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(Arunachal Pradesh, Himachal Pradesh, Bihar, Karnataka and Andaman Island) was sequenced.
Analysis of nucleotide sequences reveals polymorphism among the populations. UPGMA analysis
conducted on the ITS datasets shows that the sampled populations of P. barbata are grouped

according to their geographic locations and are supposed to be evolved under reproductive isolation
which most probably is due to the long distance distribution and population fragmentation.
© 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Persicaria Mill. (Polygonaceae), comprised of about 100 spe-
cies of annual or perennial herbs or vines distributed around
the northern temperate and into tropical regions of the world
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(Brandbyge, 1993). The genus is represented in all continents,
but most of them are of restricted distribution, and several are
localized endemics. In India, they are mainly distributed in the
Himalayas. Earlier, they were circumscribed under the broad
genus Polygonum L. s.l., but the anatomical and molecular
studies (Haraldson, 1978; Ronse Decraene et al., 2000) proved
them to be the separate entities. They are basically character-
ized by the presence of spicate or capitate inflorescence and te-
pals with three main nervatures departing from base
(Haraldson, 1978; Decraene and Akeroyd, 1988; Kim and
Donoghue, 2008). The data about the number of species and
their distribution in the Eastern and Western Himalaya are
gradually increasing since the time of Hooker (1886). It is
apparent that though the distribution is mainly throughout
the Himalayas but concentration varies in East, West and Cen-
tral Himalayas (Nepal). It has the greater concentration in
Western and Eastern Himalayas. However, they are poorly
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represented in rest of India including the Andaman and Nico-
bar islands. Till date, there is no any updated record on the
genus Persicaria in India. Tentatively, it is represented by c.
30 species many of which are used for medicinal purposes in
different regions. The seeds of Persicaria barbata (L.) H. Hara
are used in griping colic pain in Kalahandi area of Orissa state
(Singh and Jain, 2003) whereas, the aerial parts possess antin-
ociceptive, anti-inflammatory and diuretic properties (Abdul
et al., 2009). Roots are used as an astringent and cooling rem-
edy (Chehregani et al., 2009). Decoction of leaves and shoots is
used as a stimulating wash for ulcers, acting as a good healer
of the scarred tissue (Kirtikar and Basu, 1935; Gorsi and Shar-
ma, 2002). A paste of the root is used externally in the treat-
ment of scabies (Manandhar, 2002).

Phylogeny estimation has been a central theme of macro
and micro evolutionary studies ever since cladistic and nucleo-
tide sequencing techniques became available (Castelloe and
Templeton, 1994). During the last decade, most researches
have focused on phylogeny above the species level using vari-
ous molecular markers of nuclear as well as organelle genomes
(Avise, 1994). Evolutionary biologists have turned their atten-
tion to the subspecies level (Kooistra et al., 1992; Vogler and
DeSalle, 1994). Gene trees provide powerful data to investigate
population-level phenomena such as gene flow, founder events
and the history of lineages (Castelloe and Templeton, 1994).
Internal transcribed spacers of nuclear ribosomal DNA
(nrDNA) have been widely used for resolving phylogenetic
relationships among closely related species of angiosperms.
They have frequent insertions/deletions which could be phylo-
genetically informative (Baldwin et al., 1995).

An important prerequisite for development of an effective
conservation strategy is the proper evaluation of the distribu-
tion and study at the level of genetic variation (Milligan
et al., 1994). ITS sequence of nrDNA data of P. barbata was
earlier worked out for molecular systematic studies (Kim and
Donoghue, 2008) but this did not include the genetic variation
of the species within different populations. Hitherto, informa-
tion on population structure and genetic variation of P. barba-
ta is lacking. Hence, the main objectives of the present study
were to utilize the nucleotide data of the combined ITSI-
5.8S-ITS2 sequences to evaluate the degree of differentiation
among P. barbata populations from India and its relationship
with geographical distribution.

2. Materials and methods
2.1. DNA extraction, amplification, and sequencing

The leaf material of P. barbata was collected from natural pop-
ulations during floristic exploration trips to different geo-
graphical regions of India. Leaves were dried in Silica gel
prior to DNA extraction. Total genomic DNA was extracted
using the DNeasy Plant Mini Kit (QIAGEN Inc., Crawley,
West Sussex, UK). ITS sequences of ntDNA were amplified
using primers of White et al. (1990) using AccuPower HF
PCR PreMix (Bioneer, Daejeon, South Korea) in 20 pL vol-
umes containing 2 pL. of 10x buffer, 300 uM dNTPs, 1 puL of
a 10 pM solution of each primer, 1 unit of HF DNA polymer-
ase. One round of amplification consisting of denaturation at
94 °C for 5min followed by 40 cycles of denaturation at
94 °C for 1 min, annealing at 49 °C for 1 min and extension

at 72 °C for 1 min with a final extension step of 72 °C for
Smin. The PCR products were purified with the SolGent
PCR Purification Kit-Ultra (SolGent, Daejeon, South Korea)
prior to sequencing. The purified fragments were directly se-
quenced using dye terminator chemistry following the manu-
facturer’s protocol. The sequencing reaction was performed
in a 10 pL final volume with the BigDye Terminator cycle
sequencing kit (Perkin—Elmer, Applied Biosystems). Cycle
sequencing was conducted using same primers used in amplifi-
cation and BigDye version 3 reagents and an ABI PRISM
3100 DNA Analyzer (Perkin—Elmer, Applied Biosystems). Cy-
cling conditions included an initial denaturing set at 94 °C for
5 min, followed by 30 cycles of 96 °C for 10s, 50 °C for S,
and 60 °C for 4 min. Sequenced product was precipitated with
17 uL. of deionized sterile water, 3 pL of 3 M NaOAc, and
70 uL of 95% EtOH. Polyacrylamide gel electrophoresis was
conducted with long ranger single packs (FMC BioProducts)
and an ABI 3100 automated DNA sequencer (Perkin—Elmer,
Applied Biosystems). Each sample was sequenced in the sense
and antisense direction and analyzed with ABI Sequence Nav-
igator software (Perkin—Elmer/Applied Biosystems). Nucleo-
tide sequences of both DNA strands were obtained and
compared to ensure accuracy.

2.2. Alignments and phylogenetic analyses

Sequence alignments were performed using ClustalX version
1.81 (Thompson et al., 1997). Alignments were subsequently
adjusted manually using BioEdit (Hall, 1999). Insertion-dele-
tions (Indels) were scored as single characters when we had
confidence in positional homology. The boundaries between
the ITS1, 5.8S, and ITS2 were determined by comparisons
with earlier published sequences available at NCBI
(www.ncbi.nlm.nih.gov). Gaps were treated as missing data
in phylogenetic analyses. All sequences generated in the pres-
ent study were deposited in GenBank (HQ709145 to
HQ709160). Nucleotide polymorphism, as measured by Ow
(Watterson, 1975) and diversity, as measured by = (Nei,
1978) were calculated using DnaSP v4.5 (Rozas and Rozas,
1999). Analysis of molecular variance (AMOVA) was per-
formed using GenAlEx 6.1 (Peakall and Smouse, 2006) to as-
sess genotypic variations across all the populations studied.
This analysis, apart from partitioning of total genetic variation
into within-group and among-group variation components,
also provided a measure of intergroup genetic distance as pro-
portion of the total variation residing between populations.
The significance of the analysis was tested using 999 random
permutations. The cladistic analysis of aligned sequences was
performed by UPGMA method using MEGAS (Tamura et
al., 2007).

3. Results and discussion

ITS sequences of ntDNA regions from 16 individuals of P. bar-
bata were sampled from five geographical locations of India,
i.e., Arunachal Pradesh, Himachal Pradesh, Bihar, Karnataka
and Andaman Island. The absence of other variable regions in
the nuclear DNA of plants that could provide useful markers
at both intra-family (Baldwin and Markos, 1998) and intra-
genomic level differentiation (Feliner et al., 2004), makes ITS
ostensibly the best marker for phylogenetic studies. The
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Table 1 Maximum composite likelihood estimate of the
nucleotide substitution. Each entry shows the probability of
substitution from one base (row) to another base (column)
(Tamura et al., 2004). Rates of different transitional substitu-
tions are shown in bold and those of transversional substitu-
tions are shown in italics. The nucleotide frequencies are 0.212
(A), 0.193 (T/U), 0.316 (C), and 0.28 (G). The transition/

transversion rate ratios are k; = 1.021 (purines) and
ky = 0.796 (pyrimidines).

A T C G
A = 6.64 10.86 9.82
T 7.28 - 8.65 9.62
C 7.28 5.29 = 9.62
G 7.43 6.64 10.86 -

amplified region of ITS1-5.8S-ITS2 in P. barbata was found
646 bases (GC content 59-60%) in all the accession used for
present analysis. Data matrix has a total number of 646 char-
acters, of which invariable (monomorphic) sites are 616, vari-
able (polymorphic) sites are 30 (total number of mutations are
31), singleton variable sites are 07 and parsimony informative
sites are 23. The substitution probabilities are given in Table 1.
The overall transition/transversion bias (R) was found 0.527.
Polymorphism was observed among the populations [z =
0.01312, w = 0.01400 (0.00256) and total variance 3.202]. =
and Ow refer to nucleotide diversity according to Nei and Li
(1979) and Watterson’s parameter (Watterson, 1975), respec-
tively. Figures in parenthesis denote standard deviation. Vari-
ability within the nuclear ribosomal transcription unit

Among Pops
41%
Within Pops
59%
Figure 1  Percentage of molecular variance within and among

population of P. barbata.
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Figure 2 Frequency distribution of random PhiPT vs observed
PhiPT among population of P. barbata.

(NRTU) usually depends upon number of gene copies, rates
of mutation, concerted evolution, number and chromosomal
location of NRTU clusters, and proportion of sexual and asex-
ual reproduction (Dover etal., 1993). Polymorphism may arise
when concerted evolution is not fast enough to homogenize re-
peats in face of high rates of mutation (Appels and Honeycutt,
1986) or by loss of sexual recombination (Campbell et al.,
1997).

Table 2 Hierarchical analysis of molecular variance (AMOVA) within/among P. barbata populations. (d.f.: degrees of freedom; SSD:

sum of squared deviations; ®ST: fixation index).

Source of variation d.f. SSD Estimated variance Total variance (%) ST
Among population 4 3.813 0.206 41 0.411
Within population 11 3.250 0.295 59
Total 15 7.063 0.502
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Figure 3  Evolutionary relationship among population of P. barbata inferred using UPGMA method. Number on the branches indicates

bootstrap support under 1000 bootstrap replicates.
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AMOVA was used to partition the genetic diversity among
the populations and tested whether there is any hierarchy of
ITS sequence variation among individuals (Table 2; Figs. 1
and 2). The genetic differentiation between the populations is
high (®ST = 0.1994). (Nei (1978) classified GST > 0.15 as
high, ®ST and GST both denote fixation index and are
comparable).

The evolutionary history was inferred using the UPGMA
method (Sneath and Sokal, 1973). The optimal tree with the
sum of branch length = 0.04708052 is shown in Fig. 3. The
evolutionary distances were computed using the Maximum
Composite Likelihood method (Tamura et al., 2004) which is
in the units of the number of base substitutions per site. Codon
positions included were first + second + third + noncoding.
All positions containing gaps and missing data were eliminated
from the dataset (complete deletion option). The UPGMA tree
reveals two major groups. In the first group, accessions col-
lected from Bihar, Himachal Pradesh, Arunachal Pradesh
and Karnataka were grouped together while in second group
accessions collected from Andaman island were grouped,
which indicates that the sampled populations were grouped to-
gether according to their geographic locations (Bihar, bs 65%;
Arunachal Pradesh, bs 69%; Himachal Pradesh, bs 93%;
Karnataka, bs 84% and Andaman, bs 99%. It clearly appears
that P. barbata evolved under reproductive isolation probably
due to the long distance distribution and population
fragmentation.
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