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ABSTRACT: In this study, the molecular variation of 10 Barley diverse landraces was estimated using 
random amplified polymorphic DNA (RAPD) markers. These landraces were collected from different 
bioclimatic Kurdistan region of Iraq. The amplification products varied from 5 to 11 bands ranging 
between 260 and 2900 bp. On 81 fragments counted, 51 are polymorphic showing a high level of 
polymorphism (71.8%). The phylogenetic relationship between the studied landraces was evaluated 
according to phylogenetic tree based on (UPGMA) method that classified barley landraces in 4 
homogeneous groups. Among which, the group C included the majority of the landraces with the 
introduced variety ‘Sharazor‘. The genetic distance between these landraces is reduced, may be 
because of the presence of a common ancestor which led to a low genetic diversity. The result of the 
study indicated that the registered varieties in our country, possesed relatively low genetic variation. 
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INTRODUCTION 
 

 Kurdistan region of Iraq, Iran, Turkey and Syria is one of the principal centers of cereal in the world, and also 
this region is very rich in both landraces and wild relatives of barley (Forester et al., 2000). The native germoplasm, 
well adapted to rough and harsh environmental conditions, has been considered to be a large source of genetic 
diversity and of great importance to varieties’ improvement. Among grains crops, barley, Hordeum vulgare L., is 
one of the principal grain crops in the world and is cultivated in all moderate areas (Asif et al., 2005). Wild barleys, 
H. vulgare ssp. spontaneum and H. vulgare ssp agriocrithon, are the frist gene pool of cultivated barley (H. vulgare 
ssp. vulgare). The total number of barley accessions in the Genbanks, comprising redundant materials, is 
estimated to be about 270,000 (Plucknett et al., 1987). Kurdistan is known to be a genetic diversity center of barley 
and rich in both landrace and wild relatives of barley (Yang et al., 1987). The wild relatives of barley have been 
measured to be a large reservoir of genetic diversity. It is known that wild barley populations possess high genetic 
variation in several useful characters, involving earliness, biomass and yield, protein Component and a high 
proportion of resistant genotypes against powdery mildew and leaf rust (Nevo et al., 1992). Due to its compatibility 
and full interfertility with cultivated barley, these wild species have been used as a source of important genes for 
cultivar development via interspecific crosses (Dávila et al., 1999a). Modern plant breeding and agriculture system 
have limited the genetic base of cultivated barley (Nevo et al., 1986). Therefore, the modern varieties are more 
genetically similar and more exposed to pathogens and adverse environmental conditions (Asins et al., 1989). This 
has advanced the search for new sources of diversity that might be of use in plant breeding programs, and many 
national and international organizations have stressed the need for the collection, preservation and use of wild-
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species relatives of cultivated species and the local varieties (Brown et al., 1990). Assessment of the extent of 
genetic variability within barley, comprising the wild relatives, is basic for barley breeding and the preservation of 
genetic resources, and is particularly useful as a general guide in the select of parents for breeding hybrids. 
similar any other crop species, the first step in barley improvement is full estimation of the native materials, 
involving collection, appraisal and molecular characterization of germplasm lines. Knowledge about germplasm 
diversity and genetic relationships among breeding materials could be an inestimable aid in crop improvement 
strategies (Abbas et al., 2008). The introduction of molecular markers in plant breeding has presented a valuable 
tool for the characterization of genetic materials. Among them, RAPD markers have been successfully used in 
barley germplasm estimation, because of their many advantages. RAPD gained importance due to its simplicity, 
efficiency and non-requirement of sequence information. RAPD provide, virtually limitless set of descriptors to 
compare individual plants and populations. With this innovative tool genetic diversity can be estimated and equally 
it is possible to carry out large scale screening of genetic resources held in gene banks, natural populations, 
ecosystems and natural reserves with this quick and rapid technique (Tahir et al., 2008). RAPD analysis has been 
extensively used to document genetic variation in wheat (Cao et al., 1998; Bedo et al., 2000; Gupta et al., 2000), 
cultivar identification (Malik et al., 1996) and fingerprinting genomes (Welsh and Mcclelland , 1990). The objectives 
of this study was to detect the genetic diversity of the 10 Barley diverse landraces under study using RAPD-marker 
technique. 
 
Materials and Method 
Plant material and DNA extraction: 
 A total of 10 barley landraces accessions from 10 locations of Kurdistan region of Iraq were used in this study 
(Table 1). Total genomic DNA DNA was extracted from a bulk sampling of a minimum of ten individuals for each 
accession according Aljanabi & Martinez (1997) with slight modifications and then stored at −20 ºC. 
 

Table 1. Landraces’ origin, bioclimatic stage and rainfall 

Landraces Origin Bioclimatic stage Rainfall (mm) 

Kafri 1 Kafri Sahara 150 
Kafri 2 Kafri Sahara 150 
Kalar 1 Kalar Sahara 170 
Kalar 2 Kalar Sahara 170 
Sharazor 1 Darbandikhan Sub Humid 400 
Sharazor 2 Darbandikhan Sub Humid 400 
Sharazor 3 Arbad Humid inf 600 
Shore 1 Arbad Humid inf 600 
Shore 2 Arbad Humid inf 600 
Shahid  Halabcheh Humid inf 800 

 
Amplification protocol:  
 A total of fifty arbitrary 10-mer oligonucleotides with arbitrary sequence from Operon (kits A, B, H and R) were 
used in RAPD analysis (Table 2) The PCR reaction mixture be composed of 20-50ng genomic DNA, 1×PCR buffer, 
2.0 mmol/L MgCl2, 100 µmol/L of each dNTP, 0.1 µmol/L primer and 1U Taq polymerase in a 25µL volume. The 
amplification protocol was 94 ºC for 4 min to pre-denature, followed by 45 cycles of 94 ºC for 1 min, 36 for 1 min 
and 72 ºC for 1 min, with a final extension at 72 ºC for 10 min. Amplification products were fractionated on 1.5 % 
agarose gel. 
 
Data analysis: 
 The positions of scorable RAPD bands were changed into a binary character matrix (‘1’ for the presence and 
‘0’ for the absence of a band at a particular position). The genetic dissimilarity (GD) was estimated using Nei & Li 
method (1979). Based on the dissimilarity matrix, a dendrogram showing the genetic relationships between 
landraces was builded using the unweighted pairgroup method with arithmetic average (UPGMA) (Sneath and 
Sokal, 1973) using the software Treecon for Windows version 1.1a. Polymorphic information content (PIC) values 
were computed for each RAPD primer according to the formula: PIC = 1-Σ(Pij)2, where Pij is the frquency of the ith 
pattern showed by the jth primer summed across all patterns revealed by the primers (Botstein et al, 1980). 
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Results 
 The results of DNA extraction showed that genomic DNA samples had an optical density ratio as A260/A280 
equal to 1.8-2.01. In addition, they had enough concentration about 1773 ng/μl (Fig 1).  
 
 

 
Fig. 1. Electrophoresis bands patterns of DNA extraction. (M): size molecular marker 100 base-pair ladder, (1-6): 
DNA of Barley landraces genotypes 
 
 
 The results of study showed that the 50 primers screened to evaluate the genetic diversity among the 10 
Kurdistan barley landraces, and only 10 primers created polymorphic and reproducible bands. The other 40 
primers generated variable, poor amplification products and non-repeatable banding patterns. The results showed 
the PCR amplification using the efficient 10 primers produced useful marker patterns and analysis gave strong 
evidence of major genetic differences among barley landraces. On a total of 81 scored DNA fragments 58 bands 
were polymorphic (71.8%) with an average of 57.8 bands per primer (Table 2). The size of the amplified bands 
ranged from 260 to 2900 bp. Each primer created 5 to 11 bands. The lowest number of bands (5 fragments) was 
generated by AP3 and AP8, while the highest (11 fragments) was generated by AP9 of which 11 are polymorphic 
(Table 2 and Fig. 2).The polymorphic information content (PIC) ranged from 0.74 to 0.89 with an average of 0.87. 
The lowest and the highest PIC values were recorded for primers AP10 and AP4 respectively. 
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Table 2. Primer sequences, amplified bands, polymorphic bands and PIC values in RAPD analysis 

 Primers Sequences 5’—3’ Number of total bands Polymorphic bands PIC 

1 PA 1 GGACCCAACC 9 7 0.87 
2 PA 2 GGTCTACACC 7 6 0.89 
3 PA 3 GAGAGCCAAC 5 3 0.84 
4 PA 4 ACCCGGTCAC 10 8 0.899 
5 PA 5 CAGCTCACGA 9 7 0.79 
6 PA 6 GGATGAGACC 6 3 0.84 
7 PA 7 AGGGCCGTCT 9 4 0.82 
8 PA 8 AAGCCCGAGG 5 3 0.84 
9 PA 9  CCTGATCACC 11 9 0.86 
10 PA 10 GACGCCACAC 10 8 0.74 

  Total 81 58 Average= 0.84 

 
 

 
Fig. 2. DNA fragments profile of the 10 Barley landraces genotypes amplified with RAPD primer (Primer AP9). 
Namely; (M): size molecular marker 100 base-pair ladder. (1): Kafri 1, (2): Kafri 2, (3): Kalar 1, (4): Kalar 2, (5): 
Sharazor 1, (6): Sharazor 2, (7): Sharazor 3, (8): Shore 1, (9): Shore 2, (10): Shahid. 
 
 All the 81 bands, produced from 10 RAPD primers, were used to estimate the genetic distance (RAPD-GD) 
among the 10 barley landraces (Table 3). The RAPD-GD value ranged from 0.24 to 0.53, with an average of 0.38. 
The highest genetic distance was discovered between the following landraces’ groups (Kafri1 – Kafri 2), while the 
lowest genetic dissimilarity was observed between (Sharazor 1 - Shore 2). Shahid is a known variety introduced in 
Kurdistan since 1947 and, because of its high yield seeds it continues to be cultivated in different Kurdistan areas. 
It has been used by Kurdistanian breeders as an ancestor in their grain improvement programs. That’s why it is 
clustered with some landraces in the same group. The relationships within and between groups were estimated by 
a UPGMA cluster analysis of GD matrices (Fig 3). It showed that all 10 barley landraces could be distinguished by 
RAPD markers. 
In the dendrogram (Fig. 3) 4 different groups were observed: A, B, C and D. The first group (A) is composed by 
Shahid which was less related with other groups: (more than 17 % of dissimilarity). The group B are composed by 
Kafri 1, Kafri 2, Kalar 1 and Kalar 2. The third group (C) gathered the landraces Sharazor 1, Sharazor 2 and 
Sharazor 3 (34%). In the last group D that this group are composed by Shore 1 and Shore 2. These landraces 
were more closely related with each other since their dissimilarity percentage is of 28%. 
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Table 3. Genetic distance of 10 Barley diverse landraces estimated according to Nei and Li(1979) method based 
on RAPD marker 

 1 2 3 4 5 6 7 8 9 10 

1 0          
2 0.53 0         
3 0.30 0.37 0        
4 0.41 0.27 0.41 0       
5 0.35 0.37 0.29 0.30 0      
6 0.47 0.40 0.36 0.34 0.34 0     
7 0.38 0.40 0.25 0.42 0.23 0.35 0    
8 0.36 0.34 0.35 0.32 0.30 0.27 0.28 0   
9 0.47 0.36 0.43 0.33 0.24 0.28 0.31 0.40 0  
10 0.38 0.34 0.35 0.30 0.26 0.31 0.38 0.31 0.36 0 

 
1: Kafri 1; 2: Kafri 2; 3: Kalar 1; 4: Kalar 2; 5: Sharazor 1; 6: Sharazor 2; 7: Sharazor 3; 8: Shore 1; 9: Shore 2; 10: 
Shahid 
 

 
Fig. 3. Dendrogram of 10 barley landraces constructed from RAPD-GD. 

 
Discussion 
 In this study, genomic DNA was extracted from a bulk sampling for each accession. The results showed that 
genomic DNA samples had an optical density ratio as A260/A280 equal to 1.8-2.01 that indicates their high quality. 
In addition, they had enough concentration about 1773 ng/μl  The advantages and inconvenient of the bulk 
analysis have been discussed by Michelmore and coauthor (1991) and Sajida et al. (2009). Bulk analyses are 
economic and rapid, and it is possible to estimate the genetic variability between accessions, whereas it is not 
possible to acquire information about the genetic variability within the accessions (Fernández et al., 2002). The 
number of individual plants bulked for the accessions is an important experimental factor whether the bulked 
analysis exhibited the genetic relationship between the accessions. Aydogan and Yagdi (2012) found that the 
bulked samples with 10, 20, 30, 40 and 50 individuals had the same banding pattern. Botstein and coauthor (1980) 
also found that bulks of 10 to 20 individuals resulted in the same RAPD profiles. Due to its worldwide distribution, 
the assessment of the genetic diversity among barley germplasm from different countries was performed (Ben 
Hmida-Ben Salem, 2000; Feng et al., 2003). In fact, it has been found that the average genetic diversity based on 
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RAPD analysis of 18 barley accessions from Netherlands, France, Great Britain, Germany and Italy was 0.521 
(Russell et al., 1997). Also, analysis of 10 Kurdistanian of Iran barley cultivars by RAPD markers showed an 
average genetic diversity of 0.560. In other conducted work on 40 barley Australian cultivars (Pillen et al., 2000), 
the average genetic diversity was 0.682. Whereas, the genetic diversity between tea populations (Kaundun et al., 
2000) was 0.18. In the present study, the average genetic dissimilarity of barley landraces was 0.38. These results 
proposed that the selected barley landraces have low genetic diversity, despite the high PIC value of primers used. 
The results showed that the correlation between RAPD markers and the geographic origin is low. Also, the 
landraces Kafri 1 and Kafri 2 collected from the same region showed an important GD. However, Kalar 1 and Kalar 
2 belonging to the same bioclimatic stage showed a low GD. This study agreement with those found in Korean tea 
populations [30], where no geographical trends were observed among the populations. Similar results had been 
observed by Lerceteau and coauthor (Sajida et al., 2009). On the other hand, the relationship observed using 
molecular markers may provide information on the history and biology of cultivars, but it does not necessarily 
reflect what may be observed with respect to agronomic traits (Métais et al., 2000).This relatively poor relationship 
observed between RAPD markers and the geographic origin of Kurdistanian barley landraces in this study may be 
explained by the neutrality of molecular markers compared with adaptive traits under harsh conditions; even if 
these conditions may influence the cultivar behavior and leads to some adaptation traits such as earliness to avoid 
water deficit or small ears that will be rapidly filled etc…. This study revealed the efficacy of RAPD markers in 
detecting the polymorphism among barley landraces and establishing relationship among them. It demonstrated 
the potential efficiency of molecular markers in landraces classification, and exhibited the feasibility of a 
comprehensive effort to determine the relationships among barley landraces using molecular markers. Further 
collection, evaluation, appraisal, and utilization of local germplasm, is clearly a high priority in barley improvement. 
 
CONCLUSION 
 This study revealed the efficacy of RAPD markers in detecting the polymorphism 
among barley landraces and establishing relationship among them. Also, the genetic distance between these 
landraces is reduced, may be because of the presence of a common ancestor which led to a low genetic diversity. 
The results of the study indicated that the registered varieties in our country, possesed relatively low genetic 
variation. In addition, the results showed that the correlation between RAPD markers and the geographic origin is 
low. 
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