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ABSTERACT  
 

Studying of genetic diversity is important to protect germplasm storages and considered as a prerequisite 
for the breeding programs. Randomly amplified polymorphic DNA based polymerase chain reactions (RAPD-
PCR) analysis were used to establish molecular fingerprint of seven pistachio (Pistacia vera) cultivars collected 
from north of Sinai. The cultivars are (Chelastone, Plastina, PL-6, Trebiance, Cmatear, Atz and  Atlatic). Five 
10-mer arbitrary primers (OPA-17, OPD-15, OPD-02, OPD-07 and OPA-02) were used to detect the DNA 
profiles variability among the cultivars. High levels of polymorphism were recorded among the cultivars. These 
primers amplified 75 polymorphic bands and 5 monomorphic ones in all cultivars. The polymorphic bands were 
scored as 16 unique and 59 non-unique ones. The results generated from RAPD profiles were pooled together to 
elucidate the genetic relationships among the examined seven pistachio cultivars. The constructed dendrogram 
tree divided the cultivars into two main genetic clusters. The first cluster includes both Atz and Atlatic cultivars. 
While the second cluster comprises the remained five cultivars. The highest similarity values (0.758 and 0.694) 
was recorded between Atz and Atlatic and between Chelasto and Plastina, respectively. The lowest similarity 
(0.344) was recorded between Trebianc and Atlatic cultivars.  
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Introduction   
 Pistachio is one of the most important nuts in the world which has high nutritional and economical values, 
it is a dioecious species originated from the central-west region of Asia Kamiab et al., (2014). There are 
approximately 250,000 acres cultivate with pistachios (Pistacia vera L.) in 22 counties Nwangwu, (2015). Iran, 
USA, Turkey, and Syria are the main pistachio producers in the world, contributing over 90% of 
production (FAOSTAT, 2014). Random amplified polymorphic DNAs (RAPD) has proven useful for 
germplasm identification, elucidation of genetic relationships of numerous plant cultivars and species (Kamiab 
et al., 2014; Cristina, et al., 2014 and Sun et al., 2014). The technique is simple to use and do not require the use 
of radioactive materials as well as it able to detect a significant degree of polymorphism. The generated DNA 
polymorphism reflects both the distance between two annealing sites and the pattern of their distribution 
throughout the genome of a particular cultivar or species (Williams et al., 1990). 
 RAPD analysis can provide a new alternative for cultivar identification, classification, and can be 
effectively incorporated into breeding programs (Kafkas and Perl-treves 2002; Mirzaei et al., 2006; Javanshah et 
al., 2007 and Kafkas et al., 2015). RAPD technique used to amplify DNA segments, with the objective of 
finding markers linked to sex determination in the dioecious species, Pistacia vera (Sayed  and Deiry 2009, 
Nosrati, 2012; Kamiab et al., 2014; Sun et al., 2014 and Kafkas et al., 2015). Genetic diversity on pistachio 
cultivars using ISSR and RAPD markers has been done by Tagizad et al. (2010). Baghizadeh  et al. (2010) 
studied the genetic diversity of some Iranian Pistachio cultivars using RAPD, ISSR and SSR markers. Golan-
Goldhirsh et al. (2004) evaluated genetic relationships among  pistacia species by RAPD and AFLP markers. 
Genetic diversity by ISSR molecular marker has been studied on some pistachio cultivars and revealed a high 
percentage of the polymorphic fragments (Kafkas et al., 2006, Fares et al 2009, Kebour et al., 2012a and b).  
 The aim of this work is to establish the genetic diversity and relationship among seven Egyptian pistachio 
cultivars using RAPD markers.  

 
Materials and Methods 
  
 Seven identified Egyptian pistachio (Pistcha vera) cultivars were collected from north of Sinai, Egypt and 
used in this investigation. These cultivars are Chelastone, Plastina, PL-6, Trebiance, Cmatear, Atz and Atlatic. 
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Experimental procedures were carried out during 2004 in the biotechnology lab. In Horticulture Research 
Institute, Agricultural Research Center, Ministry of Agriculture. 
 
Polymerase chain reaction (PCR) procedure: 
 Yong and freshly excised leaves were harvested separately for each pistachio cultivar. Then DNA 
extraction was performed as described by Dellaporta et al. (1983). 
 A total of 10 random DNA oligonucleotide primers were independently used according to Williams et al. 
(1990) in the PCR reaction. Only five primers succeeded to generate reproducible polymorphic DNA products. 
Table (1) list the base sequences of these DNA primers (Table, 1). 
 The PCR amplification was performed in a 25 l reaction volume containing 200 l of dNTPs (2.5 mM), 
1.5 l of Mg Cl2 (25 mM), 2.5 l of 10x buffer, 2.0 l of primer (2.5 µM), 2.0 l of template DNA (50 ng/µl), 
0.3 l of Taq polymerase (5 U/µl) and 14.7 l of sterile ddH2O. The reaction mixtures were overlaid with a 
drop of light mineral oil per sample. Amplification was carried out in Perkin Elmer Gene Amp PCR System 
2400. The reaction was subjected to one cycle at 95 ˚C for 5 minutes, followed by 35 cycles at 96 oC for 30 
seconds, 55 ˚C for 30 seconds, and 72 ˚C for 30 seconds, then a final cycle of 72 ˚C for 5 minutes. PCR 
products were run at 100 V for one hour on 1.2 % agarose gels which mixed with l x TBE buffer and ethidium 
bromide was added to the melted gel after the temperature became 55˚C. Gels were photographed and scanned 
with Bio-Rad video densitometer model 620, at a wave length of 577. The bands detected by photo capt MW 
and calculation was achieved using Dice similarity coefficients (Dice, 1945) as implemented in the computer 
program SPSS version16. 
 

Results and Discussion 
 

The number and types of the generated amplified DNA bands and the percentage of polymorphism 
resulted by each primer were summarized in Figure (1) and Table (1). A maximum of 24, 21, 12, 10 and 13 
DNA bands were scored by the primers OPA-17, OPD-15, OPD-02, OPD-07 and OPA-02, respectively. The 
primers generated a total number of 80 bands in all cultivars under study. The size of the amplified bands was 
ranged from about 2300 to 180 bp. The bands were identified as 75 polymorphic bands and 5 monomorphic 
ones. A total of 16 unique bands were identified out of the polymorphic ones in (Table 3). Primer OPA-17 
amplified five unique bands, two of them at about 1050 and 480 bp. were identified and distinguished the 
cultivar Trebiance. An unique band at about 730 bp. was amplified in cultivar Atz while two unique bands at 
about 420 and 390 bp. were amplified in cultivar Atlatic. Primer OPD-15 generated only single unique band at 
apparent molecular size 700 bp in the cultivar Plastina. However, primer OPD-02 generated also single unique 
band at apparent molecular size 2100 bp in the cultivar Chelastone. Primer OPD-07 generated two unique bands 
at apparent molecular size 1100-600 bp in the cultivar Atlatic. Whereas primer OPA-02 was the most 
informative primer, and generated 7 unique bands that could be used to discriminate among the studied pistachio 
cultivars. Cultivar Chelastone characterized by two unique bands at about 970-380 bp. While the unique band 
with 470 bp was scored in cultivar Plastina. The band with 430 bp was observed in cultivar PL-6, While three 
bands at about 2000, 1000 and 330 bp were identified in cultivar Trebiance.  

Further discrimination potentiality was resided in the non-unique polymorphic bands (Table 3). The 
primer OPA-17 generated 19 non-unique polymorphic bands. The most pronounced are the polymorphic bands 
identified at apparent molecular size of 1150, 1000, 900 and 600 bp. All cultivars amplified fragment with 1150 
bp. except Atlatic, The cultivars Chelastone, Plastina and Cmatear have band at about 1000 bp. Cultivars 
Plastina, PL-6 and Atz exhibited fragment 900 bp. The two cultivars PL-6 amd Atlatic were discriminated by 
the presence of the polymorphic band at about 600 bp. 

Primer OPD-15 generated 20 non-unique polymorphic bands. Four bands at apparent molecular size 
1000, 600, 400 and 300 bp are the best clearest ones. All cultivars has fragment with molecular size 1000 bp. 
except Atz, while Trebianco, Cmatear, Atz and Atlatic have with molecular size 400 bp. The cultivars Trebianco 
and Cmatear have a band with molecular size 300bp. 

A total of 7 non-unique polymorphic bands were scored in the RAPD profile generated by the primer 
OPD-02. The cultivars Chelastone, and Trebiance were distinguished from the other studied cultivars by the 
presence of the band with 600 bp. Similarly, cultivar Plastina was characterized by the presence of the band with 
molecular size 550 bp. Also, the two cultivars PL-6 and Cmatear were exhibited from the other studied cultivars 
by the presence of the two bands at about 600 and 550 bp. The two cultivars Atz and Atlatic were identified by 
the presence of the two bands at about 700 and 550 bp. 

The results of primer OPD-07 generated 8 non-unique polymorphic bands (Table 3 and Figure 1). The 
more pronounced one is the polymorphic band recognized at molecular size 1000 bp. which appeared in five 
cultivars PL-6, Trebiance, Cmatear, Atz  and Atlatic. 
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Table 1: Code and sequence of the 10 DNA random primers used for identifying the seven pistachio cultivars gathered from north of Sinai 
     as well as number and types of the amplified DNA bands generated by these primers. 

 
Primer code 

Sequence 
5´→3´ 

Monom-
orphic bands 

Unique bands 
(Polym-
orphic) 

Polym-
orphic bands 

Total 
bands 

Polym-
orphism % 

OPA-17 GACCGCTTGT - 5 19 24 100% 
OPD-15 CATCCGTGCT 1 1 19 21 90.50 
OPD-02 GGACCCAACC 4 1 7 12 58.30 
OPD-07 TTGGCACGGG - 2 8 10 100% 
OPA-02 TGCCGAGCTG - 7 6 13 100% 

Total  5 16 59 80  
 
Table 2: Molecular size in bp of the amplified polymorphic (unique) DNA bands generated by the random primers used for identifying 
    the seven pistachio cultivars gathered from north of Sinai. 

 OPA-17 OPD-15 OPD-02 OPD-07 OPA-02 
Chelastone - - 2100 - 970-380 

Plastina - 700 - - 470 
PL-6 - - - - 430 

Trebiance 1050-480 - - - 2000-1000-330 
Cmatear - - - - - 

Atz 730 - - - - 
Atlatic 420-390 - - 1100-600 - 

 
Table 3: Molecular size in bp of the amplified polymorphic DNA bands generated by random primers used for identifying the seven     
    pistachio cultivars gathered from north of Sinai. 

 OPA-17 OPD-15 OPD-02 OPD-07 OPA-02 
Chelastone 1150-1000 1000 600 - 1700 

Plastina 1150-1000-900 1000 550 - - 
PL-6 1150-900-600 1000 600-550 1000 680 

Trebiance 1150 1000-400-300 600 1000 - 
Cmatear 1150-1000 1000-400-300 600-550 1000 1700-680 

Atz 1150-900 600-400 700-550 1000 - 
Atlatic 600 1000-600-400 700-550 1000 - 

 

 A total of 6 non-unique polymorphic bands were detected by the primer OPA-02. The observed band with 
molecular size 1700 bp. was exhibited in Chelastone and Cmatear cultivars. While, the band with molecular size 
680 bp. was appeared in PL-6 and Cmatear cultivars (Table 3 and Figure 1). 
 The results of RAPD analysis were pooled together to generate dendrogram using the computer program 
SPSS version-16. Similarity values used were calculated between pairs of cultivars based on simple Dice 
coefficient. In the dendrogram (Fig. 2), the studied seven pistachio cultivars were divided into two main groups. 
The first group comprises both Atz and Atlatic cultivars while the second one includes the others five cultivars 
which, subdivided into two subgroups; the first subgroup comprises both Trebianc and Cmatear cultivars. The 
second subgroup was divided to two classes. The first class includes two cultivars Chelasto and Plastina and the 
second class involved only cultivar PL-6. 
 The highest similarity value (0.758) was recorded between the two cultivars Atz and Atlatic followed 
by(0.694) between Chelasto and Plastina cultivars. The lowest similarity (0.344) was recorded between 
Trebianc and Atlatic cultivars (Table 4).  
 The results obtained in this study showed high agreement with those obtained by many authors. RAPD 
analysis used to characterize pistachio cultivars, each cultivar was discriminated by a unique molecular 
phenotype (Kafkas and Perl-treves 2001; Mirzaei et al 2006; Javanshah et al 2007 and Kafkas et al., 2015). 
Hormaza et al., 1998 used RAPD markers to examine patterns of relatedness among 29 pistachio (Pistacia vera) 
cultivars and accessions. They found high levels of polymorphism between the studied cultivars and accessions. 
The potential importance of marker–assisted selection (MAS) in pistachio breeding depends upon the degree of 
polymorphism were studied by Kafkas and Perl-treves (2002), Sun et al. (2014) and Kafkas et al. (2015). MirAli 
and Nabulsi, (2003) used RAPD technology to obtain information about the genetic background and 
relationships among 12 pistachio cultivars grown at a gene bank in southern Syria. Also Golan-Goldhirsh et al., 
(2004) used RAPD technique to assessed polymorphisms among twenty-eight Pistacia  accessions representing 
six species from geographically diverse locations in the Mediterranean area. Javanshah et al. (2007) used RAPD 
assay to genetic identification among pistachio cultivars using 11 arbitrary primers revealed 46 polymorphic 
fragments. RAPD technique used to finding markers linked to sex determination and propose that band is tightly 
linked to the gene(s) that control sex determination in pistachio and could be used as a marker in a breeding 
program to screen the gender of plants long before they reach reproductive maturity (Yakubov et al., 2005; 
Sayed and Deiry, 2009; Nosrati, 2012;  Kamiab et al., 2014; Sun et al., 2014 and Kafkas et al., 2015). Tagizad 
et al. (2010) used ISSR and RAPD markers for study genetic diversity on 19 Iranian pistachio cultivars. Kebour 
et al. (2012a and 2012b) assessed genetic relationships among pistachio cultivars by using 6 ISSR primers and 
showed that produces sufficient polymorphisms for large scale DNA fingerprinting  
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Table 4: Similarity indices among the seven pistachio cultivars as estimated using RAPD analysis. 
 Chelasto Plastina PL-6 Trebianc Cmatear Atz 

Plastina 0.694      
PL-6 0.525 0.551     

Trebianc 0.459 0.406 0.448    
Cmatear 0.457 0.564 0.597 0.627   

Atz 0.381 0.563 0.367 0.367 0.435  
Atlatic 0.388 0.480 0.406 0.344 0.493 0.758 

 

 
 
Fig. 1: RAPD fingerprints of the seven pistachio cultivars generated by the five primers. Arrows indicate unique 
    bands. 

Lane 1: Chelastone Lane 4: Trebiance Lane 7: Atlatic 
Lane 2: Plastina Lane 5: Cmatear Lane M: DNA marker 
Lane 3: PL-6. Lane 6: Atz   

 

 
 
Fig. 2: Dendrogram illustrating genetic distance between the seven pistachio cultivars based on RAPD data.  
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