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Abstract: The spread of tissue culture date palm cultivation in Iraq in recent years has played

important role in reviving date palm cultivation. To study the genetic diversity of tissue culture d:
palm and match them with some Iraqi cultivars molecular markers for (SSR) and (ISSR) wre
used.The current study was conducted on ten date palm cultivars (five tissue-cultured cultiva
which are (Barhi, Saqai, Khalas, Zamli, and Maghrebi), and five vegetatively propagated cultiv:
which are (Barhi, Hasawi, Breem, Dieri, and Shukr). Five primers were used for ISSR techniq
(ubc815,ubc842, ubc858, 834, 825) and five primers for the SSR technique (SSR009, SSR016, 10:
270, GI1298295793). The results were analyzed using Jaccard's coefficient, and a dendrogram usi
the UPGMA method of NTSYS-PC program. ISSR results showed that 28 polymorphic bands a
18 monomorphic bands. The efficiency of the primers ranged between (14.2-25) %, polymorphi:
(57.1-100) . Except for primer 834, its indices decreased to the lowest level and reached (20%, 17.¢
%) respectively. SSR results showed 35 polymorphic bands and 34 monomorphic bands. T
efficiency of the primers ranged between (14.28-100) %, polymorphism (80-100) % .
primer GI298295793, its efficiency decreased to 8.57% .
cultivars propagated through plant tissue culture did not show significant genetic variation amo

Except :
It is concluded from the study that {

themselves, Therefore, this method can be adopted for productive propagation for date palms.
Keywords: Date palm, Genetic diversity, Molecular markers ISSR,SSR tissue culture.

Introduction

Palm tree cultivation is widespread in Iraq and
the Arab world. There are numerous varieties
of date palms, including commercial varieties
whose dates are exported internationally and

account for 85% of the total number of palm
trees(Al-Hamoud et al., 2023; Salah et al.,

84

2024). date palm tree reproduces through
sexual reproduction (by seed) and vegetative
reproduction through offshoots. A modern
method of vegetative propagation is tissue
culture, which produces a relatively large

number of plants genetically similar to the
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parent plant(Al-Khayri & Ibraheem, 2014; Al-
Qatrani et al., 2021).

Plants propagated through tissue culture are
produced in somatic embryogenesis((Al-
Qatrani et al., 2023; Suhim et al., 2023)) or
direct organogenesis(Alrazn et al., 2023). The
rate of genetic variation and differences in
tissue-culture of date palms depends on many
factors, including the propagation method
used, the genetic makeup, the plant part used
for propagation, and other factors(Ibrahim et
al., 2023).Genetic diversity refers to the
variation in genes within plant species.
that exhibit
different phenotypic traits, reflecting the
their
characteristics(Khoulassa et

Individuals  within species

genetic hereditary
2023).
Genetic markers are divided into several

diversity  in
al.,

categories, including molecular markers such
as DNA markers, and morphological markers.
Morphological markers were the first to be
used in studying genetic diversity(Begna &
Yesuf, 2021).

Determining  the

between date palm cultivars is paramount in

genetic  relationship
characterizing the genetic origins of date palm
trees and in breeding programs. A genetic
marker represents a crucial and unique
that
genetically analyzing cultivars and identifying
2014).
Molecular markers express data derived from

characteristic serves as a tool in

genetic  diversity (Sabir et al.,
DNA molecules. The tags facilitate individuals
who are outstanding in the progression of
DNA profiles and insights into the genetic
variation between taxa. Analyzing the genome
and indexing the differences in coding and
non-coding regions will produce information
related to polymorphism.The development of
various molecular markers has significantly
the

reaction (PCR).

introduction  of
This

progressed  since

polymerase chain
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technique is predicated on amplifying targeted
DNA sequences, utilizing specific or random
primers tailored for this function. As a result,
these markers can identify numerous loci, each
potentially harboring multiple
alleles.(Bhattarai et al., 2023).

Simple Sequence Repeats (SSR) technology,
often called Simple Tagged Microsatellite
Sites (STMS), represents a second-generation
These

markers exhibit a significant degree of

and contemporary DNA marker.

polymorphism. SSRs are adept at identifying
variations within DNA regions characterized
by simple sequence repeats.SSR technology
has been employed to develop genetic linkage
maps for numerous significant traits.
Additionally, it facilitated  the
differentiation of species, the determination of

has

gender, and the clarification of evolutionary

relationships. Compared to alternative
markers, SSR is regarded as the most efficient
method for investigating genetic diversity and
identifying genetic fingerprints.(Zhu et al.,
2016).

Molecular markers are regarded as effective
instruments for identifying genetic variations.
Various methodologies have been employed,
including Random Amplified Polymorphic
DNA (RAPD).(Al-Khalifah &  Askari,
2003),Inter-Simple Sequence Repeats
(ISSR)(El-Kosary et al., 2023), and Amplified
Fragment Length Polymorphism (AFLP)
(Rhouma et al., 2007). Research indicates
significant polymorphism exists among
various date palm cultivars. The Simple
Sequence Repeats (SSR) method has proven to
be the most effective technique for assessing
the genetic  variations  within
cultivars.(Al Khazraji et al., 2021)

Ibrahimi et al., (2024) undertook a research

investigation to uncover genetic variations

these

among male date palm trees in the Kingdom of
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Morocco. Utilizing 10 SSR primers, the
researchers generated 248 amplified bands, of
which 234 were identified as polymorphic,
accounting for 93.99% of the total. The
findings of this study indicated a significant
level of genetic diversity within the genetic
profiles of Moroccan male date palm
trees(Khoulassa et al., 2023). The research
focused on the genetic diversity of Moroccan
date palms through the application of SSR
technology, utilizing 13 primers that produced
208 amplified bands, corresponding to an
average of 16 bands per primer. The analysis
of the genetic tree indicated that the Moroccan
cultivars examined could be categorized into
four separate groups. Inter-Simple Sequence
Repeats (ISSR) technology is recognized as a
component of the Third Generation of DNA
markers.(Kumar et al., 2019). A semi-random
marker is utilized to amplify specific DNA
regions located between two microsatellite loci
by applying polymerase chain reaction (PCR)
and a single primer complementary to the
target microsatellite. Inter-simple sequence
repeat (ISSR) markers exhibit differences from
(SSR) markers
regarding their productivity and level of

simple sequence repeat
polymorphism. Additionally, the efficacy of
ISSR has been demonstrated across a wide
array of plant species and significant cultivars.
(Al Khazraji et al., 2021).

El Kadri et al.,(2019) A
investigation examined the genetic diversity
This
analysis involved 20 male cultivars and
utilized 10 the

assessment.The findings indicated that the

research

among male Tunisian date palms.

ISSR  primers for
genetic similarity coefficients varied between
0.491 and 0.873, suggesting the establishment
The
phylogenetic tree analysis further divided the

of genetically related clusters..

cultivars into 5 main groups. Some results have
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shown the effectiveness of ISSR technology in
detecting molecular polymorphism in date
palms, which means that the ISSR marker has
a high discriminatory power(Kadri et al.,
2022).

This study was proposed because there have
been few studies on the genetic conformity of
tissue-cultured and vegetative date palm
cultivars in southern Iraq.

Materials & Methods

The research was carried out at the College
of Agriculture, University of Basrah, in
2023.Ten date palm cultivars of economic and
productive importance cultivated in northern
Basrah Governorate were selected. Five
cultivars were propagated using plant tissue
(Barhi, Saq'i, Khalas,
Zamli, and Maghribi), and five cultivars were

culture techniques

propagated vegetatively (Barhi, Hasawi,

Brem, Diry, and Shukr), as shown in Table (1).
Table (1): Name, Region, and Code of the

Studied Cultivars
No. Name
propagated Geographical
. Code Lo
using plant distribution
tissue culture
. North
1 Barhi BRTSS basrah(qurna)
. North
2 Saqai SQTSS Basrah(masahb)
North
3 Khalas KHTSS Basrah(masahb)
. North
4 Zamli ZATSS Basrah(sadeeq)
5 Maghrebi MGTSS North Basrah(deer)
propagated vegetatively
. North
6 Barhi BRVEG basrah(qurna)
. North
7 Hasawi HAVEG basrah(quma)
8 Breem BEVEG  North basrah(deer)
. North
9 Dieri DRVEG basrah(sadecq)
10 Shukr SHVEG North
basrah(qurna)

The examined regions account for over 50% of
the varieties under investigation. The study
involved 30 date palm trees, averaging three
trees per variety.
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DNA Extraction

DNA extraction was performed at Wahj Al-
DNA Company for
Training/ Department of Molecular Biology/
Baghdad /Iraq, using the ZR Plant / Seed DNA
MiniPrep™ D 6020 - Zymo / USA kit. DNA
was extracted from the young leaves of the

Qualification and

cultivars, and the cultivars were coded (Table

1), The process involved measuring the purity

and concentration of DNA using a Nanodrop-

spectrophotometer at a wavelength of 260/280

nanometers (fig 1) (Sukumaran, 2011).

Table (2): The concentration and purity of
the DNA of date palm cultivars

Sample Code Nucleic acid 260 /280

ID con. (ug.ml purity

1

)
1 BRTSS 26.4 0.998
2 SQTSS 30.0 1.154
3 KHTSS 26.1 1.002
4 ZATSS 31.0 1.165
5 MGTSS 27.7 1.018
6 BRVEG 27.3 1.024
7 HAVEG 29.6 1.126
8 BEVEG 29.5 1.152
9 DRVEG 27.5 1.096
10 SHVEG 26.6 1.113

Sample Preparation

A total of 3 pl of the loading buffer (Intron /
Korea) was combined with 5 pl of the DNA
sample intended for electrophoresis (loading
dye). Following this mixing step, the resulting
solution was loaded into the gel wells. An
electric current of 7 V/em was applied for 1 to
2 hours, until the dye migrated to the opposite
end of the gel. Subsequently, the gel was
examined using a UV light source at a
wavelength of 336 nm after being immersed in
a solution containing 3 pl of Red Safe Nucleic
Acid Staining Solution and 500 ml of distilled
water.

87

Fig. (1): illustrates the gel electrophoresis of
genomic DNA extraction, conducted using a
1% agarose gel at a voltage of 5 volts per
centimeter for 30 minutes

ISSR —PCR amplification
Five primers (Alpha DNA, USA) were
selected for the DNA amplification by ISSR-
PCR (Ibrahimi et al., 2024) (Table 3). DNA
amplification was performed using a reaction
volume of 25 pl, which included 12.5 pl of 1X
Go Taq® Green Master Mix (Promega-USA).
This master mix contained 1.5 mM MgCI2, 10
mM Tris-HCI, 50 mM KCI, 200 uM of each
deoxynucleotide triphosphate, and 1 unit of
DNA polymerase. Additionally, 1.5 pL of
primer (10 pmol ml!), 9.5 pL of nuclease-free
water, and 1.5 pl of template DNA (100 pg ml°
' were incorporated into the mixture. The
amplification reactions were carried out in a
MultigeneTM  Gradient Cycler
(Labnet the
following conditions: an initial denaturation
cycle at 94°C for 5 minutes, followed by 45
cycles comprising a denaturation phase at

Thermal

International, Korea) under

94°C for 1 minute, an annealing phase at 36°C
for 1 minute, and an extension phase at 72°C
for 2 minutes. A final extension step was
conducted at 72°C for 10 minutes. The
resulting ISSR-PCR products were analyzed
via electrophoresis on a 1% agarose gel, with a
IKb DNA Iladder (SiZer DNA Markers,
Intron) included for reference. Visualization of
the bands was accomplished by staining with
0.5 pg mL! ethidium bromide for 15 to 30
minutes.The images digitally

gel were

recorded using a gel documentation system,
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and the molecular weight of the ISSR-PCR
products was determined by comparing their
sizes to those of DNA fragments from a 1 Kb

DNA ladder using the computer software
Photo-CaptMwt version 10.01(Ngezahayo et
al., 2007)

Table (3): The ISSR primers and their characteristics

No. Primer Sequence Tm (°C) GC(%)
1 UBC815 CTCTCTCTCTCTCTCTG 46.8 52.9
2 UBC842 GAGAGAGAGAGAGAGAYG 48.8 52.8
3 UBCS858 TGTGTGTGTGTGTGTGRT 53.1 47.2
4 834 AGAGAGAGAGAGAGAGYT 49.2 47.2
5 825 ACACACACACACACACT 51.4 47.1

SSR-PCR Amplification

A 5 date-palm specific SSR primer pairs
developed by (Feng et al., 2016), (Table 4),
Amplify the DNA using the same method
followed in ISSR-PCR. The SSR-PCR
products were subjected to electrophoresis
using a 1% agarose gel, along with the
inclusion of a 1IKb DNA ladder (SiZer DNA
Markers (intron). The products were visualized

through staining with ethidium bromide at a
concentration of 0.5 ug ml! for 15 to 30
minutes.The gel images were digitally
recorded using a gel documentation system,
and the molecular weight of the ISSR-PCR
products was determined by comparing their
sizes to those of DNA fragments from a 1 Kb
DNA ladder using the computer software
Photo-Capt Mwt version 10.01(Cerasela et al.,
2011)

Table (4): The SSR primers and their characteristics

No. Primer Sequence Tm (°C) GC(%)
1 SSRO09F AGTGATGATGAATTGAAAGAGC 51.1 36.4
SSRO09R CTCTCAAGTGTTGAAGGAACTC 53.1 45.5
SSRO16F GAATACTAAATGGGTGGAAGAA 50.1 36.4
? SSRO16R GCAAATAGATGTCCTTTAGGG 50.8 42.9
1036F CTTTGGTAAGCGAAGGCTGT 55.5 50
’ 1036R GCCATTTGTAAGCGGTTTGT 54.3 45
270F AGGTGGAAAATACTGTGCGG 55.3 50
! 270R TGTTTCTGCACCTCAACAGC 55.9 50
gi298295793F ATAGAATTCCCCGACGACAA 53.4 45
> £i298295793R GGCGGTTGAGATTGATAGGA 54.3 50
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Data Analysis

Polymorphic bands were accurately quantified
using the gel documentation system software,
with scoring conducted for each genotype.
Each distinct reproducible polymorphic DNA
band located at a specific position on the gel
was considered an individual character and
recorded as either present (1) or absent (0),
creating a binary data matrix. Data were then
computed with the SPSS program to produce a
genetic distance matrix which assesses the
similarity between any two populations based
on the number of generated bands using

Jaccard’ s similarity coefficient
2#Nyy
Ny+Ny

Genetic Distance= 1-(

1999)
Since Genetic Distance, represents the genetic

), (Atienzar et al.,

distance, Nxy represents the number of bands
shared between the two samples x and y, Nx
represents the total number of bands in sample
x, and Ny represents the total number of bands
in sample y. A cluster analysis diagram was
drawn according to the UPGMA method using
the NTSYS-pc
(Numerical Taxonomy System) to obtain a

ready-made program

phylogenetic tree or genetic distance tree(Otu
& Sayood, 2003).

Results & Discussion

Genetic diversity analysis

ISSR results showed 28 polymorphic bands
and 18 monomorphic bands.The efficiency of
the primers ranged between (14.28-25)%,
polymorphism(57.14-100)%,and
discriminatory power (22.22-27.77)%. Except
for primer 834, its indices decreased to the
lowest level and reached (20%, 17.85%, and
5.55%), respectively (table 1 and figure 2).
Based on the dendrogram (figure3), the
cultivars were clustered into three groups. The
first group included (Saqai, Zamli, tissue
culture Barhi, vegetative Barhi, and Maghrebi)
with a similarity percentage ranging between
(0.93-0.95) %. The second group included
(Hasawi, Breem, Khalas, and Shukr) with a
similarity percentage of (0.88-0.90) %. The
third group included only the cultivar Dieri

Table (5): The total count of polymorphic loci and the level of polymorphism produced by five

primers during ISSR-PCR reactions across ten varieties of date palms.

Primer Number  Polymorphic Polymorphism Primer Discrimination
of Loci Loci (%) Efficiency% Power%

UBCS815 5 5 100 17.85714 27.77778

UBC842 7 4 57.14286 25 2222222

UBCS858 4 4 100 14.28571 22.22222
834 5 1 20 17.85714 5.555556
825 7 4 57.14286 25 22.22222

28 18

89
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Fig. (2): The PCR-ISSR primers electrophoresis on a 2% agarose gel for 1 : 30 hour, utilizing
1x TBE buffer. A DNA ladder of 1000 base pairs was employed as a molecular weight

marker.
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0.55
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Similarity
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0L70

0.65-

Fig.(3): A dendrogram illustrating the
phylogenetic relationships among ten date
palm cultivars was constructed using Nei
and Li’s similarity coefficient, derived from
five ISSR primers

SSR results showed 35 polymorphic bands and
34 monomorphic bands. The efficiency of the
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primers ranged between (14.28-100) %,
polymorphism (80-100) %, and discriminatory
power (11.76-32.35) %. Except for primer
GI298295793, its efficiency decreased to
8.57% and its discriminatory power to 8.82%
(table 6 and Figure 4). Based on the
dendrogram (figure 5), the cultivars were
clustered into three groups. The first group
included (Saqai, tissue culture Barhi, and
Khalas) with a similarity percentage ranging
between (0.51-0.71) %. The second group
included (, Breem, Maghrebi, Zamli and
vegetative Barhi) with a similarity percentage
0f (0.37-0.76) %. The third group included the
cultivars (Shukr, Dieri and Hasawi) with a

similarity percentage of (0.42-0.75) %.
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Table (6): The total count of polymorphic loci and the level of polymorphism produced by five
primers during SSR-PCR reactions across ten varieties of date palms.

Primer Number Polymorphic Polymorphism Primer Discrimination
of Loci Loci (%) Efficiency% Power%
SSR009 5 4 80 14.28571 11.76471
SSRO016 11 11 100 31.42857 32.35294
1036 9 9 100 25.71429 26.47059
270 7 7 100 20 20.58824
GI1298295793 3 3 100 8.571429 8.823529

Fig (4) The PCR- SSR primers electrophoresis on a 2% agarose gel at S volts. Cen. for 1 : 30
hour utilizing 1x TBE buffer. A DNA ladder of 1000 base pairs was employed as a molecular
weight marker.
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Fig .(5) :A dendrogram illustrating the
phylogenetic relationships among ten date
palm cultivars was constructed using Nei
and Li’s similarity coefficient, derived
from five SSR primers.

DNA
instruments

technologies serve as effective

for  elucidating genetic
relationships among various plant cultivars.
Simple Sequence Repeat (SSR) markers,
their

outcomes,

recognized  for prevalence  and

unambiguous are frequently
employed in this context. ISS tags for palm
trees enable researchers to generate reliable
data  that the

differentiation of distinct cultivars.(Billotte et

molecular facilitates
al., 2004). Polymorphism can be attributed to
the fact that ssr technology is distinctive in
promoting genetic diversity. This process,
characterized by repeating single nucleotides
side by side, facilitates the appearance of
alleles at each
this
increased degree of genetic variation among
different cultivars.(Belaj et al., 2003). The

study suggests that the differences in genetic

multiple genetic

locus.Consequently, results in an

analyses are due to differences in DNA
sequences. Variations may include several
factors including mutations, chromosome
location changes, and the transition of genetic
elements within the genome (Williams ef al.,

1990).
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Conclusion

An investigation into the genetic diversity of
ten date palm cultivars was conducted utilizing
molecular markers through ISSR and SSR
methodologies. The findings indicated that the
molecular markers generated were reliable and
reproducible for assessing genetic diversity
among various date palm cultivars. In
summary, these techniques prove to be
effective in identifying genetic polymorphism
within date palm cultivars. The varying
responses of these cultivars to in vitro
propagation are influenced by their specific
genotypes. This knowledge can be leveraged
to enhance the effectiveness of date palm
breeding initiatives and create new cultivars
more appropriately adapted to particular
environmental  conditions and  market
demands. The study concluded that cultivars
propagated through plant tissue culture did not
show significant genetic variation among
themselves and with the plant cultivars,
especially with the famous cultivar that enjoys
the best economic value among the cultivars
(Barhi). Therefore, this method can be adopted
as one of the safest and most productive

methods for propagating palm trees.
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