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Prunus species are known as model species for the family Rosaceae and other woody plants with their
small genome size and relatively small life cycle as woody plants. Also Prunus species are economically
important plants in the subfamily Amygdaloideae of the Rosaceae have a controversial taxonomic history
due to the lack of a phylogenetic framework. Therefore, mapping, classification, determination the ge-
netic structure and characterization of genes as a spesific chemical and fuctional units of nucleic acids
and making phylogenetic analysis in these species have important implications. The aim of this study to
Chemical structure profiling find any gene markers as a bioorganic — chemical structure profiling to determine genetic diversity of dif-
Functional chemistry ferent Prunus species from Iraq by using nuclear and chloroplast DNA markers to evaluate the phylogeny
MatK of Prunus. A total of 12 species Prunus subgenus amygdalus were collected from Iraq. Ten gene region
Nucleotide chemistry markers on both nuclear DNA and chloroplast DNA have been tested to evaluate the genetic variation
Prunus at their molecular levels by using multiplex PCR with 10 gene region primers and sequence analysis for
matK. The name of the gene regions using in this study are ITS (ITS1+ITS2+5.8S coding region), rbcL,
matK, rpl16, trnL-trnF, atpB-rbcL, rp136-infA-rps8, trnK-rps16, pbsM-trnD, psbA-trnH. As a result, five dif-
ferent phylogenetic trees were obtained from the gene sequences of the samples and the base sequences
were close to each other. The estimated value of the shape parameter for the discrete Gamma Distribu-
tion is 0.05. The nucleotide frequencies are A = 29.41%, T/U = 37.37%, C = 17.52%, and G = 15.67%. The
nucleotide diversity of the sequence was low with the 0.004113 value. There were 14 different informa-
tive base site between the samples. The polymorphism observed was less in agreement with higher level
of conservation of the gene regions. The Prunus species from Iraq region were grouped on two closed
clusters on the phylogenetic trees.
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1. Introduction

The Prunus belong to the family Rosaceae, which comprises
over 100 different genera and 200-250 species distributed world-
wide [1]. Flora of Iraq is rich in Prunus taxa, although poorly sur-
veyed, 5 wild species of the subgenus Amygdalus are observed
(Prunus arabica, Prunus webbii, Prunus argentea, Prunus kotschyi, and
Prunus carduchorum) together with several other ill-defined infra-
specific taxa (Prunus argentea var. elaeagnifolia, and Prunus cardu-
chorum var. glabra) which form the bulk of food source for honey
bees at the time of flowers scarcity in winter and in very early
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spring time. Many species of this subgenus are economically im-
portant as source of edible fruits, oil, timber and ornamentals [2].
In further, several species of Prunus are used as rootstocks. Very
limited cases of hybridization have been recorded in flora of Iraq in
isolated habitats, for instance, the hybrid Prunus amygdalus Batsch
x Prunus kotschyi (Boiss. et Hoh.) Meikle and Amydalus x sefinensis
Bornm.

Recent phylogenetic analyses of molecular data have shown
Prunus s.l. to be monophyletic [3]. Moreover, in a recently pre-
sented monograph using morphological and molecular sequence
data, Yazbek concluded that phylogenetic relationships of Prunus
subgenus amygdalus is best circumscribed to include almonds and
peaches [4]. The phylogenetic structure and geographic origin of
Prunus was studied in some researches [5]. Many different factors,
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such as population size, habitat area, and habitat connectivity, can
influence genetic diversity. These factors primarily influence ge-
netic diversity by influencing genetic drift, gene flow, and natural
selection [6].

Heritable variation is required for microevolutionary changes
and phylogenetic studies. In other words, the resulting charac-
teristics should be transferred to generations. The other impor-
tant feature of molecular structure data is that they allow the
estimation of the separation time of species using the molecular
clock. If there is information on the mutation rates for a particu-
lar species or taxon genome (mitochondria or nuclear genome) or
for certain regions of the genome, it is possible to calculate the
nucleotide divergences between the taxa compared and to esti-
mate how long ago they differentiated. It is also possible to calcu-
late the branch lengths of phylogenetic trees formed in this way
and to estimate the evolutionary relationships between species
temporarily. The chloroplast DNA gene sequences as a biomolec-
ular marker are very important to distinguish plant species and
to reveal phylogenetic affinity relationships at the species level
or sub-species level. Most of these regions tested are plastid
genome regions, such as MATK (Megakaryocyte-Associated Tyro-
sine Kinase), rbcL (ribulose-bisphosphate carboxylase gene), rpoB
(encoding the B-subunit from the plastid genome), rpoC1 (en-
code Beta subunits of chloroplast) from coding regions and atpF-
atpH, trnH-psbA and psbK-psbl regions (these genes are as po-
tential plant DNA barcodes using) from non-coding regions. Nev-
ertheless, the Internal Transcribed Spacers (ITS1 and ITS2) of nu-
clear gene regions are commonly used [7]. The matK region is one
of the coding regions in the plastid genome which is the most
diverse in plants [8]. As a result of BLAST analyses, the highest
values in match success at the species level were found to be
matK (99%), trnH-psbA (95%), and rbcLa (75%), respectively. While
the highest rate (98%) was obtained in species identification per-
formed using three loci (matK- trnH-psbA- rbcla), it was followed
by trnHpsbA/rbcLa (95%) and matK-rbcla (92%) combinations,
respectively [9].

The aims of the study are; 1. To use some gene regions of
nuclear DNA and chloroplast DNA as abiochemical markers for
the molecular and structural characterization and pofilling within
and between 12 species of Prunus subgenus amygdalus according
to the nucleotide structural polymorphisms in Iraq. 2. Compar-
ing the matK gene sequence of these species to the sequences
of same gene in the International Gene bank in NCBI to study
the genetics relationship and to understand their biodiversity
for taxonomy and identification. 3. To understand the evolution-
ary relationships of Prunus subgenus amygdalus among Prunus
taxa.

2. Materials and methods
2.1. Plant material

The aerial parts of the plant comprising leaves of Prunus sub-
genus amygdalus the field trips started early 2016 and continued
during 2017 throughout the year from various localities of differ-
ent provinces in Iraq. Field notes were recorded for each specimen
together with latitude, longitude, and altitude using Global Posi-
tioning System (GPS) data in Table 1. Which include 12 species
of Prunus subgenus amygdalus (P. persica, P. dulicis, P. arabica, P.
kotschyi, P. webbii, P. longispinosa, P. persica nectarine, P. argentea
var. argentea, P. argentea var. elaeagnifolia, P. carduchorm var. car-
duchorm, P. carduchorm var. glabra, P. dulicis var. spontanea) were
used for molecular structure analyses. The plant leaves samples
were collected for every plant to extraction of whole genomic DNA.
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2.2. The homogenization of plant leaves

The plant samples from leaves were ground to powder in liquid
nitrogen using a mortar and pestle. Allsheng-BioPrep-6 fully auto-
matic tissue homogenizer was used. Plant powders were taken in
to a 1.5 mL tube and 500 pL plant lysis buffer, 10 pL proteinaz K
solution and silica beads were added later vortexed for 15 s and
left for 60 min at 60 °C incubation. The samples were then cen-
trifuged at 12.000 rpm at 4 °C for 15 min, the supernatant portion
was transferred to the new 1.5 mL eppendorf tube by precipitating
the tissue and cell particles.

2.3. Total genomic DNA isolation

DNA solutions were obtained by Fully Automatic DNA /| RNA
Extraction Device (Bioneer ExiPrep16 Plus). Bioneer Genomic DNA
Mini Kit for plant samples was used for whole genomic DNA isola-
tion of the samples. Isolation was performed using the kit protocol
(Bioneer Plant Genomic DNA Extraction Kit) in accordance with the
manufacturer’s instructions. The determination of DNA quality and
concentration in samples were performed using Nano drop spec-
trophotometry (DeNovix DS-11+) instrument.

2.4. Multiplex polymerase chain reaction (PCR) analysis

Bioneer Brand Primer sets (S-1001) were used. All the primer
sequence data are given in the Table 2. PCR conditons were per-
formed with the Bioneer K-2111 Multiplex PCR Premix kit. The
Multiplex PCR Premix protocol we used recommends the addition
of 50-100 ng of DNA to prepare 20 pL reaction volumes. These
mixes contain all the material required for PCR conditions and the
user uses it only by adding primer and sample DNA. Primers and
sample DNA are added to ready reaction tubes, and the final sam-
ple volume is completed to 20 pL with PCR Grade water and it
is studied. The ExiSpin Model Vortex-Mixer (Bioneer), which per-
forms both vortex and spinning process in a programmed and au-
tomatic way, was used to ensure homogeneity before the tubes
were loaded on the TurboCycler Model PCR (Blue-Ray) device. For
seeing the DNA fragment, 2% agarose gel for DNA fragments be-
tween 100 and 2500 bp was prepared. Gel images were recorded
with the Gel Imaging System (Syngene G: BOX F3) and analyzed
with Syn gene Gene Tools Model Analysis software. The Molecu-
lar Weight calculation was performed using DNA ladder and the
mapping (yes / no) table and dendogram map were generated. The
degree of affinity of the samples whose molecular weight was cal-
culated was determined as species and subspecies.

2.5. PCR application for sequence analysis

Amplification was performed for both gene regions by using
ITS1-4 and MatK gene region primers by using multiplex PCR. The
Optimus 96 G Gradient Thermal Cycler and Wizbio PCR Master Mix
set were used for amplifications. As a result of the PCRs performed,
sequence analysis was started with 12 samples, and the ExoSAP
protocol was applied since a single band structure of gene regions
was observed on the gel. The sequence was established bidirection-
ally with forward and reverse primer. Applied Biosystems Simpli-
Amp and Thermal Cycler device were used for the sanger sequence
method. Purification was performed by the sephadex gel filtration
method.

2.6. Data analysis
Contig was created by combining raw sequence sequences ob-

tained in (.ab1) format from sequence device software, and for-
ward and reverse readings in Geneious Prime 2019 program. NCBI
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Table 1

Details of specimens used for DNA analysis.
Taxa Place of collection Altitude  Longitude Latitude
P. dulcis Dohuk/Zakho 782m 37°16'50” N 42°59’'17"E
P. arabica Dohuk/Zakho 570m 37°06'17"N 42°40'16"E
P. kotschyi Duhok/Kara 1991m 37°00'55"N 43°20'45"E
P. webbii Duhok/Kara 1540m 37°0005"N 43°19'31"E
P. longispinosa Suliamaniya/Han qul 1384m 35°19'09"N 45°04'02"E
P. persica Dohuk/Zakho 637m 37°06'43"N 43°03/14"E
P. persica nectarina Dohuk/Zakho 635m 37°08/39"N 43°05'15"E
P. dulcis var. spontanea Dohuk/Zakho 776m 37°18'44"N 42°57"18"E
P. argentea var. argentea Duhok dam 723m 36°53/08"N 43°01"17"E
P. argentea var. elaeagnifolia Duhok dam 812m 36°44'09"N 43°05'20"E
P. carduchorum var. carduchorum Suliamaniya/Harman  929m 35°20'02"N 46°05'35"E
P. carduchorum var. glabra Ahmed awa 887m 35°19'02"N 46°04/28"E

Table 2
Primer sets which have used in this study.

Gene Region  Primer sequence
ITS ITS1 5'- TCC GTA GGT GAA CCT GCG G-3’

ITS4 5'- TCC TCC GCT TAT TGA TAT GC-3’
RbcL 1F 5’- ATG TCA CCA CAA ACA GAA AC-3’

724R 5’- TCG CAT GTA CCT GCA GTA GC-3’
MatK F 5’- CGT ACA GTA CTT TTG TGT TTA CGA G-3’

R 5’- ACC CAG TCC ATC TGG AAA TCT TGG TTC-3’
rpl16 F 5'- TGT TTA CGA AAT CTG GTT CT-3’

R 5’AAC CAG ATT TCG TAA ACA AC-3’
TrnF Tab 5’ CGA AAT CGG TAG ACG CTA CG-3’

TabF 5’ATT TGA ACT GGT GAC ACG AG-3’
atpB- atpB-1 5’- ACATCK ART ACK GGA CCA ATA A-3'
rbcL rbcL-1 5°- AAC AAC AGC TTT RAA TCC AA-3’
rp136- rp136F 5'- CAC AAA TTT TAC GAA CGA AG-3’
infA- rps8R 5’- TAA TGA CAG AYC GAG ARG CTC GAC-3’
tpsK- trnk 5’- TAC TCT ACC RTT GAG TTA GCA AC-3’
rps16 rps16modF 5’- AAA GGK GCT CAA CCT ACA RGA AC-3’
pbsM- pbsM1 5’- GCG GTA GGA ACT AGA ATA AAT AG-3’
trnD trnD 5'- GGG ATT GTA GTT CAA TTG GT-3’
TrnH psbA 5’- GTT ATG CAT GAA CGT AAT GCT C-3’

trnHGUG 5’- CGC GCA TGG TGG ATT CAC AAT CC-3’

Blast scanning was performed after completing all editing pro-
cesses (correction of bad readings). MatK gene sequence data be-
longing to the same species group were downloaded from the
Gen Bank database so that the analysis would be more reliable.
Alignment analysis was performed on a total of 30 sequences
(NCBI+original sequences) in the Cluster W program. Neighbor-
Joining (N]) analysis, UPGMA tree, and distance matrix analyses
were performed using various analysis programs in the Geneious
program. 5 trees were drawn using the TBR (the Tree-Bisection-
Regrafting) algorithm with 1000 replicates and a tree length of 37
steps using the MEGA X program for maximum parsimony anal-
ysis, and the most appropriate one of them was selected. Simi-
larly, the base number of Parsimony Informative in the data set
was determined using the MEGA X program. Segregating sites and
nucleotide diversity were determined by the Tajima-Nei neutral-
ity test. The evolutionary divergence matrix was created by syn-
onymous and nonsynonymous distance. Gamma estimation val-
ues and nucleotide frequencies of sequences were determined by
the "Gamma parameter test". J]MODELTEST and MEGA programs
were used to determine the best model to be used in maximum
Likelihood analysis, and the GTR+G model with the lowest AIC
value was selected. For maximum Likelihood analysis, the data in
FASTA format were converted into PHYLIP format by the ALTER
(http://www.sing-group.org/ALTER/) online tool, and the tree was
drawn with 1000 bootstrap using the PHYML program (using the

plugin in Geneious Prime). A tree was created in terms of sequence
similarities as a result of PhylML.

3. Results and discussion
3.1. Multiplex PCR study results

Multiplex PCR study was conducted with ITS, rbcL, matK, rpl16,
trnF, atpB-rbcL, rp136-infA-rps8, trnK-rps16, pbsM-trnD and trnH
primers using the multiplex PCR kit, and it was run in 2% agarose
gel under suitable conditions (Fig. 1). The fragmental structure
of different gene regions of DNA organic compound observed in
agarose gel image obtained was analyzed by the Genetools pro-
gram. The bands obtained according to the PCR result of each plant
sample were shown in agarose gel using DNA ladder (Maestrogen,
AccuRuler 100 bp Plus DNA Ladder), and they were compared in
the match (yes/no) table. The bands obtained by multiplex PCR
method in plant samples together with Gene tools software were
compared both in terms of base size and density. Using the Gene-
tools software, the molecular weights were calculated according to
the number and type of bands carried by each plant sample, and
band densities (Fig. 1), and a dendrogram map was created (Fig. 2).
Furthermore, the similarity matrix was obtained by comparing the
band profiles obtained from the data, such as band density and
number of bands, obtained by displaying the Multiplex PCR results
of plant samples in the SynGene Gel imaging system in each sam-
ple (Fig. 3). According to the similarity matrix, each plant sample
was individually compared with DNA ladder band profiles and con-
verted to numerical similarity ratios.

3.2. Sequence analysis of matk gene region from chloroplast DNA

The fragment size of the MatK gene region is 886 bp (Fig. 4). By
using the sequence data of MATK gene regions obtained from the
study, analyses were performed using various phylogenetic pro-
grams to reveal the similarities and distances between the exist-
ing plant species. GenBank scanning was performed to strengthen
our phylogenetic analysis since our sample group in the present
study was generally small and almost every species was included
in the study in a way to be represented by a single individual. The
sequences related to these gene regions of the existing species in
our study and literature data were first reviewed while perform-
ing GenBank scanning. However, MATK gene region data were not
found apart from Prunus dulcis (Prunus amygdalus), Prunus persica,
and Prunus webbii species. Therefore, the sequences of sequenc-
ing studies conducted with other species in the same species were
taken from GenBank and involved in phylogenetic analyses along
with the sequence data of the species in our study. Thus, they were
compared with the species in this study and with other species of
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Fig. 1. Determination of the molecular weight of the DNA bands obtained by multiplex PCR in Genetoolls program for each sample according to the band density and

number.

Dendrogram

Matching reference track is on the gel: Track 1
T

54 59 63 68 72 77 82 86

—

T 1
91 95 100

P. dulcis
P. dulcis var. spontanea

P. longispinosa
P. carduchorum var. carduchorum
P. carduchorum var. glabra

P. argentea var. argentea

P. ar var. el ifoli

P. persica

_l— P arabiaca
P K hyi

P. persica ‘Nectarine’

P. webbi

Fig. 2. The dendogram obtained by the molecular weight of the bands for 10 gene regions.

the same genus included in other studies in the literature. With
this study, the sequence data of some species in our sample group
will first be uploaded to GenBank. The sequence data and Acces-
sion numbers of other studies downloaded from GenBank are pre-
sented in the following table (Table 3).

Contig was created by combining raw sequences obtained in
(.ab1) format after sequencing, and forward and reverse readings
in Geneious Prime 2019 program. After all editing and trimming
processes (correction of bad readings) were completed, the se-
quences that seemed to be longer in agarose gel electrophoresis
were slightly shortened and NCBI Blast scanning was performed
in this way. Alignment analysis was performed on a total of 30
sequences, including species-specific new sequences in this study
along with the sequences obtained from the NCBI site, in the
Clustal W program. Neighbour-Joining (NJ) analysis, UPGMA tree,
and distance matrix analyses were performed using various anal-
ysis programs in the Geneious program. The NJ tree, the UPGMA
tree, and the phyML tree (Fig. 5,6) obtained from the Neighbour-
Joining (N]) analyses of plant samples were found to be as follows.
The branches with species in all trees were found to be gener-
ally similar. P. persica and P. persica nectarina were found on the
same evolutionary branch in all tree drawings. Both species and
how much part of the sequences of species are similar were shown

in the phyML sequence similarity dendrogram created according to
the sequence similarities of the species (Fig. 5).

While comparing the sequences of our 12 plant samples, 5 trees
were drawn using the TBR (the Tree-Bisection-Regrafting) algo-
rithm with 1000 replicates and a tree length of 37 steps using
the MEGA X program for maximum parsimony analysis, and the
most appropriate one of them was selected (Fig. 6). The evolution-
ary history was inferred using the Maximum Parsimony method.
The bootstrap consensus tree inferred from 1000 replicates is taken
to represent the evolutionary history of the taxa analyzed [10].
Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates are collapsed. The MP tree was obtained using
the Tree-Bisection-Regrafting (TBR) algorithm [11]. This analysis in-
volved 30 nucleotide sequences. There were a total of 915 positions
in the final dataset. Evolutionary analyses were conducted in MEGA
X [12].

Similarly, the Parsimony Informative base number in the data
set was determined using the MEGA X program, and it was pre-
sented in the Fig. 5-6. In general, variations that could be used
as informative were found in 14 different nucleotide sequences.
Segregating sites and nucleotide diversity were determined by the
Tajima-Nei neutrality test. According to the Tajima-Nei neutrality
test, the nucleotide diversity of 30 sequence data entered into the
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Track 1 | Track 2 | Track 3 | Track 4 | Track 5 | Track 6 | Track 7 | Track 8 | Track 9 | Track 10
Track1 | 1,000 | 0,500 | 0,500 | 0,375 | 0,400 | 0,500 | 0,400 | 0,400 | 0,400 | 0,400
Track2 | 0,500 | 1,000 | 1,000 | 0,500 | 0,571 | 0,500 | 0,857 | 0,857 | 0,857 | 0,857
Track3 | 0,500 | 1,000 | 1,000 | 0,500 | 0,571 | 0,500 | 0,857 | 0,857 | 0,857 | 0,857
Track4 | 0,375 | 0,500 | 0,500 | 1,000 | 0,857 | 0,500 | 0,571 | 0,571 | 0,571 | 0,571
Track5 | 0,400 | 0,571 | 0,571 | 0,857 | 1,000 | 0,571 | 0,667 | 0,667 | 0,667 | 0,667
Track6 | 0,500 | 0,500 | 0,500 | 0,500 | 0,571 | 1,000 | 0,571 | 0,571 | 0,571 | 0,571
Track 7 | 0,400 | 0,857 | 0,857 | 0,571 | 0,667 | 0,571 | 1,000 | 1,000 | 1,000 | 1,000
Track8 | 0,400 | 0,857 | 0,857 | 0,571 | 0,667 | 0,571 | 1,000 | 1,000 | 1,000 | 1,000
Track9 | 0,400 | 0,857 | 0,857 | 0,571 | 0,667 | 0,571 | 1,000 | 1,000 | 1,000 | 1,000
Track 10 | 0,400 | 0,857 | 0,857 | 0,571 | 0,667 | 0,571 | 1,000 | 1,000 | 1,000 | 1,000
Track 11 | 0,400 | 0,857 | 0,857 | 0,571 | 0,667 | 0,571 | 1,000 | 1,000 | 1,000 | 1,000
Track 12 | 0,500 | 0,500 | 0,500 | 0,750 | 0,857 | 0,500 | 0,571 | 0,571 | 0,571 | 0,571
Track 13 | 0,500 | 0,500 | 0,500 | 0,750 | 0,857 | 0,500 | 0,571 | 0,571 | 0,571 | 0,571
Track 14 | 0,917 | 0,500 | 0,500 | 0,375 | 0,400 | 0,375 | 0,400 | 0,400 | 0,400 | 0,400
Track 11 Track 12 Track 13 Track 14

Track 1 0,400 0,500 0,500 0,917

Track 2 0,857 0,500 0,500 0,500

Track 3 0,857 0,500 0,500 0,500

Track 4 0,571 0,750 0,750 0,375

Track 5 0,667 0,857 0,857 0,400

Track 6 0,571 0,500 0,500 0,375

Track 7 1,000 0,571 0,571 0,400

Track 8 1,000 0,571 0,571 0,400

Track 9 1,000 0,571 0,571 0,400

Track 10 | 1,000 0,571 0,571 0,400

Track 11 | 1,000 0,571 0,571 0,400

Track 12 |0,571 1,000 1,000 0,500

Track 13 | 0,571 1,000 1,000 0,500

Track 14 | 0,400 0,500 0,500 1,000

Track 3: P.dulcis var. spontanea
Track 4: P. arabica

Track 5: P. kotschyi

Track 6: P. webbi

Track 7: P. argentea var. argentea

Track 9: P. logispinosa

Track 10: P. carduchorum var. carduchorum
Track 11: P. carduchorum var. glabra

Track 12: P. persia

Track 13: P. persia 'Nectarine'

Track 1 and Track 14 DNA Ladder

Fig. 3. The similarity matrix generated by comparing the band profiles obtained by displaying the Multiplex PCR results of the plant samples on the SynGene Gel imaging

system.

Mega X program was found to be 0.004113. The number of segre-
gating sites determined according to each sequence data was 33,
and the sample separation efficiency of each nucleotide was found
to be 0.009104. The evolutionary divergence matrix was also cre-
ated by synonymous and nonsynonymous distance in the Mega
X program. The nucleotide differences between the samples were

low. The similarity ratios between the sequences were found to be
generally high between our 12 plant samples and also the other
sequence data from gene bank. On the other hand, gamma esti-
mation values and nucleotide frequencies of sequence data were
determined by the "Gamma parameter test" in the Mega X pro-
gram [13]. The estimated value of the shape parameter for the dis-
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The analysis programme output of Parsymony informative base numbers and base site in plant species for MatK gene

sequence (There are 14 different informative base site).

Prunus longispinosa G T A

P africana Q024985 - -
P angustifolia K]773042 - -
P armeniaca JF955812 T C
P armeniaca JF955811 T C
P armeniaca var.armeniaca KP089844

P davidiana JF955801 . .
P domestica subsp. insititia KX229966 T C
P dulcis HQ235078 . .
P geniculata KJ773044 - -
P mume JF955797

P nigra MG220723

P pensylvanica MG220935

P persica HQ235227

P persica nucipersica JF955829 . .
P salicina KX238393 T C
P salicina KX238395 T C
P umbellata KJ773045 - -
P webbii HQ235312

Prunus arabica

Prunus argentea var. argentea . . G

Prunus argentea var. elaeagnifolia
Prunus carduchorum var. carduchorum
Prunus carduchorum var. glabra
Prunus dulcis

Prunus dulcis var spontanea

Prunus kotschyi . . G

Prunus persica
Prunus persica nectarine

Prunus webbii . . G

22222220
> > =
'
|

222> >>2>> >

> > >
(2]
N eNa e N Nal

Fig. 4. Image of MATK gene region in agarose gel.

crete Gamma Distribution is 0.0500. Substitution pattern and rates
were estimated under the General Time Reversible model (+G)
[11]. Also, the nucleotide frequencies are A = 29.41%, T/U = 37.37%,
C = 1752%, and G = 15.67%.

Within the scope of this study, molecular genetic analyses were
performed using 12 different plant samples including P. persica, P.
dulcis, P. arabica, P. kotschyi, P. webbii, P. longispinosa, P. persica nec-
tarine, P. argentea var. argentea, P. argentea var. elaeagnifolia, P. car-
duchorm var. carduchorm, P. carduchorm var. glabra, P. dulcis var.
spontanea of the genus Prunus and subgenus amygdalus in Iraq.
Using the total genomic DNA of 12 plant samples, some nucleus
and chloroplast genes were amplified, and a sequencing study was
conducted, and significant results were obtained about the phy-
logenies of these species. According to the results of the dendro-
gram obtained by comparing 10 different gene regions in terms

of molecular size and quantity for the species investigated based
on the multiplex PCR method, 12 Prunus samples collected from
various regions in Iraq were generally gathered in 2 clusters. Ac-
cordingly, P. kotschyi, P. persica, P. persica nectarina, and P. arabica
species were found in a cluster close to each other and also formed
the second cluster on the dendrogram in other species except for
P. webbii. Furthermore, P. persica and P. persica nectarina species in
the first cluster were located on branches closer to each other, and
it was found out that the nucleotide difference between them was
very low and the band sequence similarities were very high ac-
cording to multiplex PCR results in a way to support it. Indeed,
it is observed in Fig. 2 that the band similarities of both species
are 100% and their similarity values are 1.0 on the matrix (Fig. 3).
On the other hand, while P. kotschyi and P. arabica species were
also found on branches close to each other in the same cluster,
they slightly differed from P. persica and P. persica nectarina species,
but they were still in the same cluster (Fig. 2). In the second clus-
ter on the dendrogram, P. dulcis species was on the same branch,
while other species were on another sub-branch within this clus-
ter (Fig. 2-3). P. webbii species was separated from other species
much more differently. However, the similarity rate with almost all
species was different from the same distance (Fig. 2-3).

According to the neighbor joining, UPGMA and PHYLML tree
obtained from the sequence data, Prunus samples were separated
from Prunus samples obtained from the NCBI data and settled in
two clusters. While P. persica and P. persica nectarina samples were
on the same branch, they were found on the branches close to each
other in this cluster with the other P. persica sample downloaded
from GenBank. P. webbii was located on a branch in the middle of
the cluster where the Iraqi samples belong, but not out of all 12
samples, in a way to be slightly different from the dendrogram ob-
tained from the nuclear DNA data. According to the NJ, PHYLML
and UPGMA trees, P. kotchyi and P. arabica samples were located
on the branches in different clusters and a little further away from
each other. However, according to all 3 trees obtained from the se-
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Fig. 5. PhyML sequence similarity dendogram between all plant species in this study according to the sequence data.

quence data, all samples obtained from Iraq region were branched
to form two clusters. On the other hand, while a few of the species
downloaded from the NCBI data were in the same cluster with
Iraq samples, it was observed that these species were generally
separated to form the third cluster. The supporting values of the
branches where the species existed were found to be generally be-
low 50%. It may be due to the fact that only one sample of each
species was collected and that analyses were performed on this
one sample (Figs. 2,3 and 5,6).

Furthermore, according to the PHYLML sequence similarity den-
drogram obtained from the comparison of sequence similarities
and differences, a high level of similarity was found in the se-
quences among all species. While it was observed that the se-
quence series of the species downloaded from the NCBI data and
12 samples collected from Iraq region were slightly different and
distant from each other, the similarity rates of Iraq samples within
themselves were found to be higher. According to the maximum
parsimony analysis obtained from the sequence data of the species,
it was observed that the samples collected from the Iraq region
generally came together as one cluster, and in total, all species
formed 3 clusters with different colors on the tree. Interestingly,

P. persica and P. persica nectarina samples on this tree were placed
in another cluster in a way to be on the branches very close to
each other, away from Iraq and close to the species from the Gen-
Bank. While the supporting values on the branches were found to
be generally less than 50% in the clusters with Iraq samples, the
supporting values on the branches with species from the Genbank
were found to be higher than 50%.

We used in this study both maximum likelihood and parsi-
mony trees. Because nowadays, it has been suggested that maxi-
mum parsimony analyses of DNA data may not reproduce evolu-
tionary history reliably, as parsimony always looks for the shortest
route between sequences, and accepts the simplest explanation for
the data. Maximum likelihood analysis uses probabilities of change
from one character to another to calculate the likelihood for given
phylogenetic tree. Unlike maximum parsimony, ML takes the pos-
sibility of multiple mutational events at the same site into account.
And the trees from both analyses were supporting eachother with
some small differencies.

There are almost 400 species within the genus Prunus [14]. The
taxonomy and evolutionary relationships of members of Prunus
genus have not been clear despite extensive investigation. The tax-
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onomy of Prunus, especially concerning the generic delimitation,
has been controversial. The controversy on the classification of
Prunus largely results from the lack of a phylogenetic studies. Gen-
erally, in the past some researchers mostly worked a few charac-
ters, especially fruit morphology, inflorescence type, and leaf dura-
tion in formulating the classification [2,15-17]. The character-based
classification systems of Prunus s.l. and the Amygdaloideae need to
be evaluated within a phylogenetic perspective. A few studies at-
tempted to construct the evolutionary relationships of the genus
[18-20]. The analysis by [19] examined the isozyme variation of
34 species belonging to three (subgenera Amygdalus, Cerasus, and
Prunus) of the five subgenera [21].

Some researchers found that some registered Iranian almond
cultivars appeared to be genetically related to Spanish and US com-
mercial varieties, and concluded that this probably reflected gene
flow between commercial varieties and local materials [22]. Also
in some study it have reported that the Italian almond population
show the largest level of mixed ancestry among western areas of
Mediterranean basin [23]. Whatever the origin of this shared ge-
netic variation, traditional almond varieties are completely unre-
lated to commercial varieties.

Wild Prunus species demonstrate high resistance to biotic and
abiotic stress as well as provide valuable resources for breeding

[24,25]. Controlled hybridization and selection programs are im-
plemented to favourad vantageous traits in diverse ways, but it
may also result in the loss of genetic diversity in most annual
species [26]. Wild species are important sources of genetic diver-
sity if they can be crossed with crop plants [27]. There are very
few studies about the phenotypic diversity, distribution and mor-
phological characterization about Iraq Prunus species related to the
ecology and population structure of Prunus species. Description of
such resources is important in order to identify areas of diver-
sity, to utilize the genetic resources in conservation and breed-
ing [25]. Worldwide, many markers have been used to identify the
Prunus species genotypes such as isozymes [28-31], AFLP (Ampli-
fied fragment length polymorphism) [32], ISSR (Inter Simple Se-
quence Repeat) [33], RAPD (Random amplification of polymorphic
DNA) [29] and SNP (Single-nucleotide polymorphism) [34], and
Simple sequence repeat (SSR) or microsatellite markers.

In addition, in another research, a phylogenetic study in Prunus
species in Afghanistan by using nuclear and chloroplast DNA mark-
ers was evaluated [35]. According to this research, the genetic di-
versity of different accessions of several wild almond species in-
cluding P. eleagnifolia, P. hausknechtii, P. scoparia and P. lycioides,
endemic to Irano-Afghan plate. In addition, five cultivated almond
cultivars (Marta from Spain; Nonpareil and Mission from USA; Fer-
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rangnes from France and Tuono from Italy) were included in the
study. In 45 accessions, the number of alleles per locus in nuclear
microsatellites ranged from 7 to 16, and expected heterozygosity
varied between 0.54 and 0.93 with average PIC value of 0.81. It
showed that they represent rather polymorphic species. In the case
of chloroplast SSR, the polymorphism observed was much lesser
in agreement with higher level of conservation of the chloroplast
DNA. They obtained six logical clusters or groupings corresponding
to the different subgenus and sections.

4. Conclusions

This is the first report about some Prunus species from Iraq
also first report using and comparing molecular markers on Prunus
species distributing in Iraq. Therefore, the results obtained this re-
search are unique and valuable. Our research will guide the fu-
ture studies. In this work, nuclear and chloroplast DNA regions are
used to define the phylogenetic relationships among the 12 dif-
ferent taxa in Prunus genus. The actual degree of polymorphism
and the genetic relationship in these Prunus samples are proba-
bly be underestimated with the several informative base changing.
The samples are not so diverged with the each other and their
sequence are very similar. So these species are closed according
to their gene sequence, similar nucletide base design, high simi-
larity value and low distance value. But together with this result,
the Prunus taxa from Iraq were collected generally in two cluster
and separately clustered from Prunus species belonging to different
countries downloaded from genbank data.
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