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Simple sequence repeat (SSR) markers (36 microsatellite pairs) were used to assess genetic diversity
among sixteen rice (Oriza sativa L.) cultivars from lIran, four from Uzbekistan, and one from
Afghanistan, and to compare this diversity with that of three control cultivars including Nipponbare,
Jasmine 85 and Basmati 370. Among the 36 microsatellite pairs, 31 produced polymorphisms ranging
from 1to 7 alleles (average = 3.72 per microsatellite). There were 134 alleles detected using all the SSR
primers, 103 of which (76.9%) showed polymorphisms, while 31 did not. The genetic similarity
coefficient among the 24 rice cultivars was 0.601. The genetic diversity revealed by this survey will be
useful to designate the most appropriate parental cv. to initiate a breeding program aimed at developing
new rice varieties with traits adapted for Middle Eastern agriculture.
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INTRODUCTION

Cultivated rice (Oryza sativa L.), which is grown
worldwide is one of the most important cereals for human
nutrition (Huang et al., 2012). Among major crops grown
in Iran, rice is second crop after wheat. The prevalence of
rice cultivation is due largely to the affordability of rice for
people of all economic classes. To meet an anticipated
future increase in demand, a rice breeding program is
underway, focused on traits particularly desirable in

Iranian cultivars. According to the International Rice
Research Institute (http://irri.org/rice-today/irri-in-iran),
breeding goals for Iranian rice include introduction of salt
tolerance, resistance to sheath blight caused by
Rhizoctonia solani Kihn (teleomorph: Thanatephorus
cucumeris (A.B. Frank Donk), elimination of chaulkiness
in the kernels, and increased vyield, especially for long
grain cultivars and aromatic types called Sadri rice.
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In the past, Iranian plant breeders chose parental
materials for rice hybridization based on morphological
and agronomic characteristics. Molecular marker
technology, however, has improved breeders’ ability to
accurately identify and characterize genetic resources.
DNA markers use nucleotide sequences to identify
species (Ganie et al., 2015) and microsatellites or single
sequence repeats (SSRs) are extensively employed in
plant genetics studies, using both low and high
throughput genotyping approaches (Vieira et al., 2016).
Polymorphic DNA was chosen to characterize rice
germplasm because it satisfies these criteria. All
molecular markers technique can be used for several
different applications including: germplasm
characterization, genetic diagnostics, characterization of
transformations, study of genome organization, marker
assisted selection (MAS) and phylogenic analysis (Mishra
et al., 2014). In this study, genetic diversity was
determined among 24 rice cultivars using simple
sequence repeats (SSRs) to identify heterotic groups
favorable for use in rice cross-hybridization.

Newly developed single nucleotide polymorphism
(SNP) markers are effective in detecting genetic diversity
(Ren et al, 2013). SSR and single nucleotide
polymorphic (SNP), the two most robust markers for
identifying rice varieties were compared for assessment
of genetic diversity and population structure (Singh et al.,
2013). Both genetic diversity and population structure
analysis improved varieties from landraces and local
selections (Kumbhar et al. 2015). The study of genetic
diversity is important on crop breeding program for
selection of suitable diverse parents (Tidke et al. 2014).
The objectives were determined genetic diversity using
SSR markers to investigate interrelationship among the
genotypic variation.

MATERIALS AND METHODS
Plant materials

This study was based on multiple sources of germplasm: sixteen
Iranian cvs. [Fajr, Shafagh, Pouya, Shiroudi, Tabesh, Nemat, Neda,
(from Mazandaran province), Kadus, Saleh, Dorfak, Sepidroud,
Khazar (from Gilan province), Zayandehroud, Sazandegi (from
Isfahan province), Doroudzan, and Ghasredashti (from Fars
province)], one Afghan cv. [Pashadikonar], four Uzbek cvs. [Gulnar,
Shortanby, Nokos-2, and Nokos-70], one Japanese cv.
[Nipponbare], one Indian cv. [Basmati], and one Thai cv. [Jasmine
85]. The Iranian cvs. were provided by the Rice Research Institute
Iran (RRII), located in Amol City near the Caspian Sea.

DNA extraction and SSR primers

Young leaves (100 mg/sample) were ground to fine powders in
liquid nitrogen. DNA was extracted following the CTAB protocol
introduced by Doyle and Doyle (1987). Primers (Table 1) for 36
microsatellites were downloaded from:
http://www.gramene.org/db/markers/marker_view and used to
assess genetic diversity among rice cultivars.

PCR analysis

PCR was performed in a 12.5 pL reaction mixture containing 7.7 pL
double distilled water, 0.5 unit Taq DNA polymerase, 10 ng
genomic DNA, 1.25 pL 10X buffer, 1 yL 50 mM MgCl,, 1 yL of 5
mM DNTPs, 5 pM of each primer. PCR conditions were as follows:
denaturation at 94°C for 5 min followed by 35 cycles (94°C for 1
min, 55°C for 1 min, 72°C for 2 min), and final elongation at 72°C
for 5 min. PCR products were separated by electrophoresis on a
1.5% agarose gel. One Kb mass Ruller™ was used to estimate the
fragment sizes. The gel was stained with ethidium bromide for 20
min, and then photographed under UV light.

Data analysis

In this study, microsatellite band fragments were analyzed by the
binary procedure. The presence and absence of SSR amplified
bands characteristic of each genotype were scored 1 for presence
and 0 for absence of the band. The polymorphism information
content (PIC) value was calculated for each microsatellite locus
using the following formula (Nei, 1970):

PIC=1-5 x°

where x; is the frequency of i allele. Genetic similarity (GS) was
calculated using this formula (Nei and Li. 1979):

GSji = 2N/ Ni + N;

Where Njis the number of bands present in both genotypes i and j,
Ni is the number of bonds present in genotype i, and N;j is the
number of bonds present in genotype j. Microsatellite markers were
clustered using the unweighted pair group method (UPGMA) with
Statistical software.

RESULTS
SSR analysis

Allele variation of SSR markers was determined among
the 24 rice cvs; 31 polymorphic bands, which ranged
from 1 to 7 alleles (average = 3.72) per microsatellite,
were detected by the 36 microsatellite marker pairs.
These SSRs detected a total of 134 alleles, of which 103
(76.9%) showed polymorphisms, while 31 alleles (23.1%)
did not (Table 2).

The polymorphism information content (PIC), is defined
as the expected fraction of informative offspring from a
cross. The higher the PIC, the more likely the gene for a
particular trait would be co-inherited with the SSR
marker. PIC values were calculated for the rice cvs. and
the SSRs used in this study. The values ranged from
0.008 to 0.99 (average = 0.3) for those SSRs that
produced polymorphic bands, while the non-polymorphic
markers that produced a PIC value of 0. cvs. with the
lowest PIC values were RM332 (0.008), RM1 and RM173
(0.02), RM30 (0.04), and RM126 (0.06); cvs. With the
highest PICs were RM5land RM261 (0.77), RM204
(0.86), RM124 (0.87), and RM130 (0.99). The data are
shown in Table 3.



Table 1. Microsatellite sequence used to evaluate genetic diversity.

Vazirzanjani et al.

Primer name Chromosome location

Sequence (F) 5°-3°

Sequence (R) 5-3°

RM1 1 gcgaaaacacaatgcaaaaa gcgttggttggacctgac
RM5 1 tgcaacttctagctgctcga gcatccgatcttgatggg
RM6 2 gtccectccacccaattc tcgtctactgttggctgcac
RM13 5 tccaacatggcaagagagag ggtggcattcgattccag
RM20 12 atcttgtccctgccaggtcat gaaacagaggcacatttcattg
RM21 11 acagtattccgtaggcacgg gctccatgagggtggtagag
RM30 6 ggttaggcatcgtcacgg tcacctcaccacacgacacg
RM31 5 gatcacgatccactggagct aagtccattactctcctccc
RM51 7 tctcgattcaatgtcctcgg ctacgtcatcatcgtcttccc
RM60 3 agtcccatgttccacttccg atggctactgcctgtactac
RM82 7 tgcttcttgtcaattcgec cgactcgtggaggtacgg
RM84 1 taagggtccatccacaagatg ttgcaaatgcagctagagtac
RM126 8 cgcgtccgecgataaacacaggg tcgcacaggtgaggccatgtcg
RM130 3 tgttgcttgccctcacgcgaag ggtcgcegtgcttggtttggttc
RM136 6 gagagctcagctgctgcctctage gaggagcgccacggtgtacgcc
RM137 8 gacatcgccaccagcccaccac cgggtggtccccgaggatcttg
RM142 4 ctcgctatcgcecatcgcecatcg tcgagccatcgctggatggagg
RM173 5 cctacctcggcatcccccccte ccatgaggaggaggcggcgatc
RM177 4 ccctcttagacagaggccagaggg gtagccgaagatgaggccgccg
RM202 11 cagattggagatgaagtcctcc ccagcaagcatgtcaatgta
RM204 6 gtgactgacttggtcataggg gctagccatgctctcgtace
RM207 2 ccattcgtgagaagatctga cacctcatcctcgtaacgcc
RM214 7 ctgatgatagaaacctcttctc aagaacagctgacttcacaa
Rm215 9 caaaatggagcagcaagagc tgagcacctccttctctgtag
RM219 9 cgtcggatgatgtaaagcct catatcggcattcgcctg
RM222 10 cttaaatgggccacatgcg caaagcttccggccaaaag
RM228 10 ctggccattagtccttgg gcttgcggctctgcttac
RM230 8 gccagaccgtggatgttc caccgcagtcacttttcaag
RM232 3 ccggtatccttcgatattgc ccgacttttcctcctgacg
RM240 2 ccttaatgggtagtgtgcac tgtaaccattccttccatcc
RM244 10 ccgactgttcgtccttatca ctgctctcgggtgaacgt
RM245 9 atgccgccagtgaatagc ctgagaatccaattatctgggg
RM247 12 tagtgccgatcgatgtaacg catatggttttgacaaagcg
RM261 4 ctacttctccccttgtgtcg tgtaccatcgccaaatctcc
RM313 12 tgctacaagtgttcttcaggac gctcaccttttgtgttccac
RM332 11 gcgaaggcgaaggtgaag gctcaccttttgtgttccac

F, Forward; R, reverse.

Table 2. Parameters of the SSR analysis.

Parameter

Microsatellites

Number of paired primers
Total amplified Alleles
Polymorphism alleles
Average alleles per locus
PIC average

36

134
103 (76.9%)

3.72

0.3

PIC, Polymorphism information

markers.

content; microsatellites, SSR
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Table 3. Allele variation and PIC value for 36 pairs of SSRs for 24 rice

genotypes.

SSR marker Alleles / polymorphism alleles PIC value
RM1 5/4 0.02
RM5 4/3 0.08
RM6 6/4 0.27
RM13 5/5 0.26
RM20 3/3 0.27
RM21 6/6 0.13
RM30 5/3 0.04
RM31 7/4 0.16
RM51 3/3 0.77
RM60 2/no 0
RM82 5/4 0.54
RM84 1/no 0
RM126 5/4 0.06
RM130 2/1 0.99
RM136 6/4 0.29
RM137 5/3 0.37
RM142 5/4 0.48
RM173 6/4 0.02
RM177 2/no 0
RM202 4/4 0.51
RM204 1/1 0.86
RM207 1/no 0
RM214 5/4 0.87
Rm215 6/4 0.32
RM219 2/2 0.49
RM222 5/5 0.65
RM228 4/4 0.32
RM230 2/1 0.30
RM232 1/1 0.16
RM240 77 0.21
RM244 2/2 0.14
RM245 1/1 0.16
RM247 2/2 0.52
RM261 5/4 0.77
RM313 1/no 0
RM332 2/2 0.008

PIC, Polymorphism information content.

Genetic similarity

The 36 SSRs were used to estimate genetic similarity
among 24 rice genotypes (Table 4). The average value
was 0.601. The minimum and maximum genetic similarity
coefficients were 0.401 and 0.885, respectively. The
highest similarity coefficients are: Tabesh - Neda (0.707),
Pashadikonar - Golnar (0.721), Golnar - Shortanby
(0.741), Shortanby - Nokos-2 (0.777), Pouya - Shiroudi
(0.781), Neda - Dorfak (0.785), Doroudzan -
Ghasredashti (0.804), Nokos-2 - Nokos-70 (0.808), Fajr —

Shafagh (0.812), Shiroudi - Tabesh (0.818), Pouya -
Shafagh (0.821), Saleh — Dorfak (0.837), Zayandehroud -
Sazandegi (0.853), and Kadus - Saleh (0.885). The
lowest genetic similarity coefficients are: Tabesh -
Shortanby (0.496), Fajr - Nemat (0.491), Pashadikonar -
Nokos-70 (0.483), Nokos-70 - Basmati370 (0.479),
Kadus - Nokos-70 (0.476), Ghasredashti - Nokos-70
(0.473), Shafagh - Nemat (0.468), Doroudzan - Nokos-70
(0.440), Zayandehroud - Nokos-70 (0.435), Sepidroud -
Nokos-70 (0.430), Saleh - Nokos-70 (0.412) and
Sazandegi - Doroudzan (0.401). The smaller the genetic
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Table 4. Genetic similarity coefficient among the 24 genotypes.

= = ° % S 5 % § > ~ o e 2 3
Genetic = 2 s % g g s E S § 8 g £ S 3 3 2 ] E & % § = 2
R £ & 3 £ 2 ] 2 3 ] 5 2 e 2 g 3 g E = 5 £ £ s £ £
similarity 5 o 5 = = x ”n a § < s 5 g 8 % (T 2 2 2 s @ @
) 5] [ = @ -
Fajr 0 0812 0790 0.629 0.704 0491 0691 0678 0674 0723 0659 0628 0603 0616 0567 0614 0679 0.633 0546 0626  0.504 0579  0.653 0.583
Shafagh 0 0.821 0.657 0.739 0.468 0715  0.725 0721 0769 0681  0.643 0.666  0.630  0.630 0.616 0.678 0.608 0.507 0.614 0.512 0.569 0.579 0.588
Pouya 0 0.781 0.766 0.523 0.766  0.716 0701 0725 0728  0.648 0634 0628  0.623 0.620 0.646 0.653 0.588 0.605 0.503 0.520 0.634 0.550
Shiroudi 0 0.818 0666 0689  0.610 0605 0592 0595 0620 0581 0567 0543 0567  0.581 0.625 0547 0601 0555 0598  0.593 0.588
Tabesh 0 0645 0707  0.647 0630 0666 0695 0648 0609 0585 0526 0561 0597 0.544 0496 0604 0516 0.601 0.633 0.548
Nemat 0 0.614  0.466 0412 0427 0503 0.592 0535 0472 0492 0.462 0.488 0.581 0.604 0.607 0.620 0.660 0.647 0.571
Neda 0 0.764 0738 0785 0.695 0.648 0658 0670  0.622 0.561 0.634 0.598 0.526 0.575 0.516 0.601 0.645 0.592
Kadus 0885 0758 0.694  0.635 0.658 0647  0.635 0.610 0.658 0.614 0.517 0.565 0.476 0.523 0.634 0.533
Saleh 0 0837 0680 0604 0583 0619 0631 0594  0.642 0.596 0481 0503  0.421 0489 0618 0.532
Dorfak 0 0691 0630 0595 0595 059 0605  0.654 0.569 0613 0587 0500 0555  0.606 0.561
Sepidroud 0 0.606 0.565  0.565  0.566 0.565 0.619 0.526 0.457 0.515 0.430 0.553 0.662 0.541
Khazar 0 0662 0634  0.608 0.631 0.593 0.671 0.596 0.633 0.514 0.612 0.661 0.637
Zayandehroud 0 0.853  0.790 0.690 0.658 0.639 0.571 0.561 0.435 0.559 0.596 0.474
Sazandegi 0 0.401 0654 0573 0.653 0541 0532 0419 0559 0571 0.488
Doroudzan 0 0804  0.550 0.640 0558 0542 0.440 0.561 0.560 0478
Ghasredashti 0 0.631 0.688 0.571 0.643 0473 0.586 0.607 0.521
Pashadikonar 0 0.721 0.556 0.575 0.483 0.517 0.596 0.488
Gulnar 0 0.741 0.737 0.598 0.666 0.597 0.593
Shortanby 0 0777 0.602 0625  0.507 0.538
Nokos-2 0 0.808 0694  0.558 0.654
Nokos-70 0 0.640 0.479 0.681
Nipponbare 0 0.571 0.614
Basmati 370 0 0.515

Jasmine 85 0

distance value, the more closely related the
parents of a cross are.

Cluster analysis

Cluster analysis, based on informative SSR
alleles, classified 24 rice genotypes into seven
groups (Figure 1). Group 1: Fajr and Shafagh,
Group 2: Kadus, Saleh and Dorfak, Group 3:

Pouya, Tabesh, Neda, and Sepidroud, Group 4:
Shiroudi and Nemat, Group 5: Gulnar and
Shortanby, Group 6: Nokos-2, Nokos-70, Jasmine
85 and Nipponbare, Group 7: Zayandehroud,
Sazandegi and Doroudzan. In this comparison,
four cvs. did not fall into any Group: Basmati 370
from India, Pashadikonar from Afghaniztan, and
Khazar and Ghasredashti, which are from two
different regionsin Iran. Native Iranian cvs. were
distributed across all seven groups.

Cluster analysis revealed that aromatic cvs.
from Iran are genetically different from standard
aromatic cvs. Yet, the lIranian aromatic cvs.
themselves clustered in different groups. For
example, Zayandehroud, Sazandegi (from one
region in Iran) clustered in Group 7, whereas Fajr
and Shafagh (from the same region) clustered in
Group 1. Basmati 370 was genetically distinct
from all other cvs., since it did not fall into any of
the Groups, even though it is considered a
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Figure 1. Dendrogram showing clustering of rice cvs., as determined by SSR analysis. o:

Aromatic varieties.

standard aromatic variety. Two other aromatic cvs.
Ghasredashti and Pashadikonar (an aromatic rice from
Afghanistan), also failed to be grouped (Figure 1).

DISCUSSION

Many previous studies have shown that both
morphological and SSR markers are useful for analyzing
genetic diversity in rice and other crops. Single-
nucleotide polymorphisms have become the genetic
markers of choice in various genetic, ecological, and
evolutionary studies (Tang et al.,, 2016). In the present
study, SSR markers were used to detect genetic variation
among 24 rice genotypes; in a separate analysis (data

not shown here), morphological features were combined
with the SSR results, and it was found that there was
general agreement between the two sets of data with
respect to pair-wise genetic distances among the rice
CVs.

In cases of disagreement between the datasets,
greater significance was attached to the SSR marker
analysis. There are several reasons for this: (1)
morphological features are phenotypes, whereas SSRs
are genotypes; morphological similarities may obscure
genetic differences. (2) Many morphology traits are
controlled by multiple genes; hence a morphological
variation alone does not indicate the number of genes
involved, or the effects of pleiotropy, epitasis and the
environment. (3) SSRs are distributed across the entire



genome, whereas morphological features are
lesscomprehensive. (4) SSRs are more easily scorable
than most morphological features, (5) SSR detection is
highly reproducible and can reveal intraspecific
homology. (6) The abundance of SSRs enhances the
likelihood of linkage to specific agronomic traits; for
instance, SSR results revealed large genetic distances
between certain landraces of rice, thus evaluation of
genetic diversity and genetic structure in crops has
important implications for plant breeding programs and
the conservation of genetic resources (Ren et al., 2013).
The result of cluster analysis revealed that there was to
significant correlation between the aromatic feature and
genetic similarity.

DNA polymorphisms have proven to be powerful tools
for genotyping, and for estimating genetic diversity.
Among molecular markers, SSRs have been used to
indicate genetic diversity of crop germplasms and have
been widely applied in the genetic diversity analysis
(Salgotra et al. 2015). The importance of plant genetic
diversity is now being recognized as a specific area since
exploding population with urbanization and decreasing
cultivable lands are the critical factors contributing to food
insecurity in developing world (Govindaraj et al., 2015).
SSR-based analysis of genetic diversity can be used to
identify duplicate germplasms in morphological similar
accessions.

This study was set in the context of previously reported
crop breeding programs. Genetic diversity is the main
source of variability in any crop improvement program
and it serves as a reservoir for identifying superior alleles
controlling key agronomic and quality traits through allele
mining association mapping (Nachimuthu et al., 2015).
The microsatellite DNA marker has been the most widely
used, due to its easy application by simple PCR, followed
by a denaturing gel electrophoresis for allele size
determination, and to the high degree of information
provided by its large number of alleles per locus (Mishra
et al., 2014). The goal of our work was to identify genetic
variation within a rice germplasm collection, so that
desirable parents could be chosen for rice breeding
programs in Iran. The relatively low genetic similarity
(average = 0.601) that we found indicated high genetic
diversity in our collection; thus these rice cvs. are a good
source from which to choose genetically dissimilar
parents to be cross-bred in a program aimed at improving
commercial Iranian rice. For example, cvs. Khazar and
Ghasredashti, which are genetically far apart, might be
favorable parental materials for making new varieties.

It is worth mentioning that cross hybridization is pivotal
between genotypes of different clusters to improve
desirable commercial varieties. Genome level profiling of
germplasm collections in crop species is essential to
identify accessions for their efficient use in crop
improvement programs (Choudhury et al., 2014). Kioko et
al. 0(2015) mentioned that the assessment of genetic
diversity is crucial in germplasm characterization. Toward
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this end, the present results emphasize the importance of
I[ranian rice germplasm collection, conservation and
maintenance. The focus should be on introduction of
more diverse cultivated rice and any other heterotic
materials that can be used for hybridization. As Iranian
rice breeding programs are mobilized, it should be
emphasized that each succeeding breeding generation
should be monitored by molecular analysis; this will
require the use of more primer combinations and
introduction of additional molecular markers.
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