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ABSTRACT
Objective: In this study, assessment of genetic diversity was carried out using two kinds of molecular markers: Inter-Simple Sequence Repeats
(ISSR) and Expressed Sequence Tag Simple Sequence Repeats (EST-SSR) in T. cordifolia.

Methods: A total of 20 primers/primer pairs were tested for the detection of polymorphism. For genetic diversity assessment, certain parameters
such as Polymorphic Information Content (PIC), Marker Index (MI), effective multiplex ratio (EMR) and DDI (Diversity detecting Index) were used.

Results: The PIC, MI, EMR and DDI values ranges from 0.306-0.351, 0.76-1.18, 3.86-2.16 and 0.739-0.175 respectively. Cluster analysis based on
Jaccard`s similarity coefficient using an Unweighted Pair Group Method with Arithmetic mean (UPGMA) classified all 24 accessions in to two major
clusters respectively for both the marker system which demarcated the accessions according to different climatic zones. Similarity indices ranged
from 0.68-1.0 for ISSR and 0.52-0.96 for EST-SSR.
Conclusion: Both marker systems ISSR and EST-SSR separate out the accessions from different climatic zones in to different groups. In addition,
both have shown a high genetic diversity and a good consistency among different genotypes of T. cordifolia. Out of these two, EST-SSR proves more
efficient as it directly correlates with the geographical distribution of the plant.
Keywords: Tinospora cordifolia, ISSR, EST-SSR, Genetic diversity.
INTRODUCTION
The ability of a species to adapt to different environmental
conditions resides in their genetic diversity. Thus, genetic diversity
plays an important role in survival and adaptability of the species.
Methods of evaluation of genetic diversity include phenotypic,
biochemical and molecular markers [1]. Among these markers,
molecular markers are not affected by environmental conditions, are
found in the entire genome. They are widely used in studies of
genetic diversity. Microsatellites, also referred to, as simple
sequence repeats (SSRs), are tandem repeated sequences and
comprise mono-, di-, tri-, tetra-, penta or hexa-nucleotide units. SSRs
possess a large number of advantages, such as high information
content, co dominance, locus specificity and easy detection as PCRbased molecular markers. These have become important tools to
study genetic diversity, construct genetic maps and analyze
evolutionary processes of plant species [2,3]. Two different marker
strategies have been used based on microsatellites; SSR and intersimple sequence repeat (ISSR).

ISSR is a general term for a genome region between microsatellite
loci. The complementary sequences to two neighbouring
microsatellites are used as PCR primers; the variable region between
them gets amplified. Inter-Simple Sequence Repeats (ISSR) are
widely used in genetic diversity studies as they need no prior DNA
sequence information, development cost is low, and laboratory
procedures can easily be transferred to any plant species [4,5].
Traditional methods of developing Simple Sequence Repeats (SSR)
markers are usually time-consuming and labour-intensive, but with
the development of functional genomics, expressed sequence tag
(EST)-SSR has become the latest aspect of SSR development. ESTSSR originates from transcribed regions of genomes, which may
reflect information of specific genes. Consequently, EST databases
have become an increasingly valuable resource for SSR marker or its
development [6,7,8]. So far, the study of polymorphism, diversity
and transferability of EST-SSRs has been performed in many plant
species such as Citrus [9], soyabean [10], Jatropha [11], sorghum
[12] etc.

Tinospora cordifolia is a diploid (2n=22), deciduous climbing shrub
belonging to family Menispermaceae. According to ancient
traditional Ayurvedic system of India, it is a constituent of several
remediation used for various treatments such as general debility,
dyspepsia and urinary diseases [13]. Detection of polymorphism in
this plant, using the ISSR and EST-SSR are certainly better than other
previously used marker systems (as best to our knowledge, this is
the first study on EST-SSR and no one has used these two-marker
systems simultaneously for estimation of genetic diversity in T.
cordifolia). Hence, we report the development of EST SSR markers
and an attempt was made to develop a better approach to analyze
the genetic diversity of 24 different genotypes of T. cordifolia
collected from the Northwest region of India by using the two
marker systems i. e. ISSR and EST- SSR.
MATERIALS AND METHODS

Collection of different plant accessions of T. cordifolia & DNA
Extraction: A total of 24 different genotypes of T. cordifolia were
collected from 8 different ecological sites of 3 climatic zones of
Northwest India for the analysis of genetic diversity by ISSR and
EST-SSR (Table 1).
Primer designing for ISSR

A total number of 20 ISSR primers (Table 2), synthesized from Sigma
Aldrich.

Design of EST SSR: A total of 500 T. cordifolia EST sequences were
retrieved from NCBI database. For EST-SSR development, we
analyzed all these sequences by tandem repeat finder. After preprocessing, SSR containing sequences were identified by Gramene,
SSRIT - Simple Sequence Repeat Identification Tool [15]. 20 primer
pairs were successfully developed on the basis of following standard
parameters by using primer3 software [16] (a) the target amplicon
size of 200–900 bp, (b) the optimal annealing temperature to 52.860.1°C, (c) average GC content 45-60% and (d) the primer length at
18-24 bp. These 20 EST-SSR primers (Table 3) were synthesized
from Eurofins.
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Table 1: Collection sites: 24 accessions from 8 ecological sites of 3 different climatic zones
S. No.
1
2
3
4
5
6
7
8

Accessions
JS1 JS2 JS3
B1 B2 B3
R1 R2 R3
J1 J2 J3
S1 S2 S3
M1 M2 M3
BH1 BH2 BH3
U1 U2 U3

Collection Site
Jaisalmer
Bikaner
Rohtak
Jaipur
Sirsa
Mahendragarh
Bhopal
Udaipur

Climatic Zone
Arid Western Zone Rajasthan
Arid Western Zone Rajasthan
Semi Arid Central Zone Haryana
Semi Arid Eastern Zone Rajasthan
Semi Arid North West Zone Haryana
Semi Arid Southwest Zone Haryana
Humid Sub Tropical Zone Madhya Pradesh
Sub Humid Southern Zone Rajasthan

Total genomic DNA was extracted using a modified CTAB method based on the protocol of Doyle & Doyle [14]. Quality and concentration of total
DNA was verified by UV 2450 spectrophotometer (Shimadzu, Japan) at 260 and 280 nm. Further quality of DNA was tested by submerged
horizontal agarose gel (0.8%) DNA electrophoresis (Biorad, USA) and visualized under UV light, Gel documentation system (Alpha Innotech, USA).
Table 2: List of ISSR Primers
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Primer Name
ISSR 1
ISSR 2
ISSR 3
ISSR 4
ISSR 5
ISSR 6
ISSR 7
ISSR 8
ISSR 9
ISSR 10
ISSR 11
ISSR 12
ISSR 13
ISSR 14
ISSR 15
ISSR 16
ISSR 17
ISSR 18
ISSR 19
ISSR 20

Tm (°C)
35.1
66.5
45
44.1
56.4
23.8
46.8
46.6
42.9
43.3
50.3
53.3
54.9
53.2
59
53.7
46
55.5
55.3
59.1

Sequence(5´
3´)
GCACACACACAC(12)
GGGTGGGGTGGGGTG(15)
GACAGACAGACAGACA(16)
ACTGACTGACTGACTG(16)
GCGACACACACACACA(16)
ATATATATATATATATC(17)
AGAGAGAGAGAGAGAGC(17)
AGAGAGAGAGAGAGAGG(17)
GAGAGAGAGAGAGAGAT(17)
GAGAGAGAGAGAGAGAC(17)
GTGTGTGTGTGTGTGTC(17)
ACACACACACACACACC(17)
ACACACACACACACACG(17)
TGTGTGTGTGTGTGTGA(17)
CACACACACACACACACG(18)
CACACACACACACACAGT(18)
GAGAGAGAGAGAGAGATC(18)
CACACACACACACACATG(18)
GAGCAACAACAACAACAA(18)
CTCGTGTGTGTGTGTGTGT(19)

Table 3: List of EST SSR Primer pairs
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Primer Name
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20

SSR Motif
(TC) 34
(CAC) 7
(AAG) 11
(AT) 12
(AAG) 15
(TGA) 7
(CTT) 10
(AAG) 12
(CTT) 12
(CT) 16
(GAG) 5
(GAG) 5
(AGA) 7
(TAT) 4
(CT) 10
(CAC) 6
(CT) 10
(AAG) 11
(CAC) 7
(AT) 10

Tm (°C)
55.9
55.3
57.3
52.8
57.3
55.3
57.3
55.3
55.3
55.3
57.3
57.3
54
54.7
55.9
59.3
58.6
60
59.1
60.1

Forward Primer
ATCGATTCTTGCCACACTCC
TTATCAGCGCATCGGTTACA
CGCTTTCATTCTCCGACTTC
CGTCGAGCCTTACATCAACA
CAGAGAGGCAACATCGGAGT
CCGTTTATTCAGCCCTTTCA
TCTGTGGCTCCAATTTCTCC
CGATTGTTCTTCGCGTTCTT
ACCGATCAACGCTTTTCAAC
TTCATGGAGACGAAGCCTCT
GCCGAGGTGCTCTTATTGAA
GTTAAATCTGTGTCGCTGCTC
TAACAAACCCAGCATCACCA
ATTACCTCGCAGGGGAATC
TCCGACGTCTTCTTCTTCGT
TCATGTCCAACATTCCTAAAACA
CCAAAATTGCAGTTCGTGAT
TAAAGACGGTGCAAGGAAGG
TCATGTCCAACATTCCTAAAACA
CCTGGTGCGTTTGAGAAGAT

Reverse Primer
TCAACACAAAGAGAAACAAACACA
GAGGAATACGGGTTCGATCA
GCAATCTCATCCTTCCTTGC
ACAACCAAAACATCAAATGACA
TCCGTTCTTACGGATGGTTC
ATCGTCCCATGGTTTCACAT
GCGATCAGCAATACCCAAGT
GGGAGCCATGTATCCAGTGT
GCACACACAATGCCATAAGC
CATCCGCAGTCCATTTTCTT
CCTTTCCACCTAGTGCTTCG
CGAAGCCGACATCTGAAATC
ATTGGAACTGTCCCTGTTGG
TCCATCCACAAAAGAATGAATG
TGCAGCCTCAAAACTTTCATC
TCAAAGTAATCGTCTGATCGTCAT
GGAGGGAGGGAGGGAGAG
GTCTTGCAAGGGCTCTGTTC
CATTCAAAGTAATCGTCTGATCG
AATATAACGCAGGCCACTCG

Finally, 20 primer for ISSR and 20 primer pairs for EST-SSR were selected for validation of amplification and assessment of the polymorphism in T.
cordifolia.
PCR Amplification for ISSR and EST SSR
A total number of 20 ISSR primers and 20 EST-SSR primer pairs
were screened using DNA samples. PCR amplification was
performed in a thermo cycler (BioRad).

An initial denaturation period of 10 min at 94 ºC was followed by 44
cycles at 94 ºC, 1 min at 33-53ºC, 2 min at 72 ºC, and then 10 min at
72 ºC for final extension. Reaction was carried out in a total volume
521
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of 25 μl containing about 50 ng of template DNA, 200 µM of dNTPs,
2.5 μl of 10 × Taq buffer, 10 µM of Primer and 1.5 U Taq DNA
polymerase. To reduce the possibility of cross contamination in the
amplification reactions, a control reaction was used. It consisted of
the reaction mixture excluding any DNA matrix. The amplification
products were analyzed by electrophoresis on 1.5% agarose gel for
ISSR and 2-2.5% for EST SSR in 1× TAE buffer (pH 8.3) and detected
by ethidium bromide staining. The 500 bp DNA Ladder was used to
determine the size of the ISSR fragments and 100 bp Ladder was
used for EST-SSR product.

From the preliminary screening, primers that could amplify visible
bands were selected for further examination. Different anneal
temperature was examined to optimize the amplification condition
for the selected primers. Eventually, primers that produced clear
and reproducible bands were selected for the amplification of all
samples. The gel was photographed under UV light in a gel
documentation system (Alpha Innotech).
Data Analysis

The bands were scored using the binary scoring system that
recorded the presence and absence of bands as 1 and 0, respectively.
Typical bands scored were bright and well separated from other
bands, and faint bands were not scored to avoid the scoring of
artificial bands. Genetic similarity was calculated on the basis of
Jaccard’s similarity coefficient.
The resulting matrix of genetic similarity was used to construct the
dendrogram through the unweighted pair group method with
arithmetic mean (UPGMA) with the help of statistical package
NTSYS-pc version 2.0.2e [17].

The ISSR and EST SSR markers were characterized by using Marker
Index (MI), which is obtained by multiplying Polymorphic
Information Content (PIC) and effective multiplex ratio (EMR).
PIC was calculating by using formula;
1−∑

where P is the frequency of i-th allele [18].

EMR is the average number of polymorphic loci in a single analysis
for a particular set of objects [19,20].

DDI (Diversity Detecting Index) was calculated from the proposed
formula:
DDI=PIC×

/

Where
is the number of markers (polymorphic loci) and
is the number of examined objects (operational taxonomic unitsOTU)
RESULTS

Assessment of genetic diversity in T. cordifolia
In case of ISSR, 15 primers have shown polymorphism and have
generated 83 discernible DNA fragments with 58 being polymorphic.
Each band indicated as a single locus, minimum loci shown by a
primer was 3 by ISSR primer 13 and 15. Primer 17 showed the
maximum 10 bands.
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Effective Multiplex Ratio (EMR)
Since EST SSR markers are usually locus specific, the 12 markers
analyzed are considered equal to 12 loci (as one locus per primer
pair) in the present study. In case of ISSR marker, 15 markers
yielded 58 polymorphic loci. EMR is the average number of
polymorphic loci in a single analysis for a particular set of objects. In
case of ISSR and EST SSR, the EMR were 3.86 and 2.16 respectively
(Table 4).
Marker Index (MI): ISSR had higher MI values (1.18) than that of
EST SSR (0.76) because of polymorphism in many loci (Table 4).

Diversity Detecting Indexes (DDI): Diversity detecting indexes in our
study were
= 0.739 and
=0.175 (Table 4).
Table 4: Characteristics of two types of molecular markers used
for genetic similarity analysis of 24 accessions of T. cordifolia

Characteristics
Number of primer or primer pairs
Number of polymorphic product
EMR
PIC range of values
PIC mean
MI(EMR×PIC)
DDI

ISSR*
15
58
3.86
0.13-0.46
0.306
1.18
0.739

*for ISSR only polymorphic products were considered

EST SSR
12
26
2.16
0.10-0.46
0.351
0.76
0.175

Dendrogram of ISSR

The 24 genotypes were divided in to two main groups A and B on the
basis of Unweighted Pair-Group Method with Arithmetic averages
(UPGMA) cluster analysis. The cluster A including 6 genotypes (all
genotypes of Udaipur, two of Jaisalmer and one genotype of Bhopal)
and cluster B having remaining 18 genotypes. Further, the
dendrogram divided in to two sub clusters B1 and B2. The B2 sub
cluster including 2 genotypes (one each of Sirsa and Mahendragarh)
and B1 having 16 genotypes (Figure 1).

Dendrogram of EST-SSR

The 24 genotypes were divided into two main groups A and B on the
basis of Unweighted Pair-Group Method with Arithmetic averages
(UPGMA) cluster analysis including 2 genotypes in cluster A and 22
genotypes in cluster B. The two genotypes of Bhopal were included
in group A and remaining of the genotypes was in a separate group
B. Further all genotypes of Sirsa, Rohtak and Udaipur separates out
in sub cluster B1with one jaipur genotype. Whereas, all the
genotypes of Mahendragarh, Bikaner and Jaisalmer separated in to
sub cluster B2 with two genotypes of Jaipur (Figure 1).

However, in case of EST SSR, each primer denotes a specific loci and
a single band specifies as an allele. Therefore, out of 20 primer pairs,
12 were found to be polymorphic i. e. 12 loci. These 12 loci
generated 26 alleles (1-6 alleles per locus) i. e. T1, T5, T10 and T14
have shown a single allele/locus and T15 have shown 6 alleles
/locus with an average of 2.16 alleles /locus.

For assessment of genetic diversity certain parameters were used
such as PIC, EMR, MI and DDI.
Polymorphism Information Content (PIC)

PIC (mean value) calculated for ISSR and EST SSR were 0.306 and
0.351 respectively. ISSR results showed 3.87 loci per primer and EST
SSR showed average of 2.17 allele per locus. PIC was calculated for
each polymorphic locus with a range of 0.13- 0.46 for ISSR and 0.100.46 for EST-SSR (Table 4).

Fig. 1: shows dendrograms of 24 accessions of T. cordifolia
based on Genetic Similarity calculated using ISSR and EST-SSR
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DISCUSSION
T. cordifolia is an important medicinal plant used in traditional
Indian system of medicine, Ayurveda. Therefore, it is important to
develop a species-specific marker system like EST-SSR along with
ISSR. In the present study, we mined the publically available EST
database of T. cordifolia for SSRs, designed primers to amplify a
subset of these loci, and screened them to detect polymorphism for
genetic diversity. The various researchers have studied the genetic
diversity of the plant in different regions of India with the help of
different molecular markers mainly by RAPD and a single study of
ISSR. Rout [21] studied the genetic diversity of 15 individual clones
of Tinospora cordifolia collected from the reserve forests of Orissa by
using RAPD markers. Their results showed the low level of genetic
diversity. Shinde and Dhalwal [22] used the RAPD technique for
determination of different components present in an Ayurvedic
herbal formulation Rasayana churna, T. cordifolia, T. terestris and E.
officinalis as its constituents. Rana and his coworkers [23] studied
the genetic diversity and morpho-physiological features among
Tinospora populations of northwestern Himalayan region by RAPD
and ISSR. T. cordifolia is dioecious in nature and primarily
propagated through vegetative mode. This condition preludes
genetic recombination and reshuffling of genes that is manifested in
the form of genetic variation [23]. Here in the present investigation,
we have studied the genetic diversity of 24 accessions of T.
cordifolia, collected from 8 different ecological sites of 3 different
climatic zones of northwest India by using two microsatellite based
molecular markers i. e. ISSR & EST-SSR. To access the genetic
diversity of T. cordifolia from different ecological zones in India, 20
primers/primer pairs were used, of which 12 (for EST-SSR) and 15
(for ISSR) showed polymorphism. For EST-SSR, two genotypes of
Bhopal clustered separately in a single group-A (sub humid tropical
zone). Further clustering indicates that genotypes of Udaipur, Sirsa
and Rohtak (semi arid zone) sub clusters in to B1 while genotypes of
Bikaner and Jaisalmer separates out in a sub cluster group-B2 (arid
zone). Whereas for ISSR, all genotypes of Udaipur, two of Jaisalmer
and one genotype of Bhopal comes out in a separate cluster and
remaining 18 genotypes separates out in a large cluster. This is
understandable as these accessions are located far apart, at different
altitudes and belong to different climatic zones. ISSR results showed
slightly more variation in clustering as compared to EST SSR, the
possible explanation for this may be due to human intervention or
other ecological variation, which makes partitioning and distribution
of variability complex. There are studies, which also cited these
kinds of reasons [24]. However, results of EST-SSR clearly showed
that climatic conditions and physical parameters might affect the
plant genome as the plant is adapted and these changes are
inherited through next generation.

Also there are various studies that show that there are a relationship
between genetic diversity and geographic distribution and also the
climatic similarity has been observed in several species of aromatic
plants such as Azadirachta indica [25], Artemisia annua [26],
Tanacetum vulgare [27], three Achillea species [28] and Achillea
millefolium [29]. These studies also correlate with our study of EST
SSR that climate in near place is generally same (with some limited
variation), in term of genetical changes is one of the most important
and effective agent on genetic information in different way (like
mutation and natural selection). On the basis of particular marker
types, 2 separate dendrograms were created for ISSR and EST SSR.
Based on the similarity coefficient, two major groups were
generated from all the accessions tested by UPGMA clustering
analysis for each marker system. Genetic similarity calculations gave
mean value of 0.84 (value ranges from 0.68 to 1.0) for ISSR and 0.66
(value ranges from 0.33 to 1.0) for EST SSR.

Since results shows significant value of genetic diversity with both
the marker systems. For determining the overall utility of a given
marker system and to detect the polymorphism, the MI was
calculated for ISSR and EST SSR marker system. The average PIC, MI
and the mean similarity coefficient analyses clearly indicated that
the genetic diversity was considerably abundant. In addition, in
these types of studies, it is important to find out the number of
marker loci and calculation of number of loci is required for
elucidation of genetic relationship among accessions, hence, a DDI
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parameter could be helpful in preliminary estimation of necessary
number of loci. Moreover, the results of EST-SSR marker system
correlated with their geographical distribution while ISSR results
showed some variations. Therefore, according to our results, ESTSSR proved to be more efficient than ISSR based on the UPGMA
results as it directly correlates with the different accessions
collected from the different climatic zones. The accessions from
different climatic zones were placed in separate groups indicating
the presence of genetic diversity in the plant i. e. plants from
different climatic zone were more genetically diverse as compared
to the plants from the same climatic zone.
CONCLUSION

T. cordifolia is an important medicinal plant used against various
ailments. An attempt was made to develop a better approach to
analyze the genetic diversity of 24 different genotypes of T. cordifolia
collected from the Northwest region of India by using the two
marker systems i. e. ISSR and EST- SSR. Our results have revealed
the higher level of genetic diversity. Furthermore, the study can be
used for more advance genetic analysis and molecular studies.
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