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Abstract 

In order to study the genetic diversity in rice (Oryza sativa L.), 29 genotypes consis�ng land races, 
pure and improved lines were evaluated using simple sequence repeat (SSR) markers. A total of 30 SSR 
primers were used to amplify some part of rice genome in germplasms, the PIC values ranged from 0.07 
(RM 340) to 0.71 (RM 7426) with an average of 0.45. The results showed a total number of 106 amplified 
bands. Among them, the primer RM7426 showed the highest number alleles while the lowest was 
observed for RM340 primer. Average number of observed alleles in total genotypes was 3.53. The lowest 
PIC value was observed in RM445, RM466, RM3345, and RM7424 primers and the highest PIC value was 
observed in RM7426, RM1337, RM47, and RM5430 primers. PCA components explained 84.40% of 
variation. The clustering patterns of the genotypes were assigned into three clusters based on their 
response to salinity and morpho-physiological characteristics. Cluster analysis grouped the genotypes in 
salt tolerant, intermediate tolerant and sensitive classes. The results showed that information from SSR 
data can complement information obtained from quantitative methods. 

 
Keywords: rice (Oryza sativa); salinity stress; SSR markers; cluster analysis 

Gholizadeh, F. and S. Navabpour 2014. 'Es�ma�on of gene�c diversity in rice (Oryza sativa L.) genotypes 
using SSR markers under salinity stress. Iranian Journal of Plant Physiology 4 (3), 1039-1046. 
 

Introduction 

Rice belongs to the genus Oryza in the 
grass family (Gramineae). There are 22 species in 
the genus, of which only two are cultivated: O. 
sativa, which was domesticated in the humid 
tropics of South and Southeast to East Asia and 
which was domesticated in the Niger basin in 
Africa (Khush, 1997).  Rice is a salt-sensitive crop 
and increasing its salt tolerance has enormous 

implications. The strategy to overcome salinity 
stress is genetic improvement of salinity 
tolerance in the available varieties (Epstein et al., 
1980). Plant growth is adversely affected by 
salinity, a major environmental stress that limits 
agricultural production. In the most commonly 
cultivated rice cultivars, young seedling were very 
sensitive to salinity whereas rice was more salt 
tolerant at germination than other stages (Zeng 
and Shanon., 2000). Gene�c diversity in plants 
has been traditionally assessed using 
morphological or physiological traits. The 
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assessment of phenotype may not be a reliable 
measure of genetic differences as gene 
expressions are influenced by environment. 
Further, this is aggravated in screening for salt 
tolerance as any change in the environment 
alters salt tolerance among the genotypes (Yeo et 
al., 1990). On the other hand, iden�fied gene�c 
variations based on DNA polymorphism are 
abundant and independent of environmental 
factors. DNA markers that differentiate 
genotypes are more reliable and convenient than 
physiological or morphological characteristics in 
the identification and characterization of genetic 
varia�on (Zeng et al., 2004). Among various PCR 
based markers, SSR markers are more popular in 
rice because they are highly informative, mostly 
monolocus, co-dominant, easily analyzed and 
cost effective (Chambers and Avoy, 2000). About 
2240 microsatellite markers are now available 
through the published high-density linkage map 
(McCouch et al., 2002). The gene�c varia�on, as 
identified by morphological characters and 
molecular markers, may be useful in breeding for 
abiotic stress. Therefore, the present 
investigation was undertaken with the objective 
of estimating genetic diversity in a set of salt 
tolerant genotypes using SSR markers and 
morpho-physiological characteristics. 
 

Materials and Methods 

Plant material 

This study was carried out at the 
Department of Plant Breeding and Biotechnology, 
Faculty of Crop Science, Gorgan University of 
Agricultural Science and Natural Resources, Iran. 
Twenty-nine rice genotypes (Table 1) consis�ng 
land races, pure and improved lines were chosen 
in the study. Accessions were obtained from the 
Rice Research Institute of IRAN and International 
Rice Research Institute. 
 

Morpho-physiological characteristics 

The experiment was conducted in the 
experimental area of the Department of Plant 
Breeding and Biotechnology, Gorgan University of 
Agriculture Science and Natural Resources. All the 
twenty-nine genotypes were sowed at the split 
plot array based on randomized complete block 

design with three replicates at the controlled 
condition. Each genotype was planted in two 
rows per replication. Salinity tolerance was 
evaluated using the method of Gregorio et al. 
(1993). Rice genotypes were inves�gated under 8 
dS.m-1 salinity level. This experiment was 
conducted in phytotron glasshouse maintained at 
29/21 day/night temperature and minimum 
rela�ve humidity of 70% during the day. Pre-
germinated seeds of each cultivar were sown in 
holes made on Styrofoam sheets with a nylon net 
bo�om. Three seeds were sown per hole, with 10 
holes per test entry. The sheets were then 
floated on dis�lled water for 3d after which 
nutrient solu�on (Yoshida et al., 1976) were used 
for 14 days. Salinity treatment was introduced 
corresponding to electrical conductivities (EC) of 
8 ds.m-1 21 days a�er planting. The culture 
solution was renewed weekly and the pH was 
adjusted daily to 5.5 by adding either NaOH or 
HCl. Fourteen days after salinization, morpho-

Table 1 
Details of genotypes 

S. NO Genotypes Origin 

1 IR74099-3R-2-2 IRRI, Philippines 
2 IR74099-3R-2-3 IRRI, Philippines 
3 IR74095-AC-30 IRRI, Philippines 
4 IR74099-3R-5-3 IRRI, Philippines 
5 IR74095-AC32 IRRI, Philippines 
6 IR54447-3B-10-2 IRRI, Philippines 
7 IR74095-AC37 IRRI, Philippines 
8 IR74095-AC38 IRRI, Philippines 
9 IR74095-AC40 IRRI, Philippines 

10 IR65195-3B-19-1-1 IRRI, Philippines 
11 IR65-185-3B-8-3-2 IRRI, Philippines 
12 IR65192-3B-1-1-3 IRRI, Philippines 
13 IR59418-7B-19-2 IRRI, Philippines 
14 IR59418-7B-20-1 IRRI, Philippines 
15 IR59418-7B-27-3 IRRI, Philippines 
16 IR63311-B-6-2-1-3 IRRI, Philippines 
17 IR67075-2B-2-2 IRRI, Philippines 
18 IR67075-2B-5-2 IRRI, Philippines 
19 IR67075-2B-15-1 IRRI, Philippines 
20 IR65192-3B-14-1-1 IRRI, Philippines 
21 IR65192-4B-3-2 IRRI, Philippines 
22 IR28 IRRI, Philippines 
23 IR65192-4B-6-1 IRRI, Philippines 
24 Gharib  Landrace, Iran 
25 Khazar  IR2071-625/TANU74, Iran 
26 Shahpasand Landrace, Iran 
27 IR65192-4B-4-2 IRRI, Philippines 
28 IR50 IRRI, Philippines 
29 Sepidroud Sadry/IR8/IR28. Iran 

IRRI: International Rice Research Institute 
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physiological characteristic including root and 
shoot dry weights, chlorophyll content, biomass, 
Na+/K+ ratio, and leaf area were measured and 
cultivars were evaluated using the method of 
Grigorio et al. (1997).  
 

DNA extraction and SSR marker analysis 

Total genomic DNA was extracted from 
young leaves using CTAB method (Saghi Maroof 
et al., 1994). Thirty SSR primers were selected in 
this study. Thirty SSR marker Covering all the 12 
chromosomes of rice, were selected from the 
Genome Databases, Rice Genes Microsatellite 
Markers. These primer sequences were 
synthesized by MWG Biotec Inc Germany. PCR 
reactions were carried out in PTC (A 
Programmable Thermal Cycler). The volume of 
the reac�on mixture was 20 μL which consisted 
of 4 μL DNA sample and 16 μL Master mix. The 
temperature cycles were programmed as 94 °C  
for 4 min, 94°C  for 45 s, 55 °C  for 45 s, 72 °C  for 
1 min for 35 cycles and addi�onal temperature of 
72 °C  for 5 min for extension and 4 °C  for 
cooling. 

Amplification products were separated 
by denaturing polyacrylamide gel electrophoresis 
(PAGE) on mini ver�cal units using either 6% 
polyacrylamide gels with Ix TBE buffer at constant 
voltage of 70 V for a period of 45 min to 1 h. A�er 
electrophoresis, gels were stained according to 
silver-staining method (Cho et al., 1996) and 
(Creste et al., 2001). The gel was visualized in 
photographs taken using a scanner instrument. 
Clearly resolved, unambiguous bands were 
scored visually for their presence or absence with 
each primer. The scores were obtained in the 
form of matrix with ‘1’ and ‘0’, which indicate the 
presence and absence of bands in each variety 
respectively. 

 

Data analysis 

Statistical analysis of morpho-
physiological data was performed using one-way 
ANOVA and the difference between the mean 
values was compared at p≤0.01 using Duncan 
Multiple Range Test. Statistical analyses for the 
SSR marker data were conducted using the 
software NTSYS-pc version (2.0  Rohlf., 1997). 

The morpho-physiological characteristics 
were standardized prior to cluster analysis. 
Cluster analysis was then conducted on the 
taxonomic distance matrix with the un weighted 
Pair Group Method based on Arithmetic Average 
(UPGMA) and a dendrogram was generated 
based on the genetic distance matrix. For 
analyses based on SSR markers data from all the 
markers were used to estimate the similarity on 
the basis of the number of shared bands. 
Similarity was calculated with SIMQUAL function 
of NTSYS that computes a variety of similarity and 
dissimilarity coefficients for qualitative data. The 
similarity matrix values based on Jaccard 
coefficient of similarity were calculated. The 
similarity matrix thus generated was used to 
generate dendrogram based on UPGMA method. 
In order to estimate the congruence among 
dendrograms, cophenetic matrices for which 
marker and index type were computes and 
compares using the Mantel test. 

  Principal component analysis was 
performed in order to highlight the resolving 
power of the ordination. Polymorphic 
information content (PIC) that provides an 
estimate of the discriminatory power of a locus 
or loci, by taking into account not only the 
number of alleles that are expressed, but also 
relative frequencies of those alleles, was 
estimated using the formula suggested by 
Botstein et al. (1980): 

 
 
 

where Pij is the frequency of the jth allele for the 
ith marker, and summed over n   alleles.  

 
Results  

Genetic diversity based on SSR markers data 

Thirty SSR markers were used for 
amplifying DNA segments from genomic DNA of 
twenty-nine genotypes. A total of 106 alleles 
were scored from the thirty SSR markers. The 
number of alleles per primer ranged from 2 to 6. 
On average, 3.53 alleles per locus were observed. 
The Polymorphism Information Content (PIC) 
ranged from 0.07 to 0.71 with an average of 0.45 
(Table 2). The lowest PIC value were observed in 
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RM445, RM466, RM3345, RM7424 primers and 
the highest PIC value was observed in M7426, 
RM1337, RM47 and RM5430 primers. These 
results were consistent with those reported by 
Cho et al. (2000).  For seven markers (RM416, 
RM478, RM5430, RM5473, RM7426, RM184, and 
RM1337), the tolerant and moderately tolerant 
genotypes had alleles that were not found in the 
sensitive genotypes. The size of the amplified 
segment ranged from 85-110 bp for RM7424 to 
185-215 bp for RM445 (Table 2). 

The microsatellite markers were able to 
distinguish between different rice genotypes. The 
high degree of polymorphism of microsatellite 
markers allows rapid and efficient identification 
of rice genotypes. The microsatellite markers 
classified the rice genotypes into II clusters. Each 
cluster distinguishes the genotypes clearly from 
the other. Cluster I had all the tolerant and 
moderately tolerant genotypes and Cluster II had 
all the sensitive genotypes (Fig. I). The tolerant 
genotypes of IR74099-3R-2-2, IR67075-2B-2-2, 
Gharib and Shahpasand were included into 
clusters I.  The sensi�ve genotypes of IR50, IR28, 
IR74095-AC40, IR65195-3B-19-1-1, Khazar, and 
Spidroud were included into clusters II (Fig. I). 
The Twenty-nine accessions used in this study 
clustered in the same order using the UPGMA 
cluster analysis based on the Jaccard coefficient 
(Fig. I). A high cophene�c correla�on (r = 0.94) 
between the original similarity matrix and those 
given by the clustering process was observed. The 
two major tolerant and moderately tolerant 
groups, and sensitive were resolved in the 
dendrogram. Most of the genotypes fall into 
tolerant and moderately tolerant group. There 
was overlapping of tolerant genotypes within the 
cluster. PCA components explained 84.40% of 

variation (Fig. II). Similar results were reported 
earlier by Zeng et al. (2004). 
 

Table 2 
Allelic variation and PIC values for SSR markers identified 
in 29 rice genotypes 

AL  
(bp) 

 

AT 
(C) 

 

PIC 
Values 

 

Allele 
No. 

 

SSR 
LOCUS 

 

180-210 55 0.120 3  RM466 
140-175 55 0.489 3 RM488 
165-180 55 0.422 3 RM262 
150-195 55 0.566 3 RM236 
100-120 55 0.622 5 RM416 
170-200 55 0.349 3 RM5626 
168-200 55 0.716 5 RM478 
170-210 66 0.401 4 RM562 
98-130 61 0.649 4 RM5430 

115-150 55 0.644 6 RM7426 
150-180 55 0.437 3 RM6283 
100-115 55 0.581 3 RM7389 
130-180 55 0.568 5 RM11 
185-215 55 0.070 4 RM445 
130-150 55 0.580 3 RM152 
105-145 55 0.476 3 RM3342 
88-110 50 0.247 3 RM7424 

110-140 55 0.340 3 RM5702 
170-200 55 0.604 4 RM184 
180-200 55 0.466 3 RM3152 
150-200 55 0.390 3 RM144 
170-190 55 0.550 5 RM1341 
120-190 55 0.456 3  RM276 
170-210 55 0.670 5 RM1337 
130-150 55 0.318 3 RM5642 
100-125 55 0.604 3 RM5473 
100-117  55 0.202  3 RM3345  
178-190  55 0.357 3 RM5140 
130-150 55 0.344 3  RM3827 
138-150 55 0.328 2 RM340 

 
AL: Allele Length in bp;  AT : Armealing Temperahire; PIC: 

Polymorphic Information Content 

 
Table 3 
Variance analysis of traits evaluated in seedling stage of twenty-nine cultivars at two salinity levels 
 

Na
+
 /  K

+ 
ratio biomass Leaf area chlorophyll 

content 
 

shoot dry 
weight  

root dry 
weight  

d.f Sources of Variation 

43.14** 7.738** 734.99** 113.93** 5.88** 0.126** 1 SL 
0.008 0.0006 0.042 0.092 0.00032 0.00005 2 Error sl 
0.06** 0.054** 10.95** 9.061** 0.0444** 0.0009** 28 C 
0.05** 0.005** 2.08** 5.08** 0.042** 0.0002** 28 SL×C 
0.0004 0.0003 0.022 0.08 0..0002 0.00001 112 Error c×sl 
5.66 2.84 1.94 0.87 2.99 5.99  CV (%) 

**: Significant at 1%. SL: Saliinity Levels (8 ds.m
-1

), C: Cultivars 
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Genetic diversity  and cluster analysis based 
on morpho-physiological characteristics 

In an attempt to evaluate the similarity 
among different rice genotypes in relation to 
growth and physiological responses to salinity, a 
cluster analysis was performed using eight 
physiological characters which gave high 
correlation with the level of salinity tolerance. 
Morpho-physiological characteristics of each 
genotype were measured in each replication. 
Analysis of variance revealed significant 
genotypic differences (Table 3). Taxonomic 
distance based on plant morpho-physiological 
characteristics was estimated after 
standardization. The matrix of average taxonomic 
distance was estimated using Euclidian distance 
coefficient. The cluster analysis was conducted on 
average taxonomic distance with UPGMA 
method. Measurement of association using 
UPGMA revealed that twenty-nine genotypes 
were grouped into three clusters (Fig. III and 
Table 4). Among them, cluster II was found to 
have large number of genotypes. When the 

genotypes in each cluster were compared with 
the morpho-physiological data, it was found that 
genotypes in cluster I were susceptible, 
genotypes in cluster II were moderately tolerant, 
and genotypes in the cluster III were tolerant. 

 

Figure I. Clustering of all 29 rice genotypes based on SSR marker data 

Figure II. Three dimensional plot of principal component 
analysis morpho-physiological data from the 29 rice 
genotypes; the numbers plotted represent individual 
cultivars corresponding to the ones listed in Table 1. 
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Cluster analysis was carried out using appropriate 
procedures of the program SPSS 16.0. (2007).  

 
Discussion 

In this study, most of genotypes were 
grouped into moderately tolerant cluster, while 
the other genotypes were clustered into tolerant 
or susceptible, and this was revealed based on 
morpho-physiological characteristics through 
cluster analysis (Table 4). 

 
However, the genetic diversity in this 

subset of rice genotypes was relatively low 
compared to other reports. Although the average 
of the PIC values in this study (0.45) was higher 
than that determined by Akagi et al., (1997) in 59 
japonica cul�vars in Japan (0.37), it was lower 
than that determined by Panaud et al. (1996) in 
24 rice cul�vars. Breeders o�en have to deal with 
the tasks of genetic improvement in crops for 
tolerance to abiotic stress when the related 
mechanisms are not well characterized. One of 

the major approaches in molecular breeding is 
selection with the aid of molecular markers 
linked to the quantitative trait loci (QTLs) 
underlying the physiological or agronomical 
performance under stress when the candidate 
genes are not available. The QTLs controlling salt 
tolerance have been identified using molecular 
markers in tomato (Foolad et al., 1997) and rice 
(Koyama et al., 2001). In contrast to 
morphological trait, the molecular markers 
revealed polymorphism at the DNA level, 
suggesting a very powerful tool for 
characterization of genotype and estimation of 
genetic diversity. 

Among them the microsatellite or simple 
sequence repeats (SSR) markers showed a high 
potential for identification and estimation of 
gene�c diversity (Zhang et al., 1994). The SSR 
markers played an important role in studying the 
germplasm diversity in rice (Yu et al., 2005). The 
results indicated that SSR analysis could be a 
better method to study the genetic diversity in 
rice. 

 

 
Figure III. Clustering of all 29 rice genotypes based on morpho-physiological data 
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In sum, the results of this study provide 
some implications for engineering salt tolerance 
using microsatellite clusters. Evaluating and 
selecting salt tolerance among genotypes are not 
easy tasks because measurements of 
physiological and morphological phenotypes are 
highly affected by environmental factors. 
However, findings suggest that physiological 
phenotypes among different genotypes can be 
predicted based on their genetic similarity 
characterized by microsatellite markers. The best 
measure to analyze genetic diversity among 
genotypes would be with the use of all 
information, both from morpho-physiological 
characteristics and DNA-based markers. 
Molecular marker data and morpho-physiological 
data subjected to various numerical and 
taxonomical techniques measure the relationship 
among the genotypes (Kumar et al., 2003). The 
genotypes which were found to vary based on 
both morpho-physiological and molecular 
diversity can be used for further breeding 
program. 
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