
Evaluation of genetic diversity of domestic and wild pistachio 
genotypes in IRAN (Khorasan Razavi) using ISSR markers 

Esmail Mirahmadi1, Iman Yousefi Javan2*, Ahmad Ahmadian3, Masoud Alipanah4 

 
1 Ms.d. Department of Plant Production, Faculty of Agriculture, University of Torbat Heydarieh, 

Torbat Heydarieh, Iran. 
 
2* Assistant Professor, Department of Plant Production, Faculty of Agriculture, University of 

Torbat Heydarieh, Torbat Heydarieh, Iran (ORCID ID: 0000-0001-6906-8626; phone: +98-51- 
51240177; fax: +98-51-52299625; postal address: 9516168595). 

 
3 Assistant Professor, Department of Plant Production, Faculty of Agriculture, University of 

Torbat Heydarieh, Torbat Heydarieh, Iran. 
 

4 Associate Professor, Department of Plant Production, Faculty of Agriculture, University of 
Torbat Heydarieh, Torbat Heydarieh, Iran. 

 
Abstract 

Pistacia vera L. is one of the most important horticultural products of Iran which has a 
large share of non-oil export earnings. Optimal use of any product requires a rational 
understanding of its genetic diversity status in nature. Genetic sources of pistachio, 
identification and identification of vegetative and reproductive characteristics of cultivars 
and phenotypes of this plant are among the most important pistachio breeding measures. In 
this study, genetic diversity of 20 pistachio genotypes collected from Khorasan Razavi 
pistachio, Pistacia atlantica and wild pistachio (Pistacia vera) genotypes were evaluated 
using 20 ISSR primers. that yielding 74 scaffold bands in total. Among these, 35 bands 
(47.30%) showed polymorphism. Genotypes were divided into 4 groups based on cluster 
analysis by UPGMA method and Jaccard similarity coefficient. According to the results, 
ISSR was recognized as a repeatable method for identifying genotypes in pistachio genus. 
Ultimately, this will save considerable time and expedite corrective programs. 
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Introduction 

The genus Pistacia is a member of the Anacardiaceae family and consists of 11 species. Pistacia 
vera L. (2n = 2x = 30) is a commercially-grown species in the genus (Zohary, 1995), native to north 
Afghanistan, northeast Iran and central Asian republics (Kafkas et al., 2006). It has been cultivated 
widely especially in Iran, which allocates the main part of the countries non-petroleum export 
product. There are three other species in Iran, including P. atlantica subsp. mutica, P. terebinthus 
and P. khinjuk, which are mainly used as rootstock for P. vera (Hosseinifard et al., 2010). The trend 
of climate change and the spread of pathogens in the old regions leads to reduced production and  
the disappearance of global product markets for pistachio farmers. Accurate identification and 
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evaluation of pistachio hereditary reserves is essential for proper breeding programs and ensuring 
the preparation of modified cultivars suitable for these conditions. Extremely diverse ecological 
conditions in pistachio cultivation areas and genetic cross-breeding between different pistachio 
genotypes due to the non-pollinating nature of this product, has led to significant genetic diversity  
in pistachio genotypes in different regions of Iran (Zeng et al., 2019). At present, molecular markers 
are one of the suitable methods for studying the amount of genetic diversity in the intra and inter- 
population levels of plant species (Vinson et al., 2018). DNA markers have several advantages over 
typical phenotype makers. (Teama, 2018). Like the ISSR marker. Despite the extensive genetic 
diversity of Iranian pistachio germplasm, few studies have addressed this important crop, and only 
some of its cultivars are commercially used. Thus, the germplasm of this species in Iran is 
endangered. Therefore, in order to manage and protect the Iranian pistachio, identification and 
registration of this valuable nut crop is essential for breeding programmes as well as commercial 
production. Thus, in the current study, nuclear ISSR markers have been used to investigate the 
extent of diversity in the cultivars of P. vera, P. atlantica and P. terebinthus gathered across 
Khorasan Razavi State in Iran. 

 
Material and Methods 
Plant materials and DNA extraction 

Young leaf samples were kept in liquid nitrogen tanks for the purpose of DNA extraction. 
collection of leaf samples in May 2019, from fresh, healthy branches and the sunny side of the tree 
done. Total genomic DNA was extracted from freez-dried leaf tissue using DENAzist Genomic 
DNA isolation kit 50. Quality and quantity of DNA were determined by a PG Instruments 
spectrophotometer (T80) and the concentration of DNA was also confirmed by electrophoresis 
using 0.8% (v/v) agarose for 45 min at 80 V in 0.5X TAE buffer, followed by visualization under 
UV light after staining with ethidium bromide. One of the objectives of the above research is to 
compare the genetic diversity between wild and domestic pistachio genotypes and also between 
domestic cultivars, cultivated in Khorasan Razavi state using ISSR markers through of Statistical 
software that group the wild and domestic pistachio genotypes in Khorasan Razavi (Table 1, Figure 
1). 

Table1. Collected cultivars and genotypes of pistachio 
 

Ge 
notyp 
e N. 

 
code 

 
Species 

Cultivar and 
Genotype 

name 

Region name 
and GPS location 

(Sampling location) 

Sub- 
provincial 

Region 

1 AMG Pistacia atlantica Mutica Baneh Garmab 
35°42′22″N 59°14′29″E 

Torbat 
Heydarieh 

2 AMK Pistacia atlantica Mutica Baneh Khakhk 
 34°08′59″N 58°38′21″E Gonabad 

3 TBB Pistacia terebinthus Baneh Bajestan 
 34°30′59″N 58°11′04″E 

Torbat 
Heydarieh 

4 AMS Pistacia atlantica Mutica Baneh Saadatabad 
35°12′04″N 57°47′22″E Bardaskan 

5 AMR Pistacia atlantica Mutica Baneh Kuhsorkh 
35°28′N 58°27′E Kashmar 

6 VAK Pistacia vera Akbari Jangal-Khazayii 
34°42′12″N 59°13′22″E Roshtkhar 

7 VAG Pistacia vera Akbari Gonabad 
34°21′10″N 58°41′01″E Gonabad 

8 VHK Pistacia vera Ahmadaghaei 
Ahangaran-Khazayi 

36°06′26″N 58°45′28″E Nishapur 
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9 VHB Pistacia vera

10 VKK Pistacia vera

11 VMB Pistacia vera

12 VFS Pistacia vera

13 VFG Pistacia vera

14 VGT Pistacia vera

15 TKT Pistacia terebinthus

16 VBS Pistacia vera

17 VSS Pistacia vera

18 VSP Pistacia vera

19 VSH Pistacia vera

20 VZS Pistacia vera

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Scattering of collected pistachios from different regions of Khorasan Razavi province.
PCR primers, materials and conditions

In the present research, which wa s conducted in laboratory of Torbat Heydarieh University in 
2019, 20 available ISSR primers w ere
which gave the most informative patterns (in terms of repeatability & scorability) were selected for 
identification. Finally, the same 13 ISSR primers were used for fingerprinting. Amplification
ISSR primers were done in a 25 μL reaction volume containing 3 μL DNA (50 ng), 0.7 μL of 1 mM 
dNTPmix, 0.2 μL Taq DNA Polymerase, 2.5 μL 1x Master Mix Red Ampliqon, 1.25 μL MgCl2 
final concentration, 2.5 μL of 1 μM primer, and 14.8 μL of distilled wat
used in our investigation is shown in Table 2.

Pistacia vera Ahmadaghaei 
Jangal-Bizan 

34°42′12″N 59°13′22″E

Pistacia vera Kallehghuci 
Jangal 

34°42′12″N 59°13′22″E

Pistacia vera Momtaz 
Jangal 

34°42′12″N 59°13′22″E

Pistacia vera Fandoghi 
Feizabad-Sareban 

35°00′52″N 58°46′48″E

Pistacia vera Fandoghi 
Gonabad 

34°21′10″N 58°41′01″E

Pistacia vera Garmeh 
Jangal-Tavasoli 

34°42′12″N 59°13′22″E

Pistacia terebinthus Khodru 
Torbat Jam 

35°14′38″N 60°37′21″E

Pistacia vera Bargsiah 
Feiz Abad 

35°00′52″N 58°46′48″E

Pistacia vera Sefid 
Feiz Abad-Sareban 

35°00′52″N 58°46′48″E

Pistacia vera Sefid 
Jangal-Purmohamadi 

34°42′12″N 59°13′22″E

Pistacia vera Sefid 
Jangal-Salehi 

34°42′12″N 59°13′22″E

Pistacia vera Badami 
Feiz Abad-Zarand 

35°00′52″N 58°46′48″E

Scattering of collected pistachios from different regions of Khorasan Razavi province.
PCR primers, materials and conditions 

In the present research, which wa s conducted in laboratory of Torbat Heydarieh University in 
2019, 20 available ISSR primers w ere assayed for initial screening. Of the 20 primers, 13 primers 
which gave the most informative patterns (in terms of repeatability & scorability) were selected for 
identification. Finally, the same 13 ISSR primers were used for fingerprinting. Amplification
ISSR primers were done in a 25 μL reaction volume containing 3 μL DNA (50 ng), 0.7 μL of 1 mM 
dNTPmix, 0.2 μL Taq DNA Polymerase, 2.5 μL 1x Master Mix Red Ampliqon, 1.25 μL MgCl2 
final concentration, 2.5 μL of 1 μM primer, and 14.8 μL of distilled water. The set of ISSR primers 
used in our investigation is shown in Table 2. 

′12″N 59°13′22″E Roshtkhar 

′12″N 59°13′22″E Roshtkhar 

′12″N 59°13′22″E Roshtkhar 

′52″N 58°46′48″E 
Torbat 
Heydarieh 

′10″N 58°41′01″E Gonabad 

′12″N 59°13′22″E Roshtkhar 

′38″N 60°37′21″E Torbat jam 

′52″N 58°46′48″E 
Torbat 

Heydarieh 

′52″N 58°46′48″E 
Torbat 
Heydarieh 

 
′12″N 59°13′22″E Roshtkhar 

′12″N 59°13′22″E Roshtkhar 

′52″N 58°46′48″E 
Torbat 
Heydarieh 

Scattering of collected pistachios from different regions of Khorasan Razavi province. 

In the present research, which wa s conducted in laboratory of Torbat Heydarieh University in 
assayed for initial screening. Of the 20 primers, 13 primers 

which gave the most informative patterns (in terms of repeatability & scorability) were selected for 
identification. Finally, the same 13 ISSR primers were used for fingerprinting. Amplifications of 
ISSR primers were done in a 25 μL reaction volume containing 3 μL DNA (50 ng), 0.7 μL of 1 mM 
dNTPmix, 0.2 μL Taq DNA Polymerase, 2.5 μL 1x Master Mix Red Ampliqon, 1.25 μL MgCl2 

er. The set of ISSR primers 
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Table 2. Name and sequence of ISSR primers used to produce bands from 20 pistachio 
genotypes. 

 

 
Pri 

mer N. 

 
Primer 

Name 

Nu 
mber of 
created 

ban 
ds 

Nu 
mber of 
polymo 
rphic 
bands 

Poly 
morphic 
percenta 

ge 

polymo 
rphism 

informatio 
n content 

(PIC) 

 
Sequence 

5 '→3' 

 
 

Ta °C 

1 UBC807 7 4 57 0.71 5´(GA)8RC3´ 54°C 

2 UBC807 5 0 0 0.80 5´(AG)8YT3´ 52°C 

3 K10 5 5 100 0.80 5´(AC)8YG3´ 50°C 

4 ISSR10 4 2 50 0.75 5´(TG)8RT3´ 52°C 

5 ISSR5 9 1 11 0.85 5´CCA(CT)83´ 52°C 

6 UBC873 6 3 50 0.82 5´(GACA)53´ 54°C 

7 ISSR7 3 3 100 0.66 5´(GAA)63´ 50°C 

8 ISSR8 5 5 100 0.56 5´(CA)8GT3´ 52°C 

9 ISSR9 4 3 75 0.68 5´(TG)8G3´ 50°C 

10 UBC808 7 1 14 0.18 5´(AG)8T3´ 54°C 

11 UBC816 7 0 0 0.86 5´(CA)8RT3´ 54°C 

12 UBC845 5 1 20 0.79 5´(CT)8RG3´ 54°C 

13 ISSR13 7 7 100 0.84 5´(AC)8T3´ 52°C 

 
Data Analysis 

The presence or absence of each of the observed bands for each of 13 primers was scored 1 and 
0, respectively and then a matrix of 0 and 1 digits in Excel software was provided. Genetic 
association amongst samples was evaluated by the Jaccard’s similarity coefficient (Jaccard, 1908). 
Band scoring was based on zero and one. The obtained data were entered into excel software. In 
order to analyze the obtained data, NTSYS pc (version 2.02) software was used. The similarity 
matrix was subjected to cluster analysis of UPGMA method, and a dendrogram was generated also 
using NTSYS software (Rohlf, 1998). Principal Coordinate Analysis (PCoA) was also done. 
Polymorphic Information Content (PIC) of each of the analyzed ISSR was measured using the 
formula, PIC = 1- Σpi2 (Tiwari et al., 2013). 

 
Result and Discution 
Nonanchored ISSR amplification reproducibility and polymorphism 

ISSR profiling of 20 pistachio genotypes with 20 primer combinations revealed a large number 
scorable bands ranging in size from 200-2500 nucleotides. The 20 ISSR primer pairs gave 
reproducible amplification products. A total of 35 alleles were generated using the 13 primer pairs 
across the studied cultivars (Table 2). And only 13 ISSR primers, produced amplified polymorphic 
bands, a gel image of ISSR5 primer is shown as an example (Figure 2). 
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Figure 2. Bond pattern of ISSR5 primer on 20 col
 

The number of different alleles (Na) per primer pairs ranged from 1 (by ISSR5, UBC808 and 
UBC845) to 7 (ISSR13) with an average of 2.7 alleles per primer pairs (Table 2). Depending on the 
PIC, Number of effective alleles (Ne) r
mean of 0.71 (by UBC807). This study showed that ISSR primers used with AC, CA, GA repeats 
show higher polymorphisms than other di and tri nucleotide replicates. The ISSR7 primer produced 
the fewest gene loci or fragments (three bands), and the ISSR5 primer produced the largest number 
of gene loci (nine bands), (Table 2). Genetic similarity coefficients were obtained with using 
Cophenetic Correlation Coefficient (CCC). The use of different similarity c
or concurrent markers depends on the ploidy level of the study population. The method that uses the 
highest correlation coefficient is the best analytical method (Mukaka, 2012). In this study, the 
quantitative correlation coefficie
dice similarity, jaccard similarity and simple matching were calculated and had a correlation 
coefficient of 0.79, 0.81 and 0.78, respectively.
Clustering and genetic relationships among pista

Simple matching coefficient (SMC) are recommended for haploid populations that have been 
closely kinship and Jacquard similarity coefficients are suggested for haploids popolation that 
distance kinship. Finally, jaccard similarity coefficien
best clustering pattern, which indicates the fit of the dendrogram with the similarity matrix.

Bond pattern of ISSR5 primer on 20 collected pistachio genotypes. 

The number of different alleles (Na) per primer pairs ranged from 1 (by ISSR5, UBC808 and 
UBC845) to 7 (ISSR13) with an average of 2.7 alleles per primer pairs (Table 2). Depending on the 
PIC, Number of effective alleles (Ne) ranged from 0.18 (by UBC806) to 0.86 (by UBC816), with a 
mean of 0.71 (by UBC807). This study showed that ISSR primers used with AC, CA, GA repeats 
show higher polymorphisms than other di and tri nucleotide replicates. The ISSR7 primer produced 

ene loci or fragments (three bands), and the ISSR5 primer produced the largest number 
of gene loci (nine bands), (Table 2). Genetic similarity coefficients were obtained with using 
Cophenetic Correlation Coefficient (CCC). The use of different similarity coefficients for dominant 
or concurrent markers depends on the ploidy level of the study population. The method that uses the 
highest correlation coefficient is the best analytical method (Mukaka, 2012). In this study, the 
quantitative correlation coefficient based on the UPGMA method and three similarity coefficients, 
dice similarity, jaccard similarity and simple matching were calculated and had a correlation 
coefficient of 0.79, 0.81 and 0.78, respectively. 
Clustering and genetic relationships among pistachio cultivars 

Simple matching coefficient (SMC) are recommended for haploid populations that have been 
closely kinship and Jacquard similarity coefficients are suggested for haploids popolation that 
distance kinship. Finally, jaccard similarity coefficient and UPGMA algorithm were selected as the 
best clustering pattern, which indicates the fit of the dendrogram with the similarity matrix.

 

The number of different alleles (Na) per primer pairs ranged from 1 (by ISSR5, UBC808 and 
UBC845) to 7 (ISSR13) with an average of 2.7 alleles per primer pairs (Table 2). Depending on the 
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highest correlation coefficient is the best analytical method (Mukaka, 2012). In this study, the 

nt based on the UPGMA method and three similarity coefficients, 
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Simple matching coefficient (SMC) are recommended for haploid populations that have been 
closely kinship and Jacquard similarity coefficients are suggested for haploids popolation that 

t and UPGMA algorithm were selected as the 
best clustering pattern, which indicates the fit of the dendrogram with the similarity matrix. 
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