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ABSTRACT

Panax stipuleanatus Tsai is a type of medicinal plant within north-west Vietnam. In this study, inter
simple sequence repeat markers were employed to investigate the genetic diversity of naturally
distributed populations classified by habitat for this species. Genetic diversity at the species level
was moderate (Her = 0.254; PPBr = 96.02%). Genetic diversity was not equal in two populations.
The result showed higher population genetic diversity in the Lao Cai region (Hegx = 0.266; PPBgy =
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91.48%) as compared to those located in Lai Chau region (Henyr = 0.235; PPByr = 84.66%). The
interpopulation gene differentiation was small (Gs;p = 0.03) with the genetic distance among
populations was Dp = 0.0103. Gene flow within populations was as high as Nm = 7.36.

Introduction

Panax stipuleanatus Tsai is a type of medicinal plant
which is naturally distributed within north-west Vietnam.
The Panax species populations grow in small groups
scattered amongst the herbaceous storey of primary,
closed, evergreen, seasonal, tropical, broad-leaved for-
ests on sandy and shale soils. The soil structure is wet
and well-drained, and the area is located at an altitude
between 1600 and 2400 m over the two regional areas:
Ho Thau (HT; Lai Chau Province) and Bat Xat (BX; Lao Cai
Province). The two populations are very well adapted to
the tropical monsoon climate associated with these par-
ticular mountainous localities.[1,2] In the two investi-
gated populations, mature individuals have been
harvested and used by the native population as treat-
ment for several acute medical issues and general
human health maintenance for centuries. Due to the
over-exploitation of these medicinal plant’s rhizomes for
medical use and the eradication of their primary growing
habitat through forest clearance, which is to be used for
Amomum tsao-ko plantation, has led to the loss of
genetic biodiversity and as a result the studied plant was
classified as critically endangered under the national cat-
egory with criteria of A1¢,d.[2,3]

Currently, this species is considered to be endangered
and its distribution is limited. There are two indigenous
populations for this species that have been identified
within north-west Vietnam. During the year 2013 and

2014, field identification research has identified approxi-
mately 100—150 individual plants remaining in the two
regions studied. However, studies on the genetic diver-
sity of this species have not been conducted in Vietnam.
Reduction in genetic diversity is an actual risk to P. stipu-
leanatus. Genetic variation is currently understood as a
critical variable to the long-term survival of a population
or species.[4,5] Understanding the genetic variation and
diversity within and among populations of rare and
endangered species is essential when developing man-
agement strategies for both in situ and ex situ conserva-
tion activities.[6] Thus, estimating inter- and intra-
population genetic diversity is critical to the protection
and long-term availability of P. stipuleanatus both in
terms of ecological biodiversity and medically related
uses. Current research methods support the use of
molecular markers as suitable and accurate tools for
population genetic diversity detection.

The advantages of inter simple sequence repeat (ISSR)
lies within in its low-cost use, convenience of use and high
level of reliability in reproducing results.[7—10] As such,
ISSR is used widely and is accepted as a tool in population
genetic studies of both wild and cultivated plants.[9]

In this study, the ISSR marker system was employed to
induce DNA fingerprints for the estimation of genetic
diversity and the identification of genetic differentiation in
wild P. stipuleanatus populations found and distributed in
their natural habitats. The objectives of this study were as
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Table 1. Geographic localities of P. stipuleanatus populations in
this study.

Geographic
localities

Longitude/

Sample sign Population Latitude

HT1-HT31 HT Ho Thau—Lai Chau 22°19'41"—22°24'12"N
103°27'52"—103°36'30"E
BX1-BX29 BX Bat Xat—Lao Cai ~ 22°26'38"—22°31"18"N

103°43'02"—103°47'53"E

follows: (1) to estimate genetic diversity; (2) to analyse
genetic relationships and differentiation among two popu-
lations and (3) to contribute and catalogue the data of this
study for use in the conservation and sustainable utiliza-
tion of the researched medicinal plants within Vietnam.

Materials and methods
Plant materials

From December 2013 to May 2014, a total of 60 individu-
als presenting natural populations of the species from
Ban Giang commune, Ho Thau District (Lai Chau Prov-
ince) and Muong Hum commune, Bat Xat District (Lao
Cai Province), which corresponded to two naturally dis-
tributive populations of this species, were sampled
across their original habitats (Table 1). Chosen individu-
als for sampling were separated from each other at a dis-
tance of at least 50 m.

Fresh leaves were collected, dried in sealed bags with
silica gel and brought to the laboratory, where each sam-
ple was preserved at a constant —20 °C for DNA analysis.

DNA extraction and ISSR-PCR amplification

Total genomic DNA was extracted using cetyltrimethyl
ammonium bromide (CTAB) protocol | [11] with a

Table 2. ISSR primers used in this study.

modification of adding 10% SDS to the extraction buffer,
which was then dissolved in water for the subsequent
use. ISSR primers used in this study were synthesized by
Bioneer Corporation (Republic of Korea), according to
the primer set published by the University of British
Columbia and Zagazig University (Egypt). Sixty ISSR pri-
mers were initially screened, and 17 of them, which
yielded bright, clear bands and at least possessed one
polymorphic band in both populations, were used for
the analysis of all 60 samples (Table 2). PCR amplification
was repeated for those working primers to check the sta-
bility and reproducibility of ISSR DNA fingerprinting.

PCRs were performed in 20 wl reactions containing
2 mmol/L MgCl,, 0.25 mmol/L each of dNTPs, 1U Taq
DNA polymerase (ThermoScientific), 0.2 wmol/L primer
and approximately 30 ng DNA templates. The amplifica-
tions were performed in a Peqstar 96X Universal Gradi-
ent thermocycler (PEQLAB Biotechnologie GmbH,
Germany) with the following program: initial denatur-
ation at 94 °C for 5 min; 10 cycles of 94 °C for 45 s,
annealing temperature +5 (T, +5) °C (Table 2) for 45 s,
decreased 0.5 °C/cycle, 72 °C for 1 min 30 s; 36 cycles of
94 °C for 45 s, annealing temperature for 45 s, 72 °C for
1 min 30 s; final extension at 72 °C for 15 min; the ampli-
fication products were separated in 2% agarose gel,
using TBE buffer at 60 V for 3 hours, stained with ethi-
dium bromide (0.5 wg/ml), and photographed under
254/312 nm wavelength lights using Micro Doc Gel Doc-
umentation System (Cleaver Scientific, USA).

Data analysis

Since ISSR markers are dominantly inherited, each band
was assumed to represent the phenotype at a single
biallelic locus.[12] ISSR bands were scored as presence

Number of recorded bands

PPB (%) (based on total 176 bands)

Primer code Sequence (5’ a 3') T, (°Q) Species BX pop. HT pop. Species BX pop. HT pop.
UBC807 5-(AG)8 T-3' 54 8 6 8 88.89 50.00 100.00
UBC826 5'-(AC)g C-3' 54 10 9 8 90.00 88.89 77.78
UBC842C 5'-(GA)g CG-3' 515 10 8 10 90.00 40.00 90.00
UBC842T 5'-(GA)g TG-3' 515 9 9 9 100.00 80.00 80.00
UBC856C 5'-(AC)g CA-3' 52 9 9 9 100.00 77.78 100.00
UBC856T 5'-(AC)g TA-3' 52 7 7 7 85.71 85.71 85.71
UBC873 5'-(GACA), -3' 52 12 12 1 100.00 100.00 91.67
HB15 5'-(GTG); GC-3' 52 9 9 9 88.89 66.67 88.89
814 5-(CT)g TG-3' 52 9 9 9 100.00 100.00 100.00
844A 5'-(CT)8 AC-3' 52 16 14 16 100.00 87.50 100.00
HB8 5'-(GA)s GG-3' 52 10 9 9 100.00 80.00 80.00
HB9 5'-(GT)g GG-3' 52 10 9 9 90.00 90.00 90.00
HB10 5'-(GA)s CC-3' 52 10 10 10 100.00 90.00 90.00
HB12 5'-(CAQ)3 GC-3' 52 9 9 9 100.00 100.00 88.89
808 5'-(AG)g C-3' 52 13 13 13 100.00 100.00 100.00
17899A 5'-(CA)s AG-3' 54 1 10 10 90.91 63.64 81.82
178998 5'-(CA)¢ GG-3' 54 14 14 14 100.00 100.00 100.00
Average 104 9.7 10.0 95.55 82.36 90.87
Total 176 166 170
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(1) or absence (0) characters, to construct the binary data
matrix. Microsoft Office Excel 2007 was used to estimate
genetic diversity parameters: the percentage of polymor-
phic bands (PPB).[13] The average expected heterozy-
gosity (He = Z'h/L) was tested using Nei's gene
diversity statistics.[13] The gene differentiation among
populations was calculated as Ggr = (Her — Hsy)/Her.
Gene flow was estimated using the formula: Nm =
(1—Gs1)/4 Gsp[11] The Nei's genetic distance between
populations was calculated as: Dyy = —In(lxy).[14] Simi-
larity coefficient between pair of samples and
unweighted pair group method with arithmetic mean
(UPGMA) dendrogram for genetic relationship among
studied samples was calculated and established by using
NTSYSpc 2.1 (Numerical Taxonomy and Multivariate
Analysis System) software.[15]

Results and discussion
Genetic diversity

The 17 selected primers yielded 176 reproducible bands
for total investigated samples, 166 reproducible bands
with BX population, 170 reproducible bands with HT
population. For species level, the number of bands per
primer varied between 7 (UBC 856T) and 14 (17899B),
with an average of 10.4. In BX population, the number of
bands per primer varied between 6 (UBC 807) and 14
(178998B), with an average of 9.8. In HT population, the
number of bands per primer varied between 7 (UBC
856T) and 14 (17899B), with an average of 10 (Table 2).

Genetic diversity at the species level were moderate,
the estimated heterozygosity and percentage of poly-
morphic bands were H.r = 0.254; PPBy = 96.02%,
respectively. Among the two investigated populations,
HT population possessed the lower level of genetic
diversity (Hepyt = 0.235; PPByt = 84.66%), while BX popu-
lation harboured higher level (Hegx = 0.266; PPBgy =
91.48%).

Genetic relationship

Among the two investigated populations, the interpopu-
lation gene differentiation was significantly small (Gsp =
0.03) with the genetic distance among populations was
Dp = 0.0103, which means a 3% differentiation among
populations exist. The gene flow within populations was
as high as Nm = 7.36 showed that the migration among
the two populations was high.

The gene similarity coefficients among the species
were varied, ranging from 0.483 to 0.943 with a mean of
0.728 (Figure 1). In HT population, they ranged from
0.534 to 0943 with a mean of 0.746; and in BX
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population they ranged from 0.483 to 0.926 with a mean
of 0.708.

The ISSR markers in this study yielded reproducible
polymorphic bands in 60 individuals, which were used
to investigate samples belonging to two populations of
P. stipuleanatus in the north-west Vietnam, which was
classified by habitat. This method provides a highly
effective and reliable molecular-level tool for analysation
of genetic diversity and genetic relationships within the
species. This study reports the genetic diversity at spe-
cies and population levels. The extent of genetic varia-
tion within two natural populations, the gene
differentiation and the genetic distance among them
were showed.

Wide ranges of species possess the life history traits of
dicotyledon (long-lived perennial life form, narrow geo-
graphic range, outcrossing breeding system and
ingested seed dispersal mechanism), which are similar to
P. stipuleanatus (found in the north-west Vietnam) were
researched. Hamrick and Godt,[16] reported that the
genetic diversity based on allozyme were PPB = 42%-
46%, H. = 0.10—0.14, Gst = 0.14-0.24. And Nymbom,
[17] based on RAPD, reported that the genetic diversity
were H. = 0.19—-0.24, Gst = 0.17—0.23. Thus, the results
from the current research showed that P. stipuleanatus in
the north-west Vietnam possessed higher genetic diver-
sity but the interpopulation gene differentiation was sig-
nificantly small. Achieved results showed higher
population genetic diversity related to PPB and hetero-
zygosity compared to previous studies based on RAPD,
[18—20] on Allozyme, [6,21] on AFLP,[14,22] on DALP
[23] in other Panax populations. However, the similarity
coefficients among the pair of samples in this study
were higher,[24] and the expected heterozygosity of
investigated populations were lower in the case of natu-
ral Panax ginseng using SSR markers,[25] which showed
the limitations of ISSR markers in individual
discrimination.

Using the same technique as in this study to induce
DNA fingerprinting in P. ginseng cultivated in north-east
China, Ref. [26] reported that the genetic diversity was
high at the species level (H. = 0.2886; PPB = 98.96%) but
relatively lower at the cultivated-type level: in garden gin-
seng the reported results were H. = 0.229, PPB =
85.42%; in forest ginseng the reported results were Ho =
0.170, PPB = 57,29%; and in transplanted wild ginseng
the reported results were H, = 0.202, PPB = 76.04%.
Genetic differentiation was also detected among popula-
tions of garden ginseng at Gst = 0.319 with Nm = 1.069;
forest ginseng was Gst = 0.233 with Nm = 1.648; and
transplanted wild ginseng was Gst = 0.2540 with Nm =
1.467. Compared to these results, this study revealed that
genetic diversity of P. stipuleanatus in north-west Vietnam
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Figure 1. Dendrogram for genetic relationship of total investigated samples.

contained lower levels of genetic diversity as compared
to P. ginseng in north-east China. The genetic differentia-
tion among populations of investigated species was lower
than among populations belonging to three types of gin-
seng as previously investigated in the study from [26].
The gene flows amongst the populations from this study
were significantly higher than those amongst the popula-
tions investigated; the high level of genetic diversity in
this study can be attributed to the investigated species
evolutionary development. Due to the long lifespan and
overlapping generations of the populations within the
prior study, considerable genetic variability has been
accumulated and conserved under various selection traits

during the evolutionary process.[26] Beyond the studies,
the local people have been using traditional methods to
select mature ginseng for harvest and save young gin-
seng from the natural protected areas. This is possibly
due to the fact that the harvested and conserved ginseng
can be reproduced by seed, which facilitates to a certain
degree the genetic diversity of the local ginseng
populations.

The genetic diversity of the two studied wild popula-
tions is unequal. BX population possessed the higher
genetic diversity as compared to this in HT population,
which reflects the fact that recently P. vietnamensis var.
fuscidiscus, which is more economically valuable in
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Vietnamese and Greater Asian medicinal plant markets,
was discovered in Lai Chau province and people have
overharvested all taxa of Panax here for economic pur-
pose, therefore there has been use of both P. stipuleana-
tus rhizomes as adulterants of P. viethamensis and its
variety.

The UPGMA dendrogram for genetic relationship of
total investigated samples and for each of two investi-
gated populations is shown in Figure 1. Using 17 ISSR
primers, the samples were clustered by regional popula-
tion. This was confirmed by the results on the interpopu-
lation gene differentiation and the genetic distance
among populations. The level of gene differentiation
among populations can be closely related to various fac-
tors such as the long-term evolutionary history and the
nature of species, difference in breeding systems, gene
flow in conditions of habitat fragmentation, population
isolation etc.[6,16,27,28] Thus, the low genetic differenti-
ation among populations of the P. stipuleanatus in this
study may be the consequence of the strong genetic
crossing nature of the species, the abundance of pollina-
tors (insects) and dispersive animals (rodents and birds),
insufficient partitioned terrain such that gene flows
occur, and other biological traits.

Conclusions

The understanding on population genetic variability is
essential to effective conservation and sustainable man-
agement. The medium genetic diversity at population
level, relatively high at species level and the high gene
flow are the advantages for conservation and develop-
ment of the ginseng species in North Vietham. However,
the uncontrolled overharvesting of these species with-
out an actionable conservation strategy may lead to the
increased reduction of genetic diversity and reserves of
this species, much more so than indicated by the dispro-
portion of population genetic diversities between the
two habitats. Thus, it is of critical importance to further
investigate those species for conservation purposes and
for sustainable harvesting and use as valuable natural
resources.
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