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Using 14 ISSR primers for molecular profiling in relation to salinity tolerance of 18 

landraces and varieties of rice, altogether 483 allelic variants including 236 shared and 247 

unique alleles were generated with an average of 34.50 alleles per primer, revealing ample 

genetic differentiation and divergence amongst the entries under evaluation. Every primer 

generated polymorphic amplified products, but only 12 out of 14 primers yielded unique 

products. The primers having (AG)8YT, (CT)8A, (AG)8YA, (GA)8YT, (GA)8YC, (CT)8G, 

(TC)8C, (GATA)4 and (GA)8YG repeat motifs recorded relatively higher polymorphism per 

cent expressed in terms of the percentage of unique alleles in descending order of 

magnitude. Polymorphism information content of the primers varied from 0.612 to 0.992 

for the primers (GACA)4 and (AG)8YA, respectively, with an average of 0.919 across the 

primers. Comparatively higher numerical values were obtained in respect of the primers 

(GA)8C, (CT)8A, (CT)8G, (TC)8C, (TC)8G, (AG)8YT, (AG)8YA, (GA)8YT, (GA)8YC, 

(GA)8YG and (GATA)4 amongst all the primers, reflecting their greater allelic richness and 

diversity. Poly-GA containing anchored primers produced the highest number (44.8) of 

allelic variants per primer followed by poly-CT, poly-AG and poly-TC containing anchored 

primers. But, the highest mean polymorphism per cent, highlighting the proportion of 

unique alleles, was exhibited by poly-AG followed by poly-GA, poly-CT and poly-TC 

containing anchored primers Clustering based on only poly-GA and poly-AG containing 

anchored primers provided more efficient genotypic discrimination in relation to salt stress 
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responsiveness of the rice varieties. Moreover, a panel of only three poly-AG containing 

anchored primers facilitated perfect discrimination of rice varieties in accordance with their 

responsiveness to salinity stress. These primers can be efficiently utilized as functional 

instruments for connecting genotypic and phenotypic differences in relation to salt stress 

responsiveness. Principal coordinate analysis completely supported the results obtained 

from hierarchical classification of the landraces and varieties. 

Keywords:   Rice, salt tolerance, ISSR markers, genetic divergence 

 

INTRODUCTION 

Rice is characterized as a typical glycophytic crop plant due to its salt sensitivity, which 

varies during different growth and developmental stages. It exhibits tolerance to salinity stress 

during germination and active tillering stage in contrast to more sensitiveness during early 

vegetative and reproductive stages (REDDY et al., 2017). Several studies have indicated salt stress 

tolerance of rice during germination but greater sensitivity during seedling and reproductive 

stages (KUMARI et al., 2015; ALI et al., 2014; KUMARI et al., 2016a; KUMARI et al., 2018). 

Salinity hampers rice production due to adverse physiological changes that severely limit the 

plant growth and development. Physiological changes in rice cultivars due to salt stress during 

seedling stage correlate with an apparent decrease in growth characteristics and chlorophyll 

accumulation in contrast to an increase in proline, hydrogen peroxide, peroxidase activity and 

anthocyanin. Consequently, principal component analysis based on physiological salt tolerance 

indices has been found to distinguish rice cultivars into different salt tolerance clusters 

(CHUNTHABUREE et al., 2016). Salinity stress initially creates osmotic stress and subsequently 

induces toxicity as a consequence of ion accumulation. Susceptibility or tolerance response of 

rice plants to high salinity is ultimate reflection of a coordinated action of several stress 

responsive genes (SHI et al., 2017). Therefore, salinity tolerance is a complex quantitative 

property predominantly associated with the maintenance of ion homeostasis and mediated by 

multiple genes, which code for signalling molecules, ion transporters, metabolic enzymes and 

transcription regulators. 

Haplotype diversity analysis of rice genotypes carried out by several researchers using 

simple sequence repeat markers (SSRs) associated with salt tolerance has contributed to the 

identification of quantitative trait loci (QTLs), sources of new genes and molecular markers to 

facilitate introgression of salt tolerance trait into the diverse genetic background of interest 

(CHOWDHURY et al., 2016). Microsatellite markers (SINGH et al., 2007; MOHAMMADI-NEJAD et 

al., 2008; HOSSAIN et al., 2015) and genome-wide single nucleotide polymorphism associated 

with salt tolerance have been identified (MISHRA et al., 2016; RAHMAN et al., 2016; TIWARI et al., 

2016). However, breeding for salt tolerant rice varieties using genetic diversity available in rice 

genetic resources has been a difficult task, owing to problems in accurate phenotyping at 

different stages of growth under varying salinity levels, strong genotype and environment 

interaction and complex inheritance of salt tolerance (KUMAR et al., 2015; EMON et al., 2015). 

Developing salt tolerant rice varieties by purposeful utilization of tolerant sources and efficient 

techniques is the best option to address the problem of salinity. In this context, it is very 

important and relevant to find sufficient variation and to devise and utilize appropriate screening 

techniques which are reliable and able to identify salt tolerant varieties and plants (KRANTO et 
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al., 2016). Landraces in marker assisted breeding are currently being exploited as preferred 

potential donors of salt stress tolerance trait because of their local adaptation (THOMSON et al., 

2010; ROY et al., 2011; NEGRAO et al., 2013).  

Screening for salt tolerance at field level is difficult due to soil heterogeneity, climatic 

factors and other environmental factors. Conventional method of screening for salt tolerance 

hinders the development of an accurate, rapid and reliable screening technique because of large 

environmental effects and narrow sense heritability of salt tolerance. Screening under controlled 

condition has the benefit of reduced environmental effects and the hydroponic system is free 

from complex variations associated with soil related stress factors. Hence, screening under 

laboratory conditions at early seedling stage based on simple criteria (ZAFAR et al., 2015; 

SAMANT and JAWALI, 2016)  is considered to be advantageous over field screening because rapid 

and accurate screening becomes difficult at vegetative and reproductive stages (ALI et al., 2014). 

Vegetative stage screening based on root length, shoot length and biomass has also been 

proposed as the potential indicator of salt tolerance status. However, the salt tolerance at early 

growth stages does not always correlate with the response at subsequent growth stages. 

Therefore, selection for salinity tolerance in genotypes of rice based on phenotypic performance 

alone is less reliable. Recent technological advancements in genomic marker technology permits 

meliorated accuracy and improved efficiency in breeding for the traits generally known to be 

prone to pronounced environmental effects leading to poor selection efficiency. Marker assisted 

backcross breeding are being employed for introgression of salt tolerance related major locus 

into elite varieties.  

Microsatellite or simple sequence repeat (SSR) markers, which target tandem repeated 

sequence motifs in the genome, have been commonly and successfully employed for varietal 

identification, genetic diversity analysis, identification of introgression in inter-specific crosses, 

genetic purity analysis, tracing pedigrees, locating genes including tagging and mapping of salt 

tolerance genes and quantitative trait loci and marker aided selection in rice. Such markers are 

considered as most amenable for several applications due to their multi-allelic nature, high 

reproducibility, co-dominant inheritance, abundance and extensive genome coverage with simple 

reproducible assays. Inter simple sequence repeat (ISSR) is the region that falls between the 

microsatellite repeats and offers the advantage to reveal variation within unique regions of the 

genome at several positions simultaneously. Using microsatellites as primers and behaving as 

multi-locus markers, ISSR markers provide a simple, polymorphic and reproducible marker 

system that is generally dominant but abundant through out the rice genome (JOSHI et al., 2000; 

REDDY et al., 2009; DHARMARAJ  et al., 2018). Enjoying the advantage of random markers, since 

sequence information is not required for primer synthesis (TIWARI et al., 2013; USAIZAN et al., 

2014), ISSR markers provide the specificity of sequence tagged site markers with utility for 

genetic diversity and interrelationship analysis among the landraces and varieties of rice.  The 

ISSR markers based on AG, GA and (GATA)n repeats have been found to be highly informative 

in resolving the genetic relationships among diverse accessions of rice germplasm (JOSHI et al., 

2000; SARLA et al., 2003; SARLA et al., 2005; REDDY et al., 2009; KUMBHAR et al., 2013; 

KALEYBAR et al., 2015; DHARMARAJ  et al., 2018).  

Keeping all above into consideration, an attempt was made in the present investigation 

to precisely analyze the ISSR markers specific molecular level genetic polymorphism among 
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some purposefully selected landraces and varieties of rice having differential affiliation to 

salinity tolerance based on their responsiveness to salinity stress (KUMARI et al., 2018) and to 

correlate their genetic profiles with salinity tolerance status. The level of polymorphism revealed 

by each primer has been compared to develop a rational basis for the choice of informative 

primers in order to devise a practical and economical approach for analysis of diversity in 

relation to salt stress responsiveness among landraces and varieties of rice using a few primers. 

 

MATERIALS AND METHODS 

Experimental materials 

Salinity tolerance index representing the relative performance of a variety in relation to 

that of control at different levels of salinity was determined for seed germination and seedling 

growth and the average value across the attributes and salinity levels yielded the overall salinity 

tolerance index of the variety under consideration in a study reported earlier involving 30 rice 

landraces and varieties including two tolerant (Pokkali and CSR-36) and two susceptible (IR-29 

and IR-64) checks (KUMARI et al., 2018).  

 
Table 1. List along with the source and salt tolerance status of rice landraces and varieties examined in the 

present study 
Sl  No. Varieties Source STI  Tolerance status 

1.  Pokkali (check)* UAS, Dharwad 91.54 HT 
2.  CSR-36 (check)* CSSRI, Karnal 91.20 HT 

3.  IR-29 (check)* IRRI, Philippines 62.21 HS 

4.  IR-64 (check)* IRRI, Philippines 60.46 HS 
5.  Kranthi IGKV, Raipur 90.37 HT 

6.  Ratnagiri-4* Landrace, Ratnagiri 88.71 HT 
7.  Annada CRRI, Cuttack 87.94 HT 

8.  Rajendra Dhan-102* RAU, Pusa 88.20 HT 

9.  Mandakini* OUAT, Bhubaneswar 90.69 HT 

10.  Sahbhagi Dhan*  CRURRS, Hazaribag 88.16 HT 

11.  Pusa Sugandh-2* IARI, New Delhi 89.38 HT 
12.  Daya* OUAT, Bhubaneswar 54.82 HS 

13.  Kalinga-3 OUAT,  Bhubaneswar 55.27 HS 

14.  Sarsa* Landrace, Bihar 87.06 MT 
15.  Jyothi KAU, Thrissur 89.82 HT 

16.  Sanwal Basmati SKUAST, Srinagar 88.94 HT 
17.  Saraswathi* RRS, Chinsurah 79.42 MT 

18.  Golaka* Landrace, Bihar 59.99 HS 

19.  Pusa-834 IARI, New Delhi 87.24 MT 
20.  Shatabdi* CRRI, Cuttack 59.21 HS 

21.  Duna Sankhi Landrace, Bihar 89.25 HT 
22.  Govind G.B.UAT, Pantnagar   87.36 MT 

23.  Shanthi DRR, Hydrabad 88.49 HT 

24.  Vaisak* Landrace, Bihar 88.12 HT 
25.  Khira Landrace, Bihar 83.85 MT 

26.  Bardhan AAU, Jorhat 89.70 HT 
27.  MTU-7029* ANGRAU, Hydrabad 80.37 MT 

28.  Pusa Sugandh-5 IARI, New Delhi 82.26 MT 

29.  Jyotrirmayee* Titabar, Assam 86.22 HT 
30.  Badami* OUAT, Bhubaneswar 87.80 HT 

STI; Salinity tolerance index; HT: Highly tolerant; MT: Moderately tolerant; HS: Highly susceptible 

*Entries subjected to molecular characterization using ISSR markers 
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Using this data (Table 1) in the present study, salinity tolerance index value of each of 

the varieties was compared with the mean index (MI) value computed as an average of index 

value of all the varieties under evaluation and the varieties were then classified into highly 

tolerant (>MI + ½ Sd), moderately tolerant (MI ± ½ Sd) and highly susceptible (<MI – ½ Sd) 

groups. A set of 18 rice landraces and varieties selected from highly tolerant, moderately tolerant 

and highly susceptible groups constituted the experimental materials of the present investigation 

and subjected to molecular profiling by employing 14 ISSR markers in the Molecular Biology 

Laboratory, Department of Agricultural Biotechnology and Molecular Biology, Dr. Rajendra 

Prasad Central Agricultural University, Pusa (Samastipur), Bihar.  

Genomic DNA isolation 

Seedlings were raised from the seeds of selected rice genotypes and leaves were 

collected from the three weeks old seedlings of each entry for isolation of total genomic DNA by 

using CTAB method with slight modifications (KUMARI et al., 2019). The quality of extracted 

DNA samples was ascertained by agarose gel (0.8%) electrophoresis, in addition to the 

measurement of absorbance at 260 and 280 nm with the help of spectrophotometer (Varian Cary 

50 Spectrophotometer). The quantity of extracted templates in the samples was determined with 

the help of biospectrometer (Eppendorf) prior to their molecular profiling with the help of 12 

anchored and 2 unanchored (872 and 873) ISSR markers (Table 2).  

 
Table 2. List of ISSR markers used for molecular characterization of entries evaluated in the present study 

Sl. No. Primer No. Primer sequence (5’-3’) Repeat motif Annealing temp. 
(0C) 

01 811 GAG AGA GAG AGA GAG AC (GA)8C 34 

02 813 CTC TCT CTC TCT CTC TT (CT)8T 34 
03 814 CTC TCT CTC TCT CTC TA (CT)8A 34 

04 815 CTC TCT CTC TCT CTC TG (CT)8G 34 

05 823 TCT CTC TCT CTC TCT CC (TC)8C 38 

06 824 TCT CTC TCT CTC TCT CG (TC)8G 38 

07 834 AGA GAG AGA GAG AGA GCTT (AG)8YT 38 
08 835 AGA GAG AGA GAG AGA GCTC (AG)8YC 38 

09 836 AGA GAG AGA GAG AGA GCTA (AG)8YA 38 

10 840 GAG AGA GAG AGA GAG ACTT (GA)8YT 38 
11 841 GAG AGA GAG AGA GAG ACTC (GA)8YC 38 

12 842 GAG AGA GAG AGA GAG ACTG (GA)8YG 38 
13 872 GAT AGA TAG ATA GAT A (GATA)4 38 

14 873 GAC AGA CAG ACA GAC A (GACA)4 38 

 

Genomic DNA amplification  

The information pertaining to ISSR primer sequences was obtained from rice genome 

database (http://www.gramene.org) and the most suitable annealing temperature was 

experimentally determined. Polymerase chain reaction (PCR) based amplification was carried 

out in a thermal cycler (Eppendorf) using 15 μl reaction mixture that contained 5X PCR buffer, 

1mM deoxyribonucleotide triphosphates (dNTPs), 10mM of MgCl2, 5μM of the primers, 1 unit 

Taq DNA polymerase (Fermentas) and 20 ng of template DNA. Thermal profile for achieving 

successful amplification was programmed to 1 cycle of 4 min at 940C as an initial strand 

separation step followed by 35 cycles of 1 min at 940C for denaturation, 1 min for primer 
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annealing with varying annealing temperature (340C-380C) depending on the primer used and 2 

min at 720C for primer extension. Finally, 1 cycle of 10 min at 720C was used for final extension 

and then the amplified products were separated and resolved through electrophoresis.  

 

Genetic polymorphism evaluation 

Using a ladder (1kb, Gene ruler, Fermentas) as size marker to determine the molecular 

size of amplified products and ethidium bromide containing agarose (Fermentas) gels (2%), the 

amplified products were separated. Electrophoresis was conducted at 100V for 90 minutes in 

0.5X TBE buffer. The gels were then visualized and documented under a gel documentation 

system (Alpha Innotech) and the molecular size of amplified product was determined in relation 

to the size of markers in the ladder with the help of alpha view gel reader. Considering the 

location of well as initial position (Rf=0) and the position of migrated dye as final position 

(Rf=1), the Rf value for each band was determined. The position of amplified products 

corresponded to the location of the bands along y-axis (ranging from 0 to 1030).  

 

Molecular data analyses 

All the entries were scored for the presence and absence of bands, which represented 

ISSR primer directed amplified products corresponding to targeted genomic regions. Binary data 

matrix was generated by scoring for the presence and absence of bands in all the entries in 

respect of each of the primers employed during genomic profiling. Efficiency of primers in terms 

of their ability to yield unique and genotype specific allele(s) was assessed by computing the 

Polymorphism per cent as PP = [un/tn] x 100, where un and tn represent number of unique 

alleles and total number of alleles detected amongst the varieties, respectively (KUMARI et al., 

2016b). Allelic diversity of the markers was assessed by calculating the Polymorphism 

information content (REDDY et al., 2009) of the primers as PIC =Σ 1− P2i / n, Where, n is the 

number of band positions analyzed in the set of varieties and Pi is the frequency of ith pattern. 

Similarity coefficients (DICE, 1945) were computed for pair-wise comparisons based on the 

proportions of shared bands produced by the primers as Similarity coefficient = 2a/(2a+b+c), 

where, a, b and c represent number of bands shared between Jth and Kth genotypes; number of 

bands present in Jth genotype but absent in Kth genotype and number of bands absent in Jth 

genotype but present in Kth genotype, respectively.  

Sequential agglomerative hierarchical nested (SAHN) cluster analysis was performed 

and the dendrogram based on similarity indices was obtained by un-weighted pair-group method 

using arithmetic mean (UPGMA). Analysis was performed with the help of NTSYS-pc software 

(ROHLF, 1997). Principal coordinate analysis was conducted to examine the two-dimensional 

ordination and spatial distribution of the genetic profiles of the entries. Neighbor joining tree was 

constructed from similarity matrix. The pattern of differentiation and divergence among rice 

landraces and varieties was examined at molecular level by identifying and comparing the 

clusters.   

RESULTS AND DISSCUSSION 

Scoring of alleles based on ISSR markers 

Employing a panel of 14 ISSR primers for primer directed amplification of genomic 

regions in 18 landraces and varieties of rice, the amplification patterns of inter-simple sequence 
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repeats, as revealed by different primers (Figure 1) were analysed. Every primer generated 

polymorphic amplified products, but only 12 out of 14 primers yielded unique amplified 

products. It was observed that the number of allelic variants per primer ranged from 6 for the 

primers (AG)8YC and (GACA)4 to 59 for the primer (CT)8G. Partitioning of the total identified 

alleles into the categories of unique and shared alleles revealed that a total of 247 unique and 236 

shared allelic variants were generated in the form of amplified products (Table 3). Overall size of 

the amplified products generated by the primer directed amplification of targeted genomic 

regions varied from 334 bps to 3916 bps for the primers (GA)8C and (CT)8A, respectively (Table 

3). Similarly, the molecular size difference between the smallest and the largest allelic variants 

for a given primer varied from 402 bps to 4140 bps in the cases of the primers (TC)8C and 

(GA)8YT, respectively. 

 

Table 3. Analysis of 14 ISSR primers based amplification patterns of genomic regions in 18 rice landraces 

and varieties subjected to molecular characterization     

                                                                                                                                                              

  Primer  
Amplicon size 

range (bp)  

Amplicon size 

difference (bp)  

No. of 

alleles  

No. of 

unique 

alleles 

No. of 

shared 

alleles  

PP  PIC  

811 334-1473  1139  56  24  32  42.85  0.977  

813 650-2000  1350  07  00  07  00.00  0.620  

814 833-3916  3083  42  28  14  66.66  0.987  

815 546-1329  0783  59  30  29  50.84  0.977  

823 558-0960  0402  26  13  13  50.00  0.976  

824 695-1316  0621  24  06  18  25.00  0.971  

834 900-2000  1100  39  27  12  69.23  0.990  

835 800-1500  0700  06  01  05  16.66  0.849  

836 870-1782  0912  43  28  15  65.11  0.992  

840 660-4800  4140  46  28  18  60.86  0.984  

841 787-1772  0985  41  21  20  51.21  0.981  

842 768-1268  0500  36  16  20  44.44  0.976  

872 636-3909  3273  52  25  27  48.07  0.985  

873 800-1800  1000  06  00  06  00.00  0.612  

PP: Polymorphism per cent; PIC: Polymorphism information content 

 

The polymorphism per cent revealed in the form of percentage of unique alleles was 

recorded to be the maximum (69.23%) in the case of primer (AG)8YT and the minimum 

(00.00%) in the cases of primers (CT)8T and (GACA)4 with an average value of 42.17% per 

primer (Table 3). Among the 14 primers utilized during molecular characterization, nine primers 

having (AG)8YT, (CT)8A, (AG)8YA, (GA)8YT, (GA)8YC, (CT)8G, (TC)8C, (GATA)4 and 

(GA)8YG repeat motifs recorded relatively higher polymorphism per cent in descending order of 

magnitude. Revealing allele diversity and frequency among the entries under evaluation in the 

present study, the level of polymorphism, as assessed by calculating the polymorphism 

information content (PIC) of each of the primers, varied from 0.612 to 0.992 for the primers 

(GACA)4 and (AG)8YA, respectively, with an average of 0.919 across the primers (Table 3). 
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Further, relatively higher numerical values were obtained in respect of the primers (GA)8C, 

(CT)8A, (CT)8G, (TC)8C, (TC)8G, (AG)8YT, (AG)8YA, (GA)8YT, (GA)8YC, (GA)8YG and 

(GATA)4 amongst all the primers utilized during molecular characterization, reflecting their 

greater allelic richness and diversity. The ISSR markers, which amplify unique regions in 

between the simple sequence repeats, are regarded as highly polymorphic markers because of 

their hyper variability due to the ability to target different genomic regions (NAGARAJU et al., 

2002; SAINI et al., 2004; REDDY et al., 2009; SINGH et al., 2010; KUMBHAR et al., 2013; KUMAR 

et al., 2016; RAGHAVENDRA et al., 2016). Therefore, the results obtained in the present study are 

in accordance with the earlier reports. Further, the extent of polymorphism detected in the 

present study was higher as compared to the arbitrary primers based earlier reports in rice (JOSHI 

et al., 2000; SAINI et al., 2004; SAKER et al., 2005; SHIVAPRIYA and HITTALMANI, 2006; RABBANI 

et al., 2008; DHARMARAJ  et al., 2018).   

Precise analysis of amplicons clearly demonstrated that poly-GA containing anchored 

primers produced the highest number (44.8) of allelic variants per primer followed by poly-CT, 

poly-AG and poly-TC containing anchored primers with an average number of 36.0, 29.3 and 

25.0 alleles per primer.  However, the highest mean polymorphism per cent, highlighting the 

proportion of unique alleles, was exhibited by poly-AG containing anchored primers, followed 

by poly-GA, poly-CT and poly-TC containing anchored primers. Numerical values for average 

polymorphism per cent were recorded to be 50.3%, 49.8%, 39.2% and 37.5%, respectively. 

Similarly, the average polymorphic information content was registered as 0.993, 0.979, 0.861 

and 0.973, respectively.  Experimental results, therefore, provided the evidence to deduce the 

existence of a high frequency of di-nucleotide simple sequence repeats, especially poly-GA and 

poly-AG motifs in the genome of rice. Evidently therefore, poly-GA containing anchored 

primers, followed by poly-AG containing anchored primers were, in general, identified as highly 

efficient ISSR primers to evaluate the molecular level genetic polymorphism and generate the 

molecular fingerprint database in rice. The primer having poly- GATA motif among the two 

unanchored primers detected remarkably higher number of allelic variants with considerably 

greater polymorphism per cent and polymorphic information content than poly-GACA 

unanchored primer. The suitability of poly (GA) containing anchored ISSR primers for genetic 

diversity evaluation and fingerprinting of rice cultivars has been amply highlighted by earlier 

researchers (KALEYBAR et al., 2015) because of high value of polymorphism, frequency 

distribution and poly (GA) containing anchors of such ISSR primers. As a dominant marker, 

ISSR targets specific genomic regions containing simple sequence repeats or microsatellites that 

are known to be abundant throughout the eukaryotic genome including rice genome and evolve 

rapidly (QIAN et al., 2001; GIRMA et al., 2010), though occasionally a few of them exhibit co-

dominance (SINGH and  SENGAR, 2015). Consequently, ISSR primer based amplification 

generates substantially larger number of polymorphic products per primer and the analysis of 

amplification patterns reveals better and greater expression of diversity and sufficient 

polymorphisms for genetic relationship evaluation and molecular fingerprinting purposes in rice 

(DAVIERWALA et al., 2001; REDDY et al., 2002; SARLA et al., 2003; SAKER et al., 2005; SARLA et 

al., 2005; REDDY et al., 2009; SINGH et al., 2010; GIRMA et al., 2010; KUMBHAR et al., 2013; 

KALEYBAR et al., 2015; RAGHAVENDRA et al., 2016), which have also been validated by the 

results obtained and inferences derived in the present investigation. 
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Figure 1. Amplification patterns of targeted genomic regions in eighteen rice landraces and varieties. 

 

Similarity coefficients between entries 

The estimates of similarity coefficients based on the presence and absence of the 

amplified products indicated appreciable extent of genetic variation that was revealed at the 

molecular level amongst the 18 entries subjected to molecular characterization with 14 ISSR 

markers. Among the pair-wise combinations of entries, the magnitude of similarity coefficient 

between IR-64 and IR-29 (0.460) was found to be the maximum. This was followed by 

remarkably higher magnitude of similarity coefficient between CSR-36 and Pokkali (0.422). The 

lowest magnitude of similarity coefficient was observed between Shatabdi and Pusa Sugandh-2 

with similarity coefficient of 0.076. The results obtained in the present study indicating ample 

genetic differentiation and divergence among the rice varieties are more or less in accordance 

with the earlier reports in rice (NAGARAJU et al., 2002; SAINI et al., 2004; REDDY et al., 2009; 

SINGH et al., 2010; GIRMA et al., 2010; SINGH and SENGAR, 2015; KUMAR et al., 2016; 

RAGHAVENDRA et al., 2016). 

 

Clustering of entries based on ISSR markers 

Using similarity coefficient as a measure of genetic similarity, an assessment of the 

nature and extent of differentiation and divergence was made amongst the entries under 

evaluation. The method used for the tree building in the analysis involved sequential 

agglomerative hierarchical nested clustering based on similarity matrix and dendrogram was 

generated following un-weighted pair group method using arithmetic mean. Clusters were 

identified at appropriate phenon level to deduce the nature of relationships among the entries. 

Considering broad classification of entries, as indicated by dendrogram, basically the entries 
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were divided into four clusters (Figure 2), which were further divided into sub-clusters and sub-

sub clusters. The multi-genotypic cluster A consisted of five entries, namely IR-29, IR-64, 

Shatabdi, Daya and Vaisak, whereas another multi-genotypic cluster B consisted of nine entries, 

namely, Saraswathi, Ratnagiri-4, Rajendra Dhan-102, Sahbhagi, Badami, Sarsa, Jyotrirmayee, 

Golaka and MTU-7029 (Table 4). Interestingly enough, it is worth mentioning that the cluster A 

predominantly accommodated highly salt stress susceptible rice varieties, while the cluster B 

predominantly included rice varieties which were moderately and highly tolerant to salt stress. 

The two highly tolerant checks, namely, Pokkali and CSR-36, were accommodated in di-

genotypic cluster C. Similarly, the remaining two entries with higher degree of tolerance to salt 

stress, namely, Mandakini and Pusa Sugandh-2, were allotted to the di-genotypic cluster D. 

Apparently therefore, the panel of 14 markers utilized for molecular profiling exhibited 

remarkably greater efficiency of genotypic discrimination (88.9%) in relation to salt stress 

responsiveness, besides providing molecular fingerprinting data to serve as distinct molecular 

tags for distinguishing the genotypes. 

 

 
Table 4. Distribution of rice landraces and varieties into different clusters based on cluster analysis and 

their response to salt stress 

Cluster Number* Name of landraces and varieties Response to salt stress  

A 5 IR-29, IR-64, Shatabdi, Daya Highly susceptible 

Vaishak Highly tolerant 

B 9 Golaka Highly susceptible 

Saraswathi, Sarsa, MTU-7029 Moderately tolerant 
Ratnagiri-4, Sahbhagi, Rajendra Dhan-102, Badami, 

Jyotrirmayee 

Highly tolerant 

C 2 Pokkali,  CSR-36 Highly tolerant 

D 2 Mandakini, Pusa Sugandh-2 Highly tolerant 

*Number of landraces and varieties 

 

The dendrogram based on sequential agglomerative hierarchical nested cluster analysis 

module (Figure 2) was completely consistent with neighbour joining tree (Figure 3) based 

classification of entries. Principal coordinate analysis showed that that the first, second and third 

components represented 9.5%, 8.9% and 8.0% of variation, respectively. 
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Figure 2. Hierarchical clustering of 18 rice landraces 

and varieties genotyped with 14 ISSR markers. 

Figure 3. Neighbour joining tree of 18 rice landraces 

and varieties assessed by 14 ISSR markers. 

 

 

The first ten coordinates explained 70.4% of the total variation that represented 

appropriate sampling of the primers and scattering over different parts of the genome, implying 

that used markers possessed a suitable dispersion of markers in the genome. The rice genotypes 

belonging to salt stress susceptible and tolerant groups were clearly discriminated based on the 

spatial distribution pattern of the genetic profiles of the entries along principal coordinate axes 

(Figure 4). Although most of the entries were placed far away from the centroid of the clusters 

and only few entries were placed more or less around the centroid, it was clearly evident that 

entries were distinctly divided into four genotypic groups and completely consistent with the 

clustering pattern displayed by the sequential agglomerative hierarchical nested cluster analysis 

based dendrogram (Figure 2) and neighbour joining tree (Figure 3). Therefore, the inter-

relationships and inferences derived from the similarity coefficients based hierarchical 

classification were almost completely corroborated by the principal coordinate analysis. 

However, using both the approaches involving hierarchical classification and spatial distribution, 

susceptible genotypes were not observed to be perfectly discriminated from tolerant genotypes 

and intermixing of susceptible and tolerant genotypes in the same group was observed, though 

the efficiency of genotypic discrimination into susceptible and tolerant groups was extremely 

greater (88.9%) and highly consistent with the salt stress responsiveness of the entries. Further, 

the genetic diversity pattern seemed to be genotypic specific in the sense that the genotypes 

having far distant place of origin or development were clustered together in the same cluster. 

Reflecting that the distribution of entries into different clusters was independent of their place of 

origin or development, the result of divergence pattern analysis was in agreement with the earlier 

reports (KUMBHAR et al., 2013; SINGH and SENGAR, 2015; KUMAR et al., 2016).  

Significance of the genetic profiling with the help of used markers was obviously 

demonstrated as the analysis made it possible to discern ample genetic variation amongst 

molecularly characterized rice landraces and varieties, some of which exhibit close similarity in 
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respect of several agro-morphological and physico-chemical attributes. Molecular level 

elucidation of variability revealing plenteous genetic polymorphism and differentiation among 

the entries enabled their unique genotyping and unambiguous classification. Therefore, it is 

clearly evident that sufficiently greater discriminatory power of the panel of 14 ISSR markers 

used in the present investigation provided molecular fingerprints of the rice landraces and 

varieties evaluated during molecular characterization and elucidated the nature and magnitude of 

their differentiation and divergence. Remarkably greater genotypic discrimination potential of 

ISSR markers characterized by their hyper-variability and allelic diversity, as observed in the 

present study and also reported earlier by several researchers (DAVIERWALA et al., 2000; 

DAVIERWALA et al., 2001; QIAN et al,, 2001; REDDY et al., 2002; SARLA et al., 2003; SARLA et 

al., 2005; SINGH et al., 2010; GIRMA et al., 2010; KALEYBAR et al., 2015), indicates their 

usefulness and powerfulness in discrimination and unambiguous classification of rice genotypes. 

Several researchers have recently observed that fingerprints generated by ISSR markers are 

efficient in the identification and resolution of genetic diversity between the landraces of rice 

(AL-TURKI and BASAHI, 2015 ALHASNAWI et al., 2015; KALEYBAR et al., 2015; SINGH and 

SENGAR, 2015; PRASAD et al., 2015; RAGHAVENDRA et al., 2016; KIANI and KATALANI, 2018; 

DHARMARAJ et al., 2018) and also for assessing genetic diversity in large germplasm collection 

of wild rice (GIRMA et al., 2010; HARITHA et al., 2016). The molecular data generated by this 

approach seemed to be purposefully applicable for broadening the genetic base and creating 

genetic diversity in rice breeding programs (NAGARAJU et al., 2002; SAINI et al., 2004; KUMBHAR 

et al., 2013; REDDY et al., 2009; KUMAR et al., 2016; RAGHAVENDRA et al., 2016). 

 

 
Figure 4. Spatial distribution of genetic profiles of 18 rice landraces and varieties based on 14 ISSR primers. 

 

Salinity response related discrimination by primers 

Panel of primers utilized in the present study exhibited fairly good salt stress response 

related discrimination ability and the rice genotypes were separated into different groups mostly 

in accordance to their salt stress responsiveness. Pokkali, a major source of salinity tolerance in 
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rice (GORANTLA et al., 2007; MOHAMMADI-NEJAD et al., 2008), was found to be clustered 

together with CSR-36, which is another good source of salinity tolerance and used as tolerant 

check. Susceptible checks IR-29 and IR-64 were clustered together along with Daya, and 

Shatabdi (Figure 2), which have been shown to be highly susceptible to salt stress (KUMARI et 

al., 2018). Remaining tolerant and moderately tolerant entries were also discriminated from 

susceptible entries with a remarkably higher (88.9%) overall discrimination efficiency. Only one 

susceptible (Golaka) and one tolerant (Vaishak) varieties showed inter-mixing in the clusters 

predominantly occupied by the tolerant and susceptible varieties, respectively.  

 

  

Figure 5. Hierarchical clustering of 18 rice 

landraces and varieties genotyped with seven 

anchored GA and AG primers. 

Figure.6. Spatial distribution of 18 rice landraces and 

varieties assessed by seven anchored GA and AG 

primers. 

 

 

Clustering based on only poly-GA and poly-AG containing anchored primers also 

provided efficient genotypic discrimination in relation to salt stress responsiveness of the rice 

varieties.  Hierarchical cluster analysis based on only poly-GA and poly-AG containing seven 

anchored primers separated the highly susceptible genotypes from moderately and highly 

tolerant entries with intermixing of only one tolerant variety in the cluster dominated by 

susceptible entries (Figure 5). Therefore, salt stress responsive genotypic discrimination was 

achieved even by using only seven poly-GA and poly-AG containing primers in the analysis and 

the efficiency (94.4%) was relatively higher than that achieved by using 14 ISSR primers. 

Spatial distribution pattern of the genetic profiles of the varieties along the principal coordinates 

(Figure 6) displayed a similar type of inter-relationship and cluster composition, corroborating 

the classification pattern reflected by hierarchical cluster analysis based dendrogram. 

Interestingly enough, clustering based on only three poly-AG containing anchored primers 

provided the most robust assessment of genetic similarity and dissimilarity in relation to salt 

stress responsiveness of the varieties and most efficient separation compared to that obtained 

using poly-CT, poly-TC, poly-GATA and poly-GACA containing primers along with poly-GA 

and poly-AG containing primers in the panel of 14 ISSR primers. Hierarchical cluster analysis 

based on only poly-AG containing anchored primers allowed perfect discrimination of highly 
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susceptible entries from moderately and highly tolerant entries (Figure 7). Principal coordinate 

analysis also yielded similar distribution pattern of the entries (Figure 8), validating the 

efficiency and discriminatory power of poly-AG containing anchored primers to differentiate 

rice varieties according to their salt stress responsiveness. Contrarily, cluster analysis using only 

poly-GA containing primers failed to discriminate the varieties in accordance with their salt 

stress responsiveness. The susceptible and tolerant varieties were not efficiently separated into 

distinct clusters, rather intermixing of tolerant and susceptible varieties in the same cluster was 

found, suggesting that considerably greater extent of variability revealed in terms of the 

sequence length of genomic regions spanned by poly-GA containing primers are probably not 

instrumental in differential salt stress responsiveness.  

 

  
Figure 7. Hierarchical clustering of 18 rice landraces 

and varieties genotyped with three anchored AG 

primers. 

Figure.8. Spatial distribution of 18 rice landraces and 

varieties assessed by three anchored AG primers. 

 

 

Among molecular markers, ISSR markers in general and poly-AG, poly-GA and poly-

GATA containing ISSR markers in particular have been shown to be highly informative and 

effective in fingerprinting and assessing genetic relationships among diverse accessions of rice 

(JOSHI et al., 2000; DAVIERWALA et al., 2000; DAVIERWALA et al., 2001; REDDY et al., 2002; 

SARLA et al., 2003; SARLA et al., 2005). Using GA and AG repeats based primers in the 

screening of salt tolerant plants of rice, probable linkage of these repeats to the genomic regions 

with significant effects on salt tolerance has been proposed by earlier researchers (REDDY et al., 

2009). Providing the experimental evidences to support this view point, results of the present 

study have established the relationships to deduce that a panel of three poly-AG containing 

anchored primers or a combination of poly-GA and poly-AG containing anchored primers was 

highly informative and effective in discrimination of rice varieties in accordance with their 

responsiveness to salinity stress. Apparently therefore, the experimental results exhibited the 

usefulness of ISSR markers in determining diversity among rice genotypes and their grouping 

based on a panel of poly-AG containing primers alone or in combination with a panel of poly-

GA containing primers corresponded to their affiliation based on salt stress responsiveness. 
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CONCLUSION 

Developing salt tolerant rice varieties is the most effective alternative to overcome the 

problem of salinity, which adversely affects rice production and productivity. The essential pre-

requisites for enhancement of salinity tolerance in rice varieties include the availability of ample 

genetic variation and appropriate screening techniques which are reliable and capable to 

differentiate the susceptible and tolerant plants. Precise knowledge of the genetic relationships 

between genetic resources efficiently assists in selection of superior but genetically divergent 

parents for hybridization in order to optimize the genetic variation in subsequent generations. 

Considering the foregoing facts, selective amplification based genome profiling carried out in 

this study using a panel of 14 ISSR primers provided the evidence to point out that salt stress 

susceptible rice varieties are collectively different from salt tolerant varieties. Similarity 

coefficient based hierarchical cluster analysis and principal coordinate analysis separated the salt 

tolerant varieties from susceptible varieties quite efficiently in accordance with their affiliation 

based on response to salt stress.   

Clustering based on only three poly-AG containing anchored primers, namely, 

(AG)8YT, (AG)8YC and (AG)8YA, provided the robust evaluation of genetic similarities and 

perfect classification of rice varieties consistent with their affiliation to salt stress responsiveness.  

The susceptible and tolerant varieties were perfectly separated into distinct clusters without any 

intermixing of tolerant and susceptible varieties in the same cluster, suggesting that recognizably 

greater extent of variability displayed in the sequence length of genomic regions spanned by 

poly-AG containing anchored primers are probably instrumental in differential salt stress 

responsiveness. Therefore, poly-AG containing anchored primers, which were found as highly 

informative and effective in discrimination of rice genotypes, can be efficiently utilized as 

functional instruments for assessing genetic difference and connecting genotypic and phenotypic 

differences in relation to salt stress responsiveness. Furthermore, selection and crossing of 

genotypes belonging to different clusters can lead to useful transgressive segregants with 

increased tolerance to salt stress. 
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Izvod 

Korišćenjem 14 ISSR prajmera za molekularno profilisanje u odnosu na toleranciju na salinitet 

18 populacija i sorti pirinča, ukupno su generisane 483 alelne varijante, uključujući 236 

zajedničkih i 247 jedinstvenih alela sa prosekom od 34,50 alela po prajmeru, otkrivajući obilnu 

genetsku diferencijaciju i divergenciju među ocenjivanim uzorcima. Svaki prajmer je generisao 

polimorfne amplifikovane produkte, ali je samo 12 od 14 prajmera dalo jedinstvene proizvode. 

Prajmeri koji imaju (AG)8YT, (CT)8A, (AG)8YA, (GA)8YT, (GA)8YC, (CT)8G, (TC)8C, 

(GATA)4 i (GA)8YG ponovljene motive pokazali su relativno veći procenat polimorfizma 

izražen kroz procenat jedinstvenih alela u opadajućem redosledu. Sadržaj informacija o 

polimorfizmu prajmera varirao je od 0,612 do 0,992 za prajmere (GACA)4, odnosno (AG)8YA, 

sa prosekom od 0,919 između prajmera. Dobijene su veće numeričke vrednosti u odnosu na 

prajmere (GA)8C, (CT)8A, (CT)8G, (TC)8C, (TC)8G, (AG)8YT, (AG)8YA, (GA)8YT , (GA)8YC, 

(GA)8YG i (GATA)4 među svim prajmerima, što odražava njihovo veće alelno bogatstvo i 

raznolikost. Najveći procenat polimorfizma u procentima, ističući udeo jedinstvenih alela, 

pokazao je poli-AG praćen poli-GA, poli-CT i poli-TC. Grupisanje zasnovano samo na poli-GA 

i poli-AG, omogućilo je efikasniju genotipsku diskriminaciju u odnosu na reakciju sorti pirinča 

na stres soli. Štaviše, panel od samo tri poli-AG koji sadrže “usidrene” prajmere omogućio je 

savršenu diskriminaciju sorti pirinča u skladu sa njihovom reakcijom na stres soli. Ovi prajmeri 

se mogu efikasno koristiti kao funkcionalni instrumenti za povezivanje genotipskih i fenotipskih 

razlika u odnosu na reakciju na stres soli. Analiza glavnih koordinata u potpunosti je podržala 

rezultate dobijene hijerarhijskom klasifikacijom populacija i sorti pirinča.  
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