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  Abstract 

 

Durum wheat (Triticum turgidum L. var. durum) is an important crop with high protein content and superior 

cooking quality which used for Pasta production. In present  study, the molecular diversity of eighteen durum 

wheat breeding lines along with one durum wheat check cultivar were evaluated based on inter simple sequence 

markers. Eight used primers amplified a total of 93 bands, among which 77 bands (about 83%) were 

polymorphic. A total of 77 polymorphic fragments were scored with average 9.6 polymorphic bands per primer. 

The polymorphism information content value ranged between 0.27 and 0.36 for ISSR primers. Cluster analysis 

using UPGMA method and Dice similarity coefficient grouped the 19 genotypes into four separated clusters. The 

Dice similarity coefficients revealed maximum similarity (0.91) between 20A-URDYT-10 and 20A-URDYT-11 

genotypes. PCA based on molecular data distinguished genotypes similar to the cluster analysis results. The 

results revealed that ISSR technique is a simple, informative and suitable approach for assessment of molecular 

diversity in durum wheat.  
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Introduction 

Durum wheat (triticum turgidum L. var. durum) is 

the only tetraploid (AABB, 2n=4x=28) species of 

wheat with commercial importance that is widely 

cultivated today (Von Buren, 2001). Genetic diversity 

of wheat cultivars is very important in reducing 

genetic vulnerability during plant breeding efforts. 

Genetic diversity of plants determines their potential 

for improved efficiency and hence their use for 

breeding, which eventually may result in enhanced 

food production. Plant uniformity, which can be 

resulted by the use of modern plant breeding 

techniques, can produce plants, which are more 

efficient by means of different goals including 

enhanced resistance under stress, however much 

more research must be performed to indicate the 

most optimized methods that can be used for the 

production of efficient plants. This is of very 

important for the production of food for the world 

increasing population (Fu and Somers, 2009). There 

is a range of molecular methods available to study 

genetic diversity. Amplified fragment length 

polymorphism (AFLP), isozymes, simple sequence 

repeats (SSR), random amplified microsatellite 

polymorphisms (RAMP), random amplified 

polymorphic DNA (RAPD) and inter simple sequence 

repeats (ISSR) have all been used to determine 

genetic diversity in plant populations (Wang et al., 

1994; Godwine et al., 1997; Hollngsworth et al., 1998; 

Blair et al., 1999; Amsellem et al., 2000; Mengoni et 

al., 2000). The inter simple sequence repeats (ISSR) 

are a new kind of molecular markers involving PCR 

amplification of DNA by a single primer 16-18 bp long 

composed of a repeated sequence anchored at the 3' 

or 5' end by 2-4 arbitrary nucleotides. (Zietkiewicz et 

al., 1994). Najaphy et al. (2012) revealed that ISSR 

markers provided sufficient polymorphism and 

reproducible fingerprinting profiles for evaluating 

genetic diversity of wheat genotypes. Molecular 

variation evaluated in their study in combination with 

agronomic and morphological characters of wheat 

can be useful in traditional and molecular breeding 

programs. El-Assal and Gaber, (2012) investigated 

the discriminating capacity of RAPD, ISSR and SSR 

markers and their effectiveness in establishing genetic 

relationship and diversity among eleven wheat 

cultivars and landraces collected from Egypt and 

Saudi Arabia. The dendrogram cluster diagram 

classified the evaluated genotypes in three major 

clusters corresponding to the cultivation regions. 

Sofalian et al. (2009) showed that ISSR markers 

could be efficiently used to evaluate genetic variation 

in the wheat germplasm. Genetic similarity and 

dissimilarity among genotypes are useful for genetic 

differentiation of wheat accessions, selection 

strategies and genetic development of crop plants. 

Carvlho et al. (2008) analyzed 51cultivars of Old 

Portuguese durum wheat belonging to 26 different 

botanical varieties by using ISSR markers. They 

found that amplified ISSR loci ranged from 150 to 

3000 bp and the total mean percentage of ISSR 

polymorphism was 42.1%. All primers used allowed 

the detection of inter-variety and intra-variety ISSR 

polymorphism. Chowdhury et al. (2008) used ISSR 

markers to fingerprint and estimate genetic diversity 

in a set of 27 genotypes which comprised Indian 

bread wheat varieties released for high yield, quality 

and abiotic stress and trait specific landraces having 

known pedigrees. They found that the cluster analysis 

tree placed these genotypes in six groups and is in 

agreement with their known origin. The genetic 

relationships estimated by the polymorphism of ISSR 

markers revealed greater level of genetic variability in 

Indian bread wheat varieties of wide adaptability and 

applicability. Pasqualone et al. (2000) tested the 

efficiency of ISSR markers to distinguish a set of 30 

Italian durum wheat cultivars and 22 breeding lines. 

They found that the efficiency was very high and two 

primers were sufficient to distinguish all the durum 

wheat cultivars examined. Nagaoka and Ogihara, 

(1997) reported that the genetic relationships of 

wheat accessions estimated by the polymorphism of 

ISSR markers were identical with those inferred by 

RFLP and RAPD markers, indicating the reliability of 

ISSR markers for estimation of genotypes. The main 

objective of this study was to evaluate the genetic 

diversity among durum wheat breeding lines and 

measure the relationship of the germplasm for future 

durum breeding programs.                                                                                       
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Materials and methods 

Plant materials 

The 19 durum wheat genotypes (Table 1) for different 

breeding objectives were grown under rainfed 

condition in 2012-2013 cropping season at the 

Dryland Agricultural Research Sub-Institute 

(Sararood station), Kermanshah, Iran. Experimental 

lay out was a randomized complete block design with 

three replications. Each plot consisted of six rows and 

six m long with 20 cm row spacing.          

                         

DNA extraction 

Genomic DNA was extracted from young fresh leaves 

following the CTAB procedure described by Saghai-

Maroof et al. (1984) with some modifications. 

Extracted DNA concentration was quantified by the 

NanoDrop spectrophotometer and qualified on 1% 

agarose gel electrophoresis.  

 

PCR amplification 

A total of 8 ISSR primers (Table2), were used  for  

amplification and PCR amplifications  were 

performed using  Bio-Rad iCycler thermal cycler. The 

PCR amplification reactions were performed in 20 μl 

volumes containing 2 μl PCR buffer (10x), 1.5 μl 

MgCl2 (50 mM), 0.4 μl dNTPs (10mM), 1.2 μl primer 

(10pmol/μl), 0.3 μl Taq DNA polymerase(5unit/μl), 

12.6 μl DDW and 2 μl  of genomic DNA. The 

amplified products were separated on 1.5% agarose  

gel  in TBE buffer. The DNA bands were visualized by 

staining the gels with ethidium bromide and 

photographed under UV light using gel 

documentation system. 

  

Band scoring and data analysis 

Amplified products were scored in terms of a binary 

code as present (1)  or  absent  (0). Dice   s similarity 

coefficient was employed to compute pairwise genetic 

similarities using the DARwin computer software 

(Perrier et al., 2003).Dice similarity coefficients were 

used for cluster analysis of genotypes and 

dendrogram was generated based on UPGMA 

method. Principal coordinate analysis was performed 

to generate a two-dimensional representation of 

genetic relationship among 19 durum wheat 

genotypes. The polymorphism information content 

(PIC) was calculated as: 

PIC=1- ∑P2i 

where p  represent band frequency and q represent 

no-band frequency  to characterize the efficiency of 

each primer to reveal polymorphic loci. The Marker 

Index (MI) was also calculated for each primer as: 

MI = PIC × PB 

 where PB is the number of polymorphic bands 

generated by the primers.   

 

Result and discussion 

The total number of loci amplified by Eight ISSR 

primers was 93 bands, of which 77 were polymorphic 

(Table 2). Data analyses were conducted using only 

the polymorphic bands. The number of polymorphic 

fragments generated by primers, varied from 4 to 14 

with an average of 9.6 fragments per primer. (Table 

2). 

 

Table 1. The codes/  names  of  18 advanced breeding lines of durum wheat genotypes. 

Name Code Name Code 

20A-URDYT-11 11 Saji (Check) 1 

20A-URD-83-12 12 20A-G-1252 2 

20A-URD-83-13 13 20A-61-130 3 

20A-ERD-14 14 20A-GB-BW-SPII-4 4 

20A-ERD-15 15 20A-GB-BW-SPII-5 5 

20A-ERD-16 16 20A-GB-BW-SPII-6 6 

20A-ERD-17 17 20A-GB-BW-SPII-7 7 

20A-ERD-18 18 20A-IDSN-Turkey 8 

20A-ERDYT-19 19 20A-URDYT-9 9 

  20A-URDYT-10 10 

 



 

225 Shirnasabian et al. 

 

Int. J. Biosci. 2014 

Table 2. The codes and sequences of  primers used for ISSR amplification with the number of Total bands(TB), 

polymorphic bands(PB), percentage of polymorphism(PP), polymorphism information content(PIC) and marker 

index(MI) for each primer. 

MI  PIC PP PB TB Code Primer sequence* 

3.6 0.36 %90.91 10 11 IS-1 5´-ACACACACACACACACYA-3´ 

2.88 0.36 %61.54 8 13 IS-5 5´-AGAGAGAGAGAGAGAGC-3´ 

3.72 0.31 %100 12 12 IS-6 5´-CACACACACACACACAG-3´ 

4.34 0.31 %100 14 14 IS-9 5´-CTCTCTCTCTCTCTCTG-3´ 

1.96 0.28 %100 7 7 IS-10 5´-GAGAGAGAGAGAGAGARC-3´ 

1.28 0.32 %50 4 8 IS-11 5´-ACACACACACACACACC-3´ 

3.24 0.27 %100 12 12 IS-14 5´-GACAGACAGACAGACA-3´ 

3.1 0.31 %62.5 10 16 IS-16 5´-DBDACACACACACACACA-3´ 

3.02 0.32 %83.12 9.6 11.6 Average of values 

 

Genetic similarity matrix generated based on Dice 

similarity coefficient showed an average similarity 

between genotypes range from 0.39 (20A-GB-BW-

SPII-6 and  20A-ERDYT-19) to 0.91 (20A-URDYT-10 

and 20A-URDYT-11) with a mean of 0.69. The cluster 

analysis using UPGMA method categorized the 

genotypes into four main groups (Figure 2). 

According to the dendrogram, the genotype No. 

6(20A-GB-BW-SPII-6) was clustered into a group. 

The genotype No. 19  was also classified individually 

in a separated group. These two genotypes showed 

the highest genetic distance. Saji cultivar as the check 

cultivar was classified with 20A-G-1252 into a 

separated group. The fourth major cluster was further 

divided into three sub clusters. The sub clusters 

comprises 3, 1 and 11 genotypes respectively. Genetic 

relationship among 19 accessions was also visualized 

by performing principle coordinate analysis (PCoA) 

based on ISSR data (Fig. 3). The Principal 

Component Analysis (PCA) results almost coincided 

with the results of cluster analysis. Two-dimensional 

plot generated from PCoA showed a good congruency 

with cluster analysis and supported the clustering 

pattern of UPGMA dendrogram (Fig. 3). 

 

Fig. 1. ISSR marker  profile of the  primer 1 in 19 durum wheat genotypes.  

The polymorphism information content values for 

ISSR primers in the present assessment ranged from 

0.27 to 0.36. The average of PIC index was 0.32, 

reflected a relative high allelic diversity among the 

genotypes. A summary of the MI calculated based on 

the PIC and polymorphic bands for each primer, is 

reported in Table 2. The highest and the lowest values 

of MI were observed with primer IS-9(4.34) and 

Primers IS-11 (1.28) respectively. Karaca and Izbirak 

(2008), in analysis of genetic diversity in Turkish 

durum wheat cultivars using ISSR markers reported 

57.9% for average of  polymorphism. (Karaca and 

Izbirak , 2008). 
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Fig. 2. UPGMA Dendrogram based on Dice similarity 

coefficient. 

These results showed that ISSR markers can indicate 

considerable polymorphism in durum wheat 

germplasm which has lead to the suggestion that they 

can be used for characterization and fingerprinting 

purposes. The result also showed this genotypes have 

high genetic diversity which can be used in rainfed 

durum wheat breeding.  

 

In The present study, the percentage of polymorphic 

bands ranged from 50 ~ 100%. It is  generally 

acknowledged  that the genetic diversity of the plant 

is abundant when the  percentage of polymorphic 

bands reach about 50% at the population level (Ma et 

al., 2000; Liu and Jia, 2003; Sun et al., 2004). This 

study revealed that ISSR technique is a simple, 

informative and suitable approach for assessment  of 

molecular diversity in durum wheat. Genetic diversity 

reflect the ability of species to adapt to the 

environment and the potential to be used and 

transformed (Wang et al., 2011).  

 

 

The combination of the morphological variability that 

was determined in field studies and molecular 

diversity data provides useful information for 

management of germplasm resources, and 

assessment the role of genetic background in yield 

production.  
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