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Abstract: The objective of this study was to determine genetic distance between barley genotypes 

based on RAPD and ISSR analyses. The number of amplified bands of genotypes in the primers 

ranged 4-11 in RAPD and 7-11 in ISSR.  The most polymorphic bands in primer/primer combinations 

were obtained from OPA-04, OPA-13 and OPH-17 in RAPD,  and UBC-808, UBC-820 and UBC-872 

in ISSR. Results showed that average polymorphic rate was 86.5%. Performances of cultivars in 

groups asist possibility in creating genetic variability in barley cultivar development. RAPD and ISSR 

methods are useful for evaluation of genetic diversity and could be safely used to determine the 

genetic relationships in barley genotypes.  
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Bazı Arpa (Hordeum vulgare L.) Genotiplerinin Genetik Farklılığının  
RAPD ve ISSR Analizleri ile Belirlenmesi 

 
Özet: Bu çalışmada RAPD ve ISSR analizleri kullanılarak, arpa çeşitlerindeki genetik farklıların 

ortaya konması amaçlanmıştır. ISSR ve RAPD analizleri sonucunda, çeşitlerin primer bantlarının; 

RAPD analizinde 4 ile 11, ISSR analizine ise 7-11 arasında değiştiği belirlenmiştir. Primer ve primer 

kombinasyonlarının çoğu polimorfik bantların RAPD analizinde OPA-04, OPA-13 ve OPH-17;  ISSR 

analizinde ise UBC-808, UBC-820 ve UBC-872 olduğu belirlenmiştir. Yine elde edilen sonuçlara 

göre ortalama polimorfik oran % 86.5 olarak tespit edilmiştir. Arpa çeşitleri geliştirilmesi açısından, 

çeşitlerin genetik farklılıkları belirlenmiş olup, genetik varyabilitenin ortaya konmasına da önemli 

katkı sağlamıştır. Sonuç olarak RAPD ve ISSR analizleri arpada genetik çeşitliliğin belirlenmesinde 

faydalı bir yöntem olup, çeşitlerin genetik ilişkisinin ve farklılıklarının belirlenebilmesinde güvenilir 

bir yöntem olarak kullanılabileceği ortaya konmuştur. 

 

Anahtar kelimeler: Arpa, genetik ayrışma, DNA ektrasyonu, genetik poliforfizm, RAPD ve ISSR 

 
 
Introduction 
 

Barley has been known as one of the 

ancient crops and used for animal feed and 

human food in the world (Nevo 1992). Since 

ancient times, the importance of barley 

Cossani et al.  2009). Setter and 

Waters,2003 Zhou et a., 2007. Barley has 

wide adaptation ability to different climatic 

conditions and various environments 

comprising drought and irrigated 

environments. Importance of barley 

production is tremendously increasing with 

increasing need to feed animal production 
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and industrial purpose (Sayre et al., 1997; 

Jayahar, 2012). To meet increasing demands 

will only possible to develop barley 

genotypes with higher quality and yielding, 

disease and pest resistant and high 

adaptability and this phenomena could be 

overcome by comprehensive and multi-

purpose breeding programs having a vast 

genetic pool playing vital role to develop 

novel barley genotypes (lit Poehlman, 1987; 

Kang, 1990; Mohammed, 2009). Besides, 

classic and biotechnical techniques have 

been efficiently used in plant breeding 

programs and DNA markers are ordinarily 

used to allow cultivar identification and 

fingerprint of genomes in crops and (lit Karp 

et al., 1997; Mukhtar et al., 2002). 

Mohapatra et al. 2003; Motawei et al., 2007. 

RAPD and ISSR are rapid and efficient 

applications in evaluation, characterization 

of genetic material. They create opportunity 

to segregate features and diversities of 

genetic resources, to show cultivar 

identification and fingerprint of genomes in 

cereals lit Welsh and McClelland,1990; Cao 

et al.1998; Malik et al., 1996; Gupta et al. 

2000; Naghavi et al. 2004; Tahir, 2008). 

Deshmukh et al., 2012 Yang et al., 1996; 

Karaca and Izbirak, 2008). This study is 

aimed to determine genetic distance between 

barley genotypes based on RAPD and ISSR 

analyses, and will be helpful in future for 

genetic studies to lead  development of 

novel barley genotypes in breeding 

programs. 

  

Materials and Methods 
 

This study was carried out in greenhouse 

and laboratory conditions at Osmangazi 

University, Agricultural College in 

Eskişehir, Turkey. Seeds were sown in PVC 

containers (0,75 m width, 1 m length, and 

0,75 m height) containing 80 kg of loamy 

textured soil (33,4 % sand, 36,6 % silt, and 

30,0% clay), and plants were allowed to 15 

cm height. Leaf samples from barley 

genotypes were randomly selected plants 

were collected and stored at −20 °C until 

use. CTAB method (Saghai-Maroof et al, 

1984),  providing better quality and quantity 

of DNA was used to isolate genomic DNA 

of genotypes then genomic DNA extracted 

was subjected to PCR amplification using 

RAPD and ISSR markers. Twelve barley 

genotypes were used and information of 

them was given in Table 1. 

RAPD and ISSR techniques, used to 

determine genetic distances between 

genotypes included four parts; DNA 

extraction, PCR processes, electrophoresis 

and analysis of data. DNA extraction: 
Genomic DNA was extracted from 

powdered leaf materials using the Qiagen 

DNA exraction kit (Qiagen, Hilden, 

Germany) according to manufacturer’s 

instructions. The purity and quantity of 

genomic DNA was determined 

spectrophotometrically and confirmed using 

0.8% agarose gel electrophoresis against 

known concentrations of unrestricted 

lambda DNA. RAPD amplification: 45 

primers had been used to generate RAPD 

profiles. PCR amplification reactions were 

carried out in thirty µl final volume of 

reaction mixture containing 10x Buffer 3.0 

µl, dNTPs (10mM) 1.2 µl, magnesium 

chloride (25mM) 1.2 µl, primer (5µM) 2.0 

µl, Taq polymerase (5unit) 0.4 µl, water 19.2 

µl sample DNA 3.0 µl (100ng/ µl). The 

thermalcycler (Eppendorf Company) was 

DNA amplification. Five primers were 

chosen for ISSR analyses of genetic 

diversity, based on band reproducibly (Table 

1). PCR reactions were carried out using a 

single primer at a time, in 25 mL reaction 

mixture containing 40 ng of template DNA, 

1_ reaction buffer, 200 mM of each of the 

four dNTPs, 1 U of Taq DNA polymerase, 

1.5 mM MgCl2 and 0.5 mM of primer. 

Amplification was performed using a 

thermal cycler programmed for an initial 

denaturation step of 5 min at 94ºC followed 

by 35 cycles of 45 s at 94ºC, 1 min at the 

specific annealing temperature and 1 min at 

72ºC, ending with a final extension step of 7 

min at 72ºC. The PCR products of ISSR 

markers were resolved by electrophoresis on 

1.5% agarose gels. Electrophoresis: The 

PCR products (27 µl) were mixed with 6x 

gel loading buffer (3 µl) and loaded onto an 

agarose (1.5% w/v) gel electrophoresis in 

0.5XTBE (Tris-Borate- EDTA) buffer at 70 

V for 150 min. The gel was stained in 

ethidium bromide solution (2 µl Etbr/100ml 

1xTBE buffer) for 40 min and visualized 
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under UV in Bio Doc Image Analysis 

System with Uvisoft analysis package 

(Cambrige, UK).  

Data analysis: PCR products were scored as 

presence (1) and absence (0) of band for 

each  

genotypes and analyzed. Data were used 

to calculate using Nei-Li’s similarity index 

(Nei and Li, 1979) from which a UPGMA 

dendrogram was constructed. All of the 

experiments in this study are repeated at 

twice. 

 

Table 1. Information of plant characteristics in barley genotypes.  

Çizelge 1. Arpa çeşitlerine ait bitki özellikleri 

Variety 

Çeşitler 

Spike Traits 

Başak Tipi 

Plant Height 

(cm) 

Bitki Boyu (cm) 

Growth Habit 

Gelişim 
Tabiatı 

Protein Content 

(%) 

Protein Oranı 
(%) 

Test Weight 

(kg/hl) 

Hektolitre 
Ağırlığı (kg/hl) 

Thousand Seed 

Weight (g) 

Bin Tane 
Ağırlığı (g) 

Konevi-99 
2 Rows 

White 
100,11±4,34 Alternative 12,14±1,12 62,47±4,21 36,37±2,44 

Kalaycı-97 
2 Rows 

White 
85,15±3,87 Alternative 11,56±0,22 65,32±2,54 33,15±2,29 

Beyşehir-

98 

2 Rows 

White 
90,35±6,23 Alternative 12,05±2,54 64,48±3,45 34,76±3,06 

Sladoran  
2 Rows 

White 
86,85±2,88 Alternative 11,27±2,76 62,37±2,45 33,02±3,04 

Bolayır 
2 Rows 

White 
95,75±3,98 Alternative 10,61±1,88 64,88±1,54 36,18±2,43 

Harman  
2 Rows 

White 
84,45±4,01 Alternative 11,35±0,44 61,54±2,23 33,61±1,68 

Çıldır- 02 
2 Rows 

White 
75,23±2,33 Alternative 10,92±0,43 61,04±3,11 34,78±2,17 

İnce-04 
2 Rows 

White 
98,44±2,67 Alternative 10,41±1,43 62,12±2,15 32,19±3,46 

Karatay-94 
2 Rows 

White 
86,10±3,14 Alternative 11,35±2,12 67,77±2,98 33,86±2,35 

Kıral- 97 
6 Rows 

White 
89,60±5,21 Alternative 13,04±1,25 66,35±3,34 38,41±1,98 

Erginel- 90 
6 Rows 

White 
88,55±3,18 Alternative 12,71±1,78 65,31±2,76 39,37±2,68 

Martı  
6 Rows 

White 
91,67±2,56 Alternative 12,83±2,02 66,76±3,35 40,26±3,56 

 
Results and Discussion 
 

Barley (Hordeum vulgare L.) is the 

fourth most important cereal crop after 

wheat, maize, rice, and is  commonly used 

as not only animal feed but malting (Drew 

and Sisworo, 1977;  Bingru et al., 1994;).  

RAPD and ISSR analyses are DNA-

based markers, lead huge amount of 

polymorphism and fingerprint features, 

measure genetic diversity for evaluating 

genetic diversity (Vierling and Nguyen 

1992; Qian et al. 2001), and  they have been 

commonly used in plant breeding programs, 

variety identification (Sofalian et al., 2009; 

El-Assal and Gaber, 2012; Deshmukh et al., 

2012).  

 
 

RAPD analysis 
Results of our RAPD analysis are 

summarized in Table 2. Twelve primers 

have generated reproducible and 

polymorphic bands. A total of 95 bands 

were recorded with 89 polymorphic. In total, 

93.6 % of the bands were polymorphic. The 

size of the ampliconsrange between 250 bp 

to 3200 bp. Primers OPA- 4 gave the highest 

number of RAPD products (11). Primers 

OPBB- 3 gave the lowest number of RAPD 

products (4) (Table 2). Dendogram of twelve 

barley genotypes by RAPD was given in 

Figure 1. A dendrogram constructed 

according to RAPD data (Figure 1) of 12 

barley genotypes divided them into three 

main clusters. The first cluster included 

Martı, Erginel-90 and Kral. The second 

cluster, having five genotypes, was also 
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divided into two subclusters: the first 

subcluster consisted of Beysehir-98, 

Karatay-94 and Konevi-99. The second 

subcluster only consisted of Kalaycı-97. The 

third cluster had two subclusters: the first 

included Ince-04, Çıldır-02, Bolayır and 

Harman. The second subcluster had only 

Sladoran. The greatest similarity was 

observed between Çıldır-02 and Bolayır 

(0.164), the greatest dissimilarity was 

observed between Beyşehir-98 and Kral-97 

genotypes (0. 812). It was interesting result 

that six-row barleys, Kral-97, Erginel-90 and 

Martı represented similar genetic 

polymorphism (Figure 1). 

 

Table 2. Details of banding pattern revealed through RAPD and ISSR markers 

Çizelge 2. RAPD ve ISSR markörlerine ait protein bantlarının özellikleri 

Primer/primer 

Combination 

Primer/primer 
Kombinasyonu 

Sequence (5’–3’) 

Sekans (5’–3’) 

Length of 

Amplified Bands 

Bant Uzunluğu 

No of Bands 

Bant 
Numarası 

No of Polymorphic 

Bands 

Polimorfik  Bant 
Numarası 

Polymorphism 

Ratio (%) 

Polimorfizm Oranı 
(%) 

RAPD  

A-1 AGTCAGCCAC 500– 1800 7 6 100 

OPK19 CACAGGCGGA 750–3000 9 8 88.8 

OPBB- 03 TCACGTGGCT 250– 2000 4 4 100 

B-20 GGACCCTTAC 500-2400 7 7 100 

OPA– 04 AATCGGGCTG 750-2800 11 10 90.9 

OPA-13 CAGCACCCAC 500– 2700 10 10 100 

OPH- 17 CACTCTCCTC 250– 1800 10 9 90 

OPW– 6 AGGCCCGATG 400-2500 7 7 100 

OPL09 TGCGAGAGTC 400– 3000 8 7 87.5 

OPY06 AAGGCTCACC 500– 3200 8 8 100 

OPY13 GGGTCTCGGT 600– 2500 9 8 88.8 

OPW– 17 GTCCTGGGTT 600-2200 5 5 100 

Total/Toplam  250-3200 95 89 93.6 

ISSR  

UBC-808 (AG)8C 500- 2100 8 8 100 

UBC- 820 (GT)8C 250-2800 11 10 90.9 

UBC- 872 (GATA)4 400- 3000 9 9 99.9 

UBC-842 GA)8YG 500- 2600 6 5 83.3 

UBC- 825 (AC)8T 600- 2500 7 7 100 

Total/Toplam  250-3000 41 39 95.1 

*Not repeatable; **type of degeneratenucleotide: Y = pYrimidine (C, T); R = puRine (A, G). 

*Tekrarlamayan; **Dejenere nükleotit tipi:  Y = pYrimidin (C, T); R = püRin (A, G). 

 

 
Figure 1. UPGMA clustering for 12 barley genotypes based on RAPD markers 

Şekil 1. On iki arpa çeşidinde RAPD markörlerine dayalı UPGMA cluster analizi 
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It was stressed that RAPD method has been 

used for measuring genetic diversity in 

cereals particularly in barley and wheat 

(Vierling and Nguyen 1992; Qian et al. 

2001). RAPD was also successfully used in 

genetic variations in wild populations of 

four species of the genus of Hordeum (De 

Bustos et al. 1998). 

ISSR analysis ISSR (inter-simple 

sequence repeat) method is based on 

dinucleotide, tetra nucleotide or penta 

nucleotide repeats has been used in cereals 

(Nagaoka and Ogihara 1997). Twelve barley 

genotypes were surveyed by using 5 ISSR 

primers. A total of 41 bands were identified, 

of which 39 were polymorphic (95.1%) with 

a minimum of 6 (UBC842) and a maximum 

of 11 (UBC 820) bands per primer (Table 2). 

The size of amplified fragments ranged from 

250 to 3000 bp with an average of 8.2 

fragments per primer. The percentage of 

polymorphic bands produced by each primer 

ranged from 83.3 % (UBC842) to 100 % 

(UBC-808, UBC- 825). Dendrogram based 

on UPGMA analysis of the ISSR data is 

shown in Figure 2.  

 

 

Figure 2. UPGMA clustering for 12 barley genotypes based on ISSR  markers 

Şekil 2. On iki arpa çeşidinde ISSR markörlerine dayalı UPGMA cluster analizi 
 

The twelve samples were placed into 

three clusters. Cluster I had two subclusters: 

the first subcluster comprised Bolayır, 

Sladoran, Çıldır-02 genotypes; whereas the 

second one  had only Harman genotype. 

Cluster II also constituted of two subcluters: 

subcluster I had Karatay-94, Kalaycı-97, 

Ince-04, Beyşehir-98 genotypes. Subcluster 

II had only Konevi-99. Cluster III had all 

six-row barley genotypes, and occupied two 

subcluster: subcluster I constituted of Martı, 

and subcluster II had  Erginel-90 and Kral-

97 genotypes. The greatest similarity was 

observed between Karatay-94  and Kalaycı-

97 genotypes (0.189), the greatest 

dissimilarity was observed between Bolayır 

and Kral-97 (0. 867). The UPGMA cluster 

was constructed using a combination of data 

from the RAPD and ISSR markers was 

shown in Figure 3. The twelve barley 

genotypes were classified into two major 

groups. Cluster I had two subclusters: the 

first subcluster had Karatay-94, Konevi-99, 

Beyşehir-98, Çıldır-02 and Kalaycı-97. 

Subcluster II constituted of Sladodan, 

Harman and Bolayır genotypes. Cluster II 

included subluster I with Martı and Ince-04 

genotypes; subcluster II with Kral-97 and 

Erginel-90 genotypes (Figure 3). The 

similarity matrix values of barley genotypes 

varied between 0.162 and 0.869. The 

greatest similarity was observed between 

Çıldır-02 and Kalaycı-97 genotypes with 

0.152, the greatest dissimilarity was found 

between Karatay-94 and Erginel-90 with 0. 

869. Our results showed that average 

polymorphic rate was 86.5%. Performances 

of cultivars in groups asist possibility in 
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creating genetic variability in barley cultivar 

development. RAPD and ISSR methods are 

useful for evaluation of genetic diversity and 

could be safely used to determine the genetic 

relationships in barley genotypes.  

 
Figure 3. UPGMA clustering for 12 barley genotypes based on RAPD and ISSR markers 

Şekil 3. On iki arpa çeşidinde RAPD ve ISSR markörlerine dayalı UPGMA cluster analizi 
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