OPUT'MHAJIbHASA CTATbA « ORIGINAL ARTICLE

Application of internal transcribed spacer (ITS) sequences
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Background. The term “DNA barcode” is used extensively
in molecular taxonomy. Basically, this technique is based on
the use of a DNA sequence (about 400-800 bp) as a standard
to identify and determine the species relation of organisms
quickly and accurately. Therefore, DNA barcodes not only
help taxonomists in classifying and identifying species, but
also improve their ability to control, understand and utilize
biodiversity. In this study, the authors conducted identifica-
tion of samples of Anoectochilus setaceus Blume collected in
Thanh Hoa through the isolated sequence of ITS gene re-
gions. Materials and methods. Total DNA was extracted
from young leaves of A. setaceus samples using CTAB me-
thod. The ITS gene segment was amplified by PCR and se-
quenced. This genetic sequence was analyzed, compared
and used to establish a phylogenetic tree using BioEdit,
BLAST and DNASTAR programs. Results and conclusion.
We isolated 4 sequences of the ITS gene region in 4 A. seta-
ceus samples collected at Xuan Lien and Pu Luong of Thanh
Hoa province; the ITS gene region was 667 nucleotide long.
The findings identified the samples as the same species and
showed 99% similarity to the ITS gene sequence of A. rox-
burghii (Wall.) Lindl. published in GenBank, GQ328774. This
study also demonstrates that the method employing inter-
nal transcribed spacer (ITS) sequences is an effective tool
to identify A. setaceus taxa.

Key words: molecular taxonomy, DNA barcoding, ITS prim-
ers, identification of samples.

AxtyanbHoCTb. TepMmuH «DNA barcode» MIMPOKO UCHOJ/B3Y-
eTcsl B MOJIEKYJISIpHOM TakcoHOMMH. [lo cyliecTBy, aTOT Me-
TO/, OCHOBaH Ha MCMOJIb30BAaHUU NocyefoBaTebHOCTH JTHK
(oxosio 400-800 mH) B KauecTBe CTaHJApTa [l ObICTPOU
Y TOYHOHN MJeHTUPHUKALUU U onpefie/ieHUsI BUJIOBbIX OTHO-
meHUU opraHusMoB. Takum obpasoM, JHK-mTpuxkozs! no-
MOTalT CHUCTeMaTHKaM He TOJIbKO KJAacCUPULUPOBATh
Y UIeHTUQULIMPOBATh BU/IbI, HO U KOHTPOJIUPOBATh, OHU-
MaTb M UCNOJb30BaTh 6HOpa3Hoo6pasue. B HacTosAmeM uc-
cleloBaHUU aBTOPHI NMPOBeJU HJeHTUHUKaLMI0 06pa3roB
Anoectochilus setaceus Blume, co6paHHbIX B IPOBUHLIUHU
TxaHbX0a, Ha OCHOBe aHaJM3a nocjaejgoBaTesbHOocTed ITS.
MatepuaJssl M MeToAbl. TotanbHyo JHK Beigensau us mo-
JIOABIX JINCTbeB 00pasloB A.setaceus ¢ UCIOJb30BaHUEM
6pomuja netuatpuMeruaammonus (CTAB-merton). CermeHT
reHa ITS amnaudunuposanu metogom [P u cekBeHUpoBa-
JIU. ATy TeHeTHUYeCKyl0 Moc/e[0BaTeJbHOCTb aHaJIU3UPOBa-
JIW, CPaBHUBAJIM U UCTOJIb30BaJIN AJ5 TOCTpoeHus «dujore-
HeTUYeyeCcKoro JpeBa» cIhoMmoliblo mnporpamm BioEdit,
BLAST, DNASTAR. Pe3yabsraThl ¥ BbIBOAbL. Hamu Bblfese-
Hbl 4 nocJie/j0BaTeJbHOCTH reHHo# obJsactu ITS us 4 o6pas-
0B A. setaceus, cobpaHHbIX B CtoaHb JlueH u Ily JlyoHr npo-
BUHLMMU TxaHbXoa; U3y4yeHHBbIH [TS-peruoH umen AJauHYy
667 HyK/J1e0THAO0B. [loslyyeHHble JaHHblIe UAeHTUGUIIUPOBa-
Ji1 06pasLbl KaK OJMH U TOT e BU/J, U T0Ka3aau 99-npoueH-
THOE CXOJICTBO C mociezoBatesbHoCcThi0 ITS A. roxburghii
(Wall.) Lindl, ony6siukoBaHHOU B 6Ga3e JgaHHbIx GenBank
(GQ328774). UccnenoBaHue TakxKe AeMOHCTPUPYET, 4YTO HC-
M0JIb30BaHUE BHYTPEHHEro TPaHCKpUOUpyeMoro crelcepa
(ITS) sBasieTcss 3¢ PeKTUBHBIM METOAOM Ui UAeHTUUKA-
MU 06pasuoB A. setaceus.

KiioueBble c/10Ba: MoJieKy/IsipHas TaKCOHOMUS, GapKoOJM-
poBanue JIHK, npaiimeps! ITS, ngentudrkanms o6pasuos.

Introduction

In medical terms, Anoectochilus setaceus Blume is a pow-
erful medicinal orchid which has functions beneficial for hu-
man health, i.e., improving blood circulation, producing anti-
bacterial, anti-tracheitis, anti-hepatitis, and anti-neurasthe-
nia effects (Lin et al,, 1993; Lin et al.,, 2000; Wang et al., 2002;

Ye et al,, 2017). In particular, some active substances in A. seta-
ceus are able to stop the growth of cancer cells. The chemical
constituents of A. setaceus include quercetin, isoharmnetin-
3-0-beta-D-glucopyranosid, kaempferol-3-0-beta-D-glucopy-
ranosid, 5-hydroxy-3’-4’-7’-trimethoxyflavonol-3-0-beta-D-
rutinosid and isorhamnetin-3-0-beta-D-rutinosid, etc. (He
etal., 2006; Ye etal, 2017; Chac etal, 2019). Because of its
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medicinal values, A. setaceus is popular in the market and sold
at a high price. The small population of plants which scatters
in a few highland forests, and illegal exploitation have made
A. setaceus listed in the Vietnam Red Data Book (Vietnam
Academy of Science and Technology, 2007). As a result, all ex-
ploitation and use of A. setaceus for illegal commercial pur-
poses are banned in Vietnam.

The internal transcribed spacer (ITS) regions are local-
ized between nuclear genes coding for 18S, 5.8S and 26S
rRNA (Kress et al., 2005). Among the gene units are ITS1 and
ITS2 segments, which form abasic gene group. Such gene
groups replicate continuously in thousands of copies in the
nucleus genes while being separated by the nontranscribed
spacer region. In plant classification studies at the species
level, ITS region is the most commonly decoded locus
(Gigliano, 1999; Li D.Z. etal.,, 2011; Takamiya etal, 2011;
Tripathi etal., 2013). The ITS region has been shown to be
highly effective in classification of plants and fungi (except for
ferns). Thisis a locus used for short DNA sequencing (Stoeckle,
2003; Chen, Shiau, 2015). It was demonstrated in most stud-
ies that the ITS region had a wide diversity (about 13.6%
among closely related species) at the species level (Li M. et al.,
2011; Techen et al.,, 2014; Lv et al,, 2015; Hu et al,, 2019). One
of the advantages of the ITS region is that it can replicate two
smaller segments (ITS1 and ITS2) on both sides with the 5.8S
locus, which is useful in case of replicating damaged samples.
It was also pointed out that the ITS region had low levels of
variation within the species (Baldwin et al., 1995; Yang et al.,
2012; Wang et al., 2020). That more than 100 thousand ITS
sequences (until June 2016) have been published and the
new figures continue to be added to the GenBank database is
now a valuable source for studies on species.

A. setaceus in Vietnam is in danger of extinction because
of its small and sparse population mainly in the forests as well
as its overexploitation by humans. Moreover, the regenera-
tion ability of this species is very low in the wild, especially
where the ecological environment is devastated. As a result,
the conservation and development of this species is a key and
necessary issue. Thus, it is important to isolate and read ITS
genome sequences and A. setaceus genotypes to provide im-
portant scientific data for the conservation, development and
appropriate exploitation of this rare and precious medicinal
herb.

Materials and methods

Plant materials

From March 2018 to May 2018, a total of 4 Anoectochilus
setaceus samples were collected from Xuan Lien National
Park and Pu Luong Nature Reserve in Thanh Hoa Province,
Vietnam. Specifically, two samples (XL1 and XL2) were col-
lected in Xuan Lien National Park and the other two (PL1 and
PL2) were collected in Pu Luong Nature Reserve. Samples of
young leaves were collected, stored in paper bags with silica
gel, then moved to the laboratory and kept in a freezer at
a temperature of -20°C for DNA extraction. Species identifica-
tion of collected samples was performed by Associate

Professor Tran Minh Hoi (Institute of Ecology and Biological
Resources, Vietnam Academy of Science and Technology) on
the basis of morphological characteristics. In addition, 1 ITS
sequence of A. roxburghii (Wall.) Lindl. (GQ328774) and 1 ITS
sequence of A.lanceolatus Lindl. (KT344108) were down-
loaded from the GenBank database.

Total DNA extraction

Total DNA was extracted from the young leaves of A. seta-
ceus samples using CTAB method (Doyle, Doyle, 1987) with
some improvement.

Step 1: Put 200 mg of young leaves in liquid nitrogen
(-196°C) to grind into a fine powder. Add 6 ml wash buffer
(Tris - HC1 100mM, pH = 8.0; EDTA 5 mM, pH = 8.0; NaH,PO,
0.4%; sorbitol 350 mM; water). Transfer to 1.5 ml Eppendorf
tube. Centrifuge the sample for 15 minutes, at a speed of
12000 rounds per minute at 4°C, remove the fluid, and collect
the sediment.

Step 2: Add 500 pl of extraction buffer to each tube
(components of the buffer: Tris- HCl 100 mM, pH =8.0;
EDTA 20 mM, pH =8.0; CTAB 4%; NaCl 1.4 M; water), mix
gently, incubate at 65°C for 30 minutes (gently stir every
15 minutes). After finishing the incubation, leave the sam-
ple under room temperature for 5 minutes.

Step 3: Centrifuge for 15 minutes, ata speedof12 000 ro-
unds per minute at 4°C. Transfer the aqueous upper phase to
anew 1.5 ml Eppendorf tube.

Step 4: Add 500 pl of C: 1 (24 chloroform: 1 isoamyl) to
remove protein and impurities, stir for 15 minutes. Centrifuge
for 15 minutes, at a speed of 12000 rounds per minute at 4°C.
Carefully suck 500 pl of clear liquid in the upper phase and
transfer to a new 1.5 pl Eppendorf tube (remove precipitate).
Repeat this step twice.

Step 5: Add 500 pl of isopropanol, mix gently, precipitate
the DNA at -20°C overnight. Then centrifuge for 15 minutes,
at arate of 12000 rounds per minute at 4°C, collect the pre-
cipitate.

Step 6: Add 500 pl of 70% ethanol. Centrifuge for 10 min-
utes, 12000 rounds per minute at 4°C, decant the precipitate
(repeat 2-3 times). Dry at room temperature and dissolve
DNA in 50 pl of distilled water twice. Store in the freezer at
-20°C until use.

ITS gene amplification via PCR technique

The ITS gene fragments amplified via PCR technique with
ITSF / ITSR specific primers were obtained on T100 Thermal
Cycler Bio-Rad PCR machine (Table 1). The amplified ITS gene
fragment was expected to be about 700 nucleotides long. The
reaction was carried out with a total volume of 25 pl, includ-
ing 12.5 pl Maxter Mix 2X (Thermo Scientific), 1 pl for each
primer, 1 ul DNA template and 9.5 pl deionized water. The
PCR cycle included denaturation starting at 94°C for 4 min-
utes; repeated 25 cycles including: denaturing at 94°C for
30 seconds, attaching primer at 55°C for 40 seconds, synthe-
sizing and lasting at 72°C for 40 seconds. The process ended
by exposing it to 72°C for 10 minutes and storing at 4°C.

Table 1. ITS primers used for PCR amplification

Ta6auna 1. [IpaiiMepsl, UCIO/Ib30BaHHbIE AJI aMIIMPHKAL MU paiioHa ITS

Primer code S&(}lgeg'c]e Source
s F AGGAGAAGTCGTAACAAGGTTTCC Macrogen
R GATATGCTTAAACTCAGCGGGTC (South Korea)
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Electrophoresis for PCR product testing

The PCR products were electrophoresed on 0.8% agarose
gel. The gels were then removed from the electrophoresis
equipment and gently transfered to a container with ethidium
bromide solution, in which they were stained for 10 minutes.
The gels were washed by being soaked in water for 2-3 mi-
nutes before being put into a machine for ultraviolet (UV)
light observation and taking photos.

Purification of PCR products

The next step after amplification should be collecting the
genes in a pure and gel-free form. Purification was conducted
using Kit GenJET PCR Purification of Thermo Scientific.

Determination of the order of the nucleotides within an
ITS gene

The order of the nucleotides within an ITS gene was de-
termined on the ABI PRISM® 3100 Avant Genetic Analyzer,
using the BigDye® Terminator v3.1 Cycle Sequencing Kit with
specific primers. The gene sequence was analyzed and com-
pared, and a phylogenetic tree was established using BioEdit,
BLAST, DNASTAR.

Results and discussion

ITS gene amplification of A. setaceus samples

After being amplified using PCR techniques, the ITS gene
of A. setaceus samples were electrophoresed on 0.8% agarose
gel and photographed. PCR results with specific primer pairs
are shown in Fig. 1.

1 2 3 4 M

750 bp
500 bp

Fig. 1. PCR results with ITS primer pair for
4 Anoectochilus setaceus samples.
M - Molecular weight marker;
1-XL1,2-XL2; 3-PL1;4 -PL2

Puc. 1. Pe3yasraTsl [P 4-x 06pa3uoB Anoectochilus
setaceus c ¥cnoJib30BaHueM napsl ITS-npaiiMepos.
M - Mapkep MOJIEKY/IIPHOIO Beca;
1-XL1,2-XL2;3-PL1;4-PL2

The result of electrophoresing 4 samples with ITS F/R
primers was a single band at about 700 bp. This result was
consistent with theoretical calculations and served as a basis
in terms of ITS gene sequencing for further research.

Determination of the ITS gene sequence of A. setaceus
samples

After electrophoresis, ITS gene sequencing was conduct-
ed on the ABI PRISM® 3100 Avant Genetic Analyzer, using the
BigDye® Terminator v3.1 Cycle Sequencing Kit with specific
primers. The findings were as follows:

Pu Luong 1 ITS sequence (PL1)

GGGAAAAAGACCCTAAAGAGGATGGATGACTTTGGATA
ACACGTGAACATTTGACGGCGGTTGCTGTCTATAAACACCAT
CCATCTATTGGCCCCTCTTGATTGAGGCAACAATAAAAAGAT
GGAGGGAAAAACAACTCGGGCGCAGTTGTGCGCCAAGGAAG
TATGTTGCATTGGCATCGATGACTATTCGCCAAAGCCTGTCG
TGCTTAGCGGAGTGTTGTTGTTGCTTCTTAAGTATTGTATGA
CTCTCGGCAATGGATATCTTGGCTCTTGCATCGATGAAGAGC
GCAGCGAAATGCGATACGTGGTGTGAATTGCAGAATCCCGTG
AACCATCAAATCTTTGAACGCAAGTTGCGCCTGAGGCCAAT
TGGCTAAGGGCACGTCCGCCTGGGCGTCAAGCATTACATCGC
TTCATTCGACACCAATTGCCCAGTATTTTGCTGTGGTGCTGG
TCTGAATGCGGAGAGTGGCCCTTCGTGCACACTTGTGCGACG
GGTTGAAGAACAATTTGCTTTCCTCTGGCCATGTTTTGATA
AAGGGGTGGTGTATGCAGCCATTAGGCCCACACTATCATCTC
ATTGCCTTGAGGAGGATAAATGTACACATTCGTGGCTGATCA
CCCGATATAAATGTCGCAGGTGACGCCCTGAAATGCGACCC
CA

Pu Luong 2 ITS sequence (PL2)

GGGAAAAAGACCCTAAAGAGGATGGATGACTTTGGATA
ACACGTGAACATTTGACGGCGGTTGCTGTCTATAAACACCAT
CCATCTATTGGCCCCTCTTGATTGAGGCAACAATAAAAAGAT
GGAGGGAAAAACAACTCGGGCGCAGTTGTGCGCCAAGGAAG
TATGTTGCATTGGCATCGATGACTATTCGCCAAAGCCTGTCG
TGCTTAGCGGAGTGTTGTTGTTGCTTCTTAAGTATTGTATGA
CTCTCGGCAATGGATATCTTGGCTCTTGCATCGATGAAGAGC
GCAGCGAAATGCGATACGTGGTGTGAATTGCAGAATCCCGTG
AACCATCAAATCTTTGAACGCAAGTTGCGCCTGAGGCCAAT
TGGCTAAGGGCACGTCCGCCTGGGCGTCAAGCATTACATCGC
TTCATTCGACACCAATTGCCCAGTATTTTGCTGTGGTGCTGG
TCTGAATGCGGAGAGTGGCCCTTCGTGCACACTTGTGCGACG
GGTTGAAGAACAATTTGCTTTCCTCTGGCCATGTTTTGATA
AAGGGGTGGTGTATGCAGCCATTAGGCCCACACTATCATCTC
ATTGCCTTGAGGAGGATAAATGTACACATTCGTGGCTGATCA
CCCGATATAAATGTCGCAGGTGACGCCCTGAAATGCGACCC
CA

Xuan Lien 1 Sequence (XL1)

GGGAAAAAGACCCTAAAGAGGATGGATGACTTTGGATA
ACACGTGAACATTTGACGGCGGTTGCTGTCTATAAACACCAT
CCATCTATTGGCCCCTCTTGATTGAGGCAACAATAAAAAGAT
GGAGGGAAAAACAACTCGGGCGCAGTTGTGCGCCAAGGAAG
TATGTTGCATTGGCATCGATGACTATTCGCCAAAGCCTGTCG
TGCTTAGCGGAGTGTTGTTGTTGCTTCTTAAGTATTGTATGA
CTCTCGGCAATGGATATCTTGGCTCTTGCATCGATGAAGAGC
GCAGCGAAATGCGATACGTGGTGTGAATTGCAGAATCCCGTG
AACCATCAAATCTTTGAACGCAAGTTGCGCCTGAGGCCAAT
TGGCTAAGGGCACGTCCGCCTGGGCGTCAAGCATTACATCGC
TTCATTCGACACCAATTGCCCAGTATTTTGCTGTGGTGCTGG
TCTGAATGCGGAGAGTGGCCCTTCGTGCACACTTGTGCGACG
GGTTGAAGAACAATTTGCTTTCCTCTGGCCATGTTTTGATA
AAGGGGTGGTGTATGCAGCCATTAGGCCCACACTATCATCTC
ATTGCCTTGAGGAGGATAAATGTACACATTCGTGGCTGATCA
CCCGATATAAATGTCGCAGGTGACGCCCTGAAATGCGACCC
CA

Xuan Lien 2 Sequence (XL2)

GGGAAAAAGACCCTAAAGAGGATGGATGACTTTGGATA
ACACGTGAACATTTGACGGCGGTTGCTGTCTATAAACACCAT
CCATCTATTGGCCCCTCTTGATTGAGGCAACAATAAAAAGAT
GGAGGGAAAAACAACTCGGGCGCAGTTGTGCGCCAAGGAAG
TATGTTGCATTGGCATCGATGACTATTCGCCAAAGCCTGTCG
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TGCTTAGCGGAGTGTTGTTGTTGCTTCTTAAGTATTGTATGA
CTCTCGGCAATGGATATCTTGGCTCTTGCATCGATGAAGAGC
GCAGCGAAATGCGATACGTGGTGTGAATTGCAGAATCCCGTG
AACCATCAAATCTTTGAACGCAAGTTGCGCCTGAGGCCAAT
TGGCTAAGGGCACGTCCGCCTGGGCGTCAAGCATTACATCGC
TTCATTCGACACCAATTGCCCAGTATTTTGCTGTGGTGCTGG
TCTGAATGCGGAGAGTGGCCCTTCGTGCACACTTGTGCGACG
GGTTGAAGAACAATTTGCTTTCCTCTGGCCATGTTTTGATA
AAGGGGTGGTGTATGCAGCCATTAGGCCCACACTATCATCTC
ATTGCCTTGAGGAGGATAAATGTACACATTCGTGGCTGATCA
CCCGATATAAATGTCGCAGGTGACGCCCTGAAATGCGACCC
CA

Based on 4 sequences from the isolation, we found that
the nucleotide order of the studied samples were equal
(667 nucleotides); then we made a comparison with the ITS
gene sequence published in GenBank as a basis for further
research.

Analysis of the studied ITS sequences in comparison
with the ITS sequences published in GenBank

DNASTAR software was used to compare the studied ITS
sequences with the ITS sequences published in the GenBank
database. The results are shown in Fig. 2.

10 20 30 40 50 60
GQ328774.seq ATTGTCGAGA CCCTAAAGAG GATTGGATGA CTTTGGATAA CACGTGAACA TTTGACGGCG
KT344108.S€@Q « e coceecee ooeceoecace seecoosccse secoossccce ooeeoeeees A .G. A
PL1l.seqg GGGARAAA .t i ittt e e ceee oee e eeaee eeeeeeeeee ceeeceeeee eeeeeeeeen
PL2.seqg GGGAAAA .« i i it e e e ceae eee e eceae eeceeeeaee ceeeceeeee eeeeeeeeen
XLl.seq GGGAAAA . i i it e e e ceae oee e ecaae eeeeeecaee eeeeceeaee eeeeeeeeen
XL2.seq GGGAAAA .« i i it e e ceae eee e ecanae eeceeecaee eeeeceeeee eeeeeeeeen

70 80 90 100 110 120

F A L T L e T L R Tay SR
GQ328774.seqg

KT344108.S€@@ A....eeeee coeeenocee ooeoeeneos T...T ...C..A.TT G....G....
PL1.SE@Q = e cceececee ooeeecccee ooeessccce oecescccce seecoceceecce seecoeeeeeos
PL2.SE€@Q = ¢ e eeeeeeee ooeeeconce soeeeconce sseescccce seeeeceace seeeeeeeas
XL1.SE€Q = e e et e eecce eeeeeeceee ceeeeeeece seceeeeece eeeeeceeee eeeeeeeeen
- T Y
130 140 150 160 170 180
/ / / / / JAERRRY. / / / / /
GQ328774.seq GATGGAGGGA AAAACAACTC GGGCGCAGTT GTGCGCCAAG GAAGTATGTT GCATTGGCAT
KT344108.seq ...... A... Teoeoo e~ e e e ee e A..T..coee oceeee T..A. <..AT....
PL1.SEQ o cceecesee ooeeesscce oeececeece ocecssecce oseecececece seceoeceeeos
PL2.SE@Q = 4 ettt teeee oeeeeacaae eeececcace eeeeeceece eeeececece eeeeeeeean
0 I O Y
XL2.S@Q = et e e e eeee eeeeeeeaee eeeeeeeeee eeeeeceeee eeeeeeeeee eeeeaeeen
190 200 210 220 230 240
/ / / / / [AEERRY. / / / / /
GQ328774.seq CGATGACTAT TCGCCAAAGC CTGTCGTGCT TAGCGGAGTG TTGTTGTTGC TTCTTAAGTA
KT344108.seq ..... G..ooe cececcccan LAT. . ... eTeeeeee C. C.iieeeeee ceeeocacas
PLL1.SE@Q =ttt e eeeeoe ooeeecconse oooesecnsce osoesescesce seeeeeceee seeeeeeeens
= 7 = Y o
XL1.SEQ = e e ececce ceeceecccee eeeceecece eeeeceecece eeecececeee eeeeceeeees
XL2.SE@Q = c e e ceceece ceececccee eeeceecece eeeeceecece eeeecceceee eeeeceeeeen
250 260 270 280 290 370
GQ328774.seq TTGTATGACT CTCGGCAATG GATATCTTGG CTCTTGCATC GATGAAGAGC GCAGCGAAAT
KT344108.S€Q « e e cveeeeee ooeeeeecce soeecoosecse oosoossccce oooeseecee ooeeeeeeoes
PL1.SE@Q =t c e eeeecee ooeensescce ooeeescoose ooeesscece ooocosscscse seeceeeeeose
PL2.SEQ = t e e eeecoe ooeossecoce oooeseconss ooeeeecocce seeeeeecee eeeeeeeeone
- T O Y
;€ 2 Y
310 320 330 340 350 360
/ / / / / - e / / / / /
GQ328774.seq GCGATACGTG GTGTGAATTG CAGAATCCCG TGAACCATCA AATCTTTGAA CGCAAGTTGC
KT344108.S€@Q « e v cceceee oeocenocee oeooeeocee oeooeennns R
= T O Y
PL2.SE€@Q = t e e eeeeoce ooeeecocce soseeconsce soseesoocee oosecocace seeeeecaes
XL1.SEQ = e e e eeeece seececccce eeecececce seceeeseeee eeceeeeece eeeeeeceen
;€ T Y o

Fig. 2. Comparison among the studied ITS sequences (XL1, XL2, PL1 and PL2) with the ITS sequences
in the GenBank database (GQ328774 and KT344108)

Puc. 2. CpaBHUTeIbHBIN aHA/IM3 U3y4aeMbIX ITS-nocnemoBaTesbHocTei (XL1, XL2, PL1 u PL2)
u ITS-nocnepoBaTe1bHOCTEN U3 6a3bl JaHHBIX GenBank (GQ328774 u KT344108)
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Fig. 2 (continued). Comparison among the studied ITS sequences (XL1, XL2, PL1 and PL2) with the ITS sequences
in the GenBank database (GQ328774 and KT344108)

Puc. 2 (npomomxeHue). CpaBHMTE/IbHbIN aHa/IU3 u3ydaeMsbix ITS-nociegoBarenasHocreii (XL1, XL2, PL1 u PL2)
u ITS-nocnenoBaTe/bHOCTEN U3 6a3bl JaHHBIX GenBank (GQ328774 u KT344108)

It can be seen that A. setaceus samples collected in Pu ~ GQ328774 there was T, while G was recognized at this posi-
Luong (PL1 and PL2) and Xuan Lien (XL1 and XL2) had the tion of the 4 A. setaceus samples. However, there were huge
same nucleotide order of the ITS region (Table 2), whichre-  differences between the 4 studied ITS gene sequences and
confirm that the studied samples collected in Pu Luongand  KT344108 as there were up to 50 different positions
Xuan Lien were the same species. However, the studied ITS  (Table 2). Therefore, it was possible to conclude that the
sequences were markedly different from an ITS sequence  A.setaceus samples and A. roxburghii species whose ITS
coded KT344108 published in GenBank. The details are pre-  gene sequence published in Genbank, GQ328774, were the
sented in Table 2. same species. This also showed that the variability of the

Table 2 shows that there is a different position between  conservative nucleotide sequence of anuclear gene (ITS)
the studied ITS gene sequence and the one coded GQ328774  was not high among individuals of the same species
in GenBank. To be more specific, at the 24th position of  (Alvarez, Wendel, 2003).
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Table 2. Differences between the studied ITS sequences (XL1, XL2, PL1 and PL2) and the ITS gene sequences
in the GenBank database (GQ328774 and KT344108)

Ta6una 2. Pazinyusa mexay usydyaembimu ITS-nociiegoparensHoctamu (XL1, XL2, PL1 u PL2)
u ITS-nocnegoBaTe/IbHOCTAMM M3 6a3bl AaHHBIX GenBank (GQ328774 u KT344108)

No. Location GQ328774 XL1 XL2 PL1 PL2 KT344108
1 24 T G G G G T
2 51 T G G G G A
3 55 A A A A A G
4 60 G G G G G A
5 91 G G G G G T
6 96 C C C C C T
7 104 T T T T T C
8 107 A A A A A G
9 109 C C C C C T
10 110 A A A A A T
11 101 A A A A A T
12 111 A A A A A G
13 116 A A A A A G
14 127 G G G G G A
15 135 C C C C C T
16 151 G G G G G A
17 154 C C C C C T
18 166 A A A A A T
19 169 T T T T T A
20 175 T T T T T A
21 176 G G G G G T
22 186 A A A A A G
23 204 T T T T T A
24 205 C C C C C T
25 212 A A A A A T
26 219 T T T T T C
27 221 T T T T T C
28 342 A A A A A G
29 364 T T T T T C
30 438 G G G G G A
31 443 T T T T T G
32 449 T T T T T A
33 457 T T T T T C
34 459 G G G G G A

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 181 (2), 2020 113



+ 181 (2),2020

B.B. THINH e L.D.CHAC e L.T.M.THU

Table 2. The end

Ta6auua 2. OKOHYaHUe

No. Location GQ328774 XL1 XL2 PL1 PL2 KT344108
35 461 C C C C C T
36 462 T T T T T C
37 485 T T T T T C
38 553 A A A A A G
39 559 A A A A A T
40 566 A A A A A T
41 574 A A A A A G
42 589 C C C C C T
43 603 A A A A A T
44 604 A A A A A C
45 616 G G G G G C
46 623 A A A A A T
47 632 T T T T T C
48 641 C C C C C T
49 643 C C C C C T
50 649 A A A A A G

The genetic relationship among the studied ITS gene se-
quences and the ones published in GenBank was analyzed
using BioEdit software. The results are shown in Table 3
and Fig. 3.

It can be pointed out that the ITS gene sequences of A. se-
taceus samples collected at Xuan Lien (XL1 and XL2) and Pu
Luong (PL1 and PL2) of Thanh Hoa were the same and simi-
lar to GQ328774 of A. roxburghii. The differences were very
small. The genetic relationship among the samples and
KT344108 (A. lanceolatus) was relatively large, as shown in
Fig. 3.

The findings show that the ITS gene sequences of A. seta-
ceus samples collected at Xuan Lien (XL1 and XL2) and Pu
Luong (PL1 and PL2) and ITS gene sequence of A. roxburghii
(GQ328774) were related to the same species and had a rela-
tively large dissociation coefficient with A.lanceolatus
(KT344108). The ITS gene sequences of A. setaceus samples
collected at Xuan Lien (XL1 and XL2) were not genetically
different from those collected in Pu Luong (PL1 and PL2). It
is also proved that the method employing internal tran-
scribed spacer (ITS) sequences is an effective tool to iden-
tify A. setaceus.

Table 3. Comparison among the studied ITS gene sequences (XL1, XL2, PL1 and PL2) with the ITS gene sequences in
the GenBank database (GQ328774 and KT344108)

Ta6auna 3. CpaBHUTE/IbHBIN aHa/IM3 u3y4daeMbix ITS-nocaeasoBarenbHocTeit (XL1, XL2, PL1 u PL2) u ITS-
nocjejoBaTe/JbHOCTeN U3 6a3bl JaHHbIX GenBank (GQ328774 u KT344108)

Percent Identity
1 2 3 4 5 6
1 92.6 98.9 98.9 98.9 98.9 1 GQ328774.seq
. 2 7.9 91.5 91.5 91.5 91.5 2 KT344108.seq
i 3 1.1 9.1 100.0 100.0 100.0 3 PL1.seq
_g 4 1.1 9.1 0.0 100.0 100.0 4 PL2.seq
= 5 1.1 9.1 0.0 0.0 100.0 5 XL1.seq
6 1.1 9.1 0.0 0.0 0.0 6 XL2.seq
1 2 3 4 5 6
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Fig. 3. Tree diagram showing the genetic relationship
between the studied ITS gene sequences (XL1, XL2, PL1 and PL2) and the ITS gene sequences published
in the GenBank database

Puc. 3. «dujoreHeTUYECKOE JPEBO», IOCTPOEHHOE HA OCHOBE CPABHEHUS U3yYaeMbIX
ITS-nocnenoBaresnbHocTtei (XL1, XL2, PL1 u PL2) u ITS-nocsesoBaTeibHOCTEN U3 6a3bl JaHHBIX GenBank

Conclusion

The ITS gene sequences of A. setaceus in Thanh Hoa were
successfully isolated and read in this study; the studied ITS
gene was 667 nucleotides long and 99% similar to the ITS
gene sequence of A.roxburghii published in GenBank,
GQ328774. The study results also showed that the ITS gene
sequences of A. setaceus samples collected at Xuan Lien (XL1
and XL2) and Pu Luong (PL1 and PL2) of Thanh Hoa province
were not different, which meant the samples belonged to the
same species.
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