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Genetic diversity and population structure of Dalbergia cochinchinensis Pierre ex Laness,
in Vietnam's Central Highlands using inter-simple sequence repeat markers
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Abstract:

Dalbergia cochinchinensis is classified as a critically endangered (CR) species according to the 2022 IUCN
Red List [1]. This study aims to assess the genetic diversity of D. cochinchinensis populations in Kon Tum,
Gia Lai, and Dak Lak, located in the Central Highlands of Vietnam, using the ISSR method. In addition, it
seeks to support the conservation and propagation of D. cochinchinensis. The amplified products varied in
size from 150 to 3,500 bp. Out of 101 loci examined, 93 (92.08%) were found to be polymorphic, while 8
(7.92%) were monomorphic. Most primers exhibited polymorphic loci ranging from 6 to 16. ISSR analysis
revealed genetic identity levels among the three populations ranging from 0.749 (Dak Lak and Kon Tum) to
0.896 (Gia Lai and Kon Tum). The total genetic diversity of the species (H,) was calculated to be 0.261, with
the average heterozygosity of the populations (H,) being 0.166. Additionally, genetic variation within the
three populations of D. cochinchinensis accounted for the majority of the total genetic variation (G,=0.361
and F;=0.432), indicating significant diversity. These findings provide important insights into the genetic
structure of D. cochinchinensis, which can guide conservation and propagation efforts both in Indochina and
globally.

Keywords: conservation, critically endangered plant, Dalbergia cochinchinensis, genetic diversity, ISSR
markers, population structure.

Classification numbers: 3.4, 3.5
1. Introduction of leaflets along with one terminal leaflet. These green
leaflets are ovate or elliptical with smooth margins. The
white flowers, which form clusters with bracts attached,
are roughly 15-20 cm in length [3]. The fruits are flat
and smooth-skinned, maturing from yellow to brown,
and measure 5-6 cm long and about 1 cm wide. Each pod
typically contains 1 to 3 kidney-shaped, reddish-brown
seeds. D. cochinchinensis flowers between September
and November, with fruits ripening at the onset of the
dry season (December - January). Despite leaf shedding
during this period, the species produces new buds and
demonstrates robust regeneration through both seeds
and shoots [2].

The scientific designation for this plant is Dalbergia
cochinchinensis Pierre ex Laness., commonly referred
to as Mai Ka Young in Laos, Payoong in Thailand, and
Thailand or Siamese rosewood in Cambodia. It belongs
to the genus Dalbergia of the family Fabaceae. According
to J. Dorthe (2000) [2], D. cochinchinensis is a species
with diverse morphological traits. A mature tree reaches
a height of 25-30 m and a trunk diameter ranging
from 60 to 120 cm (Fig. 1). Its bark is yellow-brown,
characterised by cracks and peeling. The heartwood
varies from red to black in colour and emits a distinctive
fragrance. Notably, the tree tends to develop buttresses,

which are of research interest for improving wood
quality in production practices. The compound leaves
are pinnately or nearly opposite, comprising 3 to 4 pairs
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D. cochinchinensis naturally inhabits several regions
across Vietnam, Laos, Cambodia, and Thailand. It is
characterised as an indigenous species exclusive to
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(A) (B)

Fig. 1. Dalbergia cochinchinensis grows naturally alongside the
road and in the Dak Uy Reserve Forest. (A) D. cochinchinensis
saplings regenerate from the stump and roots of the felled mother tree;
(B) Mature D. cochinchinensis tree individuals are preserved in Dak Uy
Reserve Forest.

the Indochina area. In the remaining communes, D.
cochinchinensis has only been documented in scattered
occurrences. Globally recognised as a biodiversity
hotspot, Southeast Asia faces substantial challenges
stemming from the widespread destruction ofits primary
habitats and unprecedented levels of deforestation.
Thus, protecting species is paramount to preventing
widespread extinctions, as they significantly contribute
to sustaining the delicate balance of ecosystems. D.
cochinchinensis is classified as endangered (EN) in the
Red Data Book of Vietnam (2007) [3] and critically
endangered (CR) in the IUCN Red List of Threatened
Species (2022) [1]. According to the IUCN Red List of
Threatened Species, D. cochinchinensis is currently
categorised as critically endangered under criteria
A2cd+4cd (version 3.1) [1].

This endemic species, native to Southeast Asia, has
been prioritised for conservation since 2020 due to its
shrinking habitat in the region [4]. Wild populations
of this rosewood species have declined rapidly due to
uncontrolled exploitation, extensive trade, and habitat
destruction. Evaluating genetic diversity requires the
consideration of both qualitative and quantitative
aspects. Characterisation based solely on morphological
traitsislessreliable, as these variations can be influenced
by environmental factors.

Molecular markers provide a more accurate and
reliable means of detecting variations within landraces
compared with traditional approaches. The primary
advantage of Inter-Simple Sequence Repeat (ISSR)

Vietnam Journal of Science,

Technology and Engineering

JUNE 2026 « VOLUME 68 NUMBER 2

markers lies in their ability to generate multiple bands
at the same locus, demonstrating high reproducibility
without requiring prior genomic information of the
plant. Owing to their high level of polymorphism, ISSR
markers are widely used. Furthermore, the findings
of this study will contribute to enhancing the genetic
diversity database for D. cochinchinensis and provide a
foundation for conservation efforts aimed at improving
this species in Southeast Asia.

Inter-Simple Sequence Repeat markers are widely
recognised as effective molecular tools for assessing
plant genetic diversity. Due to their simplicity,
reproducibility, and high polymorphism, ISSR markers
have been extensively applied in the genetic analysis of
various plant taxa, including Diospyros kaki (persimmon)
[5], barley genotypes [6], and species within the genus
Eplingiella [7]. Furthermore, ISSR markers are often
integrated with other marker systems to enhance
the resolution of genetic diversity assessments. For
instance, a combination of ISSR and RAPD markers has
been employed in studies of Bruguiera gymnorrhiza
[8], while ISSR and SCoT markers have been used to
investigate the genetic variation of wheat [9].

Within the genus Dalbergia, ISSR markers continue
to serve as valuable tools for evaluating genetic diversity
among key species. Several studies have examined
the genetic diversity of important Dalbergia species
using molecular markers. For example, Dalbergia
sissoides - a highly valued timber tree species in South
Asia - has been studied using RAPD markers [10] and
through a combination of ISSR and RAPD markers [11].
The genetic diversity of Dalbergia odorifera [12] and
Dalbergia latifolia in Yogyakarta, Indonesia, has also
been investigated using ISSR markers [13]. In addition,
the genetic diversity of D. cochinchinensis has been
explored using both RAPD and ISSR markers [14-16].
. Hartvig, et al. (2018) [17] reported the population
genetic structure of the endemic D. cochinchinensis
and Dalbergia oliveri. Moreover, genetic variability
within lowland forests in Cambodia and Thailand has
been assessed in two tropical leguminous trees, D.
cochinchinensis and Dalbergia nigrescens, using the MIG-
seq method [18]. The genetic diversity of the endangered
D. oliveri (Fabaceae) genotypes in Vietnam has also been
evaluated using RAPD and ISSR markers [19].

To the best of our knowledge, this is the first
comprehensive study to evaluate the genetic diversity
of D. cochinchinensis using ISSR markers across a
large sample size and a broad range of geographic



locations in Vietnam. The findings provide critical
insights into the genetic structure and diversity of
this species, both within Vietham and in a broader
global context. Given its current status as Critically
Endangered and inclusion on the IUCN Red List, this
study offers a valuable scientific foundation for the
development of targeted conservation and propagation
strategies. Moreover, the genetic patterns revealed in
this study generate important hypotheses regarding
the historical formation, development, and dispersal
of D. cochinchinensis populations in Vietnam'’s Central
Highlands.

2. Materials and methods

2.1. Plant materials
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Fig. 2. The geographical location of three D. cochinchinensis
populations in Northern Central Highlands (Vietnam). Source:
Authors' compilation.

Individuals of D. cochinchinensis were gathered
from various locations including the Ialy Protected
Forest, Kon Ka Kinh National Park, Dak Uy Special Use
Forest, and other natural resources (Fig. 2). A total of
115 individuals were collected from three distinct
populations of D. cochinchinensis originating from Dak
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Lak, Kon Tum, and Gia Lai provinces in the Northern
Central Highlands region of Vietnam. The Dak Lak
population encompasses three areas, while the Kon Tum
population covers two, and the Gia Lai population spans
four (Table 1). The collection sites ranged in altitude
from 162 to 996 meters and leaf tissue samples from
these populations were preserved at -80°C for further
experiments.

Table 1. Original sites and coordinates of the studied accessions.

Populations  Location Latitude (N) Longitude (E)
ChuPah  14°09'59.364" - 14°09'14.922"  107°4739.617" - 107° 48" 26.442"
MangYah 13°48'04.370"-14°15'52.250"  108° 16’ 23.030" - 108° 19' 51.647"
(Gia Lai (GL)
Kbang ~ 14°15'26.125"-14°16'08.231"  108° 34’ 28.834" - 108° 35" 09.694"
KrongPa  13°13'37.808"-13°21'16.762"  108°35'09.694" - 108° 46" 19.171"
DakHa ~ 14°32'07.256"-14°33'10832" 107°58'11435"-107° 53 42.662"
Kon Tum (KT)
DakTo  14°37'31.458"-14°40'01416" 107° 54’ 20.653"- 107° 55" 53.555"
Ekar 12°55'08.854" - 13°00"40.532"  108°32' 05.071" - 108° 34’ 49.724"
DakLak (DL) ~ BuonDon 13°01'51.564"-12°54'29.401"  107°37' 29.755" - 107° 48’ 00.828"
Eahleo  13°14'15.814"-13°23'12.300" 107°48'00.828" - 108° 08’ 25.148"

2.2. Genomic DNA extraction

Leaf tissue was ground into a fine powder in liquid
nitrogen and subsequently washed with buffer (10
ml Tris HCl 1M, 10 ml EDTA, 12 g Na,PO,.12H,0, 6.4 g
Sorbitol for 100 ml) to remove secondary metabolites
that could interfere with DNA extraction. Genomic
DNA was extracted from the leaves of species D.
cochinchinensis using the CTAB method [20]. DNA
concentration and purity were determined using a
JASCO V-730 spectrophotometer. The quality of the
extracted DNA was assessed by electrophoresis on a 2%
agarose gel, visualised alongside a 1 kb DNA ladder. All
DNA samples were stored at -20°C until further use.

2.3. ISSR markers used in the research and PCR
conditions

In the present investigation, 17 ISSR primers were
tested. The universal primers (UBC), designed at
the Biotechnology Laboratory, University of British
Columbia, Canada, are widely used by researchers (Table
2). For ISSR analysis, 17 different primers were tested,
resulting in band formation with 9 of them. Initially,
three individuals from each population were subjected
to a preliminary screening. Then, primers yielding a
minimal proportion of polymorphic markers were
eliminated from further consideration. Finally, only
primers generating consistent and clearly discernible
bands were selected for the final assessment.

nee,
Technology and Engineering




m LIFE SCIENCES | BIOLOGY, BIOTECHNOLOGY

Table 2. Names of primers and their sequences used in the
research from The University of British Columbia.

No Primer Sequence (5°-3°)

1 UBC864 (ATG)6

2 UBC824 (TC)8G

3 UBC815 (CT)8G

4 UBC854 (TC)8RG

5 UBC853 (TC)8RT

6 UBC850 (GT)8YC

7 UBC895 AGAGTTGGTSGCTCTTGATC
8 UBC845 (CT)8RG

9 UBC866 (CTC)6

10 UBC874 (CCCT)4

11 UBC846 (CA)8RT

12 UBC852 (TC)8RA

13 UBC848 (CA)8BRG

14 UBC900 ACTTCCCACAGGTTAACACA
15 UBC860 (TG)6RA

16 UBC857 (AC)8YG

17 UBC834 (AG)8YT

The PCR reaction selecting the optimal annealing
temperature was performed on a Proflex PCR machine
(Applied Biosystem, USA) according to the temperature
range design. The PCR reaction was performed on the
PCR System 9700 (Applied Biosystem, USA) with a total
volume of 25 pl/sample which contained the following
ingredients and concentrations of reactants: DreamTaq
Green Master Mix 2X 12.5 pl; Primer 1 pl (10 uM); DNA
template (50 ng/pl) 2 ul; nuclease-free water 9.5 pl. The
PCR amplification program was carried out using the
following conditions of an initial denaturation at 95°C
for 4 min followed by 40 cycles of denaturation at 94°C
for 1 min, annealing at the primer specific temperature
for 70 seconds, extension at 72°C for 2 min and final
extension was adjusted at 72°C for 10 min, followed by
saturation at 4°C. Each PCR batch included a negative
control containing nuclease-free water to verify the
absence of contamination and ensure the accuracy and
purity of the reagents.

2.4. Statistical analysis

All D. cochinchinensis samples were compared based
on the banding pattern of specific primers, and ISSR
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primers were analysed by scoring the presence and
absence of bands as “1” and “0”, respectively. The binary
data generated were used to compute primer banding
characteristics,includingthe number of scored bandsand
the percentage of polymorphic bands. Standard marker
analysis was conducted to enhance the discriminatory
power, informativeness, and polymorphism level of
ISSR markers, along with PCoA using GenAlEx 6.5 [21].
The genetic differentiation coefficient (G, ), total genetic
diversity (H,), genetic diversity within populations
(H,), Shannon index (I), and gene flow (Nm), as well as
Na (observed number of alleles), Ne (effective number
of alleles), H, (expected heterozygosity), I (Shannon'’s
information index), PPB% (percentage of polymorphic
loci), and uH, (unbiased expected heterozygosity), were
calculated using Popgene 1.32 software [22]. Bayesian
clustering algorithms were employed to detect plant
population structure using STRUCTURE software, with
a burn-in period of 1,000 iterations and 10,000 MCMC
repetitions after burn-in [23]. The resulting output files
from STRUCTURE were visualised using the CLUMPAK
website [24, 25].

3. Results
3.1. ISSR markers informativeness

A total of 9 ISSR primers were selected from a pool
of 17 ISSR primers employed for evaluating the genetic
diversity within 115 samples of D. cochinchinensis. The
size of amplification products ranged from 150 to 3500
bp (Fig. 3). The range of polymorphism percentages
(%PPB) extended from 75% to 100% (Table 3).

Table 3. Summary of ISSR primers used in this study and their
extent of polymorphism.

No Primer Ta Size range (bp) TB PB MB PPB

1 UBC815 50 600-3000 7 6 1 85.71
2 UBC866 57 690-3500 6 6 0 100

3 UBC846 50 300-1500 9 8 1 88.88
4 UBC848 55 260-3500 18 15 3 83.33
5 UBC857 55 190-3500 16 16 0 100

6 UBC834 52 150-3000 14 14 0 100

7 UBC850 56 250-3000 16 16 0 100

8 UBC900 415 250-1000 7 6 1 85.71
9 UBC853 52 1400-3000 8 6 2 75

Ta: annealing temperature; TB: total number of amplified bands;
PB: polymorphic bands; MB: monomorphic bands; %PPB: the
percentage of polymorphism.



Fig. 3. Genetic profiling of different individuals of D. cochinchinensis using ISSR primers

(DNA marker 1 kb).

A total of 101 ISSR loci were amplified across
115 individuals of D. cochinchinensis selected in our
study. Out of 101 loci, 93 (92.08%) were found to be
polymorphic and 8 (7.92%) loci were monomorphic.
Most of the primers were found to include from 6 to 16
polymorphic loci.

3.2. Genetic diversity in population

The highest value of the Shannon index (/) was 0.296
in the DL population. The KT population exhibited the

LIFE SCIENCES | BIOLOGY, BIOTECHNOLOGY m

lowest observed number

of  alleles (N,=1.108),
effective number of
alleles (N=1.174),
expected  heterozygosity
(H,=0.117), and unbiased
expected  heterozygosity
(uH,=0.118). The

percentage of polymorphic
loci for each population
ranged from 58.06% (GL)
to 73.12% (DL), with an
average of 61.65% (Table
4).  Genetic variability
among the populations, as
indicated by the expected
heterozygosity (H,), showed
that the DL population
possessed a greater level of
variability, with a value of
0.188, compared with the
other populations (Table 4).

3.3. Genetic distance

The result of Nei's
genetic identity was shown
in Table 5. ISSR analysis
showed that the genetic
identity between the three
populations ranged from 0.7498 (DL and KT) to 0.8960
(GL and KT) and also indicated that GL population
exhibited the highest similarity with the KT population,
while DL and KT showed the lowest similarity. The
genetic distance ranged from 0.1098 (GL and KT) to
0.2879 (DL and KT) (Table 5).

Table 5. Pairwise population matrix Nei (1978): genetic identity
(above diagonal), genetic distance (below diagonal).

Population KT DL GL
Table 4. Mean over loci for each population.
KT 0.0000 0.7498 0.8960
Populations N N N, I H, uH,  PPB% PrB BF DL 0.2879 0.0000 0.8513
Kon Tum 43 1108 1.174 0191 0117 0118 5376 9 44 GL 0.1098 0.1610 0.0000
Dak Lak 28 1538 1305 0296 0.188 0192 7312 17 68 .
e 3.4. Genetic structure
Gia Lai 44 1183 1231 0229 0.145 0146 5806 3 50
Mean 3033 1276 1237 0230 0450 0452 6165 O.66 54 POPGENE 1.32 software was used to calculate the

N (sample size), N, (observed number of alleles), N, (effective
number of alleles), | (Shannon’s information index), H. (expected
heterozygosity), uH. (unbiased expected heterozygosity), PPB%
(percentage of polymorphic bands), PrB (number of private bands),
BF (number of different bands with a frequency 25%).
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geneticdifferentiationlevelsamongdifferentpopulations
of D. cochinchinensis. The total genetic diversity for the
species (H,) was 0.261, while the mean heterozygosity
within populations (H;) was 0.166. The total genetic
variation in the three populations of D. cochinchinensis
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occurred among populations (G,,=0.361), indicating
the most genetic variation existed within populations.
Gene flow levels (N, ) of the populations based on ISSR
analyses was 0.882, suggesting significant genetic
differentiation among populations (Table 6). The gene
flow (N ) based on G, was measured at 0.882. The
results of this analysis suggest that the gene flow among
populations throughout the entire distribution area is
restricted with a high genetic differentiation.

Table 6. Genetic diversity of D. cochinchinensis populations
based on ISSR markers.

H H N G F H I

T s m ST ST

Mean 0.261 0.166 0.882 0361 0432 0.251 0.395

H.: total genetic diversity, Hg: genetic diversity within populations,
G4 genetic differentiation coefficient, N _:

m*

geneflow, H: Nei's
genetic diversity.

Fig. 4. Percentages of molecular variance (AMOVA analysis).

Overall, the results show that three populations of D.
cochinchinensis exhibit a high level of genetic variation
and high level of genetic differentiation between them
(with G,=0.361 and F,=0.432).

AMOVA analysis uncovered significant genetic
diversity within populations, accounting for 57% of the
total variation, while indicating comparatively lesser

genetic variance among populations at 43% (Fig. 4).

Principal Coordinates Analysis (PCoA) revealed that
groups geographically close to one another exhibited
the lowest genetic distances, whereas populations
originating from distinctlocations displayed the greatest
genetic distances. Among the three studied populations,
samples from the KT population of D. cochinchinensis
demonstrated the highest level of genetic similarity.
The genetic distances among the three populations
were distributed relatively independently, indicating a
substantial degree of differentiation among them.

Using ISSR markers, the first principal coordinate
accounted for 38.6% of the total variation, followed
by the second coordinate with 12.21% and the third
coordinate with 6.79%. Minimal introgression between
the gene pools was observed in the comparison between
dimensions 1 and 2 (Fig. 5).
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Fig. 5. Principal Coordinates (PCoA) illustrating genetic relationship among different samples of D. cochinchinensis using 9

ISSR markers.
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Fig. 6. Genetic structure plot showing similarities and differences in the D. cochinchinensis populations K=2, similarity score

=0.995 (From 1 to 43: KT, from 44 to 71: DL, from 72 to 115: GL).

The STRUCTURE software utilises a Bayesian
clustering algorithm to infer the most probable number
of genetic clusters within a population. The results were
visualised using the CLUMPAK platform (Fig. 6). Based
on the AK, which identifies the uppermost hierarchical
level of population structure, the optimal number of
clusters (K) was determined to be two with similarity
score=0.995. Accordingly, population D. cochinchinensis
was partitioned into three distinct genetic groups. The
first group (KT) and the second group (DL) comprised
individuals with high genetic purity, whereas the third
group (GL) exhibited evidence of admixture, sharing
genetic components with both the DL and KT groups.

STRUCTURE analysis revealed that the DL and KT
populations were the most genetically distinct, with
clear clustering into three groups, indicating significant
genotypic differentiation. Notably, individuals from the
GL population exhibited high levels of introgression
and possessed the highest proportion of heterozygous

JUNE 2026 « VOLUME 68 NUMBER 2

loci. These findings support the hypothesis of historical
gene flow - either natural or anthropogenic - among
populations.

Furthermore, Bayesian clustering analysis conducted
using STRUCTURE indicated that D. cochinchinensis
individuals were divided into two genetically distinct
groups with minimal overlap. Most individuals within
these groups exhibited high genetic purity and low
admixture levels. These results are consistent with
previous observations of limited gene flow and rare
interpopulation contact, as well as low heterozygosity
(H,). Collectively, these indicators raise conservation
concerns, suggesting that without effective propagation
and management strategies, the species may face a
decline in genetic diversity. This could lead to the loss
of valuable alleles within D. cochinchinensis populations
in Vietnam’s Central Highlands and, more broadly,
throughout Southeast Asia.
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4. Discussion

Genetic diversity is crucial for the long-term survival
of species and plays a significant role in improving
them through genetic breeding programmes. Despite
its importance, limited information is available on
the genetic diversity of D. cochinchinensis. Several
evolutionary factors, such as mating system, gene
flow, seed dispersal, reproductive mode, and natural
selection, influence the genetic structure of a species
[26]. The genetic differentiation coefficient (G,) of the
investigated D. cochinchinensis populations is 0.361,
exceeding that of most dicotyledonous plants, which
typically have a G, value of approximately 0.32 [27].
The G, value ranges from 0 to 1, where values below
0.05 indicate minimal genetic differentiation, 0.05-0.15
represent moderate differentiation, and 0.151-0.25
denote substantial differentiation. G, values greater
than 0.25 suggest significant genetic divergence.
Importantly, the estimation of G, is heavily dependent
on the H_value [28].

The gene flow (N ) for Dalbergia sissoo is calculated
to be 3.3125 and G;,=0.1311 [10]. D. sissoo, a durable
woody plant, relies on insect pollination, and its
seeds are equipped with wings for dispersal by wind,
facilitating gene flow between populations. The
extensive planting of D. sissoo on plantations reduces
the distance between natural populations, facilitating
an uninterrupted genetic interchange among them
[29]. The gene flow (N ) for D. odorifera calculated 2.58
[30], whereas for D. cochinchinensis, it stands at 0.882.
In this research, the gene flow for D. cochinchinensis is
0.882 and G,=0.361. Restricted gene flow between D.
cochinchinensis populations leads to increased genetic
differentiation, with a G, value of 0.361. Low gene
flow enhances the effect of genetic drift, which greatly
influences the genetic structure of D. cochinchinensis.
Research data indicates that the genetic structure of D.
cochinchinensis is characterised by limited gene flow
between populations. This is due to overexploitation,
which has reduced the species’ distribution area, and
geographical separation, which restricts pollination.
Consequently, low gene flow results in significant
genetic differences between populations. Genetic drift
randomly alters allele frequencies from generation to
generation. This phenomenon has its most significant
impact when gene flow is at a low level. The random
changes in frequency can lead to the extinction of
successful mutants and decrease the genetic variation
in these smaller populations, compared to those not
experiencing genetic drift [31]. Genetic drift significantly
affects populations with small sizes and low gene flow. It
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typically reduces genetic variation in these populations,
unlike in large populations, where genetic drift tends
to increase the variation of gene flow [32]. In small
effective populations size, random genetic drift plays a
more significant role than selection in determining the
fate of new alleles. Consequently, small populations
tend to accumulate harmful mutations. If these fixed
alleles are not counteracted, they can diminish the
reproductive capacity of the species, potentially leading
to extinction. However, new beneficial mutations, if fixed
by selection, can help recover some of the lost fitness
[33]. Subpopulation size is the most influential factor
in determining genetic load. Additionally, connecting
subpopulations through migration becomes crucial
for population fitness when subpopulations are small
and gene flow is limited [34]. Gene flow functions by
reducing genetic differences between populations. In
D. cochinchinensis populations with low Nm values, the
transfer of genetic information between populations
is severely restricted. This limitation can be attributed
to the dwindling distribution of D. cochinchinensis in
the wild, largely due to exploitation. As an obligate
pollination species, the considerable geographical
distances and restricted distribution range contribute
to the constrained gene flow (N ) between populations,
withthe N of D. cochinchinensis measured at only 0.882.

The D. cochinchinensis populations analysed in
this study exhibited a high level of genetic diversity,
as indicated by an F value of 0.432. This value is
considerably higher than that reported for Dalbergia
melanoxylon (F=0.133) [35], whose low F, suggests
limited genetic differentiation and, consequently,
lower genetic diversity. Similarly, Dalbergia stevensonii
exhibited an F . of only 0.063 [36], also indicating
minimal genetic differentiation. In Dalbergia nigra,
the F, value was 0.118 [37], while in another study,
D. odorifera showed an even lower F of 0.034 [38].
A comparison of F, and G, statistics reveals marked
genetic differentiation among the clusters of D.
cochinchinensis identified in this study, indicating a
high level of genetic isolation. This finding contrasts
sharply with previous studies on other species within
the genus Dalbergia, which generally exhibit lower
interpopulation divergence.

The GL population, located geographically between
the KT and DL populations, was shown - based on
Bayesian clustering analysis - to have alow proportion of
genetic pure individuals and signs of genetic admixture,
likely resulting from gene flow between neighbouring
populations. In contrast, both the KT and DL populations
exhibit strong genetic differentiation and a high



proportion of purebred individuals, underscoring their
conservation value.

Consequently, KT and DL should be prioritised
for conservation efforts through targeted breeding
programs and facilitate gene flow, such as the
introduction of individuals from nearby populations.
Given that species D. cochinchinensis is dominantly
insect-pollinated and its seeds are eliminated by
wind via flattened seedpods, natural gene dispersal is
limited, especially considering that large trees flower
and fruit infrequently [17, 39]. Therefore, the strategic
translocation of individuals and the implementation of
assisted genetic breeding are recommended to enhance
connectivity and ensure the long-term sustainability of
D. cochinchinensis populations in the wild.

The variation in F  values among these studies can
largely be attributed to differences in sampling scope
and the types of molecular markers used to assess
genetic diversity. Despite these factors, F, remains a
robust and widely used metric for quantifying genetic
differentiation among populations. Generally, a low
F.. value implies little genetic differentiation and
homogeneity within the population, whereas a high
F,. reflects greater genetic divergence and diversity.
A higher F may also suggest more pronounced
reproductive  isolation among  subpopulations,
contributing to increased heterozygosity.

Genetic diversity is a critical reservoir of evolutionary
potential and raw material for natural selection,
playing an essential role in maintaining population
stability. Both G, and F, results in this study support
the conclusion that the D. cochinchinensis population
possesses substantial genetic diversity and significant
genetic differentiation.

In D. odorifera, the PPB is 40.9%, the Shannon
diversity index is 0.2048, and Nei’s genetic diversity is
0.1353 at the population level. For D. sissoo, the PPB is
68.7%, the Shannon diversity index is 0.358, and Nei’s
genetic diversity is 0.239 [40]. In D. monticola, the PPB
is 51%, the Shannon diversity index is 0.223, and Nei’s
genetic diversity is 0.15 [14]. In D. latifolia, Nei’s genetic
diversity is 0.23, Shannon diversity index is 0.34, PPB
is 64.71% [13]. PPB, Shannon diversity index, and Nei’s
genetic diversity are key metrics for evaluating variation
within a population. While PPB measures the proportion
of polymorphic bands, Nei’s genetic diversity takes into
account both polymorphism and gene heterozygosity.
Finally, the Shannon diversity index is calculated for
each locus and averaged across loci to indicate the
level of variation within the population. In this study,
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D. cochinchinensis had values of the PPB, Shannon
diversity index and Nei’'s genetic diversity of 61.65%,
0.3955, and 0.2518, respectively, at the population level.
Based on these values calculated by polymorphic and
monomorphicloci, genetic diversity in D. cochinchinensis
was found to be moderate compared to other plants in
the Dalbergia genus.

In this study, the D. cochinchinensis populations in the
Northern Central Highlands of Vietnam had an expected
heterozygosity (H,) of 0.15, which is lower than in
some endemic tree species like D. odorifera (H,=0.37),
a species restricted to small areas on Hainan Island. D.
nigra, found in the Brazilian Atlantic Forest, had an H, of
0.73. Notably, the expected heterozygosity (H,) is much
lower than that reported in previous publications on D.
cochinchinensis in Southeast Asia like D. cochinchinensis
(H,=0.55) and D. oliveri (H,=0.75) [4]. The variations
observed could stem from the varying quantities and
kinds of molecular markers utilised in the research, or
conversely, from the distinct population sizes examined
in the two studies. A significant factor directly impacting
diversity is illegal mining activities, which have reduced
the distribution region of D. cochinchinensis in Northern
Central Highlands, Vietnam.

5. Conclusions and implications for gene conservation

This study offers an initial evaluation of genetic
diversity and structure of D. cochinchinensis, utilising
9 ISSR markers. Significant genetic diversity at the
species level, as well as notable differentiations among
populations, was revealed for this endangered species
of endemic tree.

This pattern of genetic variation may primarily be
caused by D. cochinchinensis as an obligate pollination
species. The considerable geographical distances
and restricted distribution range contribute to the
constrained gene flow between populations, creating
large genetic differentiation between populations.
To strengthen the sustainable development of the D.
cochinchinensis population, it is necessary to establish
a plan for breeding D. cochinchinensis individuals at
an appropriate density, facilitating effective pollen
dispersal and pollination, as the Dalbergia family
primarily relies on wind and insect pollinators. This
approach helps ensure genetic diversity and the long-
term sustainability of the D. cochinchinensis population.

The D. cochinchinensis population exhibits low
heterozygosity (H,), restricted gene flow, and a
shrinking distribution area. To prevent the adverse
effects of genetic drift, it is crucial to boost the breeding
of this species to restore population size. Hence, efforts
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should focus on preserving the genetic diversity of the
DL subpopulation to prevent the loss of valuable alleles.
Further, enhancing gene flow (N ) and heterozygosity
(H,) by introducing individuals from neighbouring
populations is essential to restore the population
diversity of D. cochinchinensis.

CRediT author statement

Duc Hieu Nguyen: Conceptualisation, Methodology,
Data curation, Writing original draft, Formal analysis;
Cao Nguyen Tran: Methodology, Funding acquisition,
Writing original draft, Data curation; Chi Khiem Cao:
Investigation, Writing original draft, Visualisation,
Data curation; Trung Luong Ho: Investigation, Writing
original draft, Data curation; Tien Bang Pham:
Investigation, Formal analysis, Resources; Thi Thu
Hien Nguyen: Methodology, Investigation, Formal
analysis; Bich Ngoc Pham: Conceptualisation, Writing
- Reviewing and Editing, Resources; Ho Quang Tran:
Conceptualisation, Methodology, Writing - Reviewing
and Editing, Validation.

ACKNOWLEDGEMENTS

The authors are very grateful to Department of
Science, Technology and Engineering, Ministry of
Science and Technology Vietnam for the funding of the
national project “Study on exploitation and development
of genetic resources of Dalbergia cochinchinensis Pierre
ex Laness. in Central Highlands provinces” - No. NVQG-
2021/DT.11.

COMPETING INTERESTS

The authors declare that there is no conflict of
interest regarding the publication of this article.

REFERENCES

[1] M. Barstow, D. Boshier, C. Bountithiponh, et al. (2022),
Dalbergia cochinchinensis, The IUCN Red List of Threatened Species
2022:e.T21534254842822125, DOI: 10.2305/IUCN.UK.2022-1.
RLTS.T215342548A2822125.en.

[2] ]J. Dorthe (2000), “Pterocarpus indicus”, Seed Leaflet, 37,
https://curis.ku.dk/ws/files/20665576/seedleaflet_37.pdf,
accessed 14 March 2025.

[3] N.T. Ban (2007), The Red Data Book of Vietnam. Part
2 - Botany, Science and Technics Publishing House, 691pp (in
Vietnamese).

[4] L. Hartvig, S. Thea, C. Suchitra, et al. (2020), “Conservation
genetics of the critically endangered Siamese rosewood
(Dalbergia cochinchinensis): Recommendations for management
and sustainable use”, Conservation Genetics, 21, pp.677-692, DOI:
10.1007/s10592-020-01279-1.

Vietnam Journal ce,

Technology and Engineering

[5] Y. Tunc, C. Aydinlioglu, KU. Yilmaz, et al
(2025), “Determination of genetic diversity in persimmon
accessions using morphological and inter simple sequence repeat
markers”, Scientific Reports, 15, DOIl: 10.1038/s41598-025-
86101-z.

[6] E. Yigider, I. Akgun, S. Yuksel (2024), “Determination of
geneticdiversity with ISSR assay amongbarley genotypes”, [ranian
Journal of Science, 48, pp.289-299, DOI: 10.1007/s40995-024-
01595-y.

[7] A.D. Silva, L.M.D. Oliveira, J.F.B. Pastore, et al. (2023),
“Geneticdiversity and population structure of Eplingiella species
(Lamiaceae) using ISSR markers”, Genetic Resources and Crop
Evolution, 70, pp.2801-2813, DOI: 10.1007/s10722-023-
01607-7.

[8] S. Sudhir, S.V. Vel, H. Selvam, et al. (2024), “Using RAPD
and ISSR markers to assess genetic diversity and conservation
of Bruguiera gymnorrhiza (L.) Lam. for sustainable management
onKerala’s West Coast”, Journal of Applied Biology & Biotechnology,
12(6), pp.105-111, DOI: 10.7324/]ABB.2024.184346.

[9] H.H. Abouseada, A.S.H. Mohamed, S.S. Teleb, et al
(2023), “Genetic diversity analysis in wheat cultivars using
SCoT and ISSR markers, chloroplast DNA barcoding and grain
SEM”, BMC Plant Biology, 23(193), DOI: 10.1186/s12870-023-
04196-w.

[10] R. Vasudevan, D. Thangamani, S. Lalitha, et al. (2023),
“Population structure and genetic diversity analysis of Dalbergia
latifolia and Dalbergia sissoides using RAPD markers”, Journal
of Applied Biology & Biotechnology, 11, pp.59-69, DOI: 10.7324/
JABB.2023.11507.

[11] M. Arif, N.W. Zaidi, Y.P. Singh, et al. (2009), “A comparative
analysis of ISSR and RAPD markers for study of genetic diversity
in Shisham (Dalbergia sissoo)”, Plant Molecular Biology Reporter,
27, pp.488-495, DOI: 10.1007/s11105-009-0097-0.

[12] F. Liu, Z. Hong, D. Xu, et al. (2019). “Genetic diversity of
the endangered Dalbergia odorifera revealed by SSR markers”,
Forests, 10(3), DOI: 10.3390/f10030225.

[13] I. Riastiwi, W. Witjaksono, R. Diah, et al. (2022), “Genetic
diversity of rosewood (Dalbergia latifolia) in Yogyakarta,
Indonesia for plus trees selection”, Biodiversitas Journal of
Biological Diversity, 23(5), pp.2630-2639, DOI: 10.13057 /biodiv/
d230546.

[14] O. Andrianoelina, R. Hery, R. Lolona, etal. (2006), “Genetic
diversity of Dalbergia monticola (Fabaceae) an endangered
tree species in the fragmented oriental forest of Madagascar”,
Biodiversity & Conservation, 15, pp.1109-1128, DOI: 10.1007/
s10531-004-2178-6.

[15] V.T.T. Hien, D.T. Phong (2012), “Genetic diversity among
endangered rare Dalbergia cochinchinensis (Fabaceae) genotypes
in Vietnam revealed by random amplified polymorphic DNA
(RAPD) and inter simple sequence repeats (ISSR) markers”,
African Journal of Biotechnology, 11(35), pp.8632-8644, DOI:
10.5897/A]B11.3598.

JUNE 2026 « VOLUME 68 NUMBER 2



[16] S. Uthairatsamee, S. Duangjai (2020), “Genetic diversity
of siamese rosewood (Dalbergia cochinchinensis Pierre.) in 5
plantations of Thailand”, KKU Science Journal, 48(2), pp.218-226
(in Thai).

[17] I. Hartvig, S. Thea, C. Suchitra, et al. (2018), “Population
genetic structure of the endemic rosewoods Dalbergia
cochinchinensis and Dalbergia oliveri at a regional scale reflects
the Indochinese landscape and life-history traits”, Ecology and
Evolution, 8(1), pp.530-545, DOI: 10.1002/ece3.3626.

[18] M. Hirata, M. Chika, M. Etsuko, et al. (2021), “Evaluating
the genetic diversity in two tropical leguminous trees, Dalbergia
cochinchinensis and Dalbergia nigrescens, in lowland forests in
Cambodia and Thailand using MIG-Seq”, Genes & Genetic Systems,
96(1), pp.41-53, DOI: 10.1266/ggs.20-00026.

[19] D.T. Phong, T.T. V. Hien, V.T.T. Thanh, et al. (2011),
“Comparison of RAPD and ISSR markers for assessment of genetic
diversity among endangered rare Dalbergia oliveri (Fabaceae)
genotypes in Vietnam”, Genetics and Molecular Research, 10(4),
pp.2382-2393, DOI: 10.4238/2011.0ctober.6.3.

[20] JJ. Doyle, J.L. Doyle (1987), “A rapid DNA isolation
procedure for small quantities of fresh leaf tissue”, Phytochem
Bulletin, 19(1), pp.11-15.

[21] R. Peakall, P.E. Smouse (2012), “GenAlEx 6.5: Genetic
analysis in Excel. Population genetic software for teaching and
research-an update”, Bioinformatics, 28(19), pp.2537-2539, DOI:
10.1093/bioinformatics/bts460.

[22] F.C. Yeh, R.C. Yang, T. Boyle, et al. (1999), Popgene, Version
1.32; The User-Friendly Shareware for Population Genetic Analysis
Molecular Biology and Biotechnology Center, University of Alberta
Edmonton.

[23] H.L. Porras, Y. Ruiz, C. Santos, et al. (2013), “An
overview of STRUCTURE Applications, parameter settings and
supporting software”, Frontiers in Genetics, 4, DOI: 10.3389/
fgene.2013.00098.

[24] G. Evanno, S. Regnaut, J. Goudet (2005), “Detecting the
number of clusters of individuals using the software structure: A
simulation study”, Molecular Ecology, 14(8), pp.2611-2620, DOI:
10.1111/j.1365-294X.2005.02553.x.

[25] N.M. Kopelman, ]. Mayzel, M. Jakobsson, et al. (2015),
“CLUMPAK: A program for identifying clustering modes and
packaging population structure inferences across K”, Molecular
Ecology Resources, 15(5), pp.1179-1191, DOI: 10.1111/1755-
0998.12387.

[26] ]J.L. Hamrick, M.J.W. Godt, B.S.L. Sherman (1992), “Factors
influencing levels of genetic diversity in woody plant species”,
New Forests, 6, pp.95-124, DOI: 10.1007/BF00120641.

[27] H. Nybom, V.I. Bartish (2000), “Effects of life history traits
and sampling strategies on genetic diversity estimates obtained
with RAPD markers in plants”, Perspectives in Plant Ecology,
Evolution and Systematics, 3(2), pp.93-114, DOI: 10.1078/1433-
8319-00006.

[28] A. Young, D. Boshier, T. Boyle (2000), Forest Conservation
Genetics Principles and Practice, CSIRO Publishing, 366pp.

JUNE 2026 ¢ VOLUME 68 NUMBER 2 RUGER Ollrli;l Oi' Science,

LIFE SCIENCES | BIOLOGY, BIOTECHNOLOGY m

[29] M. Pandey, O. Gailing, L. Leinemann, et al. (2004),
“Molecular markers provide evidence for long-distance planting
material transfer during plantation establishment of Dalbergia
sissoo Roxb. in Nepal”, Annals of Forest Science, 61, pp.603-606,
DOI: 10.1051 /forest:2004056.

[30] F.M. Liu, N.N. Zhang, X]J. Liu, et al. (2019), “Genetic
diversity and population structure analysis
odorifera germplasm and development of a core collection
using microsatellite markers”, Genes, 10(4), DOI: 10.3390/
genes10040281.

of Dalbergia

[31] M. C. Whitlock (2000), “Fixation of new alleles and the
extinction of small populations: Drift load, beneficial alleles, and
sexual selection”, Evolution, 54(6), pp.1855-1861, DOI: 10.1111/
j-0014-3820.2000.tb01232.x.

[32] B. Star, G.S. Hamish (2013), “Effects of genetic drift and
gene flow on the selective maintenance of genetic variation”,
Genetics,194(1),pp.235-244,D01:10.1534 /genetics.113.149781.

[33] S. Wright (1937), “The distribution of gene frequencies
in populations”, Proceedings of The National Academy of Sciences,
23, pp.307-320.

[34] K. Theodorou, D. Couvet (2006), “Genetic load in
subdivided populations: Interactions between the migration rate,
the size and the number of subpopulations”, Heredity, 96, pp.69-
78,DOI: 10.1038/sj.hdy.6800762.

[35] L. Ndiaye, A.M. Diallo, T.H.G. Vu, et al. (2025), “Genetic
diversity of Dalbergia melanoxylon Guill. & Perr. populations in the
Ferlo zone (Senegal) using nuclear and chloroplast microsatellite
markers”, Genet. Resour. Crop. Evol, 72, pp.4901-4913, DOI:
10.1007/s10722-024-02255-1.

[36] J.A.R. Chutan, A. Manourova, H.D. Degu, et al. (2024),
“Assessing genetic diversity of Dalbergia stevensonii: An
endangered species in Guatemala”, BOSQUE, 45(2), pp.257-269,
DOI: 10.4067/S0717-92002024000200233.

[37] M.A. Barreto, J.J.M. Mufioz, [.P.P. Menezes, et al. (2023),
“Genetic structure and diversity of Dalbergia nigra from Brazilian
Atlantic Forest fragments”, Forests, 14(11), DOI: 10.3390/
f14112165.

[38] J. Xu, Y. Wang, Y. Wu, et al. (2024), “Identification and
characterization of functionally relevant SSR markers in natural
Dalbergia odorifera populations”, BMC Plant Biology, 24(1), DOI:
10.1186/s12870-024-05019-2.

[39] E. Moritsuka, P. Chhang, S. Tagane, et al. (2017), “Genetic
variation and population structure of a threatened timber tree
Dalbergia cochinchinensis in Cambodia”, Tree Genetics & Genomes,
13(6), DOI: 10.1007/s11295-017-1199-8.

[40] B.Y.Wang, L. Shi, Z.Y. Ruan, et al. (2011), “Genetic diversity
and differentiation in Dalbergia sissoo (Fabaceae) as revealed by
RAPD”, Genetics and Molecular Research, 10(1), pp.114-120, DOI:
10.4238/vol10-1gmr995.

Technology and Engineering



