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(57) Séang ché d& cap dén gen kinaza histidin dang lai dugc phan 1ap tir gidng lua
indica IR64, va c6 kha ning man cam véi thim thau va dugc cam tng béi nhidu yéu td
bét loi, va vi thé n6 c¢6 kha ning chiu dugc cac yéu tb bit lgi khac nhau trong ciy trong
mua vy; tham chi trong cac thé hé tiép sau @& tao ra cac ciy trong c6 kha ning chéng
chiu v6i nhiéu diéu kién v6 sinh bt loi ciia méi trudng, va do do, 1am ting gia tri kinh
té ctia cac cdy tréng mia vu trong khi van duy tri dwgc san lugng cia cdy trdng. Sang
ché ciing dé cap dén phuong phap phan lap gen kinaza histidin dang lai tir gibng laa
indica IR64, va céac ddc tinh chirc ndng ctia gen nay, trinh tu va qua trinh nhin dong, it
nhit, trong vecto biéu hién ctia nAm men va vecto biéu hién cua thuc vét, va cac dong
duoc tao ra qué trinh nay, va phuong phap cai thién sy chéng chiu duoc nhiéu yéu t6
bét loi d6i v6i cdy trdng mia vu ciing nhur cdy trdng mila vu ¢6 su chéng chiu nhiéu

yéu t5 bét loi khac nhau duoc cai thién.
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Linh vuc ky thuat dugc dé cap

Sang ché dé cép dén gen kinaza histidin dang lai dugc phan lap tir giéng lta

indica IR64, va cac dong dugc tao ra tir gen nay.

Cu thé, sang ché dé cép dén gen kinaza histidin dang lai dugc phan lap tir gibng
lta indica IR64 ma cho théy 14 ¢6 kha ning man cam véi thAm thiu va dugc cam Ung
boi nhidu didu kién bét loi da dang, va cho thdy 1a c6 kha nang cai thién su chéng chiu
nhiéu yéu té bét loi khac nhau dbi véi cdy trong mua vu theo cach ma cac cdy trong
mua vu dugc tao ra theo cach do c6 kha ning chéng chiu v&i nhiéu diéu kién vO sinh
bat loi cia moi truong, va bang cach do cac cdy tréng mia vu nay cho thay c6 kha

nang ting gia tri kinh té trong khi duy tri duoc sén lugng clia cdy trong.

Sang ché ciing dé cap dén phuong phap phén 14p gen kinaza histidin dang lai tur
giéng lta indica IR64, va danh muc trinh ty va phuong phap nhén dong cta gen nay, it

nhat, trong vecto bi€u hién cia ndm men va vecto biéu hién ctia thuc vét.

Sang ché ciing dé cap dén cac dong vo tinh duoc tao ra boi qud trinh nhan dong
ctia gen kinaza histidin dang lai, dugc phan lap tir gibng lia indica IR64, trong vecto

bi€u hién ctia nam men va vecto biéu hién cua thuc vat.

Sang ché ciing dé cap dén phuong phap cai thién su chdng chiu nhiéu yéu to bt
loi khac nhau trong céc cdy trong mua vu bang cach sir dung gen kinaza histidin dang
lai, dugc phan lap tir gidng lta indica IR64, va cac cdy trong mua vu c6 sy chéng chiu

nhi€u yéu to bat 1oi khac nhau dugc cai thién.

Sang ché ciing dé cap dén viée sir dung gen kinaza histidin dang lai, dugc phan
1p tir giéng lua indica IR64, cai thién su chéng chiu nhidu yéu t6 bit loi khac nhau

trong cdy trong mua vu.

Sang ché cling d€ cép dén céc dac tinh chire ning cta gen kinaza histidin dang lai

duoc phan lap tir giéng lua indica IR64.
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Tinh trang ky thuit ciia sang ché

Lua la cay trong chi yéu ma cung cdp luong thuc cho con nguoi st dung & muc
do toan cau. Kich thugc hé gen cua cdy lua la khodng 430 Mb, kich thude nay nho hon
mot cach tuong dbi so véi kich thude hé gen cda cac loai ngii cbe khac ma co kich
thudc thay dbi nim trong khoang tir 430 Mb dén khoang 17000 Mb, vi du, kich thuéc
hé gen ctia cdy lia mi dé lam banh my 1a khoang 16.900 Mb, ciy ngd la khoang 2.600
Mb, cdy lta mién 1 khoang 735 Mb, didu nay lam cho cy lia tro thanh mé hinh cay

tréng ngii coc 1y tudng.

Puogc quan sat thiy, cic yéu td moi truong bt loi 1a do cac yéu t6 sinh hoc bét
loi, vi du, virut, vi khuin, ndm, con trung hodc céc loai giun tron; hodc do céc yéu td
vO sinh, vi du qua nhiéu nuéc, nghia 13, ung lut, va/hoac diéu kién qua nhiéu mudi,
nghia 13, d6 min cao hon, va/hodc bi thiéu nudc nghiém trong, nghia la, han han,
va/hodc nhiét do khic nghiét, nghia la, nhiét do qua cao hoic qua thép. Tap hop tat ca
cac yéu t6 nay déu anh huéng dén san luong tiém nang cla cay trong mua vu. Hon
nita, cac diéu kién khi hau thay ddi va qua trinh ting nhiét toan ciu duoc xem nhu 1a
nhitng mdi de doa tiém an ddi véi ngudn thuc phdm tu cung cép. Do ¢6 hiéu biét ro
hon d6i vé6i cac tuong tac thuc vat-tdc nhan gay bénh, nén thuc té 1a cac thuc vat duoc
bién ddi gen hién nay c6 kha ning séng sot tét hon néu bi con tring, yéu t6 sinh hoc

tan cong. Céc vi du thong thuong vé cac da dang nhu vay 1a bong Bt va ca tim Bt.

Tuy nhién, hién van chua cé cdy trong mua vu ma cé thé chong lai cac yéu to vo

sinh bat 1¢i, ma chti yéu gay ra bdi nhi€u yéu t6 vo sinh bat loi trong tur nhién.

Do d6, ¢6 nhu céu khin cap dé bién ddi cac cdy trong mia vu sao cho chung co
kha ning song sot va duy tri dugc san lugng cao trong cac diéu kién vo sinh bét lgi
khic nghiét cua mdi trueong, va nhu vay, tao ra cac thuc vat chéng chiu yéu td bt loi,
nghia 1, ¢6 nhu cau khan cip dé cai bién su chéng chiu nhiéu yéu t6 bét loi khac nhau
trong cac cdy tréng mua vu, sao cho cac cdy trong nay c6 thé song sot qua nhiing trd

ngai gy ra bdi cac ycu to bat lgi cia méi truong.

Mot trong cac cach tiém ning ma tao ra kha ning chdng chiu yéu td bat loi trong
cay tréng o thé duoc cai thién dé la bz:ing cong nghé di truyén, trong do, mdt hoac

nhi€u gen duogc thiét ké dé tao ra tinh trang mong muon. Véi cac muc dich chu y nay,
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gén day da tao ra dugc mot ) thuc vat cai bién. Mét vi du nhu vay lién quan dén cac
gen ma c6 thé tong hop thé osmolytes (diéu tiét ap suat thim thau) dé gitr duge nudc
trong té bao & didu kién tham thiu bat loi. Céac loai khac bao gdm su bién d6i cac gen
ma c6 kha ndng bom chon loc céc ion Natri dgc tinh vao khong bao, va nhu vay cé kha

nang gitr té bao chét khong bi doc.

Tuy nhién, hién van chua hiéu 16 co ché ciing nhu thiéu bd may cam ung lién

quan dén cac yéu t6 thdm thiu bat loi ma c6 kha nang dat dén muc thich hop.

Trong cac sinh vt bac thép, vi du nAm men, d6 min cam vai thAm thau duoc da
duoc hiéu 15, va do d6, su bdi hoan chuc ndng cua cac thé dot bién man cam voi thim
thiu ctia nAm men c6 gen dich vao cac cdy trong mua vu s& 1 mot cach tiém nang cho
cac gen mdi ¢6 gia tri vé mit chirc nang ddi voi cac chirc ning twong tu. Sy bién déi di
truyén trong cac ciy trbng mua vu lién quan dén bo may mén cam véi thAm thdu cua
chung s¢€ la hét stc mong mudn, do né s& dan dén sur chéng chiu t&t hon dbi véi cac

yéu tb thim thau bat loi.

C6 nhiéu nd luc nham tao ra thuc vat bién doi gen, trong do6 hiu suat cdy trong
duoc ndng cao dudi cac yéu to bat loi cu thé, vi du do man hodc han hén hoic yéu té
v sinh bat l¢i bat ky khic. Cho dén thoi diém hién nay, cac thuc vat bién doi gen nay

sir dung cdc gen ma dugce cam Ung béi ting yéu to bat loi cu thé.

Tuy nhién cho dén thoi diém hién nay, van chua thu duoc thuc vat bién doi gen
ma st dung gen dugc cam tmg béi nhiu yéu t bt loi, va vi thé, cac gen nhu vay la
hét stc mong mudn va ¢é loi thé, va do d6, hién tai 12 ¢6 nhu ciu vé gen ma c6 thé
chéng lai nhiéu yéu td bét loi sao cho thuc vat si dung gen nhu vay c6 thé chong lai

nhi€u y€u t0 bat loi trong khi van giit dugce san lugng tiém ning cta no.
Su cén thiét cua sang che

Do d6, ¢6 nhu cau cép thiét dé co gen ma co kha nang man cam véi thdm théu
va dugc cam ing bdi nhiéu yéu t6 bét loi, va co kha ndng cai thién su chéng chiu
nhiéu yéu t6 bit loi khac nhau trong cac cdy trong mua vy, cu thé 1a trong céc cay
tréng bién d6i gen sao cho tao ra céc cay tréng c6 kha nang chéng chiu duoc véi nhiéu
hon mét diéu kién vo sinh bat lgi cua moi trudong, va béng cach do, lam tang gia tri

kinh té cua chung trong khi van git dugc san lugng, phuong phap phan lap, va danh
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muc trinh ty cla cac gen ndy, va phuong phép nhan dong gen nay, it nhat, trong vecto
biéu hién ctia nAm men va vecto biéu hién cua thuc vat, va cac dong duogc tao ra béng
cach nhan dong trong vecto biéu hién clia ndm men va vecto biéu hién cta thuc vat.
Ciing c6 nhu cau cip thiét dé c6 phuong phap cai thién sy chéng chiu nhidu yéu & bat
loi khac nhau trong cac cdy trong mia vu, va cc cdy trbng muia vu co su chéng chiu
nhiéu yéu t6 bat loi khac nhau duogc cai thién. Ngoai ra, cling ¢6 nhu céu cép thiét dé

c6 céc ddc tinh chirc ndng ctia gen nhu vay.
Céc ton tai dugc gidi quyet bdi sang che

Do d6, muc dich ciia sang ché 14 nhdm giai quyét cac ton tai vé su chéng chiu
kém ddi voi yéu td bat loi trong cac cdy trong mua vu bang cach dé xuét gen c6 kha
ning man cam vai thdm thiu va duoc cam ting béi nhiéu yéu t6 bét loi, va c6 kha ning
cai thién su chong chiu nhiéu yéu té bt loi khac nhau nay trong cac cy trong mua vu,
cu thé 1a trong céac cdy trong bién dbi gen sao cho tao ra cac cay trong c6 kha niang
chéng chiu dwgc vdi nhidu diéu kién vo sinh bat loi ctia mdi trrong, va phuong phép
phan 1ap gen nay tir gibng lta indica IR64, va phuong phap cai thién su chéng chiu

nhidu yéu t6 bit loi khac nhau trong cy trong mia vu.
Ban chit k§ thuét cia sang ché

Theo d6, muc dich chinh theo sang ché 1a dé xuét gen kinaza histidin dang lai ma
duogc phan lap tir giéng lua indica IR64, va c6 kha ning man cam voi thim thiu va
duge cam ung bédi nhiéu yéu t6 bt loi, va do dod, c6 kha ning cai thién su chéng chiu
nhiéu yéu t6 bat loi khac nhau trong cic cdy trong mia vu sao cho tao ra cac cy trong
c6 kha nédng chéng chiu voi nhiéu diéu kién vo sinh bat lgi cia moi truong, va vi thé,
lam ting gid tri kinh t€ clia cac cdy tréng muia vu ndy trong khi vAn gitr duoc san luong

tiém ndng cua no.

Muc dich khéc cta sdng ché 1a dé xuat phuong phép phan lap gen kinaza histidin

dang lai ma dugc phan lap tir gidng lGa indica IR64.

Muc dich khac cta sang ché 1a dé xuit danh muc trinh tu gen kinaza histidin

dang lai, ma dugc phén lap tir gidng lGa indica IR64.
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Muc dich khac cta sang ché 1a d& xudt phuong phép nhan dong gen kinaza
histidin dang lai ma dwogc phan lap tir giéng lta indica IR64, it nhit, trong vecto biéu

hién cia nam men va vecto biéu hién cta thuc vat.

Muc dich khéc ctia sang ché 1a d& xuét cac dong duoc tao béi qua trinh nhén
dong gen kinaza histidin dang lai, dugc phéan l4p tir giéng lta indica IR64, trong vecto

biéu hién clla nAm men va vecto biéu hién cta thuc vat. .

Muc dich khac cua sang ché 1a d€ xuat cac ddc tinh chirc ndng cia gen kinaza

histidin dang lai ma duoc phan 1ap tir giéng lua indica IR64.

Muc dich khac cua sang ché 1a d& xudt phwong phép cai thién su chéng chiu
nhiéu yéu t6 bit loi khac nhau trong cac cdy trong mia vu bang cach sir dung gen

kinaza histidin dang lai duoc phan l4p tir gidng lta indica IR64.

Muc dich khéac cua sang ché 1a dé xuat cac cdy trong mua vu c6 sy chong chiu

nhi€u yéu to bat lgi khac nhau duoc cai thién.

Muc dich khac cta sang ché 1a d& xuét ung dung gen kinaza histidin dang lai,
duoc phan 1ap tir gidng lta indica IR64, dé cai thién su chdng chiu nhidu yéu t6 bét loi

khac nhau trong céc cdy trong mua vu.

Céc muc dich va cac uu diém khéc cia sang ché dugc hi€u rd hon khi tham khao
phan mo ta dudi day va ban chat ctia sang ché, két hgp vé6i cac hinh vé kém theo, ma

cac hinh nay khong nham gi6i han pham vi yéu ciu bao ho cia sang ché.
M@ ta vin tit cac hinh vé

F ig. 1A minh hoa céc trinh ty mdi duge sit dung dé phan 1ap gen tir gidng lGa
indica IR64 theo phuong 4n dugc wu tién nhit cta sang ché.

Fig. 1B minh hoa cac diéu kién khac nhau cua phan Ung chuéi polymeraza
(polymerase chain reaction: PCR) dé phan lap gen tir giéng lua indica IR64 va qua

trinh nhan dong cuia gen nay theo phurong 4n duge wu tién nhét cia sang ché.

Fig. 1C minh hoa qua trinh dién di san phdm phan tng chudi polymeraza (PCR)
trén gel agaroza, thé hién kich thudc san phém khuéch dai khoang 2,6Kb, kich thudc
chinh x4c 1a khoang 2598 bp ctia gen dugc phan lap tir giéng lua indica IR64, theo

phuong an dugc dédc biét uu ti€n clia sang ché.
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Fig. 2A minh hoa trinh tu gen hoan chinh cia khung doc mé& (open reading

frame: ORF) cua OsHk3b, theo phuong an dugc uu tién nhat clia sang ché.

Fig. 2B minh hoa trinh tu axit amin hoan chinh dugc suy ludn cia protein dugc

ma hoa béi ORF ctia OsHk3b, theo phuong 4n duge wu tién nhit cia sang ché.

Fig. 3A minh hoa su khiang dinh qué trinh nhén dong gen theo sang ché trong

vecto pYES2, theo phuong 4n durgc wu tién nhét cua sang ché.

Fig. 3B minh hoa sy khing dinh qua trinh nhén dong gen theo sang ché trong
vecto pCAMBIA 1304, theo phuong 4n dugc wu tién nhit cia sang ché.

Fig. 4 minh hoa su bu chirc ning trong thé dot bién HS13 man cam vé6i thdm thau
phu thudc nhiét do SLNI trong ndm men bGiORF cia OsHk3b cta cdy laa,theo

phuong an dugc uu tién nhat cua sang ché.

Fig. 5 minh hoa biéu d6 thé hién sw cam tmg cta.OsHk3b trong cdy lGa boi cac

yéu té vo sinh bét loi khac nhau, theo phuong 4n dwoc vu tién nhét cua sang ché.

Fig. 6 minh hoa su bién nap va tai sinh cua Oryza sativa cv IR64 - minh hoa céc
hat lua IR-64; budc - (a); tao thanh thé sén cua lGa trén cdc moi truong tao thé sin;
budc - (b); thé sin cua lua sau nudi céy duoc gilt trén cdc moi truong tao thé sin trong
khodng 5-7 ngay; budc - (c); ddng chuyén nhilm thé sin cta lta béng chung
Agrobacterium LBA4404 chira cu triac gen OsHk3b; budc - (d); ddng nudi thé sin
cta cdy lta dugc dong chuyén nhiém; bude - (e); ria Agrobacterium phat trién qua
mircbang khang sinh xefotaxim; buéc - (f); chuyén thé san ciia lta da dugc rira vao dia
chon loc; budc - (g); thé san cua lua bién nap dugc gilt trén moi truong tai sinh; budc -
(h); 1aa non tai sinh khi dwoc chuyén vao méi truong tai sinh méi; budc - (i); laa duoc
tai sinh hoan toan khi dugc chuyén vao cic éng nuodi cdy dé phat trién thém; buéc - ();
cdy laa bién dbi gen tir budce - (j) duoc chuyén ra binh dit nung va dugc giit trong nha

kinh; budc — (k) theo phwong édn duge wu tién nhit ciia sang ché.

Fig. 7A minh hoa khéng dinh su chéng chiu nhiéu yéu t(‘)’ bét loi khac nhau cta 14
cdy dugc phat trién trong Fig. 6 bing thu nghiém dfia 14, thé hién téc d6 bi lam tring
cac mau la khac nhau trong cac diéu kién dbi chirng va do mén bét loi, theo phuong an

duoc uu tién nhat ctia sang ché.
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Fig. 7B minh hoa ham lugng chét diép luc téng sé cia cac 14 thuc vat duoc phat

trién trong Fig. 6, theo phuong an dwoc vu tién nhét cta sang ché.

Fig. 8 minh hoa khing dinh su cai nhdp thanh céng gen OsHk3b theo sang ché
vao hé gen cic cdy laa IR64 bién dbi gen biang cach st dung plasmit -

pCAMBIA1304, theo phurong 4n dugc uu tién nhét cia sang ché.

Fig. 9 minh hoa khang dinh sy chng chiu nhidu yéu t8 bat loi khac nhau cua céc
cay T1, vé& mat nay mam cua hat trong cac diéu kién d6 min, dugc phat trién tir cac hat
clia céc cdy dugc phat trién trong Fig. 6, theo phuong an dugc vu tién nhat cua sang

ché.

Fig. 10 minh hoa so sanh, khing dinh su chéng chiu nhiéu yéu t§ bat loi khac
nhau trong cac thuc vat T1 duoc phat trién 7 ngay trong cac diéu kién binh thuong, va
sau d6, duogc phat trién tiép 10 ngay trong cac didu kién min, bang cach do cac ham

luong chat di€p luc cia cay.
Cac ghi chu chi ti€t cda cac Fig. dugc mo ta & cudi ban mo ta nay.
MG ta chi tiét sang ché

Hién tai duoc hiéu réng tinh trang k¥ thuét khong boc 16 hodc huéng dan 1a gen
kinaza histidin dang lai, ma c6 kha ning man cam véi thAm thau va duoc cam ung badi
nhiéu yéu t6 bét loi va kha nang cai thién sy chdng chiu nhiéu yéu tb bat lgi khéc nhau
trong cac cdy trong mua vy, cu thé 1a trong cac cay tr6ng bién dbi gen, co thé duoc

phén 1ap tir giéng lua indica IR64.

Hon nira, tinh trang k¥ thuét khong boc 16 hodc huéng dan 1a gen kinaza histidin
dang lai dugc phén lap tir gidng lua indica IR64 c6 thé dugc nhan dong, it nhat, trong

vecto bieu hién cua nam men va vecto bi€u hién cua thuc vat.

Hon nira, tinh trang k§ thuat khong boc 1§ hodc huéng dan 1a cay trong mua vu
c6 thé duoc cai thién su chéng chiu cta chang dbi v6i nhidu yéu td bat loi bang cach
sir dung gen dugc phan l8p ndy sao cho tao ra cac cdy trong c6 kha ning chéng
chiuvéi nhiéu diéu kién vo sinh bt loi cda mdi truong dé giai quyét cac kho khin vé

su chong chiu kém doi vai yeu to bat loi trong cay trong mua vu.
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V6i muc dich phan l4p gen kinaza histidin dang lai tir gidng lua indica IR64, cac
tac gia bat ngd phat hién ra rang néu cADN, dwoc phan l1ap tir IR64 trong tir hat, duogc
xir Iy bang phan tng chudi polymeraza (PCR) v6i mdi xudi OsHk3bE va mdi nguoc
OsHE3bR, trong d6, bude gan mdi duge thuc hién tai khoang 55°C, sau do gen kinaza
histidin dang lai dwoc phan l4p, va gen dugc phan lap nay, bat ngo phat hién ra ring
chung co6 kha nang man cadm vdi thAm thiu va dugc cam ing boi nhiéu yéu t6 bét loi,
va c6 kha ning cai thién su chdng chiu nhiéu yéu t6 bt loi khac nhau trong céc cay

trong mua vu, cu thé la trong céc cdy trong bién doi gen.

Nham muc dich nhan dong gen kinaza histidin dang lai dwoc phan lap tir giéng
lua indica IR64, it nhét, trong vecto biéu hién ciia ndm men va vecto biéu hién cia
thuc vat, cac tac gia bat ngo phat hién ra ring, gen phén 14p dua trén qua trinh khuéch
dai bang cach xtt Iy véi mdi xudi OsHk3bSpelF va mdi nguge OsHk3bSpelR st dung
phan tng chudi polymeraza (PCR), gen theo sang ché dwoc nhan dong trong vecto

bi€u hién cua ndm men va ciing dugc nhén dong trong vecto biéu hién cua thuc vét.

Nhiam muc dich cai thién su chéng chiu nhiéu yéu t6 bit loi khac nhau trong cac
ciy trong miia vu, cac tAc gia bt ngd phat hién ra ring, khi thé sdn cta cay lta phat
trién tir cac hat IR64 duoc ddng chuyén nhiém véi moi truong chtra gen dugc nhan
dong, TR64 nay 14 kha bién va phat trién thanh cy laa IR64 bién ddi gen hoan chinh,
c6 gen theo sang ché biéu hién vuot troi, va cac cdy laa bién d6i gen phat trién nay cho
théy kha nang chéng chiu nhiéu yéu t6 bat loi khac nhau duoc cai thién mot cach bat
ngo, ¢6 kha nang chdng lai nhiéu hon mét cac yéu té moi truong bt loi, nghia 14, bang
cach nay, cac thuc vat phat trién nhu vay dugc phat hién la c6 kha nang séng s6t tot

hon trong céc diéu kién c6 y&u to vo sinh bat 1oi.

D phét hién ra riang cac hat cia cac cdy trong bién ddi gen ma duoc phat trién
bang cach st dung cac dong gen theo sang ché ciling c6 su chdng chiu nhiéu yéu td bét
lo1 khac nhau dugc cdi thién trong qua trinh nay mam cla hat, va bat ngd 13, ca ré va
than, khong co biéu hién giam sy phat trién, va cac thuc vat dugc phat trién tir do cling
cho théy la ¢6 su chéng chiu nhiéu yéu t5 bét loi khac nhau duoc cai thién khi so véi
sw nay mam cic hat cua céc cdy trong mua vu binh thudng va cac thuc vat duge phat
trién tlr cdy trong mua vu nay. Do d6, cac kho khan vé su chdng chiu kém dbi voi yéu

t6 bét loi trong céc cy trong mia vu duoc giai quyét theo sang ché.
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Theo d6, sang ché dé cap dén phuong phép phén lap gen kinaza histidin dang lai
tir giéng lia indica IR64, phwong phap nay bao gom bude xtt Iy cADN duogc phén lap
tir IR64 trong tir hat v6i mdi xudi OsHE3bF va mdi nguocOsHE3bR bing phan Gng
chudi polymeraza (PCR), trong d6, budc gin mdi dugc thyuc hién tai khoang 55°C, va
trong do, gen kinaza histidin dang lai OsHk3b dugc phéan lap tu plasmit pTOPO-
OsHk3b.

Theo sang ché, mdi xudi OsHk3bF co tr_inh tu
5’ATGACGTTCGCGAGGTACGC3’ va moi nguoc OsHk3DR ¢6 trinh tu
S’CTATTCAACTTGGTCATGATTTTG3’ (Fig. 1A).

Theo sang ché, cac doan moi nay duogc tong hop bdi:

a) bét cap trinh tu axit amin (protein) cia SLNI (gen cam bién thAm thdu) cia
nidm men Vi cac trinh ty axit amin (protein) ctia 14 thanh vién cta ho kinaza histidin
(HK) trong lha (Oryza sativa japonica), trong d6 mot thanh vién ctia ho HK - OsHk3b
trong lGa (Oryza sativa japonica) trong sé 14 thanh vién nay cua ho dugc thdy 1a géan

nhit v4i SLN1 (gen cam bién thim thau) trong nAm men;

b) dya trén cac trinh tu axit amin cta OsHk3b ti lGa (Oryza sativa japonica),

trinh tu nucleotit twong tng ctia n6 dugce str dung;
¢) phén tich ORF cua n6 bang cach sir dung phan mém c6 san;

d) thiét ké mdi xudi OsHE3bF, ¢6 trinh tu 5>’ ATGACGTTCGCGAGGTACGC3’
va mdi nguoc OsHK3bR, c¢6 trinh tu 5>CTATTCAACTTGGTCATGATTTTG3® tir
ORF ctia OsHk3b bang cach st dung phan mé&m thiét k& mdi c6 sin;

e) nhan biét cac trinh tu nucleotit ctia mdi xudi va mdi nguoc; va

f) tao ra mdi xudi OsHk3bF ¢6 trinh tw S’ATGACGTTCGCGAGGTACGC3’ va
mdi nguroe OsHk3bR c6 trinh tr S>CTATTCAACTTGGTCATGATTTTG3 .

Theo mdt trong s6 cac phwong an uu tién theo sang ché, phan tich ORF duoc
thuc hién bang cach st dung phén mém truc tuyén

(www.ncbi.nlm.nih.gov/projects/gort/).

Theo mot trong sd6 cac phuong &n uu tién theo sang ché, thiét ké moi xudi

OsHE3bF, c6 trinh ty 5>’ ATGACGTTCGCGAGGTACGC3,” va mdi nguoc OsHE3bR,
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¢o trinh ty S’CTATTCAACTTGGTCAT GATTTTG3’ tr ORF ctua OsHk3b duogc
thuc hién biang cach st dung phin mém thiét ké moéi truc tuyén

(www.idtdna.com/analyzer/applications/oligoanalyzetr/).

Theo sang ché, cADN dugc phén lap tir cac cay lua IR64 trdng tir hat, cu thé la tir

cac cdy cv IR64 trdng tir hat bao gdm céc bude:
a) phan 1ap ARN tbng sb tir mo 14 chiu d6 man bét loi ciia IR64 trong tir hat;

b) phan lap mARN tu ARN tong sb bang cach sir dung cac hat streptavidin thuan

tir va mdi d(T)20 ngin dugc danh ddu bing biotin;

¢) tdng hop mach cADN thi nhét tir mARN bang cach sir dung kit thong dung co
sdn dé téng hop mach cADN thir nhét.

Theo sang ché, phan ung chudi polymeraza (PCR) bao gbm céc budc:

i) chuén bi hdn hop phan ung ciia cADN, va moi xudi OsHk3bF, c6 trinh tu
5’ATGACGTTCGCGAGGTACGC3’ va mdi nguoc OsHK3bR, c6 trinh tu
5’CTATTCAACTTGGTCATGATTTTG3;

i) bién tinh hdn hop phan g ban dau tir budc i), tbt hon 1a tai khoang 94°C
trong khoang 5 phut;

iii) bién tinh hdn hop phan ung tir bude ii), tét hon 1a cho khoang 34 chu ky tai
khoang 94°C trong khoang 1 phut;

iv) gan mdi hdn hop phan tmg tir bude iii), tét hon 1a tai khoang 55°C trong
khoang 1 phut;

v) téng hop hdn hop phan Gng tir bude iv), tot hon la tai khoang 72°C trong
khoang 3 phut; va

vi) tong hop 1an cudi hdn hop phan tmg tir budc v), tot hon la tai khoang 72°C
trong khoang 7 phut.

Theo sang ché, phuong phap phan 1ap gen kinaza histidin dang lai tir giéng lua
indica IR64, con bao gém cac bude sau:

1) chuén bi plasmit téi t6 hop pTOPO-OsHk3b bing cach nhan dong doan gen
duoc khuéch dai trong vecto TOPO-TAZ2.1;
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2) phan 1ap gen OsHk3b tir plasmit téi tb hop pTOPO-OsHk3b bang cach sir dung

moi xudi va moi ngugce chuan cua M13;

trong d6, s phan 14p gen - OsHk3b dugc khing dinh (dugc nhan biét) bang kich thude
cia ADN khoang 2,6Kb, chinh xac hon la khoang 2598 bp.

Theo sang ché, sau khi thuc hién phén tmg chudi polymeraza (PCR) voi mdi lya
chon, nhiéu ban sao cia ADN dich dugc tao ra ma khong nhin thiy duogc trong dung
dich, nhung khi duoc nbi vao vecto nhan dong TOPO-TA lam bén ADN dich, cac
khuén lac duoc bién nap c6 thé nhin thdy dugc, tuy nhién san pham khuéch dai nay co _
thé duoc quan sat qua budc dién di trén agaroza kém theo qua trinh nhudm béi etidium
bromit. TOPO-TA chi dugc st dung dé tao d6 bén san phém khuéch dai ma cling dé
dang dé xac dinh trinh tu. Gen duoc tao ra nghia 1a qua trinh phan l8p dugc gia dinh.
Sau khi tao ra nhu trong Fig. 1C, su phan lap dugc khang dinh bdi qua trinh xac dinh
trinh tu, bing trén the gel agaroza khang dinh 14 gen da dugc phan lap.

Theo mot phuong 4n, sang ché dé cép dén gen kinaza histidin dang lai dugc phan
lap tir gidng laa indica IR64, va gen dugc phan 1ap cho thdy 1a c6 kha ning hoat dong
nhu gen cam bién thim thau, va c6 kha ning man cam véi tham thdu va duoc cam tng
boi nhidu yéu t bét loi, va kha ning cai thién su chdng chiu nhiéu yéu t6 bét loi khac
nhau trong cac cdy trong mua vu, cu thé 1a trong cac cdy trong bién ddi gen sao cho tao
ra cac cdy trong c6 kha ning chdng chiu véi nhiéu diéu kién vo sinh bt lgi ctia moi
truong, va vi thé, 1am tang gia tri kinh té ciia ching trong khi gitt duoc san lugng tiém

ndng cua no.

Theo phuong an khéc, sang ché dé cap dén danh muc trinh tu gen kinaza histidin
dang lai dugc phén lap tir giéng lua indica IR64, trong d6, gen nay dugc xac dinh trinh
tur sau khi tao thanh plasmit tai t6 hop pTOPO-OsHk3b, va trong d6, trinh tu gen hoan
chinh cta khung doc mé (ORF) cua gen OsHk3b 1a 2598 bp va trinh tu nhu dugc dua
ra trong Fig. 2A kém theo 13 tham chiéu dbi v6i gen duoc néu ra ¢ day, va trong do
gen OsHk3b theo sang ché dugc ndp lén National Center for Biotechnology
Information (National Center for Biological Resources (NCBI) tai dia chi

http://www.ncbi.nlm.nih.gov/nuccore/198387187) voi s6 truy cap Genbank la Bankit
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1121378 FJ004641ngay 7/08/2008. Ban tai li¢u ndp cua National Center for
Biotechnology Information (NCBI) dugc ndp kém theo.

Theo mdt phuong an, sang ché dé cap dén gen kinaza histidin dang lai, trinh tu
gen hoan chinh ctua khung doc mé (ORF) ctia OsHk3b 1a 2598 bp va nhu dugce dua ra
trong Fig. 2A.

Theo mét phuong an theo sang ché, gen kinaza histidin dang lai, OsHk3b c6 thé
dwoc nhan biét bang s truy cdp Genbank 1a Bankit 1121378 FJ004641 cua National
Center for Biotechnology Information (NCBI).

Theo phuong an khéc, sang ché dé cap dén phuong phap nhan dong gen kinaza
histidin dang lai duoc phan 1ap tir gidng lua indica IR64 trong vecto biéu hién ctia nim

men, cu thé 1a pYES2, phuong phéap nay bao gdm céc budc:

a) khuéch dai gen OsHk3b tir plasmit pTOPO-OsHk3b bing bing cach xu ly
plasmit pTOPO-OsHk3b v6i moi xudi OsHk3bSpelF va mdi nguoc OsHk3bSpelR
bang cach sir dung phan tng chudi polymeraza (PCR);

trong d6, doan gen OsHk3b dugc khuéch dai, chirakhung doc md& hoan chinh
(ORF) clia gen nay clng v&i vi tri bd sung Spel - OsHk3b, trd nén duoc nhan dong tai
vi tri Xbal trong pYES2.

Theo sang ché, cic mdi duge sir dung cho qua trinh nhan dong gen dugc phan lap
twong tu cac mdi duge st dung dé phan 14p gen nay, nhung cac mdi cho qua trinh nhén
dong gen duoc phan l4p chira vi tri bd sung Spel dé thuan loi cho qua trinh nhan dong

gen OsHk3b trong pYES2.

Theo phuong 4n wu tién theo sdng ché, sau phan vng chudi polymeraza (PCR)
ctia OsHk3b v6i mdi xudi OsHk3bSpelF va mdi nguoc OsHk3bSpelR, pYES2 duoc bd

sung.

Theo sang ché, phan ung chudi polymeraza (PCR) dé khuéch dai gen - OsHk3b
tir plasmit pTOPO-OsHk3b bao gdm céc bude:

i) chuin bi hdn hop phan tng cia plasmit pTOPO-OsHk3b, va mdi xudi
OsHk3bSpelF va mdi ngugc OsHk3bSpelR;
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ii) bién tinh ban ddu ctia hdn hop phan tmg bude i), tét hon la tai khoang 94°C

trong khoang 5 phtt;

iii) bién tinh hdn hop phan tng tir budc ii), tot hon 13 trong khoang 34 chu ky &
khoang 94°C trong khoang 1 phut;

iv) gin mdi hdn hop phan tmg tir budc iii) tét hon 1a ¢ khoang 55°C trong

khoang 1 phut;

v) téng hop hdn hop phan tmg tir budc iv) tot hon 1a & khoang 72°C trong
khoang 3 phut; va

vi) tdng hop 14n cubi hdn hop phéan tmg tir bude v), tot hon 13, & khoang 72°C
trong khodng 7 phut.

Theo phuong 4n wu tién theo sang ché, sau khi phan tng chudi polymeraza
(PCR) ctia OsHk3b voi mdi xudi OsHk3bSpelF va mdi ngugc OsHk3bSpelR, pYES2

dugc bo sung.

Theo phuong an khac, sang ché dé cap dén dong gen kinaza histidin dang lai
duoc phan 1ap tir gibng lua indica IR64 trong vecto biéu hién cia nAm men, cu thé 1a -

pYES2, ma duogc nhan biét nhu pYES2-OsHk3b.

Theo phuong an khac, sang ché d& cap dén phuong phap nhan dong gen kinaza
histidin dang lai dugc phén lap tir gidng laa indica IR6 trong vecto biéu hién cta thuc
vét, t6t hon 1a vecto biéu hién trong lGa, cu thé 1a pCAMBIA1304, phuong phéap nay

bao gom céc budc:

a) khuéch dai gen OsHk3b tir plasmit pTOPO-OsHk3bbang cach xir ly plasmit
pTOPO-OsHk3b v6i mbdi xudi OsHk3bSpelF va mdi ngugec OsHk3bSpelRstt dung
phan tng chudi polymeraza (PCR);

trong do, doan gen OsHk3b dugc khuéch dai chtirakhung doc md hoan chinh
(ORF) clia gen nay cling v6i vi tri bd sung Spel - OsHk3 sé duge nhan dong tai vi tri
Spel cuia pCAMBIA1304.

Theo sang che, cac doan moi duge sir dung cho qua trinh nhan dong gen dugc

phan 1ap 1a twong tu cac mdi dwoc st dung dé phan lap gen niy, nhung cac mdi dé
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nhan dong gen dugc phan lap nay chtra vi tri bd sung Spel dé thudn loi cho qué trinh

nhan dong gen OsHk3 trong pCAMBIA1304.

Theo phuong 4n uu tién theo sang ché, sau khi phan tmg chudi polymeraza
(PCR) cua OsHk3b v6i mdi xudi OsHk3bSpelF va mdi nguge OsHk3bSpelR,
pCAMBIA1304 dugc bd sung.

Theo sang ché, phan @ng chudi polymeraza (PCR) dé khuéch dai gen - OsHk3b
tir plasmit pTOPO-OsHk3b bao gdm cac budc:

i) chudn bi hdn hop phan ung plasmit pTOPO-OsHk3b, va moi xudi
OsHk3bSpelF va mdi ngugc OsHk3bSpelR;

i) bién tinh hdn hop phan tng ban diu tir budc i), tét hon 14 tai khoang 94°C

trong khoang 5 phut;

iii) bién tinh hdn hop phan ung tir bude ii), tot hon 14 trong khoang 34 chu ky tai

khoéang 94°C trong khoang 1 phut;

iv) gdn mdi hdn hop phan ung tir budc iii), tét hon 1a tai khoang 55°C trong

khoang 1 phut;

v) tong hop hén hop phan ung tir bude iv), tot hon 1a tai khoang 72°C trong
khoang 3 phut; va

vi) tong hop cudi cting hdn hop phan tmg tir bude v), tét hon la tai khoang 72°C

trong khodng 7 phut.

Theo phuong 4n wu tién theo sang ché, sau khi phan ung chudi polymeraza
(PCR) cta OsHk3b véi mdi xudi OsHk3bSpelF va mdi nguoc OsHk3bSpelR,
pCAMBIA1304 dugc bd sung.

Theo phuong 4n khéc, sang ché dé cép dén dong gen kinaza histidin dang lai
duoc phan lap tir giéng laa indica IR64 trong vecto biéu hién trong lua, cu thé la

pCAMBIA 1304, ma dugc nhén biét nhu pCAMBIA1304-OsHk3b.

Theo mdt phuong 4n, sang ché dé cap dén phuong phép cai thién su chéng chiu
nhiéu yéu td bat loi khac nhau trong cac cdy trong mua vu, phuong phap nay bao gdm

qué trinh dong chuyén nhiém thé san cua cdy lua duge phat trién tir hat IR64 trong moéi
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truong chua gen duoc nhin dong va cho phép thé san ctia cay lua duoc dong chuyén
nhiém nay tai sinh hoan chinh thanh cay lua IR64 bién d6i gen, trong d6, moi trudong
nay c6 chung Agrobacterium LBA4404, va gen dugc nhan dong la pCAMBIA1304-
OsHk3b.

Theo sang ché, phuong phap cai thién su chdng chiu nhiéu yéu t bit logi khac
nhau trong cac cdy trong mua vy, phuong phap nay bao gdm cac budc:

a) ddng chuyén nhidm thé san cta cdy lua dugc phat trién tir cac hat IR64 véi
modi truong chira gen dugc nhan dong;

b) ddng nudi cdy thé sin cua ciy lua bi ddng chuyén nhidm nay tir budc a);

¢) rira mdi trudng phat trién qua murc cta thé sin cla cy lua dugc dong nudi ciy
tir bude b) bing khang sinh;

d) chuyén thé sin cta lta da duoc rira tir budc c) trén dia chon loc cho sinh
trudng ctia thé sin cua cay laa duge bién nap;

e) xir Iy thé san cia cay lua duoc bién nap tir bude d) voi moi truong tai sinh;

f) lap lai budc xir Iy thé sén ciia cay laa duoc bién nap tir budc e) voi méi truong
tai sinh mai cho dén khi tao ra cay lua dugc tai sinh hoan chinh;

g) lam tang tinh chiu dung cho cdy lua dugc tai sinh hoan toan tir budc f) trong
6ng nudi cay;

h) chuyén cdy lua dugc lam ting tinh chiu dung tir budc g) ra binh dit nung dé

phat trién thanh cay lua IR64 bién dbi gen hoan chinh;

trong d6, moi truong nay chira chung Agrobacterium 1.LBA4404, va gen dugc nhan
dong la pCAMBIA1304-OsHk3b.

Theo mét trong sd cac phuong 4n uu tién theo sang ché, budce b) ddng nudi ciy
duoc thue hién bang cach gitr thé sin ciia cdy lta dugc dong chuyén nhidm tir budce a)

trong bong t6i trong khoang 48 gio.

Theo mot trong so cac phuong an wu tién theo sang ché, ong nudi cay trong budc

g) chira cac cdy laa tai sinh trong cidc mdi truong tai sinh.
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Theo sang ché, khang sinh 1a xefotaxim, va cadc moéi truong tai sinh chira cac moi

truong Moorashige va Skoog c6 trén thi truong (Sigma, India).

Theo mot phwong an, sang ché dé cap dén cac cdy trong mua vu ¢6 sur chdng chiu
nhiéu yéu té bat lgi khac nhau duge cai thién nhu duge tao ra bang cach sir dung gen
duoc phan lap tir gidng laa indica IR64 theo sdng ché, trong do, cdy trong bién doi gen
nay duoc cho thdy c6 sy biéu hién vuot trdi ctia gen kinaza histidin dang lai dugc phan
lap tir gidng lua indica IR64, va cai thién su chéng chiu nhiéu yéu td bét loi khac nhau
chiu duge nhidu hon mot yéu té mdi trudng bat loi, nghia 1a bang cach nay, cdy trong
bién d6i gen duoc tao ra theo sang ché duoc phét hién 1a ¢6 kha ning sdng sot tot hon
trong cac diéu kién yéu té vo sinh bét loi, va do do, giai quyét duoc van dé vé su

chong chiu kém doi v6i yéu to bat loi.

Theo mot phuong 4n, sang ché dé cap dén thé hé thir hai ciia cdy trong duoc tao
ra tir hat cta cy trong bién ddi gen thé hé tha nhét, ma dugc phat trién bang cach sur
dung dong gen theo sang ché, trong do, thé hé cac cdy trong bién ddi gen phat trién
tiép sau (thé hé thir hai) ciing thé hién kha nang cai thién chdng chiu nhiéu yéu t6 bat
loi khac nhau, va thdm chi trong thoi ky ndy mam hat cta cac cay trong bién dbi gen
thé hé thir nhit, mot cach bit ngd, ré va than, duge phat hién thay sy phat trién tot hon,
it nhét, khong thy sy phat trién bi giam. Nguoc lai, thuc vat dugc phat trién tir cac cy
trdng tir hat khong dwoc chuyén nhidm véi cac dong gen theo sang ché dugc phat hién
co su chéng chiu kém dbi véi cac yéu t& moi truong bt loi, va hon nita, trong qua
trinh ndy mam céc hat tir cac cdy binh thudng (ddi chimg) nay, ré va than duoc thiy la

phat trién cham.

Theo mot phuong an, sang ché dé cap dén viéc str dung gen kinaza histidin dang
lai, dugc phan lap tu giéng lua indica IR64, dé cai thién su chéng chiu nhiéu yéu td bt

loi khéc nhau trong cac cdy trong mua vu.
Sau day, sang cheé dugc mo td cung véi sy tham khdo cac hinh vé kém theo.
Vi du thue hién sang ché

Theo phuong 4n dwoc wu tién nhit cta sang ché, phuong phéap theo sang ché bao

gdm céc budc sau:
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A) Phén 1ap gen kinaza histidin dang lai tur gidng lua indica IR64

Theo phuong 4n dwoc wu tién nhit cia sang ché, gen c6 chiéu dai day di; nghia
14, chudi ADN ma hoa cho protein ctia gen OsHk3b dugc phan lap tir gidng lda cv
IR64 chu yéu bing cach sir dung phan tung chudi polymeraza (PCR) ma vé co ban
dugc thuc hién béng cach st dung mdi  xudi OsHK3bE, c¢6 trinh tu
5’ATGACGTTCGCGAGGTACGC3’ va mdi nguoc OsHE3bR, c6 trinh tu
5’CTATTCAACTTGGTCATGATTTTG3’ (Fig. 1A), cac mdi nay dugc chon loc mot
cach dic hiéu. Bit ngd 13, néu ¢b gang tién hanh phan l4p gen nay tir gidng laa [R64

bing cach st dung mdi bat ky khac, thi s& khong phan 1ap duoc gen nay.

Theo sang ché, phan tg chudi polymeraza (PCR) dugc thuc hién trong diéu
kién nhu dugc mod ta trong Fig. 1B ma cling dugc chon loc mét cach dac higu. Bt ngo
14, néu cb gang tién hanh phan tmg PCR nay tai trong diéu kién khac véi cac didu kién

duoc minh hoa trong Fig. 1B kém theo, thi khong phan 1ap duoc gen mong mudn.

Theo séng ché, cac diu kién PCR (Fig. 1B) bao gém: bién tinh ban diu duoc
thuc hién tai khoang 94°C trong khoang 5 phit, theo sau khoang 34 chu ky bién tinh
duoc thuc hién tai khoang 94°C trong khoang 1 phut, gédn mdi tai khoang 55°C trong
khoang 1 phit, tong hop tai khoang 72°C trong khoang 3 phut va téng hop cudi cing
tai khoang 72°C trong khoang 7 phit bing cach st dung cac mdi OsHk3bF va
OsHE3bR (Fig. 1B).

Theo sang ché, ARN téng sb dugc phan lép tor mo 14 chiu d0 man bat loi cua
IR64 trdng tir hat. Tiép d6 1a phan 1ap mARN tir ARN téng s bing cach st dung cac
hat streptavidin thuan tir va méi d(T)20 ngin dugc danh ddu biotin. Mach ¢cADN thir
nhét duge tong hop tr mARN bang cach sir dung kit tdng hop mach cADN thir
nhit.Phan ﬁﬁg chudi polymeraza (PCR) dugc thuc hién nhu duge md ta trén day.
Poan khuéch dai du"qc nhan dong trong vecto TOPO-TA2.1 dé thu duoc plasmit tai td
hop pTOPO-OsHk3b. Fig. 1C kém theo minh hoa san pham PCR khuéch dai tur
plasmit pTOPO-OsHk3b bang cach six dung cac mdi xudi va mdi nguoc chudn cua
M13. Kich thuéc ADN ctia OsHk3b dugc thiy trén the gel (Fig. 1C) 1a khoang 2,6Kb,
chinh x4c hon 1a khoang 2598 bp, diéu nay khang dinh la gen OsHk3b da dugc phan
lap.
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B) Xac dinh trinh tu gen kinaza histidin dang lai dugc phan lap tir gibng lua indica

IR64

Theo sang ché, theo mdt phuong 4n, gen dugce phan lap tur gidng lua indica IR64
duoc xac dinh trinh tu sau khi tao ra plasmit tai td hop pTOPO-OsHk3b. Trinh tu
ADN nhu thu dugce sau khi xac dinh trinh tu, dugc minh hoa trong Fig. 2A keém theo,
minh hoa trinh tu gen hoan chinh ciia ORF cua OsHk3b ma gen nay la 2598 bp va
duoc ndp cho National Center for Biotechnology Information (NCBI) voi sd truy cap
Genbank 1a Bankit 1121378 FJ004641ngay 7/08/2008. Ban sao tai liéu nay tir National

Center for Biotechnology Information (NCBI) dugc ndp kém theo.

Theo séng ché, trinh tw ADN, nhu thu duge, duge phan tich bang cach st dung
cong cu so sanh BLAST, bit ng 12 trinh ty ndy tuong dong voi gen da biét dugc phan
loai nhu gen kinaza histidin dang lai cua céc sinh vat khac ma trong céy lta IR6 co cac
thay dbi khong dang ké. Hon nita, cADN phén lap duoc khing dinh ¢ chidu dai ORF
khoang 2598 bp ma ¢6 kha nang ma hoa cho polypeptit co khoang 865 gbc axit amin
(Fig. 2B). Khéi lwong phan tir du doan ciia polypeptit du kién khoang 95,90 kDa.
Protein du kién nay chtra ca ving truyén va ving nhan tin hiéu.D6 1a cac dic diém dac
trung cho kinaza histidin dang lai. N6 ciing thé hién gbc histidin bao thii tai vi tri 291
nhu duoc minh hoa trong Fig. 2B kém theo trong phan dugc gach chan tir dong 6 tir
phia trén trong vung truyén tin hiéu va gdc aspartat bao thu tai vi tri 772 nhu duoc
minh hoa trong Fig. 2B kém theo tir vi tri gach chan trong dong thir hai tir phia dudgi
trong vung nhén tin hi¢u. Fig. 2B kém theo minh hoa trinh tu axit amin hoan chinh du
kién ddi v6i protein duge ma hoa bdi ORF ctia OsHk3b, protein nay khoang 95,9 kDa,
trong do, vung truyén tin hi€u co géc Histidin bdo thu tai vi tri 291 (H, dugc gach

chan). Vung nhén tin hiéu c6 géc Aspartat bdo thu tai vi tri 771 (D, dugc gach chan).

Theo d6, sang ché dé& xudt gen cua gidng laa indica cv IR64 ma co tat ca dac
diém dic trung cho gen kinaza histidin dang lai. Trinh tw ADN ctia gen OsHk3b phan
1ap nay cling ndp luu tai dugce ndp cho National Center for Biotechnology Information
(NCBI) véi sd truy cap Bankit 1121378 ngay 7/8/2008. Ban sao tai li€u nay tur
National Center for Biotechnology Information (NCBI) duoc ndp kém theo.
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C) Qua trinh nhan dong gen kinaza histidin dang lai dugc phén 1ap tr gibng lta indica

IR64
C1) Qua trinh nhan dong trong vecto biéu hién cia nim men pYES2

Theo sang ché, gen OsHk3b theo sang ché duge nhan dong trong vecto biéu hién
ctia ndm men, cu thé 12 pYES2, bing qué trinh khuéch dai gen OsHk3b trong pTOPO-
OsHk3b st duhg cac mOiOsHk3bSpelF va OsHk3bSpelR nhu duge minh hoa trong
Fig. 1A kém theo str dung phan tmg chudi polymeraza (PCR) trong céc diéu kién nhu
duoc minh hoa trong Fig. 1B kém theo, trong d6 doan dugc khuéch dai chtrakhung doc
mé& hoan chinh (ORF) cta gen OsHk3b duge nhan dong tai vi tri Xbal ciia pYES2 va
qué trinh nhan dong theo dung khung doc dwoc khing dinh bang cach cat gidi han
bang cach su dung Sphl (Fig. 3A), trong d6 cét gisi han plasmit pYES2-OsHk3b v6i
Sphl dé khang dinh chidu ORF cta OsHk3b; M: thang chuan ADN 1kb; 1,2, 3, 4 va 5
1a plasmit pYES2-OsHk3b; 6: pYES2 va 7: plasmit pYES2-OsHk3b khong bi cit, va
gian dd mo ta pYES2-OsHk3b duoc thé hién phia trén hinh v&.

Theo d6, sang ché dé xuat gen OsHk3b ma c6 kha niang duoc nhin dong trong
vecto biéu hién ctia ndm men pYES2-OsHk3b va tao ra dong gen OsHk3b trong vecto
biéu hién ctia ndm men pYES2-OsHk3b.

C2. Qua trinh nhan dong trong vecto biéu hién cua thuc vét - pPCAMBIA1304

Theo sang ché, gen OsHk3b theo sang ché duoc nhan dong trong vecto biéu hién
ctia thuc vat, cu thé 1a pPCAMBIA1304, bang qua trinh khuéch dai gen OsHk3b trong
pTOPO-OsHk3b bang cach sir dung cac mbdiOsHk3bSpelF va OsHk3bSpelR nhu duoc
minh hoa trong Fig. 1A kém theo bing cich st dung phan tng chudi polymeraza
(PCR) trong cac diéu kién nhu dwoc minh hoa trong Fig. 1B kém theo, trong d6 doan
khuéch dai chirakhung doc mé hoan chinh cta gen OsHk3b 1a duge nhan dong trong vi
tri Spel ctia pCAMBIA1304 va nhan dong theo dung khung doc duoc khang dinh bang
cach cat gioi han bang cach st dung Sphl (Fig. 3B), trong d6 cit gigi han plasmit
pCAMBIA 1304-OsHk3b v6i Sphl dé khang dinh chiéu ORF cta OsHk3b; M: thang
chuén ADN 1kb;1,2,3 va 4: plasmit pPCAMBIA1304-OsHk3b; 5: pCAMBIA1304 va 6:
plasmit pCAMBIA1304-OsHk3b khong bi cit. Gian dd md ta pCAMBIA1304-
OsHk3b dugc thé hién phia trén hinh vé.
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Theo d6, sang ché dé xuat gen OsHk3b ma co6 kha ning dugc nhan dong trong
vecto biéu hién cta thuc vat pPCAMBIA1304-OsHk3b va tao ra dong gen OsHk3b
trong vecto biéu hién cta thuc vat pCAMBIA1304-OsHk3b.

D) bic diém chirc ning (cac uu thé) cia gen kinaza histidin dang lai dugc phén 18p tur

gidng lua IR64

D1) DPé x4c minh 1a gen duoc dé xuét, OsHk3b c6 kha nang thuc hién chirc ndng
nhu gen cam bién thdm thAu, nghia 13 wu thé ctia n6 trong qué trinh ctru dot bién man
cam voi thdm thu trong ndm men, chiing ndm men (Saccharomyces cerevisiae) HS13
c6 dot bién gen SLN1 man cam voi nhiét d6 dugce sir dung cho cac thi nghiém bo sung
(sIn-Ts), theo phuong 4n wu tién theo sang ché. Pugc quan sat thiy rang, thé dot bién
HS13 phat trién tét tai 28°C (Fig. 4A) nhung khéng c6 kha ning phat trién tai 37°C
(Fig. 4B) trén cic mdi truong YPD (cic mdi trudng ndm men, pepton va dextroza)
ciing nhu trén YPD chira mubi (NaCl 200mM). Theo sang ché, thé dot bién HS13
duoc bién nap véi (i) pYES2-OsHk3b, (ii) vecto pYES2 (vecto khéng chira OsHk3b)
va (iii) gen chic nang slnl (ctia ndm men) dé tao ra chung HS13 dugc bién déi ma
dugc thir nghiém thém. Hon nita, theo sang ché, HS13 mang pYES2 (vecto khong
chira OsHk3b) hoat ddng nhu dbi ching am (VC) trong khi HS13 mang gen chirc ning
sinl hoat dong nhu d6i chimg duong (SLN1). Khi tit ca cac ching nay dugc cdy lén
moi truong YPD va dugce u tai 28°C hodc tai 37°C, bét ngo la, sau khoang 72 gio u,
HS13 duogc bién nap voi pYES2-OsHk3b va HS13 mang gen chtre nang sinl 1a c6 thé
phat trién tham chi tai 37°C (Fig. 4B), trong khi néu chi c6 HS13 hodc HS13 mang
pYES2 (VC) thi lai khong thé phat trién tai 37°C, bang cach d6 khing dinh 1a khi bd
sung trong thé dot bién slnl v6i OsHk3b 1a c6 thé thu duoc, bidu thi vu thé cua gen

OsHk3b trong qua trinh ctru d6t bién man cam v6i thim thiu trong ndm men.

Sau khi xac minh wu thé cta gen OsHk3b nhu gen cam bién thdm thiu ma c6 thé
dugc st dung dé cai thién su chéng chiu dbi véi d6 man bét loi, thi cb géng duogc thuc
hién dé tim ra phuong thic hoat dong cta gen nay bang cach kiém tra vai trd gbe
Histidin va/hodc Aspartat bao thu trong gen OsHk3b, cac chit gy dot bién diém dinh
huéng ctia genOsHE3b duge thuc hién dé gay dot bién gde Histidin bao tha trong ving
truyén tin hiéu thanh Valin (HK3H*, HS13 mang histidin bi dot bién OSHK3H291V)
va gbc Aspartat bao thu thanh Glutamat (HK3D*, HS13 mang aspartat bi dot bién
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OSHK3D772E) trong protein OsHk3b dugc biéu hién. (Cac chit gy dot bién diém
dinh huéng pYES2-OsHk3b dugc thyc hién dé gay dot bién gdc Histidin bao thd trong
ving truyén tin hiéu thanh Valin biang cach sir dung mdi xudi, OsHk3bHisMUTF
GGCTACTGTTTCAGTTGAGATCAGAACTC va mdi nguge, OsHk3bHisMUTR
AGTTCTGATCTCAACTGAAACAGTAGCC; trong khi gdc Aspartat bao thi thanh
Glutamat bang cach su dung moi xuoi, OsHk3bAspMUTF
GATGCTTGTTTCATGCTCATACAGATGCCAG va mdi nguoc,
OsHk3bAspMUTR -CTGGCATCTGTATGAGCATGAAACAAGCATC bang cach
sir dung kit gy dot bién diém dinh hudng thay dbi nhanh).

Phan tich trén day khing dinh 14 dot bién trong ndm men HS13, dugc bién nap
v6i cac gbe bao thu bi dot bién nay ctia OsHk3b khong bd sung cho alen dot bién slnl-
Ts chira HS13 cua vat chu tai 37°C (Fig. 4B), didu do khéng dinh OsHk3b la kinaza
histidin dang lai va Histidin va Aspartat bao thu c6 lién quan dén qua trinh phosphoryl
héa trong su phat trién cua HSI3 tai 37°C. Hon nita, nAm men duoc bién nap
(OsHk3b) cho thdy 14 ¢6 kha nang chdng chiu do man bt loi 1én t¢i NaCl 200mM
(YPD chtra NaCl 200mM), trong khi vecto dugc bién nap (VC) hodc cac té bao HS13
khong duoc bién nap thi khong thé séng sot tai 37°C (Fig. 4D). Phan tich nay xac minh
mot cach ro rang la gen OsHk3b, ma hoa cho protein, cé kha nang hoat dong nhu gen
cam bién thidm thiu va c6 thé duoc sir dung dé cai thién su chdng chiu ddi véi do min

bét loi.

D2) Dé xac minh 1 gen xuét hién boi OsHk3b duge cam tng boi cac yéu td vo
sinh bét lgi khac nhau, phén tich PCR theo thoi gian thuc (QRT-PCR) duogc thuc hién
dé dinh lugng su biéu hién mARN cua gen nay. Phan tich nay dugc thuc hién béng
cach stir dung cac mau cADN khac nhau, duoc tao ra tir mARN ciia cdy IR64 trong tir
hat duoc tiép xuc voi cac yéu t& vo sinh bét loi khac nhau, nghia la, d6 man (S), han
han (D), ABA (axit absxisic), nhi¢t d6 néng (42°C) va nhiét do lanh (4°C) trong
khoang 8 gid va khoang 24 gid. Két qua khuéch dai PCR theo thoi gian thuc nhu dugc
minh hoa trong biéu d trong Fig. 3, biéu thi mdt cach bat ngd su cam ng clia gen nay
gdy ra boi tin hiéu moi truong khac nhau dudi dang cic yéu t6 vo sinh bat loi. Hon
nita, cling bat ngd thdy c6 su diéu hoa biét hoa phién ma ctia OsHk3bd6i véi d6 man,

han han, ABA, nhiét 40 nong va nhiét d6 lanh. Su tich lily phién ma cia OsHk3b ting
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ciing voi thoi gian tir khoang 8 gio dén khoang 24 gidr trong tat ca cac diéu kién bét loi
nhu vdy, nhu d6i véi d6 min (Fig. 5B, C), han héan (Fig. 5D, E), ABA (Fig. 5F, G),
nhiét do néng' (Fig. SH, I) va nhiét do lanh (Fig. 57, K), bing cich dé biéu thi vai tro
cua gen nay ddi voi nhidu yéu t6 v6 sinh bét loi, va vi thé, biu thi wu thé cta no trong
viéc cai thién su chéng chiu cta cac cay tréng d6i véi céac yéu t6 bt 1oi khac nhau, dic

biét 1a, nhiét do cao, nhiét do thép, dd méan cling nhu han han va v.v..

E) Cai thién su chéng chiu nhiéu yéu t& bét loi khac nhau trong cic cdy trong mua vu -
trng dung gen kinaza histidin dang lai dugc phan lap tir lta IR64 trong vi€c cai thién su

chong chiu nhiéu yéu to bat loi khac nhau trong céc cay trong mua vu

Dé xac minh kha ning cta gen OsHk3b trong viéc cai thién yéu té bt loi, cu thé
1a su chéng chiu yéu té vo sinh bét loi trong cac cay trdng (1ta bién ddi gen), cay lia
IR64 dugc bién nap voi gen OsHk3b dudi sy kiém soat cia trinh tu khéi dau phién ma
co dinh dugc chon loc mdt cach thich hop bang cach st dung pCAMBIA1304-
OsHFk3b, va dé c6 su so sanh, cay lua IR64 ciing dugc bién nap véi vecto dbi chung

(VC khong chtra gen OsHk3b).

Theo sang ché, bién nap IR64 thu dugc béng cach tiét trung bé mit cac hat IR-64
nay (Fig. 6a) va qué trinh chuyén vao cac mbi truong tao thé sin dé tao ra thé san, thé
san phat trién nay (Fig. 6b) sau d6 duoc nuodi ciy thém va lai duoc giit trong cac moi
truong tao thé sin trong khoang tir 5 dén 7 ngay (Fig. 6¢), cac thé san cua cdy lua nay
duoc ddng chuyén nhidm véi ching Agrobacterium LBA4404, chira pPCAMBIA1304-
OsHk3b (Fig. 6d), thé sin cta cdy lua bi ddng chuyén nhiém nay duoc giit thém dé
ddng nudi cdy trong khoang tir 2 d&én 3 ngay (Fig. 6e), Agrobacterium phat trién qua
murc (trén thé sdn cua cdy lua) duge rira bang khang sinh xefotaxim (Fig. 6f), sau do
thé sin nay cua lua d3 rira duoc chuyén trén dia chon loc dé phat trién thé san cla cay
laa duoc bién nap (Fig. 6g), thé san cua cdy lta duoc bién nap duge nudi cdy trén moi
trudong tai sinh (Fig. 6h) va sau dé dugc ciy chuyén trén cic moi truong tai sinh moi
(Fig. 61), lua duoc tai sinh duge chuyén vao cac 6ng nudi cdy dé phat trién hoan chinh
(Fig. 6j), sau do lua phat trién hoan chinh nay dwoc chuyén ra binh dét nung va duoc
trdng trong nha kinh dé phat trién thanh ciy lua IR64 bién di gen hoan chinh (Fig.
6k).
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Pé x4ac minh chtc ning tiém tang cta gen OsHk3b trong viéc cai thién su chong
chiu yéu t6 bét loi trong lta, thir nghiém phan tich dia 14 duge thuc hién. Trong phan
tich nay, cac dia 14 dugc cit tir cac thue vat khac nhau va duogc li'trong dung dich ¢6 do
min cao (NaCl 200mM), va d6i chung ciing dugc phat trién khi bd sung nude binh
thuong thay vi bd sung nude mudi. Sau khi G khoang 96 gio, tién hanh so sanh cac dia
nay va danh gia kha niang séng sét tong thé ctia chung (Fig 7A), su tinh toan chét diép
luc dbi voi cac miu nay ciing duge thyc hién va cac két qua nay duoc thé hién trong
Fig. 7B. Phan tich nay biéu thi cic cdy lua IR64 bién ddi gen (OsHk3b biéu hién vuot
tré1) thé hién qua trinh bi lam tring giam mot cach twong dbi, tham chi trong cac didu
kién di chimg (khong c6 do mén bat loi) trong T9 (Fig. 7A5 T29 (Fig. 7A7) khi duoc
so sanh v6i IR64 khong duoc bién nap, nghia 1a, WT (Fig. 7A1) va VC (Fig. 7A3).
Tuong tu, chit diép luc luu giir trong cac cdy lua IR64 bién dbi gen T9 (Fig. 7B6) va
T23 (Fig. 7B8) ciing dugc quan sat thdy nhiéu hon trong céc cdy khong bién doi gen
tuong Ung ctia n6, WT (Fig. 7B2) va VC (Fig. 7B4) trong do man bét loi, khang dinh
1a biéu hién vuot troi cua gen OsHk3 trong cdy lia bién ddi gen 1am cho ching séng

sot t6t hon trong yéu t6 vo sinh bat loi, dac biét 1a d6 man.
F) Khang dinh vé cac cay lua bién ddi gen OsHk3b:

Dé khing dinh su cai nhap cta gen OsHk3b vaohé gen cua cac dong IR64 biéu
hién vuot trdi, PCR ctia mau md duge thuc hién béng cach str dung moi xudi dic hiéu
cho gen OsHk3b va mdi nguoc ddc hiéu cho vecto (pCAMBIA1304). Su khuéch dai
nay thé hién bang kich thude 1,4 kb trén cac giéng s6 4, 7, 8, 9, 10, 11, 18, 19, 23, 32,
thé hién sy cai nhap thanh cong gen chuyén OsHk3bvao trong hé gen cia cay lua IR64
bién d6i gen nay (Fig. 8).

G) Céc dong lua bién dbi gen (T)) thé hién su chdng chiu dbi v6i d6 man bt loi trong

qua trinh ndy mam cua hat

Céc hat IR64 dang tu nhién (WT) va OsHk3b biéu hién vuot troi dugc gilt trong
dia petri chira bong dugce bdo hoa bdi ¥4 Yoshida chira NaCl 200mM (dd man bat
loi).Cac tac gia bat ngd phat hién ra rang ty 1& nay mam cac hat trong NaCl 200mM la
nhiéu hon trong trudong hop cac dong biéu hién vuot troi OsHk3b so voi cac hat dang

tw nhién (Fig. 2A). Khi chiéu dai ré va thin trong cc ciy trong tir hat ndy mam duogc
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do sau ngay phat trién tht tu, cac tac gia bat ngd phat hién ra ring ca chidu dai ré va
than 1a dai hon trong cac dong biéu hién vuot trdi, nhung chidu dai nay kém hon trong
dang ty nhién (Fig. 2B). Pé xac dinh cac ion K™ va Na* ¢6 sin trong céc thuc vét bién
doi gen nay, céac tac gia danh gia luong ion c6 sdn bing may quang ké ngon Itra (flame
photometer) va théy réng cac thuc vat bién ddi gen biéu hién vuot troi duy tri ty 1€
K'/Na’ 16n hon so v6i cac thyc vat dang tu nhién (Fig. 2C). Phan tich nay biéu thi 1a
biéu hién vuot trdi OsHk3b trong cdy lta cho phépchdng chiu d6 man bét loi déi voi

qua trinh ndy mam cua céc hat.

H) Cay tréng tr hat bién ddi gen biéu hién vuot tréi OsHk3b duoc thich ung tdt hon

dbi v6i do man bat loi khi duoc so sanh véi WT

Cay lua non bién ddi gen (T1) dugc st dung dé tién hanh thu nghiém thém su
chéng chiu d6i voi @6 man. Cdy tréng tir hat bay ngay tudi duogc chuyén vao méi
truong 1/2 Yoshida chira NaCl 200mM, trong khi céc cdy trong tir hat dwogc phat trién
trong moi truong 1/2 Yoshida khong chita NaCl duoc sir dung nhu dbi chimg. Cac buc
anh dugc chup sau mudi ngay chiu yéu té bét loi.Céc tac gia thiy cdy lua biéu hién
OsHk3bc6 biéu hién vuot troi kha nang khang lai d6 man bat loi bat ngo (Fig. 3B) va
duy tri chit diép luc nhiéu hon (Fig. 3C) cdy lta dang tu nhién trong diéu kién do min
bét loi. Tham chi trong cac diéu kién khong bt 1oi, cay laa biéu hién vuot tréi OsHk3b
cho thdy 13 phat trién hon cac dong OsHk3b dang tu nhién (Fig. 3A).Phén tich nay
biéu hién thém 14, biéu hién vuot trdi OsHk3b trong cay lua cung cép su chéng chiu do

min bt loi dbi véi cac cdy trdng tir hat.

Chu thich chi tiét ciia cac hinh kém v& theo:
Fig. 1A: Cac trinh tw méi dugc sir dung dé phén 14p gen OsHk3b.
Fig. 1B: Cac diéu kién cho phén g chudi polymeraza (PCR).

Fig. 1C: Dién di san pham phan tmg chudi polymeraza trén gel agaroza, thé hién

san pham OsHk3b khuéch dai co kich thude 2,6Kb (mdt cach chinh xac 2598 bp).

Fig. 2A: Trinh tu gen hoan chinh ORF ctia OsHk3b 1a 2598 bp (dugc ndp cho
NCBI ¢6 s truy cap Genbank 1a Bankit 1121378 FJ004641).
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Fig. 2B: Trinh ty axit amin hoan chinh, du kién d6i voi protein dugc ma héa boi
ORF cua OsHk3 ma protein nay 13 95,9 kDa. Ving truyén tin hidu c¢6 goc histidin bao
tha tai vi tri 291 (H, duoc thé hién mau d6).Ving nhan tin hidu c6 gbc Aspartat bao
thu tai vi tri 771 (D, duoc thé hién mau xanh).Trinh tu dugc ndp cho NCBI co ) truy
cap Genbank la Bankit 1121378 FJ004641.

Fig. 3A: Khing dinh qua trinh nhan dong OsHk3 trong vecto pYES2: Cit gisi
han plasmit pYES2-OsHk3b bang Sphl dé khang dinh chiéu ORF cia OsHk3b; M:
thang chudn ADN 1kb; 1,234 va 5 1a plasmit pYES2-OsHk3b; 6: pYES2 va 7:
plasmit pYES2-OsHk3b khong bi cit. Gian d6 md ta pYES2-OsHk3b duoc thé hién

phia trén hinh vé.

Fig. 3B: Khing dinh qua trinh nhan dong OsHk3b trong vecto pCAMBIA1304:
Cit gioi han plasmit pCAMBIA1304-OsHk3b bang Sphl dé khing dinh chiéu ORF
cua OsHk3b; M: thang chudn ADN 1kb; 1,2,3 va 4: plasmit pCAMBIA1304-OSHk3b;
5: pCAMBIA1304 va 6: plasmit pCAMBIA 1304-OsHk3b khong bi cat. Gian d6 mo ta
pCAMBIA 1304-OsHk3b duge thé hién phia trén hinh vé.

Fig. 4: B6 sung chuc nang trong thé dot bién HS13 min cam vdi thim thau ddi
v6i nhiét d6 trong ndm men SLN1 bing ORF cua OsHk3btrong caylua. B sung dot
bién béng biéu hién ORF cua OSHK3B; P nhay cda cac chung ndm men dugc nudi
cdy tai 28°C, 37°Ctrong ba ngiy trén cac mdi trudng YPD binh thuong va YPD c6

NaCl 200mM (mbi trudng c¢6 mubi).
Céc ching dugc sir dung trong thir nghiém nay:
WT, nAm men dang tu nhién;
HS13, thé dot bién sini-ts;
VC, HS13 chi mang vecto (pYES2);
OSHK3a va OsHk3b, HS13 mang pYES2-OsHk3b biéu hién;
SLN1, HS13 mang alen sinl biéu hién dang ty nhién;
HK3H*, HS13 mang pYES2-OsHk3b bi dot bién histidin (OsHk3H291V) va

HK3D*, HS13 mang pYES2-OsHk3b bi dot bién aspartat (OsHk3D772E).
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4A: Su duy tri cac chung ndm men khac nhau trén méi trudng YPD tai 28°C.
4B: Su duy tri cdc ching ndm men khéac nhau trén moi truong YPD tai 28°C.

4C: Su duy tri cdc chung nim men khac nhau trong moi truong do man bat loi

(YPD chira NaCl 200mM) tai 28°C;

4D: Su duy tri cac chung nidm men khac nhau trong mdi truong do man bét loi

(YPD chira NaCl 200mM) tai 28°C;

4E: Gian d6 mo ta cac ching ndm men khac nhau dugc st dung dé cdy trén 4A,

4B, 4C va 4D.

Fig. 5: Biéu db thé hién su cam tng OsHk3b bdi cac yéu t6 vo sinh bt loi khac
nhau trong cdy lua. Truc X c6 ciac miu khac nhau; truc Y thé hién su biéu hién twong
dbi cia mARN. Phan tich gqRT-PCR duoc thuc hién bang cach st dung cADN dugc
tdng hop tir mARN ctia IR64 (IR) trong cac diéu kién bét lgi S (NaCl 200mM), D (bi
mét nuéc), ABA (axit absxisic 100uM), nhiét do néng (42°C) va nhiét do lanh (4°C)
tai 8 (gio) va 24 (24gid) ciing v6i cac mau C (déi chung).

Fig. 6: Sy bién nap va tai sinhOryza sativacv IR64. a. Céc hat lta IR-64; b. Tao
thé sin cua lta trén cac moi trudong tao thé san; c. thé san cta lua dugc nudi cdy, sau
d6 duge gift trén cac moi truong tao thé san trong 5-7 ngay; d. ddng chuyén nhiém thé
sin cia cdy lGa v6i chiung Agrobacterium LBA4404 chia cdu tric gen
pCAMBIA1304-OsHk3b; e. dong nudi cdy thé sin cla cay laa b d6ng chuyén nhiém;
f. rira Agrobacterium phat trién qua mucbang khang sinh xefotaxim; g. chuyén thé san
cta lta da duoc rira vao dia chon loc; h. thé sén ctia lua bién nap duogc gilt trén moi
trudng tai sinh; i. lda non tai sinh dwgc chuyén vao méi truong tai sinh moi; j.
chuyéncay laa tai sinh hoan toan vao cic dng nudi ciy dé lam tang tinh chiu dung; k.

chuyéncay lua tir budc j vao binh dat nung va duge trong trong nha kinh.

Fig. 7A: Thir nghiém dia 14. Thé hién toc d6 bi lam tring ctia cic mau 14 khac

nhau trong moi trudng doi chimg va do man bat loi.

Fig. 7B: Ham luogng chit diép luc tong sd. Truc X: cdc méiu khac nhau; Y: truc

ham luong pg chét diép luc téng sb trong mot gram trong lwong 14 twoi

WT, IR64.
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VC, IR64 duoc bién nap véi vecto khong chira gen OsHk3b;
T9, IR64 duoc bién nap véi vecto chira gen OsHk3b (cay laa s6 9);
T23, IR64 dugc bién nap véi vecto chira gen OsHk3b (cay lta sb 23).

Fig. 8: minh hoa su khéng dinh céc cay IR64-OsHk3b dugc tai sinh béng PCR tur
mo. (A) Khuéch dai PCR duoc thuc hién béng cach sir dung mo lda non tai sinh nhu
khuon va mdi xudi dic hiéu cho vecto va mdi nguoc ddc hi¢u cho gen. M: ADN
chuin; 4, 7, 8, 9, 10, 11, 12, 18, 19, 23, 32 14 cac cdy trong tir hat khac nhau chuyén
gen OsHE3b dugce st dung cho PCR tir mo, IR: IR64 khong dugc bién nap, nghia la
cac thuc vat dang tu nhién va +ve: pPCAMBIA-OsHk3b dugce st dung [am khuon.

Fig. 9: minh hoa su khang dinh su chéng chiunhiéu yéu t6 bat lgi khac nhau bing
thr nghi¢m ndy mam ddi véi cac hat IR64-OsHk3b chuyén gen (T)) trong su co6 mat
cia NaCl 200mM. (A) Cac hat WT: Dang tu nhién; OE1: dong biéu hién vuot troi
OsHk3b, dugc gifr trong cac mdi truong 1/2 Yoshida chira NaCl 200mM; (B) Do d6
dai than; (C) Do do dai r&; (E) Do ty s6 K+/Na+. Dit liéu duoc 14y sau 96 gid chiu do

man bat lo1i.

Fig. 10: minh hoa su phét trién cac cdy trdng tir hat chuyén gen IR64-OsHk3b
(T,) trong diéu kién ddi chung (khong bi d6 min) va diéu kién do man bat loi va do
chit diép luc ctia ching. (A) trong méi truong % Yoshida binh thuong (B) trong moi
trudong Y2 Yoshida bd sung NaCl (200mM). WT: IR64 dang tu nhién, OE1: dong biéu
hién vuot trdi OsHk3b. (C) do chét diép luc tir cac cdy trong tir hat chiu do man bat loi,
cdy trong tir hat ddi chtng. Cay trdng tir hat 7 ngay tudi phét trién trong cac didu kién
dbi chung la dbi tuong chiu dugc véi do man bét loi (NaCl 200mM) trong 10 ngay,

sau do anh dugc chup.
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YEU CAU BAO HQ
1. Phuong phap nhan dong gen kinaza histidin dang lai vao plasmit téi tb hop, trong dé

phuong phéap nay bao gdm cac budc:

i) phan 1ap cADN tir giéng lua cv IR64;

ii) chuén bi hdn hop phan tng chudi polymeraza bao gdm:
a) cADN da duoc phén lap cia giéng lta cv IR64; va
b) mdi xudi chira SEQ ID NO:1; va
¢) mdi nguge chirta SEQ ID NO:2;

(iii) thuc hién phan tng chudi polymeraza (PCR) bang cach sir dung hdn hop cua
budce (i) dé san xudt gen kinaza histidin dang lai (OsHk3b) dang lai dugc khuéch
dai chita SEQ ID NO:3 ciia cADN ciia gidng laa IR64; va

(iv) nhan dong gen (OsHk3b) duge khuéch dai cia budce (1i1) vao plasmit tai t6 hop;
trong do6 trong qua trinh PCR néu trén budc gian mdi dugc thuc hién & khoang 55°C.

2. Phuong phap theo diém 1, trong d6 bude phan 1ap cADN tir gidng lua cv IR64 bao

g0m céac bude:
a) phan lap ARN téng sb tir md 14 chiu d6 man bét loi cua giéng lua cv IR64;

b) phan 14p mARN tir ARN tdng sé bing cach sir dung céc hat streptavidin thuan tir

va moi d(T)y ngén duge danh dau biotin; va
¢) tong hop mach cADN thir nhét tir mARN.

3. Phuong phép theo diém 1, trong d6 qua trinh thuc hién phan tmg chudi polymeraza

(PCR) bao gdm cac budc:
i) 1am bién tinh hdn hop phan tng PCR ban diu & khoang 94°C trong khoang 5
phut;
ii) 1am bién tinh hdn hop phan tmg tir bude i) & khoang 94°C trong khoang 1 phut;
iii) gén mdi hdn hop phan tmg tir budc ii) & khoang 55°C trong khoang 1 pht;

iv) tong hop hdn hop phan g tir budc iii) & khoang 72° trong khoang 3 phit; va
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V) tén_g hop 1an cubi hdn hop phan tng tir bude iv) & khoang 72°C trong khoang 7
phut;
trong d6 cac budc bién tinh, gfn mdi va tong hop duge 13p lai trong khoang 34 chu ky.
4. Phuong phap nhan dong gen kinaza histidin dang lai (OsHk3b) vao vecto biéu hién
clia nAm men, trong d6 phuong phap nay bao gbm cac budc:
(i) phan lélp‘cADN tir giéng laa cv IR64;
(ii) chudn bi hdn hop phan tmg chudi polymeraza bao gbm:
a) cADN da dugc phéan 1ap néu trén cua gidng lta cv IR64; va
b) mdi xudi chira SEQ ID NO: 1; va
¢) mdi nguoc chira SEQ ID NO: 2;
(iii) thuc hién phan ting chudi polymeraza bang cach str dung hon hop ctia bude (ii)

dé san xuAt gen kinaza histidin dang lai (OsHk3b) dugc khuéch dai chira trinh tu

néu trong SEQ ID NO: 3 ciia cADN gibng laa cv IR64;
(iv) nhin dong gen (OsHk3b) dugc khuéch dai trong bude (iii) vao plasmit tai to
hop,
(v) khuéch dai bang phan tmg chudi polymeraza (PCR), gen (OsHk3b) dugc khuéch
dai da nhan dong tir bude (iv) tir plasmit bing cach xit ly plasmit voi mdi xudi
OsHk3bSpelF va mdi nguoc OsHk3bSpelR dé tao ra doan gen OsHk3b dugc
khuéch dai; va
(vi) nhin dong doan gen OsHk3b dugc khuéch dai chtra khung doc m& hoan chinh
cua cua gen OsHk3b cung véi cac vi tri Spa bd sung vao vecto biéu hién cia ndm
men;
trong d6 trong qua trinh phan ung PCR néu trén, budce gin moi dugce thuc hién ¢
khoang 55°C.
5. Phuong phép theo diém 4, trong d6 qua trinh thyc hién phan ung chudi polymeraza
dé khuéch dai gen OsHk3b cia budce (v) bao gdm cac budc:
1) Jam bién tinh hdn hop phan ing ban dau bao gdbm modi xudi OsHk3bSpelF, moi

nguoc OsHk3bSpelR va plasmit ctia clia gen OsHk3b chira trinh ty néu trongSEQ
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ID NO: 3 & khoang 94°C trong khoang 5 phut;
i) lam bién tinh hdn hop phan ung tir budc i) & khoang 94°C trong khoang 1 phut;
iii) gan mdi hdn hop phan tng tir budc ii) & khoang 55°C trong khoang 1 phut;
iv) tong hop hon hop phan Gmg tir budc iii) ¢ khoang 72°C trong khoang 3 phut; va
v) tong hop 1in cubi hdn hop phan ting tir bude iv) & khoang 72°C trong khoang 7
phut;

trong d6 cac budc bién tinh, gin mdi va tbng hop duogc 1ap lai trong khoang 34 chu ky.

6. Vecto biéu hién ctia nAm men dugc phan lap, trong d6 vecto nay chira trinh tu néu

trong SEQ ID NO: 3.

7. Phuong phap nhan dong gen kinaza histidin dang lai (OsHk3b) vao vecto biéu hién

cua thuc vét, trong d6 phuong phap nay bao gdm céc bude:
(i) phan lap cADN tir giong lua cv IR64;
(ii) chudn bi hon hop phan tng chudi polymeraza bao gbm:
a) cADN dé duoc phén 1ap néu trén cia gibng Ita cv IR64; va
b) mdi xudi chira SEQ ID NO: 1; va
c) moi ngugc chira SEQ ID NO: 2;

(iii) thue hién phan trng chudi polymeraza bing cach st dung hdn hop cta bude (ii)
dé san xudt gen kinaza histidin dang lai (OsHk3b) duoc khuéch dai chira trinh tu
néu trong SEQ ID NO: 3 ctia cADN cua gidng lta cv IR64;

(iv) nhan dong gen (OsHk3b) dugc khuéch dai ctia bude (iii) vao plasmit tai t6 hop,
(v) khuéch dai bang phan ung chudi polymeraza (PCR), gen (OsHk3b) duge khuéch
dai dd nhan dong tr plasmit nay bang cach xtr ly plasmit voi moi xudi
OsHE3bSpelF va moi nguge OsHk3bSpelR dé tao ra doan gen OsHk3b dugc
khuéch dai; va

(vi) nhan dong doan gen OsHk3 b duoc khuéch dai chra khung doc mé hoan chinh
clia cuia gen OsHk3b cung v6i cac vi tri Spa bd sung vao vecto biéu hién cua thuc

vat.

-31-



19555

trong do trong qua trinh phan mg PCR néu trén, budc gin moi dugc thuc hién &

khoang 55°C.

8. Phuong phap theo diém 7, trong d6 qua trinh thuc hién phan tng chudi polymeraza

dé khuéch dai gen OsHk3b cuia bude (v) bao gdm cac buédc:

(i) lam bién tinh hén hop phan Gmg ban diu bao gdm moi xudi OsHk3bSpelF, moi
nguoc OsHk3bSpelR va plasmit cia gen OsHk3b chura trinh ty néu trong SEQ ID
NO: 3 & khoang 94°C trong khoang 5 phtt;

(ii) 1am bién tinh hdn hop phan tng tir bude i) & khoang 94°C trong khoang 1 phit;
(iii) gdn mdi hdn hop phan tmg tir budc ii) & khodng 55°C trong khoang 1 phit;
(iv) tong hop hdn hop phan tng tir budc iii) & khodng 72°C trong khoang 3 phit; va
(v) tdng hop 14n cudi hdn hop phan tmg tir bude iv) & khoang 72°C trong khoang 7
phut;
trong d6 cac bude bién tinh, gin mdi, va tong hop duge lap lai trong khoang 34 chu
ky.

9. Vecto biéu hién cta thuc vat duoc phén ldp, trong d6 vecto nay chua trinh tu néu

trong SEQ ID NO: 3.
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<160> SO TRINH TU 8

<210> SEQ ID NO 1

<211> CHIEU DAI: 20

<212> LOAI: ADN
<213>
<220> PAC TINH:
<223>
<400> TRINH TU: 1

atgacgttcg cgaggtacgc

<21Q> SEQ ID NO 2
<211> CHIEU DAI: 24
<212> LOAI: ADN

<213 > SINH VAT: Nhén
<220> PAC TINH:

<223> THONG TIN KHAC:
<400> TRINH TU: 2

ctattcaact tggtcatgat

<210> SEQ ID NO 3

<211> CHIEU DAI: 2598

<212> LOAI: ADN

<213> SINH VAT: Oryza

<400> TRINH TU: 3

atgacgttcg
gcgtacgcgg
acgatcaaga
ggggacgccg
gcccaggacg

aaéaacatac
ctgaataatc
aatgccaggc
atacaagcac
aatgtgtatg
ggcatgtgcc
tgcaggttcg
cttgtgattg
gttgaagatg
gcaaagtcac
ctagggatgc

agaactgccc

cgaggtacgc
tgcgggtgac
agatgtactc
ccgtcgecgga
cctacaagca
tatactctag
gcctecggagt
cacatgaacg
tcgtcgaaaa
atacgaccaa
atgtcagegt
aaaaaaagcc
ctttactgac
atttccacaa
agttcttggc
tccaaatgct

aagctagtgg
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DANH MUC TRINH TU'

SINH VAT: Nhan tao

tao

THONG TIN KHAC: Doan méi OSHKbL3F

Poan mdi OsHkDL3R

tttg 24

sativa

ggtgaggacg
gcacggcgag
ctccteccaac
gatccgggag
cgtcatctcc
gaaatctggc
aatctcgaca
catccaagcc
gttgctcaaa
cgagaacccg
gctcaacttt
accatggcca
tggtcacata
gatgagcgaa
tactgtttca
catggatact
aaaagctttg

gcgttcegagce
cgggagcatt
aagaagcagt
ccecgeccgagg
ttcgacatgce
aagggtgtcc
tacactgttt
gcgattggct
caactcgcga
atcagtatgt
ggtgatccat
tggctggcaa
tttcaagcta
ctcaagaagc
catgagatca
gatttggaca

gtctctctca
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ggccgctgac
tcgagcggca
cgtcgtcggg
agtacgcccc
tctececgggaa
tgactgctcc
ataagtctga
atttgggcgg

gccaggaatc

acggtgatga

cgagaaagca
taacgtcatc
ctgtccatcg
gtgcagaaga
gaactccaat
cgacgcagca

tcaatgaggt

gagcggggtyg
gcaggggtgg
gccggggcecyg
ggtcatcttc
tgaggatcgg
tttcaagcta
gctccctgca
catatttgac
catcatggtg
tactgggagt
tgagatgcat
gtttggaact
gattgctaaa
tgcagacgtc
gaatggtgtt
ggactatgtt
tcttgatcag

20

60
120

180

240
300
360
420
480
540
600
660
720
780
840
900
960
1020



gcaaagattg
tgtgacgaca
gtgtatgtct
atcattacga
acagttcatg
acaaacaétt
cttttcaaca-
ataagcttgg
cgtgtgttca
ggcattggat
gcaagtaagc
tgcaaaggaa
cataggccag
gaactgacag
aagctagtgc
gttaacaaat
tctgcaagtt
atgaagccgc
gataaggtgc
aagaagcaaa
aagaagtatg
aaacccccgce
tttgaagcca
ggagaggcgce
acggcggatg
gtctccaagc

catgaccaag

<210> SEQ I

<211> CHIEU
<212> LOAT:

<213> SINH

<400> TRINH

Met Thr Phe
1

agtctggtaa
ttttatctct
cggatcaagt
atcttgtcgg
tagttgaaga
taagtggcta
gagaattaca
ttatatctgt
ccecettteat
taagcatcag
cccatgttgg
atgacatcaa
tccgtgcaaa
ctgagctaaa
taatagacaa
tgaggaataa
ctcccaaggg
ttcgtgcaag
actgcaggaa
tcattgttgt
gtgccgaagt
acaattttga
ctagaaggat
caccagaatg
ttatacaggc
catttgaagg
ttgaatag

D NO 4
DAI: 865
PRT

VAT: Oryza

TU: 4

Ala Arg

Tyr

acttgagctc
gttttgtggg
tccacagata
gaactccata
ggtcatgagt
tccagtagcce
ctcatctgag
tgaagatact
gcaggtaggt
caagtgcttg
ttctactttc
atcatcagaa
ggttaccaag
tcagttcatt
ggaaacctgg
tgacaagcca
cggttcagat
catgcttcag
tggagtagtt
cgacgacaat
tacttgtgca
tgcttgtttc
tagagtgatg
tgctagtatt
aacacacgag

ggagcagctg

sativa

Ala Val

Arg Thr
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gagacggtgc
aaagctcagg
cttattggcg
aagttcacag
tgtttggagg
aacagaagat
aagtcttttg
ggcgtcggca
ccatccattg
gttggtctca
accttcaccg
tttaaaggga
tatcacttgc
tctaaattaa
cttaaggaat
gactctccta
acatccaggg
gtctcactac
ggcaattcaa
atcgttaacc
gacagcggga
atggacatac
gaaagagatc
cagaggtggc
gagtgcctga

tacagcgaag

Ala
10

cctttgatct
agaaaggact
atcctggcag
agagagggca
tagagacagg
gtagctggga
cgcccatecge
tcccatttga
cccgecatcca
tgaagggaga
cggtgcttat
tcaatgcatt
aaagacttgg
actctggatc
cccattgcac
agttatttct
aacataactt
gacgagcact
cattgggcag
tgaaggtggc
aaaaagcaat
agatgccaga
taaatgagcg
gaactcctat
aaagcgaaat

tagcgecggtt

Phe Glu

Arg

Thr

His

Ser

val
65

Ser

Phe

Asn

50

Ala

Gly
Glu
35

Lys

Glu

val
20
Arg

Lys

Ile

Ala

Gln

Gln

Arg

Tyr Ala Val

Gln Gly Trp

40

Ser Ser

55

Ser

Glu
70

Pro Ala

Arg Val
25
Thr Ile

Gly Pro

Glu Glu
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Thr

Lys

Gly

Tyr
75

His

Lys

Pro

60
Ala

Gly
Met
45

Gly

Pro

Glu

30

Tyr

Asp

Val

tagaacagtt
ggagttagca
gataagacaa
tatatacctg
aattcagaac
gagcattcgg
atctgattca
agcccaatcc
tgggggcact
aatcggtttt
gagggcacac
ggttgttgat
agttaagacc
actgactgca
gcctecttctg

tttggggagc
gaatgtaata

aggtggggtc
ccttcttcac
tggtgctctt
cacattgcta
aatggatggg
aatagaacgc
attggcgatg
ggatggctat

tttccaaaat

Pro Leu

15

Arg Glu

Ser Ser

Ala Ala

Ile Phe

80

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2598



Ala

Asn

Val

Ser

His

145

Ile

ser

Met

Asn

Lys

225

Leu

Arg

Lys

Val

Gln

305

Arg

Val

Val

Cys

Asp

385

Ile

His

Glu

Val

Glu
465
Ile

Gln
Glu
Leu
Thr
130
Glu
Gln
Ile
Tyr
Phe
210
Lys
Val
Ile
Arg
Ser
290
Met
Thr
Leu
Pro
Gly
370
Gln
Ile
Ile

Val

Ala
450
Leu

Ser

Asp
Asp
Thr
115
Tyr
Arg
Ala
Met
Gly
195
Gly
Pro
Ile
Ala
Ala
275
His
Leu
Ala
Asp
Phe
355
Lys
val
Thr
Tyr
Glu

435

Asn
His

Leu

Ala
Arg
100
Ala
Thr
Ile
Leu
val
180
Asp
Asp
Pro
Ala
Lys
260
Glu
Glu
Met
Gln
Gln
340
Asp
Ala
Pro
Asn
Leu
420

Thr

Arg
Ser

val

Tyr
85

Lys
Pro
Val
Gln
Val
165
Asn
Asp
Pro
Trp
Leu
245
Val
Asp
Ile
Asp
Ala
325
Ala
Leu
Gln
Gln
Leu
405
Thr

Gly

Arg
Ser

Ile
485

Lys

Asn

Phe

Tyr

Ala

150

Glu

Val

Thr

Ser

Pro

230

Leu

Glu

Ala

Arg

Thr

310

Ser

Lys

Arg

Glu

Ile

390

Val

vVal

Ile

Cys

Glu
470
Ser

His
Ile
Lys
Lys
135
Ala
Lys
Tyr
Gly
Arg
215
Trp
Thr
Asp
Asp
Thr
295
Asp
Gly
Ile
Thr
Lys
375
Leu
Gly
His
Gln

Ser
455
Lys

Val

Val
Leu
Leu
120
Ser
Ile
Leu
AsSp
Ser
200
Lys
Leu
Gly
Asp
Val
280
Pro
Leu
Lys
Glu
vVal
360
Gly
Ile
Asn
Val
Asn

440

Trp
Ser

Glu
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Ile
Tyr
105
Leu
Glu
Gly
Leu
Thr
185
Gly
His
Ala
His
Phe
265
Ala
Met
Asp
Ala
Ser
345
Cys
Leu
Gly
ser
Val
425

Thr

Glu
Phe

Asp

Ser
90

Ser
Asn
Leu
Tyr
Lys
170
Thr
Met
Glu
Ile
Ile
250
His
Lys
Asn
Thr
Leu
330
Gly
Asp
Glu
Asp
Ile
410
Glu

Asn

Ser
Ala

Thr
490
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Phe
Arg
Asn
Pro
Leu
155
Gln
Asn
Cys
Met
Thr
235
Phe
Lys
Ser
Gly
Thr
315
Val
Lys
Asp
Leu
Pro
395
Lys
Glu

Thr

Ile

Pro
475
Gly

Asp
Lys
Arg
Ala
140
Gly
Leu
Glu
His
His
220
Ser
Gln
Met
Gln
val
300
Gln
Ser
Leu
Ile
Ala
380
Gly
Phe
val

Leu

Arg
460
Ile

val

Met
Ser
Leu
125
Asn
Gly
Ala
Asn
Val
205
Cys
Ser
Ala
Ser
Phe
285
Leu
Gln
Léu
Glu
Leu
365
val
Arg
Thr
Met
Ser

445

Leu
Ala

Gly

Leu
Gly
110
Gly
Ala
Ile
Ser
Pro
190
Ser
Arg
Phe
Thr
Glu
270
Leu
Gly
Asp
Ile
Leu
350
Ser
Tyr
Ile
Glu
Ser
430

Gly

Phe
Ser

Ile

Ser
95

Lys
Val
Arg
Phe
Gln
75

Ile
Val
Phe
Gly
val
255
Leu
Ala
Met

Tyr

Asn
335

Glu

Leu

Val

Arg

Arg

415

Cys

Tyr

Asn
Asp

Pro
495

Gly
Gly
Ile
Pro
Asp
160
Glu
Ser
Leu
Glu
Thr
240
His
Lys
Thr
Leu
Val
320
Glu
Thr
Phe
sSer
Gln
400
Gly
Leu

Pro

Arg

Ser
480
Phe



Glu
Ile
Cys
His
545
Cys
Leu
Leu
Phe
Ile
625
Val
Leu
Arg
Leu
Cys
705
Lys

Ala

Gly
Cys
Arg
785
Gly
Ile
Leu

Gln

Glu
865

Ala
Ala
Leu
530
Val
Lys
Val
Gln
Ile
610
Asp
Asn
Leu
Glu
Gln
690
Arg
Lys

Gly

Lys
Phe
770
Arg
Glu
Leu

Lys

Leu
850

Gln
Arg
515
Val
Gly
Gly
val
Arg
595
Ser
Lys
Lys
Gly
His
675
val
Asn
Gln

Ala

Lys
755
Met

Ile
Ala
Ala
Ser

835

Tyr

Ser
500
Ile
Gly
Ser
Asn
Asp
580
Leu
Lys
Glu
Leu
Ser
660
Asn
Ser
Gly
Ile
Leu

740
Ala

Asp
Arg
Pro
Met
820

Glu

Ser

<210> SEQ ID NO

<211> CHIEU DAI:

Arg
His
Leu
Thr
Asp
565
His
Gly
Leu
Thr
Arg
645
Ser
Leu
Leu
Val
Ile
725

Lys

Ile
Ile
val
Pro
805
Thr

Met

Glu

29

Val
Gly
Met
Phe
550
Ile
Arg
Val
Asn
Trp
630
Asn
Ala
Asn
Arg
Val
710
Val

Lys

Thr
Gln
Met
790
Glu
Ala

Asp

Val

Phe
Gly
Lys
535
Thr
Lys
Pro
Lys
Ser
615
Leu
Asn
Ser
val
Arg
695
Gly
vVal

Tyr

Leu
Met
775
Glu
Cys
Asp

Gly

Ala
855

Thr
Thr
520
Gly
Phe
Ser
Val
Thr
600
Gly
Lys
Asp
Ser
Ile
680
Ala
Asn
Asp

Gly

Leu
760
Pro

Arg
Ala
Val
Tyr

840

Arg

19555

Pro
505
Gly
Glu
Thr
Ser
Arg
585
Glu
Ser
Glu
Lys
Pro
665
Met
Leu
Ser
Asp
Ala

745

Lys
Glu
Asp
Ser
Ile
825

Val

Phe

Phe
Ile
Ile
Ala
Glu
570
Ala
Leu
Leu
Ser
Pro
650
Lys
Lys
Gly
Thr
Asn
730

Glu

Pro
Met
Leu
Ile
810
Gln

sSer

Phe

-36-

Met
Gly
Gly
Val
555
Phe
Lys
Thr
Thr
His
635
Asp
Gly
Pro
Gly
Leu
715
Ile

Val

Pro
Asp
Asn
795
Gln
Ala

Lys

Gln

Gln
Leu
Phe
540
Leu
Lys
Val
Ala
Ala
620
Cys
Ser
Gly
Leu
Val
700
Gly
Val
Thr
His
Gly
780
Glu
Arg
Thr

Pro

Asn

Val
Ser
525
Ala
Met
Gly
Thr
Glu
605
Lys
Thr
Pro
Ser
Arg
685
Asp
Ser
Asn

Cys

Asn
765
Phe

Arg

Trp

His

Phe

His
860

Gly
510
Ile
Ser
Arg
Ile
Lys
590
Leu
Leu
Pro
Lys
Asp
670
Ala
Lys
Leu
Leu
Ala

750
Phe

Glu
Ile
Arg
Glu
Glu

845

Asp

Pro
ser
Lys
Ala
Asn
575
Tyr
Asn
Val
Leu
Leu
655
Thr
Ser
Val
Leu
Lys
735

Asp

Asp
Ala
Glu
Thr
Glu
830

Gly

Gln

Ser

Lys

Pro

His

500

Ala

His

Gln

Leu

Leu

640

Phe

Ser

Met

His

His

720

Val

Ser

Ala

Thr

Arg
800

Pro
815

Cys

Glu

val



19555

<212> LOAI: ADN

<213> SINH VAT: Nhan tao

<220> DAC TINH:

<223> THONG TIN KHAC: OSHKb3HisMUTF

<400> TRINH TU: 5

ggctactgtt tcagttgaga tcagaactc 29

<210> SEQ ID NO 6

<211> CHIEU DAI: 28
<212> LOAI: ADN
<213 > SINH VAT: Nhan tao

<220> DAC TINH:
<223> THONG TIN KHAC: OSHKb3HisMUTR

<400> TRINH TU: 6

agttctgatc tcaactgaaa cagtagcc

<210> SEQ ID NO 7

<211> CHIEU DAI: 31

<212> LOAI: ADN

<213> SINH VAT: Nhan tao

«220> DAC TINH:

<223> THONG TIN KHAC: OSHKb3AsSpMUTF

<400> TRINH TU: 7

gatgcttgtt tcatgctcat acagatgcca g

<210> SEQ ID NO 8

<211> CHIEU DAI: 31

<212> LOAI: ADN

<213> SINH VAT: Nhén tao

<220> DAC TINH:

' .223> THONG TIN KHAC: OSHKb3ASPMUTR

<400> TRINH TU: 8

ctggcatctg tatgagcatg aaacaagcat c

-37-
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fren moi [N C: (rinh o moi
(SEQID NO: 1)

COsHKIbE | BATGACGTTCGCGAGGTALGCY
“OsHEK3LE B CTATTCAACTTGGTCATGATTTTRS® (SEQID NO: 2)
Fig.1A

Bién tinh ban dau | 34°C 5 P 1

‘Bién tinh 9476 1.ph " 34

:Gan moi ‘ 55{((3 1ph

‘Téng hop [ T2°C 3ph

Téng hop cusi 72C 7ph 1
Fig.1B

2,5kb
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ATGACGTTCGCGAGGTACGCGGTG}-‘{GGACGQCGTTDGAWGGCCGCTGACGAGCGG
GOTGCCGTACGCGGTCLGGOTGACGCACGECGAGCGGRACCATTITCCGAGCGGCAGO
AGGGCTOGACGATCAAGAAGATGTACTCCTCCTCCAACAAGAAGCAGTCEICETCG
COGCCEGEGO0GGE0GACECCECLGICGOGGAGATCOGOBATCCUGCCBAGEAGTA
CGGCCCGGICA’EGE‘[CGCCCAGGAGGCCI&CAAGCASGTCAIGTCCTICG&C{&TGCIC
TOCGEGAATGAGGATCGGAAAA ACATACTATACTCTAGGAAATCTGGCAAGGETAT
COTCACTGCTOCTITCAAGCTACTGAATANTCGCOTOGGAGTAATCTCCACATACACT
GTTTATAAGTCTEAGCTCCCTGCAANTGOCAGBCCACATGAACGCATCCAAGLCECG
ATTGGCTATI TGOCLGECATATTTGACATACAAGCACTCCTCGAMAAGTTGCTCAAA
CAACTCGLGAGUCAGGAATCCATCATECTOA ATGTGTATGATACGACCAACBAGAA
CCCGATCAGE ATGTALGETGATGATACTGOGAGTGGCATET CCUATGTCAGCETGCT
CAACTTTGGTGATCCATCBAGAA S GOATGAGATGCATTGCAGOTICGAAAAAAAGCT
ACCATGGCCATGECTGGECAATAACGTCATCOTTIGGAACTCTIGTGATIGUTTTACTS |
ACTGGTCACATATTICAAGCTACTGTCCATCGOATTGCTAAAGTTIGASGATGATTICC
ACAACATEAGOGAACTCAAGAAGUGTOCAGAAGATECAGACGTCOCAAAGTCACAS
TICTIGGCTACTGT I TCACATGAGSTCAGAACECCAATGAATGGTGTICTAGBGATEC
TCCAAATOOTCATGGATALTGATTTGOACACGACGUAGCAGGACTATGTTAGAACTG
COCAAGOTAGTGGAAAAGCTTITGGTCTCICTCATCAATGAGGTICTIGATCAGGCAA
AGATTGAGTICTEGTAAACTTGAGCTCGAGAOGETGCCCTEIIGATCTTAGAACAGTTT
GTGACGACATTITATCTCTGTTTIGTGOGAAAGCTCAGGAGAAAGGACTGBAGTTAG
CAGTGTATOTCTOGEATCAAGTTCCACAGATACTTATTGGCCATCCTGGCAGGATAA
GACAAATOATTACGAATCTTGICGGRAACTOCATAAAGTTCACAGAGAGAGGGCATA
TATACCTGACAGTICATGTAGTTGAAGACGTCATGAGTTATTTGGAGGTAGAGACAG
GAATTCAGAACACAS ACACTITALGTACCTATCCAGTAGCCAACAGAAGATGTAGCT
GOGAGAGCATTOGECTTTTCAACAGAGAATTACACTCATCTEAGAAGTCTTITGCGL
COATCGCATCTGATECAATAAGCTIGOTTATATCTATTGAAGATACTGECGTCEGCAT
COCATFIGA AGCOCAATCCCGTGTGTTCACCCCTTTCATGCAGGTAGGTCCATCCATY
GOCOECATCCATOEGGGCACTCOCATTOGATTAAGCATCAGCAAGICCTIGGTTGOT
CTCATGAAGGOAGAAATCGGTTTTGCAAGTAAGCCCCATOTTGOGTTICTACTTECACCT
TCACCGCGETGUTTATGACGOCACACTGUARAGGAAATGACATCAAATCATCAGAAT
TTAAACGGATOAATGCATIGETTGT TCATCATAGGCCAGTUCGTGCAAAGGTTACCA
AGTATCACTIGC AL AGACTTEGAGTTAAGACCGANCTGACAGCTGAGUTAAATCAGT
TCATTTCTA AL TTAS ACTCTGEATCACTGACTGUAAAGCTAGTGC TAATAGACAAGG
AAACCTGGCTTAAGGAATCCCATTGCACGCCTCTICTOGTTAACAAATTCAGGANTA
ATGACA MGOCAGACTCTCOTAAGTTATTICTTTTGEGGAGCTCTGCAAGTTCTCCCAL
GOOCOGTICAGATACATCCAGOGAACATAACTIGAATGTAATAATGAAGCCGCTITCG
TECAAGCATACTTCAGGICTCACTACGACGAGCACTAGATEEGGTUGATAAGETGCA
CTGCAGOGAATGOACTAGTIGGCAATTCAACATTERGC AGCCTTCTICACAAGAAGCA
AATCATTOTTOTCGACGACAATATCGTTAACCTGAMGGTGGCTGGTGCTCTTAAGAA
GTATGOTACCGAAGTTACTTOTGCAGACAGCEGEAAL AAAGCAATCACATIGCTAA
AACCCCUGOACAATTTIGATGCTIGTTICATGOACATACAGATCCCAGAALTOGATG
GOTTTOAAGCCACTAGAAGGATTAGAGTGATACAAAGAGATCTAAATGAGCGAATA
GAACGCGGAGAGEUGCUCACCAGAATGTGCTAGTATTCAGAGGTGGCGAACTCCTAT
ATTGECOATEACGGCEEATGTTATACAGCCCAACACACGAGCAGTGUCTGAAALGCG
ARATGGATORCTATGTCICCALGCCATTIGAAGGGRAGCAGCTGTACAGCGAAGTA
GLOCGGTTITICCAALATCATGACCAAGTTGAATAG

Fig.2A

(SEQ ID NO: 3)
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WMTFARYAYRTAFERPLTSGYAYAVRYTHGEREHFERGOGWTIKKIMY SSENKK
0SSSCPGPGDAAYAEIREPAEEY APVIFAGDAYKHVISFOMLSGNEDRKNILYS
RKSGKGVLTAPEKLLNMRLGVISTY TVYKSELPANARPHERIQAAIGYLGGIFDIQ
ALVEKLLKOL ASQESIMYNYYDTTNENPISMYGDDTGSGMCHY SVLNFGDPSR
KHEMHCRFEKKPPWEWLAITSSFGTLYIALLTGHIFQATVHRIAKVEDDFHKMS
ELKKRAEDADVAKSQFLATVSHEIRTPMNGYLGMLOM LMDTDLDTTQODYYRT
AGASGKALVSLINEYLDGAKIESGKLELETVPFOLRTVGDDILSLFCGKAQEKGL
ELAVYVSDQVPQILIGDPGRIRQITNLVGNSIKFTERGHIYLTVHVVEEVMSCLE
VETGIGNTNTLEGYPYANRRCSWESIRLFNRELHSSERSFAPIASDSISLVISVED
TGVGIFFEAQSRYFTRFMQVYGPSIARIHGCTGIGLSISKCLYGLMKGEIGFASKR
HYGSTFTFTAVLMRAHCKGNDIKSSEFKGINALWYYDHRPVRAKVTKYHLARLGY
KTELTAELNOFISKLNSGSLTAKLYLIDKETWLKESHC TPLLYNKL RNNDKPDSP
KLFLL{3SSASSPKEGSDTSREHNLNVIMKPLRASMLQVSLRRALGGYDKVHCR
HGVWENSTLGSLLHKKQHVVDENNNLKYAGALKKY GAEVTCADSGKEAITLLK
PPHMFDACFMDIOMPEMDGFEATRRIRVM ERDLNERIERGEAPPECASIORWR
TPILAMTADVIQATHEECLKSENMDGYVSKPFEGEQLY SEVARFFONHDQVE

Fig.2B
(SEQID NO: 4)
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A M 4 7 8 9 0 11 12 18 18 23 32 IR +ve

1,5 kb

Fig.8
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