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Abstract

Eurycoma longifolia Jack is one of the extensively exploited medicinal plants in Indonesia. The objectives of this
study were to obtain information on genetic diversity and population genetic structure of E. longifolia to formulate
effective conservation plan. RAPD marker was used to assess the genetic diversity of E. longifolia collected from 5
natural populations in Riau Province. A total of 25 plants were analyzed using 5 RAPD primers, which amplified
produced 44 scored DNA bands. The mean observed number of alleles per locus (No), number of effective alleles
(Ne), and percentage of polymorphic loci (PPL) of E. longifolia were 1.57, 1.34, and 56.80%, respectively. The
degree of differentiation among populations of E. longifolia was 0.31 (Ht = 0.29; Hs = 0.20). The mean value of
estimated gene flow among populations of E. longifolia was 1.11 individual per generation. The UPGMA
dendogram formed 2 significant clusters. The first cluster consisted of Pelalawan and Kampar populations, while
the second cluster was formed from Kuansing, Rohul, and Rohil population. The genetic diversity information in this
study is very important to perform efficient conservation and effective future management of its genetic resources.
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Introduction

Eurycoma longifolia Jack is a member of Simaroubaceae
family and is widely distributed in South East Asia. It is
identified locally as pasak bumi in Indonesia, tongkat ali in
Malaysia, lan-don in Thailand, and 'Cay ba binh' in Vietnam
(Osman et al. 2005). In Indonesia, E. longifolia can be found
in Sumatra and Kalimantan forests at an altitude <700 m asl.
E. longifolia is a small grown tree reaching up to 15 m in
height and 15 cm in diameter. Itis well grown in acid, sandy,
and low nutrient soils and is often found among dipterocarps
species (Hadiah 2000). E. longifolia is an economically
important plant that is as a source of herbal medicine. The
root extract of E. Jongifolia is known to contain biologically
active compound that can be widely utilized as antimalaria
(Chan et al. 2005), to inhibit growth of human breast cancer
cell line (Tee & Azimahtol 2005), to increase testosterone
hormone level (Tambi et al. 2011), to protect bone calcium
loss (osteoporosis) (Effendi et al. 2012), and as insecticide
(Lina et al. 2009).

The high demand of E. longifolia for pharmaceutical has
impacted on the increased harvesting of E. longifolia in their
natural habitats. Over-exploitation of natural stands by
medicinal plants collectors associated with low efficiency in
seed production and germination of E. longifolia has caused
depletion of this species in nature. Furthermore, the rate of
deforestation in Indonesia tropical forests that has reached

0.8 million hectares annually (MoF 2012) due to illegal
logging, forest fire and conversion into agricultural,
settlement, and industrial lands have also caused the
declining in numbers size and threatening the genetic
diversity of E. lonmgifolia in nature. In Indonesia, E.
longifolia has now been declared as a protected species
based on Regulation of Ministry of Agriculture No.
511/Kpts/PD.310/9/2006, as the over collection of this
species in the wild has almost caused its extinction from the
forest. Therefore, efforts to conserve the genetic resource of
E. longifolia have become a priority. Preservation of genetic
variation and evolutionary process in viable populations has
an ecological importance of preventing the potential
extinction for E. longifolia.

Until now, very little information on genetic variation of
E. longifolia is available in Indonesia. The only known
report is only by Susilowati (2008) who applied RAPD
(random amplified polymorphic DNA) markers on E.
longifolia collected from Jambi, whereas information of
genetic variation of E. longifolia in Riau Province has not yet
been reported. Therefore, this study is necessary to be
implemented as a basic consideration for formulating the
effective and efficient conservation strategy and utilization
of genetic resource of E. longifolia in Riau Province in
future.

Currently, several DNA molecular markers have been
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developed for plant genetic analysis, one of such is RAPD
markers. RAPD markers has been one of the most commonly
used techniques for estimating the genetic diversity in plant
population due to their advantages compared to other DNA
molecular techniques such as its simplicity, fast, low cost,
require small amounts of target DNA, no need of prior
sequences information on target species, radioactivity free
procedure, and fast providing information on plant genetic
(Welsh & McClelland 1990; Williams et al. 1990; Spooner et
al. 2005; Weising et al. 2005; Muchugi et al. 2008). The use
of RAPD markers in population genetic studies has been well
established for forest tree species such as Melia volkensii
(Runo et al. 2004), palahlar (Sumiyati et al. 2009),
Terminalia (Deshmukh et al. 2009), Dalbergia sissoo (Wang
et al. 2011), Pterocarpus angolensis (Amri & Mamboya
2012), and others. Although RAPD has limitation, such as
dominant properties, several strategies have been put
forward to minimize the effects of dominance on genetic
variation analysis (Lynch & Milligan 1994). In occasional
cases RAPD is considered poor in reproducibility. However
this weakness can be resolved by optimizing the reaction
condition (Weising et al. 2005; Muchugi et al. 2008).
According to Lynch and Milligan (1994) although RAPD
markers have limitations as mentioned above, this marker
can provide valuable genetic variation data within and among
species population of plants. The objective of this study is to
assess the genetic variation and genetic population structure
of E. longifolia using RAPD markers.

Methods

A total number of 5 individual sample of E. longifolia young
leafs were collected from natural forest in 5 districts in Riau
Province, namely Kampar District (Kampar), Rokan Hulu
Dictrict (Rohul), Rokan Hilir District (Rohil), Pelalawan
District (Pelalawan), and Kuantan Singingi District
(Kuansing) for DNA isolation. The leaf samples collected
were placed in plastic packages containing silica gel with a
ratio of leaf to silica gel of 1:5 (w/w) to reduce the leaf
moisture content and prevent from fungi attack. Subsequent
samples were carried to laboratory and stored in a freezer at
temperature of -20 °C until DNA extractions were performed.

Genomic DNA was isolated from leaf tissues using
modified CTAB (cetyltrimethyl ammonium bromide)
method (Doyle & Doyle 1990). The quality of DNA
isolation was determined by agarose gel electrophoresis of
0.8% (w/v). Electrophoresis was performed using 1x Tris
Acetate EDTA (TAE) buffer for about 30—45 minutes at 100
volt. The gel was stained with ethidium bromide solution of
0.5% (v/v) for 15-20 minutes at room temperature, and then
washed with distilled water for 10 minutes. The banding
patterns of gel were observed under UV light apparatus and
gel documentation was carried out using Gel Doc system
(BioRad).

Primer selection, amplification, and DNA electrophoresis
Twenty random primers were initially screened to determine
the suitability of each primer for the study. DNA isolation
results were bulked and used as sample for primer selection.
Two samples for each primer and a negative control were
amplified. The DNA amplification was performed in CFX
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96TM Real Time DNA engine Thermal cycler (BioRad).
The amplification was programmed as follows: initial
denaturation for 5 minutes at 95 °C, followed by 45 cycles of
denaturation for 1 minute at 95 °C, annealing for 1 minute at
36 °C, extension for 1 minute at 72 °C, and final extension for
10 minutes at 72 °C. The PCR reaction was as following and
made up of 13 pl in volume, containing 2.0 ul DNA template
(5-10 ng), 1.5 ul primer (5 pmol/ul), 2.0 ul water free
RNase, and 7.5 pl HotStar Taq Master Mix (Qiagen). PCR
products were separated through electrophoresis on a 2.0%
(w/v) agarose gel in 1X TAE buffer at 100 volt for about 30—
45 minutes, and then gels were stained in 0.5% (v/v)
ethidium bromide solution. The banding patterns of gel were
observed under UV light apparatus and photographed using
Gel Doc system (BioRad). A 100 bp DNA ladder (Amresco)
was included in the gels as a size reference or molecular
weight standard. Analysis of banding patterns was
performed using an Image Lab version 2.0.1 (BioRad)
Software.

Data analysis Amplification products were scored as ‘1’
for presence and ‘0’ for absence of each band in individual
lanes. The scores were entered as a binary matrix for
analysis. The following genetic diversity parameters were
calculated: percentage of polymorphic loci (PPL), the
number of alleles per locus (No), the effective number of
alleles per locus (Ne), genetic variation (Nei’s gene
diversity, He), genetic differentiation among populations
(GST), genetic distance (do), and gene flow (Nm). All
parameters were calculated using the software of POPGEN
version 1.31 (Yeh et al. 1999). Analysis Molecular of
Variance (AMOVA) was also carried out to estimate the
variance component among and within populations using the
software of ARLEQUIN version 2.00 (Schneider et al.
2000). UPGMA (Unweighted Pair-Group Method
Arithmatic) dendogram analysis based on Nei's genetic
distance (1972) was calculated using NTSYS version 2.00
(Rohlf 1998) software.

Results and Discussion

Twenty primers were initially tested and 5 were selected,
namely OPO-06, OPD-03, OPD-13, OPY-16 and OPY-20
for further analysis due to their clear DNA band patterns and
high polymorphism. PCR amplification products from the 5
primers selected have generated 44 DNA fragments. The
band number per primer ranged 8—10 and band sizes ranged
100—1600 bp (Table 1), depending on primer type used and
sampled genotype. Amplification products generated by
OPO-06 primer are shown in Figure 1.

No, Ne, PPL, and He of E. longifolia are shown in Table
2. No value ranged 1.14 (Rohul population)—1.71 (Kuansing
population), with an average of 1.57. Ne value ranged 1.22—
1.48, with an average of 1.34. The Rohul population (Ne =
1.22) had the lowest value observed and the Kuansing
population (Ne = 1.48) showed the highest value obtained.
The higher PPL value of E. longifolia was observed in
Kuansing population (70%) and the lower PPL value was
observed in Rohul population (41%), with an average of
56.80%. The He of E. longifolia ranged 0.13—0.27, with an
average of 0.20. The value of E. longifolia in this study was
similar to the mean value of genetic variat based on RAPD
markers for short-lived perennial (He = 0.20), higher than
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Table 1 Primers selected and their sequence, the total number of band, and size range of amplified fragments of Eurycoma

longifolia
Name of Sequence of the primers Total number of band Size range (bp)
primer
OPD - 03 5'GTCGCCGTCA '3 8 300-1500
OPD - 13 5'GGGGTGACGA '3 9 200-1500
OPO - 06 5' CCACGGGAAG '3 9 200-1600
OPY - 16 5' GGGCCAATGT '3 8 100-1000
OPY - 20 5' AGCCGTGGAA '3 10 100-1200
M 1 23 4 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25
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Figure I RAPD amplification products of OPO-06 primer, [1-5] Kuansing, [6—10]Rohul, [11-15] Rohil, [16—20], Kampar, and

[21-25] Pelalawan population.

Table 2 Genetic variation indices for 5 E. longifolia populations

Population name N No Ne PPL (%) H,

Pelalawan 5 1.64 1.35 63.64 0.21
Kampar 5 1.52 1.31 52.29 0.18
Rohil 5 1.57 1.36 56.82 0.21
Rohul 5 1.41 1.22 40.91 0.13
Kuansing 5 1.71 1.48 70.45 0.27
Average 5 1.57 1.34 56.80 0.20

N: samples size; N,: number of alleles per locus; N, effective number of alleles per locus; PPL:
percentage of polymorphic locus; He: gene diversity, Nei’s (1973)

selfing plant (He = 0.12) and lower than outcrossing species
(He = 0.27) (Nybom 2004). Genetic variation value of E.
longifolia in this study was found to be lower than the genetic
variation value of E. longifolia by Susilowati (2009) (He =
0.31) based on RAPD markers, due to the low percentage of
polymorphic loci value in this study (56.80%). Susilowati
(2009) obtains a 78.57% of polymorphic loci, and used
different addition number and primers' type. The genetic
variation values of E. longifolia in this study was quiet
similar to the results of study by Osman et al. (2005) using
Single Nucleotide Polymorphisms (SNP) markers (He =
0.22). However, the relevancy of this comparison may be
questioned since the studies were conducted using different
molecular markers, e.g. RAPD and SNP. In RAPD study,
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genetic variations was determined through allele
frequencies, average allele number, heterozygosity, and
percentage of polymorphic loci, etc, whereas in SNP study,
genetic diversity level was determined by means of
heterozygosity and percentage of polymorphic loci. Allele
frequency and mean number of polymorphic alleles were
excluded from -calculation since SNP technique was
developed to detect only 2 different alleles (Osman et al.
2005).

Genetic variation is an important feature of plant species,
especially for the ability of forest trees to adapt and evolve
through environmental changes so that they can thrive and
be stable for a long time. According to Machua et al. (2007)
populations with high level of genetic variations are valuable
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since they offer a diverse gene pools that are useful for
genetic conservation and breeding programs. The declining
genetic variation would restrict a species ability to keep face
with the changing environment and their roles in the
ecological and evolutionary development of the biosphere
(Runo et al. 2004; Machua et al. 2007). Consequently,
maintenance of genetic diversity is considered vital as
diversity carries forward both ecological adaptation and
microevolution.

GST of E. longifolia was found to be 0.31 (HT=0.29; HS
= 0.20). The GST values indicated that 31% of the total
genetic variation was found among populations, whereas
69% of genetic variation was maintained among individuals
within populations. High level of genetic variation found
within population would serve as consideration for
conservation purposes to capture the maximum genetic
variation within species. The GST value in this study was
higher than average value of that of tropical tree forests (GST
= 0.12) and forest trees in temperate zones (GST = 0.09)
(Dick et al. 2008). Genetic variation and it's partitioning
among and within populations of plant species were
determined by a number of factors, where reproductive
biological system (selfing vs outcrossing) as the most
significantt. Data summarized from RAPD markers has
provided a mean GST of < 23% for outcrossing species, and
GST > 59% for inbred species (Nybom & Bartish 2000;
Nybom 2004). The genetic differentiation among E.
longifolia populations (GST = 31%) was neither in the range
of outcrossing nor inbred species.

The GST values can be classified into 3 levels, e.g. low
(GST=<0.05), moderate (GST=0.05-0.15), and high (GST
=> 0.15) (Nei 1978), hence GST values of E. longifolia
obtained in this study is considered as high. High GST value
indicated that gene flow is restricted via pollen or seed. Seed
of E. longifolia is relatively heavy and big so that seed
dispersal is limited on forest floor, where most were found
close to parent trees (Keng ef al. 2002; Osman et al. 2005).
High GST value could also be explained by the low density of
E. longifolia within the sampling area. E. longifolia is
difficult to obtained and when found, they were often
grouped near parent trees. Such condition would influence
the mating system and gene flow of E. longifolia. According
to Finkeldey (2003), tree populations with low densities had
higher GST values than those of high densities.

The AMOVA results indicated that 22.34% of the total
genetic variation was found among populations and 77.66%
was found within population (Table 3). All molecular
variance components were significant (p < 0.001). It can be
concluded that most of the genetic variations of E. longifolia
were maintained within the population. Hamrick et al. (1992)
report that woody perennial species generally maintain most
of their variation within population, which holds true for
tropical trees in particular. Generally, the mating system of
flowering plant species greatly affects population genetic
differentiation (Hamrick & Godt 1989). The estimates of
genetic differentiation between the populations for
outcrossing species based on AMOVA, derived by analyzing
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RAPD markers are usually < 28%. For inbred species,
estimates of interpopulation genetic variation are usually >
65% (Nybom & Bartish 2000; Nybom 2004). The genetic
differentiation between the populations of E. longifolia
(22.34%) was in the range of outcrossing species. E.
longifolia is a predominant outcrossing; this is supported by
observation on flower morphology in greenhouse, which
showed that E. longifolia has unisexual flowers, the male
flowers always with a sterile pistil, and female flowers
always with sterile stamens.

Gene flow is one of an important parameter for
determination of genetic variation of plant. According to
Govindaraju (1989) that gene flow values can be
differentiated into 3 levels, high (Nm > 1), moderate (0.25 <
Nm < 0.99), and low (Nm < 0.25). Gene flow among
populations of E. longifolia in our study was 1.11 individual
per generation and belong to high category. Lacerda ef al.
(2001) stated that Nm values above 1.0 are common among
populations of tropical trees. These relatively high values of
Nm expected for tropical trees are probably associated with
the fact that many pollen and seed vectors for these species
are capable of walking or flying long distances. Gene flow is
determined by pollinators, seed dispersers, stand density,
flowers phenology, gender distribution, outcrossing rates,
and inbreeding depression (Dick ef al. 2008). If we
compared to gene flow others species, Nm values of E.
longifolia in this study is almost similar to /ris japonica (Nm
=1.28, Yong et al. 2012), lower then gene flow of Dalbergia
sissoo (Nm = 3.31) with outcrossing and insect pollinators
but seed dispersal is assisted by wind (Wang et al. 2010) and
gene flow of Maesopsis eminii (Nm=11.11, Zulfahmi 2007)
outcrossing species with seed dispersed by hornbill, rodents,
and bats.

Genetic distance indicated the genetic relationship
among E. Longifolia populations, where the genetic distance
values ranged from 0-1 (Finkeldey 2003). The genetic
distance values among populations of E. longifolia ranged
from 0.1157-0.2109 (Table 4). The maximum value was
observed between Kampar and Kuansing populations, while
the minimum value was observed between Rohil and Rohul
populations. UPGMA dendogram based on Nei's genetic
distance (1972) displayed that five populations of E.
longifolia were divided into two groups (Figure 2). The first
cluster consisted of Kampar and Pelalawan populations, and
second cluster consisted of two subgroups, the first was
Rohil and Rohul populations, and second was Kuansing
population. Rohil and Rohul populations had closely
genetic relationship because both populations were closely
located hence allowed for the movement of genetic materials
between populations, through human intervention or biotic
and abiotic factors. Therefore the migration rates of seeds
and pollens of E. longifolia were necessary to be studied in
more detail.

Conservation strategy of E. longifolia The goals of
genetic resources conservation are to reserve and maintain
the maximum genetic variation to prevent species

Table 3 Analysis of molecular variance (AMOVA) among and within populations of E. longifolia

Variation source Degrees of Variance Percentage P Value
freedom components  of variation

Among populations 4 1.76 22.34 <0.001

Within population 20 6.12 77.66 <0.001

Total 24 7.88
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Table 4 Genetic distances among populations of E. longifolia based on Nei’s (1972)

Population Pelalawan Kampar Rohil Rohul Kuansing
Pelalawan kol
Kampar 0.1363 HrEEE
Rohil 0.1232 0.1699 oK
Rohul 0.1525 0.1893 0.1157 HHEEE
Kuansing 0.1526 0.2109 0.1181 0.1545 kol
Pelalawan
Kampar
Rohil |
Rohul I
Kuansing
0.12 0.13 0.14 0.15 0.17
Coefficient

Figure 2 Dendogram of UPGMA cluster analysis on E. longifolia based on Nei’s genetic distance (1972).

extinction. Based on genetic information provided from this
study, the following conservation strategies of E. longifolia
were proposed. Conservation of E. longifolia could be
carried out in-situ and ex-situ. The in-situ conservation is
condicted in natural habitats and useful for capturing the
existing local adaptation. If possible, all populations in this
study must be conserved due to high genetic variations found
within populations. However since each population was
separated from the other by distance and financial limitation,
thus it would be difficult to manage, it is recommended to
conserve the Kuansing population. This population can
become the centre of diversity for E. longifolia in Riau

Province and subsequently it should be protected by the

government to assure their existence. A successful in-situ

conservation must fulfil 3 basic requirements as

recommended by Koski ez al. (1997):

1 regeneration of the population must be assured and the
new generation of trees must predominantly come from
mating within the conserved population,

2 the number of genotypes in the conserved population
must be large enough to include most of the common
alleles, and

3 the network of conserved stands must be distributed in
such a way as to cover the spatial genetic variation in the
species.

The ex-situ conservation of E. longifolia could be
conducted outside their natural habitats, such as through
monoculture or mixed stands. In establishing ex-situ
conservation, the maximum genetic variation and population
representatives must be reflected. Based on high GST values
obtained in this study, seed sampling must be performed in
many populations to capture the maximum genetic variation;
in this study, the five populations could become the sampling
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targets. Ex-situ conservation could also be integrated with
tree improvement program thorugh establishment of seed
stand provenance and stands of genetic conservation
(Finkeldey 2003).

Like other woody species, propagation of E. longifolia
through seed is difficult due to quick loss of viability, low
seed germination rates and slow growth (Keng et al. 2002;
Hussein et al. 2005) which required alternative methods
such as stem cuttings and tissue culture for the production of
E. longifolia for commercial and conservation purposes.
Seedling produced should subsequently be reintroduced to
original parental population through enrichment planting to
increase genetic diversity in natural habitats. Domestication
of E. longifolia in field plots or demonstration plots was also
proposed as an attempt for its conservation and utilization to
fulfil the local needs and for additional income through the
sales of E. longifolia products. Domestication would also
decline the pressures exerted on the natural populations and
protect its genetic diversity.

This study resulted in basic genetic information of
E. longifolia in Riau Province hence additional information
on life history of E. longifolia would be required ptior to
the final decision on formulating the genetic conservation
and tree improvement of E. longifolia. Therefore, it is
recommended to carry further studies on E. longifolia
onthe:

1 assessment of forest fragmentation impact on genetic
structure of E. longifolia,

2 estimation of mating system, outcrossing rates and seed
dispersal mechanism of E. longifolia,

3 identification of species and behaviour of E. Longifolia
pollinators, and

4 improvement of E. longifolia regeneration.
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Conclusion

The mean of estimated genetic diversity and genetic
differentiation among the populations of E. longifolia were
0.20 and 0.31, while the gene flow was 1.11 individual per
generation.
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