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Abstract

The study involved seven lIraqgi date palm (Phoenix dactylifera L.) cultivars
propagated through tissue culture (TC) and two cultivars propagated by offshoots
(Offs). The internal transcribed spacer 1 (ITS1) region of nuclear ribosomal DNA
(nrDNA) was used as the marker for investigation. In an effort to institute genetic
relations between various date palm cultivars and uncover their molecular
evolution, trees were constructed using the "neighbor-joining” (NJ) and "maximum
parsimony" (MP) approaches. The variation in GC content in the ITS1 region was
recorded at 52-53%. The data suggests that transitions have a lower frequency
compared to transversions in this region, where the overall bias R for
transition/transversion has been estimated at 0.751. The aligned sequences of the
cultivars were identified to be 637 bp, and the divergence values were observed to
range between (0.0000%) and (0.0063%). Out of the nine cultivars, the aligned
sequences permitted us to pinpoint eight haplotypes. The outcomes refer to a
gradual demographic expansion for an Iraqgi date palm population that will arrive at
equilibrium after 0.6N generations. The research findings revealed that the Mir
alhajj TC cultivar exhibited the highest susceptibility and sensitivity among the
examined cultivars when propagated through the tissue culture technique. The
primary 2 constituents' multi-variate PCA analysis revealed that PC1 had a
variability of 0.9599 among cultivars and an Eigen value of 7.7099, whereas PC2
had a variation of 0.9766 and an Eigen value of 6.7500. Analysis of these I1TS1
sequences revealed that they offer adequate variability in characteristics to
investigate the relationships among genotypes and explore the evolutionary lineage
between the cultivars studied. Moreover, the observed diversity among closely
related genotypes provides robust evidence for the efficacy of ITS1 sequences in
figuring out relationships and identifying the evolutionary history of those cultivars.
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1. Introduction

The date palm, scientifically known as Phoenix dactylifera L., holds the distinction of
being one of the most ancient cultivated fruit-bearing trees. Its significance in the historical
region of Babylon, Irag, dates back to approximately 4000 B.C. At this time, these palm trees
were highly respected and celebrated for their durability and majesty. The date palm is one of
the world's oldest cultivars of trees and belongs to the genus Phoenix. The Phoenician
"Phoenix," which means date palm, and "dactylifera,”" which comes from the Greek word
"daktulos,” meaning a finger, are combined to give the botanical name (Phoenix dactylifera
L.) for the date palm [1]. Oasis agriculture is believed to have flourished primarily during the
earlier Bronze Age, about 3000 B.C., even though the oldest evidence of date palm planting
in southern Mesopotamia belongs to the third millennium B.C. [2]. As well, the date palm
also holds cultural significance for human beings in different nations of the world, especially
in dry regions such as North Africa. Although its exact origin is not always acknowledged,
evidence suggests that it probably happened near Iraq [2]. In addition to its cultural
importance, the date palm plays a crucial role in oasis agriculture, contributing to the
economic and ecological well-being of arid and semi-arid regions. There is proof that it was
once used as a food source and a medication [3].

Date palm is a significant tree crop in arid regions, contributing significantly to the
economies of many of these nations. The most common technique used for propagating date
palms involves offshoots. However, the advent of tissue culture propagation techniques led to
a significant expansion of date palm farms. While most tissue culture-grown trees are healthy
and maintain their genetic identity, some aberrant phenotypes are observed [4]. The Internal
Transcribed Spacer (ITS) region exhibits unique banding patterns [5] among the cultivars,
surpassing the discriminatory power of other molecular markers. However, a low degree of
genetic diversity is observed due to the similarity in banding patterns among offspring or
plants propagated through tissue culture. The significance of the ITS region stems from its
relatively high rate of nucleotide substitution, enabling the systematic comparison of cultivars
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that have diverged relatively recently [6]. Therefore, ITS region band patterns were used to
identify several phenotypically abnormal trees. Additionally, recent genetic variation can be
observed in variegated trees propagated through tissue culture.

Comparatively less genetic diversity exists in date palms than in their perennial
monocotyledon relatives. Despite previous findings indicating various chromosomes (2n = 2x
= 36) linked to tissue culture multiplication and the innate cultivar type [7], the date palm is
diploid. Duplication has been noted in conventional collections of genotypes, leading to a
mere 10% of the total number of cultivars globally being classified as unique and
commercially significant [8]. The marketing of preferred date palm cultivars has resulted in a
significant reduction in genetic diversity, ultimately promoting monoculture through
increased cultivation areas. High-density genomics techniques can address the urgent need
for characterising, conserving, and utilising international date palm collections [9].

Iraq has long been recognized as the world's leading producer of dates, with a rich history
of cultivating this crop. However, the country has faced a series of conflicts that have
negatively impacted both the yield and genetic diversity of the date palm. These factors have
significantly impeded Iraqg's capacity to maintain its top-tier status and role as a key producer
of dates. Nevertheless, Iragi researchers and authorities are currently engaged in coordinated
endeavours to mitigate the harm inflicted upon the crop during the preceding three decades
[10]. Therefore, endeavours are directed towards the safeguarding of the Iraqi date palm gene
pool.

Numerous investigations were performed with the aim of identifying Iraqi date palm
cultivars using morphological traits and molecular markers. The analysis of DNA markers in
Iragi date palms is still in its developmental phase. Jubrael [11] pioneered using DNA
markers to distinguish between cultivars at the (IPA) Centre for Agriculture Research in
Baghdad; nine female cultivars have been identified using Random Amplified Polymorphic
DNA (RAPD) markers, whereas eight male cultivars were discovered using the same
approach [12]. Additionally, the genetic variability among 30 cultivars of Iragi date palm was
evaluated using microsatellite markers [13]. With the use of eight Iragi date palm cultivars,
the researcher examined the performance of over 1,000 simple sequence repeat (SSR) pairs of
primers created by Hamwieh et al. [14], utilising genome sequencing data for this important
crop. Inter simple sequence repeat (ISSR) markers were also used to assess the genetic
relationships between 17 cultivars of Iragi date palms [15]. A variety of molecular markers
and other markers from these 17 cultivars collectively contributed insights to this study aimed
at understanding their genetic associations. Successful characterization of Iragi date palm
genotypes has been achieved. These markers have proven to be somewhat suitable for
identifying date palm varieties.

Given the potential constraints on phylogenetic interpretations resulting from the existence
of polymorphisms, it is imperative to conduct a thorough investigation of this situation. Over
the course of ten years, the utilisation of nuclear ribosomal DNA (nrDNA) sequences
obtained from the ITS region in most investigations due to high conservation in this region,
including ITS 1, 5.8S, and ITS 2, has served as the primary source of data for investigating
the lower-level evolutionary relationships between plant species [16]. In preliminary
investigations into ITS, variation yielded outcomes that were in accordance with the presence
of uniform nrDNA arrays within individuals, as observed by Baldwin [16]; Ainouche, and
Bayer [17]. This pattern was likely due to concerted evolution, which involves gene
conversion and unequal crossing [18]. Nevertheless, certain studies have shown that a range
of species exhibit intra-individual nrDNA variation. Although the rRNA genes were initially
believed to be quite stable, discovery in the 1980s revealed that the 5' and 3' external
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transcribed sequence ETS, non-transcribed spacer NTS, and ITS1 and 2 regions demonstrate
a significant degree of intra- and interspecies variability. As a result, they are exceedingly
valuable as markers in our phylogenetic and molecular evolution research at the population or
interspecies levels. However, further studies are required to investigate the genetic variation
and molecular features of different cultivars of date palm.

In this study, we have investigated the internal transcribed spacer 1 (ITS1) region of the
nuclear ribosomal DNA (nrDNA) in Iraqi date palm cultivars. The aim was to differentiate
among cultivars, some of which were propagated using tissue culture (TC) techniques, while
others were propagated through offshoots (Offs). This highlights the utmost importance of
preserving diversity to protect species that possess valuable traits. Therefore, we dedicated
significant effort at the beginning of our investigation to carefully selecting superior cultivars
with exceptional characteristics, specifically focusing on the most desirable among all the
cultivars in Irag. This was done in order to understand their genetic features and variations,
with the aim of improving and perpetuating them

2. Materials and methods
2.1. Cultivars of the Date Palms

This study compared the genetic structure among nine important date palm cultivars
overall. Seven of the cultivars were propagated via tissue culture (tc), while the other two
were propagated from offshoots (offs). These nine significant cultivars were selected for
analysis in this study. These cultivars were chosen based on their commercial value, with a
focus on consumer preferences and fruit market demands. The original Arabian
nomenclaturas of date palm cultivars have led to a variety of spelling and pronunciation
changes; for the sake of this study, the most often used spelling was employed. "Barhi tc",
"Khalas tc", "Majhool tc", "Majhool offs", "Maktomi tc", "Mir alhajj tc", "Mir alhajj offs",
"Showaithy tc", and Um alduhan tc were the chosen fruiting cultivars, listed in alphabetical
order.

2.2. Plant materials

Samples of contemporary leaflets were collected from a range of sources for each of the
nine chosen cultivars. These samples were derived from four different locations in Baghdad
and Al-Anbar (table 1). For each of the nine cultivars, five leaves measuring 10 to 15 cm
were randomly selected. Only healthy, well-established, and well-characterized trees that
were between 10 and 15 years old were used as the source of these samples. To determine
which cultivar these chosen trees belonged to, experts from the stations of date palm from the
Ministry of Agriculture, Baghdad University, and Janet Al-Nakheel Company Laboratory in
Irag provided assistance. The collection of samples took place during the summer growth
season, precisely in the middle of September 2022.

2.3. DNA Extraction

Total genomic DNA was isolated from the whole young leaflets, with a size of 20-100
mg, that were purified from impurities and frozen under liquid nitrogen using the
FavorPrep™ Plant Genomic DNA Extraction Mini Kit (Korea).

2.4. Electrophoresis of DNA sequence on agarose gel

The fundamental concept of agarose gel electrophoresis encompasses the process of
segregating nucleic acids based on their charge and size. In this methodology, the
electrophoresis gel is treated with a red-light compatible staining solution to visualize the
separated DNA fragments. Subsequently, the gels underwent the process of being exposed to
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70 volts and 65 amperes for an hour. The DNA was observed by viewing it under a UV
transilluminator in 1X TBE buffer [19].

2.5. Amplifying PCR and the (nr ITS1) region

A PCR premix kit (Intron/Korea) was used for PCR amplification, which contained 2.5U
I-Tag DNA Polymerase, 2.5 mM DNTPs, 1X reaction buffer (10X), and 1X gel loading
buffer. The PCR amplification mixture of the specific reaction for diagnosis gene was
performed in a total volume of 25 pl containing 1.5 pl of DNA, 5 pul Taq PCR PreMix, and 1
ul of each primer (10 pmol), then 16.5 ul of distilled water was added into the tube for a total
volume of 25 pl. The primers used for the amplification of PCR reactions were performed
using universal ITS5 (5-ATGATAACTCGACGGACCGC -3') and ITS2 (5
TCTTCGAGCCCCCAACTTTC -3") primers, designed by [20]. The following procedures
for thermal cycling were used: Using a thermal cycler (Gene Amp, PCR system 9700;
Applied Biosystem), the reaction was first denaturated at 95 °C for 5 min, then it went
through 35 cycles of 95 °C for 45 sec., 57 °C for 1 min., and 72 °C for 1 min., with the final
extension 2 occurring at 72 °C for 5 min. Following staining with red safe dye (Intron
Korea), all PCR products were separated using 1.5% agarose gel electrophoresis and
visualised under ultraviolet light (302 nm). Sequences were compared with the GenBank
database using the Basic Local Alignment Search Tool (BLAST) at the National Centre for
Biotechnology Information (NCBI) site (http://www.ncbi.nih.gov).

2.6. Sequence analysis

The sequences of the nine annotated accessions were submitted to the National Centre for
Biotechnology Information (NCBI) Gen Bank (Accessions numbers: 0Q911644.1,
0Q9116461, and from 0Q911648.1 to 0Q911655.1 for the small subunits of 18S nrDNA of
the ITS region; Table 1). MEGA version 11.0.13 [21] was used to evaluate the nucleotide
sequences after they had been aligned using the DAMBE programme version 6 [22]. The
verification of alignment was conducted manually, and an estimation of pairwise sequence
divergence among cultivars in the ITS1 region was made utilising a "Maximum Composite
Likelihood" method, as outlined by Tamura, et al. [23]. GC content was calculated for each
sequence online by Biologics Corp. at ( https://www.com /tools/GCcontent/).

The distance matrix that ensued was subsequently calculated in order to produce
phylogenetic trees utilising the "Neighbour-Joining” (NJ) method, as according to [24].
Utilising 1000 bootstrap replications, the "Neighbour-Joining" and "Maximum Parsimony"
(MP) trees were created. Instances that included gaps and mismatches were removed from the
dataset via the Complete Deletion option. Calculated the consistency indexes (Cl), retention
indexes (RI), and homoplasy index (HI) [25]. The equation R= [A*G*kl T*C*k2]/[(A+
G)*(T + C)] was used to estimate the transition/transversion ratio ti/tv, wherein A, G, C, and
T indicate the frequency distribution of the four nucleotides [23]. The analysis provides the
number of substitutions per site for nucleotides observed across the sequences.

Indices of polymorphism and demographic history were determined through analysis of
the aligned sequences using DnaSP software, 5.10.01, developed by Librado, and Rozas [26].
To quantify the genetic diversity among cultivars within the ITS sequences, the nucleotide
diversity indices (Pi) [27] and the haplotype diversity indices (Hd) [28], along with their
respective standard deviations (SD), were employed. The evaluated average (pairwise
nucleotide differences) (K) for selective neutrality was evaluated by means of Tajima's D
statistic [29] as well as Fu and Li's for D* and F* methods developed by [30]. However, to
evaluate the demographic parameters using the distribution of pairwise sequence differences
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(mismatch distribution) of site [31] frequency spectra (distribution of the allelic frequency at
a site) of [29], in addition to population size change and population time, The Sn(t) and value
of Sn(t)/al for the anticipated number of segregating sites among 10 sequences were derived.
S2(t), the expected number of sites separating two sequences, and S2(t)/al represent the
average number of pairwise differences. Thus, the expected number of time generations to be
in equilibrium was estimated. The multi-variate PCA (principal component analysis) scatter
chart plot has been included using DAMBE version 6 [22]. As well, the graphical display of
the genetic relationship among the cultivars of date palms that were identified by the
detection of haplotypes was carried out using the (NETWORK) programme 4.6.1.0, as
described by. Bandelt, et al. [32].

3. Results and Discussions
3.1. Genetic diversity analysis
3.1.1. length of sequence and GC content

The amplified segment, with a stretch of approximately 600 bp, corresponds to the internal
transcribed spacer 1 (ITS1) region. The BLAST results authenticate and confirm the
symmetry of the sequences as ITS regions in the palm cultivars. The length estimation is not
consistent with previous findings by Mainaa et al. [5] that the average length of the Tunisian
date palm is 442.7 bp. While the length estimate is consistent with prior studies that have
been reported for other species, including members of the Asteraceae family, where the entire
ITS region's length discrepancy varied from 650 to 750 bp [33] and 600 bp for Quercus
species by Bellarosa et al. [34], the ITS region generated from the species Ficus carica, on
the other hand, has an average length of 697.5 bp, as discovered by Baraket et al. [6]. Kehie
et al. conducted a comprehensive analysis of the complete ITS sequence from the Naga King
Chilli, revealing an average length of 620 bp [35]. Similar investigations in different plant
taxa, such as Cucurbita pepo at 187 bp and Cucumis sativus at 229 bp, have been reported
[36]. As well as differences in wheat (597 to 605 bp) and barley (595 to 598 bp) length [37].

In fact, the range of GC content percentages on record in the ITS1 region was 53%—

52%, with an average of 52.7 for all cultivars studied. While Cytosine remained consistent
across all cultivars studied, it appears that the difference in GC content may be totally
attributable to the fluctuation of the nitrogenous base Guanine. (see figs. 1, A, and B).
Actually, it appears that the date palm's rDNA didn't undergo methylation, as in the
Cucurbitaceae family, as reported by Hemleben, et al. [38]. It is noteworthy that the GC
content obtained from this study may be compared to that determined in Tunisian date palms,
which varied between 49% and 49.7% across an entire ITS region [5]. Consistent with
various other plant species belonging to the Asteraceae family, the average GC content across
the entire ITS region was found to be 51% [33]. Additionally, the higher level observed in
Ficus carica L. with the GC content based on regions of ITS1, ITS2, and (5.8S genes) varied
from 53.4 to 68, 52.3 to 67.7, and 46.7 to 56.6, respectively [6]. Notably, the depressed
variation in the GC content of ITS1 indicates homogeneity among various cultivars,
corroborating the high conservation grade of Iraqgi date palms. However, adaptation to the
environment makes it evident that ITS are subject to selective pressure and temperature.
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Table 1: Iragi date palm samples accessions, query number, number and type of substitution
seguence, and percentage of identical

Cultivar Type O.f Location  Nucleotide S equence ”.3 Sequence ID with Id_entl
substitution with Submission compare ties
. Transvertion 439 C\A
Majhool offs . ID:0Q911644.1 ID: XR_005510437.1 99%
Transvertion 455 G\T
. . Transition 562 C\T
Mir alhajj offs . ID:0Q911646.1 ID: XR_005510437.1 99%
Transition 677 A\G
Transvertion 298 C\A
Showaithy tc Transition 337 A\G ID:0Q911649.1 ID: XR_005510437.1 99%
Transvertion 608 A\T
. Transvertion 735 T\G
Majhool tc . ID:0Q911650.1 ID: XR_005510437.1 99%
Transvertion 784 C\A
Barhitc - e e ID:0Q911651.1 ID: XR_005510437.1 100%
Transvertion 304 A\T
Miralhajtc | ransition 423 O\ 1D.0Q911652.1 ID: XR 005510437.1  99%
Transition 562 C\T
Transition 677 A\G
Transvertion 645 G\T _ _ .
Um alduhan tc Transition 694 e ID:0Q911653.1 ID: XR_005510437.1 99%
Transvertion 349 T\A
Maktomi tc Transition 350 G\A ID:0Q911654.1 ID: XR_005510437.1  99%
Transvertion 406 C\G
Khalastc =~ ----------- —ee- ID:0Q911655.1 ID: XR_005510437.1 100%
(A)  GC content distribution = 53% ~(B)  GC content distribution = 53%

~ Full length (637)\ G (29%)) C (24%) * Full length (637)\ G (28%)\ C (24%)

Figures 1: show percentage and variation of GC distribution among rDNA sequences of Iraqi
date palm cultivars. A=53% \ B=52%

3.1.2. Variability of Nucleotide composition and mutations

Purine bases had a transition/transversion ratio of K1 = 1.809, while pyrimidine bases had
K2 = 1.12. For all bases, a total transition/transversion ratio (R) of 0.751 was found.
According to Baraket et al. [6], the transition/transversion ratio R observed in the ITS1 area
is equal to the value discovered after analysing the complete ITS region in Ficus carica of
0.7, and in addition to Lolium and Fescue complex accessions, R was 0.94 [39] but less than
those found in wild barley (7.4) and wheat (6.90) [37]. As well, the Asteraceae family (ti/tv)
was 1.43 [33] and Capsicum sp. was 3.746 [35]. The various substitutions found are listed in
Table 2, which demonstrates that transitions rather than transversions are more common in
Iragi date palm RNA. The transitions G\A and C\T occur more frequently than A\G and T\C
transitions, while transversions C\A and T\A are more recurrent than other transversions, as
shown in Table 1. The outcome presented is discordant with the findings of [5] in the
Tunisian date palm due to transitions occurring with greater frequency compared to
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transversions, which exhibit a contrary trend. The observed genetic differences could have
arisen from stress exposure of the callus tissue during cell culture conditions, or may have
had an epigenetic basis, potentially leading to an elevated occurrence of uncommon
nucleotide transversions between purine and pyrimidine bases. However, the Mir alhajj
cultivar exhibits a high degree of sensitivity to chemical materials used during tissue culture
propagation.

The diversity in the constitution of the nucleotide sequence alignment of the Internal
Transcribed Spacer 1 (ITS1) restricted within a 637 (bp) character matrix has demonstrated
the existence of 621 preserved sites in conjunction with 16 variable sites, composed of 14
singleton sites and 2 informative sites (parsimony) at positions 289 and 404. The ITS
sequences have nucleotide frequencies that are adenine (A): 0.238 = 23.88%; thymine (T):
0.229 = 22.97%; cytosine (C): 0.242 = 24.25%; and guanine (G): 0.289 = 28.90%, while in
the Asteraceae family are (25%), (24%), (26%), and (25%) for A, T, C, and G, respectively,
with an average GC of 51%, as reported by Amar, et al. [33]. Whereas the nucleotide
frequencies of Tunisian date palm cultivars were A of 0.247, T of 0.256, C of 0.276, and G of
0.219 [5]. On the other hand, [6] reported that the fundamental compositions in Ficus carica
for A, T, C, and G were 19.7%, 18.6%, 31.4%, and 30.2%, respectively. Whereas [35]
evaluated the nucleotide frequencies in "Naga King Chilli" and observed that the frequencies
for adenine, thymine, cytosine, and guanine were respectively 18.85%, 17.56%, 33.95%, and
29.64%.

Table 2:nucleotide substitution rates inferred from the nrDNA ITS1 region

A T C G
A - 6.59 6.95 14.24
T 6.85 - 8.56 8.29
C 6.85 8.11 > 8.29
G 11.76 6.59 6.95 -

NOTE:* Each entry in the provided data represents the probability of substitution (r) from
one base (row) to another base (column). Transitional substitutions are denoted in bold, while
transversional substitutions are shown in italics.

The ITS1 sequences of the nr DNA provided evidence of a genetic modification. The
study of nine cultivars revealed the presence of eight haplotypes. The diversity of haplotypes
(Hd) and nucleotides (p), along with their standard deviation, are shown in Table 3.
Calculation was performed on the sequences, resulting in the determination of estimates of
0.972 + SD 0.064 and 0.00611 + SD 0.00231, respectively. The calculation of pairwise
nucleotide differences (K) yielded a value of 3.889, indicating a relatively high level of
polymorphism compared to findings from other researchers. However, the ITS region
displayed a limited degree of genetic diversity. Conversely, Ficus carica at 35.34 and
Capiscum sp. at 9.267 recorded noteworthy average pairwise nucleotide differences (K),
suggesting that these specific species' ITS genomes have significant levels of polymorphism
[6, 35]. However, it must be noted that the values reported by Mainaa, et al. [5] (0.686) were
comparatively smaller.

The analysis of genetic distances utilising the "Maximum Likelihood Composite (MCL)"
method resulted in a range of values from 0.0000 to 0.0062, with a mean value of 0.0027
(Fig. 2). Notably, no distance of (0.0000) was observed for the "Barhi tc" and "Khalas tc"
cultivars, indicating a remarkable degree of similarity in their ITS sequences. Furthermore, a
significant level of resemblance was found among the "Majhool offs", "Majhool tc", and "Um
alduhan tc" cultivars, with a distance of 0.0031, whereas a distance of 0.0047 was recorded
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between the "Showaithy tc", "Maktomi tc", and "Mir alhajj offs" cultivars. However, the "Mir
alhajj tc" gene displayed the greatest distance, as evidenced by the higher value of 0.0063,
indicating its marked dissimilarity from other cultivars.

Table 3: tests for neutrality and polymorphism based on the ITS1 region of Iragi palm

cultivars

Phoenix dactylifera sequences The value
No. of sequences 9

Length of alignment 637 bp

monomorphic patterns 621

Variable characters 16

Singleton variable sites 14

parsimony 2

H 8

Variance of Hd 0.00409

Pi+ SD 0.0061 + 0.0023

Hd £ SD 0.972 £ 0.064

Pi(JC) 0.00613

Theta (per site) from Eta 0.00924

K 3.889

R2 statistic 0.0768

"Sn(t)" 0.891

value of "Sn(t)" 0.328

"S2(t)" 0.259

average of "S2(t)/al" 0.259

Tajima’s D -1.64543 (0.10 > P > 0.05)
Fuand Li’s D -1.71785 (P > 0.10)
Fuand Li’s F -1.90378 (P > 0.10)

Fu’s Fs statistic -3.471

PCA1 variance 0.9599% with an Eigen value 7.7099
PCA2 variance 0.9766% with an Eigen value 6.7500

Phylogenetic trees are constructed through the utilisation of both "Maximum Parsimony

(MP)" and "Neighbour-Joining (NJ)" methodologies. The parsimony analysis uncovered 39
trees, resulting in the most parsimonious tree at 16 steps in length. The subsequent evaluation
of this tree produced a "consistency index (CI)" value of 1.000, a "retention index (RI)" value
of 1.000, and a "homoplasy index (HI)" of 0.000, thus signifying the non-existence of
homoplasic characters within the analysed sequences.
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Figure 2: Neighbour Joining tree and distance among Iraqi date palm cultivars based on the
ITS1 sequences of the rDNA ITS region

The evolutionary history was inferred using the maximum likelihood method. The
generated tree, with a maximum likelihood value of -984.58, illustrates the clustering
percentages of related cultivars. The "Neighbour-Joining" dendrogram demonstrates that the
palm cultivars are grouped into two primary groups. The first group is comprised of "Mir
Alhajj tc" with a distance of 0.064 and "Mir alhajj offs" with a distance of 0.031. The second
group covers all other cultivars, with a significant variance in distances for all varieties in
"Showaithy tc" and "Maktomi tc" at 0.0047 distance and a noticeable similarity between the
three cultivars "Majhool tc", "Majhool offs", and "Um alduhan tc" at 0.0031 distance. While
no distances (0.0) were observed among the two cultivars, "Barhi tc". and "Khalas tc".
Notably, these groupings reflect the continual variability characterising the studied cultivars.
In fact, the cultivars are not grouped based on their geographical origin or the method of plant
propagation. Regardless of the propagation technique, there seems to be a genetic
underpinning for all the palm cultivars. Our findings support the findings of the same
molecular markers used on Tunisian date palms by [5].

3.2. Molecular evolution
3.2.1. Tests for selective neutrality

For selecting neutrality, two commonly employed techniques are the Tajima test [29] and
the Fu and Li test [30]. According to our study, the negative but not insignificant results of
Tajima's D -1.64543 (0.10 > P > 0.05) and Fu and Li's D -1.71785 (P > 0.10) and F -1.90378
(P > 0.10) tests (Table 3) are consistent with previous findings. The relationship among
mutation and gene drift in the investigated sequences may be anticipated to explain the
Tajima and Fu & Li tests, in which the nr DNA sequences did not show significant deviation
from an equipoise neutral model. Statistically, our findings for Fu [36] were negative (-
3.471), and the Fu and Li parameters provide no evidence to suggest that the places under
study reject neutrality, meaning that there is no proof for a rapid recent expansion in the
population size. The nucleotide diversities identified in Iragi date palm demonstrate a
relatively elevated level as compared to the values obtained by Mainaa, et al. [5] from
Tunisian date palm (Pi = 0.00155, Hd = 0.552), but they are lower when contrasted with
values reported for other species, as Ficus carica had an Hd value of 0.996 and value of
0.072, as well as in Capsicum sp. Hd value of 1 and a Pi value of 0.01499) [6], [35]. No
evidence of recombination was observed between contiguous sites with a recombination
parameter, R, equal to zero.
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3.2.2. Mismatch distribution

The curve of distribution of date palm mismatches over the entire dataset indicates that the
population size of date palms has been slowly expanded. Moreover, Harpending's raggedness
[31] and the Ramos-Onsins statistic [41] (r = 0.1134 and R2 = 0.0768) have supported these
findings (Figs. 4, A and B). In addition, the negative worth of Fu's Fs does not show that the
cultivars of date palm in Iraq have recently had a significant population expansion (Table 3).
As depicted in Fig. 3, the mismatch distribution curves do not seem to align with the notion
of a recent and rapid demographic expansion of these sequences. Instead, the ITS1 sequences
appear to be indicative of an older evolutionary trajectory.

1 Fu's Fs: -3.471
0.8 1 P:0.027 £
7] s Obs
0.6
0.4
0.2
[
0 1 2 3 4 5

Allelic Frequency

Figure 3: displays the frequency spectrum of rDNA sequences discovered in date palm at
ITS1 sites. The distributions determined for neutrality and balance (mutation drift) appear in
the spectrum as solid lines.
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Figure 4. Mismatch distribution of palm population. (A) displaying the observed distribution
expected values for Population Size Changes(PSC) with an initial theta of 0.000 and a final
tau of 3.889. and (B) have a start theta of 0.000, a final theta of 1000, and an ultimate tau of
3.889.

3.2.3. Population Size Change of the date palm

Between the nine sequences, Sn(t), the anticipated number of segregating sites was 0.891,
with a Sn(t)/al value of 0.328. S2(t), the anticipated average number of pairwise differences
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among two sequences, was determined to be 0.259, and an average for S2(t)/al of 0.259. The
nine cultivars' segregating sites are expected to be in equilibrium with those expected in a
population after 0.6 N generations. (Figure 5). In contrast to the conclusion by Kitavi [42],

Snt/al

0 2N 4N 6N 8N 10N
Time in generations

Figure 5: Mismatch distribution of palm population. showing the projected distribution and
measured distribution of pairwise shifts for a population expansion model with start theta
0.000, final theta 1000, final tau 3.889, and time 0.6N generations.

when examining the African bananas in a community that stayed in balance up until the ninth
generation, the number of segregating sites among the 89 varieties was greater than
anticipated. The Sn(t) value was 2.713, the Sn(t)/al quotient was 0.536, the S2(t) value was
assessed at 0.259, and the average S2(t)/al value was 0.25. Whereas Tajima, [43]
demonstrated that the rate at which variation increases is relatively slow, particularly when n
= 2. Specifically, it requires 1.4N generations for this figure to halve from its maximum
value. Conversely, when n = 100, this process takes only 0.5N generations. Furthermore, the
researcher suggested that larger sample sizes lead to the number of segregating sites
increasing at a faster rate.

3.2.4. Distribution of haplotypes according to ITS1 sequencing

The haplotype network, as depicted in Figure 6, which is according to the internal
transcribed spaserl sequences of the nr DNA, reveals a conspicuous evolution of Iraqgi date
palms from an inherited haplotype. The network of relationships showed interconnections, as
reflected by the central positioning of the founder haplotype structure represented by the
"Barhi tc" cultivar. This network structure underscores the genetic cohesion among these date
palm varieties. Consequently, it can be inferred that the "Barhi tc" cultivar represents an
ancestral for other cultivars.
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Figure 6: the ITS1 sequences' indicated network of haplotypes, shows interconnectedness
among the cultivars. The hatch marks are proportional to the number of mutations.

The haplotype serves as the ancestor of the residual sequences that have undergone
changes over the course of evolution. The substitutes for the Barhi tc cultivar were
enumerated in the following manner: four with "Mir alhajj tc", three with "Maktomi tc" and
"Showaithy tc" cultivars, and two with "Majhool tc", "Majhool offs", "Um alduhan tc", and
"Mir alhajj tc". Additionally, the analysis also illustrates a network connecting the haplotype
"Mir alhajj tc" cultivar with the "Mir alhajj offs" cultivar, with other branches indicating the
occurrence of numerous substitutions. The five substitutions were taken between "Maktomi
tc" and each of "Majhool tc", "Mir alhajj offs”, and "Um alduhan tc", as well as between
"Showaithy tc" and both of "Majhool tc", "Majhool offs", "Mir alhajj offs", and "Um alduhan
offs". Moreover, the four substitutions comprised a rotation between "Um alduhan tc" and
both of "Majhool tc", "Majhool offs", and "Mir alhajj offs", and between "Majhool offs" and
both of "Majhool tc" and "Mir alhajj offs", and between "Mir alhajj tc" and "Mir alhajj offs".
The hatch marks in Figure 6 correspond to the number of mutational occurrences, reflecting
the antiquity of the date palm trees in Iraqg.

3.2.5. principal component analysis (PCA)

The scatter plot obtained from the principal component analysis (PCA) of the first two
components, PC1 and PC2, derived from the ITS1 region showed that PC1 accounted for a
variance of 0.9599 among the cultivars and had an eigenvalue of 7.7099. In contrast, PC2
exhibited a variance of 0.9766 and an eigenvalue of 6.7500. Similar to the investigation of
Moroccan date palms conducted by Ibrahimi, et al. [44], the analysis of the combined data
from SSR and DAMD markers revealed that the first three axes were (7.3%), (5.75%), and
(4.38%), respectively. While [45] utilised morphological markers to identify a variation of
31.86% with an Eigen value of 4.67 for PC1. Additionally, at an Eigen value of 4.63, PC2
exhibited a variance of 17.93%. As with the other analyses, no clustering based on collection
location or propagation methods was observed. Similarly, groupings similar to those
identified in the phylogenetic tree were apparent in the outcomes of the PCA scatter diagram.
Although the Iraqgi date palm varieties have been widely cultivated for a long time, the use of
principal component analysis (PCA) has demonstrated that the cultivars possess diverse
relationships among themselves. Furthermore, the dendrogram's topology and the cultivars'
distribution in the PCA analysis have shown that continuous morphological alternation with
more frequency than genetic diversity usually characterises the germplasm of Iragi date palm
(Fig. 7). This outcome is in line with the NJ phylogenetic tree in Figure 2 and the haplotype
distribution in Figure 6.
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Figure 7: Analysing the 9 date palm cultivars based on ITS1 region using PCA

The results of our study indicate the existence of a common genetic basis across different
date palm genotypes, albeit with some molecular variations. This study's results are close to
aligning with previous papers analysing the Tunisian date palm [5] and Moroccan date palm
[44]. The ITS investigated in this particular study exhibited lower levels of polymorphism
patterns in comparison to other researchers that have employed different molecular tools on
Iragi date palms, as demonstrated by [11, 15, 46] utilizing "RAPD" markers, [13, 47-48]
ALFP markers, and [13-15] using microsatellite. Other studies have focused on lIraqi date
palm characteristics [49-50].

Conclusion

All the conclusions derived from our inquiry indicate that all the examined cultivars are
descended from a shared progenitor, despite the presence of specific genetic differences.
Especially when it concerns cultivars propagated through tissue culture, there is evidence that
contradicts assertions suggesting that tissue culture will give genetically identical individuals.
However, the findings suggest that tissue culture might result in additional genetic variety,
which would then manifest itself in the phenotypic and productive traits of palm plants.
Notably, the ITS technique, especially with plants created through tissue culture, is a useful
tool with easy and rapid DNA markers for early detection of genetic variants. Moreover, it is
crucial to gather molecular information regarding every cultivar cultivated in Iraq using
multiple genetic markers. Therefore, a thorough understanding of the extent and distribution
of genetic diversity is crucial for assessing the genetic predisposition of a cultivar. While the
long-life cycle of the date palm poses a significant challenge for genetic studies and
conventional breeding efforts, a more robust assessment of the existing genetic diversity is
still needed. The slow lifecycle makes genetics research difficult, emphasizing the need for
more thorough characterization of available genetic variation. In order to gain a
comprehensive understanding of Iragi palm genetics, the genetic sequences of these cultivars
were recorded in the NCBI Gene Bank.
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