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TOM TAT

Chi Ba bét (Mallotus) c¢é nhiéu lodi giong nhau vé hinh thai, dé bi
nham lan. Trong d6, ba lodi M. floribundus, M. peltatus va M.
philippensis la nhitng lodi c6 gia tri lam thudc, c6 ving phin bé
réng va cé hinh thdi co quan sinh dwéng twong t nhau, dé nham
lan trong qud trinh thu hdi. Chi thi DNA dang dwoc ding ngay
cang nhiéu va c6 thé givp xdc dinh ding lodi ngay ca khi thiéu
chuyén gia phan logi hinh thai. Trong nghlen ciru nay, ba chi thi
DNA cét 16i cho thuee vt la rbeL, matK va ITS dwge nghién ciru dé
phan biét ba loai duoc liéu co hinh thdi twong tw la M. floribundus,
M. peltatus va M. philippensis. Két qua cho thdy t6 hop ba chi thi
ITS, rbcL va matK hodc 16 hop hai chi thi ITS va rbeL hoac ITS va
matK hodc chi riéng chi thi ITS hodc mot phc”in cua ITS la ITS]
hodc ITS2 ¢6 thé ding d@é phan biét ba lodi Ba bét nay.

Tir khoa: Chi thi DNA, dinh danh, Mallotus
ABSTRACT

The genus Mallotus has many species with similar morphologies,
making them easily confused. Among these, M. floribundus, M.
peltatus, and M. philippensis are valuable medicinal plants with a
wide distribution range and similar morphologies, leading to
confusion during harvesting. DNA markers are increasingly used
to accurately identify species, reducing the reliance on
classification experts. In this study, three core DNA barcodes for
plants, rbcL, matK, and ITS were studied to distinguish the three
morphologically similar medicinal species M. floribundus, M.
peltatus, and M. philippensis. The results show that the
combination of the three markers ITS, rbcL, and matK, or the
combination of the two markers ITS and rbcL, or ITS and matK, or
ITS alone, or a part of ITS such as ITSI or ITS2, can be used to
differentiate these three Mallotus species.

Keywords: DNA markers, identification, Mallotus
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1. GIOI THIEU

Chi Ba bét (Mallotus Lour.) thuéc ho Thau dau
(Euphorbiaceae), gdm 33 loai & Viét Nam (Nguyen,
2007). Trong s6 d6, 11 loai Ba bét co gia tri lam
thudc, dic biét ba loai buc 14 sap (M. floribundus
(Blume) Miill. Arg), canh kién (Mallotus
philippensis (Lam.) Miill. Arg.) va buc long (M.
peltatus (Geiseler) Miill. Arg.) 1a nhitng cy thudc
¢6 viing phan b6 rong khip ca nude va duge sir dung
dé chira nhiéu bénh trong dan gian (Nguyen et al.,
2022; Do, 2000; Vo, 2012). M. philippensis ducc
dung dé giam dau, sat tring, cam mau, chita cac
bénh ngoai da; M. floribundus dugc dung dé chira
st, tri tiéu chay, nhiém tring phu khoa (Riviére et
al., 2010); M. peltatus an séng dé chira dau bung
(Bhargava, 1983). Cac nghién ctru hoa sinh cho thiy
ba loai nay sinh tong hop nhiéu hop chat co dugc
tinh cao. Cu thé, M. floribundus chira nhiéu tannins
¢6 kha ning chéng oxy héa (Nguyen et al., 2011;
Nguyen et al., 2009). M. peltatus c6 chita cac hop
chat nhu axit ursolic va p- sitosterol ¢6 tic dung
khang khuan, bao vé gan, ha sot (Chattopadhyay et
al., 2002, 2003). M. philippensis c6 chira rottlerin cd
tac dung khang viém, ¢ ché protein kinase va
chéng ung thu (Furusawa et al., 2005; Yin et al.,
2016; Liao et al., 2005), mallotophilippen F c6 kha
ning khang vi khuin gy bénh lao (Nguyen et al.,
2010).

Hinh 1. Hinh thai l4 giéng nhau ciia cac loai
nghién ctru

A. M. floribundus, B. M. peltatus, C. M. philippensis.

Theo hé thdng phan loai vé hinh thai, loai M.
philippensis thudc nhanh Philippinenses (vdi qua
phii day dic tuyén hat; c6 ba gan gbc, khi kho khong
c6 mui hic), con hai loai M. peltatus va M.
floribundus thudc nhanh Stylanthus (véi qua co
tuyén hat rai rac hodc khong; 1a moc gan nhu déi ¢
dau canh, gan 16ng chim hodc chéan vit 5 - 9 gan gc,
khi kho c6 mui hic) (Nguyen, 2007). Trong tu
nhién, do anh hudng ctia diéu kién séng, ba loai nay
¢6 nhiéu dang hinh thai than va 1a tuong tw nhau nén
nguoi thu hai dugc ligu rat d& nhan dién nhim (Hinh
1), déac biét 1a khi thu hai vao mua khong c6 hoa,
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qua. Cu thé, ca ba loai déu 1a cac cay gd nho hoic
cay bui, 14 moc so le hoac moc déi/gén ddi; hinh
dang 14 hinh trimg thudn, gdc 14 tron, chot 14 ¢6 mii,
mép 14 phiang hodc co gon ring cua nong. Riéng loai
M. peltatus 14 c6 thé dang long, gan chan vit giéng
14 cua loai M. floribundus hoac khong dang long, ba
gan gbc gidng 14 M. philippensis. Khu vuc phan bd
cuia ba loai xen 13n nhau lam tang nguy co thu hai
nham. Dé khai thac tai nguyén cay thude hop 1y, viéc
xac dinh chinh xac loai thuc vét 1a mét trong nhiing
yéu cau quan trong. Viéc dinh danh loai bang chi thi
DNA la phuong phap hiéu qua, cé thé duge thuc
hién trén mau mo nho, khong nguyén ven nhu dugc
liéu da so ché.

Két qua nghién ctru cac chi thi DNA khéc nhau
& trén nhiéu loai thuc vét cho théy khong c¢6 mot chi
thi DNA toan ning c6 kha nang phan biét dugc tat
ca cac loai. T6 hogp nhiéu chi thi DNA thuong dugc
st dung phdi hop. Bén chi thi trnL-F (trnL intron
and trnL-trnF intergenic spacer), ITS (rDNA
internal transcribed spacer), ncpGS (glutamine
synthetase) va phyC (phytochrome C) duoc dung dé
nghién ctru phat sinh chung loai cua chi Ba bét va
mot sb chi khac thudc ho Thau dau (Kulju et al.,
2007). Két qua cho théy chi Ba bét khong phai la
mot nhoém don ngudn (monophyly) Ch1 Ba bét co
thé dugc bién thanh nhém don ngudn néu tach cac
loai thudc nhanh Hancea va Oliganthae ra khoi chi
va gOp cac loai thudc chi Coccoceras, Neotrewia,
Octospermum va cb thé ca Trewia vao chi Ba bét
(Kulju et al., 2007). Sau d9, hai chi thi khac la matK
(maturase K) va gpd (glyceraldehyde-3-phosphate
dehydrogenase) dugce két hop vé6i dic diém hinh thai
dé phan tich phat sinh chung loai trong ndi b chi
Ba bét (Sierra et al., 2010). Ba nhanh Mallotus,
Polyadenii va Stylanthus 13 cic nhom don ngudn;
con ba nhanh Philippinenses, Axenfeldia va
Rottleropsis khong don ngudn. Ngoai ra, c6 thé lap
thém vai nhanh khac trong chi Ba bét dua trén phat
sinh chung loai (Sierra et al., 2010). Trén co s& danh
gia riéng ré timg chi thi DNA hay t6 hop gom hai
hoic ba chi thi DNA Iluyc lap, t6 hop hai
chi thi matK va rbcL (ribulose-1,5-bisphosphate
carboxylase/oxygenase large subunit) da dugc dé
xuat 1am bg chi thi DNA t6i thiéu dé dinh danh thuc
vat (Hollingsworth et al., 2009). Két qua nghién ctru
thém chi thi /7S va ITS2 (Hinh 2) cho thay ITS c6
thé phan biét dugc 96% s loai, con ITS2 phan biét
dugc 90% sé loai trong s 871 loai thuéc ho Thau
dau (Pang et al., 2010). Sau d6, ITS dugc dé xuat bd
sung vao bd chi thi cbt 16 cung voi matK va rbcL
dua trén két qua phan tich trén gan 1800 loai thuc
vat (Li et al., 2011). BJ chi thi cbt 16i nay da giap
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khing dinh khu vuc phan bd méi cua loai M. tokiae
0 Myanmar (Toyama et al., 2020). Gan day, hai chi
thi ITS va matK dugc dung lam minh ching cho viée
thiét 1ap loai m&i Mallotus bullatus (Yu et al., 2024).

588

185 (162 bp)

ITS1 1782
(251-253 bp) (218-221 bp)

ITS (625634 bp)

288

Hinh 2. Céu tric chi thi ITS

Trong nghién ctru ny, ba chi thi ¢t 161 cia thue
vat matK, rbcL va ITS dugc gidi trinh ty va danh gia
kha nang phan biét ba loai M. philippensis, M.
Bing 1. Danh sach miu va dia diém thu miu
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peltatus va M. floribundus. Két qua nghién ctru cho
thay b ba chi thi, by hai chi thi bao gom /7S hay
riéng chi thi /TS/ITSI/ITS2 don 1¢ déu phan biét
duoc ba loai c6 hinh thai d& nham 1an nay. Day 1a
cong bo dau tién ve ung dung chi thi DNA nham
phan biét cac loai thudc chi Ba bét & Viét Nam.

2. PHUONG PHAP NGHIEN CUU

2.1. Doi twgng nghién ciru

Séu mau cua loai M. floribundus, 14 miu cla
loai M. peltatus va 11 mau cia loai M. philippensis

duoc thu hai truc tiép tr cac khu vuc khac nhau &
Viét Nam (Bang 1).

STT  Teénloai  Diadiémthu S0 lugng Ky hiéu miu
mau mau
1 M. floribundus Da Néng 06 Mflo04, Mflo05, Mflo06, Mflo07, Mflo08, Mflo09
Déng Nai 02 Mpel01, Mpel03
Kién Giang 01 Mpel02
. . Mpel04, Mpel05, Mpel06, Mpel07, Mpel08, Mpel09,
2 M. peltatus Binh Dinh 09 Mpell, Mpel12, Mpel13
Khanh Hoa 01 Mpell4
Ninh Thuan 01 Mpell5
Hai Phong 03 Mphi01, Mphil1, Mphil2
3 M. philippensis Kién Giang 01 Mphi05
- prpp Ha Noi 06 Mphi02, Mphi03, Mphi06; Mphi07, Mphi08, Mphi09
Quang Ninh 01 Mphil4

2.2. Phwong phap hinh thai so sanh

Tén khoa hoc cta cac mau vat duogc xac dinh
béng phuong phap hinh thai so sanh: cac mau duoc
phan tich hinh thai, so sanh v6i m6 ta gbe, hinh anh
mau chuén (type) va tham khao céc tai liéu vé phan
loai hoc, cac Thuc vat chi cia Trung Quoc Thai Lan
(Welzen & Chayamarit, 2007; Wu et al., 2008).

2.3. Phuong phap phan tich chi thi DNA

DNA dugc tach chiét tir miu 14 theo phuong
phép cua Liu et al. (2000) Click or tap here to enter
text.véi mot sd diéu chinh vé thoi gian G mau va ly
tam. Khoang 10 - 25 mg miu duoc nghién trong 500
ul dém chiét (Tris-HCI 400 mM pH 8,0, EDTA 60
mM pH 8,0, NaCl 150 mM, SDS 1%) trong ong vi
ly tam 1,5 ml va 0 ¢ nhiét do phong trong 30 pht.
Sau d6, 150 pl CH;COOK 3M pH 4,8 duoc bb sung
vao dém chiét va tron déu, u & nhiét d6 phong trong
5 phut. Dung dich dugc ly tdm ¢ nhiét d6 phong voi
toc d6 13.000 vong/phit trong 5 phut 101 450 pldich
ndi dugc chuyén sang sang dng 1,5 ml méi. Tlep do,
450 pl isopropanol 100% duoc b6 sung vao vao ong,
tron déu va i ¢ 4 °C trong 10 phut dé tang hi¢u suat
két tia DNA. Két tha DNA duoc thu nhan bang ly
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tdm & nhiét 4§ phong véi tdc d6 13.000 vong/phut
trong 5 phiit rdi dugc rira bang 500 pl ethanol 70%
va dé kho tu nhién. Cudi cung, DNA dugc hoa tan
trong 50 ul TE 1x (Tris-HCI 10 mM pH 8,0, EDTA
1 mM pH 8,0), bao quan ¢ -20°C va dung lam khuén
dé nhan ban cac chi thi rbcL, matK va ITS bang
PCR. Poan gen rbcL dugc nhan ban bang cip moi
5’ATGTCACCACAAACAGAGAC3’/5’CCTTCC
ATACTTCACAAGCAGS3’; matK bang cip moi
5’TCTTCTTTAGGAAGGTCAGAG3’/5’GCGAA
ATAGAAGAAACTCTTGG3’ hodc cip moi
5’TCAAATCCTTCGCTATTGGG3’/5’GCGAAA
TAGAAGAAACTCTTGG3’ (chung moi nguoc);
ITS bang cap moi
5’GTAACAAGGTTTCCGTAGGTG3’/S’
TGATATGCTTAAACTCAGCGG3’ hodc cip modi
5’ATGGTCCGGTGAAGTGTTCG3’/S’TGATAT
GCTTAAACTCAGCGG3’ (chung mdi nguoc).
Céac mdi nay duge nhom nghién ctru thlet ké méi
hoan toan hodc bién ddi tr mdi cua
nhom nghién ctu  khac, vi du modi
5’ATGGTCCGGTGAAGTGTTCG3’ dugc tao
thanh bang cach loai bo 08 nucleotide & dau 5> moi
17SE ctia Sun et al. (1994)Click or tap here to enter
text.. San pham nhan ban dugc giai trinh ty boi cong
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ty 15 Base (Malaysia) theo hai chiéu dbi véi chi thi
rbcL, mot chiéu ddi véi chi thi matK bing moi
nguoc. Poan ITS ciia mot sé mau duogc giai trinh ty
theo ca hai chiéu, cic mau khac duogc giai trinh tur
theo mot chiéu bang mdi xudi. Céc vi tri nucleotide
¢6 diém chit lwong (Phred score) nhé hon 30 dugc
loai bo. Cong cy BLAST (Altschul et al., 1990)
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dugce sir dung dé tim kiém céc trinh ty twong ddng
trong ngan hang gen. Trinh tu chi thi DNA cua cac
loai thudc chi Ba bét ¢c6 ¢ Viét Nam dugc thu nhan
(Bang 2) cung voi trinh tu ba chi thi rbcL, matK va
ITS cua loai Macaranga tanarius thudc chi gan véi
chi Ba bét lam nhoém ngoai (outgroup).

Bang 2. Céc trinh ty tham khao thu nhén tir Ngian hang gen

STT Tén loai rbeL matK ITS

1 M. apelta KP094220.1 KP093310.1 KP092932.1
2 M. barbatus KR529656.1 EF582633.1 DQ866591.1
3 M. decipiens khong co EF582644.1 DQ866596.1
4 M. floribundus JF738574.1 khoéng c6 AJ275677.1
5 M. glabriusculus AB925308.1 AB924698.1 khong c6

6 M. japonicus LC694464.1 MT447323.1 MT444828.1
7 M. khasianus khong co EF582650.1 DQ866601.1
8 M. macrostachyus OMS837710.1 EF582656.1 DQ866604.1
9 M. mollissimus KM895720.1 EF582662.1 khong co

10 M. nanus AB925750.1 AB925120.1 khong co

11 M. paniculatus KP094351.1 EF582671.1 DQ866609.1
12 M. peltatus MN885802.1 EF582672.1 DQ866610.1
13 M. philippensis KP094430.1 EF582674.1 DQ866614.1
14 M. pierrei khong co EF582675.1 DQ866615.1
15 M. repandus KP094979.1 EF582678.1 DQ866617.1
16 M. resinosus khong c6 EF582679.1 DQ866618.1
17 M. tetracoccus KR529670.1 khoéng c6 MG762734.1
18 M. thorelii khong co khong co DQ866624.1
19 Macaranga tanarius AB233866.1 EF582630.1 DQ866585.1

Céc trinh ty dugc dong cot (align) bang phan
mém BioEdit (Hall, 1999) va udc tinh khoang cach
di truyén p-distance (p =ng/n) bang phin mém
MEGA11 (Tamura et al., 2021). M6 hinh tién héa
phan tir dugc phan tich béng phan mém jModelTest
2 (Darriba et al., 2012). M5 hinh tién hoa phan tir
TrN+G dugc ding dé phan tich trinh ty /7S, mo hinh
K80 cho trinh tu 7bcL va mo6 hinh TPM1uf cho trinh
tu matK. Cay phat sinh chung loai dugc xay dung
theo phuong phap suy luan Bayes (Bayes inference)
bang phan mém MrBayes 3.2 (Ronquist et al., 2012)
v6i riéng 1é timg trinh tu hodc két hop hai hodc ba
chi thi DNA vé6i nhau. Hai chudi Markov Monte
Carlo (MCMC) dugc khoi chay trén hai cay khoi
dau riéng r&€ voi 10 triéu thé hé, thu nhan két qua mdi
500 thé hé va phan tich mdi 5000 thé hé dé tim ra
ciy dong thuan cudi cing. Két qua cdy phat sinh
chung loai dugc hién thi bang phan mém FigTree.
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3. KET QUA VA THAO LUAN
3.1. Phén tich khoing cich di truyén

Ba chi thi rbcL, matK va ITS dugc nhan ban va
giai trinh tw. Két qua giai trinh tw thu dugc khoang
1.200 bp trinh tw rbcL cua 6/6 mau M. floribundus,
14/14 mau M. peltatus va 6/11 mau M. philippensis;
~1.000 bp trinh ty matK coa 6/6 mau M.
Sloribundus, 10/14 mau M. peltatus va 6/11 mau M.
philippensis; ~700 bp trinh tw ITS cta 6/6 mau M.
floribundus, 12/14 mau M. peltatus va 11/11 mau M.
philippensis (Bang 3).

Ngan hang gen ¢6 trinh ty rbeL va ITS cla ca ba
loai M. floribundus, M. peltatus va M. philippensis,
nhung khéng cé trinh ty matK ciua loai M.
floribundus (Bang 2). Sau khi dong cgt va loai bo
nhitng vung thiéu dix liéu trinh tu nucleotide, do dai
ctia chi thi rbcL, matK va ITS ding cho phan tich lan
luot 14 427 bp, 622 bp va 678 bp. Khoang cach di
truyén dugc wdc tinh trong ndi bo loai va gitra ba
loai phan tich dua trén tirng chi thi riéng 1€ hoéc cac
td hop hai hoac ba chi thi rbcL, matK va ITS.
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Bang 3. Théng ké trinh tw DNA ciia cic mau nghién ciru.
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Céc miu dwoc gidi trinh tw thanh cong

Tén loai rbel matK ITS
M. floribundus Mflo04, Mflo05, Mflo06, Mflo04, Mflo05, Mflo06, Mflo04, Mflo05, Mflo06,
) Mflo07, Mflo08, Mflo09 Mflo07, Mflo08, Mflo09 Mflo07, Mflo08, Mflo09
Mpel01, Mpel02, Mpel03,—y p 161 Mpel02, Mpel03,  Mpel01, Mpel02, Mpel03,
Mpel04, Mpel05, Mpel06,
Mpel04, Mpel06, Mpel07,  Mpel04, Mpel05, Mpel06,
M. peltatus Mpel07, Mpel08, Mpel09,
Mpell0, Mpell2, Mpell3,  Mpel07, Mpel08, Mpell2,
Mpel10, Mpel12, Mpell3, Mpell5 Mpell3, Mpel14, Mpel15
Mpell4, Mpell5 p pell3, Mpell4, Mp
Mphi0O1, Mphi02, Mphi03,
M. philippensis MphiO1, MphiO5, Mphi06, MphiO1, Mphi05, Mphi06,  Mphi05, Mphi06, Mphi07,

Mphi07, Mphi08, Mphil4

Mphi07, Mphi08, Mphil4

Mphi08, Mphi09, Mphil1,

Mphi12, Mphil4

Két qua phan tich cho thdy p-distance giira cac
loai 16n hon nhiéu so véi khoang cach di truyén giira
cac ca thé cung loai (Bang 4). Cu thé, khoang cach
di truyén nho nhét gitra cac cap loai dya trén chi thi
ITS 14 6,441%, trong khi khoang cach di truyén 16n
nhét trong ndi b mdi loai 1a 3,170%, khac biét du
16n dé co thé phan biét ba loai bang chi thi /7S.
Ngoai ra, khac biét 6 rang vé khoang cach di truyén
trong noi bo loai va gitra cac loai ciing duogc thé hién

khi sir dung cac t6 hop chi thi bao gdbm /7S nhu ITS
+ rbcL (2,659% va 4,008%), ITS + matK (1,387%
va 3,249%) va ITS + rbcL + matK (1,452% va
2,533%) (Bang 4). Vi s6 mau mdi loai du 16m, c¢6
thé x4c dinh duoc chinh xac hon gia tri giéi han giup
phan biét dugc cac mau clng loai hay khac loai va
¢6 thé ding p-distance tinh theo trinh ty /7S hay céc to
hop trinh ty chira /7S dé phan biét ba loai M.
floribundus, M. peltatus va M. philippensis.

Bang 4. p-distance (%) giira ba loai nghién ciru dua trén cac to hop trinh tw c6 ITS

M. floribundus M. peltatus M. philippensis
ITS
M. floribundus 0,000 -3,170
M. peltatus 6,441 - 8,333 0,000 - 1,917
M. philippensis 10,789 - 11,765 10,161 - 11,727 0,000 - 1,274
ITS + rbcL
M. floribundus 0,000 - 2,268
M. peltatus 4,008 - 5,709 0,000 - 1,331
M. philippensis 6,340 - 8,815 6,339 - 8,815 0,000 - 2,659
ITS + matK
M. floribundus 0,000 - 0,081
M. peltatus 3,249 - 4,461 0,000 - 1,387
M. philippensis 5,719 - 6.618 5,835 -6,742 0,000 - 0,889
ITS + rbcL + matK
M. floribundus 0,000 - 0,060
M. peltatus 2,533 -3,735 0,000 - 1,452
M. philippensis 4,482 - 5,162 4,576 - 5,549 0,000 - 0,781

Ghi chit: Gid tri trong cdc 6 dwoc t6 xdm la p-distance gitka cdc cd thé trong ciing mét lodi.

Ngoai ra, dé danh gia khoang cach di truyén gitra
ba loai nghién ctru véi cac loai khac trong chi Ba
bét, p-distance dugc udc tinh dya trén trinh ty I7S
(Bang 5). Khoang cach giita mot s6 loai khac thudc
chi Ba bét v6i cac mau thudc loai M. floribundus
nam trong khoang 4,662% - 15,147%, véi cac mau
thudc loai M. peltatus 7,496% - 14,566%, véi cac
mau thudc loai M. philippensis 9,018% - 14,984%.
Loai M. floribundus va loai M. peltatus c6 khoang
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cach di truyén nho nhat véi loai M. thorelii, v6i p-
distance 1an luot 14 4,662% - 5,873% va 7,496% -
8,267%. Loai M. philippensis c6 khoang cach di
truyén nho nhit v6i loai M. repandus véi p-distance
7,656% - 8,082%. Két qua nay turong ddng voi phan
tich phat sinh ching loai dya trén trinh ty /7S, trong
d6 ba loai M. floribundus, loai M. peltatus va M.
thorelii tao thanh mot nhom don nguén con hai loai
M. philippensis va M. repandus tao thanh m¢t nhém
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don ngudn khac (Hinh 4). Diéu thd vi 1a p-distance
gitta nam loai M. apelta, M. paniculatus, M.
Japonicus, M. barbatus va M. macrostachyus con
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nho hon p-distance trong ndi bd loai M. floribundus
(Bang 5).

Bang 5. p-distance (%) giita mt s6 loai thudc chi Ba bét (Mallotus) dwa trén trinh ty ITS

1 2 3 4 5 6 7
1 M. floribundus 0,000-3,160
2 M. peltatus 6,441-8,814  0,000-1,917
3 M philippensis  9,740-11,410 9,677-11,252 0,000-1,274
4 M. apelta 12,077-13,514 11,962-12,878 12,320-13,196
5 M. barbatus 12,077-13,514 11,661-12,719 11,840-12,719 1,752
6 M. decipiens 12,825-13,782 12,742-13,622 12,439-13,323 15,781 16,103
7 M. japonicus 11,736-13,175 11,324-12,381 12,121-13,016 1,749 1,272 15,434
8 M. khasianus 8,828-9,984  7,656-8,772 9,585-10,493 8439 8,599 12,520 7,949
9 M. macrostachyus 12,560-13,990 12,141-13,419 13,120-14,013 2,707 2,866 16,747 2,544
10 M. paniculatus  13,043-14,149 12,600-13,514 12,80013,990 0,954 2,389 16,747 2,703
11 M. pierrei 12,862-13,810 11,34212,381 11,502-12,222 14,195 14,673 12,660 14,013
12 M. repandus 10,433-11,410 10,367-11,587 7,656-8,082 10,510 10,828 12,862 10,175
13 M. resinosus 11,840-12,796 10,652-11,551 12,179-12,995 12,719 12,719 11,502 12,222
14 M. tetracoccus  14,191-15,147 13,421-14,566 14,098-14,984 4,568 4,568 17,327 3,909
15 M. thorelii 4,662-5873  7,496-8,267 9,018-9,713 14,035 13,898 14,148 13,557
16 Macaranga tanarius 13,183-14,127 11,661-12,719 10,789-11,483 11,483 11,164 14,654 10,828
8 9 10 11 12 13 14 15
1 M. floribundus
2 M. peltatus
3 M. philippensis
4 M. apelta
5 M. barbatus
6 M. decipiens
7 M. japonicus
8 M. khasianus
9 M. macrostachyus 9,554
10 M. paniculatus 9,395 3,662
11 M. pierrei 11,606 14,992 14,992
12 M. repandus 9,683 11,306 11,465 11,447
13 M. resinosus 9,968 13,672 13,196 10,127 10,460
14 M. tetracoccus 10,604 5,057 5,546 15,686 12,398 14,658
15 M. thorelii 10,510 14217 14,514 14,013 10,669 12,678 15,548
16 Macaranga tanarius 9,713 11,164 12,440 14,195 10,987 13,175 13,399 13,876

Ghi chii: Gid tri trong ba ¢t 1-3 1d la khodng gid tri p-distance t6i thiéu-16i da giita cdc mau thude ba lodi nghién ciru
voi trinh tw tham khdo cua cdc loai khdc, trir ba 6 dwoc t6 xam la p-distance gitia cac mau trong noi bé loai.

3.2. Phan tich phat sinh chiing loai

Cay phat sinh chung loai dugc xay dung theo
phuong phép Suy ludn Bayes sir dung trinh tu /7S
don 1¢ hodac mot trong cac td hop ITS + rbcL, ITS +
matK, hodc ITS + rbcL+ matK. Céac cdy phat sinh
chung loai dua trén chi thi /7S hodc td hop chua ITS
déu thé hién mdi quan hé tién hoa twong tu nhur nhau
giita ba loai phan tich (Hinh 3 va Hinh 4). C4c mau
thudgc cung mot trong ba loai tao thanh mdt nhom
don ngudn riéng biét v6i nhém don ngudn cua loai
khac v6i x4c suat hau nghiém 100%. Nhu vdy, trinh
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tu ITS don 1é hodc cac t6 hop ITS + rbcL, ITS +
matK hoac ITS + rbcL+ matK c6 thé ding dé phan
biét ba loai M. floribundus, M. peltatus va M.
philippensis. Ngoai ra, hai loai M. floribundus va M.
peltatus c6 quan hé gan giii voi nhau hon so véi loai
M. philippensis. Diéu nay pht hop voi phén loai hinh
thai trong d6 M. floribundus va M. peltatus thudc
nhanh Stylanthus trong khi loai M. philippensis thudc
nhanh Philippinenses. Thém vao d6, nam loai M.
apelta, M. paniculatus, M. japonicus, M. barbatus
va M. macrostachyus luoén thudc cing mdt nhom
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don ngudn & ca bén cdy phat sinh chung loai dwa phan loai bang hinh thai véi cac loai nay cing thudc
trén cdc trinh ty khac nhau v6i xac suat hdu nghiém cung nhanh Mallotus cia chi Ba Dbét
100% (Hinh 3 va Hinh 4), phu hgp voi hé thong (Nguyen, 2007).

tanarius

Maliotus philippensis Mallotus apelta - 100
Mphio1 Nallotus parniculatus Tﬂ
120 100 Mphi05 Mallotus macrostachyus
Mphi0& |00
100 Mphi0o7 Mallotus japonicus  —|
100 | - Mphios ' P—
Mphi14 Mallotus philippensis
P Mphi01 100
Mphi05
01 70
100 [—1 Mphi6
1 Mphi07 {550 100
Mphi08.
Mflo04 4
90
98

Mallotus paniculatus
Mallotus macrostachyus
Mallotus barbatus
Mallotusjaponictis

0.006 0.005

Hinh 3. Cay phat sinh chiing loai dwa trén trinh tu I7S + matK (trai) hoac ITS + rbcL (phai

100 r Mallctus apelta
5, Maliotus paniculatus Mailstusapelta 1 ;g
Mallotus macrostachyus Mallotus paniculatus
100
Malletusjaponicus Mallotus macrostachyus

Mailotus barbatus
Maliotus philippensis
Mphi01
Mphio2
Mphi03
Mphi0s
Mphios
1001 pMphio7?
100 Mphiog
Mphiog
Mphi11
Mphi12
Mphii4

Malletusjapenicus

s

Maliotus khasianus

0.02 0.004

Hinh 4. Cay phat sinh chiing loai dua trén trinh tw ITS (trai) hoéc ITS + rbcL + matK (phai)
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mn Mallotus apelta
Mallotus paniculatus
Maliotus macrostachyus
Mallotus barbatus

Ma)fofus;apomcus

Mallotus pierref

Ma/J o(us floribundus

b3
pel0d
pel
pel
pel
3
Hotusphil
Ma Mﬂf‘% 1l JPPQHSIS
Mgmuz
Mphi03
Mphios
Mphi08
Mphi07
Mphi08
Mphiog
Mphi11
Mphi12

Mphi14
Mallotusrepands
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Macaranga tanarius
Malictus phili lpﬁens»s

Maliotusapelta
Mallotus paniculatus
Mallotusbarbatus —
Mallotusjaponicus —
Mallotustetracoccus
Mallotus macrostachyus
Mallotus khasianus

2 50
I

Maf.‘ofusnspnndus
Mallotusfloribundus

Hinh 5. Cay phat sinh ching loai dua trén trinh tw ITS! (trai) hodc I7S2 (phai)

3.3. Phan tich riéng ré ITS1 hoac ITS2

Trinh tu ITS bao gém ITS1, gen ma hoa 5,8S
rRNA va ITS2 (Hinh 2). Trinh tw /7S du ngén dé co
thé nhan ban bang PCR va giai trinh tu theo phwong
phap Sanger. Tuy nhién, doan trinh ty ngén hon ¢
thé thuan logi hon cho phan tich néu van c6 kha ning
phan biét dugc cac loai. Do d6, ITSI hoac ITS2 doi
khi dugc st dung riéng 1€ dé xac dinh mot sb loai
sinh vat. Két qua udc tinh p-distance dwa trén ITS1

hoidc ITS2 cho thiy khéc biét rd rét gitra khoang cach
di truyén ndi bo loai va giira cac loai (Bang 6). Cu
thé, ITSI c¢6 khoang cach p-distance noi bo loai
0,000% - 4,762%, gitta cac loai 9,312% - 16,000%
trong khi /752 c6 p-distance ndi bd loai 0,000% -
4,977% va gitra cac loai 6,481% - 14,220% (Béang
6). Khac biét gitta p-distance trong ndi bd loai va
giita cac loai & ca ITSI va ITS2 déu du 16n dé phan
biét dugc ba loai nay.

Béng 6. p-distance (%) dua trén trinh tw 1751 hodc ITS2

M. floribundus M. peltatus M. philippensis
ITS1
M. floribundus 0,000 - 4,762
M. peltatus 9,312 - 11,600 0,000 - 2,834
M. philippensis 13,944 - 15,956 13,878 - 16,000 0,000 - 1,186
ITS2
M. floribundus 0,000 - 3,241
M. peltatus 6,481 - 12,329 0,000 - 4,977
M. philippensis 11,005 - 14,220 10,377 - 14,220 0,000 - 2,347

Ghi chii : Gid tri trong cdc 6 dwoc t6 xdam la p-distance giika cdc cd thé trong cing mét lodi.

Két qua phan tich phat sinh chung loai cho thiy
trinh tu /7S] hoac ITS2 déu phan tach cac mau cua
mdi mot trong ba loai M. floribundus, M. peltatus va
M. philippensis thanh nhom don ngudn tach biét véi
hai loi con lai v&i xac sudt hau nghiém 100% (ngoai
trir nhéanh M. floribundus cta cay ITSI c6 xac suit
héu nghiém 93%) (Hinh 5). Hai loai M. floribundus
va M. peltatus van c6 quan hé gan giii v6i nhau hon
s0 véi loai M. philippensis. Tuy nhién, quan hé tién
hoa giira ba loai nay v6i mot so loai khac trong chi
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Ba bét thay doi khi phan tich trinh tu /7S hodc ITS2
(Hinh 5). Hai loai M. floribundus va M. peltatus gan
glii v6i loai M. philippensis hon so véi nam loai la
M. apelta, M. paniculatus, M. japonicus, M.
barbatus va M. macrostachyus khi phan tich ITS!
nhung lai gan giii voi nam loai nay hon loai M.
philippensis khi phan tich ITS2, goi ¥ tbe d6 tién hoa
khac nhau cua I7S1 va ITS2 ¢ céc loai phan tich, phu
hop véi gia tri p-distance gitra cac loai nay (Bang 6).
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3.4. Théao luian

Ba loai buc la sap (M. floribundus (Blume) Miill.
Arg), canh kién (Mallotus philippensis (Lam.)
Mill. Arg.) va buc long (M. peltatus (Geiseler)
Mill. Arg.) 1a nhing cay thuoc c6 vung phén b6
rong va tuong db6i gidng nhau vé dic diém hinh thai,
d& gdy nham Ian trong qué trinh thu hai. Viéc sir
dung chi thi phan tir ¢6 wu diém gitip phan biét chinh
Xéc, ¢6 do lap lai cao cac mau dugce liéu ma khong
nhat thiét can dén chuyén gia phan loai hinh thi va
¢6 thé phan tich cac miu thuc vat nho, khong
nguyén ven, khong day du cac bo phan ciia cay nhu
mau dugc lidu d3 duge so ché. Két qua nghién cuu
trén ba chi thi matK, rbcL va ITS cho thiy trinh ty
ITS don 1é ciing nhu cac t6 hop trinh tw c6 ITS khac
nhu ITS + matK, ITS + rbcL, ITS + matK + rbcL giup
phan biét duge cac mau thudc mot trong ba loai nay.
Ngoai ra, mot phin caa I7S 13 ITSI hodc ITS2 ciing
gitp phan biét dugc ba loai nay. Véi kich thude
ngan hon twong dbi nhiéu so véi ITS, ITSI hoidc
ITS2 c6 thé dugc nhan ban va gidi trinh tu thuén loi
hon. Ngéan hang gen hi¢n co6 63 trinh tu chua /752
va 50 trinh tu chira /7S] cua cac loai thude chi Ba
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