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Abstract 

The date palm is regarded as one of the most important economic fruit trees worldwide. The 

experiment was carried out to find the fingerprint and variance for eight date palm cultivars. 

Utilizing fruit's morphological characteristics and molecular (Simple Sequence Repeat) 

markers. The molecular markers of SSR primers yielded 152 bands, with an average of 25.33 

bands per primer. The results showed that there were 51 polymorphic alleles in total, with a 

range of 1 to 6 alleles in the genotype loci and an average of 8.5 alleles. This resulted in a 

percentage of the total polymorphism of 100%. Additionally, primers produced distinctive 

bands totaling 18 distinct bands for the cultivar. Major allele frequency was on average 0.313. 

Genetic diversity was measured using a value of 0.794, which shows that cultivars have a 

high level of genetic variation. The expected mean heterozygosity was 0.875, while the mean 

value of the information content was 0.766 for polymorphisms. According to the results of the 

morphological study, there were two groups that contained cultivars. Hilali and Sultani 

recorded the highest level of genetic similarity between them, totaling 0.967, while Khalas 

and Nabtat Seif recorded the lowest level, 0.722. Date palm cultivars are distinguished from 

one another using morphological traits and molecular SSR markers. 
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Introduction 

Phoenix dactylifera L, a date palm, is a 

member of the Arecaceae family. The fruit 

tree is a subtropical one. It is a blooming 

monocotyledonous plant. Its cultivation is 

widespread in Iraq and other Middle 

Eastern countries. (9). There are over 5000 

date palm cultivars worldwide, and there 

are 600 cultivars in Iraq. Despite the 

classification and registration of many of 

these cultivars in Iraq, there are still others 

that are not registered at this moment. This 

led several researchers to record these 

cultivars using genetic markers. (1) Simple 

sequence repeats (SSR) are one of the most 

significant and prevalent molecular 

markers nowadays. They are utilized for 

genetic mapping, fingerprint identification, 

and the detection of genetic variability (31) 

SSR marker is a co-dominant and highly 

reproducible DNA marker it has a high 

degree of polymorphism; it is abundant 

and evenly distributed in eukaryotic 

genome (30). Sixteen microsatellites were 

used to genetically describe 18 date palm 

cultivars in Libya. These results in 110 

bands and an average of 6.88 bands per 

primer, of which 28 bands are unique and 

peculiar to some cultivars. The number of 

bands for each primer ranged from (4–11), 

and the average percentage of 

polymorphism varied from 81%. (26). 

A study conducted by Zehdi-Azouzi et al. 

(34) to evaluate the genetic diversity of 

domesticated and wild date palm cultivars 

in coastal areas of Tunisia used 18 

microsatellites primers, which produced 

125 bloated bands with an average size of 

6.94 bands per locus or primer. This work 

demonstrates how genetic diversity can 

provide a thorough understanding of the 

genetic variety of local structures and their 

distribution. Nine SSR primers were used 

to generate 39 bands, a range of 3 to 5, and 

an average of 4.33 bands, which were used 

to characterize 12 Tunisian date palm 

cultivars (21).  

The use of morphological markers is one 

of the first markers that researchers relied 

on classifying plants since ancient times, 

and a botanical key was assigned to it to 

facilitate its use in the study of genetic 

diversity, as it depends on finding 

differences between individuals based on 

phenotypic traits such as fruit or leaf traits 

and others, It is one of the easiest and least 

complicated ways to distinguish between 

individuals (3). The genetic link between 

Nigerian palm trees and palm trees from 

the Maghreb and the Middle East was 

shown using principal sequence 

coordinates (PCoA) analysis, with the 

Maghreb cultivars being more diversified 

than the Middle East cultivars. Nigerian 

cultivars were 86% more similar to 

Tunisian cultivars (32). Assessed the 

phenotypic diversity among 26 palm 

cultivars in Algeria using principal 

sequence coordinates analysis. The 

vegetative features of the leaf and a few 

fruiting traits were identified as the 

primary components of the variance, and 

cluster analysis revealed the presence of 

three fundamental groups. The similarity 

levels varied from 0.064 to 1.148 for the 

vegetative traits and from 0.036 to 1.256 

for the fruiting traits, revealing a 

significant amount of phenotypic variation 

among cultivars. (7). The study aimed to 

determine the genetic fingerprint and 

genetic variation of eight cultivars of rare 

date palm grown in central Iraq, based on 
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some molecular and morphological 

markers. 

Material and Methods 

Plant materials 

This work was conducted on eight 

cultivars of date palms in several regions 

of central Iraq (Table 1). Date palm 

cultivars were chosen from good palm 

orchards during the 2022 growing season 

that is distinguished by an agricultural 

service in which all agricultural activities 

are carried out in accordance with the 

techniques employed in the palm groves, 

using high-quality standards to choose 

cultivars that were as similar as possible. 

The chosen cultivars had the closest 

potential resemblance in age and 

vegetative growth stage. The work was 

done at the University of Basrah – College 

of Agriculture Biotechnology Laboratory 

and Date Palm Research Center.   

Procedures 

In the molecular analysis, three samples 

from fresh, newly produced, pathogen-free  

Leaves of each cultivar were collected. 

Samples were collected from the places 

where the cultivars were grown (Table 1). 

These Preparation plant samples were 

chopped into little pieces (1-2 cm) and 

dried at room temperature. 

 In preparation for eventual DNA 

extraction, they were mechanically ground 

into a fine powder and stored in the 

refrigerator. 

According to (18) the CTAB technique 

was used to extract DNA. Utilizing the 

Nano Drop ND-2000 (THERMO 

SCIENTIFIC, USA) spectrophotometer at 

260 nm, DNA efficiency and quality were 

assessed, and purity was calculated using 

the A260/A280 ratio. There were utilized 

ten SSR markers, which are listed in 

(Table 2) along with some information 

about them. 

The SSR-PCR program's primers were 

those listed in Table 2, and the reaction's 

components were " Go Taq® Green 

Master Mix   (1 x) 12.5 μl , primer (1.0 

μM) 2 μl , template DNA (50ng) 2 μl, 

Sterile distilled water 8.5 μl." The final 

volume of the reaction was 25 l, and the 

reaction ingredients were put in an 

Eppendorf PCR tube. Reaction tubes were 

labeled from the top with the cultivar 

number and from the side with the primer 

number, and the additive sizes were as 

specified in the protocol (11).  

The Next program was used to do the PCR 

reaction: One cycle at 95 °C for 5 min, 

then 35 cycles of doubling, 30 sec. at 95 

°C to denature the DNA template, 45 sec. 

for primers to bind to DNA at (49-57 °C), 

and 60 sec. for primer elongation at 72 °C. 

After that, a last cycle lasting 10 minutes at 

72 °C was performed for ultimate 

elongation. In order to ensure consistency, 

the PCR reaction was carried out twice for 

each primer. 

For the electrophoresis of the PCR 

replication products, an agarose gel was 

prepared by dissolving 2 g of agarose 

powder in 100 ml of TBA solution to 

achieve a 2% concentration. The transfer 

solution (1X TBE) in the electrophoresis 

basin was applied to the agarose gel plate, 

and then 7 μl (2 μl of Bromophenol Blue 

Loading dye and 5 μl of PCR product) 

were injected into the designated holes in 

the gel that have been formed by the comb 
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trail under the TBA solution. In order to 

compare and determine the molecular 

weights, a thin Promega 100 bp DNA 

ladder was inserted into each one of the 

holes. For two hours, the relay electrodes 

were wired to the power supply at a 

voltage of 65V and a current of 80 Ma, 

after that, high-definition digital photos 

and gel documentation were utilized.  

Table 1. The cultivars under study, the place of collection and the coordinates of 

the site 

 

Table 2. SSR Technology Primers Characteristics. 

Primers 
name 

Primers 

Sequenceing 

Annealing 

temperature 

(°C) 

Source 

PDCAT6  
F: AATCAGGGAAACCACAGCCA 

R : GTTTAAAGCCTTCTCAAGATAGCCTCAG 

53  Akkak et 

al( (4  

PDCAT18 

 

F : CCTAAACCTGAATGAATCAAAGCA 

R : ACTAACATAAGGACAGTGCTATGTGATTG 
54 Akkak et 

al( (4  

MPdCIR010 

 

F: ACCCCGGACGTGAGGTG 

R: CGTCGATCTCCTCCTTTGTCTC 
55.9 Billotte et 

al. ( 8) 

MPdCIR048 

 

F: CGAGACCTACCTTCAACAAA 

R: CCACCAACCAAATCAAACAC 
51.4 Billotte et 

al. ( 8) 

MPdCIR070 

 

F: CAAGACCCAAGGCTAAC 

R: GGAGGTGGCTTTTGTAGTAT 
48.7 Billotte et 

al. ( 8) 

mPDCIR70 F : CCATTTATCATTCCCTCTCTTG 

R: CTTGGTAGCTGCGTTTCTTG 
51.8 Billotte et 

No. Cultivar name Cultivar location Cultivar Coordinates 

 

1 

 

Brim red Karbala, Hussainiya palm station 
Lat: N 32˚. 68473 

Lon: E 44˚. 09955 

 

2 

 

fard white Karbala, Hussainiya palm station 
Lat: N 32˚. 68378 

Lon: E 44˚. 10064 

 

3 
NabtatSeif Karbala, Hussainiya palm station 

Lat: N 32˚. 68404 

Lon: E 44˚. 10017 

4 Sultani Karbala, Hussainiya palm station 
Lat: N 32˚. 68354 

Lon: E 44˚. 10016 

 

5 
Hilalli Babylon – Tourist 

Lat: N 32˚. 39563 

Lon: E 44˚. 53092 

6 Khalas Babylon - Abu Sedira palm Station 
Lat: N 32˚. 63089 

Lon: E 44˚. 42167 

7 Khestawi Babylon – Tourist 
Lat: N 32˚. 39563 

Lon: E 44˚. 53092 

8 Tabarzal Babylon – Tourist 
Lat: N 32˚. 39701 

Lon: E 44˚. 59516 
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al. ( 8) 

mPDCIR78 

 

F : CCCCTCATTAGGATTCTAC 

R: GCACGAGAAGGCTTATAGT 
49.3 Billotte et 

al. ( 9) 

30s101A F : CACGACGTTGTAAAACGAC 

R: GGGATAATGTTGTTGCTCCG 
60 Al-Mamari 

(6) 

DP157 F : TGGACAATGACACCCCTTTT 

R: GCCCACACAACAACAACCTCTCT 
54.6 Elmeer et 

al(11) 

DP175 F: ACACACACACACACACACACACC 

R : GTGGCTTCTTTTTGGCTGTC 
57.6 Elmeer et 

al(11) 

Ten fruits from each cultivar were selected 

to be measured for the morphological 

properties of the fruits in the ripening 

stage. Ten characteristics were represented 

by average fruit size (in cm), average fruit 

diameter (in cm, average fruit weight (g), 

average seed weight (g), average seed 

length (cm), average seed width (cm, 

placement of the hilum on the seed (in the 

center, in the semi-end, and at the end), 

shape of the median groove in the seed (in 

cm, wide, tight, and deep), and ripening 

date (1- early, 2- Medium, 3- late ). 

Data analysis: 

To determine the bands emerging from the 

PCR reaction, the graphical analysis of the 

molecular study data was performed using 

the Gel Analyzer 2010a application. The 

molecular weights of the bands ranged 

from (60 - 950) bp, according to the DNA 

Ladder 100 bp volume index, which was 

used to estimate them. In order to analyze 

and determine how many different bands 

there were, the data was entered into the 

Excel application. (2 and 14). A binary 

matrix has been created using the obtained 

data. Based on the presence and absence of 

the band, the molecular data matrix is 

constructed (1 assigned to present and 0 

assigned to absent). With the use of the 

Jaccard coefficient and the set of 

unweighted pairs method with arithmetic 

average (UPGMA) analysis, a dendrogram 

of the genetic relatedness among eight 

cultivars was created. Using Power Marker 

V3.25 software (20) and STRUCTURE 

version 2.3, molecular findings were 

analyzed to determine gene diversity, 

major allele frequency, polymorphism 

information content (PIC), and genetic 

distance between cultivars. 

The morphologically acquired data were 

examined to identify the traits that 

influence the total variance.  Principal 

component analysis (PCA) was performed 

using Past 3 software (16). Following the 

transformation of the morphological and 

proximal data into interval data and the 

calculation of similarity matrices using the 

Euclidean coefficient, these matrices were 

used to create a tree diagram. 

Results and Discussion 

SSR analysis 

According to the results (Figures 1 and 2), 

six out of ten primers successfully 

amplified the samples, yielding 152 bands 

with an average of 25.33 bands per primer 

(Table 3). Furthermore, the bands' 

molecular weights ranged from (60 to 950) 

bp. The DP175 had the most output, 52 

bands total, and the 30s101A had the 

lowest output, 10 bands total. The number 

of bands produced when the DNA template 

is amplified by the primer used differs 
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depending on how well the primer binds to 

the plant genome and is based on 

nitrogenous base components in each 

primer, due to the variation in the number 

of bands that various primer binding sites 

with plant genomes produce (5 and 28) 

Furthermore, all primers demonstrated 

polymorphic bands and locations among 

genotypes, totaling 51 and an average of 

8.5 bands per primer. The DP175, with 18 

polymorphic bands, had the bands most, 

while the primers (MPdCIR010, 30s101A, 

MPdCIR048) had the bands fewest, with 

five bands with a variety of formalities. 

(Table 3).  

The primers gave a percentage of total 

polymorphism of 100%, indicating that 

these primers are effective at detecting 

genetic variation between cultivars. This 

variation in the number of bands produced 

by the primers used has resulted in form 

polymorphism among the resulting bands 

for all cultivars under consideration, as the 

primers produced bands of polymorphism 

in all cultivars with a polymorphism 

percentage of 100%. This shows the 

effectiveness of the primers employed in 

the investigation of genetic diversity and 

their compatibility with the genome of the 

cultivars of palm trees grown in Iraq.  

These findings are in consistent with other 

researchers (13 , 34 and 33) also accounted 

for the high degree of polymorphism found 

in microsatellite chains as being the cause 

of the phenomena known as uneven 

crossing in the microsatellite region and 

the reason for the occurrence of this 

proportion of high variances (10).  

Furthermore, the primers generated unique 

bands with a total of 18 distinct bands for 

the cultivar, with the DP175 primer 

generating the most distinct bands (8 in 

total), with molecular weights varying 

from cultivar to cultivar. No distinctive 

bands were produced with the MPdCIR070 

primer. Since unique bands quickly give 

highly discriminatory results, they reduce 

cost and effort. A cultivar's genetic 

fingerprint must also be determined when 

there is not a band of that cultivar present 

in order to compare it to other cultivars. 

Unique bands typically show up more 

frequently in primers with the highest 

polymorphic bands between cultivars. 

Furthermore, while less frequently, primers 

that produce fewer bands can nonetheless 

show discrete bands (24). 

 Knowing that these distinctive bands can 

be used as a marker for differentiating 

between cultivars and identifying the 

genetic fingerprint of the cultivar allows 

one to distinguish between those that have 

them from those that do not. 

The effectiveness of primers and their 

capacity for discrimination varied from one 

primer to another. The DP175 had the 

highest efficiency rate, 34.21%, while the 

30s101A had the lowest efficiency rate, 

6.56%. Additionally, the discriminatory 

ability of the primers was measured; 

DP175 had the highest discriminatory 

ability, which came to 35.30%. and the 

lowest discriminatory ability was 9.80% 

recorded by (MPdCIR010, 30s101A, 

MPdCIR048), this is because it recorded 

the fewest number of polymorphic bands. 

(Table 3). 

The primer's diagnostic capacity and 

effectiveness express its capacity to 

identify the degree of variations in the 

sequence of nitrogenous nucleotides inside 

the target genome. By dividing the number 

of bands produced by the primer by the 

total number of bands, the effectiveness of 

the primer can be calculated. The more 

bands the primer produces, the more 
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effective it is. The strength of the 

diagnostic primer increases with the 

number of divergent bands generated by 

the primer, revealing a wide range of 

variations in the genome that the primer 

was designed to target. (29) 

The primers detected 51 alleles in total, 

with an average of 8.5 alleles detected per 

locus (Table 4). Different primers (SSR10, 

SSR0A, and SSR48) had 5 alleles each, 

while primer SSR75 had 18 alleles. 

Additionally, the main allele's mean 

frequency was 0.313 and ranged from 

0.250 to 0.438. Predicted heterozygosity, 

often known as genetic diversity, is used to 

gauge how frequently applied genetic 

diversity occurs in a variety of population 

genetics contexts (27). It ranged from 

0.719 to 0.844 with a mean of 0.794 

employing SSR  

  

MPdCIR010 DP175 

Figures 1.  PCR amplification of MPdCIR010 and DP175  in 8 date palm 

cultivars on 2% agarose gel,M=100bp plus DNA ladder ( 1.Brim red  2. Khalas  

3. fard white  4. NabtatSeif  5. Hilalli  6. Khestawi  7. Tabarzal  8. Sultani ) 
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PDCAT6 MPdCIR070 

Figures 2.  PCR amplification of PDCAT6 and MPdCIR070  in 8 date palm 

cultivars on 2% agarose gel, M=100bp plus DNA ladder ( 1.Brim red  2. Khalas  

3. fard white  4. NabtatSeif  5. Hilalli  6. Khestawi  7. Tabarzal  8. Sultani ) 

Table 3. The total bands, their similar and different numbers, and the percentage 

of Polymorphism, as well as the efficiency ratio of SSR primers and their 

discriminating ability. 

primers 

no 

total 

bands 

no of 

bands 

Poly 

morphism  

bands 

Unique  

bands 

Poly 

morphism   

% 

Primer 

Efficiency

% 

Primer 

Discrimination 

power % 

PDCAT6 31 12 12 2 100 20.41 23.53 

DP175 52 18 18 8 100 34.21 35.30 

MPdCIR010 18 5 5 2 100 11.84 9.80 

30s101A 10 5 5 4 100 6.56 9.80 

MPdCIR048 14 5 5 0 100 9.21 9.80 

MPdCIR070 27 6 6 2 100 17.77 11.76 

total 152 51 51 18    

Mean 25.33 8.5 8.5 2.33 100 16.67 16.66 

 

Markers amplified with the cultivars 

eight. High levels of genetic variety were 

present in the cultivars. 

De Giorgio and Rosenberg (10) noted 

that these values were greater than those 

found in the eight Omani cultivars; this 
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might be because Iraqi cultivars are more 

divergent than Omani cultivars. The eight 

types' heterozygosity was determined to be 

0.875, and the markers' polymorphism 

information content values ranged from 

0.680 to 0.826, with an average of 0.766. 

Heterozygosity and PIC results revealed 

high levels that performed better than those 

obtained by (6). Replication slippage is 

thought to occur more frequently than 

single nucleotide mutations and 

insertion/deletion events, leading to the 

generation of the polymorphisms detected 

by RAPD analysis. The emergence of this 

high level of diversity is expected to occur 

due to the unique mechanism responsible 

for the generation of SSR allelic diversity 

by homologous slip (23). Based on the 

results of primer amplification, a cluster 

analysis was done to determine the genetic 

relationship between cultivars, and Figure 

3 shows that association. As a result of the 

study, the cultivars were divided into two 

main groups, A and B. Group A contained 

four cultivars since the Sultani was linked 

to a sub-cluster that contained the 

Tabarzal, which was linked to the other 

two cultivars (Hilalli and Khestawi). 

Regarding group B, the four cultivars were 

dispersed in a secondary cluster. The 

cultivar Nabtat Seif was connected to a 

cluster that also contained Khalas, and was 

connected to branch that merged the two 

cultivars (Brim red and Fard white). 

Measurements of genetic dimensions were 

made to assist in establishing a genetic 

foundation. Through (Table 5), which 

displays the values of the genetic 

dimension between the cultivars, it is 

possible to investigate the genetic 

relationship between cultivars. The genetic 

distance between the two cultivars (Hilalli 

and Khestawi) with the lowest genetic 

distance was 0.333. The genetic distance 

between the two cultivars (Tabarzel and 

Khestawi) was also recorded. This 

indicates that the cultivar Khestawi is 

closely related to the other two cultivars 

(Tabarzel and Hilalli). The presence of a a  

Table 4. Name of the primer, major allele frequency, genotype and allele 

counts, gene diversity, heterozygosity, and polymorphism information content 

(PIC) using six SSR markers 

PIC Heterozygosity 
Gene 

Diversity 

Allele 

No 

Geno type 

No 

Major.Allele 

.Frquency 
Marker 

0.825 1.000 0.844 12 31 0.250 SSR6 

0.826 1.000 0.844 18 52 0.250 SSR75 

0.747 1.000 0.781 5 18 0.313 SSR10 

0.680 0.625 0.719 5 10 0.438 SSR0A 

0.785 0.750 0.813 5 14 0.250 SSR48 

0.735 0.875 0.766 6 27 0.375 SSR70 

0.766 0.875 0.794 8.5 25.33 0.313 Mean 
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Figure 3. Genetic tree dendrogram based on  six SSR data 

shared genetic component between these 

cultivars, which may be a phenotypic or 

non-phenotypic trait, is shown by their 

genetic affinity, The Brim red cultivar and 

three other cultivars (Hilalli, Khestawi and 

Tabarzel), had a genetic distance of 1.000, 

which was the highest ever observed. The 

relationships that develop among a group 

of organisms that descend from a common 

ancestor can be visualized by creating a 

relationship tree and identifying genetic 

dimensions. Groups that are near to one 

another are placed in branches that are 

close to one another, and the distance 

between them indicates how closely related 

they are. Even so, this approach is an 

approximation, 

The model-based Bayesian clustering 

approach developed in the STRUCTURE 

(25) was used to identify demographics 

and partition the date palm inputs into 

various groups. The optimal number of 

groups (ten runs at each K) was obtained 

by running a mixture and a relevant 

frequency model for a grouping range of K 

values from 1 to 10. The genetic makeup 

of several date palm  

 

Table 5. Genetic distance among the eight palm cultivars based on six SSR 

markers. 
 
cultivars Brim 

red 

fard 

white 

Hilalli Khalas Khestawi NabtatSei

f 

Sultani Tabarzal 

Brim red 0.000        

fard white 0.417 0.000       

Hilalli 1.000 0.750 0.000     

Khalas 0.500 0.500 0.632 0.000     

Khestawi 1.000 0.833 0.333 0.882 0.000    

NabtatSei

f 

0.667 0.583 0.833 0.833 0.833 0.000   

Sultani 0.917 0.833 0.667 0.833 0.583 0.750 0.000 
 

Tabarzal 1.000 0.833 0.583 0.882 0.333 0.750 0.583 0.000 
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genotypes is investigated using models 

with two (K = 2) to six (K = 6) clusters. 

The change rate in the log likelihood 

between successive K values (DK) for the 

analyzed date palm accessions revealed 

minimal clustering at all K values (Fig. 4). 

Across all K values, there was no 

difference between date palm inputs from 

various geographic groups. 

The genetic structure of the date palm did 

not alter within the K = 2 to K = 6 

genotype range. This result is consistent 

with other studies that used SSR markers 

to analyze the genotype and genetic 

diversity of a varied global collection of 

date palm accessions (21). The origins of 

six separate societies are represented by 

the stratification of the most likely value of 

k. There was room for up to six entries, 

each with eight cultivars; the levels of 

genotypes were represented by vertical 

lines that were different colors. The many 

colors are seen as multiple groupings made 

up of different genotypes, as opposed to 

the lengthy single colors, which represent 

genetically identical individuals. 

According to Figure 4, each color 

corresponds to a potential progeny from 

which the genotype is derived. 

Morphological study: 

Table (6) depicts the physical 

characteristics of the fruits of eight date 

palm cultivars used in the analysis of the 

Principal components. Table (7) shows the 

values of the main components, indicating 

that there are four main components that 

contributed to explaining the cumulative 

variance. PCA was used to estimate certain 

significant characteristics, such as the 

proportion of variance for primary 

components and the proportion of the 

contribution of phenotypic traits to 

variance. 

The first component, which made up 

87.04% of the total variance, was primarily 

and favorably related to two aspects fruit 

weight and pulp weight. The shape of the 

groove and the placement of the hilum on 

the seed were adversely connected with 

this important component. The second 

component (6.36% of the total variation) is 

favorably influenced by the length, 

diameter, and form of the groove in the 

seed. The variance was only slightly 

influenced by the third and fourth 

components (3.38% and 2.33%, 

respectively). 

 

 

 

Fig 4. Model-based clustering utilizing Bayesian analysis among 8 date palm 

cultivars based on allelic variations at 6 SSR loci . 
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Table 6. Morphological characteristics of the fruits of the eight palm cultivars 
 

cultivars 

Fruit 

length 

(cm) 

Fruit 

Diameter 

(cm) 

Fruit 

Weight 

(gm) 

Pulp 

weight 

(gm) 

Seed 

Weight 

(gm) 

seed 

length 

(cm) 

seed 

width 

(cm) 

location 

of the 

hilum 

on the 

seed 

shape 

of 

groove 

in the 

seed 

maturity 

a period 

Brim red 3.44 2.43 7.9 6.7 1.18 1.84 0.77 1 3 1 

Khalas 2.52 1.72 7.15 6.43 0.71 1.41 0.52 2 1 2 

Fard white 3.11 2.37 8.56 7.82 0.7 1.51 0.81 3 2 2 

NabtatSeif 3.62 2.22 14.39 13.23 1.11 1.91 0.86 1 2 2 

Hilalli 3.57 2.51 10.51 9.34 1.14 2.13 0.71 1 2 3 

Khestawi 3.04 2.21 7.17 6.3 0.85 1.98 0.79 2 3 3 

Tabarzal 2.86 1.91 9.31 8.1 1.2 1.79 0.9 2 1 2 

Sultani 3.74 2.28 10.67 9.63 1.03 2.43 0.77 1 2 2 

 

Table 7. The variance ratios of the main components and morphological traits 

that contributed to total variance. 

PC Eigenvalue % variance  PC 1 PC 2 PC 3 PC 4 

1 11.40 87.04 Fruit length (cm) 0.08 0.30 0.01 0.03 

2 0.83 6.36 Fruit Diameter (cm) 0.02 0.21 0.09 0.14 

3 0.44 3.38 Fruit Weight (gm) 0.71 -0.01 -0.02 0.02 

4 0.31 2.33 Pulp weight (gm) 0.68 -0.10 0.07 0.13 

   Seed Weight (gm) 0.03 0.09 -0.10 -0.13 

   seed length (cm) 0.04 0.21 0.10 -0.23 

   seed width (cm) 0.01 0.02 0.01 0.09 

   
location of the hilum on the 

seed 
-0.12 -0.49 0.30 0.71 

   shape of groove in the seed -0.02 0.74 0.23 0.49 

   maturity a period 0.01 -0.06 0.91 -0.37 

The morphological data's principal 

component analysis (Figure 5) 

demonstrated a distinct variance across the 

inputs as indicated by PC1 and PC2, which 

combined account for 93.40% of the 

overall variance. The two cultivars (Hilalli 

and Sultani), which are genetically similar, 

were included on the first positive axis 

when the cultivars were dispersed in a 

three-dimensional space on the 

components axis. This suggests a genetic 

similarity between the two cultivars. While 

the cultivar Nabtat Seif remained far and 

along the same axis from them. The second 

positive axis comprised the two cultivars, 

Brim red and Khestawi, and they were 

closely related genetically. The final three 

cultivars (Fard white, Tabarzal, and 

Khalas) were comprised of the two 

components' negative axes. 

These findings show that the cultivars were 

related despite being grown in different 

areas. They also show that farmers selected 

particular genotypes and exchanged 

cultivars between farms in order to create 

new males through limited sexual 
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reproduction, clonal reproduction of 

ecotypes, and seedling selection (22). The 

foregoing results showed a significant 

proportion of the contribution of the two 

main components to the percentage of total 

variation, which contrasts with the findings 

of (12), who investigated 14 phenotypic 

features of numerous Iraqi date palm 

cultivars. Whereas the scatter graph of the 

main component analysis indicated the 

presence of two components (PC1 and 

PC2) that contributed to the total variance, 

the PC1 accounted for 31.86% of the 

variance and the PC2 for 17.93%. 

 
Figure 5. Scatter Diagram Plot of the First Two (PC1 and PC2) Principal 

coordinates analysis (PCA) of eight date palm cultivars Depending on 

Morphological data 

 

By using cluster analysis, it is possible to 

organize crops into clusters that 

demonstrate the degree of their genetic 

affinity to one another. Depending on their 

origin or region, they may also be put into 

a single cluster (15). Based on the 

morphological data, the cluster analysis' 

results (Figure 6) showed that the cultivars 

were distributed into two main clusters, the 

first of which had two subclusters (A1 and 

A2). Two cultivars (Khestawi and Brim 

red) from subcluster A1 had a similarity 

score of 0.912, while three cultivars were 

included in subcluster A2. The cultivar 

Khalas was extracted from a single branch 

and connected to a sub-cluster of the two  

 cultivars (Fard white, Tabarzal) with a 

similarity score of 0.927. The major cluster 

B comprised the cultivar Nabtat Seif, 

which was unique to a sub-cluster, as well 

as another cluster that included the two 

cultivars (Hilalli and Sultani) with the 

highest genetic similarity of 0.967. The 

lowest genetic similarity value for the two 

cultivars (Nabtat Seif and Khalas) was 

0.722, it should be emphasized. (Table 

8).When utilizing cluster analysis to 
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compare the results of the current study 

with those of (19), who examined 14 

vegetative traits in numerous cultivars of 

date palm in Iraq, it can be seen that the 

traits were found to fall into two main 

groupings.

 

 
 

Figure 6. Cluster Analysis for eight Date Palm Cultivars Depending on 

Morphological data. 

 

Table 8. Genetic similarity between the eight date palm cultivars based on 

Morphological characteristics . 

 

cultivars 
Brim 

red 

Khala

s 

Fard 

white 

NabtatSei

f 
Hilalli 

Khestaw

i 

Tabarza

l 

Sultan

i 

Brim red 1 0.857 0.885 0.782 0.864 0.912 0.866 0.863 

Khalas 0.857 1 0.888 0.722 0.797 0.908 0.901 0.802 

Fard 

white 
0.885 0.888 1 0.801 0.879 0.891 0.927 0.882 

NabtatSei

f 
0.782 0.722 0.801 1 0.878 0.750 0.816 0.895 

Hilalli 0.864 0.797 0.879 0.878 1 0.853 0.890 0.967 

Khestawi 0.912 0.908 0.891 0.750 0.853 1 0.869 0.829 
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Tabarzal 0.866 0.901 0.927 0.816 0.890 0.869 1 0.894 

Sultani 0.863 0.802 0.882 0.895 0.967 0.829 0.894 1 
 
 
The genetic basis of growth and the speed 

of chemical changes that are genetically 

controlled in the fruits may be attributed to 

the variations in the physical qualities of 

the fruits. Additionally, the length of the 

growth stage and the rate of growth vary 

depending on the cultivar and the method 

of pollination within the same variety, 

which results in notable variations in the 

physical attributes of the fruits (1).  

Conclusion 

The findings demonstrate the wide 

variation among the investigated date palm 

cultivars, and the genetic and 

morphological studies assisted in 

identifying the links between these 

cultivars, which provided the basis for 

clustering Iraq's date palm cultivars 

according to the aforementioned 

characteristics. Such research is essential 

for locating the genes responsible for these 

traits, and numerous researchers from 

across the world are working hard to 

employ genomic technology to find the 

genes responsible for the most important 

phenotypic traits of date palms. 
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