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panel using ISSR markers (ii) classify of studied regions and identify 
distinct regions (iii) structure analysis of date palm germplasm using 
Bayesian approach.

Materials and Methods
Plant material, DNA extraction and quantification

Seventy genotypes were chosen randomly from 7 locations 
(Bushehr, Fars, Hormozgan, Kerman, Khuzestan, Morocco, Persian 
Gulf Basin) in Iran (Table 1). �e frozen young leaf tissues of date palm 
collected from each genotype were �rst cleaned carefully with distilled 
water to remove the waxy layer. �en, 45 mg of leaf sample was cut into 
small pieces and ground into a �ne powder using liquid nitrogen. �en, 
DNA was extracted from 45 mg of dried leaf tissue. �e samples were 
ground to a �ne powder in a Tissue Lyser II homogenizer (Qiagen) in 
the presence of steel balls. DNA was extracted using the DNeasy Plant 
Minikit (Qiagen) following the manufacturer’s instructions. DNA 
quali�cation was checked by electrophoresis on 1% agarose gel. �e 
gels were stained in ethidium bromide and visualized under UV light 
by a NanoDrop spectrophotometer.

DNA fingerprinting by ISSR primers

Ten of 12 anchored ISSR primers were given reproducible bands 
used in current research. �e main characteristics of using the ISSR 
primers are summarized in (Table 2). Polymerase chain reaction (PCR) 
was carried out in a total reaction mixture of 25  µl of the mixture 
contained 4 ng.µl genomic DNA, 1U of Taq DNA Polymerase, 1 × PCR 
bu�er, 2 mM of each dNTPs, 2.5 mM MgCl2 and 4 µM of each primer) 
[20]. DNA ampli�cation was performed in a 96-well thermal cycler 
(Veriti®, California,  USA). Under the following conditions: initial 
denaturation at 94°C for 5 min, 32 cycles (denaturation 94°C for 45 s, 
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GenAlEx version 6.503 [21] was used to analyze genetic diversity 
parameters related to each population, including the number of 
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maximum value of polymorphic loci (67.69%) (Table 4). In order to 
understand the genetic structure of the association panel, a model-
based Bayesian approach in the STRUCTURE so�ware was used to 
assign each genotype to the corresponding subgroup. �e group of 
70 date palm genotypes was partitioned into seven subgroups (Figure 

2A). �ese subgroups included Red (Diri and Deglet nour genotypes), 
Green (5 male rootstock genotypes), Pale blue (Halileie and Khasoueie 
genotypes) and Mixed (the rest of the studied genotypes) based on each 
genotype Q value (Figure 2B and Table 1).

 Primer
Sequence

Number of loci  Polymorphic loci Monomorphic loci PIC value(%)

P1 8 7 1 26
P2 5 4 1 29
P3 5 4 1 10
P4 10 8 2 17
P5 5 3 2 16
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Discussion
�e date palm can be assumed as an important fruit crop due 

to its great potential to generate income in extreme environmental 
conditions and unproductive lands. As well as, there are vast and 
worthy cultivars and genotypes of it have been planted in southern 
regions of Iran for many years [24]. Accordingly, characterization of 
date palm germplasm from Iran is a prerequisite for its improvement 
through breeding programs. �is study implemented ISSR markers to 
�ngerprint date palm genotypes from six regions (provinces) of Iran, 
accompanied by a genotype from Morocco. �e current study implies 
that ISSR markers are e�ective tools to discriminate various date palm 
genotypes. Several studies reported the e�ciency of ISSR markers in 
�ngerprinting and distinguishing date palm genotypes (Srivashtav et 
al. 2013; Marsafari and Mehrabi 2013;  Purayil et al. 2018; Abdelaziz 
et al. 2020). In this research, the percent of polymorphism revealed by 
ISSR markers was 70.76% (46 loci out of 65 detected loci), meanwhile 
previously reported as 28.6% by Hussein et al. [25], 64.1% by Adawy et 
al [14], and 95% by Marsafari and Mehrabi (2013).

�e most important parameter proposed to calculate for a molecular 
marker data set is the polymorphism information content (PIC) value 
that measures the ability of a marker to detect polymorphisms and has 
enormous importance in selecting markers for genetic studies [26]. 
Herein, P10 among studied primers possessed the highest PIC value 
and will be e�ectively recommended to evaluate date palm germplasm. 
�e average PIC (19.4) observed in the present work is comparable with 
previous reports by Purayil et al. (2018) and Abdelaziz et al. (2020), 
with values of 0.23 and 0.45, respectively. Despite low PIC values, 
these ISSR markers can be utilized to estimate relationships between 
varieties based on their geographic origin [27]. �e pairwise Nei 
genetic identity between studied regions was calculated and then PCoA 
analysis revealed four major clusters for studied regions. In this regard, 
the region “Morocco” has been constructed as a separate class which is 
logical. �ere was no coincidence between geographical distribution 
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the in situ found in the regions and con�rms the need to conserve this 
valuable resource.
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