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Abstract

Retrotransposon movements are considered to be an impor-
tant factor in evolutionary processes and speciation as well as 
a source of genetic variation. In order to analyze genetic diver-
sity and population structure in Tunisian pistachio species, 
nine inter-retrotransposon amplified polymorphism (IRAP) 
markers were used. As a result, eighty-six amplicons were pro-
duced among which 98.15 % were polymorphic. Mean num-
bers of the effective number of alleles (Ne), Shannon’s informa-
tion index (I) and Nei’s genetic diversity (H) were respectively 
1.529, 0.478, and 0.310. The average within-population genetic 
diversity (Hs) was 0.24 and the total diversity (Ht) was 0.3. The 
Tunisian pistachio populations exhibited high genetic differen-
tiation (Gst =0.275) and gene flow (Nm = 1.888). The Analysis of 
Molecular Variance (AMOVA) indicated that variation was very 
high within populations (83 %). Phylogenetic tree using neigh-
bor-joining (NJ) method and Principal Coordinates Analysis 
(PCoA) depicted that groupings of Tunisian varieties were 
made independently of the sex of the trees, but depending on 
their geographical origin and their breeding status. The model-
based Bayesian clustering (STRUCTURE) confirmed these 
observations. The inter-retrotransposons amplification poly-
morphism markers were significantly informative at the inter-
specific level. Findings reported in our study will be essential 
toward breeding for new pistachio genotypes with developed 
chemical and horticultural features.
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Introduction

Over time, humans have domesticated plant and animal spe-
cies to satisfy their needs. This practice has led to a progressive 
transformation both of them and their landscape (Zeder et al., 
2006). The earliest agricultural civilizations were based mainly 
on cereal crops, which first appeared in the Middle East, and 
were quickly extended to West Asia, Egypt and Europe (Wadley 
and Martin, 1993). The cultivation of fruit trees seems to have 
started three thousand years later, again in the Middle East, 
and vegetable crops have followed later (Zohary et al., 2012). 
Since then, Mankind showed a real fascination with fruit trees. 
Tree species producing organoleptic and nutritional fruits have 
always been an interesting subject in research and human cul-
ture. 

Because of its localization on the Mediterranean coast, 
Tunisia is a shelter for a wealth of plant and animal resources. In 
particular, crops that are bred in Tunisia adapt to a wide range 
of environments. There is extensive dryland agriculture where 
drought and heat are often severe and numerous biotic stres-
ses affect the wide range of crops grown. Among the local 
plant biodiversity, fruit species occupy a strategic position 
given their environmental, agricultural and socio-economic 
roles. These fruit trees, which have an important adaptive capa-
city, are not very demanding on planting and produce fruits 
that are highly appreciated by consumers. As a result, these 
species have recently experienced renewed interest from far-
mers, breeders, researchers, and consumers.

Pistachio (Pistacia vera L. 2n = 30) is a small fruit species 
that belongs to the Anacardiaceae family. It is the only 
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cultivated and commercialized species in the genus Pistacia 
(Zohary, 1996). Indeed, four species belonging to the genus 
Pistacia are existing in Tunisia: Pistacia atlantica (Battoum) 
which is commonly used as a rootstock for vegetative propaga-
tion, Pistacia terebinthus, Pistacia lentiscus and Pistacia vera L. 
The latter is native of arid and semi-arid zones and distributed 
throughout West Asia, the Middle East zones and the Mediter-
ranean basin such as Greece, Italy, Spain, and Tunisia. The main 
P. vera nut-producing countries are Iran, USA, and Turkey. In 
Tunisia, the pistachio tree is an ancient crop, particularly in 
semi-arid and arid zones (Mlika, 1980). It is found in the north 
(Ariana, Jendouba, Bizerte and Le Kef ), the center (Mahdia, 
Monastir, Kairouan, Kasserine and Sidi-Bouzid), and in the 
oases of southern Tunisia (Gafsa and El-Guetar). In this area, 
pistachio cultivation is an important economic activity as evi-
denced from the national production, which reached more 
than 3500 t in 2017 making Tunisia rated amongst the top 10 
countries in worldwide pistachio production (Faostat, 2017).

Despite the growing value of this fruit species, few studies 
have dealt with pistachio, especially with regard to the estima-
tion of its genetic diversity and the analysis of population 
structure and domestication history. Among these few studies, 
Pazouki et al. (2010) used microsatellite markers for assessing 
genetic diversity and relationships among Pistacia species and 
cultivars. In 2006, Kafkas et al. detected DNA polymorphism 
and genetic diversity in a wide pistachio germplasm using dif-
ferent dominant molecular markers. More recently, Motalebi-
pour et al. (2016), used SSR markers for genetic linkage map 
construction in pistachio.

In recent years and with the advent of next-generation 
sequencing (NGS) technologies, numerous whole genome 
sequence data from multiple species have become available, 
which offers a vast possibility for the enhancement of advanced 
markers in several plant species (Holland et al., 2001).In this 
context, numerous recent techniques for studying the genom-
ic diversity of higher plants have been described. One of these 
is the IRAP “Inter-Retrotransposon Amplification Polymor-
phism” markers. It aims to detect the insertion polymorphism 
by amplifying a DNA segment comprised between two retro-
transposons (Kalendar and Schulman, 2006). These retrotrans-
posons are the most abundant transposable elements in many 
plant genomes (Kalendar et al., 2014). They have a “copy/paste” 
transposition mode involving an RNA medium and a reverse 
transcription process (Kalendar and Schulman, 2006). The 
transposition mechanism means that the insertions are irre-
versible and that the retro elements are able to be amplified 
into a very large number of copies (Mansour, 2008). These ret-
ro-elements are considered to be an important factor in evolu-
tionary processes including speciation (Hamdi et al., 2000) as a 
source of genetic variation (Böhne et al., 2008). Retrotrans-
posons can be applied as molecular markers because their 
incorporation makes new joints among genomic DNA and 
their conserved ends. Retrotransposons markers are detected 
by PCR, which amplifies a sequence of DNA at this joint (Kalen-
dar and Schulman, 2006).This approach has been used to ana-
lyze diversity, similarity and genetic relationships in several 
plants such as rice (Oryza sativa L.) (Branco et al., 2007), flax 

(Linum usitatissimum L.) (Smýkal et al., 2011), plum (Senkova et 
al., 2013), rye (Secalecereale L.) (Acherm et al., 2014) sorghum 
(Sorghum halepense L.) (Karimi and Saeidi, 2016) and table 
grapes (Strioto et al., 2019).

Our aim in the present study was to analyze the genet-
ic diversity of pistachio in three Tunisian sites (El-Guetar, 
Gafsa and Sidi-Bouzid). The main objectives were the 
estimation of the extent of the molecular diversity, the 
establishment of phylogenetic relationships between 
accessions and the genetic structure of the studied popula-
tions. Results could be valuable for Tunisian Pistacia ger-
mplasm collection, conservation, and breeding

Materials and Methods

Plant Materials
Field visits were carried out in the central southern (Gafsa and 
El-Guetar oasis) traditional areas of pistachio growing in Tuni-
sia. We also included accessions maintained at the Regional 
Center for Agricultural Research of Sidi-Bouzid (fig S1). Forty-
two Tunisian pistachio accessions (20 from El-Guetar, 6 from 
Sidi-Bouzid and 16 from Gafsa) including 30 female trees, nine 
male trees (P. vera) and three P. atlantica were used in the study 
(Table 1). Plant material comprised fresh leaves of each adult 
tree. Samples were frozen at -80°C awaiting their use for DNA 
purification.

DNA Isolation and PCR amplification
DNA isolation is a crucial step for further DNA processing. Total 
genomic DNA was extracted from frozen leaves of single adult 
trees by means of a modified MATAB method (Risterucci et al., 
2000). The present study consists in detecting the inter-retro 
transposable region; for this reason, the amplification has been 
carried out via universal LTR (Long Terminal Repeat) primers 
described by Smýkal et al. (2011) (Table 2). This method requi-
res detecting the insertion polymorphism by amplifying the 
DNA fragment amongst two retrotransposons (Kalendar and 
Schulman, 2006) using a single primer complementary to a 
conserved LTR segment within a family.

Amplification was carried out in 25 μL Reaction Mix con-
taining 1 μL DNA (25ng/μL), 1 μL (20μM) primer,1 µL (100mM) 
dNTP mix, 1 unit of Taq polymerase, and sterile ddH2O. PCR 
amplification was realized according to the conditions 
described by Jiang et al. (2014). PCR results were observed by 
1.5 % agarose gel containing 0.5 μg/mL of ethidium bromide. 
Electrophoresis was performed in 1X TBE buffer solution at 5 V/
cm. Agarose gel was visualized and photographed under a 
Compact Digimage System, UVDI series (Major Sciences, USA).

Statistical Analysis
Amplicons generated by the IRAP technique were analyzed 
and each amplified DNA fragment treated as a di-allelic locus, 
1 for presence and 0 for absence. Only polymorphic loci were 
considered during this analysis. Then, the data set was trans-
formed into a binary matrix used to perform the statistical 



3

analyses. Accordingly, to estimate the efficiency of the primers 
used, some parameters have been calculated such as Polymor-
phic bands (PB), percentage of polymorphic bands (PPB), Poly-
morphic information content (PIC) (Ghislain et al., 1999) and 
the resolving power of the primer (Rp) (Prevost and Wilkinson 
1999). In addition, genetic diversity measures (Ht, total gene 
diversity; Hs, mean genetic diversity within the population; Gst, 
the coefficient of gene differentiation; Ne: effective number of 
alleles) were tested using POPGENE (Yeh et al. 1999).

Genetic diversity measures for each population (NPB: 
number of polymorphic band; PPB: percentage of 

polymorphic bands; I: Shannon information index of diversity; 
H: Nei’s genetic diversity and Na: observed number of alleles) 
were also assessed using POPGENE (Yeh et al. 1999). Further-
more, estimate of gene flow (Nm) among populations was 
determined according to the formula Nm = 0.25× (1-Gst)/Gst 

(McDermott and McDonald, 1993). Additionally, the Analysis of 
Molecular Variance (AMOVA) implemented in the GenAlEx 6.5 
program (Peakall and Smouse 2006) was executed, based on 
999 permutations, to screen the total IRAP variation within and 
among populations.

Table 1 
Label, sex and origin of Tunisian pistachio cultivars studied.

Geographic origin Number Labels Sex Species Plant nature

01 GT1 ♀ P. vera Grafted plant

02 GT2 ♀ P. vera Grafted plant

03 GT3 ♂ P. vera Grafted plant

04 GT4 ♂ P. vera Grafted plant

05 GT5 ♀ P. vera Grafted plant

06 GT6 ♂ P. vera Grafted plant

07 GT7 ♀ P. vera Grafted plant

08 GT8 ♀ P. vera Grafted plant

09 GT9 ♂ P. vera Grafted plant

El Guetar (Tunisia) 10 GT10 ♀ P. vera Grafted plant

11 GT11 ♀ P. vera Grafted plant

12 GT12 ♀ P. vera Grafted plant

13 GT13 ♀ P. vera Grafted plant

14 GT14 ♀ P. vera Grafted plant

15 GT15 ♂ P. vera Grafted plant

16 GT16 ♀ P. vera Grafted plant

17 GT17 ♀ P. vera Grafted plant

18 GT18 ♀ P. vera Grafted plant

19 GT19 ♀ P. vera Grafted plant

20 GT20 ♀ P. vera Grafted plant

21 GF1 ♂ P. vera Grafted plant

22 GF2 ♂ P. vera Grafted plant

Gafsa (Tunisia) 23 GF3 ♀ P. vera Grafted plant

24 GF4 ♀ P. vera Grafted plant

25 GF15 ♀ P. vera Grafted plant

26 Battoum1 P. atlantica wild seedling

27 SB1 ♀ P. vera Grafted plant

28 SB2 ♀ P. vera Grafted plant

29 SB3 ♀ P. vera Grafted plant

30 SB4 ♀ P. vera Grafted plant

31 SB5 ♂ P. vera Grafted plant

32 SB6 ♂ P. vera Grafted plant

Sidi Bouzid (Tunisia) 33 SB7 ♀ P. vera Grafted plant

34 SB8 ♀ P. vera Grafted plant

35 SB9 ♀ P. vera Grafted plant

36 SB10 ♀ P. vera Grafted plant

37 SB11 ♀ P. vera Grafted plant

38 Matteur1 ♀ P. vera Grafted plant

39 Matteur2 ♀ P. vera Grafted plant

40 Irani ♀ P. vera Grafted plant

41 Battoum2 P. atlantica wild seedling

42 Battoum3 P. atlantica wild seedling
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Genetic relationships
Principal Coordinates Analysis (PCoA) was applied to the mar-
ker data by means of GenAlEx 6.502 program, to construct a 
bi-dimensional graphic representation of the genetic variabili-
ty of accessions agreeing to their genetic origin. Based on the 
similarity index, the Genedist program (Version 3-5726, PHYLIP 
Software) (Felsenstein, 1995) was used to produce a genetic 
distance matrix on the basis of the formula of Nei and Li (1979). 
Thus, the obtained distance matrix was imported into the PHY-
LIP Software (Felsenstein, 1995) to build the dendrogram 
based on the Neighbor-Joining (NJ) method (Saitou and Nei, 
1987). Tree View software (Page, 1996) was used to illustrate 
the phylogenetic dendrogram.

Population structure
For population structure analysis, Bayesian model-based cluste-
ring program STRUCTURE version 2.3.3 (Pritchard et al., 2000) 
was implemented to deduce the most relevant number of clus-
ters (k) to our analysis. The original data matrices were impor-
ted into the program and ten independent replicate runs for 
each k value were performed. Therefore, a possible number of 
genetic groups (k) in our sample set was investigated by Struc-
ture Harvester 0.694 (a web-based program) for collating 
results produced by the STRUCTURE program, which summa-
rized the results of repeated runs and given the optimal K value 
using the Evanno method (Evanno et al. 2005). In fact, Struc-
ture Harvester 0.694 (Dent 2014: web version) provided a fast 
way to estimate log-likelihood of k to choose the optimal k 
value (corresponding to the number of genetic groups that 
best fit the data).

Results

Polymorphisms of IRAP Markers and genetic 
diversity analysis
A total of 86 identifiable amplicons were generated using nine 
prescreened IRAP primer sets. The number of amplicons varied 

from 5 (LTR3) to 16 (LTR2) per primer, corresponding to an ave-
rage of 9.5 amplicons. The percentage of polymorphic bands 
(PPB) was 100 % for all used primers with the exception of LTR4 
whose percentage was 83.33 (Table 2).This result highlights a 
high degree of genetic diversity within the studied Tunisian 
pistachios. On the other hand, for every locus, the polymorphic 
information content was calculated. Values ranged from 0.379 
(LTR2) to 0.5 (LTR3) (Table 2).The resolving power (Rp) of the 
tested primers ranged from 0.422 (LTR1) to 11.095 (LTR8). This 
result disclosed the efficiency of the primers used to detect 
diversity at DNA level. Based on the studied IRAP markers, Hs 
and Ht were calculated for all examined loci. The average 
within-population genetic diversity (Hs) was 0.24 and the total 
diversity (Ht) was 0.3.Nei’s  Gst is generally used for describing 
the average amount of differentiation observed over multiple 
loci, the multi-locus values of Gst were equal to 0.275. On the 
other hand, the mean effective number of alleles (Ne), 
Shannon’s information index (I) and Nei’s genetic diversity (H) 
were equal to 1.529, 0.478, and 0.310, respectively (Table 2).

The assessment of the genetic variation within different 
geographic areas of pistachio showed an average observed 
number of alleles (Na), Shannon’s information index (I) and 
Nei’s genetic diversity (H) equal to 1.732, 0.35, and 0.229, res-
pectively (Table 3). The population El-Guetar displayed higher 
values of I (0.421), H (0.274) and genetic polymorphism (PPB: 
90.7 %) than the other two populations. In contrast, the popu-
lation of Gafsa exhibited lower genetic polymorphism (46.51), 
lower Shannon information index of diversity (I = 0.235) and 
lower Nei’s genetic diversity (H = 1.465). The average IRAP poly-
morphism in Tunisian pistachio population was important 
(73.26%). Nm estimation was performed on the 86 obtained 
IRAP loci. The mean value of gene flow (Nm) for all loci was esti-
mated by the formula 0.25× (1-GST)/GST. It is considered high 
since Nm> 1 (Nm =1.888).

Moreover, AMOVA was performed to test the significance 
of the partitioning of genetic variance between and within 
populations. The result indicated that variation was very high 

Table 2 
Genetic parameters of nine IRAP markers: TB: total number of bands; PB: polymorphic bands; PPB: percentage of polymorphic 
bands; PIC: Polymorphic information content; Rp: the resolving power of the primer. Ht: total gene diversity; Hs: mean genetic 
diversity within the population; Gst. the coefficient of gene differentiation; Na: observed number of alleles; Ne: effective number 
of alleles; I: Shannon information index of diversity; H: Nei’s genetic diversity.

Locus Sequences (5‘-3‘) TB PB PPB (%) PIC Rp Ht Hs Gst Na Ne H I

LTR1 ACCCCTTGAGCTAACTTTTGGGGTAAG 13 13 100 0.422 0.422 0.256 0.218 0.990 2 1.428 0.272 0.428

LTR2 CTTGCTGGAAAGTGTGTGAGAGG 16 16 100 0.379 7.476 0.236 0.185 0.152 2 1.353 0.237 0.387

LTR3 TGTTAATCGCGCTCGGGTGGGAGCA 5 5 100 0.5 7.308 0.387 0.343 0.097 2 1.701 0.388 0.565

LTR4 AGCCTGAAAGTGTTGGGTTGTCG 6 5 83.33 0.495 3.571 0.189 0.126 0.302 2 1.411 0.23 0.347

LTR5 CTGGCATTTCCATTGTCGTCGATGC 7 7 100 0.483 1.809 0.418 0.305 0.245 2 1.823 0.427 0.605

LTR6 GCATCAGCCTGGACCAGTCCTCGTCC 15 15 100 0.385 4 0.224 0.194 0.112 2 1.357 0.237 0.385

LTR7 CACTTCAAATTTTGGCAGCAGCGGATC 6 6 100 0.466 7.142 0.326 0.243 0.196 2 1.539 0.333 0.508

LTR8 TCGAGGTACACCTCGACTCAGG 11 11 100 0.463 11.095 0.365 0.278 0.241 2 1.575 0.332 0.576

LTR9 ATTCTCGTCCGCTGCGCCCCTACA 7 7 100 0.487 5.904 0.314 0.268 0.139 2 1.574 0.332 0.498

Mean - 9.555 9.444 98.15 0.453 4.047 0.302 0.240 0.275 2 1.529 0.310 0.478

total 86 85 - - 52.774 - - - - - - -
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within the populations (83 %) but low (17 %) among them 
(Table 4).

Genetic relationships
To increase the cluster analysis information, a multivariate 
approach was used. Fig. 1 illustrates the distribution of the eco-
types according to the first two components (axes1 and 2). 
Outcomes showed that almost 37.29 % of the total variability 
was described by the first three PCoA. Varieties were clustered 
in three different groups in PCoA plot: El-Guetar (pop1), Gafsa 
(pop2), and Sidi-Bouzid (pop3) (Fig. 1). This result is confirmed 
by the dispersion of cultivars exposed by the NJ tree (Fig. 2). In 
fact, the dendrogram classified the 42 studied accessions into 
three major clusters. The first one (I) contained all ‘El-Guetar’ 
genotypes (1-20). The second clade (II) represented all Gafsa 
accessions (21-25), and the third clade (III) grouped Sidi-Bouzid 
(27-37), ‘Irani’(26), and ‘Matteur’ varieties (38, 39) (Fig. 2). Other-
wise, phylogenetic tree with neighbor-joining (NJ) method 
depicted that groupings of Tunisian varieties were made inde-
pendently of the sex of the trees, but depending on their geo-
graphical origin and their breeding status. Indeed, El-Guetar 
and Gafsa varieties were clearly separated from those from 
Sidi-Bouzid. Moreover, the three ecotypes of Pistacia atlantica 
were placed in a separate subgroup in the third clade (Fig. 2).

Population structure
Population structure of the 42 Tunisian pistachio accessi-
ons was surveyed under the Hardy-Weinberg Equilibrium 
assumption, using STRUCTURE V2.3.3 software. Via a 
model-based Bayesian clustering, the log likelihood bet-
ween following k values (ΔK) exhibited a higher level of 
clustering at k = 2 for the considered pistachio accessions 

(Fig. 3b). The Structure at k = 2 enabled differentiating 
two major clusters (Fig. 3a). Cluster 1: included accessi-
ons from Sidi-Bouzid and wild pistachio accessions (Bat-
toum). Cluster 2 was made of accessions from El-Guetar 
and Gafsa. As it turned out from the clustering analysis, a 
clear differentiation based on the geographic origin arise. 
At k = 3 and k = 4, there was not a clear discrimination bet-
ween cultivars, although we observed heterogeneity in 
groups.

Discussion

IRAPs have been widely used to study genetic variability, gene-
tic relationships, and genetic material management (Techen et 
al., 2004). Retrotransposons are very abundant and scattered in 
the majority of plant genomes. The dispersal and ubiquity of 
these elements in plant genomes provide an extraordinary 
basis for improving molecular marker systems (Kalendar et al., 
1999; Waugh et al. 1997). Geological, topological and climatic 
variability are presented as an important factor in plant biodi-
versity. Thanks to this variability, the Mediterranean region is 
considered one of the cradles of biodiversity in the world 
(Myers et al. 2000). Among the Mediterranean regions, Tunisia 
is a center of diversification of several agricultural species whe-
re there are several cultivated varieties that often bear the 
name of a locality or that of a farmer. This diversity is of interest 
for species such as apricot, almond, pomegranate, date palm, 
pistachio.

The pistachio tree is one of the ancient plant species culti-
vated. It is a tree of great interest because of its productivity, 
the nutritional quality of its fruits and its ability to adapt to arid 

Table 3.  
Genetic Variation Statistics within different geographic region of Tunisian Pistachio revealed by IRAP markers 
NPB: number of polymorphic band; PPB: percentage of polymorphic bands; I: Shannon information index of diversity; H: Nei’s 
genetic diversity; Na: observed number of alleles; Nm gene flow.

Population N NPB PPB (%) I H Na Nm

El-Guetar 20 78 90.70 0.4213 0.2745 1.9070     -

Gafsa 06 40 46.51 0.2358 0.1556 1.4651     -

Sidi-Bouzid 16 71 82.56 0.3947 0.2570 1.8256     -

Mean 63 73.26 0.3506 0.2290 1.7325 1.8887

Table 4 
Analysis of molecular variance (AMOVA) of the pistachio accessions revealed by IRAP markers

Source df SS MS Est. Var. % P-value*

Among Pops 2 99.209 49.604 2.829 17% p<0.001

Within Pops 39 526.529 13.501 13.501 83% p<0.001

Total 41 625.738 16.330 100% p<0.001

df: Degree of freedom; P-value: probability of null hypothesis
*Significance tests after 1000 permutations
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Bat1 
Bat2 Bat3 

Fig 1 
Principal coordinates analysis (PCoA) for the first and second coordinates estimated for IRAP markers (Axis 1 and 2 explain 30 % 
of the total variability). Pop1=El-Guetar, Pop2=Gafsa and Pop3=Sidi-Bouzid.

 

Fig 2 
NJ dendrogram of Tunisian pistachio accessions constructed with Nei’s genetic distances based on IRAP alleles. Clade I (El-Gue-
tar), clade II (Gafsa) and clade III (Sidi-Bouzid).
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Fig.3 
Estimated population structure based in IRAP markers using STRUCTURE software. a: Population structure, each color indicates 
a Group with the same genetic background. Bold lines represent the limit of the two genetic groups. b: Mean log likelihood Ln 
P(X|K) as a function of the number of genetic clusters (K), in our case K = 2. Geographic origin: (1) El-Guetar, (2) Gafsa & (3) Sidi-
Bouzid.

A

B
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and semi-arid regions. Like the Maghreb countries, Tunisian 
pistachio trees are constantly threatened by various abiotic 
and biotic stresses that have far-reaching environmental and 
socioeconomic impacts.

The main reason for exploring the genetics of P. vera L. in 
this study was to document conclusively the strong intra-spe-
cific variation in Tunisia, there was not enough data on this 
subject. In addition, our previous study (Chatti et al. 2017), in 
which we used morphological parameters, did not give clear 
results regarding the genetic organization of the Tunisian pis-
tachio tree. The present study revealed a remarkably high level 
of genetic diversity in P. vera species based on IRAP markers. A 
total of 86 bands and 85 polymorphic bands with 98.15 % of 
polymorphism were detected in this species. This result shows 
clearly the abundance of IRAP amplification bands, which indi-
cates the large-scale dispersion of retrotransposons in the 
genome. Moreover, Nei’s gene diversity index (H) values within 
populations varied from 0.23 to 0.427 with an average of 0.31. 
Our study clearly reveals that there is wide genetic variability 
among Tunisian P. vera germplasm. In fact, all tested primers 
are efficient to detect DNA polymorphisms in pistachio germ-
plasm. This hypothesis is strongly supported in view of the 
high resolving power (Rp=52.774) and PIC (0.453) rates. Cluste-
ring and structure analysis based on IRAP markers indicated 
that Sidi-Bouzid population is most divergent from the other 
populations. The reason for this divergence can be its geogra-
phical background; the plant material was collected from the 
experimental orchard situated in the experimental station of 
the Agriculture Research Center (CRRA, Sidi-Bouzid). The gro-
wing region is characterized by a steppe Mediterranean type 
of weather with an annual rainfall of 200 mm and a reference 
evapo-transpiration of more than 1300 mm. The soil is heavy 
and calcareous and has a clay-sandy texture (Abidi, 2016). 
While the oasis of El-Guetar has a very old irrigation system 
flowing from the bottom of the Orbata Mountains. The pista-
chio tree, adapted to the environment of the region, is the sym-
bol of the city. Wild originally, it has been growing for thousands 
of years in Jebel Orbata. Thanks to Chott El-Guetar that has an 
area of 3730 ha, El-Guetar pistachios are closely associated 
with specific geological, geomorphological, and pedological 
features (Hachicha and Ben Aissa, 2014). The Chott acts as an 
evaporative system of various salts. These natural conditions 
give El-Guetar pistachios a special taste that distinguishes 
them from other regions. On the other hand, the mean value of 
gene flow (Nm) for all loci was very high since Nm> 1 (Nm =1.888). 
Gene flow is a process occurring both in time and in space, 
across pollen and seeds, which is strongly related to the horti-
cultural system (Hamrick et al., 1993). In pistachio, as angio-
sperm species, plastids are exclusively inherited maternally. 
Thus, plastid population genetic structure should be determi-
ned by gene flow from seeds (Ellstrand, 2014). In Tunisia, seeds 
are rarely exchanged among regions of pistachio cultivation. 
The vegetative propagation is widely used (Maggs, 1973). 
Therefore, between these locations, female varieties are 
exchanged in order to provide a warranty for production in 
unfavorable growing areas.

Conclusion

In conclusion, it is crucial to figure out the genetic polymor-
phism and variation among and within accessions to adopt the 
efficient plan for conservation and sampling management. In 
this study, IRAP marker, in theory comparable to the ISSR and 
RAPD marker, was an efficient system to assess genetic variati-
on and to detect polymorphism among P. vera accessions. The 
study of IRAP profiles of 42 accessions showed a wide genetic 
diversity in the Tunisian Pistachio germplasm and a clear pat-
tern of genetic variability could be elucidated between popu-
lations. This novel information is very essential for opening 
extensive horizons for growing new cultivars with developed 
chemical and horticultural features. In addition, our findings 
will be an important resource for the study of sex determinism, 
seed propagation and controlled crosses.
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