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SUMMARY

Tacca J.R. & G. Forst is the only genus in Taccaceae includes 17 species distributed on the world, of which have
found 7 species in Vietham. DNA barcoding is a method of rapid species identification and discovery using short,
standardized genes or DNA regions. In this study, we have sequences nuclear gene region (/7S-rDNA) from 9
individuals of Tacca chantrieri André belonging to three natural populations (Song Hinh Nature Reserve, Phu
Yen Province; Cuc Phuong National Park, Ninh Binh province and Ba Vi National Park, Ha Noi city) to
investigate genetic character and their phylogenetic inference in the genus Tacca. DNA was extracted from the
tissue of leaves. The nucleotide sequence of /7S-rDNA was determined to be 674bp. All samples collected at three
different geographic locations for the /7S-rDNA gene regions showed that their length and nucleotide sequence
similarity were 100%. The analysis indicated the mean base compositions were nucleotide T(U) (16.9%), C
(29.5%), A (20.3%) and G (33.2%). The TA content was found to be low (37.2%), compared to 62.8% of the CG
content. Phylogenetic analyses using maximum likelihood (ML) indicated that all samples from Vietnam have a
close relationship with Tacca chantrieri in GenBank with strong supporting values (99%). Genetic p-distances
interspecific divergence within and among Tacca species were varied from 0% to 19%, mean genetic distance

10%. The gene (I7S-rDNA) is used as a barcode in the identification of the Tacca species in Vietnam.
Keywords: DNA barcodes, ITS-rDNA gene, Tacca chantrieri, Phylogenetic tree.

1. INTRODUCTION

Tacca J.R. & G. Forst is the only genus in
Taccaceae, a new family derived from
Dioscoreaceae (Caddick et al., 2002; Ding and
Larsen, 2000; Stevens, 2001; Mabberley, 2017).
According to the World Checklist of
Monocotyledons
(http://apps.kew.org/wesp/home.do), the genus
Tacca includes 17 species (7. ampliplacenta L.
Zhang & Q.J.Li, T. ankaranensis Bard. Vauc.
T. bibracteata Drenth, T. borneensis Ridl, T.
celebica Koord, T. chantrieri André, T.
ebeltajae Drenth, T. integrifolia Ker Gawl., T.
lanceolata Spruce, T. leontopetaloides (L.)
Kuntze, T. maculata Seem., T. palmata Blume,
T. palmatifida Baker, T. parkeri Seem, T.
plantaginea (Hance) Drenth, 7. reducta P.C.
Boyce & S. Julia va T. subflabellata P.P. Ling
& C.T. Ting) of which in Vietnam have found
7 species: T. chantrieri, T. integrifolia, T.
palmata, T. leontopetaloides, T. plantaginea,
T. subflabellata and T. khanhhoaensis (Nguyen
Tien Ban et al., 2005; Nguyen Tap et al., 2006;
*Correspondence authors: duydinhvu87@gmail.com;
giapvudinh@gmail com

MOST and VAST, 2007; Vo Van Chi, 2012;
Dang et al., 2018).

Tacca chantrieri André (Taccaceae) is a
widespread species in humid tropical regions
of Southeast Asia (Zhang et al, 2011). It’s a
herbal plant that grows in the humid tropical
forests Vietnam (Nguyen Tap et al., 2006). Its
rhizomes have been used as folk medicine to
treat gastric ulcers, enteritis and hepatitis (Vo
Van Chi, 2012). Phytochemical investigations
of this plant have resulted in the isolation of
diarylheptanoids (Yokosuka et al, 2002),
steroidal saponins (Tinley et al., 2003; Shwe et
al., 2010; Yokosuka et al, 2004) and sterol
saponins (Yokosuka et al, 2005). In addition,
these compounds show cytotoxic activities
(Yokosuka et al, 2002). T. chantrieri
distribution is restricted by overexploitation,
habitat destruction, and habitat fragmentation
(Zhang et al., 2011). Although morphological
characteristics of 7. chantrieri have been used
to identify the species, these features are
difficult to distinguish. On the other hand, the
molecular characteristics of this species are
still unknown in Vietnam.
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The use of DNA barcodes, which are short
gene sequences taken from a standardized
portion of the genome and used to identify
species (Kress et al, 2005). Short DNA
barcode sequences can be used to identify
patterns that aren't fully characterized by
morphology (Vu Dinh Duy et al., 2019, 2020,
2021). Genes coding for 455 ribosomal mRNA
are organized into tandem arrays of up to
several thousand copies and contain /85, 5.8S,
and 26S rRNA units separated by internal
transcribed spacers /7S] and I7S2. While the
rRNA units are evolutionary conserved, /7S
shows a high level of interspecific divergence
and has been frequently used in genetic
diversity and phylogenetic studies of many
plant groups (Htibova et al., 2011). Currently,
different researchers have used some region
genes such as [ITS, 18S, matK, psbA-trnH,
rbcl, atpA, rbcl, trnl-F, and trnS-trnG in

buiding of DNA barcode for identification of
Tacca species (Zhang et al., 2006; Zhang et
al., 2011; Zhao and Zhang, 2015; Yeng and
Shen, 2019). In this study, we sequenced
nuclear genomic region nucleotides (/7S-
rDNA) to identify genetic characteristics of 7.
chantrieri and their phylogenetic inference in
the genus Tacca. This study contributes to the
development of a DNA barcode database, as a
foundation for conservation, evolution, and
biological systems.
2. RESEARCH METHODOLOGY
2.1. Collection sampling

In this study, 9 samples (young leaves) of 7.
chantrieri were collected and placed in plastic
bags with silica gel in the field, and transferred
to the laboratory of Vietnam - Russia Tropical
Centre, stored at -30°C for DNA extraction
(Table 1).

Table 1. Population descriptions of all sampled populations of 7. chantrieri in Vietnam

Sample Pop. Localit Latitude  Longitude  Altitude GenBank
size code y ™) (E) (m) code

BVO01- Ba Vi National Park, Ha or e A0 or A A 0OL454071-

03 BV03  Noi City 21°36°48 105°20°40 355 OL454073

CPOL- Cuc Phuong National OL454074-

03 CP0O3 Park, Ninh Binh  20°20°31" 105°35°51” 356 OL454076

province
SHO1- Song Hinh, Phu Yen oAotron oAt OL454077-
03 SHO3  province 1274848 109°00'33 286 OL454079

- ’ 8 L A W W
Figure 1. Adult plant of 7. ch

antrieri species collected in Ba Vi National Park

(Photo: Dr. Vu Dinh Duy)
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2.2. DNA isolation: Total genomic DNA was
extracted using a plant/fungi DNA isolation kit
(Norgenbiotek, Canada). The total DNA purity
and integrity were tested by the Nanodrop ND-
2000 spectrophotometer (NanoDrop
Technologies, DE, USA) and then diluted to a
concentration of 20ng/pl.

2.3. PCR amplification: The /7S-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 9700.
Double-stranded DNA was directly amplified
by symmetric polymerase chain reaction
(PCR) amplification using pairs of primers
ITS5 (5'-GGA AGT AAA AGT CGT AAC
AAG G-3") and ITS4 (5'-TCC TCC GCT TAT
TGA TAT GC-3") (White et al., 1990).

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 9 studied
samples used the primers /7S5 and /7.54.

2.5. Phylogenetic analysis: 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 analyse our data.
Nucleotide sequence  divergences  were
calculated using the Kimura two-parameter
(K2P). Phylogenetic trees were performed
using maximum likelthood (ML) on MEGA
7.0 software with 1000 replicates. Mega 7.0
was used to analyze p-distance between Tacca

species.
3. RESULTS AND DISCUSSION
3.1. DNA Extraction and Polymerase Chain
Reaction

In plants, secondary metabolites and
polysaccharides interfere with  genomic
isolation procedures and downstream reactions
such as restriction enzyme analysis and gene
amplification (Amani et al, 2011). DNA
isolation represents the basic and probably the
most important step in plant genetics and
biotechnology. Despite the development of
molecular protocols for DNA isolation of plant
species, there are still many drawbacks
depending on sample composition. To
maximize DNA yields and minimize the co-
extraction of PCR inhibitors, we used the Plant
DNA Isolation Kit for DNA extraction from 9
leaf tissues of 7. chantrieri in Vietnam. Results
of DNA electrophoresis on 1% agarose gel
showed that each sample had a single, sharp
and bold bands indicating successful DNA
extraction (Figure 2). The purity of extracted
DNA was excellent, as evident DNA
concentrations A260/A280 ratio ranging from
1.840 to 1.956, which also suggested that the
preparations were sufficiently free of proteins
and polyphenolic/polysaccharide compounds.
The DNA concentration ranged from 700 to
920ng/ul. The extracted DNA was suitable for
PCR amplification of plant barcode genes. For
the PCR reaction, the DNA concentration was
diluted to 20 ng/ul. The primer pair /755/1TS4
were successfully cloned for 09 samples at a
primer temperature of 55°C (Figure 3). The
PCR product was approximately 700bp in
length. Electrophoresis on a 1.5% agarose gel
showed high quality PCR product, with only a
single bright band that was qualified for
nucleotide sequencing.

Figure 2. Electrophoresis of total DNA from 9 samples of 7. chantrieri using 1% agarose gel
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Table 2. The quantity and purity of extracted DNA from 9 leaf samples of 7. chantrieri

No Sample Concentration (ng/pl) A260,n, A280nm A260,,/A2800m
1 BVO01 700 0.070 0.038 1.842
2 BV02 890 0.089 0.049 1.816
3 BV03 860 0.086 0.046 1.869
4 CPO1 840 0.084 0.045 1.866
5 CP02 900 0.090 0.046 1.956
6 CP0O3 920 0.092 0.050 1.840
7 SHO1 900 0.090 0.048 1.875
8 SHO02 890 0.089 0.046 1.935
9 SHO3 860 0.086 0.047 1.830

100 bp I ' s vy
Figure 3. PCR products from 9 samples of 7. chantrieri were electrophoresed on 1.5% agarose gel
(M: DNA ladder 100bp; 1-9: No. samples)

3.2. Characteristic analysis of ITS-rDNA
sequences

All the studied samples were successfully
amplified for /7S-rDNA gene regions with a
high sequencing rate of 100%.
Chromaspro2.1.6 software was used to display
the results and edit the sequences. After
removing the two ends, we identified that the
remaining size of each sample was 674
nucleotides. These sequences have been
compared with similar sequences on GenBank
using the BLAST tool. Results showed that the
studied species was 100% similar to T.
chantrieri (JN850567). The sequences for the
ITS-rDNA gene region from 7. chantrieri in
Vietnam have been deposited in GenBank
(Table 1). Moreover, the results of comparing
nucleotide sequences with each other using
Bioedit software between nine samples

collected at three different locations in the /75—
rDNA gene region showed that their length and
nucleotide sequence similarity were 100%.
Therefore, the following study took only one
representative sample of this species in
Vietnam.

For this study, ITS-rDNA sequences of T.
chantrieri consisted of 674 nucleotide
positions. The mean base compositions were
16.9, 29.5, 20.3 and 33.2% for T (U), C, A and
G, respectively. The TA content was low
(37.2%), compared to 62.8% of the CG
content. This difference showed a low TA
content at all three codon positions. These
values were 27.1%, 47.9% and 36.8% for the
1%, 2™ and 3™ codons, respectively. The
average R rate at the second position was 1.8
times, higher than the rate at the two remaining
codon positions (Table 3).
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Table 3. Nucleotide base compositions (%) for the I7S-rDNA sequences of 7. chantrieri

Codon Base Length .

position T(U)  C A G bp) VSV
Tacca All positions 16.9 29.5 20.3 332 674 1.5
chantrieri 1* positions 16.1 28.1 21.0 344 224 1.8
2% positions 17.2 29.1 20.7 33.0 227 1.7
3 positions 17.5 30.9 19.3 323 223 1.1

Note: Transitionsal Pairs (Si), Transversional Pairs (Sv)

3.3. The genetic distance and phylogenetic  species pairs: 7. chantrieri/T. maculata (19%),
inference in the genus Tacca T. cristata/T. maculata (18%) showed highest

The genetic distances and the maximum  genetic distances, whereas lowest genetic
likelihood (ML) tree were used to determine  distances were observed between species pairs:
genetic relationships between samples and 14  BV/T. chantrieri (0%), T. leontopetaloides/T.
species of the genus Tacca (Table 4 and Figure  maculate (0%), T. havilandii/T. cristata (1%),
4). The mean genetic distance was 10%  T. reducta/T. cristata (2%). Our results showed
ranging from 7. leontopetaloides/T. maculate  the highest genetic distances among species in
(0%) to T. chantrieri/T. maculata (19%). The  genus Tacca.

Table 4. Different genetic distance among species in genus Tacca based on I7S-rDNA analysis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1.BV -

2. T. leontopetaloides 019 )

MK 144476

L s

4. T. cristata 0.06 0.17 0.01 -

MK 144506

5M§ f’ﬂZ;ﬁ"Sis 0.06 017 004 002 -

1%1 Igzzzgrg’f"”“ 0.04 0.8 006 005 005 -

7M7I;$Zil;%’f" 0.19 0.00 0.9 018 017 018 -

81;47[;- lrjjzgg" 0.06 0.18 003 002 003 006 0.18

;;ggfjl;hpl“ce”m 0.05 0.8 0.06 0.05 005 001 018 006

lﬁ-éfi’;g‘;“eam 0.12 019 013 012 012 011 020 013 012 -

lﬁ\}égg‘g‘er" 0.13 022 016 0.5 0.5 013 022 0.5 013 015 -
11\:541;?9”;“’“ 0.1 0.7 010 009 009 010 017 010 010 012 015 -
Kg?g;‘;;matma 0.10 0.16 0.10 0.09 009 0.08 0.16 009 008 009 0.3 006 -
}lf-gjé;gé’ﬁabellata 0.03 0.8 007 006 005 003 0.8 006 003 012 014 0.1 0.10
};-8?5?52“7“‘""”"”" 0.00 0.9 007 006 006 005 019 007 005 012 013 011 010 003 -

The maximum likelihood tree of sequence  separated and characterized by a high bootstrap
divergences (K2P) in the ITS-rDNA region  value and a branch length of 0.05 (Figure 4).
reflects the above findings. It shows that all 14 ~ The ML tree showed a clear separation of
species in the genus Tacca were distinctly  samples (BV) into one clade together with
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Tacca chantrieri (JN850567) with a bootstrap
value of 99%. BV/T. chantrieri had highly
identical /TS sequences. The results showed

that this species pair was determined as one
species.

99|BV
giljl Tacca chantrieri JNE50567

90| L 1 subfiabeliata JFo78885
T integrifolia MK144478
o7 Q{T ampliplacenta JF978853
— T borneensis MK144485
934 - T reducta MK144487
92 T havilandii MK144500
97-|_T_ cristata MK144506

g7 ‘I__ T palmata MK144499
T palmatifida JN850572

T bibracteata MK144508
96- 100[ T parkeri JNG50573
T plantaginea MK144484
1 ool T. leontopetaloides MK144476
T maculata MK144480

Trichopus sempervirens JNSS0576

—
0.05

Figure 4. Phylogenetic relationships among Tacca species based on sequence of nuclear genes (I7S-rDNA)
using Maximum likelihood (ML) tree. Numbers above branches represent bootstrap

Accurate species indentification is essential
for the management and conservation of
species (Trias-Blasi and Vorontsova, 2015).
Species identification based on morphology is
mostly laborious and less accurate. However,
molecular-based methods such as DNA
barcoding have been shown to be rapid and
accurate for specific identification (Kress et
al., 2015; Tahir et al., 2018; Kang et al., 2021).
A previous study by Zhao and Zhang (2011)
recommended four candidate DNA barcoding
regions, three (rbcl, matK, and trnH-psbA)
from the chloroplast genome and one (/7S)
from the nuclear genome, which were
evaluated among 36 accessions representing 6
species of Tacca. The results indicated that
both /7S and the core barcode rbcL+matK
proposed by the Consortium for the Barcode of
Life (CBOL) exhibited the highest resolution
as single and combined data, respectively.
Based on overall performance, matK+rbcL can
be considered a potential barcode for
identifying the species of Tacca, ITS can be
used as a supplementary barcode. DNA

barcoding revealed two distinct lineages of T.
integrifolia distributed allopatrically in Tibet
and Malaysia. And these two lineages with
morphological variations may potentially
represent new species. Zhang et al. (2011)
used DNA sequences from one nuclear, one
mitochondrial and three plastid loci (I7S, atpA,
rbcl, trnL-F, and trnH-psbA) to reconstruct
molecular phylogeny in the genus Tacca.
Phylogenetic analysis of 16 Tacca species
utilizing nuclear /7S and plastid matK gene
areas (Yeng and Shen, 2019). Our results agree
with the previous finding, confirm the core
barcode's effectiveness, and suggest using /75-
rDNA gene region as DNA barcode sequences
in the genus Tacca in Vietnam.
4. CONCLUSIONS

In the current study, we sequenced nuclear
genomic region nucleotides (I/7S-rDNA) to
identify 7. chantrieri in Vietnam, constructed
phylogenetic trees of the genus Tacca, and
suggest using [7S-rDNA gene region to
identify Tacca species in Vietnam. The
findings there will be significant in the study of
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evolution, systematics, and conservation of the
species.
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PAC PIEM DI TRUYEN CUA LOAI RAU HUM (Tacca chantrieri André)
VA SUY LUAN PHAT SINH LOAI TRONG CHI RAU HUM (Tacca)
TREN CO SO GIAI TRINH TU VUNG GEN NHAN ITS-rDNA

Vii Pinh Giap"*, Pham Mai Phwong?, Bui Thi Tuyét Xuan?, Bui Vin Thing?,
Trinh Thi Thiy Linh?%, Vii Kim Dung?, Vii Pinh Duy**
"Vien cong nghé HaUI, Truong Dai hoc Cong nghiép Ha Noi

ZTrung tam Nhiét doi Viét — Nga

3Vién Sinh thdi va Tai nguyén Sinh vat, Vién Han lam Khoa hoc va Cong nghé Viét Nam

“Truong Pai hoc Lam nghiép

TOM TAT

Chi Rau him (Tacca) 1a chi duy nhét trong ho Rau him (Taccaceae) bao gdom 17 loai phan b trén thé gidi,
trong d6 7 loai dugc ghi nhin & Viét Nam. Ma vach DNA 1a mot phuong phap dé xac dinh va phat hién loai
nhanh chong dya trén cac gen hodc ving DNA ngin, duoc tiéu chuén hoa. Trong nghién ctru ndy, ching tbi
gidi trinh ty nucletide ving gen nhan (ITS-rDNA) tir 9 ca thé Rau hum (Tacca chantrieri André) thu tai 3 quin
thé ty nhién & Viét Nam (Khu bao ton thién nhién Song Hinh, Phu Yén; Vuon qudc gia Cuc Phuong, Ninh
Binh va Vuon Qudc gia Ba Vi, TP. Ha Noi) dé diéu tra ddc diém di truyén va suy luan phat sinh loai ciia chung
trong chi Tacca. DNA tong s6 dwoc chiét xuit tir mé cua 14. Trinh tw nucleotide cta gen ITS-rDNA dugc xac
dinh v6i 674bp. Tat ca cac miu thu thap tai ba dia diém khac nhau cho thay d¢ tvong dong vé chiéu dai va trinh
tu nucleotide ciia chiing 1a 100% dua trén trinh ty ving gen ITS - »DNA. Phan tich dic diém trinh tu nucleotide
loai Rdu hum trong nghién cuu chi ra nucleotide T(U) trung binh (16,9%), C (29,5%), A (20,3%) va G
(33,2%). Ham lugng nucleotide TA thap (37,2%) so v6i GC (62,8%). Phén tich phat sinh loi st dung phuong
phap kha ning t6i da (ML) chi ra ring tit ca cac mau trong nghién ctru ¢6 moi quan hé chit ché voi loai Rau
him (7. chantrieri) v6i gia tri ing ho cao (bootstrap = 99%). Khoang cach di truyén (p) giita cac loai trong chi
Tacca thay d6i kha 16n tir 0% dén 19%, trung binh 10%. Két qua nghién ctru nay da chi ra ving gen nhan (ITS-
rDNA) 1a mot cong cu hiru ich, lam ma vach trong viéc xac dinh nhan dang loai Tacca & Viét Nam.

Tir khéa: ciy phat sinh loai, DNA ma vach, Rau him, viing gen nhan (ITS-rDNA).
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