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ABSTRACT: Genetic study of pistachio, especially male genotypes due to the effects of pollen on nut quality and
quantity and next generation characterizations, helps to improve its management and breeding program. In the present
study, the genetic diversity among 20 male and 36 female pistachio genotypes was investigated using ISSR marker. In
total, 178 DNA fragments were proliferated using 12 primers out of which 169 fragments were polymorphic. The average
polymorphism information content (PIC) varied from 16% to 35%. Pistachio genotypes were classified into five main
categories by cluster analysis. The highest similarity was among the ‘Poostkhormayee’and ‘Momtaz’ cultivars (78%) and
the lowest genetic similarity was among ‘Ravar3’ and ‘Ghazvini’ with K40 genotype (25%). K38 male genotype had the
lowest genetic similarity with female cultivars. Thus, it can be introduced as appropriate pollinizer for other studied
cultivars. The results of analysis of molecular variance showed that variability among male and female populations (8%)
was lower than the variation within the populations (92%). Based on achieved results, ISSR marker recognized as a
powerful tool to study the genetic variation among male and female pistachio genotypes.
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INTRODUCTION

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 [20]. In Iran, Pistachio export is in the
second place in terms of non-oil exports and in the first
place among horticultural crops [6].

Iran is considered as one of the main centers for genetic
diversity of pistachio including a high diversity of female
varieties and male genotypes [15]. Understanding plant
genetic diversity is necessary for optimal use of the
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products, leading to special attention to biodiversity by
breeders and researchers [17]. 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 [18].

Todays, researchers increasingly use molecular methods
to study genetic variation [2, 8-10, 14, 21]. Molecular
markers for studying DNA can help to recognize and
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identify a specific breed or variety, evaluating
relationships in a particular line or between line and
different collections and identifying and locating genes
controlling desirable attributes in a genotype and also can
improve the management and use of genetic resources.
Molecular markers are valuable to identify genetic
similarities or differences, and identify duplicate samples
[18]. Several studies have been conducted on pistachios
using molecular methods [2, 8]. Pazouki et al. [22]
analysed the genetic diversity and relationships among
Pistacia species and cultivars using SSR markers. Their
study showed that Iranian cultivars have a different
genetic background from foreign cultivars. The ISSR
markers are dominant, reproducible, and fast, which can
be used for genetic studies of individuals who have high
genetic relationship [23]. In the first study using ISSR
indicator to check the genetic diversity of Iranian
pistachio cultivars, they found that the markers have high
efficiency for determining variation between those
cultivars [19]. In another study in order to determine
genetic variation and detection of polymorphic DNA in
pistachio, ISSR and AFLP markers were produced
replicable bands and ISSR was preferred to RAPD,
especially when financial capital and technical expertise
are limited [13]. The ISSR needs lower volumes of DNA
and it is much less expensive and more available than
RFLP and AFLP markers which are more expensive and
time-consuming [29]. 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 [16]. Afshari et al. [1] 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 [4]. In present study, we have investigated
the genetic variation among female cultivars and male
genotypes and determined the genetic similarity and
distance between male and female cultivars. Since,
several studies indicated that the ISSR marker is a fast
method and has high potential to produce polymorphism
segments, therefore, we used this technique for DNA
fingerprinting and determining the genetic relationship
between female cultivars and male genotypes.

MATERIALS AND METHODS

Plant samples

20 male and 36 female Pistachio trees were selected from
the pistachio collection of Rafsanjani Pistachio Research
Institute. Leaves were collected and transferred to
laboratory for the future experiments. The list of female
cultivars and male genotypes is presented in Table 1.

DNA extraction

Genomic DNA was extracted from leaf samples using
CTAB method with slight modifications [5]. The
extracted buffer contained Tris-HCL100 mM, NaCl 1.4
M, EDTA 20 mM, CTAB 2%, PVP 2%, Na2S20s5 0.1%
and f-mercaptoethanol 0.2%. The quantity and quality of
the extracted DNA was determined using spectroscopic
methods and 1% agarose gel electrophoresis.

Polymerase chain reaction (PCR)

20 ISSR primers were used for PCR optimization out of
which only 12 primers showed good reproducing bands
and were used to continue the experiment (Table 1).
Amplification of DNA was performed using PCR reaction
using Thermal Cycler Bio-Rad, C1000 tm in the final
volume of 20 pl including 10 pl PCR 2X Master mix
(Cinnagen), DNA template (50 ng) and 1 pl primer (10
pmol). PCR steps were as follow: 1) initial denaturing; 5
minutes at 94°C, 2) amplification; 35 cycles as
denaturation for 30 s at 94°C, primer annealing at the
optimized temperature for each primer for one minute and
extension for two minutes at 72°C, and 3) final extension
at 72°C for 5 minutes. The amplified PCR products were
electrophoresed using 1.7% agarose gel. The amplified
segments were stained using Red Safe (Cinnagen) and gel
images were taken by Gel Documentation system.

Data analysis

The amplified bands were scored as one and zero,
according to the presence and absence of the band, using
Totallab TL120 software. The similarity matrix and tree
diagram were obtained using NTSYS 2.02e software
using UPGMA
(Unweighted Pair Group Method with Arithmetic)
method. The
information content [28] and resolution power [24] were

based on Jaccard's coefficient

marker index [23], polymorphism
calculated for each primer and finally were compared
together. Principal Coordinates Analysis (PCOA) to
investigate genetic variation between males and female
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populations was done using GenAlEx 6.503 software and
the results of this analysis were compared with the results
of cluster analysis and then, analysis of molecular
variance (AMOVA) was performed to determine the
diversity between and within male and female pistachio
populations.

Table 1. Names of cultivars and genotypes used in this study

Q . 5 . e
5 Genotype/ cultivar ) 'é Genotype/ cultivar 2
1 K34 M 29 Shasti F
2 K37 M 30 Beheshtabadi F
3 N1 M 31 Momtaztagabadi F
4 K38 M 32 Sirizi F
5 K41 M 33 Phandoghireez F
6 R25 M 34 Jandaghi F
7 R27 M 35 Sabzpestehnoogh F
8 K33 M 36 Harati F
9 K39 M 37 Kalehghoochi F
10 K40 M 38 Khanjaridamaghani F
11 R26 M 39 Ghafoori F
12 R24 M 40 Lacksiri F
13 R23 M 41 Ghazvini F
14 N4 M 42 Seifadini F
15 N12 M 43 Mohseni F
16 N10 M 4 Moosaabadi F
17 N5 M 45 Ahmadaghaee F
18 R19 M 46 Khangariravar F
19 R20 M 47 Amiri F
20 N3 M 48 Bayaz F
21 Ravarl F 49 Ebrahimi F

22 Poostkhormayee F 50 Sephidpestehnoogh F

23 Momtaz F 51 Akbari F
24 Javadaghayee F 52 Shahpasand F
25 P-ghafoori F 53 Ttaliaee F
26 Ravar3 F 54 Phandoghi48 F
27  Badaminishkalaghi F 55 Badamiravar F
28 Vahedi F 56 Badamizerand F

M: male, F: female

RESULTS AND DISCUSSION

In order to investigate the primers efficiency, 20 ISSR
primers were used in PCR and 12 primers were selected
based on the amplification and reproducibility of primers
to proceed the experiment. In total, 178 amplified loci
were obtained with 12 primers for 56 genotypes. The most
amplified loci were related to P1 and P12 primers with 18
amplified sites and the less amplified loci were related to
P9 primer with 10 amplified loci (Table 2). The average
amplified loci for each primer was 15 loci. Among the
amplified places, 169 loci showed polymorphism. The
lowest and highest number was related to the primers that
produced the lowest (P9) and the highest (P1 and P12)
loci, respectively. The average number of polymorphic
loci for each primer was 14 loci. Taghizad et al. [26]
studied 19 genotypes of pistachio by using 10 ISSR
primers, overall, 114 polymorphic loci were achieved out
of which 73 loci showed polymorphism (64%) and a
primer with repeated AC unit could produce the highest
percentage of polymorphism. In the present study, also,
the P1 primer with repeated AC unit produced 94% of
polymorphism; therefore, it can be concluded that primers
with AC repeated units can be used as a suitable primer
for such experiments. In other study on pistachio, Kafkas
et al. [13] observed 73 polymorphic locations (46.2%) of
the 156 produced locations when they used 20 ISSR
primers. Norozi et al. [19] in an experiment on 31
pistachios genotypes, 13 polymorphic loci (46.42%)
observed from 28 produced loci. In our study,
polymorphic percentage was higher than the reports of
Kafkas et al. [13] and Norozi et al. [19] which might be
due to the larger number of subjects or different sequences
of primers used in the experiments. Fares et al. [7] in their
study on 15 genotypes of Tunisia pistachio using 13 ISSR
markers found 26 polymorphic sites. The most
polymorphic location was produced by the primer with
AG repeated unit, similar to our study, (AG)sG primer
was 100% polymorphism.

The average polymorphism information content (PIC)
was varied from the least of 16% for P9 primer to the
highest of 35% for P5 primer. P12 and P1 Primers had
marker index (MI) and the coefficient of resolution (Rb)
higher than the other primers (Table 2). In Taghizad et al.
[26] study the polymorphism information content (85% to
91%) and marker index were higher than our results. The
higher MI and PIC in previous studies might be due to
difference in primer sequences. According to the results
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Table2. List and sequencing of ISSR primers, Number of bands, the number of polymorphic bands, Percent polymorphism,
Polymorphism information content (PIC), Marker Index (MI) and Resolution Power (RP) used for ISSR primers in this study.

No. of polymorphic

Percent of polymorphism

Code Sequences Tm °(C) No. of bands bands (%) (PIC) (MI) (RP)
P1 (ACKYG 53.9 18 17 94 0.3 4.82 8.39
P2 (CA)AG 48.2 14 14 100 0.19 2.66 4.03
P3 (GA)YC 53.9 16 14 87 0.23 2.82 5.57
P4 (GA);,GYC 52.4 16 15 93 0.31 4.36 7.35
P5 (AG)YT 51.6 15 14 93 0.35 4.57 7.82
P6 (GT)YC 53.9 16 15 93 0.28 3.94 6.64
P7 (CA)RC 539 12 11 91 0.26 2.62 4.67
P8 (AG)sG 524 14 14 100 0.33 4.62 7.17
P9 (AG)T 50 10 9 90 0.16 1.3 2.17
P10 (GA)A 50 16 15 93 0.31 4.36 7.46
P11 (CA)T 50 13 13 100 0.3 3.9 6.14
P12 (GA)TT 51.6 18 18 100 0.31 5.58 8.25

Total - - 178 169 - - - -
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Figure 1. Dendrogram of 56 genotypes and cultivars of male and female pistachio based on 12 ISSR primers using UPGMA method.

(Branch numbers are codes in table 1).

of similarity matrix, the most genetic similarity was
between ‘Poostkhormayee’ and ‘Momtaz’ cultivars with
0.78% similarity and the lowest genetic similarity was

between ‘Ravar3’ with ‘Ghazvini’ cultivar and K40

genotype with 0.25% similarity. In a morphological study
reported that ‘Poostkhormayee’ and ‘Momtaz’ cultivars
were similar related to leaf and flower traits [25] that
confirmed our molecular results related to high genetic
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similarity of this two cultivars. Results showed that
‘Ravar3’ and ‘Ghazvini’ had a high genetic distance
confirming previous studies. It is reported that ‘Ravar3’
and ‘Ghazvini’ cultivars were different related traits to
morphological such as branching, vigor, growth habit,
flowering, bud shape, leaf color, and nut dry weight [25].
The male genotype K38 had the lowest genetic similarity
with the female cultivars; it can be introduced as suitable
pollinizer for mentioned female cultivars with
simultaneous flowering.

The cluster graph was obtained by UPGMA method. As
shown in Figure 1, the cluster graphs divided the
genotypes into five main groups in 50% similarities: The
first group consisted only female cultivars, unlike Norozi
et al. [19] as well as Taghizad et al. [26] classifications
‘Javadaghayee’ and ‘Seifadini’ cultivars were not in a
same group and also against Vezvai et al. [27] results
‘Momtaz’ and ‘Kalehghoochi’ cultivars were not in a
same group.

The second group was a mixture of male and female
cultivars divided into two subgroups; the first subgroup
included only the male genotypes K37 and N1, and the
second sub group was a combination of male genotypes
(K34 and K38) and female cultivars (‘Shasti’,
‘Beheshtabadi’ and ‘Vahedi’).

The third group included the male genotypes and female
cultivars and divided into two subgroups. The first
subgroup included only the female cultivars and the
second subgroup included only male genotypes.
According to the Taghizad et al. [26] results, ‘Ghazvini’
with ‘Sephidpestehnoogh’ were belonged to one group,
‘Akbari’, ‘Seifadini’ and ‘Ahmadaghaee’ were in one
group, and ‘Mohseni’, ‘Amiri’ and ‘Khanjaridamaghani’
cultivars were also together in another group. These
results were similar to our results, but these cultivars were
in different groups with other cultivars available in the
third group of our cluster graph. The results of Hajirezayi
et al. [12] showed that
‘Badamiravar’ were in a group that was consistent with

‘Badamizerand” and

our results and since both cultivars are considered as
Almond cultivars belonging to one group is reasonable.
Also, based on our division, ‘Lacksiri’,
‘Sephidpestehnoogh’, ‘Mohseni’ and ‘Amiri’ cultivars
belonged to one group, but in their study, ‘Shasti’, ‘Sirizi’
and ‘Khangariravar’ cultivars were grouped together, that
according to our results, each cultivar belonged to
different groups. The results of Hagizadeh et al. [11]
showed that ‘Ebrahimi’ and ‘Ghazvini’ were in a group

that was consistent with our results, but unlike our results,

‘Jandaghi’, ‘Ebrahimi’ and ‘Ghazvini’, belong to one
group. Genotypes N12, N5, N4, N10 and N3 were in a
group with origin of Naserieh (in Kerman), so belonging
to one group seems reasonable, but genotype N1 is
separated from the rest and can be seen in the first group,
might be due to different paternal parent in mentioned
Genotype.

The fourth group was composed only of male genotypes
including male K41, R25, K33, K39, R27 and K40
genotypes, which indicate similar maternal parent in these
genotypes with different origin.

Only female cultivars were observed in the fifth group
including ‘Momtaztagabadi’, ‘Sirizi’, ‘Phandoghireez’,
‘Sabzpestehnoogh’, ‘Harati’ and
‘Kalehghoochi’
‘Kalehghoochi’ and ‘Seifadini’ cultivars were in one

‘Jandaghi’,
cultivars.  Unlike  our  results,
group based on the results by Taghizad et al. [26].
However, those two cultivars are different in
morphological characters including tree’s growth habit,
apical dominance, flowering, full bloom stage, flowering
length, shape of flower buds, number of leaflets, green
skin weight, nut dry weight, green hull texture and nut
shape [25]. Therefore, categorizing these two cultivars in
two separate groups is reasonable. However, different
conclusions about the same genotypes in different studies
can be due to different markers and primers.

In this study, some genotypes with same maternal parent
were placed in different groups, which could be due to the
influence of paternal parent and high heterozygosity in
pistachios populations. In order to study the genetic
variation between male and female populations, principal
component analysis (PCOA) was used. Since the first two
components justify a higher percentage of changes
compared to other components, therefore interpreting the
results based on the first two components, able to explain
the variation in the studied population was performed
(Figure 2). According to results, male and female
pistachio genotypes were placed in biplot environment in
four areas. At the positive area of the first component and
positive area of the second component was a combination
of female cultivars and male genotypes. At the positive
area of the first component and negative area of the
second component a combination of female cultivars and
male genotypes was observed. At the negative area of the
first component and the negative area of the second
component there were only female cultivars and at the
negative area of the first component and at the positive
area of the second component only male genotypes were
observed. Since the distribution of genotypes in the biplot
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Figure 2. Biplot two-dimensional graph based on the first and two components (PC1 and PC2) To study the genetic diversity of

studied male and female pistachio populations.

is due to the genetic variation among genotypes, SO
genotypes accumulate in one area of the plot represents
the genetic similarity of the genotypes.

The results of analysis of principal component using
covariance matrix showed that out of 26% of the variance
was between the two main components, 17.28% was
related to the first component and 8.25% was related to
the second component. The results of Hajirezayi et al.
[12] using RAPD marker on the pistachio showed that
‘Kalehghoochi’, ‘Momtaz’ and ‘Akbari’ cultivars were
placed together in one area, but in our results, each
cultivar was in a separate area. The difference might be
related to the use of different used markers. In the
Arjmandghahestani et al. [3], study using the ISSR
marker, ‘Badamiravar’ and ‘Amiri’ cultivars were in in a
region that was consistent with our results, but in our
study, unlike their results, ‘Sirizi’ cultivar was in another
area that might be due to different used primers in the two
studies.

Analysis of variance was performed to understand the
relationships within and between the populations. The
results of analysis of molecular variance using GenAlExe
6.503 software showed that out of the total observed
variances, 8% was related to the variation between
population and 92% was related to the variation within the
populations (Figure 3). Therefore, in total, proportion of
variation between male and female populations was lower
than diversity within the populations, suggesting the male
and female pistachio samples used in this study have

genetic similarity with possibility of same maternal
parent. Low variation among populations could be due to
low genetic diversity in the primary parents’ population,
also primary parents probably were selected within an
area or two areas close together. The inbreeding of these
genotypes caused serious loss of diversity among
populations. Summary results of molecular variance of
the data obtained by ISSR marker is provided in the Table
3. The percentage of polymorphic in the male population
was 76.97%, and in the female population was 88.5% that
suggesting the higher numbers of polymorphism of
female cultivars can be due to more female cultivars
compared to the male genotypes (Table 4).

Percentages of Molecular Variance
Among Pops

8%

Figure 3. Percentage of genetic diversity between and within
male and female pistachio populations in this study.
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Table 3. Analysis of molecular variance using ISSR marker
between and within male and female Pistachio populations.

Sougces of DF SS MS Est. %
variance Var. Var.
Between 1 8145 81450  2.198 8%

populations
Within 54 134580 24922 24922 92%

populations
Total 55 1427.25 - 27.121 100%

DF: Degrees of freedom, SS: sum of squares, MS: Mean square,
Est.Var: Calculated variance for within and between
populations, % Var: Percent of the variance of each source to
the total variance.

Table 4. Polymorphic percentage of male and female
populations

Populations Polymorphic percentage
Male 76.97%
Female 88.20%
Mean 82.58%
SE 5.62%

SE: standard error

CONCLUSION
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