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Genotypic characterization of  eleven barley (Hordeum vulgare L.) cultivars 

grown in Palestine using RAPD, ISSR and SSR genetic markers. 

By 

Maher Yasin Mohammed Al-Radaydeh 

 

Abstract  

The use of molecular markers for the detection of DNA polymorphism is one of the most 

significant developments in the field of molecular biology. In this study, three types of 

molecular markers: RAPD, ISSR, and SSR (microsatellites) were used to determine the genetic 

relatedness among the eleven barley cultivars grown in Palestine. These cultivars includes: 

Baladi, Nabawi, Rihane, ICARDA 6, 16, 20, 27, 29, 30, 33, and 34. Five primers of each 

molecular marker were used. Amplification products of the three methods represent 102 loci of 

the barley genome in addition to the wheat out group. Ninety three out of the total loci were 

polymorphic, which correspond to 91%. Moreover, 22 exclusive markers (loci) were identified 

for several barley cultivars of which 8 markers belong to the wheat out group. Such private loci 

could be used for cultivar identification. In general, an average of 59.4 loci per cultivar was 

recorded.  
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The phylogenetic trees show that RAPD and SSR markers are highly polymorphic. Less 

polymorphism was revealed by the ISSR method. The polymorphism obtained by the three 

methods was sumed up and used to establish a phylogenetic tree for the eleven barley cultivars. 

UPGMA trees show two major clusters. The first one encompasses cultivars Rihane and 

ICARDA16, whereas the second cluster is further subdivided into two subclusters. The first 

subcluster contains cultivars ICARDA 6, 27, 33, 30, 20 and Baladi while the second subcluster 

is included of ICARDA29, 34 and Nabawi cultivars. The tree also shows that cultivars Baladi 

and ICARDA 33 are very closely related. Similar clustering patterns were obtained by the 

Principal Coordinate Analysis (PCA) which supports the accuracy of the phylogenic tree.  

The results of this study indicate the presence of high genetic diversity among the tested barley 

cultivars which makes them of a special value pertaining to any breeding program aiming at 

increasing their productivity and the development of tolerance to biotic and abiotic stresses. To 

the best of our knowledge, this is the first such study for the barley (Hordeum vulgare L) 

grown in Palestine. 
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ثلاث طرق جسيئيت: ببستخذام  تسرع في فلسطينتحذيذ الطرز الوراثيت لاصنبف شعير 

مب بين المتسلسلاث البسيطت المتكررة (، RAPD ) المميس للاصنبفالتضبعف العشوائي 

(ISSR ،) مالو( تسلسلاث البسيطت المتكررة SSR.)  

 

 مبهر يبسين محمــــــذ  الردايذة

 ملخص

كبَج اْى انخطٕساث انخً   DNAجًٍُ فً فً انكشف ػٍ انخُٕع ان (molecular markers)  انجضٌئٍت انؼلايبث اسخخذاو 

  حذرج فً يؼشفت  انطشص انجٍٍُت نلاصُبف انًخخهفت يٍ انُببحبث.

يب بٍٍ انًخسهسلاث (، RAPDانخضبػف انؼشٕائً انًًٍض نلاصُبف ) فً ْزِ انذساست، حى اسخخذاو رلاد طشق جضٌئٍت: 

َٕع يٍ  11 يٍ اجم ححذٌذ انؼلالت انجٍٍُت بٍٍ(، ٔرنك SSR(، انًخسهسلاث انبسٍطت انًخكشسة )  ISSRانبسٍطت انًخكشسة )

ًْ: انبهذي، انُبٕي، انشٌحبٌ، الاٌكبسدا  صُبفضسع فً فهسطٍٍ. ْزِ الاح خًان انًخخهفت انشؼٍشاصُبف 

3،،2،،2،،2،،16،6  ٔ33  . 

يٕلغ يٍ  1،2َٕاحج انًضبػفت فً انطشق انزلاد حًزم ،  كم َٕع يٍ انؼلايبث انجضٌئٍتن primer   خًست حى اسخخذاو 

 ًْٔ حشكميٕلغ  3، ٔجذث اخخلافبث ٔسارٍت فً   انخبضؼت نهذساست. انٕسارٍت نهشؼٍش ٔيجًٕػت انمًح يجًٕع انًبدة

هصُف بؼٍُّ ٔنى حظٓش فً نظٓشث كؼلايت يًٍضة  .نهمًح( 8)يُٓب  بً يًٍضاً لؼيٕ 22 اضبفت نزنك نمذ حى حشخٍص  ،1%،
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 4.،5 ْٕٔجٕد يٕالغ فٍٓب اخخلافبث  يؼذلٔبشكم ػبو فبٌ  الأصُبف يًب ًٌكٍ اسخخذايٓب نهخؼشٌف بزنك انصُف. ببلً 

 .يٕلغ نكم صُف

 , RAPD، حبٍٍ ٔجٕد اخخلاف جًٍُ كبٍش بٍٍ انؼلايبث انجضٌئٍت Neighbor-joining (NJ)ٔػٍ طشٌك اسخخذاو طشٌمت 

 ٔISSR  ًحُٕع جًٍُ لهٍم ظٓش ف ،ISSR  جًغ ٔحى بُبء شجشة . انخُٕع انجًٍُ انزي حى انحصٕل ػهٍّ يٍ انطشق انزلاد

    ٔاحذة لاصُبف انشؼٍش الاحذ ػشش.

شجشة حى اَشبء   (Unweighted Pair Group Method with Arithmetic Mean (UPGMA)ببسخخذاو طشٌمت 

، 16انشٌحبٌ ٔالاٌكبسدا  يكَٕت يٍانًجًٕػت الأنى : يجًٕػخٍٍ سئٍسٍخٍٍانؼلالبث انخطٕسٌت بٍٍ الأصُبف حٍذ احخٕث 

، ،2، ،3، 33، ،2، 6الاٌكبسدا  ضًجانًجًٕػت انفشػٍت الأنى : يجًٕػخٍٍ فشػٍخٍٍ اَمسًج انى انًجًٕػت انزبٍَت بًٍُب 

انصُفٍٍ انبهذي  ، ٔانُبٕي. كًب اظٓشث انشجشة ا34ٌ، ،2ٔانبهذي. ايب انًجًٕػت انفشػٍت انزبٍَت فمذ احخٕث ػهى الاٌكبسدا 

 Principal Coordinateَفس انُخبئج حى انحصٕل ػهٍٓب ػُذ اسخخذاو طشٌمت  بًٍُٓب حًبرم كبٍش.  33ٔالاٌكبسدا 

Analysis  (PCA) طشٌمت يًب ٌذػى دلت انشجشة انخً حى بُبؤْب ببسخخذاو  (Neighbor-joining (NJ. 

ٔانخبضؼت نٓزِ  فً فهسطٍٍ انًضسٔػت جًٍُ كبٍش يٍ اصُبف انشؼٍشٔجذ اخخلافبث ٔحُٕع  ْزِ انذساست انىَخبئج حشٍش 

نهظشٔف انبٍئٍت انضبسة انحٍت  ْزِ الاصُبف حسٍٍ انًحصٕل ٔيمبٔيتاي يششٔع ٌٓذف انى ح، يًب لذ ٌسبػذ فً انذساست

 ححبٔل دساست أل ْزِ حؼخبش ػهًُب، حسب ٔنكٍ )يزم الايشاض ٔانحششاث( ٔغٍش انحٍت )يزم دسجبث انحشاسة ٔانجفبف(.

  .فهسطٍٍ فً انشؼٍش يٍ يخخهفت لاصُبف انٕسارٍت انطشص ححذٌذ

. 
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CHAPTER 1 

1. Introduction 

    1.1 Barley (Hordeum vulgare L.); origin, characteristics and uses 

Barley (Hordeum vulgare L.) belongs to the subfamily Triticaceae of the family  Poaceae. 

There are two subspecies of barley one is vulgare and the second is spontaneum. Barley is one 

of the earliest known crops and of great importance for the mankind worldwide (Dakir et al., 

2002). It is one of several crops that originated in the Fertile Crescent including historical 

Palestine (Badr et al., 2000). The Fertile Crescent includes parts of Jordan, Lebanon, Palestine, 

Syria, South-eastern Turkey, Iraq and Western Iran. Around 7,000 BC, cultivated barley was 

domesticated from a wild relative species called Hordeum spontaneum which is still common 

in the area till today (Azhaguvel and Komatsuda, 2007).  The world production of barley ranks 

fourth among cereals crop, after corn, rice, and wheat (FAO STAT, 2014). According to the 

FAO estimation (FAO 2016), the total production of barley worldwide in 2016 was 147.5 

million metric tons, harvested from 47.9 million hectares. Russia, Germany, France were the 

leading producers of barely. Table 1 

Barley is a diploid (2n) with 14 chromosomes, largely self-fertilizing species with large 

genome 5,1 Mb (Dolezel et al.,1998; Doležel and Lucretti, 1995; Mayer, K. F. et al., 2012). 

Barley is a widely adaptable crop. It has a short growing season is more tolerant of drought, 
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low soil fertility and soil salinity than other major cereals (Maniruzzaman et al., 2014; Baum et 

al., 2004; Nevo, 2012; Zohary et al., 2012).  

Barely spikes  are dense and up to 10 cm long.  The barley spike is composed of triplets ( one 

central and two lateral spikelets) . In wild barley  only the central spikelet is fertile, while the 

other two are reduced (not fertile) producing cultivars known as two-row barleys. Six-row 

spike  barleys are produced when mutation happened in single gene called vrs1 that is recessive 

to the dominant allele responsible for the two-rowed spike (Vrs1) as recent studies showed 

(Komatsuda et al.2006).  

About 75% of the world production of barley is used for animal feed, 20% is malted for use in 

alcoholic and non-alcoholic beverages, and 5% as part in several food products, such as bread 

barley, (Blake et al., 2011). Barely grains are rich of vitamins, such as Vitamin B6 and K, as 

well as amino acids such as Tryptophan and Histidine (Arcade et al., 2000). Moreover, barley 

grains are particularly high in soluble dietary fiber, which significantly reduces the risk of 

serious human diseases including type II diabetes, cardiovascular disease and colorectal 

cancers that affect millions of people worldwide (Collins, H. M., 2010).   

Table1: Ranking of countries in term of barely production in 2013 according to the Food and 

Agriculture Organization database. (FAO 2013) 

Rank Country/Region Barley production  (tons) 

1  Russia 15,388,704 

2  Germany 10,343,600 

3  France 10,315,900 

4  Canada 10,237,100 

5  Spain 10,057,600 

6  Turkey 7,900,000 

https://en.wikipedia.org/wiki/Russia
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/France
https://en.wikipedia.org/wiki/Canada
https://en.wikipedia.org/wiki/Spain
https://en.wikipedia.org/wiki/Turkey
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1.2 Hordeum vulgare in Palestine  

In Palestine, about 5100 dunums are cultivated with barley according to the Palestinian Central 

Bureau of Statistics of 2012. This makes barley in the second place among cereals crop after 

wheat. Barley is a winter crop, which is grown in temperate regions under diverse cultural 

conditions covering a wide geographical range of Palestine. Since it is more tolerant than 

wheat to drought conditions, barley cultivation is successful in areas with an average annual 

rainfall of 250 - 300 mm. Rain-fed barley yield about125 kg per dunum while irrigated barley 

produces between 300-500 kg / dunum depending on the cultivar and cultivation conditions.  

There are more than ten types of barley species cultivated in Palestine including ICARDA 

cutivars, Baladi. Rihan, and Nabawi. These cultivars possibly variations in their genetic 

makeup because of the apparent differences in their productivity, morphological features, and 

crop quality. Cultivars of the  ICARDA group are the result of breeding programs carried out 

by ICARDA (Stephensen et al., 2008). Unfortunately, there are no adequate information about 

the breeding parents and conditions in the literature.  

Germplasm collections in the form of grains of the cultivated barley species are available in 

several gene banks in Palestine including that of the National Research Center of the 

Palestinian Ministry of Agriculture. Although, the most prevailing phenotypic variations 

among these cultivars have been known to the local researchers and farmers, still the genetic 

diversity has not been evaluated adequately.  Such evaluation is important for  the conservation 

and proper use of plant genetic resources. For example the possible existence of high degree of 

genetic diversity within the Palestinian landraces would assist in barley breeding programs 

through the use of such diversity as a potential source for genes to develop commercial 
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varieties (Soleri and Smith, 1995). Till now, such genetic variability among the Palestinian 

barley landraces is maintained at the level of small scale farming systems. Unfortunately, most 

of the research studies on revealing the diversity of barley germplasms have focused on 

morphological and physiological traits (Massood and  Chaudhry, 1987). 

 

1.3 Genome organization of H. vulgare 

Cultivated barley (Hordeum vulgare ssp spontaneum), derived from its wild progenitor H. 

spontaneum, is among the world’s earliest domesticated and most important crop plants. It is 

diploid (2n =14) consisting of 5.1 gigabases( Dolezel et al.,1998). Barely chromosomes are 

relatively large ranging from 6 – 13.7 µm. Whole genome sequencing of barley is complicated 

because of its large genome, about 12 times  the  size  of  the  rice genome,  and  includes  over  

80%  of  repetitive DNA (Schulte et al., 2009; Wicker et al., 2009). The seven barley 

chromosomes are named from 1H to 7H. They are evolutionary homologous to wheat 

chromosomes and other Triticeae linkage groups (Klaus et al., 2009). Chromosome 1H is 

considerably smaller than chromosomes 2H to 7H and contains approximately 4,600 to 5,800 

genes while the whole barley genome encompasses 38,000 to 48,000 genes. Recent research 

showed that much of genes for abiotic stress tolerance in barley are located on chromosomes 

2H, 5H and 7H (Wehner et al., 2015). 

 

1.4 Molecular markers 

Dominant and co-dominant molecular markers provide valuable and powerful tools to detect 

and characterize the genetic diversity, genotype identification, and genetic mapping within and 

between the barley species and in the assessment of genetic variation and genetic relationships 
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at the cultivar level. Molecular markers are used to track loci and genome regions in crop 

plants, and therefore many disease resistance genes, tolerances to abiotic stresses and quality 

traits have been identified (Lörz and Wenzel, 2004). 

In this study, three different genetic markers (Random Amplified Polymorphic DNA (RAPD), 

Simple Sequence Repeats (SSR or microsatellite), Inter-Simple Sequence Repeat (ISSR), were 

applied to reveal the genetic diversity among eleven barley cultivars grown in Palestine. To the 

best of my knowledge, this is the first study for revealing the genetic relatedness among the 

Palestinian barley cultivars using three different genetic markers.  

 

1.4.1 Random amplified polymorphic DNA (RAPD) 

 

RAPD-PCR has become widely used in genetic diversity/polymorphism, cultivar 

identification, genome mapping, population and evolutionary genetics, and plant and animal 

breeding. It is based on the amplification of DNA fragments using  short (10 nucleotides) 

random primers. In this technique a previous knowledge of the template sequence (of the 

organisms’ genome) is not required (Williams et al., 1993). In RAPD analysis, a single, short 

oligonucleotide primer is able to anneal and prime at multiple locations throughout the genome, 

which in turn can produce a spectrum of amplification products that are characteristics of the 

template DNA.  Moreover, the produced amplified fragment depends on the sequence of the 

primer and the target genome as well as on the thermal cycling conditions. The lengths of the 

amplified fragments are within the range of 100 bp to 2kb. This technique is simple, rapid, 

multi loci (covers large parts of the genome), and valid to numerous genomes from simple 

prokaryotes to the most complicated eukaryotes. It requires only small amounts of DNA, 
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(about 10 ng per reaction) (Senthil, K., and Gurusubramanian, G., 2011), low costs compared 

to other marker technologies, also it gives a results in  a few hours. However, the 

reproducibility of the RAPD markers is not consistent and requires a lot of efforts for 

optimization. Also, nearly all RAPD markers are dominant where most RAPD fragments result 

from the amplification of one locus and so it is not possible to distinguish whether a DNA 

segment is amplified from a locus that is heterozygous (one copy) or homozygous (two 

copies).  

 

1.4.2  Inter-simple sequence repeats (ISSR) 

 

Inter-simple sequence repeat (ISSR) is a PCR based method for the genotyping of organisms.  

The technique is based on the amplification of genomic regions between microsatellite loci 

along a DNA template using primers designed to anneal to the microsatellite itself (Cano et 

al.,2005). Such primers are usually 16-25 bp long where a single primer is used in a PCR 

reaction. The amplification may result  in multiple fragments with different sizes (Zietkiewicz 

et al., 1994). To avoid smearing of the fragments in gel electrophoresis, a modified version of 

the method known as Anchored Microsatellite Primer AMP-PCR has been developed. An extra 

random non-microsatellite nucleotide is added either to 3` or 5` end of the primer. Therefore, 

ISSR-PCR  uses primer composed of  di, tri- or tetranucleotide repeat units ( Wu et al., 2005), 

one or two anchoring nucleotides  at either the 3’ or 5’ end (primer consists of a repeated motif 

with one or several non-motif nucleotides at the 5’-end, e.g. 5’–GA(AC)8–3’ or at the 3’-end, 

e.g. 5’–(AC)8AG–3’). This is important to target the end of a microsatellite region and to 
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prevent primer dimerization (Reddy et al. 2002). PAGE (polyacrylamide gel electrophoresis) 

or agarose gel are used to separate the amplification products. 

 

This technique has been used in many applications such as, cultivar identification to show the 

genetic variability and relationships among species, phylogenetic analysis, genetic 

fingerprinting ( Wang, et al., 2009),  assessment of hybridization  in many plant and animal 

species (Gupta et al.,2008), genetic mapping, clone and stain identification(Essadki et al., 

2006; Monte-Corvo et al., 2001), evolution and molecular ecology of closely related species 

(Bornet & Branchard 2001; Reddy et al. 2002), to identify genetic trait loci (Arcade et al., 

2000). 

This method is a simple, non-time consuming, and inexpensive that requires small amount of 

DNA samples. Also, ISSR is reproducible, highly specific and highly polymorphic between 

two organisms (Esselman et al., 1999; Wang et al. 2012; Shafiei-Astani et al., 2015). ISSR 

markers are easy to use, and methodologically less demanding compared to other dominant 

markers, making it an ideal genetic marker for organisms whose genetic information is lacking 

(Ng, W. L., and Tan, S. G., 2015).  

ISSR-PCR technique permits to screen quickly a wide part of the genome without prior DNA 

sequence knowledge. ISSR bands are considered as dominant markers but have high 

reproducibility when compared to RAPD markers (Fang and Roose, 1997; Nagaoka and 

Ogihara, 1997). 
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1.4.3  Simple Sequence Repeats (SSR) 

 

Microsatellite markers, or simple sequence repeats (SSR) (Tautz, 1989), also known as, short 

tandem repeats (STRs) or simple sequence length polymorphisms (SSLPs), have been widely 

used for marker assisted breeding and variety identification due to their high level of 

polymorphism and ease of use. SSRs have recently become important genetic markers in a wide 

range of crop species including barley and wheat. The method has been usesd in genetic 

diversity studies (Senior et al., 1998), cultivar discrimination (Sarri et al., 2006), and to 

determine genetic relationships between varieties ( Sefc et al., 1997).  SSR is the smallest class 

of simple repetitive DNA sequences in high organism’s genome. The microsatellite repeats can 

be di-nucleotide, tri-nucleotide, tetra- nucleotide, or penta- nucleotide and gives the specific 

polymorphism between species (Zietkiewicz et al., 1994). The repetitive satellite DNA can be 

separated from total genomic DNA via density-gradient centrifugation. SSR polymorphism 

between two varieties is due to the difference in the length of the repeat between the two 

conserved sequences. 

The unique sequences flanking such repetitive motifs are used to design forward and reverse 

primers for detection of length polymorphism via PCR (Litt and Luty, 1989; Weber and May, 

1989).  SSR detects the allelic variation by way of repeat numbers within a locus and one pair 

of SSR primer deal with one locus (Weising et al., 1992). They appear to be ubiquitous in 

higher organisms, although the frequency of microsatellites varies between species. 

They are abundant, dispersed throughout the genome, and show higher levels of polymorphism 

than other genetic markers. SSR markers are co-dominant, as two alleles may be identified at 

each locus, frequently and evenly distributed throughout the genome, and mutations among 
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them do not affect the survival of the individual. They are highly polymorphic (multi-allelic) 

(Belaj et al., 2003), and highly reproducible compared with other techniques (José, 2011). This 

makes them an excellent molecular marker system for many types of genetic analyses, including 

linkage mapping, germplasm surveys, and phylogenetic studies (Liu et al., 1996). 
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CHAPTER 2 

 

Objectives 

2.1 overall objectives: 

 

To reveal the genetic relatedness among eleven barley cultivars grown in Palestine  

 

2.2 Specific objectives  

1. To establish a phylogenetic tree for 11 cultivars of barley grown in Palestine using 

RAPD, ISSR, and SSR molecular markers and to assess the accuracy of the tree by the 

Principal Coordinate Analysis.  

2. To compare the efficacy of the three genetic markers in revealing the polymorphism 

among the Palestinian barley cultivars. 

3. Allocation of markers/loci for genotype (cultivar) identification. 
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CHAPTER 3 

 

 Materials and Methods 

 

3.1 Sample collections and culture conditions 

 

Grains of eleven cultivars of barley, usually cultivated in different regions in West Bank, 

Palestine, were provided by the National Research Center in Jenin, Palestine. These cultivars 

are Baladi, Nabawi, Rihane, and ICARDA 6, 16, 20, 27, 29, 30, 33, and 34.  Seed germination 

was conducted on wet cotton covered by Wattman paper. The germinated seedlings were 

transferred to plastic pots containing autoclaved vermiculite and incubated at 23-26◦C under 16 

hour photoperiod for one month. Leaf samples were collected from each cultivar for genomic 

DNA extraction and purification. 

 

3.2 DNA Extraction  

For each cultivar, about 100 mg of a young leaf sample was ground in liquid nitrogen using a 

mortar and pestle. Genomic DNA was extracted and purified from the ground leaves using 

DNeasy Plant Mini Kit (Qiagen), following the manufacturer’s instructions. The DNA was 

eluted with 50µl of TE buffer and stored at -80°C till used. DNA was extracted from a wheat 

leaf to serve as an out group in the subsequent experiments. The quality of the extracted DNA 
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was assessed by gel- electrophoresis in 1% agarose gels, and the concentration of DNA (Table 

2) was determined using the nanodrop spectrophotometer ( NanoDrop ND-1000 

spectrophotometer). 

 Table 2: Quantity and purity of the DNA extracted from different barley cultivars using the 

Qiagen DNA extraction kit.  

Sample No Barley Cultivar DNA  Con. (ng/ µl) DNA  Purity (260/280)nm 

1 Rihane 113 1.85 

2 ICARDA  (16) 52.8 1.82 

3 ICARDA   (6) 110 1.88 

4 ICARDA  (27) 115 1.87 

5 ICARDA  (29) 77.2 1.84 

6 ICARDA  (33) 94.1 1.84 

7 ICARDA  (34) 103 1.89 

8 Nabawi 70.2 1.91 

9 Baladi 85.7 1.82 

10 ICARDA  (30) 62.3 1.86 

11 ICARDA  (20) 62.3 1.94 

 

 

 

 

 



13 
 

3.3 PCR amplification of RAPD 

 

Five RAPD markers were used (Table 3). The PCR reactions were carried out in 20 µl reaction 

mix containing 50 ng  of template DNA, 0.4 μM of each primer, and  ultra-pure distilled water 

(Biological Industries). Then, all components were added to AccuPower® PCR PreMix tube 

(Bioneer Corporation - Hylabs) containing optimum amounts of MgCl2, deoxy nucleotide 

mixture, Taq DNA Polymerase and its buffer. Additional MgCl2 was added to achieve a 

concentration of 3 mM. 

PCR amplification was performed in a cycler (MJ research) as follows: an initial denaturation 

step for 3 min at 94°C followed by 35 cycles of 45 seconds at 94°C, 1 min annealing at 37°C, 

90 seconds of extension at 72°C followed by a final extension step of 7 minutes at 72°C. PCR 

amplification were assessed by gel electrophoresis, using 1.4% agarose gel in 1X TBE buffer at 

120 mA for 1.5 hour, then PCR product visualized by UV gel documentation system (BioDoc- 

It imaging system, UVP). 

 

3.4 PCR amplification of ISSR 

 

For the ISSR-PCR, five primers were used (Table 3). The conditions of the PCR reactions and 

the thermal cycling were similar to those of the RAPD-PCR except that the primers are different 

and the annealing temperature was set to 50°C. Amplification products were resolved by 

electrophoresis on 1.6% agarose gels stained with Ethidium Bromide in 1X TBE buffer at 100 

mA for 90 minutes.   
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3.5 Microsatellite (SSR-PCR) 

 

 

PCR amplifications for five SSR markers (Table 4) were carried out in 20 µl reaction mix 

containing 50 ng  of template DNA, 0.4  μM of each primer (forward and reverse), and  ultra-

pure distilled water (Biological Industries). Then, all components were added to AccuPower® 

PCR PreMix tube (Bioneer Corporation - Hylabs) containing optimum amounts of MgCl2, 

deoxy nucleotide mixture, Taq DNA Polymerase and its buffer. 

PCR amplification was performed with the following thermal cycles: 3 min at 94°C followed 

by 35 cycles of 45 seconds at 94°C, 1 min at 55°C , 90 seconds at 72°C followed by a final 

step of 7 min at 72°C. The annealing temperatures for SSR and ISSR primers were calculated 

for each primer pair according to the Amplifx software, version 1.5.4. 

PCR amplification were assessed by gel electrophoresis, using 2% agarose gel in 1X TBE 

buffer at 150 mA for 1.5 hour, then PCR product visualized by UV gel documentation system 

(BioDoc- It imaging system, UVP). 

 

3.6 Gel documentation and scoring of bands 

 

Gels were photographed using a BioDoc-It imaging system, UVP. Only clear bands were scored 

and their sizes were estimated  using a 100 bp DNA ladder (Invitrogen). 
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Table 3: List of the RAPD and ISSR primers used in this study. The primers were designed 

according to Eshghi et al., 2012. 

Primer 

Name 

Marker 

type 

Sequence 5  3 

S32 RAPD TCGGCGATAG 

S39 RAPD CAAACGTCGG 

S134 RAPD TGCTGCAGGT 

OPC06 RAPD GAACGGACTC 

OPC08 RAPD TGGACCGGTG 

ISSR6 ISSR TCTCTCTCTCTCTCTCA 

ISSR7 ISSR ACACACACACACACACT 

ISSR11 ISSR TATATATATATATATART 

ISSR14 ISSR GTGTGTGTGTGTGTGTYC 

ISSR15 ISSR ACCACCACCACCACCACC 

R = Purine, Y = Pyrimidine 

Table 4: List of the SSR primers used in this study.The primers were designed according to 

Maniruzzaman et al., 2014. 

Primer 

Name 

Marker 

type 

Sequence 5  3 Chr 

No. 

motif 

Bmag0211 SSR ForATICATCGATCTTGTATTAGTCC  

Rev ACATCATGTCGATCAAAGC 

1H (CT) 16 

Bmac0134 SSR For  CCAACTGAGTCGATCTCG 

Rev CTTCGTTGCTTCTCTACCTT 

2H 
(AC)28 

Bmac0181 SSR For ATAGATCACCAAGTGAACCAC  

Rev GGTTATCACTGAGGCAAATAC 

4H (AC)20 

Bmag0040 SSR For AGCCCGATCAGATTTACG 

Rev  TTCTCCCTTTGGTCCTTG 

6H (AC)20 

 

Bmag0131 SSR For TTICAGAAACGGAGTITTG  

RevCCTCCACACAAAAAA TCC 

3H (AG)16

G(AG)

15 
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3.7 Phylogenetic analysis 

 

The banding profiles of the dominant RAPD and ISSR markers and the co-dominant marker 

SSR were based on their presence or absence (1 or 0) where only clearly identified bands were 

considered as potential polymorphic markers. A similarity matrix was calculated by the Nei 

method (Nei, 1972) which states that GD=1-dxy/ (dx+dy-dxy),where GD = Genetic distance 

between two genotypes, dxy = total number of shared loci (bands) in two genotypes, dx= total 

number of loci (bands) in genotype x and dy= total numbers of loci (bands) in genotype y. A 

rooted phenogram was obtained by the Unweighted Pair Group Method with Arithmetic Mean 

(UPGMA method) using the Numerical Taxonomy and Multivariate Analysis System 

(NTSYS-pc) version 2.10e (Rohlf, 2002). A local wheat cultivar was used as an outgroup. 

Genetic relationships among the cultivars were further assessed by means of the Principal 

Coordinate Analysis (PCA) using Jaccard’s coefficient.  Data matrix and statistics were 

calculated using the pfamd (Fingerprint analysis with missing data) software version 1.31 

(Schlüter & Harris, 2006). Moreover, A phylogram was constructed using the Neighbor 

Joining NJ method based on the sum of the data collected by the three different genetic 

markers. 
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CHAPTER 4 

Results and discussion: 

This is the first study that reveals the genetic relatedness among the Palestinian cultivars of 

barley in Palestine using three different genetic markers. Amplification products of the three 

methods represent 102 loci of the barley genome in addition to the wheat outgroup. Figure 1, 

shows the amplification products of part of the primers used in this study. 

Collectively, the 93 out of the total loci were polymorphic which  correspond to 91% (Table 5). 

This means that the primers used in this study were powerful in revealing such a high 

percentage of difference among the cultivars. Moreover, there are 22 different bands (loci) that 

appeared only in individual cultivars (Table 5). Such private bands could be considered as 

genotype identity that would help in the identification of specific cultivars when the available 

morphological data is unsufficient to differentiate among them. Only 9 of the 102 loci provide 

no polymorphisms. Table 5 shows also that out of the102 loci produced by the three markers, 

an average of 59.4 loci were present per cultivar. 
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Figure 1 (A): PCR amplification products of RAPD primers (OPC 06, OPC 08, S32, and 

S39. 
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Figure 1(B): PCR amplification products of ISSR (ISSR6 and ISSR 7) and SSR 

(Bmag211, Bmac040, Bmag 131, and Bmac181). 
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A comparasion between the different molecular markers, the results in Table 5 show that the 

highest polymorphism was obtained by the SSR markers (100%) while the percent 

polymorphic bands/loci for RAPD and ISSR were 91% and 82%, respectively. It worth 

mentioning that the number of successful markers were only 2 (ISSR6 and 7) for ISSR method 

since the amplicons produced by the other 3 primers were unscorable due to smearing. More 

optimization is needed for these 3 primers. In addition, the percent of the private loci, those 

where the band was scored for one cultivar, were the highest for the SSR markers (50%), while 

for RAPD and ISSR the percent was only 14.9% and 17.6%, respectively (Table 5). In total, 22 

private bands were obtained of which 8 belong to the wheat out group while the rest 14 belong 

to 6 of the 11 barley cutivars (Table 6). These results indicate that the SSR markers are the 

most powerfull in revealing polymorphism among the different barely cultivars and in 

providing genotype identities. RAPD and ISSR are comparable in their efficiencies to 

discriminate among the various cultivars. However, the high reproducibility of ISSR markers 

would be an extra reason to consider it in such studies by researchers. 

 

Table 5: Data Matrix Statistics 

Marker type Sum RAPD ISSR SSR 

Number of successful markers
*
 12 5 2 5 

Individuals  12 12 12 11
**

 

Loci 102 67 17 18 

Number/% of polymorphic bands found 93 (91%) 61 (91%) 14 (82%) 18(100%) 

Number of fixed bands found 9 6 3 0 

Mean band presences per individual 59.416 42.33 11.75 5.81 

Number/percent of private loci  22 (21.5%)# 10 (14.9%) 3 (17.6%) 9 (50%) 

* Number of the primers/primer pairs that lead to scorable amplification products. 

**No amplification products where produced for wheat using SSR markers and so was excluded. 

# Percent of loci where a locus is present only in one cultivar, therefore could be used for genotype 

identification. 
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Table 6: Cultivars where a private band was allocated.  For each cultivar, the marker that 

produced the private band and their numbers are shown.  

Cultivar Markers Number of private bands/loci 

Rihane S 39 

B mag 211 

Bmac 134 

1 

1 

1 

 

ICARDA 34 S 134 

OPC 06 

B mag131 

1 

1 

1 

 

ICARDA 30 B mag 131 1 

 

ICARDA 16 B mag 211 

ISSR 6 

B mag 211 

1 

2 

1 

 

ICARDA 29 Bmag181 

Bmac 134 

1 

1 

 

Nabawi  B mag131 

 

1 

 

Wheat  S 32 

S 134 

ISSR 7 

OPC 06 

OPC 08 

1 

2 

1 

3 

1 
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The genetic distance among the barley cultivars as calculated by Jaccard coefficients are shown 

in figure 2. These data constitute a basis on which the phylogenetic trees were constructed. 

Smaller values in figure 2 correspond with closer genetic relatedness between the two cultivars 

that share that value.    

 

Figure 2: Maximum similarities among the barley cultivars as calculated by the 

Maximum Jaccard coefficients. 

The phylogenetic trees in figure 3 show that RAPD and SSR markers are highly polymorphic. 

Less polymorphism was revealed by the ISSR method. This is mainly due to the fact that clear 

and well-resolved amplification products were successfully obtained by two out of the five 

tested primers. In other words, less information was used to construct the tree using the ISSR 

markers (Figure 3B) than the trees of the RAPD (Figure 3A) and the SSR method (Figure 4A) 

where the five primers were successful in amplifying clear and distinct bands.  
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A: RAPD 

 

B: ISSR 

Figure 3: Phenograms for the dominant markers (A) RAPD and (ISSR). The UPGMA 

phenograms were constructed using Nie72 factor and were rooted to the out group wheat. The 

coefficient in the scale bar represents genetic distance.  
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A: SSR 

 

B: Sum of the three methods. 

Figure 4: Phenograms for (A) SSR and (B) for Sum of the three methods. The phenograms 

were constructed as described in figure 3. 
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Figure 5: Phylogenetic trees revealing the genetic relatedness and evolutionary history 

among the barley cultivars. The tree was constructed using the NJ method according to the 

collective data obtained by the three different markers using wheat as an out group. 

 

The polymorphism obtained by the three methods was summed up and used to establish a 

phenogenetic tree for the eleven barley cultivars (Figure 4). The genotypes clustered into two 

major groups. The first group constitutes cultivars Rihane and ICARDA16 which were shown 

to be closely related by most of the trees constructed in this study (Figure 3A, B). The second 

group encompasses two subclusters, where cultivars ICARDA 6, 27, 33, 30, 20 and Baladi are 

the first subcluster while ICARDA29, 34 and Nabawi make the second subcluster. The tree 

also shows that cultivars Baladi and ICARDA 33 are identical which means that the formers 

might constitute one of the parents in the breeding program that resulted in the later cultivar.  

The accuracy of the UPGMA tree in figure 4B was statistically supported by the principal 
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coordinated analysis conducted on the collected data (Figure 6). Similar clustering patterns 

were obtained in the three dimensional analysis. The phylogram (Figure 5) which was 

constructed using the sum of data obtained by the three genetic markers (RAPD, ISSR, and 

SSR) show similar clustering patterns to those obtained by the phenogram (Figure 4B). 

However, the phylogram provide additional information which is the evolutionary history of 

the barley cultivars as demonstrated by the differences in the lengths of the branches. For 

example, cultivars Baladi and ICARDA33 are closely related to each other as shown by both 

type of trees. However, in the phylogram, these two cultivars are further resolved so that the 

shorter branch length of the Baladi cultivar (Figure 5) indicates that less evolutionary changes 

has been accumulated in this cultivar in comparison to his relative ICARDA33. This result 

supports the hypothesis that Baladi might be indeed a parent in the breeding program leading to 

the development of ICARDA33. 
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Figure 6: Principal Coordinate Analysis (PCA).  

This three dimensional analysis was conducted for the sum of the data collected by the three 

genotyping methods. The results support the accuracy of the UPGMA tree in figure 2D.   
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CHAPTER 5 

 

Conclusion and Recommendations 

This is the first study in Palestine to reveal the genetic relatedness among the locally cultivated 

barley cultivars using modern molecular markers namely, RAPD, ISSR, and SSR. Moreover, 

the powerfulness of the three genetic markers was compared. It was found that SSR markers 

reveal more polymorphism among the cultivars than the other two methods. Such 

polymorphism is the basis for constructing phylogenetic trees and discrimination among 

closely related cultivars. In addition, the SSR markers were also more powerful in allocating 

private bands which could be used in the future by breeders and researchers as genotypic 

identities for the studied cultivars. The markers RAPD and ISSR produced comparable 

polymorphism despite the fact that only two ISSR markers were successfully used in this study 

in comparison to five RAPD markers. The fact that ISSR markers are much more reproducible 

than the RAPD ones, togethe with  the possibility that more polymorphism might be obtained 

when five  ISSR markers are employed, make the latter markers a better choice for revealing 

genetic relatedness among barely cultivars. Practically, from our experience it seems that PCR 

optimization is more laborious for ISSR than  the case for RAPD markers.  

Moreover, this study provides preliminary indications about the origin of the ICARDA 

cultivars grown in Palestine and their genetic relatedness to the other  local ones included in 

this study. This is important, particularly due to the lack of sufficient  information about the 
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origin of these cultivars which are believed to be the product of a breeding programs conduced 

by ICARDA.   

Finally, these results would be of value in any breeding program aiming at the development of 

barely cultivars resistant to biotic and abiotic stresses and of higher productivity. The 14 

genotypic identities ( without wheat)  produced by the employed markers might be used in 

marker-assisted breeding to map stress-tolerance related genes. 
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