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MO DAU

1. it van dé

Pau tuong [Glycine max (L.) Merrill (2n=40)] thudc ho Pau (Fabaceace)
la loai cdy trong co vi tri quan trong trong co ciu cdy ndng nghiép va trong
doi sdng ctia con ngudi cua nhidu qudc gia trén thé giéi va & Viét Nam. Dau
tuong khong chi ¢ gia tri kinh té va dinh dudng, ma con giit vai tro quan
trong trong viéc cai thién do phi nhiéu cua dat va sir dung bén viing tai

nguyén dét canh tac.

Piu tuong dugc xem 1a cdy trong nhay cam véi cic tac dong cia cac
yéu to bat loi phi sinh hoc va thudéc nhom cdy chiu han, man kém. Han va
man |1a cac yéu td phi sinh hoc nghiém trong nhét va c6 thé lam giam ning
suat dau tuong khoang 40%, tham chi dén 90%, dong thoi lam giam chat
lwong hat. Hién nay, do bién doi khi hau toan cau, dic biét 1a han kéo dai,
luong mua khong déu & cac thoi diém trong nim va gitta cic ving mién;
nuédc bién dang xam lan dat trong trot, gay thiét hai 16n cho san xuit nong
nghiép & nhiéu quéc gia, trong d6 c6 Viét Nam. Do do, giai phap chon tao
giéng dau trong c6 kha niang chiu han, chiu min tmg pho véi bién doi khi hau
1a vin dé cép thiét, co tinh thoi sy & Viét Nam cling nhu ddi véi nhiéu qudc
gia trén thé gidi.

Pic tinh chiu han, chiu man caa cdy dau tuong do nhiéu gen quy dinh.
San pham cua mdi gen cd thé lién quan truc tiép dén sy biéu hién kha ning
chéng chiu han, man nhu gen lién quan dén tong hop proline, su kéo dai ré
hoic cac gen diéu hoa nhém gen chiu han. Nghién ciu su biéu hién cac gen
diéu hoa sy phién ma cua nhém gen chéng chiu céc yéu té bat loi phi sinh hoc

la c4ch tiép can day hta hen trong chién lugc phét trién giong dau tuong c6



kha nang chdng chiu tot cac nhan té phi sinh hoc, nhu han, man, khé, nhiét. ..
Mot sb gen ma hoéa nhan t6 phién ma & dau tuong da dugc mo ta 1a ¢ phan
ung véi tac dong cua han, man & mac phién ma, trong dé cé protein DREB
(Dehydration responsive element binding protein). DREB la mot phan ho cua
nhan té phién md AP2/ERF (APETALAZ2/Ethylene-Responsive), co kiéu tac
dong trans va c6 thé lién két vai trinh tu cis dé kich hoat biéu hién gen muc
tiéu khi cé tin hiéu stress phi sinh hoc, do @6 cai thién kha nang chiu han ¢
nhiéu ddi tuong thuc vat. Phan ho DREB ¢ cay dau twong gom cac thanh vién
duoc xac dinh cd trong hé gen va mot sé san pham dich ma cua cac gen
GmDREB di dugc khang dinh ¢d chirc nang chiu han va chiu man. Tuy nhién,
mot vai thanh vién trong phan ho gen DREB chua duoc nghién ctu day du va
lam rd vai trd cta ching dbi véi tinh chiu han, chiu min cua cay dau tuong,

trong dé c6 gen GmMDREBG.

Huéng tiép can tng dung k¥ thuat chuyén gen méa hda nhan té phién ma
DREB va lam r8 chirc niang cuia mot s6 gen GmDREB trong hé gen cay dau
tuong nham cai thién dac tinh di truyén, tao cac dong chuyén gen thich nghi
véi diéu kién han, min duoc dic biét quan tim. Vi vay, gen ma hoa nhan té
phién m4 DREBG lién quan dén tinh chdng chiu cac strees phi sinh hoc noi
chung va tinh chiu han, man néi riéng duoc lya chon 1am gen chuyén trong
muc dich cai thién kha nang chiu han, chiu man cua cdy dau twong. Xuat phét
tir nhitng |y do trén, ching t6i da chon va tién hanh dé tai luan an: “Nghién
ciru biéu hién gen GmDREB6 nham nang cao kha ning chiu min & cay

chuyén gen”.
2. Muc tiéu nghién ctu

2.1. Phan tich dugc dic diém caa phan ho gen DREB trong hé gen caa cdy dau
tuong (Glycine max (L.) Merrill).



2.2. Biéu hién duoc protein tai t6 hop GmMDREBS6 va danh gia duoc chirc ning

sinh hoc cuia gen chuyén GmDREBS trén cay chuyén gen.

2.3. Bién nap duoc céu tric mang gen chuyén GmDREB6 vao du twong va

tao dugc cdy dau twong chuyén gen.
3. N§i dung nghién cau

3.1. Nghién ctru dic diém cua phan ho gen DREB ¢ cay dau twong bang Tin

sinh hoc

1) St dung Tin sinh hoc dé tim kiém cac trinh ty gen DREB cua cay dau

tuong trén ngan hang dir liéu NCBI.

2) Xac dinh sb lwong gen DREB, vi tri, s6 ban copy cua mdi gen DREB trong

hé gen cay dau tuong.
3) Xay dung cay phat sinh chung loai cia phan ho DREB ¢ dau tuong.

3.2. Nghién cau thiét ké vector chuyén gen thuc vat chira gen GmDREB6 va

phan tich bién hién gen GmDREBS trén cay thudc I4.

1) Nghién ctu théng tin vé gen DREB6 ciia dau twong tir ngan hang dir liéu
NCBI, thiét ké va tong hop nhan tao GmDREBS.

2) Thiét ké vector chuyén gen mang cu tric chira gen GmDREBS.

3) Phan tich biéu hién cia gen GmDREB6 tir dau tuong trén ciy thudc la &
muc phién ma

3.3. Nghién cttu mirc d6 biéu hién cua gen GmDREBG, NtP5CS, NtCLC trén
cay thudc 14 chuyén gen bing Real time gRT-PCR

1) Phan tich biéu hién gen GmDREBS tir dau tuong trén cay thudc 14 chuyén

gen.



2) Phan tich mac do biéu hién caa gen NtP5CS va NtCLC trén cay thudc 14
chuyén gen GmDREBS.

3.4. Nghién cru bién nap ciu trac mang gen GmDREBG vao ciy diu tuong

1) Lay nhiém Agrobacterium tumefaciens tai t6 hop vao 14 mam dau tuong.

T&i sinh da chdi, ra ré va tao cay dau twong chuyén gen.

2) Xac dinh sy c6 mat va sy phién ma cua gen chuyén GmDREBSG trén cac

cay dau twong chuyén gen To.
4. Nhirng dong gop mei caa luan an

Luan &n 1a cong trinh nghién cau dic diém cua phan ho gen DREB
trong hé gen cdy dau twong va phan tich biéu hién gen GmDREBG trén cay
thudc 14 chuyén gen. Nhimg déng goép mai cua luan an duoc thé hién cu thé
la:

1) ba xac dinh dugc 18 gen GmDREB thudc phan ho DREB cua cay dau
tuong (Glycine max) nam trén 17 nhiém sic thé. Gen GmDREB6 ¢ 8 ban
copy, cac gen con lai 6 tir 1-4 ban copy. Mién AP2 phé bién c6 59-60 amino
acid va motif PTPEMAARAYDVAALALKGPSARLNFPEL c6 & tat ca cac
protein DREB cua dau tuong. AP2 chira 11 diém lién két voi promoter cua
cac gen chirc nang pho bién 128 RGRRWKERRWT. Cay phét sinh chung loai

ctia cac gen GmMDREB va mién AP2 di thé hién sy tién hoa cua ho gen nay.

2) Sy biéu hién cia gen GmMDREBS tir ddu twong lam ting mac d6 phién ma
cua cac gen NtP5CS va NtCLC cua cy thudc 14 chuyén gen trong diéu kién
stress mian di dugc chung minh bang thuc nghiém. Trong diéu kién stress
man, cac dong thudc 14 chuyén gen ¢ muac phién ma caa gen GmDREBS ting

tir 2,40 dén 3,22 (lan) so voi diéu kién khong xir Iy man; mac do phién ma



cua gen NtP5CS ting tir 1,24 dén 3,60 (1an), cia gen NtCLC ting 3,65 - 4,54
(1an) so véi cay WT (P <0,05).

3) Pa bién nap thanh cbng cu tric mang gen chuyén GmDREB6 vao gidng
dau twong DT22 thdng qua A. tumefaciens tao duoc 8 cdy dau tuong chuyén
gen GmMDREBG6 dwong tinh v&i PCR va 5 ciy cho két qua phén tich RT-PCR.

5. Y nghia khoa hoc va thuc tién cia dé tai luan an

Két qua nghién ctru phan ho gen DREB ¢ dau tuong da 1am rd dic diém
cling nhu sy phat sinh cua phéan ho gen DREB ¢ cay dau tuong tao co s¢ dir liéu
cho céc nghién cau chirc nang cua cac gen DREB trong hé gen cua cay dau

tuong.

Két qua phan tich sy biéu hién manh cia gen GmDREBS6 lam ting muc
d6 phién ma cua gen NtP5CS va NtCLC cua cdy thudc 14 chuyén gen da
ching minh vai tro ctiia nhan t6 phién ma DREB6 ddi vai kha nang chiu man

cua cay ddu twong trong diéu kién stress man.

Vector chuyén gen pBl121_GmDREB6 c6 thé sir dung chuyén vao cay
dau tuong hoac cac loai cdy trong khac trong muc dich ting cuong kha ning
chiu man cuaa cay chuyén gen, mo ra trién vong ang dung cdng nghé gen vao
thuc tién chon gidng cay trong. Bong thoi, nhiing két qua bude dau tao cay
chuyén gen GmDREB6 d3 md ra hudng nghién ctiu wng dung ki thuat chuyén
gen tao ra gidng dau twong chiu mian gop phan ung phd vai bién doéi khi hau
va han man thuong xuyén xay ra hién nay ¢ Viét Nam.

Céc bai bao cong bb trén cac tap chi khoa hoc — Cong nghé qudc gia va
qudc té la nhimg tu liéu tham khao c6 gia tri trong nghién cau, giang day sinh

hoc va cong nghé sinh hoc.



Chwong 1. TONG QUAN TAI LIEU

1.1. CAY PAU TUONG VA PAC TINH CHIU HAN, CHIU MAN

1.1.1. Cay dau tuwong

Cay dau tuong (Glycine max (L.) Merrill) thudc ho dau Fabaceae, chi
Glycine, 1a mot loai cay trong duoc biét dén tir rat 1au. Cac bang chimg vé lich
str, dia 1y va khao c6 hoc chi ra rang dau tuong c6 ngudn gbe tir Trung Qudc
xuat hién vao khoang thé ky XVII trudc cong nguyén, sau d6 loai cay nay
dugc ¢ nhiéu nuéc Chau A Chau Au va Hoa Ky. Hé thong phén loai dau
tuong dua vao dic diém vé hinh thai, phan bé dia ly va sé lugng nhidm sic
thé. Chi Glycine dugc chia ra thanh 7 loai hoang dai lau nam, va chi phu Soja
duogc chia ra 1am 2 loai: loai dau twong trong Glycine (L.) Merr va loai hoang

dai hang nam Glycine Soja Sieb va Zucc [2].

Vé dic diém thyc vat hoc, dau tuong 1a cdy than thao, ty thu phan, cay
trong can thu hat, gom than, ré, 14, hoa, qua va hat (Hinh 1.1). Tt Iic nay
mam dén khi cay c6 5 14 that (3 14 kép) khoang 25-30 ngay sau khi gieo, than
sinh truong V6i te do binh thuong. Khi cdy da c6 6-7 14 that (4-5 14 kép) than
bat dau phét trién manh, tc do manh nhat vao Iic ra hoa ro (Hinh 1.2). Su
khac biét cua ciy dau tuong véi cdy trong khac 1a khi cay ra hoa ro lai 1a Iic
than canh phat trién manh nhét. Pay 14 giai doan 2 qué trinh sinh truéng sinh
dudng va sinh truéng sinh thuc canh tranh nhau dan dén khing hoang thiéu
dinh dudng, cho nén can phai cung cip day du dinh dudng trude khi vao thoi

ky nay va tao diéu kién cho bo ré phét trién thuan loi.



Hinh 1.1. M6t s6 dic diém hinh thai cdy dau twong (Glycine max)
A: Hinh vé mé ta hinh thdi cdy ddu twong [149]; B: Madu ép ddu tiong [150];

C: Hoa ddu twong; D: Not san dau twong; E: Cdy ddu twong, qud va hat; F:
Hat dau twong [151]

RE dau twong gdm co ré cai va nhiéu ré con, ré cai do phéi phat trién
thanh va c6 thé an sau t6i 150 cm, thong thuong chi an sau 20 — 30 cm. Tir ré
c4i moc ra nhiéu ré con. Trén ré c6 rat nhiéu ndt san, do 1a két qua cua su
cong sinh giita vi khuan Rhizobium japonicum véi ré. Not san ¢6 thé dai 1em,
duong kinh 5 — 6 mm, khi méi hinh thanh né c6 mau tring sira, khi phat trién
t6t nhat nét san c6 mau do hong thi c6 kha ning cb dinh nito manh, néu ndt

san cat ngang c6 mau den la khong con kha nang co dinh nito [2].
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Hinh 1.2. Cac giai doan sinh truéng cta cdy dau tuong [151]

Than cay dau twong c6 nhiéu 16ng nho va nhiéu dot, 1a moc tir cac dot,
canh moc tir nach 14. Than cdy c6 mau xanh, xanh nhat, tim nhat. Chiéu cao
than dao dong tir 20 — 50 cm, cb thé 1én t6i 150 cm va duoc chia 1am nhiéu
loai nhu than ding, ban ding, leo. Dua vao su sinh truong cua than chia
thanh céc loai 1a sinh truong hitu han (than ngung phat trién khi qua chin),
sinh truéng ban hiru han (qua sap chin than van tiép tuc dai ra) va loai hinh

trung gian [2].

L4 dau twong c6 3 loai: 14 mam, 14 don va 14 kép c6 3 14 chét. La co thé
c¢6 hinh qua xoan, ngon gido, tring. Mau xanh cua 14 c6 anh huong dén san
luong qua, 14 ndm canh hoa nao thi c6 quyét dinh dén chinh chum hoa, qua
d6. PO goc sap xép la trén ciy co y nghia quan trong, d6 goc hep 14 sap xép
thang goc voi tia sang thi c6 kha nang tan dung duoc nhiéu ning luong mit

troi va co thé trong day dé thu ning suat cao [2].

Canh trén than thay d6i ty theo gidng, thoi vu va diéu kién canh tac.
Canh moc tir d6t thir nhat téi d6t tha 12, moc khoe tir d6t thu 5 - 6. Gidng
chin sém vu xuan c6 thé khong c6 canh hodc chi c6 tir 1 - 2 canh, cac giéng

chin mudn vu he ¢ tir 4 - 6 canh. Trong chon tao giong muc ti€u chon ra cac



gidng c6 sb canh cip 1 trén cdy nhiéu dé ting ning suit. Mot sd ving trong
dau tuong ap dung bién phap ngit ngon khi cay c6 4- 5 14 dé ting kha ning
phan canh [2].

Hoa dau twong duoc phét sinh tir nach 13, ddu canh hodc dau than, hoa
cO0 mau tim, tim nhat, tréng. Hoa dau tuong rat bé, ¢ chiéu dai 6 -7mm va
moc thanh chum. Hoa c6 ciu tao dang canh budém dic trung véi éng dai 5
canh khong bang nhau va trang hoa bao gom canh co phia sau, 2 canh bén va
2 canh phia trudc tiép xuc nhau. BO nhi hoa g(‘A)m 10 nhi chia thanh 2 nhém,
nhém 1 gém 9 nhij véi cudng dinh v6i nhau thanh mot khéi va nhém 2 nhi chi
c6 1 nhuy hoa, nhuy hoa c6 1 14 noan va tir 1 dén 4 14 noan dinh. Hoa ra nhiéu

nhung ty & rung rat cao khoang 30% c6 khi 1én ti 80% [2].

Qua dau tuong thudc loai qua giap, sé qua trén cay tuy thudc vao giéng
va diéu kién ngoai canh, s qua trén cdy dao dong tir 10 - 20 qua vdi cac
gidng chin sém, cac giéng chin trung binh va chin mudn thi sé qua trén cay
nhiéu hon, c6 thé 1én t&i 150 qua/cay. Mdi qué co tir 1 - 4 hat nhung chu yéu
la 2 - 3 hat. Hat thuong c6 dang hinh tron, det, bau duc. Mau sic hat ¢6 thé 12
vang, vang rom, xanh, hodc mau den nhu mdt $6 giéng nhap noi. Giéng co
hat mau vang gia tri thuong pham cao. Trong hat, phdi thuong chiém 2%, 2 14
tar diép chiém 90% va vo hat 8% tong khdi lwong hat. Cac gidng c6 ron hat
mau tring duoc ua chudng hon cac gidng c6 ron hat mau den, niu. Khoi
lwong 1000 hat thay d6i tuy theo giéng va diéu kién canh tac, c6 thé dao dong
tir 50 - 400g [2]. Khi cé4c hat d3 rdn dan va dat dén do chin sinh ly vo hat c6
mau sac dic trung cua gidng, con vo qua thi chuyén sang mau vang, vang tro,
xam, 14 cdy ciing chuyén sang Ua vang va rung dan. Ham lwong dau trong hat
dugc on dinh sém lic hat dang phat trién nhung ham lugng protein thi van
con chiu anh huong cua diéu kién dinh dudng cia cay cho dén cubi thoi ki

cua qué trinh chin [2].
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CAac nhan té sinh théi cling anh huang khong nho dén sy sinh truong va
phat trién cua cay dau tuong. Dat trong thich hop nhat 1a dat thit nhe, toi x4p,
sam mau, thoang, thoat nudc, pH tir 6,5- 7,2. Thoi ky moc nhiét do thich hop
nhat 1a 18- 22 °C, pham vi nhiét d6 tdi thiéu va téi da cho thoi ky moc 1a 10
°C va 40 °C. Nhiét d6 thich hop nhét cho sy sinh truéng canh 14 1a 20- 23 °C,
thap nhat 1a 15 °C, cao nhat 1a 37°C. Nhiét ¢6 dudi 10 °C ngin can sy phan
hoa hoa, duéi 18°C da c6 kha nang lam cho qua khong dau. Nhiét do thich
hop nhat cho thoi ky ra hoa la 22- 25 °C. Nhiét d6 thich hop nhat cho thoi ky
hinh thanh qua va hat 12 21- 23 °C, thip nhat 13 15 °C cao nhit 1a 35 °C. Thoi
ky chin nhiét do thich hop nhat 1a 19- 20 °C. Nhiét d6 25- 27 °C hoat dong

cua vi khuan ndt san tét nhat.
1.1.2. Pic tinh chéng chiu han, min cia cdy diu twong

Céc tac dong bat loi tir ngoai canh hay nhiing stress c6 thé 1a nhan t6
sinh hoc hodc phi sinh hoc. Céc stress phi sinh hoc thuong xuyén tac dong
dén thuc vat nodi chung, cdy dau twong noi riéng. Nhimg yéu to6 méi truong
gdy ra stress 14 ung nudc, han, nhiét dd qua cao hodc qua thap, dat man, thiéu
chit dinh dudng trong dét; 4nh sang, gid, kim loai nang va ton thuong co hoc.
Su chéng chiu hodc man cam doi vai stress phu thudc vao dac tinh cua loai,
kiéu gen, cac giai doan phat trién cta thuc vat. Nhitng phan tng cua thuc vat
ddi véi cac tac dong cua cac stress thé hién & su thay ddi biéu hién gen, trao
d6i chat trong té bao cho dén nhiing thay doi ti 1& sinh trudng va ning suat.
Thoi gian, mtc d khéc liét cua stress anh hudng dén kha ning phan tng cua

cdy trong.

Tinh chéng chiu 1a kha nang cua thuc vat ngan ngua, khang lai va chiu

dung dugc cac tac dong bat loi tir ngoai canh. C6 ba dang chéng chiu cac
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stress phi sinh hoc, d6 1a kha nang tranh stress (stress avoidance), kha nang

khang stress (stress tolerance) va kha nang chiu dung duoc cac stress.
1.1.2.1. Tac dong cia han va co ché phén tir cia tinh chiju han

Han 1a hién tugng thuong xuyén xdy ra trong tu nhién va lién quan tryc
tiép dén van dé nudc trong co thé thuc vat. Han ciing nhu nhimg yéu té ngoai
canh khac khi tic dong 1én co thé, gy ra cac phan Gmg ctia co thé, tuy theo
ting loai, gidng ma mirc do phan Gng cia co thé cling nhu thiét hai khé han
gdy ra khac nhau: mot ) bi chét, mot sb bi ton thuong, mat sb6 khac bj anh

huong, con s6 khac ¢ thé khong bi anh hudng...

Hién tuong kho xay ra khi mat mot phan nude trong cac co quan O giai
doan nhét dinh cta chu ki séng ¢ thuc vat (hat, bao tr). Hién tugng nay khong
lam anh huong dén té bao, mo cua ciy. Pay 1a qua trinh bién ddi trang thai
trong té bao co su diéu khién ctua hé thong thong tin di truyén. Trong giai
doan hinh thanh hat, t¢ bao bi mat nudc, kha nang chiu han tang Ién. Kha
nang nay dat cuc dai ¢ thoi ki hat chin va cé chiéu hudng giam dan khi hat
nay mam. Hat kho con c¢6 kha niang chéng chiu v6i hang loat cac diéu kién

ngoai canh bét loi khac nhu nhiét do, gio [9].

Han do tac dong ctia moi truong gdy anh huong dén doi sng cia cay,
c6 thé dan dén hay hoai cdy cbi va mat mua. Hién tuong nay xdy ra khi trong
moi truong dat va khong khi thiéu nude dén mire 4p suét thim thiu cua cay
khong canh tranh duoc dé ldy nudc vao té bao. Nhiing yéu td bat lgi nay
chinh 14 cac thanh phan nhu thd nhudng, nhiét do, gié nong hay thoi tiét va
khi hau.

C6 thé phan biét hai loai han do méi truong tac dong, d6 1a han dat va
han khong khi. Han dat thuong xay ra nhiing ving c6 khi hau hay thé nhudng

dic thl, han dat tac dong manh Ién bo ré cua cay. Su tac dong nay duoc biéu
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hién qua su diéu tiét cac hormon gilp cho cdy chdng chiu duoc diéu kién cuc
doan [11]. Han khéng khi, nhiét d6 thuong xay ra & nhirng vung gio, nhiét do
cao. Han khong khi thudng tac dong chu yéu Ién cac bo phan bén trén mat dat
nhu 14, hoa... Han do tac dong cua mai trudng dan dén hién twong mat nudc

trong cay & cac bo phan mé, té bao khac nhau [9].

Han tac dong 1én cay theo hai hudng chinh: lam tang nhiét do cay va
gdy mat nudc trong cay. Nudc 1a yéu t gidi han doi véi cdy trong, vira 1a san
pham khdi dau vira 14 san pham trung gian va cudi cing cac qud trinh chuyén
hoéa sinh hoc. Nudc 13 méi trudng dé cac phan tmg trao do6i chat xay ra, do
vay viéc cung cap nudc cho ciy trong la muc tiéu tao giéng chong chiu
thuong xuyén duoc quan tim. Muc do thiéu hut nudc cang 16n thi cang anh
huong x4u dén qua trinh sinh trudng va phat trién cua cdy. Néu thiéu nudc
nhe s€ lam giam tbc do sinh trudng, thiéu nudc tram trong s€ lam bién doi hé
keo nguyén sinh chat lam ting cudng qua trinh gia hoa té bao khi bi kho kiét
nudc, nguyén sinh chét bi dit v& co hoc dan dén té bao, mé bi ton thuong va
chét. P6i v4i thuc vat noi chung va cdy trong noi riéng, han anh huéng manh
va gdy hiu qua nghiém trong dén hai giai doan sinh trudng, phat trién cua
cdy, do la giai doan cay non va giai doan ra hoa [9]. Nhu vay, anh hudng cuc
doan ctia han ¢ bat cir giai doan sinh truéng nao cua cdy trong ciing tac dong

dén cac yé€u to cau thanh nang suat, [am gidm nang suat cua cay trong.

Stress phi sinh hoc 12 nguyén nhan chinh ddn dén mat mua trén toan thé
gidi, gy ra thiét hai dén ning suat binh quan hon 50% ¢ nhiéu loai ciy trong.
Trong s6 cac stress phi sinh hoc, han 13 yéu t6 chinh 1am giam niang suat cay
trong. Stress han phd v& su cAn bing ndi mdi va phan bd ion trong té bao
[147]. Cay trong phan (mg vdi cac stress han théng qua cac con duong truyén
tin va phan tng té bao nhu téng hop cac protein stress, ting cudng cac chat

chéng oxy hoa, tich lily cac chat tan [37]. Cac nghién clru gan day cho thay,
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han gay ra nhimng tac dong tiéu cuc & tat ca cac cap do va cac giai doan phat
trién cta thuc vat. Trong cac loai han tac dong dén thuc vat, han sinh Iy gay
mét nude do do man cua dat 1a rat nghiém trong. pé khang lai cac stress han
sinh ly, trong co thé thuc vat dién ra chudi cac qua trinh hoa sinh, v6i su tham
gia ctia rat nhiéu yéu t6. Trong diéu kién han, cac phan Gng sinh hoa khéac
nhau duoc kich hoat trong cay, tich liiy nhiéu loai chét dé hoa tan, nhu duong,
amnio acid, glycine betaine va polyamine. Cac chit tan trong té bao 1am tang
ap suat tham thau nay dé gitp cac cay trong doi phd véi han [50], ting ham
luong cac chat chéng oxy hoa, ching han nhu glutathione S-transferase,

superoxide dismutase, guaiacol peroxidase va catalase [19].

Gan day, nhimg hiéu biét vé biéu hién gen, co ché phién ma va co ché
truyén tin hiéu phan tng vdi stress han cua cdy trong da duoc cong bd. Nhiing
phan tich sinh hoc phéan tir va di truyén hoc da tao nén tang cho nhitng kham
pha chirc nang gen va tng dung trong k¥ thuat di truyén véi viéc sir dung mot
s6 gen chirc ning hodc mot sd gen diéu hoa lién quan dén tinh chiu han, chiu
man cua cay tréng [124]. Vi vay, co s¢ phan tir cua dic tinh chiu han ¢ thuc
vat ndi chung va cdy dau twong noi riéng ciing dan dugc sang to. Cac gen
phan mg véi stress han co thé chia thanh 2 nhom chinh: Nhom gen chirc ning
ma san pham cua ching tham gia truc tiép vao cac phan ung stress han nhu
gen diéu hoa ap sudt tham thau, gen ma hoa cac protein chdng oxy hoa, gen
mé hda protein LEA (Late embryogenesis abundant), gen ma hoda protein van
chuyén LTP (Lipid trasfer protein), aquaporin; nhom gen diéu khién cho ra
cac san pham bao gém cac nhan t phién ma va cac protein kinase truyén tin
hiéu. Cac nhén t6 phién ma lién quan dén kha ning chiu han dang dugc quan
tdm nghién ctru bao gdbm DREB, WRKY, bZIP, MYB, NCED va AP2ERF.
Céc protein kinase truyén tin hiéu bao gém: Protein kinase phu thudc cao,

MAPK (Mitogen activated protein kinase), RPK (Receptor-like protein
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kinase), PIK (Phophatidyl inositol kinase) va protein kinase serine/threonine
[78].

Su biéu hién ciia cac gen cam mg v&i han lién quan chat ché voi qua
trinh phién ma. Sy biéu hién ctia cic gen ndy chiu anh huong rat nhiéu cua
moi trudng trong va ngoai co thé va & nhidu mirc 46 diéu hoa. Cac nhan t6
phién ma (Transcription factors - TF) dong vai tro diéu khién quan trong cta
nhiing thay d6i trong biéu hién gen va phan mg véi cac stress moi truong. C6
thé thay 1d & thuc vat, cac gen ma hoa nhéan to phién ma chiém phan 16n trong
hé gen. Vi duy, cay Arabidopsis c6 dén 1500 TF trong hé gen [108]. Nhan t6
phién ma c6 thé kich thich hodc trc ché qua trinh phién ma cta gen chirc ning.
Céc nhan t6 nay da dugc str dung dé lam ting cuong kha niang chiu han cho
cdy trong va hau hét cac gen nay di duoc xac dinh va phan tich ¢ cay
Arabidopsis [29]. Hién nay, protein DREB (mét trong bon phéan ho 16n cia ho
AP2/ERF) 12 nhém TF duogc nghién ctiru va thu dugce cac két qua kha quan
trong diéu kién tress phi sinh hoc, bdi vi nd kich hoat su biéu hién cta nhiéu
gen muc tiéu chiu trach nhiém kiém soat cac yéu t6 lién quan [55]. Trong cay
Arabidopsis, nhan t6 phién ma DREB tac dong dén 474 gen muc tiéu. Trong
s6 nhitng gen nay, 160 gen c6 dap tmg véi stress phi sinh hoc va 27 gen cam
g voi tinh trang thiéu nudc [80]. Nhu vay nhén t6 phién mé trong phan ho
DREB la ddi tuong hép dan cho nghién ctru dac tinh chiu han va xay dung

bién phap cai thién kha nang chiu han ctia cay dau tuong.
1.1.2.2. Tac dong ciia min va co ché chiu min ¢ cAy diu twong

Nong do chat hoa tan trong dung dich cang cao thi kha ning tham thau
cia nudc cang nho. Néu khong chira mudi thi nude dé thAm qua mang bén
thadm dé di vao té bao chit, tuy nhién, mac do thdm con phu thudc ap suét noi

bao, tlrc 1a stic cdng cua t€ bao. Dat khong nhiém man c6 tiém ning tham thau
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thap, nguoc lai dat nhiém min c6 tiém ning thim thau cao. Thuc vit séng
trén dt nhiém man chiju hai tac dong sinh ly, d6 1a hién tugng han sinh ly,
nuéc s& tham thau tir t& bao ra ngoai méi trudong; va tic dung gy doc té bao

clia c4c ion trong dat nhiém min [38].

Ham luong mudi cao c6 thé anh huong dén sy phat trién ciia cy trong
vi chung 1am thay doi hé vi sinh hoat dong trong dat va chung truc tiép lam
suy giam su sinh trudng va phat trién ctia cy trong. Mudi NaCl tac dong dén
thue vat & hai phuong dién, tham thau va ino gay hai trao doi chat. V& phuong
dién tham thau, NaCl 1am tang ap suat tham thau ¢ mdi truong ngoai, nén can
tré st hut nude cua cay; dong thoi 1am mat nudc cua té bao ré ciy va té bao
khi khong gay dong khi khong. Vé mit gy hai cho trao doi chat, Na* canh
tranh K* & vi tri lién két vdi cac enzyme, trong khi K* kinh hoat hon 50
enxyme trong t& bao, diéu ma in on Na* khong co chirc ning ndy. Bén canh
d6, khi Na* vao té bao lai doi hoi tong nhiu chét tan twong thich & chat
nguyén sinh tiéu ton nhiéu ATP va gy hai qua trinh trao doi chat. Sy can
bang ndi méi cua cac ion rat quan trong boi vi nong do ion rit cao hodc rat
thap co thé tc ché hoat dong ciia enzyme trong té bao. Hau hét cac enzyme c6
thé bi tc ché bsi ndng do Na* bat dau ¢ 100 mM. Cac 14 gia di cung voi su
giam ham luong diép luc va kha ning quang hop [84]. Khi bi nhiém min thuc
vat han ché kha ning thim thiu nudc ctia mang té bao [108]. Sy tich liy va
duy tri néng do cao cac chat tan trong té bao 1am tang ap suat tham thau

chéng lai hién twong han sinh 1y [91].

Cay trong c6 thé tranh duoc nhitng tac dong ti€u cuc cua diéu kién man

1a han ché sy xam nhdp cua cac ion. Vi du nhu cam quyt va nho cé thé giir
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Na* trong ré va than cdy, khong tich trit & chdi. Nhimg nghién ciru vé tac
dong cua NaCl Ién sinh trudng va phét trién cia ciy trong nhu lta mach
dong té bao cam nudi ciy in vitro, va trao doi ion & lua... cho thay thuc vat c6
kha ning thich g trong mot gidi han nhat dinh voi tic dong clia mudi trong
moi truong dat va nuée. Tuy nhién, muac do chéng chiu man con phu thude

vao kiéu gen cua thuc vat (Hinh 1.3).

Stress man

receptors
""'_F'—-_F-- \“\
/ Con durdmz NAC
smMSC dng phu ABA P ~
e P\ \
a . A %
> % i
Cca®* signalure bZIP \ g
DREBS GmTDF-5 '
( = M‘I’Eu"MYC
Gaz‘ sensors GmDREBs

i
(]
[ ]
1
! veno] | Phiénma
Kinases/phosphatases, | _|DRE | lﬂBF‘E[ MYCRS :
e.g. CIPKs (rd28A) (rd29A) i
az2 :

GmCIPK1

Nhitng thay df‘:@ vé mat sinh I va
hoa sinh didn dén kha nang chéng
chiu man

Hinh 1.3. So d6 con duong dan truyén tin hi€u trong té bao khi bi stress man
& thuc vat bac cao. ABA: abscisic acid; bZIP: basic leucine-zipper; DRE va

ABRE: yéu t6 dap Gmg vo&i han han va yéu t6 dép ung véi ABA trong

promoter rd29A; CIPK: protein kinases gibng SOS2; GmMAAPK,

GmbZIP132, GmCaMs, GmNACs, GmSCA1, GmSTL, GmSTY1, GmTDF-
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5,. protein tham gia chiu man ¢ dau twong; MYBRS: Vi tri nhan biét MYB
trong promoter rd22; MYCRS: Vi tri nhan biét MYC trong promoter rd22;
MYB, MYC, NAC, (NAM, ATAF1, ATAF2, CUC2): C4c nhan t6 phién ma.
Céc thanh phan trong 6 den da duoc xac dinh trong dau twong. Cac dudng
cham cho biét con dudng phu thudoc ABA. Cac duong lién nét chi ra con

duong khong phu thuoc ABA [102].

Céc co ché sinh ly va sinh hoa khac nhau trong té bao da gitp thuc vat
ton tai, sinh truong va phét trién trong moi truong cd nong d6 mudi cao. Céac
co ché bao gom (1) can bang ndi méi va ngan ngua ion, (2) van chuyén va
hap thu ion (3) sinh tong hop céc chat bao vé tham thau va cac chat hoa tan
tuong thich, (4) kich hoat enzyme chdng oxy hoéa va tong hop cac hop chét
chéng oxy hoa, (5) tong hop polyamine, (6) tao oxit nitric (NO), va (7) diéu

ché hormon [22].

Protein van chuyén clorua (Chloride channel-CLC) la chat van chuyén
anion quan trong ton tai & vi khuan, nAm men, thuc vat va dong vat [127]. Cac
ion CI rat quan trong ddi véi mot sé qué trinh sinh hoc trong té bao, nhu khir
cuc mang, diéu chinh thé tich té bao, kha ning chdng lai stress man, kha nang
chiu dung vai kim loai. C6 thé suy doan rang protein CLC c6 thé tham gia
vao qua trinh su di chuyén caa CI- qua cac bao quan trong té bao [148]. Su
biéu hién cua protein CLC da lam tang van chuyén CI- tir t& bao chat vao
khong bao va tao kha nang chdng chiu NaCl cho té bao [71]. O lda, xi ly
bang NaCl lam ting qua trinh phién ma caa gen CLC-1, diéu nay cho thay gen
CLC-1 d4 tham gia vao qua trinh van chuyén CI-[36], [86].

Thuc vat séng trong diéu kién stress man biéu hién cac triéu ching
hoac phan &ng sinh ly phé bién do su tich tu mirc d6 doc hai cua céc ion (Na*,

Cl~ va SO,") trong té bao cua ching, dan dén mat can bang dinh dudng va
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tham thau va mat nuéc [106], [122]. Hon nita, cac loai phan tng oxy hoéa
(ROS) di tao ra cac gbc tu do, chang han nhu anion superoxide (0%), géc
hydroxyl (OH") va hydrogen peroxide (H.O,) tich tu trong cac cay bi stress do
mubi [18], [58]. Hién tuong ndy cé thé dan dén thanh té bao thuc vat c6 thé bi
pha v&, 1am cho té bao thuc vat chét [106], [122]. Su tich tu cac ion Na*va CI
trong dung dich dat dan dén gay doc té bao va tai d6 cac ion nay giy tré ngai

cho cac nguyén té thiét yéu khéac, chang han nhu canxi va kali [54].

O cac loai thuc vat séng thuong xuyén trén dat nhiém man c6 kha ning
thu nhan va tich tu Na* va Cl" cao hon nhiéu so vé6i thuc vat c6 kha ning chiu
man kém [39]. Pay la co ché chinh tao nén tinh chiu min cua thuc vat séng
trén dat nhiém [47]. Su tich liy betain va glycinebetain c6 tac dung lam gia
tang tinh chju man [50]. Khi bi xir Iy bang mubi hoic KCl, té bao thuc vat da
xuat hién cac protein la va cac protein nhom nay ciing da dugc tim thay trong
té bao thudc 14 nudi cdy in vitro, ca chua, dau xanh va cay dinh lang sau khi
xtt 1y mudi. Hoat dong cta mot s6 enzyme nhu polyphenol oxydase va
catalase tang 1én & hat lta nay mam trong diéu kién man. Méi lién quan giita
ABA, tinh chiu mudi va su téng hop cac protein dic biét 1a diém mau chdt
khéi dau cho nhimg nghién ctru sdu hon vé co ché chiu min cua thuc vat, boi
vi cac loai protein nay c6 mdi lién hé giira stress ctia moi truong bén ngoai

v6i nhimg dic diém sinh 1y va phan tir bén trong té bao thuc vat [125].

Claes va cs sir dung phuong phéap dién di hai chiéu da tim thay 8 protein
moi ¢ ré ciia giéng lta Tai chung native khi bi xtr Iy mudi va xac dinh duoc
mot chudi protein co khéi lugng phan tir 1a 15 kDa, diém dang dién 1a 5,5
[32]. Nhiéu cong trinh di nhan xét rang ham luong proline di ting trong cac
dong té bao chju NaCl [55]. Vai tro cua proline ddi v6i kha ning chiu min
ctia thyc vat dugc thé hién & hién tuong ting su tich luy khi cay gip man.

Viéc bd sung proline ngoai sinh va glycine betain vao moi truong nudi cay
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phdi cdy Hordeum ougare di lam ting kich thudc chdi khi xir 1y bang NaCl.
Céc dot bién lam ting tong hop proline nhiéu hon binh thudng thi thuc vat c6
kha ning chiu min t6t hon. Van dé hién nay 1a nguyén nhan va hiéu qua cua
su tong hop proline trong phan ung ddi v6i NaCl 1a van chua duoc biét can
ké&. Viéc cay gitr lai NaCl trong khong bao va proline trong té bao chat co thé
la dé tang kha nang chong chiu min [55]. Qua trinh tham thau chu yéu duoc
dap ung voi1 su tich tu cac chit hoa tan trong diéu kién han va min lam tang
kha nang gitr nude cia té bao [117]. Puong hoa tan, proline, glycine betaine,
axit hitu co va dudng trehalose 13 mot s6 chat tham thau chinh. Béo céo cua
Kaya va cs cho rang su tich lily proline da ting 1én ¢ cAy ngd bi stress man
[61]. Hon nita, cic gen ma hoa cac enzyme tong hop proline, arginine va mot
s6 gen khac co thé co vai trd quan trong trong kha ning chiu man & lodi ca

chua dai (Solanum chilense) [59].

Con dudng sinh tong hop proline ¢ thuc vat co sy tham gia cta hai
enzyme chinh: A’-pyrroline-5-carboxylate reductase (P5CR) va A’-pyrroline-
5-carboxylate synthetase (P5CS). Sy biéu hién qud mic ctia P5CS ¢ dau
tuong 1am ting ham lugng proline trong cdy chuyén gen, din dén mot dong
chuyén gen c6 kha ning chiu man cao [55]. Sy tich tu proline 1a mot trong
nhitng nguyén nhan chinh 1am ting ap suat tham thau, do d6 1am ting kha
nang gilr nudc cua cay [143]. Nhu vay, PS5CR va P5CS la hai enzyme xuc tac
cho phan tng cudi cing dé san sinh ra proline. Ting cuong biéu hién gen ma
hoéa hai loai enzyme PSCR va P5CS s¢€ lam tang hoat tinh enzyme va lam tang

kha nang chiu man cua thuc vat [145].

Cac gen CLC thuc vat dau tién duoc nhan ban trén cay thudc 1a [77],
[50] va cho dén nay, hau hét théng tin vé gen CLC va protein cta n6 trong hé
théng thuc vat da dugc thong bao [148]. O dau twong, Li va cs bao céo rang
gen GmCIC tuwong dong 78% vai AtCIC-a & cay Arabidopsis. Protein CLC
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dugc phat hién khi cay nhan duoc tin hiéu tur stress NaCl va stress han. Su
hién dién cua CLC lam tang su van chuyén ion CI- tir té bao chat vao khong

bao va c6 kha ning chdng lai NaCl cho té bao BY-2 cua thude 14 [71].

RéE cay dau twong chiu min dong mot vai tro tich cuc chinh trong viéc
loai trir ion va kha ning chiu han sinh ly. Nghién ctu vé dau tuong da goi y
mot s gen ma su biéu hién cua ching duoc gay ra hoic bi wc ché trong cac
dong chiu mian trong diéu kién man va do do6 co thé tham gia vao phan tng
cua cay va thich tng vai stress do muéi nhw GmNHX1, GmCLC1, GmCAX1,
GmPAP3, CDPK,...[49], [102]. Viéc xac nhan cac nghién ciu biéu hién gen
nay la can thiét cing voi mo ta dac diém vai trd caa gen d6i Vi stress mudi
théng qua cac nghién ctu biéu hién qua muac va loai truc tiép vé cac cdy mau
trudc khi thong tin ndy c6 thé duoc st dung trong viéc lai tao cac dong dau

tuong chiu man.

1.2. NHAN TO PHIEN MA DREB O THUC VAT VA CAY PAU
TUONG

1.2.1. Pic diém cia phan ho DREB ¢ thuc vat va cAy diu tuwong

Cac nhan té phién ma (transcription factor-TF) ¢6 thé duoc phan chia
thanh nhiéu loai khac nhau dya trén cau tric ving lién két caa ching véi soi
DNA. Cac TF 1a nhan té c6 tac dong trans lién két vai trinh tu cis dam nhan
vai trd trung tdm hoat héa promoter trong biéu hién cua céc gen muc tiéu. Céc
cong trinh nghién ciu vé DREB déu khang dinh rang, protein DREB la nhan
t6 phién ma tham gia tich cuc vao qué trinh chéng chiu voi cac diéu kién bat
loi ctia mdi truong bang cach kich hoat hoat dong cua cac gen tham gia truc
tiép chdng lai cac diéu kién bat lgi nhu han, min va lanh ma khdng can thong
qua su tac dong cua ABA [8], [15], [9].
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Céac protein DREB duoc tim thay trong té bao thuc vat, dic biét khi
thuc vat gap cac didu kién ngoai canh bat loi nhu han, man va lanh. DREB
thudc ho AP2/ERF, day 1a mot nhém 16n cac nhan t phién ma & thuc vat, bao
gom bdn phan ho 16n: AP2 (APETALA 2), RAV (Relatedto ABI3/VP1), ERF
(Ethylene-responsive element binding factor) va DREB [41]. Protein DREB
chara mién AP2 c¢6 trinh tu bam dac hiéu véi yéu té cis: DRE, AIGCCGAC.
Mién AP2 c6 khoang 59- 60 amino acid. Cac amino acid caa DNA bingding
thuoc mién AP2 caa DREB1 va DREB2 lién két dic hiéu véi DRY, cho nén
nhém nhan t6 DREBI diéu khién tinh chiu han, man va lanh, trong khi nhém
DREB2 diéu khién tinh chiu han, man [74]. Vi vay, viéc nghién cau vé DREB
dang duoc cac nha khoa hoc quan tdm boi ching khong truc tiép tham gia vao
qua trinh chéng chiu han, min nhung kich hoat dong thoi su biéu hién caa
nhiéu gen cé chirc ning chdng chiu cac stress phi sinh hoc. Nghién cuu
DREB s& gillp cai thién kha ning chdng chiu cuaa thuc vat dbi véi han va man

théng qua chuyén gen.

Protein thuoc ho AP2/ERF ciing duoc tim thay ¢ ca nhiing thuc vat bac
thap nhu tao xanh (Chlamydomonas reinhardtii) [45], twong dong véi céc
mién AP2/ERF & vi khuan. Do d6, c6 gia thuyét cho rang cac mién AP2/ERF
duoc chuyén tir mot loai vi khuan Canobacterium cong sinh hoic tir mot loai
vi khuan hay virus bgi hién tuong bién nap gen. O dau N va & dau C cua ving
AP2/ERF c6 chira mot doan xoan B ¢ chic ning nhan biét diém bam trén

promoter [80].

T nhimg nam 80 cua thé ky XX, cac nha khoa hoc trén thé gisi da
quan tdm nghién ctu vé DREB, giai trinh ty nucleotide cia gen DREB trén
cac loai ho cuc (Asteraceae), huéng duong (Helianthus annuus), 1Ga mi
(Triticum aestivum L.)... va két qua trinh tu gen DREB giita cac loai cay trong

va hoang dai da tim thay su sai khéc gitra chiing. Tir 6, phuong an cai thién
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kha ning chéng chiu diéu kién moéi trudng song bat lgi thong qua viéc cai
tién & muc phan tir da duoc dé xuat, d6 1a chuyén gen muc tiéu tir lodi chéng
chiu tét vao loai chong chiu kém, hoac biéu hién qua mac gen ma hda protein
lién quan dén tinh chéng chiu caa chinh loai d6. Nhitng gen nay bao gom ca
cac gen chirc ning mi hoa céc protein lién quan dén nhitng chat chuyén héa
quan trong dbi véi kha nang chiu han, chiu man hoic ma hoéa cac nhan tb
phién ma. Bdi véi cay ddu twong, huéng nghién ciru nay budc dau da dat

duoc nhitng thanh cong nhat dinh.

Dubouzet va cs (2003) nghién cuu chirc nang gen DREB trén l0a cho
rang gen OsDREB1A, OsDREB1B, OsDREB1C, OsDREB1D, OsDREB2A
dugc biéu hién khi mat nuéc va ndong dd6 mudi cao. Cac OsDREBIA va
OsDREB2A tao protein lién quan dén yéu t6 DRE va kich hoat phién ma cua
gen GUS tham gia vao qué trinh chong chiu han [39]. Yang va cs (2007) da
phan lap dugc phan ho DREB trén ddi tuong hoa cuc, theo d6 phan ho gém
DmDREBa va DmDREBD, nhitng gen nay mé hoa cho hai protein co 191
amino acid va 185 amino acid véi du doan trong Iugng phan tir la 21,66 va
20,99 kDa, céc protein cua 2 gen nay dwoc biéu hién khi cay hoa ctc bi han,
lanh [140].

Nhiéu thanh vién phan ho DREB phan tng véi diéu kién bat loi da
duoc phan 1ap va md ta. Nhitng nghién cau di khang dinh céc gen trong phan
ho DREB la nhitng thanh t quan trong, lién quan dén sy phan ang véi nhan
t6 bat loi phi sinh hoc & thuc vat bang cach diéu khién biéu hién gen théng
qua céc trinh ty DRE/CRT [146]. Cho dén nay, nhiéu nhan t6 phién ma thuoc
phan ho DREB tur cac loai thuc vat khac nhau da duoc chirng minh co lién
quan dén phan ng cua stress phi sinh hoc. Cu thé, protein DREB1 va DREB2
dong vai trd quan trong trong viéc chéng chiu stress bang cach kich hoat gen
chie nang phién ma thong qua lién két véi c4c trinh ty DRE/CRT dé hoat hoa


http://translate.googleusercontent.com/translate_c?hl=vi&sl=en&u=http://www.omicsonline.com/ArchiveJCSB/Ft01/JCSB1.021.html&prev=/search%3Fq%3DDREB%2Banalysis%2Bby%2BRT-PCR%26start%3D10%26hl%3Dvi%26sa%3DN&rurl=translate.google.com.vn&usg=ALkJrhgpNiJjXInBD-h-G6r1hHv9vHbhOg#Yang
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promoter cua ching [79]. Pay chinh 1a 1a co s& cho viéc nghién ctu tang
cuong kha ning chiu han cua cdy dau twong bang ki thuét biéu hién manh
gen GmDREB.

Mot sb thanh vién caa phan ho gen DREB duoc xac dinh cd trong hé
gen cua cay dau twong. Mdi gen trong ho DREB ¢ trinh tu, d6 dai khac nhau
nhung déu duoc biéu hién manh khi cay dau twong gap cac stress phi sinh hoc
[102]. O Viét Nam, van dé nghién ctiru vé DREB ¢ cdy trong n6i chung va cay
dau twong noi riéng van con rat mai me, 6 mot vai céng trinh cong bo vé gen
DREB thudc nhém nghién ciru cia Chu Hoang Mau va cs tir nim 2010 dén
nay. D6 1a nghién ctru dic diém cau tric gen DREB1 (2010), DREB5 (2011),
DREB2 (2015), DREB6 (2019)... [10], [9], [55]. Chinh vi vay, viéc nghién
cttu gen DREB s& tao co s& cho cac nghién cau wng dung va chuyén gen

DREB ¢ cay dau tuong.

Trong s6 cac gen GmDREB trong hé gen cua cdy dau twong, mot sd
gen da duoc lam r6 chac nang, nhu GmDREB1, GmDREB2, GmDREBS3,
GmDREBS. Trong d6, GmMDREB1 c0 chitc nang chiu ndng, han va lanh [8].
GmDREB2 duoc xac nhan lam tiang kha nang chiu han, chiu man cua cay
chuyén gen [33], [130]. GmDREB3 lam ting cudng kha ning chiu lanh, han
va man & cdy Arabidopsis bién ddi gen [30]. GmDREBS5 lién quan dén kha
nang chiu man [105]. Tuy nhién, & phan ho gen nay, théng tin vé chiic ning
cia mot vai gen GmMDREB con chua day du, vi du nhu gen GmDREBS,
GMDREB?7...; d¢6ng thoi, can thiép tang cudng biéu hién (overexpression) gen
GmDREB dé ting su kich hoat phién ma lam thay doi mtrc d6 biéu hién cua
cac gen chtrc nang, nham nang cao kha ning chiu han cta ciy dau tuong 1a

nhitng van dé can duoc giai quyét.
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Phan ho DREB thudc ho AP2/ ERF duoc phan loai thanh 6 phan nhom,
A -1 dén A - 6 [108]. DREB1A va DREB2A lan luot I thanh vién caa phan
nhém A - 1 va A - 2. Hé gen cua Arabidopsis bao gom s&u gen trong phan
nhom A - 1: DREB1A/ CBF3, DREB1B/ CBF1, DREB1C/ CBF2, DREB1D/
CBF4, DREB1E/ DDF2, va DREB1F/ DDF1 [74], [78]. DREB1B, DREB1A
va DREBIC duogc sip xép theo thir tu d6 trong vung 8,7 kb cua bd gen
Arabidopsis; su biéu hién cua ba gen DREB1 nay duoc gay ra bai stress lanh.
Ba gen DREB1 nay chii yéu hoat dong trong biéu hién gen cam ang véi stress
lanh & Arabidopsis [81]. Su biéu hién cua DREB1D la do mit nudc [48],
trong khi DREB1F duoc gy ra bai ¢6 man cao [103]. Céac gen chinh théng
ctia DREB1 d3 dugc bao cdo ¢ nhiéu lodi thuc vat mot 14 mam, chang han nhu
cay cai dau (Brassica napus), bach dan (Eucalyptus), ca chua, lia mach, ngé,

la, 10a mi va rieng ngap man [89], [100].

Nhom nhan té phién ma DREB2 & cay Arabidopsis gom c6 8 thanh vién
[108] va ¢ cay lua cd 5 thanh vién [80]. Phan tich sy phat sinh chung loai céc
protein DREB2 tur cay Arabidopsis va cay lua, cling nhu cac protein lién quan
cho thay, phan nhém DREB2 lién quan chat ch& véi phan nhém A-3 va phan
nhém DREB2 trong cay Arabidopsis va lia c6 thé déu dugc chia thanh ba
phan nhém phu [80]. Phan nhom DREB2 ciing da dugc phan tich & mot s6
loai thuc vat hat kin khac nhu hudng duong [35], IUa [39], 10a mi [40], lua
mach (Hordeum vuigare) [137], ngd (Zea mays L) [100]. Hau hét cac gen
DREB2 di dugc cdng bé déu cam ung véi su mat nudc hodc nhiét do cao,
nhung cac gen DREB2 tur thyc vat than cé con cam tng vai lanh [35], [80].
Diéu dang chu y 1a tat ca cic DREB2 duogc phan lap c6 cam ang stress thudc
phan nhom phu 1, trong do6 bao gém DREBZ2A, DREB2B, DREB2C, DREBZ2E
va DREB2H cua céy Arabidopsis, ciing nhu OsDREB2A va OsDREB2B cua
cay lGa. Phan nhém phuy 2 bao gom DREB2D, DREB2G ¢ cay Arabidopsis va
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OsDREB2C & cay lda, trong khi phan nhém phu 3 gom DREB2F & cay
Arabidopsis va OsDREBZ2E ¢ cdy lua. Cac gen DREB2 ¢ hai phan nhém phu
nay khéng c6 hoic cam ung khong dang ké trudc cac stress va ciing chua
duoc phan 1ap tir cac thuc vat khac, mic di tat ca cac loai thuc vat hat kin déu
cb cac gen thudc 2 phan nhdm phu nay, song vai tro cua chung con it dugc
biét dén [80], [108]. O ciy dau twong, gen GMDREB1 dugc xac dinh gom
nhiéu ban copy. Kidokoro va cs (2015) da xac dinh duoc 14 yéu té phién ma
kiéu DREB1 (GmDREBL) tur co sé dit liéu bo gen dau tuong. Su biéu hién
cua hau hét cac gen GmDREBLI trong dau tuwong duoc gay ra boi nhiéu loai
stress phi sinh hoc, chang han nhu lanh, khd han, mudi cao va néng. Cac
protein GmDREBI di kich hoat qua trinh phién ma théng qua DRE (yéu té
dap tng mat nudc) & cay Arabidopsis va dau tuwong [63]. Su biéu hién cua
nhiéu gen chirc nang phan &ng véi cac stress phi sinh hoc ciling ting 1én khi
biéu hién qua mac GmDREBI1B & dau twong. Gen GmDREB1 c¢6 ma sb
FJ965342 va ID 547622 trén GenBank, nam trén nhiém sic thé s6 9 cd kich
thudc 705 bp, ma hdéa 234 amino acid (Hinh 1.4A), con gen GmDREB1 (ID
547642) c6 kich thudc 525 bp, ma héa 174 amino acid (Hinh 1.4B).

Chen va cs (2007) da phan 1ap gen GmDREB2 tir dau tuong va dya trén
su giéng nhau vé mién AP2/ERF, gen GmDREB2 duoc xép vao phan nhém
A-5 trong phan ho DREB. Gen GmMDREB2 duoc biéu hién manh trong moi
truong stress han, man, nhiét do thap va co6 ABA [29]. Trong cay thuéc 14
chuyén gen GmDREB2, sy biéu hién cua gen nay di 1am ting sy tich liiy ham
luong proline [33]. Trong Ngén hang gen, trinh tu gen GmDREB2 phan lap tu
DNA cua ciy dau tuong di duoc cong bd lan dau tién bai Wang va cs (2006)
c6 kich thudc 480 bp, ma héa 159 amino acid, mién AP2/ERF c6 59 amino
acid (tir vi tri amino acid 34 dén 92) [132].
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Chromosome 9 - NC_038245.1
[ 36479307 p [ 36552800 p

LOC102660729 LOC102662017 DREB1-like P LOC100791034
LOCL100793147

A

Chromosome 14 - NC_038250.1

[ 7409200 p [ 7482195 p
LOC100784442 DREG1 < LOC100786913
LOCL100S00674 LOC100787454
B

Hinh 1.4. Vi tri cia gen GmDREB1 ¢6 ID 1a 547622 trén NST s6 9 (A) va
GmMDREBL1 c6 1D 12 547642 trén NST s6 14 (B) cua cay dau tuong [152]

Gen GmMDREB2 ¢ cay dau tuong c6 chirc nang kich hoat sy phién ma
ctia nhdm gen chiu han. San pham biéu hién cua gen GmMDREB2 dugc tim
thay khi cdy dau tuwong gip han, lanh va min. Nhu vay, gen GmDREB2 da
duoc chitng minh 14 tich cuc tham gia vao viéc chéng chiu véi stress han ¢
cay dau tuong [29], [64].

Chromosome 6 - NC_038242.1

[3147767 p [3197145 p

LOCL100 778579 LOC100751015 LOCLO0 790285 LOC100 785312
DREB2 4=

Hinh 1.5. Vi tri cia gen GmDREB2 trén NST s6 6 cua cay dau tuong [153]

Gen GMDREB6 & cay dau twong thudc nhiém sic thé sé 15 (Hinh

1.5). Mot sd bao cao budc dau vé cdu trac gen GMDREB6 da dugc cong bd.



27

Nghién ctru ctia Lo Thi Mai Thu va cs (2018) cho thiy, gen GmDREBG6
(cDNA) da dugc khuéch dai va tach dong tir mRNA cua gidng ddu tuong
DT2008 voi kich thudc 1a 693 bp, ma hoa 230 amino acid. Trinh tu
nucleotide cua gen GMDREBG c6 su sai khac & 16 vi tri nucleotide va 8 vi tri
amino acid suy dién so voi trinh tw gen GMDREB6 mang ma sé EF551166,
NM_001248412 trén GenBank [13]. Mién AP2 c6 59 amino acid va c6 11
amino acid lién két v4i soi DNA (& vitri 60, 61, 63, 65, 67, 69, 73,75, 82, 84,
87). Gen GmDREBS6 trong hé gen cua cay dau twong dugc xac dinh c6 chirc

nang chong chiu han va min [55].

Chromosome 5 - NC_038241.1
[5790906 b [ 5879285 p

LOC100778532 LOCI00101914 o ACK1 M/B93
HYESS

Hinh 1.6. Vi tri cia gen GmDREBG trén NST s6 5 cua cdy dau tuong [152]

1.2.2. Vai tro cia DREB trong viéc diéu chinh phan &ng véi stress phi

sinh hoc ¢ thwc vat

Phan nhém DREB1 ¢ cay Arabidopsis bao gom sau gen [109].
DREB1A/ CBF3, DREB1B/ CBF1 va DREB1C/ CBF2 c6 kha nang cam ng
va biéu hién manh boi nhiét @6 thap [43]. Diéu thd vi 1a sy hoat hoa cua céc
gen CBF1- CBF3 dé dap ung véi nhiét o thap cho thdy su diéu hoa cua
ching c6 nhitng diém chung vai sy diéu hoa cua cac gen lién két a/b (CAB)
cia diép luc & cdy Arabidopsis [42]. Mot s6 gen nhu OsDREBIA,
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OsDREB1B, OsDREB1C, OsDREB1D phan lap tr cay lua [57], DREB1/
CBF, ZmDREBIA tir cay ngd [100] di dugc cong bd.

Cac thu nghiém lién két voi DNA cua promoter cho thay TF
AtDREBI1A c6 thé lien két véi ca ACCGAC va GCCGAC, nhung
OsDREB1A lai ¢c6 sy lién két wu tién véi GCCGAC so véi ACCGAC [39],
[108]. TF DREB1 c6 thé lién két hiéu qua vai yéu tb cis va cd thé hoat dong
cam ung céc stress lanh trong mot con dudng dan truyén tin hiéu mai [134];
mot két qua twong ty cling duoc quan sat thay doi véi TF OsDREBL ¢ lua
[26].

Tuy nhién, cac nghién ciu biéu hién gen bang phuong phap phén tich
Real time qRT-PCR cua gen DREB/ CBF trong cac loai cy trong khac nhau
d3 cho thdy chung dugc gay ra bai cac stress phi sinh hoc, dic biét 1a nhiét do
thap, tai cac khoang thoi gian khac nhau. Vi du, gen AtDREB1 biéu hién trong
vong 10 phat & 4°C [81]. Cac ban sao mRNA cua gen CBF c6 thé duoc phét
hién sau 30 phut tiép xic véi 4°C véi biéu hién téi da trong thoi gian 1 gio.
Cac gen CBF1/ DREB1B va CBF3/ DREB1A di biéu hién sau 15 phit xu ly
lanh, trong khi d6 CBF2/ DREBIC ¢4 téc d6 biéu hién cham hon va biéu hién
& muc t6i da sau 2,5 gid tiép xdc vai lanh va sau d6 giam dan [94]. TF CBF4
& cay Arabidopsis nhanh chong duogc tong hop khi c6 tin hiéu han, nhung
khong cd phan ung véi stress lanh [48]. OsSDREB1A va OsDREB1B duoc tao
ra ngay sau khi tiép xtc véi lanh (trong vong 40 phit) nhung khong dap ung
véi ABA. OsDREBI1A duoc tao ra trong vong 5 gid khi bi stress man. Biéu
hién OsDREB1D khong duoc phat hién khi cy l0a song trong diéu kién stress
[39], [17]. OsDREBL ciing tich lity nhanh chong trong vong 30 phut khi phan
ng véi nhiét d6 thap, nhung khong dap tng véi ABA, NaCl va mat nudc
[26]. Su biéu hién cua gen WCBF2 tir Itia mi duoc hoat hda nhanh chong ¢
nhiét do thap va kho han nhung khong phai bai ABA [66]. O cay lac (Arachis
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hypogaea), PNDREB1 duoc diéu hdoa manh mé bang cach xu Iy & nhiét do
thap, va cling phan wng voi tinh trang mat nudc [82]. Tuy nhién,
CaDREBLP1 tir cay 6t cay ¢6 hién tuwong biéu hién nhanh chéng do mat nuéce
va d6 man cao, nhung hoan toan khong bi anh huong baoi stress lanh [51]. Su
biéu hién cua PpDRF1 ciing dugc gy ra khi xtr Iy NaCl, lanh va ABA trong
cay Physcomitrella patens [73].

Cam ng cua cac gen DREB/ CBF la ddc trung ¢ cac co quan va ty 1€
thuan véi thoi gian xtr Iy stress. AhDREB1 duoc biéu hién nhiéu & ré nhung
biéu hién it hon ¢ than va I trong phan ¢ng véi man [120]. OsSDREB1F duoc
biéu hién trong hau hét cac mé va co quan, bao gom la non, ré non, la truong
thanh, ré truong thanh va md seo, trong d6 biéu hién ¢ hoa va mé seo cao hon
& cac md khac [133]. Su biéu hién cua gen HYDREBLI trong la lGa mach cha
yéu dugc gay ra boi mubi, han han va nhiét do thap [137]. GmDREBa va
GmMDREBD ciing duoc gay ra boi lanh, khd han va mudi trong 14 cua ciy dau
tuong, trong khi sy biéu hién cia GmDREBc & ré cao sau khi xtu ly kho han,
mubi va ABA [70].

Trong sb céc protein lién két DRE, phan ho DREB2 dugc gay ra boi
stress do han va do man cao da cho thay vai trd quan trong cua chlng trong
viéc biéu hién gen phan ung véi stress. DREB2A va DREB2B lan dau tién
duoc phan lap dudi dang cDNA ma héa protein lién két DRE/ CRT tir cay
Arabidopsis. Tuy nhién, trong s6 8 protein loai DREB2, DREB2A va
DREB2B dugc cho 1a nhitng yéu té phién ma chinh hoat dong dudi &p luc
tham thau [109]. Cac gen DREB2 da duoc phan 1ap tir cac cay ngii cdc quan
trong vé kinh té nhu lta [39], 10a mi, lGa mach [40], ngd [103], ké ngoc trai
va ké dudi chdn [16], [68]. CAc ban sao DREB2 d phan 1ap duoc didu chinh
bang cach ghép ndi thay thé & lta mach, lta mi, ngd va gao, hau hét ching cé
kha nang chuyén hoa trong té bao nim men hoac thuc vat [16], [40], [103].
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PgDREB?2 tir cdy ké ngoc trai duoc phosphoryl hoa boi toan bo dich chiét té
bao va khong thé lién két vai trinh ty DRE/ CRT [16].

Su biéu hién cua Arabidopsis DREB2A va DREB2B duoc gay ra boi su
mat nudc va stress min cao, nhung khong phai do stress lanh va ABA ngoai
sinh [88]. Khi xur Iy ABA, mannitol va lanh it c6 anh huong dén su biéu hién
DREB2C nhung mirc d ting cao cia mRNA DREB2C duogc phat hién sau
khi xir Iy muéi 250 mM [69]. Ban sao OsDREB2A duoc tao ra trong vong 24
gio sau khi mat nudc va stress mudi 250 mM nhung phan Gng yéu véi ABA
va stress lanh [39]. Mot phan tich toan dién vé tat ca OSDREB2s tir lta cho
thay, OSDREB2A biéu hién ting 1én khi xu ly nhiét do cao, han han va do
man cao, nhung khdng phai do nhiét d6 thap [80]. Muc do phién ma caa gen
OsDREB2B da tang 1én 6 rét, dac biét la sau 20 phat ¢ nhiét d6 cao va 24 gio
& nhiét d6 thap. Mirc do phién ma caa OsDREB2C va OsDREB2E thap & doi
chitng va khéng biéu hién & diéu kién stress phi sinh hoc [80]. Céac gen
TaDREB1 va WDREB2 (¢ lia mi) [40], ZmDREB2A (¢ ngd) [103] va
PgDREB?2 (¢ ké ngoc trai) cling dap tng vai stress lanh, trong khi SIDREB2
(6 ké dudi chon) thi khdng [16], [68], [80]. ZMDREB2A ciing phan tng véi
nhiét do cao [103]. Gen SbDREB2 (Cay Sorghum) dugc cam @ng khi tiép xc
véi kho han sau 1 gio, sau d6 biéu hién giam dan xuéng murc co ban sau 24
gio & cay lua chuyén gen [24]. Muc do phién ma caa gen CAP2 ¢ dau xanh
taing 1én trong diéu kién han, NaCl, ABA, va bo sung auxin [123].
DVDREB2A (Hoa cuc) hau nhu khong bi anh huong béi nhiét do cao, lanh,
han han, ABA va cac phuong phap xir Iy mudi cao [72]. Su biéu hién cua
PeDREB2 (Populus euphratica) duoc gay ra boi lanh, han va @6 man cao,
nhung khong phai boi ABA [27]. Su ting biéu hién phién ma cua gen
SbDREB2A tir loai cay chiu man Salicornia Brachiata trén cay Arabidopsis

dugc gay ra boi NaCl, han han va stress nhiét ciing dugc chirtng minh [45].
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AtDREB2A tich lily trong ré, than va 14 trong diéu Kién sinh truong
binh thuong [74]. Su biéu hién DREB2C duoc quan sat thiy trong phoi
treong thanh va cac 14 mam cua cay con dang nay mam [69]. Almoguera va
cs (2009) béo céo ring HaDREB2 biéu hién trong tat ca cac mo sinh dudng.
DVDREB2A cua hoa ctic duoc biéu hién & tat ca cac co quan trong diéu kién
tu nhién vai su tich liy ban ma sao cao nhat trong khi su tich liy it hon dwoc
phat hién & ré, than va la non [72]. Gen SiDREB2 thudc ho DREB loai A-2
biéu hién manh trong 14, ré va cac canh non va trugng thanh cua cay Keé dudi
chén di cho thay vai trd cia né trong quéa trinh phét trién ciing nhu kha nang

chdng chiu vai céc stress phi sinh hoc [67].

1.2.3. Kha niing chéng chiu stress thong qua viéc biéu hiéu manh nhan té
phién ma DREB

Phan tich chic nang in vivo rat quan trong dé hiéu co ché phan tar cua
kha nang chdng chiu cac stress ¢ thuc vat va ciing dé cung cap cac céng cu co
thé cai thién nang suét cay trong. Mot cach quan trong dé dat duoc kha ning
chéng chiu véi nhiéu diéu kién stress 1a biéu hién qua muc cac nhan té phién
ma kiém soat nhiéu gen tir cAc con duong khac nhau. Trén thuc té, su biéu
hién qua muc ciia mot s6 nhan té phién ma DREB ¢ cay trong chuyén gen da

lam tang kha nang chiu han, man, néng va chiu lanh (Bang 1.1).

Cac cay Arabidopsis chuyén gen biéu hién DREB1B/CBF1 hoic
DREB1A/CBF3 dudi su kiém soat caa promoter CaMV35S cho thay kha ning
chéng chiu manh véi ap luc lanh, han han, & min cao [58], [73]. Cac con
duong biéu hién qua mac DREB1A/CBF3 di ting tich lily cac chat bao veé
tham thau, chang han nhu proline va cac loai duong khac nhau trong diéu

kién khdng co stress [42].
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Bang 1.1. Sy biéu hién qua mac cia gen DREB phan ng véi cac stress phi

sinh hoc & cac cay chuyén gen

Gen DREB Cay chuyén Phan wng véi/chiu stress Tailigutham
gen khao
AtDREB1A | Arabidopsis | Han han [74]
AtDREB1A | Thudc la Lanh va han héan [60]
AtDREB1A Lda mi Han han [99]
AtDREB1A Lua (Rice) Han han va man [95]
AtDREB2A Arabidopsis | Chua xac dinh [74]
AtDREB1A Khoai tay Man [21]
AtDREB1A bau phong Han han [23]
AtDREB2A- | Arabidopsis | Han han [109]
CA
AtCBF1 Arabidopsis Man [57]
AtCBF1 Ca chua Kho han va lanh [52]
AtCBF1 Brassica Lanh [57]
napus
AtCBF1 Cai dau Lanh [100]
AtCBF3 Arabidopsis | Lanh [44]
AtCBF4 Arabidopsis Lanh [48]
AtDREB2C | Arabidopsis | Nhiét do cao [70]
OsDREB1A | Arabidopsis | Han han, man va lanh [39]
OsDREB2A | Arabidopsis | Chua xac dinh [39]
OsDREB2B | Arabidopsis | Khd han va kha nang chiu [80]
nhiét
OsDREB1F | Ldua, Han han, man va lanh [129]
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Arabidopsis
OsDREB1G | Lua (Rice) Han han [28]
ZmDREB2A | Arabidopsis | Khd han va kha nang chiu [104]
nhiét
PgDREB2A | Thuéc la Hyperionic and [15]
hyperosmotic stresses
BNCBF5 Brassica Lanh [114]
napus
BNCBF17 Brassica Lanh [115]
napus
AhDREB1 Lia mi Han han va man [120]
GmDREB Arabidopsis | Lanh [121]
LeCBF1-3 Arabidopsis Lanh [144]
LeCBF1 Thudc 14 Lanh [144]
GhDREB1 Thubc 14 Han han, man va lanh [118]
PpDBF1 Thudc 14 Han han va man [73]
CAP2 Thudc 14 Man [123]
PeDREB2 Arabidopsis | Man [27]
HvDREB1 Arabidopsis | Han han [137]

Cay Arabidopsis chuyén gen va cay lda biéu hién qua muc gen
OsDREBIA di ting cudng kha niang chiu duoc nhiét do thap, ¢ man cao va
han han [39], [100]. Tuy nhién, sy biéu hién qua muc cua ca AtDREB1A va
OsDREBIA & cdy Arabidopsis gay ra su cham phét trién nghiém trong trong
diéu kién tang truong tdi wu. Mic ¢ chdng chiu stress va cham phat trién &

cay Arabidopsis chuyén gen biéu hién qua mac gen OSDREB1A thap hon so
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véi gen AtDREB1A, day c6 thé do su khéc biét vé sb lugng gen dich phan tng

véi cac stress gay ra [17].

Sy biéu hién qua muc cua cadc gen DREB1/CBF tir cay Arabidopsis ¢
cay Brassica napus chuyén gen hoic cay thudc 14 da gay ra su biéu hién caa
cac gen muc tiéu va lam tang kha ning chiu lanh cua cay chuyén gen [60],
[100]. Gen LeCBF1-3 (trong dong DREB1/CBF) da duoc bao céo la co trong
hé gen ca chua (Lycopersicon esculentum) va cé kha nang cam @ng véi diéu
kién lanh va sy biéu hién qua mac ¢ cay Arabidopsis chuyén gen gay ra su
biéu hién cta cac gen muc tiéu va ting kha ning chiu lanh [144]. Mt khéac,
su ting cudng biéu hién cua CBF1/DREBIB trong ca chua da dugc ching
minh 13 1am tdng kha nang chiu lanh va chiu han cua cdy ca chua chuyén gen
[52], [53]. Tuy nhién, su ting cuong biéu hién cua LeCBF1 hoic DREBIA ¢

cay ca chua chuyén gen lai khong lam tang kha nang chiu lanh [144].

Su biéu hién qua muc caa DREB1A/CBF3 duoc kich hoat bai promoter
rd29A trong cay lta mi chuyén gen da cai thién kha ning chdng chiu véi han
[99]. Tuong ty, su biéu hién qua miac CBF3/DREBI1A bang cach su dung
promoter 35S trong cay lta chuyén gen da dan dén tang kha niang chbng chiu
han va 6 man cao ma khong c6 bat ky sy tc ché sinh trudng hoic sai léch vé
kiéu hinh [95]. Su biéu hién qua muc cua BF4 dan dén cam ang gen cd & cay
Arabidopsis cho thay kha ning chdng chiu bang gia va han cao hon [48]. Cay
chuyén gen 35S5-TaDREB1 cho kiéu hinh lun, mic du diéu nay khong duoc
quan sét thiy ¢ céc cay Arabidopsis chuyén gen twong tng. Do d6, c6 thé mot
gen & cady mot 14 mam duoc chuyén sang céc cay hai 14 mam cé thé khong

hoat dong hiéu qua nhu & cdy mot 1a mam [111].

Su biéu hién qua muc gen PpDBF1 & cay thudc 14 chuyén gen cho thay

kha nang chdng chiu man, han va lanh cao hon cay khdng chuyén gen [73].
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Sy biéu hién qua muc cua gen ARDREB1 dan dén su tich lity cac san pham
ctia gen muc tidu va cho ty I1& séng sot tot hon cho cay thudc 14 chuyén gen
trong diéu Kkién stress man so véi cay wild-type (WT) [120]. Céc két qua nay
cling nhat quan véi su biéu hién qua mac cta OsDREBIF trong viéc nang
cao kha ning chdng chiu véi do man cao, han han va nhiét do thap & ca cay

lGa va cay chuyén gen Arabidopsis [133].

Sy biéu hién qua muc cia DREB2A khdng dan dén bat ky thay doi kiéu
hinh nao & ciy Arabidopsis chuyén gen ciing nhu khong cai thién kha nang
chéng chiu [74]. Busk va Page ciing béo céo rang quéa trinh phosphoryl héa c6
thé can thiét cho su hoat hda cua cac protein trong diéu kién khé han, do d6
tang cuong hoat dong lién két vai DNA cua mot sé protein diéu hoa phién
ma. VUng trung tdm cua nhan té phién md DREB2A chtra mién diéu hoa am
duoc biét dén thong qua phan tich bang céach sir dung nguyén bao Arabidopsis
va sy loai bé cac amnio acid 136 dén 165 lam cho DREB2A hoat dong manh
mé&. Sy biéu hién qua muac cia gen DREB2A-CA dan dén su cham phat trién &
cay Arabidopsis chuyén gen, khong cé kha nang chong chiu han, nhung chiu
duoc diéu kién lanh & muc thap [109]. Protein tai t6 hop DREB2A-CA-GFP
ching minh su biéu hién gen 6n dinh trong nhan, tuy nhién, diéu twong tu
khong xay ra véi protein tai to hop DREB2A-FL-GFP, diéu nay cho thay ring
vling trung tdm cia DREB2A 4 can thiét dé diéu chinh sy 6n dinh caa gen
[87].

Mac du DREB2A va DREB1A duogc phan lap cung nhau [74], nguoi ta
thay rang mot sé gen muc tiéu caa DREB2A khac voi gen caa DREB1A [87].
Ly do cho diéu nay c6 thé 1a do ca DREB2A va DREBIA hoi khac nhau vé vi
tri dac trung lién két voi DNA. Trong khi DREB2A wu tién lién két véi cac
motif ACCGAC, DREBI1A lai lién két v&i cac motif cd trinh tu
AI/GCCGACNT [109]. Két qua phan tich microarray & cay Arabidopsis
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chuyén gen cho thay sy biéu hién qua mic DREB2A-CA kich hoat su biéu
hién cua céc gen chiu han va gen lién quan dén séc nhiét (Heat shock- HS) va
nhitng cdy chuyén gen dugc cai thién kha niang chiu nhiét [110]. Nguoi ta
cling quan sat thay rang cac gen quy dinh DREB2A dugc diéu chinh giam &
cac dot bién loai truc tiép DREB2A trong diéu kién stress [139]. Su biéu hién
qua mic cia DREB2C ciing dwoc phéat hién 1a gy ra sy biéu hién caa nhiéu
gen sdc nhiét, dam bao kha ning chiu nhiét cua cay Arabidopsis chuyén gen
[70]. Gan day, nguoi ta da chi ra rang HsfA3 diéu hoa sy biéu hién cua nhiéu
gen cam tng nhiét cua DREB2A va cé chic nang tang kha nang chiu nhiét
dudi sy kiém soat ciia nhan té phién ma DREB2A [115], [141]. Céc phan tich
gan day vé cac phan tng di truyén lién quan dén sy thich nghi cua thyuc vat
Vi nhiét d6 cao ciing chi ra raing AIDREB2B va AtHSFA3 12 hai TF duy nhat
duoc tao ra dac biét trong cac dong cay Arabidopsis chiu nhiét [115], tuy
nhién, cay dot bién DREB2A-1 cho thay kha ning chiju nhiét co ban giam khi
duogc xu Iy truc tiép & 46°C trong 45 phat [67]. Tong hop lai, c6 thé nhan xét
rang nhan t6 phién ma DREB2 hoat dong trong diéu kién mat can bang tham
thau va phan &ng véi nhiét d6 moi truong.

Vé su anh hudng dén kiéu hinh, cac nghién ctiu cho rang tly thudc vao
gen DREB2 va tung lodi ma c6 thé 1am thay d6i hay khong thay d6i vé kiéu
hinh. Sy biéu hién qua muc caa OSDREB2A ¢ IGa khong dan dén bat ky thay
d6i kiéu hinh nao & cay Arabidopsis chuyén gen, nhung su biéu hién qua mic
cua WDREB2 (lia mi) va ZmDREB2A (ngd) da gay ra nhiing thay doi o cy
Arabidopsis chuyén gen va thudc 14 [39], [64], [103]. Gan day, Bihani va cs
(2011) b&o céo rang su biéu hién SbDREB2 duoc kich hoat béi promoter
CaMV35S di dan dén cac hiéu ung toan than ¢ cay IGa va nhitng cay chuyén
gen nay khong tao ra hat. Tuy nhién, cay IGa mang cau trdc rd29A:SbDREB2

lai lam dong va c6 sé bong lta cao hon dang ké so véi cay lua wild-type. Céc
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dic diém hinh thai hoc va ndng hoc ciing khong bi anh huéng & Ila chuyén
gen rd29A:SbDREB2 [24]. Su biéu hién qua muc cia HaDREB2 trong hat
khong kéo dai thoi gian sinh truéng & thude 14 chuyén gen. HaDREB2 thé
hién qua muc khong 1am ting kha niang chiu nhiét & cay con hoic dan dén su

tich tu céac protein HSP ¢ nhiét @6 binh thuong [20].

T c4c nghién cau trén cho thy ring cac protein DREB 14 nhan té
phién ma quan trong trong viéc diéu hoa cac gen lién quan dén céc stress phi
sinh hoc. Do d6, cac gen DREB c6 thé duoc sir dung dé cai thién kha ning
chéng chiu caa cac loai cdy trong quan trong trong néng nghiép déi véi cac

diéu kién bat loi nhu han han, @6 man cao bang k§y thuat chuyén gen.

1.3. KY THUAT CHUYEN GEN TRONG NGHIEN CUU CAI THIEN
PAC TINH CHONG CHIU CUA CAY PAU TUONG

1.3.1. Ung dung k§y thuit chuyén gen thong qua A. tumefaciens

Ngay nay, cac nha khoa hoc dd va dang st dung nhiéu hé théng biéu
hién sinh hoc bao gém vi khuan, ndm, cac dong té bao con trung, thuc vat,
dong vat co vi, virus dé tao protein tai to hop. So véi cac hé théng truyén
thng, thuc vat c6 nhiéu loi thé trong viéc san xuat protein tai t6 hop, boi vi:
(1) Kha nang glycosid hoa céc protein, boi cac glycoprotein 1a nhém protein
¢ vai tro quan trong trong cac phan ung mién dich; (2) Protein tir thuc vt
tuong ddi an toan so véi protein co nguén géc dong vat bac cao; (3) Thuc vat
c6 thé trong trén dién tich 16n vai chi phi thap vé phan bon, cong chim soc va

nguyén liéu dau vao, nén gia thanh thap.

Gan day dir liéu hé gen hoc dugc phét trién dua trén nhimg thong tin vé
trinh tir cac gen trong hé gen ciia cdy dau twong va mot khdi lwong 16n thong tin
vé giai ma hé gen cdy dau tuong c6 thé tim thiy & Ngan hang gen qudc té. Ngoai

ra, nguon thong tin khac ciing dugc phét trién, nhu dit liéu EST (expressed
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sequence tag), thu vién cDNA, microarray. Pay la co s& dir li¢u cia vi¢c ting
dung cac tién bo chon gidng dau twong bang chi thi phan tir va k§ thuat chuyén
gen, 13 co s cua nhitng hiéu biét vé& chic ning gen théng qua tach dong gen va
phuong phap di truyén nguoc. Trén co s d6, nghién ciru xay dung mot hé théng
chuyén gen 6n dinh va c6 hiéu qua & cdy ddu tuong 1a diéu can thiét di t6i thanh

cong trong chién lugc chon giéng dau twong bang k¥ thuat chuyén gen.

Hai nhém phuong phép dugc tng dung trong nghién ctru chuyén gen &
thuc vat 1a chuyén gen truc tiép va chuyén gen gian tiép. Trong d6, phuong
phap gian tiép thong qua A. tumefaciens duoc sir dung rong rai trong nghién
ctru chuyén gen & cay dau twong. Khac véi cac phuong phap chuyén gen truc
tiép & thuc vat, phuong phap chuyén gen gian tiép duoc thuc hién thong qua
vi khuan dat A. tumefaciens. Dbi v6i cay dau twong, phuong phap chuyén gen
nho A. tumefaciens dugc tmg dung tr nam 1993 va hién nay da dat duoc

nhing thanh tyu rat dang khich 1& [25].

Chuyén gen gian tiép & dau twong thong qua vi khuan Agrobacterium la
ki thuat bao gdm cac budc: (i) Nghién ctru thu thap thong tin vé gen lién
quan dén dic tinh, tinh trang quan tdm va phan lap gen; (ii) Thiét ké vector
chuyén gen; (iii) Tao vi khuan mang cau tric gen chuyén; (iv) Lay nhiém vao
md té bao thyc vat; (v) Chon loc cac thé bién nap va tai sinh cay bién nap; (vi)

Phén tich cdy chuyén gen.

Agrobacterium 1a loai vi khuan dat Gram 4m giy bénh khdi u & thuc vat
va co kha nang lay nhiém mot cach tu nhién gifra cac loai thyc vat khac nhau.
Agrobacterium co thé gay ra bénh khéi u (A. tumefaciens) va gay bénh ré to
(A. rhizogenes) pho bién trén nhiéu loai thuc vat. A. tumefaciens cha yéu lay
nhiém vao thyuc vat qua cac vét thuong va do vay cd thé coi A. tumefaciens Ia

mot cong cu st dung d¢€ chuyén cac gen mong muon vao cay dau tuong [48].
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Uu diém ctia phuong phap chuyén gen thong qua A. tumefaciens 1a don gian,
quen thudc va yéu cau tdi thiéu vé dung cu, dé dang chuyén mét gen don 16
vao cdy chi hodc chi cin sb ban copy thap. Chuyén gen thong qua A.
tumefaciens & dau tuong trong méi truong dong nudi cdy duoc tién hanh trén
nach 14 mam [96] ma khéi ngudn phuong phap ndy dua vao kiéu gen dau
tuong mam cam véi A. tumefaciens va kha nang tai sinh cdy tir nach 14 mam.
Nach 14 mam 1a phan ndi giita 14 mam va than chtra cac t& bao mam co6 kha
nang phat sinh chdi va ting sinh trong moi truong nudi cay chira cytokinin.
Mirc d6 hinh thanh chéi & nach 14 mam phu thudc vao loai cay sir dung chuyén

gen.

Nhitng cdy ddu twong chuyén gen dau tién mang cau trac gen npll da
str dung khang sinh kanamycin 1am chét chon loc va dén nay cac dong té bao
chuyén gen di st dung cac chat chon loc boi sy két hop gen bar va
glufosinate. Nong do chét chon loc ¢6 anh hudng 16n ddi voi tan sut chuyén
gen [138], vi thé phuong phap Iya chon chat chon loc 1a khac nhau giita cac
kiéu gen dau tuong. Cac gidng c6 thoi gian sinh trudng ngin co6 thé sir dung
dé phat trién cac dong dau tuong chuyén gen. Zeng va cs (2004) cho rang,
hiéu suat chuyén gen c6 thé dat tir 0,2% dén khoang 10% va hiéu qua chuyén

gen phu thudc vao k¥ thuat va kiéu gen ctia dau tuong [142].

K§ thuat chuyén gen & thuc vét noi chung va chuyén gen ¢ ciy dau
twong noi riéng dugc hiéu day du 1a: (i) gen ngoai lai (gen chuyén) phai duoc
hop nhét vao hé gen té bao chi; (ii) gen chuyén phai dugc biéu hién ¢ té bao
chu; (iii) gen chuyén phai dugc di truyén cho céc thé hé sau; (iv) trong mdi
thé hé san pham cua gen chuyén phai duoc biéu hién, va (v) san phdm ctia gen
chuyén biéu hién dugc chirc nang sinh hoc [9]. Chinh vi vy qua trinh chon
loc, phan tich cay chuyén gen trong mdi thé hé duoc thue hién bﬁng hé théng

chon loc t€ bao va mo6 chuyén gen, xac dinh sy ¢ mat cia gen chuyén trong
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té bao cay chu, kiém tra sy bi€u hién cia gen chuyén thong qua xéc dinh san
pham bi€u hi¢n 1a mRNA, protein va phan tich sy bi€u hi¢n chirc nang sinh

hoc ctia gen chuyén.

Trén nguyén tac, gen chuyén khi dugc bién nap co thé ton tai trong té
bao chu & ba trang thai: (1) tam tho1 & dang DNA tu do; (2) lau dai duéi dang
mdt thé plasmid doc l1ap va (3) 6n dinh nhu mot doan DNA cua hé gen té bao
cht va duoc nhéan 1én trong té bao chu. Phuong phéap sinh hoc phan tir da
dugc img dung nham xac dinh sy ¢6 mit, su di truyén va su biéu hién cua gen
chuyén trong té bao chu. C6 thé sir dung PCR dé phan tich cy chuyén gen,
tuy nhién phuong phap lai Southern blot x4ac dinh sb ban sao trong cay
chuyén gen 1a phuong phap tin cdy va thong dung nhat, xac dinh duoc sy hop
nhat ctia gen chuyén vao hé gen cua té bao chu. Gan day, mot k¥ thuat thuong
duogc st dung dé hd tro cho lai Southern blot trong viéc phan tich cay chuyén
gen la quantitive real-time PCR (qPCR) hoac phan tich mac d0 phién ma
bang quantitive real-time RT-PCR (qRT-PCR). gPCR va gRT-PCR c6 thé
tién hanh véi s6 lugng cdy can phan tich nhiéu, dé thyc hién, tiét kiém nguyén
liéu chi phi va cong strc.

Biéu hién gen 1a qua trinh hoat dong ciia gen dé tao ra san pham cudi
cung 1a protein. Qua trinh biéu hién gen duoc thé hién qua hai giai doan: (1)
Phién ma tir DNA sang mRNA va (2) Dich mé tir mRNA tong hop cac phan
tir protein thong qua bd may ribosome. Pé xac dinh sy c6 mit ciia san pham
phién mi c6 thé st dung k¥ thuat RT-PCR, real-time RT-PCR, lai Northern
blot. Pbi véi cac bénh do virus & thuc vat, ngudi ta ¢ thé sir dung ki thuat
real-time RT-PCR dé danh gia cdy chuyén gen khang virus thong qua phién
mi dé phat hién va dinh luong virus trén cdy nhiém bénh [112]. Bé danh gia

su ¢c6 mdt cua protein tai t6 hgp do gen chuyén tao ra cé thé thyc hién mot so
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ky thuat khac nhau nhu k¥ thuat Western blot, ELISA va cac ky thuat phat

hién hoat dong cua protein (hoac enzyme).

1.3.2. Nghién ciru cai thién kha niing chdng chiu cac diéu kién bt loi ciia

ngoai canh & cAy ddu twong bing ky thuat chuyén gen

Han han va nhiém min 13 yéu t6 ngoai canh bét loi 1am giam ning suat
va san luong cay trong. Hudng tiép can chu yéu hién nay trong viée cai thién
tinh chéng chiu cac yéu to bat loi tir ngoai canh thong qua viéc chuyén cac
gen chirc nang lién quan truc tiép dén tinh chéng chiu hoic chuyén gen ma
hoa protein la nhan t6 kich hoat qua trinh phién ma tir cac gidng ciy chong
chiu tét sang giéng chong chiu kém.

Bang 1.2. Mot sb gen DREB duoc st dung trong chuyén gen trong muc dich
nang cao kha nang chéng chiu cac yéu té bat loi phi sinh hoc ctia mot sb cay

trong va dau tuong

. L Tai ligu tham
Gen Poi twong Kieu hinh
khao
Lda mi, lua
DREB2/DREB3 Chiu han va bang gia [83]
mach
Lda, thude
DREB1A y Chiu han, man, lanh [60], [95]
a
Chiu han, man va lanh
DREB1/OsDRE ] »
Lda voi [56]
Bl )
toc do tang truong giam
ZmDREB1A Arabidopsis | Chiu han [103]
OsDREB1A Arabidopsis | Chiu han, man, bang gia [39]
DREB Arabidopsis | Chiu han, lanh [60]
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OsDREB2A Pautwong | Chiu man [146]

GmDREB1 LGa mi Chiu han [141]
Thudc 14, dau

GmDREB2 Chiu han, man [130]
tuong

GmDREB6 DPautwong | Chiu man [55]

GmDREB5 Thuéc 14 Chiu han [136]

Tang cuong biéu hién gen diéu hoa qua trinh phién ma caa cac gen chuc
nang c6 kha ning dap tng han va man 1a mot céch tiép can day hira hen trong
su phat trién cy trong chong chiu va uu viét hon k§y thuat chuyén gen chic
nang don 1¢. Nhém gen ma hda nhan t phién ma lién quan dén céc stress phi
sinh hoc, dic biét 14 han, man va lanh duoc nhan thay rd nhat 12 cac gen
DREB [46], [106]. Nhiéu bao cdo vé su biéu hién manh caa nhan té phién ma
DREB cam &ng véi stress phi sinh hoc di kich hoat su biéu hién caa cac gen
muc tiéu cé trinh tu DRE trong cac promoter cua ching va két qua cho thiy
cay chuyén gen c6 kha nang chong chiu stress tot hon cdy khong chuyén gen
(Bang 1.2).

Cay dau tuong chuyén gen md héa PSCR L-Al-pyrroline-5-carboxylate
reductase xuc tac cho phan tng tong hop proline, dudi su diéu khién cua
promoter sdc nhiét da 1am ting kha ning chiu han va chiju néng cao hon cay

d6i chung [34], [143].

Ciing hudng nghién ctru nay, mot sd nhom nghién ctru da thanh cong
trong tao dong dau tuong chuyén gen c6 kha ning chéng chiu han va man cao
hon cay khong chuyén gen [5], [55], [129], [130]. Hudng nghién ctu biéu
hién manh nhiing gen diéu hoa phién ma cac gen chirc nang c6 kha niang dap
ung han, man 1a mdt cach tiép can dﬁy htra hen trong su phat trién cac giéng

cay trong chéng chiu han, min va wu viét hon k§y thuat chuyén gen chtic ning
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don 1é. Vi vay, viéc ting cuong kha ning diéu tiét cia mot nhan té phién ma
quan trong kich thich su biéu hién cua nhiéu gen muc tiéu kiém soat cac dic
tinh twong quan 1a rat quan trong. Nhiéu gen giit vai trd quan trong dd duoc
xéc dinh c6 lién quan dén mang luéi diéu hoa trong diéu kién stress phi sinh
hoc [116]. C6 thé néi rang, nhom gen TF lién quan dén stress phi sinh hoc,

dic biét 1a han va man duoc nhan thay rd nhét 1a & cac gen DREB [46], [100].

Nghién ctru chuyén gen ¢ ciy dau twong qua Agrobacterium duoc Tran
Thi Ctic Hoa (2007) tién hanh thir nghiém trén 4 phuong phap 1ay nhiém khéc
nhau, trong d6 tao vét thuong tai mat trong ctia nach 14 mam véi dung dich co
chtra vi khuan duoc nuéi cay o nhiét d6 21°C 1a ¢ hiéu qua, véi ty 1 chuyén
gen dat hiéu suét cao [4]. Nguyén Thi Thiy Huong (2009) da t6i vu quy trinh
tai sinh va chuyén gen thong qua nach 14 mam dau twong va nhan xét rang,
gidng dau twong DT84 1a ddi twong phu hop dé tién hanh cic thi nghiém
chuyén gen va di chuyén thanh cong ciu triic gen RD29A/P5CSm vao gidng
dau tuong DT84, tao dugc cay dau twong mang gen dot bién loai bo wc ché
phan hoi lam ting cuong kha nang tong hop proline khi cay dau tuong bi han
[5], [6], [7]- Nguyén Thu Hién (2011) di thanh céng tai sinh da chdi tir nach
14 mam hat chin ctia 2 giéng dau tuong DT12 va DT84 va thir nghiém chuyén
dugc gen gus, hi¢u suét chuyén gen kiém tra & giai doan hat khoang 7,6% &
gidng DT12 va 4,0 % véi gidng DT84. Két qua da tao duoc 8 dong dau tuong
& thé hé T1 mang ciu triic vector biéu hién dic trung trong hat SLHEP-HAI,
duong tinh v6i phan tng PCR sang thé hé T2 dong dau twong H11 mang doan
gen HA1 nhan duoc d biéu hién thanh cong protein tai to hop HAI trong hat
ctia dong ddu twong nay [3]. Tiép theo 13 nhitng nghién ctru tao cdy dau tuong
chuyén gen khang virus SMV, BYMV ctia Lo Thi Mai Thu va cs (2014) [13],
nghién ctru ing dung k¥ thudt chuyén gen trong tao dong ddu twong chuyén

gen c6 bo 1é phat trién ctia Lo Thanh Son va cs (2015) [11].
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Tinh di truyén cta kha ning chiu man ¢ dau tuong trude day duoc phan
tich nhu mot tinh trang chat luong bang cach sir dung phuong phéap di truyén
hoc ¢6 dién, va cac ky hiéu gen Ncl va ncl duge dé xuat 1a gen trdi va gen lin
cho tinh chéng chiu man. RE dau twong cia cac ciy chéng chiu va nhay cam
hép thu céc ion clorua véi sé luong twong duwong, nhung sy chuyén vi sau d6
ctia clorua cao hon trong cay dugc kiém soat vé mat di truyén. Abel da thuc
hién phép lai giita cac cip bd me co kha nang tich iy clorua twong tu nhau,
va nhan thay rang cac thé hé F2 va F3 tuong tu nhu bé me vé ham luong
clorua. Két qua 13, cac cdy F2 di phéan ly tir tdm phép lai véi ty 16 3 : 1.
Nhiing két qua nay cho thiy rang su tich tu clorua & phan trén cua dau tuong
duogc kiém soat boi mot locus duy nhat voi loai trir 13 troi (Ncl) va loai trir 13
lan (ncl) [14]. Theo cach tiép can biéu hién qua mirc gen ma hoa nhan t6
phién ma DREB ¢ dau tuwong, Dao Xuan Tan va cs (2015), Pham va cs (2020)
d3 ching minh rang sy biéu hién qua mac gen GmMDREB2 tir dau tuong da
lam tang tich Iiy ham lugng proline va kha nang chiu han, chiu man cta cay
thudc 14 va cay dau tuong duoc cai thién [33], [101]. Nghién ctru cia Nguyen
va cs (2019) vé chuyén gen GmMDREB6 vao giéng dau trong DT84 da chi ra
rang, muc d6 biéu hién cia gen GMDREB6 va sy tich lity proline cua cay dau
tuong chuyén gen tiang 1én ¢ thé hé T2 va cao hon so voi & cdy dai (WT)
trong diéu kién binh thuong va stress man. Két qua nghién ctu di ching
minh tinh hiéu qua cta sy biéu hién qua muc cua gen GmDREBG trong viéc
tang tich lily proline & cdy dau twong bién d6i gen va goi y ring GmDREB6
c6 thé hoat dong nhu mot g cir vién tiém ning cho cong nghé gen dé cai
thién kha nang chiu man cua dau tuong [93].

Stress do mudi 1a mot trong nhiing stress phi sinh hoc anh huéng dén sy
sinh truang va phat trién cua cdy dau twong. Viéc cai thién dic tinh di truyén

dé tang kha nang chéng chiu man 1a mot cach hiéu qua dé bao vé ning suét
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dau tuong trong diéu kién stress man. Tinh da dang di truyén va di truyén tinh
chiu man ¢ dau twong, dong thai phan tich nghién ctu lién két toan bo bo gen
& dau twong di dugc tong két [31]. Nghién ciu kha ning chiu man ¢ dau
tuong theo cach tiép can tim kiém céc locus méi chiu min ¢ dau tuong bang
1ap ban do lién két toan bd gen c6 d6 phan giai cao ciing di duoc bao cdo
[37]. Cong nghé chinh stra hé gen CRISPR/Cas9 va cong nghé chon loc bo
gen dé nhan gidng phan tir chiu min & dau tuong ciing duoc thao luan cho

huéng nghién ctu trong tuong lai [31].

Cac DREB ¢ dau tuong thudc ho AP2 13 mot yéu t6 phién ma hoat dong
lién két véi trinh tu CiS ciia promoter dé kich hoat su biéu hién ctia gen muc
tiéu trong dau tuong khi c6 tin hi€u stress phi sinh hoc tir ngoai canh [29],
[116]. Mién AP2 c6 khoang 58 hodc 59 amino acid, bao gdm mot s amnio
acid lién két v6i yéu t6 phan tmg mat nuéc (DRE) hodc hop GCC [128]. Gan
day, nghién ctru di chi ra rang su biéu hién manh protein DREB di ting kha
nang chiu dung ap luc phi sinh hoc trong diéu kién stress phi sinh hoc. Panh
gia kha niang chiu han ciia cic cdy dau twong bién d6i gen DREBI1A va
DREB2A d rat ra nhin xét rang ciy bién d6i gen DREB c6 ty 1¢ sdng cao hon
so voi cay khong bién doi gen trong diéu kién thiéu nudc nghiém trong & ca
diéu kién nha kinh va dong rudng [90]. Tuy nhién, cho dén nay cac bao cdo
vé phan tich biéu hién manh ciia gen GMDREB6 1am ting ham lugng proline
va tang kha niang chong chiu CAc stress han va stress mudi ¢ cdy chuyén gen

con it dugc cong bo.
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Chuwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

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

Hat cua gidng dau tuong PT22 do Trung tdm Nghién ctiu va Phat trién
Pau d6, Vién Cay luong thyc va Cay thuc pham cung cip. Hat dau tuong
duoc gieo trong tai vuon thi nghiém khoa Sinh hoc, Truong Pai hoc Su pham

Thai Nguyén dé thu hat 1am nguyén liéu chuyén gen (Hinh 2.1).

Hinh 2.1. Hinh 4nh ctia mot so giai doan phat trién & giéng dau tuong DT22
duoc sir dung trong thi nghiém chuyén gen
A, B: Giai doan ra hoa; C: Giai doan qua chdc; D: Ré cdy ddu tiwong giai
doan ra hoa; E: qua 3 hat; G: Hat ddu twong (Anh chup cia tic gid).
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Giéng DT22 do trung tdm Nghién ctru va Phat trién Dau dd chon tao tir
dong dot bién cua hat lai (DT95 x DT12). Thoi gian sinh trudng cia cdy trung
binh 85- 90 ngay. Chiéu cao cay dat tir 45- 70 cm va chéng d6 tét. Gidng
PT22 ¢6 hoa mau tring, phan canh trung binh, sé qua chic trung binh dat tir
25- 45 qué/cdy, co khoang 16- 20% s6 qua c6 3 hat. Hat mau vang sang, ron
hat mau nau dam, nau den. Khdi lugng 1000 hat dao dong tur 155- 160g, thoi
gian sinh truong trung binh 85- 90 ngay. Gidng c6 thé tréng dugc 3 vu trong
nam, chéng chiu dat uwét va nhiém bénh muc nhe dén trung binh dbi voi mot
s6 bénh hai chinh, gibng PT22 khang bénh phén trang. Gidng PT22 sinh
trudng, phat trién tot trén dat phu xa, cat pha, dat mau, dat sau lia mua & cac
tinh phia Bic, Duyén Hai Nam trung bd nhu Ha Noi, Ha Nam, Thai Binh,
Vinh phuc, Cao br?lng, Son La, Bic Can, Dién bién... Nang suét trung binh tur
18-27 ta/ha, tly thudc vao mua vu va diéu kién tham canh. Gidng dau tuong
PT22 duge danh gia c6 kha nang chju man thap [1], do vay giéng DT22 dugc

chon lam vat liéu nghién ctru chuyén gen GmDREBSG.

Cay thudc 14 (Nicotinana tabacum) giéng K326 duoc sir dung lam cay
mo hinh dé phan tich hoat dong va biéu hién ciia cdu triic mang gen chuyén
GmMDREBSG. Giéng K326 1a giong thudc 14 dugec Cong ty Novatis lai tao to to
hop lai Mc Nair 225 (coker 139 x coker 319) x (NC nair 30 x NC 95), san
xudt va dua ra tir nam 1982, ¢ trén thé gidi gidng nay dang dugc trong rat pho
bién. Gidng ndy c6 wu diém 16n nhét 13 sinh trudng tot va ra hoa som. Giéng
K326 dugc nudi cdy in vitro va luu giit tai phong thi nghiém Céng nghé té
bao thuc vat, Khoa Sinh hoc, Truong Pai hoc Su pham, Pai hoc Thai
Nguyén.

Chung Agrobacterium tumefaciens AGL1 duoc luu gitt tai Phong thi
nghiém Cdng nghé té bao thuc vat, Khoa Sinh hoc, Truong Pai hoc Su pham,
Pai hoc Thai Nguyén.
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2.1.2. Hoa chat, thiét bi nghién ctru

Mai trudng co ban MS ¢6 bd sung vitamin B5 [85], cic chat diéu hoa
sinh trudng nhu Benzyl amino purine (BAP), Indol - 3 - butiric acid (IBA)...;
khang sinh kanamycin, cefotaxim; Cac hoa chat khac nhu yeast extract, bacto
pepton, trypton, NaCl, agar, sucrose, glycerol, acetosyringone, L- cystein,
Na;S,0; phosphinothricin dugc cung cip boi cac hing, nhu New England
Biolabs (Anh), Amersham Pharmacia Biotech (Thuy Dién), Chemicals (D),
Sigma (My), Duchefa (Ha Lan), Merck (Puc) va Wako (Nhat Ban), bot MS
(BioWorld, USA).

Cac loai Kit dugc stir dung trong thao tac phan tir dugc mua tir cac héng
Fermentas, Bio-Neer nhu: Kit Trizol Reagents — tach chiét RNA téng s6; kit
Maxima® First Strand cDNA Synthesis — tong hop ¢cDNA; kit Gene JEP PCR
Purification — tinh sach san pham PCR; kit Plasmid Extraction — tach chiét

plasmid tir vi khuan.

Tu cdy, may PCR System 9700 (Appied Biosystem, M¥), may dién di
Powerpac 300 (Bio-Rad, My), may soi DNA (Mini-transllumminatior, Bio-
Rad, M¥y), may Voltex (Mimishaker, IKA, Ptic), may ly tam, may xung dién
Plulser, may xac dinh ham luong nucleic acid Nano Drop, clng véi cac thiét
bi hién dai khac.

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Nhém phwong phap phan tich phan ho gen DREB & dau tuwong

Phan tich phan ho gen DREB ¢ dau twong dugc thuc hién bing cong cu
Tin sinh hoc. Dit liéu trinh tu gen GmDREB va vung AP2 cua protein DREB
duoc khai thac tir Ngan hang di liéu NCBI [152], trong do6 co6 céc trinh tu gen
GMDREB1, GmMDREB2, GmMDREB5, GmMDREB6 duoc phan 1ap tir cac gidng
dau tuong Viét Nam [153], [154].
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Xdc dinh cac gen DREB trong hé gen ddu twong

Céc protein thanh vién phan ho DREB chi chira mot mién AP2, do vay
xac dinh cac thanh vién cua phan ho gen DREB trong hé gen dau tuong duoc
tra ctru trén Ngan hang dir liéu gen NCBI [152], két hop kiém tra ving AP2

cua protein DREB trén co s¢ dir liéu ho protein Pfam.
Phan tich phét sinh phan he gen DREB ¢ diu twong

Phan tich phét sinh ching loai phan tir thuc hién bang phan mém
MEGAX theo phuong phap Maximum Likelihood va md hinh Tamura-Nei
[65] Vi bootstrap duoc lap lai 1000 lan [119]. Céc trinh tu gen DREB d3 xac
dinh duoc phan tich bang ClustalW va mot cay phat sinh dugc thiét 1ap thé

hién su tién hoa cua phan ho gen DREB & ddu tuong.
Phan tich phat sinh mién AP2 trong phan he protein DREB ¢ ddu twong

Lich sir tién hoa caa mién AP2 trong phan ho nhan t6 phién ma DREB
¢ dau twong dugc suy luan theo phuong phap Maximum Likelihood va mé
hinh JTT matrix-based [58] vé&i bootstrap duoc lip lai 1000 lan trong
MEGAX [65]. Trinh ty amnio acid cua mién AP2 dugc phan tich bang
Clustal W va so dd cay duoc thiét 1ap dua trén 69 trinh tu amino acid cua mién
AP2 [65].

2.2.2. Nhém phwong phap thiét ké vector chuyén gen thwc vat va phan

tich hoat dong cina vector bién hién gen GMDREBSG trén cay thuéc la

2.2.2.1. Thiét ké vector chira cdu tric mang gen chuyén GmDREBG va tao

vi khudn A. tumefaciens tai té hgp
Vector chuyén gen mang gen GmDREB6 duoc thiét ké theo hai budc
co ban: (1) Thiét ké cau trac doc 1ap bao gém gen GmDREBSG, doan cmyc va

vi tri cat cua cap enzyme Xbal/ Sacl (GmDREB6_cmyc); (2) Chén céu trdc
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vao vector chuyén gen thuc vat pBI121 dé tao thanh vector tai to hop
pBl1121 _GmDREBG.

Vector tai to hop dugc chuyén vao vi khuan A. tumefaciens bang xung
dién (2,5 kV, 25 pF, 200 Q) dé tao ra vi khuan A. tumefaciens tai to hop.
Dong vi khuan cho san pham colony-PCR dugc nudi trong LB long, giir

chang trong LB dic va dung cho 1ay nhiém trong chuyén gen.
2.2.2.2. Chudn bj vi khudn lay nhiém

Vi khuan A.tumefaciens mang gen chuyén GmDREB6 duoc nubi chon
loc trong 15ml méi trudng LB long bd sung khang sinh kanamycin 50 mg/l va
rifamycin 50 mg/l & 28°C lac 200 rpm, 48 gio. Chuyén 10ml dich huyén ph té
bao trén vao 50 ml LB long khong khang sinh dé nudi phuc hdi 28°C, lic 200
rpm dén khi ODgoonm = 0,8 1a dat s6 lugng té bao téi wu dé bién nap. Ly tam
toan bo dich té bao & 4°C, 5000 rpm, 15 phut. Hoa tan té bao lang vao 40ml
dung dich 2aMS + AS 50 ul dat trong nude da lanh.

Bang 2.1.Thanh phan méi truong nudi cay vi khuan

M&éi truong Thanh phan
LB long Bacto pepton 10 g/l + Nacl 10 g/l + Yeast Extract 5 g/l, pH =7
LB dac LB long + agar 169/l

2.2.2.3. Chuyén gen gian tiép théng qua vi khudn A. tumefaciens vao thuéc ld

Bién nap cau trac mang gen GmDREB6 thdng qua A.tumefaciens vao
giong thude 1a K326 duogc thuc hién theo phuwong phap cua Topping (1998)
[131]. L& cay thude 1a duogc cat thanh tiing manh mé co kich thuéc 1,0 x 1,0
cm, ngdm cac manh 14 trong dung dich huyén phu té bao vi khuan
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A.tumefaciens tai to hop trong thoi gian 10 phat. Sau khi nhiém khuan, céac

mau bién nap duoc chuyén sang mdi trudong dong nudi cy va tai sinh in vitro

(Bang 2.2).

Bang 2.2. Thanh phan moéi truong tai sinh cay thudc 14 chuyén gen

Hén hep

Thanh phan méi truong

Stock |

KNO; 1,9 g + KH,P0O4 0,17 g + NH4NO3 1,65 g + MgS0,4 0,37 g
(Thé tich: 1000 ml)

Stock Il | CaCl; 0,44 g (Thé tich: 1000 ml)

Stock Il | H3BO3 6,2 mg + MnSO,4.4H,0 22,3 mg + CoCl,.6H,0 0,025 mg
+ CuSO4.7H,O 0,025 mg + 2nSO4.7HO 86 mg +
Na;Mo00..2H,0 0,25 mg + Kl 0,83 mg (Thé tich: 2000 ml)

Stock IV | FeSO,4 27,8 mg + Na,;EDTA 37,3 mg (Thé tich: 1000 ml)

Stock V| Myo-Inositol 100 mg + Thiamine HCI 0,1 mg + Pyridoxine HCI
0,5 mg + Nicotic acid 0,5 mg + Glycine 2 mg (Thé tich: 1000 ml)

MS 20 ml/l stock | + 10 mi/l stock (11, 111, 1V, V)

L.MS 10 ml/l stock I + 5 ml/I stock (I, I, IV, V)

MOi MS + BAP 1,0 mg/l + sucrose 30 g/l + agar 9 g/l + kanamycin 50

treong tai | mg/l + cefotaxime 500 mg/I

sinh chdi

MOi MS + IBA 0,5 mg/l + MES 1.0 g/l + sucrose 30 g/l + agar 9 g/l+

truong ra | nudc dua 100 ml/l + kanamycin 50 mg/l + cefotaxime 500 mg/I

re

* Ghi chl: Méi trwong MS & dang dung dich. Cdc méi triong déu duwoc

chudn pH =

5,8 va khu trung. Thi nghiém duwoc tien hanh ¢ nhiér dé 25 + 2°C,

thoi gian chiéu sang 16 gio sang/ ngay.
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Cac mau sau lay nhidm duoc déng nudi cay trong téi 2 ngdy, sau d6
méu duoc rira sach khuan bing cefotaxime 500 mg/ml va dwgc thim kho trén
gidy thim khir trung. Céc mau tiép tuc dugc nudi cdy trén moi trudng tai sinh
tao da chdi (moi truong MS ¢ bd sung BAP va kanamycin dé chon loc cay
chuyén gen), ca&c mau dugc déu dan cdy chuyén sang mdi trudng mai sau
khoang hai tuan. Cac chdi sng sot dugc chuyén sang méi truong tao ré c6 bd

sung kanamycin. Cac cdy con dugc huan luyén va trong trong nha ludi.

2.2.2.4. Phwong phdp xdc dinh sw c6 mat ciia gen chuyén GmDREBSG trong

cay thudc la chuyén gen

DNA tong so tach chiét tir 14 cy thudc 14 chuyén gen va cdy WT theo
phuong phap cua Saghai-Maroof va cs (1984) [107]. Su ¢ mat va su phién
mi cta gen chuyén GMDREBS trong cdy thudc 14 chuyén gen duogc xac dinh

bang phan tmg PCR véi cip moi Xbal-DREB6-F/ DREB6-Sacl-R (Bang 2.3).

Bang 2.3. Trinh tu nucleotide ctia CAC cap mdi PCR st dung dé xé4c dinh su

c6 mit ciia gen chuyén GmDREBG trong ciy thude 14 chuyén gen

Nhiét do Kich
Tén moi Trinh tu nucleotide (5’ — 3°) tiép hop i
5 thuoc
moi (°C)
Xbal-DREBG6- | ATGAAGTTCAACCAACCACTTCA 58 741 bp
F/ T
DREBG6- ATTCAGATCCTCTTCTGAGATGAG
Sacl-R T

Thanh phan caa phan ung PCR dugc trinh bay ¢ bang 2.4. Chu trinh
nhiét cua phan tng PCR gen GmMDREBG6 1a 94°C/3 phut 30 gidy; (94°C/30
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gidy; 58°C/50 giay; 72°C/1 phut 20 giay) 1ap lai 30 chu ky; 72°C/10 phut;
4°C: oo,

Bang 2.4. Thanh phan phan tng PCR

Thanh phan Nong do Thé tich (ul)
Nudc deion - 8,5
Master mix 2 X 12,5

Primer (F+ R) 10 pmol/ul 2,0

DNA/cDNA 100 ng/ul 2,0

Téng thé tich 25

San pham cuia phan ung PCR duoc kiém tra bang phuong phap dién di
trén gel agarose 1% va nhudém bang EtBr, sau 10 phdt tién hanh chyp anh

dudi anh sang cuc tim va phan tich két qua.

Su hop nhat cia gen chuyén GmDREBG6 vao hé gen cua cdy thudc 14
chuyén gen duoc xac dinh bang k§ thuat phan tich Southern blot (1975)
[126]. Trinh ter DNA cua miau do dugc danh ddu bing Biotin DNA
DecaLabel, st dung biotin-11-dUTP. Gen GmDREB6 dugc khuéch dai bing
cach st dung PCR véi cip moi Xbal-DREB6-F/ DREB6Sacl-R. Cac mau
DNA tong so tir cay thudc 14 chuyén gen duong tinh véi PCR & thé hé T
duoc cit bang enzyme gidi han Sacl ¢ 37°C. Céac phan doan DNA thu dugc
duoc kiém tra, danh gia bang phuong phap dién di trén gel agarose va sau d6
cac doan DNA duoc chuyén tir gel dién di sang mang lai va thuc hién lai véi
DNA miu do. Mang duoc lai ¢ 44°C. Két qua lai duoc hién thi trén phim X-

quang.
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2.2.2.5. Phwong phdp tich chiét RNA tong sé
RNA tong sb dugc tach tir 14 cdy chuyén gene bang Trizol™ Reagent
(Invitrogen) [155].

cDNA duoc tong hop tir RNA bang bo Kit tong hop cDNA Maxima®
First Strand (Fermantas). Cac budc thuc hién:
(1) Nghién min mau 14 cta cac dong cay thudc 14, dau tuong trong nito 16ng,
lay 300 mg bot mau vao eppendorf 2ml da khir DEPC.
(2) Bo sung 1ml Trizol, tron déu mau, 0 & nhiét d6 phong 5 phut.
(3) B6 sung 1ml hon hop chloroform: isoamylalcohol (24:1), lic manh trong
15 gidy, t & nhiét do phong 15 phut.
(4) Li tam 13000vong/phat trong 10 phat, hat 600ul dich phia trén chuyén
sang Eppendorf 1,5ml da khir DEPC.
(5) B6 sung 500 ul isopropanol, lic nhe, dat mau trong ti -20°C trong 30
phut dé taa RNA. Li tam 13000vong/phit trong 10 phit, bo dich thu can.
(6) Bo sung 500 pl con 70°dé rira. Li tim 13000vong/phut trong 10 phut, bo
dich thu cin (budc nay thuc hién 2 1an).
(7) Lam kho méu trong box bat quat 5 phit, hoa tan cian bang 50 pl nude khir
ion co DEPC va DNase, bdo quan mau & -86°C.
2.2.2.6. Xdc dinh sy phién ma ciia gen chuyén GmDREBG trong cay chuyén
gen

Sy biéu hién ciia gen GmMDREB6 & muc phién ma dugc phan tich bang
phan tng RT-PCR voi cap mdi Xbal-DREB6-F/DREB6-Sacl-R. Phan ting
RT-PCR dugc thuc hién qua hai giai doan:
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(1) Giai doan RT: Pay 1a giai doan tong hop cDNA tir mRNA. Phan tng
dugc thuc hién theo hudng din cia hing san xuit Fermentas. Tong hop
cDNA tir 1,5 ug RNA theo huéng dan cta bo kit RevertAid First Strand
cDNA Synthesis Kit [156].

Budc 1: Tron hdn hop gdm 3ul RNA, 1ul méi Oligo(dT):e 8ul nude khir ion
khir DEPC, li tAm nhanh mau, 0 & 65°C trong 5 phdt.

Budc 2: Bo sung 2 pl dung dich dém cho enzyme phién ma nguoc, 1l dNTPs,
1l Inhibitor, li tim nhanh mau, dit mau & nhiét dd phong trong 5 phut.

Budc 3: Bo sung 1pl reverse transcriptase. Sau d6 dat miu vao may PCR véi

chu trinh nhiét 42°C trong 1 gio va 70°C trong 10 phdt.

(2) Giai doan PCR: ¢cDNA duoc st dung lam khudén dé khuéch dai gen
GmMDREBG. Thanh phan cta phan mg dugc trinh bay trong bang 2.3. Chu
trinh nhi¢t cho phan tng PCR gen GmDREB6 1a 94°C/3 phut 30 giay;
(94°C/30 giay; 58°C/50 giay; 72°C/1 phut 20 giay) lap lai 30 chu ky; 72°C/10
phut; 4°C: oo.

2.2.3 Nhém phuwong phap phin tich mic @9 biéu hién cia gen
GMDREBSG, NtP5CS, NtCLC trén cay thuéc 14 chuyén gen

2.2.3.1. Phwong phdp xir ly va phan tich khd ndng chiu man cia cay chuyén

gen

Thi nghiém duoc thuc hién trong phong nudi cay véi nhiét ¢ duy tri ¢
muc 25°C va d6 am 80% véi chu ky sang va t6i 1a 16h/ 20h. Cay thudc 14
kiéu dai (WT) va chuyén gen GmDREBS in vitro duoc huan luyén va dua ra
trong trong chau co kich thudc 115 x 85 x 105 mm chtra hdn hop phan tron
Tribat, bao gom dét hitu co, dat phu sa, hdn hop xdp, than hoat tinh va vi sinh

vat. Cac cay thi nghiém dugc tudi 50 ml NaCl 200 mM hang ngay trong 3
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tuan. Cac cay ddi ching duoc tudi véi lugng H,O bang nhau. Cac mau 14

dugc thu thap vao ngay cudi cling caa thi nghiém dé phan tich biéu hién gen.

2.2.3.2. Phwong phdp phan tich s biéu hién gen bang phdn ing Real time
quantitative reverse transcription PCR (qQRT-PCR)

Cac cap mdi cua gen tham chiéu Actin va gen dich GmDREB6 dugc
thiét ké va tong hop theo don dit hang véi Cong ty Phu Sa (Viét Nam) dé st
dung cho phan wng qRT-PCR nham phan tich mac d¢o phién ma va hoat dong

cuia cau trdc vector chuyén gen trong cay chuyén gen.

Phan tng qRT- PCR dugc thuc hién vai thé tich 20 pl gdm cac thanh
phan nhu sau: 10 ul SYBR Premix Ex Taq II; 0,75 pl ctia moi xubi (F) 10
mM; 0,75 ul son nguoc (R) 10 mM; 7,5 ul nude khir ion khéng cé DNase va
1,0 ul cDNA. Théng tin vé cac mdi duoc sir dung trong phan ung gRT-PCR
duoc trinh bay ¢ bang 2.5.
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Bang 2.5. Trinh ty nucleotide cua cac cip méi duoc sir dung trong phan ung
Realtime RT-PCR

Nhigt do

Tén moi Trinh tw nucleotide (5'-3") tiép hop

mdi (°C)
GmDREB6-F/ | ATGGTCATGGAAGAATCTAACCCA 58
GmDREB6-R TTAATTATGATTCCCATAGA 58
ACINE/ ACINR GATCTTGCTGGTCGTGATCTT 58
GTCTCCAACTCTTGCTCATAGTC 60
gRT-DREB-F/ | TAATGAAGGCAAGCACCCTAC 60
gRT-DREB6-R | CGTCGGCTAATTCTGGGAAA 60
qRT-P5CS-F/ TGCTCGTGAGATGGCAGTTGC 60
gRT-P5CS-R AGCCTGTTGAGCAGCAACCAC 60
gRT-CLC-F/ CTTGGAGGCCTTCTCGGAAGC 60
gRT-CLC-R AGCCTACAGGACATGGTGTGC 60

Chu trinh nhiét caa phan tng qRT-PCR nhu sau: 95°C trong 3 phut,
thuc hién khuéch dai trong 40 chu ky (95°C trong 10 gidy, tiép hop moi ¢
60°C trong 20 gidy va kéo dai ¢ 72°C trong 20 gidy). Cac phan tng dugc lap
lai 3 1an. Két qua dugc tong hop va phan tich bing phan mém Q-Rex phién
ban 1.0.0 (QIAGEN, Duc), va phuong phap Livak’s -AA Ct ctuia Livak duoc
sir dung dé phan tich dix liéu biéu hién gen [76].
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2.2.4. Nhom phwong phap chuyén gen GmDREBG vao cay diu twong

2.2.4.1. Phwong phdp bién nap ciu triic vector mang gen chuyén

GmDREBG vao giong diu twong PT22 thong qua A. tumefaciens

Phuong phép chuyén gen gian tiép nho A. tumefaciens lay nhiém qua
nach 14 mam duoc tién hanh dua trén nghién ciu caa Olhoft va cs (2006) [97]
va Nguyén Thu Hién va cs (2014) [3]. Quy trinh cu thé nhu sau:

Tao nguyén ligu bién ngp: Hat dau twong sau khi khur tring bang khi
clo tir hdn hop 100 ml javen + 3 ml HCI dam dic dwoc nudi cay va nay mam
trén moi truong RM (Bang 2.6). Sau 5 ngay, 14 mam duoc tach d6i va loai bo

dinh sinh truong dé stir dung lam nguyén lidéu nhan gen va nudi cay in vitro.

Vi khuan A.tumefaciens chira vector chuyén gen pBl121_GmDREB6
duoc nubi trong moi truong LB long cd khang sinh chon loc, sau @6 nudi
phuc hoi trong LB long khong khang sinh, li tam thu dich. Tao dich huyén

phu A.tumefaciens trong moéi trueong %2 MS.

Thanh phan ctia cAc méi truong duoc dung trong nghién ctru nay nhu
moi trudong mam, dong nudi cdy, cam Gmg tao chdi, kéo dai chdi va tao cay
dau tuong chuyén gen in vitro hoan chinh & gidng dau twong DT22 dugc thé
hién & bang 2.6. Cac méi truong déu sir dung MS co ban 1a ché pham pha sén

& dang bot hdn hop c6 day du dinh dudng, khoang can thiét.

Lay nhiém va déng nudi cdy: Gay tén thuong ciac manh 14 mam dau
tuong bang mili dao va kim nhon & phan nach 14 mam. Cac manh 14 mam da
ton thuong dwgc ngdm trong dich huyén phu A. tumefaciens mang vector
pBI121_GmDREBS6 trong thoi gian 30 phat. Sau dé, cac mau bién nap duoc
chuyén sang moi truong ddng nudi cdy CCM dic, khéng khang sinh. Qua

trinh dong nudi cay dién ra trong téi, & 25°C trong thoi gian 3 ngay.
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Bang 2.6. Moi trudong ndy mam, dong nudi cay, cam ung tao choi, tai sinh

cay chuyén gen ¢ giéng dau twong DT22

Moéi truong

Thanh phan

Hat nay mam
(germination
medium -GM)

MS 4,3 g/l + Mudi B5 3,052 g/l + sucrose 20 g/l + gellan
2,5 g/l, pH = 5,8 ¢6 b sung vitamin B5 1000X 1ml/I.

Pong nudi cay
(co-cultivation
medium- CCM)

MS 4,3 g/l + Mubi B5 0,316g/1 + MES 3,9 g/l + Sucrose
30 g/l + agar 6 g/l co6 bo sung acetosyringone 0,04 g/l +
vitamin B5 1000X 1ml/l + BAP 1,67 mg/l + GA3
0,25mg/l, pH =5,4.

Tao da choi
(shoot
induction
medium-SIM)

MS 4,3g/l + Muéi B5 3,052g/1 + MES 0,59g/I + sucrose
30 g/l + agar 8g/l, pH = 5,8, b6 sung BAP 1,67 mg/l +
+ vitamin B5 1000X 1ml/l +
kanamycin 50 mg/I (lan 1) va kanamycin 75 mg/l (lan 2).

cefotaxim 500mg/I

Kéo dai choi
(shoot
elongation
medium-SEM)

MS 4,3 g/l + MES 0,59g/1 + sucrose 30 g/l + nudc dua
200ml/l + gellan 2,5 g/l, pH = 5,8; bo sung cefotaxim
500mg/l + vitamin B5 1000X 1ml/l + GA3 500mg/l +
IAA 100mg/l + L-asparagine monohydrate 50mg/l +
kanamycin 50 mg/I.

Ra ré (rooting
medium-RM)

MS 4,3 g/l + sucrose 20 g/l + MES 0,59¢/l + gellan 2,5
g/l, pH = 5,8 cd bd sung cefotaxim 250mg/l + IBA
0,Img/l + vitamin B5 1000X 1ml/l + L-asparagine
monohydrate 50mg/l + kanamycin 50 mg/I.

Cam g tao chéi trén méi trwong SIM: Sau thoi gian dong nudi cay,
mau bién nap duoc ria trong méi truong cam ung tao choi SIM, bo sung
cefotaxim 500 mg/l véi thoi gian 1a 10 phat, sau d6 tham kho bang gidy thim
khir tring. Pat mau 1én moi truong tao chdi SIM 1, bo sung cefotaxim 500
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mg/l va kanamycin 50 mg/l (1an 1). Sau thoi gian 2 tuan, mau dugc chuyén
sang moi trudng SIM 2 dic, bd sung cefotaxim 500 mg/l va kanamycin 75
mg/l (1an 2).

Kéo dai chai: Sau 3 tuan, cac cum chdi séng sot trén moi trudng chon
loc bing khang sinh duoc loai bo 14 mam va chuyén sang méi trudng phét trién

kéo dai chdi (SEM), bd sung cefotaxim 500 mg/I va kanamycin 50 mg/I.

Tao ré va cay hoan chinh: Khi cac choi phat trién dat kich thudc tir 3 —
4cm s& dugc chuyén sang moi truong tao ré RM, bo sung cefotaxim 250 mg/l

va kanamycin 50 mg/1 dé tao cay hoan chinh.

Cay ra gia thé: Nhiing cay khoé manh, c6 bo ré phét trién dugc dua ra
bau trén gia thé co ty 1& 2 dat thit: 1 trdu hun : 2 so dira. Sau khoang 2 tuan, cac

cay sdng sot dugc dua trong trong nha ludi.

2.2.4.2. Xdc dinh sw c6 mgt va sw phién ma caa gen chuyén GmDREB6

trong cay ddu twong chuyén gen

Téch chiét DNA tong s tir 14 cay dau tuong chuyén gen theo Saghai-
Maroof va cs (1984) [103]. Phan ung PCR véi cap mdi dac hiéu
GmDREB6_Xbal-F/IGmDREB6_c-myc-Sacl-R [93] dé xac dinh su c6 mit cua
gen GmDREBS trong cdy chuyén gen (Bang 2.2). Poan DNA duoc nhan ban
du kién c6 kich thuéc 12 741 bp. San pham PCR duoc kiém tra bang phuong
phap dién di trén gel agarose 1,0%.

RNA tong sé dugc tach chiét tir 14 cay dau twong chuyén gen va cay
WT theo quy trinh muc 2.2.2.5. Chét luong cia RNA tong sé duoc kiém tra
bang phuong phéap dién di trén gel agarose 1% va do quang phd hap thu trén
may Nano Drop. Dich chiét RNA tong sb cd chat luong tét duoc sir dung dé
tong hop cDNA bing B¢ Kit cDNA RevertAid First Strand (Thermo
Scientific, Hoa Ky).
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Phan tich sy cd mit va sy phién ma caa gen chuyén GmDREBS trong cay
dau tuong chuyén gen bang phan tng PCR va RT-PCR dugc md ta ¢ muyc
2.2.2.2 va 2.2.2.6 vdi cac mdi PCR dic hiéu duoc trinh bay ¢ bang 2.2 va bang
2.4,

2.2.5. Phwong phap phan tich va xir ly dir liéu

Céc thi nghiém duoc ldp lai ba 1an. Cac sb lidu dugc phan tich bang
phan mém SPSS theo phuong phéap thong ké sinh hoc & muc ¥y nghia a =
0,05; 0,01 va 0,001.

2.3. PIA PIEM NGHIEN CUU VA HOAN THANH LUAN AN

Cac thi nghiém chuyén gen duogc thuc hién tai Phong thi nghiém Cong
ngh¢ té bao thuc vat, Khoa Sinh hoc, Truong Pai hoc Su pham — Pai hoc
Thai Nguyén. Thi nghiém chuyén gen thuc hién tir naim 10/2019 dén thang
4/2021.

Thi nghiém thiét ké vector chuyén gen va phan tich su biéu hién gen ¢
cdy chuyén gen duoc tién hanh tai phong Cong nghé té bao thyc vat va Phong
thi nghiém trong diém Cong nghé gen thudc Vién Cong nghé sinh hoc — Vién

Han lam Khoa hoc va Cong nghé Vi¢t Nam.

Luan an dugc hoan thanh tai B moén Di truyén hoc &Cong nghé sinh

hoc, Khoa Sinh hoc, Trudong Pai hoc Su pham — Pai hoc Thai Nguyén.
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Chuong 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. PAC PIEM VA SU PHAT SINH CUA PHAN HQ GEN DREB O
CAY PAU TUONG

3.1.1. Két qua xac dinh c&c gen trong phan ho gen DREB & cay diu twong

Trong hé gen ciy dau tuong, hai nhém gen chi phdi kha niang chéng
chiu cac yéu t6 bat loi phi sinh hoc, d6 1a nhom gen ma san pham ctiia mdi gen
lién quan truc tiép dén tinh chong chiu (gen chirc nang), nhdm gen thtr hai c6
vai trd diéu hoa nhém gen chic ning (gen diéu hoa). Nhém gen DREB trong
hé gen dau tuong dugc mo ta la co phan ng vaéi cac stress phi sinh hoc ¢
muc phién ma. Cac nhan té phién ma DREB tham gia vao qué trinh phan ang
véi stress phi sinh hoc nhu han, man, lanh, néng... bén nay, mot sb gen
GmDREB da dugc xac dinh co trong hé gen dau tuwong, nhu GmDREBI,
GMDREB2, GmMDREB3, GmDREB5 [102]. Mot sé gen GmDREB da duoc
tach dong tir dau twong, phan tich biéu hién va cac san pham dich ma cua céac
gen GMDREB nay dugc khang dinh tham gia vao qué trinh khang han va
khang man [33], [92], [101]. Vén dé dit ra 14 trong hé gen ddu tuong co bao
nhiéu thanh vién thugc phan ho gen DREB va nhitng gen GmDREB nao chua
duoc nghién ciu can l1am rd chirc nang? Céch tiép can phan tich dit liéu gen
GmDREB bing céng cu Tin sinh hoc di cung cap théng tin vé sé luong gen
va mot sé thanh vién caa phan ho DREB trong hé gen dau twong con chua 6
chtrc ning can dugc nghién ciu va chiing minh bang thuc nghiém. Dit liéu
gen va su khai thac cac gen GmDREB trén toan bo hé gen dau twong khong
nhitng cung cap co s¢ cho phan tich tién hda phan tar ma con tao co s cho
nghién ciu tim kiém chirc nang sinh hoc cua mot sé gen GmDREB lién quan

dén kha nang chdng chiu cac yéu td bat loi phi sinh hoc cua cdy dau tuong.
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Nghién ctiu nay trinh bay két qua xac dinh va phan tich sy tién hda cua cac
thanh vién trong phan ho gen DREB & dau twong nham tao co s& cho thuc
nghiém chirmng minh chirc nang gen GMDREB va g dung vao viéc cai thién

tinh chéng chiu cac stress phi sinh hoc.

Khai thac tur co sd dir ligu NCBI [152] da xac dinh dugc 41 gen DREB
cua dau tuong, phan tich mo rong nhitng ban copy gen DREB va nhitng trinh
tu gen GMDREB d3 phan 1ap tir mot s6 gidng dau twong Viét Nam da xac
dinh 69 trinh tw gen GMDREB khéac nhau trén GenBank (Phu luc 1).

Phang va cs (2008) cho ring c6 hon 10 gen DREB trong hé gen dau
tuong [102]. Tuy nhién, trong nghién ctru nay ching t6i xac dinh dugc 18 gen
GmMDREB c0 trong hé gen dau twong (Phu luc 1). Tir cac két qua nghién cau
chtic ning gen DREB rat c6 thé s& phét hién thém cac gen GmDREB méi va
cac ban copy cua ching. Trong két qua nay, cac gen GmDREB c6 tir 1 dén 8
copy (Bang 3.1) phan b trén 17 nhiém sic thé, tai cac nhidm sic thé sb 1, 2,
3,4,5,6,7,9, 10, 11, 12, 13, 14, 16, 17, 19, 20. Gen GmDREB3 c6 8 copy
phan b trén cac nhiém sic thé 1, 3, 4, 7, 9, 11, 13, 17; hai gen GmDREB1F
va GmDREB2F cé 4 copy; gen GmDREB1E c6 3 copy; cac gen con lai cé tur
1- 2 copy.

Trong s6 18 gen GmMDREB & bang 3.1, mot s6 gen da duoc 1am rd chuc
nang, nhu gen GMDREB1, GmDREB2, GmDREB3, GmDREB6. GmDREB1
co chuc nang tang cuong kha nang chiu nong, han va lanh [63], GmDREB2
dugc xac nhan 1am ting kha nang chiu han, chiu mudi caa cay chuyén gen
[29], [33], [130], GMDREB3 da lam tang cuong kha nang chiu lanh, han va
mubi & cay Arabidopsis bién doi gen [30], GMDREBS5 lién quan dén kha ning
chiu mudi [105]. Tang cudng biéu hién gen GmMDREB6 da lam ting sy tich
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lity proline va kha ning chiu mudi cia cdy dau twong bién doi gen da duoc
bao céo [55].

Mic du d3 x4c dinh duoc chirc ning cua sé it gen DREB cua dau twong,
nhung mot s6 thanh vién caa phan ho gen DREB ¢ dau twong chua rd chuc

ning chdng chiu cac stress phi sinh hoc can tiép tuc nghién ciru 1am sang to.

Bang 3.1. S6 ban copy va vi tri cia mdi gen GmDREB trong hé gen cay dau

tuong
TT Tén gen S6 ban Vi tri cha gen trén
copy nhiém sac thé so
1 GmDREB 1 13
2 GmDREB1 2 9,10
3 GmDREBI1B 1 10
4 GmDREBI1D 1 13
5 GmDREBI1E 3 1,10, 17
6 GmDREB1F 4 5,11, 12,13
7 GmDREB?2 2 4,6
8 GmDREB2A2 1 14
9 GmDREB2C-like 2 2,6
10 GmDREB2D 2 4,6
11 GmDREB2F 4 2,3,10,19
12 GmDREB3 8 1,3,4,7,9,11, 13,17
13 GmDREB5 2 12,13
14 GmDREBG6 1 5
15 GmDREB7 1 20
16 GmDREBa 1 12
17 GmAP2-2 1 4
18 GmAP2-1le-DBDP 1 16




65

3.1.2. Sw phat sinh caa cac thanh vién trong phan ho gen GmDREB & cay

dau twong

Két qua phan tich sy phat sinh gen thuoc phan ho DREB ¢ hinh 3.1 cho
thay 69 trinh ty gen GMDREB duoc chia thanh hai nhanh A, B v&i 6 nhdm
dugc ky hiéu la I, I, 11, 1V, V, VI. Nhom | gém cac gen GmDREBL (B, D, E,
F), nhém 1l gdm céc gen GmDREB1 va GmDREB7, nhom 111 gém céc gen
GmDREB3 va GmDREB6, nhdm IV c6 cac gen GmDREB2 va mot gen
GmDREB1, nhém V gém c4c gen GmDREBS5, nhém VI gém céc gen
GmDREB va GmDREB?2,

Nhu vay, c¢6 4 nhém chtra cac cap gen GmDREB1-GmDREB7 (nhom
I1), GMDREB3-GmDREB6 (nhém I11), GmDREB2-GmDREB1 (nhém 1V) va
GmMDREB-GMDREB2 (nhém VI). Biém chi y 14 mét sb trinh ty GmDREB3
phan bb & nhitng nhanh riéng trong so do cay. Trinh tyt GMDREB3 mang ma
s6 XM_003534380 la mot nhanh phu cua nhanh A, GmDREB3
(NM_001251571) Ia mot nhanh tach riéng khoi nhém 1V, hai gen GmDREB3
(DQ055133 va NM_001250024) phan b trong mot nhéanh, tach khoi nhom
IV. Gen GmDREB3 c6 8 copy trén c4c nhiém sic thé khac nhau (Bang 2),
trong d6 gen GMDREB3 (XM_003534380) c6 vi tri trén nhiém sac thé sb 9,
GmMDREB3 (NM_001251571) trén nhiém sic thé 17 va GmDREB3
(DQ055133 va NM_001250024) trén nhiém sic thé s 4 (Phu luc 1). Trong
qué trinh tién hoa, cac nhiém sac thé khac nhau co téc do dot bién phan ta
khac nhau, cho nén cd thé céc ban copy cua gen GmDREB3 di dan tach xa

nhau trong cay phat sinh ctia phan ho gen DREB ¢ dau tuong.
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37, GMDREB NM_001248537
73 | GmDREB BT089389
s |- GMDREB AY244760
GmMDREB DT2008
GmDREB BT092314
GmDREB2C-like XM_006580923
GmDREBA AY542886
2| GmMDREBA NM_001358347
GmDREB2C-like(AP2-8) NM_001253076 | /]
33| GMDREB2A2 NM001254013
GmMDREB2D XM_003527831
GMDREB2D XM_003523515
GMDREB2F XM_003553372
GMDREB2F XM_003520476
GMDREB2F XM_003535116
83| GmMDREB2F XM_003518062
97 | GmDREB3 DQ055133
GMDREB3 NM_001250024
GMDREBS5 HE647690 NS
GmMDREBS HE598783 PB
GmMDREBS FR822737 XTD
GmMDREBS NM_001248171 v
% | GMDREBS EF583447
GmDREBS HE648568 BG
GmDREBS HE648567 BB
GmMDREB3 NM_001251571
GmMDREB2 LK936508 DT51
GMDREB1 NM_001248850
GMDREB2 LK936507 DT2008
33| GmDREB2 JF946769
GMDREB2 XM_026128165
GmDREB2 DQ054363 5
GmMDREB2 HG965098. DVNS v
GmMDREB2 NM_001250325
GMDREB2 HG965101 BS
GMDREB2 HG965100 BG
GmMDREB2 HG965099 CBD
GmMDREB2 LK936509 DT26
GmMDREB2 HG965097 CB
GmMDREB2 FJ965341
GmMDREB2 DQ208968
GmMDREB3 XM_003534380
[ 8 [— GmDREB3-Like XM_003516413._ |
% [| GmDREB3 NM_001254427
GMAP2-2 NM_001252765
GMDREB3 XM_003517021
GMDREB3 XM_002542042 11
GMDREB3 XM_002529711
GMDREB2 X#_003528700
GmDREBS6 NM_001248412
GMDREBG-DT2008
GmDREBG EF551166
GmMDREB1 FJ965342
GmDREB1 HE647687 PB
GmDREB1 HE647688 VNS
GmMDREB1 HE647689 YS
GmDREB1 FR822736 XBB
GmAP2-lke-DBDP NM_001280575
GmMDREB7 NM_001248108.
90| GmMDREB1E XM_003536435
GMDREB1F XM_003525492
GMDREB1E XM_003550832
GMDREB1E XM_003517407
33 - GMDREB1D XM_006594135
[: GmMDREB1B XM_003536997
GMDREB1F XM_003541928 I
GmMDREB1F XM_003539412
GmMDREB1F XM_003539131
97 | GMDREB1F XM_003540738

R

43

II

Hinh 3.1. Cay phét sinh va quan hé tién hoa giita cac thanh vién cia phan ho gen
DREB & dau tuong duoc thiét 1ap dua trén céc trinh tw gen GmDREB theo
phuong phap Maximum Likelihood va JTT matrix-based model trong MEGAX.
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Diic diém ciia mién AP2 trong phan he DREB 6 déu twong

Trén hinh 3.2 thé hién sy khac nhau co ban vé trinh ty amino acid mién
AP2 & protein DREB suy dién tir 18 gen GmDREB cua dau tuong. Su sai
khac gitra cac trinh ty amino acid mién AP2 biéu hién ¢ thanh phan va sé
lwgng amino acid. Mién AP2 trong céc protein thuoc phan ho nhan té phién
ma DREB pho bién tir 59-60 amino acid, tuy nhién mot sé protein DREB
chtra mién AP2 c6 téi 62 amino acid (DREB5), ¢6 63 (DREBA), ¢6 53 amino
acid (DREB3-like), hoac chi cé 43 amino acid (DREB2C-like) (Hinh 3.2).

Motif PTPEMAARAYDVAALALKGPSARLNFPEL cia mién AP2
cO & tat ca cac protein DREB cua dau twong. Mién AP2 cia cac thanh vién
trong phan ho protein DREB c6 cac diém lién két véi promoter caa gen chic
ning ma nhén t6 phién ma DREB kich hoat phién ma. Két qua so sanh ¢ bang
3.2 cho thay trong mién AP2 cua 18 protein DREB ¢ dau tuong déu c6 11
amino acid lién két véi sgi DNA & ving promoter (DNA binding site) véi 4
dang va pho bién 12 RGRRWKERRWT, tim thay ¢ 13/18 protein DREB.
Ngoai ra con hai dang KGRRNKERRWT va KGRRWKERRWT (c6 ¢ 2/18
protein DREB) va dang RGRRTKERRWT chi c6 & mot loai protein DREB
(Bang 3.2).

3.1.3. Cay phét sinh mién AP2 & diu twong

Phén tich tién héa cua phan ho protein DREB duya trén trinh tir amino
acid ctia mién AP2 trong 69 protein DREB cua ciy dau twong bang phuong
phap Maximum Likelihood va md hinh JTT matrix-based trong MEGAX
[65]. So d6 cay duoc thiét lap dua trén 69 trinh ty amino acid cia mién AP2
theo ty 1¢ va chiéu dai nhanh duoc do bang sb lan thay thé trén mdi vi tri
amino acid. T4t ca cac vi tri chira khoang tréng va dir liéu bi thiéu da duoc

loai bo. Bo dir liéu cudi cling c6 tong cong 38 vi tri amino acid.



AP2-AAPB3131
AP2-AAT12423
AP2-AAYBO658
AP2-ANZ03388
AP2-ABB36645
AP2-ABQA2205
AP2-ABQ53928
AP?-ACRA4231
AP2-ACRA4232
AP2-ACU13469
AP2-ACU16563
AP2-AEQ61581
AP?-CBZA1764 ¥BB
AP2Z-CBZA1765 XTD
AP2-CCDA2020 PB
AP2Z-CCF23018 PB
AP2-CCF23019 VNS
AP2-CCF23020 ¥S
AP2-CCF23021 NS
AP?2-CCF23312 ¥BB
APZ-CCF23313 BGi
AP2-CD0D19437 CB
APZ-CD0O19438 DVN5
AP2-CD0D19439 CBD
AP2-CD019440 BG
AP2-CD0O18441 BS

AP2-CDU32445 DT2008

APZ-CDU32446 DT51
AP2-CDU32447 DT26
AP2?-DREB DT2008

AP2-DREB6 DT2008
AP2-NP 001235037
APZ-NP 001235100
AP2-NP 001235341
APZ-NP 001235466
AP2-NP 001235779
AP2-NP 001236953
AP2-NP 001237254
AP2-NP 001238500
APZ-NP 001239694
AP2-NP 001240005
APZ-NP 001240942
AP2-NP 001241356
AP2-NP 001267504
APZ-NP 001345276
AP2-¥P 003516461
APZ-¥P 003517069
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AP2-¥P 003537045
APZ-¥P 003538748
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Hinh 3.2. So sanh trinh ty amino acid mién AP2 cua cac protein trong phan

ho DREB ¢ dau tuong



69

Bang 3.2. So sanh cac diém lién két trong mién AP2 véi soi DNA ving

promoter cia 18 thanh vién trong phan ho nhan t6 phién ma DREB ¢ cay dau

tuong
7T Tén gen C4c dang amino acid lién két véi sgi DNA
cua promoter (DNA binding site)
1 GmDREB RGRRWKERRWT
2 GmDREB1 RGRRWKERRWT
3 GmDREBI1E RGRRWKERRWT
4 GmDREB1F RGRRWKERRWT
5 GmDREB2 RGRRWKERRWT
6 GmDREB2A2 RGRRWKERRWT
7 GmDREB2C RGRRWKERRWT
8 GmDREB3 RGRRWKERRWT
9 GmDREB5 RGRRWKERRWT
10 GmDREB6 RGRRWKERRWT
11 GmDREBa RGRRWKERRWT
12 GmAP2-2 RGRRWKERRWT
13 GmDREB7 RGRRWKERRWT
14 GmAP2-l1le RGRRTKERRWT
15 GmDREB1B KGRRNKERRWT
16 GmDREB1D KGRRNKERRWT
17 GmDREB2D KGRRWKERRWT
18 GmDREB2F KGRRWKERRWT
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AP2-CCF23020YS
AP2-CCF23018 pg

APZ-NP 001241356

L AP2-NP 001239694
% ____—_‘_‘——\——__

T AP2-AAYB9ES58

APZXP 003518461

AP2-DREB DT2008

gN 120824002V

ESHOETI00 INTV

Hinh 3.3. Cay phat sinh mién AP2 caa phan ho protein DREB & ddu twong

duoc thiét 1ap dya trén 69 trinh tw amino acid mién AP2 theo phuong phap

Maximum Likelihood trong MEGAX [65] va JTT matrix-based model voi
bootstrap duoc 13p lai 1000 lan.

Két qua phan tich su tién hda mién AP2 cua protein DREB ¢ dau tuong
bang phan mém MEGAX [65] cho thy cdy phat sinh thiét 1ap tir 69 trinh ty
amino acid cua mién AP2 phan thanh 4 nhanh, trong d6 c6 mot nhanh chi cé
mot trinh tu AP2 cua protein DREB2 (AAY89658) va ba nhanh con lai, moi
nhanh c6 mot nhém ky hiéu 1a I, 11, 111 (Hinh 3.3). Nhém | gom 29 trinh tu
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AP2 cua cac loai protein DREB1, DREB1B, DREB1D, DREB1E, DREBIF,
DREB3, DREB6, AP2-2, AP2-1le-DBDP; nhém 11 gém 25 trinh ty AP2 cua
cac loai protein DREB, DREBA, DREB2A2, DREB2C-like, DREBS,
DREBS5; nhém 111 gdbm 14 trinh tu AP2 cua céc loai protein DREB2 (13 trinh
tu) va DREBL1 (1 trinh tu).

Nhu vay, c6 18 gen GmDREB trong hé gen dau tuwong da duoc xac dinh
va Ccac ban copy phan bd trén 17 nhiém sic thé, trong 46 GMDREB3 c6 8
copy, con lai cac gen GmMDREB khéac ¢ 1- 4 copy. Nghién ctru nay da cung
cap thong tin toan dién vé phan ho gen DREB, tao co sd cho cac phan tich
thue nghiém tiép theo dé 1am rd chic ning cta mot sb thanh vién trong phan

ho gen DREB trong hé gen dau tuong.

3.2. THIET KE VECTOR CHUYEN GEN GmDREB6 VA PHAN TICH
HOAT PONG CUA VECTOR TREN CAY THUOC LA

3.2.1. Thiét két vector chira cu triic mang gen chuyén GmDREBG
Tong hop GmDREB nhan tao

Dya trén thong tin cua gen GmMDREB6 c¢d mi sb EF551166 trén
GenBank (Liu va cs 2007) [75], gen GmDREBG6 nhan tao dugc thiét ké véi
kich thudc 741 bp (Hinh 3.4). Trong d9, trinh ty ma héa ciagen GmDREB6
nhan tao c6 693 nucleotide, bd sung 15 nucleotide 1a vi tri cit clia cap enzyme

Xbal/Sacl va 33 nucleotide ma hoa dudi cmyc, tong cong 1a 741 nucleotide.

Gen GmMDREBG6 dugc chén vao vector pUC18 (pUC18 GmDREBS).



72

brgetetagah TCETCATGEARGARTCTARCCCATTAGACARTGRACGTTCRAACCRACCACTT
CATCATCCTCTTTCACCATTACTACTCCCTCTACCTCCTCTTCTTCCTCCATAGAARGAAGT
CACTAACACTACAAAGGRAGARALACARGARLCCCAATACTAATGARGGCAAGCACCCTACG
TATAGAGGAGTTCGCAT GCGTCAAT GEGGCARATGGECTATCCGAAATTAGAGAGCCAAGEA
AGAARATCAAGARTTTGGCTTGETACTTTTCCCACGCCCGATATGEUGECTCGAGCCCATGA
COTGGCGGCTCTCACGATCARAGGCAGCTCGGCTTACCTCARTTTCCCAGAATTAGCCGAC
GAGCTGCCCCGCCCCGCCAGCACCTCCCCCAAGGACATCCARGCTGCGGCGTCTARAGCCG
CTGCCTTGGATTTCGGCCACCGAAGCCATGACGCCGAGT CCGAGCTGAGCCGAGCCETTTC
CTCCTCAATCCTCACACRAGCATCATCATCATCATCCAATTCATCATCGTTGARAGGETGTG
GATGACACATTCTTGGACCTTCCTGATCTCTCTCTCGACTTGAGCCATGGAGCCGATGAGT
TTCATTATTCGTCAGCTTGGCTTGTAGCCGGAGCCGAACATATAGAGCTGGETTTTCGGCT
TGAGGATCCTITTCTAT GEGAAT CATATGAACARARACTCATCTCAGARGAGGATCTGAAT

TARgagoteg 3’

Hinh 3.4. Trinh tu nucleotide cia gen GMDREB6 nhan tao.

Pdu 5 - getetaga la trinh tw chiva vi tri cat ciia Xbal va dau gagceteg — 37 1A

trinh tw chira vi tri cdat cua enzyme Sacl.

Trén hinh 3.4, gen GMDREB6 duoc cdu tric boi ving ma héa gdm 693
bp, bo sung 8 bp (5°-gctctaga) & dau 5° (vi tri cit cua Xbal) va 7 bp (gagcetcg-
3°) ¢ dau 3° (vi tri cit ctia enzyme Sacl). Mot doan 33 bp ma hoa peptid
khang nguyén c-myc & dau 3’ dd duoc thém vao so voi trinh ty GMDREB6 ¢6
ma EF551166 trén GenBank, trinh ty GMDREB6 nhén tao c6 G thay thé bang
Tovitri417.

Tao vector chuyén gen mang gen GmDREBG

Vector chuyén gen pBI121 chira gen GUS (pBl1121_GUS). Cip enzyme
Xbal/Sacl duoc str dung dé cat va loai bo gen GUS khoi vector pBI121_GUS
(Hinh 3.5A) sau d6 chén gen chuyén GMDREB6 vao vector chuyén gen
pBI121, tao ra c4u triic mang gen chuyén pBl121_GmDREBS6 (Hinh 3.5C).
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Xbal Sacl

GMDREBS | cmye —

Sacl

AS 741 bp
| [ : ‘
/—m nptll iNos4erH 355-Promoter | GUS —*No&ter—l\
Xbal
Xbal/Sacl
A B
NG 741 bp
N05m> nptil Can355>’» GMDREB6 | cmyc || Noster
Hind Il Xba | Sacl

C

Hinh 3.5. So db thiét ké vector chuyén gen pBI121_GmDREB6
A: Vector pBI121_GUS; B: Vector puC18 GmDREBG; C:

pBl121_GmDREBG;

nptll: neomycin-phospo-transferase Il; 35S: Virus kham sup lo 35S

Promoter;

GMDREB6-cmyc: Gen GmDREBG chira cmyc va vi tri cdt ciia cdp enzyme

Xbal/Sacl

Két qua cat vector pUC18_GmMDREBG6 bang cdp enzyme gidi han
Xbal/Sacl thu dugc gen GMDREB6 (Hinh 3.6A), dong thoi cit vector

pBI121_GUS ciing bang cip enzyme gidi han Xbal/Sacl di loai bo duoc gen
GUS (Hinh 3.6B). Vector chuyén gen pBI121_GmDREB6 dugc bién nap vao
E.coli DH5a, dugc nhan ban va kiém tra bang colony-PCR (Hinh 3.6).

Plasmid pBI121_GmDREBS6 tach chiét tir E.coli DH50 d3 dugc bién

nap vao A.tumefaciens. Sau d6 A.tumefaciens tai té hop duoc nhan dong, chon

loc va kiém tra. Chon ngau nhién 4 dong khuan lac va dem phén tich bang

colony-PCR nhan ban gen GmDREBS, két qua thu dugc mot bing DNA Gng
v6i kich thuéc cua gen chuyén GmDREB6 (Hinh 3.7). Cac khuan lac
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A.tumefacines duong tinh duoc luu giit va sir dung dé 1ay nhigm vao thudc 14

va dau tuong dé tao cay chuyén gen.

1 2 3 4 (+) M

«— 0,75 kb
+~— 0,5kb

GmDREB6 —
GmDREB6 —>

Hinh 3.6. A- Hinh anh dién di kiém tra san pham cit tir vector
pUC18 _GmDREBS, pBl121_GUS bang cip enzyme Sacl/Xbal;
1: pUC18_GmDREBG6; M: Thang DNA 1kb; 2: pBI121_GUS.
B- Hinh anh dién di kiém tra gen GMDREB6 trong cau tric
pBI121 GmDREBS6 tir khuan lac E.coli DH5a tii to hop E.coli DH5a sau
bién nap. M: Thang DNA 1kb; (+): Gen GmDREBG6 dugc khuéch dai tir
pUC18 GmDREBSG; 1, 2, 3, 4: Gen GmDREBG durgc khuéch dai tir cdc khudn
lac E.coli DH5a.

Nhu vay, cdu trac 35S-GmDREB6-cmyc trong vector chuyén gen
pBI121 duoc thiét ké thanh coéng va tao duoc cac dong vi khuan A.
tumefaciens AGLI tai to hop mang cdu trac gen chuyén pBI121_GmDREBS.
Pic diém cua vector chuyén gen pBI21_GmDREB6 dugc thé hién & hinh 3.8.
Dong khuan A. tumefaciens AGL1 tai to hop dugc st dung trong bién nap vao

cay thudc 14 va cdy dau tuong.
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«— 0,75 kb
~— 0,5 kb

GmDREB6 —

Hinh 3.7. Hinh anh dién di kiém tra gen chuyén GmDREBSG bang colony-
PCR tir cac khuan lac A. tumefaciens AGL1. M: Thang DNA 1 kb; 1, 2, 3, 4:

Cdc dong khuan lac cia ching A. tumefaciens AGLI.

Xba | Sacl

\ﬁ RB |- NoSpro |-| nptll [—| CaMV35S L GmDREB6 cmyc | — NOSter [ —( LB A

T 741bp
ATG

Hinh 3.8. So d ciu trac vector pBI121_GmDREBS6 duoc sir dung dé chuyén
gen thong qua vi khuan Agrobacterium tumefaciens [93].

LB va RB: bo trdi va bo phai cua T-DNA; nptll: neomycin-phospho-
transferase II; CaMV35S: promoter 35S cua virus kham sup lo;
GmDREB6_cmyc: Gen DREBG6 ciia ddu tuwong dwoc gian mét trinh tu
nucleotide ma hda peptide cmyc; Xbal va Sacl: Vi tri nhdn biét va cdt ciia

enzyme gioi han Xbal va Sacl
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3.2.2. Bién nap cau trdc pBI1121._GmDREBG6 vao mé cay thuéc la

Céac manh 14 thudc 14 in vitro c6 kich thudc khoang 1cm? dugc ngam
trong dich huyén phi A. tumefaciens. Sau d6 cac manh 14 dugc nudi cay trén
moi truong déng nubi cay trong tdi. CAc mau nay tiép tuc dugc rira sach
khuan bang khang sinh cefotaxime 500 mg/ml va tham khé trén gidy thim vo
tring. Chung tiép tuc duoc cy chuyén sang moi trudng tai sinh da chdi, moi

truong ra ré dé tao ra cay thudc 14 chuyén gen (Hinh 3.9).

Hinh 3.9. Hinh 4nh mo t4 qua trinh bién nap cau trac mang gen GMDREB6
va tao cay thudc 14 chuyén gen théng qua A.tumefaciens.

A: Cdc mdnh I ngam trong dich huyén phii A. tumefaciens; B: Cdc mau bién
nap dwge chuyén sang méi trieong dong nudi cay; C,D: Tdi sinh da choi va
kéo dai choi; E : Cac chéi song sét sau chon loc diege chuyén sang moi truong
tao ré; G: Cdy thuoc la chuyén gen dwoc trong trén gid thé.

Két qua bién nap céu tric mang gen chuyén GmDREBG vao cay thudc
la duoc trinh bay ¢ bang 3.3. Bang 3.3 cho thay, tir 180 mau trong ba lan bién
nap c6 539 chdi duoc tao ra trong mdi trudng tai sinh da chdi va moi truong

kéo dai chdi c6 bd sung khang sinh chon loc kanamycin, trong dé ¢6 309 choi
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sinh truong tot chuyén sang méi truong ra ré. Két qua c6 101 cay con da duoc

trdng trén chau, trong d6 48 cay duoc chuyén dén nha ludi chiam soc.

Chon 13 cay chuyén gen sinh truéng, phat trién tét dem phan tich sy

hién dién caa gen chuyén GmDREBSG trong cdy chuyén gen. Két qua phan tich
PCR v6i cip mdi Xbal-DREB6-F/DREB6-Sacl-R thu dwoc 9 cdy duong tinh
v6i su xuat hién cua mot bang DNA c¢6 cung kich thudc véi gen chuyén
GmDREBS6 (741 bp) (Hinh 3.10). Cay chuyén gen duong tinh PCR trong thé
hé TO duoc ky hiéu la TO-4, TO-5, T0-6, TO-7, TO-8, T0-9, T0-11, T0-12, TO-

13.

Bang 3.3. Két qua bién nap cau triic pBl121-GmDREB6 vao mo cay thudc 14

L , S6 cay
, |Somau| , , So cay ,
o So So choi| So , chuyén
Thi nghiém va . tao A chuyen .
| mau dwgc cay . sang trong
doi chirng cum . . |sang trong .
. | taisinh| rare trong nha
choi trong chau )
luwdl
bCo” 30 23 85 63 20 10
bC1” 30 0 0 0 0 0
Lan1l | 60 42 165 65 34 13
Thi -
_ Lan2 | 60 39 158 72 31 17
nghiem |
Lan3 | 60 51 216 69 36 18
Tong thi
i 180 132 539 309 101 48
nghiém

Ghi chii:PCO*: Mau 14 thuac 1a khdng bién nap dwoc cdy trén méi trieong tai

sinh khéng cé khdng sinh; PCI*: Madu 14 thuoc la khéng bién nap dwroc cdy

trén méi trwong tai sinh ¢6 bé sung khang sinh.
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M(M+WT12 3 4567 8 910111213

0,75kb——

0.5 kb +—GmDREB6

Hinh 3.10. Hinh anh két qua dién di kiém tra san pham PCR nhan ban gen
chuyén GmDREBS tir cac cdy thudc 14 chuyén gen & thé hé TO.
M: thang DNA 1 kb; (+): plasmid pBI121-GmDREB6; WT: cay khong bién
nap; 1-13: Cac cay chuyén gen thé hé TO (T0-1, TO-2, T03, T0-4, TO-5, TO-6,
T0-7, TO-8, T0-9, TO-11, TO-12, TO-13).

Tién hanh phan tich Southern blot 9 cdy dwong tinh véi PCR dé xac
nhan sy hop nhit ciia gen chuyén GMDREB6 vao hé gen cay thudc 13 bién
nap, két qua thé hién ¢ hinh 3.11. Hinh 3.11 cho thay c6 8 cay TO (T0-4, TO-
5, T0-6, TO-7, T0-9, T0-11, T0-12, T0O-13) cho két qua duong tinh v&i phan
g lai Southern, cy T0-8 khong xuat hién bang DNA. Trong cac cdy cho két
qua lai Southern, cy TO-7 c6 hai ban copy, con lai cac cdy chuyén gen TO
déu c6 mot ban copy. Tur két qua nay cé thé két luan rang, gen chuyén

GMDREBS6 di dugc hop nhat vao hé gen cua cdy thude 14 chuyén gen.

Tiép tuc phan tich su biéu hién ciia gen GMDREBG trén 8 ciy thubc 14
chuyén gen & mirc phién ma dwong tinh v4i Southern blot bang phan tng RT-
PCR, két qua cho thiy c6 5 cay TO duoc phién mi dé tao ra mRNA, d6 1a cac
cdy TO0-5, TO-7, T0-9, T0-12, T0-13 (Hinh 3.12). Nhu viy, gen chuyén
GMDREB6 di dugc biéu hién trong cay thudc 14 chuyén gen.
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Hinh 3.11. Hinh anh két qua phan tich Southern blot kiém tra sy hop nhat cua
gen chuyén GmDREBG vao hé gen cac cay thudc la chuyén gen ¢ thé hé TO.
M: thang DNA 1 kb; (+): plasmid pBI121-GmDREB6; WT: cay khong bién
nap; Caclan4,5,6,7,8,9, 11, 12, 13:Cac cay chuyén gen thé hé TO (T0-4,
TO-5, TO-6, TO-7, TO-8, T0-9, TO-11, TO-12, TO-13)

GmDREB6 (cDNA)—

Hinh 3.12. Hinh anh két qua dién di kiém tra san pham RT-PCR khuéch dai
cDNA ciia gen chuyén GmDREBG tir mRNA ciia céc cdy chuyén gen thé hé TO.
M: thang DNA 1 kb;(+): plasmid pBI121-GmDREBG6; WT: Cay khong bién
nap; Cac lan dién di 4, 5, 6, 7, 9, 11, 12, 13: Cdc cdy thuoc ld chuyén gen
duwong tinh voi Southern blot twong ung la T0-4, TO-5, TO-6, TO-7, TO-9, TO-11,

T0-12, TO-13.
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CAu truc 355-GmMDREB6G-cmyc trong vector tai t6 hop pBI121 da duoc
bién nap thanh coéng vao ciy thudc 14 qua trung gian A.tumefaciens. Gen
chuyén GmDREB6 duoc chimg minh 13 d3 hop nhit vao hé gen va duoc biéu
hién & cay thudc 14 chuyén gen & muc d6 phién ma. Nhu vay, co thé thay
vector chuyén gen pBI121_GmDREBS6 hoat dong tdt trén cac cdy thudc 14 md
hinh. Do d6, cdu tric mang gen GMDREBG c6 thé sir dung dé chuyén vao cay
dau twong nhu muc tiéu 13 tao cdy chuyén gen c6 kha ning chdng chiu cac

stress phi sinh hoc.

3.3. PHAN TICH SU BIEU HIEN CUA GEN GmDREB6, NtP5CS,
NtCLC TREN CAY THUOC LA CHUYEN GEN BANG REAL TIME
qRT-PCR

Anh huong cua stress mudi ¢ thé dugc quan sat thay & cap do té bao,
co quan va toan bd cdy trong. Cac qua trinh sinh hoc trong té bao chiu tac
dong rat 16n, nhu sy can bang tham thau bi pha v&, giam hiéu suat tong hop
protein, quang hop va céc qué trinh chuyén héa khac. Kha ning chéng lai
stress do mudi cua thyc vat lién quan dén cac qua trinh sinh ly phuc tap, cac
con duong trao doi chat va su biéu hién cua cac gen lién quan. Mot s6 gen dau
tuong da duoc mo ta 1a cd kha ning dap (ng véi cac cang thang phi sinh hoc
nhu, gen ma hoa yéu té phién md DREB kich hoat phién m& nhém gen chuc
ning; gen P5CS ma hoéa enzyme chia khoa trong qua trinh sinh tong hop
proline; gen CLC c6 chirc nang lam ting sy van chuyén CI- tir té bao chat vao
khong bao va nang cao kha niang chdng chiu NaCl, Nghién cau nay tiép can
phan tich su biéu hién caa gen chuyén GmDREBS tir dau twong va lam rd mdi
lien quan gitta sy biéu hién gen GmMDREB6 va mirc d6 phién ma cua gen

NtP5CS va NtCLC trén cay thudc 14 trong diéu kién stress man.
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3.3.1. Xir ly man cac dong thuéc 14 chuyén gen GmDREBS6 va cay WT

Trong 5 cay TO (T0-5, TO-7, T0-9, T0-12, T0-13) cho két qua phién ma
tong hop mRNA, chon 3 cdy sinh truéng phat trién tbt 1a TO-5, T0O-9 va T0-13
dé tiép tuc phan tich biéu hién gen trong diéu kién stress mudi bang Real time
RT-PCR. Cac dong chuyén gen T0-5, TO-9 va T0-13 lan luot duoc ky hiéu la
L1, L3 va L9. Céac dong WT va ba dong chuyén gen L1, L3, L9 ¢c6 su sinh
trudng, phét trién binh thudng va hinh thai dong déu da dugc chon dé xur ly
stress man trong buong trong cdy. Cac chau cay thudc 1a dugc tugi 50 ml
NaCl 200 mM hang ngay trong 3 tuan, sau d6 mirc do biéu hién gen duoc
phan tich bang phan ung qRT-PCR. Péi chung la cac dong chuyén gen
GmDREBS6 va cay khong chuyén gen dugc tudi 50 ml H,O hang ngay (Hinh
3.13). Quan sét hinh thai thi nghiém va ddi chitng sau 3 tuan cho thay, ¢ 16
tudi nugc (Hinh 3.13A) céc cay chuyén gen L1, L3, L9 ¢6 hinh thai va mau
sac 14, chiéu cao cay tuwong tw nhau; nhung ¢ 16 thi nghiém (Hinh 3.13B) tudi
50 ml NaCl 200 mM thay cay L1 biéu hién sinh truong manh hon céc cay L3,
L9 va WT. Cay WT sinh truong kém hon va cé 1a nho, vang ¢ nhiing la gan
géc, trong khi cac cay chuyén gen L1, L3, L9 sinh trudng binh thuong, 14
xanh, to tuong tu & 16 dbi chimg tudi nudce. Su biéu hién nay ciing cho thay sy
phat trién binh thudng cua cac dong thude 14 chuyén gen khi bi stress man,
trong khi cac cdy WT bi vang 14, sinh trudng kém va ngung sinh truong.
3.3.2. Phan tich mirc @9 biéu hién cia cac gen GmDREB6, NtP5CS va
NtCLC phan &ng véi stress min & cac dong thuéc 14 chuyén gen

Cac dong thudc 14 chuyén gen L1, L3 va L9 duoc sir dung dé phan tich
muc d6 biéu hién cua cac gen GmDREBG, NtP5CS va NtCLC bang phan tng
gRT-PCR dé xac dinh vai tro caa gen GmDREBS tir ddu twong ddi véi su biéu
hién caa cac gen NtP5CS va NtCLC néi sinh ¢ cy thudc la.



82

Trong diéu kién binh thuong, gen chuyén GmDREBS6 cua cac dong cay
chuyén gen duoc biéu hién qua muc trong khi khong quan sat thdy su biéu
hién & cdy WT. Két qua nay xac nhan rang gen chuyén GmDREB6 d3 duoc
hop nhit vao hé gen cua cdy thudc 14 va qua trinh phién mi cua gen
GmMDREB6 di dugc thyc hién. Khi xir Iy man, mac do biéu hién gen
GmDREBS6 trong cac dong thubc 14 chuyén gen L1, L3, L9 déu ting 1én so véi
trong diéu kién tudi nude binh thuong (Hinh 3.14).

Hinh 3.13. Hinh thai cay thudc 14 chuyén gen GmDREBSG va cay khong
chuyén gen khi tu6i H,0 va NaCl trong budng sinh truéng sau 3 tuan.
A: tuéi 50 mL H20 hang ngay, B: twéi 50 mL NaCl 200 mM hang ngay. Dong
thuéc la chuyén gen L1, L3, L9: GmDREB6; WT: cay thudc la khéng chuyén

gen.
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Hinh 3.14. Mac do biéu hién cia gen GmDREBG & cac dong thube 14 chuyén
gen trong diéu kién stress man bang phan tng gRT-PCR str dung Actin lam
gen tham chiéu.

WT: cay thuoc & khong bién ngp; L1, L3 va L9: dong thudc 1a chuyén gen. Ddu
(*) trén mai cét thé hién su khac biét ¢ y nghia thong ké (P <0,05).

Dic biét, cac dong chuyén gen L1 va L9 c6 mic do biéu hién cua gen
GMDREBS cao, tang 2,40 1an (L1) dén 3,22 lan (L9) so véi diéu kién khdng
xt Iy mudi. Nhu vay, nhitng két qua nay chi ra rang sy biéu hién cua gen
GmDREBS6 ¢6 lién quan truc tiép dén phan ¢ng véi stress man ciaa cay thude
la.

Trong diéu kién stress mudi, gen P5CS ma hda enzyme P5CS va gen
CLC mi hoa protein van chuyén CI- trong khong bao ciing da dwoc ching
minh 1a c6 vai tro trong viéc ting cuong kha nang chong chiu cua cay trong
[135], [138], [145]. Trong nghién ctu nay, d6i voi gen NtP5CS cua cy thudc
la chuyén gen (gen noi sinh), két qua trén hinh 3.14 cho thiy, trong diéu kién
tudi nudc binh thuong (khdng xir Iy NaCl), khong cé su khéc biét vé mic do
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phién ma giira cac dong thudc 14 chuyén gen so véi cdy WT. Tuy nhién, trong
diéu kién stress man, ¢ cac dong chuyén gen L1 va L9 c6 muc d6 phién ma
cua gen P5CS tang tir 1,24 dén 3,60 (1an) so véi ¢ cdy WT. Trong sé 3 dong
thudc 14 chuyén gen, dong L1 c6 muc phién ma cua gen P5CS ting 1,9 1an so
véi dong L1 khong xir ly, trong khi dong L3 va L9 khdng cho thay su thay
d6i biéu hién nay (Hinh 3.15).

1,8
1,6
1.4
1,2
1 4.
08 |-
0,6 -
0,4 -

Biéu hién clia gen AMPSCS [ actin

WT L1 L3 LS

Cay WT va cac dong chuyén gen

m Khéng xir Iy m X by NacCl

Hinh 3.15. Mtc do biéu hién caa gen NtP5CS & cac dong thudc I chuyén gen
GMDREBG trong diéu kién stress man bang phan ting qRT-PCR st dung Actin
lam gen tham chiéu.
WT: cay thuoc & khéng bién ngp; L1, L3 va L9: dong thudc 1a chuyén gen. Ddu (*)
trén mai cét thé hién su khac biét ¢é y nghia thong ké (P <0,05).

Tiép tuc phan tich biéu hién caa gen NtCLC trén cac dong thudc 14
chuyén gen GmDREB6 L1, L3, L9 két qua cho thay, trong diéu kién khong xix
ly NaCl, chi c6 dong thudc 14 chuyén gen L1 ¢ muc phién mé cao hon so voi
cay WT; con khi xir ly bang NaCl, cac dong chuyén gen déu c6 mic phién ma
tang 1én, dao dong tir 3,65 dén 4,54 (1an) so vai véi cdy WT (P <0,05) (Hinh
3.16).
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Biéu hién clia gen MICLC T actin

WT L1 L3 LS

Cay WT va cac dong chuyén gen
m Khdng xtr ly m Xir Iy NaCl

Hinh 3.16. Mc do biéu hién caa cac gen NtCLC & cac dong thude & chuyén
gen GmDREBG trong diéu kién stress man bang phan tng gRT-PCR sur dung
Actin 1am gen tham chiéu.

WT: cay thuéc 14 khéng bién nap; L1, L3 va L9: dong thudc 1a chuyén gen. Ddu (*)
trén mai cét thé hién su khac biét ¢é y nghia thong ké (P <0,05).

3.3.3. Thao luan két qua biéu hién gen GmMDREBG, NtP5CS, NtCLC & Ccac

dong thuéc 14 chuyén gen

Nudc bién xam thuc vao dat lién gay nhidm man dat trdng ngay cang
gia ting & nhiéu quoc gia ven bién, trong d6 c6 Viét Nam, do do, cai tién cay
trong theo hudng ting kha ning chéng chiu man 1a mdi quan tam dac biét
hién nay. Viéc tang cudng sy biéu hién gen ma hoéa nhan té phién ma duoc
thuc hién dé danh gia tac dong lén cac gen co chic nang chng chiu c4c stress
phi sinh hoc. DREB thudc ho nhan té phién ma AP2/ERF c6 thé lién két véi
cac yéu té DRE / CRT trong vuing promoter caa mét s6 luong 16n céc gen lién

quan su phan tng cac stress phi sinh hoc & thuc vat. Trong nhitng nam gan
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day, da co nhiéu tién bo dang ké trong viéc 1am rd vai tro diéu tiét cia DREB
trong phan tng cua cay trong déi véi céc stress phi sinh hoc. Gen DREB dugc
dua vao mot sb cay trong chuyén gen da thé hién ting cuong kha ning chdng
chiu dbi véi nhiéu loai stress phi sinh hoc [62]. Cac nghién ctu trude day
cling dd chang minh riang phan ho DREB déng mdot vai trd quan trong trong
phan tng chong chiu man caa thuc vat théng qua con dudng khdng phu thudc
ABA. Sy biéu hién ting cudng cua gen DREB d kich hoat su biéu hién cua
cac gen dap tng chong chiu trong diéu kién stress phi sinh hoc [62], [83],
[113]. GmDREB®6 trong phén ho gen DREB cua dau tuong da dugc ching
minh 14 1am ting tich lily proline va nang cao kha ning chéng chiu man & dau
tuong bién doi gen [92]. Trong két qua nghién ctu trén cay thudc 14 chuyén
gen cua ching toi ¢ diéu kién tuéi 50 ml NaCl 200 mM hang ngay trong 3
tuan, cac dong thuéc 1a chuyén gen da biéu hién muac do phién ma cua gen
GmMDREBS ting tir 108,03% dén 321,95% so vai cdy chuyén gen trong diéu
Kién tudi nudc binh thuong (P <0,05). Két qua nay khang dinh su phan ung
manh mé& ciia gen GmMDREBSG khi cay thudc 14 chuyén gen nhan duoc tin hiéu

stress man tir moi truong [101].

Gen GmDREBS trong hé gen dau twong (gen ¢6 ID 1a 100101914) nam
trén nhidm sic thé s 5. Ving ma hoéa cia gen GmDREBS, c6 kich thudc 693
bp, m& hoa protein DREB6 gom 230 amino acid. Protein DREB6 chira mién
AP2 c6 59 amino acid va trinh tu amino acid lién két véi sgi DNA cua
promoter c6 11 amino acid [73]. Promoter khai dong phién ma cuaa gen
GmDREBS6 chira céc yéu t cis GT-1 va DRE (DRE (~1113), GT-1 (=133,
—1398, —1488, —1560, —1993) va nhan té phién ma DREB6 c6 thé duoc lién
két véi mién GT-1 hoic DRE trong ving khoi dong caa cac gen chic ning.
Cac yéu to cis trong trinh tu khai dong caa gen GmP5CS & dau twong 1a GT-1
(=56, —1243, -1641) vi GCC (~1899) [146] va nhu vdy nhan té phién ma
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GMDREBS cua dau twong c6 thé lién két véi GT-1 trong ving promoter caa
gen P5CS. Nguyén va cs (2019) da chung minh rang su biéu hién qua muc
cua gen GmDREBG6 da tang cuong hoat dong phién mé caa gen GmP5CS &
cdy dau tuong chuyén gen. Trong nghién ctu nay, két qua phan tich biéu hién
gen GmMDREBS trén cay thudc 14 chuyén gen di cho thay, khi cay thudc 14
nhan dugc tin hiéu vé d6 man cua moéi truong, mic do phién ma caa gen

GMDREBS tang 1én 321,95% so véi ¢ cay khong dugc xtr Iy bang NaCl.

Proline 1a chat tham thau, ham luong proline cao trong té bao s& lam
tang kha nang giit nuéc cua té bao. Trong cdy thube 14 va thuc vat néi chung
c6 2 loai enzyme quan trong la P5CS va P5CR tham gia vao qua trinh tong
hop proline trong té bao. Su biéu hién qua muc caa gen NtP5CS (gen noi sinh
trong cdy thudc 14) s& 1am ting ham luong enzyme P5CS trong té bao thudc
la, ting tong hop va tich lily proline, dong thoi din dén ting ap suat tham
thau, do d6 lam ting kha nang gitr nudc cua cay [143]. Protein chloride
channel (CLC) la anion chat mang quan trong ton tai trong vi khuan, nim
men, thuc vat va dong vat [127]. Céc ion CI rat quan trong doi véi mot s6 qua
trinh sinh hoc trong té bao, chang han nhu khtr cuc mang, diéu chinh thé tich
té bao, kha nang chéng lai stress mudi va kha niang chiu dung kim loai. Nguoi
ta suy doan rang protein CLC c6 thé tham gia vao qua trinh van chuyén CI-
qua c4c bao quan trong té bao [148]. Su biéu hién cua protein CLC 1am ting
su van chuyén CI- tir té bao chat vao khong bao va tao ra kha niang chdng chiu
NaCl trong té bao [72].

Khi khao sat mirc d6 phién ma cta gen noi sinh NtP5CS va NtCLC
trong cay thudc 14 chuyén gen va cdy WT, ching tdi nhan thay cac dong thudc
14 chuyén gen L1 c6 sy biéu hién gen NtP5CS tang dang ké so vai cdy WT va
so voi hai dong chuyén gen L3 va L9. Bong thoi, dong chuyén gen L1 ciing

dugc chirng minh 1a c6 sy biéu hién cua gen NtCLC tang 1én so v6i cdy WT.
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Trong khi cac dong thudc 14 chuyén gen L3 va L9 chi ghi nhan cac phan tng
tang cudng biéu hién gen NtCLC trong diéu kién stress mubi, thi dong chuyén
gen L1 dd ghi nhan cac cai tién trong sy biéu hién ddng thoi cua gen chuyén
GmDREBSG, NtP5CS va NtCLC cua cay thudc 14 chuyén gen (Hinh 3.14, 3.15,
3.16). Nhitng két qua nay cho thay vai trd cua gen GmDREBS tir dau twong va
mdi quan hé cua né véi sy biéu hién caa gen NtP5CS va NtCLC & thubce 14,
Két qua phan tich vai trd gen GmDREBG cho thay kha ning chdng chiu Véi
stress min & cay trong cd thé duoc cai thién bang cach kiém soét sy biéu hién
cia gen DREB. Tuy nhién, danh gia thém vai tro cia gen GmDREB6 la can
thiét dé xac dinh méi lién quan gitra nhan t6 phién ma DREB6 véi cac gen

chitrc nang khac dap trng véi stress man.

Két qua phan tich biéu hién cua cac gen GmDREB6, NtP5CS va
NtCLC trén cay thudc 14 c6 thé thay gen GmDREBG6 la mot ¢ng cir vién tiém
nang co6 thé str dung dé cai thién kha ning chiu min cua cay trdng, mao ra
huéng nghién ctu phat trién cay trong chiu man trong béi canh bién doi khi

hau ngay cang gia ting muc nudc bién.

3.4. BIEN NAP CAU TRUC MANG GEN GmDREB6 THONG QUA
A.tumefaciens O GIONG PAU TUONG PT22

3.4.1. Bién nap va tao ciy d4u twong chuyén gen GmDREBSG tir gidng dau
twong DT22

Pau tuong 1a cdy thyc pham quan trong mang lai nhiéu gia tri vé kinh
té, dinh dudng va cai tao dat, nhung thudc nhém cay chéng chiu kém cac yéu
td bat lgi phi sinh hoc, nhu han, min, néng, lanh,... Nhiéu cach tiép can
nghién ciu cai thién kha ning chdng chiu cua ciy dau tuwong da duogc thuc
hién va mang lai két qua kha quan, trong d6 c6 k¥ thuat biéu hién manh gen

ma hoa nhan t6 phién ma va gen GmDREBSG 1a mét lya chon.
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Gidng dau twong DT22 dugc trong phd bién & mién Bac Viét Nam, co
thoi gian sinh trudng ngan va c6 kha nang khang bénh phan tring, tuy nhién,
gidng dau twong DT22 cung voi cac gibng DT12, DT94, W82, DT2003,
DT2001, DT51, D2101, DT22, DT96, DT95, D8, DT90, DT83, DT84, DT30
dugc danh gia c6 kha ning chiu man thap [1]. Trong nghién ciu nay, giéng
dau tuong Viét Nam DT22 dugc chon lam d6i twong nhan gen dé thuc hién
thi nghiém chuyén gen GmDREB6 trong muc dich ning cao kha ning chiu

man caa giéng dau tuong nay.

Hat cua giéng dau twong BT22 duoc khir triing va cho nay mam trén
moi truong GM dé thu 1a mam 1am nguyén liéu bién nap. Két qua bién nap
cau trc mang gen chuyén GmDREBSG thong qua lay nhiém A.tumefaciens qua

nach 14 mam duoc thé hién & hinh 3.17 va bang 3.4.

Két qua ¢ bang 3.4 cho thay cac mau dbi chiing khong chuyén gen
(PC1) khong c6 kha ning tao chdi trong méi trudng chia khang sinh chon
loc kanamycin; con trong moi truong khong chira khang sinh, 16 BPCO da co
21/30 mau tao chdi vai 53 choi, trong d6 c6 42 duoc chuyén sang méi truong
kéo dai va 34 chdi ra ré trén moi trusng RM. Chuyén 30 cay trdng trén gia thé

va két qua c6 11 cay sbng trong diéu kién nha ludi.

Trong 16 thi nghiém, véi 450 mau bién nap, 13p lai 3 1an d3 c6 185 mau
tao chdi va tong sb chdi duoc tao thanh 1a 583 chdi. Chuyén 174 chéi sang
moi truong SEM, két qua chon loc bang khang sinh thu 152 chdi sinh truong
phat trién tét. Cac chdi di qua chon loc bang khang sinh dugc nhan 1én dé tao
cac dong chuyén gen TO va chon 109 chdi chuyén sang mai trudng ra ré. Két
qua chuyén 53 dong cay TO ra tréng trén gia thé va thu dugc 12 dong cay TO

sbéng sot trong diéu Kién nha ludi.
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Hinh 3.17. Hinh anh qué trinh bién nap va tai sinh cay dau twong chuyén gen.
A: Hat ddu twong DT22 dwoc khit tring bang khi clo tir hén hop javen 100 ml
va HCI 3 ml; B: Hat nay mam trén méi truong GM; C: L4 mam thu tir hat
nay mam; D: L& mam da gdy ton thwong ngdm trong dich A. tumefaciens
chita vector chuyén gen pBI121_GmDREB6 trong 30 phit. E: Cac 14 mam
bién nap duwoc chuyén sang méi triong dong nudi cay CCM trong toi, & 25°C
trong thoi gian 5 ngay; G: Cac 1a mam dwoc ddt trén méi truong cam ing tao
da choi SIM1, bé sung cefotaxim 400mg/l va kanamycin 50mg/l trong 2 tuan
(Idn 1). Sau @6 cac 14 mam dwoc chuyén sang méi trirong SIM2 ddc, bé sung
cefotaxim 400mg/l va kanamycin 75mg/l trong 3 tuan (lan 2); H: Céac choi
song sot trong méi trwong chon loc bang kanamycin dwoc chuyén sang moi
trirong kéo dai chai SEM, bé sung cefotaxim 400mg/l va kanamycin 50mg/I; K,
M: Céac chai song sot sau chon loc durgc chuyén sang méi triong tao ré RM,
b6 sung cefotaxim 400mg/l va kanamycin 50mg/l dé tao cay hoan chinh; N:
Céac cay c6 bg ré phat trién duwoc chuyén ra trong trén gia thé co ty 1é 2 dat

thit: 1 trdu hun : 2 so diva trong nha i



Bang 3.4. Két qua bién nap gen GmDREB6 vao gidng dau twong DT22

Poichieng  Tong S6  Tong Séchdi Séchdi  So S6 cay
va thi s6 miu séchdi chuyén raré cay séngsotva
nghiém miu tao trén  sang trén trén phat trién
chéi  mai moéi  moi g binh
treong trwong trwong trén thwong
SIM SEM RM gia trong nha
thé lwéi
bCO0 30 21 53 42 34 30 11
bCl1 30 0 0 0 0 0 0
Lan 150 65 208 62 45 17 4
Thi 1
nghi¢ Lan 150 51 173 41 19 15 3
m 2
chuyén Lan 150 69 202 71 45 21 5
gen 3
Téng 450 185 583 174 109 53 12

Ghi chii: PCO: manh 1& mam ddu twong khéng bién nap dwoc cdy trén moi

triong tai sinh khong chiza khdng sinh; PCI: manh 1& mam ddu tiwong khéng

chuyén gen duwoc cdy trén méi truong tai sinh c6 bé sung khang sinh.
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3.4.2. Phan tich sw hién dién va sw phién méa caa gen chuyén GmDREB6

trén cay dau twong chuyén gen

L& cac dong cay dau tuong bién nap ¢ thé hé TO trong nha ludi duogc sir
dung dé phan tich sy c6 mat cua gen chuyén GmDREBSG trong hé gen cua cay
dau tuong chuyén gen. DNA tong so tach tir 14 non cua 12 cay TO duoc sir
dung cho phan tich PCR véi ciap mdi GmDREB6_Xbal-F/IGmDREB6_c-myc-
Sacl-R, két qua kiém tra san pham PCR nhan doan DNA GmDREB6_c-myc
dwoc thé hién o hinh 3.18.

Két qua phan tich dién di ¢ hinh 3.18 cho thiy bang DNA c6 kich
thugc khoang gan 750 bp xuat hién & 8 dong dau twong chuyén gen sé 1, 3, 4,
6, 8, 9, 11, 12, trong khi cac dong sé 2, 5, 7, 10 khong xuat hién biang DNA.
Nhu vay, budc dau cé thé xac nhan gen chuyén GmDREB6 da hién dién trong
hé gen cua 8 dong dau tuong chuyén gen & thé hé TO, ky hiéu 1a T0-1, T0-3,
TO-4, TO-6; TO-8, TO-9, TO-11, TO-12.

Hinh 3.18. Hinh anh dién di kiém tra san pham PCR khuéch dai gen chuyén

GmDREBSG trong hé gen céac cay dau turong chuyén gen. M: thang DNA 1 kb;

WT: cdy dau twong khéng bién nap; (+) plasmid pBI121 GmDREBG lam doi
ching dwong; 1-12: cdc dong cdy dau twong chuyén gen GmDREBS.
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Tiép tuc phan tich biéu hién phién ma cua 8 cay duong tinh véi PCR
bang phan tng RT-PCR véi cip mdéi GmDREB6_Xbal-F/GmDREB6_c-myc-
Sacl-R, két qua thé hién & hinh 3.19. Trén hinh 3.19, trong 8 cay TO mang
phan tich RT-PCR c6 7 cay duong tinh, d6 la cac cay TO =1, T0-3, T0-6, TO-
8, T0-9, T0-11, TO-12. Nhu véy, gen chuyén GmDREBG6 di biéu hién phién
ma tong hop mRNA.

M (+) WT 1 3 4 6 8 9 11 12

Hinh 3.19. Hinh anh dién di kiém tra san pham RT- PCR khuéch dai ciu tric
chtra gen GMDREBG trong hé gen cac ciy dau tuong chuyén gen.
M: thang DNA 1 kb; WT: cdy ddu tuwong khéng bién nap; (+) plassmid
pBI12] GmDREBG lam doi chitng dwong; 1,3, 4,6, 8,9, 11, 12: cac dong
cdy ddu tiong chuyén gen GmDREBG.

3.4.3. Thao luan két qua chuyén gen GmDREB6 ¢ cay diu tuong

Nghién ctu chuyén gen ¢ dau tuong nho A. tumefaciens chira cau trac
mang gen chuyén qua nach la mam da ton thuong duoc cong bé bai nhiéu tac
gia. Viéc gy ton thuong nach 14 mam can phai cé cac thao tac ki thuat phu
hop thi méi tao da mé dich cho su xdm nhiém cua vi khuan [97], [138]. Tuy
nhién, mic d hinh thanh chdi & nch 14 mam khéng nhitng phu thudc vao ky

thuat gay ton thuong ma con phu thudc vao dic diém cua kiéu gen cay dau
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tuong [98]. O Viét Nam, Tran Thi Ctuc Hoa (2007) [4], Nguyén Thi Thay
Huong (2011) [5], Nguydn Thu Hién (2011) [3], Lo Thi Mai Thu (2014) [12]
Lo Thanh Son (2015) [11], Nguyen HQ va cs (2019) [92], Pham va cs (2020)
[101], cling d3 thanh cbng trong chuyén gen ¢ dau tuong bang cach lay nhidm
A. tumefaciens mang cau trac gen chuyén qua nach 1a mam ton thuong. Bang
phuong phap nay, ching tdi cling di thanh cong bién nap vector
pBI121_GmDREB6 vao giéng dau twong Viét Nam BT22 vai s6 chdi tai sinh
dat trung binh 3,15 choi/mau. Két qua 3 lan chon loc bang khang sinh
kanamycin & cic giai doan tao chdi, kéo dai chdi va ra ré, da chon duoc 53
cdy dau tuong trong trén gia thé. Str dung PCR véi cap moéi GmDREB6_Xbal-
F/IGmDREB6_c-myc-Sacl-R di xac nhan gen chuyén GmDREB6 dd c6 mit

trong hé gen cua 8 cay chuyén gen TO.

Trong hé gen cua cdy dau twong chuyén gen c6 gen GmMDREB6 ndi tai
va gen chuyén GmDREB6. Vung ma hda cua gen ndi tai va gen chuyén
GMDREB6 déu c6 kich thudc 693 bp, ma hoa 230 amino acid. Néu sir dung
PCR v6i ciap mdi duoc thiét ké dé khuéch dai ving ma hoa thi két qua duy
nhat chi c6 doan DNA khoang 0,7 kb va khong thé xac dinh dugc gen chuyén
GmMDREBS ¢6 duoc hop nhat vao hé gen cia cdy ddu tuong duge chuyén gen
hay khong. Do vay, dé phan tich cdy dau tuong chuyén gen, ching toi thiét ké
cdp moi PCR nhdm nhan ban doan DNA bao gébm gen GmDREBS, cac trinh
tu chira diém cat ciia enzyme giGi han Xbal va Sacl. Trong vector chuyén gen
pBI121_GmDREB6, ciu tric GmDREB6-c-myc bao gdm doan gen
GMDREBS, chita ving ma hoa 693 bp, doan 8 bp (GCTCTAGA) & dau 5
'chira vi tri cit cho Xbal, trinh tu c6 kich thudc 33 bp ma hoéa cho khang
nguyén c-myc va doan 7 bp (GAGCTCG) ¢ 3' cudi chtra vi tri cat cho Sacl.
Nhu vay, cau tric pBl121_GmDREB6_cmyc c6 kich thudc 1a 741 bp. Cap
mdi PCR GmDREB6_Xbal-F/GmDREB6_c-myc-Sacl-R dugc thiét ké dé
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khuéch dai ciu trdc GmDREBG-c-myc va két qua kiém tra bang dién di trén
gel agarose d3 xudt hién bang DNA duy nhét véi kich thude khoang 0,75 bp
(Hinh 3.18). Pong thoi, két qua phan tich RT-PCR d3 xac dinh dugc gen
chuyén GmDREB6 d biéu hién ¢ 7 cay dau twong TO .

O Viét Nam, hiéu suat chuyén gen ¢ dau tuong & giai doan phan tich
PCR di dugc bdo cdo. Hiéu suat chuyén gen P5CSm vao giéng dau tuong
DT84 dat 0,24% [5], chuyén gen HA1 vao giéng BT12 dat 1,23% [3], bién
nap cau trac RNAI vao gidng PTI2 1a 1,35%, vao giong DT2008 la 2,24%
[11], chuyén gen GMEXP1 vao gibng DT84 dat 0,53% [11], chuyén gen
GMDREB2 vao gidng DT84 dat 2,64% [101], chuyén gen GmCHI vao gidng
DT2008 dat 2,05% [92]. Trong nghién ciu cua ching tdi, hiéu suat chuyén
gen GmMDREB6 ¢ giai doan phan tich PCR dat 1,78% va giai doan phan tich
RT-PCR dat 1,56%. Nhu vay, co thé thay rang hiéu suat chuyén gen gian tiép
nho A.tumefaciens ¢ cay dau tuong khong chi phu thudc vao dic diém kiéu
gen va kha nang tiép nhan gen cua gidng, ma con phu thugc vao dic diém cua

cau tric gen duoc chuyén vao cdy dau tuong.
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KET LUAN VA PE NGHI

1. Két luan

1.1. Muoi tdm gen GmDREB thuéc phén ho DREB trong hé gen dau tuong da
xac dinh dugc tir co s¢ dir liéu NCBI. Cac ban copy cua cac gen GmDREB
phan bé trén 17 nhiém sac thé, trong ¢6 GmMDREB3 c6 8 copy, con lai cac
gen GMDREB khac c6 1-4 copy. Mién AP2 cua protein DREB pho bién c6
59-60 amino acid va motif PTPEMAARAYDVAALALKGPSARLNFPEL
c & tat ca cac protein DREB cua dau twong. AP2 chira 11 diém lién két voi
promoter cua cac gen chuc ning, Vvéi 4 dang va pho bién I3
RGRRWKERRWT (c6 & 13/18 protein DREB).

1.2.Vector chuyén gen thuc vat pBI121_GmDREB6 chita ciu truc 35S-
GmDREB6G-cmyc dugc thiét ké va bién nap vao cdy thudc 14. Sy hop nhét va
su biéu hién cua gen chuyén GmDREBG6 trong hé gen cay thudc 14 chuyén
gen dd dugc xac dinh bang phan tich Southern blot va RT-PCR.

1.3. Bang phan tich qRT-PCR da chung minh duoc sy biéu hién cua gen
GmDREBG6 tir dau tuong da lam tang mac d6 phién ma cac gen NtP5CS va
NtCLC cua cay thudc la chuyén gen trong diéu kién xtr Iy man. Cac dong
thudc 14 chuyén gen L1 va L9 c6 muc phién ma caa gen GmDREBS tang tir
2,40 dén 3,22 (1an) so vai diéu kién khong xir Iy man. So véi cady WT, mic
d6 phién ma caa gen NtP5CS ¢ cac dong chuyén gen tang tir 1,24 - 3,60 lan
va cia gen NtCLC ting 3,65 - 4,54 (1an) (P <0,05). Su ting cudng biéu hién
ddng thoi & ca gen chuyén GmDREB6 va hai gen noi sinh, NtP5CS va

NtCLC, di dugc xac nhan & cac dong thudc 14 chuyén gen L1.

1.4. CAu tric mang gen GmDREB6 da bién nap thanh cong vao giéng dau
tuong DT22 qua nach 14 mam nho A.tumefaciens, tai sinh duoc 583 choi tir
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450 mau bién nap. Sau 3 1an chon loc bang kanamycin da thu dugc 53 cay
dugc trong trén gia thé va 12 cay sinh trudng binh thudng trong diéu kién
nha ludi. Phan tich phan tir cc dong chuyén gen GmDREBS6 & thé hé TO xac
dinh dugc 8/12 dong dwong tinh véi PCR va gen chuyén GmDREB6 ¢ 7
dong cay cho két qua biéu hién & mac phién ma. Hiéu suit chuyén gen
GmDREBG6 ¢ giai doan phan tich PCR dat 1,78% va giai doan phén tich RT-
PCR dat 1,56%.

2. Pé nghi

Trong s6 18 gen GMDREB c¢6 trong hé gen dau tuong con nhiéu gen
chua c6 thong tin vé chirc ning can duogc tiép tuc nghién ciru dé 1am rd bang
thuc nghiém.

Tiép tuc phan tich sy biéu hién protein tai to hop cta 7 dong dau tuong
chuyén gen GmDREBSG c6 két qua phan tich RT-PCR & cac thé hé TO, T1, T2
dé chon tao dugc dong dau tuong cé su sinh trudng, phat trién binh thuong

va kha nang chiu man cao.
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PHU LUC

Phu luc 1. Dt liéu trinh tw gen GmDREB va protein thuoc phan ho DREB
cua dau tuong str dung trong phén tich (cap nhdt ngay 9 thang 5 nam 2020)

Vi
tri .
Tén gen X . Ma so ciaa
Gene/Gene ID DREB cua tre. Maso cua gen protein trén
n  trén GenBank
diu tuwong NS GenBank

T
DREB/ GmDREB 13 BT089389 ACU13469
100499747
DREB/ GmDREB 13 BT092314 ACU16563
100527471
DREB/ GmDREB 13  AY244760 AAP83131
100499747
DREB/ GmDREB 13 NM_00124853 NP_001235466
100499747 7
GmDREB* GmDREB 13 GmDREB; DREB_DT200

DT2008 8

AP2-2/ GmAP2-2 4 NM_00125276 NP_001239694
100813069 5
AP2-1le-DBDP/ GmAP2-lle- 16 NM 00128057 NP_001267504
100819565 DBDP 5
DREB1/ GmDREB1 9 HE647687;PB CCF23018 PB
547622*
DREB1/ 547622 GmDREB1 9 FJ965342 ACR44232



https://www.ncbi.nlm.nih.gov/protein/255626249
https://www.ncbi.nlm.nih.gov/protein/255632426
https://www.ncbi.nlm.nih.gov/protein/32480821
https://www.ncbi.nlm.nih.gov/protein/351722835
https://www.ncbi.nlm.nih.gov/protein/358248846
https://www.ncbi.nlm.nih.gov/protein/525507429
https://www.ncbi.nlm.nih.gov/protein/365189121
https://www.ncbi.nlm.nih.gov/protein/238535499
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10. DREB1/547622* GmDREB1 9 FR822736; CBZ41764_X
XBB BB
11. DREB1/547622* GmDREB1 9 HEG647688; CCF23019_V
VNS NS
12. DREB1/547622* GmDREB1 9 HE647689; YS CCF23020_YS
13. DREB1/547622 GmDREB1 14 NM_00124885 NP_001235779
0
14. DREB1B/100813 GmDREB1B 10 XM_00353699 XP_003537045
230 I
15. DREB1D/100778 GmDREB1D 13 XM_00659413 XP_006594198
541 5
16. DREB1E/100789 GmDREB1E 1 XM_00351740 XP_003517455
097 7
17. DREB1E/100797 GmDREB1E 10 XM_00353643 XP_003536483
582 5
18. DREB1E/100779 GmDREB1E 17 XM_00355083 XP_003550880
318 2
19. DREB1F/100810 GmDREB1F 12 XM_00354073 XP_003540786
401 8
20. DREB1F/100795 GmDREB1F 5 XM_00352549 XP_003525540
696 2
21. DREB1F/100793 GmDREB1F 11 XM_00353913 XP_003539179
751 1
22. DREB1F/100815 GmDREB1F 12 XM_00353941 XP_003539460
039 2
23. DREB1F/100803 GmDREB1F 13 XM_00354192 XP_003541976



https://www.ncbi.nlm.nih.gov/protein/323669525
https://www.ncbi.nlm.nih.gov/protein/365189123
https://www.ncbi.nlm.nih.gov/protein/365189125
https://www.ncbi.nlm.nih.gov/protein/351724471
https://www.ncbi.nlm.nih.gov/protein/356537053
https://www.ncbi.nlm.nih.gov/protein/571498368
https://www.ncbi.nlm.nih.gov/protein/356497210
https://www.ncbi.nlm.nih.gov/protein/356535906
https://www.ncbi.nlm.nih.gov/protein/356565301
https://www.ncbi.nlm.nih.gov/protein/356544702
https://www.ncbi.nlm.nih.gov/protein/356513683
https://www.ncbi.nlm.nih.gov/protein/356541428
https://www.ncbi.nlm.nih.gov/protein/955353804
https://www.ncbi.nlm.nih.gov/protein/955361323
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317 8

24. DREB2/ 732579 GmDREB2 DQ208968 ABB36645

25. DREB2/732579 GmDREB2 FJ965341 ACR44231

26. DREB2/732579* GmDREB2 HG965097; CB CDO19437_C

B

27. DREB2/ 732579 GmDREB2 DQ054363 AAYB89658

28. DREB2/ GmDREB?2 LK936508; CDU32446_D
732579* DT51 T51

29. DREB2/ GmDREB2 LK9365009; CDU32447_D
732579* DT26 T26

30. DREB2/ GmDREB?2 HG965098; CD019438 D
732579* DVN5 VNS

31. DREB2/ GmDREB?2 HG965099; CDO019439 C
732579* CBD BD

32. DREB2/ GmDREB2 HG965100; BG CDO19440_B
732579* G

33. DREB2/ GmDREB?2 HG965101; BS CDO19441 B
732579* S

34. DREB2/ GmDREB?2 JF946769 AEQ61581
100801528

35. DREB2/1008015 GmDREB2 LK936507;DT2 CDU32445_DT
28* 008 2008

36. DREB2/ GmDREB2 XM_02612816 XP_025983950
100801528 3)

37. DREB2/732579 GmDREB2 NM_00125032 NP_001237254

5



https://www.ncbi.nlm.nih.gov/protein/78216278
https://www.ncbi.nlm.nih.gov/protein/238535496
https://www.ncbi.nlm.nih.gov/protein/597954839
https://www.ncbi.nlm.nih.gov/protein/68303944
https://www.ncbi.nlm.nih.gov/protein/664641318
https://www.ncbi.nlm.nih.gov/protein/664641320
https://www.ncbi.nlm.nih.gov/protein/597954841
https://www.ncbi.nlm.nih.gov/protein/597954843
https://www.ncbi.nlm.nih.gov/protein/597954845
https://www.ncbi.nlm.nih.gov/protein/597954847
https://www.ncbi.nlm.nih.gov/protein/351738969
https://www.ncbi.nlm.nih.gov/protein/664641316
https://www.ncbi.nlm.nih.gov/protein/1448257053
https://www.ncbi.nlm.nih.gov/protein/1279855160
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38.

DREB2A2/1008
00134

GmDREB2A 14
2

NM_00125401
3

NP_001240942

39. AP2-8/ GmDREB2C 2 NM 00125307 NP_001240005
100798277 -like 6
40. DREB2C-like/ GmDREB2C 6 XM 00658092 XP_006580986
100783729 -like 3
41. DREB2D/ GmDREB2D 4 XM 00352351 XP_003523563
10079005 5
42. DREB2D/100797 GmDREB2D 6 XM _ 00352783 XP_ 003527879
850 1
43. DREB2F/100808 GmDREB2F 2 XM 00351806 XP_003518110
363 2
44. DREB2F/100819 GmDREB2F 3 XM 00352047 XP_003520524
966 6
45. DREB2F/100808 GmDREB2F 10 XM 00352511 XP_003525164
719 6
46. DREB2F/100801 GmDREB2F 19 XM 00355337 XP_003553420
311 2
47. DREB3/ 732559 GmDREB3 4 NM_00125002 NP_001236953
4
48. DREB3/732559 GmDREB3 4 DQO055133 AAZ03388
49. DREB3/732656 GmDREB3 17 NM_00125157 NP _001238500
1
50. DREB3(AP2-1)/ GmDREBS3- 3 NM_ 00125442 NP_001241356

100794316

like

Z

ol.

DREB3/

GmDREB3 1

XM_00351702

XP_003517069



https://www.ncbi.nlm.nih.gov/protein/1384072009
https://www.ncbi.nlm.nih.gov/protein/358249174
https://www.ncbi.nlm.nih.gov/protein/571457995
https://www.ncbi.nlm.nih.gov/protein/356509658
https://www.ncbi.nlm.nih.gov/protein/356518425
https://www.ncbi.nlm.nih.gov/protein/356498543
https://www.ncbi.nlm.nih.gov/protein/356503456
https://www.ncbi.nlm.nih.gov/protein/356512924
https://www.ncbi.nlm.nih.gov/protein/356570494
https://www.ncbi.nlm.nih.gov/protein/1151099563
https://www.ncbi.nlm.nih.gov/protein/69111452
https://www.ncbi.nlm.nih.gov/protein/351721764
https://www.ncbi.nlm.nih.gov/protein/359807173
https://www.ncbi.nlm.nih.gov/protein/356496426
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100804801

1

52. DREB3/ GmDREB3 7 XM_00352971 XP_003529759
100804056 1

53. DREB3/ GmDREB3 9 XM_00353438 XP_003534428
100783790 0

54. DREB3/ GmDREB3 11 XM_00353870 XP_003538748
100817503 0

55. DREB3/ GmDREB3 13 XM_00354204 XP_003542090
100784419 2

56. DREB3-like/ GmDREB3- 1 XM_00351641 XP_003516461
100786075 like 3

57. DREB5/1001018 GmDREB5 12 HE648567; CCF23312_XB
98* XBB B

58. DREB5/1001018 GmDREB5 12 HE648568; CCF23313_BG
98* BGi [

59. DREBS/ GmDREB5 12 EF583447 ABQ53928
100101898

60. DREB5/1008098 GmDREB5 13 FR822737; CBZ41765_XT
87* XTD D

61. DREB5/1008098 GmDREB5 13 HE598783; PB CCD42020_PB
8r*

62. DREB5/1008098 GmDREB5 13 HE647690: NS CCF23021_NS
8r*

63. DREB5/ GmDREB5 12 NM_00124817 NP_001235100
100101898 1

64. DREBG6/ GmDREBG6 5 EF551166 ABQ42205



https://www.ncbi.nlm.nih.gov/protein/356522248
https://www.ncbi.nlm.nih.gov/protein/571480552
https://www.ncbi.nlm.nih.gov/protein/356540544
https://www.ncbi.nlm.nih.gov/protein/356547379
https://www.ncbi.nlm.nih.gov/protein/356495187
https://www.ncbi.nlm.nih.gov/protein/371570516
https://www.ncbi.nlm.nih.gov/protein/371570518
https://www.ncbi.nlm.nih.gov/protein/148278091
https://www.ncbi.nlm.nih.gov/protein/323669527
https://www.ncbi.nlm.nih.gov/protein/347630191
https://www.ncbi.nlm.nih.gov/protein/365189127
https://www.ncbi.nlm.nih.gov/protein/1189438270
https://www.ncbi.nlm.nih.gov/protein/146552062
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100101914

65. DREB6/ GmDREBG6 5 NM_00124841 NP_001235341
100101914 2

66. DREB6* GmDREBG6 5 GmMDREBSG; DREB6_DT20

DT2008 08

67. DREB7/ GmDREBY7 20 NM_00124810 NP_001235037
100101894 8

68. DREBa/ GmDREBa 12 NM_00135834 NP_001345276
100788110 7

69. DREBa/ GmDREBa 12 AY542886 AAT12423
100788110

Ghi chl: Ddu * chii thich cho gen GmDREB dwoc phan ldp tir cac giong dau
twong Viét Nam cuia nhom tac gia [142],[143]; NST: nhiém sdc thé.


https://www.ncbi.nlm.nih.gov/protein/351726616
https://www.ncbi.nlm.nih.gov/protein/1239290962
https://www.ncbi.nlm.nih.gov/protein/1279855165
https://www.ncbi.nlm.nih.gov/protein/47157142

