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LOI CAM DOAN

T6i xin cam doan dé tai nghién ciru trong ludn van nay la céng trinh
nghién cuu cua toi dua trén nhitng tai liéu, 56 lidu do chinh t6i tw tim hiéu va
nghién ciru. Chinh vi vdy, cdc két qua nghién citu dam bdo trung thiee va
khéch quan nhdt. Dong thoi, két qua ndy chua tirng xudt hién trong bdt cir
mét nghién ciru nao. Céc s liéu, két qud néu trong ludn vin I trung thyc néu

sai toi hoan chiu trach nhiém trudc phap ludt.

Tac gia luan van

Vi Thi Trinh



LOI CAM ON
Loi dau tién, em xin dugc bay t6 10ng biét on chan thanh dén toan bo
Quy Thay Cb6 ctia Hoc vién Khoa hoc va Cong nghé vi da truyén tai nhimng
kién thirc quy bau, nhitng kinh nghiém thuc té cho em. Em xin chan thanh
cam on Ban Lanh dao, Phong Pao tao, cac phong chirc nang cta Hoc vién
Khoa hoc va Cong nghé da tao diéu kién thuan loi cho em trong subt qua trinh

hoc tap.

Vi tat ca sy tran trong va quy mén, em xin giri 101 cam on sdu sic nhat
téi PGS. TS. Lé Thi Thu Hién, nguoi da tan tinh giap do, dinh hudng cach tu
duy va lam viéc khoa hoc. Cam on c6 da tan tinh chi bao, huéng dan va tao
diéu kién thuén loi cho em trong subt qué trinh hoc tap, nghién cru va thuc
hién luan vin tot nghiép. D6 1a nhimg trg giup hét siic quy bau, khong chi
trong qua trinh thuyc hi¢n ludn vdn ma con la hanh trang tiép budc cho em

trong qué trinh hoc tap va nghién ctru sau nay.

Em ciling xin duogc gui 161 cam on téi cac thanh vién ctia Phong Da
dang sinh hoc hé gen, Vién Nghién ctiu hé gen, Vién Han lam Khoa hoc va
Cong nghé Viét Nam, dac biét cam on TS. Huynh Thi Thu Hug, TS. Ha Héng
Hanh, TS. Vil Tuan Nam, ThS. Luu Han Ly, ThS. Nguyén Nhat Linh, ThS.
DPao Quang Ha, CN. Nguyén Van Giang va CN. Nguyén Thi Bich Ngoc, vi d
hd tro em rat nhiéu trong qué trinh nghién ctru va hoc hoi, dé em c6 thé hoan

thién luan van nay.

Nghién ctru nay dugc thuc hién vai su hd tro tir dé tai “Giai trinh tu va
phan tich hé phién ma (transcriptome) & sam Ngoc Linh (Panax viethamensis
Ha et Grushv.).

Cubi cing, em v cing biét on gia dinh va ban bé di khich 1¢, dong
vién va luén bén em trong qua trinh hoan thanh luan van nay. Em xin chan

thanh cam on.



MUC LUC

DANH MUGC CAC TU VIET TAT coieieeeeeeeete et eet ettt eten s en s anes s s i
DANH MUC BANG ...ttt ettt n s ii
DANH MUC HINH ..ottt en st iii
MO DAU ..ottt ettt ettt en et en st 1
CHUONG 1. TONG QUAN TAILIEU ..ot et eeeee e ee e ee e, 3
1.1 CHI NHAN SAM VA SAM NGOC LINH ..ot 3
121 CRENRAN SAM oottt en et 3
1.1.2  SAM NGOC LINN oot 4

1.2 NGHIEN CUU GIAl TRINH TU HE GEN O CAC LOAI THUOC CHI
PANAX 9

1.3 NGHIEN CUU BIEU HIEN CUA CAC GEN CHUC NANG O CAC

LOAI THUOC CHIPANAX ...ttt ettt n sttt s 11
CHUONG 2. VAT LIEU VA PHUGNG PHAP NGHIEN CUU ......c.cccoovvvrverreiernnens 13
2.1 VAT LIEU NGHIEN CUU ..ot es st 13
2.1.1. CAC MAU SAM NGNIBN CTU w...vovecveceescee ettt 13
2.1.2. CAC CAP MOT ST AUNG ...eoveveeveevereeeeeseeseese s testest st st esse s 13
2.1.3. HO CHAL, thIEE D ..ottt ettt e ettt e et ee e eeneene 15
2.2. PHUONG PHAP NGHIEN ClUU.......coiiiiiiieeeeeeee ettt 15
2.2 1 TRU MMAU oottt ettt et ettt e et et e st et et et et e e et et er e e et eseeereereeeeearene e 15
2.2.2. Tach chiét va kiém tra chat Iugng RNA tONG SO.......cvvvevervrenrrireseieesiesrsienessnens 16
2.2.3. TONG NOP CDNA .....oooeeeeeeeeeeeeeeeee s en st s et 17
2.2.4. Xay dyng dit liéu cac gen lién quan dén con dudng sinh téng hop ginsenoside..... 17
2.2.5. ThiGt K& CAC CAP MO ..ottt 18
2.2.6. Nhan gen quan tdm st dung phuong phap reverse transcription PCR .................. 18
2.2.7. Xac dinh trinh ty gen quan tdm sir dung phuong phap Sanger.........c.ccocvvvveneennen. 18
2.2.8. Nghién ciru biéu hién mot s6 gen chic nang bang realtime PCR............cccvvevvneee. 20
CHUONG 3. KET QUA VA THAO LUAN ..ot 21
3.1. KET QUA TACH CHIET, TINH SACH, KIEM TRA CHAT LUGNG, DINH

LUONG RNA TONG SO TU MO LA, THAN RE SAM NGOC LINH.......c.cococvveven.. 21
3.2. KET QUA XAY DUNG CON DUONG SINH TONG HOP GINSENOSIDE

GIA DINH O SAM NGOC LINH ..ottt ess st 22
3.2.1. Théng ké so b6 s6 lwong unigene gan Vei MOi N ..........cvveveeeeeeeeeeeeees e 22

3.2.2. Thong K& dit lidU CAC UNIGENE CUtNE.......c.cvevvieeeieeeeeee st 25



3.3. KET QUA PHAN TICH BIEU HIEN CAC GEN LIEN QUAN PEN CON
PUONG SINH TONG HOP GINSENOSIDE O MAU LA SAM NGOC LINH 1

VA G NAM TUON oo e e et e e et e et r et r et r e er et et ereeena,

3.4. KET QUA PHAN TICH BIEU HIEN CAC GEN LIEN QUAN PEN CON
PUONG SINH TONG HOP GINSENOSIDE O MAU THAN RE SAM NGOC
LINH 1 VA 4 NAM TUOI

3.5. KET QUA SO SANH MUTC BIEU HIEN CUA CAC GEN LIEN QUAN DEN
TONG HOP GINSENOSIDE GIUA MO LA VA THAN RE SAM NGOC LINH O

HAL DO TUON oottt ettt e et s et e s enenen
DANH MUC CONG TRINH CUA TAC GIA ..ot eeee e

TAI LIEU THAM KHAO

Phu luc 3.1 Ma tran so sanh cDNA ctia mét s6 gen lién quan dén con duong sinh
téng hop ginsenoside phan 1ap tir sam Ngoc Linh véi trinh tu tham chiéu va

trinh tu trich Xut tir dit [i8U tranSCriPtOME ........c.cveveiveeieececeee et

PHU LUC e nn e



DANH MUC CAC TU VIET TAT

Chir viét tit Tén day du (tiéng Anh)

Tén day du (tiéng Viét)

Bp
cDNA
DNA
dNTPs

Dtg
ESTs
IUCN

Kb

LSC
NCBI

ORF

PCR
gPCR

RNA

SSR
UTR

Base pair
Complementary DNA
Deoxyribonucleic acid

Deoxyribonucleotide
triphosphates

et al.

Expressed sequence tags
International Union for
Conservation of Nature and
Natural Resources

Kilo base

Large single-copy region
National Center for
Biotechnology Information
Open reading frame

Polymerase chain reaction

Quantitative polymerase
chain reaction

Ribonucleic Acid

Simple sequence repeat
Untranslated region

Cap base
DNA bb sung
Acid deoxyribonucleic

Deoxyribonucleotide
triphosphates

Pong tac gia

Cac trinh tu biéu hién

Lién minh Quéc té Bao ton thién
nhién va Tai nguyén thién nhién

Kilo base (1.000 bp)
Vung ban don 16n

Trung tdm Tin sinh hoc Quéc gia

Khung doc mé

Phan ang chudi polymerase
Phan ung chudi polymerase dinh
lugng

Acid ribonucleic

Trinh tu lap lai don gian

Vung khong dich ma




DANH MUC BANG

Bang 2. 1 Cac cap mdi phuc vu nhan gen quan tdm sir dung RT-PCR.......... 13
Bang 2. 2. Cac cap mdi phuc vu nghién ctu biéu hién cua cac gen sur dung
FEAITIME PCR ...ttt et et neennee e 14
Bang 3. 1 Nong do va do sach (A260/A280) cua mot sé6 mau RNA
sam Ngoc Linh sau tAch chiét VA tiNh SACH ..........cvvieeeeeeeeeee e 22
Bang 3. 2 Théng ké sb lugng va mic d6 biéu hién trong d6i cua cac unigene
tham gia vao con duong sinh tdng hop ginsenoside tir két qua giai trinh tu hé gen
PhIEN M SAM NJOC LINN ..o 23
Bang 3.3 Dit liéu unigene cua mot so gen lién quan dén con duong sinh tong
NOP GINSENOSIAR ...t et e e s e e sreeenneeeree s 25
Bang 3.4 So sanh murc d6 bicu hién ctia mot s6 gen lién quan dén con dudng

sinh téng hop ginsenoside & mo 14 va than ré sim Ngoc Linh 1 nim tudi va 4 nim



DANH MUC HINH
Hinh 1. 1 Cac loai tu nhién thuoc chi Panax ¢ Viét Nam ........c.cccoeeevveeveennee. 5
Hinh 1. 2 So d6 gian luoc qué trinh sinh tong hop céc ginsenoside & thuc vat
..................................................................................................................................... 8
Hinh 2. 1 Giai trinh tw DNA bang phuong phap Sanger ..........cc.cc.ce.evueeunne.. 19
Hinh 3. 1 Kiém tra két qua tach chiét va tinh sach RNA tdng s6 trén gel
agarose tir cac mau la (A) va than ré sam NgoC Linh (B)....ccvveveeviveeceeeeeeeeenans 21
Hinh 3. 2 Téng quan con dudng sinh tong hop ginsenoside gia dinh ¢ loai
T L 0T AN [0 o Yol o o USSR 24
Hinh 3. 3 Két qua khuéch dai mot s6 gen lién quan dén sinh tong hop
ginsenoside ¢ SAM NQGOC LiNN .......ccooviiiiiicccece e 29
Hinh 3. 4 T4i uu hoa mdi khuéch dai cac gen EF, AACT, IDI, SS, SE ......... 34

Hinh 3. 5 Biéu hién cia cac gen lién quan dén sinh tong hop ginsenoside &
MO 14 SAM NZOC LiNN ..eviiiiiiiiiiiiciie e 36
Hinh 3. 6 Biéu hién cua cac gen lién quan dén sinh tong hop ginsenoside &
MO thAN 1€ SAM NOC LiNN ...cviveveviececeeeieeeecee ettt 38
Hinh 3. 7 So sanh mitc biéu hién cua cac gen lién quan dén sinh tong hop

ginsenoside & md 14 va than ré sAim Ngoc Linh 1 va 4 ndm tuoi ....co.coovvveveveveerrnnnen 39



MO DAU

Sam Ngoc Linh 1a loai duoc liéu quy thudc chi Nhan sam (Panax L.) 0
ham luwong saponin khung dammaran cao nhit (khoang 12-15%) va ham
lugng triterpene nhiéu nhat so véi cac loai khac thudc chi Panax trén thé gi6i.
Sam Ngoc Linh co dén 52 loai saponin, 18 amino acid, 20 chit khoang vi
lugng, 0,1% tinh dau. Sam Ngoc Linh c6 nhiéu cong dung dac biét nhu chéng
stress, chong tram cam, giam lo au, chdng oxy hoa, kich thich hé mién dich,
tang kha niang hdi phuc mau, ting kha ning van dong, chéng suy nhugc co
thé [1-2]. Tir nim 1985 dén nay, d c6 nhiéu cong trinh nghién ciru cong bd
vé hoa hoc, hoat tinh sinh hoc va ciu trac héa hoc cia cac hop chét tiéu biéu
phan lap tir sim Ngoc Linh [3-7]. Nhitng két qua nghién ctru nay khang dinh
gia tri rat quy cua sim Ngoc Linh so véi cac loai nhan sam khéac trén thi
truong. Tu nhitng nam 1990, sim Ngoc Linh trong tu nhién hau nhu d3 bi
khai thac can kiét va c6 nguy co tuyét chung, tré thanh mdt loai thuc vat cé
tén trong sach d6 Viét Nam [5]. Theo tiéu chuan phan hang trong Danh luc
Do cua IUCN (1994 va 2001), sam Ngoc Linh & trong tinh trang “Cuc ky
nguy cap”. Trude tinh hinh d6, Viét Nam di c6 nhitng chu trwong, chinh séch
daung dan nham khoi phuc, bao ton va phat trién cdy sim Ngoc Linh. Nhiéu
cong trinh nghién ctru nham diéu tra, phan loai, xac dinh ving phan bd,
nghién ctru thanh phan hoéa hoc va dugc tinh, danh gia da dang di truyén, tim
kiém m3 vach DNA, xay dung mbi quan h¢ phat sinh chung loai, bdo tdn,
nhan giéng, san xuét gia thé, k¥ thuat canh tac, gieo tréng, bao vé thuc vat,
ché bién, bao quan sim Ngoc Linh d va dang duoc thuc hién. So véi cac loai
khac trong chi Nhan sam, cac nghién ctru & murc do phan tir va in silico lién
quan dén hé gen phién mi ciing nhu cac gen lién quan dén sinh tong hop

ginsenoside van con rat it.

Trong nghién ctru nay dit liéu hé gen phién ma ctia sam Ngoc Linh
duoc phan tich va trén co s¢ cac thong tin thu dugc, phuong phdp real time
PCR duoc st dung dé danh gia mic d6 biéu hién cta cac gen quan tim co
lién quan dén qua trinh sinh tong hop ginsenoside ¢ 14 va than ré cia cdy sam
Ngoc Linh. Két qua gop phan cung cép co so khoa hoc danh gia vai tro cua
yéu t6 di truyén dén sy sinh tong hop ginsenoside & cdy sam Ngoc Linh.
Nghién ctru “Phén tich biéu hi¢n mdt sé gen lién quan dén con dwong sinh
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tong hop ginsenoside & sim Ngoc Linh (Panax vietnamensis Ha et
Grushv.) >’ da dugc thuc hién vo1 muc ti€u va nhirng ndéi dung cu thé nhu
Sau.

1. MUC TIEU:

Pé tai dat muc tiéu xac dinh dugc cac gen chinh tham gia vao con
duong sinh tong hop ginsenoside & sdm Ngoc Linh va danh gia duoc mirc do
biéu hién ctia mot sb gen nay & md 14, than ré ciia sdim Ngoc Linh 1 va 4 nim
tudi.

2. NOI DUNG:

a) Xac dinh cac gen lién quan dén con duong sinh tong hop ginsenoside
& sam Ngoc Linh thong qua phan tich dir liéu hé gen phién ma thu dugc tu
giai trinh ty gen thé hé mai;

b) Xay dung con dudng sinh téng hop ginsenoside gia dinh & sdm Ngoc
Linh;

¢) Nhén ban va xéac dinh trinh tr mot s6 gen lién quan dén con dudng
sinh tong hop ginsenoside & sam Ngoc Linh sir dung phuong phap Sanger;

d) Phan tich biéu hién cac gen lién quan dén con dudng sinh tong hop
ginsenoside & mau 14 sAm Ngoc Linh 1 va 4 nam tudi;

e) Phan tich biéu hién cac gen lién quan dén con dudng sinh tong hop
ginsenoside & mau than ré sim Ngoc Linh 1 va 4 nim tudi;

f) So sanh mirc biéu hién cia cic gen lién quan dén tong hop

ginsenoside giita mo 14 va than ré sam Ngoc Linh ¢ hai d9 tuoi.



3

CHUONG 1. TONG QUAN TAI LIEU

1.1 CHI NHAN SAM VA SAM NGOQC LINH
1.1.1 Chi Nhan sam

Chi Nham sam (Panax L.) 1a loai cdy ldu nam c6 ci, phat trién rat cham
thudc ho Ngil gia bi (Araliaceae), bo Apiales (Hoa tan), chi yéu moc & Bic
ban cautrong khu vuc Pong A (phan Ién ¢ Triéu Tién- Cao Ly), Trung
Quéc, Pong Siberi va Bac My, dic trung 1a xa lanh. Trong d6 & Bac My chi
c6 1 loai, con lai tap trung & Pong A (ké ca Himalaya). Tat ca cac loai déu co
gia tri lam thudc, mot sb cd gia tri kinh té rat cao, mang lai ngudn thu hang
trim triéu USD nhu sam Triéu Tién (Panax ginseng), sim My (Panax
quinquefolius), sim Nhat (Panax japonicus) va Tam that (Panax notoginseng)
[9]. Gan day, 12 loai v&i 2 thir thudce chi ndy da dugc md ta [10-11]. Céc loai
chinh bao gém: P. quinquefolius L., P. trifolium L., P. ginseng C.A.Mey., P.
pseudoginseng Wall., P. japonicus (T.Nees) C.A.Mey., P. notoginseng
(Burkill) F.H.Chen, P. stipuleanatus H.T.Tsai et K.M.Feng, P. bipinnatifidus
Seem., P viethamensis Ha et Grushv. [4, 11]. Mot s6 loai dugc goi tén theo
tén qudc gia, chi ngudn gbc xuit x& cia sdm nhu P. japonicus, P.
notoginseng, P. quinquefolius va P. vietnamensis lan luot dugc goi la sam
Nhat, sdm Trung Qudc, sim My va sam Viét Nam [11].

Nhiéu loai Panax chtra cac hop chit tu nhién triterpene saponin hay
con goi la céc ginsenoside c6 cau tao phan tir kha phuc tap, doc déo, co hoat
tinh tét va c6 tac dung ting cuong thé luc, chdng oxy hoa, ung thu, dai thao
duong, bao vé hé than kinh [1-2]. Nhiéu cong trinh trén thé gidi ciing nhu &
Viét Nam di lua chon cac loai thudc chi Panax 1am déi tugng nghién ciu vé
thanh phan héa hoc va duoc tinh, danh gia da dang di truyén, xay dung mdi
quan hé phét sinh chang loai, nhan gidng, gieo trong. Tir nam 1959, khi
Petkov lan dau cdng bd vé duoc tinh caa chiét xuat tir P. ginseng, dén nay da
c6 trén 6.000 cong trinh vé cac phuong thac sir dung, thanh phan hoa hoc, cac
dac tinh sinh hoc va dugc hoc caa sam [11].

Do viing phan bé han ché va gi4 tri kinh té cling nhu cau tiéu dung rét
cao nén nhiéu loai thuoc chi Panax da bi khai thac qua muc va tro nén rat


https://vi.wikipedia.org/wiki/B%E1%BA%AFc_b%C3%A1n_c%E1%BA%A7u
https://vi.wikipedia.org/wiki/B%E1%BA%AFc_b%C3%A1n_c%E1%BA%A7u
https://vi.wikipedia.org/wiki/%C4%90%C3%B4ng_%C3%81
https://vi.wikipedia.org/wiki/Tri%E1%BB%81u_Ti%C3%AAn
https://vi.wikipedia.org/wiki/Trung_Qu%E1%BB%91c
https://vi.wikipedia.org/wiki/Trung_Qu%E1%BB%91c
https://vi.wikipedia.org/wiki/Xibia
https://vi.wikipedia.org/wiki/B%E1%BA%AFc_M%E1%BB%B9
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hiém trong tu nhién [12,13]. Nhiéu quéc gia di trién khai cac chuwong trinh
bao ton, khai thac va sir dung bén vitng cac nguon gen dic biét quy hiém nay,
nhu sam Triéu Tién/ Han Quéc, sdm Trung Qudc va sam My duoc trong
thuong mai va phd bién nhat [11]. Gan day, sim Viét Nam ciing duoc wu tién
phat trién thanh san pham quéc gia.

1.1.2 Sam Ngoc Linh

Sam Ngoc Linh (Panax vietnamensis Ha et Grushv.) thudc chi Nhan
sam (Panax L.) 1a mot trong nhitng loai cay duoc liéu quy hiém va dic hiru
ctia Viét Nam, dugc sir dung nhu thao duoc giup phuc hdi va ting cudng stic
khoe. O Viét Nam, cac nghién ciru vé phan loai va xac dinh thanh phan loai
ctia chi Panax cho thay chi ndy gdm 3 loai moc ty nhién c6 gia tri 1am thudc
bao gom P. bipinnatifidus Seem. (sdm Vii diép), P. stipuleanatus Tsai et Feng
(Tam that hoang), P. vietnamensis Ha et Grushv. (sdm Ngoc Linh) [3-7]. S&m
Ngoc Linh con ¢6 céac tén goi khac 1a saim Viét Nam, sam khu Nam (KS5), sam
tric (sam dot trac, trac tiét sim), ct Ngai rom con hay cdy Thudc gidu. Sim
Ngoc Linh duoc phat hién vao nim 1973 va dén nim 1985 méi duoc cong bd
1a hoan toan mdi d6i voi khoa hoc [3]. S4m Ngoc Linh moc day thanh ddm
dudi tan rimg doc theo cac sudi am trén dat nhiéu mun, moc tap trung cha yéu
& chan nti Ngoc Linh, thudc cac huyén Tra My, Tra Linh, Tra Giang, tinh
Quang Nam. Hai thtr khac cta P. vietnamensis duoc phat hién gan day 1a P.
vietnamensis var. fuscidiscus K.Komatsu, S.Zhu et S.Q.Cai (sém Lai Chau)
phan bd ¢ Lai Chau [7], P. vietnamensis Ha et Grushvitzky var. langbianensis
N.V.Duy, V.T.Tran & L.N.Trieu (sam Lang Bian) dugc phat hién ¢ vung nli
Langbian, Lam Dong. Ngoai ra, Panax sp. (sau diy goi 1a Panax sp.
Puxailaileng) phan bd ¢ ving nti Puxailaileng thudc tinh Nghé An duoc xac
dinh 1a mot thir ctia sdim Ngoc Linh va can cac nghién ctru sau hon [14]. Gan
day, phan tich cay phat sinh ching loai dua trén vung ITS-rDNA va matK,
Pham et al. (2020) da xac dinh sam Puxailaileng la P. vietnamensis var.
fuscidiscus [15]. Twong ty nhu nhiéu loai thudc chi Panax, sim Ngoc Linh tré
nén cuc ky quy hiém trong tuy nhién dugc dua vao Danh luc dé caa IUCN
(2003) va Sach d6 Viét Nam (2007) do pham vi phan bd han ché va viéc khai
thac qua muc. Hinh 1.1 Cac loai ty nhién thudc chi Panax & Viét Nam mo ta

mot sd dic diém hinh théi cua cac loai/ thir thudc chi Panax ¢ Viét Nam (bao
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gém sam Ngoc Linh, sdm Lai Chau, sam Ngh¢ An, sam Vi di¢p, Tam that
hoang) sir dung trong dinh loai hinh thai [4-5, 7, 14].

Hinh 1. 1 Cé&c loai tw nhién thugc chi Panax ¢ Viét Nam

A: Hinh dang cdy Panax vietnamensis Ha et Grushv. 5 nim tudi; B: Than ré P.
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viethamensis 7 nam tudi; C: Bac thu hoa P. vietnamensis; D: Bic thu qua P.
vietnamensis [16]; E: Hinh anh cdy moc tu nhién cta Panax vietnamensis var.
fuscidicus [17]; F: Hinh anh 14, hoa va cady moc tu nhién caa Panax sp. Puxailaileng
[14]; G: Hinh v& Panax bipinnatifidus Seem. theo mau VDL 3265: 1. Canh mang
hoa; 2. Hoa; 3. Qua; 4. Hat; 5. Than ré (cu) [5]; H: Hinh v& Panax stipuleanatus
Tsai et Feng theo mau VDL 3270: 1. Canh mang hoa; 2. Qua; 3. Hat; 4. Than ré

(cu) [5].

Sam Ngoc Linh chira cic hop chat ginsenoside véi nhiéu gia tri duoc
liéu quan trong. Cac ginsenoside c6 ban chat 1a triterpene saponin véi cdu triic
bao gém 1 khung squalene 30 carbon duoc gin voi cac gbc duong & nhiéu vi
tri khac nhau trén khung. Tén cua cac triterpene saponin dugc dit theo chi
thue vat ma ching duoc phat hién 1an dau tién (astragaloside, cucurbitacin,
ginsenoside...) hodc Rx vai x 1 vi tri tuong d6i hop chat trong thi nghiém sac
ky 16p mong (Ro, Ral, Rbl, Rgl...). Hién nay, hon 30 loai ginsenoside da
dugc tach chiét tir chi Panax va da duwoc phan lam 2 nhém chinh 1a
dammarane ginsenoside va oleanane ginsenoside. Phan 16n cac ginsenoside
thuoc nhom dammarane ginsenoside, bao gém Rbi, Rc, Rd, Re, va Rg;j...

trong khi nhom oleanane ginsenoside chi c¢6 1 dai dién duy nhat 13 Ro.

Céc con dudng sinh tong hop ginsenoside dugc chia thanh hai phan: (1)
acetyl-CoA trai qua tac dung ctia mevalonate (MVA) dé tao thanh 3-isoprene
pyrophosphate (IPP) va dimethylallyl pyrophosphate (DMAPP), sau do IPP
va DMAPP dugc xac tdc bdi cadc enzym khac nhau dé tao thanh 2,3-
oxidosqualene; va (2) céc loai ginsenoside dugc hinh thanh nho cac phan Gng
vong hoa, hydroxyl hoa va glycosyl hoa hop chat 2,3-oxidosqualene. Con
duong sinh tong hop ginsenoside 13 mot chudi hon 20 phan tng xuc tac lién
tuc, voi su tham gia cua hang loat enzyme nhu 3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMGR), farnesyl pyrophosphate synthase (FPS),
squalene synthase (SS), squalene epoxidase (SQE), dammarenediol-1I
synthase (DS), B-amyrin synthase (AS), cytochrome P450 (CYP450) va UDP-
glycosyltransferase (UGT)...[18].

Céc ginsenoside dugc sinh tong hop trong té bao théng qua con dudng

isoprenoid véi tién chat ban dau l1a 2,3-oxidosqualene c6 nhém chuc sterol



(Hinh 1.2) [17]. Trong d6, 2,3-oxidosqualene dugc tao ra tir acetyl-CoA théng
qua cac bién doi phd bién ¢ nhiu loai thuc vat, sau do 2,3-oxidosqualene
dugc dong vong boi cac 2,3-oxidosqualene cyclase (OSCs) nhu B-amyrin
synthase (AS) hoic dammarenediol-II synthase (DS) nham tao ra cac khung
tuong Ung v4i oleanane ginsenoside hodc dammarane ginsenoside. Dé tao
hoat tinh cho hop chat, cac khung ndy sau d6 s& dugc twong tic voi cic
cytochrome P450 (CYP450) va cac glycotranferase (UGT) dic hiéu dé lap
ghép cac nhom duong, tir d6 tao cac ginsenoside hoan chinh [19-21]. S&m
Ngoc Linh 1an dau tién duoc phat hién ¢ ving Tay Nguyén, mién Trung Viét
Nam vao nam 1973. Phat hi¢n nay da dong gop cho chi Panax mdt loai méi,
déng thoi khoi dau cho cac nghién curu vé héa hoc, hoat tinh sinh hoc, nang
cao gia tri cua loai Panax dac hitu & Viét Nam. Sam Ngoc Linh dugc xac dinh
1a mot cay thudc quy cua Viét Nam, tuy nhién, cho dén nay sé6 nhém nghién
chtu vé thanh phan hoa hoc «cia loai nay con kha it
(https://www.cas.org/products/scifinder). Cac nghién ctru da khai quat cho
thay sam Ngoc Linh kha phong pht vé sd luong cac hop chat dammaran
saponin (voi 2 loai khung aglycone chinh protopanaxadiol va
protopanaxatriol) va ocotillol saponin. Trong d06, cac ocotillol saponin duogc
ude tinh chiém 36-75% vé khdi luong saponin téng s6. Pic biét, ocotillol
saponin majonoside-R, (M-R2) dugc danh gia 1a hop chat chinh chiém ham
lwong khoang 5,3% vé khéi luong mau dugce lidu kho [22, 23]

pé khéng dinh gia tri dac biét cia sdm Ngoc Linh, nhiéu nha nghién
ctru da tién hanh danh gia, so sanh cac hoat chit cia sdm Ngoc Linh va céc
loai sam khac nhu P. ginseng, P. quinquefolium va P. notoginseng. Két qua so
sanh thanh phan cac saponin chinh ciing khang dinh gia tri st dung ctia sam
Ngoc Linh 1a rat quy [24-25]. Ngoai ra, sim Viét Nam con chira 18 loai
amino acid va 20 nguyén to vi lugng. Trong d6, du 8 loai amino acid can thiét
cho co thé, dic biét Arginin dugc tim thdy voi ham luong kha 16n (chiém
46,66% tong lugng amino acid) va mot sd nguyén td vi lugng quan trong nhu
K, Na, Mg, Fe...[26].
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Hinh 1. 2 So @6 gian lwec qua trinh sinh tong hep cac ginsenoside &
thuc vat

AACT: acetyl-CoA acetyltransferase; AS: B-amyrin synthase; CAS: cycloartenol
synthase; DS: dammarenediol-ll synthase; FPS: farnesyl diphosphate synthase;
HMGR: HMG-CoA reductase; HMGS: HMG-CoA synthase; IDI: isopentenyl
diphosphate isomerase; MVD: mevalonate diphosphate decarboxylase; MVK:
mevalonate kinase; P450: cytochrome P450; PMK: phosphomevalonate kinase;
Rb1: ginsenoside Rbl; Rgl: ginsenoside Rgl; Ro: ginsenoside Ro; SE: squalene
epoxidase; SS: squalene synthase va UGT: glycosyltransferase.

Tir ndm 1985 dén nay, di c6 nhiéu cong trinh nghién ctru cong bd vé
héa hoc, hoat tinh sinh hoc va cdu triic héa hoc ctia cac hop chit tiéu biéu
phan lap tir sim Ngoc Linh [3, 6, 28]. Nhiing két qua nghién ciru nay khang
dinh gi tri rit quy ctia sdm Ngoc Linh so v6i cac loai nhan sam khac trén thi
truong. Tir nhitng nam 1990, saim Ngoc Linh trong tu nhién hau nhu da bi
khai thac can kiét va c6 nguy co tuyét chung, tré thanh mot loai thuc vat cé
tén trong sach do Viét Nam [8]. Theo tiéu chuan phan hang trong Danh luc



Do cua IUCN (1994 va 2001), sam Ngoc Linh & trong tinh trang “Cuc ky
nguy cap”. Trude tinh hinh d6, Viét Nam di ¢ nhitng chu trwong, chinh séch
daung din nham khoi phuc, bao ton va phét trién cdy sim Ngoc Linh. Nhiéu
cong trinh nghién ctru nham diéu tra, phan loai, xac dinh ving phan bd,
nghién ctru thanh phan hoa hoc va dugc tinh, danh gia da dang di truyén, im
kiém m3 vach DNA, xay dung mbi quan h¢ phat sinh chung loai, bao tn,
nhan giéng, san xuAt gia thé, k¥ thuat canh tac, gieo tréng, bao vé thuc vat,

ché bién, bao quan sam Ngoc Linh da va dang dugc thuc hién.

1.2  NGHIEN CUU GIAI TRINH TU HE GEN O CAC LOAI THUQC
CHI PANAX

Céc nghién ctu giai trinh ty gen ¢ cac loai thugc chi Panax thuong tap
trung vao hé gen phién m4, hé gen luc lap, xay dung thu vién caa cac trinh tu
biéu hién (Expressed sequence tags - ESTS) phuc vu cac nghién ciu danh gia
da dang di truyén nguén gen, tim hiéu vai trd caa cac gen chic ning, dac biét
1a cac gen lién quan dén con dudng sinh tong hop cac hoat chat cé gia tri &
sam, tim kiém céc chi thi phan tir, xac dinh méi quan hé tién hoa...

Niam 2010, Sun va dtg d cong bd nghién ciru dau tién vé giai trinh tu
hé gen phién ma cua P. quinquefolius, xac dinh duoc hau hét cac gen ma hoa
enzyme dic hiéu tham gia truc tiép vao qua trinh sinh téng hop khung cua cac
ginsenoside [29]. Ciing trén d6i tuong nay, Wu va dtg (2013) da tién hanh
giai trinh tu cac ESTs & ré sam P. quinquefolius cac do tudi khac nhau, trong
d6 ¢6 3.955 trinh tuw mé& hda cho cac gen tham gia vao tong hop céc saponin
[30].

Tuong tu nghién cuu cua Sun va dtg (2010), nhom da tim ra duoc 11
gen ma hoa cho enzyme tham gia sinh téng hop khung cua triterpene saponin,
174 trinh ty md hdéa cac cytochrome P450 va 242 UGT tir md ré P.
notoginseng. Ciing trén ddi tuong nay, Liu va dtg (2015) d4 giai trinh ty hé
gen phién ma su dung hé thdng giai trinh ty thé hé méi. Sau khi lap rép cac
trinh tu doc, nhom tac gia thu dugc 107.340 unigene, trong d6 9.908 unigene
lién quan dén con dudng sinh téng hop cac hop chat hda hoc, vai 270 unigene
tham gia sinh tong hop triterpene saponin [31].
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Céc nghién cuiru giai trinh tu hé gen phién ma cua P. ginseng cling duoc
tién hanh. Nam 2011, Chen va dtg cong bd thu duoc gan 32 nghin ESTs dua
trén viéc phan tich trinh ty cta thu vién cDNA & ré sam 11 niam tudi bang hé
théng giai trinh ty GS FLX Titanium. Nhom con xac dinh dugc 9 gen dic
hiéu tham gia vao qua trinh sinh téng hop ginsennoside, 133 gen ma héa cac
cytochrome P450 va 235 gen méa hoda cac glycosyltransferase [32]. Nam 2013,
nghién cau caa Li va dtg da phét hién tong cong 233 gen ma hda enzyme
tham gia vao con dudng sinh tong hop ginsengnoside, 326 gen ma hda
cytochrome P450 va 129 gen ma hoda cac glycosyltransferase. Ngoai ra, nhom
con x4c dinh dugc 14 trinh tuw ma hoa cac microRNA c6 thé diéu hoa viéc
tong hop protein caa khoang 100 gen dich va hon 13.000 trinh ty SSR [33].
Niam 2013, Mathiyalagan va dtg tai Trung tam Nghién ctu sim Han Qudc da
cdng bd nghién ciu vé 69 miRNAs bao thi dya trén ngan hang trinh ty ESTs
xay dung tur thu vién cDNA cua hoa, 14 va ré ¢ P. ginseng [34].

Niam 2016, Rai va dtg da tién hanh nghién ctu giai trinh tuw RNA bang
hé thong Illlumina trén ddi twong sam Nhat Ban P. japonicus thu duoc
135.235 unigene, trong do xac dinh dugc 24 unigene mé hda cho cytochrome
P450 va 48 unigene ma hoa cho cac enzyme chuyén hoa glycosyltransferase.
Nghién ctru nay ciing cho thiy cac unigene trong P. japonicus dugc bao ton
trinh tu nhu tat ca cac loai saim khac va dong biéu hién véi cac gen khac co
lién quan dén con duong sinh tong hop khung triterpenoid [35].

Trén d6i tuong P. vietnamensis, nhom nghién ctiu tai Han Quéc da sur
dung hé théng Illumina MiSeq dé giai trinh tu de novo hé gen luc lap tir DNA
tong s6 mau sam Ngoc Linh thu tir vuon nha kinh tai thanh phd Pa Lat (Lam
Pong). Két qua caa nghién ciru dua ra trinh ty hé gen luc lap véi kich thudc
155.992 bp véi 86.177 bp vung LSC, 17.935 bp vung SSC, 25.940 bp thudc
hai vung IRa va IRb [36]. Manzanilla va dtg (2018) da st dung phuong phap
phan tach cic phan doan DNA methyl héa va khéng methyl hda & CpG két
hop Vvai giai trinh ty gen thé hé mai dé giai trinh ty thanh cong toan bo hé gen
luc lap cua céc lodi thuoc chi Panax phan b ¢ Viét Nam. Zhang va dtg
(2015) da giai trinh tu hé gen phién méa cua P. viethamensis var. fuscidicus su
dung hé thong Ilumina HiSeq2000 va thu duoc 114.703.210 doan doc Véi
126.758 unigene. Trinh tu cDNA hoan chinh ctiia 3 gen ma hoa SE da dugc
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phan lap sir dung RT-PCR va 10 gen da duoc nghién ciru biéu hién théng qua
real-time PCR (qPCR) [17]. Di liéu hé gen cua loai 1a co s& dé nghién cau
cac gen lién quan dén con dudng sinh tong hop saponin. Céc chi thi SSR nhan
duoc trong nghién ciu cho thiy su da dang di truyén cua ngudn gen va Ia chi
thi 6 gia tri trong chon tao gidng.

1.3 NGHIEN CUU BIEU HIEN CUA CAC GEN CHUC NANG O
CAC LOAI THUQC CHI PANAX

Phuong phap qPCR dugce st dung rong rai nhu la mdt cong cu hitu
hi¢u trong viéc dinh lugng muic do biéu hién cua gen nho d§ nhay cao, tinh
dac hiéu va kha nang lap lai [37-38]. Pac trung ctia qPCR Ia phat hién san
pham khuéch dai trong qua trinh chay PCR khi san pham khuéch dai tir DNA
dich dugc nhan ban da s6 luong dé 1am dng phan tng phat dugc huynh quang
khi nhan duoc ngudn sang kich thich. Nho nhitng tinh chét trén, gPCR duoc
str dung dé danh gia muc do biéu hién cac gen lién quan dén con duong sinh
tong hop ginsenoside & cac md khac nhau ctia nhiéu loai sam. Nam 2008, He
va dtg dd nghién ctru muc do biu hién cua enzyme SE, mot trong nhing
enzyme hiém trong con dudng sinh tong hop céc triterpene saponin & P.
notoginseng. Vé trinh ty, gen nay gidng 98% vai P. ginseng va biéu hién cao
trong mo ré, dic biét 1 ré 3 ndm tudi [39]. Nam 2010, dwa trén cac trinh tu hé
gen phién ma thu duoc, Sun va dtg di nghién ctru muc do biéu hién cua 1
CYP450 va 4 UGT trén cac mo cua P. quinquefolius str dung qPCR [29]. Luo
& dtg (2011) da danh gia mirc do biéu hién ctia DS, enzyme quan trong cua
qua trinh sinh tong hop cac triterpenes saponin va két qua cho thy hoat chat
nay biéu hién manh nhét & ré P. notoginseng 4 nam tudi [40]. Li va dtg (2013)
da xac dinh mic do biéu hién khac biét cia cac gen ¢ cac mo va thoi diém
sinh trudong khac nhau ciia sam P. Ginseng [33]. Liu et al. (2015) d tién hanh
phan tich hé gen phién ma caa P. notoginseng dé so sanh su biéu hién cac gen
lién quan dén qua trinh sinh tong hop ginsenoside va alkaloid & mod 14, 1& va
hoa. Két qua cho thiy cytochrome P450 CYP716A53v2, enzyme tham gia
vao qué trinh chuyén hoa protopanaxatriol tir protopanaxadiol trong P [31].
ginseng, c6 muirc do biéu hién & mo ré cao hon rat nhiéu so voi mo 14 va hoa.

Park va dtg (2016) di nghién ctu anh hudng cia sy biéu hién gen
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CYP716A53v2 1én murc dd tich lily protopanaxatriol trong ré P. ginseng. Sau
khi tién hanh ting biéu hién gen, mirc d6 phién ma cia gen ndy trong ré chira
ndéng do cac ginsenoside nhom protopanaxatriol (gom Rgl, Re va Rf) cao va
ndéng do cac ginsenoside nhoém protopanaxadiol (Rbl, Re, Rb2, va Rd) thap.
Nguoc lai, irc ché biéu hién gen CYP716A53v2 bang RNAI va kiém tra bang
qPCR cho két qua ndng d6 cac hop chat protopanaxatriol thip va nong do cac
hop chit nhém protopanaxadiol cao. Piéu ndy cho thdy ham lugng cac hop
chat ginsenoside nhom protopanaxadiol va protopanaxatriol c6 thé dugc thay
d6i théng qua diéu chinh mac do biéu hién gen CYP716A53v2 trong cdy
chuyén gen P. Ginseng [41].
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU NGHIEN CUU

2.1.1. Ciac mau sam nghién ciru

Toéng 12 miu sdm Ngoc Linh (bao gdm 3 mAu than ré va 3 miu la
tuong tmg voi mdi d6 tudi 1 nam tudi va 4 nam tudi) duge thu thap phuc vu
xac dinh va danh gia su biéu hién cua cac gen chirc ning lién quan dén con
duong sinh tong hop ginsenoside. Cac miu dugc dinh loai hinh thai va xac
dinh d6 tudi boi PGS. TS. Nguyén Tap (nguyén can bd Vién Duoc liéu, Bo Y
té), duogc dinh loai phan tir tai Phong Pa dang sinh hoc hé¢ gen, Vién Nghién
ctru hé gen. Cac mau duoc bao quan tuoi cho dén khi vé phong thi nghiém,
sau d6 dugc bao quan lanh trong -80°C va str dung cho cac thi nghiém tiép
theo.

Pia diém thu mau: Trai sam goc Tak Ngo (Trung tdm Sam Ngoc Linh,
huyén Nam Tra My) va Tram Duoc liéu Tra Linh (Trung tim Phét trién sim
Ngoc Linh va dugc liéu Quang Nam).

Dit liéu hé gen phién mi ciia mo 14 va mo than ré sam Ngoc Linh 1
nam tudi va 4 nam tudi thu dugc sir dung phuwong phap giai trinh tu gen thé hé
m&i do Phong Pa dang sinh hoc hé gen, Vién Nghién ctru hé gen cung cép.
2.1.2. Céc cip moi sir dung

Céc cip mdi phuc vu nhan gen quan tim sir dung RT-PCR: Bén
cap moi duogc thiét ké dé khuéch dai 4 gen lién quan dén con dudng sinh tong

hop ginsenoside ciia sdm Ngoc Linh) (Bang 2.1).

Bang 2. 1 Cac cap mdi phuc vu nhan gen quan tam sir dung RT-PCR

Vung R 5. . .. Kich thwéc
TT Tén moi Trinh ty moi (5°-3°) i 2
gen san pham (bp)

PVAACT_RT_F1 GATACACTTCTCCCAGCTTCCG
1 AACT 1364
PVAACT_RT_R1 CTGGAGCAATGAAACTACCAAGT

2 1Dl PVvIDI_F CCGTAGTATAATGTCAACCAC 962
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Vung s . 5. Kich thwéc
TT Tén moi Trinh ty moi (5°-3°) ) R
gen san pham (bp)

PVIDI_R CGGTCTGAAGTACAAATCAAG
PvSS_RT_F1 GGGAAGTTTGGGGGCAATTCTG 1929

3 SS
PvSS_RT_R1 GTAGGTTTGAAGATAGATATGC
PVSE3_RT_F1 CAACCAACACCATGAATTC

4 SE 1655
PVSE3_RT_R1 GCTTGATAACAAAATGAAGGC

Céc cip moi phuc vu nghién ciu biéu hién cia cac gen sir dung
real-time PCR: Nam cip moi dugc thiét ké dé danh gia sy biéu hién cua 4

gen lién quan dén sinh tong hop ginsenoside) & mo 14 va than ré sdm Ngoc

Linh & cac d6 tudi nghién ctru (Bang 2.2).

Bang 2. 2. Céc ciip mai phuc vu nghién ciru biéu hién cia cac gen sir dung

realtime PCR
\Vung s . s, Kich thuoéc
TT Tén moi Trinh ty moi (5°-3°) X 2
gen san pham (bp)
Gen sir dung lam d6i chirng noi
gPVEF-1g F  ATCGCATTAAAGAGAGCACTAGG
1 EF 186
gPVEF-1g R CATGGTCCAAAAATATCTCTCTACG
Cac gen lién quan dén con dwong sinh tong hop ginsenoside
gPVAACT_F  CTATTCAGAGCTTTGAGCGTGG
2 AACT 145
gPVAACT R GCAGCATCGAACTTTCCTAGACC
gPvIDI_F ACTTGTTGCAGCCATCCACT
3 IDI 110
gPvIDI_R GCAGGAATACCCAGTTCATCC
gPVSS_F AGTGCAGTGCCTGAATGACA
4SS 122
gPvSS_R GCAGGATCTCGCAAATCAGA
gPVSE_F CGTGGCTATCTATGGCGTTG
5 SE 175
gPVSE_R GGGAGCTCTGTAGTAAGCAG
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2.1.3. Héa chat, thiét bj

Héa chat: Céac hda chat sir dung déu dam bao do tinh khiét cho nghién
ctru sinh hoc phan tir va dugc nhap tir cac hang Thermo Fisher Scientific (Hoa
Ky), Applied Biosystems (Hoa Ky), Bioline (Hoa Ky), Eppendorf (buc),
Roche (Hoa Ky)... Cac héa chat chinh bao gom: Taq DNA polymerase, thang
DNA chuan 1kb, dNTPs, SensiFAST cDNA Synthesis Kit, GeneJET™ Gel
Extraction Kit, BigDye Terminator v3.1 Cycle Sequencing Kit, b kit SYBR
Green gRT PCR master mix, SuperScript™ III One-Step RT-PCR System,
cdc cip modi, phenol, chloroform, EDTA, ethanol, agarose, 2-
mercaptoethanol, sodium acetate, isopropanol, guanidinium thiocyanate, N-
laurosylsarcosine, isoamyl alcohol, EtBr, nuéc khir ion vo trung...

Thiét bi: Cac may moc, thiét bi chinh duoc st dung thudc Vién Han
lJam Khoa hoc va Céng nghé Viét Nam bao gom: May ly tdm Eppendorf
5415C (Eppendorf, Puc), may quang phd Biospetrometer (Eppendorf, Duc),
méay PCR Mastercycler Pro (Eppendorf, Piic), hé théng dién di (Bio-Rad,
Hoa Ky), may chup anh GEL-DOC (Pharmacia Biotech, Thuy Dién), tu lanh -
20°C, -80°C (Sanyo, Nhat Ban), can phan tich 10™g (Mettler Toledo, Thuy
S¥), can phan tich 5 sé 1é (Precisa, Thuy S¥), may do pH (Mettler, Thuy S¥),
may ¢ quay (Buchi, Ptc), bé 6n nhiét, noi khir tring, ti sdy 60-200°C, may
khuay tir, dén soi UV-VIS, may anh, hé thdng giai trinh tu ABI 3500 Genetic
Analyzer, hé thong Cycler 96. Ngoai ra, nghién ciu sir dung cac chuong trinh
phan mém chuyén dung mién phi hodc dugc cap phép tai Vién Nghién ctu hé
gen, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.

2.2. PHUONG PHAP NGHIEN CcUU
2.2.1. Thumiu

Mau |4 va than ré cia cay sam Ngoc Linh 1 nim tudi va 4 nam tudi
duogc thu va bao quan riéng biét. Cac ciy dugc rira sach bang nudc cat da khir
trung, thidm kho, ¢t nho va bao quan trong dung dich RNAlater ty pha. Mau
md trong RNAlater dugc gitt & 4°C trong 24 gid trude khi bao quan thoi gian
dai trong ti lanh siu -80°C.
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2.2.2. Téch chiét va kiém tra chit lwong RNA tong s6

Tach chiét RNA tong sb cuia miu 1a: RNA tong s ctia cac miu 14 sim
Ngoc Linh 1 nim tudi va 4 nim tudi duogc tach chiét va tinh sach theo quy
trinh cia Chomczynski va Sacchi (2006) véi cac budce chinh: (1) Can 100 mg
mo 14 twoi duoc nghién min trong nito 16ng, tranh dé mo bi ra dong trong khi
nghién; B6 sung 1 ml dung dich bién tinh c6 thanh phan 4 M guanidinium
thiocyanate, 25 mM sodium citrate, pH 7,0, 05% (wt/vol) N-
laurosylsarcosine (sarkosyl) va 0,1 M 2-mercaptoethanol vao bot; (2) Chuyén
phan dich trén vao dng eppendorf; B6 sung vao 1 ml dich chiét 0,1 ml 2 M
sodium acetate, pH 4,0, dado 6ng dé tron k¥; 1 ml phenol bao hoa, dao 6ng dé
tron k¥; 0,2 ml chloroform : isoamyl alcohol (49 : 1), lic manh béng tay trong
10 gidy; (3) Lam lanh hén hop trong da trong 15 phut; (4) Ly tdm 20 phut &
10.000 v/p, 4°C; (5) Nhe nhang hut phan dich trong (phan chi yéu chua
RNA) vao eppendorf méi; (6) B6 sung 1 ml isopropanol vao dé tia RNA; U
mAu it nhat 1 gio ¢ -20°C; (7) Ly tam 20 phat & 10.000 v/p, 4°C va loai bo
dich n6i. Phan tia RNA s& khong nhin thdy dugc trude khi ly tdm. Tuy nhién,
sau khi ly tim s& hinh thanh ta dang gel; (8) Rira tia RNA bang 0,5-1 ml
75% ethanol va vortex vai gidy; U miu ¢ nhiét d6 phong trong 10-15 phat dé
loai bo phan vét ciia guanidium; (9) Ly tdm 5 phat & 10.000 v/p, 4°C va loai
b6 dich ndi; (10) Lam kho tia RNA & nhiét do phong trong 5-10 phut; (11)
Hoa tia RNA bang 50 pl nude d xt Iy bang DEPC; U trong 10-15 phut &
60°C dé hoa tan hoan toan taa [42].

Tach chiét RNA tong s6 ciia mau than ré: RNA tong sd cua cic mau
than ré sim Ngoc Linh 1 nim tudi va 4 nam tudi dugc tach chiét va tinh sach
theo quy trinh c6 thay ddi so véi tach chiét RNA tong s ctia mau 1a voi cac
budc chinh nhu sau: (1) Can 200 mg mé than ré tuoi dugc nghién min thanh
bot trong nito 10ng; Chuyén ngay phan bot vao eppendorf c6 chtra sin 1 ml
dung dich bién tinh, vortex k¥ dé tron déu; (2) U mau & nhiét d6 phong trong
10 phut dé ly giai hoan toan mé cu; (3) Ly tam 10 phut & 12.000 v/p, 4°C, loai
b6 phan tua, thu phan dich ndi vao 1 eppendorf méi; (4) B6 sung 200 pl
chloroform, 50 pl sodium acetate (2M, pH 4,2), 15 ul 2-mercaptoethanol, 2%
PVP (20 ul), vortex k¥, @ trén da 10 phat; (5) Ly tam 15 phut véi tbe do
12.000 v/p & 4°C, nhe nhang hut phan dich trong - 1a phan chtra chi yéu RNA
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vao eppendorf méi; (6) B6 sung 1 ml isopropanol va 200 pl sodium acetate
(3M) vao dé tia RNA. U mau it nhit 1 gio & -20°C; (7) Ly tdm 10 phut &
12.000 v/p, 4°C va loai bo dich ndi; (8) - (11): Twong tu nhu tach chiét RNA

tong sO cua mau la.

Kiém tra chat lwong ciia RNA tong s6: RNA téng s6 cua cac mau 14
va than ré sdm Ngoc Linh dugc kiém tra, danh gia chit lwong bang dién di
trén gel agarose 0,8%. Bé xac dinh ndng do va do sach, cac mau RNA dugc
phan tich bang may quang phd Biospetrometer (Eppendorf, Dirc). RNA sau
tach chiét va tinh sach duoc bao quan & -80°C cho dén khi dugc st dung cho
cac thi nghiém tiép theo.

2.2.3. Tong hop cDNA

Cac doan mRNA thu duoc tir mé 14 va mo than ré sim Ngoc Linh & céac
d6 tudi s& dugc phién mi nguoc tao thanh cic doan cDNA st dung
SensiFAST cDNA Synthesis Kit (Bioline, Hoa Ky) theo huéng dan ctia nha
san xudt. Tong hop ¢cDNA dugc thuc hién trong tong thé tich 20 pl, 14 pl
nudce, 4 pl 5x TransAmp Buffer, 1 pl Reverse Transcriptase, 1 gl RNA véi
chuong trinh sau: 25°C-10 phat; 42°C-15 phut; 85°C-5 phut; sau d6 gitt ¢ 4°C.
Sau tong hop, cDNA dugc sir dung dé nhan ban, x4c dinh trinh tu va phan tich
biéu hién mot s6 gen lién quan dén sinh tong hop ginsenoside bang phuong
phap realtime PCR.

2.2.4. Xay dung dir liéu cac gen lién quan dén con dwong sinh tong hop
ginsenoside

Trén co so dit liéu hé gen phién ma cia mo 14 va than ré sam Ngoc
Linh 1 nam tudi va 4 nam tudi da duoc chu giai st dung cac co so dir lidu
GO, EggNOG, NT va NR cua NCBI, KEGG, UniProt va Pfam, cac gen chinh
lién quan dén qué trinh sinh tong hop ginsenoside da duoc xac dinh. DPé tim
kiém dugc cac gen nay trong dir liéu hé gen phién ma sim Ngoc Linh da chu
giai chitc ning, cac cong cu tim kiém tin sinh co ban véi cac tir khoa 1a cac
enzyme tham gia vao con dudng sinh téng hop ginsenoside duogc sir dung.
CAc unigene xuit hién tir khoa it nhit & mot trong cac muc cha giai twong tng

vo1 moi co s& dir 1iéu dugce chon loc va st dung cho cac nghién ctru ti€p theo.
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2.2.5. Thiét ké cac cip mdi

Thiét ké cac cap méi nhan gen bing RT-PCR: Str dung phian mém
Primer 3 két hop véi cong cu thiét ké mdi OligoAnalyzer™ Tool
(https://www.idtdna.com/pages/tools/oligoanalyzer), cac cip mdi dugc thiét
ké trén co so khai thac dit liéu trinh tu tham khdo cua gen quan tdm va cic
trinh tu gen cua chi Panax da cong bd trén Ngan hang gen qudc té - GenBank
(http://www.ncbi.nim.nih.gov/genbank), ciing nhu trich xuat dit liéu hé gen
phién m& cua P. vietnamensis thu dugc trong nghién ctru. Trinh ty Cic cap
mdi duogc trinh bay trén Bang 2.1 va kich thudce du kién ctia cic san pham
PCR 14 1364, 962, 1229 va 1655 bp, bao gdm ving mang mi va mdt phan
vung 5°, 3” cuia cac gen AACT, IDI, SS, SE.

Thiét ké cac cap mdi danh gia sw biéu hién gen bang realtime PCR:
Str dung céc dir lidu thu dugc tir GenBank, c4c cip moi danh gia sy biéu hién
ctia cac gen lién quan dén sinh tong hop ginsenoside dugc thiét ké st dung
chuong trinh http://frodo.wi.mit.edu/primer3/. Vung gen dugc lua chon la
trinh tu mang tinh duy nhat dai dién cho gen d6 dé c6 thé dap ung yéu cau dic
hiéu cao ctia mdi dugc thiét ké. Ngoai ra, cc tiéu chuan khac can dap tng
twong ty nhu thiét ké moi cho RT-PCR. C4c trinh ty mdi sau khi thiét ké duoc
kiém tra lai bang cong cu OligoAnalyzer
https://www.idtdna.com/calc/analyzer/ (Bang 2.2).
2.2.6. Nhan gen quan tdm si dung phwong phap reverse transcription
PCR

RT-PCR duoc thuc hién sit dung cac cap mdi dic hiéu cho céc gen can
xac dinh trinh ty. PCR duogc thyc hién trong téng thé tich 25 ul, 0,5 uM moi
mdi loai, 200 uM dNTPs, 5 pl reaction buffer, 0,25 pul DNA polymerase, 1 pl
cDNA khuén, v6i chuong trinh sau: 94°C-3 phut; 35 chu ki (94°C-1 phat;
59°C*-1 phdt; 72°C-5 phut; 72°C-10 phut; sau d6 giit & 4°C. (*) Nhiét do gan
mdi tiy thudc vao cip mdi tuong ing. San phdm PCR duoc dién di trén gel
agarose va xac dinh trinh tu [17].
2.2.7. Xac dinh trinh tw gen quan tam sir dung phwong phap Sanger

Thai gel va tinh sach san pham PCR: GeneJET™ Gel Extraction Kit

(Thermo Fisher Scientific, Hoa Ky) va quy trinh kém theo duoc st dung dé
tinh sach san pham PCR véi cac bude chinh: (1) San pham PCR duoc kiém


https://www.idtdna.com/pages/tools/oligoanalyzer
http://frodo.wi.mit.edu/primer3/
https://www.idtdna.com/calc/analyzer/
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tra trén gel agarose 1%,; (2) Sau thoi gian khoang 1 gio 30 phut (U=110 V,
=100 mA), ban gel dugc nhuém EtBr 0,5 pg/ml trong 15 phut, rira sach bang
nuéc, soi UV dé cit vach gel (thuc hién budc thoi gel); (3) Bang DNA thu tir
ban gel agarose véi dao nho sic nhon d3 vo tring, dugc chuyén vao 6ng
eppendorf 1,5 ml, can kiém tra trong luong va thém 1 thé tich dung dich grfm
(binding buffer), i & 50-60°C trong 10 pht, mdi 2 phit dao ng mot 1an cho
dén khi gel tan hoan toan; (4) Mau duoc chuyén sang cot GeneJET™ Gel
Extraction, ly tdm & 13.000 v/p trong 1 phut, loai bé dich; (5) Mau dugc bd
sung 700 pl dung dich rua, ly tam ¢ 13.000 v/p trong 1 phtt, loai bo dich; (6)
Mau duge ly tdm lai cot & 13.000 v/p trong 1 phit, chuyén cot sang ong
eppendorf mai, vo trung; (7) Mau duoc lam kho va bd sung 20 ul H,O khu
ion vo tring, dé trong khoang 2 phut, ly tim & 13.000 v/p, trong 3 phtit. Mau
duoc luu trir dé thuc hién giai trinh tu.

OE0E0E0naneas ;
RDEOENE0EaeEN ;

Chromatogram

| 8 resares" |

Capillary electrophoresis 120 130
ACTGCTTGCAGCA

Hinh 2. 1 Giai trinh tw DNA bing phwong phap Sanger

Giai trinh tw cic doan DNA bang phwong phap Sanger: Trinh tu
clia cac gen quan tdm duogc xac dinh trén hé thong giai trinh ty ABI 3500
Genetic Analyzer st dung BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Hoa Ky). Thanh phan ctia PCR doc trinh ty gom: 3,2
1M mbi, 200 ng san pham PCR tinh sach, BigDye, dém tuong ung trong tong
thé tich 15 pl v6i chu trinh nhiét trén may Mastercycler Pro (Eppendorf, Dtic)
nhu sau: 96°C-1 phut; 25 chu ki (96°C-10 gidy, 50°C-5 gidy, 60°C-4 phut);
git & 4°C. San phdm PCR dugc tinh sach bang phuong phap taa
ethanol/EDTA: (1) B6 sung 5 pul EDTA 125 mM, 60 pl ethanol 100%, d&é &
nhiét d6 phong trong 15 phut; (2) Ly tdm 12.000 v/p trong 15 phut dé thu tua
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DNA va loai bé ethanol; (3) B6 sung 60 pl ethanol 70% va ly tdm 10.000 v/p
trong 10 phut, 1am kho tia DNA; (4) B6 sung 10 pl Hi-Di formamide va bién
tinh tai 95°C trong 5 phut; (5) Cac miu dugc cho vao cac giéng cua khay
dung mAu, sau d6 dién di trong dng mao quan 80 cm x 50 pum véi polymer
POP-7 (Applied Biosystems, Hoa K¥). Trinh tu nucleotide ctia mdi mau duoc
xéac dinh tir 2 chiéu xudi va nguoc.

Phan tich, so sanh, danh gia cac vung trinh tw nhian dwoc véi cac
trinh tu da cong bd trén Ngan hang gen quoc té: Két qua xac dinh trinh tu
ctia cac doan gen dugc ddi chiéu va so sanh véi trinh tu twong (mg cua cac
loai c6 quan hé gan giii dd duoc cOng b trén GenBank nhiam loai bo cac vi tri
16i do doc trinh ty va phét hién cic da hinh nucleotide don. Viéc phan tich
trinh tu dugc hd trg bang cic phan mém chuyén dung nhu Bioedit 7.0.9.0.

2.2.8. Nghién ctru biéu hién mdt sé gen chirc ning bang realtime PCR

Cac gen chtic ning quan trong tham gia vao qua trinh tong hop va
chuyén hoa ginsenoside duoc kiém tra mirc d6 biéu hién bang phuong phap
qPCR vdi céc cip moi dac hiéu cho timg gen (Bang 2.2). Vung gen duoc lua
chon 1a trinh tu mang tinh duy nhat dai dién cho gen d6 dé co thé dap mg yéu
cau dic hiéu cao ciia moi duoc thiét ké.

Phan tng realtime PCR dugc thuc hién véi bo kit SYBR Green qRT
PCR master mix (Thermo Scientific, Hoa Ky) trong hé théng Cycler 96
(Roche, Hoa Ky). Cac gen quan tdim duoc danh gia mirc do biéu hién bing
qPCR véi cac cip mdi dic hiéu cho timg gen vi mdi phan Gmg chira 20 pL
chira 2x SYBR™ Green PCR Master Mix (Thermo Fisher Scientific, Hoa
Ky), 0,4 uM mdi xudi, 0,4 uM mdi nguoc va 2 pL ¢cDNA khudn. Piéu kién
phan tmg PCR bao gém giai doan bién tinh & 95°C-60 gidy, sau d6 1a 45 chu
ki nhiét v&i 95°C-20 gidy, 56°C-20 gidy va 72°C-20 gidy. Két thuc phan Gmg
c6 thém giai doan “high resolution melting stage” v&i chu trinh 95°C-5 gidy,
65°C-60 giay va 97°C-15 gidy. Mdi phan tGng duoc lap lai 3 lan. Gen
Elongation factor 1 (EF_1) duoc st dung lam ddi ching ndi. San pham
khuéch dai duoc phan tich nhiét 6 bién tinh dé kiém tra 6 dic hiéu cta phan
rmg. Mirc d6 biéu hién gen duoc dinh luong thong qua gia tri 24" dugc cong
bd boi Livak va Schmittgen (2001) [43]. Cac sd liéu nghién ctru duge biéu thi
dudi dang gié tri trung binh = d6 I¢ch chuan va duoc xtr 1y theo cac thuat toan
thong ké Student t-test. Su khac biét ¢ ¥ nghia khi gid tri p < 0,05.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. KET QUA TACH CHIET, TINH SACH, KIEM TRA CHAT
LUOQNG, PINH LUQNG RNA TONG SO TU MO LA, THAN RE SAM
NGOQC LINH

Dé chuan bi nguyén liéu tong hop cDNA phuc vu xac dinh trinh tu gen
quan tdm bang RT-PCR va nghién ciu mac do biéu hién cua cac gen bang
realtime PCR, RNA tong s6 & cac mau 14 va than ré cua sam Ngoc Linh & cac
d6 tudi duoc tach chiét, tinh sach va kiém tra, danh gia chat luong bang dién
di trén gel agarose 1,5% (Hinh 3.1). Két qua cho thay, cic mau RNA thu dugc
c6 chat lugng tuong dbi tét, co su xuat hién ciia cic biang ribosome RNA véi
kich thuéc khoang 1,5-2 kb. Déi voi cac mau 14, cac mau RNA thu duoc kha
sach va khong bi nhiém DNA (Hinh 3.1). i véi mau than ré sim, RNA tach
chiét duogc ¢6 bang nhat mau hon so v&i cac mau RNA tach chiét tir 14 (Hinh
3.1B). Vét smear cho thady mot phan RNA bi dut giy va khong toan ven. Dé
tinh sach mot sé6 mau RNA, DNase dugc st dung nham loai b6 DNA tong $0.

A B

Hinh 3. 1 Kiém tra két qua tach chiét va tinh sach RNA tong sb
trén gel agarose tir cac mau la (A) va than ré sam Ngoc Linh (B)

M: Thang chuan DNA 1 kb; A: 1-6: L1.1-L1.3, L4.1-L4.3: Tuong &ng 1a 03 mau 4
cua sam Ngoc Linh 1 hoic 4 niam tudi; B: 1-6: C1.1-C1.3, C4.1-C4.3: Tuong ung la
03 mAu than ré cua sim Ngoc Linh 1 hoic 4 nim tudi.

Dé danh gia chit lugng RNA thu dugc, cac miu nay dugce phan tich
bang may quang phd Biospetrometer (Eppendorf, Purc). Két qua kiém tra

noéng d6 va do sach cia RNA (Bang 3.1) cho thdy, cac san pham c6 chi sb
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A260/A280 thé hién su tinh sach cua mau dao dong tur 1,90-2,15 so véi yéu
cau phai dat ttr 1,8~2,0 chtng té cdc mau RNA tach chiét duoc co chat luong
cao, khong bi tap nhiém protein, du diéu kién dé tién hanh nhing thi nghiém
tiép theo. Pac biét, néng d6 cua RNA thu dugc & cac mau tuong dbi cao.

Bang 3. 1 Nong d va do sach (A260/A280) ciia mdt s6 mau RNA
sam Ngoc Linh sau tach chiét va tinh sach

STT Ténmiu Nongdd A260/A280

(ng/ul)
1 L11 1.979,6 2,12
2 L1.2 2.348,1 2,15
3 L1.3 2.734,6 2,01
4 L4.1 1.010,0 1,96
) L4.2 792,20 2,05
6 L4.3 1.468,3 2,08
7 Cl1 854,00 2,07
8 Cl.2 365,70 1,95
9 C1.3 105,20 2,03
10 C4.1 207,10 2,11
11 C4.2 482,40 2,11
12 C4.3 470,80 1,90

3.2. KET QUA XAY DUNG CON PUONG SINH TONG HQP
GINSENOSIDE GIA PINH O SAM NGOQC LINH

3.2.1. Thong ké so' bd s6 lwrong unigene gin véi mdi gen

Dua vao két qua chl giai cac hé gen phién ma nhan duoc tir giai trinh
tu hé gen phién m&, cic unigene ctia cac mau mo 14 va than ré sam Ngoc Linh
dugc ra soat theo cac tir khoa lién quan téi cac gen tham gia vao con duong
sinh tong hop ginsenoside. Két qua sang loc cho thay tat ca cac gen déu duogc
cha giai cho it nhat 1 unigene (Bang 3.2). Nhiéu unigene dugc chi giai thuoc
2 ho gen I6n CYP450 va UGT, tuong ng la 196 va 113 unigene. Trong do, 2
gen thuoc phan ho CYP716A va 3 gen UGT1, UGT74AE2, UGT94Q2 da duogc
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lya chon dé xay dung dix liéu do c6 hoat tinh truc tiép trong con dudng sinh
tong hop ginsenoside, cu thé Ia ginsenoside thuéc phan nhém protopanaxadiol
va protopanaxatriol [44-45].

Bang 3. 2 Thong ké so lweng va mirc dd biéu hién twong ddi cia cac

unigene tham gia vao con dwong sinh tong hep ginsenoside tir két qua
giai trinh tw hé gen phién ma sam Ngeoc Linh

Tén gen Ki hiéu S6 luong
unigene
Acetyl-CoA acetyltransferase AACT 4
Hydroxymethylglutaryl CoA synthase HMGS 3
Hydroxymethylglutaryl CoA reductase HMGR 10
Mevalonate kinase MVK 2
Phosphomevalonate kinase PMK 2
Mevalonate diphosphate decarboxylase MVD 2
Isopentenyl diphosphate isomerase IDI 2
<¢ | Farnesyl diphosphate synthase FPS 1
E Geranylgeranyl diphosphate synthase GGPS 13
so| Squalene synthase SS 4
£ | Squalene epoxidase SE 6
= | Dammarenediol 11 synthase DS 2
g | B-amyrin synthase B-AS 4
O | Cycloartenol synthase CAS 3
Cytochrome P450 CYP716A52v 1
2 1
CYP716A53v
2
UDP-glycosyl transferase UGT1 1
UGT74AE2 1
UGT94Q2 2
1-deoxy-D-xylulose-5-phosphate DXS 9
1-deoxy-D-xylulose-5-phosphate reductoisomerase | DXR 1
A | 2-C-methyl-D-erythritol 4-phosphate IspD 1
E cytidylyltransferase
en| 4-diphosphocytidyl-2-C-methyl-D-erythritol kinase | IspE 2
£ 2-C-methyl-D-erythritol 2,4-cyclodiphosphate IspF 1
= synthase
g | 4-hydroxy-3-methylbut-2-enyl diphosphate IspG 1
O | synthase
4-hydroxy-3-methylbut-2-enyl diphosphate IspH 7
reductase
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Tir két qua sang loc ndy, ching toi dat ra gia thiét ring con dudng sinh

tong hop ginsenoside cua sam Ngoc Linh c6 sy tuong dong cao so véi cac

loai cing chi Panax. St dung dir liéu di sang loc va cac ngudn tham khao
[17, 29, 31, 40, 46], chiing t6i d3 xay dung mo hinh con dudng sinh tong hop

ginsenoside ¢ loai sam Ngoc Linh (Hinh 3.2).

Déi véi tiing gen cu thé, trinh tu cia cac unigene duoc phan tich va so
sanh véi cac trinh ty tham chiéu caa gen twong tng & cac loai cung chi Panax
d3 cong bd trén GenBank. Unigene cd chira doan nucleotide twong dong trén
90% Vi trinh ty tham chiéu dugc xem 1a c6 mic do twong dong cao va su
dung dé hiéu chinh trinh tu gen bang ki thuat giai trinh ty Sanger.

STEP I MVA Pathway MEP Pathway
Acetyl-CoA Glyceraldehyde-3-phosphate
DXS
l AACT
DXp
Acetoacetyl-CoA l DXR
| [ws] o
IspD
HMG-CoA l
l CDP-ME
HMGR l Terpene precursor
Mevalonate production
CDP-ME-2P
l IspF
Mevalonate phosphate MECDP
| |
Mevalonate diphosphate
HMBPP
MvD |
PP DMAPP
GPS
STEP Il Ty S —
GPP
l FPS
FPJP Triterpene backbone
biosynthesis
Squalene
|
STEPII . . 2, 3—0xidlosqua\ene 77777
(B2
Dammarenediol-II : Beta-amyrin
| i |
CYP i ! H
i e e il s Bl 5 Ginenoside synthesis
Protopanaxadlolx“ 1 L Oleanolic acid
! Prompanaxatr\'ol: _____ 22,23-dioxidosqualene  2,3; 22,23-dioxidosqualene '
i N .
GT/UGT | 1 ! * 0sC v i[GT/uGT
1 N e '
1 L GT/ver |1 Lo | i

.
Dammarane-type ginsenoside

Ocotillol

o]
.

Majonoside

1
1
1
1
1
! 4

: Oleanane-type ginsenoside
1

1

1

1

1

R2

Hinh 3. 2 Tong quan con dwdng sinh tong hep ginsenoside gia dinh
¢ loai sam Ngoc Linh

Ki hiéu: AACT, acetyl-CoA acetyltransferase; beta-AS, S -amyrin synthase; CDP-

ME,

4-diphosphocytidyl-2-C-methyl-D-erythritol;

CYP, cytochrome P450;

DMAPP, dimethylallyl diphosphate; DS, dammarenediol-IlI synthase; DXP, 1-

deoxy-D-xylulose-5-phosphate;

DXR,

1-deoxy-D-xylulose-5-phosphate
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reductoisomerase; DXS, 1-deoxy-D-xylulose-5-phosphate synthase; FPP, farnesyl
diphosphate; FPPS, farnesyl diphosphate synthase; GPP, geranyl pyrophosphate;
GPS, geranylgeranyl pyrophosphate synthase; GT, glycosyltransferase; HMBPP, 4-
hydroxy-3-methylbut-2-enyl diphosphate; HMG-CoA, 3-hydroxy-3-methylglutaryl
coenzyme A; HMGR, HMG-CoA reductase; HMGS, HMG-CoA synthase; IPP,
isopentenyl diphosphate; IDI, IPP isomerase; IspD, 2-C-methyl-D-erythritol 4-
phosphate cytidylyltransferase; IspE, 4-diphosphocytidyl-2-C-methyl-D-erythritol
kinase; IspF, 2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase; IspG, 4-
hydroxy-3-methylbut-2-enyl diphosphate synthase; IspH, 4-hydroxy-3-methyl but-
2-enyl diphosphate reductase; MVA, mevalonic acid; MEcDP, 2-C-methyl-D-
erythritol 2,4-cyclodiphosphate; MEP, 2-C-methyl-D-erythritol 4-phosphate; MVD,
mevalonate diphosphate decarboxylase; MVK, mevalonate Kkinase; OSC,
oxidosqualene cyclase; PMK, phosphomevalonate Kkinase; SQE, squalene
epoxidase; SS, squalene synthase; UGT, UDP-glycosyltransferase.

3.2.2. Thong ké dir liéu cac unigene cu thé

Trong khuén khé cua dé tai, ching téi tap trung nghién ciu 4 gen lién
quan dén sinh tong hop ginsenoside theo con duong MVA d6 la cac gen
AACT, IDI, SS va SE. Con dudng MVA duoc cho 1a con duong cha yéu dé
téng hop ginsenoside va mot sé gen lién quan da dwoc nghién cau trén cac
loai thuoc chi Panax.

Biing 3.3 Dir liéu unigene ciia M@t so gen lién quan dén con dudng sinh
tong hop ginsenoside

Chiéu Dw
Gen Unigene dai | % GC | doan | Tilé twong dong
(bp) ORF
Eull 89% AUZ98386.1
c790622_g1_i3 | 1.536 | 33,98% ORE Trachyspermum
ammi
? 0
c790622 g5 il | 1.061 |42.410% > . | 89N AUZI8IBOL
AACT _ partial |T. ammi
801217 g6 il | 351 |33,90% | Internal | dzi:111275290
. Full 99% KJ804173
0
c801217 g7_11 | 2.430 |43,33% ORE P. notoginseng
? 0
c730395 gl il |683 |4120%|°> . | 27:92% KJB0ALI0
partial | P. notoginseng
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Chiéu Du
Gen Unigene dai | % GC | doan | Tilé twong ddng
(bp) ORF
77,73%
: Full XM_017397983
0 —
c803150 g5 i5|1.587 | 36,93% ORF Daucus carota
subsp. Sativus
’ 0
c800937 g4 il |1.361 |42,000% |°> . . | 9%01% KJB04168
. Fu 0
0 )
800937 g5 i1 |1.337 |42,00% ORF P. notoginseng
0
¢669272 g1 il | 326 | 32,82% | Internal gg,_ogmgpsgomz
. japonicus
0,
c800646 g6 i2 | 826 | 31,84% | Internal | 0070 GU354313
ss Aralia elata
: Full 98,77% AM182456
0 )
c802035_g3 il | 1.665 | 38,08% ORF P. quinquefolius
: Full 96,94% GU997681
0 )
c802035 g5 i1 | 1.507 | 37,43% ORF P. quinquefolius
91,30%
c739748 gl il |787 |42,44% | Internal | XM_023896099
Lactuca sativa
87,55%
c746527 gl il |1.200 |42.25% |5 . | XM_017386662
partial | D. carota subsp.
Sativus
SE 99,28% KJ946468
c763721 g3 il | 460 31,96% | Internal | P. vietnamensis var.
fuscidiscus
3 86,52%
c779029 g1 i1|1.192 |42,70% . XM 021796019
partial o
Hevea brasiliensis
: Full 98,19% AB122078
0 1
c780573 gl i4 | 1.968 | 40,65% ORF P. ginseng

Dir liéu unigene ciaa gen AACT: Gen AACT méa cho enzyme Acetyl-
CoA acetyltransferase, 14 enzyme khoi dau cua qué trinh sinh téng hop
ginsenoside. Enzyme nay xuc tac cho phan ung két hop hai phan tir acetyl-
CoA dé tao thanh acetoacetyl CoA. Ngoai ra, enzyme AACT con c6 vai trd
trong mot s6 hoat dong cua sinh vat nhu phan giai benzoate, téng hop
butanoate hay tong hop tryptophan. O cac loai thudc chi Panax, gen AACT
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duoc phat hién trong ré cua P. ginseng [47], P. quinquefolium [48] va P.
notoginseng [49]. Tur dir liéu transcriptome, 4 unigene duoc chu giai la gen
AACT. Hai trén 4 unigene ndy mang trinh ty ORF day du cia gen AACT.
Trong céc trinh tu tham khao trén cac co s¢ dir liéu, unigene ¢790622_g1l i3
c6 do twong ddng cao nhat (89%) vai trinh ty mang ma sé6 AUZ98386.1 c6
ngudn gbc tir T. ammi. Unigene chira ORF day du con lai dai 2430 bp, tuong
ddng 99% vai trinh tu gen AACT tir lodi P. notoginseng (mé sé KJ804173).

Dir liéu unigene caa gen I1DI: Enzyme IDI x(c tac su chuyén hda 13n
nhau cua isopentenyl diphosphat (IPP) va dimethylallyl diphosphat
(DMAPP). Pay la mot budc thiét yéu dé chuyén héa mevalonate trong con
duong sinh tong hop isoprenoid [50]. Trong nhimg nim gan day, mot luong
16n gen IDI d duoc nhan ban va xac dinh. Thuc hién tim kiém va phan tich
phat sinh loai trén cac chudi DNA cho thay c6 hai ho IDI 14 IDI1 va IDI2, ca
hai loai c6 thé dugc tim thiy trong céc sinh vat séng theo con duong MEP/
MVA [51]. Trong dir liéu transcriptome sdm Ngoc Linh, 2 unigene duoc chu
giai 1a mi cho enzyme IDI da duoc trich xuat. Tuy c6 chiéu dai twong tu nhau
nhung két qua so sanh véi co s dir liéu cho thay unigene 800937 g5 il chua
day du ving ORF va c6 do tuong dong cao véi trinh tu twong tng c6 nguon
géc tir P. notoginseng (95,83%). Trong khi d6, unigene 800937 g4 il khong
chtra ddy du ving mé héa, do tuong dong vai gen IDI tir P. notoginseng kha
cao tuy nhién d6 bao phu tuong doi thap.

Dir liéu unigene ciia gen SS: Squalene synthase (SS) xUc tac bugc dau
tién tir con duodng isoprenoid trung tdm toi sinh téng hop sterol va
triterpenoid. Enzyme nay chiu trach nhiém cho qua trinh sinh tong hop
squalene tir hai phan tir FPP, mot tién chat quan trong trong sinh tong hop
phytosterol va triterpene. P. ginseng c6 3 gen SS chuc nang. Lee va dtg
(2004) da phan l1ap mot cDNA day da caa SS, dugc dit tén 13 PGSS1, tir thu
vién cDNA la cua P. ginseng. Trinh ty amino acid cua PgSS1 cé d6 tuong
dong 84,1%, 75,78%, 81,45% va 71,33% lan luot véi Glycine max, A.
thaliana, Nicotiana tabacum va Oryza sativa [52]. Bon unigene duoc chl giai
la gen SS dugc tim thay trong dit liéu transcriptome sam Ngoc Linh. Hai
unigene chi chira mot phan bén trong ving ORF (c669272 gl il va
c800646_g6_i2) va 2 unigene (c802035 g3 il va c802035 g5 il) chua trinh
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tu ddy du cua ORF khi so sanh véi cac trinh tu tham chiéu trong céc co so dit
liéu. Hai trinh tu ¢802035 g3 il va ¢802035 g5 il thuoc cung cluster va
cung c6 do twong déng cao véi cac gen SS c6 ngudn géc tir P. quinquefolius.
Trong khi unigene ¢802035 g3 il twong déng 98,77% Vi trinh ty mang ma
s6 AM182456, unigene ¢802035_g5 il twong dong 96,94% véi GU997681.

Dir liéu unigene cia gen SE: Squalene epoxidase (SE) xuc tac phan
ing oxy hda lién két d6i cua squalene dé tao ra 2,3-oxidosqualene, bugc oxy
hoa dau tién trong sinh tong hgp phytosterol va triterpenoid. P. ginseng dugc
tim thay c6 2 ban sao cia gen SE va trinh ty cia ching c6 do tuong dong thap
tai dau N [53]. PgSE1 phién ma ¢ tat ca cac bo phan, trong khi PgSE2 ¢ muc
d6 biéu hién thap ngoai trir & cudng 14 va nu hoa. Ngoai ra, gen SE ¢6 nguon
goc tir cu Tam that P. notoginseng twong dong 98% vai P. ginseng [4]. Tur dit
liéu transcriptome sam Ngoc Linh, c6 6 unigene duoc chu giai lién quan toi
gen SE. Trong sb cac unigene dugc tim thay, 2 unigene chira day du ving
ORF (c780573 gl _i4 va c782799 gl il), 2 unigene ngan dudi 700 bp chi
thuoc mot phan trong ving ORF (c739748 gl il va c763721 g3 il) va 2
unigene chira mot phan ving ORF mang mad két thic. Hai unigene
c780573_gl_i4 va c782799 gl il c6 do twong dong cao trén 98% vai cac
gen SE ¢ ngudn géc tir lodi P. ginseng va P. vietnamensis var. fuscidiscus.

3.3. KET QUA NHAN BAN VA XAC PINH TRINH TU MOT SO GEN
LIEN QUAN DEN CON PUONG SINH TONG HQP GINSENOSIDE O
SAM NGOC LINH SU DUNG PHUONG PHAP SANGER

Dua vao cac trinh tuy tham chiéu co trén co s¢ dit liéu GenBank ciing
nhu trinh tu cac gen thu duoc trong dir liéu hé gen phién mi di xac dinh bang
phuong phép giai trinh tu gen thé hé mai, cac cap moi da thiét ké (Bang 2.2)
duogc str dung dé khuéch dai cac gen quan tam, bao gom AACT, IDI, SS, SE.
Két qua PCR khuéch dai cac gen thanh cong duogc thé hién ¢ Hinh 3.3. Céc
san pham PCR sau d6 dwgc nhan lugng 16n, tinh sach, dién di kiém tra trén
gel agarose dam bao cd mot bang duy nhat, sang, rd nét va sir dung dé giai
trinh ty bang phwong phap Sanger. Sau cac budc xu 1y, chung t6i da thu dugc
trinh tu cDNA cuia cac gen nghién ciu & sam Ngoc Linh. St dung phan mém
Bioedit, trinh tw cDNA cua cac gen dugc so sanh vai trinh tu tham chiéu c6
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trén co s dir ligu va cac trinh tu duoc chd giai twong ung tu dir liéu hé gen
phién ma sam Ngoc Linh, tir d6, chi ra nhitng diém sai khac cua trinh ty gen
thu duoc bang hai phwong phép giai trinh tu va trinh ty gen twong @ng cua
cac loai thuoc chi Panax (Phu luc 3.1).

AACT IDI

M1 NC 1 2 3

M2 1 2 3 NC M1 1 3
1364 bp
962 bp

M2 1 2 M1 NC 1

. I ) I i E

Hinh 3. 3 Két qua khuéch dai mét s6 gen lién quan dén sinh téng
hop ginsenoside & sam Ngoc Linh

M1: 1 kb (Bioline), M2: 100 bp (Nippon); NC: Déi chitng &m véi khuén 1a nuéc; 1-
3: San pham PCR véi khuon la cDNA sam Ngoc Linh mau 1-3. Béi véi mdi gen:
Hinh trai: San pham PCR nhan gen; Hinh phai: San pham PCR tinh sach.

AACT: Cap mdi AACT F/R dugc sir dung dé khuéch dai ving CDS
cua gen AACT. Cap mdi duoc thiét ké dé khuéch dai tir phan dau trinh tu CDS
chira md m¢ dau dén phan CDS chira ma két thic. Piéu kién khuéch dai gen
AACT: 94°C, 3 pht; 40 chu ki (94°C-1 pht; 58°C-30 giay; 72°C-45 gidy);
72°C-2 phut, sau d6 giir & 4°C. Két qua PCR trén Hinh 3.4 cho thay bang san
pham co kich thuéc twong tng kich thuéc Iy thuyét (1.364 bp). Trinh tu
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cDNA hoan chinh gen AACT phan lap tir sdm Ngoc Linh, PvAACT, c6 d6 dai
1.315 bp, viing CDS & vi tri 9-1235. Trinh tu nay dwgc céng bé trén GenBank
voi ma sb MZ272018. So sanh véi trinh tu tham chiéu AACT cua P.
notoginseng (KJ804173) la trinh tu day da duy nhat trén co so dit liéu, trinh
tu PVAACT c6 do tuong dong 98,86% véi 15 vi tri sai khac va 3 vi tri trong.
Dbi vai cac trinh tu AACT trich xuét tir dit liéu transcriptome, 2 unigene
€790622_g5 il va c790622_g1 i3 thudc cing mot cluster co su twong dong
V6i trinh tu AACT tir T. ammi. C6 thé thiay duoc khi so sanh sip hang, 2
unigene nay twong dong rat thap voi PVAACT. Unigene ¢801217_g7_il c¢6 do
tuong dong cao nhat (99,85%) vai trinh tuw PVAACT thu duoc tir phuong phap
Sanger. Qua so sanh sap hang trinh tu, hai trinh tu nay chi c6 2 diém sai khac
va 1 vi tri trong.

IDI: Cap mdi IDI F/R dugc thiét ké dé khuéch dai doan gen IDI c6
chtra ving CDS ¢6 kich thudc du kién 1a 965 bp, trong d6 moi xudi IDI F &
ving 5° UTR va vang CDS c6 chta bo ba mé dau va moi nguoc IDI R ¢
vung 3°_UTR. Diéu kién khuéch dai sir dung cho cip moi nay nhu sau: 94°C-
3 phut; 40 chu ki (94°C-45 giay; 55°C-30 gidy; 72°C-1 phut 30 giady); 72°C-2
phat, sau dé giit & 4°C. Két qua PCR véi cap moi thiét ké cho thiy san pham
PCR thu duoc c6 kich thude phu hop véi 1y thuyét. Trinh tw cDNA gen IDI,
PvIDI thu duoc c6 do dai 965 bp, mang day du ving CDS tir vi tri 6-932.
Trinh ty nay duoc cong b trén GenBank voi ma s OK513075. Két qua so
sanh trinh ty cho thay PvIDI kha gan giii véi trinh tu cta gen nay ¢ P.
notoginseng (do twong dong 97,51%). Su sai khac giira hai trinh tu nay xay ra
do thay thé nucleotide don. Di véi cac unigene ma cho enzyme IDI chon loc
tir dit liéu transcriptome, unigene ¢800937 g5 il c6 d6 tuong ddng véi PvIDI
cao hon (96,89%). Trong khi d6, unigene ¢800937 g4 il twong déng chu yéu
véi PVIDI & ving dau 5°. Do d6, ¢ twong dong cua unigene nay véi PvIDI
dat 93,77% nhung v&i @6 bao phu chi 35%. Su sai khac gita trinh tu IDI tur
sam Ngoc Linh thu dugc tir hai phuwong phap bat ngudn tir tinh chat caa giai
trinh tu transcriptome 1a giai timg doan ngan va st dung phan mém lap rap
dua trén trinh ty tham chiéu nhung ngudn tham chiéu tir P. vietnamensis con
han che.
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SS: Cap mdi SS F/R cho phan tng khuéch dai gen SS, trong d6 mdi
SS F duoc thiét ké tir ma mé dau cua gen trong khi méi SS R thudc ving cudi
cua khung doc mé. Kich thuéc san pham theo ly thuyét 1a 1229 bp. Diéu kién
khuéch dai sir dung cho cap mdi ndy nhu sau: 94°C-3 phut; 40 chu ki (94°C-
45 gidy; 55°C-45 giay; 72°C-70 giay); 72°C-2 phut, sau do gitr & 4°C. Trinh tu
gen thu duoc, PvSS, c6 d6 dai 1195bp, chira md mo dau va phan lén ving
CDS cua gen SS. Trinh ty nay dugc cong bd trén GenBank véi ma sb
OK513077. Tra ctu trén GenBank, chiing t6i thu thap dwoc nhiéu trinh tu gen
SS d@én tir mot s loai thuoc chi Panax nhu P. ginseng, P. quinquefolius hay P.
japonicus. CA&c trinh tu nay kha da dang. Trong d6, trinh tu PvSS ching toi
thu dugc tir sim Ngoc Linh c6 d6 tuong dong cao nhat véi trinh tu gen SS2 ¢6
ngudn gbc tir P. ginseng (GQ468527). Tur dit liéu transcriptome, ching toi thu
dugc 4 unigene dugc chi giai 1a gen SS, c6 do dai tir 320 bp dén 1665 bp.
Unigene ¢669272 gl il va c800646 g6 i2 khong twong dong véi trinh tu
PvSS. Mic du, unigene ¢669272_gl il cho thiy co twong dong véi trinh tu
SS cua P. japonicus (KP890782), tuy nhién su tuong dong chi xay ra ¢ 100
nucleotide cudi va KP890782 ciing c6 khac biét véi PVSS. Vi vay, xét trén
toan trinh tu ¢669272_ gl il khdng twong dong véi PvSS. Trong khi do,
c800646_g6_i2 cd do twong dong cao véi trinh tu SS GU354313 cua Aralia
elata_khdng phai thanh vién chi Panax. Hai unigene con lai déu chtra trinh tu
ORF day du. Unigene ¢802035_g3 il tuong dong 100% vai trinh ty thu duoc
tir phuwong phap Sanger. Unigene ¢802035 g5 il chi twong déng vai PSS &
300 nucleotide dau.

SE: Bé khuéch dai gen SE, ching tdi thiét ké 2 cap méi, SE FIR1 duogc
st dung cho phan tng khuéch dai doan trinh ty dai 802 bp chita ma mé dau
(ki hiéu 1a SE1) va SE F2R2 duoc str dung cho phan tng khuéch dai doan
trinh ty dai 874 bp chira ma két thic (ki hiéu 1a SE2). Hai doan DNA nay c6
phan trinh tu chong goi lén nhau thuan loi cho qua trinh ghép ndi trinh tuy.
Piéu kién khuéch dai str dung cho hai cap modi nay nhu sau: 94°C-3 phat; 40
chu ki (94°C-45 giay; 64°C-30 giay; 72°C-30 giay); 72°C-2 phut, sau d6 gitr &
4°C. Két qua PCR véi hai cip moi SE FIR1 va SE F2R2, cho thay chung t6i
khong thu duoc san pham PCR véi cap modi SE FIR1. D6i véi cap modi SE
F2R2, chung t6i thu dugc san pham cé kich thudc ding véi 1y thuyét. Cubi
cung, chung t6i da thu dugc trinh tw cDNA mot phan gen SE, PVSE2, ¢ dd
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dai 824 bp chara ma két thic. Trinh tu nay duoc cdng b trén GenBank véi ma
sb OK513079. Déi vai cac trinh tu tham chiéu cua cac loai thudc chi Panax
c6 trén NCBI, trinh tu PVSE2 c6 d6 tuwong ddéng cao nhat véi SE cua P.
vietnamensis var. fuscidiscus (99,15%). Biéu nay c6 thé ly giai vi ddy 1a hai
thir cua P. vietnamensis. Do twong dong thap nhat thudc vé trinh tu SE cua P.
sokpayensis (86,41%). Cac trinh tu tham chiéu con lai c6 do twong dong tir
87% dén 98%. Céc sai khac chu yéu xay ra do thay doi nucleotide don. Poi
Vo1 cac unigene tuong ung chon loc tor dir li€u transcriptome, unigene
c780573 gl _i4 c6 d6 twong dong cao nhat véi trinh tu thu duge bing phuong
phap Sanger (99,51%). C4c unigene con lai c6 d6 sai khac 1on do kich thudc
nho, twong dong véi céc trinh tuy SE thudc loai xa véi chi Panax.

3.3. KET QUA PHAN TICH BIEU HIEN CAC GEN LIEN QUAN PEN CON
PUONG SINH TONG HQP GINSENOSIDE O MAU LA SAM NGOC LINH
1 VA 4 NAM TUOI

Sau khi thiét ké trinh tu céc cap mdi, buédc tiép theo 1a kiém tra d6 dic
hiéu cho phan tng khuéch dai céac gen nghién ctru. B§ dac hiéu nay dugc
kiém tra bang cach thiét ké phan tmg PCR dinh luong cho timg cip modi, trong
d6 thay d6i nhiét do gin mdi cho mdi phan tng. San pham sau phan tmg dugc
bién tinh bﬁng cach nang nhiét do dé xac dinh nhiét d6 bién tinh cua san
pham. Mbi dic hiéu s& cho mot san pham khéch dai duy nhat, do d6 nhiét do
bién tinh s& thu dugc 1 gia tri duy nhat. Bat ki phan tmg nao c¢6 nhiéu hon 1
nhiét do bién tinh cua san pham déu chimg to phan tmg khéch dai gen khong
dic hiéu, do d6, mdi s& khong dugc st dung dé kiém tra biéu hién gen. Két
qua kiém tra cho thdy, cac moi AACT, IDI, SS va SE déu dic hiéu cho cac gen
muc tiéu trong tng. Két qua toi wu hoa cac moi duoc thé hién trong Hinh 3.4.
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SE

Hinh 3. 4 T6i wu héa mdi khuéch dai cac gen EF, AACT, IDI, SS, SE

Két qua biéu hién cia cic gen lién quan dén qua trinh tong hop
ginsenoside ¢ 14 sdm Ngoc Linh 1 tudi duoc thé hién trén Hinh 3.5A va Bang
3.4. Két qua phan tich cho thay, trong 14 sdm Ngoc Linh 1 nim tudi, cic gen
nghién ctu lién quan dén tong hop ginsenoside c6 mic do biéu hién khac
nhau. Trong d6, gen IDI c6 mac biéu hién cao nhat, sau d6 dén cac gen SS,
SE, va AACT biéu hién thap nhat. Phan tich tuong tu cho cac gen lién quan &
la saim Ngoc Linh 4 nam tudi (Hinh 3.5B) cho théy, cac gen SE, SS, IDI biéu
hién cao, trong khi gen AACT biéu hién rat thap.

Bang 3.4 So sanh mirc @9 bi¢u hién ciia mét s6 gen lién quan dén con

dwong sinh tong hep ginsenoside & md 14 va than ré sim Ngoc Linh 1
nam tuodi va 4 nam tuoi

Ten gen AACT [IDI [ss  |[sE
| Trungbinh | 0047 0,689| 0,683| 0,209
La 1 ol SD 0034 0,181 0252| 0018
| Trungbinh | 0065  1,146| 1468| 1515
La 4 tuoi D 0079| 0486| 0,262| 1,252
| Trungbinn | 0242| 0824 0715 0152
Than r¢ 1 tuoi D 0040 0,076 0063| 0,080
| Trngbinh | 0274 2182| 0718| 1035
Than r¢ 4 tuoi SD 0222| 1,881| 0568 0,628
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Hinh 3.5C trinh bay két qua so sanh mtrc do biéu hién ctia cac gen lién
quan dén qua trinh tong hop ginsenoside & 14 sim Ngoc Linh 4 nam tudi tudi
so voi 1 nam tudi. Két qua phan tich cho thiy co su khac biét trong su biéu
hién gen cta cic gen nghién ctu. Gen SE ¢6 muc biéu hién ¢ 14 4 nam tudi
cao hon nhiéu so véi 14 1 nam tudi. Gen SS biéu hién cao hon & 14 sim 4 tudi
so v6i 14 sam 1 tudi khoang 2 1an. Mot s6 gen khac nhu AACT, IDI biéu hién
tang khong dang ké trong 14 & 2 d6 tudi khac nhau. Co thé nhan dinh rang hau
hét cac gen lién quan dén tong hop ginsenoside ¢ 14 sdm 4 nam tudi déu bicu

hién tdng theo cdc muc do khac nhau so v6i 14 cia cay 1 nam tudi.
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Hinh 3. 5 Biéu hién ctia cac gen lién quan dén sinh tong hop
ginsenoside ¢ moé 1a sdm Ngoc Linh

A: Biéu hién cua cac gen & md la sam 1 nam tudi; B: Biéu hién caa cac gen ¢ mo 14
sam 4 nam tudi; C: Ti I¢ mtc do biéu hién cua cac gen lién quan dén tong hop
ginsenoside & MO 14 sAm 4 nam tudi va 1 nam tudi. Dau sao chi ra su khac biét cd y
nghia théng ké (p <0,05) theo kiém dinh t-test

3.4. KET QUA PHAN TiCH BIEU HIEN CAC GEN LIEN QUAN PEN
CON PUONG SINH TONG HQP GINSENOSIDE O MAU THAN RE
SAM NGOQC LINH 1 VA 4 NAM TUOI

Két qua phan tich (Hinh 3.6) ciing cho thay, cac gen lién quan dén tong
hop ginsenoside c6 muc do biéu hién khac nhau trong mau than ré sam Ngoc
Linh 1 nim tudi va 4 nam tudi. O sdm 1 nam tudi, gen IDI thé hién muc do
biéu hién cao nhat, sau d6 dén gen SS, trong khi cac gen con lai AACT va SE
c6 muc biéu hién thap (Hinh 3.6A). O sam 4 nam tudi, gen IDI biéu hién cao.
Gen SS, SE biéu hién ¢ mirc d6 trung binh, trong khi gen AACT biéu hién thap
hon (Hinh 3.6B).

So sanh murc do biéu hién cua cac gen & mo than ré sim 4 nim tudi o
v6i 1 nam tudi cho thdy c6 su khac biét trong sy biéu hién gen ciia cac gen
lién quan dén tong hop ginsenoside (Hinh 3.6C). Trong do, gen SE biéu hién
cao hon 6 1an ¢ than ré& sim 4 nim tudi so véi sdm 1 nam tudi. Gen IDI c6
muc d6 biéu hién ting khoang 2 lan. Két qua nay ciing twong dong véi két
qua caa Li va dtg (2019) thé hién két qua biéu hién cao cua gen SE ¢ than ré
s&m 3 nam tudi S0 Vi sim 1 nam tudi [49]. Mot sé gen khac nhu AACT va SS
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biéu hién ting khong dang ké trong mo than ré ¢ 2 d6 tudi. Tuwong tu nhu &
mo 14, hau hét cac gen lién quan dén tong hop ginsenoside & than ré sam 4
nam tudi déu biéu hién ting theo cac muc do khac nhau so véi & than ré cua
cay 1 nam tudi. Nam 2008, He va dtg nghién ctu biéu hién cua gen ma hoa
squalene epoxidase dong vai trd quan trong trong con dudng tong hop
ginsenoside & P. notoginseng ciing da chi ra d6 tudi cua cay cang cao thi mic
d6 phién ma cia gen nay cang ting [39]. Mtic d6 biéu hién gen khac nhau & 2
loai md, thudc 2 d6 tudi khac nhau cé thé quyét dinh dén sy khac biét trong
ham luong cac hoat chit ginsenosode twong Gmg ¢ sdm 1 nim tudi va 4 nam

tuol.

1.0

0.8

0.6

0.4

0.2
0.0- | i I

AACT sS SE IDI

Murc dé biéu hién gen

MCrc d6 biéu hién gen

AACT SS SE IDI



38

Mcrc d6 biéu hién gen
B
1

AACT SS SE

Hinh 3. 6 Biéu hién ciia cac gen lién quan dén sinh tong hop
ginsenoside & mo than ré sam Ngoc Linh
A: Biéu hién cua c4c gen ¢ than ré sam 1 nim tudi; B: Biéu hién cua céc gen
& than ré sam 4 nam tudi (B); C: Ti Ié mic do biéu hién cua cac gen lién quan

dén tong hop ginsenoside & md than ré sam 4 tudi va 1 nim tudi

3.5. KET QUA SO SANH MUC BIEU HIEN CUA CAC GEN LIEN
QUAN PEN TONG HQP GINSENOSIDE GIUA MO LA VA THAN RE
SAM NGOQC LINH O HAI PO TUOI

So sanh két qua biéu hién cua cac gen lién quan dén qué trinh tong hop
ginsenoside & md 14 va than ré sdm Ngoc Linh 1 nim tudi dugc thé hién trén
Hinh 3.7 va Bang 3.4. Két qua phan tich cho thay, cac gen lién quan dén tong
hop ginsenoside c6 mirc do biéu hién khac nhau gitta mé 14 va than ré sam 1
nam tudi (Hinh 3.7A). Hau hét cac gen nghién ctu déu ¢ mac biéu hién ¢
than ré& cao hon & 14, ngoai trir gen SE c6 muc biéu hién nguoc lai, & 14 cao
hon so véi than ré. Trong d6, gen AACT ¢6 muc biéu hién & than ré cao hon ¢
la khoang 5 lan. Két qua nay phu hop véi mot s6 nghién ctru di cong bo. Dua
vao hé gen phién ma cua P. notoginseng, Liu va dtg (2015) da phén tich va so
sanh sy biéu hién céc gen lién quan dén qua trinh sinh tdng hop ginsenoside &
mo 14, than ré va hoa. Két qua ciing cho thdy gen ma hoéa protein AACT c6
muc d6 biéu hién & than ré cao hon so vai la va hoa [31].

Pbi véi sam 4 nam tudi, két qua phan tich va so sanh cho thay gen
AACT, IDI c6 mirc biéu hién & than ré cao hon & la. Céc gen SS va SE ¢ muc
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biéu hién nguoc lai, & 14 cao hon so véi than ré. Cac gen dugc phat hién nay
s& 1a ngudn tai nguyén quy gia dé nghién ctiu vé co ché phan tir caa qua trinh
sinh t6ng hop ginsenoside. Nhu vay, cd thé thidy muc do biéu hién gen giira
mo 14 va mo than ré cling c6 nhing diém khéc biét & 2 do tudi cua cay (1 va 4
nam tudi), co thé tuong tng véi thay doi thanh phan ginsenoside giira cac loai

md & cac do tudi.
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Hinh 3. 7 So sanh mic biéu hién ciia cac gen lién quan dén sinh
tong hop ginsenoside ¢ mo 14 va than ré sim Ngoc Linh 1 va 4 nim tudi

A: So sanh muc biéu hién cua cac gen lién quan dén sinh tong hop
ginsenoside & md 14 va than ré sdm Ngoc Linh 1 nim tudi; B: So sanh mirc
biéu hién cuia cac gen lién quan dén sinh tong hop ginsenoside & mo 14 va than
ré sam Ngoc Linh 4 nam tu6i. Dau sao chi ra sy khéc biét co y nghia thong ké
(p <0,05) theo kiém dinh t-test
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KET LUAN VA KIEN NGHI

KET LUAN

1. S lugng va mac do biéu hién tuong d6i cua cac unigene tham gia vao
con dudng sinh tong hop ginsenoside tir két qua giai trinh ty hé gen
phién m& sam Ngoc Linh da dugc xac dinh. M6 hinh con duong gia
dinh sinh tong hop ginsenoside & sam Ngoc Linh da dugc xay dung.

2. Bbn gen tham gia vao con dudng sinh tong hop ginsenoside (AACT,
IDI, SS, SE) & sam Ngoc Linh da dugc nhan ban va xac dinh trinh tu
cDNA.

3. Bbn gen (AACT, IDI, SS, SE) di dugc danh gia mirc do biéu hién ¢ hai
loai mo va hai do tudi (1 nim tudi va 4 nam tudi) cta sam Ngoc Linh.
Cac gen nghién ctru ¢6 mirc do biéu hién khac nhau gitta mé 14 va than
ré ¢ hai do tudi. Pac biét, & sdm 1 nim tudi va 4 nam tudi, Cac gen
AACT va IDI ¢6 mic biéu hién & than ré cao hon ¢ la. Cac gen duoc
phat hién 1a nguén théng tin hitu ich hd trg nghién ctu co ché phan ta
cuia qua trinh sinh tong hop ginsenoside ¢ sam Ngoc Linh.

KIEN NGHI

Két qua dat duoc cua dé tai 1a co s¢ dé tiép tuc ma rong cac nghién ciu
xay dyng dir liéu toan dién vé gen va hé gen caa sam Ngoc Linh, gop phan
cung cip thong tin day du va hiu ich vé di truyén, cac gen chirc ning lién
quan dén cac tinh trang quan trong, phuc vu cong tac giam dinh, danh gia
ngudn gen, quan ly, bao ton, chon tao giéng sdm Ngoc Linh chat lugng bang
cong nghé sinh hoc.
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Phuy lyc 3.1 Ma trén so sanh cDNA cta mot sd gen lién quan dén con dudng sinh tong hop ginsenoside phan lap tir sim Ngoc
Linh véi trinh ty tham chiéu va trinh tu trich xuat tur dit li¢u transcriptome

A. PVAACT; B. PvIDI; C. PvSS; D. PvSE;
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KJ804168.1 Panax NOtLOGIiNSeNg I ... ...ttt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
€800937_g5 il e T..C..... L
€800937_g4_311l e e e GTACA.G.A.A....A..GGGGT.G
510 520 530 540 550 560 570 580 590

600

D S e O e e L T T e e e L S O [P I
PvIDI AAATTTRCTTCACAGAGCTTTCAG CGTATTCCTGTTTAACTCT AAATATGA GTTGCTCCTTCAGCAACGATCTGCAACCA
KJ804168.1 Panax NotoginsSeng i ... ... ... e e e e e e T e e e e e e e e e e e e e e e e e
€800937_g5_ A1 e T e e
c800937_g4_il ..GC.A..AC..GTCCA. .GA. .ATAGCACAAGAGGACGT. .A.GCTT..C..G.GG..GCA.G...... T.A.AT.GACGAT.TG.TA.G. .TAGCTTC

610 620 630 640 650 660 670 680 690

700

B e e e e I I
PvIDI AGGTGACATTCCCTTTGGTGTGGACAAAC ACTTGTTGCAGCCATCCA CTGTACCGAGAATCCGAGCTTATAGAGGAGAATGCTCTAGGGGY
KJ804168.1 Panax notoginseng i ................... 7 T..... A
c800937_g5_1il T T e e I
c800937_g4_il T.C..GA...T.TC.C.ACTCCA.GG.TTCTGA.GGCCGGA....AC.T. .TATGG. .TC.G.T.ATGGG.ATCTCA.C.TT.TG. .C.ATCT. .TCAA.
C 510 520 530 540 550 560 570 580 590 600

e e e e T e T
P.vietmamensis_SS GGTTCTTCGAGCACTTGACACTGTTGAGGATGACACAAGCATATC TACAGA GGTTAAAGTACCAATATTGA - TGGCTTTTCATCGCCACATATA
GQ468527 .2 Panax gINSENG ittt e e e e e e e e e e e e e e e e e e e e T T e e e e e e e e e e e e e e e e e e e e e e
GU183406.1 Panax gIiNSENG .ttt i ittt et e e e e e e e e e e e e e e e e e e e e e e e T T T e e T e e e e e G... .. 2
AM182457.1 Panax quinquefolius ............. T T T T G... .. b
AM182456.1 Panax quingquefolius .. .. ... e e e e e e T T e e T e e e e e e e e e e e e e T e e e e e e e e
KP689321.1 Panax gINSE@NQJ ot ittt ittt ittt ittt et e e e e e e e e e T T e e e e e e e e e e e e e e e e e e e e
KP689320.1 Panax giNSE@NQG ittt ittt ettt e e e e e e e e e e e e e e e e e e e e e e T T T e e e e e e e e e e e e e e e e e e e e T e e e e e e e e



o1

KJ804172.1 Panax NOtOGINSENT .. .. ittt it ittt ettt e e e e e e e e e e e e e e T T T T e e e e e e e e e e e e e e e e e T e e e e e e e
KP689323.1 Panax giNSE@NQG ittt ittt ettt e e e e e e e e e e e e e e e e e e e e e T T T e e e e e e e e e G. .. e T i
KP689322.1 Panax giNSE@NQ ..ttt ittt e e e e e e e e e e e e e e e T T T e e e e e e e e G...—— .. T, ...
KP689319.1 Panax giNSE@NQG ittt ittt ettt e e e e e e e e e e e e e e e e e e e e e T T T e e e e e e e e e e G. .. T i
KP689318.1 Panax giNSE@NQ ..ttt ittt ittt e e e e e e e e e e e e e e e T T e e e e e e e e G...—— .. T, ...
GU997681.1 Panax quinquefolius .......... ... ...ttt T, . e e b & T ST
KT123897.1 Panax notoginseng ... ... ... ...ttt eneeeneeennnn T, . .G e T, . e e
KP890782.1 Panax japoOniCusS ... ...ttt ittt ettt et e T, . e e b & T ST
KC953032.1 Panax notoginseng ... ... .. ...ttt ttnteneeeneeenann T, . .G e T, . e e
KT936528.1 Panax sSOKpPayensis ... ... ...ttt ttie i T . e e b & T ST
DQ186630.1 Panax notoginseng .. .... ... ...t e e e T, . G e T, C . e e
AB115496.1 Panax ginsSeng = ..ttt T G e e e b & T T TP
AB010148.1 Panax ginseng ... e e e e T, . G e T, . C . e e
KP689317.1 Panax gINS@NQG ..ttt it ittt e e e e e e e e e e e T T T T e e T e e e e e e e e e e e T T e e e e e e
KP689316.1 Panax ginsSeng = . ...ttt e e e T, . G e T, C . e e
KP689315.1 Panax gINSE@NQ ittt ittt it e e e e e e e e e e e e e e e e e e e e e T T T e e e e e e e e e e e e e e e e e T e e e e e e e e
KP689314.1 Panax ginS@Nng = ..ttt e e e e e e T G e e e b S & T T SR
EU131090.1 Panax NOtOginSeng e e e e e e e e e e e T T T e e e e e e e e e e e e e e e e e e T e e e e e e e
KJ939264.1 Panax ginSeNng = ..ttt e e e e e e e T G e e e b & T T TR
KC524471.1 Panax quinquefolius A.CCAGGA.G.T.T..A.A.T..G.TGAAT.AGGC.TT.AGG..TGTGT..AT.. AA..G.T.C..A.CG.G.TT--.C.GA.A.GCC.TTT....GG.
KC524469.1 Panax quinquefolius A.CCAGGA.G.T.T..A.A.T..G.TGAAT.AGGC.TT.AGG..TGTGT..AT.. AA..G.T.C..A.CG.G.TT--.C.GA.A.GCC.TTT....GG.
KC422650.1 Panax notoginseng .. .... .. ...ttt T, . G e T, . C . e e
EU502717.1 Panax ginSeng = ..ttt e e e e e e T G e e b L T T SR
€802035_g3 11 e e e e e T T T e e e e et e
€802035_g5 il e e e e T T e e e e e e
c669272 gl il
c800646_g6_i2 .TCAA..AA ATTT.GT.G.T.A.AA .ACT.ATT.AT.TTG...G .TT. . T.AA.T..... GT...GA.C.CT..AT.C...TC.TTTCTGCTAT
610 620 630 640 650 660 670 680 690 700
e e e e T e T I T I
P.vietmamensis_SS TGATAACGACTGGCACTTTTCATGTGGTACGAAGGAATACAAAGTTCTCATGGATGAGTTCCATCACGTTTCTAATGCTTTTCTGGATCTTGGAAGCGGT
GQ468527.2 Panax gINSENQG .ttt e e e e e e e e e e e e e e e e e e e e e e e A........ T e e
GU183406.1 Panax GINSEING .ttt ittt ittt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e A..
AM182457.1 Panax quUinquUefolius ... ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
AM182456.1 Panax quingquefolius .. ... ... e e e e e e e Ao....... T ot et e e e e e e e e G......
KP689321.1 Panax giNSeNQg ..ttt e e e e e e e e e e e e e e e e e e e A........ T e e
KP689320.1 Panax giNSE@NQJ ..ttt ttt ittt ittt et e e e e et et e e A........ Tt e e e e e e
KJ804172.1 Panax notoginseng  ...... P
KP689323.1 Panax gINSE@NQT . ittt ittt ittt et e e e e e e e e e e e e e e e e e e e e e e e e e et e et e A..
KP689322.1 Panax gINSE@NQG ..ttt ittt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e A..
KP689319.1 Panax gINSE@IG . ittt ittt ittt ittt et et e e e e e e e e e e e e e e e A..
KP689318.1 Panax gINSE@NQG . ittt ittt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e A..
GU997681.1 Panax quinquefolius ...... G e e e e C..... T..... T T..G............



KT123897.
KP890782.
KC953032.
KT936528.
DQ186630.
AB115496.
AB010148.
KP689317.
KP689316.
KP689315.
KP689314.
EU131090.
KJ939264.
KC524471.
KC524469.
KC422650.
EU502717.
c802035_g3 il
c802035_g5_il
c669272_gl_il
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DQ457054.
KT123898.
KT936529.
JX625132.
DQ386734.
FJ393274.
AB122078.
AB003516.
KJ939265.
KJ804171.
KJ946469.
KJ946468.
KJ946467.
KC953033.
KC422651.
MK603118.
c780573_g
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Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax

Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax
Panax

notoginseng
japonicus
notoginseng
sokpayensis
notoginseng
ginseng
ginseng
ginseng
ginseng
ginseng
ginseng
notoginseng
ginseng
quinquefolius
quinquefolius
notoginseng
ginseng

1010

notoginseng
notoginseng
sokpayensis
notoginseng
notoginseng
ginseng
ginseng
ginseng
ginseng
notoginseng
vietnamensis
vietnamensis
vietnamensis
notoginseng
notoginseng
japonicus
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...... L O
...... G...................AGTATTTC.TTCT.CT.C. .G.T.GTTT. .TAACTGT...TA...G.C.ATTGA. . .ATTCC.C.A.TC- TACA

....G..TTTG. .T.TGG.

1020

AGATCCTTCTCCGATCTTG

1030
l.

[ e e e T T
TTTTAT AAAATTAGTAGTACCGAGATTCGCTGTTTGGTTGATGTGCCTGGA!

..AA . AT.GCTTT.T..TGTC.TCTG.ACT..T.CCTTT...TT.CA. .TTCTTG. . . TACTT.TCAAA.TAAA. .
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1080
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1090 1100
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c782799 gl il
c739748 _gl_il
c746527 gl il
c763721_g3 il
c779029 gl il
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.CCGG.GA.A. .AGCTCCAACGATGATG.CG.C.GC.

C..A..... Co T..... T, i C..... A..... C.

.CTGATTGA.TAGCCCG...G.TG.CGC.A...TTC.G.TC. .TT.GGG.C.CAAA.GAA.TA

......... A..C.. TC.A...... CC...C..C..C..T...G.A..T..............A,....T.~.....C.T......C..G.......T.

C.C..G..C.
TACAT.A..G..A..TCCAAGAA.A .G..CC.AA.

...A.T.GG..-..AC. .ATCAA.AACA.G..TGA-...TA....TCC..-...T...AAATA
..A..A.GCGA...C...TACTTCT.TTGA.AC.CG...C.AT.TGAACCA.GGCG.CAACC



