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SUMMARY

DNA barcoding has been widely used to assess species diversity in a variety of ecosystems, including
temperate, subtropical, and tropical rain forests. However, due to the difficulties associated with field
exploration, most of the species in Truong Sa archipelago have never been barcoded. The purpose of this study
is to barcode five species of plants from the Truong Sa archipelago and to provide valuable evolutionary
information that will aid in future understanding of the plant community assembly on those particular islands.
Using DNA markers (I7S-rDNA), this study created a DNA barcode database for five plant species found on
the Truong Sa archipelago. We used the sequence similarity and a phylogenetic based method to the identify 15
samples from five plant species collected in Truong Sa archipelago, Vietnam. Results showed that the PCR
success rate for /75-rDNA region was 100%. The success rate of bidirectional sequencing of PCR product was
100% for 650 bp long the /7S-rDNA region fragment. Phylogenetic analyses using maximum likelihood (ML)
indicated that five plant species (PB, BT, BV, NH and TR) had a close relationship with 7. argentea, S.
taccada, B. asiatica, M. citrifolia, M. citrifolia and C. uvifera, respectively. The current study provided further
evidence for /7S-rDNA region as a useful molecular marker for species identification found on other tropical

coral islands.
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1. INTRODUCTION

DNA barcodes and environmental DNA
(eDNA) are useful research tools for taxonomy,
discovering new species, species identification,
and samples derived from living or dead
organisms, all based on sequence DNA (Kress
and Erickson, 2008; Yang et al, 2011;
Thomsen and Willerslev, 2015; Gao et al.,
2017; Hosein et al., 2017). DNA barcoding has
been particularly valuable in the inventorying of
biodiversity hotspots. Successful investigations
have been carried out in Mount Kinabalu,
Malaysia (Merckx et al., 2015), and Ontario,
Canada (Telfer et al, 2015), providing a
convenient and efficient way for recognition of
nature in these regions. DNA barcoding can
also be a powerful tool for addressing
fundamental questions in ecology, evolution,
and conservation biology (Kress et al., 2015). A
considerable number of cryptic and new species
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have been discovered based on evidence from
DNA barcodes (Garcia-Robledo et al, 2013;
Hamsher and Saunders, 2014; Hebert et al.,
2004; Silva et al., 2014; Smith et al., 2012;
Winterbottom et al, 2014). DNA barcoding
data prodigiously contribute to understanding
the evolutionary relations within a given
community (Kress et al, 2009). Many
researchers are interested in using molecular
biology to survey biodiversity on tropical coral
islands (Hawlitschek et al., 2013).

Tropical coral islands represent a unique
ecosystem: They are far away from continental
ecological systems with clear oceanic
boundaries; Their species composition could
be very different from those of the mainland,
They often represent small geographical areas,
where the species pool may come either from
closely related species or from distantly related
clades; They are of particular conservation and
scientific interests in the global inventory of
biodiversity (Monaghan et al., 2006), and they
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badly need a comprehensive understanding on
biodiversity and ecology due to the
increasingly ~ anthropogenic disturbance.
Truong Sa archipelago, Khanh Hoa province
(latitudes 6°30" to 12°00' and longitudes
111°20" to 117°20") are a group of tropical
oceanic coral islands with 130 islands and
shoals across an area of approximately 180,000
km?, measuring approximately 800 km (East to
West) and 600 km (North to South). There are
only 23 small islets among 130 islands and
shoals. In the exploration of ecology and
biodiversity on Truong Sa archipelago, there
are currently only a few studies about the plant
being conducted on the Truong Sa archipelago
(Nguyen Khac Khoi and Vu Xuan Phuong,
2001). However, there haven’t been molecular
biology approaches for study plant biodiversity
in these islands.

In this study, we used the nuclear ribosomal
internal transcribed spacer (I7S-rDNA) region to

identify five plant species found on Truong Sa
archipelago in Vietnam and provided additional
information to emphasize the importance of
species conservation, evolution, and systematics.
2. RESEARCH METHODOLOGY

2.1. Taxon sampling: Vu Dinh Duy and the
research team in November 2020 collected 15
samples (young leaves) of five plant species
during the field survey in the Truong Sa
archipelago, Khanh Hoa province, Vietnam
(Table 1 and Figure 1). In the field, young
leaves were collected and placed in labeled
plastic bags with silica gel and then transferred
to the Ilaboratory of Molecular Biology,
Vietnam - Russia Tropical Centre and
subsequently, stored at -30°C until ready for
use in DNA extraction. Herbarium specimens
were also collected at studied localities and
identified scientific names by Bui Van Thanh,
the botanist of Institute of Ecology and
Biological Resources, VAST.

Table 1. Locations of five plant species in the Truong Sa archipelago, Vietnam

Vietnamese S Voucher No. Symbol Samples GenBank code
Scientific names .
names specimens collected
Phong ba Tournefortia argentea TB1.1-PB1.3 TSL47 03 MZ497173
Béo tap Scaevola taccada BT2.1-BT2.3 TSLO1 03 MZ497174
Bang vudng Barringtonia asiatica gz; ' ;_ TSL49 03 MZ497175
\ . g NH4.1-
Nhau Morinda citrifolia NH4 3 TSL18 03 MZ497176
Tra Coccoloba uvifera TRS5.1-TR5.3 TSL20 03 MZ7497178

-0

Figure 1. Flowers and fruits of five different plant species collected in Truong Sa archipelago
(Tournefortia foertherianum (A); Scaevola taccada (B); Barringtonia asiatica (C); Morinda citrifolia (D);
Coccoloba uvifera (E) [Photo: Bui Van Thanh])
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2.2. DNA isolation

Total genomic DNA was extracted using the
plant/fungi DNA isolation Kit (Norgenbiotek,
Canada). The total DNA purity and integrity
tested by NanoDrop ND-2000
spectrophotometer (NanoDrop Technologies,
DE, USA) and then diluted to a concentration
of 20ng/pl.
2.3. PCR amplification

The ITS-rDNA gene region was amplified
through the following PCR cycling profile: an
initial heating step at 94°C for 3 min; followed
by incubating for 40 cycles of 94°C for 1 min,
55°C for 1 min, respectively, and 72°C for 1
min, and completed by incubating at 72°C for
10 min. All PCR reactions were performed in
25 pl volumes using Gene Amp PCR Systems

WETe

9700. Pairs of primers: N10F:
AGGAGAAGTCGTAACAAG (Wen and
Zimmer, 1996) and C26AR:

GTTTCTTTTCCTCCGCT (Suh et al., 1996).
2.4. Sequencing of the ITS-rDNA region

Sequencing was performed on an Avant
3100 Automated DNA sequencer using the
Dye Terminator Cycle sequencing kit (PE
Applied Biosystems). Sequencing of the fifteen
studied five species used the primers N10F and
C26AR.
2.5. Phylogenetic analyses

Chromas Pro 2.1.6 software (Technelysium
Pty Ltd., Tewantin, Australia) was used to edit
the sequences. Sequence alignments were
made with Bioedit v7.0.5.2 (Hall, 1999). We
used MEGA 7.0 (Kumar et al, 2016) to

analyze our data. Nucleotide sequence
divergences were calculated using the Kimura
two-parameter (K2P). Phylogenetic trees were
performed using maximum likelihood (ML) on
MEGA 7.0 software with 1000 replicates.
3. RESULTS AND DISCUSSION
3.1. Total DNA extraction

DNA extraction is the first and most critical
step in the general study of molecular biology.
Total DNA extraction is used to extract DNA
from the structure of the cell. The most critical
aspect is to obtain DNA in an intact state free
of decomposition and impurities in order to
have a high-quality material for subsequent
experiments. In this study, we extracted total
DNA from 15 leaf samples of five plant
species in the Truong Sa archipelago using the
Plant DNA isolation Kit (Table 1). DNA test
electrophoresis on 1% agarose gel results
showed that each samples have a single band,
sharp and bold bands indicate successful DNA
extraction (Figure 2). To determine the
quantity and purity of extracted DNA using the
spectrophotometric method on the NanoDrop
2000, DNA samples were measured using
absorption  spectroscopy at wavelengths
between 260 nm and 280 nm. In Table 2,
OD260 nm/OD280 nm fluctuated within the
allowable range from 1.8 to 2.0, which
indicated that the extracted total DNA samples
are suitable as a template for PCR reactions.
DNA was diluted to 20 ng/pl H2O for PCR
reaction.

2 34 56 7 8B 9 101112131415

Figure 2. Electrophoresis of total DNA from 15 samples of 05 plant species
in Truong Sa archipelago using 1% agarose gel with 1-3 (PB1.1-PB1.3); 4-6 (BT2.1-BT2.3);
7-9 (BV3.1-BV3.3); 10-12 (NH4.1-NH4.3); 13-15 (TR5.1-TRS.3).
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Table 2. The quantity and purity of extracted DNA from 15 leaf samples
of five plant species in Truong Sa archipelago

DNA purity DNA quantity
No. No. samples OD260nm OD2sonm (ODzsomm250mm (ng/ul)
1 PB1.1 1.095 0.560 1.96 54.8
2 PB1.2 0.383 0.196 1.95 19.1
3 PB1.3 0.815 0.416 1.96 40.8
4 BT2.1 0.561 0.310 1.81 28.0
5 BT2.2 0.592 0.302 1.96 29.6
6 BT2.3 0.270 0.145 1.87 13.5
7 BV3.1 0.609 0.330 1.84 30.4
8 BV3.2 0.285 0.173 1.65 14.3
9 BV3.3 0.826 0.446 1.85 41.3
10 NHA4.1 1.015 0.518 1.96 50.7
11 NH4.2 0.805 0.424 1.90 40.3
12 NH4.3 0.668 0.348 1.92 334
13 TRS.1 0.757 0414 1.83 37.8
14 TRS5.2 0.448 0.248 1.81 22.4
15 TRS.3 0916 0.484 1.89 45.8

3.2. Polymerase chain reaction (PCR)

The primer pair N10F and C26AR was
successfully cloned for 15 samples at a primer
temperature of 55°C (Figure 3). The PCR
product were approximately length of 700 bp.

1,5kb

- 1kb

— " D G GED e e ——

—500bp

Electrophoresis on a 1.5% agarose gel revealed
that the PCR product was of high quality with
only a single brightband qualifying for
nucleotide sequencing.

Figure 3. PCR products from five plant species were electrophoresed on 1.5% agarose gel
(M: DNA ladder 100bp; 1-15: No. samples)

3.3. Nucleotide sequences (I7S-rDNA) and
phylogenetic trees

Chromas Pro 2.1.6 software was used to
display results and edit the sequences. After
removing the two ends, we have identified the
remaining sizes of the 15 samples of five plant
species in Truong Sa archipelago: PB (600 bp),
BT (650 bp), BV (612 bp), NH (570 bp), and
TR (589 bp). Because the results indicated that
there was no difference between three samples
of one species in the study (100% similarity),

we conducted a further analysis using the
results of one sample. Nucleotide sequences of
five plant species in Truong Sa archipelago
have registered on GenBank (Table 1).

Using the NCBI's BLAST tool to compare
five plant species in Truong Sa archipelago with
similar sequences on GenBank. Results showed
that species (PB) was 100% similar to
Tournefortia argentea (MH768076); BT was
100%  similar to  Scaevola  taccada
(MH768165); BV 100% similar to Barringtonia
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asiatica (AF208700); NH 100% similar to
Morinda citrifolia (MK607923) and TR similar
to Coccoloba uvifera - GQ206246 (100%).

In order to identify a species, sequences of
ITS-rDNA of five species (PB, BT, BV,
NH,and TR) were used to construct a
phylogenetic tree together with one outgroup
taxon (Figure 4, 5, 6, 7, 8). The maximum
likelihood phylogenetic tree showed a clear

separation of PB, BT, BV, NH, and TR
inTruong Sa archipelago into one clade
together with 7. argentea, S. taccada, B.
asiatica, M. citrifolia, M. citrifolia and C.
uvifera, respectively with bootstrap value of
100% (Figure 4, 5, 6, 7, 8). PB/T. argentea,
BT/S. taccada, BV/B. asiatica, NH/M.
citrifolia, and TR/C. wvifera had highly
identical /TS sequences.

L T buchtienii EFG88858
& T chinchensis HQ286126

&

73

i

T microcalyx HQJ286129
T hirsutissima HQ286128

0 |: T acutiflora AF091208
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T paronychioides KP027100
T curassavicum KY 764601
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Scaevola angulata AY 102731

Figure 4. Molecular phylogenetic analysis of a species (PB) with other species
using the Maximum Likelihood method (ML)
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Figure 5. Molecular phylogenetic analysis of a species (BT) with other species
using the Maximum Likelihood method (ML)
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Figure 6. Molecular phylogenetic analysis of a species (BV) with other species
using the Maximum Likelihood method (ML)
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Figure 7. Molecular phylogenetic analysis of a species (NH) with other species
using the Maximum Likelihood method (ML)
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Figure 8. Molecular phylogenetic analysis of a species (TR) with other species
using the Maximum Likelihood method (ML)
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4. CONCLUSIONS

In the current study, we had used molecular
biology to identify five species plant in Truong
Sa archipelago, Khanh Hoa province, Vietnam
belonging to 7. argentea, S. taccada, B.
asiatica, M. citrifolia and C. uvifera. Our
results of the ITS-rDNA gene showed that the
sequence of five specimens collected in
Truong Sa archipelago have high similarity to
T. argentea, S. taccada, B. asiatica, M.
citrifolia and C. uvifera from GenBank. These
sequences have been deposited in the GenBank
(NCBI) under the accession number
(MZ497173- MZ497176, MZA497178), thereby
contributing to the development of the DNA
barcode database for the study of species'
evolutionary and biological systems.
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UNG DUNG PHUONG PHAP PHAN TiCH ADN GOP PHAN NHAN DANG
MOT SO LOAI THUC VAT TAI QUAN PAO TRUONG SA,
TINH KHANH HOA, VIET NAM

Vii Pinh Duy!*, Lé Xuan Pic'*, Nguyén Ping Hoi', Pham Mai Phuwong', Ping Ngoc Huyén',
Nguyén Thi Thanh Huong!, Buii Vin Thanh?, Nguyén TAm Thanh!, Bai Vin Thing?,
Luwu Thi Phwong?, Vii Thi Thu Hién®, Nguyén Quéc Khénh'

ITrung tam Nhiét doi Viét - Nga

2Vién Sinh thdi va Tai nguyén Sinh vat, Vién Han lam Khoa hoc va Cong nghé Viét Nam

*Truong Dai hoc Lam nghiép

TOM TAT
Ma vach DNA duogc st dung rong rai dé danh gia sy da dang cua cac loai trong nhiéu hé sinh thai: khu rung
mua nhiét déi, can nhiét d6i va 6n déi. Tuy nhién, do nhitng kho6 khan trong cong tac tham do thuc dia nén cac
loai thuc vat & quﬁn dao Truong Sa, tinh Khanh Hoa chua dugc kham pha bé“lng k¥ thuat sinh hoc phan tit. Muc
dich nghién ctru nay nhim nhén dang 5 loai thyc vat thu duogc tr qu?m dao Truong Sa béng k¥ thuét sinh hoc
phan tir va cung cip thong tin tién hoa c6 gia tri vé quan thé thyc vat trén mot s6 dao. Sir dung chi thi DNA
(gen ITS-rDNA) tao ra co s¢ dir li€u ma vach DNA cho 5 loai thuc vat dugc thu thap trén quén dao Truong Sa.
Chung toi da str dung phuong phép so sanh sy tuong dong vé trinh ty DNA va xy dung cdy phat sinh loai dé
xac dinh 15 mau cua 5 loai thuc vét & quan dao Truong Sa. Két qua cho thiy, ty 1¢ PCR thanh cong d6i véi
vung gen (I7S-rDNA) 1a 100%. Ty 1¢ thanh cong gidi trinh tw DNA hai chiu cua san pham PCR 1a 100% ddi
v6i vung gen nghién cuu c6 kich thudce 1a 650 bp. Phan tich phat sinh loai sit dung phuong phap ML chi ra rﬁng
5 loai thyc vat (PB, BT, BV, NH va TR) c6 moi quan hé chat ché véi T. argentea, S. taccada, B. asiatica, M.
citrifolia, M. citrifolia va C. uvifera, tuong ing. Két qua cta nghién ctru nay da cung cip thém bang chimg cho
vung gen (/7S-rDNA) nhu mét chi thi phan tir hitu ich cé thé st dung dé xac dinh cac loai thuc vat khac trén

cac dao san ho nhiét doi.

Tir khéa: cAy phat sinh loai, DNA mi vach, quin dao Truong Sa, ving gen ITS-rDNA.
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