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Abstract 

Inter Simple Sequence Repeat (ISSR) provide adequate information about polymorphism and 

reproducible fingerprinting profiles for evaluating heritable diversity in different crops including wheat. 

The main objective of this study was to reveal the genetic diversity and relationships among different 

wheat genotypes. Genomic DNA from twenty wheat genotypes were analyzed using 25 inter simple 

sequence repeats (ISSR) markers. Out of 25 ISSR primers, 16 showed high level of polymorphism and 9 

primers were monomorphic in nature. 1.66 bands per primer were amplified on an average. The PIC 

value varied from 0.048 to 0.747 for 25 primers. RP value of 25 ISSR primers ranged from 0.95-1.96 

with an average of 1.57. The primer UBC 814 was reported as best one in distinguishing the 20 durum 

varieties. Similarity values for all the 20 genotypes ranges from 0.087 to 0.537 showing substantial 

differences among the wheat varieties. The 25 ISSR markers were used to construct the dendrogram 

based on UPGMA cluster analysis. The dendrogram indicates that the ISSR markers succeeded in 

distinguishing most of 20 varieties in relation to their genetic background and their geographical origin. 

 

Keywords: Wheat, genetic variation, ISSR markers, molecular markers, polymorphism 

 

Introduction 

Wheat (Triticum aestivum L.) has wide adaptability and occupies an important position among 

the cereal crops in the world and in India also. It is grown in a much diversified environments 

(Belderok et al., 2000) [3]. Genetic diversity plays a significant role in plant molecular biology 

either to exploit heterosis or to generate productive recombinants or even more than this. The 

choice of parents is of vital importance in various breeding programmes. Therefore, the 

knowledge of genetic diversity and close relatedness in the germplasm is a pre-requisite for 

any crop improvement programmes. Reduction in the genetic variability makes the crops 

increasingly vulnerable to diseases and adverse climatic changes (Aboughadareh et al., 2017) 
[1]. Thus, precise information on the nature and degree of genetic diversity present among 

wheat collections from its principal areas of cultivation could help to select parents for 

evolving superior varieties (Singh et al., 2017) [19]. Inter simple sequence repeats (ISSRs) are 

one of the important DNA-based markers that have been widely used in the present era of 

plant research (Karaca et al., 2008) [12]. ISSR marker system is considered as one of the best 

choices to distinguish the genetic polymorphism in many higher plants including cereals 

(Zietkiewicz et al., 1994; Nagaoka and Ogihara, 1997) [23, 15].  

Genetic diversity assessment at the molecular level is more meaningful in compare to 

phenotypic level as it involves data on morphological traits which are mainly depends on 

environmental factors (Brown et al., 2003) [4]. Therefore, they significantly contribute towards 

phenotypic variation. So the study of polymorphism is primarily done at the level of 

arrangement of nucleotide bases in DNA, which is the primary source of all the biological 

information (Akagi et al., 1996) [2]. We are well aware that molecular markers provide the best 

estimate of genetic diversity since they are independent of the confounding effects of 

environmental factors. Many research groups developed drought tolerant wheat cultivars with 

a wider and diverse genetic background to achieve improved wheat productivity (Qadir et al., 

2017) [18]. Inter Simple Sequence Repeats (ISSR) markers have been the preferred molecular  
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markers in crop biotechnology because of their properties of 

genetic co-dominance, high reproducibility and multi-allelic 

variation (Kantety et al., 1995) [11]. They are the most 

practical markers for genomic mapping, variety identification 

and marker-assisted selection. In cereals, ISSR markers have 

been widely used to study the genetic diversity, to know the 

phylogenetic relationships among the genotypes (Fernandez et 

al., 2002) [8], for gene tagging in molecular assisted selection 

studies (Kaushik et al., 2003) [13] and for DNA fingerprinting 

(Carvalho et al., 2005) [5]. In the present study we tried to 

reveal the genetic diversity among the wheat genotypes for 

drought traits using ISSR markers.  

 

Materials and Methods  

Germplasm used  

A total of twenty diverse background wheat genotypes were 

used in this study including hexaploid, tetraploid and diploid 

varieties. The names and pedigree of these genotypes are 

given in Table 1. Germplasm was collected from Department 

of Genetic and Plant Breeding, SVPUA&T Meerut and G. B. 

Pant University of Agriculture and Technology, Pantnagar, 

Uttarakhand. 

 

DNA isolation and ISSR analysis 

Genomic DNA was extracted from four weeks old young 

fresh leaves of 20 wheat genotypes grown in the departmental 

field laboratory, following the CTAB procedure described by 

Doyle and Doyle (1987) [7] with some modifications. The 

quantity and quality of genomic DNA was tested by the UV 

spectrophotometer and agarose gel electrophoresis. The 

genomic DNA and ISSR primers were used to produce bands 

of ISSR markers through PCR amplification. The sequence of 

25 ISSR primers were custom synthesized by Merck Pvt. Ltd. 

PCR reactions were set using 25 primers as to analyse the 20 

durum varieties to access genetic variation among the selected 

wheat genotypes.. PCR reaction was performed in 25 μl 

volume containing: master mix beads, 3 μl buffer (10 X), 2 μl 

primer (100 µlM ), 1 μl DNA template (25 ng), 1 µl Taq 

polymerase (1 U/µl), 0.6 µl dNTPs mix (100mM) and 17.4 µl 

water. The amplification was carried out in a thermocycler 

(TeckneTM) programmed as follows: 1 cycle of 94 °C/5 min, 

40 cycles of (94 °C/51 min, 51 °C/1 min and 72 °C/2 min), 1 

cycle of 72 °C/10 min. The annealing temperatures of each 

ISSR primers were varied according to the melting point of 

each primer. For separating the PCR products of amplified 

DNA fragments agarose gel electrophoresis (2%) was used to 

fractionate the amplicons.. Estimation of genetic similarity 

was done by Jaccard’s coefficient. Resulting similarity matrix 

was further analysed using the unweighted pair-group method 

arithmetic average (UPGMA) clustering alogorithm; the 

computations were carried out using module of NTSYS-PC 

version 2.0 version. 

 
Table 1: Wheat genotypes used in the present investigation for 

genetic diversity analysis. 
 

S. 

No. 
Genotypes Pedigree 

1 PBW 533 PBW 343/PBW 138//PBW 343 

2 UP 2425 HD 2320/UP 2263 

3 PBW 226 C591/RN//JN/3/CHR/HD1941 

4 DBW 16 RAJ 3765/WR 484//HUW 468 

5 DBW 17 CMH79A.95/3*CNO 79//RAJ3777 

6 DBW 71 PRINIA/UP-2425/4361 

7 PBW590 WH 594/RAJ3814//W 485 

8 K 607 Not Available 

9 K 802 Not Available 

10 K 9107 K 8101 /K 68 

11 K 1256 Not Available 

12 K 9423 HP1633/KAL/UP262 

13 K 6525 Not Available 

14 HD 2733 
ATTILA /3/ TUI /CARC // CHEN / CHTO /4/ 

ATTILA 

15 HD 2864 CPAN 3004/WR 426//HW 2007 

16 PBW 550 
WH-594/RAJ-3858//W-485; WH-594/RAJ-

3856//W-485 

17 MP 4010 HP1633/KAL/UP262 

18 MP 3336 HD2402/GW173 

19 HD 3086 DBW14/HD2733//HUW468 

20 PBW 373 ND/VG1944//KAL/BB/3/YACO'S'/4/VEE#5'S' 

 
Table 2: List of ISSR primers and their nucleotide (5’-3’) sequence used in the genetic diversity analysis of wheat genotypes. 

 

S. NO. Name Primer Sequence 

1. UBC 811 GAGAGAGAGAGAGAGAC 

2. UBC 812 GAGAGAGAGAGAGAGAA 

3. UBC 813 CTCTCTCTCTCTCTCTT 

4. UBC 814 CTCTCTCTCTCTCTCTA 

5. UBC 815 CTCTCTCTCTCTCTCTG 

6. UBC 819 GTGTGTGTGTGTGTGTA 

7. UBC 823 TCTCTCTCTCTCTCTCC 

8. UBC 824 TCTCTCTCTCTCTCTCG 

9. UBC 826 ACACACACACACACACC 

10. UBC 827 ACACACACACACACACG 

11. WH1 AGAGAGHGAGAGAGAGC 

12. WH2 GTGTGTGTGTGTGTGTC 

13. WH3 GACAGACAGACAGACA 

14. WH4 CTCTCTCTCTCTCTCTG 

15. WH5 CACACACACACACACAG 

16. WH6 ACACACACACACACACC 

17. WHA TATAAATCTTCTTAGTCAAC 

18. WHB AGTGTGGTCCTACAGTG 

19. WHC CACACACACACACACAG 

20. WHD GAGAGAGAGAGAGAGAA 

21. WHE CTCTCTCTCTCTCTCTA 

22. WHF GATAGATAGACAGACA 

23. WHG GCCTGAACCTGCTTTATC 

24. WHH GAGAGCGGTCCATATTCC 

25. WHJ TCGGAGAGTGATGGTTG 
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Results and Discussion  

Characterization of wheat varieties 

The performance characteristics of twenty different ISSR 

markers were evaluated in the present studies. Variation in the 

banding pattern of the amplification products occurs because 

of variation in the length of DNA sequences flanked by the 

primers. In this study twenty wheat genotypes were used for 

ISSR analysis. Some primers produced high degree of 

polymorphism but few primers did not produced 

polymorphism at all. Among 25 primers only 16 primers 

showed high level of polymorphism (100%) and 9 primer 

were monomorphic in nature (Figure 1). On an average 1.66 

bands per primer were amplified. The polymorphism 

information content (PIC) values derived from allelic 

diversity and frequency among the genotypes were not 

uniform for all the ISSR loci tested. The PIC value for 25 

primers varied from 0.032 (UBC 826) to 0.747 (UBC 824). 

Lower PIC value may be the result of closely related 

genotypes and higher PIC values might be the result of 

diverse genotypes. It was observed that there is a substantial 

polymorphism recorded among the genotypes used for present 

investigation. Higher PIC can be explained that the primers 

used for molecular analysis are very much efficient to 

differentiate the closely related genotypes. Primer UBC 824 

(0.747) showed higher PIC value whereas primer UBC 826 

(0.032) showed lowest PIC value (Table 3). Resolving power 

is based on the distribution of the alleles with the sample 

genotypes. The most efficient means of separating any group 

for identification purposes to progressively divide the group 

into equal sub group. This provides the minimum path length 

for identification irrespective of the genetic makeup of the 

group being analysed (Prevost and Wilkinson, 1999) [17]. 

Resolving power of 25 ISSR primers varied in the range of 

0.95 to 1.96 with an average of 1.57. The highest resolving 

power was shown by primer UBC 814 (1.96) while primer 

UBC 824 showed lowest resolving power (0.95) (Table 3). 

Accordingly, our results were in conformity with the previous 

studies (Prevost and Wilkinson, 1999; Yousefi et al., 2015) 
[17, 22] that resolving power can be proposed as the best 

indictors for selecting most useful primers. Thus, the 

significant value of resolving power indicated the ability of 

primers to resolve the different but closely related genotypes 

of wheat. 

Average PIC value per primer was recorded as 0.357, which 

was comparable to that reported by Zamanianfard et al., 

(2015) [24] in evaluation of genetic diversity in durum wheat 

using ISSR markers, but was higher than PIC values obtained 

by Sofalian et al., (2009) [20] in evaluation of genetic 

difference of wheat genotypes using ISSR markers similar 

result recorded (Sharma et al. 2014 and Kumar et al., 2017) 
[21, 14] in the range 0.38 to 0.83 on an average 0.53 and 0.05 to 

0.46 with an average of 0.23, respectively. It was observed 

that marker detecting the lower number of alleles showed 

lower gene diversity than those detected higher number of 

alleles which revealed higher gene diversity. These results are 

consistent with previous work done by other co-workers who 

also observed that the genetic diversity at each ISSR locus 

was significantly correlated with the number of alleles 

detected, type and range of repeat motif of microsatellite 

markers and with the allele size range.  

ISSR marker technique, which is relatively cheaper and 

requires small quantities of DNA, it was possible to identify 

one primer from ISSR that generated polymorphic bands in 

diverse background of wheat varieties. These bands can be 

considered as potential markers to identify different traits 

related to abiotic and abiotic stress or may be more useful 

when converted into simple-sequence PCR-based markers 

that can be used for large scale screening of cultivars (John et 

al., 2012) [10]. Hence, there is a need of more and more ISSR 

markers in wheat germplasm to reveal the genetic diversity. 
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Fig 1: ISSR banding patterns of twenty wheat genotypes showing variation among wheat genotpyes. 

 
Table 3: Number of total bands, monomorphic and polymorphic 

bands and percentage of polymorphism obtained per each ISSR 

primers for wheat genotypes used in the present study. 
 

S. 

No 
Primers 

Total 

Band 
MB PB 

PIC 

value 
RP 

Polymorphism 

% 

1 UBC 811 4 0 4 0.504 1.34 100% 

2 UBC 812 4 0 4 0.377 1.324 100% 

3 UBC 813 3 0 3 0.449 1.7 100% 

4 UBC 814 4 0 4 0.392 1.966 100% 

5 UBC 815 2 0 2 0.134 1.85 100% 

6 UBC 819 3 0 3 0.456 1.466 100% 

7 UBC 823 3 1 2 0.234 1.732 66.66% 

8 UBC 824 4 0 4 0.747 0.95 100% 

9 UBC 826 3 2 1 0.32 1.466 33.33% 

10 UBC 827 3 0 3 0.450 1.432 100% 

11 WH1 4 0 4 0.357 1.6 100% 

12 WH2 5 1 4 0.458 1.42 80% 

13 WH3 4 3 1 0.245 1.57 25% 

14 WH4 4 0 4 0.332 1.7 100% 

15 WH5 4 2 2 0.048 1.95 50% 

16 WH6 3 0 3 0.436 1.432 100% 

17 WHA 5 1 4 0.332 1.48 80% 

18 WHB 5 0 5 0.366 1.56 100% 

19 WHC 3 0 3 0.576 1.3 100% 

20 WHD 3 0 3 0.356 1.6 100% 

21 WHE 5 1 4 0.142 1.55 80% 

22 WHF 2 0 2 0.536 1.65 100% 

23 WHG 3 0 3 0.452 1.466 100% 

24 WHH 2 1 1 0.180 1.8 50% 

25 WHJ 4 2 2 0.049 1.95 50% 

 Total 89 14 75 8.928 39.254  

 Average 1.97 3.11 1.66 0.357 1.57  

 

Genetic Similarity and cluster analysis of different wheat 

genotypes 

The relationships among different wheat genotypes were 

estimated by a UPGMA cluster analysis of genetic similarity 

matrices. The genetic similarity index and dendogram tree of 

the 20 durum genotypes under the present study was 

performed using Jaccard’s similarity on the basis of ISSR 

amplified fragments as shown in Fig. 2. In the phylogenetic 

analysis, most of the wheat genotypes were clustered together 

in respect to their molecular characterization and thus, might 

have a similar genetic background. Those clustered within the 

same group or subgroups are mostly from the same origin and 

those which are distantly grouped were from different 

geographical locations. Similarity index value for all the 

twenty genotypes ranged from 0.087 to 0.537 and two most 

closely related and diverse genotype in the twenty wheat 

genotypes have been observed in the present investigation 

(Table 4). The highest similarity was observed among four 

genotypes, HD 2733, PBW 533, PBW 590 and UP 2425. The 

minimum genetic similarity was observed by two genotypes, 

DBW 71 and DBW 16. Range of similarity index among all 

genotypes was from 0.08 to 0.54. Similar results were also 

observed by Hemaprabha et al. (2013) [9] and Choudhary et 

al. (2017) [6]; which were in the range of 0.43 to 0.86 in 

wheat. Cluster analysis of twenty wheat genotypes revealed 

that all the used genotypes grouped into two major clusters 

namely A and B. Cluster A consist of two sub clusters A1 and 

A2 of which cluster A1 is further sub divided into two sub sub 

clusters C and D. Cluster B of the main cluster consists of two 

sub clusters B1 and B2. Group B1 is sub divided into three 

sub clusters Viz. I1, I2 and I3. Sub cluster B2 is divided two 

sub sub clusters K and J (Fig. 2).  

Our study revealed that genotypes falls in cluster A2 PBW 

533 is distantly related to other genotypes. The composition 

of clusters obtained using ISSR markers revealed similar 

groupings in many cases with few variations but some 

genotypes showed higher range of genetic divergence due to 

wide range of genetic bases. These results are consistent with 

previous work done by other co-workers who also observed 

that the genetic diversity at each ISSR locus was significantly 

correlated with the number of alleles detected, type and range 

of repeat motif of microsatellite markers and with the allele 

size range. The higher genetic distance between them 

indicates that genetically they are diverse compare to lower 

genetic distance value. Basically these values are an 

indication of their genetic dissimilarity. Genotypes pair with 

higher value is more dissimilar than a pair with a lower value. 
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Fig 2: Dendogram representing the genetic relationship among the 20 durum varieties using UPGMA cluster analysis of Jaccard’s similarity 

coefficient generated from ISSR markers. 

 

Table 4: Similarity matrix of jaccard coefficient across the twenty wheat genotypes 
 

 

PBW 

533 

UP 

2425 

PBW 

226 

DBW 

17 

PBW 

590 

DBW 

71 

DBW 

16 

K 

802 

K 

9107 

K 

607 

HD 

2733 

HD 

2864 

K 

1256 

K 

9423 

K 

6525 

PBW 

550 

MP 

4010 

MP 

3336 

HD 

3086 

PBW 

373 

Average 

D² 

PBW 533 
 

0.3 0.35 0.32 0.28 0.35 0.39 0.35 0.36 0.39 0.54 0.42 0.34 0.44 0.39 0.35 0.4 0.31 0.33 0.41 0.37 

UP 2425 0.3 
 

0.23 0.2 0.24 0.27 0.24 0.19 0.24 0.23 0.46 0.35 0.28 0.39 0.43 0.35 0.36 0.31 0.34 0.33 0.3 

PBW 226 0.35 0.23 
 

0.12 0.18 0.15 0.13 0.19 0.24 0.3 0.38 0.27 0.22 0.35 0.35 0.31 0.35 0.28 0.32 0.33 0.27 

DBW 17 0.32 0.2 0.12 
 

0.24 0.21 0.17 0.18 0.23 0.27 0.43 0.3 0.26 0.32 0.36 0.31 0.3 0.27 0.31 0.35 0.27 

PBW 590 0.28 0.24 0.18 0.24 
 

0.2 0.21 0.22 0.28 0.24 0.46 0.3 0.23 0.32 0.35 0.35 0.36 0.29 0.31 0.3 0.28 

DBW 71 0.35 0.27 0.15 0.21 0.2 
 

0.09 0.17 0.24 0.28 0.44 0.29 0.27 0.35 0.33 0.27 0.33 0.24 0.3 0.31 0.27 

DBW 16 0.39 0.24 0.13 0.17 0.21 0.09 
 

0.13 0.23 0.22 0.42 0.25 0.21 0.31 0.33 0.28 0.27 0.22 0.26 0.31 0.25 

K 802 0.35 0.19 0.19 0.18 0.22 0.17 0.13 
 

0.22 0.23 0.44 0.27 0.24 0.33 0.33 0.27 0.29 0.21 0.28 0.29 0.25 

K 9107 0.36 0.24 0.24 0.23 0.28 0.24 0.23 0.22 
 

0.24 0.41 0.28 0.21 0.32 0.38 0.28 0.36 0.24 0.29 0.34 0.28 

K 607 0.39 0.23 0.3 0.27 0.24 0.28 0.22 0.23 0.24 
 

0.38 0.31 0.29 0.33 0.39 0.31 0.33 0.3 0.3 0.35 0.3 

HD 2733 0.54 0.46 0.38 0.43 0.46 0.44 0.42 0.44 0.41 0.38 
 

0.26 0.38 0.42 0.4 0.44 0.42 0.42 0.5 0.49 0.43 

HD 2864 0.42 0.35 0.27 0.3 0.3 0.29 0.25 0.27 0.28 0.31 0.26 
 

0.21 0.25 0.32 0.26 0.3 0.27 0.31 0.32 0.29 

K 1256 0.34 0.28 0.22 0.26 0.23 0.27 0.21 0.24 0.21 0.29 0.38 0.21 
 

0.28 0.3 0.3 0.3 0.22 0.27 0.32 0.27 

K 9423 0.44 0.39 0.35 0.32 0.32 0.35 0.31 0.33 0.32 0.33 0.42 0.25 0.28 
 

0.3 0.28 0.3 0.35 0.35 0.35 0.33 

K 6525 0.39 0.43 0.35 0.36 0.35 0.33 0.33 0.33 0.38 0.39 0.4 0.32 0.3 0.3 
 

0.2 0.26 0.27 0.25 0.37 0.33 

PBW 550 0.35 0.35 0.31 0.31 0.35 0.27 0.28 0.27 0.28 0.31 0.44 0.26 0.3 0.28 0.2 
 

0.15 0.19 0.14 0.26 0.28 

MP 4010 0.4 0.36 0.35 0.3 0.36 0.33 0.27 0.29 0.36 0.33 0.42 0.3 0.3 0.3 0.26 0.15 
 

0.2 0.21 0.3 0.3 

MP 3336 0.31 0.31 0.28 0.27 0.29 0.24 0.22 0.21 0.24 0.3 0.42 0.27 0.22 0.35 0.27 0.19 0.2 
 

0.13 0.27 0.26 

HD 3086 0.33 0.34 0.32 0.31 0.31 0.3 0.26 0.28 0.29 0.3 0.5 0.31 0.27 0.35 0.25 0.14 0.21 0.13 
 

0.25 0.29 

PBW 373 0.41 0.33 0.33 0.35 0.3 0.31 0.31 0.29 0.34 0.35 0.49 0.32 0.32 0.35 0.37 0.26 0.3 0.27 0.25 
 

0.33 

 

Conclusion 

This study demonstrated the potential efficiency of ISSR 

markers to detect genetic diversity in different wheat 

varieties. The PIC values derived from allelic diversity and 

frequency among the genotypes were not uniform for all the 

ISSR loci tested. The PIC value for 25 primers varied from 

0.048 (WH 5) to 0.747 (UBC 824) with an average mean of 

0.357. Lower PIC value may be the result of closely related 

genotypes and higher PIC values might be the result of 

diverse genotypes. ISSR markers of the present study 

revealed substantially higher level polymorphism among 

twenty wheat genotypes studied in the present investigation.  
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