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Abstract: Wild pomegranate is distributed in three states of India. However, genomic information is rare in this
plant. In this paper we studied the genetic diversity of wild pomegranate collected from different places of Himachal
Pradesh using RAPD primers. A high degree of polymorphism of 80.7% was observed. Cluster analysis demarcated
the accessions into two distinct groups. The genetic dissimilarity index calculated varied from 0.16 to 0.68 for twenty-
one wild pomegranate genotypes. The presence of high genetic diversity can be useful for understanding the process of

domestication and cultivated pomegranate breeding programs.
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Introduction

Wild pomegranate (Punica granatum 1..), is well
adapted to a wide range of climatic conditions and
therefore has a wide geographical distribution. In
India, wild pomegranate grows in Western
Himalayan regions that include states of Jammu and
Kashmir, Himachal Pradesh and Uttarakhand
(Mishra et al., 2016). Dried arils of wild pomegranate
or Daru are used in preparation of anardana, a rich
source of vitamin C and vitamin B5. The edible part
of pomegranate is rich in anthocyanins and
hydrolysable tannins (Wu and Tian, 2017). Most of
the wild cultivars being grown locally are farmers’
selection and are being maintained by vegetative
propagation Because of these medicinal properties
the wild pomegranate germplasm in Himalayan
region is eroding fast due to human incursion (Rana
et al., 2012; Khan ez al., 2014).

Since, the wild pomegranate has originated in
response to large number of environmental stresses
so exploiting its ex situ conserved genetic diversity
is vital to overcome future problems which will be
associated with narrowness of genetic base of
modern cultivars. Studies on genetic diversity of
wild pomegranate can illustrate the various facets of
the domestication process and reasons for its
diversification ( Langlie e al, 2014).

Despite its potential, genetic studies and genomic
resources in this plant species are almost lacking.
Molecular methods if created could substantially
help in formulating breeding strategies for genetic
improvement of wild pomegranate. Therefore, the
present study focuses on collecting wild
pomegranate germplasm from HP and studying
diversity in the germplasm at molecular level.
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Materials and Methods

Plant material

Twenty-one leaf samples of wild pomegranate were
collected from different places of Himachal Pradesh
(H.P) (Table 1) and were brought to laboratory in
pre- sterilized polythene bags. They were washed
and stored at -80°C till further use.

Table 1. Plant collection sites and their respective
codes

S.No. Collection site Code No.
1 Nahan N1
2 Naina Tikker N2
3 Naina Tikker N3
4 Naina Tikker N4
5 Naina Tikker N5
6 Nauni N6
7 Mandi M7
8 Mandi M8
9 Kullu K9

10 Kullu K10
11 Joginder nagar J11

12 Palampur P12
13 Dharlaghat D13
14 Dharlaghat D14
15 Dharlaghat D15
16 Solan S16
17 Solan S17
18 Palampur P18
19 Kangra K19
20 Kangra K20
21 Rajgarh R21

Molecular analysis

DNA isolation and quantification: The genomic
DNA was isolated from each collected wild
pomegranate accession using CTAB method
(Saghai-Maroof ¢ al., 1984). Since wild pomegranate
is rich in polyphenols so 1% PVP was added to
improve the quantity and concentration of DNA.
The DNA was finally suspended in TE (10mm Tris
HCl and 1mM EDTA, pH 8.0) buffer and
quantified by UV spectrophotometer and also on
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0.8% (w/v) agarose gel. The DNA was stored at -
20°C till further use.

PCR amplification using RAPD primers: I vitro
DNA amplification was performed in 0.2ml PCR
tubes using 50-75ng of genomic DNA of each
accession in a final volume of 25pl reaction mixture.
A total of forty different RAPD primers (Promega)
were used for analysis (Table 2). The PCR reaction
mixture contained 5.0 pl template DNA, 12.2 uL
ddH20, 2.5 pl 10X PCR buffer, 3.5 ul of 100 mM
dNTPs, 1.5 pl of 5 pM primer and 0.3 pL. Taq
polymerase (5 U/pl). The amplification reactions
were carried out using a Thermal Cycler (Bio-rad)
which  was programmed to include initial
denaturation at 94°C for 4 min, followed by 40
cycles of denaturation at 94°C for 1 min, annealing
at 35°C for 1 min and primer extension at 72 °C for
1.5 min. The final extension cycle was of 7 min at
72°C.

Agarose Gel electrophoresis: The PCR products
were resolved on 1.2% agarose gel in 0.5X Tris-
acetate-EDTA (TAE) buffer with 1kb ladder
(Fermentas) so as to determine the size of the
amplified bands. Ethidium bromide was added at
concentration of 0.5pg/pl to the gel. The gel was
run at 5V/cm for 1-2 hour and then visualized
under Gel Documentation System. The gels were
photographed and the pictures were stored for
further analysis.

Data collection and diversity analysis: The
bands representing particular alleles in RAPD gels
were scored manually and only clear bands were
considered as monomorphic and polymorphic
bands. The dissimilarity matrix based on the
unweighted neighbor-joining method, was used for
the clustering of genotypes and the analysis was
performed using DARWin 5.0
(http://darwin.cirad.fr), (Pertier et al, 2003). The
genetic  dissimilarity was calculated for all the
twenty-one genotypes of wild pomegranate.
Confidence limits of different clades were tested by
bootstrapping 500 times to assess the repetitiveness
of genotype clustering (Felsenstein, 1985).

Results and Discussion

Molecular analysis

A total of forty RAPD primers were used to unknot
the genetic diversity in the twenty-one collected
wild pomegranate genotypes (Table 1). The gels
were scored on the basis of presence or absence of
bands in the form of binary data (0 for absence and
1 for the presence of band). The genetic
dissimilarity from the matrix of binary data was
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calculated using Dice index of similarity (Dice,
1945). From a total of tested forty RAPD primers,
thirty-three RAPD primers were polymorphic while
seven primer showed monomorphic character. By
analyzing the gels manually, a total of 192 bands
were amplified in twenty-one wild pomegranate
genotypes. Out of 192 bands, 165 bands were
polymorphic and 27 bands were monomorphic.
The overall polymorphism level was 80.7% (Table
2). The number of bands produced by each RAPD
primer ranged from 1 (PGCT073, PGCT111,
PGCT112) to 12 (PGCT062). A 100%
polymorphism was obtained with maximum
primers, while few primers exhibited incoherent
percentage of polymorphism, like PGTCO55 and
PGCTO85  showed  71.42%  and  50%
polymorphism respectively. The observed pattern
of polymorphism in wild pomegranate genotypes
revealed significant amount of diversity in wild
pomegranates that grow in HP. Nazary e/ al,, (2009)
observed very high level polymorphism of 97.08%
in forty-nine wild pomegranate genotypes collected
from  Himachal Pradesh and Uttarakhand
suggesting that the Western Himalayan region is
significantly diverse. Ranade ez 4/, (2009) studied
genetic diversity in cultivated and wild pomegranate
and observed a high level of genetic diversity
present amongst the wild genotypes. Pitsiouni e 4/,
(2012)  discriminated  different  pomegranate
genotypes using RAPD and ISSRs and observed
high genetic similarity upto 95% between the
samples collected from the agricultural area of Pella,
and the samples collected from the Institute of
Pomology of Naoussa. They suggested that these
genotypes might be clones of some cultivars.

The genetic dissimilarity index calculated varied
from 0.16 to 0.68 for 21 wild pomegranate
genotypes (Table 3). Maximum genetic distance
calculated from Diversity matrix (0.68) was between
the genotypes K10 and R21, collected from Kullu
region and Rajgarh in Sirmaur district respectively.
Both the places are geographically isolated by a
distance of 265 Kms apart. The genotypes N2 and
N3 (0.13, from Naina Tikker) ; M7 and M8 (0.17,
from Mandi region) ; K9 and K10 ( 0.16, from
Kullu region) showed very less genetic dissimilarity
as the genotypes were collected from same places so
were not very diverse. This variation in dissimilarity
coefficient range also supports the presence of
genetic diversity in wild pomegranates. Also, Ericisli
et al, (2011) observed an average genetic similarity
of 0.32 among the genotypes collected from Coruh
Valley, Turkey which cleatly indicates significant
genetic diversity among the genotypes.
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Table 2. List of polymorphic primers and the degree of polymorphism in twenty-one wild pomegranate

genotypes
. Number of Number of .
$.No Primer amplified bands polymorphic bands 7o Polymorphism
1 PGCT109 9 9 100
2 PGCT093A 8 8 100
3 PGCT093B 4 4 100
4 PGCT107A 10 10 100
5 PGCT062 12 12 100
6 PGCTO083 6 6 100.0
7 PGCTO055 7 5 71.4
8 PGCT095 6 6 100.0
9 PGCTO088A 4 4 100.0
10 PGCT032A 7 7 100.0
11 PGCTO17A 4 2 50.0
12 PGCT103 10 10 100.0
13 PGCT107B 8 8 100.0
14 PGCT099 4 4 100.0
15 PGCT085 5 5 100.0
16 PGCTO017B 9 8 88.8
17 PGCT 104 7 6 85.7
18 PGCT 088B 5 3 60.0
19 PGCT111 2 1 50.0
20 PGCT032B 5 5 100.0
21 PGCT109 5 5 100.0
22 PGCT055 4 3 75.0
23 PGCTO061 5 3 60.0
24 PGCT093 7 5 71.4
25 PGCT087 5 3 75.0
26 PGCT110 3 3 100.0
27 PGCT037 6 2 33.3
28 PGCTO028A 4 2 50.0
29 PGCT083 4 3 75.0
30 PGCT057 8 7 87.5
31 PGCT112 3 1 33.3
32 PGCT073 3 1 33.3
33 PGCT028B 6 4 66.6
Total - 195 165
Mean = - 5.9 3.0 80.7

Cluster tree

The partition in the UPGMA tree shows a clear

genetic differentiation among wild pomegranate

genotypes collected from different regions of HP

(Fig 1). The generated dendrogram based on the

dissimilarity matrix showed two distinct clusters:

1. Cluster I contains subclusters containing
genotypes collected from Palampur, Kangra,
Mandi, Joginder Nagar and Kullu region.

2. Cluster II has subclusters containing genotypes
collected from Solan, Nauni, Rajgarh and
Dharlaghat region.

The genotype N1 collected from Nahan is
completely diverse from all other collected
genotypes of wild pomegranate in the tree. This
shows that this genotype is genetically distant from
other genotypes and this could be due to the
geographical isolation or the environmental
conditions of the place. The variations or diversity
present in the accession can also be attributed to the
spontaneous mutations.

The genotypes K9 and K10 both collected form
Kullu region closely resemble the genotype M7
collected from Mandi region as both the places are
30kms apart so less diverse. The genotypes P12 and
P18, both collected form Palampur belong to
different sub-clusters of cluster I. This could be due

a_ http://dx.dol.otg/10.21746/aps.2018.7.2.10

to human intervention in the past or may be they
are related to each other by descent (Narzary 7 al.,
2009).
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Fig 1: Dendrogram generated using UPGMA
analysis, showing genetic relationships among
twenty-one wild pomegranate genotypes based on
RAPD data

The main cluster II has further formed three sub-
clusters containing genotypes collected from the
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places Naina Tikker, Solan, Rajgarh, Nauni and
Dharlaghat. These places are not much
geographically isolated. The first sub-cluster of
cluster II, has all the genotypes (N2, N3, N4, N5)
collected from Naina Tikker from the Sirmaur
district while genotype N1 collected from Nahan
which is 37 KM towards North from Naina Tikker
does not belong to cluster II. This could be due to
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precise migration of wild plants from their center of
origin or are descendents of isolated plants (Natzary
et al., 2010). The presence of high genetic distances
between the genotypes suggest that they may have
originated from genetically divergent parents or
have a long history of adaptation to their respective
micro-climatic regions (Ericisli ez a/, 2011).

Table 3: Diversity matrix between 21 wild pomegranate accessions as revealed by RAPD Primers

N1 N2 N3 N4 N5 N6 M7 M8 K9 KiI0 Ji1 P12 D13 D14 D15 Si6 S17 P18 K19 K20
N2 0.29
N3 028 0.13
N4 024 021 0.20
N5 031 024 023 023
N6 041 033 032 033 0.30
M7 052 045 043 044 041 045
M8 043 036 035 035 032 036 0.17
K9 054 047 046 046 043 047 0.22 0.20
K10 0.59 052 0.50 051 048 052 027 025 0.18
Ji1i 043 036 035 035 032 036 025 016 0.27 0.32
P12 039 034 033 031 036 046 0.57 048 0.59 0.64 048
D13 047 040 0.38 039 036 040 047 039 050 054 039 052
D14 039 031 030 030 028 032 039 030 041 046 030 044 0.20
D15 043 035 034 034 032 036 043 034 045 050 034 048 024 0.16
S16 041 036 034 032 038 047 058 050 0.61 0.65 0.50 039 053 045 0.49
S17 040 035 033 031 037 046 057 049 0.60 0.64 049 038 0.52 044 048 0.21
P18 038 033 031 029 035 044 055 047 058 0.62 046 020 050 042 046 037 0.36
K19 037 032 031 029 034 043 0.54 046 0.57 0062 046 024 049 041 045 036 035 0.18
K20 039 035 033 031 037 046 057 049 0.60 0.64 048 027 052 044 048 039 038 0.15 0.22
R21 043 038 037 035 040 049 0.60 0.52 0.63 0.68 0.52 041 0.55 047 051 032 031 039 032 0.41
Conclusions 3. Felsenstein F. Confidence limits in phylogenies: an
The present study indicates that diversity exists approach using bootstrap. Evolution 39 (1985): 783-

within the wild pomegranate germplasm collected
from the HP region. Since, a high amount of
genetic diversity in the plants was observed which
has further resulted in the easily adaptation of plants
to different environmental conditions. Studies on
the molecular analysis of different genotypes can
further result in  establishing phylogenetic
relationship within the genotypes belonging to same
or different places. This will further help in
understanding the process of domestication in the
near future.
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