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ABSTRACT

Iran is one of the main diversity centers and origins of pistachios in the world. Pistachio cultivation
spread first within the ancient Persian Empire and then moved gradually westward. Knowledge of the ge-
netic relationships among wild and cultivated varieties of pistachio is important for the efficient utilization
of the available germplasm resources. Three molecular marker strategies, namely, inter-simple sequence
repeat (ISSR), inter-retrotransposon amplified polymorphism (IRAP), and retrotransposon microsatellite
amplified polymorphism (REMAP), were used to study the genetic relationships among 35 pistachio ac-
cessions including 15 wild-type genotypes of Pistacia vera and 20 important cultivars from Iran. According
to the results, high levels of polymorphism were observed for all three marker systems. REMAP and IRAP
techniques had the higher mean values of genetic relationships parameters than ISSR technique. The results
from this study showed that the 5'LTR2, Sukkula, Sukkula + UBC855, and 5'LTR2 + UBC811 primers
were the most informative and could be used to evaluate the genetic relationships of pistachios accessions.
Cluster analysis using the unweighted pair group method with arithmetic mean (UPGMA) properly sepa-
rated the accessions and divided them into four main groups. The presence of most cultivated genotypes in
a group indicates genetic erosion of cultivated pistachio in Iran. Wild-type genotypes of P. vera are located
in different clusters indicating the high diversity of the genotypes. The results provide useful genetic infor-
mation about wild pistachios in northeastern of Iran and indicate that the use of wild pistachios in breeding
programs could be useful for generating new genotypes with interesting characters.
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INTRODUCTION Europe by Romans at the beginning of the Christian
era (Crane 1979). Iran has one of the richest genetic

The Anacardiaceae family consists of about 82  reserves and is one of the largest producers of pista-

genera and more than 700 species distributed primar-
ily in tropical and subtropical areas of the world (Pell
2004). This family is well-known for its cultivated ed-
ible fruits and seeds such as pistachios (Pistacia vera
L.), mangos (Mangifera indica L.), and cashews (An-
acardium occidentale L.) (Pell 2004). P. vera L. is the
only cultivated species in the genus Pistacia. The ge-
nus Pistacia contains only 11 species, of which P.
vera is the most economically important ones (Zohary
1952). The pistachio is believed to have originated in
the arid zones of Central Asia (Crane 1979; Parfitt &
Badenes 1997); it has been cultivated for 3,000-4,000
years in Iran and was introduced into Mediterranean
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chio in the world. Nevertheless, pistachio cultivation
in Iran is facing some difficult challenges and these
problems will be further increased in the future. The
fundamental problems facing the pistachio cultivation
in Iran include (1) vulnerability and genetic erosion
because of the usage of improved varieties and (2) cli-
mate change and growing water crisis (Michel 2017).
Wild genotypes are very rich gene source and may
have genes for diseases and pests resistance and also
tolerance to drought stress, cold, and salinity, which
can be useful for breeding programs as well as for the
introduction of new important cultivated pistachios in
the future (He et al. 2015). Knowledge of the genetic
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relationships of plant genetic resources is fundamental
for breeding programs (Dempewolf et al. 2017). Ge-
netic markers can be used in plant breeding programs
for germplasm evaluation and assessment of genetic
diversity (Yang et al. 2015). In recent years, studies
have been conducted using molecular markers to in-
vestigate the diversity and genetic relationships of pis-
tachios, including simple sequence repeat — SSR
(Arabnezhad et al. 2011; Ziya Motalebipour et al.
2016), randomly amplified polymorphic DNA —
RAPD (Hormaza et al. 1998), start codon targeted —
SCoT and inter-retrotransposon amplified polymor-
phism — IRAP (Sorkheh et al. 2017), and amplified
fragment length polymorphism — AFLP (Shanjani et
al. 2009). Inter-simple sequence repeats (ISSRs) tech-
nique is one of the polymerase chain reaction (PCR)
based method, which involves the amplification of
DNA segment present at an amplifiable distance be-
tween two identical microsatellite repeat regions ori-
ented in opposite direction (Reddy et al. 2002). ISSRs
are quick and easy assay, and there is no need of prior
knowledge of DNA sequences (Kar et al. 2005). IRAP
is a retrotransposon-type marker that is based on the
available retrotransposon sequence information and
have been developed for plants (Kalendar et al. 1999).
IRAP method can be carried out with a single primer
matching with either 5’ or 3' end of the long terminal
repeat (LTR) but oriented away from the LTR itself,
or with two LTR primers (Kalendar et al. 2011). Re-
trotransposon microsatellite amplified polymorphism
(REMAP) method is similar to IRAP, but one of the
two primers matches a microsatellite motif so that the
DNA sequences between the LTRs of a retrotrans-
poson and adjacent microsatellites (SSRs) are ampli-
fied using appropriate primers (Kalendar et al. 2011).

The natural habitats of pistachio are located in
northeastern Iran. In spite of much attention paid to
this important crop plant in Iran, no data on the ge-
netic structure of wild pistachios and their relation-
ships with cultivated genotypes in the natural habi-
tat of Maraveh Tappeh at northeast country are
available. Owing to the importance of pistachio and
the necessity of using the genetic potential of this
plant for breeding purposes, the present study aimed
to explore the genetic relationships among culti-
vated and wild pistachios (Pistacia vera L.) based
on the ISSR, IRAP, and REMAP techniques.

MATERIALS AND METHODS

Plant material

Thirty-five genotypes of P. vera have been used.
Accession consisted of 20 cultivated genotypes and
15 wild genotypes (Table 1). Twenty different cul-
tivated genotypes of pistachio obtained from di-
verse geographical areas maintained at the experi-
mental orchards located at the Buin Zahra in
Qazvin, Iran. Fifteen genotypes were selected as
representatives of the wild pistachio forests in
northeastern Iran. This pistachio habitat is located
in the Maraveh Tappeh County, Golestan Province
in the geographical coordinates of the region
55°14’ E to 56°23° E longitude and 37°54’ N to
38°15” N latitude with an area of approximately
5,200 ha (Fig. 1). Young leaves of cultivated and
wild pistachios were collected and washed in water,
frozen in liquid nitrogen and kept at —80 °C until
DNA extraction.

DNA extraction

Genomic DNA of samples was extracted from fresh
pistachio leaves by a modified cetrimonium bro-
mide (CTAB) method following the procedure de-
scribed by Hormaza et al. (1998). The quality of
DNA samples was determined using 1% agarose gel
electrophoresis in tris-borate-EDTA (TBE) buffer.
DNA concentration was quantified using Nano
Drop-1000 spectrophotometer (NanoDrop Technol-
ogies, USA); diluted to 50 ng ul? for use in ISSR,
IRAP, and REMAP analyses, and stored at —20 °C.
PCR reaction conditions and program

Optimal reaction conditions suitable for ISSR,
IRAP, and REMAP for the analysis of the pista-
chio were established. The reaction mixture of
10 pl comprising 20 ng of template DNA, 0.4 pl of
50 mM MgCly, 0.4 pl of 10 mM deoxynucleotides
(dNTPs), 1 pul of 10 x PCR buffer, 0.1 U Taqg DNA
polymerase (CinnaGen), and 1.0 ul of 10 uM of
each primer. PCR amplification was conducted in
a thermocycler (Mastercycler gradient, Eppendorf,
Germany) using the following program: 1 cycle at
94 °C, 4 min; 35 cycles of 94 °C, 40 s; 50-65 °C,
40s; 72 °C, 1 min; 1 cycle at 72 °C, 10 min; 4 °C.
The annealing temperature of the PCR program was
determined by the primer melting temperatures
(Tm) value.
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Fig. 1. The location of the habitat pistachio and province and country

Table 1. List of pistachio accessions and their code assessed in this study

Code Accession Genotype Code Accession Genotype
w1 genotype 1 wild G19 Ahmad Agaei cultivated
W2 genotype 2 wild G20 Shahpasand 32 cultivated
W3 genotype 3 wild G21 Pakzadi cultivated
W4 genotype 4 wild G22 Kaleghochi cultivated
W5 genotype 5 wild G23 Italiaei riz cultivated
W6 genotype 6 wild G24 Italiaei Dorosht cultivated
W7 genotype 7 wild G25 Badami Kj cultivated
W8 genotype 8 wild G26 Razavi cultivated
W9 genotype 9 wild G27 Momtaz cultivated
W10 genotype 10 wild G28 Qatruyeh cultivated
W11 genotype 11 wild G29 Nazari cultivated
W12 genotype 12 wild G30 Abbasali cultivated
W13 genotype 13 wild G31 Mohseni cultivated
W14 genotype 14 wild G32 Rezaei cultivated
W15 genotype 15 wild G33 Kerman cultivated
G16 Akbari cultivated G34 Badami Nishkalaghi cultivated
G17 Fandoghi 48 cultivated G35 Ghazvini cultivated
G18 Sefidkhorasan cultivated

Data analysis

The ISSR, IRAP, and REMAP products were sepa-
rated by electrophoresis on 2% agarose gel for 2—
3h at 70 V. The fragment patterns were photo-
graphed under UV light in a BioDoc Analyze 2.1
(Germany) for further analysis. The Ladder 100 bp

plus R-T-U 100-3000 was used as the molecular
standard to confirm the presence of the DNA frag-
ments. From the ISSR, IRAP, and REMAP profiles,
all clearly detectable polymorphic and monomor-
phic bands were scored for the analysis and were
scored as 1 and 0 based on the presence and absence
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of the band, respectively. A binary data matrix (1/0)
was set up according to whether the bands existed
or not. Polymorphic information content (PIC), ef-
fective multiplex ratio (EMR), and marker index
(MI1) were calculated as follows: PIC=1-—
3 i=1 P?, where: n is the total number of alleles de-
tected for a given marker locus and P; is the fre-
quency of the i-th allele (Smith et al. 1997); EMR =
np X B, where ny, is the total of polymorphic bands,
and f is the ratio of polymorphic bands to total bands
and MI = PIC x EMI (Powell et al. 1996).

The effective number of alleles (Ne), Nei’s gene
diversity (h), and Shannon’s information index (1)
were computed using POPGENE32 software (Yeh et
al. 1999). Jaccard’s similarity coefficients were cal-
culated using the numerical taxonomy multivariate
analysis system NTSY Spc version 2.02 (Rohlf 2009).
The resulting matrices were used for the construction
of dendrogram using the unweighted pair group
method with arithmetic mean (UPGMA). To meas-
ure the goodness of fit between dendrogram and the
similarity matrix on which it was based, the cophe-
netic correlation coefficient with 1,000 permutations
was calculated. Principal coordinate analysis (PCoA)
was performed using Past 3.20 on a similarity matrix.

RESULTS

Level of polymorphism and discriminating
capacity

Thirty-five pistachio genotypes were uniquely iden-
tified by ISSR, IRAP, and REMAP markers in this
study (Table 2). The results of three molecular
markers used for the evaluation of genetic relation-
ships among Iranian pistachios are summarized in
Table 3. In the case of ISSR analysis, 6 ISSR pri-
mers were chosen for PCR amplification that gener-
ated 50 total and 41 polymorphic bands with a pol-
ymorphism rate of 82.83% among studied pistachio
genotypes. The total number of amplified fragments
varied from 7 to 10 across the accessions (Table 3).
Seven selected IRAP primers produced a total of 57
bands, of which 49 bands were polymorphic
(82.34%) in all 35 accessions. S'LTR2 detected 15
bands and Sukkula detected 11 bands, and the num-
ber of polymorphic bands varied from 3 (TOS2 and
WLTR2105) to 15 (5'LTR2) with an average of 8.4

per primer (Table 3). A total of 40 primer combina-
tions were tested for REMAP amplification but only
5 pairs of primers (Table 2) produced unambiguous
polymorphic bands and were used to amplify the
DNA samples from 35 pistachio genotypes. About
REMAP, high polymorphism percentage was ob-
tained from 5 primer pairs (88.69%) with a total of
40 bands, of which 36 were polymorphic. The num-
ber of polymorphic bands per primer varied from 4
(5'LTR2 + UBC840) to 10 (Sukkula + UBC855) with
an average of 7.2 (Table 3). Maximum polymor-
phism (100%) was observed with primers 5'LTR2,
S'LTR2 + UBCS811, and Sukkula + UBCS855,
whereas the least level of polymorphism (75%) was ob-
served with primer TOS2 and WLTR2105 (Table 3).
Comparison of informativeness obtained with
ISSR, IRAP, and REMAP markers

Comparison of the main aspects of the performance
of the examined three marker systems including
PIC, MI, and EMR are presented in Table 3. In our
comparison of the molecular markers assays, the
PIC values were higher in the REMAP than in the
IRAP and ISSR techniques. The mean of PIC values
for REMAP, IRAP, and ISSR markers were 0.32,
0.31, and 0.23, respectively. PIC values for all the
primers used ranged from 0.23 (TOS2) to 0.40
(5'LTR2 and 5'LTR2 + UBC811) (Table 3). In the
present study, EMR and MI were relatively higher for
IRAP than for REMAP and ISSR markers. The mean
of EMR and MI values for IRAP marker were 8.74
and 3.18, respectively (Table 3). For the REMAP
markers, the effective number of alleles per locus (Ne)
was 1.68, whereas for IRAP and ISSR, these values
were slightly lower (1.67 and 1.63, respectively). The
highest assay Nei’s gene diversity (H) and Shannon’s
information index (1) values were observed for
REMAP (0.37 and 0.53, respectively) and the lowest
was for ISSR (0.34 and 0.49, respectively). The values
for IRAP markers were intermediate between those of
REMAP and ISSR (Table 3). The results showed that
the UBCS811, UBCO071, 5'LTR2, Sukkula, 5’LTR2 +
UBCB811, and Sukkula + UBC855 primers had
a greater potential among primers used in this study.
Also, 5'LTR2, Sukkula, Sukkula + UBC855, and
5'LTR2 + UBCB811 primers were the most informa-
tive, which could be used to evaluate the genetic re-
lationships of pistachios accessions.
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Table 2. List of the primers used in this study

. . Ly Annealing
Marker type No. Primer name Nucleotide sequence (5-3") temperature (°C)

1 UBCO071 GAGGGCGAGG 52

2 UBCsi1 GAGAGAGAGAGAGAGAC 52

ISSR 3 UBC812 GAGAGAGAGAGAGAGAA 48
4 UBCB840 GAGAGAGAGAGAGAGAYT 52

5 UBC857 ACACACACACACACACYG 53

6 UBCS880 GGAGAGGAGAGGAGA 53

8 TOS1 TGTTGGGAATAGTCCCACA 52

11 TOS2 TGTTGAATAGTTCCACATT 48

7 5'LTR2 ATCATTCCCTCTAGGGCATAATTC 56

IRAP 10  Sukkula GATAGGGTCGCATCTTGGGCGTGAC 65
12 WLTR2105 ACTCCATAGATGGATCTTGGTGA 45

13 LTR1061 AGAGGGGAATGTGGGGGTTTCC 52

9 LTR2116 CGAACCTGGGTAAAACTTCGTGTC 58

14 5'LTR2+UBCS811 ATCATTCCCTCTAGGGCATAATTC + (GA)sC 55

15 5'LTR2+UBC840 ATCATTCCCTCTAGGGCATAATTC + (GA)sYT 53

REMAP 16 Sukkula+tUBCO071 GATAGGGTCGCATCTTGGGCGTGAC + GAGGGCGAGG 55
17  Sukkula+UBC811 GATAGGGTCGCATCTTGGGCGTGAC + (GA)sA 56

18  Sukkula+UBC855 GATAGGGTCGCATCTTGGGCGTGAC + (AC)sCTT 55

Table 3. Levels of polymorphism and comparison of informativeness obtained with ISSR, IRAP, and REMAP markers
in 35 pistachio genotypes

Marker type No. Primer name B PB PPB PIC EMR MI Ne H I

1 UBCO71 10 8 80 0.32 6.40 2.06 1.67 0.35 0.50

2 UBC811 10 9 90 0.35 8.10 2.90 1.75 0.40 0.58

ISSR 3 UBC812 7 5 77.77 0.30 3.57 1.10 1.58 0.31 0.44

SS 4 UBC840 7 6 85.71 0.27 5.14 1.43 1.60 0.34 0.49

5 UBC857 7 6 85.71 0.26 5.14 1.36 1.53 0.29 0.43

6 UBC880 9 7 77.77 0.26 5.44 1.43 1.59 0.32 0.46

Mean 8.6 7 82.83 0.30 5.73 1.78 1.63 0.34 0.49

7 TOS2 4 3 75 0.23 2.25 0.51 1.53 0.28 0.41

8 TOS1 9 7 77.77 0.31 5.44 1.74 1.55 0.30 0.44

9 S5'LTR2 15 15 100 0.40 15 6.04 1.78 0.42 0.62

IRAP 10  Sukkula 11 10 90.90 0.37 9.09 3.43 1.83 0.43 0.60

11  WLTR2105 4 3 75. 0.30 2.25 0.67 1.55 0.31 0.45

12 LTR1061 5 4 80 0.27 3.20 0.87 1.67 0.35 0.51

13 LTR2116 9 7 77.77 0.27 5.44 1.50 1.55 0.30 0.44

Mean 9.6 8.4 82.35 0.31 8.74 3.18 1.67 0.36 0.52

14  5'LTR2+UBCS811 9 9 100 0.40 9 3.65 1.67 0.38 0.56

15 5'LTR2+UBC840 5 4 80 0.23 3.20 0.74 1.59 0.31 0.45

REMAP 16  Sukkula+UBCO71 9 7 77.77 0.29 5.44 1.58 1.73 0.37 0.52

17  Sukkula+UBC811 7 6 85.71 0.29 5.14 1.53 1.72 0.38 0.54

18  Sukkula+UBC855 10 10 100 0.37 10 3.79 1.67 0.38 0.56

Mean 8 7.2 88.69 0.32 6.55 2.26 1.68 0.37 0.53
Total 147 126

Total mean 8.01  7.00 84.62 0.31 6.07 2.02 1.66 0.36 0.52

Note: TB — total number of bands; PB — total number of polymorphic bands; PPB — percentage polymorphic bands; PIC — poly-
morphism information content; EMR — effective multiplex ratio; M1 — marker index; Ne — effective number of alleles; H — Nei’s
gene diversity; | — Shannon’s information index.
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Fig. 2. UPGMA dendrogram of ISSR, IRAP, and REMAP analyses of 35 pistachio genotypes of Pistacia vera based
on Jaccard’s coefficient
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Fig. 3. Principal coordinate analysis (PCoA) showing Jaccard’s genetic similarity among 35 pistachio genotypes of
Pistacia vera. Accessions codes are identified in Table 1

Table 4. Levels of polymorphism and comparison of informativeness obtained with ISSR, IRAP, and REMAP markers
in wild and cultivated pistachio genotypes

Accession Markertype  TB PB PPB PIC EMR MI Ne H |
35 ISSR 8.60 7.00 82.83 0.30 5.73 1.78 1.63 0.34 0.49
pistachio IRAP 9.60 8.40 82.35 0.31 8.74 3.18 1.67 0.36 0.52
genatypes REMAP 8.00 7.20 88.69 0.32 6.55 2.26 1.68 0.37 0.53
Mean 8.01 7.00 84.62 0.31 6.07 2.02 1.66 0.36 0.52
15 ISSR 8.33 6.50 78.43 0.28 5.10 1.43 1.54 0.30 0.43
wild IRAP 8.14 7.14 85.20 0.33 6.35 2.31 1.61 0.34 0.49
genatypes REMAP 8.00 6.60 80.25 0.27 5.61 1.78 1.61 0.33 0.48
Mean 8.15 6.74 81.30 0.30 5.68 1.84 1.60 0.33 0.48
ISSR 8.33 6.33 75.15 0.28 491 1.45 1.56 0.33 0.46
il?ltivated IRAP 8.14 7.00 82.35 0.30 6.09 2.02 1.63 0.34 0.49
genotypes REMAP 8.00 6.80 84.69 0.30 5.83 1.82 1.61 0.33 0.48
Mean 8.15 6.71 80.73 0.29 5.61 1.77 1.62 0.33 0.49

Note: see Table 3
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The mean of PIC value for all the primers used
for the wild and cultivated genotypes were 0.30 and
0.29, respectively (Table 4). In wild genotypes, the
total average values of EMR, MI, Ne, H, and | for
all the primers were 5.68, 1.84, 1.60, 0.33, and 0.48,
respectively; whereas for the cultivated genotypes,
these values were 5.61, 1.77, 1.62, 0.33, and 0.49,
respectively (Table 4).

Genetic relationships and cluster analysis

The dendrogram of the 35 pistachio genotypes
based on the ISSR, IRAP, and REMAP markers
data was constructed based on Jaccard’s similarity
coefficient using the UPGMA method (Fig. 2). The
results of the dendrogram showed that the 35 pista-
chio genotypes could be completely divided into
four main groups based on the values of the similar-
ity coefficient from 0.40 to 0.91. The cophenetic
correlation coefficient was calculated to evaluate
the usefulness of the UPGMA method in clustering
plant accessions. The high cophenetic correlation
coefficient (r = 0.82) suggests that this dendrogram
is agood representation of our ISSR, IRAP, and
REMAP data. Genetic relationships among pista-
chio genotypes were also investigated by PCoA.
The data generated from ISSR, IRAP, and REMAP
markers were subjected to PCoA performed based
on Jaccard’s coefficient of similarity. In the PCoA
analysis, the first two principal axes explain a total
of 28.10% of genetic variation, with 14.40% and
13.70% for coordinates 1 and 2, respectively
(Fig. 3). The first two principal axes showed sepa-
ration of the cluster IV, which confirmed the results
of UPGMA clustering. A PCoA plot of the acces-
sions is shown in Figure 3.

DISCUSSION

Several powerful molecular markers are cur-
rently available for genetic analysis of plant species.
The choice of the most appropriate method is influ-
enced by the purpose of the investigation and the bi-
ology and genetic structure of the species. Hence,
the study of different techniques is needed to find
the most appropriate technique for the issue being
examined (Scariot et al. 2007). In the present study,
three marker techniques, ISSR, IRAP, and REMAP,
were used to assess the genetic relationships among

wild-type genotypes and cultivated P. vera from
Iran. To determine their utility in the discriminating
and establishing genetic relationships in different
pistachio genotypes, several approaches were fol-
lowed. The level of polymorphism and a compari-
son of discriminating capacity of ISSR, IRAP, and
REMAP markers are summarized in Table 3. Anal-
ysis of the amplification patterns of accessions be-
longing to the studied genotypes of P. vera showed
a difference in position and number of generated
bands. High level of polymorphism ratio was ob-
served in all tested molecular marker systems. Ah-
mad et al. (2003) studied commercially important
pistachio cultivars and recorded 46 alleles from 14
primer pairs, with an average of 3.3 loci per primer
pair. The RAPD technique was applied to character-
ize Turkmenistan wild pistachio accessions by Ba-
razani et al. (2003). They recorded 27 polymorphic
bands of the total 62 RAPD fragments scored, with
an average of 3.4 polymorphic bands per primer. In
this study, using 18 ISSR, IRAP, and REMAP pri-
mer, we observed a total of 147 bands with an aver-
age of 7 polymorphic bands per primer. This indi-
cates that primers used in this study, on an average,
detected two times more polymorphism per primer
than RAPDs or SSRs. On comparing the three tech-
nigues, the highest average number of polymorphic
band per assay unit was amplified by REMAP tech-
nique (Table 3). Our investigation confirms that
there is genetic variability among our research gen-
otypes of P. vera and these markers with sufficient
polymorphism could be used to investigate the ge-
netic relationships among wild-type genotypes of
P. vera. Shahi-Gharahlar et al. (2011) reported that
wild and cultivated genotypes are rich resources of
genes for breeding programs. The results are in
agreement with the reports published earlier
(Ghaemmaghami et al. 2013; Kirdok & Ciftgi
2016). According to Xie et al. (2010), high, me-
dium, and low loci polymorphism is appointed as
PIC > 0.5; 0.5 > PIC > 0.25; and PIC < 0.25, respec-
tively. The PIC value used for the assessment of ge-
netic relationships in this experiment was 0.31. The
average value of Ne, H, I, EMR, and Ml indicated that
the background genetic data of germplasm accessions
should be considered for integrated application in
the breeding programs for germplasm improvement.
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It is necessary to mention that, as an assessment
of genetic relationships, the H, I, and Ne were more
appropriated than the actual number of alleles, be-
cause the latter depends on the sample size (Tajima
et al. 1994). In the present study, the mean values of
Ne, H, and | were 1.66, 0.36, and 0.52, respectively.
Previous researches have shown that Ne, H, and | val-
ues were 1.37,0.23, and 0.37 using the SRAP marker
in Punica granatum L. (Soleimani et al. 2012). The
results suggest that REMAP and IRAP would be
more useful than ISSR to investigate genetic relation-
ships among pistachios genotypes. Comparison of di-
versity indices Ne, H, and | in commercial and wild
pistachio genotypes indicates a high level of genetic
diversity in commercial cultivars than wild geno-
types in the studied area (Table 4). This might be due
to the non-Iranian origin of the genotypes (Italiaei riz,
Italiaei Dorosht and Kerman) or due to the local ad-
aptation of genotypes that obtained from diverse ge-
ographical areas. Dendrograms based on UPGMA
clustering of Jaccard’s coefficient similarity were
constructed with a cophenetic correlation coefficient
of 0.82 using the Mantel test. Mohammadi and
Prasanna (2003) reported that if the cophenetic cor-
relation ranges between 0.8 and 0.9, the dendrogram
represents the similarity index strongly. Therefore,
the cophenetic correlation coefficient supports the
validity of the dendrogram. The general UPGMA
dendrogram was constructed using the combined
data of the three sets of molecular markers. The range
of genetic similarity was from 0.40 to 0.91. The
tested genotypes were classified into four main clus-
ters. There were high genetic relationships among
pistachio cultivars. The presence of most cultivated
genotypes in a group may suggest the existence of
a limited genetic diversity among commercial pista-
chio cultivars as described previously (Arabnezhad et
al. 2011; Shanjani et al. 2009). According to Shanjani
et al. (2009), changing livelihood conditions may
have had an effect in the reduction of genetic varia-
tion of pistachio; for example, in the past, the ex-
change of local cultivars among farmers was popu-
lar. This fact confirms our speculation that the culti-
vation of pistachio has increasingly led to the reduc-
tion of their genetic variation because of the usage of
improved varieties and to the accessibility of private
or public-grafted seedling nurseries for pistachio.

These results suggest that wild-type genotypes of
P. vera are located in different clusters, which indi-
cates its highly diverse genotypes, so that four gen-
otypes W1, W10, W10, and W14 distinguished
from the rest of P. vera genotypes, hence, could be
a useful source of genetic material for a breeding
program of pistachios in the future. Clustering of
some of the wild-type genotypes along with culti-
vated pistachios in a group indicated that there are
certain common alleles between them. The results
demonstrate that low level of divergence among
wild and cultivated P. vera promoting the hypothe-
sis that the cultivated P. vera have been developed
from wild accessions. This conclusion is similar to
those suggested that pistachio cultivars are recently
evolved and diverged from their “wild” relatives
(Arabnezhad et al. 2011; Pazouki et al. 2010).

CONCLUSION

The results stated showed that ISSR, IRAP, and
REMAP markers can reveal variability between pis-
tachio genotypes. REMAP and IRAP assays are more
reliable than ISSR because of their reproducible
bands. The 5'LTR2 and 5'LTR2 + UBC811 primers
with the highest PIC, the 5'LTR2 and Sukkula +
UBC855 primers with the highest EMR and M, and
the Sukkula primer with the highest Ne and H were
the most informative primers that could be used to as-
sess the relationships of pistachio accessions. These
results suggest that the wild pistachios available in nat-
ural habitat in northeastern of Iran represent a unigue
genetic resource that needs to be conserved and main-
tained. This can help in the provided diverse base of
genetic material for developing new varieties and de-
crease the risk of the pistachio narrow genetic base.
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