3 Biotech (2020) 10:310
https://doi.org/10.1007/5s13205-020-02300-7

ORIGINAL ARTICLE q

Check for
updates

Estimation of genetic diversity and population structure in Tinospora
cordifolia using SSR markers

Suchita Lade’? - Veena Pande? - Tikam Singh Rana>* . Hemant Kumar Yadav'*

Received: 8 February 2020 / Accepted: 11 June 2020 / Published online: 16 June 2020
© King Abdulaziz City for Science and Technology 2020

Abstract

Thirty polymorphic SSRs, derived from RNA sequencing of Tinospora cordifolia (willd.), were utilized for genetic diversity
and population structure evaluation among 96 accessions collected from ten different geographical regions of India. A total
of 7611 SSRs were identified from 268149 transcripts. Of all SSR loci, 69.07% of them were tri-nucleotide repeat motifs,
followed by di-nucleotide repeat motifs (12.82%). A total of 230 alleles were generated by 30 SSRs with an average of 7.67
alleles per locus with comparatively higher polymorphic information content (average 0.68). The expected (He) and observed
(Ho) heterozygosity means were 0.71 and 0.12, respectively. All the loci showed significant deviation from Hardy—Weinberg
Equilibrium (HWE). The neighbor joining clustering based on jaccard’s coefficient grouped all the 96 accessions into three
major cluster which was also in congruence with model-based structure plot. The result of molecular variance (AMOVA)
revealed higher genetic variance within populations than among populations. The result reflects an existence of high level of
genetic diversity in the collected accessions of T. cordifolia. The accessions Tc131, Tc31, Tc129, Tc38, Tcl6, Tc59, Tc60,
Tc17, Tc106 and Tc130 was found to be potential and diverse in nature and the SSRs TCSSR-18, TCSSR-37, TCTSSR-59,
TCTSSR-92, TCTSSR-123 and TCTSSR-126 as potential markers. These accessions and newly developed SSR markers
provide valuable resource and could be strategically utilized for further genetic improvement of 7. cordifolia.
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Electronic supplementary material The online version of this Introduction

article (https://doi.org/10.1007/s13205-020-02300-7) contains ) )
supplementary material, which is available to authorized users. Tinospora cordifolia (Willd.) Hook.f. & Thomason (Menisper-

maceae, 2n=22) is one of the important traditional medicinal
plants described in the Ayurveda system of medicine. It is
commonly known as Giloy (Hindi) and Guduchi (Sanskrit),
and is distributed throughout the tropical parts of Indian
subcontinent (Sri Lanka and Bangladesh) and also in China
(Kumawat et al. 2019; Spandana et al. 2013). It is a large, gla-
brous, deciduous and succulent climber with greenish-yellow
flower. The leaves are simple, alternate, heart-shaped and half
way round with long petiole. Fruits are yellowish-red in color,
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et al. 2016; Srivastava 2011; Ghosh et al. 2011) and is des-
ignated as miracle herb of the 21st century according by the
Ministry of Ayurvedic, Yoga, Naturopathy, Unani, Siddha and
Homeopathy (AYUSH), Government of India. In spite of the
immense medicinal properties and application of 7. cordifolia,
little information is available about its breeding system, genetic
variability and population genetic structure. The knowledge of
genetic variability of any plant is considered as prerequisite
for its efficient exploitation and utilization, to develop suitable
conservation strategies and deploy suitable breeding technique
for its genetic improvement (Fu 2015). Various molecular
markers have been utilized for understanding the domesti-
cation, evolution, distinctiveness, population structure and
extent of genetic variation within and between species (Baka-
toushi and Ahmed 2018). Molecular markers such as RAPD
and ISSR (Malik et al. 2019; Nazneen et al. 2019, Lade et al.
2018; Rana et al. 2012; Shinde and Dhalwal 2010) ITS and
cpDNA markers (Ahmed et al. 2006), isozyme (Kalpesh and
Mohan 2009), and also gene targeted SCol markers (Paliwal
et al. 2013) have been utilized to unravel the genetic diversity
and distinctiveness among limited accessions of 7. cordifo-
lia considering only small geographical area. Albeit, there is
information available, where SSR markers have been used to
estimate the genetic diversity in small number of accessions
collected mostly from local or small geographical areas, which
do not reflect a comprehensive account of the actual genetic
diversity (Gargi et al. 2017; Paliwal et al. 2016; Singh et al.
2014, 2016). Therefore, it is important to estimate the genetic
potential in diverse and large number of accessions from a
wider range of phyto-climatic zones. Among various marker
systems, SSRs is considered as highly potential to estimate
the genetic variability due to wide coverage of the genome,
reproducibility, high level of polymorphism and co-dominant
inheritance (Kalia et al. 2010). Considering the medicinal sig-
nificance and restricted marker-based studies in 7. cordifolia,
more SSR markers needs to be developed, which could sub-
stantially contribute towards estimation of genetic diversity
more comprehensively and identify the diverse populations for
future prospection. The present study was, therefore, under-
taken to enrich the SSR resources of T. cordifolia by extracting
novel SSRs from transcriptome sequences developed at CSIR-
National Botanical Research Institute (CSIR-NBRI), Lucknow
(India), and utilize a subset of newly developed SSRs to ana-
lyse the genetic diversity and population genetic structure in
96 accessions of T. cordifolia.

Materials and methods
Plant materials

The plant materials used in the present investigation were
collected from various phyto-geographical zones of India.
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The stem cuttings of almost equal length and width were
planted in the experimental field at CSIR-NBRI, Lucknow
and support was provided with the help of iron pipes (Fig.
S1). A total of 96 accessions were selected for the pre-
sent study collected from ten different states namely Uttar
Pradesh, Madhya Pradesh, Jammu & Kashmir, Maharash-
tra, Kerala, Gujarat, Andhra Pradesh, Karnataka, Chhat-
tisgarh and Haryana (Table S1). The total genomic DNA
was isolated from the young leaves using CTAB (Cetyl
trimethylammonium bromide) method following Porebski
et al. (1997). The DNA quality was checked by agarose gel
electrophoresis and quantified by Nanodrop (Thermo Nano
drop ND 1000).

RNA isolation and sequencing

Approximately 100 mg of fresh young leaves was grounded
into a fine powder with liquid nitrogen. Total RNA was
extracted and cleaned using Spectrum™ Plant Total RNA
Kit (SIGMA-ALDRICH) and RNase —free DNase I, respec-
tively, for transcriptome sequencing. The RNA concentra-
tion and purity were determined using Nanodrop (Thermo
Nano drop ND 1000) and agarose gel electrophoresis (1.2%),
respectively. High-quality RNA samples with concentration
of > 600 ng/uL; RIN value >6.8; OD A260/280 >2.10 was
used to construct complementary DNA (cDNA) libraries,
which were then sequenced using the Illumina HiSeq™
2000 platform (SciGenom Labs Pvt Ltd).

SSR identification and primer designing

The assembled transcriptome sequence data was subjected to
SSR identification using MIcroSAtellite tool (MISA; https://
webblast.ipk-gatersleben.de/misa/) (Thiel et al. 2003). The
major criteria for SSR identification was set as: minimum
number of repeat units: ten for di-nucleotides, five for tri-
and tetra-nucleotides, and four for penta- and hexa-nucleo-
tides. The primer pairs were designed using Primer 3 v2.23
(http://primer3.sourceforge.net) with the following param-
eters: primer length of 18-27 bp, GC content of 40-60%,
annealing temperature of 55-60 °C, and target PCR product
size of 100-300 bp.

PCR amplification and data acquisition

A random set of 135 SSR primers was commercially synthe-
sized (Eurofins Genomics India Pvt. Ltd.) for genotyping.
First, all the 135 SSR primers were PCR amplified with 4
accessions of T. cordifolia to identify polymorphic SSRs. Fur-
thermore, the polymorphic SSRs were used to amplify the
96 accessions. The PCR reactions was carried out in 10 uL
reaction volume containing 20 ng of template DNA, 1X PCR
buffer, 2.0 mM MgCl,, 0.25 mM each dNTPs, 1U Tag DNA
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polymerase (Qiagen), 1.0 pmol forward and reverse primers.
The PCR amplification was performed using C1000 Touch™
Thermal Cycler (BIO-RAD, USA) with an initial denaturation
of 5.0 min at 95 °C followed by 36 cycles of denaturation for
30 s at 95 °C, annealing for 45 s at 52-55 °C (primer specific),
extension for 1.0 min at 72 °C and final extension for 10.0 min
at 72 °C. The PCR products were first confirmed on 2.5%
agarose gel and subsequently, separated on 6% polyacrylamide
gel electrophoresis and visualized by silver staining. The size
of PCR products were measured against the 100 bp DNA lad-
der (Promega, USA) and amplicon size was calculated using
online tool fragment size calculator (biotools.nubic.northwest-
ern.edu/SizeCalc.html).

SSR data analysis

All the SSR fragments were manually scored as allele size and
also transformed into binary matrix data, i.e., O for the absence
and 1 for the presence of the band. The statistical analysis of
SSR allelic data was performed using Power Marker (Liu and
Muse 2005) to measure observed heterozygosity (Ho), allele
frequency, gene diversity or expected heterozygosity (He) and
polymorphic information content (PIC) value. To identify the
genetic relationship among the accessions, pairwise genetic
dissimilarities across all the 96 accessions was calculated using
Jaccard’s coefficient with using DARwin 5.0.128 software
(Perrier et al. 2003). The calculated dissimilarity matrix was
then used to construct a neighbor joining tree with a bootstrap
value of 1000 replicate. Furthermore, the Bayesian clustering
was also performed using STRUCTURE v 2.3.3 software to
determine the number of subpopulations. The presumed popu-
lation (K) was set to 2 to 15 with five separate runs per K and
30,000 burn-in period and 100,000 iterations for each run. The
optimal K value was calculated using structure harvester (Earl
and Von Holdt 2012) and analysing by AK statistic and L(K)
according to Evanno et al. (2005). The molecular variance
(AMOVA) and confirmation of the Hardy—Weinberg equilib-
rium (HWE) was performed using GenAlIEx 6.502 (Excoffier
et al. 2009). In addition, the relative discriminatory power of
genetic loci/combinations of loci for better population assign-
ment was determined using WHICHLOCI software (Banks
et al. 2003). The analysis was done with criteria of Use Criti-
cal Population Method at LOD score 3.0 and the threshold of
minimum percentage of assigned to population was set to 95.0.

Results
Frequency and distribution of SSRs
The Illumina Hiseq 2500 sequencing generated >246.0

million reads which were assembled into 268,149 tran-
scripts. In total, 155,821 unique contigs were obtained and

a total of 7611 SSR loci identified were distributed in 7457
sequences. Among the identified SSR, 154 were found to
be in compound form, while others were of ideal one-repeat
type (Table 1). Out of 7611 SSRs, the most abundant were
tri-nucleotide repeats (69.1%), followed by di-nucleotide
(12.8%), tetra-nucleotide repeats (8.2%), penta-nucleotide
(6.6%) and hexa-nucleotide repeats (1.4%) (Fig. S2). The
most common motifs were AAG/CTT repeats (10.7%) fol-
lowed by AAT/ATT (8.2%) for tri-nucleotides and AG/CT
(3.7%) repeats for di-nucleotides (Fig. S3).

Validation of SSRs and genotyping

Out of 7611, a total of 2981 primer pairs were success-
fully designed flanking the SSRs motifs. However, the
flanking sequences of rest of SSRs were not found suitable
for primer designing. A random set of 135 primers were
selected and commercially synthesized (Eurofins Genom-
ics India Pvt. Ltd.) for validation (Supplementary File 1).
The initial screening of SSR primers with 4 DNA was done
to optimize the PCR conditions. After several round of
PCR optimization, finally a set of 56 (41.48%) primer pairs
were found to be good which generated amplification prod-
ucts with expected size, 46 (34.07%) showed non-specific
products and 33 (24.44%) did not amplified any fragment
(Supplementary File 1). The 56 SSR primers were then
amplified with 96 accessions and amplicon resolved on 6%
polyacrylamide gel electrophoresis (PAGE) and visualized
through silver staining (Fig. S4). Out of 56 SSRs, 30 were
found to be polymorphic among 96 accessions, while the
rest 26 were monomorphic. These 30 polymorphic SSRs
generated a total of 230 alleles ranged from 2 to 12 alleles
with an average of 7.67 +2.88 alleles per locus (Table 2).
The maximum number of alleles (12) was exhibited by
TCTSSR-37 and TCTSSR-59 followed by TCTSSR-123,
TCTSSR-104, TCTSSR-60, TCTSSR-92, TCTSSR-18 (11
alleles) and TCTSSR-06 (10 alleles), respectively. Out of 30,
22 SSRs (73%) had alleles range between 6.00 and 12.00,
while 8 SSRs (27%) between 2.0 and 5.0. The PIC value
was found to be comparatively higher as 80% SSRs showed
PIC value in range of 0.61 to 0.85 (Table 2, Fig. S5). The

Table 1 Summary of SSRs mined from transcriptome data of Tinos-
pora cordifolia

Parameters used in screening Numbers

Total number of sequences examined 268149
Total size of examined sequences (bp) 225518219
Total number of identified SSRs 7611
Number of SSR containing sequences 7457
Number of sequences containing more than 1 SSR 521
Number of SSRs present in compound formation 154
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observed heterozygosity value ranges from 0.00 to 0.78 with
an average of 0.12 +0.22. The gene diversity was in between
0.40 and 0.85 with an average of 0.71 +0.13. Out of 30,
18 SSRs (60%) revealed highly informative gene diversity
value range between 0.71 and 0.85, while 8 SSRs (27%)
revealed moderate values ranging between 0.61 and 0.70 and
4 SSRs (13%) had lower gene diversity values <0.60. The
major allele frequency ranged between 0.21 (TCTSSR-92)
to 0.76 (TCTSSR-124) with an average of 0.41 +£0.15. The
SSRs 40% (12) showed major allele frequency between
0.41 and 0.80, while 30% (9 SSRs) ranged between 0.31
and 0.40. All the SSRs showed significant Chi square test
for Hardy—Weinberg equilibrium test at P <0.001.

Genetic diversity and population structure

The allelic data was used to calculate a pairwise genetic
distance based on Jaccard’s coefficient to understand the
genetic relationship among the 96 accessions. The pairwise
genetic dissimilarity varied from 0.26 to 1.0 with an aver-
age of 0.89 +0.05. The maximum genetic dissimilarity of
0.99 was observed among Tc131-Tc31, Tc129-Tc38, Tc16-
Tc59, Tc16-Tc60, Tc17-Tc106, Tc4-Tc130 and 0.98 among
Tc23-TC55, Tc16-Tc63, Tc16-Tc90, Tc10-Tc128, Tcl5-
Tc128, Tc9-Tc112, Tc9-131, Tc7-Tc129 and Tc5-Tc129.
The minimum genetic dissimilarity (0.26) was observed
between Tc95 and Tc96 followed by Tc53 and Tc52 (0.27),
Tc28 and Tc29 (0.28). The neighbor joining (NJ) dendro-
gram grouped all the 96 accessions into three main clusters:
cluster I, cluster IT and cluster III (Fig. 1a). The cluster III
comprised of 47 accessions (49%), followed by cluster II (34
accessions; 35%) and cluster I (15 accessions; 16%). The
cluster I could be subdivided into two sub-clusters namely
Ia with 7 accessions and Ib with 8 accessions. Similarly,
cluster Il was separated into four sub-clusters as Ila, IIb, Ilc,
IId with 5, 11, 10 and 8 accessions, respectively. Likewise,
the cluster III was separated into six sub-clusters Illa, IIIb,
IIIc, IIId, e and IIIf, each consisting of 10, 6, 8, 8, 8 and
7 accessions, respectively. Furthermore, the model-based
simulation was performed to investigate the subpopulations
among the 96 accessions. The population structure analysis
revealed 3 subpopulations (K =3) based on maximum AK
value obtained through the structure harvester (Fig. S6). The
bar plot of model-based clustering revealed that the sub-
population 1 confined 15 accessions (15.62%), among which
10 accessions (66.66%) were found to be pure lines and 5
admixture type (Fig. 1b). The subpopulation 2 comprised
41 accessions (42.70%) with 24 (58.53%) accessions as pure
lines, 17 admixture and subpopulation 3 had 40 accessions
(41.66%) in which 33 (82.5%) accessions as pure lines, 7
admixtures. The NJ dendrogram and STRUCTURE analysis
revealed almost similar patterns of accession compositions.
The NIJ tree as well as the STRUCTURE plot showed that
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the accessions composition of subpopulation 1 was coin-
cided by both the methods. The accessions of subpopulation
2 also corresponded with cluster II, with the exception of
seven accessions that grouped in cluster II1.

Furthermore, to understand the population differen-
tiation, AMOVA analysis was carried out which revealed
that 78% genetic variation was observed within the popu-
lation and 22% was among the population (Table 3). The
average pairwise ®pp (Similar To fy) was 0.22 which
eventually supported the structuring in the populations.
The maximum genetic diversity (He) was recorded for
population 3 (0.12 +0.009), followed by population 2
(0.10+£0.010) and population 1(0.11+0.010) with an
average of 0.11+0.005 (Table 4). Similarly, population 3
revealed maximum effective number of alleles per locus
(Ne), number of alleles per locus (Na) and Shannon’s infor-
mation index (/). The mean value for effective number of
alleles, Nei genetic diversity and Shannon’s information
index were 0.11+0.005, 1.17+0.010 and 0.19 +0.008,
respectively. The locus score derived from WHICHLOCI
analysis showed that the TCTSSR-126, had highest assign-
ment score (2.631), whereas TCTSSR-79 displayed the
lowest score (0.701) (Fig. S7, a; Table 5). The ‘‘overall’’
panel without defining the critical population included four
SSR markers: TCTSSR-131, TCTSSR-126, TCTSSR-1230
and TCTSSR-85. In this panel, the locus scores varied from
2.27 (TCTSSR-131) to 2.63 for TCTSSR-126, with an aver-
age value of 2.44 (Table 5). About 96.87% of the simulated
accessions were accurately assigned to their original popula-
tion using the most effective markers (Table 5). Similarly, in
critical population method for population 1, TCTSSR-126
had the highest Locus score (1.92) and TCTSSR-79 the
lowest (0.394) (Fig. S7, b). A panel of three marker loci,
TCTSSR-126, TCTSSR-06 and TCTSSR-131 had 97.91%
correct assignment of accessions to population 1. For Popu-
lation 2, the Locus score varied from 0.55 for TCTSSR-79
to 1.67 for TCTSSR-126 (Fig. S7, c). The population 2
panel had 96.87% assignment accuracy of accessions and
included loci TCTSSR-126 (1.67), TCTSSR-123 (1.60),
TCTSSR-85 (1.53) and TCTSSR-46 (1.47). For popula-
tion 3, the locus score varied from 0.45 for TCTSSR-79
to 2.0 for TCTSSR-85 (Fig. S7, d). The four markers,
TCTSSR-85 (2.0), TCTSSR-84 (1.79), TCTSSR-49 (1.79)
and TCTSSR-96 (1.67), accounted for 97.91% assignment
accuracy of accessions.

Discussion

The knowledge about the level of genetic diversity provides
basic parameters to any plant for its sustainable exploita-
tion and utilization. The genetic diversity could be evalu-
ated based on morphological traits and DNA markers. The
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Fig. 1 Distance- and Bayesian Model-based genetic clustering of 96
accessions of Tinospora cordifolia using 30 SSR markers. a Dendro-
gram was constructed in DARwin v 5.0.128 based on Jaccard’s coef-
ficient using NJ method. Robustness of the node of the phylogenetic
tree was assessed from 1000 bootstrap replicates and bootstrap values

Table 3 Analysis of molecular variance for 96 accessions from three
populations

of >40% are shown (each color is indicative of a separate group and
color coding is according to STRUCTURE analysis data). b Popula-
tion structure analysis of Tinospora cordifolia accessions for K=3
subpopulations (popl-pop3) using STRUCTURE v 2.3.3 application

Table 4 Different genetic diversity estimates for three populations of
T. cordifolia based on SSR data

Source Degree of Sum of squares  Variance % variance
freedom

Among pops 2 456.292 6.944 22

Within pops 93 2293.833 24.665 78

Total 95 2750.125 31.609 100

Fgr=0.220, P<0.010
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Population Na Ne I He

pop1(15) 1.05+0.065 1.17+0.017 0.18+0.014 0.11+0.010
pop2 34) 1.12+0.065 1.16+0.018 0.17+0.014 0.10+0.010
pop3 (47) 1.49+0.057 1.17+0.016 0.21+0.013 0.12+0.009
Mean 1.22+0.037 1.17+0.010 0.19+0.008 0.11+0.005

Na number of alleles, Ne effective number of alleles, / Shannon’s
information index, He expected heterozygosity
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Table 5 Estimation of correct

8 . Marker Panels (including markers) with the corresponding locus score

assignments and incorrect

assignments of loci to one Overall (whole Population 1 Population 2 Population 3

population at a time using population)

critical population method by

WHICHLOCI ver 1.0 Software TCTSSR-06 1.68

for three populations of TCTSST-46 1.47

Tinospora cordifolia TCTSSR-49 1.79
TCTSSR-84 1.79
TCTSSR-85 2.53 1.53 2.00
TCTSSR-96 1.67
TCTSSR123 2.36 1.60
TCTSSR-126 2.63 1.92 1.67
TCTSSR-131 2.27 1.63
Mean of Locus score 2.44 1.74 1.56 1.81
Correct assignment (%) 96.87 9791 96.87 9791
Not correct assignment (%) 3.12 2.08 3.12 2.08

No critical population method used for “Overall” panel

DNA markers provide more precise informations on as they
are rarely affected by environmental variables (Sharma et al.
2008). Various RAPD based studies in T. cordifolia have
been reported; however, the results of such studies could
not be so reliable due to low reproducibility and low level
of polymorphism of RAPD marker (Li et al. 2011; Hamza
et al. 2013). Contrary, the SSR markers revealed higher het-
erozygosity and thus can be attributed to detection of high
polymorphism which makes them the most preferred DNA
marker (Rana et al. 2015; Sharma et al. 2015). There are,
however, few reports available in the public domain on the
development and characterization of SSR markers in 7. cor-
difolia, wherein limited number of accessions were analyzed
(Gargi et al. 2017; Paliwal et al. 2016; Singh et al. 2016).
Gargi et al. (2017) extracted SSRs from enriched libraries
and utilized 23 SSRs to assess the genetic diversity among
30 accessions collected from very narrow geographical
region of India. While, Singh et al. (2016) identified tran-
scriptome derived SSRs and deployed over 24 accessions to
understand the level of genetic diversity. All these studies
carried out with limited number of accessions mostly col-
lected from narrow geographical region and thus majority
of the genetic variation remains unexplored. Therefore, in
the present investigation large set of accessions from wider
geographical regions was estimated for genetic variability
assessment. In addition, SSR marker resource in 7. cordi-
folia also enriched with new SSR identified from RNA-seq
data. A total of 246 million reads and 268149 assembled
transcripts were generated which were greater than the
results of previous studies (Singh et al. 2016). This indi-
cates that the transcriptome data was efficiently assembled
and appropriate for marker development. The present study
revealed that the tri-nucleotide repeats were found to be
the most abundant (69.1%) to di-nucleotide (12.8%) and

tetra-nucleotide repeats (8.2%). This was also in agreement
with the earlier reports, wherein tri-nucleotide found to be
most abundant (57.88%) than the di-nucleotide (36.87%)
(Singh et al. 2016). The dominancy of tri-nucleotide SSR
repeats was also observed in other plants such as Curcuma
alismatifolia (Taheri et al. 2019), Elymus L. (Zhang et al.
2019), Panicum miliaceum L. (Hou et al. 2017), Capsicum
annuum (Lu et al. 2012); however, di-nucleotide SSR was
found to be dominant in Notopterygium incisum (Jia et al.
2019), Brassica rapa L. spp. pekinensis (Ding et al. 2015).
This discrepancy might be due to search criteria, algorithm
used and selection constraints of plant species (Shi et al.
2017). The preponderance of tri-nucleotide repeat motifs
considered to be usual for SSRs, as insertions or deletions
inside translated regions do not interact with open reading
frames, whereas frame-shift mutations restrict the expansion
of other motif forms (Wang et al. 2018). The AAG/CTT
repeats was the most frequent tri-nucleotide repeats (10.7%)
in the present data set which was also in corroboration with
previous findings, where the most prevalent SSR repeats in
T. cordifolia was AAG/CTT, (25.60%) (Singh et al. 2016).
Among the di-nucleotide, AG/CT was the most frequently
observed (3.7%) repeats, which was also in congruence with
the earlier studies (Singh et al. 2016; Zheng et al. 2013).
The allele range and average number of alleles in the
present investigation was found to be comparatively higher
than the previous reports in 7. cordifolia (Gargi et al. 2017;
Paliwal et al. 2016; Singh et al. 2016) which indicated that
the accessions used have higher level of genetic variability.
The present study also revealed significantly higher aver-
age PIC value (0.68) and five SSRs out of 30 showed > 0.8
PIC value indicated high polymorphism. Furthermore,
the HWE analysis indicated that the SSRs was randomly
distributed in the genome and found suitable to be used
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for genetic diversity assessment. Based on allele and PIC
value the SSRs, TCTSSR-59, TCTSSR-92, TCTSSR-126,
TCSSR-18 and TCSSR-37 was identified as potential marker
which could be utilized for genetic studies on other set of
accessions of T. cordifolia. Likewise, the accessions Tc131,
Tc31, Tc129, Tc38, Tcl6, Tc59, Tcl6, Tc60, Tcl7, Tc106
and Tc130 was identified as diverse and potential acces-
sions. These diverse accessions could be further utilized
in bio-prospection programme for new biomolecules. The
clustering pattern of accessions revealed that the accessions
are independent of their geographical affiliations; how-
ever, majority of the accessions from Jammu & Kashmir
clustered together in cluster II. The Bayesian Model-based
structuring and NJ dendrogram revealed similar patterns
of population structuring amongst the 7. cordifolia popu-
lations which suggests that any one of these two methods
are efficient to differentiate the accessions based on their
genetic variations. Furthermore, the importance of genetic
structure, represented by the AMOVA analysis indicated that
78% of the genetic variation resided within the populations
and 22% among the three populations. The Fy value (0.22)
derived by AMOVA analysis supported the strong popula-
tion stratification among the accessions. The discriminatory
power of markers is determined by their efficiency in cor-
rect population assignments and inversely correlated with
their propensity for causing false assignments (Agrama et al.
2012; Banks et al. 2003). The locus score of a marker is pos-
itively associated with the corresponding genetic diversity,
PIC, and number of alleles. In the ‘‘overall’’ panel analysis,
four markers with high locus scores presented more prox-
imity towards high PICs, genetic diversity and high allele
numbers. The SSR markers TCTSSR-79 and TCTSSR-124
had the lowest locus scores, because their polymorphism
and diversity were the more towards lowest (PIC =0.49
and 0.39, diversity =0.54 and 0.40, allele number =4,
respectively) among the 30 markers. Among the nine SSR
markers selected in the four panels, four highly diversified
markers (TCTSSR-131, TCTSSR-126, TCTSSR-123 and
TCTSSR-85) were common to more than one panel.

Conclusions

The present investigation revealed that the considerable level
of genetic variability exists across the 7. cordifolia acces-
sions. The study has resulted into the identification of several
genetically diverse accessions (Tc131, Tc31, Tc129, Tc38,
Tcl6, Tc59, Tcl6, Tc60, Tcl7, Tc106 and Tc130), which
could be further utilized in bio-prospecting of T. cordifo-
lia for its valuable traits. The highly informative SSRs such
as TCTSSR-59, TCTSSR-92, TCTSSR-126, TCSSR-18,
TCTSSR-131, TCTSSR-123 and TCSSR-37 could be uti-
lized for sorting out the large set of germplasm.
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