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CAY LUA cO KHA NANG CHIU bUGC CHﬁ;T DIET CO IMIDAZOLINON
PUOCC TANG CUONG VA PHUOGNG PHAP TRONG LUA

(57) Séng ché dé xuat cay trong c6 kha nang chiu duogc chat diét co imidazolinon

duoc ting cuong. Cu thé 13, sing ché dé xuat cay lda chia it nhat mot axit
nucleic AHAS dugc bién ddi nhu cdc giong IMINTA 1, 4 hodc 5 ¢6 kha nang

chiu dugc imidazolinon gém viéc thé alanin thanh threonin so véi AHAS kiéu

hoang. Sang ché ciling dé xudt hat giéng tao ra boi cic cay lia gao nay va phuong

phap phong trir co dai & viing trong cy lda nay.
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Linh vue ky thuat dwoe dé cap

Noi chung, sang ché dé cap dén cay trong c6 kha nang chiu duogc chat diét cd
imidazolinon dugc tang cuong. Cu thé 13, sang ché dé cap deén cay lua thu duoc do su
bién doi gen va lai chéo va bién nap c6 kha néng chiu dugc chat diét cd imidazolinon

duogc tdng cuong.
Tinh trang k§ thuit ciia sang ché

Theo cudc khao sat vé ndng nghiép, céc trd ngai chinh dbi voi viée trong lia 1a
co dai (Hidaka et al., Agrochemicals Japan, 2000, 77: 21-29). Viéc gieo hat truc tiép
da giai quyét van dé vé lao dong trong viéc cdy, tuy nhién ky thuét nay lai lam gia
tang tinh trang co dai. Viéc sir dung chét diét cé trong vu trong lua la mot théi quen
thong thuong & hau hét cac ving trong lua truc tiép tir hat gidng va/hodc & cac nude
phét trién trdng lha theo hé thong ciy hodc gieo hat truc tiép. Thong thuong, chét diét
cay than cé va cé 14 rOong dugce st dung mot hodc nhiéu lan dé phong trir ¢6 dai cho

lGa.

Cay than co, co lac va laa dai ("lua dd") da tr¢ thanh cadc nhom loai chinh co
kha nang thich hop cao v4i ciing mdi trudng trong laa. Nhiing loai ¢ dai nay da trd
nén ph bién khép toan cau va rat khé phong ngira cho lua. Lua do thude loai tuong tu
nhu loai lua duoc trong (Oryza sativa L.). Sy tuong tu vé gen cua gao tir lGia do va
gao thuong phdm da lam cho viéc phong trir lta do tré nén kho khan. Mot vai tip
quén van hoa da trg gitp trong viéc phong trir cd dai va thuén tién trong viéc cham
soc moi truong tSt hon, nhu chudn bi dét, san dit, dép dé va dd sau cua nudc, luan
canh dét, hat giéng da duoc kiém nghiém, hé cay trong thich hop va ngay cdy. Mic du

nhimg tdp quéan vin hoa nay co thé giup giam ngan hang hat gidng co dai va phat trién
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c6 dai c¢6 thé chiu duoc chat diét ¢, nhung ching ciing ¢6 nhitng han ché nhét dinh

va lam ting chi phi trong laa.

Mic di d& c6 nhiéu goi ¥ cho tap quan van héa tét hon, ngudi néng dan vén
dua vao viée st dung chit diét co nhu 13 cdng cu chinh dé phong trir cé dai. Viéc sur
dung va lam dung mot 36 loai hoa chét nay da dan dén su phat trién cta cac loai co
dai c6 thé chiu duoc thudc diét ¢6 nhu cod léng vuc khang Propanil va Butachlor
(Echinochloa crus galli). Trong céc trudng hop nady, c6 loi néu cb cac chat diét co
khéc c6 cac phuong thirc tac dong khéc biét dé phong trir dugce hau hét cac loai co dai

dé c6 thé thay thé duoc cac chét diét co thudong dugce sir dung.

Axetohydroxyaxit synthaza (AHAS; EC 4.1.3.18, axetolactat synthaza (ALS)),
duoc mi hoa béi axit nucleic AHAS, 14 enzym thir nhit xic tac su tong hop sinh hoa
hoc cda cac axit amin mach nhanh valin, leuxin, va isoleuxin (Singh B. K., 1999,
Biosynthesis of valine, leucine and isoleucine in: Singh B. K. (Ed) Plant amino acids.
Marcel Dekker Inc. New York, New York. Pg 227-247). AHAS 1la vung tac dong cua
bbn ho chét diét co da dang vé céu tric bao gdm sulfonylure (LaRossa RA and Falco
SC, 1984, Trends Biotechnol.2: 158-161), imidazolinon (Shaner et al., 1984, Plant
Physiol. 76: 545-546), triazolopyrimidin (Subramanian and Gerwick, 1989, Inhibition
of acetolactate synthase by triazolopyrimidines in (Ed) Whitaker JR, Sonnet PE
Biocatalysis in agricultural biotechnology. ACS Symposium Series, American
Chemical Society. Washington, D. c. Pg 277-288), va pyrimidyloxybenzoat
(Subramanian et al., 1990, Plant Physiol. 94: 239-244.). Chét diét c6 imidazolinon va
sulfonylure dugc str dung rong rai trong néng nghiép hién dai do tinh hi€u qua cua
ching & ti 18 sir dung rat thap va c6 d6 khong ddc twong dbi cho dong vat. Bang cach
trc ché hoat tinh AHAS, cac ho chét diét co ndy di ngan ngira duoc su tang trudng va
phat trién ctia cdy tréng d& man cam bao gdm nhidu loai ¢ dai. Mot vai vi du vé chét
diét co6 imidazolin c6 ban trén thi truong 1a PURSUIT® (imazethapyr), SCEPTER®
(imazaquin) va ARSENAL® (imazapyr). Cac vi du vé chat diét co sulfonylure 1a

closulfuron, metsulfuron metyl, sulfometuron metyl, cloimuron etyl, thifensulfitron
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metyl, tribenuron metyl, bensulfuron metyl, nicosulfuron, etametsulfuron metyl,
rimsulfuron, triflusulfuron metyl, triasulfuron, primisulfuron metyl, xinosulfuron,

amidosulfuron, fluzasulfuron, imazosulfuron, pyrazosulfuron etyl, va halosulfuron.

Do tinh hiéu qua cao va d6 doc thp ctia ching, chét diét co imidazolin dugc sir
dung nhiéu hon bang cich phun Ién dinh cta thuc vét trong ving rong. Kha nang
phun chét diét ¢6 1én dinh cua thyuc vat trong ving rong lam giam dugc chi phi di kém
v6i viéc hinh thanh va duy tri khu dét tréng, va giam nhu cau chudn bi khu vuc trude
khi str dung cac hoa chit d6. Phun 1én dinh cua loai ¢ kha ning chiu dugc chét diét
c6 mong mudn cling dan dén kha nang dat duoc hiéu suét t6i da cua loai mong mudn
nay do khong c6 mat loai canh tranh. Tuy nhién, kha néng st dung k§ thuét phun nay
tuy thudc vao su xuat hién cia loai thuc vat mong mubn cé kha nang chiu dugc

imidazolinon trong khu vuc phun.

Trong sb céc cdy trong ndng nghiép chinh, mot s6 loai dau nhu dau nanh co
kha ndng tu nhién khang chat diét co imidazolinon do kha nang chuyén héa nhanh cac
hop chét diét co nay ctia chiing (Shaner and Robson, 1985, Weed Sci. 33: 469-471).
Céc vu cdy trong mua khac nhu ngd (Newhouse et al., 1992, Plant Physiol. 100: 882-
886) va lua (Barrett et al., 1989, Crop Safeners for Herbicides, Academic Press New
York, pp. 195- 220) déu c6 thé chiu duoc chit diét co imidazolinon. PO nhay cam
khéc nhau dbi véi chit diét c6 imidazolinon phu thudc véo tinh chét héa hoc ciia chat
diét cd cu thé va su chuyén héa khac biét ctia hop chét tir dang ddc thanh dang khong
doc & mdi cdy trdong (Shaner et al., 1984, Plant Physiol. 76: 545-546; Brown et al.,
1987, Pestic. Biochem. Physiol. 27: 24-29). Céc su khac biét vé mit sinh ly & cay
trdng khac nhu 1a do hép thu va su hoan vi cling déng vai trd quan trong ¢ su nhay
cam (Shaner and Robson, 1985, Weed Sci. 33: 469-471).

Cay trong vu mua khang imidazolin, sulfonylure va triazolopyrimidin da duoc
tao ra thanh cong bang cach str dung hat gidng, bao tir nho, phén hoa, va phat sinh dot

bién thé san & Zeamays, Brassica napus, Glycine max, va Nicotiana tabacum
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(Sebastian et al., 1989, Crop Sci. 29:1403-1408; Swanson et al., 1989, Theor. Appl.
Genet. 78: 525-530; Newhouse et al., 1991, Theor. Appl. Genet. 83: 65-70;
Sathasivan et al.,, 1991, Plant Physiol. 97: 1044-1050; Mourand et al., 1993, J.
Heredity 84: 91-96). Trong moi truong hop, gen hat nhan don, mot phan troi tao ra
duoc kha niang khang. Bén cdy lia my khang imidazolinon ciing d4 dugc phan lap
true ddy tiép theo su phat sinh dot bién & hat gidng ctia Triticum aestivum L. cv
Fidel (Newhouse et al., 1992, Plant Physiol. 100: 882-886). CAc nghién ctru di truyén
khing dinh ring gen don, troi mot phan tao ra kha nang khang. Dua trén cc nghién
cuu alen, céc tac gia két luan réng céc dot bién & bbn dong dugc xac dinh vi tri & cung
locus. Mot trong sb cc gen khang cia gidng cay Fidel dugc goi 1a FS-4 (Newhouse et

al., 1992, Plant Physiol. 100: 882-886).

Viéc tao md hinh c4u tric ba chidu dya trén may tinh ciia phirc hop chét e ché
AHAS dy dodn mot vai axit amin & tai lién két chit tc ché duoc dé xuét 14 cac vi tri,
trong d6 su dot bién duoc kich thich c6 18 s& tao ra kha nang khéang c6 chon loc d6i
v6i imidazolinon (Ott et al., 1996, J. Mol. Biol. 263: 359-368). Cay thudc 14 dwoc tao
ra v&i mot sd dot bién duoc b tri hop ly & céc vi tri lién két duoc dé xuét cua enzym
AHAS trong thuc té thé hién kha nang khang dac hiéu ddi v6i mot nhém chét diét co
(Ott et al., 1996, Mol. Biol. 263: 359-368).

Khéa nang khang & cdy trong dbi véi chat diét cé imidazolinon cling da duoc
bodc 16 trong mot sb patent. Cac US 4,761,373, 5,331,107, 5,304,732, 6,211,438,
6,211,439, va 6,222,100 thuong md ta viéc sir dung axit nucleic AHAS dugc bién doi
dé tao ra kha nang khang chét diét cd & cy trdng, va cu thé 1a boc 1§ cac dong ngd
nhét dinh khéng imidazolinon. US 5,013,659 boc 16 cac cay tréng thé hién kha nang
khéang chét diét ¢ c¢6 su dot bién trong it nhét mét axit amin & mot hodc nhiéu vung
duoc bao toan. Sy dot bién dwoc mé ta & ddy mi héa hodc khang chéo dbi véi
imidazolinon va sulfonylure hoac khang dac hiéu sulfonylure, nhung kha ning khang
dac hiéu imidazolinon lai khong dwoc md td. Hon nita, cac US 5,731,180 va

5,767,361 d& cap dén gen dugc phan lap c6 su thay thé axit amin don trong trinh tu
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axit amin AHAS & cdy mdt 14 mam kiéu hoang din dén kha nang khang dac hiéu

imidazolinon.

Cay Ita chuyén gen va khang chat diét co ciing dd dwoc mo ta. Thé dot bién &
cay lua khang chét diét co sulfonylure, thu dugc theo cach chon loc béng cach nudi
ciy mb thé san da dugc mo ta, trong d6 kha ning khang 1a do enzym AHAS dbt bién
(Terakawa et al.,"Rice Mutant Resistant to the Herbicides Bensulfuron Methyl (BSM)
by in vitro Selection, "Japan. J. Breed., 1992 vol. 42: 267-275). Céc giéng lta khang
chét diét c6 khéac da dugc mo ta trong cac patent va don yéu cau cip patent, bao gdm
WO 97/41218, WO 01/85970 va US 5,545,822, 5,736,629, 5,773,704, US 5,773,703,
5,952,553, va 6,274,796.US 5,545,822 boc 16 giéng lta c6 kha ning khang chat diét
cd dua trén sy trao doi chét gay trc ché enzym axetohydroxyaxit synthaza & cdy trong;
tire 13, kha nang khang chit diét co cua cay lta khong phai 1a do enzym AHAS khéang.
WO 97/41218 bdc 16 mot dong laa c6 enzym AHAS duoc cai bién khéng chét diét co
gdy trc ché enzym axetohydroxyaxit synthaza & cdy tréng kiéu hoang. Dong lua nay
duoc phat trién bang cach cho hat giéng lua tiép xtc véi chit gdy dot bién etyl este
clia axit metansulfonic (EMS), va sang loc hang triéu thé hé con vé kha niang khang
chét diét co.

Trong linh vuc k§ thuat ndy, van c6 nhu cau vé sy nhan biét dugc cac dong lua
khéc chira cac gen khang imidazolinon. Trong linh vuc k¥ thudt ndy, vAn c6 nhu cau
vé cdy lua c6 kha ning chiu duoc chit diét co duge ting cudng nhu imidazolinon va
chira it nhat mot axit nucleic AHAS dwoc bién dbi. Ciing c6 nhu ciu vé phuong phap
phong trir su phat trién cia co dai & Vl‘ing tréng la. Céc ché phdm va cac phuong
phap nay s& cho phép sir dung k¥ thuat phun khi sir dung chét diét co ¢ nhimng ving

trdng lua.
Ban chit ky thuit ciia sing ché

Séng ché d& xuat cdy lia chira axit nucleic AHAS duoc bién d6i khong tai td

hop, trong d6 axit nucleic AHAS duoc bién dbi khong tai t6 hop tao ra cdy lta nay co
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kha nang chiu dwoc chit diét cé imidazolin dugc ting cudng so véi gibng lGa kiéu
hoang. Axit nucleic AHAS duogc bién d6i khong tai t6 hop bao gdm trinh tu
polynucleotit dugc chon tir nhém bao gdm: trinh tw polynucleotit dwoc néu trong SEQ
ID NO:1; SEQ ID NO:3; hodc SEQ ID NO:5; trinh tu polynucleotit dugc néu trong
SEQ ID NO:11; trinh tu polynucleotit ma hoéa polypeptit bao gdbm SEQ ID NO:2;
SEQ ID NO:4; hoac SEQ ID NO:6; trinh tu polynucleotit ma hoa polypeptit bao gdm
SEQ ID NO: 12; va trinh tw polynucleotit bd tro véi bat ky trinh ty polynucleotit ndi
trén. Axit nucleic AHAS duoc bién ddi khong téi t6 hop mé héa-polynucleotit AHAS
duoc bién d6i ¢ lta bao gdm sy thé alanin thanh threonin & vi tri twong duong véi vi
tri 96 ctia polypeptit AHAS & Itia kiéu hoang; trong d6 su thé alanin thanh threonin &
vi tri twong dwong v6i vi tri 96 clia polypeptit AHAS & laa kiéu hoang 14 két qua cua
viéc gdy dot bién gen bang cach xir Iy hat gidng bang 0,001 M dung dich natri azit
trong nuéc & do pH=3. Ciing dugc dé xut 1a cac bd phén cia cdy lua va hat giéng

cua cdy lua thu dugc tir cay lua duge mo ta o day.

Cay trong theo sang ché c6 thé 1a cay chuyén gen hodc khéng chuyén gen.
Theo mot phurong 4n, cdy trong theo sang ché 13 cay khong chuyén gen. Céc vi du vé
cdy ltia khong chuyén gen c6 kha ning chiu dugc chat diét c6 imidazolinon dugc ting
cudng bao gém cdy lta c¢6 s6 hiéu luu gitt NCIMB 41206, NCIMB 41207, hogic
NCIMB 41208; hoic thé dot bién, thé tai td hop, hoic dan xuit duoc tao ra béng ky
thuat di truyén cta cdy trdng c6 sd hidu luu gitt NCIMB 41206, NCIMB 41207, hoic
NCIMB 41208; hoic thé hé con bét ky clia cdy trong c6 sé hiéu luu gitr NCIMB
41206, NCIMB 41207, hodc NCIMB 41208; hoic cdy trong ma 1a thé hé con cua cay

trdng bat ky trong sb cac ciy trong nay.

Ngoai cac ché phdm theo sang ché, sang ché ciing d& xuit mot sd phuong phép
bao gdm caic phuong phdp nhim cai bién kha niang chiu duoc chédt diét co
imidazolinon & cdy lia bao gdm viéc cai bién sy biéu hién cta axit nucleic AHAS &
cdy trong. Ciing dugc d& cap dén & day 1a cac phuong phéap tao ra cdy trdng chuyén

gen co kha ning chiu duoc chat diét cé imidazolinon dugc tang cudng bao gom viéc
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bién nap vao té bao clia cay trdng bang vecto biéu hién chita mot hogc nhiéu axit
nucleic AHAS duoc bién dbi ma hoa protein AHAS duoc bién dbi bao gém su thé
alanin thanh threonin so véi protein AHAS kidu hoang va tao ra cdy trong tir té bao
cla cay trdng. Sang ché cling d& cap dén phuong phép trdng l4a trong khi phong trir
6 dai & ving trong laa ndy, bao gdm viéc 4p dung chét diét ¢4 imidazolinon lén cé
dai va 1én cdy lba nay, trong d6 cdy lia ndy c6 kha ning chiu dugc chét diét co
imidazolinon dugc tang cudng so vdi cdy lua nay kiéu hoang va trong d6 cay lua nay
chira mot hodc nhiéu axit nucleic AHAS mé héa protein AHAS duoc bién d6i chira sur

thé alanin thanh threonin so v&i protein AHAS kiéu hoang.
MO ta viin tit cac hinh vé

Fig. 1A-B thé hién trinh tw ADN bd trg mdt phan cua axit nucleic IMINTA 1
AHAS (SEQ ID NO:1) va trinh tu axit amin duoc suy dién ctia né (SEQ ID NO: 2).
Fig. 1C-D thé hién trinh tw ADN bd trg mot phé‘m cua axit nucleic IMINTA 4 AHAS
(SEQ ID NO:3) va trinh tu axit amin duoc suy dién ctia n6 (SEQ ID NO: 4). Fig.1E-F
thé hién trinh ty ADN bd tro mdt phan cia axit nucleic IMINTA 5 AHAS (SEQ ID
NO: 5) va trinh ty axit amin duge suy dién cua né (SEQ ID NO: 6). Fig. 1G-H thé
hién trinh twr ADN bd trg mot phén cua axit nucleic _kiéu hoang IRGA 417 AHAS
(SEQ ID NO:7) va trinh tu axit amin dugc suy dién ctia né (SEQ ID NO: 8).

Fig. 2 thé hién su so sanh trinh tu ADN bd trg ca gen AHAS dugc khuéch dai
tr ADN hé gen tir dong IMINTA 1 c6 kha nang chiu duoc imidazolinon (SEQ ID
NO:1), gen AHAS duoc khuéch dai tir ADN hé gen tir dong IMINTA 4 ¢6 kha nang
chiu duoc imidazolinon (SEQ ID NO:3), gen AHAS duoc khuéch dai tir ADN hé gen
tir dong IMINTA 5 ¢6 kha nang chiu dugc imidazolinon (SEQ ID NO:5), gen AHAS
duoc khuéeh dai tir ADN hé gen tir dong lta kiéu hoang IRGA 417 (SEQ ID NO:7),
va trinh tu lién tmg cua gen AHAS & cay lua (SEQ ID NO:9). Hién tuong da hinh ¢
nucleotit tao ra kha nang chiu dugc imidazolinon cho cic dong IMINTA 1, 4, va 5

duoc in dam.
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Fig. 3 thé hién su so sanh axit amin cua trinh twr axit amin dugc suy dién cta
protein dugc ma hoa bdi gen AHAS tir dong IMINTA 1 ¢6 kha nang chiu duogc
imidazolinon (SEQ ID NO:2), trinh ty axit amin dugc suy dién cua protein dwoc ma
héa boi gen AHAS tir dong IMTNTA 4 c6 kha nang chiu dugc imidazolinon (SEQ ID
NO: 4), trinh ty axit amin dugc suy dién cta protein dugc ma hoa bdi gen AHAS tir
dong IMINTA 5 ¢6 kha nang chiu dugc imidazolinon (SEQ ID NO:6), trinh ty axit
amin duoc suy dién cua protein dugc ma hoa boi gen AHAS tir dong lua kiéu hoang
IRGA 417 (SEQ ID NO: 8), va trinh tu lién ing cta axit amin AHAS & cay lua (SEQ
ID NO: 10).

Hién tuong da hinh tao ra kha nang chiu dugc imidazolinon cho cac dong
IMINTA 1, 4, va 5 duogc in dam.

Fig. 4A thé hién vi du vé trinh ty ADN bd trg c6 do dai hoan chinh cua axit
nucleic AHAS dugc bién d6i (SEQ ID NO: 11) va Fig. 4B thé hién vi du vé trinh tu
axit amin duoc suy dién cia protein dwgc ma hda bdi gen AHAS dugce néu trén Fig.
4A (SEQ ID NO: 12), trong d6 polypeptit tao ra kha nang chiu duoc imidazolinon so
v6i polypeptit AHAS kiéu hoang.

Fig. 5 1a bang thé hién kidu khéi ngiu nhién cho thir nghiém trén canh dong cua
dong IMINTA 1 va gidng IRGA 417.

Fig. 6 la bang thé hién phan tmg ctia c4c dong IRGA 417 va IMINTA 1 déi véi
viéc xir Iy bing imidazolinon. |

Fig. 7 1a bang thé hién san luong hat & 46 &m 14% dbi véi céc dong IRGA 417
va IMINTA 1 sau khi xir Iy bang imidazolinon.

Fig. 8 1a bang thé hién sy d4nh gi san lugng clia cdc thanh phan & cac dong
IRGA 417 va IMINTA 1 sau khi xir Iy bang imidazolinon.

M6 ta chi tiét sang ché
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Séang ché dé cap dén cay la, cac bd phén cia cdy lia va céc t& bao cua cay laa
6 kha ning chiu duge chét diét c6 imidazolinon duoc ting cudng. Sang ché cling dé
cap dén hat giéng cua cdy lua duge mé ta & day va cac phuong phap trong laa trong
khi phong trlr cé dai & ving trong lia néi trén. Can phai hidu rang nhu duge st dung
trong ban mo ta va yéu cau bao ho, "a" hodc "an" ¢6 thé co nghia 13 mot hoic nhiéu
hon, tily thudc vao ngit canh né duoc sir dung. Do d6, vi du, tham chiéu dén "mot té

bao" c6 thé c6 nghia l4 it nhat mot t& bao c6 thé duge sir dung.

Nhu dugc st dung & ddy, thuat ngit "cay laa" dé chi cay trdng 1a thanh vién
thudc gidng Oryza. Cay lua theo séang ché c6 thé 1a thanh vién thude gidng Oryza bao
gbm, nhung khong chi gidi han &, O.alta, O.australiensis, O.barthu, O. brachyantha,
O.eichingeri,  O.glaberrima,  O.glumaepatula,  O.grandiglumis, O.granulata,
O.latifolia, O.iongigiumis, O.longistaminata, O.meridionalis, O.meyeriana, O.minuta,
O.nivara, O. officinalis, O.punctata, O.rhizomatis, O.ridleyi, O.rufipogon, O.sativa,
va O.schlechteri va cac thé lai ctia chiing. Céc vi du vé loai phu O.sativa duge bao
gbm trong sang ché 1a Japonica, va Indica. Cay trdng khong gi6i han thude J aponica

1a Nipponbare, va vi du khong gidi han ctia Indica 1a cdy trdng 93-11.

Thuat ngit "cdy lta" duoc ding & day dé bao gdm cdy lta ¢ bat ky giai doan
nao clia sy truéng thanh hodc phét trién, cling nhu mé hodc co quan bat ky (bd phén
clia cay trong) duoc iy hodc c6 ngudn gbe tir ciy trong bét ky trir khi c6 quy dinh rd
rang khac. C4c bo phan ctia cdy trong bao gdm, nhung khong chi giéi han &, thén, ré,
hoa, nodn, nhi hoa, 14 cdy, phoi, cac vung md phéan sinh, té bao thé san, céy bao phé.n,
thé giao tir, phin hoa, tiéu bao tir, thé nguyén sinh, va twong tw. Sang ché ciing bao
'gbm ca hat gidng duoc tao ra tir cdy la theo sang ché. Theo mdt phuong 4n, cac hat
gibng 1a gidng chudn déi véi kha ning chiu duoc chét diét cé imidazolinon duoc ting

cuong so vé1 giong kiéu hoang cta hat giong lua.

Séang ché d& cap dén cay lua chira it nhat mot axit nucleic AHAS duoc bién ddi

khong tai td hop & IGa, trong d6 cdy laa c6 kha nang chiu dugc chit diét co
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imidazolinon dugc tang cudng so vdi gidng laa kiéu hoang, Nhu dugc st dung & day,
thuat ngit "locus gen AHAS" dé chi vi tri cia gen AHAS trén hé gen, va thuét ngit
"gen AHAS" va "axit nucleic AHAS" dé chi axit nucleic ma héa enzym AHAS.

Nhu duoc st dung ¢ day, thudt nglt "axit nucleic AHAS duoc bién d6i" dé chi
axit nucleic AHAS c6 trinh tu duoc bién ddi tir axit nucleic AHAS kiéu hoang va tao
ra kha ning chiu dugc imidazolinon dugc ting cuong & cay trbng ma né duogc biéu
hién. Nhu dugc st dung & dy, thudt nglt "alen AHAS duoc bién d6i" dé chi ban sao

don cta axit nucleic AHAS cu thé.

Do do, sang ché dé cap dén cay lGa chira axit nucleic AHAS dugc bién doi
khong tai t hop & lua, trong d6 cdy lGa c6 kha ndng chiu duoc chét diét co
imidazolinon dugc ting cudng so véi giéng ciy kiéu hoang va trong d6 axit nucleic
AHAS dugc bién dbi ma hoa protein AHAS dugc bién ddi chira sy dot bién alanin
thanh threonin so v6i protein AHAS kiéu hoang. Sy dot bién alanin thanh threonin
twong Umg voi vi tri 96 cua trinh tu axit amin AHAS dugc néu trong SEQ ID NO: 12.
Axit nucleic AHAS dugc bién ddi dugc chon tir nhém bao gdm trinh tu polynucleotit
duoc néu trong SEQ ID NO:1; trinh tu polynucleotit duoc néu trong SEQ ID NO:3;
trinh tu polynucleotit dugc néu trong SEQ ID NO:5; trinh tu polynucleotit dugc néu
trong SEQ ID NO:11; polynucleotit md hoa polypeptit dugc néu trong SEQ ID NO:2;
polynucleotit md hoa polypeptit dugc néu trong SEQ ID NO:4; polynucleotit mé hoa
polypeptit dugc néu trong SEQ ID NO:6; va polynucleotit m& hoa polypeptit dugc
néu trong SEQ ID NO:12.

Séang ché dé cap dén cay lia chira mot hogc nhiéu alen AHAS, trong d6 cay lua
¢6 kha nang chiu duoc chit diét cé imidazolinon dugc tang cuong so voi gidng lua
kiéu hoang. Alen AHAS chta trinh tu nucleotit dwgc chon tir nhém bao gém trinh tu
polynucleotit dugc néu trong SEQ ID NO:1; trinh tu polynucleotit dugc néu trong
SEQ ID NO:3; trinh ty polynucleotit duoc néu trong SEQ ID NO:5; trinh tu
polynucleotit duge néu trong SEQ ID NO:11; polynucleotit mé héa polypeptit dugc
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néu trong SEQ ID NO:2; polynucleotit ma hoéa polypeptit dugc néu trong SEQ ID
NO:4; polynucleotit ma héa polypeptit duoc néu trong SEQ ID NO:6; polynucleotit
ma hoa polypeptit dugc néu trong SEQ ID NO:12, polypeptit bao gdm it nhit 60
nucleotit lién tiép cua polynucleotit bat ky trong sd cac polynucleotit nédu trén; va

polynucleotit bd trg v6i polynucleotit bat ky trong s6 cac polynucleotit néu trén.

Theo mdt phuong an, cdy lia chtra hai axit nucleic AHAS duoc bién ddi khac
nhau. Theo mdt phuong an khac, cdy lta chira mét axit nucleic AHAS duoc bién ddi,
trong d6 axit nucleic nay chira trinh tu polynucleotit néu trong SEQ ID NO:1; SEQ ID
NO:3; hoac SEQ ID NO:5. T8t hon 14, it nhat mot trong sb cac axit nucleic AHAS
dugc bién dbi chira trinh tu polynucleotit dugc chon tir nhém bao gém SEQ ID NO:1;
SEQ ID NO:3;va SEQ ID NO:5.

Chét diét c¢6 imidazolinon c6 thé dwoc chon tlr, nhung khéng chi giéi han &,
PURSUIT® (imazethapyr), CADRE® (imazapic)) RAPTOR® (imazamox),
SCEPTER® (imazaquin), ASSERT® (imazethabenz), ARSENAL® (imazapyr), dan
xut ctia chét diét c6 bat ky trong s6 cac chat diét co néu trén, hodc hdn hop cua hai
hodc nhiéu chét diét co6 néu trén, vi dy, imazapyr/imazamox (ODYSSEY®). Cu thé
hon, chit diét co imidazolin c6 thé duoc chon tir, nhung khong chi giéi han 6, axit 2-
(4-isopropyl-4-metyl-5-0x0-2-imidiazolin-2-yl)-nicotinic, ~ axit  2-(4-isopropyl)-4-
metyl-5-ox0-2-imidazolin-2-yl)-3-quinolincarboxylic, axit 5-etyl-2-(4-isopropyl-4-
metyl-5-ox0-2-imidazolin-2-yl)-nicotinic, ~ axit  2-(4-isopropyl-4-metyl-5-oxo-2-
imidazolin-2-yl)-5-(metoxymetyl)-nicotinic, axit 2-(4-isopropyl-4-metyl-5-0x0-2-
imidazolin-2-y1)-5-metyl nicotinic, va hdn hgp cia metyl 6-(4-isopropyl-4-metyl-5-
ox0-2-imidazolin-2-yl)-m-toluat va metyl 2-(4-isopropyl-4-metyl-5-oxo-2-imidazolin-
2-yl)-p-toluat wu tién st dung axit 5-etyl-2-(4-isopropyl-4-metyl-5-oxo-2-imidazolin-
2-yl)-nicotinic va axit 2-(4-isopropyl-4-metyl-5-oxo-2-imidazolin-2-yl)-5-
(metoxymetyl)-nicotinic. Dac biét uu tién st dung axit 2-(4-isopropyl-4-metyl-5-oxo-

2-imidazolin-2-yl)-5-(metoxymetyl)-nicotinic.
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Cay lua dugc md ta & ddy co thé hoic 1a cdy lua chuyén gen hogc ciy lda
khéng chuyén gen. Nhu dugc md ta & day, thuat ngit "chuyén gen" dé chi cdy trong,
té bao cua cdy trong, thé sdn, md cua cay trdng, hodc bd phéan ciia cdy trong bat ky,
chira tit ca hodc mdt phin cua it nhit mot polynucleotit tai t& hop. Trong nhidu
trudong hop, tat ca hodc mot phan clia polynucleotit tai td hop duoc hop nhit 6n dinh
trong mot nhidm sic thé hodc thanh phan ngoai nhiém sic thé 6n dinh, do d6 né dugc
truyén sang thé hé tiép theo. Véi muc dich ctia sang ché, thuat nglt" polynucleotit téi
t6 hop" dé chi dén polynucleotit d4 dugc bién d6i, sép xép lai hodc dugc cai bién bang
k¥ thuét di truyén. Cac vi du bao gdm polynucleotit duoc tach dong bét ky, hodc cac
polynucleotit, dugc lién két hodc duoc gén véi cac trinh tu khac loai. Thuét ngit "thé
tai t hop" khong dé chi dén su bién dbi cua polynucleotit do cac hién tugng xay ra
trong ty nhién gay ra, nhu 12 sy dot bién tw phét, hodc do su phét sinh dot bién khong
tur phét sau khi lai gidng cé lwa chon. Céc cay trdng c6 dot bién nay sinh do sy pht
sinh dot bién khong tw phat va lai gibng c6 lua chon dugc dé cap & day 1a cay trong

khéng chuyén gen va duge bao gdm trong séng ché.

Vi du vé& dong lta khong chuyén gen chira mét axit nucleic AHAS dugc bién
d6i 1a dong laa duoc luu giit ¢6 sd hidu luu gitt NCIMB 41206, duoc chi dinh ¢ day 1a
dong lta AHAS IMINTA 1. Trinh ty nucleotit mot phan tuong tmg véi gen IMINTA
1 AHAS dugc néu trong SEQ ID NO:1. -

Mot vi du khac vé dong cay lia khong chuyén gen chira mét axit nucleic
AHAS la dong lua duoc luu gitt ¢ sb hiéu luu gitt NCIMB 41207, dugc chi dinh &
day la dong lta AHAS IMINTA 4. Trinh tu nucleotit mot phan twong tmg voi gen
IMINTA 4 AHAS dugc néu trong SEQ ID NO:3.

Mbt vi du khéc vé dong lua khong chuyén gen chira mot axit nucleic AHAS 1a
dong lua dwoc luu gitr c6 sb hidu luu gitt NCIMB 41208, dugc chi dinh ¢ dy 1a dong
lta AHAS IMINTA 5. Trinh tu nucleotit mdt phan twong tmg véi gen IMINTA 5
AHAS dugc néu trong SEQ ID NO:5.
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Cac mau luu gift riéng biét bao gém khoang 2500 hat gidng ctia mdi dong lua
my chiu dugc imidazolinon tai NCIMB, Aberdeen, Scotland, UK ngay 22/12/2003.
Céc mau luu giit nay dugc tudn thi theo cac didu khoan cia Hiép wdc Budapest lién
quan dén viéc luu giit cac chung vi sinh vat. Viéc luu git nay duogc thuc hién trong
thoi han it nhat 30 nam va it nh4t 5 nam sau yéu cdu gan nhit cung cp cac mau luu
gitt do NCIMB tiép nhan. Céc hat gibng duoc luu giit véi sb hiéu Ivu gitt NCIMB
41206, NCIMB 41207, va NCIMB 41208.

Sang ché dé cap dén cay lta c6 s hidu lwu gitt NCIMB 41206, NCIMB 41207,
hoic NCIMB 41208; thé dot bién, thé tai to hop, hodc dan xuét duoc tao ra bang k§
thudt di truyén clia cdy lua c6 s§ hiéu luu gitt NCIMB 41206, NCIMB 41207, hoic
NCIMB 41208; thé hé con bat ky ciia cdy lua c6 sd hiéu luu gitt NCIMB 41206,
NCIMB 41207, hoic NCIMB 41208; va cay lia ma la thé hé con cua cdy lua bat ky
trong sO cac cy la nay. Theo mot phwrong 4n dugc wu tién, cay lua theo sang ché con
c6 dic tinh chiu dugc chat diét cd cia cdy lta cb sb hiéu luu gitt NCIMB 41206,
NCIMB 41207, va NCIMB 41208.

Ciing nam trong pham vi cua sang ché 14 cac thé lai cta céc dong lua IMINTA

1,4, va5 dugc mo tad & day va cac thé lai ciia IMINTA 1, 4, va 5 véi cay lua khac.

Thuét ngit "cdy tréng" va "gidng" duoc ding dé chi nhém cay trdng trong mot
loai dugc xac dinh c6 chung mot tap hop dac tinh hodc tinh trang dugc chép nhan bai
nguoi c6 hiéu biét trung binh trong linh vuc ndy du dé phan biét mot cay trdng hoic
gidng nay voi cdy trong hoic giéng kh‘éc. Khéng nhim ngu y trong thuat ngit nay
ring moi thuc vat thudc cdy trdng hodc gidng bét ky s& gidng hét nhau vé mit di
truyén & mirc toan hé gen hodc & mirc phén tir hodc ring cy trong bat ky s& ddng hop
tr & moi locus. Cay trong hodc gidng duoc coi 14 "gidng chudn" dbi véi mot tinh trang
cu thé néu khi cdy trong gidng chuén hodc gidng tr thu phén, tat ca cac thé hé con cia
chiing s& mang tinh trang ndy. Thuat ngit "dong tao giéng" hoic "dong" dugc dung dé

chi nhém thuc vat trong mot cay tréng dugc xac dinh c6 chung mdt tap hop dac tinh
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hodc tinh trang duoc chip nhan bdi ngudi ¢6 hiéu biét trung binh trong linh vuc nay
di dé phan biét mot dong tao giéng hodc dong véi dong tao gidng hoic dong khac.
Khong nhim ngu y trong thuat ngit ndy ring tit ca cay trdng thudc dong tao giéng
hodc dong bt ky s& giéng hét nhau vé mit di truyén & mirc toan hé gen hodc & mirc
phan tir hodc rang cdy trong bat ky s& ddng hop tir & moi locus. Dong tao gidng hoic
dong duogc coi 1a "gidng chuan" dbi véi mét tinh trang cu thé néu, khi dong tao gidng
chudn hodc dong tao gidng 14 tu thu phn, tit ca cac thé hé con s& mang tinh trang
ndy. Theo sang ché, tinh trang gia ting tir sw dot bién trong gen AHAS cuia cdy lia

hoic hat gidng.

Cén phai hiu ring ciy lta theo sang ché c6 thé chira axit nucleic AHAS kiéu
hoang ngoai axit nucleic AHAS duoc bién d6i. Nhu duoc md ta & Vi du 2, du dinh
réng cac dong lda IMINTA 1, 4, va 5 chira dot bién chi trong mdt alen AHAS. Do do,
sang ché bao gdm cdy lua chira it nhat mot axit nucleic AHAS duoc bién dbi ngoai

mdt hodc nhiéu axit nucleic AHAS kiéu hoang.

Ngoai cay lua, protein AHAS va axit nucleic phan 1ap duoc, t6t hon 13 tao ra
kha nang chiu duoc chét diét co imidazolinon dugc ting cudng so véi protein AHAS
va axit nucleic kiéu hoang dugc md ta tai day. Axit nucleic AHAS phan 14p dugc c6
thé ma hoa protein cé sy dot bién alanin thanh threonin. Su d6t bién alanin thanh
threonin c6 thé & vi tri gdc axit amin twong tmg véi vi trf 96 cia SEQ ID NO: 12. Axit
nucleic phan 14p dwoc c6 thé chira polynucleotit duge chon tr nhém bao gdm
polynucleotit dugc néu trong SEQ ID NO:1; polynucleotit dugc néu trong SEQ ID
NO: 3; polynucleotit dugc néu trong SEQ ID NO:5; polynucleotit nhu dugc xac dinh
trong SEQ ID NO:11; polynucleotit ma h(’)a polypeptit nhu dugc xac dinh wong SEQ
ID NO:2; polynucleotit md hda polypeptit dugc néu trong SEQ ID NO:4;
polynucleotit ma héa polypeptit dugc néu trong SEQ ID NO:6; polynucleotit md hoa
polypeptit dugc néu trong SEQ ID NO:12; polynucleotit chira it nhat 60 nucleotit lién
tiép cuia polynucleotit bat ky trong sb cac polynucleotit néu trén; va polynucleotit b

tro v6i polynucleotit bat ky trong s6 cac polynucleotit néi trén. Theo mot phuong &n
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duoc uu tién, axit nucleic AHAS phén 14p dugc chira trinh tu polynucleotit néu trong

SEQ ID NO:1; SEQ ID NO:3, SEQ ID NO:5 hodc SEQ ID NO:11.

Thuat ngit "protein AHAS" hodc "polypeptit AHAS" duoc dung dé chi protein
axetohydroxyaxit synthaza, va cac thudt ngit "protein AHAS dugc bién d6i" hoic
"polypeptit AHAS" duoc bién dbi duge ding dé chi protein AHAS bat ky duoc dot
bién tir protein AHAS kiéu hoang va tao ra kha niang chiu dugc imidazolinon dugc
ting cudng & cdy trong, té bao cla ciy trdng, bd phén cua cdy trdng, hat gibng clia
cay trong, hodc md cia cay tréng khi n6 duoc biéu hién trong d6. Theo mot phuong
4n duoc uu tién, protein AHAS duoc bién doi chira polypeptit duoc ma héa béi trinh
tw polynucleotit néu trong SEQ ID NO:1. Theo mét phuong an dugc uu tién khac,
protein AHAS duoc bién dbi chira polypeptit dugc ma hoéa béi trinh ty polynucleotit
bao gdm trinh tr néu trong SEQ ID NO:3. Theo mdt phuong an dugc wu tién khéc,
protein AHAS duoc bién d6i chita polypeptit dwgc m& hoa béi trinh tu polynucleotit
bao gdm trinh tw néu trong SEQ ID NO:5. Theo mét phuwong an duoc uu tién khéc,
protein AHAS dugc bién ddi chira polypeptit bao gdm trinh tu néu trong SEQ ID NO:
2, SEQ ID NO:4 hodc SEQ ID NO:6.

Nhu duoc st dung & day, cac thudt ngit "axit nucleic" va "polynucleotit" dugc
dung dé chi ARN hoic ADN mach théng hodc phén nhanh, c6 soi don hodc kép, hoac
mot thé lai cua chiing. Thuat ngft nay cling bao gbm thé lai ARN/ADN. Céc thuat ngit
nay ciing bao goém trinh tu khong duoc dich ma dugce dat & ca hai dau 3' va 5' clia
vung ma hda clia gen nay: it nhét khoang 1000 nucleotit ctia trinh tu nim trude dau 5'
clia ving m3 héa va it nhat khoang 200 nucleotit cua trinh tyr ndm sau dau 3' cia viing
mi hoa clia gen ndy. Céc bazo it théng dung hon, nhu 14 inosin, 5-metylxytosin, 6-
metyladenin, hypoxanthin va cac dang khéc cling ¢ thé duoc st dung cho dbi nghia,
dsARN va tao cdp ribozym. Vi du, cac polynucleotit chira chét twong tu C-5 propyn
ctia uridin va xytidin duoc cho 1a dé lién két ARN vdi 4i luc cao va 1 chit tre ché doi
nghfa tiém ning khi biéu hién gen. Cac cai bién khac, nhu cai bién déi véi khung

phosphodieste, hodc 2'-hydroxy & nhom dudng riboza clia ARN ciing ¢ thé duoc
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thuc hién. Polynucleotit d6i nghia va céac ribozym c6 thé chtra toan bd ribonucleotit,
hodc ¢6 thé chira hdn hop ribonucleotit va deoxyribonucleotit. Polynucleotit dugc mo
ta & ddy c6 thé dugc tao ra theo cach bét ky, bao gébm diéu ché trong hé gen, diéu ché

ADN bb trg, tong hop in vitro, RT-PCR va sao chép in vitro hodc in vivo.

Phan tir axit nucleic "phéan 1dp dugc" la phén tr ma hau nhu dugc tach riéng
hoan toan khoéi cac phén ti axit nucleic khac, c6 mdt trong ngudn tu nhién cla axit
nucleic nay (tic 13, cac trinh tu méa héa cac polypeptit khac). Tt hon 13, axit nucleic
"phan lap duoc" khong c6 mot sb trinh tur nam sat mot cach tu nhién véi axit nucleic
nay (ttc 1a, cac trinh tu duoc dat ¢ cac ddu 5' va 3' cia axit nucleic) trong don vi sao
chép xay ra tu nhién. Vi dy, mét axit nucleic dugc tach dong dugc coi la phéan lap
duoc. Phan tir axit nucleic AHAS phan 1ap dugc c6 thé chira it hon khoang Skb, 4kb,
3kb, 2kb, 1kb, 0,5kb hogc 0,1kb trinh tu nucleotit ndm st mot cach tw nhién véi phéan
tir axit nucleic trong ADN hé gen cua té bao ma tr d6 axit nucleic duoc tao dan xuét
(vi du, t& bao O.sativa). Mot axit nucleic cling duge coi la phén lap dugc néu né da
duoc bién dbi do sy can thiép ciia con ngudi, hodc dit trong mot locus hodc vi tri
khong phai 1a vi tri tu nhién cua no, hodc néu né duoc dua vao té bao bang phuong
phéap st dung t-ADN cua virut gay nhidm cho cdy, sung ban gen biolistics (phwong
phap dua ADN vio té bao), hoac phuong phép bat ky khac dé bién nap cdy trdng.
Hon nita, phan tir axit nucleic "phan 14p dwoc", nhu 13 phan tir ADN bd trg, c6 the
giai phéng tr mot sb vat lidu t& bao khac ma cd lién quan dén tw nhién, hodc moi
trudng nudi cdy ghép khi duoc tao ra bang k¥ thuat tai t6 hop, hoic tién chét hoéa hoc

hoiic cac chét hoa hoc khéc khi duge téng hop hoa hoc.

Dic biét khong duoc bao gdm trong dinh nghia "axit nucleic phéan 14p dwoc" la:
cac nhidm sic thé c6 ngudn gdc ty nhién (nhw cac soi nhiém sic thé), thu vién nhiém
séc thé nhan tao, thu vién hé gen, va thu vién ADN bd tro ma ton tai & dang ché phém
axit nucleic in vitro hoac ¢ dang ché phém té bao chu dugc chuyén nhidm/duoc bién
nap, trong d6 té bao chi 1a ché pham khéng ddng nhat in vitro hodc dugc dan mong &

dang quan thé khong ddng nhét bao gdm c4c khuan lac don. Cling ddc biét khong bao
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gbm trong dinh nghia ndy 13 cic thu vién néu trén, trong d6 axit nucleic dic hiéu
chiém it hon 5% sd axit nucleic xen vao trong cac phén tir vecto. Hon nita, dic biét
khéng bao gdm trong dinh nghia nay 14 ADN hé gen cua toan bd t& bao hodc ché
phém ARN cta toan bd té bao (bao gém ché phém ctia toan bd té bao duoc dich
chuyén co hoc hodc phan giai bang enzym). Hon nita, dac biét khéng bao gdm trong
dinh nghia nay 1a c4c ché pham cia toan bd té bao dugc phat hién & dang ché phim in
vitro hodc & dang hdn hop khong déng nhét phan 1ap duoc bang cach dién di, trong d6
axit nucleic theo sang ché khong duoc tach riéng tir cdc axit nucleic khéng ddng nhat
trong moi truong dién di (vi dy, tach riéng hon nita bang cach cit bo mot soi don tix

quén thé soi khéng dong nhét trong gel agaroza hodc thim tach bing ni-16ng).

Phan tr axit nucleic chira trinh ty nucleotit néu trong SEQ ID NO:1, SEQ ID
NO:3, SEQ ID NO:5, SEQ ID NO: 11 hozc mdt phan ciia ching, c¢6 thé dugc phéan
lap bé‘mg cach sir dung k¥ thuat sinh hoc phéan tur tiéu chuén va thong tin trinh tu dugc
dé cap & day. Vi du, ADN b trg AHAS ctia O.sativa c6 thé phan 14p duogce tir thu vién
O.sativa st dung tAt ca hodc mot phén trinh ty SEQ ID NO:1, SEQ ID NO:3, SEQ ID
NO:5 hodc SEQ ID NO:11. Hon nita, phén tr axit nucleic chira tat ca hodic mot phén
ctia SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5 hodc SEQ ID NO:11 ¢6 thé phan lap
duogc bang phan tmg chudi polymeraza str dung doan mdi oligonucleotit dwogc thiét ké
dua trén trinh ty ndy. Vi du, ARN théng tin c6 thé phan lap duoc tir cac té bao cla cy
trong (vi du, bang quy trinh chiét guanidini-thioxyanat ctia Chirgwin va cic dong tac
gia., 1979, Biochemistry 18: 5294-5299), va ADN bd trg c6 thé dugc diéu ché bang
cach sir dung enzym transcriptaza ddo nguoc (vi du, enzym transcriptaza dao ngugc
Moloney MLV, do Gibco/BRL, Bethesda, MD cung c4p; hoic enzym transcriptaza
dao ngugc AMYV, do Seikagaku America, Inc., St. Petersburg, FL cung cip). Cac
doan mdi oligonucleotit tong hop cho sy khuéch dai bang phan tmg chudi polymeraza
c6 thé dugc thiét ké dua trén trinh tu nucleotit duoc thé hién trong SEQ ID NO:1,
SEQ ID NO:3, SEQ ID NO:5 hodc SEQ ID NO:11. Phéan tir axit nucleic theo sang ché
c6 thé dugc khuéch dai béng cach st dung ADN b tro hodc, theo cach khac, ADN hé
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gen, & dang khuoén miu va cic doan mdi oligonucleotit thich hop theo k§ thuat
khuéch dai PCR tiéu chuén. Phan tir axit nucleic dugc khuéch dai nhu vay cé thé
duoc tach dong thanh mot vecto thich hgp va duwoe mo ta déc tinh bing cach phan tich
trinh tu ADN. Hon nifta, c4c oligonucleotit twong Ung véi trinh tu nucleotit AHAS c6
thé duoc diéu ché bang k§ thuét tdng hop tiéu chuén, vi du, sir dung thiét bi tong hop
ADN tu dong.

Cac axit nucleic AHAS dugc mo ta ¢ day co thé chira cac trinh ty ma hoa
protein AHAS (ttrc la, "ving ma héa"), cling nhu céc trinh tu khong dugc dich ma ¢
dAu 5' va céc trinh tu khong dugc dich ma & dau 3'. Néi cach khéc, céc phan tir axit
nucleic theo sang ché c6 thé chi chita cac ving ma héa cia gen AHAS, hodc ¢6 thé
chtra toan bd cic doan cta hé gen phén 1dp dugc tr ADN cta h¢ gen. Viung méa hoa
cta cac trinh tu nay dugc chi dinh 1a "vi tri ORF". Hon nfta, phéan tir axit nucleic theo
sang ché c6 thé chira phan ving ma hoéa clia gen AHAS, vi du, mdt doan c6 thé duoc
sir dung lam doan do hodc doan mdi. Céc trinh tu nucleotit dugc x4c dinh tir viée tach
dong gen AHAS tlr O.sativa cho phép tao ra cac doan do va doan mdi dugc thiét ké
dé st dung trong viéc xac dinh va/hodc tach dong thé tuong dong AHAS trong céc
loai té bao va sinh vat khéc, cling nhu cac thé twong dong AHAS tir cac cdy lua khac
va céc loai lién quan. Phan ctia viing ma héa ciing ¢6 thé ma hoa doan hoat tinh sinh

hoc ctia protein AHAS.

Nhu duge sir dung & ddy, thudt ngit "phan cé hoat tinh sinh hoc ctia" protein
AHAS nhim bao gdm mét phan, vi du, ‘V&ng/phr:in, cua protein AHAS ma, khi dugc
tao ra & cdy trong lam tang kha ning chiu duoc chét diét c6 imidazolinon ctia cay
trdng so voi gidng cay trong kiéu hoang. Phuong phap ding dé danh gia kha ning
chiu duoc chét diét co6 imidazolinon duogc tang cuong dugc néu trong cac vi du dudi
d4y. Cac phan c6 hoat tinh sinh hoc ctia protein AHAS bao gOm céc peptit ddn xuét tir
trinh tu néu trong SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO: 6, hoac SEQ ID NO: 12
ma bao gbm it axit amin hon protein AHAS c6 d¢ dai day du va truyén kha ning chiu

duoc chat diét c6 imidazolin dugc ting cudng 1én su bi€u hién & cay trong. Dién hinh
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1a, phr?m cd hoat tinh sinh hoc (vi du, cac peptit, vi dy, 5, lo, 15, 20, 30, 35, 36, 37, 38,
39, 40, 50, 100, hodc nhiéu axit amin vé dd dai) chira Vl‘mg/phén véi it nhat mot hoat
tinh cta protein AHAS. Hon nita, cic phan c6 hoat tinh sinh hoc khac trong d6 cac
ving khéc ctia polypeptit bi loai bo, c6 thé dugc didu ché bang k§ thuat tai td hop va
duoc dénh gia cho mot hozc nhiéu hoat tinh duge md ta & day. Tt hon 13, cac phin
co hoat tinh sinh hoc cua protein AHAS vbao g6m mdt hodc nhiéu ving dugc bao toan
duoc chon tir nhém bao gdm ving A, ving B, ving C, ving D va ving E, trong d6

ving duoc bao toan chira dot bién.

Ngoai ra, c4c polypeptit khdm hodc dung hop AHAS dugc moé ta & ddy. Nhu
dugc sir dung & day, thuét nglr "polypeptit kham" hodc "polypeptit dung hgp" AHAS
bao gdm polypeptit AHAS duogc lién két linh hoat véi polypeptit khong phai la
AHAS. Thuat ngit "polypeptit khong phai 14 AHAS" d& cap dén polypeptit c6 trinh tur
axit amin hau nhu khong gidng véi polypeptit AHAS, vi du, polypeptit khong phai 13
isoenzym AHAS, c6 peptit thuc hién chirc nang khéc so véi polypeptit AHAS. Nhu
duoc sir dung & day lién quan dén polypeptit dung hop, thuat ngft "lién két linh hoat"
duoc ding dé chi rang polypeptit AHAS va polypeptit khong phai 13 AHAS duoc
dung hop véi nhau, sao cho ca hai trinh ty thuc hién chirc nang dugc dé xuét danh cho
trinh tu dugc st dung. Polypeptit khong phai 1a AHAS c6 thé duoc dung hop véi ddu
tan cting N hodc dau tan ciing C cia polypeptit AHAS. Vi du, theo mot phuong an,
polypeptit dung hop 14 polypetit dung hop GST-AHAS, trong d6 trinh tu AHAS duoc
dung hop véi dau tan ciing C cua trinh tw GST. Céc polypeptit dung hop nay c6 thé hd
trg cho viéc tinh ché polypeptit AHAS téi t hop. Theo mdt phwong 4n khac,
polypeptit dung hop 1 polypeptit AHAS chira trinh tu tin hiéu khéc loai & vi tri dau
tan cing N. Trong cac t& bao chu nhét dinh (vi du, t& bao cha & dong vat ¢ vi), su
biéu hién va/hodc su bai tiét cua polypeptit AHAS c6 thé duoc ting cudng théng qua

viéc stir dung trinh tu tin hiéu khéac loai.

Phan tir axit nucleic phan lap duoc ma hoéa polypeptit AHAS c6 d6 ddng nhét
vé trinh tu tinh theo phan tram nhit dinh véi polypeptit cé trinh tu néu trong SEQ ID
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NO:2, SEQ ID NO:4, SEQ ID NO:6, hodc SEQ ID NO: 12 ¢6 thé dugc tao ra bang
cach ap dung Su thay thé, bd sung, hodc loai béd mgt hodc nhiéu nucleotit vao trinh tu
nucleotit néu trong SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, hodac SEQ ID
NO:11, sao cho su thay thé, bd sung, hodc loai bd mdt hodc nhiéu axit amin dugc ap
dung vao polypeptit dugc ma hoa. Su dot bién c6 thé ap dung vao trinh tu ctia SEQ
ID NO:1, SEQ ID NO:3, SEQ ID NO:5, hodac SEQ ID NO: 11 bang céc k¥ thut tidu
chudn, nhu su phét sinh dot bién truc tiép vi tri va sy phét sinh dot bién do PCR gay
ra. T6t hon 13, su thay thé axit amin bao toan duge thuc hién & mot hodc nhidu géc

axit amin khong thiét yéu duoc du doan trudc.

"Sy thay thé axit amin bao toan" 13 su thay thé trong d6 gdc axit amin duoc
thay thé bang gdc axit amin c6 mach bén twong tu. Céc ho cua gbc axit amin c6 mach
bén tuong tu d& duogc xéac dinh trong linh vuc nay. Cac ho nay bao gdm céc axit amin
véi cdc mach bén ¢6 tinh bazo (vi du, lysin, arginin, histidin), cdc mach bén c6 tinh
axit (vi du, axit aspartic, axit glutamic), mach bén c6 cuc khong dugc tich dién (vi du,
glyxin, asparagin, glutamin, serin, threonin, tyrosin, Xystein), cac mach bén khong
phan cuc (vi du, alanin, valin, leuxin, isoleuxin, prolin, phenylalanin, methionin,
tryptophan), cac mach bén duoc phan nhénh beta (vi du, threonin, valin, isoleuxin) va
c4ac mach bén thom (vi du, tyrosin, phenylalanin, tryptophan, histidin). Do do, gbe
axit amin khong thiét yéu duoc du doén trude trong polypeptit AHAS t6t hon 1a dugc
thay thé bang gbc axit amin khac tlr ho c6 mach bén twong ty. Theo cach khéc, theo
mot phuong an khéc, sy 4ot bién c6 thé duoc ap dung ngau nhién clng véi tAt ca hodc
mot phin cua trinh tr ma héa AHAS, nhu bang cach phat sinh dot bién bdo hoa, va
thé dot bién thu duoc c6 thé duge sang loc vé hoat tinh AHAS duge mo ta & day dé
xé4c dinh cac thé dot bién c6 hoat tinh AHAS. Tiép theo, su phét sinh dot bién cia
trinh tu néu trong SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5 hodc SEQ ID NO: 11,
polypeptit duoc ma héa cé thé duge biéu hién theo céch tai t6 hop va hoat tinh cia
polypeptit c6 thé duge xac dinh bang cach phan tich kha ning chiu duoc imidazolinon

clia cay trdng biéu hién polypeptit nhu dugc md ta trong cac vi du dudi day.
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Pé xac dinh phén tram do déng nhét v& trinh tu gifta hai trinh tu axit amin, cac
trinh tw dugc so sanh véi muc dich so sanh ti wu (vi du, khoang tréng c6 thé duge
dua vao trong trinh tu ctia mot polypeptit dé so sanh tdi wu véi polypeptit khac). Cac
gbc axit amin & cac vi tri axit amin trong tng sau d6 dugc so sanh. Khi vi tri trong
mot trinh tu bi chiém gitt bdi géc axit amin tuwong tu nhu vi tri tuong ing trong trinh
tu khac, khi d6 cac phan tir nay 13 giéng hét nhau & vi tri d6. C6 thé ¢ su so sanh
mirc do twong tu nhau gifta hai trinh ty axit nucleic. Phan tram d6 ddng nhét vé trinh
tu gitta hai trinh tw 1a ham cua sb vi trf gidng nhau gitra hai trinh tu (téc 13, phan trdm
do ddng nhat vé trinh tu = sb vi trf giéng nhau/ tbng sb cac vi tri X 100). Véi muc
dich ctia sang ché, phdm tram d6 ddng nhét vé trinh ty gifra hai axit nucleic hodc trinh
tu polypeptit dwoc x4c dinh sir dung géi phdn mém VectoNTI 6.0 (PC) (InforMax,
7600 Wisconsin Ave., Bethesda, MD 20814). Piém m& khoang tréng 13 15 va diém
mé rong khoang tréng 13 6,66 dugc sir dung dé x4c dinh d6 ddng nhét tinh theo phan
tram ctia hai axit nucleic. Piém mé khoang tréng 13 10 va diém mé rong khoang trong
14 0,1 duoc s dung dé xac dinh phdm tram d6 dong nhit v& trinh tu cua hai

polypeptit. T4t ca céc tham s6 khéc duoc dat & dang mic dinh.

Cén phai hiéu rang véi muc dich x4c dinh d6 ddng nhét cua trinh tu, khi so
sénh trinh tw ADN véi trinh tu ARN, thymidin nucleotit 1a twong duong véi uraxil
nucleotit. Tt hon 13, cic polypeptit AHAS phan lap dugc & ddy it nhit 14 khoang 50-
60%, tot hon, it nhit 14 khoang 60-70%, va t&t hon nita it nhat 1a khoang 70-75%, 75-
80%, 80-85%, 85-90%, hodc 90-95%, va t6t nhét, it nhat 13 khoang 96%, 97%, 98%,
99%, hoac déng nhét hon nita v6i toan bd trinh tu axit amin dugc néu tr6ng SEQ ID

NO:2, SEQ ID NO:4, SEQ ID NO:6, hodc SEQ ID NO: 12.

Ngoai ra, cic axit nucleic AHAS duoc t6i wu hoa cé thé duoc tao ra. T6t hon
1a, axit nucleic AHAS dugc t6i uu héa ma héa polypeptit AHAS cé tac dung diéu
bién kha nang chiu dwoc chét diét co imidazolinon & ciy trong, va tét hon nita 1a lam
tang kha niang chiu dugc chét diét c6 imidazolinon ciia cdy trong khi né biéu hién qua

mtrc & cdy trong. Nhu duoc st dung & ddy, thuat ngft "tdi uu héa" dé chi axit nucleic
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duoc 4p dung k¥ thuat di truyén dé 1am tang su biéu hién cua nd & cay tréng hodc
dong vat cho trude. Pé cung cép cac axit nucleic AHAS duoc t6i wu hoa & cdy trong,
trinh ty ADN ciia gen c6 thé duoc cai bién dé 1) bao gdm céc codon duge wu tién béi
céc gen & cdy trong dugc biéu hién cao; 2) bao gdm thanh phan A+T trong hop phan
bazo nucleotit sao cho dugc phat hién chu yéu trong cy trdng; 3) tao ra trinh tu khéi
dAu ctia cay trong, 4) loai bod céc trinh tu gdy ra tinh méat 6n dinh, sy bd sung trinh tu
poly A khong thich hop, su thoai hoa va sy xac dinh ARN, hoéc tao ra c4u trac hinh
cap toc bac hai hodc cac vi tri tich ARN. Su biéu hién duge tang cudng cua axit
nucleic AHAS & cdy trdng c¢6 thé dat dugc bang cach st dung tan suit phan bd cia
viée sir dung codon & cdy tréng noéi chung hodc & mdt cay trdng cu thé. Céc phuong
phap dé tdi vu hoa su biéu hién cua axit nucleic & cay tréng ¢ thé duoc phat hién
trong EPA 0359472; EP A 0385962; WO 91/16432; US 5,380, 831; US 5,436,391;
Perlack et al., 1991, Proc. Natl. Acad. Sci. USA 88: 3324-3328; va Murray et al.,
1989, Nucleic Acids Res. 17: 477-498.

Nhu dugc stir dung & day, "tAn sudt sir dung codon dugc uu tién" chi mirc do vu
tién duoc biéu hién bdi mét té bao chi cu thé trong viéc sir dung cac codon nucleotit
dé chi r5 mét axit amin x4c dinh. D& x4c dinh tin suét st dung mdt codon cu thé trong
mot gen, sb 14n xut hién cia codon d6 trong mot gen duoc chia cho tong sb 1an xuét
hién cua tit ca cac codon chi rd axit amin twong tw trong mot gen. Theo cach twong
tu, tAn sudt sur dung codon dugc wu tién dugc biéu hién bdi mot té bao chu cb thé
duoc tinh bing tAn suét trung binh cta viée sir dung codon duoc wu tién trong sb
lwong 16n cac gen dugc biéu hién bdi té bao chi. Tt hon 13, viée phén tich nay bi
gidi han ¢ cac gen dugce biéu hién cao bai té bao chi. Phan trim dd 1éch cia tan sudt
st dung codon duoc wu tién dbi vai gen tdng hop tir d6 dwoc st dung bai té bao chu
duoc tinh toan trudc tién béng cach xac dinh phén tram d6 1&ch ctia tAn suét sir dung
codon don tir viéc sir dung cua té bao chu sau khi tinh dwgc do léch trung binh cta
toan bd codon. Nhu dugc xac dinh & ddy, viéc tinh toan nay bao g@)m ca cac codon

doc nhét (tie 13, ATG va TGG). V& thuét ngit chung, dd 1éch trung binh toan bo khi
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str dung codon cta gen dugc t6i wru hoéa tir viée st dung cua té bao chi dugc tinh bang
cach str dung phuong trinh 1A =n=1Z X,, - Y, X, nhan 100Z, trong d6 X, = tan suét
st dung dbi véi codon n trong t& bao chu ; Y, = tin suét sir dung d6i v6i codon n
trong gen tong hop, n thé hién mot codon riéng 1 chi ra mt axit amin va toan bd 56
codon 12 z. TSt hon 13, d6 léch toan b ctia tAn suét st dung codon, A, ddi véi toan bd

axit amin nén it hon khoang 25%, va t6t hon nita 12 it hon khoang 10%.

Do d6, axit nucleic AHAS c¢6 thé duoc ti wu héa sao cho tAn sudt phan b6 cla
viée st dung codon léch, tot hon 13, khong nhiéu hon 25% so véi tan suat cia cac gen
clia cay trong biéu hién cao va, t6t hon nita 13, khong nhiéu hon khoang 10%. Ngoai
ra, cAn xem xét dén ti 1& phan trdm thanh phan G+C cuia bazo thi ba bi thodi hoa (cac
cay mot 14 mam dudng nhu vu tién G+C & vi tri ndy, trong d6 cdy hai 14 mam khong
cd). Tac gid cling nhén ra rang nucleotit XCG (trong d6 X la A, T, C, hodc G) la
codon duoc uu tién it nhat trong cac cdy hai 14 mam, trong d6 codon XTA dugc huy
c& & cAy mot 14 mam va cay hai 14 mam. Tét hon 13, céc axit nucleic AHAS dugc t6i
uu theo sang ché ciing c6 céc chi s6 hiy cip d6i CG va TA gan xAp xi véi chi s clia
cay trong chil duge lwa chon (tirc 13, Oryza sativa). Tét hon nita 13, nhitng chi sb nay

1&ch so véi chi sb cta vat chi khong nhiéu hon khoang 10-15%.

Ngoai c4c phan ti axit nucleic méd hoéa polypeptit AHAS dugc md ta & trén,
phan t& axit nucleic phan lap duoc ma la d6i nghia duoc mo ta & day. Cac
polynucleotit d6i nghia dugc cho 1a e ché su biéu hién gen cta polynucleotit dich
bing cach gin két ddc hiéu polynucleotit dich va gay nhiéu qua trinh sao chép, tach
intron, van chuyén, dich ma va/hoac d6 6n dinh ctia polynucleotit dich. Cac phuong
phap dugc mo ta trong linh vuc k¥ thut nay d8 hudéng polynucleotit d6i nghia vao
ADN nhiém sic thé, vao ban sao ARN so cép hodc vao ARN thong tin d& dugce xur ly.
Tét hon 13, céc vung dich bao gém cac vi tri tach intron, cac codon khoi dau dich ma,

cac codon két thiic dich m4, va céc trinh tu khac trong khung doc mo.
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Thuét ngit "ddi nghia", v6i cic muc dich cia sang ché, dé chi axit nucleic bao
gbm polynucleotit bd tro ddy du vdi tit ca hodc mot phan cia gen, san pham phién ma
so cip, hodc ARN théong tin duoc xir Iy, sao cho gy nhiéu sy biéu hién cta gen noi
sinh. C4c polynucleotit "bd tro" 14 cac polynucleotit c6 kha ning ghép cip bazo theo
quy tic bd tro tiéu chudn Watson-Crick. Cu thé 13, purin s& ghép cip bazo véi
pyrimidin dé tao thanh su két hop cua guanin dugce ghép véi xytosin (G:C) va adenin
dugc ghép cap véi hoac thymin (A:T) trong trudong hop ctia ADN, hodc adenin dugc
ghép cap véi uraxil (A:U) trong truong hop cia ARN. Can phai hiéu rang hai
polynucleotit ¢ thé lai v6i nhau thdm chi néu ching khong hoan toan bd tro véi
nhau, mién 1a mdi polynucleotit ¢ it nhat mot ving hau nhu bd tro véi nhau. Thuat
ngit "axit nucleic ddi nghia" bao gdm ARN soi don ciing nhu catxet biéu hién ADN
soi kép c6 thé duge sao chép dé tao ra ARN dbi nghia. Axit nucleic d6i nghia "hoat
tinh" 14 phéan tir ARN d6i nghia c6 kha nang lai mot cach chon loc v6i san phim phién
ma so cAp hodc ARN thong tin ma hoa polypeptit c6 it nhit 80% d6 ddng nhét trinh tur
véi trinh tu polypeptit néu trong SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, hodc
SEQ ID NO: 12. |

Ngoai céc axit nucleic AHAS va polypeptit dugc mé ta & trén, céc axit nucleic
va polypeptit ndy duoc gin vao gbc phan tir cling dugc mé ta & day. Nhitng gbc phan
tir ndy bao gém, nhung khong chi gi6i han &, gbc phan tir phét hién, gbc phan tir lai,
gbc phan tir tinh ché, gbc phén tir van chuyén, gc phan tir phan ting, gdc phan tir lién
két, va twong tu. Mot nhém dic trung clia céc axit nucleic ¢6 gde phan tir duoc gén
vé6i 12 cac doan do va cac doan mdi. Céc doan do va doan mdi vé co ban bao gém
oligonucleotit hdu nhu phén 1ap duoc. Oligonucleotit niy vé co ban bao gdm mot
ving trinh tu nucleotit lai trong diéu kién nghiém ngat vdi it nhat khoang 12, t&t hon
1a khoang 25, t6t hon nita 1a khoang 40, 50, hodc 75 nucleotit lién tiép clia soi ¢6
nghia cda trinh ty néu trén trong SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, hodc
SEQ ID NO: 11, trinh tu dbi nghia néu trong SEQ ID NO:1, SEQ ID NO:3, SEQ ID
NO:5, hodc SEQ ID NO:11, hoic céc thé dot bién c6 trong tu nhién cta ching. Cac
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doan moi dua trén trinh tu nucleotit néu trong SEQ ID NO:1, SEQ ID NO:3, SEQ ID
NO:5, hozc SEQ ID NO:11 ¢6 thé duge sir dung trong phan tmg PCR dé tach dong
thé tuong dé)ng AHAS. Céc doan do dua trén trinh tu nucleotit AHAS c6 thé dugc sir
dung dé phat hién san pham phién mé& hozc trinh tu hé gen ma héa cac polypeptit
gidng nhau hosc twong ddng. Theo cic phuong an dugc vu tién, cac doan do con chira
nhom danh ddu dugc gén vao d6, vi du, nhém dénh déu c6 thé 14 chit dong vi phong
xa, hop chét huynh quang, enzym, hodc déng nhan t6 enzym. Céc doan do ndy c6 thé
duoc st dung 12 mdt phan cia kit thir nghiém danh ddu hé gen ding dé xéc dinh cac
té bao biéu hién polypeptit AHAS, nhu 14 bang cich do mirc axit nucleic ma hoa
AHAS trong méu chtra cac té bao, vi du, phat hién cdc mic ARN thong tin cua
AHAS hodc xac dinh liéu gen AHAS cua hé gen da duoc dot bién hoic loai bd hay
khong.

Ngoai ra, vecto biéu hién tai t hop phén 1ap duoc chira axit nucleic AHAS nhu
dugc mo ta & trén, trong do su biéu hién cta vecto & té bao chi din dén kha nang chiu
duoc chat diét co imidazolinon dugc ting cudng so vai cac loai té bao chu kiéu hoang
duoc md ta & day. Nhu duoc st dung & day, thuat ngit "vecto" dé chi phan tir axit
nucleic c6 kha nang van chuyén axit nucleic khac dén axit nucleic ma né lién két véi.
Mot loai vecto 1a "plasmit" dé chi vong ADN soi kép ma cac doan ADN khac cé thé
duoc gén vao. Mot loai vecto khéc 1a vecto virut, trong d6 cac doan ADN khéc cé thé
duoc gin vao hé gen cia virut. Mot s§ vecto nhat dinh c6 kha niang sao chép tu chu
trong té bao chii ma ching dugc dua vao (vi du, cac vecto vi khuin c6 ngudn gde sao
chép vi khuan va céc vecto & dong vét c6 via thé bd sung). Cac vecto khac (vi du, cac
vecto & dong vat ¢6 vi khong phai 14 thé bd sung) duoc gén vao hé gen cua té bao chu
khi dua vao trong té bao chil, va bing cach d6 duge sao chép cing vdi hé gen cuia té
bao chu. Hon nita, mdt sd vecto nhét dinh c6 kha nang hudng su biéu hién cua gen
vao vecto ma chung lién két mot cach linh hoat v6i. Céc vecto nay duoc dé cap ¢ day
1a "vecto biéu hién." Néi chung, céc vecto biéu hién st dung trong k¥ thuat ADN tai

t6 hop thuong & dang plasmit. Trong ban mo ta ndy, "plasmit" va "vecto" c6 thé duoc
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sir dung thay thé nhau do plasmit 1a dang dugc sir dung thong dung nhét cia vecto.
Tuy nhién, sang ché ciing nham bao gdm céc dang vecto biéu hién khéc, nhu 1a vecto
virut (vi dy, retrovirut, adenovirut, va virut lién quan dén adeno sao chép khong hoan

toan), c6 chirc nang twong duong nhau.

Céc vecto biéu hién tai td hop duge md ta & day bao gdm axit nucleic theo sang
ché & dang thich hop dé biéu hién axit nucleic trong t& bao chu, c6 nghia 13 cac vecto
biéu hién tai to hop bao gém mot hodc nhiéu trinh tu diéu chinh, duoc lva chon trén
co s& té bio chi duoc sit dung dé biéu hién, duoc lién két linh hoat véi trinh tu axit
nucleic duoc biéu hién. Xét vé vecto biéu hién tai td hop, "lién két linh hoat" duoc
hiéu 14 trinh ty nucleotit can quan tam duogc lién két v6i trinh tu diéu chinh theo cach
cho phép biéu hién trinh tu nucleotit (vi dy, trong hé sao chép/dich ma in vitro hodc
trong té bao chi khi vecto dugc dua vao trong t& bao chua). Thuat ngit "trinh ty diéu
chinh" @& chi bao gdm gen khéi dau, gen ting cudng, va céc yéu t6 diéu khién biéu
hién khac (vi dy, tin hiéu bd sung trinh tu poly). Céc trinh tu diéu chinh nay dugc mé
ta, vi du, trong Goeddel, Gene Expression Technology: Methods in Enzymology 185,
Academic Press, San Diego, CA (1990) va Gruber and Crosby, trong: Methods in
Plant Molecular Biology and Biotechnology, Eds. Glick and Thompson, Chapter 7,
89-108, CRC Press: Boca Raton, Florida, bao gém ca tai liéu tham khao trong dé. Cac
trinh tu diéu chinh bao gém cac trinh tu chi phéi su biéu hién co dinh cua trinh tu
nucleotit trong nhiéu loai t& bao chi va cc trinh ty chi phdi sy biéu hién cta trinh tu
nucleotit chi trong céc té bao chu nhit dinh hodc trong cac didu kién nhét dinh. Nguoi
c6 hiéu biét trung binh trong linh vuc nay s& danh gia cao rang viée thiét ké vecto
biéu hién c6 thé tuy thude vao cac yéu t6 nhur 13 sy lua chon té bao chu dugc bién nap,
mirc biéu hién cua polypeptit mong mudn, v.v.. Cc vecto biéu hién dugc mo ta & day
¢6 thé duogc dua vao té bao chil bing cach d6 tao ra cac polypeptit hodc peptit, bao
gdm cic polypeptit hodc peptit dung hgp, duge ma hoa béi axit nucleic nhu duge md

ta & day (vi du, polypeptit AHAS, polypeptit dung hop, v.v.).
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Polypeptit AHAS c6 thé duoc biéu hién trong thuc vat va té bao cua thuc vat
nhu t& bao thuc vat don bao (nhu tdo) (xem Falciatore et al., 1999, Marine
Biotechnology 1 (3): 239-251 va céc tai li¢u tham khdo trong do) va té bao thyc vat tir
thuc vat bac cao hon (vi dy, cédy c6 hat, nhu 1a cdy trdng). Polynucleotit AHAS c6 thé
dugc "dua vao" t& bao thuc vét bang cach bét ky, bao gbm su chuyén nhiém, su bién
nap hodc tai nap, xung dién, ban phé hat, phuong phép st dung t-ADN cua virut gy

nhiém cho cdy, siing ban gen (phuong phap dua ADN vao té bao) va tuong tu.

Céc phuong phép thich hop d8 bién nap hozc chuyén nhidm cac té bao chu bao
gbm cac té bao cua cly cb thé tim thiy trong bai bdo Sambrook va cic dong tac gia
(Molecular Cloning: A Laboratory Manual. 2nd Ed., Cold Spring Harbor Laboratory,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989) va cac s tay
thi nghiém khac nhu Methods in Molecular Biology, 1995, Vol. 44, Agrobacterium
protocols, Ed: Gartland and Davey, Humana Press, Totowa, New Jersey. Kha néng
chiu dwoc chét diét co imidazolinon dugc ting cudng 1 tinh trang chung mong mubn
duoc thira ké & nhiu gibng cdy trdng nhu ngd, lia my, lia mach den, yén mach,
giéng lai Ita my va lia mach den, lGa gao, lda mach, ddu tuong, lac, bong, hat cai dau
va cdy hat cai ddu, cdy sén, hat tiéu, huéng duong va ctic van tho, cdy thudc ho ca nhu
khoai tay, thudc 14, cAy ca, va ca chua, loai Vicia, ddu, co linh lang, cdy bui (ca phé,
cacao, che), loai Salixs, cdy to (cay co dau, cay dira), cé 14u ndm va cdy lam thirc an
cho gia suc, nhiing cay trdng nay cling 1a nhitng cdy dugc wa thich déi véi k§ thudt di
truyén. Cay lam thtrc &n cho gia stic bao gb6m, nhung khong bi gii han &, c6 mach, co
Canary, c6 dia, co dai, cd Blue, c6 ngoén, co Alfalfa, Salfoin, Birdsfoot, Trefoil,

Alsike Clover, Red Clover, va Sweet Clover.

Su chuyén nhiém cta polynucleotit AHAS vao thuc vét ¢6 thé dat dugc bang
cach chuyén gen qua trung gian Agrobacterium. Mot phuong phép bién nap da biét
ddi voi ngudi cb hidu biét trung binh trong linh vyc nay 1a nhing ciy ra hoa vao dung
dich chtra Agrobacteria, trong d6 Agrobacteria chira axit nucleic AHAS, sau d6 nhén

céc giao tir da duoc bién nap. Su bién nap & ciy qua trung gian Agrobacterium cé thé
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duoc thuc hién béng cach sur dung, vi du, GV3101 (pMP90) (Koncz and Schell, 1986,
Mol. Gen. Genet. 204: 383-396) hoic LBA4404 (Clontech) chung Agrobacterium
tumefaciens. Su bién nap ndy c thé dugc thuc hién bing cac k§ thuat bién nap tiéu
chuan va k¥ thuét tai sinh (Deblaere et al., 1994, Nucl. Acids. Res. 13: 4777-4788,;
Gelvin, Stanton B. and Schilperoort, Robert A, Plant Molecular Biology Manual, 2"
Ed. -Dordrecht: Kluwer Academic Publ., 1995, - in Sect., Ringbuc Zentrale Signatur:
BT11-P ISBN 0-7923-2731-4; Glick, Bernard R. and Thompson, John E., Methods in
Plant Molecular Biology and Biotechnology, Boca Raton: CRC Press, 1993 360 S.,
ISBN 0-8493-5164-2). Vi du, hat cai du c6 thé dugc bién nap thong qua sy bién nap
14 mAm hodc tru dudi 14 mam (Moloney et al., 1989, Plant Cell Report 8: 238-242; De
Block et al., 1989, Plant Physiol. 91: 694-701). Viéc st dung chat khang sinh cho
Agrobacterium va sy lya chon céc cdy phu thudc vao vecto nhi nguyén va ching
Agrobacterium dugc st dung dé bién nap. Su lya chon hat cai dau thudng duogc thuc
hién str dung kanamyxin lam chit danh déu cay tré)ng duoc luva chon. Su chuyén gen
qua trung gian Agrobacterium dén cay lanh c6 thé dugc thuc hién béang céch st dung,
vi du, k¥ thuat duoc mo ta béi Mlynarova et al., 1994, Plant Cell Report 13: 282-285.
Hon nita, sy bién nap & cdy dau twong c6 thé duoc thuc hién bang cach sir dung, vi
du, k¥ thuit da dugc mo ta trong EP 0424 047, US 5,322, 783, EP 0397 687, US
5,376, 543, hogic US 5,169, 770. Su bién nap & ciy ngd c6 thé dat dugc bang cach ban
pha hat, su hdp thu ADN qua trung gian polyetylen glycol hogc thong qua k§ thuat s¢i
silic cacbua. (Xem, vi du, Freeling and Walbot "The maize handbook" Springer
Verlag: New York (1993) ISBN 3-540-97826-7). Mot vi du cu thé vé sy bién nap &
cdy ngd duoc tim thay trong US 5,990, 387, va mot vi du cu thé vé su bién nap o ciy
lta my duoc tim thdy trong WO 93/07256.

Polynucleotit AHAS dugc dua vao cd thd dugc duy tri trong t& bao cdy trong
mdt cach dn dinh néu n6 dugc két hop vao mdt don vi sao chép tu chu khong phai 1a
nhidm séc thé hodc duoc két hop vao cac nhiém sic thé & cay trong. Theo cach khic,

polynucleotit AHAS dugc dua vao cé thé xuét hién trén vecto khong sao chép ngoai
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nhiém séc thé va duoc biéu hién nhat thoi hodc ¢6 hoat tinh nhét thdi. Vi sinh vét tai
t6 hop twong dong cé thé duoc tao ra trong dé polynucleotit AHAS duoc két hop vao
nhiém sic thé, vecto dugc diéu ché ma chira it nhét mot phan cua gen AHAS, trong
d6 su loai bo, bd sung, hoic thay thé dwgc dua vao dé bang cach d6 thay dbi, vi du,

pha hity vé mat chitic nang, gen AHAS noi sinh va tao ra gen AHAS.

Pé tao ra sy dot bién diém thong qua su tai t6 hop twong ddng, thé lai ADN-
ARN c6 thé duoc sir dung trong k}Nf thuat da biét goi 1a liéu phép gen kham
"chimeraplasty" (Cole-Strauss et al., 1999, Nucleic Acid Research 27 (5): 1323-1330
va Kmiec, 1999, Gene therapy American Scientist 87 (3): 240-247). Cac quy trinh tai
t6 hop twong dong khéc & loai Oryza ciing da dugc biét trong linh vuc k¥ thuat nay va

nham st dung & day.

Trong vecto ti td hop tuong dong, gen AHAS c6 thé duoc ndm k& & dau 5' va
3' v6i phan tir axit nucleic bd sung ctia gen AHAS dé cho phép su tai t& hop tuong
dong xay ra giita gen AHAS ngoai sinh dwoc mang boi vecto va gen AHAS ndi sinh,
trong vi sinh vat hodc thuc vat. Phan tir axit nucleic ké AHAS bd sung co chiéu dai du
dé tai t& hop twong ddng thanh cong véi gen nodi sinh. V& co ban, vai tram cip bazo
1én téi kilobazo ctia ADN ké can (ca & dau 5' va 3') duoc bao gdm trong vecto (xem,
vi du, Thomas, K. R., va Capecchi, M. R., 1987, Cell 51: 503 dbi véi viéc mo ta cac
vecto tai t6 hop twong dong hodc Strepp et al., 1998, PNAS, 95 (8): 4368-4373 dbi
v6i su tai to hop dua trén ADN bd tro trong Physcomitrella patens). Tuy nhién, do
gen AHAS nay thuong khéc biét v6i gen AHAS & mdt vai axit amin, trinh tu ké cén
1a khong can thiét. Vecto tai t6 hop twong dong dugc dua vao trong té bao vi sinh vat
hodc té bao thuc vat (vi du, thong qua ADN trung gian qua polyetylen glycol), va cac
té bao ma gen AHAS duoc dua vao di tai td hop twong ddng v6i gen AHAS ndi sinh

duogc Iua chon béng cach st dung cac k¥ thuat da biét trong linh vuc k¥ thuét nay.

Vi sinh vét tai td hop c6 thé duoc tao ra chira cac hé duoc lya chon cho phép su

biéu hién dugc diéu chinh cuia gen dugc dua vao. Vi duy, thé vui cia gen AHAS trén
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mot vecto dat né dudi sy kiém soat cua operon lac lactoza cho phép su biéu hién coa
gen AHAS chi khi c6 mat IPTG. Cac hé diéu chinh nay 13 d& biét dén trong linh vuc
k¥ thuat.

Dé c6 mat trong vecto khong sao chép ngoai nhiém sic thé hodc vecto ma dugc
két hop vao nhiém sic thé, t6t hon 13, polynucleotit AHAS nim & catxet biéu hién &
cay tréng. T6t hon 13, catxet biéu hién & cay trdng chtra céc trinh tu diéu chinh c6 kha
ning phan tan sy biéu hién cla gen & t& bao cay trong duoc lién két mot cach linh
hoat sao cho mdi trinh tu ¢6 thé thuc hién chirc ning ctia no, vi du, két thuc su sao
chép boi cac tin hiéu bd sung trinh tur poly A. Céc tin hiéu b6 sung trinh tu poly A
duge vu tién 1a cac tin hiéu c¢6 ngudn gdc tir Agrobacterium tumefaciens t-ADN nhu
gen 3 dugc biét 14 octopin synthaza ctia Ti-plasmit pTiACHS (Gielen et al., 1984,
EMBO J. 3: 835) hodc cac dang c6 chitc ning tuong duong, ma con tit ca gen két
thic ¢6 hoat tinh chirc ning & cdy trong 14 thich hop. Do su biéu hién gen & cdy trong
thuong khong bi gi6i han & cac mirc do sao chép, tot hon 13, catxet biéu hién & cay
trdng chira cac trinh tu lién két mot cach linh hoat khac gidng nhu gen ting cudng
dich ma nhu trinh tu phén tén qua mirc chita trinh ty dan dau 5-khong dich ma tir virut
kham & cay thudc 14 ting cuong polypeptit theo ti 16 ARN (Gallie et al., 1987, Nucl.
Acids Research 15: 8693-8711). Vi du v& cac vecto biéu hién & ciy trong bao gdm
cac vecto dugc mo ta chi tiét trong: Becker, D. et al., 1992, New plant binary vectors
with selectable markers located proximal to the left border, Plant Mol. Biol. 20: 1195-
1197; Bevan, M. w., 1984, Binary Agrobacterium vectors for plant transformation,
Nucl. Acid. Res. 12: 8711-8721; va Vectors for Gene Transfer in Higher Plants;
trong: Transgenic Plants, Vol.1, Engineering and Utilization, eds.: Kung and R. Wu,

Academic Press, 1993, S.15-38.

Su biéu hién gen & cdy trong nén dugc lién két mot cach linh hoat véi gen khéi
dau thich hop tao ra su biéu hién gen mot cach kip thoi, theo cach wu tién loai té bao,
hodc wu tién md. Gen khoi ddu hitu dung trong catxet biéu hién theo sang ché bao

20m gen khoi dau bat ky c6 kha ning bt diu su sao chép trong t& bao cay trong. Gen
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khoi dau ndy bao gdom, nhung khong chi gidi han, cac gen ma c6 the thu duge tir cay
trong, cac virut va vi khuan cua cdy trong chira cac gen dugc bi€u hién ¢ cdy trong, -

nhu Agrobacterium va Rhizobium.

Gen khéi dau c6 thé 1a co dinh, cam Umg, uu tién giai doan phat trién, wu tién
loai té bao, uu tién mo hozc uu tién co quan. Gen khoi dau co dinh c6 hoat tinh trong
hiu hét moi truomg hop. Vi du vé gen khoi dAu co dinh bao gdm céc gen khoi dau
CaMV 19S va 35S (Odell et al., 1985, Nature 313: 810-812), gen khéi dau sX CaMV
35S (Kay et al., 1987, Science 236: 1299-1302), gen khéi ddu Sepl, gen khoi dau
actin & cay lua (McElroy et al., 1990, Plant Cell 2: 163-171), gen khoi dau actin
Arabidopsis, gen khoi dau ubiquitin (Christensen et al., 1989, Plant Molec. Biol. 18:
675-689); pEmu (Last et al., 1991, Theor. Appl. Genet. 81: 581-588), gen khoi dau
35S virut thé kham & ciy huyén sam, gen khéi d4u Smas (Velten et al., 1984, EMBO
J. 3: 2723-2730), gen khoi dau GRPI-8, gen khéi dau dehydrogenaza clia rugu
xinnamylic (US 5,683,439), gen khoi dau tr T-ADN ctia Agrobacterium, nhu
manopin synthaza, nopalin synthaza, va octopin synthaza, cAu trac dudi phan tir nhod

ctia gen khoi déu ribuloza biphosphat carboxylaza (ssuRUBISCO), va dang tuong tu.

Céc gen khoi dau cam mg c6 hoat tinh trong céc didu kién mdi trudong nhat
dinh, nhu khi c6 mét hodc Véng mit cta chat dinh dudng hoic chét chuyén héa, nhiét
hodc lanh, 4nh sang, su tAn cong cua mam bénh, diéu kién ky khi, va twong tu. Vi dy,
gen khoi dau sp80 tir Brassica dugc cam Ung biang cach sdc nhiét; gen khoi dau
PPDK duoc cam (g bing anh séng; gen khoi diu PR-1 tir cdy thude 18, Arabidopsis,
va ng6 dugc cdm Ung bing cach gay nhiém bang mam bénh; va gen khéi dau Adhl
dugce cam tng bang cach giam oxy-huyét va sy cang thang do lanh dem lai. Sy biéu
hién ctia gen & cdy trong cling c6 thé duogc tao didu kién thuan loi thong qua gen khoi
dau cam ung (xem Gatz, 1997, Annu. Rev. Plant Physio. Plant Mol. Biol. 48: 89-108).
Céac gen khoi dau cam Ung vé mit héa hoc dic biét thich hop néu mong mudn su biéu

hién cua gen dac hiéu theo thoi gian. Vi du vé cé4c gen khoi dau nay 1a gen khéi dau
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cam Ung axit salixylic (WO 95/19443), gen khoi dau cam ung tetraxyclin (Gatz et al.,
1992, Plant J. 2: 397-404) va gen khoi ddu cam ting etanol (WO 93/21334).

Céc gen khéi ddu wu tién giai doan phiét trién duoc uu tién biéu hién & cac giai
doan phat trién nhit dinh. Cac gen khéi du wu tidn md va co quan bao gém cac gen
duoc wu tién biéu hién & cac md hodc co quan nhat dinh, nhu 13 14, ré, hat, hodc
xylem. Vi du vé& cac gen khoi dAu wu tién mo hodc wu tién co quan bao gdm, nhung
khong bi gidi han & cic gen khéi dau wu tién qua, wu tién nodn, wu tién md duc, wu
tién hat, uu tién vo, uu tién cu, vu tién than cuéng, uu tién vé qua, va uu tién 14, uu
tién nam nhuy, uu tién phén hoa, vu tién bao phén, uu tién canh hoa, vu tién dai hoa,
wu tién cudng nho, vu tién qua cai, uu tién than cdy, uu tién ré va tuong tu. Céc gen
khoi dau wu tién hat duoc vu tién biéu hién & cac giai doan phét trién hat va/hoic nay
mam. Vi du, cic gen khéi dAu wu tién hat c6 thé 1a wu tién phoi, uu tién ndi nhil va vu
tién vo hat. Xem Thompson et al., 1989, BioEssays 10: 108. Vi du vé cac gen khdi
dAu wu tién hat bao gém, nhung khong chi gidi han & xenluloza synthaza (celA),

Ciml, zeingama, globulin-1, zein 19 kD ctia ngd (cZ19Bl) va tuong tu.

Céc gen khoi ddu wu tién md hodc wu tién co quan thich hgp khac bao gbm gen
khoi ddu napin tir hat cai dau (US 5,608,152), gen khoi ddu USP tir Vicia faba
(Baeumlein et al., 1991, Mol Gen Genet. 225 (3): 459-67), gen khoi dau oleosin tir
Arabidopsis (WO 98/45461), gen khoi dau phaseolin tir Phaseolus vulgaris (US
5,504, 200), gen khoi diu Bee4 tir Brassica (WO 91/13980), hodc gen khéi dau
legumin B4 (LeB4; Baeumlein et al., 1992, Plant Journal, 2 (2): 233-9), cling nhu cac
gen khoi dAu tao ra sy biéu hién dic hiéu cho hat ¢ thuc vat mot 1a mam nhu ngo, lua
mach, lda my, lia mach den, lia gao, v.v. Cac gen khoi dAu thich hop dé luu y 13 gen
khoi dau Ipt2 hodc 1ptl tir cdy lia mach (WO 95/15389 va WO 95/23230) hoc nhing
gen d3 dugc mo ta trong WO 99/16890 (céac gen khoi dau tlr gen hordein & cay lta
mach, gen glutelin & cdy Iua, gen oryrin & cdy lGa, gen prolamin & cdy lua, gen gliadin
& cay lua my, gen glutelin & cdy lua my, gen glutelin & cay yén mach, gen kasirin &

cdy lta mién, va gen secalin & [ia mach den).
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Céc gen khdi ddu khac hitu ich trong catxet biéu hién dugc mo ta & day bao
gdm, nhung khong chi giéi han &, gen khoi dAu protein lién két chinh vdi clorophyl
a/b, gen khoi dau histon, gen khéi ddu Ap3, gen khoi d4u P-conglyxin, gen khoi dau
napin, gen khoi dau lectin & cdy dau tuong, gen khoi dau zein 15kD & cdy ngd, gen
khéi dau zein 22kD, gen khoi dau zein 27kD, gen khéi du g-zein, chat sap, shrunken
1, shrunken 2, va gen khoi dau bronz, gen khoi dau Zm13 (US 5,086,169), gen khai
dau polygalacturonaza & cdy ngd (PG) (US 5,412,085 va 5,545,546), va gen khoi dau
SGB6 (US 5,470, 359), cling nhu cic gen khéi dau tdng hop hodc tu nhién khac.

Su linh hoat bd sung trong viéc kiém soat su biéu hién gen khac kidu & cay
trdng c6 thé dat duwoc bang cach sir dung céc vung lién két ADN va yéu t6 phan ung
tir cac ngudn khéc kidu (tire 13, cac ving lién két ADN tir cc ngudn khéng phai 1a cay
trdng). Vi du v& céc ving lién két ADN khac kiéu 13 ving lién k&t ADN LexA (Brent
and Ptashne, 1985, Cell 43: 729-736).

Ngodi ra, séng ché con dé cap dén céc té bao chi ma vecto biéu hién tai t6 hop
nhu md ta & day duoc dua vao. Thuat ngit "té bao chu" va "t& bao chu tai td hop"
duoc st dung thay thé nhau & day. Can phai hiéu rang c4c thuat ngit nay khong chi dé
cap dén mot dbi tuong té bao cu thé ma chiing con 4p dung cho thé hé con hodc thé hé
con tiém ning ctia té bao d6. Do su cai bién nhét dinh ¢6 thé xay ra & thé hé tiép theo
do su dot bién hodc anh hudng ctia mdi trudng, thé hé con nay trén thuc t& c6 thé
khong gibng vdi té bao bd me, nhung van duge bao gbm trong pham vi clia thuat ngit
nhu duogc sit dung & ddy. Té bao chu c¢6 thé 14 t& bao chua c6 nhan dién hinh hoic té
bao c6 nhan dién hinh. Vi du, polynucleotit AHAS c6 thé duoc biéu hién & té bao vi
khuin nhu C glutamicum, té bao con trung, t& bao nAm, hodc t& bao cua dong véat cé
v (nhu t& bao budng trimg chudt ddng Trung Quéc (CHO) hoic té bao COS), tao, té
bao c6 long to, t& bao cua cdy trdng, ndm hodc cic vi sinh vat khac nhu
C.glutamicum. Cac t& bao chu thich hop khac 1a da biét ddi véi ngudi c6 hidu biét

trung binh trong linh vuc nay.
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Té& bao chu theo md ta & day, nhu t& bao chu chua c6 nhan dién hinh hodc c6
" nhan dién hinh trong méi trudng nudi cy, c6 thé duoc sir dung dé tao ra (tuc 13, bidu
hién) mot polynucleotit AHAS. Theo d6, cac phuong phap dé tao ra polypeptit AHAS
st dung té bao chii theo sang ché duoc mo ta & day. Phuong phap nay c6 thé bao gdm
nuéi cdy té bao chu dugc mo ta & day (dua vao d6 mot vecto biéu hién tai t6 hgp ma
héa polypeptit AHAS, hodc dua vao hé gen mot gen ma hoa polypeptit kiéu hoang
hodc AHAS) trong méi truong thich hop cho dén khi polypeptit AHAS duoc tao ra.
Phuong phép nay c¢é thé con bao gdm viéc phan 1ap polypeptit AHAS tir mdi trudng
hodc té bao chil. Ngoai ra, polypeptit AHAS phén 1ap duoc, va cac phan c6 hoat tinh
sinh hoc cua chiing dugc mé ta & day. Polypeptit hoéc phan c6 hoat tinh sinh hoc cta
chiing "phan 1ap duoc" hogc "tinh ché dugc" khong c6 mt s vat liéu té bao khi duoc
tao ra béng k¥ thuat ADN tai td hop, hodc cac tidn chat hoa hoc hodc céc chat hoa hoc
khéc khi duoc tdng hop bing phuong phép héa hoc. Cach néi "hau nhu khong ¢ vat
lidu té bao" bao gdm ché pham polypeptit AHAS trong d6 polypeptit duoc phan 1ap tir
mot sb thanh phén t€ bao cua té bao, trong d6 n6 dugc tao ra theo cach ty nhién hodc
t4i t& hop. Theo mdt phuong 4n, cach néi "hiu nhu khong c6 vat ligu té bao" c6 thé
bao gdm viéc diéu ché polypeptit AHAS c6 it hon khoang 30% (theo trong lugng
kho) vt liéu khong phai la AHAS (cling dugc d& cap o déay la "polypeptit nhiém
ban"), t6t hon 1a it hon khoang 20% vat liéu khong phai 1a AHAS, t6t hon nita 1a it
hon khoang 10% vt liéu khong phai 14 AHAS, va t6t nhét 1a it hon khoang 5% vét
liéu khong phai la AHAS.

Khi polypeptit AHAS, hodac phan c6 hoat tinh sinh hoc cua ching, dugc tao ra
theo cach tai t& hop, tot hon 1a hau nhu khong c6 mdi trudng nudi cy, tirc 13, moi
truong nudi cay thé hién it hon khoang 20%, t6t hon nita 14 it hon khoang 10%, va tot
nhit 1 it hon khoang 5% thé tich ciia ché phém polypeptit. C4ch néi "hau nhu khong
c6 tién chét héa hoc hodc céc chit héa hoc khac" bao gdm cic ché phim polypeptit
AHAS, trong d6 polypeptit dugc phan lap tir tidn chét hoa hoc hodc cac chét hoa hoc

khac lién quan dén su téng hop cia polypeptit. Theo mot phuwong 4n, cach néi "hau
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nhu khong c6 tidn chit héa hoc hodc céc chit hoa hoc khac" bao gdm céc ché pham
chira polypeptit AHAS c6 it hon khoang 30% (theo trong luong kho) tién chét hoa
hoc hodic chit héa hoc khong phai 1a AHAS, t6t hon 1a it hon khoang 20% tién chat
héa hoc hodc chit héa hoc khong phai 1a AHAS, t5t hon nita 1a it hon khoang 10%
tién chét héa hoc hodc chat héa hoc khong phai 1a AHAS, v tot nhét 14 it hon khoang
5% tién chat hoa hoc hodc chét héa hoc khong phai 1a AHAS. Theo cac phuong én
duoc wu tién, cdc polypeptit phan lap duoc, hodc phéin ¢O hoat tinh sinh hoc cua
ching khong ¢6 cac polypeptit nhiém bén tir céc sinh vat twong ty ma tir d6 tao dén
xuét polypeptit AHAS. V& co ban, cac polypeptit nay duge tao ra do su biéu hién tai
t6 hop ctia, vi du, polypeptit AHAS cta Oryza sativa & cy tréng khong phai Oryza

sativa hodc céc vi sinh vat nhu C.glutamicum, t& bao c6 16ng to, tao, hodc nam.

Céc trinh tu polynucleotit va polypeptit AHAS dugc mé ta & day co nhiéu dang
str dung. Céc trinh tu axit nucleic va axit amin theo sang ché c6 thé duoc sir dung dé
bién nap vao cdy trong, bing cach d6 diéu bién kha ning chiu duoc chat diét co
imidazolinon cta cdy trong. Theo d6, phuong phép tao ra cay trdng chuyén gen c6
kha nang chiu duge chét diét cé imidazolinon dugc ting cudng bao gdm, (a) bién nap
vao té bao cay trdong bang mdt hogic nhiéu vecto bidu hién chira mot hodc nhiéu axit
nucleic AHAS bién ddi, va (b) tao ra tir t& bao cay trong mot cay trdng chuyén gen c
kh& nang chiu dwoc chat diét cé imidazolinon dugc tang cudng so véi gibng kiéu
hoang cua cdy trong duge mo ta & day. Axit nucleic AHAS bién ddi c6 thé ma hoa
polypeptit AHAS bién ddi bao gdbm sy d6t bién tir alanin thanh threonin so véi

polypeptit AHAS kiéu hoang.

Ngoai ra, cac phuong phap cai bién kha niang chiu dugc chét diét co
imidazolinon cta cay trdng bao gém viéc cai bién su biéu hién cua mdt hoic nhiéu
axit nucleic AHAS bién ddi dugc mé ta & ddy. Kha ning chiu dugc chét diét co
imidazolinon cia cdy trong c6 thé dugc ting cudng hodc giam di dat dugc lan luot
béng cach ting cudng hodc giam di sy biéu hién ctia polynucleotit AHAS. Tt hon 13,

kha nang chiu dugc chét diét co imidazolinon cua cay trdng duoc ting cudng béang
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cach lam tang biéu hién ctia polynucleotit AHAS. Axit nucleic AHAS bién dbi c6 thé
ma héa polypeptit AHAS bién ddi bao gém su dot bién tir alanin thanh threonin so
véi polypeptit AHAS kidu hoang. Su biéu hién ctia polynucleotit AHAS c6 thé duoc
cai bién bing phuong phép bét ky da biét dbi voi nguoi c6 hiéu biét trung binh trong
linh vuc ndy. Céac phuong phép tdng cuong su biéu hién ctia polynucleotit AHAS c6
thé duoc st dung trong d6 cdy tréng 1 cay chuyén gen hoic khong chuyén gen.
Trong nhiéu trudng hop, khi cay trdng 1a cay chuyén gen, ciy trdng co thé dugc bién
nap, vi du, béng mot vecto chira axit nucleic md hda AHAS bét ky néu trén, hodc cay
trdng c¢6 thé dugc bién nap bing mot gen khoi dau chi phéi sy biéu hién cla
polynucleotit AHAS ndi sinh & céy trdng. Gen khoi dau nay c6 thé 1a dac trung mo
hoic duge diéu chinh phat trién. Theo cach khac, cy trdng khong chuyén gen c6 thé
¢4 su biéu hién polynucleotit AHAS ndi sinh dugc cai bién do kich thich mot gen
khoi ddu nguyén thé. Su biéu hién cta polynucleotit bao gdm trinh tu polynucleotit
duge néu trong SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, hodc SEQ ID NO: 11 ¢
cay trdng dich c¢6 thé duoc hoan tat boi, nhung khong chi gidi han &, mot trong cac vi
du sau: (a) gen khéi ddu co dinh (b) gen khéi dAu cam tmg héa hoc, va (c) biéu hién
qua mic cia gen khoi dAu duoc tao k§ thuat gen bang, vi du, nhan t6 sao chép tir 15i

k&m (Greisman & Pabo, 1997, Science 275: 657).

Su sao chép cua polynucleotit AHAS c6 thé duoc didu bién sir dung nhan t6
sao chép tlr 161 kém (ZFP) nhu dugc md ta trong bai bao Greisman and Pabo, 1997,
Science 275: 657 va do Sangamo Biosciences, Inc san xudt. ZFP nay bao goém ca
vung nhin dang ADN va ving chirc néng gy ra sy hoat hoa hodc uc ché cia axit
nucleic dich nhu axit nucleic AHAS. Do d6, cac ZFP hoat hoa hodc {rc ché c6 thé
duoc tao ra dé nhan dang mot cach dic hidu gen khai dau polynucleotit AHAS duoc
md ta & trén va dugc st dung dé ting cudng hodc lam gidm sy biéu hién cla
polynucleotit AHAS & cay trdng, bing cach dé diéu bién kha nang chiu duoc chét diét

cO clia cay trong.
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Nhu duoc md ta chi tiét & trén, ciy trong duoc tao ra bang cic phuong phép
duge md ta & day c6 thé 1a cdy mot 14 mim hodc hai 14 mam. Cay trong c6 thé duoc
chon tir, vi du, céc cdy ngd, lia my, lta mach den, yén mach, lta my lai lda mach den
va lia mach den, lda, lia mach, dau tuong, lac, bong, hat cai dau, cay hat cai dau, san,
hat tiéu, huéng duong, ciic van tho, cdy thudc ho ca, khoai tay, thudc 14, cay ca, va ca
chua, loai Vicia, ddu, co linh lang, cdy bui, ca phé, cacao, che, loai Salix, cdy co dau,
cay dura, c6 lau nam va cay lam thuc an cho gia stc. Cay lam thuc @n cho gia suc bao
gém, nhung khong chi giéi han &, cd mach, c6 Canary, cé dira, cé dai, cé Blue, cé
ngodn, c6 Alfalfa, Salfoin, Birdsfoot, Trefoil, Alsike Clover, Red Clover, va Sweet
Clover. Trong mdi phuong phép néu trén, t& bao cia cdy trdng bao gdm, nhung khong
chi giéi han &, thé nguyén sinh, t& bao tao ra giao tir, va t& bao tai sinh thanh cay
trdng. Nhu dugc sit dung & ddy, thut ngit "chuyén gen" dé chi ciy trong bat ky, té
bao cdy trong, thé san, mo cua ciy trdng, hodc bd phan cuia cdy trong, chira tat ca hoic
mdt phin ctia it nhat mdt polynucleotit tai td hop. Trong nhidu truong hop, tat ca hoic
mdt phan cua polynucleotit tai t6 hop duoc két hop 6n dinh vao nhidm sic thé hoic
thanh phén ngoai nhiém sic thé dn dinh, do d6 né dugc truyén sang cac thé hé tiép

theo.

Nuoi cdy nhiéu loai md khac nhau cua cdy lia va tai sinh cdy trdng tir d6 da
duoc biét dén va da cong bd rong rai. Vi dy, cé thé tham khao tai Chu, Q. R., et
al.,(1999) "Use of bridging parents with high anther culturability to improve plant
regeneration and breeding value in rice", Rice Biotechnology Quarterly 38: 25-26;
Chu, Q. R,, et al.,(1998), "A novel plant regeneration medium for rice anther culture
of Southern U. S. crosses", Rice Biotechnology Quarterly 35: 15-16; Chu, Q. R, et
al.,(1997), "A novel basal medium for embryogenic callus induction of Souther US
crosses", Rice Biotech- nology Quarterly 32: 19-20; va Oono, K. "Broadening the
Genetic Variability By Tissue Culture Methods", Jap. J. Breed. 33 (Suppl. 2), 306-
307, illus. 1983.
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Puoc md ta & trén 14 cac ché phdm va phuong phap dé tang kha ning chiu duoc
imidazolinon & cdy lia hodc hat gibng so véi gidng lua hozc hat gibng kiéu hoang.
Kha ning chiu dugc imidazolin cta cay lua hodc hat giéng 6 thé duoc tang cuong
sao cho cay tréng hodc hat giéng c6 thé chiu duoc viée st dung chit diét co

" va tot

imidazolinon t&t hon 1a xAp xi 10-400g ai ha"', t6t hon nita la 20-160g ai ha
nhat 13, 40-80g ai ha''. Nhu duge st dung & ddy, "chiu dugc" viée st dung chét diét
c6 imidazolinon c¢6 nghia 14 cdy trong hoac khéng bi chét hozc khong bi tén thuong

do viéc st dung nay.

Ngoai ra, sang ché con d& cap dén phuong phap phong trir ¢ dai & ving trong
lGia, bao gdm viée phun chét diét cé imidazolinon 1én c6 dai va 1én cy lia, trong d6
cdy lua da dugc ting cuong kha nang chiu dugc chét diét co imidazolinon so véi
gibng laa kiéu hoang, va trong d6 cdy lua chiu duoc imidazolinon bao gdm it nhét
mot axit nucleic AHAS bién ddi. Axit nucleic AHAS bién d6i ma hoa polypeptit
AHAS bién dbi nham dot bién alanin thanh threonin so vé&i polypeptit AHAS kiéu
hoang. Sy dot bién & gdc axit amin twong tng v6i vi tri 96 ciia trinh tu nhu duoc néu
trong SEQ ID NO: 12. Bang céch tao cho cay lua tang cuong kha nang chiu duoc
imidazolin, nhidu loai ché phim c6 thé dwoc sir dung dé bao vé cdy lua khoi co dai,
sa0 cho kich thich su ting trudng cia cdy trong va lam giam canh tranh liy chat dinh
dudng. Chat diét co imidazolinon c6 thé dugc st dung mot minh dé phong trir co dai
& giai doan trude khi nay mam, sau khi nidy mam, truéc khi trdng cdy, va khi tréng
cdy & ving trong lua duge md ta & day hodc ché phdm diét co imidazolinon c6 thé
dugce st dung ma chira cac chét phu trg khéc. Chét diét cé imidazolinon ciing c6 thé
duoc st dung d& xir Iy hat gidng. Chét phu trg c6 trong ché phdm diét co
imidazolinon bao gém céc chét diét co khac, chét téy rira, ta duoc, chét phéan téan, chét
két dinh, chét dn dinh, hodc chét twong tw. Ché pham diét cé imidazolinon c6 thé 1a
ché phim udt hodc khé va c6 thé bao gdm, nhung khong chi gidi han ¢, bot dé chay,

chét co dic nhil héa duge va chét ¢d dic dang 16ng. Ché phim diét cé imidazolin va
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ché pham diét c¢d c6 thé duoc st dung theo cdc phuong phép thong thuong, vi dy,

béng cach phun, tudi, rac bui, hoic tuong tu.

Sang ché con dugc minh hoa bang cac vi du sau, va khong duge hiéu theo bét
k¥ cach ndo nham gi6i han pham vi cla séng ché. Nguoc lai, can phai hiéu & rang c6
thé con ¢4 nhiéu phuong 4n, su bién d6i hodc dang twong dwong khic, ma sau khi doc
phin mo ta & day, c6 thé t ngudi ¢6 hidu biét trung binh trong linh vuc nay nghi ra

ma khong xuét phét tir pham vi clia cac yéu cau bao ho di kem.
Vi du thye hién siang ché
Vidul
Su phat sinh dot bién gen va lua chon dong lGa chiu dugc imidazolinon.

Hai mdu hat giéng (mi miu 600g) cua ciy laa IRGA 417 dugce xit Iy bing
dung dich natri azit chira nudc néng do 0,001M & do pH=3 (chét dém phosphat
0,067M) dé tao ra hat gidng M1. Viéc xir Iy nay dugc thyc hién bang cach ngdm moi
mau hat gidng vao 21 Erlenmeyer chita 11 dung dich natri azit, trong diéu kién lac
lién tuc, trong 18 gid, & nhiét do trong phong. Sau khi xtr 1y, hat gidng duoc xa dudi
nude voi va, sau do, hat gibng dugc 1am khoé mot phin bang quat gi6 trén to gidy
thAm @& chiét hoi 4m tir bé mat hat giéng. Sau d6, hat gidng da duge xir ly duge gieo

truc tiép & vuon vom.

Hat gidng M1 dugc trdng & vudn uwom voi thiét bi trong hat giéng thir nghiém
Wintersteiger v6i toe dd 50 ciy trdng cho mdi mét vudng. Cac dong d6i chung cua
gidng IRGA 417 kiéu hoang dugc tréng véi thiét bi trdng loai ddy. Cac dong nay
duoc sinh truong trong didu kién ngap nuwée cho dén khi truéng thanh (do 4m hat
26%) va dugc thu hoach cd m¢. Hat gidng thu duoc (M2) duge 1am kho trong thiét bi
1am kho di luu trong 14 gid & nhiét do 45°C. Hat gidng M2 dugc bao quan trong thoi

gian ngan cho dén mua sau.

-40-



19628

Hat gibng tir cay trdng M1 (hat gidng M2) dugc trdng véi thiét bi trong hat
gidng thir nghiém trong dién tich 16n (AVEC) v6i tbe dd 50 kg/ha. Cudi ciing ude
lwong khoang 3 ha dugc hinh thanh véi mét do 6x10° cay tréng. Cac dong ddi chimg
cua gidng IRGA 417 kiéu hoang duoc trong véi thiét bi trong loai ddy. Toan bo dién
tich duoc chiu stc ép lwa chon vé6i hdn hop hai chét diét co imidazolinon. Ba lan st
dung chét diét co imidazolinon riéng biét duoc thuc hi€n véi binh phun thuong mai
theo nhiéu hudng khac nhau dé tranh sy lot sng va dén dén viéc xir 1y 3 lan. Tong thé
tich 2221/ha dugc phun & 344,74 Kpa, véi voi phun Teejets 8002, cho mdi lan sir

dung chat diét co imidazolinon.

Ti 1& cua viéc xir 1y 14n 1 13 hdn hop chira Arsenal (Imazapyr 75g a.i/ha) va
Cadre (Imazapic 24,85g a.i/ha) trong dung dich nuéc vé&i chét hoat dong bé mit
khong chira ion (Citowet) & ti 1€ 0,25% (v/v). Viéc xtr ly nay dugc thuc hién ¢ giai

doan bén 14 cua cdy lua. Khong c6 mua trong vong 7 ngdy sau khi xir 1y.

Viéc quan sat duogc thuc hién déu din dé khao sat toan bd khu vuc. Sau 90
ngdy, cac ca thé con séng duwoc dan nhén va cdy ghép vao nha kinh dé nhan giéng vo
tinh va ting san xuét hat gidng. Toan bd 10 cé thé cdy trong duoc sinh trudng, va hat
gibng duoc thu hoach va siy khé trong 16 0 hat gidng trong 7 ngay & nhiét do 50°C.

Khéng co6 cay trong nao tir cac dong doi chirng con song sét sau khi xtr ly chat diét cd.

Hat gidng tir cdy trdng M2 duoc lya chon duoc trong trong timg chau trong
diéu kién nha kinh. Viéc xir ly 14n 2 duoc thuc hién véi binh phun deo sau lung R&D,
dwogc chia thanh hai 14n véi ti 18 1 14n gdm Arsenal (Imazapyr 75g a.i/ha) va Cadre
(Imazapic 24,85g a.i/ha) trong dung dich nuéc chira chat hoat dong bé mit khong co
ion (Citowet) & ti 18 0,25% (v/v). Cay trong dugc trdng cho dén khi truong thanh (d6
4m hat 26%) va duoc thu hoach bang tay. Hat giéng thu duoc duoc cho xir 1y pha vo
tinh trang ngt trong 7 ngdy & nhiét dé 50°C va dé chudn bi cho mua gieo tréng mudn

O vung phia bac.
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Hat giéng tir nhém bao gém ba cay tréng dugc lua chon c6 kha nang chiu dugc
chat diét co trong trong nha kinh duogc trdng trén canh ddng & Las Palmas Chaco dé
lam tang hat gidng. Ba nhém nay dugc xéc dinh la c6 kha nang chiu duoc chét diét co
imidazolinon dugc dat tén 1a IMINTA 1, IMINTA 4 va IMINTA 5. Chung duoc tréng
v6i thiét bi trdng lia thuong phdm & ti 16 50kg/a. Viée xit ly bang chét diét co
imidazolinon hai 1in gdm Arsenal (Imazapyr 75g a.i/ha) va Cadre (Imazapic 24g
a.i/ha) trong dung dich nudc chita chét hoat dong bé mit khong c6 ion (Citowet) & ti
18 0,25% (v/v) duoc thuc hién & giai doan tir bén dén nim 14 cua cdy lua. Khong c6
dau hiéu doc hai nao dugc quan sat théy & ba nhém nay. Ba nhém nay cé hiéu suét
cao hon hén 16 dbi chimg dwoc xir ly véi chat diét co thong thuong. Khong c6 thé
phan ly ndo dugc quan sat thdy va nhém c6 d6 dong nhét cao vé tinh trang ndng hoc

va kha nang chiu dugc dugc tao ra.
Vidu?2
M6 ta dic diém phéan tir cda IMINTA 1, IMINTA 4, va IMINTA 5

ADN hé gen dugc tach chiét tir 14 cdy con trong trong nha kinh tir cc gidng lua
kiéu hoang va bién ddi IMINTA 1, IMINTA 4, va IMINTA 5 va gen AHAS duoc
khuéch dai bdi PCR. San phém PCR duogc xac dinh trinh tu br:ing cach st dung
phuong phap tiéu chuan. Phén tich trinh ty cho thiy sy thay ddi cap bazo don trong
ving mé héa ctia gen AHAS tao ra sy thay dbi axit amin tir alanin & axit amin 96 &
dong kiéu hoang thanh threonin 96 & dong dot bién. Su dot bién nay twong tmg véi su
thay dbi axit amin tir alanin 122 trong trinh tv AHAS Arabidopsis thanh threonin 122.
Trinh tu nucleotit AHAS cho IMINTA 1, IMINTA 4, va IMINTA 5 duogc thé hién
trén Fig. 1A, 1C, va 1E, lan luot 1a SEQ ID NO:1, 3, va 5; va cac trinh tu axit amin
AHAS dugce suy dién cia IMINTA 1, IMINTA 4, va IMINTA 5 duoc thé hién trén
Fig. 1B, 1D, va 1F 1an luot 1a SEQ ID NO: 2, 4, va 6. Céac trinh tu nucleotit va axit
amin dugc suy dién ctia AHAS tir chiing l0a kiéu hoang IRGA 417 duoc thé hién 1an
luot trén Fig. 1G va 1H, 1a SEQ ID NO:7 va 8. Viéc so sanh nucleotit AHAS va trinh
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tu axit amin cho IMINTA 1, IMINTA 4, va IMINTA 5 duoc thé hién 1an luot trén
Fig. 2 va Fig. 3. Trinh tu lién tmg gen AHAS & ciy lta dugc thé hién trén SEQ ID
NO:9, va trinh ty axit amin duoc suy dién cta trinh ty lién tng gen AHAS 6 lGa gao
duoc thé hién trén SEQ ID NO: 10. Hién tugng da hinh tao ra kha nang chiu dugc

imidazolinon ddi véi cac dong IMTNTA 1, 4, va 5 dugc in dam.

Vi du v& ADN bd trg c6 do dai ddy da cta axit nucleic AHAS ma hoa
polypeptit tao ra kha nang chiu dugc chét diét co imidazolin duoc thé hién trén SEQ
ID NO: 11, va trinh tu axit amin dugc suy dién cua protein dugc ma hoa bodi gen

AHAS dugc thé hién trong SEQ ID NO: 12 trén Fig. 4.
Vidu3
Kha nang chiu dugc chét diét cd AHAS clia dong IMINTA 1.

Thir nghiém trén canh dong duoc thuc hién véi dong IMINTA 1 dot bién va
IRGA 417, so sanh su biéu hién khi c6 mat va véng mat ciia imidazolinon. Viéc xir ly
imidazolinon 14n mot gdm Arsenal (Imazapyr 75g a.i/ha) va Cadre (Imazapic 24,85g
a.i/ha) trong dung dich nudc véi chét hoat dong bé mit khong chira ion (Citowet) & ti
18 0,25%. Céc gidéng va viéc xit I duoc thé hién trén Fig. 5 & dang thiét ké khdi ngau

nhién vé6i ba 1an xtr Iy 13p lai.

Két qua xir Iy duoc thé hién trén Fig. 6. Khong thiy c6 sy khac biét vé mat
thdng ké trong khi xir Iy & sb luong céy trong/m, do d6 cho thdy viéc sir dung chét
diét c¢6 3 1an khong c6 tac dung c6 hai. Céc gibng dbi chirng mén cam dugc gieo cling
véi cac 16 nay khong con séng sét khi xir Iy chét diét co. Gié tri cao hon & cac 16
IMINTA sau khi xit Iy 3 1an ¢6 thé 14 do sy dam chdi.

San luong hat va thanh phan san lugng dugc dénh gia dé hidu tic dung ctia viée
xir Iy & nhiéu giai doan sinh 1y khac nhau, va dugce thé hién lan luot trén Fig. 7 va 8.
Khong thiy c¢6 su khac biét vé mit théng ké trong khi xtt Iy, mic du cac gid tri tuyét
d6i cho thay su biéu hién tét hon ciia IMINTA 1 sau 3 1n xi Iy. Phén tich thanh phin

san luong cho thay lugng 16n hon cac chim cho mdi mét vudng va bong con/chum &
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16 IMINTA 1 sau 3 lan xtr 1y x4c dinh dugc san lugng cao hon cac nhém xir ly khéc.
Ngodi ra, ti 1é phan tram khoang trong manh dugc quan sat thiy do nhiét do thap
trude va sau khi ra hoa. Nhitng ngdy va dém lanh gid 1am gidm lugng hat gibng va 14

nguyén nhan din dén san lugng trung binh thap.

Mic du khong thdy c6 su khac biét vé mit thong ké gifra cac nhém xt 1y,
nhung gi4 tri san lugng hat cia IMINTA 1 sau 3 1an xtr 1y lai cao hon. Nhu néu trén,
nhiéu chim va boéng con/chum dugc phét hién thdy trong nhiing 16 ndy. C4c quan sét
dbi véi cac dong ¢ kha ning chiu dugce khac trong nhiing lan x1r 1y & muc cao hon
cho thdy kha nang d4m chdi cao hon va s6 lwong bdng con/chiim cho thy tic dung c6
thé c6 cta chét diét c6 ddi véi cac qué uinh biét hoa v& dam chdi va ra hoa.

Cac giéng IMINTA 4 va IMINTA 5 cling duoc tht nghiém trén canh dong theo
cach twong tu nhu giéng IMINTA 1. San lugng hat va thanh phan san lugng duoc
dem so sanh véi gidng IMINTA 1.

Do kha nang chiu duogc chét diét c6 & IMINTA 1, IMINTA 4, va IMINTA 5 la
do su dot bién trong enzym AHAS din dn chiu duoc su e ché do chét diét co
imidazolinon gy ra, hoat tinh in vivo cia AHAS dugc chiét tir cay kiéu hoang (khong
c6 su dot bién vé kha nang chiu dugc) duge so voi hoat tinh in vitro cia AHAS dugc
chiét tir cdy trong c6 kha ning chiu duoc chét diét co imidazolinon khi c6 mit & cac

ndng d6 khac nhau.
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YEU CAUBAO HO
1. Cay lua bao gdém axit nucleic AHAS & cdy lia khong téi t6 hop bao gém

trinh ty polynucleotit dugc chon tur:

(a) trinh tu polynucleotit dugc néu trong SEQ ID NO:1, SEQ ID NO:3 hodc
SEQ ID NO:5;

(b) trinh tu polynucleotit dugc néu trong SEQ ID NO:11;

(c) trinh ty polynucleotit ma héa polypeptit bao gém SEQ ID NO:2, SEQ ID
NO:4, hodc SEQ ID NO:6; hodc mdt trinh ty axit amin ma it nhét 90% doéng nhat vé6i
trinh tu axit amin dugc néu trong SEQ ID NO:2;

(d) trinh ty polynucleotit ma hda polypeptit dugc néu trong SEQ ID NO:12; va

(e) trinh tu polynucleotit bd tro véi trinh tur bét ky trong sb trong s céc trinh tu

tir (a) dén (d) néu trén;

trong do trinh ty polynucleotit axit nucleic AHAS nay ma hoéa polypeptit
AHAS dugc bién d6i & laa bao gdm su thé alanin thanh threonin & vi tri twong duong
v6i vi trf 96 cua polypeptit AHAS & laa kiéu hoang; trong d6 su thé alanin thanh
threonin & vi tri twong duong véi vi tri 96 cua polypeptit AHAS & lua kiéu hoang 14
két qua cua viéc gay dot bién gen béng cach xir 1y hat gidng bang 0,001 M dung dich
natri azit trong nudc ¢ do pH=3; va trong do su biéu hién ctia polypeptit AHAS & lua
duoc bién dbi nay 1a kha nang chiu duoc chit diét cé imidazolinon clia cdy lta dugc

ting cuong so vdi nhicu loai cdy lta kiéu hoang.

2. Cay lta theo diém 1, trong d6 polypeptit AHAS & lua duge bién d6i bao gdbm
mot trinh tu axit amin co it nhét 90% déng nhét v6i trinh tu axit amin duoc néu trong

SEQ ID NO:22.
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3. Cay lua theo diém 1, trong d6 polypeptit AHAS & ltia duoc bién déi bao gdm
trinh tu axit amin dugc néu trong SEQ ID NO:2.

4. Cay l0a theo diém 1, trong d6 axit nucleic AHAS & lGa bao gdm trinh tu

polynucleotit dugc néu trong SEQ ID NO:1

5. Cay Ia theo diém bét ky trong s cac diém tir 1 dén 4, trong d6 cay lta nay

khong bién dbi gen.

6. Cay lua thé hé sau cua cdy lia theo diém bét ky trong sé cac diém tir 1 dén S,
trong d6 cdy lGa thé hé sau nay bao gdm axit nucleic AHAS & lua, trong d6 sy biéu
hién cua polypeptit AHAS & ltia duge bién ddi 13 kha ning chiu duoc chit diét co

imidazolinon cta cdy lua dugc tang cudng so voi nhicu loai cy lua kiéu hoang.

7. Cay ltia dot bién c6 ngudn gde tir cay lua theo diém bét ky trong s cac diém
tir 1 dén 5, trong d6 cay lua dot bién ndy bao gdm axit nucleic AHAS & lua, trong d6
su biéu hién ctia polypeptit AHAS & lua duoc bién ddi 1a kha nang chiu duoc chét diét
co imidazolinon cia cdy lua dot bién dugc ting cudng so v6i nhidu loai cay lta kiéu

hoang.

8. Cay lta tai t5 hop c6 ngudn gbc tir cay lua theo diém bét ky trong sb cac
diém tir 1 dén 5, trong d6 cay la tai td hop nay bao gdm axit nucleic AHAS & lua,
trong d6 su biéu hién ctia polypeptit AHAS & ltia duoc bién ddi 1a kha nang chiu dugce
chat diét co imidazolinon cua cy lda tai t hop duoc ting cudng so véi nhiéu loai cay

lta kieu hoang.
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9. Cay lua duoc tao ra bang k¥ thuat di truyén c6 ngudn gdc tir cay lta theo
diém bat ky trong sb cac diém tir 1 dén 5, trong d6 cay lta dugc tao ra bang k¥ thust
di truyén nay bao gdm axit nucleic AHAS & ltia, trong d6 su biéu hién ctia polypeptit
AHAS & ltia duge bién dbi 13 kha nang chiu dugc chét diét co imidazolinon cta cay
lta duoc tao ra bang k¥ thuat di truyén dugc ting cudng so véi nhiéu loai cay lia kiéu

hoang.

10. Hat gibng cua cay lta theo diém bét ky trong s cac diém tir 1 dén 9, trong

. d6 hat gidng nay bao gbém axit nucleic AHAS & lda.

11. B phén cua ciy lia theo diém bat ky trong s6 cac diém tir 1 dén 9, trong

d6 bd phan nay bao gom axit nucleic AHAS & lua.

12. Té bao ciia cdy lua theo diém bat ky trong sb cac diém tir 1 dén 9, trong d6

té bao nay bao gbém axit nucleic AHAS ¢ lua.

13. Phuong phép trong laa theo diém bét ky trong sd cac diém tir 1 dén 9 trong
khi phong trir ¢6 dai & viing trdng lia nay, trong d6 phuong phép nay bao gém viéc ap
dung thudc diét cé imidazolinon cho cé dai va ciy lua, trong d6 cy ltia ndy c6 kha
nang chiu duoc thudc diét co imidazolinon duogc ting cudng so véi nhiéu loai cdy lia

kiéu hoang.
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Céy laa c6 kha nang chiu dugc chét diét co imidazolinon dugc ting cudng va phuong phap trbng
lta

BT 55841

60/4%8,895
2003-08-29

60/533,105
2063~12~30

160> 12

<170>

<210> 1
<211» 13240
<212> ADN

Bén sang ché 3.2

<213> Oryza sativa

<400> 1

cecttgteege
ttecegotoeg
coocgoogte
geaagggegae
cotacoeygy
soaaceasct
cgtoecggooy
cogogotogs
cocgocgeat
ccatcaccaa
aagccttott
acatccagca
ttgeacgect
wqagteacy
tgegueggtt
atttocceayg
caaattatge
gtgtgacagy
atocagegga
ttgotttaca
ttagtgegty
cttttggtga
gggagygcaat
cotacaageyg
tgcotgetge
gagatggtag
cggtgaaggt
gattttacaa
tatatocaga
agaagagtga
tggatatcat
tcaaggacat
tggeaaagea

ogoogogacy
aggecgggty
cooggogaag
ggacatscte
cggoacgtac
ctieogotas
cqgteggygte
cgacgagety
gatcggoace
geacaattac
coctegogtoe
gocagatgget
goocaagoca
gogoecgatt
tgttgagety
tgatgatocy
ggtyggataay
gaaaatigag
gattggaaay
gggcttgaat
goacaatgayg
agagatccca
catogotact
gueacqggeag
agetggtget
cttoctoatyg
gatggigtty
ggcaaatagy
ttitgtgact
agtoogtgoo
cgtoooacac
gatcotggat
ccagocecgge

gocaagacey
gIgIcggega
coggocacygo
gtggaggoge
atggagatoe
gagoagygoy
tgogtegeea
ategactocy
gacgeetice
cttgteoottg
tegggocgto
gtgeccagtcot
cocgogacayg
ctotatgiay
agoggeatas
tigteaatge
getgacetgt
gettttgeaa
AACaagCAAT
gctetgetag
ttggaccage
ccgeaatatyg
ggtygttggac
tggetghott
tetgtggeta
aacaticagyg
aafaaceaad
gugeatacat
attgctaaay
gecatcaaga
caggagocaty
ggtgatggca
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geogtaagaa
cggtcaggiy
cgeiecggec
tggageggty
ACCAgYeYot
aggogLiege
COLOCYgoes
toocgatggt
aggagacgco
atgtggagga
ctggeocoggh
gggacacctc
aatigotiga
gtggiggelg
cagitacaac
goatgetigy
tgeifgeatt
geagggecaa
cacatgtgte
accagagcac
agaagaggga
ctattcaggt
agcaccagat
cggetggiet
asocaggtgl
agtiggeatt
atttgggiat
actiggycaa
ggtteaatat
agatgctoga
tgctgectat
ggactgigta

caccagoyga
ctoggeggtyg
grgggggecy
cggegLoage
gacgegetoo
ggegtacggy
cggggcaace
cygceatcacy
catagtogag
catcooccge
gotggiegac
gatgaatcia
geaggtcity
cictgeatet
cactotgaig
gatgeatgga
Tggegigegy
gattgigeac
aatttgegesa
aacaaagaca
gitkcootelyg
gotggatgag
grgggegyca
gggegcaaty
cacagiigrt
gatcogaatt
ggiigtgcasa
cocagaatygt
rectgoagic
taccoccagyy
gatooeaagt
ttaatctata

caccacgtot
fccecoggica
googagoooo
gqacgtgttey
ceggteatea
racgegoegog

aacctogtgt 4

ggecaggtes
gtcaccegcet
gtcatacaqgqg
atcococaagy
cocggggtaca
cgtoiggitg
ggtgatgaac
ggoctoggea
acggigracy
fitgatgate
attgacattqg
gatgttaage
agttctgatt
gggtacaaga
ctgacgaaag
caatattaca
ggatiigggc
gatatigatyg
gagaacctoe
tgggaggata
gagagtgaga
cgtgtaacasa
ccatactigt
gggggegeat
atctgtatgt



<210> 2

<211> 633
<212> PRT
<213> Oryza

<400> 2
Leu Ser
1

His His

Cys Ser

Thr Pro
50

Ile Leu
65

Tyr Pro

Pro Val

Ala Ala

Ala Thr

130

Ala Leu
145

Arg Arg

Val Thr

Asp Ile

Arg Pro

210

Met Ala
225

Ala Arg
Arg Leu

Cys Ser

Ile Pro
290

Ala

Val

Ala

35

Leu

Val

Gly

Ile

Ser

115

Ser

Leu

Met

Arg

Pro

195

Gly

Val

Leu

Val

Ala

275

Val

sativa

Ala

Phe

20

Val

Arg

Glu

Gly

Thr

100

Gly

Gly

Asp

Ile

Ser

180

Arg

Pro

Pro

Pro

Gly

260

Ser

Thr

Ala

Pro

Ser

Pro

Ala

Thr

85

Asn

Tyr

Pro

Ser

Gly

165

Ile

Val

Val

Val

Lys

245

Glu

Gly

Thr

Thr

Ala

Pro

Trp

Leu

70

Ser

His

Ala

Gly

Val

150

Thr

Thr

Ile

Leu

Trp

230

Pro

Ser

Asp

Thr

Ala

Arg

Val

Gly

55

Glu

Met

Leu

Arg

Ala

135

Pro

Asp

Lys

Gln

Val

215

Asp

Pro

Arg

Glu

Leu
295

Lys

Gly

Thr

40

Pro

Arg

Glu

Phe

Ala

120

Thr

Met

Ala

His

Glu

200

Asp

Thr

Ala

Arg

Leu

280

Met

Thr
Arg

25
Pro
Ala
Cys
Ile
Arg
105
Ser
Asn
Val
Phe
Asn
185
Ala
Ile
Ser
Thr
Pro
265

Arg

Gly

19628

Gly

10

Val

Pro

Glu

Gly

His

90

His

Gly

Leu

Ala

Gln

170

Tyr

Phe

Pro

Met

Glu

250

Ile

Arg

Leu

Arg

Gly

Ser

Pro

Val

75

Gln

Glu

Arg

Val

Ile

155

Glu

Leu

Phe

Lys

Asn

235

Leu

Leu

Phe

Gly

-49-

Lys

Ala

Pro

Arg

60

Ser

Ala

Gln

Val

Ser

140

Thr

Thr

Val

Leu

Asp

220

Leu

Leu

Tyr

Val

Asn
300

Asn

Ala

Ala

45

Lys

Asp

Leu

Gly

Gly

125

Ala

Gly

Pro

Leu

Ala

205

Ile

Pro

Glu

Val

Glu

285

Phe

His

Ala

30

Pro

Gly

Val

Thr

Glu

110

Val

Leu

Gln

Ile

Asp

190

Ser

Gln

Gly

Gln

Gly

270

Leu

Pro

Gln

15

Val

Pro

Ala

Phe

Arg

95

Ala

Cys

Ala

Val

Val

175

Val

Ser

Gln

Tyr

Val

255

Thr

Ser

Arg

Arg

Ala

Asp

Ala

80

Ser

Phe

Val

Asp

Pro

160

Glu

Glu

Gly

Gln

Ile

240

Leu

Gly

Asp



Asp

305

Asn

Phe

Lys

Gln

Leu

385

Ser

Gly

Val

Gly

Arg

465

Pro

Asp

Leu

Gln

Asn

545

Tyr

Arg

Asp

His

Leu
625

Pro

Tyr

Asp

Ile

Pro

370

Asn

Ala

Tyr

Leu

Gln

450

Gln

Ala

Ile

Ile

His

530

Arg

Pro

Val

Thr

Val

610

Asp

Leu

Ala

Asp

Val

355

His

Ala

Trp

Lys

Asp

435

His

Trp

Ala

Asp

Arg

515

Leu

Ala

Asp

Thr

Pro

595

Leu

Gly

Ser

Val

Arg

340

His

Val

Leu

His

Thr

420

Glu

Gln

Leu

Ala

Gly

500

Ile

Gly

His

Phe

Lys

580

Gly

Pro

Asp

Leu

Asp

325

val

Ile

Ser

Leu

Asn

405

Phe

Leu

Met

Ser

Gly

485

Asp

Glu

Met

Thr

Val

565

Lys

Pro

Met

Gly

Arg

310

Lys

Thr

Asp

Ile

Asp

390

Glu

Gly

Thr

Trp

Ser

470

Ala

Gly

Asn

Val

Tyr

550

Thr

Ser

Tyr

Ile

Arg
630

Met

Ala

Gly

Ile

Cys

375

Gln

Leu

Glu

Lys

Ala

455

Ala

Ser

Ser

Leu

Val

535

Leu

Ile

Glu

Leu

Pro

615

Thr

Leu Gly

Asp Leu

Lys Ile
345

Asp Pro
360

Ala Asp

Ser Thr

Asp Gln

Glu Ile
425

Gly Glu
440

Ala Gln

Gly Leu

Val Ala

Phe Leu
505

Pro Val
520

Gln Trp

Gly Asn

Ala Lys

Val Arg

585

Leu Asp
600

Ser Gly

Val Tyr

19628

Met

Leu

330

Glu

Ala

Val

Thr

Gln

410

Pro

Ala

Tyr

Gly

Asn

490

Met

Lys

Glu

Pro

Gly

570

Ala

Ile

Gly

His

315

Leu

Ala

Glu

Lys

Lys

395

Lys

Pro

Ile

Tyr

Ala

475

Pro

Asn

Val

Asp

Glu

555

Phe

Ala

Ile

Ala
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Gly

Ala

Phe

Ile

Leu

380

Thr

Arg

Gln

Ile

Thr

460

Met

Gly

Ile

Met

Arg

540

Cys

Asn

Ile

Val

Phe
620

Thr

Phe

Ala

Gly

365

Ala

Ser

Glu

Tyr

Ala

445

Tyr

Gly

Val

Gln

Val

525

Phe

Glu

Ile

Lys

Pro

605

Lys

Val

Gly

Ser

350

Lys

Leu

Ser

Phe

Ala

430

Thr

Lys

Phe

Thr

Glu

510

Leu

Tyr

Ser

Pro

Lys

590

His

Asp

Tyr Ala
320

Val Arg
335

Arg Ala

Asn Lys

Gln Gly

Asp Phe
400

Pro Leu
415

Ile Gln

Gly Val

Arg Pro

Gly Leu

480

Val Vval
495

Leu Ala

Asn Asn

Lys Ala

Glu Ile

560
Ala Val
575
Met Leu

Gln Glu

Met Ile



<210> 3
<211> 1925
<212> ADN
<213> Oryza

<400> 3
ccttgtccge
ttcecgeteg
cccecgecgte
gcaagggcgce
cctacccggg
ccaaccacct
cgtccggccg
ccgcgctcge
cccgccgcat
ccatcaccaa
aagccttctt
acatccagca
ttgcacgcct
gcgagtcacg
tgcgecggtt
atttccccag
caaattatgc
gtgtgacagg
atccagcgga
ttgctttaca
ttagtgcgtg
cttttggtga
gggaggcaat
cctacaagcg
tgcctgcetge
gggatggtag
cggtgaaggt
ggttttacaa
tatatccaga
agaagagtga
tggatatcat
tcaaggacat
tggca

<210>
<211>
<212>
<213>

4

633
PRT
Oryza

<400> 4
Leu Ser
1

Ala

His His Val

Ser Ala
35

Cys

Thr Pro Leu

50

Ile
65

Leu Val

sativa

cgccgcgacyg
aggccgggtyg
cccggcgcecg
ggacatcctc
cggcacgtcc
cttccgceccac
cgtcggggte
cgacgcgctg
gatcggcacc
gcacaattac
cctecgegtcee
gcagatggct
gcccaagcca
gcgcccgatt
tgttgagctg
tgatgatccg
ggtggataag
gaaaattgag
gattggaaag
gggcttgaat
gcacaatgag
agagatccca
catcgctact
gccacggcag
agctggtgct
cttcctcatg
gatggtgttg
ggcaaatagg
ttttgtgact
agtccgtgcece
cgtcccacac
gatcctggat

sativa

Ala Ala Thr

5

Phe
20

Pro

Val Ser P

Arg Pro

Glu Ala L

Ala

gccaagaccg
ggggcggcgyg
ccggccacgce
gtggaggcgce
atggagatcc
gagcagggcyg
tgcgtcgcca
ctcgactccg
gacgccttcc
cttgtccttg
tcgggceegtce
gtgccagtct
cccgcgacag
ctctatgtcg
accggcatcc
ttgtccctge
gctgacctgt
gcttttgcaa
aacaagcaac
gctctgctag
ttggaccagc
ccgcaatatg
ggtgttggac
tggctgtctt
tctgtggcta
aacattcagg
aacaaccaac
gcgcatacat
attgctaaag
gccatcaaga
caggagcatg
ggtgatggca

Ala

Arg

ro Val

40

Trp Gly Pro Ala Glu

55

eu Glu
70

Gly Arg Val

Thr Pro

Arg Cys

19628

gccgtaagaa
cggtcaggtyg
cgctccggcece
tggagcggtyg
accaggcgct
aggcgttcgce
cctecggecce
tcccgatggt
aggagacgcc
atgtggagga
ctggcccggt
gggacacctc
aattgcttga
gtggtggctg
cagttacaac
gcatgcttgg
tgcttgcatt
gcagggccaa
cacatgtgtc
accagagcac
agaagaggga
ctattcaggt
agcaccagat
cggctggtct
acccaggtgt
agttggcatt
atttgggtat
acttgggcaa
ggttcaatat
agatgctcga
tgctgcectat
ggactgtgta

Lys Thr Gly Arg

10

Gly
25

Pro Ser

Pro

Val
75

Gly
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ccaccagcga
ctcggeggtyg
gtgggggcecg
cggcgtcagce
gacgcgctcc
ggcgtccggg
cggggcaacc
cgccatcacg
catagtcgag
catccccecge
gctggtcgac
gatgaatcta
gcaggtcttg
ctctgcatct
cactctgatg
gatgcatggc
tggcgtgegyg
gattgtgcac
aatttgcgca
aacaaagaca
gtttcctctg
gctggatgag
gtgggcggca
gggcgcaatg
cacagttgtt
gatccgcatt
ggttgtgcaa
cccagaatgt
tectgcagtce
taccccaggg
gatcccaagt
ttaatctata

Lys Asn His

Ala
30

Ala Pro
45

Pro

Arg
60

Ser Asp Val

caccacgtct
tccecggtcea
gccgagcccce
gacgtgttcg
ccggtcatca
tacgcgcgcg
aacctcgtgt
ggccaggtcc
gtcacccgcect
gtcatacagg
atccccaagg
ccggggtaca
cgtctggttg
ggtgatgaat
ggcctcggca
acggtgtacg
tttgatgatc
attgacattg
gatgttaagc
agttctgatt
gggtacaaga
ctgacgaaag
caatattaca
ggatttgggc
gatattgatg
gagaacctcc
tgggaggata
gagagtgaga
cgtgtaacaa
ccatacttgt

gggggcgcat
atctgtatgt

Gln Arg
15

Ala Ala Val Arg

Pro Ala

Lys Gly Ala Asp

Phe Ala
80

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1925



Tyr

Pro

Ala

Ala

Ala

145

Arg

Val

Asp

Arg

Met

225

Ala

Arg

Cys

Ile

Asp

305

Asn

Phe

Lys

Gln

Leu

Pro

Val

Ala

Thr

130

Leu

Arg

Thr

Ile

Pro

210

Ala

Arg

Leu

Ser

Pro

290

Pro

Tyr

Asp

Ile

Pro

370

Asn

385

Ser

Ala

Gly

Ile

Ser

115

Ser

Leu

Met

Arg

Pro

195

Gly

Val

Leu

Val

Ala

275

Val

Leu

Ala

Asp

Val

355

His

Ala

Trp

Gly

Thr

100

Gly

Gly

Asp

Ile

Ser

180

Arg

Pro

Pro

Pro

Gly

260

Ser

Thr

Ser

Val

Arg

340

His

Val

Leu

His

Thr

85

Asn

Tyr

Pro

Ser

Gly

165

Ile

Val

Val

Val

Lys

245

Glu

Gly

Thr

Leu

Asp

325

Val

Ile

Ser

Leu

Asn
405

Ser

His

Ala

Gly

Val

150

Thr

Thr

Ile

Leu

Trp

230

Pro

Ser

Asp

Thr

Arg

310

Lys

Thr

Asp

Ile

Asp

390

Glu

Met

Leu

Arg

Ala

135

Pro

Asp

Lys

Gln

Val

215

Asp

Pro

Arg

Glu

Leu

295

Met

Ala

Gly

Ile

Cys

375

Gln

Leu

Glu

Phe

Ala

120

Thr

Met

Ala

His

Glu

200

Asp

Thr

Ala

Arg

Leu

280

Met

Leu

Asp

Lys

Asp

360

Ala

Ser

Asp

Ile

Arg

105

Ser

Asn

Val

Phe

Asn

185

Ala

Ile

Ser

Thr

Pro

265

Arg

Gly

Gly

Leu

Ile

345

Pro

Asp

Thr

Gln

19628

His

90

His

Gly

Leu

Ala

Gln

170

Tyr

Phe

Pro

Met

Glu

250

Ile

Arg

Leu

Met

Leu

330

Glu

Ala

Val

Thr

Gln
410

Gln

Glu

Arg

Val

Ile

155

Glu

Leu

Phe

Lys

Asn

235

Leu

Leu

Phe

Gly

His

315

Leu

Ala

Glu

Lys

Lys

395

Lys

-52-

Ala

Gln

Val

Ser

140

Thr

Thr

Val

Leu

Asp

220

Leu

Leu

Tyr

Val

Asn

300

Gly

Ala

Phe

Ile

Leu

380

Thr

Arg

Leu

Gly

Gly

125

Ala

Gly

Pro

Leu

Ala

205

Ile

Pro

Glu

Val

Glu

285

Phe

Thr

Phe

Ala

Gly

365

Ala

Ser

Glu

Thr

Glu

110

Val

Leu

Gln

Ile

Asp

190

Ser

Gln

Gly

Gln

Gly

270

Leu

Pro

Val

Gly

Ser

350

Lys

Leu

Ser

Phe

Arg

95

Ala

Cys

Ala

Val

Val

175

Val

Ser

Gln

Tyr

Val

255

Gly

Thr

Ser

Tyr

Val

335

Arg

Asn

Gln

Asp

Pro
415

Ser

Phe

Val

Asp

Pro

160

Glu

Glu

Gly

Gln

Ile

240

Leu

Gly

Gly

Asp

Ala

320

Arg

Ala

Lys

Gly

Phe

400

Leu



Gly Tyr Lys

Val Leu Asp

435

Gln
450

Gly His

Arg Gln

465

Trp

Pro Ala Ala

Asp Ile Asp

Leu Ile Arg

515
His Leu
530

Gln

Asn Ala

545

Arg

Tyr Pro Asp

Arg Val Thr

Thr Pro

595

Asp

val
610

His Leu

Leu
625

Asp Gly

<210> 5
<211> 1916
<212> ADN
<213> Oryza

<400> 5

gcggccgcegg
cagcgacacc
gcggtgtcce
gggcecggcecg
gtcagcgacg
cgctecccegg
tccgggtacg
gcaaccaacc
atcacgggcc
gtcgaggtca
ccccgegtcea
gtcgacatcc
aatctaccgg

Thr
420

Phe
Glu Leu
Gln Met

Leu Ser

Gly

Thr

Trp

Ser

Glu Glu

Gly
440

Lys

Ala
455

Ala

Ala Gly

470

Ala Gly

485

Gly
500

Asp
Ile Glu
Gly Met

His Thr

Ala

Gly

Asn

Val

Tyr

Ser Val

Phe

Ser

Pro
520

Leu

Val Gln

535

Leu Gly

550

Phe Val

565

Lys
580

Lys
Gly Pro
Met

Pro

Asp Gly

Thr

Ser

Tyr

Ile

Arg

Ile Ala

Glu Val

Leu
600

Leu

Pro Ser

615

Thr Val

630

sativa

ccgccacctt
acgtctttcc
cggtcacccc
agccccgcaa
tgttcgcecta
tcatcaccaa
cgcgcgcegte
tcgtgtcecge
aggtcccccg
cccgctccat
tacaggaagc
ccaaggacat
ggtacattgc

gtccgcegece
cgctcgaggce
gccgtccecg
gggcgcggac
ccecgggcegge
ccacctcttc
cggccgcegtce
gctcgccgac
ccgcatgatc
caccaagcac
cttcttectc
ccagcagcag
acgcctgccc

Ile

425

Glu

Gln

Leu

Ala

Leu

505

Val

Trp

Asn

Lys

Arg

585

Asp

Gly

19628

Pro Pro

Ala Ile

Tyr Tyr

Ala
475

Gly

Asn Pro

490

Met Asn

Lys Val

Glu Asp

Glu
555

Pro

Gly Phe

570

Ala Ala

Ile Ile

Gly Ala

Tyr

gcgacggcca
cgggtyggggyg
gcgccgeegg
atcctcgtgg
acgtccatgg
cgccacgagc
ggggtctgcg
gcgctgctceg
ggcaccgacg
aattaccttg
gcgtcctcegg
atggctgtgc
aagccacccg

-53-

Gln Ala

430

Tyr

Ile Ala Thr

445

Thr
460

Tyr Lys

Met Gly Phe

Gly Val Thr

Ile Gln Glu

510
Met Val
525

Leu

Arg Phe

540

Tyr

Cys Glu Ser

Asn Ile Pro

Ile Lys Lys

590
Val

Pro His

605

Phe
620

Lys Asp

agaccggccg
cggcggeggt
ccacgccgct
aggcgctgga
agatccacca
agggcgaggce
tcgccacctce
actccgtccc
ccttccagga
tccttgatgt
gccgtectgg
cagtctggga
cgacagaatt

Ile Gln

Gly Val
Pro

Arg

Leu
480

Gly

Val
495

Val

Leu Ala

Asn Asn

Lys Ala

Glu Ile

560

Ala
575

Val

Met Leu

Gln Glu

Met Ile

taagaaccac
caggtgctcg
ccggcecgtgg
gcggtgcgge
ggcgctgacg
gttcgcggeg
cggcccecggyg
gatggtcgcce
gacgcccata
ggaggacatc
cccggtgetg
cacctcgatg
gcttgagcag

60

120
180
240
300
360
420
480
540
600
660
720
780



gtcttgcgte
gcatctggtg
ctgatgggcc
catggcacgg
gtgcggtttg
gtgcacattg
tgcgcagatg
aagacaagtt
cctctggggt
gatgagctga
gcggcacaat
gcaatgggat
gttgttgata
cgcattgaga
gtgcaatggg
gaatgtgaga
gcagtccgtg
ccagggccat
ccaagtgggyg

<210>
<211>
<212>
<213>

6

638
PRT
Oryza

<400> 6

Ala Ala Ala
1

Asn

Arg Lys

Ala Ala

35

Gly

Pro Ala

50

Ser

Pro
65

Arg Lys

Val Ser Asp

Gln Ala Leu

Glu Gln Gly

115

Val
130

Arg Gly

Val
145

Ser Ala

Ile Thr Gly

Glu Thr Pro

tggttggcga
atgaattgcg
tcggcaattt
tgtacgcaaa
atgatcgtgt
acattgatcc
ttaagcttgce
ctgattttag
acaagacttt
cgaaagggga
attacaccta
ttgggctgcce
ttgatgggga
acctcccggt
aggataggtt
gtgagatata
taacaaagaa
acttgttgga
gcgcattcaa

sativa

Ala Ala

5
His Gln
20

Ala Val

Pro Pro

Gly Ala

Val Phe

85

Thr
100

Arg
Glu Ala
Val Cys

Leu Ala

Thr

Arg

Arg

Ala

Asp

70

Ala

Ser

Phe

Val

Asp

gtcacggcgc
ccggtttgtt
ccccagtgat
ttatgcggtg
gacagggaaa
agcggagatt
tttacagggc
tgcgtggcac
tggtgaagag
ggcaatcatc
caagcggcca
tgctgcagct
tggtagcttc
gaaggtgatg
ttacaaggca
tccagatttt
gagtgaagtc
tatcatcgtc
ggacatgatc

Leu Ser

His

His

Ser
40

Cys

Thr
55

Pro

Ile Leu

Tyr Pro

Val

Pro

Ala
120

Ala

Ala Thr

135

Ala Leu

150

Gln Val

165

Ile
180

Val

Pro

Glu

Arg Arg

Val Thr

19628

ccgattctct
gagctgaccg
gatccgttgt
gataaggctg
attgaggctt
ggaaagaaca
ttgaatgctc
aatgagttgg
atcccaccgce
gctactggtg
cggcagtggc
ggtgcttctg
ctcatgaaca
gtgttgaaca
aatagggcgc
gtgactattg
cgtgccgceca
ccacaccagg
ctggatggtg

Ala Ala

10

Ala

Val
25

Phe Pro

Ala Val Ser

Leu Arg Pro

Val Glu Ala

75
Thr

Gly Gly

90
Ile Thr
105

Asn

Ser Gly Tyr

Ser Gly Pro

Ser
155

Leu Asp

Ile
170

Met Gly

Arg Ser Ile

185

-54-

atgtcggtgg
gcatcccagt
ccctgcgeat
acctgttgct
ttgcaagcag
agcaaccaca
tgctagacca
accagcagaa
aatatgctat
ttggacagca
tgtcttcggce
tggctaaccc
ttcaggagtt
accaacattt
atacatactt
ctaaagggtt
tcaagaagat
agcatgtgct
atggcaggac

Thr Ala Lys

Ala Arg Gly

30

Val
45

Pro Thr

Trp Pro

60

Gly

Leu Glu Arg

Ser Met Glu

Phe
110

His Leu

Ala Arg Ala

125

Gly Ala Thr

140

Val Pro Met

Thr Asp Ala

Thr His

190

Lys

tggctgctct
tacaaccact
gcttgggatg
tgcatttggc
ggccaagatt
tgtgtcaatt
gagcacaaca
gagggagttt
tcaggtgctg
ccagatgtgg
tggtctgggce
aggtgtcaca
ggcattgatc
gggtatggtt
gggcaaccca
caatattcct
gctcgatacc
gcctatgatc
tgtgta

Thr
15

Gly

Arg Val

Pro Pro

Ala Glu

Cys Gly

80

Ile
95

His

Arg His

Ser Gly

Asn Leu

Val Ala

160

Phe
175

Gln

Asn Tyr

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1916



Leu
Phe
Lys
225
Asn
Leu
Leu
Phe
Gly
305
His
Leu
Ala
Glu
Lys
385
Lys
Lys
Pro
Ile
Tyr
465
Ala

Pro

Asn

Val

Leu

210

Asp

Leu

Leu

Tyr

Val

290

Asn

Gly

Ala

Phe

Ile

370

Leu

Thr

Arg

Gln

Ile

450

Thr

Met

Gly

Ile

Leu

195

Ala

Ile

Pro

Glu

Val

275

Glu

Phe

Thr

Phe

Ala

355

Gly

Ala

Ser

Glu

Tyr

435

Ala

Tyr

Gly

Val

Gln
515

Asp

Ser

Gln

Gly

Gln

260

Gly

Leu

Pro

Val

Gly

340

Ser

Lys

Leu

Ser

Phe

420

Ala

Thr

Lys

Phe

Thr

500

Glu

Val

Ser

Gln

Tyr

245

Val

Gly

Thr

Ser

Tyr

325

Val

Arg

Asn

Gln

Asp

405

Pro

Ile

Gly

Arg

Gly

485

Val

Leu

Glu

Gly

Gln

230

Ile

Leu

Gly

Gly

Asp

310

Ala

Arg

Ala

Lys

Gly

390

Phe

Leu

Gln

Val

Pro

470

Leu

Val

Ala

Asp

Arg

215

Met

Ala

Arg

Cys

Ile

295

Asp

Asn

Phe

Lys

Gln

375

Leu

Ser

Gly

Val

Gly

455

Arg

Pro

Asp

Leu

Ile

200

Pro

Ala

Arg

Leu

Ser

280

Pro

Pro

Tyr

Asp

Ile

360

Pro

Asn

Ala

Tyr

Leu

440

Gln

Gln

Ala

Ile

Ile
520

Pro

Gly

Val

Leu

Val

265

Ala

Val

Leu

Ala

Asp

345

Val

His

Ala

Trp

Lys

425

Asp

His

Trp

Ala

Asp

505

Arg

19628

Arg

Pro

Pro

Pro

250

Gly

Ser

Thr

Ser

Val

330

Arg

His

Val

Leu

His

410

Thr

Glu

Gln

Leu

Ala

490

Gly

Ile

Val

Val

Val

235

Lys

Glu

Gly

Thr

Leu

315

Asp

Val

Ile

Ser

Leu

395

Asn

Phe

Leu

Met

Ser

475

Gly

Asp

Glu

-55-

Ile

Leu

220

Trp

Pro

Ser

Asp

Thr

300

Arg

Lys

Thr

Asp

Ile

380

Asp

Glu

Gly

Thr

Trp

460

Ser

Ala

Gly

Asn

Gln

205

Val

Asp

Pro

Arg

Glu

285

Leu

Met

Ala

Gly

Ile

365

Cys

Gln

Leu

Glu

Lys

445

Ala

Ala

Ser

Ser

Leu
525

Glu

Asp

Thr

Ala

Arg

270

Leu

Met

Leu

Asp

Lys

350

Asp

Ala

Ser

Asp

Glu

430

Gly

Ala

Gly

Val

Phe

510

Pro

Ala

Ile

Ser

Thr

255

Pro

Arg

Gly

Gly

Leu

335

Ile

Pro

Asp

Thr

Gln

415

Ile

Glu

Gln

Leu

Ala

495

Leu

Val

Phe

Pro

Met

240

Glu

Ile

Arg

Leu

Met

320

Leu

Glu

Ala

Val

Thr

400

Gln

Pro

Ala

Tyr

Gly

480

Asn

Met

Lys



Val Met

530

val

Asp Phe

545

Arg

Glu Cys Glu

Phe Asn Ile

Ala Ile Lys

595
Ile Val
610

Pro

Ala
625

Phe Lys

<210>
<211>
<212>
<213>

7
1986
ADN
Oryza

<400> 7

atggctacga
ggccgtaaga
gcggtcaggt
ccgctececggce
ctggagcggt
caccaggcgc
gaggcgttcg
acctccggcec
gtcccgatgg
caggagacgc
gatgtggagg
cctggcccgg
tgggacacct
gaattgcttg
ggtggtgget
ccagttacaa
cgcatgcttg
ttgcttgcat
agcagggcca
ccacatgtgt
gaccagagca
cagaagaggg
gctattcagg
cagcaccaga
tcggctggtc
aacccaggtg
gagttggcat
catttgggta
tacttgggca
gggttcaata
aagatgctcg
gtgctgccta
aggactgtgt
acctga

Leu Asn

Tyr Lys

Asn

Ala

Gln His

535

Asn Arg

550

Glu
565

Ser

Pro Ala

580

Lys Met

Gln

His

Asp Met

Ile

Val

Leu

Glu

Ile

Tyr Pro

Arg Val

Thr
600

Asp
His Val
615

Leu Asp

630

sativa

ccgeccgeggce
accaccagcg
gctcggeggt
cgtgggggcee
gcggcgtcag
tgacgcgctce
cggcgtccgg
ccggggcaac
tcgccatcac
ccatagtcga
acatccceeg
tgctggtcga
cgatgaatct
agcaggtctt
gctctgcatc
ccactctgat
ggatgcatgg
ttggcgtgcg
agattgtgca
caatttgcgc
caacaaagac
agtttcctct
tgctggatga
tgtgggcggce
tgggcgcaat
tcacagttgt
tgatccgcat
tggttgtgca
acccagaatg
ttcctgcagt
ataccccagg
tgatcccaag
attaatctat

cgcggccgcce
acaccacgtc
gtcccecggte
ggccgagccce
cgacgtgttc
cccggtcatc
gtacgcgcgc
caacctcgtg
gggccaggte
ggtcacccgc
cgtcatacag
catccccaag
accggggtac
gcgtctggtt
tggtgatgaa
gggcctcgge
cacggtgtac
gtttgatgat
cattgacatt
agatgttaag
aagttctgat
ggggtacaag
gctgacgaaa
acaatattac
gggatttggg
tgatattgat
tgagaacctc
atgggaggat
tgagagtgag
ccgtgtaaca
gccatacttg
tgggggcgca
aatctgtatg

Leu

Ala

Asp

Thr

585

Pro

Leu

Gly

19628

Gly Met

Thr
555

His

Phe
570

Val

Lys Lys

Gly Pro

Pro Met

Asp Gly

635

accttgtccg
tttcccgete
accccgccgt
cgcaagggcg
gcctacccgg
accaaccacc
gcgtececggee
tcecgegetceg
ccccgecgcea
tccatcacca
gaagccttct
gacatccagc
attgcacgcc
ggcgagtcac
ttgcgeceggt
aatttcccca
gcaaattatg
cgtgtgacag
gatccagcgg
cttgctttac
tttagtgcgt
acttttggtg
ggggaggcaa
acctacaagc
ctgcctgctg
ggggatggta
ccggtgaagg
aggttttaca
atatatccag
aagaagagtg
ttggatatca
ttcaaggaca
ttggcaaagc

-56-

Val
540

Val Gln

Tyr Leu

Thr Ile Ala

Glu Val

590

Ser

Leu
605

Tyr

Ile
620

Pro Ser

Arg Thr Val

ccgccgcgac
gaggccgggt
ccececggegcece
cggacatcct
gcggcgegtce
tcttcecgeca
gcgteggggt
ccgacgcgcect
tgatcggcac
agcacaatta
tcectegegte
agcagatggc
tgcccaagcce
ggcgcccgat
ttgttgagct
gtgatgatcc
cggtggataa
ggaaaattga
agattggaaa
agggcttgaa
ggcacaatga
aagagatccc
tcatcgctac
ggccacggca
cagctggtgc
gcttcctcat
tgatggtgtt
aggcaaatag
attttgtgac
aagtccgtgce
tcgtecccaca
tgatcctgga
accagcccgg

Gly

Leu

Trp Glu

Pro
560

Asn

Lys Gly

575

Arg Ala

Asp Ile

Gly Gly

ggccaagacc
gggggcggcyg
gccggccacyg
cgtggaggcyg
catggagatc
cgagcagggce
ctgcgtcgec
gctcgactcc
cgacgccttc
ccttgtecctt
ctcgggecegt
tgtgccagtc
acccgcgaca
tctctatgtc
gaccggcatc
gttgtccctg
ggctgacctg
ggcttttgca
gaacaagcaa
tgctctgcta
gttggaccag
accgcaatat
tggtgttgga
gtggctgtct
ttctgtggcet
gaacattcag
gaacaaccaa
ggcgcataca
tattgctaaa
cgccatcaag
ccaggagcat
tggtgatggc
cctatgtttg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
1986



<210> 8
<211> 644
<212> PRT
<213> Oryza
<400> 8
Met Ala Thr
1
Thr Ala Lys
Ala Arg Gly
35

Pro Val Thr
50

Trp Gly Pro
65

Leu Glu Arg
Ser Met Glu
His Leu Phe

115

Ala Arg Ala
130

Gly Ala Thr
145

Val Pro Met
Thr Asp Ala
Thr Lys His

195

Ile Gln Glu
210

Leu Val Asp
225

Trp Asp Thr

Pro Pro Ala

Ser Arg Arg
275

Asp Glu Leu
290

sativa

Thr

Thr

20

Arg

Pro

Ala

Cys

Ile

100

Arg

Ser

Asn

Val

Phe

180

Asn

Ala

Ile

Ser

Thr

260

Pro

Arg

Ala

Gly

Val

Pro

Glu

Gly

85

His

His

Gly

Leu

Ala

165

Gln

Tyr

Phe

Pro

Met

245

Glu

Ile

Arg

Ala

Arg

Gly

Ser

Pro

70

Val

Gln

Glu

Arg

Val

150

Ile

Glu

Leu

Phe

Lys

230

Asn

Leu

Leu

Phe

Ala
Lys
Ala
Pro

55
Arg
Ser
Ala
Gln
Val
135
Ser
Thr
Thr
Val
Leu
215
Asp
Leu
Leu

Tyr

Val
295

Ala

Asn

Ala

40

Ala

Lys

Asp

Leu

Gly

120

Gly

Ala

Gly

Pro

Leu

200

Ala

Ile

Pro

Glu

Val

280

Glu

Ala

His

25

Ala

Pro

Gly

Val

Thr

105

Glu

Val

Leu

Gln

Ile

185

Asp

Ser

Gln

Gly

Gln

265

Gly

Leu

19628

Ala

10

Gln

Val

Pro

Ala

Phe

90

Arg

Ala

Cys

Ala

Val

170

Val

Val

Ser

Gln

Tyr

250

Val

Gly

Thr

Thr

Arg

Arg

Ala

Asp

75

Ala

Ser

Phe

Val

Asp

155

Pro

Glu

Glu

Gly

Gln

235

Ile

Leu

Gly

Gly

-57-

Leu

His

Cys

Thr

60

Ile

Tyr

Pro

Ala

Ala

140

Ala

Arg

Val

Asp

Arg

220

Met

Ala

Arg

Cys

Ile
300

Ser

His

Ser

45

Pro

Leu

Pro

Val

Ala

125

Thr

Leu

Arg

Thr

Ile

205

Pro

Ala

Arg

Leu

Ser

285

Pro

Ala

Val

30

Ala

Leu

Val

Gly

Ile

110

Ser

Ser

Leu

Met

Arg

190

Pro

Gly

Val

Leu

Val

270

Ala

Val

Ala Ala
15

Phe Pro

Val Ser

Arg Pro

Glu Ala
80

Gly Ala
95

Thr Asn

Gly Tyr

Gly Pro

Asp Ser

160

Ile Gly
175

Ser Ile

Arg Val

Pro Val

Pro Val

240
Pro Lys
255
Gly Glu

Ser Gly

Thr Thr



Thr

305

Arg

Lys

Thr

Asp

Ile

385

Asp

Glu

Gly

Thr

Trp

465

Ser

Ala

Gly

Asn

Val

545

Tyr

Thr

Ser

Tyr

Ile
625

Leu

Met

Ala

Gly

Ile

370

Cys

Gln

Leu

Glu

Lys

450

Ala

Ala

Ser

Ser

Leu

530

val

Leu

Ile

Glu

Leu

610

Pro

Met

Leu

Asp

Lys

355

Asp

Ala

Ser

Asp

Glu

435

Gly

Ala

Gly

Val

Phe

515

Pro

Gln

Gly

Ala

Val

595

Leu

Ser

Gly

Gly

Leu

340

Ile

Pro

Asp

Thr

Gln

420

Ile

Glu

Gln

Leu

Ala

500

Leu

Val

Trp

Asn

Lys

580

Arg

Asp

Gly

Leu

Met

325

Leu

Glu

Ala

Val

Thr

405

Gln

Pro

Ala

Tyr

Gly

485

Asn

Met

Lys

Glu

Pro
565
Gly
Ala

Ile

Gly

Gly

310

His

Leu

Ala

Glu

Lys

390

Lys

Lys

Pro

Ile

Tyr

470

Ala

Pro

Asn

Val

Asp

550

Glu

Phe

Ala

Ile

Ala
630

Asn

Gly

Ala

Phe

Ile

375

Leu

Thr

Arg

Gln

Ile

455

Thr

Met

Gly

Ile

Met

535

Arg

Cys

Asn

Ile

Val

615

Phe

Phe Pro

Thr Val

Phe Gly
345

Ala Ser
360

Gly Lys

Ala Leu

Ser Ser

Glu Phe
425

Tyr Ala
440

Ala Thr

Tyr Lys

Gly Phe

Val Thr
505

Gln Glu
520

Val Leu

Phe Tyr

Glu Ser

Ile Pro

585

Lys Lys
600

Pro His

Lys Asp

19628

Ser

Tyr

330

Val

Arg

Asn

Gln

Asp

410

Pro

Ile

Gly

Arg

Gly

490

Val

Leu

Asn

Lys

Glu

570

Ala

Met

Gln

Met

Asp

315

Ala

Arg

Ala

Lys

Gly

395

Phe

Leu

Gln

Val

Pro

475

Leu

Val

Ala

Asn

Ala

555

Ile

Val

Leu

Glu

Ile
635

-58-

Asp

Asn

Phe

Lys

Gln

380

Leu

Ser

Gly

Val

Gly

460

Arg

Pro

Asp

Leu

Gln

540

Asn

Tyr

Arg

Asp

His

620

Leu

Pro

Tyr

Asp

Ile

365

Pro

Asn

Ala

Tyr

Leu

445

Gln

Gln

Ala

Ile

Ile

525

His

Arg

Pro

Val

Thr

605

Val

Asp

Leu

Ala

Asp

350

Val

His

Ala

Trp

Lys

430

Asp

His

Trp

Ala

Asp

510

Arg

Leu

Ala

Asp

Thr

590

Pro

Leu

Gly

Ser

Val

335

Arg

His

Val

Leu

His

415

Thr

Glu

Gln

Leu

Ala

495

Gly

Ile

Gly

His

Phe

575

Lys

Gly

Pro

Asp

Leu

320

Asp

Val

Ile

Ser

Leu

400

Asn

Phe

Leu

Met

Ser

480

Gly

Asp

Glu

Met

Thr

560

Val

Lys

Pro

Met

Gly
640



&xrg Thr Val Tyr

<210 8

313> 1958

<212> ADN

<213 > Chudi nhan tao

<220>

19628

<223> Mb ta chudi nhan tao: chudi Oryza ddng thuan

<400> &

YJLIGeCygegy
CAGTYRACHCE
goggtgtece
qagcecgyced
gtoagegacy
cgoteacegy
toogggtacyg
GOAACCAACT
atcacgagos
gtogaggtoa
cooegoeghoa
gtagacatee
aatctaccgyg
gtcttgegte
geatctggtg
ctgatgggoc
catggeacqgyg
gtgoeggtityg
gtgcacatty
tgcgcagaty
aagacaagtt
cototggggt
gatgagotyga
goggeoacaat
geaatgggat
gttgttgata
cgecattgaga
gtgcaatggy
gaatgtgaga
goagtoogty
coagggeeat
coaagtgyyy
tetataatet

<210 10
<21ix 639
%212%» PRT

cogecacalt
acgtetiboe
cggteacceo
agoococogcas
tgttegocta
teatecaccaa
cgegegogta
tegtgtocge
aggtooccey
ceogatocat
tacaggaages
ceaaggacat
ggtacatige
tggttggega
atgaattgeg
teggeoaatit
tgtacgoaaa
atgatcgtat
acattgatee
ttaagottge
ctgattttay
acaagacttt
cgaaagygyga
attacaccta
ttgggctgec
trgatgggga
accteooggt
aggataggtt
gtgagatata
Laacaaagaa
actigttgga
gegeattoan
gtatgttygge

<213> Chudi nhan tao

<220>

YJLeegooged goegacgygeca
cgetogagye cgggtyyygy
googicooog gogoogecygy
gggcgeggac atcciogigy
coogggegge acgtocatgyg
cocaccoteiic cgocacgage
cggeegegtc ggggictgeyg
gotogecgas gogetgotay
cogoatgate gygcaccgacy
caccasgeas aattacotiq
ohtottocte goegtostogy
ccageagcay atggotgige
acgectgooce aagocaceey
gtcacggege cogatictet
ceggtitgtt gageotgaccoy
cococagtgat gateegtigt
ttatgeggtyg gataaggcetg
gacagggaaa atigaggeit
agegyagatlt guaaagaaca
tttacaggye ttgaatgote
tgogtggeas aatgagitygy
tggtgaagag atccocacoge
ggcaatoate gotactyggig
caagoggoeca cggoagigyge
tgoctgeagot ggtgottctg
tggtagctic cicatgaaca
gaaggigatyg gigtigaaca
ttacaaggca aatagggege
Tocagatitt gitgactatig
gagtgaagtic cgigecgeca
tatcategts ccacacoaygy
ggacatgats otggatggig
aaagoaccay oocgge

agacegyocy
cggeggegyt
coacgoogot
aggcgetgga
agatccacca
agggegaggce
togecacctic
acLoegioce
cotiocagya
teotigatgt
googioctygy
cagtetygysa
cgacagaatt
atgteggtgy
goatcccoagi
coctgogeat
acctgitget
tigcaagoayg
agoeaaccaca
tgctagacca
accagoagaa
aatatgctat
tiggacagea
tgtcticgye
tggctaacco
ttcaggagti
accaacattt
atacatactt
ctaaaqggii
fcaagasgat
ageatyiget
atggoaggac

<223> M6 t& chudi nhan tao: chudi Oryza ddng thuan

<400 1G¢

taagaacese
caggtygctey
ccggeegtyg
geggtygegge

ggcgctgacy

gticgoggog

cggeccogyy 4

gatggtogoo

gacgeecata 5

ggaggacata
ceocggtgetyg
cacctegaty
gettgageag
tggctgetct
tacaaccact
geitgggaty
tgeatttgge
ggocaagati
tgtgtcaatt
gagcacaaca

gagggagitt
teaggigety

ceagatgigy
tggtotggge
aggtgtcaca
ggecattgate
gggtatggtt
Jggeaaceca
caataticct
gotogatace

goctatgate
tgtgtattaa |

Ala Ala Ala Ala Ala Thr Leu Ser Ala Ala Ala Thr Ala Lys Thr Gly

1

5

10

-59-

15
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Arg Lys Asn His Gln Arg His His Val Phe Pro Ala Arg Gly Arg Val
20 25 30

Gly Ala Ala Ala Val Arg Cys Ser Ala Val Ser Pro Val Thr Pro Pro
35 40 45

Ser Pro Ala Pro Pro Ala Thr Pro Leu Arg Pro Trp Gly Pro Ala Glu
50 55 60

Pro Arg Lys Gly Ala Asp Ile Leu Val Glu Ala Leu Glu Arg Cys Gly
65 70 75 80

Val Ser Asp Val Phe Ala Tyr Pro Gly Gly Thr Ser Met Glu Ile His
85 90 95

Gln Ala Leu Thr Arg Ser Pro Val Ile Thr Asn His Leu Phe Arg His
100 105 110

Glu Gln Gly Glu Ala Phe Ala Ala Ser Gly Tyr Ala Arg Ala Ser Gly
115 120 125

Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro Gly Ala Thr Asn Leu
130 135 140

Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser Val Pro Met Val Ala
145 150 155 160

Ile Thr Gly Gln Val Pro Arg Arg Met Ile Gly Thr Asp Ala Phe Gln
165 170 175

Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile Thr Lys His Asn Tyr
180 185 190

Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val Ile Gln Glu Ala Phe
195 200 205

Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val Leu Val Asp Ile Pro
210 215 220

Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val Trp Asp Thr Ser Met
225 230 235 240

Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys Pro Pro Ala Thr Glu
245 250 255

Leu Leu Glu Gln Val Leu Arg Leu Val Gly Glu Ser Arg Arg Pro Ile
260 265 270

Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly Asp Glu Leu Arg Arg
275 280 285

Phe Val Glu Leu Thr Gly Ile Pro Val Thr Thr Thr Leu Met Gly Leu
290 295 300

Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu Arg Met Leu Gly Met
305 310 315 320

His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp Lys Ala Asp Leu Leu
325 330 335

Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val Thr Gly Lys Ile Glu
340 345 350

-60-



Ala Phe

Glu Ile
370

Lys Leu
385

Lys Thr

Lys Arg

Pro Gln

Ile Ile
450

Tyr Thr
465

Ala Met

Pro Gly

Asn Ile

Val Met

530

Asp Arg
545

Glu Cys

Phe Asn

Ala Ile

Ile Val

610

Ala Phe
625

<210> 11

Ala

355

Gly

Ala

Ser

Glu

Tyr

435

Ala

Tyr

Gly

Val

Gln

515

Val

Phe

Glu

Ile

Lys

595

Pro

Lys

<211> 1936
<212> ADN
<213> Oryza sativa

Ser

Lys

Leu

Ser

Phe

420

Ala

Thr

Lys

Phe

Thr

500

Glu

Leu

Tyr

Ser

Pro

580

Lys

His

Asp

Arg

Asn

Gln

Asp

405

Pro

Ile

Gly

Arg

Gly

485

Val

Leu

Asn

Lys

Glu

565

Ala

Met

Gln

Met

Ala

Lys

Gly

390

Phe

Leu

Gln

Val

Pro

470

Leu

Val

Ala

Asn

Ala

550

Ile

Val

Leu

Glu

Ile
630

Lys

Gln

375

Leu

Ser

Gly

Val

Gly

455

Arg

Pro

Asp

Leu

Gln

535

Asn

Tyr

Arg

Asp

His

615

Leu

Ile

360

Pro

Asn

Ala

Tyr

Leu

440

Gln

Gln

Ala

Ile

Ile

520

His

Arg

Pro

Val

Thr

600

Val

Asp

Val

His

Ala

Trp

Lys

425

Asp

His

Trp

Ala

Asp

505

Arg

Leu

Ala

Asp

Thr

585

Pro

Leu

Gly

19628

His Ile
Val Ser

Leu Leu
395

His Asn
410

Thr Phe
Glu Leu
Gln Met
Leu Ser

475

Ala Gly
490

Gly Asp
Ile Glu
Gly Met
His Thr

555

Phe Val
570

Lys Lys
Gly Pro

Pro Met

Asp Gly
635

-61-

Asp

Ile

380

Asp

Glu

Gly

Thr

Trp

460

Ser

Ala

Gly

Asn

Val

540

Tyr

Thr

Ser

Tyr

Ile

620

Arg

Ile
365
Cys
Gln
Leu
Glu
Lys
445
Ala
Ala
Ser
Ser
Leu
525
Val
Leu
Ile
Glu
Leu
605

Pro

Thr

Asp

Ala

Ser

Asp

Glu

430

Gly

Ala

Gly

Val

Phe

510

Pro

Gln

Gly

Ala

Val

590

Leu

Ser

Val

Pro

Asp

Thr

Gln

415

Ile

Glu

Gln

Leu

Ala

495

Leu

Val

Trp

Asn

Lys

575

Arg

Asp

Gly

Tyr

Ala

Val

Thr

400

Gln

Pro

Ala

Tyr

Gly

480

Asn

Met

Lys

Glu

Pro

560

Gly

Ala

Ile

Gly



<400> 11

atggctacga
ggccgtaaga
gcggtcaggt
ccgctcecgge
ctggagcggt
caccaggcgc
gaggcgttcg
acctccggcc
gtcccgatgg
caggagacgc
gatgtggagg
cctggccegg
tgggacacct
gaattgcttg
ggtggtggct
ccagttacaa
cgcatgcttg
ttgcttgcat
agcagggcca
ccacatgtgt
gaccagagca
cagaagaggg
gctattcagg
cagcaccaga
tcggctggtce
aacccaggtg
gagttggcat
catttgggta
tacttgggca
gggttcaata
aagatgctcg
gtgctgccta
aggactgtgt

<210>
<211>
<212>
<213>

12
644
PRT
Oryza

<400> 12

Met Ala Thr
1

Thr

Ala Lys

Ala Arg Gly

35

Val
50

Pro Thr

Trp Gly Pro

65

Leu Glu Arg

Ser Met Glu

ccgccgcggce
accaccagcg
gctcggeggt
cgtgggggcc
gcggcgtcag
tgacgcgctc
cggcgtccgg
ccggggcaac
tcgccatcac
ccatagtcga
acatcccccg
tgctggtcga
cgatgaatct
agcaggtctt
gctctgcatc
ccactctgat
ggatgcatgg
ttggcgtgcg
agattgtgca
caatttgcgce
caacaaagac
agtttcctct
tgctggatga
tgtgggcgge
tgggcgcaat
tcacagttgt
tgatccgcat
tggttgtgca
acccagaatg
ttcctgcagt
ataccccagg
tgatcccaag
acctga

sativa

Thr Ala

5

Thr
20

Gly
Arg Val
Pro Pro
Ala Glu

Gly
85

Cys

Ile His

100

Ala

Arg

Gly

Ser

Pro

70

Val

Gln

cgcggccgcece
acaccacgtc
gtccccggtce
ggccgagccce
cgacgtgttc
cccggtcecatce
gtacgcgcgce
caacctcgtg
gggccaggtc
ggtcacccgce
cgtcatacag
catccccaag
accggggtac
gcgtctggtt
tggtgatgaa
gggcctegge
cacggtgtac
gtttgatgat
cattgacatt
agatgttaag
aagttctgat
ggggtacaag
gctgacgaaa
acaatattac
gggatttggg
tgatattgat
tgagaacctc
atgggaggat
tgagagtgag
ccgtgtaaca
gccatacttg

tgggggcgca

Ala Ala

Lys Asn

Ala Ala

40
Pro Ala
55

Arg Lys

Ser

Asp

Ala Leu

Ala

His

Ala

Pro

Gly

Val

Thr Arg
105

19628

accttgtccg
tttcecgcete
accccgcecegt
cgcaagggcyg
gcctacccgg
accaaccacc
gcgtccggcece
tccgegcetceg
cccecgecgeca
tccatcacca
gaagccttct
gacatccagc
attgcacgcc
ggcgagtcac
ttgcgccggt
aatttcccca
gcaaattatg
cgtgtgacag
gatccagcgg
cttgctttac
tttagtgcgt
acttttggtg
ggggaggcaa
acctacaagc
ctgcctgcetg
ggggatggta
ccggtgaagg
aggttttaca
atatatccag
aagaagagtg
ttggatatca
ttcaaggaca

Ala Thr

10
Gln Arg
25

Val Arg

Pro Ala

Ala Asp

75

Phe
90

Ala

Ser

-62-

ccgeccgcecgac
gaggccgggt
ccccggcgcece
cggacatcct
gcggcacgtc
tcttccgceca
gcgtcggggt
ccgacgcgcet
tgatcggcac
agcacaatta
tcctcgegte
agcagatggc
tgcccaagcec
ggcgcccgat
ttgttgagct
gtgatgatcc
cggtggataa
ggaaaattga
agattggaaa
agggcttgaa
ggcacaatga
aagagatccc
tcatcgctac
ggccacggca
cagctggtgce
gcttcctcat
tgatggtgtt
aggcaaatag
attttgtgac
aagtccgtge
tcgtcccaca
tgatcctgga

Leu Ser Ala

Val
30

His His

Ser Ala

45

Cys

Thr
60

Pro Leu

Ile Leu Val

Tyr Pro Gly

Val Ile

110

Pro

ggccaagacc
gggggcggcyg
gccggccacg
cgtggaggcg
catggagatc
cgagcagggc
ctgcgtcgcec
gctcgactcc
cgacgccttc
ccttgtcctt
ctcgggceccecgt
tgtgccagtc
acccgcgaca
tctctatgtc
gaccggcatc
gttgtccctg
ggctgacctg
ggcttttgca
gaacaagcaa
tgctctgcta
gttggaccag
accgcaatat
tggtgttgga
gtggctgtct
ttctgtggct
gaacattcag
gaacaaccaa
ggcgcataca
tattgctaaa
cgccatcaag
ccaggagcat
tggtgatggce

Ala

15

Phe

Val

Arg

Glu

Gly

95

Thr

Ala

Pro

Ser

Pro

Ala

80

Thr

Asn

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1936



19628

His Leu Phe Arg His Glu Gln Gly Glu Ala Phe Ala Ala Ser Gly Tyr
115 120 125

Ala Arg Ala Ser Gly Arg Val Gly Val Cys Val Ala Thr Ser Gly Pro
130 135 140

Gly Ala Thr Asn Leu Val Ser Ala Leu Ala Asp Ala Leu Leu Asp Ser
145 150 155 160

Val Pro Met Val Ala Ile Thr Gly Gln Val Pro Arg Arg Met Ile Gly
165 170 175

Thr Asp Ala Phe Gln Glu Thr Pro Ile Val Glu Val Thr Arg Ser Ile
180 185 190

Thr Lys His Asn Tyr Leu Val Leu Asp Val Glu Asp Ile Pro Arg Val
195 200 205

Ile Gln Glu Ala Phe Phe Leu Ala Ser Ser Gly Arg Pro Gly Pro Val
210 215 220

Leu Val Asp Ile Pro Lys Asp Ile Gln Gln Gln Met Ala Val Pro Val
225 230 235 240

Trp Asp Thr Ser Met Asn Leu Pro Gly Tyr Ile Ala Arg Leu Pro Lys
245 250 255

Pro Pro Ala Thr Glu Leu Leu Glu Gln Val Leu Arg Leu Val Gly Glu
260 265 270

Ser Arg Arg Pro Ile Leu Tyr Val Gly Gly Gly Cys Ser Ala Ser Gly
275 280 285

Asp Glu Leu Arg Arg Phe Val Glu Leu Thr Gly Ile Pro Val Thr Thr
290 295 300

Thr Leu Met Gly Leu Gly Asn Phe Pro Ser Asp Asp Pro Leu Ser Leu
305 310 315 320

Arg Met Leu Gly Met His Gly Thr Val Tyr Ala Asn Tyr Ala Val Asp
325 330 335

Lys Ala Asp Leu Leu Leu Ala Phe Gly Val Arg Phe Asp Asp Arg Val
340 345 350

Thr Gly Lys Ile Glu Ala Phe Ala Ser Arg Ala Lys Ile Val His Ile
355 . 360 365

Asp Ile Asp Pro Ala Glu Ile Gly Lys Asn Lys Gln Pro His Val Ser
370 375 380

Ile Cys Ala Asp Val Lys Leu Ala Leu Gln Gly Leu Asn Ala Leu Leu
385 . 390 395 400

Asp Gln Ser Thr Thr Lys Thr Ser Ser Asp Phe Ser Ala Trp His Asn
405 410 415

Glu Leu Asp Gln Gln Lys Arg Glu Phe Pro Leu Gly Tyr Lys Thr Phe
420 425 430

Gly Glu Glu Ile Pro Pro Gln Tyr Ala Ile Gln Val Leu Asp Glu Leu
435 440 445

-63-



Thr

Trp

465

Ser

Ala

Gly

Asn

Val

545

Tyr

Thr

Ser

Tyr

Ile

625

Arg

Lys

450

Ala

Ala

Ser

Ser

Leu

530

Val

Leu

Ile

Glu

Leu

610

Pro

Thr

Gly

Ala

Gly

Val

Phe

515

Pro

Gln

Gly

Ala

Val

595

Leu

Ser

Val

Glu

Gln

Leu

Ala

500

Leu

Val

Trp

Asn

Lys

580

Arg

Asp

Gly

Tyr

Ala

Tyr

Gly

485

Asn

Met

Lys

Glu

Pro

565

Gly

Ala

Ile

Gly

Ile

Tyr

470

Ala

Pro

Asn

Val

Asp

550

Glu

Phe

Ala

Ile

Ala
630

Ile

455

Thr

Met

Gly

Ile

Met

535

Arg

Cys

Asn

Ile

Val

615

Phe

Ala

Tyr

Gly

Val

Gln

520

Val

Phe

Glu

Ile

Lys

600

Pro

Lys

Thr

Lys

Phe

Thr

505

Glu

Leu

Tyr

Ser

Pro

585

Lys

His

Asp

19628

Gly

Arg

Gly

490

Val

Leu

Asn

Lys

Glu

570

Ala

Met

Gln

Met

Val

Pro

475

Leu

Val

Ala

Asn

Ala

555

Ile

Val

Leu

Glu

Ile
635

-64-

Gly

460

Arg

Pro

Asp

Leu

Gln

540

Asn

Tyr

Arg

Asp

His

620

Leu

Gln

Gln

Ala

Ile

Ile

525

His

Arg

Pro

Val

Thr

605

Val

Asp

His

Trp

Ala

Asp

510

Arg

Leu

Ala

Asp

Thr

590

Pro

Leu

Gly

Gln

Leu

Ala

495

Gly

Ile

Gly

His

Phe

575

Lys

Gly

Pro

Asp

Met

Ser

480

Gly

Asp

Glu

Met

Thr

560

Val

Lys

Pro

Met

Gly
640



19628

121
FIG.1A

Trinh tu nucleotit AHAS mot phén tirdong lia IMINTA 1(SEQ ID NO:1)

. CCTTGTCCGCCGCCGCGAC
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GAGGCCGGETEGEEECEGCEECEETCAGGTECTCGGCEETETCCCCGETC
ACCCCGCCGTCCCCGGCGCCGCCGGCCACGCCGCTCCGGCCGTGGGGGCC
GGCCGAGCCCCGCAAGGECGCGEACATCCTCATGGAGGCGCTGEAGCEET
GCGGCETCAGCGACGTGTTCGCCTACCCGGGCGCCACGTCCATGGAGATC
CACCAGGCGCTGACGCGCTCCCCGETCATCACCAACCACCTCTTCCCCCA
CGAGCAGGGCGAGGCGTTCGCGECGTCCEGETACGCGCECGCGTCCGECC
GCGTCGGGETCTECGTCGCCACCTCCGGCCCCCEGGCARCCAACCTCGTG
PCCGCGCTCECCGACGCGCTGCTCGACTCCGTCCCGATGGTCGCCATCAC
GGGCCAGGTCCCCQGCCGCATGATCGGCACCGACGCCTTCCAGGAGACGC
CCATAGTCGAGGTCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
GATGTGGAGGACATCCCCCGCGTCATACAGGAAGCCTTCTTCCTCGCGTC
CTCGGGCCGTCCTGGCCCGGTGCTGGTCGACATCCCCAAGGACATCCAGC
AGCAGATGGCTGTGCCAGTCTGGGACACCTCGATGAATCTACCGGGGTAC
ATTGCACGCCTGCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
GCGTCTGGTTGGCGAGTCACGGCGCCCGATTCTCTATGTCGGTGGTGGCT
GCTCTGCATCTGGTGATGAATTGCGCCGGTTTGTTGAGCTGACCGGCATC
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
GTTETCCCTGCGCATGCTTGGCATGCATGGCACGGTGTACGCARATTATG
CGGTGGATAAGGCTGACCTGTTGCTTGCATTTGGCGTGCGGTTTGATGAT
CGTGTGACAGGGAAAATTGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA
CATTGACATTGATCCAGCGGAGATTGGAAAGAACAAGCAACCACATGTGT
CAATTTGCGCAGATGTTAAGCTTGCTTTACAGGGCTTGAATGCTCTGCTA
GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
GTTGGACCAGCAGAAGAGGGAGTTTCCTCTGGGGTACAAGACTTTTGGTG
AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
GGGGAGGCAAICATCGCTACTGGTGTTGGACAGCACCAGATGTGGGCGGC
ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTGGTC
TGGGCGCAATGGGATTTGGGCTGCCTGCTGCAGCTGGTGCTTCTGTGGCT
AACCCAGGTGTCACAGTTGTTGATATTGATGGGGATGGTAGCTTCCTCAT
GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGGTGAAGG
TGATGGTGTTGAACAACCAACATTTGGGTATGGTTGTGCAATGGGAGGAT
AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
TTCCTGCAGTCCGTGTAACAAAGAAGAGTGAAGTCCGTGCCGCCATCAAG
AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA
CCAGGAGCATGTGCTGCCTATGATCCCAAGTGGGGGCGCATTCAAGGACA
TGATCCTGGATGGTGATGGCAGGACTGTGTATTAATCTATAATCTGTATG

TTGGCAAAGCACCAGCCCGGC

-65-
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2/21

FIG. 1B

Trinh tur axit amin AHAS mét phin dugc suy dién tir dong Iia IMINTA 1
(SEQ ID NO: 2) T s S e

LSAAATAKTGRKNHQRHHVFPARGRVGAAAVRCSAVSPV
TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGTSMEL
HQALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATS GPGATNLV
SATADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRSITKHNYLVL
DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQOMAVPVWDTSMNLPGY
TARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGI
PVTTTLMGLGNF PSDDPLSLRMLGMHGTVYANYAVDKADLLLAFGVRFDD
RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
DQSTTRTS SDFSAWHNELDQQOKREFPLGYKTFGEEIPPQYAIQVLDELTK
GEATIATGVGQHOMWAAQYYTYRRPROWLSSAGLGAMGEFGLPARAGASVA
NPGVTVVDIDGDGSFLMNIQELALIRIENLPVKVMVLNNQHLGMVV QWED
RFYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVTIKKSEVRAAIK
ICDEDTPGPYLLDIIVPHQE%WLPMPSGGAFKDMILDGDGR’I‘W
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FIG.1C

Trinh tr nucleotit AHAS mot phén ti dong lda IMINTA 4 (SEQ ID NO: 3)

CCTTGTCCGCCGCCGCGAC
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GAGGCCGGGTGGGGGCGGCGGCGGTCAGGTGCTCGGCGGTGTCCCCGGTC
ACCCCGCCGTCCCCGGCGCCGCCGGCCACGCCGCTCCGGCCGTGGGGGCC
GGCCGAGCCCCGCAAGGGCGCGGACATCCTCGTGGAGGCGCTGGAGCGGT
GCGGCGTCAGCGACGTGTTCGCCTACCCGGGCGGCACGTCCATGGAGATC
CACCAGGCGCTGACGCGCTCCCCGGTCATCACCAACCACCTCTTCCGCCA
CGAGCAGGGCGAGGCGTTCGCGGCGTCCGGGTACGCGCGCGCGTCCGGCC
GCGTCGGGGTCTGCGTCGCCACCTCCGGCCCCGGGGCAACCAACCTCGTG
TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGCCATCAC
GGGCCAGGTCCCCCGCCGCATGATCGGCACCGACGCCTTCCAGGAGACGC
CCATAGTCGAGGTCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
GATGTGGAGGACATCCCCCGCGTCATACAGGAAGCCTTCTTCCTCGCGTC
CTCGGGCCGTCCTGGCCCGGTGCTGGTCGACATCCCCAAGGACATCCAGC
AGCAGATGGCTGTGCCAGTCTGGGACACCTCGATGAATCTACCGGGGTAC
ATTGCACGCCTGCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
GCGTCTGGTTGGCGAGTCACGGCGCCCGATTCTCTATGTCGGTGGTGGCT
GCTCTGCATCTGGTGATGAATTGCGCCGGTTTGTTGAGCTGACCGGCATC
CCAGTTACAACCACTCTGATGGGCCTQGGCAATTTCCCCAGTGATGATCC
GTTGTCCCTGCGCATGCTTGGGATGCATGGCACGGTGTACGCAAATTATG
CGGTGGATAAGGCTGACCTGTTGCTTGCATTTGGCGTGCGGTTTGATGAT
CGTGTGACAGGGAAAATTGAGGCTTTTGCAAGCAGGGCCAAGAETGTGCA
CATTGACATTGATCCAGCGGAGATTGGAAAGAACAAGCAACCACATGTGT
CAATTTGCGCAGATGTTAAGCTTGCTTTACAGGGCTTGAATGCTCTGCTA
GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
GTTGGACCAGCAGAAGAGGGAGTTTCCTCTGGGGTACAAGACTTTTGGTG
AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
GGGGAGGCAATCATCGCTACTGGTGTTGGACAGCACCAGATGTGGGCGGC
ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTGGTC
TGGGCGCAATGGGATTTGGGCTGCCTGCTGCAGCTGGTGCTTCTGTGGCT
AACCCAGGTGTCACAGTTGTTGATATTGATGGGGATGGTAGCTTCCTCAT
GAACATTCAGGAGTTGGCATTGAECCGCATTGAGAACCTCCCGGTGAAGG
TGATGGTGTTGAACAACCAACATTTGGGTATGGTTGTGCAATGGGAGGAT
AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
TTCCTGCAGTCCGTGTAACAAAGAAGAGTGAAGTCCGTGCCGCCATCAAG'
AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA
CCAGGAGCATGTGCTGCCTATGATCCCAAGTGGGGGCGCAETCAAGGACA
TGATCCTGGATGGTGATGGCAGGACTGTGTATTAATCTATAATCTGTATG

TTGGCA
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FIG.1D

Trinh tir axit amin AHAS mot phin duge suy dién tir dong 1da IMINTA 4
(SEQ ID NO: 4)

LSAAATAKTGRKNHQRHHVFPARGRVGAAAVRCSAVSPV
TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGTSMET
HOALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLYV
SALADALLDSVEMVAITGOVPRRMIGTDAFQETPIVEVTRS ITKENYLVL
DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQQMAVPVWDTSMNLPGY
TARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGI
PVITTLMGLGNFPSDDPLSLRMLGMHGTVYANYAVDKADLLLAFGVRFDD
RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
DQSTTKTSSDFSAWHNELDQOKREFPLGYKTFGEEIPPQYATQVLDELTK
GEATIATGVGOHOMWAAQYYTYKRPROWLSSAGLGAMGFGLPARAGASVA
NPGVTVVDIDGDGSFLMNIQELALIRIENLPVKVMVLNNQHLGMVVQWED
REYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVTKKSEVRAAIK
KMLDTPGPYLLDIIVPHQEHVLPMIPSGGAFKDMILDGDGRTVY
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FIG.1E
Trinh ty nucleotit AHAS mét phén tir dong lia IMINTA 5 (SEQ ID NO: 5)

GCGGCCGCGECCGCCACCTTGTCCGCCGCCGCEAC
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTITCCCGCTC
GAGGCCGEETGGEGECEECEGCEETCAGETECTCEGECGETGTCCCCEETC
ACCCCGCCGTCCCCGECECCGCCEECCACGCCECTCCGGCCGTGGGGEECC
GGCCGAGCCCCGCAAGGGCGCGGACATCCTCGTGGAGGCGCTGGAGCGGT
GCGGCGTCAGCGACGTGTTCGCCTACCCGGECGGCACGTCCATGGAGATC
CACCAGGCGCTGACGCGCTCCCCGETCATCACCAACCACCTCTTCCGCCA
CGAGCAGGGCGAGGCGTTCGCGGCGTCCGEGETACGCGCGCGCGTCCGGCC
GCGTCGGGETCTGCETCCCCACCTCCGEGCCCCGEGGGCAACCAACCTCGTG
TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGCCATCAC
GGGCCAGGTCCCCCEGCCGCATGATCCGCACCCGACGCCTTCCAGGAGACGL
CCATAGTCGAGGTCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
GATGTGCAGGACATCCCCCGCGTCATACAGCGAAGCCCTTCTTCCTCGCGTC
CTCCGECCETCCTGGCCCGETGCTGGTCGACATCCCCAAGGACATCCAGC
AGCAGATGGCTGTGCCAGTCTGEGACACCTCGATGAATCTACCGGGGTAC
ATTGCACGCCTGCCCAAGCCACCCGCCGACAGAATTGCTTGAGCAGGTCTT
GCGTCTGGTTGGCGAGTCACGGCGCCCGATTCTCTATGTCGGTGGTGGCT
GCTCTGCATCTGETGATCGAATTGCGCCGEGTTTGTTGAGCTCACCGGCATC
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
GTTGTCCCTGCGCATGCTIGGCATGCATGCCACGGTGTACGCAAATTATG
CGGTGGATAAGGCTGACCTGTTGCTTGCATTTGGCCTGCGGTTTGATGAT
CGTGTGACAGGGAAAATTGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA
CATTGACATTGATCCAGCGGAGATTGGAAAGAACAAGCAACCACATGTGT
CAATTTGCGCAGATGTTAAGCTTGCTTTACAGGGCTTGAATGCTCTGCTA
GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
GTTGGACCAGCAGAAGAGGCAGTTTCCTCTCGCGTACAAGACTTTTCGTG
AAGAGATCCCACCGCAATATCCTATTCAGGTGCTGCGATGAGCTGACGAAA
GGGGAGGCAATCATCGCTACTGGTGTTGGACAGCACCAGATGTGGGCGGC
ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTEGETC
TGGGCCCAATGEGATTTGCCCTGCCTGCTGCAGCTGGTGCTTCTGTIGGCT
AACCCAGGTGTCACAGTTGTTGATATTGATCGGGATGGTAGCTTCCTCAT
GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGCTGAAGG
TGATGCTCTTGAACAACCAACATTTGCGTATGGTTGTGCAATGGGAGGAT
AGGTTTTACAAGGCAAATAGGGCCCATACATACTTGGGCAACCCAGAATG
TGAGAGTGAGATATATCCAGATTTTCTGACTATTIGCTAAAGGGTTCAATA
TTCCTGCAGTCCGTGTAACAAAGAAGAGTGAAGTCCGTGCCGCCATCAAG
AAGATGCTCGATACCCCAGGGCCATACTTGTTGEGATATCATCGTCCCACA
CCAGGAGCATGTGCTGCCTATGATCCCAAGTGGGGGCGCATTCAAGGACA
TGATCCTGGATGGTGATGCCAGCGACTGTGTA
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FIG. 1F

Trinh tr axit amin AHAS mét phin dugc suy dién tir dong lda IMINTA 5 (SEQ ID NO: 6)

AAAAATT, SARATAKTGRKNHQRHHVE PARGRVGAAAVRCSAVS PV
TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGTSMEL
HQALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLY
SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRS ITKHNYLVL
DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQQOMAVPVWDTSMNLPGY
IARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGL
PVTTTLMGLGNF PSDDPLSLRMLGMHGTVYANYAVDKADLLLAFGVRFDD
RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
DQSTTKTSSDF S AWHNELDQQKREFPLGYKTFGEEIPPQYAIQVLDELTK
GEATIATGVGOHOMWARQYYTYKRPROWLSSAGLGAMGFGLPAAAGASVA
NPGVIVVDIDGDGESFLMNIQELALIRIENLPVKVMVLNNQHLGMVVQWED
RFYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVIKKSEVRAAIK
KMLDTPGPYLLDIIVPHQERVLPMIPSGGAFKDMILDGDGRTV
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FIG.1G
Trinh ty nucleotit AHAS tir dong 1ia 147 kiéu hoang (SEQ ID NO: 7)

ATGGCTACGACCGCCGCGECCECEECCGCCACCTTGTCCGCCGCCGCGAC
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GAGGCCGGCETGEEEECEECEGLCEGTCAGGTEGCTCEGGCGEGTGTCCCCGETC
ACCCCGCCETCCCCGECECCGCCGECCACGCCGCTCCGECCRTRRGEEET
GGCCEAGCCCCGCAAGGGCGCEGACATCCTCGTGGAGGCGCTGGAGCGGT
GCGGCETCAGCGACGTETTCGCCTACCCGGGCCGCECGTCCATGGAGATC
CACCAGGCGCTGACGCGCTCCCCGETCATCACCAACCACCTCTTCCGCCA
CGAGCAGCCGCGAGGCETTCGCGECGTCCEGETACGCGCGCECGTCCGECT
GCGTCEGGETCTCCGTCCCCACCTCCGGCCCCEGEECAACCARCCTCGTG
TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGETCGCCATCAC
GGGCCAGGTCCCCCGCCGCATGATCGGCACCGACGCCTTCCAGGAGACGC
CCATAGTCGAGGTCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
GATGTGGAGGACATCCCCCGCGTCATACAGGAAGCCTTCTTCCTCGCGTC
CTCGGGECCGTCCTEGECCCEETECTEETCGACATCCCCAAGGACATCCAGC
AGCAGATGGCTCTCCCAGTCTGCGACACCTCGATGAATCTACCGGGGTAC
ATTGCACGCCTCCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
GCGTCTGETTGCCEAGTCACCECGCCCEATTCTCTATGTCGETEGGTGECT
GCTCTGCATCTCGTCATGAATTGCGCCGGTTTGTTGAGCTGACCGGCATC
CCAGTTACAACCACTCTGATGGGCCTCGECAATTTCCCCAGTGATGATCC
GTTGCTCCCTCCGCATCCTTCGCATGCATGGCACGGTGTACCCAAATTATG
CGGETGGATAAGGCTGACCTGTTGCTTGCATTTGGCGTGCGETTTGATGAT
CETCTCACAGCGARAATIGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA.
CATTCACATTGATCCAGCGGAGATTGGAAAGARCARGCAACCACATGTGT
CAATTTGCGCAGATCTTAAGCTTGCTTTACAGCCGCTTGAATGCTCTGCTA
GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
GTTGGACCAGCAGAAGAGGGAGTTTCCTCTGGEGTACAAGACTTITIGGTG
AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
GGCGACCCAATCATCGCTACTGGTGTTGGACAGCACCAGATGTGGGCGGC
ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTGGTC
TGGGCGCAATGGGATTTGGGCTGCCTGCTGCAGCTGGTGCTTCTGTGGCT
AACCCAGGTGTCACAGTTGTTGATATTGATGGCGATGGTAGCTTCCTCAT
GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGGTGAAGS
TGATGGTGTTGAACAACCAACATTTGGGTATGGTTGTGCAATGGCGAGGAT
AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
TTCCTGCAGTCCGTGTAACAAAGAAGAGTGAAGTCCGTGCCGCCATCARG
AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA
CCAGGAGCATGTGCTGCCTATGATCCCAAGTGEGCCCCCATTCAAGGACA
TGATCCTGCATCETGATGGCAGGACTGTGTATTAATCTATARTCTGTATG
TTGGCAAAGCACCAGCCCGGCCTATGTTTGACCTGA
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FIG.1H
Trinh ty axit amin AHAS dugc suy dién tir dong Ida 147 ki€u hoang (SEQ ID NO: 8)

MATTAAARAATLSAAATAKTGRKNHQRHHVFPARGRVGAAAVRCSAVSFEV
TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGASMETL
HQALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLY
SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRSITKHNYLVL
DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQOOMAVPVWDTSMNLPGY
IARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGI
PVTTTLMGLGNF PSDDPLSLRMLGMHGTVYANYAVDKADLLLAFGVRFDD
RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
DQSTTKTS SDFSAWHNELDQQKREFPLGY KTFGEEIPPQYAIQVLDELTK
GEAITATGVGQHOMWAAQVYTYKRPROQWLSSAGLGAMGFGLPAAAGASVA
NPGVTVVDIDGDGSFLMNIQELALIRIENLPVKVMVLNNQHLCGMVVQWED
REYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVIKKSEVRAAIK
KMLDTPGPYLLDIIVPHQEHVLPMIPSGGAFKDMILDGDGRTVY
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FIG.2

50

CCTTGTCCGCCGCCGLGAC
== w==CCTTGTCCGCCGCCECEAC
o i e 0 GCGGCCECEECCECCACCTTATCCGCCGLCCGCEAC

D e

- - -

(1) ATGGCTACGACCGCCGCGECCGCGECCECCACCTTGTCCGCCGCCECGAC

GCGECCECEGECCECCACCTTGTCCGCCGCCECGAC
51 100
GGCCAAGACCGGCCGTARGAACCACCAGCGACACCACGTCTTTCCCECTC
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GCCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GGCCAAGACCGECCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
101 150
GAGECCGEETCEEGECEECEGCEETCAGETECTCGGCEETGTCCCCGRTC
GAGGCCEEETGEGEECEECEECEETCAGGTECTCGECGETETCCCCGETC
GAGGCCEEETECEEGCEECEECEGTCAGETECTCEECEGTGTCCCCGETC
CAGGCCGEETECGEECEECEECEETCAGGTEGCTCEEGCGGTGTCCCCGETC
GAGGCCGEETCCCEGCGECGECEGTCAGGTECTCGGCGETATCCCCGETC
151 200

{120) ACCCCECCETCCCCGECGECCECCEECCACGCCECTCCGGCCGTGRGGECC
{120) ACCCCGCCE TCCCCGECECLECCEECCACGCCGCTCCEECCGTGEEEGCE
(136) ACCCEECCETCCCCEECECCECCGECCACGCCGCTCCGGCCGTEEGEECC.
(151) ACCCCGCCGTCCCCGGCGCCGCCGGCCACGCCGCTCCGGCCGTGGGGGCC
(151) ACCCCGCCETCCCCEECECCECCGECCACGCCGCTCCCGCCATGREEECC

201 250
) GGCCGAGCCCCGCAAGGGCGCEGACATCCTCGTGGAGGCGCTCGAGCGET
) GGCCGAGCCCC'GCAAGGGCGCGGACATCC’I‘CGTGGAGGCGCTGGAGCGGT
) GGCC'GAGCCCCGCAAGGGCGCGGACATCCTCGTGGAGGCGCTGGAGCGG'J.‘
) GGGCGAGCCCCGCAAGGGCGCGGACATCCTCGTGGAGGCGC‘!‘GGAGCGGT

(201) GGCCGAGCCCCGCAAGEECGCGEACATCCTCGTGGAGGCGCTGCAGCEAT

giong lda kiéu hoang

1

Ldall (1)
Lidals (1)
wt _147 '
Su lién tng (1)
Ldall

Lita 14 (o)
Lﬁa, 15 (36)
w147 (51)
Su lién itng (51)
LaaIl {70)
Lia I4 {70)
Lials (86)
wt_ 147 (101)
Sy lién ting (101)
Ladall

Lia I4

Lda IS

wt _ 147

Su lién Ung

Lua 14 (170
Lials (186
wt 147 (201
Su lién ing

Lia Il (220)
Lida I4 {220)
Lda IS (236)
wt_ 147 {251)
Sir lién 1ing (251)
Lia Il (270)
Lda 14 (270)
Lida IS (286)
wt _ 147 {301)
Su lién ing (301)
Ldall (320)
Lia 14 (320)
LdaI5 (336)
wt_ 147 (351)
Sy lién tng (351)

251 300
GCGGCGTCAGCGACCTETTCGCCTACCCGEGCGGCRCGTCCATGGAGATC
GCGGCGTCAGCGACGTGTTCGCCTACCCGGGCGGCACGTCCATGGAGATC
GCGGCGTCAGCGACGTGTTCCCCTACCCGGGCGGCECGTCCATGGAGATC
GCGGCGTCAGCGACGTETTCECCTACCCGGECGGCHCETCCATGGAGATC
G%?sccTCAGCGACGTGTchccTACCCGGGCGGCAccwccamGGA%éﬁf
30

CACCAGGCGCTGACGCGCTCCCCGGTCATCACCAACCACCTCTTCCGCCA

CACCAGGCGCTGACGCCCTCCCCGETCATCACCAACCACCTCTTCCGCCA

CACCAGGCGCTGACGCECTCCCCGETCATCACCAACCACCTCTTCCGCCA

CACCAGGCGCTGACGCACTCCCCGETCATCACCAACCACCTCTTCCGCCA

CACCAGGCGCTGACGCECTCCCCGETCATCACCAACCACCTCTTCCGCCA
351
CGAGCAGGGCGAGECGTTCGCGECETCCEGGTACGCGCGCGCGTCCEGCT
CGAGCAGGECGAGECGTTCGCGECETCCEEETACGCGCGCGCETCCGECT
CGAGCAGGGCGAGECETTCECGGCETCCAAETACGCGCECGCETCCERCE
CCAGCAGGGCEAGGCGTTCECGGCETCCGEETACGCGCGCGCGTCCEELC
CGAGCAGGGCAAGGCETTCCCGECGTCCGEGTACGCGCGCGCGTCCGRLT
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Liall
LiaI4
Lial5

wt _[47

Su lién ing

Lya I1
Lial4
LdaI5
wt_ 147

Su lién \ing

Lua Il

Lida I4

Lda I5

wt 147

Su lién ving

Liall
LdaI4
Laals

wt _ 147
Surlién Gng

Ldall
Lidal4
Laal5
wt__ 147
Sut lién tmg

Laall
Liald
Lial5

wt _ 147
Surlién tng

LiaIl

Lia I4
‘Ldals

wt _ 147
Su lién Wing

Laall
Ldal4
Lual5
wt_ 147

Su lién ing

Lida Il
Ldal4
Lda IS
wt_ 147
Su lién ting

(370)
(370)
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401 450

GCGTCGGGGTCTGCGTCGCCACCTCCGGCCCCGGGGCAACCAACCTCGTG
GCGTCGGGGTCTGCGTCGCCACCTCCGGCCCCGGGGCAACCAACCTCGTG

{386) GCGTCGEGETCTGCGTCGCCACCTCCGGCCCCGGGGCARCCAACCTCGTG
(401)'GCGTCGGGGTCTGCGTCGCCACCTCCGGCCCCGGGGCAACCAACCTCGTG
(401) GCGTCGEEETCTECETCGCCACCTCCGGCCCCGEGGCARCCAACCTCRTG

{420)
(420)
{436)
(451)
(451)

(470)
{470)
(486)
(501)
(501)

(520)
(520)
(536)
(551)
(551)

(570)
(570)
(586)
{601)
(601)

(620)
(620)
(636)
(651)
(651)

{670)
(670)
(686)
(701)
(701)

{720)
(720)
{738)
{751)
{751)

{770)
{770)
(786)
(801)
(801)

451 500
PCCGCGCTCGCCGACGCGCTGCTCCACTCCETCCCGATEGTCCCCATCAC
TCCGCGCTCECCGACGCGCTGCTCGACTCCETCCCEATCGTCGCCATCAC
TCCGCGOTCGCCGACGCGCTCCTCGACTCCGTCCCGATGGTCGCCATCAC
TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGCCATCAC
TCCGCGCTCGCCGACCCGCTGCTCGACTCCGTCCCGATGGTCGCCATCAC
501 550
GGGCCAGETCCCCCGCCECATCATCEECACCEACGCCTTCCAGCAGACET
GEGCCAGETCCCCCGCCGCATGATCGGCACCGACGCCTTCCAGGAGACGC
GGGCCAGGTCCCCCGCCECATGATCGEGCACCGACGCCTTCCAGGAGACGT
GGGCCAGGTCCCCOGCCGCATCATCGECACCGACGCCTTCCAGGAGACGC
GGGCCAGGTCCCCCECCECATGATCGACACCCACGCCTTCCAGGAGACGC
551 600
CCATAGTCGAGETCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
CCATAGTCGAGGTCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
CCATAGTCGAGETCACCCGCTCCATCACCAAGCACAATTACCTTIGTCCTT
CCATAGTCGAGGTCACCCECTCCATCACCAAGCACAATTACCTTGTCCTT

CCATAGTCGAGGTCACCCACTCCATCACCAAGCACAATTACCTTGTCCTT
601 650
GATGTGGAGGACATCCCCCGCGTCATACAGGAAGCCTTCTTCCTCGCGTE
GATGTGEAGEACATCCCCCGCCTCATACAGGAAGCCTTCTTCCTCGCGTC
GATGCTCGAGGACATCCCCCGCGTCATACAGGAAGCCTTCTTCCTCGCGTC
GATGTGEAGGACATCCCCCCCETCATACAGGAAGCCTICTTCCTCGCETC
GATGTGGAGGACATCCCCCECGTCATACAGGAAGCCTTCTTCCTCCCGTC
651 700
CTCGEECCETCCTGACCCGETCCTCATCGACATCCCCAAGGACATCCAGE
CTCGEGCCGTCCTGECCCEETECTCGTCGACATCCCCAAGGACATCCAGE
CTCGAGCCATCCTGECCCEETGCTCETCGACATCCCCARGGACATCCAGE
CTCGEGCCETCCTEECCCEETECTEETCGACATCCCCAAGGACATCCAGE
CTCGEGCCETCCTGECCCEETCCTERTCGACATCCCCAAGGACATCCAGE
701 750
AGCAGATGGCTGTGCCAGTCTGGGACACCTCGATGAATCTACCGGGETAC
AGCAGATGGCTGTGCCACTCTGEEACACCTCGATGARTCTACCGGGAETAC
AGCAGATGGCTGTCCCAGTCTCEGACACCTCCATGAATCTACCGGGGTAC
AGCAGATGGCTGTGCCAGTCTEGEACACCTCGATGAATCTACCGGGGTAC
AGCAGATCGCTCTGCCAGTCTGEGACACCTCCATGARTCTACCGGGETAC
751 800
ATTGCACGCCTGCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
ATTGCACGCCTGCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
ATTGCACGCCTGCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
ATTGOACGCCTGCCCARGCCACCCECGACAGAATTGCTTGAGCAGETICTT

ATTGCACGCCTECCCAAGCCACCCGCEACAGAATTGCTTGAGCAGCTCTT
801 850

GCGTCTGETTGGCGAGTCACGECGCCCGATTCTCTATGTCGETGGTGECT
GCETCTEETTGECGAGTCACCGCECCCCATTCTCTATGTCGGTGCTCGCT
GCGTCTGGTTGGCGACTCACGECECCCCGATTCTCTATGTCGETGGTGGCT
GCGTCTGETTGCECCAGTCACCECECCCEATTCTCTATGTCCATCATGECT
BCGTCTGGTTGGCGAGTCACGGCGCCCCGATTCTCTATGTCGETGGTGECT
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Liall
Ladal4
Lials

wt 147
Su lién dng

Laall
Lial4
Ldals

wt _ 147
Su lién tng

Ldall
Lial4
Lidal5

wt _147
Sy lién tng

Liaall
Liald
Lial5

wt _ 147
Sir lién tng
Luiall
Ldal4
LdalI5

wt 147
Su lién ting

Ldall
LidaI4
Lials

wt _ 147
Su lién Ung

Lidall
Lidal4
Luals
wt_ 147
Su lién ting

Liall
Laal4
Ldal5
wt_147
Su lién Ung

Ldall

Lia I4
Ldal5

wt _ 147
Su lién ttng

(820)
(820)
(836)
{851)
(851)

(870)
(870)
(886)
(901)
{901)

{920)
(920)
{9386)
(951)
{951)

(970)
(970)
(986)
(1001)
(1001)

(1020)
(1020)
(1036)
(1051)
{1051)
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851 . 500
GCTCTGCAECTGGTGATGAAETGCGCCGGTTTGTTGAGCTGACCGGCAIC
GCTCTGCATCTGGTGATGAATTGCGCCGGTTTGTTGAGCTGACCGGCATC
GCTCTGCATCTGGTGAEGAATTGCGCCGGTTTGTTGAGCTGACCGGCATC
GCTCTGCAECTGGTGATGAATTGCGCCGGTTTGTTGAGCTGACCGGCATC
GCTCTGCATCTGGTGATGAATTGCGCCGGTTTGTTGAGCTGACCGGCATg
901 95
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
CCAGTTACAACCACTCTGATGGGCCTCGGCAATTTCCCCAGTGATGATCC
951 1000
GTTGTCCCTCCGCATGC TTGGGATGCATGGCACGGTGTACGCARATTATG
GTIGTCCOTGCGCATGCTTGGGATCCATGECACGGTGTACGCAAATTATG
GITGTCCCTGCGCATCCTTCGGATGCATGECACGGTGTACGCAAATTATG
GTTGTCCCTGCGCATCCTTGGGATGCATGGCACGGTGTACGCAAATTATG
GTTETCCCTGCECATCCTTGGGATGCATGGCACGGTGTACGCARATTATG
1001 1050
CGGTGGATAAGGCTGACCTGTTGCT TGCATTTGGCGTGCGGTTTGATGAT
CGGTGGATAAGGCTGACCTGTTGCTIGCATTIGGCGTGCCGTITGATGAT
CGGTCEATAAGGCTAACCTCTTGCTTGCATTTGGCEGTGCGGTTTGATGAT
CGGTGGATAAGGCTGACCTGTTGCTTGCATTITGGCGTGCGGTTTCATGAT
CGGTGGATAAGGCTGACCTGTTCCTTGCATTTGGCGTGCGCTTTGATGAT
1051 1100
CGTGTGACAGGGARAATTGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA
CCTGTGACAGGGAARATTGAGGCTTTTCCARGCAGGGCCAAGATTGTGCA
CGTGTGACAGGGAARAATTGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA
CGTGETGACAGGGAAAATTGAGCCTTITGCAAGCAGGGCCAAGATTGTGCA
CGTGTGACAGGGAAAATTGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA
1101 1150

(1070) CATTGACATTGATCCAGCGGAGATTGGAAAGAACAAGCAACCACATGTGT
{1070) CATTGACATTGATCCAGCGGAGATTGGAARAGAACAAGCAACCACATGTGT
(1086) CATTGACATTGATCCAGCGGAGATTGGAAAGAACAAGCAACCACATGTGT
(1101) CATTGACATTGATCCAGCGGAGATTGGAAAGAACAAGCAACCACATGTGT
(1101) CATTGACATTGATCCAGCGGAGATTGGAAAGRACAAGCAACCACATGTGT

(1120)
(1120)
(1136)
(1151)
{1151)

(1170)
(1170)
(1186)
(1201)
(2201)

(1220)
(1220)
(1236)
(1251)
{1251)

1151 1200
CAATTTGCGCAGATGTTARGCTIGCTTTACAGGGCTTGAATGCTCTGCTA
CAATTTCCGCAGATGTITAAGCTTGCTT TACAGGGCTTGAATGCTCTGCTA
CAATTTGCGCAGATGTTAAGCTTGCTTTACAGGGCTTIGAATGCTCTGCTA
CAATTTGCGCAGATETTAAGCTTGCTTTACAGGGCTTGAATGCTCTGCTA
CAATTTGCGCAGATGTTAAGCTTGCTTTACAGGGCTTGAATGCTCTGCTA
1201 1250
GACCAGAGCACARCAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
GACCAGAGCACAACAAAGACAAGTTCTCATTTTAGTGCGTGGCACAATGA
GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA -

GACCAGAGCACAACAAAGACAAGTTCTGATTTTAGTGCGTGGCACAATGA
1251 1300

GTTGGACCAGCAGAAGAGGGAGTTTCCTCTGGGGTACAAGACTTITGGTG
GTTGGACCAGCAGAAGAGGGAGTITCCTCTCGCETACAAGACTITIGGTG
GTTCGACCAGCAGAAGAGGGAGT T TCCTCTGGGGTACAAGACTTTTCGTG
GTTGGACCAGCAGAAGAGGGAGTTTCCTCTGGGGTACAAGACTTITTCGTG
GTTGGACCAGCAGAAGAGGGAGTTTCCTCTGGGGTACAAGACTITTGETG
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1301 1350

(1270) AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTCACGAAA
(1270) ARGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
(1286) AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
(1301) AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
(1301) ARAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGARA

1351 1400
(1320) GGGGAGGCAATCATCGCTACTGGTGTTGCACAGCACCAGATGTGEGCEEC
{1320) GGGGAGGCAATCATCGCTACTGGTCTIGGACAGCACCAGATGTEGECEEC
(1336) GGGGAGGCAATCATCGCTACTGETGTTGGACACCACCAGATGTGRRCEEC
(1351) ‘GEGGAGECAATCATCECTACTGCGTGTTGGACAGCACCACGATGTEGECGEC
{1351)  GGGGAGGCAATCATCGOTACTGGTGT TGGACAGCACCAGATGTCGECGEEC

1401 1450

(1370) ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTGGTC
(1370) ACAATATTACACCTACAAGCGGCCACGGCAGTCGCTCTCTTCGGCTGGTC
(1386) ACAATATTACACCTACAAGCGGCCACGECAGTGGCTGTCTTCGGCTGGETC
(1401) ACAATATTACACCTACAAGCGGCCACGGCAGTGECTGTCTTCGGCTGGTC
(1401) ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTGRTC
1451 1500

(1420) TCCGCGCAATGEEATITGEGCTEGCCTGCTGCAGCTGETGCTTCTGTGECT

(1420) TGCECGCAATGGEATTTGCECTCCCTGCTGCAGCTGGTGCTTCTGTGECT

(1436) TCCCCGCARTCEGATTICEECTECCTECTECAGCTGGTGCTTCTETGECT

(1451) ‘TGEECGCAATGCGATTICEECTECCTGCTGCAGCTGGTGCTTCTGTGGAT

(1451) TGGGCGCAATGGGATTTGGGCTGCCTGCTGCAGCTGGTGCTTCTGTGGCT

©1501 1550

(1470) AACCCAGGTGTCACAGTTGTTGATATTGATGGGGATGGTAGCTTCCTCAT

(1470) AACCCAGGTGTCACAGTTGTTGATATTGATGGGGATGCTAGCTTCCICAT

(1486) AACCCAGGTGTCACAGTTGTTCATATTCATGGGGATGGTAGCTTCCTCAT

(1501) AACCCAGGTGTCACAGTTGTTGATATTGATGGCGATGGTAGCTTCCTCAT

(1501) AACCCAGGTGTCACAGTTGTTGATATTGATGGGGATGETAGCTTCCTCAT

1551 1600

(1520) GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGGTGAAGE

(1520) GAACATTCAGGAGTTGGCATTGATCCCCATTGAGAACCTCCCGGTGAAGE

(1536) GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGGTCAAGE

(1551) GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGGTGAAGE

(1551) GAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCGGTGAAGE

1601 1650

(1570) TGATGGTGITGARCARCCAACATTTGGGTATGGTTGTGCAATGGGAGGAT

(1570) TCATGGTGTTGAACAACCAACATTTCCGTATGGTTATGCAATGGGAGGAT

{1586) TGATGGTGTTGAACAACCAACATTTGGGTATCGTTGTGCAATGGGAGGAT

(1601) TGATGGTGTTGAACAACCAACATTTGGGTATGGTTGTGCARTGGGAGGAT

(1601) TGATGGTGTTGAACAACCAACATTTGGGTATCGTTGTCCAATGEGAGGAT

1651 1700

(1620) AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
(1620) AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
(1636) AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
(1651) AGGTTTTACAAGGCAAATAGGGCGCATACATACTTGGGCAACCCAGAATG
(1651) AGGTTTTACAAGGCAAATAGGGCGCATACA&ACTTGGGCAACCCAGAggG
1701 1750

(1670) TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
(1670) TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
(1686) TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
(1701) TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
(1701) TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
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1751 1800
TTCCTCCACTCCATGTAACAARGAAGAGTCAAGTCCGTGCCGCCATCAAG
TTCCTGCAGTCCETGTAACARAGARGAGTGAAGTCCGTGCCGCCATCAAG
TTCCTGCAGTCCGTGTAACAAAGAAGAGTGAMGTCCGTGCCGCCATCAAG
TTCCTGCAGTCCOTGTAACAAAGAAGAGTGAAGTCCGTCCCGCCATCAAG

TTCCTGCAGTCCGTGTAACAAAGAAGAGTGAAGTCCCTGCCGCCATCAAG
1801 1850

(1770) AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA
{1770) AAGATGCTCGATACCCCAGGGCCATACTTIGTTGGATATCATCGTCCCACA

(1786)
(1801)
{1801)

(1820)
(1820)
(1836)
(1851)
(1851)

(1870)
(1870)
(1886)
(1901)
(1901)

{1920)
{1920)
(1917)
(1951)
{1951)

AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA
AAGATGCTCGATACCCCAGGGCCATACTTGTTGEGATATCATCGTCCCACA

AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA:
1851 1900

CCAGGAGCATGTGCTGCCTATGATCCCAAGTGEGGECGCATTCAAGGACA
CCAGGAGCATGTGCTGCCTATGATCCCARAGTGCGRGCCCATTCAARGGACA
CCAGGAGCATGTGCTGCCTATGATCCCAAGTGGGGCCGCATTCARGGACA
CCAGGAGCATGTGCTGCCTATGATCCCARGTGCGGGCGCATTCARGGACA
CCAGGAGCATGTGCTGCCTATGATCCCAAGTCGGGECGCATTCAAGGACA
1901 1950
TGATCCTCCATCETIGATCGCAGGACTGTCTATTAATCTATAATCTGTATG
TGATCCTGGATGETGATGGCAGGACTGTGTATTAATCTATAATCTGTATG
TGATCCTGGATGGTGATGGCAGGACTGTGTA~ -~~~
TGATCCTGGATCETCATGGCAGCACTGTGTATTAATCTATAATCTGTATG

TGATCCTGGATCGTCATGGCAGGACTGTGTATTAATCTATAATCTGTATG
1951 1986

P TGGECARAGCACCAGOCCGEC = mmmmmmmm e mmm

-

TTGGCAAAGCACCAGCCCGGCCTATGTTTGACCTGA
TTGGCAAAGCACCAGCCCGGC
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FIG.3

Sur sip xép cdc trinh tir nucleotit cia IMINTA 1, IMINTA 4, va IMINTA 5 v6i c4c chubi AHAS
gi6ng ltia kiéu hoang

1 . 50
LiaIl 1) wwamem -==~-LSAAATAKTGRRNHORHHVF PARGRVGAAAVRCSAVSEPV
Lia 14 (1) —wimciosimmiommma LSAAATAKTGRKNHORHHVFPARGRVGAAAVRCSAVSPV
Laals (1) =--==AAAAATLSAAATAKTGRKNHORHHVFPARGRVGAAAVRCSAVSPV
Lda _wt_147 (1) MATTAARAAATLSARATAKTGRKNHQRHHVFPARGRVGAAAVRCSAVSEV
Su'lién dng (1) ARAAATLSAAATAKTGRKNHQRHHVF PARGRVGAAAVRCSAVSEV
51 100
Lida I1 (40) TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGISMEL
Lia I4 (40) TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGESMET
Lua IS (46) TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPCGRSMET
Lda_wt_147  (51) TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGASMEL
Sy lién tng {(51) T??SPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGTS?:%
101
Liall (90) HQALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLY
Lda I4 (90) HOALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLY
Lida IS (96) HOALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLV
Lida_wt_147  (101) HQALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLV
Su lién ing (101) HQALTRSPVI’INHLFRHEQGEAFAASGYARASGRVGVCVATSGPGAT;TLV
151 00
LdaTl {140) SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRSITKHNYLVL
‘Léal4 {140) SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRSITKENYLVL
Lda I5 {146) SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRSITKENYLVL
Lda _wt_I47  (151) SALADALLDSVEMVAITGQVPRRMIGTDAFQETPIVEVTRSITKHNYLVL
Su lién tng (151) SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRSITKENYLVL
201 250
Laall (190) DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQQMAVPVWDTSMNLPGY
Lia I4 (190) DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQQMAVPVWDTSMNLPGY
LdaI5 (196) DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQQMAVPVWDTSMNLEGY
Lda_wt 147 (201) DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQOMAVPVWDTSMNLPGY
Sur lién ting (201) DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQOMAVPVWDTSMNLPGY
251 300
Ldall (240) TARLPKPPATELLEQVLRIVGESRRPILYVGGGCSASGDELRRFVELTGI
LiaI4 (240) IARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGI
LiaI5 . (246) IARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGI
Lda _wt_ 147 (251 IARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVELTGI
Su lién tng (251) -I_ARLPKPPATELLEQVLRLVGESRRPILYVGGGCSASGDELRRFVEL'I;%IO
301
Luall (280) PVITTLMGLGNFPSDDPLSLRMLGMHEGTVYANYAVDKADLLLAFGVRFDD
Lia I4 (290) PVITTLMGLGNFPSDDPLSLRMLGMHGTVYANYAVDKADLLLAFGVREDD
Lua I5 (296) PVITTLMGLGNFPSDDPLSLRMLGMHGTVYANYAVDKADLLLAFGVRFDD
Lia_wt_I47  (301) PVITTLMGLGNFPSDDPLSLRMLGMHGTVYANYAVDKADLLIAFGVRFDD
Sut lien tng (301) pvmmcncmpsnnpnumcmxcmmzwvmmmcvnfnn
351 00
Lda Il (340) RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALOGLNALL
Lia J4 (340) RVIGKIEAFASRAKTVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
Lda IS (346) RVIGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALOGLNALL
Lia_wt _I47  (351) RVIGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
Sur lién tmg (351) RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL

-78-



Liall

Lial4

Lials

Lia _wt _147
Su lién Ung

Ldall

Lial4

Ldals

Lda _wt_ 147
Su lién tng

Liall

Ldal4

Lials

Lia _wt_ 147
Su lién Ung

Lia Il

Lua I4

Lials

Laa _wt_ 147
Su lién tng

Lia Il

Lial4

Ldals
Lida_wt_I47
Sirlién ing

(390)
(390)
(3986)
(401)
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(440)
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(490)
(490}
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{501)

(540)
(540)
(546)
(551)
(551)

(590)
{590}
{596)
{601)
(601)
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401 450

DQSTTKTSSDFSAWHNELDQQKREFPLGYKTFGEEIPPQYAIQVLDELTK
Do ST‘I‘K'I‘SSDFSAWEWELDQQKREFPLGYKTFGEEIPPQYAIQVLDEL‘_I‘K

DOSTTRTSSDFSAWHNELDQOKREFPLGYKTFGEEIPPQYATQVLDELTK
DOSTTRTS SDFSAWHNELDOOKREF PLGYKTFGEEIPPQYATQVLDELTK
DQSTTKTSSDFSAWHNELDQOKREFPLGYKTFGEE IPPQYAIQVLDEI;‘;‘IO(
451

GEATIATGVGOHOMWAAQYYTYKRPRQWLSSAGLGAMGFGLPAAAGASVA
GEAIIATGVGOHOMWAAQYYTYKRPROWLS SAGLGAMGFGLPAAAGASVA
GEATTATGVGOHOMWAAQYYTYKRPRQWLSSAGLGAMGFGLPAAAGASVA
GEATIATGVGOHOMWAAQYYTYKRPROWLSSAGLGAMGFGLPAAAGASVA

GEAIIATGVGOHOMWAAQYYTYKRPRQWLSSAGLGAMGFGLPAAAGASVA
501 550

NPGVTVVDIDGDGSFLMNIQELALIRIENLFVKVMVLNNQHLGMVVOWED
NPGVTVVDIDGDGSFLMNIQELALIRIENLPVKVMVLNNQHL.GMVVQWED
NEGVTYVDIDGDGSFLMNIQELALIRIENLPVKVMVLNNQHLGMVVQWED
NPGVTVVDIDGDGSFLMNIQELALIRIENLEPVKVMVLNNQHLGMVVOWED
NPGUTVVDIDGDES FIMNIQELAL IRTENLPVKVMVLNNQHLGMVVQWED
551 600
RFYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVTKKSEVRAAIK
RFYKANRAHTYLGNPECESETIYPDFVTIAKGFNIPAVRVIKKSEVRAAIK
REYKANRAHTYLGNPECESEIYPDFVIIAKGFNIPAVRVTKKSEVRAAIK
RFYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVTRKKSEVRAAIK

RFYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVTKKSEVRAATK
601 644

KMLDTPGPYLLDIIVPHQEHVLPMIPSGGAFKDMILDGDGRIVY
KMLDTPGPYLLDIIVPHQEHVLPMI PSGGAFKDMILDGDGRTVY
KMLDTPGPYLLDIIVPHQEHVLPMIPSGGAFKDMILDGDGRTV-
KMLDTPGPYLLDIIVPHOEHRVLPMIPSGGAFKDMILDGDGRTVY
KMLDTPGPYLLDIIVPHQEHVLPMI PSGEGAFKDMILDGDGRTVY
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FIG.4A

Trinh ty nucleotit AHAS c6 d¢ dai hoan chinh tao ra kha nang khéng chat diét co
imidazolinon (SEQ ID NO: 11) ‘

ATGGCTACGACCGCCGCEECCECEECCECCACCTTECTCCGCCGCCGCGAL
GGCCAAGACCGGCCGTAAGAACCACCAGCGACACCACGTCTTTCCCGCTC
GAGGCCGGATGGEGEACEGCEGCECTCAGEGTECTCCECGETETCCCCGETC
ACCCCGCCETCCCCEGCGCCECCEGCCACGCCECTCCGECCETGGGGECC
GGCCGAGCCCCGCAAGGGCCGCEEACATCCTCGTGGAGGCGCTGGAGCGGET
GCGGCETCAGCGACGTETTCCCCTACCCGEGCGCCACCGTCCATGGAGATC
CACCAGGCGCTGACGCGCTCCCCGETCATCACCAACCACCTCTTCCGCCA
CGAGCAGGEGCGAGGCETTCGCEGCETCCGGETACGCGCGCECGTCCEGCC
GCETCGEEETCTGCETCGCCACCTCCGGCCCCGECGCAACCAACCTCGTG
TCCGCGCTCGCCGACGCGCTGCTCCACTCCGTCCCGATGGTCGCCATCAC
GGGCCAGGTCCCCCGCCCCATGATCGGCACCGACGCCTTCCAGCGAGACGT
CCATAGTCGAGGTCACCCGCTCCATCACCAAGCACAATTACCTTGTCCTT
- GATGTGGAGGACATCCCCCGCGTCATACAGGAAGCCTTCTTCCTCGCGTC
CTCGGGCCGTCCTGGCCCGETGCTGGTCGACATCCCCARGGACATCCAGC
AGCAGATGGCTGTECCAGTCTEGGCACACCTCGATCAATCTACCGGGGTAL
ATTGCACGCCTGCCCAAGCCACCCGCGACAGAATTGCTTGAGCAGGTCTT
GCGTCTGETTGGCGAGTCACGGCEGCCCGATTCTCTATGTCGGTGGTGGCT
GCTCTGCATCTGGTGATGAATTGCGCCCGTTTGTTGAGCTGACCGGCATC
CCAGTTACAACCACTCTGATGGGCCTCGCCAATTTCCCCAGTGATGATCC
GCTIGTCCCTCCGCATGCTTGGGATGCATGGCACGGTGTACGCARATTATG
CGGTEGATAAGGCTGACCTGTTGCTTGCATTIGGCGTGCGGTTTGATGAT
CGTGTGACAGGGAAAATTGAGGCTTTTGCAAGCAGGGCCAAGATTGTGCA
CATTGACATTGATCCAGCGGAGATTCCAAAGAACAAGCAACCACATGTGT
CAATTTGCGCAGATGTTAAGCTTGCTTTACAGGGCTTGAATGCTCTGCTA
GACCAGAGCACAACAAAGACAAGTTCTGATTITAGTGCGTGGCACAATGA
GTTGGACCAGCAGAAGAGGGAGT TTCCTCTGGEGTACAAGACTTTTGGTG
AAGAGATCCCACCGCAATATGCTATTCAGGTGCTGGATGAGCTGACGAAA
GGGGAGGCAATCATCCCTACTGCGTCGTTGGACAGCACCAGATGTGGGCGGC
ACAATATTACACCTACAAGCGGCCACGGCAGTGGCTGTCTTCGGCTGGTC
TGGGCGCAATGCCATTTCGECTGCCTGCTGCAGCTGGTGCTTCTGTGGCT
AACCCAGGTGTCACAGTTGTTGATATTGATCGGCATGGTAGCTTCCTCAT
CAACATTCAGGAGTTGGCATTGATCCGCATTGAGAACCTCCCCGTGAAGG
TGATGGTGTTGAACAACCAACATTTGGCTATGGTTGTGCAATCGGAGGAT
AGCTTTTACAAGGCAAATAGGGCCCATACATACTTGGGCAACCCAGAATG
TGAGAGTGAGATATATCCAGATTTTGTGACTATTGCTAAAGGGTTCAATA
TTCCTGCAGTCCGTGTAACAAAGAAGAGTGARGTCCGTGCCGCCATCAAG
AAGATGCTCGATACCCCAGGGCCATACTTGTTGGATATCATCGTCCCACA
CCAGGAGCATGCTGCTGCCTATGATCCCARGTGEGGEGCGCATTCAAGGACA
TGATCCTCGATGGTGATGGCAGGACTGTGTACCTGA
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FIG.4B
Trinh tu axit amin AHAS ¢6 do dai hoan chinh dugc suy dién tao ra kha nang khéng chét
diét c6 imidazolinon (SEQ ID NO: 12)

MATTAAAAAATLSAAATAKTGRKNHORHHVF PARGRVGAAAVRCSAVS PV
TPPSPAPPATPLRPWGPAEPRKGADILVEALERCGVSDVFAYPGGTSMET
HQALTRSPVITNHLFRHEQGEAFAASGYARASGRVGVCVATSGPGATNLY
SALADALLDSVPMVAITGQVPRRMIGTDAFQETPIVEVTRS ITKHNYLVL
DVEDIPRVIQEAFFLASSGRPGPVLVDIPKDIQQQOMAVPVWDTSMNLEGY
TARLPKPPATELLEQVLRLVGESRRPILYVGGECSASGDELRRFVELTGI
PYTTTLMGLGNF PSDDPLSLRMLGMHGTVYANYAVDRADLLLAFGVRFDD
RVTGKIEAFASRAKIVHIDIDPAEIGKNKQPHVSICADVKLALQGLNALL
DQSTTKTSSDFSAWHNELDQOKREFPLGYKTFGEEI PPQYATQVLDELTK
GEAIIATGVGOHOMWAAQYYTYKRPRQWLSSAGLGAMGFGLPAAAGASVA
NPGVTVVDIDGDGSFLMNIQELAL IRTENLPVKVMVLNNQHLGMVVQWED
RFYKANRAHTYLGNPECESEIYPDFVTIAKGFNIPAVRVTKKSEVRAATK
KMLDTPGPYLLDIIVPHOEHVLEPMIPSGGAFKDMILDGDGRTVY
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FIG.5
I 1 11}
IMINTA 1 IMINTA 1
) IRGA 417 i
khong duge xir 1y khong duoce xir 1y
’ IMINTA 1 | |
IMINTA1 3X ) IMINTA1 3X
khong duge xir 1y
IRGA 417 IMINTA 13X IRGA 417
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FIG.7

San Iuong hat d6 4m 14%

San lwgng hat
Viée xtr ly trung binh
Kg/ha
IMINTA1 3X 3323 a
IMINTA1 TEST 2908 a
IRGA 417 2796 a
l.s.d 763
c.v.% 11,2
P= 0,244
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FIG.8
Thanh phan san luong
IMINTA1 3X 453 a 21,7567 a 37,26 59,23 a 26804 a
{{1}\143\? Qré ¢ xir g 405 ab 21,2567 b 37,05 51,06 a 21145 ab
IRGA 417 307b 22,1067 a 27,99 62,10a 19061 b
Ls.d 116 0,4386 14,9 3,29 6889
cv.% 13,2 0.9 19,2 2,52 13,6
P= 0.057 0,014 0,257 0,002 0,076
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