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Linh vue ky thuat dwoc dé cap

Séang ché d& cap dén cay laa dot bién ma: (1) khang/dung nap chit rc ché ACCaza
& ndng do chat tre ché twong dbi cao do tac dung hiép ddng cia cac gen trong hai viing ctia
hai nhi®m sic thé khac nhau; (2) khang/dung nap ca hai thudc diét ¢ e ché HPPD va
ACCaza; va (3) chi khang/dung nap thudc diét c¢6 we ché 4-hydroxyphenylpyruvat
dioxygenaza (HPPD). Sang ché ciing dé cap dén cac phuwong phap phong trir cé dai bang
cach st dung cdy lta voi cac cdy trong khang/dung nap thude diét c¢é nay trong rudng c6
thé duge phun hodc duge xr Iy theo cach khac bang thube diét c¢o. Sang ché con dé cap
dén cac phuwong phap san xuét cay lia khang/dung nap thubc diét cé.

Tinh trang k§y thuit ciia sang ché
Gié tri cua cay lua

Cay lua 1a cay nong nghiép tir xa xwa va ngay nay 13 mét trong s céc ciy luong
thuc chinh cta thé gii. C6 hai loai lua dugc trdng: Oryza sativa L., 1aa chau A, va Oryza
glaberrima Steud., laa chau Phi. Loai chau A chiém hau hét laa dugc trong ctia thé gidi va
1 loai duogc trdng & M§. Ba vung san xuét lta chinh hién c6 & M§: déng bang Mississippi
(Arkansas, Mississippi, déng bic Louisiana, d6ng nam Missouri), duyén hai vinh Mexico
(tdy nam Louisiana, déng nam Texas), va thung liing trung tdm California. C4c qubc gia
khéc, cu thé 1a & Nam My va phuong Pong, 13 cic qubc qua san xuat laa chinh.

Lua 1a mot trong sb it cdy trong c6 thé dugc tréng trong ving ngap néng do né co
cdu triic duy nhat cho phép trao d6i khi qua than giita ré va khong khi. Sy sinh truéng trong
ving ngdp néng tao ra cac nang suat tot nhit va 1a ly do ma cy laa thuong duoc trong trén
dat sét nang, hoic dét c6 16p dét cimg khong thim nim ngay dudi mat dat. Cac loai dit nay
thuong khong thich hop cho céc cdy trdng khac hodc du trong diéu kién tot nhat thi cac cay
trdng ndy van cho ning suat kém.

Viéc cai thién 6n dinh cdy lGa la cip bach dé cung cdp dinh dudng can thiét cho dén
s6 thé gidi ngay cang tang. Phan 16n dan sb thé gidi tidu thu 1aa lam ngudn dinh dudng co
ban, va céc cdy trong phai mau 16n trong cac didu kién méi truong khiac nhau bao gdm
canh tranh v6i ¢ dai va cac cudc tAn cong boi céc tic nhan bt loi. Viée cai thién cdy lta

duoc thuc hién qua cac phuong phap lai théng thudng ciing nhu bang cac k¥ thuét di truyén
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t4i t6 hop. Hién nhién ngoai nguyén tic nay, viéc cai thién cy tréng cin dén k¥ nang khoa
hoc va k§ thuat thanh thao va két qua thuong khong dy doéan dugc.

Mic du cac muc tiéu lai cy thé thay dbi nhat dinh & cac ving san xuét laa khac nhau
clia thé gidi, ting ning suét 12 muc dich chinh trong tit ca cac chuong trinh.

Lai gidng cdy bat dau bang viéc phén tich va xac dinh d6 manh yéu cua céc cay
trdng hién c6, tiép theo 14 thiét 1ap c4c muc tiéu chuwong trinh, dé cai thién cac ving yéu dé
san xudt cc cdy tréng maéi. Cac muc tiéu lai cu thé bao gdm két hop trong cdy trdng duy
nhét t& hop cac tinh trang mong mudn duoc cai thién tir céc ngudn gibng (bd me). Cac tinh
trang mong mubn c6 thé duogc dua vao do cac dot bién ngﬁu nhién hodc dugc cam ng.
Céc tinh trang mong mudn bao gdm ning suét cao hon, khang stress moi treong, bénh va
con trung, than va ré t8t hon, chiu duoc nhiét do thép, dédc tinh nong hoc tdt hon, gia tri
dinh dudng va chét lugng hat.

Vi du, nha chon gidng trudc hét chon va lai hai hogc nhiéu dong bb me, tiép theo 1a
chon c4c tinh trang mong mudn trong sb nhidu t6 hop di truyén méi. Nha chon gibng c6
thé tao ra theo 1y thuyét hang ty t& hop di truyén khac nhau qua viéc lai (lai chéo). Viéc
chon gidng bang cach lai va tu thyu phén, khong tac dong dén viéc kiém soat truc tiép & cip
do té bao. Tuy nhién, kiéu kiém soét nay c6 thé dat duge mot phan bing cach sir dung céc
k¥ thuat di truyén tai t6 hop.

Chon gidng theo pha hé duge st dung phd bién dé cai thién cac cdy trdng tu thu
phan nhu cay lua. Vi du, hai cay bd me c6 c4c tinh trang bo tro thich hop duoc lai chéo vai
nhau tao ra thé hé F;. Ban thdn mot hodc ca hai cdy bb me c6 thé 1a F; tir phép lai trude do.
Két qua 13, quan thé riéng biét dwoc san xuét, bang cach trong hat gidng tao thanh tir su tu
thu phén mdt hodc vai ca thé Fy néu hai cay bb me 14 cac dong thuén, hoic béng cach tréng
truc tiép hat giéng tao thanh tir phép lai ban ddu néu it nht mot trong hai cay b6 me 1a F.
Viée chon cac hé gen c4 thé t6t nhét c6 thé bit dau trong quan thé riéng biét hodc Fa; tiép
theo, bt d4u trong Fs, cac c4 thé tdt nhét trong cac thé hé tét nhat dugc chon. “Tdt nhat”
dugc x4c dinh theo muc tiéu cia chuong trinh chon giéng cu thé, vi du, dé tdng ndng suét,
khéng bénh. N6i chung, phuong phép da nhan t6 duge s dung dé xac dinh gia tri “tbt
nhat” do céc tuong tac di truyén. Gen mong muén trong mot nén di truyén nay c6 thé khac
trong mot nén khéc. Ngoai ra, viéc dwa gen vao c6 thé lam x4o trdn cac dic tinh di truyén
thuan loi khac. Viéc thir nghiém 13p lai cdc thé hé c6 thé bit du trong thé hé Fy dé cai thién

hiéu qué chon loc c4c tinh trang c6 tinh di truyén thip. O giai doan nang cao ctia lai dong
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huyét (ttc 13, Fg va F7), cac dong hoic hdn hop tdt nhét cta cac dong tuong tu vé& mit kiéu
hinh duogc thir nghiém vé& su tach tiém tang thanh cédc dong b me mai.

Lai nguoc duge str dung dé truyén cac gen ddi vai tinh trang di truyén cao vao ciy
trdng ddng hop tir mong mudn hodc dong dong huyét 1a gidng truy hdi. Ngudn tinh trang
cin truyén duogc goi 1a gidng cho (thé cho bd me). Cay tao ra dugc cho 14 ¢6 dic tinh cia
gibng truy hdi (vi du, cdy trdng) va tinh trang mong mudn duogc truyén tir gibng cho. Sau
phép lai ban dau, cac ca thé c6 kiéu hinh cia gidng cho dugc chon va lai 1ap lai (lai nguoc)
v6i gibng truy hdi. Quy trinh nay duoc st dung dé phuc hoi tit ca cac dic tinh c6 loi cta
gibng truy hdi c6 bd sung tinh trang méi duoc cung cép boi giéng cho.

Céc dong lai cai tién hira hen dugc thtr nghiém k¥ va so v6i céc dong chuén thich
hop trong cdc mdi trudmg dai dién cho cac viing dich thwong mai trong it nhét ba nam hodc
nhidu hon. C4c dong tt nhét 1a cac dong tuyén chon cho cac giéng hoic gidng lai thuong
mai mé6i; chung van thiu mot vai tinh trang c6 thé duge st dung 1am gibng dé san xuét
céc quin thé méi cho budc chon loc tiép theo.

Céc quy trinh nay, c6 thé dan dén budc cudi 12 thwong mai hoa va phan phéi, thuong
can tir 8 dén 12 nim tr lc phép lai dau tién duge thuc hién va co thé phu thudc vao su
phat trién ctia cdc dong lai dugc cii thién lam gibng. Do do6, viéc phat trién cac cay trong
md&i khong nhing 14 quy trinh tiéu tén thoi gian, ma con can dén viéc 1ap ké hoach tuwong
lai chinh xac, viéc st dung tai nguyén hidu qué, va viéc giam dén mirc tbi thidu céc thay
d6i vé chidu huéng. Céc két qua nay bao gdm céc td hop di truyén méi khong duge tim
thdy trong tuw nhién.

Viée cai thién nhét dinh d6i v6i cdy lta qua viée lai c6 thé bi gidi han & bién dj di
truyén tu nhién & cdy lua va loai lai, nhu lia hoang. Viéc dua vao bién di méi trong chuong
trinh lai thudng 1a qua chuong trinh lai nhu dwgc mo ta, nhu lai theo phé hé hodc lai nguoc.
Tuy nhién, doi khi cdc dot bién tur nhién dugc phat hién dan dén viéc dua vao cac tinh trang
m6i nhu khang bénh hodc thay dbi chiéu cao. Cac nha chon gidng ciing di phat trién cac
tinh trang méi bing cach dwa céc dot bién (cac thay dbi nho trong trinh tu ADN) véao hé
gen cdy lua. Mot s& dot bién hodc td hop gen nay khong duoc tim thy trong tu nhién. N6i
chung, EMS hoic natri azit + MNU duoc st dung lam chat gay dot bién. Cac hoa chét nay
ngdu nhién gay ra céc thay dbi bazo duy nhit trong ADN, thuong 1a G va C dugc bién dbi
thanh A va T. Toan bd céc tac dung la khong du doan dugc. Phén 16n céc thay dbi nay déu

khong c6 tdc dung doi voi cay trong do ching ndm ngoai cdc vung ma hda cua gen hodc
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khong 1am thay dbi trinh ty axit amin ctia san phdm gen. Tuy nhién, mét sd tao ra céc tinh
trang m&i hodc hop nhét cac thay d6i ADN méi vao cac dong trude do.

Cho dén gin day, nha chon gidng khong kiém soat trure tiép cac vi tri dot bién trong
trinh tuy ADN. Viéc nhan dang céc thay d6i hitu ich 1a do kha ning ngau nhién réng dot
bién hitu hiéu s& duge cam tng va ring nha chon gidng s& nhan biét duoc cac hidu tng
kiu hinh ca thay dbi nay va c¢6 thé chon va nhan rong cdy lta c6 dot bién do.

Hat gibng duoc xir Iy bang héa chit gay dot bién hodc tc nhan khéc va duge trdng
ngay dé sinh truéng va tao ra hat giéng M2. Hat gibng M2 s& mang nhiéu bién di méi; do
do, khong co6 truong hop ma hai thi nghiém lai tao ra cung td hop. Trong sb cac bién di
nay, cac tinh trang mai trude dé khong tdn tai & cdy lua va khong thé sir dung duoc cho
viée chon loc boi nha chon gibng cdy c6 thé duge phat hién va duogc st dung dé cai thién
cy lua.

Dé phat hién c4c tinh trang méi, nha chon gidng phai sir dung cac chién Irgc chon
loc hi€éu qua do quy trinh gdy dot bién ¢6 tAn sb t hop mai hiru ich cuc thap. Trong hang
ngan bién thé di truyén méi duge cam Gng, c6 thé chi c6 mot bién thé c6 tinh trang méi
mong mudn. Hé thdng chon loc t6i vu s& chon loc qua hang ngan bién thé méi va cho phép
phat hién mot vai hodc tham chi mot cdy duy nhit c6 thé mang tinh trang méi. Sau khi
nhéin dang va phat hién tinh trang méi c6 thé c6, nha chon gibng phai phat trién cay trong
m&i bang cach lai theo pha hé hodc lai ngugc, tiép theo 14 thir nghiém nhéan rong dé xac
nhan tinh trang m&i va cdy trong biéu hién én dinh va gia tri truyén duogc cho giéng lua san
XUAt.

Béng céch st dung k¥ thuat di truyén tai t6 hop, cac phén tir axit nucleic c6 cac dot
bién ma hoa cac dic tinh duoc cai thién & cdy lda, ¢ thé duoc dua vao cdy lia cé cac hé
gen thich hop vé mat thuong mai. Cac phuong phap thao tac gen nhu CRISPR, va céc k§
thuat x4c dinh trinh tu hién dai cho phép nha chon gidng dinh huéng céc cai thién ciy trdng
phuc tap, va thic déy tién trinh nay dén viéc thuong mai hoa. Sau khi mot dot bién duoc
nhan dang bing phuwong phép bét ky, n6 ¢6 thé duge chuyén vao cdy lua bang céc k¥ thuat
tai td hop, va kiém tra d& dam bao sw phit hop khong bi gy hai.

Tinh khang thudc diét c6 & cay lua

C6 dai va cac loai canh tranh khéc vé tai nguyén trong rudng cdy trong canh tranh

tai nguyén va lam giam rat nhidu ning sudt va chét lwong cua cdy trdng. Co dai da duoc

phong trir & cay trdng qua viéc phun céc thudc diét cd chon loc diét co dai, ma khong lam
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hai céy trong. Thong thudng, tinh chon loc cta thubc diét cé dua trén céc bién ddi hodc
khéc biét sinh hoa gifta cay trdng va c6 dai. Mot s6 thude diét co khong cé tinh chon loc,
nghia 1a chiing diét tt ca hoic hAu nhu tit ca cac loai cdy. Cac thude diét co khong chon
loc hodc phd rong co thé duge sir dung & cay trong néu cac gen mai dugc ci vao biéu hién
cac protein dic hiéu truyén tinh dung nap hoic tinh khéng thudc diét co. Tinh khang thude
diét co ciing dat duge & cdy trong qua cdc dot bién di truyén 1am bién ddi céc protein va
cac qua trinh sinh hoa. Cac dot bién nay co thé xay ra trong tu nhién, song hau hét ching
dugc cdm Gng & cdy trdng in vitro trong cic san phim nudi ciy md hoic bang cach cam
ting cac dot bién in vivo. Khong may 14 trong mot sd truong hop, dic biét véi viée sir dung
lap lai thubc diét co cu thé, co dai da phat trién tinh khang qua su chon loc khong du tinh
cac dot bién ty nhién tao tinh khéang. Khi c6 dai tré nén khing thude diét co cu thé, thube
diét co d6 khong con hitu ich dé phong trir ¢6 dai. Sy phat trién tinh khéng & cé dai dugc
tri hodn t6t nhit bing cach luan phién st dung céc kidu tac dong khac nhau dé phong trir
c6 dai, ngan can sy phét trién clia cac co c6 tinh khang.

Viéc san xuét lta bi gdy hai béi cac ciy 14 rong va cu thé 13 kho phong trir ¢o dai
ma duoc goi 1a laa do. Mot kho khan phét sinh 1a lta dé rét gibng v& mit di truyén véi lua
trdng (do6i khi ching thu phan chéo) ma chua c6 thube diét ¢6 chon loc kha dung dé diét
Ita d6, ma khong lam hai lta trdng. Viéc phong trir hién duge dé xuit trong san xuét lta
thuong mai qua viéc phat trién cac dot bién dugc phat hién & cdy Ita lam cho cay lta khang
thubc diét co phd rong, tirc 1a cac thubc diét c¢6 imidazolinon va sulfonylure. Lua khéng
thudc diét cd ma e ché cac cay c6 hai khac, nhu cdy 14 rong, 1a can co.

Pén nay, hau hét cac loai lua dung nap thudc diét co déu lién quan dén sy thay ddi
di truyén don 18, dang chu y 1a sy thay ddi trong enzym dich 1am bién dbi dap img ctia n6
v6i chit &re ché. Cac nguyén nhan phtec tap hon cta sy khang/dung nap c6 thé can c6 dé
dua vao cdy, do ching tiép tuc chuyén chd do céc nguyén nhan ty nhién, va tdng can trd
c6 dai phat trién tinh khang.

Viéc phat hién cdc dot bién méi & cdy lta lam cho né khéng nhiu loai thude diét
¢6, hdn hop thude diét ¢o c6 cac kiéu tic dong thay thé, cu thé tinh khang duoc ting cuong,
c6 thé tao thuén loi 16n cho san xuét lua. Viéc thu nhan va dua cac gen khing thudc diét co
vao hé gen cay lta vdi cac dic tinh phu hop bd sung, va céc tinh khang thay thé 14 thach
thirc, khong du doan dugce, ton thoi gian va dit do, song can thiét & dap tmg nhu cau thuc

pham ngdy cang ting cua thé giéi.
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Bén chit ky thuit cia sang ché

Pugc md ta va boc 10 trong ban md ta nay 1a cac dong lua méi va khéc bi€t co cac
tinh khang doc nhét, trong mét s6 t hop 1a hiép dong, ddi véi thudc diét cé — cu thé 1a cac
thube diét cé uc ché ACCaza va HPPD, va hdn hop cta chung. Thube diét co e ché
ACCaza bao gbm quizalofop, propaquizafop va fluazifop. Thudc diét c6 trc ché HPPD bao
gb6m mesotrion, benzobixyclon, va hdn hop cta chang.

Céc vung di truyén lién quan dén su khang/dung nap thude diét cé thudc ho FOP

Su phat trién quén thé dot bién va viéc sang loc duogc thuc hién vé tinh khéng thube
diét c¢6 FOP, cho phép nhéan dang hai vung di truyén dot bién lién quan dén tinh khang
Quizalofop. Mot trong sd cac vung gay ra tinh khdng nay, c6 ky hiéu la RTA1, dugc xac
dinh l1a nam trong locut dich da biét cta gen ACCaza trén nhi®m sic thé 5. Do d6, n6 1a vi
du dién hinh cho tinh khang thudc diét c¢6 dic higu dich (TSR: Target Specific Resistance).
Vung khéc, ¢6 ky hiéu 1a RTA2, dugc x4c dinh 1a nim trén nhidm sc thé 1, trong vung
chua dugc thong bao trude day 1a lién quan dén tinh dung nap thudc diét c6 FOP, va khong
lién quan dén trinh tu axit amin cua ACCaza. Vung thir hai nay duong nhu 1a truong hop
cta tac nhan khang khong dic hiéu dich (NTSR: Non-Target Specific Resistance).

Céc nén di truyén 1a khong gidng nhau & hai dong RTA1 va RTA2. Mot dong duoc
gdy dot bién, dong con lai dugc chuyén nguoc thanh dong thong thuong.

Cac dong RTA1 vaRTA2 1a ddng hop tir vé cac tinh trang khang/dung nap chét trc
ché ACCaza va 12 lai gan.

Cac vung di truyén gay ra tinh dung nap thudc diét co cia RTA1 va RTA2 ¢6 céc
tac dung lan thiét yéu can dén tinh ddng hop tir dé ¢ tac dung dung nap hoan toan. Cac
dong nay duoc ky hiéu 1a “RTA1 va RTA2” song céc thudt ngit ndy ciing chi cac dot bién
dic hiéu bén trong cac dong nay. Cac vung nay li€n quan dén tinh dung nap thudc diét co.
RTA1 tao tinh khang bang co ché TSR

Gen khang bi dot bién RTA1, dugc x4c dinh 14 dot bién diém duy nhat trong ADN
ctia gen ACCaza, trong d6 nucleotit guanin (G) & cdy lua khong dot bién, kiéu dai, dugc
thay bang adenin trong ADN dot bién, tao ra su thay d6i trong trinh tu axit amin glyxin
thanh serin (G thanh S) trong vi tri dich protein dugc biéu hién anh hudng dén vi tri hoat
dong da biét trong protein nay (G2096S). Piéu nay lam thay di tac dong diét cd & vi tri
lién két then chét trong enzym ACCaza (dugc tim thdy trong luc lap), 4nh huéng dén sy

lién két cua thude diét co voi protein ACCaza, va phong bé qué trinh biéu hién doc tinh
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thuc vat. Do d6, cac cady mang dot bién khong chét khi tiép xtc voi thudc diét co. Pot bién
dwoc nhin dang bing cach phan tich trinh tu ciia gen ACCaza va so khép chinh xéc cac
dot bién khang FOP gibéng hét trong cac vi tri tuong ddng & cac cdy trong khac, va & cac
loai thuc vat.

RTA2 tao tinh khang bdi co ché NTSR

Trong truong hgp cia RTA2, dot bién lién quan dén su khang/dung nap dugc 14p
ban dd cho Chr.1 (khong gibng RTA1 nim trén Chr.5), dugc ching minh ca bang phéan
tich ban dd lién két va bing MutMap (1ap ban dd dot bién bang chién luge x4c dinh trinh
tu toan hé gen). Trong viing ndy ctia nhiém sdc thé 1, chua c6 thong bdo vé cac gen ACCaza
hodc twong tu ACCaza duogc sao chép hodc tién hoa théng, gen dich cua thude diét cé FOP.
Do d6, co ché dung nap Quizalofop do d6t bién RTA2 nay gay ra, khong thé duoc x4ac dinh
dic diém 1a “vi tri dich”. Thay vao d6, RTA2 dugc coi la ving hogc vi tri di truyén tinh
khang “khéng phai vi tri dich”, con dugc goi trong tai liéu chuyén nganh la tinh dung nap
thudc diét co “trén co s& khong phai vi tri dich hodc co ché” (NTSR).

Phong trir cé dai

Céc dong méi nay c6 cac kha nang phong trir ¢d dai dugc cai thién.

Phuong phip phong trir ¢ dai trong rudng lda sir dung cdy laa trong rudng khang
nhiéu thude diét .

Rudng lta dugce tiép XUc v6i it nhat mot thube diét o, hodc nhiéu thube diét co, vi
du, thubc diét c6 bat ky co thé thudc vé ho thudc diét co duoc biét 1a chit tc ché ACCaza,
hodc thube diét co bét ky c6 thé thude vé 16p thube diét co duge biét 1a thube diét co e
ché HPPD.

San xudt cdy lta khang thudc diét ¢6

Phuong phép trong cdy laa khdng/dung nap thudc diét cé bao gbm cac budc (a)
trong hat lia gidng c6 tinh khéng; (b) cho hat lta gidng nay mam; (c) phun mot hodc nhiéu
thubc diét c¢6 cho mam lua & murc ma thude diét cé thuong co thé wc ché sy sinh trudng
cua cay lua, va chon céc cdy séng s6t dé nhan rong.

Céc phuong phép san xuét cdy lta dung nap thudc diét co ciing c6 thé sir dung gen
chuyén hodc nhiéu gen chuyén, hodc cic phuong phap thao téc di truyén méi nhu CRISPR.
Mot phuong an ctia phuong phép nhu vay 1a bién nap té bao cua cay lua bing gen chuyén,
trong do6 cac gen chuyén nay ma hoa 2 ving di truyén khac nhau ma khi dugc t6 hop sé&

dan dén tinh khang hiép dong ddi véi céc chét trc ché ACCaza, hosic HPPD va enzym
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ACCaza dé tao tinh dung nap & cac cdy laa thu duge dbi véi mot hoic nhiéu thubc diét co.
Té bao thich hop bat ky co thé duoc sir dung dé thuc hién cac phuong phép nay, vi du, té
bao c6 thé & dang md seo.

Cay mét 14 mam khang/dung nap chét trc ché ACCaza, & mirc cao hon so véi mirc
dung nap boi cac cdy khong c6 cac vung di truyén tir cac hé gen ciia cac dong lia RTA2
va RTAL1 hoic cac dong twong dwong, 13 thich hop dé phong trir co dai va phat trién dong
méi. Cac dang tuong duong c6 thé 14 cac ving di truyén c6 cing két qua ma héa trén nhiém
sdc thé 5, va cling vecto chira cac dot bién nhu trén nhiém séc thé 1, véi cac tac dung hiép
ddng khi dugce t6 hop.

Ving trong hé gen ctia dong lua RTA2 la dot bién ma hoa thay thé glyxin thanh
serin ¢ vi tri 2096.

Ving nhidm séc thé s6 1 & dong lia RTA2 nim giita vi tri C1-32083963 va Cl-
36386713 véi cac trinh tu nucleotit ddt bién nhu dwoc thé hién trong bang 1A va 1B. Ving
nay 1a ving dugc lién két sat nhau vé6i cac dot bién duogc thé hién & céc vi tri cu thé trong
cac bang 1A va 1B. Khi céc vecto chira cac dot bién nay c6 mit trong ciy lua tac dung
RTA2 dugc thé hién.

Hat gidng ciia cdy Iia duogc boc 16 trong bdn mo ta nay dugce luu giit dudi dang cac
s6 hiéu luu giit tai ATCC 12 PTA-122646 va 124233,

Phuong phap san xuét cdy lta khéng thudc diét ¢ Grc ché ACCaza, & mirc cao hon
dang ké so voi mirc dung nap bdi cac cdy khdng c6 cac ving di truyén tao ra tinh khang
bao gbém cac bude:

a. thu nhan céc ving di truyén vé co ban giéng véi cc cling trong cac hé gen cla cac
cdy laa c6 ky hiéu RTA1 va RTA2 tao tinh khdng/dung nap chét tc ché ACCaza; va

b. dua cac ving di truyén vao cac dong lta dé thay thé cac ving kiéu dai khong tao tinh
khang thudc diét c6 & mire hitu ich cho cay trong thuong mai.

Céc t& bao duoc tao ra tir hat giéng khang thudc diét cd, céc cdy dugc trong tir hat
gidng nhur vy va cac té bao dugc tao ra tir cac cdy nhu vdy, thé hé con cua cac cdy duoc
tréng tir hat giéng nhu vay va céc té bao dugc tao ra tir thé hé con nhu vay la nam trong
pham vi cua sang ché. Sy sinh truéng clia cic cay dugc san xudt tir hat giéng luu gitt, va
thé hé con ciia cdc ciy nhu vay thudng s& khang/dung nap thude diét cd, tire 1a e ché
ACCaza, rc ché HPPD hoic ca hai, & muc thudc diét c6 ma thuong c6 thé e ché su sinh

truong cua cay kiéu dai twong tmg. C6 mitc ty nhién nhét dinh (khong duge cam tng) dung
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nap mot s thude diét co, song cac ving nay khong thé bao vé cdy & mirc ma cé thé hiru
ich v& mit thuong mai.
MO ti vin tit cac hinh vé

Fig.11a dd thi thé hién thur nghiém dung nap tinh trang; cdy thtr nghiém dugc trﬁ“)ng,
mesotrion dugc phun & ty 1€ duge chi rd khoang mot thang sau (giai doan 3-4 13), va l4n
phun thir hai dugc thuc hién theo hai dot xir Iy dwgc chi rd khoang mot tudn sau; cay lua
duoc danh gia vé& phan trim ton thuong hodc hu hai so véi cly lia khong duge phun 21
ngdy sau lan phun thube diét co thir nhat; dong ML0831266-03093 1a dong khéng HPPD
va RO146 va P1003 1a cic dong dbi chimg khong c6 dot bién duogc tao ra; dong
PL1214418M2-73009 duoc chon ra tir phép lai gitta dong dung nap HPPD ML0831266-
03093 (giéng 1a P1003) va dong khang ACCaza ML0831265-01493 (gidng 1a RO146).
Dong méi dugce phat trién PL1214418M2-73009 thé hién tinh dung nap twong dwong so
véi dong dung nap HPPD ban ddu ML0831266-03093 dbi véi chét trc ché HPPD.

Fig.2 1a d6 thi thé hién thir nghiém dung nap tinh trang; cdy thtt nghiém dugc trong,
quizalofop dugc phun ¢ ty 1€ dugc chi rd khoang 5 tudn sau (bdt ddu dam chdi); cy lua
duoc dénh gia vé phan trim tén thuong hodc hu hai so véi cdy la khong duge phun bbn
tudn sau khi phun thudc diét c6; dong ML0831265-01493 1a dong khang ACCaza vaR0146
vaP1003 1a cac dong dbi chimg; dong PL1214418M2-73009 dugc chon ra tir phép lai giita
dong dung nap HPPD ML0831266-03093 (gidng 14 P1003) va dong dung nap ACCaza
MIL0831265-01493 (gidng 1a R0146). Dong méi duge phat trién PL1214418M2-73009 ma
c6 tinh khang két hop thé hién mtc do twong dwong hogc t6t hon so v6i dong dung nap
ACCaza ban diu ML0831265-01493.

Céc hinh vé& tr Fig.3A dén Fig.3D la cac anh chup (Fig.3A) 16 dit 70025,
ML0831266-03093F2-2(2)A-1(1)A-P-USP-USA (HPPDi+HPPDni), Callisto, 2 1in phun,
trude khi ndy mam/trude khi twdi 210/210 g hoat chét/ha; (Fig.3B) 15SATI, 16 dét 03,
1x1x, RTAL, 2 1an phun, 2 14 va trude khi tudi, 77+77 g hoat chit/ha (Fig.3C); 15SATI,
16 dAt 12, 1x1x_RTA2, 2 1an phun, 2 14 va trudce khi tudi, 77+77 g hoat chat/ha; va (Fig.3D)
15SATI1, 16 dat 12, 1x1x RTA1-RTAZ2, 2 lan phun, 2 14 va truéce khi tuéi, 77+77 g hoat
chét/ha.

Fig.4 1a dd thi thé hién két qua cua thr nghiém dung nap tinh trang trong do
mesotrion dugc phun & ty 1€ dugce chi rd khoadng 34 ngay sau khi trdng. (bit ddu dam chdi)

cdy lta dugc danh gia vé phan tram ton thuong hodc hu hai so véi cdy lua khong dugc
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phun bén tun sau khi phun thude diét cd; dong dung nap HPPD ML0831266-03093 va
dong dung nap két hop HPPD va ACCaza PL1214418M2-73009 thé hién dép (mg tuong
tu chi ra tinh dung nap HPPD hoan toan dugc phuc hdi & dong méi; dong PL1214418M2-
73001 duoc chon dé chi mang dot bién dung nap HPPD tir dong HPPD ML0831266-03093
va dong PL1214418M2-73013 dugc chon dé chi mang tinh dung nap khong cdm ung
HPPD tir dong HPPD ML0831266-03093; P1003 13 dong gbc khong dot bién doi véi dong
dung nap HPPD ML0831266-03093; luu y rdng vuot quéa 420 g hoat chit/ha, ngay ca dong
c6 tinh khang di truyén ciing c¢6 thé bi t6n thwong.

Fig.5A va 5B 1a cac anh chup két qua ctia thi nghiém dung nap tinh trang; phong
trir ¢6 dai biang thude diét co mesotrion dugc phun trude khi trdng duoc danh gia; cac 16
dét duoc trdng bang thé lai ciia dong dung nap HPPD ML0831266-03093; ngay trudc khi
trdng, 16 d4t bén phai Fig.5B dugc nhan mesotrion bing cach phun véi lidu lugng 210 g
hoat chit/ha; 16 d4t bén trai Fig.SA khong dugc phun thudc diét cd trude khi trong hodic
sau nay mam; cc anh dugc chup bdn tuan sau khi tré)ng thé hién cac khac biét vé vé bé
ngoai cta cé dai.

Fig.6 12 db thi thé hién két qua cta thir nghiém dung nap tinh trang, trong do6
quizalofop dugc phun ¢ ty 1€ dugc chi rd khoang 30 ngay sau khi trdng (giai doan 3-4 14),
va 1an phun thir hai dugc phun theo hai dot xir Iy dugc chi rd. Cdy ltia dugc danh gia vé
phan trim t6n thuong hozc hu hai so vé6i cy lua khong duge phun 21 ngay sau 14n phun
thubc diét cé thir nhat; dong ML0831265-01493 1a dong dung nap ACCaza c6 ddt bién
RTA1; dong ML0831265-02283 cling dung nap thudc diét cd ACCaza, tuy nhién tinh dung
nap ndy khong xudt phat tir 4ot bién trong gen ma héa ACCaza, R0146 1 dong gbc dbi voi
c4 hai dong dung nap ACCaza; P1003 la dong d6i chung.

Fig.7 thé hién két qua cua thir nghiém 1ap ban dd tinh trang déi v6i RTA2; quan thé
F2 duoc tao ra tir phép lai gita dong vO sinh duc té bao chit A0109 va dong dung nap
ACCaza ML0831265-02283; cac ca thé F2 trong quan thé dwoc dinh kiéu gen, phun
quizalofop (116 ghoat chét/ha) 26 ngay sau khi trong, va danh gia tinh dung nap quizalofop
19 ngay sau khi phun thudc diét co; bang cach st dung phin mém l4p ban d6 QTL, QTL
chinh v& tinh dung nap dugc xac nhan trén nhiém sic thé mot (duge chi ra bing mili tén).

Fig.8 1a bidu dd tan xa thé hién két qua cta thir nghiém 18p ban d6 dot bién dbi véi
RTA2; quan thé F2 dugc tao ra tir phép lai gitta dong dung nap ACCaza ML0831265-
02283 va dong gbc RO146; quan thé F2 nay duoc dinh kiéu gen, phun quizalofop (116 g
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hoat chét/ha), va danh gi4 tinh khang quizalofop; chi c6 cac dot bién bao gdm cac dot bién
khang ACCaza s& tich ra trong quén thé; chi s6 SNP 14 thudc do vé ty 18 két qua xéc dinh
trinh ty mang bién di tir dong khong dot bién R0146; diém sb bing mot chi ra ring tit ca
céc két qua x4c dinh trinh tw d&u ¢6 bién di; 19 bién di (dot bién) c6 chi sb bang mot va
dugc nhém vé6i nhau trén nhiém séc thé mdt (hinh tron) chi ra vi tri c6 thé c6 ctia dot bién
gy ra tinh dung nap (SEQ ID NOS 9-27).

Fig.9 1a dd thi thé hién két qua cua thir nghiém 14p ban dd tinh trang; quén thé F2
dugc tao ra tir phép lai gitra dong dung nap HPPD ML0831266-03093 (cam trng HPPD:1 )
va dong dung nap ACCaza ML0831265-01493; quan thé nay duoc dinh kiéu gen, phun
mesotrion & 105 g hoat chét/ha, danh gia dung nap mesotrion, va lai phun mesotrion & 630
g hoat chit/ha, va dénh gia tinh dung nap mesotrion; chi ¢6 cac cy di truyén dot bién vé
tinh dung nap tir dong gbc ML0831266-03093 dugce coi 1a sbng dugc; bang cach sir dung
phin mém 1ap ban dd QTL, QTL chinh vé tinh dung nap dwgc xac nhén trén nhiém séic thé
mdt (duoc chi ra bing miii tén) (truc X— s6 nhifm sic thé trong hé gen; truc Y = diém sd,
twong quan vé6i kiéu hinh) (1ap ban dd dot bién, nhidm séc thé 1).

Fig.10 thé hién két qua cia thir nghiém 1ap ban dd dot bién; quan thé F2 dugc tao
ra tir phép lai gitta dong dung nap HPPD ML0831266-03093 va dong gbe P1003; quén thé
nay dugc dinh kiéu gen, phun mesotrion & 840 g hoat chit/ha va danh gia tinh dung nap
mesotrion; chi ¢6 cac dot bién bao gdbm dot bién dung nap HPPD tach ra trong quén thé;
chi s6 SNP 12 thuée do v tj 18 két qua xé4c dinh trinh tw mang bién dj tir dong P1003; diém
s6 bang mot chi ra rang tAt ca céc két qua x4c dinh trinh tu déu c6 bién di; 10 bién di (dot
bién) c6 chi sé bang mot va dugc nhém véi nhau trén nhidm sic thé mot (hinh tron) chi ra
vi tri c6 thé c¢6 cuia dot bién gy ra tinh dung nap (SEQ ID NOS 28-37).

Fig.11 12 bang thé hién cac dong tdch duge nhan dang trong quén thé F4; quin thé
F4 duoc tao ra tir cac ca thé chon loc F2 mang cé hai tinh dung nap HPPD va ACCaza tir
phép lai gitra dong dung nap HPPD ML0831266-03093 va dong dung nap ACCaza
ML0831265-01493; mdi hang thé hién mot dong khac va mdi cot 1a gen danh déu phan tir
bén trong QTL dbi véi dot bién dung nap HPPD trén nhiém sdc thé 1; viéc quan sat mirc
d6 dung nap cta cac dong nay ddi véi thube diét cd HPPD mesotrion cho phép dot bién
dung nap nay dugc lap ban d6 cho gen cuy thé.

Fig.12A va Fig.12B minh hoa ty 1€ ddp Umg ctia dong dot bién ML0831266-03093,
dong (gbc) ban dau khong dot bién P1003, va loai lta khac R0146; mesotrion dugc phun
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khip cac 16 dit ngay sau khi trong & ty 18 210 g hoat chét/ha; ty 1 dap tng duge 4p dung
& giai doan 2-3 14; dap ung duoc ghi lai 21 ngay sau khi phun trén l4. Fig.12A = cac két
qua ban dau va Fig.12B = céc két qua tiép theo.

Fig.13 thé hién trinh ty ADN d6i voi ving ma hoa carboxyl transfereaza trong gen
ma hoa ACCaza; thay d6i nucleotit duy nhét (hop) ma hoa dot bién tir RTA1 dugc nhan
dang trong dong dot bién ML0831265-01493 ¢6 ky hiéu 09PM72399 (SEQ ID NO: 3).
NIPPONBARE 14 déi chimg (SEQ ID NO: 1); R0146 (SEQ ID NO: 2) la dong ban dau
duoc xir Iy bang chét phan bao tao ra quan thé dot bién.

Fig.14 thé hién viéc so sanh cdc trinh ty protein d6i voi ving carboxyl transferaza
ctia gen ACCaza; dong v6i ma 09PM72399 (SEQ ID NO: 5) 1a dong ML0831265-01493;
dong nay thé hién su thay ddi ctia axit amin duy nhét (hop) & vi tri 2096, so v6i Black-
Grass; R0146 (SEQ ID NO: 5) la dong ban dau dwgc xir Iy bing tac nhan gdy dot bién tao
ra quin thé dot bién. [NIPPONBARE la SEQ ID NO: 4]

Fig.15 thé hién ty 16 dap ing cta dong dot bién ML0831266-03093, dong ban dau
khong dot bién P1003, va loai lua khac R0146. Mesotrion dugc phun khap céc 16 dat ngay
sau khi trdng & ty 16 210 g hoat chit/ha. Ty 1& dap tmg dugc 4p dung & giai doan 2-3 1.
Dap ung dugc ghi lai 21 ngay sau khi phun trén 1a.

Fig.16 1a lvu dd v& kiéu lai dugc sir dung dé tao ra tinh khéng thude diét ¢4 theo
mdt s6 phuong an vé céy lua dugc boc 10 trong ban mo ta nay.

Cac hinh vé& tir Fig.17A dén Fig.17C thé hién: Fig.17A thé hién 2 14 chi phun
mesotrion 0,5X; Fig.17B thé hién 2 14 chi phun mesotrion 0,5X/Quizalofop 0,5X; va
Fig.17C thé hién 2 14 chi phun Quizalofop 0,5X. Fig.17D la cdc db thi thé hién % ton
thuong d6i véi dap tmg véi Tank Mix so véi cdc 1an phun theo trinh tu d6i véi dong duoc
chdng ACCaza RTA1 + HPPDi + HPPDni.

Fig.18 thé hién vi tri, trén nhiém sdc thé 1, cua cac dot bién dugc nhéan dang béng
quy trinh MutMap, khi dugc thyc thi dbi voi QTL duoc 1ap ban dd cho vung do6 véi céc
chét dénh dau day 44k, dugc xac dinh 1a locut ACCaza RTA2.

Fig.19 thé hién cac phan dong F4 tai t hop cai tién dugc nhan dang bén trong quan
thé F3 16n cho phép 14p ban dd chinh x4c cho céc dot bién da duge 1ap ban dd va dé nhan
dang dot bién nguyén nhén lién quan dén tinh khang thudc diét c6 RTA2. Thir thach cac
cdy F3 nay bang liéu 1X Quizalofop theo d6 cac cdy di hop tir biéu hién ton thuong gia

ting so v6i céc cdy dot bién ddng hop tir, cho phép 14p ban d6 chinh x4c so bd thu hep vi
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tri c6 thé c6 cia dot bién nguyén nhan. Tiép theo, cac ho duoc tao ra tt F4 duoc tai sang
loc véi cung thubc diét co/lidu dé nhan dang dot bién nguyén nhan dugc xac dinh la
Chr1IQMM36160202_G-A.

Céc hinh V& tir Fig.20A dén Fig.20D thé hién sb liéu % ton thuong dap img va anh
cac 16 dit. Vat liéu duoc thir nghiém bao gdm céc dong ACCaza két hop khang chét trc ché
ACCaza (RTAl + RTA2), cic dong don RTAl va RTA2 va chdng
RTA1+HPPDi+HPPDni. Hai dot phun (& giai doan 2 14 va truéc khi tudi) st dung cung ty
1€ cho ca hai dgt phun. Chdng ACCaza thé hién khong c6 tdn thuong 4 tudn sau phun
trude khi tudi ngay ca & ty 1€ 4X Quizalofop. T hop tinh trang ndy dung nap dot phun
Quizalofop cao hon dang ké so v6i mdi dong don dot bién dung nap ACCaza riéng ré&.
Fig.20A thé hién 16 dAt dbi chimg, Fig.20B thé hién 16 dit 1X Quizalofop, Fig.20C thé hién
16 d4t 4X Quizalofop véi chi ¢6 dong két hop ACCaza séng sot. (tAt ca cac anh dugc chup
4 tudin sau phun truée khi tudi), Fig.20D thé hién thtr ty 16 dat (tr trai qua phai) RTAL,
RTA2, RTA1+ RTA2, RTA1+ HPPD i+ HPPDni, P1003, R0O146.

Tém tét: dong két hop ACCaza (G2096S + RTA2 1) thé hién khong c6 ton thuong
4 tuin sau phun truéce khi tudi ngay ca & ty 1€ ghi nhan 4X Quizalofop.

Céc hinh V& tir Fig.21A dén Fig.21E thé hién anh 16 dat va % ton thuong dép tng
déi voi cac dong ACCaza RTA1, RTA2, va céc chdng RTAI+RTA2 ciing nhu chong
RTA2+HPPDi-+HPPDni, khi duge thir thach bing céc lidu gia ting cta thude diét co FOP
chinh. Céc dong két hop khang chat (rc ché ACCaza (RTA1 + RTA2) thé hién ton thuong
it hon dang k& so v&i dong don dot bién 4 tudn sau phun trudc khi tudi & ty 1& phun cao
hon cta tt ca cac thube diét cd FOP dugc thir nghiém. Trong khi tbn thuong & dong dot
bién két hop ACCaza cao hon khong déang ké so v&i Quizalofop trong thir nghiém nay so
véi cac thir nghiém trudce do, tén thuong 1a t6i thiéu ngay ca & ty 1€ phun cao. Khac biét
gifta cac mire dung nap & cac t6 hop tinh trang duge thir nghiém tré nén cang rd rang khi
phun ty 1€ cang cao. Propaquizafop tiép tuc gay ra ty 1& tén thuong cao nhit & tit ca cic t6
hop tinh trang. Fluazifop ¢ ty 1¢ 2X hodc it hon dudng nhu nhin thiy duoc véi t6 hop tinh
trang bit ky chira RTA1, song & 4X chi c6 dong ACCaza két hop thé hién tdn thuong t6i
thidu. Fig.21A thé hién dbi chimg khong dwoc xir Iy, Fig.21B thé hién 4X Quizalofop,
Fig.21C thé hién 4X Fluazifop, Fig.21D thé hién 4X Propaquizafop. 4 tudn sau phun trudc
khi tudi. Tht tu 16 dét (tir trai qua phai) G2096S, RTA2, G2096S + RTA2, G2096S +
HPPD, P1003, R0146. Fig.21E thé hién bang dd thi.
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Céc hinh vé tir Fig.22A dén Fig.22D thé hién L dén R; RTA1; Fig.22A dbi ching,
Fig.22B Quizalofop 1X, Fig.22C Quizalofop 2X, va Fig.22D Quizalofop 4X; Fig.22E-
Fig.22H thé hién RTA1-RTA2; Fig.22E dbi chtng, Fig.22F Quizalofop 1X, Fig.22G
Quizalofop 2X, va Fig.22H Quizalofop 4X. Céac 4nh ¢ 9 tudn sau phun trude khi tuéi.

Fig.23 thé hién nang suét dap tmg ddi vdi cac san phim ACCaza RTA1, RTA2 va
cac dong dot bidn RTA1+RTA2, khi duogc thir thich bang cac thude diét c¢o khac nhau
thudc ho chét tc ché ACCaza FOP Quizalofop, Fluazifop va Propaquizafop. Nang suit dap
g sau khi phun quizalofop & giai doan 2 14 va trudce khi tuéi theo thir ty.

Fig.24 thé hién % ton thuong dap ting va d6i v6i cac san phim ACCaza RTAI,
RTA2 va cac dong dot bién RTA1+RTA2, khi dwgc thir thach bang céac thude diét cé khac
nhau thudc ho chét tc ché ACCaza FOP 14 quizalofop, fluazifop va propaquizafop sau giai
doan tudn tu va trudce khi tudi.

M3 ta chi tiét sang ché
1. Sy khang/dung nap chét trc ché ACCaza hiép dong

Viéc sang loc quan thé dot bién trong & RiceTec, dbi voi thude diét co FOP, cho
phép nhan dang duoc hai viing nhiém sic thé dot bién, RTA1 va RTA2, doc lap tao ra tinh
dung nap cac thudc diét cé nay. Mdi dong dot bién dung nap duoc tao ra mot cach doc 1ap
~ nay dugc cai tién va danh gid sau bude sang loc so b, dé x4c dinh tiép cac bién thé méi
nay, danh gia tdc dung dung nap cia chiing, xac dinh dot bién nguyén nhén hodc cac dot
bién quy dinh c4c kiéu hinh méi va danh gia tiém nang thuong mai cta chiing. Viéc hoan
thién cac nghién ctru ndy can dén vai cai tién va thuc nghiém quan thé. Cac nghién ctru nay
bao gdm, duéi dang muc tiéu chinh, viéc 1ap ban do lién két gen danh ddu ADN/QTL déi
v6i kiéu hinh dé tim ra vi trf nhiém sic thé; cac nghién ctru tac dong gen; cdc nghién ctru
lidu, thoi gian phun va thude diét c6 dé danh gid dic diém san phan ciing nhu x4c dinh
trinh tu toan hé gen/phéan tich ban dd dot bién dé xac dinh dot bién lién quan dén cac kiéu
hinh nay. C4c nghién ciru khic bao gdm viéc chong hai dot bién nay trong nén di truyén
duy nhét ciing duoc thuc hién dé danh gid twong tic giita céc thé dot bién duoc phat trién
doc lap va tac dung d6i khang hoac hiép dong tiém ning vé tinh dung nap thubc diét co
FOP.

Gen dung nap dot bién RTAL, dugc tim théy dé 1ap ban dd mot cach chinh xéac vi
tri clia gen dich da biét d6i v6i ho thude diét c6 nay, sw ngin can qua trinh sinh tdng hop

lipit, locut ctia enzym axetyl CoA, trong do thé hién r6 tinh khang vi tri dich (TSR). Trong
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TSR thong thudng, alen dot bién c6 cai bién ma tao didu kién cho sy thay d6i axit amin
trong protein duge biéu hién din dén ngan can, hodc phong bé, su turong tic binh thuong
véi thude diét co, theo do ngan can, hodc gidi han, sy biéu hién dbc tinh véi cdy. RTAIl
sau d6 duoc xéc dinh, qua phan tich ban dd dot bién, 1a dot bién diém duy nhit trong ADN
ctia gen ACCaza nh¢ do6 nucleotit Guanin trong kidu dai dugc thay bing Adenin trong thé
dot bién, dan dén thay dbi vé axit amin (G thanh S) trong protein dugc biéu hién tai mot
trong s6 cac vi tri lién két then chét trong d6 axetyl-coA va thude diét cd FOP twong téc
tao ra doc tinh cho cdy. Thay d6i nay tai vi tri lién két then chét trong enzym ACCaza
(dugc tim thay trong luc lap), lam gidm &i luc véi thudc diét co, ngan can viéc phong bé
hoat tinh ACCaza va kha niang gy doc cho cdy. Do d6, cdc cdy mang dot bién khong chét
b&i thube diét c6. Dot bién dugc nhan dang bang cach phan tich trinh tu va so khép chinh
xéc cac dot bién khang FOP gidng hét trong céc vi tri twong ddng & cac cly trong khéc, ddi
véi cung gen ACCaza.

Trong truong hop ctia RTA2, dot bién hodc cac dot bién lién quan dén tinh dung
nap duge dinh vi trén nhiém sfc thé 1, nhu duge thé hién bang phan tich lién két/QTL va
bang cach xéac dinh trinh tu-14p ban dd dot bién. Do trong ving nay cta cay lua (nhidm sic
thé 1) khong c6 théng bio vé cac gen ACCaza hodc twong tu dugc sao chép hodc tién hoa
thing, gen dich thubc diét c6 FOP, gia thiét ring RTA2 thé hién tinh khang khong phai &
vi tri dich (NTSR).

Cac phuong an vé cac dong laa dot bién c6 ky hiéu ML0831265-01493 (s6 hiéu luu
gitt tai ATCC la PTA-12933, dot bién G2096S, sau day ky hiéu 1a “RTA1”) va
ML0831265-02283 (sb hiéu luu giit tai ATCC la PTA-13619 (“RTA2”)) la khang/dung
nap chét e ché ACCaza riéng ré& hodc két hop. (Bang ddc quyén séng ché My 9370149
B2).

Bang 1A va 1B thé hién trinh ty va thong tin di truyén ddi véi ving trong RTA2
lién quan dén tinh khang thudc diét cé. Ving nay td hop voi RTA1 (G20968S) tao ra tinh
khang hiép ddng hdu nhu doc 1ap ddi vai thube diét c6 FOP. Viéc chong lap cac két qua
thu dugc tir viée 14p ban do tac dung dung nap thudc diét cé va viée 1ap ban d6 chinh xac
ctia thé tai t8 hop F3-4, voi ban dd dot bién, da nhan dang dugc 26 dot bién néu trén, trai
ngugc v6i ca hai tham chiéu trinh tw O. sativa (ssp indica), va O. sativa (ssp japonica), la

céc nhan tb gia dinh trong tinh dung nap thude diét co khong phai & vi tri dich RTA2.
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Vecto chita cac dot bién lién quan mat thiét trén nhiém séc thé 1 lién quan dén tac
dung hiép ddng tac dong dén tinh dung nap thudc diét co khi duge td hop véi RTAL. Dot
bién RTA2 trude hét duoc 1ap ban dd cho dot bién 1am thay ddi G thanh A trong trinh tur
m4 hoa axit nucleic ciia gen ZOS1-16 ma héa protein ngén tay kém C2H2 tr Oryza sativa
& vi tri cdp bazo 3660202 ctia cdy lGa trén ving nhiém sic thé 1. Ving nay, twong quan
v6i dap tmg hiép dong doi véi chét wrc ché ACCaza, chua dugc thong béo trude d6 & cay
Ita dung nap thude diét c6. Chua c6 thong béo nao v& ving khac ctia cdy lua trén nhiém
sdc thé 1 tao ra tinh khang quizalofop. Khi RTA2 c6 mit & cdy lua, tinh khang/dung nap
chét trc ché ACCaza gia ting, song dot bién khang/dung nap chét trc ché ACCaza la tot
nhét khi duge td hop vdi cdy laa ciing biéu hién dot bién RTAL,

Do murc dd cu thé caa tinh dung nap thude diét cé cua cac cdy RTA1 vaRTA2 riéng
r€ 1a vira phai hodc thap, nhu duoc dé cap trudce do, cac phép lai dugce thuc hién gitta cac
dong dot bién RTA1 va RTA2 dé tao ra tb hop chdng ctia ca hai co ché va céc twong tic
c6 thé c6 gifra t& hop di truyén méi nay dugc tim kiém. San phdm chdng cudi nhanh chéng
thu duge bang phép chon loc 6 trg gitp béi gen danh ddu (Marker Assisted Selection:
MAS) don gian d6i v6i thé don bdi khdng nhiém sic thé 1 bang cach st dung cac gen danh
déu C1-3208396 va C1-36386713, va bang cach sir dung cic gen danh diu dbi v6i locut
ACCAza trén nhiém séc thé 5. Cac thir nghiém vé lidu thude diét cé, thoi gian phun va
hoat cht, dugc thuc hién trén dong déng hop tir kép RTA1-RTA2 chi ra rang ton tai tac
dung hiép dong rat manh gitta hai bién thé dung nap doc lap, nhd d6 thé dot bién dong hop
tir kép dung nap, tai ctra s6 dAu téi han cua dot phun mong mudn (giai doan 2 14), liéu cuc
dai 5670 g/ha (80 ao-xo/mau Anh), Quizalofop khong c6 kha nang gay doc cho cdy, co tic
dung tao ra tinh dung nap hau nhu ddc lap véi lidu, nhor d6 hdu hét cac thé dot bién ACCaza
dugc cam ung hodc ty phat duge thong bao chi dung nap cac dot phun lidu thyuc dia.

Viéc chdng ¢4 hai dot bién di truyén duoc 14y vi du bang hat giéng luu gitt tai ATCC
PTA-122646 (RL-122546-8). Tinh khang hiép dong chét e ché ACCaza duge quan sat
thy & cay lua c6 dot bién chdng.

Khac biét gitra “thé cho dot bién chdng” va “chuyén hoan” (bang 12) 12 & chd RTA1
vi RTA2 duogc nhan dang doc 14p tir ciing quin thé dugc gay dot bién R0146. Nhim dénh
gia c4c tic dung hiép dong tiém nang giita hai locut doc 1ap, cac dong ddng hop tir RTA1

va RTA2 duoc lai gin & cép do F5, va thé hé con F2 mang ca hai dot bién dung nap thubc
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diét c6 ddng hop tir dwoc chon dé tao ra thé cho chong RTA1-RTA2 kép RL1225468 (PTA-
122646).

Thé cho chdng RL1225468, 1a thé lai gin ctia cac dong F5 dugc tao ra tlr cac quan
thé dot bién ban ddu, mang cac dot bién ngau nhién qua toan hé gen. Dé phat trién thé cho
“sach” chi mang céc alen R0146 kiéu dai qua toan hé gen, ngoai trir & locut Chr5 ACCaza
RTA1 va locut Chrl RTA2, phép lai nguoc dugc thuc hién dé chuyén cac alen dot bién
vao dong R0146 thong thudng. Dong 16USGE40004-34, 1a dong chon loc BC3F3 tr gidng
lai ban d4u RL1225468/R0146, duoc lai ngwoc vai RO146 ba lan, va ndp cho ATCC véi
s6 PTA-124233. Tinh hiép dong xuét hién trong viéc st dung ca hai nén di truyén.

P6 1a mot két qua déang ngac nhién va bét ngd khi phat hién sy khéng/dung nap
thude diét c6 duoc tac dong boi td hop cia dot bién trong enzym dich, dugc boc 10 trong
ban md ta nay 1a RTA1, véi cac dot bién RTA?2 trong NTSR. Trén co s& phan tich trinh tu,
gen ACCaza duoc dinh vi trén nhiém sic thé 5 & cdy laa. Mot phan clia gen ndy dugc sao
chép trén nhidm sic thé 10, nhung khong c6 phan nao ctia gen ACCaza duge thdng béo
trén nhidm séc thé 1.

So v6i TSR, trong d6 co ché khang thudc diét co lién quan truc tiép dén bién doi
trong protein/gen dich da biét nay, nho d6 co ché khang duogc két luan 16 rang, nhu voi
RTALI, cac co ché NTSR kho xéc dinh hon nhiéu, va cin c6 cac nghién ctru vé gen 16n, tac
dong gen, va tuong tac gen.

Gié thiét ring NTSR dbi véi thubc diét ¢d FOP, ¢6 thé phat sinh do céc co ché tao
ra tinh khang chuyén héa nhu khoang héa, phong bé van dong, khir doc, phong bé hoat hoa
hoic cac dang khéc ngan can kha ning gy doc cho cdy. Tuong tu, cac nghi€n citu méi day
cho thiy rang cac ARN nho (miARN) c6 thé tham gia vao céc co ché ‘diéu hoa gen’ din
dén NTSR. N6i chung, cic co ché NTSR va tuong tac phan ti lién quan dén thube diét co
1a c4c co ché phire tap hon so véi dugce tim thiy & TSR.

Céc co ché c6 thé ¢ giai thich tac dung hiép ddng ctia cac cdy mang dot bién RTA1
va vung RTA2 bao gbm phan hiy thudc diét c6 bang cac qua trinh sinh hoa (khir doc thude
diét co), hodc béng cach gi¢i han su di chuyén thude diét co vao lap luc (khoang hoa) hodc
céc chtre nang chuyén héa khéac ngin can thudc diét c6 tac dong dén enzym ACCaza. Viéc
khtr doc thude diét ¢6 hodc gian tiép dong vai tro ‘chét diéu hoa’ trong céc gen hoat hoa
tham gia vao qud trinh bao vé té bao nhu Cytochrome P450 mono-oxygenaza, glutathion

transferaza, aryl axylamidiaza hodc cdc enzym khéc, 1a cac co ché NTSR.

-18-



40256

Cé loi dang ké néu chéng RTAI1 va trudc day goi la dot bién “ACCaza chua dugc
biét dén” (hién nay goi 1a RTA2), do tinh hiép ddng vé su khang/dung nap cla cdy lua véi
c4 hai dot bién trong hé gen ctia ching.

Loi ich cta cac dot bién kép dugc minh hoa trén céc hinh v& tir Fig.20 dén Fig.24.

Bang 7 liét ké cac tiéu chudn d& phén loai % tén thuong & cdy lua dugc phun (tiép
xuc) thube diét co.

2. Nhan dang d6t bién nguyén nhan dung nap thudc diét cd6 ACCaza & dong ML0831265-
02283 (RTA2)

Thong thuong, tinh dung nap thudc diét c6 ACCaza dugc tao ra tir dot bién trong
ving carboxyl transferaza ciia gen ACCaza, nhu 1a truong hop clia dong dung nap
ML0831265-01493 (dot bién G2096S hoic RTA1). Tuy nhién, sau khi x4c dinh trinh ty
ving carboxyl transferaza clia gen ACCaza & dong ML0831265-02283, khong c6 dot bién
ndo dugc phat hién. Két qua nay chi ra ring tinh dung nap & dong ML0831265-02283 dugc
tao ra tir qua trinh khong phai & vi tri dich.

Viéc phat hién dot bién nguyén nhan vé tinh dung nap & dong ML0831265-02283
bao gdm viéc lap ban dd lién két va 1ap ban dd dot bién (“lap ban d6 mut”) nhu dugc md
ta dé phat hién dot bién nguyén nhan va tinh dung nap tw nhién d6i v6i tinh dung nap HPPD
& dong ML.0831266-03093.

Viéc 1ap ban dd lién két dé tim vung nhiém séc thé hodc QTL tao ra tinh dung nap
& dong ML0831265-02283 can dén viéc tach quan thé vé tinh trang nay. Quén thé nay
dugc tao ra bing cach lai dong dung nap v6i dong t& bao chét vo sinh duc A0109. F1 thu
dugc tir phép lai nay duoc trdng va cho ty thu phén dé tao ra quan thé F2. Quin thé F2
duoc tach vé tinh dung nap ACCaza. 800 hat gibng F2 duogc trdng va mb 14 dugc thu tir
céc cdy gidng nay dé dinh kiéu gen mdi cay. Khi cay gidng dat 3 tudn tudi, toan bd quan
thé F2 dugc phun quizalfop (116 g hoat chét/ha). Cay gibng danh gia tinh dung nap 19
ngay sau khi phun thudc diét c6. Phin mém 1ap ban dd QTL chuén dugc sir dung dé phan
tich kidu gen ctia mdi c4 thé F2 va dap tmg dung nap lién quan dé nhén dang cc gen dénh
d4u phan tir lién quan dén tinh dung nap thudc diét co. Sau phan tich nay, ving hé gen
(QTL) dugc x4c nhén vé tinh dung nap trén nhiém sdc thé mot (Fig.9). Cac gen danh déu
duoc lién két nam bén sudn QTL va cac gen danh dau bén trong QTL nam hai bén dinh
cia QTL dwgc nhan dang 14 thich hop dé chon tinh dung nap thude diét co dugc tao ra tir
dong MLL0831265-02283. Khoang 250 gen nam gitra cic gen danh d4u nim bén suon.
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Chién lugc 14p ban db dot bién dé tim dot bién nguyén nhan nhu duge st dung theo
cach twong tu dé tim QTL v& tinh dung nap dot bién HPPD. Ban db quan thé dt bién dugc
tao ra dé tim dot bién nguyén nhan qua xac dinh hé gen bang phuong phap xé4c dinh trinh
tr thé hé ké tiép. Dong dot bién ML0831265-02283 duoc lai nguge véi gidng khong dot
bién ban diu R0146. Thé hé F1 ctia phép lai ndy duge ty thu phén dé tao ra quén thé F2
tach dot bién gy ra tinh dung nap nay. Chi c6 cac dot bién tach ra trong quan thé nay do
dot bién 12 khac biét hé gen duy nhét gitta ML0831265-02283 va R0146.

Quén thé F2 duogc tréng dudi dang céc ca thé, va mo 14 duoc thu va ADN dugc chiét
tir mdi ca thé dé st dung cho viéc dinh kidu gen sau khi quin thé dugc dinh kiéu hinh.
Thudc diét ¢ ACCaza quizalofop duge phun cho quin thé F2 & giai doan 3-4 14 v ndng
d6 116 g hoat chit/ha. Céc c4 thé sbng sot sau khi phun thude diét ¢ duge tinh diém 1a
dung nap va cac ca thé chét duogc tinh diém 13 dé ton thuong.

ADN dugc tao ra tir nhém gdm 20 c4 thé F2 séng s6t va 20 ca thé bj chét v4i moi
nhom duge két hop véi nhau va xdc dinh trinh ty cung vé&i ca hai dong dot bién
ML0831265-02283 va dong gidng khong dot bién R0146. Viéc 1ap ban dd dot bién nguyén
nhan dua trén co s& chi sé danh gia tAn suét cla tAt ca cac dot bién trong khéi dai dién cho
cac ca thé séng sét. Chi sb nay duoc tao ra tir tj 18 két qua xéc dinh trinh ty mang bién di
khac véi dong gidng khong dot bién R0146. Sb két qua xé4c dinh trinh tw ¢6 bién di cang
nhidu thi chi sb nay cang gin v6i mot va néu tat ca cic két qua xac dinh trinh ty déu c6
bién di thi chi s6 nay bang mot.

Viéc phan tich cac két qua nay cho thdy hai nhém bao gém 19 dot bién voi 11 dot
bién trén nhidm sic thé mot véi diém chi sé bing mot (Fig.10). Két qua nay x4c nhan két
qué 1ap ban dd lién két QTL 1a cac dot bién duge nhan dang & ddy déu dugc dinh vi bén
trong ving QTL dugc nhan dang trén nhiém sdc thé mot bang ban do lién két. Cac gen
dénh dAu phan tir (SNP) dugc tao ra cho mdi dot bién (Bang 4). Cc gen dénh déu nay
duoc str dung trong viéc 1ap ban dd chinh xac dé tim dot bién nguyén nhéan va dé chon
gibng dung nap ACCaza dugc tao ra tir dong ML0831265-02283 trong céc dong ltia thuong
mai.

Nhu trong céc thtr nghiém trude do, tén thuong quan st thdy & RTA1 + RTA2 1a
rét thép & tAt ca cac ty 16 bat ké loai thudc diét co. Fig.24 RTA1 thé hién ton thuong pht
hop véi cac nghién ctu trude do voi ty 1€ tbn thwong thip hon 10% véi ca hai 1X

Quizalofop va Propaquizafop, va ty 1€ t6n thwong khoang 40% & ty 1& phun 2X 14 thip hon
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khong dang ké so véi trung binh thyc dia 2015. Tuong ty nhu dugc quan sat thay trudc do,
ty 1¢ tdn thuong dbi véi Fluazifop 1a thip hon nhidu so v6i mdi thude diét c6 FOP con lai.
S liéu ning sudt thé hién su duy tri ning suét tot & RTA1 véi ca hai ty 1é phun 1X va 2X
Quizalofop. Ty 1& ton thwong cao hon ghi nhan dugc d6i v6i RTA1 ¢ 2X Quizalofop dudng
nhu khong c6 tac dung tidu cuc dén ning suat. RTA1 + RTA2 thé hién ning suét giam &
16 dat duoc xu 1y so vé6i 16 d4t dbi chirng khéng dugc xtt ly, song loai thube diét c6 hodc
ty 1€ phun chi c6 tc dung t6i thiéu dén ning suét gifta cac 16 dit duge xtr ly.

3. Lap ban do6 dot bién dé tim dot bién nguyén nhan dung nap HPPD

Phan tich ban dd dot bién, bang cach st dung ca hai trinh tw hé gen tham chiéu
japonica (cay trdng Nipponbare) va indica (cay trdng 93-11) nhan dang nhiém sic thé 1
déu lién quan dén kiéu hinh dung nap FOP.

Bén d6 quin thé dot bién duoc tao ra dé tim d6t bién nguyén nhin dung nap qua xac
dinh hé gen bing phuong phap x4c dinh trinh tu thé hé ké tiép. Dong dot bién ML0831266-
03093 dugc lai nguoc véi gibng khong dot bién ban diu P1003. Thé hé F1 cta phép lai
nay dugc tu thu phén dé tao ra quén thé F2 tach dot bién gdy ra tinh dung nap nay. Chi c¢6
cac dot bién tach ra trong quan thé nay do dot bién 1a khac biét hé gen duy nhét giita
ML0831266-03093 va P1003.

Quan thé F2 dugc trong dudi dang cic ca thé va md 14 duge thu va ADN dugce chiét
tir mdi c4 thé dé st dung cho viéc dinh kiéu gen sau khi quén thé dugce dinh kiéu hinh.
Trong phuong phéap nay, toan bd quan thé déu mang gen dung nap ty nhién lam cho quin
thé dung nap thudc diét cé mesotrion & mirc dd nhét dinh. Dé phén biét tinh dung nap tu
nhién tir dot bién nguyén nhan dung nap, mesotrion dugc phun cho quan thé véi ty 1é cao
(840 g hoat chit/ha) dé cho tAt ca cac ca thé khong c6 dot bién nguyén nhan dung nap déu
chét.

ADN duoc tao ra tir nhém gdm 20 ca thé F2 séng sot va 20 ca thé bi chét voi mdi
nhom duoc két hop véi nhau va xdc dinh trinh tw cing véi ca hai dong dot bién
ML0831266-03093 va dong gidng khong dot bién P1003. Viéc 1ap ban d6 dot bién nguyén
nhén duya trén co s& chi s6 danh gid tAn suét ctia tat ca cac dot bién trong khdi dai dién cho
céc ca thé séng sot. Chi sb nay dugc tao ra tur ty 1€ két qua xac dinh trinh tu mang bién di
khéc v6i dong giéng khong dot bién P1003. S6 két qua xac dinh trinh tu c6 bién di cang
nhiéu thi chi s§ nay cang gan véi mot va néu tt ca cac két qua xac dinh trinh tu déu c6

bién di thi chi sb nay béng mot.

-21-



40256

Dot bién duy nhét gy ra tinh dung nap mesotrion cao dugc du doan. Thay vao do,
s6 liéu thé hién dinh dot bién mang diém sb béng 1 bﬁfmg cach dua thém do kho vao tim dot
bién nguyén nhan. Két qua x4c nhan rang QTL trén nhiém sdc thé 1 duoc tim thdy qua ban
dd lién két 1 vi tri hé gen cia dot bién nguyén nhan dung nap (Fig.10). Trong dinh dot
bién, 7 dot bién vai chi s6 bing mot, khong co dot bién nao 13 nguyén nhan 1o rét gy ra
tinh dung nap thude diét cd mesotrion. Cc gen danh d4u dugc phat trién d6i v6i dot bién
dé tao diéu kién thuan loi cho viéc tim (cac) dot bién nguyén nhan khéng.

Nhom gdm cac dong dugc xac nhin véi cac diém tai td hop duge phan b déu trong
céc QTL va céc dot bién da nhan dang dugc (Fig.11). Cac dong ndy dugc phuc hdi trong
didu kién ddng hop tir d6i v6i mdi téi t6 hop cho phép dinh kidu hinh tinh dung nap thude
diét 6 trén nhidu ca thé (toan 16 dét). Viéc phan tich cac dong nay cho phép thu hep dot
bién dung nap va gen tu nhién v& ving nhé ctia nhiém sic thé.

Nho chién luge d3 mé ta, cac ving hé gen cu thé chira dot bién nguyén nhan dung
nap va gen dung nap tuy nhién s& duoc biét va hitu ich dé phat trién céc san pham thuong
mai. C4c san phim thwong mai nay 1a hitu ich cho s&n xuét cdy laa do chiing sdng sot trude
vi€c phun thudc diét co mesotrion & ty 1€ ma s& phong trir dugc cac cd dai thinh hanh bao
gbm laa dé ma khong gy hai cho cdy lua. Vi tri hé gen cu thé cho phép sir dung céc gen
danh diu phén ti trén cac vung nam bén sudn cua mdi QTL dé chon tinh trang dung nap
HPPD trong phat trién céc san pham thuong mai.

Ban db di truyén cia ba nhém ca th F2 bao gdm tap hop gdm cac c4 thé duge phun
mesotrion chi & 105 g hoat chét/ha, nhom tiép theo dugce phun theo trinh ty 630 g hoat
chit/ha, va nhém cudi cung dugc phun 420 g hoat chit/ha thé hién hai gen kiém soat tinh
khang mesotrion. Trong quin thé duge phun 105 g hoat chét/ha, QTL duy nhét duoc tim
thdy trén nhidm sic thé 2 ¢6 lién két manh v6i gen dénh ddu SNP BG-id2004662 dugc tac
dong theo céch hau nhu trdi. Gen danh d4u nay va QTL nhén dang tinh dung nap di truyén
duge & dong P1003. Gen danh ddu nay 14 hitu ich dé lai va chon cdc dong dung nap
mesotrion mdi. Vi¢c phat hién ra QTL nay tao diéu kién thuan loi cho viéc phat trién
thuong mai cac gidng lia méi v6i phuong phap méi phong trir cd dai qua vige sir dung
thudc diét cé mesotrion. Viéc phat hién ra gen danh ddu dugc lién két BG-id2004662 1a
phat hién méi va chién luoc chon loc dé lai va chon tinh dung nap mesotrion va cc thube

diét c6 khac dugce tao ra tir dong P1003.
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Trong hai nhom cé thé F2 duoc phun mesotrion véi ty 16 cao hon (420 va 630 g hoat
chit/ha), QTL thtr hai dugc phat hién c6 lién két manh v6i gen danh ddu SNP WG-
id1002788. QTL nay 1a vi tri di truyén da dugc chimg minh ctia dot bién nguyén nhan vé
tinh dung nap mesotrion cao. Tinh dung nap két hop ctia QTL phat trién qua phép lai dot
bién trén nhidm sic thé 1 va QTL phét hién duwoc & dong P1003 tao ra tinh dung nap
mesotrion m&i va duoc td hop véi cac gen danh ddu phan tir duoc lién két tao diéu kién
thuén loi cho viéc chon gidng nhanh va hiéu qué cac giéng laa méi (Fig.16).

4. Cay lua khang ca hai chét irc ché ACCaza va HPPD

Céc phuong 4n vé cay lua khéng ca hai chét trc ché ACCaza va HPPD, bao gom cay
lta ¢6 ky hiéu PL121448M2-80048 (sb hiéu luu giit tai ATCC 1a PTA-121362) va PL
1214418M2-73009 (6 hiéu luu gitr tai ATCC 1a PTA-121398). (Bing doc quyén sang ché
My¥ 9303270 B2).

5. Phong trir cé dai

Céc dong Iia c6 cac gen khang thudc diét ¢ khac nhau, duge xép thap hodc chong
trén ciing nén di truyén hodc, duéi dang céc san pham don 1é dugc st dung theo cach khac
duoc nguoi ndng dan st dung quay vong, la cong cu hodc chién lugc then chét trong viéc
kéo dai thoi han hitu ich cta thube diét ¢ do chiing 1am cham sy phat trién coa cac bién
thé khang thubc diét co trong cac ¢ dai dich. Mot sé phuong phap c6 thé sir dung dé dua
cac tinh khang nay vao céc thé lai hoic cac gibng dé phong trir ¢d dai, cling nhu céc phuong
4n san xudt hat giéng lai. Cac dong lta duge mo ta trong bin mo ta nay 1a cdc phuong phap
m&i dé phong trir ¢ dai & cdy lta va co thé duoc trién khai & chién lugc bt ky c6 thé ¢6
dé phong trir ¢ dai va dé sir dung 1au dai cac phwong phép nay va cdc phwong phép phong
trir c6 dai khac. Cu thé, cay lua dot bién dung nap thudc diét ¢ trc ché ACCaza hoic HPPD,
va dung nap cé hai chit trc ché ACCaza va HPPD, dugc boc 16.

Nho viée phét trién cac ngudn khéang nhiéu thudc diét co bao gdbm cac dot bién khac
nhau tao ra tinh dung nap nho tinh co hoc khac nhau déi véi cing 16p thube diét co, co
nhiéu phuong 4n kha dung hon dé phong trlr ¢6 dai & cdy lta. Cac dong lta duge bao ho
6 kha nang st dung thube diét co voi kiéu tac dong méi dé phong trir ¢é dai. Vi du, kha
ning st dung thude diét cé trc ché ACCaza két hop v6i chit trc ché HPPD, thé hién kiéu
tac dong chua dugc thong béo trude d6 & cdy laa. Viéc sir dung cdc dong lda nay bao gdbm
t6 hop cac dong khang cung loai thudc diét cd, song c6 kiéu tac dong nguyén nhan khac,

mang lai cAc phuong an méi phong trir ¢d dai trong rudng cua ngudi trong do d6 1am chém
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sy phat trién tinh khang co dai. Mot s6 phurong phép c6 thé sit dung dé dua tinh khang nay
vao thé lai dé phong trir c6 dai cling nhu cac phuong 4n san xuét hat gidng lai, vi cac dot
bién khac nhau.

Phuong phép kiém soat su sinh trudng ctia cé dai bén canh cy lua khang/dung nap
thubc diét cé cling nim trong pham vi ctia sang ché. Mot vi du vé phuong phép nhu vy 1a
phun mot hodc nhiéu thubc diét co cho rudng lda & cac mirc thubc diét c6 ma binh thuong
c6 thé @e ché sy sinh trudng cda cay lua. Vi du, it nhat mot thudc diét cd e ché hoat tinh
HPPD.

Nham tbi da héa mirc do phong trtr cé dai trong rudng laa, cic thubc diét co khac
nhau c6 thé duoc cin dén dé bao phu phd co dai c6 miat va, két qua 13, c6 thé can dén vai
dgt phun theo vong doi cdy tré)ng dbi v6i mot thube diét co cu thé bt ky tuy theo su chéng
lap gifta ctra s6 kiém soat hitu hiéu duge tao ra bdi mot dot phun duy nhét va cira s thoi
gian trong d6 c6 dai dich ctia n6 c6 thé nay mam, thuong 1au hon so véi thoi gian phong
ngira dugc tao ra bdi dot phun thude diét cé duy nhat. Cac didu kién nhiét d6 va d6 4m cua
dit 14 cac yéu t6 chinh tic dong dén ca hai ctra s6 hiéu qua ctia thude diét cd, cira sd thoi
gian ndy mam va sinh trudng cta ¢ dai. Trén co s¢ cac yéu td nay, cac mo hinh kiém soat
thudc diét co thudng bao gdm viée phun 1ap lai theo trinh tu trong vong doi cdy trong.

Trong hé théng dung nap thudc diét c6 chuln, vi du, mot hé théng hién dugc st
dung thuong mai & cdy lta, dé khang thubc diét co imidazolinon, dgt phun thir nhét cua
thubc diét co duogc thue hién & giai doan 2 14, dot phun thir hai sau tdi thiéu 10 ngay ngay
truge khi tudi kéo dai khi cdy ddm chdi. Muyc dich ctia dot phun thir hai 12 loai trir ¢6 dai
¢6 thé da ndy mam sau dot phun thir nhét trude khi chung c6 thé bi te ché hiru hiéu béi
viéc tudi. Trong mdt sb tinh trang, bao gém thube diét cé trc ché ACCaza, thoi gian phun
thube diét co co6 thé 1a then chét khong nhitng dé phong trir hitu hidu ¢ dai, ma con dé
mirc dung nap duogc ghi nhan & chinh cc cdy nay. Trong mét tinh trang duoc phat trién &
RiceTec, tén thuong cdy dwoc quan sat thdy nham dap lai viéc phun thude diét co, lién
quan mét thiét dén giai doan cta cay. O dong nay, cic dot phun rit sém sau ndy mam gay
t6n thwong cao hon nhidu & giai doan 1 1, véi tdn thuong quan sat duge giam ¢ mdi giai
doan sinh trudng cua cdy qua chdi thtr nhat. M6t sb tinh trang dung nap thude diét c6 tham
chi khéng dung nap cac dot phun truéc khi ndy mam ngay ca khi tinh dung nap sau nay

mam 1a cao. Pap tng v4i thude diét cod thay doi nay lién quan dén giai doan sinh trudng
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ctia cdy can c6 thir nghiém cén than nham thiét 14p gidi han lidu an toan ctia san pham dung
nap thubc diét cé moi.

Viéc san xudt la cho nang sut cao cin dén cac bién phap phong trr ¢6 dai dic
hidu. Mot s6 thude diét cé duge phun duéi dang trude khi ndy mam, sau khi trdng nhung
trude khi cdy ndy mam; thudc khac 1a sau khi ndy mam. Trong truong hop cia cay lia,
viéc phun sau khi nay mAm c¢6 thé duoc thuc hién trudce khi cay tréng duoc tudi, hodc sau.
Céc 14n phun wu tién thuong 1a theo thoi gian, theo giai doan phat trién cua cy tréng, nhu
duoc xéac dinh bang sb 14 mé & cdy dang sinh truéng. Thoi gian phun thude diét cé 1a yéu
téqumnuong,khéngnh&ngt&ldﬁacanhtéidahéa}ﬂélquéphbngtﬁrcédaLInécbnt&
khia canh lam giam dén murc t6i thiéu tic dong dén cay trong dung nap thudc diét cé. Xem
xét ndy xuét phét tir thuc té ring tinh khang thudc diét cé nhor gy dot bién, c6 trong tu
nhién hodc chuyén gen thuong khong doc 14p hoan toan véi lidu va tac dung ctia thoi gian
phun. Céc gen khang thudc diét ¢é khac nhau c6 cac dap tmg lidu khac nhau, cling nhu dap
g voi thoi gian phun nho do, thong thuong, kha ning gy doc cho cdy & cdy khang gia
tang khi lidu vurgt qué mtrc nhét dinh, hodc kha ning gy doc cho ciy & ciy khang thay d6i
theo thoi gian phun khac nhau d6i véi lidu thube diét co da cho.

Viéc danh gia cac gen khang thubc diét 6 méi, 1a muc dich cia sang ché, duoc thuc
hién v6i gii han liéu thude diét co thich hgp bao phu céc ty 1€ phun thuong dugc sir dung
cho céc cong doan trong lua trong khi cling tinh dén cac do léch co thé co so véi cac lidu
dugckhuyéncéobéinhésé1xu&;BéngcédlxenlxétlX;HéudUanhésénxuétkhuyén
c4o hodc bién phép tbt nhét, cac lidu bd sung duge danh gia thudong xuyén nhét 12 2X va
4X véi cac thir nghiém nhat dinh bao gbm céc gia tri khac. Tham chiéu dén liéu theo san
phim va ham luong hoat chét dugc cung cép trong Bang 11.

Trong trudng hop clia san xut lua, phong trir lda d6 dai, 1a dich ciia thude diét co
ttc ché ACCza, va céc co dai 14 rong 1a dich cua thudc diét co uc ché HPPD mesotrion,
dugc tan dung tdt nhét trong cac giai doan sém cua sinh trudng thuc vat, trudce khi tudi, do
ban than k¥ thuét nay, véi su cd mat cia nudce lang, lam (rc ché co dai hitu hiéu, déu la
truée khi thu hoach. Tuong tu, xét thiy d6i voi cac thude diét cé nay kha ning giy doc cho
cdy khang la cao hon d6i véi cay con gidng, tring véi cira sd kiém soét tdi wu, cac dénh
gia vé cac gen khang thudc diét ¢6 mé6i nay bao gdm lan phun chu yéu & giai doan 2 14, va
giai doan 4 14, véi viée tudi t6t hon 12 x4y ra & giai doan 5-6 4.

6. Két hop thude diét co
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Nhim xem xét cac td hop gen khang thude diét cd, bét ké t& hop bao gdm hai hoic
nhiéu kiéu tac dong dbi voi cung thudc diét co, hodc hai hodc nhiéu gen dbi véi thude diét
¢6 thude céc ho hodc chire nang khac nhau, cac tuong tac dbi khang hoic hiép ddng c6 thé
duoc quan sat thu dugce tir cac twong tic gen v6i gen, nhu mot s6 phuong 4n duge md ta
trong ban mo ta nay dd chirmg minh. T8 hop cua céc gen dot bién méi khang thudc diét co
trc ché ACCaza RTA1 va RTA2, tao ra tinh dung nap thudc diét co wu viét hon nhiéu so
vé6i tinh khang cong gbp cua hai gen hoat dong riéng r&, chung t6 tinh hi€p dong. Tinh
dung nap thudc diét ¢6 1a do hai co ché tic dong tao ra tinh khang cing thude diét co.

Twong ty, nhim xem xét t6 hop ciia cdc gen khang thudc diét ¢é khac nhau, mdi
gen ddc hiéu vdi mot ho thudc diét cé khéc nhau, v6i hy vong ring td hop nay co6 thé cho
phép binh phun trdn cac thude diét co ma két qua 14 1am giam sb luot may di qua cay trong,
céc tuong tac hiép dong hodc d6i khang c6 thé xay ra gitta cdc san phim thubc diét co, nhur
cling dugc chimg minh bang mdt s6 phuong an dwgc md ta trong bén mo ta nay. Tinh
khang duoc tao ra cho cdy lGa boi gen G20968S, khi dugc thir thich bang thude diét ¢6
thudc ho chét trc ché ACCaza, 13 cao hon déng ké so vé6i tinh khang dugc thé hién boi cay
lia mang ca hai gen RTA1, cling nhu cac gen HPPD1i + HPPD2ni tao ra tinh khang thude
diét ¢ e ché HPPD mesotrion. Néu cdy nay duoc thir thach bang binh tron chira ciing lidu
thudc diét c¢o tc ché ACCaza duge to hop véi lidu lam viéc twong dwong ciia mesotrion.
Khi cac thude diét c¢o khac nhau duoc phun riéng ré, theo thu tu bét ky, va khoang thoi
gian dugc phép gitta cac dot phun, dap tmg voi thudc diét co 1a giéng nhu quan sat thiy &
cac dong mang cac gen don 1¢ tuong Ung. Céc tac dung nay cho thdy twong tac ddi khang
gitra cac ché pham, khi hai thudc diét ¢6 duoe két hop trong binh dé phun cho cay trong.
Quan sat nay duoc thuc hién khi két hop quizalofop véi mesotrion.

Vit liéu va phuong phap
Thiét 14p quén thé dot bién

Chuong trinh chon gidng dot bién duge khéi tao dé phat trién cac dong khang/dung
nap thude diét cé doc quyén. Quén thé dot bién di truyén duoc tao ra bing cach cho khoang
10000 hat giéng (uéc tinh theo trong lugng trung binh cta hat) cta ba dong lua bao gbm
P1003, R0O146, va P1062 tiép xuc véi ca hai chét gay dot bién natri azit (AZ) va metyl-
nitrosoure (MNU). Céc hat gidng da xr ly dugc dem trong. Cac cdy riéng ré duge thu
hoach tao ra 8281 dong dot bién tiém ning. Dong dugc duy tri 6n dinh dudi dang quan thé

dot bién di truyén dé sang loc tinh trang.
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Dong phuc hdi kidu Indica R0146, thé hién su thich nghi véi cac diéu kién trong
cia My, duoc dua vao chuong trinh RiceTec Breeding Program va lai v6i 4 dong R phuc
hdi RiceTec khac dé khoi tao cac quan thé can cho viée danh gia. Do ¢6 ngudn gbe khac
so v6i cac dong RiceTec R hoat tinh tai thoi diém nay, hy vong ring R0146 c6 thé cung
cép cac gen phuc hdi méi cho kho di truyén RiceTec. Vi ¢6 tinh thich nghi cao, kiéu, ning
sudt va kha ning phuc hdi, nén viée sir dung RO146 va cic dong chon loc sém clia n6 gia
ting on dinh trong chuong trinh RiceTec Breeding Program ciia My. Do R0146 va cac
dong chon loc ctia n6 trd nén ngdy cang quan trong trong day chuyén chon gibng cua My,
viée tmg dung ching ciing duoc mé rong cho chwong trinh chon gidng RiceTec South
America trong d6 ching ciing thé hién hiéu niang nbi bat. R0146 1a dong phuc hdi ndi bat
do c6 kha ning thich nghi rong nhét khip cac vi trf thir nghiém, va kha nang két hop cao
nhét véi cac dong cai khac nhau, va ludn tao ra t& hop lai c6 hiéu ning cao. Quyét dinh
duoc thue hién 12 str dung R0O146 1am dong phuc hdi duy nhat dé trai qua qua trinh dot bién
nham phat hién céc tinh trang dung nap thudc diét c6. Khong c6 dong nao khac tai thoi
diém nay ma c6 muc do tham nhap vao day chuyén chon giéng RiceTec nhu vay, diéu nay
xédc dinh RO146 1a ddi twong t6t nhit cho (mg dung nhanh va rong céc gen méi tim thdy
nho nd luc gy dot bién.

Tinh dung nap/khang chét trc ché ACCaza duoc ting cudng

Hiéu luc cia dong dot bién ML0831265-02283 dung nap thudc diét co6 ACCaza.

Sau khi sang loc quan thé d6t bién 16n, dong ML0831265-02283 ciing sdng sot khi
phun thudc diét cd ACCaza quizalofop. Dong dwoc nhén 1én dé thu duoc hat gidng du cho
céc thir nghiém 16n hon dé danh gi4 tinh dung nap thudc diét c6 ACCaza. Tinh dung nap
thube diét cd ACCaza & dong ML0831265-02283 duge thir hiéu luc bang cach trong trong
céc 16 dat rudng (5 ft x 10 ft) gdm dong, dong gbe khong dot bién R0146, dong khong dot
bién thtr hai P1003, va dong dung nap ACCaza ML0831265-01493. Thubc diét cd ACCaza
quizalofop dugc phun & giai doan 4 14 & bo1 s6 0,5X, 1x, 2x, va 4x cua ty 1 ghi nhan (77
g hoat chédt/ha). 21 ngay sau khi thudc diét co dwoc phun, cic 16 dat dugc danh gia % ton
thuong gdy ra cho cdy lta trén co s& cac 16 dbi chimg khong phun thube diét c¢é (Fig.6). S6
liéu x4c nhan tinh dung nap cia dong ML0831265-02283 va thdm chi ¢6 thé mang tinh
dung nap 16n hon dong ML0831265-01493 nhu duoc thé hién béi tén thwong it hon & ty

1€ 2x va 4x quizalofop.

-27-



40256

Phat trién tinh dung nap thudc diét co e ché HPPD va ACCaza bing cach két hop tinh
dung nap ¢ dong MLL0831266-03093 va ML0831265-01493

Thubc diét c6 nhdm dich enzym HPPD, chi yéu phong trir ¢6 dai 14 rong. Tuy nhién,
céc thir nghiém & cy lua cho thdy sw phong trir chu yéu co dai & cdy lua, bao gdm lua dai
do, dac biét voi thude diét cé mesotrion.

Mit khéc, dich co dai cha yéu cta thube diét c6 ACCaza 1a cay mot 14 mam bao
gém laa, co dai, va laa do. Tuy nhién, mot s6 thudc diét cd ACCaza c6 hoat tinh thép hon
v6i lua. Hoat tinh yéu nay c6 thé duoc truyén cho laa dé do cdy nay c6 lién quan mét thiét.
Viéc két hop tinh dung nap HPPD va tinh dung nap ACCaza vao dong lua duy nhét cho
phép phong trir ¢ dai phd rong cho cay lua. Thubc diét co6 HPPD phong trir cac ¢ 14 rong
va ting cuong tac dung cua thudc diét c6 ACCaza dé phong trir cé dai mot 14 mam bao
gdm lua do.

Viéc két hop tinh dung nap HPPD va tinh dung nap ACCaza vao dong lia duy nhét
duoc khéi tao bang du an 14p ban dd tinh dung nap HPPD bang cach lai dong dung nap
HPPD ML0831266-03093 v&i dong dung nap ACCaza ML0831265-01493. Trong ban dod
quén thé, cac cay F2 dugc chon cho tinh dung nap HPPD béng cach phun mesotrion trudc
hét & ty 1& thp (105 g hoat chét/ha) tiép theo 1a & ty 1& cao (630 g hoat chét/ha). Trong quy
trinh ndy, cic gen danh d4u phan tir cling dugc phat trién cho phép chon tiép tinh dung nap
HPPD béng cac gen danh d4u hodc sang loc tinh dung nap thudc diét ¢ hodc ca hai.

Sau khi nhan dang cac cdy dung nap thudc diét cd6 HPPD mesotrion, ching cling
duoc thir nghiém v6i gen danh ddu chirc ning dung nap ACCaza cho dot bién RTA1 &
dong gbe cho ACCaza ML0831265-01493. Thong tin d& phat trién cac gen danh diu
ACCaza RTA1 la trén Fig.13, 14.

Sau quy trinh nay, nhom gbm 25 cdy F2 c6 dot bién ACCaza cho tinh khang thudc
diét co, va tinh khang thudc diét c6 HPPD di truyén trén nhidm séc thé 1 va nhidm séc thé
2, 1t nhét 14 trong diéu kién di hop tr, dugc nhén dang. Céc cly dugc chuyén sang rudng
khac d& thu hoach khi trudng thanh. Trong sb 25 cdy, 8 cay ddng hop tir v6i dot bién
ACCaza va mdt ciy ddng hop tir voi dot bién ACCaza, dot bién dung nap HPPD, va gen
dung nap khong cam ng. 25 cdy dugc dong bao khi cube x6i1 va hat gidng dugc thu hoach
khi trudng thanh tir mdi cay riéng ré.

Nhom cdy trudng thanh sém duge thu hoach s6m nhit c6 thé va hat giéng trong

trong nha kinh dé giup nhanh chéng tién sang thé hé F4. Viéc chon céc cdy F3 dugc thuc
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hién bing cac gen danh diu phan tir ndm bén sudn dot bién dung nap HPPD va dung nap
tu nhién dot bién chuc nang ACCaza. Cac ciy dong hop tir dbi vai tit ca cac ving hé gen
duoc chon dugc chuyén sang thé hé F5. Hat giéng F5 dugc x4c nhdn mang tinh dung nap
thudc diét c6 ACCaza va thudc diét co0 HPPD mesotrion. Trong céc dong FS,
PL1214418M2-80048 dugc chon do ndng suét hat giéng cao va la déng hop tir d6i voi dot
bién dung nap ACCaza & vi tri RTA1, dot bién dung nap HPPD, va gen tu nhién dung nap
HPPD. Hat giéng tir dong PL1214418M2-80048 dugc luu giit tai ATCC va ¢6 s6 PTA-
121362 (xem Bang 12).

Dong thir hai dugc phét trién bang cach trdng hat gidng F3 theo hang. Cay duoc
phun thude diét c6 HPPD mesotrion va chon cdy it hodc khong ¢6 tdn thuong so véi ddi
chimg khong phun. M6 14 ciing dugc 1y va cdy dugc thir nghiém tinh di truyén dot bién
dung nap ACCaza RTA1, tinh dung nap dot bién HPPD, va tinh dung nap khong cam ting
HPPD. Céc ciy ddng hop tir v6i ca 3 gen dung nap hodc QTL dugc nhén dang va thu
hoach. Hat giéng F4 (PL1214418M2-73009) dugc gom lai tir cic cAy mang ca 3 gen dung
nap hoic QTL va ding dé thir nghiém hosc 1am dong cho méi d6i v6i tinh dung nap ca hai
thudc diét c6 ACCaza va HPPD. Hat gibng ctia ngudn PL1214418M2-73009 duoc luu giir
tai ATCC va c6 sb PTA-121398 (xem Bang 5).
Tinh dung nap cta cic dong méi két hop HPPD va ACCaza la twong duong va c6 thé chon
trong quan thé lai

Ngudn hat giéng PL1214418M2-73009 duoc phat trién tir phép lai gitta dong khang
HPPD ML0831266-03093 va dong khang ACCaza ML0831265-01493 va di dé cho phép
thir x4 nhén tinh dung nap chat tc ché HPPD va ACCaza twong duong & cdc dong méi. 2
thtr nghiém duogc thuc hién dé do su phuc hdi tinh dung nap ca hai thubc diét c6 ACCaza
va HPPD & dong méi PL1214418M2-73009. Su phuc hdi tinh dung nap cta dong bang
cédnkéthopIuﬁtﬁﬂluangnﬁnhhgaréngcécthﬂ1ﬁangnaycéthédi&uy&nvacéthéduqc
sir dung dé tao ra cac giéng hodc thé lai méi mang tinh khang thudc diét ¢6. Cac thir nghiém
nay la quan trong do nhiéu khi kho phuc hdi QTL phtc tap cho céc tinh trang dinh lugng
hodc trong mot sd trudmg hop dép tng tinh trang phu thudc vao nén di truyén. Trong thi
nghiém thtr nhét, dong tinh khang mesotrion (thube diét c6 HPPD) duge danh gia bang
cach trdong dong PL1214418M2-73009, dong khang HPPD ML0831266-03093 va dong
laa kiéu dai P1003 va R0146 trong cac 16 dat (5 ft x 10 ft). Mesotrion dugc phun & bdi sb
0,5X, 1x, 2x, va 4x cta ty 1€ phun ghi nhédn (210 g hoat chét/ha). 2 dot xtr ly khac dugc bao
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gdm voi ty 18 1x va 2x tiép theo 12 dot phun thir hai 14 ngay sau d6 véi cung ty 1&. Su phuc
hdi hoan toan tinh khang HPPD tr dong MLO0831266-03093 dat dugc & dong
PL1214418M2-73009 nhu vén c6 va dong tinh trang ban déu ¢ ciing déap tng véi cic dot
phun thuéc diét ¢6 (Fig.1). Cac két qua nay cho thdy rang tinh trang khang HPPD c6 thé
duoc lai va chon dé phat trién cac san pham thwong mai.

Thir nghi€m khéac dugc thuc hién dé xé4c nhan su phuc hdi tinh khang chét tc ché
ACCaza tlr 3ot bién RTAI nhu ¢ dong ML0831265-01493. Trong thir nghiém nay dong
mé6i PL1214418-73009 véi tinh dung nap HPPD va ACCaza két hop duogc trdng theo hang
cling v6i cac dong khac bao gdm dong cho ban diu ML0831265-01493 (tréng trong mot
16 dAt), ML0831266-03093, P1003, dong gbc R0146 ddi v6i tinh dung nap ACCaza. Cac
dong déu duoc thtr nghiém véi thubc diét co6 ACCaza fluazifop & boi s 0,5X, 1x, 2x, va
4x cta ty 1€ phun ghi nhan (210 g hoat chit/ha) va quizalofop & bdi s6 0,5X, 1x, 2x, va 4x
cua ty 1€ phun ghi nhén (77 g hoat chét/ha). Trong cac thir nghiém nay, ba dong méi di
truyén tinh dung nap ACCaza déu thé hién tinh dung nap thubc diét cd ACCaza twong
duong nhu dong cho ML0831265-01493 (Fig.2).

Tinh dung nap thubc diét co HPPD 12 phire tap hon so v6i tinh dung nap ACCaza
do n6 cén 2 gen khac vi gen bi nhim dich béi thudc diét cé nay. Mic du c6 tinh phirc tap
hon nay, tinh dung nap twong duong dugc phuc hdi qua viéc chon ca hai gen dung nap tu
nhién va dung nap dot bién. Dong gbc ACCaza ML0831265-01493 trong phép lai nay rat
nhay v6i thude diét cé6 HPPD mesotrion va do d6 khong dugc mong doi 12 tao ra tinh dung
nap HPPD. Su khang/dung nap thudc diét c6 HPPD hau nhu gay ra chi bdi hai gen nay do
chung 13 locut cua quy trinh chon loc, va dong méi PL1214418M2-73009 thé hién tinh
khang tuong duong. Cac két qua nay cho thay ring tinh khang d6i voi ca hai chit tre ché
ACCaza va HPPD dugc di truyén va c6 thé dugce lai trong cdy lua bét ky dé phat trién
thuong lai ca hai tinh khéng chét (e ché HPPD va ACCaza & cdy lua.

Nhén dang dong gop tinh dung nap tir dot bién dung nap HPPD va gen dung nap khong
cam ung tr P1003

Trong quy trinh lai dé phat trién cdc dong méi (PL1214418M2-80048 va
PL1214418M2-73009) c6 su khang/dung nap céc thudc diét cd6 HPPD va ACCaza, hai
dong khéac ciing dugc nghién ciu d8 xé4c dinh déng gop cua dot bién dung nap HPPD va
gen tu nhién dung nap HPPD. Dong PL.1214418M2-73001 mang tinh dung nap ACCaza
va chi ¢é tinh dung nap HPPD, trong khi dot bién PL1214418M2-73013 mang tinh dung

-30-



40256

nap ACCaza va chi cé gen ty nhién dung nap HPPD. Céc phép chon loc nay cho phép ude
tinh tac dung dung nap ctia mdi gen trong sé hai gen can cho tinh dung nap thubc diét co
HPPD. Té4c dung dung nap ctia mdi gen dugc do bang cach tréng dong theo hang don bao
gdm dong méi dwoc phét trién PL1214418M2-73009 mang ca hai tinh dung nap HPPD tur
d6t bién va tinh dung nap khong cam tmg, dong dung nap HPPD ML0831266-0309, va
dong gbe khong cam tng P1003. Céc 16 dit rudng dwoc phun & giai doan 4 14 voéi thude
diét ¢c6 HPPD mesotrion & boi $6 0,5X, 1x, 2x, va 4x cla ty 1€ phun ghi nhan 210 g hoat
cht/ha.

Céc 16 duge danh gid 4 tudn sau khi thude diét ¢ duge phun. Két qua thé hién ring
gen dung nap tu nhién riéng r& (PL1214418M2-73013) cho murc dung nap gidng nhu dong
gbe P1003 (Fig.4). Két qua nay c¢6 thé duge mong doi néu gen dung nap tu nhién dinh vi
trén nhifm sic thé 2 dinh vi trong QTL nim bén sudn cic gen danh déu 12 ngudn nguyén
nhén duy nhét v& tinh dung nap & dong khong dot bién P1003. Dong PL1214418M2-73001
chi mang dot bién HPPD dinh vi trén nhiém sic thé 1 trong QTL nam bén sudn céc gen
danh déu, thé hién tinh dung nap trung gian giita dong khong dot bién P1003 va dong dot
bién dung nap HPPD ML0831266-0309. Két qua nay cho thdy ring dot bién HPPD khong
nhitng ting cuong tinh dung nap ma con tao ra mirc dung nap 16n hon so voi gen dung nap
tu nhién. Ngoai ra, n6 cling cho théy dot bién HPPD hoat dong doc lap so voi gen dung
nap HPPD tu nhién. Hai gen ndy ciing hoat dong theo cach cdng gop nhu chi bang cach
két hop hai dong & dong méi PL1214418M2-73009 murc dung nap trd nén twong duong
v6i dong dot bién ban ddu ML0831266-0309.

Phong trir ¢ dai va lua d6 & cy lta c6 chit tc ché ACCaza va chat ac ché HPPD

Hoat tinh hoic kha ning thudc diét cé phong trir cay lda khong dot bién, nhu dong
R0146 va P1003, 12 yéu t& du doan tét vé cach thudc diét c6 s& phong trir laa do hoic lta
hoang dai ¢ cdy l0a. Lua do va lua hoang dai la rit gibng cdy lua, tham chi c6 kha ning lai
v6i cdy Ita. Mtrc do gidng nhau nay 1a 1y do céc c¢6 dai nay qua kho phong trir ¢ cdy lua.
Dong dot bién (ML0831265-01493, ML0831265-02283, ML0831266-03093,
PL1214418M2-80048, va PL1214418M2-73009) dugc boc 160 mang lai chién lugc phong
trir ¢6 dai ddi voi lua do, lua hoang dai, cac ¢ dai khac phd bién & cdy lua. Cc dong nay
giup cho cdy lua dung nap thudc diét ¢6 ma binh thuong sé diét hodc gy tén thuong lam

gidm nédng suat cho cay lua.
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Trong khi thr nghiém céc dong dung nap nay, cac dong gbc cling dugc thir nghiém
doéng vai tro dbi chimg va 1a chi thi tiém ning thuong mai duéi dang chién lugc phong trir
lua d6/1Ga hoang dai. Céc thtr nghiém nay cho thdy rang cac dot xir Iy chon loc bang thudc
diét co6 dugc phun riéng r&€ hodc két hop va thoi gian phun mang lai chién luge phong trir
¢ dai mai & cay lua.

Cay lta dung nap thudc diét cé tc ché ACCaza nhét dinh, vi du cyhalofop dugc
dang ky dé sir dung & cdy lua. Tuy nhién, thude diét cd6 ACCaza khéc diét hoic gay ton
thuong ning cdy laa & mirc 9 khac nhau. Sau khi thir nghiém, mot vai thude diét co khac
nay bao gom fluazifop va quizalofop dugc phat hién 14 phong trir t6t cac c6 dai phd bién,
nhu ¢ 16ng vue nude, & ciy la. Viéc phong trlr ¢ dai phé bién & cdy Ita ciing dat dugc
v&i mesotrion riéng r&, dic biét khi dugce phun trude khi trdng hodc & cac ty 1& cao hon (ty
1€ ghi nhan 2x ctia 210 g hoat chét/ha) (Fig.5A va Fig.5B). Ty 1& dugc phun cua ca hai loai
thudc diét co dé phong trir cé dai 1a tt trong pham vi mirc 46 dung nap ctia cac dong dung
nap ACCaza va HPPD bao gdm cac dong td hgp mang tinh dung nap cé hai thude diét co
HPPD va ACCaza.

Viéc phét trién tinh dung nap HPPD va ACCaza trong dong duy nhét
(PL1214418M2-80048 va PL1214418M2-73009) tao co hoi cho chién luoc phong trir cd
dai khac bao gf)m cac dot phun thudc diét cd6 ACCaza va HPPD trong binh tron hodc dot
phun riéng ré & cac thoi diém khac nhau. Viéc phun truée khi trong rat hitu hidu dugc thuc
hién v&i thube diét c6 HPPD mesotrion gir day c6 thé dugc nbi tiép bang thude diét co
ACCaza dugc phun riéng r€ hodc két hop vai thude diét co HPPD. Chién lugc nay phong
trir toan bd phd c6 dai & cay lua bang cach phong trir co dai 14 rong bang thudc diét co
HPPD, va phong trir ¢6 dai bang thubc diét c6 ACCaza. Ngoai ra, viéc phong trir ¢6 va lta
do/lta dai bang thube diét co ACCaza duge ting cudng dang ké boi hoat tinh ma thude
diét co e ché HPPD tao ra. Chién lugc nay duoc coi 1a dic biét hitu hiéu dé phong trir laa
do khi thude diét co e ché ACCaza duge st dung c6 hoat tinh thip hon ddi véi cay la.

Heé théng phong trir ¢ dai cu thé nay rat hitu ich & cdy lua do mot sd co dai, bao
gf”)m lta do, phat trién tinh dung nap thude diét c6 hién dugce sir dung. Viéc st dung chién
luge phong trir ¢ dai nay cho phép xoay vong cac kiu tac dong khac nhau cta thude diét
¢6 & cdy lua. Bing cach xoay vong cac kidu tac dong diét co, sy phat trién co dai khang
duoc lam cham lai hodc duoc ngan ngira dé cho phép sir dung lau dai tit ca cac phuong

phéap phong trlr ¢ dai co thé co.
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Xac dinh hiéu luc ctia dong dot bién ML0831266-03093 dung nap thude diét ¢d e ché
HPPD

Sau khi sang loc so bo “quan thé dot bién”, dong khong bi hur hai dugc chon va
dugc thir nghiém trong cac tht nghiém bd sung bang cach st dung céc ty 1 khac nhau cia
thube diét co. Cu thé, thu nghiém vé dap tng theo ty 1€ dugc thuc hién trong do6 hai ty 1¢
khac nhau cia mesotrion dugc phun trudce khi nay mam, cong v&i 1an phun trén 14 bo sung
cling dugc thuc hién. Thir nghiém nay phan biét mot dong dot bién 14 c6 tinh khang uu viét
(tdn thwong it hon) thudc diét c6 mesotrion so véi ddi chung (Fig.12A va Fig.12B). Thé
hé con cuia dong nay ¢6 ky hiéu ML0831266-03093 dugc duy tri dudi dang dong mGi mang
tinh khang thudc diét cé mesotrion. Dong (ML0831266-03093) 1a ngudn khang duge lai
nguoc thanh cic dong lha doc quyén hodc duge sit dung truc tiép trong phép lai dé phat
trién cac dong lua doc quyén méi. Cic dong dugc phét trién nay 12 ngudn khang thubc diét
c6 duge st dung dé phat trién cic thé lai méi tao ra kiéu tac dong khac dé phong trir cé dai
& cdy lua. Viéc mang lai co hi nay cho nguoi trbng c6 gia tri 16n ca trong viéc tao ra ning
suét cao va trong viée kéo dai thoi han hitu ich cta k§ thuét phong trir 6 dai kha dung.

Dong dot bién ML0831266-03093 duoc phat hién 12 mang tinh dung nap mesotrion
(thubc diét c6 trc ché HPPD phd bién) qua viée sang loc cac dong voi céc ty 16 khac nhau
ctia thube diét co. Murc dung nap ctia ML0831266-03093 dugc phat hién 1a 16n hon nhiéu
so v6i dong khong dot bién ban dau (tw nhién) P1003.

Dong ban dau P1003, mang tinh dung nap mesotrion ty nhién. Tinh dung nap khong
cam Ung nay doi khi ngan can tinh khang cta dong dot bién lam cho tinh khéng ting cudng
ctia dong ddt bién ML0831266-03093 tré nén khong rd rang.

Viéc xac dinh tiép hiéu luc cta cua tinh trang bao g@)m thr nghiém dong dot bién
ML0831266-03093 v&i su c6 mit ciia cac ¢d laa phd bién. Dong dot bién hoan toan dung
nap ty 1& dugc phun clia mesotrion trong khi quan thé cé thinh hanh dugc phong trir tdt boi
thudc diét co (Fig.6A va Fig.6B). Mrc phong trir ¢6 dai nay 1a hoan toan khong mong doi
do mesotrion dugc ghi nhin dé phong trir ¢d 14 rong & ciy trdng mot 14 mam. Két qua nay
chi ra ring mesotrion va cac thubc diét co wc ché HPPD khac két hop véi dong
ML0831266-03093 va cac dong dugc tao ra, 14 hé thong phong trir c6 dai méi & cdy lua.
Hoat tinh cao cia mesotrion dbi voi co dai va cac loai lta nhét dinh chi ra réng hé théng

nay c6 thé duoc sir dung dé phong trir Itia d6 & cay lua.
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Mesotrion va céc thudc diét c¢é e ché HPPD khéc nhim dich gen HPPD. Sy gia
tang tinh dung nap thudc diét ¢6 ¢ thé dat duge nhd dot bién trong gen HPPD. Mot dot
bién trong trinh ty gen c6 thé 1am bién ddi cAu truc enzym da d& ngan né khong bi e ché
boi thude diét cé, ma van cho phép né thuc hién chirc ning sinh Iy binh thudng cua né. Gia
sir dy 1a co ché dung nap dang tin cdy, gen HPPD duoc x4c dinh trinh ty bang phuong
phép Sanger & c4 hai dong dot bién ML0831266-03093 va dong ban diu P1003. Ngac
nhién 13, khdng ¢ dot bién nao duoc phat hién trong gen HPPD. Tinh dung nap thude diét
c6 & dong ML0831266-03093 dudng nhu dugce tao ra tir quy trinh khong phai & vi tri dich.
Vi du thwe hién sang ché
Vi du 1: Vi tri cda dot bién co ky hiéu RTA2 lién quan dén tinh dung nap chét uc ché
ACCaza

Quin thé MutMap 1 cic cdy F2 tir phép lai gitta dong Ita R0O146 X ML-
083126502283F2. Cac birc anh dugc chup 16 ngay sau khi phun thude diét co.

Thudc diét cé Quizalofop duge phun trén rudng thir nghiém. 30 ngay sau khi phun
thubc diét co, cac cdy thé hién ‘dap Gmg den tring’ rit rd rang véi thudc diét co [thé hién
tinh khéng thudc diét ¢6 (diém s6 12 1 hodc 3) hodc tinh d& ton thuong (diém s6 13 7 hoic
9) 16 ngay sau khi phun thudc diét cé. C4c cdy duoc tinh diém trude hét & 16 ngay sau khi
phun thubc diét ¢6 va tiép theo & 21 ngay sau khi phun thudc diét cd.

Céc cy dot bién mang ‘dot bién chura biét RTA2” 1a c6 tinh khang. Céc cay 3 tuin
tudi dugc phun Quizalofop va dap tng thudc diét ¢ duge tinh diém 21 ngay sau khi phun.
Céc tridu chtng d& ton thuong da duoc quan sat thdy 7 ngay sau khi phun Quizalofop, song
viéc tinh diém dugc thue hién & 21 ngay. Vao ngay 21, phan 16n cac cdy thé hién dép tGng
‘den tréng’ rat ro rang véi thube diét co, tic 13, thé hién tinh khang thude diét ¢6 (diém s6
1a 1) hogic chét hoan toan (diém s 14 9). Mot s6 cdy c6 diém s6 1a 3 (hu hai it trén 14 hodc
sinh trudng 14 mdi duge quan sat thdy, va hau hét cac cay déu sdng sot) hodic c6 diém s 1a
5 (mot ntra mai che bi hu hai va khé du doan dugce cay co thé sdng sét duoc hay khong),
hoic c6 diém sb 1a 7 (hu hai nhidu hon trén 14, cay s& khong sdng sot).

Sau khi phat hién, cac thé dot bién khang ACCaza trong quén thé Iaa RO146, phuong
phap MutMap duoc sir dung dé xac dinh dic diém bing phan tich lién két (c4c) dot bién
lién quan dén kiéu hinh khang Quizalofop.

Quy trinh MutMap: Gay d6t bién 1a cay lta vé6i trinh tw hé gen tham chiéu bang etyl

metan sulfonat (EMS). Thé d6t bién duogc tao ra, trong trudng hop nay 1a kiéu hinh ntra
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Iun, duge lai véi cdy kiu dai cing gidng trude khi gay dot bién. F1 thu duge dugc tu thu
phén dé thu duogc thé hé con F2 tach ra céc kidu hinh dot bién va kiéu dai. Viéc lai thé dot
bién nay v6i dong gbe kiéu dai dam bao phét hién cac khac biét kiéu hinh & thé hé F2 gita
dot bién va kiéu dai. ADN cua céc cay F2 biéu hién kiéu hinh d6t bién duoc tap hop va
dung cho viée x4c dinh trinh tu toan hé gen, tiép theo 1a sip hang theo trinh ty tham chiéu.
Cac SNP ¢6 két qua doc trinh tu chi gdm cac trinh t dot bién (chi sé SNP bing 1) duoc
gia dinh 12 lién quan mat thiét v6i SNP nguyén nhén dbi vdi kidu hinh dot bién.

DAu hiéu manh nhét cta cac dot bién gia dinh lién quan dén tinh khéng chét trc ché
ACCaza dugc quan sat théy trén Nhidm sic thé 1, v6i chudi dot bién trinh tu c6 chi sé SNP
cao nhét.

Ving nguyén nhan dugc dinh vi & vung trén nhiém séc thé 1 dugc nhan dang trén
Fig.18 va cac bang 1A, 1B va 2.

Vi du 2: Phuong phép san xuét cdy lGa lai ¢ tinh khang liéu thip mot ho thube diét co e
ché ACCaza, FOP, bing cach b sung gen khang duy nhét trong lidu alen duy nhét

Tinh khéng thudc diét cé trc ché ACCaza bai ML0831265-01493 duoc trién khai
riéng r& trong cac thé lai qua giéng cai hoic gibng duc din dén hat gidng lai khang thubc
diét ¢6. Néu tinh khang duoc trién khai chi trong gidng duc, thi ngoai viéc sir dung n6 dé
phong trir ¢6 dai, thudc diét co khi dwoce phun cho hat gidng lai s& diét hat gidng lai cdi tw
thu phén 14n vao. Mit khéc, néu tinh khang duoc trién khai chi qua gidng cai, nguoi trong
c6 thé loai bé hat gidng duc tu thu phan 13n vao. Hidu qua clia phuong phép nay phu thudc
vao tac dong gen cla gen khang thudce diét cd, nhe d6 sw c6 mit ctia alen duy nhit ma van
dung nap thubc diét ¢é thi c6 thé séng dugec.

Nguoi trdng c6 thé thay thé kiéu khang ma ho mua va 4p dung trong rudng cuia ho
dé 1am giam co hoi ¢6 phat trién tinh khang thude diét co. Thude diét ¢d te ché ACCza,
cht yéu nho phong trir ¢6 dai, ciing cho phép ting cuong phong trir lua do & mirc do nhét
dinh. O céc ty 18 cao hon, n6 s& diét mot s6 loai lta nhét dinh. Néu tinh khang phat sinh &
la d6 do thu phén chéo, né c6 thé van duoc phong trir bang 16p thude diét co khac & vu ké
tiép.

Vi du 3: Phuwong phap san xudt cdy laa lai c6 tinh khang lidu thdp mét thude diét c¢6 e ché
HPPD béng cach bd sung gen khang duy nhét trong lidu alen duy nhét
Tinh khéng thudc diét c6 trc ché HPPD béi ML0831266-03093 duorc trién khai riéng

r& trong cac thé lai qua gidng cai hodc giéng duc dan dén hat gidng lai khang thudc diét co.
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Néu tinh khang duoc trién khai chi trong gidng duc, thi ngoai viée st dung né dé phong
trr ¢4 dai, thube diét cé khi duoc phun cho hat gidng lai s& diét hat gidng lai ci tw thu
phén 14n vao. Mit khac, néu tinh khang duoc trién khai chi qua gidng cai, ngudi trdng c6
thé loai bo hat gibng duc tu thu phén 14n vao. Hiéu qua ctia phuong phap nay phu thudc
vao tac dong gen cua gen khang thude diét ¢6, nhd d6 su c6 mit cla alen duy nhit ma van
dung nap thubc diét cé thi c6 thé sdng duoc.

Ngudi trdng c6 thé thay thé kiéu khang ma ho mua va ap dung trong rudng ctia ho
dé 1am giam co hoi c6 phat trién tinh khang thude diét co. Thube diét ¢é tre ché HPPD, chu
yéu nho phong trir ¢é dai, cling cho phép ting cudng phong trir laa dé & mirc do nhét dinh.
O céc ty 1& cao hon, né s& diét mot 36 loai lua nhit dinh. Néu tinh khang phat sinh & lua d6
do thu phén chéo, n6 ¢6 thé vin duogc phong trir bing 16p thude diét co khic & vu ké tiép.
Vi du 4: Phuong phép san xuét cdy lua lai c6 mirc khang thubc diét cé tc ché HPPD hoic
ACCaza cao hon bing cach bd sung gen khang duy nhét trong lidu alen kép.

Tinh khang thubc diét ¢6 e ché HPPD bsi ML0831266-03093 hodc tinh khéng
thube diét cé trc ché ACCaza bdi ML0831265-01493 duoc trién khai & ca hai giéng duc
va cai cta thé lai. Hat gidng lai thu duoc c6 thé mang tinh khang mesotrion va céc thubc
diét c6 trc ché HPPD khéc, hoidc thudc diét c6 (rc ché ACCaza. Tinh khing dugc tao ra theo
cach nay 1a manh hon va phong trlr ¢ dai tét hon nho c6 kha ning 4p dung ty 1€ cao hon
ctia thube diét co.

Vi du 5: Phuong phép sén xuét cdy lua lai khang nhiu gen khang doc lap déi vai thube
diét c¢6 duy nhét hodc ho thude diét co

Hai hodc nhiéu gen doc 1ap tao ra tinh khang thudc diét ¢6 hodc ho hodc nhém thude
diét ¢o, duge trién khai trong thé lai duy nhét bing cach bb sung mdi mdt gen riéng r& vao
mdt hodc ca hai gidng cta thé lai. Ty theo tac dong gen ciia cac gen dugc chdng vao thé
lai, chung ¢6 thé duge nhap gen vao mot gidng duy nhét, dan dén lidu alen duy nhét trong
thé lai thuong mai, hodc chung c6 thé duoc bd sung vao ca hai dong céi va duc, dan dén
lidu alen ddng hop tir, kép trong thé lai thwong mai dbi véi locut d6. Viéc trién khai theo
cach nay tao ra hat gidng lai c6 tinh khang thudc diét c6 cao hon ma thé lai mang mot trong
hai gen khang duy nhét & liéu alen gidng hét, do céc tac dung bd tro cia cac gen khang
khéc nhau tao ra. Viéc chdng 1én gen dot bién HPPDi bang cac alen HPPDni trong dong
ML0831266-03093 tiéu biéu cho trudng hop ma trong d6 cic locut/alen khang doc lap
khéc nhau quy dinh tinh dung nap thudc diét cé trc ché HPPD t6 hop véi nhau dé tao ra
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tinh khang cao hon so véi tinh khang dugc tao ra boéi mot trong hai gen don 1€. Tuong tu,
chdng ACCaza ctia RTA1+RTA2, trong dong RL1225468 14 vi du tuong ty vé tinh khang
bd sung khi t6 hop hai gen doc 1ap khang céc thude diét co trc ché ACCaza thudc ho FOP.
Vi du 6: Phuong phép san xuét cdy lta lai khang cac thude diét cé thude cac 16p thue diét
¢6 khac nhau, nhu cac chit rc ché HPPD va céc chét trc ché ACCaza, bing cach bd sung
mot hodc nhiéu gen khang thube diét ¢6 dbi véi mdi 16p thude diét ¢d, nhur cac thude diét
cd Mesotrion va FOP.

1. Tinh khang mesotrion va it nhit mot 16p thudc diét co khac, chét e ché ACCaza,
duoc trién khai trong thé lai duy nhét bing cach sir dung gidng cai mang tinh khang
mesotrion (hodc 16p thude diét c6 ACCaza khac) va gidng c4i mang tinh khang khéc.
Phuong phap nay cho phép nguoi trong mua mot 1an nhung c6 thé chon dugc thude diét
¢6 dé phun. Lép thude diét co duy nhét co thé dugc st dung trong mot miia vu bét ky va
xoay vong gitta cic mua vy, hodc theo cach khéc ca hai thudc diét co c6 thé duge phun
trong mdt mua vu. Ngoai ra, khi trién khai phuong phép nay, cc phan tir bi 13n hat gidng
tw thy phén cua ca hai giéng trong hat gidng lai nh& viée phun c4 hai thudc diét co, hoic
loai nay hodc loai kia, dugc loai bd nho viéc phun duy nhét mot thude diét co.

2. Theo phuong phép trién khai khéc, tinh khang mesotrion va tinh khang chét trc
ché ACCaza dugc trién khai nho tao ra thé lai v6i gidng dwc mang ca hai tinh khang. Tiép
theo, ngudi trong c6 phuong an chon 16p thudc diét cé dé phun hoic phun cé hai trong mot
mua vu. Ngoai ra, qua viéc phun thudc diét co, hién tuong nhiém hat giéng cai tu thu phén
¢6 thé duoc loai bd. Theo cach khac, cé hai tinh khang 16p thube diét co duge taora & gidng
ci, mang lai cho nguoi trdng cac phuong 4n tuong tu dé phong trir ¢6 dai.

3. Phuong 4n khac 14 trién khai tinh khdng mesotrion c4 hai gidng, va tinh khang
thube diét co khac trong mot giéng duy nhét, nhu gidng duc. Tiép theo, hat gidng lai 1a
ddng hop tir dbi v6i tinh khang mesotrion ma khong phai tinh khang khac. So dd kiéu nay
duoc st dung dé thuc hién dot phun sém véi thudc diét co chi dit vao giéng duc, cho phép
phong trir ¢é dai va loai bd gibng cai tu thy phin 1in vao. Sau d6 trong mua vu nay,
mesotrion ¢6 thé duoc phun hoic thubc diét co Ge ché HPPD khac. Thoi han hitu ich ctia
ca hai thude diét cé dugce kéo dai nhd viéc han ché hoic loai bo sy phat trién tinh khang co
dai. Trong ing dung khéac, phuong phap nay cho phép str dung mesotrion hodc thudc diét
6 e ché HPPD khac dé phong trir ¢é dai trong cdc rudng san xudt hat giéng, 1am cho hat

gibng sach hon.
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4. Theo cach khac, thubc diét cé khac c6 thé duogc trién khai & ca hai giéng lai va
chét e ché mesotrion/HPPD duoc trién khai chi & gidng duc.

5. Céc phuong 4n khéc dé trién khai tinh khéng thudc diét co bao gdm céc tinh trang
khac nhu khang céc 16p thude diét ¢ khac, hodc cac tinh trang khac quan trong.
Vi du 7: San xuét hat giéng

Tinh khang thubc diét ¢ cling duoc sir dung dé san xuét hat giéng. Vi du, néu duoc
trién khai trong gidng cai, 1am cho né c6 tinh khéng, thi thudc diét c6 duge phun cho rudng
san xuét hat giéng dé diét cac cay duc trudce khi dat hat gidng dé rudng san xuét hat gidng
dugc thu hoach & quy mo 16n. Ngoai ra, do thudn cta hat giéng cling c6 thé duoc x4c nhan
qua viéc trién khai hai tinh khang thubc diét cd voi chi mot tinh khang trong mdi gidng.
Hat giéng tu thu phin dugc phat hién va loai bo bang cach phun thubc diét co dit vao gidng
con lai.
Vi du 8: Phong trir ¢6 dai 14 rong va phong trir c6 gi6i han

Tinh khang khi dugc trién khai & thé lai, bang t6 hop bét ky, tao ra tinh khang
mesotrion hodc cac thube diét c¢6 trc ché HPPD khac. Trién khai nay tao ra kiéu tac dong
mdi & cay lta dé phong trir co dai 14 rong véi viéc phong trlr han ché & muc nhét dinh cac
loai ¢ nhu lta do. Cac phuong an khéac hodc phong trur c6 dai phd rong duoc tao ra bang
cach trién khai & ciing thé lai tinh khang thudc diét c6 khac cho phép phong trir ¢ dai, nhu
thude diét co trc ché ACCaza. Qua trién khai céc kiéu tac dong khéc, su phat trién tinh
khang c6 dai dudng nhu duge ngan ngira nho viée sur dung nhidu kiéu tac dong.
Vidu9: Chon cdy lua khang thude diét co béng cach str dung thtr nghiém sinh hoc vé thude
diét cd

Viéc chon vat liéu di truyén tinh dung nap mesotrion duwogc thuc hién béng thir
nghiém sinh hoc don gian vé thudc diét cé. TV 1é cao clia mesotrion (it nhit 420 g hoat
chét/ha) dugc phun cho phép phéan biét cdc cé thé di hop tir so v6i cac ca thé dong hop tix
va muc dung nap ctia dong dot bién so v6i mirc dung nap di truyén dugce trén co sé loai lta
nhét dinh. Theo mot vi duy, ty 1& 105 g hoat chét/ha duoc phun tiép theo ba tudn sau do 1a
dot phun thtt hai 630 g hoat chdt/ha. Theo vi du khéc, t 1¢ 420 g hoat chat/ha dugc phun
trong dot phun duy nhét. Theo vi du khéc, viéc phun thudc diét co oty 18 630 g hoat chét/ha.
Céc dot phun thube diét co dugc thuc hién & giai doan sinh truong ba dén bén 14 cla cay
gidng. Trudong hop ly tudng 1a cling trdng & gan hodc trong cdc ciy la nhém duge chon

gdm céc cay tir dong cho dung nap mesotrion dot bién ban ddu ML0831266-03093, hang
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ciy kiéu dai ciia dong dot bién, P1003, hang cdy ctia dong tham gia du6i dang gidng khac
trong phép lai nay. Cac dong d6i chiing nay cho phép d& dang phén biét sy di truyén tinh
dung nap do dong dot bién ML0831266-03093 tao ra nhd so sanh dap ing & céc cdy duge
chon v6i cac dong ddi chimg. Chi c6 cac cdy séng dugc va twong dbi khoe manh s& di
truyén va ddng hop tir dbi voi mire dung nap do dong dot bién ML0831266-03093 tao ra.
Vi du 10: San xuét cdy lua khang ca hai thudc diét ¢6 te ché HPPD va ACCaza

Dong dot bién ML0831266-03093 dung nap mesotrion va c6 thé 1a thude diét co
khéc bao gdm cdc chét e ché HPPD, dugc lai v6i dong dot bién ML0831265-01493 dung
nmnmﬁcﬁacéACCﬂaWumﬂéhmﬂébm“mﬁwmumﬁcmacéACCﬂ&Tanwt
vi du, cac cdy ML0831266-03093 13 giéng c4i va thu phin béi cdy tir dong ML0831265-
01493. Theo phuong an khac, cac gidng bd me duge dao nguoc dé cho ML0831266-03093
déng vai tro gidng thu phin. Hat giéng F1 thu dwoc dugc thu hoach di truyén ca hai tinh
dung nap thudc diét co mesotrion va ACCaza. C4 thé F1 mang tinh dung nap ca hai thudc
diét c6 & muec trdi mot phin nén ching ¢6 tinh dung nap nhét dinh song khong c6 ciing
murc v6i cac dong gbe dung nap.

Hat giéng F1 duoc trﬁ”)ng va cac cdy thu dugce dugce cho tu thu phén dé tao ra hat
gibng F2 1am cho quén thé tach tinh dung nap cé hai thudc diét cé mesotrion va ACCaza.
Quan thé nay duoc sang loc bang thir nghiém sinh hoc vé& thubc diét c6 dé nhan dang cac
cé thé di truyén tinh dung nap tir dong d6t bién ban ddu ML0831266-03093 va ddng hop
tir vé tinh khang. Ty 1& cao ctia mesotrion dugc stt dung cho phép phén biét céc cd thé di
hop tt v&i céc c4 thé ddng hop tir va mirc dung nap cla dong dot bién so v6i murc dung
nap trén co s& loai lua nhét dinh bao gém dong ban dau duge sir dung cho dot bién dé tao
ra dong ML0831266-03093, 1a dong P1003.

Theo mot vi du, ty 1€ 105 g hoat chit/ha dugc sir dung tiép theo ba tuén sau d6 1a
dotphunth&}wi630glumichéﬂhaﬂfheovidukhégtyIé420gtmmlchéﬂhaduqcs&dung
trong dot phun duy nhét. Theo vi du khéc, thudc diét co duoc phun & ty 1€ 630 g hoat
chit/ha. Cac dot phun thude diét co dugc thuc hién ¢ giai doan sinh trudng ba dén bdn 14
cua cay gidng. Trudng hop 1y twdng 1a ciing trdng & gn hodc trong cic cdy nhém dugc
chon gdm c4c cdy tlr dong cho dung nap mesotrion dot bién ban d¢iu ML0831266-03093,
hang cdy kiéu dai ctia dong dot bién, P1003, hang cdy cua dong tham gia dudi dang gidng
khéc ML0831265-01493. Cac dong dbi chung nay cho phép dé dang phan biét su di truyén
tinh dung nap do dong dot bién ML0831266-03093 tao ra nhd so sénh dép tng & cic cdy
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F2 v6i cac dong dbi chimg nay. Chi ¢6 céc cdy séng duge va twong d6i khée manh s& di
truyén va ddng hop tir dbi voi mirc dung nap do dong ddt bién ML0831266-03093 tao ra.
Vi dy 11: Thit nghiém gen danh ddu ddng troi dé chon va phét trién cac dong laa dung nap
ACCaza va HPPD

Thtr nghiém vé gen danh ddu ddng trdi don gian c6 thé st dung dé chon loc tinh di
truyén d6i vai thude diét cd ACCaza duge tao ra tir dong ML0831265-01493. Gen dénh
ddu nay duoc phét trién dudi dang gen danh dau da hinh nucleotit don va phat hién dot
bién gay bénh & vi tri RTA1 (sé blackgrass) vé tinh dung nap ACCaza & dong ML0831265-
01493. T4t ca cac cay séng sOt sau thtr nghiém sinh hoc v& mesotrion nhu dugc st dung
trong vi du 8 duoc 14y mau md, ADN dugc chiét bang cc phuong phap da biét va cac mau
duoc thir nghiém bing thir nghiém SNP. Tiép theo, nhém cay sdng sét cling dugc nhén
dang 1a mang gen ddng hop tir dung nap thude diét cd6 ACCaza qua viéc chon loc ¢6 tro
gitp béi gen danh diu.

Céc c4 thé dung nap c4 hai thudc diét cé mesotrion va ACCaza duoc tu thu phén dé
tao ra cac thé hé F3 va dugc chon loc tiép vé cac tinh trang nong hoc quan trong khéc. Céc
dong F3 duogc tu thu phén va sang loc dé tao ra dong hodc thir méi c6 tinh khang kép dbi
v6i cac thube diét co mesotrion va ACCaza. Cac dong nhu vay c6 gid tri cao do viéc st
dung ca hai thube diét co mang lai sy phong trir c6 dai phé rong va triét dé hon.

Theo phuong an khac, céc c4 thé dung nap ci hai mesotrion va ACCaza dugc s
dung 1am thé cho tinh trang trong phép lai ngugc truy hdi (backcross: BC). Sau khi chon
mdt c4 thé hodc vai ca thé, ching dugc st dung 1am giéng thu phan hoic gidng cai. Dong
khac wu viét va mong mudn hon déng vai trd giéng truy hdi ma céc tinh trang nay duoc
truyén cho.

Sau phép lai thtr nhét, cac cay F1 lai duoc lai véi gidng truy hdi. Hat gidng lai ngugc
thu duoc tir phép lai ndy va cc phép lai tiép theo véi gidng truy hdi duoc thir nghiém bang
gen danh du hodc qua thtr nghiém sinh hoc vé thude diét cé d6i voi tinh di truyén dung
nap thudc diét ¢6 hodc két hop gen danh d4u va thtr nghiém sinh hoc. Trong truong hop tbt
nhét, gen danh ddu ddi voi cac dot bién chirc ning dugc sir dung. Theo cich khac, thir
nghiém sinh hoc vé thudc diét cé ddi v6i mesotrion duge ap dung cho hat giéng BC hoiac
c6 thé hat giéng BC 1a thé hé con duoc thir nghiém dé x4c nhén su di truyén tinh dung nap.
Hon thé nira, thir nghiém sinh hoc vé thubc diét cd duoc st dung dé nhan dang céc cé thé

ma cfing da di truyén tinh dung nap thudc diét cd ACCaza. Quy trinh nay dugc lip lai cho
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dén khi hé gen cua gidng truy hdi duge phuc hdi cling vé6i hai tinh trang méi dung nap cac
thudc diét co mesotrion va ACCaza. Sau phép lai nguoc cudi cung, cac ca thé duoc tu thu
phén dé phuc hdi tinh dung nap thudc diét co kép & mirc do khang ddng hop ti & it nhat
mot cay.

Theo phuong an khac nita, cac cé thé khang ca hai thudc diét co mesotrion va
ACCaza duoc lai chéo véi dong thir ba va tiép theo duoc tu thu phén hodc tham chi duoc
lai chéo v6i cac dong khac. Cac dong méi thu duoc va chdt mam duge thir nghiém va danh
gi4 vé& cac tinh trang nong hoc quan trong khAc. Cubi cung, cac giéng hoidc cac dong duc
va cdi mdi duge phat trién tinh dung nap ca mesotrion hodc cac thude diét c6 HPPD khac
va céc thube diét co6 ACCaza thanh mot t6 hop méi dbi véi cay laa.

Vi du 12: Dong lia dot bién ML0831266-03093

Dong dot bién ML0831266-03093 dwgc chimg minh l1a mang mirc dung nap cao d6i
v6i thube diét c6 mesotrion vuot trén tinh dung nap duge tim théy trong tu nhién & mot s6
dong laa bao gdm dong dugc xir Iy dot bién ban ddu P1003. Dong dot bién duge trong theo
hang hoac theo céch khac, toan bd cac 10 dat duge tréng va cac hang cta dong khong dot
bién (P1003) va cac dong lua khac hodc toan by cac 16 dét duoc tréng. Mesotrion dugc
phun trude khi ndy mam hodc theo cach khac, né dugc phun sau nay mam & giai doan ba
dén bdn 14 cua cay lua. Céc ty 1& khac nhau ciia mesotrion duge phun trude khi ndy mam,
trude khi ndy mam tiép theo 1a sau ndy mam, hodc sau niy mam v6i mot 14n phun duy nhét
hodc phun theo trinh tu. Céc l4an phun sau nay mam duoc thuc hién & giai doan 3-4 14 cua
cay lua.

V6i ty 18 thap (105 g hoat chat/ha) ciia mesotrion duge phun, ca hai dong dot bién
ciing nhu dong khong dot bién ban diu déu séng sot. Tuy nhién, cac dong lta khic, nhu
dong dot bién dung nap ACCaza ML0831265-01493 va dong khong dot bién lién quan
R0146 bi diét trir & cac ty 1€ nay cua mesotrion. Viéc phun thudc diét co mesotrion & céc
ty 16 cao hon cho thay ré mtrc d9 dung nap méi do chi ¢ dong dot bién ML0831266-03093
sdng s6t trong khi dong khdng dot bién ban dau P1003 va tit ca cac dong duoc thir nghiém
khac bi diét trir hodc bi ton thwong ning. Tinh dung nap mesotrion cao hon khién cho dong
ML0831266-03093 c6 gia tri thuong mai do cd hai tinh dung nap c6 thé dugc kiém soét
hodc dugce lai thanh cac gibng méi va né c6 mire dii cao dé cho phép phong trir ¢é dai trén

quy md thuong mai ¢ cdy lua cé phun thudc diét cé mesotrion va c6 the la cac thudc diét
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¢6 trc ché HPPD khac (céc két qua ban dau, Fig.12B cac két qua méi sau 1 nam, va Fig.13-
cac két qua thir nghiém trén céc dong lua khac nhau).
Vi du 13: Phép lai gilta cdc dong dot bién khang céc thude diét cé khac nhau

Phép lai gifta dong dot bién ML0831266-03093 (ATCC PTA-13620) mang tinh
dung nap mesotrion va cé thé 1a cac thude diét ¢ we ché HPPD khac va dong dot bién
ML0831265-01493 vdi (ATCC PTA-12933) dung nap thude diét cd ACCaza tao ra hat
gibng F1 di truyén ca hai tinh dung nap thudc diét cd. Sau sy ty thu phén ciia céc cdy F1,
cac ca thé F2 duoc chon qua tht nghiém sinh hoc vé thudc diét c¢d hoac theo cach khac,
bing gen danh déu phén tr. Trong truong hop cua ACCaza, gen danh du phén tir chire
nang dugc mo ta sao cho dot bién & vi tri G2096S (trén co s& hé théng danh s co Black-
Grass) dugc chon. Hon thé nita, bing cich sir dung gen danh déu lién két v6i QTL trén
nhidm séc thé 1 va nhidm sic thé 2 hodc thir nghiém sinh hoc vé thude diét ¢, sy phuc hdi
tinh dung nap mesotrion va ACCaza bao gdm céc thude diét cd HPPD khéc hodc céc thude
diét co khac.

Céc cé thé duge chon dbi véi tinh dung nap mesotrion bao gém céc thudc diét co
HPPD khac v ¢6 thé 14 cac thude diét cé khac c6 thé dugc sir dung trong phép chuyén hoa
truy hdi hodc trong phép lai dé phat trién cac gidng va thé lai m6i c6 murc thwong mai vé
tinh dung nap mesotrion va cac thude diét c¢o khac. Viée chon loc bang céc thir nghiém sinh
hoc hodc QTL trén nhiém sdc thé 1 va nhi®m sic thé 2 din dén su phuc hdi tinh dung nap
vbn ¢6 ¢ P1003 cling véi tinh dung nap dot bién dé phat trién cac gidng va thé lai méi dung
nap thudc diét cé va tidu biéu cho cac phuong an phong trir ¢6 dai & ciy lta. Muc dung
nap cia dong dot bién 14 vu viét so véi cac dong khac va phu hop v6i cac phuong phap
tmg dung trong thwong mai khac nhau.

Céc cay riéng r&€ dung nap c4 hai thubc diét co duge sir dung trong phép lai dé phat
trién cac gibng va thé lai méi dung nap ca hai thudc diét c6 trc ché ACCaza, mesotrion, cic
thubc diét ¢6 e ché HPPD khac, va cac thube diét ¢6 khac. Cac giéng va thé lai méi 1a cac
thuong phdm. Céc thuong pham nay dugc st dung trong thuong mai dé san xuét cay lua.
Trong quy trinh san xuét, ca hai ACCaza va mesotrion hodc céc thudc diét co khéc c6 thé
dugc phun cho cdy lua dé phong trir cé dai. Theo mot vi du, mesotrion hodc cac thube diét
¢6 khac dugc phun trude khi trdng dé phong trir cé dai ndy mam va phong trir ¢ dai sot
lai. Sau khi lua ndy mam, thubc diét c6 ACCaza dugc phun dé phong trir ¢4 dai. Theo vi

du khéc, ca hai mesotrion hodc thudc diét co tuong duong dugc phun trudce khi tré)ng va
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lan phun thir hai dugc thyc hién sau nay mam cung véi thudc diét cd ACCaza véi mot hodc
hai lan phun. Theo vi du khéc, cd hai mesotrion va thube diét co ACCaza hoic céac thube
diét co khéc bao gdm cac thubc diét cd HPPD khac duoc phun sau ndy mam v6i mot hodc
hai 14n phun. Theo cé4ch nay, chién luge méi duge thue hién dé phong trir toan bd phd co
dai & cdy laa. Ngoai ra, cac thudc diét cé ndy chua st dung trude do trong cac kiéu tac
dong cua cdy lua. Chién lugc nay do d6 c6 ing dung thuong mai khong nhing dé phong
trr ¢6 dai ma con lam phuong phap kéo dai thoi han hitu ich cua chién lugc nay va cac
chién lugc khac qua viée 4p dung nhidu kidu tac dong dé phong trir co dai.

Vidu 14: D6t bién kép khang céac thudc diét ¢ HPPD va ACCaza

Thir nghiém v& gen danh déu ddng troi don gian c6 thé sir dung dé chon loc tinh di
truyén dbi véi thube diét co ACCaza duge tao ra tir dong ML0831265-01493. Gen danh
d4u nay duogc phat trién dudi dang gen danh ddu da hinh nucleotit don va phat hién dot
bién gay bénh & vi tri RTAI (s co Black-Grass) vé tinh dung nap ACCaza & dong
ML0831265-01493. T4t ca cac cdy sdng sot sau thir nghiém sinh hoc vé mesotrion nhur
dugc st dung trong vi du 11 duoc 14y mau m6, ADN dugc chiét bang cac phuong phap da
biét va cac miu duoc thir nghiém bang thir nghiém SNP. Tiép theo, nhém cay sdng sot
cling dugc nhan dang la mang gen dbng hop tir dung nap thude diét cd ACCaza qua viéc
chon loc ¢6 trg gitp bdi gen danh dau.

Theo phuong an khéac, cac ca thé dung nap ca hai mesotrion va ACCaza dugc st
dung 1am thé cho tinh trang trong phép lai ngugc truy hdi. Sau khi chon mdt c4 thé hodc
vai ca thé, chung duoc sir dung 1am gidng thu phén hodc gidng cai. Dong khac wu viét va
mong mudn hon déng vai tro gibng truy hdi ma céc tinh trang ndy dugc truyén cho. Sau
phép lai thir nhét, cac cdy F1 lai duogc lai voi gidng truy hdi. Hat gidng lai nguoe thu duoc
tlr phép lai nay va cac phép lai tiép theo v6i gidng truy hdi duge thir nghiém bang gen danh
ddu hoidc qua thtr nghiém sinh hoc vé thube diét co ddi vai tinh di truyén dung nap thude
diét c6 hodc két hop gen danh déu va thir nghiém sinh hoc. Trong truong hop t6t nhét, gen
danh d4u dbi véi cac dot bién chie nang duge sir dung. Theo cach khdc, tht nghiém sinh
hoc vé thudc diét co mesotrion duoc 4p dung cho hat gibng BC hoic c6 thé hat gidng BC
13 thé hé con duoc thir nghiém dé x4c nhan su di truyén tinh dung nap. Hon thé nita, thir
nghiém sinh hoc vé thubc diét co duoc str dung dé nhan dang cac c4 thé ma ciing da di
truyén tinh dung nap thude diét cd6 ACCaza. Quy trinh niy duoc lap lai cho dén khi hé gen

cua gibng truy hoi dugc phuc hdi cing vé6i hai tinh trang méi dung nap céc thudc diét co

-43-



40256

mesotrion va ACCaza. Sau phép lai ngugce cudi ciing, cac c4 thé duoc tu thu phén dé phuc
hdi tinh dung nap thudc diét cé kép & mirc d6 khang ddng hop tir & it nhit mot cay.

Theo phuong 4n khac nita, cic c4 thé khang ca hai mesotrion va céac thubc diét co
ACCaza dugc lai chéo v6i dong thir ba va tiép theo dugc tu thu phén hodc tham chi duoc
lai chéo v6i cac dong khac. Cac dong méi thu dwoc va chdt mdm dugc thir nghiém va danh
gi4 vé& céc tinh trang nong hoc quan trong khac. Cubi cung, cac giéng hodc cac dong duc
va cai méi dugc phat trién véi tinh dung nap ca mesotrion hodc cac thudc diét c6 HPPD
khac va céac thude diét cd ACCaza thanh mot t6 hop méi ddi véi cay lua.

Vi du 15: Phong trir toan bd phd co6 dai & cay lta dua trén co so tinh khang kép cé hai thude
diét c6 ACCaza va HPPD

Trong quy trinh séan xuét, ca hai thudc diét cé6 ACCaza va mesotrion hodc cac thude
diét co khac c6 thé duge phun cho cdy lua dé phong trir ¢ dai. Theo mot vi dy, mesotrion
hoiic cac thube diét co khac duge phun trude khi trong dé phong trir ¢d dai ndy mam va
phong trir ¢6 dai s6t lai. Sau khi laa ndy mam, thubc diét cd ACCaza dugc phun dé phong
trir ¢6 dai. Theo vi du khéc, ca hai mesotrion dwgc phun truée khi trong va 1an phun thr
hai dugc thyc hién sau nay mam cung voi thudc diét cd ACCaza voi mot hodc hai lan phun.
Theo vi du khac, ca hai mesotrion va thubc diét cd ACCaza hodc céac thubc diét co khac
bao gém cac thude diét ¢ HPPD khéc duge phun sau ndy mam v&i mot hodc hai 1an phun.
Theo céch nay, chién lugec méi dugc thuc hién dé phong trtr toan bd phé co dai & cay lua.
Ngodi ra, céc thude diét ¢ nay chua timg duge st dung véi céc kiéu tac dong & cdy lda.
Chién luge nay do dé cé ung dung thwong mai khong nhiing dé phong trir cé dai ma con
lam phuong phap kéo dai thoi han hitu ich cua chién lugc nay va cac chién luge khac qua
viéc ap dung nhiéu kiéu tac dong dé phong trir co dai.

Luu git hat gidng theo Hiép wéc Budapest (xem cac Bang 5 va 12)

Viéc luu gift hat giéng boi Ricetec AKTIENGESELLSCHAFT dugc thuc hién véi
American Type Culture Collection (ATCC), 10801 University Boulevard, Manassas, Va
20110, United States of America. Ngdy luu gitt va s hiéu hru gitt tai ATCC la:
ML0831266-03093 (PTA-13620, 19.03.2013); ML0831265-01493 (PTA-12933,
31.05.2012); ML0831265-02283 (PTA-13619, 19.03.2013); PL1214418M2-80048 (PTA-
121632, 30.06.2014), R4225468 (PTA-122646, 15.11.2015). Tét c4 cic gidi han s& duoc
loai bo khi cdp bing ddc quyén sang ché, va cac vat luu gitt s& ddp Gng tat ca cac yéu cau

duoc quy dinh tai 37 C.F.R. §§1.801-1.809, va dap tmg cac yéu ciu ctia Hiép u6c Budapest.
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Vat luu gitt s& dugc duy tri tai noi luu gitt trong khoang thoi gian 30 ndm, hodc 5 ndm sau
yéu cau cudi cling, hodc trong thdi han higu lyc cia bing doc quyén sang ché, tly theo thoi
han nao lau hon, va s& dugc thay thé néu cin trong khoang thoi gian do.

Céc dinh nghia

Trong phén mo ta va bang kém theo, sb thuat ngit dugc st dung. Dé c6 cach hiéu rd
rang va théng nhit vé ban mo ta va yéu ciu bao hd, bao gdm pham vi ctia c4c thuat ngit
nay, cac thudt ngtt sau duoc dua ra:

Axetyl-Coenzym: Cac enzym carboxylaza (ACCaza; EC 6.4.1.2) tdng hop malonyl-
CoA duéi dang khéi ddu con dudong tong hop axit béo de novo trong lap luc. ACCaza trong
lap luc clia cd 1a polypeptit don, da chtre, do hé gen trong nhin ma hoa, rét 16n, duoc
chuyén vao thé hat qua peptit van chuyén diu tan ciing N. Dang hoat tinh trong lap luc clia
cd 1a protein dime cung loai.

Céc enzym ACCaza & c0 b trc ché boi ba 16p hoat chét diét c6. Hai 16p thinh hanh
nhét 14 aryloxyphenoxypropanoat (“FOP”) va xyclohexandion (“DIM”). Ngoai hai 16p nay,
16p tht ba phenylpyrazolin (“DEN”) da dugc mo ta.

Céc dot bién nhat dinh trong ving carboxyl transferaza ctia enzym ACCaza tao ra
co khang thudc diét cd6 ACCaza. O co Black-Grass, c6 it nhét 5 dot bién dugc mé t tao ra
tinh khang 16p thudc diét cd6 ACCaza FOP hodc DIM. Mot sb d6t bién 1am cho enzym
ACCaza khang cac thudc diét cé nay c6 thé lién quan dén thé luc suy giam.

Alen: Alen 1a dang thay thé bit ky cta gen, tit ca cac alen thudng quy dinh mot tinh
trang hodc dic tinh. Trong té bao hodc sinh vat ludng boi, hai alen clia mot gen da cho
chiém cac locut twong tng trén cip nhidm sic thé twong dong.

Lai nguoc: Quy trinh lai thé hé con lai v6i mot trong s6 céc gibng bd me, vi dy, thé
hé lai tht nhat F1 v6i mot trong sb cac kiéu gen bd me cua thé lai F1.

Hon hop tron: Hat giéng tron co hoc cua lua lai vai hat giéng ctia mot, hai, ba, bdn
gidng lta lai hogc hon, gidng laa hoic lua lai gan dé tao ra cdy trdng chira céc dic tinh cua
tAt ca céc hat lta gidng va céc cy trong hdn hop trdn nay.

Té bao: Té bao nhu dugc st dung trong ban mé ta nay bao gdm té bao thuc vat, du
¢ dugce phan 1dp hay khong, khi nudi cdy mo hodic duge dua vao cdy hodc bo phéan cla
cay.

Cay trdng: Gidng hoic loai 4n dinh trong qu4 trinh trong.

Phéi: Phoi 1a cdy nhé chira trong hat giéng truéng thanh.
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Hau hét cac dic tinh sinh 1y va hinh thai: Cay c6 hau hét cac dic tinh sinh 1y va hinh
thai cta thé lai hodc cdy trdng, ngoai trir cac dic tinh dugce tao ra tir gen hoan chuyén.

Ning suét hat: Trong luong cia hat thu hoach duoc tir viing d4 cho. Ning sut hat
ciing c¢6 thé duoc xac dinh gian tiép bang cach nhan sb lugng chuy/dién tich, cho sb luong
hat/chum hoa, va cho trong lugng cia hat.

Tén thuong cho cdy: Puogc x4c dinh bing cach so sanh cdy thir nghiém véi cac doi
chimg va tim ra cdy thir nghiém khong ciing chidu cao; mau sic bat thuong, tirc 13 mau
vang chi khong phai mau xanh; hinh dang 14 binh thuong, xoan, it chdi hon.

Locut: Locut 12 vi tri trén nhiém sic thé ma trinh tu ADN chiém chd; né tao ra mot
hoéac nhiéu tinh trang nhu, vi du, tinh vo sinh duc, tinh dung nap thudc diét co, tinh khang
con tring, tinh khang bénh, tinh bot sap, chuyén héa axit béo bién ddi, chuyén hoa axit
phytic bién dbi, chuyén hoa hydrat cacbon bién ddi va chuyén hoa protein bién ddi. Tinh
trang nay co thé, vi dy, dugc tao ra boi gen c¢6 mit trong tu nhién dugc dua vao hé gen cua
gibng ciy nay bang cach lai nguoc, dot bién tw nhién hogic cam tng, hodc gen chuyén duoc
dua vao nho k¥ thuét bién nap di truyén. Locut ciing c6 thé bao gdm mot hodc nhiéu alen
dugc hop nhét & vi tri nhiém sic thé don.

Cam tng: Nhu duoc st dung trong badn md ta nady, thuat ngit cdm ng c6 nghia la
tinh khang di truyén xut hién sau khi xtr Iy bang tdc nhan giy dot bién.

Khong cdm mg: Nhu duge sir dung trong ban md té nay, thuat ngit khong cam tng
c6 nghia 1a khong thiy tinh khang di truyén duoc cam Umg; & vi tri khic trong hé gen, so
v6i tinh khang dugc cdm ung.

Cay: Nhu dugc st dung trong ban md ta nay, thuat ngit "cay" bao gdm toan bd cay
chwa trueéng thanh hodc trudng thanh, bao gdm cdy ma tir d6 hat gidng hoc hat hoic bao
phén da duoc loai bé. Hat gibng hodc phdi ma sé& tao ra cdy ciing duge coi la cay.

B0 phén cta cdy: Nhu dugc st dung trong ban md ta nay, thudt ngit "bd phén cta
cay" (hodc cay lua, hodc bd phéan ctia nd) bao gém té bao nguyén sinh, 14, than, ré, dinh ré,
bao phén, hat giéng, hat, phdi, phén hoa, nodn, 14 mim, tru duédi 14 mam, may, chuy, hoa,
chdi, mé, té bao, té bao phan sinh va bd phan tuong tu.

Locut tinh trang dinh lugng (Quantitative Trait Loci: QTL): Cac locut di truyén
kiém soat cac tinh trang do dugc bé‘lng s6 & muc do nhat dinh ma thuong dugce phan bb lién

tuc.
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T4i 5 hop/khong tai td hop: néu sy t& hop khong bb me dién ra thi cay lua hién
nhién 14 tai td hop.

T4i sinh: Téi sinh chi sy phat trién ctia cdy tir nudi chy mo.

Su khang/tinh khang': Khé ning di truyén duoc cia cdy dé sdng sét va sinh san sau
khi tiép xuc voi lidu thude diét co thuong gay chét tinh khang kiéu dai c6 thé c6 mit trong
tu nhién hodc duoc cam tng biang cic k§ thuat nhu k§ thuat di truyén hodc chon loc cac
bién thé dugc san xuit bang nudi cdy md hoic gay dot bién.

Gen duy nhét dugc hodn chuyén (su hoan chuyén): Gen duy nhit dugc hoan chuyén
(sw hoan chuyén) bao gdm céc cdy dugc phat trién bang k¥ thuét chon gidng cdy goi 12 lai
nguoc, trong dé hau hét cac dic tinh sinh 1y va hinh thai mong mudn coa thé lai gan duoc
phuc hdi, trong khi giit lai gen duy nhat dugc chuyén vao thé lai gén nay qua viéc lai va lai
nguoc. Thuat nglt ndy cling co thé chi viéc dua vao gen duy nhét nho k¥ thuat thao tac di
truyén da biét trong linh vuc nay.

Chéng: Bb sung nhidu hon mot thtr vao thé nhan tuong tw. Cac phuong phap dat
duoc trang thai “chdng” bao gbdm: cac phuong phip chdng bang vecto hai hozc nhiéu gen
trong vecto duy nhit va bién nap don dé dat duoc chdng; thuc hién cac bién nap theo trinh
tu trong cung thé nhan bing cach bd sung tirng tinh trang; dat dugc thé lai chong mot cach
don gian bang cac giéng lai cudi mang cac tinh trang khac nhau; phat trién cac dong co
nhiéu tinh trang béng cach gay dot bién hoic lai theo trinh tu, va c¢b dinh trang thai chéng
trong mot gidng; va cac bién thé cia né.

Tinh hiép ddng: Nhu dugc mo ta trong Herbicide Handbook of the Weed Science
Society of America, Ninth Edition, 2007, p. 429, ““tinh hi€p ddng’ [14] twong tac ctia hai
hodc nhidu yéu t6 sao cho tac dung khi dugc két hop 13 16n hon so véi tic dung du dodn
trén co s& dap tmg voi mdi yéu t6 duoc ap dung riéng r&.”

Phuong trinh sau c6 thé duge st dung dé tinh mtrc d6 khang/dung nap mong doi &
cdy lua co cac td hop dot bién dbi véi thude diét c6, vi du, A va B:

Mutc mong doi=A+B-(AxB/100)

A=hiéu qua quan sat dugc cta dot bién A & cling néng d6 thude diét co;

B=hiéu qua quan sat dugc ctia djt bién B & cung ndng d6 thube diét co.

Tinh hiép ddng trong trudng hop thudc diét c¢6 c6 thé co nghia ring viée st dung

thudc diét co tao ra tac dung phong trir ¢6 dai gia tdng so védi cac tac dung phong trir c6 dai

I Weed Science Society of America, Weed Technology, vol. 12, issue 4 (October-December, 1998, p. 789)
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clia A + B ¢6 thé c6 khi st dung riéng r& mdi thude diét c¢d nay. Hoic tinh hiép ddng co thé
duoc coi 1a mirc khang/dung nap cia cay la, c¢6 cic dot bién t& hop (chdng) so véi cac tac
dung ctia cay lta c6 dot bién duy nhit.

Theo mot sb phuong 4n, mirc dd hur hai hodc t6n thuong cho thuc vat khéng mong
muén do thude diét ¢ gy ra duoc danh gia bing céch sir dung thang tir 0% dén 100%, khi
so vai dbi ching thue vat khong dugc xit 1y, trong d6 0% chi ra khong c6 hu hai cho thuc
vat va 100% chi ra su pha hity hoan toan thuc vat khong mong mudn.

Su dung nap/tinh dung nap: Kha néng di truyén ctia mot loai dé sdng sét va sinh san
sau khi xtr Iy thude diét c6 4m chi rang khéng c6 chon loc hogc thao tac di truyén nao tao
ra tinh dung nap cua ciy.

Su khang/dung nap doi khi dugc str dung thay thé cho nhau trong ban md ta nay;
ddi vdi cay lua cu thé, thong tin kiéu gen dugc cung cAp dbi voi thube diét co dugce phun,
ndng do cua thude diét cd, va dap tmg cua cly.

Vecto gdm cac dot bién duoc lién quan mat thiét nay két hop véi RTA1 (G209S)
tao ra tinh hiép dong khang thubc diét c6 FOP.
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Bang 1A: Céc nucleotit dot bién lién quan dén cdy lua dung nap chét trc ché ACCaza

RTA2
Vi tri WT  MUT  Ind. Ref | Ja. M4 gen Cha thich
Ref

C1-32083963 | C T Y khong lién gen-Chrl

C1-32165584 | G Y LOC Os0lg  protein dugc biéu hién
55850

C1-32177487 | G A Y Y ? ?

C1-32459172 | T C Y khong lién gen-Chrl

C1-32785958 | A G Y ? ?

C1-32821747 | T C Y khong lién gen-Chrl

C1-33147227 | G A Y Y LOC Os01g  diaxylglyxerol kinaza, gia dinh, dugc
57350 biéu hién

C1-33201871 | C T Y Y khong lién gen-Chrl

C1-33760443 | T C Y khong lién gen-Chrl

C1-33760496 T  C Y khéng lién gen-Chrl

C1-34079372 | C CT Y khong lién gen-Chrl

C1-34374172 | G A Y Y khong lién gen-Chrl

C1-34440547 | A G Y LOC Os0lg @ protein chira vung protein kinaza,
59560 dugc biéu hién

C1-34482064 | G A Y Y LOC OsOlg  histon-lysin N-metyltransferaza,
59620 SUVHI1 dac hiéu véi H3 lysin-9, gia

dinh, duoc biéu hién

C1-34680949 | G A Y Y LOC Os0lg  protein ho ngén tay kém, gia dinh,
59980 duoc biéu hién

C1-34801475 ' T C Y LOC Os0lg  Protein chira ving DUF567, gia dinh,
60170 dugc biéu hién

C1-34976760 | C T Y ? ?

C1-35080808 | G A Y khong lién gen-Chrl

C1-35498447 | G A Y Y LOC OsOlg | protein dugc biéu hién
61370

C1-35645244 G A Y khoéng lién gen-Chrl

C1-35779866 ' G A Y Y khong lién gen-Chrl

C1-35800575 |G A Y khong lién gen-Chrl

C1-35866927 | G A Y LOC Os0lg | protein duoc biéu hién
61950
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C1-36096211 |G A Y LOC_Os0lg | Protein chtra vimg ENTH, duge biéu |
62370 hién
C1-36160202 | G A Y Y LOC Os0lg | Protein ngén tay kém ZOSI1-16 —
' 62460 C2H2, dugc biéu hién
C1-36386713 | G A Y Y LOC Os0lg | Protein chira cdu tric dudi phan tir A
62820 ctia yéu t6 khoi ddu phién ma TFIID,
duoc biéu hién
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Vi tri

Trinh tu Japonica_400bp (200 ngugc, 200 xudi)

SEQ ID NO:

C1-32083963

geceggegeagegagaagagtgecgaatgtiggatggagoacgecgaagegegggaagg
teatggtggcggcegttetggetecgtecacgteggactagegacgegtggtcgacgaceect
gtgctgeatectaccatgccaactttgegtateegteggegtecatettcgecaggatgeegg

ggaaggagaagaagaggeggeggegaggeegaagaggegaggatagggatgagateg
cggaggaggggcgtgggaggggagacagegageteccgecgecccgteacteetgeeg
ctetegtegeeccgcecattecgecgagcettecgecgecctgtegtteceecgecgecccgecatt

cegecactecgeegageteecgeegeeccgectetecege

38

C1-32165584

acgegcegcegectecattgttctcggatcaacaagetetccaagaacagcageaaagatgaa
gecttegtettecteegteggegtetgtacectgetggtggeggtggectecetgeagetecte
ctcgtegtegecgtegeegectecggegaagactgeaccggegatgecagacgaggagttct
tgggeegtctetgegaccageageagggggecacgeggeggeggctecegtggtgccag
cagetgeacgegaggeggegeeacggeggtggeggeggeggegteggegteggeaag
cggeggegggtgececgatgeecgeegeccagecgegeeggegaggagategacgegeget
acgacgtgtccaagegggtcgtgecgageggaccgaacceg

39

C1-32177487

ttttggggtcticecttcttattttccctgagegtagaaaattetgtggtttccagttttccacggaa
gtaaattccaattttccaatagatgtacgtcaaccctttgcttcctetecagetgeagagttgeag
gtttgacgaatgcagcttatctacaaaattcccatcagagggaacacagttacagaagaacta
ggggaagtacagattgcaaatccataaggatcttctttagaaccgtatacgtaaagggcttcat
ggattggcecactatatatgggtgtcacccteaategtgaatetgcaaggtcagatatcagtatat
caaatgcagattgcctcattgecagattgetgtggattgticaggttcegggttageccagteac

cagtcttcact

40

C1-32459172

ccacgcgagceagcetggtgtttgcteatggtggcagtggtgcgegataccagtagegtgege
gacgcgteggggtggteatcggegagggegageatgtegtcgtecagtggacgeggacte
tagggtgatcacgctcggecectgteacgetcaaaacaatactacggceacatctgattacgttg
acaggatctgagaccacaccagaactatcccattccgatcatgcatgtgaaaaaaaaaacaa
aggccaactattccatttagcagtaatcaagatcegatcttctcttttcttgtgaaaattegacatg
tttccggttaccaaccgaggaacacagattaattactctagttttttcgaagagcagaagagga

atattgattacccccacaaaacce

41

C1-32785958

caacactctaaaagttttttttttacccgttcacttgecttgttagtctatctgtactttatgatcataa
atagttttataataaagcatgacggatttttgtttcaagtitggttgctgaaaaacgtacggacaa
accatgaactaacttgctattttgctccacatgggtttgtctcgaagcaaccaggaattgatcaa
cttcggtggtttgeccaagaacatgaaacctggggataaggatttttttcgactttgctaatgetg

gtegtctggattaggaacagaacaggtattgetactgcttttattcctaagettctaatacttctge
tcatacggatacggccatatacatacataggagtagattcgatttgacgtctcaageagtagat

getg

42
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ggtaggcacggeccgacgaggeccatcgggagecgecgecgegtgeceacgectcatat
ataaaggccaccgegtectetegecteecgecagteegecteectcacaaccctaacectaac
cctagecgectecgecgatecacgeacgecteegecteegecteegecttgaccgetecge
ctcegcettecgectecgtegatccacgectecacctecacgegaccacgectecateteteca
teectetecgtegecgtetetgatgaacgecttgecggatetaccaccgagggtegetgecete
gecggatccgtgaccttgtetcatcteegectetecagtetttggategttggecgtgetetega
tttectetttettttteattttttttge

43

C1-33147227

ttcacggattgctectcacgegeaatggaatggeageagectcecteggecgtegeccacgtg
tcacgagtgegcetcaggcagetgggecttgattecttgagtctaaatgggctgcactttgattg
ggctgggttcatatgagattaggggaaaaaacacgaacattccagtaaaatggggagtgtga
actgtgaagaagggggtaaacggtgtgcggacgtgagacgagaaaageatgagagaaaa
cgatctgtgtgcatgcatagggetggacgaaaagetegtgactegttagetcgeteggttegt
gtetggeteggeteggeteggeteggetegtitggatttgttaacgagecgagcetaaggtttca
gctegttatctataacgagecagceteg

44

C1-33201871

gaaccgaatgacttgttgtatacgttgctectgcttetetgectgateectetetgatgatggtgt
gtgtcecttttgtttegettttcttaatcetetetagggettetgatagecctecatetgtecgtecttt
geecgtttgettettggectaaaccaccgaaaaggtgggtecgttttgetggacgectggaat
actcttcaactcgattggaacagcaggcetecgtgtatgtgtaactatggctgtgtttagatctaa
agtttagattcaaagtatagatttaaacttcagtcatttttcatcacatcaacctgtcatatacacac
aactttttagtcacatcatctttaattttaaccaaaatataaattttacgctgaactaaacacagtat

a

45

C1-33760443

cectegacctegteggtgggaggaggacgacggeggtggggaagaacctgaggeggca
gegagagagacaggeggtgtegeeggageagtgaggagggageeggegicgagagag
agaagagagaggcgatggcgacgacgaccggatccgegacggegacgacggatccge

ggcgacgacaaccggatceggtggectectecaccteegecttggectectcgacctegge
caccgegacctectecacctecgtettggectectetgegtggeggegagagagaggcaag
cageageggegagagagagagaggagaaagegeeggegacggtggctggggagets

gegeeggegetegegggagagagageeagagegageggaggacggegacgg

46

C1-33760496

cggeagegagagagacaggeggtgtegecggageagtgaggagggaggeggegtega
gagagagaagagagaggcgatggegacgacgaccggatecgegacggegacgacgga
tccgeggegacgacaaccggateeggtggectectecacctecgecttggectectcgacct
cggecaccgegacctectecaccteegtettggectectetgegtggeggegagagagagg
caagcageageggegagagagagagaggagaaageggeggeggeggtagctgggga

ggtggegeeggegetcgegggagagagaggegeagageeaggagageacggegacgge
accgagtggagggagtgaggtggegiggagegaagaaaaaagaagaggaggg

47

C1-34079372

aagacccgcagtgegaggatttcgaggatcaagcteccagatctcgageaaggcaagecac
ctttgaacatcttgagcctatatttgaaatttaattatgttgcttgaaaaatattatgcattgatagg
atcgcacttaatctgtcgtcccgtetgecaaggeagattggeggacceacctaatttgttgeattg

48
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atcctcecttgttaattgttatatcatgtcccectgtaaccatctagttgegtetegacattegege
accctgtgegageatcgacggacgecttcaaacttaaaatctgaaaaacaacttgggtaaaa
cttgggotttacaaaagacttggaaaactcgacacctgggteggtgcttgegaactaaatggatt

ttccaaaaccgegga

C1-34374172

gaacacccacacaatctcgatttgattgagaatctaggaggatactgattggcgetcaagaat

ggcgtagttaatgttatgatttgccageattetcagetgcetgattetcaggetgattetacttggtt
ggtagaaaatctacttatccaggaacaagegtagggtaacttttectttttttctcagetatgtga

aaagggagaaaactcgctacactttataggaaatgaactactcttctaccgacggatatcctaa
aggctatcctetggtacctcggecttacgctaactcaaaaccaaactaaaatgggttgategg

agctattctctagaatttttgacccaaattgagegaaggeggcecacttegegatattgtgecaat
tccagtgetcgaa

49

C1-34440547

tagcagcagatgtcatacaaacaggctttcattggaagcaataaaaatagtggacatccaaaa
gatgtgtggaactatgacttctagatatcacaggcatctagcatcttgatttttattcaagactge
acataacatctttacattctagagggaaatgatccgacttaagtagtttgatagttcacctcagg
gaggaagtcctttgatagtgttatagatgtctccegaageaccttgactgecactteetetecatt
gtccaatatgccatgataaaccataccaaatectecttticcaatgatagactggaagttgttagt
tatagtcttcaactctgtatatgtgaatcttctggtgtcagtatgecaggggagtatectettcatac

atatcata

50

C1-34482064

gtttgggcaccgacagetccaacggaacaaagaaacgecctaagacctctaataggaagg
ctgctactgacaatgagatttecttgatgectccatecagegateecagggaggttgtggaagt
gcttetecatgaccttcgaggeactgeggegtaggcatettcaattggatgagacacaagaga
ctagcaaacgtgcagacctgaaggctggtgccatcatgttggecagtaatctgagggctaac
attgggaagaggattggagctgtecctggagttgaagtaggggatattttctacttcaggatgg
agctatgcattatcggcettgeatgeacctageatgggtggaattgattatatgaataagtttggt
gatgaggatgactctgtagcaata

51

C1-34680949

aatgaggaaaggtgagaatcggtitgttattagtaagaagaaagaccgetcactgacatcge
cacagtacaaaaggcgcagtgtgcetcgageatgetgataattccaattteatcecatttgtece
attccctcctgattactttgccaagaaaaataagectgtggagaattcatcagatgecaggaata
gtgccagaaggcecctccatcagetgaaaaattaccagaaacaaaatattcatctggaaatetg
ggaaattttcagaacagctcacaggtgatgggcagtcaggcageaaacaacatgaacaatg
agaacaggaacggaaattatccacatcaaaacttgagtacaagtggttatgggtatggtgaaa

gcatcacttatcagcatcaaccac

52

C1-34801475

tgatttggttgatttgtgggcgegegegegeatggegaaggtacatcctaacgtggtgeecgt
£8cgergergaraggaccggecggregegageeecggegggaggaggaggageag
geggeggegetgacggtgtggeggaagtcgetgetgticaactgcaaggggticacggtgt
tcgacgccaaggggaacctggegtaccgegtcgacagetacgacacggagageggegac
gaggtcgtectcatggacgecgeeggegecccggecttcaccgtecegeaggaagaggea

53
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getcagectgeagggggageagtggetegtgticgecggegageeggacggecgeegg
ccgeecgtgtacgeggtcaggeggacgggeegeggeggeggeaagt

C1-34976760

aaaaaatatggtttcaaagttttccaaatcggtaaatctaattggagaggcctctccaattagtet
taaccagagacacccacgtgctagtactttaggagttttggttgctattaatcgattgagceaagt
aggggaaatattcctatcatctatgcettcaaataaagttttctcttaaattactcatccgatttacaa
tccgattacaccgttgtgticgtaataattaaatctttacaacaagatctcacatgattatattttga
tgaaaaatcacaaattacttttatgatatgtctaaattacttttagatttcactaagttacttcttaga

catataaaagtaaattcagtaaagcctaaaagtaattacatatattatagcagtaacttataaca

54

C1-35080808

aacgtcgacgagaaccgggetcccaactgacggtcacgegagagetgeacgaaacgage
ctcgacgacgatcccatecgteegtecgtegetgeggcetgetgetgetgecgecacaggeg
gtcagagectctggeacgatgecaacacgegggeacgtggtagggcageacgggecattc
aggtogtotttggatccagggacttaactttattctctatatttagacactaatttaaaatattaaat
atagattacttacaaaactaattacataaatgaaagctaatttgtgtgataacttttttaagcttaatt
aatccataattagagaatgtttaatgtagcatcacataagctaatcatggattaattaggctcaat

agattcgtctcgegaatt

55

C1-35498447

cgteegecgaagegeacgaceggegeggegtggggageggegagtcgageagetgeg

ggagcttctegeecgteggegecattgecaccgeageccctecttgtececgectggtgacgattt
ccatgggcattgcgecgactgactgtgtcggeagceatgeategtetegggcgttcaacgtgt

ggagggoacgacgtataagagtacacgcgaagactgtaggtagaggtgcttttcecegegaa
aagtggcagtagcggeggttggacagtaaccticgtgtatggttgtgtgttcatctcacgtact

gttettttgectctegetagetegtteccegtgatcaaggtgeatgetcgatggecttaatggtgg

aggttgccgaaaggtagcagaggaaatca

56

C1-35645244

ggatggatagtaaatataatatgaattgatctattggatcagttatatatatatatatatatatatata
tatatatatatatatatatatatatatagacacacacacacacaatgaggatggtaaattagtgac
aatatatgaatgtgttctattgtcaaaacgaaagggatcgatgagttatatctctaggttaattagt
ttacaacgaagagttgaagctggaataaacaagtcaaaattatatctgtataacatcatagtaat
gccgaccatgtacgeatccacatggecatacagcaacatcagaaacagaatttaattaattatt
tgactaaacccagaatcatttgetgetgcatcgaategttectetcgtcatcgecgacgcaaac

atgegce

57

C1-35779866

ctatgagttagctagctaacgtgtatgatgtccaatgattaagtgacactttttttctgtctaatata
atcatccatctcatcatatcattagctecttgtgettgtgegttcactgticagagaagetggttat

cctecctgataagaacagecgggaggteagtgtgctatggttttgtitagttctggaatgatcca
gtcacccagcacaattgactggctgagtgttgeattaagcaaatctggaccggatttgaggga
attttctcgegcagtggagatctatgataaatctegtaccgatccageatagtgattegtecgeg
ggattaatactgtaactaatccatagattagcgccattattgaaacacgcetttettettattgttgtt

attat

58

C1-35800575

actctgtagtctgcaaggageggtggegageagtggegegegaagtcgatagggtggega
geggacggagtggegacggagagectgegggagtcgagategiccggggaagcaacga

59
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cggcaacgacggeagcecttgtatccegteggegaggtcacgeteggecattgegeacctcet
cccttcgeccategecatcgageccccacccacggegeceggecatecceeggegaggag
ctetgtttttggteggetgtecggeggagtiggaacgaaggagggtegttctcggeatcgatgte
gccatctccgatectecaccgecaccgeegecctecceccctecattgecgaceecteceeg

gcgtcgagaaaatcetcgeecgacctcageaacaagaa

C1-35866927

tagactgcatcgccacctgeegecgaactgegecegtgetgeegecegecggtgecctetee
ttcacctccegetgeategecgectgecgecaagegeacggegaagggtaaggagtegty
geggegeggggcgcteatggeggtggaggacctgetggatgttgetgetectgttctegee
attgtcggagtcggegeegeccacgeecgacggagaatctcaaggaggegatgageacge
cgaggctcggacccagettcgtcggtgggacaaagegggactcgatggagacggtggag
ctetectectecteccecaacaccaccteatgtagettceeccteggegegtcagtaggtagg

ggtatccatcgettgtgeagetgeaccgagtecteate

60

C1-36096211

tcctggaggatgagegtgagegtgcgegeaagatagegeacgagatcaagggattcggea
gcttcaacctcageagegegeatgegteggggtcggeggeggcageecteegegegggeg
gcgatggagcaccagtgetacggecggageaactcgeggtacgagggcaggtggagga

gggaggcctgegtggacgacggegacaaggagaacctgetggtggatgtegatggecgag
gcgaaggecgaggeggeggcggaggagecgeaccactaccaccacecgttetacggett
cgggcagcageggecggaggcgatgetgetectgagecagtagtgategtttgggatggatg
gttettcgtegategeategttegttggtttgtgatgcgtgagaa

61

C1-36160202

agtctgtggecactgatgacaggegeagtgcaactgagetectgaageagatcaggeagea
tgeteatgecaatggtgatggtgatcagegtttggeacactgettegecaacggectegagge
gaggctggcaggtactggtagtcaaatttacaagaactacacgataactcggcttcecatgeac
tgatgtgctgaaagegtaccagctttatttggeagettgeccatttaagaagatcetctcattacttt
gccaatcaaacaattttgaatgetgtggagaaggcecaagaaagttcacattgtcgattatgge

atatactatggatttcagtggccgtgtcttattcagcggctatctaacaggectggaggeccac
caaagcttaggatcactgga

62

C1-36386713

gggcattggtgaaggctcagtaaccggaggtcttgtitgatggttggcaactgaattgttaatta
ccaatttatttcctgtgcttctaataccageagcatcacattctggttgttgagggotccactgata

cctttacctgttgeagtttattgttttaaataatccaatcaaacttttgtttgagettattgetgaatag
cacagcagcagtacatgcaatgcaagatgcccagatgatgagaataaaggceaatggceaaa
aatataagtgctagttctatttcaaaataacaaacagacaacattgcattctaaacttttataacca
aacaaacaaaggaaacagggaaaattgctgaattaatgttccctttactaagtaaattctacta

gaaagcact

63
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Bang 1B: Céc nucleotit dot bién lién quan dén cay lua dung nap chét e ché ACCaza

RTA2?

Vi tri

WT

MUT

Ind. Ref

Ja. Ref

Ghi chu

C1-27445918

?

C1-27537999

lién gen-Chrl

C1-27744352

?

C1-27747559

>
Q

?

C1-27747561

> > > > Q

LOC_0s01g48420

peroxiredoxin, gia dinh, duoc biéu hién

C1-27747563

?

?

C1-27792734

=<

?

?

C1-28257622

?

?

C1-28651555

LOC_0s01g49880

protein duoc biéu hién

C1-28651826

LOC_0s01g49880

protein dugc biéu hién

C1-29226560

LOC_0s01g50880

protein gia dinh

C1-29278751

?

?

C1-29340100

?

?

C1-29875869

S e T S T S

?

C1-30173016

?

C1-30198493

I S S B

?

C1-30224991

lién gen-Chrl

C1-30225002

lién gen-Chrl

C1-30225285

lién gen-Chrl

C1-30429097

?

C1-30628125

?

C1-30682702

lién gen-Chrl

C1-30876818

?

C1-30927957

lién gen-Chrl

Cl1-31291611

ol e B o Bl B < e ol ) B S B B

?

C1-31375767

?

C1-31549407

?

C1-31671724

<o <

khong

lién gen-Chrl

C1-31671725

khong

lién gen-Chrl

C1-32083963

khong

lién gen-Chrl

C1-32165584

LOC 0Os01g55850

protein dugc biéu hién

C1-32177487

?

?

C1-32459172

o B e B S B LS

khong

lién gen-Chrl

C1-32785958

> a0 0 0 3030 0000300030000 > > 4> 0

oa x> 30 Q> > > > > > > >03>>0>>>>0 0 >

?

?

2 Bao gdm dang ngén hon trong Bang 1A.
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C1-32821747 ' T C Y khong lién gen-Chrl
C1-33147227 G A Y LOC 0s01g57350 | diaxylglyxerol kinaza, gia dinh, duoc
biéu hién
C1-33201871 C T Y khong lién gen-Chrl
C1-33760443 | T C Y khéng lién gen-Chrl
C1-33760496 ' T C Y khong lién gen-Chrl
C1-34079372 C CT khoéng lién gen-Chrl
C1-34374172 ' G A Y khong lién gen-Chrl
C1-34440547 | A G Y LOC 0s01g59560 | protein chira ving protein kinaza, dugc
biéu hién
C1-34482064 | G A Y LOC_0s01g59620 | histon-lysin N-metyltransferaza,
SUVHI1 dic hiéu véi H3 lysin-9, gia
dinh, dugc biéu hién
C1-34680949 G A Y LOC_0s01g59980 | protein ho ngoén tay kém, gia dinh, duoc
biéu hién
C1-34801475 | T C Y LOC Os01g60170 | Protein chira ving DUF567, gia dinh,
duogc biéu hién
C1-34976760 | C T ? ?
C1-35080808 G A Y khong lién gen-Chrl
C1-35498447 G A Y LOC 0s01g61370 | protein duoc biéu hién
C1-35645244 = G A Y khong lién gen-Chrl
C1-35779866 | G A Y khoéng lién gen-Chrl
C1-35800575 | G A Y khong lién gen-Chrl
C1-35866927 G A Y LOC_0s01g61950 | protein dugc biéu hién
C1-36096211 G A Y LOC 0Os01g62370 | Protein chta ving ENTH, dugc bidu
hién
C1-36160202 G A Y LOC Os01g62460  protein ngon tay kém ZOS1-16 - C2H2,
duogc biéu hién
C1-36386713 | G A Y LOC_0s01g62820 | protein chita cAu triic dudi phan tir A ciia
yéu t6 khoi dAu phién ma TFIID, dugce
biéu hién
C1-36447011 G A Y LOC 0s01g62920 | homeodomain protein, gia dinh, dugc
biéu hién
C1-36630547 = G A Y khéng lién gen-Chrl
C1-36669757 A G Y ? ?
C1-36747244 | G A Y LOC 0s01g63420 | OsFBL4 - Vung hop F va protein chia
LRR, dugc biéu hién
C1-37318473 | G A Y LOC 0s01g64280 | sorting nexin 1, gia dinh, dugc biéu hién
"""" C1-37381689 | G A Y ? ?
A G Y ? ?

C1-37756353
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C1-37770409 | G A Y LOC_0s01g65070 | hydrolaza, protein chia ving gdp nép
alpha/beta, duoc bidu hién

C1-37790329 = G A LOC Os01g65100  yéu t6 van chuyén peptit, gia dinh, dugc
biéu hién

C1-37896676 | G A Y LOC_0s01g65320 | protein dugc biéu hién

C1-38439735 A G Y ? ? N E

C1-38439976 A G Y ? ?

C1-38471485 G A Y LOC Os01g66230  csAtPRS, gia dinh, dugc biéu hién

C1-39383231 G A Y khong lién gen-Chrl

C1-39481120 A G Y ? ?

C1-39495966 | T C LOC_0s01g67970 | protein ngén tay kém ZOS1-20 - C2H2,
dugc biéu hién

C1-39500910 G A Y ? ?

C1-39639526 = G LOC_0s01g68200 | protein duoc biéu hién
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Bang 2: Dic tinh kiéu hinh cta dong lta dot bién thé hién tinh khang mesotrion, so

v6i dong gbe khong dot bién ban dau

Ky hiéu S6 ngdy | Chiéu | Kiéu | Longto Mau v Rau TKW, g | Ning
dén  khi | cao cay | cay suét/cay
50% trd
bdng
Dong gbe | 85 96,5 ding ong tim trong vo | Khéng | 23,15 N/A
khéng dot bién thang
MLO0831266- | 82 94 ding ong tim trong vo | Khong | 24,55 4,5
03093F2 thang

Bang 3: Sb cdy dung nap sau ba thir nghiém sinh hoc khac nhau vé thube diét co

duoc ap dung cho cic ca thé F2 thu duge tir phép lai cia ML0831266-03093 dung nap

mesotrion va ML0831265-01493 dung nap thubc diét c6 e ché ACCaza

Mot dot phun mesotrion & 105 g
Phun mot lan | hoat chét/ha, tiép theo 1a dot
Phun mét 1an mesotrion | mesotrion & 420 g | phun tht hai & 630 g hoat
o 105 g hoat chit/ha hoat chét/ha chat/ha
Dung nap | Dé tén | Dung Dé tén | Dung nap D@ t6n thuong
Thong sb thuong nap thuong
Quan sat duoc (o) | 64 23 26 52 28 67
Mong doi (e) 21,75 65,25 19,5 58,5 23,75 71,25
Do léch (o-e) 42,25 -42,25 6,5 -6,5 4,25 -4,25
Do léch (0-¢)? 1785,06 1785,06 42,25 42,25 18,06 18,06
(0-e)*/e 82 27,35 2,166 0,722 0,76 0,253
Gia tri Khi binh [ 109,35 2,88 1,013
phuong
b6 tu do (df) 1 1 1
Gia tri xac suét 0,08919242 0,31393809
Gia tri Khi binh | 3,84 3,84 3,84
phuong tdi han tai
p=0,05
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Béng 5: Tém tit cac dong lua duge vién din trong ban mo ta ndy (cling xem Bang 12)

Dong Tinh trang khang/dung nap S6 hiéu luu gitr tai
chét trc ché® ATCC

va ngay cip

P1003 HPPDni

R0O146 khong

ML0831266-03093 HPPDi + HPPDni PTA-13620
19/03/2013

ML0831265-01493 RTAL1 PTA-12933
31/5/2012

ML0831265-02283 RTA2 PTA-13619
19/03/2013

PL1214418M2-73009 | RTA1 + HPPDi + HPPDni PTA-121398
18/7/2014

PL1214418M2-80048 | RTA1 + HPPDi + HPPDni PTA-121362
30/6/2014

RL1225468 RTA1 + RTA2 PTA-122646
17/11/2015

PL1214418M2-73001 | RTA1 + HPPDi

PL1214418M2-73013 | RTA1 + HPPDni

3 HPPDi = tinh khéng/dung nap chét rc ché HPPD dugc cam tmg lién quan dén sy thay déi trong viing di truyén
dugc cam (mg bang phuong phép héa hoc.

HPPDni = tinh khang/dung nap chét tc ché HPPD ty nhién.

RTA1 = thay thé G2096S trong enzym ACCaza do dot bién, lién quan dén tinh dung nap chét trc ché ACCaza.
RTA2 = xem céc bang 1A va 1B.
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Bang 11: C4c san pham thudc diét co tham chicu duge sir dung, va cac li€u

g T 3
E v-g an <Q-
. §- .
Q. = 38' S g ey
5 5 E -
2 § r(%o \35 g ? g én b3
& A 28 R =F X [ 7
. . g hoat
Assure 11 Quizalofop 10,54 g hoat chat/100 ml ,
chat/ha | 77 154 | 308
ao-
Assure 11 Quizalofop 10,54 g hoat chat/100 ml | xo/mau
Anh 10 20 40
Fusilade ) g hoat
Fluazifop 23,96 g hoat chat/100 ml .
DX chat/ha | 210 | 420 | 840
ao-
Fusilade ) .
DX Fluazifop 23,96 g hoat chat/100 ml | xo/mau
Anh 12 24 48
i P izaf 10 hoat ch&/100 m1 | = hoat
roprietal ropaquizato oat chat m ,
PrOPTIERLY pad P 8 chat/ha | 100 | 200 | 400
ao-
proprietary | Propaquizafop | 10 g hoat chét/100 ml | xo/mAu
Anh 13,7 | 27,4 | 54,7
) g hoat
Callisto mesotrion 47,93 g hoat chat/100 ml ,
chat/ha | 210 | 420 | 840
ao-
Callisto mesotrion 47,93 g hoat ch4t/100 m1 | xo/mau
Anh 6 12 24
, g hoat
Command | Clomazone 35,9 g hoat chat/100 ml ]
chat/ha | 315 | 630
ao-
Command | Clomazone 35,9 g hoat chat/100 ml | xo/mau
Anh 12 24
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Bang 12: Luu giit hat lGa theo hiép uéc Budapest (cling xem Béang 5)

Dong luu git S6 PTA Ngudn gbc S lidu khic

PTA-122646 thé cho dot bién | RTA1-RTA2
RL1225468 chéng R0146

PTA-124233 Hoan chuyén | RTA1-RTA2
16USGE40004-34 R0146

PTA-12933 thé cho dot bién | RTAIl
ML0831265-01493 R0146 RTA1

PTA-13619 thé cho dot bién | RTA2
ML0831265-02283 R0146 RTA2

RTA-13620 HPPDi/ni

ML0831266-03093
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Tai li€u cong bd
T4t c& céc tai lidu cong bd duoc vién dan trong don déu duogc dua vao trong ban md ta nay
bing cach tham chiéu dén pham vi ching dé cép cac vét ligu va/hodc phuong phap lién

quan dén sang ché

Agarwal et al., Plant Mol Biol (2007) 65:467-485. Genome-wide identification of C2H2

zincfinger gene family in rice and their phylogeny and expression analysis

Akira, Abe et al., Genome sequencing reveals agronomically important loci in rice using

MutMap Nature Biotechnology 30,174-178 (2012), Published online 22 January 2012.

Wright, Mark H. et al., Genome-wide association mapping reveals a rich genetic architecture

of complex traits in Oryza sativa. Nat. Comm 2:467 | DOL: 10.1038/ncomms1467,
Published Online 13 Sep 2011.The marker information can be accessed from The Rice
Diversity Home Page and downloading the file “44K  GWAS Data”

(http://www.ricediversity.org/index.cfm).

Zhao, Keyan et al. (2011). Genome-wide association mapping reveals a rich genetic

architecture of complex traits in Oryza sativa. Nat Comm 2:467 | DOL
10.1038/ncomms 1467, Published Online 13 Sep 2011
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YEU CAU BAO HQ
1. Cay Iia ¢6 h¢ gen lién quan dén tinh dung nap chét e ché ACCaza, & lidu thube diét co
& mirc cao hon dang ké so véi muc duoc dung nap bédi cac cdy lda khong cé hé gen nay,
trong d6 hé gen nay bao gdm hdn hop cia dot bién & nhidm sic thé 5 va vang di truyén &
nhiém sic thé 1, va trong d6 tinh dung nap hiép ddng so véi tinh dung nap duoc du doan
tir dap tng cong gdp ciia dot bién & nhidm sic thé 5 va ving di truyén cta nhidm sic thé 1
va trong d6 hé gen ndy bao gdm: a) dot bién ¢ nhiém séc thé 5 ma ma hoa thay thé G2096S
trong trinh ty axit amin ctia enzym ACCaza ma bao gdm SEQ ID NO: 3; va b) it nhit mot
trong c4c trinh ty nucleotit dudi ddy trong ving di truyén ctia nhidm séc thé 1 trong d6 mdi
trinh tw 6 mot dot bién duy nhat: SEQ ID NO: 38; SEQ ID NO: 39; SEQ ID NO: 40; SEQ
ID NO: 41; SEQ ID NO: 42; SEQ ID NO: 43; SEQ ID NO: 44; SEQ ID NO: 45; SEQ ID
NO: 46; SEQ ID NO: 47; SEQ ID NO: 48; SEQ ID NO: 49; SEQ ID NO: 50; SEQ ID NO:
51; SEQ ID NO: 52; SEQ ID NO: 53; SEQ ID NO: 54; SEQ ID NO: 55; SEQ ID NO: 56;
SEQ ID NO: 57; SEQ ID NO: 58; SEQ ID NO: 59; SEQ ID NO: 60; SEQ ID NO: 61; SEQ
ID NO: 62; SEQ ID NO: 63; trong d6 cac trinh tu bao gdm 200 bp nguoc chiéu va 200bp
xudi chiéu ctia mdi dot bién ddc hiéu, trong d6 dot bién duy nhét trong mdi trinh tu & vi tri
201.
2. Hat tir cdy lua theo diém 1.
3. Cay lua c6 vt lidu di truyén ma hoa thay thé axit amin G2096S & enzym ACCaza va c6
ving di truyén ctia nhiém sic thé s§ 1 bao gdm céc axit nucleic v6i SEQ ID NO: 38 dén
63 thu duoc tlr cac hat gidng laa dugc chon tir cac s6 hiéu luu giit tai ATCC véi sb hiéu
luu gitt PTA-122646 hodc 124233.
4. Hat giéng clia cdy lua duge chon tir mau cta hat duoc lvu gitt dudi dang cac s6 hiéu luu
giit tai ATCC 1a PTA-122646 va 124233.
5. Cay lta, hodc bd phén cua nd, dugc san xuét béng cach tré“)ng hat lta theo diém 4.
6. Phan hoa hoidc noan ctia cdy lua theo diém 5.
7. Séan phdm nudi cdy mod dugc san xuét tir té bao nguyén sinh hoic té bao tir cdy lta theo
diém 3, trong d6 té bao hoic té bao nguyén sinh ctia san phim nudi cdy mo duoc san xuat
tor bd phén cua cdy dugc chon tir nhém bao gém 14, 14 mam, tru dudi 14 mam, té bao phéan
sinh, ré, dinh ré, nhuy, hoa, than, may va chuy.

8. Té bao nguyén sinh duoc san xuit tir cdy lta theo diém 5.
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9. Phuong phéap san xuét hat la dung nap thudc diét co, trong d6 phwong phép nay bao
gbm lai chéo cay theo diém 5 v6i cay laa khong co thay thé axit amin G2096S & enzym
ACCaza va vung di truyén ctia nhiém sic thé 1 véi trinh tu nucleotit SEQ ID NO: 38-63
va chon thé hé con tir phép lai nay c6 tinh dung nap thude diét co.

10. Cay lta khang thudc diét c6 duoc san xudt tir hat gidng thé hé con dugc san xuét bing
phwong phap theo diém 9, trong d6 cdy lta bao gdm thay thé axit amin G2096S & enzym
ACCaza va vung di truyén ctia nhiém séc thé 1 véi trinh tw nucleotit SEQ ID NO: 38-63.
11. Cay lta theo diém 10 ma dung nap chét trc ché ACCaza & mirc cao hon mirc dugc dung
nap badi cdy khong c6 hé gen két hop ctia cac dong lta véi cac sb hiéu luu giit tai ATCC

v6i sb hiéu luu gitr 1a PTA-122646 hodc 124233 ma tao tinh dung nap thude diét cd.
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<110> RICETEC,

<120> Cay lGa c6 hé gen lién quan d¢én tinh dung nap chét uc

INC.
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DANH MUC TRINH TU

chd ACCaza va phuong phdp san xuidt hat lda nay

<130> 50970-267333

<140>

<141>

<150> 62/371,582

<151> 2016-08-05

<160> 65

<170> PatentIn version 3.5

<210> 1

<211> 2501

<212> ADN

<213> Oryza sativa

<400> 1

cctgttctge taggaataat agaactacat
60

tgctccctta tattcaatgc attaccatag
120

aagccgatga aaattcaaaa.ctgtaggcat
180

ctagtacctc tggtgcttct aaaggtgttg
240

agttggtatt tgcggacaaa catgggtcat
300

ctgctgggct caatgacatt ggtatggtag
360

ttcctagtgg tagggagatt attgttgttg
420

ttggcccaag ggaagatgca ttttttgaag
480

ttcectecttat ttatttggca gcaaattctg
540

actgctatga

caaattcata

ttgaaactgc

aaaatgccca

ggggcactcc

cttggacctt

caaatgatat

ctgttaccaa

gtgctcgaat
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ttttccactg

ttcgttcatg

agtgaggaag

atgttatgtt

tttagttcaa

gaagatgtcc

tacgttcaga

cctagcctgt

tggcatagca

gtgagttgac

ttgtcaaaat

tcatggtcct

aaagctacag

atggaccggc

actcctgaat

gctggatcat

gagaagaaac

gatgaagtga



aatcttgctt
600

tttatctaag
660

agctagacag
720

ttggtgtgga
780

aggagacatt
840

ctcgacttgg
900

ctgcactgaa
960

ccaaaatcat
1020

tttctaatat
1080

taacaacacc
1140

atcctcgagce
1200

ttgataaaga
1260

gagcaaagct
1320

aaactatccc
1380

gacaagtgtg
1440

gtgaaggatt
1500

atctttttga
1560

atcagcctgce
1620

ccgtgttggg

cgaagaagac

tggtgaaatt

gaatatacat

tacacttaca

catccggtgce

caagcttectt

ggcaactaat

attgaggtgg

gttggaccca

ggctatccgt

cagctttgtg

tggtggaatt

tgctgaccct

gtttccagat

acctctgttc

aggaattctt

ctttgtctac

tggtctgatg

tatgctcgta

aggtgggtta

ggaagtgctg

tttgtgactg

atacagcgtc

gggcgggaag

ggtgttgtcc

ctcagttatg

ccggacagac

ggtgttgatg

gaaacatttg

ccagtgggtg

ggtcagcttg

tctgcaacca

atcctcgcta

caggctggcet

attcccatgg

40256

atggcagccc
ttggcacttc
ttgattctgt
ctattgccag
gaagaactgt
ttgaccagcc
tgtacagctc
atcttactgt
ttcctgecta
ctgttgcata
acagccaagg
aaggttgggc
tgatagctgt
attcccgtga
agactgcgca
actggagagg
cgactattgt

ctgcagagct
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tgaacgtggg

tgtcatagca

tgtgggcaag

tgcttattct

tggaatagga

tattattctt

ccacatgcag

ttcagatgac

cattggtgga

cattcctgag

gaaatggtta

taagacagtg

ggagactcag

gcaatctgtt

ggcattgctg

cttctctggt

tgagaacctt

acgaggaggg

tttcagtaca

cataagatgc

gaagatggac

agggcatata

gcttatcttg

acaggctatt

ttgggtggte

cttgaaggcg

ccacttccag

aactcgtgtg

ggtggtatgt

gttactggca

accatgatgc

cctcgtgcetg

gacttcaacc

ggacaaagag

aggacataca

gcttgggttyg



tggttgatag caagataaac
1680

gcaatgttct ggaaccgcaa
1740

attgcatgag tcggcttgac
1800

ataaaaatgg aagtgctgac
1860

agttgatgcc tctatatact
1920

tcagaatggc tgcgaaaggt
1980

tcttctataa gagattacgg
2040

ctgtagcagg tgagcagttt
2100

cagcttcaca tgcagctgaa
2160

ctgaaaacta caaggattat
2220

caagtctttc agattccagc
2280

tagataaggt aattagctta
2340

agaactatct aatcaaataa
2400

ttctgaaatt tccttctttg
2460

gttgaagaaa tcaggaaggt
2501

<210> 2

<211> 2501

<212> ADN

<213> Oryza sativa

<400> 2

ccagaccgca

gggttaattg

ccaacattaa

acaaaatcgc

cagattgcga

gtgattaaga

aggaggatct

tcccaccaac

tgggatgatg

attcaatatc

tcagatttgc

ctgatgctta

tgattataat

gacacttatt

ccttggttga

40256

ttgagtgcta
agatcaagtt
ttgatctgaa
ttcaagaaaa
tacggtttgce
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcecttt
ttaaggctca
aagccctgcece
tataaattct
tccaatcgtt
cagatggatc

atcatatgat

tgctgagagg

caggtcagag

agcaaaactc

tatagaagct

tgaattgcat

ctgggaagaa

tcttgcaaaa

gctgatcaag

tgttgcttygg

aagagtatcc

acagggtctt

ttttcattac

ctttttatgc

cctctagaag

actgcaaaag

gaactccagg

gaagtagcaa

cgaacaaaac

gatacatccc

tcacgatctt

gaaattagag

aaatggtatt

atggataacc

caatccctct

tccatgttac

atatggctgg

cattatgatc

agctcaactt

cctgttctge taggaataat agaactacat actgctatga ttttccactg gtgagttgac

60
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tgctcecctta
120

aagccgatga
180

ctagtacctc
240

agttggtatt
300

ctgctgggct
360

ttcctagtgg
420

ttggcccaag
480

ttcctcttat
540

aatcttgctt
600

tttatctaag
660

agctagacag
720

ttggtgtgga
780

aggagacatt
840

ctcgacttgg
900

ctgcactgaa
960

ccaaaatcat
1020

tttctaatat
1080

taacaacacc
1140

tattcaatgc

aaattcaaaa

tggtgcttct

tgcggacaaa

caatgacatt

tagggagatt

ggaagatgca

ttatttggca

ccgtgttggg

cgaagaagac

tggtgaaatt

gaatatacat

tacacttaca

catccggtgce

caagcttctt

ggcaactaat

attgaggtgg

gttggaccca

attaccatag

ctgtaggcat

aaaggtgttg

catgggtcat

ggtatggtag

attgttgttg

ttttttgaag

gcaaattctg

tggtctgatg

tatgctcgta

aggtgggtta

ggaagtgctg

tttgtgactg

atacagcgtc

gggcgggaag

ggtgttgtcc

ctcagttatg

ccggacagac

40256

caaattcata
ttgaaactgc
aaaatgccca
ggggcactcc
cttggacctt
caaatgatat
ctgttaccaa
gtgctcgaat
atggcagccc
ttggcacttc
ttgattctgt
ctattgccag
gaagaactgt
ttgaccagcc
tgtacagctc
atcttactgt
ttcctgcecta

ctgttgcata
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ttcgttcatg

agtgaggaag

atgttatgtt

tttagttcaa

gaagatgtcc

tacgttcaga

cctagcctgt

tggcatagca

tgaacgtggg

tgtcatagca

tgtgggcaag

tgcttattct

tggaatagga

tattattctt

ccacatgcag

ttcagatgac

cattggtgga

cattcctgag

ttgtcaaaat

tcatggtcct

aaagctacag

atggaccggc

actcctgaat

gctggatcat

gagaagaaac

gatgaagtga

tttcagtaca

cataagatgc

gaagatggac

agggcatata

gcttatcttg

acaggctatt

ttgggtggtc

cttgaaggcg

ccacttccag

aactcgtgtg



atcctcgagce
1200

ttgataaaga
1260

gagcaaagct
1320

aaactatccc
1380

gacaagtgtg
1440

gtgaaggatt
1500

atctttttga
1560

atcagcctgce
1620

tggttgatag
1680

gcaatgttct
1740

attgcatgag
1800

ataaaaatgg
1860

agttgatgcc
1920

tcagaatggc
1980

tcttctataa
2040

ctgtagcagg
2100

cagcttcaca
2160

ctgaaaacta
2220

ggctatccgt

cagctttgtg

tggtggaatt

tgctgaccct

gtttccagat

acctctgttc

aggaattctt

ctttgtctac

caagataaac

ggaaccgcaa

tcggcttgac

aagtgctgac

tctatatact

tgcgaaaggt

gagattacgg

tgagcagttt

tgcagctgaa

caaggattat

ggtgttgatg

gaaacatttg

ccagtgggtg

ggtcagcttg

tctgcaacca

atcctcgcta

caggctggct

attcccatgg

ccagaccgca

gggttaattg

ccaacattaa

acaaaatcgc

cagattgcga

gtgattaaga

aggaggatct

tcccaccaac

tgggatgatg

attcaatatc

40256

acagccaagg
aaggttgggc
tgatagctgt
attcccgtga
agactgcgca
actggagagg
cgactattgt
ctgcagagct
ttgagtgcta
agatcaagtt
ttgatctgaa
ttcaagaaaa
tacggtttgc
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcttt

ttaaggctca
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gaaatggtta

taagacagtg

ggagactcag

gcaatctgtt

ggcattgctg

cttctctggt

tgagaacctt

acgaggaggg

tgctgagagg

caggtcagag

agcaaaactc

tatagaagct

tgaattgcat

ctgggaagaa

tcttgcaaaa

gctgatcaag

tgttgcttgg

aagagtatcc

ggtggtatgt

gttactggca

accatgatgc

cctcgtgcectg

gacttcaacc

ggacaaagag

aggacataca

gcttgggttyg

actgcaaaag

gaactccagg

gaagtagcaa

Ccgaacaaaac

gatacatccc

tcacgatctt

gaaattagag

aaatggtatt

atggataacc

caatccctct



caagtctttc agattccagc
2280

tagataaggt aattagctta
2340

agaactatct aatcaaataa
2400

ttctgaaatt tccttctttg
2460

gttgaagaaa tcaggaaggt
2501

<210> 3

<211> 2501

<212> ADN

<213> Oryza sativa
<400> 3

cctgttctge taggaataat
60

tgctccctta tattcaatge
120

aagccgatga aaattcaaaa
180

ctagtacctc tggtgcttct
240

agttggtatt tgcggacaaa
300

ctgctgggct caatgacatt
360

ttcctagtgg tagggagatt
420

ttggcccaag ggaagatgca
480

ttcctcttat ttatttggca
540

aatcttgctt ccgtgttggg
600

tcagatttgc

ctgatgctta

tgattataat

gacacttatt

ccttggttga

agaactacat

attaccatag

ctgtaggcat

aaaggtgttg

catgggtcat

ggtatggtag

attgttgttg

ttttttgaag

gcaaattctg

tggtctgatg

40256

aagccctgcec
tataaattct
tccaatcgtt
cagatggatc

atcatatgat

actgctatga
caaattcata
ttgaaactgc
aaaatgccca
ggggcactcc
cttggacctt
caaatgatat
ctgttaccaa
gtgctcgaat

atggcagccc
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acagggtctt

ttttcattac

ctttttatgc

cctctagaag

ttttccactg

ttcgttcatg

agtgaggaag

atgttatgtt

tttagttcaa

gaagatgtcc

tacgttcaga

cctagcctgt

tggcatagca

tgaacgtggg

tccatgttac

atatggctgg

cattatgatc

agctcaactt

gtgagttgac

ttgtcaaaat

tcatggtcct

aaagctacag

atggaccggc

actcctgaat

gctggatcat

gagaagaaac

gatgaagtga

tttcagtaca



tttatctaag
660

agctagacag
720

ttggtgtgga
780

aggagacatt
840

ctcgacttygg
900

ctgcactgaa
960

ccaaaatcat
1020

tttctaatat
1080

taacaacacc
1140

atcctcgagc
1200

ttgataaaga
1260

gagcaaagct
1320

aaactatccc
1380

gacaagtgtg
1440

gtgaaggatt
1500

atctttttga
1560

atcagcctgc
1620

tggttgatag
1680

cgaagaagac

tggtgaaatt

gaatatacat

tacacttaca

catccggtgce

caagcttctt

ggcaactaat

attgaggtgg

gttggaccca

ggctatccgt

cagctttgtg

tggtggaatt

tgctgaccct

gtttccagat

acctctgttc

aggaattctt

ctttgtctac

caagataaac

tatgctcgta

aggtgggtta

ggaagtgctg

tttgtgactg

atacagcgtc

gggcgggaag

ggtgttgtcc

ctcagttatg

ccggacagac

ggtgttgatg

gaaacatttg

ccagtgggtg

ggtcagcttg

tctgcaacca

atcctcgcecta

caggctggct

attcccatgg

ccagaccgca

40256

ttggcacttc
ttgattctgt
ctattgccag
gaagaactgt
ttgaccagcc
tgtacagctc
atcttactgt
ttcctgecta
ctgttgcata
acagccaagg
aaggttgggc
tgatagctgt
attcccgtga
agactgcgca
actggagagg
cgactattgt
ctgcagagct

ttgagtgcta

-78-

tgtcatagca

tgtgggcaag

tgcttattct

tggaatagga

tattattctt

ccacatgcag

ttcagatgac

cattggtgga

cattcctgag

gaaatggtta

taagacagtg

ggagactcag

gcaatctgtt

ggcattgctg

cttctctggt

tgagaacctt

acgaggaggg

tgctgagagyg

cataagatgc

gaagatggac

agggcatata

gcttatcttg

acaggctatt

ttgggtggte

cttgaaggcg

ccacttccag

aactcgtgtyg

ggtggtatgt

gttactggca

accatgatgc

cctcgtgcectyg

gacttcaacc

ggacaaagag

aggacataca

gcttgggttg

actgcaaaaa



gcaatgttct ggaaccgcaa
1740

attgcatgag tcggcttgac
1800

ataaaaatgg aagtgctgac
1860

agttgatgcc tctatatact
1920

tcagaatggc tgcgaaaggt
1980

tcttctataa gagattacgg
2040

ctgtagcagg tgagcagttt
2100

cagcttcaca tgcagctgaa
2160

ctgaaaacta caaggattat
2220

caagtctttc agattccagce
2280

tagataaggt aattagctta
2340

agaactatct aatcaaataa
2400

ttctgaaatt tccttctttg
2460

gttgaagaaa tcaggaaggt
2501

<210> 4

<211> 674

<212> PRT

<213> Oryza sativa

<400> 4

gggttaattg

ccaacattaa

acaaaatcgc

cagattgcga

gtgattaaga

aggaggatct

tcccaccaac

tgggatgatg

attcaatatc

tcagatttgc

ctgatgctta

tgattataat

gacacttatt

ccttggttga

40256

agatcaagtt
ttgatctgaa
ttcaagaaaa
tacggtttgce
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcttt
ttaaggctca
aagccctgcece
tataaattct
tccaatcgtt
cagatggatc

atcatatgat

caggtcagag

agcaaaactc

tatagaagct

tgaattgcat

ctgggaagaa

tcttgcaaaa

gctgatcaag

tgttgcttgg

aagagtatcc

acagggtctt

ttttcattac

ctttttatgc

cctctagaag

gaactccagg

gaagtagcaa

Ccgaacaaaac

gatacatccc

tcacgatctt

gaaattagag

aaatggtatt

atggataacc

caatccctct

tccatgttac

atatggctgg

cattatgatc

agctcaactt

Met Asp Arg Pro Ala Gly Leu Asn Asp Ile Gly Met Val Ala Trp Thr

1

5

10

15

Leu Lys Met Ser Thr Pro Glu Phe Pro Ser Gly Arg Glu Ile Ile Val

-79-



Val

Asp

Pro

65

Asp

Pro

Arg

Glu

Gly

145

Arg

Val

Arg

Leu

Lys
225

Ala

Ala

50

Leu

Glu

Glu

Ile

Ile

130

Val

Ala

Gly

Leu

Leu

210

Ile

Asn

35

Phe

Ile

Val

Arg

Gly

115

Arg

Glu

Tyr

Ile

Asp

195

Gly

Met

20

Asp

Phe

Tyr

Lys

Gly

100

Thr

Trp

Asn

Lys

Gly

180

Gln

Arg

Ala

Ile

Glu

Leu

Ser

85

Phe

Ser

Val

Ile

Glu

165

Ala

Pro

Glu

Thr

Thr

Ala

Ala

70

Cys

Gln

Val

Ile

His

150

Thr

Tyr

Ile

Val

Asn
230

Phe

Val

55

Ala

Phe

Tyr

Ile

Asp

135

Gly

Phe

Leu

Ile

Tyr

215

Gly

Arg

Thr

Asn

Arg

Ile

Ala

120

Ser

Ser

Thr

Ala

Leu

200

Ser

Val

40256

25

Ala

Asn

Ser

Val

Tyr

105

His

Val

Ala

Leu

Arg

185

Thr

Ser

Val

Gly

Leu

Gly

Gly

90

Leu

Lys

Val

Ala

Thr

170

Leu

Gly

His

His

-80-

Ser

Ala

Ala

75

Trp

Ser

Met

Gly

Ile

155

Phe

Gly

Tyr

Met

Leu
235

Phe

Cys

60

Arg

Ser

Glu

Gln

Lys

140

Ala

Val

Ile

Ser

Gln

220

Thr

Gly

45

Glu

Ile

Asp

Glu

Leu

125

Glu

Ser

Thr

Arg

Ala

205

Leu

Val

30

Pro

Lys

Gly

Asp

Asp

110

Asp

Asp

Ala

Gly

Cys

190

Leu

Gly

Ser

Arg

Lys

Ile

Gly

95

Tyr

Ser

Gly

Tyr

Arg

175

Ile

Asn

Gly

Asp

Glu

Leu

Ala

80

Ser

Ala

Gly

Leu

Ser

160

Thr

Gln

Lys

Pro

Asp
240



40256

Leu Glu Gly Val Ser Asn Ile Leu Arg Trp Leu Ser Tyr Val Pro Ala
245 250 255

Tyr Ile Gly Gly Pro Leu Pro Val Thr Thr Pro Leu Asp Pro Pro Asp
260 265 270

Arg Pro Val Ala Tyr Ile Pro Glu Asn Ser Cys Asp Pro Arg Ala Ala
275 280 285

Ile Arg Gly Val Asp Asp Ser Gln Gly Lys Trp Leu Gly Gly Met Phe
290 295 300

Asp Lys Asp Ser Phe Val Glu Thr Phe Glu Gly Trp Ala Lys Thr Val
305 310 315 320

val Thr Gly Arg Ala Lys Leu Gly Gly Ile Pro Val Gly Val Ile Ala
325 330 335

Val Glu Thr Gln Thr Met Met Gln Thr Ile Pro Ala Asp Pro Gly Gln
340 345 350

Leu Asp Ser Arg Glu Gln Ser Val Pro Arg Ala Gly Gln Val Trp Phe
355 360 365

Pro Asp Ser Ala Thr Lys Thr Ala Gln Ala Leu Leu Asp Phe Asn Arg
370 375 380

Glu Gly Leu Pro Leu Phe Ile Leu Ala Asn Trp Arg Gly Phe Ser Gly
385 390 395 400

Gly Gln Arg Asp Leu Phe Glu Gly Ile Leu Gln Ala Gly Ser Thr Ile
405 410 415

Val Glu Asn Leu Arg Thr Tyr Asn Gln Pro Ala Phe Val Tyr Ile Pro
420 425 430

Met Ala Ala Glu Leu Arg Gly Gly Ala Trp Val Val Val Asp Ser Lys
435 440 445

Ile Asn Pro Asp Arg Ile Glu Cys Tyr Ala Glu Arg Thr Ala Lys Gly

-81-



Asn

465

Glu

Lys

Ser

Tyr

Arg

545

Ser

Val

Gln

Ala

Glu

625

Gln

Pro

450

Val

Leu

Ala

Leu

Thr

530

Met

Arg

Leu

Pro

Glu

610

Asn

Ser

Gln

Leu

Gln

Lys

Gln

515

Gln

Ala

Ser

Ala

Ala

595

Trp

Tyr

Leu

Gly

Glu

Asp

Leu

500

Glu

Ile

Ala

Phe

Lys

580

Ile

Asp

Lys

Ser

Leu
660

Pro

Cys

485

Glu

Asn

Ala

Lys

Phe

565

Glu

Glu

Asp

Asp

Ser

645

Ser

Gln

470

Met

Val

Ile

Ile

Gly

550

Tyr

Ile

Leu

Asp

Tyr

630

Leu

Met

455

Gly

Ser

Ala

Glu

Arg

535

Val

Lys

Arg

Ile

Asp

615

Ile

Ser

Leu

Leu

Arg

Asn

Ala

520

Phe

Ile

Arg

Ala

Lys

600

Ala

Gln

Asp

Leu

40256

Ile

Leu

Lys

505

Arg

Ala

Lys

Leu

vVal

585

Lys

Phe

Tyr

Ser

Asp
665

Glu

Asp

490

Asn

Thr

Glu

Lys

Arg

570

Ala

Trp

Val

Leu

Ser

650

Lys

-82-

Ile
475

Pro

Gly

Lys

Leu

Val

555

Arg

Gly

Tyr

Ala

Lys

635

Ser

vVal

460

Lys

Thr

Ser

Gln

His

540

Val

Arg

Glu

Ser

Trp

620

Ala

Asp

Ile

Phe

Leu

Ala

Leu

525

Asp

Asp

Ile

Gln

Ala

605

Met

Gln

Leu

Ser

Arg

Ile

Asp

510

Met

Thr

Trp

Ser

Phe

590

Ser

Asp

Arg

Gln

Leu
670

Ser

Asp

495

Thr

Pro

Ser

Glu

Glu

575

Ser

His

Asn

Val

Ala

655

Leu

Glu

480

Leu

Lys

Leu

Leu

Glu

560

Asp

His

Ala

Pro

Ser

640

Leu

Met



Leu Ile

<210> 5

<211>
<212>
<213>

<400> 5
Met Asp Arg

1

Leu

Val

Asp

Pro

65

Asp

Pro

Arg

Glu

Gly

145

Arg

Lys

Ala

Ala

50

Leu

Glu

Glu

Ile

Ile

130

Val

Ala

674
PRT
Oryza

Met

Asn

35

Phe

Ile

vVal

Arg

Gly

115

Arg

Glu

Tyr

sativa

Pro

Ser

20

Asp

Phe

Tyr

Lys

Gly

100

Thr

Trp

Asn

Lys

Ala

5

Thr

Ile

Glu

Leu

Ser

85

Phe

Ser

Val

Ile

Glu
165

Gly

Pro

Thr

Ala

Ala

70

Cys

Gln

Val

Ile

His

150

Thr

Leu

Glu

Phe

Val

55

Ala

Phe

Tyr

Ile

Asp

135

Gly

Phe

Asn

Phe

Arg

40

Thr

Asn

Arg

Ile

Ala

120

Ser

Ser

Thr

40256

Asp Ile
10

Pro Ser
25

Ala Gly
Asn Leu
Ser Gly
Val Gly
Tyr Leu
105

His Lys
Val Val

Ala Ala

Leu Thr
170

-83-

Gly

Gly

Ser

Ala

Ala

75

Trp

Ser

Met

Gly

Ile

155

Phe

Met

Arg

Phe

Cys

60

Arg

Ser

Glu

Gln

Lys

140

Ala

Val

Val

Glu

Gly

45

Glu

Ile

Asp

Glu

Leu

125

Glu

Ser

Thr

Ala

Ile

30

Pro

Lys

Gly

Asp

Asp

110

Asp

Asp

Ala

Gly

Trp

15

Ile

Arg

Lys

Ile

Gly

Tyr

Ser

Gly

Tyr

Arg
175

Thr

Val

Glu

Leu

Ala

80

Ser

Ala

Gly

Leu

Ser

160

Thr



Val

Arg

Leu

Lys

225

Leu

Tyr

Arg

Ile

Asp

305

Val

Val

Leu

Pro

Glu

Gly

Leu

Leu

210

Ile

Glu

Ile

Pro

Arg

290

Lys

Thr

Glu

Asp

Asp

370

Gly

Ile

Asp

195

Gly

Met

Gly

Gly

Val

275

Gly

Asp

Gly

Thr

Ser

355

Ser

Leu

Gly

180

Gln

Arg

Ala

Val

Gly

260

Ala

Val

Ser

Arg

Gln

340

Arg

Ala

Pro

Ala

Pro

Glu

Thr

Ser

245

Pro

Tyr

Asp

Phe

Ala

325

Thr

Glu

Thr

Leu

Tyr

Ile

Val

Asn

230

Asn

Leu

Ile

Asp

Val

310

Lys

Met

Gln

Lys

Phe

Leu

Ile

Tyr

215

Gly

Ile

Pro

Pro

Ser

295

Glu

Leu

Met

Ser

Thr

375

Ile

Ala

Leu

200

Ser

Val

Leu

Val

Glu

280

Gln

Thr

Gly

Gln

Val

360

Ala

Leu

40256

Arg

185

Thr

Ser

Val

Arg

Thr

265

Asn

Gly

Phe

Gly

Thr

345

Pro

Gln

Ala

Leu

Gly

His

His

Trp

250

Thr

Ser

Lys

Glu

Ile

330

Ile

Arg

Ala

Asn

Gly

Tyr

Met

Leu

235

Leu

Pro

Cys

Trp

Gly

315

Pro

Pro

Ala

Leu

Trp

Ile

Ser

Gln

220

Thr

Ser

Leu

Asp

Leu

300

Trp

Val

Ala

Gly

Leu

380

Arg

Arg

Ala

205

Leu

Val

Tyr

Asp

Pro

285

Gly

Ala

Gly

Asp

Gln

365

Asp

Gly

Cys

190

Leu

Gly

Ser

Val

Pro

270

Arg

Gly

Lys

Val

Pro

350

Val

Phe

Phe

Ile

Asn

Gly

Asp

Pro

255

Pro

Ala

Met

Thr

Ile

335

Gly

Trp

Asn

Ser

Gln

Lys

Pro

Asp

240

Ala

Asp

Ala

Phe

Val

320

Ala

Gln

Phe

Arg

Gly



385

Gly

Val

Met

Ile

Asn

465

Glu

Lys

Ser

Tyr

Arg

545

Ser

Val

Gln

Gln

Glu

Ala

Asn

450

Val

Leu

Ala

Leu

Thr

530

Met

Arg

Leu

Pro

Arg

Asn

Ala

435

Pro

Leu

Gln

Lys

Gln

515

Gln

Ala

Ser

Ala

Ala
595

Asp

Leu

420

Glu

Asp

Glu

Asp

Leu

500

Glu

Ile

Ala

Phe

Lys

580

Ile

Leu

405

Arg

Leu

Arg

Pro

Cys

485

Glu

Asn

Ala

Lys

Phe

565

Glu

Glu

390

Phe

Thr

Arg

Ile

Gln

470

Met

Val

Ile

Ile

Gly

550

Tyr

Ile

Leu

Glu

Tyr

Gly

Glu

455

Gly

Ser

Ala

Glu

Arg

535

Val

Lys

Arg

Ile

Gly

Asn

Gly

440

Cys

Leu

Arg

Asn

Ala

520

Phe

Ile

Arg

Ala

Lys
600

40256

Ile

Gln

425

Ala

Tyr

Ile

Leu

Lys

505

Arg

Ala

Lys

Leu

Val

585

Lys

Leu

410

Pro

Trp

Ala

Glu

Asp

490

Asn

Thr

Glu

Lys

Arg

570

Ala

Trp

-85-

395

Gln

Ala

Val

Glu

Ile

475

Pro

Gly

Lys

Leu

Val

555

Arg

Gly

Tyr

Ala

Phe

Val

Arg

460

Lys

Thr

Ser

Gln

His

540

Val

Arg

Glu

Ser

Gly

Val

Val

445

Thr

Phe

Leu

Ala

Leu

525

Asp

Asp

Ile

Gln

Ala
605

Ser

Tyr

430

Asp

Ala

Arg

Ile

Asp

510

Met

Thr

Trp

Ser

Phe

590

Ser

Thr

415

Ile

Ser

Lys

Ser

Asp

495

Thr

Pro

Ser

Glu

Glu

575

Ser

His

400

Ile

Pro

Lys

Gly

Glu

480

Leu

Lys

Leu

Leu

Glu

560

Asp

His

Ala



Ala

Glu

625

Gln

Pro

Leu

Glu

610

Asn

Ser

Gln

Ile

<210> 6

<211>
<212>
<213>

<400> 6
Met Asp Arg

1

Leu

vVal

Asp

Pro

65

Asp

Pro

Lys

Ala

Ala

50

Leu

Glu

Glu

Trp

Tyr

Leu

Gly

674
PRT
Oryza

Met

Asn

35

Phe

Ile

vVal

Arg

Asp

Lys

Ser

Leu
660

Asp

Asp

Ser

645

Ser

sativa

Pro

Ser

20

Asp

Phe

Tyr

Lys

Gly
100

Ala

Thr

Ile

Glu

Leu

Ser

85

Phe

Asp

Tyr

630

Leu

Met

Gly

Pro

Thr

Ala

Ala

70

Cys

Gln

Asp

615

Ile

Ser

Leu

Leu

Glu

Phe

Val

55

Ala

Phe

Tyr

Ala

Gln

Asp

Leu

Asn

Phe

Arg

40

Thr

Asn

Arg

Ile

40256

Phe

Tyr

Ser

Asp
665

Asp

Pro

25

Ala

Asn

Ser

Val

Tyr
105

Val

Leu

Ser

650

Lys

Ile

10

Ser

Gly

Leu

Gly

Gly

90

Leu

-86-

Ala

Lys

635

Ser

Val

Gly

Gly

Ser

Ala

Ala

75

Trp

Ser

Trp

620

Ala

Asp

Ile

Met

Arg

Phe

Cys

Arg

Ser

Glu

Met

Gln

Leu

Ser

Val

Glu

Gly

45

Glu

Ile

Asp

Glu

Asp

Arg

Gln

Leu
670

Ala

Ile

30

Pro

Lys

Gly

Asp

Asp
110

Asn

Val

Ala

655

Leu

Trp

15

Ile

Arg

Lys

Ile

Gly

95

Tyr

Pro

Ser

640

Leu

Met

Thr

Val

Glu

Leu

Ala

80

Ser

Ala



Arg

Glu

Gly

145

Arg

Val

Arg

Leu

Lys

225

Leu

Tyr

Arg

Ile

Asp

305

val

Ile

Ile

130

Val

Ala

Gly

Leu

Leu

210

Ile

Glu

Ile

Pro

Arg

290

Lys

Thr

Gly

115

Arg

Glu

Tyr

Ile

Asp

195

Gly

Met

Gly

Gly

Val

275

Gly

Asp

Gly

Thr

Trp

Asn

Lys

Gly

180

Gln

Arg

Ala

Val

Gly

260

Ala

Val

Ser

Arg

Ser

Val

Ile

Glu

165

Ala

Pro

Glu

Thr

Ser

245

Pro

Tyr

Asp

Phe

Ala

Val

Ile

His

150

Thr

Tyr

Ile

Val

Asn

230

Asn

Leu

Ile

Asp

Val

310

Lys

Ile

Asp

135

Gly

Phe

Leu

Ile

Tyr

215

Gly

Ile

Pro

Pro

Ser

295

Glu

Leu

Ala

120

Ser

Ser

Thr

Ala

Leu

200

Ser

Val

Leu

Val

Glu

280

Gln

Thr

Gly

40256

His

Val

Ala

Leu

Arg

185

Thr

Ser

Val

Arg

Thr

265

Asn

Gly

Phe

Gly

Lys

Val

Ala

Thr

170

Leu

Gly

His

His

Trp

250

Thr

Ser

Lys

Glu

Ile

-87-

Met

Gly

Ile

155

Phe

Gly

Tyr

Met

Leu

235

Leu

Pro

Cys

Trp

Gly

315

Pro

Gln

Lys

140

Ala

Val

Ile

Ser

Gln

220

Thr

Ser

Leu

Asp

Leu

300

Trp

Val

Leu

125

Glu

Ser

Thr

Arg

Ala

205

Leu

Val

Tyr

Asp

Pro

285

Gly

Ala

Gly

Asp

Asp

Ala

Gly

Cys

190

Leu

Gly

Ser

Val

Pro

270

Arg

Gly

Lys

val

Ser

Gly

Tyr

Arg

175

Ile

Asn

Gly

Asp

Pro

255

Pro

Ala

Met

Thr

Ile

Gly

Leu

Ser

160

Thr

Gln

Lys

Pro

Asp

240

Ala

Asp

Ala

Phe

Val

320

Ala



vVal

Leu

Pro

Glu

385

Gly

Val

Met

Ile

Asn

465

Glu

Lys

Ser

Tyr

Glu

Asp

Asp

370

Gly

Gln

Glu

Ala

Asn

450

Val

Leu

Ala

Leu

Thr
530

Thr

Ser

355

Ser

Leu

Arg

Asn

Ala

435

Pro

Leu

Gln

Lys

Gln

515

Gln

Gln

340

Arg

Ala

Pro

Asp

Leu

420

Glu

Asp

Glu

Asp

Leu

500

Glu

Ile

325

Thr

Glu

Thr

Leu

Leu

405

Arg

Leu

Arg

Pro

Cys

485

Glu

Asn

Ala

Met

Gln

Lys

Phe

390

Phe

Thr

Arg

Ile

Gln

470

Met

vVal

Ile

Ile

Met

Ser

Thr

375

Ile

Glu

Tyr

Gly

Glu

455

Gly

Ser

Ala

Glu

Arg
535

Gln

val

360

Ala

Leu

Gly

Asn

Gly

440

Cys

Leu

Arg

Asn

Ala

520

Phe

40256

Thr

345

Pro

Gln

Ala

Ile

Gln

425

Ala

Tyr

Ile

Leu

Lys

505

Arg

Ala

330

Ile

Arg

Ala

Asn

Leu

410

Pro

Trp

Ala

Glu

Asp

490

Asn

Thr

Glu

-88-

Pro

Ala

Leu

Trp

395

Gln

Ala

Val

Glu

Ile

475

Pro

Gly

Lys

Leu

Ala

Gly

Leu

380

Arg

Ala

Phe

Val

Arg

460

Lys

Thr

Ser

Gln

His
540

Asp

Gln

365

Asp

Gly

Gly

Val

vVal

445

Thr

Phe

Leu

Ala

Leu

525

Asp

Pro

350

Val

Phe

Phe

Ser

Tyr

430

Asp

Ala

Arg

Ile

Asp

510

Met

Thr

335

Gly

Trp

Asn

Ser

Thr

415

Ile

Ser

Lys

Ser

Asp

495

Thr

Pro

Ser

Gln

Phe

Arg

Gly

400

Ile

Pro

Lys

Ser

Glu

480

Leu

Lys

Leu

Leu



40256

Arg Met Ala Ala Lys Gly Val Ile Lys Lys Val Val Asp Trp Glu Glu
545 550 555 560

Ser Arg Ser Phe Phe Tyr Lys Arg Leu Arg Arg Arg Ile Ser Glu Asp
565 570 575

Val Leu Ala Lys Glu Ile Arg Ala Val Ala Gly Glu Gln Phe Ser His
580 585 590

Gln Pro Ala Ile Glu Leu Ile Lys Lys Trp Tyr Ser Ala Ser His Ala
595 600 605

Ala Glu Trp Asp Asp Asp Asp Ala Phe Val Ala Trp Met Asp Asn Pro
610 615 620

Glu Asn Tyr Lys Asp Tyr Ile Gln Tyr Leu Lys Ala Gln Arg Val Ser
625 630 635 640

Gln Ser Leu Ser Ser Leu Ser Asp Ser Ser Ser Asp Leu Gln Ala Leu
645 650 655

Pro Gln Gly Leu Ser Met Leu Leu Asp Lys Val Ile Ser Leu Leu Met
660 665 670

Leu Ile

<210> 7

<211> 201

<212> ADN

<213> Oryza sativa

<400> 7

ataaagatga ggtgtttgat gaattaaagg ccgcagggtt gaagaggcca tgtagcttta
60

cagatatttc cagtgaaaat gctttgcttc ttgaatttga kacagcaact gatgcagctg
120

ctgcgaaagc ccatattagg cgccagcttc atccagatgt ctgttcccag gacaagaata
180

cttctggtca tgaacttttt g
201

-890-



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

<400>

40256

8

201

ADN

Oryza sativa

8

tcacatgatc tgcaactgtc aacagtctta ccggaattgg attctgaagg tggatactcc

60

acctgtccac cataagtcct tatttgtcag aggttacaat ygcatgatgt gtctatactc

120

tatactgcaa agatgaatac taacaagttt ttcttgggct taaaagaaga aaaactagga

180

acagcctcac tagtttgcta g

201

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

<400>

9

201

ADN

Oryza sativa

9

tgtttcaagt ttggttgctg aaaaacgtac ggacaaacca tgaactaact tgctattttg

60

ctccacatgg gtttgtctcg aagcaaccag gaattgatca rcttcggtgg tttgccaaga

120

acatgaaacc tggggataag gatttttttc gactttgcta atgctggtcg tctggattag

180

gaacagaaca ggtattgcta c

201

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

<400>

10

201

ADN

Oryza sativa

10

agtctaaatg ggctgcactt tgattgggct gggttcatat gagattaggg gaaaaaacac

60

gaacattcca gtaaaatggg gagtgtgaac tgtgaagaag rgggtaaacg gtgtgcggac

120

gtgagacgag aaaagcatga gagaaaacga tctgtgtgca tgcatagggc tggacgaaaa

180

-90-



40256

gctcgtgact cgttagctcg c
201

<210> 11

<211> 201

<212> ADN

<213> Oryza sativa

<400> 11
tagggcttct gatagccctc catctgtccg tcctttgece gtttgcttct tggcctaaac
60

caccgaaaag gtgggtccgt tttgctggac gcctggaata ytcttcaact cgattggaac
120

agcaggctcc gtgtatgtgt aactatggct gtgtttagat ctaaagttta gattcaaagt
180

atagatttaa acttcagtca t
201

<210> 12

<211> 201

<212> ADN

<213> Oryza sativa

<400> 12
tgctgattct caggctgatt ctacttggtt ggtagaaaat ctacttatcc aggaacaagc
60

gtagggtaac ttttcctttt tttctcagct atgtgaaaag rgagaaaact cgctacactt
120

tataggaaat gaactactct tctaccgacg gatatcctaa aggctatcct ctggtacctc
180

ggccttacge taactcaaaa c
201

<210> 13

<211> 201

<212> ADN

<213> Oryza sativa

<400> 13
cgatcccagg gaggttgtgg aagtgcttcet catgaccttc gaggcactgc ggcgtaggca
60

tcttcaattg gatgagacac aagagactag caaacgtgca racctgaagg ctggtgccat
120

-01-



40256

catgttggcc agtaatctga gggctaacat tgggaagagg attggagctg tccctggagt
180

tgaagtaggg gatattttct a
201

<210> 14

<211> 201

<212> ADN

<213> Oryza sativa

<400> 14
aattccaatt tcatcccatt tgtcccattc cctcctgatt actttgccaa gaaaaataag
60

cctgtggaga attcatcaga tgcaggaata gtgccagaag rccctccatc agctgaaaaa
120

ttaccagaaa caaaatattc atctggaaat ctgggaaatt ttcagaacag ctcacaggtg
180

atgggcagtc aggcagcaaa C
201

<210> 15

<211> 201

<212> ADN

<213> Oryza sativa

<400> 15
gttttggttg ctattaatcg attgagcaag taggggaaat attcctatca tctatgcttce
60

aaataaagtt ttctcttaaa ttactcatcc gatttacaat ycgattacac cgttgtgttc
120

gtaataatta aatctttaca acaagatctc acatgattat attttgatga aaaatcacaa
180

attactttta tgatatgtct a
201

<210> 16

<211> 201

<212> ADN

<213> Oryza sativa

<400> 16

gtcccgectg gtgacgattt ccatgggceat tgcgccgact gactgtgtcg gcagcatgcea
60

-02-



40256

tcgtcteggg cgttcaacgt gtggagggga cgacgtataa ragtacacgc gaagactgta

120

ggtagaggtg cttttcccgc gaaaagtggc agtagcggcg gttggacagt aaccttcgtg

180

tatggttgtg tgttcatctc a

201

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

17
201
ADN

<400> 17
tgcttgtgcg
60

gtcagtgtgc
120

ggctgagtgt
180

agatctatga
201

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

18
201
ADN

<400> 18
ctgcttcgcec
60

ctacacgata
120

agcttgccca
180

ggagaaggcc
201

<210> 19
<211> 201
<212> ADN

Oryza sativa

ttcactgttc

tatggttttg

tgcattaagc

taaatctcgt

Oryza sativa

aacggcctcg

actcggcttc

tttaagaaga

aagaaagttc

<213> Oryza sativa

agagaagctg gttatcctcc ctgataagaa cagccgggag

tttagttctg gaatgatcca rtcacccagc acaattgact

aaatctggac cggatttgag ggaattttct cgcgcagtgg

aggcgaggct ggcaggtact ggtagtcaaa tttacaagaa

catgcactga tgtgctgaaa rcgtaccagc tttatttgge

tctctcatta ctttgccaat caaacaattt tgaatgctgt

-03-



<400> 19
tcacattctg gttgttgagg
60

ataatccaat caaacttttg
120

atgcaagatg cccagatgat
180

tttcaaaata acaaacagac
201

<210> 20

<211> 201

<212> ADN

<213> Oryza sativa

<400> 20
tatgatgatg cttattatag
60

ccatctggca agttaattcc
120

ccgggccacc acattcatac
180

attaagaatg catcaaacaa
201

<210> 21

<211> 201

<212> ADN

<213> Oryza sativa

<400> 21
tcgatatgtt gggttttttc
60

gtggaatatt atcgggcacc
120

gacgactaat ttggcagctc
180

gaagccattt cacccgcggg
201

<210> 22
<211> 201

40256

gtccactgat acctttacct gttgcagttt attgttttaa
tttgagctta ttgctgaata rcacagcagc agtacatgca

gagaataaag gcaatggcaa aaatataagt gctagttcta

cctaaggtat gtacttttaa gatttagttc gaagtaatgc
agcattaacg tgttctaaaa rccactctac ttatgagaag

attacagcca gaaacaacaa atccaggaag ttaatacgtg

tctttactag tagcatgcca tctagtgtgc atcttacgta
caatattcgg ctcgcacaaa rctccgagga cgaggaggag

agctcacctg cacggctgca ctgtgctgtg cccggtgggce

-94-



<212> ADN

<213> Oryza sativa

<400> 22
tctgaaaacg
60

tccaggtacg
120

gatgaatgca
180

aaagaaaaga
201

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

23
201
ADN

<400> 23
cttaaattct
60

atagctataa
120

gttggtttgt
180

acttatcatc
201

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

24
201
ADN

<400> 24
gaactaaaca
60

aacttgtagg
120

tcctatgtga
180

atggggaaaa
201

catggccgaa

cattctctac

gtgtcacttt

agcgaaactg

Oryza sativa

catgttttat

gaggcatcga

ttcgecttgtt

atgtgtctaa

Oryza sativa

cacccggaat

cctcatttga

attggtactg

aaatcctatg

40256

ataagatgca agaacacctg caaaataatc tcaggatcag
tgttatctac tgaaccagag rggaaaaaaa caaaaactag

gctgcttgta attctctgaa tttctgaatg aaagaaaaga

tcccgttgeca acgaacggtc atttctttta gtgtccataa
tcatcgcagc aagccgactg rgtgtggcgce ctacgtgatc

tgggcataca gctatgagaa ctttgttggg ggcccatact

gtgatggatc cgaatctgct gtagttgata ctgtgaatgt
ttttctagaa aaaaatggag raaaaacata ggaataagaa

ttcatccectt tgatttgtag gaattgaaca aaggaaaagc

-05-



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

25
201
ADN

<400> 25
agcgccacgc
60

ccaccgatgg
120

ccgtcggcaa
180

tgatcaacgc
201

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

26
201
ADN

<400> 26

acgggcggta
60

tggccccaca
120

tccaccgcecec
180

gagagtagga
201

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

27
201
ADN

<400> 27

Oryza sativa

cgcggccagce

ccacttaaag

cgcggtcegtce

gctggtgtac

Oryza sativa

ccagctacct

tggcagcgac

cccgcgatat

gaccgacgct

Oryza sativa

gccgtggtgt

tccgttgage

gacgacaagt

40256

tctccgggtg gcatcgcecttg agctacatca
tcgatcgcca ratccggegg ctccacaggg

acttggtctt cgggaccggc tccacccacc

gtcacagaca tgtgggccca gcttaacgcet aacgcgctga

ctgcccecte tgtcecctcecg ytccacgggc gcaccgagcyg

ccgggggttt aggcgatatt tagccacgag agggggaggg

t

agaaagactt gctttagctt tattgtttct tttccatatt ctatattctt gaaaaggact

60

gcaaagctct tctagtatat gcaattagct gctttggaag rcacttcaaa agggatgaag

120

gaaagaaggc tgtcatatca attactcaat catgaccaga tcatcgatct gatgcagtta

180

-06-



aaaatttcat taattttgcc a

201

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

28
401
ADN

<400> 28
atcgatgtaa
60

atctttagtg
120

ctttggaatt
180

gttagccaaa
240

ttttgctgga
300

atcaggttca
360

tgctgaagag
401

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

29
401
ADN

<400> 29
taaccttata
60

caacattttt
120

ttccaggata
180

ggcaagaaaa
240

tgcccacaga
300

Oryza sativa

ttagtgatgt

tcacttgcat

tcattgatag

gtggcatcag

atggaaaatt

ccttcttttce

tggcctaata

Oryza sativa

gtgggacaag

ctccctgtaa

tgcttcagaa

agtggaataa

taaaactagc

caatcaatgg

tttcagttcc

gatgaaaatc

rtacagcata

gtgctggctc

gcagaccagt

aattatttgg

gactgaaaag

gttccaatgc

tccattgctc

raaatagatt

tagctctcgg

40256

tccagatggc
aaatgaacat
tcttgccgeca
ttccaaggaa
agttttgctg
tgaattttgt

tgaaacctct

cagttcctct
tccacaatat
cccatctcaa
ttctacaagc

cagtcttacc

-97-

atttggagtc

ctggaagaag

tgaagcctga

tctgtgtgct

ttcccectac

atattctctt

tgctttaacc

ttgtatcaag

tagaatgcat

acatgatcat

catgggaaac

ttcgagcctt

gcttggatat

cggagtttcc

tcctatcagg

ttttcaataa

tacaagcaga

cagagagggt

tgttttgagg

aagctgaaaa

tggtgggcac

agtaggatct



atcgaaaaat caagcagctg ctttgatata

360

gagattagca gctcacctca gaagtgaaat

401

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

30
398
ADN

<400> 30
ccaagcggag
60

tctctgatcc
120

gaagcacaga
180

tcgtttgggt
240

acacagattg
300

aatgccctgg
360

attgactctt
398

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

31
401
ADN

<400> 31
tttaaatcaa
60

tataaaaatt
120

cactttttaa
180

tctctgttct
240

Oryza sativa

acatcgcttc

attctggacc

taggtatgtt

gggcaatmtg

tgcagccact

taaaagattc

acatcagcat

Oryza sativa

atcttaaaaa

atataaatat

taaatatttt

aaacgacttc

catgagcaat

agcctctaat

atcttgcact

cagcagtcag

aagttactta

aagtggatgc

tttcaagcct

tataaatcat

atttgtcttg

tataaaaaca

ytttataagt

40256

actttccagg cagtatagaa atctggcaaa

ttggagggca

tcacggtttt

gcgtagagceg

ttgagcagct

ctcatcagtt

tactgcattg

gggaaattca

aagcagag

aaataactat

aaaaatactt

agaagtcaaa

atggagggag

-08-

a

tcactagatc

ccaggcgctg

gtgcatgaag

cttgtaagac

ctatggtgat

tgaaactgaa

caagttgttg

tcataaaagt

gttatgtttt

tatccatttc

tctcaccctt

cccgatgatg

accgtcagcect

tcactgatca

aatttaaggg

agaactcaat

agtttaaaaa

atacatatat

agagaccgcg

acatatactt



atggtcttgt ttacatccca acaaatttta

300

catgtatagg acattaaata taaaaaaaca

360

gaatcttttg agcctaatta cgccattatt

401

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

32
401
ADN

<400> 32
cggaactatg
60

ggtctcatta
120

tctcecgtgac
180

agctgacgga
240

caatattata
300

acggatgaga
360

acatttgcaa
401

<210> 33
<211> 375
<212> ADN

Oryza sativa

actaactcct

tctccttaca

attgagacta

gaatatgcac

gaacaaacag

ataacagaaa

ctctttgagt

<213> Oryza sativa

<400> 33

ctccgtaagce

gatatatata

gggtttggct

yttccagtgt

ctgatgttat

ggaatggtat

ctaatggcga

40256

gccaaaaaca tcacatcaaa tatttagcca
attacacagt ttgcatgtaa attgcgagac

tgacaatgtg g

ttctttgtaa tatgtattgc tgctgtactt

cattttttgc agggtatatc cacttcatct

cctggccgtg gagtcagaga gtcagtgtaa

tactcaaaat ctagctactg gaaacaatac

cacaaaaata gacaatagta tgagttcacc

aagggacaac accaccccat cattccatca

aggcgtacat a

caactactga caacaagtgc catgtctaaa tttctgaaca tgcacacaac acacaaatga

60

tgaatatggt gaaaccgcaa ttagcattag aaagttttaa ctctagaaat caatttccaa

120

gttgtaatcc ccatactccc aacccagaag ggaaaaaaaa caactccaaa acccycaact

180

-90-



tttaaaaatg
240

gccgcttaca
300

caacacgagc
360

gcgcgctect
375

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

34
401
ADN

<400> 34
cttcctgtceg
60

gcgtggctgyg
120

aatgaatagt
180

gttggataga
240

tttatctaat
300

gaaattgaac
360

cggtttaagc
401

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

35
401
ADN

<400> 35

40256

tgggaacaat caaaccatat gcttgagata tacccacaaa gccatcggcg

gcagagtaca

atcttgtcct

aaacc

Oryza sativa

tgagtgactg

gcaggagatc

gaacagtacc

agggaatgtg

ctaataaaca

aatggttagt

taccaattga

Oryza sativa

ccctcatcectt

gctccacccc

ggtggtgggc

ggacggtgct

gacgtgaggt

ytagtgctgt

tgattaaatt

ctgaggaatc

aacatattaa

gcacgcctcc gaagaagcag gagccgtgat

acacagtgac gagtctaggg cacgacgaag

tcaatcggcc

gattgttggg

ttataggatt

tctgaacctce

tagcgtttgce

ataagcctat

ttgatgcctg

tggcccgata

gcgacgtggc

ttatatgact

ttgcgcatac

ttttacagta

gatctagctg

a

cgatgcaagc

cgcgtgggcyg

aggggtgaac

attaacatgt

gtagaaatat

gagtcttctc

aatgtgctca acttcatata tatgtgtgtt gagcacatag ctcatatata agatcaatgg

60

ttagatcaat ggtttttggg ttagatcaat ggttgagcac atagctcata tatatgtgtg

120

-100-



ctcaacggct
180

gttataattg
240

ttttggtcac
300

ttgaataact
360

tatcttagat
401

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

36
201
ADN

<220>
<221>
<222>
<223>

<400> 36
gcatgaaagc
60

atcggcaaat
120

gcagactttc
180

tgctgttatg
201

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

37
201
ADN

<400> 37

cacacacaac

tttcaccacg

ttgccaattt

aggtcaagcc

taatttatcc

Oryza sativa

dic tinh hén hop
(102)..(102)
C6 mi&t hodc khdéng cd mat

tgagaccatc

cggtcattca

aactaacctg

aaagctgtat

Oryza sativa

ttcatatata

raatattcaa

ttctagatca

attctgtaca

tgaaacttat

40256

tgtacccaaa aaagcactat
ctttactcaa tgttttgttt
tacagtacaa tctattgatc
tgcccatgca tgaacttact

agtcatatgt g

tagatcaatg

aacaagttcc

acaattcaca

gtactaatat

accaggttga tcgttgttgc tgctattata agatgccaaa

ctcaaggatt ggacacaaga caaaaaaaaa gtaacaggta

gcatgaaagc ttggattgtc actggtttga ttgttgctgce

acgttgctta ggtagcacct tgatttaatc aaatgctagc tagttgatgc caggtggcac

60

actgcggacg gatttgtttg tcagtttccc tgcattacac wttgtacagg agtgtactac

120

-101-



40256

atccacatac aatgaacagt agtagtagca gcagctatat actccagttg cctagtcgta

180

cacaaagtat aattaatcac a

201

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

38
401
ADN

<400> 38

gccggcgcag
60

atggtggcgg
120

gtgctgcatc
180

cggggaagga
240

cggaggaggg
300

ctcgtcgcecc
360

tccgecactce
401

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

39
401
ADN

<400> 39
acgcgcgcgce
60

agccttcgtce
120

tcctectegt
180

agttcttggg
240

Oryza sativa

cgagaagagt

cgttctggct

ctaccatgcc

gaagaagagg

gcgtgggagy

cgccattccg

cgccgagctc

Oryza sativa

ctccattgtt

ttcctecegte

cgtcgccgtce

ccgtctctgce

gccgaatgtt

ccgtccacgt

aactttgcgt

cggcggcegag

ggaggcagcg

ccgagcttcce

ccgecgeccece

ctcggatcaa

ggcgtctgta

gccgectcgg

gaccagcagc

ggatggagga

cggactagcg

atccgtcggce

gccgaagagyg

agctcccgcece

gccgeccctgt

gcctctccecg

caagctctcc

ccctgcectggt

cgaagactgc

agggggccac

-102-

cgccgaagceg

acgcgtggtc

gtccatcttce

cgaggatagg

gccecgteac

cgttcccgcece

aagaacagca

ggcggtggec

accggcgatg

gcggceggcgg

cgggaaggtc

gacgacccct

gccaggatgce

gatgaggtgg

tcctgecget

gccccgecat

gcaaagatga

tccctgcagce

ccagacgagg

ctccecgtggt



gccagcagct gcacgcgagg cggcgccacg

300

agcggcggcg ggtgccgatg ccgccgecca

360

acgacgtgtc caagcgggtc gtgccgagcg

401

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

40
401
ADN

<400> 40
ttttggggtc
60

ccacggaagt
120

ctgcagagtt
180

cagttacaga
240

cgtatacgta
300

atctgcaagg
360

attgttcagg
401

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

41
401
ADN

<400> 41

Oryza sativa

ttcccttett

aaattccaat

gcaggtttga

agaactaggg

aagggcttca

tcagatatca

ttccgggtta

Oryza sativa

attttccctg

tttccaatag

cgaatgcagc

gaagtacaga

tggattggcc

gtatatcaaa

gcccagtcac

40256

gcggtggcgg cggcggcgtce ggegteggea

gccgegecgg cgaggagatc gacgcgcgct

gaccgaaccc

agcgtagaaa

atgtacgtca

ttatctacaa

ttgcaaatcc

actatatatg

tgcagattgce

cagtcttcac

9

attctgtggt

accctttgcet

aattcccatc

ataaggatct

ggtgtcaccc

ctcattgcag

t

ttccagtttt

tcctcteccag

agagggaaca

tctttagaac

tcaatcgtga

attgctgtgg

ccacgcgagc agctggtgtt tgctcatggt ggcagtggtg cgcgatacca gtagcgtgcg

60

cgacgcgtcg gggtggtcat cggcgagggc gagcatgtcg tcgtccagtg gacgcggact

120

ctagggtgat cacgctcggc cctgtcacgc tcaaaacaat actacggcac atctgattac

180

-103-



gttgacagga
240

aaacaaaggc
300

aaaattcgac
360

cgaagagcag
401

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

42
401
ADN

<400> 42
caacactcta
60

atgatcataa
120

aaaaacgtac
180

aagcaaccag
240

gatttttttc
300

ctgcttttat
360

taggagtaga
401

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

43
401
ADN

<400> 43

tctgagacca

caactattcc

atgtttccgg

aagaggaata

Oryza sativa

aaagtttttt

atagttttat

ggacaaacca

gaattgatca

gactttgcta

tcctaagett

ttcgatttga

Oryza sativa

caccagaact

atttagcagt

ttaccaaccg

ttgattaccc

ttttacccgt

aataaagcat

tgaactaact

acttcggtgg

atgctggtcg

ctaatacttc

cgtctcaagc

40256

atcccattcc
aatcaagatc
aggaacacag

CcCacaaaacc

tcacttgcct
gacggatttt
tgctattttg
tttgccaaga
tctggattag
tgctcatacg

agtagatgct

gatcatgcat

cgatcttctc

attaattact

tgttagtcta

tgtttcaagt

ctccacatgg

acatgaaacc

gaacagaaca

gatacggcca

g

gtgaaaaaaa

ttttcttgtg

ctagtttttt

tctgtacttt

ttggttgctyg

gtttgtctcg

tggggataag

ggtattgcta

tatacataca

ggtaggcacg gcccgacgag gcccatcggg agccgecgece gcgtgcccac gcctcatata

60

taaaggccac cgcgtcctct cgcctccgec agtccgectc cctcacaacc ctaaccctaa

120

-104-



ccctagccge
180

gcctecgett
240

ctccatccct
300

gctgcctcgce
360

gccgtgcetcet
401

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

44
401
ADN

<400> 44
ttcacggatt
60

tgtcacgagt
120

tgattgggct
180

gagtgtgaac
240

gagaaaacga
300

ctcggttcgt
360

gagctaaggt
401

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

45
401
ADN

<400> 45

ctccgceccgat

ccgcctecegt

ctcecgtcegec

cggatccgtg

cgatttcctc

Oryza sativa

gctcctcacg

gcgctcaggce

gggttcatat

tgtgaagaag

tctgtgtgca

gtctggctcg

ttcagctcgt

Oryza sativa

ccacgcacgc

cgatccacgce

gtctctgatg

accttgtctc

tttcttttte

cgcaatggaa

agctgggcecct

gagattaggg

ggggtaaacg

tgcatagggc

gctcggectcg

tatctataac

40256

ctccgcectcce
ctccacctcc
aacgccttgce
atctccgect

attttttttg

tggcagcagc
tgattccttg
gaaaaaacac
gtgtgcggac
tggacgaaaa
gctcggcteg

gagccagctc

gcctccgect

acgcgaccac

cggatctacc

ctccagtctt

ctcctcggcec

agtctaaatg

gaacattcca

gtgagacgag

gctcgtgact

tttggatttg

g

tgaccgctcc

gcctccatcect

accgagggatc

tggatcgttg

gtcgcccacg

ggctgcactt

gtaaaatggg

aaaagcatga

cgttagctcg

ttaacgagcc

gaaccgaatg acttgttgta tacgttgctc ctgcttctet gcctgatcce tctctgatga

60
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tggtgtgtgt
120

catctgtccg
180

tttgctggac
240

aactatggct
300

tttttcatca
360

taaccaaaat
401

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

46
401
ADN

<400> 46
ccctcecgacct
60

gagagagaca
120

agagaggcga
180

caaccggatc
240

acctcctcca
300

cggcgagaga
360

tcgcgggaga
401

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

47
401
ADN

<400> 47

cccttttgtt

tcctttgcecc

gcctggaata

gtgtttagat

catcaacctg

ataaatttta

Oryza sativa

cgtcggtggyg

ggcggtgtcg

tggcgacgac

cggtggcctc

cctcegtcett

gagagaggag

gagagggaga

Oryza sativa

tcgettttet

gtttgcttct

ctcttcaact

ctaaagttta

tcatatacac

cgctgaacta

aggaggacga

ccggagcagt

gaccggatcc

ctccacctcc

ggcctcctcet

aaagcggcgdgd

gggaggggag

40256

taatcctctc
tggcctaaac
cgattggaac
gattcaaagt
acaacttttt

aacacagtat

cggcggtggyg
gaggagggag
gcgacggcega
gccttggect
gcgtggegge
cggcggtgge

gacggcgacg

-106-

tagggcttct

caccgaaaag

agcaggctcc

atagatttaa

agtcacatca

gaagaacctg

gcggcgtcga

cgacggatcc

cctcgacctc

gagagagagg

tggggaggtyg

g

gatagcccte

gtgggtcegt

gtgtatgtgt

acttcagtca

tctttaattt

aggcggcagce

gagagagaag

gcggcgacga

ggccaccgcg

caagcagcag

gcgccggcge



cggcagcgag
60

agagaagaga
120

gcgacgacaa
180

caccgcgacce
240

gcagcagcgg
300

ccggegcetceg
360

ggagtgaggt
401

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

48
401
ADN

<400> 48
aagacccgca
60

ctttgaacat
120

ttgataggat
180

atttgttgca
240

ttgcgtctcg
300

ctgaaaaaca
360

gtcggtgcett
401

<210> 49
<211> 401
<212> ADN

agagacaggc

gaggcgatgg

ccggatccgg

tcctccacct

cgagagagag

cgggagagag

ggcgtggagce

Oryza sativa

gtgcgaggat

cttgagccta

cgcacttaat

ttgatcctcc

acattcgcgce

acttgggtaa

gcgaactaaa

<213> Oryza sativa

ggtgtcgeceg

cgacgacgac

tggcctectce

ccgtcttggce

agaggagaaa

agggagaggg

gaagaaaaaa

ttcgaggatc

tatttgaaat

ctgtcgtccc

cttgttaatt

accctgtgceg

aacttgggtt

tggattttcc

40256

gagcagtgag
cggatccgcg
cacctccgec
ctcctctgeg
gcggcggcegg
aggggaggac

gaagaggagg

aagctccaga
ttaattatgt
gtctgcaagg
gttatatcat
agcatcgacg
tacaaaagac

aaaaccgcgg

-107-

gagggaggcg

acggcgacga

ttggcctcect

tggcggcgag

cggtggctgg

ggcgacggca

tctcgagcaa

tgcttgaaaa

cagattggcg

gtccececctgt

gacgccttca

ttggaaaact

a

gcgtcgagag

cggatccgcg

cgacctcggc

agagaggcaa

ggaggtggcg

ccgagtggag

ggcaagccac

atattatgca

gacccaccta

aaccatctag

aacttaaaat

cgacacctgg



<400> 49
gaacacccac
60

aatggcgtag
120

ctacttggtt
180

tttctcagcet
240

tctaccgacg
300

ccaaactaaa
360

ggcggccact
401

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

50
401
ADN

<400> 50
tagcagcaga
60

aaagatgtgt
120

caagactgca
180

tagttcacct
240

actgccactt
300

ccaatgatag
360

gtgtcagtat
401

<210> 51
<211> 401

acaatctcga

ttaatgttat

ggtagaaaat

atgtgaaaag

gatatcctaa

atgggttgat

tcgcgatatt

Oryza sativa

tgtcatacaa

ggaactatga

cataacatct

cagggaggaa

cctctccatt

actggaagtt

gcaggggagt

tttgattgag

gatttgccag

ctacttatcc

ggagaaaact

aggctatcct

cggagctatt

gtgccaattc

acaggctttc

cttctagata

ttacattcta

gtcctttgat

gtccaatatg

gttagttata

atcctcttca

40256

aatctaggag
cattctcagc
aggaacaagc
cgctacactt
ctggtacctc
ctctagaatt

cagtgctcga

attggaagca
tcacaggcat
gagggaaatg
agtgttatag
ccatgataaa
gtcttcaact

tacatatcat
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gatactgatt

tgctgattct

gtagggtaac

tataggaaat

ggccttacgce

tttgacccaa

ataaaaatag

ctagcatctt

atccgactta

atgtctcccg

ccataccaaa

ctgtatatgt

ggcgctcaag

caggctgatt

ttttcctttt

gaactactct

taactcaaaa

attgagcgaa

tggacatcca

gatttttatt

agtagtttga

aagcaccttg

tcctecctttt

gaatcttctg



<212> ADN

<213> Oryza sativa

<400> 51
gtttgggcac
60

ctgctactga
120

aagtgcttct
180

aagagactag
240

gggctaacat
300

acttcaggat
360

atatgaataa
401

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

52
401
ADN

<400> 52
aatgaggaaa
60

gccacagtac
120

tgtcccattce
180

tgcaggaata
240

atctggaaat
300

caacatgaac
360

ttatgggtat
401

cgacagctcc

caatgagatt

catgaccttc

caaacgtgca

tgggaagagg

ggagctatgc

gtttggtgat

Oryza sativa

ggtgagaatc

aaaaggcgca

cctcctgatt

gtgccagaag

ctgggaaatt

aatgagaaca

ggtgaaagca

aacggaacaa

tccttgatge

gaggcactgc

gacctgaagg

attggagctg

attatcggct

gaggatgact

ggtttgttat

gtgtgctcga

actttgccaa

gccctccatc

ttcagaacag

ggaacggaaa

tcacttatca

40256

agaaacgccc
ctccatccag
ggcgtaggca
ctggtgccat
tccctggagt
tgcatgcacc

ctgtagcaat

tagtaagaag
gcatgctgat
gaaaaataag
agctgaaaaa
ctcacaggtg
ttatccacat

gcatcaacca

-109-

taagacctct

cgatcccagg

tcttcaattg

catgttggcc

tgaagtaggg

tagcatgggt

aaagaccgct

aattccaatt

cctgtggaga

ttaccagaaa

atgggcagtc

caaaacttga

aataggaagg

gaggttgtgg

gatgagacac

agtaatctga

gatattttct

ggaattgatt

cactgacatc

tcatcccatt

attcatcaga

caaaatattc

aggcagcaaa

gtacaagtgg



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

53
401
ADN

<400> 53
tgatttggtt
60

cgtggcggcey
120

ggcggegetg
180

cgacgccaag
240

ggtcgtcctc
300

cagcctgcag
360

cgtgtacgcg
401

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

54
401
ADN

<400> 54
aaaaaatatg
60

tagtcttaac
120

attgagcaag
180

ttactcatcc
240

acaagatctc
300

aaattacttt
360

cctaaaagta
401

Oryza sativa

gatttgtggg

gcggcagggce

acggtgtggce

gggaacctgg

atggacgccg

ggggagcagt

gtcaggcgga

Oryza sativa

gtttcaaagt

cagagacacc

taggggaaat

gatttacaat

acatgattat

tagatttcac

attacatata

cgcgcegegceg

cggcecggcegyg

ggaagtcgct

cgtaccgcegt

ccggcgeccce

ggctcgtgtt

cgggccgcgg

tttccaaatc

cacgtgctag

attcctatca

ccgattacac

attttgatga

taagttactt

ttatagcagt

40256

catggcgaag
cgagcggcgg
gctgttcaac
cgacagctac
ggccttcacc
cgccggcgag

cggcggcaag

ggtaaatcta
tactttagga
tctatgctte
cgttgtgttc
aaaatcacaa
cttagacata

aacttataac

-110-

gtacatccta

ggggaggagg

tgcaaggggt

gacacggaga

gtccgcagga

gcggacggcec

attggagagg

gttttggttg

aaataaagtt

gtaataatta

attactttta

taaaagtaaa

acgtggtgcc

aggaggaggc

tcacggtgtt

gcggcgacga

agaggcagct

ggcggccgee

cctctccaat

ctattaatcg

ttctcttaaa

aatctttaca

tgatatgtct

ttcagtaaag



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

55
401
ADN

<400> 55
aacgtcgacg
60

tcgacgacga
120

gtcagagcct
180

aggtggtgtt
240

tattaaatat
300

cttttttaag
360

atcatggatt
401

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

56
401
ADN

<400> 56
cgtccgceccga
60

gcttctcgcece
120

ccatgggcat
180

gtggagggga
240

gaaaagtggc
300

acgtactgtt
360

Oryza sativa

agaaccgggc

tcccatcegt

ctggcacgat

tggatccagg

agattactta

cttaattaat

aattaggctc

Oryza sativa

agcgcacgac

gtcggcgcecca

tgcgccgact

cgacgtataa

agtagcggceg

cttttgcctc

tcccaactga

ccgtcegtceg

gccaacacgc

gacttaactt

caaaactaat

ccataattag

aatagattcg

cggcgcggeg

ttgcaccgca

gactgtgtcg

gagtacacgc

gttggacagt

tcgctagcetce

40256

cggtcacgcg
ctgcggctgce
gggcacgtgg
tattctctat
tacataaatg
agaatgttta

tctcgcgaat

tggggagcgg
gccceccectecett
gcagcatgca
gaagactgta
aaccttcgtg

gttcccgtga

-111-

agagctgcac

tgctgctgce

tagggcagca

atttagacac

aaagctaatt

atgtagcatc

cgagtcgagc

gtcccgectg

tcgtctcggg

ggtagaggtg

tatggttgtg

tcaaggtgca

gaaacgagcc

gccacaggcg

cgggccattc

taatttaaaa

tgtgtgataa

acataagcta

agctgcggga

gtgacgattt

cgttcaacgt

cttttcccge

tgttcatctc

tgctcgatgg



ccttaatggt ggaggttgcc gaaaggtagc

401

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

57
401
ADN

<400> 57

ggatggatag
60

atatatatat
120

tggtaaatta
180

ttatatctct
240

attatatctg
300

caacatcaga
360

atcgaatcgt
401

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

58
401
ADN

<400> 58
ctatgagtta
60

ctaatataat
120

agagaagctg
180

tttagttctg
240

aaatctggac
300

Oryza sativa

taaatataat

atatatatat

gtgacaatat

aggttaatta

tataacatca

aacagaattt

tcctectegte

Oryza sativa

gctagctaac

catccatctc

gttatcctcc

gaatgatcca

cggatttgag

atgaattgat

atatatatat

atgaatgtgt

gtttacaacg

tagtaatgcc

aattaattat

atcgccgacg

gtgtatgatg

atcatatcat

ctgataagaa

gtcacccagc

ggaattttct

40256

agaggaaatc

ctattggatc
atatatagac
tctattgtca
aagagttgaa
gaccatgtac
ttgactaaac

caaacatgcg

tccaatgatt
tagctccttg
cagccgggag
acaattgact

cgcgcagtgg

-112-

a

agttatatat

acacacacac

aaacgaaagg

gctggaataa

gcatccacat

ccagaatcat

aagtgacact

tgcttgtgcg

gtcagtgtgc

ggctgagtgt

agatctatga

atatatatat

acaatgagga

gatcgatgag

acaagtcaaa

ggccatacag

ttgctgctgce

ttttttctgt

ttcactgttc

tatggttttg

tgcattaagc

taaatctcgt



accgatccag catagtgatt cgtccgcggg

360

gccattattg aaacacgctt tcttcttatt

401

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

59
401
ADN

<400> 59
actctgtagt
60

gcggacggag
120

gcaacgacgg
180

ccttcgceccecca
240

ctgtttttgg
300

cgccatctcc
360

ccggcgtcga
401

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

60
401
ADN

<400> 60
tagactgcat
60

cttcacctcc
120

ggcggcegegg
180

ccattgtcgg
240

Oryza sativa

ctgcaaggag

tggcgacgga

cagccttgta

tcgccatcga

tgggtgtcgg

gatcctccac

gaaaatcctc

Oryza sativa

cgccacctgce

cgctgcatcg

ggcgctcatg

agtcggcgcece

cggtggcgag

gagcctgcgg

tccegteggce

gcccccacce

cggagttgga

cgccaccgcece

gcccgacctc

cgccgaactg

ccgectgeeg

gcggtggagg

gcccacgcecg

40256

attaatactg taactaatcc atagattagc

gttgttatta

cagtggcgcg

gagtcgagat

gaggtcacgc

acggcgcccg

acgaaggagg

gccctccececce

agcaacaaga

cgccgtgcetg

ccaagcgcac

acctgctgga

acggagaatc

-113-

t

cgaagtcgat

cgtccgggga

tcggccattg

gccatccccg

gtcgttctcg

cctccattgce

ccgcccgecyg

ggcgaagggt

tgttgctgct

tcaaggaggc

agggtggcga

agcaacgacg

cgcacctctc

gcgaggagct

gcatcgatgt

cgacccctece

gtgccctctc

aaggagtcgt

cctgttctcg

gatgagcacg



ccgaggctcg gacccagctt cgtcggtggg

300

ctctcctcecct cctcccccaa caccacctca

360

aggggtatcc atcgcttgtg cagctgcacc

401

<210> 61
<211> 401
<212> ADN

<213> Oryza sativa

<400> 61

tcctggagga
60

gcttcaacct
120

cgatggagca
180

aggcctgcgt
240

aggccgaggc
300

agcagcggcc
360

ttcgtcgatc
401

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

62
401
ADN

<400> 62

tgagcgtgag

cagcagcgcg

ccagtgctac

ggacgacggc

ggcggcggag

ggaggcgatg

gcatcgttcg

Oryza sativa

cgtgcgcgca

catgcgtcgg

ggccggagca

gacaaggaga

gagccgcacce

ctgctcctga

ttggtttgtg

40256

acaaagcggg actcgatgga gacggtggag

tgtagcttce ccctcggege gtcagtaggt

gagtcctcat

agatagcgca

ggtcggcggce

actcgcggta

acctgctggt

actaccacca

gccagtagtg

atgcgtgaga

C

cgagatcaag

ggcagcccte

cgagggcagg

ggtgtcgatg

ccecgttcetac

atcgtttggg

a

ggattcggca

cgcgcggggg

tggaggaggyg

gccgaggcega

ggcttcggge

tggatggttc

agtctgtggc cactgatgac aggcgcagtg caactgagct cctgaagcag atcaggcagc

60

atgctcatgc caatggtgat ggtgatcagc gtttggcaca ctgcttcgcc aacggcctcg

120

aggcgaggct ggcaggtact ggtagtcaaa tttacaagaa ctacacgata actcggcttc

180

-114-



catgcactga
240

tctctcatta
300

acattgtcga
360

ctaacaggcc
401

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

63
401
ADN

<400> 63

gggcattggt
60

aattaccaat
120

gtccactgat
180

tttgagctta
240

gagaataaag
300

aacattgcat
360

ttaatgttcc
401

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

64
201
ADN

<400> 64

tgtgctgaaa

ctttgccaat

ttatggcata

tggaggccca

Oryza sativa

gaaggctcag

ttatttcctg

acctttacct

ttgctgaata

gcaatggcaa

tctaaacttt

ctttactaag

Oryza sativa

gcgtaccagc

caaacaattt

tactatggat

ccaaagctta

taaccggagg

tgcttctaat

gttgcagttt

gcacagcagc

aaatataagt

tataaccaaa

taaattctac

40256

tttatttggc
tgaatgctgt
ttcagtggcc

ggatcactgg

tcttgtttga
accagcagca
attgttttaa
agtacatgca
gctagttcta
caaacaaadgg

tagaaagcac

agcttgccca tttaagaaga

ggagaaggcc aagaaagttc

gtgtcttatt cagcggctat

tggttggcaa

tcacattctg

ataatccaat

atgcaagatg

tttcaaaata

aaacagggaa

t

ctgaattgtt

gttgttgagg

caaacttttg

cccagatgat

acaaacagac

aattgctgaa
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ctgcgaaagc ccatattagg cgccagcttc atccagatgt ctgttcccag gacaagaata
180

cttctggtca tgaacttttt g
201

<210> 65

<211> 201

<212> ADN

<213> Oryza sativa

<400> 65
tcacatgatc tgcaactgtc aacagtctta ccggaattgg attctgaagg tggatactcc
60

acctgtccac cataagtcct tatttgtcag aggttacaat ygcatgatgt gtctatactc
120

tatactgcaa agatgaatac taacaagttt ttcttgggct taaaagaaga aaaactagga
180

acagcctcac tagtttgcta g
201
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