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TOM TAT

Gidm dinh chinh xdc loai ld co' s& thiét yéu cho nghién civu béo tbn, phuc hdi,
nhén giéng thuc vat. D€ nhén dang lodi thuc vat, mé vach DNA (cdc doan
trinh tw DNA ngdn, chudn héa) thudng duorc tng dung nhu mét céng cu hivu
hiéu. Trong nghién cttu, nhém tdc gid st¥ dung 2 doan mé vach DNA g ITS2
v matK dé nhdn dang loai Séing dao (Hopea ferrea Pierre) & Vuwrdrn Quéc gia
Phou Khao Khouay, nwé'c Cong hoa Dén chi nhén dén Lao. Mdu phdn tich cé
trinh ty nucleotide gen ITS2 (394 bp) twong ddng 99,24% va gen matK (821
bp) tuong ddng 99,76% so vdi trinh tw gen tuong tng cua lodi Hopea ferrea
trén Ngdn hang gen. Cdy phdt sinh loai xdy dung dwa trén di¥ liéu gen ITS2
va matK bdng phwong phdp Maximum Likelihood ciing chi ra méu nghién
ctru thudc loai Hopea ferrea. So sdénh hiéu qud nhdn dang lodi Sdng ddo béng
2 dogn DNA md vach cho théy di¥ liéu di truyén viing gen ITS2 ¢é hiéu qué
phén biét loai Séing dao vdi cdc loai cting chi Hopea tét hon viing matK vdi
khodng cdch di truyén tinh todn dwa trén gen ITS2 tir 0,2% dén 7,3%, trung
binh 4,2%. Bén canh do, viéc ung dung hai chi chj ITS2 va matK lam gia tdng
dé tin cdy cla phuong phdp nhdn dang loai Sdng ddo bdng md vach DNA.
ABSTRACT

Accurate species identification is essential for plant conservation,
restoration, and propagation research. DNA barcodes (short, standardized
DNA sequences) are often used as an effective tool to identify plant species.
In this study, we used two DNA barcodes, ITS2 and matK, to identify Hopea
ferrea Pierre in Phou Khao Khouay National Park, Lao People's Democratic
Republic. The analyzed sample had nucleotide sequences of the ITS2 gene
(394 bp) with 99.24% similarity and the matK gene (821 bp) with 99.76%
similarity to the corresponding gene sequence of Hopea ferrea in GenBank.
The phylogenetic tree constructed based on ITS2 and matK gene data using
the Maximum Likelihood method also showed that the studied sample
belonged to the Hopea ferrea species. Comparing the effectiveness of Hopea
ferrea species identification using two DNA barcode segments showed that
genetic data from the ITS2 gene region was more effective in differentiating
Hopea ferrea from other species in the genus Hopea than the matK region,
with calculated genetic distances based on the ITS2 gene ranging from 0.2%
to 7.3%, averaging 4.2%. In addition, the application of two markers, ITS2
and matK, will increase the reliability of the method for identifying species of
the genus Hopea using DNA barcodes.
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1. DAT VAN BE

Sang dao (Hopea ferrea Pierre) con duwoc
goi bang cac tén khac nhu: Sing d3, sao tia,
sao d3, tdu da, cho kién kién. Cay Siang dao
thuéc ho DAau (Dipterocarpaceae), chi Sao
(Hopea), phan bé ty nhién & cac nuwédc khu vye
pong Nam A: Ldo, Campuchia, Malaysia,
Myanmar, Thai Lan va Viét Nam [1]. Cay cung
cap ngudn gb va nhura quy. Go tir cay Sing dao
cirng, dd bén cao, khd ning chiu lyc tét nén
duoc st dung nhiéu trong nganh xay dung
(1am cot, kéo nha), déng tau thuyén. Go Sing
dao khong chi chdc ma con cé van dep nén
cling thudong dugc sir dung dé san xuat d6 noi
that, lam d6 tha cdng my nghé. Than cay cao
nén thuwdng chiém tang trén cda rirng va cé tac
dung nhu cdy canh, cdy bong mat khi tréng &
duong phd. Do cé nhiéu céng dung nén cay
Sang dao luén cé nguy co bi khai thac qua murc
va duoc xép vao nhdm nguy cap, mic Bi de
doa (EN) trong Danh luc Do IUCN.

Quan thé cay Sang dao phan bd & Vuon
Qudc gia (VQG) Phou Khao Khouay, nudc Céng
hoda dan chd nhdn dan Lao (CHDCND L3o) can
duoc bdo tdn, nhan giéng. Trudce khi tién hanh
céc nghién clru nhan giéng Sang dao, viéc thuc
hién gidm dinh hinh thdi va phan tlr 1a can thiét.
Phuong phap nhan dang hinh thai thyc vat co
thé gap phai nhitng khé khdn bdi nhirng dac
diém hinh thai twong ty cta nhitrng loai trong
cung chi, ho [2]. Déc diém hinh thai gidng nhau
cling 1a trd ngai trong phan loai cac loai cay
trong chi Hopea, khi mot s6 loai cung chi rat
giong nhau vé hinh thai [3]. Loai Sdng dao (H.
ferrea) c6 hinh thai twong déng (dac biét 1a dac
diém than, 13) vdi loai H. odorata (Sao den) va
mot sé loai khac trong cung chi, nhu H.
chinensis (Sao hon gai), H. mollissima (Sao mat
quy), H. hainanensis (Sao hai nam). Do d6, dé
nhan dang chinh xac loai Sdng dao, can st dung
céng cu m3 vach DNA dé phan tich.

M3 vach DNA la moét ky thuat s&r dung cac
doan DNA ngan, dugc chuan héa trong bo gen
cta sinh vat dé dat dwoc muc tiéu nhan dang
loai [4]. Mot doan DNA duogc sir dung lam m3
vach can cé ba dic diém: tinh linh hoat cao,
trinh ty chat lwgng tot va khad ndng phan biét
gitra cac loai v&i nhau [4]. Theo Phillips va cong
sy (2022), tiéu chi quan trong dé phan dinh loai
la dwa vao khodng cach di truyén véi khoang
cédch nho hon cho thay quan hé gan giii hon va
nguaoc lai [5].

Nam 2009, Hiép hdi M3 vach cla Su séng
(CBOL - The Consortium for the Barcode of Life)
d3 khuyé&n nghi hai locus luc lap thich hop lam
ma vach DNA & thuc vat: vung gen maturase K
(matk) va  gen  ribulose-bisphosphate
carboxylase (rbcL). Bén canh d9, ving gen nhan
ITS2 thuong dugc chon lam (rng vién ma vach
vi nhiéu wu diém: tinh phd bién cao, kich thudc
nho (200 - 400 bp) va kha nang nhan dién cao
trong cac nhém thyc vat cé quan hé ho hang
gan [6]. Dac biét, viéc s&r dung két hop cac doan
DNA ma vach khac nhau sé gia tang do tin cay
trong phéan loai thuc vat [7]. Muc tiéu cua
nghién ctru nay la phan tich trinh ty hai vung
DNA m3 vach (matK va ITS2) dé nhan dang loai
Sang dao phan b6 & VQG Phou Khao Khouay,
nudc Cong hoa dan chd nhan dan Lao.

2. PHUONG PHAP NGHIEN CU'U
2.1. Déi twong, vat liéu, hoa chat

Péi twong nghién ciru: Loai Sang Dao
(Hopea Ferrea Pierre) phan bé & VQG Phou
Khao Khouay, nudc Cong hoa dan chd nhan
dan Lao, & vi tri rirng kin mwa dm nhiét d&i véi
dd cao dwdi 700 m so v&i muc nudc bién clng
véi mot s6 nhan t6 sinh thai phat sinh quan
thé: nhiét do6 trung binh hang ndm 20 - 25°C,
lwgng mua trung binh hang ndm 1200 - 2500
mm. Thoi diém thu mau 13 tir thang 3 dén
thang 5 nam 2024.
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Hinh 1. Hinh théi ciy trwé'ng thanh, canh mang hoa va 13 cdy Sang dao phan bé
tai VQG Phou Khao Khouay (CHDCND Lao)

Vat liéu thuec vat: Mau 1a cay Sang dao (3
mau 14 tir 3 cly phan bd & nhitng vi tri khac
nhau trong VQG Phou Khao Khouay). Sau khi
thu thap, mau duoc dung trong tdi nilon kin
chira hat Silica gel va van chuyén ngay theo
dudng hang khong tir Lao vé Viét Nam. O Viét
Nam, cac mau a4 dugc bao quan & -20°C trong

Phong thi nghiém cuta Vién Cong nghé sinh hoc
Lam nghiép (Trwong Dai hoc Lam nghiép) lam
vat liéu tach DNA téng s6 phuc vu nghién clru.

Cdp mdi nhdn gen ITS2 va matK: Trinh tu
nucleotide va théng tin vé cdp méi nhan gen
ITS2 va matK thé hién & Bang 1.

Bang 1. Thang tin vé cdp mdi nhan gen ITS2 va matK sir dung trong nghién ctru

Nhiét do Kich Ngudn
Gen  Tén méi Trinh ty méi (5’ - 3’) gan moi thuéc gen tham
(°C) (bp) khao
172 IsP1_F ATGCGATACTTGGTGTGAAT 58 ~ 400 White va
IsP1_R TCCTCCGCTTATTGATATGC cong sy (1990)
matk matK_F ACCCAGTCCATCTGGAAATCTTGGTTC 50 ~ 800 Kress va
matK_R CGTACAGTACTTTTGTGTTTACGAG Erickson (2007)

2.2. Phuwong phap nghién ctru
2.2.1. Tdch chiét DNA téng sé

Tach chiét DNA téng s6 tir 1& cdy Sdng dao
theo Kit tdch DNA thyc vat (innuPREP Plant
DNA Kit) ctia hdng Analytik Jena (Ptrc) véi cac
buwdc thue hién nhu huwdng dan cla nha san
xuat. DNA tong sé dwoc kiém tra ndng d6 va do
tinh sach bang phuwong phap do mat d6 quang
trén may ScanDrop? (Analytik Jena, Plrc) va
dién ditrén gel agarose 1%. DNA téng sé sau d6
duoc pha lodng dén néng dd 30 ng/ul dé lam
vat liéu cho phan &ng PCR khuéch dai gen ITS2
va matK.
2.2.2. Nhén bdn gen ITS2 va matK bang phén
ing PCR

Téng thé tich phan &rng PCR 1a 50 pl véi cac

thanh phan gém: 25 pl Master mix 2X, 1 pl moi
xudi (10 pmol/pl), 1 pl mdi ngwoc (10 pmol/ul),
2 ul DNA téng s6, 21 pl H20 deion. Chu trinh
nhiét cta phan ng PCR: 95°C trong 5 phut; 1ap
lai 35 chu ky (95°C: 30 giay, 50°C/ 58°C: 30 giay,
72°C: 1 phut); 72°C trong 10 phut; bao quan san
phadm PCR & 4°C. Nhiét d6 gan moi dé khuéch
dai gen matKla 50°C va gen ITS2 |a 58°C. Lap lai
3 Ian phan ng PCR trén moi mau thi nghiém.
Kiém tra san pham PCR bang dién di trén gel
agarose 1,5%. Phan &rng PCR duong tinh véi 1
bang DNA dac hiéu va co kich thuéc tuong ng
vdi kich thuéc dy kién cta gen ITS2 va matK sé
duwoc tinh sach bang bo Kit tinh sach sdn pham
PCR (innuPREP PCRpure Kit) cia hang Analytik
Jena (Prc). San pham PCR d3 tinh sach duorc
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gii dén Coéng ty Apical Scientific
(https://apicalscientific.com, Malaysia) dé giai
trinh tu theo ca hai chiéu.

2.2.3. Phén tich di¥ liéu méd vach DNA dé nhén
dang loai thuc vat

Cac trinh tu nucleotide dwgc phéan tich, xt ly
bang phan mém BioEdit v.7.2.5 [8].

So sanh vai cac trinh tw da cé trén GenBank
bang cdng cu BLAST trong NCBI
(http://www.ncbi.nlm.nih.gov). Két qua tham
chiéu trén NCBI cho phép xac dinh loai dua
trén gid tri twong dong cao nhat vdi lodi céd san
trén NCBI. Cay phat sinh chung loai duoc xay
dung dua trén phuwong phdp xac suat téi da
ML (Maximum Likelihood) v&i mé hinh thay
thé nucleotide T92, s dung phan mém
MEGA?7.0 vd&i gia tri ing hod (Bootstrap) 1.000
lan 13p lai [9].

3. KET QUA VA THAO LUAN
3.1. Tach chiét DNA téng so va khuéch dai gen
chi thj bang ky thuat PCR

Qua trinh tach chiét DNA tong s6 cac mau I3
Sang dao duoc thyc hién theo huwdng dan cla
nha san xuat bd hod chat innuPREP Plant DNA
Kit. K& qua kiém tra chat lwvgng DNA téng s6

L\ ITS2

bang phuong phap so mau quang phé cho thay
cac mau DNA t6ng s6 déu ddm bao dé tinh sach
V@i tri s6 OD26onm/ OD2sonm trong khoang 1,8 -
2,0 va ham lugng DNA dat 600 - 800 ng/uL.
Kiém tra chat lwgng DNA bang k{ thuat dién di
trén gel agarose 1% cho thay bing DNA téng s6
clla cdc mau déu rd nét va it bj dit giy, dam
bao yéu cau ky thuat lam khudn cho thyc hién
phan &ng PCR nhan ban doan gen nhan ITS2 va
gen luc lap matK.

Két qua phan &ng PCR nhan ban gen ITS2 va
matK véi cdp modi dac hiéu tuong rng vai tirng
gen duogc kiém tra bang dién ditrén gel agarose
1,5% thé hién & Hinh 2. San pham phan (ng
PCR khuéch dai gen ITS2 xuat hién duy nhat
mét bang DNA sang dam vdi kich thudc khoang
400 bp - dung kich thudc dy kién cha gen ITS2.
Bé&n canh d6, san pham phan &rng PCR nhan gen
matK cling xuat hién mét bdng DNA d3ac hiéu
sang, ré nét, kich thudc dung nhu dy tinh la
khoang 800 bp. Chat lwvgng san pham PCR |3
dam bao (dac hiéu, khdng cé bang DNA phu)
nén da duwoc tinh sach bang bd hoad chat
innuPREP PCRpure Kit va gli di gidi trinh tuw
nucleotide.

matK

Hinh 2. Dién di kiém tra sdn pham PCR nhan ban gen ITS2 va matK
(M: Thang marker 100 bp — Phusa Genomics, Viét Nam)

3.2. Phan tich trinh ty nucleotide vung gen
ITS2 cha ciy Sing dao phan bé & VQG Phou
Khao Khouay, Lao

San pham PCR nhan gen ITS2 tir khudn 13
DNA téng s6 clia cdc mau & Sdng dao sau khi
duogc gidi trinh tu hai chiéu da duoc kiém tra,
hiéu chinh va loai bé cac vung tin hiéu nhiéu

bang phan mém BioEdit v.7.2.5. Sau khi x( ly,
ca 3 doan trinh ty gen ITS2 (twong &ng vdi 3
mau 14 Sdng dao thu thap tir 3 cdy phan bd &
vi tri khac nhau trong VQG Phou Khao Khouay)
d3d duwoc so sanh mac d6 tuwong doéng di
truyén. K&t qud so sanh chi ra cd 3 doan trinh
tw gen ITS2 tuwong ng v&i 3 mau Sing dao déu
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cé sy twong dong vé trinh ty nucleotide 13
100% nén qua trinh phan tich ti€p theo da s
dung 1 trinh tu nucleotide dai dién dé thuyc
hién.

K&t qua kiém tra tinh twong déng veé trinh tu
nucleotide cia doan gen ITS2 nghién clru (394
bp) v&i cac trinh ty san cé trén GenBank (Bang
2) bang cong cu BLAST cho thay trinh tu gen
ITS2 cla loai Sang dao so vai cac loai trong chi
Hopea cé ty 1é tuwong doéng di truyén dat

90,15% — 99,24%. Trong d6, mau nghién cltu cé
murc do tuwong dong di truyén cao (99,24%) vai
loai H. ferrea (S&ng dao) m3 sé MZ782426.1;
murc d6 twong déng di truyén kha thap (96,45%
- 96,95%) voi cac loai H. polyalthioides
MZ782441.1, H. wightiana MZ782446.1; mc
dd twong déng thap (90,15% - 91,16%) vdi H.
kerangasensis MZ782434.1, H. griffithii
MZ782431.1 va H. semicuneata MZ782444.1.

Bang 2. Mot sd loai thudc chi sao (Hopea) cé trinh tw vung gen ITS2
twong dong véi mau nghién ciru trén GenBank

Ty lé twong dong

T Tén loai Ma so (%)
1 Hopea ferrea MZ782426.1 99,24
2 Hopea polyalthioides MZ782441.1 96,95
3 Hopea wightiana MZ782446.1 96,71
4 Hopea chinensis MK193025.1 96,45
5 Hopea hainanensis MK193029.1 93,99
6 Hopea kerangasensis MZ782434.1 91,16
7 Hopea griffithii MZz782431.1 90,15
8 Hopea semicuneata MZ782444.1 90,15

Gen ITS2 cia mau nghién ctru ¢ ty |é tuong
dong 99,24% vd&i gen ITS2 cla H. ferrea
(MZ782426.1) trén Ngan hang gen vdi 3 vij tri
nucleotide sai khac duogc thé hién & Hinh 3: vi
tri nucleotide 122 (A = G), vitri 128 (T = C) va

vitri 316 (T = C). Bén canh do, ty 1é A, C, G va
T trong doan gen ITS2 clia mau nghién ctru (394
bp) lan lwot 13 15,74%; 35,53%; 32,99% va
15,74%, cho thay gen ITS2 c6 ham lugng G + C
cao (68,55%).

L T I e I T I ) oo [
TTGCAGAATCCCGTGAACCATCGAGTCITTTGAACGCAAGTTGCGCCCCAAGCCGTCAGGCCGAGGGCACGCCTGCCTGGG

HE_ITS2
MZz782426.1

Hf ITs2 TGTCACGCAACGTCGCCCCCTCCCTTCCCCCCCACGCACGCACACAGTGTGTGCCGCGGGGGCGGGGGGGCGGATGCTGG
MZ782426.1 ... .. G..... G e e
170 180 190 200 210 220 230 240
e e e e e o T e e I I
Hf ITs2 CCTCCCGTGTGCGCTCCCCGCTCGCGGTTGGCCCARAAGTGAGTCCCCGGCGCCGGGCGCARGGGCAAGCGGTGGCCGCT
MZ 782426 .1 ... ..ttt ittt e e
250 260 270 280 290 300 310 320
D [ o e e I
Hf ITs2 CGTGTCCATGTCCTGTGCCCCTGCGCACCCGGCGTCCCGTGGGGAGCTCGTCCGGACCCTGATGCGCCGTCCGCGTGGAC
B A = e C....
330 340 350 360 370 380 390
e e [
Hf ITs2 GGCCTCGCAACGCGACCCCAGGTCAGGCGGGATTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGARAAGA

M2782426.1

Hinh 3. So sanh trinh tw doan gen ITS2 cia mau nghién ciru v&i trinh tw gen ITS2 ma s6 MZ782426.1
(loai Hopea ferrea) trén NCBI
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Trinh ty nucleotide gen ITS2 clla mau nghién
ctu (phan tich bang phwong phap BLAST) cé
murc d6 twong déng cao nhat vdi trinh tu gen
ITS2 cla loai H. ferrea ma s6 MZ782426.1 trén
Ngan hang gen. Tuy nhién, dé két qua duogc
khang dinh vé mat phan loai, nhém téc gia tién
hanh tinh toan khodng cach di truyén va xay
duwng cay phat sinh loai gitta mau nghién ctru
v&i cac loai thudc chi Hopea trén Ngan hang
gen bang phan mém MEGA7.0. K&t qua trinh

bay & Bang 3 va Hinh 4.

Khoang céch di truyén gitta mau nghién ctru
(ky hiéu Hf_Laos) v&i cac loai trong chi Hopea
(Bang 3) c6 sy dao dong kha lon (0,2% - 7,3%),
trung binh 4,2%. Gia tri vé khodng cach di
truyén la thap nhat (0,2%) duoc ghi nhan giira
mau nghién cltu véi lodi H. ferrea
(MZ782426.1). K&t qua nhan dugc chirng minh
mau nghién cttu c6 moi quan hé di truyén mat
thiét vdi loai H. ferrea.

Bang 3. Khoang cach di truyén (%) cia miu nghién ctru véi cac loai trong chi Hopea
Trén GenBank duoc tinh toan dwa trén trinh tw nucleotide ving gen ITS2

Mau/Loai 1 2 3 4 5 6 7 8 9
Hf Laos -
H. ferrea MZ782426.1 0,2 -
H. griffithii MZ2782431.1 6,0 58 -
H. hainanensis MK193029.1 1,8 2,0 7,3 -
H. kerangasensis MZ782434.1 5,7 5,8 5,4 6,9 -
H. polyalthioides MZ782441.1 1,1 1,3 7,0 2,2 6,3 -
H. semicuneata MZ2782444.1 6,0 58 0,7 7,3 5,0 7,0 -
H. wightiana MZ782446.1 1,1 1,0 6,3 2,7 6,3 1,3 6,3 -
H. chinensis MK193025.1 1,8 1,7 7,2 2,4 6,9 0,7 7,2 1,7 -

So d6 méi quan hé di truyén dua trén ving
ITS2 gitta m3u nghién clru véi cac loai thudc chi
Hopea (Hinh 4) dugc phan thanh 3 nhanh:
nhanh 1 chia thanh 3 nhanh phy, trong doé
nhanh phu th& nhat gébm H. griffithii, H.
semicuneata va H. kerangasensis, nhanh phu
th& hai chi co loai H. hainanensis, nhanh phu
th& ba gdm mau nghién ctu (ky hiéu Hf Laos)

93

va loai H. ferrea; nhanh 2 cé H. chinesis va H.
polyalthioides; nhanh 3 la loai H. wightiana.
Nhu vay, két qua xay dwng cay phat sinh chldng
loai cting chi ra mau nghién ctru va loai H. ferrea
(MZ782426.1) thuoc mot nhédm riéng, cé6 mirc
dé tuwong déng di truyén cao, quan hé mat thiét
v&i nhau vai gia tri Bootstrap 76%.

99 |-— Hopea griffithii MZ782431.1
Hopea semicuneata MZ2782444.1

sel.

Hopea kerangasensis MZ782434.1

Hopea hainanensis MK193029.1
Hf Laos

Hopea ferrea MZ782426.1

Hopea chinensis MK193025.1

Ij

Hopea polyalthioides MZ782441.1

Hopea wightiana MZ782446.1

Acacia auriculiformis JX997274.1

—
0.02

Hinh 4. Ciy phat sinh chung loai xdy dwng dua trén trinh tu nucleotide doan gen ITS2
clia mau nghién ciru vé&i cac loai ciing chi Hopea trén GenBank
(Cdc s6 trén cdc nhdnh twong trung cho sw hé tror Bootstrap;
loai Acacia auriculiformis JX997274.1 la loai ngoai nhom)
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40

K&t qua phan tich trinh tyvung ITS2ciamiu  chuong trinh Blast/NCBI cho thdy san pham
nghién clru bang 3 phuong phap (&ng dung PCR tuwong (ng vai vung gen matK va cé do
céng cu BLAST, tinh todn khoang céch di truyén tuwong déng cao vdi lodi H. ferrea va cac loai
theo p-Distance va xay dwng cay phat sinh loai khac trong chi Hopea trén GenBank vé&i mirc d6
theo Maximum Likelihood) déu cho két qud  twong déng déu trén 99%. Mirc dod twong déng
th&ng nhat va cho phép khang dinh mau nghién  cao gitta céc loai trong chi chirng t6 matK 1a
ctru thudc loai Hopea ferrea (Sang dao) va chi  vung gen it bién d&i va cé sy khac biét di truyén
thi DNA m3 vach vung ITS2 thich hop cho muc  thap & céc loai thudc chi Hopea. Doan gen matK
tiéu nhan dang loai Sdng dao va cac loai khdc  trong nghién ciru c6 dd dai 821 bp, twong déng
thudc chi Hopea. 99,76% vai gen matK cla loai Hopea ferrea ma
3.3. Phan tich trinh ty nucleotide viing gen s6 MZ901811.1 trén GenBank va chi cé 2 vij tri
matK cha ciy Sing dao phan bd & VQG Phou  sai khac thé hién rd khi phan tich bang phan
Khao Khouay, Lao mém BioEdit (Hinh 5): vi tri nucleotide 83 (A 2
K&t qua kiém tra trinh ty doan gen d3 duwoc G);vitri476 (A > T).

nhan ban bang cdp moi dic hiéu gen matk bang

HEf MatK
MZS01811.1

HEf MatK
MZS01811.1

Hf Matk
MZS01811.1

Hf MatE
MZS01811.1

Hf Matk
MZ901811.1

Hf MatK
MZ901811.1

Hf MatK
MZ901811.1

HEf MatK
MZ901811.1

HEf MatkK
MZ901811.1

HEf MatK
MZS01611.1

HEf MatK
MZS01811.1

1a 20 30 40 50 &0 Ta aa
T T e e e I
TETCTTTACCAGCCAAACTTTTAACACAACAAACTCGAACTATATATTTCATCCEATACAAATTTTTTTTTTTTCACGGAT

T T T e T 1 I
CCACTGTAATAATGAGAAAGATTTCTGCATATACGCACAAAGCGATCAATAATATCAGAATCTGATGAGTCGGTCCAGAT

17a 120 150 200 210 220 230 240
T T e T T
CeCGCTTACTAATCGEGATCCCCTATTGCOTTACAAAATTTTGCTT TGCACAATCGATCCAATCAAGCGCTACGAATTGEAATTT

250 260 270 280 250 300 310 320
T T T L 1 [
TTGTCTCCAGCTTCTTCATAACATTATCTACTATAAATGAGT TTTCTAGCATTTGACTCCGCACCACTAAGGAATCTAAT

T T L T T I
COTATACTTCAACCATAACCCAGAAAATCCAGACGAATTTTTTGATAATTCGETTTATCCEGAATCCETATCCTTCCTCGATTC

410 420 430 440 450 40 470 430
T T L T T I
AGACCACATOTAAAAAGAATATTOCCATAAATTGACAAAGTAAAATTTCCACTTATTCATCAGAAGAGGCGTATCTTTGE

450 500 510 520 530 540 550 50
T T e T T
AAAARACGAATTGATTTTCTTTGATATCTAACAAAATGTATGAAAGGATCCTTGAACAAACATAGGT TAGCCTGARAATCA

570 520 530 L={nku] gl0 g20 &30 &40
T T T T T T T
TTAGCACAAACTTCTACCACATGCTCTATTTT TCOATAGAAATGEAT TCOTTCAAGAAACATTCCAGAAGCAGTTGATCE

€50 €€0 €70 €80 €50 700 710 720
I | I | I - I | -0 - - - -0 - - - -0 - - - I |

TAAATGAGAGGATTGEGET TACGGAGAAA AAGGAAAMTEGGATTCGTATTCACATACATAAGAATTATATAGGANMCANGARAR
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T T T T T I
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T
AATAAATGCAAAGAGGAGGAC

Hinh 5. So sanh trinh tw gen ving matK cia mau nghién cru va trinh tw c6 ma s6 MZ901811.1

(Hopea ferrea) trén GenBank bang phan mém BioEdit
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Trinh ty gen matK cla mau nghién clru so
v0i loai H. ferrea MZ901811.1 c6 2 vi tri sai
khdac. Tuy nhién, trinh tw amino acid suy dién tu
trinh ty gen viing matK cia mau nghién ctru so

v@i trinh ty amino acid gen matK cla H. ferrea
(MZ901811.1) lai cé sy twong dong 100% va
khong cé sy sai khac vé trinh tu sdp x&p cla cac
amino acid (Hinh 6).

10 20 30 40 50 60 70 80
B S [ [ I P I
Hf MatK SSSLHLLRFLLYKYCHFKSFITPKKSLFFLNPRFFLFLYNSYVCEYESIFLFLRNQSSHLRSTASGIFLERIHFYRKIEH
MZOOLBLIL. L o oot ee et e e e e e e e e e e e e
90 100 110 120 130 140 150 160
[ [ [ [ | S [ R [ IR R ISR S I IR
Hf MatkK LVEVCANDFQANLCLFKDPFIHFVRYQRKSILFSKDTPLLMNKWKEY FVNLWQY SEYMWSQSGRIRIRINQLSKNSLDFL
MZOOLBLL. L oottt e e e e e e e e e
170 180 190 200 210 220 230 240
B S e o [ [ I I I
Hf MatK YRSSIRLDSLVVRSOMLENSFIVDNVMKKLETKIPILALIGSLSKAKFCNAIGHPISKPIWTDSSDSDIIDRFVRICRN
MZOOLBLIL. L o ovoo e ettt e e e e e e
250 260 270
S N (U IO A I IO
Hf_MatK LSHYYSGSSKKKNLYRIKYILRLSCVKTLARKH
MZOOLBLIL. 1 oottt e e e e

Hinh 6. So sanh trinh tw amino acid suy dién cia mau nghién ciru véi trinh tw c6 ma s6 M2901811.1
(Hopea ferrea) trén GenBank

Trinh tw gen matK cGia mau nghién cltu c6 sy
tuwong déng cao (>99%) so vdi loai H. ferrea m3
s6 MZ901811.1 va 13 loai khac trong chi Hopea.
Tuy nhién, khi so sdnh viing gen matK ctia mau
nghién ctru vai trinh tu gen twong &rng clia cac
lodi cd sy twong ddng cao trén GenBank, nhém
tac gia nhan thay co 6 vi tri sai khac thudng xuat
hién & vung gen matK (Hinh 7): vi tri nucleotide
254 va 475 la C hoac T; vi tri 343 hoac 417 la
nucleotide G hoac T; vi tri nucleotide 646 va
763 la A hoac G. Dac biét, cé 1 vi tri nucleotide
cla mau nghién clru giéng véi loai H. ferrea

nhung khac véi tat cd cac loai con lai trong chi
Hopea trén GenBank la vi tri nucleotide 763:
thay thé T (chi cé & gen matK ctia mau nghién
ctru va loai H. ferrea MZ901811.1) bang G & tat
ca cac loai con lai trong chi Hopea. Bén canh d6,
gen matK clia mau nghién ctru cting cé 1 vj tri
nucleotide khac biét so vd&i trinh ty H. ferrea
MZ901811.1 va tat ca cac loai khic trong chi
Hopea, budc dau nhan dinh cé thé |a 1 vi tri sai
khac nucleotide: vi tri 476 (nucleotide T) chi
xuat hién & mau nghién ctru va & cac loai khac
vi trinay la C.

260 350 420 480 650 770
et el el et et el
Hf_Laos CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCTTTGG TAAATGAGAG AAAACTCTTA
Hopea ferrea MZ901811.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATGAGAG AAAACTCTTA
Hopea bracteata K¥972938.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATAAGAG AAGACTCTTA
Hopea centipeda KY972944.1 CTTCTTCATA CATAAAATCG TAAAAAGAAT GTATTCTTGG TAAATAAGAG AAGACTCTTA
Hopea chinensis NC_05 3766.1 CTTTTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATGAGAG AAGACTCTTA
Hopea dryobalanoides MH791329.1 CTTCTTCATA CATAAAATCG TAAAAATAAT GTATTCTTGG TAAATAAGAG AAGACTCTTA
Hopea dyeri KY972942.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATAAGAG AAGACTCTTA
Hopea Jjucunda KY972947.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATAAGAG AAGACTCTTA
Hopea mollissima MZ160993.1 CTTTTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATGAGAG AAGACTCTTA
Hopea nervosa KY972948.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATAAGAG AAGACTCTTA
Hopea odorata MZ160994.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATGAGAG AAGACTCTTA
Hopea pentanervia KY972952.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATGAGAG AAGACTCTTA
Hopea reticulata NC_O 52744.1 CTTTTTCATA CAGAAAATCG TAAAAATAAT GTATCCTTGG TAAATGAGAG AAGACTCTTA
Hopea utilis KY972908.1 CTTCTTCATA CAGAAAATCG TAAAAAGAAT GTATCCTTGG TAAATGAGAG AAGACTCTTA
Hopea vacciniifolia KY972954.1 CTTCTTCATA CAGAAAATCG TAAAAACT-}AAT GTATCCTTGG TAAATAAGAG AAGACTCTTA
c/T G/T G/T c/T A/G A/G
Hinh 7. Mét s6 vi tri nucleotide bién d&i trong gen matK cla cac loai trong chi Hopea
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Sy twong déng cao vé trinh ty nucleotide
gen matK cla cac loai trong chi Hopea gay kho
khan trong viéc nhan dang mau nghién ciru
néu chi can c vao dic diém di truyén gen
matK. Do vay, can ti€p tuc phan tich vé mat

phan loai di truyén. Cay phat sinh ching loai
dua trén trinh tw gen matK gitta mau nghién
ctru vai 14 trinh ty twong déng dai dién cho
14 loai trong chi Hopea trén GenBank da dugc
xay dyng (Hinh 8).

0.0000

0.0000 60

52

68 Hf Laos
0.0012 Hopea ferrea MZ901811.1
0.0012 :
\—————— Hopea utilis KY972908.1
Hopea reticulata NC 052744.1

0.0012

0.0012
73

i@ Hopea chinensis NC 053766.1
0.0000 L— Hopea mollissima MZ160993.1

Hopea odorata KY972950.1
Hopea bracteata KY972938.1

0.0037 0.0025

0.0012

0.0000
0.0012 0.0000

Hopea dyeri KY972942.1
Hopea jucunda KY972947.1

0.0012
0.0012

0.0000

0.4827

T Hopea nervosa KY972948.1
0.0000 L— Hopea vacciniifolia KY972954.1

0.0012

0.0012
Hopea centipeda KY972944.1

0.0000

Hopea dryobalanoides MH791329.1

0.4925

Acacia auriculiformis GU134998.1

Hinh 8. Cay phat sinh chiing loai dwa trén gen matK cia mau nghién ciru véi cac loai
thuoc chi Hopea trén GenBank va loai ngoai nhém Acacia auriculiformis GU134998.1
(Cdc s6 trén cdc nhdnh twong trung cho sw hé tro Bootstrap/khodng cdch di truyén)

Khodang cach di truyén gitra mau nghién ctru
va cac loai trong chi Hopea trén GenBank |a rat
thap (0,0000 — 0,0037), chirng minh sy twong
ddng cao trong trinh tu gen matK gitra cac loai
thudc chi Hopea. So d6 phan loai chi ra mau
nghién cu cung nhanh v&i H. ferrea
MZ901811.1 (gia tri Bootstrap 68%). Bén canh
dé, mau nghién cru cling cé sy twong dong cao
V@i H. utilis KY972908.1. Khodng céch di truyén
gitta mau nghién ctru véi H. ferrea M7901811.1
va H. utilis KY972908.1 déu la 0,0012. Nhu vay,
két quad dung cdy phan loai di truyén dwa trén
trinh ty gen matK, két hop vdi két qua dinh
danh dwva vao gen ITS2, cho phép nhan dang
mau nghién ctru thudc lodi H. ferrea (Sdng dao).

So sanh hiéu qua nhan dang mau nghién ctru
bang trinh ty gen cla 2 vung DNA m3 vach
(vung gen nhan ITS2 va vung gen luc lap matk)
cho thay vung ITS2 cé tinh phan dinh cao hon
vung matK & céc loai thudc chi Hopea. Két qua
twong tu cling duwgc chi ra trong nghién cltru

clia Wei va cdng su (2024) [10]: s dung trinh
tu gen ITS2 xay dyng cay phat sinh loai cho hiéu
qua phan biét cac loai, chi trong ho Xuong rong
(Cactaceae) 1a cao (ty |& phan biét 92,31%), t6t
hon so v&i cac vung DNA ma vach luc lap nhu
matK, rbcL... Prasetya va cong sy (2023) khi
nghién ctu hiéu qua nhan dang cac loai, chi
trong ho Glirng (Zingiberaceae) cling khang dinh
vung gen nhan ITS cho hiéu qua phan biét cao
hon so v&i cac vung gen luc lap [11]. Dac biét,
d6 chinh xac cla phwong phap dinh danh bang
DNA m3 vach gia tadng néu cé sy két hop cla it
nhat 2 vung DNA m3 vach. Trong nghién ctru
nay, s phan tich két hop trinh tu nucleotide
cla 2 vung DNA ma vach ITS2 va matK cling lam
gia tang do tin cdy cua phuwong phap va cho
phép nhan dang mau nghién clu thudc loai
Sang dao (Hopea ferrea).
4. KET LUAN

Dwa vao trinh ty nucleotide vung gen nhan
ITS2 va gen luc lap matK, da nhan dang duoc
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mau Sing dao (Hopea ferrea) phan bd & VQG
Phou Khao Khouay, nwdc Céng hoa dan chd
nhadn dan L3o. K&t qua xac dinh trinh ty
nucleotide gen ITS2 va matK & cay Sang dao
(Lao) cho thay gen ITS2 c6 kich thuéc 394 bp
va gen matK kich thudc 821 bp. Phan tich gen
bang cdng cu BLAST/NCBI cho két qua gen
ITS2 va matK cta mau nghién clu cé ty lé
twong déng cao véi trinh ty gen twong ing
cla loai Sang dao trén GenBank: gen ITS2
twong déng 99,24% va gen matK twong dong
99,76%. Cay phan loai di truyén duoc xay
dung dya trén trinh tu gen ITS2 va matK déu
thé hién mau nghién cttu cung nhanh va cé
khoang céch di truyén thap nhat véi loai Sang
dao. Trong 2 doan trinh tw DNA m3 vach,
vung gen ITS2 cho hiéu qua phan biét cac loai
thudc chi Hopea t6t hon vung gen matK, véi
khoang cach di truyén duogc tinh todn dua
trén gen ITS2 cla cac loai cung chi dao dong
tlr 0,2 - 7,3%, trung binh 4,2%. P& gia tang do
chinh xac cia phwong phdp nhan dang loai
Sdng dao bang DNA m3 vach, nén s dung két
hop ca 2 chi thi ITS2 va matK.
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