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Assessing the genetic diversity in the population is the prerequisite to start and develop 

plant breeding projects. Pistacia vera is considered as a commercial species of Pistacia 

genus. In Iran, Pistachio export is in the second place in terms of non-oil exports and in 

the first place among horticultural crops. Therefore, we collected and analyzed 11 

pistachio genotype (Pistacia vera), from two provinces of Iran regions. Our aims were 1) 

to assess genetic diversity among some of Irainian pistachio cultivars 2) is there a 

correlation between species genetic and geographical distance? 3) Genetic structure of 

populations and taxa. We showed significant differences in quantitative morphological 

characters in plant species. Akbari cultivars depicted unbiased expected heterozygosity 

(UHe) in the range of 0.028.  Shannon information was high (0.49) in Seifadini cultivars. 

Akbari cultivars howed the lowest value, 0.029. The observed number of alleles (Na) 

ranged from 0.261 to 2.700 in Shahpasand cultivars and Kalehghoochi cultivars. The 

effective number of alleles (Ne) was in the range of 1.021-1.800 for Akbari cultivars and 

Moosaabadi cultivars .Gene flow (Nm) was relatively low (0.38) in pistachio cultivars. 

The Mantel test showed correlation (r = 0.33, p=0.0001) between genetic and 

geographical distances. We reported high genetic diversity, which clearly shows the 

among some of Irainian pistachio cultivars can adapt to changing environments since high 

genetic diversity is linked to species adaptability. Present results highlighted the utility of 

RAPD markers and morphometry methods to investigate genetic diversity in pistachio 

cultivars. 
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INTRODUCTION 

Genetic diversity is a vital feature that helps plant species survive in an ever-changing 

environment, and it sheds light on understanding the phylogenetic affinity among the species 

(ERBANO et al. 2015). Quite a significant number of genetic resources and materials programs of 

plant species have been carried out to preserve the plant species worldwide. Scientific data 

indicate that genetic diversity plays a pivotal role in conservation programs (GOMEZ et al. 2005; 

CONGFEN et al., 2021; HAN et al., 2021; ZHAO, et al., 2021). Iran is considered as one of the main 

centers for genetic diversity of pistachio including a high diversity of female varieties and male 

genotypes (TAYEFEH ALIAKBARKHANY et al., 2013). Understanding plant genetic diversity is 

necessary for optimal use of the products, leading to special attention to biodiversity by breeders 

and researchers (ESMAILPOUR, 2001; ZHANG et al., 2020; ZHANG et al., 2016; JIANG et al., 2021). 

Studying the genetic diversity of pistachio helps to improve the management and cultivation. 

Identification and accurate assessment of Iranian pistachios is done to design appropriate 

improvement programs and ensures the provision of improved cultivars is essential (KAFKAS, 

2006; XU, et al., 2021; WANG, et al., 2020). 

Pistachio (Pistacia sp. L.) belongs to a genus of the Anacardiaceae family. It is one of 

the most prominent horticultural plants from an economic and commercial point of view, so that 

vast pieces of land in Iran are allocated to the growth of this plant (ANONYMOUS, 2001). All 

pistachio species are dioecious and wind-pollinated. The genus Pistacia consists of eleven 

species which only has edible nuts and is commercially important (ZOHARY, 1952). Pistacia vera 

is native to north Afghanistan, northeast Iran, and central Asian republics (BROWIEZ, 1988; 

KAFKAS, 2006). Among the nut tree crops, pistachio tree ranks sixth in world production behind 

almond, walnut, Cashew, hazelnut and chestnut (MEHLENBACHER, 2003). Iran is the main world 

producer with more than 400,000 tons followed by Turkey, USA and Syria (FAOSTAT, 2004). 

The main cultivars grown in Iran are Ohady, Kaleh ghochi, Ahmad Aghai, Badami Zarand, 

Rezaii and Pust piazi (ESMAILPOUR, 2001).  In addition, there are two other wild species in Iran; 

Pistacia atlantica subsp. Mutica and Pistacia khinjuk. These species are used mainly as 

rootstock for Pistacia vera and rarely for oil extraction in some countries (KAFKAS and PERL-

TREVES, 2002b). 

Molecular studies addressing the genus Pistacia are few. Most studies regarding the 

analysis of the genetic diversity of Iranian pistachios have been based on morphological 

characteristics (KAFKAS et al., 2002a; TAJABADIPUR, 1997). 

Numerous studies have addressed genetic variability in Pistacia that were based on 

evaluation of morphological, physiological, and biochemical characteristics (ZOHARY, 1952; 

BARONE et al., 1993; DOLLO, 1993; TAYEFEH ALIAKBARKHANY et al., 2013). Among them, 

RAPD (WILLIAMS et al., 1990) has been the most commonly used method in pistachio cultivars 

characterization (HORMAZA et al., 1994; 1998; KAFKAS et al., 2002; KATSIOTIS et al., 2003; 

GOLAN-GPLDHIRSH et al., 2004; MIRZAEI et al., 2005). AFLP and SSR techniques have been also 

used in pistachio to study genetic relationship among Pistacia species and cultivars (GOLAN- 

GOLDHIRSH et al., 2004; KATSIOTIS et al., 2003; IBRAHIM BASHA et al., 2007; AHMAD et al., 

2003; AHMAD et al., 2005; AHMADI AFZADI et al., 2007). Since, there is not much information 

about genetic identities of male cultivars and genotypes in Iran, therefore the identification of 

genetic diversity can solve a lot of problems regarding to pistachio pollination (AHMAD et al., 
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2005). KATS IOTIS et al.(2003) studied the effect of pollen type on three pistachio cultivars 

(‘Kalehghoochi’, ‘Ohadi’ and ‘Ahmadaghaee’), it was found that pollen type can affect nitrogen, 

phosphor, potassium, iron, and boron contents of the kernel of pistachio, also According to their 

study total fruit weight and blankness were affected by pollen type. It has been shown that by 

using protein marker, male genotypes of pistachio has more polymorphisms compared to the 

female cultivar (MIRZAEI et al., 2005).  

Genetic diversity studies are usually tapped due to molecular markers. Molecular 

markers are an excellent method to disentangle phylogenetic association between species and 

population. Among molecular methods or markers, RAPD (Random Amplified Polymorphic 

DNA) are sensitive to detect variability among individuals of species. RAPD method is cost-

effective and can work with limited sample quantities. In addition to this, RAPD can amplify and 

target genomic regions with potential and several markers (ESFANDANI-BOZCHALOYI et al., 

2017).  

Taxonomical systematics studies were conducted in the past to identify of Irainian 

pistachio cultivars. According to the best of our knowledge, there is no existing RAPD data on 

genetic diversity investigations in Iran. We studied 11 samples. Our aims were 1) to assess 

genetic diversity among of Irainian pistachio cultivars 2) is there a correlation between cultivars 

and geographical distance? 3) Genetic structure of populations and taxa? These results could 

benefit Irainian pistachio germplasm collection, conservation and future breeding. 

 

MATERIALS AND METHODS 

 Plant materials  

Eleven specimens belonging to Pistacia vera were collected from different localities 

that were placed between two provinces Rafsanjani Pistachio Research and Semnan, Damghan. 

Details of geographical populations are given in Table 1, Fig1. Different references were used 

for the correct identification of species Pistacia vera (ZOHARY, 1952; BARONE et al., 1993; 

DOLLO, 1993). Vouchers were deposited at the herbarium of Islamic Azad University, Science 

and Research Branch, Tehran, Iran (IAUH). 

 

Table 1. List of pistachio cultivars examined for genetic relatedness using RAPD marker system in this 

study. 

Code Genotypes Locality Voucher no. 

1 Jandaghi  Kerman, Rafsanjan IAUH-00001 

2 Moosaabadi F Kerman, Rafsanjan IAUH-00002 

3 Mohseni F Kerman, Rafsanjan IAUH-00003 

4 Seifadini F Kerman, Rafsanjan IAUH-00004 

5 Ghafoori F Kerman, Rafsanjan IAUH-00005 

6 Kalehghoochi F Kerman, Rafsanjan IAUH-00006 

7 Harati F Kerman, Rafsanjan IAUH-00007 

8 Phandoghireez F Kerman, Rafsanjan IAUH-00008 

9 Shahpasand F Semnan, Damghan IAUH-00009 

10 Akbari F Semnan, Damghan IAUH-000010 

11 Poostkhormayee F Semnan, Damghan IAUH-000011 
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Morphometry 

In total 21 morphological (21 quantitative) characters were studied. Four to twelve 

samples from each population were randomly studied for morphological analyses (Appendix 1). 

Morphological characters were first standardized (Mean = 0, Variance = 1) and used to establish 

Euclidean distance among pairs of taxa (PODANI, 2000). For grouping of the plant specimens, 

The UPGMA (Unweighted paired group using average) and Ward (Minimum spherical 

characters) as well as ordination methods of MDS (Multidimensional scaling) were used 

(PODANI, 2000). PAST version 2.17 (HAMMER et al., 2012) was used for multivariate statistical 

analyses of morphological data.  

 

Random Amplified Polymorphic DNA  

We extracted DNA from fresh leaves. Leaves were dried. DNA extraction was carried 

out according to the previous protocol (ESFANDANI-BOZCHALOYI et al., 2019). DNA quality was 

checked on an agarose gel to confirm the purity. We amplified the DNA with the aid of RAPD 

primers (Operon technology, Alameda, Canada).  These primers belonged to OPA, OPB, OPC, 

OPD sets. We selected those primers (10) which could show clear bands and polymorphism 

(Table 2). Overall, the polymerase chain reaction contained 25μl volume. This 25 volume had 

ten mM Tris-HCl buffer, 500 mM KCl; 1.5 mM MgCl2; 0.2 mM of each dNTP; 0.2 μM of a 

single primer; 20 ng genomic DNA and 3 U of Taq DNA polymerase (Bioron, Germany). We 

observed the following cycles and conditions for the amplification. Five minutes initial 

denaturation step was carried out at 94°C after this forty cycles of 1 minute at 94°C were 

observed. Then 1-minute cycle was at 52-57°C followed by two minutes at 72°C. In the end, the 

final extension step was performed for seven to ten minutes at 72°C. We confirmed the 

amplification steps while observing amplified products on a gel. Each band size was confirmed 

according to 100 base pair molecular ladder/standard (Fermentas, Germany).  

 

Data analyses 

We used an Unweighted pair group method with arithmetic mean (UPGMA) and Ward 

methods. Ordination methods such as multidimensional scaling and principal coordinate analysis 

were also performed (PODANI, 2000). The morphological difference among species and 

population was assessed through analysis of variance (ANOVA). PCA analysis (PODANI, 2000) 

was done to find the variation in plant population morphological traits. Multivariate and all the 

necessary calculations were done in the PAST software, 2.17 (HAMMER et al., 2001). To assess 

genetic diversity, we encoded RAPD bands as present and absent. Numbers 1 and 0 were used to 

show the presence and absence of bands. It is essential to know the polymorphism information 

content and marker index (MI) of primers because these parameters serve to observe 

polymorphic loci in genotypes (ISMAIL et al., 2019). Marker index was calculated according to 

the previous protocol (HEIKRUJAM et al., 2015). Other parameters such as the number of 

polymorphic bands (NPB) and effective multiplex ratio (EMR) were assessed. Gene diversity 

associated characteristics of plant samples were calculated. These characteristics include Nei’s 

gene diversity (H), Shannon information index (I), number of effective alleles (Ne), and 

percentage of polymorphism (P% = number of polymorphic loci/number of total loci) (SHEN et 

al.,2017). Unbiased expected heterozygosity (UHe), and heterozygosity were assessed in 
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GenAlEx 6.4 software (PEAKALL and SMOUSE, 2006). Neighbor-joining (NJ) and networking 

were studied to fathom genetic distance plant populations (HUSON and BRYANT, 2006; FREELAND 

et al., 2011). The Mantel test was carried out to find the correlation between genetic and 

geographical distances (PODANI, 2000). As we were interested in knowing the genetic structure 

and diversity, we also investigated the genetic difference between populations through AMOVA 

(Analysis of molecular variance) in GenAlEx 6.4 (PEAKALL and SMOUSE, 2006).  

To assess the population structure of the pistachio genotypes, a heuristic method based 

on Bayesian clustering algorithms were utilized. The clustering method based on the Bayesian-

model implemented in the software program STRUCTURE (PRITCHARD et al., 2000; FALUSH et 

al., 2007) was used on the same data set to better detect population substructures. This clustering 

method is based on an algorithm that assigns genotypes to homogeneous groups, given a number 

of clusters (K) and assuming Hardy-Weinberg and linkage equilibrium within clusters, the 

software estimates allele frequencies in each cluster and population memberships for every 

individual (PRITCHARD et al., 2000). The number of potential subpopulations varied from two to 

ten, and their contribution to the genotypes of the accessions was calculated based on 50,000 

iteration burn-ins and 100,000 iteration sampling periods. The most probable number (K) of 

subpopulations was identified following EVANNO et al. (2005). In K-Means clustering, two 

summary statistics, pseudo-F, and Bayesian Information Criterion (BIC), provide the best fit for 

k (Meirmans, 2012). Gene flow (Nm) which were calculated using POPGENE (version 1.31) 

program (YEH et al., 1999). Gene flow was estimated indirectly using the formula: Nm = 0.25(1 - 

FST)/FST. In order to test for a correlation between pair-wise genetic distances (FST) and 

geographical distances (in km) between populations, a Mantel test was performed using Tools 

for Population Genetic Analysis (TFPGA; MILLER, 1997) (computing 999 permutations). This 

approach considers equal amount of gene flow among all populations.  

 

RESULTS 

Morphometry  

Significant          ANOVA results (P <0.01) showed differences in quantitative morphological 

characters in plant species. Principal component results explained 80% variation. In the first 

PCA axis with 55% of total variation, such characters as length of leaves; width of leaves; length 

of petioles; length of the terminal leaf; width of the terminal leaf; length of inflorescence have 

shown the highest correlation (> 0.7), fruit length; fruit width; fruit thickness; number of fruit per 

inflorescence; kernel infestation were characters influencing PCA axis 2 and 3, respectively. 

Unweighted pair group method with arithmetic mean (UPGMA) showed results (Figure 1).  

Based on cluster analysis, the 11 female genotypes were divided into two major groups 

(Figure 1). Group I consists of six genotypes and was divided into two subgroups. The first 

subgroup consists of Jandaghi; Moosaabadi; Mohseni; Seifadini genotypes. The leaves of these 

genotypes were larger than other groups; also pistachio nuts were smaller and lighter than most 

of the genotypes.The second subgroup of group I included Ghafoori and Poostkhormayee 

genotypes. Flowering and maturity time of these genotypes was later than most of the genotypes. 

Group II consists of five genotypes. This group was also divided into two subgroups. The first 

subgroup consists of three genotypes (Nos. 6, 8 and 9). Leaf size of these genotypes was the 

smallest among all genotypes; The genotypes 7, 10 were in the second subgroup, which had 
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considerably large pistachio nuts. Of course, weather conditions are one of the factors that have 

to be taken into account because the yield and fruit bearing of pistachio trees vary under different 

weather conditions. However, cold winters and hot summers are favorable in pistachio 

production. 

 

 
Figure 1. Dendrogram of 11 genotypes and cultivars of female pistachio based on 10 RAPD primers using 

UPGMA method. 

 

 

Species Identification and Genetic Diversity 

Twenty-five RAPD primers were tested with ten of Pistacia vera cultivars as DNA 

templates; all primers produced amplification products, and only primers showing clear and 

reproducible band patterns were selected for further analysis. The size of the amplified fragments 

ranged from 100 to 2500 bp (Fig 2). Ten primers were then chosen for the genotypes 

identification and phylogenetic analysis. As shown in Table 2, all 10 primers used for RAPD 

analysis. 80 polymorphic bands were generated and amplified. We recorded the highest 

polymorphic bands for OPB-02. OPA-05 had the lowest polymorphic bands. The average 

polymorphic bands ranged to 8 for each primer. The polymorphic information content (PIC) had 

values in the range of 0.14 (OPB-02) to 0.38 (OPD-08). Primers had 0.32 average polymorphic 

information content values.  

 



X. QUIAN et al.: GENETIC DIVERSITY IN A WIDE PISTACHIO                                                                 789 

 

 
 
Figure 2. Gel Electrophoresis image of DNA fragments of studied female pistachio populations. L = Ladder 

100 bp. Arrows show polymorphic bands. 

 

 

 

Marker index (MI) values were 3.22 (OPD-02) to 6.77 (OPB-01), with an average of 

5.5 per primer. Effective multiplex ratio (EMR) values are useful to distinguish genotypes. In our 

study, we reported 8.43 (OPD-03) to 13.34 (OPB-01) EMR values. EMR values averaged 11.5 

per primer (Table 2). All the necessary genetic features calculated of populations of Pistacia 

vera  are shown (Table 3).  Akbari cultivars depicted unbiased expected heterozygosity (UHe) in 

the range of 0.028.  Shannon information was high (0.49) in Seifadini cultivars. Akbari cultivars 

howed the lowest value, 0.029. The observed number of alleles (Na) ranged from 0.261 to 2.700 

in Shahpasand cultivars and Kalehghoochi cultivars. The effective number of alleles (Ne) was in 

the range of 1.021-1.800 for Akbari cultivars and Moosaabadi cultivars. Gene flow (Nm) was 

relatively low (0.38) in cultivars of P. vera. 

Analysis of Molecular Variance (AMOVA) test highlighted genetic differences among 

the studied genotypes (P = 0.001). AMOVA showed that 80% of genetic variation was among 

the genotypes. Relative less variation (20%) was reported within the genotypes. Genetic 

similarity and dissimilarity assessed through Genetic statistics (GST) showed significant 

differences i.e., (0.888, P = 0.001) and D_est values (0.198, p = 0.001). Moreover, pair-wise 

AMOVA revealed significant genetic difference almost among all the studied genotypes. These 

results indicate that of pistachio genotypes are genetically differentiated and we can use such 

genetic difference in future breeding programs of this valuable plant species. The results of this 

study showed that there is a relatively low level of genetic diversity in the studied samples which 

are expected in view of the dioecius and outbreeding nature of the cultivated pistachio cultivars 

and high level of heterozygosity due to the cross-pollinating nature of the plant established 

during the evolution and domestication processes which have been conserved by the propagation 

of clones through vegetative reproduction. 
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Table 2. RAPD primers and other parameters. Note: TNB - the number of total bands, NPB: the number of 

polymorphic bands, PPB (%): the percentage of polymorphic bands, PI: polymorphism index, 

EMR, effective multiplex ratio; MI, marker index; PIC, polymorphism information content for each 

of CBDP primers. 

Primer name Primer sequence  (5’-3’) TNB NPB PPB PIC PI EMR MI 

OPA-05  5ʹ-AGGGGTCTTG-3ʹ  8 6 92.31% 0.34 3.21 10.23 4.55 

OPA-06  5ʹ-GGTCCCTGAC-3ʹ  10 10 100.00% 0.17 2.32 11.55 4.44 

OPB-01  5ʹ-GTTTCGCTCC-3ʹ  9 8 96.89% 0.23 3.56 13.34 6.77 

OPB-02  5ʹ-TGATCCCTGG-3ʹ  13 12 95.81% 0.14 4.21 10.60 5.22 

OPC-04  5'-CCGCATCTAC-3'  7 7 100.00% 0.27 3.37 9.55 3.25 

OPD-02  5ʹ-GGACCCAACC-3ʹ  10 10 100.00% 0.36 4.86 11.88 3.22 

OPD-03  5ʹ-GTCGCCGTCA-3ʹ  9 7 84.99% 0.33 3.51 8.43 3.85 

OPD-05  5ʹ -TGAGCGGACA-3ʹ  12 10 93.84% 0.26 3.66 11.33 4.11 

OPD-08  5ʹ-GTGTGCCCCA-3ʹ  10 9 94.91% 0.38 1.21 11.50 5.65 

OPD-11  5ʹ-AGCGCCATTG-3ʹ  11 8 95.74% 0.27 2.66 9.57 5.12 

Mean  9.5 8 80.44% 0.32 3.5 11.5 5.5 

Total  95 80      

 

 
 
Figure 3. Integer NJ net tree produced while using RAPD data. 
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Table 3. Genetic diversity in the studied populations of pistachio cultivars (N = number of samples, Ne = 

number of effective alleles, I= Shannon’s information index, He = gene diversity, UHe = unbiased 

gene diversity, P%= percentage of polymorphism in populations). 

Pop N Na Ne I He uHe %P 

pop1 10.000 1.500 1.311 0.279 0.267 0.187 40.00% 

pop2 9.000 2.333 1.800 0.270 0.233 0.217 53.33% 

pop3 12.000 1.500 1.441 0.330 0.233 0.233 40.00% 

pop4 13.000 1.333 1.232 0.496 0.300 0.343 73.33% 

pop5 10.000 1.167 1.078 0.083 0.150 0.053 66.67% 

pop6 15.000 2.700 1.462 0.337 0.290 0.240 47.00% 

pop7 15.000 1.433 1.196 0.150 0.183 0.090 55.00% 

Pop8 8.000 0.499 1.067 0.38 0.271 0.30 39.33% 

Pop9 9.000 0.261 1.024 0.192 0.23 0.23 36.67% 

Pop10 6.000 0.555 1.021 0.029 0.025 0.028 30.00% 

Pop11 10.000 0.431 1.088 0.23 0.22 0.23 33.53% 

 

 

TCS network supported NJ relationship, and revealed the presence of 2 main groups 

(Fig. 3). The first group was formed by Jandaghi; Moosaabadi; Mohseni; Seifadini; Ghafoori; 

Kalehghoochi, Phandoghireez and harati of Kerman province genotype.The second group was 

composed of Shahpasand; Akbari and Poostkhormayee (Semnan Province). 

 

Table 4. Nei's genetic identity (above diagonal) and genetic distance (below diagonal) among populations.  

pop ID    1            2             3             4             5             6            7              8            9             10           11       

1           ****    0.8855    0.9073    0.8908    0.8343    0.8846    0.8541    0.7927    0.8233    0.8264    0.7822     

2         0.0774      ****    0.9008    0.9093    0.8842    0.8821    0.8466    0.8277    0.8565    0.8051    0.7886     

3         0.0973    0.1044      ****    0.8700    0.8897    0.8644    0.8830    0.8269    0.8453    0.7871    0.7369     

4         0.1156    0.0950    0.0834      ****    0.8611    0.8844    0.8829    0.8527    0.8745    0.7947    0.7825     

5         0.1811    0.1231    0.1169    0.1495      ****    0.8883    0.8808    0.8603    0.8594    0.8678    0.8608     

6         0.1226    0.1254    0.1457    0.1229    0.1185      ****    0.8888    0.8407    0.9259    0.9124    0.8907     

7         0.1577    0.1665    0.1244    0.1246    0.1269    0.1179      ****    0.8455    0.8775    0.7921    0.8232     

8         0.2323    0.1891    0.1901    0.1594    0.1505    0.1735    0.1678      ****    0.8360    0.7562    0.7694     

9         0.1944    0.1549    0.1681    0.1341    0.1515    0.0879    0.1307    0.1792      ****    0.8225    0.8351     

10        0.1907    0.2168    0.2394    0.2298    0.1418    0.0916    0.2330    0.2795    0.1953      ****    0.9054     

11        0.2456    0.2375    0.2524    0.2453    0.1499    0.1157    0.1945    0.2621    0.1802    0.0775      ****     

 

Gene flow (Nm) was relatively low (0.38) in pistachio genotypes. Genetic identity and 

phylogenetic distance in the pistachio genotypes members are mentioned (Table 4). 

Kalehghoochi and Shahpasand genotypes were genetically closely related (0.925) to each other. 

Poostkhormayee genotypes and Mohseni genotypes were dissimilar due to low (0.736) genetic 
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similarity. The mantel test showed correlation (r = 0.33, p=0.0001) between genetic and 

geographical distances. 

 

Populations genetic structure 

The number of genetic groups was determined by two methods of 1—K-Means 

clustering which is based on the maximum likelihood approach, and 2—Evanno test which is 

based on STRUCTURE analysis and is a Bayesian approach based method. K-Means clustering 

based on pseudo-F and BIC (Bayesian Information Criterion) recognized 2 and 4 genetic groups, 

respectively. This is in agreement with AMOVA result, showing significant genetic difference 

among date populations of Pistacia vera. 

Evan test based on delta k (Fig. 4) identified the optimum number of genetic groups 2. 

We performed STRUCTURE analysis based on k = 2, to identify the genetic groups (Fig. 5). In 

the plot of k = 3, the cultivars of Jandaghi; Moosaabadi; Mohseni; Seifadini; Ghafoori; 

Kalehghoochi, Phandoghireez and harati of Kerman province (green colored)  are placed in the 

first genetic group, while the populations of Shahpasand; Akbari and Poostkhormayee (Semnan 

Province) (yellow colored) formed the second genetic group.  These different genetic groups 

may be used in future breeding and hybridization programs of Iranian date Pistacia vera 

genotypes. 

 

 

 
Fig. 4. Delta k plot of Evanno’s test based on STRUCTURE analysis. 

 

The mean Nm = 0.33 was obtained for all RAPD loci, which indicates low amount of 

gene flow among the populations and supports genetic stratification as indicated by K-Means 

and STRUCTURE analyses. This result is in agree with grouping we obtained with PCA plot, as 

these populations were placed close to each other.  As evidenced by STRUCTURE plot based on 

admixture model, these shared alleles comprise very limited part of the genomes in these 

populations and all these results are in agreement in showing high degree of genetic stratification 

within of Pistacia vera genotypes. 
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Fig. 5. STRUCTURE plot of Pistacia vera populations based on k = 2, Numbers are according to Table 1. 

 

DISCUSSION 

The Pistacia vera is a relatively complex taxonomic group, and several morphological 

characters make it difficult to identify and classify Pistacia vera species (MIRZAEI et al., 2005). 

Given the complexity, it is necessary to explore other methods that could complement the 

traditional taxonomical approach (ERBANO et al., 2015). Advent and developments in molecular 

techniques have enabled plant taxonomists to utilize molecular protocols to study plant groups 

(ERBANO et al., 2015). We examined genetic diversity in Pistacia vera genotypes by 

morphological and molecular methods. We mainly used RAPD markers to investigate genetic 

diversity and genetic affinity in Pistacia vera genotypes. Our clustering and ordination 

techniques showed similar patterns. Morphometry results clearly showed the utilization or 

significance of morphological characters in Pistacia vera genotypes. UPGMA method results 

also confirmed the application of morphological characters to separate Pistacia vera genotypes. 

The present study also highlighted that morphological characters such as the ratio of the 

pistachio kernel to the testa; length of the pistachio kernel; width of the pistachio kernel 

thickness of the pistachio kernel could delimit the Pistacia vera genotypes. We argue that such a 

dissimilarity was due to differences in quantitative and qualitative traits. 

Pistachio has important socio-economic and ecological impacts in the arid and semi-

arid agricultural regions of Iran (KAFKAS et al., 2006). In addition, Iran hosts a wide genetic 

diversity of Pistacia spp. and more than 300 pistachio genotypes have been collected across the 

country. Iran therefore possesses valuable germplasm for pistachio improvement and 

conservation programs. Assessing genetic diversity and relationships among cultivars of Iranian 

pistachio, using discriminative and robust markers, is therefore important (MIRZAEI et al., 2005). 

In our study, morphology and genetic diversity in 11 cultivar of Pistacia vera genotypes 

are given in detail for the first time. The aim of the present study was to find diagnostic features 

to separate Pistacia vera genotypes in Iran. Morphological characters are considered as an useful 

tool for the identification of the species, as indicated previously AHMAD et al. (2005). 

In the present work, 11 P. vera cultivars were characterized with 10 RAPD markers. 

The results confirm the efficiency of microsatellite markers for fingerprinting purposes. Our 

results demonstrated that the the average polymorphic bands ranged to 8 for each primer. The 

polymorphic information content (PIC) had values in the range of 0.14 (OPB-02) to 0.38 (OPD-
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08). Primers had 0.32 average polymorphic information content values. Marker index (MI) 

values were 3.22 (OPD-02) to 6.77 (OPB-01), with an average of 5.5 per primer. Effective 

multiplex ratio (EMR) values are useful to distinguish genotypes. In our study, we reported 8.43 

(OPD-03) to 13.34 (OPB-01) EMR values. EMR values averaged 11.5 per primer. These values 

were higher than those reported by ARABNEJAD et al. (2008), who detected an average of 3.69 

alleles per primer pairs and an average PIC of 0.46 detected in 20 commercial cultivars of 

Iranian pistachio; and also higher than those reported by BAGHIZADEH et al. (2010) (an average 

of 2.75 alleles per primer pairs and an average of 0.44 for detected in 31 Iranian pistachio 

cultivars) and by AHMAD et al. (2005) (an average of 3.30 alleles per locus in 17 pistachio 

cultivars). KOLAHI-ZONOOZI (2014) assessed genetic diversity of 45 commercially Iranian 

cultivars using 12 nSSR markers and detected that PIC varied from 0.19–0.56 with an average of 

0.33 and the mean of Ho and He were 0.49 and 0.35, respectively. MIRZAEI et al. (2005) reported 

80.00%polymorphism among 22 Iranian pistachio cultivars and wild pistachio species. In a study 

reported by GOLAN- GOLDHIRSH et al. (2004) in assessing polymorphisms among 28 

Mediterranean pistachio accessions, 27 selected primers produced 259 total bands (an average of 

9.59). 

Some cultivars in different locations have the same name and some morphological 

identity, while molecular results showed differences between them. For instance, Badami-Zarand 

cultivar was differentiated from Badami- Kaj and Badami-Zoodras. Also, Ghazvini-Zodras 

showed differences with Ghazvini. These differentiations can be due to the intrinsic nature of 

RAPD, since it is very unlikely that the microsatellites amplified correspond to the mutated DNA 

region when they have been randomly isolated from the whole genome. The results from this 

study showed that the studied cultivars had high genetic variation due to the species’ dioeciously 

and cross-pollination nature (Ahmad et al., 2005). 

This study was aimed at evaluating the genetic diversity of Iranian pistachio in order to 

aid the conservation of its germplasm. The obtained information about the genetic variation 

between and within different populations will prepare the ground for the formulation of 

appropriate conservation strategies. The present analysis revealed that Iranian-cultivated 

pistachio germplasm is highly variable, presumably due to specific local genetic backgrounds, 

breeding pressure and/or limited interchange of genetic material. The unique nature of the 

Iranian pistachio germplasm revealed by our results, supports the case for the implementation of 

more intense characterization, conservation and breeding strategies. Also, the RAPD markers 

used were useful for determination of genetic diversity among pistachio cultivars in Iran. 
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Izvod 

Procena genetičkog diverziteta populacije je preduslov za započinjanje i razvoj projekata 

oplemenjivanja biljaka. Pistacia vera se smatra komercijalnom vrstom roda Pistacia. U Iranu je 

izvoz pistaća na drugom mestu po izvozu nenaftnih proizvoda i na prvom mestu među 

hortikulturnim vrstama. Stoga smo prikupili i analizirali 11 genotipova pistaća (Pistacia vera) iz 

dve provincije u Iranu. Cilj nam je bio 1) da procenimo genetički diverzitet među nekim 

iranskim sortama pistaća 2) da li postoji korelacija između genetske i geografske udaljenosti 

vrsta? 3) Genetska struktura populacija i taksona. Pokazali smo značajne razlike u kvantitativnim 

morfološkim karakterima biljnih vrsta. Sorte Akbari su prikazivale očekivanu heterozigotnost 

(UHe) u opsegu od 0,028. Informacije o Šenon indeksu bile su visoke (0,49) kod sorte Seifadini. 

Sorte Akbari zabeležile su najnižu vrednost, 0,029. Uočeni broj alela (Na) kretao se od 0,261 do 

2 700 kod sorti Shahpasand i Kalehghoochi. Efektivni broj alela (Ne) bio je u rasponu od 1.021-

1.800 za sorte Akbari i Moosaabadi. Protok gena (Nm) bio je relativno nizak (0.38) u sortama 

pistaća. Mantelov test pokazao je korelaciju (r = 0,33, p = 0,0001) između genetske i geografske 

udaljenosti. Izvestili smo o velikom genetičkom  diverzitetu, što jasno pokazuje da se neke od 

sorti iranskog pistaća mogu prilagoditi promenljivom okruženju, jer je velika genetska 

raznolikost povezana sa prilagodljivošću vrsta. Sadašnji rezultati ukazali su na korisnost RAPD 

markera i morfometrijskih metoda za istraživanje genetičkog diverziteta pistaća. 
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