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ABSTRACT. The study aimed to analyze 90 wild pomegranate genotypes collected from six
geographical regions of Azerbaijan. A total of 110 PCR fragments were amplified, 86 of which were
found to be polymorphic. The number of amplified fragments per primer ranged from 5 to 10, with
an average of 7.8. Polymorphic DNA fragments varied from 3 to 9, with a mean of 6.1. Polymorphism
percentage ranged from 57% to 100% depending on the primer, averaging 78% overall. The genetic
diversity index (GDI) had a mean value of 0.77, with the highest values observed for the IS15 (0.92),
UBC811 (0.90), and HB14 (0.90) primers. Cluster analysis grouped accessions into five main clusters,
with the genetic similarity index ranging from 0.03 to 1.00. The outcomes of the cluster analysis
unveiled the grouping of most accessions based on their collection sites. Results indicate significant
diversity in wild pomegranate germplasm in Azerbaijan, suggesting adaptability to various
environmental conditions. Further molecular analysis can elucidate the phylogenetic relationships
among genotypes, aiding in the understanding of domestication processes in the future.

Keywords: wild pomegranate, molecular markers, ISSR- primers, genetic polymorphism, cluster

analysis.

INTRODUCTION

The wild pomegranate (Punica granatum
L.) exhibits exceptional adaptability across
varied climates, leading to its extensive geo-
graphical spread. The natural growth of wild
pomegranate trees is prominently observed in
Central Asia, encompassing Iran, Afghanistan,
the South Caucasus, and northwestern India
[Teixeira et al., 2011]. Azerbaijan, recognised
as a centre of origin for certain plant species,
including pomegranate, boasts diverse vege-
tation due to its strategic location and varying
soil-climatic conditions.

While historical exploration of pomegran-
ate genetic diversity relied on morphological
features [Mars and Marrakchi, 1999; Zamani et
al., 2007], this method falls short in estimating
large sample sizes under diverse environmental
conditions [Kazemialamuti et al., 2012]. Thus,
DNA (Deoxyribonucleic acid) marker analysis
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emerges as a promising alternative [Ajal et al.,
2014], offering objective assessment indepen-
dent of growth conditions and revealing high
polymorphism levels, crucial for evaluating ge-
netic distances.

Various molecular markers like RAPD (ran-
dom amplified polymorphic DNA), SSR (simple
sequence repeats), ISSR (inter simple sequence
repeat), and AFLP (amplified fragment length
polymorphism) have been instrumental in as-
sessing genetic relationships among different
plant species [Hajiyev et al., 2015]. DNA mark-
ers provide an informative means of evaluating
the genetic diversity and relationships of culti-
vated and wild pomegranate species from dif-
ferent origins. For instance, AFLP stands out as
a prevalent marker utilised in the assessment
of the genetic diversity of pomegranate popu-
lations from China [Yuan et al., 2007] and Tu-
nisian cultivars [Jbir et al., 2008]. ISSR, a class
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of molecular markers based on inter-tandem
repeats of short DNA sequences, reveals signif-
icant polymorphism, especially among closely
related genotypes due to the absence of func-
tional limitations in these noncoding regions
[Omayma et al.,, 2014]. ISSR is recognised as
an effective molecular marker showcasing ge-
netic variability in wild pomegranate popula-
tions [Zahra et al., 2012]. In several studies ISSR
markers, particularly, have shown effectiveness,
synthesizing a greater number of polymorphic
bands. Recent studies further affirm the utility
of ISSR markers in assessing the genetic diver-
sity of pomegranate genotypes [Rehab et al.,
2019]. Today, more than 137 microsatellite loci
within the pomegranate genome, exhibiting
diverse levels of genetic polymorphism among
the studied genotypes, have been identified
[Soriano et al., 2011].

The primary objective of our current study
is to perform molecular characterization using
ISSR markers on wild pomegranate genotypes
in Azerbaijan, originating from six distinct geo-
graphic regions. The data obtained from this
investigation hold significant potential for wide-
spread application in future breeding processes.

MATERIAL AND METHODS

comprised 90 wild pomegranate accessions, as
detailed in Table 1. For genomic DNA extraction,
0.1 g samples of freshly harvested leaves were
utilized, following the CTAB (cetyltrimethylam-
monium bromide) protocol initially proposed by
Doyle and Doyle [Doyle and Doyle, 1987] with
certain modifications. The quality and quanti-
ty of the DNA molecules were assessed using
a NanoDrop (Thermo, NANO DROP, 2000). The
PCR (Polymerase Chain Reaction) reaction mix-
ture, with a final volume of 20 pL, consisted of 2
uL of 10X PCR buffer, 1 uL of a 10 mM dNTP mix,
1.5 pL of MgCI2 (50 mM), 2 uL of each primer
(15 pmol/uL), 0.1 pL of Tag-polymerase enzyme
(1 U/uL), and 2 pL of isolated DNA (50 ng/uL).
Fourteen polymorphic ISSR primers were used
in the study. The amplification conditions in-
cluded a preliminary denaturation at 94°C for
5 min, followed by 35 cycles of denaturation at
94°C (1 min), annealing at a temperature de-
pendent on the primer used (45 s), and elon-
gation for 5 min at 72°C. The final elongation
was set at 72°C for 10 min (Applied Biosystems,
United States). Electrophoresis of PCR products
was conducted on a 2% agarose gel, stained
with ethidium bromide, and visualized under
ultraviolet light using the BioRad gel documen-

Plant material for molecular studies tation system.
Table 1
Wild pomegranate genotypes of different regions of Azerbaijan

Ne  CodeNe Ne Code Ne Ne Code No  Ne Code Ne  Ne Code No  Ne Code Ne
1 Al 16 Gal 31 G1 46 Sal 61 11 76 S1

2 A2 17 Ga2 32 G2 47 Sa2 62 12 77 S2

3 A3 18 Ga3 33 G3 48 Sa3 63 13 78 S3

4 A4 19 Ga4 34 G4 49 Sa4 64 14 79 S4

5 A5 20 Ga5 35 G5 50 Sa5 65 15 80 S5

6 A6 21 Gab 36 G6 51 Sa6 66 16 81 S6

7 A7 22 Ga7 37 G7 52 Sa7 67 17 82 S7

8 A8 23 Ga8 38 G8 53 Sa8 68 18 83 S8

9 A9 24 Ga9 39 G9 54 Sa9 69 19 84 S9

10 Al0 25 Galo 40 G10 55 Sal0 70 110 85 S10

11 A1l 26 Gall 41 G111 56 Sall 71 111 86 S11

12 Al2 27 Gal2 42 G12 57 Sal2 72 112 87 S12

13 A13 28 Gal3 43 G13 58 Sal3 73 113 88 S13

14 Al4 29 Gal4d 44 Gl14 59 Sald 74 114 89 S14

15 Al15 30 Gal5 45 G15 60 Sal5s 75 115 90 S15

Note: A1-A15 — Aghsu; Gal-Gal5 — Gabala; G1-G15 — Goychay; Sal-Sal5 — Samukh; 11-115 —Ismayilli; S1-

S15 - Sabirabad.

P
15
e 4

www.botanic.az



Acta Botanica Caucasica

Volume 3, No 2, 2024

STATISTICAL ANALYSIS

To analyze marker polymorphism levels,
data were presented as a binary matrix, where
the “presence” or “absence” of PCR fragments
corresponded to values 1 and 0. Construction
of a dendrogram and assessment of genetic dis-
tance among samples was performed using the
PAST (PAleontological STatistics) computer pro-
gram [Hammer et al., 2001] based on Jaccard’s
similarity index and UPGMA (Unweighted Pair
Group Method with Arithmetic Mean) method.
The coefficient of genetic diversity was calcu-
lated following the Weir formula [Weir, 1990].
Statistical parameters such as Polymorphism In-
formation Content (PIC) [Chesnokov, 2015], the
effective multiplex ratio (EMR), and the marker
index (MI) [Roldan-Ruiz et al., 2000] were also
calculated.

RESULTS AND DISCUSSION

After multiple DNA amplification rounds, 14
out of the 20 tested primers were selected for
their superior efficacy in subsequent analysis.
A total of 110 fragments were identified, with
86 (78%) exhibiting polymorphism. The ampli-
fied fragments per locus ranged from 5 to 10.
On average, each primer initiated the synthe-
sis of 7.8 fragments, with the UBC811 primer
yielding the highest number of amplicons. The
number of polymorphic DNA fragments varied
from 3 (UBC827 and UBC857) to 9 (UBC811 and
UBC840), with an average of 6.1.

The polymorphism percentage ranged from
57% to 100%. UBC811 and IS15 primers showed
100% polymorphism in this study (Table 2). A
high level of polymorphism at 78%, aligns with
results from Narzary et al. [Narzary et al., 2010],
who, in a study of 87 pomegranate accessions
using 17 ISSR primers, reported a 76.5% level of
polymorphism. The effectiveness of ISSR mark-
er systems for determining DNA polymorphism
has been previously reported. Notably, Rehab
Al-Mousa’s study on Syrian pomegranates us-
ing ISSR markers reported the synthesis of 137
DNA fragments, of which 78 were polymorphic
(56.93%) [Rehab et al., 2019]. El Amine Ajal et
al. [El Amine et al., 2015], in assessing the genet-
ic diversity of 27 pomegranate varieties from
Morocco using eight ISSR primers, identified
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70 fragments, 61 of which were polymorphic.
The high polymorphism of inter-microsatellite
markers is attributed to their multiallelic nature
and hypervariability. Notably, primers with a di-
nucleotide repeat (AG)8 exhibited the highest
frequency of polymorphic loci, consistent with
the findings of Carvalho et al. [Carvalho et al.,
2008].

The genetic diversity index (GDI) was com-
puted for each ISSR locus. An average GDI value
across the entire collection was 0.77. Particu-
larly high index values were observed for the
IS15, UBC811, and HB14 primers, with 0.92,
0.90, and 0.90 GDI, respectively. The informa-
tiveness of these markers aligns with previous
studies [Noormohammadi et al., 2012], con-
firming their robust contribution to genetic di-
versity assessment. Rehab Al-Mousa et al. in a
study of Syrian pomegranates using ISSR mark-
ers highlighted a genetic diversity index ranging
between 0.56 and 0.80 [Rehab et al., 2019]. The
high GDI level affirms the rich genetic diversity
within the studied wild pomegranate collection
across various regions of Azerbaijan.

Various statistical approaches, such as PIC,
EMR, and MI were employed to assess the ef-
fectiveness of used marker system (Tab. 2). A
critical parameter determining marker infor-
mativeness is the polymorphism information
content (PIC). For dominant markers, PIC values
range from 0 to 0.5 and is influenced by both
allele number and allele frequency [Najaphy
et al.,, 2011]. In the current study PIC values
were observed to vary from 0.25 to 0.48, with
an average of 0.39. 40 out of 86 polymorphic
loci exhibited the highest informativeness (PIC
> 0.40). The ISSR16 primer, with (CA)7 dinucle-
otide repeat, yielded the maximum PIC value at
0.48, while the smallest was noted for ISSR11
locus. The obtained average and high PIC values
are deemed sufficient for identifying and distin-
guishing the studied genotype groups. Our re-
sults surpass those reported in previous studies
[Narzary et al., 2010; Talebi et al., 2011], where
mean PIC values ranged from 0.099 to 0.257
and 0.12 to 0.21, averaging 0.163 and 0.15, re-
spectively. Additionally, our findings align with
Noormohammadi et al. [Noormohammadi et
al.,, 2012], showing PIC values ranging from
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0.272 (UBC834) to 0.494 (UBC811) when study-
ing 36 pomegranate genotypes with six ISSR
primers.

MI and EMR, essential characteristics of
marker systems, were computed for each prim-
er, with Ml ranging from 0.61 to 3.87 and EMR

from 1.80to 9, averaging 1.94 and 4.95, respec-
tively. The maximum values for both Ml and
EMR were detected with the IS15 primer, while
the minimum values were associated with the
UBC827 and UBC857 primers for each index,
respectively.

Table 2
Genetic parameters of ISSR primers in wild pomegranate collection
Primers Sequence NAF NPF PIC Polymorphism, % EMR M GDI
UBC808 (AG)8C 8 7 0,39 88 6.13 239  0.70
UBC810 (GA)ST 7 4 0,28 57 2.29 0.64 0.67
UBC811 (GA)8C 10 9 0,44 90 8.10 3.56  0.90
UBC812 (GA)8 A 7 5 0,36 71 3.57 1.29 0.83
UBC827 (AC) 8G 3 0,28 60 1.80 0.50 0.33
UBC834 (AG) 8YT 8 6 0,36 75 4.50 1.62  0.80
UBC840 (GA)STT 10 6 0.32 60 3.60 1.15  0.81
UBC857 (AC)8TT 5 3 0,34 60 1.80 0.61 0.70
UBC868 (GAA)6 9 7 0.41 78 5.44 223 0.85
HB14 (CTC)3GC 8 7 0.43 88 6.13 263 0.90
ISSR3 TGT (AC)7A 7 5 0.40 71 3.57 1.43  0.70
ISSR16 CGT(CA)7C 8 8 0.48 100 8.00 3.84 0.90
IS 11 (AGC)6G 9 7 0.25 78 5.44 1.36  0.84
IS 15 (GA)8CG 9 9 0.43 100 9.00 3.87 092
Total - 110 86 - - - - -
Mean - 7.8 6.1  0.39 78 4.95 1.94  0.77

CLUSTER ANALYSIS AND GENETIC

RELATIONSHIPS

Based on the binary data matrix compiled
from ISSR data, a cluster analysis was under-
taken, and a dendrogram reflecting the genetic
relationships among wild pomegranates was
constructed. The genotypes were grouped into
5 main clusters (Fig. 1). The Jaccard similarity
index in our study, calculated for 90 wild pome-
granate genotypes, ranged from 0.03 to 1.00,
with an average value of 0.77.

The number of accessions in each cluster
ranged from 14 to 32. The outcomes of the clus-
ter analysis unveiled the grouping of most ac-
cessions based on their collection locations. For
instance, cluster 3 encompassed 32 genotypes,
constituting 35% of all studied genotypes. It is
noteworthy that all genotypes collected from
Aghsu concentrated within this cluster, along
with 13 out of the 15 genotypes from Gabala.
Additionally, the cluster comprised 2 genotypes
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each from Ismayilli and Goychay. The first clus-
ter predominantly represented genotypes from
the Samukh region, with 15 out of 16 studied
accessions combined in this cluster. In the sec-
ond cluster, prevailing representatives hailed
from the Ismayilli region among the 19 geno-
types. Meanwhile, all genotypes in the fifth
cluster were collected from Sabirabad, suggest-
ing the presence of similar allelic variants for
the majority of the studied inter-microsatellite
loci.

Contrary to Talebi et al’s findings [Talebi
et al., 2003], who did not identify a significant
correlation between geographic regions and
the genetic structure of studied pomegranate
accessions using ISSR data, our study demon-
strates distinct groupings based on collection
locations. Ercisli et al. investigated Turkish wild
pomegranate genotypes using RAPD markers,
noting a genetic similarity index ranging from
0.08 to 0.24 [Ercisli et al., 2011].
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Figure 1. Dendrogram of genetic relationship among wild pomegranate genotypes according to

ISSR data
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CONCLUSION: conditions. Future molecular analyses on differ-
To sum up, this study underscores the exis- ent genotypes can elucidate phylogenetic rela-
tence of diversity within the wild pomegranate  tionships within genotypes from the same or
germplasm collected from Azerbaijan. The ob-  different locations, aiding in understanding the
served high genetic diversity contributes to the  domestication process shortly.
adaptability of plants to diverse environmental
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