
©IndianAcademyofSciences

ONLINE RESOURCES

Development and characterization of genomic microsatellite markers in
Tinospora cordifolia

MADHURANJANA GARGI, SAPNA THAKUR, SHASHI SHEKHAR ANAND, SHRUTI CHOUDHARYand
PANKAJ BHARDWAJ∗

Molecular Genetics Laboratory, Centre for Plant Sciences, Central University of Punjab, Bathinda
151 001, India

[Gargi M., Thakur S., Anand S. S., Choudhary S. and Bhardwaj P. 2017 Development and characterization of genomic microsatellite
markers in Tinospora cordifolia. J. Genet. 96, e25–e30. Online only: http://www.ias.ac.in/jgenet/OnlineResources/96/e25.pdf ]

Introduction

Tinospora cordifolia (Giloy, Guduchi, Amrita and heart-
leaved moonseed, 2n = 22) is a herbaceous vine, native
to the tropical areas of India, Sri Lanka and Myanmar
(Rana et al. 2012). It is a large, perennial, deciduous mas-
sively spreading climbing shrub with succulent stem. It is
a well-known medicinal plant, widely used as a key com-
ponent in various plant-based drugs and herbal remedies.
In ancient ayurveda system, this herb has been prescribed
in the treatment of various diseases, i.e. diabetes, jaundice,
fever, dyspepsia, skin diseases, urinary problems, chronic
diarrhoea and dysentery (Rege et al. 1999; Ahmad et al.
2009). The genetic data available on this species is insuf-
ficient to meet the future productivity and availability of
plants for drugs, towards conservation of genetic resources
and evaluation of the genetic impacts on cultivar produc-
tions. Understanding the genetic diversity and population
structure of a species is essential for its conservation and
effective management (Ayad et al. 1997). There has been a
convincing increase in the appliance of molecular genetic
methods for appraising the conservation and usage of
plant genetic resources. Codominant nature of SSRmark-
ers allow the revelation of a high number of alleles per
locus and also contributes to higher levels of expected het-
erozygosity (Morgante and Olivieri 1993) and therefore,
often employed in the genetic studies.
In the present study, we focussed on the development of

genomic microsatellite marker for medicinally important
plant species,T. cordifolia and their characterization across
its genotypes, collected from Indo-Gangetic plains. Based
on biotin–streptavidin hybridization technique, (AG)10
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enriched library was constructed. Thirty-one microsatel-
lite markers were developed, of which 23 were successfully
characterized. A total of 76 alleles were identified with a
mean of 3.304 alleles per locus and a mean of polymor-
phic content of 0.4633 per locus. Twenty-two loci showed
significant deviations from Hardy–Weinberg equilibrium
(HWE).

Materials and methods

A total of 30 genotypes of T. cordifolia were collected
from different regions of Indo-Gangetic plains (figure 1).
Details of sample collection along with their GPS location
are provided in table 1. Genomic DNA was isolated from
young leaves using the modified CTAB procedure (Doyle
1990), quantity and quality were estimated on Nanodrop
2000 Spectrophotometer and 0.8% agarose gel.
A library enriched for the dinucleotide repeat (AG)n

was constructed from the whole genome using restric-
tion endonuclease: EcoR1 and Mse1 (Bhardwaj et al.
2013). Following enzyme digestion and adapter ligation,
and amplification using respective primers, the fragments
within the size range 200–1000 bp were eluted. The
selected fragments were then enriched by biotinylated
(AG)10 probe, amplified and cloned through pGEM-T
EASY vector into chemically competent DH-5α
(Escherichia coli strain). Positively transformed cells were
screened and selected by blue–white screening (follow-
ing β-galactosidase interruption), and confirmed by sec-
ondary enrichment through colony PCR amplification.
Clones amplifying multiple bands were selectively grown
overnight in LB broth containing 100 μg/mL ampicillin
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Figure 1. Sampling sites on the map of Bihar and Uttar Pradesh, India.

Table 1. Geographical locations of T. cordifolia populations from north India.

Individual ID Region Site Latitude Longitude

1 Patna GM Road 25.6160634 85.1597281
2 Patna Vivekanand Marg 25.6206403 85.1120348
3 Patna Gayaghat 25.6322245 84.142854
4 Patna Sheikhpura 25.6058695 85.0921648
5 Patna ShriKrishna Puri 25.6096881 85.118112
6 Patna Darbhanga House 25.621648 85.164382
7 Patna BIT Campus 25.5961217 85.0876228
8 Patna Gola Road 25.6388389 85.0547072
9 Patna Mainpura 25.6274892 85.1207061
10 Patna Phulwarisharif Jn. 25.586539 85.079754
11 Banka Kaushalpur 25.0290341 86.8897655
12 Banka Kastikri 25.1241855 86.7001311
13 Banka Sambhuganj 25.0804267 86.730321
14 Banka Sultanganj Jn. 25.241744 86.735822
15 Banka English More 24.9960278 86.9054306
16 Sitamarhi Hanuman Chawk 26.811389 85.661389
17 Sitamarhi Baghari 26.5927 85.7192
18 Sitamarhi Dumra 26.559722 85.504722
19 Sitamarhi Riga 26.658 85.4681
20 Sitamarhi Nazarpur 26.6943 85.4407
21 Gaya Rajgir, Nalanda 25.0172473 85.4161642
22 Gaya Nawada, Hilsa 24.8910775 85.5354724
23 Gaya Makdumpur, Gaya 25.0655674 84.9739521
24 Gaya Nagmita colony 24.7954523 84.999431
25 Gaya NH 82, Nardiganj 24.9325215 85.436039
26 Varanasi Lahurabir 25.3217454 83.0015568
27 Varanasi Lanka 25.2814092 82.9978626
28 Varanasi Railwayganj Colony 25.32742 82.9860535
29 Varanasi Rasulghad, Var. Cantt. 25.3272698 82.9713249
30 Varanasi Chaukaghat 25.3328555 82.9878044
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at 37◦C. PlasmidDNA from the overnight culture was iso-
lated using Thermo Plasmid miniprep kit, and sequenced
withABI 3730 xl DNAAnalyzer using BigDye terminator
cycle sequencing kit v3.1 (AppliedBiosystems, FosterCity,
USA) as per the manufacturer’s protocol. Sequences con-
taining SSRs were analysed using SSR identification tool
(SSRIT). Plasmid chimeras were trimmed from sequenced
fragments using Gene Runner and primers were designed
from region flanking SSRs using Batch Primer3 v1.0
software and amplified in a reaction volume of 20 μL,
consisting of 1× Taq buffer (1 mM Tris pH 9.0, 50 mM
KCl, 0.01%gelatin, 1.5mMMgCl2), 25 ng templateDNA,
primer 2.5 mM of dNTPs mix, 5 ng each of forward and
reverse primers. Thermal profile constituted of a 94◦C
predenaturation step for 3 min proceed by 35 cycles of
denaturation at 94◦C, annealing at Ta (specific for each
loci as mentioned in table 2 and elongation at 72◦C for
1 min, respectively, and a 8 min final elongation step at
72◦C. The developed primer pairs were then characterized
among 30 genotypes on 6% denaturing gel and visualized
using silver stain (Thakur et al. 2016).

On the basis of genetic distance, genetic diversity was
estimated at different parameters, namely, effective num-
ber of alleles (Ne), observed and expected heterozygosity
(Ho,He), Shannon’s information index (I) using Pop-
Gene software ver. 1.31 (Yeh et al. 1999). The Structure
ver. 2.3.4 (Pritchard et al. 2000) and DARwin ver. 5.0.158
(Perrier and Jacquemoud-Collet 2006) was used for deci-
phering phylogenetic relationship among characterized
individuals. The clusters of hidden population were dis-
tinguished on the basis of multilocus Bayesian analysis.
For evaluation of optimum number of populations (K), a
simulation was coordinated using parameters; K (1–20)
with a random start for each K value and 10 inde-
pendent runs (Evanno et al. 2005). Number of distinct
population clusters (K) was determined using a web-
based program, Structure Harvester (Earl 2012), for envi-
sioning structure output and implementing the Evanno
method.

Results and discussion

A total of 1800 recombinant clones isolated from (AG)10-
enriched genomic library were screened for presence of
insert using secondary enrichment through PCR amplifi-
cation. On sequencing of 380 (21%) recombinant clones
exhibiting presence of insert in secondary enrichment, 116
(31%) were found to be positive for SSRs, which show
the success of enrichment procedure. These 116 SSRs
containing sequences have dinucleotide repeats of length
varying from 6–14 bp. Hundred per cent of SSRs con-
stitute dinucleotide motif of AG/GA or CT/TC as the
genomic library was enriched using (AG)10. Seventy six
(65%) sequences could not be used for designing primer
pairs either due to short sequences or presence of SSR loci
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Table 3. Statistic for library enriched for G-SSR development for T. cordifolia.

Fact Total

Total number of positive colonies obtained after blue–white screening 1800
Number of clones sequenced (percentage of the whole library) 380 (21%)
Clones containing SSR loci (percentage of clones sequenced) 116 (31%)
Nonsuitable SSR clones (percentage of clones sequenced) 76 (65%)
Unique SSR clones (percentage of clones sequenced) 40 (34.5%)

Figure 2. Most appropriate value of K using the second order
statistics (�K ) given by Evanno et al. (2005).

closed to trimmed ends. With the remaining 40 sequences,
54 primer pairs were designed, of which 23 were found
to be homologous and in remaining 31 primers, unique
primer pairs were developed and synthesized. A statistic

of genomic library constructed for T. cordifolia is rep-
resented in table 3. Of the 31 unique primer pairs, 30
showed successful amplifications in selected germplasm.
Seven (23.3%) of them showed monomorphic amplifica-
tions, and the other 23 (76.6%) were polymorphic. The
polymorphic potential of thedevelopedprimerpairs is rep-
resented in table 2. Number of alleles ranged from 2 to 5
with an average of 3.3043 having an approximate fragment
size ranges from 103 to 179 bp. The observed and expected
heterozygosity values varied from 0.1333 to 0.8667 (aver-
age of 0.3725) and from 0.1881 to 0.7299 (mean of 0.5297).
Polymorphic information content andShannon’s informa-
tion index varied within the range of 0.177–0.664 (average
of 0.4633) and 0.3944–1.3101 (with a mean of 0.9085),
respectively (table 3). Eight loci were found highly infor-
mative (PIC> 0.5) and other loci were with moderate PIC
(PIC > 0.25). Twenty two of the 23 loci showed signifi-
cant deviations from HWE (table 2). Structure based on
Bayesian model and unweighed neighbour-joining (UNJ)
tree constructed using DARwin exhibited the presence of
two clusters (figures 2 and 3). As established from �K
distribution, the graphical method detected the highest
value of �K at K = 2 indicating true number of sub-
populations (K ) present. Clustering or grouping of the

Figure 3. UWN tree of 30 individuals as constructed by DARwin 6.0.13; each branch represents single individual.

Journal of Genetics, Vol. 96, Online Resources e29



Madhuranjana Gargi et al.

populations was done on the basis of genetic similarity
among the groups irrespective of geographical locations
of sampling. Most of the individuals from regions Patna,
Gaya and Varanasi formed cluster (I) and individuals
from Banka and Sitamarhi were grouped under cluster
(II) (figure 3). Results of the present study indicate pres-
ence of two genetic subpopulation for T. cordifolia in
northern India. The polymorphic loci developed in the
present study adds on the available genetic resource for
this species and will help in understanding its genetic
diversity and population structure. These markers will
be helpful in planning strategies for effective manage-
ment and conservation of this medicinally important
species.
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