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Abstract

This study was conducted using the main components analysis based on the results of six primers for Simple
Sequence Repeat (SSR) markers to estimate the relationships and genetic variability thirteen date palm (Phoenix
dactylifera L.) unique cultivars planted in central and southern Iraq. The primers gave a total of 208 bands, the 76
bands of them were polymorphous as percent was 100%. The analysis of the main components PCA showed that
there were four components that gave the highest percentage of participation in the variance, as their total
percentages were 58.34 %. The highest value of genetic similarity between cultivars was recorded between the
two cultivars (Barben and Angasa) reach 0.545, while the lowest genetic similarity value was recorded between the
two cultivars ( Nbaiti and Emamt-Algaty). The analysis of genetic distance tree on the two orthogonal axes showed
the formation of cultivars in two groups, the first group included seven cultivars, the two cultivars (Barben and
Angasa) were recorded at the nearest distance while the two cultivars (Hamrawi and Barben) have a longer
distance between them. As for the second group, the cultivars were more genetically related to each other, the
two cultivars ( Sakri and Abd-alhadi) , while the farthest genetically related cultivars were the two cultivars
(Swadani and Ashger) Thus, it is through the analysis of PCA can be distributed the samples in the aggregates form
include all groups of genetically closely related cultivars, and thus it is possible to obtain an easy way to study
genetic relationship and evolutionary .
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Introduction

The date palm, Phoenix dactylifera L., is one of the most important evergreen fruit trees planted in Iraq,
which began to be planted in Mesopotamia about 7000 years ago, and is believed to have originated in
the Arabian Gulf and southern Irag. Monocotyle done is propagated sexually by seeds and vegetative by
cuttings or by tissue culture [1].

The Principle Components Analysis (PCA) is one of the effective techniques for summarizing large data
and variables into small groups, as it compresses data in light of related measurements and expresses it
with a new set of unrelated variables ( orthogonal ), which is known as dimensional reduction, and then
the new variables can be major components, and this analysis was used in many agricultural research to
express the information associated with the characteristics of phenotypic and genetic trait, the

reduction of these different data and large variables into small groups and turn them into new variables
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, and so as to achieve the best performance to determine the contrast between the new variables with
each other through the analysis of factors to determine the key components that explain Correlation
pattern within a set of known variables . (Leech et al., 1991; Liu & Schisterman, 2004)

Abd et al. 2013 conducted a study on seedlings of date palms growing in Basra Governorate in order
to identify their distinctive characteristics, where 59 traits of vegetative, flowering and fruit growth were
studied on 25 cultivars. The analysis of the main components PCA was used to define the differences
and symmetry between the cultivars studied, and it was found from the analysis of the main
components that there is a group of phenotypic characteristics of leaves and fruits that can be used to
distinguish the different cultivars. Three main components appeared that express the genetic variance,
as the first component constituted 92.32% of the total variance. The cumulative between the breeds,
the second component scored 75.25% of the total variance, while the third component was 51.33% of
the total variance.

Al-Ghazii (2015) explained in his study on ISSR markers to estimate the genetic diversity of twenty-
four Iraqgi date palm cultivars using six primers. The result shows for these primers gave bands deference
in numbers and location on gel, the PCA analysis showed that there are three components that
explained 83.34% of the total variance, as the first component represented a percentage of 37.18% of
the total variance, while the second and third components recorded participation rates in the total
cumulative variance amounted to (29.19%). and 16.98%) respectively.

Jaskani et al., 2016 used the SSR technique to estimate genetic diversity and determine sex in some
Pakistani date palm trees. A total of 12 primers were used with 14 cultivars., where the SSR primers
showed a large number totaling 124 bands and an average of 9.08 bands for each primer, and the
number of bands produced by each primer ranged from (5-16) bands, and the sizes of the amplified
bands were between 100 bp and 500 bp, and the primers produced 15 polymorphism, and analysis of
the coordinates of the main sequence (PCoA) showed that the varieties included four independent
groups with a variance of 29% of the first component and 14% of the second component.

Use Al-Faifi et al. (2016) SSR markers to assess the genetic diversity of 32 common date palm cultivars
that grow in different geographical regions in the Kingdom of Saudi Arabia, as 93 primers were tested,
all of which succeeded in the ability to amplify the date palm DNA fragment, the 22 primers were
randomly selected to distinguish between the studied cultivars, and the results showed that the primers
gaves a 91 amplified bands with an average of 4.14 for each primer. The values of the general genetic
similarity of the cultivars ranged from 0.06 to 0.89, with an average of 0.41, and PCA was used to verify
the genetic relationships between the cultivars which explained 40% of the variance. In addition, Hazaa
(2019) estimated the genetic diversity among twenty female cultivars of unige date palm growing in
central and southern Irag by using six primer of SSR markers wich gave different bands reached 308
bands and an average of 51.3 bands for each primers. The study, show the percentage of total
polymorphism was 100%. The results of the cluster analysis showed the distribution of cultivars in two
main groups and according to their geographical location .

In view of the role of the main components analysis tools PCA in reducing the sources of variation and
employing them in an easy way through which it is possible to reduce the size of the data and come up
with important conclusions, and because the genetic relationships of the Iraqgi date palm was little been
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researched, therefore this research was conducted to show the role of these major components in
reducing the size of the differences and finding the genetic relationships between the varieties studied.

Materials and working methods

For the purpose of achieving the objective of the study, thirteen female date palm cultivars were
selected in several regions of southern and central Iraq during the 2020-2021 season. All agricultural
operations were according to the methods used in palm orchards, and the cultivars were as
homogeneous as possible in age and vegetative growth stage. The work of the molecular study was
carried out in the Laboratory of Genetic Engineering and the Laboratory of biotechnologies -
Department of Horticulture and Landscaping design- College of Agriculture - University of Basra.

The plant samples were collected from the fresh and white leaves nearest from heart of date palm
and free from diseased and other cantamination. The leaves were washed several times with sterile
distilled water, to clean them of dust and plankton, and then wiped with a medical cotton dipped in
alcohol at a concentration of 70% for the purpose of sterilization, then they were cut into small pieces (1
cm?2). ) Using clean, sterile and sharp scissors, then placed the pieces in a ceramic mortar and Liquid
Nitrogen was added, then the samples were ground well until they turned into a white powder, the
powder was saved in a sample vial of 10ml.

DNA was extracted by CTAB method as reported by Doyle (1991) and Aitchitt et al. (1993). The quality
and efficiency of DNA was estimated using a Nano Drop ND-2000 Spectrophotometer (THERMO
SCIENTIFIC, USA) at 260 nm and the purity was checked by A260/A280 ratio.Six primers produced by
BIONEER were used as noted Table (1) shows the primers, their sequences, sources, melting
temperature for each primer and GC ratio.

Table 1 - Primers characteristics of Technology SSR from the BIONEER company Korea .

Primers Sequence Annealing | GC Source
temp (°C) | %
PDCAT6 F: AATCAGGGAAACCACAGCCA 53 46 | Akkaketal.,
R : GTTTAAAGCCTTCTCAAGATAGCCTCAG (2009)
PDCAT18 F : CCTAAACCTGAATGAATCAAAGCA 54 38 | Akkaketal.,
R : ACTAACATAAGGACAGTGCTATGTGATTG (2009)
MPDCIR70 F: CCATTTATCATTCCCTCTCTTG 51.8 45 Billotte et
R: CTTGGTAGCTGCGTTTCTTG al., (2004)
MPDCIR78 F : CCCCTCATTAGGATTCTAC 49.3 47 Billotte et
R: GCACGAGAAGGCTTATAGT al., (2004)
DP157 F : TGGACAATGACACCCCTTTT 54.6 50 Elmeer et
R: GCCCACACAACAACAACCTCTCT al .,2011
DP175 F: ACACACACACACACACACACACC 57.6 51 Elmeer et
R : GTGGCTTCTTTTTGGCTGTC al .,2011
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The SSR-PCR program was used depend up on primers: one cycle of 5 minutes at 95°C for the initial
denaturation of the DNA strand, followed by 35 replication cycles comprising each cycle: 30 seconds at
95°C for the template denaturation and 45 seconds at (49-57). °C) for binding primers to template DNA
and 1 minute at 72°C to elongate the bound primers with one final cycle at 72°C for 7 minutes as the
final elongation cycle.

Molecular data analysis for the study

the Gel Analyzer 2010a was used as digital documentation program to allocate and identify the DNA
packets resulting from the polymerase chain reaction (PCR), based on the DNA Ladder 100 bp produced
by Promega Company, the results were transmitted to the Excel program for statistical processing,
extracting the results from them and calculating the number of bands, The same, different and unique
(Fazekas et al., 2014 ; Abou-Elwafa, 2018).

The results were analyzed according to the pre-prepared tables using the biostatistical program Past
software ver 3, (Hammer et al, 2001). Genetic distances were measured after creating the
Euclidendistandes matrix between the varieties under study using the Jaccard coefficient. Principal
coordinate analysis (PCA) was also performed ( Cumming & Wooff, 2007)

Results and discussion

Table (2) shows some of the characteristics of the six primers were used, the use of these primers
resulted in a total of 208 amplified bands an average of 34.6 bands for each primers, the primer PDCAT6
produced the largest number of bands reached 41, while the primer MPDCIR70 gave the lowest number
of produced bands reached 21. The primers gave polymorphic bands reached 76 bands an average of
12.6 bands for each primers. The primer DP157 was the most productive, giving 17 polymorphic bands,
while the lowest number of multiform band was 8 that appeared in the results of the primer MPDCIR70.
As it appears from the table 2 that all primers were distinguished by their results by the presence of
unique bands distinct for the variety, totaling 26 bands and an average of 4.33 The primer DP157
produced nine unique packets and each of the primers (PDCAT18, DP175) produced three unique
packets, while the primers (PDCAT6, MPDCIR78 and MPDCIR70) produced unique packets (5, 4, 2)
respectively.

The six primers also proved their effectiveness in giving polymorphism among the female cultivars
under study, the percentage of total polymorphism reached 100%, which indicates the great genetic
differences between the cultivars, and these results differ with the results of (Racchi et al., 2014;
Khierallah et al. , 2011). The efficiency and diagnostic ability of SSR primers were also estimated. The
primer PDCAT6 was the most efficient, with an efficiency rate of 19.71%, while the primer MPDCIR70
recorded the lowest efficiency rate of 10.1%, because the primer produced the least number of
amplified bands. As for the diagnostic ability of the primers, which depends on the bands packages
produced by the primers, the primer DP157 scored the highest percentage of discriminatory ability,
which amounted to 22.37%, while the primer MPDCIR70 had the lowest primer discriminatory ability,
which amounted to 10.52%, because it recorded the lowest number of bands with polymorphism .
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Table 2- Amplification products of SSR primers from the bands, their efficiency ratios and their
discriminatory ability in date palm cultivars.

primers no | no of Mono Poly Uniqu Poly Primer Primer
total | band | morphis morphis e morphis | Efficiency | Discriminati
band s m bands | m bands | bands m % % on power %
s
PDCAT 41 15 0 15 5 100 19.71 19.74
6
PDCAT 38 11 0 11 3 100 18.27 14.47
18
MPDCIR 21 8 0 8 2 100 10.1 10.52
70
MPDCIR 35 12 0 12 4 100 16.82 15.79
78
DP157 38 17 0 17 9 100 18.27 22.37
DP175 35 13 0 13 3 100 16.82 17.10
total 208 76 0 76 26
Mean 346 | 12.6 0.0 12.6 4.33 100 16.66 16.66

Principal component analysis (PCA) for SSR primers to date palm cultivars

The PCA analysis was used based on the variance matrix for the results of the six primers(Fig. 1). Several
main components appeared, four of which gave the highest participation rate in the variance, with a
total percentage of 58.34% of the total variance. The first component was the most, with a percentage
of 22.83%, while the second component recorded The participation rate amounted to 14.38%, and the
third component participated by 11.72%, while the contribution rate of the fourth component was
9.41%.
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Figure 1- Imaginary roots of the cultivars under study due to the six primers

The genetic dimensions between the cultivars under study were estimated by constructing a matrix of
concordance percentages resulting from the application of unbalanced pairwise group averages
(UPGMA) depending on the products of primer, (Table 3).

Some cultivars recorded genetic similarity values close to one, and this indicates the conformity of the
amplified bands between two cultivars, which appeared among a number of the cultivars under study.
the greatest genetic similarity of 0.545 was recorded between the two cultivars (Barben and Angasa), in
contrast, the lowest genetic similarity value of 0.000 was recorded between the two cultivars (Nbaiti
and Emamt-Algaty), and this indicates the extent of the difference The genetic similarity values ranged
between the highest and the lowest, and these results showed a high level of genetic diversity. The
values of genetic similarity represent the genetic relationship between the cultivars, the more these
values increase the amount of similarity of the genetic material and therefore similarity in phenotypic
traits or others (Abd, 2015).

Table 3- Values of genetic dimensions for some date palm cultivars based on the results of amplification
for six SSR primers.

Barbe | Angas | Emam | Filfil | Brtgal | Najd | Hamra | Swada | Sakri | Abd- | Hab | Nbai | Ashg
n a t- a a i wi ni alha si ti er
Algaty di

Barben 1 0.545 | 0.375 | 0.15 | 0.308 | 0.20 | 0.074 | 0.185 | 0.08 | 0.08 | 0.06 | 0.04 | 0.071
6 0 3 0 1 0

Angasa | 0.545 1 0.370 | 0.28 | 0.407 | 0.30 | 0.179 | 0.161 | 0.07 | 0.10 | 0.08 | 0.07 | 0.097
1 8 1 7 3 1

Emamt | 0.375 | 0.370 1 0.25 | 0.370 | 0.17 | 0.143 | 0.129 | 0.07 | 0.07 | 0.05 | 0.00 | 0.065

-Algaty 0 9 4 1 6 0
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Filfila | 0.156 | 0.281 | 0.250 1 0.414 | 0.32 | 0.241 | 0.114 | 0.17 | 0.06 | 0.13 | 0.06 | 0.088
1 9 3 5 5
Brtgala | 0.308 | 0.407 | 0.370 | 0.41 1 0.21 | 0.138 | 0.125 | 0.15 | 0.10 | 0.11 | 0.11 | 0.133
4 4 4 7 4 1
Najdi 0.200 | 0.308 | 0.179 | 0.32 | 0.214 1 0.261 0.103 | 0.08 | 0.03 | 0.12 | 0.04 | 0.154
1 3 8 9 0
Hamra | 0.074 | 0.179 | 0.143 | 0.24 | 0.138 | 0.26 1 0.000 | 0.04 | 0.04 | 0.09 | 0.08 | 0.036
wi 1 1 2 0 7 7
Swada | 0.185 | 0.161 | 0.129 | 0.11 | 0.125 | 0.10 | 0.000 1 0.21 | 0.26 | 0.23 | 0.03 | 0.032
ni 4 3 7 1 3 7
Sakri | 0.083 | 0.071 | 0.074 | 0.17 | 0.154 | 0.08 | 0.042 | 0.217 1 0.35 | 0.19 | 0.15 | 0.083
9 3 3 2 8
Abd- | 0.080 | 0.107 | 0.071 | 0.06 | 0.107 | 0.03 | 0.040 | 0.261 | 0.35 1 0.28 | 0.09 | 0.125
alhadi 3 8 3 0 5
Habsi | 0.061 | 0.083 | 0.056 | 0.13 | 0.114 | 0.12 | 0.097 | 0.233 | 0.19 | 0.28 1 0.19 | 0.129
5 9 2 0 2
Nbaiti | 0.040 | 0.071 | 0.000 | 0.06 | 0.111 | 0.04 | 0.087 | 0.037 | 0.15 | 0.09 | 0.19 1 0.238
5 0 8 5 2
Ashger | 0.071 | 0.097 | 0.065 | 0.08 | 0.133 | 0.15 | 0.036 | 0.032 | 0.08 | 0.12 | 0.12 | 0.23 1
8 4 3 5 9 8

The minimum spanning tree for the Date palm cultivars is shown in Figure (2). the cultivars are formed

in two groups on the axis of the main components, the first group in which the cultivar Barben was the

closest genetically related to the Angasa cultivar than the rest of the cultivars, while the cultivar

Hamrawi was the furthest related to it. The second group was the two cultivars (Sakri and Abd-alhadi)

are more genetically related to each other, while it is noted that the Swadani cultivar was one of the

most genetically related cultivars to the Ashger cultivar, to which the closest was the Nbaiti cultivar.

Genetic correlation between cultivars.
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Figure 2- The minimum genetic extension tree for some date palm cultivars based on the results of
amplification for six SSR primers.

Conclusion

The above results show the effectiveness of PCA in summarizing genetic data in the form of new
variables to estimate genetic variances, finding genetic relationships between the cultivars under study,
and contributing to understanding phylogenetic relationships.
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