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Abstract. Vanijajiva O, Pornpongrungrueng P. 2020. Inter-primer binding site (iPBS) markers reveal the population genetic diversity
and structure of tropical climbing Cissampelopsis (Asteraceae) in Thailand. Biodiversitas 21: 3919-3928. Cissampelopsis is a small
climbing tropical Asian genus of Asteraceae-Senecioneae. In Thailand, the genus is represented by two species, C. corifolia and C.
Volubilis, distributed through the mountain evergreen forest. Study on the genetic diversity and structure of populations of both
Cissampelopsis species provide better understanding of the biology and pattern of species diversification in the genus. To identify the
genetic diversity, we used the inter-primer binding site (iPBS) retrotransposon system, in 96 accessions of Cissampelopsis species
collected from different regions in Thailand. A total of 120 iPBS bands were scored as presence’ absence characters. Results from
UPGMA and PCoA analyses indicated that C. corifolia and C. volubilis are different species. Genetic diversity and genetic
differentiation among and within populations of C. volubilis is higher than C. corifolia. Molecular Variance (AMOVA) analysis of both
species indicated that the genetic variance value within populations is higher than among populations of each species. Bayesian model-
based STRUCTURE analysis detected two gene pools for both Cissampelopsis and showed admixture within individuals. Differences
among the two Cissampelopsis species, in total diversities and levels of population differentiation, indicated that the genetic structure of
Cissampelopsis populations are congruent with long-lived perennial habit with regional distribution, even for congeneric species, may
vary considerably. This study suggests the effectiveness of the iPBS marker system to estimate the population genetic diversity and

structure of Cissampelopsis genotypes.
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INTRODUCTION

Climbing plants are a significant component of the
forest vegetation in tropical areas, and illustrates a notable
capability to inhabit and continue in an extensive kind of
habitats (Gallagher and Leishman 2012; Estrada-Villegas et
al. 2020). The abundance of these plants in a certain habitat
depends on several factors, such as light, soil moisture, and
nutrients. In tropical forest ecosystems, climbing species
have the ability to rapidly colonize treefall openings,
compete with trees and suppress tree succession for many
years in these gaps and these taxa are habitually highly
species-rich over time (Odell et al. 2019; Addo-Fordjour et
al. 2020). Although the abundance of climber plants in
some ecosystems, their ecology was regularly unobserved
in community studies. Probably due to the difficulty of
habitat assessment to obtaining the number of individuals,
making the measurement uncertain and disfavoring
analysis of population structure. According to the different
growth strategies of climbing species, the maintaining
populations strategies may be different from other habitual
plants which can rely more on vegetative propagation (Lau
et al. 2009)

Cissampelopsis (DC.) Lem. ex Lindl. is a small
scandent perennial genus of Asteraceae-Senecioneae. It

comprises about 10 species distributed predominantly in
tropical Asia from South Asia eastwards through East Asia
and Southeast Asia (Koyama et al. 2016; Li and Ren 2018).
Its member is usually distinguished from other Asian
genera in Senecioneae by its scandent habit, climbing by
means of prehensile petioles. Additional characters aiding
to describe the genus include: numerous ovate or
triangulate, and unlobed leaves, distributed evenly along
branches, commonly large axillary and terminal corymbose
synflorescences, composed of abundant discoid or radiate
capitula, and caudate anthers with long tails (Li and Ren
2018). The species are naturally found climbing on shrubs
or small trees on the margin of mixed deciduous and
evergreen montane forests at altitudes up to ca 2,470 m
(Koyama et al. 2016).

In Thailand, genus Cissampelopsis contains two extant
species, C. corifolia C. Jeffrey & Y. L. Chen and C.
volubilis Mig. (Koyama et al. 2016), both of which have a
narrow distribution confined to mountain evergreen forest
from 1,000 to 2,500 altitudinal meters (Table 1). The
species C. corifolia, is restricted to Northern in Chiang Mai
province, where it is presently known only from two
natural populations, i.e.,, one in the Doi Chiang Dao
mountain (CD), and another population in Doi Intanon
mountain. Whereas, C. volubilis is currently found from
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two wild populations limited to Eastern Thailand in
Nakhon Ratchasima province at Khao Yai National Park
(KY) and South-western Thailand in Phetchaburi province
at Pa Noen Tung mountain of Kaeng Krachan National
Park (KK). Studies about genetic diversity, reproduction
system, and ecological adaptations in Cissampelopsis are
still unknown. Based on latest revision (Vanijajiva and
Kadereit 2008), the provision of conservation assessments
of Cissampelopsis is necessary. Therefore, study the
genetic structure and diversity of Cissampelopsis taxa is an
important step for conservation of the species, pointing out
the variability within and among populations, levels of
differentiation, and interrelations. Furthermore, obtaining
knowledge about population genetic diversity and structure
of both Cissampelopsis species in Thailand possibly benefit
us to understand better the biology and pattern of species
diversification in the genus.

The population genetic variation and structure
estimation at the molecular level is available (Minn et al.
2015; Grover and Sharma 2016; Allendorf 2017; Amom
and Nongdam 2017; Comes et al. 2017; Nadeem et al.
2018), for several different markers, but only a few
dominant markers are most regularly used, such as
Randomly Amplified Polymorphic DNA (RAPD), Inter-
Simple Sequence Repeats (ISSR), and Amplified Fragment
Length Polymorphism (AFLP) (Suratman et al. 2015;
Grover and Sharma 2016; Al-Naggar et al. 2017;
Bidyaleima et al. 2019; Amom et al. 2020). Despite that,
retrotransposon marker method is one of excellent sources
of efficient genetic markers (Kalendar et al. 2019;
Ghonaim et al. 2020). This marker is reproducible, easy to
apply, cheap, and requires basic molecular laboratory
facilities. Retrotransposons are one of the most fluid
genomic components, instable enormously in copy
numbers over relatively short evolutionary timescale, and
represent a major constituent of the structural evolution of
organism genomes (Kalendar 2011; Schulman et al. 2012).
In plants, Long Terminal Repeat (LTR) retrotransposons
tend to be more abundant than non-LTR (Macas et al.
2011). Most of retrotransposons are nested, diverse,
inverted or truncated in chromosomal sequences.
Fragments of LTR with retrotransposons internal fragment
are located near other retrotransposons, which permits the
use of LTR sequences for PCR amplification. Locations of
genome with high density of retrotransposons can be used
to perceive their chance link with other retrotransposons
(Kalendar et al. 2019).
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Kalendar et al. (2010) established inter primer-binding
sites (iPBS) retrotransposon indicator systems for
eukaryotic organisms, particularly in plants. Due to this,
the iPBS technique is an easy-to-use technique that requires
no sequence data, cost-effective, not age or tissue-specific,
highly informative, and no affected by environmental
influences (Nemli et al. 2015; Amom et al. 2020). Thus, the
iPBS retrotransposon technique has been selected as a
marker to examine population genetic diversity and
structure in many plant genera such as Cicer (Andeden et
al. 2013), Vitis (Guo et al. 2014), Pisum (Baloch et al.
2015), Phaseolus (Nemli et al. 2015), Psidium (Mehmood
et al. 2017), Castanea, Fagus and Quercus (Coutinho et al.
2018), Chenopodium (Hossein-Pour et al. 2019), Laurus
(Karik et al. 2019), Hordeum (Bonchev et al. 2019),
Origanum (Karagoz et al. 2020). Moreover, in Asteraceae
iPBS method has been proved to be a reliable marker for
the evaluation of genetic diversity at infraspecific level, as
well as the intergeneric hybrid in several genera (Gailite
and Rungis 2012; Ali et al. 2019; Bonchev and
Vassilevska-lvanova 2020). To simplify the application of
molecular tools and offer a better understanding of the
genetic diversity of Cissampelopsis, we utilized iPBS
molecular markers in these species for the first time. Thus,
our main objectives are to evaluate the efficiency of iPBS
markers for Cissampelopsis species and access the genetic
diversity and structure among and within four populations
of C. corifolia and C. volubilis in Thailand. The results of
this study can be used to facilitate the sustainable
management of Cissampelopsis, and this methodology can
be extended to other Cissampelopsis species.

MATERIALS AND METHODS

Plant materials and DNA extraction

In the current study, a total of 96 individuals from four
known natural populations of Cissampelopsis in Thailand
were collected in silica gel to dried the leaves (Table 1).
Voucher specimens representative of all the populations
sampled is stored at the Khon Kaen University Herbarium
(KKU). Details on these vouchers are given in Table 1. The
genomic DNA was extracted using 200 mg of dried leaves
from the ground tissue following CTAB procedures (Doyle
and Doyle 1990) with minor modifications (Vanijajiva
2020). The DNA was stored at -20 °C, for further use as
templates for PCR amplification.

Table 1. Information on sample locations for all populations of Cissampelopsis from Thailand

Population code Locality (Province) Number  Longitude (N) Latitude (E) Altitude (m) Voucher
C. corifolia

CD Doi Chiang Dao (Chiang Mai) 27 19°23'46" 98°5349" 1,500-2,200  OP005-033
IN Doi Inthanon (Chiang Mai) 25 18°35'28" 98°29'14" 2,000-2,500  OP034-060
C. volubilis

KY Khao Yai (Nakhon Ratchasima) 19 14°26'19" 101°24'42" 1,000-1,300 OP062-082
KK Kaeng Krachan (Phetchaburi) 25 12°52'05" 99°22'20" 1,000-1,200  OP085-108




VANIAJIVA & PORNPONGRUNGRUENG - Population genetic diversity and structure of Cissampelopsis

3921

Table 2. Characteristics of twenty iPBS primers used in the present study

agr?;;rl?r?; Total Scored Polymorphic Polymorphism Pior:%‘lc;?(r)nrgt?;m
Primer Sequence (5'-3") Ta(® ! band band sizes band
a(°C) percentage content value

number (bp) number (PIC)
2081 GCAACGGCGCCA 65.0 5 250-750 5 100.00 0.462
2272 GGCTCAGATGCCA 55.0 6 200-800 6 100.00 0.392
2076 GCTCCGATGCCA 59.2 7 150-500 6 85.71 0.296
2077 CTCACGATGCCA 55.1 4 350-1,000 4 100.00 0.472
2079 AGGTGGGCGCCA 65.2 5 400-900 5 100.00 0.445
2080 CAGACGGCGCCA 63.3 6 200-750 6 100.00 0.448
2083 CTTCTAGCGCCA 54.6 5 300-1,000 5 100.00 0.379
2085 ATGCCGATACCA 52.8 7 200-2,000 7 85.71 0.484
2374 CCCAGCAAACCA 53.5 5 200-2,500 5 100.00 0.398
2378 GGTCCTCATCCA 53.0 10 200-3,000 9 90.00 0.400
2380 CAACCTGATCCA 50.5 6 200,3,000 6 100.00 0.458
2392 TAGATGGTGCCA 52.2 5 100-2,500 5 100.00 0.442
2393 TACGGTACGCCA 51.0 7 100-1,000 7 100.00 0.372
2394 GAGCCTAGGCCA 56.5 5 200-600 5 100.00 0.462
2273 GCTCATCATGCCA 56.5 6 200-900 6 100.00 0.468
2277 GGCGATGATACCA 52.0 5 200-1,600 5 100.00 0.314
2279 AATGAAAGCACCA 52.0 6 250-2,000 6 100.00 0.375
2382 TGTTGGCTTCCA 50.5 7 250-2,000 5 71.42 0.449
2389 ACATCCTTCCCA 50.0 5 250-800 5 100.00 0.395
2391 ATCTGTCAGCCA 52.6 8 150-800 6 75.00 0.398
Total 120 1500-3,000 114 95.00 0.415

iPBS-PCR amplification

Initially, 20 iPBS primers designed by Kalendar et al.
(2010) were tested on DNA samples (Table 2) and all
primers were selected with high clarity and repeatability for
polymorphic assessment in studied Cissampelopsis
accessions (Table 2). DNA amplification was approved by
using a modified procedure of Kalendar et al. (2010). To
determine iPBS profiles, the size of each DNA band was
inferred by evaluation with a 100 bp DNA ladder
(Promega), used as a molecular weight marker (M). Data
scoring and PCR analysis were performed three different
times for each primer to approve band pattern uniformity.

Data analysis

Statistical analysis of iPBS patterns was based on the
following assumptions: iPBS fragments in Cissampelopsis
accessions perform as diploid, dominant markers with
presence (amplified) or absence (non-amplified) of alleles,
co-migrating fragments representing putatively
homologous loci, DNA from nuclear source and biparental
inheritance. Only reproducible DNA bands were designated
for data analysis. The polymorphic information content
(PIC) values were assessed employing the method
suggested by Li et al. (2020). The agroupment analysis was
run in PAST 3.14 software (Hammer et al. 2001), using
Unweighted Pair-group Method with Arithmetic Average
(UPGMA) and Principal Coordinate Analysis (PCoA),
grouping based on the resulting similarity values of all
Cissampelopsis accessions.

POPGENE software, version 1.32 (Yeh et al. 1999) was
used to analyze the genetic diversity parameters under
Hardy-Weinberg equilibrium, percentage of polymorphic
bands (PPB), observed number of alleles (Na), effective
number of alleles (Ng), expected heterozygosity (He) and
observed heterozygosity (Ho). Genetic diversity measures
(Hs, average gene diversity within population; Hr, total
gene diversity; Gsr, coefficient of gene differentiation; Npm,
evaluate of gene flow) were tested using Nei’s (1987) gene
diversity statistics for individual population. The Analysis
of molecular variance (AMOVA) was also employed to
estimate the hierarchical apportionment of variation.
Additionally, parameter F-statistic (®st) for describing
genetic differentiation of intra-population and inter-
population (Holsinger and Weir 2009) was calculated using
ARLERQUIN program (Excoffier and Lischer 2010). The
genetic structure was determined using model-based cluster
analysis (STRUCTURE v. 2.3.4) (Hubisz et al. 2009). The
number of populations (K) was estimated every 10 runs for
every population, which varied from 2 to 10, characterized
by a set of distinctive allele frequencies at each locus, and
the individuals were sited in K clusters. Using this method,
Markov chain Monte Carlo (MCMC) posterior
probabilities were estimated. The MCMC chains were run
with a 10,000-iteration burn-in period, followed by 100,000
iterations using a model allowing for admixture and
correlated allele frequencies. The most anticipated value
for K was predicted with Evanno’s AK method (Evanno et
al. 2005) using STRUCTURE HARVESTER (Earl and van
Holdt 2012).
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RESULTS AND DISCUSSION

iPBS polymorphisms and relationships analysis

Twenty iPBS primers were initially screened for
polymorphism using one DNA accession and all 20 primers
generated a PCR product with a varied number of bands.
The sizes of reproducible and scorable bands ranged from
150 to 3,500 bp. The 20 iPBS primers produced 120
scorable bands and among them, 114 bands were
polymorphic (Table 2). The number of scored bands per
primer ranged from 5 to 10. The polymorphism percentage
per primer ranged from 71.42% to 100.0% (Table 2). The
PIC values ranged from 0.296 (iPBS 2076) to 0.484 (iPBS
2085), with a total mean of 0.415. These results indicate
that the iPBS markers can represent a good discriminatory
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capacity and reveal a wide range of genomic DNA
diversity in Cissampelopsis.

The agroupment analysis for all 96 samples of
Cissampelopsis was clearly separated according to the
species in two main clusters (Figure 1). The first cluster
contained 52 accessions of C. corifolia and the second
cluster comprised 44 taxa of C. volubilis. This indicates
that there was a respectable differentiation between both
Cissampelopsis species in Thailand. The PCoA results
corroborated with the dendrogram, similarly indicating two
distinct groups (Figure 2). However, at the population level
of both species, the clusters are not well delimited. The
results showed that the UPGMA and PCoA are most likely
reflect a continuous genetic combination between
population of each species.

80
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Cissampelopsis volubilis

Cissampelopsis corifolia
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Figure 1. UPGMA cluster diagram of genetic relationships among Cissampelopsis accessions based on Jaccard similarity coefficients
measures estimated from iPBS data of 96 Cissampelopsis accessions
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Figure 2. PCoA analysis of genetic relationships among Cissampelopsis accessions based on Jaccard similarity coefficients measures

estimated from iPBS data of 96 Cissampelopsis accessions

Population genetic diversity and structure analysis

At species level, 52 accessions from the two
populations of Cissampelopsis corifolia gave totally 120
iPBS bands from 20 primers. About 53 (44.17%)
polymorphic fragments were recorded. At population level,
samples of population CD generated the number of 50
(41.67%) polymorphic bands whereas IN population
produced number of 47 (39.17%) polymorphic bands.
Under Hardy-Weinberg equilibrium, the mean observed
number of alleles (Na) of population in CD, IN and total
was 1.417, 1.392, and 1.442, respectively. The mean
effective number of alleles (Ng) of CD, IN and total
population was 1.164, 1.186 and 1.183, respectively. The
mean genetic diversity (expected heterozygosity, He)
values of the CD, IN and total population was 0.104, 0.115,
and 0.116, respectively. The mean observed heterozygosity
(Ho) values of the CD, IN and total population was 0.167,
0.179 and 0.184, respectively. The average gene diversity
within populations (Hs) value of C. corifolia was 0.109.
The total gene diversity (Ht) value of C. corifolia
population was 0.116. The coefficient of gene
differentiation (Gst) value was 0.057. The estimate of gene
flow (Nm) was 8.221 (Table 3).

In the STRUCTURE analysis, log probabilities of the
data [InP (D)] showed the highest likelihood at K=2. The
result showed that all populations from Thailand (CD and
IN) were mixed for cluster | (‘red” in Figure 3) and cluster
Il (‘green’). These populations most likely reflect a
continuous genetic gradation or admixture of these
neighboring groups. The clustering results by UPGMA,
PCoA, and STRUCTURE at both the inter- and
intraspecific levels, were highly concordant.

We further explored genetic variations within the
species C. volubilis, a total of 120 alleles were detected
with the mean polymorphic bands in KY, KK and total

were 86 (71.67%), 90 (75.00%) and 91 (75.83%),
respectively. The mean observed number of alleles (Na) of
population in KY, KK, and total was 1.717, 1.750 and
1.758, respectively. The mean effective number of alleles
(Ng) of KY, KK, and total population was 1.432, 1.516 and
1.515. The mean genetic diversity (expected
heterozygosity, He) values of the KY, KK, and total
population was 0.248, 0.288, and 0.288, respectively. The
mean observed heterozygosity (Ho) values of the KY, KK
and total population was 0.371, 0.423, and 0.424,
respectively. The average gene diversity within populations
(Hs) value of C. volubilis population was 0.268. The total
gene diversity (Ht) value of C. volubilis population was
0.286. The coefficient of gene differentiation (Gst) value
was 0.063. The estimate of gene flow (Nn) was 7.464
(Table 4).

A population substructure was found in the
STRUCTURE analysis, log probabilities of the data [InP
(D)] clearly showed the highest likelihood at K=2. The
result showed that all populations from the Eastern
Thailand population (KY) were fixed for cluster | (‘Yellow’
in Figure 4), while cluster 11 (‘blue’) was predominant in the
Southern Thailand population (KK).

The analysis of molecular variance among and within-
population tested by AMOVA for both species indicated
different variations based on combined iPBS markers. A
lower variation among populations than within populations
was similarly found for C. corifolia (Table 5) and C.
volubilis (Table 6). The &sr value was 0.071 (P <0.001) for
C. corifolia and 0.101 (P <0.001) for C. volubilis,
respectively. These results suggesting lower differentiation
among populations within species. As only few populations
from each species were studied, the relationship between
genetic distances and geographical distances among
populations could not be investigated.
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Table 3. Summary of iPBS variation for two populations (52 individuals) of Cissampelopsis corifolia from Thailand

Percentage of

_ sample polymorphic Observed Effective number Expected_ Observed_
Populations size bands (PPB) number of of alleles heterozygosity heterozygosity
alleles (Na) (Ng) (He) (Ho)
CD 27 41.67 1.417 £ 0.495 1.164 £0.279 0.104 £ 0.155 0.167 £0.229
IN 25 39.17 1.392 + 0.490 1.186 + 0.304 0.115+0.168 0.179 £ 0.246
Total 52 44.17 1.442 + 0.499 1.183 £ 0.292 0.116 £ 0.162 0.184 +0.238
Average gene diversity Total gene Coefficient of gene Estimate of gene flow
within populations (Hs) diversity (Hr) differentiation (Gsr) (Nm)
0.109 + 0.024 0.116 + 0.026 0.057 8.221
Table 4. Summary of iPBS variation for two populations (44 individuals) of Cissampelopsis volubilis from Thailand
_ sample Percentage _of Observed number Effective number Expected_ Observed_
Population size polymorphic of alleles of alleles heterozygosity heterozygosity
bands (PPB) (Na) (Ng) (Hg) (Ho)
KY 19 86 (71.67) 1.717 £ 0.452 1.432 +0.399 0.248 £0.198 0.371+0.274
KJ 25 90 (75.00) 1.750 + 0.435 1.516 + 0.400 0.288 £0.201 0.423+£0.278
Total 44 91 (75.83) 1.758 + 0.430 1.515 + 0.401 0.288 £0.199 0.424 +£0.274
Average gene diversity Total gene Coefficient of gene Estimate of gene flow
within populations (Hs) diversity (Hr) differentiation (Gst) (Nm)
0.268 + 0.037 0.286 + 0.039 0.063 7.464

Table 5. Molecular variance (AMOVAs) for iPBS variation based on two populations of Cissampelopsis corifolia populations sampled

from Thailand

Sum of

Mean

Variance Percentage Fixation

Source of variation df squares squares components  of variance indices P-value*
Among populations 1 22.445 22.445 0.574 7.07 &sT=0.071 p<0.001
Within populations 50 377.093 7.542 7.542 92.93 p<0.001
Total 51 399.538 8.116 100

Note: df: Degree of freedom; P-value: probability of null hypothesis. *Significance tests after 1000 permutations

Discussion
Evaluation of iPBS marker

Since the development of applicable iPBS procedures,
this marker has been widely used for population genetic
diversity and structures analysis (Baloch et al. 2015; Nemli
et al. 2015; Hossein-Pour et al. 2019; Karik et al. 2019;
Karagoz et al. 2020). This is of advantage because
polymorphisms detected by iPBS are expected to be less
biased estimators of genetic difference than variation at the
level of gene products (Kalendar et al. 2019). To our
knowledge, this is the first information describing
molecular diversity of Cissampelopsis accessions using
iPBS markers. The present result shows that iPBS markers
are reliable molecular tools for examining genetic variation
and structure of populations in Cissampelopsis, as well as
indicating noticeable genetic differentiation among two
Cissampelopsis species in Thailand. A total of 120
fragments were obtained, 144 of which showed
polymorphism (95%) in generic level. The mean PIC value
was calculated as 0.415 ranging from 0.296 (iPBS 2076) to
0.484 (iPBS 2085) (Table 2). Usually, in dominant
indicators, the highest value of PIC should be 0.5
(Chesnokov and Artemyeva 2015).

Additionally, genetic agroupment among the 96
Cissampelopsis individuals obtained using the UPGMA
and PCoA analyses showed that populations of C. corifolia
and C. volubilis tend to be genetically differentiated from
each other as indicated by two major clusters which
revealed a clear separation of all the C. corifolia accessions
from C. volubilis. The result supports the morphological
classification of C. corifolia and C. volubilis as distinct
species. The UPGMA and PCoA analyses were in full
agreement with those further obtained by STRUCTURE
analysis, regarding the relatedness of the accessions at the
intraspecific level. The genetic differentiation between the
two species may have resulted from the adaptive selection
to varied environmental factors, such as C. corifolia
preferably occur in habitats with high moisture in
evergreen forest whereas C. volubilis mostly found in the
edge of mixed forests (Vanijajiva and Kadereit 2008), and
geographic isolation. A similar successful phenomenon of
iPBS technique was observed in several recent plant
genetic studies (Kalendar et al. 2019; Amom et al. 2020).
The information generated by the iPBS marker system
suggests that this system can be used effectively for genetic
diversity and structure studies in Cissampelopsis species.
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Figure 3. Distribution of the two major iPBS gene pool clusters (I and Il) within and among two populations (52 individuals) of
Cissampelopsis corifolia from Thailand as identified by STRUCTURE based on the ad hoc statistic AK. The bar-plot displays the
assignment of individuals to the two clusters. The y-axis presents the estimated membership coefficient (Q) for each individual in the
two clusters. The x-axis corresponds to population codes as identified in Table 1. The pie charts at the map represent the average

proportion of cluster membership computed across individuals per site.
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Figure 4. Distribution of the two major iPBS gene pool clusters (I and Il) within and among two populations (44 individuals) of
Cissampelopsis volubilis from Thailand as identified by STRUCTURE based on the ad hoc statistic AK. The bar-plot displays the
assignment of individuals to the two clusters. The y-axis presents the estimated membership coefficient (Q) for each individual in the
two clusters. The x-axis corresponds to population codes as identified in Table 1. The pie charts at the map represent the average

proportion of cluster membership computed across individuals per site.
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Table 6. Molecular variance (AMOVAs) for iPBS variation based on two populations of Cissampelopsis volubilis populations sampled

from Thailand

Source of df Sum of Mean Variance Percentage of Fixation P-value*
variation squares squares components variance indices
Among Pops 1 59.213 59.213 1.940 10.07 &st=0.101 p<0.001
Within Pops 42 727.878 17.330 17.330 89.93 p<0.001
Total 43 787.091 19.270 100

Note: df: Degree of freedom; P-value: probability of null hypothesis. *Significance tests after 1000 permutations

Genetic diversity and structure within and among populations
The amount of genetic diversity within a species and its
distribution within and among populations provide
evidence for the maintenance of variation and gene flow
(Jaros et al. 2016; Hamrick et al. 2019; Vasilyeva et al.
2020). These factors are valuable for significant functional
populations such as those with members that exchange
genes, for identifying potential selection areas and
assessing chances for speciation, and in measurements of
genetic diversity in plants. The present study is also the
first DNA-level study within and among populations of
Cissampelopsis, and establishes a baseline by which
comparisons with other Cissampelopsis species may be
made. Comparison of the level of genetic variation using
iPBS markers based on PPB, Na, and Ng indicate that C.
corifolia (Table 3), exhibited low levels of relative genetic
diversity in comparison to C. volubilis (Table 4). Similarly,
combined value of heterozygosity on Hg, Ho, and Hr
within species, presented low genetic diversity value on
these heterozygosity assessments in C. corifolia (Table 3)
in comparison to C. volubilis (Table 4). Within-population
diversity, one of the most usually employed values to
estimate its diversity is average gene diversity within
populations (Hs). This study found that the mean Hs value
of both species has moderate within-population. However,
C. corifolia (Table 3) revealed lower than C. volubilis
(Table 4). These probably due to C. corifolia has a narrow
geographic distribution (from the Himalayas through
Myanmar, China to Thailand). The species is characterized
by a very few highly scattered small populations. Whereas
C. volubilis has a broader geographic distribution (from the
Himalayas through Myanmar, China, Vietham, Thailand,
Malaysia to Indonesia) but is considered by a regional
distributed with small populations. As might be expected,
genetic diversity of C. Corifolia is lower than C. volubilis.
Among-population diversity, genetic differentiation is
frequently estimated with Gsr according to Nei (1987) who
suggested that Gstr > 0.25 reflects strong genetic
differentiation, whereas Gsr between 0.05 and 0.25 among
populations indicates moderate genetic differentiation (Nei
1987; Hamrick et al. 2019). Notably, this result is
insensitive  to assumptions about Hardy-Weinberg
equilibrium. Most of the pairwise Gst values among the
populations of C. corifolia and C. volubilis in this study
were slightly higher than 0.05 (C. corifolia Gst = 0.057 and
C. volubilis Gst = 0.062). Therefore, “moderate” genetic
differentiation occurred among the populations of both

Cissampelopsis species in Thailand. Likewise, AMOVA
revealed an overall @st value is generally considered to
indicate ‘moderate’ genetic differentiation (C. corifolia ®@st
= 0.071 and C. corifolia @st = 0.109). The result is
congruent with the outcomes of most species with
outcrossing breeding systems and wind pollination (Tong et
al. 2020). Moreover, the estimated number of migrants
among populations of both Cissampelopsis species (C.
corifolia Nm = 8.221 and C. corifolia Ny = 7.463) are in
accordance with values presented for perennial tropical
plants. Reis (1996) indicated that Ny, values above 1.0 are
corporate among populations of long-lived perennial
tropical plants that are possibly associated with climbing
species with the canopy occupation and the capacity of
dispersal and propagules spread (Hamrick and Godt 1996).
Furthermore, AMOVA results of all the two
Cissampelopsis species showed that the major portion,
92.93% in C. corifolia and 89.83% in C. volubilis, of
genetic variance, is residing within populations while only
7.07% in C. corifolia and 10.07% in C. volubilis of genetic
variance is residing among populations. This result
indicates higher genetic variability within populations as
among populations of each species.

Additionally, the STRUCTURE study (Figure 3-4)
inferred that both Cissampelopsis species do cluster into
two major population groups of each species. In C.
corifolia populations most possible more reflect a
continuous genetic gradation or admixture of these
neighboring groups than C. volubilis that correspond to
geographic regions. The STRUCTURE analyses were
performed to confirm the results of previous clustering
analyses. The outcomes from all analyses were in
agreement concerning the relatedness of the accessions at
both the intraspecific and interspecific levels. These results
seem to suggest that gene flow and inbreeding are likely to
be the major driving force in shaping current population
genetic structure of Cissampelopsis in Thailand. The
population structures of both Cissampelopsis are probably
mainly determined by colonization dynamics, possibly as a
result of the heterogeneous landscape. The mediate genetic
differentiation and high level of gene flow between both
Cissampelopsis populations can result from a combination
of factors such as a perennial life form of the plant, self-
incompatibility, strong dispersal, and anthropogenic
displacement as also concluded by Yan et al. (2016) for
Miscanthus lutarioriparius. Moreover, continuous gene
flow across geographically distant populations might be
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caused by long-distance gene dispersal either by pollen or
seed. As Rogalski et al. (2016) also found that distribution
of genetic variation in the populations can be formed by
bidirectional gene flow via pollen and seed. Long-range
seed dispersal has been implicated in maintaining links
between populations (Hemrova et al. 2017). In many
tropical plants, animal-dispersed seeds and insect
pollination may also have contributed to gene flow over
distance (Ghazoul and Sheil 2010). However, seed or
pollen flow seems unlikely between the current, isolated
populations. Then, gene flow between Cissampelopsis at
the two existing sites of each species via seeds and/or
pollen was probably extensive and relatively unhindered in
the past, before the populations became isolated as also
suggested in Nouelia insignis a narrowly distributed and
endemic species in China (Luan et al. 2006).

In conclusion, this study first revealed the population
genetic diversity and structure of two Cissampelopsis
species, C. corifolia, and C. volubilis, distributed in
Thailand by using iPBS markers. Based on our results,
iPBS-retrotransposons should be regarded as a reliable and
polymorphic marker method, allowing discrimination
among and within Cissampelopsis species. The results also
support that C. corifolia and C. volubilis are well separated,
confirming the taxonomical treatment of these climbing as
separate species. Long-distance gene flow is important for
maintaining genetic connectivity as evidenced by the high
migration rates of Cissampelopsis species. Both
Cissampelopsis species have moderate genetic variability.
Thus, in situ conservation is a priority to protect genetic
variation in the two Cissampelopsis species. Decreasing
local disturbance is also necessary to allow the regeneration
of wild populations. We expect this study will be helpful
for inspiring biodiversity conservation and further studies
of Cissampelopsis from other related areas that are valued
to understand better the biology and pattern of species
diversification in the genus.

ACKNOWLEDGEMENTS

This work was conducted as part of the phylogeny and
diversification of Senecioneae (Asteraceae) in Thailand and
supported through Thailand Research Fund (TRF) with
Phranakhon Rajabhat University (RSA5880024) for
granting the research. The authors thank the Applied
Taxonomic Research Center, Khon Kaen University, and
the Faculty of Science and Technology, Phranakhon
Rajabhat University, for allowing use of their facilities
during the study. We are grateful to Nakanate Ngampak for
his generous assistance during fieldwork in Thailand.

REFERENCES

Addo-Fordjour P, Ofosu-Bamfo B, Kwofie F, Akyea-Bobi N, Rahman
FA, Amoah E. 2020. Changes in liana community structure and
functional traits along a chronosequence of selective logging in a
moist semi-deciduous forest in Ghana. Plant Ecol Divers 13 (1): 75-
84.

Al-Naggar AMM, El-Salam RA, Badran AEE, El-Moghazi MM. 2017.
Molecular differentiation of five quinoa (Chenopodium quinoa

3927

Willd.) genotypes using inter-simple sequence repeat (ISSR) markers.
Biotech J Int 20 )1(: 1-12.

Allendorf FW. 2017. Genetics and the conservation of natural
populations: allozymes to genomes. Mol Ecol 26: 420-430.

Ali F, Yilmaz A, Nadeem MA, Habyarimana E, Subasi I, Nawaz MA,
Chaudhary HJ, Shahid MQ, Ercisli S, Zia MAB, Chung G, Baloch
FS. 2019. Mobile genomic element diversity in world collection of
safflower (Carthamus tinctorius L.) panel using iPBS-retrotransposon
markers. PLoS ONE 14 (2): €0211985. DOL:
10.1371/journal.pone.0211985.

Amom T, Nongdam P. 2017. The use of molecular marker methods in
plants: A review. Intl J Cur Res Rev 9 (17): 1-7.

Amom T, Tikendra L, Apana N, Goutam M, Sonia P, Koijam AS,
Potshangbam AM, Rahaman H, Nongdam P. 2020. Efficiency of
RAPD, ISSR, iPBS, SCoT and phytochemical markers in the genetic
relationship study of five native and economically important bamboos
of North-East India. Phytochemistry 174: 112330.

Andeden EE, Baloch FS, Derya M, Kilian B, Ozkan H. 2013. iPBS-
Retrotransposons-based genetic diversity and relationship among wild
annual Cicer species. J Plant Biochem Biotechnol 22 )4(: 453-466.

Baloch FS, Alsaleh A, de Miera LES, Hatipoglu R, Ciftci V, Karakdy T,
Yildiz M, Ozkan H. 2015. DNA based iPBS-retrotransposon markers
for investigating the population structure of pea (Pisum sativum)
germplasm from Turkey. Biochem System Ecol 61: 244-252.

Bidyaleima L, Kishor R, Sharma GJ. 2019. Chromosome numbers, RAPD

and ISSR profiles of six Zingiber species found in Manipur, India
Biodiversitas 20 (5): 1389-1397.

Bonchev G, Dusinsky R, Hauptvogel P, Gaplovska-Kysela K, Svec M.
2019. On the diversity and origin of the barley complex agriocrithon
inferred by iPBS transposon markers. Genet Resour Crop Ev 66 (7):
1573-1586.

Bonchev GN, Vassilevska-lvanova R. 2020. Fingerprinting the genetic
variation and intergeneric hybrid dynamics in the family Asteraceae
(genera Helianthus, Echinacea, Tagetes, and Verbesina) using iPBS
markers. Biologia 75: 457-464.

Chesnokov YuV, Artemyeva AM. 2015. Evaluation of the measure of
polymorphism information of genetic diversity. Agric Biol 50 (5):
571-578.

Coutinho JP, Carvalho A, Martin A, Lima-Brito J. 2018. Molecular
characterization of Fagaceae species using inter-primer binding site
(iPBS) markers. Mol Biol Rep 45: 133-142.

Comes HP, Coleman M, Abbott RJ. 2017. Recurrent origin of peripheral,
coastal (sub)species in Mediterranean Senecio (Asteraceae). Plant
Ecol Divers 10: 253-271.

Doyle JJ, Doyle JL. 1990. Isolation of plant DNA from fresh tissue. Focus
12 (13): 39-40.

Earld AD, von Holdt BM. 2012. Structure Harvester: a website and
program for visualizing structure output and implementing the
Evanno method. Conserv Genet Resour 4 (2): 359-361.

Evanno G, Regnaut S, Goudet J. 2005. Detecting the number of clusters of
individuals using the software structure: a simulation study. Mol Ecol
14)8(: 2611-2620.

Excoffier L, Lischer HEL. 2010. Arlequin suite ver 3.5: A new series of
programs to perform population genetics analyses under Linux and
Windows. Mol Ecol Res 10 (3): 564-567.

Estrada-Villegas S, Hall JS, Van Breugel M, Schnitzer SA. 2020. Lianas
reduce biomass accumulation in early successional tropical forests.
Ecology 101 (5): €02989. DOI: 10.1002/ecy.2989.

Gailite A, Rungis D. 2012. An initial investigation of the taxonomic status
of Saussurea esthonica Baer ex Rupr. utilising DNA markers and
sequencing. Plant Syst Evol 298 (5): 913-919.

Gallagher RV, Leishman MR. 2012 A global analysis of trait variation
and evolution in climbing plants. J Biogeogr 39 (10): 1757-1771.
Ghazoul J, Sheil D. 2010. Tropical rain forest ecology, diversity, and

conservation. Oxford University Press, Oxford.

Ghonaim M, Kalendar R, Barakat H, Elsherif N, Ashry N, Schulman AH.
2020. High-throughput retrotransposon-based genetic diversity of
maize germplasm assessment and analysis. Mol Biol Rep 47: 1589-
1603.

Grover A, Sharma PC. 2016. Development and use of molecular markers:
past and present. Crit Rev Biotechnol 36 (2): 290-302.

Guo D-L, Guo M-X, Hou X-G, Zhan G-H. 2014. Molecular diversity
analysis of grape varieties based on iPBS markers. Biochem Syst Ecol
52: 27-32.


https://www.sciencedirect.com/science/article/pii/S0305197813002238?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0305197813002238?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0305197813002238?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0305197813002238?via%3Dihub#!

3928

Hammer @, Harper DAT, Ryan PD. 2001. PAST: Paleontological
statistics software package for education and data analysis. Palaeontol
Electron 4: 1-9.

Hamrick JL, Godt MJW. 1996. Effects of life-history traits on genetic
diversity. Philos Trans R Soc Lond B Biol Sci 351 (1345): 1291-
1298.

Hamrick JL, Kruse LM, Trapnell DW. 2019. Genetic diversity within and
among populations of the endangered Southeastern North American
plant species, Tiedemannia canbyi (Apiaceae) and its more common
congener, T. filiformis. Nat Areas J 39 (3): 351-363.

Hemrova L, Bullock JM, Hooftman DA, White SM, Miinzbergova Z.
2017. Drivers of plant species’ potential to spread: the importance of
demography versus seed dispersal. Oikos 126 (10): 1493-1500.

Holsinger KE, Weir BS. 2009. Genetics in geographically structured
populations: defining, estimating and interpreting Fst. Nat Rev Genet
10: 639-650.

Hossein-Pour A, Haliloglu K, Ozkan G, Tan M. 2019. Genetic diversity
and population structure of quinoa (Chenopodium quinoa Willd.)
using iPBS-retrotransposons markers. Appl Ecol Env Res 17 (2):
1899-1911.

Hubisz MJ, Falush D, Stephens M, Pritchard JK. 2009. Inferring weak
population structure with the assistance of sample group information.
Mol Ecol Resour 9 (5): 1322-1332.

Jaros U, Fischer GA, Pailler T, Comes HP. 2016. Spatial patterns of AFLP
diversity in Bulbophyllum occultum (Orchidaceae) indicate long-term
refugial isolation in Madagascar and long-distance colonization
effects in La Réunion. Heredity 116 (5): 434-446.

Kalendar R, Antonius K, Smykal P, Schulman AH. 2010. iPBS: a
universal method for DNA fingerprinting and retrotransposon
isolation. Theor Appl Genet 121 (8): 1419-1430.

Kalendar R. 2011. The use of retrotransposon-based molecular markers to
analyze genetic diversity. Ratarstvo i Povrtarstvo 48: 261-274.

Kalendar R, Schulman AH. 2014. Transposon-based tagging: IRAP,
REMAP, and iPBS. In: Besse P (eds) Molecular Plant Taxonomy.
Methods in Molecular Biology (Methods and Protocols). Humana
Press, Totowa, New Jersey.

Kalendar R, Amenov A, Daniyarov A. 2019. Use of retrotransposon
derived genetic markers to analyze genomic variability in plants.
Funct Plant Biol 46 (1): 15-29.

Karagoz H, Cakmakci R, Hosseinpour A, Ozkan G, Haliloglu K. 2020.
Analysis of genetic variation and population structure among of
oregano (Origanum acutidens L.) accessions revealed by agro-
morphological traits, oil constituents and retrotransposon-based inter-
primer binding sites (iPBS) markers. Genet Resour Crop Ev 27: 1-18.

Karik U, Nadeem MA, Habyarimana E, Ercisli S, Yildiz M, Yilmaz A,
Yang SH, Chung G, Baloch FS. 2019. Exploring the genetic diversity
and population structure of Turkish Laurel germplasm by the iPBS-
Retrotransposon marker system. Agron 9 (10): 647.

Koyama H, Bunwong S, Pornpongrungrueng P, Nicholas Hind DJ. 2016
Compositae (Asteraceae). In: Santisuk T, Balslev H (eds) Flora of
Thailand Vol 13 part 2. Royal Forest Herbarium, Bangkok.

Lau CP, Saunders RM, Ramsden L. 2009. Floral biology, breeding
systems and population genetic structure of three climbing Bauhinia
species (Leguminosae: Caesalpinioideae) in Hong Kong, China. J
Trop Ecol 25 (2): 147-159.

Luan S, Chiang T-Y, Gonh X. 2006. High genetic diversity vs. low
genetic differentiation in Nouelia insignis (Asteraceae), a narrowly
distributed and endemic species in China, revealed by ISSR
fingerprinting. Ann Bot 98: 583-589.

Li HM, Ren C. 2018. Cissampelopsis quinquesquamata (Asteraceae—
Senecioneae), a new species from western Myanmar and northeastern
India. Nord J Bot 36 (10): e01977.

BIODIVERSITAS 21 (9): 3919-3928, September 2020

Li S, Ramakrishnan M, Vinod KK, Kalendar R, Yrjdla K, Zhou M. 2020.
Development and deployment of High-Throughput Retrotransposon-
Based markers rReveal genetic diversity and population structure of
Asian bamboo. Forests 11 (1): 31.

Mehmood A, Luo S, Ahmad NM, Dong C, Mahmood T, Sajjad Y, Sharp
P. 2016. Molecular variability and phylogenetic relationships of
guava (Psidium guajava L.) cultivars using inter-primer binding site
(iPBS) and microsatellite (SSR) markers. Genet Resour Crop Ev 63:
1345-1361.

Macas J, Kejnovsky E, Neumann P, Novak P, Koblizkova A, Vyskot B.
2011. Next-generation sequencing-based analysis of repetitive DNA
in the model dioecious plant Silene latifolia. PLoS One 6 (11):
e27335. DOI: 10.1371/journal.pone.0027335.

Minn Y, Gailing O, Finkeldey R. 2015. Genetic diversity and structure of
teak (Tectona grandis L.f.) and dahat (Tectona hamiltoniana Wall.)
based on chloroplast microsatellites and amplified fragment length
polymorphism markers. Genet Resour Crop Ev 63: 961-974.

Nadeem MA, Nawaz, MA, Shahid MQ, Dogan Y, Comertpay G, Yildiz
M, Hatipoglu R, Ahmad F, Alsaleh A, Labhane N, Ozkan H, Chung
G, Baloch FS. 2018. DNA molecular markers in plant breeding:
current status and recent advancements in genomic selection and
genome editing. Biotechnol Biotechnol Equip 32: 261-285.

Nemli S, Kianoosh T, Tanyolac MB. 2015. Genetic diversity and
population structure of common bean (Phaseolus vulgaris L.)
accessions through retrotransposon-based interprimer binding sites
(iPBSs) markers. Turk J Agric For 39 (6): 940-948.

Nei M. 1987. Molecular Evolutionary Genetics. Columbia University
Press, New York.

Odell EH, Stork NE, Kitching RL. 2019. Lianas as a food resource for
herbivorous insects: a comparison with trees. Biol Rev 94 (4): 1416-
1429.

Reis MS. 1996. Dinamica da movimentacdo dos alelos: subsidios para
conservagdo e manejo de populagbes naturais em plantas. Braz J
Genet 19: 37-47.

Rogalski JM, Reis A, Rogalski M, Montagna T, dos Reis MS. 2017.
Mating system and genetic structure across all known populations of
Dyckia brevifolia: a clonal, endemic, and endangered rheophyte
bromeliad. J Hered 108 (3): 299-307.

Schulman AH, Flavell AJ, Paux E, Ellis TH. 2012. The application of
LTR retrotransposons as molecular markers in plants. Methods Mol
Biol 859: 115-153.

Suratman S, Pitoyo A, Mulyani S, Suranto. 2015. Assessment of genetic
diversity among soursop (Annona muricata) populations from Java,
Indonesia using RAPD markers. Biodiversitas 16 (2): 247-253.

Tong Y, Durka W, Zhou W, Zhou L, Yu D, Dai, L. 2020. Ex-situ
conservation of Pinus koraiensis can preserve genetic diversity but
homogenizes population structure. For Ecol Manag 465: 117820.

Vanijajiva O. 2020. Start codon targeted (SCoT) polymorphism reveals
genetic diversity of Manilkara in Thailand. Biodiversitas 21 (2): 666-
673.

Vanijajiva O, Kadereit, JW. 2008. A revision of Cissampelopsis
(Asteraceae: Senecioneae). Kew Bull 63 (2): 213-226.

Vasilyeva YS, Zhulanov AA, Boronnikova SV, Yanbaev YA. 2020.
Genetic structure of Ural populations of Larix sibirica Ledeb. on the
base of analysis of nucleotide polymorphism. Silvae Genet 69 (1): 20-
28.

Yan J, Zhu M, Liu W, Xu Q, Zhu C, Li J. 2016. Genetic variation and
bidirectional gene flow in the riparian plant Miscanthus
lutarioriparius, across its endemic range: implications for adaptive
potential. GCB Bioenergy 8: 764-776.

Yeh F, Yang R, Boyle T. 1999. POPGENE Version 1.32. Microsoft
Window-based Freeware for Population Genetic Analysis. Molecular
Biology and Biotechnology Center, University of Alberta, Edmonton.


https://doi.org/10.1371/journal.pone.0027335

