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Evaluation of genetic diversity among Jatropha curcas (L.)
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The genetic diversity and pedigree analysis of Jatropha curcas (L.) was evaluated through RAPD markers. A total
number of 10 accessions, collected from different ecoclimatic zones of India, were screened with 43 random decamer
primers to evaluate polymorphism. Selected 10 primers generated 125 bands, 76 of which were found to be polymorphic.
The amplification products ranged from 9-14 bands for different primers. Each primer produced on an average 12.5 bands
per primer, of which 7.6 were polymorphic. UPGMA method was used to construct dendrogram and genetic distance matrix
was determined using squared Euclidean distances. Cluster analysis of data using UPGMA algorithm placed the ten
accessions into two main clusters, the genetic dissimilarity matrix between genotypes ranged from 0-8 and the principal
component analysis placed the 10 accessions into three groups.
Keywords: Cluster analysis, DNA fingerprinting, genetic diversity, Jatropha curcas, PCR, principal component analysis,
RAPD

Introduction
Jatropha curcas (L.), a native of America and a
member of family Euphorbiaceae, is a perennial,
monoecious shrub or small tree and found throughout
most of the tropics. It can grow well under any
unfavourable agro-climatic conditions for its low
moisture demand, low fertility requirement and
tolerance to high temperature1. Economic importance
of J. curcas has recently been increasing because of
its seed oil that can be used as a fuel. Now-a-days,
biofuel is being looked at an important alternative fuel
in the overall energy security world over. J. curcas
shows promise as an petro crop to be used for
producing biodiesel2. The advantages in usage of
biodiesel are its renewability, better quality exhaust
gas emission and biodegradability. Moreover, it does
not contribute to the rise in the level of carbon dioxide
in the atmosphere3. J. curcas is an antifeedant agent4
and herbal drug in dental complaints5. The milky sap
of J. curcas is used in Mesoamerica for the treatment
of different dermato-mucosal disease6. Extract from
the plant is known for its medicinal properties and has
___________
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shown effect on a wide array of organisms including
insect, molluscs and nematodes7. It is a multipurpose
tree to be fit for agro-forestry8.
Conservation of biodiversity is one of the major
concerns faced by mankind. Molecular markers are
proved to be a valuable tool in the characterization
and evaluation of genetic diversity within the species9.
It has been shown that different markers reveal
different classes of variation10. DNA-based marker
fingerprinting can distinguish species rapidly using
small amounts of DNA. Such markers are not
typically influenced by environmental conditions and,
therefore, can be used to describe patterns of genetic
variation among plant populations, and to identify
duplicate accessions within germplasm collections.
Various approaches are available for DNA
fingerprinting, such as, amplified fragment length
polymorphism (AFLP)11, restriction fragment length
polymorphism (RFLP)12, simple sequence repeats
(SSRs)13 and randomly amplified polymorphic DNA
(RAPD)14. Among them, RAPD is an inexpensive and
rapid method not requiring any information regarding
the genome of the plant and has been widely used to
ascertain the genetic diversity in several plants15,
RAPD analysis requires only a small amount of
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genomic DNA, but can produce high level of
polymorphism and may facilitate more effective
diversity analysis in plants. RAPD analysis provides
information that can help define the distinctiveness of
species and phylogenetic relationships at molecular
level. Use of such techniques for germplasm
characterization may facilitate the conservation and
utilization of plant genetic resources, permitting the
identification of unique or sources of genetically
diverse genotypes. These molecular markers have
been successfully used in J. curcas for detecting
genetic diversity and relationship of inter and intra
populations16,17. The present study aims at to assess
the genetic relationship between different J. curcas
accessions collected from various parts of India.
Materials and Methods
Plant Material and Reagents

Ten Accessions were collected from various
ecoclimatic zones of India. Of which, IC-1, -2 and -3
were from Mahendragiri Hills, Orissa; IC-4, -5 and -6
from Araku Valley, Bisupuram, Visakhapatnam
(Andhra Pradesh); and IC-7, -8, -9 and IC-10 from
Biligiri Rangana Hills (B R Hills) of Karnataka
(Table 1). The specimens were identified by
authenticated taxonomic expert and voucher
specimens were deposited in the Herbarium, Oil
Technological Research Institute, Anantapur, and
germplasms were also maintained in the experimental
garden. Initially, a total of 43 random primers
(OPERON Technologies, Inc., USA) were used to
screen the template DNA. The chemicals used in the
present work were Taq DNA polymerase (Fermentos,
Pvt Ltd, India), dNTPs (Genetix, New Delhi, India);
an extraction buffer consisting of 2% CTAB (w/v),
0.5 M Tris HCl (pH 8); 0.5 M EDTA (pH 8.0); 5.0 M
NaCl, 1% PVP; 3 M sodium acetate solution (pH 5.2),
ribonuclease-R (10 mg/mL), chloroform:isoamylalcohol (24:1), phenol:chloroform:isoamylalcohol

(25:24:1 v/v/v), ethanol (70%, 100%), TE buffer (10
mM Tris HCl, 1 mM EDTA, pH 8.0).
Extraction and Purity of Genomic DNA

Genomic DNA was extracted from fresh leaves of
each J. curcas accessions. The extraction was done
with slight modifications of CTAB isolation
protocol18,19 for poly phenol, polysaccharide and
tannin free DNA. The genomic DNA isolated was
quantified spectrometrically by measuring absorbance
at 260 nm and purity of DNA was checked. Stock
DNA was diluted to make a working solution of
50 ng/µL for further PCR analysis. DNA
concentration and purity was also determined by
running the samples on 1.4% agarose gel and the
nucleic acid concentration was calculated based on
the intensities of band when compared with the λ
DNA marker20.
Primer Selection and RAPD Analysis

Ten J. curcas accessions were used for the
evaluation. Of 43 primers used, only 10 best RAPD
decamers, viz., OPB-07, OPB-10, OPC-02, OPE-20,
OPG-14, OPK-03, OPN-07, OPR-14, OPR-16,
OPC-18 were selected for the study (Table 2). As per
the PCR protocol28, the reactions were carried out in a
DNA thermocycler (UVI Gene Technologies, Pvt Ltd,
India). Each 20 µL reaction volume contained about
50 ng of template DNA, 1× PCR buffer (10 mM Tris
HCl, pH 8.3; 50 mM KCl), 2.5 mM MgCl2, 200µM
dNTP mix, 0.5 µM of single primer, 0.2 U of Taq
DNA polymerase. The reaction master mix for 20 µL
PCR was prepared as 2.0 µL template DNA, 1.6 µL
dNTPs, 2.0 µL primer, 2.0 µL assay buffer 10×, 0.4
µL Taq DNA polymerase, 12 µL sterile millipore
water. The thermocycler was programmed for an
initial denaturation of 5 min at 94°C, followed by 35
cycles of denaturation of 1 min at 94°C, 1 min of
annealing at 36°C. Extension was carried out at 72°C

Table 1—List of J. curcas genotypes and details of collection sites
No.

Acc. no.

Collection site

State

Region

Latitude and longitude

1
2
3
4
5
6
7
8
9
10

IC-1
IC-2
IC-3
IC-4
IC-5
IC-6
IC-7
IC-8
IC-9
IC-10

Mahendragiri Hills,
Mahendragiri Hills,
Mahendragiri Hills,
ArakuValley,Visakhapatnam
ArakuValley,Visakhapatnam
ArakuValley,Visakhapatnam
B R Hills
B R Hills
B R Hills
B R Hills

Orissa
Orissa
Orissa
Andra Pradesh
Andra Pradesh
Andra Pradesh
Karnataka
Karnataka
Karnataka
Karnataka

India
India
India
India
India
India
India
India
India
India

18o 58′ N
18o 58′ N
18o 57′ N
18o 20′ N
18o 20′ N
18o 20′ N
11o 54′ N
11o 54′ N
11o 54′ N
11o 54′ N

84o 20′ 33 E
84o 21′ 20 E
84o 21′ 20 E
82o 51′ 00 E
82o 51′ 02 E
82o 50′ 58 E
77o 08′ 59 E
77o 09′ 16 E
77o 08′ 17 E
77o 08′ 21 E
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Table 2—List of polymorphic RAPD primers and number of PCR amplified bands generated from J. curcas accessions
No.

Primer

1
2
3
4
5
6
7
8
9
10

OPB-07
OPB-10
OPC-02
OPE-20
OPG-14
OPK-03
OPN-07
OPR-14
OPR-16
OPC-18
Total

Sequence
(5′-3′)

Polymorphic
bands

Monomorphic
bands

Total
bands

% of
polymorphism

% of
monomorphism

GGTGACGCAG
CTGCTGGGAC
GTGAGGCGTC
AACGGTGACC
GGATGAGACC
CCAGCTTAGG
CAGCCCAGAG
CAGGATTCCC
CTCTGCGCGT
TGAGTGGGTG

10
6
5
10
10
12
7
5
5
6
76

3
8
7
4
3
1
7
7
6
3
49

13
14
12
14
13
13
14
12
11
9
125

76.92
42.85
41.66
71.42
76.92
92.30
50.0
41.66
45.45
66.66
60.8

23.07
57.14
58.33
28.57
23.07
7.69
50.0
58.33
54.54
33.33
39.2

for 2 min and final extension at 72°C for 5 min, and a
hold temperature of 4°C at the end. RAPD fragments
were separated electrophoretically on 1.4% agarose
gels in 1× TBE buffer, stained with ethidium
bromide (0.5 µg/mL), and photographed on a UV
transilluminator using gel documentation system.
Statistical Analysis of DNA Fingerprinting and Estimation of
Genetic Diversity by using RAPD Marker

Each reproducible band was visually scored for the
presence (1) or absence (0) for all the J. curcas
accessions studied and the binary data for each primer
were used for statistical analysis with the computer
package “STATISTICA”. A UPGMA dendrogram
was constructed based on joining tree clustering. The
dissimilarity matrix was computed using squared
euclidian distance (SED) that estimated all pairwise
differences in the amplification products. The genetic
distance was computed as:
∑n j=I dj2, where dj = (Xik - Xjk)
Where Xik refers to binary code of ith tree for allele
“k” and Xjk refers to the binary code of the jth tree for
allele “k”. Only clear and unambiguous bands were
taken into account and the bands were not scored if
they were faint or diffused, as such fragments possess
poor reproducibility. The band sizes were determined
by comparing with the 100 bp DNA ladder, which
was run along with the amplified products.
Relationship among 10 J. curcas accessions was
portrayed graphically in the form of dendrogram.
Principal components analysis (PCA) technique helps
in covering a set of variable into a few dimensions
using which the genotypes/clones under study can be
depicted in a two or three dimensional space21.

Results and Discussion
Ten J. curcas accessions were analyzed using 43
random decamers, of which 10 primers were selected
for having best stained, polymorphic reproducibility
for further studies. The details of the nucleotide
sequences of selected primers used to generate PCR
products, summary of the total number of
polymorphic and monomorphic DNA fragments
generated, and percentage of polymorphism and
monomorphism are presented in Table 2. A total of
125 marker levels were amplified across the
genotypes, of which 76 (60.8%) were polymorphic
and 49 (39.2%) monomorphic bands. A wide
variation in the number of polymorphic bands ranging
from 5-12 was observed. The highest 12 bands were
observed for primers OPK-03 and 10 bands for
primers OPB-07, OPE-20 and OPG-14. The average
number of polymorphic bands per primer was 7.6 and
the percentage of polymorphism ranges from 41.66
(OPR-14) to 92.30 (OPK-03) (Table 2). Thus, the
present results indicate the variable potentiality of the
primers in resolving the variation in genotypes studied
(Fig. 1a & b).
A genetic distance matrix produced from the SED
was used to quantify difference among genotypes.
The genetic dissimilarity matrix between genotypes
ranged from 0-8 (Table 3). The dendrogram of J.
curcas accessions was constructed based on RAPD
data (Fig. 2). All accessions initially fall under two
major clusters (at 6 dissimilarity). Cluster I contains
IC-5, IC-6, and IC-8C, while Cluster II is further
divided in two major groups A and B (at 5.7
dissimilarity). The group A contains IC-3, IC-4, IC-7
and IC-10, while the group B contains IC-1, IC-2 and
IC-9. The range of genetic distance among 10
accessions varied from 0 to 8 (Table 3). Such wide

INDIAN J BIOTECHNOL, JULY 2010

286

range of dissimilarity values suggest that the
germplasm collections are from genetically different
eco-climatic geographical zones. The J. curcas
germplasm collection represents a genetically diverse
population and this might be attributed to a high level
of cross-pollination in this species22,23. The high
diversity revealed by RAPD is in agreement with the
conclusion that outbreading plants species retain
considerable variability24. This was further supported

by molecular marker studies25. The maintenance of a
high genetic variance within population was favoured
by genetic systems of the species like gene flow,
outbreeding, mutation, high genetic load, etc26.
To visualize the genetic relatedness among the J.
curcas genotypes in detail, PCA was made for 125
RAPD bands generated by 10 decamer primers. The
results of analysis are presented three dimensionally
in Fig. 3. It is evident from the data that J. curcas

Fig. 2—The dendrogram of J. curcas accessions based on
RAPD data

Fig. 1 (a & b)—RAPD polymorphism amongst 10 Jatropha
curcas genotype detected with OPK-03 (a) & OPE-20 (b). (M:
Mol marker, Lanes 1-10: Represents IC-1 to IC-10 J. curcas
accessions)

Fig. 3—Principal component analysis of J. curcas genotypes
generated by RAPD markers

Table 3—Genetic distance matrix among J. curcas accessions developed by SED based on the RAPD data using UPGMA cluster
analysis

IC_1
IC_2
IC_3
IC_4
IC_5
IC_6
IC_7
IC_8
IC_9
IC_10

IC_1

IC_2

IC_3

IC_4

IC_5

IC_6

IC_7

IC_8

IC_9

IC_10

0.00
3.00
6.00
6.00
5.00
6.00
5.00
5.00
5.00
6.00

0.00
7.00
7.00
4.00
7.00
6.00
6.00
2.00
5.00

0.00
2.00
7.00
4.00
5.00
5.00
5.00
4.00

0.00
7.00
6.00
3.00
7.00
5.00
2.00

0.00
3.00
6.00
2.00
6.00
5.00

0.00
5.00
1.00
7.00
8.00

0.00
6.00
6.00
5.00

0.00
8.00
7.00

0.00
5.00

0.00
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were more dispersed on the PCA plot, which reflects
a wider genetic base. It shows a clear-cut separation
of ten genotypes into three groups, each group being
distinct from other group. Group a contains IC-5, IC6, and IC-8; while group b contains IC-3, IC-4, IC-7
and IC-10, and IC-1, IC-2 and IC-09 are the part
of group c. In general, the results obtained from PCA
are in agreement with the dendrogram generated
by UPGMA method, which is a further confirmation
of the genetic relationships delineated by cluster
analysis27.
Ecological
and
geographical
differentiations are two important factors, which
influences breeding and sampling strategies of tree
crops28. Variation in genetic diversity within the
species is usually related with geographic range,
mode of reproduction, mating system, seed dispersal
and fecundity29. The genetic diversity detected in the
present study may be due to all these prevalent
background factors as the genotypes of J. curcas
studied are widely distributed in different ecogeographical regions. Similar conclusions were made
by Gupta et al29 while accessing genetic variation in
14 accessions of J. curcas from different agro climatic
regions of India using RAPD markers. They reported
wide genetic base in Jatropha. However, in other
study17, modest level of genetic variability was
reported in J. curcas germplasm from India. The
result of the present study shows that J. curcas
germplasm within India constitutes a broad genetic
base. From the clustering pattern and genetic
relationship obtained using RAPD markers, breeders
can identify the diverse genotype from different
clusters and employ them in their further breeding
programmes.
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