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ABSTRACT
In this work, the genetic relationship among twelve Garcinia cambogia (Gaertn.) Desr. accessions were evaluated
using Random Amplified Polymorphic DNA markers. The samples were part of the germplasm collected and
maintained at NBPGR Regional station, Thrissur, India. Out of thirty RAPD primers used for screening, seven
primers produced a total of 128 polymorphic markers in twelve accessions. The Polymorphic Information Content
(PIC) ranged from 0.28 (OPA18) to 0.37 (OPA9) and Marker Index (MI) ranged between 3.61 (OPA12) and 5.93
(OPA3) among the primers used. Jaccard’s coefficient of genetic similarity ranged between 0.07 and 0.64. The
dendrogram constructed based on the similarity matrix generated from the molecular and morphological data
showed the genetic relationship among the sampled accessions. Mantel matrix test showed a positive correlation (r
= 0.49) between the cluster analysis of RAPD data and morphological data. The clustering pattern in the molecular
dendrogram and Principle Coordinate Analysis (PCoA) showed that the genotypes were diverse, which was in
congruence with the similarity index values and morphological dendrogram. High frequency of similarity values in
the range of 0.11 to 0.17 suggested the existence of high genetic diversity among the accessions. The high level of
genetic diversity among the studied accessions of G.cambogia was also supported by the large variation in the
morphological characters observed in the flowers, leaves, fruits and seeds of these sampled accessions. This is the
first report for the molecular based genetic diversity studies for these accessions.
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INTRODUCTION
The genus Garcinia L. belongs to the family
Clusiaceae (Guttiferae). This family consists of
approximately 200 species throughout the world,
among which 36 species occur in India. The
Western Ghats region is considered as a secondary
center of origin for Garcinia species, where six
species are endemic (Abraham et al. 2006). The
species G. gummi-gutta is reported to maintain the
forest ecosystem stability in central Western
Ghats. Several studies have compared the species
diversity in the forests. G. gummi-gutta with the

other three primary forest species helped in
restoring the endemic flora (Nagaraja et al. 2011).
G. cambogia (Gaertn.) Desr. (Malabar tamarind) is
distributed across the states of Maharashtra, Goa,
Karnataka, Kerala and Tamilnadu. Malabar
tamarind plants, grown widely in the gardens of
Kerala. Kottayam and Ernakulam districts of
Kerala are the famous regions for the cultivation
and export of Malabar tamarind (Abraham et al.
2006). Its products such as fruit rind, resin, gum
and seed oil play significant role in the economic
development of countries such as Africa, India and
Malaysia (Tharachand et al. 2013; Choppa et al.
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2014). These trees can grow up to the height of 20
meters. There is a wide variability in the branching
pattern and crown of the tree and extensive
variation in fruit and seed characters (Abraham et
al 2006). The medicinal properties of the plant
have been studied extensively. It acts as
hydragogue, diuretic, anthelmintic, antiseptic,
antibacterial, antioxidant, hypolipidemic and
weight reducing agent (Shara et al. 2004; Mathew
et al. 2011a; Mathew et al. 2011b; Shivakumar et
al. 2013). Malabar tamarind contains various
biologically important compounds such as
xanthones, benzophenones and guttiferones
(Iinuma et al. 1998; Masullo et al. 2010). Fruit
rind is the most extensively studied part of the
plant. However, the information on the genetic
diversity of G. cambogia is very limited.
Molecular markers offer a great advantage over
the morphological and biochemical markers in
species identification, phylogenetic studies and in
mapping the genetic linkage (Suh et al. 2011).
Combined approach of both morphological and
molecular markers was also carried out to identify
and characterize the species. Different molecular
markers have been used for the genetic diversity
studies in different Garcinia species. Molecular
investigations using Internal Transcribed Spacer
(ITS) were carried out for identifying the origin of
Mangosteen (Nazre 2014). Mansyah et al. (2013)
evaluated the genetic diversity among and within
G. mangostana L. (Mangosteen) trees and found
that genetic variation occurred among the
accessions of mangosteen and also among the
progenies within one mother plant. In another
study, the genetic diversity in G. indica was
assessed by the morphological and molecular
markers. The plants studied were collected from
four different locations of Maharashtra state of
India. They showed low diversity at both
morphological as well as molecular levels (Thatte
et al. 2012). Parthasarathy et al (2013) reported the
reduced distribution and population size to
alarming levels in G. cambogia and emphasized
the necessity to characterize this species. They
also reported about the threat to the species and the
reasons for the genetic erosion of this resource. An
intra- and inter-species genetic relationship study
was carried out among the species of Garcinia,
namely G. cambogia, G. cowa, G. hombroniana,
G. indica, G. mangostana and G. xanthochymus by
using RAPD markers. The study reported high
genetic diversity within G. cambogia species (Rao
et al. 2003). The significance of the germplasm is

recognized only when it is characterized (Rao et
al. 2002). Hence, the characterization of G.
cambogia germplasm is necessary for its
conservation and maintenance.
The plants used in this study for characterization
of G. cambogia germplasm were part of the
germplasm collected and maintained by Abraham
et al (2006). Till date there are no reports based on
the molecular markers for the genetic diversity for
these sampled accessions. DNA based molecular
markers are the good choice for genetic diversity
studies, as they are not affected by environmental
factors and can detect the variation at DNA level.
Assessing the genetic variation between the
accessions based on RAPD technique is accepted
because of its high potential for detecting the
polymorphism (Tingey and del Tufo 1993). The
aim of the present study was to fingerprint and
explore the genetic relationship among the
accessions using RAPD molecular markers. The
genetic relationship of the sampled germplasm
was investigated based on UPGMA clustering and
Principle co-ordinate analysis.

MATERIAL AND METHODS
Plant Materials
Twelve accessions collected from different
geographical localities of Kerala namely
Alapuzha,
Ernakulam,
Kottayam,
and
Pathanamthitta were used in this study (Fig. 1).

Figure 1 - Map showing different collection locations
of G.cambogia accessions

These accessions were part of the germplasm
collection maintained by National Bureau of Plant
Genetic Resources (NBPGR) Regional station,
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Thrissur, India. The accessions IC 244098-1, IC
244098-2, IC 244098-3, and IC 244097-3 were
collected from Kozhancherry of Pathanamthitta,
IC 244099-1, IC 244099-3, IC 244100-1, IC
244100-2, IC 244100-3 from Ranny of
Pathanamthitta, IC 244101-3 from Changanasserry
of Kottayam district, IC 244111-1 from Chengal
of Ernakulam district and IC 277405-3 from
Kurathikadu of Alappuzha district. Young leaves
were collected from these accessions for DNA
isolation.
DNA Isolation
Total genomic DNA was isolated from the leaves
with few modifications to the standard protocol
(Doyle 1990). DNA was treated with 3.0 µL of
RNase A (20 µg/mL), incubated at 37°C for 30
min to remove RNA. The solution was subjected
for proteinase K (50 µg/mL) treatment by
incubating at 50°C for 20 min to remove the
protein contaminants and stored at -20°C for
further use. All the chemicals used in this method
were of molecular biology grade purchased from
Merck India Limited. The quality of the isolated
DNA was checked by using 0.8% agarose gel in
TBE buffer (89 mM Tris, 89 mM Boric acid, 2
mM EDTA) containing ethidiumbromide (10
μg/mL). Gels were photographed under UV light
using the gel documentation system (Medic care
GELSTAN).
DNA Quantification
The concentration of the extracted DNA was
estimated spectrophotometrically (Lasany UVVisible double beam spectrophotometer) by
measuring the absorbance at 260 nm. The purity of
DNA samples was analyzed by taking the
absorbance ratio of 260/280 nm.
PCR Amplification
PCR amplification was carried out to produce
RAPD profiles with random decamer primers
(Williams et al. 1990). PCR amplification was
performed in 0.2 mL polypropylene PCR tubes
using thermal cycler (Applied Biosystems
Corporation, USA). Each tube contained 25 μL of
reaction mixture which includes 2.5 μL of 10 X
assay buffer (100 mM Tris–HCl; pH 8.3, 500 mM
KCl, 15 mM MgCl2), 100 mM of each dNTPs
(dATP, dCTP, dGTP and dTTP), 10 pmol
oligonucleotide primers (Sigma Aldrich., India),
1.0 unit of Taq DNA polymerase and 50 ng of
template DNA. The amplification reaction was
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programmed for 40 cycles as follows: initial
denaturation at 93°C for 3 min, followed by 39
cycles each of 30 sec at 93°C (denaturation), 1 min
at 47°C (annealing) and 1 min at 72°C (extension).
The final step consisted of one cycle of 10 min at
72°C for complete polymerization. The PCR
products were mixed with 2.5 μL of 6X loading
dye (Merck India Ltd., India) and electrophoresed
on 1.6% (w/v Gels were photographed under UV
light using the gel documentation system (Medic
care GELSTAN) and all the reactions were
repeated twice to confirm the results.
Data Analysis
The bands, which were clear, unambiguous and
reproducible, were scored. Each band was
considered as single locus and scored as ‘1’ and
‘0’ for the presence and the absence of band in
each accession, respectively. The size of the DNA
bands was estimated by comparing with 100 bp
DNA ladder (Merck India Pvt. Ltd). The
Polymorphic Information Content (PIC) value and
Marker Index (MI) for all the primers was
calculated by using the formula given by De Riek
et al. (2011) and Powell et al. (1996).
PIC = 1 – [f2 + (1-f)2] where f was the frequency
of the marker.
The number of scored bands represented the
number of alleles. PIC value of a marker helped in
detecting the polymorphism within a population.
The Marker index was calculated as the product of
Polymorphic Information Content (PIC) and the
number of polymorphic bands. Marker index
calculated the overall utility of a marker system.
The binary data for the scored primers was used to
create the binary data matrix. The genetic
relationship among the accessions was analyzed
by using the software program Numerical
Taxonomy and Multivariate Analysis System for
PC (NTSYSpc, version 2.02e [Exeter software, E.
Setauket, NY, USA]) (Rohlf 1998). The Similarity
for Qualitative data (SIMQUAL) program was
used to calculate the Jaccard’s similarity
coefficient (Jaccard 1908). The phylogenetic tree
(dendrogram) was constructed based on
Unweighted Pair Group Method using Arithmetic
averages (UPGMA) (Sneath and Sokal 1973) and
Sequential Agglomerative Hierarchical Nonoverlapping (SAHN) clustering. The confidence
level of the clustering in the dendrogram was
estimated by bootstrap analysis using FreeTree
program (Pavlicek et al. 1999). Principle
Coordinate Analysis (PCoA) was performed to
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understand the genetic relationship among the
accessions using EIGEN procedure in NTSYS.
The coefficient of correlation between similarity
matrix and cophenetic matrix was calculated to
validate the clustering consistency.

RESULTS AND DISCUSSION
Thirty random decamer primers were used in this
study. Out of thirty RAPD primers, seven primers
were able to produce clear, unambiguous and
reproducible bands. All these seven primers
detected a total of 130 amplicons in twelve
accessions, out of which 128 were polymorphic.
The number of amplicons for each primer varied
between 12 (OPA12) and 35 (OPA3) with an
average of 18.5 amplicons per primer. The number
of bands for each accession ranged from 2 to 11.

The size of the amplified products ranged between
200 and 1600 bp (Table 1). RAPD primer OPA3
produced maximum number of polymorphic bands
(35). The polymorphism percentage across the
primers ranged between 91.6 and 100 with an
average of 97.7%. Only two RAPD primers,
OPA9 and OPA12 showed less than 100%
polymorphism. All the other five primers (OPA11,
OPA15, OPA3, OPA17 and OPA18) showed
100% polymorphism. The PIC values ranged
between 0.28 and 0.37 among the seven RAPD
primers. The primer OPA9 showed the highest
(0.37) and the primer OPA18 showed the lowest
(0.28) PIC value. The marker index among the
primers ranged between 3.61 and 5.93 with an
average of 4.71. The highest (5.93) and lowest
(3.61) MI values were shown by the primers
OPA3 and OPA12, respectively.

Table 1- RAPD primers, Polymorphism Information Content (PIC), Marker Index (MI),
in this study.
Total no. No. of Polymorphic
%
S. No
Primer
PIC
of bands
bands
Polymorphism
1
OPA9
14
13
92.8
0.37
2
OPA11
16
16
100
0.32
3
OPA15
15
15
100
0.33
4
OPA3
17
17
100
0.34
5
OPA12
12
11
91.6
0.32
6
OPA17
15
15
100
0.29
7
OPA18
15
14
93.3
0.28

The Jaccard’s coefficients of genetic similarity
among the accessions of G. cambogia ranged
between 0.07 and 0.64 (Table 2). The accessions
IC 244100-3 (Ranny) and IC 277405-3
(Kurathikadu) were closely related (64%
similarity) among the studied accessions;
accession
IC
244098-1
collected
from
Kozhanchery and the accession IC 244100-1
collected from Ranny were distantly (7%
similarity) related among the accessions.
Occurrence of more pair-wise similarity values in
the range of 0.11 - 0.17 suggested the existence of
high genetic diversity among the accessions
studied. The high level of variation in genetic
similarity among the accessions observed was
probably due to the differences between
individuals within the population and nondomesticated nature of the species. It has been
reported that outcrossing is one of the factor to
maintain high level of genetic diversity (Rao and
Hodgkin 2002). Thatte et al. (2012) reported the

and Product size obtained
MI
4.85
5.12
5.09
5.93
3.61
4.36
4.04

Product size
range (in bp)
290-1500
200-1500
250-1200
250-1600
400-1100
310-1400
300-1000

low levels of diversity in G. indica using
morphological and molecular markers (RAPD and
ISSR). The highest diversity within that population
was 19.93%. Ramage et al (2004) studied the
genetic diversity in G. mangostana L.
(Mangosteen) by Randomly Amplified DNA
Fingerprinting (RAF) technique and found
extensive variation between G. mangostana
accessions.
The UPGMA cluster analysis of the accessions
based on the genetic similarity grouped all the
twelve accessions into two groups at a similarity
index value of 0.15 (Fig. 2), with IC 244098-2
(Kozhanchery) failing to form a cluster. IC
244097-3 (Kozhanchery) and IC 244098-2
(Kozhanchery) formed the two extremes of the
dendrogram. The main group included all the other
eleven accessions, and included two clusters
(cluster I and cluster II) at a similarity index value
of 0.16.
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244098-3

244098-2

244099-1

244099-3

244100-1

244100-2

244100-3

244101-3

244111-1

1
0.14
0.31
0.11
0.20
0.16
0.17
0.16
0.41
0.15
0.14
0.45

1
0.20
0.20
0.08
0.26
0.07#
0.13
0.19
0.10
0.26
0.25

1
0.16
0.27
0.22
0.14
0.14
0.21
0.14
0.14
0.22

1
0.21
0.16
0.15
0.16
0.11
0.09
0.14
0.11

1
0.16
0.13
0.19
0.20
0.18
0.17
0.11

1
0.20
0.18
0.19
0.16
0.21
0.17

1
0.20
0.14
0.16
0.24
0.08

1
0.18
0.21
0.23
0.13

1
0.14
0.10
0.64*

1
0.28
0.20

1
0.10

277405-3

244098-1

244097-3
244098-1
244098-3
244098-2
244099-1
244099-3
244100-1
244100-2
244100-3
244101-3
244111-1
277405-3

244097-3

Table 2 - Jaccard’s coefficient of similarity between the twelve accessions of G. cambogia based on RAPD
markers.

1

# - indicates the accessions are more genetically diverse; * - indicates the accessions are more similar

Figure 2 - Dendrogram representing the genetic diversity among the twelve accessions of G.cambogia
accessions based on UPGMA cluster analysis of DNA markers. Numbers at nodes
represent the bootstrap values.

Cluster I was further divided into two sub-clusters
IA and IB at a similarity index value of 0.18. In
sub-cluster IA, the accessions IC 277405-3
(Kurathikadu) and IC 244100-3 (Ranny) were
closely related with maximum similarity of 64%.
The accession IC 244097-3 (Kozhanchery) was
similar with IC 277405-3 (Kurathikadu) and IC
244100-3 (Ranny) with 42% similarity. In the
same sub-cluster IA, the accessions IC 244098-3
(Kozhanchery) and IC 244099-1 (Ranny) were
related to each other with similarity of 27%. These
two accessions, IC 244098-3 (Kozhanchery) and
IC 244099-1 (Ranny) were related to the

accessions IC 244097-3 (Kozhanchery), IC
244100-3 (Ranny) and IC 277405-3 (Kurathikadu)
with similarity of 21%. The sub-cluster IB
contained
the
accessions
IC
244098-1
(Kozhanchery) and IC 244099-3 (Ranny) with
similarity of 27%.
In cluster II, the similarity between the accessions
IC 244101-3 (Changanasserry) and IC 244111-1
(Chengal) was 28%. The accession IC 244100-2
(Ranny) showed 23% similarity with the
accessions IC 244101-3 and IC 244111-1. In the
same cluster (cluster II); the accession IC 2441001 (Ranny) showed 20% similarity to the other
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three accessions of the cluster, i.e., IC 244100-2,
IC 244101-3 and IC 244111-1. The separation of
groups in the clusters was supported by the
bootstrap analysis as represented with bootstrap
values in Figure 2. Bootstrap value of 100 at the
smaller node between the accessions IC 244100-3
and IC 277405-3 indicated that these two
accessions clustered together and genetically
similar. This was evident from the dendrogram,
which showed the similarity of 64% between these
two mentioned accessions. The branches of the
dendrogram having low bootstrap values (<50)
indicated the low robustness of those branches.
The dendrogram obtained from the UPGMA
clustering revealed that there was huge genetic
variation among the accessions. This large genetic
variation reflected the genetic diversity in the G.
cambogia plantations from where these accessions
were originated. The clustering pattern was
interesting. In spite of the plants being collected
from the same geographical location, they showed

large genetic variation. Interestingly, there was a
common feature observed in all the accessions of
cluster II. All the accessions grouped in the cluster
II were of female plants with similarity ranging
from 20 to 28%. However all of them were from
different geographical locations. Similarly, subcluster IB contained both the male accessions from
two different geographical (Ranny and
Kozhancherry) locations of the same district
(Pathanamthitta).
Statistically
significant
coefficient of cophenetic correlation between the
similarity matrix and cophenetic matrix was 0.89,
indicating the satisfactory clustering consistency.
The Principle Coordinate Analysis (PCoA) plot
generated by the RAPD primers is presented in
Figure 3. Coordinates of the PCoA plot showed
the relationship of the accessions. The first
principle coordinate gave the direction of greatest
variability and the second principle coordinate
gave the direction of next greatest variability.

Figure 3 - Principle Coordinate Analysis (PCoA) plot of genetic diversity of G.cambogia accessions
with RAPD markers.

These principle coordinates reduced the
dimensionality of representation. The first three
principle coordinates in the analysis accounted for
52.23, 27.31 and 6.06% of the total variance,
respectively. PCoA plot revealed that G. cambogia
accessions could be divided into four groups with
huge variance. This result was comparable to the
genetic variation showed by UPGMA dendrogram.
The analysis of the fruit and seed characters was
carried out only for the trees of female accessions

because G.cambogia is a dioecious species. The
high level of genetic diversity observed in the
sampled accessions using RAPD markers was in
accordance with the morphological variations
observed. The results of this study were also
supported by the earlier report indicating extensive
variation in the morphological features (fruit and
seed characteristics) of these accessions by
Abraham et al (2006). The results were also
supported by the reports of Parthasarathy et al.
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(2013) who reported the maximum diversity of G.
cambogia from the populations of Kerala and the
heterogeneity index within the species of G. cowa,
G. gummi-gutta, G. indica and G. xanthochymus
was between 0.81 and 0.82 and Rao et al. (2003)
who reported the inter-species and intra-species
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relationship among the Garcinia species, namely
G. cambogia, G. cowa, G. hombroniana, G.
inidca, G. mangostana and G. xanthochymus
based on genetic diversity studies. The high
molecular diversity within G. cambogia species
was observed.

Figure 4 - Dendrogram representing the genetic diversity among the twelve accessions of G.cambogia
accessions based on UPGMA cluster analysis of morphological traits. Numbers at nodes
represent the bootstrap values.

could provide better understanding of the genetic
diversity of G.cambogia.

CONCLUSION
The purpose of this study was to assess the genetic
diversity of G. cambogia accessions using RAPD
markers. A better understanding of genetic
diversity and its distribution is necessary for its
conservation. The study revealed high level of
genetic diversity among the accessions collected
from different geographical locations, which was
evidenced by the variations observed in their
morphological
characters.
The
accessions
belonging to the same geographical location also
showed variation in the genetic diversity. The high
level of genetic variation observed in these
accessions could be due to outcrossing (the means
of pollination in G.cambogia could be insects),
which caused the gene flow within and between
the populations. These results could be useful in
efficient management of G. cambogia germplasm
for their conservation and optimal utilization.
Further studies using larger number of accessions
from different geographical locations of India
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