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MO PAU

1. Pit van dé

Trong nhitng nam qua, kinh nghiém va tri thic s dung cdy thudc dé chira
bénh cta nguoi dan vung nui cao da dong vai tro quan trong trong viéc bao vé strc
khoé cong dong. Do ap luc khai thac khong bén viing dé dap wng nhu cau ngay cang
tang cao vé duoc pham nguyén, nhiéu cdy thudc quy bi de doa va dang c6 nguy co bi
tuyét chang. Viéc thuc hién chi truong chuyén dich co cau kinh té nong nghiép theo
huéng san xuat hang hoa da canh va bén vitng, nhiéu loai giéng cay tréng dugc dua
Va0 san xuat ndng nghiép bang nhing ki thuat méi da va dang duoc nguoi dan ung
ho va don nhan. Trong d6, nghién ctru nhan gidng va phat trién cac loai cay duogc
licu c6 gia tri kinh té cao dang 1a huéng di mai, khdng nhitng gop phan ting thém
thu nhap, ma con dong gop vao cong tac phong va bao vé sic khoe cong dong, ddong
thoi bao ton, phét trién duoc tri thirc ban dia quy gia cua cac dan toc thiéu s vé su

dung cac loai cay thudec Nam, trong dé ¢ cay O dau.

O dau, Phu tir chira nhitng thanh phan c6 doc tinh cao nhung van duoc cho 1a
nhitng vi thudc quy, duoc ding phd bién trong y dugc hoc ¢b truyén phuong Pong.
Vi thudc O dau 1a ca me va Phu tir 1a cu con ciia mot sb loai thuoc chi Aconitum [1],
[3]. Hién nay trén thé gigi dang co nhiéu nghién ctu vé chi Aconitum nhiam phéat
trién cac san pham theo huéng nang cao hiéu qua sir dung cac loai thudc chi nay
trong phong va tri bénh. O Viét Nam, cdy O dau (Aconitum carmichaelii Debx.)
duoc tim thdy moc hoang ¢ viing ndi cao phia Bac Viét Nam, nhu Yén Bai, Lao Cai,
Lai Chau [3] va sau d6 cay O dau di duoc dua vao trong & Ha Giang, Lao Cai, Lai
Chau tir nhitng nam 70 thé ky XX. Hién nay, cdy O dau duoc trong nhiéu ¢ huyén
Quan Ba, Bong Vin, tinh Ha Giang va dugc ngudi dan dja phuong sir dung theo
kinh nghiém Iam thudc chita cac loai bénh vé xuong khép hoic ndu chéo an dé ting
cudng sac khoé. Nam 2013, Thi teéng Chinh phu da phé duyét quy hoach tong thé

phét trién duoc liéu dén nim 2020 va dinh huéng dén nam 2030, theo d6 cay O dau



duoc quy hoach trong tai tinh Ha Giang [19]. Bé phat trién ngudn dugc licu O dau,
ngoai chién lugc mé rong ving trong, ting ning suat va san luong, viéc ung dung
cdng nghé sinh hoc trong muc dich ting sinh khéi ré va ca O dau théng qua nudi ciy
ré to phuc vu thu nhan cac hop chit thi cip c6 hoat tinh sinh hoc mang tinh thoi su

va dang dugc quan tam nghién cau.

Flavonoid 1a cac hop chit thir cdp chinh déng vai trd quan trong trong viéc
duy tri can bang oxy hoa khir trong té bao thyuc vat. Nhiéu loai flavonoid c6 dic tinh
khang khuan, chong oxy hda va chéng ung thu [12]. Flavonoid trong chi Aconitum
duoc quan tdm trong nghién ciu phét trién dwgc pham hién dai, va flavonoid 3'5'-
hydroxylase (F3'5'H) 1a mot enzyme chia khoa xtc tac cac phan tng cudi clng trong

qua trinh sinh tong hop cac hop chat flavonoid & cay O dau.

F3'5'H, mot thanh vién caa ho Cytochrome P450, lién két véi phan mang
microomal, phu thudc vao NADPH va O,, va nhay cam véi chat tc ché [139], [106].
F3'5'H tham gia phan tng chuyén naringenin thanh flavonoid [5], [106], [139], [178].
Su hydro hoa vi tri 5' bai F3'5'H 14 mét phan @ng quan trong vi n6 quyét dinh san
pham cudi cuing trong qua trinh sinh tong hop flavonoid cua thuc vat [97], [178], do
do6, viéc tang cudng biéu hién gen F3’5’H s& lam ting nong do va hoat tinh cua
enzyme F3°5°H va dan dén ting tich liy flavonoid trong thuc vat. Cho dén nay, da
c6 mot s6 bao cao vé phan tich biéu hién cua gen F3'5'H caa mét s6 loai thuc vat
khac nhau, nhu Da yén thao [82], Bach qua [170], Tra [95], [178]...tuy nhién, chua
c6 béo c&o nao vé két qua phan tich biéu hién gen F3°5°H cua cay O dau.

Nhu vay, hai cach tiép can lam ting ham luong cac chat cé hoat tinh sinh hoc
duoc lya chon 12 tng dung c6ng nghé nudi cdy mé té bao thyc vat 1am ting sinh khoi
va ki thuat biéu hién gen chia khoa 1am tang tich lily ham luong hop chét tha cap
trong cdy chuyén gen. Xuat phat tir nhitng 1y do trén chung t6i di lwa chon va tién
hanh dé tai luan an: “Nghién ciu nudi ciy in vitro va biéu hién flavonoid 3°5’-
hydroxylase nhim ting cwong tong hop flavonoid & cay O dau (Aconitum

carmichaelii Debx.)”.



2. Muc tiéu nghién ciru

2.1. Xac dinh dugc mot sé diéu kién thich hop trong nudi cay in vitro va cam ung tao
ré to & cay O dau.

2.2. Chting minh dugc su biéu hién cta gen ma héa Flavonoid 3°5° hydroxylase cua
cay O dau (Aconitum carmichaelii Debx.) 1am ting sy tich lity flavonoid trong cay

chuyén gen.
3. Noi dung nghién ciru

1) Nghién ctru dinh danh loai tir cac mau O dau thu tai mot s6 dia phuong cua tinh

Ha Giang bing phuong phap hinh thai so sanh va ma vach DNA.

Thu thap mau O dau tir hai huyén Hoang Su Phi va Quan Ba (Ha Giang),
trong tai vuon thi nghiém 1am vat liéu nghién ctu. Binh danh loai O dau (A.
carmichaelii Debx.) bang phuong phap hinh thai so sanh va tra ctru trén co sé dit liéu
thuc vat qudc té, két hop véi mot sb chi thi phan td DNA nhu ITS, matK, rpoCl,
rpoB2.

2) Nghién cau thiét 1ap hé théng nudi cay in vitro va tao ré to ¢ cay O dau.

Tao nguyén liéu khoi dau trong nubi cdy in vitro tir doan than cay O dau. Cam
g tao da chdi va cay O dau in vitro qua nghién ciu anh huéng cua BAP va Kinetin,
anh huong cua a-NAA va IBA, anh huong cua gia thé. Nghién ctu lva chon vat liéu
nudi cay tao ré to va diéu kién thich hop cho cam &ng tao ré to cay O dau. Khao séat
moi trudng nhan nudi ting sinh khdi ré to cay O dau.
3) Thiét ké vector biéu hién gen ma hda Flavonoid 3’5 hydroxylase va tao chung

Agrobacterium tumefaciens mang vector chuyén gen thuc vat.

Phan Iap, tach dong va xac dinh trinh tu gen AcF3’5°H tir cay O dau (A.
carmichaelii). Thiét ké vector biéu hién gen thuc vat mang gen AcF3°5 H tix cay O

dau va tao vi khuan A. tumefaciens tai to hop chtra vector chuyén gen AcF3°5 H.

4) Nghién ctru bién nap va biéu hién gen AcF3°5°’H & cay Thudc .



Bién nap di truyén gen AcF3’5’H vao md 14 Thudc 14 va tao cay Thubc 14
chuyén gen. Phan tich biéu hién gen AcF3°5°H cua cay O dau trén cay Thudc la
chuyén gen, cu thé 1a xac nhan sy c6 mat va sy phién ma, dich ma cua gen chuyén
AcF3’5’H trong cay chuyén gen; so sanh ham lugng flavonoid gita cay chuyén gen

va cay khéng chuyén gen.

5) Nghién ctu bién nap va biéu hién gen AcF3°5’H & cay O dau.

Nghién cru vé anh huéng cua cac yéu td dén hiéu qua chuyén gen ciay O dau
thdng qua bién nap gen chi thi uidA vao cay O dau. Bién nap di truyén gen AcF3°5'H
vao choi O dau théng qua A. tumefaciens va tao cay O dau chuyén gen. Phan tich
biéu hién gen AcF3°5’H ¢ cay O dau chuyén gen thdng qua phan tich PCR, RT-PCR,
Western blot va ELISA. Panh gia su tich liy ham luong flavonoid trong cay chuyén
gen.

4. Nhirng dong gop méi cia ludn an

Luan &n la cong trinh nghién ctu ¢ hé théng, tir dinh danh cac mau O dau thu
thap ¢ Ha Giang dén thiét 1ap hé thong tai sinh in vitro phuc vu chuyén gen dén cam
g tao ré to va nhan nudi ting sinh khdi ré to ¢ loai O dau. Tir tach dong phan tir
gen AcF3°5’H tir cay O dau va thiét ké vector biéu hién gen ¢ thuc vat dén nghién
ctu bién nap di truyén va phan tich biéu hién gen AcF3’5’H & cay chuyén gen.
Nhitng dong goép méi cho khoa hoc caa luan &n thé hién cu thé Ia:
1) Cac mau O dau thu tai huyén Quan Ba va Hoang Su Phi, tinh Ha Giang, Viét Nam
thudc cung loai A. carmichaelii, chi Aconitum, ho Hoang Lién (Ranunculaceae) duoc
dinh danh bang su két hop giita phuong phap hinh thai so sanh va ma vach DNA.,
2) Xac dinh duogc diéu kién thich hop cho nudi cdy in vitro va tao dugc cac dong ré
to tir ré cay O dau in vitro 1am vat liéu phuc vu chon dong ré to chuyén gen.
3) Lan dau tién trén thé giéi gen AcF3°5 H tir cay O dau duoc bién nap va biéu hién
thanh cong trén cay thudc 1a va cay O dau. Sy biéu hién manh cua gen AcF3°5°H da
lam tang ham luong flavonoid trong cay chuyén gen.

Két qua nghién ctu cua luan an 13 bao cao dau tién trén thé giéi va o Viét Nam

vé phan tich biéu hién gen AcF3°5’H cua cay O dau.



5. Y nghia khoa hoc va thie tién ciia dé tai ludn an

Cach tiép can cai thién ham lwong flavonoid bang ky thuat chuyén gen ma
héa enzyme chia khda AcF3°5°H trong qud trinh tong hop flavonoid va tao dong
ré to in vitro ¢ cay O dau c6 ¥ nghia vé khoa hoc va thyc tién.

Vé mgt khoa hec

Két qua phan tich biéu hién gen trén cay Thubdc 1a va cay O dau 1a co so cho
cac nghién ctu ting cudng biéu hién gen AcF3°5°H & cac loai duoc liéu khac trong
muc dich lam tang su tich liy flavonoid trong cdc bo phan cua thuc vat. Gen
AcF3°5°H ti cay O dau duoc nghién ctru trong cong trinh ndy c6 thé duoc coi la mot
g cir vién dé tang cuodng tich liiy flavonoid trong thuc vat bang cong nghé gen.

Két qua nghién cau nudi cay in vitro va cam tng tao ré to 1a co so tng dung
cdng nghé nay vao viéc ning cao ham lwong va hiéu qua thu nhan cac hop chét co
hoat tinh sinh hoc & cay O dau va mét sé loai cdy duoc liéu khac.

Vé mat thuec tién

Céc dong ré to va dong cay O dau chuyén gen lam vat liéu cho chon giéng O
dau c6 ham lugng flavonoid cao. Két qua caa nghién ciru da mo ra trién vong wng
dung k¥ thuat tao dong ré to va k¥ thuat biéu hién gen vao viéc ning cao ham luong
cac hop chat c6 hoat tinh sinh hoc trong cay duoc liéu.

Céc bai bao dang tai trén céc tap chi khoa hoc qudc té va quéc gia cing vai céc
trinh tu gen cong bd trén Ngan hang Gen la nhimg tu lidu cd gié tri tham khao trong

nghién clru va giang day sinh hoc, cdng ngh¢ sinh hoc.



Chuwong 1. TONG QUAN TAI LIEU

1.1. CAY O PAU
1.1.1. Pic diém sinh hoc ciia ciy O dau

O dau cé tén khoa hoc 1a Aconitum carmichaelii Debx., thuoc chi Aconitum
L., ho Hoang lién (Ranunculaceae) dugc xép vao danh sach thudc doc bang A,
nhung ciing 12 mot vi thude quy dang tha 4 trong "t dai danh duoc” (sdm, nhung,
qué, phu) sau khi duoc bao ché can than. Phan ré cu cua O dau con duoc goi cu 4u

tau hay du tau. Cay thudng moc hoang ¢ cac ving ndi cao [3], [8], [12].

Chi Aconitum thudc ho Ranunculaceae, bao gdm khoang 400 loai phan bé ¢
cac vung 6n d6i cua ban cau bac, véi mot nira trong sé ching phan bé ¢ Trung Qudc
[123]. Cac loai thudc chi Aconitum cé than thao, sdng mot nim hodc nhiéu nam. La
cua cac loai thugc chi Aconitum c¢6 mau xanh dam va khéng cé 1&4 kem, hinh ban tay
chia thuly hoac thily sau véi 5-7 phan. Mai phan lai chia thanh 3 thiy véi hinh ring
cua. L4 sap xép xoan dc, 1a ¢ dudi co cudng dai. Hoa moc thang dung, cé thé cé cac
mau: xanh dam, tim, trang, vang, hong véi nhiéu nhi hoa. Hoa dugc phan biét bai co
mot trong nam dai hoa, hoa c¢6 hinh mii. Hoa ¢6 2-10 canh hoa. Hai canh hoa trén to
va dit dudi cac dai than dai. Hoa cd tdi rong & dinh chira mat hoa. Nhitng canh hoa
khac nho hodc khéng hinh thanh, ¢ 3-5 14 nodn dugc hop nhat mot phan. Qua Ia mot
t6 hop cac nang, mdi nang chtra nhiéu hat. Sé loai thudc chi Aconitum di dugc ghi
nhan dén nay trén thé gioi 1a 948 loai, tuy nhién do c6 su tring lap vé cach dat tén
cac loai tai cac quéc gia, cac ving khac nhau nén thyc chét chi c¢o 331 loai duoc chap
nhan [72].

Cay O dau ¢ Viét Nam c6 dang than thao, séng nhiéu niam, thdn moc thang,
cao 0,6-1 m. Ré cu hinh nén, moc thanh chudi, ¢ cu cai va cac ci con. Dudi than
cay, ré céi phinh thanh cu giéng nhu cu dau, goi 1a ci me. Canh cd ré cai, moc ra
nhitng ca con. Trén dau cu con ¢ mot bup mang 14 ngam. Sau khi cay no hoa, ci me

s& héo va tiéu dan. Cu me thudng nhe, rdng, ¢ giita mau xam; cu con thi ning, chéc



hon va 16i mau vang. L4 cay con hinh tim, gan nhu tron, tya nhu 14 ngai ciu, mép 14
c6 ring cua to, 14 xé thanh 3 thuy khong déu, mép céc thuy c6 rang cua nhon. Hoa
khong déu, ludng tinh, mau xanh hoic mau xanh lo thAm, moc thanh cham & ngon
than, c6 5 dai, trong c6 1 khum hinh mii. Qua c¢6 5 dai mong nhu gidy, hat c6 vay
trén mat [11] (Hinh 1.1).
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Hinh 1.1. Hinh anh cay O dau (A. carmichaelii Debx.). A, B: Cay O dau trdng tai
vuon va trong chau ¢ nha ludi; C, E: Mat dudi va mit trén 14 O dau; G: Ca O dau
g6m ¢t me va cu con; H: Hoa O dau; K: Qua va hat O dau (A7nh do tdc gia chup tai

vuion thi nghiém).

Theo nghién ciu ciia Vi Buc Loi va cs (2014), cay O dau trong tai Quan Ba,
Ha Giang c¢6 dic diém than thao, séng nhiéu nam, cao khoang 0,6-1 m hoic cao hon,
phan than trén mit dat, lui hang nim. R& ci gom ca me & giira va Cac cu con moc
xung quanh, c¢6 hinh con quay, hinh nén thuén, duong kinh 1-4 cm, dai 3-9 cm. Than
khi sinh moc thang it phan canh, phan than non va ngon c6 16ng don bao cong. L4
don, moc so le, phién 14 c6 dang gan hinh tim tron hoac x¢é 3 thuy sau, hai thiy bén

x¢ tiép thanh 5 thuy khong déu nhau, mép khia ring cua to, gan 1a 5 hinh chén vit,



cubng 14, mat trén c6 16ng to. Cum hoa dang chum don, moc & ngon than va k& 14,
dai 10-30 cm gom nhiéu hoa mau xanh tim. Cudng hoa dai 2-6 cm, cudng hoa va
cum hoa c6 16ng to day cong, cac 14 bic & phan dudi cum hoa chia 3 thay hinh méc,
2 14 bac con nho dai 4-8 mm, rong 1-2,5 mm, 2 mit ¢6 16ng to. Hoa khong déu ludng
tinh, 5 14 dai mit ngoai co 16ng to ngén, 14 dai trén hinh mi cao, hoi det tram 1én 2 14
dai bén va 2 canh hoa dai 2-3cm, rong 1,8-2,5 cm. Hai 14 dai bén hinh tring dai 1,7-
2,2 cm, rong 1,8-2,6 cm. Hai 14 dai duéi thudn dai 1,3-2 cm, rong khong déu nhau.
Trang hoa gém 2 canh hoa tiéu giam, nhin, dai 1,8-2,1 cm nam trong 14 dai trén, hai
bén cuon vao thanh hinh tru. Nhij nhiéu (40-46) khong c6 16ng, dai 9-12 mm, chi nhi
rong cé canh ¢ dudi, bao phan 2 6 dinh goc hinh cau hozc elip nit doc. Bau trén dai
5-12 mm, ¢6 16ng nho rai rac. L4 nodn 5, roi, mdi 14 nodn cé nhiéu noan, dinh bén.
V0i nhyy ngan hon bau nhuy. Qua gém 5 dai hinh elip dai 1,5-2,5 cm, duong kinh
0,5 cm, ¢ Mo ngan, dai khong ton tai. Trong mdi dai chra 10-20 hat det, dai 4-5

mm, rong 2-3 mm, c6 canh mong [12].

O dau 1a cay duoc lidu c6 doc, tat ca cac phan cua cdy déu chira chat gay doc,
nhiéu nhat 12 & ci. Cu O dau rat doc, lugng doc trong ca co thé lam cho nguoi té
ciing chan tay, tac nghén mach mau, déng mau va chét. Trong duogc thu Viét Nam,
ct nho duoc goi 1a Phu tir, con cu 16n duoc goi 1a O dau. Phu tir c¢6 doc tinh kém hon
O dau [8].

O dau 12 cay cua vang 6n d6i 4m, moc trén can va chi c6 ¢ ving ndi cao. Cay
trong ¢ Viét Nam thich nghi cao véi diéu kién khi hau am mat caa ving nhiét dsi ndi
cao, dugc quy hoach trong ¢ cac ving trong duoc liéu nhu Lao Cai (Sa Pa), Lai Chau
(Sin H), Ha Giang (Pong Vin, Quan Ba) [19]. Dién tich trong cay O dau dang duoc
phét trién gop phan da dang hda loai cay duoc liéu va cay dic san ¢ ving ndi phia
Bac, dan dén nhiéu trién vong Ién cho nganh y hoc ndi riéng va nén kinh té noi
chung.

1.1.2. Thanh phén dwec chit va gia tri dwoc hoc & cay O diu
Vé mit hoa hoc, cac loai thudc chi Aconitum chira cac hop chit thugc nhom

alkaloid, flavonoid, steroid va glycoside, trong d6 thanh phan c6 hoat tinh sinh hoc



chinh 1a céc alkaloid diterpenoid va flavonoid [123]. Nhitng nim gan day cic nha
khoa hoc trén thé gigi con quan tam téi nhém chat flavonoid trong chi Aconitum.
Nhiéu flavonoid da dwgc phan lap va thir nghiém hoat tinh sinh hoc [46], [61]. Cac
flavonoid nay duogc chia thanh 2 nhém chinh la: dan chat quercetin va dan chat
kaempferol. Cac flavonoid dd phan 14p duogc tir chi Aconitum cé dic diém chung 1a
phan nhdm thé, thuong thé vao vi tri sé 3 hoic s6 7, hoidc thé vao ca vi tri s6 3 va sb
7 trong nhan quercetin hoic kaempferol. Trong céc phan tar duong thé vao nhan
quercetin hoac kaempferol thuwong gap do la rhamnose, glucose, galactose [50]. Vai
trd chi yéu cua cac dan chat flavonoid trong chi Aconitum la chéng oxy héa va loai
bo cac goc ty do [38]. Hoat dong chdng oxy hoa dugc nghién ctu va chang minh ¢
loai A. burnatii Gayer, A. variegatum L. [160], A. anthora L. [103], va A. napellus

sp. Lusitanicum [71] ...

Cay O dau trong & Sa Pa, Lao Cai co6 ham luong alkaloid toan phan ¢ ci me
0,36-0,8%, cu con 0,78-1,17%. Trong thanh phén alkaloid c6 aconitin va
hypaconitin. Aconitin dé bi thiy phan thanh acetic acid va benzoylaconin. P§ doc
benzoylaconin chi bang 1/400-1/500 aconitin. Thay phan tiép benzoylaconin cho
mot phan tir acetic acid va aconin, d6 doc caa aconin bang 1/10 benzoylaconin.
Trong cac bo phan cua ciy nhu: Than cay, cu, 14, hoa, qua va hat déu c6 cac hop chit
alkaloid, axit hiru co, duong tu do, amino acid. Cac chat nhu karacolin, neolin,
benzoylmesaconitin (nhém alkaloid), benzoic acid, R-sitosterol dugc phan lap tir Phu

tir va ham luong alkaloid tong s6 12 0,91-1,1 % [4].

Cay O dau trong & Quan Ba, Ha Giang c6 thanh phan chinh 1a alkaloid c6
trong c, than, hoa, 14, hat; flavonoid c6 chu yéu trong 14; polysaccharid ¢ chu yéu
trong ci. Ngoai 3 thanh phan hoa hoc chinh nay, cay O dau tréng o tinh Ha Giang
con cé axit béo, amino acid, duong tu do, sterol, carotenoid. Ham lugng alkaloid
toan phan trong Phu tir 1a 0,93%, trong O dau 14 0,70%. Nhu vdy ham luong alkaloid
toan phan trong O dau thap hon Phuy tir. Diéu nay c6 thé do alkaloid trong O dau mot
phan chuyén sang Phy tir, mot phan bi chuyén hda thanh hop chat khac hoic mot

phan ty phan hay [12]. Ham luong flavonoid toan phan trong 14 tinh theo quercetin
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bang phwong phép do quang 1 1,60% va 16 hop chat co trong cay gom: 5 alkaloid, 4
flavonoid, 2 sitosterol va 5 chat nhom axit béo, este. Trong do, tir Phu tir va O dau
déu phan lap duoc 10 hop chit, gdm 4 hop chat lan dau tién phan Iap tir chi
Aconitum la: axit 9-chlorooctadecanoic, axit 3-chloroicosanoic, axit 8-
chlorohexadecanoic, 3-hydroxypropane-1,2-diyl dihenicosanoat; hop chit lan dau
phan lap tur loai A. carmichaelii la: delcosin; 5 hop chat khac 1a fuzilin, karacolin,
benzoylmesaconitin, hokbusin A, daucosterol. Tir 14 phan lap duoc 7 hop chat, gém
2 chat moi la: 5,7,3-trimethoxyquercetin  3-O-p-D-fructofuranosid va (Z)-3
hydroxypentan-2-yl-10-aminooctacos-9-enoat, 3 hop chat lan dau tién phan lap tur
chi Aconitum la 7,4’-O-dimethylluteolin 5-O-[a-L-arabinofuranosyl-(1—6)-p-D-
glucopyranosid], quercetin  3-O-a-L-rhamnopyranosid, quercetin  3-O-B-D-

galactopyranosid va stigmast-4-ene-3,6-dion, daucosterol [11].

Vé gia tri duoc hoc, O dau c6 tac dung giam dau [87], ting cudng mién dich,
chbng oxy hda, chong ting sinh té bao, chong ung thu [54], [172], tac dung trén tim
mach [87], [70], chdng viém [87], [122], [147] chéng tiéu chay [165]. Thanh phan
chinh c6 hiéu qua cua cay Aconitum la alkaloid diterpenoid. Pugc chia thanh Cyg -,
C1o -, Cyo- Va bis-diterpenoid alkaloids. Pay 1a mot trong nhitng hop chat tu nhién, c6
trién vong nhat trong diéu tri ung thu. Cac alkaloid diterpenoid dwoc phan Iap tir cac
loai thudc chi Aconitum da cho thay tinh chat chong ung thu hiéu qua trong cac dong
té bao ung thu khac nhau. Nhitng dic tinh nay bao gom wc ché su phat trién cua té
bao, gay ra apoptosis, can thiép vao chu ky té bao va thay doi tinh trang khang da
khang sinh [172]. Nam hop chat bao gom oxonitine, deoxyaconitine, hypaconitine,
mesaconitine va crassicauline A duoc tim thy trong A. carmichaelii cho thay céc
hoat dong gay doc té bao rd rang chong lai cac bénh ung thu khac nhau nhu ung thu

bach cau, ung thu via va ung thu gan [54].

Tong cong, 76 loai Aconitum di duoc sir dung lam thudc thao dugc & céc
nuée nhu An Do, Viét Nam, Han Quéc, Nhat Ban va Trung Quéc [174]. A.
carmichaelii 1a mot trong nhitng dugc liéu truyén théng duoc liét ké chinh thic trong

Duoc dién Trung Quédc va duoc sir dung nhiéu trong cac vi thudc chira bénh cua



11

Trung Quéc nhu diéu tri bénh thap khop, dau than kinh va céc bénh vé tim trong
hang ngan nam [70]. Trong y hoc cd truyén Trung Qudbc, ré thir cip cua A.
carmichaelii 1a mot loai thao duoc quan trong duoc sir dung dé bao ché thude tim,
thudc giam dau, chdng viém va thuéc loi tiéu dé diéu tri cam lanh, tiéu chay, suy tim
va phu [165]. Trong diéu tri viém khép, thudc bao ché tir A. carmichaelii c6 tac dung
ngan ngira thoai hda khap, giam mat do xwong va diém Mankin, thic ddy su ting sinh té
bao sun va wrc ché mono-iodoacetate ton thuwong té bao sun [147]. Dich chiét tir ré cua A.
carmichaelii duoc sir dung dé diéu tri mot sé bénh nhu sét, thap khép, dau khép, viem
da day, viém ruot, tiéu chay, hen phé quan va phu [122]. Trong déng y, O dau duoc

ding dé chita cac ching phong té, chan tay nhiic moi, té bai... [8], [17].
1.1.3. Nghién ciru dinh danh cay O dau

Cay O dau la loai cay thao duoc moc tu nhién phan bé rai rac khap ving 6n
d6i Bac ban cau, An Do, Trung Qudc, Nhat Ban, Han Quéc... O Viét Nam, cay O
dau c6 ngudn gbc nhap tir nude ngoai tir 2 nguon; tha nhat, O dau do nganh Y té
chinh thic nhap giéng tir Trung Quéc, duoc trong dau tién & Sa Pa, Lao Cai tir dau
nhitng ndm 70 cta thé ky trude, sau d6 dugc trong ¢ Bic Ha, Lao Cai va Sin HY, Lai
Chau; va nguon thir hai, O dau do cong dong ngudi Hoa & huyén Quan Ba va Dong
Vin, Ha Giang tu dong nhap tir bén kia bién gidi vé trong ¢ vuon nha va nuwong ray.
C6 tai liéu cho rang, cay O dau Viét Nam moc hoang & Nghia Lo (Yén Béi), Ha
Giang, Lo Cai, Lai Chau, Cao Bang [2], [3], [4]. Cay O dau trong ¢ Viét Nam, dugc
ghi nhan bai hai tén 1a: A. fortunei Hemsl va A. carmichaelii Debx.. Theo nghién cuu
cia Bui Hong Cuong thi tén khoa hoc cdy O dau trdng ¢ Sa Pa, Lao Cai la
A.carmichaelii Debx. [4]. Trudc diy, dé nhan dién cac loai trong chi Aconitum cha
yéu dya vao phuong phap hinh thai so sanh [90]. Phuong phap phan loai nay dua vao
su khac biét vé hinh thai cta cac co quan trén co thé thuc vat dé nhan dién cac loai
trong cung chi. Tir gitra nhitng ndm 1990, vai sy phat trién manh mé cua sinh hoc
phan tu, phan loai hoc phan tur 1a phuong phap mdi dang dugc ing dung rong réi va
hi¢u qua trong linh vyc phén loai hoc. Phuong phap phén loai hoc phan ti st dung

trong dinh danh loai dua trén cac dit liéu thong tin vé hé gen nhan hoic hé gen luc
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lap, hay cac san pham cua ching, cho mic d6 chinh xac cao va dic biét hitu dung
V6i cac loai co quan hé gan giii ma nhimg quan sat hinh thai, sinh truéng va phat

trién chua du co sé dé dinh danh hoic phan biét loai [57].

Mot chi thi DNA 1y tuong dé dinh danh loai can théa man nhiing yéu cau sau:
(1) Poan DNA chi thi phai du d6 bién thién dé phan biét giita cac loai nhung ciing
phai khong khac nhau qua muc gitta ca thé cung loai; (2) Hé thdng dinh danh bang
DNA phai duoc chuan hoa, véi cing mot ving DNA c6 thé duoc sir dung cho cac
nhoém phan loai khac nhau; (3) Poan DNA chi thi can chta di thong tin loai dé co
thé dé& dang dinh danh loai vao cac nhom phan loai; (4) C6 kha ning ap dung véi
mau vat thd, voi vi tri nhan gen co6 do bao thu cao, dé dang thuc hién phan ung
khuéch dai va doc trinh tw DNA; (5) Poan DNA chi thi can c6 chiéu dai vira phai
(400-800 bp) c6 thé dugc khuéch dai tir DNA khuon 1a cac DNA bi dat gay [164].
M4 vach DNA duoc dic trung bang cach sir dung mot hoic mot vai doan DNA dé
phan biét cac loai khac nhau [12]. Mot s6 ma vach DNA da duoc nghién ctru va ting
dung trong viéc nhan dang cay duoc liéu nhu ITS, matK, rpoC1, rpoB... ITS Ia trinh
tu khdng ma héa nim & hai bén cua trinh tw ma héa ribosome 5,8 S bao gdm co
ITS1, ITS2. Pé danh gia phét sinh loai va phan loai lai chi Aconitum Lycoctonum (ho
Ranunculaceae), Hong va cs (2017) di su dung nhiéu ving gen trong hé gen nhan
(ITSva ETS) va hé gen luc lap (ndh F- trn L, psb A- trn H, psb D- trn T, va trn T- trn
L) [65]. Sharma va cs (2002) da st dung trinh tu ving ITS dé danh gia da dang di
truyén trong céc giong lda mach va giira cac gidng lda mach vai loai IGa mach hoang
dai [132]. Rowena va cs (2012) da phan biét dugc cac loai trong cung mot chi va
96% céc giéng trong cing loai tir 78 loai khac nhau nhd viéc sir dung ma vach ITS
[131]. Chen va cs (2010) da so sanh hi¢u qua st dung 7 ma vach DNA (psbA-trnH,
matK, rbcl, rpoC1, ycf5, 1TS2 va ITS) dé nhan dién mot so loai cdy duoc lidu, két
qua cho thay, viing ITS2 c6 thé sir dung nhu mot ma vach DNA chuan véi ty Ié thanh
cong 12 92,7% [127]. Trong sb cac gen luc lap, matK 1a mot trong nhiing gen tién hoa
nhanh nhat, c6 mit & hau hét cac loai thuc vat, c¢d kich thuéc khoang 1550 bp va ma

hoa cho maturase lién quan dén qua trinh loai bod cac intron sau phién ma, duogc st
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dung nhu mot chi thi trong nghién ctru mbi quan hé giita cac loai va phat sinh loai &
thuc vat. DA ¢o rat nhiéu cong trinh nghién ctru str dung gen matK dé dinh danh mot
s6 loai nhu Co6 bién [163], Bach tat 1& (Tribulus terrestris), Aerva javanica,
Haplophyllum robustum, Tribulus pentandrus, Tamarix aucherana... [120]. Gen
rpoB, rpoC1 méi hda hai trong 4 tiéu don vi ciia RNA polymerase luc lap. Gen rpoB
duoc sir dung nhiéu trong nghién ciru phat sinh loai va xac dinh cac loai vi khuan,
dic biét nghién ctu cac ching c6 quan hé gan gii. Khi nghién ctu ho
Dipterocarpaceae, Tsumura va cs (1996) di nhan thiy gen rpoB thich hop sir dung
trong nghién ctru phat sinh loai. Cung voi gen 16S rRNA, rpoB dugc st dung trong
nhiéu nghién ctru dé xac dinh loai vi khuan méi, do vay gen nay dugc dé xuét 1a chi
thi DNA barcode doc 1ap hodc két hop véi mot s gen khac [173]. Madesis va cs
(2012) khi nghién ctru phan loai 25 giéng cidy ho Pau ¢ Pia Trung Hai bang viéc sir
dung gen rpoC1 va mot s6 gen khac dd co nhan xét rang, khi sir dung két qua phan
tich gen rpoC1 c6 kha ning xac dinh duoc 72% trong tong sé gidng ciy ho Pau
nghién ctru [113].

Cho dén nay, trén thé giéi chua co cong trinh nghién cau sit dung ma vach
DNA d¢ dinh danh mau O dau. Theo béo céo cua Gao va cs (2016), hé gen luc lap
hoan chinh cua cay O dau (A. carmichaelii) co kich thuéc 154.776 bp, trong d6 co
gen matK, rpoC1 va rpoB2. Phan tich phét sinh loai vaéi toan bo trinh ty nucleotide
ctia b gen luc lap Aconitum chi ra rang A. carmichaelii c6 méi quan hé di truyén gan
giii hon voi A. kusnezoffii [55]. Két qua nay 1am co s thiét 1ap ma vach DNA dé
dinh danh mau O dau. O Viét Nam, Vii Puc Loi va cs (2014) da tién hanh phan lap
doan 1TS1-5,8S-1TS2 cua cay O dau Ha Giang, sau khi giai trinh tu thu duoc ving
gen ITS gom 1TS1-5,8S-1TS2 géom 640 bp duoc dua vao dé so sanh véi trinh tu cong
bd, két qua cho thay trinh tu gen thu dwoc twong ddng véi trinh tu loai A.
carmichaelii Debx. d cong bd véi s6 nucleotide twong dong 1a 606/609 (twong tng
ty 1& twong déng 99%) [12]. Tuy nhién, hién chua c6 cong trinh nghién ciu vé tng
dung ma vach DNA (matK, rpoC1, rpoB2) dé dinh danh cac mau O dau. Chinh vi
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vay, chiing t6i két hop ca phuong phap hinh thai so sanh va phuong phap phéan loai

hoc phan tir dé nhan dién mau O dau thu thap tai mot sb huyén cua Ha Giang.
1.2. NUOI CAY IN VITRO VA CAM UNG TAO RE TO O CAY DUQC LIEU
1.2.1. Hé théng tai sinh da chdi & cay dwoc liéu

Nhan giéng in vitro 1a ky thuat tao ra cac cay hoan chinh théng qua nudi ciy
té bao va md thyc vat st dung moi trudong nudi ciy dinh dudng va kiém soat cac diéu
kién vo trang d6i vai su phat trién cua té bao thuc vat, md va co quan [47]. Viéc bat
dau cac nghién cau in vitro vé té bao thuc vat va nubi cdy mé bat ngudn tir nam
1902, khi Gottlieb Haberland dwa ra gia thuyét “tinh toan ning cua té bao” rang mdi
té bao chira mot hé gen bao gom toan bo théng tin di truyén can thiét dé tao ra mot
cay hoan chinh. Céac té bao da biét hda & thuc vat co thé quay tro lai chu ky té bao,
tang sinh va tai tao cac mo va co quan, tham chi tré thanh mét cay hoan chinh. Mat
s6 bao cao da chung minh tinh toan ning cua té bao thuc vat ma qua d6 cay co thé
duoc tai sinh, do d6 n6 dugc st dung rong rai trong mot sé nghién ciru co ban nhu
trong vi nhan giéng, bao ton ngudn gen va hinh thanh cay bién déi gen [36]. Céc
mau ciy dugc nubi trén moi truong dinh dudng téi vu, trong diéu kién vo tring bao
gom nudc, chat dinh dudng da lugng va vi lwong, mot sé nguon carbon (thudng la
carbohydrate & dang sucrose hoic glucose), vitamin, chat diéu hoa sinh truéng
(auxin, cytokinin va gibberellin) va chat 1am thay doi trang thai méi truong (trong
truong hop ctia méi trudng rin) [44]. K§ thuat nudi ciy in vitro hién nay khong thé
thiéu dé san xuat cay khong bénh, nhan Ién nhanh chéng cac kiéu gen thyc vat quy
hiém, bién d6i bo gen thuc vat va san xuit cac chat chuyén héa c6 ngudn gbc thuc
vat ¢ gié tri thuong mai quan trong [47]. Uu diém chinh cua vi nhan giéng la n6
dam bao cung cap nhanh chéng va lién tuc dé san xuat hang loat cac cay khoe manh,
gidng hét nhau vé mat di truyén va sach bénh quanh nim; cé thé kiém soat hoic thay
d6i diéu kién méi trudng nudi cay cho phi hop ting loai thuc vat; nguon mau vat

nudi cay cé quanh nam; cé thé thu nhan dugc céc chat chuyén hoa thi cap... [44].

Mot s6 yéu té o thé anh hudng dén sy nhan choi nhu lya chon mau cay, loai

moi trudng, néng do cac chat diéu hoa sinh truéng thuc vat va ngudn ning luong
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carbon duy tri kha ning tham thau. Kiéu mau va tudi cia mau ciy, cac thanh phan va
loai méi truong anh hudng dén hiéu qua tai sinh choi cua thyc vat, va diéu quan
trong 1a phai t6i wu hoa loai méi trudng va ndng do thich hop dé thiét 1ap quy trinh
tai sinh thanh cong. Mot s nghién ctu cho thay rang, méi truong MS (Murashige va
Skoog) duoc sir dung tot nhat cho muc dich tai sinh chdi in vitro va nudi ciy maé.
Céc chat diéu hoa sinh truong thuc vat dong vai trd quan trong trong qué trinh biét
hoa, phan chia va kéo dai té bao. Hiéu qua cua qué trinh tai sinh chdi ciing bi anh
huong boi nguon carbon. Sucrose dd dwuoc chimg minh 1a déng vai trd quan trong
trong viéc cai thién sy phat trién cua cay va ty I¢ tai sinh chdi, trong khi glucose va
maltose dong mot vai trd nho trong viéc tao choi [30].

Viéc nudi cay in vitro cé thé sir dung cac loai mau vat khac nhau nhung phd
bién va cho hiéu qua cao d6 1a nudi cay dinh sinh truéng. Yéu cau quan trong nhat
trong nhan giéng in vitro 1a kha ning phan chia manh ctia mo phan sinh, do dé nudi
cdy dinh sinh truong 13 ki thuat duoc (ng dung nhiéu nhat trong néng nghiép [130].
Doan than mang mit chdi bén 1a loai mau vat dugc thim do nhiéu nhét trong nuéi
cdy dinh sinh truéng, cho hiéu qua da chdi cao ¢ phan 16n cac loai thyc vat trong do
c6 cay duoc liéu nhu Ba kich (Bacopa monnieri L.) [99], cdy Ca dai qua do
(Solanum surattense Bum.) [100], cay Ban trang (Hemidesmus indicus) [133]... Cac
nghién citu cho thdy mai trudong cho hiéu qua tai sinh da choi cao phi hop vai nhiéu
lodi cay dugc lidu 1a MS co ban ¢ bo sung BAP véi cac nong do khac nhau [142].
C6 nhiing cdy dugc liéu méi truong nudi cay chi can bo sung nong d6 BAP thap da
cho hiéu qua da chéi cao. O cay Ba kich (B. monnieri L.) nghién cttu cam ung tao da
chéi bang doan than mang mat choi bén cho thdy chéi phat sinh trén méi truong
khong bo sung chét kich thich sinh trudng hodc bo sung véi nong do thap BAP 1,0
mg/l [99]. O cay Ca dai qua do (S. surattense Bum.), méi trudng tai sinh da chdi hiéu
qua nhat 1a moi trudng MS co ban ¢6 bd sung nong d6 BAP 0,5mg/l da cho sé choi
trung binh dat duoc 1a 58,2 chéi/miu [100]. Tuong tu, cdy Luu ly An Do
(Plectranthus amboinicus (Lour.) Spreng.) ciing cho hiéu qua tai sinh da chdi tét
trong méi truong MS bd sung nong d6 BAP 0,4 mg/l [29]. Cam ¢ng tao da chdi tur

doan than mang mat chdi bén trong madi trudng MS ¢6 bo sung nong dd BAP 1,5mg/I
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& cay Thudc hen (Tylophora asthmatica), BAP 1,0 mg/l & cdy DBubi chdn mau
(Uraria picta) [157], BAP 2 mg/l & cay Va (Ficus carica) [94] da cho ti I& tao chdi
cao. Nghién cau kha nang cam tng tao da chdi cua cay Diéu nhuém (Bixa orellana
L.) trén mdi truong MS ¢6 b sung cac chat diéu hoa sinh truéong lan luot 12 BAP,
zeatin, isopentenyl adenine (2-iP), kinetin, hozc thidiazuron (TDZ) cho thay hiéu qua
da choi tot nhat & méi truong MS bd sung BAP 1,0 mg/l, véi cac chat con lai hiéu
qua khong cao [26]. Tuy nhién, & mét s6 cay duoc liéu hiéu khac, cam tng da chdi
tir doan than mang mat chdi bén cho hiéu qua khi méi trudng nudi cay bd sung cac
chat diéu hoa sinh truéong & ndng do cao nhu & cdy Rau meo (Orthosiphon stamineus
Benth.) b sung BAP 6,7 mg/l [88]; cay Ngu moc (Crataeva magna Lour.) bo sung
BAP 8,8 mg/l [22]; cay Dién thanh hoa vang (Sesbania drummondii) bé sung BAP
22,2 mg/l [33]. Viéc két hop BAP vai mot s chat kich thich sinh truéng khac ciing
cho hiéu qua tai sinh da choi cao. O cdy Ban trang (Hemidesmus indicus) doan than
mang mat choi bén c6 kha nang tao nhiéu chdi nhat (9,37 chdi/mau trong 4 tuan) trén
moi truong Y2 MS b sung BAP 2,22 mg/l + NAA 1,07 mg/l [133]. Loai Co ngot
(Stevia rebaudiana Bert.) c6 hiéu qua da chdi tét nhat (5,16 choi/mau) trén moi
truong MS bd sung BAP 1,0 mg/l + kinetin 1,0 mg/I [59]. Hiéu qua tai sinh da choi
tir doan than mang mat chdi bén con phu thudc vao moéi trudng co ban nhu & cay
Bach tat 1& (Tribulus terrestris Linn.) mdi truong WPM c¢6 bo sung BAP 4 mg/I cho
hiéu qua da chdi tét nhat 7 choi/mau ciy sau 4 tuan nudi cdy [158]; phu thudc vao
kich thudc cua doan than nhu & cdy Piéu nhuom (Bixa oreliana L.) véi kich thuéc
doan than 13 0,5 cm cho sé lugng da chdi 16n nhét trén moi truong B5 ¢ bo sung
isopentenyl adenine 4,9 mg/l [129]; hay phu thudc vao ndng do sit trong méi truong
nudi ciy nhu ¢ cay L4 mong (Lawsonia inermis) [27]...

Bén canh doan than mang mét chdi bén thi sir dung mau vat 1a 1d4 mam ciing
cho hiéu qua tai sinh da chdi & cay duogc lidu hai 14 mam. Cay Ca tim (Solanum
melongena L.) 1a mot loai cay trdng quan trong vé mit kinh té trén toan thé gidi,
duoc nghién ctu k§ ludng vé cac dic tinh dugc liéu, gia tri dinh dudng. Nghién cau
cam @ng tao chdi tir mau cdy 14 mam cua ca tim cho thiy ca BAP va kinetin déu c6

thé tao ra mo seo tir mau cay 14 mam. Trén mdi trudng co ban MS b sung Kinetin
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2,0 mg/l tao choi thanh cdng véi 1,50 chdi/mau, con BAP thich hop cho cam ang md
seo [52]. Nghién ciu hé théng tai sinh da chdi in vitro ¢ cdy Giang huong
(Pterocarpus marsupium Roxb.) sir dung mau céy la 14 mam cdy trén moi truong MS
b6 sung BAP 5mg/l + I1AA 0,25 mg/l cho hiéu qua da chdi dat 4,16 chdi/mau sau 5-6
tuan nudi cdy [98]. Tuong tu, hé thdng tai sinh da chdi ¢ cay Bau nau (Aegle
marmelos L.) da dugc xay dyung khi st dung mau cay la 14 mam cay trén moi trudng
MS bé sung BAP (0-8,8 mg/1), kinetin (0-9,4 mg/l) va IAA (0-1,14 mg/l). Sau 7 tuan
nudi cdy, két qua cho thay s chdi cao nhat dat duoc la 48,75 chdi/mau trén moi
truong MS bd sung BAP 6,6 mg/l + IAA 1,14 mg/l [114]. Su téi sinh in vitro tir mau
cay mot 14 mam caa cay Virng (Sesamum indicum L.) ¢ cac cong thirc khac nhau cua
mdi trudng MS bd sung BAP, thidiazuron va axit indole-3-acetic cho thay hiéu suat
tai sinh téi da (25,93%) thu dugc trong méi truong MS bo sung BAP 33,33 mg/l +
IAA 2,85 mg/l trong 6 tuan nudi cay [43]. Nghién ciru tai sinh da chdi ¢ cady MU tat
(Salvadora persica) 1a mot cay thuc quan trong & ving sa mac véi mau cay la 14
mam sau 20 ngay gieo hat, duoc ciy trén moi trudng MS co ban ¢6 bd sung chat
kich thich sinh truong thuoc nhom auxin (NAA, 1AA va 2,4-D) va cytokinins (BAP
va kinetin). Két qua dat dugc s6 choi I6n nhat 12 17,5 chdi/mau trén méi truong MS
c6 b6 sung BAP 2,0 mg/l két hop véi IAA 0,5 mg/l [128].

Viéc sir dung mau vat 1a doan than mang mat chdi bén va 14 mam mang lai
hiéu qua da chdi cao ¢ rat nhiéu cac loai cay duoc liéu, tuy nhién trong mot sé
truong hop, hiéu qua da choi lai dat dwoc tir mau 14. Nghién ciu hé théng tai sinh da
chdi tir mau vat 1a doan than mang mat chdi bén va miu 14 ¢ cay Tam bop (Physalis
peruviana L.) cay trén méi truong MS b sung chat kich thich sinh truong BAP, GA,
va 2,4-D. Két qua cho thay voi mau vat 1a doan than mang mat chdi bén cho sé choi
t6i da 1a 15,4 choi/mau & mdi truong bo sung BAP 2,0 mg/l + GA; 1,0 mg/l + 2,4-D
1,0 mg/l; con véi mau vat 13 14 thi cho sé choi téi da 1a 15,3 chdi/mau & moi truong
bd sung BAP 3,0 mg/l + GA; 1,0 mg/l + 2,4-D 1,0 mg/I [80]. Téi sinh cay tryc tiép
tir cAc mau 14 duoc phan loai trong dng nghiém cua cay thuéc Hypericum spectabile
thudc ho Bwra cho thiy rang su hinh thanh chdi cao nhat bing céch st dung cay 4,
thu duoc trén moi truong MS chira BAP 1 mg/l va kinetine 1 mg/l [48]. Nghién ctu
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tao chdi ¢ cay Chanh day (Passiflora edulis) sir dung dia 14 tir nguyén liéu 14 non
tuoi cho thay tan s cam ung chdi cao nhat (14,85%) dat duoc trén moi truong MS
c6 bd sung BAP 8,9 mg/l [151]. O cay Ca héi (Solanum pubescens) tir mau la ciy
trén moi truong MS b sung chat kich thich sinh truong BAP, NAA, GA;. Sb chdi
l6n nhat dat duoc 1a 3,5 chdi/mau & ndng do BAP 3,0 mg/l + GA; 1,0 mg/l [154].

Péi véi chi Aconitum, két qua nghién ciru vé nudi cay in vitro trong bao céo
ciia Rawat va cs (2013) cho thay hé thdng téi sinh in vitro c¢6 kha ning tai sinh & l0Ai
Aconitum violaceum dugc phaét trién tir cac doan than. Cam tmg da chdi dat dugc trén
moi truong MS ban dau duoc bd sung BAP 0,5 mg/l va NAA 0,1 mg/l véi ty Ié tai
sinh thanh coéng khoang 85,43% [76]. Singh va cs (2020) di dua ra bao cao dau tién
vé nhan gidng in vitro tir doan ré cua loadi Aconitum ferox, mét loai cay thudc co
nguy co tuyét chung trén ddy Himalaya. Céc doan chop ré A. ferox dugc sir dung dé
tao md seo, va sau d6 cac chdi phat trién tir md seo duoc chuyén sang méi trudng
MS c6 bo sung BAP [96].

Nhu vay, trong ba loai miu vat da tong két dé tao da chdi & cay duoc liéu, thi
doan than mang mat chdi bén va 1a mam 1a loai mau vat dugc sir dung nhiéu, mang
lai hiéu qua da chdi cao, con mau 14 thi it duoc sir dung hon vi hiéu qua da choi
khong cao. Mbi trudng duoc sir dung phd bién dé tao da chdi d6 1a méi truong MS
co ban ¢d b sung céc loai chat kich thich sinh truong, cha yéu 1a BAP & cac nong do
khéc nhau, c6 thé két hop véi cac chat kich thich sinh truong khac nhu IBA, NAA,
2,4-D... Hién nay, di co mot s6 tac gia tiép can nghién ctru dé xay dung hé thong tai
sinh cia mot s6 loai thuoc chi Aconitum. Tuy nhién, trén thé gisi ciing nhu & Viét
Nam chua thay nghién cau ndo cdng bd vé hé thng tai sinh phuc vu chuyén gen &

cay O dau (Aconitum carmichaelii Debx.).
1.2.2. Nghién ciru nudi cay ré to & cay dwoc liéu
1.2.2.1. Cam #ng tao ré to théng qua vi khuan Rhizobium rhizogenes

Vi khuan Rhizobium rhizogenes (trudc day goi 1a Agrobacterium rhizogenes)

la ho hang cua vi khuan Agrobacterium tumefaciens va c6 thé duogc sir dung dé tao ra
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ré co tén 1a “ré to” khi mau 14 hoic doan than cay bi thuong va nhiém khuan. Mot
gen muc tiéu c6 thé dugc chuyén va két hop vao hé gen cua cay chu bang céach lay
nhiém vi khuan R. rhizogenes cé chira mét plasmid Ri bién ddi, ddn dén tao ra cac ré
c6 16ng to chuyén gen. Dua trén co ché nay, mot ang dung cong nghé sinh hoc cé gia
tri da duogc khai thac, duoc goi 1a nudi cdy ré to [105]. Trong nhitng nim gan day, hé
thdng nudi cay ré to qua xtr Iy bang R. rhizogenes da dwoc chon 1am phuong phap
thay thé kha thi dé san xuét hop chit duoc pham tir cay thudc. Nubi ciy ré to mang
lai co hoi san xuat 6n dinh nhiéu loai chat chuyén héa thir cAp cua thuc vat so véi
nudi ciy té bao/mo seo thuc vat chua biét hda. RE to ciing mang lai nhing loi thé
nhu toc do ting truong nhanh hon khong phu thudc vao hormone, on dinh di truyén
va sinh hda, kha ning sinh tong hop hiéu qua so véi ré cay ban dia, bao quan lau dai

va san xuat sinh khéi lon [34].

R& to (hairy root) 1a tén goi dung dé chi cac ré nho duoc san sinh ra manh mé
tai vi tri bi nhiém boi vi khuan R. rhizogenes qua cac vét thuong. Ré to do R.
rhizogenes duoc danh gia 1a phu hop dé san xuat cac chat chuyén hoa tha cap o thuc
vat. Vi su bién nap gen caa R. rhizogenes vao té bao, ré to c6 kha niang tong hop ra
nhiéu loai hop chit ty nhién véi hiéu suit cao ma céc té bao khong phan héa va cac
ré bat dinh khong chuyén gen khéng tong hop duoc hay tong hop véi ham luwong
khong dang ké [9]. Khi cac vi khuan R. rhizogenes nhiém vao vét thuong cua thuc
vat thi ching s& chuyén gen cua ching vao céc té bao thuc vat tai vi tri d6. Cac gen
duoc chuyén tir R. rhizogenes vao trong hé gen cua té bao thuc vat duoc goi tén 1a T-
DNA. Ving T-DNA nay nam trong mot plasmid Ién cia R. rhizogenes va plasmid
nay duoc dit tén 1a Ri-plasmid [39]. Vi khuan bi thu hit vé mat hoa hoc d6i véi thuc
vat bang cach nhan ra cac phan tir phenolic, dic biét 13 acetosyringone, dugc giai
phong bai cac md cay bi thuong. Khi R. rhizogenes tiép xdc vai vi tri vét thuong, né
chuyén va tich hop mot doan plasmid gay cam @ng ré (Ri-plasmid) caa né mang gen
locus r& (rolA, rolB va rolC) vao hé gen thuc vat, dan dén su phét trién caa ré nhiéu
nhanh, nhiéu 18ng tai vi tri nhiém bénh [35]. Ri-plasmid bao gém céac ving nhu viing
gy doc (goi tat 1a vang vir), ving chuyén gen (T-DNA), viing ori, viing phién ma...

Chi c6 doan T-DNA cua plasmid méi dugc chuyén vao hé gen cua thuc vat thong
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qua su hd trg bdi cac doan gen trong ving vir cia Ri-plasmid. Trong Ri-plasmid
viing vir chiém khoang 35 kb va ma hoa sau locus phién ma (vir A, B, C, D, E, G), c6
tac dung kich thich cho sy cit doan T-DNA (tai ving bo trai va bo phai) dé gan vao
genom thuc vat trong qua trinh chuyén gen [155]. T-DNA chua hai viing trinh tu doc
lap, lan luot 1a ving bién trai TL-DNA va ving bién phai TR-DNA. TL-DNA va
TR-DNA thudng duoc chuyén doc lap va tich hop 6n dinh vao bd gen cua cay cha
[56]. Ving TR-DNA déng vai trd cho qua trinh khoi tao ré vi n6 mang gen ma hoa
cac enzyme kiém soét sinh tong hop auxin (auxl va aux2), ngoai ra TR-DNA ciing
mang gen ma hoa tong hop opine. Ving TL-DNA mang céc gen rol chiu trach nhiém
vé c4c kiéu hinh ré to, bao gom 18 khung doc (ORFs), trong d6 ¢6 4 locus 10, 11, 12
va 15 tuong tng ma hoa cho cac gen rolA, rolB, rolC va rolD [153]. Su biéu hién
cua cac gen rol dan dén sy hinh thanh ré & thuc vat bi ton thuong, tuy nhién méi gen
c6 su khac nhau vé murc do biéu hién ciia né va gen rolB c6 kha ning gy cam ng
kiéu hinh ré to manh nhat. Trong mot nghién ctu vé sy mat chirc niang, nguoi ta da
phat hién ra rang viéc bat hoat gen rolB khong tao dugc kiéu hinh ré to. Ngoai
ra, gen rolB c6 lién quan dén cac con dudng tc ché gen sau phién ma thong qua su
biéu hién qua mac caa microRNA. Gen rolB cua R. rhizogenes c6 lién quan dén viéc
kich hoat cac yéu t6 phién ma cua hau hét cac chat chuyén hda chuyén biét trong

nudi cay ré to ciing nhu vao su biéu hién cua céc protein loai chaperone [56].
1.2.2.2. Tinh hinh nghién cizu nudi cdy ré to é cdy dwoc liéu

Cay dugc liéu tao ra mot nhom da dang cac hop chat thyc véat nhu
anthraquinon, alkaloid, anthocyanins, flavonoid, saponin va terpen dugc su dung
trong nganh duoc phim, nudc hoa, my pham, thudc nhuém va huong liéu. Cong
nghé sinh hoc c6 madt vai trd quan trong trong viéc san xuat cac chat chuyén hoa tha
cap c6 gia tri cao. Bing cach két hop cac phuong phap céng nghé sinh hoc, ¢ thé
quan 1y cac con dudng sinh tong hop cua thuc vat dé ting cuong san xuat hop chat
thir cap trong thuc vat dang duoc quan tdm trong nganh duoc pham. Nudi cay huyén
phu té bao thuc vat, chdi, ré bat dinh va ré 16ng duoc coi 1a cac phuong phép thay thé
dé san xuat hop chat c6 hoat tinh sinh hoc quan trong. Cac phuong phap niy cé thé

kiém soat dugc, bén vitng va khac phuc mot s6 bat tién cho san xuét chat chuyén héa
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tha cap quy mé 16n. Hién nay, nghién ctu vé nudi ciy ré to cam tng nho vi khuan R.
rhizogenes dé san xuat hop chat c6 hoat tinh sinh hoc c6 gia tri 3 dwgc quan tam rat
nhiéu [125]. R& to phat trién nhanh hon nhiéu so véi nudi cdy té bao thuc vat va
khong can bd sung hormon sinh trudng vao mdi trudng nudi cay. Ré to c6 kha ning
sinh téng hop chét chuyén hda thir cip cao hon nhiéu lan so véi cay me, c6 su phan

nhanh bén va 6n dinh vé mit di truyén [9].

Céc chung vi khuan duoc sir dung va mat d6 cua vi khuan ciing c6 anh huong
tGi qua trinh l1ay nhiém. Chang vi khuan hoang dai R. rhizogenes chtra Ri-plasmid
thuoc loai agropine thuong duoc sir dung tao ré to & cay dugc lidu do 1a A4, 15834,
1855, LBA 9402 [24]. Thuc nghiém da ching minh rang hiéu qua chuyén gen cua
chung R. rhizogenes A8196 cao hon R. rhizogenes NCPPB 1855 [67].

Viéc lya chon can than loai va chat luong caa cac nguyén liéu thuc vat duoc
st dung dé bién nap 1a rat quan trong, quyét dinh dén hiéu suat chuyén gen. Céc
nguyén liéu thuc vat thuong duoc sir dung dé lay nhiém vi khuan Agrobacterium va
thiét 1ap hé thng bién nap 1a phoi trudng thanh, phdi chua tredng thanh hoic mé seo
tir mau cdy cua 4, ré, 14 mam, doan than va cac md khac. Cac té bao thyc vat cua cac
co quan nay c6 xu huéng phan chia manh mé hozc sip phan chia va co thé tai sinh dé
dang. Cac protein lién quan dén b may tai tao va sira chita DNA duoc thé hién rat rd
trong cac té bao dang phan chia tich cuc nay va déng vai trd quan trong trong viéc
thiét lap cac phwong phéap bién nap thanh cong. Trong nghién ctiu tao ré to ciy Bing,
Hwang va cs (2019) da cho thay 92% cay Bing chuyén gen 3 ngay tudi ¢d biéu hién

gen chuyén & trong mo ré va 1a mam sau khi bi nhiém R. rhizogenes [67].

Thoi gian lay nhiém thay d6i dang ké tiy theo su lya chon cua mau ciy va
loai thuc vat. Do d6, viée xac dinh thoi gian 18y nhiém téi wu c6 thé rt quan trong dé
nang cao hiéu qua chuyén doi cua cy trong cu thé do [34]. Mot yéu té quan trong
khéac c6 thé gop phan vao sy thanh cong cuaa thir nghiém bién nap tam thoi va 6n dinh
la ndng d6 vi khuan nubi cay. Nong do vi khuan qué cao c6 thé gay ra qué nhiéu ton
thuong mo thuc vat va chét té bao do nhidm vi khuan va nong do qué thap co thé

khong tao ra du T-DNA va protein Vir dé bién nap hiéu qua [67]. Konieczny va cs
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(2011) béo céo rang mat d6 nudi cay R. rhizogenes t6i uu dé bién nap ¢ cay Bang 1a
ODgoo = 2 (khoang 2 x 10° cfu/ml) va ndng do vi khuan cao hon s& lam giam dang ké
hiéu suét bién nap [119].

Acetosyringone, mét hop chat phenol don vong, dong mét vai trd quan trong
trong viéc kich hoat gen vir va chuyén T-DNA, n6 can thiét cho hoat dong sinh hoc
va duy tri biéu hién gen vir trong té bao chu [34]. Hiéu suét bién nap & ca rét cua hai
chung R. rhizogenes MTCC 2364 va R. rhizogenes MTCC 532 phu thudc nhiéu vao
nong do acetosyringone. Viéc bo sung acetosyringone 100 pM vao mdi trudng dong
nudi cay da ning cao ty 1é cam tng ré to va tang s lwong cua ré/ré bén déi véi ca
hai chung khi so sanh véi doi chitng [167]. O B. Aristata, mdi trudng dong nudi cay
c6 chira acetosyringone 100 uM duoc phét hién 1a c6 hiéu qua nhat di véi viéc cam

trng ré 16ng tir mau 14 bi nhiém R. rhizogenes MTCC 532 [85].

O trén thé gidi, da co rat nhiéu cong trinh nghién ctu tao ré to va nhan nudi
sinh khéi ré to dé tang cudng san xuat cac chat chuyén hoa thir cap ty nhién ¢ trong
ré. Cay hanh phic (Camptotheca acuminata) va mot sé lodi khac thudc ho
Apocynaceae, Olacaceae va Rubiaceae duoc biét dén 1a cay tri ung thu do trong cay
c6 chira hop chat camptothecin (CPT) 1a mot hop chéat diéu tri ung thu va khang
virus. Nghién ctru san xuat CPT bang viéc nudi cay huyén phu té bao da duoc tién
hanh, tuy nhién san lugng thu dugc thap. Lorence va cs (2004) di tién hanh nudi cay
ré to ctia cay tri ung thu tir & mam, 14 that duoc 1ay nhiém béi chung vi khuan R.
rhizogenes ATCC 15834 va R-1000. Két qua hinh thanh céc ré to ¢6 ham luong CPT
va 10-hydroxycamptothecin (HCPT) tuong ddi cao lan luot 1a 1,0 va 0,15 mg/g trong
luong kho d6i véi CPT va HCPT [23]. Le Flem-Bonhomme va cs (2004) da nghién
ctru ting ham luong alkaloid tong sé ¢ cay Thubc phién (Papaver somniferum L.)
bang phuong phap cam @ng tao ré to. Hai chang R. rhizogenes (15834, LBA 9402)
va mot chung A. tumefaciens [GV 3101 (PMP90RK, p35SGUS-2)] cung véi 4 moi
truong nudi cdy da duoc thir nghiém va so sanh véi kha nang cam @ng tao ré to tir
doan tru dudi 14 mam cua cdy Thudc phién. Sau niam tuan lay nhiém véi R.
rhizogenes LBA 9402 cho két qua ré to xuat hién trén 80% mau cay va c6 6 dong ré

to duoc chuyén gen thanh cong. Khi phan tich hiéu qua san xuat alkaloid cia mot
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trong 6 dong ré to cho thdy ham lugng alkaloid tong sé trong dong ré to chuyén gen
(0,46%) cao hon trong ré khéng chuyén gen (0,32%). R& chuyén gen tich litly codeine
(0,18%) nhiéu gap ba lan so véi ré khdng chuyén gen (0,05%) [156]. Sara Sharifi va
cs (2014) di nghién ctu bién nap tao r& to chocdy Bach tat I8 (Tribulus
terrestris L.), mot loai cdy thudc quan trong, st dung cac chungvi khuan R.
rhizogenes AR15834 va GMI9534 véi muc dich san xuat B-carboline. Ré to duoc
hinh thanh tryc tiép tir cac mép cit cua mau 14 10-14 ngay sau khi cdy vi khuan R.
rhizogenes véi tan sé bién nap cao nhat 1a 49%, dat duoc khi s dung vi khuan R.
rhizogenes AR15834 trén méi truong MS khdng c6 hormone sau 28 ngay ciy. R&
bién d6i c6 ddc diém sinh truang nhanh va phan nhanh bén cao so vai ré khong bién
d6i. Khi phan tich ham lugng alkaloid B-carboline dat dugc 1a 1,7 pg/g trong luong
kho cua cac mau cay ré to chuyén gen vao cudi 50 ngay nudi ciy [137]. Shirin
Yousefian va cs (2020) tién hanh nghién cau cam ung ré to & mau la va than caa cay
Bac ha (Mentha spicata L.) théng qua 5 chung vi khuan R. rhizogenes (A13, R318,
A4, GMI 9534 va ATCC15834) d san xuat acid phenolic. Viéc bién nap bang
phuong phap tiém tryc tiép cac chung duoc kiém tra vao mau ciy déu c6 hiéu
qua. Tat ca cac phan khac nhau caa than cay déu cam ¢ng véi R. rhizogenes. Trong
sb cac chung khac nhau, chung R. rhizogenes A13 thé hién hiéu qua lay nhidm cao
nhat (gan 75% s6 mau cdy). Ré to bi nhiém R. rhizogenes A13 va R318 c0 san
lwong sinh khéi cao nhat (gan 60 mg/binh), con ré to nhiém R. rhizogenes GMI
9534 tao ra ham lugng axit phenolic cao nhét. Sy gia ting dang ké sy phat trién cua
ré va sy tich tu axit phenolic dat duoc sau khi xi ly IBA 0,3 mg/l va MeJA 100 uM
tuong (tng [177]. Dé san xuat gypenosides nhu mot giai phap thay thé saponin nhan
sdm Chang va cs (2005) di nghién ctu cam Gng tao ré to & cdy Giao co lam
(Gynostemma pentaphyllum Thunb.). St dung mau 14 non dé lay nhiém voéi R.
rhizogenes ATCC 15834 c6 b sung thém acetosyringone 20 pM. R to xuat hién &
c4c mau cay sau khi 1ay nhidm 2 tuan. Sinh khdi ré to kho phat trién trong moi
truong MS trong 49 ngay 1a 7,3 g/l véi ham luong gypenoside 1a 38 mg/g khéi luong
kho [79]. Ngoai ra con rat nhiéu cac cong trinh nghién cau tao sinh khéi ré to dé cai
thién ham luong cac chat chuyén hoa thir cAp tu nhién co trong céc cay duoc liéu nhu

san xuat hop chét verbascoside trong ré to ¢ cay L6i tho (Gmelina arborea Roxb.),
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tang ham luong glycyrhizin tong sb trong ré to cua cdy Cam thao (Glycyrrhiza
glabra), ting ham luong plumbagine trong ré to cidy Plumbago rosea, ting ham
lwgng saponin trong ré to ciia Rau ding bién (Bacopa monnieri), ting ham luong
anthraquinones tong sé trong ré to cay Ha thu 6 do (Polygonum multiflorum Thunb.)
va ting ham luong polyphenols tong sb trong ré to cdy Muép dang (Momordica
charantia) [9].

O Viét Nam, di c6 mot sd cong trinh dat dwgc nhiéu thanh tyu trong nghién
cliru cam ung tao ré to dé thu sinh khéi va chét chuyén hda tha cip & cac loai dugc
licu [9]. Phi Thi Cam Mién va cs (2020) da nghién cru cam tng ting sinh khdi ré to
thanh céng cay Xao tam phéan (Paramignya trimera) la mét loai dugc liéu quy ¢ Viét
Nam, chtra ham luwong hoat chat sinh hoc chdng ung thu cao nhur coumarin, otruthin,
saponin nho vi khuan R. rhizogenes K599. Vit liéu thich hop nhat lay nhiém cam
rng tao ré to 1a ré cay con in vivo véi mat do vi khuan twong (ng véi gia tri mat do
quang ODgy = 0,6 trong thoi gian lay nhiém 1a 30 phit. Cac dong ré to c6 kha ning
tang truong nhanh, on dinh va hiéu qua hinh thanh ré to cao nhat khi nudi ciy trong
moi trudng WPM/2 khong bd sung chat diéu tiét sinh truong ¢ diéu kién tdi trong 6
ngay va da duoc kiém chiing nho ki thuat PCR véi cap mdi nhan gen rolC [13]. Vi
Thi Nhu Trang va cs (2017) da nghién ciru nudi cdy mé tao dong ré to ting sinh khdi
nham muyc dich ting cuong ham lugng flavonoid trong cay Tho nhan sam (Talinum
paniculatum Gaertn.) théng qua lay nhiém R. rhizogenes. Trong 3 loai vat liéu lay
nhiém vai R. rhizogenes (14 mam, doan than mang mat chdi bén, mé 14) thi md 14 la
vat liéu thich hop cho tao ré to véi cac diéu kién: mat do vi khuan tuong @ng véi gia
tri ODggo = 0,6; Nnong d6 AS 100 umol/l; thoi gian nhim khuan 10 phat; thoi gian
ddng nubi cdy 2 ngay; nong do cefotaxime 500 mg/l. Su ting trudng ré to dat hiéu
qua cao trong méi trudng MS & trang thai long, khdng bo sung chat diéu hoa sinh
truong, nudi trong diéu kién lic [20]. Tra Pong Phuong va cs (2016) da nghién ciu
cam ¢ng tao ré to cdy Cat canh (Platycodon grandiflorum Jacg.) nhim tao ngudn
nguyén lidu ban dau on dinh, c6 kha niang ting sinh nhanh (trong méi trudng khong
c6 hormone) va san xuat nhiéu hop chét thi cap thong qua lay nhiém bén chang R.

rhizogenes. Két qua nghién ciu cho thay hai ching R. rhizogenes ATCC 15834 va
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C34 c6 kha ning cam ung tao ré to cat canh. Hai gen rolB va rolC chiu trach nhiém
cam @ng tao ré to khi dugc kiém tra dd sat nhap thanh céng vao bo gen ré to Cét
canh. L& Cét canh 1a nguyén liéu duoc cam ung tét nhat voi 100 % sé mau co kha
nang tao ré to. Quy trinh dugc tdi vu hoa thoi gian ngdm mau va thoi gian dong nubi
cay voi két qua tét nhat twong tng 1a 10 va 15 pht (10 phat cho ching R. rhizogenes
ATCC 15834 va 15 phat cho chiang R. rhizogenes C34) va 72 gio [16]. Ninh Thi
Thao va cs (2015) da tién hanh nghién ciru cam @ng tao dong ré to cay Dan sam
(Salvia miltiorrhiza Bunge) nham muc dich ting sinh khéi ré to nhd vi khuan R.
rhizogenes ATCC 15834. Két qua kiém tra su c6 mit cua gen rolA bang phuong
phap PCR khang dinh 4 dong ré to da dugc cam ung thanh cong. Céac dong ré to co
kha ning ting truong nhanh va on dinh khi nuéi cay trong méi truong khéng bo sung
chat diéu tiét sinh truong va khéi lugng ré to ting so voi khéi lugng ré ban dau dat
cao nhat (7,67 1an) sau 4 tuan khi nudi cay ré to trén moéi truong B5 dic [18]. Phan
Trung Hai va cs (2016) ciing di tién hanh nghién ciu cam ang va nudi cay ré to cay
Hoa méng tay (Impatiens balsamina L.) 12 mot loai cdy duoc trong pho bién & Viét
Nam va dang duogc sir dung nhiéu trong céc bai thudc dan gian co truyen tir muoi
bén chung R. rhizogenes. Két qua da chon loc dugc ba chang vi khuan (C02, C18 va
C26) cho ty I¢ cam rng hinh thanh ré to cao trén cay Hoa Mong tay va khao sat duoc
mot s6 yéu té anh huong 1én kha ning tao ré to tir cac ching chon loc. Trong d6 mo
14 12 vat liéu thich hop dé cam ung tao ré to trén cdy Hoa Mong tay khi xdm nhiém
v6i mat do khuan twong wng voi gia tri ODggo = 1,0 V&i thoi gian gay nhidm 135 - 15
phlt va thoi gian dong nudi cay la 72 gio. Qua két qua kiém tra gen rolB bang
phuong phap PCR, c4c dong ré déu mang gen chuyén. Moéi truong B5 1 méi truong
thich hop cho su ting sinh khdi ré to. Dong ré to duoc cam @ng tir ching R.
rhizogenes CO02 cho kha ning sinh trwong nhanh nhét [6]. Pham Bich Ngoc va cs
(2012) ciing da nghién ctru thanh céng kha ning tao ré to ctia cdy Ba bénh thong qua
vi khuan R. rhizogenes. Két qua da thu duoc cac dong ré to cdy Ba bénh phat trién
nhanh va phan nhanh nhiéu [14]. Ngoai ra, Nguyén Nhu Nhat va cs (2016) da tién
hanh nghién ctu thanh céng quy trinh cam tng va nudi cay ré to cay Dua can

(Catharanthus roseus) [15], Ha Thi Loan va cs (2014) ciing da tién hanh nghién ctu
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thanh cbng quy trinh cam &ng va nudi ciy ré to cidy S&m ngoc linh (Panax
vietnamensis) [10].

Tom lai, cac loai cay dugc liéu 1a mot kho bau cua céc loai thube véi cac hop
chat tht cip tiém ning va trong nhitng ndm gan day con ngudi dd nhan thic ngay
cang rd rang hon vé tAm quan trong cua cdy duoc liéu. Chinh vi vay c6 rat nhiéu cac
cong trinh nghién ctru da xac dinh duoc diéu kién tbi wu vé chung vi khuén, mat do
vi khuan, loai méu cdy, nong d6 AS, thanh phan méi trudng va cac yéu td tac dong
nhu tac nhan vat li hay hoéa hoc...phu hop véi tung loai dugce ligu dé tao dong ré to,
nhan nudi sinh khi ré to dé thu nhan cac hop chét c6 gia tri duoc hoc. Sy thanh cong
trong nudi cay sinh khéi ré to va ting cuong san xuat cac hop chat thu cap, san xuét
cac protein tai to hop tir ré to cua cay duoc liéu sé& dong gop nhiéu cho cong tac cham
soc va bao vé sizc khoe cong dong.

1.3. FLAVONOID VA NGHIEN CUU BIEU HIEN GEN FLAVONOID 3’5
HYDROXYLASE

1.3.1. Pac diém vé cau tric héa hoc va vai tro cua flavonoid

1.3.1.1. Cdu trac héa hec cia flavonoid

Flavonoid 1a mét trong nhitng hop chét phong phl va da dang nhét trong thién
nhién. Nhirng tién bo trong nghién ctu flavonoid da dan dén viéc phat hién ra nhiéu
flavonoid khac, mé duong cho viée xac dinh dic diém cau tric va hoat dong sinh hoc
cta chdng. Hién nay, c6 hon 9000 hop chat flavonoid da duwgc xac dinh tir cac nguon
thue vat va c6 phan Ion ¢ cac bo phan cua céc loai thuc vat bac cao [28]. Flavonoid
bao gom mot nhém Ién cac hop chat polyphenol cé ciu tric benzo- y -pyrone va co
mit & tit ca cac co quan, bo phan cua thuc vat. Flavonoid 1a cac chat phenol da
hydroxyl héa, chiing duoc tong hop bang con duong phenylpropanoid. Ban chat hoa
hoc cua flavonoid phy thudc vao I6p cau trdc cua ching, mic o hydroxyl héa, mic
do tring hop, cac nhom thé va lién két khac [83].

Flavonoid Ia cac chat thudc nhom hop chat phenolic da vong. Phan 16n céc
flavonoid c6 mau vang, ngodi ra con c6 nhitng chat mau xanh, tim, dé hoic khong
mau [115]. Cac flavonoid c6 khdi lugng phan tir thap (5004000 Da). Vé cau trlc
héa hoc, flavonoid c6 khung co ban, gdm 15 nguyén tir carbon theo kiéu C6-C3-C6
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(2 vong benzene A va B ndi véi nhau qua mot mach 3 carbon). Cau tric hda hoc cua
flavonoid dugc dic trung boi sy hién dién cua mot s6 nhém hydroxyl phenolic
(polyphenol) khéac [104]. Céc 16p flavonoid khac nhau khac nhau vé mtc do oxy hoa
va kiéu thay thé vong C, trong khi cac hop chat riéng 1é trong mét I6p khac nhau &
kiéu thay thé vong A va B [83].

Flavonoid c6 cau triic chung 1a mot khung xuong diphenylpyranes bao gom
vong phenyl-benzopyran lién két vai vong aryl (vong B) c6 thé & cac vi tri 2, 3 hoic
4 cua vong benzopyran (Hinh 1.2A, B). Trong da sé truong hop ¢ mot dau
mach 3 carbon c6 mot nhém chirc carbonyl, chung dugc xem 1a din xuét
1,3-diphenylpropan-1-one, hop chat nay duoc goi 1a dihydrochalcone duoc phan
lap tir nAm Stinkhorn (Hinh 1.2C); hoic 3 carbon déng vong vai vong A va tao nén
di vong c6 oxi (vong C), di vong C cd thé 1a dihydropyran, y-pyron, dihydro- y-
pyron, pyrilium (Hinh 1.2D).
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Hinh 1.2. So d6 cAu trac hoa hoc cta flavonoid. A: Cau trac chung cua flavonoid; B:
Khung co ban ciia flavonoid; C: Khung co ban cua hop chat chalcone; D: Céac dang

cua di vong C [83].

Flavonoid xuat hién duéi dang aglycone, glycoside va cac dan xuat methyl hoa.

Céu truc flavonoid co ban 14 aglycone. Flavonoid dugc chia thanh hai nhém chinh dua
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trén vi tri cia nhom thé benzenoid 1a 2-phenylchromans (flavonoid) va 3-
phenylchromans (isoflavonoid) [83]. Nhém 2-phenylchromans bao gdm cac phan 16p
cua flavanones, flavon, flavonols, flavan-3-ols, va anthocyanidins; trong khi 3-

phenylchromans bao gdm céc phan Iép cua isoflavon, isoflavans va pterocarpans [28].

Ho flavone 1a mot nhém phu cua flavonoid dugc tong hop phu thudc vao viéc
glycosyl héa C- hoic O- va hydroxyl héa vong B. Cac hop chat nay duoc dic trung
boi mot lién két doi giita C-2 va C-3 va mot C-2 trong vong B. Flavone c6 cac hoat
dong chdng oxy hoa do kha ning loai bo céc loai oxy phan tng [75]. Flavonols bao
goém nhiéu don vi cau trdc phenol, vi du vé nhém nay la quercetin, kaempferol, rutin
va myricetin [178]. Flavanone c6 dic diém Ia thiéu lién két doi giira C-2 va C-3 trong
vong C cua khung flavonoid. Do d6, trong cac hop chat nay, C-2 mang mot nguyén
tir hydro bén canh vong phenol B, va C-3 ¢6 hai nguyén tir hydro [104]. Cac flavanol
hodc catechin, con dugc goi 1a flavan-3-ols, 1a cac hop chat khong glycosyl héa cé
trong thuc vat ¢ dang don phan (catechin). Nhoém hydroxyl lién két véi vi tri 3 cua
vong C, va khdng c6 lién két doi gitra vi tri 2 va 3. Mot dic diém quan trong khac la
tinh nucleophil cao cia cac vong A cua ching ddi voi HO  va RO™ [116]. Sic t6
anthocyanin Ia mot ph&n nhom cua flavonoid c6 mot nhom "OH ¢ vi tri 3 nhung ciing
c6 mot lién két doi giira nguyén tir carbon 3 va 4 caa vong C, hién dién cha yéu trong
khdng bao cua té bao thuc vat. Nhdm nay la flavonoid chinh chiu trach nhiém vé
mau sic cyanic (do, tim va xanh lam) trong rau, hoa va trai cay [31]. Dua vao cac
nhom OH cua vong B, c¢6 ba nhom anthocyanin chinh duoc tim thay trong thién
nhién la pelargonidin, cyaniding va delphinidin. Methyl héa cyaniding va delphinidin
tao ra thém ba nhém anthocyanin bo sung nita la peonidin, petudin va malvidin. Céc
isoflavone thuong duoc goi 1a R-glucoside va c6 vong B & vi tri 3. Cac hop chat nay
c6 hoat tinh chéng oxy héa manh. Genistein va daidzein Ia hai isoflavone chinh cua

dau tuong, ¢ tac dung chinh I tc ché qué trinh peroxy hoa lipid [179].

Flavonoid c6 mit trong tit ca cac bo phan cua cac loai thuc vat bac cao, dic

biét 12 hoa, tao cho hoa nhitng sic mau ruc rd dé quyén rii cac loai con tring gidp
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cho su thu phan cua cay. Trong cay, flavonoid gitr vai tro 1a chat bao vé, chdng oxy
hoa, bao tdn axit ascorbic trong té bao, ngin can mot sb tdc nhan gay hai cho cay,
mot s6 con cd tac dung didu hoa sy sinh truong cua thyc vat [5]. Ham lwong
flavonoid trong thyuc vat thay doi tly thudc vao nhiéu yéu té nhu loai, co quan, giai
doan phét trién va diéu kién méi truong [28]. Ngoai ra, flavonoid ciing 1a mot nhom
hoat chét 16n trong ciy duoc lidu, cac vi thude nam, cac d6 udng co truyén. Nhiing
nim gan day, flavonoid 1a mét trong nhitng hop chat duoc dic biét quan tdm boi céc
két qua nghién ciu cho thay flavonoid cé tac dung to I6n ddi véi stc khoe con
ngudi, trong d6 tac dung ndi bat 1a kha niang chéng oxy héa manh [5]. Theo Vii Buc
Loi, flavonoid thuéc nhém chat quercetin cua cac loai thuoc chi Aconitum gom 19

hop chét va thuoc nhém chat kaempferol c6 13 hop chat [12].

1.3.1.2. Vai tro cua flavonoid
Vai trd ciia flavonoid déi véi thuec vit

Flavonoid c6 chirc nang quan trong trong viéc bao vé thuc vat, ching c6 thé wc
ché su phat trién cia cac ddi thi canh tranh. Flavonoid ciing c6 thé hoat dong nhu
cac hop chat bao hiéu cho vi khuan [42]. Trong thuc vat, flavonoid hoat dong nhur
chat chéng oxy hoa dé loai bo céc gbc tu do va hd tro ting truong va phat trién cua
co thé; mot so flavonoid tham gia vao qua trinh bao vé, chong lai cac loai vi khuan
gay bénh [5].

Flavonoid tir 1au di duoc béo céo véi nhiéu chirc ning trong thuc vat, nhu
tang kha ning khang stress oxy héa. Qué trinh sinh tong hop flavonoid trong thuc vat
hau nhu chi dugc ting cuong do stress oxy hda [83]. Cac nhdm hydroxyl phan {ng
manh nhat (7-OH cua flavon hoic 3-OH cua flavonoid) trong flavonoid thudng dugc
glycosyl héa. Glycosyl hoa lam ting kha nang hoa tan cua flavonoid trong méi
truong nudc cua té bao, bao vé cac nhdm hydroxyl phan tng khoi qua trinh tu oxy
hoa, va cho phép van chuyén cac flavonoid tir ludi noi chat dén cac ngan té bao khac
nhau va bai tiét ciia chling vao mang sinh chat va thanh té bao [83]. Khi gip 4p luc

anh séng cao, viéc loai bo cac ROS (reactive oxygen species) va tac dung chéng oxy
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hoa cua flavonoid gilp cay c6 thé thich nghi va ton tai [181]. Flavonoid con la cac
chét chéng oxy hoa, loai bo céc gbc tu do va céc kim loai doc hai cho cay. O thyc vat
bac cao, flavonoid va cac dan xuat phenylpropanoid khac (nhu este sinapate) tich tu
vé6i s6 luong 16n trong khdng bao cua té bao biéu bi, 1am giam hiéu qua thanh phan
tia cuc tim cua anh sang mit troi v6i nhitng anh huong ti thiéu dén vang nhin thay
cua quang pho [51]. Cac flavonoid hoat dong nhu cac phan tir tin hiéu trong su cong
sinh gitra vi sinh vat va thuc vat. Isoflavone 1a chét kich hoat hoat dong cua vi khuan
cong sinh ting kha ning cb dinh dam & céc loai cay ho Pau [62]. Cac flavonoid,
ching han nhu luteolin va chrysin duoc tiét ra tir cdy ho Pau, nhu mét tin hiéu dé vi
khuan Rhizobium bat dau cong sinh véi ré cay ho dau. Naringenin cé thé kich thich
su xam chiém ré lGa mi cua Azorhizobium caulinodans [108]. Flavonoid ciing hoat
dong nhu phytoalexin, hop chat khang khuan duoc tong hop tai vi tri nhiém tring dé
phan &g lai sy tan cong cua vi sinh vat. O Lia va Cao lvong, chiing gop phan khang
lai nAm Magnaporthe grisea va Colletotrichum spp. [68]. Cac flavonoid ciing rat
quan trong trong viéc hinh thanh méi quan hé cong sinh giita thuc vat va nim & cac
md vo cua ré. Sy sinh téng hop flavonoid ting cao trong qua trinh phat trién nam ré
duoc tim thay ¢ Co ba 14 trang (Trifolium repens), ré Mudp va Medicago truncatula.
Sy hinh thanh nim ré da thay d6i thanh phan flavonoid trong chat chiét xuat tir ré
bang cach stra d6i suy biéu hién cua cac gen lién quan dén sinh tong hop
phenylpropanoid. Cac flavonoid nhu quercetin, quercetin galactoside va kaempferol,
c6 tac dong tich cuc dén sy phat trién cua soi nAm va su nay mam caa bao tir nam ré.
Rutin dwoc tim thiy trong cay Bach dan xanh (Eucalyptus globulus spp. Bicostata)

c6 vai tro thiic day sgi nam Pisolithus sp. phét trién [108].

Cac sic to6 tao mau cho hau hét cac loai hoa, qua va hat 1a flavonoid.
Flavonoid duogc téng hop trong tit ca cac bd phan cua cy, vai trd tao mau sic,
huong thom va mui vi cho qua, hoa va hat, khién ching trg thanh chat hap dan cén
triing, chim hodc déng vat c6 va, gidp truyén phan hoa hoic phat tan hat giéng [108].
Anthocyanin 1a cac phan tir tao ra mau siac cho hoa dé thu hat con triing thu phan qua

do6 giir vai tro trong sy sinh san cua cay. Trén thuc té, mau sic cua hoa cung cap céc
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dau hiéu thi giac dan dat cac loai thu phan dén nhirng béng hoa chira diy mat hoa va
thu hat cac chat phat tan hat vao qua chin [40]. Proanthocyanidine (PA), mot loai
polyme flavonoid duoc tao ra tir S ngung tu cia cac don vi flavan-3-ol, duoc lién
két vai 16p vo hat mau nau. Ching hd tro bao vé cac mé thuc vat, dé duy tri trang
thai ngu ciing nhu tudi tho cua hat trong qua trinh bao quan [92].

Flavonoid déng mot vai trd quan trong trong viéc bao vé thuc vat chéng lai
con tring an thyuc vt va dong vat an co. Mic du cac hop chat flavonoid c6 thé hoat
dong nhu chat dan du hoic chat kich thich an/ting truong dbi vai mot s6 loai con
tring nhét dinh, nhung chung c6 lién quan cao dbi véi co ché bao vé thuc vat. Sy
hién dién cua flavonoid trong thyuc vat cd thé 1am giam gia tri dinh dudng, giam kha
ning tiéu hoa hoic tham chi hoat dong nhu chat doc dbi véi con tring. Mot nghién
ctru vé hdn hop flavonoid tir cay Cistus ladanifer thuoc ho Hoa hong da cé chua
apigenin va 3,7-di-O-methylkaempferol di dugc ching minh rang ching c6 thé anh
huéng dén ATPase phu thudc canxi trong ludi co xuong va din dén suy giam kha
ning gidn co [140]. Mot s6 flavonoid phan tng véi con tring, vi du, vitexin trong 14
cdy Mong toi (Basella alba) Gc ché su phat trién caa au tring Spodoptera litura
[143] va schaftoside wrc ché sy phat trién cia ray nau bang cach tuong tac vai protein
kinase 1 phu thudc cyclin noi sinh [60]. Mot s6 loai cén trang di dugc chang minh 13
nhay cam véi cac hop chat flavonoid trong cac thir nghiém cho an. Rutin va
quercetin-3-glucoside c6 trong loai Pinus bankiana thugc ho Théng kim hdm su phét
trién va tang ty & chét caa con tring Buém dém (Lymantria dispar). Cac nghién ciu
trén Pau phong cho thay luong glycoside quercetin va rutin c6 lién quan dén viéc
tang ty 1& chét cua sdu V& blia (Spodoptera litura) [102].

Flavonoid rat quan trong trong viéc chong lai vi khuan va nam gay bénh cho
cay trong. Tac dung chéng lai mam bénh cua flavonoid phu thudc vao cau tric cua
chaing. Céc hop chit flavonoid duoc van chuyén dén vi tri nhiém bénh va tao ra phan
mg, ddy 13 co ché bao vé sém nhat ma cay nhiém bénh sir dung va 1am chét té bao
theo chuwong trinh. Flavonoid c6 thé gop phan that chat cac cau tric va mé thyc vat
bang cach diéu chinh hoat dong cua auxin (IAA), c¢é thé dian dén su khéc biét cua cac

md, thiic day su hinh thanh mé seco va déng hé théng mach dé ngin ngira su lay
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nhiém mam bénh. Chung ciing ¢ thé tham gia truc tiép vao viéc e ché cac enzyme
ctia mam bénh, dic biét 1a cac enzyme tiéu hoa thanh té bao thuc vat, bang céch tao
ion hda céac kim loai can thiét cho hoat dong caa ching [149]. Vong B cua flavonoid
c6 thé xen k& hoic hinh thanh lién két hydro véi sy xép chong cua cac gbc axit
nucleic va tiép tuc dan dén su tc ché tong hop DNA va RNA & vi khuan va anh
huong dén hoat dong ciia DNA gyrase [166]. Cac nghién ctu trén Lua mach dot bién
cho thay proanthocyanidin hozic tham chi mét lwgng nho dihydroquercetin cé lién
quan dén viéc bao vé chéng lai nAm Fusarium sp. Piéu nay c6 thé xuat phat tir mot
s6 co ché hoat dong, lién quan dén lién két chéo cua cac enzyme vi sinh vat, ac ché
cellulase cua mam bénh, xylanase va pectinase, loai bo cac ion kim loai lién quan
dén hoat dong cuia enzyme hoic thit chat thanh té bao, dan dén hinh thanh hang rao
vat Iy chong lai su tin cong cua mam bénh [108]. Flavonoid ciing c6 thé diéu chinh
hoat dong cua IAA-oxidase, véi cac tac dung khac nhau tly thudc vao céu tric hoa
hoc cua ching [108]. Flavonoid sunfat tham gia su @c ché dong chay auxin do
quercetin gay ra. Do d6, quercetin 3-sulphat s& kich thich sy van chuyén auxin tir cac
mé dinh [145].

Bén canh céc chirc ning bao vé, flavonoid c6 thé 1am ting sy sin c6 cua cac
nguyén t6 dinh dudng. Trong thoi ky c6 it dinh dudng, flavonoid dwoc giai phéng
vao dat, noi ching c6 thé lién két cac kim loai can thiét cho sy phat trién cua cay.
Isoflavonoid dugc bai tiét boi ré Co linh ling (Medicago sativa) 1am ting cac cation
sat va anion phosphat. Genistein, quercetin va kaempferol khir Fe®* thanh Fe** tir cac
oxit sat [41].

Vai tro ciia flavonoid déi véi con nguwoi

Flavonoid 1a mot loai chat chéng oxy héa cé nhiéu trong ché do an ubng cua
con ngudi va phd bién trong thuc vat. Cac nghién ctu vé flavonoid tir ché do an
udng da thu hat sy quan tdm 16n vi cac hoat tinh sinh hoc cua chiing nhu hoat tinh
chéng oxy hoa, hoat dong e ché enzyme, hoat dong chdng khdi u... Hau hét cac
hoat tinh sinh hoc cua chlng vé co ban lién quan dén kha niang chong oxy hoa. Su
khéac biét vé cau tric cua flavonoid anh hudng dang ké dén su hip thu, chuyén héa

va hoat dong trong co thé séng [144]. Vai trd cua flavonoid ddi véi con ngudi duoc
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thé hién ¢ hoat dong chdng oxy hoéa [42], bao vé gan [182], hoat tinh khang khuan
[148], chéng viém [107], chéng ung thu [21] va khang virus [180].

Khi dwa flavonoid vao trong co thé, ching c6 kha ning giai phong cac dién tir
trén mach vong cua nhan thom (vong B) va hé thdng ndi doi lién hop, 1am triét tiéu
cac goc ty do hoat dong dugc hinh thanh trong qua trinh bénh Iy (viém nhiém, ung
thu, 130 hoa...) do d6 khong tham gia vao day chuyén phan @ng oxy hoa tiép theo.
Két qua 1a han ché qué trinh bénh 1y (ung thu, rdi loan tim mach, hd hap, viém khép
va 130 hoa sém) do cit dat day chuyén phan tng oxy héa [21]. Silymarin 1a mot
flavonoid c6 ba thanh phan cau tric silibinin, silydianine va silychristine duoc chiét
Xuat tir hat va qua cua cay Ké sira (Silybum marianum). Silymarin da dugc bao céo la
tang cudng tong hop RNA ribosom va ting sinh té bao gilp tai tao gan & nhirng phan
gan bi ton thuong. Silymarin 1am ting sinh cac té bao gan dé dap Gng véi FB1
(Fumonisin B1, mot loai doc té duoc tao ra boi ndm méc Fusarium verticillioides)
gay ra chét té bao ma khong diéu chinh su ting sinh té bao & gan binh thuong. Cac
dic tinh duoc Iy cua silymarin lién quan dén tinh thim cua mang té bao, su tc ché
leukotrien, thu nhan oxy phan {ng, bat hoat kinase protein, va san xuét collagen [63].
Silymarin c6 (ing dung 1am sang trong diéu tri xo gan, ton thuong do thiéu méau cuc
b va viem gan nhiém doc do céc chat doc khac nhau gay ra [134]. Mot sb flavonoid
bao gom apigenin, galangin, flavone, flavonol glycoside, isoflavone, flavanone va
chalcone da dugc chung minh c6 hoat tinh khang khuan manh [148]. Chung c6 kha
ning khang nhiéu loai vi khuan khac nhau nhu E. coli, Salmonella typhy, anti-
bacterium... nho kha ning ¢c ché va tiéu diét. Co ché hoat dong chdng vi khuan cua
flavonoid c6 thé lién quan dén kha ning lam bét hoat céc chat két dinh vi khuan,
enzyme, c4c protein van chuyén ciia mang té bao... Cac flavonoid lipophilic cling co
thé ph& v& cac mang té bao vi khuan [83]. Apigenin thudc phan ho Flavones thuong
duoc phan 1ap nhiéu nhat tir ho Clc ¢é hoat tinh chéng lai HSV-1, poliovirus loai 2
va virus viém gan C [73]. Tuong tu, apigenin dugc phan 1ap tir cdy Hang qué ngot
(Ocimum basilicum) cho thdy cé hoat tinh khang virus manh d6i voi adenovirus
(ADV) va virus viém gan B [91]. Mot sé flavonoid Ia chat wc ché san xuat

prostaglandin va leukotrien théng qua tc ché enzyme cyclooxygenase lipooxygenase,
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do d6 1am giam céc triéu chitng viém [83]. Gan day, cac nghién ciru di chi ra rang
mét s6 phan I6p flavonoid ¢ kha ning lam giam nguy co mic cac loai ung thu khac
nhau, ching han nhu catechin va flavonols dbi véi ung thu tuyén tién liét, epicatechin
d6i v&i ung thu va, proanthocyanidins ddi véi ung thu phoi, flavon ddi voi ung thu
dai tryc trang va flavonoid tong sé ddi véi ung thu da day [124]

T6m lai, flavonoid 1a hop chéat hod hoc phé bién ¢ thuc vat dong vai tro quan
trong trong viéc bao vé va nang cao sicc khoé con nguoi. Flavonoid cé ¢ tat ca cac bo
phan cua cy, ching 1a ngudn cung cap chat chdng oxy hoa tu nhién cé trong khau
phan an ciia con ngudi. Flavonoid ndi chung cé vai trd phong ngira oxy hda chat béo,
bao vé vitamin va enzyme, 1am trung hoa tac hai cua céc goc tu do, do d6 gép phan
chéng lai bénh. Flavonoid cé cac tinh chat sinh hoc phong pha do d6 tang cudng suc
khoé cho con ngudi va giam nguy co mic bénh.

1.3.2. Con dwdng tong hop flavonoid & thuwe vat

Flavonoid (dic biét 1a anthocyanin va proanthocyanidins) duoc tong hop theo
con duong phenylpropanoid no6i chung nho hoat dong cua phac hop da enzyme
cytosolic, con duoc goi 1a chat chuyén hoa flavonoid, lién két long léo véi mat té bao
chat cia mang noi chat (ER). Dic biét, mot sé enzyme nay thudc ho Cytochrome-
P450 va c6 kha nang lién két véi mang. Mat khéac, mot sé enzyme tham gia vao con
duong sinh tong hop duoc lién két long léo véi mang cua cac bao quan khéac nhau,
chang han nhu khong bao, plastid va nhan [117].

Con dudng sinh tong hop flavonoid (Hinh 1.3) bao gom su hinh thanh 18i (ion
flavylium), bo xuwong co ban cua tat ca cac flavonoid, bat dau tir ba phan ti malonyl-
CoA va 4-coumaroyl-CoA. CHS chalcone synthase (CHS) va chalcone isomerase
(CHI) la cac enzyme tham gia vao qua trinh ngung tu hai budc, tao ra mot flavanone
khéng mau co tén naringenin. Qua trinh oxy hoéa hop chat thir hai boi flavanone 3-
hydroxylase (F3H) tao ra dihydrokaempferol (dihydroflavonol khong mau) ma sau
d6 co thé duoc hydroxyl hda ¢ vi tri 3’ hodc 5’ ctia vong B, boi F3'H hoic flavonoid

3'5"-hydroxylase (F3'5'H) dé tao ra dihydroquercetin hoic dihydromyricetin.
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Hinh 1.3. Con dudng sinh tong hop flavonoid ¢ thuc vat (dugc vé& lai tir Zabala va
cs, 2006 [53]; Czemmel va cs, 2009 [126]). CHS, chalcone synthase; CHI, chalcone
isomerase; F3H, flavone 3-hydroxylase; F3'H, flavonoid 3'-hydroxylase; F3'5'H,
flavonoid  3'5'-hydroxylase; FLS, flavonol synthase; FST, flavonol 4-

sulfotransferase.

Naringenin ciing c6 thé duoc hydroxyl héa truc tiép boi F3'H hodc F3'5'H dé tao
thanh céac chit twong ung 14 eriodictyol va pentahydroxy-flavanone, ching lai duoc
hydroxyl hoa thanh dihydroquercetin va dihydromyricetin. Ba dihydroflavonols duoc
tong hop sau d6 dwoc chuyén thanh anthocyanidins (chat mau c6 mau nhung khong 6n
dinh) bang hai phan tng duoc xdc tac boi dihydroflavonol reductase (DFR) va
leucoanthocyanidin ~ oxidase (LDOX). DFR chuyén doi dihydroquercetin,
dihydrokaempferol va dihydromyricetin thanh leucocyanidin, leucopelargonidin va

leucodelphinidin (flavan-3,4-cis-diols khong mau), twong trmg. Sau do, LDOX xuc tac
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qua trinh oxy hoa leucocyanidin, leucopelargonidin va leucodelphinidin thanh
cyanidin (anthocyanidin d6 - do tuoi), pelargonidin (anthocyanidin mau cam) va
delphinidin (anthocyanidin mau tim hoa ca), twong tng. Budc cudi cung dé san xut
cac hop chat c6 mau va 6n dinh (anthocyanin) bao gdm qué trinh glycosyl hda
cyanidin, pelargonidin va delphinidin bdi enzym UDP-glucose flavonoid 3-O-glucosyl
transferase (UFGT). Cudi cuing, chi cyanidin-3-glucoside va delphinidin-3-glucoside
c6 thé duoc metyl héa thém bai methyltransferase (MTs), dé duoc chuyén ddi thanh

peonidin-3-glucoside va petunidin- hodc malvidin-3-glucoside, twong ung [117].

Cac enzyme chinh xuc tac cho cac giai doan cua con duong phenylpropanoid
nhu: chalcone synthase, chalcone isomerase (CHI), flavanone-3-hydroxylase (F3H),
flavonoid 3'-hydroxylase (F3’H), flavonoid 3'5'-hydroxylase (F3’5’H), UDP-glucose
flavonoid 3-O-glucosyl transferase (UFGT), dihydroxyflavonol 4-reductase (DFR),
leucoanthocyanidin oxygenase (LDOX) [86].

Chalcone synthase la enzyme xuc tac sy ngung tu lap di 1ap lai va qua trinh
tuan hoan noi phan tu tiép theo ciia mot p-coumaroyl-CoA véi ba gbc axetat tir cac
phan ta malonyl-CoA dé tao thanh chalcone [45]. Chalcone isomerase (CHI) hoic
chalcone-flavanone isomerase 1a enzyme chia khoa cho sinh tong hop flavonoid bang
viéc xUc tac cho phan tir naringenin chalcone mach hé dugc dong vong dé hinh thanh
cac naringenin. Sau d6, hop chat nay s& duoc chuyén hoa thanh nhiéu loai flavonoid

chinh nhu: flavanone, flavonol va anthocyanin [45].

Flavanone-3-hydroxylase (F3H) la mot enzyme quan trong giir vi tri dau tién
cua nhanh tong hop flavonol bang cach chuyén doi flavanone (2S)-naringenin thanh
(2R, 3R)-dihydrokaempferol va (2S)-eriodictyol thanh (2R, 3R)-dihydroquercetin
[86]. F3'H va F3'5'H lan luot x(c tac qué trinh hydroxyl hda vi tri C3’ va C3'/C5’ cua
dihydrokaempferol [176]. Dihydroxyflavonol 4-reductase (DFR) x{c tac qua trinh
khtr dihydroflavonols thanh leucoanthocyanidin, ching tiép tuc dugc chuyén thanh
anthocyanidin  bai  leucoanthocyanidin ~ dioxygenase/anthocyanidin - tong  hop
(LDOX/ANS) [176]. Leucoanthocyanidin oxygenase (LDOX) c0 vai tro xuc tac

chuyén dbi leucoanthocyanidin khong mau dé tao anthocyanidin ¢ mau. Trong sinh
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téng hop anthocyanin & thuc vat, day 1a budc quan trong quy dinh sy hinh thanh céc

chat chuyén héa c6 mau [45].

UDP-glucose flavonoid 3-O-glucosyl transferase (UFGT) tham gia vao budc
cudi trong qué trinh sinh tong hop anthocyanin, chuyén gdc glucosyl tir UDP-glucose
thanh nhom 3-hydroxyl cta cac phan toe nhan trong phan Gng Xxuc tac

glucosyltransferase [111].

Trong con dudng sinh téng hop flavonoid, kiéu hydroxyl hoa ciia vong B duoc xac
dinh boi hai monooxygenase phu thudc cytochrome P450 (P450): flavonoid 3'-
hydroxylase (F3'H) va flavonoid 3'5'-hydroxylase (F3'5'H). Hydroxyl hoa vi tri 5' boi
F3'5'H 1a mot bude dac biét quan trong, xac dinh san pham cudi cung tri-hydroxyl
flavonoid vong B (EGCG hoac delphinidin) dugc hinh thanh trong thyuc vat [178].

1.3.3. Enzyme flavonoid 3°5’-hydroxylase (F3°5’H)

Flavonoid 3’5’-hydroxylase (F3’5’H) 13 mot protein enzyme, gdm 506
amino acid, dugc phan 1ap tir hau hét cac 10ai thuc vat bac cao. F3°5°H c6 cdu tric
gom 18 chudi xodn o va 9 phién gip B [124]. Ciu tric tong thé cua F3°5°H cua ciy
Aconitum carmichaelii Debx. giéng nhu mét bé hoa 16n nguoc véi mot phién gip p
16n dugc tao nén boi nam phién gip B nho d6 1a B5, B6, P7, B8, B9 va mudi tim
chudi a (01-0.18) dong vai tro 1a 16i enzyme. Hai phién gap B nho (B3, p4) ¢ phia ddi
dién cta tim B 16n, ndi tiép phién gip B3 1a phién gap P2 va ndi tiép phién gap p4 1a
phién gép 1 (Hinh 1.4).

F3'5'H 1a mot enzyme cytochrome P450 chira heme (Fe **) hydroxylat héa céc
vi tri 3’ va 5' cia vong P cua naringenin hodc dihydrokaempferol, sau d6 dan dén sy
hinh thanh céc séic tb anthocyanin dua trén delphinidin. Sdu vi tri nhan biét co chat
chtrc ning (SRS) gan nhom heme dugc bao ton trong cac enzyme F3'5'H 13 can thiét
cho tinh dic hiéu cia co chit va cac hoat dong 3'S'-hydroxylase. Nhom heme cua
F3'5'H chiu trdch nhiém cho phan tng xtc tidc dugc bao quanh boi cac ving SRS
duge chi dinh. Dot bién cta cac amino acid riéng 1€ tai cac vi tri SRS nay co thé anh

hudéng dén chirc ning ctia enzyme [139].
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N~ SRS2

SRS4

Hinh 1.4. Cau trac khong gian va vi tri hoat dong cua F3°5°H. A: Cu trac khong
gian cua protein F3°5’H duoc thiét 1ap tir trinh ty amino acid cta protein F3’5’H
mang ma s6 AEY80043.1 trén GenBank voi ID: 148b1295a36759¢b va cta protein
suy dién tr gen AcF3’5’H phan lap tb cdy O dadu Ha Giang véi ID:
b46952f11eae6b43. B: Ciu trac khong gian cua vi tri hoat dong F3'5'H bao gdm cac

mién SRS, heme (xanh 14 cdy) va flavone (vang)

Menting va cs (1994) khi nghién ctru dic diém enzyme F3°5°H & cay Da yén
thao (Petunia hybrid) da cho thiy, F3°5°H hoat dong phu thuéc vaio NADPH va oxy
phéan tur, phu thudc it vao NADH. Enzyme F3’5°H xuc tac qua trinh hydroxyl hoa
5,7,4’-trihydroxyflavonone ¢ vi tri 3’ va 5°, xtic tdc qua trinh hydroxyl hoa 5,7,3°,4’-
tetrahydroxyflavonone va dihydroquercetin & vi tri 5°. Hoat dong hydroxylase bi trc
ché boi cac chét diéu hoa sinh truong thyuc vat (1-aminobenzotriazole va tetcyclacis),
CO, N-ethylmaleimide, diethyldithiocarbamate, va cytochrome c. Hoat tinh enzyme
khong bi anh hudng bdi diethylpyrocarbonate hodc phenylmethylsulfonyl fluoride,
nhung duogc tang cuong bdi 2-mercaptoethanol [106]. Wang va cs (2014) da chi ra
rang F3’5’H 13 enzyme quan trong trong tong hop flavan-3-ol va xtic tac cho sy
chuyén ddi cua flavon, flavanone, dehydroflavonols, flavonol thanh cac dan xuat

3’,4,5-hydroxylated & cay tra [178].
1.3.4. Biéu hién gen ma hoéa flavonoid 3’5’ hydroxylase

1.3.4.1. Gen md hoa flavonoid 3’5’ hydroxylase
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Alexander va cs (2019) da phan lap gen F3’5’H tu cay Lta mach (Hordeum
vulgare L.), két qua xac dinh dugc 4 gen F3'5'H d6 1a F3'5°HI, F3’5’H2, F3'5'H3,
F3°5’H4 ¢6 kich thudce 2209 bp ndm trén nhiém sic thé 1HL, 6HL, 6HS va 7 HS tuong
tmg. Trong d6, gen F3°5’HI ¢ 3 exon con cac gen F3°5°H2, F3'5°H3, F3’5’H4 déu c6
2 exon. Gen F3°5’HI ¢6 chudi amino acid suy dién tuong dong cao 97,1% vé6i F3°5°'H
ctia cac cay khong phai cing loai nhung c¢6 mirc d6 twong dong thap 82,6%, 83,0%,
63,0% voi F3°5’H2, F3°5’H3 va F3°5°’H4 teong ng [159]. Wang va cs (2014) da phan
lap gen CsF3’5’H tir mRNA cua cay Tra (Camellia sinensis) cé kich thudc 1533 bp ma
hoa cho 510 amio acid va so sanh phét sinh loai cho thdy CsF3°5’H thudc phan ho
CYP75A [178]. Gen F3'5'H cua Ca chua dugc Olsen va cs (2010) nhan ban va giai trinh
tu duoc dat tén la CYP75A31 ¢6 kich thudc 3133 bp bao g@)m 3 exon va 2 intron. Cay
phét sinh loai cho thdy CYP75A31 thudc phan ho CYP75A va c6 quan hé gan véi cay
Khoai tdy va cdy Ca tim thudc chi Solanum [82]. Wu va cs (2020) da phan 1ap gen
GbF3°5’HI cia cay Bach qua (Ginkgo biloba L.) c6 kich thuac la 1959 bp, chira khung
doc mo (ORF) la 1527 bp, ma hda 509 amino acid, vai 2 exon va 1 intron. Protein
GbF3'5'H1 chira 48,92% x0in alpha, trong d6 35,36% 1a cudn ngau nhién, 10,61% la
soi kéo dai va 5,11% la vong beta [170]. Trong ngan hang gen quéc té (GenBank) trinh
tw gen F3°5’H phan 1ap tr mRNA cua cay O dau (Aconitum carmichaelii Debx.) di
dugc Ma va cs cong b6 nam 2012 ¢6 kich thuéc 1720 bp, ma héa cho 506 amino acid,
méa s6 trén NCBI 12 IN635708 [89].

F3°5’H 1a gen dich thong dung nhat cho sy diéu khién qu4 trinh sinh téng hop
anthocyanin. Zifkin M va cs (2012) nghién ctru cac gen c6 lién quan dén sinh tong
hop flavonoid va diéu khién qué trinh chin cua qua Viét quat da chi ra ring enzyme
F3’5’H do gen F3°5’H quy dinh 1a enzyme chia khoéa trong ca hai qua trinh trén [97].
Carol Moreau va cs (2012) cho rang anthocyanins 13 cic sic t6 chinh trong cdy Dau
(Pisum sativum). Chung duoc tao ra thong qua qua trinh sinh tong hop flavonoid do
gen F3°5’H diéu khién. Dé kiém tra gia dinh ctia minh Carol Moreau va cs di tién
hanh gdy dot bién gen F3°5’H sau d6 kiém tra cac dong mang gen dot bién. Két qua
cho thiy, & nhitng dong cdy mang gen dot bién thiéu qua trinh sinh tong hop
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delphinidin va petunidin, cac sic t6 chinh trong cdy. Piéu nay chimg t6 F3’5’H ¢
gi4 tri quan trong trong sinh tong hop anthocyanin dan dén su thay doi cac sic to
trong loai cay ho Pau [109]. Khi nghién ctru vé loai thao dugec Dam duong hodc 14
méc (Epimedium sagittatum), Huang va cs (2012) di thay rang flavonoid 13 thanh
phan c6 hoat tinh sinh hoc chinh trong cac loai thao dugc nay, trong d6 hai gen F3'H
va F3’5’H quy dinh chinh cho qué trinh sinh tong hop cac thanh phan hoat tinh sinh
hoc trong Dam dwong hodc 14 mac [161]. Olsen KM va cs (2010) da nghién ciru cay
Da yén thao va cdy Khoai tay cho thdy F3’5°H la enzyme chitic ning quan trong
trong qua trinh tong hop flavonol va anthocyanin do gen F3°5°H quy dinh [82]. Mot
nghién ciru khac cia Liu va c¢s (2015) ciing cho thay gen F3’5’H c6 lién quan mat
thiét dén qu4 trinh tong hop catechin thong qua con duong phenylpropanoid, né lam
anh huong dén sy tich lily catechin trong cay Tra [95]. Nhu vay, co thé thdy rang gen
F3’5’H va enzyme F3’5°H c¢6 chic nidng quan trong trong qua trinh sinh téng hop

anthocyanin, delphinidin va quyét dinh sic t6 & cay.
1.3.4.2. Nghién ciru biéu hién gen F3’5°H ¢ thuc vit

Gen F3°5’H da dugc cac nha khoa hoc phan lap va tién hanh chuyén vao mot
sO loai thuc vat dé nghién ciru su biéu hién cta gen chuyén trong cdy trong. Ishiguro
va ¢s (2012) da phan 1ap cac gen F3'H va F3'5'H tir thu vién ¢cDNA cua loai hoa
M&m chd (Antirrhinum kelloggii), va phan tich biéu hién & cay Da yén thao chuyén
gen cho thiy rang su biéu hién cua cac gen ndy lam ting ham luong cyanidin va
delphinidin ciling nhu anthocyanidin. Sy gia tang tich lily anthocyanidin cling lam

thay d6i mau hoa & ciy chuyén gen [77].

Theo hudng phan tich vé sy biéu hién qua mic cia gen F3°5°H, Wu va cs
(2020) cho thay rang gen GhF3'5'HI trong cdy Bach qua (G. biloba L.) c6 chtic ning
trong qua trinh sinh tong hop cac chat chuyén héa lién quan dén flavonoid va su biéu
hién qua mtc cua gen GHF3'5'HI da lam ting ham luong 4',5-dihydroxy-7-
glucosyloxyflavanone, epicatechin va gallocatechin trong cdy chuyén gen cao hon

dang ké so vé6i cay khong chuyén gen [170]. Murray R Boase va cs (2010) di phan
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lap gen cpF3°5°H tir md gidng hoa Anh thao. Phan tich amino acid va phat sinh hoc
chi ra ¢pF3’5’H mi hoa cho enzyme F3°5’H. Khi chuyén gen mang ciu tric
cpF3°5’H vao hoa Anh thao da thay c6 sy thay doi nong do flavonoid duoc tich lity
trong cdy. Cu thé, ham lugng anthocyanin giam 80% va cé sy gia ting nho trong
ham luong flavonoid trong cac dong chuyén gen [37]. Chandler SF va cs (2013) da
chuyén F3’5’H vao hoa Cam chuéng (Dianthus caryophyllus), két qua da lam thay
d6i mau sac ciia hoa do F3°5°H diéu chinh ting qué trinh ting tich liiy anthocyanin
va delphinidin ¢ canh hoa [136]. Tuong tu, & cay Tra (Camellia sinensis L.), phan
tich biéu hién gen F3’H va F3’5’H cta Wei va cs (2015) cho thiy bén gen F3'H va
F3'5'H chinh (bao gdm CsF3'5'HI, CsF3'HI, CsF3'H2 va CsF3'H3) ¢6 tuong quan
chat ché véi ty 1€ dihydroxyl hoa thanh catechin trihydroxyl hoa [78]. Castellarin va
cs (2000) bao céao réng su biéu hién cua F3'5'H anh huong truc tiép dén sy tich tu
clia cac anthocyanin va delphinidin trong v qua mong cuia Nho, xac dinh su bién do6i
mau sac giita cac giong nho. F3°5’H biéu hién manh khi qua chuyén sang giai doan
chin chuyén tir mau xanh sang mau d6, cu thé sy tich lity delphinidin trong vé qua

tang gap 50 lan [135].

Mot s6 cong trinh nghién ciu chic nang sinh hoc cua F3°5°H ¢ mot s6 loai thuc
vat bang ky thuat biéu hién gen da duoc céng bd. O cay Co tranh (Pericallis x hybrida)
thudc ho Cuc, Sun va cs (2013) da phan 1ap gen F3°5’H va chuyén vao cay Thudc 1a. Su
biéu hién cta gen chuyén F3’5’H trong cdy Thudc 14 chuyén gen 1am ting ham luong
cac dan xuét cyanidin va din dén mau hoa chuyén xanh va do ¢ cay thé hé TO [169].
Che Yu Liang va cs (2020) di chuyén dong thoi DgF3°5 H va PeMYB2 (phan 1ap tir lan
Delphinium grandiflorum) vao lan Ho diép tring (Phalaenopsis Sogo Yukidian V3). Su
biéu hién qua murc ciia DgF3'5'H va PeMYB2 trong lan Ho diép trang gay ra su tich tu
delphinidin cao nhét (ting 53,6%) va mau hoa chuyén tir tring sang xanh tim [93]. Yun
Sheng Wang va cs (2014) da phan 1ap CsF3°5’H tir hé gen cua cay Tra (C. sinensis) va

chuyén vao cay Thuoc 14. Sy bi€u hién qua mirc cia CsF3'5'H da tao ra cac dan xuat
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delphinidin méi va 1am ting ham luong dan xuét cyanidin ctia ciy Thudc 14 chuyén gen,
dan dén mau hoa cua ciy chuyén gen dam hon [178].

Tuy nhién, nghién ctru biéu hién cac gen ma hoéa enzyme lién quan dén tong
hop flavonoid, trong d6 c6 F3’5’H cua cdy O dau con rat méi mé va cho dén nay

chua tim thay cong bd nao vé phan tich biéu hién AcF3°5 H tir cay O dau.
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU, HOA CHAT, THIET BI NGHIEN CUU
2.1.1. Vat liéu nghién ciru

Cu O dau duoc thu thap tur tinh Ha Giang, duoc tréng tai Vuon thuc nghiém
Khoa Sinh hoc, Truong Dai hoc Su pham - Pai hoc Thai Nguyén (Hinh 2.1) dé dinh
danh loai, tach chiét DNA va lam nguyén liéu nudi cdy in vitro.

Hinh 2.1. O dau (Aconitum carmichaelii Debx.) thu tir tinh Ha Giang, duoc trong tai
Vuon thuc nghiém. A: Cay O dau tréng tai vuon thi nghiém; B: Cay O dau non; C:
Cay O dau tréng trong chau; E: Cu O dau; G: Canh hoa O dau; H: Canh hoa, nhij va
nhuy; K: Qua va hat O dau (4dnh do tdc gid chup).

Gidng Thudc 14 K326 (Nicotiana tabacum) in vitro duoc luu giit tai Phong
Cong nghé té bao thuc vat, Khoa Sinh hoc, Truong Pai hoc Su pham - Pai hoc Thai

Nguyén duoc str dung trong chuyén gen va phan tich biéu hién gen trén cay Thudc 14.
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Céc vector va ching vi khuan str dung trong nghién ctu do Phong Cong nghé

té bao thuc vat, Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé

Viét Nam cung cip, bao gdm: vector tach dong pBT, vector pRTRA7/3 chira

promoter 35S va dudi cmyc, vector chuyén gen pCB301; Chung vi khuan E.coli

DH5a sir dung trong tach dong, chung vi khuan Agrobacterium tumefaciens CV58

va Agrobacterium rhizogens ATTC 15834 sir dung trong chuyén gen va chung A.

tumefaciens CV58 mang gen chuyén uidA.

Céc cip mdi PCR duoc sir dung trong nghién ctru duoc thé hién & bang 2.1.

Bang 2.1. Cac trinh tu méi sir dung trong nghién ciru

Kich thudc
Cip moi Trinh ty nucleotide 5° — 3’ doan DNA
nhan ban
du kién (bp)
ACGAATTCATGGTCCGGTGAAGTGTTCG
ITS-F/ITS-R 630
TAGAATTCCCCGGTTCGCTCGCCGTTAC
rpoC1-F/ GTGGATACACTTCTTGATAATGG 543
rpoC1-R TGAGAAAACATAAGTAAACGGGC
rpoB2-F/ AAGTGCATTGTTGGAACTGG 471
rpoB2-R GATCCCAGCATCACAATTCC
matK-F/ CGATCTATTCATTCAATATTTC 827
matK-R TCTAGCACACGAAAGTCGAAGT
AGCCATGGATGTTGTCTACCAGAGAACTTG
F3’5’"H-Ncol-
TCGCTGCAGCGATCATTTTTTTCATT 1536
FIF3’5 H-Notl-R
ATGCGGCCGCGACTACATAAGCAGAGGGTG
AGCCATGGATGTTGTCTACCAGAGAACTTG
F3’5’H-Ncol-
TCGCTGCAGCGATCATTTTTTTCATT 1611
F/F3’H-Sacl-R

TAGAGCTCCGCTGATGTATTCGTCTCCCAC

2.1.2. Hoa chit

Kit GeneElute™ Total RNA Miniprep - tich chiét RNA téng sb; kit
Maxima® First Strand cDNA Synthesis - tong hop cDNA; kit GenJET PCR
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Purification - tinh sach san pham PCR; kit Plasmid Extraction - tach chiét plasmid tir
vi khuan dugc mua tir hing Fermentas va Bio-Neer. Cac enzyme sir dung dugc mua

cua hang Fermentas gém: BamHlI, Notl, Ncol, Hindlll, Sacl, T4 ligase...

Cac hoa chét: bacto pepton, yeast extract, agarose, sucrose, glucose, trypton,
X-gal, KCI, Tris HCI, EDTA, NaOH, MgSO,4, MgCl,, Glycerol, CaCl,; cac loai
khang sinh kanamycine, rifamycine, cefotaxime, carbenicilline,... cia cac hang

Fermentas, Invitrogen, Sigma, Amersham va mot sb hang khac.
2.1.3. Thiét bj

May PCR System 9700 (Appied Biosystem, My), may dién di Powerpac300
(Bio-Rad, M¥), may soi DNA (Mini-transllumminatior, Bio-Rad, M¥), may Voltex
(Mimishaker, IKA, Pic), mdy ly tdm, may xung dién Plulser, may xac dinh ham
lugng nucleic acid NanoDrop, thiét bi giai trinh tu nucleotide ty dong ABI PRISM@
3100 Advant Gentic Analyzer (Applied Biosystem), ciing véi cac thiét bi hién dai
khac.

2.2. PHUONG PHAP NGHIEN CcUU

Cac mau O dau thu tai hai huyén Hoang Su Phi va Quan Ba (Ha Giang) duoc
dinh danh loai truéc khi str dung 1am vt liéu cho tach dong phan tir, nudi ciy in vitro

va bién nap di truyén.
2.2.1. Nhém phuwong phap dinh danh loai O du

Cac mau O dau duoc dinh danh bang phuong phap hinh thai so sanh theo
Pham Hoang Ho (1999) [7], P Tat Loi (2005) [11] va trang web ctia Tropicos
[183]. Pdng thoi, cac mau O dau ciing dugce Xac dinh bang phuong phap phan loai
hoc phan tir dua trén ma vach DNA vdi trinh tu nucleotide cia vung ITS va doan gen

matK, rpoC1, rpoB2.
Phuong phdp hinh thdi so sanh

Tai mdi huyén, thu 5 ciy O dau non va thu cu cua 5 cay O dau khac dem
tréng tai vuon Thuc nghi¢m khoa Sinh hoc, truong Pai hoc Su pham, DPai hoc Thai

Nguyén. Dic diém hinh thai cia cdy O dau duoc quan sat truc tiép va mo ta dic
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diém ré, than 14, hoa, qua, hat. Nhan dién mau cay O dau theo md ta cia Pham
Hoang Ho (1999) [7], P& Tat Loi (2004) [11] va tra ctru trén trang web cta Tropicos
[135] tai B0 mon Thuc vat hoc, khoa Sinh hoc, truong Pai hoc Su pham, Pai hoc
Thai Nguyén.

Phuwong phdp phan loai hoc phan tur

Phuong phap phan loai hoc phan tir dira vao mdt s6 mi vach DNA nhu ving
ITS, doan gen matK, rpoC1, rpoB2. DNA tong sé dugc chiét xuit tir 14 non cia cay
O dau theo Saghai-Maroof va cs (1984) [101].

Trinh tu nucleotide cta cic ciap moi matK-F/matK-R, ITS-F/ITS-R, rpoC1-
F/rpoC1-R, rpoB2-F/rpoB2-R sir dung trong PCR dugc tong hop theo Kress va cs
(2005) [164] duoc thé hién ¢ bang 2.1.

Chu trinh nhiét cia PCR ddi voi hai cip mdi rpoC1-F/rpoC1-R va rpoB2-
F/rpoB2-R 1a 94°C trong 1 phut, ldp lai 35 chu ky va & mdi chu ky, bién tinh & 94°C
trong 30 gidy, gin moi ¢ 53°C trong 40 gidy va tong hop & 72°C trong 40 gidy; sau
35 chu ky 1 budc két thuc & 72°C trong 5 phit, luu giit & 4°C [164]. Chu trinh nhiét
cia PCR ddi v6i cap moi ITS-F/ITS-R 1a 94°C trong 4 phut, lap lai 35 chu ky va &
mdi chu ky, bién tinh & 94°C trong 30 gidy, gin moi & 57°C trong 60 gidy va tong
hop & 72°C trong 60 gidy; sau 35 chu ky 1a budc két thuc & 72°C trong 10 phuat. Chu
trinh nhiét ciia PCR véi cip moi matK-F/matK-R 1a 94°C trong 1 phut, 13p lai 35 chu
ky va & mdi chu ky, bién tinh & 94°C trong 30 gidy, gan moi & 53°C trong 40 gidy va
téng hop & 72°C trong 40 gidy; sau 35 chu ky 13 budc két thuc ¢ 72°C trong 5 phut.

Cac san pham PCR duogc phat hién bang dién di gel agarose 1,0% va duogc
tinh sach bang cach sir dung kit GenJET PCR Purification ctia hing Fermentas. Céc
trinh tu nucleotide cuia vung ITS va doan gen matK, rpoC1, rpoB2 da dugc giai trinh
tu va phén tich bang BLAST trong NCBI [164]. Trinh tu DNA sau khi doc duoc hiéu
chinh véi sy tro gitip ciia phan mém Bioedit v7.0.5.2. Xay dung cy phat sinh chiing

loai bang phuong phap Maximum Likelihood trong phan mém MEGA X [84].
2.2.2. Nhém phwong phap nudi ciy in vitro va cam g tao ré to in vitro

2.2.2.1. Phwong phdp nghién ciru hé thong tdi sinh in vitro phuc vu chuyén gen
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Céc thi nghiém duoc dit trong phong nudi cay ¢ nhiét 4 25 + 2°C, cuong do
chiéu sang 2000 lux, do 4m 60-80%, thoi gian chiéu sang 16 gio/ngay. Mdi thi

nghiém tao mau in vitro ciy 30 mau, b tri hoan toan ngiu nhién véi 3 1an Lip lai.
Tao mdu sach in vitro tir doan than mang mdt ngi ciia cdy O dau
Céc bude thi nghiém duoc tién hanh nhu sau:

Doan than mang mét nga ngdm xa phong lodng trong 15-30 phut sau dé rira

sach dudi voi nudc.
(1) Bua mau vao binh sach, rira lai mau bang nudc cat khu trung.

(2) Khir tring mau bang cén 70% (1-2 phat). Rira mau bang nudc cat khir

trung.

(3) Khtr tring mau bang HgCl, 0,1% & cac muc thoi gian (3; 5; 7; 9 va 11
phat).

(4) Rira sach mau bang nude cat khir trung 3 1an.

Poan than mang mat ngu sau khi dwgc khir tring tién hanh cdy vao méi

truong MS co ban.

Pé thay duoc anh hudng cia loai miu cdy dén kha ning phat sinh choi sau
khir trung. Panh gia két qua sau 2 tuan, 4 tun. Chi tiéu theo ddi: Ti 16 mau nay chdi

nhiém (%); Ti 1&é miu nay chdi khong bi nhiém (%), Chat luong chdi.
Chdi tot: Chdi map, dai, xanh binh thudng (++)
Chdi kém: Choi nho, ngin, vang (+)
Céc budce khtr trung dugc thyc hién trong moéi truong vo trung.
Phwong phdp tao da chéi tir nguén mau sach thu dwege

Anh hwéng riéng ré cia chat kich thich sinh truéng thuéc nhém cytokinin dén kha
ndng phdt sinh choi

Pé tham do anh hudng riéng 1& ctia chat kich thich sinh truong dén sy phat
sinh da choi ¢ cay O dau, Cac cong thirc moi truong nudi cay déu sir dung moi

truong MS co ban c6 bd sung sucrose 30 g/l + agar 9,0 g/l va cac chat kich thich sinh
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truong c6 ham luong thay d6i. Cong thirc ddi ching sir dung 13 méi truong MS co
ban + sucrose 30 g/l + agar 9,0 g/l khong b sung cac chat kich thich sinh truong. O

mdi cong thirc nudi cdy tién hanh trén 6 binh (30 mau cay).

(1) Cac doan than mang d6t duoc cdy trén moi truong MS co ban + sucrose
30g/1 + agar 9,09/l + bd sung BAP vé6i nong do 0,5 mg/l; 1 mg/l; 1,5 mg/l; 2,0 mg/l;

tuong trng véi cac cong thire tur 1-4.

(2) Céc doan than mang chdi nach duogc cdy trén mdi truong MS co ban +
sucrose 30g/l + agar 9,09/l + bo sung kinetin v&i nong d6 0,5 mg/l; 1 mg/l; 1,5 mg/l;

2,0 mg/l tuong trng vi cac cong thic tur 1 - 4.

Két qua danh gia kha ning sinh truong ¢ cdy O dau sau cac thoi gian: 2 tuan,
4 tuan, 6 tuan, 8 tuan nudi céy gua cac chi tiéu theo doi sau: S6 chodi/mau; Chiéu cao

chdi (cm); Chat lugng chdi.

Chdi sinh truong tét: Choi map, 14 to mau xanh dam (+++)

Chdi sinh trudng trung binh: Chdi nhé, 14 nhé mau xanh nhat (++)

Chdi sinh truong kém: Chdi nho, 14 nho mau vang (+)
Phwong phap tao cdy hoan chinh

Khi cac chdi cay O dau dat chiéu cao 3-4 cm va cd 3-5 14 duoc cdy chuyén
sang moi trudng ra ré. Mdi cong thic thi nghiém duogc tién hanh trén 30 mau. Moi
truong thi nghiém tham do 1a MS co ban + sucrose 30 g/l + agar 9 g/l + 0-NAA nong
do 0,3; 0,5; 0,7; 0,9 mg/l hodc IBA néng do 0,3; 0,5; 0,7; 0,9 mg/l. Theo doi, danh
gia két qua sau 4 tudn, 6 tuan, 8 tudn. Céc chi tiéu theo ddi: S6 ré/chdi; Chiéu dai ré
(cm); Chat luong ré

Ré t6t: R& map, dai, phan nhanh nhiéu, mau tring sita hoic tring xanh (+++)

R& trung binh: R& nho, dai, it phan nhanh, mau tring xanh (++)

R& kém: R& nho, ngin, khong phan nhanh, mau vang nau (+)

Duea cdy ra vuwon wom
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Thi nghiém ngoai vuon wom duge b tri 3 1an 1ap lai, mdi cong thic gia thé

duoc tién hanh trén 30 mau.
Giai doan bau dat

Céac chdi don dat chiéu cao 4-5 cm, moc 4-5 14, c6 2-3 r&, chiéu dai ré dat 3-4

cm, 1& map du tiéu chuan dua cay ra ngoai vudn uvom.
Céch b tri thi nghiém: tham do trén 3 loai gia thé:
(1) Bt phu sa
(2) Pét phu sa + trdu hun + Xo dira (i 1& 2:1:2)
(3) Dt thit trung binh.

Hai tuan dau tién dé cay & diéu kién phong. Tuan tht ba bat dau dua cay ra
nha ludi. Tudi phun dudi dang swong mu vao lac sdng sém. Theo doi, danh gid ti 1¢

song soOt va chat lugng cdy sau 2 tuan, 4 tuan.
Giai doan vuwon wom

Nhitng cdy O dau trong bau dat dat chidu cao hon 5 cm, hinh thanh thém 14
méi, 14 xanh, chiéu dai ré dat 3-4 cm, khoe sin sang chuyén ciy ra ngoai moi trudng
tu nhién. Tuan dau tién phu bang ni 16ng. Tudi nude vao budi chiéu. Theo ddi, danh

gia két qua sau 2 tuan, 4 tun. Chi tiéu theo ddi: Ty 1¢ sdng (%), Chét luong cay.
Cay sinh trudng tot: Cy to, cao, phién 14 rong, 14 xanh ddm (+++)
Cay sinh trudng trung binh: Cay thap, 14 xanh dam (++)
Cay sinh truong kém: Cay nho, thap, 14 nho, 14 xanh nhat (+).
2.2.2.2. Phwong phdp cdm teng tao ré to in vitro
Chudn bi mau va dich khuan R. rhizogenes
Cudng 14, 14 va doan ré tach tir cay O dau in vitro sit dung lam vt liéu lay
nhiém dé cam tng tao ré to.
Vi khuan R. rhizogenes ATTC 15834 gbc dugc cdy ria trén méi truong LB

(Luria Bertani) ddc nudi trong ti 4m 28°C trong 48 gio. Nudi hoat hoa bang cach
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nudi trai trén moi truong LB dic trong 48 gid ¢ 28°C trong diéu kién tbi. Sau d6, mot
khuan lac don duoc chuyén sang nudi cdy trong méi truong LB long, lic 200
vong/phit & 28°C trong 16 gid. Dich khuan duoc ly tAm thu sinh khéi & tbe do 4.000
vong/phiit & 4°C trong 15 phut. Sinh khdi vi khuan sau d6 dugc hoa lodng trong moi
truong ¥MS 16ng va xac dinh mat d6 vi khuan bang may do quang phd & budc song
600nm (ODgqo).
Lady nhiém mau véi vi khudn

Mau céy (14, cuéng 14, doan ré) duogc cit va tao vét thuong boi dao céy duoc
ngam trong dich khuan R. rhizogenes trong 15 phit va va lic nhe, sau d6 chuyén
sang mdi truong dong nudi cdy 1a moi trudong MS co ban + sucrose 30 g/l trong 2
ngay & diéu kién t6i.
Diét khudn va cam g ré to

Két thuc giai doan dong nudi cdy, mau cdy duoc chuyén sang méi truong diét
khuan va ti sinh 1a méi trudng MS + sucrose 30 g/l + cefotaxim 500 mg/1 trong diéu
kién t6i & 28°C. Theo ddi sy hinh thanh & to sau 6 tuan.

Nhén nuéi ré to

RE to chuyén gen dugc nudi cdy trong mdi trudng MS co ban véi cac trang
thai moi truong khac nhau (dic, 1ong, ban 1ong) dé khao sat kha niang ting truong
cta ré to cdy O dau. Moi trudng dic 1a moi trudng chira 0,9% agar, moi trudng ban
long chira 0,45% agar. Moi truong 1ong 1a moi truong khong cd agar. Moi1 trudong
nudi cdy duoc diéu chinh pH = 5,8 trude khi hap khi tring & nhiét d6 121°C trong
20 phat; 1,1 atm. Diéu kién nudi ciy in vitro: 14 gio sang, cudng d6 anh sang 2000-
2500 lux, nhiét ¢ 25 + 2°C.

Xac dinh khoi leong ré khé

Ré to sau khi thu sinh khéi duoc sdy dén khdi lugng khong do6i dé xac dinh
khdi lugng ré kho (g khdi lugng khd/binh).
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2.2.3. Nhém phwong phap tich dong gen va thiét ké vector chuyén gen
2.2.3.1. Phdn ldp gen va tach dong phdn tir
Thiét ké cip moi PCR Va nhdn ban gen AcF3°5'H

Nghién ctru thong tin vé gen AcF3’5’H va thiét ké cip mdi dé nhan gen
AcF3’5’H dya trén trinh tu gen F3°5’H cua cidy A. carmichaelii mang ma sb
JN635708.1 trén GenBank [89]. Cip mdi F3’5’H-Ncol-F/F3°5’H-Notl-R da dugc
thiét ké nhan ban doan ma héa cia gen AcF3°5’H. Kich thudc ctua doan DNA duoc
nhan ban du kién 1a 1581 bp.

RNA tbng sé duoc tach bang kit GeneElute™ Total RNA Miniprep cua hing
Sigma. ¢cDNA dugc tong hop tir RNA tong sd bang kit SuperScript™ VILO™
cDNA Synthesis.

Nhan ban gen AcF3’5’H dugc thuc hién bﬁng PCR véi cap moi da thiét ké
F3°5’H-Ncol-F/F3’5’H-Notl-R. Thanh phan phan tng PCR dugc trinh bay & bang
2.2.

Bang 2.2. Thanh phan phan tng PCR

STT Thanh phan Nong do Thé tich (ul)
1 PCR Master Mix 2X 12,5
2 F3°5’H-Ncol-F 10 pmol/ul 1,5
3 F3°5’H-Notl-R 10 pmol/pul 1,5
4 DNA hodc cDNA khuon 500 ng/ul 3,0
5 Nudce khur ion - 6,5
Téng thé tich 25

PCR nhan gen AcF3’5’H duoc thuc hién theo chu trinh nhiét 1a 94°C trong 3
phut; 13p lai 30 chu ki (94°C/30 giay, 58°C/30 giay, 72°C/1 phut 30 giay); 72°C/7
phut va luu gitt & 4°C.

San pham PCR duoc dién di trén gel agarose 1,0% va duoc tinh sach theo kit
GenJET PCR Purification cia hang Fermentas.




Tach dong va xdc dinh trinh ty gen AcF3°5’H

K¥ thuat tach dong gen dugc thuc hién theo Sambrook va Russell (2001) [69].

San phdm PCR dugc tinh sach bang kit Gen JET PCR Purification, sau d6 gin

vao vector pBT dé tao plasmid tai t6 hop. Thanh phan va diéu kién phan tmg mo ta ¢

bang 2.3.

Bang 2.3. Thanh phan phan tng gin gen AcF3°5’H vao vector tach dong

STT Thanh phin Nong do Thé tich (ul)
1 T4 DNA Ligase Buffer 10X 2,0
2 T4 DNA Ligase 5u/ul 1,0
3 AcF3’5’H 100 ng/ul 12,0
4 pBT 100 ng/ul 3,0
5 Nudc khir ion - 2,0
Téng thé tich 20

Piéu kién phan img: 20°C trong 3 gio

Hon hop gém 5 pl vector tai to hop va 50 ul dich té bao kha bién dit trong
nudce da 20 phut, sau d6 chuyén ngay vao bé 6n nhiét & 42°C trong thoi gian 1 phut
30 gidy roi dua ngay vao nudc da trong thoi gian 10 phut. Sau khi sdc nhiét bo sung
150-300 pl LB léng dé nudi phuc hdi ¢ 37°C, lic 200 rpm trong vong 1 gio. Cay trai
150-250 pl dich khuan 1én méi truong LB dic c6 bo sung ampicillin 50 mg/I, X-gal
30 mg/l va IPTG 100 pM va nudi & 37°C trong vong 16 gio. Thanh phan mdi truong

nudi ciy vi khuan thé hién ¢ phu luc 11

Chon dong khuén lac chira vector tai to hop dya trén kiéu hinh khuén lac va

bang colony-PCR véi cap moi F3°5 ’H-Ncol-F/F3°5 ’H-Notl-R.

Tach chiét plasmid bang kit Plasmid Extraction theo chi din ctia nha san xuét.
Céc plasmid tai to hgp mang gen AcF3°5’H duoc xac dinh bang phuong phép giai
trinh ty DNA ty dong, trong d6 mdi loai dideoxynucleotide duoc danh dau bﬁng 1

chat huynh quang (fluouchrome) c6 mau khac nhau trén may doc trinh tu ty dong
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ABI PRISM 3100 Avant Gentic Analyzer. Trinh tu nucleotide cua gen dugc phan
tich, so sanh trén phan mém BLAST va BioEdit.

2.2.3.2. Thiét ké vector biéu hién gen
Tao cdu triic doc ldp mang gen chuyén AcF3°5’H

Xt Iy dong thoi vector tai to hop pBT AcF3°5’H va vector pRTRA7/3 bang
Ncol/Notl, sau do chon va tinh sach doan DNA theo chi dan cta kit GenJET PCR
Purification dé thu nhin doan gen AcF3°5’H va vector mé vong pRTA7/3. Tron gen
AcF3°5’H vé6i vector pPRTRA7/3 bd sung T4 DNA ligase xtic tac cho qué trinh ghép
néi tao duoc vector tdi t0 hop pRTRA7/3 AcF3’5’H mang céu tric
CaMV35S AcF3’5’H cmyc polyA.

Nco Not | Neo |l Not |

! !

AcF3’5'H ]— 355> 2SP. antiABA | c-myc | polyA |_‘

pBT_AcF3’5'H |_‘ pRTRA7/3

Hind 1ll Hind 1l Hinam
355)‘ AcF3’5'H | c-myc | polyA 1 s m m )
r pRTRA7/3_AcF3'5’H \ pCB301
Not |

. 1536 bp
Hind Il ’«—»‘ Not |
1 R ¥
nptll |Ter|— Camvsss\ AcF3'5°H [ cmyc [ KDEL | polyA ]—H onV >—

5 1611bp —
Nco | Sacl

Hinh 2.2. So d6 thi nghiém thiét ké vector chuyén gen pCB301 AcF3’5'H

Vector tai to hop pRTRA7/3_AcF3’5’H duoc nhan dong trong E. coli DH5a va
chon dong bang colony-PCR véi cip mdi dic hiéu F3°5 ’H-Ncol-F/F3°5 ’H-Notl-R.

Tao vector chuyén gen pCB301_AcF3’5’H
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Xt Iy dong thoi vector pRTRA7/3_AcF3°5°H va vector pCB301 véi Hindlll,
sau do chon va tinh sach cac bang DNA dién di theo kich thude dé thu nhén cac
thanh phan can cho viéc tao vector chuyén gen gbém: cdu tric
CaMV35S AcF3’5’H cmyc polyd; vector mé vong pCB301. Trén ciu trac
CaMV35S AcF3’5’H cmyc_polyA tinh sach véi vector pCB301 d3 md vong, bd
sung T4 DNA ligase dé xtc tac cho qué trinh ghép ndi tao duoc vector chuyén gen
thue vat pCB301 AcF3’5’H. Vector tai t6 hop dugc nhan dong trong E. coli DH5a.
Tién hanh chon dong bang colony - PCR véi cap moi F3°5 ’H-Ncol-F/F3°5 H-Notl-R.

2.2.3.3. Tao Agrobacterium tumefaciens tdi t6 hop

Bién nap vector pCB301-4cF3°5’H vao té bao kha bién A. tumefaciens CV58
bang xung dién v6i thong sé 400Q, 2,5 kV, 2,5 uF rdi dua ngay vao nude da, sau 5
phut bo sung 200 ul LB 16ng va ddo nhe. Chuyén hén dich da xung dién sang ong
Eppendorf 2 ml, nudi phuc héi khuan sau bién nap & 28°C, lic 200 rpm trong 2 gid.
Cay trai trén moi trudng LB 1ong c6 khang sinh kanamycin 50 mg/I va rifamycin 50
mg/l, u & 28°C trong 48 gio. Tién hanh chon dong vi khuin mang vector tai to hop
pCB301 AcF3’5’H bang colony-PCR va dong A. tumefaciens dwong tinh s& duoc
lwu giit phuc vu cho chuyén gen vao cay dich.
2.2.4. Nhém phwong phap chuyén gen va phén tich ciy chuyén gen
2.2.4.1. Bién nap di truyén ¢ cay thuéc ld
Chudn bi vi khudn 4y nhiém

Vi khuin A. tumefaciens mang gen chuyén AcF3°5’H dugc nudi chon loc
trong 15 ml méi truong LB 16ng bd sung khang kanamycin 50 mg/l va rifamycin 50
mg/l & 28°C lac 200 rpm, 48 gid. Chuyén 10 ml dich huyén phu té bao trén vao 50
ml LB 16ng khong khang sinh dé nudi phuc hdi 28°C, lic 200 rpm dén khi ODggp =
0,6-0,8 1a dat sb luong té bao t6i wu dé bién nap. Ly tdm toan bo dich té bao & 4°C,
5000 rpm, 15 phit. Hoa tan té bao ldng vao 40 ml dung dich 4MS + AS 50 pl dat

trong nudc da lanh.

Chuyén gen AcF3’5’H vao cay Thudc ld théng qua A. tumefaciens
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Bién nap ciu tric mang gen chuyén AcF3’5’H théng qua lay nhiém A.
tumefaciens tai to hop vao manh 14 va tai sinh cdy Thudc 14 chuyén gen duoc thuc
hién nhu mo ta caa Topping (1998) [74]. Mbi trudng nudi cdy 14 Thude 14 chuyén
gen dugc trinh bay & phu luc 12.

L& Thudc 14 dugce cét thanh cac manh nhd ¢ kich thude 1x1 cm, sau d6 cac
manh 14 dugce ngdm trong dich khuan A. tumefaciens tai t6 hop trong 30 phut. Chuyén
cac manh 14 nhim khuin sang moi truong cam tng chdi GM (MS + BAP 1,0 mg/l +
sucrose 30g/l + agar 9 g/l) bd sung khang sinh chon loc kanamycin 50 mg/l +
cefotaxime 500 mg/l. Sau 4 tuan bién nap, c4c cum chdi dugc cat ra khoi mau va cay
chuyén sang méi truong nudi choi duge bd sung kanamycin 50 mg/l. Choi dat chiéu cao
2-3 cm duoc chuyén vao moéi truong tao & RM (MS + IBA 0,1 mg/I + sucrose 30 g/l +
agar 9 g/l) bo sung kanamycin 50 mg/l dé hinh thanh cay hoan chinh. Cac cay chuyén
gen in vitro phét trién ré va 3-4 14, chliing dugc ra trong trong chau chira trdu hun: cat

theo ty 18 1:1, nhitng cdy sdng sot sau d6 dugc chuyén sang diéu kién nha luéi.
2.2.4.2. Bién nap va biéu hi¢n gen AcF3’5’H trong cay O dau
Tao nguyén liéu bién nap gen

Cac chdi in vitro c6 kich thudc khoang 1-2 cm duoc st dung lam vt liéu
nhan gen AcF3’5°H thong qua A. tumefaciens. Chung A. tumefaciens mang gen uidA
va AcF3’5’H dugc nudi cay chon loc trong mdi trudng LB 16ng bo sung kanamycin
50 mg/l va rifamycin 50 mg/l & 28°C véi lic & 200 vong/phut trong 48 gid. 10 ml
huyén phui té bao trén dugc chuyén vao 50 ml LB 1ong khong c6 khang sinh dé thu
hoéi & 28°C va lac ¢ 200 vong/phit cho dén khi mat do A. tumefaciens 1a ODgyo = 0,8.
Toan bd huyén phu té bao dugce ly tim & 4°C va 5000 vong/phut trong 15 phut dé thu
sinh khéi ling cin. Cac té bao ling dugc hoa tan trong 50 ml dung dich % MS +

acetosyringone 100 pl trong nude da.
Thiét Igp thi nghiém chuyén gen théng qua chuyén gen chi thi uidA ¢ cdy O dau

Quy trinh chuyén gen & cay O dau dugc xay dung thong qua chuyén gen uidA
Vv6i viée khao sat mat do vi khuan A. tumefaciens, nong do6 AS, thoi gian nhiém va

nong do khang sinh chon loc kanamycin lam co s& cho chuyén gen dich vao cay O
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dau. Sau 4 tuan bién nap gen uidA, cac mau tao chdi duoc chuyén sang moi truong
MS + sucrose 30 g/l + agar 8 g/l + MES 0,59 g/l + mubi B5 3 g/l + BAP 0,5 mg/I dé
kéo dai chdi. Choi dat chiéu cao 2 - 3 cm duge chuyén sang moi trudng tao r& MS +
sucrose 30 g/l + agar 8 g/l + BAP 0,5 mg/l + IBA 0,4 mg/l bé sung kanamycin. Sau
do, cay in vitro dugc chuyén trong trong chau trong diéu kién nha ludgi. Phan tich
biéu hién uidA tuan theo quy trinh nhuém héa mé GUS (B-glucuronidase) theo
Jefferson va cs (1987) [121].

Bién nap cau triic CaMV35S_AcF3’5’H cmyc_polyA vao cdy O dau

Su bién nap trung gian qua vi khuan Agrobacterium thong qua hé thong tai sinh
cay va choi O dau in vitro dugc thyc hién theo phuong phap cua Olhoft va cs (2007)
[118]. Mbi truong nudi cdy chdi O dau chuyén gen duoc trinh bay & phu luc 13.

Chéi in vitro dugc tach tir cac cum da chdi va ngam trong dich A. tumefaciens tai
t6 hop c6 chira vecto chuyén gen pCB301 AcF3’5’H trong 15 phit, sau d6 duoc cay
trén moi trudng dong nudi cdy (Mdi trudng CCM bao gdbm MS co ban + mubi B5 0,42
g/l + MES 3,5 g/l + sucrose 30 g/l + agar 12 g/I; b6 sung vitamin B5 1,0 mg/l + AS 100
umol/l + L-cysteine 400 mg/l + BAP 1,5 mg/l) va dugc dit trong tdi trong 3 ngay. Cac
mAu bién nap duogc rira trong dung dich AMS b sung cefotaxime 500 mg/l, sau d6
duoc chuyén sang moi trudng SIM cam tng tao chdi co bd sung BAP va khang sinh
kanamycin chon loc dé tai sinh choi trong sau tuan. Mi truong cam tng tao choi SIM
dau tién bao gdm MS co ban + mudi B5 3,20 g/l + MES 1,0 g/l + sucrose 30 g/l + agar
12 g/I; bd sung vitamin B5 1 mg/l + BAP 1,5 mg/l + kanamycin 50 mg/l. Sau hai tuan,
c4c mau bién nap duoc chuyén sang méi truong SIM lan thi hai. Mbi trudng cam tng
tao choi SIM thtr hai bao gdm MS co ban + mudi B5 3,20 g/l + MES 1,0 g/l + sucrose
30 g/l + agar 12 g/I; bo sung vitamin B5 1 mg/l + BAP 1,5 mg/l + kanamycin 75 mg/l.
Sau bon tudn, cac chodi cao 1-2 cm duoc chuyén sang mdi truong kéo dai chéi SEM (MS
co ban + MES 1,0 g/l + sucrose 30 g/l + agar 12 g/I; b6 sung véi vitamin B5 1 mg/l + L-
asparagine 75 mg/l + L-pyroglutamic acid 100 mg/l + GA; 1,0 mg/l + IAA 0,1 mg/l +
kanamycin 50 mg/l). Su kéo dai choi trong SEM kéo dai trong sau tuan. Khi choi
chuyén gen cao khoang 2-4 cm, cac chdi phat trién t6t dwoc chon va chuyén sang moi

truong tao r& RM c¢6 bd sung IBA va sang loc bing kanamycin. Mai truong tao ré RM
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bao gdm MS co ban + MES 1,0 g/l + sucrose 30 g/l + agar 12 g/l + nudc dira 100 ml/l
b6 sung IBA 0,5 mg/l va kanamycin 50 mg/l. Khi cay chuyén gen in vitro phét trién ré
va 3-4 14, chung duoc trong trén gia thé voi ty 16 2 dat phi sa: 1 trdu hun: 2 xo dira trong
diéu kién nha kinh.

2.2.4.3. Phdn tich cdy chuyén gen

Phan tich cay Thudc ld chuyén gen

Cay Thudc 14 chuyén gen trong trong nha luéi dugc sir dung dé phan tich su
hién dién va biéu hién cta gen chuyén trong cdy chuyén gen bang PCR, RT-PCR,
Western blot va ELISA.

DNA tong s6 duoc phan lap tir 14 non dya trén phuong phép ciia Saghai-
Maroof va cs (1984) [101]. Tach chiét RNA tong s tir 14 cy Thudc 14 chuyén gen
bang kit GenElute™ Total RNA Miniprep (Sigma). Téng hop cDNA duogc thuc hién
bang kit First-Strand cDNA synthesis (Fermentas).

PCR duoc thuc hién dé x4c nhan sy hién dién cua gen chuyén AcF3'5'H trong
cay Thudc 14 chuyén gen. Phan tich biéu hién gen AcF3°5°H & cip d6 phién ma dugc
thuc hién bang cach sit dung RT-PCR. Cip mdi F3’5’H-Ncol-F/F3°5 H-Notl-R
(Bang 2.1) duoc sir dung dé phan tich PCR va RT-PCR.

Cay Thudc 14 chuyén gen duoc xac nhan duong tinh v6i RT-PCR dugc sir
dung dé phan tich biéu hién cta protein tai to hop AcF3'5'H (recombinant AcF3’5’H
= rAcF3'5'H) biang Western blot va ELISA. Protein tong s6 chiét xuét tir 14 Thudc 14
duoc phan tich bang dién di trén gel 10% SDS-PAGE nhu mé ta caa Laemmli [152].
Phan tich Western blot dé xac dinh su biéu hién protein tai to hop duoc thuc hién
theo mo ta ciia Sun va cs [64]. Ham luong cua protein rAcF3’5’H duoc xac dinh
bang ELISA [64]. Ham lugng cua protein rACF3'5'H (ug/ul) duoc xac dinh theo
cong thuc sau: Y = 0,0019X + 0,0562, trong d6 Y l1a ham lugng cua protein
rAcF3'5'H va R (hé sb tuong quan) = 0,9993.

Phan tich cdy O dau chuyén gen
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Cay O dau chuyén gen trong trong nha kinh dwgc sir dung dé phén tich su
hién dién va biéu hién ctia gen chuyén trong cdy chuyén gen bang PCR, RT-PCR,
Western blot va ELISA. Tach chiét DNA tong s6 tir 14 O dau chuyén gen va ciy d6i
ching khong chuyén gen theo Saghai-Maroof va cs (1984) [101]. Tach chiét RNA
téng sb tir 14 cay O dau bang kit GenElute™ Total RNA Miniprep (Sigma). Tong
hop cDNA duoc thuc hién bang kit First-Strand cDNA synthesis (Fermentas).

Su hién dién cua gen chuyén AcF3°5°H trong bd gen ciia ciy chuyén gen O dau
& thé hé T, duoc xac dinh béng PCR. Phan tich su biéu hién cua gen chuyén AcF3’5’H
o muc do phién ma dugc thuc hién br?mg cach su dung RT-PCR. Cap moi F3°5’H-Ncol-
F/F3°5’H-Sacl-R (Bang 2.1) duoc st dung dé phén tich PCR va RT-PCR.

Protein tong s6 chiét xuét tir 14 O dau chuyén gen dugc bién tinh va phan tich
bang dién di trén gel 10% SDS-PAGE nhu md ta ciia Laemmli va cs (1970) [152] va
sau d6 dugc chuyén sang mang nitrocellulose. Cac mang da bi chin bang sita tach
béo 5% trong PBS-T qua dém. Cic mang chtra protein duoc 0 voi khang thé c-myc
trong 3 gid, lic ¢ nhiét d6 phong va 1 véi cac khang thé thir cip (khang IgG-HRP)
trong 2 gio. Két qua dugc xac dinh bang cach sit dung TMB (3,3', 5,5'-tetramethyl
benzidine). Ham lugng cua protein tai t6 hop AcF3’5°H (rAcF3’5°H) duoc xac dinh
bang ELISA theo Sun va cs (2006) [64]. Protein tong sé duoc pha lodng dén nong do
200 pg/ml. Protein H5 dugc gan dudi cmyc cuia virus cim A/H5N1 duge sir dung
lam déi chimg. Viéc xay dung dudng chuan dua trén ndéng do cua protein H5 pha
loang. Ham lugng cua protein rAcF3'S'H (nug/ul) dugc xac dinh theo cong thire sau:
Y =0,0019X + 0,0562, trong d6 Y 1a ham luong cta protein rAcF3'5'H va R (hé s
tuong quan) = 0,9993.

2.2.4.4. Xdc dinh ham lwong flavonoid tong sé trong ciy Thudc ld va O dau bang
ky thudt quang phé hép thu

Flavonoid tir 14 cay Thudc 14 va 14 cdy O dau duogc chiét bang methanol, sau
d6 cho phan tmg véi AICI; rdi dem do quang phd & bude séng 415 nm theo Kalita va
cs (2013) [112]. Puong chuan quercetin dugc xdy dung bang cach phéan tich diy
chuan c6 nong do6 tir 10 pg/ml dén 100 pg/ml, & cdy Thude 14 Y = 0,0059X - 0,0075
(hé sb twong quan R? = 0,9999), & cdy O dau Y = 0,0061X - 0,0029 (hé s tuong
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quan R? = 0,9998), trong d6 Y 1a ham luong cta Quercetin (hinh 2.3). Pudng chuin
mo ta su phu thudc cua do hép thy phén tr (truc tung) vao néng do dung dich chuin
trong ung (ug/ml). Mau 14 tuoi (cAy Thude 14, O dau) dugc nghién min, tron dong
nhit. Can mot luong khoang 0,1 - 0,5 g miu (twong dwong 10 mg quercetin). Lic
déu, siéu &m 30 phuat va dinh mic bang methanol dén vach ctia binh dinh mérc 100
ml. Léy chinh xac 0,5 ml dich chiét hoac day chuan; 1,5 ml MeOH; 0,1 ml dung dich
AICl; 0,1 %; 0,1 ml dung dich kali acetat 1M; 2,8 ml nudc cit, lic déu rdi tién hanh

do quang pho tai budc séng 415 nm trén may UV-VIS,
Két qua duoc tinh toan theo cong thirc:

An v
Co= & .CokM

Trong d6: Cp,: néng d6 ctia mau phén tich dugc tinh bang pg duong luong

quercetin/g mau tuoi (Mg/g); Ce: ndng dd quercetin trong dung dich chuan lam viéc

(ug/ml); Am; A d6 hap thu ciia mau va cta dung dich chuan; V: thé tich cudi (ml);

m: khdi luong méu (g); k: hé s6 pha lodng.
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Hinh 2.3. D6 thi duong chuan xac dinh flavonoid toan phan theo quercetin. A: Do
thi duong chuan xac dinh flavonoid toan phan theo quercetin trong cdy Thudc 14; B:
Db thi dudng chuan xac dinh flavonoid toan phan theo quercetin trong cay O dau.
2.2.5. Xir Iy s6 liéu thong ké

Céac sO liéu dugc xur ly bang phan mém Microsoft Excel va phan mém

Statistical Package for the Social Science (SPSS) dé xac dinh cac tri s6 thong ké nhu:
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gia tri trung binh, phuong sai, d§ 1éch chuén, sai sb trung binh mau. Su khac biét

gifra cac gia tri trung binh dugc kiém tra bé‘lng Duncan vé1 P <0,05; 0,01; 0,001.
2.3. PIA PIEM VA THOI GIAN NGHIEN CUU
Céc thi nghiém duoc thuc hién tir thang 8/2016 dén thang 12/2020.

Céc thi nghiém nudi ciy in vitro va chuyén gen vao cay Thubc 14, cdy O dau
dugc thyc hién tai Phong thi nghiém Cong nghé té bao thuc vat, Khoa Sinh hoc,
Truong Pai hoc Su pham - Pai hoc Thai Nguyén.

Céc thi nghiém phan tich ciy chuyén gen dugc tién hanh tai phong Cong nghé
ADN tng dung, phong Cong nghé Té bao thuc vat va Phong thi nghiém trong diém
Cong ngh¢ gen thudc Vién Cong ngh¢ sinh hoc - Vién Han lam Khoa hoc va Cong
nghé Viét Nam.

Céc thi nghiém phan tich ham luong flavonoid tong s trong 14 cdy Thudc 14,
cay O dau duoc thue hién tai Phong Cong ngh¢ Thuc phﬁm — Vién kiém nghi¢m va
v¢€ sinh an toan thuc phém Qubc gia, BOY té.

Luan an duoc hoan thanh tai B6 moén Di truyén hoc va Cong nghé sinh hoc,

Khoa Sinh hoc, Truong Dai hoc Su pham - Dai hoc Théai Nguyén.
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Chuong 3. KET QUA VA THAO LUAN

3.1. KET QUA PINH DANH LOAI O PAU (Aconitum carmichaelii)
3.1.1. Pic diém hinh thai cic miu O diu thu & Ha Giang

Két qua so sanh hai mau O dau thu tir cac loai thuoc huyén Hoang Su Phi va
Quan Ba, tinh Ha Giang cho thay cac mau O dau giéng nhau vé hinh thai, gém ré,

than, 14, hoa (Hinh 3.1 A- E).

R R |
D

 —

G

Hinh 3.1. Cay O dau. A: Hinh v& O dau theo D Tat Loi (2004) [11]; B: O dau gém
ré va hinh thanh cu; C: Cay O dau gém ct me, cu con; D: La O dau va cuéng 14; E:
Canh mang hoa va hoa O dau; G: Cac bd phan cua hoa O dau; H: Qua O dau; I: Qua
kho va hat O dau (B, C, D, E, G, H, I: Anh do tdc gia chup).
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O dau la cay than thao moc thang dung, sdng mot nam hoic nhiéu nam, cao
khoang 0,6-1 m, than mau xanh, it phan canh, c6 16ng ngin (Hinh 3.1 A). R& cay O
dau 1a ré cham, tir ci moc ra nhiéu ré con véi d6 dai khac nhau trung binh dai tir 1-
15 cm, ré moc thang khéng cong queo, trén ré ¢ nhiéu 16ng nho. R& ¢ mau nau
vang, dam siu xudng dat va phat trién theo chiéu ngang (ddi véi ca phu tir), phat
trién theo chiéu doc ddi véi cu ¢é hinh con quay. Ca c6 hinh nén, dai 3-5 cm, dudng
kinh 1-2,5 cm moc thanh chum trong d6 c6 cu me va nhiéu ca con. Cu me 1a do ré
cai phinh thanh ngay ¢ dudi than cay, cu me c6 dic diém 1a nhe, rdng va & giita co
mau xam. Cu con duoc moc ra tir canh ¢o ré cai, cu con thi chic, ning, phia trén dau
cu con ¢6 mang la ngam. R& cu thu héi vao thang 7-10, trudc khi cay ra hoa, 1a luc ca
c6 kich thudc to nhat. R& cay O dau c6 vi nhat, sau hoi chat va té ludi. (Hinh 3.1 B,
C). L4 don nguyén, 3 thity, mdi thiy lai ché thanh nhiéu thily khong déu nhau (2 hozc
3 thuy), mép 1a hinh rang cua, moc tron xung quanh cu, khong cé 1a kém, xanh dam,
nhan va c6 16ng & mép 1a. Mt trén c6 mau dadm hon mit duéi. Ngoai ra con cd mot sd
14 c6 hinh dang khac nhu: 14 khong c¢6 hinh rang cua, 1a ché 2 thuy gan Ia dang ban. La
cay con hinh tim, gan nhu tron, tra nhu 14 ngai ctru. La cay O dau moc so le va sap
xép theo hinh xoan éc. Cubng 4 dai, trung binh tir 1- 4 cm, ¢6 mau xanh hoic mau tim
dam, trén cudng ciing c6 16ng nho. Phién 14 rong khoang tir 5-12 cm, gan 14 hinh l6ng
chim, nhian hai mat, c6 mau sic giéng vai phién la. (Hinh 3.1 A, D). Pau ngon than
hozc k& 14 xuat hién cum hoa moc thanh cham day nhiéu hoa to mau xanh tim, dai 10-
20 cm, cubng hoa dai 2-6 cm, dudi cum hoa c6 14 bac nho chia 3 thity hinh mac (Hinh
3.1 E). Hoa ludng tinh, khong déu, c¢6 5 dai gdm 1 14 dai trén hinh mii hoi det, 2 14 dai
bén hinh trang va 2 14 dai dudi hinh thudn, c6 16ng to trén mat ngoai, co tdi rong &
dinh dé chira mat hoa. Trang hoa nam trong 14 dai trén, nhi nhiéu (45-50 nhi), chi nhi
rong c6 canh ¢ dudi, bao phan nit doc hinh cau hoic elip, voi nhuy ngén hon bau
nhuy. Hoa né vao thang 10-11 (Hinh 3.1 E, F). Qua O dau thudc dang qua nang, mau
xanh, c6 mo ngan gom 5 dai mong hinh elip, duong kinh 0,3-0,5 cm, dai khoang 1,5-
2,7 cm, ¢6 cubng dai 2-6 cm (Hinh 3.1 G). Trong mdi dai chira 10- 25 hat det, mau nau

den, dai 3-5 mm, rong 2-3 mm, trén mat co vay (Hinh 3.1 H).
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Sau khi ddi chiéu cac dic diém hinh thai quan sat duoc & cac mau O dau Voi
cac dic diém cay O dau theo mo ta caa Pham Hoang Ho (1999) [7], PS Tat Loi
(2004) [11] va dong thai tra ctu trén trang web cua Tropicos [183] cho thiy cac mau
O dau thu tai huyén Hoang Su Phi va Quan Ba, tinh Ha Giang thudc chi O dau
(Aconitum L), ho Hoang Lién (Ranunculaceae), bo Hoang Lién (Ranunculales), phan
I6p Hoang Lién (Ranunculidae), Iép Hai 14 mam (Magnoliopsida), nganh Thyc vat

c6 hoa, Moc lan, Hat kin (Magnoliophyta).

Tuy nhién, sir dung phwong phap hinh thai so sanh rat kho xac dinh dugc mau
O dau khi cay dang trong giai doan phat trién (chwa ra hoa) va dé nham 13n vai loai
thudc chi Aconitum. Vi vay, dé c6 thé tranh duoc su nham Ian véi cac loai gan giii
ma nhitng quan sat hinh théi sinh treéng va phét trién chua du dé dinh danh loai va
phan biét loai hoic mau cay da bi bién dang, can két hop phuong phap hinh thai so
sanh véi viéc sir dung ma vach DNA (trinh ty vung ITS, doan gen matK, rpoCl,

rpoB2) trong nhan dién loai O dau.

3.1.2. Pic diém trinh tu nucleotide ciia viing ITS va cac doan gen matK, rpoC1,

rpoB2
3.1.2.1. Pdc diém trinh tw ving ITS

DNA tong sé duogc tach chiét tir 14 non cta 2 mau O dau duoc sir dung dé thuc
hién phan ung PCR vai cap moi ITS-F/ITS-R. Két qua kiém tra san pham PCR trén
gel agarose 0,8% cho thiy & ca 2 lan chay chi xuét hién mot bang duy nhat véi kich
thudc khoang hon 600 bp, tuong Gng véi kich thuéc dy kién cua ving ITS (Hinh
3.2).

Két qua giai trinh ty nucleotide di xac dinh duoc ving ITS co kich thuéc 630
bp (Phu luc 1). Vung ITS dugc phan lap tir loai O dau (A .carmichaelii) bao gom mot
phén cua doan gen 18S rDNA, doan khéng ma hoa ITS1 va gen 5,8S rDNA, doan
khong ma hoa 1TS2 va mot phan ciia doan gen 28S rDNA dugc mé ta o hinh 3.3,
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+ 0.75kb

0.6 kb = - 0.5 kb

Hinh 3.2. Dién di d san pham PCR nhéan ving ITS. M: Marker 1 kb; 1: Mau O dau
Hoang Su Phi (HSP); 2: Mau O dau Quan Ba (QB)

o

630 bp

Hinh 3.3. So d6 ving ITS ciia mau O dau

Bang phan mém BLAST trong NCBI cho thay ving ITS phan lap tir 2 mau
nghién ciru O dau Ha Giang, Viét Nam (ITS-QB, ITS-HSP) c6 ty Ié twong dong la
98,41%, 98,25 % (ddi véi ITS phan lap tir mau QB), va 97,94%, 97,78% (d6i voi ITS
phan l1ap tir mau HSP) véi hai trinh ty ITS cia A. carmichaelii (ma sb trén GenBank
la AY571352 va MH922985) (Phu luc 2). Két qua nay di khing dinh trinh tu
nucleotide phén lap duoc la vung ITS thudc loai A. carmichaelii. Trinh ty vang ITS
ctia 2 mau nghién ciu (ITS-HSP, ITS-QB) da dugc GenBank chap nhan va cong bd
v6i cac ma sb lan luot 1a MH410519.1, MH410520.1.

3.1.2.2. Pdc diém trinh tw doan gen matK

PCR nhan ban doan gen matK véi cip moi matK-F/matK-R tir DNA tong sb
va két qua kiém tra san pham PCR trén gel agarose 0,8 % cho thiy ¢ ca 2 lan chay

chi xuat hién mot bang duy nhét véi kich thudc khoang hon 800 bp twong g vai
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kich thudc dy kién cta doan gen matK (Hinh 3.4). Két qua giai trinh ty nucleotide da
xac dinh dugc doan gen matK c6 kich thudce 1a 822 bp (Phu luc 3).

< 1.0kb

0.8 kb = «0.75kb

Hinh 3.4. Pién di d6 san pham PCR nhan doan gen matK. M: Marker 1 kb; 1: matK-
QB, 2: matK-HSP

Két qua phan tich BLAST dua trén trinh tu nucleotide cua doan gen matK cua
cac mau O dau duoc thé hién & Phy luc 4. Ty 1€ tuong déng cua cac chudi matkK
dugc phan lap tr cac mau O dau Ha Giang, Viét Nam 1a 98,30% so v&i hai trinh ty
matK cta A. carmichaelii (ma so trén GenBank la KY407560 va KX347251). Do do,
nhiing két qua nay da chimg minh rang doan DNA phan 1ap tir cac mau ¢ Hoang Su
Phi va Quan Ba, Ha Giang, Viét Nam la doan gen matK cuta cac loai A. carmichaelii.
Trinh ty doan gen matK ctia 2 mau nghién ciu (matkK-QB, matK-HSP) da duogc
GenBank chap nhan va cong bd véi cac ma sb6 lan luot 1a LS398143.1 va
LS398144.1.

3.1.2.3. Pic diém trinh tw doan gen rpoC1 va rpoB2

Két qua khuéch dai doan gen rpoC1 bang PCR véi cap mdi rpoC1-F/rpoC1-R
thu dugc doan DNA c6 kich thuéc hon 0,55 kb (Hinh 3.5A). Kich thuéc cia doan
DNA nhan ban duoc dung nhu kich thudce du kién cta doan gen rpoC1.
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«0,75kb 05kb -

+0,5kb 0,25kb ~»

A B

Hinh 3.5. Pién di d6 san phdm PCR nhan ban doan gen rpoCl (A) va doan gen
rpoB2 (B). M: Marker 1 kb; 1: HSP, 2: QB

Két qua giai trinh tu nucleotide thu dugc doan gen rpoC1 phan lap tir cay O
dau Ha Giang c6 kich thuéc gdm 543 nucleotide (Phu luc 5), trong d6 c6 150 base
loai A, 163 base loai T, 131 base loai G, 99 base loai C. Két qua phan tich béng
BLAST trong NCBI cho thay trinh tu doan gen rpoC1 duoc phan lap tir ciy O dau
Ha Giang c6 do twong dong cao, 99% so véi trinh tir gen rpoC1 trong hé gen luc lap
cia cdy O diu mang mi s6 KX347251, KT820663, KT820666, KT820667,
KT820668, KT820669, KT820670 trén GenBank. Nhu vay cé thé kh:flng dinh doan
gen phan lap tir cdy O dau Ha Giang 14 doan gen rpoC1 ciia O dau.

Két qua phan tich mdi quan hé di truyén giita cac loai O dau thudc chi
Aconitum dua trén trinh tuy nucleotide ctia doan gen rpoC1l trén so dd hinh cay cho
théy tir cac mau O dau duge chia 1am hai nhanh chinh (Phu luc 6). Céc trinh ty mang
mi sb KT820663, KT820665, KT820666, KT820667, KT820668, KT8206609,
KT820670, KX347251 va rpoCl-HG thuoc nhanh I va trinh ty mang ma )
KT820664 thudc nhanh I1. Nhanh thir nhét lai chia 1am 2 nhanh phu, trong do6 trinh tu
mang ma sd KX347251 va rpoC1-HG thudc nhanh phu thir nhat va céc trinh ty con
lai thuoc nhanh phu thtr hai. Khoang cach di truyén gitta 2 nhanh chinh I va II 1a
0,2%. Trinh tu doan gen rpoC1 phan lap tir cay O dau Ha Giang (rpoC1-HG) va
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trinh ty mang ma sé6 KX347251 cung loai A. carmichaelii thudc ciing mot nhanh phu

cua nhanh I.

Két qua khuéch dai doan gen rpoB2 bang PCR véi cip mdi rpoB2-F/rpoB2-R
thu dugc doan DNA c6 kich thudc gan 0,5 kb (Hinh 3.5B). Kich thudc cua doan
DNA nhén ban dugc dung nhu kich thuée du kién cua doan gen rpoB2. Két qua giai
trinh ty nucleotide cho thiy doan gen rpoB2 phén lap tir cdy O ddu Ha Giang c6 kich
thude gdm 471 nucleotide (Phu luc 7), gdm 142 base loai A, 132 base loai T, 113
base loai G, 84 base loai C. Phan tich béng BLAST tir NCBI cho két qua trinh tu
doan gen rpoB2 dugc phan 1ap tir cay O dau Ha Giang c6 d6 twong dong 99% so véi
trinh tu gen rpoB2 trong hé gen luc lap cta cdy O dau mang ma sé KX347251 trén
GenBank. Két qua phan tich bang BLAST da khang dinh doan gen phan 1ap tir cay O
dau Ha Giang la doan gen rpoB2 cua O dau.

Két qua phan tich mdi quan hé di truyén giita cac loai O dau thudc chi
Aconitum dua trén két qua so sanh trinh ty nucleotide cua doan gen rpoB2 (Phu luc
8). So dd hinh cay cho thay 9 loai O dau thudc cung chi Aconitum dugc phan thanh
hai nhanh chinh, nhanh th{r nhat gdom 2 miu la A. carmichalii KX347251.1 va mau O
dau Ha Giang. Nhanh thr hai gom 8 mau va chia thanh 2 nhanh phy. Khoang cach di
truyén gitra hai nhanh chinh I va II 13 0,2%. Trinh tu doan gen rpoB2 phan 1ap tir cdy
O dau Ha Giang (rpoB2-HG) va trinh ty mang ma sé KX347251 cung loai A.

carmichaelii thugc cung mot nhanh phu cua nhanh I.
3.1.3. Théo luin két qué dinh danh miu O déu

O dau (A. carmichaelii Debx.) 1a loai cdy thao dugc moc tr nhién hodc duoc
trong dé 1am thudc. Bang phuong phap hinh thai so sanh, cac mau O dau duoc xéac
dinh ¢6 cac dic diém co quan dinh dudng, co quan sinh san giéng nhau va giéng voi
cac dic diém mo ta vé cay O dau theo Pham Hoang Ho (1999) [7], P Tat Loi
(2004) [11]. Tuy nhién, mot s6 dic diém cia cac miu O dau cé nhiéu diém tuong
déng véi cac loai cung chi Aconitum, nén chua thé nhan dién duge cac miu O dau
nay thudc cung mot loai hay khac loai. Do cac loai thudc chi Aconitum dugc dat tén

khac nhau va trude kia khong cong bd rong rdi nén mot loai lai ¢6 thé co6 nhiéu tén
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khac nhau. Mit khac cin ¢t vao dic diém thuc vat dé phan loai cling kho khan, do
dic diém giira cac loai khac nhau khong nhiéu, ciing mot loai sdng trong cac diéu
kién khac nhau, c6 thé c6 sy thay d6i vé hinh thai. Vi vy, viéc két hop phuwong phap
hinh thai so sanh v&i ma vach DNA (vung ITS, doan gen matK, rpoC1 va rpoB2) c6
thé gitip dinh danh & mtc d6 loai ddi v6i nhém cdy duoc liéu néi chung va ciy O
dau noi riéng trong cac truong hop kho phan biét hai loai gan nhau khi chi dya trén
hinh thai hoic miu cay da bi bién dang ... Tir hé gen mau O dau, ving ITS dugce phin
lap c6 kich thude 630 bp; ba doan gen matK, rpoC1 va rpoB2 c¢6 kich thude twong
g 1a 822 bp, 543 bp va 471 bp. Bang BLAST trong NCBI cho thay trinh ty doan
gen matK, rpoC1 va rpoB2 ciia C4&C mau nghién ctru c6 ty 18 twong dong lan luot 1a
98%, 99%, 99% vai trinh tuy gen luc lap cua loai A. carmichaelii do Jihai Gao va cs
(2016) giai trinh tyr, mang ma sé6 KY006977 trén GenBank [55]. Pong thoi, trinh tir
ving ITS ctia 2 mau nghién ciru ¢6 ty 1é twong dong 97% véi trinh ty ving ITS & loai
A. carmichaelii do Luo va cs (2005) giai trinh tw c6 ma sb trén trén GenBank la
AY571352 [171]. Két qua nay lam co s& dé xac dinh cac mau O dau thu tai tinh Ha
Giang, Viét Nam thudc loai A. carmichaelii, chi Aconitum, ho Hoang Lién

(Ranunculaceae).

Nghién ciru nay tap trung phan tich hai ma vach matK va ITS dé xac dinh chi
thi dang tin cdy trong dinh danh loai A. carmichaelii. Két qua phan tich tién hoa dya
trén trinh ty doan gen matK bang phan mém MEGAX [84] dugc thé hién & hinh 3.6.
Lich st tién hoa ctia cac mau O dau nghién ctru dua trén trinh tu nucleotide cua doan
gen matK dugc suy ludn bang phuong phap Maximum Likelihood (ML) va mé hinh
Tamura-Nei model [81]. Cay ddng thuan bootstrap suy luan tir 1000 1an lip lai dugc
lay dé dai dién cho lich sir tién hoa cua don vi phan loai dugc phan tich [49]. Phan
tich nay lién quan dén 10 trinh ty nucleotide VA tit ca cac trinh ty dwoc cin chinh,
tong cong 722 vi tri trong bo dit lidu cudi clng.

Trén hinh 3.6, hai mau O dau thu tir Quan Ba va Hoang Su Phi (Ha Giang)
phan b cuing nhom véi hai mau O dau c6 ma sé6 KY407560 va KX347251 va thudc

cung mot loai A. carmichaelii v6i hé s bootstrap tir 76-100%.
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434'_— A kusnezoffii KT820671 (1)
10 A carmichaelii KY407560 (2
A carmichalii KX347251 (3)

A carmichalii_HSP LS398144 (4
A carmichaeli_QB LS398143 (s

A ciliare LC456239 (6)
A jaluense LC382382 (7)
n A napellus JN895413 (8)

8 { A japonicum LC378835 (9)
16 A grossedentatum LC152826 (10

Hinh 3.6. Cay phat sinh loai phan tir dua trén trinh ty nucleotide ctia gen matK duoc
thiét 1ap theo phuong phap Maximum Likelihood bang phin mém MEGAX. Hé s6
bootstrap (1000 14n lip lai) duoc hién thi bén canh cac nhanh. 1, 2, 3,6, 7,8, 9, 10 la tén
loai thudc chi Aconitum cling véi mé sd cia trinh tu gen matK trén GenBank. 4, 5 12 10ai

O diu Hoang Su Phi va Quan Ba cing v6i ma s6 cua trinh tir gen matK trén GenBank.

—%i: A. yamazakii LC152805 e
14 A. hemsleyanum AY150237 @

A. kusnezoffii MH447360 3

2 —54‘: A. carmichaeli EU591980 @
A. sczukinii KX369369 (s)

2 — A. carmichaeli_QB_MH410520 |©
—m:— A. carmichaeli HSP_MH410519 |

A. carmichaeli KU041717 ®)

> A. carmichaeli KU041716 ©

4 { A. carmichaeli KY417273 (10)
8 A. carmichaeli KU041718 an
—f A carmichaeli KU041719 ]uz>

8L——1— A carmichaeli AY571352

-

(13)

Hinh 3.7. Cay phat sinh loai phan tir dua trén trinh ty nucleotide ctia ving ITS duoc thiét
lap theo phuong phap Maximum Likelihood bang phan mém MEGAX. Céc loai thudc
chi Aconitum dugc nhom lai va hé sé bootstrap (1000 lan lap lai) duoc hién thi bén canh
c4c nhanh. Tat ca cac vi tri chira khoang tréng va dit liéu bi thiéu da bi loai bo va ¢6 tong
cong 610 vi tri nucleotide trong tap dir li¢u cudi cung. 1, 2,3 4,5, 8,9, 10, 11,12, 13 |4
tén loai thudc chi Aconitum ciing véi mé sé cua trinh ty ving ITS trén GenBank. 6, 7 1a

loai O dau Quéan Ba va Hoang Su Phi ciing véi m sd cia trinh ty ving ITS trén GenBank.
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Trong khi d6 cay phat sinh loai phan tir dua trén trinh tu nucleotide cta vung
ITS & hinh 3.7, loai O dau A. carmichaelii (bao gdm ca hai mau thu tai Quan Ba va
Hoang Su Phi) phan b ¢ ca hai nhanh va cac nhanh phu vé6i hé sé bootstrap rét thap,

khong dam bao do tin cay.

O Viét Nam, Vii Buc Loi va cs (2014) [12] da bude dau sir dung trinh ty ving
gen ITS trong nhan dién loai O dau (A. carmichaelii), tuy nhién két qua nghién ctu
cua ching tdi cho thdy ma vach ITS c6 do tin cdy chua cao trong dinh danh loai A.
carmichaelii (hinh 3.7), vi thé chlng t6i cho rang trinh tuy matK 1a mét ang ct vién
ma vach DNA t6t hon dé dinh danh loai O dau (A. carmichaelii) va Ia giai phap

trong phan tich tién hoa va phat sinh loai phan tir cia chi Aconitum.

3.2. KET QUA THIET LAP HE THONG NUOI CAY IN VITRO VA TAO RE
TO O CAY O PAU

3.2.1. Thiét 1ap hé thong nudi cay in vitro phuc vu chuyén gen & cay O dau
3.2.1.1. Tao vdt ligu khgi ddu cho nudi cdy in vitro tir doan théan cdy O dau

Trong qué trinh nudi cay in vitro ¢ thuc vat, khir tring mau 1a budc dau tién
va cling 13 budc quan trong. Doi véi bude khir tring mau, sy lua chon loai hoa chét,
nong do6 va thoi gian khir tring s& anh huang rat Ién dén hiéu qua khir tring. Trong
nghién ciru ndy, dung dich HgCl, 0,1% duoc str dung 1am chat khtr tring bé mat voi
thoi gian xir Iy khac nhau: 3 pht, 5 phat, 7 phat, 9 phat va 11 phat. Két qua thé hién
& bang 3.1 va hinh 3.8.

Két qua nghién ciru vé anh hudng cua thoi gian khir tring bang HgCl, 0,1%
dén qua trinh tao vat liéu khoi dau cho nubi cdy in vitro tir doan than cay O dau cho
thay thoi gian khir tring tang 1én da lam giam kha nang nhiém cua mau, cao nhat &
thoi gian xtr Iy mau 9 phut cho ty 18 mau khong bi nhidm 1a 91,36 %, thap nhat & thoi
gian xtr ly mau 3 phat cho ty 1& mau khdng bi nhiém 1a 26,27%, chdi map, dai va
xanh binh thuong. Tuy nhién, chat lugng chdi caa mau lai ty 18 nghich véi thoi gian
khtr tring. Thoi gian xa Iy mau cang cao thi chdi mam c6 sic séng giam, chdi nho,

ngan va mau vang (trén 9 phat). Nhu vay, trong thi nghiém nay, thoi gian kht tring
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9 phut 14 thich hop thé hién ¢ ty 1é mau nay chdi khéng bi nhiém cao nhat va cac
chdi mam c6 chit lugng tét hon so véi cac cong thire con lai.
Bang 3.1. Két qua tao vt liéu khoi ddu cho nudi ciy in vitro tir doan than cay O dau

(sau 4 tudn nuodi ciy)

Cong | Thoigian khir | Ty lé maunay | Ty 1@ mau niy choi Chat
thirc | trang (phat) | chdi nhiém (%) | khong bi nhiém (%) | lweng chai
CT1 3 73,73° 26,27° ++
CT2 5 43,88° 56,12" ++
CT3 7 18,95° 81,05° ++
CT4 9 8,64° 91,36° ++
CT5 11 48,66° 51,34° +

Ghi cha: Chai tot 1a choi mdp, dai, xanh binh thwong (++);Chéi kém 1a chéi nhd,
ngan, vang (+).C&c chir cai khac nhau trong céc cét biéu thy sw khac biét ¢é y nghia
thong ké (P <0,05) bang Test Duncan; n = 30.

Hinh 3.8. Anh hudng ctia HgCl, 0,1% sau thoi gian khir tring 9 phat dén su phat

sinh chdi tir doan than ¢ cay O dau sau 4 tun
3.2.1.2. Cam teng da choi va tgo cay O dau in vitro
Anh hwéng ciia BAP va kinetin d@én phat sinh chéi cdy O dau

Cac mau cay 1a cac doan than mang dét caa cay O dau duoc nubi cay trén moi
truong Véi cac nong do cytokinin khac nhau (BAP hoic kinetin dao dong tir 0 dén
2,0 mg/l).
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Bang 3.2. Anh huéng cia BAP va kinetin dén cam ung tao chdi tir doan than cay O

dau
Nong BAP kinetin
do S6 Chiéu cao |Chat lugng S6 Chiéu cao |Chat lugng
(mg/l) | chéi/mau | chdi (cm) choi chéi/mau | chdi (cm) choi
Sau 4 tuan
0,0 [1,07°+0,05]0,95+ 0,07 + 1,13*+0,06 [1,02* + 0,05 +
05 [1,63°+0,10(1,12° +0,08 ++ [1,13° £0,06/1,10° £0,10| ++
1,0 [1,93°+0,12 [ 1,45°+0,15 ++  [2,50° £0,12(1,829+0,15] +++
15 [3,109+0,15[1,859+0,18| +++ |1,67° +0,09(1,45°+0,14| ++
2,0 [2,07°+0,10]1,55°+ 0,12 + 1,57° +0,10(1,39°+ 0,12 +
Sau 6 tuan
0,0 [1,33%+0,09]1,18%+0,06 + 1,50* +0,09]1,10% + 0,09 +
0,5 [2,00°+0,12(1,43°+0,10 + 2,10° +0,11]1,36° + 0,19 +
1,0 [2,57°+0,10|1,88°+0,16 ++ 3437 £0,16(2,687+0,21| +++
15 [3609£013[2809+021| +++ [2,70° +0,10/1,68°+0,17| ++
2,0 [2,50°+0,09|1,85°+0,15 ++  [2,60° £0,09]/1,65°+0,15|  ++
Sau 8 tuan
0,0 [1,80°+0,10]1,67°+0,09 + 1,87%+0,08[1,62° + 0,10 +
05 [267°+0,10(2,13°+0,11 + 2,57"+0,10 [2,07° + 0,13 +
1,0 [3,13°+0,10 | 2,58° + 0,13 ++ 3,809+0,14 (3,387 +0,18| +++
15 [4579+0,14(3509+0,16| +++ |3,20°+0,09(2,35°+0,15| ++
2,0 [310°+0,10|255°+0,12| ++ 3,00°+0,11[2,37°+ 0,16  ++

Ghi cha: Chéi sinh trirong tot 1a choi mdp, 1a to mau xanh dgm (+++); Chai sinh

trieeng trung binh 1a chéi nhd, 14 nhé mau xanh nhat (++); Choi sinh truong kém 1a

chai nhé, 14 nhé mau vang (+). C4c cha cai khac nhau trong céc cét biéu thi si khac

biét ¢6 y nghia thong ké (P <0,05) bang Test Duncan; n = 30.
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Trong sé 5 ndng d6 dugc thir nghiém, BAP ¢ 1,5 mg/l 1a hiéu qua nhat. Sb
chdi cao nhat trén méi mau sau 4, 6 va 8 tuan nudi cay lan luot 1a 3,10 + 0,15, 3,60 +
0,13 va 4,57 + 0,14 (chdi/mau). Két qua ti sinh chdi & 5 nong do kinetin cho thay sé
chdi cao nhit thu duoc khi sir dung kinetin 1,0 mg/l sau 4, 6, va 8 tuan 1a 2,50 + 0,12,
3,43 + 0,16 va 3,80 + 0,14 (choi/mau) (P <0,05). Do d6, nong d6 BAP 1,5 mg/l va
kinetin 1,0 mg/I thich hop cho tai sinh da chdi in vitro tir mau ciy 1a doan than mang
dbt (p <0,05) (Bang 3.2).

i/m

4 tuan 6 tuan 8 tuan 4 tuan 6 tuan

BAP Kin
Néng d6 BAP va Kin (mg/l)

200 mg/ll =05mg/l =10mg/l =15 mg/l =20mg/l

Hinh 3.9. So sanh kha ning cam tng tao chdi tir md phan sinh cta cic mau ciy sau 8
tuan. A: Moi trudng MS co ban + sucrose 30 g/l + agar 9 g/l + BAP 1,5 mg/l; B: M6i
truong MS co ban + sucrose 30 g/l + agar 9 g/l + Kinetin 1,0 mg/l; C: Biéu d6 so
sanh anh huong ciia ndng dd6 BAP va kinetin. Cac chit cai khac nhau phia trén cac
cot chi ra su khac biét c6 ¥ nghia thong ké (P <0,05) duoc kiém tra bang Duncan
(SPSS); n = 30.
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Nhu vay, méi truong MS co ban dugc bd sung sucrose 30 g/l, agar 9 g/l va
BAP 1,5 mg/l cho sb luong chdi/mau céy 14 cao nhat (4,57 £ 0,14; sau 8 tudn nuoi
cdy). Trong s6 hai cytokinin dugc thir nghiém thi BAP cho hiéu qua hon so voi
kinetin trong cam tng tao da chdi va sd luong chdi duge tao cao hon so véi kinetin
(P <0,05) (Hinh 3.9).
Anh hwong ciia a-NAA va IBA dén sy phét sinh ré in vitro ¢ cdy O dau

o- NAA va IBA 14 cac chat kich thich sinh trudng nhom auxin, dugce dua vao
moi trudng nudi cdy nham ting cudng quéa trinh sinh tong hop va trao d6i chat, thic
day su sinh truong caa té bao. Trong thi nghiém nay, chung t6i nghién ciu anh
huong cua a- NAA va IBA dén sy phét sinh ré o cay O dau. Sau khi da tao duoc da
chdi, chdi cao khoang 2 - 3 cm duoc cit bo bot 14 va cay vao moi truong tao ré. Chdi
duoc cdy vao moi trudng MS co ban ¢ bo sung dong déu sucrose 30 g/l, agar 9 g/l
va b sung chat kich thich sinh truéng a-NAA va IBA 0,3; 0,5; 0,7; 0,9 (mg/1). Theo
ddi su phat sinh ré va chat lugng ré cia cac choi sau 4, 6 va 8 tuan, két qua duoc thé
hién ¢ bang 3.3.

Bang 3.3 cho thiay a-NAA va IBA anh huéng khac nhau dén két qua cam ung
tao ré ctia cay in vitro. Sau 4, 6, 8 tuan nudi cay néng d6 o-NAA 0,7 mg/l va IBA 0,5
mg/l déu cho s ré/chdi cao nhat. Trong sb cac nong do IBA khac nhau dugc thir
nghiém, kha ning tao ré trong dng nghiém tdi da ctia mdi chdi véi moi truong MS bd
sung IBA 0,5 mg/l va cao nhat 1a 3,6 + 0,16 ré/choi va ré phat trién tét, ré dai, map;
trong khi d6, kha niang tao ré in vitro toi da cuia mdi chdi trong méi truong MS duoc
bo sung a-NAA 0,7 mg/l 1a 3,07 + 0,07 (sau 8 tuan nudi cay). Mot sé it ré da duogc
quan sat thy trong céac chdi & cac ndong d6 a-NAA va IBA khéc nhau, nhung ¢ cong
thirc khdng bd sung a-NAA va IBA khéng quan sat thdy ré phét sinh tir chdi sau 4,
6, 8 tuan. Nhu vay, tir cac doan than mang dét caa cay O dau c6 thé tai sinh choi, ra
ré va tao cay in vitro trong 6ng nghiém trén moi truong MS c6 bo sung chat diéu hoa
sinh truong a-NAA va IBA (Hinh 3.10).
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Bang 3.3. Anh hudng cia o-NAA va IBA dén sy tao r& ciia chdi O dau trén moi

truong MS co ban

Nong a-NAA IBA
do .~ .. | Chieudai | Chat . x .. | Chieudairé | Chat
SO relchoi x ~ | Sore/lchoi x
(mg/l) ré (cm) | luongre (cm) luong re

Sau 4 tuan

0,0 0 0 0 0

0,3 [0,60°+0,13 [0,23%+0,13 + 0,60°+0,13 | 0,75°+ 0,12 +

05 [1,13°+0,13 |0,77°+0,12| ++ 1,87°+0,17 | 1,60°+0,15 ++

0,7 [1,40°+0,16 |1,22°+0,16| +++ | 1,20°+0,17 | 1,38°+0,14 +

0,9 [1,07°+0,15 [0,85°+0,14 + 1,20°+0,11 | 1,35°+0,17 +
Sau 6 tuan

0,0 0 0 0 0

03 [1,07°+0,12 [1,13%+0,13| ++ 1,20°+0,20 | 1,57°+0,11 ++

05 [2,33°+0,25 |1,25° +0,15| ++ 2539+0,13 [ 3239+0,14 | +++

0,7 |240°+013 [1,80°+0,11| +++ | 1,47°+0,19 | 2,15°+0,16 ++

09 [1,27°+0,12 [1,17°+0,11 + 1,93°+0,15 | 2,04°+ 0,12 +
Sau 8 tuan

0,0 0 0 0 0

0,3 [153*+0,17 [2,08+0,15| ++ [1,73* +0,21 | 1,90°+0,14 ++

05 [2,73°+0,12 [2,31°+ 0,12 ++ 3,609 +0,16 | 3,729+ 0,20 +++

0,7 [3,079+0,07 [298°+0,15| +++ [2,27° +0,15 | 2,32+ 0,14 ++

09 [187°+0,17 [2,12°+0,10| ++ [2,87° +0,13 | 2,21°+0,08 +

Ghi ch: Ré t6t 1a ré mdp, dai, phdn nhdanh nhiéu, mau trdng sita hodc trdang xanh
(+++); Ré trung binhla ré nho, dai, it phan nhanh, mau trdang xanh (++); Ré kém 1a ré
nhé, ngan, khéng phan nhanh, mau vang nau (+). Céc chir cai khac nhau trong cac cét

biéu th; sw khac biét c6 y nghia thong ké (P <0,05) bang Test Duncan; n = 30.
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Hinh 310. Hinh anh cam tng da chdi tir cac doan than va tao cdy O dau in vitro trén
moi truong MS co ban bo sung BAP 1,5 mg/l sau 8 tuan. A: Poan than da dugc khu
trung; B: Cac mau cay trén moi truong dong nudi cy; C: Pa choi phat sinh tir doan

than; D: Cam tng tao ré in vitro trén moi trudong MS co ban bo sung IBA 0,5 mg/l

Anh hwong cua gia thé dén ty |é seng cua cay in vitro va sw sink treéng cia cay con

ngoai vieon wom

Viéc lua chon gia thé phi hop dé ra cdy ngoai vudn wom 1a khiu quan trong
anh huong dén sy thanh cong caa qua trinh nudi cay in vitro. Gia thé phu hop la gia
thé cho ty Ié cdy séng cao, sinh truéng phét trién tét. Trong diéu kién in vitro, cay
con dugc nudi cdy trong mdi trudng co day du chat dinh dudng, anh sang nhan tao
va vo tring. Két qua khao sat gia thé trong cay in vitro duoc trinh bay & bang 3.4 va
hinh 3.11. C4c cay con in vitro dat chiéu cao tir 4-5 cm, moc 4-5 14, 2-3 r&, chiéu dai
ré dat tir 2-3 cm, ré map duoc dua ra ngoai vuon wom. Khi dua ciy con in vitro ra

khoi méi truong can phai rira sach agar bam trén bé mat ré.

Str dung 3 loai gia thé dé trong tham do: Pét phu sa (CT1); dat phu sa + trau
hun + xo dira (ty 1& 2:1:2) (CT2); dat thit trung binh (CT3). Két qua theo ddi anh
huong cua gia thé dén ty 1& séng va chat luong cay O dau sau 4 tuan cho thay, céc
loai gia thé khac nhau cho ty 1¢ cay song va chat lwong cay khéac nhau rd rét (Bang
3.4).
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Bang 3.4. Anh hudng cua gia thé dén ty 18 séng va chét lugng cay O dau giai doan

vuon uom sau 4 tuan

Gia thé Ti | song (%) Chat lwong cay
Dat phu sa 61,70 +
Pt phu sa + trau hun + xo dira, 93.56° it
ty 1€ 2:1:2
Dit thit trung binh 79,23° ++

Ghi ch: Cdy sinh truéng tét la cdy to, cao, phién ld rong, ld xanh ddm (+++); Cay
sinh trudng trung binh la cdy thdp, 1d xanh dam (++); Cay sinh truéng kém la cay
nhé, thap, ld nhé, ld xanh nhat (+).Cac chi cai khac nhau trong c&c cét biéu thi su
khac biét ¢é y nghia thong ké (P <0,05) bang Test Duncan; n = 30.

Hinh 3.11. Cay O dau chuyén ra tréng trén gia thé trong nha ludi sau 4 tun

Ty 1& cay séng & céc gia thé sau 4 tuan trong dao dong tir 61,70-93,56%. Trén gia
thé dat phu sa + trdu hun + xo dua (ty 16 2:1:2), ty 1é séng dat 93,56%, cdy sinh truong
phét trién t6t hon so véi cac cong thirc khac, cy phat trién nhanh, cay hinh thanh thém
l4 méi, c6 mau xanh dam, khdng co hién tuong rung 14 cii. Nhitng cay tréng trén gia thé
dat thit trung binh, ty I& cay song kém hon dat 79,23%, cdy sinh truong phaét trién binh
thuong, 14 cy c6 mau xanh nhat. Cay trong trén gia thé dat phu sa, ty 1¢ cay séng thap
nhat chi dat 61,70%, cdy hau nhu khong phat trién trén gia thé nay, khdng hinh thanh 14

méi, 14 cAy c6 mau xanh nhat, c6 hién twong rung 1a cii. Vi vay, gia thé dat phu sa + trau
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hun + xo dira (ty 18 2:1:2) 1a pht hop nhat dé trong cay O dau con khi chuyén tir moi
tredng NUdi cay in vitro ra ngoai vudn wom.
3.2.2. Nudi ciy tao ré to & ciy O dau
3.2.2.1. Cdm teng tao ré to in vitro & cdy O dau

Huéng tiép can ting sinh khdi bang cdng nghé nudi ciy ré to nhiam thu nhan
cac hop chit co hoat tinh sinh hoc tir cay duoc liéu hién dang dwoc quan tdm va ang
dung c6 hiéu qua. Trong nghién ctru nay, budc dau khao sat va xac dinh diéu kién
thich hop cho cam ing tao ré to va nhan nudi tang sinh khéi ré to tir cdy O dau tao co
s& cho cac nghién ctu tiép theo nham khai thac c¢d hiéu qua cac hop chét co gia tri

duogc hoc tir cay O dau.

100 -
¥ 90 80.44°¢
80 -
70 |
60 -| g
50 - 42.89
40 | 31112
30 +
20
10
0 g : T =
Manhla  Cuodngla Boanre
A Ty Ié tao ré to (% mau céy )

Hinh 3.12. Hinh anh két qua khao sat vat liéu cam g tao ré to O dau. A: Biéu do ty
16 tao ré to ctia mau céiy tor manh 14, cuéng 14 va doan ré dugc lay nhiém béi chung R.
rhizogenes ATTC 15834 (ODggo = 0,6 va AS 100 pmol/1) trong 15 phut va ddng nudi
cdy trong 3 ngay. Céc thanh doc trén cac cot thé hién sai s6 tiéu chuan (SE); cac sd
trén cac cdt 1a ty 1€ tao ré to (% mau céy). Céc chir cai khac nhau phia trén cac cot
chi ra su khac biét co y nghia thong ké (P <0,05) dugc kiém tra bang Duncan; n = 30.
B: R& to hinh thanh tir caic manh 13; C: R& to hinh thanh tir cudng 1a; D: R& to hinh

thanh tir cac doan ré.
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Sir dung manh 14, cudng 14, cac doan ré cua cay in vitro 1am vat liéu cho cam
g tao ré to. Tién hanh lay nhidm vt liéu bai vi khuan R. rhizogenes voi mat do
khuan tuong (ng véi gia tri ODggo = 0,6; ndng do AS 100 umol/I; thai gian 1ay nhiém
15 phut, thoi gian dong nudi cay 3 ngay, nong do khang sinh diét khuan cefotaxime
500 mg/l, két qua khao sét loai vat liéu thich hop cho cam ung tao ré to dugc thé hién
¢ hinh 3.12.

s 100
ag - 8161¢
80 -
70 63.449
&0 .
50 | 15,805 46,22¢
40
30 1 21.88°
20 4
10 - .
Cl T T T T 1
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ODego

Ty 1é tao ré to (% mau céy)

Hinh 3.13. Cam {ing tao ré to tr cac doan ré in vitro dugc lay nhiém R. rhizogenes
trong thoi gian 6 tuan tai gia tri ODgy = 0,6 va AS 100 pmol/l trong 15 phut, déng
nudi cdy trong 3 ngay. Céc thanh doc trén cic cot thé hién sai s6 chuan; cac sd trén
cac cot 1a ty 18 tao 1& to (% mau cdy). Cac chir cai khac nhau phia trén cac cot chi ra
su khac biét c6 y nghia théng ké (P <0,05) duoc kiém tra bang Duncan; n = 30.

Nhu vay, diéu kién thich hop cho cam wng tao ré to & cay O dau tir cac doan ré
in vitro thong qua lay nhiém chung R. rhizogenes ATTC 15834 la ODgg = 0,6, thoi
gian nhiém 1a 15 phat sau d6 duoc déng nudi cay trong 3 ngay trén MS + sucrose 30
g/l + cefotaxime 500 mg/I dugc bd sung vai AS 100 pmol/I.

Hinh 3.14 md ta tém tit qué trinh cam Gng tao ré to va nhén sinh khdi & to.
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Hinh 3.14. Hinh 4anh cam tng tao ré to tir doan ré cta cay O dau in vitro trong méi
truong MS. A: R& cay O dau in vitro A; B: Cac doan ré bj nhiém R. rhizogenes trén
moi truong dong nudi cdy; C: Cac dong ré to sau 6 tuan; D: Sinh khdi ré to O dau
sau 4 tuan trong mdi trudng 1ong chira cefotaxime 500 mg/l; E: Sinh khéi ré to O dau
sau 6 tuan trong moi trudng 1ong.

3.2.2.2. Khdo sdt méi trwong nhén nuéi ting sinh khéi ré to O dau

Tién hanh khao sét ba trang thai méi truong nhan nudi sinh khéi ré to O dau,
d6 1a méi trudng & trang thai ran, ban long va long trong diéu kién lic sau 6 tuan

duoc trinh bay ¢ bang 3.5.

Bang 3.5. Sy sinh truong cta ré to O dau sau 6 tuan trén cac loai méi trudng khac

nhau
- Khéi lweng Sinh khaoi ré to O dau sau 6 tuan
ran i : < : .
gA re to tuoi . < Khoi lwgng re | Khoi lwgng ré to
thai moi R Khoi lwgng reé to ) ) .
. ban dau . R to tang so voi kho (g/binh)
treong . twoi (g/binh) N
(9/binh) ban dau (lan)
Long 0,55 3,22°+ 0,33 5,85 0,339" + 0,013
Bén long 0,55 2,26" + 0,02 4,11 0,213° + 0,006
Ran 0,55 1,64°+0,04 2,98 0,151 + 0,002

Ghi chi: cac chir cai khac nhau phia trén céac cét biéu thi sw khac biét ¢é y nghia

thong ké (P <0,05) véi két qua Test bang Duncan; n = 15.

Bang 3.5 cho thay, ré to nudi trén moi truong long cd sinh khéi ré cao nhat

(3,22 g khéi lugng twoi/binh), tiép theo 1a méi trudng béan long (2,26 g khdi luong
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tuoi/binh) va cudi cing 1a méi trudng rin (1,64 g khéi luong tuoi/binh). So véi khoi
luong ban dau, sau 6 tuan, khdi luong ré to duoc tao ra trong méi truong 1ong, béan
long va ran lan luot ting 5,85 1an, 4,11 1an va 2,98 lan. Khéi luong ré to khd & moi
truong nudi lac 1ong 12 0,39 g, méi truong lac ban long 12 0,213 g va méi truong ran
120,151 g.

3.2.3. Théo luiin két qua thiét 1ap hé thdéng nudi ciy in vitro va tao ré to ¢ cay O
dau

Quié trinh bién nap di truyén qua trung gian A. tumefaciens, hé théng tai sinh
in vitro c6 vai tro dic biét quan trong trong viéc quyét dinh su thanh céng cua qua
trinh chuyén gen vao md va tai sinh cay chuyén gen va & nghién ctu nay doan than
mang d6t cia cay O dau da dugc chon 1am mau cay dé tai sinh chdi. Céch lva chon
nay phl hop véi cac nghién ciu & mot sb loai cdy trong khac, vi cAc mau cay chira
md phan sinh [138] hoic la vat liéu tai sinh tir md seo [58]. Pbi vai chi Aconitum,
bao céo cua Rawat va cs (2013) cho rang hé théng tai sinh in vitro tir cdy O dau dugc
thuc hién tir mau cdy doan than mang dot. Cam tng da chdi dat duoc trén méi trudng
MS c6 bd sung BAP 0,5 mg/l va naphthalene acetic acid (NAA) 0,1 mg/l, vai ty 1¢
tai sinh thanh céng khoang 85,43% [76]. Singh va cs (2020) di bao céo vé viéc nhan
gidng in vitro tir doan ré caa Aconitum ferox, mot loai cay thudc co nguy co tuyét
chung trén day Himalaya. Cac ngon ré Aconitum ferox duoc sir dung dé tao mé seo
sau d6 duoc chuyén sang moi truong MS c6 bd sung BAP dé tai sinh chdi [96].
Trong nghién nay, méi truong thich hop dé tao da choi tai sinh tir cac doan than cua
cay O dau 1a MS co ban duogc bd sung BAP 1,5 mg/l hoic kinetin 1,0 mg/I. Sau 8
tuan, & moi truong MS co ban bd sung BAP 1,5 mg/l tao ra 4,57 + 0,14 (chdi/mau),
trong khi & moéi truong MS co ban bd sung kinetin 1,0 mg/l tao ra 3,80 + 0,14
(chdi/mau). Do d6, mdi trudng MS bd sung BAP 1,5 mg/l di duoc chon cho hé
thdng tai sinh cay O dau phuc vu chuyén gen.

Dé tang sinh khoi va san xuat cac hoat chit sinh hoc trong nudi cay ré to cua
cay dugc liéu, cac nghién ciu lay nhiém R. rhizogenes vao md cay duoc liéu dé tao

ra ré to di duoc quan tdm va nghién ctu thanh cong véi nhiéu loai cay duoc liéu
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khac nhau [58], [76], [96]. Mot hé théng cam ung ré to hiéu qua cho loai
Dracocephalum kotschy, mét cay thube co nguy co tuyét ching, da duoc phat trién
thdng qua trung gian R. rhizogenes. B4o c4o nay cho thay tan sé bién nap di ting 1én
khi méi truong MS thiéu NH,NO;, KH,PO,, KNO; va CaCl,, din dén tan sé cam
g tao ré to ting tir 52,3% - 80,0% [25]. D4i vGi cdy Thé nhan sam, ré to duoc tao
tr manh 14 18y nhiém chung R. rhizogenes LB510. Ré to dugc nudi cay trong moi
truong MS 1ong khdng c6 chat diéu hoa sinh truéng va nong do sucrose khac nhau
anh huong dén sy tich lity sinh khéi cua ré to va sinh khdi téi da dat dugc cia moi
truong MS duoc bd sung sucrose 6%, cao hon khoang 3 1an so véi dbi ching [20].
Mot quy trinh ti uu hoa cho su bién nap qua trung gian R. rhizogenes ciia dau tuong
va khoi phat su phat trién ré to trong 6ng nghiém tir 14 mam da dugc md ta boi Chen
va ¢s (2018) [87]. Sau 10-12 ngay bi nhiém khuan va déng nudi ciy, ré to dugc tao
ra trong moi treong nudi cdy va 90-99 % mau ciy bi nhiém khuan cua 5 gidng khéac
nhau da tao ra ré to trong vong maot thang. B4i voi cay A. heterozygous, mot loai
thudc chi Aconitum, cam ng tao ré to tir md seo da duoc nghién cau. M6 seo phodi bi
nhim R. rhizogenes dé tao ra ré to va su phét trién tét nhat cua ré to trén méi truong
Y4MS voi sucrose 30 g/l [110]. Gan ddy, da c6 nhiéu nghién ciu duoc cong bd vé két
qua cua Viéc tao ra ré to tir cac cay duoc liéu khac nhau, tuy nhién, nghién ctu vé
cam ng tao ré to & cac lodi thudc chi Aconitum rat han ché va chua cé nghién ctu
nao dugc céng bd vé cam tng tao ré to tir loadi A. carmichaelii. Trong nghién ctu
nay, ré to dugc tao ra tir cac doan ré cua cady O dau in vitro bang lay nhiém R.
rhizogenes. Céac doan ré in vitro bi nhiém R. rhizogenes v6i ODgg = 0,6 trong 15
phat, nudi cdy trong 3 ngay trén moi trudng MS (MS + sucrose 30 g/l + cefotaxime
500 mg/l) duoc bo sung AS 100 pmol/l. Sau 6 tuan nudi ciy, ré to trong moi trudng
long, & diéu kién rung lic lam ting sinh khdi ré to cao nhat (3,18 g khéi luong
tuoi/binh), khdi lugng ré to ting gap 5,85 lan so véi khéi lugng ré tuoi ban dau. Cac
hoat chat trong ré va ca caa cay O dau c6 rat nhiéu gia tri y hoc va duoc pham quan
trong, do d6, nghién ctiu tang sinh khéi ré to 1a mot huéng nghién cau day hia hen

dé tang thu nhan cac hop chét c6 hoat tinh sinh hoc tir cay O dau.
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3.3. KET QUA PHAN LAP GEN, THIET KE VECTOR BIEU HIEN GEN MA
HOA FLAVONOID 3’5 HYDROXYLASE VA TAO CHUNG
AGROBACTERIUM TUMEFACIENS MANG VECTOR CHUYEN GEN
THUC VAT

3.3.1. Phan lap gen AcF3’5’H tir cay O diu

Mau 14 non tir cay O dau duoc sir dung dé tach chiét RNA tong sé va xi Iy
bang DNase. Tong hop cDNA tir RNA tong sé bing phan tng phién mi nguoc.
Khuéch dai gen AcF3°5°’H (cDNA) bang PCR véi cap mdi F3°5 H-Ncol-F/F3°5 H-
Notl-R, két qua kiém tra san pham PCR nhan gen AcF3’5 H thu duoc bang DNA dic
hiéu co kich thudc khoang 1,5 kb, diing nhu tinh toan theo 1y thuyét (Hinh 3.15A).
San pham PCR nhan ban gen AcF3’5°H tinh sach dwgc ghép ndi vao vector tach
dong pBT (kich thudc 2705 bp) dé tao vector tai t6 hop pBT AcF3’5 H. Vector tai to
hop duoc bién nap vao E. coli DH5a, cac khuan lac dugc chon loc trén méi trudng
chtra khang sinh ampicillin, c6 chat cam @ng IPTG va co chat X-Gal. Sau dong
khuan lac tring duoc lra chon dé tién hanh phan ung colony-PCR nham kiém tra su
c6 mat cta gen AcF3°5’H. Két qua dién di san pham colony-PCR & hinh 3.15B cho
thay mot bang DNA c¢6 kich thuéc khoang 1,5 kb 1a kich thudc cta gen AcF3’5 'H.
Céc dong khuan lac cho két qua duong tinh véi colony-PCR duogc nudi ting sinh va

st dung dé tach chiét plasmid phuc vu giai trinh tu nucleotide.

Két qua giai trinh ty doan DNA tir plasmid tai t6 hop pBT_AcF3’5’H trén
thiét bj tu doéng va phan tich da thu duogc trinh ty nucleotide ¢6 kich thudc 1521 bp.
Két qua phan tich bang BLAST trong NCBI da cho thiy doan DNA chinh Ia trinh tu
nucleotide cua doan ma hda cua gen AcF3°5’°H phan lap tir cay O dau, c6 d6 twong
dong 99,47% so véi trinh ty gen mang ma s6 JN635708.1 trén GenBank (Trinh tu
gen sur dung dé thiét ké cap moi PCR F3°5°H-Ncol-F/F3°5°’H-Notl-R). Két qua phan
tich BLAST budc dau két luan doan gen phan lap tir cay O dau thu tai huyén Quan
Ba, Ha Giang 1a gen AcF3°5’H mRNA cua cay O dau (Hinh 3.16).
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Hinh 3.15. Két qua dién di kiém tra san pham PCR trén gel agarose. A: Kiém tra san
pham PCR nhén gen AcF3’5 ’H tir cDNA (M: Marker 1 kb; QB: San pham PCR nhan
gen AcF3’5’H cia cay O dau thu tai Quan Ba, Ha Giang); B: san pham colony-PCR
nhan ban gen AcF3°5 H tir 6 dong khuan lac mau trang (M: Marker 1 kb; Lan dién di
tir 6 1-6: san pham colony-PCR)

select all 20sequences selected GenBank Graphics Distance tree of resull

Max Total Query E Per.

Accession
Score Score Cover value Ident

Aconitum carmichaelii flavonoid-3' 5'-hydroxylase mRNA col 2765 2765 100% 0.0 09.47% JNB35708.1

Aconitum carmichaeli var. truppelianum flavonoid 3'5-hydrox 2699 2699 100% 0.0 98.69% KY272865.1

Aconitum vilmorinianum flavonoid-3' 5'-hydroxylase mRNA_ ¢ 2501 2501 99% 0.0 96.38% JQB06761.1

ag@aQg

Delphinium chefoense flavonoid 3',5'-hydroxylase (F3'5'H) m 1701 1701 94% 0.0 88.12% KX825847.1

Hinh 3.16. Két qua phan tich BLAST gen AcF3’5’H phan lap tir cay O dau
Trinh tue doan ma hda cua gen AcF3’5’H c0 kich thudc 1521 bp ma hda 506
amino acid. So véi trinh ty gen F3°5’H mang ma s6 JN635708, trinh ty doan ma hda
ctia gen AcF3°5°H phan 1ap tir loai O dau thu tir huyén Quan Ba, Ha Giang c6 6 vi tri
nucleotide sai khac, d6 1a cac vi tri 96 (G = A), 736 (T = A), 839 (A = T), 973 (C
- G), 1376 (G - C), 1513 (G - C) (Phu luc 9).

Két qua so trinh tu amino acid suy dién tir gen gen AcF3’5’H véi protein suy
dién tir gen F3’5’H mang ma sé JN635708.1 trén GenBank duoc thé hién bang 3.6
va phu luc 10.
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Bang 3.6. Nhiing vi tri sai khac vé trinh ty amino acid suy dién cua gen AcF3°5’H va

trinh tu gen mang ma s6 JN635708.1

TT Vi tri nucleotide JN635708.1 AcF3’5’H

1 246 F I

2 280 N I

3 317 E Vv
4 325 L \%
5 459 G A
6 481 F Y
7 505 \% L

Bang 3.6 cho thay protein suy dién tir doan ma hda cia gen AcF3°5°H phan
lap tir cay O dau Quan Ba, Ha Giang c6 sy sai khac ¢ 7 amino acid ¢ cac vi tri 246,
280, 317, 325, 459, 481, 505. Su sai khac vé trinh tu amino acid suy dién cua gen
AcF3’5’H ¢6 anh hudng dén hoat d6 cua enzyme F3°5°H hay khong can c6 nhiing
nghién ctru sdu hon dé 1am sang to madi lién hé nay.

Tu dir liéu trén NCBI va béng chuong trinh phan tich twong dong BLAST da
chon dugc 15 trinh tu gen F3°5°H trong 100 trinh tu top dau dé phan tich. Két qua so
sénh 15 trinh ty £3'5'H cho thay trinh tu F3'5'H duoc nhan ban tir A. carmichaelii c6
quan hé gan véi céc lodi thudc chi Aconitum, va chiém tir 99% dén 100% pham vi
truy van va mirc do lién quan dén cac loai thuoc chi Aconitum, vai tong diém 1a 2501
dén 2765 va nhan dang trinh ty 96,38 dén 99,47% (Bang 3.7).

So vai gen F3°5’H cua cac loai trong cung ho Ranunculaceae, gen AcF3'5'H
gan giii hon véi gen F3°5’H cua cac loai thuoc chi Delphinium va Clematis, va c6
pham vi truy van tir 93% dén 94% va lién quan dén cac loai thudc chi Aconitum, voi
diém tong 1a 876 dén 1701 va do twong dong 1a 86,52% dén 88,12%. Tuy nhién, khi
so sénh voéi céc loai thuoc cac ho khac, pham vi truy van va diém tong thap hon
nhiéu, lan luot 1a 2% dén 91% va diém tong la 54,7 dén 512.
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Bang 3.7. Cac doi tuong thuc vat c6 trinh ty gen F3°5’H trong 100 trinh tu xuét hién

nhiéu nhét trong GenBank (https://blast.ncbi.nlm.nih.gov/Blast.cgi)

Ty I¢
i Pham vi .
. Ma sé trén . biem | twong
TT Loal truy van ; .
GenBank tong dong
(%0)
(%0)
: : N Quan Ba,
1 Aconitum carmichaelii _
Viet Nam
2 Aconitum carmichaelii JN635708 100% 2765 99,47%
Aconitum carmichaelii var.
3 ) KY272865 100% 2699 98,69%
truppelianum
4 Aconitum vilmorinianum JQ806761 99% 2501 96,38%
5 Delphinium chefoense KX825847 94% 1701 88,12%
6 Delphinium grandiflorum AY 856345 95% 1698 87,81%
7 D. grandiflorum var. chinense | AB818394 98% 1657 86,59%
8 Delphinium grandiflorum AB819289 98% 1652 86,52%
9 Clematis patens LC169756 93% 876 77,90%
10 Epimedium sagittatum HMO011055 91% 512 73,65%
11 Catharanthus roseus AJ011862 80% 343 72,56%
12 Solanum lycopersicum EU626067 85% 278 70,88%
) NM_001247
13 Solanum lycopersicum 011 85% 267 70,77%
14 Solanum lycopersicum GQ904194 33% 200 73,89%
XM_018120
15 Theobroma cacao 2% 54.7 92,11%

633



https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Su da dang cua trinh tu gen F3'5'H ciing dugc suy ra tir két qua ciia phan tich
tién hoa phan tir bing phan mém MEGAX. Két qua ¢ hinh 3.17 cho thy, gen
AcF3'5'H cua loai A. carmichaelii ndm céch xa gen F3’5’H cua cac ho thuc vat khac
(Hinh 3.17A), va protein F3'5'H cua loai thudc chi Aconitum ciing cho thiy su khac
biét trong ty (Hinh 3.17B).

Tur cac két qua phan tich BLAST trong NCBI va phan tich sy phat sinh phan tir
ciia gen F3’5’H phan lap tir cay O dau c6 thé khing dinh riang doan gen phan Iap tur
cdy O dau thu tai Quan Ba, Ha giang 1a gen AcF3’5’H cua loai O dau A.
carmichaelii. Trinh tu gen AcF3’5’H di dugc ding ky trén GenBank véi ma sd
MZ339222.1.

100, Delphinium grandiflorum (AB819289)
Blip grandiflorum var. chinense (AB818394)
19 Il pelphinium chefoense (KX825847)
100 Delphinium grandiflorum (AY856345)
Aconitum vilmorinianum (JQ806761)
7| | 100 A, carmichaelii var. truppelianum (KY272865)
100 Aconitum carmichaehi (JNE35708) .
E3 93" A, carmichaelii F35H_Quan Ba VN
—— Clematis patens (LC169756)
Epimedium sagittatum (HM011055)
Catharanthus roseus (AJ011862)
Solanum lycopersicum (GQ904194)
a9 _[ Solanum lycopersicum (NM_001247911)
79 ' Solanum lycopersicum (EUG26067)
Theobroma cacao (XM_018120633)

Ranunculaceae

65

0.20
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a8 DgF35H (BAOB6642)

58 | DgF35H ( BACD4188)
DgF35H (AAX51796)

15! DcF35H (AQL59239)
AcF35H (AFLO1704)

5|[ ACF35H (ATN38188)

— koo AcF35H_QuanBa VN~

23' AcF35H (AEY80043)

EsF35H (ADES0942)
*{ES — CrF35H (CAAQ9850)
- SIF35H (NP_001234840)
498{ SIF35H (ADC80513)
SIF35H (ACF32346)

L CpF3sH (BBM28223)
TcFa5H (XP_017976122)

9%

B —_

020

Hinh 3.17. Phan tich tién hoa phan tir cia gen F3°5’H (A) va protein F3°5°H (B)
theo phuong phap Maximum Likelihood Method. Hé s6 bootstrap (1000 lan lap lai)
dugc hién thi bén canh cac nhanh. A: Két qua phan tich lién quan dén 15 trinh ty
nucleotide. Cac vi tri ma hoa duoc bao gom 1a 1st + 2nd + 3rd + Noncoding. Tat ca
cac vi tri chira khoang trong va dir liéu bi thiéu di bi loai bo. C6 tong cong 1482 vi
tri trong tép dit liéu cudi cung. B: Két qua phan tich lién quan dén trinh ty 15 amino
acid. Tt ca cac vi tri chira khoang trong va dir liéu bi thiéu da bi loai bo. C6 tong
cong 488 vi tri trong tap dit liéu cudi cung. * Gen AcF3'5'H va protein F3'5'H cua A.
carmichaelii.
3.3.2. Thiét ké vector chuyén gen thuc vit mang gen AcF3’5’H

Dé chuyén duoc gen AcF3°5’H vao thuc vat va c6 thé kiém tra biéu hién san
pham protein tai to hop cua gen, chung t6i da thiét ké vector biéu hién gen thuc vat
pCB301 mang promoter CaMV35S dé diéu khién biéu hién gen AcF3’5’H & thuc
vét. Céc thi nghiém tao vector chuyén gen pCB301 AcF3’5’H duogc thuc hién theo

c4c budc nhu md ta & so dd hinh 2.2.
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3.3.2.1. Tgo cdu triic dgc |dp mang gen chuyén AcF3’5°H

Vector pBT AcF3°5’H mang gen AcF3’5’H phan lap tir cay O dau thu tai
huyén Quan Ba, Ha Giang, vector trung gian pRTRA7/3 chira promoter CaMV35S
c6 chirc ning khéi dong phién ma, trinh tu nucleotide xac dinh chudi peptide c-myc
va trinh tu nucleotide xac dinh doan KDEL phan lap tur virus gay kham sup lo.

Tién hanh thi nghiém xu ly song song vector tai t6 hop pBT AcF3’5’H va
vector pRTRA7/3 bang cap enzyme Ncol/Notl dé nhan gen AcF3’5’H va vector mo
vong pRTRA7/3 (Hinh 3.18).

Hinh 3.18. Dién di d6 san pham cat mé vong pBT AcF3°5’H va cat pRTRA7/3 bang
cdp enzyme gidi han Ncol/Notl. M: Marker 1 kb; 1: San pham cit vector tai t6 hop
pBT AcF3°5’H bang Ncol/Notl; 2: San pham cét vector pPRTRA7/3 bang Ncol/Notl.

Trén hinh 3.18, & 1an dién di s6 1 c6 hai bang dién di co kich thuéc 1,5 kb va
2,7 kb (lan dién di sé 1), trong d6, phan doan DNA 1,5 kb chinh 1a gen AcF3’5’H
can thu nhan. San pham cit vector pRTRA7/3 bang cap enzyme Ncol/Notl ¢ hinh
3.12 (lan dién di s 2) cho thay c6 2 bang DNA trong d6, phan doan 3,3 kb chinh la
doan pPTRA7/3 m¢& vong mang cac trinh tu 35S_cmyc_KDEL chra promoter 35S,
trinh tu nucleotide m& héa peptide c-myc va trinh tu nucleotide md hda peptide
KDEL. Cau tric 35S_cmyc_KDEL sir dung dé thiét ké vector chuyén gen.
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Ghép ndi gen AcF3°5’H voi vector pRTRA7/3 ma vong nho T4 DNA ligase tao
vector  tai to hop ~ pRTRA7/3 AcF3’5’H  mang cau tric
CaMV35S AcF3’5'H cmyc KDEL polyA. Nhan dong vector tadi td hop
PRTRA7/3 AcF3’5'H trong E. coli DH5a va kiém tra sy c6 mat cia gen chuyén
AcF3’°5’H bang colony-PCR véi cap mdi dac hiéu 3’5 ’H-Ncol-F/F3°5 ’H-Notl-R (Hinh
3.19).

1,5 kb 1,5 kb

1,0 kb

Hinh 3.19. Pién di do san pham colony-PCR nhén ban gen AcF3’5 H tir cac dong
khuan lac E. coli DH50. M: Marker 1 kb; 1-3: Colony-PCR tir cac dong khuan lac
dugc bién nap pRTRA7/3_AcF3°’5’H

Két qua dién di kiém tra ¢ hinh 3.19 cho thiy, ca 3 dong khuan lac déu xuit
hién mot bang DNA c¢6 kich thudc khoang 1,5 kb twong ng voi kich thudc cia gen
AcF3’5’H. Nhu vy, da chon dugc ba dong vi khuan chtza plasmid tai t6 hop mang
gen AcF3’5’H. Plasmid tai to hop pRTRA AcF3’5’H tach chiét va tinh sach tir céc
khuan lac duong tinh vé6i colony-PCR duoc sir dung dé thu nhan ciu triic mang gen

chuyén AcF3°5°H phuc vu tao vector chuyén gen & thuc vat.
3.3.2.2. Tao vector chuyén gen pCB301_AcF3’5°H

Str dung Hindlll cat vector pRTRA7/3_AcF3°5’H dé thu nhan cau tr(ic mang gen
chuyén CaMV35S AcF3°5’H cmyc KDEL polyA (2,4 kb) va vector chuyén gen mo
vong pCB301 (55 kb) (Hinh 3.20). Sir dung T4 ligase d& gin cau trdc
CaMV358 AcF3°5’H cmyc KDEL polyA vao vector pCB301 tao vector chuyén gen
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pCB301 AcF3°5’H. Cap moi F3’5’H-Ncol-F/F3’H-Sacl-R duoc thiét ké cho PCR dé
nhan ban gen AcF3°5°H c6 kich thudc 1536 bp. Trong vector pCB301  AcF3°5°H gen
AcF3°5’H ¢6 1536 bp, gan thém trinh tu nucleotide ma hoa peptid cmyc (33 bp), KDEL
(12 bp) va doan DNA chua vi tri cat cua enzyme Sacl (30 bp), cho nén doan DNA
AcF3’5’H cmyc KDEL trong vector pCB301_AcF3°5’H ¢6 1611 bp (Hinh 3.21).

N
N
N
e—
-
N —
—
—

Hinh 3.20. Dién di d6 san pham cit plasmid bang Hindlll. M: Marker 1 kb; 1:
plasmid pCB301 dugc cit bai Hindlll; 2: Plasmid pRTRA7/3_AcF3°5 ’H duge cit boi
Hindlll.

: 1536 bp MOt/
Hind lll — Not|

. X ¥ "
—-INos) nptll |Ter CaMV35$> AcF3’5’H | cmyc | KDEL | polyA —I Oonv >—

Mool 1611 bp <_Sacl

Hinh 3.21. So dd cau tric vector chuyén gen pCB301 AcF3’5’H. RB: B phai; Nos:
Téng hop nopalin; nptll: gen khang kanamycin; Ter: terminator; CaMV35S:
promoter CaMV35S; AcF3’5’H: gen Flavonoid 3’5 hydroxylase (AcF3°5’H) phan
lap tir cay O dau; cmyc: trinh tu nucleotide ma hoa peptid c-myc; KDEL: trinh ty
nucleotide ma héa peptide KDEL; poly A: Chudi polyA; LB: B¢ trai; OriV: Ving
khai dong sao chép cua A. tumefaciens; Cac vi tri cit ctia enzyme gii han Hindlll,

Notl, Ncol, Sacl duoc hién thi trén so do.
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Bién nap pCB301 AcF3’5’H vao té bao kha bién E. coli DH5a dé nhan dong
va chon dong E. coli DH5a sau khi bién nap nudi trén méi truong LB dic b sung
khang sinh chon loc kanamycin. Thuc hién phan tich bing colony-PCR tir mot sb
khuan lac véi cap mdi F3°5°H-Ncol-F/F3’5 H-Notl-R & Iya chon dong E. coli
DH5a mang vector chuyén gen AcF3°5’H (Hinh 3.22).

1234567 891011(+)M

Hinh 3.22. Pién di d6 san pham colony-PCR nhan ban gen AcF3’5’H tir khuan lac
E. coli tai t6 hop. M: Marker 1 kb; 1-11: cac dong khuan lac; (+): plasmid
pBT AcF3’5'H.

Két qua dién di kiém tra san pham colony-PCR ¢ hinh 3.22 d3 x4c nhan cac
dong vi khuan chua vector tai to hop pCB301_ AcF3’5’H. Két qua chon dong cho
thay, trong 11 dong khuan lac duoc kiém tra c6 3 dong duong tinh véi colony-PCR.
Nhitng dong khuan lac duong tinh nay duoc nudi trong LB long bo sung khang sinh
chon loc (kanamycin) dé nhan dong vector tai to hop cho bién nap vao A.

tumefaciens phuc vu chuyén gen.
3.3.3. Tao A. tumefaciens CV58 chira vector chuyén gen pCB301_AcF3’5’H

Plasmid pCB301 AcF3’5’H tach chiét tir cac dong vi khuan E. coli dwong
tinh vai colony-PCR duoc tinh sach, sau d6 bién nap vao A. tumefaciens CV58. Nudi
trong 48 gid & nhiét do 28°C va khi cac khuan lac xuat hién trén mat thach thi tién
hanh kiém tra bang phan ang colony-PCR cip mdi dic hiéu F3°5°H-Ncol-F/F3°5 H-
Notl-R dé chon dong khuan lac mang vector chuyén gen AcF3’5’H (Hinh 3.23).
Hinh anh dién di kiém tra san pham colony-PCR ¢ hinh 3.23 cho thdy, trong 3 dong

khuan lac duoc kiém tra ¢ 2 dong cho két qua dwong tinh, trén gel dién di xuat hién
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mot bang DNA duy nhét véi kich thuéc khoang 1,5 kb, twong (ng véi kich thudc
cua gen chuyén AcF3°5 H.

«1,5kb
«1,0kb

Hinh 3.23. Pién di do san pham colony-PCR véi cip méi F3°5 ’H-Ncol-F/F3°5H-
Notl-R tir cac dong khuan lac A. tumefaciens CV58. M: Marker 1 kb; 1, 2, 3: cac
dong khuan lac A. tumefaciens CV58 chira vector pCB301 AcF3’5 H.

Nhu vay, vector chuyén gen thuc vat pCB301 AcF3’5’H da dugc thiét ké
thanh cong va tao duoc hai dong A. tumefaciens tai t6 hop mang vector chuyén gen
pCB301 AcF3’5’H. Cac dong A. tumefaciens chtra vector chuyén gen mang gen
chuyén AcF3°5°H dugc luu gitt phuc vu cho céc thi nghiém chuyén gen o thuc vat.

3.3.4. Théo luin két qua thiét ké vector biéu hién gen ACF3’5’H va tao chiing A.
tumefaciens mang vector chuyén gen thwe vat

Sinh tong hop flavonoid 1a mét con dudng chuyén hoa thir cdp quan trong lién
quan dén su tham gia caa nhiéu enzyme, chang han nhu CHS, IFS, F3'H, F3'5'H,
FLS va FST (Hinh 1.3). Mot sé nghién ctru vé su biéu hién cua cac gen ma hoa cac
enzyme nay lam tang tich iy flavonoid da duogc thuc hién. Bao céo cua Hu va cs
(2019) cho rang, sy biéu hién qua mic cua CHS lam tang sy tich lity flavonoid trong
thudc 14 va CHS 1a mot gen wng cir vién cho ky thuat di truyén dé ting cuong kha
nang chiu han cua thyc vat va cai thién phan tng cua ching d6i véi stress oxy hoa
[32]. Vii Thi Nhu Trang va cs (2018) da chang minh rang su biéu hién caa gen
GMCHI tir dau twong cho phép cay Thd nhan sam cai thién ham luong flavonoid
tong so [146]. Trong s6 cic enzyme quan trong cua con duong sinh téng hop
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flavonoid, F3'5'H la enzyme quan trong xdc tdc cho cac phan tng hinh thanh
flavonoid (Hinh 1.3) [53], [126], [168]. Su ting hoat dong cua F3'5'H cho phép tong
hop anthocyanin va cac loai flavonoid khac [178]. Vi vay, ting cudng biéu hién gen
F3’5’H s& lam tang ham luong va hoat tinh enzyme F3’5’H va s€ lam tang tich liy
ham luwong flavonoid trong thuc vat. Chinh vi vay, gen Aconitum carmichaelii
F3’5’H (AcF3°5’H) dugc chon 1am d6i twong tac dong va ki thuat chuyén gen duoc
&p dung nhiam 1am tang ham luong flavonoid trong chién lugc tao cay O dau c6 ham
lwong dugc chit cao. Trong nghién ctru nay, ching t6i di xac dinh duoc ving ma
hoa cua gen AcF3’5’H cO 1521 nucleotide, ma@ héa cho 506 amino acid phan lap
duoc tir cdy O dau (A. carmichaelii) thu tai tinh Ha Giang, Viét Nam phi hop Vi
cong bb cia Ma va cs (2012) [89]. Gen AcF3’5’H cua cay O dau ma hoa protein
enzyme AcF3’5°H |1a mot trong hai enzyme chia khoa tham gia vao qué trinh tong
hop flavonoid va isoflavonoid trong con dudng phenylpropanoid. O cay O dau, hoat
dong cua gen AcF3’°5’H manh nhat & cac mo 14, do vay lya chon promoter diéu khién
hoat dong cua gen chuyén AcF3°5 °H la rat quan trong. Promoter CaMV35S (35S) la
mot promoter manh c¢6 ngudn gbc tir virus gay bénh kham 14 sip lo (Cauliflower
Mosaic Virus - CaMV). Promoter 35S c6 thé khai dong phién ma cho gen trong tat
ca cac loai mo bao thuc vat. Trong nghién ctru ciia ching t6i, promoter 35S duoc lua
chon va la thanh phan cuaa cau tric mang gen chuyén (35S_ AcF3°5’H_cmyc) trong
vector chuyén gen pCB301. Trong cau tric pCB301_AcF3’5’H, promoter CaMV35S
khoi dong phién ma cua gen chuyén AcF3’5’H, lam ting tong hop enzyme
AcF3’°5°H trong cay chuyén gen. Trong vector chuyén gen, gen nptll dugc lya chon
lam chi thi chon loc & giai doan tai sinh in vitro. Gen nptll mad héa protein c6 dac
tinh khang khang sinh kanamycin. Kanamycin dugc b sung trong ca giai doan tai
sinh choi, kéo dai choi va ra ré cua cac cay O dau duoc chuyén gen. Llc nay, ciu
trdc mang gen chuyén c6 thém doan DNA mé hda khang nguyén c-myc dé 1am co so
phét hién va dinh lugng protein tai t6 hop rAcF3’5’H trong cay chuyén gen bang
Western blot va ELISA. Nhu vy, co thé thay viéc thiét ké cau truc hoan chinh va
phu hop Vvéi té bao cha trong khau thiét ké vector biéu hién gen thyuc vat 1a co s
budc dau quyét dinh sy thanh cong cua ky thuat tao cay bién ddi gen.
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3.4. PHAN TiCH BIEU HIEN GEN AcF3’5’H O CAY THUOC LA

3.4.1. Bién nap di truyén va biéu hién protein tai t6 hop F3°5°H ¢ cay Thubc 14
chuyén gen AcF3°5’H

Tién hanh bién nap cau trdc mang gen chuyén AcF3’5°H théng qua lay nhiém
boi A. tumefaciens vao mé 14 Thudc 14 (Hinh 3.24). Két qua thi nghiém bién nap
trinh bay & bang 3.8 cho thay, sau 3 lan bién nap & 16 thi nghiém thu duoc 81 mau
tao cum chdi va qua chon loc bang khang sinh cé 268 chdi song s6t. G méi trudng
tao ré c6 174 chdi ra r& va chon loc dugc 96 cay dé chuyén ra trong trong bau dat.
Két qua cudi cung lra chon duoc 28 cdy song sot trong diéu Kién nha ludi. Lo ddi
chung 1a cac manh 14 Thudc 14 khong bién nap tai sinh trong moéi truong khong co
khang sinh chon loc (PCO) va c6 khang sinh (PC1). L6 PCO chuyén 10 cay ra trong
trong chau & diéu kién nha lugi. O 16 DCI1, cac manh Ia khéng tai sinh chdi trong
moi truong chuta kanamycin. Cac cdy Thudc 14 chuyén gen va ddi chiang khong
chuyén gen duoc sir dung dé phan tich sy c6 mit va su hoat dong cua vector mang
gen chuyén AcF3°5 H.

Hinh 3.24. Hinh anh bién nap va tai sinh cdy Thudc 14 chuyén gen AcF3’5’H. A:
Céc manh 1a Thudc 14 trong dich khuan; B: Pong nudi cay trén méi truong CCM;
C,D: Téi sinh da chdi trong moi truong chon loc chira kanamycin; E: Kéo dai chdi;

G: Ra ré trén moi truong RM; H: Cay Thudc 14 chuyén gen trong trén gia thé.
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Bang 3.8. Két qua bién nap ciu triic mang gen chuyén AcF3’5’H vao Thudc 14

N .. .| S6miu ) S6 choi | Sbcay | Sécay
Thi nghiém va doi So , Tong . ) 5 .
. songtao | , . |songsoOt | rabau | song
chirng mau .. | so chaoi _ . ]
cum choi rare dat sot
Lan biénnap1 | 30 29 96 63 35 11
Thi —
_ Lanbiénnap2 | 30 27 87 57 30 8
nghiém
Lan biénnap3 | 30 25 85 54 31 9
Tong 90 81 268 174 96 28
Déi chang 0 (PCO) 30 30 95 57 41 10
Péi chung 1 (PC1) 30 0 0 0 0 0

Ghi cht: BC1: Mau khong chuyén gen dieoC Cdy trén méi truong tai sinh c6 bé sung
khdng sinh. DCO: Mdu khdng chuyén gen duwoC Cdy trén méi truong tai sinh khdng

bé sung khang sinh

Thu 14 non cua 28 cay Thudc 14 chuyén gen, tach chiét DNA tong sé va thuc

hién phan tich su c6 mat cua gen chuyén AcF3°5’H bang PCR véi cap mdi F3°5 H-

Ncol-F/F3°5’H-Notl-R. Két qua cho thiy trong sé 28 cdy Thudc la chuyén gen

AcCF3'5'H, ¢6 7 cay duong tinh theo PCR, tuong tng vai mot bang DNA c6 kich
thuéc xap xi 1,5 kb xuét hién & cac lan dién di 1, 3, 5, 14, 17, 19, va 22 (Hinh 3.25
A). Céc cay chuyén gen dwong tinh véi PCR Tol, To3, To5, Told, Tol7, Tol9 va To22
duoc phan tich thém biang RT-PCR va két qua phan tich cho thay chi cé céc cay
chuyén gen Tol, To3, To5 va Tol4 méi ¢ san pham RT-PCR (Hinh 3.25 B).
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A B

Hinh 3.25. Pién di do kiém tra su c6 mat va su phién ma cua gen chuyén AcF3’5’H
trong cay chuyén gen. A: Hinh anh dién di sin pham PCR khuéch dai gen chuyén
AcF3’5°H. (+): plasmid pCB301_AcF3'5'H; WT: cay Thudc 14 khong chuyén gen;
M: Marker 1 kb; 1-28: Cay Thudc 14 chuyén gen. B: Hinh anh dién di san pham RT-
PCR, khang dinh su phién ma cta gen chuyén AcF3'5'H & cdy Thudc 14 chuyén gen.
M: Marker 1 kb; (+): plasmid pCB301_AcF3'5'H; WT: cay Thudc 1a khong chuyén
gen; Cac landién di 1, 3, 5, 14, 17, 19 va 22 1a céc cay chuyén gen da duong tinh véi

PCR, tuwong g véi Tol, To3, To5, Tol4, Tol7, Tol9 va To22.

Su biéu hién cua protein rAcF3’5°H tir cAy chuyén gen Tol, To3, To5 va Tol4
duoc phan tich bang phuong phap dién di SDS-PAGE va Western blot, va két qua
thu dugc duoc thé hién trong Hinh 3.26A. Phan tich Western blot trong Hinh 3.26A
cho thay tat ca cac dong chuyén gen T, déu c6 dai mau vai kich thuéc xap xi 57 kDa,
trong tng véi khdi lwong phan tir caa protein rAcF3'5'H, bao gém trinh tu amino
acid cua c-myc va KDEL. Két qua phan tich ham lugng protein rAcF3'5'H trong
Hinh 3.26B cho thiy ham luong protein rAcF3'5'H cua cay chuyén gen dao dong tir
0,2033 pg/pl dén 0,3250 pg/ul (P <0,001). Do d6, khi bd sung protein F3'5'H noi
sinh, ham lwong protein F3'5'H trong cay chuyén gen ting tir 20,33% Ién 32,50% so
v6i cady WT. Nhiing két qua nay ching minh rang gen chuyén AcF3'5'H da duoc két

hop vao bo gen cay thudc 14 chuyén gen va biéu hién tao protein téi to hop.
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Hinh 3.26. Sy biéu hién cta protein rAcF3’5’H & cdy Thudc 14 chuyén gen thé hé
To. A: Phan tich sy biéu hién cua protein rAcF3’5’H boi Western blot. M: Thang
protein tiéu chuan; (+): Protein H5 cta virus cam A/H5N1 ¢o gin c-myc la ddi
chting duong tinh; WT: cay Thudc 14 khong bién nap; Tol, To3, To5 va Tyl4: cac cay
Thudc 14 chuyén gen. B: Ham luong protein rAcF3’5°H (ug/pl) trong cay Thudc 14
chuyén gen To. WT: cay Thudc 14 khong chuyén gen; Tol, T3, To5, To14: cay Thudc
la chuyén gen. Cac thanh doc thé hién sai s6 tiéu chuan. Cac chit cai khac nhau (a, b)
phia trén cac cot chi ra sy khic biét co y nghia théng ké (P <0,001) duogc kiém tra
bang Duncan trong SPSS; n = 3.

3.4.2. Ham lwong flavonoid tong s trong 14 ciia cac dong Thudc 14 chuyén gen

Két qua quan séat cac cay Thudc 14 chuyén gen va cdy WT cho thdy cac cay
chuyén gen c6 hinh thai va sy sinh truéng binh thuong. Tuy nhién, cac dong chuyén
gen c6 chiéu cao cdy thip hon va téc do ting truong cham hon so voi cac cay WT.
Ngoai ra, canh hoa cua cac dong chuyén gen c6 mau tim sim hon so véi canh hoa
cua cdy WT (Hinh 3.27).
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Dong Toi Cac cay WT Dong Te5

Hinh 3.27. Hinh théi cta cdy Thudc 14 WT va cac dong chuyén gen. A- Cay WT va
dong chuyén gen To3; B- Hoa cua cdy WT; C- Hoa cta dong chuyén gen To3;
D- Cay WT va dong chuyén gen Tyl, To5, Tol4.

Ham luong flavonoid tong sé trong 14 caa 4 dong Thudc 14 chuyén gen va cay
WT da dugc xac dinh va trinh bay & bang 3.9. Két qua phan tich cho thay, bén dong
chuyén gen, Tol, To3, To5 va Tol4, c6 ham lugng flavonoid tir 691,20 + 2,02 dén
907,83 + 5,14 (ug/g) va cao hon tir 169,23 dén 222,27 (%) so véi cac cdy WT
(408,43 + 5,11 pg/g). Cac két qua phan tich nay da ching minh rang su biéu hién cua
gen AcF3'5'H & 4 dong Thudc 14 chuyén gen 1a Tol, To3, To5 va Tol4 di lam ting
ham lugng flavonoid trong cay Thudc 14 chuyén gen.
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Bang 3.9. Ham luong flavonoid téng sd cta cac dong Thude 14 chuyén gen Tol, To3,

To5, Told va cay ddi chung

_ _ Ham lwong flavonoid tong so Tiing so véi WT
Mau nghién ciru
(Ho/9) (%0)

WT 408,43 + 5,11 0

Tol 691,20° + 2,02 69,23
To3 907,83% 5,14 222,27
Tgo 713,60° + 4,21 174,72
Told 900,37%+ 0,81 220,45

Ghi cha: Ky hiéu * thé hién sai sé tiéu chudn. Cac cha cai khac nhau (a, b, ¢) chi ra
sy khac biét c6 y nghia thong ké (P <0,05) dwoc do bang céac thir nghiém cua
Duncan (SPSS); n = 3.

Tir cac két qua phan tich trén cay Thudc 14 cd thé rdt ra nhan xét rang vector
chuyén gen pCB301_AcF3'5'H hoat dong tdt trong cay thudc 14 chuyén gen va cé thé

st dung dé chuyén vao cay O dau va cac cay trong khac.
3.4.3. Thao luan két qua bién nap va biéu hién gen AcF3°5’H trong cay Thudc la

Céc nghién ctru vé sy biéu hién cua gen F3'5'H ¢6 ngudn gbc tir cac loai thuc
vat khac nhau hoic phan tich biéu hién qua mac gen chirc ning da duoc thuc hién.
Theo huéng phan tich vé su biéu hién qua mac caa gen F3°5°H, Wu va cs (2020)
cho thay gen GbF3'5'HI c6 chic ning trong qué trinh sinh tong hop cac chat chuyén
hoa lién quan dén flavonoid va sy biéu hién qua mac cua gen GhF3'S'HI cai thién
ham lugng epicatechin va gallocatechin trong cay Bach qua [170]. Trong nghién cau
cua ching tdi vé cay O dau, than va 14 cua cay duge xac dinh nhu mot nguon dugc
lieu mai [175]. L4 va hoa cia O dau chira carotenoid, sterol va flavonoid [12]. Nhu
vay, phan tich méi lién quan giita sy biéu hién cia gen F3'5'H tir O dau va sy tich tu
flavonoid trong cac loai thuc vat khac nhau 1 can thiét. Thudc 14 dugc dung 1am cay

md hinh nghién citu chirc nang ctia gen thuc vat va thir nghiém tng dung dé cai thién
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mot s6 dic tinh cua cay trong. Gen ma héa F3'5'H caa cdy Da yén thao biéu hién ¢
cay Thudc 14 da 1am thay d6i qué trinh tong hop sic td anthocyanin [168]. Gen
CsF3'5'H cua cay ché dugc biéu hién manh mé trong chdi va biéu hién & mac do
thap trong ré. Két qua phan tich biéu hién gen CsF3'5'H & cay Thudc I cho thiy sy
biéu hién qua muc cua gen CsF3'5'H di tao ra dan xuét delphinidin méi va lam ting
ham lugng dan xuat cyanidin cua cay Thudc 14 chuyén gen [178]. Trong nghién ciru
ndy, gen AcF3'5'H phan lap tr cdy O dau dugc thiét ké tao cau trdc
CaMV35S_AcF3'5'H_cmyc_KDEL_polyA di dugc chuyén vao md Thudc 14 va tao
cay Thubc la chuyén gen AcF3°5’H va két qua cho thay protein tai té hop rAcF3’5’H
duoc biéu hién trong bén dong Thudc 14 chuyén gen Tol, T3, To5 va Tol4 (Hinh
3.26). Ham lugng flavonoid trong 14 cua cac dong Thudc 14 chuyén gen Tol, To3,
To5, Tol4 lan luot dat 691,20 + 2,02, 907,83 + 5,14, 713,60 + 4,21 va 900,37 + 0,81
(Bang 3.9). So véi ¢ cay khong chuyén gen, ham luong flavonoid trong 14 cua cac
dong Thudc 14 chuyén gen tang tir 69,23% 1én 222,27% (Hinh 3.28).
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Hinh 3.28. Ham lugng favonoid tong s6 (pug/g) cua 4 dong Thudc 14 chuyén gen Tol,
To3, To5, Told, va cdy WT. WT: cay Thude 14 khong bién nap; Tol, To3, To5, Told:
cay Thudc 14 chuyén gen To. Cac thanh doc thé hién sai sb tiéu chuan. Céc chit céi
khac nhau (a, b, ¢) chi ra su khac biét co ¥ nghia thong ké (P <0,001) duoc kiém tra
bang Duncan trong SPSS; n = 3.

Trong pham vi nghién ctru nay, ham lugng flavonoid va ham luong protein tai

t6 hop rAcF3'5'H cua 4 dong Thudc 14 bién ddi gen c6 twong quan thuan, véi hé sb
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twong quan (R) = 99,09%; phuong trinh hdi quy 13 Y = 1766,72X + 342,14, trong d6
Y la ham luong flavonoid (ug/g) va X la ham luong protein rAcF3'5'H (ug/uL) (P
<0,05). Nghién ciru cua ching toi 13 bao cdo dau tién vé& két qua biéu hién cua gen
AcF3'5'H phan lap tir cay O dau trén cay Thubc l4. Sy biéu hién caa protein téi t6 hop
rAcF3'5'H lam ting ham luong flavonoid trong cay Thudc 1a chuyén gen. Do d6, gen
ACF3'5'H tir cay O dau duoc nghién ciru trong cong trinh nay duoc coi 1a mot gen tng

ctr vién cho k¥ thuat di truyén dé ting cuong tich lily flavonoid trong thuc VAt.

3.5. BIEN NAP DI TRUYEN VA PHAN TiCH BIEU HIEN GEN AcF3’5’H O
CAY O PAU

3.5.1. Bién nap gen uidA vao ciay O dau

Gen uidA ma hoda protein Beta-glucuronidase (EC:3.2.1.31; GUS), tur E. coli,
chung K12 dugc sir dung nhu mdt gen chi thi trong nghién ciu chuyén gen. Vector
chuyén gen pCB-gusplus chira gen chi thi uidA dugc st dung trong thi nghiém
chuyén gen vao cdy O dau thong qua lay nhiém vi khuan A. tumefaciens
CV58/pGV2260 mang vector chuyén gen pCB-gusplus vao chéi O dau in vitro. Thi
nghiém nghién ctiru vé anh huong cua cac yéu to dén hiéu qua chuyén gen uidA, nhu
mat do A. tumefaciens, nong d6 AS va thoi gian 1ay nhiém, va ndong d6 khang sinh
chon loc da dugc thyc hién. Thi nghiém duoc tién hanh v&i 90 mau duoc lay nhiém
va lap lai ba lan. Sau 2 tuan thu duge 18 mau tao chdi (dat 18,88%) va chon dugc 56
chdi chuyén sang méi truong bod sung khang sinh chon loc dé kéo dai chdi. Sau 4
tuan, s6 chdi sdng sot 1a 26 chdi duoc chuyén sang moi truong ra ré, trong d6 c6 15
chdi ra ré va chon duoc 8 cdy chuyén gen sdng sot trong diéu kién nha kinh. L4 va rd
clia tam cdy duoc nhudm bang X-gluc dé kiém tra su biéu hién cua gen uidA. Ca 8
cdy déu duong tinh, c6 mau xanh cham dic trung trén 14 va ré (Hinh 3.29), cho hiéu
sudt chuyén gen 1 8,88%. Hinh 3.29 cho thiy, su bién nap gen uidA thdng qua lay
nhiém A. tumefaciens ¢ cdy O dau dat hiéu qua cao & mat do khuan tuong tng véi
gia tri ODggo = 0,8; v6i né)ng do AS 100 umol/l; thoi gian 14y nhiém 30 phut, néng do
khang sinh diét khuan 1a 50 mg/I.
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Hinh 3.29. Két qua phan tich nhuém mé héa GUS in vitro & O dau v6i mat do A.
tumefaciens (OD) khéc nhau. 1: O dau khong bién nap; 2: ODgg = 0,4; 3: ODggo =
0,6; 4: ODgyo = 0,8. (A) Cay O dau nhuém GUS; (B) 14 O dau nhuém GUS; (C) Céc
cubng 14 O dau nhuém GUS; (D) than ci O dau nhuom GUS.

3.5.2. Bién nap va biéu hién gen ACF3’5’H & ciy O dau
3.5.2.1. Bién nap di truyén ciu tricc 35S_AcF3°5’H_cmyc vao ciy O diu

Trén co so két qua chuyén gen chi thi uidA, cdu trGc mang gen chuyén
AcF3’5’H duoc bién nap vao chéi O dau in vitro théng qua su lay nhiém cua A.
tumefaciens tai t6 hop (Hinh 3.30).

Hinh 3.30. Hinh anh bién nap gen AcF3’5’H va tai sinh in vitro cta cay O dau. (A)
Cé4c choi riéng 1¢ duwoc ngam trong dich vi khuan A. tumefaciens mang vector
pCB301 AcF3’5’H. (B) Pong nudi cdy trén CCM. (C) Cam tng tao da chdi trén
SIM1 va SIM2. (D) Cac chdi dugc nudi cay trén méi truong kéo dai chdi SEM; (E)
Ra ré trén moi truong RM. (F) Cay O dau chuyén gen duoc trong trong gia thé.
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Trén bang 3.10, sau ba lan bién nap, voi 180 mau & cac nhém thi nghiém, thu
duoc 86 cum chdi va 215 chéi sdng chuyén sang méi trudng SEM, bd sung khang
sinh chon loc dé kéo dai chdi va 95 chdi chuyén sang méi truong ra ré RM. Két qua
chon duogc 54 cay chuyén gen trong vao gia thé. Trong sé nay, 24 cay song sot trong
diéu kién nha kinh. Song song véi thi nghiém chuyén gen, hai 16 déi chung 1a BCO
va PC1 ciing duoc thyc hién vaoi 30 mau & mdi 16 dé so séanh. O 16 dbi chirng DCO,
30 mau cay chdi O dau khdng bién nap (WT) dugc tai sinh trong méi truong khong
c6 khang sinh, tao ra 116 chdi. Tir 92 chdi dugc chuyén sang mdi trudng ra ré chon
duoc 30 cdy chuyén gen dugc cdy vao bau, trong dé c6 10 ciy sinh treéng binh
thuong trong diéu kién nha kinh. O 16 DC1, choi O dau khong chuyén gen dugc ciy
trén mdi trudng tai sinh bd sung khang sinh, két qua 1a cac chdi khdng tao cum choi.
Céc cay chuyeén gen va cay WT duoc chuyén ra trong trong chau va sir dung dé phan

tich sy c6 mat va su biéu hién cua gen chuyén AcF3°5’H (Hinh 3.31).

Bang 3.10. Két qua bién nap cu tric mang gen chuyén AcF3°5’H vao O dau

A .. .| S6mau ] S6 choi | Sécay | Sbcay
Thi nghiém va doi So , Tong ] ) . ,
. songtao | , . |songsOt | rabau | song
chirng mau .| so choi . i )
cum choi rare dat sot
Th Lanbiénnap 1| 60 25 68 26 15 6
I < ;
] Lan biennap2 | 60 32 77 38 21 9
nghiém |
Lan biennap 3| 60 29 70 31 18 9
Tong 180 86 215 95 54 24
Péi chiang 0 (PCO) 30 30 116 92 30 10
Doi chimg 1 (BC1) 30 0 0 0 0 0

Ghi cha: PCI: Mau khéng bién nap cdy trén méi truong tai sinh c6 bé sung khang
sinh. DCO: Mau khong bién nap cdy trén méi trirong tai sinh khdng bé sung khang sinh

3.5.2.2. Phan tich biéu hién ciia gen chuyén AcF3’5’H 6 cdy O dau chuyén gen T,

Mudi 1am cay chuyén gen phét trién tét duoc chon dé phan tich PCR nham

xé&c nhan sy hién dién cua gen chuyén AcF3°5°H trong cay O dau bién nap. Céc cay
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& thé hé T, duoc ky hiéu tir To-1 dén To-15. Két qua phan tich PCR véi cip moi
F3°5’H-Ncol-F/F3’H-Sacl-R cho thay 8 ciy duong tinh voi gen chuyén; cu thé 1
cay To-3, To-4, To-5, To-6, To-7, To-9, To-13, va Ty-15 (Hinh 3.32A). Tam cay T,
duoc xac dinh 14 dwong tinh vi PCR duoc tiép tuc phan tich bing RT-PCR dé xéc
nhan sy phién ma cia gen chuyén. Két qua duoc thé hién trong Hinh 3.32 B. Két qua
RT-PCR cho thay chi 3 trong s6 8 cay (To-4, To-6 va To-13) ¢6 bang DNA véi kich
thudc xap xi 1,6 kb twong tng véi kich thude cia AcF3'5'H.

Hinh 3.31. Cay O dau bién nap & thé hé T, (A) va cdy WT (B) sau 2 tudn ké tir khi

chuyén tir binh nudi cay sang chau trong di€u kién nha ludi
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Nhitng cay To-4, To-6 va To-13, duoc sir dung dé phan tich su biéu hién cua
protein rAcF3’5°H bang dién di SDS-PAGE va phuong phap Western blot. Trong
Hinh 3.33A, cay Tg-4, To-6 va To-13 déu cé bang mau vai kich thudc > 55 kDa

tuong tng Voi trong lugng phan ti cua protein rAcF3'5'H.

12 345 6 7 @#M() 8 9 10111213 14 15

1,6 kb —

34 5 6 7(f)M () 9 1315

Hinh 3.32. Pién di d6 xic nhan sy hién dién va sy phién mi ciia gen chuyén
ACF3'5'H. (A): PCR phat hién su hién dién ctia gen chuyén AcF3'5'H trong cay O dau
chuyén gen va khong chuyén gen; M: Marker 1 kb; (+): plasmid pCB301_AcF3'5'H; (-
): cay O dau khong chuyén gen (WT); Cac lan dién di tir 1 dén 15 1 cac ciy chuyén
gen thé hé T,. (B): RT-PCR x4c nhan su phién mi gen chuyén AcF3'5'H & cay O dau.
M: Marker 1 kb; (+): plasmid pCB301_AcF3'5'H; (-): cdy O dau khong chuyén gen
(WT); Caclandién di 3,4, 5,6, 7,9, 13, 15 1a cay duong tinh v1 PCR, tuong ing vaoi
To-3, To-4, To-5, To-6, To-7, To-9, To-13 va T,-15.

Nhu vay, két qua phan tich Western blot cho thdy gen chuyén AcF3'5'H da
duoc dich ma biéu hién thanh protein AcF3'5'H tai to hop trong ba dong O dau
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chuyén gen & thé hé To. Két qua phan tich ham luong protein rAcF3'5'H tir ba cay
chuyén gen bang ELISA dugc thé hién trong Hinh 3.33B. Ham lwong protein
rAcF3'5'H cua cay chuyén gen nam trong khoang tir 0,2083 dén 0,2507 pg/ul. Nhitng
két qua nay chitng minh gen chuyén AcF3'5'H dd dugc hop nhat vao hé gen cay O
dau chuyén gen, phién ma va biéu hién protein téi t6 hop.

Kba M WT (+) Tod4 To6 To-13

180-
130-

100-
70-
<«— rAcF3'5'H
55 -

40-

treet

25-

A 15- s

0,3000
02507° 0.24235

(1511, A N T
0,2000; i PRt Koo biset
(R R ee—
[0 75 [0 [ SSO—— M— [—
(010157010 SO ——— i I
0,0000 - . ; ‘

WT To-4 To-6 To-13
Cac cay WT va cay chuyén gen

Ham lwong rAcF3’5°H (ug/uL)

Hinh 3.33. Biéu hién qua muc cua protein rAcF3’5°H trong ciy O dau chuyén gen &
thé hé T,. (A): Két qua phan tich Western blot dé xac nhan su biéu hién cta protein
rAcF3’5°’H & cdy O dau chuyén gen. M: Thang protein tiéu chuin; WT: cdy khong
bién nap (+): protein H5 cua virus cam A/H5N1 ¢ gan c-myc 1a di chung duong
tinh; To-4, To-6, To-13: cay O dau chuyén gen. (B): So sanh ham luong protein
rAcF3’5°H (ug/pl) trong cay O dau chuyén gen To. WT: cdy khong chuyén gen; To-
4, To-6, Tp-13: Cay chuyén gen Ty. Céc thanh doc thé hién sai s6 tiéu chuan. Cac chit
cai khac nhau (a, b) phia trén cc cot biéu thi sy khac biét c6 ¥ nghia thdng ké (P
<0,01) dugc kiém tra bang Duncan (SPSS); n = 3.
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3.5.2.3. Xdc dinh ham lwong flavonoid tong sé tir l ciia dong O diu chuyén gen

Cac dong O dau chuyén gen ¢ thé hé T, va cdy WT khong c6 su khac biét vé
hinh théi (Hinh 3.34).

Hinh 3.34. Cay O dau khong chuyén gen (A) va cay O dau chuyén gen & thé hé T,

(B) sau 8 tuan ké tir khi chuyén tir binh nudi cdy sang chau trong diéu kién nha ludi

L& cua ba loai cay chuyén gen va WT duoc sir dung dé phéan tich ham luong
flavonoid tong so, két qua duoc trinh bay o bang 3.11. Ba dong To-4, To-6 va T-13
c6 ham luong flavonoid cao lan luot 1a 773,50 + 12,87, 661,73 + 2,85 va 761,61 +
9,10 (ug/g). Két qua nay cao hon 39,13 dén 62,63% so véi cdy WT (475,62 + 10,16
ug/g). Nhitng két qua nay da chiing minh rang sy biéu hién qua muc caa gen
AcF3'5'H ¢ ba dong O dau chuyén gen (To-4, To-6 va To-13) da lam ting ham luong
flavonoid trong céc dong chuyén gen o thé hé To.

Bang 3.11. Ham luong flavonoid tong sé cua ba dong O dau chuyén gen (To-4, To-6,
To-13) va cay WT

Cay WT vacac | Hamlweng flavonoid tong | Ty I¢ ting so véi cay WT
dong chuyén gen s6 X +Sx (ug/g) (%)
WT 475,62 +10,16% 0
To-4 773,50 + 12,87° 62,63
To-6 661,73 + 2,85 39,13
To-13 761,61 +9,10° 60,13

Ghi chi: Céc chir cdi a, b, ¢ chi ra sy khac biét ¢ ¥ nghia thong ké (P <0,05) duwoc
test bang Duncan (SPSS); n = 3.
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3.5.3. Thao luin két qua bién nap va biéu hién manh gen AcF3’5’H & cay O dau

Hién nay, nghién ctu ting cudng tong hop céc hoat chat sinh hoc trong cay
duoc lidu bang ki thuat biéu hién manh gen ma héa enzyme chia khéa trong qué
trinh sinh tong hop cac hop chat thir cap dang dugc quan tam [66], [146], [150]. Cay
duoc lieu O dau chira nhiéu hop chat cé hoat tinh sinh hoc, nhu alkaloid, flavonoid
va polysaccharid. Céc alkaloid cua cay thudc ndy cé hoat tinh khang khuan, khang
virus va chéng oxy hoa [141], [162]. Flavonoid dugc tim thiy & tit ca cac bo phan
cua than, hoa, ré va than ré, nhung ham luong thap [12]. Bé cai thién ham luong
flavonoid trong cay O dau, nghién ctu nay da chon cach tiép can biéu hién qua mac
gen ma hoa enzyme quan trong lién quan dén con duong sinh tong hop flavonoid & O
dau la F3°5°H.

Két qua thi nghiém bién nap gen chi thi uidA vao O dau tir mau cay la choi in
vitro théng qua 1ay nhidm vi khuan A. tumefaciens cho thay, mat ¢ A. tumefaciens
thich hop 1a ODggo = 0,8, nong d6 AS 100 pmol/l va thoi gian nhiém khuan 1a 30
phat. Chon loc khang sinh véi kanamycin 50 mg/l, va hiéu suat chuyén gen dat duoc
12 8,88%. Két qua nay 1a co sd cho sy thanh céng trong bién nap di truyén va tao cay

O dau chuyén gen.

Trong sb cac enzyme tham gia x(c tac cac phan tng caa con duong tong hop
flavonoid ¢ thyc vat, F3'H va F3'5'H tham gia vao cac phan tng cudi cung dé tao
thanh cac hop chét flavonoid (Hinh 1.3). Do d6, gen mi hoa enzyme F3’5°H da duoc
chon dé phan tich sy biéu hién qua mac ¢ cy O dau bang phuong phap bién nap qua
trung gian A. tumefaciens. Trong nhiing nim qua, cic nghién ctru vé phan lap va
phan tich biéu hién F3'5'H & cac loai thuc vat da duoc thuc hién nham xéac dinh chic
nang gen. Ishiguro va cs (2012) da phan 1ap F3'H va F3'5'H tir thu vién cDNA cua
A. kelloggii, va phan tich biéu hién ¢ cay da yén thao chuyén gen cho thiy ring su
biéu hién cua cic gen niy lam ting ham luwong cyanidin va delphinidin ciing nhu
anthocyanidin [77]. Su gia ting tich liiy anthocyanidin ciing lam thay d6i mau hoa &
cay chuyén gen. Mot nghién ciu ¢ hoa Cam chuéng (Dianthus caryophyllus), cay

chuyén gen mang gen khang thudc diét co (gen dot bién ma hda acetolactate synthase
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-ALS) va gen ma hdéa F3'5'H cho thay su gia tang tich lily delphinidin va
anthocyanin so véi cay hoang da, nhung khong gay hai cho sic khoe cua con nguoi
hoac dong vat [136]. Trong nghién cuu nay, gen AcF3'5'H dugc phan lap tr mRNA
cua cay O dau voi doan ma hda AcF3'5'H ¢6 kich thudc 1521 bp, ma hda 506 amino
acid. C4u tric mang gen chuyén AcF3'5'H trong vector chuyén gen pCB301 chua
trinh tu promoter 35S, c-myc va KDEL dugc A. tumefaciens chuyén vao chdi in vitro,
va tao ra cdy O dau chuyén gen. Protein rAcF3’5’H duoc biéu hién va ham lwong
protein rAcF3°5°H ¢ cdy chuyén gen ting tir 20,83% lén 25,07% so Véi ¢ cay khong
chuyén gen. Sy gia ting ham luong protein rAcF3'S'H di lam ting ham luong
flavonoid tong sé trong cac dong chuyén gen To-4, To-6 va To-13 tir 39,13% Ién
62,63% so v6i & cdy WT. Nhitng két qua nay da chiang minh rang, su biéu hién qua
muc cua AcF3'5'H & ba dong O dau chuyén gen (Tg-4, To-6, va To-13) da 1am ting
ham luong flavonoid trong cdy chuyén gen. Pay 1a bao cao dau tién vé su bién nap

gen va phan tich sy biéu hién qua muc cua gen F3°5°H & cay O dau.
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KET LUAN VA PE NGHI
Két luan

1. Bang phuong phap hinh thai so sanh két hop véi phan tich m4 vach DNA dua trén
trén trinh tu ving ITS, cac doan gen matK, rpoC1, rpoB2 di xac dinh cac mau O dau
thu tai huyén Quan Ba va Hoang Su Phi, tinh Ha Giang, Viét Nam thuoc cung loai A.
carmichaelii, chi Aconitum, ho Hoang Lién (Ranunculaceae). Trinh tu matK la mét
g cir vien ma vach DNA t6t dé dinh danh loai O dau (A. carmichaelii) va la giai

phap trong phan tich tién hda va phéat sinh loai phan ta caa chi Aconitum.

2. Mbi truong thich hop cam ng tao da chdi ¢ cay O dau 1a MS co ban + sucrose 30
o/l + agar 9 g/l + BAP 1,5 mg/l. Mo ré 13 vat liéu thich hop cho cam ung tao ré to &
cay O dau. Lay nhiém mé ré boi R. rhizogenes véi ODggo = 0,6; AS 100 umol/I; thoi
gian nhiém khuén 15 phut; thoi gian dong nudi ciy 3 ngay; nong do cefotaxime 500
mg/l 12 nhitng diéu kién thich hop cho cam {ng tao 1é to & cdy O dau. Mai truong
MS ¢ trang thai 1ong khong bo sung chit diéu hoa sinh trudng, nudi lic thich hop

cho su tang truong ré to ¢ cay O dau.

3. Ving m& hoa cua gen AcF3°5’H duoc phan 1ap tir mRNA cua cay O dau c6 kich
thudc 1521 nucleotide, md hdéa 506 amino acid. Vector chuyén gen thuc vat
pCB301 AcF3’5’H véi sy diéu khién cua promoter 35S, chira gen AcF3’°5’H phan
lap tir cay O dau, gan thém cau tric c-myc va KDEL da duoc thiét ké thanh cong va

tao duoc hai dong A. tumefaciens mang vector chuyén gen pCB301 AcF3’5 'H.

4. Vector chuyén gen pCB301 AcF3’5’H duoc bién nap thanh cong vao mé 1a Thudc
l4 va tao dugc cay Thudc 14 chuyén gen AcF3’°5°H. Gen chuyén AcF3°5’H da biéu
hién tao protein tai to hop rAcF3’5’H va lam tang ham luong flavonoid trong cay
Thudc 14 chuyén gen tir 691,20 + 2,02 dén 907,83 + 5,14 (ug/g) va cao hon tir 69,23
dén 222,27 (%) so voi cac cay WT (408,43 + 5,11 pg/g).

5. Mau bién nap dé nhiém vi khuian Agrobacterium 1a chdi in vitro, mat do A.

tumefaciens thich hop 1a ODgg = 0,8, nong do AS 100 umol/l va thoi gian nhiém
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khuan 1a 30 phat. Gen chuyén AcF3°5’H dugc bién nap thanh cong vao cay O dau
bang lay nhiém A. tumefaciens tai t6 hop vao chdi in vitro, va di tao dugc 3 dong O
dau chuyén gen & thé hé T,. Su biéu hién manh cua gen chuyén AcF3’5’H da 1am
tang ham luong enzyme F3°5°H va 1am ting ham lugng flavonoid tong sé trong 14
ctia cac dong chuyén gen To-4, T-6 va To-13 tir 39,13% dén 62,63% so véi cay WT.

Pé nghi

1. Tiép tuc phan tich va danh gia 3 dong O dau chuyén gen nham chon duoc dong O
dau chuyén gen c6 ham luong flavonoid cao va 6n dinh.

2. Tiép tuc phan tich thanh phﬁn héa hoc, tim kiém hop chit co gia tri dugc hoc va so
sanh ham luong duogc chét cua ré to, ré in vitro va ré, ca O dau trong dé lam co so

chon dong ré to c6 ham lwgng cac hop chat tha cap ¢6 hoat tinh sinh hoc cao.
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A.kusnezoffil: FXAIESISL.1
ITS_HSP_MH41051%.1

ITS_QB _MHALO0520.1

A. carmichasli; AYST12352.1
A, carmichasli: E0591%60
A. carmichasli: FUQ41716
A. carmichaeli; FUD41717
A, carmichasli: FU041718
A. carmichasli: FUQ41719
A. japonicum: EJOT8605.1
Ackasnezoffii: FMI69351.1
ITS_HSP_MH4A10515.1
ITS QB MHM410520.1

A, carmichasli: AYSTL1352.1
A. carmichasli: EUSS1GEQ
A. carmichaeli; FUD41716
A, carmichasli: FUO41717
A. carmichasli: FUQ41718
A. carmichaeli; FUD41719
A, Japonicum: EJOTH605.1
A.knanezoffily FRAIEF3ISL.1
ITS _HSP MII41051%.1
ITS_QB_MH410520.1

A. carmichasli: AYSTI13D2.1
A. carmichaeli; EUS31%20
A, carmichasli: FUO41716
A. carmichasli: FUQ41717
A. carmichaeli; HUO41718
A, carmichasli: FU041719
A. Japentenm: FEIDTEE05.1
A.kusnezoffil: FXAIESISL.1
ITS_HSP_MH41051%.1
ITS QB _MHA10520.1
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Phu luc 1. Trinh ty ving ITS phan Iap tir hai mau O dau HSP, QB va mat sé trinh ty
ving ITS cua loai O dau (Aconitum carmichaelii Debx.), loai Aconitum japonicun va
loai Aconitum kusnezoffii
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Phu luc 2. Két qua phan tich bang BLAST trong NCBI cua vung ITS phan lap ti

~

mau O dau thu tai huyén Quan Ba (A) va huyén Hoang Su Phi (B), tinh Ha Giang.

Max Total Query E Per.
Score Score Cover value Ident

Aconitum carmichaeli internal transcribed spacer 1, partial sequence; 58S ribosomal RNA gene, complete sequence; and intemal transcribed 1109 1109 100% 00  98.41% AY571352.1

Description Accession

Aconitum nipponicum YiM1 genes for ITS1, 5,85 rRNA, ITS2, partial and complete sequence 1105 1105 100% 00 98.25% LC378820.1

Aconitum carmichaelii internal transcribed spacer 1, partial sequence; 5.8 ribosomal RNA gene, complete sequence; and intemal transcribed 1103 1103 100% 0.0  98.25% MH922985.1

<IN <H <] <]

Aconitum kusnezoffi internal transcribed spacer 1, partial sequence; 5,88 ribosomal RNA gene, complete sequence; and intermal transcribed ¢ 1103 1103 100% 0.0  98.25% MH447360.1

A

Descrioti Max Total Query E Per, ¢
sl Score Score Cover value Ident s

Aconitum carmichaeli internal transcribed spacer 1, partial sequence; 58S ribosomal RNA gene, complete sequence; and internal transcribed 1092 1092 100% 00  97.94% AY571352.1
Aconitum nipponicum YiM1 genes for ITS1, 5,88 rRNA, ITS2, partial and complete sequence 1088 1088 100% 0.0 97.78% LC378820.1
Aconitum kusnezoffii var, gibbiferum voucher WT20141009_29 internal transcribed spacer 1, partial sequence; 5.8 ribosomal RNA gene, con 1088 1088 99% 00 98.08% KX368365.1
Aconitum carmichaelii intemal transcribed spacer 1, partial sequence; 58S ribosomal RNA gene, complete sequence; and intemal transcribed 1086 1086 100% 00  97.78% MH922985.1

<< << <]

Aconitum kusnezoffi internal transcribed spacer 1, partial sequence; 58S ribosomal RNA geno, complete sequence; and intornal ranscribed « 1086 1086 100% 00  97.78% MH447360.1

B
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Phu luc 3. Trinh ty doan gen matK phan lap tir hai mau O dau HSP, QB va mét sb
trinh ty gen matK cua loai O dau (Aconitum carmichaelii Debx.), loai Aconitum

japonicun va loai Aconitum kusnezoffii

matl FXI47251.1 A.carmichalii
matf_KY407560.1_A. carmichaeli
matl HSP L539B144.1

matl O 15390143
matf_ETH20671.1_A. kosnazoffii
mntﬂ'_ FTEIDSGT0. J._A Jjaponico:

matf FXI47251.1 A.carmichalii
mAtE FY407560.1 A. carmichaeli
mat¥_HSP_LS39E144.1

matk OB LS390143
matF_KTB20ET1.1_A. Kusnezeffii
mat¥y_ KTAZ0&T0.1 A, japonicum

matF BX347251.1 A.carmichalii
matl EY407560.1 A. carmichasli
mtl{"_EISF Lliaﬁafi'-:. 1

matk | D | L5T90143

matF ETE20671.1 A. kosnazoffid
maty  KTEIDET0.1_A. japonicum

matF FX3I47251.1 A.carmichalii
matF_EY407560.1_A. carmichasli
mati HS5F L539B144.1

mat | L QD | LS390143

matF ETB20671.1_A. kosnazorffii
mAtK_ KTAZOS70.1_A. japonicon

mat® FXIL4T251.1 A.carmichalii
EatF_EY407560.1_A. carmichasli
mati HSF LE3098144.1

matk | L 0D | Le300143

Dﬂtﬁ' RTB20671 f1_A. knanazofiil
mati  HTHZDS70.1_A. japonicum

matF FX347251.1 A.carmichalii
matl EY407560.1_A. caraichaeli
matl HSP LS390144.1

matF OB LS398143

matl ETEZ0G6T1.1_A. kKusnszoffiid
matk KTH2D&YD.1_A. japonicom

matF FX347251.1 A.carmichalii
patl EY407560.1_A. carmichaeli
matk HSE L5398144.1

matF_(B LS398143

eatl FTE20671.1_A. Enanszoffii
matk KTH2D670.1 A. japonicum

matF EX347251.1 A.carmichalii
matF_FY407560.1_A. carmichasli
maty HSP LS398144.1

matF OB LS398143

matf FTE20E71.1_A. koanszoffii
matl  KTH20670.1_A. japonicum
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mat® EXI4T251.1 A.carmichalii
matk_EY407560.1_A. carmichaeli
mat¥_HSP_L5396144.1

mat¥ gD LS399143
mat®_ETEZ0671.1_A. kasnezoffii
mat¥_ KTHI0670.1_A. japonicem

mti{_ﬁx3l?25 1. I_A. carmichalil
matf_KY407560.1_A. carmichaeli
BALH_HSP _LS30BL144.1
mat'n’_qﬁ_]_"r!?ﬂ-l 43

mat® ETEZ06T1.1_A. kosnezoffii
BALF_ FTE20670.1_A. Japonicuos

maty FX247231.1 A.carmichalii
matF EY4075360.1_A. carmichaeli
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mat¥  RTHIOET0.1_A. japonicum
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Phu luc 4. Két qua phan tich bang BLAST trong NCBI ciia doan gen matK phan lap

~

tir mau O dau thu tai huyén Hoang Su Phi (A) va Quan Ba (B), tinh Ha Giang

select all 100 sequences selected GenBank Graphics Distance tree of results

Description S':ere ;:::Ie g:vez vafuo l:::;t Accession
Aconitum carmichaelii plastid:chloroplast genomic DNA containing MatK gene region, isolate HSP, Hagiang 1519 1519 100% 0.0 100.00% LS398144.1
Aconitum japonicum subsp. maritimum Cy2 chloroplast matK gene for maturase K, partial cds 1443 1443 99% 00 9841% LC378835.1
Aconitum carmichaelii chloroplast, complete genome 1443 1443 99% 0.0 98.41% KY407560.1
Aconitum kusnezoffii voucher NIBR:VP0000529885 chloroplast, complete genome 1443 1443 99% 00 9841% KT820671.1
Aconitum japonicum subsp. napiforme voucher NIBR:VP0000494223 chloroplast, complete genome 1443 1443 99% 00 9841% KT820670.1
Aconitum jaluense subsp. jaluense voucher NIBR:VP0000494214 chloroplast, complete genome 1443 1443 99% 0.0 98.41% KT820668.1
Aconitum ciliare voucher NIBR:VP0000486323 chloroplast, complete genome 1443 1443 99% 00 98.41% KT820666.1
Aconitum carmichaelii voucher ACAR20151205 chloroplast, complete genome 1443 1443 99% 0.0 98.41% KX347251.1
Aconitum jaluense subsp. jaluense KgK1 chloroplast matK gene for maturase K, partial cds 1437 1437 99%1V0lo" \\98129%VECA56242.1

A
- Max %

Pescaption ;::)ar:a goujewr v-fuo E:;z Accession
1519 100% 0.0 100.00% LS398143.1
Aconitum japonicum subsp. maritimum Cy2 chloroplast matK gene for maturase K, partial cds 1441 1441 100% 0.0 98.30% LC378835.1
Aconitum carmichaelii chloroplast, complete genome 1441 1441 100% 0.0 98.30% KY407560.1
Aconitum kusnezoffii voucher NIBR:VP0000529885 chloroplast, complete genome 1441 1441 100% 0.0 98.30% KT820671.1
Aconitum japonicum subsp. napiforme voucher NIBR:VP0000494223 chloroplast, complete genome 1441 1441 100% 0.0 98.30% KT820670.1
Aconitum jaluense subsp. jaluense voucher NIBR:VP0000494214 chloroplast, complete genome 1441 1441 100% 0.0 98.30% KT820668.1
Aconitum ciliare voucher NIBR:VP0000486323 chloroplast, complete genome 1441 1441 100% 0.0 98.30% KT820666.1
Aconitum carmichaelii voucher ACAR20151205 chloroplast, complete genome 1441 1441 100% 0.0 98.30% KX347251.1
Aconitum jaluense subsp. jaluense KgK1 chloroplast matK gene for maturase K, partial cds 1435 1435 100% 0.0 98.18% LC456242.1

B
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Phu luc 5. Trinh tu nucleotide doan gen rpoC1 phan lap tir cay O dau Quan Ba, Ha
Giang va trinh tu mang ma s6 KX347251 trén GenBank.

rpoll-KEX347251
el L =110 . meg

rpoCl-KX3I4 7251
o i = HO . sy

rpoCl -FEX3I4T281
POl = HO . seg

rpaCl-FEX147351
rpoCl -HG. saq

rpenCl -FEXI 47251
rpall-HG. aaq

rpoCl-EX347251
rpa L =110 . meg

rpocl -KX347251
rpenCd = Hi . sy

rpoCl-FX347251
POl ~Hid . 3

rpaCl-EXI4738)
rpefl -HG. zaq

roenCl -EX347251
rpall-HG. saqg
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Phu luc 6. So d6 hinh cdy mé ta mdi quan hé di truyén giira cac loai O dau trong chi

Aconitum dua trén trinh tu nucleotide ctia doan gen rpoC1

0.2

KTR20G662 580
KTE20565 5eq
KTE20566 58
KTB20867 seq

KTE20562 580
N N VT -

KTB20864 seq

0 %



Phu luc 7. Trinh ty nucleotide doan gen rpoB2 phan lap tir mau O dau Quan Ba, Ha

145

Giang va trinh ty mang ma sé6 KX347251 trén GenBank

Phu luc 8. So d6 hinh cay md ta mdi quan hé di truyén gitra cac loai O dau trong chi

A.carmichaclii-KX347251.

AG

A.carmichael1i-KX347251.

HC

A.carmichaelii-RX347251.

HG

A.carmichaeli1i1-KX347251.

HG

A.carmichaelii-RX347251.

HG

A.carmichaelii-KX347251.

HG

A.carmichaelii-RKX347251.

HG

A.carmichaclii-KX347251.

HG

250 2€0 270 280 230 300

............................................................

430 440 450 40 470
B L I IR I IR ST P IR R I
GCCCGACTTACTCCGCAATTTAGATAGAAATGGAATTGTGATGCTGGGATC

eresCueiaianisnsnessassencrisnsenasnassresenssenana

Aconitum dya trén trinh tu nucleotide cua doan gen rpoB2.

0.2

A _chiisanense-KT820665 seq
A lycoctonum- FNG688T8.seq
A _napellus-FNE6BETT seq
A_anthora- FNE68680_seq

A kusnezoffi-KT520671.seq
A kusnezoffi-KT964696.seq

|~ A. japonicum-KT820670.seq
A_jaluense- KT820669 seq
(|A.carmichaeli-KX347251.1.seq

HG-rpoB . seq

0 %



Phu luc 9. Trinh tu nucleotide ctia gen AcF3’5’H phan lap tir cay O dau va trinh ty
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nucleotide ctia gen F3°5’H ciia O ddu mang ma s6 IN635708.1 trén GenBank

JHEIET0R. 1
AP35 -0

JHEISTO0E.]
AoF3 ' S H-QB

JHEISTOE. 1
AeF3 St -0

JHEISTO0E.]
AUF3' 5 H-QR

JHERLTOR. ]
AP35 =00

JHEISTOE.]
ACFI B H-QR

JHERSTOE. ]
AeF3 ' S =00

JHEIET0E. 1
ACFI' S "H-QR

JHEISTOE. 1
RCF3 5 =00

JHEISTOR. ]
AcF3 5 =0

JHEISTOR. 1
ACF3 5 H-OB

JNGISTOE. 1
ACF3' S H-QB

JNGIETOE 1
AcF3'5'H-0B

TNEASTOB, 1
AcP3 5 H-0B
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THGISTRE. ]
AcFA' S H-0B

JHGISTOR. 1
AcF3* 5 H-QB

JHGISTO8. 1
ACF3" 5L H-QB

JHGISTRE. ]
AcFA' 5 H-CB

JHEISTOE,
ACF3' 5" H-0B

JHEISTOR, 1
AcFI'5YH-QB

JNEISTOE, 1
AeF3'S'H-QR

JHEISTOE. 1
AeF3t5H-0B

JHEISTMIB. 1
MNCF3t5TH-0B

JHEISTORE,
ACF3" 5 H-QB

JHG3RT04 .1
ACF3'S"H=0B

JHGEIST0E, 1
A:F3'S'H-QB
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Phu luc 10. Trinh ty amino acid suy dién tir doan ma héa cua gen F3°5’H mang mi s6
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JN635708.1 trén GenBank va tir gen AcF3°5 'H cia cdy O dau Quan Ba, Ha Giang
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AoF3' S 'H-QB

JHEIETOE .1
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JHE3IETOE . 1
Ac=F3'5"H-QB

JHE35TO8 .1
AcF3'5"H-QB

JMEILTOR .1
AcFI'5"H-QB

JMEISTOR .1
AcFI'5 H-QB

JHEISTOE .1
AcFI'5 H=-QR
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Phu luc 11. Thanh phan mdi truong nudi cay vi khuan

Moi trwong

Thanh phan

LB long

Bacto pepton 10 g/l + Nacl 5 g/l + Yeast Extract 5 g/l, pH =7

LB dic

LB long + agar 8 g/l

Phu luc 12. Thanh phan moéi treong tai sinh cay thudc 14 chuyén gen

Moéi trueong

Thanh phan cho 1 lit dung dich

MS; CaCl, 0,44 g

MS, KNO;1,9 g + KH,PO, 0,17 g + NH;NO3 1,65 g + MgS0,.7H,0 0,37 g
HsBO; 6,2 mg + MnSQO,.4H,0 22,3 mg + CoCl,.6H,0 0,025 mg +

MS; CuS0,4.5H,0 0,025 mg + ZnSO,4.7H,0 8,6 mg + Na,Mp0O,4.2H,0 0,25 mg
+ K1 0,83 mg

MS, FeSO,.7H,0 27,8 mg + Na,EDTA 37,3 mg

MSs Myo-Inositol 100 mg + Thiamine HCI 0,1 mg + Pyridoxine HCI 0,5 mg +
Nicotic acid 0,5 mg + Glycine 2 mg

MS 20 ml stock MS; +20 ml stock MS, + 5 ml stock MS; + 5 ml stock
MS, + 5 ml stock MS5

LMS 10 ml stock MS; + 10 ml stock MS, + 2,5 ml stock MS; + 2,5 ml stock
MS, + 2,5 ml stock MSg

oM M? + BAP 1 mg/l + sucrose 30 g/l + agar 9 g/l
B6 sung kanamycin 50 mg/] + cefotaxime 500 mg/1

M MS + IBA 0,1 mg/l + sucrose 30 g/l + agar 9 ¢/l

B6 sung kanamycin 50 mg/I

* Ghi chii: Cde méi trieong déu dwoc chuan pH = 5,6 va kha tring. Thi nghiém duroc

tién hanh & nhiér d@é 25 + 2°C, thoi gian chiéu sang 16 gio sang/ngay
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Phu luc 13. Thanh phan moéi trudng tai sinh cay O dau chuyén gen

Ki higu Thanh phan
MS + mudi B5 0,42 g/l + MES 3,5 g/l + sucrose 30 g/l + agar 12 g/l
CCM B6 sung: vitamin B5 1 mg/l + AS 100 pum/l + L-cysteine 400 mg/I +
BAP 1,5 mg/l
SIM1 M:S. + mudi B5 3,20 g/l + MES 1,0 g/l + sucrose 30 g/l + agar 12 g/l
Bo6 sung: vitamin B5 1 mg/l + BAP 1,5 mg/l + Kanamycin 50 mg/I
SIM2 M:S. + mudi B5 3,20 g/l + MES 1,0 g/l + sucrose 30 g/l + agar 12 g/l
Bo6 sung: vitamin B5 1 mg/l + BAP 1,5 mg/l + Kanamycin 75 mg/I
MS + MES 1,0 g/l + sucrose 30 g/l + agar 12 g/l
SEM B sung: vitamin B5 1 mg/l + L-asparagine 75 mg/l + L-pyroglutamic
acid 100 mg/l + GA; 1,0 mg/l + IAA 0,1 mg/l + Kanamycin 50 mg/I
M MS + MES 1,0 g/1 + sucrose 30 g/l + agar 12 g/l + nuéc dira 100 ml/I

B sung: IBA 0,5 mg/l + Kanamycin 50 mg/I

* Ghi chii: Cdc méi trwong déu dwoc chudan pH = 5,6 va khi tring. Thi nghiém duwroc

tién hanh & nhiér @6 25 + 2°C, thei gian chiéu sang 16 gio sang/ngay.

Phu luc 14. So db ciu tric vector pBT, pRTRA7/3, pCB301

Phu luc 14.1. So d6 ciu tric vector tach dong pBT

Apal Sacl
Sphl Notl
Xbal Xbal
; Ncol Spel
@Q - Notl BamHI
< EcoRl Smal
Ndel Pst
EcoRl
HindIII EcoRl
\ Spel HindIII
: EcoRI Clal
\_/ BamHI Sall
Pstl Xhol
Xhol Apal
Sacl Kpnl

Kpnl
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Phu luc 14.2. So d6 cau trdc vector pPRTRA7/3

BamHI
Ncol

anti-ABA scFv
CaMV3isSs /
HindIIl LEGT3 / Nod
sazzzs ’
MR
c-myc lag
KDEL BamHI
- pRTRA 7/3
E.coli on 4232 bps poly A
HindIll

Phu luc 14.3. So db cau tric vector chuyén gen pCB301

Gen ;huyén
KDEL CaMV35s

LB

c-myc
polyA y

lacZ oriV

pCB301
8116 BP

Nos promoter \

RB



