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MO DAU

1. Pit van dé

Lan tai cao (Hoya verticillata var. verticillata hoac Hoya parasitica (Rox) Wall
ex Traill) 12 lodi thuc vat sdng phu sinh 1au nim ¢ rirng am nhiét déi thudc chi Hoya.
Hoya la mét chi thuc vat c6 hoa trong ho Apocynaceae, hau hét 1a nhitng cay day leo c6
l4 mong nudc va cum hoa hap dan. Lan tai cio dugc tim thiy & khu vyc tir Dong An Do
dén Nam Trung Qudc va mét sb nuée Pong Nam A nhu Philippines, Indonesia, Lo,
Myanmar, Campuchia, Thai Lan va Viét Nam.

Trong thyc té, Lan tai céo rat da dang va c6 nhiéu dic diém hinh thai twong tu
mét sb loai trong chi Hoya, dic biét khi cay & trang thai khéng con nguyén ven hoic ¢
dang bot, viéc xac dinh loai gap nhiéu kho khin hoic d& nham I1an Lan tai cdo véi céc
loai khac cuing chi néu chi dya vao hinh thai. Chinh vi vay, viéc giai trinh tu DNA luc
lap va tim kiém ving DNA trong hé gene luc lap 1am chi thi hd trg phan biét loai Lan
tai cao (H. verticillata var. verticillata) véi cac loai khéc trong chi Hoya la can thiét va
mang tinh thoi su.

Nghién citu hé gene luc lap cua thuc vat da dat duoc nhitng thanh tyu dang ké va
c6 ¥ nghia rat quan trong, gop phan nang cao nhan thac caa con nguoi vé qué trinh
quang hop, phan loai thuc vat va tién hoa. Nhitng két qua phan tich DNA luc lap
(chloroplast DNA-cpDNA) di duoc ching minh 14 ¢6 gia tri trong viéc tim hiéu su tién
hoa, tinh da dang va médi quan hé phét sinh chung loai caa thuc vat. Nhitng tién bo trong
cdng nghé giai trinh ty thé hé mai, da thiic ddy manh mé qua trinh hinh thanh co s¢ di
licu cpDNA. Co s¢ dit liéu chuyén dung, cac cdng cu Tin sinh hoc phét trién da gop
phan nang cao hiéu qua quan ly va phan tich khdi lwong ngay cang ting cua trinh ty
DNA luc lap.

M6t s6 nghién ciru cho thy Lan tai cdo duoc str dung lam thude chéng suy than
cap tinh, chita tri va lam lanh cac vét thuong. Mot s6 nghién ctru bude dau di ghi nhan
cac loai thudc chi Hoya, trong d6 c6 Lan tai céo chira cac hop chat flavonoid, phenolic,
saponin. Tuy nhién, nghién ctzu thanh phan hda hoc, tim kiém céc chat mai va khao sét

hoat tinh sinh hoc ctia chiing 1am co s& dé xuat sir dung trong y hoc con it duoc quan



tam nghién ciru. Van dé dat ra 13, Lan tai cdo (H. verticillata var. verticillata) chtra cac
chat c6 hoat tinh sinh hoc ndo va c6 thé tng dung cac chét nay trong y hoc hay khéng?
la nhitng cau hoi tiép theo can dugc 1am sang to.

T nhitng Iy do trén chang tdi thuc hién dé tai luan an: “Nghién ciru dic diém
hé gene luc lap va phan tich hoat tinh caa saponin phan Iap tir cay Lan tai cao

(Hoya verticillata var. verticillata)”.
2. Muc tiéu nghién cwu

Phén tich dic diém hé gene lyc lap, thiét 1ap duoc so d6 cdy phat sinh chung loai
cua loai Lan tai cdo va céc loai khac thuoc chi Hoya.

Phan 1ap va xac dinh duoc ciu tric hop chat saponin tach chiét tir Lan tai cio va
phan tich hoat tinh sinh hoc in silico cua cac saponin da phan 1ap.
3. Noi dung nghién ctru
3.1. Nghién ctru giai trinh tu hé gene luc lap cua loai Lan tai céo.
i) Thu thap mau cay, phan loai tao nguyén liéu cho phan tich sinh hoc phan tir va phan
tich thanh phan héa hoc Lan tai céo.
ii) Pinh danh loai Lan tai cao (H. verticillata var. verticillata) bang phuong phap hinh
thai so sanh.
iii) Giai trinh ty nucleotide cia DNA luc lap va thiét 1ap so d6 cau tric hé gene luc lap
cay Lan tai c4o. M0 ta diac diém hé gene luc lap cua Lan tai céo.
3.2. Phan tich su phét sinh chung loai, khao s&t mot sé chi thi DNA c6 do da dang
nucleotide cao tir hé gene luc lap cua lodi Lan tai cio va dé xuat ma vach tiém nang cho
loai/chi.
i) Xac dinh va thu thap di liéu trinh tu hé gene luc lap cta cac loai thuoc chi Hoya trén
GenBank. Phan tich tién hda phan tir dya trén trinh tw DNA luc lap cua céc loai nay.
ii) Xé4c dinh va thu thap mét sé trinh tu DNA c6 d6 da dang nucleotide cao, xay dung
so do phat sinh chung loai dya trén dir liéu vé céc trinh tu khai thac dugc tir GenBank,

dé xuat ma vach tiém nang str dung trong dinh danh loai va chi Hoya.



3.3. Nghién cau phan lap, xac dinh cu trdc va phan tich hoat tinh sinh hoc cua mét s6

saponin tir cay Lan tai céo.
i) Panh gia hoat tinh sinh hoc cta cao chiét phan doan chira saponin tir 1a Lan tai cao.
i) Phan lap saponin va xac dinh cu trdc cua cac saponin di phan 14p.

iii) Phan tich hoat tinh gy doc té bao ung thu ctia cac saponin phan lap tir Lan tai c4o

thdng qua mo hinh tuong tac phan tur va phan tich dong hoc phan tur in silico.
4. Nhirng dong gop moi caa luan an

4.1. Luan &n 1a cdng trinh nghién ctu méi vé diac diém cua hé gene luc lap hoan chinh
cua loai Lan tai céo (H. verticillata var. verticillata). Dé xuat dugc ma vach DNA tiém

ning ho tro phan biét loai va nhan dién chi Hoya.

4.2. Phan lap va xac dinh duoc cau trdc cua hai saponin méi tir 1a Lan tai céo 1a 3p,20-
dihydroxy-pregn-5-ene-3-O-p-D-fucopyranoside 20-O-B-D-glucopyranoside va 3f,20-
dihydroxy-pregn-5 ene-3-O-a-L-rhamnopyranosyl-(1—2)-B-D-fucopyranoside-20-O-
B- D-glucopyranoside

4.3. Banh gia dugc kha nang tuong tac va mo phong dong hoc phén tir in silico cia cac
saponin phan Iap tir Lan tai cdo va xac dinh duoc parasiticoside B (3p,20-dihydroxy-
pregn-5 ene-3-0O-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside-20-O-3-D-
glucopyranoside) cé hoat tinh giy doc cao nhat chéng lai protein ung thu Bcl-2.
Parasiticoside B 1a (tng vién tiém niang cho nghién ctru thuc nghiém hoat tinh chéng lai

protein Bcl-2 trong ung thu.
5. Y nghia khoa hoc va thyc tién cia dé tai luan an

Két qua dat duoc caa luan an co gia tri khoa hoc va thuc tién trong tiép can nghién
ctru tién hoa phan tir dua trén trinh tu hé gene luc lap va phan lap, xac dinh hoat tinh cua
cac saponin phuc vu trong nghién ctru va tng dung duoc pham tir cay Lan tai céo.
Vé mat khoa hec

Két qua nghién ciru gop phan 1am sang to cau tric hé gene luc lap hoan chinh cua

loai Lan tai c4o va cau trdc hé gene luc lap dic trung cta céc loi thudc chi Hoya.



Két qua budc dau xay dung duoc so dd phat sinh chung loai thuc vat dua trén
trinh tu hé gene hoic céc viing gene luc lap, 1a co sé dé danh gia méi quan hé gan gii
va muc d6 tién hoa phan tir cua céc loai trong chi Hoya.

Hai saponin méi phan lap duoc tir Lan tai cdo 1 dit liéu bd sung cho nghién ciu
sang loc chit c6 hoat tinh sinh hoc ng dung trong nghién ciu sinh duoc hoc.

Vé mat thuec tién

Trinh ty DNA luc lap hoan chinh cua Lan tai cao (H. verticillata var. verticillata)
d3 bd sung ngudn dit liéu phuc vy phan tich tién hoa phan tir caa chi Hoya. M4 vach
DNA tiém ning c6 thé str dung hd trg dinh danh chi Hoya va loai Lan tai céo.

Céc bai bao dang tai trén céc tap chi khoa hoc cdng nghé quéc té va trong nudc
cling Vi cau tric hé gene luc lap hoan chinh cua loai Lan tai cio cong b trén GenBank

la nhirng tu liéu o gia tri tham khao trong thuc tién nghién ciru va dao tao.



Chwong 1. TONG QUAN TAI LIEU

1.1. PAC PIEM HE GENE LUC LAP CUA THUC VAT VA CHI HOYA
1.1.1. Hé gene luc lap ¢ thwc vat bac cao

Nhitng nghién ctiu khoa hoc dau tién da ching minh rang luc lap ciing c6 kha
nang luu trit thdng tin di truyén dudi dang DNA. Cong bd cua Tewari va Wildman
(1970) 1a nghién ciru tién phong vé ham luong DNA va té chic caa luc lap, danh dau
mét cot mbe quan trong trong linh vuc sinh hoc phan tir thuc vat. Tewari va Wildman
da dinh lugng DNA c6 trong luc lap va so sanh véi ham lwgng DNA trong nhan, chi ra
rang DNA luc lap ¢6 cau tric hinh vong va mé ta mot s6 gene ciia DNA luc lap ¢6 chic
nang chu yéu 1a ma hoa céc protein lién quan dén qua trinh quang hop (thanh phan caa
chudi van chuyén dién tir quang hop va cac enzyme can thiét cho qua trinh ¢ dinh
carbon). Nghién ctru nay dat nén mong cho cac nghién cau tiép theo vé hé gene luc lap,
bao gom nd luc giai trinh ty va so sanh hé gene giira cac loai thuc vat khac nhau. Nghién
ctru 3 nhan manh nhirg dic diém doc ddo caa DNA luc lap va tim quan trong trong
sinh hoc va tién hoa thyc vat [152].

Niam 1972, Sager va Lane da nghién ctru cac diac diém va chie niang cua luc lap
& tao xanh Chlamydomonas reinhardtii, trong d6 tién hanh nghién ciu rong vé cac dot
bién ctia Chlamydomonas c6 anh huéng dén cau tric va chirc nang cua luc lap [124].
Kung va cs (1977) ciing cho rang DNA luc lap c6 dang vong va ban d6 hé gene luc lap
da dugc 6ng mo ta. Nghién ciru da lam sang to thém vé to chuc ciia hé gene luc lap bang
cach xac dinh céc ving cu thé va vi tri twong dbi cua chling trong phan tir DNA lyc lap.
Déng thoi, cung cap phuong phap nghién ctru va nhing théng tin rat quan trong dé 1am
rd cau trdc di truyén va y nghia chirc niang cia DNA lyc lap. Trén co sé lap ban do gene
luc lap cua cac loi thuc vat khac nhau, Kung va cs (1977) di phan tich va so sanh dé
kham pha méi quan hé tién hoa cua céc loai thyuc vat [76].

Nghién ctru nim 1978 cta Kirk va Tilney-Bassett tap trung vao phan tich vé qua
trinh sao chép va co ché di truyén cua hé gene luc lap & thuc vat, bao gom thoi gian, cac
enzyme lién quan va cac yéu té diéu hoa kiém soat qua trinh sao chép DNA lyc lap. Mot

phét hién quan trong cua nghién ctru nay 1a di xac nhan, luc lap chu yéu duoc di truyén



tir me ¢ hau hét cac loai thuc vat, phat hién nay rat quan trong dé c6 nhing hiéu biét sau
sac Vé co so cua sy di truyén cac bao quan & thuc vat ciing nhu sinh 1y thuc vat [73].

Gillham va cs (1978) da tién hanh cac nghién ctru 1ap ban d6 di truyén dé mo ta
hé gene luc lap cia Chlamydomonas reinhardtii. Cac tac gia di xac dinh va lap ban do
cac gene khac nhau trong DNA luc lap, dac biét la nhitng gene lién quan dén qué trinh
quang hop va cac qua trinh trao d6i chat thiét yéu khac. Nghién ctu nay da xac dinh
duoc cac co ché biéu hién va diéu hoa gene trong luc lap. Nghién cizu caa Gillham cung
cap nhing hiéu biét su sic vé cach cac gene luc lap duoc phién ma, hoan chinh va dich
mi dé tao ra cac protein chitrc ning can thiét cho qua trinh quang hop va chuyén hoa té
bao. Nhém cua Gillham dd st dung cac chiung Chlamydomonas dot bién c6 khiém
khuyét cy thé trong hé gene luc lap dé nghién ctu chirc ning ciia cac gene nay ciing nhu
vai tro cua ching trong cac qué trinh sinh hoc va chirc nang cua luc lap. Nghién cau
phét trién k¥ thuat di truyén dé dua cac gene ngoai lai vao hé gene luc lap nham nghién
ctu chirc nang gene va xu ly luc lap cho céc ing dung cdng nghé sinh hoc [42], [49].

M6 hinh ciu trdc hé gene hoan chinh dau tién dugc xay dung la trinh ty nucleotide
hoan chinh cua cay thudc 14 duoc Shinozaki va cs cong bd nam 1986. Cong trinh nghién
ctru cuia Shinozaki va cs dé tim ra dugc cach thuc thue vat diéu chinh biéu hién gene trong
luc lap duéi &p luc cua diéu kién moi trudng khac nhau nhu han han, nhiét do khac nghiét
[131].

Nam 2017, Zhang va cs da phat trién Thu vién tiéu chuan tham khao vé trinh ty
hé gene luc lap (GenomeTrakrCP) trén NCBI nham xay dung co s dit liéu toan dién vé
trinh tu hé gene luc lap hoan chinh nham gitp ting cudng kha ning dinh danh, hd trg
cac nghién ciru vé gene, vé sy phat sinh chung loai va tién hda cua thuc vat [175]. Bén
thang 12 nam 2018, di c6 3654 hé gene luc lap hoan chinh duoc cong bd, két qua nay
d3 nang cao dang ké su hiéu biét cua chling ta vé qua trinh tién hoa thuc vat, cung cap
mét bac tranh khé chi tiét vé hé gene luc lap & céc loai thuc vat tir d6 danh gia duoc
muc d6 da dang va ¥ nghia cia n6 ddi véi thich nghi theo thoi gian cua thyc vat. Nhitng
hiéu biét su sic nay cd y nghia quan trong d6i véi cac linh vuc nhu phén loai hoc, tién
hoa phan ti, sinh hoc thuc vat, ndng nghiép, bao ton thyc vat dé tng dung trong y hoc

[172]. Pén niam 2020, co s& dir lidu V& cac viing gene va trinh tu day du vé hé gene luc



lap cua 3823 loai thyuc vat thugc 1527 chi va 256 ho di dugc cong bd [134]. Trén co s
nhiing tién bo vé cong nghé giai trinh ty hiéu suat cao va sy quan tim ngay cang ting
di vai hé gene cua thuc vat, dén ndm 2024, da c¢6 hon 6.000 hé gene luc lap hoan chinh
dugc cong bd trén co sé dit liéu NCBI [160].

Pic diém dang ndi bat cua hé gene luc lap thuc vat hat kin 12 déu c6 ciu tric 4
vung, vung sao chép don I6n (Large single-copy-LSC), vung sao chép don nho (Small
single-copy-SSC), hai viing lap lai dao nguoc (Inverted repeats-IR). Nhitng nd hec giai
trinh tu hé gene luc lap da tao diéu kién thuan lgi cho su phat trién cua nhiéu linh vyc
nghién ctru khac nhau, bao gom nghién ciu chire ning hé gene thuc vat, nghién ctu tién
hoa phan tir va phan tich phat sinh chung loai. Su sén c6 ngay cang ting cua trinh ty
DNA lyc lap trong cac co sé dit liéu dd cho phép phan tich so sanh toan dién, tiét 1o

nhitng hiéu biét sau sic vé qua trinh tién hoa cua hé gene luc lap va cua thuc vat.
1.1.2. Hé gene luc lap caa céc loai thugc chi Hoya

1.1.2.1. Chi Hoya va loai Hoya verticillata var. verticillata

Chi Hoya c6 562 loai (Plants of the World Online: POWO) va la chi 16n nhat
trong ho Apocynaceae, cé4c lodi trong chi nay 1a loai cay bui hoic day leo, song biéu
sinh, phan bé & viing nhiét d6i va can nhiét déi tir diy Himalaya dén Okinawa, Nam va
Pong Nam A, Uc va quan dao Fiji [43], [146]. Hoya la chi trong tdng Marsdenieae (gom
17 chi), cu thé 14 Hoya, Dischidia, Lygisma, Sarcolobus, pseudosarcolobus, Spirella,
Gymnemopsis, Harmandiella, Gymnema, Dischidanthus, Marsdenia, Dregea,
Cosmostigma, Telosma, Campestigma, Pentasacme, Heterostemma [166].

Theo POWO, trong 562 loai ciia chi Hoya, H. verticillata c6 32 tén dong nghia
di loai (heterotypic synonyms), trong d6 c6 nhiéu don vi duéi loai (variety) vi du nhu
H. verticillata var. verticillata, H. parasitica (Roxb.) Wall. ex Wight), H.
pottsii var. angustifolia, H. parasitica var. geoffrayi Costantin, ... Dua vao hé thdng
phén loai cua S. Liede va F. Albert (1994), chi Hoya thudc ho Apocynaceae ¢ Viét Nam
gom 31 loai, trong d6 c6 loai Lan tai cdo [2]. V& phan loai ¢ Viét Nam, Lan tai co (Day
ludi lon, Cam cu) c6 tén khoa hoc 1a (H. verticillata var. verticillata 1a mot trong 31 loai

thugc chi Hoya duoc tim thay ¢ Viét Nam, ching la nhiing loai thuc vat phy sinh. Lan


https://scholar.google.com/scholar?hl=vi&as_sdt=0,5&qsp=1&q=large+single-copy+lsc&qst=ib
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tai céo (H. verticillata var. verticillata) 12 loai thao duoc dung lam thudc udng c6 tac
dung loi sira, dung dé dap rit vét thuong chéng mat méau va nhiém khuan vét thuong,

d6ng thoi con dugc dung dé 1am cay canh (Hinh 1.1) [2].

Hinh 1.1. Hinh anh loai Lan tai cdo (H. verticillata var. verticillata). A, B, C: Mau ép
cua H. verticillata var. verticillata.
(https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77173117-1); D, E, G:
Cay va canh mang hoa, qua cta loai Lan tai cao (Anh tac gia chup)

Lan tai cdo dugc tim thay ¢ nhiéu dia phuong ctia Viét Nam nhu: Tuyén Quang,
Thai Nguyén, Quang Ninh (Tién Yén), Thanh ph Ha Noi, Thanh phd Hai Phong (Vuon
quéc gia Cat Ba), Ha Nam (V& X4, Ninh Binh cii), Thanh phé H6 Chi Minh (Ba Ria:
Nui Pinh) ... Loai cay dang day leo phu sinh. L4 moc d6i, nac, day, nhiéu hinh thai khac
nhau nhu: hinh tréng, bau duc hay hinh mac; ¢& 5-18 x 3-7 cm; dau nhon, c6 miii; gbc
tron hay ném; nhin 2 mat; gan géc 3-5, gan bén 2 cap, rd; cuéng map, dai 6-20 mm.
Cum hoa hinh tan, nhiéu hoa; cuéng cum hoa dai 5-10 cm, dinh hinh try va day, c¢& 3-5
x 0,5 cm, nhiéu seo. Cudng hoa dai 1,5-2 cm, nhin hay c6 1dng. Nu hoa hinh con quay,
5 canh. Hoa mau trang hay vang, d6i khi ¢ dinh c6 mau da cam, hong hay tim, thom.
Thuy dai hinh trang. Trang hinh banh xe, nac, tién khai hoa van; thuy trang hinh trang-
tam gi4c, ngan hon 4 mm. Vay trang phu ngan hon 3 mm, canh ngoai nhon. Chi nhi dinh
nhau; bao phan 2 6, ¢4 phan phu chat mang mong & dinh; hat phan dinh thanh khéi phan
va c6 sap bao bén ngoai vach khéi phan, khéi phan khéng c6 mom ¢ dinh; co quan
truyén phan cé got dinh va 2 chudi; khdi phan hudéng Ién, dai khoang 500 pm; chi c6
mot khdi phan trong mdi 6 phan. Qua dai, ¢& 14 x 0,4 cm. Hat ¢& 3-4 x 1 mm, ¢4 mao
I6ng ¢ dinh. Mua hoa thang 7-8 [2].


https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77173117-1

1.1.2.2. Déc diém hé gene luc lap cia cac loai thuge chi Hoya

Nhitng nghién ctiu vé phan loai trude day déi véi céc loai trong chi Hoya cha
yéu dua trén dic diém hinh thai nhu than, 14, hoa, nhya ma [2], [17], [117]. Tuy nhién,
viéc phan loai nhu vay chua dam bao d6 tin cay trong truong hop cac loai trong chi
Hoya c6 nhiéu cac dic diém hinh thai twong tu nhau hodc cac co quan sinh dudng bi
bién dang. Di liéu cua nhiéu hé gene luc lap hoan chinh duoc giai trinh tu va nhitng
phan mém chuyén dung d cung cap ngudn vt liéu c6 gia tri cling nhu cac phurong tién
hién dai trong nghién ctru tién hoa, phan loai.

Trinh ty hé gene luc lap hoan chinh dau tién cua céc loai trong chi Hoya duoc
nghién ctu, giai trinh tu, cong bb nim 2018 13 caa hai loai H. pottsii Traill va H. liangii
Tsiang (lAy mau tir Hai Nam, Trung Quéc (110,111°D, 19,897°N)) [146]. Hé gene luc
lap cua H. pottsii va H. liangii duoc phat hién c6 téng chiéu dai lan luot 13 161.565 bp
va 162.989 bp. Ca 2 hé gene luc lap trén déu c6 cau tric 4 ving dién hinh cia hé gene
luc lap thuc vat hat kin, chira 2 vung lap lai dao ngugc (IR) 1a 24.657 bp (H. pottsii) va
24.841 bp (H. liangii), 1 ving sao chép don 16n (LSC) 1a 92.532 bp (H. pottsii) va 93.292
bp (H. liangii), 1 viing sao chép don nho (SSC) gdm 19.719 bp (H. pottsii) va 20.015 bp
(H. liangii). Hé gene luc lap cua loai H. pottsii va H. liangii chira 115 gene, bao gom 81
gene ma hda protein (7 gene trong vung IR), 30 gene tRNA (7 trong vung IR) va 4 gene
rRNA; 5 gene gia (rpoC1, accD, ycf2, ndhH, ycfl) ¢ H. pottsii va 6 gene gia (rpoC2,
accD, ycf2, ycfl, ndhH, ycfl) ¢ H. liangii, 14 gene chira mot intron va 3 gene (ycf3, clpP,
rps12) chira 2 intron. Gene rps12 dwgc phét hién Ia cd tinh chat van dong, dic trung cta
thuc vat hat kin. Ham luong A/T téng thé trong hé gene luc lap cua H. pottsii 1 62,40%,
trong d6 gia tri twong tng cia ving LSC, SSC va IR lan luot 12 64,10; 68,20 va 56,80%.
Ham luong A/T tong trong hé gene luc lap cua H. liangii 12 62,30%, trong d6 gia tri
twong (ng cua vung LSC, SSC va IR lan luot 1 64,10; 68,20 va 56,80%.

Rodda va Niissalo (2021) da phan tich twong d6i day du vé su tién hoa trong to
chirc hé gene luc lap cua céc loai trong chi Hoya, ngoai ra c6 thém nhirng phén tich so
sanh gitra hé gene luc lap va hé gene ty thé dé cé nhitng thong tin chinh xac trong nhiing
két luan caa minh. Nghién ctu chi ra rang, trong mdi té bao c6 nhiéu ban sao hé gene

luc lap. Tong chiéu dai cua cac hé gene luc lap hoan chinh thay di tir 175.405 bp


https://pubmed.ncbi.nlm.nih.gov/?term=Rodda+M&cauthor_id=34267257
https://pubmed.ncbi.nlm.nih.gov/?term=Niissalo+MA&cauthor_id=34267257

(Dischidia milnei Hemsl) dén 178.525 bp (H. omlorii) va tir 161.660-161.700 bp & cac
nhom ngoai. Po dai cua cac vang IR hoan chinh thay d6i tir 41.272 (D. milnei) dén
42.069 bp (H. exilis Schltr.), tir 26.117-28.287 bp & cac nhém ngoai. Vung sao chép
don 16n (LSC) hoan chinh cta cac nhom c6 d6 dai khac nhau tir 90.248 bp (H. ignorata)
dén 92.364 bp (H. megagalaster Warb. ex K.Schum. & Lauterb.), ving sao chép don
nhé (SSC) hoan chinh thay ddi tir 2.285 bp (H. diversifolia) dén 2.304 bp (H. omlorii),
nghién ctru cling d4 chi ra viing SSC ¢ nhdm Hoya trg thanh viing ngan nhat dugc biét
dén trong thuc vat hat kin [17], [118]. CAu trdc hé gene luc lap & tit ca céc loai trong
nhoém Hoya duoc dic trung bai su gia ting 16n vé kich thude ca c&c trinh tu 13p lai dao
nguoc so véi cdc nhom bén ngoai; ranh gidi IR/SSC da chuyeén tir ycfl sang ndhF. Loai
& nhém ngoai c6 quan hé gan giii nhat vai nhom Hoya la Marsdenia flavescens A. Cunn
[118].

Nghién ctru niam 2022 ctua Odago va cs vé 31 hé gene méi duoc giai trinh ty
(Dischidia australis, D. griffithii, D. nummularia, D. ruscifolia, H.
angustifolia (pottsii), H. ariadna, H. caudata, H. chinghungensis, H. commutata, H.
dimorpha, H. griffithii, H. kerrii, H. lacunosa, H. lanceolata subs. Bella, H. liangii, H.
longifolia, H. meliflua subs. fraterna, H. ovalifolia, H. pandurata, H. pottsii, H.
pubicalyx, H. radicalis, H. rigida, H. sylvatica, H. sp. 11 ZCF6107, H. sp. 2
ZCF6006, H. sp. 3 ZCF6076, H. sp. 4 ZCF6004, H. sp. 8 ZCF6076, H. thomsonii va H.
volubilis) va so sanh vai nhiing hé gene luc lap cua chi Hoya da duoc cong bé nham lam
rd mdi quan hé tién hoa giira cac loai Hoya va cac loai lién quan khac [104]. Nghién ctu
d3 xac dinh cac ving c6 do6 bién doi cao (ndhF, ycfl, rpl22, matK, trnT-trnL va trnL-
trnF) va cac vung lap lai (-mono, -tri, -penta va -hexanucleotide) dugc xac dinh la cé
tiém nang vai vai tro 1 chi thi phan tir cho phat sinh ching loai. Nhitng nghién ctru phan
tich phét sinh chiang loai d6i véi céc loai thuoc nhém Hoya déu hd tro manh mé, gop
phan 1am séng té mdi quan hé giira cac loai trong chi. Cac két qua va dit liéu duoc trinh
bay trong nghién citu nay cung cap cai nhin sau sac vé méi quan hé tién hoa va lich st
dia sinh hoc cua cac loai thugc nhom Hoya.

Nghién ctru cia Wang va cs nam 2023 da tap hop dugc 101 hé gene luc lap hoan

chinh bao gém 35 hé gene luc lap méi duoc giai trinh tu, 24 hé gene luc lap tir dit liéu
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th6 da duoc cdng bb va phan con lai 1 tir co s& dir liéu NCBI (GenBank), dai dién cho
26 trong s6 27 téng trong ho Apocynaceae, duoc sir dung dé phan tich, so sanh. Céc
phan tich phat sinh chung loai dugc tién hanh bang cach sir dung ma tran dix liéu gene
luc lap két hop cua 77 gene ma hoa protein tir 162 don vi phan loai, bao gom tat ca 41
trong s6 49 phan téng cia ho Apocynaceae. Chiéu dai hé gene luc lap dao dong tir
150.897 bp & loai Apocynum venetum dén 178.616 bp & H. exilis. Cac nghién ctu da
xac dinh duoc 6 loai ranh giéi gitra vung lap lai dao nguoc (IR) va vung LSC. Kich
thude vung lap lai dao nguoc (IR) ma rong trén cac vung SSC vai mirc d6 khac nhau da
duoc tim thidy ¢ 3 tdng bao gom Alyxieae, Ceropegieae va Marsdenieae trong ho
Apocynaceae. C4c ving IR cua tdng Marsdenieae d3 phat trién theo hai cach: Ma rong
sang vung sao chép don 16n (LSC) ¢ Lygisma, Stephanotis, Ruehssia, Gymnema (Nhanh
Cosmopolitan) va ma rong sang ca vung LSC va SSC ¢ Dischidia-Hoya va Marsdenia
(nhanh chau A-Thai Binh Duong). C6 6 gene ma héa va 5 ving khong ma hoa duoc xac
dinh 1a c6 tinh bién d6i cao bao gém accD, ccsA-ndhD, clpP, matK, ndhF, ndhG-ndhl,
trnG (GCC)-trnfM (CAU), trnH (GUG)-psbA, trnY (GUA)-trnE (UUC), ycfl va ycf2.
Kha nang tdi da va cac phan tich phat sinh ching loai Bayes da dan dén cau trlic cac cay
gan nhu giéng hét nhau va tao ra mot cay phat sinh tét nhat chia Thién ly thanh 15
nhanh. Phan ho Periplocoideae dugc xép vao I6p Apocynoid va l1a chi em véi nhanh
Echiteae-Odontadenieae-Mesechiteae vai gia tri tin cay cao. Ba téng (Melodineae,
Vinceae va Willughbeieae), phan tong Amphineuriinae va 4 chi (Beaumontia,
Ceropegia, Hoya va Stephanotis) khong duogc coi la don nganh. Cong trinh nghién ctu
d3 lam sang to cac moi quan hé phét sinh ching loai co ban trong ho Apocynaceae va
cung cap nhirng hiéu biét sdu sic vé su tién hoa cua cac hé gene luc lap cua ho
Apocynaceae thdng qua viéc sir dung dix lidu hé gene luc lap dugc ldy mau nhiéu nhat
cho dén nay [162].

Dén thoi diém hién tai da c6 khoang gan 50 hé gene luc lap cua cac loai thudc
chi Hoya duoc cong bé trén NCBI. Cac nghién ctru vé hé gene luc lap cua cac loai trong
chi Hoya da gop phan 1am sang to nhiing dic diém cau trac doc dao va nhiing hiéu biét
s&u sac vé tién hoa cua ching. Hé gene lyc lap cua loai thugc chi Hoya va céc chi lién

quan cho thay su mé rong cua cac ving lap lai dao nguoc, dan téi ving sao chép don
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nho bi thu hep dang ké, khién n6 tro thanh mét trong nhitng chi cé ving sao chép don
nhé ngan nhit duoc biét dén trong thuc vat hat kin [104], [118], [167]. Su m& rong nay
d3 dan dén hau hét cac gene caa viing SSC ton tai dang cap doi [167] hoac chi con lai 1
gene ndhF. Ham luong va td chic gene tong thé & cac loai Hoya phan 16n duoc bao ton,
tuy nhién ciing c6 nhitng thay d6i nho (vi du nhu mat gene hoic tao gene gia) [79]. Phan
tich dit liéu hé gene luc lap hoan chinh da dwgc cong bé 1a co s& cho viéc giai quyét cac
mdi quan hé giira cac loai trong nhém Hoya [104]. Théng qua mot s gene va ving gene
cd kha ning bién d6i cao s& dé& xuét dugc cac chi thi phan tir DNA tiém ning dé xéac
dinh loai va nghién ctu phat sinh chang loai [79], [104]. Nhitng phat hién nay b sung
vao su hiéu biét cua ching ta vé qua trinh tién hoa hé gene luc lap caa Hoya va cung

cap nguon thong tin can thiét cho nhitng nghién ctru trong tuong lai.
1.1.3. Nhan xét chung

Hé gene luc lap cua thuc vat hat kin néi chung va cua chi Hoya néi riéng c6 cau
trac dién hinh gom bon ving: Mot ving sao chép don 16n (LSC), mot viing sao chép
don nho (SSC) va hai ving lap dao nguoc (IR). O céc loai thugc chi Hoya, ving IR
thudng c6 xu huéng mé rong, dan dén su thu hep dang ké cua ving SSC, khién Hoya
tré thanh mét trong nhitng chi thuc vat hat kin ¢ viing SSC ngan nhit duoc ghi nhan

cho dén nay.

Tinh dén nay, di c6 hon 50 hé gene luc lap cua céc loai Hoya dugc giai trinh ty
va cong bb trén cac co sé dir lidu qudc té, gop phan quan trong trong viéc lam sang to
dic diém ciu tric hé gene, ciing nhu hd tro cac nghién ciru vé phan loai hoc va tién hoa
cua chi nay. Tuy nhién, so véi mitc do da dang loai rat cao cia Hoya, sb lugng hé gene
luc lap hoan chinh d3 duoc cong bd van con twrong ddi han ché, cho thiy nhu cau cap

thiét phai tiép tuc bo sung dit liéu hé gene cho céac loai va don vi phan loai con thiéu.

Dang chu y, trong s6 cac don vi dudi loai cua H. verticillata, hién méi chi c6 h¢
gene luc lap cia H. pottsii var. angustifolia duoc cong bé, trong khi cac bién thé khac,
bao gom H. verticillata var. verticillata (Lan tai c40), van chua co6 bat ky dit lidu hé gene
luc lap hoan chinh nao dugc béo céo. Vi vay, viéc giai trinh tu va phan tich hé gene luc

lap cua H. verticillata var. verticillata 1a hét sirc can thiét, khdng chi nham bé sung dir
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lieu di truyén cho chi Hoya, ma con g6p phan 1am rd méi quan hé phét sinh chang loai

va vi tri phan loai caa nhém nay trong ho Apocynaceae.

1.2. PHAN TICH SU PHAT SINH CHUNG LOAI DUA TREN TRINH TU DNA
LUC LAP

1.2.1. Phét sinh ching loai hoc phan tir

Phat sinh chang loai phan tir lién quan dén viéc suy luan méi quan hé tién héa
giira cac loai, cac bac phan loai trén loai bang céach sir dung dix liéu phan tir. Théng qua
mo hinh héa céac thay ddi ¢ cap do phan tir trong chudi protein va DNA theo thoi gian,
thong qua d6 tai tao lich st tién hoa cua cac loai, ddng thoi danh gia muc d6 tin cay caa
cac suy luan. Céc suy luan phat sinh ching loai phéan tir khong chi hd trg cho cac phat
sinh chiang loai truyén théng ma con déng vai tro quan trong trong viéc giai quyét mot
s6 van dé kho lién quan dén cac sy phan nhanh trong hudng tién hoa. Do co sé dit liéu
thong tin trinh tu phan tir ngay cang tang, linh vuc nay c6 nhiéu tiém ning va sé& la chia
khoa quan trong dé hiéu lich s va mdi quan hé caa cac dang séng [19].

Thuyét trung tinh cho rang, phan 16n nhitng thay doi va tién hoa & cap do phan
ttr 12 do sy ¢b dinh ngau nhién (do su trdi dat Ay mau ngau nhién trong cac quan thé hiru
han) ciia cac dot bién trung tinh c6 chon loc. Thuyét nay ciing khang dinh rang hau hét
cac bién di di truyén cua cac loai & cdp do phan tir (nhu da hinh protein va DNA) la
trung tinh va chung dwoc duy tri trong qua trinh phét trién caa loai. Thuyét trung tinh
dua trén céc gia dinh don gian, cho phép phat trién cac Iy thuyét toan hoc dua trén di
truyén quan thé dé phan tich su tién hda va bién di phan ti theo céc thuat ngit dinh luong
[72]. Su tién bo khdng nging trong nhitng nghién ctru trong linh vuc sinh hoc phan ti
tao diéu kién thuan loi cho viéc ap dung Iy thuyét di truyén quan thé vao phan tich di
lieu thyc té. Thong tin di truyén duoc luu trir trong cac chudi DNA duogc di truyén 6n
dinh tir thé hé nay sang thé hé khac, tuy nhién van xay ra quéa trinh bién di va tich liy
bién d6i d6i vai vat chat di truyén. Nguoi ta ciing c6 thé so sanh cac cau tric bac hai,
bac ba cua protein va nucleic acid tir nhiéu ngudn khéc nhau cho thay hau hét cac thay
d6i tién hoa ¢ cap do phan tir 1a do trdi dat di truyén ngau nhién caa cac dot bién trung

tinh ¢ chon loc hoic gan trung tinh chix khdng phai do chon loc tu nhién [105]. Kimura
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dua ra gia thuyét dong hd phan tir cho rang cac dot bién (dic biét 1a dot bién trung tinh)
tich tu trong chudi DNA hoic protein véi tbe do gan nhu khong doi theo thoi gian, cho
phép céac nha khoa hoc udc tinh thoi diém phan ky tién hoa giira cac loai [72].

Xay dung cay phat sinh chuang loai la mot cong cu quan trong trong cac nghién
ctru tién hda phan tir, cho phép cac nha nghién ciu hinh dung va phan tich cac méi quan
hé tién hda gitra cac sinh vat. C6 nhiéu phuong phap va phan mém khéc nhau da duogc
tng dung dé xay dung so dd phét sinh ching loai, bao gom cac phuong phap dua trén
khoang céch, dya trén ky tu va kha ning toi da [107]. Cac phan mém thuong duoc st
dung dé xay dung so d6 phat sinh ching loai gdm: Phylip, PAUP, PAML, TreePuzzle,
PhyML, MyBayes, MEGA, DNASTAR. ..

M&bi quan hé di truyén giita cac sinh vat c6 thé duoc wédc lugng tir md hinh thay
ddi cuia cac nucleotide trong trinh tw DNA. Van dé dau tién dit ra 1a can phai chon mét
gene, viing gene hozc hé gene lam vat liéu di truyén/chi thi phan tir phti hop cho nghién
cau, phén tich. Viéc lua chon, st dung doan DNA da dugc xac dinh lam chi thi phan tir
dé dinh danh loai sinh vat goi 1a ma vach DNA (DNA barcoding, chi thi DNA). C4c lya
chon phé bién & thuc vat bao gom hé gene luc lap hoic cac thanh phan caa hé gene luc
lap, gene RNA ribosome nhan hoic gene nhan. Van dé tha hai 1a can phai lua chon
phuong phap phu hop st dung dé phan tich, so sanh, phan Ky trinh tu DNA tir d6 xay
dung ban dd mé ta dic diém cua phan tir DNA dang dugc nghién ciu. Cac nghién ciu
thuc nghiém chi ra rang viéc phan tich nhitng vi tri nhat dinh trén phan tir DNA luc lap
cung cip d6 phan giai tot cho nhitng nghién cau hé théng phan loai ¢ cap do loai, chi,
ho. Do do viéc giai trinh tu DNA, trinh tu gene hoac vung DNA luc lap quan tam c6 vai
tro rat quan trong, cung cap dix liéu Ion gitp phan tich méi quan hé di truyén va tién hoa
sau sac hon [29].

1.2.2. Phan tich sy phét sinh ching loai 6 thuc vat

Phan tich sy phat sinh ching loai dua trén hé gene luc lap dd nang cao dang ké
su hiéu biét vé qué trinh tién hoa cta thyuc vat, cung cap nhirng thdng tin vé ngudn goc,
sur da dang va chiéu hudng tién hda thich nghi caa cac loai thuc vat. Phat sinh ching
loai dua trén trinh ty DNA luc lap lién quan dén viéc str dung théng tin di truyén co

trong luc lap cua thuc vat dé suy ra mdi quan hé tién hda giita cac loai khac nhau. Sir
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dung trinh ty gene luc lap dé phan tich phat sinh chung loai 1a mét céng cu manh mé va
hiéu qua. Hé gene luc lap c6 tinh bao ton cao khién chiing dic biét hitu ich cho muc dich
nay [157]. Céc viing khac nhau caa hé gene luc lap, bao gom ca cac gene ma hoa (vi du:
rbcL, matK) va cac ving khong ma héa (vi du: intron, spacers), cd thé duoc st dung cho
cac nghién ciru phat sinh ching loai ¢ cac cap do phan loai khac nhau [153]. Trong khi
cac gene ma hoa thuong c6 nhiéu théng tin hon dé giai quyét cac mdi quan hé & cip do
phan loai cao hon, thi nhitng ving khong ma hoa thuong hitu ich hon & céc cap d6 phan
loai thip hon do téc d6 tién hoa cua chiing nhanh hon [153].

Nhitng tién b gan day trong cong nghé giai trinh ty gene thé hé méi da cho phép
phan tich trinh tu hé gene luc lap hoan chinh tir DNA tong s6, cung cap mot phuong
phap hiéu qua dé xac dinh thyc vat va thiét 1ap cac méi quan hé di truyén. Phuong phap
nay da duoc ap dung thanh céng cho céc loai cay co va xac dinh chinh x4c mdi quan hé
phat sinh chung loai cta chung. Nhitng nghién ciru phan tich quy mé Ién sir dung hé
gene lyc lap da cung cap rat nhiéu cdy phat sinh c6 d6 phan giai tét cho hau hét cac ho
thuc vat ¢ hoa [81]. Viéc sir dung phan tich dir liéu gene nhan da bo sung thém nhiing
hiéu biét vé cac méi quan hé nhanh chinh va thoi gian phan ky cua céc so dd phét sinh
chang loai [174]. Viéc tich hop cac loai di liéu da dang, phuong phap phan tich tiép tuc
hoan thién gop phan nang cao su hiéu biét vé phat sinh chung loai thuc vat hat kin, cung
c4p nén tang viing chic cho cac nghién ctu tién hoa. Tuy nhién, mot s6 mdi quan hé
giita cac nhanh phan loai chinh van chua dugc lam séng to, can tiép tuc c6 thém nhiing
nghién ctru giai trinh ty gene va phat trién, hoan thién cac phuong phap nghién ciru tién
hoa hién cé [81].

Cac nghién ctu gan day st dung hé gene luc lap hoan chinh dé nghién ctu phét
sinh chung loai cua chi Sinodielsia va cac chi lién quan ctia ho Apiaceae (Ho Hoa tan),
qua phén tich 39 hé gene luc lap da xac dinh dugc 6 vung gene la nhirtng vung cé kha
ning dot bién cao trong chi Sinodielsia [168]. Gou va cs (2020) di nghién ciru hé gene
luc lap cua 8 loai trong céc chi Hansenia, Haplosphaera va Sinodielsia, 12 co sé dé cung
cap nhiing hiéu biét vé phat sinh ching loai va cung cip ma vach DNA tiém ning phuc
vu dinh danh loai trong céc chi nay [50]. Ca hai nghién ctru déu nhan thay céc ving

ndhF-rpl32 va ycfl rat da dang va hitu ich cho cac phan tich phat sinh chung loai. Cac
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nghién ciu vé phét sinh thyuc vat dua trén chi thi phan tir 13 ving gene, gene, hé gene
luc lap chi ra raing mot s6 gene, dac biét 1a nhitng gene lién quan dén qué trinh quang
hop, ¢6 dau hiéu tién hoa thich nghi dap ung voi méi trudong séng da dang [50] do d6 dé
bién d6i hon va c6 y nghia quan trong trong nghién citu phat sinh chung loai [54].

Li va cs (2021) da dé& xuit cay phan tich con duong phat sinh chung loai (PPA
1), 1a mot so dd phat sinh chang loai mé rong c6 ngudn gdc tir viéc phan tich mét tap
dit liéu 16n vé hé gene luc lap. So do nay nham muc dich giai quyét cac méi quan hé
tién hoa cua thyc vat hat kin (thuc vat ¢ hoa) & cip do ho tré 1én. Cay PPA 1l trong
nghién ctru nay duoc xay dung dya trén mot tap dit liéu mo rong bao gom 4792 trinh tu,
trong d6 4627 mau dai dién cho 4498 loai thyc vat hat kin trong tat ca cac ho va bo thyc
vat hat kin da dugc cong bb. Pham vi nghién ctru c6 d6 bao pha dang ké d6i vai céc chi
va loai, cung cdp mot cai nhin tdng quan toan dién vé sy da dang cua thuc vat hat kin
[81]. Orton va cs (2021) da phan tich 313 hé gene luc lap cua ho Poaceae (Ho Hoa thao)
nham c6 thém nhing thdng tin v& mdi quan hé giira phan ho Pooideae (Phan ho Hoa
thao), gom 164 dai dién véi cac loai khac trong ho (164 Pooideae, 40 Bambusoideae, 15
Oryzoideae, 44 Panicoideae, 20 Chloridoideae, 6 Danthonioideae, 6 Arundinoideae, 5
Micrairoideae, 6 Aristidoideae, 1 Pueloideae, 4 Pharoideae va 2 Anomochlooideag).
Tong cong, 47 hé gene luc lap da duogc giai trinh ty va lap rap hoan chinh cho nghién
ctru ndy. Pay 1a nghién ciru 16n nhit thuoc loai nay bao gom dix lidu & cap do hé gene,
khong chi tang cudng bd sung dir liéu phan tar ma con 1a co s& cho phan loai va xay
dung so do phéat sinh tién hda BEAST2 (Cay Iy mau phan tich tién hda Bayes) phuc vu
cho cac nghién cuau tién hoa va phét sinh chang loai [106].

Nghién ctru cua Gao va cs dbi voi chi Rosa (Hoa hong) da trén trinh tu hé gene
luc lap hoan chinh da cho thay cac ving lap lai don 16n (c6 s6 lugng tir 100-116 bp hozc
tir 78-90 bp) cling mot s6 ving dém giira cac gene (ycf3-trnS, trnT-trnl, psbE-petL va
ycfl) duoc xac dinh 1a nhitng ang ctr vién chi thi phan tir dé phan biét cac loai trong chi
Rosa. Nghién ctru chi ra mdi quan hé gitra cac hé gene luc lap dugc chon loc, phan tich
phét sinh chang loai trong chi Rosa gép phan nhan biét va bao ton nhitng loai hoa hong

hoang da, quy hiém [47].
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Nam 2023, Su va cs da giai trinh ty, cha thich day da hé gene luc lap caa 13 loai
thudc tong Datureae (Ca doc duoc) va 2 hé gene tir loai Solanaceae dugc lay tir co s
dir lieu NCBI. Nghién ciru cho thay hé gene luc lap c¢6 kich thudc dao dong tir 154.686
dén 155.979 bp va tir 155.497 dén 155.919 bp twong Gng dbi voi cac loai Datura va
Brugmansia. B4i véi Datura va Brugmansia, tong cong da xac dinh duoc lan luot 12
128 va 132 gene, trong d6 83 va 87 gene ma hoa protein, 37 gene tRNA va 8 gene rRNA.
Phan tich cac trinh tu 13p lai chi ra rang sé lwong va loai khac nhau gitta cac loai d6i voi
trinh tu 1ap lai trinh tu don gian (SSR), lap lai trinh tu dai (LSR) va lap lai song song
lan luot c6 s6 luong tir 53 dén 59, 98 dén 99 va 22 dén 30. Phan tich phét sinh chang
loai dira trén hé gene lyuc lap da hd trg méi quan hé don nganh giira Datura, Brugmansia
va Trompettia, dong thoi giai quyét méi quan hé phét sinh chung loai gitra cac loai [139].

Chen va cs (2024) da giai trinh tu hé gene luc lap hoan chinh cua 8 loai cuc trong
chi Aster (Cuc tay) bang cach sir dung bo dit liéu giai trinh ty thé hé tiép theo. Két qua
cho thay cac hé gene luc lap hoan chinh cua Aster c6 cau tric 4 phan. Nhitng hé gene
nay co chiéu dai 152.045-152.729 bp va chtra 132133 gene, bao gom 87 gene ma hoa
protein, 37-38 gene tRNA va 8 gene rRNA. Su ma rong hoac thu hep cua cac vung lap
lai dao nguoc, sao chép don 16n, sao chép don nho cling dugc phéat hién ¢ 8 loai chi
Aster. Ngoai ra, c4c phan tich trong nghién citu cho thay trinh tu 1ap lai don gian phong
phd nhét 1a mononucleotide A/T va 14 viing c6 tinh bién ddi cao da duoc phét hién bang
cach phan tich cac ving giap ranh, phan Ky trinh tu va cac diém nong.

Céc phan tich phét sinh chiing loai chi ra rang 27 loai trong Astereae dugc tap
hop thanh 6 nhanh, gom cac nhéanh tir A dén D va cac loai ngoai nhém, gia thuyét ung
ho rang cac chi Heteropappus, Kalimeris va Heteroplexis cd quan hé gan giii v6i chi
Aster. Két qua cac nhanh B dén D cho thay c6 thé cac nhanh nay duoc coi 1a chi. Udc
tinh thoi gian phan ky cho thay céc nhanh A, B, C va D phan ky lan luot & muc 23,15
Mya, 15,13 Mya, 24,29 Mya va 21,66 Mya (Mya-Triéu nim truée, 1a don vi thoi gian
thudng duoc st dung trong phan tich phan tir dé wac tinh thoi gian phan tach cua cac
nhanh trong so d6 phat sinh chung loai). Nhitng két qua nghién ciru nay da lam sang t6
mbi quan hé phat sinh chang loai caa chi Aster va cung cap théng tin hitu ich vé viéc

xéc dinh loai trong chi Aster va céc chi khac c6 quan hé gan giii [26].
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o Aster altaicus NC034996
100} Aster tongolensis OK323962
10034 Aster souliei OK323961
100L dster falcifolius ON515469 @
100 Aster pekinensis MW255593
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Aster indicus MG710386
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0.008
Hinh 1.2. So d6 phét sinh chang loai c6 d6 chinh xéac ti da (ML) duoc suy ra tir 27 hé gene
luc lap hoan chinh cua loai Aster (gi tri bootstrap duoc thé hién trén cac nhanh) [24].

H¢ gene luc lap da tr¢ thanh dir liéu quan trong va phan tich hé gene luc lap la
cdng cu manh mé trong viéc 1am séng t6 lich st tién hda caa thuc vat c6 hoa, cung cip
nhitng hiéu biét su sic vé phat sinh chung loai, tién hoa thich nghi va dinh dang loai.
Nhitng nghién ciru nay nhan manh tam quan trong cua viéc tich hop dir liéu hé gene luc
lap véi dix liéu hinh thai va phan tir khac dé c6 két qua phan tich tién hoa day di va toan
dién hon.

1.2.3. Phan tich sw phat sinh chiing loai ¢ chi Hoya

Nam 2006, Wanntorp va cs la nhom nghién ctru tién phong trong phan tich phat
sinh chang loai trong chi Hoya dwa trén hé gene, tac gia xac dinh rang cac nhom loai
chinh trong chi Hoya dua trén phén tich, so sdnh cac vung dém atpB-rbcL luc lap, gene
trnlL luc lap két hop véi ving ITS (DNA ribosome nhan) [163], [165].

Nghién cau cho thay, so do phéat sinh chiing loai ¢6 d phan giai tét dya trén trinh

tu cua cac vung dém hé gene luc lap la trnH-psbA, trnT-trnL, cac vung ITS va 5’-ETS

18



gene méa hoa vung nhan cua 154 loai. Nghién ctu cling da phan chia cac loai thudc chi
Hoya thanh 6 dong chinh (Nhanh 1-V1) ¢6 su phan bé dia Ii rong khap, cac nhom biéu
sinh phan Ky sém nhat ciia Nhanh I dwgc giéi han ¢ luc dia chau A can nhiét d6i hoac
viing nhiét doi dén can nhiét d6i chau Uc (Nhanh 1V), trong khi ho hang séng trén dat
chi giéi han & cac vung nhiét dsi Indo-Malaysia (Nhanh 11/111) va chau Uc (Nhanh 11)
cua Quan dao An-Uc. Nhéanh V (ving nhiét déi Indo-Malaysia va chau Uc) va Nhanh
VI véi cac dai dién dau tién & ddy Himalaya, Nhat Ban va khap chau Uc, dai dién cho
giai doan da dang hoa thir hai & Hoya. Tac gia da dua ra gia thuyét ring Hoya c6 ngudn
gdc tir ving nhiét déi dén can nhiét dsi An Po-Mién Pién/Himalaya va dic diém chung
la phu sinh ¢6 lién quan dén sy khoi dau caa khi hau gié mua trong qué trinh nang cao
cua day Himalaya [164].

Niam 2018, Tan va cs da giai trinh tu va cha thich day du ddi véi hé gene luc lap
cua H. pottsii Traill (MH678667), H. liangii Tsiang (MH678666), cung véi 17 trinh tu
hé gene luc lap hoan chinh da duoc cong bd trén NCBI (Cynanchum wilfordii
NC _029459.1, Asclepias nivea NC _022431.1, Oncinotis tenuiloba NC_025657.1,
Beaumontia murtonii NC _037934.1, Streptoechites chin ensis NC _037931.1,
Stripecoma peltigera NC_037933.1, Pentalinon Iluteum NC_025658.1, Echites
umbellatus NC_025655.1, Pachypodium baronii NC_037929.1, Alafia barteri
NC_037930.1, Nerium oleander NC_025656.1, Carissa macrocarpa NC_033354.1,
Rhazya stricta NC_024292.1, Tonduzia stenophylla NC _037935.1, Catharanthus
roseus NC_021423.1, Vinca Major NC_037928.1, Genetiana veitchiorum
NC_037985.1), cAc tac gia da sir dung phan mém RAXML dé xay dung so do phéat sinh
chang loai caa 19 loai, trong d6 2 loai thudc chi Hoya duoc xép & ciing mot nhom va
cho két qua gia tri bootstrap 100 [146]. Wei va cs (2020) trén co s& ¢ong b giai trinh
tu hé gene luc lap hoan chinh caa H. carnosa, két hop véi 18 hé gene luc lap hoan chinh
d3 duogc cong bé trén NCBI cua cac chi trong ho Apocynaceae va 2 loai dugc sir dung
& nhoém ngoai gdm Genetiana straminea (Genetianaceae), Coffea arabica (Rubiaceae)
d4 xay dung duogc cdy phat sinh ching loai téi da, cay phat sinh chang loai cho thiy H.
Carnosa, H. liangii va H. pottsii 1a 3 l0ai trong chi Hoya tao thanh mét nhanh duy nhat
[167].
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Nghién cru cua Rodda va cs cong bd 20 hé gene luc lap duoc giai trinh ty cua
cac loai trong nhém Hoya, chi ra méi lién hé giira chi Hoya véi cac chi khéc trong tong
Mardenieae. Co sd cua nghién ciru phat sinh ching loai nay dua trén tap hop hai b dir
liéu locus luc lap trnT-trnL-trnF tir 110 loai; 3 locus gene luc lap (trnT-trnL-trnF, atpB-
psbA spacer va matK) va 2 locus gene nhan tir 54 loai. Két qua nghién ctu da xay dung
duoc so dd phat sinh chung loai tdi da va cho thay Hoya cé quan hé gan giii v6i nganh
Anatropanthus, Dischidia va Oreosparte; c6 3 loai mégi ¢6 hinh thai gibng Oreosparte va
gidng vai cac loai thudc chi Hoya duoc dé xuét 1a chi méi PapuaHoya [118], [119].

Odago va cs (2022) da giai trinh tu 31 hé gene luc lap cua céc loai thudc chi Hoya
cua Trung Quéc bang cach st dung dir liéu quét hé gene va thyuc hién nhiéu phan tich
dé tim hiéu su bién doi trong hé gene nhiam phét hién nhing vi tri tiém ning st dung
trong phan tich phat sinh chiing loai. Nghién ciru da sang loc cac diém nong tiém nang
(ving DNA ¢6 do da dang nucleotide cao, Pi) trnT-trnL-trnF, psba-trnH, trnG-UCC,
ndhF, ycfl, matK, rps16 va accD c6 thé dugc sir dung lam chi thi phan tir DNA dé hd
trg xac dinh loai. St dung kha ning t6i da (ML) va suy luan Bayes (BI) xay dung duoc
so do phét sinh chung loai. Hé gene luc lap méi duoc lap rap cho thay dic diém cau tric
cua Hoya va Dischidia dién hinh gom 3 viing, trong dé viing SSC ngay cang duoc thu
hep va 2 vung IR dugc mo rong. Kich thudc hé gene dao dong tir 175.404 bp ¢ H.
lacunosa dén 179.069 bp o H. ariadna. Ving LSC dao dong tir 80.795 bp (H. liangii)
dén 92.072 bp (H._sp2_ZCF6006). Cac ving IR duoc md rong manh, ving SSC duoc
thu hep lai con mot gene duy nhat 1a ndhF. Nghién ctru d xac dinh dugc 235 diém lap
lai phan b dai (LDR) va 10 diém c6 d6 phan ky cao trong 31 hé gene luc lap cua chi
Hoya, ¢6 thé dugc st dung 1am ma vach DNA dé nhan dang loai. Phat sinh chung loai
cho thay Clemensiella ton tai nhu mét chi riéng biét. H. ignorata duoc coi 1a ho hang
Vvéi céc loai trong Nhanh VI (Nhanh sé VI chi bao gom cac loai trong chi Hoya). Nghién
ctru nay da danh gia duoc nhitng loi ich cta viéc st dung dix liéu hé gene luc lap da duoc

giai trinh ty dé nghién ctu tién hda va phan tich méi quan hé phat sinh ching loai [104].
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1.2.4. Nhan xét chung

Trong bdi canh khoa hoc va cong nghé sinh hoc phat trién manh mg, céc chi thi
phan tir da tré thanh cdng cu then chét trong nghién ciu phét sinh chung loai va phan
loai sinh vat. Viéc phan tich dua trén cac chi thi DNA (gene, ving gene, vung dém,
intron) hoic toan bo hé gene, dic biét 1a hé gene luc lap, cho phép tiép can mot cach
khach quan va c6 d6 tin ciy cao hon trong viéc 1am séng to lich st tién hda cua sinh vat
noéi chung, ciling nhu cac loai thudc chi Hoya va cac chi trong ho Apocynaceae noi riéng.
Pong thoi, viée xac dinh cac viing DNA ¢6 tiém ning st dung lam chi thi m& vach phan
tr (DNA barcoding) phuc vu dinh danh loai dang tré thanh mot hudng nghién ciru quan

trong, c6 ¥ nghia khoa hoc va thyc tién sau sac.

Tuy nhién, cho dén nay, sé lugng loai thudc chi Hoya di duoc giai trinh ty hé
gene luc lap van con han ché so véi mac d6 da dang rat cao caa chi nay, dan dén co so
di liéu phuc vu phan tich phét sinh chang loai con chua diy du va tinh dai dién chua
cao. Biéu nay phan nao lam giam d6 tin cay va do phan giai cuia cac cay phat sinh chung
loai di cong bd. Mic du cac cong cu va phuong phap tin sinh hoc hién dai ngay cang
hoan thién, cho phép phén tich dir liéu & quy mé 16n va véi d6 chinh xac cao, nhung
hiéu qua caa cac phan tich nay van phu thudc chit ché vao su day du va chat lugng cua

dir liéu hé gene nén.

Péng cht ¥, cho dén thoi diém hién tai, chua co cong trinh ndo cong bd két qua
phan tich phat sinh chung loai dua trén hé gene luc lap cia cac lodi Hoya phan bo tai
Viét Nam, dong thoi cling chua c6 dit liéu giai trinh tu hé gene luc lap hoan chinh cua
H. verticillata var. verticillata. Day 1a mot khoang tréng dit liéu quan trong, han ché kha
nang danh gia dy du vi tri phan loai va méi quan hé tién héa ciia nhom nay trong ho
Apocynaceae.

Vi vay, viéc tién hanh giai trinh ty hé gene luc lap cua H. verticillata var.
verticillata, két hop phan tich phat sinh chung loai va sang loc cac viing DNA ¢ tiém
nang lam chi thi phan tir phuc vu dinh danh loai, la hét stc can thiét va mang tinh cap

thiét trong bdi canh hién nay. Nghién cau nay khdng chi gop phan bé sung dit liéu di
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truyén cho chi Hoya ma con cung cip co s khoa hoc vitng chic cho cong tac phan loai,

bao tén va khai thac bén virng ngudn tai nguyén thuc vat ¢ Viét Nam.

1.3. THANH PHAN HOA HQC, HOAT TiNH SINH HQC CUA MOQT SO LOAI
THUQC CHI HOYA

1.3.1. Céc hep chat hoa hec & thwc vat hat kin va chi Hoya

Céc nghién ctru vé hop chét thir cp trong thuc vat di phat hién nhiéu nhom chat
hitu co ¢6 hoat tinh sinh hoc. Alkaloid 13 nhém hop chét chira nitrogen phd bién &
khoang 20% loai thyc vat, thuong lién quan dén hoat tinh sinh hoc manh. Terpenes va
terpenoid 1a nhom chat chuyén héa 16n nhat, cé cau triic da dang va vai trd sinh hoc
quan trong nhu tién chét steroid, truyén tin hiéu va chuyén hoa té bao. Mot sé terpen

nhu vitamin A con ¢ gia tri chira bénh [74], [173].

Phenolic 13 nhém hop chat thir cip doi dao trong thuc vat, bao gdm phenol don
gian, phenolic acid, flavonoid, tannin va lignin [69]. Trong do, flavonoid 1a nhom noi
bat voi hon 5.000 loai, chia thanh sau phan nhom chinh: Flavonol, anthocyanidin,

isoflavone, flavan-3-ols, flavones va flavanone [41].

Glycoside 13 cac hop chit c6 trong nhiéu ho thuc vat, voi hoat tinh sinh hoc da
dang. Mot s6 loai phd bién gdm glucosinolate, glycoside cyanogene, glycoalkaloid,

saponin va cardenolide [129].

Saponin 1a nhém hop chit phan cuc ludng tinh, xuat hién rong rii & hon 90 ho
thuc vat [58], phan bo trong ré, 14 va hat. V& cau tric, chung gdm aglycone steroid hodc
triterpenoid lién két vai chudi dudng (sapogenin) [126]. Saponin c6 hoat tinh sinh hoc
manh nhu chéng viém, ha cholesterol, diéu hoa mién dich, nhung cling c6 thé anh huong
tiéu cuc dén vi sinh vat da co va strc khoe vat nudi [5], [145]. Him luong saponin bién

d6i theo gidng, tudi cdy, trang thai sinh 1y va vi tri dia 1y [58].

Céc nghién ciru hoa hoc trén cac loai Hoya cho thay su da dang ctia cac hop chat
hitu co, dic biét 1a triterpenoid va sterol. Cac dan xuét phd bién gdm: B-amyrin va a-

amyrin dugc tim théy o H. multiflora, H. diversifolia, H. cumingiana, H. paziae; p-
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amyrin cinnamate c6 & H. wayetii, H. buotii, H. madulidii; lupeol xut hién trong nhiéu
loai nhu H. mindorensis, H. multiflora, H. cagayanensis; a-amyrin cinnamate ¢ H.
buotii, H. madulidii; lupenone trong H. mindorensis, H. pubicalyx, H. cagayanensis;
squalene cé trong H. mindorensis, H. buotii, H. madulidii va nhom sterol nhu B-

sitosterol, stigmasterol c6 mat & hau hét cac loai ké trén [95].

Thanh phan terpenoid chiém 39,51% trong hoa H. cagayanensis, H. lacunosa, H.
coriacea va la thanh phan chinh tao hwong thom [18]. Tir sap cua 14 gia ctia H. lacunosa
phéan 1ap dugc B-amyrin, taraxerol, a-amyrin va taraxasterol [12]. H. naumanii chira
khoang 50% triterpenol (B-amyrin, lupeol, a-amyrin), 25% n-hydrocarbon (n-C31, n-
C33) va 20% acid hitu co c6 ngudn gdc tir dihydronyctanthic acid [14]. Cac nghién ctru
chi ra ¢ loai H. australis c¢6 chura australinal A-D (triterpene mdi), d-amyrin, -amyrin,

lupeol va a-amyrin [15].

Tur than H. carnosa da phan 1ap cac oligosaccharide, ¢ loai H. parasitica phan
lap duoc hoyasterone (androstanoid), acid 15-bulnesolic (sesquiterpene) va hop chat

phenolic dic trung [122].

Phén tich dich chiét r&, than, 14 loai H. mindorensis thu dugc lupeol, lupenone
(trong ré); squalene (trong 14), botulin (trong than) [35]. H. multiflora chira nhiéu hop
chat nhu lupeol, a/B-amyrin, bauerenol, lutein, squalene, B-sitosterol va stigmasterol
[36]. H. buotii chira taraxerone, taraxerol, hdn hop a/B-amyrin cinnamate, B-sitosterol,
stigmasterol v&i thanh phan céc chét thay doi ty theo co quan duge dung dé phan tich
[37]. Tur dich chiét cua loai H. cagayanensis phan lap dugc lupeol, lupenone,
dihydrocanaric acid, cac hydrocarbon bdo hoa va 2-hydroxyethyl benzoate [113]. Chiét
xuat 14 H. madulidii c¢6 hdn hop lupeol cinnamate, amyrin cinnamate (2:2:1), lupeol, f-

sitosterol va stigmasterol (5:1), cung cac hydrocarbon khéng bao hoa [23].

Dich chiét H. meliflua thu dugc squalene va hdn hop B-amyrin, a-amyrin, lupeol,
oleanone, ursenone, lupenone, cac dan xuét cinnamate va hdn hop sterol véi ti 1& dic

trung [95].
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Thanh phan héa hoc cua cac loai trong chi Hoya di dugc nhiéu tac gia nghién

clru va cac hop chét hiru co thu dugc tir cac bo phan cua céc loai trong chi Hoya duoc
mo ta tai Bang 1.1 [121].
Bang 1.1. Thanh phan hoa hoc ciia mét sé lodi trong chi Hoya.[121]

Loai/by phan Thanh phan hoéa hoc Tac gia

H. buotii Taraxerone, taraxerol, B-sitosterol, stigmasterol, | (Ebajo vacs

Kloppenb (Hoa) a-amyrin, B-amyrin cinnamate, squalene 2015b)

H. carnosa (L4&) Flavonoids, tannins, phenols, and alkaloids (Rahayu 2019)

H. diversifolia B-amyrin cinnamate, squalene, p-sitosterol, a- | (Panajon vacs

Blume (La) amyrin, B- amyrin, lupeol 2016)

H. mindorensis Squalene, B-sitosterol (Ebajo va cs

(L&) 2014)

H. multiflora Bauerenol, squalene, lutein, B-sitosterol, (Ebajo va cs

Blume (La) stigmasterol 2015¢)

H. parasitica (L&) | Reducing sugar, tannin, flavonoid, gum, saponin (Rezavacs

2007)
H. wayetii Triglycerides, chlorophyll a, B-sitosterol, (Ebajo va cs
Kloppenb (L&) stigmasterol 2015a)
H.  wightii ssp. | Alkaloids, phenolics, steroids, flavonoids, (Lakshmi va cs
Palniensis (La) triterpenoids, saponins, xanthoproteins 2014)
H. diversifolia Taraxerol, lupeol cinnamate, stigmasterol (Panajon va cs
Blume (Théan) 2016)

H. kerrii (Than) Lupeol acetate, taraxerol, lupeol, sitosterol, (Seeka va cs
stigmasterol, p- hydroxybenzaldehyde, scopoletin, 2017)
lariciresinol

H. mindorensis Betulin (Ebajo va cs

(Than) 2014)
H. multiflora Lupeol, a-amyrin, B-amyrin, lupeol acetate, a-| (Ebajovacs
Blume (Thén) amyrin acetate, B-amyrin acetate 2015¢)
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H. parasitica (Than)[Tannin, flavonoid, alkaloid, steroid (Khatun va cs
2014)
H. wayetii B-amyrin cinnamate, taraxerol (Ebajo va cs
Kloppenb (Than) 2015a)
H.  wightii ssp. | Alkaloids, phenolics, steroids, flavonoids, (Lakshmi va cs
Palniensis (Than) triterpenoids, xanthoproteins 2014)
H. mindorensis Lupenone, lupeol (Ebajo va cs
(R&) 2014)

1.3.2. Hoat tinh sinh hoc caia thuc vat va mét sé loai Hoya

Céc hop chit c6 hoat tinh sinh hoc tir thuc vat ngay cang dugc quan tim nho tiem
nang trong phong ngira va diéu tri nhiéu loai bénh nhu ung thu, viém man tinh, ri loan
chuyén hoa [135]. Chiing déng vai tro quan trong trong viéc kham pha va phat trién
thudc théng qua quy trinh sang loc, danh gia sinh hoc —héa hoc va thir nghiém 1am sang

[25], [111].

Trong diéu tri ung thu, nhiéu hop chit c6 ngudn gdc tir thuc vat nhu curcumin,
vincristine, vinblastine, paclitaxel va lycopene da chirng minh hiéu qua thong qua cac
co ché nhu trc ché ting sinh, cam tng apoptosis va chéng oxy hoa [68], [140]. Mot s6
chét c6 kha ning ting cuong hiéu qua cua héa tri dong thoi giam tac dung phu, bao vé

té bao binh thudng trong khi trc ché té bao ung thu.

Véi cac roi loan than kinh, phytochemical thé hién kha niang bao vé than kinh
thong qua chdng oxy hoa, chdng viém va ngin ngira chét té bao than kinh [53]. Nhiéu
san pham ty nhién tir Rhodiola rosea, Ginkgo biloba va Morinda lucida di cho thay hiéu
qua trong cai thién triéu chimmg ctia cac bénh thoai hoa than kinh nhu Alzheimer hoic
Parkinson.

Trong linh vire tim mach, cac hop chat nhu flavonoid, phenolic va carotenoid c6
tac dung ha huyét 4p, chéng viém, chéng oxy hoa va diéu hoa lipid mau. Isoflavone,
resveratrol, va quercetin di dugc ghi nhan gitip giam nguy co méic bénh tim mach [133].

Tuy nhién, kha ning hoa tan va hap thy kém cua chung 13 han ché 16n trong diéu tri bénh
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tim mach. Cong ngh¢ nano nhu liposome, hat nano polymer hodc nano bac dang dugc
nghién ciru dé ting cudng hidu qua sinh hoc va tinh 6n dinh cua cac hop chat hoa hoc

thuc vat ing dung trong y dugc [133].

Vé kha ning chdéng viém va diéu hoa mién dich, polyphenol tir tra xanh,
curcumin, resveratrol va boswellic acid c¢6 kha ning trc ché qua trinh viém, diéu chinh
biéu hién cytokine va gene mién dich [161], [149]. Cac chit nay duoc nghién ciru nhu

lya chon thay thé cho thube diéu tri viém khép, viém rudt man tinh.

Trong bdi canh khang khang sinh gia ting, cic chat ty nhién nhu alkaloid,
flavonoid va terpenoid c6 tiém ning 16n trong diéu tri nhiém khudn, ndm va virus [62],
[85], [127], [138]. M6t sé triterpenoid cho thdy kha ning rc ché coronavirus, trong khi
flavonoid da chting minh hiéu qua khdang SARS-CoV-2. Nhiéu hudng tiép can nhu hé
dan nano dang dugc nghién ciru nham cai thién d bén va kha nang hap thu té bao cua

cac hop chat nay [138].

Déi voi 16i loan chuyén hoa va noi tiét, cac hop chat trong trai ciy, rau ci va ngil
cdc nhu epigallocatechin gallate tir Camellia sinensis (tra xanh) c6 hiéu qua trong diéu
tri dai thio dudng va béo phi [125]. Hop chit & cac loai nhu Citrullus colocynthis (Dua
ding), Silybum marianum (Cuc gai) va Aloe vera (L6 hoi) c6 tac dung ha duong huyét.
Ngoai ra, Nhan sam, Muép ding, Ma hoang ciing duoc nghién ciru trong kiém soat can
ning va hoi chimg chuyén hoa. Tuy nhién, viéc tng dung hiéu qua doi hoi cac nghién

ctru chuan hoa va thir nghiém 1am sang nghiém ngat [51].

Trong diéu tri bénh gan, cac liéu phap truyén théng con nhiéu han ché va gay tac
dung phu. Mot sb hop chit thuc vat nhu silymarin, andrographolide, curcumin va
glycyrrhizin da cho thiy tic dung bao vé gan thong qua viéc giam stress oxy hoa va tc

ché con duong viém [93], [128].

Phytochemical ciing cé tiém ning 16n trong linh viec my pham va dugc pham nho
hoat tinh khang oxy hoa, khang viém va khang khuan. Cac chat nhu aloin, ginsenoside

va curcumin giup trung hoa goc ty do, gidm mat nudce, tang cuong kha nang chong nang
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va 1am cham qua trinh 130 héa [86], [92]. Chung c6 thé kich hoat co ché tu thyuc bao,

stra chita DNA va diéu hoa chuyén hoa té bao.

Nghién ctru ctia Pandey va cs (2004) di chi ra riang cac loai Hoya chira lipid,
flavanol, sterol, triterpenes, sesquiterpenes va disaccharides, voi hoat tinh chéng sOt rét,
gay doc té bao, chéng dj img va diéu hoa mién dich. Cac hop chat tir Hoya dugc st dung
diéu tri hen suyén man tinh, cac bénh viém nhiém, dong thoi tmg dung trong vai trd nhu

thudc trir sau [108].

Tania va cs (2016) di chiét xudt 14 Lan tai c4o bing methanol, ethanol va
chloroform va danh gia hoat tinh sinh hoc ban dau. Két qua cho thiy ca ba dung moi
déu tao ra chiét xuat co gia tri ICso twong duong ascorbic acid chuin. Chat chiét
chloroform thé hién kha ning khir manh, chéng tan mau; trong khi chiét ethanol 6n dinh
mang hong cau. Cac thir nghiém in vivo cho thiy chiét methanol va ethanol lam ting

nhu dong rudt ro rét [148].

Nguyen, H. D. (2023), dwra trén nghién ctru y hoc ¢ truyén vé cach sir dung Lan
tai c4o diéu tri cac bénh nhu thép khép, vang da, roi loan tiét niéu, sdt, tao bon va dau,
da thyc hién chiét xuat 14 bang n-hexane va ethyl acetate, dong thoi danh gia hoat tinh
thong qua than kinh trung wong thong qua cac thi nghiém trén dong vat. Két qua cho
thay cac chiét xuat ndy c6 dic tinh an than, chong lo 4u va tc ché than kinh trung wong.
Tuy nhién, chiing ciing thé hién doc tinh té bao, dat ra yéu cau nghién ctru sau hon dé
xac dinh hop chat hoat dong chinh xéc, tir 46 phat trién cac san pham an toan va hiéu
qua [99].

1.3.3. Saponin

Saponin 1a nhitng glycoside ¢ khéi lwong phan tir [6n, thudng gap trong nhiéu
loai thuc vat. Saponin c6 tinh hoat dong bé mat manh, khi hoa tan vao nuéc cé tac dung
lam giam sirc cang bé mat cua dung dich, tao nhiéu bot, c6 tinh chat pha huyét, doc doi
v6i dong vat mau lanh nhét 1a ddi voi c4, tao thanh phic véi cholesterol, ¢6 vi hic va

lam hat hoi manh. Phan ti saponin cua n6 ¢é hai phan: Phan khong phai saccharide cua
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phan tir saponin duoc goi 1 genin hay sapogenin (hay aglycone) va phan dudng dugc
lien két v6i nhau bang lién két glycosidic duoc thé hién trong Hinh 1.3 [90].

Sugar chain

OH OH

OHOH _/
Hinh 1.3. CAu tric caa saponin (Moghimipour va Handali, 2015) [90]

1.3.3.1. Saponin thuc vt

Con duong sinh téng hop saponin (dwgc thé hién trong Hinh 1.4) bit dau voi
acetyl-CoA, chat nay thong qua con duong mevalonate dugc chuyén hoa thanh tién chat
squalene mach thang 30 carbon (mau vang). Squalene dugc oxy hda thanh 2,3-
oxidosqualene, chat nay duoc vong hoa thanh aglycone cycloartane, tién chat chuyén
biét cho qua trinh sinh tong hop sterol ¢ thuc vat (mau xanh 14 cay). Cholesterol 12 tién
chat chuyén biét cho qua trinh tong hop saponin steroid (mau tim) va glycoalkaloid
steroid (mau xanh lam). Céc saponin triterpenoid (mau cam) dwgc tong hop tir 2,3-

oxidosqualene dugc vong hoa thanh cac aglycone triterpene chuyén biét. Tén enzyme
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va con dudng sinh tong hop duoc in nghiéng. Mili tén nét dut biéu thi nhiéu budc trong

con duong sinh tong hop [91].
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Mot sé nghién ctru dd chang minh hé gene luc lap tong hop cac protein tham gia
vao qua trinh diéu hoa san xuat isoprenoid trong luc lap 1a co sé quan trong dé tong hop
cac hop chat va hormone thiét yéu lién quan dén quang hop [46].

Sapogenin cua saponin triterpenoid 1a mot dan xuét triterpenoid bao gom 30
nguyén tir carbon va khung co ban gom 6 don vi isopren. Sapogenin - saponin
triterpenoid duoc chia thanh triterpenoid tetracycle va pentacycle. Cac loai triterpenoid
4 vong bao gdm lanostane, euphane, loai dadamane [101], ankan cucurbitacin, loai
cycloxylane, meliacanes, ...; cac loai triterpenoid 5 vong bao gom loai oleanane [78],
ursane, lupane, friedelanes va céac loai khac. Sapogenin cua saponin steroid 12 dan xuét
steroid thuong chira 27 nguyén tir carbon va c6 khung co ban la spirostane va furostane.
Saponin steroid duoc chia thanh cac loai spirostanol, isospirostanol, furostanol va
spirostanol bién dang. Saponin dwgc phan b rong réi trong ty nhién va thudng duoc
tim thay trong ré, than, 14, hoa (qua) va hat cua thuc vat c6 hoa trén can [5]. Saponin
triterpenoid phan bd chu yéu & cac ho Leguminosae (Pau), Araliaceae (Nhan sam),
Umbelliferae (Hoa tan), Polygalaceae (Nghé) va céac ho thuc vat khac. Saponin steroid
chu yéu duoc tim thdy trong cac ho thuc vat mot 14 mam, nhu cac ho thuc vat
Dioscoreaceae (Ho Cu nau), Liliaceae (Ho Loa kén) va Scrophulariaceae (Ho Huyén
sam). Saponin 1a mot trong nhiing thanh phan chinh caa nhiéu loai thubc thao duoc
Trung Quéc, chang han nhu nhan sdm, xwong cua, bupleurum, Ophiopogon japonicus,
notoginseng va cam thao [112].
1.3.3.2. Hogt tinh sinh hgc cia saponin thuc vt

Saponin dugc nghién ciu rong rdi vi hoat tinh sinh hoc da dang cua chdng, bao
gom tac dung khang khuan, khang nam, khang virus, gay doc té bao ung thu, chong
viém, chéng oxy hoa, ha cholesterol va diéu hoa mién dich. Nghién citu gan day da nhan
manh tiém ning cua chung nhu 13 su thay thé hitu hiéu cho céc chat hoat dong bé mat
t6ng hop va tac nhan duoc ly [64]. Saponin d3 cho thdy nhiéu tiém ning trong viéc nang
cao hiéu qua cua thudc chéng ung thu va khang sinh khi duoc st dung trong cac liéu
phap két hop. Su da dang vé ciu tric caa ching gop phan tao ra nhiéu ¢ng dung céng

nghiép khac nhau trong linh vuc dugc pham, my pham va thyc pham. Tuy nhién, van
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can ¢6 nhitng nghién ciru sau vé cau trlc, hoat tinh sinh hoc, tiém ning trong phong va
tri bénh, nang cao suc khoe, kéo dai tudi tho [64].

Hogt tinh khang khudn: Saponin chiét xuat tir loai Glycyrrhiza glabra (Cam thao nhan)
va Quillaja saponaria c6 tac dung khang khuan di véi ca vi khuan Gram duong va
Gram am. Saponin cua loai Glycyrrhiza glabra c6 kha niang Gc ché manh ddi voi
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa va Proteus
mirabilis [90]. Glabridin dwoc phan lap tir Glycyrrhiza glabra c6 hoat tinh khang vi
khuan lao (chung Mycobacterium tuberculosis). Saponin caa loai Quillaja saponaria co
tac dung khang khuan, tuy nhién & nong do thap lai cho thay kha ning ting cudng sinh
truong cua E. coli [10] va ¢ ndng do cao lai gdy doc tinh ddi vai té bao nhan thuc. Nhiing
phét hién nay chang minh rang saponin 1a hop chat khang khuan ty nhién. Co ché tac
dong cua saponin duya trén cau trac ludng tinh, dan téi su twong tac cua ching voi cac
thanh phan cau tric caa mang nhu cholesterol va phospholipid [84] tir d6 c6 thé pha v&
mang té bao va gay nén su phan huy té bao. Céc nghién ciru da chi ra rang saponin co
thé 1am nhiéu loan mang sinh hoc, lam giam stic cang bé mit trong dung dich nudc va
tao thanh micelle. Saponin cua loai Quillaja saponaria c6 thé gay ra su phan hay té bao
& cac chung nam men céng nghiép [21]. Saponin oleanane cho thiy cé tac dung tham
thau khéac nhau trén mang té bao va lysosome & nong do thap, trong khi d6 chiing 1am
tan mau ¢ ndng do cao [48]. Hoat tinh pha v& mang té bao cua saponin co tiém ning
g dung trong diéu tri ung thu, tuy nhién can ¢ thém nhiing nghién ctru dé han ché tac
dung lam tan mau cua chung [84].

Hogt tinh khang n@m: Saponin cua loai Medicago sativa (Co linh ling) c6 hoat tinh
khang nhiéu loai ndm, trong d6 c6 loai Candida albicans. Mot sé nghién ctru da chi ra
rang cac phan doan giau saponin tir Medicago sativa @c ché sy phat trién cua Candida
albicans thong qua tc ché hinh thanh choi, su phat trién cua soi nam, sy bam dinh va
hinh thanh mang [123]. Hoat tinh cua saponin chiét xuat tir loai Medicago sativa con
duoc chang minh trén cac loai nAm men va vi khuan khéc, dic biét 1a cac lodi Gram
duong.

Hogt tinh khéang virus: Nghién ctu chi ra rang saponin c6 thé &c ché su nhan Ién cua

cac loai virus nhu HIV (Human Immunodeficiency Virus) va HSV (Herpes Simplex
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Virus). Ching can thiép vao ciu tric 16p vo cua virus, ngin chin virus xam nhap vao té
bao vat chu. Saponin triterpenoid cho thay hoat tinh khang virus d6i véi HSV-1 bang
cach wc ché tong hop DNA va tong hop protein vo. Tiém ning khang virus ctia saponin
con dugc chirng minh trén cac loai virrus khac nhu SARS-CoV, rotavirus va poliovirus
[130]. Trong thoi ky hau COVID-19, saponin cho thay trién vong nhu cac tic nhan
khang virus SARS-CoV-2 [89]. Nhitng phét hién nay 1am ndi bat vai tro caa saponin
nhu céc tic nhan khang virus tu nhién c6 ngudn géc tir thyc vat véi tac dung phu toi
thiéu, 13 co s¢ dé thuc hién nhitng nghién ctru sdu hon nita dé dwa saponin vao cac liéu
phap diéu tri khang virus.

Gay djc té bao ung thuw: Saponin tir Panax ginseng (Nhan sam) gay ra hién tuong chét
theo chuong trinh & nhiéu dong té bao ung thur khac nhau, bao gdm ung thu va, rudt két
va phéi thdng qua nhiéu con dudng truyén tin hiéu nhu PI3K/Akt, NF-kB, EGFR [71],
[171]. Chiét xuit nhan sam di cho thay hoat dong chéng ting sinh cua cac té bao ung
thu phéi A549, diéu chinh cac gene lién quan dén truyén tin hiéu té bao, chuyén hoa va
diéu hoa hinh thanh khung xuong té bao [70]. Saponin, bao gém ca saponin tir nhan
sam, trc ché sy phat trién cua té bao khéi u bang céch gay ra su ngirng chu ky té bao va
hién tuong chét theo chuong trinh, nhu vay nghién ctiu cho thay tiém ning cta saponin
nhan sam trong liéu phép diéu tri ung thu [71]. Nghién citu vé chiét xuat cac hop chat
tir loai Dioscorea villosa (khoai m& dai) di cho thay tac dung chdng lai cac té bao ung
thu vi. Mot glycoside spirostanol dugc phan 1ap tir khoai mé dai da ching minh hoat
tinh gay doc ddi vai nhiéu dong té bao ung thu [59]. Chiét xuat saponin tir khoai mé dai
& nong do dudi mirc gay chét co gay doc té bao, kich thich cac gene mién dich va tc
ché cac gene lién quan dén chu ky té bao [40], [88]. Dioscin 1a mot saponin steroid tur
khoai m& dai ¢6 tiém niang chéng c4c té bao ung thu v xam 1an bang cach tang cuong
biéu hién GATA3, thuc day cac dic diém biéu hién thanh té bao biéu mé va lam giam
xam lan té bao [11]. Cac nghién ctru chi ra rang saponin c6 hoat tinh khang té bao ung
thu thong qua nhiéu co ché khac nhau, mic du cac nghién ctu nay chirng minh tiém
ning cua saponin trong diéu tri ung thu, nhung diéu quan trong la nhirng nghién ctu nay
méi chu yéu tap trung vao cac té bao ung thu via nén can phai ¢ thém nhiéu nghién ctu

dé danh gia tac dung cu thé cta nd ddi véi cac dong té bao ung thu khac nhau [39].
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Chéng viém: Saponin tir loai Glycyrrhiza uralensis (Cam thao) da dugc chieng minh c6
tac dung chéng viém bang cach uc ché san xuat cytokine tién viém (gay viém). Céc
nghién ctru da chi ra rang chiét xuat tir loai Glycyrrhiza uralensis tac dong dén dai thuc
bao, trc ché hoat dong giai phdng céc chat trung gian gdy viém nhu NO, IL-1p va TNF-
o [83]. Saponin tong sé tir loai Glycyrrhiza uralensis ¢c ché cac enzyme chinh trong
con dudng chuyén héa arachidonic acid, 1am giam téng hop PGE2 [83] hoic e ché hoat
hoa NLRP3 inflammasome, @c ché san xuat caspase-1 va IL-1B trong cac dai thuc bao
va md md. Nhiéu thanh phan khac nhau trong saponin cua loai Glycyrrhiza uralensis
bao gém isoliquiritigenin, isoliquiritin va liquiritigenin, 3 dwoc phat hién co tac dung
trc ché san xuat NO thong qua co ché tac dong uc ché biéu hién enzyme x(c tac chuyén
hoa san suat NO c6 thé gay ra & cac té bao gan dugc xir Iy bang IL-1p [147]. Trong khi
glycyrrhizin 1a thanh phan chinh caa Glycyrrhiza uralensis cho thy tac dung chdng
viém, cac thanh phan phu lai ¢6 tac dung cao hon trong viéc ¢ ché cac chat trung gian
gay viém [147]. Saponin cua loai Hedera helix (cdy Thuong xuin) cé dic tinh chong
viém trong ca mé hinh viém cap tinh va man tinh [141]. L4 cta cay chta nhiéu hop chat
c6 hoat tinh sinh hoc khac nhau, bao gém: Saponin, flavonoid va terpenoid [132], [8].
Cac chat nay c6 hoat tinh da dang nhu chdng viém, giam dau, long dom va khang khuan
[8]. Saponin, dic biét 1a a-hederin, B-hederin va hederacoside C Ia nhiing chat chinh
trong diéu tri viem [150]. Cac thir nghiém caa céc san pham chiét xuat saponin thd va
chiét xuat saponin tinh khiét ciia loai Hedera helix thé hién tac dung chéng viém manh
mé&, trong d6 chiét xuat thd thé hién hoat dong chéng viém cap tinh manh hon va chiét
Xuat tinh khiét thé hién tac dung chéng viém man tinh 16n hon [141]. Nhiing phat hién
nay hd trg cho viéc sir dung tiém ning chiét xuat Hedera helix trong diéu tri c4c tinh
trang viém va bénh vé duong hd hap. Nhiing nghién ciru gan day da lam rd cac dic tinh
chéng viém cua saponin lién quan dén cac co ché nhu diéu hoa con duong NF-kB va tc
ché enzyme COX/LOX [170].

Chéng oxy hda: Chiét xuat tir loai Tribulus terrestris (Bach tat 18) da duoc ching minh
hoat dong chong oxy héa dang ké trong céc thir nghiém in vitro. Cac nghién ciru da chi
ra rang ca san pham chiét xuat ethanol thd va chiét phan doan giau saponin déu thé hién

dic tinh chdng lai céc goc tu do nhu DPPH, ABTS, nitric oxide, hydroxyl va hydrogen
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peroxide. Phan doan gidu saponin thuong thé hién hoat tinh chéng oxy héa manh hon
so vai chiét xuat thé. Cac ché pham tir loai Tribulus terrestris ciing cho tac dung chong
oxy hoa, khir st va wrc ché qua trinh peroxy héa lipid. Cac nghién ctu in vivo trén chuot
da chiang minh dugc mic d6 tang 1én cua glutathione, ascorbic acid va superoxide
dismutase tang 1én [61].

Ha cholesterol: Saponin c6 tac dung ha cholesterol. Nghién ctru da chi ra rang cac
saponin chiét xuat tir ré nhu karaya, quillaja va sapindin 1am giam dang ké nong do
cholesterol trong huyét thanh cua chuét céng va chuédt nhit [6], [159]. Dua trén co ché
tac dong dich chuyén cac phan tir cholesterol khoi cac micelle mubi mat da tao ra cac
cholesterol bj két taa (cholesterol két tua khdng thé di qua 16p niém mac cua rudt, nén
khdng xay ra sy hap thu chat nay ¢ rudt) 1a co so gilp co thé kiém soét tinh trang ting
cholesterol mau, giam nguy co mac cac bénh tim mach [159].

Diéu hdoa mién dich: Mot s6 nghién ciru da chitng minh saponin ¢6 kha nang ting cudng
phan @ng mién dich [27], [32]. Céc hop chit nay cd thé kich thich ca phan tng mién
dich Th1 va san xuat té bao lympho T gay doc, day 1a co so cho nhiéu loai vaccine khéc
nhau, bao gom vaccine chéng lai cac tic nhan gay bénh noi bao ciing nhu vaccine diéu
tri ung thu [142]. Tac dung bd trg cta saponin lién quan dén cau tric héa hoc caa ching,
nho d6 chung kich thich kha ning mién dich bam sinh thong qua tiét cytokine. Cac
nghién ctu gan day vé saponin di cho thay vé tiém ning st dung qua duong hd hap gitp
lam tang cuong phan &ng mién dich, nghién citu ndy mo ra huéng phat trién céac loai
vaccine qua duong hd hap [27].

Nhu vay, saponin thyc vat ¢ cau tric da dang, ¢6 hoat tinh sinh hoc phong phu
va ¢ tiém ning trong y hoc nhu: Chéng viém, khang té bao ung thu, khang virus, diéu
hoa mién dich ... Mic du cd nhiéu trién vong trong viéc phat trién cac loai thuéc dua
trén hoat tinh caa saponin thi van con nhitng lo ngai vé doc tinh cua ching, do d6 can
tiép tuc cd nhitng nghién ctru diy du hon nira vé co ché tac dong cua saponin va cach
thirc t6i wu héa tiém ning diéu tri cua chung.
1.3.3.3. Phan lgp saponin tir mét sé loai Hoya

Sic ky long cao ap (HPLC) va sac ky khi khdi phd (GC-MS) la cac k¥ thuat duoc

sir dung rong rai dé xac dinh va phan tich saponin trong chiét xuat cac hop chit hda hoc
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cua thuc vat. Sic ki 1ong hiéu niang cao két hop véi cac cot pha dao va cac may do khac
nhau, c6 hiéu qua trong viéc tach va tinh ché cac hdn hop saponin phtc tap [94]. Phuong
phap quang pho khdi, bao gdm ion hoa phun dién tir (ESI-MS) va giai hap thy ion héa
bang laser duoc hd trg bai ma tran hap thu ning lugng (MALDI), d3 duoc st dung rong
rai dé xac dinh dic diém cau trdc caa saponin [126]. Sic ki long va phd khéi song song
(LC/MS/MS) la cong cu phan tich hiéu qua dé xac dinh cac saponin déng phan. Cac
phuong phap nay tao nén cac cac céng cu phan tich manh mé dé sang loc nhanh va xac
dinh ciu tric cua saponin trong chiét xuat thuc vat [30]. Cac phuong phap phan tich
duoc két hop véi nhau, chang han nhu GC-MS, LC-MS/MS va LC-SPE-NMR/MS, da
duoc st dung dé sang loc va so sanh cau hinh saponin ¢ cac loai thuc vat khac nhau,
cho phép xac dinh céc hop chat c6 hoat tinh sinh hoc [67]. Nhiing k§ thuat nay di nang
cao dang ké hiéu qua phan tich saponin, khic phuc nhitng thach thire dat ra boi su da dang

va phuc tap trong cau triic cua ching

Cac hop chat da duoc xac dinh & H. lacunosa, bao gom triterpenol tu do va hop
chat este hoa nhu p-amyrin, a-amyrin va lupeol [103]. L& H. lacunosa chira mot s6 C-
glycosylflavonoid chinh dugc xac dinh la: 6-C-arabinosyl 8-C-glucosylapigenein
(isoschaftoside), 6-C-glucosyl 8-C-arabinosylapigenein (schaftoside-de) va 6,8-di-C-
arabinosylapigenein. Trong nhya mu, triterpenol duoc tim thay c¢6 ¢ ca dang ty do va ¢
dang este, trong do B-amyrin, a-amyrin, lupeol, 24-methylenecycloartanol, obtusifoliol

va cycloeucalenol dugc xac dinh c6 trong thanh phan cac ruou tu do.

Trong nhya mu cua lodi H. bella nguoi ta da tim thy mét sé triterpenol, ca & dang
tu do va dang este. Cac triterpenol chinh 1a B-amyrin, cycloartenol, lupeol va isobauerenol
v6i luong nho; mot sb este duge xac dinh bao gébm cinnamic acid, propionic acid va
isovaleric acid. Phan Iap chat hitu co tir 14 ¢d su xuat hién caa dang acyl héa flavonol
glycoside va ferulic acid tu do; khi 14 gia ndng d6 cac chat nay giam xudng [13].

Thanh phan mu va phenolic trong 14, dic biét Ia flavon loai apigenein, dugc cho
la dac trung cho tung loai va co6 kha nang hitu ich trong viéc xac dinh phéan loai cac loai
Hoya [16]. Nghién ctu vé kha ning st dung thanh phan cua latex triterpenes va

phenolics tir 14 ciia 25 loai Hoya da duoc cong bd cho thay, ca phenolics (chi yéu la
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flavon loai apigenein) va latex triterpenes déu c6 ty 1& dic trung ddi voi cac loai duoc
nghién ctu. Do tinh 6n dinh, dic trung vé thanh phan cac chat nay nén cé thé ding

chdng 1am chét danh dau bd sung trong viéc xac dinh loai Hoya.

Fumiko va cs (1999) da cong bd két qua nghién ciru vé& 11 hop chét duoc phan
lap tir hat caia H. carnosa, trong sé nay cd 6 hop chat 1a saponin, céc tac gia di xac dinh
dugc ciu tric cua 19-acetoxydigipurpurogenein II va xac dinh day 1a loai chat mai.
Nghién ctru ciing dé xuat cau tric cua 20 tetraosides va pentaosides, duoc dat tén tir H.
carnosides A dén T, 3 hop chat con lai di duoc biét dén tir cac nghién ctu khoa hoc
trudce day [3].

Cac nghién cau vé saponin cua céc loai thuc vat thudc chi Hoya cho thay c6
triterpen va sterol (& nhiéu loai khéac nhau). La H. meliflua chira hdn hop gdm p-amyrin,
a-amyrin va lupeol, cing vé&i cac dan xuat va sterol caa ching 1a p-sitosterol va
stirysterol [95]. Nghién ciu nay 1a mét phan trong nghién ciu vé thanh phan héa hoc
cua cac loai trong chi Hoya ban dia caa Philippine. Cac hop chit duoc phan lap bang
phuong phép sic ky silica gel va duoc xac dinh bang ky thuat quang pho cong huong tir
hat nhan NMR. Két qua phan tich hda hoc dich chiét dién di chloromethane tur 14 cay H.
meliflua thu duoc squalene va hon hop B-amyrin, a-amyrin va lupeol véi ty 1é khoang
1:1:0,25; oleanon, ursenon va lupenon theo ty I¢ khoang 1:1:0,3; B-amyrin cinnamate
(3a), a-amyrin cinnamate va lupenyl cinnamate theo ty 1€ khoang 0,5:0,3:1; B-sitosterol
va stirysterol theo ty 1€ khoang 5:1.

Cinnamate triterpenoid, acetate va palmitate 1a cac chat duoc phan lap tir 1a H.
kerrii [75]. Hai loai cinnamate triterpenoid méi, d6 la 3B-O-D-friedours-11a,12a-
epoxy-14-enyl cinnamate va 3p-O-29-nor-20-oxolupanyl cinnamate, bd sung vao dir
liu 13 hop chat da dugc phan 1ap tir chiét xuat hexan 14 cua H. kerrii. Viéc 1am sang to
cau trdc hoa hoc cua cac hop chat dugc thuc hién bang phuong phap quang phd. Mot s6
cinnamate triterpenoid, cinnamate lupeol dugc cho 1a c6 dic tinh chéng viém manh. Sy
hiégn dién cua cac este 3B-O-D-friedours-11a,12a-epoxy-14-enyl va 3B-O-D-
friedoolean-11a,12a-epoxy-14-enyl chi dugc tim thdy & mot s6 loai trong ho
Apocynaceae. Cac nghién ciru chirng minh saponin triterpenoid c6 tiém ning trong diéu

tri cac bénh rdi loan chuyén héa va bénh vé mach mau [38].
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Basir va cs (2022) trén co so sir dung k¥ thuét vi chiét pha ran HS-SPME va séc
ki khi két hop véi pho khdi GC-MS dé danh gia kha ning bay hoi cac hop chit cua hoa
H. cagayanensis, H. lacunosa va H. coriacea. Nghién ciu gép phan 1am sang to qué
trinh sinh tong hop céc chat chuyén hoa thtr cap, dic biét 1a terpenoid trong cac loai
Hoya. Nghién ctru xac dinh duoc 23 chat chuyén héa c6 ¢ H. cagayanensis, 14 chat c6
& H. lacunosa va 36 chat & H. coriacea. Nhiéu chit chuyén hoa duoc xac dinh 14 riéng
biét cho mdi loai, véi 15 chat & H. cagayanensis, 6 chat ¢ H. lacunose va c6 28 chit ¢
H. coriacea. Chi c6 6 chat duoc phat hién 1a B-ocimene, (Z)-3-hexen-1-ol, 1-octen-3-ol,
butanoic acid (Z)-2-methyl-3-hexenyl ester, (Z)-butyric acid- 3-hexenyl ester va methyl
salicylate chuyén hoa tir terpenoid, ruou, este va nhom benzenoid dugc phét hién & ca 3

loai dugc nghién cuu [18].

Déi vai loadi Lan tai cdo (H. verticillata) co rat it nghién ctu vé dinh tinh thanh
phan hoa hoc va danh gia hoat tinh sinh hoc. Reza va cs (2007) nghién ciru dich chiét
ethanol tir 14 H. verticillata chira flavonoid, dudng kht, tannin va saponin. Dich chiét tur
la c6 hoat tinh khang khuan, chdng lai ca vi khuan gram dwong va gram am, dong thoi
c6 kha nang tc ché khéi u & chuot [114]. Ngoai ra, dich chiét tir 14 caa Lan tai cdo ciing
dugc danh gia c6 hoat tinh chdng oxy hoa. Nhu vay co thé thiy rang, doi véi loai Lan
tai c&o viéc phan tich thanh phan hoda hoc va phat hién cac hop chat thi cap c6 gia tri
dugc hoc, danh gia hoat tinh sinh hoc cua cac hop chat d6 1a van dé can duoc tiép tuc
lam sang to. Nghién ctu vé saponin thudc chi Hoya da xac dinh duoc mot s6 saponin
méi. T dit lidu quang phd va phép do phd khdi (HR-ESI-MS), cau trdc caa 3 glycoside
steroid dugc phén lap tir cdy H. parasitica (Wall. ex Hornem.) Wight da duoc lam sang
to. D6 1la cac saponin 3B,4a-dihydroxy-5p-spirost-(25)27-en-13-yl  O-a-L-
arabinopyranoside; 3p-hydroxy-5p-spirost-25(27)- en-1B-yl O-a-L-rhamnopyranosyl-
(1—2)-pB-D-xylopyranoside; va (23S,24S,25S)-3,4a,23,24-tetrahydroxy-5p3-spirostan -
1B-yl O-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside [155].

1.3.4. M6 phéng twong tac phan tir va dong hoc phan tir

Tuong tac phan tir (Molecular Docking) 1a mé hinh tinh toan caa cac phac hop,

duogc hinh thanh tir su ghép ndi dan dén tuong tac cia hai hodc nhiéu phan tir. Phuong
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phap nay cho phép du doan cau tric ba chiéu caa cac chat cong hop, dua trén cac dic
tinh lién két caia phdi tr tham gia va cac phan tir myc tiéu. M6 phong tuong tac phan tir
tao ra C&c cAu tric tng vién co thé khac nhau, dugc xép hang va nhém lai véi nhau bang
cach sir dung ham tinh diém trong phan mém cua céng cu ghép ndi phan tir. Mé phong
tuong tac du doan cau trac dong dang dugc ghép ndi toi wu dya trén téng ning luong

cua hé thong [7].

Dua trén qué trinh sip xép cua phan tir nghién ctu véi mot phéi tir hodc phan tu
thu thé dé tao ra mot phac hop 6n dinh (du doan ai luc lién két, cuong do lién két gita
phdi tir va protein). Ai lyc va hoat dong caa mét chat hda hoc duoc du doan boi twong
tac chat nghién ciru-thu thé, diéu ndy quan trong trong viéc kham pha va thiét ké thudc.
Viéc tim kiém va phat trién cac loai thudc mai 1a mot qua trinh phuc tap va nhiéu kho
khan. Cac loai thuéc méi dugce kham pha bang cach sir dung phwong phap in silico, thiét
ké thudc dua trén may tinh can duogc ting cuong st dung dé day nhanh qua trinh kham
pha thudc. M6 phong tuong tac phan tir cho phép du doan hudng wa thich ma hai phan
ttr s& thyc hién khi ching twong tac véi nhau dé tao thanh mot hop chat on dinh theo m
hinh héa phan tir. C6 thé du doan muc d6 tham gia hodc &i luc lién két gitra hai phan tu
bang cach sir dung hudng quay dugc chon trong qué trinh truyén tin hiéu, twong tac gitra
cac thanh phan tvong tu vé mat hoa hoc, chang han nhu protein, peptide, nucleic acid,
carbohydrate va lipid. Do d6 nhitng ghép ndi hitu ich dé c6 thé du doan duoc ca hiéu
lyc va ban chat cua tin hiéu. Do kha nang du doan cach cac phdi tir phan tir nho s& gan
vao vi tri lién két muc tiéu Iy tuong, tuong tac phan tir [a mot trong nhirng k thuat duoc
st dung nhiéu nhat trong thiét ké thuc dya trén ciu tric. Xac dinh hiéu suét lién két
dong vai tro quyét dinh cho viéc 1ap ké hoach phaét trién thudc va dé hiéu y nghia cua

cac qua trinh sinh hoa co ban [34].

Rebeiro va cs nghién cau acetylcholinesterase va céc alkaloid dugc phan lap tu
cay Tetrapterys mucronata, két qua ghép ndi cho két qua tich cuc, 1a co s& cho nhiing
dé xuét thuc nghiém vé kham pha va phat trién duoc pham. Nghién cau déng gop tich
cuc vé ly thuyét lién quan dén cac san pham tu nhién nay trong viéc phong chéng céc
bénh thodi hoa than kinh [115].
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Nghién cttu vé chimg dau do viém 13 mét trong nhing linh vic nghién ctru duoc
phét trién va mé rong nhanh nhat trong nhirng nim gan day. Cac nghién ctu tir phong
thi nghiém da chirng minh tiém ning diéu chinh con dau man tinh cua loai Phyllanthus
amarus va kha ning tuong tac cia ching vai nhiéu chit trung gian gay viém lién quan
dén cac enzyme nhu COX-2 va PGE synthase, cac cytokine nhu TNF-alpha va IL-1 beta
va véi thy thé NMDA (Céc thu thé NMDA 1a céc protein dan truyén cac xung dong than
kinh lién quan dén tri nhé, ngdn ngit va than kinh tu chi nhu nhip tim, nhip tho). Cac
chat trung gian gdy viém dong vai trd quan trong trong chimg ting dau viém mén tinh
va tac dong dén qua trinh diéu chinh, cac chat nay dugc lya chon va danh gia twong tac
cua ching voi 86 thanh phan thuc vat c¢d ciu tric da dang duoc xac dinh tir 10
Phyllanthus amarus. Phan tich tuong tac cac protein muc tiéu véi cac hop chat hitu co
thuc vat dugc thuc hién bang phan mém VLifeMDS (Molecular Design Suite mot cong
cu phan mém duoc st dung trong héa hoc tinh toan, kham phé thuéc va mé hinh hoa
phan tr do VLife Sciences phat trién). Thong qua cac diém ghép ndi va phan tich twong
tac caa cac hop chat véi cac protein muc tiéu cho thay cac hop chat quan trong nhu
lupeol, phyllanthin, hypopyllanthin, corilagin, epicatechin va hau hét cac hop chat khac

c6 kha ning lién két v4i nhidu myc tiéu lién quan dén ching ting dau do viém [28].

Véi muc tiéu phét trién céc liéu phap an toan hon véi it tac dung phy hon trong
diéu tri ung thu, nghién ciru vé cac chat chiét xuat tir thyc vat ¢ y nghia rat Ion. Cac
loai Erythroxylum (thudc chi Coca) 1a ngudn cung cap rong réi cac hop chat hiru co thuc
vat khac nhau, dac biét 1a terpenoid. Thuc hién cac nghién ciu mé hinh tuong tac mot
sb terpenoid trén cac muc tiéu di dugc xac nhian nhu EGFR, VEGFR, CDK, protein
tubulin (dwoc biéu hién qua muac trong nhiéu loai ung thu) qua d6 uéc tinh cac dic tinh
duge dong hoc ciia cac phan tir nay bang cac ki thuat in silico. Cac hop chat cho thiy
ai luc lién két tot va xac dinh duoc hang sé tc ché dbi véi tat ca cac muc tiéu nghién
cau [156].

Pong hoc phan ti (MD-Molecular dynamics) 1a phuong phap mé phong bang
may tinh, gitp kham phé cac nguyén ly cua nhiéu qua trinh khac nhau théng qua mo

phong chuyén dong vinh ciru thuc té caa cac nguyén ti do hec gitra chiing gay ra. Trong
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phan tich dong hoc phan tir, cac luc dugc thé hién thong qua cac ham phan tich va cac
tham s lién quan, thuong duoc goi 13 truong luc. Tac dong cua cac lec 18n chuyén dong
cua cac nguyén tir dugc xac dinh bai dinh luat thir hai caa Newton. Phuong phap nghién
ctru ndy c6 wu diém ndi bat d6 1a co thé theo ddi chinh xé4c quy dao cua cac nguyén tir
tuong tac véi nhau nho su bién doi khong gian caa ching theo thadi gian tir ciu hinh xac
dinh ban dau. Hé thng c6 thé dugc md ta va phan tich quy dao tuong tac bang cac biéu
thirc toan thong ké, lién hé céc trang thai vi mé véi cac dic tinh vi mo c6 lién quan dén
van dé dang xem xét. Bong hoc phan tir 1a mot cong cu tinh toan dugc sir dung thanh
cong dé kham pha céc nguyén Iy caia nhiéu qua trinh khac nhau & cap do nguyén tir. Nho
nhitng tién bo gan day trong moé phong may tinh, dong hoc phan tir ¢é thé dat dén thang
thoi gian mili gidy, do d6 day 1a mot phuong phép thay thé quan trong bo sung cho cac
phuong phap thuc nghiém trong sinh hoc. Hiéu qua tinh todn cua cac thuat toan dong
hoc phén tir tiép tuc duoc nghién ciru, bo sung va nang cap. Mot sé phuong phap chuyén
biét bat ngudn tir dong hoc phan tar (MD) cho phép nghién ctu nhiéu qué trinh khac
nhau cta cac phan tir sinh hoc nhu: Pong hoc phan tir trao d6i ban sao (REMD) dong
hoc phan tir muc tiéu (TMD), dong hoc phan tir dinh huéng (SMD) [169].

M6 phong dong hoc phan tir ¢6 vai trd quan trong trong nhiéu nganh khoa hoc,
nhu vat li, hoa hoc, khoa hoc vat liéu va sinh hoc. Phuong phap nay da ching minh duoc
sur lién quan sau sic trong viéc md ta chi tiét cac hé thong phan tir sinh hoc, bd sung di
liéu cho thuc nghiém, téi wu hoa thiét ké thyc nghiém, gilp du doan cac dic tinh c6 lién
quan cho céc hé thdng hda hoc dit tién hoidc kho xtr Iy bing thuc nghiém, duoc st dung
trong cac giai doan dau cua qua trinh thiét ké va phat trién thuéc. Ung dung cia mo
phong dong hoc phan tir vao viéc md ta cac hé théng phan tir sinh hoc rat rong, bao gom
mo ta cau trdc va té chirc mang, tinh tham cta mang, twong tac lipid véi protein, twong

tac lipid voi thude, twong tac protein véi hop chat, dong hoc cua protein [45].
1.3.5. Nhan xét chung

T6ng quan tai liéu cho thdy cac nghién ciru hién nay vé thuc vat cha yéu tap trung
vao vi¢c xac dinh, dinh luong va phan tich thanh phﬁn hoa hoc, cling nhu ddnh gid mot

s6 hoat tinh sinh hoc co ban ctia cac hop chét tu nhién. S6 lugng loai thuc vat dugc khai
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thac nhdm nghién ctru thanh phan héa hoc va tiém ning tng dung ngay cang gia ting.
Trong d6, cac hop chat hiru co ¢6 ngudn gde thue vat néi chung va tir cac loai thudce chi
Hoya noi riéng da dugc nghién ctru ¢ nhitng mirc d¢ khac nhau. Tuy nhién, cac nghién
cuu chuyén sau va c6 hé théng vé hoat tinh sinh hoc cua cac loai thudc chi Hoya van
con kha han ché, dic biét 1a d6i v6i nhém hop chat saponin, mot nhom chat co nhiéu

tiém ning duoc 1y quan trong.

Péng chu ¥, cho dén nay hau nhu chua ¢ cong trinh nao tap trung vao viéc phan
1ap, x4c dinh ciu trac va danh gia hoat tinh sinh hoc cua saponin tir Lan tai cdo (H.
verticillata var. verticillata). Do do, viéc nghién ctru phan 1ap va dac trung héa céac hop
chat, ddc biét 1a saponin, tir lodi nay, két hop véi danh gia bude dau vé hoat tinh sinh
hoc cua chiing, 1a mot hudng nghién ciru c6 y nghia khoa hoc va thuc tién rd rét, dong

thoi gop phan khai thac hop 1y tiém niang ngudn duogc liéu ban dia.

Bén canh d6, cho dén nay chua c6 cong trinh nao cong bd viéc ap dung céac
phuong phap in silico nhu mo6 phong docking phan tir (molecular docking) va moé phong
dong hoc phan tir (molecular dynamics) dé danh gia co ché tuong tac giira cac hop chat
hitu co cua H. verticillata var. verticillata, dac biét 1a saponin, vdi cac protein dich lién
quan dén qua trinh chét theo chuong trinh cuia té bao (apoptosis), mot co ché sinh hoc
then chét gan lién v6i su hinh thanh va phat trién ung thu. Viéc tich hop cac phuong
phap tinh toan hién dai nay v&i nghién ctru thuce nghiém sé gop phan 1am sang t6 co ché
tac dong & mirc d6 phan tir, dong thoi nang cao gia tri khoa hoc va dinh huéng img dung

cua cac két qua nghién ctru thu duoc.
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU NGHIEN CUU
2.1.1. Vat ligu thuc vat

Mau H. verticillata var. verticillata (Mau chiing tir HOYP202302TQ1) dugc thu
thap tai xa Son Duong, tinh Tuyén Quang, Viét Nam vao thang 2 nam 2023 tai toa do
dia 1i 21°41'04” N, 105°29'03” E va Mau ching tor HOYP202305TN dugc thu thap tai
khu vuc Hang Trai, X8 Quang Son, tinh Thai Nguyén, Viét Nam, ¢ toa d6 21°43'34” N,
105°50'52” E. Hai mau HOYP202302TQ1 va HOYP202305TN duoc xac dinh thuoc
loai H. verticillata var. verticillata. Viéc dinh danh mau H. verticillita var. verticillata
duoc thyuc hién tai Bo mon Thuc vat hoc boi PGS.TS. S§ Danh Thuong va sau dé mau
vat dugc luu gilr tai Phong Tiéu ban thuc vat cua Khoa Sinh hoc, Truong Pai hoc Su
pham, Pai hoc Thai Nguyén. L4 Lan tai cio duoc st dung dé chiét rat cao chiét, phan
lap saponin, tach DNA tong s6. Viéc thu thap mau vat tuan tha theo cac quy dinh 6 lién

quan, cac hudng dan va luat phap cua Viét Nam va qudc té.

Hinh 2.1. Mau cay Lan tai cdo (H. verticillata var. verticillata). A: Cay Lan tai cdo moc
trong moi truong tu nhién tai khu vuc Hang Trai, xa Quang Son, tinh Thai Nguyén, Viét

Nam; B: Canh Lan tai cdo mang hoa trén gia thé.
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2.1.2. Cac chiing vi khuan kiém dinh

Vi khuan kiém dinh sir dung trong nghién ctru dé xac dinh hoat tinh khang khuan
gom: Escherichia coli (ATCC25922), Staphylococcus aureus (ATCC13709),
Pseudomonas aeruginosa (ATCC15442), Bacillus subtilis (ATCC6633).

Céc chang vi khuan do Bao tang chang gidng vi sinh vat, Bénh vién Pa khoa
Trung wong Thai Nguyén va B mon Vi sinh, Truong Pai hoc Y - Dugc, Pai hoc Thai
Nguyén cung cap. Cac chung vi khuan dugc nudi cay va luu gitr tai Khoa Sinh hoc,
Truong Pai hoc Su pham - Pai hoc Thai Nguyén dé tién hanh thir nghiém. Vi khuan
kiém dinh sir dung trong nghién ctru déu la nhiing loai gay bénh ¢ nguoi, trong d6 vi
khuan S. aureus, B. subtilis thuoc nhém Gram duong, cac chang vi khuan con lai thugc
nhoém Gram am. Céc thyuc nghiém dugc tién hanh trong phong thi nghiém va tuan thi
day du cac quy tic an toan trong phong thi nghiém.

2.1.3. Cé4c dong té bao ung thw

Cac dong té bao thir nghiém dugc st dung trong nghién ciru gom: Té bao ung
thu phoi ¢ ngudi (TA549); Té bao ung thu vii & ngudi (MCF7); Té bao ung thu gan &
ngudi (HepG2). Cac dong té bao do GS.TS. J. M. Pezzuto, Trudng Pai hoc Long-Island,
US va GS. Jeanette Maier, Truong Dai hoc Milan, Italia cung cap, duoc luu giir tai
Phong Thur nghiém sinh hoc, Vién Sinh hoc, Vién Han I[am Khoa hoc va Céng nghé Viét
Nam.

2.1.4. Dir ligu

Str dung dir liéu hé gene luc lap va trinh tu cadc vung DNA cua hé gene luc lap tir
c4c loai da dugc cong b trén GenBank (https://www.ncbi.nlm.nih.gov/genbank/); di
liéu thdng tin va cu tric protein trén Ngan hang dit liéu protein (https://www.rcsb.org/).
2.2. HOA CHAT, THIET BI
2.2.1. Hoa chat

DPPH (2,2-diphenyl-1-picrylhydrazyl), ascorbic acid (Vitamin C), DMSO
(Dimethyl sulfoxide), SRB (Sulforhodamine B), Acetic acid; Enzyme a-glucosidase
chiét xuat tir nAm men, p-nitrophenyl-a-D-glucopyranoside (pNPG), 4-Nitrophenol,
Ellipticine, sulforhodamine B, trichloracetic acid, acetic acid, dém tris base, dém

phosphate, enzyme a-glucosidase (CAS No 9001-42-7, Sigma), p-Nitrophenyl-a-D-
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glucopyranoside (CAS No 3767-28-0, Sigma), 4-Nitrophenol (CAS No 100-02-7.
Sigma), dimethyl sulfoxide (CAS No 67-68-5), DMEM (Dulbecco s Modified Eagle
Medium), MEME (Minimum Esental Medium with Eagle salt), L-glutamine, sodium
pyruvat, NaHCOg, penicillin/streptomycin, 10% FBS (Fetal Bovine Serum), Trypsin-
EDTA (0.05%) do Hang Sigma, My cung cap.

Silica gel pha thuong (230-400 mesh), silica gel pha dao RP-18 (150 pum),
Sephadex LH-20, nhya trao d6i ion Diaion HP-20 (Nhat Ban).
2.2.2. Thiét bi

Thiét bi str dung trong thi nghiém déu méi, hién dai va c6 d6 chinh xac cao thudc
cac phong thi nghiém cua Khoa Sinh hoc, Truong DPai hoc Su pham - Dai hoc Thai
Nguyén; Vién Sinh hoc thudc Vién Han 1am Khoa hoc va Cong nghé Viét Nam; Trung
tam Nghién ctru Vit liéu Sinh hoc Qudc té (IBMRC), Vién Nghién ctru Khoa hoc Sinh
hoc va Cong nghé sinh hoc Han Qudc (KRIBB).
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Nhom phwong phap nghién ciru hé gene luc lap
2.3.1.1. Tach chiét DNA tong sé va gidi trinh tw hé gene luc lap

DNA tong sé duoc chiét xuat tir 14 Lan tai cdo khd bang phuong phéap sir dung
CTAB (cetyl trimethylammonium bromide), CTAB la phuong phap dugc st dung rong
rai dé phan 1ap nucleic acid tir thuc vat gidu polysaccharide [82]. Phuong phap do huynh
quang (Qubit, Invitrogen) va dién di trén gel duoc sir dung dé dénh gia chét lugng va do
tinh khiét cia DNA. DNA tong s6 dam bao chat luong duoc sir dung dé phan lap hé
gene luc lap, quy trinh duoc thyc hién nhu sau, tir 100ng DNA tong s6 dugc phan manh
bang s6ng siéu am trén thiét bi Qsonica 800 R2 tao ra cac doan 350 bp, cac doan nay
duoc ndi véi b chuyén doi cua lllumina va dugc khuéch dai bang PCR. Cac doan c6 tur
500-600 bp 1a kich thudc phi hop dé thiét lap thu vién mau. Thu vién mau duoc dinh
lwong bing thiét bj TapeStation 4200 (Agilent Technologies) va Bo dinh luong thu vién
KAPA (KK4824, Kapa Biosystems). Cac thu vién tinh khiét thu dugc duoc gan véi céc
doan mdi trén chip giai trinh tu va dugc khuéch dai thanh cum phan tir giéng hét nhau
(khuéch dai dong vo tinh), cdng nghé giai trinh ty st dung ANTP duoc gan thuéc nhuom

huynh quang véi mach bd sung nho DNA polymerase (may giai trinh ty IHlumina
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NovaSeq 6000), dNTP khong lién két s& bi rira trdi. May giai trinh ty Hlumina dya trén
hinh anh budc s6ng phat xa va cuong d6 huynh quang cua nucleotide hop nhat tir d6 xac
dinh trinh tu cua cac doan mau.
2.3.1.2. Lap rap va chi thich hé gene

Khoang 5 GB dit li¢u tho thu dugc dugc lép rap dé xay dyng mot hé gene hoan
toan méi tir rat nhidu doan trinh tw ngin nhd may NOVOPIasty v4.3.1 [33], dya trén
trinh tu tham chiéu 13 hé gene luc lap hoan chinh cua loai H. angustifolia (OL754669.1).
Qua trinh lip rap, cin chinh, chuan héa dit liéu hé gene nhd phin mém Geneious Prime
v. 2023.2.1 [66], BBDuk v. 38.84 va BBNorm v. 38.84 ma khong can sir dung hé gene
tham chiéu. Mot hé gene luc lap hoan chinh cua loai H. verticillata var. verticillata duoc
tao ra bang cach st dung cc ving tiép giap thu dugc bang hai phuong phép: Ving ma
hoéa protein cta cac gene, cac gene ma hda rRNA va tRNA duoc xac dinh bang cong cu
tim kiém trong Geneious; cic gene tRNA duoc chu thich lai trong may cha web
tRNAscan-SE v. 2.0.12. Ban d6 hé gene luc lap dang vong dugc xdy dung bang
OrganellarGenomeDRAW (OGDRAW) v. 1.3.1 [52], [63]. Pd bao phu cua hé gene luc
lap hoan chinh 1a 1843,9x%.
2.3.1.3. Phan tich h¢ gene

Céc yéu t6 1ap lai trong hé gene cua H. verticilata var. verticillata dugc tim thay
bang hai phuong phap, cac doan lip lai trinh tir don gian (SSR) duogc phat hién bang
Phobos v. 3.3.12 [20], [80], [87], bao gém don vi lap lai cho mono-, di-, tri-, tetra- va
penta-nucleotide; cac doan lap lai trinh tuy 16n (LSR) duoc nghién ciru bang REPuter [77].

Thu thap va st dung thém 5 hé gene luc lap c6 san cua cac loai H. carnosa
(OK539590), H. kerrii (OL754673), H. lyi (MW719055), H. meliflua (OL754674) va
H. ovalifolia (OL754666) tir GenBank trén NCBI dé lam tham chiéu. Toan b trinh tu
hé gene luc lap hoan chinh cua 6 loai thudc chi Hoya da dugc can chinh va tryc quan
hoa bang cach sir dung cin chinh Mauve véi thuit toan progressiveMauve. Str dung
IRscope (irscope.shinyapps.io/irapp/) dé hién thi truc quan va so sanh cac ranh gidi ctia
cac vung LSC, SSC va IR cua sau loai Hoya [9]. Thuc hién sy phan ky trinh tu ctia 29
loai thudc chi Hoya thong qua phan tich cira s6 truot tinh toan (hé sé Pi) giita cac hé
gene luc lap nhd phan mém phan tich da hinh trinh ty DNA (DnaSP v. 6.12.03) [9],
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[120]. DBéi véi phan tich sy phan ky thi trinh tu duoc ap dung c6 kich thude cira s 1a
600 bp va kich thude bude la 200 bp.

2.3.2. Nhom phwong phap phan tich phat sinh ching loai

2.3.2.1. Phwong phdp phan tich phét sinh chising logi trinh te hé gene luc lap

So d6 phéat sinh chung loai dugc xay dung dua trén 79 trinh ty gene mi hoa
protein tir 50 trinh tu hé gene luc lap hoan chinh cua ho Apocynaceae, bao gém 49 trinh
tu hé gene luc lap hoan chinh ctia ho Apocynaceae tir co s& dir liéu GenBank va cuaa Lan
tai c0. Mdi hé gene duoc cin chinh bang chuong trinh cin chinh MAFFT v. 7.490 [65]
trong Geneious v. 2023.2.1 va duoc ndi lai, bo dir lidu dai 75.302 bp dugc dua vao
jModeltest (mé hinh phét sinh chung loai) trong cong théng tin khoa hoc CIPRES
(phylo.org) dé xac dinh md hinh phi hop nhat [31], [87]. M& hinh phi hop nhat 1a
GTR+I+G, so d6 phét sinh loai v&i kha ning tdi da ML duoc xay dyng bang cach sir
dung RAXML-HPC2 trén XSEDE trong Cong thdng tin khoa hoc CIPRES vaéi hé s6
bootstrap 1a 1000 [137] va dugc truc quan hoa biang Geneious v. 2023.2.1.
2.3.2.2. Phwong phdp phén tich phdt sinh chiing logi dea trén trinh tze mgt sé viing
DNA luc lap

Dir liéu hé gene luc lap cia loai Lan tai cao (H. verticillata var. verticillata) luu
giit trén GenBank mang mi s6 OR475244.1. Trinh tu nucleotide ctia cac gene, viing
dém cua h¢ gene luc lap dugc nhan dién va tai tir dir liéu hé gene luc lap cua Lan tai cdo
trén GenBank.

Str dung BLAST dé phan tich su twong dong d6i voi mdi trinh ty ving dém cuaa
H. verticilata var. verticillata véi céc loai khac trén GenBank. Chon céc trinh tu ¢6 tong
diém va d6 che phu cao 1am di liéu cho phan tich phét sinh chung loai.

Phan tich phat sinh chung loai dya trén trinh tu ving dém bang MEGA11 [144],
theo phwong phap Maximum Likelihood (ML) va mé hinh Tamura-Nei [143], véi hé s6
bootstrap duoc suy ra tir 1000 lan lap lai [44].

2.3.3. Nhém phwong phap phan tich hoat tinh sinh hec, phan 14p, xac dinh chat

So db thi nghiém nghién cizu phan lap, x4c dinh chat saponin méi va phan tich

hoat tinh sinh hoc dugc mé ta khai quat & Hinh 2.2.
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Hinh 2.2. So d6 thi nghiém phan 1ap va xac dinh saponin tir 14 cia Lan tai cao

2.3.3.1. Pinh tinh cdc hop chit hitu co cé trong Lan tai cdo

Mau 14 Lan tai cao sau khi duoc thu hai rira sach, loai bé mau hong, phoi/say kho
t6i khoi lwong khong d6i va nghién thanh bot min. Lay 50 mg bot khd cho vao binh tam
giac, sau do thém 100 ml dung moi EtOH/H20 theo ty I¢ 70:30, sir dung phuong phéap
chiét c6 sir dung song siéu am hd trg, chiét trong thoi gian 30 phat & nhiét do 50°C. Loc
dich chiét thu duoc dich chiét cua 14 Lan tai cdo [1].

Tién hanh x4c dinh thanh phan alkaloid bang cach nho lan luot vao éng nghiém
c6 chaa 2ml dich chiét 14 Lan tai céo tir 1-2 giot thudc thir Wagner, Dragendorff, Mayer;
quan sét két tua cac 6ng nghiém so véi dbi ching (khdng nho thube thi).

Str dung phan @ng Shinoda dé xac dinh thanh phan flavonoid: Nho vao dng
nghiém chta dich chiét 1a Lan tai céo 2-3 giot HC1 ¢am dic va thém bot magnesium
(Mg), két qua dung dich c6 mau tir vang nhat, néu két luan trong 4ng nghiém co
flavonoid.

Dung dich sat chloride (FeCls) duoc str dung dé dinh tinh tannin; tién hanh nho
vao thém vao 6ng nghiém vai giot FeCls 5%, néu két qua co két taa mau xanh (& cay)

den, két luan trong 6ng nghiém c6 tannin.
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Phan ¢ng Liebermann — Burchardt dwoc sir dung dé dinh tinh steroid; thém vao
4ng nghiém 1 mL chloroform, dé nghiéng dng 45° ri cho tir tir tirng giot H2SO4 dam
dic, néu dung dich trong dng nghiém c6 mau xanh 14, chiing to trong dich chiét 14 cay
co steroid.

Dinh tinh glycoside tim bang phan tng Keller-Kiliani, thém 2 mL glacial acetic
acid vao ng nghiém, sau d6 nho ting giot H,SO4 dam dac theo thanh ng nghiém. Quan
sat ¢6 16p chat long mau xanh nhat xuét hién, két luan éng nghiém c6 glycoside tim.

Str dung NaOH d¢é dinh tinh coumarin, tién hanh thém 3 mL NaOH 10% vao 6ng
nghiém chira dich Lan tai c4o, dun s6i 6ng nghiém, dé ngudi. Quan sat thay hién tuong
c6 két tia mau vang chiing to trong éng nghiém c6 coumarin.

Binh tinh saponin bang phan ang tao bot, lic manh éng nghiém chira dich 14 Lan
tai céo, sau d6 dé yén trong nam phit, quan sét thay c6 bot bén vitng chiing to trong
dung dich c6 chuaa saponin.
2.3.3.2. Phwong phdp tao cao chiét

L4 Lan tai co duoc rira sach va sy khd & nhiét do 50°C (d6 am < 6%) va dem
nghién nho thanh bot. Bot 1a duoc ngdm chiét bang phuong phap ¢ su hd trg siéu am
str dung dung mdi EtOH/H:0 (ty 1 70:30) & diéu kién: 200 W, 60°C, 45 phit bang may
siéu &m Elmasonic S10H (Elma, Thuy Si), 500 mL mdi lan x 2 lan. Sau khi loc va bay
hoi, thu dugc cao chiét tong sé.
2.3.3.3. Phwong phadp xdc dinh hoat tinh sinh hoc
Phuwrong phdp thir hoat tinh khang khuan

Khao sat kha nang khang vi sinh vat kiém dinh cua cao chiét tong sé bang phuong
phép khuéch tan dia thach [24]. Céc loai vi khuan kiém dinh duoc hoat hda tir 4-8 gid
trong moi truong LB long & 28°C, lac 200 vong/phut trudce khi tién hanh thir nghiem.
HGt 70 pL dich nudi mdi loai vi khuan kiém dinh da dugc hoat hoa va cay trai 1én dia
chira moi truong LB dac. Dung khoan ndt chai tao nam giéng c6 dudng kinh 1 cm trén
dia thach. Sau d6, hut 100 pL mau nghién cttu & cac nong d6 100; 200 va 400 pg/mL
(cao chiét duoc pha trong DMSO 1%), khang sinh amoxicillin ndng 6 200 pg/mL (dbi
ching duong) va DMSO 1% (d6i chitng &m) vao cac giéng thach. Céc dia petri d3 bo

sung mau nghién ciru duoc dat vao ta lanh 4°C khoang 1-2 gio rdi dit vao ta 4m nubi o
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28°C tir 18-24 gi¢. Bo dudng kinh vong khang khuan, chup hinh va ghi lai két qua, mdi
thi nghiém duoc lap lai ba lan.

Kha nang khang vi sinh vat kiém dinh caa cao chiét duoc xac dinh dya trén duong
kinh vong tic ché vi sinh vat cua cao chiét. Cong thirc tinh duong kinh vong tc ché vi sinh
vat = D —d, trong d6 D 1a duong kinh vong ac ché vi sinh vat, d 1a dudng kinh duc 16.
Phuwong phap thir hogt tinh khang oxy héa

Hoat tinh chéng oxy hoa caa phan doan chira saponin duoc tién hanh theo phuong
phap ctia Abramovi¢ va cs (2018) [4] c6 chinh stra cho phu hop véi diéu kién cua phong
thi nghiém, cu thé nhu sau: Mau thir dugc tao thanh bang cach pha dung dich chiét trong
methanol (100%) nong do 0,25 UM, sau d6 duoc pha thanh dai nong do tur 0,8-100
Hg/mL véi nuée cat khir ion. L-ascorbic acid duoc sir dung nhu ddi chimg va dugc pha
thanh dai nong do tir 0,8-100 pg/mL véi nude cat khir ion; DPPH pha trong methanol
(100%) nong do 0,25 pM. HGt mau nghién cau (100 uL) da pha ¢ cac nong do vao cac
giéng caa dia 96 giéng. Thém dung dich DPPH d3 chuan bj ¢ trén vao cé4c giéng da co
san mau nghién ctu (ti 1é 1:1), giéng ddi chirng khong c6 mau thir chi ¢6 100 pL nudc
va 100 pL DPPH. U & nhiét d6 phong trong 30 phit, sau d6 xac dinh d6 hap thu (OD)
cua dung dich sau phan &ng tai budc song 517 nm. Kha ning trung hoa gc oxy hoa tu
do (Scavenging Activities - SA) sinh ra tir DPPH ctia mau thir dugc tinh theo cng thic
sau:

% SA = (ODaéi ching — ODmau thir) *100/ODasi ching (%)
Trong d6: ODusi ching = OD tai giéng khong chera chat thi - OD giéng tréng
ODméuthe = OD tai giéng chera chdt thiz - OD giéng trang

Gia tri SCso (Scavenging Concentration at 50% - nong d6 trung hoa duoc 50%
goc tu do ctia DPPH) s& dugc xac dinh nho vao phan mém may tinh TableCurve 2DvA4.
Phwong phdp thir hoat tinh ¢ ché enzyme a-glucosidase

Hoat tinh &c ché enzyme a-glucosidase cua phan doan chia saponin dugc thyuc
hién nhu sau: Chat thir duoc hoa tan trong DMSO 100% dé cé dung dich géc (20
mg/mL) va pha lodng trong dung dich dém phosphate 10 mM (pH 6.8) dé tao dai ndng
d6. Tiép theo, st dung 50 puL mAu di pha lodng duoc dua vao cac giéng cua khay 96

giéng dé chuan bi thtr nghiém; 20 pL o-glucosidase (0,5U/mL) va 130 pL dém
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phosphate 100 mM (pH 6.8) duoc thém vao mdi giéng, tron déu va u & 37°C trong 15
phut [154]. Nhu vay, nong d6 mau thir dat dugc cudi cing trong giéng lan luot 1a 500-
100-20-4 ng/mL; 50 pL p-nitrophenyl-a-D-glucopyranoside (pPNPG) néng d6 5 mM
duoc dua tiép vao ting giéng thi nghiém rdi u tiép & 37°C trong 60 phut. Giéng thi
nghiém c6 mau thir, dém dém phosphate va pNPG duogc sir dung lam d6i chang trang
(blank). Giéng c6 DMSO 10%, dém phosphate, enzyme va pNPG duoc st dung 1am ddi
chang. Thi nghiém duoc Iap lai 3 lan/khay dé dam bao su chinh xac. Ding thi nghiém
bang céach thém vao 80 pL Na2CO3 0,2M va do OD (Optical Density - do mirc do hap
thu 4nh sang cua mau) ¢ budc séng 405 nm bang may do ELISA Plate Reader (Biotek).
Kha niang wc ché a-glucosidase cia mau thir duge xac dinh theo cong thuc sau:
% trc ché = 100 - [(ODmau tha/ ODaéi ching) X 100]
Trong d6:  ODasi chang = ODaéi ching = ODblank
ODmiu this = ODmau the = ODblank

Gia tri 1Csp (Ndng do e ché 50%) s& duogc xac dinh nhd vao phan mém may tinh
TableCurve2DvA4.
Phurong phdp thir hoat tinh gdy doc té bao ung thu

Phuong phap xac dinh hoat tinh gay doc té bao (cytotoxic assay) ung thu cua
phan doan chtra saponin dbi vai té bao nudi cdy dang don 16p: Phuong phép thi do doc
té bao in vitro dugc Vién Ung thu Quéc gia Hoa Ky (National Cancer Institute — NCI)
xé&c nhan 1a phép thir 46 doc té bao chuan nham sang loc, phét hién céc chat ¢ kha nang
kim ham s phét trién hoic diét té bao ung thu ¢ diéu kién in vitro. Phép thir nay duoc
thuc hién theo phuong phap ciia Skekan [136]. Phép thir tién hanh xac dinh ham lugng
protein té bao tong s6 dwra vao mat do quang hoc do duoc khi thanh phan protein cuaa té
bao dugc nhuém bang sulforhodamine B (SRB). Gia tri OD may do dugc ty Ié thuan
Vvé6i luong SRB gén véi phan tir protein, do d6 lugng té bao cang nhiéu (lwong protein
cang nhiéu) thi gia tri OD cang Ién. Phép thir dwoc thuc hién trong didu kién cu thé nhu
sau:
i) Trypsin hoa té bao thi nghiém dé lam roi té bao va dém trong budng dém dé diéu
chinh mat do cho pht hop véi thi nghiém. Tién hanh dua 190 pL té bao vao dia 96 giéng

dé thir nghiém.
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i) Mau thir dugc hoa tan trong DMSO 100% dé c6 ndng do ban dau (stock) 1a 20 mM.
Tién hanh pha lodng mau trén dia 96 giéng bang méi truong nudi cay té bao (khong co
FBS- fetal bovine serum) thanh 4 ddy néng do tir cao xudng thap. Chat thir da pha loang
& cac nong do (10 pL) dugce dua vao cac giéng cua dia 96 giéng da chuan bi té bao &
trén. Giéng khdng c6 chat thir nhung c6 té bao ung thu (190 pL) + DMSO 1% (10 pL)
s& duoc st dung lam dbi chitng ngay 0. Sau 1 gio, giéng d6i chitng ngay 0 té bao s&
dugc ¢b dinh bang trichloracetic acid (TCA) 20%.

iii) U trong ta 4m 72 gio. Sau 72 gio, té bao duoc ¢b dinh bang TCA trong 1 gid, dugc
nhuém bang SRB trong 30 phut ¢ 37 °C, sau d6 rira 3 1an bang acetic acid roi dé kho ¢
nhiét do phong.

iv) 10 mM dung dich dém (Tris base) dé hoa tan luong SRB, lic nhe trong 10 phdt roi
doc két qua OD & budc song 540 nm trén may ELISA Plate Reader (BioTek).

v) Phan tram &c ché sy phat trién cua té bao khi c mat chat thir sé dugc xac dinh théng
qua cdng thirc sau:

% trc ché = 100 0D (mau) — 0D (ngay0) « 100
PHEEIE 0D(DMSO0) — 0D (ngay0)

vi) Phép thir duoc 13p lai 3 1an dé dam bao tinh chinh xac. Ellipticine & cac nong do 10 - 2

- 0,4 - 0,08 pg/mL dugc sir dung nhur 1a chét d6i chizng tham khao.

DMSO 1% luén duoc sir dung nhu dbi chitng am (nong d6 cudi ciing trong giéng
thir 12 0,05%). Gi4 tri ICso (Ndng do wrc ché 50% sur phat trién) s& dugc xac dinh nho vao
phan mém may tinh TableCurve 2Dv4. Theo tiéu chuan cua Vién ung thu qudc gia Hoa
Ky (NCI), can chiét dugc coi c6 hoat tinh t6t véi I1Cso < 20 pg/ml, trong khi chat tinh
khiét duoc coi cd hoat tinh tét khi ICso < 5 uM [60].
2.3.3.4. Phdn ldp saponin tir ld ciia Lan tai cao

Céc thi nghiém phén 1ap saponin tir Lan tai cdo duoc thue hién theo so d6 & Hinh 2.3.
(1) Phwong phap phén ldp saponin

Tir cao chiét tong sb cua Lan tai cao va cac phan doan chtra saponin dugc tach
bang sic ki VLC va MPLC duoc sir dung dé phan 1ap saponin theo so db khai quat &
Hinh 2.3.
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Hinh 2.3. So d phan lap saponin tir Lan tai cao
(2) Phwong phap siic ky

Viéc tinh ché cac hop chat dugc thyuc hién trén hé thong sac ky long chan khong
trén silica gel RP-18 (75-200 um, Silicycle, Canada) va silica gel 60 (63-200 um, Sigma

Aldrich, Phép). Viéc phan 1ap va tinh ché thém saponin tir cac phan doan dugc thuc hién
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trén hé thdng sic ky long trung 4p (MPLC) st dung pha tinh trén Merck silica gel 60,
¢ hat 15-40 um (Puc) bang may bom Gilson M 305 va mdy thu thap phan doan
(Biopharmacia). Cot thuy tinh Biichi (460 mm x 25 mm, 110 mm x 15 mm) da duoc st
dung trong hé théng MPLC. Sic ky 16p mong (TLC) va sic ky 16p méng hiéu ning cao
(HPTLC) dugc thyc hién trén Merck silica gel 60F254 (btc), véi dung moi CHClIs-
MeOH-H,0-AcOH (70:30:5:1). Cac vét TLC va HPTLC dugc xac dinh bang cach phun
1én cac dia hon hop EtOH H2SO4 (50:1), dun néng & 100°C trong 10 phat. Do quay
quang hoc duoc xac dinh trén may do phan cuc ty dong AA-10R (Anh). Phd khéi ion
héa phun dién tir co do phan giai cao (HR-ESI-MS) duoc thuc hién trén may quang phd
khdi Bruker micrOTOF II (Bruker, Puc) & ché do ion dwong. Sic ky khi (GC) dugc
thuc hién trén thiét bi sac ky khi ThermoQuest Trace (Thermo Scientific, Hoa Ky) sir
dung OV-17 trén cot Silanox (0,3 mm x 50 m) [1], [96].

Bot 14 kho duoc tach chiét bang phuong phap c6 su hd trg siéu am sir dung dung
mdi EtOH/H20 (75:25) & diéu kién 200 W, 60°C, 45 phut, thu dugc 500 mL cho mdi
lan tach chiét. Cao chiét tong sé duoc tach tiép bang VLC silica gel RP-18 va rira giai
lan luot béng H20 100%, EtOH/H20 50:50, EtOH 100%, cac phan doan thu dugc dugc
phan tich bang sac ki 16p mong TLC (Thin Layer Chromatography). Cac phan doan thu
dugc duoc st dung dé tach phan doan bang sic ky MPLC silica gel 60
(CHCI3/MeOH/H20 80:20:2, 75:25:3, viviv), gel 60 (CHCIs/MeOH/H.O 75:25:3,
V/VIV), tién hanh tach phan doan nhiéu lan va kiém tra bang sac ki 16p mong dé tao don
chat.
(3) Phwong phdp xdc dinh don chit

Quia trinh thity phan 3 mg méi glycoside duoc thuc hién véi 5 mL dung dich 2N.
CFsCOOH (4 mL) va nuéc (1 mL) trong 3 gio & 95°C. Hon hop phan tmg sau d6 duoc
pha lodng trong nudc (10 mL) va dugc chiét bang 5 mL CH2Cl, (3 1an). Lép CH.Cl»
dugc 1am bay hoi bang MeOH cho dén khi dung mdi tro nén trung tinh dé tao ra cin
duong va duoc sic ky tiép bang TLC trén silica gel sit dung hé rira giai
CHCIl:/MeOH/H20 8:5:1 bang cach so sanh véi cac mau xac thuc. Hdn hop
monosacharide dugc pha lodng véi 100 pL pyridin khan va xu ly véi 0,06 mol/L
HSCH2CH(NH;)COOCH3-HCI & 60°C trong 1 gid, sau d6 thém 150 uL HMDS-TMCS
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(3:1) ¢ 60°C trong 30 phat. Sau khi dirng phan @ng bing cach thém 2 mL H,0O, phan
duong con lai duoc chiét bang 0,1 mL n-hexan. Lép n-hexan dugc thu hdi va sau do
thanh phan duong dugc phan tich (1 pL) bang sac ki khi. Viéc xac dinh duong duoc
thuc hién bang cach so sénh thoi gian lwu cua ching véi thoi gian luu cia duong tiéu
chuan (Sigma-Aldrich) [96]. Thoi gian luu (phat): 11,07 (thamnose), 13,82 (fucose) va
17,51 (glucose).

(4) Phwong phdp phén tich pho céng huwéng tir hat nhin

Cac hop chit duoc x4c dinh ciu tric hda hoc trén co sé sir dung cac phuong phap
do pho bang cac thiét b hién dai ddng thoi két hop voi phan tich va tra ciru tai liéu tham
khéo. Cac phuong phap do phd duoc st dung gom:

i) Pho khéi lugng phén giai cao (HR-ESI-MS) dugc do trén may Agilent 6530
Accurate-Mass Q-TOF LC/MS (Agilent Technologies, M¥) tai Vién Hoa sinh bién,
Vién Han lam Khoa hoc va Céng nghé Viét Nam.

i) Phd cong huong tir hat nhan (NMR) duoc do trén may Bruker AM500 FT-
NMR (Bruker, bc) tai Vién Héa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.
Hop chat chuan da duoc thiét 1ap dé hiéu chuan phé H va 13C Ia tetramethylsilane
(TMS). Céac ky thuat phd cong huang tir hat nhan duoc sir dung bao gom: Phé cong
huong tir hat nhan mot chiéu (*H-NMR, 3C-NMR va DEPT); pho cong huang tir hat
nhan hai chiéu (HSQC, HMBC, COSY va NOESY). Dung mdi si dung bao gom
DMSO-d6, CD30D, CDCls (viéc lya chon dung méi do phu thudc vao ban chét caa ting
mau, theo nguyén tic dung mdi phai hoa tan hoan toan mau do va khong che 1ap cac tin
hiéu phan tich).

iii) Pho sac ky khi (GC) duge do trén may GCMS-QP2010 Plus (Shimadzu, Nhat
Ban) tai Vién Hoa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam.

(5) Phuwrong phdp xdc dinh chit méi

Str dung thu vién SciFinder 12 mot ngudn tai nguyén tir Chemical Abstracts
Service (www.cas.org) dé tim kiém tai liéu va tim théng tin co ban vé cau tric héa hoc,
tinh chét va phan tng caa chat. SciFinder hd trg tim kiém tryc tiép cac chat va phan tng

hoéa hoc, trén co sd cdng thic va mot sb tinh chat trong ciu trc hoa hoc chat da duogc
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xac dinh. Trén co s& ngudn dit liéu tham khao s& xac dinh céu trac khong gian, xac dinh
cac lién két gitta cac nguyén tir ciia hop chat can nghién ciru. CAc tép cAu tric tir cac ban
ghi SciFinder hién c6 ¢6 thé duoc nhap vao ChemDraw, dé chia sé v6i nhitng ngudi
khac dé tra cau va tim kiém cau tric cua chét.
2.3.3.5. Phan tich twong tac phdin tir va dong hoc phdn tir in silico

Nghién ctru vé tiém ning, co ché va ai luc lién két cua saponin steroid phan lap
tur Lan tai cdo (H. verticillata var. verticillata) véi Bcl-2 (B-cell lymphoma 2). Bcl-2 la
loai protein dong vai trd quan trong trong viéc diéu hda chu trinh séng cua té bao. Bel-
2 thiic day ung thu bang cach ngan chan qua trinh chét theo chuong trinh (apoptosis)
cua té bao. K¥ thuat md phong qué trinh twong tac phan tir va dong hoc phan tir in silico
duoc sir dung dé phan tich hoat tinh gy doc té bao ung thu ctia saponin phan lap duoc

tir Lan tai cao.
(1) Mo phong twong tac phan tir
Chudn bi protein

Céu trac protein myc tiéu Bcl-2 (ID: 6GL8 1a ciu tric ba chiéu cia protein muc
tiéu Bcl-2) dugc thu thap tir Ngan hang dir liéu protein (https://www.rcsb.org/). Biovia
Discovery Studio Visualizer v24.1 (Dassault Systemes BIOVIA, Hoa K¥) 12 phan mém
gitip hinh anh héa 3D phan tir nghién ciru. Cac hudng lién két va cau hinh thich hop cia
phan tir duge thue hién bang AutoDock Tools v1.5.7. Viée x4c nhan giao thirc tuong tac
phan tir thdng qua tinh d6 1éch binh phuong can bac hai (RMSD- root mean square
deviation). Xac dinh twong tic gitta cdc phan tir nghién ctru va thu thé cua protein Bcl-

2 duoc thyc hién bang phan mém Biovia Discovery Studio Visualizer.
Mo ta saponin

C6 tong sd 5 saponin tir H. verticillata var. verticillata gdm 3 saponin trong Cac
nghién ctu truéc va 2 saponin trong nghién ctu nay [155]. Parasiticoside A va
parasiticoside B c¢6 cong thirc phén tir 1a CasHs4011 VA CaoHesO1s, khéi lugng phan tir 1an
luot 1a 626,3666 va 772,4245 m/z. 3 saponin steroid da dugc nghién ctru trude day la
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3B.,4a-dihydroxy-5p-spirost-(25)27-en-1p-yl O-a-L-arabinopyranoside (1), 3p-hydroxy-
5B-spirost-25(27)-en-1p-yl  O-a-L-rhamnopyranosyl-(1—2)-B-D-xylopyranoside (2),
(23S,24S,255)-3p,40,23,24-tetrahydroxy-5p-spirostan- 13-yl O-a-L-rhamnopyranosyl-
(1—2)-p-D-fucopyranoside (3), c6 cong thirc phan tir 1a C32Hs009, C3sHesoO12, C39He4O15
va khéi lugng phén tir 12 lan luot 1a 578,3455; 708,4085; 772,4245 m/z.

Chudn bi phéi tir

Chu trac 2D cia saponin dugc chuan bi ¢ dinh dang *sdf béng phén mém
ChemDraw Prime v23.1 (Perkin Elmer, Hoa K3) va dugc chuyén ddi thanh ciu tric 3D
& dinh dang *pdb bang phan mém Biovia Discovery Studio Visualizer. Cac loai lién két
gém: Lién két hydrogen phan cuc, dién tich riéng phén va tt ca cac luc xodn duge thuc
hién béng AutoDock Tools. Céu trac 2D cua Navitoclax duge léiy tr co s¢ dir licu
PubChem ¢ dinh dang *sdf (https://pubchem.ncbi.nlm.nih.gov) va duogc toi vu hoa cdu

tric 3 chiéu bang phan mém Avogadro v1.2.0 [56].
(2) M6 phong dong hoc phin tir

Thuc hién viéc ghép nbi phan tir giita cac hop chat va thy thé bang tng dung
AutoDock Tools. Thuat toan di truyén Lamarckian dugc st dung dé xac dinh céc ciu
hinh lién két giita cac phéan tir theo hudng c6 loi nhat vé miat ning luong. Tét ca cac
tham sd duoc dit mic dinh va Navitoclax duge chon 1am hop chét kiém soat, d6i chimg.

Mo phong dong hoc phén tir dé xac nhan kha ning duy tri ghép nbi tét nhat voi
protein 6GL8 dugc thuc hién trong 10 ns bang phan mém GROMACS v2024. Protein
dugc ¢ dinh cdu trac dé khong 1am thiéu di mot s6 nguyén tir thanh phan va c6 thém
du lugng khac bang phan mém Swiss-PdbViewer [55]. Swiss PARAM dugc st dung dé
tao ra cac cau triic ciia phdi tir. Hé thong can bang duoc thiét 1ap dé chay mo phong dong
phan tir 1én dén 50000 budc trén 100 ps, st dung may tinh CPU Intel(R) Xeon(R) @
2,20 GHz duogc trang bi GPU NVIDIA Tesla T4 16GB GDDR6. Dit li¢u m6 phong dong
phan tir duge phan tich ¢ 100 ns bang UCSF Chimera v1.17.3 va phan mém Grace [109].
Dit liéu md phong dugc phan tich vé s6 lién két hydrogen trong mdi khung theo thoi
gian, bién dong binh phuong trung binh gbc (RMSF) ctia mbi phan tir trong ciu triic va

d6 1éch binh phuong trung binh cin bac hai (RMSD) ciia cau tric d cho theo thoi gian.
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2.3.4. Phuwong phap phan tich sé li¢u
Céc phan mém Tin sinh hoc duoc st dung trong phan tich hé gene nhu MEGA11,
BioEdit, BLAST trong NCBI.

Céc s6 liéu dugc phan tich bang phin mém SPSS (Statistical software suite) caa
Windows phién ban 29.0.2.0. So sanh sy khac biét bang kiém dinh kiém dinh Duncan &
muc y nghia a = 0,05.

2.4. PIA PIEM NGHIEN CUU VA HOAN THANH LUAN AN

Phan tich Tin sinh hoc va mét s6 phan tich hoa sinh duoc thyc hién tai cac phong
thi nghiém thuéc B6 mén Di truyén hoc&Cong nghé sinh hoc, Khoa Sinh hoc, Truong
Pai hoc Su pham - Pai hoc Thai Nguyén. Phan tich hoat tinh sinh hoc va héa hoc thuc
vat duoc thuc hién tai Vién Sinh hoc thugc Vién Han 1am Khoa hoc va Cong nghé Viét
Nam. Giai trinh tw DNA luc lap va phan tich hé gene luc lap cua Lan tai cdo duoc thuc
hién tai Trung tdm nghién ctu vat liéu sinh hoc quéc té (International Biological
Materials Reserch Center - IBMRC), Vién nghién ctru khoa hoc sinh hoc va cong nghé
sinh hoc Han Qudc (Korea Research Institute of Bioscience and Biotechnology -
KRIBB), Han Quéc (Republic of Korea).

Luan an duoc hoan thanh tai B6 mdn Di truyén hoc & Cong nghé sinh hoc, Khoa

Sinh hoc, Truong Pai hoc Su pham - Pai hoc Thai Nguyén.
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Chuong 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. PAC PIEM HE GENE LUC LAP CUA LOAI LAN TAI CAO
3.1.1. Céu truc hé gene

Hé gene luc lap hoan chinh caa Lan tai cdo (H. verticillata var. verticillata) cé
kich thuéc 176.429 bp (Hinh 3.1). Bén vung dién hinh ctua phan tir DNA dang vong,
bao gom ving sao chép don 16n LSC (91.020 bp), sao chép don nho SSC (2.297 bp) va
2 vung lap lai dao nguoc IR, mdi vung IR c6 kich thudce 41.556 bp, trong d6 ham lugng
GC chiém 37,1% (Bang 3.1).

Két qua hién thi thong tin hé gene luc lap tir GeSeq va tRNAscan-SE cho thay hé
gene luc lap cua Lan tai c4o cé tong cong 144 gene, bao gom 98 gene ma hoa protein,
38 gene tRNA va 8 gene rRNA (Bang 3.1). Cac gene dugc phén loai thanh ba nhém
chinh dya trén chic nang ciia chung. Nhom gene lién quan dén quang hop c6 44 gene,
gom cac nhom gene ma hda cac tiéu don vi cua ATP synthase, phuc hop cytochrome,
hé théng quang hop | va Il, NADPH dehydrogenase va cac tiéu don vi lén caa cac
enzyme tham gia vao qua trinh quang hop va tuy thuoc vao anh sang; 60 gene con lai
thudc cac nhom chirc ning lién quan dén phién ma va dich ma. Chin gene con lai duoc
phan thanh cac nhom gene khéc, bao gdm 5 gene c6 chire ning lién quan dén qua trinh
xtr Iy RNA (matK — tong hop protein tham gia vao qua trinh cat ndi cac intron khoi céc
RNA thdng tin), 4 gene bao ton khung doc md, tong hop cytochrome loai ¢ (ccsA), tong
hop acid béo (accD), chuyén hda carbon (cemA) va phan giai protein. Trinh tu hé gene
luc lap cta Lan tai cdo c6 chu thich da dugc dang ki trén GenBank mang ma truy cap la
OR475244.1.

Phan tich cau tric ving IR cta hé gene luc lap H. verticillata var. verticillata cho
thdy 2 ving nay c6 sb luong va cau tric gene twong ty nhau nhung theo hudng nguoc
nhau; mdi viing IR bao gém 26 gene, cu thé 1a 4 gene rRNA, 8 gene tRNA, 4 gene ma
hoa protein ribosome, 7 gene ma hoa protein NADH-dehydrogenase, 2 gene bao ton
khung doc mé va 1 gene tiéu don vi quang hop I. Cac gene chra 1 intron gom ndhA,
ndhB, rps12, trnA-UGC va trnl-GAU (Bang 3.2).
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Hinh 3.1. Ban db hé gene luc lap cua Lan tai cdo (Hoya verticillata var. verticillata) thu
tai Viét Nam. Céac gene & bén trong vong tron ngoai dugc phién ma theo chiéu kim dong
hd, cac gene & bén ngoai duge phién ma nguoc chiéu kim déng hod. Cac gene thudc cac
nhom chirc nang khac nhau dugc ma héa mau. Vong tron dong tdm bén trong chi ra cau
trdc bon phan cua hé gene luc lap, bao gdm cac viing LSC, SSC va IR. Ving mau xam
nhat biéu thi ham lwong AT va vang mau xam dam biéu thi ham luong GC.
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Hé gene luc lap cua thuc vat hat kin thuong c6 thanh phan va ham lwong gene duoc
bao tdn cao. Hé gene luc lap cua Lan tai cdo (H. verticillata var. verticillata) cd 144 gene,
trong d6 17 gene bao gdm 1 hoic 2 intron (15 gene chira 1 intron va 2 gene chta 2 intron).
Vung SSC chi chira 1 gene ndhF, khong ¢6 intron. Vung LSC cé 10 gene chira 1 intron,
trong d6 ¢6 3 gene quan trong trong viéc téng hop tiéu don vi caa phac hop cytochrome
la petB, petD va atpF (petD va atpF déu chta 2 intron) (Bang 3.2).

Bang 3.1. Tom tit hé gene luc lap cua loai H. verticillata var. verticillata

Thanh phan S6 lwong
Kich thuéc hé gene (bp) 176.429
Kich thudc viung sao chép don 16n (LSC) (bp) 91.020
Kich thudc ving sao chép don nho (SSC) (bp) 2.297
Kich thudc vung lap lai dao ngugc IR (bp) 41.556
Ty 1& GC (%) 37,1
Tong s6 gene 144
Tong s6 gene ma hoa protein 98
Tong s6 gene ma hoa tRNA 38
Tong s6 gene ma hoa rRNA 8

Bang 3.2. Thanh phan gene cua hé gene luc lap H. verticillata var. verticillata

Loai gene Chirc nang Tén gene

C4c tiéu don vi cua atpA, atpB, atpE, atpF?, atpH, atpl
ATP synthase

Céctiéudonvicaa  |ndhA? (x2), ndhB (x2)2, ndhC, ndhD (x2),
NADH-dehydrogenase |ndhE (%x2), ndhF, ndhG (x2), ndhH (%x2), ndhl
Quang hop (x2), ndhJ, ndhK

(52 gene) |Cactitudonvicua  |petA, petB?, petD?, petG, petL, petN
phtc hop cytochrome
b/f

Céc don vi cua hé thong|psaA, psaB, psaC (x2), psal, psal
quang hop |
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Céc don vi cua hé thong
quang hop Il

psbA, psbB, psbC, psbD, psbE, psbF, psbH,
psbl, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ

Tiéu phan nho caa
rubisco

rbcL

Phién ma va
dich ma (80
gene)

Pon vi l6n cua
ribosome

rpll4, rpl162, rpl22, rpl20, rpl22, rpl23, rpl32
(x2), rpl33, rpl36

RNA polymerase

rpoB, rpoA, rpoC12, rpoC2

Pon vi nho cua protein
ribosome

rpsll, rpsl22 (x2), rpsl4, rpsls (x2), rpsl6?,
rpsl8, rpsl9, rps2, rps3, rps4, rps7 (x2), rps8

Céac gene rRNA

rm23 (x2), rrnl6 (x2), rrn5 (x2), rrn4.5 (x2)

Céac gene tRNA

trnA-UGC 2 (x2), trnC-GCA, trnD-GUC, trnE-
UuC?a, trnF-GAA, trnfM-CAU, trnG-GCC,
trnH-GUG, trnl-CAU (%2), trnl-GAU (x2),
trnG-UCC, trnK-UUU?, trnL-CAA (x2), trnL-
UAAZ trnL-UAG (x2), trnM-CAU, trnN-GUU
(x2), trnP-UGG, trnQ-UUG, trnR-ACG (%2),
trnR-UCU, trnS-CGA?, trnS-GCU, trnS-GGA,
trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU,
trnV-GAC (%x2), trnV-UAC, trnW-CCA, trnY-
GUA

Yéu t6 khoi dau dich  finfA
ma
Don vi phu cta Acetyl- jaccD
CoA-carboxylase (tong
hop acid béo)
Gene tong hop CCSA (%x2)
Céc gene khéc|cytochrome loai ¢
(12.gene) - \/an chuyén héa carbon [cemA
Protease clpP®
Xt ly RNA matK

Bao ton khung doc mo

ycfl (x2), ycf2 (x2), ycf3P, ycf4

(a): Gene chura 1 intron, (b): Gene chera 2 intron, (x2): Gene ¢ vung lap lai dao nguroc IR.
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Tan suét sir dung mé di truyén cua 98 gene ma hoa protein di dwgc danh gia trong
Bang 3.3. Tan suét st dung ma di truyén duoc tim thay trong cac viing ma hoa la 29.223,
trong d6 ma két thlic bang U- va A- duoc tim thay thuong xuyén hon G- va C-. AUU (ma
hoa izoleusine) 1a ma di truyén duoc tim thiy phé bién nhét trong sé 64 ma di truyén véi
tan suit RSCU la 4,27, tiép theo 1a GAA (ma hda glutamic acid) vi RSCU 1a 4,24, AAA
(ma hda lysine) véi RSCU 1a 4,19. Trong khi d6, hiém nhét 1a cac codon AUC, CUG,
GUG vi tan suat RSCU 12 0,01. Tong cong c¢6 37 codon duoc sir dung thudng xuyén hon
V6i tan suat RSCU > 1. Codon AUA duoc st dung mét lan.

Trinh ty lap lai caa hé gene luc lap loai H. verticillata var. verticillata dugc xac
dinh bao gém céc trinh ty Iap lai mono-nucleotide véi tan suat 34 1an (53,12%), trinh tu
lap lai di-nucleotide 1a 14 lan (21,88%), trinh tu 13p lai tri-nucleotide 1a 6 lan (9,38%),
trinh ty 13p lai tetra-nucleotide 12 9 1an (14,06%), trinh tu l3p lai penta-nucleotide 1a 1
lan (1,56%). Do d6, cac trinh ty lap lai mono-nucleotide pho bién nhat 1a A/T, véi tan
suat 34 1an (53,12%), vi A va T b6 sung cho nhau (Hinh 3.2). Trinh ty Iap lai don gian
gom di-nucleotide nhu TA (6 1an), GA (1 1an); trinh tu I3p lai tri-nucleotide nhu TTC (2
lan) va GAA, ATT, TAT (1 lan), trinh ty lip lai tetra-nucleotide nhu AAAT, ATTA,
AATT, CTTT, TATT, TTAG, TTTA (1 lan) va trinh tu lip lai pentanucleotide nhu
TTTTA (1 lan).

Tan suat Iap lai don gian & cac ving khac nhau caa hé gene ciing c6 su phan héa
13 rang, trong d6 viing LSC ¢6 tan suat 49 trinh ty lap lai, bao gdm 27 mono-nucleotide,
11 di-nucleotide, 4 tri-nucleotide, 6 tetra-nucleotide, 1 penta-nucleotide; ving IR ¢ tan
suét lap lai 1a 15, trong d6 c6 7 mono-nucleotide, 3 di-nucleotide, 2 tri-nucleotide, 3
tetra-nucleotide va khéng c6 trinh tu Iap lai penta-nucleotide (Hinh 3.2A); viung SSC
chi c6 mot gene va khong chira trinh ty 1ap lai don (Hinh 3.2B). Trong cac ving gene
mi hoa (CDS), ving dém xen k& (IGS) va ving khong ma hda (Intron), tan suat cac
trinh tu 13p lai don gian chu yéu ton tai ¢ cac vang dém vai tan suit 43 lan (ving CDS
la 11, intron 13 10). Ving dém xen k& IGS chu yéu chtra c4c trinh ty l3p lai 1 nucleotide
Vi tan suat 24 1an, bao gém 9 di-nucleotide, 2 tri-nucleotide, 7 tetra-nucleotide, 1 penta-

nucleotide; Vung dém va vung intron c6 cac trinh tu lap lai trong dwong (Hinh 3.2C).
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Bang 3.3. Tan s sir dung codon dong nghia twong déi (RSCU) cho cac gene ma hoa
protein ¢ H. verticillata var. verticillata.

Codon | AA | ObsFreq | RSCU Codon | AA | ObsFreq | RSCU Codon | AA | ObsFreq | RSCU
UAA | * 53 0,17 | AUC I 488 159 | CGC | R 133 | 0,43
UAG | * 23 0,08 | AuU I 1308 | 427 | CGG | R 167 | 0,55
UGA | * 21 0,07 | AAA | K| 1284 | 419 | CGU | R 387 | 1,26
GCA | A 454 1,48 | AAG | K 419 137 | AGC | S 154 | 0,50
GCC | A 271 089 | CUA | L 492 161 | AGU | S 460 | 1,50
GCG | A 172 056 | CUC | L 209 0,68 | UCA | S 464 | 1,52
GCU | A 687 224 | CUG | L 214 0,70 | UCC | S 361 | 1,18
UuGgcC | C 86 028 | CUU | L 723 236 | UCG | S 268 | 0,88
uGgGu | C 266 087 | UUA | L | 1015 | 332 | UCU | S 695 | 2,27
GAC | D 258 084 | UUG | L 622 203 | ACA | T 499 | 1,63
GAU | D | 1000 | 3,27 | AUA | M 1 0,00 | ACC | T 304 | 0,99
GAA | E | 1298 | 424 | AUC | M 2 001 | ACG | T 167 | 0,55
GAG | E 399 1,30 | AUG | M 695 227 | ACU | T 582 | 1,90
uucC | F 580 1,89 | CUG | M 2 001 | GUA | V 605 | 1,98
Uuu | F | 1185 | 3,87 | GUG | M 2 0,01 | GUuC | V 202 | 0,66
GGA | G 783 256 | AAC | N 325 1,06 | GUG | V 223 | 0,73
GGC | G 225 0,74 | AAU | N | 1176 | 3,84 | GUU | V 585 | 1,91
GGG | G 382 125 | CCA | P 355 1,16 | UGG | W | 520 | 1,70
GGU | G 645 2,11 | CCC | P 279 091 | UAC | Y 228 | 0,74
CAC | H 185 0,60 | CCG | P 191 0,62 | UAU | Y 906 | 2,96
CAU | H 483 158 | CCU | P 458 1,50

AUA I 804 263 | CAA | Q 793 2,59

Ghi chi: * codon két thic; AA: amino acid; ObsFreq: S6 lwong codon; RCSU: Mtc sir dung

codon twong ddi.
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Hinh 3.2. Phén tich cac trinh tu 1ap lai don gian (SSR) cta hé gene luc lap hoan chinh
cua H. verticillata var. verticillata. Truc hoanh biéu thi cac loai trinh tu lp lai don gian
hoac cac viing caa hé gene luc lap, truc tung biéu thi s6 luong. A: S6 lugng céc loai trinh
ty 13p lai don gian (Mono-don, Di-doi, Tri-ba, Tetra-bén, Penta-nam); B: Tan suét cac
loai lap lai trong cac vung sao chép don 16n, sao chép don nho, lap lai dao ngugc; C:
Tan suat cac loai lap lai trong céc ving caa hé gene gom CDS la viing ma hoa protein,
IGS la vung dém gitra cac gene, Intron la vung khdng mé hoa cua gene.

Tan sd l3p lai don gian SSR trong cac ving khac nhau ctia hé gene ciing co su
phan hoa rd rét, trong d6 ving sao chép don 1én (LSC) c6 tan sb 49 trinh ty lap lai
(mono-nucleotide=27, di-nucleotide=11, tri-nucleotide=4, tetra-nucleotide=6, penta-
nucleotide=1); ving lap lai dao nguoc IR ¢6 tan sé trinh tu l3p lai 1a 15 (mono-
nucleotide=7, di-nucleotide=3, tri-nucleotide=2, tetra-nucleotide=3, khéng c6 trinh tu
Iap lai penta-nucleotide); viing sao chép don nho (SSC) chi ¢6 01 gene va khéng chua
trinh tu lap lai don gian.

Xac dinh s6 1an Iap lai xudi (F), d6i xting (P) va nguoc (R) duoc thuc hién bang

chuong trinh REPuter4, véi kich thudc 1ap lai toi thiéu 12 30 bp véi ma Hamming la
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332. Trong s6 127 trinh tu lap lai Ion (LSR), c6 85 lan lap lai xudi, 24 lan lap lai doi
xang va 18 1an 13p lai nguoc, nhu thé hién trong Hinh 3.3.

S6
lwgng

90
80
70
60
50
40

30

20
10 | |
0

Forward Reverse Palindromic | oaj trinh tw

Hinh 3.3. Phan tich trinh tu lap lai I6n (LSR) trén quy mé hé gene ¢ H. verticillata var.
verticillata. Truc hoanh la céc trinh tu lap lai I6n (Forward-1ap xubi, Reverse-lap nguoc,

Palindromic- lap d6i xtng), truc tung la s lugng.

3.1.2. So sédnh hé¢ gene luc lap hoan chinh cia H. verticillata var. verticillata thu thap
& Viét Nam véi cac loai thugc chi Hoya khac trén GenBank

Trong nghién ctru nay, chiing t61 phan tich hé gene luc lap hoan chinh cua sau
loai, bao gdbm H. verticillata var. verticillata (Lan tai c40) trong nghién ciru nay va 5 hé
gene lyc lap dd cong bd trén GenBank (H. carnosa-OK539590, H. ovaliflolia-
OL754666, H. kerrii-OL754673, H. meliflua-OL754674 va H. lyi-MW719055). Cé&c
trinh tu dugc lua chon déu c6 chat luong chu thich cao va da duogc xac nhan rong rai,
bao dam tinh tin cdy cho viéc so sanh ciu tric b gene, bién doi tai ranh gii ving lip
lai ddo nguoc (IR) va muc do phan ky trinh ty. Mic du gan ddy c6 thém mét sb loai
thudc chi Hoya duoc bao céo, nhiéu loai van thiéu dir liéu hé gene luc lap hoan chinh
hozc chu thich chwa day du, diéu ndy c6 thé lam giam do chinh xac va tinh nhat quan
trong phéan tich so sanh.

Cac hé gene dugc can chinh lai bflng thuat toan Mauve, trong do cac khdi mau
dai dién cho nhitng ving twong dong giira cac loai (Hinh 3.4). Két qua cho thiy sau hé

gene luc lap ciia Hoya c6 murc do bao ton cao, v6i cac khbi dong dang duoc sip xép
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thang hang rd rét. Cac s6 danh du trén so dd thé hién vi tri nucleotide, trong khi céc
khéi mau biéu thi nhitng dic diém dic trung cua timg hé gene. Pang chi ¥, cac ving
1ap lai dao nguoc (IR) c6 su mé rong vé phia ving sao chép don 16n (LSC) va ving sao
chép don nho (SSC).

Phén tich cdu tric cho thy sau hé gene luc lap c6 mic do twong ddng rat cao;
cac gene duoc sip xép lién tuc doc toan bd chiéu dai hé gene, va hiu nhu khong xuit

hién hién tuong tai sip xép & quy mo 16n nhu dao doan hoic chuyén doan.
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Hinh 3.4. So sanh cau tric hé gene luc lap hoan chinh cua séu loai thuoc chi Hoya st
dung phuong phap cin chinh Mauve. Sau dudng ngang biéu thi 6 hé gene véi tén lodi &

dau hang; ddi vai mdi hé gene gém co kich thuéc, sd nucleotide va cac gene twong tng.

So séanh ty Ié twong quan giita c&c viing trong cau tric hé gene luc lap cua cac
loai thudc chi Hoya c6 dic trung vé mé rong cta vung 1ap lai dao nguoc IR anh huong
dén ca ving sao chép don 16n LSC va ving sao chép don nho SSC (Bang 3.4). Ty Ié
vung IR tang twong tng vaéi vung LSC va SSC giam.

Do da dang nucleotide (Pi) duoc tinh bang phan tich cira sb truot duoc thyuc hién
trong DnaSP v. 6.12.03 (phan mém manh m& dé phan tich da hinh nucleotide tir dit liéu
trinh tu DNA), sir dung d6 dai phan tich 12 600 bp va kich thudc budc 1a 200 bp. Két

qua phan tich cho thay ca hai viing sao chép don déu dugc xac dinh 1 c6 su khéc biét
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trinh tr dang ké hon so v&i ving l3p lai dao nguoc IR. Véi gié tri gii han Pi 14 0,03,
tam vung bién d6i cao da dugc xac dinh gdm 6 ving dém giira cac gene (trnK-rpsi6,
rpsl6-trnQ, psbl-atpA, psbZ-rpsl4, ndhC-trnV, rbcl-accD) va 2 vung intron thuoc cac
gene rpl16, ndhF (Hinh 3.5). Sau vuing bién déi cao thudc vé ving LSC, mot ving nam
giita viing LSC va ving IR va gene ndhF thudc vé viing SSC.

Bang 3.4. Ty I& phan b cac viing trong hé gene luc lap caa 6 loai thugc chi Hoya

Ty 1€ vung Ty 1€ vung

Loai Lsc ssC Ty 1€ vung IR
H. carnosa (OK539590) 0,516729 0,013026 0,472893274
H. verticillata var. verticillata 0,515902 0,013019 0,471079018
H. ovaliflolia (OL754666) 0,516719 0,012945 0,470325318
H. kerrii (OL754673) 0,517116 0,012912 0,46995536
H. meliflua (OL754674) 0,517462 0,012996 0,469542144
H. lyi (MW719055) 0,518905 0,012992 0,468086311

Ranh gigi LSC/IRB ludn ¢ vi tri bén dudi gene rpl22 ¢ dau 3' caa gene rpl22;
diém ndi viing LSC/IRB nam & vi tri 29-31 bp cua gene rpl22, diém ndi IRb/SSC nam
& Vi tri cach gene ndhF 26-35 bp. Biém nbi SSC/IRA nam ¢ khoang cach 89-97 bp tir
vi tri gene ndhF, diém néi IRA/LSC nam & khoang cach rps19-trnH, su khéc biét duoc
thé hién ddi voi khoang cach rps19-trnH cua H. verticillata var. verticillata la chia gene
rpl22 voi khoang 30 bp va diém ndi chong I1én nhau 1bp tai gene rpl22. Sy thu hep cua
viing SSC va ma rong cua ving IR trong hé gene Hoya dan dén nhirng thay doi tuong
quan vé chiéu dai cua 4 ving cau trdc va toan bo trinh tu hé gene luc lap, tuy nhién, sy

thay ddi nay la rat nho (Hinh 3.6).
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Hinh 3.5. 6 thi so sanh céc gia tri da dang nucleotide (Pi) théng qua phan tich cira s6

truot (chiéu dai ctra 6 1a 600 bp; kich thude budc 1a 200 bp) trén toan bd hé gene luc

lap cua 30 loai Hoya. Truc Y biéu thi gia tri Pi tai diém gitra ctia ctra so truot va truc X

biéu thi vi tri nucleotide. Budng cham mau xanh biéu thi gia tri ngudng Pi 1a 0,01. Céc

gene vuot qua ngudng nay duoc dan nhan phia trén cac dinh cia do thi.

Hoya verticillata
176,429 bp

Hoya carnosa
176,807 bp

Hoya kerrii
176,967 bp

Hoya lyi
176,567 bp

Hoya meliflua
177,130 bp

Hoya ovalifolia
176,748 bp

JLB JSB JSA JLA
psg 446 92’31 bp pl2 35 | 205 by 92 bp IJ'HH
PpsbA
91,020 bp T/[Z_a1556bp | 1/ 2,297 bp IRal /[ 41556 bp
rpi2 | rps19
pl32 pl22 ™\ 4 bp
rps8. 446 bpi31 bp 1p12 35 bp 2206 bp 92bo 2bp ,LH
91,120bp | 0 Iil- /[=_an695bp | ]/ 2297b 1Ra. 4l ulsouE ﬂ
’ pl32
psg. 448 bpi29 bp pl2 35 bp2107 bp 89bp 2bp tnH
22
91,514 bp T//Z_a1584 bp /i 2,285 bp 1Ra E//3 alsac bE
pl32
rpsg. 448 bp, &’9 bp pi2 35 9&2206 bp 89 bp 2bp tnH
[ 91,623 bp \:1-; LS /[Z_4132%5bp | /, 2,294 bp [Ral (//—\; "mbi .ﬂ
pi32
psd. 448 bgesbv 206b 97 bp 2bp ttnH
I
91,658 bp / /, 2,302 bp IRal 4 “Imbf ]
pi32
rpsg- M7Eg‘;0bn Sb 200 by 89 bp 2bp tnH
pl22 rps 19 psbA
91,330 bp J/p / 2,268 bp e NI/, 41,565 bp
rpl2 | rps19
’ 1pl32

Hinh 3.6. So sanh diém ndi c4c viing LSC, SSC va hai vung IR trén 6 hé gene luc lap
hoan chinh cua Hoya. Céc chix viét tat JLB, JSB, JSA va JLA lan luot biéu thi cac diém
noi gitra LSC/IRB, SSC/IRB, SSC/IRA va LSC/IRA.
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Cho dén thoi diém nghién ctru, 45 hé gene luc lap caa chi Hoya da dugc cong b
trén GenBank, bao gom mot sé loai dugc cong bd mét phan cua hé gene, vi du nhu H.
latifolia, H. hamiltoniorum, H. insularis va H. coronaria...; mot s6 hé gene luc lap
khong day di nhu & mét s6 loai: H. sp. 3 WO-2022, H. sp. 11 WO- 2022, H. sp. 8 WO-
2022, H. sp. 4 WO-2022 va H. sp. 2 WO-2022. Két qua phan tich hé gene luc lap hoan
chinh cua H. verticillata var. verticillata va 5 trinh tu hé gene luc lap hoan chinh khac
cua Hoya trén GenBank cho thay cau trdc c6 nhiéu diém twong dong (Hinh 3.4 va Hinh
3.6). Vuing SSC bi thu hep va ving IR duoc mé rong dang ké. Tuy nhién, su khac biét
giira cac hé gene luc lap cac loai nay thé hién rd nhat ¢ kich thuéc hé gene cua ching,
dao d6ng tir 175.404 bp & H. lacunosa dén 179.069 bp & H. ariadna, chu yéu 1a do su
thay d6i chiéu dai cua ving LSC (80.795 bp & H. liangii dén 92.072 bp & H. sp2
ZCF6006). Ving SSC chi bao gdm mét gene duy nhat (ndhF), dao dong tir 2.265 bp &
H. pandurata dén 2.306 bp & H. caudata. Trong nghién ctru nay, hé gene H. verticillata
var. verticillata thu thap dugc & Viét Nam co kich thudc 1a 176.429 bp, vung LSC dai
91.020 bp, vung SSC dai 2.297 bp. Vung SSC ciing chi c6 1 gene ndhF véi kich thudc
1.182 bp.

V& trinh tu nucleotide, két qua so sanh cau tric hé gene luc lap cua H. verticillata
var. verticillata (trong nghién ciu cua chiing toi) véi cau trdc hé gene di cong b cua
29 loai khéc [104], [119] thudc chi Hoya cho thiy nhimg diém tuong dong co ban thé
hién & thanh phan, s6 luong va sy phan b cac gene trong hé gene. Piéu nay ching to
méi quan hé chat ché gitta cac loai thuoc chi Hoya (Hinh 3.5). Theo Rodda va Niissalo
(2021), trong cac cong bd trude day vé hé gene luc lap cia nhém Hoya con chua day
du, hoic hé gene luc lap duoc ldp rap khdng chinh xac, viéc lap rap hé gene luc lap &
nhom Hoya phuc tap hon do sy mé rong cua hai vung IR va su thu hep ctia vung SSC.
Trong nghién ctu nay, trinh tu gene va cau tric tong thé caa hé gene luc lap cua H.
verticillata var. verticillata twong tu nhu hé gene luc lap cua H. carnosa [167]. Tuy
nhién, c¢6 nhimg diém khac biét so véi hé gene luc lap cia H. verticillata trong bao cao
cua Tan va cs (2018), nghién ctru da bo qua cac vung CDS cua cac gene accD, ndhH,
ycfl va ycf2 va nhimg thay doi ranh gigi giira cac ving trong hé gene luc lap [146].

Rodda va Niissalo (2021) cho rang su thay doi ranh gidi quan sat duoc 1a duy nhat chi
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c6 & nhém Hoya (Rodda va Niissalo 2021) va H. verticillata ciing khéng ngoai 6. Két
qua nghién ciru cua ching tdi va két qua caa Odago va Niissalo (2021) 1a khac nhau vi
trong nghién ctru cua chang téi, cac phan tich dya trén hé gene luc lap hoan chinh cua
H. verticillata var. verticillata (s6 truy cap: OR475244.1) [69], trong khi nghién ciru caa
Odago va Niissalo, cac phan tich dua trén hé gene luc lap cua H. verticillata chi duoc
giai trinh ty mot phan (GenBank: MW719071.1). Cho dén nay, két qua giai trinh tu hé
gene luc lap cua Lan tai céo trong nghién ctru nay 1a bao céo day di dau tién duoc cong
bé [69].

CAu trdc hé gene luc lap hoan chinh cua H. verticillata var. verticillata da duoc
lam sang to dua trén két qua giai trinh ty gene va phan tich cau trdc cua hé gene. Hé
gene luc lap cua H. verticillata var. verticillata ¢ cau tric dién hinh nhu hé gene luc
lap cua cac loai thuc vat bac cao khéc, cau tric dang vong gdm 4 ving (Sao chép don
l6m, sao chép don nho va 2 viing lap lai dao nguoc). Hé gene c6 sy md rong dang ké cua
vuing IR va viing SSC bi thu hep manh (chi con lai mot gene 1a ndhF). Cau tric hé gene
luc lap hoan chinh cia H. verticillata var. verticillata cho thay tan sé sir dung codon
d6ng nghia trong d6i, cac doan lap lai trinh ty don gian, trinh ty l3p lai [6n va xac dinh
duoc do da dang nucleotide (Pi). Sau ving bién ddi cao thudc vé ving LSC, mét ving
nam gitra LSC va IR, va gene ndhF thudc vé SSC, day 1a co s& dé nghién ctu tién hoa
phén tir va xac dinh sy phat sinh chung loai cua loai H. verticillata var. verticillata va

chi Hoya.

3.2. PHAN TICH SU PHAT SINH CHUNG LOAI DUA TREN TRINH TU HE
GENE LUC LAP VA MOT SO VUNG DNA THUQC HE GENE LUC LAP

3.2.1. Phan tich phét sinh chiing loai dwa trén hé gene luc lap hoan chinh

Trong nghién ctru nay, thay vi stt dung toan b trinh tu hé gene luc lap, chiung t6i
Iwa chon 79 gene ma hoa protein (protein-coding genes, PCGs) ph6 bién va dugc bao
ton cao dé xay dung cay phat sinh ching loai. Cach tiép cin nay c6 co s& khoa hoc nhu
sau: (i) PCG cung cép tin hiéu phat sinh ching loai manh mé& va dang tin cdy, dong thoi
c6 chu thich chtic ndng 18 rang; (ii) cac vung khong ma hoda va khoang cach gitra cac

gene thuong chtra chén/xoda, yéu to 1ap hodc sai khac trong can chinh, cé thé tao nhiéu
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va lam giam do chinh x4c cua phan tich; va (iii) bd 79 PCG chuan hoa di duogc 4p dung
rong rii trong cac nghién ctru phat sinh loai & thue vat, nhd d6 dam bao tinh thong nhit
va kha ndng so sanh gifra cac nghién ctru. Do do, viéc st dung 79 PCG gitip nang cao
ca do tin cay lan tinh 6n dinh cua qua trinh tai tao quan hé phat sinh loai.

Dt li¢u phuc vu phan tich dugc thu thap tr GenBank, bao gém trinh ty DNA luc
lap ctia 50 hé gene thudc chi Hoya, ho Apocynaceae, cting mot sé loai nhém ngoai (Phu
luc PL1). Cay phat sinh chung loai dugc xay dung (Hinh 3.7) cho thdy hai nhanh chinh:
Nhénh thtr nhit gdm ba loai thudc phan ho Asclepiadeae, trong khi nhanh thir hai bao
gom cac loai thudc chi Hoya ciing mot sé chi khac trong tong Marsdenieae. Dang chu
y, cac loai Hoya duoc chia thanh hai cum: Mot cum 16n gdm 26 loai va mot cum nho
gd6m ba loai. Trong cum 16n, H. verticillata var. verticillata (Lan tai c40) hinh thanh mot
nhém don nganh, c6 quan hé gan gili véi cac loai Hoya khic va ndm cing nhanh voi H.
carnosa, voi gia tri bootstrap dat 100%.

Pé so sanh, phan biét va xac dinh chinh xac nguon goc cua cac loai trong chi
Hoya, nhém nghién cou da bd sung 3 lodi khac 1a Vincetoxicum shaanxiense,
Cynanchum wilfordii va Cynanchum sibiricum; nhanh tach ra sém nhat 1a Lygisma
inflexum, nhanh tach ra sém tha hai gém 7 loai (Gymnema yunnanense, Gymnema
sylvestre, Gymnema latifolium; Jasminathes maingayi, Dregea sinensis var. corrugata,
Stephanotis volubilis, Gongronemopsis tenacissima), trong d6 Gymnema yunnanense,
Gymnema sylvestre, Gymnema latifolium c6 quan hé gan giii thé hién gia tri bootstrap =
100; nhanh thtr ba gém 3 loai la Marsdenia tinctoria, Leichhardtia flavescens,
Papuahoya urniflora; nhanh tht tw gdm 10 loai va phan 1am 2 I6p, Dischidia 7 loai
(Dischidia nummularia 2, Dischidia nummularia 1, Dischidia milnei, Dischidia
rusifolia, Dischidia australis, Dischidia griffithii, Dischidia erticil) va Hoya v¢éi 3 loai
(H. omlorii, H. ariadna, H. lithophytica); nhanh thir nim 16n nhat gdom c6 26 loai Hoya
(H. silvatica, H. pottsii, H. angustifolia, H. cummutata, H. lacunosa, H. caudata, H.
monetteae, H. pubicalyx, H. carnosa, H. verticillata var. verticillata, H. ovalifolia, H.
kerrii, H. meliflua, H. lyi, H. liangii, H. longifolia, H. griffithii, H. radicalis, H.
pandurata, H. thomsonii, H. rigida, H. ignorata, H. megalaster, H. dimorpha, H. exilis,

H. lanceolata).
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79 Hoya silvatica
1001 Hoya pottsii
102" Hoya angustifolia
Hoya commutata
oya lacunosa
Hoya caudata
Hoya monetteae
Hoya pubicalyx
10409 Hoya carnosa
Hopya verticillata
Hoya ovalifolia
Hoya kerrii
Hoya meliflua
Hoya lyi
11 Hoya langii
Hoya longifolia
Hoya gri/g ithii
Hoya radicalis
Hoya pandurata
Hoya thomsonii
oya rigida
Hoya ignorata
100 oo~ Hoya megalaster
Gl*g Hoya dimorpha
Hoya exilis
Hoya lanceolata
100 | Dischidia nummularia2
Dischidia nummularial
Dischidia milnei
Dischidia ruscifolia
10 Dischidia australis
100 | 109" Dischidia griffithii
Dischidia parasita
1oo— Hoya omlorii
100 ! {E Hoya ariadna
Hoya lithophytica
100 —— Papuahoya urniflora
Leichhardtia flavescens
Marsdenia tinctoria
1007 Gymnema yunnanense
1000~ Gymnema sylvestre
Gymnema latifolium
Jasminanthes maingayi
Dregea sinensis var. corrugata
Stephanotis volubilis
Gongronemopsis tenacissima
Lygisma inﬁexum
100 Cynanchum sibiricum P \
100 Cynanchum wilfordii I Nhém ngoai
Vincetoxicum shaanxiense

PSJICIA

oBIIUd

0.007

Hinh 3.7. So d6 phat sinh chang loai caa 50 loai thuoc ho Apocynaceae dua trén 79
trinh tu gene ma hoa protein. Trinh tu dugc can chinh c6 chiéu dai 75.252 bp. Cay xac
suat téi da (ML) duoc xac dinh biang phan mém RaxML véi gia tri -In L =
196716.416607. Gi4 tri cua c4c nut trén biéu thi gia tri bootstrap. Cac loai Cynanchum
sibiricum, Cynanchum wilfordii va Vincetoxicum shaanxiense, thuoc ho Asclepiadeae,
dugc dat [am nhom ngoai (khdng thudc tdng Marsdenieae).
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Lan tai cao (H. verticillata var. verticillata) c6 dic diém giéng va nam chung
nhanh véi H. carnosa, c6 quan hé gan giii vi H. ovalifolia, gia tri bootstrap 1a 100;
trong khi do H. lyi, H. meliflua, H. kerrii & mot nh&nh riéng. Trong cay phat sinh chuang
loai cho thiy ba loai H. omlorii, H. ariadna, H. lithophytica phan b4 & nhdm can don
nganh, ching to hé gene caa chiing dang trong qua trinh tién hoa.

Trong nghién ctru nay, hé gene luc lap hoan chinh cua Lan tai cao (H. verticilata
var. verticilata) thu thap tai Viét Nam da duoc xac dinh véi kich thuédc 176.429 bp, bao
goém c6 4 viing cau trac dién hinh: LSC, SSC va hai vung IR. Cu tric va sé luong gene
cua hé gene luc lap cua cac loai Hoya khéac trong tong Marsdenieae (ho Apocynaceae)
tuong tu nhau va co tinh bao tén cao. Hé gene ¢ su ma rong cua hai vang IR va sy thu
hep cua ving SSC. Vung gene ndhF ¢ gia tri Pi cao la ang ctr vién ma vach DNA tiém
ning dé hd tro nhan dién chi Hoya va phan biét H. verticilata var. verticilata voi cac
loai khac trong chi Hoya. Thong tin hé gene luc lap cua H. verticillata var. verticilata
va cac phan tich so sanh trong nghién ctu nay rat hitu ich cho céc nghién cau hé gene
luc lap cua cac loai thudc chi Hoya va kham pha cac méi quan hé phat sinh chang loai
trong ho Apocynaceae.

3.2.2. Phin tich phat sinh chiing loai dwa trén mét s6 ving DNA ciia hé gene luc lap

Dir liéu hé gene luc lap cua loai Lan tai cao (H. verticilata var. verticilata) duoc
Iuu giit trén GenBank mang mé truy cap OR475244.1. Trong nghién ctu nay, mot s6
gene va vung dém gitra cac gene cua cua hé gene H. verticilata var. verticilata cé gia tri
da dang nucleotide (Pi) cao nhu ndhF (vung SSC), trnK-rps16, rps16-trnQ, psbl-atpA,
psbZ-rps14, ndhC- trnV, rbcL-aceD (ving LSC) dugc st dung dé phan tich su phat sinh
chang loai. Pay 1a nhirng ving DNA tiém ning c6 thé duoc sir dung dé lya chon lam
ma vach DNA. Trinh tu nucleotide ctia vung gene ndhF va cac vung dém trnK-rpsl6,
rps16-trnQ, ndhC-trnV, psbl-atpA, psbZ-rps14 va rbcL-accD cua hé gene luc lap duoc
nhan dién va tai tir dir liéu hé gene luc lap cua Lan tai cao trén GenBank.

Str dung BLAST dé phan tich su twong dong ddi vi mdi trinh ty viing gene va
vung dém cua H. verticilata var. verticillata vai cac loai khac trén GenBank. Chon céac

trinh tu c6 tong diém va do che phu cao lam dir liéu cho phan tich phat sinh chang loai.
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3.2.2.1. Phat sinh chiing logi dwa trén mét sé ving gene

Trong sb cé&c viing gene c6 gid tri Pi cao, ndhF, rpl16 va matK (ma vach DNA
phd bién cho nhiéu loai thuc vat) da duoc chon dé phan tich phat sinh chung loai. Cac
trinh tu vung gene ndhF, matK va rpl16 duoc tai tur trinh tw DNA luc lap cua Lan tai
céo (M4 s truy cap trén GenBank: OR475244.1). Trén co sé dit liéu trinh tu gene ndhF
cua cac loai trén GenBank, cay phat sinh chung loai dua trén trinh tu gene ndhF duoc
thiét 1ap & Hinh 3.8.

Trén Hinh 3.8, Lan tai cdo (H. verticilata var. verticillata) va H. carnosa dugc
phan ciing nhdm vai gia tri bootstrap 1a 100%. Bi chiéu véi Hinh 3.7, trinh ty hé gene
luc lap va viing gene ndhF cua Lan tai c4o va H. carnosa cua chi Hoya phan bé trong
mot nhom co gia tri bootstrap 1a 100%. Nguoc lai vai trinh tu vung gene ndhF, tap di
liéu gene matK va rpll6 cua Lan tai cdo va H. carnosa (OK539590.1) c¢6 d6 phan giai
phat sinh chung loai thap, vai gia tri bootstrap 12 28-80% (matK) va 30-77% (rpl16)
(Phu luc PL3 va PL4). Vi vay, trinh ty gene ndhF c¢6 d6 phén giai phéat sinh chung loai
cao ¢ thé duoc sir dung dé hd tro phan biét Lan tai cao vai cac loai khac thuoc chi
Hoya.

Viéc xay dung phat sinh chung loai ¢ thuc vat dua trén hé gene luc lap hoan
chinh da cung cap thong tin day di va c6 tinh thuyét phuc trong viéc phan loai ¢ cac cap
phan loai thip hon [57]. Tuy nhién, d6i véi mdi viing DNA, nghién ciru ciing chi ra sy
khac biét vé s6 lwong va thanh phan nucleotide dé thiy duoc cac ving gene trong hé
gene Hoya dang bién doi. Vi vay, cac ving gene hoic ving dém cia DNA lyc lap c6
kha niang bién ddi cao c6 thé duoc sir dung lam chi thi DNA dé hd tro phan biét cac loai
khac nhau [100], [102].
3.2.2.2. Phét sinh ching loai dwa trén mét sé viing dém

Di liéu vé trinh ty cua 6 ving dém giita cac gene (trnK-rps16, rps16-trnQ, ndhC-
trnV, psbl-atpA, psbZ-rps14, rbcL-accD) (Phy luc PL5) da duoc sir dung lam dit lidu dé
phén tich su phét sinh ching loai bang MEGA11 [144], theo phuong phap Maximum
Likelihood (ML). Lich st tién hoa duoc suy luan biang phuong phap kha ning t6i da va
m6 hinh Tamura-Nei [143] va két qua phan tich phét sinh chung loai véi dé tin cay cao
nhat dugc suy ra tir 1000 1an 13p lai da thé hién lich st tién hoa cua cac don vi phan loai
dugc phan tich [44].
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63
I Hoya commutata
o] L Hoya monetteae

71 | —Hoyalacunosa

100

Hoya silvatica
Hoya angustifolia
Hoya pottsii

5 .— Hoya caudata

92

71

Hoya pubicalyx
Hoya lyi
~100— @ Hoya verticillata

89 Hoya meliflua
?‘E Hoya liangii
99 Hoya kerrii
| 66— Hoya thomsonii

99— Hoyaovalifolia

L— Hoya carnosa

Hoya radicalis

L— Hoya pandurata
Hoya griffithii

92— Hoya longifolia
— Hoyarigida

5, — Hoya ignorata

Hoya exilis
— Hoya megalaster

100 —— Hoya dimorpha

g2 L__— Hoya omlorii

Hoya lithophytica

95— Hoya ariadna

Hoya lanceolata

88

100

Hinh 3.8. Mdi quan hé phat sinh ching loai duoc suy ra bang phuong phap Maximum
Likelihood dua trén trinh tu vung gene ndhF. Lan tai cao (H. verticillata var.
verticillata) va H. carnosa nhdm phan b trong ciing mét nhdm vai hd trg bootstrap
manh (100%). Cac loai thuoc chi Marsdenia, Lygisma, Leichhardtia, Dregea,

Stephanotis, Jasminanthes, Gymnema va Dischidia cua ho Apocynaceae duoc dat lam

58

Papuahoya urniflora

55 Marsdenia tinctoria
Leichhardtia flavescens
58 Lygisma inflexum

Dregea sinensis

L Stephanotis volubilis

100 W Jasminanthes maingayi

v Gymnema latifolium

92— Gymnema yunnanense

61 —— Gymnema sylvestre

J,— Dischidia griffithii
100[™L— Dischidia australis
L

Dischidia parasita
Dischidia ruscifolia

83FDISChIdIamI|neI

100 L__— Dischidia nummularia 2

100 — Dischidia nummularia 1

nhom ngoai. C4c s6 trén mdi nat 1a gia tri hd trg bootstrap.
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So dd phat sinh chung loai dugc xay dung dua trén trinh ty ving dém cua 24 loai
(trnK-rpsl16), 44 loai (rpsl6-trnQ), 47 loai (ndhC-trnV), 46 loai (psbl- atpA), 33 loai
(psbZ-rps14), va 34 loai (rbcL-accD) (Phu luc PL6).

Phan tich phat sinh chiing logi dwa trén trinh tw viing dém trnK-rps16

Str dung ving dém tham chiéu trnK-rps16 vai 793 bp trong phan tich BLAST
tryc tuyén trén NCBI di thu duoc 24 trinh ty duoc lya chon dé phan tich su phét sinh
chang loai véi tong sb diém tir 848-1465 (d6i véi nhém Hoya) va tir 889-1243 (nhom
ngoai Hoya), d6 che pha 1a 100%. D6 trong dong 98,55-100% (Nhém Hoya) va 87,77-
100% (nhém ngoai Hoya). Cay phét sinh ching loai duoc thiét 1ap duya trén trinh tu ving
dém trnK-rps16 nhd phan mém MEGAZL1 cho thay 12 loai thudc chi Hoya c6 quan hé
rat gan véi 10 lodi thudc cac chi khac (nhom ngoai) nhu Leichhardtia, Marsdenia,
Cynamchum, Vincetoxicum, Stephanotis, Gongronemopsis, Lygisma, Dregea,
Jasminanthes, Gymnema. Trong nhém Hoya, loai Lan tai céo phan bé ciing nhém véi
loai H. carnosa, gia tri bootstrap la 100% (Hinh 3.9).

84 Gymnema yunnanense NC 079598.1
Gymnema sylvestre NG 047175.1
Gymnema latifolium NG 079599, 1
Jasminanthes maingayi MW713056. 1
59— Dregea sinensis OP133575.1
Lygisma inflexum NC 079596. 1
Gongronemopsis tenacissima MWB861760.1
Stephanotis volubilis OP133576.1
— Vincetoxicum shaanxiense NC 046785.1
100 — Cynanchum wilfordii NC 029459. 1
Marsdenia tinctoria NG 073597. 1
Leichhardfia flavescens MW7 19052, 1
Hoya poltsii NC 042248, 1
Hoya commutata NC 067958. 1
< ?E Hoya silvatica NG 067963.1
o7 Hoya angustifolia NC 069566.1
100 — @ Hoya verticillata OR475244. 1
L— Hoya carnosa OK539590.1
91 Hoya liangii NG 042245.1
17 _[—E Hoya kerrii NC 069570. 1
29 Hoya lyi MW713055. 1
Hoya ovalifolia NC 069563. 1
63 Hoya meliflua NC 069571.1
Hoya pubicalyx NG 069561.1
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Hinh 3.9. Cay phat sinh chung loai sir dung vung dém trnK-rps16 ctaa hé gene luc lap

H. verticillata var. verticillata va cta cac loai khac thuoc ho Apocynaceae
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Phén tich phat sinh chaing logi dwa trén trinh tw viing dém rps16-trnQ

Str dung ving dém tham chiéu rps16-trnQ véi 1328 bp trong phan tich BLAST
truc tuyén trén NCBI d3 thu duoc 44 trinh tu duoc lya chon dé phan tich sy phat sinh
chang loai véi tong s6 diém tir 1443-2453 (d6i véi nhom Hoya) va tir 889-1243 (nhém
ngoai Hoya), 4o che phu la 87-100%. o twong dong 98,98-100% (Nhém Hoya) va
91,43-94,35% (nhém ngoai Hoya). Cay phat sinh ching loai dwoc thiét 1ap dya trén trinh
tu ving dém rps16-trnQ cho thay 21 loai thudc chi Hoya c6 quan hé rat gan vai 23 loai
thuoc cac chi khac (nhém ngoai) nhu Leichhardtia, Marsdenia, Cynamchum,
Vincetoxicum, Stephanotis, Gongronemopsis, Lygisma, Dregea, Jasminanthes,
Gymnema. Trong nhém Hoya, loai Lan tai co phan b6 cting nhém véi loai H. carnosa,
gia tri bootstrap la 99% (Hinh 3.10).

Phan tich phat sinh chiing logi dwa trén trinh tw viing dém ndhC-trnV

Str dung ving dém tham chiéu ndhC-trnV véi 1492 bp trong phan tich BLAST
truc tuyén trén NCBI d3 thu duoc 47 trinh tu duoc lya chon dé phan tich sy phat sinh
chang loai véi tong sb diém tir 867-2756 (d6i véi nhom Hoya) va tir 774-1613 (nhom
ngoai), do che phu 1a 84-100%. Do twong dong 94,6-100% (Nhém Hoya) va 88,79-
93.75% (nhdm ngoai). Cay phét sinh chang loai duoc thiét 1ap dua trén trinh ty ving
dém ndhC-trnV cho thay 29 loai thudc chi Hoya c6 quan hé rat gan véi 19 loai thuoc
cac chi khac (nhom ngoai) nhu Leichhardtia, Dischidia, Marsdenia, Cynamchum,
Stephanotis, Gongronemopsis, Lygisma, Dregea, Jasminanthes, Gymnema. Trong
nhoém Hoya, lodi Lan tai c4o phan b cling nhom véi loai H. carnosa, gia tri bootstrap
14 99% (Hinh 3.11).

Phan tich phat sinh ch#ing logi dea trén trinh tw vang dém psbl-atpA

Str dung ving dém tham chiéu psbl-atpA véi 1878 bp trong phéan tich BLAST
truc tuyén trén NCBI di thu duoc 46 trinh tu duoc lya chon dé phan tich phat sinh ching
loai véi tong sb diém tir 2285-3469 (d6i vai nhom Hoya) va tir 2279-3022 (nhém ngoai),
d6 che phu la 98-100%. Do twong dong 97,27-100% (Nhém Hoya) va 95,65-97,12%

(nhém ngoai). Cay phat sinh chiing loai duoc thiét 1ap dua trén trinh ty ving dém psbl-
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atpA cho thay 24 loai thudc chi Hoya c6 quan hé rat gan véi 12 loai thudc cac chi khéc
(nhom ngoai) nhu Leichhardtia, Dischidia, Marsdenia, Stephanotis, Lygisma, Dregea,
Jasminanthes, Gymnema, Vincetoxicum. Trong nhém Hoya, loai Lan tai co phan b

cung nhom vai loai H. carnosa, gia tri bootstrap 1a 100% (Hinh 3.12).

99 Dischidia griffithii NC 067965.1
Dischidia australis NC 067885.1
Dischidia parasita MW719057.1
Hoya ariadna NC 069568.1
Hoya omlorii MW 719060.1
Hoya ignorata MW719061. 1
Dischidia ruscifolia NC 06 7966.1
Hoya exilis MW719054.1
Hoya commutata NC 067358.1
— Hoya megalaster MW719063.7
85 —— Hoya dimorpha NC 067959.1
— Hoya thomsonii NC 0676121
20 \_|: Hoya longifolia NC 069560.1
100 Hoya griffithii NC 069565.1

61

[

09 |: oya verlicillala
s e st
—— Hoya ovalifolia .
L HoyalyiMw719055.1
52 Hoya pubicalyx NC 069561.1
] Hoya monetteae MW719053.1
81 Hoya caudata NC 069569.1
Hoya angustifolia NC 0693566. 1
Hoya silvatica NC 067963. 1
a3 Hoya pottsii NC 042246.1
Hoya rigida NC 067962, 1
Leichhardtia flavescens MW719052.1
Marsdenia tinctoria NC 0795971
B Cynanchum wilfordii NC 029459.1
71 Stephanotis volubilis OP133576.1
— 94 96 Gymnema yunnanense NC 079598. 1
78 Gymnema sylvestre NC 047175.1
Lygisma inflexum NC 079536.1
Dregea sinensis OP133575.1
Jasminanthes maingayi MW7 13056. 1
Gymnema fatifolium NC 0795398.
— Hoya pandurata NC 0635621
\_|: Papuahoya urniffora MW713062.1
Hoya lanceolata NC 067960.1
Hoya melifflua NC 063571.1
100 Hoya langii NC 0422451
Hoya kerrii NC 069570.1
Dischidia milnei MW713059.1
%‘E Lischidia nummularia OP133578.1

100 Dischidia nurmmularia NC 0635671
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Hinh 3.10. Cay phat sinh chung loai sir dung vung dém rps16-trnQ cua hé gene luc lap

H. verticillata var. verticillata va cta cac loai khac thuoc ho Apocynaceae
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Phan tich phét sinh ching logi dua trén trinh tw vaing dém rbclL-accD

Str dung BLAST phan tich twong dong gitra ving dém rbcL-accD trong hé gene
luc lap cua loai Lan tai cao (H. verticilata var. verticillata) vai cac trinh tu trén GenBank
két qua da thu duoc 100 trinh ty, trong d6 c6 34 trinh tu duoc lra chon dé phan tich sy
phét sinh chiang loai véi tong diém la 1274 - 1818 (nhém Hoya) va 716 - 1092 (nhém
ngoai), do che phu la 98 - 100% (nhém Hoya) va 77 - 82%. Cay phat sinh chang loai
duoc thiét 1ap dya trén 34 trinh ty ving dém rbcL-accD cho thay 26 loai thudc chi Hoya
c6 quan hé gan vai 8 loi thudc cac chi khac (nhom ngoai) nhu Leichhardtia, Marsdenia,
Vincetoxicum, Lygisma, Gymnema, Stephanotis, Dregea, Synanchum véi gid tri
bootstrap 1& 77%. Trong nhdm Hoya, lodi Lan tai c4o c6 quan hé rat gan véi loai H.
carnosa (ma s6 NC_045868.1), gia tri bootstrap 1a 96%, véi loai H. ovalifolia

(NC_069563.1), gia tri bootstrap la 100% (Hinh 3.13).
Phan tich phét sinh ch#ing logi dea trén trinh tw vieng dém psbZ-rpsl4

Phén tich phat sinh chiing loai dua trén trinh tu cac ving dém gitra cac gene pshZ-
rps14 cho thay H. verticilata var. verticillata c6 lién quan rat chat ché véi nhau va cing
nhém vai H. carnosa vai gié tri bootstrap 76%. Trong khi d6 két qua phan loai c4c l0ai
thuoc chi khac nhau nhu: Stephanotis, Jasminanthes, Gymnema, Lygisma, Dregea,
Vincetoxicum, Marsdenia, Leichhardtia, Dischidia, Hoya cho gia tri bootstrap thép, do

do d9¢ tin cay khong cao (Phu luc PL7).

Nhu vay, két qua phan tich su phat sinh chang loai dya trén 6 ving dém (trnK-
rps16, rps16-trnQ, psbl-atpA, ndhC-trnV, psbZ-rpsl4, rbcL-accD) da cho thiy Lan tai
céo (H. verticillata var. verticillata) co quan hé ho hang rat gan va phan bd trong ciing
nhém véi H. carnosa véi gia tri Bootstrap 1a 75-100%. Trong sé céc trinh ty ving dém
trén, 5 trinh tu trnK-rpsl16, rpsl6-trnQ, psbl-atpA, ndhC-trnV va rbcL-accD la nhitng

chi thi DNA tiém ning c6 thé str dung dé hd tro phan biét cac loai thude chi Hoya.
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Hoya longifolia NC 069560. 1
ﬁE Hoya griffithii NC 069565.1
Hoya liangii OL826865.1
23 L Hoya radicalis NC 06 7961.1
I: Hoya thomsonii NC 067612. 1
= Hoya pandurata NC 089562. 1
Hoya melifiua NC 069571.1
- Hoya caudata NC 069569.1 5
51 5 _|: @ Hoya verticillala OR475244. 1 -
a9 Hoya carnosa OK539590.1 N
Hoya ovalifolia N 089563, 1
JE: Hoya kerrii NC 069570. 1
L Hoya publcalyx NC 069561.1
Y Hoya monetteae MW719053.1
i— Hoya commutata NC 06 7958. 1
>3 - Hoya angustifolia NC 069566. 1
E': Hoya sitvatica NC 067963.1
L Hoya pottsii Ol 754664, 1
Hoya lyi MW7 180551 %}
Hoya rigida NC 087962.1 o
a6 Hoya lacunosa NC 069564, 1 (o)
P Hoya ignorata MW719061.1 ‘é
100 Dischidia nummularia OP1335678.1 ()
E‘E Dischidia nummularia NC 069567. 1 o
% Dischidia milnei MW719059.1 8
100 \——— [¥schidia ruscifolia NC 067366.1 (¢”)
Dischidia parasita MW7 T3057.1
499‘2 Dischidia griffithii NC 067965, 1
ag Dischidia australis NC 067885. 1
81 Hoya omlori MW719060. 1
o5 { Hoya lithophytica MW719058.1 m
L Hoya ariadna NC 069568.1 S
Papuahoya urniflora MW7 19062, 1 <
a1 77 Marsdenia tinctoria NG 0795371
o /3 L i eichhardtia flavescens MW719052.1
a8 — Gynanchum wilfordii KX352467.1
Stephanotis vofubilis OP133576. 1
97 Jasminanthes maingayi MW7 19056.7
99 ﬂE Dregea sinensis OP133575.1
L ygisma inflexum NC 079596.1
80 Gymnema latifolivm NC 079539, 1
£ Gymnema yunnanense NG 079598 1
a6 Gymnema sylvestre NC 047175, 1
———————— Hoya lanceolata NC 067960.1 m
Hoya exilis MW7 19054.1 S
—| E Hoya megalaster MW7 19063.1 <
o8 Hoya dimorpha NC 067959.1 |

Hinh 3.11. Cay phat sinh chung loai st dung vung dém ndhC-trnV cua hé gene luc lap

H. verticillata var. verticillata va cta cac loai khac thuoc ho Apocynaceae
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Jasminanthes maingayl MW713056.1
Gymnema latifolivm NC 073539. 1
Gymnema yunnanense NC 079598.1
Gymnema sylfvestre NC 0471751
Vincetoxicum shaanxiense NC 046785.1
Stephanolis volubilis OP133576.1
Lygisma inflexurn NC 079596. 1
Dregea sinensis OP133575.1
Marsdenia tinctoria NC 073587.1
Leichhardiia flavescens MW 713052.1
Hoya megalaster MW713063. 1
Hoya dimorpha NC 067959. 1
L— Hoya lanceolata NC 067960.1
92 — [hischidia griffithii NC 0673651
Dischidia australis NC 067885. 1
Dischidia parasita MW7 190571
s chidia ruscifofia NC 067966.1
Dischidia milnei MW719059. 1
62 Dischidia nummulania OP133578.1
100 — Dischidia nummularia NC 0695671
60 Hoya lithophiytica MW719058.1
Papuahoya urniffora MW7 13062, 1
— Hoya omiori MW 719060.1
75 '— Hoya ariadna NC 069568.1
Hoya liangi OLE26865.7
Hoya pandurata NC 063562.1
A,E Hoya thomsenii NC 0676421
a1 Hoya ignorata MW7 19067.1
Hoya radicalis NC 067361.1
— Hoya longifolia NC 069560.1
— Hoya griffithi NC 069565.1
— Hoya melifiua NC 069571.1
— Hoya kerrii NC 063570.1
100 @ Hoyaverticillata OR475244.1
— Hoya carnosa NC 045868.1
’_ ~—— Hoya ovalifolia NC 069563.1
Hoya monettoae MW7 19053.1
Hoya lacunosa NC 063564. 1
a1 Hoya caudata NC 0683563.1
Hoya pubicalyx NC 063561.1
— Hoya lyi MW719055.1
Hoya poltsii OL754664.1
Hoya silvatica NC 067963.1
L— Hoya angustifolia NC 069566.1
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Hinh 3.12. Cay phat sinh chung loai dua trén ving dém psbl-atpA cta hé gene luc lap
H. verticillata var. verticillata va cta cac loai khac thuoc ho Apocynaceae
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i: Lygisma inflexum NC 073596.1

41 Lefchhardtia flavescens MW719052. 1

o Gymnema yunnanense NC 079598. 1

E: Dregea sinensis OP133575.1
100 L Stephanotis volubilis OP133576.1

Marsdenia tinctoria NC 0735871

7 452|E Vincetoxicurn shaanxiense NC 046785.1
Cynanchum sibiricum 0Q380041.2

o8

Hoya lithophytica MW 718058.1
26 4|?1 E Hoya omlorii MW719060.1
Hoya ariadna NC 069568.1
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Hoya pandurata NC 069562. 1
18 Hoya megalaster MW713063.1
29
IE: Hoya dimorpha NC 067959.1

30 I: Hoya lacunosa NC 089564.1
Hoya caudata NC 0689569.1
25 — 52 Hoya kerrii NC 063570.1
30 L Hoya commutata NC 067958.1

a4 Hoya pottsii OL754664.1
E'E Hoya silvatica NC 087363.1
13 Hoya angustifolia NC 063566. 1
Hoya exilis MW713054.1
Hoya radicalis NC 087961.1
82 —— Hoya pubicalyx NC 069561. 1
25 L Hoya i MW719055. 1
a2 Hoya monetteae MW 719053. 1
| [ Hovya melifiua NC 069571.7
42 ” Hoya ovalifolia NC 069563.1
04 @ Hoya verticilfata OR475244. 1
96 Hoya carnosa OK539590.1
— Hoya rgida NC 0679621
= Hoya liangii OLE26865.1
l?'? Hoya longifolia NC 069560.1
86 —— Hoya griffithii NC 069565.7 —_—

ngoai

Nhoém

|

Hoya
Apocynaceae

Hinh 3.13. Cay phat sinh chung loai dya trén viung dém rbcL-accD cua hé gene luc lap

H. verticillata var. verticillata va cta cac loai khac thuoc ho Apocynaceae

T6m lai, két qua phan tich phat sinh chang loai dwa trén 3 ving gene va 6 ving
dém c6 hé sb da dang nucleotide cao cua hé gene lyc lap Lan tai co (H. verticillata var.
verticillata) da xac dinh duoc ving gene ndhF va cac vung dém trnK-rpsl6, rps16-trnQ,
psbl-atpA, ndhC-trnV, rbcL-accD 14 nhitng wng cir vién ma vach tiém ning c6 thé st
dung dé hd trg phan biét cac loai thudc chi Hoya, phan biét chi Hoya véi céc chi khac
thudc ho Apocynaceae. Nhu vay, ngoai nhiing gene da dugc ching minh la nhirng ing
clr vién tiém ning st dung dé hd tro phan biét loai 1a matK, rbcL thi nghién ctru nay da
bd sung thém ving gene ndhF va cac ving dém trnK-rpsl6, rps16-trnQ, psbl-atpA,
ndhC-trnV, rbcL-accD. Tuy nhién, can ¢ nhirng thyc nghiém tiép theo dé xac nhan cac

trinh ty nay 12 ma vach DNA dé c6 thé sir dung trong thuc tién.

82



3.3. PHAN TiCH HOAT TINH SINH HQC CUA SAPONIN PHAN LAP TU
LAN TAI CAO

3.3.1. Thanh phan héa hec ciia Lan tai céo
Cao chiét tong s thu dugc tir 14 Lan tai cdo duoc sir dung trong thi nghiém khao
sat thanh phan héa hoc biang thudc thir (Phu luc PL8), két qua da xac dinh duoc 5 hop

chat 1a flavonoid, steroid, cumarin, saponin va tannin (Bang 3.5).

Bang 3.5. Két qua dinh tinh cac nhém hop chét hitu co ¢o trong Lan tai céo

STT | Nhoém chat Phin tng dinh tinh Két qua | Nhan xét
Thubc thir Dragendorff -
1 | Alkaloid Thudc thir Wagner - Khoéng co
Thudc thir Mayer -
2 | Flavonoid Phan ung Shinoda + Co
3 | Steroid Phan rng Liebermann-Burchard + Co
4 | Glycoside tim | Phan ung Keller-Kilian - Khong co
5 | Coumarin NaOH 10% + Co
6 | Saponin Phan ung tao bot + Co
7 | Tannin FeCl; 5%. + Co

3.3.2. Hoat tinh khang khuan

Cao chiét tong sb tir Lan tai cdo dugc thir nghiém danh gia hoat tinh sinh hoc
thong qua phan tich kha nang khang khuan. Cac thang nong do cao chiét duoc st dung
la 25 mg/mL, 50 mg/mL, 100 mg/mL bang phuong phap khuéch tan giéng thach trén 4
chang vi khuan (E. coli, S. aureus, P. aeruginosa, B. subtilis). Str dung khang sinh
amoxicillin 50 mg/mL 1am ddi chiing. Két qua phan tich hoat tinh khang vi khuan cua

cao chiét Lan tai cao dugc thé hién ¢ Phu luc PL9 va Bang 3.6.
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Bang 3.6. Hoat tinh khang khuan cuaa cao chiét tong s tir Lan tai céo

Amoxicillin Cao chiét Lan tai cdo
Chung
(50 mg/mL) 100 mg/mL 50 mg/mL 25 mg/mL
Vi khudn Duwong kinh khdng khudn (mm)
E. coli 20,00° + 0,58 | 27,00°+0,58 | 18,67°+0,88 | 15,00+ 0,58
S. aureus 21,00+ 0,58 | 19,00°+0,58 | 19,00°+ 0,58 | 14,00%+ 0,58
P. aeruginosa | 21,00°+0,58 | 22,67+ 0,88 | 18,00°+ 0,58 | 15,00? + 0,58
B. subtilis 24,33+ 0,67 | 25,00°+0,58 | 17,00°+ 0,58 | 16,00%+ 0,58

Ghi chu: Céc chir cai khac nhau trong cling mot dong biéu thi sy khac biét c6 y nghia

théng ké vai p < 0,05.

Két qua Bang 3.6 cho thay, hoat tinh khang khuan cua cao chiét Lan tai c4o phu
thudc vao ndng do. Nong d6 cang cao (100 mg/mL), vong khang khuan cang 16n. Phd
khang khuan caa cao chiét rong, co tac dung lén ca vi khuan Gram am (E. coli, P.
aeruginosa) va Gram duong (S. aureus, B. subtilis). O nong d¢6 100 mg/mL, cao chiét
c6 hiéu qua hon khang sinh Amoxicillin trong viéc chdng lai E. coli va c6 hiéu qua turong
duong véi khang sinh dé chéng lai P. aeruginosa va B. subtilis. Hoat tinh khang khuan
cua cao chiét thé hién manh nhat ddi véi E. coli (p < 0,05).

3.3.3. Hoat tinh sinh hoc ciia cac phan doan chira saponin tir cao chiét Lan tai c4o

Trén co s& biéu hién hoat tinh sinh hoc cua cao chiét tong sd, tién hanh tach tiép
bang sac ki 1ong chan khdng thu duoc 3 phan doan (A, B, C), Phan doan B duoc tach
bang sac ki long &p suat trung binh dugc 5 phan doan (B1-B5); dwa trén kich thuéc phan
tir trong tng lya chon Phan doan B2 va Phan doan B3 d¢ thir nghiém danh gia kha ning
khang oxy hoa, gay doc dong té bao ung thu va kha nang e ché enzyme a-glucosidase.
3.3.3.1. Hoat tinh chéng oxy hoa

St dung 1,1-Diphenyl-2-picrylhydrazyl (DPPH), mét goc tu do c6 mau tim, c6 do
hap thu cyc dai & budc song 517 nm dé phan tich hoat tinh chdng oxy hda. Khi c6 mt chat
chdng oxy hoa, DPPH s& bi khtr thanh 2,2-Diphenyl-1-picrylhydrazine (DPPH-H) c6 mau
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vang. Str dung phuong phap do mic d giam do hap thu caa DPPH & budc séng 517 nm

dé xéac dinh kha nang khtr ciia chat chdng oxy hoa. Két qua phan tich hoat tinh khéang oxy

hoa théng qua phép thir trung hoa goc tu do cia DPPH duoc trinh bay & Bang 3.7.

Bang 3.7. Hoat tinh trung hoa géc tu do (DPPH) cua cac phan doan chira saponin

Nong do Ty & % trung hoa géc tw do Nong dd | % trung hoa géc
T e
100 42,54 +£1,83 60,28 £ 1,23 100 91,23+ 1,58
20 15,74 £ 1,07 15,74 £ 1,05 20 73,88 £ 1,22
4 3,11+0,34 4,75+ 0,45 4 33,20 £ 1,29
0,8 0,55 £ 0,07 1,12+0,11 0,8 12,60 £ 0,81
SCxo >100 79,92 £ 2,63 SCso 7,78 £0,38

Két qua cho thdy ¢ nong d6 100 pg/mL, phan doan 2 dat 60,28% trong khi phan
doan B2 chi dat 42,54%. Gia tri SCso ctia phan doan 1 la >100 pg/mL, c6 nghia la ngay
ca & nong do6 cao nhat (100 pg/mL), mau nay van khong thé dat duoc hiéu qua trung hoa
50% do d6 hoat tinh ciia n6 rat yéu. P6i vai phan doan B3 gié tri SCso 12 79,92 + 2,63
Hg/mL, vay hiéu qua trung hoa 50% gbc tu do ¢ néng d6 ~80 pg/mL. Nhu vay, phan
doan B3 c6 hoat tinh chdng oxy hda manh hon so véi phan doan 1. Di chizng ascorbic

acid (Vitamin C) hoat dong 6n dinh trong thi nghiém.
3.3.3.2. Hoat tinh gdy déc té bao ung thuw

Céc phan doan chira saponin dugc thir nghiém hoat tinh gy doc té bao voi nong do
t6i da 500 pg/mL trén 3 dong té bao ung thu ¢ ngudi gdm: Ung thu biéu md phéi (A549),
ung thu biéu mé gan (HepG2), ung thu vit (MCF7) va ellipticine dugc st dung lam ddi ching.

Két qua thi nghiém duoc thé hién trong Bang 3.8 cho thiy ca 2 phan doan di thé
hién hoat tinh tc ché sy phéat trién cua cac dong té bao ung thu nghién ctu véi gia tri
ICso tir 153,26 — 482,83 pg/mL (Bang 3.8). Phan doan B3 c6 hoat tinh gay doc té bao
ung thu manh hon phan doan B2, trong d6 biéu hién manh di vai hoat tinh gay doc té
bao ung thu biéu md gan (HepG2) va ung thu va (MCF7). Chat ddi chimg duong

ellipticine hoat dong 6n dinh trong thi nghiém. Nhu vay, ca hai phan doan déu thé hién
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hoat tinh gay doc 3 dong té bao ung thu duoc sir dung nghién ctu véi gia tri 1Cso tir
153,26 — 482,83 pg/mL, trong d6 phan doan B3 thé hién hoat tinh ¢ ché cac dong té

bao ung thu t6t hon phan doan B2.

Bang 3.8. Kha ning gay doc té bao ung thu cua cac phan doan chira saponin

Nong do Ty 18 % gay doc té bao cia phan doan B2
é’;‘?ﬂg‘}r‘;ﬂ A549 HepG2 MCF7
500 51,61+ 1,12 63,03 + 2,53 51,43+1,78
200 25,32 + 1,02 31,58 + 1,31 25,49+1,36
100 14,41 + 2,29 2227 +1,18 16,39+0,86
20 8,83 + 0,44 15,32 + 2,16 6,85+0,57
4 2,43+0,18 7,00 + 0,67 2,11+0,12
ICs0 480,99 + 12,62 379,03 £ 17,97 482,83 + 21,81
Nong dd Ty & % gay doc té bao cia phan doan B3
é’;‘i‘;‘g‘}r‘ﬁ‘[‘) A549 HepG2 MCF7
500 67,81 % 1,82 97,07 % 2,61 89,57 + 1,65
200 31,22 + 0,93 58,70 + 2,16 51,93 + 1,39
100 20,31 % 1,02 38,63 + 1,01 28,94 + 1,41
20 717 +0,52 15,71 + 0,86 10,33 % 1,06
4 6,16 + 0,48 1,56 + 0,17 4,40 + 0,41
1Cs0 347,16 + 10,52 153,26 + 8,94 201,59 * 8,71
Nong do Ty & % gay doc té bao caa ellipticine
e(':l'g/tr'ﬁl'_”)e A549 HepG2 MCF7
10 94,17 + 2,65 97,41 % 2,00 99,05 + 1,99
2 78,60 + 2,24 79,22 + 1,70 80,13 + 0,99
0,4 50,24 + 1,00 51,39 + 0,95 50,18 + 1,70
0,08 21,13 + 0,91 23,10 + 0,36 22,08 + 1,41
ICs0 0,37 + 0,02 0,34 + 0,02 0,35 + 0,03

86




3.3.3.3. Hogt tinh #rc ché a-glucosidase

Trong co thé, mang té bao rudt non tiét ra a-glucosidase thity phan carbohydrate trong
thtrc an thanh cac oligosaccharide, thuy phan oligosaccharide thanh glucose va tham thau vao
Mau qua mang rudt non dé nudi cac t& bao cua co thé. Khi co thé bi rdi loan chuyén héa
carbohydrate thi lwong dudng trong méau cao s& dan dén bénh dai thao duong. Acarbose 1a
mét loai thudc chdng tiéu duong duoc sir dung dé diéu tri bénh tiéu duong typ 2, acarbose Ia
chat ngin chan thiyy phan tinh bot thong qua tc ché a-glucosidase.

Tién hanh sir dung cao chiét cua 2 phan doan nghién ciru ¢ nhitng ndng do khac
nhau 4 pg/mL, 20 pg/mL, 100 pg/mL, 500 pg/mL nham danh gia kha ning wc ché a-

glucosidase vé&i tham chiéu la chat d6i chung acarbose. Két qua thi nghiém duoc trinh

bay ¢ Bang 3.9.
Bang 3.9. Tac dong tc ché a-glucosidase cua cac phan doan chira saponin
Nong dd Phéan doan B2 Phéan doan B3 Acarbose
(Hg/mL)
500 17,42 £ 1,41 97,85+ 2,01 77,77 £ 2,39
100 9,30 £ 0,56 33,98 +1,93 51,72 +1,05
20 5,59 +0,36 10,25+ 1,09 15,51 + 0,95
4 3,82 +0,03 6,93 £ 0,21 6,91 + 0,18
IC50 > 500 186,57 £ 11,35 122,80 £ 6,40

Két qua trén cho thay phan doan B2 chua thé hién hoat tinh tc ché 50% a-
glucosidase (1Cso) ngay ca véi ndng do 500 pg/mL; phan doan B3 da thé hién hoat tinh
trc ché a-glucosidase Vi 1Cso = 186,57 + 11,35 pg/mL; chat ddi chimg duong acarbose

hoat dong 6n dinh trong thi nghiém.

Nhu vay, cac phan doan chtra saponin tach chiét tir 14 Lan tai céo (cao tong sd)
déu c6 hoat tinh khang khuan, wc ché a-gluclosidase, khang oxy hoa, gay doc té bao ung
thu, trong d6 hoat tinh cua phan doan B3 biéu hién hoat tinh manh hon phan doan B2.
Céc phan doan nay duoc st dung dé phan tich xac dinh chat ¢d hoat tinh sinh hoc manh

1a co s¢ dé xuat st dung chat trong y hoc.
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3.3.4. Phan lap saponin

3.3.4.1. Chiét xudt va phan ldp saponin

Bot 14 kho (53,6 g) H. verticillata var. verticillata duoc tach chiét bang phuong
phap c6 sy hd tro siéu &m sir dung dung méi EtOH/H,0 (75:25) & diéu kién 200 W,
60°C, 45 phut, thu duoc 500 mL cho mdi lan tach chiét (c6 2 lan tach chiét). Cao chiét
téng s6 duoc tach tiép bang VLC silica gel RP-18 va rira giai lan luot bang H.0 100%,
EtOH/H20 50:50, EtOH 100%, thu dugc 3 phan doan (A-C) dua trén phén tich TLC.
Phin doan B (5,60 g) dugc tach phan doan bang sic ky MPLC silica gel 60
(CHCI3/MeOH/H20 80:20:2, 75:25:3, v/v/v) thu dugc 5 phan doan (B1-B5).

Phian doan B2 (356,5 mg) duoc sic ky bang MPLC trén silica gel 60
(CHCl3/MeOH/H20 80:20:2, v/v/v) thu dugc 4 phan doan (B2.1-B2.4). Phan doan B2.2
(42,3 mg) tiép tuc dugc tach phan doan bang sic ky MPLC trén silica gel 60
(CHCl3/MeOH/H20 75:25:3, v/v/v) thu dugc 5 phan doan (B2.2.1-B2.2.5). Phan doan
B2.2.3 (15,3 mg) tiép tuc duoc tach phan doan bang sic ky MPLC trén silica gel 60
(CHCIls/MeOH/H20 75:25:3, v/v/v) thu duoc Hop chat 1 (3,3 mg).

Tiép tuc tach phan doan B3 (255,6 mg) bang sic ky MPLC trén silica gel 60
(CHCI3/MeOH/H20 75:25:3, v/v/v) thu dugc 4 phan doan (B3.1-B3.4). Phan doan B3.3
(85,2 mg) duoc tach phan doan bang sac ky MPLC trén silica gel 60 (CHCls/MeOH/H,0
75:25:3, v/v/v) thu dugc 5 phan doan (B3.3.1-B3.3.5). Phan doan B3.3.3 (29,8 mg) duoc
tach bang sic ky MPLC trén silica gel 60 (CHCls/MeOH/H20 70:30:5, v/v/v) thu duoc
Hop chét 2 (3,1 mg).
3.3.4.2. Thay phan acid va sdc ki khi

Qui trinh thuy phan 3 mg mai glycoside méi duoc thuc hién véi 5 mL dung dich
2N.CF3COOH (4 mL) va nuéc (1 mL) trong 3 gio & 95°C. HoNn hop phan tng sau d6
dugc pha loang trong nude (10 mL) va dugc chiét bang 5 mL CH:Cly (3 1an). Lép
CH:Cl, duoc 1am bay hoi bang MeOH cho dén khi dung méi tré nén trung tinh dé tao
ra cin duong va dugc sic ky tiép bang TLC trén silica gel st dung hé ria giai
CHClI3/MeOH/H20 ty I¢ 8:5:1. Hon hop monosacharide dugc pha lodng véi 100 pL
pyridin khan va xt ly véi 0,06 mol/L HSCH>CH(NH2)COOCH3-HCI ¢ 60°C trong 1
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gio, sau d6 thém 150 uL HMDS-TMCS (ty Ié 3:1) ¢ 60°C trong 30 phut. Sau khi dirng
phan @ng tién hanh tach thém 2 mL H20, phan dudng con lai dugc chiét bang 0,1 mL
n-hexan. Lép n-hexan dugc thu hdi va sau d6 phan duong duoc phan tich (1 pL) bang
sic ky khi (GC). Viéc xac dinh duong duoc thuc hién bang cach so sanh thoi gian luu
cua ching vaéi thoi gian luu caa dudng tiéu chuan (Sigma-Aldrich) [96]. Thoi gian luu
(phat): 11,07 (rhamnose), 13,82 (fucose) va 17,51 (glucose).

Trén co sé hoat tinh sinh hoc cua cao chiét Lan tai c4o, tién hanh chiét phan doan
dé phan 1ap chat méi. Lay két qua sic ki cua phan doan B2, phan doan B3 tiép tuc chiét
phan doan va tién hanh do bang may pho hat nhan cong hudng tir hat nhan duoc 2 hop
chat mai la:

Parasiticoside A (Hop chat 1): Bot tring vo dinh hinh, [«] 25 = —38° (MeOH, ¢
0,30). HR-ESI-MS: m/z 649.3563 [M+Na]* (duoc x4c dinh 13 CasHs:NaOy1, 649.3558).
Dix lieu NMR *H va *C duoc dua ra trong Bang 3.10.

Parasiticoside B (Hop chat 2): Bét tring vo dinh hinh, [«] 25 = —45° (MeOH, ¢
0,22). HR-ESI-MS: m/z 795.4142 [M+Na]* (duoc x4c dinh 13 CasHesNaOss, 795.4137).
Dit liéu NMR *H va *C duoc néu trong Bang 3.10.

Bang 3.10. Dit liéu phd 3C va H NMR cua hop chat 1 va 2 (dung méi pyridine-d5,
§ tinh bang ppm, J tinh bang Hz)

1 2
Position oC oH Position| §C oH

1 37,5 1,06 m; 1,62 m 1 37,4 1,08 m; 1,66 m
2 31,3 1,70 m; 2,14 m 2 32,3 1,75m; 2,18 m
3 78,1 3,93 ov 3 77,9 3,97 ov

4 39,3 228m:2.72m 4 39,2 2,40m, 2,82 m
5 140,9 - 5 140,9 -

6 125,0 5,67 brs 6 125,0 572 brs

7 32,1 1,40 m; 1,95 m 7 32,7 1,43 m; 1,97 m
8 31,8 1,30 ov 8 32,2 1,35 ov

9 50,3 0,80 m 9 50,3 0,87 m

10 36,9 - 10 36,3 -

11 21,0 1,27 m; 1,45 m 11 23,9 1,18 m; 1,48 m
12 39,1 1,00 m; 1,82 m 12 39,3 1,11 m; 1,83 m
13 40,5 - 13 40,6 -

14 56,7 1,08 ov 14 56,7 1,09 ov

15 28,0 1,91 m; 2,40 m 15 28,0 1,92 m; 2,48 m
16 26,4 1,05m; 1,53 m 16 26,8 1,09 m; 1,54 m
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17 62,4 1,60 ov 17 62,3 1,64 ov
18 16,9 0,855 18 16,9 0,91s
19 16,0 1,28's 19 15,9 1,26 s
20 81,3 3,98 ov 20 81,2 4,01 ov
21 23,5 1,12 d (6,0) 21 23,6 1,28 d (6,0)
Fuc-1 99,8 4,78 d (7,6) Fuc-1 | 99,9 4,80 d (7,6)
2 74,2 4,52 dd (9,4; 7,6) 2 74,4 4,53 dd (9,4, 7,6)
3 76,6 4,08 dd (9,4; 2,9) 3 76,4 4,12 dd (9,4; 2,9)
4 729 3,93brd (2,9) 4 73,1 3,96 br d (2,9)
5 70,8 3,62 br q (6,4) 5 70,9 3,68 br q (6,4)
6 17,0 1,46 d (6,4) 6 16,8 1,49 d (6,4)
Glc-1 103,4 4,90d (7,6) Glc-1 | 103,5 4,88d (7,6)
2 74,7 4,05 ov 2 74,6 4,06 ov
3 78,0 4,26 ov 3 77,9 4,28 ov
4 72,2 4,18 ov 4 72,3 4,18 ov
5 78,1 3,96 m 5 78,1 3,96 m
6 62,4 4,33 m; 4,54 m 6 62,3 4,30 m; 4,52 m
Rha-1 | 101,2 6,35 brs
2 72,1 479brs
3 72,2 4,61 dd (9,4; 3,5)
4 73,8 4,35 dd (9,9; 9,4)
5 69,0 4,83 dq (9,9; 5,9)
6 18,7 1,78 d (5,9)

ov: Overlapped signal (tin hiéu chong chat) khong xac dinh dwgc boi s6 rd rang;
br s: Broad singlet (tin hiéu don rong) - thuong gip & proton anomeric ciia mot sé duong
hozc proton olefinic; m: Multiplet (tin hiéu boi phirc tap); d, t, dd, dq, ..: Cac boi s6 da
xéac dinh duoc, véi hing sb coupling J (Hz) trong ngoic don.
3.3.4.3. Xdc dinh cdu tric saponin

Qua trinh thity phan bang acid va phan tich phé cong hudng tir hat nhan 2D ma
rong cua cac Hop chat 1 va 2 di cho thiy céc gbc duong duoc xac dinh la D-
fucopyranosyl (Fuc), D-glucopyranosyl (Glc) cho 1 va D-fucopyranosyl (Fuc), D-
glucopyranosyl (Glc) va a-rhamnopyranosyl (Rha) cho 2. Cac monosacharide, bao gom
ca cau hinh tuyét dbi cua chung, duoc xac dinh bang phan tich sic ki khi 1a D cho Fuc
va Glc cho 1, D cho Fuc va Glc, L cho Rha caa hop chat 2 (thoi gian luu 13 11,07 phut
d6i v&i Rha, 13,82 phut ddi véi Fuc va 17,51 phit d6i véi Glc) [96]. Dinh huéng di
thuong B cia Fuc va don vi Gle duge xac dinh bang céch tinh toan cac gia tri 3JH-1,H-
2 twong dbi 16n & 7,6 Hz [97], [98]. Dang pyranoid a xich dao duoc dat thanh don vi
Rha dugc chitng minh bang 3JH-1,C-1 16n, gié tri & 166 Hz [99].
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Hop chit 1 hién thi dinh ion gia phan t & m/z 649,3563 [M+Na]* (calcd.
649,3558) trong phd HR-ESI-MS (phuong phap quang phd khdi ion hoéa phun dién tur
d6 phan giai cao dé do ty I& oxygen va carbon trung binh trong cac sol khi hitu co thir
cap High-Resolution Electrospray lonization Mass Spectrometry), do d6 cong thirc phan
tir dwoc 4n dinh 1a Ca3Hs4O11 Vi trong lugng phan tir 1a 626. Phd *H NMR cua 1 cho
thay tin hiéu cua 3 nhém methyl & 8H 0,85 (s, H 18), 1,28 (s, H-19) va 1,12 (d, J = 6,0
Hz, H-21), 1 proton olefinic ba thé & 8H 5,67 (br s, H-6) va 2 proton di thuong & 8H
4,78 (d,J=7,6 Hz) va 4,90 (d, J = 7,6 Hz). Phd 3C NMR cua 1 hién thi cong huéng tir
cua 33 carbon duwoc phan loai thanh 4 methyl ¢ 6C 16,9 (Me-18), 16,0 (Me-19), 23,5
(Me-21) va 17,0 (C'-6), 9 methylene (37,5; 31,3; 39,3; 32,1; 21,0; 39,1; 28,0; 26,4; 62,4),
17 methine (78,1; 125,0; 31,8; 50,3; 56,7; 62,4; 81,3; 99,8; 74,2; 76,6; 72,9; 70,8; 103,4;
74,7: 78,0; 72,2; 78,1) va 3 nguyén tir carbon bac bbn (140,9; 36,9; 40,5). Nhitng tin
hiéu nay phi hop tt véi nhiing tin hiéu caa diglycoside méi nhu duoc md ta trong di
licu. Cac dinh chéo ROESY cua H-8 véi H3-19 va H3-18 cho thay cac nhom nay la
d6ng mat va duoc xac dinh 1a hudéng B. Su ving mit cua cac méi twong quan ROESY
gitta H-8 va H-9/H-14/H-17 da thiét Iap dinh hudng a ctia cac proton ndy. Cau hinh cua
C-20 khong thé xac dinh dugc trén pho ROESY do lién két C-17 — C-20 quay tu do.

Trong ving dudng, tin hiéu cia hai dinh chéo trong pho HSQC & SH/SC 4,78 (d,
J=17,6 Hz)/99,8 va 4,90 (d, J = 7,6 Hz)/103,4, cho thay sy hién dién ctia hai don vi duong
tuong ng 1a Fuc va Glc (Bang 3.10). Pon vi Fuc duge xac dinh 1a 6 lién két véi vj tri
C-3 caa aglycone bang twong quan HMBC ¢ 8H/SC 4,78 (d, J = 7,6 Hz, Fuc H-1)/78,1
(C-3), cling v&i dinh chéo ROESY gitra 8H 4,78 (d, J = 7,6 Hz, Fuc H-1) va 6H 3,93 (m,
H-3). Su lién két cua don vi Glc véi vi tri C-20 cua aglycone dugc ching minh bang twong
quan HMBC ¢ 6H/6C 4,90 (d, J = 7,6 Hz, Glc H 1)/81.3 (C-20) va tuong quan khdng gian
ROESY ¢ 8H/SH 4,90 (d, J = 7,6 Hz, Glc H-1)/3,98 (m, H-20). Do d6, cau tric cua 1
dugc xac dinh 1a 3pB,20-dihydroxy-pregn-5-ene-3-O-B-D-fucopyranoside 20-O-B-D-
glucopyranoside va dugc dat tén la parasiticoside A (Hinh 3.14).
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Hinh 3.14. Cau tric lién két (HMBC) va cau hinh khdng gian (ROESY) caa hop chét 1

Phé HR-ESI-MS cua hop chit 2 cho dinh ion gia phan te [M+Na]* ¢ m/z
795,4142 (calcd. 795,4137), do d6 cong thirc phan tr duoc xac dinh la CaoHesO1s Vi
trong lugng phén tir 1a 772. Sy khac biét gitra trong lugng phén tir cia 2 va 1 1a 146
amu, ¢4 thé tuong @ng véi nhdm 6-deoxyhexosyl bd sung. Khi so sanh tin hiéu 3C NMR
cua 2 (Bang 3.10), mot tap hop céc tin hiéu bod sung, twong Gng véi don vi a-L-
rhamnopyranosyl cudi cung da xuat hién. Lién két glycoside gitta don vi Fuc va vi tri
C-3 cua aglycone duoc xac dinh bang twong quan HMBC ¢ 8H/8C 4,78 (d, J = 7,6 Hz,
Fuc H-1)/78.1 (C-3) va tuong quan ROESY ¢ 6H/6H 4,80 (d, J = 7,6 Hz, Fuc H-1)/3,97
(m, H-3). Pon vi Rha da duoc ching minh 12 gan ¢ vi tri C-2 ctia don vi Fuc bang twong
quan HMBC gitra 6H 6,35 (br s, Rha H-1) va 6C 74,4 (Fuc C-2) va trong quan ROESY
gitra 0H 6,35 (br s, Rha H-1) va 6H 4,53 (dd, J = 9.4, 7,6 Hz, Fuc H-2). Glc da duoc
chang minh 1a c6 lién két vai vi tri C-20 cua aglycone bang twong quan lién két HMBC
o 6H/6C 4,88 (d, ] = 7,6 Hz, Glc H-1)/81,2 (C-20) va twong quan khong gian ROESY &
8H/3H 4,88 (d, J = 7,6 Hz, Glc H-1)/4,01 (m, H-20). T4t ca cic bing chimg trén da
chung to 2 la 3pB,20-dihydroxy-pregn-5 ene-3-O-a-L-rhamnopyranosyl-(1—2)-p-D-
fucopyranoside-20-O-B-D-glucopyranoside, dugc dat tén la parasiticoside B (Hinh
3.15).
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Hinh 3.15. Cau tric lién két (HMBC) va cau hinh khong gian (ROESY) caa hop chét 2
Két qua phan tich sac ki va quang pho cong hudong tir hat nhan xac dinh hop chat
1 1a 3B,20-dihydroxy-pregn-5-ene-3-O-p-D-fucopyranoside 20-O-B-D-glucopyranoside
va dugc dat tén 1a parasiticoside A, hop chét 2 1a 3p,20-dihydroxy-pregn-5 ene-3-O-a-
L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside-20-O-3- D-glucopyranoside, dugc dat
tén 1 parasiticoside B. Két qua tim kiém trén thu vién dit liéu cho thdy day 1a 2 hop chat
méi. Viéc xac dinh cau tric phan tir cia 2 chat moi 1a co sé dé xay dung mé hinh cu

trdc phan tir sir dung trong cac mé hinh thuc nghiém.

3.3.5. Nghién ciru twong tac phan tir va dong hoc phan ti in silico caa saponin
3.3.5.1. Nghién ceru twong tac phén ti in silico

Cac nghién ctru vé cac hop chit hiru co thuc vat trén mot sb loai thudc chi Hoya
d3 cho thay sy hién dién cua triterpenoid va saponin steroid c6 hoat tinh sinh hoc nhur
chat khang oxy hoa, gay doc té bao ung thu. La mot tac nhan chong khéi u, saponin
steroid ¢6 nhiéu co ché phan tir khac nhau, Saponin steroid c6 thé gdy apoptosis thong
qua viéc trc ché protein chdng apoptosis Bel-2. Cac nghién ctru in silico, bao gdbm mo
phdng qua trinh twong tac phan tr dugc thuc hién trén saponin steroid dugc phan lap tu
H. verticillata var. verticillata nhu cht trc ché protein chéng apoptosis Bcl-2 trong ung
thu dai trang dé xac dinh co ché vé hiéu luc chéng ung thu cua chung trude khi tién
hanh céc thuc nghiém trong phong thi nghiém. Nghién ctru mé phong qua trinh gin két

phan tir ctia 5 hop chat tach chiét tir H. verticillata var. verticillata gdbm Hop chat 1
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(Parasiticoside A), Hop chit 2 (Parasiticoside B), Hop chat 3 (3p.,4a-dihydroxy-5p-
spirost-(25)27-en-1p-yl O-o-L-arabinopyranoside), Hop chét 4 (3p-hydroxy-5p-spirost-
25(27)-en-1p-yl O-a-L-rhamnopyranosyl-(1—2)-p-D-xylopyranoside), Hop chat 5
((23S,24S,25S)- 3pB,40,23,24-tetrahydroxy-5p-spirostan-1p-yl O-a-L-
rhamnopyranosyl-(1—2)- p-D-fucopyranoside) va chat dbi ching 1a Navitoclax.

Qua trinh twong tac phan tir duoc thuc hién bang cach ghép ndi mé hinh phan tir
saponin phan lap tir H. verticillata var. verticillata (trong cac nghién ctru trude day va
ctia nghién ctru ndy) v6i mo hinh cta thy thé 6GLS (Hinh 3.16).

MJi phtic hop tuong tac duoc xac dinh dya vao céc gié tri nang lwong lién két toi
thiéu (kcal/mol). Md phong tuong tac cia cac phan tir voi 6GL8 dé hinh thanh phic hop
lien két dugc thé hién trong Bang 3.11. Cac gbc amino acid va vi tri tham gia vao cac
tuong tac cua ching trong phac hop da duoc xac dinh. Lién két hydrogen, twong tac
Van der Waals, tuong tac ky nudc gitra protein va cac phan tir da dugc ching minh
thong qua twong tac phan tir. Mdi twong tac phan tir cu thé véi cac amino acid cua 6GLS
da dugc ching minh trong Hinh 3.17.

Bang 3.11. Tuong tac phan ti gitra saponin thu nghiém vai protein 6GL8

Nang luon a1 K
Hop T:;gn ll:g[ g Lién ket Twong tac Twong tac ky
chat hydrogen Van der Waals nwoc
(kcal/mol)
Argl46
Ala149, Glul52,  Glyl4s, MregtllS’
1 8.98 Argl07, Phell2, Phel50, Phe104’
' Leul37, Phel53, Tyr202, ’
Tyr108 Val156 vallss,
y Val148
Alal00, Arg146,
Argl07, g
Aspll1l, Glul36,
Phe104, Ala149,
2 -8.87 TVI202 Gly145, Leul3v, Tvr108
V);I s Metl15,  Phel1s, | ¥
Phel53, Val148
Argl?2 In11 His12
Alal49. rgl29, GIn118, | His120,
3 9.29 Arald6 Glul52, Leull9, | Metl15,
' T ?108’ Leul37, Phel04, | Phel53,
y Phe112 Val133
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ArgL29, - Argla6, | 120, e,
4 11.09 Alal49, Asplll, Glul36, Leul37 etlls
GIn118 Glul52, Phe104, VaI133’ ’
Phel12, Phel53
Arg146, Alald9,  Argl3g,
Aspl40, Asplll, Glul52,
5 -11.16 GIn118, Metl115, Phel04, | Leul37
Glu136, Phell2, Phel52,
Tyr108 Vall33
Alal00,  Argl07, ﬁlsi)lldtr)%
Gly203, Argl46,  Asnl43, Lol 137’
Navitoclax -8.34 Trpl44, GIn118, Glu136, PhelO4’
Tyr202 Gly145, Leu201, ’
Phe153, Tyr108 Vallss,
Vall48
A B C
D E F

Hinh 3.16. Céu tric 3D cua cac phan tir thir nghiém. Céc phan tu thir nghiém gom 05
saponin: (A) Hop chét 1; (B) Hop chat 2; (C) 3p,4a-dihydroxy-5B-spirost-(25)27-en-
1B-yl O-a-L-arabinopyranoside (3); (D) 3B-hydroxy-5p-spirost-25(27)-en-1p-yl O-a-L-
rhamnopyranosyl-(1—2)-B-D-xylopyranoside (4); (E) (23S,24S,25S)-3f3,40,23,24-
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tetrahydroxy-5B-spirostan-13-yl - O-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside
(5); va chat ddi chirng 1a (F) Navitoclax.

Hop chét 1, 2, 3, 4, 5 va Navitoclax thé hién tuong tac phan tr yéu khdng gigi
han nhu turong tac Van der Waals. Cac lién két ciia Hop chat 1 gdm twong tic Van der
Waals vai cac goc amino acid Glul52, Gly145, Phel12, Phe150, Phel53, Tyr202 va
Val156 cua 6GL8. Ddi voi Hop chat 2 1a Ala100, Arg146, Aspl1l, Glu136, Gly145,
Leul37, Met115, Phel15, Phel53 va Val148. Hop chat 3 cho thiy tuong tic Van der
Waals véi cac gbc amino acid Arg129, GIn118, Glul52, Leu119, Leul37, Phel04 va
Phe112. Hop chat 4 twong tac voi 6GLS thong qua twong tac Van der Waals vai cac goc
amino acid Arg129, Argl46, Aspll1, Glul36, Glul52, Phel104, Phell2, Phel53. Hop
chat 5 1a Alal49, Arg139, Aspl1l, Glul52, Metl115, Phe104, Phell2, Phel52 va
Val133. Navitoclax 1a phan ti so sanh, thé hién twong tac Van der Waals ddi voi cac
géc amino acid la Ala100, Arg107, Arg146, Asn143, GIn118, Glul136, Gly145, Leu201,
Phel53 va Tyr108. Céac twong tic Van der Waals 14 loai lién két dong vai trd quan trong
trong viéc duy tri cau tric ciia cac phan ti sinh hoc va dam bao chirc nang cua cac phan
tr ndy, gop phan phan biét cac cau trdc tinh té caa hop chat, xac dinh sy dugc phic hop

dugc hinh thanh va mirc @ 6n dinh caa phic hop d6 [22], [116].

A:150
GLU ARG\
A:152 AYi\aL_:, A(I;

7
242,88
U,_ﬁua.go Aﬁ’&,_ 2.09
PHE RARIA LG oo
Adss [ -300C 12,46

St

ARG
A:146
Interactions
[ ven der waals [ sulfur-x
[ conventional Hydrogen Bond [ Ak
[] carbon Hydrogen Bond [ picalkyl

A-1

A: M6 hinh tuong tac phan tir 2D va 3D cua Hop chat 1 véi thy thé 6CL8
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A:136
LEU A’f‘b"‘
PHE ANy A137 30255
GLY AL Aib
AT453.41 533 4G :
5.09
TYR
4 A108  AlS3
A202 343
MET
ATls 3080
. ASP
AA Oeell2 2 m A1l
A:100 A:10
Interactions
[ van der waals 1 i-Donor Hydrogen Bond
[ conventional Hydrogen Bond [ Alkyl
[ carbon Hydrogen Bond [ Pi-Alkyl

B: M6 hinh tuong tac phan tir 2D va 3D cua Hop chat 2 véi thy thé 6CL8

Interactions
[ van der waals [ Al

B8 conventional Hydrogen Bond [ Pi-alkyl
[ pi-Donor Hydrogen Bond

C-1

C: M@ hinh tuwong tac phan tir 2D va 3D cua Hop chét 3 véi thu thé 6CL8
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Interactions

[ ven der waals

[ conventional Hydrogen Bond

GLU PHE
A:152 A:153 VAL
A:133
Interactions
[ van der waals [ Ayt
I8 conventional Hydrogen Bond [ Piralky
[ Pi-Lone Pair

E-1 E-2

E: M6 hinh tuong tac phan tir 2D va 3D caa Hop chat 5 véi thu thé 6CL8
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Interactions

[ ven der waals [ Amide-pi Stacked
[] carbon Hydrogen Bond [ Ayt
[ Pr-Lone Pair [ Prakyl
[ Pi-pi Stacked
F-1 F-2

F: M6 hinh tuong tac phan tir 2D va 3D cua Navitoclax véi thy thé 6CL8
Hinh 3.17. Md hinh tuong tac phan tir 2D 3D cua Hop chat 1 (A-1, A-2), Hop chit 2
(B-1, B-2), Hop chét 3 (C-1, C-2), Hop chét 4 (D-1, D-2), Hop chat 5 (E-1, E-2) va
Navitoclax (F-1, F-2) véi thu thé 6GLS.

Bén canh luc Van der Waals, c4c twong tac phan ti c6 lién két manh nhu lién két
hydrogen va twong tac ky nuéc ciing duoc thay trong mdi phac hop hinh thanh. Cac lién
két hydrogen duoc tim thay trong md phong tuong tac caa Hop chit 1 véi cac goc amino
acid Alal49, Arg107, Leul137, Tyr108 (Hinh 3.17A); Hop chat 2 véi cac amino acid
Arg107, Phe104, Tyr202 va Val133 (Hinh 3.17B). Hop chat 3 thé hién céc lién két
hydrogen vai cac amino acid Ala149, Arg146, Tyr108 (Hinh 3.17C); Hop chét 4 véi cac
amino acid Ala149, GIn118 (Hinh 3.17D); Hop chat 5 voi cac amino acid Arg146,
Asp140, GIn118, Glu136, Tyr108 (Hinh 3.17E). Navitoclax biéu hién lién két hydrogen
Vvéi cac amino acid Gly203, Trp144 va Tyr202 (Hinh 3.17F). Ngoai ra, Hop chat 1 hinh
thanh tuong tac ky nudc véi cac amino acid Argl46, Metl15, Phel04, Vall33 va
Val148; Hop chét 2 véi cac amino acid Alal49, Tyr108. Hop chat 3 biéu hién twong tac
véi cac amino acid His120, Met115, Phel153, Vall133; Hop chit 4 vé&i cac amino acid
His120, Leull9, Leul37, Metl15, Val133; Hop chit 5 v6i cac amino acid Leul37,
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Tyr108. Navitoclax thé hién twong tac ky nuéc voi cac amino acid Alal49, Asp103,
Leul37, Phel04 va Val133.
3.3.5.2. Nghién ciru dgng hec phan ti in silico

Hau hét cac twong tac duoc hinh thanh trong qué trinh nghién ctru dong hoc giita
protein gay bénh véi cac hop chat nghién ciu (Hop chat 1, Hop chat 2, Hop chat 3, Hop
chat 4, Hop chit 5 va Navitoclax) 1a c4c lién két hydrogen; cac lién két nay dong vai tro
quan trong trong viéc 6n dinh phic hop hop chat - protein. Hop chat 2 thé hién 4 lién két
hydrogen véi cac amino acid Arg107, Phe104, Tyr202 va Val133 tai cac vi tri hoat dong
ctia 6GL8 (Hinh 3.17B). Céc lién két hydrogen tao nén dé 6n dinh cua protein-phdi tu,
mang lai cho Hop chat 2 @6 on dinh lién két tot 1a -8,87 kcal/mol. Trong trudng hop cua
Hop chat 1, 4 lién két hydrogen dugc hinh thanh véi Alal49, Arg107, Leu137 va Tyr108
(Hinh 3.17B); Ala149 13 mot amino acid tu nhién khéng phan cuc gidng nhu Vall33, co
¥ nghia trong viéc 1am cho Hop chét 1 c6 d6 6n dinh lién két tét 1a -8,28 kcal/mol (Bang
3.11). Cac amino acid ciing duge xac dinh ¢ hinh thanh lién két voi Hop chat 3 va Hop
chat 4, dan dén do 6n dinh lién két tét véi thu thé protein lan luot la -9,29 va -11,09
kcal/mol (Hinh 3.17 C-2 va D-2). Mit khac, Hop chat 5 thé hién 5 lién két hydrogen Vi
cac amino acid Argl46, Asp140, GIn118, Glul36, Tyr108 va chi c6 tuong tac pi-alkyl
yéu voi Leul37 din dén do 6n dinh lién két tét cua 5 la -11,16 kcal/mol (Hinh 3.17E).
Navitoclax thé hién 3 lién két hydrogen khi twong tac véi cac amino acid Gly203, Trp144
va Tyr202, 6 twong tac ky nudc vai cac amino acid Alal49, Aspl103, Leul37, Phel04,
Vall33, Vall48 va co do on dinh lién két tét 1a -8,34 kcal/mol (Hinh 3.17F).

Terefe va cs (2022) da chirng minh rang ai luc lién két gitra thu thé va phéi ti
cang cao thi i lyc lién két cang &m [151]. Vi vay, chit 3 tao ra c4c lién két 6n dinh hon
cac saponin khéc vi hop chét nay c6 tuong tac phan tr manh hon va c6 do 6n dinh lién
két cao nhat. Tuy di c6 mot sé nghién ciu in silico vé saponin, nhung nghién ciu cia
ching t6i quan tam dén cac hop chat dugc phan lap tir H. verticillata var. verticillata.
Vi vay, c&c nghién ctru dong hoc phan tir da duoc thyc hién dé hiéu rd hon vé tuong tac
cua cac phdi tir trong lién két véi protein muc tiéu. Céc thi nghiém tap trung vao danh

gia dong hoc phan tir cuia Hop chat 2 véi 6GLS trong d6 nghién ctu si hinh thanh turong
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tac cua cau trc phic hop hop chat-protein, st dung mé phong dong hoc phan tir cua
phtic hop gitra Navitoclax va 6GL8 dé so sanh, danh gia.

Tong nang lwong va gia tri thé ning thu dugc trong md phong dong hoc phan tu
d6i v6i Hop chit 2 duoc tinh 1an luot 12 -280.721 va -225.612 k/mol. So véi Navitoclax
tham chiéu, tong ning lugng va gié tri thé nang thu duoc trong md phong dong hoc phan
tr d6i v6i Navitoclax duoc tinh lan luot 13 -225.955 va -280.962 kJ/mol. Hé théng da
duoc can bang ¢ nhiét d6 nhiét &6 phong (27°C), d6 6n dinh cta khung protein da duoc
kiém tra bang cach danh gia gia tri RMSD [158]. C6 thé quan sét thay rang gia tri RMSD
d6i v6i phtc hop Hop chat 2-6GLS tiang dan tir 0,15 dén 0,22 nm trong cac giai doan
dau cia md phong dong hoc phan tir cho dén 2 ns hiéu chuan va sau d6 6n dinh, duy tri
RMSD trung binh 1a 0,2 nm trong subt phan con lai cua quy dao dong hoc phan tir.
Trong truong hop phuc hop Navitoclax-6GL8, gia tri RMSD khéa giéng véi gia tri
RMSD cua phtic hop Hop chét 2 voi 6GL8 (Hinh 3.18).

— Parasiticoside B
— Navitoclax

0.25— —

IH"'l'm" "Ih"‘ﬁf‘llll MM{ _Jln'Wl”l' Wh

0.15 —

T i

RMSD (nm)
=)
[

1 l 1 l I l I l I
0 2 4 6 8 10

Time (ns})

Hinh 3.18. Biéu d6 so sanh dd 6n dinh ciu tric (RMSD) cua phtc hop Hop chét 2
(Parasiticoside B) va Navitoclax trong 10 ns mé phong dong hoc phan tu.
Truc tung 12 d6 léch binh phuong trung binh cin bac hai (RMSD) tinh bing

nanomet (nm) dao dong tir 0 dén 0,25 nm; truc hoanh Ia thoi gian tinh bang nano giay
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(ns) dao dong tir 0 dén 10 ns. Budng dir liéu thé hién Hop chat 2 mau do, Navitoclax
hién thi mau xanh. Navitoclax (dudng mau xanh) cho thay gia tri RMSD cao hon (trong
khoang tir 0,15 nm dén 0,2 nm) va dao dong 16n hon trong sudt qua trinh mé phong, cho
thiy c6 nhitng thay doi vé cdu hinh dang ké va kém 6n dinh trong méi trudng mé phong.
Hop chét 2 (duong mau do) duy tri gia tri RMSD thap hon dang ké va 6n dinh hon nhiéu
(khoang 0,05-0,1 nm) trong toan bo qua trinh mé phong. Bidu ndy cho thiy Hop chét 2
lien két 6n dinh va chiu do Iéch cau trac téi thiéu, do d6 co thé tao thanh mot phuc hop
manh hon va 6n dinh hon. Dwa trén phan tich gia tri RMSD, Hop chat 2 thé hién do 6n
dinh cau trac vuot troi so voi Navitoclax, day cé thé 1a mot chi sé quan trong vé hiéu
qua tiém ning, 1 co s& dé dé xuat thuc nghiém trong diéu ché dugc pham.

Gia tri RMSF dugc phan tich dé xac dinh cac bién dong tiém an cua cac goc
protein trong khung protein biéu hién 12 0,15 nm trong phtc hop Hop chat 2 voi 6GL8
va 0,22 nm trong phuc hop Navitoclax-6GL8 (Hinh 3.19).
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Hinh 3.19. Biéu db so sanh dao dong cau tric (RMSF) cta phuc hop Hop chit 2

(Parasiticoside B) va Navitoclax trong mé phong dong hoc phén tu.
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Truc tung 1a bién dong binh phwong trung binh cin bac hai tinh biang nano mét
(nm), truc hoanh 1a sé don vi lién két. Hop chat 2 (dudng mau do), Navitoclax (dudng
mau xanh). Do thi dong hoc phan tir cia Hop chat 2 va Navitoclax thé hién sy tuong
ddng trong s6 lién két dugc hinh thanh va gia tri bién dong; d6 thi cia Hop chat 2 thé
hién su on dinh trong cau trdc phirc hop, dan dén do linh hoat thap hon (gia tri RMSF
thip hon) trén hau hét toan bo qué trinh; Navitoclax tao ra d6 linh hoat cao hon trén hau
hét cac protein, vi gia tri RMSF ciia né ludn cao hon gia tri cia hé thong lién két
Navitoclax.

Lién két hydrogen duoc quan sat thay trong sudt qua trinh mé phong, cho thiy
1-6 lién két hydrogen dugc hinh thanh lién tuc trong phic hop Hop chat 2-6GL8 va 1-3
lién két hydrogen duoc hinh thanh lién tuc trong phtc hop Navitoclax-6GL8. Nhitng két
qua nay chi ra rang parasiticoside B van nam trong phic hop lién két trong toan bo qué

trinh mé phong va manh hon Navitoclax (Hinh 3.20).
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Hinh 3.20. Biéu dd so sénh su thay d6i s6 lién két hydrogen theo thoi gian gitra Hop

chat 2 (Parasiticoside B) va Navitoclax trong md phong dong hoc phan tir.
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Truc tung 1a s6 lién két hydrogen dugc hinh thanh, truc hoanh 14 thoi gian tinh
bang pico giay (ps). Tuong tac ctia Hop chat 2 vai cac lién két cua 6GLS8 trudc va sau
khi md phong dong hoc phén ti (Hinh 3.18, 3.19, 3.20). Sau 10000 ps (=10ns) md phong
d6ng hoc phan tir, lién két hydrogen va tuong tac alkyl d duoc thé hién giira Hop chit
2 va 6GL8, bao gom Glu77, Gly86, Tyr143 va Met56, Phe53, Tyr49. Ngoai ra, twong
tac Van der Waals dd duoc thé hién gita Hop chat 2 va cac amino acid Ala41, Ala90,
Arg80, Arg87, Asn84, Asp52, Glu85, Leu78, Phe45, Phe94, Val74, Val89 (Hinh
3.18B). Navitoclax tham gia vao céc lién két hydrogen trong vi tri lién két caa 6GL8 véi
cac amino acid Arg87 va Gly86. No ciing tham gia vao cac tuong tac ky nudc véi cac
amino acid Aladl, Phe45, Phe53, Phe94, Phe139, Tyr49 va Val89. Chat nghién cuu
dugc bao quanh boi cac twong tac Van der Waals véi cac amino acid Ala90, Arg4s8,
Asn84, Aspd4, Asp52, Glu77, Leu78, Leuld2, Met56, Thr37, Trp85, Tyrl43 (Hinh
3.17A va 3.17B).

Tat ca cac hop chat (saponin steroid) déu cho thay cd sy hinh thanh lién két
hydrogen, trong tdc Van der Waals va tuong tac ky nudc trong qua trinh tuong tac phan
tr. M6 hinh twong tac gdm 05 hop chat (02 hop chat phan Iap trong nghién cau nay 1a
1, 2 va 03 hop chat phan lap duoc trong cac nghién ciu trude day 1a 3, 4, 5) chat doi
chang la navitoclak (chat da dugc kiém ching chire ning @c ché Bcl-2 gay ung thu &
ngudi thong qua dap (ng thu thé 6GL8 cuaa protein Bel-2). Két qua cho thiy d6 6n dinh
lién két lan luot 13 -8,28, -8,87, -9,29, -11,09, -11,16 va -8,34 kcal/mol. Trén co s&
nghién ciru md hinh tuong tac phan tir gitp hiéu rd hon vé kha ning hinh thanh lién két
giita c4c hop chat can nghién ciru voi protein muc tiéu. Mo phong dong hoc phan tir cho
thay lién két cua Hop chat 2 véi thu thé 6GLS8 1a 6n dinh trong suét qua trinh mé phong.

Dua trén cic bang chimg trén, c6 thé két luan rang két qua mo phong twong tac
phan tir cho thdy ché d6 tc ché lién tuc va tuong tac lién két nhat quan trong tat ca cac
mo phong [110]. Nghién ctru nay chi ra rang su lién két ctia Hop chit 2 v6i thu thé 6GLS
1a 6n dinh trong subt qua trinh md phong. Nhimng két qua nay hd tro do tin cay va xac
thuc viéc sir dung phuong phap mé phdng dong hoc phan tir trong nghién ctru nay. Hop

chat 2 c¢6 thé 1a g cir vién tt chdng lai protein ung thu Bcl-2.
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Mo hinh mé phong phén tir da thé hién sy twong tac giita cac hop chit véi protein
gy bénh ung thu ¢ ngudi, twong tac trong cu triac 6n dinh trong qué trinh mo phong 1a
co s& quan trong trong dé xuit cac budc thyc nghiém dé danh gia hoat tinh cia chat
trong diéu kién phong thi nghiém. Nhing phat hién ndy chi ra ring su lién két ctia Hop
chét 2 vé6i thu thé 6GLS 13 6n dinh trong sudt qua trinh moé phong, day chinh 13 co s¢ dé
dé xuét Hop chit 2 1a ing vién tiém ning cho nghién ctru thuc nghiém hoat tinh chéng

lai protein Bcl-2 trong ung thu tryc trang.
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KET LUAN VA PE NGHI

1. Két luan

1.1. Hé gene luc lap hoan chinh cua Lan tai cdo (H. verticillata var. verticillata) da dugc
giai trinh tu véi kich thudc 176.429 bp, ¢é ciu tric 4 ving dién hinh caa phan tt DNA
dang vong, bao gdm ving sao chép don 16n-LSC (91.020 bp), ving sao chép don nho-
SSC (2.297 bp) va hai viing l3p lai dao nguoc IR, mdi ving IR c6 kich thuéc 41.556 bp,
trong d6 ham luong GC chiém 37,1%. Hé gene luc lap cua Lan tai co c6 144 gene, trong

d6 98 gene ma hoa protein, 38 gene tRNA va 8 gene rRNA.

1.2. Phan tich sy phat sinh chung loai cho thdy Lan tai cao (H. verticillata var.
verticillata) c6 mdi quan hé di truyén gan nhat vé6i loai H. carnosa, chi Hoya va c6 moi
quan hé di truyén gan véi cac loai cua chi khéc trong ciing tong Marsdenieae. Ving gene
ndhF va cac vung dém trnK-rps16, rps16-trnQ, psbl-atpA, ndhC-trnV, rbcL-accD duoc
dé xuét 1a ung vién ma vach DNA tiem nang co thé sir dung hd tro nhan dién loai thudc

chi Hoya.

1.3. Cac phan doan chira saponin tach tir cao chiét tong sé cua la Lan tai céo H.
verticillata var. verticillata) c6 hoat tinh khang oxy hoa, giy doc té bao ung thu va tc
ché a-glucosidase. Hai saponin méi duoc phan Iap tir phan doan B2 va B3 1a 3p,20-
dihydroxy-pregn-5-ene-3-O-B-D-fucopyranoside 20-O-B-D-glucopyranoside va 3f,20-
dihydroxy-pregn-5 ene-3-O-a-L-rhamnopyranosyl-(1—2)-p-D-fucopyranoside-20-O-
B- D-glucopyranoside. Phéan tich mé hinh tuong tac va dong hoc phén ta in silico cua
c4c saponin phan 1ap tir Lan tai cdo da xac dinh chat Hop chat 2 ¢ thé 1a ¢ng ctr vién

tiém nang chéng protein Bcl-2 trong ung thu.
2. Pé nghi

2.1. Tiép tuc phan tich tién hoa phan tir dua trén trinh ty DNA luc lap cua cac loai Hoya
tir dir liéu ctia GenBank dé cung c¢d hodc bd sung cho hé théng cac loai thudc ho

Apocynaceae (Asclepiadaceae).
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2.2. Tiép tuc thuc nghiém dé ching minh ving gene ndhF va cac ving dém trnK-rps16,
rps16-trnQ, psbl-atpA, ndhC-trnV, rbcL-accD 1am ma vach DNA luc lap hd tro dinh
danh chi Hoya va phan biét loai thudc chi nay.

2.3. Tiép tuc nghién ctiru xay dung md hinh ciu trdc saponin tbi vu c6 hoat tinh khang
cac dong té bao ung dya trén két qua phan tich md hinh tuong tac va dong hoc phan tir

in silico.
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PHU LUC
1. Phu luc PL1. C4c trinh ty hé gene luc lap cia ho Apocynaceae tai xubng tir GenBank

duoc sur dung trong phan tich phét sinh chung loai

TT Tén loai Ma truy cap trén GenBank
1 Cynanchum sibiricum 0Q390041.2
2 Cynanchum wilfordii KT220733.1
3 Dregea sinensis var. corrugata OP133575.1
4 Gongronemopsis tenacissima MW861760.1
5 Gymnema latifolium OP133579.1
6 Gymnema sylvestre MN711723.1
7 Gymnema yunnanense OP133577.1
8 Vincetoxicum shaanxiense MH210646.1
9 Lygisma inflexum OP133573.1
10 | Stephanotis volubilis OP133576.1
11 | Jasminanthes maingayi MW719056.1
12 | Marsdenia tinctoria OP133574.1
13 | Leichhardtia flavescens MW719052.1
14 | Popuahoya urniflora MW719062.1
15 | Hoya verticillata ORA475244.1
16 | Hoya angustifolia OL754669.1
17 | Hoya ariadna OL754671.1
18 Hoya carnosa OK539590.1
19 | Hoya caudata OL754672.1

20 Hoya commutata 0L826862.1

21 | Hoya dimorpha 0L826863.1

22 | Hoya exilis MW719054.1

23 Hoya griffithii OL754668.1

24 | Hoya ignorata MW719061.1

25 | Hoyakerrii OL754673.1

26 | Hoya lacunosa OL754667.1

27 | Hoya lanceolata 0L826864.1

28 | Hoya liangii 0L826865.1

29 | Hoya lithophytica MW719058.1

30 | Hoya longifolia OL754662.1

31 | Hoyalyi MW?719055.1

32 | Hoya megalaster MW719063.1

33 | Hoya meliflua OL754674.1

34 | Hoya monetteae MW?719053.1

35 Hoya omlorii MW?719060.1

36 Hoya ovalifolia OL754666.1

37 | Hoya pandurata OL754665.1

38 Hoya pottsii OL754664.1

39 | Hoya pubicalyx OL754663.1

40 Hoya radicalis 0L826866.1




41 | Hoyarigida 0L826867.1
42 | Hoya silvatica 0L826868.1
43 | Hoya thomsonii 0L435944.1
44 Dischidia australis OL790122.1
45 Dischidia griffithii 0OL839301.1
46 Dischidia milnei MW719059.1
a7 Dischidia nummularia 1 OP133578.1
48 Dischidia nummularia 2 OL754670.1
49 | Dischidia parasita MW719057.1
50 Dischidia ruscifolia 0OL839302.1

2. Phu luc PL2. Kich thudc va trinh ty nucleotide cua cac gene ndhF, matK va rpl16

Gene Trinh tw nucleotide (5°-3)
ndhE | TTAAGTATAAGTAAGAAAAGTAATAAAAAAAATTAAAAAACAAAAGAATACATACGATAAATAGA
2241 bp AGAAAAGATACGAAGAGATACGTCCGCCCCCTACATATTTTAGAACTTCTCCTGTAAAGAAACTA
AGAAAACCAACTCCATTCGTAATTCCATCAATTACTCGTCGATCAAAAAAATGAGT TAATTCAGC

CAATGCTCTAGTCCCCCCAGTTAGGGATCTTTTATAAAAAGAATCTATATAAGCGCGATTATATG
ACCAACAATATATGCCATTTAGCATTTTCTCCGAAAGAGGGCCGCTAGGGAACCCTTTGCCTTTA
AGAGTTGAATTTCTTAAATCCAAATTTAATAAAGAGGAATAAGGAGATTTATATAAAAAAGACGC
TATAAATATTCCTAAATAACCTATACTGACTGAAAAAAAGGAATCTTTGAGAAATTCATACCAAT
TGGTCGAATTAGTCAACTTTTTATACAAAAGATTGATCGACGGAGTTAACCATTTAGATAATATA
TCAGCATTGACTCCCTCTTGATTAAAAGGAATTCCTATAAACCCAACGAACAGAGTAAATAGTCC
CAATACAAGTAGAGGTAATAACATATTATTGTCTGATTCATAAGGATAAGCATACAGTTTTTTAT
TCTCAAAATGAGGAGTAGTAATAAAAGGCCGTGTCATATTTCTACCATTATCATCAATTCGATAT
GTTCTTTTTGAAAAAAAGGAAAAACTTTTATCATCAGTCATTGCTAATAAACGAACTTTTTTATT
AATTTTTTTTGAAACCCCCCTACCCCATAGAGATATTGAATAGAACGGTATTTTTTGTTTGCCAC
TATAATTTGTAAAATAAACATTTAAATGTCCCTCAAAAGTAAGTAAATATATCCGAAACATATAA
AATGCGGTTAATCCAGCAGTAACCCAGGCTATTATTGCGAAAATCGTCGAATACGACCAAGTATC
ATTAATAATTTCATCTTTGGACCAAAAACAAGCCAAAGGCGGAATACCACACAGAGAGAGTGTAC
CTAATAAAAAAGCATTTTTGGTAATTGGTACATGTTTTCTTAAACCTCCCATAAGAATCATATTC
TGATTTTTATACGGAGAATAGCCAACAATCCCTTCCATTGAATGAATAACGGATCCAGATCCTAA
AAATAACAATGCTTTTGAATAGGCATGAGTAATCAAATGAAATAAAGCACTTCGGTAAGACCCCA
TACCAAGAGCTAACATTATATAACCCAATTGGGACATTGTAGAATAAGCTAAACCTCTCTTAATG
TCTTTTTGAGCAAGAGCTAAAGTAGCTCCCAACAAGACAGTTATTATTCCTATTAACGAGATTAA
ATTCATTATGGAAGGTATAACTATGAAAAGAGGAAGAAGACGAGCTACAAGAAAAATTCCCGCCG
CTACCATAGTAGCAGCGTGTATAAGGGCGGAAATCGGAGTAGGCCCTTCCATAGCATCAGGCAAC
CATACATGAAGGGGAAATTGTGCAGATTTAGCAACAGCACCGCCAAATAACAGAGCAGCACACAA
AGTAACAAATAAAAAATTTACCTCGTTATTAGAAATTAAGTCATTGAATATTTCGAATAAATCTT
GAAATTCGAAACTACCCGTTATCCAATAAAAACCTAAAATTCCTAATAATAAACCAAAATCCCCT
ACACGATTTGTTACAAAAGCGTTTTGGCAAGCATTTGCTGCAAGAGGTCGTGTGGACCAAAATCC
TATTAATAAATAGGAACACATTCCGACCAATTCCCAAAAAATATAAATTTGTATCAAATTTGAAC
TAGTAACTAATCCTAACATGGAAGTACTGAAAAAACTCATATAAGCAAAAAATTTCAAATATCCT
TGATCATGAGCCATATAATTATCACTATAAATAAGAACAAAAATTCCAACAGTAGTGATTAACAT
TGACATAATAGAAGTAATTGGATCTATCAAATATCCGAATTCTAAAGAAAAATCGTTAGTAATGA
TCCAAGACCATACATATTGATAGCTATAATTGCTATTTATTTGCTGAATAGACAGATTCATTGAA
AAAATCATAACTATACTTAACAATAAAACACTATGAAAAGACCACATGCGACGAAACTTTTTTGT
TGCTGTCGGAAAAAGAAGAAGCCCCACCCCTAGTAATATAGCAACTGAAAGTGGGATGAAGAGTA
TGAGGCACCCGTATTGATATGTCTGTTGCAT




matK
1548 bp

TCATTGCAGATTGGCCAGATCGTTGATACAAGTAATATCCAAATACCAAATCCGACTTCTATAGA
CCGCCCAAAAAAGAAAAAAAACTCTTGGGAAGGTCAATGAAAGGACTTCTTCTTCCGACACGAAG
AATTCTTCGAAAAATTCCGAACCTAATCTTTTCAAAAAAGCCCGTACAGTACTTTTGTGTTTTCG
AGCTAAAGTTTTAGCACAAGAAAGTCGAAGTATATACTTTATTCGATACAAACTCTTTTTTTTGG
AAGATCCGCTATGATAATGAGAAAGGTTTCTGCATATACACCCAAATCTGTCCATAATATCAGAA
TCTGCTAAATCAGTCCGAACCGGCTTACTAATGGGATGTCCTAATAGGTTACAAAATTTCTCTTT
AGACAATGATCCAATCAGAGGAATAATTGGAACAAGAGTATCTAATTTATTATTCCTAATGGCAT
TATTAATTAGAAATGAATTTTCTAGCATTTGACTCCGTACCCTTGAAGGGTTTAGTCGCACAATT
GAAAGATAACCCAAAAAGTCAAGGGAATTTTTGTACAATTGCTTTATATGGGCCCTTCGCGAGTG
AAACCACAGGTCAAAATTACATTGCCAAAACTTGACAAGGTAAAATTTCCATTTATTCATCAAAA
GAGCCGTCCCCCTTGAAAGCAGAATGGATTTTCCTTGATACCTAACATAATGCATGAAAGGATAT
TTGACCAAGCACAAGTTCGTCGGAAAATCCTTAGCGAAGACTTCGGCAAGACGTTCAATTTTTCC
ATAGAAATAGATTCGTTCAAGAAGGGCCCCAAAGGATGTTGGTCGTAAATGAGAAGATTGCTTAT
GGAGAAAGACGAAAATGTATTCGTATTCACATACATAAAAATTATATAACAAGCAAAATAATCGT
TGATTTCTTTTTAGATTTCTTTTTGTTAAAAAAAGAAAACTGGCTTTCTTTCTGGTTTTCTTTGT
AGCACTAGGATTATTGCAATTACAATACTCGCGTAGAAAGAATCGTAATAAGTGCAAAGAAGGGG
CATCTTTTACCCAATAGCGAAGGGTTTGAACCAAGATTTCCAGATGAACAGGGTAGGGTATTAGT
ATATCTAATATAAAATAAAAATGTGAAAAATTGTCCTCTAAGAAAGGAAAGATTGAATGAATGGA
TCGTAAATTATGAGATTTAAATATCCCTTTCCGCTCTTCAGAAGATATTAATCGCATGGAAAACG
GAATTTCTACAATAAATGAAAATCCCTCTGATATCTTTTTAGAATACAAATTTTTGTTGCGCCCA
AAAAATGGATTTTGGCTAGAATCATTAGCAGAAGCAAGAAAATGATTCTGTTGATACATTCGAAT
AATTAACCGTTTCGCAATAAGGAAACTCGATTTATTGGCATAACCCGGATTTTCCAACAAAATTG
CTCGGTTTAAACTATGGTCATGGGCAAGTGCATAAATATATTCCTGAAAGATAAGTGGATATAGA
AAGTTGGGCTGTTGAGATCTATCAAGCTGTAAATATCTTTGGATTTCTTCCAT

rpll6
992 bp

AGAATCGTGTCATTTTTTGAGACTTCATATAATCTAATCTATTAGTAATCTATAGATCTTGTTTAAAT
AGACAATTAAAGATTTTAGTTTCTATTTTCGAAATCATATTGTTATTTTTAATTGTTATTTTGAAATA
AAAATAGAACATATTTTTTTTTCTTTTTATCGTCCAAATTTATCAATTCAAAAAAAAGAAAGTTTTCG
CGGGCGAATATTTACTCTTCTATTTCAATTTTCGGCTTGTCTCCTGACTTCTTACAATAGATGAATTG
ACCTCCGTTTCATTTCGCCATCCCGACCAGTGAATCATTAAGATTCCTTTTTCACTAAAATCTTTTGC
ATTCACAGCTTCCATCGTTCCCATCGCTTCTTACTTAATGCTTAGGTCCAATTTTTACAACGGAGCTC
GTAATGAAATTTGTTCTTGAGTCAATCTTCTTAGTCTTTATTGGCTCGAAGCTCTTGATTTTTTTTGT
TTTGTTCTATAATTTTTAAATTTTTTAATTTAAAATTAAATTATGTTATATATTAAATTATATTAAAT
TTATATTAAATAAGAAATATATTAAATTTATATTTAAAATATATATTAAATATAAAGATTTAATTATG
TTATATAAGAATCAGTATTAATGCTTTATTACACTGCCTTTTATAAGATGACTTATAGACCTTACATA
TTACATATTGGAATTCTATATCATTGATATTTTTTCTCTCTCTTTCTCTCATCCTTCCATTTATATCC
ACATCTTTCTTCTCTATTTTGCTTTACAGCTTAAAAATCAGATTTTTTTTTCAGAAACACAAAATTTC
AGTTGTTACAAAGATATGACCAATATATCATATCTTGACTGGTTCCTTAGATCGAGATAATGCGAAGT
AATGAGTTGGTTATTAGTTCTATGGTTAGTTATTAGTTCATACTCTGGTGTTGGGCTGGTCTTTTTTA
ATCCTAACTCTAAAAAACCAACGAGTCACACACTAAGCAT




3. Phu luc PL3. So d6 phét sinh ching loai c6 d6 tin cdy cao nhat (Maximum
Likelihood) dugc xay dung dua trén trinh tu vung gene matK

Jasminanthes maingayi_MW719056.1
Gymnema yunnanense voucher C.F. Zhang 5893 NC_079588.1
Gymnema sylvestre NC_047175.1
Gymnema latifolium voucher C.F. Zhang et al. 6185_NC_079599.1
Dregea sinensis var. corrugata voucher J.X. Yang et al. wbgd125_OP133575.1
Lygisma inflexum voucher X T. Ma 20210805006_NC_079596.1
Marsdenia tinctoria voucher X.T. Ma 20210805004_NC_079597.1
Papuahoya urniflora_MW718062.1
Hoya lithophytica_MW719058.1
Hoya omlorii_ MWT719060.1
Hoya ariadna_NC_069568.1
Dischidia nummularia_NC_069567.1
Dischidia nummularia voucher C.F. Zhang 6049_OP133578.1
Dischidia milnei_MW719059.1
Dischidia ruscifolia_NC_067966.1
Dischidia australis_NC_067885.1
Dischidia parasita_MW719057.1
Dischidia griffithii_ NC_067965.1
Hoya sp. 3 W0O-2022_0L875081.1
Hoya lanceolata_ NC_067960.1
Hoya lockii OR475243.1
Hoya dimorpha_NC_067958.1
Hoya megalaster MW7 198063.1
Hoya sp. 4 WO-2022_0L875078.1
Hoya sp. 2 WO-2022_0L875077.1
|: Hoya rigida_NC_067962.1
5 Hoya exilis_MW719054.1

Hoya ignorata_MW719061.1

Hoya pandurata_NC_069562.1
7 7 3 — Hoya thomsonii NC_067612.1
@ Hoya radicalis_NC_067961.1
] Hoya griffithii_NC_069565.1
07 Haoya longifolia NC_069560.1
30 Hoya liangii_ OL826865.1
—
&0 \_E
-5
83

Hoya meliflua_NC_068571.1
Hoya liangii NC_042245.1
Hoya kerrii_NC_069570.1
Hoya sp. 8 WO-2022_0OL875079.1
B Hoya lyi_MW719055.1
& Wattakaka volubilis_NC_067964.1
24 Hoya ovalifolia_NC_069563.1
Hoya carnosa isolate SZ708_NC_045868.1
54 E Hoya verticillata_OR475244 1
2 Hoya carnosa_OK538580.1
a7 Hoya pubicalyx_NC_069561.1
— Hoyalacunosa_NC_068564.1
% #2 L— Hoya caudata_NC_069569.1
Hoya monetteae_MW719053.1
Hoya commutata_NC_067958.1
12 Hoya sp. 11 WO-2022_0OL875080.1
TE Hoya pottsii NC_042246 1
11 L‘: Hoya silvatica_NC_067963.1
17 Hoya pottsii_OL754664.1

Hoya angustifolia NC_069566.1




4. Phu luc PL4. So d6 phat sinh ching loai c6 d6 tin cdy cao nhat (Maximum
Likelihood) dugc xay dung dua trén trinh tu vung gene rpll16

Hoya verticillata_ OR475244.1
Hoya carnosa_OKS539590.1

Hoya carnosa isolate SZ708_NC_(045868.1
Hoya ovalifolia_ NC_068563.1
Hoya exilis MW7 180541

Hoya sp. 8 WO-2022_OLB75079.1
Hoya lyi_MW718055.1

Hoya meliflua_NC_069571.1

Hoya kerrii NC_069570.1

Hoya megalaster MW719063.1
Hoya dimerpha_NC_067869.1
Hoya sp. 4 WO-2022_OLB75078.1
Hoya sp. 2 WO-2022_0OL875077.1
Hoya pandurata_ NC_069562.1
Hoya pubicalyx_ NC_069561.1
Hoya caudata_NC_{(68569 .1

Hoya monetteae MW7 18063.1
Hoya commutata NC_(67958.1

1] 23 Hoya sp. 11 W0O-2022_0OL875080.1
4 Hoya angustifolia_NC_069566.1
93 Hoya silvatica NC_067963.1
23 Hoya pottsii_OL754664.1
33 Wattakaka volubilis_NC_067964.1
— Hoya rigida_NC_067962.1
22 Hoya radicalis_NC_067961.1

Hoya liangii_OL826865.1
39 Hoya longifolia_NC_069560.1
23 Hoya griffithi_NC_069565.1
E5 Hoya liangii_NC_042245 1
i Hoya ariadna_NC_069568.1
Hoya Iithophytica_ MW7 180581
Hoya omlorii_ MW7 18060.1
— 3 Papuahoya urniflora_ MW7 18062.1
Marsdenia tinctoria voucher X.T. Ma 20210805004_NC_079597.1
Lygisma inflexum voucher X.T. Ma 20210805006_NC_079586.1
Nyctocalos pinnatum_NC_061689.1
93 Jasminanthes maingayi_MW719056.1
97 Gymnema sylvestre NC_047175.1
Hoya lanceolata_ NC_067960.1
53 Hoya thomsonii_NC_067612.1
7 Hoya lacunosa_NC_069564.1
% Dischidia milnei_MW718058.1
94 Dischidia nummularia_NC_069567.1
99 Dischidia nummularia voucher C.F. Zhang 6049 _OP133578.1
Hoya ignorata_ MW7 18061.1
Hoya lockii_OR475243.1
Dischidia ruscifolia_NC_067966.1
Dischidia parasita_ MW7 19057 .1
97 Dischidia griffithii_ NC_067965.1
73 Dischidia australis_NC_067885.1

i

a0

k]
43

28
58



5. Phu luc PL5. Kich thudc va trinh tu cac ving dém cua hé gene luc lap Lan tai cao

Vung dém

Trinh tu nucleotide (5°-3”)

trnK-rps16
973 bp

GAAAAGAAGAAACCAATTATAGAAGATAATCTATCGACTATAAAATATATGTATAATAAAAGT
ATAATAAAAAAGAAGTGCATAAATACAATCGGAATTATAAAAAATTAAACAATAAATTAACCA
AAGAAATTAGACGAAGCAATTAAACCATTAAGCTAACAAATCGAAAAAATGGATTTTCTAATG
AATTCGGAACATAAAAAAATATATAGATCGGATGACAATATAAGAAATTCTCAGATAAAATTA
TATTTAGATAAAGCAAAACAAAAAGAAAAAAAAAAAATGAAAATAGAGATTCAAAATTTATGA
ACGGATCCTTTTGTTATCCCCTCTTTTCAATCAACAAAAAAAGCTCGTGTATCAAAGAACCTG
TCGACGTAAAGTAAAAAATCAAACAAACCAAATAACTAGATCTAACTTCACTTATCATGATGA
ATTATATTTGTTCAATACACTGTTGTCAATATAAATGTTACGAAAAAAAAAGAATAAAAAAAA
AAAAAGAAATTCAATTGAATTTCTTTTTTTTTTATTCTTTTTTGTTAGTTAAATTCAAAATAA
AAATGAAAACCATCAAGTTTAAAGTTGTCGCGAATGCCTAAATTTTCTAGGATCAAGGAAATA
GGGTTTTGTCGTTATAGAACACAGGATTCGAAGAAAACAATGATAAATAGATACGAATAGAAC
GGGAAAAGGAAAAAAAGGGGGGGTAATAAAAAAGAGTAGAGAAAGGTTATCCAAAGTTATATA
CAAATAACTGCCCCCCTTTTTTGTATTTCCTTAATCC

rps16-trnQ
1328 bp

AACATCCCTCTAATTTGGAACCAGTATGGAATTGATTCAATTATGGAATCATGAATAGTCATT
GGTTTGTAGACATCATAATCTATATCCCTTTGTTCTATAATGTTCTTTAGAATATAGAAGAGA
GATTTTATATATAGCTATAGATCGGTAAATAAAGAATATAGCTACAAATCGGTAAAGAAGTTT
CTGAATAAGTTTTAGCAAGTCCTCTTAATTTAAAATGAAAAAGAATTTCTATTTAATAATATA
TTTAATAATAGATTAAAAGTTAGGGTTAAATATTTGTTAAATATTTTCATTTTTAAATTCAAA
ATCGAGGGGGTCAAAAACCTTTTTCACAAAAATAGAATAGAAGGATACATATACGTTAAACAT
TTCCTCGTTTTTTTTTATTTTGTTTAAGCTGTGTAGGTCAGCAAGATTTCGCTAATCGAATCT
TTCCATACATAATATAATATCCATACATAATAGAATAGAAAGTGAATAAAAGAGAATAAAAGA
TATAAAACATAAAACACCCCCTTTTAAGTGTTACATAAATTTACAATTATTTATTATTTATTA
GGGCCAAACACGAAATACTTATTCAAAGAAAATACATCGGATTCGGATAGATATATTCGGATA
GATATATAATTACATATATAATTTTATAATTTGATTTTTGTTAATGCAATTCAGGCAGACACA
GAAATTTTAATATCTTCGGTTAATGTATTCGCCCCCGGGGTACTACAGGACTAATGGGACATA
AGAGAAAAAAAATGGGAATTATGCTCGGGGATGCGGACTGACTAGGTACAAATCCCAACAAGT
CCAAATTAAGTTGCTCCTTTTTTTTTTATTTTAGTCTAACCCCTTAGGAGAATTAATCCTATC
GGCTTTGAATGAATTTCATTAGTACCAAAATAGTTAGAATTAATAAATCTATATAAAAATAAA
AATTCCTAAAAATATAGTTTCTAGGATACGAAATAATAGATAGGATCGTTGAAAATCAAAATA
TTGATAAAATATAAAATCAATATGGGACGGAATTTTTTTCTAAATAACTAACTTCCCGAAACA
AGATGGGATGGAGCATAGGATGAAAAGACCCCCTTTTTTAAAATTCCAACTCTGGGAACCGAT
GTTCCCAATTTACCTGGATCAGAAATAGAGTCAATTACATTTGCGTGTCATTTGTACGCGATT
CAATTCAGTTTGTGTAAAAAAGATATGATTCATGCATAAAAGATAAAAAAAAAAGAAATAAAA
TCCAGCTAACATTAGACGTTACCCCATTCAACAAAATCTTTATTCTATTCTAAGATAATGAAT
ATGCT

ndhC-trnV
1492 bp

AGACACACTCCCATGAACGTGGAAAATATACCGAATTTCTCGATTCGAATTGTCAAGTCATCC
ATAACTGTTTAGTCAAAATCAAAACAAGAATTCATTTTTATCGAATTTACTAGTTTCCTTTGT
TTACTTATCCCATTTCAAGACAAAATCCTATTTAGATTATACTTATTTCTTTTTTTTCAGTTA
GTATAACTTTAGATCTATATCTTATTCTTATACAAATATAAAATAGAAAAATTCTCTTATTTT
CACCTAGAATTCTCTGTAAAGAAGAAAAGGAATTCAAAAAAATATGGAATTCCAAGGGGAATT
TGGAACTTCTTTATTTATTTTTTTTTAATTAAATAATTTTTATTACTATCTATTATATATTTA
TCTATTATATATTTATATTTTTTGAAATTGATGAAATTGAATAAAATCAATTGAAATAAATGA
AAAAAAAAATATAGATTATTTCTTAATTTCTATAATATTTTCTATAATATTATAGCTATATTA
TTATATTATAGATTCTTTATTATTTTTTTTCATTATTATTATATTAATAATATTATATATTCT
AGATTATTTATTATTATTTTTATTTCTATTTTTTTTATTAAAATTTGAATATTAATTAATAAA
TTTTTTATTATTAAATACAATCTAATAATACAATTTAAATTCTATTTCATTTCGAATTTGAAA
TGTTTTAAATTGAATTGCTAATTTTTTTTTATTTATTGAAATTCAATTCTTTTTCTTTATAGA
TTTCGACTTTTATGAATAGAATCGACAGGTCCTTTGGTTTTTTTCTTAGTGATTTAGAATAAG
AACAAGCAAGAGACTGGCTAGAAATTTCCATTTCAGAATTTAGAATATCTTGGTGTTGTATAT
TCTTTTTATTAATATCCTAGCGGAGGACCTTCTCTTGATTGAATATAAAAAAAGAAGACAGAC
TACCCCTCGTGCTTCGCTAGGTCTAGGTAAGGTATATGGCGAGCCTATTTTACATTTTACATT
GTTAATAATGAGACTTACCAAAGATATTACATTTTTTAACTTGTACACAAGCACGACAGGTCT
TTTCTAGATCCATATTTTGACTTCAAAAATTCACCAACATTGGCTATACCAAAGAAAGGGAGT
CTCAAGAACTCCTTGAATATGAAATTCGCCTCTACCCCCAAGATTAATGCCCCAAGATTAATA
ACAAAAGGTTTCTTTGTTTATCCGCGATTGGAAAACTATCAATTGGGTCCACTGAAACGCCTT




TTTTTTTTTATTTCGGGTTTATGTTCTGTTTTAAAAGCTTGCCGTGAGTAAACTTATGGGAAA
AATTTAGATTTCGATTAACCAACCCGACAGTTCCAAGCAACAAACAATAATGAAAAAATTATA
CAATTTCATTTTTTGTATTTGAGTTTTCCTTAATCATTTTGTTTTATATTTTATATTAAAATA
TTTTATATATATATAGTATATAATTATAGTAATAGTAATAGTA

psbl-atpA
1878 bp

GGGTTTTTCTTTTCTATTTTCTTCGGATTTTTTGTTTATATAAAAATGCCAAATTTGAAAAAA
AATAAATAAATAAATAAAGTCATCAAGGAAAGCGGAAAGAGAGGGATTCGAACCCTCGGTACG
AATAACTCGTACAACGGATTAGCAATCCGCCGCTTTAGTCCACTCAGCCATCTCTCCTAATTG
AAAATTGGGTTAGATTACACATAAAAAAAATAAGGAGTATTTCTTTCTCTATTATATAGATAT
GTACCATTTTTATCAGTAATTTTTTTTCGATAAATAAAGAAATAAAGAATAAATAAAGAGAAG
GGCTCGAAAGTGCCAACAATATAAAGAAAACCAAAAGCGACCCCTTCGTATTTTGTTCGAAAG
ACCCTTCTTATTGTTATTGACACGGCCTGGTCTGGTCAGTACCCAGCCGGGCCTCTTTTTGTT
TTGTTCCAACTAATTATAGAAAAATAATGATAATTTTTCATTTATCTGATTTGAAAACAAAAA
TGCTTAGTATTTTTAGTATTATATATATATATTATAATATATATATATATATATATATATAAT
ATATAAAAAAGGGAATAGGCAATATTCAAGCACGAACAAAAAAAGAAGAAGGACTATTTCCAT
CCGCGAAAACGAAAAAAAAAGAGGGTAAATACGCTAAATTTTTGGATTCTTTGATGATCCCAT
CTTATTATACCCATTTTCCGGTTCGACAAAAGGTCCAGTTGTATACAATAATCGAATTGTAGC
GGGTATAGTTTAGTGGTAAAAGTGTGATTCGTTTTTTTAACCCTTTGATAGTTAAAGGGTCTT
TGTTTTCGGTTTGATTCGTATTCCGACCAAAAACTTTATTTGAAAAAAGAAAAGGATTTAATC
CTTTACCTCTCAATCACGGATTCGAGAAAAAATATACATTCTCGTGATTTGTATCCAAGGATC
ACTTAGAAAGTGACAAATTGGATTATGAAATTACGAAACATAATTTTGGAATTGGATTAATAC
TTCCAATTGAATCAGTATGAGTAAAGGATCCATGGATAAAGATAGCAAGTAGGTTTCTAATCG
TAACTAAATCTTCAATTTTTGCTTTACAAATACAAAATTGAATAAAAATAGCTATTAAATGAT
GACTCTGGTTTACTAGAGGCATCGACCTGTTTTTTTAGCTCGGTGGAAACAAAATCCCTTTCC
TCAGGACCGTCTCAAATAAAAATAGAGAACGAAGTAACTAGAAAGATTGTTAGAATTACTCTC
TTCTAGAGGGATCATCTAGAAAGAAATAAGTAGTCAGACAAAAGTTGACATAGATGTTATGGG
TAGAATTTTTTTTGTAAGTTTGTTCACATCCATATCCATAAAGGAGCCGAATGAAACCAAAGT
TTCATGTTCGGTTTTGAATTAGAGACGTTCAAAATGCTGAATCGACGTCGACTATAACCCCTA
GCCTTCCAAGCTAACGATGCGGGTTCGATTCCCGCTACCCGCTTTCAATTCTTTTTTTTTATT
CGCAATTGAAATTTATATATATTCTAATTCTAGACTTAATGCATCATTTAATATACAGTTTCA
AAAATTATCTCACATACAATCCGATTCTTGTTTTTTTCGGCGAAAAAGTGGGGAAAGTCAAAA
TACGAAAAAAATCGGAATGAAAAGCGTCCATTGTCTAATGGATAGGACAGGGGTCTTCTAAAC
CTTTGGTATAGGTTCAAATCCTATTGGACGCAAATTTTTTCCATATATCTATTTTTTTATATT
TTGATACCACGAAAGCCTTTTTGAATAACTTGAATTTGAGTGGATTTGAGACCCTTAATTACA
TTACCATTACCTTTTTAAGATAAATTTAAGATAAAAGAATCCTTTTTGTGC

psbZ-rpsl4
885 bp

ACCTATCGTCCCAGATCCAAAACCGAAAGGACCCCCCGAATTTTTCTCGGTTGTAAGACACAT
TAGAATTTAATATAAGTCCCCCAAAGAGAATAGAAAATGCAAATAAAGAAAACAAAAAATTTG
AGGGGGGTCAAACTTCTTCCAAACTTATTAAAAAAATACAATTAATATTTATAATATTTAATA
AAATAAAAATAATTGGAATCGAGTCGAGGAGAGTCTTTGGTCTGGGACTGCACAAAAATGATC
GAGGTGTATATTTATATATGAGGTATAGAGGTTTATATTTATATATAAATTTTATATATAAAT
AAATATATTAATATTGTGTGGACATATTATGTATCAAGAACGAAAAAAAGCGGATATGGTTGA
ATGGTAAAATTTCTCTTTGCCAAGGAGAAGATGTGGGTTCGATTCCCGCTATCCGCCCACGAT
AAAATTTATTATTAAATATAAAAAAATATTAAATAAAATTAGGTTAGGTTTTATTAAATATAA
TTTGGTATAGTTGTCTGTGATCGTGTAGTCATTCTATCCCCCCTCTTTTTCCCTTTCCTATAG
CCTCCCCCAAAGTGGTAATTAATTACTAGTTAACTTAACAAAGTAAAATCTAAAATTTTTTGA
CAAACAAGATGTTGCGGAGACGGGATTTGAACCCGTGACCTCAAGGTTATGAGCCTTGCGAGC
TACCAAACTGCTCTACTCCGCGATGAAGAGAAGAACTGAAAACTAATAGATAACCAGGGGTTG
AGTTCGCCCCTCTACCATATCTGTACAAATAGGATAGCCCATTTATACAGAATGGTAAAGGGT
TATACAGAATGGCAAGGGGGACCTCTACGATCACCGACCCTAGAATAGAAATCTAGAGTTAAT
CcC

rbcL-accD
907 bp

TTACTTTTTGTTATCTTAGTTGAATTGTAATTAAACTCGGCCCAATCTTTTCCTAAAAGGATT
GAGCCGAATACAAAGATTCTTTTTTTTTTTTTATTTAATTATTTTTAAAGTATTTAATATTAA
TACATACTTATATAGATATAAGATTTGAAATAAAAAAAAAATCAAAAAAATCTAAGGCTCAAA
TCTTTCTATTGTTGTCTTGGACCTACAATTAATCTACGGATCCTTGGGATTGGGCTATTCTTT
TATATCCTGCAGTTTTCCTGAATCAAGCCAAGTATCACAATTCTTTCTATCCATCCCGTATAT
TGTCCTTTTCTTTCCATATTGGTGAAATAGAACCTGAAATTTTTACGTTCTTGGGCGAAATTT
TACGAAAAAAAGGATTTATAAAATATTTTTTTTCGATGCGAATTTGATACGACATAAGAAAAG
GCGCTCTTTATCATTGTATTTATAATGACAAGAGATTCCCTGATATCATATTAATATATTGAC
AATATTCAAAAAAAAATGTATAAAAAAAATGACAAGGGATTCTCTGATATCATATTAATATAT
TGACATTATTCAAAAAATAATGTATAATGTATAAAAACAATGACAAGAGATTCCCTGATATGA




TATATATATATAGTGTATAGTCATATATATCGTATAGTGAAGTATTACTCCGGATTTTCAAAA
AAAGAGCATTTTTTTCAATAATCACACCTAATACCTTCTTATTGTTTCTTATTGGTTAACTTA
TTAGTTAATAAAAAATGCTAGCGATTGGTTTAGTCTAATAGGAAAGAAGATATTCAAATAAAT
AATTTTTGATCGAATGACTATTCATCTATTGTTTTTATATTTTCTTACAAAACAAAAAAACAA
AAAAAAGGGGGACAAAATAACTCT

6. Phu luc PL6. Danh sach cac loai va trinh tu cac ving dém dugc sir dung trong phan
tich phat sinh chung loai

PL6.1. Danh sach céc loai c0 trinh tu ving dém trnK-rps16 duoc sir dung trong phan

tich phat sinh chung loai

TT Tén loai Ma truy cép trén GenBank
1 Cynanchum wilfordii NC_029459.1
2 Dregea sinensis var. corrugata OP133575.1
3 Gymnema latifolium NC_079599.1
4 Gymnema sylvestre NC 047175.1
5 Gymnema yunnanense NC_079598.1
6 Hoya angustifolia NC_069566.1
7 Hoya carnosa NC_045868.1
8 Hoya carnosa OK539590.1
9 Hoya commutata NC_067958.1
10 | Hoya kerrii NC_069570.1
11 | Hoya liangii NC_042245.1
12 | Hoya lyi MW?719055.1
13 | Hoya meliflua NC _069571.1
14 | Hoya ovalifolia NC_069563.1
15 | Hoya pottsii NC_042246.1
16 | Hoya pubicalyx NC_069561.1
17 | Hoya silvatica NC_067963.1
18 | Hoya verticillata OR475244.1
19 | Jasminanthes maingayi MW?719056.1
20 | Leichhardtia flavescens MW719052.1
21 | Lygisma inflexum NC_079596.1
22 Marsdenia tinctoria NC 079597.1
23 | Stephanaotis volubilis OP133576.1
24 | Vincetoxicum shaanxiense NC 046785.1



https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=228709
https://www.ncbi.nlm.nih.gov/nucleotide/NC_029459.1?report=genbank&log$=nucltop&blast_rank=32&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3036753
https://www.ncbi.nlm.nih.gov/nucleotide/OP133575.1?report=genbank&log$=nucltop&blast_rank=17&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=485208
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079599.1?report=genbank&log$=nucltop&blast_rank=23&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=4068
https://www.ncbi.nlm.nih.gov/nucleotide/NC_047175.1?report=genbank&log$=nucltop&blast_rank=21&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1628087
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079598.1?report=genbank&log$=nucltop&blast_rank=18&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2860380
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069566.1?report=genbank&log$=nucltop&blast_rank=10&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206227
https://www.ncbi.nlm.nih.gov/nucleotide/NC_045868.1?report=genbank&log$=nucltop&blast_rank=2&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206227
https://www.ncbi.nlm.nih.gov/nucleotide/OK539590.1?report=genbank&log$=nucltop&blast_rank=3&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984991
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067958.1?report=genbank&log$=nucltop&blast_rank=11&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206235
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069570.1?report=genbank&log$=nucltop&blast_rank=6&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2563732
https://www.ncbi.nlm.nih.gov/nucleotide/NC_042245.1?report=genbank&log$=nucltop&blast_rank=5&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719055.1?report=genbank&log$=nucltop&blast_rank=98&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365764
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069571.1?report=genbank&log$=nucltop&blast_rank=92&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167167
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069563.1?report=genbank&log$=nucltop&blast_rank=94&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945170
https://www.ncbi.nlm.nih.gov/nucleotide/NC_042246.1?report=genbank&log$=nucltop&blast_rank=14&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365769
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069561.1?report=genbank&log$=nucltop&blast_rank=99&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984994
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067963.1?report=genbank&log$=nucltop&blast_rank=8&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206247
https://www.ncbi.nlm.nih.gov/nucleotide/NC_085236.1?report=genbank&log$=nucltop&blast_rank=1&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785595
https://www.ncbi.nlm.nih.gov/nucleotide/MW719056.1?report=genbank&log$=nucltop&blast_rank=16&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1619486
https://www.ncbi.nlm.nih.gov/nucleotide/MW719052.1?report=genbank&log$=nucltop&blast_rank=12&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785596
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079596.1?report=genbank&log$=nucltop&blast_rank=26&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2072778
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079597.1?report=genbank&log$=nucltop&blast_rank=25&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=491995
https://www.ncbi.nlm.nih.gov/nucleotide/OP133576.1?report=genbank&log$=nucltop&blast_rank=19&RID=YY2RUMDK016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2291104
https://www.ncbi.nlm.nih.gov/nucleotide/NC_046785.1?report=genbank&log$=nucltop&blast_rank=35&RID=YY2RUMDK016

PL6.2. Danh sach cac loai cé trinh tu vang dém rps16-trnQ duoc su dung trong phan

tich phat sinh chang loai

TT Tén loai Ma truy cip trén GenBank
1 Cynanchum wilfordii NC_029459.1
2 Dischidia australis NC 067885.1
3 Dischidia griffithii NC_067965.1
4 Dischidia milnei MW719059.1
5 Dischidia nummularia NC_069567.1
6 Dischidia nummularia OP133578.1
7 Dischidia parasita MW719057.1
8 Dischidia ruscifolia NC_067966.1
9 Dregea sinensis var. corrugata OP133575.1
10 | Gymnema latifolium NC_079599.1
11 | Gymnema sylvestre NC_047175.1
12 | Gymnema yunnanense NC_079598.1
13 | Hoya angustifolia NC_069566.1
14 | Hoya ariadna NC_069568.1
15 Hoya carnosa NC _045868.1
16 | Hoya caudata NC_069569.1
17 | Hoya commutata NC_067958.1
18 | Hoya dimorpha NC_067959.1
19 Hoya exilis MW719054.1
20 | Hoya griffithii NC_069565.1
21 | Hoya ignorata MW719061.1
22 | Hoya kerrii NC_069570.1
23 | Hoya lanceolata NC_067960.1
24 | Hoya liangii NC_042245.1
25 | Hoya longifolia NC_069560.1
26 | Hoya lyi MW?719055.1
27 | Hoya megalaster MW719063.1
28 | Hoya meliflua NC_069571.1
29 Hoya monetteae MW719053.1

30 | Hoya omlorii MW719060.1

31 | Hoya ovalifolia NC_069563.1

32 | Hoya pandurata NC_069562.1

33 | Hoya pottsii NC_042246.1

34 | Hoya pubicalyx NC_069561.1

35 | Hoyarigida NC_067962.1

36 | Hoyasilvatica NC_067963.1

37 Hoya thomsonii NC 067612.1

38 | Hoya verticillata OR475244.1

39 | Jasminanthes maingayi MW719056.1

40 | Leichhardtia flavescens MW719052.1



https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=228709
https://www.ncbi.nlm.nih.gov/nucleotide/NC_029459.1?report=genbank&log$=nucltop&blast_rank=66&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984468
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067885.1?report=genbank&log$=nucltop&blast_rank=49&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984984
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067965.1?report=genbank&log$=nucltop&blast_rank=48&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684641
https://www.ncbi.nlm.nih.gov/nucleotide/MW719059.1?report=genbank&log$=nucltop&blast_rank=83&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1381998
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069567.1?report=genbank&log$=nucltop&blast_rank=87&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1381998
https://www.ncbi.nlm.nih.gov/nucleotide/OP133578.1?report=genbank&log$=nucltop&blast_rank=86&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817222
https://www.ncbi.nlm.nih.gov/nucleotide/MW719057.1?report=genbank&log$=nucltop&blast_rank=47&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984985
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067966.1?report=genbank&log$=nucltop&blast_rank=34&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3036753
https://www.ncbi.nlm.nih.gov/nucleotide/OP133575.1?report=genbank&log$=nucltop&blast_rank=33&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=485208
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079599.1?report=genbank&log$=nucltop&blast_rank=45&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=4068
https://www.ncbi.nlm.nih.gov/nucleotide/NC_047175.1?report=genbank&log$=nucltop&blast_rank=39&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1628087
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079598.1?report=genbank&log$=nucltop&blast_rank=38&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2860380
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069566.1?report=genbank&log$=nucltop&blast_rank=26&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365750
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069568.1?report=genbank&log$=nucltop&blast_rank=54&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206227
https://www.ncbi.nlm.nih.gov/nucleotide/NC_045868.1?report=genbank&log$=nucltop&blast_rank=1&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365751
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069569.1?report=genbank&log$=nucltop&blast_rank=29&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984991
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067958.1?report=genbank&log$=nucltop&blast_rank=37&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945158
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067959.1?report=genbank&log$=nucltop&blast_rank=56&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817241
https://www.ncbi.nlm.nih.gov/nucleotide/MW719054.1?report=genbank&log$=nucltop&blast_rank=57&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167136
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069565.1?report=genbank&log$=nucltop&blast_rank=30&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1266024
https://www.ncbi.nlm.nih.gov/nucleotide/MW719061.1?report=genbank&log$=nucltop&blast_rank=41&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206235
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069570.1?report=genbank&log$=nucltop&blast_rank=90&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99298
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067960.1?report=genbank&log$=nucltop&blast_rank=20&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2563732
https://www.ncbi.nlm.nih.gov/nucleotide/NC_042245.1?report=genbank&log$=nucltop&blast_rank=8&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945165
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069560.1?report=genbank&log$=nucltop&blast_rank=27&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719055.1?report=genbank&log$=nucltop&blast_rank=10&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167156
https://www.ncbi.nlm.nih.gov/nucleotide/MW719063.1?report=genbank&log$=nucltop&blast_rank=53&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365764
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069571.1?report=genbank&log$=nucltop&blast_rank=89&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167160
https://www.ncbi.nlm.nih.gov/nucleotide/MW719053.1?report=genbank&log$=nucltop&blast_rank=11&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684636
https://www.ncbi.nlm.nih.gov/nucleotide/MW719060.1?report=genbank&log$=nucltop&blast_rank=51&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167167
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069563.1?report=genbank&log$=nucltop&blast_rank=4&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058653
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069562.1?report=genbank&log$=nucltop&blast_rank=19&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945170
https://www.ncbi.nlm.nih.gov/nucleotide/NC_042246.1?report=genbank&log$=nucltop&blast_rank=22&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365769
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069561.1?report=genbank&log$=nucltop&blast_rank=6&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984993
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067962.1?report=genbank&log$=nucltop&blast_rank=14&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984994
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067963.1?report=genbank&log$=nucltop&blast_rank=24&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945177
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067612.1?report=genbank&log$=nucltop&blast_rank=16&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206247
https://www.ncbi.nlm.nih.gov/nucleotide/NC_085236.1?report=genbank&log$=nucltop&blast_rank=1&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785595
https://www.ncbi.nlm.nih.gov/nucleotide/MW719056.1?report=genbank&log$=nucltop&blast_rank=36&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1619486
https://www.ncbi.nlm.nih.gov/nucleotide/MW719052.1?report=genbank&log$=nucltop&blast_rank=42&RID=YY27NGYJ01R

41 | Lygisma inflexum NC_079596.1
42 Marsdenia tinctoria NC 079597.1
43 | Papuahoya urniflora MW719062.1
44 | Stephanotis volubilis OP133576.1

PL6.3. Danh sach cac loai c0 trinh tu viing dém ndhC-trnV dugc sir dung trong phéan tich

phat sinh chang loai

TT Tén loai Ma truy cip trén GenBank
1 Cynanchum wilfordii NC_029459.1
2 Dischidia australis NC_067885.1
3 Dischidia griffithii NC_067965.1
4 Dischidia milnei MW719059.1
5 Dischidia nummularia OP133578.1
6 Dischidia nummularia NC_069567.1
7 Dischidia parasita MW719057.1
8 Dischidia ruscifolia NC_067966.1
9 Dregea sinensis var. corrugata OP133575.1
10 Gymnema latifolium NC_079599.1
11 Gymnema sylvestre NC _047175.1
12 Gymnema yunnanense NC _079598.1
13 Hoya angustifolia NC_069566.1
14 Hoya ariadna NC_069568.1
15 Hoya carnosa NC_045868.1
16 Hoya caudata NC_069569.1
17 Hoya commutata NC_067958.1
18 Hoya dimorpha NC_067959.1
19 Hoya exilis MW719054.1
20 Hoya griffithii NC_069565.1
21 Hoya ignorata MW719061.1
22 Hoya kerrii NC_069570.1
23 Hoya lacunosa NC_069564.1
24 Hoya lanceolata NC_067960.1
25 Hoya liangii NC_042245.1
26 Hoya lithophytica MW719058.1
27 Hoya longifolia NC_069560.1
28 Hoya lyi MW719055.1
29 Hoya megalaster MW719063.1

30 Hoya meliflua NC_069571.1

31 Hoya monetteae MW719053.1

32 Hoya omlorii MW719060.1

33 Hoya ovalifolia NC_069563.1

34 Hoya pandurata NC_069562.1

35 Hoya pottsii NC_042246.1

36 Hoya pubicalyx NC_069561.1
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785596
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079596.1?report=genbank&log$=nucltop&blast_rank=46&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2072778
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079597.1?report=genbank&log$=nucltop&blast_rank=17&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719062.1?report=genbank&log$=nucltop&blast_rank=31&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=491995
https://www.ncbi.nlm.nih.gov/nucleotide/OP133576.1?report=genbank&log$=nucltop&blast_rank=40&RID=YY27NGYJ01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=228709
https://www.ncbi.nlm.nih.gov/nucleotide/NC_029459.1?report=genbank&log$=nucltop&blast_rank=96&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984468
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067885.1?report=genbank&log$=nucltop&blast_rank=35&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984984
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067965.1?report=genbank&log$=nucltop&blast_rank=34&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684641
https://www.ncbi.nlm.nih.gov/nucleotide/MW719059.1?report=genbank&log$=nucltop&blast_rank=40&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1381998
https://www.ncbi.nlm.nih.gov/nucleotide/OP133578.1?report=genbank&log$=nucltop&blast_rank=41&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1381998
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069567.1?report=genbank&log$=nucltop&blast_rank=42&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817222
https://www.ncbi.nlm.nih.gov/nucleotide/MW719057.1?report=genbank&log$=nucltop&blast_rank=30&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984985
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067966.1?report=genbank&log$=nucltop&blast_rank=39&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3036753
https://www.ncbi.nlm.nih.gov/nucleotide/OP133575.1?report=genbank&log$=nucltop&blast_rank=44&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=485208
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079599.1?report=genbank&log$=nucltop&blast_rank=48&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=4068
https://www.ncbi.nlm.nih.gov/nucleotide/NC_047175.1?report=genbank&log$=nucltop&blast_rank=77&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1628087
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079598.1?report=genbank&log$=nucltop&blast_rank=74&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2860380
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069566.1?report=genbank&log$=nucltop&blast_rank=19&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365750
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069568.1?report=genbank&log$=nucltop&blast_rank=22&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206227
https://www.ncbi.nlm.nih.gov/nucleotide/NC_045868.1?report=genbank&log$=nucltop&blast_rank=3&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365751
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069569.1?report=genbank&log$=nucltop&blast_rank=4&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984991
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067958.1?report=genbank&log$=nucltop&blast_rank=29&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945158
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067959.1?report=genbank&log$=nucltop&blast_rank=13&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817241
https://www.ncbi.nlm.nih.gov/nucleotide/MW719054.1?report=genbank&log$=nucltop&blast_rank=28&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167136
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069565.1?report=genbank&log$=nucltop&blast_rank=7&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1266024
https://www.ncbi.nlm.nih.gov/nucleotide/MW719061.1?report=genbank&log$=nucltop&blast_rank=55&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206235
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069570.1?report=genbank&log$=nucltop&blast_rank=17&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365762
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069564.1?report=genbank&log$=nucltop&blast_rank=71&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99298
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067960.1?report=genbank&log$=nucltop&blast_rank=66&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2563732
https://www.ncbi.nlm.nih.gov/nucleotide/NC_042245.1?report=genbank&log$=nucltop&blast_rank=56&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817244
https://www.ncbi.nlm.nih.gov/nucleotide/MW719058.1?report=genbank&log$=nucltop&blast_rank=54&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945165
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069560.1?report=genbank&log$=nucltop&blast_rank=9&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719055.1?report=genbank&log$=nucltop&blast_rank=26&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167156
https://www.ncbi.nlm.nih.gov/nucleotide/MW719063.1?report=genbank&log$=nucltop&blast_rank=11&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365764
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069571.1?report=genbank&log$=nucltop&blast_rank=50&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167160
https://www.ncbi.nlm.nih.gov/nucleotide/MW719053.1?report=genbank&log$=nucltop&blast_rank=36&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684636
https://www.ncbi.nlm.nih.gov/nucleotide/MW719060.1?report=genbank&log$=nucltop&blast_rank=25&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167167
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069563.1?report=genbank&log$=nucltop&blast_rank=5&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058653
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069562.1?report=genbank&log$=nucltop&blast_rank=18&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945170
https://www.ncbi.nlm.nih.gov/nucleotide/NC_042246.1?report=genbank&log$=nucltop&blast_rank=61&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365769
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069561.1?report=genbank&log$=nucltop&blast_rank=53&RID=YXZ8Y13V016

37 Hoya radicalis NC_067961.1
38 Hoya rigida NC_067962.1
39 Hoya silvatica NC_067963.1
40 Hoya thomsonii NC 067612.1
41 Hoya verticillata OR475244.1

42 Jasminanthes maingayi MW719056.1
43 Leichhardtia flavescens MW719052.1
44 Lygisma inflexum NC_079596.1
45 Marsdenia tinctoria NC_079597.1
46 Papuahoya urniflora MW719062.1
47 Stephanotis volubilis OP133576.1

PL6.4. Danh sach céc loai cd trinh ty viing dém psbl-atpA duoc sir dung trong phén tich

phat sinh chung loai

TT Tén loai Ma truy cép trén GenBank
1 Dischidia australis NC 067885.1
2 Dischidia griffithii NC_067965.1
3 Dischidia milnei MW?719059.1
4 Dischidia nummularia NC_069567.1
5 Dischidia nummularia OP133578.1
6 Dischidia parasita MW719057.1
7 Dischidia ruscifolia NC _067966.1
8 Dregea sinensis var. corrugata OP133575.1
9 Gymnema latifolium NC_079599.1
10 Gymnema sylvestre NC 047175.1
11 Gymnema yunnanense NC_079598.1
12 Hoya angustifolia NC_069566.1
13 Hoya ariadna NC_069568.1
14 Hoya carnosa NC _045868.1
15 Hoya caudata NC_069569.1
16 Hoya dimorpha NC_067959.1
17 Hoya exilis MW719054.1
18 Hoya griffithii NC_069565.1
19 Hoya ignorata MW719061.1

20 Hoya kerrii NC_069570.1

21 Hoya lacunosa NC_069564.1

22 Hoya lanceolata NC_067960.1

23 Hoya liangii 0L826865.1

24 Hoya lithophytica MW?719058.1

25 Hoya longifolia NC_069560.1

26 Hoya lyi MW?719055.1

27 Hoya megalaster MW719063.1

28 Hoya meliflua NC _069571.1
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984992
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067961.1?report=genbank&log$=nucltop&blast_rank=6&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984993
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067962.1?report=genbank&log$=nucltop&blast_rank=32&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984994
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067963.1?report=genbank&log$=nucltop&blast_rank=15&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945177
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067612.1?report=genbank&log$=nucltop&blast_rank=27&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206247
https://www.ncbi.nlm.nih.gov/nucleotide/NC_085236.1?report=genbank&log$=nucltop&blast_rank=1&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785595
https://www.ncbi.nlm.nih.gov/nucleotide/MW719056.1?report=genbank&log$=nucltop&blast_rank=72&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1619486
https://www.ncbi.nlm.nih.gov/nucleotide/MW719052.1?report=genbank&log$=nucltop&blast_rank=69&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785596
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079596.1?report=genbank&log$=nucltop&blast_rank=46&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2072778
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079597.1?report=genbank&log$=nucltop&blast_rank=70&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719062.1?report=genbank&log$=nucltop&blast_rank=37&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=491995
https://www.ncbi.nlm.nih.gov/nucleotide/OP133576.1?report=genbank&log$=nucltop&blast_rank=75&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984468
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067885.1?report=genbank&log$=nucltop&blast_rank=38&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984984
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067965.1?report=genbank&log$=nucltop&blast_rank=37&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684641
https://www.ncbi.nlm.nih.gov/nucleotide/MW719059.1?report=genbank&log$=nucltop&blast_rank=14&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1381998
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069567.1?report=genbank&log$=nucltop&blast_rank=51&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1381998
https://www.ncbi.nlm.nih.gov/nucleotide/OP133578.1?report=genbank&log$=nucltop&blast_rank=47&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817222
https://www.ncbi.nlm.nih.gov/nucleotide/MW719057.1?report=genbank&log$=nucltop&blast_rank=43&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984985
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067966.1?report=genbank&log$=nucltop&blast_rank=59&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=3036753
https://www.ncbi.nlm.nih.gov/nucleotide/OP133575.1?report=genbank&log$=nucltop&blast_rank=61&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=485208
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079599.1?report=genbank&log$=nucltop&blast_rank=57&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=4068
https://www.ncbi.nlm.nih.gov/nucleotide/NC_047175.1?report=genbank&log$=nucltop&blast_rank=62&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1628087
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079598.1?report=genbank&log$=nucltop&blast_rank=63&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2860380
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069566.1?report=genbank&log$=nucltop&blast_rank=6&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365750
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069568.1?report=genbank&log$=nucltop&blast_rank=44&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206227
https://www.ncbi.nlm.nih.gov/nucleotide/NC_045868.1?report=genbank&log$=nucltop&blast_rank=1&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365751
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069569.1?report=genbank&log$=nucltop&blast_rank=24&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945158
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067959.1?report=genbank&log$=nucltop&blast_rank=54&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817241
https://www.ncbi.nlm.nih.gov/nucleotide/MW719054.1?report=genbank&log$=nucltop&blast_rank=33&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167136
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069565.1?report=genbank&log$=nucltop&blast_rank=30&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1266024
https://www.ncbi.nlm.nih.gov/nucleotide/MW719061.1?report=genbank&log$=nucltop&blast_rank=46&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206235
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069570.1?report=genbank&log$=nucltop&blast_rank=25&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365762
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069564.1?report=genbank&log$=nucltop&blast_rank=10&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99298
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067960.1?report=genbank&log$=nucltop&blast_rank=13&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2563732
https://www.ncbi.nlm.nih.gov/nucleotide/OL826865.1?report=genbank&log$=nucltop&blast_rank=17&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817244
https://www.ncbi.nlm.nih.gov/nucleotide/MW719058.1?report=genbank&log$=nucltop&blast_rank=34&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945165
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069560.1?report=genbank&log$=nucltop&blast_rank=20&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719055.1?report=genbank&log$=nucltop&blast_rank=22&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167156
https://www.ncbi.nlm.nih.gov/nucleotide/MW719063.1?report=genbank&log$=nucltop&blast_rank=35&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365764
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069571.1?report=genbank&log$=nucltop&blast_rank=28&RID=YXZR9KJ5016

29 Hoya monetteae

MW719053.1

30 Hoya omlorii MW719060.1
31 Hoya ovalifolia NC_069563.1
32 Hoya pandurata NC_069562.1
33 Hoya pottsii OL754664.1
34 Hoya pubicalyx NC_069561.1
35 Hoya radicalis NC_067961.1
36 Hoya rigida NC_067962.1
37 Hoya silvatica NC_067963.1
38 Hoya thomsonii NC 067612.1
39 Hoya verticillata OR475244.1
40 Jasminanthes maingayi MW719056.1
41 Leichhardtia flavescens MW719052.1
42 Lygisma inflexum NC_079596.1
43 Marsdenia tinctoria NC_079597.1
44 Papuahoya urniflora MW719062.1
45 Stephanotis volubilis OP133576.1
46 Vincetoxicum shaanxiense NC_046785.1

PL6.5. Danh sach céc loai co trinh ty vung dém psbZ-rps14 duoc st dung trong phan

tich phat sinh chang loai

TT Tén loai Ma truy cap trén GenBank
1 Hoya verticillata NC_085236.1
2 Hoya carnosa NC_045868.1
3 Hoya lyi MW?719055.1
4 Hoya kerrii NC_069570.1
5 Hoya ariadna NC_069568.1
6 Hoya monetteae MW719053.1
7 Hoya thomsonii NC_067612.1
8 Hoya ovalifolia NC_069563.1
9 Hoya meliflua NC_069571.1
10 Hoya silvatica NC_067963.1
11 Hoya pottsii NC_042246.1
12 Hoya angustifolia NC_069566.1
13 Hoya megalaster MW719063.1
14 Hoya lacunosa NC_069564.1
15 Hoya dimorpha NC_067959.1
16 Hoya lithophytica MW719058.1
17 Hoya commutata NC _067958.1
18 Hoya caudata NC_069569.1
19 Hoya radicalis NC_067961.1
20 Hoya omlorii MW719060.1
21 Hoya rigida NC _067962.1
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167160
https://www.ncbi.nlm.nih.gov/nucleotide/MW719053.1?report=genbank&log$=nucltop&blast_rank=36&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684636
https://www.ncbi.nlm.nih.gov/nucleotide/MW719060.1?report=genbank&log$=nucltop&blast_rank=31&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167167
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069563.1?report=genbank&log$=nucltop&blast_rank=4&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058653
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069562.1?report=genbank&log$=nucltop&blast_rank=7&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945170
https://www.ncbi.nlm.nih.gov/nucleotide/OL754664.1?report=genbank&log$=nucltop&blast_rank=8&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365769
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069561.1?report=genbank&log$=nucltop&blast_rank=18&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984992
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067961.1?report=genbank&log$=nucltop&blast_rank=12&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984993
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067962.1?report=genbank&log$=nucltop&blast_rank=19&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984994
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067963.1?report=genbank&log$=nucltop&blast_rank=9&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945177
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067612.1?report=genbank&log$=nucltop&blast_rank=23&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206247
https://www.ncbi.nlm.nih.gov/nucleotide/NC_085236.1?report=genbank&log$=nucltop&blast_rank=1&RID=YXZ8Y13V016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785595
https://www.ncbi.nlm.nih.gov/nucleotide/MW719056.1?report=genbank&log$=nucltop&blast_rank=66&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1619486
https://www.ncbi.nlm.nih.gov/nucleotide/MW719052.1?report=genbank&log$=nucltop&blast_rank=53&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785596
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079596.1?report=genbank&log$=nucltop&blast_rank=65&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2072778
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079597.1?report=genbank&log$=nucltop&blast_rank=55&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684648
https://www.ncbi.nlm.nih.gov/nucleotide/MW719062.1?report=genbank&log$=nucltop&blast_rank=52&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=491995
https://www.ncbi.nlm.nih.gov/nucleotide/OP133576.1?report=genbank&log$=nucltop&blast_rank=67&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2291104
https://www.ncbi.nlm.nih.gov/nucleotide/NC_046785.1?report=genbank&log$=nucltop&blast_rank=74&RID=YXZR9KJ5016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206247
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206227
https://www.ncbi.nlm.nih.gov/nucleotide/NC_045868.1?report=genbank&log$=nucltop&blast_rank=1&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2058648
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=206235
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365750
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069568.1?report=genbank&log$=nucltop&blast_rank=9&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167160
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167167
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984994
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945170
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2860380
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167156
https://www.ncbi.nlm.nih.gov/nucleotide/MW719063.1?report=genbank&log$=nucltop&blast_rank=20&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365762
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945158
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067959.1?report=genbank&log$=nucltop&blast_rank=23&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2817244
https://www.ncbi.nlm.nih.gov/nucleotide/MW719058.1?report=genbank&log$=nucltop&blast_rank=27&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984991
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365751
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984992
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2684636
https://www.ncbi.nlm.nih.gov/nucleotide/MW719060.1?report=genbank&log$=nucltop&blast_rank=31&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2984993

22 Hoya liangii

NC_042245.1

23 Hoya pubicalyx NC_069561.1
24 Hoya longifolia NC_069560.1
25 Hoya griffithii NC_069565.1
26 Hoya ignorata MW719061

27 Hoya lanceolata NC_067960.1
28 Leichhardtia flavescens MW719052.1
29 Marsdenia tinctoria NC_079597.1
30 Gymnema yunnanense NC_079598.1
31 Stephanotis volubilis OP133576.1

32 Lygisma inflexum NC_079596.1
33 Vincetoxicum shaanxiense NC_046785.1

PL6.6. Danh sach cac loai co trinh ty ving dém rbcL-accD duoc st dung trong phén

tich phat sinh chung loai

TT Tén loai Ma truy cap trén GenBank
1. Hoya verticilata NC 085236.1
2. Hoya monetteae MW719053.1
3. Hoya lyi MW719055.1
4, Hoya carnosa OK 539590.1
5. Hoya omlorii MW?719060.1
6. Hoya ovalifolia NC 069563.1
7. Hoya radicalis NC 067961.1
8. Hoya rigida NC 067962.1
9. Hoya pubicalyx NC _069561.1
10. Hoya griffithii NC_069565.1
11. Hoya longifolia NC 069560.1
12. Hoya liangii OL_826865.1
13. Hoya kerrii NC _069570.1
14. Hoya dimorpha NC_067959.1
15. Hoya meliflua NC 069571.1
16. Hoya angustifolia NC 069566.1
17. Hoya silvatica NC_067963.1
18. Hoya pottsii OL_754664.1
19. Hoya lithophytica MW719058.1
20. Hoya caudata NC 069569.1
21, Hoya lacunosa NC 069564.1
22. Hoya exilis MW719054.1
23. Hoya pandurata NC _069562.1
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2563732
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=365769
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=945165
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1167136
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1266024
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=99298
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067960.1?report=genbank&log$=nucltop&blast_rank=51&RID=YY16245Z016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1619486
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2072778
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1628087
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=491995
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2785596
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2291104
https://www.ncbi.nlm.nih.gov/nucleotide/MW719053.1?report=genbank&log$=nucltop&blast_rank=5&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/MW719055.1?report=genbank&log$=nucltop&blast_rank=7&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/MW719060.1?report=genbank&log$=nucltop&blast_rank=27&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069563.1?report=genbank&log$=nucltop&blast_rank=4&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067961.1?report=genbank&log$=nucltop&blast_rank=9&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067962.1?report=genbank&log$=nucltop&blast_rank=10&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069561.1?report=genbank&log$=nucltop&blast_rank=14&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069565.1?report=genbank&log$=nucltop&blast_rank=11&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069560.1?report=genbank&log$=nucltop&blast_rank=12&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069570.1?report=genbank&log$=nucltop&blast_rank=32&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067959.1?report=genbank&log$=nucltop&blast_rank=16&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069571.1?report=genbank&log$=nucltop&blast_rank=8&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069566.1?report=genbank&log$=nucltop&blast_rank=35&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_067963.1?report=genbank&log$=nucltop&blast_rank=37&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/MW719058.1?report=genbank&log$=nucltop&blast_rank=30&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069569.1?report=genbank&log$=nucltop&blast_rank=29&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069564.1?report=genbank&log$=nucltop&blast_rank=42&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/MW719054.1?report=genbank&log$=nucltop&blast_rank=23&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069562.1?report=genbank&log$=nucltop&blast_rank=31&RID=YY1FVBBG013

24, Hoya commutata NC_067958.1
25. Hoya ariadna NC_069568.1
26. Hoya megalaster MW?719063.1
217. Leichhardtia flavescens MW719052.1
28. Lygisma inflexum NC_079596.1
29. Stephanotis volubilis OP133576.1

30. Dregea sinensis var. corrugata OP133575.1

31. Marsdenia tinctoria NC 079597.1
32. Vincetoxicum shaanxiense NC 046785.1
33. Gymnema yunnanense NC_079598.1
34. Cynanchum sibiricum 0Q390041.2

73 Stephanotis volubifis OP133576.7
Gymnema yunnanense NC 079598. 1
Lygisma inflexum NC 079596. 1
Vincetoxicum shaanxiense NC 046785.1
Marsdenia tinctoria NG 079597.1
Lefchhardtia flavescens MW7 19052.1
Hoya lithophytica MW719058.1

Hoya ariadna NG 069568. 1
Hoya lanceolata NC 06 7960. 1

Hoya dimorpha NC 06 7959.1
75 Hoya omiorii MW719060.1
Hoya megalaster MW 7190631

66
Hoya ignorata MW7 19061,
Hoya rigida NC 067962.1

53 Hoya thomsoni NC 06 76 12.1
Hoya radicalis NC 067967.7
59 Hoya longifolia NC 069560.1

71 Hoya griffithii NG 069565. 1
72 I: Hoya liangii NG 0422451
Hoya kerrii NC 069570.7
Hoya lyi MW7 19055.1
N Hoya ovalifolia NC 069563.1
Hoya meliflua NC 069571.1
© Hoya verticillata OR475244. 1
76 Hoya earnosa NC 045868.71
I: Hoya pubicalyx NC 069561.7
Hoya monetteae MW719053.1
Hoya commutala NC 067958.1
Hoya silvatica NC 067963. 1
Hoya pottsil NG 042246.1
Hoya angustifolia NC 069566. 1

—— Hoya lacunosa NC 0695641
76 —— Hoya caudata NC 069569.1

54

55
51

14

7. Phu luc PL7. So d6 phét sinh ching loai dua trén viing dém psbZ-rps14
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https://www.ncbi.nlm.nih.gov/nucleotide/NC_067958.1?report=genbank&log$=nucltop&blast_rank=46&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_069568.1?report=genbank&log$=nucltop&blast_rank=18&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/MW719063.1?report=genbank&log$=nucltop&blast_rank=26&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/MW719052.1?report=genbank&log$=nucltop&blast_rank=56&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079596.1?report=genbank&log$=nucltop&blast_rank=47&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/OP133576.1?report=genbank&log$=nucltop&blast_rank=54&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/OP133575.1?report=genbank&log$=nucltop&blast_rank=58&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079597.1?report=genbank&log$=nucltop&blast_rank=61&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_046785.1?report=genbank&log$=nucltop&blast_rank=96&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/NC_079598.1?report=genbank&log$=nucltop&blast_rank=62&RID=YY1FVBBG013
https://www.ncbi.nlm.nih.gov/nucleotide/OQ390041.2?report=genbank&log$=nucltop&blast_rank=83&RID=YY1FVBBG013

8. Phu luc PL8. Hinh anh thir nghiém dinh tinh cac hop chét c6 trong 14 Lan tai céo

I I 1 I 1 I I —
Dragendorff — Mayer Wagner (HCI0.IN  NaOH 0.IN "9

Alkaloid Saponin

Coumarin Glycoside Flavonoid Tannin Steroid

9. Phu luc PL9. Hinh anh vong khang khuan cua cao chiét Lan tai cao

A: Escherichia coli; B: Pseudomonas aeruginosa; C: Staphylococcus aureus; D:
Bacillus subtilis. 1, 2, 3 1a dung dich cao tong s v&i ndng do lan luot 12 100 mg/mL, 50
mg/mL, 25 mg/mL; 4 1a DMSO 1%; KS la khang sinh Amoxicillin 50 mg/mL




10. Phu luc PL10. Dt 1iéu phan lap, xac dinh saponin c6 trong Lan cai c4o.
PL10-1: Phé cong huéng tir hat nhan *H cua chit 1 trong dung méi CsDsN & tan sé 600 MHz

L

10 9 8 7 6 5 4 3 ppm

N
[

Két qua pho cong huang tir hat nhan proton *H cho biét d6 dich chuyén hoa hoc (ppm) va cuong do cua tin hiéu thé hién qua
chiéu cao ciia mdi tin hiéu. Két qua c6 3 tin hiéu proton (trong khoang tir 7,2-8,8 ppm) la ctia dung méi pyridine CsDsN, con
nhiing tin hiéu khac la cta cac proton co trong hop chat 1.
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PL10-2: Phd cong huong tir hat nhan 13C caa chat 1 trong dung moi CsDsN & tan s6 150 MHz

100 80 60 40 20 ppm
Két qua cho thay cac tin hiéu ctia cdc nhom carbon ankyl (R-CH,) trong vung tir 0-50 ppm; Nhom CH, CH, tu 20-100 ppm;

Anken (chira ndi d6i C=C) tir 100—150 ppm; carbon thom (Ar-C) tir 110-160 ppm c6 trong hop chit 1. 3 tin hiéu manh nhét
(trong khoang tir 120-150 ppm) la cua dung moi pyridine CsDsN.
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PL10-3: Phé twong quan di hat nhan qua 1 lién két (HSQC) cua chat 1 trong dung méi CsDsN & tan s6 600 MHz

,

Fl1 (ppm)
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F1 (tr 0-130 ppm) la d¢ dich chuyén hoa hoc pho cong hudng tur hat nhéan cua carbon (3C); F2 (tur 1,0-6,0 ppm) 1a d6 dich chuyen hoa
phod cong huong tir hat nhan cua proton (*H). Pho khao sat su ghép cap gitra 2 proton *H va 13C, hai hat nhan nay néu lién két véi nhau

s& dé lai tin hiéu trén phd, ddi véi carbon bac 4 khong lién két véi proton s& khong dé lai tin hiéu.
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PL10-4: Phd twong quan di hat nhan qua nhiéu lién két (HMBC) ciia chat 1 trong dung méi CsDsN & tan s6 600 MHz

o
:g: 20 - - o o
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~ @
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F1 (t 0-130 ppm) la d6 dich chuyén héa hoc pho cong huong tur hat nhan cua carbon (33C); F2 (ter 1,0-6,0 ppm) la d6 dich chuyén hoa
phd cong huong tir hat nhan caa proton (*H). Pho khao sat sy ghép cap gitra 2 proton *H va 13C qua 2, 3 lién két (tuong tac xa).
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PL10-5: Pho tuwong quan dong hat nhan H-H theo mach lién két (COSY) cua chat 1 trong dung méi CsDsN ¢ tan sb 600 MHz

F2 (ppm)

Pho COSY la pho twong quan gitta hai hat nhan proton (*H), phd cong huong tir hat nhan proton dwgc biéu dién trén 2 tryc, F1 va F2
v6i do dich chuyén hda hoc cua cac proton (*H) tir 0-6 ppm. Tin hi¢u ¢ trén duong chéo la tin hi¢u goc, tin hi¢u ngoai duong chéo cho
biet su ghép cap cua hai hat nhan cung loai.
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L.10-6: Phé twong quan tong thé (TOCSY) cua chét 1 trong dung mdi CsDsN & tan sé 600 MHz

E 1.0 8

o o °
& 159 e c ® o
- G @G oP

B 2.0 °

@ @
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6.0 5.5 5.0 4.5 4.0 36D 3.0 2.5 2.0 1.5 1.0

F2 (ppm)

F1 va F2 (tir 0-6 ppm) 1a do dich chuyén héa hoc pho cong huong tir hat nhan proton (*H). Pho cho thay mdi twong quan giira tat ca céc
proton co trong hop chat 1.
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PL10-7: Phé tang cudng Overhauser khung quay (ROESY) cua chét 1 trong dung mdi CsDsN & tan sé 600 MHz

F1 (ppm)
=
|

F2 (ppm)
F1 va F2 (tir 0-6 ppm) 1a do dich chuyén hda hoc phé cong huong tir hat nhan proton (*H). Pho cho thidy méi twong quan giita cac proton
trong khong gian. Théng qua sir dung hiéu tmg overhauser dé xac dinh mé hinh cau tric cua chat.
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PL10-8: Gia tri pho khdi ion hoa phun dién phan giai cao (HR-ESI-MS) cua chat 1

Intens, | pos.d: +MS, 0.7min

x104

61 649.3582

4.

2-

413.2679 1697.8966
0 . ; . " Hl'l l,\:_'Llu_Llﬂlll Uk .ujlu hJ F-L. LI.L‘- L_LlﬂllL.A_._\‘ y ¢ ay t ' LL.L] - Alrlx add I.A.L. .
200 400 600 800 1000 1200 1400 1600 1800 m/z

Truc hoanh 1a ty s6 khéi lwong phan ta/dién tich (m/z), truc tung 1a cudng do tin hiéu, két qua phd cho thay tin hiéu c6 cuong do
manh nhat (xap xi 60.000) c6 gié tri m/z 1a 649,3582 1a dinh co ban (ion manh nhat).
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PL10-9: Ph cong hudng tir hat nhan H cua chat 2 trong dung mdi CsDsN & tan s6 150 MHz

JoJy

[ T T ‘ T T T T T [ T T T T T [

9 8 7 6 5 4 3 2 1 ppm

Két qua pho cong huong tir hat nhan proton *H cho biét do dich chuyén hoa hoc (ppm) va cudng do cuaa tin hiéu thé hién qua chiéu cao
cua mdi tin hiéu. Két qua cé 3 tin hiéu proton (trong khoang tir 7,2-8,8 ppm) l1a cua dung méi pyridine CsDsN, con nhiing tin hiéu khac
la cua cac proton cd trong hop chat 2.

24



PL10-10: Phé cong hudng tir hat nhan 23C cua chét 2 trong dung mdi CsDsN & tan s6 150 MHz

2 [ a ‘ [ m ‘ ‘ | ‘ ‘. i ‘ ' 4 ;‘ cladart b I',_,P"”fw’lw
180 160 140 120 100 80 60 40 20 ppm

SRR N

Két qua cho thay cac tin hiéu cua cac nhom carbon ankyl (R-CH,) trong vung tir 0-50 ppm; Nhom CH, CH, tur 20-100 ppm; Anken
(chtra nbi d6i C=C) tir 100—150 ppm; carbon thom (Ar-C) tir 110—160 ppm c6 trong hop chat 2. 3 tin hiéu manh nhat (trong khoang tir
120-150 ppm) la cua dung méi pyridine CsDsN.
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PL10-11: Phé twong quan di hat nhan qua 1 lién két (HSQC) cua chit 2 trong dung mdi CsDsN ¢ tan s6 150 MHz
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F1 (tr 0-130 ppm) la d¢ dich chuyén hoa hoc pho cong hudng tu hat nhéan cua carbon (*3C); F2 (tur 1,0-6,0 ppm) 1a d6 dich chuyen hoa
phod cong huong tir hat nhan cua proton (*H). Pho khao sat su ghép cap giira 2 proton *H va 13C, hai hat nhan nay néu lién két véi nhau
s& dé lai tin hiéu trén phd, ddi véi carbon bac 4 khong lién két véi proton s& khong dé lai tin hiéu.
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PL10-12: Phé twong quan di hat nhan qua nhiéu lién két (HMBC) cua chét 2 trong dung mdi CsDsN & tan s6 150 MHz
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F1 (tr 0-130 ppm) la d¢ dich chuyén hoa hoc pho cong hudng tir hat nhan cua carbon (**C); F2 (tir 1,0-6,0 ppm) 1a do dich chuyén hoa
phd cong huong tir hat nhan caa proton (*H). Pho khao sat sy ghép cap gitra 2 proton *H va 13C qua 2, 3 lién két (tuong tac xa).
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PL10-13: Phé twong quan dong hat nhan H-H theo mach lién két (COSY) cua chit 2 trong dung mdi CsDsN & tan s6 600 MHz
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Pho COSY la pho twong quan gitta hai hat nhan proton (*H), phd cong huong tir hat nhan proton dwgc biéu dién trén 2 truc, F1 va F2
véi @6 dich chuyén hoa hoc cua cac proton (*H) tir 0-6 ppm. Tin hiéu ¢ trén duong chéo la tin hiéu goc, tin hiéu ngoai duong chéo cho
biét sy ghép cap cuaa hai hat nhan cung loai.
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PL10-14: Phé twong quan tong thé (TOCSY) cua chat 2 trong dung méi CsDsN & tan s6 600 MHz
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F1 va F2 (tir 0-6 ppm) 1a do dich chuyén héa hoc pho cong huong tir hat nhan proton (*H). Pho cho
proton co trong hop chat 1.
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PL10-15: Phé ting cuong Overhauser khung quay (ROESY) cua chit 2 trong dung méi CsDsN & tan s6 600 MHz

Fl1 (ppm)

F2 (ppm)

F1 va F2 (tir 0-6 ppm) 1a do dich chuyén hda hoc phé cong huong tir hat nhan proton (*H). Phé cho thiy méi twong quan giita cac proton
trong khong gian. Théng qua sir dung hiéu tmg overhauser dé xac dinh mé hinh c4u tric cua chét.
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PL10-16: Gia tri pho khdi ion hoa phun dién phan giai cao (HR-ESI-MS) cua chat 2

Intens. +MS, 0.5min
x104]
795.4158
6_‘
4.-
2-
413.{2665 L 1 1182.6288 1568.8175
0 . 1a 1 .|l l.JIA ek .LLL' LL' 21 e mph I r Ll ’ —— . . r .
400 600 800 1000 1200 1400 1600 m/z

Truc hoanh 1a ty s6 khéi lwong phan ta/dién tich (m/z), truc tung 1a cudng do tin hiéu, két qua phd cho thay tin hiéu c6 cuong do
manh nhat (xap xi 65.000) cé gié tri m/z 12 795,4158 1a dinh co ban (ion manh nhat).
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PL10-17a: Két qua tim kiém (Scifinder) ciu tric chat 1

CAS Z: scifinder” Task History
Initiating Search September 11, 2023, 10:32AM
® Substances: .\
Filtered By: ) L
Stereochemistry: Absolute Stereo Match

Structure Match: Substructure

Search Tasks

Task Search Type View

Exported: Returned Substance Results + Filters (6) ® Substances View Results

Copyright © 2023 American Chemical Society (ACS). All Rights Reserved.
Internal use only. Redistribution is subject to the terms of your SciFinder” License Agreement and CAS information Use Policies.
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PL10-17b: Két qua tim kiém (Scifinder) chat giéng chat 1

113679-33-7 Key Physical Properties Value
Molecular Weight 642.78
oy a N . o §:>f:: Boiling Point (Predicted) 813.3+65.0 °C
MS:% o Density (Predicted) 1.39+0.1 g/cm3
Ab;;lute stereochemistry shown pKa (Predicted) 12.91+0.70
C33Hs54012
B-D-Glucopyranoside, (3B,20R)-pregn-5-ene-3,
20-diyl bis-
2 K2 ®m o
References Reactions Suppliers
2
123367-47-5 Key Physical Properties Value
Molecular Weight 642.78

Boiling Point (Predicted) 813.3+65.0 °C

Density (Predicted) 1.39+0.1 g/cm3

Absolute stereochemistry shown pKa (Predicted) 12.91+0.70

C33Hs54012
a-D-Glucopyranoside, (33,20R)-pregn-5-ene-3,
20-diyl bis-
1 K2 ®mo
Reference Reactions Suppliers

33

Condition

Press: 760 Torr
Temp: 20 °C; Press: 760 Torr

Most Acidic Temp: 25 °C

Condition

Press: 760 Torr
Temp: 20 °C; Press: 760 Torr

Most Acidic Temp: 25 °C



PL10-18a: Két qua tim kiém (Scifinder) ciu tric chat 2

CAS %z scifinder Task History
Initiating Search September 11, 2023, 3:25PM

® Substances:

Filtered By:
Similarity: 95-98
Number of Components: 1

Structure Match: Similarity

Search Tasks

Task Search Type View

Exported: Returned Substance Results + Filters (22) ® Substances View Results

Copyright © 2023 American Chemical Society (ACS). All Rights Reserved.
Internal use only. Redistribution is subject to the terms of your SciFinder" License Agreement and CAS information Use Policles.
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PL10-18b: Két qua tim kiém (Scifinder) chat giéng chat 2

CAS '9:': SciFinder"

L

® Substances e

521970-07-0 Key Physical Properties Value

Molecular Weight 804.92

oy

g SR Q’ Boiling Point (Predicted)  969.8+65.0 °C
A 1

.n-%:\/ Density (Predicted) 1.48+0.1 g/cm3
W
Absolute stereochemistry shown pKa (Predicted) 12.89+0.70
Experimental Properties | Spectra
C39H64017

(3B,205)-3-(B-D-Glucopyranosyloxy)pregn-5-
en-20-yl 6- O-B-D-glucopyranosyl-3-D-glucopyr

anoside
5 Ao - 2
References Reactions Suppliers
2
73532-66-8 Key Physical Properties

Molecular Weight

Absolute stereochemistry shown,
Rotation (-)

CaoHe6017
(3B,160,205)-3,16-Dihydroxypregn-5-en-20-yl
O-B-D-glucopyranosyl-(1-6)- O-B-D-glucopyr
anosyl-(1-2)-6-deoxy-3- O-methyl-B-D-
galactopyranoside

4 A2 w0
References Reactions Suppliers
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Condition

View in SciFinder"

Similarity Score: 97

Press: 760 Torr

Temp: 20 °C; Press: 760 Torr

Most Acidic Temp: 25 °C

Value

818.94

Similarity Score: 96

Condition



PL10-20a: Dir liéu so sanh cong hwong tir hat nhan cua parasiticoside A (1) va

periseoside C

parasiticoside A (1)

periseoside C

Position oc OH Position oc OH
1 375 106m, 1.62m 1 375 0.95, 1.66
2 313 170m, 2.14 m 2 30.2 1.70, 2.09 br d (11.2)
3 78.1 3.93 ov 3 78.1 3.01
243 (brt, 12.8),
4 39.3 2.28'm,2.72'm 4 39.3 ) déd i30. 4).5,
2.3)
5 140.9 : 5 140.9 -
6 125.0 5.67brs 6 121.9 5.29 (M)
7 321 140m, 1.95m 7 321 1.44 (m), 1.81
8 318 130 ov 8 31.8 133
9 50.3 0.80m 9 50.3 0.80
10 36.9 ; 10 36.9 -
11 21.0 127m, 145 m 11 21.0 132,137
1 39.1 1.00m, 1.82m 1 39.1 1.00, 1.82
13 405 : 13 415 -
14 56.7 1.08 ov 14 56.7 0.86
15 28.0 191 m, 240 m 15 27.2 189m, 233 m
16 26.4 105m, 153 m 16 244 1.05, 153
17 62.4 1.60 ov 17 58.3 157m
18 16.9 0855 18 124 0.64s
19 16.0 1285 19 19.4 0.88s
20 813 3.98 ov 20 813 3.86 M
21 235 1.12d (6.0) 21 233 152d (6.0)
Fuc-1 99.8 4.78d(7.6) Glcl-L | 1026 5.02d (7.7)
7 742 452dd (9.4, 7.6) 2 75.4 4.03pt (7.9)
3 76.6 4.08dd (9.4, 2.9) 3 783 4.27 pt (8.5)
4 72.9 3.93brd (2.9) 4 717 4.23 pt (8.5)
5 70.8 3.62brq (6.4) 5 78.6 3.95
6 17.0 1.46 d (6.4) 6 62.9 4.39dd (11.6, 3.0),
Gle-1 103.4 4.90d (7.6) Glell-1 | 1062 4.54 br dd(gl%‘a) 4.93
2 747 4.05 ov 7 7538 3.98
3 78.0 4.26 o 3 785 4.25 pt (8.5)
4 72.2 418 ov 4 718 421 pt (85)
5 781 3.96m 5 787 3.96
6 62.4 433m, 454 m 6 63.0 4.38dd (118, 3.1),

453 br d, (11.8)
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Fuc

OH

Gle

1 Periseoside C

CAu trc cua chat 1 dua trén dit liéu phan tich va so sanh (Chét c6 dic diém trong dong la periseoside C)
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PL10-20b: Dir liéu so sanh cong hudng tir hat nhin cia parasiticoside B (2) va

biondianoside D

Parasiticoside B (2) Biondianoside D
Position oc OH Position dc OH
1 37.4 1.08 m, 1.66 m 1 375
2 32.3 1.75m,2.18 m 2 30.2
3 77.9 3.97 ov 3 78.1
4 39.2 2.40m, 2.82 m 4 39.3
5 140.9 - 5 140.9 5.32brs
6 125.0 5.72brs 6 121.9
7 32.7 1.43m, 1.97 m 7 32.1
8 32.2 1.350v 8 31.8
9 50.3 0.87m 9 50.3
10 36.3 - 10 36.9
11 23.9 1.18m, 1.48 m 11 21.0
12 39.3 1.11m, 1.83m 12 39.0
13 40.6 - 13 41.5
14 56.7 1.09 ov 14 56.6
15 28.0 1.92m, 248 m 15 27.3
16 26.8 1.09m, 1.54 m 16 24.4
17 62.3 1.64 ov 17 58.3
18 16.9 091s 18 12.4 0.64s
19 15.9 1.26s 19 19.4 0.90s
20 81.2 4.01 ov 20 81.2 3.93m
21 23.6 1.28 d (6.0) 21 23.6| 1.62d(6.0)
Fuc-1 99.9 4.80d (7.6) GlcI-1 105.3| 5.03d(7.6)
2 74.4 4.53 dd (9.4, 7.6) 2 75.5
3 76.4 4.12 dd (9.4, 2.9) 3 78.4
4 73.1 3.96 br d (2.9) 4 71.7
5 70.9 3.68 brq (6.4) 5 77.3
6 16.8 1.49d (6.4) 6 70.1
Glc-1 103.5 4.88 d (7.6) Glc 1I-1 106.0| 4.89d(7.6)
2 74.6 4.06 ov 2 75.3
3 77.9 4.28 ov 3 78.4
4 72.3 4.18 ov 4 71.7
5 78.1 3.96m 5 78.5
6 62.3 4.30m, 4.52 m 6 62.8
Rha-1 101.2 6.35 brs Glc 111-1 102.6] 5.19d (7.7)
2 72.1 4.79 brs 2 75.2
3 72.2 4.61 dd (9.4, 3.5) 3 78.5
4 73.8 4.35dd (9.9, 9.4) 4 71.7
5 69.0 4.83dq (9.9, 5.9) 5 78.6
6 18.7 1.78 d (5.9) 6 62.8
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Gle 5 oH -
20,0 HO HO
o OH
Glell GleIn

HO OH

2 Biondianoside D

Cau trlic cua chat 2 dua trén dit liéu phan tich va so sanh (Chat c6 dic diém twong dong la Biondianoside D)
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