suggesting the evenly dis-

tribution of amplified loci in wheat genome and no con-
siderable correlation between them (Fig. 4).

Discussion

In the current investigation, 50 agro-economically
important Iranian bread wheat cultivars and 51 breeding
lines were examined via ISSR markers at a molecular level.
A high level of polymorphism (82.77%) was revealed by 23
anchored dinuclotide ISSR primers, showing the high dis-

“.17 ] &661 é;nluhn
éa]
Js1 g8 &5.;‘93{“}“ dméf:j:ik )
C ] 0 j ot
0.06 - Toa e %‘I g‘ﬁﬁ";ﬂ%’“
o,
dm 4 Owégs
] a5 8o c}!'
PCoA2(3.4%) -0.04 1 d2 7 g
c}]]
] gia
-0.154
&717
0.26
-0.26 -(L15 -0.04 0.06 0.17
PCoA1(4.2%)

Fig. 4. Principle coordinate analysis plot of 101 bread wheat cultivars and breeding lines revealed

by ISSR data
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criminative and resolving power of the used ISSRs in the
studied germplasm of bread wheat. The high percentage
of polymorphism detected by ISSR markers have been re-
ported in Portuguese bread wheat cultivars (98.5%) (Car-
valho ez 4l., 2010), in Chinese barley accessions (98.13%)
(Hou et al., 2005), and in Mediterranean faba bean cul-
tivars (98.9%) (Terzopoulos and Bebeli, 2008). Nagaoka
and Ogihara (1997) stated that primers with dinucleotide
motifs constituted more suitable primers for amplifying
ISSRs in wheat, regardless of whether the genotype is dip-
loid, tetraploid, or hexaploid. Blair ez /. (1999) also con-
sidered dinucleotide motif primers to be more amenable
to ISSR analysis in rice, but primers based on the more in-
frequent trinucleotide and tetranucleotide SSRs amplified
few bands in rice (Blair e a/., 1999). Carvalho ez a/. (2010)
reported a high level of polymorphism by using the pen-
tanucleotide primer UBC880 [(GGAGA),] in bread and
durum wheat. In this study, a few tri- and teranucleotide
ISSR primers amplified no clear and polymorphic band-
ing patterns. A result similar to ours was reported by Na-
japhy ez al. (2012). ISSR primers UBC820, UBC840, and
A12 with the dinucleotide motifs GA and GT produced
100% polymorphism.

A narrow range of Dice genetic similarity (0.76 to
0.91) was found within the studied germplasm, indicating
the limited amount of genetic diversity in Iranian bread
wheat cultivars. This was confirmed by the low values
of I and He obtained in our investigation. Mohammadi
et al. (2009) reported the high values of SSR-based gene
diversity and polymorphic information content (PIC) of
0.7 and 0.66 for 27 Iranian local commercial and adapted
wheat cultivars. The differences between that investigation
and our study may be derived from the different number
of studied samples and used marker systems. Carvalho ez
al. (2010) detected considerable genetic diversity among
the old Portuguese wheat cultivars using ISSR markers.
Several authors reported a narrow genetic diversity in
wheat when assessed with RAPD and DNA amplification
fingerprinting (DAF) (Abdollahi Mandoulakani ez 4/,
2010), AFLPs (Khalighi ez /., 2008; Shoaib and Arabi,
2006), and selective amplified microsatellite polymorphic
loci (SAMPL) (Altintas ez 4., 2008). Nevertheless, other
researchers reported that ISSRs supplanted the polymor-
phism rates achieved by other markers in wheat and other
plant species (Nagaoka and Ogihara, 1997). AMOVA was
conducted to partition variance components among cul-
tivars and breeding lines. Higher level of genetic variation
detected within cultivars+breeding lines (97%) compared
to among cultivars and breeding lines, indicating that
overall genetic differentiation among lines and cultivars
was low (p=0.01, PhiPT=0.028).

A cluster analysis using the Dice similarity coeflicient
and a complete linkage algorithm identified four clusters.
The most of the cultivars and breeding lines were in the
cluster I. No cultivars were located in cluster II, III, and
IV except Aria in cluster III. The breeding lines were dis-
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persed in four clusters, although most of them were in
cluster I. These results confirmed the limited and narrow
genetic diversity found in Iranian cultivated bread wheat
germplasm. Different wheat breeding programs in recent
decades have reduced the genetic variability of Iranian
commercial wheat cultivars. This can be evidenced by epi-
demic extension of wheat yellow rust and other biotic and
abiotic stresses in most regions of Iran under cultivation
of bread wheat in the recent years. A decrease in allelic di-
versity after the 1960’s was demonstrated in a study of 559
French bread wheat accessions from year 1800 to 2000 us-
ing 42 SSRs (Roussel ¢z al., 2004) and in 480 European
wheat cultivars from 1840 to 2000 using 39 SSRs (Roussel
et al., 2005). The genetically most dissimilar breeding lines
were found as 121 and 151. Knowledge about the genetic
relationships of genotypes provides useful and helpful in-
formation for germplasm management and for planning
intraspecific crosses between highly diverse cultivars for
wheat breeding programs. Hence, the breeding lines with
sufficient genetic distance could be introduced as poten-
tially appropriate parents in wheat breeding programs to
explore heterosis as well as to produce mapping popula-
tions, provided that factors such as combining ability and
other agronomically important traits are considered.

Conclusions

Knowledge of the level of genetic variation among ac-
cessions is a prerequisite for germplasm conservation and
breeding programs. The current study demonstrated that
the genetic basis of Iranian bread wheat germplasm has
been narrowed and more new accessions and landraces
should be introduced to this germplasm to extend its di-
versity for further use in wheat breeding programs. The
ISSR technique is an efficient tool for classifying wheat
cultivars but more primers and different molecular marker
systems need to be combined for an accurate and compre-
hensive assessment of genetic diversity and to develop cul-
tivar-specific markers in Iranian bread wheat germplasm.
However, the resulting groups classified by ISSRs already
can be used as sources of genotypes appropriate for breed-
ing programs in wheat.
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