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Abstract. Gyrinops versteegii tends to grow naturally in the western region of Lombok Island, while cultivated G.
versteegii tends to spread over the eastern region. These two distribution patterns cause different characteristics of
this species that can be excellent sources for genetic population study including genetic diversity and population
inbreeding. This research aims to conduct a genetic population analysis of G. versteegii from western and eastern
agarwood distribution on Lombok Island using the RAPD marker. G versteegii samples were taken from west
region (8°31'26" S, 116° 07' 03" E) and east region (8° 42’ 28" S, 116° 27’ 11" E). RAPD PCR of genomic DNA
was conducted using primers: OPA-01, OPA-02, OPA-04, OPA-08, OPA-09, and OPA-18. Genetic population
analysis (allele frequencies, heterozygosity, Shannon index, band pattern, and AMOVA) was performed by
GenAlEx 6.5. OPA-02 has an ideal discriminative power based on the number of alleles per locus and the Shannon
information index. Observed heterozygosity was higher than expected heterozygosity in both the west and east
populations of G. versteegii. Based on banding pattern analysis, the eastern population has higher genetic diversity
than the western population. AMOVA has shown that molecular variation within the population was higher than
molecular variation among the population. It could be concluded that the west and east populations of G. versteegii
have a particular genetic variation that could be discriminated by RAPD primer. Despite the genetic diversity,
inbreeding between those two populations has occurred constantly. This result could give new insight into the gene
flow between two G. versteegi populations, which could support the development of this commodity.
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INTRODUCTION genus Gyrinops, namely the species Gyrinops
versteegii (Wangiyana & Malik, 2018). This
Agarwood is a non-timber forest product species grows naturally and is cultivated by the
commodity with a high economic value produced people of Lombok, with distribution in almost all
by the thymeleaceae family (Naziz et al., 2019). island areas (Sutomo & Oktaviani, 2019). With
Indonesia is a country that has a reputation as the  high economic value and being one of the leading
world's largest producer of agarwood (LOpez- export commodities, the use of G. versteegii is a
Sampson & Page, 2018). Two main genera of the  solution for the welfare of forest farmers,
thymeleaceae family are distributed in Indonesia:  especially on the island of Lombok. However, the
Aquilaria and Gyirnops. Aquilaria tends to spread  utilization of agarwood commodity must also
in the western region of Indonesia, while Gyrinops  consider the sustainability issue (Sukenti et al.,
spreads in the eastern region of Indonesia 2021).
(Turjaman & Hidayat, 2017). The distribution of G. versteegii on the island
Lombok Island is one of the areas in of Lombok has two different patterns in two
Indonesia which is the endemic habitat of the different regions. G. versteegii tends to grow
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naturally in the western region of Lombok Island
(Mulyaningsih et al., 2017). Meanwhile, G.
versteegii, which forest farmers cultivate, tends to
spread over the eastern region of Lombok Island.
These two different distribution patterns give rise
to different characteristics of this species. These
differences can be studied through a genetic
diversity study approach (Wangiyana et al., 2022).

Genetic diversity is a crucial topic to study to
standardize agarwood commodity raw materials.
Agarwood commodity standardization in the form
of genetic diversity studies is one of the ways to
determine a "barcode™ on a molecular basis. Many
genetic diversity studies have been conducted on
agarwood-producing species from the genus
Agquilaria (Shiou et al., 2016; Pern et al., 2020).
However, the same study on agarwood-producing
species from the genus Gyrinops was limited (Lee
etal., 2018).

Population genetic analysis is an appropriate
method for screening the genetic diversity of
agarwood populations in the western and eastern
regions of the island of Lombok (Iswantari et al.,
2017). The population structure data obtained
from the analysis can be used to determine the
population for developing agarwood commodities
for conservation and investment purposes
(Rindyastuti et al., 2019). This analysis also can
be useful for plant breeding program development
(Hefzi et al., 2023).

Population genetic studies require molecular
markers in their analysis. Randomized Amplified
Polymorphism DNA (RAPD) marker is
commonly used in population genetic analysis
(Wang et al., 2016). Studies of the genetic
diversity of agarwood producers from the genus
Agquilaria have been widely reported using RAPD
markers (Fatihah et al., 2020; Qiptiyah et al.,

2021;). Meanwhile, studies on the genetic
diversity of the agarwood genus Gyrinops,
especially the Gyrinops versteegii species using
RAPD markers, still need to be improved. The
study was reported to have been carried out on the
G. versteegii population in the Papua region
(Siburian et al., 2017). Therefore, this marker is
also estimated to be suitable for genetic analysis
of the population of the agarwood producer G.
versteegii on the island of Lombok.

This study aimed to determine the genetic
structure of G. versteegii populations in the
western and eastern regions of Lombok Island
using RAPD marker-based DNA fingerprint
analysis. RAPD analysis of wildtype and
cultivated G. versteegii populations is expected to
give a new insight into population genetic study
from this species in Lombok Island. This study
will improve the raw material standardization of
non-timber forest products from G. versteegi.
Thus, it will eventually benefit the development of
the agarwood commodity.

METHODS

Determination of the G. versteegii population
sample

G. versteegii population samples were taken
from the western and eastern regions of the island
of Lombok (figure 1). The population of G.
versteegii in the western region represented the
natural population and was taken around the
Kekait Puncang area at coordinates 8° 31’ 26" S,
116° 07’ 03" E. The population of G. versteegii in
the eastern region represented the cultivated
population and was taken around the East Pejaring
region at coordinates 8° 42' 28" S, 116°27' 11" E
(Wangiyana et al., 2021a).

Figure 1. Map of the G. véréféegii Sampling Locations
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Sampling of G. versteegii Leaves

Leaves are the central part of the stand of G.
versteegii, which is used as a sample for DNA
isolation. Leaf samples were taken from healthy
stands of G. versteegii aged 8-10 years. The
sampled leaves must be free from attack by pests
and diseases, not experiencing chlorosis, and not
experiencing necrosis. The leaves underwent
surface sterilization before being brought to the
laboratory for DNA isolation (Wangiyana et al.,
2019). There are 20 samples represent each region.

Leaf Sample Preparation

G. versteegii leaf samples were stored at -
70°C for 12 hours. The leaves are then crushed
using a mortar pestle with the help of liquid
nitrogen until they become fine particles. As much
as 80 mg of fine leaf particles were transferred to
a microtube with a volume of 1.5 ml for the cell
lysis process.

DNA Extraction

DNA extraction was performed using a
Blood Animal Plant DNA Preparation Kit (Jena
Bioscience). A 300 ul lysis buffer and 2 pl RNAse
were added to the leaf particle sample in a 1.5 ml
microtube. Homogenization was carried out for 30
seconds, and then 8 pl of proteinase K was added.
Incubation was carried out at 60°C for 20 minutes,
followed by centrifugation at 10,000 g for 5
minutes. The supernatant portion was transferred
to the activated column in the kit and then
centrifuged at 10,000 g for 30 seconds. The
column was washed two times using 500 pl
washing buffer. The column was then transferred
to the elution tube with the addition of 50 pl of
elution buffer followed by centrifugation of
10,000 g for 2 minutes.

Genomic DNA Inspection

The spectrophotometric method measured
the isolated genomic DNA's purity and
concentration. The absorbance of genomic DNA
samples was measured at three different
wavelengths: 230 nm, 260 nm, and 280 nm. The
purity of genomic DNA was seen from the
absorbance ratio of 260/230 and 260/280.
Meanwhile, the DNA concentration was
determined based on the absorbance value of 260
(Lucena-Aguilar et al., 2016)

Genomic DNA visualization was also
performed to complete the DNA inspection data.
Genomic DNA samples were electrophoresed on
0.8% agarose (Roche) stained with ethidium
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bromide and 1x TAE. Ladder 1000 bp (Invitrogen)
was used as a marker. The results of the
electrophoresis were observed using a UV-
transilluminator.

RAPD Primer Selection

The RAPD primer used was the OPA series
decamer primer. This primer consists of 10
random nucleotide sequences and was only a
single forward primer (5'—3’). The detailed
design of the primer sequences is shown in Table
1. The primers in the OPA series, as shown in
Table 1, have a reasonably good polymorphism
value for the G. versteegii agarwood samples
(Wangiyana et al., 2021b).

Table 1. Primer OPA for RAPD

RAPD Primer Squence

OPA-01 5'- CAGGCCCTTC-3’

OPA-02 5'- TGCCGAGCTG-3’

OPA-04 5'-AATCGGGCTG- 3’

OPA-08 5'- GTGACGTAGG -3’
OPA-09 5'-GGGTAACGCC-3’

OPA-18 5-AGGTGACCGT-3’

RAPD PCR procedure

RAPD PCR of extracted genomic DNA was
performed using a ready-to-use PCR reagent
(KAPA Biosystem). A total of 25 pl total volumes
of the mixture in the PCR tube consisted of 12.5
pl 2 x KAPA 2G PCR mix, 8.5 pl ddH20, 2 pl
OPA series primer (10 pmol/ pl), and 2 pl DNA
genome template (40 ng/ pl). The PCR program
was carried out in 40 cycles consisting of initial
denaturation at 95°C for 3 minutes, denaturation at
95°C for 15 seconds, annealing at 37°C for 1
minute, extension at 72°C for 2 minutes, and final
extension at 72°C for 5 minutes (Wangiyana et al.
al., 2021b).

The PCR results (amplicons) were subjected
to electrophoresis on 1.2% agarose (Roche) with
ethidium bromide staining in 1x TAE buffer.
Ladder 1000 bp (Invitrogen) was used as a marker.
Electrophoresis results were visualized with a UV
transilluminator. The visualization results were
photographed and transferred to a doc gel to
estimate the size of the resulting molecular bands.
The results of interpolating molecular band sizes
in base pair units (BP) are essential data in
molecular data analysis.

Data analysis

The bands resulting from the PCR
amplification process from the OPA primers are
sorted according to their molecular size. The band
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data is tabulated in binary using the PFE for
Windows program. Code "1' indicates the
presence of a band, while code '0" indicates no
band. The number of bands produced determines
the loci used in the analysis.

Population genetic analysis was performed
on band data generated from each OPA primer.
The analyses performed included: analysis of
allele frequencies, heterozygosity, Shannon Index,
band distribution patterns, and Analysis of
Molecular Variance (AMOVA). Population
genetic analysis was performed using the
GenAlEx 6.5 program (Ogban et al., 2019).

RESULTS AND DISCUSSION

Molecular population genetic analysis of
agarwood commodity producer species has
mainly been carried out in the Aquilaria genus.
The study was carried out using various markers,
including microsatellites (Nanda et al., 2017;
Singh et al., 2015), SSR (Bordoloi et al., 2022;
Hishamuddin et al., 2022), and RAPD. Population
genetic analysis on agarwood producer Gyrinops
versteegii still needs to be done. Thus the
population genetic analysis data of Aquilaria can
be used as the primary reference in discussing the
results of population genetic analysis on the
species G. versteegii.

Table 2. Allele Frequencies and Estimated Diversity Each Primer

Population Na Ne I Ho He
OPA 1

West Region 1.429 1.429 0.297 0.214 0.429

East Region 1.429 1.429 0.297 0.214 0.429
OPA 2

West Region 0.571 1.000 0.000 0.000 0.000

East Region 2.000 2.000 0.693 0.500 0.990
OPA 4

West Region 1.500 1.500 0.347 0.250 0.500

East Region 0.000 1.000 0.000 0.000 0.000
OPA 8

West Region 0.333 1.167 0.116 0.083 0.167

East Region 1.500 1.500 0.347 0.250 0.500
OPA 9

West Region 1.500 1.500 0.347 0.250 0.500

East Region 1.000 1.500 0.347 0.250 0.500
OPA 18

West Region 1.143 1.571 0.396 0.286 0.571

East Region 1.000 1.000 0.000 0.000 0.000

Description: these data are essential parameters in population
Na : Number of alleles per locus genetic analysis, especially in determining the

Ne : Number of effective alleles per locus
| . Shannon’s information index

Ho : Observed heterozygosity

He : Expected heterozygosity

The RAPD PCR results for each OPA primer
used showed varied results (Table 2). These
differences include the mean of alleles per locus
(Na), the expected number of alleles per locus
(Ne), the value of the Shannon Information index
(1), the observed heterozygosity value (Ho), and
the expected heterozygosity value (He). All of
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discriminatory ability of the primers used (Saputro
et al., 2016).

Allele frequency analysis indicated that the
G. versteegii population predominantly had an
average range of alleles per locus (Na) between 1
- 2 with an average expected value per locus (Ne)
of 1.4. This value is still within the range of allele
values per locus of G. versteegii from Papua, with
a Narange of 1.7 — 1.9 and an average Ne value of
1.4 (Siburian et al., 2017). These results are also
identical to the analysis of the allele frequency of
Aquilaria microcarpa from Kalimantan, which
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has a Na value range of 1 — 2 and an average Ne
value of 1.4 (Qiptiyah et al., 2021). This data
proves that genetically the genera Aquilaria and
Gyrinops have high similarities and should not be
separated into two different genera (Lee et al.,
2022).

Each OPA primer can discriminate against G.
versteegii populations in the western and eastern
regions. This data can be seen from the
discrimination of allele values per locus in each
population, thus indicating that the OPA primer is
an ideal RAPD primer for use in population
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Figure 1. Band Pattern Analysis Using All Primers

The band distribution analysis results showed
variations in the number of bands from the western
and eastern G. versteegii populations (Figure 2).
The population of the eastern region has a more
significant number of bands than the population of
the eastern region both in terms of the total number
of bands, the number of frequency bands > 5%,
and the number of unique bands (bands that only
belong to one population and are not found in
other populations). The average value of diversity
(h) also shows a tendency towards the population
in the eastern region.

The observed heterozygosity value (Ho) is
below 0.5, which is lower than the expected
heterozygosity (He). The heterozygosity value is
essential in assessing a population's genetic
diversity (Samuels et al., 2016). As a comparison,
the average Ho value of the Aquilaria sinensis

population is 0.5 and does not deviate much from
the He value, which is also 0.5 (Wang et al., 2020).
This low heterozygosity value indicates low
genetic diversity in the population of G. versteegii
in the western and eastern regions.

The number of bands (exceptionally
polymorphic ones) is the main parameter in
fingerprinting analysis using the RAPD marker on
G. versteegii (Siburian et al., 2017). The greater
the number of bands, the higher the number of
polymorphic alleles, which correlates with high
diversity values (Irsyad et al., 2020). In this case,
it can be said that the population of G. versteegii
in the eastern region has higher diversity than that
in the western region. Analysis of the average
value of diversity (h) also shows a tendency
towards the population in the eastern region. A
more excellent h value indicates greater diversity.

Table 3. Analysis of Molecular VVariance (AMOVA) of G. versteegii Population

Source Degree of Sum Mean Estir_nated Variance

Freedom  Square Square Variance  Percentage
Among Population 1 11.50 11.50 2.75 31
Within Population 2 12.00 6.00 6.00 69
Total 3 23.50 8.75 100
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AMOVA compares the two types of variation
in the populations being compared. The first
variation is the variation within the population
which shows the variation between individuals
within a population. The second variation is the
variation between populations which shows the
variation between individuals in different
populations. The AMOVA results showed that in
the G. versteegii case study population, the
variation within the population was higher than the
variation between populations (table 3).

The AMOVA results showed that the genetic
variation within the population was more
significant than the variation between populations,
indicating continuous in-breeding between the
populations of G. versteegii in the western and
eastern regions. This in-breeding causes gene flow
between populations (Oumer, 2020). Gene flow is
one of the factors that play an important role in
evolutionary support for the survival of plant

species. The more significant the gap between the
variation within the population and the variation
between populations indirectly indicates the rate
of gene flow (Ellstrand, 2014).

Based on the comparison of AMOVA in
various populations of agarwood producers, the
population of G. versteegii in the western and
eastern regions of Lombok Island has an
intermediate gene flow rate (table 4). This data can
be seen based on the difference in the variation
between populations and the variation within the
population. The A. malaccensis population from
North India had the highest gene flow rate (Singh
et al., 2015). Meanwhile, the A. malaccensis
population from Assam had the lowest gene flow
rate (Banu et al., 2015). The G. versteegii
population from Lombok has a lower gene flow
rate than the G. versteegii population in Papua
(Siburian et al., 2017).

Table 4. Comparison of AMOVA Result Among Several Agarwood Species Population

on Various Provenance

variation
Agarwood Species  Provenance Among. within . Reference
Population.  Population.
(%) (%)
Gyrinops versteegii  Lombok Island 31 69 This research
Gyrinops versteegii  Papua 11 89 (Siburian et al., 2017)
Aquilaria Bangka Belitung 14 86 (Nurtjahjaningsih et al.,
malaccensis 2020)
Aquilaria microcarpa Borneo 36 64 (Qiptiyah et al., 2021)
Aquilaria North India 7 93 (Singh et al., 2015)
malaccensis
Aquilaria Assam 38 62 (Banu et al., 2015)
malaccensis
Aquilaria sinensis Cina 20 80 (Zou et al., 2012)

This research gives novel information about
agarwood species' medium gene flow rate from
natural populations and cultivated populations.
That information could lead to the cross-
inbreeding  strategy  development  of G.
versteegii on Lombok Island. That development
could give better quality of non-timber forest
products from this species. The gene flow rate
information can also give valuable consideration
to agarwood farmers on Lombok Island for
breeding strategies of agarwood species from G.
versteegii.

CONCLUSION

The  genetic  structure ofthe G.
versteegii population in the western and eastern
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regions of Lombok Island has high genetic
diversity, which can be discriminated against
using RAPD primers through allele frequency,
band distribution, heterozygosity, and AMOVA
analysis. Despite genetic variations, the in-
breeding process still occurs between populations
in the western and eastern regions, characterized
by the flow of genes between these populations. It
is suggested that a DNA barcoding study based on
sequencing is carried out to complete a population
genetic study of G. versteegii. The barcoding data
could be compared with fingerprinting data to
generate polyphasic analysis. DNA barcoding can
also provide more precise quantitative data to
support the standardization of G. versteegi
products.
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