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khang thudc diét co. Sang ché cling dé cap dén cac phuong phap phong trir co dai va cac
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Linh vue k§ thuit dwoc dé cap

Pon ndy yéu cdu bao hd quyén wu tién tir cdc don yéu cau clp patent M¥
s6 61/510,585 ndp ngdy 22 thang 7 nam 2011 va don s6 61/541,832 ndp ngay 30
thang 9 nam 2011, ca hai don nay déu dugc két hop tham khao. Sang ché dé cap
va md ta cAy lia m&i khéc biét & chd dung nap/khang céc thudc diét co 1a cac
chit trc ché ACCaza va biéu hién céc dic tinh khac c6 lgi cho cy lta. Sang ché
cling dé cap dén cac phuong phap phong trir cac loai c6 dai béng cach st dung
cay lua khang thudc diét co trén céc canh ddng, va cic phuong phép tao ra cly
la khang thube diét co bang céach sir dung, vi dy, c4c gen chuyén mi hoéa cho

enzym ACCaza dot bién.
Danh muc trinh tu

Pon nay c¢6 Danh muc trinh ty ma dd duoc trinh bay & dang ASCII qua
EFS-Web va duoc két hop vio ban mo ta ndy. Ban sao ASCII nay, dugc tao ra
vao ngdy 20 thang 7 ndm 2012, dugc ky hiéu 1a 115760_ SEQ_ ST25.txt va ¢
kich c& 32.768 byte.

Tinh trang ky thuat ciia sang ché
Gia tri cta cay lia

Luaa 1a mot loai cdy néng nghiép tir thoi cb dai va dén ngay nay 13 mot
trong nhiing loai cdy luong thyc chinh trén thé gi6i. C6 hai loai ltia duge trong
la: Oryza sativa L., gibng lua chau A, va Oryza glaberrima Steud., gidng lta
chau Phi. Gidng lta chu A hdu nhu hinh thanh ra tit ca céc gidng lua dugc
trdng trén khép thé gisi va 13 gibng lua dugc phét trién & nuwéc M. O nuéc My
c6 ba ving trong laa chu yéu la: ving dong bing Mississippi (Arkansas,
Mississippi, vung dong béc Louisiana, viing ddng nam Missouri), viing b& vinh

(the Gulf Coast) (vung tdy nam Louisiana, ving dong nam Texas), va cac thung
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liing trung tam cda California.

Lia 14 mot trong s it cac cdy trong ma cé thé sinh trudng duge & ving
ngép lii vi né c6 chu triic dong nhét cho phép trao d6i khi nhd than nim giita ré va
mdi truong. Su sinh trudng & vung ngép 1l cho ning sut tot nhét va 1a 1y do ma
cdy lua thuong sinh trudng dugc & cac vung dAt sét n3ng va cac ving dat c6 16p
d4t c4i khong thdm nudc nim dudi bé mat dit cay. Céc loai dt niy thuong khong
thich hop cho céc loai cdy tréng khac hogc & diéu kién tbt nhit nhung ning suat

cua cdy trong van kém.

Su cai tién gibng laa 14 cp thiét @& cung cip chit dinh dudng can thiét
cho sy phét trién dan s trén thé gidi. Mot phan 16n dan s6 trén thé gidi str dung
lta 1am ngudn dinh dudng chl yéu. Sy cai tién gidng lua dugc thyc hién thong
qua cac phuong phap lai thong thuong va béng cac k¥ thut tai t6 hop di truyén.
Xem ra cho di huéng dén nhimng th ndm ngoai pham vi ndy, nhung sy cai tién

cdy trong can co cac k§ ning khoa hoc va nghé thuét tinh té.

Mic du céc muc tiéu lai dic trung hoi thay doi & cdc ving san xuat gao
khac nhau, nhung muc tiéu chinh cia tit ca cac ké hoach déu nham gia ting

nang suat.

Qua trinh lai thuc vat b4t d4u vé6i su phan tich va x4c dinh vé uu nhuoc
diém cta céc giéng cy trong hién nay, tiép dén 1a thiét 1ap cac muc tiéu cla
chuong trinh, dé hudng dén su x4c dinh ké ca su xac dinh cac muc tiéu lai dic
trung. Muc dich 13 két hop mot t6 hop cac tinh trang mong mudn duoc cai tién
tir cac ngudn ban dau vao trong ciy trong don 1é. C4c tinh trang quan trong nay
c¢6 thé bao gébm ning sut cao hon, chiu dugc tng sudt moi truong, khang cac
loai bénh va cén trung, than va ré t6t hon, chiu dwgc nhiét d6 thip, c6 cac dic

tinh ndng hoc t6t hon va chét lugng hat t6t hon.

Ban dAu ngudi chon gidng lwa chon va lai chéo hai hogc nhiéu dong cha
me, sau d6 chon loc trong sé nhiéu to hop di truyén méi. V& 1y thuyét, ngudi
chon gibng c6 thé tao ra hang ty t6 hop di truyén méi khac nhau théng qua qué
trinh lai chéo. Ngudi chon gidng khong cé su kidm soét truc tiép & muc do té
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bao; do vay, hai ngudi chon gidng s& khong bao gid phat trién ciing mot dong
gibéng nhau, hogc thim chi 1a cic dong kha gidng, c6 céc tinh trang lGa gidng

nhau.

Qua4 trinh lai hé pha thuong dugc st dung d8 cai tién cac cay trong tu thu
phén nhu cay lda. Hai dong cha me ma c6 céc tinh trang bb trg, hitu ich dugc lai
chéo sinh ra thé hé F,. Mot hoic ca hai dong cha me c6 thé chinh 14 thé h¢ F, tr
qua trinh lai trudc. Vi vay, quan thé phén ly dugc sinh ra, phét trién hat gidng
bdi su gieo trdng mot hoic vai dong F, néu hai dong cha me 13 thudn chung,
hodc bang cach phat trién truc tiép hat gidng béi qué trinh lai ban dAu néu it nhit
mot trong s6 cac dong cha me 13 dong F;. Qua trinh chon loc céc c4 thé t5t nhét
¢ thé bit dAu & quan thd phan ly thi nhat hodic thé hé Fy; rdi thi bat dau & thé hé
Fs, céc ca thé tt nhét & cac dong ho t8t nhat dugc lua chon. Thuat ngit "t5t
nhit" duogc xac dinh theo cidc muc dich ctia chuwong trinh lai cu thé, ching han
nhu nhim gia ting ning sudt, chdng duoc bénh tit. N6i chung, phuwong phap
nhiéu yéu t6 duoc sir dung dé dinh nghia thuét ngt "tSt nhét" vi cac sy tuong tac
di truyén. Gen mong mudn trong nén tang di truyén c6 thé thay ddi & nén tang
khéc nhau. Ngoai ra, sw nhap ndi gen c6 thé pha v céc dic tinh di truyén c6 ich
khac. Thir nghiém sao chép cac ho co thd bt ddu & thé hé F, dé nang cao hiéu
qua clia qud trinh chon loc cho céc tinh trang véi muc di truyén thip. O giai
doan néng cao cua qua trinh lai cin huyét (tirc 13, Fs va F), cac dong t6t nhat
hodc céc td hop cla cac dong tuong tu kidu hinh dugc thir nghiém vé su giai

phoéng tiém ning dudi dang céc dong cha me mdi.

Qua trinh lai hdi quy d8 dugc st dung dé truyén céc gen c6 tinh trang c6
kha ning di truyén cao vao trong cay trdng c6 ddng hop tir mong mudn hoic
dong cén huyét ma 1a dong cha me hoi qﬁy. Ngudn tinh trang can dugc truyén
duoc goi 13 ngudn cung cip gen. Thuc vat thu duge dugc mong mudn cé cac
thudc tinh cia dong cha me hdi quy (vi dy, gidng cay trdng) va tinh trang mong
muédn dugc truyén tir ngudn cung cip gen. Sau qua trinh lai ban dAu, cac ca thé
c6 kiu hinh ctia ngudn cung cap gen dugc lya chon va dugc lai 13p (lai hdi quy)

vé6i dong cha me hdi quy. Quy trinh ndy duge st dung d& phuc hi tit ca cac dic
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tinh c6 ich ctia dong cha me hoéi quy véi sy bo sung tinh trang moéi duge cung

cap boi ngudn cung cap gen.

Céc dong lai tién tién ddy hira hen dugc thir nghiém k¥ ludng va dugc so
sanh véi céc tiéu chuén thich hop trong cac méi trudng dién hinh cta (cac) ving
thuong mai x4c dinh trong it nhat ba nim tr& 1én. Cac dong tt nhét 13 cac dong
duoc cho 1a cac gibng méi c6 gid tri thuong mai hodc la cac dong cha me cia
cac thé lai; céc dong van thiéu vai tinh trang cO thé dugc st dyng 13m dong cha

me dé tao ra cc quan thé mai cho sy chon loc tiép theo.

Céc qua trinh nay, 1a cac qua trinh din dén giai doan tiép thi va phan phbi
sau clng, thuong mat khoang tir 8 dén 12 nim tinh tir thoi diém tién hanh qué
trinh lai dAu tién va c6 thd dya vao su phét trién ciia cac dong lai dugc cai tién
dudi dang cac tién thé. Do vdy, su phat trién céc gibng cay trong méi 1a mot
qué trinh ton thoi gian ma yéu cAu su 1én ké hoach ti mi trong twong lai, sy st

dung hiéu quéa ngudn tai nguyén, va gidm thidu céc sy thay d6i c6 dinh huéng.

Su cai tién gidng lua thong qua sy lai dwgc gi6i han & su bién d6i di
truyén tu nhién & céc gidng lua va céc gidng lta lai nhu gidng lta hoang dai.
Viéc dua su bién di méi trong chuong trinh lai thuong thong qua chuong trinh
lai nhu d& néu, nhu qué trinh lai hé pha hodc qué trinh lai hdi quy. Tuy nhién,
d6i khi cac su dot bién tu nhién dugc cho 1a din dén sy dua céc tinh trang méi
vao nhu tinh khang bénh tat hodc sy thay d6i vé chidu cao. Ngudi chon giéng
cling d& phat trién cac tinh trang méi bing cach giy ra cac sy dot bién (cac su
thay dbi nhé vé trinh tw ADN) trong hé gen cua cdy lGa. Thong thuong, EMS
hodc MNU co6 bd sung natri azit dugc sitr dung lam céc tdc nhan gay dot bién.
Céac chit hoéa hoc nay ngiu nhién gy ra céc sy thay dbi bazo riéng 1& trong
ADN, thudng 14 G va C dugc thay ddi thanh A va T. Phén 16n c4c sy thay doi
nay khong anh huéng dén cay tréng vi chiing khéng lién quan dén cac ving ma

héa gen hoac khong lam thay dbi trinh tu axit amin ctia gen.

Nguoi chon giong khong c6 sy kiém soat truc tiep cac vi tri dot bieén

trong trinh ty ADN. Sy nhén biét cac sy thay dbi hiru ich 12 nhe kha ning ngau
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nhién ma s€ gdy ra sy dot bién hitu hiéu va ngudi chon gidng s& c6 kha ning
chon sy dot bién d6. Cac hat gidng dugc xit 1y bing héa chit gy phat sinh dot
bién va dugc trong ngay lap tirc dé phat trién va tao ra hat gibng M2. Hat gidng
M2 s€ mang nhiéu sy bién di méi; do vay, s& khong c6 viéc hai thit nghiém déu
tao ra céc t8 hop gidng nhau. Trong sd cac sy bién di nay, cac tinh trang méi
trude d6 khong ton tai trong cdy lta va khong c6 gia tri chon loc d6i voi nguoi

chon giéng thyc vat c6 thé dwgc phat hién va st dung dé cai tién giéng lua.

Dé phat hién dugc céc tinh trang méi, ngudi chon gidng phai sir dung
cac phuong phap chon loc mdt cach c6 myc dich va hi¢u qua vi qua trinh nay
12 hoan toan ngiu nhién va c6 xdc sudt phat hién cac td hop hiru ich méi cuc
thip. Trong s hang ngan thé bién di di truyén mdi duge tao ra, cd thé chi c6
mot thé bién di c6 tinh trang méi mong muén. Mot hé théng chon loc t6i wu s&
sang loc dén cing hang ngan thé bién di mdi va cho phép phéat hién mot vai
hodc thdm chi chi duy nhat mot thuc vat ma c6 kha ning mang tinh trang mai.
Sau khi nhan dang hodc phat hién tinh trang méi c6 thé chép nhin dugc, nguodi
chon gidng phai phat trién gidng cdy trong méi bing qua trinh lai hé pha hodc
qua trinh lai hoi quy va thir nghiém nhiéu 14n dé& x4c minh tinh trang méi va
gibng cay trdng bidu hién gi4 tri én dinh va c6 kha ning di truyén d6i véi nha
san xudt lua.

Bing cach st dung céc k¥ thuat tai t6 hop di truyén, cac phan tir axit
nucleic ¢6 cac su dot bién, ma mé hoda cac dic tinh duge nang cao & cly laa, cd
thé duoc dua vao trong cdy lta véi cdc hé gen thich hop c6 ban trén thi truong.
Sau khi sy dot bién dugc xac nhén, su dot bién nay c6 thé duoc truyén vao trong

cdy lta bang cac phwong phép tai t6 hop.
Céac tng dung cuia cac patent khang thubc diét co & cay lta

Cé & c4ac vu mua canh tranh tai nguyén va lam giam dang ké ning suat
va chat luong cia cdy trong. Cé di dugc phong trir & cac vu mua nho vigc
phun c4c thude diét c6 chon loc ma nham diét trir cé nhung khong gy hai cho

cdy trong. Thong thudng, kha ning lya chon céc thubc diét cé 1a dua trén céc
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su thay d6i sinh héa hoic céc sy khac biét gifra cdy trong va co. Vai loai thudc
didt c6 khong c6 tinh chon loc, tirc 13 ching tidu diét tét ca hogc hiu nhu tat ca
cac loai thuc vat. Cac thube diét co khong c6 tinh chon loc hodc cac thube diét
co phé rong co thé dugc su dung trong céc vu mua néu céc gen méi duge dinh
vao ma biéu hién cac protein dic trung ma cd thé truyén tinh dung nap hoic
tinh khang thudc diét cé. Tinh khang céc loai thube diét cé cling da dat dugc &
céc cdy trong nhd cac sy dot bién di truyén ma lam thay dbi cac protein va céac
qua trinh sinh héa. Céc sy 4ot bién nay c6 thé xay ra mot cach ty nhién, nhung
phén 16n ching dugc gy ra trong cac cdy trdng hodc dugc gay ra in vitro
trong cac modi trudng nuodi cdy md. Khong may trong mot sb truong hop, dic
biét 1a va4i viée st dung nhiéu 14n mét loai thubc diét c6 cu thé, co da phat trién
tinh khang thudc nho qua trinh chon loc khéng mong muén céc sy dot bién ty
nhién ma tao ra tinh khéng thudc. Néu co di khang dugc loai thube diét ¢ cu
thé, thi thudc diét co d6 khong c6 ich trong viéc phong trlr cé nita. Sy phat trién
tinh khang thudc & co bi 1am tré nho su thay ddi viéc st dung cac co ché hoat
doéng khac nhau dé phong trir co, can tré sy phat trién cta c6 c6 tinh khang thude
diét co.

Qua trinh san xuét lGa bi can trd bdi sy dic biét khé phong trir loai bo
duoc goi 1a lua d6. Sy kho khin phat sinh bdi la d6 1a vi ching tuong ty voi
cay lua dugc gieo trdng v& mat di truyén (d6i khi chung thu phin chéo) ma
chua c6 céc thudc diét cd chon loc c6 kha ning phong trir cdy lua do, ma khong
gdy hai cho cdy lda. Hién nay, trong qud trinh san xuét lua thwong mai, sy
phong trir dugc tao ra thong qua sy phat tridn c4c dot bién duoc nhan thdy & cdy
lta ma truyén cho cay laa tinh khéng cac loai thudc diét co6 phd rong, vi du,
thudc diét co imidazolinon va sulfonylure chéng han.

Nho phat hién ra céc sy dot bién méi & cay lta ma 1am cho cdy laa c6 tinh
khang cac thudc diét cd, va khang céc hdn hop cua cic thubc diét co véi cic co
ché tac dong luan phién s& rat ¢6 1oi cho qué trinh san xuét laa. Viéc thu duge va
két hop cac gen c6 tinh khang thubc diét cé vao trong hé gen cta ciy lua véi cac
dic tinh hitu ich bd sung v tinh khéng thubc diét c6 thich hop dang d ra nhiing
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vén d& thach thirc, khong thé doén truée dugc, ton nhidu thoi gian va chi phi rat
16n, nhung 13 can thiét dé dap ung céc nhu ciu vé luvong thuc dang ngdy cang
gia ting trén thé gidi.

Ban chit k§ thuit ciia sing ché

Sang ché mo ta cac dong lta tach biét c6 tinh khang don nhit véi cac
thudc diét c6 véi cac co ché tic dong luan phién. Cac dong lia nay s& kéo dai
thoi gian st dung hitu ich ctia vai loai thudc diét c6 nho kha ning luan phién
cac loai thudc diét cé dugc phun vao cdc canh déng, nho vdy lam chdm su
phat trién tinh khang thubc ctia cd. Mot sé phuong phap c6 kha ning truyén
tinh khang thudc ndy vao cic thé lai hodic cac gidng lua dé phong trir cd, cling
nhu céc su tuy chon cho qué trinh san xuét hat giéng lba lai. C4c dong lua
dugc mo ta trong ban md ta nay la két qua ciia cac phuong phap mdi phong
trir ¢c6 ¢ cdy lua va co thd duogc trién khai trong nhiéu ké hoach kha thi dé
phong trir cac loai cd va kéo dai thoi gian st dung ciia phuong phap phong trur
cd dai ndy va cdc phuong phap phong trir c¢é dai khac. Cu thé, sang ché dé cap
dén cay lua d6t bién dung nap céc thudc diét c6 trc ché ACCaza. Day 1a céc

cay trong cé céc trinh ty axit amin d& xac dinh.

Vi du, cy lta v6i thé dot bién ACCaza G2096S dugc lam thich tmg rdi
va thong qua qua trinh lai ho#c lai nguge nhu dugc néu & day, s€ tao ra tinh

khang thudc diét c6 trong chat lidu sinh hoc thich hgp c6 ban trén thi truong.

Cay lua dot bién dung nap thudc diét co e ché ACCaza dugc deé cap co
su dot bién G2096S & viing mi hoé carboxyl transferaza ctia gen ACCaza, bang
cach st dung hé thdng danh sd Black Grass (4lopecurus myosuroides). Sy dot
bién nay 1am cho enzym axetyl-coenzym A carboxylaza dung nap/khéng cac

cht tic ché ACCaza duge ding 1am thude diét cd.

Céc t& bao c6 ngudn gbc tir co khang thudc diét co, cac loai thuc vat sinh
trudng tir cac loai cé nay va té bao cb nguén géc tr cac loai thuc vat nay, thé hé
con cia cac lodi thuc vat sinh trudng duoc tir cd va cac té bao c6 ngudn gde tir
thé hé con ndy déu nim trong pham vi cua sang ché. Sy phat trién cla céc loai
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thuc vat duoc gay ra bai hat gidng duoc luu gitt, va thé hé con ctia cac loai thyc
vat ndy s€ khang/dung nap céc thubc diét cd uc ché axetyl-coenzym A
carboxylaza & cac muc do cua thubc diét cé6 ma thong thudng s& kim him sy

sinh trudng cua loai thuc vat kiéu hoang dai twong Ung.

Phuong phép kiém soat sy sinh truéng cd & ving gln véi cdy laa cling
ndm trong pham vi clia sdng ché. Mot vi du vé cac phuong phap nay 1a viéc
phun mdt hodc nhiéu thudc diét cd 1én cd va 1én cay lua & cidc mire do clua thude
didt co ma thudng s& kim ham sy sinh trudng cta cdy lia. Vi dy, it nhat mot
thudc diét co trc ché hoat tinh axetyl-Coenzym A carboxylaza. Céc phuong phap
nay co thé duoc thuc hién véi thubc diét c6 bit ky ma e ché hoat tinh axetyl-
Coenzym A carboxylaza va bét ky su dot bién cua cAy lua c6 tinh khang thuéc,

vi dy, ba phuong an dugc dé cap sau day.

Phuong phép phét trién cay la dung nap thudc diét c6 bao gbém (a) gieo
trdng hat lta c6 tinh khing thudc; (b) cho phép hat lua nay mam; (c) phi mot
hodc nhiéu loai thudc diét cé 1én mam cula cdy lua & cac muc df cua thudc diét
c6 ma thudng s& kim ham sy sinh trudng cta cdy laa. Vi dy, it nh4t mot trong sb
céc thude diét co tc ché axetyl-Coenzym A carboxylaza. Cac phuong phép nay
c6 thé duoc thyuc hién véi bét ky thude diét ¢b e ché hoat tinh axetyl-Coenzym

A carboxylaza.

Céc phuong phép tao ra cdy lua dung nap thudc diét cd ma cling c6 thé st
dung gen chuyén. Mot vi dy vé phuong phap nay la bién nap t& bao cia cay lua
v6i gen chuyén, trong d6 gen chuyén mi hod enzym axetyl-Coenzym A
carboxylaza ma truyén tinh dung nap cho cay lia thu dugc do6i véi it nhét mot
thubc diét c6 dugc chon tr nhém bao gém cac thudc diét co
aryloxyphenoxypropionat, cic thube diét cd xyclohexandion, céac thube diét co
phenypyrazolin hodc céc hdn hop clia ching. Té bao thich hop bit ky co thé
duge st dung trong qué trinh thye hién cac phuong phép nay, vi du, té bao c6
thé 1 dang thé chai. Mot phuong 4n vé sy chuyén gen 13 phuong phép bao gbm
su dot bién & axit nucleic ma hoa ACCaza, tir G thanh S & vi tri 2096 (hé théng
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danh sb Black Grass).

Phan tir axit nucleic tai td hop, phét sinh dot bién, tdng hop, va/hogdc phan
tach bao gdbm chudi nucleotit ma hoé axetyl-Coenzym A carboxylaza dugc gay
dot bién cta cdy laa, trong d6 trinh ty axit amin cta axetyl-Coenzym A
carboxylaza dugc gdy dot bién khac véi trinh tu axit amin cla axetyl-Coenzym
A carboxylaza cta thuc vat kiéu dai tuong tmg, déu ndm trong pham vi ciia sdng

4
A

ché.

Céc su dot bién khac nhau & gen mi hod ACCaza thudng lién quan dén
tinh khang cac loai thubc diét c6 trc ché ACCaza dic hiéu (FOPS), (DIMS). Pic
trung cua cac sy dot bién khac nhau nhu vay tao ra trién vong phét trién nhiéu
co ché hoat dong dé phong trir co & cay lva.
M ta vén tit cac hinh vé&

FIG.1 thé hién céc cdy trong sdng sot & ddy dugc phun quizalofop
11USAG51477 duoc danh diu bang co.

FIG.2 thé hién cac ciy duge phun quizalofop séng sét sau khi gieo trdng.

FIG.3 thé hién cay lua 11USAG52084-2 véi b hat.

FIG.4 thé hién trinh tr ADN cho ving ma ho4 carboxyl transfereaza &
gen mi hoa ACCaza; sy thay ddi mot nucleotit tr G2096S dugc x4c nhan &

dong dot bién ML0831265-01493 ma duoc ghi nhan 1a 09PM72399. FIG.4 thé
hién cac SEQ ID NO. 2-4 theo trinh tu.

FIG.5 thé hién sy so sanh céic trinh ty protein cho viung carboxyl
transferaza ciia gen ACCaza; dong c6 md 09PM72399 la dong MLO0831265-
01493; dong nay thé hién sy thay ddi mét axit amin & vi tri 2096, so véi Black-
Grass; R0146 13 dong gbc dugc xtr Iy bing tic nhan gay dot bién dé tao ra quan
thé dot bién. FIG.5 thé hién cac SEQ ID NO 5-7 theo trinh ty.

FIG.6 thé hién céc két qua cla céc cay trong tir ML0831265-01493 & cac
ty 18 phun thudc diét cé quizalofop khac nhau.

FIG.7 thé hién céc két qua cta céc cdy trong tir ML0831265-01493 véi
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qué trinh phun cac thudc diét cé kiéu ACCaza khac nhau.

FIG.8 13 chudi nucleotit dot bién (SEQ ID NO: 1) ma mi ho4 enzym
ACCaza véi sy thay thé G bang S & vi tri 2096 (hé théng danh sb Black Grass).

FIG.9 thé hién sy so sanh ty 1& % tén hai sau khi tiép xtc véi cic thubc
diét 6 FOP trc ché ACCaza & (a) cac cdy lua c6 sy dot bién G20968S; va (b) céc
cdy lta khong cé sy dot bién, v4i su so sanh dot bién khac nhau di coéng bd.

M0 ta chi tiét sang ché

Gibng lGa Oryza sativa L. 1a cay trong quan trong va cé gia tri. Nhu vay,
muc dich k& tiép cta nguoi chon gibng 1ua 13 phat trién cay laa khoé manh cé
ning sut cao va 6n dinh. Ngudi trong luén mong doi sy gia ting ning suit tlr
cac gibng lta va thd lai méi vi nho d6 ma lam ting didu kién kinh té cta ho.
Ngoai ra, xét v& mic do dan sd, sy gia ting ning sudt 14 cén thiét vi nhu cau
dinh dudng ngay cang md rong nhung céac ngudn tai nguyén sin xuét thi chi c6
han. D& hoan thanh muc tiéu nay, ngudi chon gibng lua phai chon loc va phét

trién cac cdy lGa cb cic tinh trang can thiét va c6 niang suat cao.

Céac enzym axetyl-Coenzym A carboxylaza (ACCaza; EC 6.4.1.2) tdng
hop malonyl-CoA dudi dang chét khéi ddu cua chu trinh tdng hop axit béo de
novo trong luc lap cua thuc vat. ACCaza trong luc lap cuia ¢6 1a polypeptit don,
rat 16n, dugc mi hod bdi hé gen cua nhén, da chic, duge chuyén vao trong
plasmit nhd peptit chuyén tiép c¢6 dau cubi N. Dang hoat hoa trong luc lap cua

c6 1a protein dime ddng nhét.

Céc enzym ACCaza trong c6 bi kim ham béi ba loai thanh phan hoat tinh
diét co. Hai loai phd bién nhét 13 aryloxyphenoxypropanoat ("FOP") va
xyclohexandion ("DIM"). Ngoai hai loai nay, con c6 loai tht ba la

phenylpyrazolin ("DEN") dd dugc mo ta.

Céc su dot bién cu thé & ving carboxyl transferaza ciia enzym ACCaza
lam cho ¢é tré nén khang céc thubc diét cé6 ACCaza. Trong hé thdng danh s

Black-Grass cho cd, it nhit nam sy dot bién duoc dé cép tao ra tinh khang cac
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thubc diét cd ACCaza kiéu FOP hodc DIM. Vai sy dot bién cac enzym ACCaza

truyén tinh khéng cac thudc diét ¢d ndy cé thé bi suy giam.
Quén thé d6t bién va su thiét 1ap

Chuong trinh lai d6t bién dugc b4t ddu dé phat trién cac dong dung nap
thudc diét c6 doc quyén. Quén thé dot bién thuong xuyén dugc tao ra béng cach
cho khoang 10.000 hat giéng (duge uéc tinh theo trong luong trung binh cla
hat) ctia ba dong bao gdm P1003, R0146, va P1062 tiép xtc véi cac tdc nhan
gay dot bién natri azit (AZ) va metyl-nitrosoure (MNU). Céc hat da x@ ly dugc
gieo tréng. Céc c4 thé thuc vt thu duoc tao ra 8281 dong dot bién. Cac dong dot
bién duoc duy tri duéi dang quan thé dot bién thudmg xuyén dé sang loc tinh

trang.
Su sang loc thudc diét cod

Quén th do6t bién thuong xuyén duogc sang loc béng thude diét co
quizalofop. Céac tac gid sang ché da tréng 2735 hang cay thé hé con M2 tur
R0146, 3774 hang cay thé hé con M2 tir P1003 va 655 hang cdy thé hé con M2
tr P1062 trong hai thir nghiém véi khoang 250.000 cay & mdi 14n thir nghiém.
Quizalofop dugc phun véi ty 1€ 15 oz/acre (115,59 gmai/ha) dbi voi lan thir
nghiém tht nhit 27 ngay sau khi trdng. Cac cdy trong & giai doan 3-4 14 va dang
rit phat trién khi duogc phun thuéc diét cd. Cénh ddng duge phun nuée vao ngay
sau khi phun. Sau khoang 9 ngay, sé luong cay trong séng s6t duge tinh trong
bdn hang cay thé hé con khic nhau thé hién ty 18 dot bién wdc tinh 13 0,006%
(c4c FIG.1-3). |

So sanh trinh tu protein & cac dong c6 tinh khang cac thubc diét c6 ACCaza

Phéan gen ma méd hod cho protein ACCaza thé hat duoc xac dinh trinh ty
tir tAt ca cac cdy trdng con sdng sau khi phun thudc diét co quizalofop. Chi c6
viing mi hod carboxyl transferaza cua gen dugc xac dinh trinh tu (FIG.4). Tét ca
c4c cdy trong c6 ngudn gbe tir dong ML0831265-01493 c6 sy dot bién vé trinh
ty ADN ma gdy ra su thay ddi axit amin & protein ACCaza. Mot bazo ADN

dugc thay d6i trong codon cho axit amin 2096 so véi sy danh sb trong Black-
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Grass. (Gen Bank CAC84161.1, dugc ky hiéu 1& "Am") (FIG.5). Trong ca cay
lGa 13n hé théng Black-Grass, axit amin & vi tri 2096 1a glyxin. Su d6t bién tinh
khang thubc trong hé théng Black-Grass lam thay ddi axit amin & vi tri nay
thanh alanin. Sy d6t bién duoc nhan thiy & cdy lua con sdng sau khi phun thudc
diét c6 quizalofop véi ky hiéu ML0831265-01493 thay dbi codon ADN cho axit
amin 2096 tir GGC thanh AGC dan dén serin dugc xen vao vi tri 2096 thay cho
glyxin. Dong dot bién cé tinh khang quizalofop & qua trinh sang loc thir nhét cla
quin thé @6t bién. Su sang loc sau d6 béng quizalofop x4c nhan tinh khang db6i
véi cac thude diét cd FOP. Cac dong dot bién con séng ¢4 thé chiu duoc céc

thudc diét ¢6 trc ché ACCaza kiéu DIM.

Khéng c6 dong nao tlir quan thé dot bién con séng sau qué trinh sang loc
bang quizalofop c6 sy dot bién & ving carboxyl transferaza cila gen ma hod
ACCaza, tuy nhién, chung d3 dugc xdc nhén la c6 tinh khang thube diét co
quizalofop. Tinh khéng thubc & cac dong nay cé kha ning thu duoc tir céc sy
thay dbi bén ngoai viing carboxyl transferaza cia ACCaza hogc c6 thé thu duoc

tir kiu co ché khang khéc.
Thuc vat ¢6 tinh khang thudc

Sau qua trinh xtr ly bang thubc diét co, cac thyc vat con séng trude khi
trong ¢6 mau xanh va tréong khoé manh trong khi tAt ca cac thuc vat xung
quanh hang cay va cdc ddy lan cén bi tan lui. Céc thyc vét sau khi trong dugc
cham soc va thu hoach. Thé hé con dugc chiam séc, thir nghiém, va phat trién
lam ngudn cung cép tinh khéng thudc diét cod trong qué trinh tao ra ciy lua
(bang 1). Tinh trang nay dugc lai ngugce hodc dugce lai vao trong cac dong laa
doc quyén va duge st dung dé phat trién céc gibng méi hodc céac thé lai méi
ma s& cung cip cho nha san xuét co ché tdc dong thich hop khac dé phong trur
cac loai ¢d & cénh ddng lua. Co hdi ndy tao cho ngudi trong dat duoc lgi ich
16n 13 thu duoc ning suét cao va kéo dai thoi gian sir dung hitu ich cia céc
cdng nghé phong trir cd duge str dung hién nay. Céc dong khang thubc diét cé

nay c6 thé dugc theo ddi thong qua qué trinh phun don gidn céc thudc diét co
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1&n cac thuc vat dang phat trién hodc thdng qua céc k§ thuét phén t. Vi trinh
tw ddy du cta cac dong dot bién 1a da biét bao gdm ca sy dot bién gly ra tinh
khang thudc diét co, cdc gen dénh dAu phan tir c6 thé dugce tao ra, nhu céc gen
danh diu da hinh nucleotit don, cho su chon loc cac thuc vat va cac dong cé
tinh khang thubc. Céc gen danh déu ndy cing vdi cac thir nghiém sinh hoc vé
thube diét c6 tao didu kién thuan loi cho sy phét trién cua it nhét kiéu khang

thudc diét c6 ACCaza FOP & cay lta.

Qua4 trinh chon loc cdy lua khang thudc diét co trong chuong trinh lai
duoc hoan thanh bing cach phun thubc diét cé vao thé hé con trong thit nghiém
sinh hoc d& quan sat vat liéu ké thira tinh khang thuéc. Theo cach khéc, dong
ML0831265-01493 c6 thé dugc chon béng cach xéc dinh trinh ty doan gen chtra
su dot bién hoic bing cach tao ra gen danh ddu da hinh nucleotit don dé phat

hién sy dot bién.
Tao ra cdy lua lai dung nap/khang chét trc ché ACCaza

Su phat trién c6 ich clia tinh trang phong trir c6 & cdy lGa la dya trén co s6
phun c4c thuéc diét c6 ACCaza kiéu FOP hién c6 thé thyc hién dugc. Trude
day, cac thube diét co6 nay khong dugc phun vao lta bdi vi ching lam lyi cay
lta. Bét ky dong lta duge néu 1a thich hop dé dugce phat trién thanh cdy lua hodc
thé lai va duge sir dung trong qua trinh san xuét laa dudi dang phuong phap
phong trir ¢6 dai. Tinh trang khang thudc ndy duoc giai thich 1a c6 thé duogc di

truyén hoan toan cho phép lai va phat trién.

Tinh trang nay giai thich cho viéc séng sot va tao ra bd hat gibng chuén
sau khi phun céc thudc diét cd FOP & cac ty 1é ma thuong gdy lui lta. Ngoai
ra, tinh trang nay cé thé cai thién hon nita ddi vé6i viée phun nhiéu thudc diét
¢é FOP. C4c murc d6 khang thude diét cé lam nhdm cho phép phong trir hoan
toan cAy lta do va cac loai cé dai khac.

Tinh trang nay hoan toan co thé chon duoc b%mg thir nghiém sinh hoc vé
thudc diét cé hodc gen danh diu phan tir cho phép chon loc va lai dé phat trién

céc gibng cdy laa méi va cac thé lai c6 tinh khang thubc diét c6 FOP. Tinh
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khang thubc duoc tao ra & dong ML0831265-01493 1a nho mot gen tidc dong
vuot troi mot phén ho#c toan bd lam cho nd hoan toan thich hgp dé dugc lai
nguoc vao cdy trong hién dang ban trén thi truong. Theo cach khéc, dong
ML0831265-01493, méic du khuyét thiéu cac dic tinh chat luong cha dao cho
mdt s thi trwong, van 13 phi hop dé dugc sir dung 1am dong cha me trong
chuong trinh lai hé pha. Theo cach khac, dong nay néu duoc lai chéo véi céac
dong cai cu thé, c6 thé dugc st dung dé truc tiép sinh ra hat giéng lai c6 tinh

khéng thubc diét ¢, nhu dugc néu trong ban md ta nay.

Cac dong thich hgp ma trong khi chuyén hoan véi cic gen ma dugc dé
clp trong ban md ta nay tao ra gibng lua thuong mai khang cac thudc diét co tc
ché ACCaza, céc hat gidng nay duge Iuu gitt trong ATCC dudi ky hi¢u PTA-
8504, PTA-8505, PTA-836 va PTA-6795. Sy chuyén hoan c6 thé xay ra nho cc
phuong phép lai hodc cac phuong phap tai td hop.

Vi du thwe hién sang ché

Vi du 1: Céc két qua dap tng ty 18 thudc diét cé quizalofop cla cic cay lua

MLO0831265-01493

Céc dong la c6 sy dot bién G2096S dugc thi nghiém vé mirc do khang
thube diét cé quizalofop (Assure I1®) bing cach thir nghiém hang loat ty 18
phun khac nhau cua thudc diét c6. Qua trinh x{t 1y theo ty 1& thubc diét co 1a
nhu dugc thé hién trén FIG.6. T4t ca cac qua trinh xtt Iy duge phun & giai doan
2-3 14. Hai muoi mdt ngdy sau khi phun, céc lubng thtr nghiém dugc danh gia.
Thudc diét co dugc phun véi thé tich 10 gal/acre va voi ndng d6 dau cua cay
trdng (Crop Oil Concentrate) 1%. Cac qua trinh xir Iy duge danh gid theo ty 1&
phén trim mrc tén hai so véi ludng dbi chtimg khéng duge phun.

Ngudn dot bién G2096S 1a dong MLO0831265-01493. Mau hat tir
ML0831265-01493 dugc luu gift theo ATCC. Dong nay la giéng dong R0146,
chi khac né cé tinh khéng vai loai thudc diét c6 ACCaza do sy 4ot bién giy ra

su thay ddi axit amin tir glyxin thanh serin & vi tri 2096 & gen ACCaza.

Bdn su chon loc ML0831265-01493 khac nhau déu co su dot bién
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G2096S dugc lap lai ba 1an véi mdi qua trinh xir Iy va duoc thir nghiém cing
vé6i dong R0146 khong dot bién. Céc két qua 13 dya trén su tinh diém hai muoi

m&t ngay sau khi phun thubc diét co.

Vi du 2: Cac két qua dép g ty 18 thubc diét cé e ché ACC clia céc dong
la co sy dot bién G2096S

Céc dong lua (MLO0831265-01493) c6 su dot bién G2096S dugc thir
nghiém vé& sy phan tng lai déi voi cac thube diét co e ché ACCaza khac
nhau. Mot bd thudc diét co (FIG.7) dugc chon va dugc phun 1én ba dong lua
c6 sy dot bién G2096S cung véi gibng ban dau khong duge giy dot bién
R0146. Su phan ing ctia dong R0146 va dong dugc giy dot bién dugc thé
hién trén FIG.7. Ty 1& phun thubc diét co 13 gap db6i mirc ty 1& duge ghi trén
nhan trir quizalofop va clethodim, ty 1€ nay gép d6i ty 18 dugc chon lam ty 18
vira du dé 1am lyi laa.

Tét ca cac qué trinh xtr ly duge phun ¢ giai doan 2-3 14 khoang 20
ngay sau khi hat gibng dugc gieo tréng. Hai muoi mét ngay sau khi phun,
cac luéng thr nghiém dugc danh gia. Thudc diét cd duge phun véi thé tich
10 gal/acre va véi ndng do du cia cay trong 1%. Céc qud trinh xu ly duoc
dénh gia theo ty 18 phan trim mirc tdn hai so v6i lubng ddi ching khéng
dugc phun.

MAu hat gidng tir ML0831265-01493 duoc luu giit theo ATCC. Dong
ndy 14 tuong ty véi R0O146 chi khéc 13 né ¢6 tinh khdng mat s6 thude diét co
ACCaza do sy dot bién gay ra sy thay dbi axit amin tir to glyxin thanh serin &
vi tri 2096 trong gen ACCaza.

Ba su chon loc ML0831265-01493 ddu c6 sy dot bién G2096S duogc
13p lai hai hodc ba 14n cho timg qué trinh x ly va dugc thit nghiém cung véi
dong R0146 khong dot bién. Céc két qua 13 dua trén sy tinh diém hai muoi
mét ngdy sau khi phun thudc diét co.

Cac sy dot bién khic nhau & gen md hod ACCaza thudng lién quan

dén tinh khang céc kiéu dic trung cta cac thudc diét cé trc che ACCaza
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(FOP), (DIM). Tinh d&c hiéu cua cac sy dot bién khéc nhau tao ra kha ning
phat trién nhidu co ché tac dong dé phong trr ¢é & lua. Vi dy, FIG.9 cho thiy
rang sy dot bién G2096S dugc md ta trong ban md ta nay truyén tinh dung
nap 16n hon & lua dbi vé6i hai thubc diét c6 kiéu FOP Gic ché ACCaza so voi
su dot bién d3 duoc coéng bd gan day khéc. Sy dép Umg khac nhau cia dong
lta MLO0831265-01493 dbi véi cac thube diét cd FOP cho thiy ring sy phat
trién thuwong mai ciia dong niy hodc cac dong gan nhu twong tu tao ra co ché
tdc dong mai dé phong trir ¢é hién khéng c6 gia tri so voi céc ngudn khéc.

Vi du 3: Dong lua dot bién ML0831265-01493 khong thé hién céc sy khac
biét bén ngoai so v4i dong laa R0146 khong dugc giy dot bién v& cac dic tinh
khac véi cay lua khang chat tc ché ACCaza.

O céc lubng thir nghiém, dong dot bién ML0831265-01493 dugc quan
sat k¥ ludng cung voi dong khong dot bién R0146. Khong thiy c6 su khac biét
nao. Céc cay trong thé hién céc kidu sinh trudng giéng nhau. Stic khoé va tinh
trang cua cdy trdng ciing 13 twong ty nhau ma khéng phat hién thay bat ky su
khac biét ndo. Vai dic tinh ma dugc xéac dinh cling thé hién sy khéc biét dang
ké gitta dong dot bién ML0831265-01493 va dong khong dugc gy dot bién
RO146 (bang 2). Su dot bién G2096S & dong ML0831265-01493 khong thé
hién céc tac dong ti€u cuc dén sy sinh truéng binh thudng hodc tinh thich ing
cla cdy trong.

Vi du 4: Su phat trién cac gen dénh diu ADN d8 chon céc cdy trdng c6 sy dot
bién.

Céac gen danh ddu ADN cho phép lya chon céc tinh trang cu thé ma
khéng phai dé y dén kiéu hinh. Trong trudng hgp cua dong ML0831265-
01493, su dot bién gy ra tinh khang thudc 1a da biét bao gbém trinh ty ADN
dic trung va trinh ty xung quanh. Nho biét duoc trinh tw nén co thé cho phép
thiét ké, tao ra va st dung hé gen danh dAu bat ky ma s& phat hién duge céc
hién tuwong da hinh cua nucleotit don.

Trong phan 16n cac thit nghiém phét hién nucleotit don, doan mbi dugc
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danh diu bing thubc nhudm phat huynh quang va dugc tbng hop duwa vao
trinh ty ADN d8 0 v6i mot nucleotit & vi tri dot bién. Doan moi thir hai ciing
duoge tao ra mang thudc nhudm phét huynh quang thtr hai c6 mau khac dé u
véi nucleotit khac & vi tri dot bién. Ca hai doan mdi déu duge cho 0 voi mau
ADN tir mot ca thé thuc vat. Sau d6 chi rira cac doan mdi ma cé cdp doan moi
duoc U van con trong mau. Su phat huynh quang dugc do va dya vao mau sdc
phat hién dugc nucleotit & vi tri dot bién duogc xac dinh. Tuy thudc vao mau
séc duoc phat hién, néu nhan thdy c6 mot mau cé nghia la mau c6 ddng hop
tir cho kidu khong ddt bién hodc kidu dot bién, va phat hién ra ca hai mau c6

nghia 1a miu c6 di hop tir.

Bing cach tmg dung cic gen danh dAu nucleotit don cho qu4 trinh d6t
bién, cho phép chon loc tinh khéng thubc diét c6 ma khong can dé y dén hiéu
qué phun thudc diét co 1én cdy trdng. Qua trinh thir nghiém bing gen danh déu
phan tr hodc kiéu hinh duoc yéu cdu cho dén khi chimg minh dugc dong méi
1 ¢6 ddng hop tir do dot bidn. Céc gen dénh ddu phan tir cho thdy néu dong
ho#ic thuc vét c6 ddng hop ti hodc cé di hop tir thi cho phép phét hién tinh
ddng hop ciia mdt thé hé sém hon so voi kha ning nho quan sat hiéu qua phun

cac thude diét co.
Vi du 5: Su hop nhét tinh khang ACCaza vao trong cac dong thuong mai

Céc cay tréng dugc sinh trudng tir dong ML0831265-01493 c6 su dot
bién G2096S (ngudn cung clp gen) va cic cly trong c6 ngudn gbc tir dong cha
me hdi quy, ma trong vi du ndy 1a P1233. Cay trong P1233 bi lam mét tinh duc
theo cac qua trinh lai chudn va dugc thy phan véi phin hoa ctia cic cdy trong
thudc dong ML0831265-01493. 2-4 inso 14 cua cdy trong dugc st dung dé tién
hanh qua trinh lai va phén tich ciy trdng bing cac gen danh d4u phan tir dé xéac
nhan bd gen danh ddu da hinh. D4y 1a cach t5t nhat dé xac nhan khoang 100 gen
danh diu da hinh duogc dit cich déu nhau qua hé gen ciy laa. Thu duoc hat
gidng F1 tir cac cdy P1233, hat gidng nay dugc st dyng lam ngudn cung clp gen

gidng céi trong qué trinh lai.
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Céc hat gidng F1 va dong cha me hdi quy, P1233 lai duge gieo trong va
phat trién. Cay giéng F1 dugc phun thubc diét c6 @& xac nhan qua trinh lai thanh
cong tir ngudn cung cAp gen khang thudc diét c6. Cac cay trong khong di truyén
tinh khang thudc s& tan lyi. Ngoai ra, cac cay trdng cling c6 thé dugc thir nghiém
v6i mot s6 gen danh diu da hinh dé xéc nhan ching thyc sy 1a cdy trong thé hé
F1, tic 13, nhin cic gen danh diu tir ca hai ngudn cung cip gen, qué trinh lai
dugc lip lai bang cach st dung céc cay trdng F1 ¢6 tinh khang thudc 1am ngudn
cung cip gen gidng duc hogc phén hoa cho céc thuc vat tir dong P1233 duoc
]am mét tinh dyc va duoc st dung 1am ngudn cung clp gen gibng céi. Sau khi

hat thanh thuc thi thu dugc hat giéng BCIFI.

Hat gibng BC1F1 va dong cha me héi quy, P1233 dugc gieo trong va phét
trién. Cay giébng BC1F1 dugc phun thudc diét co dé xac nhan ching dugc di
truyén sy dot bién dung nap thudc diét co tur ngudn cung cép gen. Mo 14 dugce
thu thap tir c4c cdy giéng c6 tinh dung nap va dugc dua dén phong thi nghiém dé
phén tich v6i cac gen danh d4u da hinh. Nam ciy dugc chon thé hién phan cao
nhét ctia hé gen dong P1233 trén co sé phan tich gen danh d4u. Chung duogc st
dung 1am thé cho phén hoa cho cac cdy bi lam mat tinh dyc cta dong P1233.
Sau khi hat thanh thuc thi thu dugc hat giéng BC2F1.

Dong BC2F1 va dong cha me hdi quy, PI233 dugc gieo trong va phét
trién. Cay gidng BC2F1 dugc phun thudc diét co dé xac nhan chiing dugc di
truyén su dot bién dung nap thude diét cd tir ngudn cung cép gen. M6 14 dugce
thu thap tir cac cdy gidng c6 tinh dung nap va dugc dua dén phong thi nghiém dé
phan tich bang toan bd cdc gen dénh diu khong cb dinh (phan ly). Nam ciy
duoc chon cho thdy mic khéi phuc hon 95% hé gen P1233 va chiing duge cho
tu thu phén. Cong doan lai ngugc dugce lap lai néu khong c6 ca thé nao thé hién
mirc phuc hoi it nhét 95% hé gen P1233. Hat gidng BC2F2 thu dugce tir cac ca
thé cay tu thu phén.

ft nhat 24 c4 thé hat BC2F2 tlr mdi cdy duoc gieo trdng va phat trién. M

14 duoc thu thap; ADN dugc chiét va duoc xac dinh trinh tu dé nhan dang céc
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c4 thd ma mang sy dot bién G2096S & tinh trang c6 ddng hop tir. Cac ciy ndy
duoc cho phép ty thu phén. Hat BC2F3 tir c4c cdy nay dugc thu va xac nhén la
dong dung nap thudc diét c6 méi cua P1233. Cac dong hodc céc hang thé hé
con dugc phét tridn & céc ddy du va tién hanh lya chon ddy tét nhat dé thuc

d4y cac thir nghiém lai chéo th8 lai va ning suét.

Quy trinh tuong tu cling co thd dugc thyuc hién dé phat trién cac dong
khac ma c6 tinh khang cac thudc diét c6 kiéu FOP ACCaza. Dong cha me hoi
quy dugc chon lam dong S dé phat trién tinh khang thudc & ngudn cung cép gen
gidng céi dugc st dung trong qué trinh san xuét thé lai. Theo cach khac, tinh
khang c6 thé duogc phat trién trong nhidu dong cha me hdi quy. Mot dong cha
me hoi quy 14 dong cé tinh dyc duge sit dung trong thé lai va dong con lai 13
dong c¢6 tinh cai dugc sur dung trong thé lai dé tao ra thé lai ma c6 tinh khang
thubc (dot bién G20968) & diéu kién c6 ddng hop tir. Cac vi du khéc vé céc
dong cha me hdi quy c6 thé 13 c4c dong mang céc tinh trang ¢ tinh thuong mai
hién nay nhu tinh khang thubc diét cé khac hoic thdm chi 1a cac tinh trang
chuyén gen. Céac dong cha me khac ¢6 thé thu dugc tir cac su sang loc cac dong
dot bién khac va dugc chon d8 két hop nhiéu tinh trang vao trong mét dong don

nhit.

Vi du 6: Phét trién céc dong thuong mai méi c6 tinh khang céc thudc diét co

FOP kiéu ACCaza

Tinh khéng thubc & lia d6i véi cac thudc diét co kidu FOP ACCaza duge
phat trién trong cac dong cha me lai hodc cac gidng lai thong qua qu4 trinh lai.
Tién hanh phén tich k§ dong ML0831265-01493 vé c4c wu nhuge diém di
truyén dé xac nhan cdc dong ma s& hiéu chinh diém yéu ¢ dong ML0831265-
01493. Dong ML0831265-01493 mang tinh khang thudc diét c6 lam dong cha
me tinh duc duge st dung sao cho cdc thir nghiém sinh hoc riéng r& (phun cac
thubc diét cd 1én cay trong thir nghiém va quan sat cac cdy nay sdng duéi dang
céc c4 thé ma duoc di truyén tinh khéng thudc) c6 thé duoc 4p dung dé xac dinh

c4c qua trinh lai thanh cong.
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Sau khi chon mot hoac nhiéu dong cha me phu hop, qué trinh lai trude
tién duoc thuc hién véi mot dong duge chon. Cac qua trinh lai v6i cac dong
cha me khéc c6 thé duogc tién hanh & céc thé hé sau dé& gép phan bd sung cac
tinh trang hodc bién dbi di truyén. Trong vi du ndy, qué trinh phét trién sé& chi
lién quan dén mot qué trinh lai véi P1003 dé nang cao cac dic tinh con yéu
kém cia dong dot bién ML0831265-01493. Cac dong cha me khéac duge chon
tir quén thé dot bién mang tinh khang thuéc diét cd khac cho phép nhidu thudc
diét co dugc st dung dé phong trir ¢d trong qué trinh san xuét lta. Céc dong
cha me cling dugc chon, cac dong cha me nay c6 tinh khang thudc diét c6 da

phét trién rdi va c6 bén trén thi trudng hodc céc tinh trang chuyén gen.

G budc thir nhat, dong cha me duge chon P1003 duge 1am mét tinh duc
duogc st dung 1am dong cha me mang tinh céi va dugc cho 1a tao ra céc déc tinh
don nhét va khi duoc tai t6 hop véi dong ML0831265-01493 s& dn dén su phat
trién gidng méi hoic dong cha me méi cho thé lai. Phén tir dong dot bién
ML0831265-01493 mang su dot bién G2096S dugc sir dung dé thu phén c4c cay
bi lam mét tinh duc ctia dong P1003. Hat gidng F1 dugc thu gom va gieo tréng.
Néu cin, c6 thé tién hanh qua trinh lai bb trg voi cac dong cha me hodc véi dong

cha me khac voi muc dich dua cac dic tinh khac va sy bién doi di truyén vao.

Tién hanh nuéi dudng hat gidng F1 va phun thudc diét co dé xac nhan qué
trinh lai 12 thanh c6ng. Cac ciy sbéng st s& 12 cay thé hé F1 thyuc su va dugc cho
phép tu tao ra hat gidng F2. Hat giéng F2 sau d6 s& dugc trong va lai dugc phun
d8 x4c nhén céc cdy dugc di truyén tinh khéng thubc diét cd. Céc cdy van con
sdng 13 cac ciy co ddng hop tir hodc di hop tir cho tinh trang khang thube diét
6. Néu céc tinh trang khac 13 c6 lgi, ching cling s& duoc danh gia & giai doan
nay vé tinh di truyén & céc cay F2. Chon céc cdy F2 sbéng sot sau qué trinh xt 1y
bang thubc diét cé va cho phép ching ty thy phén d tao ra hat gidng F3. Thu
14y hat gidng F3 tir c4c cdy ndy va nudi dudng lam ho F3.

Céc ho F3 sau do dugc tréng thanh cac hang va lai dugc phun thudc diét

¢ dé x4c nhan cac cdy F2 va cac ho F3 1a dbng hop tir d6i véi tinh khang thudc
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diét cd. Cac su chon loc dugce tién hanh trong sb cac ho F3 ma co6 gen x4c dinh
tinh trang cho tinh khéng thudc diét c¢é cho céc tinh trang khac va cc dic tinh
co ich. Hat giéng F4 thu dugc tur cac ddy duoc chon.

Hat giéng F4 duoc sir dung truc tiép trong cac thir nghiém vé ning suit dé
phat trién giéng méi hodc thir nghiém lai dé chon cac dong cha me dé tao ra céac
hat gibng lai @& thir nghiém trong céc thit nghiém v& nang suét. Tién hanh céc su
lua chon vé nang sut va céc tinh trang mong mudn khéc va cic dic tinh nhu
chét luong trong sd cac dong trong cic thit nghiém vé ning suét. Hat gidng F4
cling s& dugc gia tang dén F5 te_li’d(') céc su lua chon cac tinh trang mong mudn
cling co thé duoc thuc hién. Hat giéng F5 s& duogc st dung lai trong cdc qua
trinh lai thtr nghiém cho cac thir nghiém v& ning suét v4i cac hat gidng lai cling
nhu duoc dua truc tiép vao trong cac thir nghiém vé nang sut néu cn phat trién

mdot giéng.

Sau c4c thir nghiém vé ning suét, bao gdm ca thtr nghiém sao chép va
nhiéu vi tri, va thir nghiém de‘iy du vé su dap ung tinh trang, sy lya chon sau
cung dugc thuc hién dé x4c nhan mot hodc vai dong dé giai phéng dudi dang
dong dugc ma hod. Cac dong nay sau d6 dugc stir dung dé gia tang va giai phong

hat duéi dang gibng méi hodc dong cha me trong thé lai.
Vi du 7: Tinh khang thudc diét cé duge trién khai trong céc thé lai

Tinh khéang thudc diét cé duge mé ta & dong ML0831265-01493 c6 kha
ning 13 tron hodc troi mot phan. Tinh khéng dugc tridn khai trong thé lai bing
cach két hop vao trong dong cha me tinh dyc, dong cha me tinh cai hogc ca hai.
BAt k¥ su két hop nao duoc phét trién d& phong trir hoan toan co & lta véi kiéu
FOP ACCaza cta thudc diét c6. Nho tién hanh qué trinh duge néu trong céc vi
du, cdc dong cha me néu trén dugc phat trién dé c6 tinh khang thudc diét co
ACCaza. Cac dong cha me nay sau d6 duoc st dung trong hé théng san xuét
hat gidng lai mang tinh khang ACCaza d6i véi cac thude diét cd kidu FOP. Qua
trinh san xuét hat giéng bao gbm viée trong dong céi vao cic day ké tiép véi

dong duc. Cac dong cai chinh 1a dong duc bAt duc dé phong ngira sy tu thu
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phén. Céc dong céi sau d6 duoc thich hop phén bdi cac dong dyc va duge thu
14y dé tao ra hat gidng F1. Hat giéng F1 14 hat lai va dugc trdng dé sinh ra hat
lta. Trong tinh hudng & d6 mdt gibng dugc phat trién, hat giéng duogc trong mot

c4ch riéng biét va sau d6 dugc thu 14y dé ban cho ngudi trong dé 1am ra hat lda.

Trong qué trinh chudn bi tao ra hat gidng lai hodc hat giéng tir cac dong
duoc chon c¢6 tinh khang ACCaza thu dugc tir cac dong ML0831265-01493 phai

1a thudn chung, dugc thir nghiém k¥, va duge gia tang.

Trong vi du tao ra hat gidng lai c6 tinh khéng céc thudc diét c6 kiéu FOP
ACCaza, tinh khang ndy c6 thé dugc tao ra & dong cha me tinh duc, dong cha
me tinh cai hodc ca hai. Viéc tao ra tinh khang & ca hai dong cha me ¢ thé 1a
cAn thiét d& c6 mirc d6 khang thudc di cao dé ngin ngira thudc diét ¢ 1am ton
hai dén cay lua khi dugc phun thudc diét cd. Tuy nhién, co ché phén phdi thich
hop hon trong céc thé lai 12 néu tinh khéng c6 thé dugc tao ra trong chi dong cha

me tinh duc hodc chi & dong cha me tinh cai.

Bing céch tao ra tinh khang & chi dong cha me tinh dyc din dén qua trinh
loai bd hat ¢6 tinh céi trén canh ddng ciia ngudi trong. Véi tinh khang thubc chi
duge cung cip tir dong cha me tinh dyc thi khi ngudi trdng phun thudc diét cé,
tAt ca cac thuc vat gibng cai s& man cam voi thudc diét cd va do vay sé& bi lui.
Cénh ddng cua ngudi tréng s& loai bd duge nhimg ciy con yéu nhod hoa chét va

dan dén chi con céc cay lai.

Ciing c6 thé tinh khang ACCaza d6i véi cac thube diét ¢ FOP bang céach
két hop véi céc tinh trang khac. Vi dy, khang céc thubc diét cé vé6i cac co ché
hoat ddng khac hodc céc tinh trang khac nhu nhu khéang con trung, chiu han.
Viéc két hop véi céc tinh trang khéc co thé thuc hién duogc nhd cac phuong phap
thong thuong hodc cac phuong phap chuyén gen.

Trong mdt vi dy, tinh khang ACCaza dugc két hop vao trong dong cha
me tinh céi va tinh khang thube diét co thich hop khac duge két hop vao trong
dong cha me tinh dyc. Hat gibng khéng ca hai thubc diét co ndy va ngudi trong

c6 thé str dung mot hodc ca hai thubc diét c6 dé phong trir cd. Theo cach khac,
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chi mot loai tinh khang dugc tao ra trong thé lai riéng biét. Ca hai hé thong
cling nhu cac ké hoach khic d&u cung cAp cho ngudi trong cac su lya chon bd
sung dé phong trir ¢ va c6 kha ning kéo dai thoi gian st dung hitu ich cta cac
thudc diét co. Trong trudng hop trién khai & chi mdt dong cha me hodc chi mét
thé lai, b4t ky cdy lda d6 ma phat trién tinh khang théng qua sw lai ngoai huyét
s& chi di truyén mot lai tinh khéng va s& bi diét trir nh phun thude diét ¢ ¢6

co ché tac dong thich hop.
Vidu 8: San xuét hat

Tinh khéang thudc diét c6 c6 thé dwoc st dung dé san xuét hat gibng lai.
Vi du, néu dong cha me tinh céi duoc phét trién c6 tinh khang thude diét co kiéu
FOP ACCaza nho sy di truyén tir dong ML0831265-01493 thi thudc diét ¢ ¢6
thé duoc sir dung trong qua trinh san xuét hat dé loai trir dong cha me tinh dyec.
Bing cach trién khai trong dong cha me tinh cai, lam cho n6 c6 tinh khang, rdi
thi thudc diét co duge phun 1én cénh déng san xuét hat dé diét trlr cac cdy duc
trude khi gieo hat nhung sau khi thy phén. Theo c4ch nay, dong cha me tinh duc
duoc ngin khong cho gieo hat va cho phép canh ddng san xuét hat thu hoach véi
san luong cao hon thay vi chi thu hoach céc hang ciy c6 tinh cai. Ngoai ra, do
thuin khiét cta hat giéng lai cling c6 thé dugc thdm dinh thong qua viéc truyén
tinh khang & chi mét dong cha me. Bat ky hat cuing loai ciia dong cha me khéc bi
tan lui khi duoc phun thubc diét cé.
Thong tin mau luu gitt

M3u san phim cia RiceTec, Inc. ML0831265-01493 duoc dé cap & trén
va duoc néu trong phan yéu cdu bdo ho da duge luu gifr tai American Type
Culture Collection (ATCC), 10801 University Boulevard, Manassas, Va. 20110.
Ngay gt 1a 30/05/2012. T4t ca cac sy gi6i han sé& bi loai bd trong qué trinh clp
patent, va mau vat dugc mong doi dap tmg tht ca cac yéu cu cla didu khoang
37 C.F.R. .sctn..sctn.1.801-1.809. Ma s ATCC 1a PTA-12933. Mau vét s& dugc
luu gift trong kho trong thoi gian ba ndm, hodc ndm nam sau l4n yéu céu gin

nhét, hodc trong thoi gian con hiéu lyc cua patent, bat ké kéo dai bao lau, va s€
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duoc thay thé néu can trong sudt thoi gian do.

Hat gidng duogc luu gift ngay 19/3/2013 véi ky hiéu ML0831265-02283
nhu ma s ATCC 1a PTA-13619.

Trong mdt s& phuong 4n va khia canh dugce 14y 1am vi du néu trén, cic
chuyén gia trong linh vuce sé thira nhan cé4c sy thay ddi, cac sy hoén vi, cac sy bb
sung va cac su két hop phu. Do vay, phan yéu ciu bao hd dugce hidu bao gbm tat
ca cac su thay ddi, cac sy hoéan vi, cac sy bd sung va cac su két hop phu vi déu

ndm trong pham vi ciia sdng che.
Céc dinh nghia

Trong phan md ta va cdc bang sau ddy cé sy dung mot sO thuat ngf.
Nhim lam sang té va hiéu rd hon vé ban md ta va yéu cau bao hg, bao gébm ca

pham vi ma thuét ngft nay bao quét, cac dinh nghia sau day dugc dua ra:

Alen: Alen 12 mot trong s6 nhiéu dang thich hgp khac cia gen, néi chung
déu lién quan dén mdt tinh trang hodc mot dic tinh. Trong t& bao ludng bdi hoic
td chirc ludng bdi, hai alen cta gen cu thé chiém cac 6 gen twong tmg trén cap

nhiém séc thé twong ddng.

Lai nguoc: qué trinh lai thé hé con lai v6i modt dong cha me, vi du, thé lai
thé hé tht nhat F1 v6i mot trong s6 céac kiéu gen cha me cua thé lai F1.

Thé lai: lai ty nhién c4c hat lua gidng ctia cdy 1ua lai v6i céc hat ciia mét,
hai, ba, bdn hodc nhiéu ciy la lai, gidng lta hodc dong lta lai can huyét khac
d8 tao ra cay tréng chira cac dic tinh cla tAt ca cAc hat lua va cdy lda trong thé
lai nay.

Té bao: té bao nhu duge st dung & day bao gbdm té bao thuc vat, dugc da
tach trong mdi truong nudi chy md hoic dugc dong hoa trong thuc vét hodc mot
bd phan cua thuc vit.

Cay trong: gidng hogic ching tdn tai trong qua trinh trdng trot.

Phoi: phoi 12 mdt dang ciy nho co6 trong hat trudng thanh.

-25-



25124

GAn nhu tt ca cac dic tinh v& hinh thai va sinh 1y. Thuc vt ¢6 hiu nhu
tht c& céc dic tinh vé hinh thai va sinh ly cta thé lai hodic cy trong, trir cac dic

tinh c¢6 nguodn goc tir gen dugce chuyén hoan.

Ning suét hat: trong luong clia hat thu duge tir ving xac dinh. Néng suét
hat ciing c6 thé dugc xac dinh mot cach gidn tiép bang cach 14y sé chum trén

don vi dién tich nhan véi s6 hat trén mot chum va nhan véi trong lugng hat.

O gen: 6 gen 12 vi tri trén nhiém sic thé ma chudi ADN chiém lay; né
truyén mot hodc nhiéu tinh trang nhu, vi dy, lam bt thu tinh dyc, dung nap
thudc diét cd, khang con trung, chéng bénh tat, tinh bdt sép, cai bién sy
chuyén hoé axit béo, cai bién sy chuyén hod axit phytic, cai bién sy chuyén
hoa carbohydrat va céai bién su trao ddi protein. Tinh trang nay co thé, vi du,
duogc truyén boi gen xuét hién tu nhién duoc dua vao trong hé gen cia gibng
d6 bing cach lai nguoc, giy dot bién hodc dot bién ty nhién, hodc gen
chuyén dugc dua vao bang cac phuong phéap bién nap di truyén. O gen ¢

thé bao gdm mot hoic nhiéu alen duoc két hgp & vi tri nhiém séc thé don.

Thuc vat: nhu dugce st dung & ddy, thuat ngit "thuc vat" bao gbdm dé
cap dén toan bd thuc vat chua truéng thanh hodc trudng thanh, ké ca thuc
vat tir d6 hat gidng hodc hat gao hodc bao phén d3 bi 14y ra. Hat ho#c phdi

ma s& tao ra cdy cling dugc coi la thuc vat.

" Bb phan cta thuc vat: nhu duge st dung ¢ ddy, thuét nglt "bd phén cua
thyc vat" (hodc cdy lGa, hodc mdt by phan cua cay lua) bao gbm céc thé nguyén
sinh, 14, than, ré, du ré, bao phén, hat, hét, phoi, phén hoa, noén, 14 mam, try

dué6i 14 mam, may, chim, hoa, chdi, md, t& bao, t& bao phén sinh va twong tu.

O gen tinh trang dinh lugng (QTL - Quantitative Trait Loci): 6 gen di
truyén ma kiém soat vai tinh trang do sb lwong cap do ma thudng duge phén bd
lién tuc.

Su tai sinh: sy tai sinh 1a dé chi su phat trién cua thuc vat tir qua trinh nubi

cay mo.
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Gen don dugc bién dbi (chuyén hod): gen don dugc bién dbi (chuyén

hod) bao gdm cac ciy dugc phat trién bang k§ thuat lai thyc vét dugc goi 12 lai

nguoc trong do hau hét tit ca cac dic tinh hinh thai va sinh Iy mong mudn ciia

dong lai cén huyét duoc khoi phuc, trong khi van gitt lai gen don dugc truyén

vao trong dong lai can huyét nho qua trinh lai va lai nguge. Thut ngit ndy cling

6 thé 12 néi dén viée dua gen don vao nhd céc k¥ thudt xir Iy di truyén da biét

trong linh vuc nay.

Bang 1 — Céc dong lua thu dugc tir cac cly séng s6t trong quan thé dot bién

thudong xuyén dugc xac nhdn mang tinh khang thubc diét co6 quizalofop. Ma sd

ATCC duoc thé hién cho dong cé sy dot bién & ving carboxyl transferaza cia

gen ACCaza. Ma s&6 ATCC chua dugc dit cho hai dong con lai.

Mau M3 s ATCC Dot bién & mién CT
ML0831265-01493 PTA-12933 G2096S
ML0831265-02283 PTA-13619 Khong
ML0831265-00776 Chua c6 Khéng

Bang 2 — So sénh dong dot bién ML0831265-01493 véi dong gbe khong duge

gdy dot bién R0146 thé hién tinh twong ty cao gifta hai dong.

Dong/ngudn Céc ngay | Loai Chiéu cao| Long ming | Mau vo Réu Trong lugng [Nang
den 50% | thye | cm nghin hat, g |suat/cdy,
dau vét fo
RO146 g7 |Tuomg gy | COlong | o iiuc | Khong | 224 [Khongbiéd
nudc mang
11AG52084-2 88  |Truong| 92 Cé long Xanhlyc | Khong 21,6 7,82
nudc mang
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YEU CAU BAO HQ
1. Phuong phép phong trir ¢é dai & canh ddng lua, phuong phap ndy bao gdm
cac budc:
(a) trdng cay laa trén canh dong trong d6 cy lua nay khang cac thudc diét co tc

ché ACCaza nho sy dot bién, va trong d6 cay lua dugc tao ra tir cac hat lta duogc
luu gitt dudi md ATCC s6 PTA-12933 hoic PTA-13619; va

(b) phun céc thudc diét co 1én canh dong lta.

2. Phuong phép tao ra cdy lGa co tinh khang cac thudc diét cd e ché ACCaza,
trong d6 tinh khang céc thubc diét cd e ché ACCaza thu duge tlr cic gen cia
mi ATCC sb PTA-12933 hoiic PTA-13619, phuong phap nay bao gbm céc
budc:

(a) lai nhap gen cay lGa c6 cac gen trong cac hat lta dugc luu gilt dudi ma
ATCC s6 PTA-12933 hodc PTA-13619 vao ngudn cdy lta khdng c6 tinh khang
thuéc; va

(b) x4c nhan ciy lda dugc lai nhdp gen cé tinh khang thudc bang cach phun it
nhit mot trong sb céc thude diét cé va xac dinh réng ty 18 sbéng sot dugc tang
cudng so vai cdy lua khong dugce lai nhip gen.

3. Cay lta duge ky hiéu ML0831265-02283, trong d6 cdy lia nay chira thong tin
di truyén tir hat mau dugc luu gitt dudi md ATCC s6 PTA-13619, ma c6 tinh
khéng cac chat trc ché ACCaza.

4. Cay lua duoc ky higu ML0831265-01493, trong d6 cdy lua nay chira thong tin
di truyén tir hat mau duoc luu gitt dudi md ATCC s6 PTA-12933, ma c6 tinh
khang céc chét tc ché ACCaza.
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CCTGITCTGCIAGGAATAAIAGRACIAQ&IACTGCTAIGAITTTCCACIGGTG&GITGAC
CCIGTTCTGCTAGGAARTAATAGAACTACATACTGCTATGATTTICCACTGGIGAGTTGAC
CCIGTTCIGCTAGGAATAATAGRACTACATACTGCTATGAT TTTCCACTGG TGAGT TGAC

TGCICCCTTATATTCAATGCATIACCATAGCAAATICATATICGTICATGT TGICAAAAT
TGCICCCITATATICAATIGCATIACCATAGCAARATTCATATICGTITCATGTIGICARAAT
TGCTCCCITATATTICAATGCATTACCATAGCAAATICATATICGTTCATGT TGTCARAAAT

AAGCCGATGAAAATTCAAAACTGTAGGEATITGRAACTGCAGTGAGGAAGTCATBGTCCT
AAGCCGATGAAAATTCAAAARCTGTAGGCAT TTGARACTGCAGTGAGCGAAGITATGGICCT
AAGCCGATGARAATTCAARACTCTAGGLATTTGAAACTGCAGTCAGGAAGTCATGGTICCT

CIAGTACCICIGGICCTITCIAANGCICGIIGAARATGCCCAATGTTATGITASAGCTACAG
CTAGTACCTCTGOGTGCTICTAAAGGTIGTIGAARATGCCCAATGTTATGTTARAECTACAG
CTAGTACCICTGGTIGCTICTAAAGGTGTICARARTGCCCAATGTITATGT TAAAGCTACAG

AGITGGTATTIGCGGACARRCATGGGICATGGGGCACTCCTITAGI TCARAATCBACCGGC
AGTIGGTAT T TGCGGACARACATCCETCATGGGECACTCCITTAGTTCAARTEGACCGEE
AGTTGGTATTTGCGGACEARCATGEGICATGGGECACTCCTITAGTICARATGGACCGGT

CIGCIGGGCTICARATGAECATISGTATGEEAGCITGEACCTIGAAGATGTCCACTCCTGAART
CTGCTGGGCTCAATGACATIGGTATGGTAGCT TGCACCTTGARGATGTCCACTCCIGAAT
CTGCTGGGCTICAATGACATTGGTATGGTAGCTIGGACCT TGAAGATGICCACPCCTGAAT

TIcCTAGIGGTAGGGAGAIrAITGITGTIGCAAﬁrGaTATIACGIIceeagcszhICAT
TTCCTAGIGGTAGGGAGATIATTGT IGITGCARATGATATTACGTTCAGRAGCTGGATCAT
TTCCTAGTGGTAGGGAGAT T AT TG TGTIGCAAATGATATTACGTTCAGAGUTGGATCAT

TTGGCCCAAGGGAAGATGCATTTTTTGAARGCTGTI TACCAACCTAGCCTGTEAGAAGARAC
TIGGCCCARGGGAAGARTIGCATTITITIGARGCTGTITACCAACCTAGCCTEIEAGARGAARC
TTGGCCCAAGGGAAGATGCATT TITTGAAGCTGITACCAACCTAGCCIGTGAGAAGAARC

TTCCTCTTATTTATT TGGCAGCARAT ICTGEIGCTICGARTTGCCATAGCACATGRAAGTIGA
TTCCTCITATTITATTTGGCAGCARATTICTGGTGCICGAAT TGGCATAGCAGATCAAGTGA
TTCCTCTTATTTATT TGGCAGCRAAATTCTGGTGCTCGAATIGGCATAGCAGATGRAGTIGA

AATCTIGCTICCGTGTTGGETGETCTGATGATGGCAGCCCTGARCGTGEGITTCAGTACA
RATCTTGCITCCGTGITGEGTGGTCTGATGATGGCAGCCCTGEACGTGGET TICAGTACA
AATCTTGCTICCGTGTIGGGTGETCTGATGATGECAGCCC TGAACGTGGGT I TCAGTACA

TTTATCIAAGCGAAGAAGACTATGCTCOTIATTGECACTICTGTCATAGCECATAAGATGC
TTTATCTAAGCGAAGAAGACTATGC ICGTATTGECACTTCIGTICATAGCARATAAGATGC
TTTATCTAAGCGEAGRAGACTATGCTCGIATTGGCACTTCTGTICATAGCACATARGATGC

AGCIAGACAGIGGIGAARTTAGETIGGGITATTGATICTGTIGIGGGCAAGGAAGATGGAC
AGCTAGACAGIGGIGAAATTAGAIGEGTITATIGAITCTGTIGTGEGCARGGAZGATGGAC
AGCTAGACAGIGGTGAAATTAGCIGGGITATTGATICTIGT TGTGGCBCARAGGAAGATGGAC

FIG. 4
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TTGEIGTICGAGAATATACATGGAAGTGCIGCTATTGCCAGTGC TTATICTAGGGCATATA
TTGGTGTGGAGRATATACATGGAAGTGCTGCTATTGCCAGTIGCITATICTAGGGCATATA
TTGGTGTGGAGAARTATACATGGAAGTGCIGCTATIGCCAGTIGCTTATICTAGGGCATATA

AGGAGACATTTACACITACATITGIGACIGGARGAACTGTTGCGAATAGCAGCTIATCTTS
AGGAGACATTTACACTIACATTTGTGACTGGAAGRACTCTTGGAATAGGAGCTTATCTIS
AGGAGACATTTACACTTACATTIIGTGACTIGGARGAACTGT TGGAATAGGAGEITATCTTIG

CTCGACTTGGCAICCGGTGCATACAGCGTICTTGACCAGCCTATTATTICTTACAGGCTATT
CTCGACTTGGCATCCGGIGCATACAGCGICTTGACCAGCCTATTATICTTACAGGCTATT .
CICGACITGGCATCCGGTGCATACAGCGICITGACCAGCCTATTATTCTITACAGGCIATT

CIGCACTGAACAAGCTICTIIGGGCGGGARGTIGTACAGCTCCCACATGCAGTTIGGETIGGTC

“CTGCACTGAACAAGCTICTTGGGCGEGAAGTGTACAGCTCCCACATGCAGTTIGEGTGGTC

LTTGCACTGRAACAEGCTTC T IGGRCGEEASGTGTACAGCTCCCACATGCAGTTGGETEGTC

"CCAAAATCATGGCAACTARIGETGT IGTCCATCTTACTIGITICACGATGALLTIGARGGCG
fCCAAAATCATGGCAACTAAIGGTGTTGTCCAICTTACTGTIICAGATGACCITGBAGGCG
CCar2ATCATGGCARCTAATGCTGTTGEICCATICTTACTGTITCACATGACCTITGAACGLG

TTTCTAATATATTGAGGTGGCICAGTTATGTICCIGCCTACATIGGIGGACCACT TCCAG
TTICTEATATATIGAGGTGECTCAGTIATGTICCTGCCTACATTIGGTGGECCACTICCAG
TTTCTAATATATTGAGGTGGCTCAGT TATGTICCTGCCTACATTGGTGGACCACTTCCAG

TAACAACACCGIIGGACCCACQGGHCAGACCTGTTGCATACAIICCTGAGEQGTCGTGIG
TAACAACACCGTIGGACCCACCGGACAGACCTGITGCATACATICCICGAGRACTCETGTG
TAACAACACCGTTGGACCCACCGGACAGACCTGTIGCATACATICCIGAGARETCGTIGTG

ATCCTCGAGCGGCTATCCGIGGTGTTGATGACAGCCAAGGGARATGETTAGGTGGTATGT
ATCCTCGAGCGGCTATCCGTGRTCT TGATGACAGCCAAGGGAAATGGITAGGTGGTATGT
ATCCTCGAGCGGCTATCCGTGETGT TGATCGACAGCCAAGGCARAATGGTTAGGEGGTATGT

TIGATAAAGRCAGCITTCIGGRARACATTIGAAGCITCEGCTAAGACAGTGEITACIGGCa
TTGATAMAGACAGCTITIGTGCAAACATTTGAAGCTIGGGCTAAGACAGIGGTTACIGG CA
TTGATAARAGACAGCTTIGTGGARACATTTGAAGGTTIGGGCTAAGACAGTGGITACTIGGCA

GAGCAAAGCTTGGIGGRATICCAGTGOGIGTIGATACCIGTCGGAGACTCAGACCATGATGC
GAGCAAAGCTTGGIGGAATTCCAGTGEGTGTGATAGCTGTGGAGACTCAGACCATGATGC
GAGCAAAGCTTGGTIGGAATTICCAGTIGGGTCIGATAGCIGTIGGAGACTCAGACCATGATGT

AAACTATCCCTGCTGACCCTGGTICAGCT TGATICCCGTGAGCRATCIGTICCTCGTIGCTG:
AAACTATCCCIGCIGACCCTIGETCAGCITGATTCCCGTGAGCARTCTGITCCICGTGCTG
AAACTATCCCTGCTGACCCTGGTCAGCTIGATTCCCGIGAGCAATCIGTICCTCGTGCTG

GACAAGIGTGGTTTCCAGAIICTGCAACCARGACTGCGCAGGCATIGCTGGACTTCAACC
GACAAGTGTGGTITCCAGATTCTGCAACCAAGACTGCGCAGGCATTGCIGGACTTICAACC
GACARGICTIGGIITCCACGATICTIGCAACCAAGACTIGCCCAGGCATTGCTGGACTTCAACC

FIG. 4 (tiép)
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GTGARGGAITACCTICTIGITCATCCICGCTAACTGGAGAGGCTICTC TEGTGGACARLGAG
GIGRAGGATTACCTCIGTICATCCICGCTAACIGGAGAGCCTICICTCGTGGACARAAGAG
GIGAAGGATTACCICTIGITCATCCTCGCTAACIGGAGAGGCTICTCTGGTGGACARAAGAG

ATCTITITGAAGGAATTCTTCAGGCTGGCTCGACTATTGT TGAGAACCTTAGGACATACA
ATCTTTTIGAAGGAATTCIICAGGCTIGGCTCCGACTATIGTTGAGAACCITAGGACATACA
ATCITIITGAAGGAATTCTICAGGCTCGCICGACTATIGT TCAGAACCTITAGGALATRACE

ATCAGCCTGCCTIIGICIACATITCCCATGGCIGCAGAGCTACCAGGAGCEGCIIGGGTIG
ATCAGCCTGCCITTGICTACATTCCCATGGCTGCAGAGCTACGAGGAGGGGCTIGGGTTG
ATCAGCCTIGCCTITGTCTACATTCCCATGGCTGCAGAGCTACCGAGGAGGEGETTGGGTITG

TGGTIGATAGCAAGATAAACCCAGACCGCATTGAGTGCTATGCTGAGAGGHQTGCAAAAé'
TGGTTGATAGCAAGATAARCCCAGACCGCATTGAGTGCTATGCTCAGRAGGACIGCARAAS
TGGTIGHIAGCAAGRTAAACCCAGACCGCRITGAGTGCTATGCTGAGAGGECIGCAAAAﬁ

GCAATGTTCTGRARCCGCAAGGGTI TAATIGAGATCARGITCAGCTCAGAGGARCTCCAGS
GCAATGTITICTGGAACCGCARGGGTTAATITGAGATCAAGTTCAGGTCAGAGGARCTCCAGG
GCAATGITCTGGAACCGCAAGGGETARTTCAGRICRAGTICAGCTCAGAGBAACTCCAGS

ATTGCATGAGTCGGCTTCGACCCAACATTAATIGATCTGAAAGCARAACTEEARCTAGCAR
ATTGCATGAGICEGGCTTGACCCAACATIAATTGATCTGAAAGCAAAACTCEAAGTAGCAA
ATTGCATGAGTCGGCTIGACCCAACATTAATTGATCTGARAGCAARACTCGAAGTAGCAA

ATARAAATGGAAGTGCTGACACAAAATCGCTTCAACAAAATATAGAAGCTCGAACAAAAC

AIAAEAAIGGABGTGCTGACRCAAAAICGCITCEAGAAAATAIAGAAGCTCGQAC&EAAC
ATEANAATGCAAGTGCTGACRCAAAATCGCTTCAAGAAAATATAGAAGCTCEAACAARAC

AGTIGATGCCTICTATATACTCAGAT TOCGATACGGTTTGCTGAATTGCATEATACATCCS
AGTTGATIGCCTCTATATACTCAGATTGCGATACGGTTTGCIGRATTGCATSATACATCCC
AGTTGATGCCTCTATATAC TCAGRTTGCGATACGGITIGCTGAATIGCATGATACATCLC

TCAGAATGGCTGCGAAAGGTGTIGAT TAAGRAAGCTTGIGGACTGGGAAGRAATCACGARATCTIT
TCAGAATGGCIGCGAARGGIGTEATTARGAARGT TETGCGACTGGGARGAATCACGATCTT
TCAGAATGGCTGCGAAAGGTGTGATTAAGAAACTIGTGGACTGGGAAGAATCACGATCTT

TCTTCTATAAGAGATTACGGAGGAGGATCTCTIGAGCATGTITCTTGCAAAAGARATIAGAG
TCTTCTATAAGACATTACGGAGCAGGAICTCTGAGGATGITCTTCCAAAAGAARTTAGRG
TCITCTATAAGAGATTACGEAGGAGCATCTCIGAGGATGTTCITGCARARAGARATTAGEG

CTGTAGCAGGTGAGCAGITTICCCACCARCCAGCARTCCAGCTCGATCAAGARATGGTATT
CTGTAGCAGGIGAGCAGTTTTCCCACCAACCAGCAATCGAGCTGATCAAGARATGGTATT
CTGTAGCAGCTIGAGCAGITTITCCCACCARCCAGCAATCCAGCTCATCAAGASATGGTATT

CAGCTITCACATGCAGCIGAATGEGATIGATGRCCATGCTTTIGTTGCTIGGRATGEATAACC
CAGCTICECAIGCAGCIGAAIGGGAIGEIGBCGEIGCTTTIGTIGCTIQGAIGGRTAACC
CAGCTTCACATGCAGCTGAATGGGATGATGACCATCCTTTTIGTTGCTTRGATGGATAACC

FIG. 4 (tiép)
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CTGAAAACTACERGG&TTAIEIICAAIAICTI&AGGCICAAAGAGIATCCCAATCCCICI
CTGAAAACTACAAGGAIIATRITCAATATCTIAAGGCICAA&GAGIAICCGAATCCCTCT
CTGARARCTACAAGGATTAIAITCAATAICTTAAGGCICAAAGAGTATCCCEAICCCICT

CBAGTCTITCAGAITCCAGCTCAGATTTGCAAGCCCTGCCACAGGGTCTTTCCATGTTAC
CAAGTCTTTCAGATTCCBGCICAGATTTGCAEGCCCIGCCBCAGGGTCITICCAIGI?AC
CAAGTCTTICAGATICC&GCTC&GAITTGCAAGCCCTGCCACAGGGTCTTTCCAIGITAC

IRGATRAGGTAAITAGCITECTGAIGCITAI&TAAﬁITCTTITTCATTACAIATGGCTGG
T&GATAAGGTAATTRGCTTACIGAIGCTIRIEEAAATTCITITTCATIACAI&TGGCIGG
TAGATAAGGIAATTAGCIIACIGAIGCTTAIATAAAITCTTTTTCATTACAIAIGGCTGG

AGAACIAICTA.AICAAATAA’IGA‘f’IRT&ATICCP.ATCG’IIC'ITITTATGCCAII‘ATG}‘;‘IC
.zx_GAACIATCIAAICPAAIAAIGAITMMTcha.ucsIICTTITTA‘IGCdA‘:TA’IGAIc
AGAACTATCTAATCAAS ry&t@.’rmm_h.nt:camcsucrrrrmmccum'rsmc

LA

CTTATTCAGATGGATCCCTCTAGAAGAGCICAALTT

TTCTEGARATTTCCTICTITIGGACACTT?
'IfCTGR&ATTTCCTTCTITGG&C&CTYEIICEGATGGAICCCTCI&G&BG&GCTCAACIT

TTCTGAAATTTCCITCTTTGGECECTTAITCRGATGGAICCCTCTAGAAGAGCICAACTT

GTIGEAG&AATGEGGAEGGICCTTGGITG&ATC&IATGEIG
GTTGAAGAAAICAGGAAGGTCCTTGGTTGAAICAIATGATG
GEIGAAGAAAICAGGAAGGICCTIGGITG&AICRTATGAEG

FIG. 4 (tiép)
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&DRPBGLHDIGHVRWTLKES??BFPSGREIIVV&RBITFRAGSFGPRED&FFEEVTNLRC
MDRPRGLNDIGMVA%TLK&STPBEPSGREIIVVENBITFRAGSFGPREDRFFEAVTNL&C
MDRPAGLHDIGMVAWTLKMSTPEF?SGREIIVVEHDITFRAGSFGPREDAFFEEVTNLEC

EKKLPLIYLAANSGAR;GIEDEVKSCERVGWSDDGSPERGFQYIYLSEED!ARIGISVIA
EKKLFLIYLQAHSG%RIGIADEVKSCPRFGHSDDGSPERGEQYIYLSEEDYERIGISVIE
EKKLPLIYLEANSGARIGIADEVRSGERVGWSDDGSPERGFQYIYLSEEDYARIGTSVIA

HKMQLDSGEIRﬁVIDSVVGKEDGLGVENIEGSE&ZRS&XSRRYKETFTLT?VTGRTVGiG
BKMQLDSGEIREVIDSVVGKEDGLGVEEIEGSAEIRSAYSRRYKET?TLT:UTGRTVGIG
HKMQLDSGEIRWVIDSVVGKEDGLGVENIHGS&EIESAYSRAYKETFTLTFVTGRTVGIG

ﬁYLARLGIRCiQRLDQ?IILIGYSELKKLLGRBVYSSEHQLGGPKIMATNGVQHLTGSBD
&

'YLARLGIRCIQRLUQPIILTGYSALEKLLGREVYSSﬁMQLGGPKIMATNGVVKDTVSDD

“ﬁYLQRLGIRCIQRLDQPIILTGYSALNKLLGRBVYSSBMQLGGPKIMATNGVVHLTVSBD

 LECVSHI LEWLS YVPAYIGEPLEVI TPLOPPDRPVAYTPENSCOPRAATRGVDDSQERAL

LEGVSHILRWLSYVPAYIGGPLPVTT?LDPPbRPVBXIPEHSCDPRAAIRGVDDSQGK&L
LEGVSNILRWLSYVPAﬁIGGPLPVTIPLDPPDRPVEYIPBNSCDPRAAIRGVDDSQGKWL

GGMFDKDSFVEIFBGERKTVVTG&R&LGGI?VG?iéﬁE?QTMHQTIPADPGQLDS%BQSV
GGHFDKDSFVﬁTFEGWEKTVVTGR&KLGGIP?GVIAVETQTMMQTIPADPGQLDSREQSV
GGMFDKDSFVETFEGWAKTVVTGRA&LGEIPVGVI&VETQTMMQTIPADPGQLDSREQSV

PRAGOVWEPDSATKTAQALLOFNREGLPLE TLANWRGF SCCORULE EGILQAGSTIVENL
L RAGOVHFPDSETRTAQALLDFNREGLPLE I LANWRGF SGGQRDLF EGTLOAGST T VENL
P RAGOVHE DDSATR TAQALLDFHREGLPLE LLAKWRGE SCGQRDLE ECI LOAGS TIVENL

R?YHQPBEVYIPM%AELRGGA%VVVD$KiHP§RIECYEERT?~ JLEPQGLIEIRERSE
RTYHQPAFVYIPMRABLRGGAHVVVDSKIﬁPDRIECY&ERTA VLEPQGLIE;KERS&
HVLEPQGLIEIKERSE

Rﬁt{QPWfﬁam}mRGc\kmvmsxmumscy;a.san

ELQDCMSRLDETLIDLKAKLEVEHKﬂGS&DTKSLQENIEERTKQLMPLYTQIEIRE&ELH
ELQDCMSRLD?TLIDLKAKLEVANKNGSADtksLQEHIEERTKQLMPLYTQIAIRP&ELH
ELQDCMS&LDPTLIDLKEKLEVRNKHGSAD?KSLQEWIEEB?KQLMPLYTQIAIRF&SLE

DTSLRMAEKGVIKKVVDWEESRS?FYK&LRBRISBDVLAREIRAVAGEQFSHQPAIELIK
DTSLR&AAKGVIKKVVDWEESRSFFYKRLRERISBEVLAKEIR&VAGEQFSHQPAIELIK
DISLR&AEKGVIKKV?D%EES&SF?YKRLRRRISBDVLAKEIRAYAGEQ?SHQPQIELIK

KHYSASHAAEWDDDDA?V%WMDH?ENYKDYIQYLKAQRVSQSLSSLSDSSBDLQ&LPQGL
KEYSRSHAEEWDDDDEFVAWMDHPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQALPQGL
KWESRSHA&EﬂDDDDéFV&%ﬁDRPENYKDYIQYLKAQRVSQSLSSLSDSSSDLQ&LPQGL
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CATAAGATGC
TGTGGGCAAG
CTATTGCCAG
TTTGTGACTG
CATCCGGTGC
CTGCACTGARA
TTGGGTGGTC
TTCAGATGAC
TTCCTGCCTA
CCGGACAGAC
GGCTATCCGT
TTGATAAAGA
GTTACTGGCA
GGAGACICAG
ATTCCCGTGA
TCTGCARCCA
ACCTCTGTIC
ATCTTTITGA
AGGACATACA
ACCAGGAGGG
TTGAGIGCTA
GGBTTARTTG
TCGGCITGAC

ATAAAAATGG

CGARC2ARAC
TGAATTGCAT
AAGTTGTGGA
AGGAGGATICT
TGAGCAGTITT
CAGCTTCACA
ATGGATAACC
AAGAGTATCC
AAGCCCTIGCC
CTGATGCTTA
AATCRAATAA
TTCTGAAATT
AGCTCAACTIT

~n
s

TAGGRATAAT
TGCTCCCTTA
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AARATGCCCA
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CAATGACATT
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TGGTCTGATG
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TGCTTATTCT
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AGACTGCGCA
ATCCTCGCTA
AGGAATTCTT
ATCAGCCTGL
GCTTGGGTTIG
TGCTEAGAGSE
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CAATCCCTCT
ACAGGGTCTT
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GTTGAAGAAA

25124

AGAACTACAT
TATTCAATGC
AAGCCGATGA
TCATGGTCET
ATGTTATGIT
GGGGCACTCC
GGTATGGTAG
TAGGGRAGATT
TTGGCCCAAG
GAGBAGARARC
TEGCATAGCA
ATGGCAGCCC
TATGCTCGTA
TGGTGAAATT
TTGGIGTGGA
AGGGCATATAZ
TGGAATAGGR
TTGACCAGCC
GGGCGGGRAG
GGCAACTAAT
TTTCTAATAT
CCACTTCCAG
CATTCCTGAG
ACAGCCARGG
GARACRIITG
TGGTGGARTT
2AACTATCCC
CCTCGIGCIG

GGCATIGCIG

ACTGGAGAGG
CAGGCTGBCT
CTTTGTCTAC
TGGTTGATAG
ACTGCALRASR
CAGGTCAGEG
TTGATCTGAR
ACAAMATCGC
TCTATATACT
TCAGABATGGC
TCACGATCIT
TCTTGCAAAR
CAGCAATCGAR
TGGGATIGATE
CAAGGATTAT
CAAGTCTTIC
TCCATGTIIAC
TTTTCATTAC
TCCARTCGIT
GACACTITATT
TCAGGAAGGT

ACTGCTATGA
ATTACCATAG
AZATTCAAAA
CTAGTACCTC

‘AAARGCTACAG

TTTAGITCAA
CTTGGACCTT
ATTGTIGTTG
GBBAGATGCA
TICCTCTITAT
GATGAAGTGA
TGRACGTLGE
TTGGCACTTC
AGGTGGGETTA
GAATATACAT
AGGARGACATT
GCTTATCTIG
TATTATICTIT
TGTACAGCIC
GGIGTTGICC
ATIGAGGIGE
TAACBACACC
AACTICGTCGTC
GRAATGGTTA
AAGGTIGGEC
CCAGTGGGTG
TGCTGACCCT
GACAAGTIGIG
GACTTCAACC
CTITCTICTIGCT
CBACTATTIGT
ATTCCCATGG
CRAGATAARC
GCAATGTTICT
GRACTCCAGG
AGCEARACTC
TTCRAGRAAR
CAGATTGCGA
TGCGAAAGGT
TCTTCTATAA
GARATTAGAG
GCTGATCAAG
ECGATGCTTIT
ATTCRATATIC
AGATTCCAGC
TAGATAAGGT
ATATGGCTIGG
CTTITIATIGC
CAGATGGATC
CCTTGGTTGA

FIG. 8

-37-

TTITTCCACIG
CAEATTCATA
CIGTAGGCAT
TGGIGCTICT
AGTTGGTATT
ATGGACCGGC
GAAGATGTCC
CARATGATAT
TTITTTIGRAG
TTATTTGGCA
AATCTTGCTT
TTTCAGTACA
TGTCATAGCA
TTGATTCTIGT
GGAAGTGCIG
TACACTTAC2
CTCGACTIGG
ACRGGCTATT
CCACATGCAG
ATCTTACTGT
CICAGTTATG
GTTGGACCCA
ATCCTCGAGC
GGTGGTATIGT
TAAGACAGTG
TGATAGCIGT
GGTCAGCTIC
GTTTCCAGAT-
GTIGAAGGATT
GGACEAAGAG
TGAGRACCTIT
CIGCAGAGCT
CCAGACCGCA
GGRACCGCARA
BTTGCATGAG
GAAGTAGCAA
TATAGAAGCT
TACGGTITIGC
GIGATTAAGA
GAGATTACGG
CTGTAGCAGG
AAATGGTATT
TGTTGCTIGG
TTAAGGCTCA
TCAGATTITGC
AATTAGCITA
AGAACTATICT
CATTATGATC
CCTCTAGAAG
ATCATATGAT
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<110>
<120>
<130>

<140>
<141>

<150>
<151>

<150>

<151>

25124

DANH MUC TRINH TU

RICETEC AKTIENGESELLSCHAFT

PHUONG PHAP PHONG TRU CO DAI, PHUY'ONG PHAP TAO RA CAY LUA KHANG THUBC DIET €O UC CHE ACCAZA
VA CAY LUA THU DUQC TU PHUONG PHAP NAY

50970-115760

61/541,832
2011-09-30

61/510,585

2011-07-22

<160> 7
<170>
<210> 1
<211> 2501
<212> ADN
<213>

<400> 1
cctgttctge

tgctcectta
aagccgatga
ctagtacctc
agttggtatt

ctgctggget

ttectagtgg

ttggcccaag
ttcctecttat
aatcttgctt
tttatctaag
agctagacag
ttggtgtgga
aggagacatt
ctcgacttgg

ctgcactgaa

Oryza sativa

taggaataat
tattcaatgce
aaattcaaaa
tggtgcttct
tgcggacaaa
caatgacatt
tagggagatt
ggaagatgca
ttatttggca
ccgtgttggg
cgaagaagac
tggtgaaatt
gaatatacat
tacacttaca
catccggtgce

caagcttett

PatentIn phién ban 3.5

agaactacat
attaccatag
ctgtaggcat
aaaggtgttg
catgggtcat
ggtatggtag

attgttgttg

ttttttgaag

gcaaattctg
tggtctgatg
tatgctcgta

aggtgggtta

‘ggaagtgctg

tttgtgactg
atacagcgtce

gggcgggaag

actgctatga
caaattecata
ttgaaactgc
aaaatgccca
ggggcactcc
cttggacctt
caaatgatat
ctgttaccaa
gtgctcgaat
atggcagecc
ttggcactte
ttgattctgt

ctattgccag

.gaagaactgt

ttgaccagcc

tgtacagctc

-30-

ttttccactg

ttcgttecatg
agtgaggaag
atgttatgtt
tttagttcaa
gaagatgtcc
tacgttcaga
cctagecetgt
tggcatagca
tgaacgtggg
tgtcatagca
tgtgggcaag
tgcttattct
tggaatagga

tattattctt

ccacatgeag

gtgagttgac
ttgtcaaaat
tcatggtcct
aaagctacag
atggacegge
actcectgaat
gctggatcat
gagaagaaac
gatgaagtga
tttcagtaca
cataagatgc
gaagatggac
agggcatata
gettatcttyg
acaggctatt

ttgggtggte

60

120

180

240

300

360

420

480

540

600
660
720
780
840
900

960



ccaaaatcat
tttctaatat
taacaacacc
atcctcgagce
ttgataaaga
gagcaaagct
aaactatccc
gacaagtgtg
gtgaaggatt
atcttfttga
atcagcctge
tggttgatag
gcaatgttct
attgcatgag
ataaaaatgg
agttgatgcc
tcagaatggc
tcttctataa
ctgtagcagg
cagcttcaca
ctgaaaacta
caagtctttc
tagataaggt
agaactatct
ttctgaaatt
gttgaagaaa
<210> 2
<211> 2501
<212> ADN
<213>

<400> 2

ggcaactaat

attgaggtgg

gttggaccca
ggctatccgt
cagctttgtg
tggtggaatt
tgctgaccct
gtttccagat
acctectgtte
aggaattectt
ctttgtctac
caagataaac
ggaaccgcaa
teggettgac
dagtgctgac
tctatatact
tgcgaaaggt
gagattacgg
tgagcagttt
tgcagctgaa
caaggattat
agattccage
aattagctta
aatcaaataa
tccttetttg

tcaggaaggt

Oryza sativa

25124

ggtgttgtcce
ctcagttatg
ccggacagac
ggtgttgatg
gaaacatttg
ccagtgggtg
ggtcagecttyg
tctgcaacca
atcctegeta
caggetggcet
attcccatgg
ccagaccgea
gggttaattg
ccaacattaa
acaaaatcgc

cagattgcga

gtgattaaga

aggaggatct
tcccaccaac

tgggatgatg

attcaatatc

‘tcagatttge

ctgatgctta
tgattataat
gacacttatt

ccttggttga

atcttactgt
ttectgecta
ctgttgcata
acagccaagg
aaggttggge
tgatagctgt
attccegtga
agactgcgca
actggagagg
cgactattgt
ctgcagagct
ttgagtgcta
agatcaagtt
ttgatctgaa
ttcaagaaaa
tacggtttgce
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcttt
ttaaggctca
aagccctgece
tataaattct
tccaatcgtt
cagatggatc

atcatatgat

-40-

ttcagatgac

cattggtgga

cattectgag

gaaatggtta
taagacagtg
ggagactcag
gcaatctgtt
ggcattgetg
cttectetggt
tgagaacctt
acgaggaggg

tgctgagagg

caggtcagag

agcaaaactc
tatagaagct
tgaattgcat
ctgggaagaa
tcttgcaaaa
gctgatcaag
tgttgettgg
aagdagtatce
acagggtett

ttttecattac

ctttttatge

cctctagaag

9

cttgaaggcyg
ccacttceag
aactecgtatg
ggtggtatgt

gttactggca

accatgatge

cctogtgctyg

gacttcaacc

ggacaaagag

aggacataca

gcttgggttyg

actgcaaaaa

gaactccagg
gaagtagcaa
cgaacaaaac
gatacatccc
tcacgatctt
gaaattagag
aaatggtatt
atggataacc
caatccctct
tccatgttac
atatggctygg
cattatgate

agectcaactt

1020

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980

2040

2100

2160
2220
2280
2340
2400
2460

2501



cctgttetge
tgctcectta
aagccgatga
ctagtacctc
agttggtatt
ctgctgggct
tteectagtgg
ttggcccaag
ttectettat
aatcttgett
tttatctaag
agctagacag
ttggtgtgga
aggagacatt
ctegacttgg
ctgcactgaa
ccaaaatcat
tttctaatat
taacaacacc
atcctcgagce
ttgataaaga
gagcaaagct
aaactatcce
gacaagtgtg
gtgaaggatt
atctttttga
atcagcctge
tggttgatag
gcaatgttct

attgcatgag

taggaataat
tattcaatgc
aaattcaaaa
tggtgcttet
tgcggacaaa
caatgacatt
tagggagatt
ggaagatgca
ttatttggca
ccgtgttggg
cgaagaagac
tggtgaaatt
gaatatacat
tacacttaca
catccggtge
caagcttctt
ggcaactaat
attgaggtgg
gttggaccca
ggctatccgt
cagctttgtg
tggtggaatt
tgctgaccct
gtttccagat
acctctgttc
aggaattctt

ctttgtctac

caagataaac

ggaaccgcaa

tcggcttgace

agaactacat

attaccatag

ctgtaggcat

aaaggtgttg
catgggtcat

ggtatggtag

attgttgttg

ttttttgaag
gcaaattctg
tggtctgatg

tatgctcgta

aggtgggtta

ggaagtgctg
tttgtgactg
atacagecgte
gggcgggaag
ggtgttgtec
ctcagttatg
ccggacagac
ggtgttgatg
gaaacatttg
ccagtgggtg
ggtcagettg
tctgcaacca
atcctcgeta
caggctggcet
attcccatgg
ccagaccgca
gggttaattg

ccaacattaa

25124

actgctatga
caaa%}cata
ttgaaéctgc
aaaatgcceca
ggggcactce
cttggacctt
caaatgatat
ctgttaccaa
gtgctcgaat
atggcagccc
ttggcacttc
ttgattctgt
ctattgccag
gaagaactgt
ttgaccagce
tgtacagctc
atcttactgt
ttcetgecta
ctgttgcata
acagccaagg
aaggttgggc
tgatagctgt
attccecgtga

agactgcgca

actggagagg

cgactattgt
ctgcagagct
ttgagtgcta
agatcaagtt

ttgatctgaa

-41-

ttttccactg
ttcgttcatg
agtgaggaag
atgttatgtt
tttagttcaa
gaagatgtcc
tacgttcaga
cctagectgt
tggcatagca
tgaacgtggg
tgtcatagea
tgtgggcaag
tgcttattcet
tggaatagga
tattattctt
ccacatgcag
ttcagatgac
cattggtgga
cattcctgag
gaaatggtta
taagacagtg
ggagactcag
gcaatctgtt
ggcattgctg
cttctectggt
tgagaacctt
acgaggaggg
tgctgagagyg
caggtcagag

agcaaaactc

gtgagttagac
ttgtcaaaat
tcatggtccet
aaagctacag
atggacecgge
actcctgaat
gctggatcat
gagaagaaac
gatgaagtga
tttcagtaca
cataagatgc
gaagatggac
agggcatata
gecttatettg
acaggctatt
ttgggtggte
cttgaaggcg
ccacttecag
aactegtgtg
ggtggtatgt
gttactggca
accatgatgce
cctegtgetg
gacttcaacc
ggacaaagag
aggacataca
gcttgggttyg
actgcaaaag
gaactccagg

gaagtagcaa

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

1800



ataaaaatgg
agttgatgce
tcagaatggc
tcttctataa
ctgtagcagg
cagcttcaca
ctgaaaacta
caagtcttte
tagataaggt
agaactatct
ttctgaaatt
gttgaagaaa
<210> 3

<211> 2501
<212> ADN
<213>

<400> 3
cctgttctge

tgctecectta
aagccgatgé
ctagtaccté
agttggtatt
ctgctgggct
ttcctagtgg
ttggcccaag
ttecctettat
aatcttgcett
tttatptaag
agctagacag
ttggtgtgga

aggagacatt

aagtgctgac
tctatatact
tgcgaaaggt
gagattacgg
tgagcagttt
tgcagctgaa
caaggattat
agattccagc
aattagctta

aatcaaataa

tcecttctttg

tcaggaaggt

Oryza sativa

taggaataat
tattcaatge
aaattcaaaa
tggtgettct

tgcggacaaa

‘¢caatgacatt

tagggagatt
ggaagatgca
ttatttggca
ccgtgttggg
cgaagaagac
tggtgaaatt
gaatatacat

tacacttaca

25124

acaaaatcgce
cagattgcga
gtgattaaga
aggaggatct
tcccaccaac
tgggatgatg
attcaatatc
tcagatttge
ctgatgctta
tgattataat
gacacttatt

ccttggttga

agaactacat
attaccatag

ctgtaggcat

aaaggtgttg

catgggtcat
ggtatggtag
attgttgttg
ttttttgaag
gcaaattctg
tggtctgatg
tatgctegta
aggtgggtta
ggaagtgctg

tttgtgactg

ttcaagaaaa
tacggtttge
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcttt
ttaaggctca
aagccctgece
tataaattct
tccaatcgtt
cagatggatc

atcatatgat

actgctatga
caaattcata
ttgaaactge
aaaatgccca
ggggcactcc
cttggacctt
caaatgatat
ctgttaccaa
gtgctcgaat

atggcagecc

ttggcactte

ttgattctgt
ctattgccag

gaagaactgt

-42-

tatagaagct
tgaattgcat
ctgggaagaa
tcttgcaaaa
gctgatcaag

tgttgettgg

aagagtatce

acagggtctt
ttttecattac

ctttttatge

cctctagaag

g

ttttccactg
ttcgttcatg
agtgaggaag
atgttatgtt
tttagttcaa
gaagatgtcc
tacgttcaga
cctagectgt
tggcatagca
tgaacgtggg
tgtcatagca
tgtgggcaag
tgcttattct

tggaatagga

cgaacaaaac
gatacatcce
tecacgatctt
gaaattagag
aaatggtatt
atggataace
caatccectet
tccatgttac
atatggctgg
cattatgatc

agctcaactt

gtgagttgac

ttgtcaaaat
tecatggtect
aaagctacag
atggaccggce
actcctgaat
gctggatcat
gagaagaaac
gatgaagtga
tttcagtaca
cataagatgc
gaagatggac
agggcatata

gcttatcttg

1860
1920
1980
2040

2100

2160

2220

2280

2340
2400

2460

2501

60
120
180
240
300
360
420
480
540
600
660
720
780

840



ctcgacttgg
ctgcactgaa
ccaaaatcat
tttctaatat
taacaacacc
atcctcgagce
ttgataaaga
gagcaaagct
aaactatccc
gacaagtgtg
gtgaaggatt
atctttttga
atcagcctge
tggttgatag
gcaatgttct
attgcatgag
ataaaaatgg
agttgatgcc
tcagaatggc
tcttctataa
ctgtagcagg
cagcttcaca
ctgaaaacta
caagtcttte
tagataaggt
agaactatct
ttctgaaatt

gttgaagaaa

<210> 4

catccggtgc
caagcttctt
ggcaactaat
attgaggtgg
gttggaccca
ggctatcégt
cagctttgtyg
tggtggaatt
tgctgaccet
gtttccagat
acctctgtte

aggaattcett

ctttgtctac

caagataaac
ggaaccgcaa
tcggcttgac
aagtgctgac
tctatatact
tgcgaaaggt
gagattacgg
tgagcagttt
tgcagctgaa
caaggattat
agattccagce
aattagctta
aatcaaataa
tccttetttg

tcaggaaggt

25124

atacagcgte
gggcgggaag
ggtgttgtce
ctcagttatg
ccggacagac

ggtgttgatg

gaaacatttg

ccagtgggtyg
ggtcagettg
tctgcaacca
atcctegeta
caggctggct
attcccatgg
ccagaccgca
gggttaattg
ccaacattaa
acaaaatcgc
cagattgcga
gtgattaaga
aggaggatct
tcccaccaac
tgggatgatg
attcaatatc
tcagatttge
ctgatgctta
tgattataat
gacacttatt

ccttggttga

ttgaccagcc
tgtaggéctc
atcttactgt
ttcctgccta
ctgttgcata
acagccaagg
aaggttggge
tgatagctgt
attcccgtga
agactgcgca
actggagagyg

cgactattgt

ctgcagagct

ttgagtgcta
agatcaagtt
ttgatctgaa
ttcaagaaaa
tacggtttgc
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcttt
ttaaggctca
aagccctgcee
tataaattct
tccaatcegtt
cagatggatc

atcatatgat

-43-

tattattett

cecacatgecag

ttcagatgac

cattggtgga
cattcectgag
gaaatggtta
taagacagtg
ggagactcag
gcaatctgtt
ggcattgetg
cttctetggt
tgagaacctt
acgaggaggg
tgctgagagg
caggtcagag
agcaaaactc
tatagaagct
tgaattgcat
ctgggaagaa
tcttgraaaa
gctgatcaag
tgttgcttgg
aagagtatcc
acagggtectt

tttteattac

ctttttatge

cctctagaag

g

acaggctatt
ttgggtggte
cttgaaggcg
ccacttecag
aactcgtgtg
ggtggtatgt
gttactggca
accatgatgc
cctegtgetg
gacttcaacc
ggacaaagag
aggacataca

gcttgggttyg

actgcaaadag

gaactccagyg

gaagtagcaa

cgaacaaaac

gatacatecc

tcacgatctt
gaaattagag
aaatggtatt
atggataacc
caatccctct
tccatgttac
atatggctag
cattatgatc

agctecaactt

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2501



<211> 2501
<212> ADN

<213> Oryza sativa

<400> 4
cctgttctge

tgctccetta
aagccgatga
ctagtacctce
agttggtatt
ctgctggget
ttcctagtgg
ttggcccaag
ttcetettat
aatcttgett
tttatctaag
agctagacag
ttggtgtgga
aggagacatt
ctcgacttgg
ctgcactgaa
ccaaaatcat
tttctaatat
taacaacacc
atcctcgage
ttgataaaga
gagcaaagct
aaactatcecc
gacaagtgtg
gtgaaggatt
atctttttgé

atcagcctge

taggaataat
tattcaatge
aaattcaaaa
tggtgecttct
tgcggacaaa
caatgacatt
tagggagatt
ggaagatgca
ttatttggca
cecgtgttggg
cgaagaagac
tggtgaaatt
gaatatacat
tacacttaca
catccggtgce
caagcttctt
ggcaactaat
attgaggtgg
gttggaccca
ggctatccgt
cagetttgtg
tggtggaatt
tgctgacccect
gtttccagat
acctetgttc

aggaattctt

ctttgtctac

25124

agaactacat
attaccatag
ctgtaggcat
aaaggtgttg
catgggtcat
ggtatggtag
attgttgttg
ttttttgaag
gcaaattctg
tggtctgatg
tatgctegta
aggtgggtta

ggaagtgctg

tttgtgactg

atacagcgtc
gggcgggaag
ggtgttgtce
ctcagttatg
ccggacagac
ggtgttgatg
gaaacatttg
ccagtgggtg
ggtcagcttyg
tctgcaacca
atcctecgeta
caggctggct

attceccatgg

actgctatga

caaattcata

ttgaaactge
aaaatgccca
ggggcactcc
cttggacctt

caaatgatat

ctgttaccaa

gtgctcgaat

atggcageccce
ttggcactte
ttgattctgt
ctattgcecag
gaagaactgt
ttgaccagce
tgtacagcete
atcttactgt
ttcctgecta
ctgttgcata
acagccaagg
aaggttggge
tgatagctgt
atteccgtga
agactgcgca
actggagagg

cgactattgt

ctgcagagcet

ttttccactg
ttcgttcatg
agtgaggaag
atgttatgtt
tttagttcaa
gaagatgtcc
tacgttcaga
cctagecctgt
tggcatagca
tgaacgtggyg
tgtcatagca
tgtgggcaag
tgecttattet
tggaatagga
tattattett
ccacatgcag
ttcagatgac

cattggtgga

cattecectgag

gaaatggtta

taagacagtyg

ggagactcag
gcaatctgtt

ggcattgetg

cttetetggt

tgagaacctt

acgaggaggyg

gtgagttgac
ttgtcaaaat
teatggtcct
aaagctacag

atggaccggc

actcctgaat

gctggateat
gagaagaaac

gatgaagtga

tttcagtaca

cataagatgc

gaagatggac

agggcatata
gcttatcttg
acaggctatt
ttgggtggte
cttgaaggcyg
ccacttccag
aactcgtgtyg
ggtggtatgt
gttactggca
accatgatgc
cetecgtgetg
gacttcaacc
ggacaaagag
aggacataca

gettgggttyg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140
1200
1260
1320
1380

1440

1500

1560

1620



tggttgatag
gcaatgttct
attgcatgag
ataaaaatgg
agttgatgcce
tcagaatggc
tcttctataa
ctgtagcagg
cagcttcaca
ctgaaaacta
caagtctttc
tagataaggt
agaactatct
ttctgaaatt
gttgaagaaa
<210> 5
<211> 674
<212> PRT
<213> Oryza
<400> 5

Met Asp Arg
1

Leu Lys Met

Val Ala Asn

35

Ala
50

Asp Phe

Pro Leu Ile

65

Asp Glu Val

caagataaac
ggaaccgcaa

tcggettgac

aagtgctgac

tctatatact
tgcgaaaggt
gagattacgg
tgagcagttt
tgcagctgaa
caaggattat
agattccage
aattégctta
aatcaaataa
tccttetttg

tcaggaaggt

sativa

Pro Ala
5

Ser Thr

20

Asp Ile

Phe Glu

Leu

Tyr

Ser
85

Lys

Gly

Pro

Thr

Ala

Ala

70

Cys

25124

ccagaccgca
gggttaattg
ccaacattaa
acaaaatcgc
cagattgecga
gtgattaaga

aggaggatcet

teccaccaac

tgggatgatg
attcaatatc
tcagatttge
ctgatgetta
tgattataat
gacacttatt

ccttggttga

Leu

Glu

Phe
40

Val
55

Ala

Phe

Asn Asp

Phe Pro

25

Arg Ala

Thr Asn

Asn Ser

Arg Val

ttgagtgcta
agatggagtt
ttgatctgaa
ttcaagaaaa
tacggtttge
aagttgtgga
ctgaggatgt
cagcaatcga
acgatgcecttt
ttaaggctca
aagccctgec
tataaattct
tccaatcgtt
cagatggatc

atcatatgat

Ile
10

Gly
Ser Gly
Gly Ser
Ala

Leu

Ala
75

Gly

Gly
90

Trp

-45-

tgctgagagg
caggtcagag
agcaaaactc
tatagaaget
tgaattgcat
ctgggaagaa
tcttgcaaaa
gctgatcaag
tgttgettgy
aagagtatce
acagggtctt
ttttecattac
ctttttatge
cctctagaag

g

Met Val

Arg Glu

30

Phe Gly

45

Cys Glu

60

Arg Ile

Ser Asp

Ala

Ile

Pro

Lys

Gly

Asp

actgecaaaaa
gaactccagg
gaagtagcaa
cgaacaaaac
gatacatccce
tcacgatctt
gaaattagag
aaatggtatt
atggataacc
caatcectct
tccatgttac
atatggctygg
cattatgatc

agctcaactt

Trp Thr

15

Ile Val

Arg Glu

Lys Leu

Ile Ala

80

Gly Ser

9%

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460

2501



Pro

Axg

Glu

Gly

145

Arg

Val

Arg

Leu

Lys

225

Leu

Tyr

Arg

Ile

Asp

305

Val

Glu

Ile

Ile

130

Val

Ala

Gly

Leu.

Leu

210

Ile

Glu

Ile

Pro

Arg

290

Lys

Thr

Arg

Gly

115

Arg

Glu

Tyr

Ile

Asp

195

Gly

Met

Gly

Gly

Val

275

Gly

Asp

Gly

Gly

100

Thr

Trp

Asn

Lys

Gly

180

Gln

Arg

Ala

Val

Gly

260

Ala

vVal

Ser

Arg

Phe

Ser

Val

Ile

Glu

165

Ala

Pro

Glu

Thr

Ser

245

Pro

Tyr

Asp

Phe

Ala

Gln

Val

Ile

His
150

Thr

Tyr

Ile

Val

Asn
230

Asn

Leu

Ile

Asp

Val

310

Lys

Tyr

Ile

Asp

135

Gly

Phe

Leu

Ile

Tyx

215

Gly

Ile

Pro

Pro

Ser

295

Glu

Leu

Ile

Ala

120

Ser

Ser

Thr

Ala

Leu

200

Ser

Val

Leu

Val

Glu

280

Gln

Thr

Gly

25124

Tyr

105

His

Val

Ala

Leu

Arg

185

Thr

Ser

Vval

Arg

Thr

265

Asn

Gly

Phe

Gly

Leu

Lys

Val

Ala

Thr

170

Leu

Gly

His

His

Trp

250

Thr

Ser

Lys

Glu

Ile

-46-

Ser

Met

Gly

I;e
155

Phe

Gly

Tyr

Met

Leu

235

Leu

Pro

Cys

Trp

Gly

315

Pro

Glu
Gln
Lys
140
Ala
Val
Ile
Ser
Gln
220
Thx
Ser
Leu
Asp
Leu
300

Trp

Val

Glu

Leu

125

Glu

Serx

Thr

Arg

Ala

205

Leu

Val

Tyr

Asp

Pro

285

Gly

Ala

Gly

Asp
110

Asp

Asp

Ala

Gly

Cys

190

Leu

Gly

Ser

Val

Pro

270

Arg

Gly

Lys

Val

Tyr

Ser

Gly

Tyr

Arg
175

Ile

Asn

Gly

Asp

Pro

255

Pro

Ala

Met

Thr

Ile

Ala

Gly

Leu

Ser

160

Tht

Gln

Lys

Pro

Asp

240

Ala

Asp

Ala

Phe

Val

320

Ala



Val

Leu

Pro

Glu

385

Gly

Val

Met

Ile

Asn

465

Glu

Lys

Ser

Tyr

Arg
545

Glu

Asp

Asp

370

Gly

Gln

Glu

Ala

Asn

450

Val

Leu

Ala

Leu

Thr

530

Met

Thr

Ser

355

Ser

Leu

Arg

Asn

Ala

435

Pro

Leu

Gln

Lys

Gln

515

Gln

Ala

Gln

340

Arg

Ala

Pro

Asp

Leu

420

Glu

Asp

Glu

Asp

Leu

500

Glu

Ile

Ala

325

Thr

Glu

Thr

Leu

Leu

405

Arg

Leu

Ar g

Pro

Cys

485

Glu

Asn

Ala

Lys

Met

Gln

Lys

Phe

390

Phe

Thr

Arg

Ile

Gln

470

Met

Val

Ile

Ile

Gly
550

Met

Ser

Thr

375

Ile

Glu

Tyr

Gly

Glu

455

Gly

Ser

Ala

Glu

Arg

535

Val

Gln

Val

360

Ala

Leu

Gly

Asn

Gly

440

Cys

Leu

Arg

Asn

Ala

520

Phe

Ile

25124

Thr

345

Pro

Gln

Ala

Ile

Gln

425

Ala

Tyr

Ile

Leu

Lys

505

Arg

Ala

Lys

330

Ile

Arg

Ala

Asn

Leu

410

Pro

Trp

Ala

Glu

Asp

490

Asn

Thr

Glu

Lys

-47-

Pro

Ala

Leu

Trp

395

Gln

Ala

Val

Glu

Ile

475

Pro

Gly

Lys

Leu

Val
555

Ala

Gly

Leu

380

Arg

Ala

Phe

val

Arg

460

Lys

Thr

Ser

Gln

His

540

Val

Asp

Gln

365

Asp

Gly

Gly

Val

Val

445

Thr

Phe

Leu

Ala

Leu

525

Asp

Asp

Pro

350

Val

Phe

Phe

Ser

Tyx

430

Asp

Ala

Arg

Ile

Asp

510

Met

Thr

Trp

335

Gly

Trp

Asn

Ser

Thr

415

Ile

Ser

Lys

Ser

Asp

495

Thr

Pro

Ser

Glu

Gln

Phe

Arg

Gly

400

Ile

Pro

Lys

Gly

Glu

480

Leu

Lys

Leu

Leu

Glu
560



Ser Arg

Val Leu

Gln Pro

Ala Glu
610

Glu Asn

625

Gln Ser

Pro Gln

Leu Ile

<210> 6

Ser

Ala

Ala

595

Trp

Tyr

Leu

Gly

<211> 674
<212> PRT
<213> Oryza

<400> 6
Met Asp
1

Leu Lys

Val Ala

Asp Ala
50

Pro Leu
65

Asp Glu

Arg

Met

Asn

35

Phe

Ile

Val

Phe

Lys

580

Ile

Asp

Lys

Ser

Leu

660

Phe

565

Glu

Glu

Asp

Asp

Ser

645

Ser

sativa

Pro

Ser

20

Asp

Phe

Tyr

Lys

Ala

5

Thr

Ile

Glu

Leu

Ser

Tyr

Ile

Leu

Asp

Tyr

630

Leu

Met

Gly

Pro

Thr

Ala

Ala

70

Cys

Lys

Arg

Ile

Asp

615

Ile

Ser

Leu

Leun

Glu

Phe

Val

55

Ala

Phe

25124

Arg

Ala

Lys

600

Ala

Gln

Asp

Leu

Asn

Phe

Arg

40

Thr

Asn

Arg

Leu

Val

585

Lys

Phe

Tyr

Ser

Asp
665

Asp

Pro

25

Ala

Asn

Ser

vVal

-48-

Arg
570

Ala

Trp

Val

Leu

Ser

650

Lys

Ile

10

Ser

Gly

Leu

Gly

Gly

Arg

Gly

Tyr

Ala

Lys
635

Ser

Val

Gly

Gly

Ser

Ala

Ala

75

Trp

Arg

Glu

Ser

Trp

620

Ala

Asp

Ile

Met

Arg

Phe

Cys

60

Arg

Ser

Ile

Gln

Ala

605

Met

Gln

Leu

Ser

Val

Glu

Gly

Glu

Ile

Asp

Ser

Phe

590

Serxr

Asp

Arg

Gln

Leu
670

Ala

Ile

30

Pro

Lys

Gly

Asp

Glu

575

Ser

His

Asn

Val

Ala
655

Leu

Trp

15

Ile

Arg

Lys

Ile

Gly

Asp
His
Ala
Pro
Ser
640

Leu

Met

Thr
val
Glu
Leu
Ala
80

Ser



Pro

Arg

Glu

Gly

145

Arg

Val

Arg

Leu

Lys
225

Leu

Tyr

Arg

Ile

Asp
305

Glu

Ile

Ile

130

Val

Ala

Gly

Leu

Leu

210

Ile

Glu

Ile

Pro

Arg

290

Lys

Arg

Gly
115

Arg

Glu

Tyr

Ile

Asp

195

Gly

Met

Gly

Gly

Val

275

Gly

Asp

Gly

100

Thr

Trp

Asn

Lys

Gly

180

Gln

Arg

Ala

Val

Gly
260

Ala

Val

Ser

85

Phe

Ser

Val

Ile

Glu

165

Ala

Pro

Glu

Thr

Ser

245

Pro

Tyr

Asp

Phe

Gln

Val

Ile

His

150

Thr

Tyt

Ile

Val

Asn

230

Asn

Leu

Ile

Asp

Val

310

Tyxr
Ile
Asp
135
Gly
Phe
Leu
Ile
Tyr
215
Gly
Ile
Pro
Pro
Ser
295

Glu

25124

Ile

Ala

120

Ser

Ser

Thr

Ala

Leu

200

Ser

Val

Leu

Val

Glu

280

Gln

Thr

Tyr

105

His

Val

Ala

Leu

Arg

185

Thr

Ser

Val

Arg

Thr

265

Asn

Gly

Phe

-49-

90

Leu

Lys

Val

Ala

Thr

170

Leu

Gly

His

His

Trp

250

Thr

Ser

Lys

Glu

Ser

Met

Gly

Ile

155

Phe

Gly

Tyr

Met

Leu

235

Leu

Pro

Cys

Trp

Gly
315

Glu

Gln

Lys

140

Ala

Val

Ile

Ser

Gln

220

Thr

Ser

Leu

Asp

Leu

300

Trp

Glu

Leu

125

Glu

Ser

Thr

Arg

Ala

205

Leu

Val

Tyxr

Asp

Pro

285

Gly

Ala

Asp

110

Asp

Asp

Ala

Gly

Cys

190

Leu

Gly

Ser

Val

Pro

270

Arg

Gly

Lys

95

Tyr

Ser

Gly

Tyxr

Arg

175

Ile

Asn

Gly

Asp

Pr._o.

255

Pro

Ala

Met

Thr

Ala

Gly

Leu

Ser

160

Thr

Gln

Lys

Pro

Asp

240

Ala

Asp

Ala

Phe

Val
320



Val

Val

Leu

Pro

Glu

385

Gly

Val

Met

Ile

Asn

465

Glu

Lys

Ser

Tyr

Arg
545

Thr

Glu

Asp

Asp
370

Gly

Gln

Glu

Ala

Asn

450

Val

Leu

Ala

Leu

Thr

530

Met

Gly

Thr

Ser

355

Ser

Leu

Arg

Asn

Ala

435

Pro

Leu

Gln

Lys

Gln

515

Gln

Ala

Arg

Gln

340

Arg

Ala

Pro

Asp

Leu

420

Glu

Asp

Glu

Asp

Leu

500

Glu

Ile

Ala

Ala

325

Thr

Glu

Thr

Leu

Leu
405

Arg

Leu

Arg

Pro

Cys

485

Glu

Asn

Ala

Lys:

Lys

Met

Gln

Lys

Phe

390

Phe

Thr

Arg

Ile

Gln

470

Met

Val

Ile

Ile

Gly
550

Leu

Met

Ser

Thr

375

Ile

Glu

Tyr

Gly

Glu

455

Gly

Ser

Ala

Glu

Arg
535

Val

25124

Gly

Gln

Val

360

Ala

Leu

Gly

Asn

Gly

440

Cys.

Leu

Arg

Asn

Ala

520

Phe

Ile

Gly

Thr

345

Pro

Gln

Ala

Ile

Gln

425

Ala

Tyr

Ile

Leu

Lys

505

Arg

Ala

Lys

-50-

Ile

330

Ile

Arg

Ala

Asn

Leu

410

Pro

Trp

Ala

Glu

Asp

490

Asn

Thr

Glu

Lys

Pro

Pro

Ala

Leu

Trp

395

Gln

Ala

val

Glu

Ile

475

Pro

Gly

Lys

Leu

Val
555

Val

Ala

Gly

Leu

380

Arg

Ala

Phe

Val

Arg

460

Lys

Thr

Ser

Gln

His

540

Val

Gly

Asp

Gln

365

Asp

Gly

Gly

Val

Val

445

Thr

Phe

Leu

Ala

Leu

525

Asp

Asp

Val

Pro

350

Val.

Phe

Phe.

Ser

Tyr

430

Asp

Ala

Arg

Ile

Asp

510

Met

Thr

Trp

Ile

335

Gly

Trp

Asn

Ser

Thr

415

Ile

Ser

Lys

Ser

Asp

495

Thr

Pro

Ser

Glu

Ala

Gln

Phe

Arg

Gly

400

Ile

Pro

Lys

Gly

Glu

480

Leu

Lys

Leu

Leu

Glu
560



Ser Arg

Val Leu

Gln Pro

Ala Glu

610

Glu Asn

625

Gln Ser

Pro Gln

Leu Ile

<210> 7

Ser

Ala

Ala

595

Trp

Tyr

Leu

Gly

<211> 674
<212> PRT
<213> Oryza

<400> 7
Met Asp
1

Leu Lys

val Ala

Asp Ala
50

Pro Leu
65

Arg

Met

Asn

35

Phe

Ile

Phe

Lys

580

Ile

Asp

Lys

Ser

Leu
660

Phe

565

Glu

Glu

Asp

Asp

Ser

645

Ser

sativa

Pro

Ser

20

Asp

Phe

Tyr

Ala

5

Thr

Ile

Glu

Leu

Tyr

Ile

Leu

Asp.

Tyx
630

Leu

Met

Gly

Pro

Thr

Ala

Ala
70

Lys

Arxg

Ile

Asp

615

Ile

Ser

Leu

Leu

Glu

Phe

Val

55

Ala

25124

Arg

Ala

Lys

600

Ala

Gln

Asp

Leu

Asn

Phe

Arg

Thr

Asn

Leu
Val
585
Lys
Phe
Tyr

Ser

Asp
665

Asp
Pro
25

Ala

Asn

Ser

-51-

Arg

570

Ala

Trp

Val

Leu

Ser
650

Lys

Ile

10

Ser

Gly

Leu

Gly

Arg

Gly

Tyr

Ala

Lys

635

Ser

Val

Gly

Gly

Ser

Ala

Ala
75

Arg

Glu

Ser

Trp

620

Ala

Asp

Ile

Met

Arg

Phe

Cys

60

Arg

Ile

Gln

Ala

605

Met

Gln

Leu

Ser

Val

Glu

Gly

45

Glu

Ile

Ser

Phe

590

Ser

Asp

Arg

Gln

Leu
670

Ala

Ile

30

Pro

Lys

Gly

Glu

575

Ser

His

Asn

Val

Ala

655

Leu

Trp

15

Ile

Arg

Lys

Ile

Asp

His

Ala

Pro

Ser

640

Leu

Met

Thr

Val

Glu

Leu

Ala
80



Asp

Pro

Arg

Glu

Gly

145

Arg

Val

Arg

Leu

Lys

225

Leu

Tyr

Arg

Ile

Asp
305

Glu

Glu

Ile

Ile

130

Val

Ala

Gly

Leu

Leu

210

Ile

Glu

Ile

Pro

Arg

290

Lys

Val

Arg

Gly
115

Arg

Glu

Tyr

Ile

Asp

195

Gly

Met

Gly

Gly

Val

275

Gly

Asp

Lys

Gly

100

Thr

Trp

Asn

Lys

Gly

180

Gln

Arg

Ala

Val

Gly

260

Ala

Val

Ser

Ser

85

Phe

Ser

Val

Ile

Glu

165

Ala

Pro

Glu

Thr

Ser

245

Pro

Tyr

Asp

Phe

Cys

Gln

Val

Ile

His

150

Thr

Tyr

Tle

Val

Asn

230

Asn

Leu

Ile

Asp

Val
310

Phe

Tyr

Ile

Asp.

135

Gly

Phe

Leu

Ile

Tyxr

215

Gly

Ile

Pro

Pro

Ser

295

Glu

25124

Arg

Ile

Ala

120

Ser

Ser

Thr

Ala

Leu

200

Ser

Val

Leu

Val

Glu

280

Gln

Thr

Val
Tyr
105
His
Val
Ala
Leu
Arg
185
Thr
Ser
Val
Arg
Thr
265
Asn

Gly

Phe

-52-

Gly

Leu

Lys

Val

Ala

Thr

170

Leu

Gly

‘His

His

Trp

250

Thr

Ser

Lys

Glu

Trp

Ser

Met

Gly

Ile

155

Phe

Gly

Tyr

Met

Leu

235

Leu

Pro

Cys

Trp

Gly
315

Ser

Glu

Gln

Lys

140

Ala

Val

Ile

Ser

Gln

220

Thr

Ser

Leu

Asp

Leu
300

Trp

Asp

Glu

Leu

125

Glu

Ser

Thr

Arg

Ala

205

Leu

Val

Tyr

Asp

Pro

285

Gly

Ala

Asp

Asp
110

Asp

Asp

Ala

Gly

Cys

190

Leu

Gly

Ser

Val

Pro

270

Arg

Gly

Lys

Gly
95

Tyr

Ser

Gly

Tyr

Arg
175
Ile

Asn

Gly

Asp

Pro

255

Pro

Ala

Met

Thr

Ser

Ala

Gly

Leu

Ser

160

Thr

Gln

Lys

Pro

Asp

240

Ala

Asp

Ala

Phe

Val

320



Val

Val

Leu

Pro

Glu

385

Gly

Val

Met

Ile

Asn

465

Glu

Lys

Ser

Tyr

Arg
545

Thr

Glu

Asp

Asp

370

Gly

Gln

Glu

Ala

Asn

450

Val

Leu

Ala

Leu

Thr

530

Met

Gly

Thr

Ser

355

Ser

Leu

Axg

Asn

Ala

435

Pro

Leu

Gln

Lys

Gln

515

Gln

Ala

Arg

Gln

340

Arg

Ala

Pro

Asp

Leu
420

Glu

Asp

Glu

Asp

Leu

500

Glu

Ile

Ala

Ala

325

Thr

Glu

Thr

Leu

Leu

405

Arg

Leu

Arg

Pro

Cys

485

Glu

Asn

Ala

Lys

Lys

Met

‘Gln

Lys

Phe

390

Phe

Thr

Arg

Ile

Gln

470

Met

Val

Ile

Ile

Gly
550

Leu

Met

Ser

Thr

375

Ile

Glu

Tyr

Gly

Glu

455

Gly

Ser

Ala

Glu

Arg

535

Val

25124

Gly

Gln

Val

360

Ala

Leu

Gly

Asn

Gly

440

Cys

Leu

Arg

Asn

Ala

520

Phe

Ile

Gly

Thr

345

Pro

Gln

Ala

Ile

Gln

425

Ala

Tyr

Ile

Leu

Lys

505

Arg

Ala

Lys

-53-

Ile

330

Ile

Arg

Ala

Asn

Leu

410

Pro

Trp

Ala

Glu

Asp

490

Asn

Thr

Glu

Lys

Pro

Pro

Ala

Leu

Trp

395

Gln

Ala

val

Glu

Ile

475

Pro

Gly

Lys

Leu

Val
555

Val

Ala

Gly

Leu

380

Arg

Ala

Phe

Val

Arg

460

Lys

Thr

Ser

Gln

His

540

Val

Gly

Asp

Gln

365

Asp

Gly

Gly

Val

Val

445

Thr

Phe

Leu

Ala

Leu

525

Asp

Asp

Val

Pro

350

Val

Phe

Phe

Ser

Tyr
430

Asp

Ala

Arg

Ile

Asp

510

Met

Thr

Trp

Ile

335

Gly

Trp

Asn

Ser

Thr

415

Ile

Ser

Lys

Ser

Asp
495

Thr

Pro

Ser

Glu

Ala

Gln

Phe

Arg

Gly

400

Ile

Pro

Lys

Ser

Glu

480

Leu

Lys

Leu

Leu

Glu
560



Ser

Val

Gln

Ala

Glu

625

Gln

Pro

Leu

Arg

Leu

Pro

Glu

610

Asn

Ser

Gln

Ile

Ser

Ala

Ala

595

Trp

Tyr

Leu

Gly

Phe

Lys

580

Ile

Asp

Lys

Ser

Leu
660

Phe

565

Glu

Glu

Asp

Asp

Ser

645

Ser

Tyr

Ile

Leu

Asp

Tyr

630

Leu

Met

Lys

Arg

Ile

Asp

615

Ile

Ser

Leu

25124

Arg

Ala

Lys

600

Ala

Gln

Asp

Leu

Leu

Val

585

Lys

Phe

Tyr

Ser

Asp
665

Arg
570

Ala

Trp

Val

Leu

Sexr

650

Lys

Arg

Gly

Tyr

Ala

Lys

635

Ser

Val

Arg

Glu

Ser

Trp

620

Ala

Asp

Ile

Ile

Gln

Ala

605

Met

Gln

Leu

Ser

Ser

Phe
590

Ser

Asp

Arg

Gln

Leu
670

Glu

575

Ser

His

Asn

Val

Ala
655

Leu

Asp

His

Ala

Pro

Ser

640

Len

Met





