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MO PAU
1. Pit vin dé

Pau tuong (Glycine max (L.) Merrill) 1a cay trong c6 gié tri kinh té va dinh
dudng cao, ddng thoi dong vai trd quan trong trong cai tao dat nho kha niang cb dinh
dam sinh hoc. Tuy nhién, ning suat va chat luong dau twong thudng bi anh huong
nghiém trong bai cac yéu td bat loi ciia méi truong, dic biét |12 stress man va stress
han. Duéi tac dong cua bién doi khi hau va qua trinh canh tac kéo dai, tinh trang
kho han va tich liiy mudi trong dit ngay cang gia tang, trd thanh nhing thach thic
I6n ddi véi san xuat ndng nghiép noi chung va canh tac dau twong ndi riéng.

Kha nang chiu han va chiu man cua thuc vat la tinh trang phac tap, dugc
diéu khién bai mang ludi nhiéu gene chiic nang va gene diéu hoa. Cac gene chirc
ning tham gia truc tiép vao qua trinh dap tng stress thong qua diéu hda ap suat
tham thau, bao vé cau trlc té bao hoic khar cac dang oxy hoa hoat tinh, nhu cac
gene lién quan dén sinh tong hop proline (P5CS, P5CR), phat trién bo ré (Expansin)
hay cac protein soc nhiét (HSP). Tuy nhién, phan Ién céc gene nay chi tham gia vao
tirng co ché dap ung riéng lé. Trong khi do, cac gene ma hoa nhan t phién ma co
kha ning diéu hoa ddng thoi nhiéu gene muc tiéu, tir d6 kiém soat toan bo mang
lu6i dap Gng stress ¢ thuc vat. Vi vay, nhdm gene ma hoa nhan t phién ma duogc
xem 1a d6i tuong tiém ning trong nghién cau cai thién kha ning chdng chiu stress
phi sinh hoc & cay trong bang cong nghé sinh hoc.

Trong sb cac ho nhan té phién md o thuc vat, ho AP2/ERF
(APETALAZ2/Ethylene Responsive Factor), dac biét 1a phan ho DREB (Dehydration
Responsive Element Binding), dugc xac dinh giir vai tro trung tim trong co ché dap
{rng Vv&i stress han, man va nhiét do thap. Cac protein DREB chaa mién bao ton
AP2 c6 kha niang nhan biét va lién két dac hiéu véi trinh ty DRE/CRT
(Dehydration Responsive Element/C-repeat) trong vung promoter cua gene
muc tiéu, qua d6 kich hoat biéu hién cua nhiéu gene lién quan dén chdng chiu
stress. Pic diém diéu hoa da gene nay gitip nhan td phién ma DREB trg thanh
muc tiéu quan trong trong nghién ciru nang cao tinh chng chiu cua cay trong

trude diéu kién bat loi caa méi truong.



O dau twong, nhiéu gene thuoc phan ho DREB da dugc xac dinh théng qua
phan tich hé gene va duoc dy doan lién quan dén dap tng stress phi sinh hoc. Tuy
nhién, chic ning sinh hoc cu thé cua phan 16n cac gene ndy van chwa dugc lam
séng to day du, dic biét 1 co ché didu hoa dap ung min va han & cay chuyén gene.
Mot s6 gene nhu GmDREB5 va GmDREB?7 da duoc ghi nhan ¢6 tiém ning tham gia
diéu hoa dap tng stress phi sinh hoc dua trén dic diém trinh ty va biéu hién gene,
nhung cac nghién ciru chirc ning truc tiép con han ché.

Xuét phét tir nhirng co s& khoa hoc va thuc tién trén, viéc nghién ctu chic
ning cua cac gene ma hoa nhan t phién ma thuoc phan ho DREB & dau twong c6
nghia quan trong trong viéc 1am sang to co ché phan tir lién quan dén kha nang chiu
man va chiu han, dong thoi cung cap co sé cho (ng dung cong nghé chuyén gene
trong chon tao gidng cay trong thich ung vai diéu kién bat loi ciia méi trudong. Vi
vay, luan an duoc thuc hién véi dé tai: “Phan tich chire ning va co ché diéu hoa
ciia cac nhan té phién mi GmDREB5, GmDREB7 trong dap &ng véi stress
min & cay thudc 14 va dau twong chuyén gene”.

2. Muc tiéu nghién ciru

Xéc dinh duogc vai tro diéu hda cua gene ma hoé protein DREB5 va DREB7
v6i mot sb gene muc tiéu trong diéu kién stress phi sinh hoc.

Tao va danh gia duoc mot s6 dong ciy dau twong chuyén gene GmDREB7 ¢
kha nang chéng chiu stress man cao hon ddi chitng khong chuyén gene.
3. Noi dung nghién ciru
3.1. Nghién ci#u se tién hda phan ti ciia he gene AP2 ¢ cay Arabidopsis thaliana
va ddu twong
i) St dung Tin sinh hoc dé tim kiém va trich xuét cac trinh ty gene thuoc ho
AP2, phan ho gene DREB cua cay A. thaliana va cay dau tuong trén ngan hang
dir lieu NCBI.
i) Xac dinh sé lwong gene ho AP2, phan ho gene DREB, vi tri, sé ban copy cia mdi
gene DREB trong h¢ gene cay A. thaliana va cay dau tuong.
iii) Xay dung cay phat sinh ching loai cua ho gene AP2, phén ho DREB, vung AP2

o cay A. thaliana va cay dau tuong.



3.2. Nghién cizu chie ndng ciia gene ma hoéa nhan té phién ma DREBS5 ciia cay
ddu twong

i) Thiét ké gene va vector biéu hién gene GmDREBS5 (Glycine max DREB5).

i) Bién nap cau tric mang gene GmDREBS5 vao thudc 14 va tao dong chuyén gene
GmDREBS.

iii) Phan tich méi quan hé giita gene GmDREB5 véi mirc ¢ phién ma caa mot s6
gene muc tidu & cay thudc Ia.

iv) Phan tich sy tuong tac giira protein - nhan té phién ma DREBS va promoter cua
mot s6 gene muc tiéu.

3.3. Nghién ci#u vai tro ciia gene méa héa nhan té phién ma DREB7 ¢ cdy diu tuwong

i) Bién nap di truyén cau tric mang gene GmDREB7 (Glycine max DREB7) vao
dau tuong va tao dong dau tuong chuyén gene.

ii) Phan tich cay dau trong chuyén gene bang ky thuat Real time RT-PCR.

iii) Phan tich twong tac phan tir in silico protein DREB7 va promoter cua gene
GmP5CS.

iv) Panh gia mot s6 dong dau twong chuyén gene GmDREB7 trién vong vé kha
nang chiu man va chiju han.

4. Nhirng dong gép méi caa luan an

4.1. Luan an da xac dinh dugc vai tro diéu hoa cla gene GMDREB5 va GmDREB7
trong dap ng voi stress man. GMDREBS5 c¢6 kha ning hoat hoa biéu hién cac gene
muc tiéu NtP5CS va NtSODFe & cay thudc 14, tir 46 ting cuong co ché bao vé té
bao thong qua tong hop chit tham thiu va enzyme khir gbc tu do. Bén canh do sy
biéu hién manh ciia GMDREB7 trong cdy du tuong chuyén gene di lam ting mirc
do phién ma cua GmP5CS, tang tich liiy proline va nang cao kha nang thich g véi
stress man.

4.2. Luan an da lam rd co so cua su twong tac phan tir gitra vung AP2 cua protein
DREB va promoter ctua cac gene (NtP5CS, NtSODFe, GmP5CS) théng qua phan
tich docking phan tir in silico, tir 46 ciing c6 bang chimg vé lién két dac hiéu giira

yéu t6 phién ma DREB va cac yéu tb cis diéu hoa dép tng stress.



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

Két qua nghién ctru dat duoc cua dé tai cd gia tri khoa hoc va thuc tién trong
tiép can nghién ciu cai thién kha ning khang main, han cia cay ddu twong bang ki
thuat ting cuong biéu hién gene. Nghién ctru di mo ra huéng tiép can ung dung
cdng nghé gene trong cai tién gidng cay trong gop phan trong viéc tng pho véi bién
d6i khi hau hién nay.
V& mit khoa hoc

Két qua nghién ctru dd gdp phan lam sang to co ché diéu hoa dap ung stress
min va han & dau twong thong qua vai trd ctia cac yéu t6 phién ma thudc phan ho
DREB. Viéc xac dinh chic niang diéu hoa cua gene GmDREB5 va GmDREB7 da
cung cp bang chung thuc nghiém vé mdi lién hé gitta hoat dong cua cac gene nay
v6i qué trinh tong hop chét thim thau va enzyme khir goc tu do, qua d6 lam 16 co
so phan tir ciia kha nang chiu min & cay dau tuong. Nhiing két qua nay gop phan bo
sung hiéu biét vé mang ludi diéu hoa gene lién quan dén co ché thich tng sinh ly
cua thuc vat trong diéu kién bat loi.
Vé mit thue tién

Nghién ctu da xay dung duoc co sd khoa hoc cho viéc rng dung ky thuat
chuyén gene trong chon tao giéng dau tuong chiu man va chiu han, m¢ ra huéng
tiép can tiém nang trong cai thién kha ning chbng chiu ciia cdy trong theo hudng
thich ng v&i bién doi khi hau.

Céc két qua cong bd trén cac tap chi khoa hoc trong va ngoai nudc 13 ngudn tu
liéu c6 gia tri phuc vu cho nghién ctru va giang day trong linh vyc sinh hoc va cong

ngh¢ sinh hoc thyc vat.



Chuwong 1. TONG QUAN TAI LIEU

1.1. PAC PIEM HQ NHAN TO PHIEN MA AP2 VA PHAN HQ DREB
1.1.1. Ho nhan té phién ma AP2
1.1.1.1. Pdc diém cia he nhan té phién ma AP2

Cac yéu tb bat loi phi sinh hoc nhu han, man, nhiét do ... c6 tac dong tiéu cuc
dén sinh truong, phét trién ciing nhu ning sudt cua thuc vat. Pé thich nghi voi
nhitng diéu kién nay, thuc vat di tién héa cac co ché dap ung phac tap, bao gom
tiép nhan tin hiéu stress, kich hoat cac con duong truyén tin hiéu phu thuoc hoic
khong phu thugc hormone, tir d6 diéu chinh biéu hién gene nham duy tri can bang
noi moi va kha ning séng sot.

Céc gene lién quan dén dap ng stress phi sinh hoc ¢ thuc vat duoc phan loai
thanh hai nhom chinh. Nhém gene diéu hda ma hda cac protein tham gia vao hé
théng nhan biét va truyén tin hiéu, ddng thoi kiém soat su hoat héa hoic we ché biéu
hién cta cac gene dap trng stress. Nhom gene con lai la cac gene churc nang, chiu
trach nhiém ma hoa céc protein truc tiép tham gia vao co ché bao vé té bao va ting
cudng kha ning thich nghi cua cay trong diéu kién moi truong bat loi [127]. Trong
s6 cac gene diéu hoa, cac nhan té phién ma (transcription factors - TF) nhu AP2,
NAC, MYB, WRKY va bZIP déng vai tro cha dao trong viéc thiét lap va diéu
phéi mang ludi diéu hoa biéu hién gene & muc phién mi. Nguoc lai, cac gene
chirc nang chu yéu ma hda cac hop chat va protein tham gia duy tri can bang
tham thau, on dinh cau tric té bao va giam thiéu ton thuong oxy hoa, bao gom
cac chat tham thiu twong thich (proline, dwong hoa tan), protein LEA va
dehydrin, c4c enzyme chdéng oxy héa nhu superoxide dismutase (SOD),
peroxidase (POD), catalase (CAT), cling nhu cic protein kénh nudc, qua do
gop phan nang cao kha ning chiju stress cua thyc vat.

Trong hé thdng céc nhan té phién ma & thuc vat, ho AP2 duoc xép vao nhom
c6 quy mé 16n va mic d6 bao ton cao, cd vai trd quan trong trong viéc kiém soét
C4C qua trinh phét trién ciing nhu kha ning thich nghi ciia cdy trudc nhing bién

dong bt loi cua moi trudng. Viéc phan loai ho ndy chi yéu dua trén dic diém ciu



trGc cta mién AP2 bao ton va sy hién dién cua mién B3, theo d6 ho AP2/ERF dugc
chia thanh nim phan ho gém: AP2, DREB (Dehydration-Responsive Element
Binding), ERF (Ethylene-Responsive Factor), RAV (Related to ABI3/VP) va
Soloist [36].

AP2

AP2 ‘ DREB ERF RAV ‘ Soloist

— AP2 }~— AP2  —— AP2 —{ AP2  —4 AP2 — -

£k . \ S - ) A Yéu té cis hp GCC, trinh tu diic trung
Yéu to cis DRE/CRT/C, trinh tw diic trung A/GCCGAC AGCCGCC

Hinh 1.1. Phan loai va dic diém ciu tric ho nhan té phién ma AP2 [36].
COMién AP2 o Mién B3 A Mién AP2-like

Theo hinh 1.1 céc thanh vién thuoc phan ho AP2 mang hai mién AP2 dic
trung va phan I6n lién quan dén cac qua trinh phat trién nhu biét héa co quan
sinh san, hinh thanh phdi va phét trién hat. Nguoc lai, hai phan ho DREB va
ERF chi chra mot mién AP2, song chiém uu thé vé sé luong va tham gia truc
tiép vao mang ludi diéu hoa phan ung stress phi sinh hoc va sinh hoc. Phan ho
DREB c6 chic ning chii yéu tropng diéu hoa dap ung véi han, man va lanh
théng qua kha ning gin dic hiéu vao cac trinh ty cis DRE/CRT tai ving
promoter cua gene muc tiéu. Trong khi d6, phan ho ERF tham gia cha yéu vao
cac con duong tin hiéu phu thudc ethylene va co ché phong vé, chong lai tac
nhan gay bénh. Phan ho RAV duoc dic trung boi su két hop cia mot mién AP2
va mot mién B3, dugc cho 1a co lién quan dén diéu hoa phét trién choi, thoi diém

ra hoa, qua trinh 130 hoéa la, cling nhu phan ung trudc stress moi truong. Phan ho



Soloist bao gém sb lugng gene han ché, chi chaa mot mién AP2 véi mic do sai
khac trinh ty dang ké so v&i cac nhdm con lai va duoc gia dinh c6 vai trd trong
kha niang chiu man va phan tng treéc sy xam nhidm cua mam bénh [36].

Gene AP2 dau tién duoc nhan dién & lodi thuc vat mé hinh A. thaliana va
duoc chirng minh c6 vai trd quan trong trong viéc kiém soat phat trién hoa, véi
dic diém cau tric 1a sy hién dién caa hai mién AP2 bao ton [50]. Tiép theo do,
cac protein thuoc phan ho ERF da duoc phan lap dau tién tir cay thude 14 thong
qua kha ning lién két dic hiéu véi cac yéu td dap tng ethylene nam trong ving
khoi dong cua cac gene lién quan dén stress sinh hoc. Nhitng phat hién nay
khong chi lam sang to co ché hoat dong cia cac ERF trong diéu hoa phién ma
ma con khang dinh tinh da dang vé chirc ning cta ho nhan té phién ma AP2/ERF
trong diéu hoa biéu hién gene & thuc vat [86].

V& mit cau tric, cac protein thuoc ho AP2/ERF duoc phan thanh nhiéu ving
chtrc nang khac nhau, bao gom mién lién két DNA, mién tham gia diéu hoa phién
mi, vung lién quan dén qué trinh hinh thanh phuc protein va tin hiéu dinh vi nhan
(nuclear localization signal - NLS). Trong s6 d6, mién lién két DNA 1 viing ¢6 mirc
d6 bao ton cao nhat, véi chiéu dai khoang 60 - 70 amino acid va c6 kha ning gap
cuon tao nén cau trdc khéng gian ba chiéu 6n dinh gdm ba phién gap B va mot xoin
o [36]. Phan tich trinh ty cho thdy mién nay chta hai motif dic trung 1a YRG va
RAYD. Motif YRG nam & phia d¢au N caa mién, bao gdm khoang 19 - 22 amino
acid giau tinh ua nudc, dong vai trd quan trong trong viéc nhan dién va lién két voi
Cac base nito cling nhu cac nhom phéan cuc trén phan t¢ DNA. Trong khi, motif
RAYD phan bb & dau C, dai khoang 42 - 43 amino acid, c6 chirc nang hinh thanh
C4C CAu tric xodn a, tir d6 tham gia vao twong tac protein - protein hoic hd trg su
gan két bo sung véi DNA thong qua bé mat ky nudc [36].

Yéu té cis DRE/CRT duoc xem 1a dich gin két quan trong cua cac nhan té
phién m& thudc ho AP2/ERF trong co ché diéu hoa dap tng caa thuc vat ddi véi
stress phi sinh hoc. O loai mod hinh A. thaliana, gene dap tng stress dién hinh nhu
Responsive to Desiccation 29A (RD29A) (con dugc biét dén vai ten COR78/LTI78)

cho thay mtrc d6 cam &ng manh khi cay chiu tac dong cua cac diéu kién moi truong



bat loi [116]. Pang chu ¥, su diéu hoa biéu hién cua RD29A dién ra théng qua ca hai
con duong phu thudc va khéng phu thudc vao abscisic acid (ABA). Cac nghién ctu
phan tich ving promoter da chi ra rang con duong phu thuéc ABA duoc diéu khién
trung gian bai yéu t6 ABA - responsive element (ABRE), trong khi khdng phu
thuoc ABA chiu su kiém soat cua yéu té dehydration - responsive element (DRE),
mang trinh tu bao tbn TACCGACAT [117]. Phan ho DREB giit vai tro thiét yéu
trong viéc kich hoat phan ng thich nghi cua thuc vat truéc cac stress phi sinh hoc
nhu han, man va lanh théng qua kha ning nhan dién cac yéu té cis kiéu DRE chua
motif 16i A/IGCCGAC. Traéi lai, cac thanh vién thuéc phan ho ERF thuong tham gia
diéu hoa dap ung véi stress sinh hoc, dic biét 1a cac phan tng phong vé truéc sy
xam nhiém caa mam bénh, thong qua su lién két véi yéu t6 GCC- box c6 trinh ty
dic trung AGCCGCC [4]. Bén canh kha ning gin véi cac yéu té6 DRE/CRT va
ERE, céac nhan t phién ma thuoc ho AP2/ERF con thé hién kha ning tuong tac véi
nhiéu yéu t6 diéu hoa khac bao gébm coupling element 1 (CE1, TGCCACCG),
coupling element 3 (CE3, CGCG) va yéu té phan ung thiéu oxy (HRPE) von tham
gia vao cac qua trinh sinh 1y va dap tmg moéi trudng da dang. Ngoai ra, mot sé trinh
tu cis khac nhu CAACA, ATCTA, CATGCA, CGNCCA va ATCGAG ciling dugc
ghi nhan la cé kha nang tuong tac vadi cac protein AP2/ERF, qua do6 phan anh chuc
nang da dang va linh hoat cua ho gene AP2 trong diéu kién sinh truéng binh thudng
cling nhu khi cay d6i mat voi stress moi truong [36].
1.1.1.2. Sw phét sinh chiing logi ciia he nhan té phién ma AP2

V& phan loai va lich st tién hda, cac gene ma héa nhan té phién ma thudc ho
AP2 duogc sap xép thanh bén phan ho chinh dya trén phan tich cay phét sinh loai.
Két qua nay cho thay ho AP2 bao gdm céac thanh vién c6 ngudn géc tir nhiéu nhanh
tién hoa khéc nhau cua gidi thuc vat, dai dién bai cac loai mo hinh nhu A. thaliana
(thuéc nhom thuc vat hat kin), Selaginella moellendorffii (thuoc nhém thuc vat cé
mach), Physcomitrium patens (réu) va Chlamydomonas reinhardtii (tao luc) [74]. Su
hién dién cua cac thanh vién AP2 trong cac nhém thyuc vat c6 muac do tién hda khac
nhau phan anh tinh bao tén cao ciing nhu vai trd nén tang cia ho gene nay trong qua

trinh tién hoa va thich nghi cua thwc vat trén can.



Phan tich cdy phat sinh lodi cho thiay cac gene c6 ngudn gbc tir
Physcomitrium patens va S. moellendorffii phan bé trong ca bén phan ho chinh
cia ho AP2, dong thdi cling xuat hién trong mot nhanh riéng biét chira cac gene
trong ddng vaoi gene AT4G13040. Bén canh dé, céc trinh tu tir hai loai nay dwgc
ghi nhan trong phan I6n cac phan nhém con, ngoai trir cac nhém A-1 va B-2.
Cho thay méi quan hé tién hoa chit ché gita réu va thuc vat c6 mach, dong thoi
goi y kha ning hai nhom nay cé ngudn géc tir mot td tién chung trong qué trinh
tién héa som cua thuc vat trén can [74].

Phan nhém A-1 (con goi 1a nhém DREB1) thé hién méi quan hé phat sinh loai
gan giii v6i phan nhom A-4, dong thoi c6 chung ngudn géc tién hoa vai phan nhom
A-5. Pang chu y, cac gene thuoc phan nhom A-1 khong dugc ghi nhan ¢ cac loai
thuc vat hat tran. Nhu vay, phan nhém nay c6 thé da hinh thanh twong d6i muon va
mang tinh dic thi trong qua trinh tién hda cua thuc vat hat kin [74].

Déi vai loai C. reinhardtii, két qua phan tich cay phat sinh loai cho thay cac
gene ma héa nhan té phién ma AP2 cua loai nay duoc phan b trén bon nhéanh riéng
biét, trong d6 hai nhanh thuoc phan ho ERF va hai nhanh con lai thuoc phan ho
AP2. Tuy nhién, su ving mit cua cac gene thuoc phan ho RAV trong hé gene cua C.
reinhardtii goi ¥ rang phan ho nay c6 thé da hinh thanh muon hon, gin lién véi su
Xuat hién va da dang hda ciia cac nhom thuc vat c6 phéi [74].

Sakuma va cs (2002) d3 nghién ctru phan tich phat sinh loai d6i véi cac thanh
vién thudc ho nhan t6 phién ma AP2 ¢ loai A. thaliana dua trén mirc do twong dong
caa trinh ty mién AP2 bao ton. Trén co s d6, 145 gene duoc xac dinh trong hé gene
cua A. thaliana da dugc sap xép thanh nam nhom chinh, bao gdm phan ho AP2 (voi 17
gene), phan ho RAV (gém 6 gene), phan ho CBF/DREB (véi 56 gene), phan ho ERF
(gom 65 gene), cling mot gene riéng Ié duoc ky hiéu 1a AL079349 [95].

Cac gene ma hda nhan té phién ma (transcription factors, TFs) thudc ho AP2
da duoc chitng minh giir vai trd quan trong trong viéc kiém soat sinh truéng, phat
trién cua thuc vat ciing nhu didu hoa phan tng thich nghi trudc cac stress phi sinh
hoc [117]. Trong nhitng nam gan ddy, viéc nhan dién va phan tich toan dién céac

thanh vién cua ho gene AP2 & quy md hé gene da duoc trién khai trén nhiéu loai



thuc vét khac nhau, qua d6 cho thiy sy bién dong dang ké vé sé luong gene gitta
cac loai. Cu thé, sé luong gene AP2 duoc ghi nhan lan luot 1a 121 & lGa mach, 146
& ca chua, 147 ¢ l0a, 130 ¢ dau tuong, 271 ¢ lGa mi cang, 178 & ca tim, 172 ¢ co
dAu va 149 & nho [78], [112], [119], [123].
1.1.1.3. Vai tro cia he nhan té phién ma AP2

Cac dang stress phi sinh hoc nhu han, man, nhiét d6, mat can bang dinh dudng
va kim loai nang duoc xem la nhitng tac nhan méi treong chu yéu chi phdi qua trinh
sinh trudng, phét trién, ning suét, ciing nhu chit lugng cua cay trong. Trai qua qué
trinh tién hoa lau dai, thuc vat da hinh thanh va hoan thién cac hé thdng diéu hoa
phuc tap nham duy tri can bang ndi moi va nang cao kha ning thich nghi trude cac diéu
kién bat loi. Trong bi canh dé, cac nhan t6 phién ma thuoc ho AP2, bao gom céc phan
ho DREB va ERF duoc xac dinh 1a tham gia rong réi vao viéc diéu hda qua trinh biéu
hién gene lién quan dén dap ung stress phi sinh hoc ¢ thuc vat.
Céac nhan té phién ma AP2 phan i#ng Vdi stress han

Nudc khdng chi déng vai tro 13 nguyén liéu ma con 1a méi truong khong thé
thiéu cho cac phan tng trao doi chat dién ra trong té bao. O thuc vat, nuéc giit vai
tro trung tam trong qué trinh quang hop. Khi thiéu nudc biéu hién dau tién o cay la
hién tuong héo 14 va trong nhitng truong hop nghiém trong cé thé gay chét cay.

Trong nhitng ndm gan day, nhiéu nghién ciru da 1am rd vai tro diéu hoa cua
cac gene thudc ho AP2 trong dap ng cua thuc vat dbi véi stress. Yu va cs (2022)
cho rang viéc biéu hién qua muc gene TaERF-6-3A ¢ A. thaliana 1am ting tinh man
cam cua cay dbi v6i han han va stress mian, hién tuong nay dong thoi di kém véi su
rc ché cua cac gene lién quan dén stress va hé théng chéng oxy hoéa [123]. Tuong
tu, Jarambasa va cs (2023) ghi nhan su cam ung cua cac gene DREB2A, DREB2C,
DREB2E va DREB2F trong 14 dau xanh khi cdy chiu didu kién khan hiém nuoc
[48]. Nguoc lai, mot s thanh vién khac cta ho AP2 duoc chirng minh c6 vai trd
tich cuc trong viéc tang cuong kha nang chiu han. Kumar va cs (2022) chirng minh
rang viéc biéu hién qua mac dong OsAP2/ERF-N22 & lia din dén sy cai thién dang
ké cac chi tiéu sinh ly quan trong, bao gém ham luong nudc twong ddi, chi sé 6n

dinh mang té bao, thé nang tham thau va d6 dan khi khéng [56]. Bén canh d6, Yang
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va c¢s (2022) da xac dinh duoc 119 gene thuéc ho CoAP2/ERF trong hé gene cay
day den (Corchorus olitorius), trong d6 cac gene CoDREB-11, CoDREB-14 va
CoRAV-01 thé hién murc biéu hién ting cao rd rét dudi diéu kién han va stress min
[119]. O cay duong (Populus tomentosa), gene PtoERF15 duogc xac dinh 1a mot
nhan té quan trong trong dap tng véi stress tham thau thong qua didu hoa biéu hién
gene muc tiéu PtoMYC2b, vén lién quan dén viéc kiém soat cac dic diém giai phau
cua 14 nhu kich thuéc, mat d6 va d6 day thanh té bao. Viéc biéu hién qua mic
PtoERF15 gidp duy tri tiém ning nuéc cua cay, tir d6 gop phan nang cao kha ning
chiu han [55].
Céac nhan té phién ma AP2 phan i#ng Véi stress man

DAt bi nhidm man hién chiém khoang 6% tong dién tich dat trén toan thé giai.
Sy tich lily mubi hoa tan ¢ nong d6 cao trong dat giy ra tic dong bat loi nghiém
trong d6i vai cdy trong, bao gdm doc tinh ion, rdi loan can bang thim thau, l1am suy
giam quéa trinh sinh truong, phat trién tir d6 dan dén giam nang suat. Huang va cs
(2021) da xac dinh nhan t6 phién ma thuoc ho AP2/ERF19 (OsERF19) dong vai tro
quan trong trong dap ng cua ciy dbi véi stress man. Két qua nghién ctu cho thay
diéu kién man lam giam muc biéu hién cua gene OSERF19; tuy nhién, viéc ting
cudng biéu hién gene nay gitp nang cao dang ké kha ning chiu man cua cay. Cu
thé, dong lda biéu hién qua mac OSERF19 thé hién sy gia ting biéu hién cua nhiéu
gene lién quan dén co ché bao vé va thich nghi véi man, bao gdm OsLEA3 (gene
ma hda protein LEA), OsNHX1 (gene ma hoa protein trao d6i Na*/H* tai khong
bao), OSHKT6 (gene lién quan dén van chuyén Na* ai luc thdp) va OsOTS1 (gene
lién quan dén co ché chdng chiu man) khi cdy duoc xur 1y trong diéu kién stress
mubi [46].
1.1.1.4. Ho nhan té phién ma AP2 ¢ ddu twong

Kha niang sinh truéng va phat trién cia cay trong trong cac diéu kién moi
treong bat loi phu thudc 16n vao su hoat dong caa cac co ché di truyén & nhiéu cap
d6 khac nhau. Trong béi canh bién d6i khi hau ngay cang gia ting vé muc do va
tinh phuc tap, viéc cai thién kha niang thich nghi va chdng chiu véi céc yéu té bt loi

phi sinh hoc théng qua chién lugc chon giéng dua trén cai tién di truyén dang tré
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thanh mot huéng nghién ctiu trong tam, dic biét ddi véi cay dau trong. Cac nhan t6
phién ma gitr vai trd then chét trong viéc kiém soat mang ludi biéu hién gene, qua
d6 diéu hoa cac qua trinh sinh truéng va phét trién cua thuc vat.

Wang va cs (2022) da tién hanh phan tich toan dién hé gene dau tuong va xac
dinh c6 301 gene thuoc ho GmAP2, phan bd rong khip trén toan b 20 nhidm sic
thé. Dua trén két qua phan tich phét sinh loai két hop véi so sanh trinh ty, céc
protein ma hoa bai nhitng gene nay duoc chia thanh nhiéu phan ho khéac nhau. Cu
thé, 44 protein mang hai mién bao ton AP2 duoc xép vao phan ho AP2, trong khi 4
protein chtra dong thoi mot mién AP2 va mot mién B3 duoc phan loai vao phan ho
RAV. Bén canh do, c6 98 protein dugc xac dinh thugc phan ho DREB va 153
protein thuoc phan ho ERF. Ngoai cdc nhém trén, hai gene GmAP2/ERF300 va
GmAP2/ERF301 thé hién mic d6 twong dong trinh ty cao vai gene AT4G13040 va
duoc xép vao phan ho Soloist. Cac protein thuoc ho GmAP2 c6 chiéu dai chudi
amino acid bién thién trong khoang tir 144 dén 710 amino acid, twong @ng véi khoi
lwgng phan tir dao dong tir 15,96 dén 77,51 kDa. Pang cha ¥, cau tric gene giita cac
phan ho thé hién su khac biét r rét, dic biét vé sé lwong intron. Phan 16n cac gene
thudc hai phan ho DREB va ERF gan nhu khéng chira intron; nguoc lai, cac gene
thudc phan ho AP2 va Soloist ¢6 ciu tric phtc tap hon, véi s6 lugng intron dao
d6ng tir ba dén chin. Trong khi d6, cac gene thudc phan ho RAV khdng ghi nhan sy
hi¢n dién cuaa intron [112].

Zhao va cs (2017) da tién hanh phan tich hé gene dau twong va nhan dién dugc 13
gene thuoc phan ho RAV, ma hoa cac polypeptide c6 chiéu dai dao dong tir 288 dén
582 amino acid. Cac gene nay phan bd tuong ddi dong déu trén cac nhiém sac thé, voi
mdi nhidm séc thé chi mang tir mot dén hai gene. Khi so sénh véi A. thaliana, sy phan
bd ctia cac gene RAV ¢ loai md hinh nay thé hién xu hudng tap trung rd rét hon, trong
d6 nhiém sic thé sd 1 chua téi su ban sao, cac nhidm sic thé con lai chi chia tir mot
dén ba ban sao. Phan tich cau tric gene cho thdy, ¢ dau twong, khoang 46,15% s6 gene
RAV khong chtra intron, trong khi 53,85% con lai ¢6 cau triic gom mat intron [129].

Trong nghién ctu tiép theo, Zhao va cs (2019) di xac dinh téng cong 160 gene
thudc phan ho ERF trong hé gene dau tuong, duoc phan b trén toan bo 20 nhiém

sic thé. Mac du hién dién trén tat ca cac nhidm sic thé, cac gene ERF phan bd
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khong ddng déu, vai sé luong cao nhat dugc ghi nhan trén nhidm sic thé sé 13 (véi
17 gene), trong khi nhiém sic thé s 12 chi chta 03 gene. Duya trén két qua phan
tich phat sinh loai, cac protein ERF nay dugc phan chia thanh tam nhém riéng biét
(tr nhém I dén nhém VIII), trong d6 nhém | chiém wu thé vé sé luong, con nhém
IV 12 nhém ¢4 it trinh tu nhét, chi gdm chin protein [130].

Thuc vat phét trién nhiéu co ché thich nghi nham ddi phd véi cac yéu td stress
phi sinh hoc, trong d6 khong chi bao gdm mang ludi truyén tin hiéu hormone ma con
la sy phéi hop cua nhiéu con dudng tin hiéu khac cung véi hé théng diéu hoa biéu
hién gene duoc hinh thanh va bao ton trong qua trinh tién héa. Trong bdi canh do, cac
nhan t6 phién ma thuoc ho AP2 duoc xem I nhitng thanh phan diéu hoa trung tam,
tham gia kiém soat phan &ng cua thuc vat trude cac diéu kién bat loi thong qua ca co
ché phu thuoc 13n doc 1ap véi hormone. Nhiéu nghién ctiru gan day da 1am 1o vai tro
cua ho nhan t6 phién ma nay trong dap ung cua thuc vat ddi vai ting dang stress
riéng Ié, bao gom man, han ciing nhu cac diéu kién nhiét d6 cuc doan. Tuy nhién, so
VGi cac nghién ciu vé tirng stress don 1¢, hiéu biét hién tai vé co ché phan tir diéu
phdi phan tng cua AP2 trudc to hop nhiéu yéu td stress dong thoi van con han ché,
dic biét 1a su két hop giita han va man - hai tac nhan thuong xuyén xuét hién song
song trong diéu kién bién doi khi hau. Viéc 1am sang t6 vai trd va co ché hoat dong
cua ho nhan to6 AP2 trong bdi canh stress t6 hop c6 y nghia quan trong, gop phan dinh
hudng cac chién luoc cai tién di truyén nham duy tri sinh truong, phat trién va ning
suat 6n dinh cho cay trong néi chung va ciy dau trong noi riéng trong diéu kién moi
truong bat loi.

1.1.2. Phédn ho DREB
1.1.2.1. Pic diém ciia phan hp DREB

Nhan t6 phién ma giir vai tro then chét trong viéc diéu hoa cac qué trinh sinh hoc
thiét yéu ¢ thuc vat, tir sinh truong, phat trién, trao d6i chat va sinh san cho dén kha
nang thich nghi véi nhitng bién dong cua méi truong. Trong sé cac nhan t6 phién ma
da dugc xac dinh, phan ho DREB la mot nhom 16n thuoc ho AP2, 1a mét trong nhirng
nhém dugc nghién ctiru nhidu nhat nho vai trd noi bat trong diéu hoa phan wng cua

thuc vat trudc cac dang stress phi sinh hoc, dac biét I1a man, han va nhiét do.
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Céc thanh vién thuoc phan ho DREB dugc dac trung boi su hién dién cua
mién AP2/ERF c6 mtrc d6 bao ton cao, véi do dai khoang 58 - 59 amino acid, dong
vai trd quyét dinh trong kha niang nhan biét va lién két véi cac trinh tu cis dic hiéu
thuoc kiéu DRE/CRT nam trong viing khai dong cua cac gene muc tiéu. Théng qua
su twong tac nay, nhan t6 DREB c6 kha ning hoat h6a hoic wc ché sy biéu hién cua
cac gene lién quan dén co ché bao vé va thich nghi voi stress phi sinh hoc [134].
Trinh ty 18i ddc trung ctia yéu té DRE (5’-TACCGACAT-3") lan dau tién dugc phat
hién trong vung khoi dong cua gene RD29A ¢ A. thaliana va dugc ching minh
tham gia vao dap tng vai stress tham thau thong qua con duong tin hiéu khdng phu
thuoc ABA [117]. Ban dau, cac protein DREB duoc nhan dién dya trén kha nang lién
két dac hiéu vai yéu to DRE trong ca diéu kién stress va khong stress. Cac nghién cau
tiép theo da khang dinh vai trd trung tdm cua yéu té cis DRE/CRT trong viéc diéu
hoa mang lugi biéu hién gene dap tng véi nhiéu dang stress phi sinh hoc, bao gom
han, man va lanh, théng qua su phéi hop cta ca cac con dudng tin hiéu phu thudc va
khong phu thugc ABA [47].

Mién lién két DNA cua céc protein thuoc phan ho DREB thé hién muc d6 bao
t6n cao & nhiéu loai thuc vat khac nhau, bao gom A. thaliana, lta, dau tuong, dau
xanh, ca chua, thudc 14 va ké [33], [65]. Cac nghién ctiru phan tich trinh ty cho thay,
hai amino acid bao ton 1a valine tai vi tri 14 va glutamic tai vi tri 19 caa mién
AP2/ERF, giir vai trd then chdt trong viéc dam bao tinh dic hiéu cua su twong tac
gitra protein DREB va trinh ty cis DRE. Ving dau N cia cac protein DREB thuong
giau amino acid mang dién tich duong va dugc dy doan hoat dong nhu mét tin hiéu
dinh vi nhan gitp protein dugc van chuyén vao nhan té bao. Gan ké mién AP2/ERF,
su hién dién cua cic ving giau serine va threonine duoc cho 1a lién quan dén cac qué
trinh phosphoryl hoa, qua dé diéu chinh hoat tinh sinh hoc cta protein trong diéu kién

stress [4], [65].
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[ Tang strc chéng chiu ]

Hinh 1.2. So d6 biéu dién sy tiép nhan tin hiéu stress tir ngoai canh va biéu hién

gene thong qua con duong phu thudc va khdng phu thuoc ABA [47].

Nguoc lai, ving dau C cua protein DREB thudng gidu cac amino acid mang
dién tich 4m va duoc cho 13 dong vai trd nhu mién diéu hoa phién ma, c6 kha niang
hoat héa hoac ¢ ché biéu hién cua cac gene muc tiéu. O mic d6 phan nhém, céc
protein thuoc nhém DREB1 dugc dic trung boi su hién dién cua mot sé motif bao
ton dac hiéu, bao gom tin hiéu dinh vi nhan voi trinh  ty
“PKRPAGRTKFRETRHP”, mé dun DSAW nam trong mién AP2/ERF va motif
LWSY ¢ vung C-terminal. Trong khi do, cac protein thugc nhém DREB2 (A-2) va
DREB3/4 (A-3, A-4) mang céac trinh ty tin hi¢u dinh vi nhan (NLS) khac nhau,
thuong nam ké can mién AP2/ERF, dong thoi thiéu cac motif dic trung ¢ dau C.
Nhitng khéc biét ndy phan &nh su da dang vé cau trac ciing nhu co ché diéu hoa
trong phan ho DREB [134].
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1.1.2.2. Sw phét sinh chiing logi ciia phan ho DREB

Gene mi hda yéu t6 phién ma DREB doéng vai tro trung tm trong viéc tiép nhan
tin hiéu stress va diéu hoa mang luéi biéu hién gene. Cac nghién ciru phat sinh chang
loai dira trén phan tich trinh ty mién bao ton AP2/ERF cho thay, mic du cac gene DREB
c6 mirc do bao ton cao giita cac loai nhung van thé hién sy da dang dang ké vé cau trlic
va chirc ning, phan anh qué trinh phan héa thich nghi trong sudt lich sir tién hda.

Phan tich phét sinh chiang loai trén 159 protein DREB, bao gém 56 trinh ty tur
A. thaliana va 103 trinh tu tir dau twong, da phan chia cac thanh vién ctua phan ho
nay thanh sau nhém phu riéng biét, ky hiéu tir A-1 dén A-6 [45]. M3i nhém thé hién
nhitng ddc diém cau trlic va vai tro sinh hoc dic thu trong dap ung véi cac diéu kién
stress khac nhau. Cu thé, cac nhan t thudc nhom A-1 (DREB1) chua yéu tham gia
diéu hoa phan @ng cua thuc vat trude stress lanh [42]; nhém A-2 (DREB2) c6 méi
lin hé chat ché voi co ché dap ung han va man [24], [96]. Nhém A-3 bao gom
nhitng nhan t6 diéu hoa dac biét, dién hinh 1a ABI4, chiu anh hudéng cua tin hiéu
ABA va glucose; trong khi nhom A-4 (TINY) duoc ghi nhan cé vai tro trong viéc
diéu hoa sinh truéng véi dap tng stress [106]; Ngoai ra, cac nhom A-5 va A-6 dugc
cho la tham gia vao phan ang caa thuc vat trude nhiéu dang stress khac nhau, bao
gom han han, man va nhiét do cao [60], [61].

O cay dau tuong, cic nghién ctu giai doan dau cho rang sé lwong gene thudc
phan ho DREB tuong ddi it [89]. Tuy nhién, véi su phét trién cia cac co sé dit liéu
hé gene, nhitng phan tich dwa trén ngudn dit liéu tir GenBank d cung cap céi nhin
toan dién hon. Theo d6, Nguyén va cs (2021) cho thay hé gene dau tuong hién dugc
ghi nhan c6 tong cong 16 bién thé, trong tng voi bay gene DREB khac nhau. Céc
gene nay bao gdom GmDREB (véi cé4c bién thé GmDREB, GmDREBa), GmDREB1
(gém GmDREB1, GmDREB1B, GmDREB1D, GmDREB1E, GmDREB1F),
GmDREB2 (bao gém GmDREB2, GmDREB2A2, GmDREB2C-like, GmDREB2D,
GmDREB2F) cung véi cac gene GmDREB3, GmDREB5, GmDREB6 va GmDREB7
[82]. Nhiéu gene DREB & dau twong da duoc phan 1ap, Chen va cs (2004) lan dau
phan lap thanh cong gene DREB1 tir mRNA cua cdy dau tuong véi chiéu dai 705 bp
[23]; két qua nay sau d6 dugc Charlson va cs (2009) xéac nhan khi phan lap gene

16



tuong tng tr DNA hé gene [17]. Tiép d6, Chen va cs (2007) da phan 1ap gene
GmDREBS5 tir mRNA véi kich thudéc 927 bp [21] va trong nghién ciru nam 2009,
nhom tac gia nay tiép tuc xac dinh gene GmMDREB3 c6 chiéu dai 597 bp tir mMRNA
[22]. Ngoai ra, gene GmDREBG6 ciling duoc phan lap tr mRNA véi @6 dai 693 bp
[83]. Pang chu y, GmDREB6 dugc xac dinh la gene c6 mic cam ung manh dudi
diéu kién man va viéc biéu hién gene nay & cay chuyén gene cho thiy kha ning cai
thién rd rét tinh chiu man, khang dinh tiém ning tng dung cua gene trong cai tién
gidng cay trong [83], [110].

Trong phan ho DREB, nhém A-5 da duoc ghi nhan sy hién dién rong réi ¢
nhiéu loai thyc vat bac cao va & réu, chiém mét ty 1& dang ké trong tong sé gene
DREB. Tuy nhién, so vé&i cac nhom A-1 va A-2, nhom A-5 van con it duoc khai
thac vé mat chirc ning. O A. thaliana, nhém A-5 bao gdm 16 thanh vién, song dén
nay chi co chirc niang ciia AtRAP2.1 duoc nghién ciu twong d6i day du. Mac du
gene AtRAP2.1 duoc cam wng bai han han va nhiét do thap thong qua con dudng tin
hiéu khong phu thudc ABA, protein AtRAP2.1 lai thé hién vai tro diéu hoa &m tinh,
lam giam muc biéu hién cua cac gene lién quan dén dap tng mat nudc, tir d6 dan
dén su suy giam kha nang chiu stress cua cay. Trai nguoc Véi vai tro tc ché dugc
ghi nhan ¢ A. thaliana, cac nghién cau trén nhiéu loai thuc vat khac nhu béng, tao
dai, khoai tdy, duong va réu sdng trong diéu Kién stress da cho thay nhiéu thanh
vién thuoc nhom A-5 khi duoc biéu hién manh ¢ cay chuyén gene c6 kha ning
cai thién dang ké tinh chiu han, chiu min hoic chiu stress tham thau. Cac co ché
duoc dé xuat bao gém ting cuong kha ning loai bo cac dang oxy hoat tinh
(ROS), diéu chinh can bang tham thau va duy tri 6n dinh cdu trac protein duéi
diéu kién stress [60], [93].

Mic dU mot sé gene DREB thudc ho AP2 d3 duoc nhan dién va bude dau md
ta & dau trong. Tuy nhién, hiéu biét vé& chirc ning sinh hoc cu thé cua phan 16n cac
gene ndy trong diéu kién stress phi sinh hoc van con rat han ché. Pang chu y, cac
gene GmMDREB5 va GmDREB7 dugc du doan 1a nhirng thanh vién quan trong thudc
nhoém A-5 cia phan ho DREB. Cho dén nay, cac nghién cttu méi ding lai & viéc

xac dinh va phan tich trinh ty cta hai gene ndy, trong khi céc bang chung thuc
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nghiém lién quan dén chirc ning sinh hoc cua ching van chwa duoc 1am rd. Sy thiéu
hut nay dat ra cau hoi khoa hoc trong tdm vé vai tro diéu hoa cuia GmDREBS5 va
GMDREB7 trong dap wng chiu han va chiu min ¢ dau tuong, ciing nhu cac co ché
phan tir chi phdi hoat dong cua chung. Do d6, viéc trién khai cac nghién ctu chic
nang thong qua cac tiép can di truyén nguoc va chuyén gene la can thiét, khong chi
nham 1am sang to vai trd sinh hoc cita GmDREB5 va GmDREB7, ma con tao nén
tang khoa hoc cho viéc khai thac hiéu qua cac gene DREB tiém ning trong chuong
trinh chon tao gidng dau trong c6 kha ning chiu min va chiu han cao.

1.1.2.3. Pic diém ciu triic gene GmDREB5 va GmDREB7

Gene GMDREBS cua h¢ gene cay dau tuong da dugc nhan dong, gidi trinh
ty va dang ky trén co so dir liéu GenBank véi tong cong tam trinh tu, bao gom
cac mau gidng thu thap tai Viét Nam va giong d6i chimg Williams. Trong sé do,
trinh tu ctia giéng Xanhtiendai di duoc lya chon dé phuc vu cho nghién ctru, véi
mi s truy cap FR822737.1.

Gene GmDREB5 (ID gene: 100809887) 1la mdt thanh vién thudc phan ho
DREB trong ho nhan to phién ma AP2/ERF cua hé gene dau tuong, thudc nhiém
sac thé s6 13 (Hinh 1.3). Trinh ty mRNA cua gene nay c6 chiéu dai 924 bp, ma
hoéa protein gom 307 amino acid. Protein GmDREBS5 dic trung boi su hién dién
cua mién AP2 c6 d6 dai 63 amino acid. CAu tric va vi tri ciia mién AP2 d3 duoc

phan tich chi tiét va trinh bay trong cac phu luc (PL1, PL2A, PL2B).

Chromosome 13 - NC_038249.2

[ 59056354 p [ 58096075 p
LOCLO0TE44 20 i LOCLO0S095ET s LOCLOOS1041 7 s
LOCL00 754959 s — LOGC1 02667525 4

Hinh 1.3. Vi tri ciia gene GmDREB5 (LOC100809887) trén nhiém sac thé s6 13 [27].
Vi vai tro 13 mot nhan t6 phién mi, GmDREBS5 duoc du doan tham gia diéu
hoa biéu hién cua cac gene muc tiéu lién quan dén dap Gmg stress phi sinh hoc. Su
biéu hién qua mirc gene nay c6 kha ning hoat hoa cac con duong sinh 1y va phan ti,
qua d6 gop phan nang cao kha ning thich nghi va chdng chiu cua cdy dau twong

trudc cac diéu kién bat loi nhu han han va stress man.
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Gene GmMDREB7 (Gene ID: 100101894) duoc xac dinh trong hé gene dau
tuong va nam trén nhiém sic thé s6 20 (Hinh 1.4). Trén co so dit liéu GenBank,
gene ¢6 hai phién ban trinh ty mRNA la NM_001248108.1 va NM_001248108.2.
Trong do, phién ban NM 001248108.2 (cap nhat ngay 29/4/2021) duoc st dung
cho nghién ctru, c6 chiéu dai 879 bp, bao gdm ving ma hoa dai 624 bp (PL3).

Chromosome 20 - NC_038256.2
[ 39346389 [ 39392054 p

LOC100S500035 LOC100101594 4= LOC100776717 LOCL100750993
LOC100776179

Hinh 1.4. Vi tri ciia gene GmDREB7 (LOC100101894) trén nhiém séc thé s6 20 [80].

Protein suy dién tir gene GMDREB7 ¢6 chiéu dai 207 amino acid, thudc ho
nhan t6 phién ma DREB trong ho AP2/ERF. Phan tich cau tric cho thdy protein nay
chtra mot mién AP2 bao tha gdm 59 amino acid, dic trung cho kha ning nhan biét
va lién két v6i cac trinh ty cis trén promoter ciia cac gene muc tiéu (PL4). Trong
mién AP2, ¢6 11 vi tri amino acid tham gia truc tiép vao tuong tac véi DNA (PL5),
cho thdy vai tro tiém ning cia GmMDREB7 trong diéu hoa phién ma cic gene lién
quan dén dap Gng stress. Trong hé gene dau twong, GMDREB7 duogc xem la
modt gene mdi1 dugc nghién ctru, voi chirc ndng sinh hoc chua dugc mo ta déy
du. Vai tro ciia gene nay da nghién ctru budc dau thong qua chuyén gene gian
tiép bang A. tumefaciens két hop v&i phan tich mirc d6 biéu hién gene & céc
dong thudc 14 chuyén gene, tir d6 cung cip bang ching vé chtic ning diéu hoa
dap ung stress cua GmMDREBY7.

1.1.3. Nhan xét

Nhan t6 phién ma dong vai trd then chét trong viéc kiém soat va diéu hoa
mang ludi dap tng cua thuc vat trudce cac tac nhan stress phi sinh hoc. Thdong qua
kha nang nhan biét va lién két dic hiéu vai cac yéu té cis nam trong ving diéu hoa
cta gene muc tiéu, Cac TF kiém soat qué trinh phién méi, qua d6 gop phan duy tri
can bang tham thau, bao toan tinh toan ven cua ciu trdc té bao va han ché ton
thuong do su tich liiy cac dang oxy hoat tinh. Trong sé cac ho TF di duoc xac dinh

& thuc vat, ho AP2 noi bat nhd quy mé 16n va tinh da dang chirc nang. Céc protein
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thuoc ho nay duogc dic trung boi mién AP2 lién két voi DNA ¢6 mirc 6 bao ton
cao, két hop véi cac ving chirc ning dic thl, cho phép chung tuong tac linh hoat
vé6i nhiéu loai yéu t6 cis va tham gia diéu hoa nhiéu qué trinh sinh ly khac nhau.

Trong pham vi ho AP2, phan ho DREB dugc xem la nhom c6 vai tro truc
tiép va hiéu qua trong diéu hoa dap ung cua thuc vat ddi véi stress han va man,
chi yéu théng qua cac con duong tin hiéu doc 1ap voi ABA. Céc nghién ciu phat
sinh chang loai va phan tich chutc ning trén nhiéu loai thuc vat da chi ra ring cac
gene DREB, dic biét thuoc cac nhom A-2 va A-5, c6 kha ning kich hoat dong
thoi nhiéu gene bao vé té bao lién quan dén diéu chinh tham thau, kiém soat
trang thai oxy hoa khir va 6n dinh ciu tric protein dudi diéu kién stress. Tuy
nhién, su khéac biét dang ké vé cau tric protein ciing nhu chic ning sinh hoc
gitra cac nhém DREB cho thay co ché diéu hoa cua phan ho ndy mang tinh phtc
tap va phu thudc vao bdi canh sinh Iy cling nhu loai thuc vat.

O dau twong, sé luong 16n clng véi su da dang cao cua cac gene thudc ho
AP2/ERF, phan ho DREB, phan anh hé qua cua cac su kién nhan doi hé gene trong
tién hoa cling nhu kha ning thich nghi sinh thai linh hoat cua loai. Mot sé gene
DREB nhu GmDREB1, GmDREB2, GmDREB3 va GmDREB6 da dwgc ching minh
c6 lién quan dén cac co ché chiu han, chiu man va dap tng véi nhiét d6 cao. Tuy
nhién, chac ning sinh hoc cua nhiéu gene DREB khac, trong 46 GMDREBS5 va
GMDREB7 vin chua cd nhiing nghién ctru day du va sang té. Vi vay, viéc tap trung
nghién ctru hai gene nay c6 y nghia quan trong khong chi trong viéc lam rd cac co
ché diéu hoa dap @ng stress phi sinh hoc ¢ dau twong, ma con gop phan dinh huéng
rng dung trong chon tao gidng dau twong chiu man, chiu han, dap tng yéu cau san
Xuat ndng nghiép bén viing trong bdi canh bién ddi khi hau.

1.2. NGHIEN CUU CHUC NANG GENE CUA PAU TUONG O CAY MO HiINH
1.2.1. Nghién ciru chirc niing gene diu twong & cAy md hinh thudc 14

Trong nghién ctru sinh hoc phan tur thyc vat, cac loai cdy mo hinh nhu A.
thaliana va cay thudc 14 (Nicotiana tabacum) dugc sir dung rong rdi dé phan tich
chtic nang gene nho dic diém sinh trudng thun loi va kha nang bién nap hiéu qua.
A. thaliana co kich thudc hé gene nho, da dugc giai trinh tu hoan chinh, vong doi

ngan va ngudn tai nguyén di truyén phong phu, do d6 thich hop cho cac nghién ciru
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di truyén va diéu hoa biéu hién gene [52]. Tuy nhién, do khong phai cay trdng kinh
té, két qua nghién ctru trén A. thaliana thuong can duogc kiém ching thém trén cac
d6i twong cdy trong khac trude khi img dung thuc tién.

Trong s cac hé théng mé hinh thwe vat, ciy thude 14 (N. tabacum) duoc xem
la d6i twong phu hop cho nghién ciru chirc ning gene & cdy trong nhd nhidu wu
diém noi bat. Cay thude 14 c6 kha ning tai sinh manh, sinh trudng nhanh, sinh khéi
16n va thich nghi tot v6i nhiéu diéu kién sinh thai [63]. Pic biét, hé théng chuyén
gene théng qua A. tumefaciens & cay thudc 14 di duogc thiét 1ap 6n dinh vé6i hiéu qua
bién nap cao, gitp rat ngin thoi gian tao dong chuyén gene va ning cao tinh 6n dinh
di truyén qua nhiéu thé hé [10], [75]. Ngoai ra, kich thuéc 14 16n tao thuan loi cho
cac phan tich sinh 1y, sinh hoa va sinh hoc phan tir. Nho nhitng wu thé nay, cay
thudc 14 dugc st dung rong rii nhu mot hé thong mé hinh trung gian dé danh gia
chtic nang gene trudc khi trién khai nghién ctru trén cay muc tiéu.

Trong bdi canh bién doi khi hau 1am gia ting cac diéu kién bat loi nhu han
han, min va nhiét d6 cuc doan, nhiéu nghién ctru da st dung cay thudc 14 chuyén
gene dé danh gia vai trd cua cac gene ddu twong lién quan dén dap Gmg stress phi
sinh hoc. Céac gene thudc ho nhan tb phién ma AP2/ERF, dac biét 1a phan ho DREB,
duoc quan tdim do tham gia diéu hoa biéu hién cta nhiéu gene dap tng stress.
Nghién ctru ctia Dao va cs cho thdy cac dong thudc 14 biéu hién gene GmDREB?2
tich lily proline cao hon cdy d6i ching dudi diéu kién han, chimg minh vai tro tich
cuc ciia gene ndy trong co ché chiu han [29]. Tuong tw, Tu va cs ghi nhan viéc biéu
hién qua mic GMDREB6 lam ting mirc phién ma cia cac gene lién quan dén diéu
hoa thim thau va van chuyén ion nhu NtP5CS va NtCLC dudi diéu kién min, qua
d6 gop phan cai thién kha nang chiu min ciia cy chuyén gene [110]. Trong khi do,
nghién ciru cia Nguyen va cs cho thdy GmDREB7 c6 thé tham gia diéu hoa am
mang ludi dap Gng stress man thong qua viéc 1am giam biéu hién cia cic gene
NtRD29A va NtSODFe [84].

Bén canh nhom DREB, mot s6 nhan td phién ma khéc thuoc ho AP2/ERF
cling dugc chirng minh c6 vai tro quan trong trong dap ung stress. Gene GmERF3

khi biéu hién trén cdy thudc 14 khong chi lam ting kha ning chong chiu han thong
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qua tich lily proline va carbohydrate hoa tan ma con nang cao tinh khang d6i véi
mot sd tic nhan gy bénh va virus [126]. Ngoai cac gene diéu hoa, mot sb gene ciu
truc ciing dugc nghién ciru trén hé thong cay thudce 14 chuyén gene. Gene GmEXP1,
mi hoa protein expansin lién quan dén gidn né thanh té bao, duoc ghi nhan gitp
tang chidu dai va thé tich r& & cdy thudc 14 chuyén gene, tir d6 cai thién kha ning
thich nghi vé6i diéu kién thiéu nuée [68].

Nhin chung, cdy thudc 14 1a hé thong mo hinh hiéu qua trong nghién ciru
chtrc ning gene dau twong nhd kha ning chuyén gene 6n dinh, thoi gian tao dong
ngan va thuan loi cho cac phan tich sinh 1y - phan tir. Viéc sir dung cay thudc 14 1am
hé thong danh gia trung gian gitp sang loc nhanh cic gene tiém ning lién quan dén
kha ning chdng chiu stress, tao co s& cho cac nghién ciru tng dung va cai tién giéng
ciy trong trong diéu kién bién dbi khi hau.

1.2.2. Nhan xét

Céc nghién ctru trong nhitng nam gan day cho thay viéc st dung cac hé théng
cay mo hinh dong vai tro quan trong trong phan tich va xac dinh chirc ndng gene &
thue vat. Trong d6, cdy thude 14 duoc xem 12 mot hé thong trung gian hiéu qua trong
nghién ctru chirc ning gene ctia dau twong nho hiéu sudt chuyén gene cao, kha ning
tai sinh manh va sinh khoi 16n. Thong qua hé théng nay, nhiéu gene cua dau tuong da
duoc phan tich chirc ning va xac dinh co vai trd quan trong trong co ché dép tmg véi
stress phi sinh hoc. Pac biét, cac gene ma hdéa nhan td phién ma thuoc ho AP2/ERF,
bao gém phan ho DREB, duoc xem 1a nhitng yéu t6 diéu hoa chu chét trong mang
lu6i dap ung stress do c6 kha ning kiém soat biéu hién cua nhiéu gene muc tiéu lién
quan dén diéu hoa 4p suat tham thau, duy tri can bang ion va bao vé té bao trudc cic
diéu kién moi truong bat loi.

Céc nghién ctru trén cdy thudc 14 chuyén gene mang cac gene DREB ctia dau
tuong nhu GMDREB2 va GmDREBG cho thay su biéu hién cia cac gene nay lam
taing kha ning chiu han hodc chiu min théng qua viéc diéu chinh muc tich liy
proline va kich hoat biéu hién cua cac gene dap ung stress nhu NtP5CS hoic
NtCLC. Bén canh d6, mdt sd gene khac trong phan ho DREB ciing duoc ghi nhan

co vai tro diéu hoa theo cac co ché khac nhau trong mang ludi dép Ung stress.
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Chang han, gene GMDREB7 dugc ching minh c6 thé tham gia diéu hoa theo hudng
am d6i voi mot s6 gene dap tng stress man ¢ cay thudce 14 chuyén gene, cho thiy su
da dang vé chirc ning va co ché diéu hoa ciia cac thanh vién trong ho gene nay.

Mic du vy, hiéu biét hién nay vé chirc ning cia cic gene thudc phan ho
DREB ¢ dau twong van con han ché. Nhiéu thanh vién trong phan ho gene nay chua
dugc phén tich ddy du vé vai trd sinh hoc ciing nhu co ché diéu hoa trong mang luéi
dap ung stress cua thuc vat. Pac biét, gene GMDREBS, mdt thanh vién thudc phan
ho DREB cua dau twong, hién van chua dugc nghién ctru mot cach hé théng vé
chtic nang sinh hoc cling nhu kha ning tham gia diéu hoa cac gene dép ung stress &
thuc vat. Do d6, viéc tiép tuc nghién ctru chirc nang cua GmMDREB5 thong qua hé
thong cdy mo hinh, dic biét 13 cay thudc 14 chuyén gene, 13 can thiét nham lam sang
t6 vai trd cta gene nay trong co ché diéu hoa dap ung stress, dong thdi bo sung
thém bang chiing khoa hoc cho viéc khai thac cac gene DREB trong cai thién kha
nang thich nghi cta cay trong trude cac didu kién méi trudng bat loi.

1.3. VAI TRO VA UNG DUNG CUA GENE MA HOA NHAN TO PHIEN
MA TRONG CAI THIEN KHA NANG KHANG HAN, MAN CUA CAY
PAU TUONG

1.3.1. Cay dau twong va dac tinh chiu han, min ¢ cay dau twong

1.3.1.1. Pdc diém sinh hoc, nguon goc, gié tri kinh té va dinh dwéng & cay
dau twong

Pau tuong (Glycine max (L.) Merrill, 2n = 40), 14 cay than thao hai 1& mam
thuoc ho Pau (Fabaceae), chi Glycine, duoc trong phd bién trén thé gidi véi muc
dich thu hat. Hé r& dang r& coc phét trién manh, mang nhiéu ré bén va hinh thanh
ndt san cong sinh véi vi khuan ¢é dinh dam. Co ché ¢6 dinh nito sinh hoc khong
chi dap ang maot phan nhu cau dinh dudng cta cdy ma con gop phan cai thién do
phi nhiéu cua dat, 1am ting gia tri cia dau twong trong hé thdng luan canh. Than
cay hinh try, thuong c6 8 - 14 d6t, cé thé phan canh tuy thudc kiéu hinh giéng va
diéu kién sinh truong. L& kép véi ba 14 chét 1a dang phd bién, dong vai trd quan
trong trong quang hop va diéu hoa sinh truong. Dau tuong 1a loai thyc vat ty thy

phan, hoa nho, ludng tinh, thuong c6 mau tring hoic tim. Qua thudc loai qua rap,
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chtra hat ¢6 hinh dang va mau sic da dang, phan anh dic diém di truyén phong
pha cua loai [37].

V& ngudn gbc, dau twong dugc cho 1a c6 ngudn goc tir khu vie Pong A va
duoc thuan hda tir loai dau twong hoang dai Glycine soja tai Trung Quéc khoang
1100 nam truéc Cong nguyén. Sau do, cdy dau twong dugc dua vao trong tai nhiéu
qudc gia trong khu vuc chau A nhu Mién Dién, An D6, Indonesia, Han Quéc, Nhat
Ban, Malaysia, Nepal, Philippines, Thai Lan va Viét Nam, tir khoang thé ky XVI
sau Cong nguyén. O chiu Au, dau tuvong lan dau tién dugc ghi nhan vao nam 1737
trong tac pham "Hortus Cliffortianus" cua nha thuc vat hoc Linnaeus; sau d6 dugc
trong thir nghiém tai Phap (1739) cha yéu véi muc dich 1am canh, vao nam 1790 &
Anh. DPén nam 1804, dau twong duoc trong tai Nam Tu nhu mot ngudn thire an cho
gia stc. Tai Hoa Ky, dau twong duoc ghi nhan xuat hién lan dau vao nim 1765 tai
Bang Georgia. Mot budc ngoat quan trong trong lich sir phét trién cdy dau tuong
Xay ra vao nam 1917, khi bot dau twong duoc xac dinh 1a ngudn thire an giau dinh
dudng cho chin nudi, qua d6 thiic diy manh mé nganh céng nghiép ché bién dau
twong. Nho nhiing tién bo trong chon gidng, canh tac va cong nghiép hda nong
nghiép, dén nam 1970, Hoa Ky d3 vuon Ién tré thanh quéc gia san xuat dau tuong
I6n nhat thé gisi, chiém khoang 2/3 san luong toan cau [41].

Piu twong 1a mét trong nhitng cdy trong co gia tri kinh té va dinh dudng hang
dau trén thé gigi, duoc khai thac rong réi trong ché bién thuc pham, san xuét thirc
an chin nudi va nhiéu linh vuc cdng nghiép khac. Hat dau twong cd thanh phan dinh
dudng phong phu, véi khoang 18% lipid, 38% protein va gan 30% carbohydrate
(trong d6 ty 1& dang hoa tan va khéng hoa tan turong d6i can biang). Ngoai ra, hat
con chta khoang 14% tro, cing nhiéu vitamin va khoang chét thiét yéu can thiét.
Xét vé chat lugng protein, dau tuong dugc ddnh gia cao nhd thanh phan amino acid
tuong d6i day du va can bang, bao gébm hau hét cac amino acid thiét yéu nhu
tryptophan (1%), tyrosine (4%), valine (4%), arginine (8%), alanine (4%), aspartic
acid (7%), cysteine (3%), glutamic acid (19%), glycine (4%), histidine (3%),
phenylalanine (6%), isoleucine (5%), lysine (8%), leucine (8%), methionine (1%),

proline (5%), serine (5%) va threonine (4%) [36]. Bén canh gia tri protein, dau
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trong con 1a ngudn cung cap doi dao chat xo, phytoestrogen va cac hop chat hoat
tinh sinh hoc, ddng thai khong chira cholesterol ty do va lactose. Hat ddu twong
cling gidu acid béo khong no, dic biét omega-3, ciing cac chat chong oxy héa tu
nhién. Trong nhirng nim gan diy, ddu twong duoc quan tim nhu mét ngudn thyuc
pham c6 gia tri dinh dudng va chitc ning sinh hoc cao. Hat ddu twong chtra nhiéu
nhoém hop chit c6 hoat tinh sinh hoc (phytochemical) nhu hop chat phenolic,
flavonoid, lignan, carotenoid, coumarin, phytic acid, triterpen, cac chat tc ché
protease, oligosaccharide va chat xo. Cac hop chat nay duoc ghi nhan cd vai tro tich
cuc dbi voi stc khoe, bao gom hd tro giam cholesterol mau, diéu hoa chuyén héa
lipid, tang cuong kha ning chong oxy hoda va gop phan phong ngira mot sé bénh
mén tinh nhu tim mach, ri loan chuyén hoa va loang xwong. Bén canh gia tri dinh
dudng, dau twong con co ¥ nghia kinh té quan trong do duoc sir dung rong rai trong
cdng nghiép thuc pham, thirc dn chan nudi va duoc pham, gop phan nang cao gia tri
san xuat néng nghiép [54].

Pau twong dugc xem la mot trong nhitng cay trong co vai trd quan trong trong
nén ndng nghiép toan cau, dic biét véi tu cach 1a ngudn cung cap dau thuc vat va
protein. Trén pham vi thé gidi, xét vé quy mé canh tic, dau twong dung thir tu sau
lGa mi, Ila gao va ngd, dong thoi 1a loai cay tréng cé dién tich I6n nhat trong nhoém
cay ho dau. Theo sb liéu nam 2020, téng dién tich gieo trdng dau twong trén toan
thé giGi dat khoang 127 triéu ha, véi san luong udc tinh 353,5 triéu tan. Ba qudc gia
gom Brazil, Hoa Ky va Argentina hién 1a nhitng trung tam san xuét dau twong 16n
nhét thé gigi, dong gop khoang 82% téng san luong dau twong toan cau [99].

Tai Viét Nam, ddu tuong 13 cay trong truyén théng, da duoc canh tac tir 1au
va phan bé tai nhiéu ving sinh thai khac nhau trén ca nuéc. Dién tich trong dau
twong phan bé khong dong déu, trong d6, khu vuc phia Bac chiém khoiang 65%
tong dién tich, con khu vuc phia Nam chiém khoang 35%. Mot sé dia phuong ¢
dién tich gieo trong 16n bao gom Ha Giang, Ha Noi va Thanh Héa. Mic du vay,
san xuit dau tvong trong nudc hién van gap nhiéu han ché vé dién tich, ning suat
va hiéu qua canh tac, din dén san luong thap va chua dap tng duoc nhu cau tiéu

ding noi dia. Do d6, Viét Nam van phai phu thudc I6n vao ngudn dau twong nhap
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khau. Theo sb liéu cua Tong cuc Théng ké nim 2023, dién tich gieo trong dau
tuong cua Viét Nam dat khoang 30,1 nghin ha, giam 2,3 nghin ha so véi nim
2022, véi san lwong wdce dat 48,3 nghin tin [72].
1.3.1.2. Tdc dgng ciia han va min dén sinh truéng, phat trién ¢ dau twong

Diu tuong 1a ciy duogc gieo trdng rong rai tai cac ving nhiét déi, can nhiét doi
va on dé6i, v6i nhu cau nude twong d6i cao trong sudt chu ky trinh sinh truéng va
phét trién. Trong béi canh bién doi khi hau toan cau, sy gia ting nhiét 6 trung binh
cling véi bién dong ngay cang khé du béo cua ché 6 mua dang dat ra nhiing thach
thirc 16n d6i véi san xuat ddu tuong, dic biét tai cac ving canh tac phu thudc vao
nudc mua va cé ha tang tudi tiéu han ché. Trong sé cac yéu to stress phi sinh hoc,
han han va min duoc xac dinh 1a hai tac nhan giy tac dong bat loi nghiém trong
nhat, 1am suy giam dang ké sinh trudng, ning suat va chat luong hat dau tuong.

Stress han c6 thé gay ton that niang suat dau twong ¢ mac rat nghiém trong,
trong mot sé diéu kién khic nghiét, mac giam ning suit c6 thé vuot qua 50%
[103]. Thiéu nudc kéo dai 1am rdi loan trang théi can bang noi tai cua cay, thé
hién qua sy suy giam thé ning nudc, stc cing té bao, ham luong nuée twong ddi
va sinh khéi ré tuoi [9]. Cac giai doan nay mam, ra hoa va hinh thanh qua duoc
xem 1a nhay cam nhat voi stress han [41]. Thiéu nuéc & giai doan dau sinh
truang khong chi 1am giam ty 1& nay mam ma con uc ché sinh truéng cua cay
con théng qua su suy giam ham lugng diép luc va carotenoid, doéng thoi lam
ngan chiéu dai chodi va ré. Trong giai doan sinh truéng sinh dudng, stress han
dan dén giam chiéu cao cay, sé d6t va lam thay d6i vi tri dau qua dau tién [103].
O giai doan sinh san, han anh huong tiéu cuc dén phan bo sinh khéi, gay giam
trong luong hat va ning sut, ddng thoi 1am suy giam kha ning ¢ dinh dam do
tric ché hoat dong cua enzyme nitrogenase [32]. Bén canh d6, nhiéu nghién cau
da chi ra rang stress han gay rdi loan trao doi chét té bao, 1am ting tinh tham
mang, suy giam hiéu suat quang hop va @c ché biéu hién cua cac gene tham gia
vao sinh téng hop lipid, protein va carbohydrate [77].

Tuong ty, stress man ciing duoc xem 14 mot trong nhitng yéu té phi sinh hoc
¢ anh huong 1on dén sinh truong va phat trién cua dau twong, trong d6 giai doan

nay mam la thoi ky nhay cam nhat [62]. Nong d6 mudi cao (=100 mM NaCl) 1am
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giam dang ké ty 1& nay mam, chiéu dai chdi va r&, dong thoi 1am gia ting ty 18 cay
chét [135]. O giai doan cay con, stress man &c ché sinh truong théng qua viéc giam
chiéu dai 14, sinh khéi va sy hinh thanh nét san [35]. Cay dau twong chiu man
thuong biéu hién cac triéu chiang hinh thai dién hinh nhu héo, vang 14, giam chiéu
cao cay va trong luong khod cua than va ré. Su tich lily qua muc cac ion Na* va CI-
trong md & gdy mat can bang ion ndi bao, lam gian doan cac qué trinh trao doi chat
va quang hop, tir d6 dan dén suy giam ning suat va chat luong hat [111]. Ngoai ra,
stress man gay stress tham thau va stress oxy hoa, thé hién qua sy gia tang cac dang
oxy phan tng va MDA, gay ton thuong mang té bao, lam giam ham luong sac t6
quang hop [30]. Ham lwong cac nguyén té dinh dudng thiét yéu nhu N, P, K ciing
bi suy giam dang ké duéi didu kién man, di kém véi su réi loan can biang hormone
sinh truong (GA/ABA), gop phan lam wc ché sinh trudong va niang suit cua cay.
Trong mot nghién ciu trén hon 20 giéng dau tuong cho thay, khi d6 dan dién cua
dat tang tir 2 1én 7 dS/m, nang suat trung binh giam khoang 40%; dong thoi cac
gidng man cam véi man co thé chiu mac suy giam ning sudt cao hon dén 37% so
Véi céc gidng c6 kha niang chiu man trong ciing cing diéu kién. Pang cha Y, & gidng
dau twong “Williams”, stress man con lam suy giam dang ké chat lwong hat, voi
ham lugng protein va dau giam ti 39% [35].

Cac két qua nghién ciru cho thay, stress man va han tac dong bat loi dén cay
dau twong ¢ nhiéu cap do, tir hinh théi, sinh truéng, sinh ly, trao d6i chat dén biéu
hién gene, dan dén suy giam nghiém trong ning suat va chit luong hat. Do d6, viéc
lam s&ng to co ché phan tir diéu hoa dap ung cua dau tuong d6i voi stress han va
min, dic biét thong qua cac gene diéu hoa nhu cac nhan té phién ma thuoc ho AP2,
c6 ¥ nghia then chét trong dinh hudng chon tao va phat trién cac gidng dau twong
c6 kha ning thich nghi t6t hon véi diéu kién méi trudng bat loi.
1.3.1.3. Co ché chju han va chiu mgn & cdy ddu twong

Khi chiu tac dong cua cac yéu té bat loi tir moi trudng, dién hinh 14 stress man

va han, cay dau tuong da hinh thanh trong qua trinh tién hda mot mang ludi dap ang

27



thich nghi phic tap, bao gom cac diéu chinh & nhiéu cap d6 nhu hinh thai, sinh Iy,
sinh héa va phan tir. Cac co ché nay hoat dong phdi hop nham duy tri can bang
nuéc va ion, han ché ton thuong do stress oxy héa, diéu hoa tin hiéu hormone va
biéu hién gene, tir d6 bao dam sy sdng sot va duy tri kha ning sinh truéng cua cay
trong diéu kién stress kéo dai.

O cap do hinh thai va sinh ly, stress han va man thuong gay mat can bang
tham thau va lam suy giam thé nudc té bao. Dé han ché su that thoat nudc, dau
turong c6 xu huéng déng khi khong, ting cudng tich lity sap biéu bi, phat trién 16ng
che phu, dong thoi diéu chinh cau tric hé ré theo hudng tang ty 18 ré/than, qua d6
mé rong ving khai thac nude trong dat va nang cao hiéu qua hap thu nuéc [113].
Song song Véi cac diéu chinh hinh théi, cay dau twong con ting cudng tich lily cac
chat diéu hoa tham thau bao gom proline, glycine betaine, polyamine va céc loai
duong hoa tan (glucose, sucrose, trehalose). Cac hop chat ndy gép phan 6n dinh ap
suat tham thau noi bao, bao vé cau tric protein va mang té bao, ciing nhu duy tri
hoat dong enzyme trong diéu kién stress [13], [32], [113].

Cac hormone thyuc vat gii vai trd trung tdm trong viéc tich hop va diéu phdi
cac phan ung thich nghi vai stress. Dudi tac dong cua han va man, cay dau tuong
thuong ting cudng sinh tong hop ABA, dong thoi diéu chinh ham luong jasmonic
acid (JA) va salicylic acid (SA), trong khi 1am giam ndng d6 auxin (IAA) va
gibberellin (GA). Nhitng thay d6i nay khdng chi anh huong tryc tiép dén sinh
truong va phét trién cia cdy ma con tac dong sau sic dén cac con dudng tin hiéu
diéu hoa biéu hién gene lién quan dén kha ning chong chiu stress. Nhiéu bang
chuang cho thdy ABA va JA c6 thé kich hoat cac gene ma hoa enzyme chbng oxy
hoa cling nhur cac protein bao vé té bao, qua dé gop phan duy tri hoat dong quang
hop va can bang nudc cua ciy dudi didu kién man [98].

O mirc d6 phan tir, cay dau twong huy dong ddéng thoi nhiéu nhém gene chuc
ning va gene diéu hoa nham ting cuong kha ning thich nghi trude cac diéu kién
stress bat lgi. Nhém gene chirc ning bao gdm céc gene lién quan dén diéu chinh &p
suat tham thau, chang han nhu cac gene ma héa protein bao vé té bao nhu LEA,

aquaporin va lipid transfer protein (LTP), ciing nhu cac gene van chuyén ion tham
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gia duy tri can bing Na*/K*, dién hinh 18 GmSALT3 va GmCHX1. Bén canh cac
gene chirc ning, cac nhan td phién ma gitr vai trd diéu phdi trung tam trong viéc
kiém soat mang luéi biéu hién gene dap ung stress. Nhiéu nhan t6 phién ma thuoc
cac ho MYB, NAC va AP2/ERF di duoc chirng minh c6 lién quan truc tiép dén
viéc diéu hoa cac con dudng tin hiéu lién quan dén can bang oxy hda - kht, tin hiéu
hormone va sy phat trién cua hé r& ¢ dau twong [127]. Théng qua kha ning diéu
chinh dong thai nhidu gene muc tiéu, cc nhan té phién ma nay gop phan tao nén
tinh linh hoat va hiéu qua cua hé thong dap ¢ng stress.

Viéc 1am sang to vai tro caa cac nhan té phién ma, dic biét 1a cac protein
thudc ho AP2, trong diéu hoa cac con duong sinh 1y va phan tir néu trén ¢ y nghia
khoa hoc va thuc tién sau sac. Nhitng hiéu biét nay khéng chi gép phan hoan thién
co s& 1y luan vé co ché chéng chiu stress ¢ thuc vat, ma con tao nén tang cho viéc
phét trién cac giong dau tuong chuyén gene ¢ kha ning chiu han va chiu man cao
hon, dap (ng yéu cau san xuit ndéng nghiép bén viing trong bbi canh bién doi khi
hau hién nay.
1.3.1.4. Pic diém ciia gene ma hoa enzyme P5CS va SODFe

Mot trong nhitng co ché thich nghi quan trong cua thyc vat trudc cac diéu
kién bat loi ctia moi truong 1a kha nang tich lily cac chat hitu co hoa tan trong té
bao. Cac hop chat nay gop phan bao vé cdy trong thong qua nhiéu co ché khéc
nhau, bao gom diéu chinh &p suat tham thau, trung hoa cac san pham oxy hoa
doc hai, 6n dinh mang cling nhu duy tri cdu tric va hoat tinh cua protein,
enzyme. Diéu chinh tham thau giir vai trd then chét trong viéc duy tri can bang
nudc noi bao khi thuc vat chiu tac dong cua stress han va man, théng qua su tich
Ity c6 chon loc cac phén tir va ion nhu duong hoa tan, proline, glycine betaine,
acid htru co va cac ion khoang (Ca**, K*, CI") [111].

Trong sb cé4c chat tham gia diéu hoa ap suat tham thau, proline dwoc danh
gia 1a hop chat giit vai tro dac biét quan trong. Su tich lily proline tu do la phan
trng pho bién caa nhiéu nhom sinh vat, bao gom thuc vat bac cao, tao, vi khuan
va dong vat, khi tiém nang nudc cia méi trudng giam. O thyc vat, ham luong

proline gia ting giup té bao duy tri 4p suat tham thau, bao toan trang thai ngam
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nudc va bao vé cac cau trac dudi té bao trude nhitng ton thuong do stress gay ra.
Bén canh vai trd diéu hoa tham thau, proline duoc ghi nhan c6 tac dung ting
cudng hoat dong cua hé théng enzyme chéng oxy hoa, qua d6 gop phan kiém
soat su gia ting ROS trong diéu kién stress. Bong thoi, proline hoat dong nhu
mot chaperone phan tir, gép phan on dinh cau tric khéng gian ba chiéu cua
protein va duy tri chtrc nang sinh hoc cua enzyme [114].

O thuc vat, proline dwoc tong hop chu yéu théng qua hai con dudng sinh
hoa la con duong glutamate (Glu) va con duong ornithine (Orn), trong dé con
duong Glu gitt vai tro chi phdi dudi diéu kién stress tham thau. Trong con
duong nay (Hinh 1.5), glutamate duwoc enzyme pyrroline-5-carboxylate
synthase (P5CS) xuc tac chuyén hda thanh glutamate-semialdehyde (GSA), sau
d6 tu chuyén héa thanh pyrroline-5-carboxylate (P5C). P5C tiép tuc duoc khu
thanh proline nho enzyme pyrroline-5-carboxylate reductase (P5CR). Trong
con dudng Orn, ornithine dugc chuyén héa thanh GSA va P5C thdng qua
enzyme ornithine-d-aminotransferase (OAT), sau d6 P5CR xuc tac tao thanh
proline. Nguoc lai, qua trinh di hoa proline dién ra trong ty thé, noi proline bi
oxy hda trg lai thanh glutamate thong qua hoat dong cua proline dehydrogenase
(PDH) va P5C dehydrogenase (P5CDH) [31].

La enzyme chia khoa trong con dudng sinh tong hop proline, gene P5CS
doéng vai tro trung tdm trong diéu hoa ham lwong proline noi bao. Gene P5CS
lan dau tién dugc phan Iap tir cdy ho dau vao nim 1992. Ké tir d6, nhiéu gene
P5CS ¢ céac loai thuc vat khac nhau da dugc xac dinh va nghién ctru chirc nang,
dic biét lién quan dén kha nang thich nghi véi stress phi sinh hoc. O nhiéu loai
thyc vat, P5CS thuong duoc ma hda bsi hai gene twong déng, chang han nhu
AtP5CS1 va AtP5CS2 ¢ A. thaliana hoic OsP5CS1 va OsP5CS2 & lda. O A.
thaliana, hai gene AtP5CS1 va AtP5CS2 duoc diéu hoa khac biét vé khong gian
va diéu kién sinh ly; trong d6 AtP5CS1 chu yéu duoc cam @ng bai han han,
man va hormone ABA, con AtP5CS2 lién quan nhiéu hon dén sinh truong va
phat trién binh thuong cua cdy. Phan tich promoter cia gene P5CS cho thay
hoat dong phién mé cua gene nay duoc kich hoat manh dudi tac dong cua stress

NaCl, phan &nh vai tro diéu hoa tryuc tiép cua P5CS trong dap (tng man [120].
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Hinh 1.5. Con dudng sinh tong hop proline ¢ thuc vat bac cao [31].

Cac nghién ctu chuyén gene ciing di cung cip bang chiing thuyét phuc vé
vai trd cua P5CS trong ting cudng kha nang chong chiu stress. Viéc biéu hién qué
muc P5CS ¢ A. thaliana dan dén sy gia ting dang ké ham lugng proline va cai thién
kha ning chiu stress tham thau so vai cay d6i ching. O IGa, OsP5CS1 dugc cam
tng bai nhiéu loai stress phi sinh hoc nhu min, han va nhiét d6 thap, trong khi
OsP5CS2 biéu hién manh ¢ giai doan cdy truéng thanh va phan ¢ng rd rét vai NaCl
va mannitol. Gene LhSorP5CS ¢ hoa loa kén lai phuong Dong duoc kich hoat boi
NaCl, mannitol va ABA, di kém véi su tich liiy proline ting cao. O dau cd ve, su
biéu hién qua mic PvP5CS1 va PvP5CS2 trong A. thaliana lam tang kha nang chiu
min, trong d6 PvP5CS2 cho hiéu qua tdng hop proline cao hon duéi didu kién
stress man [120], [124]. Nhitng két qua twong tu ciing dugc ghi nhan ¢ thudc 14 va
lGa mi, khang dinh vai trd cia gene P5CS trong co ché chéng chiu han va man
thong qua diéu hoa sinh tong hop proline.

Cac yéu té bat lgi cia méi trudng nhu han han, man, nhiét do thap va nhiém
doc kim loai gay réi loan can bang sinh ly, 1am suy giam sinh truéng va ning sut
cdy trong. Dudi tac dong ciia cac stress phi sinh hoc nay, thuc vat thuong gia ting
san sinh cdc dang oxy phan tng nhu anion superoxide (O2), hydrogen peroxide
(Hz02) va gdc hydroxyl (OH), dan dén stress oxy hda va ton thuong mang, protein
cling nhu vat chat di truyén. Dé han ché tac hai cia ROS, thuc vat da hinh thanh mét hé

thong phong vé chng oxy hoa hiéu qua, bao gém ca céc hop chat khéng enzyme va
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enzyme, trong dé nhom enzyme superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD) va ascorbate peroxidase (APX) gitr vai tro trung tam [127].

SOD dugc xem Ia tuyén phong vé dau tién chdng lai stress oxy hoa do kha
nang xuc tac phan ng phan huay anion superoxide thanh oxy phan tir va hydrogen
peroxide. Enzyme nay phan b ¢ nhiéu co quan thyuc vat nhu ré, 14, qua va hat, dong
thoi dong vai tro quan trong trong viéc nang cao kha nang thich nghi cta cay trudc
cac diéu kién méi treong bat loi. Dua trén ion kim loai tai trung tdm hoat dong,
SOD ¢ thyc vat duoc chia thanh ba nhém chinh gom SODCu/Zn (CSD), SODFe
(FSD) va SODMn (MSD), mdi nhom cé dic diém cau trdc, vi tri noi bao va chic
nang sinh ly khac nhau [92].

O thuc vat md hinh A. thaliana, cac gene ma hoéa SOD tao thanh mét ho da
gene, bao gom ba gene CSD (CSD1-CSD3), ba gene FSD (FSD1-FSD3) va hai gene
MSD (MSD1-MSD2). Cac gene nay ma hoa cac dang protein SOD dinh vi dac hiéu
trong té bao. Cu thé, protein CSD dugc ghi nhan hién dién o té bao chat, luc lap,
peroxisome va thanh té bao; protein FSD chu yéu phan bé trong luc lap; trong khi
protein MSD tap trung chu yéu & ty thé va mot phan & peroxisome. Sy phan b dic
hiéu nay phan anh chirc nang chuyén biét cua tirng dang protein SOD trong viéc
diéu hoa céc loai oxy phan ¢ng (ROS) tai céc bao quan khac nhau. V& mit cau trdc
protein, SOD 14 enzyme c6 cau tric bac hai gdm céc ving xodn o va phién gip P.
SODCu/Zn cha yéu giau phién gap B, trong khi SODFe va SODMn ¢6 céu tric han
hop giita Xx0an a va phién gip p. Phan tich trinh tu va mdi quan hé tién hoa cho
thady SODFe va SODMn c6 mic d6 twong déng cao, goi ¥ ngudn gbc tién hoa
chung, trong khi SODCu/Zn tach biét rd rét. O trang thai ty nhién, SODFe
thuong ton tai dudi dang hai hoic bon tiéu don vi lién két voi nhau, trong d6 moi
tiéu don vi c6 khéi lwgng khoang 20 kDa. Trung tdm hoat dong caa SODFe dugc
c6 dinh béi cac amino acid bao tha, cha yéu 1a histidine va aspartate, tao thanh
phdi tir bon cang lién két chit ch& véi ion Fe, dam bao tinh 6n dinh va hoat tinh
Xuc tac cua enzyme [122].

Cac nghién cttu hé gene da xac dinh sé luong va su phan bd gene SOD khac

nhau gitra cac loai thuc vat. Vi dy, ¢ 10a c6 8 gene SOD, A. thaliana c6 9 gene, cay
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tra c6 10 gene va nho cé 13 gene SOD. Riéng SODFe da dugc phén lap va dac
trung & nhiéu loai nhu thudc 14, dau tuong, cho thay vai trd bao ton cua nhém gene
nay trong dap @ng stress phi sinh hoc. Nguoc lai, ¢én nay van chua cé bang chiing
X4c thuc vé sy ton tai cia SODFe & lGa va ngd [92].

V& chuc ning sinh 1y, nhidu bing chiing cho thiy SODFe ciing nhu céc
isoform SOD khac tham gia truc tiép vao co ché chdng chiu stress han va min
thong qua viéc duy tri can bang ROS va bao vé ciu tric té bao. Hoat tinh SOD ting
cao da duoc ghi nhan gop phan cai thién kha nang chiu han, chiu min & cai dau [6]
va lam giam tén thuong oxy hoa do lanh ¢ ca chua [66]. Bén canh d6, cac diéu kién
stress bat lgi thuong kich hoat manh mé su biéu hién cua cac gene SOD. O lda mi,
gene SODMn duoc cam ng rd rét dudi diéu kién han han [90]; trong khi ¢ bong va
lGa, viéc biéu hién qua mic cac gene SOD da duoc ching minh gitip ciy tang kha
nang chiu han, man, nhiét va lanh [128]. Nhitng két qua nay khang dinh rang gene
ma hoa SOD, dac biét 1a SODFe, dong vai trd quan trong trong mang luéi diéu hoa
stress oxy hda va 1a muc tiéu tiém ning cho cac chién lugc cai thién kha nang chéng
chiu han, man ¢ cay trdng théng qua chon giéng va céng nghé sinh hoc.
1.3.1.5. M6 hinh docking phéan t in silico

Tuong tac dac hiéu gitra protein va nucleic acid, dac biét la tuong tac protein -
DNA, déng vai tro c6t 16 trong diéu hoa phién ma va kiém soat nhiéu qua trinh sinh
hoc thiét yéu cua té bao. Viéc xac dinh cac vi tri gan két DNA ciing nhu cac du
lugng amino acid tham gia tuong tac thudng duoc thuc hién bang cac phuong phap
thuc nghiém nhu dién di dich chuyén (EMSA), két tia mién dich chromatin (ChIP),
tinh thé hoc tia X hodc cong huong tir hat nhan (NMR). Cac ki thuat nay cho do
chinh xdc cao nhung thuong doi hoi chi phi 16n, thoi gian nghién cau dai va diéu
kién thi nghiém phirc tap. Trong bdi canh dix liéu trinh tu va cau trdc protein ngay
cang gia tang, cac phuong phap mo6 phong dua trén tinh toan da trd thanh cong cu
hd trg hiéu qua trong viéc du doan va sang loc cac twong tic phan tir.

Docking phan tir (molecular docking) la mot phuong phap mé phong in silico
dugc sir dung nham du doan cau hinh lién két téi wu giira thy thé (receptor) va phdi
tir (ligand), dong thoi wdce tinh &i luc lién két ciing nhu dic diém tuong tac & cip do

phan ta. Nguyén Iy cua docking dya trén viéc tim kiém céc trang thai lién két co
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nang luong ty do thap nhat, bao dam sy bd sung phi hop vé mat hinh hoc va twong
tac hoa hoc gitra cac bé mit tiép xdc. Trong sinh hoc phan tir va sinh hoc ciu tric,
docking dugc wng dung rong rii dé mé phong cac twong tac protein - protein,
protein - phdi tir va dic biét 1a protein - DNA [39].

Quy trinh docking phan tir thudng bao gdm mot s bude chinh. Trudc hét, ciu
trdc ba chiéu cua thy thé va phdi tir dugc chuan bi théng qua viéc 1am sach dir liéu,
gan dién tich va tdi uu hoa hinh hoc. Tiép theo, vi tri gin két dugc xac dinh dya trén
dir liéu thuc nghiém sin c6 hoic duoc du doan thong qua cac chién lugc docking
khong dinh huéng (blind docking). Sau d6, mirc d6 linh hoat cua phéi tu, thy thé
dugc mo phong, dong thoi khdng gian cdu hinh dugc khao sat bang céac thuat toan
tim Kiém nhu thuat toan di truyén, Monte Carlo hoic simulated annealing. Cac kiéu
lién két duoc dénh gia va xép hang thong qua cac ham cham diém, phan anh cac thanh
phan ning luong khac nhau nhu twong tic Van der Waals, luc tinh dién, lién két
hydrogen va anh huong cua dung mdi. Cudi cling, cac cau hinh tiém niang nhat duoc
tinh chinh théng qua mé phong dong luc hoc phan tir (molecular dynamics, MD) nham
danh gia d6 6n dinh ctia phirc hop va udc tinh nang lugng tu do lién két [28].

Mot trong nhitng wu thé noi bat cua phuong phap docking phan tir 1a kha ning
xir Iy nhanh, chi phi thap va cung cap thong tin chi tiét vé co ché tuong tac ¢ cap do
nguyén ti. Nho do, docking dac biét hiru ich trong viéc hinh thanh va sang loc gia
thuyét, dinh hudng thiét ké thi nghiém ciing nhu hd tro giai thich cac két qua thuc
nghiém. Tuy nhién, d6 chinh xac cua cac dy doan docking phu thudc déng ké vao
chat Iwong cau tric ba chiéu dau vao, mirc @6 md phong tinh linh hoat caa phan ti
va su lya chon ham cham diém. Vi vay, cac két qua thu duoc tir docking phan tu
can dugc xac nhan bd sung bang cac phuong phap thuc nghiém. Trong nhiéu thap
ky qua, docking dd dwgc ung dung rong rii dé nghién ciru tuong tac protein - DNA
g6p phan 1am sang té co ché nhan dién trinh tuw DNA cta céc yéu t phién ma thong
qua cac mién lién két dic hiéu.

Mot s6 nghién ciru trude ddy da khai thac mé hinh docing phan tir nham phan
tich mdi quan hé gifta protein va cac ving DNA dich. Chang han, Allen va cs
(1998) di xac dinh dic diém twong tac tai hop GCC cua phtc hop protein - DNA

[7]; Chen va cs (2019) phan tich vai tro diéu hoa am cua protein BImR thudc ho tc
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ché ArsR/SmtB trong qué trinh sinh téng hop bleomycin & mét loai vi khuan Gram
duong thudc chi Streptomyces [18]; gan day hon, Hassan va cs (2021) da sir dung
c4c tiép can tin sinh hoc, bao gdm docking, dé nghién ctiu su tién hoa va dic diém
chie ning cuia cac yéu t phién md DREB trong hé gene lia mi [44]. Mic du da c6
bang ching cho thiay mién AP2 cua cé4c yéu td phién md DREB chia cac du lugng
amino acid quan trong tham gia lién két vai cac motif cis trong viing promoter cua
gene muc tiéu. Tuy nhién, sé lwong nghién ctu tng dung docking phan tir dé phan
tich co ché tuong tac giita cac yéu té phién mi va cac gene dap tng stress phi sinh
hoc & thuc vat, dic biét 1a ddi véi phan ho GmDREB ¢ dau tuong van con han ché.

Trong sb céc cdng cu docking hién nay, HADDOCK (High Ambiguity Driven
biomolecular docking) dugc danh gia cao nho kha nang tich hgp cac dir li¢u thyuc
nghiém hoac du doan tin sinh hoc dudi dang rang budc, qua d6 dinh hudéng qué
trinh mé phong mét cach hiéu qua. Quy trinh docking cia HADDOCK bao gém ba
giai doan chinh: (i) sdp xép ban dau theo md hinh rigid-body, (ii) tinh chinh bén linh
hoat tai ving giao dién lién két va (iii) toi wu hoa cau tric phuc hop trong moi
truong dung méi. Hé théng chim diém cua HADDOCK két hop cac thanh phan
nang lugng co hoc phan tu, nang lugng rang bugc va anh huéng cua dung moi,
dong thoi cung cap cac chi sé6 danh gia nhu RMSD va dién tich bé mat tiép x(c, cho
phép lua chon c&c md hinh phic hop ¢6 do tin cay cao [102].

Cac nhan t6 phién ma thuoc ho AP2, dac biét 1a phan ho DREB, gitr vai trd
trung tam trong viéc diéu hoa biéu hién cac gene dap @ng vai céc stress phi sinh hoc
nhu han va man. Chitc nang sinh hoc cua cac protein DREB chu yéu duoc quyét
dinh bai kha ning nhan dién va lién két dic hiéu véi cac motif cis (DRE/CRT)
trong ving promoter cua gene muc tidu thdng qua mién AP2 c6 tinh bao tén cao.
Do d6, viéc 1am rd co ché twong tac gitra mién AP2 va DNA muyc tiéu 13 budc then
chét dé hiéu sau ban chat phan tir cia qua trinh diéu hoa phién ma dudi diéu kién
stress. Thong qua phan tich docking phan tir, c4c vi tri twong tac tiém ning gitra
protein DREB va DNA di duoc dy doan, gop phan giai thich tinh dac hiéu lién két
cua timg thanh vién DREB ddi véi cac gene muc tiéu khac nhau. Dong thoi, cac két

qua docking ciing cho thy riang nhitng bién d6i nho trong trinh tu amino acid cua
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mién AP2 c6 thé dan dén su thay d6i dang ké vé ai luc lién két DNA, tir d6 anh
huong dén cudng d6 kich hoat phién ma va muc d6 dap ung stress caa cay [101].

DI v6i cay dau twong, mic du hé gene di duoc giai ma va nhiéu gene
GMDREB di dwoc nhan dién, sé lwong nghién ctu wng dung docking phan tir dé
phan tich twong tac protein - DNA cua cac yéu té phién ma nay vin con tuong doi
it. Viéc khai thac docking trong nghién citu GmDREB cho phép du doan co ché
nhan dién trinh ty DRE, xac dinh cac du lwgng amino acid then chét trong mién
AP2 va danh gia tiém ning diéu hoa cac gene dap ung han va man. Nhirng thdng tin
nay khong chi hé tro va dinh huéng cho cac thi nghiém chirc ning in vivo va in
vitro, ma con cung cép co sé khoa hoc cho viéc lya chon cac gene ng vién trién
vong phuc vu chuyén gene va cai tién gidng.

Docking phén tir in silico 1a mot cong cyu manh trong nghién ctru tuong tac
sinh hoc va co ché diéu hoa gene. Viéc két hop chat ché giita mé phong tinh toan va
dir liéu thuc nghiém khéng chi gép phan 1am sang to co ché hoat dong cua cac yéu
t6 phién ma lién quan dén stress phi sinh hoc, ma con tao nén tang khoa hoc viing
chic cho cac nghién ctru chire ning gene va chién lugc cai tién gidng cay trong, bao
gom cay dau twong, trong bdi canh bién d6i khi hau hién nay.

1.3.2. Chuyén gene ma hda nhan té phién mi dé ting cwong kha ning chiu
han, chiu man ¢ dau twong
1.3.2.1. Chuyén gene gian tiép qua Agrobacterium

Chuyén gene 1a ky thuat dua mot doan DNA ngoai lai vao té bao sinh vat
nham tao ra nhitng bién d6i di truyén 6n dinh. Trong nghién ciu va ang dung &
thuc vat, cac phuong phap chuyén gene thudng dwoc phan thanh hai nhém chinh:
chuyén gene gian tiép va chuyén gene tryc tiép. Chuyén gene gian tiép sir dung sinh
vat 1am tac nhan trung gian, dién hinh Ia vi khuan A. tumefaciens, trong khi céc
phuong phap chuyén gene truc tiép dua trén cac tac dong vat ly hoac hoa hoc nhu
ban gene, tiém vi mo, sir dung liposome, soi silicon carbide hozic chuyén gene qua
6ng phan hoa. Ca hai nhom phwong phap déu déng vai trd quan trong trong cong
nghé sinh hoc thyc vat, gop phan cai thién nang suat, chat luong va kha ning chdng

chiu ciia cy trong trudc cac didu kién moi truong bét lgi [9].
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A. tumefaciens 12 vi khuan Gram am c6 kha ning gy bénh u ré & thuc vat
thong qua viéc chuyén mot doan DNA tir plasmid Ti vao hé gene cua cay cha. Poan
DNA nay cho phép cay tong hop cac hop chat opine, ngudn cung cip carbon va nito
cho vi khuan. Qué trinh chuyén gene dugc khai dong khi vi khuan nhan biét cac
hop chét phenolic, dién hinh 12 acetosyringone (AS), duoc tiét ra tir md thuc vat bj
t6n thwong. Tin hiéu nay kich hoat protein cam bién VirA, dan dén phosphoryl hoa
protein diéu hoa VirG. VirG sau dé kich hoat su biéu hién cua cac gene vir trén
plasmid Ti, cho phép cit va van chuyén mot doan T-DNA (khoang 15-30 kb) vao té
bao thuc vat. T-DNA duoc tich hop vao hé gene cua cdy chi thong qua co ché
tuong tu qua trinh lién hop va cac gene trén T-DNA sau d6 dugc biéu hién, kich
thich sinh tong hop auxin va cytokinin, gdy ting sinh té bao bat thuong va hinh
thanh khéi u. Dua trén co ché tu nhién nay, A. tumefaciens da dugc khai thac va cai
tién dé tro thanh mot trong nhitng cdng cu chuyén gene hiéu qua va pho bién nhat
trong cdng nghé sinh hoc thuc vét nho quy trinh trong dbi don gian, chi phi thap va
kha nang tai sinh cay cao [104].

Kha ning tai sinh cia md sau chuyén gene duoc xem 12 yéu té quyét dinh dén
su thanh cong cua ky thuat. Do d6, nhiéu nghién ctru da tap trung téi wu hoa cac
diéu kién chuyén gene qua Agrobacterium ¢ ddu twong nham nang cao hiéu qua
bién nap. Mot huéng tiép can dang chi v 1a bd sung cac chat chéng oxy héa vao
moi trudng nudi cdy nham han ché hién tuong chét té bao theo chuong trinh. Li va
cs (2017) cho thay viéc bo sung dithiothreitol (DTT) két hop véi kéo dai thoi gian
d6ng nudi cay 1én 5 ngay dat ty 1& 1ay nhiém trén 96% va cai thién dang ké hiéu qua
chuyén gene [59]. Tuong tu, Yang va cs (2016) béo céo ring viéc sir dung don 1¢
c4c chat chong oxy hoa nhu acid a-lipoic (0,12 mM) hoic AgNOs (20 pM), ciing
nhu cac t6 hop L-cysteine (1 mM) + DTT (3,3 mM) + AgNOs (20 uM) hoic L-
cysteine (1 mM) + DTT (3,3 mM), da lam giam hién tugng hoai tir mo, qua do6 nang
cao ty Ié lay nhiém va tai sinh cay [121]. Ngoai ra, Chen va cs (2018) cho thay viéc
b sung L-glutamine, L-asparagine hoic phdi hop ca hai vao méi trudng nudi cy
gitip tang ty 1é chuyén gene lan luot dat 8,8 + 1,5%; 5,9 + 2,1% va 11,0 + 0,0%, so
Vé6i 3,5 + 2,4% & d6i chieng khdng bé sung [25].
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Chuyén gene duoc xem la mét cong cu hiéu qua trong viéc phét trién cac
giong cay trong c6 kha ning chiu han va chiu man théng qua viéc diéu chinh c6
dinh huéng biéu hién gene nham nang cao kha ning thich nghi véi cac diéu kién
moi truong khic nghiét. So véi cac phuong phap lai tao truyén théng, ki thuat
chuyén gene mang lai nhiéu vu thé, bao gom rit ngan thoi gian chon giéng, cho
phép can thiép truc tiép vao hé gene va nang cao do chinh xac trong cai thién cac
tinh trang mong mudn. Tuy nhién, do dic diém hé gene phic tap cing voi kha ning
tai sinh mo han ché, hiéu qua va téc do chuyén gene & dau tuong trong hai thap ky
qua van con gap nhiéu thach thac. Hiéu suat chuyén gene & dau twong chiu anh
huong cua nhiéu yéu té khac nhau, bao gom dac tinh di truyén cua giéng, mat do té
bao Agrobacterium, nong d6 va té hop hormone sinh truong, thoi gian dong nudi
ciy va dic biét 1a kha ning tai sinh cua mé cay. Dé khic phuc nhitng han ché nay,
nhiéu chién lugc cai tién da duoc dé xuat, chang han nhu sir dung da dang nguén
vat liéu khoi dau (nach 14 mam, 14 mam, dau phdi, nira hat va hat non), lua chon cac
tac nhan chon loc phu hop nhu glufosinate, glyphosate hodac hygromycin, ciing nhu
bd sung cac amino acid hodc chit chéng oxy héa nhu DTT, L-cysteine vao mdi
truong nudi cay.
1.3.2.2. Thanh twu ciza chuyén gene gién tiép trong nang cao khd néng chiu han,
chiu mén ¢ dau twong

Cac yéu td stress phi sinh hoc nhur han han va min gay tac dong nghiém trong
dén sinh truong, phat trién va ning suét cdy trong. Trong bdi canh bién ddi khi hau
ngdy cang gia ting vé cudng do va tan suit, viéc cai thién kha nang chéng chiu cua
cay trong trudc cac diéu kién méi truong bat loi tro thanh mot yéu cau cap thiét.
Cong nghé di truyén hién dai, dac biét 1a ky thuat chuyén gene gian tiép théng qua
Agrobacterium, di va dang dong vai trd quan trong trong viéc phat trién céc giéng
dau tuong c6 kha ning thich nghi tot hon véi stress han va man. Nén tang cuaa cac
chién lwoc nay 1a viéc xac dinh va khai thac cac gene lién quan dén co ché chdng
chiu stress. Nhiéu nghién ciru da ghi nhan nhimg thanh cong déng ké trong viéc tao
ra cac dong dau twong chuyén gene c6 kha ning chiu min duoc cai thién. Chang

han, gene AgGIpF di duoc chuyén vao gibng dau twong Williams 82, phan tich
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PCR ciing nhu RT-PCR xé&c nhan sy c6 mat va biéu hién on dinh caa gene nay
trong hé gene cdy chu. Céac dong chuyén gene thé hién kha ning chong chiu man
cao hon so véi cay ddi chung, cho thay vai tro tich cuc cua AgGIpF trong dap tng
stress man [58].

Bén canh do, Ren va cs (2016) chitng minh rang gene GmST1 ¢6 kha ning lam
giam su tich Iy cac loai oxy phan ung (ROS) va lam ting d6 nhay vdi tin hiéu
ABA duéi diéu kién min, qua d6 cho thay tiém ning ung dung cua gene nay trong
cai thién tinh chiu man ¢ ca dau tuong va A. thaliana [94]. Ngoai ra, khi xt ly vai
NaCl & néng do 100 mM, mic biéu hién cua gene GmPIP1.6 duoc ghi nhan ting
manh & ca ré va 14, phan anh vai trd cua gene nay trong diéu hoa van chuyén nuéc
va dap rng vai stress man [133].

O giéng dau tuong NY-1001, viéc chuyén gene StP5CS théng qua
Agrobacterium di tao ra cac dong chuyén gene dong hop tir & cac thé hé T2 va T3.
Khi dugc danh gia trong diéu kién trong chau va thuy canh, cac dong nay cho thay
su cai thién rd rét vé chiéu cao cay, dién tich 14, ham luong diép luc va sb qua tuoi
S0 Vi cay dbi ching, chung to vai trd cia StP5CS trong ting cuong kha ning thich
nghi véi stress [124]. Tuong tu, gene GmMNFYA khi duoc biéu hién manh trong cac
dong dau twong chuyén gene da kich hoat nhiéu gene dap tng stress, tir d6 gop phan
nang cao kha nang chiu man [70]. M6t nghién ctu khac ciing da chuyén gene
PgTIP1 vao dau twong, tao ra cac dong L19 va L29 véi kha ning chdng chiu man
duoc cai thién, thé hién théng qua cac thay doi sinh 1y nhu diéu chinh hoat dong khi
khong, giam toc do hap thu nudc va han ché sy tich liy ion Na* va CI™ trong mo
thuc vat [8].
1.3.2.3. Nghién cizu biéu hi¢n gene DREB va ting cwong khd ndng chiu han,
chiu man ¢ diu twong

Chuyén gene dugc xem 1a mot trong nhiing céng cu hiéu qua caa cdng nghé
sinh hoc hién dai nham cai thién kha ning chiu han va chiu man cua cay trong thong
qua viéc diéu chinh c6 dinh hudéng biéu hién cia cac gene dap (ng stress phi sinh
hoc. Trong bdi canh bién doi khi hau ngay cang gia tang, dan dén suy giam ngudn nuéc

tudi va gia ting xAm nhap man tai nhiéu ving san xuat néng nghiép, viéc xac dinh va
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khai thac cac gene lién quan dén co ché thich nghi véi diéu kién thiéu nuée va do man
cao c¢6 ¥ nghia quan trong ddi véi cac chuong trinh cai tién gidng dau twong.

Nhiéu nghién ctu cho thiy cac gene diéu hoa, dic biét 12 cAc gene ma hoa
nhan t6 phién ma, giir vai trd trung tdm trong viéc kiém soat mang luéi biéu hién
gene dap ung stress. Khi thuc vat chiu tac dong caa cac yéu td bat loi, tin hiéu stress
trude tién dugc tiép nhan va truyén vao trong té bao thong qua cac con dudng
truyén tin hiéu dac hiéu, tir d6 hoat hda cac nhan té phién ma va diéu hoa biéu hién
cuia cac gene muc tiéu lién quan dén dap ng stress. Qua trinh diéu hoa nay dan dén
su kich hoat nhiéu co ché bao vé ¢ cip do sinh Iy va sinh hoa. Trong d6, hé théng
chéng oxy hoa duoc tang cuong thong qua hoat dong cia enzyme SODFe nhim
loai bo cac dang oxy phan ang (ROS), dong thoi con duong sinh tong hop proline
dugc hoat hoa thong qua enzyme P5CS dé duy tri can bang &p suat tham thau. Sy
phdi hop cia cac co ché nay gop phan bao vé cau tric té bao, duy tri can bang noi
mai va nang cao kha ning chong chiju cua thuc vat trong diéu kién stress kéo dai.

Trong s6 cac nhan té phién ma lién quan dén stress, cac protein thuoc phan ho
DREB cua ho AP2 di dugc nghién ciu rong rdi nho vai trod truc tiép trong diéu hoa
dap tng han, man va nhiét do. Kidokoro va cs (2015) da danh gia tac dong cua viéc
tang cuong biéu hién gene GmDREBL trong cay A. thaliana chuyén gene. Két qua
cho thdy cac dong biéu hién qua mixc GmDREB1 khong chi thé hién kha niang chiu
lanh dugc cai thién ma con tang cuong kha nang chdng chiu vai nhiét d6 cao va han
han. Hiéu qua nay duoc cho 1a bat ngudn tir kha ning cia GmDREBI trong viéc
kich hoat dong thoi nhiéu gene dap g stress, qua d6 nang cao tinh linh hoat va
hiéu qua caa hé thdng thich nghi & thue vat [53].

Trong mét nghién ctru doc lap, Zhou va cs (2020) da danh gia tiém nang (ng
dung cua gene GmDREBL1 thong qua viéc chuyén gene nay vao hai giéng lta mi
dang duoc trdng phd bién. Cac dong cay chuyén gene thé hién su cai thién rd rét vé
nang suat ciing nhu cac chi tiéu sinh 1y khi sinh truéng trong diéu kién thiéu nuéc
S0 Vi cay dbi chung. Cu thé, ning suat hat cua cac dong chuyén gene ting tir 4,79-
18,43%, qua d6 cho thldy GmDREB1 ¢4 tiém ning tng dung trong viéc duy tri va

nang cao ning suit cdy trong dudi tac dong cua stress phi sinh hoc [131].
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Trong phan ho DREB, GmDREB?2 dugc x4c dinh 1a mot nhan té diéu hoa quan
trong tham gia kiém soat phan ng cua cay d6i voi cac didu kién moi truong bat loi.
Bién thé GmDREB2A dugc ghi nhan 1a cam ung manh duéi cac diéu kién khd han,
nhiét d cao va gia lanh [73]. Cac nghién cuu cua Chen va cs (2007), Dao va cs
(2015), Chen va cs (2016), Pham va cs (2020) cho thiy viéc biéu hién qua mic
GmMDREB2 gitip ting dang ké kha ning chiu han va chiu min & cac dong cay
chuyén gene [20], [29], [89]. Theo Pham va cs (2020), muc biéu hién ting cuong
cia GmDREB2 ¢ thé hé T2 di kich hoat manh mé su phién ma caa gene P5CS, véi
muc tang tr 1,37 - 1,95 lan (p < 0,05). Song song véi d6, ham lwogng proline mot
chat diéu hoa tham thau quan trong ciing ting dang ké. Cu thé, proline tich lity & cac
dong chuyén gene ting tir 155,81 - 187,42% sau 5 ngay xt Iy han va tir 180,52 -
233,74% sau 9 ngay xtu ly han (p < 0,05), gop phan nang cao kha nang thich nghi
cua cay trudc stress thiéu nudc [89].

GmDREB6 dugc xac dinh la mot gene cam urng manh va ¢ vai tro tich cuc
trong ting cudng kha niang chiu man & cac hé théng cay chuyén gene [83], [110].
Nguyén va cs (2019) cho thdy, & cac dong dau tuong chuyén gene GmDREBG thé
hé T2, mac phién ma cta GmP5CS ting tir 1,36 - 2,01 lan trong diéu kién binh
thuong va tir 1,58 - 3,16 lan dudi stress man hoic han so véi cay dbi chitng. Ham
lugng proline & cac dong chuyén gene (T2-2, T2-4, T2-7 va T2-10) dao dong trong
khoang 0,82 - 4,03 pumol/g, trong d6 dong T2-7 dat gia tri cao nhat (7,77 pmol/g).
Sau 7 ngay xir ly man, ham luong proline & cac dong chuyén gene ting tir 247,83 -
300%, cao hon so véi murc ting 238,22% & cdy d6i chung. Nhiing két qua nay cho
thdy GmDREB6 la mot ¢ng vién trién vong trong cai thién kha ning chiu man ¢ dau
tuong [83]. Bang 1.1 thdng ké két qua biéu hién kiéu hinh chdng chiu stress phi sinh
hoc cua cay chuyén gene DREB & mét sb giéng cdy trong va dau twong. Tuy nhién,
van con nhiéu gene DREB khac cua dau twong, nhu GmDREBS5 va GmDREB7, ma
chic ning sinh hoc trong diéu kién stress phi sinh hoc chua dugc 1am rd va can tiép
tuc duoc nghién ciru chuyén sau.

V& mit co ché, cac nhan t6 phién ma DREB ting cuong kha ning chéng
chiu stress chu yéu thong qua diéu hoa biéu hién ciia cac gene muc tiéu va cac
qua trinh sinh 1y lién quan. Cac gene nhu DREB1A, DREB2A va DREB7 da dugc
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chitng minh c6 kha niang kiém soat biéu hién cua RD29A, mot gene dap tng
stress lién quan dén kha ning chiu lanh va kho han, & ca A. thaliana [65] va cay
thubc 14 [84]. Bong thoi, viéc ting cuong biéu hién GmDREB2 va GmDREB6 &
dau twong ciing dan dén sy hoat hoa gene P5CS va thuc ddy qua trinh tich liy
proline, gop phan quan trong vao co ché diéu hoa tham thau va thich nghi véi
cac diéu kién moéi truong bat loi [83], [89], [110].

Bang 1.1. Cac gene DREB duoc sir dung trong chuyén gene nham nang cao kha

nang chdng chiu stress phi sinh hoc & cay trong va dau twong

‘. PN Tai liéu
Gene Poi twong Kiéu hinh tham Khiio
ZmDREB2A Ngo Chiu han va bang gia [91]
DREB Lda mi Chiu han, man, lanh véi [76]
téc do tang truong giam
DREB1A Arabidopsis Chiu han [85]
OsDREB1A Lda Chiu han, man, bang gia [48]
OsDREB1B Thudc 14 Chiu han, man [40]
JIDREB1A Arabidopsis Chiu lanh [42]
OsDREB Lda Chiu man [33]
ScDREB2B-1 Thudc 14 Chiu han [26]
GmDREB1 Lda mi Chiu han, man [49]
GmDREB2 Dau tuong Chiu han, man [89]
EcDREB2A Thudc 14 Chiu nhiét [100]
SIDREBA4 Ca chua Chiu nhiét [71]
GmDREBG6 Dau tuong Chiu man [110]
MsDREB6.2 Téo Chiu han [61]
AnDREB5.1 Thudc 14 Chiu lanh, tham thau [136]
ScDREB5 Arabidopsis Chiu mudi [64]
AtDREB1A Lac Chiu han [12]

Cac bang chtng thuc nghiém cho thay viéc biéu hién manh cac gene DREB
c6 thé cai thién dang ké kha niang chdng chiu stress phi sinh hoc cua cay trong trong
ca diéu kién nha kinh va ngoai dong rudéng. Pang chu ¥, cac cay chuyén gene biéu
hién DREB khong chi thich nghi tét hon véi cac diéu kién khac nghiét ma con duy

tri duoc nang suat twong ddi on dinh. Nhitng két qua nay khang dinh rang viéc diéu
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hoa tang cudng biéu hién cac nhan té phién ma cam tng stress nhu DREB c6 thé
kich hoat hiéu qua cac gene muc tiéu mang motif DRE trong vung promoter, tir do
g6p phan nang cao kha ning chiu han va chiu min & ciy dau tuong.

1.3.3. Nhan xét

Stress phi sinh hoc, dic biét 1a han han va nhiém man, 1a nhiing yéu t6 moi
truong quan trong gy suy giam sinh truéng va ning sut cy trong trén pham vi
toan cau, trong do dau tuong 1a loai c6 mirc do nhay cam cao. Céc diéu kién stress
nay 1am giam thé nuéc cua té bao, gdy dong khi khong, e ché quang hop, pha v&
can bang ion va thic day su tich liy cac gdc tu do, nhu superoxide (O2), hydroxyl
(+*OH) va céac chat khong phai gbc ty do, nhu hydrogen peroxide (Hz0:) c6 hoat tinh
cao (ROS), tir d6 anh huong nghiém trong dén sinh trudong va ning suit cta cy.

Nhiéu nghién ctru di cho thay dau twong cé thé thich nghi véi cac diéu kién
bat loi thong qua cac co ché sinh 1y va sinh hoa khac nhau, bao gom diéu hoa tham
thau bang su tich lily cac chat hoa tan nhu proline, glycine betaine va dudng tan;
tang cuong hoat dong cta hé enzyme chdng oxy hoa; ciing nhu diéu chinh tin hiéu
hormone va biéu hién cua cac gene dap tng stress. Trong mang ludi diéu hoa nay,
cac gene ma hoa nhan td phién ma, dac biét 1a cac gene thuoc phan ho DREB cua
ho AP2/ERF, dugc xem 1a cic yéu td diéu hoa quan trong c6 kha ning kiém soét
ddng thoi nhidu gene muc tiéu lién quan dén dép ung stress. Cac nghién ctru chuyén
gene da cho thay viéc biéu hién qua mirc mot sé6 gene DREB c6 thé gop phan cai
thién kha nang chiu han va chiu man cua cay thong qua viéc diéu hoa cac qua trinh
sinh ly va sinh hoa lién quan.

Mic du vay, chitc ning sinh hoc cta nhiéu thanh vién trong phan ho gene
DREB ¢ dau twong van chua dugce nghién ciru day du. Bén canh cac nghién ctru
thuc nghiém, cadc phuong phép tin sinh hoc, dic biét 1a phan tich tuong tdc phan tu
giita mién AP2 cua protein DREB va cc ving promoter ciia gene muc tiéu, dang
duogc ung dung nham dyu doan co ché diéu hoa va dinh hudng lya chon cac gene co
tiém nang. Do d6, viéc tiép tuc nghién ctru chirc ning cua cac gene DREB ¢ dau
tuong 1a can thiét nham 1am sang t6 co ché diéu hoa dap tng stress va cung cip co
s0 khoa hoc cho viéc phat trién cac giéng dau tuong c6 kha nang chiu man va chiu

han t6t hon.
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. VAT LIEU, HOA CHAT VA THIET BINGHIEN CUU
2.1.1. Vat liéu thuc vat

Gidng thudc 1& K326 (N. tabacum) nudi cdy in vitro duoc cung cap boi Phong
thi nghiém Céng nghé té bao thuc vat, Khoa Sinh hoc, Trudong Pai hoc Su pham -
Dbai hoc Thai Nguyén.

DT26 1a giéng dau twong c6 kha ning sinh trudong 6n dinh, thich nghi tét véi
diéu kién sinh thai Viét Nam va da dugc xay dung quy trinh tai sinh, chuyén gene qua
A. tumefaciens tai phong thi nghiém. Pugc cung cap bai Trung tim nghién cau va
phét trién dau dd, Vién Khoa hoc Nong nghiép Viét Nam (PL6) [3].

2.1.2. Cac chiing vi khuan va vector sir dung trong nghién ciru

Cac chung vi khuan Escherichia coli ding cho muc dich nhan dong vector
va chang A. tumefaciens AGL1 mang cac cau trdc biéu hién pBI121_GmDREB7
duoc cung cap bai dé tai cip Bo Gido duc va Pao tao (ma s6 B2023-TNA-26) va
duoc luvu giit va cung cip bai Phong Cong nghé té bao thuc vat, Khoa Sinh hoc,
Truong Pai hoc Su pham - Pai hoc Thai Nguyén.

Céc vector str dung trong nghién ciu bao gdm vector tach dong pTWIST (Twist
Bioscience, Hoa Ky), vector biéu hién gene pFGC5941 (NovoPro Bioscience, Hoa Ky)
va pBI121 (Bioactiva Diagnostica, Btrc) mang promoter CaMV35S.

2.1.3. Hoa chat, thiét bi nghién ciru

Cac loai kit thao tac phan tir thuoc hang Bio-Neer, Fermentas: Kit Trizol
Reagents dé tach chiét RNA tong sb; kit Maxima® First Strand cDNA Synthesis dé
tong hop cDNA; kit Gene JET PCR Purification dé tinh sach san phim PCR; kit
Plasmid Extraction dé tach chiét plasmid tir vi khuan.

CAac enzyme cit gidi han va enzyme néi bao gdm BamHI, Notl, Ncol, Sacl va
T4 DNA ligase, cung véi thang DNA chuan 1 kb va thang protein chuan 1 kDa,
dugc cung cap bai hang Fermentas.

Céac hoa chat sir dung trong nghién cau bao gom: Peptone, cao nam men,
agarose, sucrose, glucose, tryptone, X-gal, KCI, Tris-HCI, EDTA, NaOH, MgSOs.,

MgCl, glycerol, CaCl:; cung véi cdc khang sinh chon loc nhu kanamycin,
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rifamycin, cefotaxime, carbenicillin dwogc cung cip boi cac hdng Fermentas,
Invitrogen, Sigma, Amersham va mét s6 nha cung cap thuong mai khac.

Cac thiét bi chinh duoc st dung bao gom: may PCR System 9700 (Applied
Biosystems, Hoa Ky), hé thong dién di PowerPac 300 (Bio-Rad, Hoa Ky), may soi
gel DNA Mini-Transilluminator (Bio-Rad, Hoa Ky), may vortex (IKA, buc), may
ly tdm, may xung di¢én Gene Pulser, may do ham Iugng acid nucleic NanoDrop,
cuing cac thiét bi hd tro hién dai khac phuc vu cho nghién ctu sinh hoc phan tur va
nudi cdy mo thuc vat.

2.1.4. Céc trinh tw méi dwoc sir dung trong nghién ciru

Cac cap mai dac hiéu duoc sir dung trong cac phan tng PCR va colony-PCR

c6 ky hiéu va trinh tu nucleotide twong ng, dugc trinh bay chi tiét trong Bang 2.1.

Bang 2.1. Thang tin vé trinh tu nucleotide cua cac cap mdi PCR

Cip moi Trinh tw nucleotide (5’ -3°)

GmDREB5-F/MYC-KDEL-R TCTCGCATATCCACCCATCATAG
TCACAGCTCGTCCTTCAGATCC

gRT_GMDREB5-F/ qRT_GMmDREB5-R | TGGGATGATTTGGATGCCACC
CTTCCACAAGTAACCTGGTCC

gRT_P5CS-F/qRT_P5CS-R TGCTCGTGAGATGGCAGTTGC
AGCCTGTTGAGCAGCAACCAC

GRT_NtSODFe-F/qRT_NtSODFe-R CTC GTGTCATGG GAAGCAGT
CGTGCC TGC TATATT TGC CTC

GRT_NtAct-F/gRT_NtAct-R AAGGGATGCGAGGATGGA
CAAGGAAATCACCGCTTTGG

GMDR-F/MYC-R ATGTTTTCCATCAATCATTTCTCC
AAGTTCATCCTTCAGGTCCTC

TGCCGGAGTATCTGAGGAAC
qRT-DREB7-F/gRT-DREB7-R

CTGAGATCAGCTTCTGCTCC

TGCTCGTGAGATGGCAGTTGC

qRT-P5CSF/gRT-P5CSR
AGCCTGTTGAGCAGCAACCAC

GATCTTGCTGGTCGTGATCTT

qRT-ACtNF/gQRT-ACtNR
GTCTCCAACTCTTGCTCATAGTC
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2.2. PIA PIEM NGHIEN CUU VA HOAN THANH LUAN AN

Céc thi nghiém cua luan an dugc thuc hién tai cac phong thi nghiém Khoa
Sinh hoc, Truong Pai hoc Su pham - Pai hoc Thai Nguyén va tai Vién Sinh hoc,
Vién Han lam Khoa hoc va Céng nghé Viét Nam.

Luan an duoc hoan thanh tai Bo mon Di truyén hoc va Céng nghé sinh hoc,
Khoa Sinh hoc, Truong Pai hoc Su Pham - Pai hoc Thai Nguyén.
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Nhom phwong phap tin sinh hoc
2.3.1.1. Thu thdp diz liéu vé cac gene thugc he AP2 va phan hp DREB

Trinh tu nucleotide cua cac gene thuéc ho AP2, phan ho DREB, ciing nhu
viing ma héa mién AP2 trong protein DREB cua A. thaliana va dau tuong dugc thu
thap tir co so dix ligu NCBI/GenBank [79], [80], [81].
2.3.1.2. Phén tich dic diém va tién héa phan tie ciia cic gene ho AP2, phin ho
gene DREB va mién AP2 trong protein DREB

Cac trinh tu nucleotide cua cac gene thudc ho AP2 va phan ho DREB, cung

v6i trinh ty amino acid ciia mién AP2 trong protein DREB, dugc phan tich dic
diém va mdi quan hé tién hoa bang phan mém MEGA11 [108]. Cac trinh ty dugc
can chinh bang thuat toan ClustalW trudc khi xay dung cdy phat sinh ching loai
theo phuong phap Maximum Likelihood (ML) véi m6 hinh Tamura - Nei [107]. o
tin cay ciia cdy tién hoa duoc danh gia thong qua phan tich bootstrap véi 1.000 lan
lap nham xac dinh mbi quan hé tién hoa gira cic gene va mién AP2 ¢ hai loai
nghién ctru [34].
2.3.2. Nhém phwong phap thiét ké gene, vector chuyén gene va chuyén gene
gian tiép qua A. tumefaciens
2.3.2.1. Thiét ké vector chuyén gene va tao ching vi khudn
A. tumefaciens tdi té hop
Thiét ké va tong heop gene GmDREBS: Trinh ty gene GmDREB5 duoc thiét ké
dwa trén dir liéu cong bd trong GenBank (c6 ma s6 FR822737.1 [27]). Trong qué
trinh thiét ké, vi tri cat cua enzyme Ascl duoc bo sung & dau 5°, trong khi ¢ dau 3’
lan luot gan thém trinh tu ma hoa thé c-MYC, tin hiéu dinh vi KDEL va vj tri cat

cua enzyme BamHI. Trinh ty GmDREDS5-syn duoc tong hop tai cong ty Twist
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Bioscience, 681 Gateway Blvd; South San Francisco, CA 94080 (Hoa Ky) va gin
vao vector nhan dong pTWIST, tao vector téi t6 hop (pTWIST_GmDREB5-syn).
Thiét ké vector biéu hién pFGC_GmDREB5: Vector pTWIST _GmDREB5-syn
dugc nhan dong trong vi khuan E. coli, sau d6 duoc tach chiét thu nhan plasmid
tinh sach. Vector biéu hién pFGC5941 va plasmid pTWIST_GmDREB5-syn dugc
xir Iy ddng thoi bang hai enzyme giéi han Ascl va BamHI dé thu doan gene
GmDREBS5 va m& vong vector pFGC5941 (Thanh phan phan wng ciat gdm 3 pL
dém cat 10x, 1 pL enzyme Ascl 10 u, 1 pL enzyme BamHI 10 u, 1 pg DNA
plasmid va nuéc khir ion bé sung dén thé tich 30 puL). Gene GmDREBS5 dugc ghép
ndi vao vector biéu hién pFGC5941 bang enzyme ndi T4 DNA ligase dé tao vector
biéu hién pPFGC_GmDREBS5 (Thanh phan phan ang ghép néi bao gém 2 pL dém T4
ligase 10x; 1 uL T4 DNA ligase 10 u; 30 ng vector pFGC5941; 10 ng doan gene
GMDREBS va nudc khir ion bd sung dén thé tich 20 pL).
Nhan dong va sang loc vector biéu hién pFGC_GmDREBS: Vector biéu hién
pFGC_GmDREBS5 dugc bién nap vao vi khuan E. coli va cac dong khuan lac duong
tinh duoc sang loc bang phan tng colony PCR véi cap mdi GmDREB5-F/IMYC-
KDEL-R. Thanh phan phan tng PCR gom 7,5 pL Master Mix 2x, 0,5 uL m&i moi
(10 pM) va 15 pL nudc khir ion. Chu trinh PCR duoc thuc hién véi bude bién tinh
ban dau & 94°C trong 3 pht; tiép theo 1a 27 chu ky gém 94°C/30 giay, 55°C/30
gidy va 72°C trong 1 phut; két thic bang budc kéo dai & 72°C trong 5 phut.
Tao ching A. tumefaciens tai té hep: Vector biéu hién pFGC_GmDREB5 duoc
bién nap vao chung vi khuan A. tumefaciens AGL1. Céc dong vi khuan mang
plasmid tai to hop dugc kiém tra bang PCR tryc tiép tir khuan lac véi hai cap moi
GmDREB5-F/MYC-KDEL-R va BarR3-F/BarR1-R.
Pic diém cia gene GmDREB7 va vecto chuyén gene pBl121_GmDREB7

Trinh tu gene GmMDREB7 c¢6 cau tric thiét ké bao gém ving ma hoa cua
GmMDREB7 gdm 624 bp, trinh ty ma héa khang nguyén c-MYC (33 bp), doan
KDEL (12 bp) va cac vi tri cat cua enzyme han ché Xbal, BamHI, Xmal, Sacl

(PL13) [84].
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Céu trac pBI121 GmDREB?7 duoc thiét ké véi promoter CaMV35S, gene
GMDREB7, c-MYC, KDEL va c4c vi tri cat cia enzyme giéi han Xbal, BamHI,
Xmal, Sacl. Vector pBl121_DREB7 chira gene KanR, ma hoéa neomycin-phospho-
transferase 11 (nptll) [84].
2.3.2.2. Chuyén gene gian tiép vao thuéc la thong qua A. tumefaciens

Chuyén gene GmDREBS5 vao cay thudc 14 (N. tabacum) duoc thuc hién bang
phuong phap chuyén gene gian tiép thong qua A. tumefaciens, duwa trén quy trinh cai
tién tir Topping (1998) [109]. Thanh phan mdi truong tai sinh cdy thudc & dugc
thé hién trong phu luc 7 (PL7).

Chuan bi vat liéu thuc vat: Hat thudc 14 dugc khir triing bé mat bang ethanol 70%
trong 20 gidy, sau d6 xir ly bang dung dich javel 30% (v/v) c6 bo sung tween 20
0,05% trong 20 phut. Sau xt ly, hat dugc rira sach nim 1an bang nudc cat vo tring
va gieo trén moi truong MS co ban. Cay con duoc nudi ciy trong diéu kién vo
tring, chu ky chiéu sang 16 gio/ngay, nhiét ¢ 25 + 2°C. Sau 3 - 5 tuan, khi cay dat
giai doan 3 - 4 14 that, cac 14 non khoe manh dugc thu nhan 1am mau bién nap.

Bién nap va dong nudi cay: La thudc 1a duoc cat thanh cac manh c6 kich thudc
xap xi 1 cm? va ngam trong dich huyén phu A. tumefaciens AGL1 mang vector téi
t6 hop pFGC_GmDREBS, v&i mat d6 quang ODeoo ~ 0,7 trong 10 phut. Sau d6, cac
manh 14 dugc tham kho trén gidy loc vo tring va chuyén 1én méi trudng dong nudi
cay (MS bo sung BAP 1,0 mg/L, sucrose 30 g/L va agar 8 g/L). Qua trinh dong nudi
cay duoc tién hanh trong diéu kién téi hoan toan trong 48 gio.

Tai sinh chdi va chen loc: Sau giai doan dong nudi cay, cac mau duoc chuyén sang
moi trudng tai sinh chdi va chon loc, gdm mai truong MS bo sung BAP 1,0 mg/L,
glufosinate-ammonium 2,0 mg/L (chat chon loc), cefotaxime 400 mg/L (uc ché
Agrobacterium), sucrose 30 g/L va agar 8 g/L. Mau duoc nudi cdy trong diéu kién
chiéu sang 16 gio/ngay. Sau khoang 15 ngdy, cac chdi sdng sét va sinh truong tét
duogc tach riéng dé tiép tuc nudi cay.

Ra ré& va hoan thién cay chuyén gene: Céc chdi tai sinh dugc chuyén sang moi
truong cam tng ra ré (MS b sung IBA 0,2 mg/L, glufosinate-ammonium 2,0 mg/L

va cefotaxime 400 mg/L). Khi hé r& hinh thanh 6n dinh, cay duoc chuyén sang moi
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truong MS khong chira chat chon loc, bd sung IBA 0,2 mg/L va giam ndng do
cefotaxime xudng 250 mg/L nham tao diéu kién cho cay phat trién hoan chinh.

Thu nhén cay chuyén gene va thiét ké déi chieng: Cac cay cd hé ré khoe manh
dugc thich nghi dan va chuyén ra trong trén gia thé trong diéu kién nha ludi.

Cac cay thudc 14 tai sinh tir cac mau bién nap gene GmDREBS5 trong 6ng
nghiém va trong trén gia thé duoc goi 1a cay thé hé TGO. Cac cay thudc 14 nay
mam tir hat ciia cay TGO duoc goi la cay thé hé TG1.

Cac nghiém thirc d6i chung bao gom: (i) dbi chimg 4m BCO - manh 14 khéng
bién nap, nudi ciy trén moi truong khong chaa chat chon loc; (ii) d6i chung am
PC1-manh 14 khong bién nap, nudi cay trén méi truong c6 bd sung glufosinate-
ammonium. Cac ddi ching dugc sir dung dé danh gia hiéu qua chon loc va loai trir
anh hudng ciia moi truong nudi cay.
2.3.2.3. Chuyén gene gian tiép vao ddu twong thong qua A. tumefaciens

Phuong phéap chuyén gene gian tiép thong qua A. tumefaciens sir dung mo
nach 1a mam dau twong duoc thyuc hién theo quy trinh da cong bod cua Olhoft va cs
(2006) [87] va Yang va cs (2016) [121]. Thanh phian méi truong chuyén gene vao
dau tuong trinh bay tai Phu luc 8 (PLS8).

Chuan bi vat ligu thuc vat: Hat dau twong duoc khir tring bé mit bang khi clo
sinh ra tir hon hop javen (100 mL), HCI dam dic (3 mL) va dit trong ta hit 14 -16
gio, sau d6 duoc cho nay mam trén méi trudng MS. Sau 5 -7 ngay nudi cdy, 14 mam
duoc tach doi theo chiéu doc, loai bé hoan toan dinh sinh truong. Phan nach 1a mam
con lai dwoc stir dung 1am vat liéu bién nap va tiép tuc nudi cdy in vitro.

Chuan bi chiing vi khuan A. tumefaciens: Chung A. tumefaciens mang vector tai
t6 hop duoc nudi trong 15 mL mdi truong LB long c¢d bd sung khang sinh
kanamycin 50 mg/L va rifamycin 50 mg/L ¢ 28°C, lac 150 vong/phut trong 48 gio.
Sau d6, dich nudi dugc chuyén sang 50 mL méi trudng LB khong khang sinh va
nudi phuc hdi cho dén khi mat d6 té bao dat ODsoo = 0,8. Sinh khdi vi khuan duoc
thu bang ly tam 5.000 vong/phut ¢ 4°C trong 15 phit va hoa tan trong 40 mL moi
truong CCM, giir lanh cho dén khi st dung.

Lay nhiém va déng nudi cay: Cac manh 14 mam duoc gay ton thuong co hoc tai vi

tri nach 14 mam bang dao vo tring, sau d6 ngam trong huyén phu A. tumefaciens
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trong 30 phit. Mau dugc chuyén sang méi truong CCM dic khong khang sinh dé
ddng nudi cay trong diéu kién téi, & 25°C trong 5 ngay.

Cam 1&ng tai sinh chdi va chen loc: Sau thoi gian ddng nudi cdy, mau duoc rira
nhe trong méi trudng cam tng tao chdi (SIM) c6 bd sung khang sinh cefotaxime
500 mg/L trong 10 phat, thaim kho va dit 1&n méi truong SIM dic ¢6 bd sung khéng
sinh kanamycin 50 mg/L cho chon loc tht nhat. Sau 2 tuan, mau duoc chuyén sang
moi truong SIM méi bo sung khang sinh kanamycin 75 mg/L va cefotaxime
500mg/L cho lan chon loc tht hai.

Kéo dai chdi, tao ré& va tai sinh cay hoan chinh: Cac cum chdi song sot duoc
chuyén sang moi truong kéo dai chdi (SEM) c6 b sung khang sinh cefotaxime 500
mg/L va kanamycin 50 mg/L. Khi chdi dat chiéu cao 3 - 4 cm, chung duoc chuyén
sang méi truong tao ré (RM) c6 bd sung khang sinh cefotaxime 250 mg/L va
kanamycin 50 mg/L dé hinh thanh ré va tai sinh cay hoan chinh.

Trong cay ngoai gia thé: Cac cay tai sinh khoe manh duoc dua ra trong trén gia
thé gom trau hun va cat theo ty 18 1:1. Sau thoi gian thich nghi tir 1 - 2 tuan, cac
cay séng sot duoc chuyén trong trong nha ludi. Thoi gian bién nap va tai sinh
duoc tinh toan hop 1y dé dam bao cdy chuyén gene sinh truong phd hop véi thoi
vu gieo trong dau tuwong. Cac cdy dau twong tai sinh tir cic mau bién nap gene
GmDREB7 trong dng nghiém va trong trén gia thé duoc goi l1a cdy TGO. Cac cay
dau trong nay mam tir hat cua cac cdy TGO duoc goi la cay thé hé TG1.

2.3.3. Nhém phwong phap phén tich biéu hién gene

2.3.3.1. Phwong phdp xir Iy dong chuyén gene bang stress man

Xir ly dong thudc 14 chuyén gene: Cay thudc 14 khong chuyén gene (WT) va
dong chuyén gene TGO duoc chuyén tir binh nudi cdy sang chau co kich thudc
115x85x105 mm, chira gia thé géom dat hitu co, dat phu sa, hdn hop x6p, than
hoat tinh va vi sinh vat. Xt Iy min duoc tién hanh bing cach twéi 50 mL dung
dich NaCl 250 mM cho nhém thi nghiém, trong khi nhém ddi chimg dugc tudi
50mL nuéc cat. Qué trinh xir Iy 3 1an, mdi lan tuéi cach nhau 3 ngay. Mau 14 cua
WT va cay chuyén gene dugc thu thap vao ngay thir 10 (sau lan xi ly tha ba) dé

phuc vu phan tich biéu hién gene.
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Xir Iy dong diu twong chuyén gene: O giai doan phat trién ba 14 (V3), céc cay
thudc 4 dong chuyén gene TG1 va cdy WT dugc xt Iy man bang dung dich NaCl
véi thé tich 50 mL ¢ hai nong do 150 mM va 250 mM. Viéc xt Iy stress man duoc
thuc hién ba lan lién tiép, mdi lan cach nhau ba ngay. Trong d6, 1an dau tién st
dung dung dich NaCl 150 mM va hai lan tiép theo sir dung dung dich NaCl 250
mM. Xt i stress han bang cach khong tudi nudc trong 9 ngay. D6i v6i nhom ddi
chang, ca cay chuyén gene TG1 va WT duoc tudi bang 50 mL nudc theo cing mot
lich trinh. Cac mau dugc phan tich tir ngay tha 10 sau khi xur I stress.

2.3.3.2. Phwong phdp xdc dinh sw c6 mdt ciia gene chuyén

Xac dinh sw c6 mit ciia gene chuyén GmDREBS trong cay thudc 1a: Phan {ng
RT-PCR duoc str dung nhim xac dinh sy biéu hién cua gene chuyén GmDREB5
trong cac dong cay thudc 14 chuyén gene. Tong s6 RNA duoc tach chiét tir 14 cay
thudc 14 bang thudc tha Trizol® LS theo hudng dan cia nha san xuat (Ambion-Life
Technology Corporation, Hoa Ky). Chat lugng va do nguyén ven cua RNA dugc
danh gia bang dién di trén gel agarose 1%. Sir dung bo kit RevertAid First Strand
(Thermo Scientific, Hoa Ky) dé tong hop cDNA tir RNA tong sé di tach chiét theo
quy trinh chi dan cua nha san xuat. Sau d6 ¢cDNA duoc dung lam khuén cho phan
ing RT-PCR véi cap modi dic hieu GmDREB5-F/MYC-KDEL-R. Thanh phan cua
phan ung PCR bao gém: 7,5 uL PCR Master mix 2x; 0,5 pL moi xudi; 0,5 pL
moi nguoc (10 pmol); 1 pL cDNA va nudc khdng chira nuclease bé sung dén
15 pL. Chu trinh nhiét bao gom: bién tinh ban dau 94°C/3 phut; 27 chu ky véi
94°C/30 giay, 62°C/30 gidy, 72°C/1 phat; va kéo dai & 72°C/5 phat. San pham
PCR duoc phan tich bang dién di trén gel agarose 1,5% dé xac dinh sy c6 mit
cua gene GmDREBS.

XA&c nhan sw c6 mat caa gene chuyén GmDREB7 trong cdy diu twong: RNA
tong sé duoc tach chiét tir 14 non caa cay ddu twong bién d6i gene va ciy d6i chung
WT biang bo kit Trizol. Sau d6, cDNA duoc tong hop bang bo First Strand cDNA
Synthesis Kit. Phan tmg PCR dugc thuc hién dé khuéch dai gene GmDREB?7 sir
dung cip mdi GmDR-F/Cmyc-R. Kich thuéc du kién ciua doan gene GmDREB7

dugc phan tich bing dién di trén gel agarose 1,5%.
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2.3.3.3. Phan tich si biéu hién ciia gene chuyén

Phan tich sw biéu hién cia protein tai té hep ¢ cac dong thudc 1a chuyén gene
Protein téng s6 duoc tach chiét tir 14 cua ba dong cay thudc 1a chuyén gene
GMDREBS5 (TG02, TG08 va TG015) va cdy WT. CAc miu protein dugc phan tach
bang dién di SDS-PAGE trén gel polyacrylamide 10%, theo quy trinh chuan do
Laemmli (1970) md ta [57]. Sau khi dién di, protein dwgc chuyén tir gel sang mang
nitrocellulose. Mang sau d6 duoc u trong dung dich mudi dém phosphat (PBS) c6
bd sung 5% sira gay va Tween, u qua dém nham han ché hién tuong gan két khong
dac hiéu. Tiép theo, mang duoc U véi khang thé so cap trong diéu kién lic nhe 3
gio. Sau budc ndy, mang duoc rira ba lan bang dung dich PBS 1x, trudc khi tiép tuc
1 véi khang thé tha cap trong 2 gio. Khang thé so cap sir dung la khang thé don
dong chudt dac hiéu vai epitope c-Myc, dugc pha lodng ¢ ty 1¢ 1:700 trong dung
dich PBS chira 5% sira gay. Khang thé thir cap 1a khang thé khang 1gG chudt lién
hop vaéi enzyme peroxidase (horseradish peroxidase, HRP), dugc pha lodng ¢ ty 1€
1:4.000 trong cung dung dich chan. Tin hiéu protein dugc phét hién bang co chat
3,3',5,5'-tetramethylbenzidine (TMB) [105].

Phan tich sw biéu hién caa gene chuyén va gene muc tiéu: Mac do biéu hién
cia cac gene GmDREBS5, NtP5CS, NtSODFe ¢ cdy thubc 14 bién ddi gene;
GmMDREB7 va GmP5CS ¢ cay dau tuong bién doi gene va cady WT dudi diéu kién
khong xir ly va xir Iy min dwugc phan tich biang phuong phap qRT-PCR
(Quantitative Real-Time Reverse Transcription PCR). Gene tham chiéu sir dung
trong phén tich 1a SAcl (GenBank: J01298.1). Phan ttng qRT-PCR thoi gian thyc
duoc thuc hién trong thé tich 20 pL, bao gom 10 U SYBR Premix Ex Taq Il, 1,5
uL hdn hop mdi 10 mM (gom mdi xudi va moi nguoc), nudc khir ion khéng
chira DNase va 1 uL cDNA. Chu trinh nhiét cia qRT-PCR gom giai doan bién
tinh ban dau ¢ 95°C trong 3 phut, tiép theo 1a 40 chu ky gém 95°C trong 10 giay,
giai doan bat cap mdi & 60 - 62°C trong 20 gidy va giai doan kéo dai ¢ 72°C
trong 20 gidy. M&i phan ung duoc lip lai ba 1an. Két qua duoc téng hop va phan
tich bang phan mém Q-Rex phién ban 1.0.0. Mac d6 biéu hién gene duoc xéac

dinh theo phuong phéap Livak tinh toan theo cong thic R = 2744C [67].
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2.3.3.4. Pdnh gid chirc ning sinh hoc ciia gene chuyén
Phuong phap danh gia nhanh kha nang chiu han, chiu man & giai doan cay

non dugc xac dinh theo L& Tran Binh va dtg (1998) [1]. Hat d4u twong DT26
nghién ctru duoc gieo vao cac chiu cé kich thude nhu nhau. Tuéi lugng nudce nhit
dinh cho céac chau dén khi cay hinh thanh 3 14. Sau d6 ngimg tudi nuéc, xi 1y stress
man va danh gia tac dong cua han, man ¢ cac ngudng thoi gian 5, 7 va 9 ngay xu ly.
Thi nghiém duoc lap lai 3 1an. Theo ddi chi tiéu lién quan dén kha nang chiu han,
chiu man trudc va sau khi gay stress han, man nhu sau:
+ Ty Ié cay héo, ty I¢é cay chét
+ Xac dinh chi s6 chiu han, chiu man tuong d6i (S) ¢ giai doan cay non. Chi s6 chiu
han, chiu min duoc danh gia bang dién tich hinh rada biéu dién trong hé toa do da
truc theo cbng thic:
S=(0,5*sin a)) (ab+bc+cd+de+eg+gh+hi+ik+ka); véi o = 360°/9
Trong d6: S = Chi s6 chiu han, chiu min twong ddi

a =Ty I¢ cdy heo sau 5 ngay xur ly han, man

b = Ty Ié cay chét sau 5 ngay xt Iy han, man

c = Ty I¢ cdy héo sau 7 ngay xur ly han, man

d = Ty lé cay chét sau 7 ngay xir Iy han, man

e = Ty I¢ cdy heo sau 9 ngay xur ly han, man

g = Ty lé cay chét sau 9 ngay xir Iy han, man

h = Ham lugng proline & diéu kién thuong

| = Ham luong proline sau 5 ngay xu ly han, man

k = Ham luong proline sau 9 ngay xu ly han, man

Ham luong proline ¢ cac dong cdy chuyén gene va ciy ddi chimg duoc xéac
dinh theo phuong phap cua Bates va cs. (1973) [11]

Ham luong protein hoa tan duoc xac dinh theo phuong phap Lowry, két qua
duogc biéu thi duéi dang phan trim khéi lwong chat kho theo hudng dan ciia Nguyén
Vin Mui [2].

Ham luong lipid trong mau dugc dinh lwong bang phuong phap chiét Soxhlet,
tinh toan dua trén chénh léch khéi luong mau truc va sau qua trinh chiét xuat, quy

d6i vé phan tram theo khdi lugng khd tuyét di [2].
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2.3.4. Phuwong phap docking phan tir

Xay dung mé hinh céu truc ba chiéu caa protein va DNA: Duya trén dic diém va
chirc nang cua cac hop trong vung khaoi dong cua cac gene muc tiéu NtP5CS va
NtSODFe, trinh tu viing khoi dong duoc thiét ké chira cac motif DRE/CRT, ABRE,
GT-1 (Bang 2.2) va cac doan dém dé ting tinh 6n dinh cua cau tric.

Cac md hinh céu trdc ba chiéu caa DNA promoter muc tiéu, véi cac trang

thai udn cong khac nhau dudi dang p-DNA, duoc xay dung bing phan mém
Avogadro phién ban 1.2.0 [43], sau d6 duoc tdi wu hoa ning luong truéc khi st
dung cho phan tich docking. Trinh ty gene GmDREBS5 dugc truy Xuit tir co s
dir lieu GenBank (s6 truy cap FR822737.1; Gene ID: 100809887) va trinh tu
GMDREB7 c6 s6 truy cap NM_001248108.2, Gene 1D:100101894. Viung mé
hoa protein DREB5 va DREB7 duoc xac dinh, trong d6 mién AP2 dic trung
duoc tach riéng dé phuc vu cho phén tich twong tac. Cau truc khong gian ba
chiéu cua mién AP2 dugc du doan bang cong cu AlphaFold dya trén trinh tu
amino acid tuong rng [51].
M6 phéng docking phan ti gitra protein va DNA: Qua trinh twong tac phan tu
gitra mién AP2 cua protein GMDREB5, NtP5CS, NtSODFe va GmDREB7 véi trinh
tu DNA promoter muc tiéu dugc thuc hién bang phan mém HADDOCK, cho phép
mo phong tuong tac protein - DNA dua trén cac rang budc sinh hoc va dic diém bé
mat tuong tac. Cac phuc hop protein-DNA thu dugc sau docking dugc phén tich va
truc quan héa bang phan mém Chimera phién ban 1.19 [88].

Muc do tuong tac gitta mién AP2 va DNA promoter dugc danh gia dua
trén nhiéu tiéu chi, bao gom dién tich bé mit tiép xlc, twong tac tinh dién, cac
amino acid va nucleotide tham gia lién két, ciing nhu nang lugng lién két va
diém sb docking, tir d6 wdc lugng d6 6n dinh va tinh dic hiéu caa phac hop

protein - DNA.
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Bang 2.2. Bac diém va trinh ty ciia cac ving AP2 cua protein GmDREB, vi tri lién két
DNA, vung khai dong cua cac gene NtP5CS, NtSODFe va cac motif tac dong cis

Vvang/mién/

motif

Trinh tw

MO0 ta

AP2 cua protein

YRGVRQRHWGKWVAEIRLPRN
RTRLWLGTFDTAEDAAMAYDR

Vung AP2 cua protein DREB5

chtra cac vi tri lién két véi

Promoter cua
gene NtP5CS

GmDREB5
EAFKQRGENARLNFPELFFNK promoter
Cac vi tri lién
két voi DNA Vi tri lién két voi DNA bao
RGRRWKERRWT . _ _
cua AP2 thugc gom 11 amino acid
GmDREB5
Trinh tu cac motif cis-acting

ACCGACGCCGACATGGTTAGA
GCCGACAGTGGTTAAGGAA

caa vung khoi dong gene
NtP5CS

Promoter cua
gene NtSODFe

TTGACCGACATGACGTGTTGC
CGACAGGTTAAGAGCCGACA
AAGAAAAA

Trinh ty cac motif cis-acting
cua vung khoi dong gene
NtSODFe

AP2 cua protein

YRGVRRRDSGKWVCEVREPNK
KSRIWLGTFPTAEMAARAHDV

Vung AP2 cua protein DREB5

chtra cac vi tri lién két vai

protein DREB7

GmDREB?7
AAIALRGRSACLNFADS promoter
Vi tri lién ket o ;
Vi tri lién ket DNA bao gom
DNA cua RGRRSKERRWT ) )
11 amino acid

Promoter cua

TTACCGACAGCCGCCTGGTTAA
CGTGTAACTGGCCGACGAAAA

Trinh tu cac motif cis-acting

cua vung khoi dong gene

GmP5CS
ACATGTGAGCCGCC GmP5CS
bap tng vai stress phi sinh
DRE/CRT RCCGAC .
hoc: mudi, lanh, han han
Pap ung véi ABA (ABA lién
ABRE ACGTG , N
quan dén stress muoi).
GT-1 GAAAAA /| TGGTTA Dap ting voi stress mudi
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2.3.5. Cac phwong phap phan tich va xi ly dir liéu

Cac dir liéu lién quan dén trinh tu gene va protein dugc thu thap tir ngan hang
dir liéu NCBI, sau d6 duoc xtr ly va phan tich bing cac phian mém tin sinh hoc nhu
BLAST, BioEdit, MEGA11, MEGA12 va mét sb cong cu hd trg khac nham phuc
vu cho viéc so sanh trinh ty, cdn chinh da trinh ty va phan tich phat sinh chang loai.

Phan tich théng ké dwgc thuc hién bang phian mém GraphPad Prism
(GraphPad Software, San Diego, CA, USA). Phan tich phuong sai (ANOVA) va
phép kiém dinh Tukey duoc sir dung dé danh gia su khac biét giita cac nhom. Mic
y nghia thong ké duoc xac dinh tai cac ngudng p < 0,05; p < 0,01 va p < 0,001 tiy

theo turng chi tiéu phan tich.
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Chuong 3. KET QUA VA THAO LUAN

3.1. TIEN HOA PHAN TU CUA HQ GENE AP2 O CAY A. thaliana VA
PAU TUONG

Cac nghién ctu trude day di khang dinh rang gene thuéc phan ho DREB, ma
hoa yéu té phién ma thuoc ho AP2/ERF déng vai trd trung tim trong mang ludi
diéu hoa dap ung cua thuc vat ddi vai cac stress phi sinh hoc nhu han han va man.
Thong qua kha niang nhan dién va gin dic hiéu vao cac trinh tu cis, cac protein
DREB diéu hoa biéu hién caa nhiéu gene lién quan dén bao vé té bao va duy tri can
bang sinh 1y dudi diéu kién bat lgi. Do d6, nhom gene DREB thudc ho gene AP2
duoc xem 13 muc tiéu tiém ning trong cac nghién ciru nham cai thién kha niang chong
chiu stress cua cay trong bang ki thuat chuyén gene. Trén co so do, viéc sang loc, phan
tich va so sanh dic diém tién hoa caa cac gene thudoc ho AP2 & cdy md hinh A. thaliana
va cdy dau trong dya trén dir liéu trinh tu thu thap tir co so dit liéu GenBank, két hop
cac phuong phap phan tich tién hoa phan tir bang cong cu tin sinh hoc 1a can thiét dé
lya chon gene &ng cir vién phuc vu nghién ctu chic ning gene lién quan dén tinh
chdng chiu céc yéu té bat loi phi sinh hoc ciia cay dau twong.
3.1.1. Sw tién hoa ciia ho gene AP2 & cay A. thaliana va d4u twong

Dua trén két qua phan tich BLAST ddi véi co so dit liéu NCBI, téng cong 143
trinh tu gene thudc ho AP2 di duoc xac dinh va thu thap, trong d6 bao gém 42 trinh
tu tir A. thaliana va 101 trinh tu tir cay dau twong (PL9). Tap hop cac trinh tu nay
duogc st dung 1am co s¢ dé xay dung cay phat sinh ching loai, nham danh gia méi
quan hé tién héa ciing nhu muc do da dang va mé rong cua ho gene AP2 cua hai
loai dai dién A. thaliana va dau tuong.

Trong hé gene cua A. thaliana, 42 gene AP2 duoc phan b trén toan bo 5
nhiém sic thé (NST 1 - 5) va duoc phan loai thanh 8 nhém dura trén phan tich phéat
sinh chang loai. Pang cha ¥, NST s6 4 chira s6 lwong gene AP2 16n nhat (26 trinh
tu), goi ¥ viéc nhan doan gene cuc bd hoic tai té hop c6 thé da dién ra trong qué
trinh tién hoa cua loai nay. Nguoc lai, cac NST s6 2; 3 va 5 chi mang sb luong gene
AP2 rat han ché (mdi NST goém 2 trinh ty), phan &nh sy phan bé khéng dong déu

cua ho gene AP2 trong hé gene cua A. thaliana.
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O cay dau turong, 101 gene AP2 dugc phan bé trén 17 nhiém sic thé (NST
1; 2; 3; 4; 5; 6; 8 vd NST 11-20), cho thdy mtc d6 md rong dang ké cua ho
gene AP2 so véi A. thaliana. Dua trén phan tich phat sinh chang loai két hop
véi dic diém trinh tu, cac gene AP2 cua ddu twong duoc phan loai thanh 16
nhom khac nhau, bao gém AP2-1, AP2-2, AP2-3, AP2-4, AP2-5, AP2-6, AP2-7,
AP2, AP2-like, AP2-7-like, RAP2, RAP2-7, RAP2-7-like, AP2-EREBP, SGR-
AP2 va Lf1-AP2. Phan I6n cac gene trong ho AP2 ciia ddu tuong ton tai vai s6
luong ban sao thdp (1-2 ban sao); tuy nhién, mot s6 nhoém thé hién su mé rong
sb lwong ban sao rd rét, tieu biéu 1a nhom AP2-like véi 6 ban sao, tiép theo Ia
nhom AP2 (4 ban sao), ca&c nhém RAP2-7 va AP2-EREBP (mdi nhém gom 3
ban sao). Sy gia ting s6 luong ban sao & cac nhém cé thé lién quan dén viéc
nhan d6i toan bo hé gene, 1a mot dic diém tién hoa dién hinh dd dugc ghi nhan
trong lich st tién hoa cua cay dau tuong.

Cay phat sinh chung loai duoc xay dung bang phuong phap Maximum
Likelihood (ML) st dung md hinh thay thé amino acid JTT trong phan mém
MEGA cho thay céc trinh tu AP2 cua A. thaliana va dau twong dugc phan chia
thanh nam nhom chinh, ky hiéu tr nhém I dén nhém V (Hinh 3.1). Két qua
phan tich cho thay nhém | bao gom 24 trinh ty AP2 dic trung cua A. thaliana,
phan &nh mot nhanh tién hoéa riéng biét gan lién véi lich sir tién hoa cua loai
nay. Nguoc lai, cac nhém I1, 11 va IV lan luot chira 34; 11 va 31 trinh tu AP2
cua dau twong, tao thanh cac nhom don nganh dac trung cho dau tuong. Pang
chl y, nhém V duogc xac dinh 1a nhém can don nganh, bao gom tong cong 53
trinh tu AP2, trong d6 c6 18 trinh ty cta A. thaliana va 35 trinh tu cua déu
twong. Sy hién dién dong thai cac trinh tu tir ca hai loai trong cing mot nhém
phat sinh chang loai cho thay mirc d6 bao ton cao vé cau trdc va chic niang cua
mot sé gene AP2 trong subt qua trinh tién hoa phan ly gitra hai loai.

Nhin chung, md hinh phan nhém phat sinh ching loai voi su ton tai cia cac
nhom don nganh déc trung cho tirng loai cung véi nhdm can don nganh chung phan
anh rd nét lich sir tién hoa phan tir phtc tap cua ho gene AP2. Céac két qua nay cho

thdy, mic du cac gene AP2 duoc bao ton twong d6i cao vé cau trdc gitta
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A. thaliana va dau twong nhung qua trinh mé rong va da dang hoéa ho gene ¢ dau
tuong da dién ra manh mé hon. Sy mé rong nay nhiéu kha niang déng vai trd quan
trong trong viéc ting cuong kha ning thich nghi sinh thai, dac biét 1a co ché diéu

hoa dap tmg ddi véi cac diéu kién stress phi sinh hoc nhu han va man.
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Hinh 3.1. Cay phat sinh va quan hé tién hoa phan tir ciia cac thanh vién caa ho gene
AP2 ¢ A. thaliana va dau tuong theo phuong phap ML va JTT maxtrix-based model
trong MEGA
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3.1.2. Tién hda cia phan ho gene DREB & A. thaliana va & diu twong

Trong nghién cuu nay, 50 trinh tu protein DREB cua A. thaliana duoc st
dung lam trinh ty truy van dé tim kiém céac gene twong dong trong hé gene
dau twong. Két qua phan tich da xac dinh duogc 78 trinh ty protein, twong @ng
voi 18 gene DREB khac nhau trong hé gene dau tuong (PL10). Cac gene
DREB ciia dau tuong phan bd trén 17 nhiém sac thé, bao gdm cac nhiém sac
thé tir s6 1 - 14; s6 17; 19 va 20 cho thay su phan bé rong khap cua phan ho
gene nay trong toan bo hé gene. Trong sé d6, nhiém sac thé s6 13 chaa sb
luong gene DREB 1én nhat (5 gene), tiép theo 1a nhiém sic thé sé 6 va 12,
mdi nhiém sic thé mang 4 gene. Nguoc lai, mot sé nhidm sic thé nhu 2; 3; 5;
7 va 20 chi mang 1 gene DREB, phan &nh su phan bé khong dong déu cua
phan ho gene nay trong hé gene dau tuong.

O A. thaliana, c4c gene DREB dugc phan bé trén toan bo 5 nhiém sic thé,
véi tong cong 12 gene DREB. Trong d6, nhiém sac thé s6 1 chira s6 lugng trinh
ty DREB nhiéu nhat (15 trinh ty) trong khi nhiém sic thé sé 3 chi mang 5 trinh
ty (nhidm sic thé co6 sb lwgng thap nhat). C6 sy chénh léch dang ké vé sb lugng
gene DREB khi so sanh giira hai loai, cho thay phan ho gene DREB ¢ dau twong
da trai qua qué trinh mé rong manh mé hon so vai A. thaliana. Cay phét sinh
chung loai & Hinh 3.2 thé hién sy hinh thanh caa hai nhanh tién hoa lon (ky
hiéu 12 nhanh A va nhanh B), bao gom 8 nhém (nhém I dén nhém VII1). Nhanh
A bao gdm mot nhém don nganh duy nhat (nhém 1), chi chira 3 trinh tw DREB
cia A. thaliana, phan &nh mot nhanh tién héa dic thu gin lién vai loai nay.
Nguoc lai, nhanh B bao gom bay nhém con lai (nhdm 11 - VIII), thé hién muc
d6 da dang va mo rong dang ké cua phan ho gene DREB.

Trong nhanh B, bén nhom duoc xac dinh 1a cdc nhom don nganh, bao gom
hai nhom dac trung cho dau tuong (nhom VI véi 6 trinh ty va nhom VIII véi 15
trinh ty) va hai nhom dac trung cho A. thaliana (nhdm 1V véi 3 trinh ty va

nhom VII véi 9 trinh ty).
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42 Gly DREB1-like NM 001248578
Gly DREBT FJ965342
Giy DRESY HE647668
Gly DREBY HE647687
Giy DREST FR822736
Giy DREBY HE647689
Gly DRES NM 001280575
Gy MEB CBF HM165475

Gy oREBE xucozs17407
Gy ORE8 00351 1740¢
AT 101130 99
AT o ot0eszss

3
§
£
§
©
@

80
Giy DREBIF XM 003539412
%9 Gly DREBID XM 006394135

” Groresre oo | VI Gly DRESB7 NM 001248108
21 o Gy DREBIF XM 003541928 GIrDREB? EF”’ 167

Giy DREBIF XM 003540738

9 Giy DREBIF XM 003539131

46 ATAG32800.NM 119433
ATIGI6TIONM 117777

9 Giy DRES6 KM 001246412 92
Giy DRES ERF XM 003549877

" Giy DREBS XM 003538700

Giy DREB 1E XM 003550832

Gly DREBIE XM 003517407
An NRER YA ANIREET4NL

Gly DREBS XM 003517021
AT3G16260-N1 001336227
AT3G16260-NM 112499
Gy DREBS XM 003542042
Gly DREB3 XM 003529711

453

01256+
ATIO71450-NM 1058; [\
AT1033760-NM 103005
ATIG44830-NM 103564
AT DREB26-NM 102039
ATDRES-EAR-NM 127898

9 Giy DRES! AN 001248850

Giy DREB1 4F514908
94 Gly DREB AP2 XM 006577573
% 28, Giy DREB AP2 XN 008577972
84 GYDREBAP2 XM 026128163

o Giy DREB2 JF346766
Giy DREB2 JF346769
Gly DREB2 JF346770
90 6.y DREB2 JF946771
iy DREB2 JF346767
Gy DREB2 00034363
35 -—/_— Gy ORES? »«;masu
unrs
RS2 n&msm'
o sry DREB2 DQO208968
2 6 Gy DREB2 HG965099
2 Giy DRES2 HG065097
Gy DREB2 FU965341
G Dﬂ_a AFZ 1031079

Gly DR 2 w 001250325

glvDﬂE&i NM 001248171
Gly DREBS HEG48567
Giy DREBS HEG48568

Gly DREBSNN 001248171
Gly DREBS HE648567
Gly DREBS HE648568
Gly DREBS EF583447
Gly DREBS FR822737
Gly DREBS HE647690
Gly DREBS HES598783

Gy DREBS FRE22737
Gly DREBS HEG47650
Sy nias emonres

ATAC19620.NM 117436
AT1G19210-NM 101779

Gly DREB ERF X4 003542323
iy DREBINM 001231571
Gly DREB3 0208963
ATSOE3130-NM 001243671

Gly DREB BT069389
Giy DREB NM 0012495680

AT1G22610-NM 102128

Hinh 3.2. Cay phét sinh va quan hé tién hoa phan tir ciia cac thanh vién cua phan ho
gene DREB ¢ A. thaliana va dau tuong theo phuong phap ML va JTT maxtrix-
based model trong MEGA.
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Bén canh d6, ba nhom con lai (nhom 11, Il va V) duogc xac dinh la cac
nhom can don nganh, chra céc trinh tu DREB cua ca hai loai. Cac nhom nay
lan lugt bao gdm 55; 27 va 17 trinh tu. Su chiém vu thé cua cdc nhém can don
nganh phan 4nh médi quan hé tién hdéa gan giii cling nhu mac do bao ton cao
cta phan ho gene DREB gitra loai A. thaliana va dau tuong. Bong thoi, su ton
tai ctia c4c nhom don nganh dic trung cho ting loai cho thdy qua trinh phan
hoa tién hoa cua phan ho gene DREB vén dang tiép dién, gop phan tao nén sy
da dang vé cau tric va chirc ning cua cac gene DREB. Nhitng khac biét nay
nhiéu kha ning déng vai trd quan trong trong viéc diéu hoa dap ung cua thuc
vat doi véi cac diéu kién stress moi trudng khac nhau, dic biét Ia stress man
va han.

3.1.3. Pic diém mién AP2 trong protein DREB ciia dau twong va ciy A. thaliana

Mién AP2 la ving trinh ty bao ton cao trong protein DREB, c¢6 chiéu dai
khoang 58 - 59 amino acid, dong vai tro trung tdm trong viéc nhan dién va lién
két dic hiéu vai cac yéu td cis nhw DRE/CRT hoic GCC- box nam trong ving
promoter cua cac gene muc tiéu. Thong qua mién AP2, cac protein DREB hoat
d6ng nhu nhan t6 phién ma tac dong trans, tham gia diéu hoa biéu hién cua nhiéu
gene lién quan dén dap tng voi cac dang stress phi sinh hoc, bao gom han han,
man va nhiét d6. V& mat cau tric, mién AP2 chira mot tap hop cac amino acid
chirc niang tham gia tryc tiép vao qua trinh twong tac vai mach DNA theo chiéu
3'—5’, hinh thanh nén ving nhan biét dic trung. Su gan két nay gop phan kich
hoat hodc tang cuong qué trinh phién mé& cua cac gene muc tiéu, tr d6 nang cao
kha nang thich nghi cua thuc vat trude cac diéu kién moi treong bat loi, da duoc
ghi nhan trong nghién ctu trude day [95].

Két qua so sanh trinh tu mién AP2 cua cac protein DREB ¢ A. thaliana va
dau tvong (Bang 3.1) cho thay, & ca hai loai, mién AP2 déu chira 11 amino acid
tham gia truc tiép vao lién két voi DNA. Tuy nhién, sy khac biét trong thanh
phan va vi tri sip xép cia cac amino acid nay di hinh thanh 12 dang motif lién
két DNA khéc nhau.
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Bang 3.1. Cac dang amino acid caa mién AP2 trong protein DREB lién két v6i

trinh ty cis cua promoter

Gene Gene
Dang amino acid Pau _ Dang amino acid Pau _
A.thaliana A. thaliana
tuwong tuwong
DREB,
DREB1,
DREB2A,
DREB2C,
DREB2D,
DREB2B, DREBI1D,
RGRRWKERRWT | DREBS3, KGRRNKERRWT
AT 1G, AT DREB1B
DREB3-
) 5G, Ddf?2
like,
DREBS,
DREB6
DREBI1, DREBI1A,
DREB- CBF1, AT 1G,
RGRRSKERRWT KGRRWKERRWS | DREB3
like, CBF2, DREB 26
DREB7 CBF4
DREBZ2,
RGRRWKERRWS KGRRWKERRWT AT 1G
DREB2F
RGRRSKERRWS AT 4G TGRRWKERRWS AT 5G
DREB1F,
RGRRNKERRWT TGRRWKERRWT AT 2G
DREB1E
RGRRRKERRWT | DREB1F HGRRWKERRWS AT 1G

Trong sé d6, hai motif RGRRWKERRWT va RGRRSKERRWT, xuit hién
phd bién ¢ ca hai loai, phan anh mtc d6 bao tén cao cua co ché nhan dién DNA
trong phan ho DREB. Pang chi y, mot s6 motif dic trung nhu KGRRWKERRWT,
TGRRWKERRWS, TGRRWKERRWT va HGRRWKERRWS chi dugc ghi nhan ¢

A. thaliana,

trong khi
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RGRRRKERRWT va RGRRGKERRWT lai chi xuit hién ¢ dau twrong ma khong
duoc phét hién ¢ A. thaliana. Nhitng khac biét nay cho thay qua trinh da dang hoa trinh
tu mién AP2 di dién ra theo hudng dic thi ¢ ting loai trong qua trinh tién héa.

Phan tich phat sinh chung loai dya trén trinh ty amino acid cua mién AP2
trong cac protein DREB & A. thaliana va dau twong duoc thuc hién bang phan mém
MEGA11. Két qua cho thay cay tién hoa duoc xay dung tir 128 trinh ty amino acid
cia mién AP2 dugc phan chia thanh 16 nhém riéng biét (Hinh 3.3). Trong do, 9
nhom dugce xac dinh la cac nhom don nganh (nhém 1; 2; 3; 4; 5; 7; 12; 13 va 16) va
7 nhém la cac nhom can don nganh (nhém 6; 8; 9; 10; 11; 14 va 15). Cac nhém don
nganh thuong chaa s luong trinh ty twong ddi thap, dao dong tir 2 dén 8 trinh tu,
trong khi cac nhdm can don nganh bao gdm sb lwong trinh tu I6n hon, tir 4 dén 28
trinh tu. Kiéu phan bé nay phan anh sy bao ton xen k& véi da dang hoa cua mién
AP?2 trong phan ho DREB, d6ng thoi goi y vai trd caa qua trinh nhan doi gene va
phan hoa chire nang trong lich sir tién hoa cia ho gene nay.

Su tap trung phan I6n céc trinh ty mién AP2 trong cac nhom can don nganh
phan anh muac do bao tdn cao cia mién nay trong sudt qua trinh tién hoa. Két qua
cho thay, mién AP2 giit vai tro then chét trong viéc duy tri chirc niang diéu hoa
phién ma cua c4c protein DREB, dic biét trong cac dap ung cua thuc vat doi vai
stress phi sinh hoc. Bong thai, sy ton tai song song cua cadc nhom don nganh
cing voi cac motif lién két DNA mang tinh dic trung theo loai goi y rang, bén
canh tinh bao ton vé ciu trdc va chtc niang, mién AP2 van tiép tuc trai qua qué
trinh phan hoéa tién héa nham dap (ng cac yéu cau thich nghi sinh thai dac thu
cua A. thaliana va dau tuong.

Két qua phan tich phat sinh chung loai ¢ cap do ho gene AP2, phan ho gene
DREB va mién AP2 trong protein DREB cho thay su khac biét rd rét vé quy md,
micc d6 da dang va mé hinh tién hda gira A. thaliana va diu tuong. O A.
thaliana, chi ghi nhan 42 gene AP2 phan bd trén 5 nhidm sac thé, trong khi hé
gene ddu tuong chtra téi 101 gene AP2 phan bé trén 17 nhidm sic thé. Su mé
rong dang ké cua ho gene AP2 ¢ dau twong phan anh rd tac dong cua viéc nhan

d6i toan bo hé gene di xay ra nhiéu lan trong lich sir tién héa cua loai nay, qua
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d6 gop phan lam gia ting tinh da dang di truyén va tiém nang thich nghi véi céc

diéu kién méi truong bat loi.

Gly AP2 DREB7 NM 001248108 NP 001235037

Gly AP2 DREBS EF551166 ABQ42205
Gly AP2 DREB1E XM 003536435 XP 003536483
AT CBF4-NP 200012

AT DREB1A-NP 567720

AT CBF2-NP 567719

AT CBF1-NP 567721

Gly AP2 NM 001358349 NP 001345278

Gly AP2 DREB2 AY296651 AAQ57226

Gly Ap2 DREB3 NM 001250024 NP 001236953
Gly AP2 DREB2F XM 003535116 XP 003525164
Gly AP2 DREB3 DQ055133 AAZ03388
AT1G22190-NP 173638

AT5G65130-NP 001329953

AT5G65130-NP 201318

AT2G22200-NP 179810

AT4G39780-NP 195688

AT4G13620-NP 193098

AT1G64380-NP 176620

79

Gly AP2 DREBS XBB HE648567 CCF23312
Gly AP2 DREBS5 NM 001248171 NP 001235100
Gly AP2 DREBS5 EF583447 ABQ53928

Gly AP2 DREB5BGI CCF23313

Gly AP2 DREBS HE647690NS CCF23021

Gly AP2 DREBS FR822737XTD CBZ41765

Gly AP2 DREBS HE598783PB CCD42020

AT4G28140-NP 194543

Hinh 3.3. So db phat sinh ching loai mién AP2 cua phan ho protein DREBS5 va

DREB7 ¢ cay A. thaliana va dau tuong theo phuong phap Maximum likelihood.
(Gly: Glycine max =Gm; AT: A. thaliana)

3.1.4. Thao luan két qua

Céc két qua thu dugc trong nghién ctiru phi hop vai nhimg béo céo trude diy

vé lich sir tién hoa cua hé gene dau tuong, trong d6 cac sy kién nhan doi toan bo hé

gene (WGD) duoc xac dinh 1a dong luc chu yéu thuc day su gia ting s6 lugng gene
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cling nhu da dang chtic ning, dic biét ddi voi cac ho gene tham gia diéu hoa phién
ma va dap trng vai stress moi truong [14], [97].

Tuy nhién, diém mai caa nghién ctiru so Véi cac cong bd trude nam & viec 1am
séng to cAu trac phat sinh chung loai mot cach hé thdng va chi tiét cua ho gene AP2
thong qua so sanh gitta mot loai mé hinh A. thaliana va mét cdy trong co gia tri
kinh té cao. Qua d6, nghién cttu khdng chi cho thdy sy mé rong vé mat sé luong
gene ma con lam rd xu hudng phan héa tién hoa theo hudng dic thu loai.

Cay phat sinh chang loai cua ho gene AP2 cho thay su ton tai cia ba nhom
don nganh dic trung cho dau twong, phan anh qua trinh phan hoa tién hoa doc lap
va thich nghi sau qua trinh nhan d6i gene. Nguoc lai, viéc phat hién mot nhém don
nganh chi xuat hién & A. thaliana cho thiy xu huéng dic thi tién hoa cua loai mo
hinh nay, c6 thé lién quan dén cac chirc nang sinh 1y hodc co ché diéu hoa phién ma
riéng biét trong diéu Kién sinh truong tu nhién cua A. thaliana. Bén canh d6, sy hién
dién cua cac nhdm can don nganh chua trinh ty cua ca hai loai goi ¥ rang mot sb
phan nhém AP2 c¢b dd dugc bao ton manh mé trong qué trinh tién hda, nhiéu kha
ning do dam nhiém vai tro thiét yéu trong mang luéi diéu hoa biéu hién gene cua
thuc vat co hoa.

O cip do phan ho, cac phan tich dbi véi DREB va mién AP2 chirc ning cho
thay su bao ton cao vé cau trdc va cac motif lién két DNA, dong thoi van ton tai
cac bién doi mang tinh dic trung theo loai. Piéu nay cho thdy, mac di chirc ning
cot 18i cua protein DREB, dic biét 1a kha nang nhan dién cac yéu to cis lién quan
dén stress, dugc duy tri trong qué trinh tién hoa, nhung cac bién dbi nho trong cau
trdc mién AP2 c6 thé gop phan diéu chinh tinh dic hiéu va cuong do dap ung
stress & ting loai. So véi cac nghién ciru trude day von chi yéu tap trung vao viéc
mo ta trinh ty hoic chtc ning riéng 1é cia mot s gene DREB, luan &n di cung
cap cai nhin tong thé hon vé mdi lién hé giira tién hoa cu tric va tiém ning chirc
nang cua phan ho gene nay.

Nhu viy, so vdi cac cong b trude, nghién ciu khdng chi cang ¢b vai trd
trung tdm cua WGD trong sy ma rong cua ho gene AP2 & dau tuong, ma con lam
rd md hinh bao ton va phan hda tién hda cua ho gene nay ¢ nhiéu cap do, tir ho

AP2, phan ho DREB dén mién chirc ning AP2. Nhitng két qua trén gop phan mo
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rong hiéu biét vé qué trinh tién hoa phan tir cia cac nhan té phién ma AP2, dong
thoi cung cap co sé khoa hoc quan trong cho viéc lua chon va khai thac cac gene
rng vién dé 1am rd chtc ning va dinh huéng ¢ng dung cai thién kha ning chiu
han va chiu man & cay trong.

Két qua phan tich phét sinh chung loai cho thiy cac thanh vién caa phan ho
gene DREB dugc phan chia thanh tim nhom tién hoa riéng biét (I - VIII), trong d6
phan 16n cac nhanh chinh c6 gié tri bootstrap cao, dao dong chu yéu tir 80 - 99%,
phan anh db tin cay va tinh 6n dinh cua sy phan nhém (Hinh 3.2). Gene GmDREB5
duogc xac dinh thuoc nhém 11, ciing mot sé gene DREB cua ddu twong ciing nhu cac
gene twong dong ¢ A. thaliana. Nhanh chita GmDREBS c6 gia tri bootstrap cao, cho
thay mdi quan hé tién hoa gan giii va muc do bao ton trinh ty giira cac gene trong
cung phan nhom. Nguoc lai, gene GmDREB7 nam trong nhom VIII va tach biét ro
rét véi GmDREBS ciing nhu cdc nhéom DREB khac. Nhém VIII chii yéu bao gom
cac gene DREB cua dau twong c6 mic do twong ddng trinh tu cao, voi gia tri
bootstrap xap xi 99%, phan anh tinh bao ton tién hoa cao cua nhanh nay. Gene
GmDREBS5 va GmDREB7 thugc hai nhanh tién hoa khac nhau, goi y kha ning dam
nhiém céc vai trd chitic ning riéng biét trong co ché dap tng stress ¢ cay dau tuong.
Sy khac biét vé vi tri tién hda cua hai gene 1a co s khoa hoc quan trong cho viéc
lya chon GmMDREB5 va GmMDREB7 lam ddi tuong nghién ctu chirc ning chuyén
sdu, dong thoi dinh huéng céc nghién ciru wng dung nham cai thién kha niang chiu
han va chiu man cua cay ddu tuong thong qua cong nghé chuyén gene.

3.2. NGHIEN CUU CHUC NANG CUA GENE MA HOA NHAN TO
PHIEN MA DREB5 CUA CAY PAU TUONG

Thong qua phan tich tién hoa phéan tir bang cac cong cu tin sinh hoc, gene
GmDREBS da duogc lya chon nhu mdt gene ting cur vién tiém nang trong vi¢c cai
thién kha nang chéng chiu cac stress phi sinh hoc ¢ cay dau tuong. Mac du nhiéu
nghién ctru trude ddy da budc dau 1am sang to vai tro ciia cac gene thude phan
ho DREB ¢ dau tuong, tuy nhién chirc nang sinh hoc cu thé ctia mot sb gene,
trong d6 c6 GmDREBS, lién quan dén dap ung voi cac diéu kién bat lgi nhu han

va man van chua dugc hi€u rd va can tiép tuc lam sang t6. Chuyén gene thong
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qua vi khuan A. tumefaciens dugc xem 14 méot cong cu hiéu qua nham phan tich
chirc ning gene va khai thac tiém ning cua cic gene diéu hoa phién mi trong
viéc nang cao kha ning chdng chiu stress phi sinh hoc cia cdy trong, gop phan
thich ung v&i bién doi khi hiu. Trong nghién ctru ndy, qua trinh chuyén gene
duoc tién hanh theo cac budc chinh bao gom: Thiét ké cau truc gene, xdy dung
vector biéu hién, chuyén gene gian tiép thong qua A. tumefaciens, xac dinh sy co
mit ctia gene chuyén trong cdy nhan va phan tich mic d6 biéu hién cua gene.
Théng qua hé thdng chuyén gene nhd A. tumefaciens, chic ning cua gene
GmMDREBS5 trong diéu hoa dap ung véi stress phi sinh hoc c6 thé dugc danh gia
maot cach toan dién va cd hé théng.
3.2.1. Thiét ké gene va vector biéu hign GmDREB5
3.2.1.1. Thiét ké gene GmDREB5

Gene GMDREBS5 dugc thiét ké dya trén trinh tu gene DREB5 ciia dau tuong
(ma $6 FR822737.1) trén co s¢ dir liéu GenBank duogc thé hién & hinh 3.4.

Diém cit cua Ascl l
ACCCCGGGTgggcacy CCC-CAATTCCCTCACCAATTTGGAACCACAAACCCACCTTTCCCTCACCCTTCTCT
CCAAAACCAGCAACACCAGATGATATCATTTGGGTCTTCCCAACAACATAATAATCTCGCATATCCACCCATCAT
AGCCAGTGATTCTTCTTCACTTCTACATCAACATCATCATCATCAACAGCAGCATCAGCAGCACCAGCAGCAACT
TCTTCAGTATTGGAGTGACGCGTTGAATCTAAGTCCAAGAGGAATGTTAACAAGATTGGGACCAGATGGAAGGCC
ATTGTTTAGGCTTCCAACACAGCCCATAAACACAACAAAACTCTATAGAGGAGTGAGGCAACGCCATTGGGGGAA
ATGGGTCGCTGAAATCCGTCTTCCACGAAACAGAACGCGTCTCTGGCTAGGCACATTTGACACGGCCGAAGACGC
CGCCATGGCCTACGACCGAGAAGCCTTCAAGCTACGAGGAGAGAATGCTAGACTCAATTTCCCAGAATTGTTCCT
CAACAAGGACAAAAAAGAAGAACAACAACAACAAGAACAAGAAGCTTCTTCGCCAGTTCTTTCAGCTATTGCAAA
GCAGCATGAACCTTCTAGTGAACACCGTGACGTCCCCATAGAAGAGTCTAATGAGAAT GATTCGGGTGACGCCAC
GGTGAGCGATGACCAGGTTCATGCTACTACTGAGAGT TCCGAAGGAGTTTCTCAGGAAATGGTTTGGGGAGAAAT
GTCTGCATGGTTCAATGCTATTCCTGCTGCTTGGGGTCCTGGTAGTCCCATGTGGGATGATTTGGATGCCACCAA
TAATCTTCTTTGCCAATCACACATTCCTTTTTCCAATCCCAATCAACAAGAACTCAATGATGCTGAGAGACAAGA
ACAAAACACTGGACCAGGTTACTTGTGGAAGGATCAGGATE
CGAGCTGTGAggatcctagggCGAGCTCGAA

c-myc

KDEL Blém Cé(
cliaBamHl

Hinh 3.4. Trinh ty nucleotide ctia gene GMDREBS chira diém cit ctia enzyme Ascl
va BamHI; trinh tw ma hoa c-MYC va KDEL.
Trén Hinh 3.4, cau tric gene GMDREBS5 duoc xay dung bao gom ving ma hoa
ciia DREBS5, dong thoi duoc t6i uu héa va bd sung cac yéu té chirc ning nham phuc

vu cho céac phan tich biéu hién va dinh vi protein tai to hop. Cu thé, trinh tw m4 hoa
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peptide c-MYC duoc gin vao dau C cua protein, tao thé khang nguyén cho phép
phét hién protein tai to hop théng qua phuong phap Western blot sir dung khang thé
dic hiéu. Bén canh do, trinh tw ma hda tin hiéu din KDEL dugc tich hop vao cau
trdc gene nham dinh vi protein trong ludi ndi chat sau khi dugc tong hop, qua d6 hd
trg cac nghién ciru vé vi tri va chiic nang protein trong té bao. Dé tao thuan lgi cho
quéa trinh nhan dong va lap rap vector biéu hién, cc vi tri nhan biét cua enzyme cét
gidi han dwoc bd sung & hai dau caa gene. Mot doan trinh tu dai 19 bp chira vi tri
cit enzyme Ascl duoc gan vao dau 5', trong khi mot doan trinh tu dai 21 bp chta vi
tri cat cua enzyme BamHI duoc thém vao dau 3’ cua gene. Sau khi tich hop day du
cac thanh phan trén, tong chiéu dai cua gene GmDREBS5 dat 1006 nucleotide.

Sau khi hoan tat qua trinh thiét ké, gene GmDREB5 duoc gan vao vector
nhan dong pTwist, tao thanh vector tai to hop pTWIST_GmDREB5-syn (Hinh 3.5).

Ml3-rewv

M13-fwd

Hinh 3.5. So db vector téi t6 hop pTWIST_GmDREB5-syn.
GmDREBS: vi tri cia gene GmDREBS trén vector pTWIST; M13-fwd va M13-rev:
vi tri tiép hop cua cap moi M13-f/M13/R; AmpR: viing plasmid chira gene khang

khang sinh ampicillin.

Vector tai to hop nay sau d6 duoc bién nap vao vi khuan E. coli nham phuc
vu cho qué trinh nhan dong va luu giit gene. Cac dong khuan lac dwong tinh mang
plasmid chita gene GMDREB5 dugc sang loc va tuyén chon theo céc tiéu chi phu
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hop. Tiép theo, plasmid pTWIST_GmDREBS5-syn tir cac dong vi khuan duoc lya
chon nhan ban, tach chiét va tinh sach, qua d6 tao ngudn vat liégu DNA c6 do tinh
khiét cao, phuc vu cho cac budc xay dung vector biéu hién gene GmDREBS trong
cac thi nghiém tiép theo.
3.2.1.2. Thiét ké vector biéu hién gene GmDREBS5

Dé xay dung vector biéu hién gene GmDREBS5, plasmid pTWIST_GmDREB5-
syn duoc xir 1y bang enzyme cat gidi han Ascl va BamHI dé thu nhan doan gene
GMDREBS. Song song v6i d6, vector biéu hién pFGC5941 duoc cit bang cung cip
enzyme nham loai bo doan “CHSA intron”, tir d6 tao vi tri tiép nhan phu hop cho
viéc lap rap gene GmMDREBS5 vao vector. Poan gene GmMDREB5 sau khi dugc tinh
sach gin vao vector biéu hién pFGC5941 thong qua phan tng ghép ndi, xuc tac boi
enzyme T4 DNA ligase, tao thanh vector tai t6 hop pFGC_GmDREBS5 (Hinh 3.6).

LB
aadA CDS BAR CDS
Man Promoter

pBR325

CaMV 355 Promoter

pFGC_GmDREBS
10998 bp

GmDREBS _cMYC

Hinh 3.6. Cau trac ciia vector biéu hién pFGC_GmDREBS.
aadA CDS: M4 hoa aminoglycoside phosphotransferase; LB: Lip lai vién trai tir
C58 T-DNA; BAR CDS: M& hoa phosphinothricin acetyltransferase; Man
Promoter: Promoter mannopine synthase; CaMV 35S Promoter: Promoter virus
kham sup lo; GmDREB5_cMYC: Vung gene GmDREB5 chia cMYC; RB: Lap lai
vién phai tir C58 T-DNA.

Vector nay chita day du cac yéu td diéu hoa can thiét cho su biéu hién gene
trong té bao thyc vat, ddng thoi mang gene chon loc Bar, cho phép tuyén chon hiéu

qua cac dong thuc vat chuyén gene trong céc thi nghiém tiép theo.
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Dé xac dinh cac dong vi khuan mang vector tai t6 hop pFGC_GmDREBS,
phan tng colony-PCR dugc tién hanh voi hai cip mdi diac hiéu cho gene
GmMDREBS va gene Bar. Két qua dién di cho thiy & Hinh 3.7A, lan dién di s6 1 xuat
hién bang DNA c6 kich thudc nam trong khoang hon 800 bp, phu hop véi kich
thugc du kién cia gene GmDREBS, trong khi lan dién di s6 2 khong xuat hién bing
khuéch dai, chung té khéng mang gene muc tiéu.

Trén Hinh 3.7B, ca plasmid pFGC_GmDREBS5 va vector pFGC5941 déu cho
bang DNA c6 kich thuéc khoang 300 bp, tuong (rng vaéi gene chon loc Bar. Plasmid
tai t6 hop pFGC_GmDREB5 duoc tach chiét tir khuan lac duwong tinh véi colony-
PCR. Sau khi tinh sach, plasmid pFGC-GmDREBS5 duoc dem giai trinh ty bang moi
MYC-KDEL-R. Két qua trinh ty nucleotide ¢ phu luc 11 (PL11) da cho thay gene
GmDREBS5 d3 duoc ghép ndi thanh cong vao vector biéu hién pFGC5941 tao thanh
vector tai to hop pFGC_GmDREBS. Nhitng két qua nay khang dinh viéc thiét ké
gene GmMDREBS5 va xay dung vector biéu hién pFGC_GmDREBS5 da dugc thuc hién
thanh cong, tao co s& cho cac thi nghiém chuyén gene va danh gia chuc ning cua

gene GmDREBS5 trong cac nghién ctu tiép theo.

Bar

(A) (B)
Hinh 3.7. Hinh anh dién di san pham colony-PCR kiém tra khuan lac.
(A) Két qua dién di san pham PCR voi ciap mdéi GmDREB5-F/MYC-KDEL-R.
(B) Két qua dién di san pham PCR véi cap moi BarR3-F/BarR1-R.
M: thang DNA chuan; Lan 1: khuan lac A. tumefaciens tai to hop da chon loc; Lan
2: plasmid pFGC5941; BC: B6i chirng am- mau trong.
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3.2.2. Bién nap cau trac biéu hién gene GMDREBS5 va sang loc cac dong thuéc
la mang GmDREB5
3.2.2.1. Bién nap cdu triic mang gene GmDREBS vao cay thudc ld thong qua A.
tumefaciens

Qua trinh bién nap cdu trdc biéu hién pFGC_GmDREB5 vao cay thudc la
duoc thuc hién thdng qua hé thdng chuyén gene A. tumefaciens va duoc lap lai
trong ba dot thi nghiém doc lap nham danh gia kha nang tai sinh mé ciing nhu hiéu
qua chon loc cac dong cdy chuyén gene. Két qua chi tiét cua timng dot bién nap duoc
téng hop va trinh bay trong Hinh 3.8 va Bang 3.2.

(1)

Hinh 3.8. Hinh anh bién nap di truyén, téi sinh, chon loc in vitro va tao cdy thuéc 14

chuyén gene.
(1) Hinh anh cac giai doan bién nap vector pFGC_GmDREBS5 vao md la thubc la. A: Manh
l& ngdm trong chung A. tumefaciens AGL1 tai t6 hop mang vector biéu hién gene
pFGC_GmDREBS; B: bong nuéi cdy cac manh 14 thudc 14 nhiém khuan; C: Manh 1& phét

sinh chdi; D: Chéi tai sinh trén méi trudng chon loc vai glufosinate-ammonium; E: R&
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hinh thanh tir chdi tai sinh trén méi trudng ra ré bo sung chit chon loc glufosinate-
ammonium; G: Su phat trién cuia ré tir choi tai sinh; H: Cay con riéng Ié da bén ré t6t trén
moéi truong ra ré khong cé chat chon loc glufosinate-ammonium; I: Su thich nghi caa cay
thudc 14 chuyén gene trong diéu kién nha ludi. (11) Hinh anh qua trinh chon loc in vitro cac
cay thudc 14 chuyén gene pFGC_GmDREBS bing chét chon loc glufosinate-ammonium. (A)
Chon loc cac chdi da chuyén gene; (B) Su hinh thanh ré tir cac chdi cd kha niang khang
glufosinate ammonium; (C) Céc chdi séng sot va sy phét trién caa ré trong méi trudng cam

g tao r&; (D) Cay thudc I chuyén gene trong dng nghiém phat trién tot.

Trong ba lan thi nghiém, tong cong 90 mau mé 14 thubc 14 duoc st dung dé
bién nap vai cau tric mang gene GmDREBS. Sau giai doan dong nudi ciy va tai
sinh hinh thanh chéi, 70 mau mé van duy tri kha niang séng, twong @ng Vdi ty 18
séng trung binh dat khoang 77,8%. Tir ca&c mau md nay, 162 cum chdi da duoc hinh
thanh trong qua trinh tai sinh in vitro.

Bang 3.2. Két qua bién nap cau tric pFGC_GmDREBS vao thuc 14

56 £ A A A
6 | Sé | cum | Séchdi |0 NOT| Socay
, = Y x. x x N ; i rare | dem trong
Thi nghiém va doi | mau mau choi | song sot .
) £ £ qua trong gia
chirng bien song | dwoc | quachon 2
, chon | thé trong
nap sot tao loc .
: loc nha luwdéi
thanh :
) Lanl | 30 25 62 26 12 7
Thi i
_ Lan 2 30 22 42 15 8 6
nghiém -
Lan 3 30 23 58 11 15 10
Téng 90 70 162 52 35 23
bCl 30 0 0 0 0 0
bCo 30 22 45 88 35 12

Ghi ch(: * ACI: manh 1a khdng bién ngp tai sinh trén méi triong c6 chat chon loc
glufosinate-ammonium; * ACO: manh 14 khéng bién nap tai sinh trén méi truwong
khéng c6 chat chon loc.

Tuy nhién, khi c&c chdi duoc chuyén sang méi trueong chon loc, sé lwong ca
thé song st giam dang ké. Cu thé, chi c6 52 chdi vuot qua giai doan chon loc ban
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dau, chiém khoang 32,1% so véi tong sb chéi duoc tai sinh, phan anh tac dong rd
rét cua ap luc chon loc va cho thay khong phai toan bo chdi tai sinh déu mang cau
trdc chuyén gene. Trong sé cac chdi con séng sau chon loc, 35 chdi tiép tuc ra ré
trén mdi truong chon loc, twong tng vai khoang 67,3% sb chdi sdng sot. Két thic
quy trinh tai sinh, tong cong 23 cay con hoan chinh da duoc thu nhan va chuyén
sang trong trong gia thé tai nha luéi nham theo ddi sinh trudng va phuc vu cho cac
phan tich sinh hoc phan tu tiép theo.

Sy sai khac vé s6 luong cdy tai sinh thu dugc giita cac lan thi nghiém (lan luot
la 7; 6 va 10 cay) cho thay hiéu qua cua qua trinh bién nap va tai sinh cé thé chiju
anh huong bai trang thai sinh ly cia mau moé ciing nhu cac yéu té ky thuat phat sinh
trong timg dot thi nghiém riéng biét. Nhirng bién dong nay phan &nh tinh nhay cam
cua hé thong chuyén gene doi véi diéu kién thyc nghiém.

Két qua thu dugc ¢ cac nghiém thize d6i chung phu hop véi du Kién ban dau.
O dbi chung 4m (PC1, khong 1ay nhiém Agrobacterium), toan bo 30 mau mé khéng
séng sot va khong hinh thanh choi khi duoc nudi ciy trén méi trudng chon loc, cho
thay ap luc chon loc dugc thiét 1ap 1a du manh dé loai bo hoan toan cac mau khéng
mang gene chon loc. Nguoc lai, & d6i ching khdng chon loc (BCO0), 22 mau mé van
séng s6t va tao ra 45 cum chdi, véi sd lugng chdi ra ré va cay con thu duoc cao hon
rd rét so véi 16 bién nap.

Trong sb cay thudc 14 duoc bién nap, 18 cay chuyén gene TGO trong ng
nghiém di duoc chon dé thiét 1ap cac dong chuyén gene. Mbi cay TGO dugc cat
thanh 3 - 4 doan than chtra cac ddt, sau d6 duoc tai sinh thanh cac cay riéng 1é. Céc
cay c6 ngudn goc tir mot cdy TGO duy nhat duoc goi chung la dong chuyén gene
trong thé hé TGO. Do d6, 18 dong TGO di dugc thiét lap, duoc ki hidu 1a TGO1,
TG02, TGO5, TGO6, TGOS, TGO9, TG10, TGO11, TGO13, TGO15, TGO16, TGO18,
TG020, TG022, TG024, TG025, TG027 va TG028 (Phu luc 12). Hai cay tr moi
dong chuyén gene duoc chuyén sang gia thé dé tiép tuc phat trién trong nha ludi.
Trong sé 18 dong TGO, ba dong chuyén gene (TG02, TG08 va TGO015), cing Voi
cdy WT biéu hién su sinh truong binh thuong da duoc chon dé thuc hién céc nghién

ctu tiép theo.
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3.2.2.2. Biéu hién protein tdi to6 hgp GmMDREBS5 ¢ cay thudc ld chuyén gene thé
hé TGO

Ba dong thudc 1a chuyén gene thé hé TGO (TG02, TG08 va TG015) clng cay
WT (cay dbéi chung khéng chuyén gene) duoc trong trong diéu kién nha ludi va
phan tich & mirc d6 phan tir nham danh gia su phién ma cua gene GMDREBS. Trudc
tién, ky thuat RT-PCR duoc sir dung dé kiém tra su biéu hién cua gene chuyén &
mutc d6 phién ma. Két qua dién di san pham RT-PCR (Hinh 3.9C) cho thay ca ba
dong chuyén gene déu xuét hién bang DNA dic hiéu c6 kich thuéc khoang 0,7 kb
twong tng v6i gene GMDREBS (kich thuéc 0,75kb), trong khi mau WT khong quan
sat thdy bang DNA nay. Két qua nay cho thdy gene GmDREBS hién dién va dugc

biéu hién & mutc phién ma trong cac dong thudc 14 chuyén gene duoc khao sat.
' ’?"'.'l‘ ;‘ ’sh M WT TG02 TG08 TGO015

Cc

M WT TG02 TGO8 TG15 M

34kDa — e

~-34 kDa

' ‘T'

26 kDa —»

Hinh 3.9. Cac dong chuyén gene GmDREB5 va cdy WT (Wild Type) trong diéu kién
khong co stress va stress mudi, cling véi két qua phan tich RT-PCR va Western blot.

(A) Nhom dbi chimg duoc tudi 50 mL HzO cho mdi lan. (B) Nhém thuc nghiém dugc
tudi 50 mL NaCl 250 mM cho mdi lan. B4i véi phan tich biéu hién gene, cac mau 14 tir cac
dong WT va chuyén gene duogc thu thap sau lan xu ly thi ba (vao ngay thir 10). (C) Phan
tich dién di gel cac san pham RT-PCR. M: thang DNA; WT: cy thudc 14 khdng chuyén
gene; TG02, TG08, TGO15: c4c dong thudc 14 chuyén gene thé hé TGO. (D) Phét hién
protein tai t6 hop DREBS5 trong ba dong thudc 14 chuyén gene (TG02, TG08 va TG015)
bang két qua phan tich Western blot.

Dé danh gia kha ning biéu hién cia gene GmDREB5 ¢ muc dich ma, phan
tich Western blot duoc tién hanh. Trong ciu tric biéu hién, gene GmDREB5
dugc gin thém trinh tu ma hoa peptide c-Myc ¢ dau 3°, tao dudi nhan dién & dau
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C cua protein tai td hop. Nhd d6, protein GmDREBS5 sau khi dugc dich ma cé
thé duwoc phét hién dic hiéu thong qua khang thé khang c-Myc trong phan tng
Western blot. Két qua Western blot (Hinh 3.9D) cho thiy sy xuét hién cua bing
protein c6 khdi lugng phan tir xap xi 34 kDa & ca ba dong thudc 14 chuyén gene
TG02, TGO08 va TGO15, trong khi khdng phat hién bang protein twong tng & cay
WT. Kich thuéc biang protein quan sat dwgc phi hop véi khéi luong phan tir dy
kién cua protein GmDREB5 mang dudi c-Myc, qua d6 khing dinh protein tai t6 hop
GmDREBS5 di dugc biéu hién thanh cdng trong cac dong thudc 1a chuyén gene
théng qua phan tng mién dich dic hiéu.

Bén canh céac phan tich & mac d6 phan tir, cac dong thudc 14 chuyén gene
TG02, TGOS va TGO15 ciing véi cay WT, dugc sir dung dé danh gia phan ang sinh
truong trong diéu kién stress man. Thi nghiém duoc b tri voi hai nghiém thic:
Nghiém thirc d6i chung duoc tudi 50 mL nudc cat (Hinh 3.9A) va nghiém thic xir
ly stress man duoc tudi 50 mL dung dich NaCl 250 mM (Hinh 3.9B), véi chu ky
tuéi 3 ngay/lan. Sau 10 ngay xir ly, cac dong chuyén gene cho thay kha ning sinh
truong vuot troi so véi cdy WT trong diéu kién man, phan anh xu huéng dap wng
stress tich cuc & cac cay biéu hién gene GmDREBS.

Céc két qua tir phan tich RT-PCR va Western blot cho thay gene GmDREB5
dugc phan 1ap tir dau tuong khong chi dugc tich hop 6n dinh vao hé gene cay thudc
14 ma con duoc phién ma va dich ma hiéu qua thanh protein tai té hop ¢ thé hé TGO.
Nhiing két qua nay cung cap bang chung tin cay cho viéc biéu hién chirc niang cua
GMDREBS trong hé thdng cidy mé hinh, dong thoi tao nén tang cho céc nghién ciu
tiép theo nham lam rd vai trd sinh hoc cua gene nay trong viéc cai thién kha ning
chiu man va chiu han & cac cay chuyén gene.

3.2.3. Phan tich moi quan hé giira gene GMDREB5 va mire d6 phién ma cia
maét sb6 gene muc tiéu & cay thudc l&

3.2.3.1. Anh hwéng cia sy biéu hign GmDREBS5 dén mire dg phién ma cia gene
NtP5CS va NtSODFe ¢ cay thuéc 4 chuyén gene

Mau 14 cta cac cay ¢ ca hai 16 thi nghiém dugc thu thap dé tich RNA tong sd,
sau d6 dugc sir dung lam khudn tong hop cDNA nham phuc vu cho phan tich biéu
hién gene bang ky thuat qRT-PCR. Két qua danh gia mic do phién ma caa gene
chuyén GmDREBS5 ¢ cac dong thubc 14 chuyén gene va cdy WT, trong diéu kién
binh thuong va dudi tac dong cua stress man, duoc trinh bay trong Hinh 3.10.
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Hinh 3.10. Su thay ddi mirc d6 phién ma cua gene GmDREBS giita cac dong thudc
l4 chuyén gene va cay WT trong diéu kién khdng bi stress va stress man.

(A) Biéu do thé hién mirc d6 phién ma cua cac dong chuyén gene so voi cdy WT trong

diéu kién khdng xt ly stress va xir ly stress man (p < 0,05); (B, C) So sanh mirc do phién

ma cua dong chuyén gene TGO8 voi cay WT trong hai diéu kién khdng xir ly va xir ly
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stress man (p <0,05); (D, E) So sanh mirc d6 phién ma cua dong chuyén gene TG015 véi
cay WT trong hai diéu kién khong xu ly va xu ly stress man (p <0,05); (G) So sanh mirc 46
phién ma cua dong chuyén gene TGOS giita diéu kién xir ly stress min va diéu kién khong
xu ly (p <0,05); (H) So sanh mirc d6 phién ma caa dong chuyén gene TGO15 giita diéu
kién xur ly stress man va diéu kién khong xir Iy (p <0,05). WT: Cay khdng chuyén gene;
TG02: Dong thudc 14 chuyén gene GmDREBS thé hé 0; TG08: Dong thudc 14 chuyén gene
GMDREBS thé hé 0; TG015: Dong thudc 1a chuyén gene GmDREBS thé hé 0. Cac cot biéu
thi gia tri trung binh va cac thanh biéu thi do léch chuan (SD). Cac cham biéu thi cac mau
riéng Ié. Dau * phia trén cot biéu thi mic ¥ nghia thong ké; n=3.

Két qua so sanh mac do phién méa caa gene chuyén GmDREBS giira cac dong
thudc 14 chuyén gene va gitra cac dong chuyén gene véi ciy WT trong diéu kién
khdng stress va stress man dugc trinh bay ¢ Hinh 3.10. Két qua cho thay trong ca
diéu kién tudi nude binh thuong va diéu kién stress mian, mac d6 phién ma cua
GMDREBS ¢ cac dong TG08 va TGO15 déu cao hon so vdi dong TGO02 va cay WT
(p < 0,05) (Hinh 3.10A). Dudi diéu kién stress man, mac do6 phién ma cua
GmDREBS5 ¢ cac dong TGOS va TGO15 tang ro rét so vai cay WT, vai mic ting
tuong ung 1a 87,31 lan ¢ TGOS va 39,07 lan & TGO15. Bdng thoi, mac do phién ma
& hai dong nay ciing cao hon so véi diéu kién khdng stress, véi muc ting 1an luot 12
4,76 1an & TGO8 va 20,51 lan & TGO15 (p < 0,05) (Hinh 3.10A, B, C, D, E, G, H).
Nhiing két qua nay cho thidy GmDREBS dugc biéu hién trong cac dong thudc la
chuyén gene va duoc cam tng manh dudi diéu kién stress man, phd hop vai vai tro
cta cac nhan té phién ma thudc phan ho DREB trong diéu hoa dap tng dbi voi
stress phi sinh hoc.

Cac diéu kién stress phi sinh hoc nhu han han va nhiém min thuong dan dén
s mat can bang trang thai oxy hda - khir trong té bao, kéo theo su tich lily qua mirc
cua c4c loai oxy phan tng (ROS) va gay ton thuong cho cac cau tric té bao. O cay
thudc 14, hé théng enzyme SOD bao gom ba nhém chinh 1a SODFe, SODMn va
SODCu/Zn, trong d6 SODFe giir vai trd quan trong trong viéc kiém soét stress oxy
hoa. Céc isoform SOD nay chua yéu dugc phan b tai luc lap va ty thé 1a nhitng bao
quan c6 cudng d6 hinh thanh ROS cao trong diéu kién bt loi. SODFe tham gia truc
tiép vao tuyén phong vé dau tién cua té bao bang cach xuc tac qua trinh chuyén hoa
anion superoxide (O:") thanh oxy phan tir (O2) va hydrogen peroxide (H202). San
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pham H-O: sau d6 tiép tuc dugc loai bo thong qua hoat dong cua cac enzyme chdng
oxy hoa khac nhu catalase va peroxidase, qua d6 han ché su tich lity ROS va ngin
ngira tén thuong oxy hoa ddi véi lipid, protein va acid nucleic. Nho co ché nay,
SODFe g6p phan duy tri can bing noéi moéi, ting cuong kha niang chéng chiu véi
stress han va min, déng thoi hd tro duy tri sinh truong va phat trién cua cay trong
cac diéu kién moi treong khac nghiét [92], [122].

Mbi quan hé giita gene chuyén GmDREBS5 va mirc d6 biéu hién cua cac gene
NtP5CS va NtSODFe trong cac dong thudc 1a chuyén gene va cdy WT duoc phan
tich & hai diéu kién, tudi nude thuong xuyén va stress min dugc thé hién ¢ biéu do
Hinh 3.11 (A va B). Trong Hinh 3.11A, gene NtP5CS ¢ dong chuyén gene TGOS ¢
muic d6 phién ma cao hon so véi cdy WT, Vi mire ting gap 3,05 lan (khdng stress)
va gap 16,47 lan (stress man). Dudi stress man, mic d6 biéu hién cia NtP5CS trong
TGOS cao hon 5,41 1an so véi diéu kién khong stress.
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Hinh 3.11. Sy thay d6i muac do biéu hién cia gene NtP5CS (A) va NtSODFe (B)

trong cac dong thudc 14 chuyén gene GmDREBS duéi diéu kién khdng bj stress va
stress man.
WT: Cay khdng chuyén gene; TG02, TG08, TGO015: Dong thubc la chuyén gene
GMDREBS ¢ thé hé 0. Céac cot biéu thi gia tri trung binh va cac thanh trén mai cot biéu thi
d6 lech chuan hinh hoc (SD). Céc cham dai dién cho cac mau riéng lé. Dau * phia trén cot
biéu thi mirc ¥ nghia thong ké; n =3.

Trong Hinh 3.11B, gene NtSODFe ¢ ca hai dong TG02 va TGOS déu biéu
hién manh hon duéi diéu kién stress man so véi diéu kién khong stress, véi mic

79



tang twrong ung 4,12 1an & TG08 va 51,60 1an ¢ TGO2 (p < 0,05). Pdng thoi, mic do
phién ma cua NtSODFe ¢ c4c dong chuyén gene ciing vuot mac ghi nhan & cay
WT, véi muc ting twong tng 1,95 lan (khong stress) va 8,01 lan (stress man) &
TGO08; 0,08 lan (khong stress) va 3,97 lan (stress man) & TGO2 (p < 0,05). Su gia
taing manh muac d6 phién ma dudi diéu kién stress man, dic biét & dong TG08, cho
thay kha nang dap (ng hiéu qua ddi véi stress oxy hoa.

Cac két qua nay cho thay sy biéu hién ting cuong cia gene GmDREBS5 c6
méi lién hé chat ch& véi sy cam wng phién mé cua cic gene tham gia co ché diéu
hoa ap suat tham thau théng qua sinh tong hop proline (NtP5CS) va hé théng chng
oxy héa (NtSODFe) khi cay chiu stress man. Qua d6, GmDREBS5 c6 thé dong vai tro
guan trong trong viéc hoat hoa cac con duong bao vé té bao, gép phan nang cao kha
nang thich nghi cta cay thudc 14 chuyén gene trong diéu kién moéi truong bét loi.
3.2.3.2. Méi quan hé giiza mirc dp phién ma ciia gene NtP5CS va ham lwong
proline ¢ c4c dong thuéc 14 chuyén gene

Sy gia ting muc do phién ma cua gene NtP5CS ¢ cac dong thubc 14 chuyén
gene GMDREBS, dic biét khi cay dugc dat trong diéu kién stress man, cho thay
rang gene GmMDREB5 c6 thé tham gia diéu hoa con duong sinh tong hop proline.
Trén co s d6, viée danh gia su bién dong ham luong proline trong cac dong chuyén
gene la can thiét nham 1am rd mai lién hé giita diéu hoa phién ma va dap tng sinh
1y, qua d6 goép phan lam sang toé vai trd cua co ché nay trong viéc ting cuong kha
nang thich nghi cta cdy thudc 14 trudce tac dong cua stress man.

Hinh 3.12 cho thiy méi lién hé gita mtc do phién ma cia gene NtP5CS va ham
luong proline & dong thudc 14 chuyén gene TG08 so véi cady WT trong diéu kién sinh
truong binh thuong va khi chiu stress man. Két qua phan tich gRT-PCR cho thay, trong
diéu kién khong xu Iy, mirc d6 phién ma cia NtP5CS ¢ dong TGOS cao hon khoang
3,05 lan so véi WT (Hinh 3.12A). Khi cay duoc xir ly bang stress man, su sai khac nay
tang 1én rd rét, voi mac biéu hién caa NtP5CS ¢ dong TGOS cao hon 16,47 13n S0 V6i
WT (Hinh 3.12B). Pdng thoi, so séanh trong ciing dong TGO08 cho thay muc phién ma
cua NtP5CS tang 5,41 lan dudi diéu Kién stress man so véi diéu kieén khong xu Iy (Hinh
3.12C). Song song Vvéi sy gia tang & mirc dd phién ma cua NtP5CS, ham lugng proline
trong dong TGOS ciing ghi nhan xu huéng ting trong tng. Cu thé, trong diéu kién
khéng stress, ham lwong proline & dong TGOS cao hon 1,96 1an so véi cay WT; khi
chiu stress man, gia tri nay tang 1én 4,50 1an (Hinh 3.12D). Ngoai ra, khi so sanh gitra
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hai diéu kién xir Iy trong ciing dong TG08, ham luong proline ting khoang 2,94 lan

dudi tac dong ciia stress mudi (Hinh 3.12G), trong khi & cdy WT su gia ting nay khong

dang ké (Hinh 3.12E).
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Hinh 3.12. Sy thay d6i mac do phién ma cia gene NtP5CS va ham luong proline
gitra dong thudc 14 chuyén gene TGOS va cay WT trong diéu kién khong bi stress va
stress man.

(A, B) Biéu d6 so sanh mirc d6 phién ma cua gene NtP5CS giita dong chuyén gene TGOS
Vv6i cay WT trong hai diéu kién khong xir Ii stress va xt ly stress man (p <0,05). (C) Biéu
d6 so sanh mac do phién ma cua gene NtP5CS trong dong chuyén gene TGOS giira diéu
kién khong xu ly va xu Iy stress man (p <0,05). (D, E, G) Biéu dd so sanh ham lwong
proline gitta dong chuyén gene TG08 va cay WT, giita diéu kién khong xir Iy va xu ly
stress man (p <0,05). Céc cot biéu thi gié tri trung binh va cac thanh biéu thi d6 léch chuan
(SD). Céc cham biéu thi cac mau riéng Ié. Dau * phia trén cot biéu thi mic ¥ nghia thong

ké; n =3.

Két qua cho thdy su ting cuong biéu hién cua NtP5CS ¢ dong thudc 14

chuyén gene TGO8 c6 mbi twong quan chit ché vai sy tich liy proline, dic biét trong
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diéu kién stress man. Nhu vay, gene GmDREBS5 c6 thé tham gia diéu hoa gian tiép con
duong sinh téng hop proline théng qua viéc kich hoat biéu hién NtP5CS, qua d6 gop
phan nang cao kha ning thich nghi véi stress man & cdy thudc I chuyén gene.
3.2.4. Docking phan tir giita mién AP2 caa protein DREBS5 va viing promoter
ciia mét so6 gene muc tiéu

Két qua mo phong docking phan tu in silico gitta mién AP2 cua protein
DREBS va céc ving promoter caa nhirng gene muc tiéu, bao gdm P5CS va SODFe,

dugc tong hop trong Bang 3.3.

Bang 3.3. Céc gié tri docking phén tu caa phac hop AP2-promoter SODFe
va AP2-promoter P5CS

Cic dgo tinh docking APZ-promoter | AP2-promoter
Ning luong lién két (kcal/mol) -80,2+-4,6 -16,3 + 16,9
RMSD (A) 195+-0,1 92+-1,3
Nang lugng Van der Waals (kcal/mol) -499+-34 -59,4 +-10,6
Nang luong tinh dién (kcal/mol) -176,4 +-8,1 -169,2 + - 63,5
Nang lugng loai bo dung moi (kcal/mol) 19+-27 3,7+-28
Ning luong vi pham han ché (kcal/mol) 30,6+-22 732,2+-294
Dién tich bé mat b che lap (A2) 1270,5 + - 73,7 1848,6 + - 149,4
Diém Z -0,7 -0,9

Ning luong lién két duoc sir dung nhu mét chi s6 phan anh niang luong tu do cua
qué trinh hinh thanh phtic hop protein - DNA, trong d6 cac gia trj &m 1on hon thé hién
xu huéng twong tac thuan loi va do on dinh cao hon ctia phtc hop. Két qua phan tich
cho thay phtic hop AP2 - promoter P5CS c6 ning luwong lién két trung binh dat -80,2 +
- 4,6kcal/mol, thap hon dang ké so véi phic hop AP2 - promoter SODFe (-16,3 + 16,9
kcal/mol). Su khéc biét rd rét ndy cho thdy mién AP2 ciia DREBS c6 &i luc lién két
manh hon déi v6i promoter cua gene P5CS so véi promoter cua SODFe. Bang thoi, do
léch chuan 16n quan sat duoc ¢ phac hop AP2-SODFe phan &nh sy bién thién dang ké
gitra cac cau hinh ghép ndi, goi V¥ rang twong tic ndy c6 do 6n dinh thap hon.

Do léch binh phuong trung binh géc (RMSD) dugc sir dung dé danh gia mirc

d6 sai khac vé cau tric giita cac tu thé twong tac S0 Vi cau hinh ¢ ning luong thap
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nhét. Phic hop AP2 - promoter SODFe ¢6 gia tri RMSD trung binh 12 9,2 + - 1,3A,
thip hon so véi phtcc hop AP2 - promoter P5CS (19,5 + - 0,1 A), cho thiy cac cau
hinh twong tac cia AP2 - promoter SODFe ¢6 xu hudng hdi tu gan hon véi trang
thai cau tric toi wu. Nguoc lai, gia tri RMSD cao hon & phuc hop AP2 - promoter
P5CS phan anh su bién dong cau tric 16n hon trong qua trinh mé phong, mac du
phtrc hop nay van dat dugc ning luong lién két thuan loi.

Phan tich chi tiét cac thanh phan ning lwong cho thay tuong tic tinh dién dong
vai tro chu dao trong qué trinh hinh thanh va 6n dinh phirc hop protein - DNA. Phuc
hop AP2 - P5CS c¢0 gié tri nang lugng tinh dién trung binh dat -176,4 + - 8,1
kcal/mol, thap hon so véi phic hop AP2 - SODFe (-169,2 + - 63,5 kcal/mol), phan
anh mirc do tuong tac dién tich manh va déng nhat hon & phic hop AP2 - P5CS.
Nguoc lai, d Iéch chuan Ién ghi nhan & phicc hop AP2 - SODFe cho thay su bién
thién dang ké giira cac cau hinh md phong, goi y tinh khdng on dinh cua cac tuong
tac tinh dién trong phic hop nay.

Ning luong loai bé dung méi, dai dién cho ning lwong can thiét dé loai bo 16p
nuéc hydrat hda tai bé mat lién két, ciing cho thiy sy khac biét rd rét gitra hai phuc
hop. Gia tri nang lugng nay & phac hop AP2 - P5CS (1,9 + -2,7 kcal/mol) thap hon
so v4i AP2 - SODFe (3,7 + -2,8 kcal/mol), cho thay phirc hop AP2 - P5CS it bi anh
huong bai méi trudng dung moi va c6 kha ning duy tri twong tac bén viing hon
trong diéu kién sinh hoc.

Muc d6 tudn tha cac rang budc hinh hoc va khéng gian trong qué trinh mo
phong dugc phan anh théng qua nang luong vi pham rang budc. Phic hop AP2 -
P5CS ghi nhan gia tri ning lwong vi pham twong ddi thap (30,6 + -2,2 kcal/mol)
trong khi phic hop AP2 - SODFe c6 gi4 tri rat cao (732,2 + -29,4 kcal/mol). Két
qua nay cho thay cau hinh tuong tac cuia AP2 - P5CS phi hop hon véi cac rang
budc mo6 phong, qua dé nang cao do tin cay cua mo hinh,

Dién tich bé mat che 1ap, phan anh mirc do tiép xtc khéng gian giita hai phan tir
trong phuc hop, dugc ghi nhan I6n hon & phiic hop AP2 - SODFe (1848,6 + -149,4 A2)
so v6i AP2 - P5CS (1270,5 + -73,7 A2). Tuy nhién, dién tich tiép xtc 1on khong

nhat thiét dong nghia voi d6 bén lién két cao, dac biét khi cac thong sé ning
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luong va rang budc cho thdy mirc do on dinh tong thé cua phac hop AP2 -
SODFe thap hon.

Piém Z, dugc sir dung dé danh gia chat lugng md hinh twong tac so véi cac
cau hinh ngau nhién, dat -0,9 d6i véi phirc hop AP2 - SODFe va -0,7 dbi véi AP2 -
P5CS. Mac du ca hai gia tri déu am, cho thay cac mo hinh tuong tic c6 y nghia hon
so véi ngau nhién, mac do chénh léch khong 16n va chua dat ngudng téi vu, do d6
cac két qua du doan can dugc cung cd thém bang cac phan tich b sung va bang
chung thuc nghiém.

Cac thong sé cho thdy mién AP2 cua protein DREB5 c6 xu hudng lién két
thuan lgi va on dinh hon véi viing promoter cua gene P5CS so véi SODFe, qua d6
goi y vai trd tiém nang ciia DREBS trong diéu hoa biéu hién cac gene lién quan dén
sinh tong hop proline, mot co ché sinh 1y quan trong gop phan nang cao kha ning

chiu han va chiu man ¢ cay dau tuong chuyén gene.

GmDREBS5

AP2 4
RGRRWKERRWT

<,

5 “ TTGACCGACATGACGTGTTGCCGACAGGTTAAGAGCCGACAAAGAAAAA - 3!
e/crr [ or-1 QM ore/cer M Gr1 )

Promoter

Hinh 3.13. M6 hinh thiét ké docking phan tu gitta ving AP2 cua protein
GmDREBS va cac motif tac dong cis cua promoter gene NtP5CS va NtSODFe.

Mili tén chi ra viing promoter dugc thiét ké co chira céc yéu té tac dong cis (DRE/CRT,
ABRE, GT-1) va vi tri lién két trans. Hinh anh biéu dién yéu t5 phién md GmDREB5 mau
xanh 14 cay nhat va ving AP2 mau xanh lam dam chua cac amino acid cta cac vi tri lién
két DNA.

Trong nghién ciu nay, két qua md phong twong tac cho thidy mot sé6 amino
acid thuoc mién AP2 cia GmDREBS5, bao gom Arg2, Gly3, Arg5, Arg7, Trp9,
Lys11, Gluls, Argl7, Arg24, Trp26 va Thr29 c6 kha nang tham gia tuong tac voi

cac motif cis dap (ng stress tai vung promoter cua hai gene NtP5CS va NtSODFe
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thong qua cac lién két hydrogen (lién két H) (Hinh 3.14A, B). Cu thé, & Hinh
3.14A, mién AP2 tuwong tac véi ving dau 5’ cua promoter chia motif GT-1
(GAAAAA), trong khi ¢ Hinh 3.14B, tuong tic xay ra tai vung trung tam cua
promoter chira dong thoi motif DRE/CRT (RCCGAC) va GT-1. Trong d6, GT-1
duogc biét dén 12 yéu t6 cis tham gia dap tng stress man, con DRE/CRT giir vai tro
quan trong trong diéu hoa phan ung cua thuc vat ddi véi cac stress phi sinh hoc nhu

han, man va lanh.

(B)
Hinh 3.14. Md hinh lién két AP2 - promoter va mang lu6i lién két hydrogen (H)
gitra AP2 va DNA.

(A) M6 hinh twong tac dugc xép hang cao nhat dua trén diém HADDOCK cho thay
cac motif dugc bao ton cua AP2 tuong tac véi DNA. (B) Mang luéi lién két H gitra
c4c vi tri amino acid cta ving AP2 va cé4c ranh chinh va ranh phu cia DNA. Cau
trdc xodn a va tim P (AP2) dwoc t6 mau xanh lam dam va xanh lam nhat twong

rng. CAu tric xoin kép DNA duoc td mau cam.
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3.2.5. Thao luan két qua

D6 mian cua dat duoc xem 1a mét trong nhitng yéu t6 moéi truong bat loi
nghiém trong, gay suy giam dang ké ning suat va chat luong caa nhiéu loai cay
trong, trong d6 co cay dau twong. Nguyén nhan cd thé do xdm nhap man hoic su
tich lity mubi kéo dai trong dit canh tac duédi tac dong cua cac bién phéap tham canh,
dic biét 1 viéc st dung phan bon hoéa hoc. Véi dic tinh man cam ddi véi stress man,
dau twong doi hoi cac chién luoc cai tién di truyén hiéu qua nham nang cao kha ning
thich nghi va duy tri sinh truong 6n dinh trong diéu kién bt loi. Trong bdi canh do,
viéc xac dinh va lam sang to chirc ning cua cac gene didu hoa trung tim, dic biét 1a cac
gene ma héa nhan té phién ma tham gia dap ung stress phi sinh hoc, dugc xem la
hudng tiép can co nhiéu tiém nang.

Gene thudc phan ho DREB, ma héa yéu té phién ma thuoc ho AP2/ERF da
dugc ching minh giir vai trd quan trong trong viéc diéu hda mang ludi gene dap
g vGi han va man thong qua co ché kich hoat cac gene mang cac yéu té cis dac
trung trong vung promoter. Nhiéu nghién ctru truée day cho thay, viéc biéu hién
ting cuong cac gene DREB c6 thé cai thién rd rét kha niang chiu stress ¢ thuc vat,
thong qua céc co ché nhu duy tri ham lugng nudc twong ddi, ting tich lity proline
va tang cudng hoat dong cua hé thdng chdng oxy héa [20], [23], [42], [91], [125].
Cac két qua thu dugc trong nghién ctu phi hop voi xu hudng chung d6, déng thoi
cung cap thém nhitng bang chiing mai vé vai tro diéu hoa caa gene GmDREBS &
dau tuong.

GmDREBS5 la gene ma hoa yéu t6 phién ma DREB lién quan dén dap tng
stress han va man da dugc phan lap, chira mién lién két AP2 dic trung véi chiéu dai
63 amino acid. So véi mot sb protein DREB khac ¢ dau twong nhu DREB2,
DREB6 va DREB7, c6 mién AP2 ngin hon (khoang 59 - 60 amino acid), mién AP2
cia GmMDREBS5 c6 su khac biét nhat dinh vé do dai. Tuy nhién, phan tich trinh tu
cho thiy cac protein DREB nay déu bao tén 11 vj tri amino acid quan trong tham
gia vao qua trinh nhan dién va lién két DNA. Diéu nay cho thiy mac du ton tai su

khac biét vé cau tric chudi, chirc nang ¢t 18i lién quan dén diéu hoa phién ma cua
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mién AP2 van duoc bao ton cao. Su khac biét vé d6 dai mién AP2 cia GmDREB5
c6 thé anh huong dén muc do ai luc hodc tinh dic hiéu trong tuwong tac voi cac yéu
t6 cis, hon 12 lam thay ddi vai tro diéu hda co ban cua protein nay.

Dudi tac dong cua stress man, mac do phién ma caa GmDREBS tang manh &
cac dong thudc 14 chuyén gene, dic biét 12 dong TGOS, so véi diéu kién khdng xu ly
VA S0 V6i cay dbi ching. Két qua nay tuong dong véi cac bao cdo trudc day vé mot
sb gene DREB & dau tuong nhu GmDREB1, GmDREB2 va GmDREB6 [89], [110],
[131] ddng thoi cho thdy GmDREBS Ia mot thanh vién tiém niang cua phan ho
DREB chua dugc khai thac su vé mit chiic ning.

Kha niang chiu han va chiu man cuaa cay tréng cd méi lién hé chat ché vai viéc
duy tri can bang nudc ndi bao, trong dé sy tich lity cac chat diéu hoa tham thau, dac
biét 1a proline, dong vai tro then chét. Proline khong chi tham gia diéu chinh ap suat
tham thau ma con gop phan 6n dinh cau trlc protein, bao vé mang té bao va tham
gia loai bo cac ROS. Céc enzyme tham gia sinh tong hop proline, tiéu biéu 12 P5CS
va P5CR, thuong dugc cam tng manh trong diéu kién stress. Trong nghién cau nay,
muc do phién ma cua gene NtP5CS ting dang ké & cac dong thudc 14 chuyén gene
mang GmDREBS, dic biét dudi diéu kién stress min, cho thdy GmDREBS5 c6 kha
ning tham gia diéu hoa con dudng sinh tong hop proline. Méi twong quan chit ché
gitta mic biéu hién caa GmMDREBS va NtP5CS (R = 99,56%) cung ¢ gia thuyét
rang GmDREB5 1a mot nhan té diéu hoa duong, gop phan thic day tich lily proline
va nang cao kha ning chiu min cuaa cay chuyén gene.

Bén canh diéu hoa can bang tham thau, stress man con gay tich lily qua muc
cac dang oxy phan ing, dan dén ton thuong oxy hoa va suy giam chic ning sinh 1y
cua cdy [16]. Pé ddi phé véi tinh trang nay, thuc vat kich hoat hé théng enzyme
chéng oxy hoa, trong d6 superoxide dismutase, dic biét 1a SODFe, giit vai tro trung
tam trong viéc chuyén hda gdoc superoxide thanh hydrogen peroxide it doc hon [38].
Két qua nghién ctu cho thdy mac phién ma cua NtSODFe ting 1 rét ¢ cac dong
thudc 14 chuyén gene mang GmDREBS5 dudi diéu kién stress man, véi muc ting noi

bat ¢ dong TG02. Méi twong quan cao giita GMDREBS5 va NtSODFe (R = 94,46%)
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cho thdy GmDREBS5 c6 thé tham gia diéu hoa tryc tiép hoac gian tiép hé théng
chéng oxy hoa, qua d6 gop phan han ché ton thuong oxy héa trong diéu kién man.

Péng chu y, cac phan tich docking phan tir da cung cip thém bang ching hd
tro cho co ché diéu hoa & mic phan t. Mién AP2 cia GmDREBS5 dugc du doan ¢
kha ning twong tac truc tiép vai cac yéu té cis quan trong trong viing promoter cua
NtP5CS va NtSODFe, bao gom céc motif GT-1 va DRE/CRT. Cac amino acid bao
tén trong mién AP2 tham gia hinh thanh céc lién két hydrogen 6n dinh véi DNA,
cho thay kha niang gan két dac hiéu va c6 ¥ nghia sinh hoc. Phén tich dic tinh lién
két cling cho thay phuc hop giita AP2 va promoter NtP5CS ¢6 &i lyc cao hon so véi
phirc hop véi promoter NtSODFe, phil hop véi dit liéu thuc nghiém vé mac do cam
rng manh hon cua NtP5CS & cac dong chuyén gene.

Céc két qua cho thldy GmDREBS khong chi tham gia diéu hoa dap ng stress
man thdng qua viéc ting cuong tich liy proline va hoat hda hé théng chéng oxy
hoa, ma con thé hién vai tro diéu hoa phién ma truc tiép dbi véi cac gene muc tiéu
quan trong. So véi cac nghién ctu trude ddy chu yéu tap trung vao mot s gene
DREB di dugc md ta, nghién ciu ndy cung cap thém nhitng bang ching maéi vé
chirc nang cia GMDREBS, gop phan mé rong hiéu biét vé mang ludi diéu hoa dap
g stress man ¢ dau twong. Tuy nhién, dé khang dinh chic chian cac twong tic
dugc du doan tir md phong in silico, can tiép tuc tién hanh céc thi nghiem ¢ muc
phan tir nhu ChIP-gPCR hoic EMSA trong cac nghién cuu tiép theo.

3.3. VAI TRO CUA GENE MA HOA NHAN TO PHIEN MA DREB7 O CAY
PAU TUONG

Céc gene thugc phan ho DREB, ma hda yéu té phién ma thudc ho AP2/ERF ¢
kha ning kich hoat hodc diéu hoa biéu hién caa nhiéu gene muc tiéu lién quan dén dap
g stress phi sinh hoc & thuc vat [132]. O cay dau tuong, mot s6 gene thudc phan ho
nay nhu DREB1, DREB2 va DREB6 di dugc ching minh cd méi lién hé chit ché véi
co ché thich nghi trudc cac diéu kién moi truong bét loi, bao géom nhiét do thap, han
han va man [83], [89]. Viéc biéu hién qua mic gene DREB1 trong dau tuong dugc bao
céo 1a gilp nang cao kha ning chiu han, dong thoi thic day su phét trién cua hé ré

va lam cham qué trinh 130 hoa 14 & cac dong cay chuyén gene [131]. Bén canh do,
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khi cay tiép nhan tin hiéu stress tir méi trudng, hoat dong phién ma cua cac gene
DREB2 va DREBG6 dugc kich hoat, kéo theo sy gia tang ham lugng proline, qua d6
g6p phan cai thién kha ning chiu han va chiu min & ciy dau twong chuyén gene
[83], [89], [110].

Ddi voi gene GMDREB7, cé4c thi nghiém trude day cua Nhém nghién cau da
budc dau tap trung vao viéc danh gia chic ning cua gene trén cay thudc 14 mé hinh.
Cu thé, GmDREB7 di duoc phan tich vé kha ning diéu hoa biéu hién cua cac gene
RD29A va SODFe trong cay thuéc 14 chuyén gene mang GmDREB7 dudi ca diéu
Kién sinh truéng binh thudng va xt Iy stress man. Két qua cho thiy, trong diéu kién
stress man, su biéu hién qua miac GmMDREB7 dan dén uc ché phién ma cua hai gene
muc tiéu RD29A va SODFe ¢ cay thuéc 14 [84]. Trong nghién ciu nay, chic nang
cua gene GmMDREB7 dugc tiép tuc khao sat truc tiép trén ciy dau twong, trong ca
diéu kién sinh truéng binh thuong va xir ly stress man, nham lam sang to vai tro
diéu hoa phién ma cua gene nay trong diéu kién méi trudng bat loi.

3.3.1. Bién nap di truyén cau trdc mang gene GmMDREB?7 vao ciy dau twong va
tao cAy ddu twong chuyén gene
3.3.1.1. Bién nap di truyén cdu triicc mang gene GmDREB7 vao cdy ddu twong

Gene GmMDREB7 cua dau twong nam trén nhiém sic thé 20, c6 ving ma hoa
dai 624 bp, ma hda protein gém 207 amino acid, chira mién AP2 dic trung. Trinh ty
gene GmMDREB7 duoc tong hop duwa trén dir liéu trinh tu da cong bd cua dau tuong,
VG ma so truy cap trén GenBank 1a NM_001248108.2, gene duoc thiét ké gom
viing ma hoa, bo sung peptide c-myc (phuc vu phét hién protein) va tin hiéu KDEL
(dinh vi noi bao). Céc vi tri cit enzyme (Xbal, BamHI, Sacl, Xmal) duoc gan vao
hai dau dé thuan tién cho thao tic tao dong va gene duoc chén vao vector pJET1.2
[84] (Phu luc 13).

DPoan gene GMDREB?7 sau khi téng hop duoc gén vao vector biéu hién pBl1121
bang phuong phép cat - ndi sir dung enzyme giéi han. Cau tric vector tai to hop
pBI121_GmDREB7 bao gém promoter CaMV35S, ving ma hda cua gene
GMDREB7 va céc trinh ty can thiét cho qua trinh tao dong va lap rap vector (Hinh
3.15). Sau khi tao cau trlc tai t6 hop, vector pBI121 GmDREB7 duoc nhan dong
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trong vi khuan E. coli va kiém tra bang enzyme giéi han dé xac nhan su c6 mat cua
doan gene chén. Tiép theo, vector tai t6 hop duoc chuyén vao vi khuan A.
tumefaciens chung AGL1 nhim phuc vu cho qua trinh bién nap gene vao 14 mam

dau tuong.
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Hinh 3.15. So d6 cau trdc vector pBI121_GmDREB7.

LB: bién trai vung T-DNA; RB: bién phai vung T-DNA; CaMV35S: promoter 35S cua

virus kham stp lo; GmDREBT7: viing ma hoa cua gene GmDREB7; Noster: trinh ty két thic

phién m&; Hindlll va EcoRI: vi tri cit ciia cac enzyme han ché twong tng; GmDR-F: mdi

xudi; MYC-R: mdi nguoc; cap mdi GmDR-F/MYC-R duoc st dung dé khuéch dai doan

gene chuyén nap GmDREB?7.

Thi nghiém chuyén gene dugc tién hanh Iap lai ba lan, mdi lan sir dung 30
mau 14 mam. Sau khi bién nap, ca&c mau duoc nudi ciy trong diéu kién vé tring
va tién hanh chon loc trén méi trudng c¢d bé sung kanamycin. Thong qua qué
trinh chon loc va téi sinh, 18 chdi phat trién khoe manh da duoc thu nhan va
chuyén sang méi trudng cam tng ra ré. Trong sé nay, 10 cay chuyén gene thudc
thé hé TGO sinh truong 6n dinh va dugc lua chon dé chuyén ra trong trén gia thé

trong diéu kién nha ludi.
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Hinh 3.16. Hinh anh bién nap, tai sinh in vitro va tao cay dau turong chuyén gene.

A: Hat dau twong DT26; B-C: Céc la mam duoc lay nhidm boi A. tumefaciens mang
vector tai to hop pBI121_GmDREB7 trong 30 phut; D: Bong nudi ciy trong méi truong
CCM & diéu kién t6i 5 ngay; E-G: Cac 1a mam nhiém khuan dwoc nudi cdy trén méi truong
tai sinh da choi SIM; H-1: L4 mam da loai bo khoi chdi va chdi duoc nudi cay trén moi
truong kéo dai chdi SEM; K: Cac chdi chuyén gene tai sinh ré trén méi trudng RM; M:

Cay con chuyén sang chau chira hdn hop dugc trong trong nha ludi.

Déi voi nhom ddi ching, 20 mau 1a mam khong chuyén gene duoc nudi ciy
trén moi trudong khong bo sung khang sinh, két qua thu dugc 8 cy sinh sinh truong
tét, dugc chuyén ra trong trén gia thé trong diéu kién nha ludi. Bén canh do, dbi
chang am duoc thiét 1ap bang cach nudi cdy cac mau la mam khéng chuyén gene
trén moi trudng c6 bd sung khang sinh va két qua cho thay 100% cac mau 14 mam
khong hinh thanh chi.
3.3.1.2. Xdc dinh sw cé mat cia gene chuyén GmDREB7 trong hé gene ¢ cdc
cdy ddu twong dwec chuyén gene ¢ thé hé TGO

Dé kiém tra sy hién dién va hoat dong phién ma cua gene chuyén
GmDREB7 trong hé gene cua 10 cdy dau twong chuyén gene thé hé TGO, ky
thuat RT-PCR duoc thuc hién st dung cap moi dac hiéu GmDR-F/c-myc-R
(Hinh 3.17). Két qua dién di san pham RT-PCR cho thdy 9/10 cay TGO (bao gom
cac dong TGO-1, TGO0-2, TGO-3, TG0-4, TGO-5, TGO0-6, TGO-7, TGO0-9 va TGO-
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10) déu xuit hién bang DNA & vj tri twong ¢ng véi kich thudc dy kién cua san
pham khuéch dai GmDREB7 (xap xi 0,6 kb). Nguoc lai, khéng ghi nhan bing
DNA ¢ cay TGO-8 ciing nhu & cay ddi chung (WT).

M 1 2 3 45 678 9 10WIip

8 ~0.65 kb

Hinh 3.17. Hinh anh dién di kiém tra san pham RT-PCR xac nhan sy c6 mit cua
gene chuyén GmDREB?7 trong cic cdy dau tuong chuyén gene TGO.
M: thang chuan DNA 1 kb; 1-10: c4c cay chuyén gene TGO; WT (Wild-Type): cay dau
tuong khong chuyén gene; p: plasmid pBI121_GmDREB?.
Két qua nay chang minh rang cau tric mang gene GmDREB7 di duoc tich
hop thanh cong vao hé gene cua cac ciy dau tuong chuyén gene va duoc phién
ma 6n dinh & 9 dong TGO, tao co s& cho cac phan tich chirc ning tiép theo cua

gene nay trong diéu kién sinh truéng binh thudng va stress.

Theo ddi qua trinh sinh truéng va phat trién caa chin cdy TGO co két qua
RT-PCR duong tinh gene GmDREB7 cho thiy bay cay (TG0-2, TG0-3, TG0-4,
TGO-5, TG0-6, TG0-7 va TG0-10) da ra hoa va hinh thanh qua. Trong sé cac cay
nay, bén cay (TG0-2, TG0-5, TG0-7 va TG0-10) c6 kha ning tao hat, trong khi
ba cay con lai (TG0-3, TG0-4 va TG0-6) chi hinh thanh qua réng, khong chua
hat. Hat thu duoc tir bon cdy TGO c6 kha ning sinh san di dwgc nay mam va
trong trong diéu kién nha ludi, qua d6 tao ra bén dong dau twong chuyén gene
thé hé TG1 la TG1-2, TG1-5, TG1-7 va TG1-10. Céc dong TG1 duogc su dung
cho céc thi nghiém phan tich tiép theo nham danh gia tinh 6n dinh di truyén va

chtrc nang sinh hoc cia gene GmDREB?7.
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3.3.2. Phan tich c&c dong diu twong chuyén gene

3.3.2.1. Pdnh gid cdc dong chuyén gene thé hé TG1 duwdi diéu kién stress mgn

Thi nghiém xt ly stress man duoc tién hanh & cac dong dau tuwong chuyén
gene thé hé TG1 va cay dbi ching (WT) bang dung dich NaCl véi nong do ting dan
tir 150 mM dén 250 mM. Cu thé, ¢ lan tudi dau tién, mdi cay dugc xir Iy voi 50 mL
dung dich NaCl 150 mM:; hai lan tuéi tiép theo sir dung 50 mL dung dich NaCl 250
mM cho mdi cay (Hinh 3.18).

Két qua quan sat hinh thai cho thay, sau 2 ngay xt ly & lan tudi thi nhat véi
nong d6 150 mM NaCl (Hinh 3.18A), cdy WT va cac dong chuyén gene chua biéu
hién su khéac biét rd rét vé hinh thai sinh treong. Diéu nay cho thay véi nong do 150
mM NaCl chua gay anh hudng déng ké dén sinh trudng va phat trién ban dau cia ca

cay ddi chimg va cac dong dau twong chuyén gene.

Nguoc lai, ¢ 18 thi nghiém tha hai voi ndng do NaCl 250 mM (Hinh 3.18B),
cac diu hiéu anh huong bt loi cua stress man bat dau xuat hién rd rét trén ca cay
d6i chizng WT va cac dong dau tuong chuyén gene. Mirc do tac dong cua stress man
tré nén nghiém trong hon sau lan xu ly thi ba (Hinh 3.18C). O thoi diém nay, cay
WT va dong dau twong TG1-7 biéu hién dau hiéu mat nudc rd rét nhat, thé hién qua
hién tuong héo 14 va suy giam strc truong té bao, cho thay cac dong chuyén gene

con lai chiu cang thang man & mic dd cao hon so véi cady WT va dong TG1-7.
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Hinh 3.18. Hinh anh cay ddu twong chuyén gene & thé hé TG1 va ciy ddi ching
trong diéu kién tudi nuéc va xt Iy stress man.
A: Xt ly stress min bang NaCl 150mM sau 3 ngay; B: Xt ly stress man bang NaCl
250mM sau 5 ngay; C: Xu ly stress man bang NaCl 250mM sau 7 ngay; WT: Cay
khong chuyén gene; 2, 5, 7 va 10: cac dong dau tuwong chuyén gene thé hé TG1.
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3.3.2.2. Phan tich mic dé phién ma cia GmMDREB7 & dong ddu twong chuyén
gene va cdy WT sau 7 ngay trong diéu kign stress NaCl

L& cua cay dau twong WT va bon dong chuyén gene thé hé TG1 dugc thu thap
sau 7 ngay xt ly stress min, cu thé 1 2 ngay sau lan xir ly tht hai véi 50 mL dung
dich NaCl 250 mM. Mau 14 dugc sir dung dé tach RNA tong sd, tong hop cDNA va
tién hanh phan tich mac do phién ma cua gene GmDREB7 bang phwong phap qRT-
PCR, st dung cap mdi dic hiéu qRT-DREB7-F/qRT-DREBT7-R; két qua phan tich
duoc trinh bay trong Hinh 3.19.

Trong diéu kién khong xu ly stress man (Hinh 3.19A), cac dong dau tuong
chuyén gene TG1-2, TG1-5, TG1-7 va TG1-10 déu ghi nhan mic do phién ma
ciia gene GmMDREB7 cao hon so véi cay ddi chitng (WT) (p < 0,05). Két qua nay
cho thdy gene muc tiéu da dugc biéu hién 6n dinh trong cac dong chuyén gene
TG1. Khi xt ly stress man, mic do phién ma cuia GmDREB7 ¢ cac dong chuyén
gene TG1 tiép tuc gia ting dang ké so voi diéu kién khdng xt 1y, déng thoi cao
hon 1 rét so voi cdy WT (p < 0,05). Trong s6 cac dong duoc phan tich, TG1-5

va TG1-10 thé hién mac cam wng manh hon so véi cac dong con lai.
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Hinh 3.19. Biéu d6 so sanh muac do phién ma cua gene GmMDREB7 bang phuong
phap qRT-PCR ¢ cac dong dau twong chuyén gene thé hé TG1 va cay WT trong
diéu kién khong xir ly stress va xt ly stress man.

(A) Mirc do phién ma cia GmDREB7 & cac dong dau twong chuyén gene so véi cay
WT trong diéu kién khong xir ly stress va xu ly bang stress man (p <0,05); (B, C) So
sanh muc do phién ma caa GmDREB7 ¢ cac dong chuyén gene TG1-5 va TG1-10 giita
diéu kién xu ly stress man va diéu kién khéng xir Iy (p <0,05). Gene tham chiéu duoc
st dung trong phan tich qRT-PCR la Sacl (Actin); WT: Cay khong chuyén gene; TG1-
2, TG1-5, TG1-7 va TG1-10: Céc dong chuyén gene thudc thé hé TG1. Céc ky hiéu *
phia trén cac cot cua biéu d6 biéu thi sy khac biét c6 ¥ nghia théng ké & mac p <0,05.
Céac cot biéu d6 biéu thi gia tri trung binh va céc thanh trén mdi cot biéu dd biéu thi do

léch chuan (SD). Cac cham biéu thi cac mau riéng 1¢; n =3.

Hinh 3.19B va Hinh 3.19C trinh bay phan tich chi tiét su thay d6i mirc do biéu
hién GmDREB7 giira diéu kién xt ly va khdng xt ly ¢ hai dong TG1-5 va TG1-10.
Két qua cho thay, & ca hai dong, xt Iy véi NaCl 250 mM déu dan dén sy gia ting 1o
rét miac do phién ma GmDREB7 so véi dbi chung khong xu 1y. Trong o6, dong
TG1-5 thé hién mac cam ang manh hon véi mirc ting khoang 2,5 lan, trong khi

dong TG1-10 chi ghi nhan muc ting khoang 1,3 lan. Két qua nay cho thiy gene
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GMDREB7 duoc cam tng va ting cudng phién ma dudi diéu kién stress man, dong
thoi phan anh su khac biét vé mic d6 dap tng gitra cac dong chuyén gene.

3.3.2.3. Phan tich sw thay déi ham Iwong proline ¢ cac dong diu twong chuyén
gene va cdy doi ching duwdi diéu Kign stress man

Proline 12 mot amino acid c6 vai trd quan trong nhu chét diéu hoa tham thau,
tham gia duy tri &4p suat tham thau noi bao, on dinh cau tric té bao va ting kha ning
giit nudc, tir d6 gop phan nang cao kha nang chdng chiu cua thuc vat doi véi stress
man. Trén co s& vai trd sinh Iy ndy, nghién ctu tiép tuc khao sat méi lién hé giira su
biéu hién qua muc cua gene GMDREB7 va mic d6 phién ma caa gene GmP5CS,
gene ma hoa pyrroline-5-carboxylate synthase (P5CS), enzyme chu chét trong con
duong sinh tong hop proline, & cac dong dau twong chuyén gene va cay WT, dudi
ca diéu kién sinh trudng binh thudng va diéu kién stress man.

Két qua phan tich gRT-PCR trinh bay ¢ Hinh 3.20 cho thay sy khac biét vé mirc do
phién ma caa gene GmP5CS giita cac dong dau tuong chuyén gene thé hé TG1 va cay
WT. Trong diéu kién khong xir ly stress (Biéu do 3.20A), mic phién mi cua gene
GMPS5CS & céc dong TG1-2, TG1-5, TG1-7 va TG1-10 khdng c6 su khéc biét, co ¥ nghia
thdng ké so vai cdy WT. Tuy nhién, khi xir Iy vai stress man, tat ca cac dong chuyén gene
déu thé hién su gia ting mtrc do phién ma cia GmP5CS so véi cady WT (p < 0,05).

Két qua phan tich & Hinh 3.20B va 3.20C cho thiy, ¢ ca hai dong TG1-5 va
TG1-10, mirc 46 phién ma cua gene GmP5CS déu tang khi xir Iy mudi so véi doi
chang khdng xu ly. Cu thé, ¢ dong TG1-5, mic phién mai ting tir khoang 1,0 1én
gan 1,7 lan, trong khi & dong TG1-10 tang tir khoang 1,0 1én x4p xi 1,3 lan (p <
0,05). Sy gia ting nay cho thdy gene GmMDREB7 dong vai trd diéu hoa tich cuc, gop
phan kich hoat biéu hién gene GmP5CS, qua d6 thuc day qua trinh tong hop proline

va ting cudng kha ning dap tng cua cdy dau twong ddi véi stress man.
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Hinh 3.20. Biéu db so sanh mic do phién ma gene GmP5CS ¢ bén dong dau tuong
chuyén gene thé hé TG1 va cdy WT bang phuong phap qRT-PCR.

(A) Muc do phién ma cia GmP5CS ¢ cac dong chuyén gene so véi cay WT trong diéu
kién khong xu ly stress va xir ly stress man (p <0,05); (B, C) Mac d6 phién ma cua
GmP5CS & cac dong chuyén gene TG1-5 va TG1-10 gitra diéu kién xir ly stress mudi
va diéu kién khong xu ly (p <0,05). Gene tham chiéu dwoc st dung trong phan tich
gRT-PCR la SAcl (Actin); WT: Cay khong chuyén gene; TG1-2, TG1-5, TG1-7 va
TG1-10: Céc dong chuyén gene thudc thé hé TG1. Céac ky hiéu * phia trén cac cot
biéu d6 biéu thi sy khac biét c6 ¥ nghia théng ké & mic p <0,05. Cac cot biéu do biéu
thi gia tri trung binh, va cac thanh trén cot biéu do biéu thi d6 léch chuan (SD). Céc

cham biéu thi cac mau riéng I¢; n =3.
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Két qua phan tich ham luong proline & diéu kién xu ly stress man, cac dong dau
twong chuyén gene GmDREB7 va cdy WT déu ghi nhan su gia ting ham luong proline
s0 vai diéu kién khong xt 1y, véi mie ting dao dong tir 135,29 - 211,35% (Hinh 3.21).
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Hinh 3.21. Biéu dd so sanh ham lugng proline cua cac dong dau twong chuyén gene
thé hé TG1 véi cay WT.

(A) Ham luong proline cua cac dong chuyén gene so véi cay WT trong diéu kién
khong xtr ly va xir ly stress man (p <0,05); (B, C) Ham lugng proline trong cac
dong chuyén gene TG1-5 va TG1-10 & diéu kién xt ly stress man va diéu kién
khong xir ly (p <0,05). WT: Cay kiéu hoang d&, khdng chuyén gene; TG1-2, TG1-5,
TG1-7 va TG1-10: Cac dong chuyén gene thuoc thé hé TG1. Cac ky hiéu * phia
trén cac cot cua biéu d6 biéu thi sy khac biét co ¥ nghia thong ké & mirc p <0,05.
CAac cot biéu dd biéu thi gia tri trung binh, va cac thanh trén cot biéu thi do léch
chuan hinh hoc (SD). Cac chdm biéu thi cac mAu riéng Ié; n =3.
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Mtc d6 tich liy proline ¢ cac dong chuyén gene cao hon rd rét so véi cay
WT; trong mét sé truong hop, mirc ting dat téi 267,03% (Hinh 3.21B, 3.21C).
Trong sb cac dong duoc khao sat, TG1-5 va TG1-10 thé hién ham luong proline
cao nhat khi xi Iy man, lan luot dat 7,37 + 0,05 pmol/g va 6,89 + 0,09 umol/g,
véi su khac biét c6 y nghia théng ké (p < 0,05). Cac Hinh 3.21B va 3.21C thé
hién rd su chénh léch vé ham lugng proline giira diéu kién xt Iy va khong xu ly
stress min & hai dong TG1-5 va TG1-10, trong d6 ca hai dong déu cho thiy sy
gia tang dang ké luong proline khi chiu stress man.

Nhitng két qua nay cho thay rang su biéu hién qua muc cua gene GmDREB7
da diéu hoa gene GmP5CS tang biéu hién enzyme P5CS, thic dy qua trinh tich lity
proline duéi diéu kién stress man, qua d6 gop phan nang cao kha ning thich nghi va
chiu stress man cia cac dong dau twong chuyén gene so Véi cay doi ching.

3.3.3. Phan tich docking phan tir (in silico) giira mién AP2 cia protein DREB7
va vung promoter caa gene GmP5CS

Nham Iam rd kha ning twong tac phan tir gitra mién AP2 cua protein DREB7
va vling promoter cua gene GmP5CS, nghién ctru di tién hanh phan tich docking
phan tir. Mién AP2 cua protein DREB7 c6 chiéu dai 59 amino acid, trong d6 11
amino acid bao ton cao duoc xac dinh 1a cé4c vi tri tham gia truc tiép vao lién két
véi DNA va quyét dinh tinh dac hiéu caa qua trinh nhan dién trinh ty dich. Phan
tich viing promoter cua gene GmP5CS cho thay su hién dién caa nhiéu motif diéu
hoa cis quan trong, bao gdm DRE/CRT, ABRE va GT-1 nhiing yéu t6 da duoc
chang minh c6 lién quan mat thiét dén co ché diéu hoa dap tng cua thuc vat trudc
cac stress phi sinh hoc, dac biét la stress han va man (Bang 2.2). Cac motif nay
duoc xem 14 c4c vi tri tiém nang cho sy gan két cia cac nhan to phién ma thuoc
phan ho DREB. M6 hinh du doan tuong tac giita mién AP2 cua protein DREB7 va
viing promoter cia gene GmP5CS duoc trinh bay ¢ Hinh 3.22, qua dé cung cap
bang chang tin sinh hoc hd tro cho gia thuyét ring DREB7 c6 thé tryc tiép tham
gia diéu hoa phién ma gene GmP5CS théng qua su nhan dién va lién két véi cac

motif cis dac hiéu trong vung promoter.
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Cac lién két hydrogen (H) dong vai tro then chét trong viéc quyét dinh ai luc
lien két va tinh dac hiéu cua twong tac gitra mién AP2 va DNA. Nhu thé hién ¢
Hinh 3.22B, c4c amino acid tham gia truc tiép vao lién két DNA trong mién AP2
cua protein DREB7, bao gom Arg2, Gly3, Arg5, Arg7, Trp9, Lys11, Glul5, Argl7,
Arg24, Trp26 va Thr29 da hinh thanh cac lién két H véi cac nucleotide thudc ving
promoter caa gene GmP5CS. Céc nucleotide ndy nam trong cac mé tip diéu hoa cis,
chu yéu la DRE/CRT va GT-1, bao gdbm DG10, DC11, DC12, DG13, DC14, DT16 va
DG17. Nhitng twong tac niy cho thiy mién AP2 cia DREB7 c6 kha niang nhan dién va

gan két ddc hiéu véi cc trinh tu promoter cua gene GmP5CS.

(A) (B)
Hinh 3.22. M6 hinh tuong tac phén tir va cac tuong tac lién két hydrogen giita mién
AP2 véi DNA dich (vung promoter GmP5CS).
(A) Mo hinh tuong tac duoc xép hang cao nhét dwa trén diém HADDOCK cho thiy cac

motif duoc bao ton cia AP2 twong tac voi DNA. (B) Mang ludi lién két H giira cac vi
tri amino acid cua vung AP2 va cac ranh chinh va rénh phu cia DNA dich. Cac vung
X0in a va tim P cua AP2 duoc hién thi lan lugt bang mau xanh dam va xanh nhat,

chudi xoin kép DNA dugc td mau cam.

Céc gia tri vé docking phan tir duoc trinh bay trong Bang 3.4. Gi4 tri ning
luong lién két trung binh am Ién (-83,8 + 6,2 kcal/mol) phan &nh &i luc lién két manh
gitta mién AP2 cua protein DREB7 va ving promoter cia gene GmP5CS. D¢ léch
chuan tuong d6i nho ( -6,2 kcal/mol) cho thay tinh 6n dinh cao cua ning luong lién
két giita cac cAu hinh docking duoc dy doan. Bén canh d6, ning lwong Van der
Waals dat gia tri -35,5 + 9,6 kcal/mol, cho thay cac tuong tac khong cong hoa tri
thuan lgi, gop phan dang ké vao do bén caa phirc hop protein - DNA.
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Bang 3.4. Cac gia tri docking phan tir caa phac hop AP2 - GmP5CS

Céac gia tri docking AP2-GmP5CS
Nang luong lién két (kcal/mol) -83,8+-6,2
RMSD (A) 6,0+0,1
Nang lugng Van der Waals (kcal/mol) -35,5+9,6
Nang lugng tinh dién (kcal/mol) -331,6 £-24,4
Nang lugng loai bé dung mai (kcal/mol) 11,2+1,0
Ning luong vi pham han ché (kcal/mol) 68,1 + 25,9
Dién tich bé mit bi che lap (A2) 1267,2+ 71,6
Diém Z -2,2

Ngoai ra, dién tich bé mat bi che lap 16n (1267,2 + 71,6 A2) phan anh muc do
tiép xuc dang ké giita mién AP2 va DNA, qua d6 hd tro cho su gan két bén viing va
6n dinh cua phtc hop. Gia tri do Iéch binh phuong géc (RMSD) dat 6,0 + 0,1 A,
cho thay céc cdu hinh docking thu dwoc nam gan trang thai c6 ning luong thap
nhat, dong thoi d6 léch chuan rat nho (= 0,1 A) phan anh do nhat quan cao vé cau
trdc gita cac mo hinh du doan. Thém vao dé, Piém Z &m (-2,2) cho thay ning
luogng lién két cua phiac hop AP2 - DNA thap hon dang ké so véi cac md hinh
tuong tac ngau nhién, qua d6 cing cd ¥ nghia thdng ké va tinh dic hiéu sinh hoc
cua tuong tac dugc dy doan. Két qua phan tich docking phan ta in silico cho thay
mién AP2 cua protein DREB7 c6 kha ning lién két dic hiéu va 6n dinh véi ving
promoter cua gene GmP5CS, hd trg cho vai tro diéu hoa truc tiép cua DREB7 di
véi gene GmPSCS trong dap wng stress man & cay dau tuong.

3.3.4. Panh gia c4c dong dau twong chuyén gene trién vong
3.3.4.1. Phén tich khd nang chiu han va chiu mgn cua cac dong ddu twong
chuyén gene thé h¢ TG1

Két qua danh gia kha niang chiu han va chiu man cua cac dong dau tuong

chuyén gene thé hé TG1 so véi cdy WT dugc trinh bay chi tiét trong Bang 3.5.
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Tat ca cac dong chuyén gene duoc khao sat (TG1-2, TG1-5, TG1-7 va TG1-
10) déu thé hién kha ning thich nghi tot hon duéi diéu kién stress man va han so Véi
cdy WT. Su khac biét nay duoc thé hién théng qua ty 16 cay héo, ty 1& cay chét, ham
lwong proline tich lity, ciing nhu chi s6 chiu han va chiu mén twong dbi.

Duéi diéu kién stress han, sau 05 ngay xu ly, cdy WT ghi nhan ty 18 cay héo
va cy chét lan luot 14 25 va 5%. Nguoc lai, cac dong chuyén gene chi ghi nhan ty
1& cay héo dao dong tir 5 - 20% va ty 18 cay chét tir O - 5%, thap hon rd rét so Véi
cdy WT. Dang chu y, hai dong TG1-5 va TG1-10 khdng ghi nhan cay chét tai thoi
diém nay. Khi thoi gian xir 1y kéo dai dén 09 ngay, muc do ton thuong & cay WT
tiép tuc gia ting, vdi 45% cay héo va 25% cay chét. Trong khi d6, cac dong chuyén
gene van duy tri ty 1é cay chét & mac thap hon, trong d6 dong TG1-5 cé ty Ié cay
chét thap nhat (10%), tiép theo la dong TG1-2 va dong TG1-10 (mdi dong 15%),
cho thay kha nang duy tri sinh truéng va séng sot tét hon trong diéu kién thiéu nudc
kéo dai.

Xu hudng twong tu ciing dugc ghi nhan dudi diéu kién stress man. Sau 09
ngay xir ly, cdy WT ghi nhan 35% cay héo va 25% cay chét, trong khi cac dong
chuyén gene chi ghi nhan ty 1& cay chét dao dong tir 15 - 20%. Pac biét, hai dong TG1-
5 va TG1-10 tiép tuc thé hién uwu thé rd rét, véi ty 18 cly chét chi & mic 15%, thip hon
dang ké so vai cdy WT. Nhiing két qua nay phan anh kha nang thich ung va chdng
chiu tét hon cuia cac dong dau trong chuyén gene trudc diéu kién stress man.

Song song Véi cac chi tiéu hinh thai, ham luong proline, mét chi thi sinh hoa
quan trong lién quan truc tiép dén co ché chdng chiu stress, ting rd rét ¢ cac dong dau
tuong chuyén gene so v6i cdy WT. Trong diéu kién sinh truéng binh thudng, ham
lugng proline ¢ cac dong TG1 cao hon cay WT. Khi cay dugc xt ly stress han
va man, dic biét sau 09 ngay xir 1y, muc d6 tich lity proline ¢ cac dong chuyén
gene ting manh, trong d6 TG1-5 va TG1-10 dat gié tri cao nhit, dao dong trong
khoang tir 5,86 - 7,37 umol/g, vuot troi so véi cdy WT (2,76 pmol/g). Két qua
nay cho thay gene GmDREB7 c6 vai trd thic ddy quéa trinh tich lily proline, qua
d6 gop phan bao vé cau tric té bao va duy tri can bang tham thau ndi bao trong

diéu kién stress.
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Bang 3.5. So sanh kha ning chiu han, chiu min caa cac dong chuyén gene va WT

Lo | Tile Lo | Tile | Tile | Tile
Til¢ . Til¢ . . . i a2
ca ca Cca ca am am P
cay Y cay Y ,y Y . Chi so
. ) chet , chet | héo | chet | Ham lwong | lwong .
WTva | héo héo ) ) chiu
) sau sau | sau | sau | lwgng |proline | proline
cac | saub sau 7 e han,
R . 5 R 7 9 9 prolineé¢ | sau5b sau 9 .
dong | ngay .., | hgay \ \ s, brsAo aa s o lono .| chiu
2 > |ngay | " ° | ngay | ngay | ngay diéu kién ngay xi ngay xiwr li .
chuyén | xu li | xe i o N . X man
xur li xwli | xili | xwli |thwong |li han, han,
gene han, han, B . twong
.| han, | ° " | han, | han, | han, (umol/g) | min min 5.
man . man . . . V) |( g) doi
man man | man | man mo mo
n=10 4 n=10 4 4 4 H g9) (M g
n=10 n=10 | n=10 | n=10
Kha nang chiu han

WT 0,25 | 0,06 | 0,35 | 0,15 | 0,45 | 0,25 2,04 2,15 2,76 3,797

TG1-2 | 0,45 | 0,05 | 0,25 | 0,05 | 0,20 | 0,15 2,28 2,88 3,43 5,606

TG1-5 | 0,05 0 0,15 0 0,30 | 0,10 2,76 4,15 5,86 11,717

TG1-7 | 0,20 | 0,05 | 0,30 | 0,10 | 0,40 | 0,20 3,25 3,55 4,16 9,022

TG1-10 | 0,10 0 0,20 | 0,10 | 0,35 | 0,15 3,64 5,72 5,87 17,919

Kha nang chiu man

WT 0,20 | 0,45 | 0,30 | 0,15 | 0,35 | 0,25 2,04 2,15 2,76 3,752

TG1-2 | 0,45 | 0,10 | 0,20 | 0,10 | 0,30 | 0,15 2,28 2,32 3,76 4,838

TG1-5 | 0,10 | 0,05 | 0,15 | 0,10 | 0,20 | 0,15 2,76 6,32 7,37 | 20,992

TG1-7 | 0,45 | 0,10 | 0,25 | 0,15 | 0,30 | 0,20 3,25 3,34 3,83 8,067

TG1-10 | 0,10 | 0,15 | 0,20 | 0,15 | 0,25 | 0,15 3,64 5,26 6,88 18,260

Ghi chl: Pon vi tinh ty 1é cay héo va ty 1é cay chét duroc biéu dién bang sé thap phan

Két qua tdng hop cac chi tiéu sinh ly va hinh thai, bao gém ty Ié cay héo, ty 1¢
cay chét va ham luong proline tai cac thoi diém 5, 7 va 9 ngay sau xtr ly stress cho
thiy cac dong ddu twong chuyén gene thé hé TG1 déu c6 chi sé chiu han va chiu
man tuong ddi cao hon so voi cay doi chung WT. Cu thé, chi s6 chiu han cua cac
dong chuyén gene ting tir 1,48 - 4,72 lan, trong khi chi sé chiu man tang tir 1,29 -
4,87 1an so véi WT. Trong s6 cac dong dugc khao séat, dong TG1-10 thé hién kha

nang chdng chiu ndi bat nhat véi chi sé chiu han va chiu man lan luot dat 17,919 va
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18,260. Dong TG1-5 ciing cho két qua cao, véi gia tri twong ung dat 11,717 va
20,992. Nguoc lai, dong TG1-2 c6 chi sé chdng chiu thip nhét trong nhém chuyén
gene, mac du van vuot cdy WT.

Két qua nay cho thay sy biéu hién ting cuong cua gene GmDREB7 di gop
phan nang cao kha ning chiu han va chiu man cua cac dong dau twong chuyén gene.
Trong d6, hai dong TG1-5 va TG1-10 thé hién tiém ning ndi bat, 12 nhitng &ng vién
trién vong dé tiép tuc nghién ciu chuyén sau va khai thac trong chuong trinh chon
giong dau tuong chiu stress phi sinh hoc.
3.3.4.2. Ddc diém hinh thai va hoa sinh hat cia hat ¢ mét sé dong ddu twong
chuyén gene thé hg TG1

Két qua phan tich cac chi tiéu hinh thai, sinh hoa va sinh Iy cia cac dong dau
tuong chuyén gene GmDREB7 (Bang 3.6 va Hinh 3.23) cho thay, cac dong chuyén
gene khong xuét hién sy sai khac dang ké vé dic diém sinh truong va chét luong hat
so véi cdy WT. Viéc chuyén gene khong gay anh huong bat loi dén cac dic tinh
ndng sinh hoc co ban cua cay dau tuong.

Vé mat hinh théi, chiéu cao cdy caa cac dong chuyén gene dao dong trong
khoang tir 28,20 - 30,70 cm, thap hon so v&i cdy WT (32,30 cm). Tuy nhién, mirc
chénh léch nay khong I6n va khong 1am thay doi dang ké kiéu hinh sinh truong cua
cay. Doi véi chi tiéu s6 qua chac/cay, cac dong TG1-2, TG1-5 va TG1-7 khong ghi
nhan sy khac biét c6 y nghia so vai cdy WT, trong khi dong TG1-10 dat gié tri cao
nhét (29,00 qua/cay), cao hon so véi cdy WT (26,40 qua/cay; p < 0,05).

V& chi tiéu nang suat hat, khéi luong 100 hat cua cac dong chuyén gene dao
dong trong khoang tir 14,33 - 15,66 g va khong khac biét so véi cady WT. Két qua
nay cho thay qué trinh chuyén gene khong anh huéng dén kich thudc va khéi luong
hat, qua d6 khang dinh tinh 6n dinh vé mat ndng hoc cua cac dong dau tuong

chuyén gene mang gene GmDREB?7.
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Hinh 3.23. Biéu d6 so sanh mot sé dic diém hinh thai va hoa sinh cua cac dong dau

Cay WT va cac dong chuyén gene

tuong chuyén gene va cdy WT.
(A) Chiéu cao cay (cm), n =10; (B) Sb qua/cay, n =10; (C) Khdi lugng 100 hat, n
=3; (D) Ham luong protein (% khdi luong kho) va lipid (% Khéi luong khd), n =3.

Vé thanh phan héa sinh cua hat, két qua phan tich cho thay ham lwong protein
va lipid & hau hét cac dong ddu twong chuyén gene khong khac biét so véi cay WT
(p > 0,05), phan &nh sy 6n dinh vé chét luong hat sau qua trinh chuyén gene. Pang
chd y, dong TG1-10 c6 ham luong protein cao nhit (36,28%), cao hon so véi cay
WT (34,38%), trong khi ham luong lipid ¢ cac dong chuyén gene nhin chung khong
c6 thay ddi dang ké, ngoai trir dong TG1-2 c¢6 xu huéng ting nhe.
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Nguoc lai, su khéc biét rd rét gitra cac dong chuyén gene va cay WT duoc thé
hién & cac chi tiéu sinh 1y lién quan dén dap ung stress. Cu thé, ham luong proline &
tat ca cac dong chuyén gene déu cao hon cdy WT dudi ca diéu kién stress han va
stress man, v&i mue tang dac biét ro rét ¢ hai dong TG1-5 va TG1-10. Sau 09 ngay
Xt ly stress han, ham lugng proline ¢ dong TG1-10 dat 5,87 pmol/g, cao hon hon
hai 14n so véi cdy WT (2,76 pmol/g). Xu huéng tuong ty ciing duoc ghi nhan duéi
diéu kién stress man, voi gié tri cao nhat & dong TG1-5 (7,37 umol/g) va dong TG1-

10 (6,88 umol/g).
Bang 3.6. Dic diém cia mot s6 dong dau twong chuyén gene GmDREB7
Pic diém WT | TG1-2 | TG15 | TG1-7 | TG1-10
Chiéu cao cay; n=10 32,30° | 28,20° | 29,70% 28,702 30,70
S6 qua chéc/cay; n=10 26,40° | 23,50° | 26,30 24,30 29,00°

Khdi luong 100 hat (g); =3 | 14,33 | 1500° | 1433% | 14,33 15,66

Ham luong protein (%); n=3 | 34,38% | 34,128 | 35,24 34,432 36,28"°

Ham lugng lipid; n=3 21,98 | 24,55° 21,452 21,932 20,612

Ham luong proline sau 5 ngay

2,15 2,88° 4,15 3,55° 5,72
stress han (umol/g); n=3
Ham luong proline sau 9 ngay
2,762 3,43° 5,86¢ 4,16° 5,87¢
stress han (umol/g); n=3
Ham luong proline sau 5 ngay
2,152 2,322 6,32¢ 3,34° 5,26°
stress man (umol/g); n=3
Ham lugng proline sau 9 ngay
2,76 3,76 7,37¢ 3,83° 6,88°

stress man (umol/g) n=3

Chi s6 chiu han twong dbi 3,797 5,606 11,717 9,022 17,919

Chi 6 chiu man twong d6i | 3,752 | 4,838 | 20,992 8,067 18,260

Ghi chi: Céac chi cai khac nhau trong ciing mgt dong biéu th; si khac biét ¢ ¥ nghia

thong ké véi p < 0,05.

Su gia tang tich liy proline & cac dong chuyén gene tuong tng Véi su cai thién
rd rét cac chi s6 chiu han va chiu man tuong ddi. Trong d6, dong TG1-10 thé hién
kha ning thich nghi vuot troi nhat, véi chi s6 chiu han va chiu man lan luot dat

17,919 va 18,260, cao hon dang ké so véi cdy WT. Dong TG1-5 ciing cho thay tiém
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nang ndi bat, vai chi s6 chiu han dat 11,717 va chi s6 chiu man dat 20,992. Céc
dong TG1-2 va TG1-7 c6 muc cai thién trung binh, trong khi cdy WT ludn ghi nhan
gia tri thdp nhat & hau hét cac chi tiéu lién quan dén dap ng stress.

Két qua nghién ctu cho thiy cac dong dau tuong chuyén gene thé hé TG1 van
duy tri 6n dinh cac dic diém hinh thai, ning suat va thanh phan héa sinh cua hat,
chang to gene chuyén da dugc di truyén va biéu hién tuong dbi 6n dinh ¢ thé hé dau
sau bién nap. Piéu nay c6 y nghia quan trong trong chon tao gidng, béi mét cau tric
chuyén gene hiéu qua khong chi gitip ting cuong kha niang chdng chiu stress phi
sinh hoc ma con can dam bao duy tri cac dic tinh ndng hoc va chat lwong hat cua
giong. Két qua thu duoc phd hop véi nhiéu nghién ctu trude diy vé dau tuong
chuyén gene mang cac gene thuoc phan ho DREB. Chang han, khi chuyén gene
GMDREBS6 vao giéng dau twong PT22, cic ciy chuyén gene TO sinh truong binh
thudng trong diéu kién nha ludi va khdng ghi nhan céc bién ddi bat thuong vé hinh
thai [83]. Tuong tu, trong nghién ctu hién tai, cdc dong TG1 mang gene GmDREB7
van duy tri 6n dinh cac chi tiéu ndng hoc quan trong nhu chiéu cao cay, sé qua
chac/cay va khéi lugng 100 hat so véi cay dbi chitng WT. Nhiing két qua nay cho
thiy viéc biéu hién gene GmDREB7 ¢ tiém ning cai thién kha niang chéng chiu
stress man ma khong gy tac dong bat loi dang ké dén cac diac diém néng hoc co
ban cua cay dau tuong.

Nhu vay, viéc chuyén gene GmDREB7 khong gay bién doi bat loi vé hinh théi,
nang suat va chat luong hat cia cay dau tuong, dong thoi gop phan nang cao dang
ké kha nang thich nghi sinh 1y cta cdy dudi diéu kién stress han va man thong qua
co ché tich lity proline. Trong sb cac dong dugc khao sat, TG1-10 va TG1-5 dugc
danh gia 13 hai dong trién vong nhat, phi hop cho cac nghién cuu tiép theo vé kha
nang chong chiu stress, tinh 6n dinh di truyén va tiém nang tng dung trong chon tao
gidng dau trong chiu han va chiu man.

3.3.5. Thao luan két qua

O cay ddu twong, nhiéu gene nhu GmMDREB1, GmDREB2 va GmDREB6 di
dugc xac dinh tham gia tich cuc vao co ché dap tng véi stress lanh, han va man
thong qua diéu hoa biéu hién cac gene cam ng stress. Tuy nhién, chirc ning sinh

hoc cia GmDREB7 van chwa duoc 1am sang t6 mot cach day du. Cac nghién cau
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trén cay thudc 1a chuyén gene cho thiy viéc biéu hién qua mec GmDREB7 trong
diéu kién man cé thé 1am giam muac phién ma caa cac gene dap tng stress nhu
RD29A va SODFe [84], cho thdy kha ning diéu hoa &m va sy phu thudc vao boi
canh sinh ly cua hé thdng nghién ctu. Do d6, viéc phan tich chirc ning cua
GMDREB?7 truc tiép trén ciy dau twong la can thiét nham 1am rd co ché diéu hoa va
danh gia chinh x4c tiém ning ¢ng dung cua gene GmMDREB?7 trong cai thién tinh
chdng chiu stress.

Trong nghién ctu nay, GmDREB7 duoc khao sat ¢ cac dong dau tuong
chuyén gene trong diéu kién sinh truong binh thuong va stress man (NaCl 250
mM). Két qua phan tich gRT-PCR cho thdy mic phién ma cia GmDREB7 ting rd
rét & cac dong chuyén gene so véi cdy WT khi xir ly man, dac biét hai dong TG1-5
va TG1-10, véi su khéc biét c6 v nghia thong ké (P < 0,05). Xu huéng nay phu hop
VGi cac bao cdo trudc ddy vé sy cam ung manh cua cidc gene GmDREB2 va
GmDREB6 duéi diéu kién stress han va man [83], [89], [110] ddng thoi cho thay
GmDREBY7 ciing 1a mét thanh vién tham gia tich cuc vao mang ludi dap (ng stress
¢ dau tuong.

Mot trong nhiing co ché sinh ly quan trong gidp thuc vat thich nghi véi stress
man 14 sy tich lity proline, mot hop chat vira dong vai tro diéu hoa tham thau vira
tham gia bao vé té bao trudc stress oxy héa. Enzyme P5CS gitr vai trd then chét
trong con duong sinh tong hop proline va thuong duoc hoat hda manh dudi diéu
kién stress [69], [118]. Két qua nghién ctru cho thay mirc phién ma cia GmP5CS &
hai dong TG1-5 va TG1-10 ting dang ké khi xir Iy man, cao hon cay WT tur
135,29 - 211,35% (P < 0,05). Su gia ting biéu hién nay twong (rng véi ham lwong
proline tich lily trong té bao, von cao hon cay WT tir 136,59 - 267,03%. Nhiing dir
lidu nay cho thidy GmDREB7 ¢4 lién quan mat thiét dén viéc kich hoat con duong
sinh tong hop proline, qua d6 gép phan nang cao kha nang chiu man cia cay dau
twong chuyén gene. Két qua thu dugc phd hop véi nhiéu nghién ctu trude day
trén cac loai cay trong khac nhu khoai tiy, dau c6 ve va ddu tuong, trong dé su gia
tang biéu hién P5CS thuong di kém véi tich lily proline va cai thién kha ning

chdng chiu stress [5], [19], [83], [89]. Tuy nhién, diém méi quan trong cua nghién
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ctru nay la viéc 1am rd vai tro diéu hoa cuia GmDREB7 truc tiép trén cay dau
twong. Sy gia ting déng thoi mac phién md GmDREB7, GmP5CS va ham lwong
proline goi y mdi quan hé diéu hoa truc tiép gitta nhan té phién ma nay va gene
muc tiéu trong con dudng sinh tong hop proline.

Vé mat co ché, GmDREB?7 ¢6 kha ning nhan dién va gan két véi cac motif cis
nhue GCC va GT-1 trong ving promoter cia GmP5CS. Mién AP2 cua protein
GMDREB7 chua trinh ty gidu cac amino acid mang dién tich dwong (dién hinh la
RGRRSKERRWT), giau arginine va lysine, vén dugc xem l1a yéu té quyét dinh kha
ning tuong tac voi DNA caa nhiéu protein thuoc ho ERF. Mic du cac DREB
thuong nhan dién motif DRE/CRT nhung ngay cang cd nhiéu bang ching cho thay
chung ciing c6 thé twong tac vai motif GCC, dac biét trong promoter ciia cac gene
cam urng stress ¢ cay ho dau.

Phan tich docking phan tu in silico trong nghién ctru nay da cing c6 gia thuyét
trén khi cho thiy cac amino acid dic trung cua mién AP2 (Arg2, Gly3, Arg5, Arg7,
Trp9, Lysll, Glul5, Argl7, Arg24, Trp26 va Thr29) c6 kha nang hinh thanh cac
lien két H 6n dinh véi cac yéu td cis nhu GT-1, GCC va ACGTG ¢ ving cudi
promoter GmP5CS. Cac két qua md phong nay phu hop chat ché voi dir liéu thuc
nghiém vé sy ting cudng biéu hién GmP5CS va tich lily proline ¢ cac dong mang
GMDREB?7, qua d6 cung cap co s& phan tir giai thich cho kha niang chiu man tét hon
& cac dong chuyeén gene.

Céc két qua vé biéu hién gene, sinh ly, sinh hoa va docking phan tir cho thay
GMDREB7 déng vai trd nhu mot nhan td phién ma diéu hoa duong con dudng sinh
t6ng hop proline théng qua kich hoat GmP5CS, g6p phan duy tri can bang nuéc noi
bao va ting cuong kha niang chiu han, chiu man cua ciy dau tuong. Sy théng nhat
gitta dir liéu thuc nghiém va phan tich in silico khang dinh tiém ning ndi bat cua
cac dong TG1-5 va TG1-10 nhu nhitng Gng Vién trién vong cho céc chién lugc cai
tién gidng dau twong bang céng nghé chuyén gene hoic chon giéng phan ti. Tuy
nhién, dé khang dinh chic chin co ché diéu hoa tryc tiép cia GmDREB7, can tiép
tuc trién khai céc thi nghiém xac minh & mac phan tir nhu ChIP-gPCR hoic EMSA

trong c4c nghién ctu tiép theo.
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KET LUAN VA PE NGHI

1. Két luan

1.1. Pa lam rd mdi quan hé tién hoa cia ho gene AP2, phan ho gene DREB va dic
diém mién AP2 cua A.thaliana va dau tuong. Xac dinh 18 gene DREB ¢ dau twong
va 12 gene & A.thaliana. Trén co s& phan tich phat sinh chung loai va cau trac mién
AP2, GMDREB5, GmMDREB7 thugc 2 nhanh tién héa khac nhau dugc lya chon dé
nghién ctiu chire ning gene lién quan dén dap tng stress.

1.2. Gene GmMDREBS5 duoc chitng minh c6 kha nang lién két véi céc trinh tu cis
trong ving promoter va tham gia didu hoa biéu hién cua cac gene lién quan dén
stress nhu NtP5CS va NtSODFe. Sy biéu hién ctua gene ndy gép phan nang cao
kha ning chiu han va man & cay chuyén gene. Khang dinh vai tro diéu hoa cua
GmDREBS trong dap trng stress.

1.3. Gene GmDREB7 doéng vai tro quan trong trong viéc tang cuong kha nang chiu
han va min théng qua viéc kich thich biéu hién GmP5CS va tich lity proline. Céc
dong dau twong chuyén gene thé hién kha niang chéng chiu vuot troi so véi ddi
ching, dac biét 1a cac dong TG1-5 va TG1-10. Két qua nay khang dinh tiém ning
ing dung cuia GmMDREB?7 trong chon tao giéng dau twong thich (ng véi diéu kién
bt loi.

2. Pé nghi

Tiép tuc nghién ciru vai trd caa gene GmDREBS trong viéc nang cao kha ning
chiu han va chiu man & dau tuong.

Tiép tuc danh gia hai dong dau twong TG1-5 va TG1-10 & cac thé hé tiép theo
nham chon loc dong chuyén gene c6 kha niang chdng chiu tét, phuc vu 1am ngudn
vt liéu cho cdng tac chon gibng.

C6 thé khai thac va ung dung cac vector pFGC_GmDREB5 va
pBI121 DREB?7 trong chuong trinh cai thién kha nang chiu han va chiu man cua

dau tuong ndi riéng va cay ho dau noi chung.
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PHU LUC
Phu luc 1 (PL1). Trinh tu gene GmDREBS trén GenBank

Glycine max cv. Xanhtiendai partial mMRNA for drought responsive element
binding protein 5 (DREBS5 gene)

GenBank: FR822737.1
FASTA Graphics

Goto: @)

LOCus FR822737 924 bp mRNA linear PLN 25-JUL-2016

DEFINITION Glycine max cv. Xanhtiendai partial mRNA for drought responsive
element binding protein 5 (DREBS gene).

ACCESSION FR822737

VERSION FR822737.1
KEYWORDS &
SOURCE Glycine max (soybean)

ORGANISM Glycine max
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliopsida; eudicotyledons; Gunneridae;
Pentapetalae; rosids; fabids; Fabales; Fabaceae; Papilionoideae; 50
kb inversion clade; NPAAA clade; indigoferoid/millettioid clade;
Phaseoleae; Glycine; Glycine subgen. Soja.
REFERENCE 1
AUTHORS  Chu,M.H., Nguyen,T.V.T., Nguyen,H.H., Nguyen,N.T.B. and Chu,L.H.
TITLE Characterization of DREBS gene isolated from Xanhtiendai soybean
cultivar, Viet Nam
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 924)
AUTHORS  Thanh,N.V.
TITLE Direct Submission
JOURNAL  Submitted (12-FEB-2011) Thanh N.V., Genetics, ThaiNguyen
University, Thainguyen City, 84, VIET NAM

igene <1..924
/gene="dreb5"
s <1..924
/gene="dreb5"
/codon_start=1
/product="drought responsive element binding protein 5"
/protein_id="(CB741765.1"
/translation="MQFPHQFGTTTNSPFPHPSFQNQQHQMISFGSSQQHNNLAYPPI
TARDSSSLVHHHHQQQQQHQQQLLQYWSGALNLSPRGMLTRLGPDGRPLFSPPTQRIN
TTKLYRGVRQRHWGKWVAEIRLPRNRTRLWLGTFDTAEDAAMAYDREAFKQRGENARL
NFPELFFNKDKKEQGEEEASSPVLSATIAKQNEPPPAHHRDVTIEESNENDSGDATVSD
EVHAPAATASSEGVSQELVWGEMSAWFNATPAAWGPGSPMWDDLDATNNLLCQSHIPF
SNPNQQQFNDADDAQRQEQNTGPGYLWKDQD"
ORIGIN
1
61
121
181
241
301
361
421
481
EXaWtcgccggttc tttcggectat tgcaaagcag aatgaacctc ctcctgccca ccaccgtgac
601
661
721
781
841
901
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Phu luc 2 (PL2) Trinh tw amino acid cua protein DREB5, mién AP2 (A) va nhiing

vi tri lién két gitra amino acid véi DNA (B)

FEATURES Location/Qualifiers
source 1..307
forganism="Glycine max"
fcultivar="Xanhtiendai"
/db_xref="taxon:3847"
ftissue_type="leaf"
/geo_loc_name="Viet Nam"
Protein <1..387
/product="drought responsive element binding protein 5"
187..169
/region_name="AP2"

/note="DNA-binding domain in plant proteins such as
APETALA2 and EREBPs; smart@@388"
/db_xref="CDD:197683"
Site order(108..109,111,113,115,117,121,123,130,132,135) A
/site_type="DNA binding"
/note="DNA binding site [nucleotide binding]"
/db_xref="CDD:237985"
DS 1..307
/gene="dreb5"
/coded_by="FR822737.1:<1..924"
ORIGIN
1 mgfphgfgtt tnspfphpsft gngghgmisf gssqghnnla yppiiardss slvhhhhggg
61 gqghgqqllqy wsgalnlspr gmltrlgpdg rplfspptgr inttl-(l
iVilcirlprnrtr lwlgtfdtae daamaydrea fkqrgenarl nfpel ffnksR{EGEETE
181 spwvlsaiakq nepppahhrd vtieesnend sgdatvsdev hapaatasse gvsgqelvwge
241 msawfnaipa awgpgspmwd dldatnnllec gshipfsnpn gggfndadda qrgegntgpg
301 ylwkdqd

FEATURES Location/Qualifiers
source 1..387
Jorganism="Glycine max"
Jcultivar="Xanhtiendai"
/db_xref="taxon:3847"
/tissue_type="leaf"
/geo_loc_name="Viet Nam"

Protein <1..307
/product="drought responsive element binding protein 5"
Region 1087..169

/region_name="AP2"

/note="DNA-binding domain in plant proteins such as

APETALA2 and EREBPs; smart@@3g8e"

/db_xref="CDD:197689"
order(108..109,111,113,115,117,121,123,130,132,135) B
/site_type="DNA binding"

/note="DNA binding site [nucleotide binding]"
/db_xref="CDD:237985"

CDS 1..387

/gene="dreb5"
/coded_by="FR822737.1:<1..924"
ORIGIN
1 mgfphgfgtt tnspfphpsf gnqqhgmisf gssqghnnla yppiiardss slwvhhhhgqgq

61 gqgqhgqgqllqy wsgalnlspr gmltrlgpdg rplfspptqr inttklyﬂ!v Hqﬂh!gﬂwva
121 Eiﬂlprnrti l!lgﬂfdtae daamaydrea fkqrgenarl nfpelffnkd kkeqgeeeas
181 spvlsaiakq nepppahhrd vtieesnend sgdatvsdev hapaatasse gvsqelvwge
241 msawfnaipa awgpgspmwd dldatnnllc gshipfsnpn ggqgfndadda qrgegntgpg
301 ylwkdqd
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Phu luc 3 (PL3). Trinh ty gene GmDREB?7 trén GenBank

Glycine max dehydration-responsive element binding protein 7 (LOC100101894),
mRNA

NCBI Reference Sequence: NM_001248108.2
GenBank Graphics

>NM_001248108.2 Glycine max dehydration-responsive element binding protein 7
(LOC100101894), mRNA
AAACAACAACCACGCACAACGTTAGTTACTACTAACTACCCCTTTTGCACACGTTGTCTCATTCACTCAA
ACAACTTCAAAGAACGAAGCTTTTCACCAAGTAACATGTTTTCCATCAATCATTTCTCCGACCCAGATGC
CACCTCGCCGGGGTCGGGAGGAAGCTCCCGACCGGCGCTGTCGGACGAGGATTTTTTTCTGGCGGCAAGC
AATCCCAAGAAACGCGCCGGGAGGAAGAAGT TCCGGGAGACGCGCCACCCGGTGTACCGCGGCGTGAGAA
GGCGGGACTCCGGCAAGTGGGTGTGCGAGGTGCGCGAGCCCAACAAGAAGTCCAGGATTTGGCTCGGGAC
CTTTCCCACGGCGGAGATGGCGGCGCGTGCGCATGACGTGGCGGCGATCGCGCTGAGGGGAAGGTCAGCC
TGCCTCAACTTCGCCGACTCCGCGTCTCGGCTCCCGGTGCCGGCGACGGCGGAGGCCAGGGACATTCAGA
AGGCTGCGGCGGAGGCCGCAGAGGCGTTTCGCCCTGGGAAGGATGATGATGCGGTGGCGGAGAGGGTGGC
AGCGACGGCGACGGAGCGTGAAGAAGAACAAGAAGAAGGGATGGTGCCGGAGTATCTGAGGAACATGGTG
CTCATGTCGCCGACGCATTGCTTCGGGAGTGATGAGTATGGAAGTGCTGACGTGGAATTTGACGATGCTG
AAGTTTCTCTGTGGAGTTACTCCATTTAATTTAACTCAGTTATTGGATTTTTTTTTTACTATTTTGAGTA
ATGTAAAGATTGTTCGTATGGGACAAGTAGAATAGTGTCCGTACTTATAATTTTTTACTAGTACGGTTGC
TCATTTTAGGTGTCCAAAATAGAT TAGAGCAGAAAGGAC

Phu luc 4 (PL4). Trinh tu mino acid caa protein DREB7, mién AP2

Protein 1..207
/product="dehydration-responsive element binding protein
7 "
/calculated_mol_wt=22658

Region 54..112

/region_name="AP2"
/note="DNA-binding domain found in transcription
regulators in plants such as APETALA2 and EREBP (ethylene
responsive element binding protein). In EREBPs the domain
specifically binds to the 11bp GCC box of the ethylene
response element (ERE), a promotor...; cdeee18"
/db_xref="CDD:237985"
Site order(55..56,58,60,62,64,68,70,77,79,82)
/site_type="DNA binding"
/note="DNA binding site [nucleotide binding]"
/db_xref="CDD:237985"
DS 1..207
/gene="10C100101894"
/coded_by="NM_001248108.2:106..729"
/db_xref="GeneID:1001081894"
ORIGIN
1 mfsinhfsdp datspgsggs srpalsdedf flaasnpkkr agrkkfretr hpv

58 dsgkwvcevr epnkksriwl gtfptaemaa rahdvaaial rgrsaclnfa dscHUEIED

121 taeardigka aaeaaeafrp gkdddavaer vaatateree eqeegmvpey lrnmvlmspt

181 hcfgsdeygs advefddaev slwsysi
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Phu luc 5 (PL5). Nhitng vi tri lién két gitra amino acid caa protein DREB7

Protein

ORIGIN

1 mfsinhfsdp

véi DNA

1..207

/product="dehydration-responsive element binding protein
7"

/calculated_mol_wt=22658

54..112

/region_name="AP2"

/note="DNA-binding domain found in transcription
regulators in plants such as APETALA2 and EREBP (ethylene
responsive element binding protein). In EREBPs the domain
specifically binds to the 11bp GCC box of the ethylene
response element (ERE), a promotor...; cdeeeis"
/db_xref="CDD:237985"
order(55..56,58,60,62,64,68,70,77,79,82)

/site_type="DNA binding"

/note="DNA binding site [nucleotide binding]"
/db_xref="CDD:237985"

1..207

/gene="10C100101894"

/coded_by="NM_001248168.2:106..729"
/db_xref="GeneID:100161894"

datspgsggs srpalsdedf flaasnpkkr agrkkfretr hpvyﬂévﬁrﬂ

61 dBeflwvcBvll epnkksf§if1 gfifptaemaa rahdvaaial rgrsaclnfa dsasrlpvpa
121 taeardigka aaeaaeafrp gkdddavaer vaatateree eqeegmvpey lrnmvlmspt

181 hcfgsdeygs advefddaev slwsysi
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Phu luc 6 (PL6). Bic diém cua gidng dau twong DT26
1. Nguén géc

Gidng dau tuong PT26 do Trung tim Nghién ctru va Phét trién Pau d6 -
Vién Cay luong thuc va Cay thuc pham chon loc tir t6 hop lai gitta DPT2000 x DT12
tir nam 2002. Gidng duoc Bo Nong nghiép va PTNT cdng nhan, cho san xuét thir
tai ving Pong bang séng Hong, Trung du vu xuan va vy dong theo Quyét dinh sb
111/QP-TT ngay 03 thang 6 nam 2008.

2. Dac tinh néng hoc

Giéng dau tuong DT26 ¢ thoi gian sinh truong
trung binh 90 - 95 ngay. Chiéu cao cay

45 - 60 cm, phan canh kha tir 2 - 3 canh/cay. Hoa
mau trang, hat vang, ron nau dam, qua

chin c6 mau nau.

Kha ning chéng chiu : Chéng d6 kha, chiu doi duc
than, nhiém nhe bénh gi sat.

Gidng dau twong DT26 ¢6 ty I¢ qua ba hat cao,
khoi luwong 100 hat 18 - 19 g. Nang suat

21-29 ta/ha, tuy thudc vao mua vu va diéu kién
tham canh.
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Phu luc 7 (PL7). Thanh phan méi trudng téi sinh cay thudc la

Hén hop Thanh phin cho 1 lit dung dich

Stock | KNO3 1,99 + KH2P04 0,17g + NH4NOs 1,659 + MgSO4 0,379

Stock Il | CaCl; 0,44¢
H3BO3 6,2mg + MnS04.4H,0 22,3mg + CoCl,.6H.0 0,025mg +

Stock Il | CuSO4.7H20 0,025mg + ZnS04.7H.0 8,6mg + Na2M004.2H.0
0,25mg + Kl 0,83mg

Stock IV | FeSO4 27,8mg + Na.EDTA 37,3mg

Stock \/ Myo-Inositol 100mg + thiamine HCI 0,1mg + pyridoxine HCI 0,5mg +
nicotic acid 0,5mg + Glycine 2mg

MS 20ml stock I + 10ml/stock (I, I, 1V, V) + glucose 35¢g + agarose 8¢

L.MS 10ml stock I + 5ml/stock (I, 11, 1V, V)

GM MS + BAP 1mg + sucrose 30g + agar 99

RM MS + IBA 0,1mg + sucrose 30g + agar 99
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Phu luc 8 (PL8). Mbi truong tai sinh va chuyén gene & dau tuong

Moéi truong

Thanh phén cho 1 lit dung dich

Gieo hat (GM)

Mubi B5 3,052g + sucrose 20 g + gellan 2,5 g, pH = 5,8 ¢6
b sung vitaminB5 1000X 1ml.

Tao dich
huyén phu
(CCM léng)

Mubi B5 0,316g + BAP 1,7 mg + MES 3,9 g + GA3 0,25ml
+ sucrose 30 g, pH=5,4 c6 bé sung: acetosyringone 40mg +
dithiothreitol 154 mg + L-cysteine 400 mg + sodium 158
mg thiosulfate + vitaminB5 1000X 1ml.

Pong nudi cay
(CCM dic)

Mudi B5 0,316g + BAP 1,7 mg + MES 3,99 + GA3 0,25mg
+ sucrose 30 g + agar 6 g, pH = 5,4 ¢6 b6 sung:
Acetosyringone 0,04g + vitaminB5 1000X 1ml.

Diét khuan va

Mudi B5 3,052 g + MES 0,59 g + sucrose 30 g + agar 8 g,

tao da choi | pH = 5,8 ¢d b6 sung: BAP 1,67 mg + cefotaxim 500 mg +
(SIM) vitaminB5 1000X 1ml + phosphinothricin (bastar) 2 mg.
. . | MS 439+ MESO0,59 g + sucrose 30 g + nudc dira 200 mi
Tai sinh va

kéo dai chdi

+ gellan 2,5 g, pH = 5,8 ¢ bo sung: cefotaxim 500mg +
vitamin B5 1000X 1ml + GA3; 500 mg + IAA 100 mg + L-

(SEM) : o
asparagine monohydrate 50 mg + phosphinothricin 2,0 mg/I.
MS 4,3 g + sucrose 20 g + MES 0,59 g + gellan 2,5 g, pH =
N 58 cO bo sung: cefotaxim 250 mg + IBA 100mg +
Rare (RM)

vitaminB5 1000X 1ml + L-asparagine monohydrate 50mg +
phosphinothricin 2,0 mg/l.
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Phu luc 9 (PL9). Dt liéu trinh tu gene, protein thugc ho AP2 cua dau tuong va A.

thaliana sir dung trong phan tich

Vi tri . M4 sb cia
TT Gene/ Gene ID gene trén Ma 56 cria gene protein trén
NST trén Genbank GenBank

1 AP2-1like/100794096 5 EU857402 ACJ61491

2 AP2/100794096 5 XM_006579822 | XP_006579885
3 AP2/100794096 5 XM_003524595 | XP_003524643
4 AP2/100792442 17 XM_003550003 | XP_003550051
5 AP2/100792442 17 XM_006600875 | XP_006600938
6 AP2/100786333 11 XM_041006615 | XP_040862549
7 AP2/100786333 11 XM_014763839 | XP_014619325
8 AP2/100786333 11 XM_041006614 | XP_040862548
9 AP2/100786333 11 XM_041006613 | XP_040862547
10 | AP2/100801975 1 XM_003517264 | XP_003517312
11 | AP2/100801975 1 XM_006573579 | XP_006573642
12 | AP2/100801975 1 XM_041016561 | XP_040872495
13 | AP2/100801975 1 XM_006573580 | XP_006573643
14 Lf1AP2/102665767 8 KY930886 ARW?71732

15 Lf1AP2/102665767 8 NM_001357489 | NP_001344418
16 | V945152 AP2/02665767 8 KY930885 ARW?71731

17 | AP2;2/100813069 4 NM_001252765 | NP_001239694
18 | AP2-1/100794316 6 NM_001254427 | NP_001241356
19 | AP2-2/ 100813069 4 FJ228454 ACJ37436

20 | AP2-1/ 100794316 6 FJ228453 ACJ37435

21 | AP2_TINNY/ 100305349 14 NM_001250879 | NP_001237808
22 | AP2-5/100819512 6 NM_001253007 | NP_001239936
23 | AP2-6_/100813615 4 NM_001252952 | NP_001239881
24 | AP2-5 /100819512 6 FJ228457 ACJ37439

25 | AP2-6_/100813615 4 FJ228458 ACJ37440

26 | AP2-4 /100813313 14 NM_001252694 | NP_001239623
27 | AP2-4 /100813313 14 FJ228456 ACJ37438
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28 | AP2-3_/100788144 13 NM_001254270 | NP_001241199
29 | AP2-9 /100815913 11 FJ228461 ACJ37443
30 | AP2-9 /100815913 11 NM_001317462 | NP_001304391
31 | AP2-9_/100815913 11 KT031085 ALA09109
32 | 187-AP2/100785364 1 KT031069 ALA09093
33 | AP2-8 /100798277 2 FJ228460 ACJ37442
34 | AP2-8_/100798277 2 NM_001253076 | NP_001240005
35 | 67-AP2/100800134 14 KT031267 ALA09291
36 | AP2-7/100800134 14 FJ228459 ACJ37441
37 | AP2-7like/100777102 13 KF220923 AGP03746
38 | RAP2-7/ 100777102 13 KF220914 AGP03737
39 | RAP2-7/100777102 13 XM_041008511 | XP_040864445
40 | RAP2-7/100777102 13 KF220919 AGP03742
41 | RAP2-7/100777102 13 KF220920 AGP03743
42 | RAP2-7/100777102 13 KF220917 AGP03740
43 | RAP2-7/100777102 13 KF220916 AGP03739
44 | RAP2-7/ 100777102 13 KF220915 AGP03738
45 | RAP2-7/ 100777102 13 XM_006594938 | XP_006595001
46 | RAP2-7/ 100777102 13 XM_003541960 | XP_003542008
47 | RAP2-7/100796271 15 XM_006597244 | XP_006597307
48 | RAP2-7/100796271 15 XM_003546994 | XP_003547042
49 | RAP2-7like/ 100777102 13 KF220918 AGP03741
50 | AP2-7like/ 100777102 13 KF220907 AGP03730
51 | AP2-7like/ 100777102 13 KF220906 AGP30729
52 | AP2-7like/ 100777102 13 KF220905 AGP03728
53 | AP2-7like/ 100777102 13 KF220904 AGP03727
54 | AP2-7like/ 100777102 13 KF220903 AGP03726
55 | AP2-7like/ 100777102 13 KF220902 AGP03725
56 | AP2-7like/ 100777102 13 KF220901 AGP03724
57 | AP2-7like/ 100777102 13 KF220900 AGP03723
58 | AP2-7like/ 100777102 13 KF220899 AGP03722
59 | AP2-7like/ 100777102 13 KF220921 AGP03744
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60 | AP2-7like/ 100777102 13 KF220922 AGP03745

61 | AP2-7like/ 100777102 13 KF220898 AGP03721

62 | AP2 like/100819565 16 NM_001280575 | NP_001267504
63 | AP2-EREBP/100812313 2 NM_001317445 | NP_001304374
64 | AP2-type/100800716 17 NM_001317652 | NP_001304581
65 | AP2-EREBP/100500531 18 NM_001352772 | NP_001339701
66 | 150AP2_EREBP/100500531 18 KT031094 ALA09118

67 | RAP7-like/114376440 11 KF220924 AGP03747

68 | RAP2-7like/100812898 11 XM_041006751 | XP_040862685
69 | RAP2-7like/100812898 11 XM_041006752 | XP_040862686
70 | RAP2-7like/100812898 11 XM_041006753 | XP_040862687
71 | RAP2-7like/100812898 11 XM_041006754 | XP_040862688
72 | RAP2-7like/100812898 11 XM_041006757 | XP_040862691
73 | RAP2-7like/100812898 11 XM_041006756 | XP_040862690
74 | RAP2-7like/100812898 11 XM_041006748 | XP_040862682
75 | RAP2-7like/100812898 11 XM_041006747 | XP_040862681
76 | RAP2-7like/100812898 11 XM_041006750 | XP_040862684
77 | RAP2-7like/100812898 11 XM_041006749 | XP_040862683
78 | RAP2-7like/100812898 11 XM_041006755 | XP_040862689
79 | RAP2-7like/100812898 11 XM_041006746 | XP_040862680
80 | RAP2-7like/100812898 11 XM_041006745 | XP_040862679
81 | RAP2-7like/100812898 11 XM_041006744 | XP_040862678
82 | RAP2-7like/100812898 11 XM_041006749 | XP_040862683
83 | RAP2-7/100788303 12 XM_006592181 | XP_006592244
84 | RAP2-7/100788303 12 XM_003540705 | XP_003540753
85 | RAP2-7/00788303 12 XM_006592182 | XP_006592245
86 | RAP2-7/100788303 12 XM_006592179 | XP_006592242
87 | RAP2-7/100788303 12 XM_006592180 | XP_006592243
88 | RAP2-7/100788303 12 XM_041007428 | XP_040863362
89 | SGR-AP2/100301892 2 NM_001249003 | NP_001235932
90 | AP2 like/100814117 3 XM_001280574 | XP_006576817
91 | AP2 like/100786651 19 XM_006604291 | XP_006604354
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92 | AP2 like/100786651 19 XM_003554123 | XP_003554171
93 | AP2 like/100795084 2 XM_003519037 | XP_003519085
94 | AP2-ERF/100801107 2 XM_003518634 | XP_003518682
95 | AP2-ERF/100776987 1 NM_001371117 | NP_001358046
96 | AP2-ERF/100789009 20 XM_003556217 | XP_003556265
97 | AP2-like_/100797584 18 XM_003552414 | XP_003552462
98 | RAP2-2/100810376 19 XM_006604868 | XP_006604931
99 | EREBP/AP2/100170723 3 KT031075 ALA09099
100 | AP2-EREBP/100812313 2 KT031072 ALA09096
101 | CS6626 AP2 4 EU550000 ACB30786
102 | CS6608 AP2 4 EU549999 ACB30785
103 | CS6603 AP2 4 EU549998 ACB30784
104 | CS6182 AP2 4 EU549997 ACB30783
105 | CS1602 AP2 4 EU549996 ACB30782
106 | CS931 AP2 4 EU549995 ACB30781
107 | CS6885 AP2 4 EU549991 ACB30777
108 | CS906 AP2 4 EU549994 ACB30780
109 | CS6922 AP2 4 EU549993 ACB30779
110 | CS6896 AP2 4 EU549992 ACB30778
111 | CS6824 AP2 4 EU549990 ACB30776
112 | CS6810 AP2 4 EU549989 ACB30775
113 | CS902 AP2 4 EU549988 ACB30774
114 | CS6799 AP2 4 EU549987 ACB30773
115 | CS6797 AP2 4 EU549986 ACB30772
116 | CS6796 AP2 4 EU549985 ACB30771
117 | CS6781 AP2 4 EU549984 ACB30770
118 | CS6751 AP2 4 EU549983 ACB30769
119 | CS6732 AP2 4 EU549982 ACB30768
120 | CS6714 AP2 4 EU549981 ACB30767
121 | CS6689 AP2 4 EU549980 ACB30766
122 | CS6688 AP2 4 EU549979 ACB30765
123 | CS6674 AP2 4 EU549978 ACB30764
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124 | CS901 AP2 4 EU549977 ACB30763
125 | ABIl4/ 818614 2 AF040959 AAC39489
126 | AP2 12/ 841829 1 NM_104269 NP_175794
127 | AP2 1/ 841117 1 NM_103607 NP_564496
128 | CRAP2 4 DQ415923 ABD72616
129 | RAP2.3/ 820929 3 AY142562 AAN13131
130 | RAP2.12/ 841829 1 NM_001036108 | NP_001031185
131 | RAP2.6/ 840915 1 NM_103468 NP_175008
132 | RAP2.2/ 820643 3 NM_180252 NP_850583
133 | RAP2.6L/ 831174 5 NM_121336 NP_196837
134 | RAP2.10/ 829843 4 NM_119854 NP_195408
135 | RAP2.9/ 826148 4 NM_179009 NP_849340
136 | RAP2.11/ 832099 5 NM_121984 NP_197480
137 | RAP2.1/ 841117 1 NM_001333265 | NP_001322276
138 | RAP2.4/ 844143 1 NM_106457 NP_177931
139 | AP2/ERF 59/ 837125 1 NM_100497 NP_172106
140 | AP2/B3-like/ 838649 1 NM_101911 NP_173484
141 | AP2/B3-like/ 838233 1 NM_101525 NP_173109
142 | AP2/B3/ 841535 1 NM_103991 NP_175524
143 | AP2/B3/ 841490 1 NM_103950 NP_175483
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Phu luc 10 (PL10). Dt liéu trinh tu gene, protein thugc phan ho DREB cua dau

tuong va A. thaliana sur dung trong phén tich

. Vit ] M4 sé caa
STT Gene/ Gene ID Nouon JEne Ma s cria gene protein trén
gene DREB | trén trén Genbank
NST GenBank

1 DREB/1547642 Dau tuong 14 | AF514908 AAP47161

2 DREB1like /547622 Dau tuong 9 NM_001248578 NP_001235507

3 | DREBL1like/ 547622 bau trong 9 | HE647689 CCF23020_YS

4 DREB1/547622 Dau tuong 9 NM_001248850 NP_001235799

5 DREB1/547622 Dau tuong 9 HE647688 CCF23019_VNS

6 DREB1/547622 Dau tuong 9 HE647687 CCF23018_PB

7 DREB1/547622 Dau tuong 9 FR822736 CBZ41764_XBB

8 DREB1/547622 bau tuong 9 FJ965342 ACR44232

9 DREB1E/100797582 Dau tuong 10 | XM_003536435 XP_003536483

10 | AP2like/100819565 Dau tuong 16 | NM_001280575 XP_003537143

11 | AP2like/100819565 Dau tuong 16 | HM165475 AEC12483

12 | DREB1B/100813230 Dau tuong 10 | XM_003536997 XP_003537045

13 | DREB1D/100778541 Dau tuong 13 | XM_006594135 XP_006594198

14 | DREB1E/100789097 Dau tuong 1 XM_003517407 XP_003517455

15 | DREB1E/100779318 Dau tuong 17 | XM_003550832 XP_003550880

16 | DREB1F/100795696 Pau tuong 5 | XM_003525492 XP_003525540

17 | DREB1F/100810401 Dau tuong 12 | XM_003540738 XP_003540786

18 | DREB1F/100793751 Dau tuong 11 | XM_003539131 XP_003539179

19 | DREB1F/100803317 Dau tuong 13 | XM_003541928 XP_003541976

20 | DREB1F/100815039 Dau tuong 12 | XM_003539412 XP_003539460

21 | DREB/100499747 bau trong 13 | BT089389 ACU13469

22 | DREB/100499747 Dau tuong 13 | NM_001248537 NP_001235466

23 | DREB/100499747 Dau tuong 13 | AY244760 AAP83131

24 | DREB/100527471 Dau tuong 12 | BT092314 ACU16563

25 | DREBa/100788110 Dau tuong 12 | NM_001358347 NP_001345276
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26 | DREB&/100788110 Dau tuong 12 | AY542886 AAT12423
27 | DREB2/100818839 Dau tuong 8 AY296651 AAQ57226
28 | DREB/100818839 Dau tuong 8 NM_001358349 NP_001345278
29 | DREB2/732579 Dau tuong 6 LK936509; DT26 | CDU32447
30 | DREB2/732579 Dau tuong 6 LK936508:DT51 CDU32446
31 | DREB2/100801528 Dau tuong 4 LK936507:DT2008 | CDU32445
32 | DREB2/732579 Dau tuong 6 HG965101 CDO019441
33 | DREB2/732579 Dau tuong 6 HG965100 CDO019440
34 | DREB2/732579 Dau tuong 6 HG965099; CBD CD019439
35 | DREB2/732579 Dau tuong 6 HG965097; CB CD019437
36 | DREB2/732579 Dau tuong 6 HG965098; DVN5 | CD0O19438
37 | DREB2/732579 Dau tuong 6 FJ965341 ACR44231
38 | DREB2/732579 Dau tuong 6 NM_001250325 NP_001237254
39 | DREB2/732579 Dau tuong 6 DQ208968 ABB36645
40 | DREB2/732579 Dau tuong 6 DQ054363 AAY 89658
41 | DREB2/732579 Dau tuong 6 JF946767 AEQ61579
42 | DREB2/732579 Dau tuong 6 JF946771 AEQ61583
43 | DREB2/732579 Dau tuong 6 JF946768 AEQ61580
44 | DREB2/100801528 Dau tuong 4 JF946770 AEQ61582
45 | DREB2/100801528 Dau tuong 4 JF946766 AEQ61578
46 | DREB2/100801528 Dau tuong 4 JF946769 AEQ61581
47 | DREB2A2/100800134 bau tuong 14 | NM_001254013 NP_001240942
48 | DREB2CIike/10079827 | Bau tuong 2 NM_001253076 NP_001240005
49 | DREB2D/100790057 Dau tuong 4 XM_003523515 XP_003523563
50 | DREB2D/100797850 Daiu tuong 6 XM_003527831 XP_003527879
51 | DREB2F/100808363 Dau tuong 2 XM_003518062 XP_003518110
52 | DREB2F/100808719 Dau tuong 10 | XM_003535116 XP_003525164
53 | DREB2F/100801311 Daiu tuong 19 | XM_003553372 XP_003553420
54 | DREB2Clike/10078379 | Bau tuong 6 NM_001253309 NP_001240238
55 | DREB2Clike/10078379 | Pau tuong 6 NM_001400009 NP_001386938
56 | DREB3/732559 Daiu tuong 4 NM_001250024 NP_001236953
57 | DREB3/732559 Dau tuong 4 DQO055133 AAZ03388
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58 | DREB3/732656 Pautrong | 17 |NM_001251571 | NP_001238500
59 | DREB3/732656 Pautwong | 17 | DQ208969 ABB36646

60 | DREB3Iike/100794316 | D4u tuong 6 | NM_001254427 | NP_001241356
61 | DREB3Iike/100786075 | D4u tuong 1 | XM_003516413 | XP_003516461
62 | DREB3/100804801 Déu tuong 1 [ XM_003517021 | XP_003517069
63 | DREB3/100804056 Dau tuong 7 | XM_003529711 | XP_003529759
64 | DREB3/100817503 Pautuong | 11 | XM_003538700 | XP_003538748
65 | DREB3/100783790 Dau tuong 9 [ XM_003534380 | XP_003534428
66 | DREB3/100784419 Dautwong | 13 | XM_003542042 | XP_003542090
67 | DREB5/100101898 Pautuong | 12 | HE648568; BGi | CCF23313

68 | DREB5/100101898 Dautwong | 12 | HE648567; XBB | CCF23312

69 | DREB5/100101898 Dautwong | 12 |NM_001248171 | NP_001235100
70 | DREB5/100101898 Pautuong | 12 | EF583447 ABQ53928

71 | DREB5/100809887 Pautwong | 13 | FR822737 CBZ41765

72 | DREB5/100809887 Dautwong | 13 | HE598783, PB CCD42020

73 | DREB5/100809887 Pautuong | 13 | HE647690, NS CCF23021

74 | DREB6/100101914 Dau tuong 5 | EF551166 ABQ42205

75 | DREB6/100101914 Dau tuong 5 | NM_001248412 | NP_001235341
76 | DREB7/100101894 Pautuong | 20 | NM_001248108 | NP_001235037
77 | DREB7/100101894 Pautuwong | 20 | EF551167 ABQ42206

78 | DREB/100527471 Pautwong | 12 | NM_001249580 | NP_001236509
79 | DREB1A/ 828652 A.thaliana | 4 | NM_118680 NP_567720

80 | CBF1/ 828653 A.thaliana | 4 | NM_118681 NP_567721

81 | CBF2/828651 A.thaliana | 4 | NM_118679 NP_567719

82 | CBF4/835274 A.thaliana | 5 | NM_124578 NP_200012

83 | DREB2C/ 818627 A thaliana | 2 | NM_001336833 | NP_001325153
84 | DREB2C/ 818627 A.thaliana | 2 | NM_001336830 | NP_001325150
85 | DREB2C/ 818627 A.thaliana | 2 |NM_001336831 | NP_001325151
86 | DREB2C/ 818627 A.thaliana | 2 | NM_001336832 | NP_001325152
87 | DREB2C/ 818627 A.thaliana | 2 |NM_001336829 | NP_001325154
88 | DREB2B/ 820273 A.thaliana | 3 | NM_111939 NP_187713

89 | DREB2C/ 818627 A.thaliana | 2 | NM_129594 NP_565929

140




90 | DREB-EAR/ 816866 A. thaliana 2 NM_127898 NP_179915
91 | AT1G77200/ 844056 A. thaliana 1 NM_106369 NP_177844
92 | AT1G75490/ 843885 A. thaliana 1 NM_106202 NP_177681
93 | AT1G71520/ 843492 A. thaliana 1 NM_105820 NP_177307
94 | AT1G71450/ 843486 A. thaliana 1 NM_105814 NP_177301
95 | AT1G44830/ 841047 A. thaliana 1 NM_103564 NP_175104
96 | AT1G33760/ 840267 A. thaliana 1 NM_103095 NP_174636
97 | AT1G22190/ 838824 A. thaliana 1 NM_102069 NP_173638
98 | DREB26/ 838793 A. thaliana 1 NM_102039 NP_173609
99 | AT1G19210/ 838504 A. thaliana 1 NM_101779 NP_173355
100 | AT1G12630/ 837819 A. thaliana 1 NM_101133 NP_172723
101 | AT1G01250/ 839322 A. thaliana 1 NM_100008 NP_563624
102 | AT4G31060/ 829233 A. thaliana 4 NM_119256 NP_567867
103 | AT1G22810/ 838887 A. thaliana 1 NM_102128 NP_173695
104 | AT5G65130/ 836637 A. thaliana 5 NM_001345671 NP_001329953
105 | AT5G65130/ 836637 A. thaliana 5 NM_125912 NP_201318
106 | AT1G64380/ 842745 A. thaliana 1 NM_105113 NP_176620
107 | Ddf2/ 842606 A. thaliana 1 NM_001084295 NP_001077764
108 | Ddf2/ 842606 A. thaliana 1 NM_104981 NP_176491
109 | Ddf1/ 837817 A. thaliana 1 NM_101131 NP_172721
110 | AT5G52020/ 835277 A. thaliana 5 NM_124581 NP_200015
111 | AT5G21960/ 832256 A. thaliana 5 NM_147879 NP_680184
112 | AT5G18450/ 831963 A. thaliana 5 NM_121850 NP_197346
113 | DREB2A/ 830424 A. thaliana 5 NM_120623 NP_196160
114 | AT4G39780/ 830136 A. thaliana 4 NM_120141 NP_195688
115 | AT4G32800/ 829416 A. thaliana 4 NM_119433 NP_195006
116 | AT4G28140/ 828929 A. thaliana 4 NM_118954 NP_194543
117 | AT4G16750/ 827379 A. thaliana 4 NM_117777 NP_193408
118 | AT4G13620/ 826996 A. thaliana 4 NM_117436 NP_193098
119 | AT3G60490/ 825220 A. thaliana 3 NM_115913 NP_191608
120 | AT3G57600/ 824929 A. thaliana 3 NM_115620 NP_191319
121 | AT3G16280/ 820874 A. thaliana 3 NM_112499 NP_188249
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122 | AT3G16280/ 820874 A. thaliana 3 NM_001338227 NP_001327746
123 | AT2G40350/ 818628 A. thaliana 2 NM_001336834 NP_001324965
124 | AT2G44940/ 819103 A. thaliana 2 NM_130059 NP_182021
125 | AT2G40350/ 818628 A. thaliana 2 NM_129595 NP_181566
126 | DREB19/ 818414 A. thaliana 2 NM_001336696 NP_001318372
127 | AT2G22200/ 816754 A. thaliana 2 NM_127788 NP_179810
128 | DREB2A/ 830424 A. thaliana 5 NM_001036760 NP_001031837

142




Phu luc 11 (PL11). Trinh ty ving DNA trong vector pFGC-GmDREBS chira gene
GmDREB5
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Phu luc 12 (PL12). Danh sach céc dong thuéc 14 chuyén gene TGO duoc tao

ra tir cdy TGO trong 4ng nghiém

STT | Cay chuyén gene | S6 lwong cay |S6 lweng cay | Ky hiéu cac dong
TGO trong 6ng | nhan ban trong | trong trén gia thé | chuyén gene & thé
nghiém 6ng nghiém trong nha lwoi hé TGO

1 TGO1 3 2 TGO1
2 TGO02 3 2 TGO02
3 TGOS 4 2 TGO05
4 TGO06 3 2 TGO6
5 TGO8 3 2 TGO08
6 TGO09 4 2 TGO09
7 TG10 3 2 TG10
8 TGO011 3 2 TGO011
9 TGO013 3 2 TGO013
10 TGO15 3 2 TGO15
11 TGO016 4 2 TGO16
12 TGO018 3 2 TGO018
13 TG020 3 2 TG020
14 TG022 3 2 TG022
15 TG024 3 2 TG024
16 TG025 3 2 TG025
17 TGO027 4 2 TGO027
18 TG028 3 2 TG028

Tong 18 58 2 18 dong
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Phu luc 13 (PL13). Trinh tu nucleotide ciia gene GmDREB7 bao gom viing ma
hoa, diém cét caa enzyme Xbal va BamHI & dau 5', diém cét enzyme Sacl dau 3'T

Xbal BamHI

actggaéEEEEEatqttttccatcaatcatttctccqacccagatgccacctcgccgqqgtcgggaggaagctcccg
accggcgctgteggacgaggatttttttectggeggcaagcaatecccaagaaacgegeecgggaggaagaagtteegygyg
agacgcgccacccggtgtaccgeggcgtgagaaggcgggactececggcaagtgggtgtgecgaggtgecgecgageccaac
aagaagtccaggatttggcectcgggacctttcccacggcggagatggeggcgcegtgecgcatgacgtggeggegatege
gctgaggggaaggtcagectgectcaacttegecgactecgegtcteggeteccggtgecggegacggcggaggcca
gggacattcagaaggctgcggcggaggecgcagaggegtttcgecctgggaaggatgatgatgeggtggcggagagy
gtggcagcegacggcgacggagegtgaagaagaacaagaagaagggatggtygecggagtatctgaggaacatggtget
catgtcgccgacgcattgcttcgggagtgatgagtatggaagtgctgacgtggaatttgacgatgctgaagtttcte
tgtggagttactccatteeeggggagecagaagetgatetecagaggaggacctgaaggatgaactttaagagete
Xmail c=MYC KDEL Sacl
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