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Abstract

Intra-species genetic variability assessment is an effective tool in formulating genetic improvement and germplasm conservation
strategies. Houttuynia cordata Thunb. is a semidomesticated medicinal herb consumed widely in traditional diet in North-Eastern
India. In the present study, an effort has been made to assess the genetic diversity of H. cordata Thunb. from Brahmaputra valley
of North-East India. A total of 545 genotypes from 18 populations of H. cordata Thunb. from four different regions, i.e. North-
East, North-West, South-East and South-West, with respect to river Brahmaputra were collected and population genetic diversity
and structure were analysed using ISSR molecular markers. Population genetic structure analysis using unweighted pair group
method with averages (UPGMA)-based hierarchical cluster analysis, principal coordinate analysis (PCoA) and model-based
clustering in STRUCTURE program revealed that the population of H. cordata Thunb. grouped according to regional distribu-
tion and forms four genetically distinct clusters. The analysis of molecular variance showed that differentiation among regions
was significant with 60% genetic variation among region, 3% genetic variation among population within region and 37% genetic
variation within population. We found wide variation in Nei’s gene diversity (Hj) ranging from 0.07782 in Margherita population
to 0.13634 in Barapani population. Furthermore, Nei’s gene diversity within population (Nei’s Hs) and total gene diversity (Ht)
were found to be 0.1081 and 0.1769 respectively. The genetic differentiation among 18 population was high (Fst=0.3894;
p <0.001) with relatively restricted gene flow (Nm = 0.6564). Based on the result of this study, we suggest ex situ conservation
could be an appropriate measure to adequately capture the total genetic diversity of H. cordata Thunb. populations of North-East
India by selecting few individuals from different populations.
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Houttuynia cordata Thunb. is a perennial herbaceous medic-
inal plant distributed in Japan, China, Korea, and Southeast
Asia and the Himalayas. In India, it is mainly distributed in
North-Eastern states including Assam, Meghalaya, Manipur,
Tripura, Mozoram, Arunachal Pradesh and Sikkim
(Bhattacharyya and Sharma 2010). The plant prefers to grow
in moist and shady habitat (Alves et al. 2013; Wei and Wu
2012). A study conducted in North-East India has indicated
that the plant requires a special moist habitat having clay loam
soil with higher organic carbon (0.85+0.05%), average soil
pH 5.9 and 78% soil moisture (Bhattacharyya and Sharma
2010). It is the only member of the genus Houttuynia under
the family Saururaceae (Fang 1981; Tseng 1982). The plant is
popularly known by different common names like Chameleon
plant, fish wort or heart leaf, and Chinese lizard tail. It is
widely used for ornamental (Frank and Dana 2012), culinary


http://crossmark.crossref.org/dialog/?doi=10.1007/s11105-020-01260-9&domain=pdf
mailto:rajubh2@gmail.com

Plant Mol Biol Rep (2021) 39:434-442

435

and medicinal purposes (Wu et al. 2002). Mature plants of
H. cordata Thunb. are 30-60 cm tall, with horizontal rhi-
zomes or stolons that connect the erect aerial stems. The ter-
minal inflorescences consist of dense spikes (1.5-2.5 cm long)
of very small flowers without petals, but each inflorescence
has four bracts at the base which resembles a single flower.
The leaves are heart-shaped, cordate with a sheathing base,
measuring up to 10 cm long and 6 cm wide, usually green but
can turn into purplish colour when exposed to sunlight. The
fruits are tiny (2-3 mm long) with 9 to 18 apomictic seeds in
each (Alves et al. 2013). Sexual reproduction has not been
reported for this plant (Wei and Wu 2012). It mainly repro-
duces through vegetative propagation by producing abundant
rhizomes or stolons and by parthenogenesis (Mihara 1960;
Shibata and Miyake 1908).

All parts of the plants are edible with high medicinal prop-
erties and have been used traditionally for curing various hu-
man diseases (Bhattacharyya and Sharma 2010). Different
studies indicate that H. cordata Thunb. contains abundant
nutrients and active components including volatile oils, flavo-
noids and water-soluble polysaccharides (Li et al. 2005; Cao
and Wang 2005). In addition, H. cordata Thunb. exhibits a
wide range of pharmaceutical activities including antibacterial
(Lu et al. 2006a; Kim et al. 2008), antiviral (Hayashi et al.
1995; Liu et al. 2010; Chen et al. 2011; Yin et al. 2011), anti-
inflammatory (Lu et al. 2006b; Shin et al. 2010; Li et al. 2011,
Kim et al. 2012), immunologic (Lau et al. 2008), anticancer
(Zhou et al. 2012; Lai et al. 2010), antioxidative (Chen et al.
2003; Toda 2005) and anti-mutagenic (Chen et al. 2004) ef-
fects. The extract of H. cordata Thunb. has been demonstrated
to have immunomodulatory and anti-SARS (severe acute re-
spiratory syndrome) activities (Lu et al. 2006b; Lau et al.
2008). Also, it was reported to inhibit human immunodefi-
ciency virus type 1 (HIV-1) and herpes simplex virus type 1
(HSV-1) (Hayashi et al. 1995). In North-East India, it is widely
used by local tribes as ethno medicine (Sarkar 1993; Bora
2001; Khongsai et al. 2011). It is eaten raw by local tribal
people for lowering blood sugar level (Marles and
Farnsworth 1995). The juices of leaf are traditionally used
for treatment of diseases like cholera, dysentery and anaemia
and purification of blood (Laloo and Hemalatha 2011).

There is no record of organized cultivation of this medici-
nal plant, and therefore, it is mostly harvested from its wild
habitat. With the growth of commercial demand in the recent
years, the plant is being indiscriminately harvested from wild
resulting in habitat destruction, population decrease and re-
duction in its genetic diversity (Zhong et al. 2009). Many
studies from China have reported genetic diversity of
H. cordata Thunb. based on morphological features, isozyme,
chromosome number and ISSR markers (Wu et al. 2002,
2003; Wei and Wu 2012; Zhong et al. 2016). But until now,
no study has targeted the genetic diversity and population
structure of this important medicinal plant in North-East

India, although this information is essential for the formula-
tion of any effective conservation strategies. In the present
work, 18 populations of H. cordata Thunb. from different
regions of North-East India were analysed using ISSR marker
to study their genetic diversity, differentiation and structure.
We then used these results to describe genetic diversity and
population structure and to infer whether any gene flow
among these populations occurs. The information generated
in the present study on population genetics of H. cordata
Thunb. could be used to plan adequate conservation actions.

Materials and Methods
Population Sampling and DNA Extraction

In the present study, 18 populations of H. cordata Thunb.
(28-32 individuals per population) were sampled from 18
locations of North-East India during 2012 and 2013 (Fig. 1,
Table 1). All these collection sites are largely distributed on
Northern and Southern bank of river Brahmaputra. We divid-
ed our sampling areas into four regions with respect to the
river Brahmaputra. These regions are (1) North-Eastern region
which includes Nalbari (NB), Dhemaji (DM), Itanagar (IN),
Kokrajhar (KJ) and North Lakhimpur (NL); (2) South-
Western region which includes Cherapunji (CP), Shora
Shella (SS), Mawlai (ML), Barapani (BP) and Laitryngew
(LG); (3) South-Eastern region which includes Nagaon
(NG), Margherita (MR), Golaghat (GG), Tinsukia (TS),
Guwabhati (GW) and Jeypore (JP) and (4) North-Western re-
gion which includes Kalimpong (KP) and Gangtok (GT).
From each of the sampling site, random sampling was done
covering an area of about 2-km radius. While collecting the
leaf samples from each of the population, care was taken to
maintain a minimum distance of at 0.3 km among sampled
individuals to avoid sampling clonal relatives. Young leaves
for DNA extraction were collected in zip-lock polybags, tem-
porarily stored on ice until brought to the laboratory for stor-
age at — 80 °C. The DNA from leaf was extracted following
the procedure described by Doyle (1991).

ISSR Fingerprinting

ISSR fingerprinting was done according to Wu et al. (2005),
with minor modifications. Twenty-two ISSR primers were
screened against 18 populations, taking two individuals ran-
domly from each population. The PCR reaction was set in a
10 pl reaction volume using 20 ng of template DNA. The
PCR reaction mixture contains 10x reaction buffer—1 ul,
2.5 mM dNTPs—0.6 pl, 10 mM primers—2 pl, template
DNA—20 ng, Taq DNA polymerase (1 U/ul)—0.5 ul and
nuclease-free water—to make the final volume 10 pl. The
PCR profile used include initial denaturation at 94 °C for
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Table 1 Localities and sizes of the 18 H. cordata Thunb. populations sampled in this study

Sampling locality Population ID Latitude (N) Longitude (E) Altitude (m) Sample size Region
Nalbari, Assam NB 26.468° 91.418° 50.697 32 North-East
Dhemaji, Assam DM 27.491° 94.547° 105.879 32 North -East
Itanagar, Arunachal Pradesh IN 27.092° 93.612° 342.662 32 North-East
Kokrajhar, Assam KJ 26.404° 90.293° 45.000 29 North-East
North Lakhimpur, Assam NL 27.229° 94.125° 89.701 31 North-East
Cherapunji, Meghalaya CP 25.300° 91.700° 1487.867 30 South-West
Shora Shella, Meghalaya SS 25.166° 91.646° 60.849 29 South-West
Mawlai, Meghalaya ML 25.607° 91.880° 1390.885 28 South-West
Barapani, Meghalaya BP 25.688° 91.914° 1042.133 29 South-West
Laitryngew, Meghalaya LG 25.234° 91.732° 1138.626 29 South-West
Gangtok, Sikkim GT 27.342° 88.597° 1218.575 29 North-West
Kalimpong (Teesta Valley), Sikkim KP 27.119° 88.488° 460.615 30 North-West
Margherita, Assam MR 27.295° 95.684° 138.394 30 South-East
Tinsukia, Assam TS 27.449° 95.328° 120.456 31 South-East
Golaghat, Assam GG 26.508° 93.969° 101.504 31 South-East
Nagaon, Assam NG 26.268° 92.672° 62.358 29 South-East
Jeypore, Assam JP 27.146° 95.362° 135.848 32 South-East
Guwahati, Assam GW 26.161° 91.660° 52.053 32 South-East
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Fig. 1 Distribution of the field sampling sites in North-East India. Brahmaputra. The pie diagrams on the left shows the results of
Sampling area was divided into four regions: North-Western; North- AMOVA where AP = among populations, WP = within populations,
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3 min followed by 35 cycles of 94 °C for 1 min, 50 °C for
1 min and 72 °C for 2 min and a final extension of 72° for
10 min. After PCR, the amplified products were resolved in
1.3% agarose gel and photograph was taken in a gel doc for
scoring. Low Range DNA Ruler Plus (Genie, Cat. No.
2662770501730) was used to determine the fragments sizes
for scoring. To create a binary matrix, amplified fragments of
100 to 1200 bp were scored visually from printed gel photos
as having present (1), absent (0), or ambiguous (?). Only dis-
tinct bands were scored as present, and the manual scoring
procedure was repeated twice on separate occasions to reduce
scoring errors.

Genetic Data Analysis

In the present study, all the genetic diversity and differentia-
tion statistics were computed using AFLP-SURV v 1.0 pro-
gram (Vekemans 2002; Vekemans et al. 2002). Bayesian
method with non-uniform prior distribution of allele frequen-
cies was used to estimate band frequency distribution
(Zhivotovsky 1999) followed by genetic diversity analysis
within and between population (Lynch and Milligan 1994).
Banding pattern across population, proportion of polymorphic
loci (PPL) at 5% level, Nei’s gene diversity (Hj), Shannon
diversity index (I), Wright fixation index, Fst (Weir and
Cockerham 1984), population differentiation (Gst) and gene
flow (Nm=0.5(1 — Gst)/Gst) were also computed in
GenAlEx V6.5 (Peakall and Smouse 2006, 2012) and
POPGENE v1.32 (Yeh et al. 1997).

To differentiate among populations, AMOVA was com-
puted in GenAlEx v6.5 using 9999 permutations. The
UPGMA (Sokal and Michener 1958) method was used for
cluster analysis among populations. Nei’s minimum distance
matrix (Nei 1972, 1978) as obtained from AFLP-SURYV v1.0
was used for computing UPGMA clustering analysis with
10,000 bootstrap analysis of cluster relationships using
NEIGHBOR module in the PHYLIP v 3.695 (Felsenstein
2008) software package.

Principal coordinate analysis (PCoA) was performed based
on Nei’s minimum distance matrix (Nei 1978) in GenAlEx v
6.5. Population structure was determined using the program
STRUCTURE v 2.3.3 (Falush et al. 2007) which statistically
determines the probability of an individual to be included in a
homogenous cluster (K populations) without prior population
information. The correlated band frequencies and admixed
model were applied with a burn-in-period of 100,000 and
1,000,000 MCMC replicates after burn-in. The range of clus-
ters (K) was given from 1 to 18. From K =1 to K = 10, ten runs
were performed, whereas for K> 10, five runs were per-
formed. The detection of the most-likely K was done accord-
ing to Evanno et al. (2005), which uses LnP(D) to get infor-
mation about most probable number of groups and calculate

height of the modal value of the AK distribution to detect the
most-likely K (Evanno et al. 2005).

Results

Understanding of the genetic diversity and population struc-
ture is very much essential to plan any conservation or genetic
improvement program for any species. A total of ten best
ISSR primers (S1 Table) that showed reproducible polymor-
phic amplification during screening step were used to analyse
545 individual genotypes of H. cordata Thunb. covering 18
populations, resulted in 137 markers. The number of bands
amplified ranged from 28 to 47 with an average of 40.7 bands
per population. The band pattern across these 18 populations
is given in supplementary information 2 and Fig. 2.

Population Genetic Structure

Hierarchical cluster analysis (UPGMA) revealed that popula-
tions sampled from South-West, North-West and North-East
regions of Brahmaputra valley were grouped separately
(Fig. 3). Cluster I, with a bootstrap value of 100%, included
all the populations of South-West region of Bramaputra val-
ley. Cluster I can be divided into two groups, viz., group I
contains two populations (CP and LG), whereas group II con-
tains the remaining 3 populations (ML, BP, SS). Cluster II,
with a bootstrap value of 100%, included all the populations
sampled from North-East region of the Brahmaputra valley.
Cluster 111, with a bootstrap value of 100%, contained the two
populations (GT and KP) sampled from North-Western region
of the valley. The UPGMA clustering also revealed that all the
populations from Northern Region were well separated from
the populations of Southern region of Brahmaputra valley.
The remaining South-Eastern populations could not be
grouped into a single cluster where population MR was found
to be grouped with NG. The principal coordinate analysis also
revealed that populations of H. cordata Thunb. grouped ac-
cording to regional distribution with Northern populations
(KJ,NB, DM, IN and NL) well separated from Southern pop-
ulations (BP, ML, CP, LG and SS) (Fig. 4), which is consis-
tent with the results of UPGMA-based cluster analysis.
Furthermore, our model-based clustering analysis using pro-
gram STRUCTURE (Pritchard et al. 2000; Falush et al. 2003;
Evanno et al. 2005) showed likelihood of LnP(D) was greatest
when K =4. We found that for K >4, LnP(D) increased slight-
ly but more or less plateaued (Fig. 5a), i.e. AK reached its
maximum at K =4 (Fig. 5b), thus indicating that all our se-
lected populations can be included into one of the four clus-
ters, which interestingly corresponds to the geographic distri-
bution of these populations (Fig. 1).

The analysis of molecular variance indicated that majority
of genetic variation (60%) occurred among regions, while
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variations among population within region and within popu-
lation were found to be 3% and 37% respectively (Fig. 1).
Interestingly, AMOVA showed high genetic variation within
population (91%) than that of among populations (9%) when
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mm Total no. Bands Freq. >= 5%
mm Total no. LComm Bands (<=25%)
——Mean He

LComm Bands (<=50%), number of locally common bands (Freq. >
50%) found in 50% or fewer populations; He, expected gene diversity;
uHe, unbiased expected gene diversity. Full name of the populations is
given in Table 1

the South-Eastern population was treated as one group. Also,
similar type of result was observed for the North-Western,
North-Eastern and South-Western populations (Table 2),
which may be one of the reasons for populations getting clus-
tered together based on their regions. When the North-
Western and North-Eastern populations were pooled together,
AMOVA calculated higher genetic variation within popula-
tion (56%), while variation among population was 44%.
Similar types of results were also obtained when South-
Western and South-Eastern populations were pooled together
with variation within population (53%) more than variations
among populations (47%). Moreover, when we pooled all the
18 populations together as one group and estimated variation
among and within population, we found Fst value to be 0.575
(P<0.001) with 57% variation among populations and 43%
within populations. This finding thus suggests that inter-
population variation was comparatively more than intra-
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Fig. 4 Principal coordinate analysis of 18 H. cordata populations, based
on Nei’s unbiased genetic distances. Horizontal and vertical scales
represent the first and second principal axes of variation respectively
(the two axes that explain the most variations among populations). Here
the first principal axis represents a large 60.61% of variation, the second
axis represents 23.59% of variation. Full name of the populations is given
in Table 1
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Fig. 5 STRUCTURE analysis of
H. cordata populations based on
ISSR data (a the relationship
between K and mean L(K); b the
relationship between K and AK; ¢
the grouping when K =4). Full
name of the populations is given
in Table 1

population variation. Therefore, we hypothesise that the dif-
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Table 2  Results of AMOVA for H. cordata Thunb. individuals based on 137 ISSR markers

Group Partitioning df Sumof Variance % of F statistics p value
squares ~ components  variation
Four geographical regions (North-Eastern, Among groups 3 4515270 11.308 60 PhiRT =0.603 p<0.001
North-Western, South-Western and South-Eastern) (four regions)
Among population 14 356.864 0.615 3 PhiPR=0.083 p<0.001
within groups

Within population 527 3601.671  6.834 36 PhiPT=0.636 p<0.001
Total 544 8473.806 18.757

South-Eastern population Among population 5 108.266  0.526 9 PhiPT=0.088 p<0.001
Within population 179 971.247 5426 91
Total 184 1079.514 5952

North-Western population Among population 1 38.119  0.990 10 PhiPT=0.100 p<0.001
Within population 57  508.694  8.924 90
Total 58  546.814 9914

North-Eastern population Among population 4 123.133  0.749 9 PhiPT=0.092 p<0.001
Within population 151 1120.662  7.422 91
Total 155 1243.795 8.171

South-Western population Among population 4 87.346  0.506 7 PhiPT=0.066 p<0.001
Within population 140 1001.068  7.150 93
Total 144 1088.414 7.657

Northern population Among population 6 1192942  6.220 44 PhiPT =0.443 p<0.001
Within population 208 1629.356  7.833 56
Total 214 2822.298 14.054

Southern population Among population 10 1713.579  5.507 47 PhiPT=0471 p<0.001
Within population 319 1972.315 6.183 53
Total 329 3685.894 11.690

18 populations from each locality Among population 17 4872.134  9.241 57 PhiPT=0.575 p<0.001
Within population 527 3601.671 6.834 43
Total 544 8473.806 16.075
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Nei’s gene diversity (Hj) etc. are given in supplementary in-
formation 3. The Nei’s gene diversity (Hj) ranged from
0.07782 (PLP=21.2%) in population MR to 0.13634
(PLP=32.1%) in population BP. Thus, high variability was
observed in all populations collected from South-West region
whereas low variability was recorded in population from
South-East region of Brahmaputra valley. The mean Nei’s
gene diversity within population (or Nei Hs) was found to
be 0.1081 (supplementary information 4). Moreover, total
gene diversity (Ht), i.e. gene diversity among population,
was found to be 0.1769 (supplementary information 5). The
average gene diversity within population (Hw) and average
gene diversity among population (Hb) or genetic differentia-
tion among population were found to be 0.1081 and 0.0689
respectively. Furthermore, Wright fixation index (Fst) show-
ing the proportion of the total gene diversity that occurs
among as opposed to within population was found to be
0.3894. When the populations were divided into four clusters
based on STRUCTURE analysis (supplementary information
6), Nei’s gene diversity (Hj) was found to be 0.0776, 0.1199,
0.1057 and 0.1257 respectively for South-Eastern, North-
Western, North-Eastern and South-Western populations.
Similarly, Shannon diversity index (/ value) for the four clus-
ters was found to be 0.1174, 0.1866, 0.1588 and 0.1829 re-
spectively for South-Eastern, North-Western, North-Eastern
and South-Western populations. When North-Western and
North-Eastern populations were pooled together, Nei’ gene
diversity (Hj) was found to be 0.1492 with the Shannon di-
versity index value of 0.2393. Furthermore, when South-
Eastern and South-Western populations were pooled together,
Nei’s gene diversity (Hj) was found to be 0.1296 with the
Shannon diversity index value of 0.2049.

Population Genetic Distance and Gene Flow

The 18 populations of H. cordata Thunb. in the present study
showed high and significant genetic differentiation (Fst=
0.3894, P<0.001; Gst=0.4324). However, the estimated
gene flow, Nm (Nm=0.5(1 — Gst)/Gst), was found to be
0.6564 which suggests that although the genetic differentia-
tion among studied populations is significant, there may be
low migration rate among populations. We also calculated
genetic differentiation and gene flow for the four groups sep-
arately (based on UPGMA tree, PCoA and STRUCTURE
analysis results) and found that Gst, among all South-
Eastern populations, was 0.0715 and Nm was 6.4974.
Similarly, Gst among North-Western population was 0.0825
and Nm was 5.5591. The Gst among North-Eastern and
South-Western populations was 0.0764 and 0.0586 with Nm
value of 6.0474 and 8.0384 respectively. These results indi-
cate weak genetic differentiation and frequent gene flow with-
in the genotypes of all the regions. When the North-Western
and North-Eastern populations were pooled together, the Gst
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value among population was 0.3263 and Nm was 1.0324
which indicates that there is significant genetic differentiation
among the populations of North-Eastern and North-Western
regions and that the gene flow is restricted. We also pooled the
South-Eastern and South-Western populations together and
calculated their respective Gst and Nm values. Interestingly,
we found Gst to be 0.2868 and Nm value was 1.2433. Thus,
gene flow was slightly more among South-Eastern and South-
Western populations compared to between North-Eastern and
North-Western populations.

Discussion
Population Genetic Diversity

In the present study, ISSR-based analysis of H. cordata
Thunb. populations revealed overall high genetic diversity
(Ht=0.1769). This corroborates with results obtained by
Wei and Wu (2012) in which they reported genetic variation
and population differentiation of 15 populations of H. cordata
Thunb. in central, South Eastern and South Western China.
Generally, it is believed that genetic diversity of asexually
reproducing plants is low (Hamrick and Golt 1990).
However, several studies on asexually reproducing plants
such as Leymus chinensis (Zu and Cui 2002),
Cyclobalanopsis glauca (Chen and Song 1997) and
Potamogeton malianus (Chen et al. 2006) suggest that genetic
diversity of asexually reproducing plants can also be very
high. Moreover, we observed comparatively high average
gene diversity within population (Hw =0.1081) than among
populations (Hb = 0.0689). Similar results were also obtained
by Wei and Wu (2012) using ISSR marker and Wu et al.
(2002) using RAPD marker.

Population Structure and Gene Flow

The results of the hierarchical and model-based cluster analy-
ses of ISSR data strongly suggested that the 18 sampled pop-
ulations of H. cordata Thunb. could be grouped into four
clusters based on the regions of sample collection—South-
Western, North-Eastern, North-Western and South-Eastern re-
gions of Brahmaputra river regardless of the approach used for
genetic structure analyses. AMOVA also clearly indicated that
the genetic variation within population among regions was
much higher than that among populations within region.
This similarity between the clustering pattern and geographi-
cal distribution of populations of H. cordata Thunb. suggests
continued gene flow among populations of the same region
(Schaal et al. 1998) and restricted gene flow between popula-
tions of different regions. We found high genetic differentia-
tion but restricted gene flow between populations which were
geographically fragmented (Gst=0.4324, Nm=0.6564) due
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to the river Brahmaputra. Since H. cordata Thunb. is a short,
small plant and reported to propagate mostly by formation and
separation of underground stems or parthenogenesis (Mihara
1960), the probability of gene flow via seed and pollen dis-
persal is very low. Moreover, polyploidy complex of
H. cordata Thunb. with 36 to 126 chromosomes (Wu et al.
2002) will hinder gene exchanges among populations with
different chromosome numbers (Wu et al. 2005). These facts
suggest that the observed pattern of genetic differentiation and
population structure may not be due to ongoing gene flow
rather due to historical association among populations.
Earlier studies have suggested that during late tertiary to early
quaternary period, H. cordata Thunb. survived and adapted
through asexual reproduction in the central and southern areas
of the Northern hemisphere (Liang 1995). Furthermore, dur-
ing glacial maxima, H. cordata Thunb. was restricted in small
climatically stable refugia areas in small population size
(Liang 1995), the genetic consequence of which may be high
level of genetic drift (Barrett and Kohn 1991; Ellstrand and
Elam 1993). This could be one reason for observed high ge-
netic variation between regions and low genetic variation
among population within region. Similar explanation was also
suggested by Zhong et al. 2016, where they investigated ge-
netic diversity and population structure of H. cordata Thunb.
from China using sequence-related amplified polymorphism
(SRAP) marker.

Conclusion

In conclusion, we observe that the total genetic diversity of
H. cordata Thunb. was high with higher genetic differentia-
tion between populations of different regions compared to
population of the same region in North-East India. The ob-
served genetic structure may probably be due to genetic drift
of small isolated populations promoting high genetic variation
between population of different regions than between popula-
tion of same region. Therefore, it is important for conservation
planners to devise conservation strategies for conservation of
maximum possible numbers of population from all the regions
rather than focusing on a few targeted populations. We, there-
fore, suggest to target genotypes from as many populations
possible rather than few selected populations for ex situ or in
situ conservation of wild populations of H. cordata Thunb. in
the North-Eastern region of India.
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