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(57) Séang ché dé xuét phuong phap phong trur thyc vat khong mong mudn tai vi tri canh
tac cdy, phuong phap nay bao gdm cac budc cung cip, tai vi tri ndy, cdy ma chua it nhat
mot axit nucleic chira trinh ty nucleotit ma héa cho protoporphyrinogen oxidaza (PPO)
kiéu dai hoac dot bién ma khang hoic chiu dugc thude diét co chira din xuit benzoxazinon
bang cach cip cho vi tri ndy luong hitu hiéu cta thude diét co ndy. Sang ché con dé cap
dén cay chira enzym PPO kiéu dai hodc dot bién, va phuong phép tao ra ciy nay.
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Linh vwe ky thuét dwgce dé cip

Noi chung, sang ché dé cap dén phuong phap mang lai cho cdy tinh dung chiu &
cép dd nong nghiép dbi vai thude diét co. Cu thé, sang ché dé xuét cdy co tinh dung
chiu tang d6i véi thude diét co chia “dén xuét benzoxazinon”. Cu thé hon, sing ché dé
cap dén phuong phép va ciy thu dugc bang cach gay dot bién va lai chéo va bién nap

ma c6 tinh dung chiu ting d6i véi thudc diét cé chira “dan xuat benzoxazinon”.
Tinh trang k¥ thuit cia sang che

Céc thubc diét co ma we ché protoporphyrinogen oxidaza (sau ddy dugc goi 1a
Protox hoic PPO; EC:1.3.3.4), 12 enzym chii chét trong qué trinh sinh tong hop proto-
porphyrin IX, duoc sit dung dé kiém soat cé dai chon loc tir nhitng nim 1960. PPO
xtc tac cho bude phd bién chung cubi cling trong qua trinh sinh tdng hop chit diép luc
va hem, la su oxy hoéa protoporphyrinogen IX thanh protoporphyrin IX. (Matringe et
al. 1989. Biochem. 1. 260: 231). Cac thudc diét cé rc ché PPO bao gdm nhiéu 16p
phan tir ¢6 cdu triic khac nhau (Duke et al. 1991. Weed Sci. 39: 465; Nandihalli et al.
1992. Pesticide Biochem. Physiol. 43: 193; Matringe et al. 1989. FEBS Lett. 245: 35;
Yanase and Andoh. 1989. Pesticide Biochem. Physiol. 35: 70). Céc hop chét diét co
nay bao gébm diphenylete {vi du lactofen, (+-)-2-etoxy-1-metyl-2-oxoetyl 5-{2-clo-4-
(triflometyl)phenoxy}-2-nitrobenzoat; axiflofen, axit 5-{2-clo-4-
(triflometyl)phenoxy}-2-nitrobenzoic; metyl este cia nd; hodc oxyflofen, 2-clo-1-(3-
etoxy-4-nitrophenoxy)-4-(triflobenzen)}, oxidiazol, (vi du oxidiazon, 3-{2,4-diclo-5-
(1-metyletoxy)phenyl}-5-(1,1-dimetyletyl)-1,3,4-oxadiazol-2-(3H)-on), imit vong (vi
du S-23142, N-(4-clo-2-flo-5-propargyloxyphenyl)-3,4,5,6-tetrahydrophtalimit; cloro-
phtalim, N-(4-clophenyl)-3,4,5,6-tetrahydrophtalimit), phenyl pyrazol (vi du TNPP-
etyl, etyl 2-{1-(2,3,4-triclophenyl)-4-nitropyrazolyl-5-oxy}propionat; M&B 39279),
din xuét pyridin (vi du LS 82-556), va phenopylat va thé twong tu O-
phenylpyrolidino- va piperidinocacbamat cia né. Nhiéu hop chét trong sb cac hop chat
nay trc ché theo cach canh tranh phan tng thong thuong duoc xtic tac béi enzym, rd

rang 12 hoat dong duéi dang thé twong tu co chét.

Viéc str dung cac thudc diét co (e ché PPO gy ra sy tich lily protoporphyrinogen
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IX trong luc lap va ty thé, ma dugc cho 13 10 ri vao phin bio tan, noi ma né duge oxy
hoéa bai peroxidaza. Khi duge phoi nhiém véi 4nh sang, protoporphyrin IX giy ra su
tao thanh ctia oxy don trong phan bao tan va sy tao thanh cia cac gbc oxy c6 tinh phan
tng khéc, ma co thé gay ra su peroxy héa lipit va pha v& mang, lam chét té bao nhanh

chong (Lee et al. 1993. Plant Physiol. 102: 881).

Khéng phai tit ca cic enzym PPO d8u mAn cam véi cac thube diét co ma e ché
c4c enzym PPO thuc vat. Cac enzym PPO cua ca Escherichia coli va Bacillus subtilis
(Sasarmen et al. 1993. Can. J. Microbiol. 39: 1155; Dailey et al. 1994. J. Biol. Chem.
269: 813) ddu c6 tinh khang ddi véi cac chét trc ché diét co nay. Cac thé dot bién cia
tao don bao Chlamydomonas reinhardtii ma cé tinh khang d6i v6i thube diét co chira
phenylimit S-23142 d& dugc bao cdo (Kataoka et al. 1990. J. Pesticide Sci. 15: 449;
Shibata et al. 1992. In Research in Photosynthesis, Vol. III, N. Murata, ed.
Kluwer:Netherlands. pp. 567-70). it nh4t mot trong sb cac thé dot bién nady c¢6 vé nhu
¢6 hoat tinh PPO dugc lim thay di ma c6 tinh khéng khong chi chat tc ché diét co
ma thé dot bién nay duoc chon loc trén d6, ma con khang céc 16p chit e ché protox
khac (Oshio et al. 1993. Z. Naturforsch. 48c: 339; Sato et al. 1994. In ACS Symposi-
um on Porphyric Pesticides, S. Duke, ed. ACS Press: Washington, D.C.). Dong té bao
thuéc 14 @6t bibn ciing d3 duoc bo cdo 1a ¢6 tinh khang d6i vé6i chat e ché S-21432
(Che et al. 1993. Z. Naturforsch. 48c: 350). Cac thé dot bién E. coli dinh dudng thu
dong dugc st dung dé x4c nhén tinh khang thudc diét co cta cac PPO thyue vat da duge

tach dong.

C6 ba chién luoc chinh dé tao ra cdy ma dung chiu d&i véi thude diét co, tuc 1a
(1) giai doc thudc diét co bang enzym ma chuyén héa thudc diét co6 nay, hodc chét
chuyén héa hoat tinh cia nd, thanh cac san phém khong doc, nhu, vi dy, cac enzym dé
dung chiu d6i véi bromoxynil hozic dbi véi basta (EP242236, EP337899); (2) gay dot
bién enzym dich thanh enzym chtic ning ma it mAin cam hon véi thube diét co, hoic
v6i chét chuyén héa hoat tinh clia nd, nhu, vi dy, cidc enzym dé dung chiu dbi voi
glyphosat (EP293356, Padgette S. R. et al., J.Biol. Chem., 266, 33, 1991); hodc (3)
bidu hién qui mic enzym man cam sao cho tao ra lugng enzym dich ¢ cdy ma da so
v6i thude diét co, xét vé cac hé s6 dong luc clia enzym nay, sao cho ¢ san di enzym
chirc nang bét che‘ip su ¢c6 mét cua chét trc ché ctia né. Chién luoc thir ba duge md ta dé

thu nhén thanh cong cay c6 tinh dung chiu dbi v6i cac chit trc ché PPO (xem vi du
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US5,767,373 hodc US5,939,602, va cac don thude ho patent cua ching). Ngoai ra, US
2010/0100988 va WO 2007/024739 bdc 16 trinh tur nucleotit ma héa cho trinh tu axit
amin c6 hoat tinh enzym sao cho trinh ty axit amin nay c6 tinh khang d6i véi cac hoa
chit diét co e ché PPO, dic biét 1a cac thé dot bién PPO dic hi¢u chét e ché 3-

phenyluraxil.

Dén nay, tinh trang k¥ thut cia linh vuc ndy chua mé ta cdy dung chiu thude
diét co chira din xult benzoxazinon ma chira it nhét mot axit nucleic PPO kiéu dai
hodic dugc gy dot bién. Tinh trang k§ thuit ctia linh vyc ndy cling chua m6 ta cdy thoi
vu dung chiu thubc diét c6 chira din xuét benzoxazinon ma chira cac dot bién trén cac
hé gen ma khong phai 13 hé gen ma gen PPO ¢o ngudn gdc tir d6. Do d6, viéc can thiét
trong linh vyc nay 13 viéc nhan dién cdc gen dung chiu thubc diét co chita din xuét
benzoxazinon tir cac lodi va hé gen bd sung. Ciing can thiét trong linh vuc ndy 1a cay
thoi vu va cay thoi vu ¢6 tinh dung chiu ting dbi véi thude diét co nhu thude diét co
chira din xudt benzoxazinon va chita it nhit mét axit nucleic PPO kiéu dai va/hodc
duoc gy dot bién. Ciing can thiét 1a phuong phap kiém so4t su sinh truéng ctia cé dai
trong ving 1an c4n cua ciy thoi vu hodc cdy thoi vu nay. Céc thanh phin va phuong
phap nay s& cho phép str dung k¥ thudt phun trong s6 cac k§ thuat khi clp thube diét

cd cho céc vung chitcdy thoi vu hodc cay thoi vu.
Ban chét ky thuit clia sing ché

Vén d& nay dugc giai quyét bdi séng ché, @& cap dén phuong phép phong trir
thuc vat khong mong mudn tai vi tri canh tic cdy, phuong phap nay bao gdm cac

budc:
a) cung cap, tai vi tri ndy, cdy ma chira it nhat mgt axit nucleic chira

trinh tu nucleotit ma héa cho protoporphyrinogen oxidaza kiéu dai (PPO) hoidc
protoporphyrinogen oxidaza dd dugc giy dot bién (mut-PPO) ma khang hoic

dung chiu d6i véi thuoc diét ¢ chira dan xuat benzoxazinon,
b)  cap cho vi tri nay lugng hitu hiéu ctia thudc di€t c6 nay.

Ngoai ra, séng ché dé xuat phuong phap nhén dién thubc diét co chira din xuét
benzoxazinon bang cach str dung PPO kiéu dai hodc mut-PPO dugc ma hoa boi axit

nucleic ma chira trinh tu nucleotit thudc SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
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21,23, 25, 27,29, 31, 33, 35, 37, 39, 41, 43, hodc 45, hoic bién thé ciia .
Phuong phép nay bao gdm cac budc:

a) tao ra cdy hodc t& bao chuyén gen chira axit nucleic ma héa cho mut-PPO, trong

d6 mut-PPO dugc biéu hién;

b) cép thube diét co chira dan xudt benzoxazinon cho céy hodc t€ bao chuyén gen

néu trong a) va cho cay hodc té bao ddi ching thudc cting mot gibng;

¢) xéc dinh su sinh truéng hodc kha ning song sét clia cdy hodc t€ bao chuyén gen

va cdy hodc té bao ddi ching sau khi cép hop chét thir nghiém nay, va

d) chon loc hop chét thir nghiém ma mang lai sy sinh truéng giam cho céy hoac té

bao d6i chitng so véi sy sinh trudng ctia cdy hodc t€ bao chuyén gen.

Muc dich khac 1a dé xuét phuong phép nhén dién trinh tw nucleotit mé héa cho
mut-PPO ma khang hoac dung chiu dbi véi thube diét c6 chira dan xut benzoxazinon,

phuong phap nay bao gdm céc budc:
a) tao ra thu vién cla céc axit nucleic ma héa cho mut-PPO,

b) sang loc tip hop céc axit nucleic md héa cho mut-PPO tao thanh bang cach biéu
hién mdi trong s6 céc axit nucleic ndy & té bao hodc cdy va xir Iy t& bao hoic cay

nay bang thudc diét cd chira dan xuat benzoxazinon,

¢) so sanh mitc d§ dung chiu thuoc diét ¢ chira dan xuat benzoxazinon duoc tao ra
boi tap hop cac axit nucleic mi héa cho PPO nay véi mirc d6 dung chiu thuoc diét
¢d chira din xuét benzoxazinon dugc tao ra boi axit nucleic mé héa cho PPO dodi

ching,

d) chon loc it nhét mot axit nucleic md héa cho mut-PPO ma tao ra mic d§ dung
chiu dbi véi thube diét co chira dAn xuét benzoxazinon ting déng ké so v&i mire
d6 chiu duogc tao ra bsi axit nucleic mé héa cho PPO dbi ching
Theo phuong 4n dugc uu tién, axit nucleic ma hoa cho mut-PPO dugc chon loc

trong bude d) tao ra tinh dung chiu d6i v&i thude diét c6 chira dn xuit benzoxazinon

nhidu dén mtc 12 it nhét 2 14n so véi tinh chiu duoc tao ra bdi axit nucleic mé héa cho

PPO dbi chimg

Tinh khing hoZc tinh dung chiu c6 thé duoc xac dinh bing cach tao ra cay
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chuyén gen chtra trinh ty axit nucleic thudc thu vién trong budc a) va so sanh cay

chuyén gen ndy véi cay d6i chimg.

Muc dich khac 1a d& xuit phuong phép nhén dién cdy hodc tao chita axit nucleic
m3 hoéa cho mut-PPO ma khéng hodc dung chiu dbi véi thudc diét cd chira dan xuit
benzoxazinon, phuong phép nay bao gdm cac budc:

a) nhén dién lugng hitu hi€u cua thudc diét co chira din xudt benzoxazinon trong
gidng cdy cia té bao cay hodc tio xanh.

b) xu Iy t bao ciy hogc tdo xanh nay béng tac nhan gy dot bién,

¢) cho quin thé té bao da duoc gy dot bién tiép xtic véi lugng hiru hiéu cua thude
diét co chira din Xuat benzoxazinon, dugc nhan dién trong a),

d) chon loc it nhét mot té bao séng sOt trong cac diéu kién thir nghiém nay,

e) khuéch dai béng PCR va x4c dinh trinh tu cta cac gen PPO tur cac té bao duoc
chon loc trong d) va so sanh céc trinh tu nay véi cic trinh tu gen PPO kiéu dai,
mot cach tuong Ung.

Theo phuong 4n dugc uu tién, tic nhan gly dot bién 13 etylmetansulfonat.

Muc dich khac 1a d& xuét axit nucleic da duoc phan 14p ma hoa cho mut-PPO, ax-
it nucleic nay 14 ¢6 thé nhan dién duge bang phwong phap néu trén.

Theo phuong an khac, sang ché dé xuit t& bao cay duoc bién nap béi axit nucleic
PPO kiéu dai hodc mut-PPO hoic cdy duogc gy dot bién dé thu nhan cay ma biéu hién,
t5t hon 1a biéu hién qué muc axit nucleic PPO kiéu dai hodc mut-PPO, trong d6 su
biéu hién ctia axit nucleic ndy & té bao cdy tao ra tinh khang hodc dung chiu ting dbi

véi thude diét co chita din xuat benzoxazinon so véi giong ki€u dai clia t€ bao cdy.

Theo phuong an khéc, sang ché dé xuat cdy chira t& bao cdy theo sang ché, trong
d6 su biéu hién cta axit nucleic ndy & cdy tao ra tinh khang téng ctia cdy doi voi thude

diét co chira dan xuat benzoxazinon so v&i giong kiéu dai cua cdy.
Cay theo sang ché ¢4 thé 1a chuyén gen hozc khong chuyén gen.

T4t hon 13, su biéu hién cia axit nucleic ndy & cdy tao ra tinh khang tang cua cay

dbi voi thude diét co chira dan xuat benzoxazinon so voi giong kicu dai cua cdy.

Theo phuong an khac, sang ché dé xuét hat gidng duoc tao ra boi cdy chuyén gen
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chita té bao cdy theo sang ché, trong d6 hat gibng nay 13 thuin ching vé tinh khéng
tang ddi vé6i thude diét co chira dan xuét benzoxazinon so voi giéng kiéu dai cta hat
gibng.

Theo phuong 4n khéc, sang ché dé xuét phuong phép tao ra té bao cdy chuyén
gen v&i tinh khang tang d6i véi thube diét co chira din xudt benzoxazinon so véi gibng
kiéu dai ctia t& bao cdy, bao gdm budc bién nap té bao cay véi két cau biéu hién chra

axit nucleic PPO kiéu dai hodc mut-PPO.

Theo phuong én khéc, sang ché dé xuit phuong phép tao ra cay chuyén gen bao
gdm céc budc, (a) bién nap t& bao cdy véi két cdu biéu hién chira axit nucleic PPO
kiéu dai hodc mut-PPO, va (b) tao ra cdy vdi tinh khang ting dbi vé&i thude diét co

chira dan xuat benzoxazinon tir t€ bao cay nay.

Tét hon 13, két cAu bidu hién con chira thém ving diéu tiét sy khéi dong phién
mi va vung diéu tiét sy khoi dong dich ma ma c6 chirc nang & cay.

Theo phuong an khac, sang ché @ xut viéc str dung mut-PPO theo sang ché 1am
yéu t& danh diu c6 thé chon loc. Sang ché dé xuét phuong phép nhan dién hodc chon
loc t& bao cdy, md cdy, cdy da dugc bién nap hozc phan ctia ching bao gbm cac budc
a) cung cip té bao cdy, mo cdy, ciy da dugc bién nap hodc phan ctia ching, trong d6 té
bao cdy, md cdy, cdy dd dugc bién nap hodc phﬁn cta ching nay chira axit nucleic da
duoc phan 14p ma héa cho polypeptit mut-PPO theo sang ché nhu duge mo ta sau day,
trong do polypeptit nay dugc sir dung lam yéu t6 danh déu chon loc, va trong d6 té bao
cdy, mo cdy, cdy da duoc bién nap hodc phan ctia ching nay c6 thé tiy y chira axit
nucleic d3 duoc phén 18p dang quan tdm khéc nita; b) cho té bao cdy, md cdy, cdy da
duoc bién nap hodc phan ciia ching tiép xtic véi it nh4t mot hop chét e ché din xuit
benzoxazinon; ¢) xac dinh xem li€u té bao cdy, mé cdy, cdy hodc phén cua chung co6 bi
tac dong bdi tac nhéan tc ché hodc hop chét rc ché hay khong; va d) nhén dién hodc

chon loc té bao cy, md cdy, cdy d3 dugc bién nap hodc phan ctia ching.

Séang ché con dé xuét protein mut-PPO dugc tinh ché ma chira céc dot bién duoc
néu trong ban mo ta ndy, ma hitu dung trong céc nghién ctru 14p mo hinh phén tir aé
thit ké cac cai thién thém nita cho tinh dung chiu thube diét c6. Céc phuong phép tinh
ché protein di duoc biét 18, va c6 thé dugc thuc hién dé dang béng céach sir dung céc

san pham c6 bén trén thi trudng hodc cac phuong phip duge thiét k& chuyén biét, nhu



42073

duoc néu, vi du, trong An phém Protein Biotechnology, Walsh and Headon (Wiley,
1994).

Mo ta van tat cac hinh vé

Fig. 1 thé hién su sép hang trinh ty axit amin cta céc trinh tw PPO tir Amaran-
thustuberculatus  (A.tuberculatus), ~Amaranthustuberculatus ¢6  tinh khéng
(A.tuberculatus_R), Arabidopsis thaliana dai (A.thaliana_2), Spinacia oleracea ngén
(S.oleracea_2), Nicotiana tabacum ngén (N.tabacum_2), Glycine max (Glycine_max),
Arabidopsis thaliana ngin (A.thaliana 1), Nicotiana tabacum dai (N.tabacum_1),
Chlamydomonas reinhardtii dai (C.reinhardtii 1), Zea mays (Z.mays), Oryza sativa
(O.sativa_1), Solanum tuberosum (S.tuberosum), Cucumis sativus (C.sativus), Cicho-
rium intybus (C.intybus_1), Spinacia oleracea dai (S.oleracea_l), Polytomella sp.
Pringsheim 198.80 (Polytomella). Cac ving dugc bao toan dugc thé hién bing mau

ghi sang, mau ghi va mau den.

Fig. 2 thé hién viéc chon loc cac ching Chlamydomonas reinhardtii ¢6 tinh
khéng dbi v6i thudc diét co chira ddn xuat benzoxazinon 1.a.35. (A) Cac té bao da
dugc gay dot bién duogc dit trén moi truong ran ma khong c6 tic nhan chon loc. (B)
Céc té bao da duoc gay dot bién dugc dit trén moi truong rén chira 1x107 M dén xuéit
benzoxazinon La.35. Céc & bao ma c6 tinh khang dbi véi thubc diét ¢ chira din xudt
benzoxazinon tao thanh céac khudn lac (duoc khoanh tron va danh sb 33, 34, 35 va 36),
trong khi cac té bao man cam khong sinh truong. Sé luwong khuén lac trén dia A cao
hon so véi B, thé hién rang cac khuén lac trén dfa B c6 tinh khang dbi v6i din xudt

benzoxazinon l.a.35.

Fig. 3 thé hién sy t4i sinh truong clia cdc ching Chlamydomonas reinhardtii
duoc chon nhu duoc thiy trong Fig. 2, c6 tinh khang d6i véi thubc diét co chira dan
xudt benzoxazinon 1.a.35. (A) Céc té bao kiéu dai trong mdi trudong long khong c6 tac
nhan chon Igc. (B) Cac t& bao kiéu dai trong mdi trudong long chira dAn xuit benzoxa-
zinon L.2.35 ting ddn (nfm trong khoang tir 1x10° dén 5x10¢ M). (C) Céc té bao da
duoc gy dot bién trong mdi trudng 1ong khéng c6 tac nhan chon loc. (D1, D2, E1, E2)
Céc ching dd duoc giy dot bién va duoc chon trong mdi trudng léng chira dan xuét
benzoxazinon La.35 ting din (ndm trong khoang tir 1x10® dén 5x10 M). Cée ching

¢6 tinh khang doi voi thudc diét co chira din xuit benzoxazinon 1.a.35 cay thanh mau
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dam hon thé hién sy sinh trudng. Céc ching man cam khong ciy va van con sing mau.

M4t dd t& bao cao hon trong mdi trudng 16ng cb cac té bao dang sinh truéng giy ra

mau d4m hon. Gidng cay c6 mat do thap hon xuat hién & trang thai sing mau hon hodc

hoan toan trong sudt

Danh muc trinh tu
Bang 1

SEQ |Mota Sinh vat Gen S6 truy nhap
ID NO:

1 Axit nucleic PPO | Amaranthus PPX2L WC DQ386114

2 Axit amin PPO Amaranthus ABDS52326

3 Axit nucleic PPO | Amaranthus PPX2L. AC DQ386117

4 Axit amin PPO Amaranthus ABDS52329

5 Axit nucleic PPO | Amaranthus PPX2L CC R DQ386118

6 Axit amin PPO Amaranthus ABDS52330

7 Axit nucleic PPO | Amaranthus PPX2I, AC R DQ386116

8 Axit amin PPO Amaranthus ABD52328

9 Axit nucleic PPO | Arabidopsis PPX AB007650

10 Axit amin PPO Arabidopsis BABO08301

11 Axit nucleic PPO | Nicotiana ppxl AF044128

12 Axit amin PPO Nicotiana AADO02290

13 Axit nucleic PPO | Cichorium PPX1 AF160961

14 Axit amin PPO Cichorium AF160961 1

15 Axit nucleic PPO | Spinacia SO-POX1 AB029492

16 Axit amin PPO Spinacia BAA96808

17 Axit nucleic PPO | Spinacia SO-POX2 AB046993

18 Axit amin PPO Spinacia BAB60710

19 Axit nucleic PPO | Solanum PPOX AJ225107

20 Axit amin PPO Solanum CAA12400

21 Axit nucleic PPO | Zea ZM BFc0091B03 | BT063659

22 Axit amin PPO Zea ACN28356

23 Axit nucleic PPO | Zea prpo2 NM 001111534
24 Axit amin PPO Zea NP 001105004
25 Axit nucleic PPO | Chlamydomonas | Ppx1 AF068635

26 Axit amin PPO Chlamydomonas AAC79685

27 Axit nucleic PPO | Polytomella PPO AF332964

28 Axit amin PPO Polytomella AF332964 1
29 Axit nucleic PPO | Sorghum Hyp. Protein XM 002446665
30 Axit amin PPO Sorghum XP 002446710
31 Axit nucleic PPO | Chlorella

32 Axit amin PPO Chlorella 51538

33 Axit nucleic PPO | Oryza PPOX1 ABO057771

34 Axit amin PPO Oryza BAB39760

35 Axit nucleic PPO | Amaranthus PPX2 DQ386113
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36 Axit amin PPO Amaranthus ABD52325
37 Axit nucleic PPO | Arabidopsis PPOX NM 178952
38 Axit amin PPO Arabidopsis NP 849283
39 Axit nucleic PPO | Nicotiana ppxII AF044129
40 Axit amin PPO Nicotiana AAD02291
41 Axit nucleic PPO | Glyxin hemG AB025102
42 Axit amin PPO Glyxin BAA76348
43 Axit nucleic PPO | Cucumis CsPPO AB512426
44 Axit amin PPO Cucumis BAHB84864,1
45 Axit nucleic PPO | Oryza Hyp. Protein AL606613
46 Axit amin PPO Oryza CAE01661

M3 ta chi tiét sang ché
Mao tir sb it “mot” duoc sir dung trong ban mo ta nay dé chi mot hodc nhiéu hon
mot (thc 1a, dén it nhat mot) cta d6i twong ngit phap cua mao tir ndy. Vi du, "mot yéu

t0" c6 nghia la mdt hodc nhiu yeu to.

Trong ban md ta ndy, tir "chira," hodc céac bien thé nhu "c6 chira" hodc "chta" s&
duoc hiéu 12 nhim dé bao gdm yéu to, sO nguyen hodc budc, hodc nhom céc yeu to, sd
nguyén hodc buéc duge néu, nhung khong loai trir bat ky yéu t0, sO nguyén hodc

budce, hodc nhém cac yéu t0, s6 nguyén hodc budc nao khac.

Séang ché dé xuit phuong phép phong trir thuc vat khong mong mubn tai vi tri

canh tic cdy, phuong phap nay bao gbm céc bude:
a) cung cap, tai vi tri nay, cdy ma chira it nhét mdt axit nucleic chira

trinh ty nucleotit mi héa cho protoporphyrinogen oxidaza kidu dai hosc
protoporphyrinogen oxidaza dd dugc gy dot bién (mut-PPO) ma khang hodc

dung chiu ddi véi thudce diét co chira dan xuat benzoxazinon,
b) cap cho vi tri ndy lugng hiru higu ctia thude diét co nay.

Thuét ngit “phong trir thuc vat khong mong muén” can dugc hidu 14 c6 nghia 1a
viéc tidu diét co dai va/hodc theo cach khac lam chdm hodc e ché su sinh truéng binh
thudng cua c6 dai. Co dai, theo nghia rong nhét, duoc hidu 13 c6 nghia 1a tAt ca céc
thuc vat ma sinh trudng & céc vi trf ma ching khong dugc mong mubn. Co dai theo
sang ché bao gdm, vi du, c6 dai hai 14 mdm va cd dai mot 14 mam. Co dai hai 14 mam

bao gém, nhung khong chi gi6i han 6, c¢é dai thudc cac chi: Sinapis, Lepidium,
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Galium, Stellaria, Matricaria, Anthemis, Galinsoga, Chenopodium, Urtica, Senecio,
Rau dénus, Portulaca, Xanthium, Convolvulus, Ipomoea, Polygonum, Sesbania,
Ambrosia, Cirsium, Carduus, Sonchus, Solanum, Rorippa, Rotala, Lindernia, Lamium,
Veronica, Abutilon, Emex, Datura, Viola, Galeopsis, Papaver, Centaure, Trifolium,
Ranunculus, va Taraxacum. Co dai mot 1& mam bao gém, nhung khong chi giéi han &,
co dai thudc cac chi: Echinochloa, Setaria, Panicum, Digitaria, Phleum, Poa, Festuca,
Eleusine, Brachiaria, Lolium, Bromus, Avena, Cyperus, Sorghum, Agropyron,
Cynodon, Monochoria, Fimbristyslis, Sagittaria, Eleocharis, Scirpus, Paspalum,
Ischaemum, Sphenoclea, Dactyloctenium, Agrostis, Alopecurus, va Apera. Ngoai ra,
cd dai theo sang ché c6 thé bao gbm, vi du, cdy thoi vu ma dang sinh trudng & vi tri
khong mong mudn. Vi du, cdy ngd moc tu nhién & trén canh ddng ma chu yéu bao
gbm cay du tuong cé thé bi coi 1a ¢o dai, néu ciy ngd 1a khong mong mudn trén canh

ddng dau trong nay.

Thuét ngit “cdy” dugc st dung theo nghia rong nhét ctia né vi n6 di kém véi
ngueyen liéu hitu co va duoc du dinh bao gém cAc sinh vAt nhan chuén 13 thanh vién
clia gidi thyc vat, cac vi du vé ching bao gdm nhung khdng chi gi6i han & céc cdy c6
mach, rau, hat, hoa, cay g0, cdy thao dugc, cdy bui, tham cd, cdy nho, cdy duong xi,
réu, nim va to, v.v., cling nhu cac dong vo tinh, mam cdy, va cac bd phan cua cay
dugce ding dé nhan gidng v6 tinh (vi du canh gifm, trdng bang canh gidm, canh non,
than ré, than & dudi d4t, lum cdy, vong hoa, than hanh, hanh, than cu, than 1é, cAy/ngd
dugc tao ra trong mdi truong nudi cdy mo, v.v..). Thuit ngft “cdy” con bao gdm toan
bd cay, thé hé con va gidng ciy va cic phén céy, bao gbm hat gidng, canh non, gbc, 14,
ré (bao gém thin ct), hoa, hoa nhd, qua, cuéng nho, cuéng, nhi hoa, bao phén, dau
nhuy, voi nhuy, béy nhuy, canh hoa, dai hoa, 14 noén, chop 18, dinh ré, 16ng ré, 1ong 14,
16ng hat, hat phén, tiéu bao i, 14 mam, tru dudi 14 mam, tru trén 14 mam, xylem, Libe,
nhu md, ndi nhii, t& bao kém, té bao bao vé, va co quan da biét khéc bt ky, mo. va cac
t& bao clia cdy, va md va cc co quan, trong dé mdi trong s6 co quan néu trén baog dm
gen/axit nucleic dang quan tdm. Thuat ng{t “cdy” con bao gbm cac té bao cdy, moi
trudng nudi cdy thé huyén phit, md thé chai, phoi, ving md phén sinh, thé giao tir, thé
bao tir, phdn hoa va céc tidu bao tir, mot 14n nita trong d6 mdi trong céc phin néu trén

bao gém gen/axit nucleic dang quan tam.

Cay ma dic biét hitu dung trong phuong phap theo sang ché bao gdm tit ca cac
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cdy thudc siéu ho Viridiplantae, cu thé 1a cay mot 14 mAm va hai 14 mam bao gém co
hodc d4u cho stc vat, cdy canh, cdy thirc an, cay g hoic cdy bui dugc chon tir danh
sach bao gdm Acer spp., Actinidia spp., Abelmoschus spp., Agave sisalana, Agropyron
spp., Agrostis stolonifera, Allium spp., Amaranthusspp., Ammophila arenaria, Ananas
comosus, Annona spp., Apium graveolens, Arachis spp, Artocarpus spp., Mdng tdy
officinalis, Avena spp. (Vi du Avena sativa, Avena fatua, Avena byzantina, Avena fatua
var. sativa, Avena hybrida), Averrhoa carambola, Bambusa sp., Benincasa hispida,
Bertholletia excelsea, Beta vulgaris, Brassica spp. (vi du Brassica napus, Brassica
rapa ssp. [cai canola, cai hat dau, cdy cu cai]), Cadaba farinosa, Camellia sinensis,
Canna indica, Cannabis sativa, Capsicum spp., Carex elata, Carica papaya, Carissa
macrocarpa, Carya spp., Carthamus tinctorius, Castanea spp., Ceiba pentandra,
Cichorium endivia, Cinnamomum spp., Citrullus lanatus, Citrus spp., Cocos spp.,
Coffea spp., Colocasia esculenta, Cola spp., Corchorus sp., Coriandrum sativum,
Corylus spp., Crataegus spp., Crocus sativus, Cucurbita spp., Cucumis spp., Cynara
spp., Daucus carota, Desmodium spp., Dimocarpus longan, Dioscorea spp., Diospyros
spp., Echinochloa spp., Elaeis (vi du Elaeis guineensis, Elaela Oleifera), Eleusine
coracana, Eragrostis tef, Erianthus sp., Eriobotrya japonica, Eucalyptus sp., Eugenia
uniflora, Fagopyrum spp., Fagus spp., Festuca arundinacea, Ficus carica, Fortunella
spp., Fragaria spp., Ginkgo biloba, Glycine spp. (vi du Glycine max, Soja hispida hoac
Soja max), Gossypium hirsutum, Helianthus spp. (vi du Helianthus annuus), Hemero-
callis fulva, Hibiscus spp., Hordeum spp. (vi du Hordeum vulgare), Ipomoea batatas,
Juglans spp., Lactuca sativa, Lathyrus spp., Lens culinaris, Linum usitatissimum, Li-
tchi chinensis, Lotus spp., Luffa acutangula, Lupinus spp., Luzula sylvatica, Lycoper-
sicon spp. (vi du Lycopersicon esculentum, Lycopersicon lycopersicum, Lycopersicon
pyriforme), Macrotyloma spp., Malus spp., Malpighia emarginata, Mammea america-
na, Mangifera indica, Manihot spp., Manilkara zapota, Medicago sativa, Melilotus
spp., Mentha spp., Miscanthus sinensis, Momordica spp., Morus nigra, Musa spp.,
Nicotiana spp., Olea spp., Opuntia spp., Ornithopus spp., Oryza spp. (vi du Oryza sa-
tiva, Oryza latifolia), Panicum miliaceum, Panicum virgatum, Passiflora edulis, Pasti-
naca sativa, Pennisetum sp., Persea spp., Petroselinum crispum, Phalaris arundina-
cea, Phaseolus spp., Phleum pratense, Phoenix spp., Phragmites australis, Physalis

H ° Pinus spp., Pistacia vera, Pisum spp., Poa spp., Populus spp., Prosopis spp.,
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Prunus spp., Psidium spp., Punica granatum, Pyrus communis, Quercus spp.,
Raphanus sativus, Rheum rhabarbarum, Ribes spp., Ricinus communis, Rubus spp.,
Saccharum spp., Salix sp., Sambucus spp., Secale cereale, Sesamum spp., Sinapis sp.,
Solanum spp. (vi du Solanum tuberosum, Solanum integrifolium hodc Solanum Iyco-
persicum), Sorghum bicolor, Spinacia spp., Syzygium spp., Ciic van tho spp., Tama-
rindus indica, Theobroma cacao, Trifolium spp., Tripsacum dactyloides, Triticosecale
rimpaui, Triticum spp. (Vi du Triticum aestivum, Triticum durum, Triticum turgidum,
Triticum hybernum, Triticum macha, Triticum sativum, Triticum monococcum hodc
Triticum vulgare), Tropaeolum minus, Tropaeolum majus, Vaccinium spp., Vicia spp.,
Vigna spp., Viola odorata, Vitis spp., Zea mays, Zizania palusiris, Ziziphus spp., rau
dén, atisd, mang tay, cdy bong céi xanh, Cai Bruxen, cdy cai bép, cai canola, carot, cay
sup lo, cin tay, cai bép xanh, cdy lanh, cai xoan, cdy dau ling, cai hat dau, cdy mudp
tay, cAy hanh, cdy khoai tdy, cdy lua, cdy ddu twong, cdy dau tdy, cu cai dudng, cdy
mia, cdy huéng duong, cdy ca chua, cdy bi, che va tao, trong sd cac cdy khac. Theo
phuong an dugce wu tién cua sang ché, ciy 13 cdy thoi vu. Céc vi du vé cay thoi vu
khong ké nhiing cdy khéac bao gdm cdy dau tuong, cdy huéng duong, céi canola, co
linh l&ng, c4i hat dau, cdy bdng, cdy ca chua, cdy khoai tdy hogc cdy thubc 14. Tét hon
nita 1a, cdy la cdy mot 14 mam, nhu cdy mia. Tt hon nita 13, ciy la cdy ngil cbe, nhu
cay lua, cAy ngd, cdy lua my, cdy lGa mach, cdy ké, cdy la mach den, céy lba mién -

ho#c cdy yen mach.

Theo phuong 4n dugc wu tién, cdy dugce tao ra trude do bing quy trinh bao gdm
budc tao ra cdy theo cach tai td hop bing cach dua vao va biéu hién qua muic gen

chuyén PPO kiéu dai hoic mut-PPO, nhu duge md ta chi tiét hon dudi ddy.

Theo phuong 4n dugc uu tién khac, cdy dugce tao ra trude do béng quy trinh bao

gbém budc giy dot bién té bao cAy in situ, dé thu nhan té bao cdy biéu hién mut-PPO.

Nhu duogc bdc 16 trong ban mé ta nay, axit nucleic theo sang ché ¢c6 thé duogc st
dung trong viéc ting cudng tinh dung chiu thudc diét co ctia cac cAy ma chua, trong hé
gen cla ching, gen mé hda cho protein PPO kiéu dai hodc mut-PPO dung chiu thudc
diét c6. Gen nay c6 thé 13 gen ndi sinh hodc gen chuyén, nhu duge md ta sau day.
Ngoai ra, theo mdt s& phuong &n nhét dinh, axit nucleic theo sang ché c6 thé duge xép
v6i hdn hop bt ky cia trinh ty polynucleotit dang quan tim 8 tao ra céc cdy c6 kiéu

hinh mong mudn. Vi dy, axit nucleic theo sang ché c6 the dugc x€p voi cac polynucle-
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otit khéc bat ky ma hoéa cho cac polypeptit c6 hoat tinh diét con loai géy hai/diét con
tring, nhu, vi du, protein c6 doc td Bacillus thuringiensis (nhu dugc md ta trong cac
patent My s 5,366,892; 5,747,450; 5,737,514; 5,723,756; 5,593,881; va Geiser et al
(1986) Gene 48: 109). Cac hdn hop duoc tao ra cd thd con bao gdm nhiéu phién ban

ctia bat ky mét trong céac polynucleotit dang quan tam.

Theo phuong 4n dugc vu tién dac biét, cdy chura it nhat mdt axit nucleic khac loai
bd sung chira trinh ty nucleotit m& hoa cho enzym khang thudc diét cd duge chon, vi
du, tr nhém bao gdbm 5-enolpyruvylshikimat-3-phosphat syntaza (EPSPS), Glypho-
sat/axetyl transferaza (GAT), Cytochrome P450, phosphinothrixin axetyltransferaza
(PAT), Axetohydroxyaxit syntaza (AHAS; EC 4,1,3,18, con dugc goi la axetolactat
syntaza hoic ALS), hydroxyphenyl pyruvat dioxyaza (HPPD), Phytoen desaturaza
(PD) va cac enzym phan rd dicamba nhu dugc boc 19 trong WO 02/068607, hodc céac
enzym phén rd phenoxyaxeticaxit- va dAn xuét phenoxypropionicaxit nhu dugc bde 16

trong WO 2008141154 hodc WO 2005107437.

Néi chung, thuat ngit “thubc diét cd6” dugc st dung trong ban mo ta ndy c6 nghia
Ja thanh phdn hoat tinh ma tiéu diét, kiém sodt hodic theo cach khac 1am thay doi theo
huéng bét loi su sinh truéng cla cdy. Luong hodc n@)ng d6 duoc uu ti€n cua thude diét
cd 1a "lugng hitu hiéu" hodc "n@)ng d6 hitu hiéu." Thuit ngit "luong hitu hiu" va
"néng do6 hitu hiéu" 1a luong va néng do, mot cach tuong Ung, du dé tiéu diét hoic uc
ché su sinh trudng clia cdy, md cdy, té bao cdy, hoic t& bao chu kiéu dai, tuong tu,
nhung luong nay khong tiéu diét hodc ure ché dn muc khic nghiét sy sinh trudng cta
cdy, mo cay, té bao cdy, va té bao chi khang thuéc diét co theo sang ché. Thong
thuong, luong hitu hiéu cla thubc diét co 13 luong thudong dugce st dung trong cac hé
san xut nong nghiép d4 tiéu diét cé dai dang quan tim. Lugng nhu vay 1a da biét dbi
v&i nguoi co hiéu biét trung binh trong linh vyc k¥ thudt nay. Hoat tinh di€t co duoc
thé hién boi thudc diét co chira din xut benzoxazinon theo sang ché khi ching dugc
clp truc tiép cho cdy hodc cho noi sbéng clia cdy vao giai doan sinh truéng bat ky hoic
trude khi tréng hoac nhu mam. Tac dung quan sit duge phu thude vao loai cly can
duoc kiém soét, giai doan sinh trudng cua cdy, cac thong s6 tng dung vé su pha lodng
va c& giot phun, c& hat ctia céc thanh ph?ln rin, cac diéu kién moi trudng tai thoi diém
st dung, hop chét cu thé dugc str dung, céac chét phu trg va chit mang cu thé duoc st

dung, loai dat tréng, va cac thong ) tuong ty, cling nhu lugng héa chét duoc cép. Cac
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yéu t6 nay va céc yéu t6 khac c6 thé duoc didu chinh nhu d3 biét trong tinh trang k¥
thuat dé thic déy hoat tinh diét cé chon loc va khong chon loc. Néi chung, vu tién néu
cép thudc diét co chtra dan xuét benzoxazinon sau khi nhd mam cho thuc vt khong
mong mudn twong dbi chua trudng thanh dé dat duoc su kiém soat c6 dai t6i da.

Thuét ngit cdy "dung chiu thubc diét c6" hodc "khéng thubc diét co" c6 nghia la
cdy c6 tinh dung chiu hodic ¢6 tinh khang dbi véi it nhdt mot thude diét co & mirc ma
thudng s& tidu diét, hodc tc ché sy sinh truéng cta, cdy binh thudng hodc cly kiéu dai.
Thu4t ngit "protein mut-PPO dung chiu thudc diét co" hodc "protein mut-PPO khéng
thudc diét co" c6 nghia 1a protein mut-PPO nay thé hién hoat tinh PPO cao hon, so v&i
hoat tinh PPO cua protein mut-PPO kiéu dai, khi c6 mit cua it nhéit mot thube diét co
ma duge biét 13 can trd hoat tinh PPO va & ndng do hodc mirc do thude diét co duoc
biét 1a (¢ ché hoat tinh PPO ctia protein mut-PPO kiéu dai. Ngoai ra, hoat tinh PPO
cia protein mut-PPO dung chiu thube diét cd hodc khang thube diét co nay co thé
duoc goi trong ban md ta nay 1a hoat tinh PPO "dung chiu thudc diét cd" hodc "khang

thude di¢t co".

“Thudc diét cd chira din xuat benzoxazinon™ theo sang ché bao gom benzoxazi-

non c6 cong thirc I nhu duge md ta sau day:

1 R2
2L X
6
RN NTW '
4
Z%N’go R

|
R5

trong do

R! 1 hydro hodc halogen;
R? 14 halogen;

R3  1a hydro hodc halogen;

R* 14 hydro, Ci-Ce-alkyl, Ci-Ce-haloalkyl, Cs-Ce-cycloalkyl, Cs-Cg-alkenyl,
C3-Ce-haloalkenyl, C3-Ce-alkynyl, C3-Ce-haloalkynyl, Ci-Ce-alkoxy hodc
Cs3-Ce-xycloalkyl-C;-Cs-alkyl;

R’  1a hydro, NHa, C1-Ces-alkyl hodc C3-Ce-alkynyl;

-15-



R6
AW

Z

42073

1a hydro hodc Ci1-Cs-alkyl; va
la O hoac S;

1a O hodc S.

Theo phuong 4n duge vu tién khac, “thudc diét co chira dn xuat benzoxazinon”

theo sang ché bao gom benzoxazinon c6 cdng thirc I nhur dwgc mo ta sau day:

A) it nhit mdt benzoxazinon c6 cong thirc I

1

2 X
6

|
R\N/U\N N Y

A, K

X Ns O
R

trong do

R! 1 hydro hodc halogen;

R? 13 halogen;

R3 13 hydro hodc halogen;

R* 1a hydro, Ci-Ce-alkyl, Ci-Cs-haloalkyl, Cs;-Ce-xycloalkyl, C3-Ce-alkenyl,
C3-Cs-haloalkenyl, C3-Ce-alkynyl, Cs-Cs-haloalkynyl, Ci-Ce-alkoxy hodc
C3-Cs-xycloalkyl-Ci-Ce-alkyl;

R’ 13 hydro, NHa, Ci-Ce-alkyl hodc Cs-Ce-alkynyl;

RS 1a hydro hoic Ci-Cs-alkyl; va

X 1a O hoédc S;

Y 1aOhoicS;

va it nhit mot hoat chit khac nita dugc chon tir

B) cé4c thudc diét co thude 16p bl) dén b15):

b1)
b2)
b3)

b4)

céc chét (e ché sinh tong hop lipit;
céc chét trc ché axetolactat syntaza (cac chit trc ché ALS);
céc chét tic ché sy quang hop;

céc chét tic ché protoporphyrinogen-IX oxidaza,
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b5)  céc thudc diét co tAy trang;
b6)  céc chat tc ché enolpyruvyl shikimat 3-phosphat syntaza (cac chét uc
ché EPSP);
b7) cac chat trc ché glutamin synthetaza;
b8)  céc chét trc ché 7,8-dihydropteroat syntaza (cac chét tc ché DHP);
b9)  céc chét @c ché mitoza;
bl0) céc chét tc ché sy téng hop cua axit béo mach rét dai (cac chit wc ché
VLCFA);
bll) céc chét e ché sinh téng hop xenluloza;
bl2) céc thube diét co khir lién hop;
bl3) cac thudc diét co auxin;
bl4) cac chit trc ché véan chuyén auxin; va
b15) céac thubc diét co khac dwgc chon tir nhém bao gdm brombutide,
cloflurenol, cloflurenol-metyl, cinmetylin, cumyluron, dalapon, dazomet,
difenzoquat, difenzoquat-metilsulfat, dimethipin, DSMA, dymron, endo-
thal va mudi cta nd, etobenzanid, flamprop, flamprop-isopropyl, flam-
prop-metyl,  flamprop-M-isopropyl,  flamprop-M-metyl,  flurenol,
flurenol-butyl, flurprimidol, fosamin, fosamin-amoni, indanofan, indazi-
flam, maleic hydrazit, mefluidit, metam, metyl azit, metyl bromua,
metyl-dymron, metyl iodua, MSMA, axit oleic, oxaziclomefon, axit pel-
argonic, pyributicarb, quinoclamin, triaziflam, tridiphan va 6-clo-3-(2-
xyclopropyl-6-metylphenoxy)-4-pyridazinol (CAS 499223-49-3) va
mudi va este ctia no;
va
C) c4c chét an toan.
Thubc diét co chira din xuit benzoxazinon ma hitu dung cho sang ché con c6 thé
12 hop phin & dang hop phin bao vé mua mang cd hoat tinh diét cé chira lugng hitu
hidu @& diét co ctia san phdm két hop ctia hoat chét chira it nhat mot benzoxazinon ¢6

cong thuc I va it nhét mdt hoat chét khac nita dugc chon tir cac thubc diét co B va céc
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chét an toan C nhu néu trén, va ca it nhat mot chat mang long va/hodc ran va/hodc mot
hodc nhiéu chat hoat dong bé mit va, néu muon, mot hodc nhiéu chat bo trg khac nita

thuong dung cho hop phin bao vé mua mang.

Hon nita, thudc diét co chia dAn xuét benzoxazinon ma hitu dung cho sang ché
con c6 thé 14 hop phéan & dang hop phén bao vé€ mua mang duoc phdi tron dudi dang
hop phin 1 thanh phin chira san phim két hop ctia hoat chit chira it nhit mot benzox-
azinon c¢6 cong thirc I va it nhit mot hoat chét khac nita duoc chon tir cac thube diét co
B va céc chét an toan C. va it nhit mdt chit mang ran hodc 1éng va/hodc mdt hodc
nhidu chit hoat dong bé mit va, néu mubn, moét hoic nhidu chét bd trg khic nita

thudng dung cho hop phén bao vé mua mang.

Hon nita, thubc diét cé chira din xuht benzoxazinon ma hitu dung cho séang ché
con c6 thé 14 hop phan & dang hop phan bao vé mua mang duoc phéi tron duéi dang
hop phén 2 thanh phén bao gém thanh phdn thir nhit chira it nhit mét benzoxazinon ¢
cong thue 1, chét mang rén hoic 1ong va/hodc modt hodc nhiéu chit hoat dong bé mat,
va thanh phén thir hai chua it nhat mot hoat chét khac nita duoc chon tir cac thube diét
¢ B va céc chét an toan C, chit mang ran hoic 1ong va/hodc mét hodc nhiéu chét hoat
dong bé mat, trong d6 ngoai ra, ca hai thanh phin ndy con ¢6 thé chtta cac chit bb tro

khéc nita thudng dung cho hop phin bao vé mua mang.

Néu benzoxazinon cé cong thirc I dugc néu trong ban mo ta nay c6 kha nang tao
thanh céc chét ddng phan hinh hoc, vi du chit ddng phan E/Z, ¢6 thé st dung ca hai,
chit ddng phan tinh khiét va hdn hop cua ching, trong hop phan theo sdng ché.

Néu benzoxazinon ¢6 cong thirc I dugc néu trong ban mo ta nay co mot hoac
nhidu tam khong déi xémg va, két qua 1a tn tai dudi dang chat dong phan d6i anh
hodc chit ddng phan khong d6i quang, c6 thé sir dung ca hai, chét déng phan d6i anh
va chit déng phan khong d6i quang tinh khiét va hdn hop clia ching, trong hop phan
theo sang ché.

Cac géc hitu co duge néu trong cac dinh nghia vé céc gia tri bién ddi R! d&n RS,
14 - nhu thuit ngit halogen — céc thuat ngit tdng quét cho sy 1iét ké riéng biét ctia cac
thanh vién nhém riéng biét. Thuat ngft halogen chi, trong timg truong hop, flo, clo,

brom hoic iot. T4t ca cac chudi hydrocacbon, tic 12 tht ca alkyl, c6 thé 1a mach thing
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hozic mach nhanh, tién t6 Cn-Cm chi, trong timg truong hop, sb luong nguyén tir cac-

bon c6 thé cé trong nhom.
Vi du vé cac nghia nay la:

- Ci-Cs-alkyl va ca cac gbc Ci-Cs-alkyl cua C3-Ce-xycloalkyl-Ci-Cs-alkyl: vi du
CHs, CoHs, n-propyl, va CH(CHs)2 n-butyl, CH(CH3)-C2Hs, CH>-CH(CHz)2 va
C(CHas)3;

- C;-Cs-alkyl va ca céc gbe C1-Ce-alkyl cua Ci-Cg-alkyoxy-Ci-Ce-alkyl: Ci-Cs-
alkyl nhu néu trén, va ca, vi du, n-pentyl, 1-metylbutyl, 2-metylbutyl, 3-
metylbutyl, 2,2-dimetylpropyl, 1-etylpropyl, n-hexyl, 1,1-dimetylpropyl, 1,2-
dimetylpropyl, 1-metylpentyl, 2-metylpentyl, 3-metylpentyl, 4-metylpentyl, 1,1-
dimetylbutyl, 1,2-dimetylbutyl, 1,3-dimetylbutyl, 2,2-dimetylbutyl, 2,3-
dimetylbutyl, 3,3-dimetylbutyl, l-etylbutyl, 2-etylbutyl, 1,1,2-trimetylpropyl,
1,2,2-trimetylpropyl, 1-etyl-1-metylpropyl hodc 1-etyl-2-metylpropyl, t6t hon 1a
metyl, etyl, n—propyl, 1-metyletyl, n-butyl, 1,1-dimetyletyl, n—pentyl hodc n—
hexyl;

- C1-Cs-haloalkyl: gbc C1-Cs-alkyl nhu néu trén ma duge thé mot phan hodc hoan
toan béi flo, clo, brom va/hodc iot, vi du, clometyl, diclometyl, triclometyl,
flometyl, diflometyl, triflometyl, cloflometyl, dicloflometyl, clodiflometyl,
brommetyl, iotmetyl, 2-floetyl, 2-cloetyl, 2-brometyl, 2-iotetyl, 2,2-difloetyl,
2,2,2-trifloetyl, 2-clo-2-floetyl, 2-clo-2,2-difloetyl, 2,2-diclo-2-floetyl, 2,2,2-
tricloetyl, pentafloetyl, 2-flopropyl, 3-flopropyl, 2,2-diflopropyl, 2,3-diflopropyl,
2-clopropyl, 3-clopropyl, 2,3-diclopropyl, 2-brompropyl, 3-brompropyl, 3,3,3-
triflopropyl, 3,3,3-triclopropyl, 2,2,3,3,3-pentaflopropyl, heptaflopropyl, gbe Ci-
Cs-haloalkyl nhu néu trén, va ca, vi dy, 1-(flometyl)-2-floetyl, 1-(clometyl)-2-
cloetyl, 1-(brommetyl)-2-brometyl, 4-flobutyl, 4-clobutyl, 4-brombutyl, nonaflo-
butyl, 1,1,2,2,-tetrafloetyl va 1-triflometyl-1,2,2,2-tetrafloetyl;

- C1-Ce-haloalkyl: Ci-Cs-haloalkyl nhu néu trén, va ca, vi du, 5-flopentyl, 5-
clopentyl, 5-brompentyl, 5-iotpentyl, undecaflopentyl, 6-flohexyl, 6-clohexyl,
6-bromhexyl, 6-iothexyl va dodecaflohexyl;

- C3-Cs-xycloalkyl va ca cac gbc xycloalkyl ctia C3-Ce-xycloalkyl-Ci-Cs-alkyl: cac
hydrocacbon no don vong c6 tur 3 dén 6 thanh phan vong, nhu xyclopropyl, xy-
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clobutyl, xyclopentyl va xyclohexyl;

Cs-Ce-alkenyl: vi du 1-propenyl, 2-propenyl, 1-metylethenyl, 1-butenyl, 2-
butenyl, 3-butenyl, 1-metyl-1-propenyl, 2-metyl-1-propenyl, 1 -metyl-2-propenyl,
2-metyl-2-propenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1-metyl-1-
butenyl, 2-metyl-1-butenyl, 3-metyl-1-butenyl, 1-metyl-2-butenyl, 2-metyl-2-
butenyl, 3-metyl-2-butenyl, 1-metyl-3-butenyl, 2-metyl-3-butenyl, 3-metyl-3-
butenyl, 1,1-dimetyl-2-propenyl,  1,2-dimetyl-1-propenyl, 1,2-dimetyl-2-
propenyl, 1-etyl-1-propenyl, 1-etyl-2-propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl,
4-hexenyl, S5-hexenyl, 1-metyl-1-pentenyl, 2-metyl-1 -pentenyl, 3-metyl-1-
pentenyl, 4-metyl-1-pentenyl, 1-metyl-2-pentenyl, 2-metyl-2-pentenyl, 3-metyl-
2-pentenyl, 4-metyl-2-pentenyl, 1-metyl-3-pentenyl, 2-metyl-3-pentenyl, 3-
metyl-3-pentenyl, 4-metyl-3-pentenyl, 1-metyl-4-pentenyl, 2-metyl-4-pentenyl,
3-metyl-4-pentenyl, 4-metyl-4-pentenyl, 1,1-dimetyl-2-butenyl, I, 1-dimetyl-3-
butenyl, 1,2-dimetyl-1-butenyl, 1,2-dimetyl-2-butenyl, 1,2-dimetyl-3-butenyl,
1,3-dimetyl-1-butenyl,  1,3-dimetyl-2-butenyl, ~ 1,3-dimetyl-3 -butenyl, 2,2-
dimetyl-3-butenyl, 2,3-dimetyl-1-butenyl, 2,3-dimetyl-2-butenyl, 2,3 -dimetyl-3-
butenyl, 3,3-dimetyl-1-butenyl, 3,3-dimetyl-2-butenyl, 1-etyl-1 -butenyl, 1-etyl-
2-butenyl, 1-etyl-3-butenyl, 2-etyl-1-butenyl, 2-etyl-2-butenyl, 2-etyl-3-butenyl,
1,1,2-trimetyl-2-propenyl, 1-etyl-1-metyl-2-propenyl, 1 -etyl-2-metyl-1-propenyl
va 1-etyl-2-metyl-2-propenyl;

C3-Ce-haloalkenyl: gbc Cs-Ce-alkenyl nhur néu trén ma dugce thé mot phan hozc
hoan toan bai flo, clo, brom va/hoic iot, vi du 2-cloprop-2-en-1-yl, 3-cloprop-2-
en-1-yl, 2,3-dicloprop-2-en-1-yl, 3,3-dicloprop-2-en-1-yl, 2,3,3-triclo-2-en-1-yl,
2,3-diclobut-2-en-1-yl,  2-bromprop-2-en-1-yl, 3-bromprop-2-en-1-yl,  2,3-
dibromprop-2-en-1-yl, 3,3-dibromprop-2-en-1-yl, 2,3,3-tribrom-2-en-1-yl hodc
2,3-dibrombut-2-en-1-yl;

C3-Ce-alkynyl: vi du 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-
metyl-2-propynyl, 1-pentynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 1-metyl-2-
butynyl, 1-metyl-3-butynyl, 2-metyl-3-butynyl, 3-metyl-1-butynyl, 1,1-dimetyl-
2-propynyl, 1-etyl-2-propynyl, 1-hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-
hexynyl, 1-metyl-2-pentynyl, 1-metyl-3-pentynyl, 1-metyl-4-pentynyl, 2-metyl-
3-pentynyl, 2-metyl-4-pentynyl, 3-metyl-1-pentynyl, 3-metyl-4-pentynyl, 4-
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metyl-1-pentynyl, 4-metyl-2-pentynyl, 1,1-dimetyl-2-butynyl, 1,1-dimetyl-3-
butynyl, 1,2-dimetyl-3-butynyl, 2,2-dimetyl-3-butynyl, 3,3-dimetyl-1-butynyl, 1-
etyl-2-butynyl, 1-etyl-3-butynyl, 2-etyl-3-butynyl va 1-etyl-1-metyl-2-propynyl;

C3-Ce-haloalkynyl: géc C3-Cs-alkynyl nhur néu trén ma duge thé mot phan hoic
hoan toan boi flo, clo, brom va/hodc iot, vi du 1,1-difloprop-2-yn-1-yl, 3-
cloprop-2-yn-1-yl, 3-bromprop-2-yn-1-yl, 3-iotprop-2-yn-1-yl, 4-flobut-2-yn-1-
yl, 4-clobut-2-yn-1-yl, 1,1-diflobut-2-yn-1-yl, 4-iotbut-3-yn-1-yl, 5-flopent-3-yn-
1-yl, 5-iotpent-4-yn-1-yl, 6-flohex-4-yn-1-yl hodc 6-iothex-5-yn-1-yl;

C1-Cs-alkoxy va ca cac gbc Ci-Cs-alkoxy cia hydroxycarbonyl-Ci-Cs-alkoxy,
C1-Cs-alkoxycarbonyl-Ci-C4-alkoxy: vi du metoxy, etoxy, propoxy, I-
metyletoxy butoxy, 1-metylpropoxy, 2-metylpropoxy va 1,1-dimetyletoxy;

C1-Cs-alkoxy va cd céac gbc Ci-Cg-alkoxy ctia Ci-Ces-alkoxycarbonyl-C1-Cq-
alkoxy: Ci-Cs-alkoxy nhu néu trén, va ca, vi du, pentoxy, 1-metylbutoxy, 2-
metylbutoxy, 3-metoxylbutoxy, 1,1-dimetylpropoxy, 1,2-dimetylpropoxy, 2,2-
dimetylpropoxy, 1-etylpropoxy, hexoxy, l-metylpentoxy, 2-metylpentoxy, 3-
metylpentoxy, 4-metylpentoxy, 1,1-dimetylbutoxy, 1,2-dimetylbutoxy, 1,3-
dimetylbutoxy, 2,2-dimetylbutoxy, 2,3-dimetylbutoxy, 3,3-dimetylbutoxy, 1-
etylbutoxy, 2-etylbutoxy, 1,1,2-trimetylpropoxy, 1,2,2-trimetylpropoxy, 1-etyl-1-
metylpropoxy va 1-etyl-2-metylpropoxy.

Theo phuong 4n dugc uu tién cta sang ché, cling dugc uu tién la dan xuat ben-

zoxazinon ¢ cong thitc I, trong d6 céc gid tri bién doi, ddc lap véi nhau hodc ¢ dang

két hop v6i nhau, cé cac nghia néu dudi day:

R! 14 hydro;
cling duoc wu tién 13 halogen, duge vu tién déc biét 1a F hodc Cl, duge vu tién rat
dac biétla F;
R? 1aF;
R? 14 hydro hozc F, t6t hon 14 hydro;
cling dugc vutién 1a F;
R* 1a C3-Ce-alkynyl hodc Cs-Cs-halolkynyl, tdt hon 1a Cs-alkynyl hodc Cs-
halolkynyl,
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duoc vu tién dic biét 1a CH2C=CH, CH2C=CCl hodc CH2C=CBr;

cling duogc uu tién 13 C3-Ce-alkynyl hodc C3-Ce-xycloalkyl-Ci-Cs-alkyl, duoc uu
tién dic biét 1 propargyl hodc xyclopropylmetyl;

cling dugc uu tién 1a C3-Ce-alkynyl, tdt hon 13 Cs-alkynyl; dugc wu tién dac biét

1a CH.C=CH;

cling dugc wu tién 1a C3-Ce-halolkynyl, tdt hon 13 Cs-halolkynyl, dugc wu tién
dic biét 1a CH,C=CCl hogc CH2C=CBr;

RS  1a NHa, C1-Ce-Alkyl hosic C3-Ce-alkynyl; t5t hon 1a Ci-Cs-alkyl; tot hon nita 12
C1-Cy-alkyl; t5t nhit 13 CHs;

RS 14 C1-Ce-alkyl; tdt hon 1a C1-Cs-alkyl; t5t nhat 1a CH;
W 120,

cling dugc vu tién 1a S;
Z 1ao,

cling dugc wu tién 1a S.

Duoc uu tién dic biét 13 benzoxazinon c6 cong thic La (twong tng véi cong thic

I trong d6 R?1a F, R3vaR%1a CHs, W1a O vaZ 1a S),

2 LT
l.a,
4
o

CH,

trong d6 cac gid tri bién d6i RY, R%, va R* ¢6 cac nghia, cu thé 14 cac nghia duge uu
tién nhu néu trén.

Pugc vu tién dic biét 1a dAn xudt benzoxazinon cé cong thic La.l dén 1.a.48 cua
Bang A duoe liét ké dudi day, trong d6 cdc gid tri bién doi R', R® va R* ciing nhau c6
cac nghia duge néu trong mot dong cua Bang A (benzoxazinon I.a.1 dén La.54); va
trong d6 cac dinh nghia cua céc gid tri bién dbi R!, R3R3 va R* 1a dic biét quan trong
dbi v6i hop chét theo séng ché khong chi & dang két hop v6i nhau ma con, trong ting

trudng hop, chi riéng ching.
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Bang A
No. R! R3 R*
la1. |H H H
la2. |H H CH3
la3. |H H CoHs
la4. |H H CH»-C2Hs
la5. |H |H | CH(CHs)
la6. |H H CH>-CHz-(CHs)2
la7. |H H CH,-CH=CH3
l.a8. |H H CH.C=CH
la.9. |H H CH2C=C-Br
l.a.10. | H F H
la11. | H F CH3
la12. | H F C2Hs
la13. | H F CH>-CoHs
la.14. | H F CH(CHa)2
l.a.15. | H F CH»-CH»-(CHs)2
l.a.16. | H F CH,-CH=CH>
l.a17. | H F CH,C=CH
l.a.18. | H F CH,C=C-Br
.a.19. | F H H
l.a.20. | F H CH3
l.a.21. | F H CoHs
l.a22. | F H CH,-C,Hs
l.a.23.| F H CH(CHs)2
l.a.24. | F H CH>-CH»-(CH3)2
l.a25. | F H CH,-CH=CH»
l.a.26. | F H CH,C=CH
l.a27. | F H CH,C=C-Br
l.a.28. | F F H
l.a.29. | F F CH3
l.a.30. | F F C2Hs
l.a.31.| F F CH>-C2Hs
l.a.32. | F F CH(CHas)2
l.a.33. | F F CH,-CH»-(CHs)2
l.a.34. | F F CH,-CH=CHz
l.a.35. | F F CH,C=CH
l.a.36. | F F CH2C=C-Br
l.a.37.| Cl H H
la.38.|Cl |H CH3
l.a.39.| Cl H CoHs
la40.|Cl |H CH»-C2Hs
la41.|Cl |H CH(CHz)2
la42.|Cl |H CH»-CH»-(CH3)2
l.a.43. | Cl H CH,-CH=CH»
l.a.44.| Cl H CH,C=CH
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la45.|Cl |H CH,C=C-Br
l.a.46. | Cl F H

l.a.47.| Cl F CH;

l.a.48.| Cl F CoHs

la49.|Cl |F CH»-C2H5
l.a50.|Cl |F CH(CH3)2

l.a.51.| Cl F CH,-CH>-(CH3)2
l.a.52. | Cl F CH,-CH=CH»
l.a.53. | Cl F CH,C=CH
la54.|Cl |F CH2C=C-Br

Benzoxazinon c6 cdng thirc I duge wu tién rat dic biét, lam thanh phﬁn A, 1a mot

phén ctia hop phin theo séng ché, 13 benzoxazinon c6 cdng thitc L.a.35 nhu néu trén

Theo phuong 4n dugc uu tién ddc biét cla sang ché, hop phin hitu dung cho

phuong phap theo sing ché chira, 1am thanh phan A, benzoxazinon c6 cong thirc

I.a.35.
F
oF OIF
HiCuy /U\N o .2.35
A AN

S T}l @) A

CH, H

D4n xuit benzoxazinon va hop phan néu trén duge boc 10 chi tiét trong don yéu
ciu cép Patent Chau Au 09163242.2, cu thé 14 cac phﬁn bdc 16 & cac trang 1 dén 7 vé
céc din xuAt bezoxazinon va céc phan tir thé ¢6 thé ¢ ctia ching duge dua toan bd

vao ban md ta nay bang cach vién dan.

D4n xuit benzoxazinon theo sang ché thuong duge tng dung t6t nhit & dang két
hop véi mot hodc nhiéu thudc diét co khac d thu duoc sy kiém soat giéng thuc vat
khong mong mudn réng hon. Khi dugc sir dung & dang két hop véi céc thubc diét co
nhim dich khac, cac hop chit duge yéu ciu bao ho cua don ndy co thé duoc phéi tron
v6i thude diét co hodc cac thube didt cd con lai, dugc tron thing véi thude diét co hode
céc thube diét co con lai, hodc duge cép lién tiép véi thube diét co hodc céc thube diét
cO ¢coOn lai.

Hop chét diét co theo sang ché c6 thé con duge sir dung & dang két hop véi cac

thudc diét co bd sung ma cdy thdi vu dung chiu trong tu nhién dbi v6i no, hodc khang
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d6i v&iné thong qua viée bidu hién mot hodc nhidu gen chuyén bd sung nhu néu trén.
Mot sb trong s6 céc thude diét co ma co thé duoc stir dung & dang két hop véi cac hop
chit theo sang ché bao gdm sulfonamit nhu metosulam, flumetsulam, cloransulam-
metyl, diclosulam, penoxsulam va florasulam, sulfonylure nhur chlorimuron, tribenu-
ron, sulfometuron, nicosulfuron, chlorsulfuron, amidosulfuron, triasulfuron, prosulfu-
ron, tritosulfuron, thifensulfuron, sulfosulfuron va metsulfuron, imidazolinones nhu
imazaquin, imazapic, ima-zethapyr, imzapyr, imazamethabenz va imazamox, axit phe-
noxyalkanoic nhu 2,4-D, MCPA, dicloprop va mecoprop, axit pyridinyloxyaxetic nhu
triclopyr va fluroxypyr, axit carboxylic nhu clopyralid, picloram, aminopyralid va
dicamba, céc dinitroanilin nhu trifluralin, benefin, benfluralin va pendimethalin,
cloaxetanilit nhu alachlor, axetochlor va metolachlor, semicarbazones (céc chét trc ché
van chuyén auxin) nhu cloflurenol va diflufenzopyr, aryloxyphenoxypropionat nhu
fluazifop, haloxyfop, diclofop, clodinafop va fenoxaprop va cac thudc diét cé thong
thuong khac bao gdm glyphosat, glufosinat, axiflofen, bentazon, clomazon,
fumiclorac, fluometuron, fomesafen, lactofen, linuron, isoproturon, simazin, norflu-
razon, paraquat, diuron, diflufenican, picolinafen, cinidon, setoxydim, tralkoxydim,

quinmerac, isoxaben, bromoxynil, metribuzin va mesotrion.

Vi du, thubc diét co chita din xuit benzoxazinon ma hitu dung dé thuc hién sang
ché ¢o thd duoc st dung & dang két hop véi glyphosat va glufosinat trén céc cay trdng

thoi vu dung chiu véi glyphosat hodc dung chiu véi glufosinat.

Tru khi d3 dugc bao gém trong phan boc 1§ ¢ trén, thudc digt cd chira dan xuat
benzoxazinon ma hitu dung d¢ thuc hién sang ché c6 thé, hon nira, dugc st dung &

dang két hop véi cac hop chét:
b1) tir nhém cac chit trc ché sinh tong hop lipit:

Céc thude diét cd ACC nhu alloxydim, alloxydim-natri, butroxydim, clethodim,
clodinafop, clodinafop-propargyl, xycloxydim, cyhalofop, cyhalofop-butyl, diclofop,
diclofop-metyl, fenoxaprop, fenoxaprop-etyl, fenoxaprop-P, fenoxaprop-P-etyl, fluazi-
fop, fluazifop-butyl, fluazifop-P, fluazifop-P-butyl, haloxyfop, haloxyfop-metyl, ha-
loxyfop-P, haloxyfop-P-metyl, metamifop, pinoxaden, profoxydim, propaquizafop,
quizalofop, quizalofop-etyl, quizalofop-tefuryl, quizalofop-P, quizalofop-P-etyl,
quizalofop-P-tefuryl, setoxydim, tepraloxydim va tralkoxydim, va céc thudc diét co
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khong phai ACC nhu benfuresat, butylat, xycloat, dalapon, dimepiperat, EPTC. espro-
carb, ethofumesat, flupropanat, molinat, orbencarb, pebulat, prosulfocarb, TCA, thio-

bencarb, tiocarbazil, triallat va vernolat;
b2) tir nhém cua cc chét e ché ALS:

Céc sulfonylure nhu amidosulfuron, azimsulfuron, bensulfuron, besulfuron,-
metyl, chlorimuron, chlorimuron-etyl, chlorsulfuron, cinosulfuron, xyclosulfamuron,
ethametsulfuron, etametsulfuron-metyl, etoxysulfuron, flazasulfuron, flucetosulfuron,
flupyrsulfuron, flupyrsulfuron-metyl-natri, foramsulfuron, halosulfuron, halosulfuron-
metyl, imazosulfuron, iotsulfuron, iotsulfuron-metyl-natri, mesosulfuron, metazosulfu-
ron, metsulfuron, metsulfuron-metyl, nicosulfuron, orthosulfamuron, oxasulfuron,
primisulfuron, primisulfuron-metyl, propyrisulfuron, prosulfuron, pyrazosulfuron, py-
razosulfuron-etyl, rimsulfuron, sulfometuron, sulfometuron-metyl, sulfosulfuron, thif-
ensulfuron, thifensulfuron-metyl, triasulfuron, tribenuron, tribenuron-metyl, trifloxy-
sulfuron, triflusulfuron, triflusulfuron-metyl va tritosulfuron, cic imidazolinon nhu
imazamethabenz, imazamethabenz-metyl, imazamox, imazapic, imazapyr, imazaquin
va imazethapyr, thuc diét co triazolopyrimidin va sulfonanilit nhu cloransulam,
cloransulam-metyl, diclosulam, flumetsulam, florasulam, metosulam, penoxsulam,

pyrimisulfan va pyroxsulam,

Céc pyrimidinylbenzoat nhu bispyribac, bispyribac-natri, pyribenzoxim,
pyriftalid, pyriminobac, pyriminobac-metyl, pyrithiobac, pyrithiobac-natri, axit 4-[[[2-
[(4,6-dimetoxy-2-pyrimidinyl)oxy]phenylJmetyl]amino]-benzoic-1-metyletyl este
(CAS  420138-41-6), propyl este cua  axit 4-[[[2-[(4,6-dimetoxy-2-
pyrimidinyl)oxy]phenylJmetylJamino]-benzoic (CAS 420138-40-5), N-(4-
bromphenyl)-2-[(4,6-dimetoxy-2-pyrimidinyl)oxy] benzenmethanamin (CAS 420138-
01-8) va céc thudc diét co sulfonylaminocarbonyl-triazolinon nhu flucarbazon, flu-
carbazone-natri, propoxycarbazon, propoxycarbazon- natri, thiencarbazon va thien-
carbazon-metyl. Trong sb céc chit ndy, phuong 4n duoc wu tién cla sang ché d& xuit

cac hop ph?m chtra it nhAt m6t thube diét c6 imidazolinon;
b3) tr nhdm ctia cac chét trc ché sy quang hop:

amicarbazon, cac chét tic ché ctia photosystem II, vi du thude diét co triazin, bao

gom clotriazin, triazinon, triazindion, metylthiotriazin va pyridazinon nhu ametryn,
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atrazin, chloridazon, cyanazin, desmetryn, dimethametryn, hexazinon, metribuzin,
prometon, prometryn, propazin, simazin, simetryn, terbumeton, terbuthylazin, ter-
butryn va trietazin, aryl ure nhu clobromuron, clotoluron, cloxuron, dimefuron, diuron,
fluometuron, isoproturon, isouron, linuron, metamitron, methabenzthiazuron, meto-
benzuron, metoxuron, monolinuron, neburon, siduron, tebuthiuron va thiadiazuron,
phenyl cacbamat nhu desmedipham, karbutilat, phenmedipham, phenmedipham-etyl,
thudc diét co nitril nhu bromfenoxim, bromoxynil va mudi va este ctia nd, ioxynil va
mudi va este cia nd, cac uraxil nhu bromacil, lenacil va terbacil, va bentazon va
bentazon-natri, pyridatre, pyridafol, pentanochlor va propanil va céc chét tc ché cta
photosystem I nhu diquat, diquat-dibromua, paraquat, paraquat-dichloride va paraquat-
dimetilsulfat. Trong sb céc chit nay, phuong 4n duge wu tién cia sang ché dé xudt cac
hop phin chira it nhit mot thudc diét co aryl ure. Trong s6 cac chét nay, twong tu
phuong an dugc uu tién cua sang ché dé xuét céc hop phan chira it nhit mot triazin
thube diét co. Trong sb cac chit ny, twong ty phuong an duge wu tién cla sing ché dé

xuét cac hop phﬁn chtta it nhat mot thude diét cé nitril;
b4) tir nhém ctia cc chit e ché protoporphyrinogen-IX oxidaza:

axiflofen, axiflofen-natri, azafenidin, bencarbazon, benzfendizon, bifenox, bu-
tafenacil, carfentrazon, carfentrazone-etyl, chlometoxyfen, cinidon-etyl, fluazolat,
flufenpyr, flufenpyr-etyl, flumiclorac, flumiclorac-pentyl, flumioxazin, floglycofen,
floglycofen-etyl, fluthiacet, fluthiacet-metyl, fomesafen, halosafen, lactofen, oxadiar-
gyl, oxadiazon, oxyflofen, pentoxazon, profluazol, pyraclonil, pyraflufen, pyraflufen-
etyl, saflufenacil, sulfentrazon, thidiazimin, etyl [3-[2-clo-4-flo-5-(1-metyl-6-
triflometyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-3-yl)phenoxy]-2-pyridyloxy]axetat
(CAS 353292-31-6; S-3100), N-etyl-3-(2,6-diclo-4-triflometylphenoxy)-5-metyl-1H-
pyrazol-1-carboxamit (CAS  452098-92-9), N-tetrahydrofurfuryl-3-(2,6-diclo-4-
triflometylphenoxy)-5-metyl-1H-pyrazol-1-carboxamit (CAS 915396-43-9), N-etyl-3-
(2-clo-6-flo-4-triflometylphenoxy)-5-metyl-1 H-pyrazol-1-carboxamit (CAS 452099-
05-7), N-tetrahydrofurfuryl-3-(2-clo-6-flo-4-triflometylphenoxy)-5-metyl-1 H-pyrazol-
1-carboxamit (CAS 45100-03-7) va 3-[7-flo-3-oxo0-4-(prop-2-ynyl)-3,4-dihydro-2H-
benzo[1,4]oxazin-6-yl]-1,5-dimetyl-6-thioxo-[1,3,5]triazinan-2,4-dion;

b5) tir nhém ctia céc thude diét co tiy trang:
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Cac chat e ché PDS: beflubutamid, diflufenican, fluridon, flurochloridon,
flurtamone, norflurazon, picolinafen, va  4-(3-triflometylphenoxy)-2-(4-
triflometylphenyl)pyrimidin (CAS 180608-33-7), cac chét tc ché HPPD: benzobixy-
clon, benzofenap, isoxaflutol, mesotrion, pyrasulfotol, pyrazolynat, pyrazoxyfen, sul-
cotrion, tefuryltrion, tembotrion, topramezon va bixyclopyron, chét tiy tring, dich

chua biét: aclonifen, amitrol, clomazon va flumeturon;
b6) tir nhom cua cac chét wrc ché EPSP syntaza:
glyphosat, glyphosat-isopropylamoni va glyphosat-trimesium (sulfosat);
b7) tir nhom cuia cac chét tc ché glutamin syntaza:

bilanaphos (bialaphos), bilanaphos-natri, glufosinat, glufosinat-P va glufosinat-

amoni;
b8) tir nhom cua cac chét tc ché DHP syntaza:
asulam,;
b9) tlir nhém ciia cac chét trc ché mitoza:

cac hop chét cta nhém K1: dinitroanilin nhu benfluralin, butralin, dinitramin,
ethalfluralin, fluchloralin, oryzalin, pendimethalin, prodiamin va trifluralin, phospho-
ramidates nhu amiprophos, amiprophos-metyl, va butamiphos, thudc diét co axit ben-
zoic nhu chlorthal, chlorthal-dimetyl, cac pyridin nhu dithiopyr va thiazopyr, benzamit
nhu propyzamit va tebutam; cac hop chit ctia nhém K2: chlorpropham, propham va
carbetamit, trong s6 céc chét nay, cac hop chit ctia nhém K1, cu thé 13 dinitroanilin 1a

duoc uu tién;
b10) tir nhém clia cac chét tc ché VLCFA:

cloaxetamit nhu axetochlor, alachlor, butachlor, dimethachlor, dimethenamid,
dimethenamid-P, metazachlor, metolachlor, metolachlor-S, pethoxamid, pretilachlor,
propachlor, propisochlor va thenylchlor, oxyaxetanilit nhu flufenacet va mefenacet,
axetanilit nhu diphenamid, naproanilide va napropamit, tetrazolinones such fentraza-
mit, va céc thubc diét co khac nhu anilofos, cafenstrole, fenoxasulfon, ipfencarbazon,

piperophos, pyroxasulfon va

hop chét isoxazolin c6 cong thirc II,
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X
RAR O/ " Y
S (I
H,C | R?<R10
H,C ™ \o-N
trong d6 R7, R®, R%, R!%, W, Z va n c6 céc nghia néu dudi déy:
R7, RS, R, R!? doc 14p v6i nhau 1a hydro, halogen hogc Ci-Cs-alkyl;

X oxy hodc NH;

Y phenyl hoic heteroxyclyl mét vong c6 S, 6, 7, 8, 9 ho#c 10 canh chia,
ngoai thanh phin cacbon trong vong mdt, hai hodc ba nguyén tir khac
loai giéng nhau hogc khac nhau dugc chon tir oxy, nito va luu huynh lam
c4c thanh phén vong, trong d6 phenyl va heteroxyclyl 1a khong duoc thé
hodc mang 1, 2 hodc 3 ph?m tir thé RYY duoc chon tir halogen, C1-Cs-
alkyl, C1-Cs-alkoxy, C1-Cs-haloalkyl va Ci-Cs-haloalkoxy;

t5t hon 12 phenyl hozc heteroxyclyl thom ¢ 5 hodc 6 canh (hetaryl) ma c6
chira, ngoai thanh phén vong cacbon, mdt, hai hodc ba nguyén tir nito
lam céc thanh phin vong, trong d6 phenyl va hetaryl 1a khong dugc thé
hodc mang 1, 2 hodc 3 phén tir thé RY; va

n b?ing khong hodc mat;

trong sb cac hop chét isoxazolin c¢6 cong thuc II, wu tién duoc dua ra 1a cac

hop chét isoxazolin ¢6 cong thirc II, trong d6
R7, R8, R% R!? doc 14p v6i nhau 1a H, F, Cl hodc metyl;
X 14 oxy;
n béng O hodc 1;va
Y 1a phenyl, pyrazolyl hodc 1,2,3-triazolyl, trong d6 ba gbc dugc néu
cudi cing 14 khéng duge thé hodc mang mdt, hai hodc ba phén ttr thé

RY, dic biét 1a mot trong sO cac goc sau

11
R N, ; R \ -

- \ oac 14
# RS # N #
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trong d6
R!' 13 halogen, Ci-Cs-alkyl hodc C1-Cs-haloalkyl;
R!2  1a Ci-Cs-alkyl;
R! 12 halogen, Ci-Cs-alkoxy hodc Ci-Ca-haloalkoxy;

R 1a halogen, Ci-Cs-alkyl, Ci-Cs-haloalkyl hodc Ci-Cs-
haloalkoxy;

m b%mg 0, 1, 2 hoac 3; va
#  bibu thi diém gin vao nhém CRI*R!4;

trong sb cac hop chit isoxazolin ¢6 cong thic II, dugc wu tién dic biét 1a

céc hop chét isoxazolin ¢6 cong thic II, trong d6
R’ 12 hydro;
RS 14 flo;
R’ 12 hydro hoic flo;

R 13 hydro hoic flo;

X la oxy;
Y 1a mot trong sb cac gbe c6 cong thire Y, Y2 Y? hodc
Y4
F3C /N\ FSC /N\ FSC /N v F
s N_CH3 7; /N_CH3 SN N_CH3 o hoac i
# " " TN # #
OCHF, OCH,CF, F
Y1 Y2 Y3 Y4

trong d6 # bidu thi diém gan vao nhém CR°R'Y;
n b%lng 0 hoac 1, cu thé1a1; va

trong sd cac chat ndy, duge vu tién ddc biét 1a cac hop chat isoxazolin cé

cong thae 11,1, 112, 11,3, IL.4, ILS, 1.6, IL.7, T1.8 va IL,9
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|:(§C /N\ FSC /N\
F O\\S/,\);<N—CH3 o\\S,/o __N-CH,
H?:C>2\|( OCHF HCs( T OCHF
HsC O—N 2 HSC O,N F 2
I1.1
I1.2
FC. N F.Co N F.C. N
ZE "\
H30>2\|( N HyCu /™ N HC/ YT N
H,C o-N HC o-N F H,C o-N
1.3 I1.4 1.5
F3C /N FsC /N\
Ou® [ N-cH 0P N-CH
\S ~ 3 S \N/ 3
H,C H,Co /™
H:C>(07N( F F OCHF2 H3C O’N F F
1.6 1.7
F.Co N '(:)30 N
=\ o)
F o\\ //O - N-CH;, R \\S// N /N—CH3
H,C S HCS ' T N
3 |
H,C N F F OCHF, H,C o-N F F
1.8 9

cac hop chét isoxazolin c6 cong thic II d3 duge biét dén trong tinh trang
k¥ thuat nay, vi du tir WO 2006/024820, WO 2006/037945, WO 2007/071900
va WO 2007/096576;

trong sb cac chét e ché VLCFA, uu tién dugc dua ra la cloaxetamit va

oxyaxetamit, dac biét 1a dén pyroxasulfon;
bl1) tr nhém ctia cac chét trc ché sinh téng hop xenluloza:

chlorthiamid, dichlobenil, flupoxam, isoxaben, 1-xyclohexyl-5-
pentafluorphenyloxy-14-[1,2,4,6]thiatriazin-3-ylamin va cdc hop chédt piperazin cé
cong thue 111,
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1a phenyl hodc pyridyl trong d6 R* dugc gén vao vi tri ortho vao

diém gan cua A vao nguyén tir cacbon;

1a CN, NO,, C1-Cs-alkyl, D-C3-Ce-xycloalkyl, Ci-Cs-haloalkyl, Ci-
Cs-alkoxy, Ci1-Cs-haloalkoxy, O-D-Cs-Ce-xycloalkyl, S(O)R?, Ca-
Cg-alkenyl, D-C3-Cg-xycloalkenyl, ~Cs-Ce-alkenyloxy, Co-Ce-
alkynyl, C3-Cs-alkynyloxy, NRAR®, tri-Ci-Cs-alkylsilyl, D-C(=O)-
R?l, D-P(=0)(R?"),, phenyl, naphthyl, di vong mdt vong c6 3 dén 7
canh hoic di vong no, khéng no hogc thom c6 9 dén 10 canh duoc
gin qua nguyén tir carbon hodc nito, ma c6 chia 1, 2, 3 hodc 4
nguyén tt khéc loai dugc chon tit nhém bao gdm O, N va S, va ma
c6 thé duogc thay thé mot phﬁn hodc toan bd béng cdc nhom R*
va/hodc R?, va, néu R?* dugce gén vao nguyén tir cacbon, ngoai ra

halogen;

RY 1a C1-Ce-alkyl, C3-Cs-alkenyl, C3-Cs-alkynyl, NR*R® hogc Ci-
Cs-haloalkyl va q bang 0, 1 hoic 2;

RARB doc 1ap v6i nhau 1a hydro, Ci-Ce-alkyl, C3-Ce-alkenyl va Cs-
Cs-alkynyl; cing v4i nguyén tlr nito ma ching gén viao, RARB
con c6 thé tao thanh vong no, chua no mot phén hoac hoan
toan, c6 ndm hoic 6 canh ma, ngoai cac nguyén tir cacbon, ¢4
thé chtra 1, 2 hodc 3 nguyén tir khéac loai duge chon tir nhém
bao gdm O, N va S, vong ndy c6 thé duoc thé bing tir 1 dén 3
nhom R,

D 1alién két cdng héa tri, C1-Cs-alkylen, C-Cg-alkenyl hodc Co-
Ce-alkynyl;
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R?! 14 hydro, OH, Ci-Cg-Alkyl, C1-Cs-haloalkyl, C3-Cg-xycloalkyl,

C»-Cs-alkenyl, Cs-Cs-xycloalkenyl, Cz-Cs-alkynyl, Ci-Cs-
alkoxy,  Ci-Cs-haloalkoxy,  Cs3-Cs-alkenyloxy, — C3-Cs-
alkynyloxy, NRARB, Ci-Cg-alkoxyamino, C1-Ce-
alkylsulfonylamino, Ci-Cs-alkylaminosulfonylamino, [di~(Ci-
Ce)alkylamino]sulfonylamino, Cs3-Cs-alkenylamino, C3-Cs-
alkynylamino, N-(Cz-Cs-alkenyl)-N-(Ci-Ce-alkyl)amino, N-
(C2-Ce-alkynyl)-N-(C1-Cs-alkyl)amino, N-(Ci-Cg-alkoxy)-N-
(C1-Ce-alkyl)amino, N-(Cz-Cg-alkenyl)-N-(C1-Ce-
alkoxy)amino, ~ N-(Ca-Cs-alkynyl)-N-(Ci-Cs-alkoxy)-amino,
C1-Ce-alkylsulfonyl, tri-C1-Cs-alkylsilyl, phenyl, phenoxy,
phenylamino hodc di vong mét vong ¢6 5 hodc 6 canh hodc di
vong hai vong ¢4 9 hodc 10 canh ma cd chira 1, 2, 3 hoédc 4
nguyén t&r khac loai duogc chon tir nhém bao gém O,Nva s,
trong d6 cac nhdm vong chua duoc thé hodc da duoc thé béng

1, 2, 3 hodc 4 nhém R?;

R# 13 halogen, OH, CN, NO», Ci-Cs-alkyl, C1-Cs-haloalkyl, C1-Cq-

alkoxy, Ci-Cs-haloalkoxy, S(O)qRY, D-C(=0)-R* va tri-C;-
Cs-alkylsilyl;

d6c 1ap véi nhau 1a hydro, CN, NOz, halogen, Ci1-Cs-alkyl, C1-Cs-
haloalkyl, C»-Cs-alkenyl, Cs-Ce-alkynyl, Ci-Cs-alkoxy, Ci-Cs-
haloalkoxy, benzyl hodc S(O)qRY,

RP cing v4i nhém R? hodc RP duge gin vao nguyén tir vong lién ké

con c6 thé tao thanh vong no hodc chua no mot phﬁn hoac hoan
toan ¢6 5 hodc 6 canh ma, ngoai cdc nguyén tir cacbon, ¢ thé
chtta 1, 2 hodc 3 nguyén tir khac loai dugc chon tir nhém bao
gém O, N va S, vong nay co thé duoc thé mot phén hodc toan bd

bang R?;
béng 0, 1, 2 hodc 3;

14 hydro, OH, CN, Ci-Crz-alkyl, C3-Ciz-alkenyl, C3-Ciz-alkynyl,
C1-Cy-alkoxy, C3-Ce-xycloalkyl, Cs-Ce-xycloalkenyl, NRARP,
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S(O)RY, S(O)NRARE, C(=O)R*», CONRARP, phenyl hodc di
vong thom mdt vong c6 5 hodc 6 canh hogc hai vong ¢6 9 hoic
10 canh ma c6 chira 1, 2, 3 hodc 4 nguyén tir khac loai duogc
chon tir nhom bao gém 0, N va S, trong d6 nhom vong dugc gén
qua D! va chua dugc thé hoic duge thé bang 1, 2, 3 hodc 4 nhom
R® va ca nhém dugc thé R® mot phén ho#c hoan toan sau day:
C1-Cs-alkyl, C3-Cs-alkenyl, C3-Cs-alkynyl, Ci-Cs-alkoxy, C3-Ce-
xycloalkyl, Cs-Ce-xycloalkenyl, NRARE, S(0)aRY, S(O):NR*R,
C(=0)R%, CONRRE;

tbt hon 1a 13 hydro, OH, CN, Ci-Ci2-alkyl, Cs-Ciz-alkenyl, C3-Ci2-
alkynyl, Ci-Cs-alkoxy, Cs-Ce-xycloalkyl, Cs-Ce-xycloalkenyl, NRARE,
S(0)RY, S(O)NRARB, C(=0)R%, CONRARP, phenyl hodc di vong thom
mot vong c6 5 hodic 6 canh hodc hai vong c6 9 hodc 10 canh ma c6 chaa 1,
2, 3 hodc 4 nguyén tir khéac loai dugc chon tir nhom bao gém O, Nvas,
trong d6 nhém vong duge gén qua D! va chua duoc thé hogc dugc thé bing
1, 2, 3 hoic 4 nhom R™, va ca nhém dugc thé bﬁng R mot phén hodc hoan
toan sau ddy: Ci-Cs-alkyl, C3-Cs-alkenyl va C3-Cs-alkynyl;

R 1a hydro, Ci-Cs-alkyl, Ci-Cs-haloalkyl, Ci-Cs-alkoxy hodc Ci-

Cs-haloalkoxy;
D! 14 carbonyl hodc nhém D;
trong d6 trong nhém R, R? va céc phén tir thé phu cta chung mach

cacbon va/hodc nhém vong co thé mang 1, 2, 3 hodc 4 phﬁn tir thé R

va/hoic R,

6 1a C1-Cs-alkyl, C3-Cs-alkenyl hodc Cs-Cs-alkynyl;

RY7 1a OH, NHa, C1-Cs-alkyl, C3-Ce-xycloalkyl, C3-Ce-alkenyl, Cs-
Ce-alkynyl, Ci-Cs-hydroxyalkyl, C1-Cs-cyanoalkyl, C1-Cs-haloalkyl, Ci-Cs-
alkoxy-C1-Cs-alkyl hodc C(=O)R*;

R!8 13 hydro, halogen, Ci-Cs-alkyl hodc Ci-Cs-haloalkyl, hodc R8 va

R cing nhau 1 lién két cong hoéa tri;
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R19 R0, R2! R2! doc 1ap v6i nhau 13 hydro, halogen, OH, CN, NO»,
C1-Cs-alkyl, Ci-Cs-haloalkyl, C>-Cs-alkenyl, C2-Ce-alkynyl, Ci-Cs-alkoxy,
C1-Cs-haloalkoxy, C3-Cg-xycloalkyl, Cs-Ce-xycloalkenyl va C3-Ce-
xycloalkynyl;

R2B, R  ddc lap voi nhau 13 hydro, halogen, OH, haloalkyl, NRARBE,
NRAC(O)R?, CN, NOg, Ci-Cs-alkyl, Ci-Cs-haloalkyl, C>-Cs-alkenyl, Cs-
Cs-alkynyl, Ci-Cs-alkoxy, Ci-Cs-haloalkoxy, 0-C(O)R?¢, phenoxy hodc
benzyloxy, trong d6 trong nhém R* va R** mach cacbon va/hodc nhém
vong c6 thé mang 1, 2, 3 hodc 4 phin tir thé R*;

R2?¢ 1a C1-Cs-alkyl hoic NRARE;
trong sb cac hop chét isoxazolin ctia cac hop chét piperazin c6 cong thirc
111, vu tién dugc dua ra cac hop chét piperazincé cdng thuc ITI, trong d6

A 1 phenyl hodc pyridyl trong d6 R* dugc gén vao vi tri ortho vao

diém gin ctia A vao nguyén tir cacbon;

R® 1a CN, NO», Ci-Cs-alkyl, Ci-Cs-haloalkyl, Ci1-Cy-alkoxy, C1-Cs-

haloalkoxy hoic D-C(=0)-R¥,;

RY 1a Ci-Ce-alkyl, Cs-Cs-alkenyl, Cs-Cs-alkynyl, NR*R® hogc Ci-

Cs-haloalkyl va q bang 0, 1 hoic 2;

RARB ddc 1ap véi nhau 13 hydro, Ci-Cs-alkyl, C3-Cs-alkenyl va
Cs-Ce-alkynyl; cing véi nguyén tir nito ma ching gin vao,
RARB con ¢6 thé tao thanh vong no, chua no mot phz‘?m hoéc
hoan toan, ¢6 nam hozc 6 canh ma, ngoai cic nguyén tir cacbon,
c6 thé chira 1, 2 hodc 3 nguyén tir khac loai duoc chon tir nhom
bao gébm O, N va S, vong ndy c6 thé duoc thé bing tir 1 dén 3
nhom R?;

D lalién két cong hoa tri hoic C1-Cs-alkylen;

R?! 13 hydro, OH, Ci-Cs-Alkyl, C1-Cs-haloalkyl, Cs-Ce-xycloalkyl;

R* 13 halogen, OH, CN, NO», Ci-Cs-alkyl, C1-Cs-haloalkyl, C;-Cs-

alkoxy, Ci-Cs-haloalkoxy, S(O)qR’, D-C(=0)-R* va tri-C1-Cs-
alkylsilyl;
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doc 14p véi nhau 1a CN, NO», halogen, Ci-Cs-alkyl, Ci-Cs-
haloalkyl, Cz-Cs-alkenyl, C3-Cs-alkynyl, Ci-Cs-alkoxy, Ci-Cs-
haloalkoxy, benzyl hodc S(O)qRY,

R cliing v6i nhém R? hodc R® duge gén vao nguyén tr vong lién
k& con c6 thé tao thanh vong no hoic chwa no mot phén hoac
hoan toan c6 5 hodc 6 canh ma, ngoai cic nguyén tir cacbon, ¢
thé chira 1, 2 hodc 3 nguyén tir khéc loai duge chon tir nhém bao
gém O, N va S, vong nay co thé duoc thé mot phz‘?ln hodc toan bo

bang R
la 0 hoac 1;

13 hydro, Ci-Ciz-alkyl, Cs-Ciz-alkenyl, Cs-Ciz-alkynyl, Ci-Cs-
alkoxy hodic C(=0)R?, ma c6 thé dwgc thé mot phin hodc hoan

toan bang nhém R¥-;

t6t hon 13 13 hydro, Ci-Ciz-alkyl, C3-Ciz-alkenyl, C3-Ciz-alkynyl, Ci-
Ca-alkoxy hodc C(=0)R%;

R25

12 hydro, Ci-Cs-alkyl, Ci-Cs-haloalkyl, Ci-Cs-alkoxy hodc Ci-
Cs-haloalkoxy;

trong d6 trong nhém R'5, R® v cac phan tir thé phu ctia chung mach

cacbon va/hodc nhém vong cé thé mang 1, 2, 3 hodc 4 phin tir thé R®
va/hoic R,

R16

R17

la C1-Cy-alkyl;

la OH, NH,, C;-Cs-alkyl, C3-Ce-xycloalkyl, Ci-Cs-haloalkyl

hoic C(=0)R%;

R18

1a hydro, hogc R'8 va R ciing nhau 12 lién két cong héa tri;

R, R20 R?! R2! ddc 1ap v6i nhau 1a hydro;

R2 R?*  ddc lap vé6i nhau 1a hydro, halogen hodc OH;

b12) tir nhém ciia cc thubc diét cé khir lién hop:

dinoseb, dinoterb va DNOC va muo6i cta no;

b13) tir nhém ciia cac thubc diét ¢ auxin:
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2,4-D va mudi va este cta nd, 2,4-DB va mudi va este ctia nd, aminopyralid va
mudi cta né nhu aminopyralid-tris(2-hydroxypropyl)amoni va este ctia n6, benazolin,
benazolin-etyl, chloramben va mudi va este ctia nd, clomeprop, clopyralid va mudi va
este cia nd, dicamba va mudi va este cua nd, dicloprop va mudi va este cta nd, diclo-
prop-P va mubi va este cta nd, fluroxypyr, fluroxypyr-butometyl, fluroxypyr-meptyl,
MCPA va mubi va este cia nd, MCPA-thioetyl, MCPB va mubi va este ctia no,
mecoprop va mudi va este clia nd, mecoprop-P va mudi va este ctia nd, picloram va
mudi va este ctia nd, quinclorac, quinmerac, TBA (2,3,6) va mubi va este clia nod,

triclopyr va mudi va este ctia nd, va aminoxyclopyrachlor va mu6i va este cla no;

bl4) tr nhém cla cac chét &c ché van chuyén auxin: diflufenzopyr, diflufen-

zopyr-natri, naptalam va naptalam-natri;

bl5) tir nhdm cua cac thubc diét cé khac: brombutide, cloflurenol, cloflurenol-
metyl, cinmetylin, cumyluron, dalapon, dazomet, difenzoquat, difenzoquat-metilsulfat,
dimethipin, DSMA, dymron, endothal va mubi cta nd, etobenzanid, flamprop, flam-
prop-isopropyl, flamprop-metyl, flamprop-M-isopropyl, flamprop-M-metyl, flurenol,
flurenol-butyl, flurprimidol, fosamin, fosamin-amoni, indanofan, indaziflam, maleic
hydrazit, mefluidit, metam, metyl azit, metyl bromua, metyl-dymron, metyl iodua,
MSMA, axit oleic, oxaziclomefon, axit pelargonic, pyributicarb, quinoclamin, tria-
ziflam, tridiphan va 6-clo-3-(2-xyclopropyl-6-metylphenoxy)-4-pyridazinol (CAS

499223-49-3) va mubi va este clia né.

Hon nita, ¢ thé hitu ich dé sir dung benzoxazinon c6 cong thirc I két hop véi cac
chét an toan. Céc chét an toan 1a cac hop chit hoa hoc ma ngin ngira hodc lam giam sy
hu hai dbi v6i cdy trong hitu ich ma khong c6 tac dong 16n dén tac dung diét c6 cla
benzoxazinon c6 cong thire I d6i véi cac cy trong khong mong mudn. Chung c6 thé
duoc 4p dung trude khi gieo (vi du dbi véi viée xir ly hat gidng, chdi cay hoidc ciy
gidng con) hodc 4p dung trudc khi ndy mam hodc 4p dung sau khi nay mam clia ciy
httu ich.

Hon nita, cac chét an toan C. benzoxazinon I va/hodc céc thudc diét co B ¢6 thé

duge stt dung dong thoi hoic lién tiép.

Céc chét an toan thich hop 14 vi du axit (quinolin-8-oxy)axetic, axit 1-phenyl-5-
haloalkyl-1H-1,2,4-triazol-3-carboxylic, axit 1-phenyl-4,5-dihydro-5-alkyl-1H-
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pyrazol-3,5-dicarboxylic, axit  4,5-dihydro-5,5-diaryl-3-isoxazol ~ carboxylic,
dicloaxetamit, alpha-oximinophenylaxetonitril, —axetophenonoxim, 4,6-dihalo-2-
phenylpyrimidin,  N-[[4-(aminocarbonyl)phenyl]sulfonyl]-2-benzoic amit, 1,8-
naphtalic anhydrit, axit 2-halo-4-(haloalkyl)-5-thiazol carboxylic, phosphorthiolat va
N-alkyl-O-phenylcacbamat va cac mudi c¢6 thé chip nhin trong ndéng nghiép cla
chung va cac din xuét c6 thé chip nhan trong ndng nghiép ctia ching nhu céc amit,

céc este, va cac thioeste, véi dieu kién 1a ching c¢6 nhém axit.

Céac vi du vé chét an toan C duoc wu tién 13 benoxacor, cloquintocet, cyometrinil,
xyprosulfamit, diclormid, dixyclonon, dietholat, fenclorazol, fenclorim, flurazol,
fluxofenim, furilazol, isoxadifen, mefenpyr, mephenat, naphtalic anhydrit, oxabetrinil,
4-(dicloaxetyl)-1-oxa-4-azaspiro[4,5]decan (MON4660, CAS 71526-07-3) va 2,2,5-
trimetyl-3-(dicloaxetyl)-1,3-oxazolidin (R-29148, CAS 52836-31-4), va N-(2-
Metoxybenzoyl)-4-[(metylaminocarbonyl)amino]benzensulfonamit (CAS 129531-12-
0).

Céc chét an toan C duge wu tién dic biét 1a benoxacor, cloquintocet, xyprosulfa-
mit, diclormid, fenclorazol, fenclorim, flurazol, fluxofenim, furilazol, isoxadifen,
mefenpyr, naphtalic anhydrit, oxabetrinil, 4-(dicloaxetyl)-1-oxa-4-azaspiro[4,5]decan
(MON4660, CAS 71526-07-3) va 2,2,5-trimetyl-3-(dicloaxetyl)-1,3-oxazolidin (R-
29148, CAS 52836-31-4), va N-(2-Metoxybenzoyl)-4-
[(metylaminocarbonyl)amino]benzensulfonamit (CAS 129531-12-0).

(4c chit an toan C dugc wu tién dic biét 1a benoxacor, cloquintocet, xyprosulfa-
mit, diclormid, fenclorazol, fenclorim, furilazol, isoxadifen, mefenpyr, 4-(dicloaxetyl)-
1-oxa-4-azaspiro[4,5]decan (MON4660, CAS 71526-07-3) va 2,2,5-trimetyl-3-
(dicloaxetyl)-1,3-oxazolidin (R-29148, CAS 52836-31-4), va N-(2-Metoxybenzoyl)-4-
[(metylaminocarbonyl)amino]benzensulfonamit (CAS 129531-12-0).

Céc chét an toan C dugc uu tién dic biét, ma, lam thanh ph?ln C.la phén t cAu
thanh cta hop phin theo sing ché 13 cac chét an toan C nhu néu trén; cu thé 14 cc chat

an toan C.1 - C.13 duoc liét ké dudi day trong bang C:
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Bang C

Chat an toan C

C.1 benoxacor

C.2 cloquintocet

C.3 xyprosulfamit

C.4 diclormid

C.5 fenclorazol

C.6 fenclorim

C.7 furilazol

C.8 isoxadifen

C.9 mefenpyr

C.10 anhydrit axit naphtalic

C.11 4-(dicloaxetyl)-1-oxa-4-azaspiro[4,5]decan ~ (MON4660, CAS
71526-07-3)

C.12 2,2,5-trimetyl-3-(diclo-axetyl)-1,3-oxazolidin ~ (R-29148,  CAS
52836-31-4)

C.13 N-(2-Metoxybenzoyl)-4-
[(metylaminocarbonyl)amino]benzensulfonamit (CAS 1 29531-12-0)

Hoat chit B thudc céc nhom bl) dén b15) va hoat chét C 1a thudc diét co va chit
an toan da biét, xem, vi du, Bang trich yéu tén thong dung cua thubc diét loai gay hai
(The Compendium of Pesticide Common Names)
(http://www.alanwood.net/pesticides/); Farm Chemicals Handbook 2000 volume 86,
Meister Publishing Company, 2000; B. Hock, C. Fedtke, R. R. Schmidt, Herbizide
[Herbicides], Georg Thieme Verlag, Stuttgart 1995; W. H. Ahrens, Herbicide Hand-
’book, 7th edition, Weed Science Society of America, 1994; va K. K. Hatzios, Herbi-
cide Handbook, Supplement for the 7th edition, Weed Science Society of America,
1998. 2,2,5-Trimetyl-3-(dicloaxetyl)-1,3-oxazolidin [CAS No. 52836-31-4] con duogc
goi l1a R-29148. 4-(Dicloaxetyl)-1-oxa-4-azaspiro[4,5]decan [CAS No. 71526-07-3]
con duoge goi 1a AD-67 va MON 4660. Céac hop chét c6 hoat tinh diét cé khac la da
bidt tir WO 96/26202, WO 97/41116, WO 97/41117, WO 97/41118 va WO 01/83459
va cé tir An phdm W. Krimer et al. (ed.) " Modern Crop Protection Compounds", Vol.
1, Wiley VCH, 2007 va céc tai liéu duge trich dan trong do.

Théng thudng duge wu tién 1a sir dung céc hop chét theo séng ché két hop véi
cac thude diét co ma co tinh chon loc cho cay tréng thoi vu dang dugce xtr ly va ma bu

cho mot loat co dai duoc khéng ché boi cac hop chét nay & ty 1& 4p dung dugc sir
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dung. Théng thudong dugc wu tién 1a st dung cac hop chit theo sang ché va cac thubc

diét co bd sung khac ddng thoi, hoic 1a ché phim két hop hoic 14 hdn hop trdn thing.

Thuét ngit “axit nucleic mut-PPO” chi axit nucleic PPO c6 trinh ty dugc gay dot
bién tir axit nucleic PPO kiéu dai ma mang lai su dung chiu thudc diét cd chira dan
xult benzoxazinon dbi véi cdy trdng trong d6 né dugc biéu hién. Hon nita, thuét ngit
“protoporphyrinogen oxidaza d dugc gy dot bién (mut-PPO)” chi sy thay thé ciia
axit amin ciia céc trinh tu ban dAu kiéu dai SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, hoic 46, hodc bién thé, din xudt, ddng
déng, ortholog, hodc paralog cuia né, voi axit amin khac. Cum tir "axit amin dugc gay
dot bién" s& dugc st dung duédi ddy chi axit amin ma dugc thay thé bang axit amin

khéc, nhd do chira didm dot bién trong trinh tu protein ban dau.

Theo phuong 4n dugc uu tién, trinh tu nucleotit PPO bao gdm trinh tu ctia SEQ
ID NO: 1, 25, 37 hoac 39 hodc bién thé hodc din xuét cta chiing.

Hon nita, nguoi cé hiéu biét trung binh trong linh vyc nay s& hidu ring céc trinh
tu nucleotit PPO bao gdm cac homolog, paralog va ortholog ctia SEQ ID NO: 1, 25,
37 hodc 39 nhu dugc xac dinh dudi day

Thuét ngft "bién thé" lién quan dén trinh tu (vi du, polypeptit hodc trinh tur axit
nucleic nhu — vi du — trinh tu nucleotit diéu bién su phién ma theo sang ché) duoc
dung c6 nghia la céc trinh tu gin nhu 13 tuong tu. Ddi véi céc trinh tu nucleotit chira
khung doc m@, cac bién thé bao gém cac trinh tu bién thé ma, do sy thoai héa ctia ma
gen, ma hoa trinh fir axit amin gidng hét ctia protein ty nhién. Bién thé alen c6 trong tur
nhién nhu cac bién thé nay cé thé duoc xé4c dinh véi viéc st dung cac cong nghé sinh
hoc phén tr dd duoc biét r3, nhu, vi du, véi phan tng chudi polymeraza (PCR) va céc
k¥ thudt lai héa. Céc trinh tu bién thé nucleotit con bao gém cac trinh tu nucleotit thu
duoc b%lng cach téng hop, nhu c4c trinh ty nucleotit dugc tao ra, vi du, béng cach st
dung phat sinh dot bién & diém truc tiép va dbi véi cac khung doc m&, mé hoa protein
tw nhién, cling nhu khung doc m& mé hoa polypeptit ¢ sy thay thé axit amin lién quan
dén protein tu nhién. N6i chung, céc bién thé trinh tu nucleotit theo sédng ché s& ¢c6 it
nhét 30, 40, 50, 60, dén 70%, vi du, tbt hon 1& 71%, 72%, 73%, 74%, 75%, 76%, 17%,
78%, dén 79%, thong thuong it nhét 1a 80%, vi du, 81%-84%, it nhat 85%, vi du, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, to 98% va 99% nucle-
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otit “d0 ddng nhét v& trinh ty” v6i trinh tu nucleotit ctia SEQ ID NO: SEQ ID NO: 1,
3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, hodc 45.
Thuét ngit "bién thé" polypeptit duge ding dé chi polypeptit thu duge tr protein clia
SEQID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
44, hoac 46 béng cach khuyét doan (con dugc goi la cit cut) hoic bd sung mdt hoic
nhidu axit amin vao ddu tdn N va/hodc ddu tin C cla protein tu nhién; khuyét doan
hodc b sung mot hodc nhiéu axit amin & mot hodc nhiéu diém trong protein ty nhién;
hodc su thay thé ctia mdt hodic nhiéu axit amin & mot hodc nhiéu diém trong protein tu
nhién. C4c bién thé ndy c6 thé tao ra ti, vi du, hién tuong da hinh di truyén hogc tir
thao tac & ngudi. Cac phwong phap dé thao tic nay thong thuong di biét trong tinh
trang k¥ thuat.

P4 nhan ra ring cac phéan tir polynucleotit va cac polypeptit theo sang ché bao
gbm céc phan tir polynucleotit va polypeptit chira nucleotit hogc trinh tw axit amin ma
giéng hét thich hop véi cac trinh tu nucleotit duge néu trong SEQ ID No: 1, 3, 5, 7, 9,
11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, hodc 45, hodc to trinh
tu axit amins duoc néu trong SEQ ID No: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, hoac 46. Thuat ngit "giéng hét thich hop" dugc s
dung trong ban mo ta chi axit amin du tién hodc trinh tu nucleotit ma chira sb6 du va
tbi thidu géc axit amin ho#c cac nucleotit giéng hét hoic twong duong (vi dy, véi mach
bén twong tw) véi trinh ty axit amin hodc nucleotit thir hai sao cho trinh ty axit amin
hodc nucleotit thi nhit va thit hai c6 mién cdu trac thong thudng va/hodc hoat tinh

chirc nang thong thuong.

"Do ddng nhét v& trinh ty" chi mirc d ma hai trinh ty ADN hodc trinh ty axit
amin duogc sip thing hang t6i wu 13 bét bién trong cira s6 sip thang hang cla c4c thanh
phﬁn, vi du, cac nucleotit hodc céc axit amin. "Ty 1€ déng nhét" dbi véi cac doan duge
sip thing hang ciia trinh tu thit nghiém va trinh ty tham chiéu 12 s thanh phén giéng
nhau ¢6 & ca hai trinh ty duoc sép thing hang chia cho tdng sb thanh phan trong doan
trinh tw tham chiéu, tic 13, toan bd trinh ty tham chiéu hozc phén duoc xac dinh nho
hon cta trinh ty tham chiéu. "T¥ 16 phin trdm ddng nhit" 14 ty 18 ddng nhét nhan véi
100. Su sip thang hang t6i wu clia cac trinh tw dé sip ting hang clia s6 so sanh 1a da
biét 16 d6i v6i ngudi c6 hidu biét trung binh trong linh vue ndy va ¢6 thé c6 thé dugce

thuc hién bing cic cong cu nhu thuat toan sip thing hang tuong ddng ctia Smith va
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Waterman, thuét toan sip thing hang tuong ddng ctia Needleman va Wunsch, nghién
ctru phuong phép tuong tu ctia Pearson va Lipman, va t5t hon 13 bang cach thuc hién
c4c thuét todn nay bing may tinh nhu GAP, BESTFIT, FASTA, va TFASTA c6 san
nhu 12 mot phin cia GCG. Wisconsin Package. (Accelrys Inc. Burlington, Mass.)

Céc thuét ngit "(cac) polynucleotit”, "(cc) trinh tu axit nucleic", "(céc) trinh tur
nucleotit", "(cac) axit nucleic”, “phén tir axit nucleic” dugc sir dung thay thé 14n nhau
trong ban md ta ndy va chi cac nucleotit, cic ribonucleotit hodc cac deoxyribonucleotit
hodc su két hop ciia ca hai yéu t§ ndy, & dang polyme khong phan nhanh c6 do dai bét
ky.

“Céc din xult” ctia protein bao gbm céac peptit, cac oligopeptit, cac polypeptit,
céc protein va cac enzym c6 su thay thé axit amin, khuyét doan va/hodc doan ghép lién
quan dén protein chua dugce bién ddi dang nghién ctru va c6 hoat tinh sinh hoc va chirc

ning tuwong tu nhu protein chua dugc bién d6i ma chiing thu dugc tir proteind do.

“Céac homolog” ctia protein bao gdm céc peptit, cac oligopeptit, cic polypeptit,
céc protein va cac enzym c6 su thay thé axit amin, khuyét doan va/hodc doan ghép lién
quan dén protein chua dugc bién dbi dang nghién cru va c6 hoat tinh sinh hoc va chirc

ning tuong ty nhu protein chua dugc bién dbi ma ching thu dugc tir protein do.
Khuyét doan chi viéc loai bo mot hodc nhiéu axit amin tir protein.

Doan ghép chi mot hodc nhiéu géc axit amin duoc dua vao vi tri dugce xac dinh
trude trong protein. Cac doan ghép c6 thé bao gbém sur dung hop dAu tan N va/hodc dau
tan C ciing nhu cdc doan ghép ndi-trinh tw ctia don hodc da axit amin. N6i chung, céac
doan ghép trong trinh ty axit amin s& 14 nho hon so v6i su dung hop dau tan N hoic C.
trong khoang tir 1 dén 10 gbc. Céc vi du vé céc protein dung hop dau tan N hoic C
hodc cac peptit bao gbm mién lién két hodc mién hoat héa ctia yéu t6 hoat héa phién
m3 nhu duge st dung trong hé nim men hai lai (yeast two-hybrid system), cdc protein
v thé thuc khudn, (histidin)-6-tag, glutathion S-transferaza-tag, protein A, protein lién
két maltoza, dihydrofolat reductaza, Tage100 epitop, c-myc epitop, FLAG®-epitop,
lacZ, CMP (peptit lién két calmodulin), HA epitop, protein C epitop va VSV epitop.

Su thay thé chi su thay thé axit amin ctia protein bang axit amin khac ¢6 cac tinh
chét twong tur (nhu tinh khong ua nudc tuong ty, tinh va nude, tinh khang nguyén, xu

huéng tao thanh hodc pha v& cac cAu triic dang xoén a hodc chu tric dang tAm ). Su
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thay thé axit amin thong thudng va cac gbc don, nhung c6 thé duoc hop lai tiy thude
vao céc céu truc chirc ning duoc dit vao polypeptit va co thé nim trong khoang tir 1
dén 10 axit amin; cic doan ghép thong thudong s& nim trong khoang tir 1 dén 10 gbe
axit amin. Su thay thé axit amin t6t hon 13 sy thay thé axit amin bao toan. C4c bang
thay thé bao toan d duogc biét rd trong linh vuc (xem vi du Creighton (1984) Proteins.
W.H. Freeman and Company (Eds).

Bang 2: Céac vidu vé su thay thé axit amin bao toan

Goc Su thay thé bado | Goc Su thay thé bao
toan toan

Ala Ser Leu Ile; Val

Arg Lys Lys Arg; Gln

Asn Gln; His Met Leu; Ile

Asp Glu Phe Met; Leu; Tyr

Gln Asn Ser Thr; Gly

Cys Ser Thr Ser; Val

Glu Asp Trp Tyr

Gly Pro Tyr Trp; Phe

His Asn; Gln Val Ile; Leu

Ile Leu, Val

Su thay thé axit amin, khuyét doan va/hodc doan ghép co thé dugc tao ra mot
cach d& dang bang cach str dung cac k¥ thuét tdng hop peptit di biét r trong linh vuec,
nhu tbng hop peptit pha rén va tuong tu, hodc bang cich thao tdc ADN téi t6 hop.
Phuong phép dé theo tic céc trinh tw ADN 2 tao ra su thay thé, 16ng vao hodc khuyét
doan cac bién thé cia protein 1a da biét & trong linh vuc. Vi du, cac k§ thuat dé tao ra
su dot bién thay thé & vi tri dugc xé4c dinh trude trong ADN 1a da biét 15 dbi v6i nguoi
¢6 hidu biét trung binh trong linh vuc va bao gdm su phat sinh dot bién M13, su phat
sinh dot bién T7-Gen in vitro (USB, Cleveland, OH), sw phdt sinh dot bién
QuickChange Site Directed (Stratagene, San Diego, CA), su phat sinh dot bién dugc
gay ra boi PCR & diém tryc tiép hodic céc phuong phap phét sinh dot bién khic & diém

truc tiép.

“Céc din xult” con bao gdm cac peptit, cc oligopeptit, cac polypeptit ma c6 thé
bao gbm céc thay thé axit amin bang gbc axit amin khong c6 trong ty nhién, hodc bb
sung cac gbc axit amin khéng c6 trong tw nhién so véi trinh tu axit amin cta dang

protein c6 trong tu nhién, nhu protein can quan tdm. “Cac dan xuat” cta protein con
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bao gbdm céc peptit, cic oligopeptit, cic polypeptit ma bao gdm gbc axit amin duge
bién dbi c6 trong tu nhién (duge glycosyl hoa, duoc axyl héa, duge prenyl hoa, dugce
phosphoryl héa, duge myristoyl héa, dugc sulphat héa, v.v..) hodc duoc bién dbi
khéng tu nhién so véi trinh tu axit amin ctia dang polypeptit c¢é trong tu nhién. Din
xudt con ¢6 thé bao gdm mdt hodc nhiéu phép thé hodc bb sung thanh phén khéng phai
axit amin so vé6i trinh tu axit amin ma tir d6 thu duge nd, vi du phén tu dua tin hodc
phéi tir khéc, lién két cong hoéa héa tri hodc khong cong héa tri véi trinh tu axit amin,
nhu phén tir dua tin ma dugc lién két @8 tao diéu kién thuan tién cho su phat hién cta
n6, va gbe axit amin khéng cé trong ty nhién lién quan dén trinh ty axit amin cua
protein ¢6 trong tw nhién. Hon nita, “céac dAn xuAt” con bao gdm su dung hop cta dang
protein ¢ trong ty nhién véi cac peptit dugc danh d4u nhu FLAG, HIS6 hoic
thioredoxin (dé xem xét céac peptit danh déu, xem Terpe, Appl. Microbiol. Biotechnol.
60, 523-533, 2003).

“Ortholog” va “paralog” bao gdm céc khdi niém tién tridn duoc sir dung dé mé ta
mbi quan hé thé hé con ctia cdc gen. Paralog 1 cac gen trong cliing loai ma da duoc bat
ngudn qua sy phién ban ctia gen t tién; ortholog 14 c4c gen tir cac sinh vat khac nhau
ma & dugc bit ngudn thng qua sy hinh thanh loai, va ciing thu dugc tir gen the he
con théng thuong. Danh muc khong giéi han céc vi du vé ortholog nay da dugc thé

hién trong Bang 1.

D3 biét 13 trong linh vuc k§ thuét nay rang paralog va ortholog ¢ thé c6 chung
céc mién phén biét neo cac gbc axit amin thich hop & cc vi tri nhat dinh, nhu tii lién

két d6i v6i cac co chét cu thé hodc motif lién ket dé tuong tac v6i cac protein khac.

Thuét ngit "mién" dugc dung dé chi tap hop cua céc axit amin duge bao toan tai
cac vi tri nhét dinh theo su sép hang trinh ty cta protein c6 lién quan v& mit tién hoa.
Trong khi axit amin tai cac vi tri khac c6 thé thay d6i gitta cac thé tuong ddng, thi axit
amin duogc bao toan cao tai cac vi tri nhét dinh dugc dung d8 chi axit amin can thiét
trong cAu trtc, tinh dn dinh hodc hoat tinh cta protein. Pugc xac dinh thong qua muc
bao toan cao cua ching ¢ trinh tu sdp hang ctia ho thé twong ddng protein, ching c6
thé duoc ding lam yéu t6 nhan dang dé xac dinh xem liéu polypeptit dang no6i dén co

thudc v& ho polypeptit da duoc xac dinh trude d6 hay khong.
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Thuét ngit “motif” hodc “trinh tu lién mg” dugc dung dé chi ving bao toan
ngén trong trinh ty ctia protein ¢6 lién quan v& mit tién hoa. Motif thudng 13 cic phin
b&o toan cao cla cac mién, nhung cling c6 thé chi gém mot phﬁn ctia mién, hodc duge
bb tri & bén ngoai mién bao toan (néu tit ca cic axit amin ctia motif d8u nim & bén
ngoai mién x4c dinh).

Co s& dit liéu chuyén mén hién c6 d& nhan dién mién, vi dy, SMART (Schultz
et al. (1998) Proc. Natl. Acad. Sci. USA 95, 5857-5864; Letunic et al. (2002) Nucleic
Acids Res 30, 242-244), InterPro (Mulder et al., (2003) Nucl. Acids. Res. 31, 315-
318), Prosite (Bucher and Bairoch (1994), A generalized profile syntax for biomolecu-
lar sequences motifs and its function in automatic sequence interpretation. (In) ISMB-
94; Proceedings 2nd International Conference on Intelligent System for Molecular Bi-
ology. Altman R., Brutlag D., Karp P., Lathrop R., Searls D., Eds., pp53-61, AAAI
Press, Menlo Park; Hulo et al., Nucl. Acids. Res. 32:D134-D137, (2004)), hodc Pfam
(Bateman et al., Nucleic Acids Research 30(1): 276-280 (2002)). Bo dung cu dé phan
tich in silico trinh ty protein 1a c6 sin trén may chi EXPASY proteomics (ctia Swiss
Institute of Bioinformatics (Gasteiger et al., ExPASy: proteomics server for in-depth
protein knowledge and analysis, Nucleic Acids Res. 31:3784-3788(2003)). Mién hozc
motif cling co thé duoc xac dinh béng cach str dung cdc k¥ thudt thong thudng, nhu

bang cach sip hang trinh tu chéng han.

Phuong phap sép hang trinh tu d8 so sanh 1a da biét trong linh vuc, phuong
phap nay gdm GAP, BESTFIT, BLAST, FASTA va TFASTA. GAP st dung thuat
toan Needleman va Wunsch ((1970) J Mol Biol 48: 443-453) dé phat hién viéc sdp
hang toan thé (tic 14 trinh ty m& rong tron ven) clia hai trinh ty ma tb1 da hoa sb lugng
twong thich va gidm thiéu s§ luong khe rinh. Thudt toan BLAST (Altschul et al.
(1990) J Mol Biol 215: 403-10) tinh toan ty 1§ phan trim ddng nhat vé trinh tw va thye
hién phan tich théng ké murc tuong tu gitta hai trinh tuy. Phin mém dé thuc hién phan
tich BLAST 1a c6 sin cong khai théng qua National Centre for Biotechnology
Information (NCBI). Thé twong ddng c6 thé duoc xac dinh mdt cach d& dang bang
cach sir dung, vi du, thuét toan sap hang nhiéu trinh tu ClustalW (phién ban 1,83), véi
céc thong sb sap thing hang theo cdp mic dinh, va phuong phép tinh diém theo phan
trdm. Ty 18 phén trim tuong tw va ddng nhét toan thé cling c6 thé dugc xac dinh bing

cach st dung mot trong s6 cac phuong phép c6 san trong goi phin mém MatGAT
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(Campanella et al., BMC Bioinformatics. 2003 Jul 10;4:29. MatGAT: an application
that generates similarity/identity matrices using protein or DNA sequences). Viéc
chuan bi thao téc bing tay thit yéu c6 thé dugc thuc hién dé t5i wu héa viée sip hang
gitta cac motif béo toan, nhu s& rd rang véi ngudi co hiéu biét trung binh trong linh
vue. Ngoai ra, thay vi sit dung céc trinh ty ddy da do dai dé nhén dién cac thé twong
déng, cling co thé st dung céc mién cu thé. Cac gia tri muc déng nhét v& trinh tu ¢6
thé dugc xac dinh trén toan bd trinh ty axit nucleic hogc trinh tw axit amin, hoéc trén
c4c mién chon hodc céc motif bao toan, bang cach sir dung cac chuong trinh néu trén
st dung cac théng s6 mic dinh. Dé sép thing hang tai chd, thuat toan Smith-Waterman

12 dic biét hiru ich (Smith TF, Waterman MS (1981) J. Mol. Biol 147(1);195-7).

Céac tac gid cla sang ché da bit ngd phat hién ra rang bang cach thay thé mot
hoac nhiéu géc axit amin chinh tinh dung chiu thudc diét co hoic tinh khang c6 thé
duoc tang 1én mot cach dang k& so v6i hoat tinh ciia cac enzym PPO kiéu dai véi SEQ
ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
hoic 46. Cac phin thé dugc wu tién cia mut-PPO la cac phin thé ma 1am ting tinh
dung chiu thudc diét co cua cdy, nhu dé hoat tinh sinh hoc ctia hoat tinh oxidaza vé co

ban la khong bi anh hudng.

Theo d6, muc dich khac ctia sang ché 1a gbc axit amin chinh cua enzym PPO,
bién thé, din xuit, otholog, paralog hodc thé twong ddng ctia ching, dugc thay thé

bing axit amin khéc bat ky.

Theo phuong an duoc uu tién, gbc axit amin chinh ctia enzym PPO, bién thé, dan
xuét, otholog, paralog ho#c thé tuong ddng cla chiing, dugc thay thé bang axit amin

bao toan dugc mo ta trong Bang 2.

Nguoi co hiéu biét trung binh trong linh vyuc nay s& hiéu ring cac axit amin nim
gln cac vj tri axit amin néu trén cling c6 thd duoc thay thé. Do d6, theo phuong an
khéc bién thd cua SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, hodc 46, bién thé, din xudt, otholog, paralog hogc thé tuong
déng cua chung bao gém mut-PPO, trong d6 axit amin £3, +2 hodc £1 vi trf axit amin

tir axit amin chinh dugc thay thé bang axit amin khéac bét ky.

Dua vao céac cdng nghé da dugc biét rd trong giai phap k¥ thuat, kiéu trinh tu ¢6

dic tinh cao c6 thé dugc phat trién, bang cach d6 ngoai trong sb céc img vién mut-PPO
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v6i hoat tinh mong mu6n c6 thé dugce nghién ciru.

Viéc kiém tra dbi véi cac tmg vién mut-PPO khac bang cach sir dung kiéu trinh
tu thich hgp s& duoc bao gém boi séng ché. S& duoc hidu boi ngudi doc ¢b trinh 46
rang kiéu trinh tu cta sing ché khong bi giéi han béi cac khoang chinh xac trong
khoang gitta hai gbc axit amin lién k& clia kiéu da néu. M&i trong s6 céc khoing cach
gifta hai gbc lién ké trong céc kiu trén c6 thd, vi du, thay d6i mdt cach doc 1ap voi
nhau cho dén £10, £ 5, +3, +2 hodc 1 vi tri axit amin ma hau nhu khong tac dong dén

hoat tinh mong mudn.

Theo phan tich vé chiic ning va khong gian dd néu ¢ trén clia cic gbc axit amin
riéng dua vao cac s6 liéu tinh thé hoc nhu thu dugc theo sang ché, dac tinh trinh ty axit
amin mot phan duy nhét cla cac Ung vién mut-PPO tiém ning hitu ich theo sing ché

c6 thé duoc xac dinh.

Theo phuong an dugc uu tién dac biét, bién thé hodc din xuit ctia mut-PPO cua
SEQ ID NO: 2 dugc chon tir Bang 3a sau va su thay thé axit amin két hop ctia mut-
PPO ctia SEQ ID NO: 2 dugc chon tir Bang 3b.

Bang 3a: (SEQ ID No: 2, 26, 38, 40): Su thay thé axit amin riéng 18

SEQID | Axitamin Su thay thé duoc uwu Su thay thé chung
NO: chinh tién

2 Argl28 Leu, Ala, Val Leu, Ala, Val, Ile, Phe, Trp, Asp, Asn

2 Glyl75 khuyét doan, Ala, Val, khuyét doan, Ala, Val, Pro, Leu, Ile,
Pro Met, Ser, Thr

2 Gly209 khuyét doan, Ala, Val, khuyét doan, Ala, Val, Pro, Leu, Ile,
Pro Met, Ser, Thr

2 Gly210 khuyét doan, Ala, Val, khuyét doan, Ala, Val, Pro, Leu, Ile,
Pro Met, Ser, Thr

2 Leu295 Ser, Met, Ala Ser, Met, Ala, Val, Asp, Asn Thr

2 Ser296 Leu, Met, Gly Leu, Met, Gly, Val, Asp, Asn Thr

2 Leu334 Val, Ile, Phe Val, Ile, Phe, Tyr, Asn, Asp, Thr

2 Phe353 Tyr, Leu Tyr, Leu, Val, Ile, Asn

2 Gly382 Ala, Ser,Thr Ala, Ser,Thr, Cys, Val, Asp

2 Leu384 Ala, Val, Ile Ala, Val, Ile, Asn, Asp, Thr

2 Leu397 Ala, Val, Ile Ala, Val, Ile, Asn, Asp, Thr

2 Gly398 Ala, Ser,Thr Ala, Ser,Thr, Cys, Val, Asp

2 Thr399 Ser, Cys Ser, Cys, Met, Ala, Asn

2 Leu400 Ala, Val, Ile, Phe Ala, Val, Ile, Phe, Asn, Asp, Thr

2 Ser402 Gly, Ala, Cys Gly, Ala, Cys, Asp, His

2 Ser403 Gly, Ala, Cys Gly, Ala, Cys, Asp, His

2 Met404 Ser, Cys, Thr Ser, Cys, Thr, Gly, Ala
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2 Met405 Leu, Ala, Val Leu, Ala, Val, Gly, Cys, Ser

2 Phe420 Met, Cys, Ile, Tyr, Trp | Met, Cys, Ile, Tyr, Trp, Leu, Thr

2 Phe439 Tyr, Trp Tyr, Trp, Ala, Val, Ile

26 Val389 Met, Ala, Cys Met, Ala, Cys, His

38 Ala220 khuyét doan, Val, Thr, khuyét doan, Val, Thr, Leu, Cys, Ile,
Leu, Cys, lle Met

38 S305 Leu, Ala, Val Leu, Ala, Val

38 Tyr426 Met, Cys, Ile, Met, Cys, Ile, Leu, Thr

40 Glyl78 khuyét doan, Ala, Val, khuyét doan, Ala, Val, Pro, Leu, Ile,
Pro Met, Ser, Thr

40 Gly179 khuyét doan, Ala, Val, khuyét doan, Ala, Val, Pro, Leu, Ile,
Pro Met, Ser, Thr

40 Phe372 Met, Cys, Ile, Tyr, | Met, Cys, Ile, Tyr, Trp, Phe, Leu, Thr
Trp, Phe

40 Phe392 Met, Cys, Ile, Tyr, Trp | Met, Cys, Ile, Tyr, Trp, Leu Thr

Bang 3b: SEQ ID NO: 2 (su thay thé axit amin két hop)

Hon hop s | Vi tri axit | Sy thay thé duge wu | Su thay thé chung
amin tién
chinh
1 Gly209 khuyét doan, Ala, khuyét doan, Ala, Val, Pro,
hoéc Val, Pro Leu, Ile, Met, Ser, Thr
Gly210
Argl28 Leu, Ala, Val Leu, Ala, Val, Ile, Phe, Trp,
Asp, Asn
2 Phe420 Met, Cys, lle, Met, Cys, Ile, Leu, Thr
Leu295 Ser, Met, Ala Ser, Met, Ala, Val, Asp, Asn
Thr
3 Phe420 Met, Cys, Ile, Met, Cys, Ile, Leu, Thr
Ser296 Leu, Met, Gly Leu, Met, Gly, Val, Asp, Asn
Thr
4 Argl28 Leu, Ala, Val Leu, Ala, Val, Ile, Phe, Trp,
Asp, Asn
Phe420 Met, Cys, Ile, Met, Cys, Ile, Leu, Thr
5 Gly209 khuyét doan, Ala, khuyét doan, Ala, Val, Pro,
hodc Val, Pro Leu, Ile, Met, Ser, Thr
Gly210
Phe420 Met, Cys, Ile, Met, Cys, Ile, Leu, Thr

CAn phai hiéu rang axit amin bat ky bén canh axit amin dugc néu trong cac bang

3 & trén ¢6 thé duoc dung 1am phan tir thé. Cac phan tich dé thir nghiém chirc ning cta

cac thé dot bién nay co san trong linh vuc, va mdt cach tuong Ung, nhu dugc mo ta

trong phan Vi dy thyc hién sang ché.
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Theo phuong 4n duge wu tién, trinh tu axit amin khac véi trinh tu axit amin cua
PPO cua SEQ ID NO: 2 tai m¢t hodc nhidu vi trf trong sb céac vi tri sau: 128, 175, 209,
210, 295, 296, 334, 353, 382, 384, 397, 398, 399, 400, 402, 403, 404, 405, 420, 439.

Cac vi du vé su khac biét & cac vi tri axit amin nay bao gém, nhung khong chi
giGi han &, mot hodc nhidu trong s axit amin sau: axit amin tai vi tri 128 khong phai
13 Arginin; axit amin tai vi trf 175 khong phai la Glyxin; axit amin tai vi tri 209 khong
phai 13 Glyxin; axit amin tai vi trf 210 khong phai 1a Glyxin; axit amin tai vi tri 295
khong phai 1 Leuxin; axit amin tai vi tri 296 khong phai la Serin; axit amin tai vi tri
334 khong phai 14 Leuxin; axit amin tai vi tri 353 khong phai 1a Phenylalanin; axit
amin tai vi tri 382 khong phai 1a Glyxin; axit amin tai vi tri 384 khong phai la Leuxin;
axit amin tai vi tri 397 khong phai 1a Leuxin, axit amin tai vi tri 398 khong phai la
Glyxin, axit amin tai vi tr{ 399 khong phai 12 Threonin, axit amin tai vi tri 400 khong
phai 1a Leuxin, axit amin tai vi tri 402 khong phai la Serin, axit amin tai vi tri 403
khéng phai 13 Serin, axit amin tai vi tri 404 khong phai 1a Methionin, axit amin tai vi
tri 405 khong phai 13 Methionin, axit amin tai vi tri 420 khong phai la Phenylalanin,

axit amin tai vi tri 439 khong phai 1a Phenylalanin.

Theo mot sb phuong 4n, enzym PPO cua SEQ ID NO: 2 chira mdt hodc nhiéu

trong sO sau:

axit amin tai vi tri 128 13 Leu, Ala, Val, Ile, Phe, Trp, Asp, hodc Asn; axit amin

tai vi tri 175 dugce lam khuyét, Ala, Val, Pro, Leu, Ile, Met, Ser, hodc Thr; axit amin tai
vi tri 209 dugc lam khuyét, Ala, Val, Pro, Leu, Ile, Met, Ser, hodc Thr; axit amin tai vi
tri 210 duoc lam khuyét, Ala, Val, Pro, Leu, Ile, Met, Ser, hodc Thr; axit amin tai vi tri
295 1a Ser, Met, Ala, Val, Asp, Asn hodc Thr; axit amin tai vi tri 296 1a Leu, Met, Gly,
Val, Asp, Asn hodc Thr; axit amin tai vi tri 334 1a Val, Ile, Phe, Tyr, Asn, Asp, hodc
| Thr; axit amin tai vi tri 353 1 Tyr, Leu, Val, Ile, hodc Asn; axit amin tai vitri 382 1a
Ala, Ser,Thr, Cys, Val, hodc Asp; axit amin tai vi tri 384 la Ala, Val, Ile, Asn, Asp,
hodc Thr; axit amin tai vi trf 397 1a Ala, Val, Ile, Asn, Asp, hodc Thr, axit amin tai vi
tri 398 1a Ala, Ser,Thr, Cys, Val, hodc Asp, axit amin tai vi trf 399 1a Ser, Cys, Met,
Ala, hodic Asn, axit amin tai vi trf 400 12 Ala, Val, Ile, Phe, Asn, Asp, hodc Thr, axit
amin tai vi trf 402 14 Gly, Ala, Cys, Asp, hodc His, axit amin tai vi tri 403 la Gly, Ala,
Cys, Asp, hodc His, axit amin tai vi tri 404 1a Ser, Cys, Thr, Gly, hodc Ala, axit amin
tai vi trf 405 14 Leu, Ala, Val, Gly, Cys, hodc Ser, axit amin tai vi tri 420 1a Met, Cys,
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Ile, Tyr, Trp, Leu, hodc Thr, axit amin tai vi tri 439 1a Tyr, Trp, Ala, Val, hodc Ile.

Theo phuong 4n duge uu tién khac nita, trinh ty axit amin khac v6i trinh tu axit
amin ctia PPO cta SEQ ID NO: 26 tai vi tri 389. T4t hon 13, axit amin tai vi tri 389 1a

valin khac. T8t hon nita 13, axit amin tai vi tri 389 12 Met, Ala, Cys, hodc His.

Theo phuong 4n duge wu tién khac nita, trinh ty axit amin khac véi trinh tyu axit
amin ctia PPO cta SEQ ID NO: 38 tai mdt hodc nhiéu vi tri trong sb cac vi tri sau:
220, 305, 426. Tét hon 13, axit amin tai vi tri 220 khdng phai 14 alanin, axit amin tai vi

tri 305 khong phai 1 serin, axit amin tai vi tri 426 khong phai 1a tyrosin.

T4t hon nita 13, axit amin tai vi tri 220 dugc lam khuyét, Val, Thr, Leu, Cys, Ile,
hodc Met; axit amin tai vi tri 305 1a Leu, Ala, Val, axit amin tai vi tri 426 1a Met, Cys,
Ile, Leu, hodc Thr.

Theo phuong 4n duge uu tién khac nita, trinh tu axit amin khac véi trinh tu axit
amin cta PPO cta SEQ ID NO: 40 tai mot hodc nhiéu vi tri trong sb cac vi tri sau:
178, 179, 372, 392. Tét hon 13, axit amin tai vi tri 178 khong phai 1a glyxin, axit amin
tai vi tri 179 khong phai 1a glyxin, axit amin tai vi tri 372 khong phai la phenylalanin,

axit amin tai vi trf 392 khong phai 14 phenylalanin.

Tét hon nita 13, axit amin tai vi tri 178 ducyé lam khuyét, Ala, Val, Pro, Leu, Ile,
Met, Ser, hodc Thr; axit amin tai vi tri 179 duoc lam khuyét, Ala, Val, Pro, Leu, Ile,
Met, Ser, hodc Thr; axit amin tai vi tri 372 1a Met, Cys, Ile, Tyr, Trp, Phe, Leu, hodc
Thr; axit amin tai vi tri 392 12 Met, Cys, Ile, Tyr, Trp, hodc Leu.

S& nim trong su hiéu biét cia ngudi c6 hiéu biét trung binh trong linh vuc dé xac
dinh céc ving duoc bao toan va cac motif chung gifta cac homolog, ortholog va para-
log ciia SEQ ID NO: 1, 3, 5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
39, 41, 43, hodc 45, nhu céc trinh tw dugc md ta trong Bang 1. Da xac dinh duogc cac
ving duoc bio toan ma c6 thé thé hién cac motif lién két thich hop, axit amin tuong
Ung véi axit amin duoc liét ké trong Bang 3a va 3b, ¢6 thé dugc chon dugc thé béng
axit amin khac bat k¥, tdt hon 13 bang axit amin béo toan nhu duoc thé hién trong bang

2, va tdt hon nira 13 bang axit amin ctia Bang 3a va 3b.

Ngoai ra, sang ché @& xudt phuong phap nhén dién thube diét co chira din xuét

benzoxazinon bang cach st dung mut-PPO dugc md hoa boi axit nucleic ma chira
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trinh tu nucleotit thudc SEQ ID NO: 1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 33, 35, 37, 39, 41, 43, hodc 45, hodc bién thé hozic din xuét ctia chung.

Phuong phap nay bao gdm cac bude:

a) tao ra cdy hoic té bao chuyén gen chita axit nucleic ma héa cho mut-PPO, trong

d6 mut-PPO dugc biéu hién;

b) cap thudc diét c6 chira dan xuat benzoxazinon cho cdy hodc t€ bao chuyén gen

néu trong a) va cho cay hoac té bao ddi ching thudc cling mot gidng;

¢) x4c dinh sy sinh trudng hodc kha nang song sét cuia cdy hodc t€ bao chuyén gen
va cay hodc t€ bao ddi chimg sau khi cap thude diét co chira dan xuat benzoxazi-

non nay, va

d) chon loc “thude diét co chira din xuit benzoxazinon” ma mang lai sy sinh truong
gidm cho ciy hodc t€ bao doi chimg so véi sy sinh truéng ctia cdy hodc t€ bao

chuyén gen.

Thuat ngit “té bao ddi chimg” hozc "cing loai, kidu dai, cay, md cdy, té bao ciy
hodc té bao chi" duge dung dé chi cay, mo cdy, té bao cdy, hodc té bao chu, mét cach
tuong mg, ma thidu cac dic tinh khing thudc diét cd va/hodc polynucleotit cu thé theo
sang ché ma duge boc 16 trong ban md ta. Viée st dung thuat ngf "kiéu dai", do do,
khong du dinh d& ngu ¥ ring cdy, mé cdy, t bao cy, hoic té bao chil khac thiéu ADN
tai td hop trong hé gen clia n6, va/hodic khdng c6 dac tinh khang thubc diét co ma khac
v6i cac dic tinh dugce boc 10 trong badn mo ta.

Muc dich khac 14 d& xuét phuong phap nhan dién trinh ty nucleotit ma hoa cho
mut-PPO ma khang hodc dung chiu d6i véi thude diét co chtra dan xuét benzoxazinon,
phwong phép niy bao gdm céc budc:

a) tao ra thu vién clia cc axit nucleic mé héa cho mut-PPO,

b) sang loc tp hop cdc axit nucleic mé hoa cho mut-PPO tao thanh bang céch biéu
hién mdi trong s céc axit nucleic ndy & té bao hodc cdy va xir ly té bao hoic cay
nay béng thube diét c¢6 chira dan xut benzoxazinon,

¢) so sanh muc d§ dung chiu thubc diét co chira din xuét benzoxazinon dugc tao ra
bai tAp hop cac axit nucleic ma hoa cho PPO nay véi mire d6 dung chiu thude diét

¢d chita din xuat benzoxazinon duoc tao ra bdi axit nucleic ma hoa cho PPO doi
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chimg,

d) chon loc it nhat mét axit nucleic mad héa cho mut-PPO ma tao ra muc d0 dung
chiu déi véi thudc diét co chira din xuat benzoxazinon ting dang ké so véi mirc

d6 chiu duoc tao ra boi axit nucleic mé héa cho PPO dbi ching

Theo phuong 4n dugc uu tién, axit nucleic ma héa cho mut-PPO duoc chon loc
trong budc d) tao ra tinh khang nhidu hon it nhit 2 14n hodc sy dung nap ciia té bao
hoiic cay trdng voi thudc diét co chira dan xuét benzoxazinon so véi tinh khang duoc

tao ra boi axit nucleic méd hoa cho PPO d6i chimg

Theo phuong 4n duge wu tién khac nita, axit nucleic mé hoa cho mut-PPO duoc
chon loc trong budce d) tao ra nhidu hon it nhit 2 14n, it nhat 5-1an, it nhét 10-14n, it
nhét 20-1An, it nhit 50-13n, it nhat 100-14n, it nhit 500-1in, su khang hodc sw dung chiu
clia té bao hoic cy trong v6i thubc diét cd chira din xudt benzoxazinon so véi su
khang hoic su chiu duge tao ra boi axit nucleic méd héa cho PPO d6i chimg

Tinh khang ho#c tinh dung chiu ¢6 thé dugc xac dinh bz‘?tng cach tao ra cay
chuyén gen hoic t& bao chu, 5t hon 14 té bao cdy, chra trinh ty axit nucleic thudc thu
vién trong budc a) va so sanh cay chuyén gen nay véi cy d6i chtng hoic té bao chi,
t8t hon 12 a t& bao cy.

Muc dich khéc 1a dé xuét phuong phép nhan dién céy hodc tao chira a axit nu-
cleic chutra trinh tu nucleotit md héa cho PPO kiéu dai hodc mut-PPO ma khang hodc
dung chiu déi véi thude diét co chira dAn xuét benzoxazinon, phuong phap nay bao
gbm céc bude:

a)  nhan dién luong hitu hiéu cta thudc diét c6 chira dan xuét benzoxazi-
non trong gidng cdy ctia té bao cdy hodc tao xanh ma lam chét cac té bao da néu.

b) xuly té bao cdy hoic tdo xanh nay béng tac nhan gdy dot bién,

¢) cho quéin thé té bao da dugc gy dot bién tiép xtic véi lugng hitu hidu

ctia thude diét c6 chtra dan xuét benzoxazinon, dugc nhan dién trong a),

d) chon loc it nhit mot t& bao sbng sét trong céc diéu kién thir nghiém
nay,
e)  khubch dai bang PCR va xdc dinh trinh tu ctia cdc gen PPO tir cac té

bao dugc chon loc trong d) va so sénh céc trinh tu nay véi cac trinh tu gen PPO
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kiéu dai, mot cach twong tng.
Theo phuong an dugc uu tién, tc nhan giy dot bién 14 etylmetansulfonat (EMS).

Nhiéu phwong phép da biét 5 d6i voi ngudi co hidu biét trung binh trong linh
vuce 14 ¢6 sin dé thu dugc axit nucleic img vién thich hop dé nhan dién trinh tw nucleo-
tit m& héa cho mut-PPO tir giéng ciia céc sinh vat c¢6 ngudn tiém ning khac nhau bao
gdm cac vi khudn, cdy, nim, tio, moi trudng nudi cdy hén hop v.v.. cling nhu céc
ngudn méi trudng ciia ADN nhu dét. Cac phuong phap ndy khong ké nhitng cdy khac
bao gém viée didu ché cADN hoic thu vién ADN hé gen, viéc sir dung cic doan mdi
oligonucleotit thoi hoa thich hop, sir dung mau do dua trén cac trinh tu 43 biét hodc
céc thir nghiém b sung (vi du, d8 phat trién dwa vao tyrosin) cfing nhu viéc sir dung
su phéat sinh dot bién va su bd tri lai dé tao ra cac trinh ty ma héa mut-PPO tai td hop

hodc sép xep lai.

Axit nucleic chira (rng vién va cac trinh tu ma héa PPO d6i chimg c6 thé duge
biéu hién trong men, trong chung chu vi khudn, trong alga ho#c trong cdy cao hon nhu
cay thudc 14 hoic Arabidopsis va mutrc dung chiu vbn c6 tuong dbi cua cac trinh ty ma
héa PPO dugc xét nghiém theo kiéu hinh chi bao nhin théy duoc cua ching hodc cay
duge bién nap véi su co6 mit cua céc ndng d6 khac nhau cta thubc diét ¢ chira dan
xudt benzoxazinon dugc chon. Phén tmg lidu lwong va su dich chuyén tuong d6i trong
phén g liéu luong lién quan dén cic kiéu hinh chi béo nay (hinh thanh mau nau, &rc
ché sy phat trién, tdc dung diét c¢d v.v.) dugc biéu hién mdt cach thuan tién, vi dy, 12
céc gi tri GR50 (ndng do dé giam phat trién 50%) hodc MIC (ndng d6 we ché tdi
thidu) trong d6 ting gi4 tri twong Umg véi tang sy dung chiu vén c6 ctia PPO duoc biéu
hién. Vi duy, trong hé théng thtr nghiém tuong dbi nhanh dya trén su bién nap cua vi
khuin nhu E. coli, m3i mut-PPO ma héa cho trinh tur c6 thé duoc biéu hién, vi dy, 1a
trinh tw ADN trong khéng ché biéu hién cia gen khai dAu c6 thé khdng ché nhu gen
khéi dau lacZ va ldy bao céo thich hop, vi du bang céach str dung ADN tbng hop, clia
céc van dé nay la stt dung codon dé thu duoc khi so sanh mirc do bidu hién khi c6 thé
cta cac trinh tw PPO kh4c nhau. Céac axit nucleic biéu hién ching chira céc trinh tu
PPO ung vién thay thé c6 thé dan mong & céc ndng d khac nhau cta thubc diét co
chita dn xuét benzoxazinon dugc chon trong, tly ¥, mdi truong duge bd sung tyrosin
va céc mitc dung chiu vdn cé twong dbi cna cac enzym PPO dugc biéu hién tinh trén

co s& cua mic d6 va MIC dé tic che sy tao thanh cta chat mau mau néu, chat mau
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ochronotic.

Theo phuong 4n khéc, axit nucleic ing cu duge bién nap thanh nguyén liéu cay
d8 tao ra cay chuyén gen, dugc tai tao thanh cdy sinh san binh thuong v& mit hinh thai
hoc ma sau d6 dugc x4c dinh dbi véi sy dung chiu khdc nhau déi véi cac thube didt co
chira din xuét benzoxazinon dwoc chon. Nhiéu phuong phép thich hop d& bién nap str
dung yéu t§ ¢anh ddu chon loc thich hop nhu kanamyxin, vecto nhi phan nhu tir Agro-
bacterium va sy tai sinh cdy nhu, vi du, tir cac dia 14 cly thudc 14 d3 biét r5 trong linh
vuc. Tuy v, quin thé khéng ché ctia cdy cling dugce bién nap véi axit nucleic biéu hién
PPO dbi chimg. Theo cach khéc, cdy hai 14 mim chua duge bién nap nhu Arabidopsis
hodc Cay thudc 14 c6 thé duoc st dung 1am dbi chimg vi cy nay, trong trudng hop bét
k¥, bidu hién PPO ndi sinh ctia chinh n6. Trung binh, va sy phan bd clia muc dung
chiu thudc diét co 1a mot loat trudng hop bién nap cay ban dAu hodc thé hé con cia
chung d6i v6i dén Xuat benzoxazinon dugc md ta & trén duge danh gia theo cich thong
thuong dua vao sy hu hai cdy, cac triu ching tAy tring md phan sinh v.v.. & khoang
céc nbng do khac nhau ctia thubc diét co. Cac sb liéu nay c6 thé dugce biéu hién, vi dy,
xét vé céc gia tri GR50 thu duge tir dudng cong lidu lwong/phan tmg cb "liéu lwong"
duoc v& dd thi trén truc x va "phﬁn tram tiéu diét", "tac dung diét cd", "sd cay xanh
nay mam " v.v.. duoc v& trén truc y trong d6 céc gi tri GR50 tang twong Gng voi cac
muc tang cua sy dung chiu vbn ¢6 ctia PPO duge biéu hién. Cac thube diét ¢ co thé

duge 4p dung mot cach thich hop trude nhi mam hoic sau nhi mam.

Muc dich khac 1a dé xuit axit nucleic di dugc phan 1dp ma hoéa cho mut-PPO,

trong d6 axit nucleic nay la cé th nhan dién dugc biang phuong phap néu trén.

Theo phuong én khéac, sang ché @ xuét t8 bao cdy dugc bién nap béi axit nucleic
PPO kiéu dai hoic mut-PPO hodc té bao ciy dugc gy dot bién d thu nhin cdy ma
biéu hién axit nucleic PPO kiéu dai hoic mut-PPO, trong d6 su biéu hién cta axit nu-
cleic nay & t& bao cdy tao ra tinh khang hodc dung chiu ting d6i v6i thube diét cé chira

din xuat benzoxazinon so v6i gidng ki€u dai clia t€ bao cdy.

Thuét ngit “biéu hién/dang bicu hién” hodc “biéu hi¢n gen” c6 nghia la sy phién
mé cta gen dic hiu hodc cdc gen didc hi¢u hodc cau truc gen dac hiéu. Thuat ngit
“biéu hién” hodc “biéu hién gen” cu thé c6 nghia 1a sy phién ma ctia gen hodc cac gen

hodc cAu tric gen thanh ARN c4u tric (rARN, tARN) hodc mARN c6 hodc khong c6
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su dich ma sau d6 cia ARN thanh protein. Quy trinh nay bao gbm su phién ma cla

ADN va xit Iy san phdm mARN tao ra.

Dé thu nhan tic dung mong mubn, tic 13 cic cdy ma dung chiu hodc c6 tinh
khang d6i véi thude diét co chira dan xuht benzoxazinon, din xuét thube diét co theo
sang ché, s& duoc hiéu réng it nhat mét axit nucleic 1a “duge biéu hién qua muc” béng
cac phuong phap va cac bién phap da biét dbi véi ngudi ¢ hidu biét trung binh trong
linh vuc nay.

Thuat ngtt “biéu hién ting” hodc “biéu hién qué mic” trong ban md ta nay c6
nghta 13 dang bAt k¥ ciia sy bidu hién ma tic 1 bd sung vao mic df biéu hién kiéu dai
ban dau. Cac phuong phap dé 1am tang su biéu hién ctia cac gen hodc cdc san pham
gen duogc dan chung bang tai lidu da biét trong linh vyc va bao gbm, vi duy, biéu hién
qua mirc dugc gy ra boi cdc gen khoi dau, str dung gen ting cudng phién mi hodc
gen ting cudng dich ma. Axit nucleic da dugc phén lap ma dung lam gen khéi dau
hodc cac yéu t6 gen ting cudng co thé dugc dua vao vi tri thich hop (thong thudng
ludng phia trén) ctia dang khong phai khéc loai cia polynucleotit sao cho dé diéu tiét
ting sw biéu hién cta axit nucleic md héa cho polypeptit dang quan tam. Vi dy, cac
gen khoi dAu ndi sinh c6 thé duoce bién dbi in vivo bang céch dot bién, khuyét doan,
va/hodc thay thé (xem, Kmiec, US 5,565,350; Zarling et al., W09322443), hoac cac
gen khoi d4u duoc phan lap c6 thé duoc dua vao € bao cdy theo huéng thich hop va

khoéng céach tir gen theo sang ché sao cho dé khong che su biu hién cla gen nay.

Néu sy biéu hién polypeptit 1a mong mudn, nhin chung mong mudn bao gdém
vung polyadenyl hoa & dAu 3' cia ving ma hoéa polynucleotit. Ving polyadenyl hoa c6
thé thu duoc tir gen tu nhién, tir giéng cta cac gen cdy khac, hodc tir T-ADN. Trinh tu
dau 3' duoe bd sung cb thé thu dugc tlr, vi du, cac gen nopalin syntaza hodc octopin
syntaza, hoic theo cach khéc tir gen cy khéc nira, hodc it t5t hon 13 tir gen c6 nhéin
dién hinh khéc.

Trinh tu intron con cd thé duoc bd sung vao ving chua duge dich ma 5' (UTR)
hoic trinh tu ma hda cua trinh ty ma héa mot phin d 1am ting luong mang tin truéng
thanh ma tich tu trong phan bio tan. Sy bao gdm ctia intron ¢6 thé tach trong bd phién
mai trong céc cAu tric bidu hién & ca thuc vat va dong vat da thé hién 1am ting su biéu

hién gen & ¢4 mARN va céc muc protein 1én dén 1000-1an (Buchman va Berg (1988)
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Mol. Cell biol. 8: 4395-4405; Callis et al. (1987) Genes Dev 1:1183-1200). Sy ting
cuong intron nay cua biéu hién gen th6ng thuong 14 16n nhét khi duge dat gin dau 5'
clia bo phién ma. St dung céc intron & cdy ngd Adhl-S intron 1, 2, va 6, Bronze-1 in-
tron d3 duogc biét dén trong tinh trang k§ thuit nay. Cho thong tin chung xem: The
Maize Handbook, Chapter 116, Freeling and Walbot, Eds., Springer, N.Y. (1994)

Thuat nglt “dua vao” hoac “bién nap” nhu dugc néu trong ban md ta nay bao
gdm chuyén polynucleotit ngoai sinh vao té bao chu, bt ké phuong phap duge st
dung dé chuyén. M thuc vat c6 kha ning nhan gidng vo tinh tiép theo, cho du bang
cach hinh thanh co quan hay hinh thanh phéi, c6 thé dugc bién nap véi cdu tric di
truyén theo sang ché va toan bd cdy duoc tai tao tir d6. M6 cu thé duoc chon s& thay
dbi tiy thudce vao hé sinh san v tinh san ¢ cho, va thich hop nhét véi, loai cu thé can
duoc bién nap. Pich md dugc néu lam vi du bao gém cac dia la, phe”in hoa, phoi, cac 14
mam, tru dudi 14 mam, tai phdi, m6 seo, m6 phén sinh hién cé (vi du, md phén sinh
ngon, chdi nach, vA md phan sinh 18), vd md md phén sinh kich tng (vi du, mé phan
sinh 14 mAm va mo phén sinh tru 14 mam). Polynucleotit c6 thé dugc dua tam thdi hodc
8n dinh vao té bao chi va c6 thé dugc duy tri khong két hop, vi du, duéi dang plasmit.
Theo céch khac, nd c6 thé dugc Kkét hop vao hé gen ciia vat chu. Sau do, té bao cay
duoc bién nap thu duoc ¢o6 thé duoc st dung dé tai tao ra cdy duoc bién nap theo cach

d3 biét v6i ngudi c6 hiéu biét trung binh trong linh vuec.

Thuit ngit “dua vao” hodc “bién nap” nhu dugc néu trong ban md ta nay bao
gdm chuyén polynucleotit ngoai Viéc chuyén gen ngoai lai vao hé gen cta cdy dugc
goi la bién nap. Bién nap loai ciy hién nay la k§ thudt kha thong thuong. Thuén loi 13,
c6 thé s dung phuong phép bién nap bat ky dé dua gen dugc néi dén vao & bao t6
tién thich hop. Phuong phap dugc md ta d8 bién nap va tai tao cay trdng tir md thuc
vat hodc té bao cdy co thé duoc st dung dé bién nap tam thoi hodc 6n dinh. Phuong
phép bién nap gdm st dung liposom, duc 15 dién, hoa chét lam tang dung nap ADN tu
do, truyén ADN truc tiép vio cdy trdng, oanh tac bang sung bén hat, bién nap bing
cach sit dung virut hoc phan hoa va vi truyén. Cac phuong phép c6 thé duoc lya chon
tir phuong phép canxi/polyetylen glycol cho cac thé nguyén sinh (Krens, F.A. et al.,
(1982) Nature 296, 72-74; Negrutiu I et al. (1987) Plant Mol Biol 8: 363-373); duc 16
dién cac thé nguyén sinh (Shillito R.D. et al. (1985) Bio/Technol 3, 1099-1102); vi
tiém vao nguyén liéu cay trdng (Crossway A et al., (1986) Mol. Gen Genet 202: 179-
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185); bén hat duoc phit ADN hodc ARN (Klein TM et al., (1987) Nature 327: 70)
chuyén nhiém bing (khong két hop) virut va céc dang tuong tu. Céy chuyén gen, bao
gdm cay tréng chuyén gen, t6t hon néu dugc tao ra bang cach bién nap qua trung gian
Agrobacterium. Phuong phéap bién nap thuan loi 13 bién nap trong moém chén gia. bé
nhim muc dich nay, c6 thé, vi du, cho phép agrobacteria tdc dong lén hat gidng cay
hodic gy nhiém m6 thyc vét phin sinh voi agrobacteria. D4 ching t0 rang s& dic biét
thich hgp theo sang ché néu cho phép huyén phtl chtra agrobacteria da dugc bién nap
tdc dong lén cdy nguyén ven hodc it nhAt 16én mam hoa. Sau d6, ciy dugc phat trién
dén khi thu duoc hat gibng cta cdy dd duge xu ly (Clough and Bent, Plant J. (1998)
16, 735-743). Phuong phép bién nap qua trung gian Agrobacterium & cdy lia bao gbm
cac phuong phép da biét dé bién nap & cay laa, nhu cac phuong phap dugc néu trong
céc tai lidu bét ky sau day: Don xin cAp patent chau Au s6 EP 1198985 Al, Aldemita
and Hodges (Planta 199: 612-617, 1996); Chan et al. (Plant Mol Biol 22 (3): 491-506,
1993), Hiei et al. (Plant J 6 (2): 271-282, 1994). Dbi v6i bién nap & cay ngd, phuong
phép duoc wu tién 12 phuong phép duoc néu trong Ishida et al. (Nat. Biotechnol 14(6):
745-50, 1996) hozc Frame et al. (Plant Physiol 129(1): 13-22, 2002). Cac phuong phéap
nay dugc mo ta tiép bang cach néu vi du trong B. Jenes et al., Techniques for Gene
Transfer, trong: Transgenic Plants, Vol. 1, Engineering and Utilization, eds. S.D. Kung
and R. Wu, Academic Press (1993) 128-143 va trong Potrykus Annu. Rev. Plant
Physiol. Plant Molec. Biol. 42 (1991) 205-225). Tét hon néu, céc axit nucleic hoic cau
tric cdn duoc biéu hién dugc tach dong vao vecto, thich hop dé bién nap
Agrobacterium tumefaciens, vi du pBinl9 (Bevan et al., Nucl. Acids Res. 12 (1984)
8711). Sau d6 c6 thé sir dung Agrobacteria dugc bién nap bang vecto nay theo cach da
biét @ bién nap cay trong, nhu cdy trdng dwoc sir dung lam mau, nhu Arabidopsis
(Arabidopsis thaliana ndm trong pham vi cla sang ché nhung khdng dugc coi 1a cdy
trdng), hoic cay trdng nhu, bang cach néu vi du, cdy thubc 14, vi du bang cach ngam 14
bi thuong hogc 14 cit nho trong dung dich chira agrobacteria va sau d6 nudi chy ching
trong mdi truong thich hop. Viéc bién nap cay tréng bing Agrobacterium tumefaciens
duoc néu, vi du, trong Hofgen and Willmitzer in Nucl. Acid Res. (1988) 16, 9877 hoédc
khong k& nhing tai lidu khéc, dugc biét tir F.F. White, Vecto for Gene Transfer in
Higher Plants; in Transgenic Plants, Vol. 1, Engineering and Utilization, eds. S.D.
Kung and R. Wu, Academic Press, 1993, pp. 15-38.
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Ngoai bién nap t& bao soma, ma sau d6 c6 thé duoc tai tao vao cdy nguyén ven,
cling co thé bién nap t€ bao ctia mé thuc vat phan sinh va dic biét la cic té bao ma
phét trién thanh c4c giao tir. Trong trudng hop ndy, cc giao tir duge bién nap theo sau
su phat trién tu nhién cia, tao thanh ciy chuyén gen. Nhu vy, vi dy, hat giéng cua
Arabidopsis duoc xur ly bang agrobacteria va hat gidng thu dugc tir cy trdng phat
trién ma ty 16 nhit dinh cta ching dugc bién nap va nhd vy duge chuyén gen
[Feldman, KA and Marks MD (1987). Mol Gen Genet 208:274-289; Feldmann K
(1992). In: C Koncz, N-H Chua and J Shell, eds, Methods in Arabidopsis Research.
Word Scientific, Singapore, pp. 274-289]. Phuong phdp thay thé dua trén viéc loai bd
13p lai cum hoa va u vi tri cit & gitta clia thé hoa thi véi agrobacteria dugc bién nap,
nhd d6 hat gidng dugc bién nap c6 thé twong tw thu duge sau d6 (Chang (1994). Plant
J. 5: 551-558; Katavic (1994). Mol Gen Genet, 245: 363-370). Tuy nhi€n, phuong
phép ddc biét hitu hidu 1a phuong phap thdm chan khdng véi céc cai bien cia né nhu
phuong phap “nhing hoa”. Déi voi phuong phép thdm chan khong ctia Arabidopsis,
cdy nguyén ven dudi 4p sult giam duogc xt ly voi huyén phu ctia agrobacteria
[Bechthold, N (1993). C R Acad Sci Paris Life Sci, 316: 1194-1199], trong khi trong
trudong hop phuong phap “nhing hoa” md hoa phat trién dugc 1 trong mot thoi gian
ngin véi huyén phil agrobacteria da duge xir ly bing chét hoat dong bé mit [Clough,
SJ und Bent, AF (1998). Plant J. 16, 735-743]. Ty 18 nhét dinh ctia hat giéng chuyén
gen duge thu hoach trong ca hai truong hop, va cac hat gibng nay c6 thé duoc phan
biét v6i hat gibng khong chuyén gen bang céch phat tridén dudi céc diéu kién chon loc
d3 dugce néu O trén. Ngoai ra, su bién nap 4n dinh cua lap thé 1a ¢6 loi vi lap thé duoc
thira huéng tir me 13 hau hét cac cay trdng 1am giam hodc loai bd nguy co gen chuyén
chay qua phan hoa. Bién nap ctia hé gen luc lap thudng thu duoc bang quy trinh duge
trinh bay dudi dang bidu @ trong Klaus et al., 2004 [Nature Biotechnology 22 (2),
225-229]. N6i mot cach ngén gon, trinh ty cAn duoc bién nap duoc tach dong cung voi
gen danh dAu chon loc giita trinh tw mép sudn tuong ddng véi hé gen luc lap. Céc trinh
tu mép suon twong ddng nay huéng vi tri dic hiéu dinh gén vao plastome. Sy bién nap
thudc lap thé da dwoc mé ta dbi voi nhiéu loai cdy khac nhau va sy miéu ta chung
dugc néu trong Bock (2001) Transgenic plastids in basic research and plant
biotechnology. J Mol Biol. 2001 Sep 21; 312 (3):425-38 hodc Maliga, P (2003) Pro-

gress towards commercialization of plastid transformation technology. Trends
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Biotechnol. 21, 20-28. C4c thanh tuu céng nghé sinh hoc khac gin day da dugc néu
duéi dang céc thé bién nap lap thd khong c6 gen danh déu, cic thé bién nap nay c6 thé
duoc tao ra bing gen danh ddu ddng két hop tam thoi (Klaus et al., 2004, Nature
Biotechnology 22(2), 225-229). Té bao cdy di bién ddi di truyén c6 thé duoc téi tao
béng tit ca cac phuong phdp ma ngudi c6 hiéu biét trung binh trong linh vuc dd quen
thudc. Phuong phép thich hop co thé tim thiy trong céc tai liéu trén day cua S.D. Kung
va R. Wu, Potrykus hoic Hofgen va Willmitzer.

Thuong thi, sau khi bién nap, té bao cdy hoic nhém té bao duoc chon dé trinh
dién mot hodic nhidu gen danh ddu ma duge mi hoa bing cac gen ¢ thé biéu hién &
cay duogc dong chuyén nhiém véi gen duge noi dén, ma sau d6 nguyén liéu da duoc
bién nap ndy dugc tai tao vao toan bo cay. Dé chon loc cay da duge bién nap, nguyén
liéu thuc vat thu dugc trong qua trinh bién nap, vé nguyén tac, dugce dua vao diéu kién
chon loc sao cho cay da dugc bién nap co thé duoc phén biét véi cly tréng chua duoc
bién nap. Vi dy, hat giéng thu duoc theo cach néu tréﬁ c6 thé duogc tréng va, sau thoi
gian phat trién ban dau, duoc chon loc thich hop bang cach phun. Kha nang khéc bao
gbm cho phat trién hat gidng, néu can sau khi lam tiét trung, trén cac dia thach bing
céch st dung chit chon lgc thich hop sao cho chi c¢6 hat gidng dd dugc bién nap méi
c6 thé phat trién thanh cay trdng. Theo cach khac, cdy da duoc bién nap duoc sang loc

d6i vé&i sy ¢6 mit cta gen danh dau chon loc nhu cac gen ddnh dau duoc néu trén day.

Sau khi chuyén va tai tao ADN, cdy duoc bién nap gia dinh cfing c6 thé duoc
danh gia, vi du béng cach str dung phén tich Southern, dé trinh dién gen duogc noi dén,
s6 ban sao va/hodc td chitc hé gen. Theo cach khac hodc ngoai ra, mirc biéu hién cﬁa
ADN m6i duge dua vao co thé duoc kiém tra bang cach st dung phép phén tich
Northern va/hodc Western, ca hai phuong phap nay ddu da biét v6i nguoi c6 hidu biét

trung binh trong linh vyec.

Cay da duogc bién nap tao ra cé thd duoc nhan gidng bang nhidu phuong phép
khac nhau, nhu bang sinh san v tinh hodc cac phwong phap nhén gibng truyén théng,
Vi du, cdy duoc bién nap thé hé thir nhét (hogic T1) 6 thé cing mdt loai va cdc thé
bién nap thé hé thi hai (hoic T2) ddng hop tir duge chon loc, va sau do6 cdy trdng T2
¢6 thé duoc nhén gidng tiép théng qua cac phuong phép nhan gidng truyén thong. Sinh
vat dugc bién nap tao ra co thé c6 nhidu dang. Vi dy, chiung c6 thé 1a cac dang kham

ctia t& bao dugc bién nap va té bao chua dugc bién nap; cac thé bién nap tach dong vo
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tinh (vi du, tit ca cac te bao duge bien nap chira catxet bicu hién); cdc doan ghép cta
cac mo6 duoc bién nap va cac md chua duoc bién nap (vi du, & cdy trong, than ré da

dwoc bién nap duoc ghép vao chdi gidng chua dugc bién nap).

Tt hon 14, axit nucleic kidu dai hodc mut-PPO chta trinh ty polynucleotit duge
chon tir nhém bao gém : a) polynucleotit nhu dugce thé hién trong SEQ ID NO: 1, 3, 5,
7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, hodc 45, hoic
bién thé hodc din xuét cta ching; b) polynucleotit ma héa cho polypeptit nhu dugc
thé hién trong SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, hoac 46, hoac bién thé hodc din xuét cia chung; c) polynucleotit
chtra it nhét 60 nucleotit lién tiép theo bét ky trong s6 ) hoic b); va d) polynucleotit b
sung vai polynucleotit theo bét ky trong s6 tir a) dén c).

T6t hon 13, su biéu hién cta axit nucleic ndy & cdy tao ra tinh khdng ting cua cay

ddi vé&i thude diét ¢ chira dan xuit benzoxazinon so vi giong kicu dai cta céy.

Theo phuong an khac, sang ché @ xuit céy, tot hon 14 cdy chuyén gen, chira té
bao cdy theo sang ché, trong d6 su biéu hién cta axit nucleic ndy & cdy tao ra tinh
khang ting cta cdy d6i véi thuc diét co chira din xut benzoxazinon so véi gidng
kiéu dai cta cy.

Cay trong duge mo ta trong ban md ta b thé 1a cay thoi vu chuyén gen hodc cay
khong chuyén gen.

"<

Déi v6i cac muc dich ctia sang ché, "chuyén gen", “gen chuyén” hodc "tai t6
hop" c6 nghia 14 lién quan dén, vi du, trinh tu axit nucleic, két cAu biéu hién, clu trac
gen hodc vecto chira trinh ty axit nucleic hogc sinh vat duge bién nap véi trinh tu axit
nucleic, két cAu biéu hién hoic vecto theo sdng ché, tht ca cac céu tric ndy duogc tao ra

bang phuong phap tai t6 hop trong d6
(a) trinh tu axit nucleic ma hoa cho protein hitu ich trong phwong phap
theo séang ché, hoic
(b) (céc) trinh ty didu khién di truyén dugc lién két c6 didu khién voi

trinh tu axit nucleic theo sang ché, vi du gen khéi dau, hoac

(c) a) vab)
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khong nim trong trong moi trudng di truyén ctia ching hozc di dugc bién d6i bing
phuong phép tai t6 hop, c6 thé bién ddi dé tao ra, vi du, dang thé, thém vao, lam
khuyét, dao hodc cai xen mot hodc nhidu géc nucleotit. M6i truong di truyén tu nhién
duoc hidu 1a locut hé gen tw nhién hodc nhidm sic thé & cdy nguyén gbc hodc c6 mit
trong thu vién gen. DSi vdi thu vién gen, méi truong di truyén ty nhién cua trinh tu
axit nucleic tdt hon néu duoc gift lai, it nhét 13 mot phan. Méi truong ndy cip bén trinh
tu axit nucleic it nhit & mot mit va c6 chidu dai trinh ty it nhat 1a 50 bp, t6t hon néu it
nhét 1& 500 bp, dic biét t5t ndu it nhat 1a 1000 bp, tdt nhit néu it nhit 1a 5000 bp.
Catxet biéu hién c6 trong ty nhién — vi du hdn hop c6 trong tu nhién ctia gen khoi dau
tu nhién cta trinh tu cdc axit nucleic véi trinh tu axit nucleic twong tmg mé hoa cho
polypeptit c6 thé sir dung dugc trong phuong phép theo sang ché, nhu duoc xac dinh &
trén — tr& thanh catxet bidu hién chuyén gen khi catxet bidu hién nay duogc bién dbi
bang phwong phap tdng hop khong c6 trong tu nhién (“nhén tao”) nhu, vi du, xtr ly
gdy dot bién ching han. Phuong phép thich hop dugc néu, vi du, trong US 5,565,350
hodc WO 00/15815.

Nhu vay, cdy chuyén gen theo sing ché duoc hidu theo nghia, nhu néu trén,
ring céc axit nucleic duge st dung trong phuong phap theo séng ché khong nim &
locut tu nhién cla chiing trong hé gen cua cdy, cac axit nucleic nay co thé dugc bidu
hién theo cach cung loai hodc theo cach khac loai. Tuy nhién, nhu di néu & trén,
chuyén gen con cé nghia 13, trong khi céc axit nucleic theo séng ché hoic dugc st
dung trong phuong phap theo sing ché ndm & vi tri tu nhién cta chung trong hé gen
ciia cdy, trinh tu ndy d duoc bién ddi so véi trinh tu ty nhién, vi/hodc 14 trinh ty diéu
tiét cta trinh tu ty nhién da duoc bién dbi. Tt hon néu, chuyén gen duoc hiéu 1 viée
biéu hién cac axit nucleic theo sang ché tai locut khong tu nhién trong hé gen, tirc 1a
viéc biéu hién cung loai, hodc t5t hon néu X4y ra su biéu hién khac loai cta cac axit
nucleic. Cay chuyén gen duogc wu tién duge néu trong ban md ta ndy. Hon nita, thuat
ngit “chuyén gen” chi cy bt ky, té bao cdy, thé chai, m6 cay, hodc phén cdy, ma chira
tAt ca hoic mot phan cia it nhat mot polynucleotit tai t6 hop. Trong nhiéu trudng hop,
tAt ca hodc mot phén cta polynucleotit tai td hop duoc hop nhét mot cach dn dinh vao
nhiém séc thé hodc thanh phin ngoai nhiém sic thé thich hop, sao cho né dugc cho
qua sy phat sinh lién tiép. Dbi voi cac muc dich clia sang ché, thuat ngit “polynucleotit

tai t6 hop” chi polynucleotit ma da dugc thay thé, sip xép lai, hodc dugc bién dbi bang
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k¥ thuat di truyén. Cac vi du bao gém polynucleotit dugc tach dong bét ky, hodc céc
polynucleotit, ma dugc lién két hoic dugc két hop v6i trinh tu khac loai. Thudt ngit
“t4i t6 hop” khong chi sy thay thé ctia cac polynucleotit ma tao ra tlr cac truong hop cb
trong tu nhién, nhu sy dot bién ddng thoi, hodic tir sy phét sinh dot bién khong dong

thoi bang cach nhan gibng chon loc.

Cay trdng chira dot bién do su phat sinh dot bién khong dong thoi va nhan gidng
chon loc dugc d& cdp dén trong ban md ta 1a cay khong chuyén gen va dugc bao gdm
trong sang ché. Theo c4c phuong 4n, trong d6 cdy la chuyén gen va bao gbém nhiéu
axit nucleic mut-PPO, axit nucleic cd thé thu duoc tir cac hé gen khic nhau hodc tir hé
gen gibng nhau. Theo cach khac, theo cdc phuong an, trong d6 cdy la khong chuyén
gen va bao gbm cac axit nucleic mut-PPO, axit nucleic duoc bb tré trén cac hé gen

khac nhau hodc trén hé gen gidng nhau.

Theo mdt sb phuong an nhét dinh, séng ché dé xuit cay khang thubc diét c6 ma
duoc tao ra bang cach nhan gibng dot bién. Cay nay chtta polynucleotit ma héa cho
mut-PPO va cé tinh dung chiu d6i véi mot hodc nhidu “thuéc diét co chira din XUAt
benzoxazinon”. Cac phuong phap nhu vay co thé lién quan, vi dy, dén viéc cho cay
trdng hodc hat gidng tiép xuc véi chét giy dot bién, cu thd chét gay dot bién héa hoc
nhu, vi du, etyl metansulfonat (EMS) va chon loc cho cdc céy trdng ma 1am ting
cudng tinh dung chiu véi it nhit mot hoic nhidu thudc diét co chra din XUt

benzoxazinon.

Tuy nhién, sang ché khong chi gi6i han & cdy trdng dung chiu thudc diét cé ma
duoc tao ra bang phuong phap gdy dot bién lién quan dén chét gy dot bién héa hoc
EMS. Phuong phap gay dot bién bét ky da biét trong tinh trang k§ thudt ¢6 thé dugc str
dung dé tao ra cdy khang thudc diét c6 theo sang ché. Cac phuong phép gy dot bién
nay cé thé lien quan dén, vi du, viéc sir dung bat ky mot hodc nhiéu trong s6 céac chit
gay dot bién sau: birc xa, nhu tia X, tia gama (vi dy, coban 60 hogc xesi 137), notron,
(vi du, san phim ctia sy phan cit nhan cua urani 235 trong binh phan Umg nguyén ti),
birc xa Beta (vi dy, dugc phét xa tlr cac chét déng vi phéng xa nhu phospho 32 hodc
carbon 14), vi birc xa cuc tim (t5t hon 12 tir 2500 dén 2900 nm), va céc chét gdy dot
bién héa hoc nhu céc chét twong tu bazo (vi dy, 5-brom-uraxil), cac hop chét lién quan
(vi du, 8-etoxy cafein), cac chét khang sinh (vi dy, streptonigrin), cdc tac nhan alkyl

hoa (vi du, hoi cay luu huynh, hoi cay nito, epoxit, etylenamin, sulfat, sulfonat, sulfon,
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lacton), azit, hydroxylamin, axit nito, hodc cac acridin. Ciy khang thude diét co con cb
thé dugc tao ra bang cach sir dung phuong phép nudi chy mé d& chon céc té bao cay
bao gdm dot bién khang thube diét cé va sau d6 tai lai lai cdy khang thudc diét co tir
d6. Xem, vi du, cac Patent My s6 5,773,702 va 5,859,348, cac patent nay duoc dua
vao day bang cach vién dan. Dé mo ta chi tiét hon v& nhan gibng d6t bién c6 thé duoc
tim thdy trong "Principals of Cay trdng Development" Fehr, 1993 Macmillan
Publishing Company, viéc boc 1§ clia n6 duoc dua vao day bang cach vién din ngoai
dinh nghia néu trén, thudt ngit “cdy” dugc du dinh bao gém cdy thoi vu ¢ giai doan
truéng thanh va phat trién bét ky, cling nhu cic md hodc cc co quan bét ky (cic phan
cay) duoc ldy hoic thu dugc tir cay trdng nay trir khi c6 quy dinh khac. Céc phan cay
bao gém, nhung khong chi gidi han &, géc, r&, hoa, nodn, nhi hoa, 14, phdi, ving mé
phén sinh, mo thé chai, bao phén, thé giao tu, thé bao tu, phén hoa, tiéu bao tu, & bao

nguyén sinh, va dang tuong tu.

Cay theo sang ché chira it nhét mdt axit nucleic mut-PPO hoic axit nucleic PPO
kidu dai duoc bidu hién qua mic, va ¢6 tinh dung chiu tang ddi véi thude diét cé chira
din xuit benzoxazinon so vé6i gibng kiéu dai ctia cdy. Cay theo sang ché c6 thé co
nhiéu axit nucleic kiéu dai hodc mut-PPO tir cdc hé gen khac nhau vi cdy nay co6 thé
chira nhiéu hon mdt hé gen. Vi dy, cly chtra hai hé gen, thuong duoc goi la cac hé gen
A va B. Vi PPO 1a mdt enzym chuyén héa cin thiét, c6 thé gia st rang mdi hé gen ¢6
it nhit mot gen ma hoéa cho enzym PPO (tirc 12 it nhét mét gen PPO). Trong ban md ta
nay, thuit ngit “locus gen PPO” chi vi tri cia gen PPO trén hé gen, va cac thuat ngit
“gen PPO” va “axit nucleic PPO” chi axit nucleic md héa cho enzym PPO. Axit
nucleic PPO trén mdi hé gen khac vé trinh tw nucleotit clia né tir axit nucleic PPO trén
hé gen khac. Ngudi c6 hidu biét trung binh trong linh vyc nay c6 thé x4c dinh hé gen
¢6 ngudn gbe ctia mdi axit nucleic PPO dén lai di truyén va/hodc phuong phép tao
trinh tu hodc phuong phép ti€u hda exonucleaza di biét dbi v6i da dugc cac ngudi c6

hiu biét trung binh trong linh vuc biét.

Séang ché bao gém cdy chira mdt, hai, ba, hodc nhiéu alen mut-PPO, trong d6 cay
trdng nay c6 tinh dung chiu ting dbi véi thude diét co chira din xuét benzoxazinon so
v6i gidng kiéu dai ctia cay. Alen mut-PPO ¢6 thé chira trinh tu nucleotit duoc chon tir
nhém bao gém polynucleotit nhu duge xac dinh trong SEQ ID NO: 1, 3, 5, 7, 9, 11,
13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, hodc 45, hofc bién thé
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hodc din xuét cta ching, polynucleotit md héa cho polypeptit nhu dugc xac dinh
trong SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, hodc 46, hoac bién thé hodc din xuét, cac thé tuong déng, ortholog, paralog
cia no, polynucleotit chua it nhit 60 nucleotit lién tiép cta bat ky trong sb cac
polynucleotit néu trén; va polynucleotit bd sung véi bat ky trong s6 cac polynucleotit

néu trén.

“Alen” hodc “bién thé alen” 13 dang thay thé cua gen nao dd, dugc bb tri & cung
vi trf nhidm séc thé. Cac bién thé alen gdm Da hinh nucleotit don (Single Nucleotide
Polymorphisms -c4c SNP), cling nhu Pa hinh cai xen/lam khuyét nho (Small
Insertion/Deletion Polymorphisms -INDEL). Kich thudc ctia INDEL thuong nhd hon
100 bp. SNP va INDEL tao thanh tdp hop 1én nhét ctia cac bién thé trinh tu trong cac

chiing da hinh ¢6 trong tw nhién ctia hau hét c4c sinh vat.

Thuat ngft “gidng” chi nhém cay trdng thudc cac loai duge xac dinh bing chung
bd tinh chét théng thudng hozc céc tinh trang dugc chip nhan béi ngudi ¢ hidu biét
trung binh trong linh vuc la du dé phan bist mot cay trdng hodc giéng véi cay trdng
hodc gidng khac. Khong c6 ngu y & thuat ngit khéc 1a tAt ca céc cdy cla cy tréng hoic
gibng bat ky di néu s& gibng hét v& gen & toan bd gen hodc mirc d6 phén tir hodc 1a
cdy trdng da néu bét ky s& c6 gen xac dinh tinh trang & tAt ca cac vi tri. Cay trong hozic
gidng dugc xem 1a “nhan gibng thudn” dbi véi tinh trang cu thé néu, khi cay trong
nhan giéng thuén hodc giéng duoc tu thu phén, tAt ca thé hé con c6 tinh trang nay. Céc
thuat ngit “dong sinh san” hodc “dong” chi nhom cic cdy trong cay trdng duge xac
dinh biang cach chung bo céc dic tinh hogc tinh trang thong thudong duge chip nhan
b&i ngudi c6 hidu biét trung binh trong linh vuc 1a dit ¢ phan biét dong sinh san hodc
dong véi dong sinh san hodc dong khac. Khong ¢6 ngu ¥ & thudt ngir khac la tAt ca cac
cdy ctia dong sinh san hodc dong bat ky da néu s& giéng hét vé gen & toan bd gen hodc
muc phan tir hodc & cdy trdng di néu bét ky s& c6 gen xac dinh tinh trang & tht c4 céc
vi tri. Dong sinh san hodc dong duoc xem 1a “nhén gibng thudn” ddi véi tinh trang cu
thé néu, khi dong sinh san thudn hodc dong sinh san dugce tu thy phén, tAt ca thé hé con
chira tinh trang nay. Theo sang ché, tinh trang nay sinh tir sy dot bién trong gen PPO

cta cdy hoic hat giéng.

Cay khéng thubc diét c6 theo sang ché ma bao gdm cac polynucleotit ma hoa cho

polypeptit mut-PPO cfing st dung trong céc phwong phap lam tang cuong tinh khang
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thudc diét ¢ cta cdy thong qua viéc nhin gidng cay thong lién quan dén su sinh san
httu tinh. Cac phuong phap nay bao gdm sy lai cdy dau tién ma 13 cdy khang thudc diét
c6 theo sang ché vai cdy thir hai ma c6 thé hoic khong thé khangs véi cling thudc diét
¢d hoiic cac thude diét cola cay dAu tién hodc c6 thé khang véi thudc diét co khac hodc
cac thubc diét ¢o so véi cdy dau tién. CAy thir hai c6 thé 1a cdy bét ky ma c6 kha ning
tao ra cay thé hé con c6 thé phat trién duogc (tc 13, hat gidng) khi duge bét chéo véi
cdy thir nhit. Théng thuong, nhung khong cAn thiét, cdy thir nhét va thit hai 13 céc loai
gidng nhau. Cac phuong phép nay tly y c¢6 thé lién quan dén viéc chon loc d6i véi cac
cay trong thé hé con ma bao gém céc polypeptit mut-PPO cta cdy trdng didu tién va
cac dic tinh khang thudc diét co cta cdy thi hai. Céc cdy thé hé con dugc tao ra boi
phuong phép nay theo sang ché c6 tinh khéng ting dbi véi thude diét cé khi duge so
v6i cy thir nhat hodc thir hai hogc ca hai. Khi cdy thir nhét hozc thtr hai c6 tinh khang
d8i v6i cac thube diét co khac nhau, cac cdy thé hé con s& ¢6 dic tinh dung chiu thude
diét c6 két hop clia cac cay thit nhét va thi hai. Phuong phép theo séng ché con c6 thé
lién quan dén mot hodc nhiéu thé hé cta cac cdy thé hé con lai nguoc ctia gibng lai ddu
véi cdy cua cung dong hodc kiéu gen 13 cdy thir nhét ho#ic thir. Theo cach khéac, thé hé
con cta gidng lai dAu hodc gidng lai bét ky sau d6 c6 thé duoc lai v6i cdy thit ba tirc 1a
thuoc dong khéc nhau hozc kiéu gen so véi cdy thir nhét hogc thir hai. Sang ché con dé
xuét cdy, co quan cdy, mo cdy, t& bao cay, hat giéng, va té bao chu khong phai 1a
nguodi ma duoc bién nap voi it nhét mot phén tir polynucleotit, két cAu biéu hién, hoic
vecto bién nap theo sdng ché. Cay, co quan cdy, md cdy, té bao cy, hat giéng, va té
bao chu khong phai 1a ngudi duge bién nap niy ting cudng tinh dung chiu hozc tinh
khéng dbi véi it nhét mot thude diét co, & mire do clia thude diét cé ma tidu digt hodc
e ché su sinh trudng cia cdy, mod ciy, té bao cdy, hoic té bao chu khong phai 1a
nguoi khdng duoc bién nap, mot cach tuong Ung. Tét hon 13, cdy, md cdy, té bao cdy,
va hat gibng dugc bién nap theo séng ché 14 Arabidopsis thaliana va cdy thoi vu.

CAn phai hiéu ring cay theo sang ché c6 thé chura axit nucleic PPO kiéu dai ngoai
axit nucleic mut-PPO. Puogc du tinh rﬁng dong dung chiu thudc diét co chira dan XuAt
benzoxazinon c6 thé chira sy dot bién chi duy nhit cta cac PPO isoenzym. Do do,
sang ché bao gdm cdy trdng chita mot hodc nhidu axit nucleic mut-PPO ngoai mot

hodc nhidu axit nucleic PPO kiéu dai.

Theo phuong 4n khéc, sang ché dé xuét hat gibng duoc tao ra béi cay chuyén gen
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chira t& bao cdy theo sang ché, trong d6 hat gibng nay 14 thudn chiing vé tinh khéng
tdng ddi véi a thube diét co chira din xuit benzoxazinon so véi giéng kiéu dai cia hat
gidng.

Theo phuong 4n khéc, sang ché dé xuit phuong phép tao ra té bao cdy chuyén
gen voi tinh khang tdng d6i vé6i thude diét co chira dan xuit benzoxazinon so véi giéng
kiu dai ctia t& bao ciy bao gdm budc bién nap té bao ciy véi két chu biéu hién chira

axit nucleic mut-PPO.

Theo phuong an khéac, sang ché d& xuit phuong phép tao ra ciy chuyén gen bao
gbm céc budce, (a) bién nap té bao cay véi két cAu biéu hién chira axit nucleic mut-
PPO, va (b) tao ra cdy véi tinh khang ting déi voi thube diét co chira din xuét

benzoxazinon tir té bao cay nay.

Do vay, axit nucleic mut-PPO theo sang ché duoc tao ra trong két cAu bidu hién
d8 biéu hién trong cay trdng dang quan tdm. CAu tric nay sé& bao gbm trinh tu diéu tiét
duoc lién két c6 didu khién véi trinh tw axit nucleic mut-PPO theo sdng ché. Thuat ngit
"thanh phan didu tiét" trong ban mo ti ndy chi polynucleotit ma cé thé diéu tiét su
phién mi ctia polynucleotit dugc lién két c¢6 didu khién. N6 bao gdbm, nhung khdng chi
gidi han 0, gen khoi dau, gen tang cudng, cac intron, cac 5' UTR, va cac 3' UTR. Cum
tir "duoc lign két c6 didu khién" duoc dung dé chi lién két chic ning gitta gen khéi
d4u va trinh tu th hai, trong d6 trinh tu gen khoi diu bt dau va tao ra sy phién ma
cta trinh tw ADN tuong Gng véi trinh ty thtr hai. N6i chung, duoc li€n két c6 didu
khién c6 nghia 13 trinh tu axit nucleic duge lién Két 1a gén va, khi cAn dé ndi hai vung
mé hoa protein, 1ién ké va trong khung doc gibng nhau. Céu tric c6 thé con chira it
nh4t mot gen khéc dugc ddng bién nap vao sinh vét. Theo cach khac, (cac) gen khéc

co thé duoc tao ra trén cac két cau bieu hién.

Két ciu biéu hién nay duogc tao ra véi céc vi tri gidi han dé léng vao trinh tu axit
nucleic mut-PPO 13 du6i su diéu tiét phién ma cta céc ving didu tiét. Két cAu biéu
hién ¢6 thé con chia yéu t8 dénh du c6 thé chon loc cac gen.

K&t cAu bidu hién s& bao gdm hudng 5'-3' clia sy phién mé, ving bét ddu phién
ma va dich ma (ttc 13, gen khéi ddu), trinh tw axit nucleic mut-PPO theo sang ché, va
ving két thic phién ma va dich ma (tirc 13, ving két thuc ) c¢é chirc ning trong cay

trdng. Gen khéi ddu c6 thé 13 trinh tw tw nhién hodc tuwong tw, hodc la hodc khac loai,
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d6i v&i vat chu cay tréng va/hodc véi trinh tu axit nucleic mut-PPO theo siang ché.
Ngoai ra, gen khoi dAu c6 thé 1a trinh tu tu nhién hoic theo cach khac trinh tur téng
hgp. Trong d6 gen khoi d4u 13 "1a" hozc "khéc loai" dbi véi vat chi cay tréng, duoc du
dinh 1a gen khéi dau khéng duoc tim thdy trong cdy trdng tuw nhién ma gen khoi dau
duoc dua vao d6. Trong d6 gen khoi dau 12 “la” hodc “khac loai” véi trinh ty axit
nucleic mut-PPO theo séng ché, duoc du dinh 13 gen khoi d4u khong phai 12 gen khéi
d4u tu nhién hodc c6 trong tu nhién d8i véi trinh tu axit nucleic mut-PPO duge lién Kkét
¢6 didu khién theo sang ché. Trong ban md ta ndy, gen th8 kham bao gbém trinh tw ma
hoa duge lién két c6 didu khién voi ving bét dAu phién ma ma 1a khéc loai véi trinh tw
ma hoa.

Trong khi c6 thé ¢6 loi la biéu hién axit nucleic mut-PPO theo séng ché c6 sir
dung cac gen khoi dau khéc loai, cac trinh tu gen khoi d4u tu nhién co6 thé duoc st
dung. Céc cAu tric ndy sé& thay ddi murc biéu hién cta protein mut-PPO trong ciy trdng
holic té bio cdy. Nhu vdy, kiéu hinh ctia cdy hodc t& bao cay duge bién doi.

Ving két thiic ¢6 thé 1a ty nhién v6i ving bit dau phién ma, c6 thé 14 tu nhién
v6i trinh ty mut-PPO duge lidn két c6 didu khién dang quan tm, ¢6 thé 14 tw nhién véi
vat chi cdy trdng, hodc c6 thé thu duge tir ngudn khéc (tie 13, la hodc khéc loai véi
gen khoi dAu, trinh tu axit nucleic mut-PPO dang quan tdm, vat chu cdy trong, hodc su
két hop bat ky cia chiung). Cac ving két thtc thuin tién c6 san tir Ti-plasmit cua A.
tumefaciens, nhu cdc ving két thic octopin syntaza va nopalin syntaza. Xem thém
Guerineau et al. (1991) Mol. Gen. Genet. 262: 141-144; Proudfoot (1991) Cell 64:671-
674; Sanfacon et al. (1991) Genes Dev. 5: 141-149; Mogen et al. (1990) Plant Cell 2:
1261-1272; Munroe et al. (1990) Gene 91: 151-158; Ballas t al. (1989) Nucleic Acids
Res. 17:7891-7903; va Joshi et al. (1987) Nucleic Acid Res. 15:9627-9639. Khi thich
hop, (c4c) gen c6 thé duge lam t6i wru @ bidu hién ting trong cdy trong duoc bién dbi.
Tuce 13, cac gen c6 thé duge tbng hop c6 st dung cac codon duge wu tién & cdy tréng
cho su bidu hién ting. Xem, vi dy, Campbell and Gowri (1990) Plant Physiol. 92: 1-11
dé thao ludn d6i véi viée str dung codon dugce uu tién & vat chi. Cac phuong phép 1a
¢6 s&n trong linh vuc dbi véi cac gen duge wu tién & cdy trdng. Xem, vi dy, cac bing
M§ s6 5,380,831, va 5,436,391, va Murray et al. (1989) Nucleic Acids Res. 17:477-

498, trong ban mé ta nay duoc vao day bang céach vién dan.

Su bién ddi trinh ty khic da biét dbi dé 1am ting cudng su biéu hién gen trong
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vat cht t& bao. Nhiing bién dbi nay bao gém su loai bo cac trinh ty ma hoéa cho céc tin
hiéu polyadenyl hoa gia, cac tin hiéu & diém ghép exon-intron, cac doan lip gibng nhu
transposon, va céc trinh ty dugc khac bi¢t r6 nhu viy ma co6 thé 12 ¢6 hai dbi véi su
biéu hién gen. Ham luong G-C cla trinh ty ¢6 th8 duoc didu chinh dén céc muc trung
binh d6i véi vat ch t& bao d& néu, nhu duoc tinh bing cch vién din dén céc gen da
biét duoc bidu hién trong té bao chi. Khi c6 thé, trinh tu ndy dugc bién ddi dé tranh
viéc céc cAu tric mARN phu hinh c¢dp téc duoc du doan. Céc trinh tur nucleotit dé lam
ting cudng biéu hién gen con c6 thd duoc st dung trong vecto biéu hién & cy trdng.
Céc vecto ndy bao gdm céc intron ctia Adhl & ciy ngd, gen intronl (Callis et al. Genes
and Development 1: 1183-1200, 1987), va céc trinh tu dan, (trinh tw W-) tt virut To-
Bacco Mosaic (TMV), Maize Chlorotic Mottle Virus va Alfalfa Mosaic Virus (Gallie
et al. Axit nucleic Res. 15:8693-8711, 1987 va Skuzeski et al. Plant Mol. Biol. 15:65-
79, 1990). Intron tha nhét tir vi tri shrunken- 1 cta cdy ngd, da thé hién 1am tang su
bidu hién cta cdc gen trong cdu tric gen thd kham. Bing M¥ sb 5,424,412 va
5,593,874 md ta viéc st dung cac intron cu thé trong cac cAu trac biéu hién gen, va
Gallie et al. (Plant Physiol. 106:929-939, 1994) ciing d4 thé hién ring céc intron 13 hitu
ich d& didu tiét sy biu hién gen trén co s& md dac hiéu. Dé 1am ting thém hoic dé 1am
t61 wu su biéu hién gen mut-PPO, vecto bidu hién trén cdy trong theo sang ché con ¢6
thd chira trinh tw ADN chtta c4c mién gén thé gbc (cic MAR). Céc t& bao cdy dugc
bién nap v6i hé thong bidu hién dugc bién di nay, thi, c6 thé thé hién sy bicu hién qué

murc hodc sy biéu hién chu yéu cua trinh tu nucleotit theo sang che.

Céac két cAu biéu hién c6 thé con chura céc trinh tur din 5' trong cAu tric két chu
biéu hién. Céc trinh ty dan co thé hoat dong dé lam tang cudng su dich ma. Céc gen
din dich ma da duoc biét dén trong tinh trang k§ thuit ndy va bao gém: chét dan pi-
cornavirut, vi du, chit ddn EMCV (ving khong mi héa Encephalomyocarditis 5')
(Elroy-Stein et al. (1989) Proc. Natl. Acad. ScL. USA 86:6126-6130); chét dan po-
tyvirut, vi du, chit din TEV (Tobacco Etch Virus) (Gallie et al. (1995) Gene
165(2):233-238), chit d3n MDMV (Maize Dwarf Mosaic Virus) (Virology 154:9-20),
va protein lién két chudi ning immunoglobulin & ngudi (BiP) (Macejak et al. (1991)
Nature 353:90-94); chit dn khong duge dich ma tir protein mARN phu cua virut al-
falfa mosaic (AMV RNA 4) (Jobling et al. (1987) Nature 325:622-625); chét dan virut
mosaic & cdy thudc 14 (TMV) (Gallie et al. (1989) trong Molecular Biology of RNA,
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ed. Cech (Liss, New York), pp. 237-256); va chat dan virut clotic mottle & ciy ngd
(MCMYV) (Lommel et al. (1991) Virology 81:382-385). Xem thém, Della-Cioppa et al.
(1987) Plant Physiol. 84:965-968. Cac phwong phap da biét dé 1am ting cudng su dich

mi cling c6 thé dugc st dung, vi du, céc intron, va tuong tu.

Trong viéc tao ra catxet biéu hién, cac doan ADN khac nhau c6 thé duoc didu
khién, sao cho dé tao ra céc trinh tw ADN theo hudng thich hop va, khi can, trong
khung doc thich hop. D& véi cdn dé ndy, cac doan thich img hodc céc doan lién két c6
thé duoc st dung dé két hop cac doan ADN hoic céc thao tac khéc c6 thé ¢6 lién quan
dé cung cép céc vi tri giéi han thuén tién, loai b6 ADN du, loai bé vi tri gi6i han, hodc
tuong ty. Cho muc dich nay, su phét sinh dot bién in vitro, stra doan mdi, gidi han, G,

thay thé lai, vi du, su chuyén tiép va di hoan, co thé ¢6 lién quan.

Nhiéu gen khéi dau c6 thé duoc sir dung trong viéc thyc hanh sang ché. Cac gen
khoi dau nay co thé duoc chon loc dua vao két mong mudn. Axit nucleic ¢ thé duogc
két hop véi cac gen khai dAu chu thanh, md dugc wu tién, ho#c cac gen khai dau khac
dbi véi su biéu hién & cdy tr<‘”>ng. Cac gen khoi d4u c4u thanh nay bao gém, vi duy, gen
khoi dau 181 cua gen khéi dau Rsyn7 va gen khoi dau ciu thanh khac duoc boc 16
trong WO 99/43838 va patent My s6 6,072,050; gen khoi dau core CaMV 35S (Odell
et al. (1985) Nature 313:810-812); rice actin (McElroy et al. (1990) Plant Cell 2: 163-
171); ubiquitin (Christensen et al. (1989) Plant Mol. Biol. 12:619-632 va Christensen
et al. (1992) Plant Mol. Biol. 18:675-689); pEMU (Last et al. (1991) Theor. Appl. Ge-
net. 81:581- 588); MAS (Velten et al. (1984) EMBO J. 3:2723-2730); gen khdi dau
ALS (patent My sb 5,659,026), va gen tuong tu. Gen khoi d4u cAu thanh khac bao
gém, vi duy, céc patent My sb 5,608,149; 5,608,144; 5,604,121; 5,569,597; 5,466,785;
5,399,680; 5,268,463; 5,608,142; va 6,177,611.

Cac gen khoi dAu wu tién & mo c6 thé dugc sir dung cho dich biéu hién mut-PPO
duoc ting cudng trong md cy cu thé. Cac gen khéi uu tién md bao gbm, nhung khéong
chi gi6i han &, cdc gen khéi uu tién 14, cac gen khéi uu tién ré, cac gen khéi wu tién
hat, va gen khoi ddu wu tién than. Céc gen khoi dAu wu tién m6 bao gdbm Yamamoto et
al. (1997) Plant J. 12(2):255-265; Kawamata et al. (1997) Plant Cell Physiol.
38(7):792-803; Hansen et al. (1997) Mol. Gen Genet. 254(3):337-343; Russell et al.
(1997) Transgenic Res. 6(2): 157-168; Rinehart et al. (1996) Plant Physiol. 112(3):
1331-1341; Van Camp et al. (1996) Plant Physiol. 112(2):525-535; Canevascini et al.
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(1996) Plant Physiol. 112(2):513-524; Yamamoto et al. (1994) Plant Cell Physiol.
35(5):773-778; Lam (1994) Results Probl. Cell Differ. 20: 181- 196; Orozco et al.
(1993) Plant Mol Biol. 23(6): 1129-1138; Matsuoka e/ [alpha]/. (1993) Proc Natl.
Acad. Sci. USA 90(20):9586-9590; va Guevara-Garcia et al. (1993) Plant J. 4(3):495-
505. Cac gen khoi dau cé thé duoc bién ddi, nu cin, @ biéu hién yéu. Theo mét
phuong 4n, cc axit nucleic dang quan tdm duoc tao dich cho luc lap dé biéu hién.
Theo phuong phdp nay, trong dé axit nucleic dang quan tdm khong duoc 16ng mot
cach truc tiép vao luc lap, két cAu biéu hién s& con chira trinh tu dich luc lap chira trinh
tu nucleotit ma ma hoda peptit luc lap transit d8 huéng san phim gen dang quan tim
dén cac luc lap. Céc peptit chuyén d3 dugc biét dén trong tinh trang k¥ thuat nay. Lién
quan dén céc trinh tu dich lyc lap, "duoc lién két c6 didu khién" c6 nghia 14 trinh tur
axit nucleic m3 hda cho peptit chuyén (tlre 14, trinh tu dich luc lap) duoc lién két véi
axit nucleic mut-PPO theo sang ché sao cho hai trinh tu 12 lién k& va trong cting khung
doc. Xem, vi du, Von Heijne et al. (1991) Plant Mol. Biol. Rep. 9: 104-126; Clark et
al. (1989) J. Biol. Chem. 264:17544-17550; Della-Cioppa et al. (1987) Plant Physiol.
84:965-968; Romer et al. (1993) Biochem. Biophys. Res. Commun. 196:1414-1421;
va Shah et al. (1986) Science 233:478-481. Trong khi cac protein mut-PPO theo sang
ché bao gbm peptit chuyén luc lap tu nhién, peptit chuyén luc lap bét ky di biét trong
tinh trang k§ thuat ¢ thé dwoc dung hop véi trinh tw axit amin cua protein mut-PPO
chin theo sang ché b%lng cach lién két c6 didu khién trinh tu dich luc lap véi dau 5' cua
trinh tu nucleotit ma hoa cho protein mut-PPO chin theo sing ché. Cac trinh tu dich
luc lap d4 duoc biét d&én trong tinh trang k¥ thuét nay va bao gdm céu trac siéu phan ti
nhé luc lap clia ribuloza-1,5-bisphosphat carboxylaza (Rubisco) (de Castro Silva Filho
et al. (1996) Plant Mol. Biol. 30:769-780; Schnell et al. (1991) J. Biol. Chem.
266(5):3335-3342); 5 -(enolpyruvyl)shikimat-3-phosphat syntaza (EPSPS) (Archer et
al. (1990) J. Bioenerg. Biomemb. 22(6):789-810); tryptophan syntaza (Zhao et al.
(1995) J. Biol. Chem. 270(11):6081-6087); plastocyanin (Lawrence et al. (1997) J.
Biol. Chem. 272(33):20357-20363); chorismat syntaza (Schmidt et al. (1993) J. Biol.
Chem. 268(36):27447-27457); va protein lién két chat diép luc a/b thu 4nh sang
(LHBP) (Lamppa et al. (1988) J. Biol. Chem. 263: 14996-14999). Xem thém Von
Heijne et al. (1991) Plant Mol. Biol. Rep. 9: 104- 126; Clark et al. (1989) J. Biol.
Chem. 264:17544-17550; Della-Cioppa et al. (1987) Plant Physiol. 84:965-968; Ro-
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mer et al. (1993) Biochem. Biophys. Res. Commun. 196: 1414-1421; va Shah et al.
(1986) Science 233:478-481.

Phuong phap dé bién nap cac luc lap da duoc biét dén trong tinh trang k¥ thuat
ndy. Xem, vi dy, Svab et al. (1990) Proc. Natl. Acad. ScL. USA 87:8526-8530; Svab
and Maliga (1993) Proc. Natl. Acad. Sci. USA 90:913-917; Svab and Maliga (1993)
EMBO J. 12:601-606. Phuong phép nay dwa vao viéc phan phdi hat bing sting cia
ADN chtra yéu t6 danh déu c6 thé chon loc va tao dich ADN dén hé gen thé hat thong
qua su tai td hop tuong d@)ng. Ngoai ra, su bién nap thé hat c6 thé duoc thuc hién bfmg
cach truyén su hoat héa gen chuyén sinh ra thé hat cAm bang sy biéu hién wa mo cia
polymeraza ARN mé hda nhan va huéng dén thé hat. H8 théng nhu vy da dugc bao
trong McBride et al. (1994) Proc. Natl. Acad. Sci. USA 91:7301-7305. Axit nucleic
dang quan tam duogc tao dich dén luc lap c6 thé duoc lam ti vu hoa dbi véi su biu
hién trong luc lap dé giai thich vé sy khac nhau vé viée str dung codon gitta nhan ciy
va vi co quan ndy. Theo cach nay, axit nucleic dang quan tdm c6 thé duoc tong hop str
dung codon wa luc lap. Xem, vi dy, patent My s6 5,380,831, trong ban mo ta nay duogc

vao day bang cach vién din.

Theo phuong 4n dugc vu tién, axit nucleic mut-PPO chira trinh tu polynucleotit
duoe chon tir nhém bao gdm: a) polynucleotit nhu duge thé hién trong SEQ ID NO: 1,
3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, hodc 45,
hozic bién thd hodc din xuit cta chung; b) polynucleotit ma héa cho polypeptit nhu
duoc thé hién trong SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, 40, 42, 44, hoac 46, hodc bién thé hoic din xudt ciia chung; ¢) polynu-
cleotit chra it nhét 60 nucleotit lién tiép theo bét ky trong s6 ) hoic c); va d) polynu-

cleotit bd sung v&i polynucleotit theo bat ky trong sb a) dén c).

T4t hon 13, két cAu biéu hién con chtra thém ving didu tiét su khai dong phién
ma va ving diéu tiét sy khéi dong dich ma ma c6 chirc ning & cay.

Mic du cac polynucleotit theo sang ché ¢6 thé st dung 1am gen danh ddu chon
loc dugc dbi véi su bién nap cay, cac két cAu biéu hién theo sang ché ¢6 thé bao gém
gen danh dAu chon loc duge khac nita dé chon loc céc gen da duoc bién nap. Gen danh
d4u chon loc, bao gém cac gen theo sang ché, duoc st dung dé chon loc céc gen da

dugc bién nap hodc cac moé. Gen danh dau bao gom, nhung khong chi gidi han &, cac
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gen md hoéa cho khéng chét khang sinh, nhu cic gen mi héa cho neomyxin phos-
photransferaza II (NEO) va hygromyxin phosphotransferaza (HPT), cling nhu cac gen
mang lai tinh khang dbi véi hop chét diét co, nhu glufosinat amoni, bromoxynil, cac
imidazolinon, va 2,4-diclophenoxyaxetat (2,4-D). Thong thudng, xem, Yarranton
(1992) Curr. Opin. Biotech. 3 :506-511; Christophers on et al (1992) Proc. Natl. Acad.
ScL. USA 89:6314-6318; Yao et al. (1992) Cell 71:63-72; Reznikoff (1992) Mol Mi-
crobiol 6:2419-2422; Barkley et al (1980) in The Operon, pp. 177-220; Hu et al (1987)
Cell 48:555-566; Brown et al (1987) Cell 49:603-612; Figge et al (1988) Cell 52:713-
722; Deuschle et al (1989) Proc. Natl Acad. AcL USA 86:5400-5404; Fuerst et al
(1989) Proc. Natl Acad. ScL USA 86:2549-2553; Deuschle et al (1990) Science
248:480-483; Gossen (1993) Ph.D. Thesis, University of Heidelberg; Reines et al
(1993) Proc. Natl Acad. ScL. USA 90: 1917-1921; Labow et al (1990) Mol Cell Biol
10:3343-3356; Zambretti et al (1992) Proc. Natl Acad. ScL. USA 89:3952-3956; Bairn
et al (1991) Proc. Natl Acad. ScL USA 88:5072-5076; Wyborski et al (1991) Nucleic
Acids Res. 19:4647-4653; Hillenand-Wissman (1989) Topics Mol Struc. Biol 10: 143-
162; Degenkolb et al (1991) Antimicrob. Agents Chemother. 35: 1591-1595; Kleins-
chnidt et al (1988) Biochemistry 27: 1094-1104; Bonin (1993) Ph.D. Thesis, Universi-
ty of Heidelberg; Gossen et al (1992) Proc. Natl Acad. ScL USA 89:5547- 5551; Oliva
et al (1992) Antimicrob. Agents Chemother. 36:913-919; Hlavka et al (1985) Hand-
book of Experimental Pharmacology, Vol. 78 (Springer-Verlag, Berlin); Gill et al
(1988) Nature 334:721-724. Nhitng bdc 16 nhu vay trong ban mo ta nay duoc vao day
bﬁng cach vién dan. Danh muc trén cta gen danh d4u chon loc duge khong cé nghia 1a

lam han ché. Gen danh dAu c6 thé chon loc bit ky ¢6 thé duoc st dung trong séng ché.

Sang ché con dé xuét vecto bidu hién tai tb hop duge phan tach abo gbm két cdu
biéu hién chtra axit nucleic mut-PPO nhu dugc md ta & trén, trong do su biéu hién cua
vecto trong t& bao chii 1am ting tinh dung chiu dbi véi thube diét co chira din xuat
benzoxazinon so vé6i gibng kidu dai ctia té bao chi. Trong ban md ta nay, thudt ngit
“vecto” chi phén tir axit nucleic ¢6 kha ning vin chuyén axit nucleic khac ma n6 duge
lién két vao d6. Mot loai vecto 13 “plasmit,” ma chi ADN vong dai kép x0an ma doan
ADN bd sung vao d6 co thé dugc nbi. Loai vecto khéc 1a vecto virut, trong d6 cac
doan ADN b sung ¢6 thé duoc ndi vao hé gen virut. Céc vecto nhét dinh c¢6 kha ning

phién ban ty chu trong té bao cht ma ching duoc dua vao d6 (vi du, vecto virut c6
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nguyén gdc vi khudn cta vecto phién ban va vecto episom & dong vat c6 vi). Vecto
khéc (vi dy, vecto khdng phai epison & dong vt c6 vi) duoc hoa nhép vao hé gen ctia
té bao chu khi dua vao t& bao chu, va nhd d6 duoc phién ban cing véi hé gen chu.
Hon nita, vecto nhat dinh c¢6 kha ning huéng su biéu hién ctia cac gen ma chiing duoc
lién két c6 didu khién vao d6. Vecto ndy dugc d& cap dén trong ban md ta 1a “vecto
bidu hién.” Thong thudng, vecto bidu hién 1a c6 ich trong céc k§ thust ADN téi td hop
thuong & dang céac plasmit. Trong bdn md ta sang ché, “plasmit” va “vecto” c6 thé
duoc st dung 1dn nhau 13 plasmit 12 dang dugc stt dung thong dung nhét cta vecto.
Tuy nhién, sang ché duoc du dinh bao gém cac dang khéc cua vecto biéu hién, nhu
vecto virut (vi du, retrovirut sai phién ban, cic adenovirut, va cac virut lién quan dén

adeno), ma c6 chirc nang tuong duong.

Vecto biéu hién tai td hop theo sang ché bao gdm axit nucleic theo sang ché &
dang thich hop dé biéu hién axit nucleic trong té bao chu, ¢ nghia 1a vecto biéu hién
tai td hop bao gdm mot hodc nhiéu trinh tu diéu hoa, duge chon trén co s& clia cac té
bio chit duoce sir dung d& biéu hién, ma duoc lién két c6 diéu khién véi trinh tw axit
nucleic duoc bidu hién. Trinh tu didu tiét bao gdm céc trinh ty ma huéng sy biéu hién
lién tiép cia trinh tu nucleotit trong nhiéu loai t& bao chi va trinh t 14 hudng sy biéu
hién ctia trinh ty nucleotit chi trong mét s6 t& bao chi hogc trong mdt s6 diéu kién. S&
dugc danh gid boi nguoi co hiéu biét trung binh trong linh vuc rang kidu vecto biéu
hién ¢6 thé phu thudc vao cac yéu t6 nhu su lua chon ctia té bao chu dugc bién nap,
mure biéu hién polypeptit mong mudn, v.v.. Vecto biéu hién theo sang ché c6 thé duoc
dua vao céc té bao chi bang cach d6 tao ra cac polypeptit hodc cac peptit, bao gbm céc
polypeptit hodc cac peptit dung hop, duge ma hoa boi axit nucleic duge néu trong ban

md ta nay (vi dy, polypeptit mut-PPO, cac polypeptit dung hop, v.v..).

Theo phuong 4n dugc wu tién cla sing ché, polypeptit mut-PPO dugc biéu hién
trong cac cdy va cac té bao cdy nhu cic t€ bao ciy don bao (nhu tao) (See Falciatore et
al., 1999, Marine Biotechnology 1(3):239-251 va céc tai liéu tham chiéu trong d6) va
cac té bao ciy tlir cdy cao hon (vi dy, céc cdy c6 hat, nhu cdy thoi vu). polynucleotit
mut-PPO c6 thé “dugc dua vao” trong té bao ciy bang cach ky phuong phép nao, bao
gém su chuyén nhidm, su bién nap hodc su tai nap, duc 15 dién, ban hat, nhidm khuén

nong nghiép, listic sinh hoc, va dang tuwong tu.

Céac phuong phap thich hop d& bién nap hodc chuyén nhiém cac té bao chii bao
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gdm céc té bio cay co thé duoc tim thiy trong Sambrook et al. (Molecular Cloning: A
Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989) va cic tai liéu thu vién khac nhu
Methods in Molecular Biology, 1995, Vol. 44, Agrobacterium protocols, ed: Gartland
and Davey, Humana Press, Totowa, New Jersey. Vi sy dung chiu tang d6i véi thube
diét c6 chira dan xult benzoxazinon 13 tinh trang chung dugc hy vong la dugc di
truyén vao gibng rong clia cic cay nhu cdy ngd, cdy lia my, cdy lta mach den, yén
mach, tiéu hic mach, cdy lia, cdy lta mach, cdy dau tuong, ddu twong, cdy bdng, cai
hat dAu va cai canola, manihot, hd tiéu, cdy hudng duong va ctc van tho, cdy hoc ca
nhu cay khoai tay, cay thudc 14, cdy ca tim, va cy ca chua, loai Vicia, dau Ha Lan, co
linh ling, cdy bui rdm (ca phé, ca cao, ch¢), loai Salix, cay gS (co dau, dura), tham co
1au nam, va cdy lam thirc in gia stc, cac cdy thoi vu ndy la cic cdy dich cling duge uu
tién cho k¥ thudt di truyén nhu 13 mot phuong an khac cua séng ché. Theo phuong 4n
duoc wu tién, cdy 1a cdy thoi vu. Cay lam thic @n gia suc bao gdm, nhung khong chi
giéi han &, Wheatgrass, Canarygrass, Bromegrass, Wildrye Grass, Bluegrass, Or-
chardgrass, Alfalfa, Salfoin, Birdsfoot Trefoil, Alsike Clover, Red Clover, va Sweet

Clover.

Theo mdt phuong an cia sang ché, su chuyén nhidm ctia polynucleotit mut-PPO
vao cdy dat dugc bang cach chuyén gen dugc tao ra bai Agrobacterium. Mot phuong
phép su bién nap da biét dbi voi ngudi ¢6 hiéu biét trung binh trong linh vuc 12 nhing
thuc vét c6 hoa vao dung dich Agrobacteria, trong d6 Agrobacteria chira axit nucleic
mut-PPO, sau do lai giéng cac giao tur duoc bién nap. Su bién nap cdy duogc tao ra boi
Agrobacterium co thé dugce thuc hién bﬁng cach st dung vi du GV3101(pMP90)
(Koncz and Schell, 1986, Mol. Gen. Genet. 204:383-396) hoac LBA4404 (Clontech)
ching Agrobacterium tumefaciens. Su bién nap co thé duoc thuc hién bang k¥ thuat
bién nap va tai sinh tiéu chuin (Deblaere et al., 1994, Nucl. Acids. Res. 13:4777-4788;
Gelvin, Stanton B. va Schilperoort, Robert A, Plant Molecular Biology Manual, 2nd
Ed. - Dordrecht : Kluwer Academic Publ., 1995. - in Sect., Ringbuc Zentrale Signatur:
BT11-P ISBN 0-7923-2731-4; Glick, Bernard R. va Thompson, John E., Methods in
Plant Molecular Biology and Biotechnology, Boca Raton : CRC Press, 1993 360 S.,
ISBN 0-8493-5164-2). Vi du, cai hat ddu c6 thé dugc bién nap théng qua 14 mém hoc
tru dudi 1a mam sy bién nap (Moloney et al., 1989, Plant Cell Report 8:238-242; De
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Block et al., 1989, Plant Physiol. 91:694-701). Sir dung chét khang sinh cho Agrobac-
terium va lya chon cdy phu thudc vao vecto nhi nguyén va chung Agrobacterium duge
dung dé bién nap. Su lya chon cai hat dau thudng dugc thuc hién béng cach st dung
kanamyxin 1a gen danh dAu cay thich hop. Chuyén gen do Agrobacterium tao ra dé cay
lanh c6 thé duogc thuc hién bing cach sir dung, vi dy, k§ thudt duoc mé ta boi
Mlynarova et al., 1994, Plant Cell Report 13:282-285. Ngoai ra, su bién nap cuia cay
dau tuong co thé duoc thuc hién béng cach sir dung vi du k¥ thuat nhu duoc mé ta
trong patent chiu Au s6 0424 047, patent My s6 5,322,783, patent chiu Au s6 0397
687, patent M§ sb 5,376,543, hoiic patent M§ s 5,169,770. Su bién nap ctia cay ngd
c6 thé dat dugc bing cach ban hat, sy hép thu ADN qua trung gian polyetylen glycol,
hoic thong qua k¥ thuét soi silic cacbua. Xem, vi du, Freeling and Walbot “The maize
handbook” Springer Verlag: New York (1993) ISBN 3-540-97826-7). Vi du cu thé vé
su bién nap cdy ngd duge tim thdy trong patent M§ s6 5,990,387, va vi du cu thé vé su

bién nap cay lia my c6 th8 dugc tim thy trong don PCT s6 WO 93/07256.

Theo séng ché, polynucleotit mut-PPO dugc dua vao c6 th8 dwoc duy tri trong té
bao cdy 6n dinh néu né duge dua vao replicon tur mién khong nhiém sic thé hoic dugc
hop chét vao nhidm sic thé cdy. Theo cach khac, polynucleotit mut-PPO duge dua vao
¢6 thd c6 mit trén vecto khong phién mi ngoai nhiém sic thd va duoc biéu hién
chuyén tiép hodc hoat tinh chuyén tiép. Theo mdt phuong an, vi sinh vat tai t6 hop
tuong ddng ¢ thé dugce tao ra trong d6 polynucleotit mut-PPO dugc hop nhit vao
nhidm séc thé, vecto duge chudn bi ma cé chira it nhét mot phﬁn cua gen PPO ma su
khuyét doan, bd sung, hodc thay thé da duoc dua vao gen d6 dé cach thay thé bang
cach d6, vi du, pha v& chitc nang, gen PPO ndi sinh va tao ra gen mut-PPO. D tao ra
su dot bién diém thong qua su tai t6 hop tuong déng, lai ADN-ARN c6 thé duoc sir
dung trong k§ thuét da biét 1a gén két kham chimeraplasty (Cole-Strauss et al., 1999,
Nucleic Acids Research 27(5):1323-1330 va Kmiec, 1999, Gene therapy American
Scientist 87(3):240-247). Quy trinh tai td hop twong d6ng khéc trong céc loai Triticum
cling da duoc biét r3 trong linh vuc va duoc du dinh dé sir dung trong ban mo ta.

Trong vecto tai tb hop tuong ddng, gen mut-PPO ¢ thd duoc kep bén & dau 5’
va 3’ ca né bang phan tir axit nucleic bd sung cia gen PPO cho phép tai t6 hop tuong
ddng xuit hién gitta gen mut-PPO ngoai sinh duge mang boi vecto va gen PPO ndi

sinh, trong vi sinh v4t hogc cdy. Phan tir axit nucleic PPO kep bén khac c6 d6 dai du
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d8 tai td hop tuong ddng thanh cong véi gen noi sinh. Thong thudng, vai trdim cap ba-
70 cho dén céc kilobazo ctia ADN kep bén (ca hai & céc diu 5° va 3°) duoc bao gdm
trong vecto (xem vi dy, Thomas, K. R., va Capecchi, M. R., 1987, Cell 51:503 dé md
ta sy tai tb hop twong ddng vecto hodc Strepp et al.,, 1998, PNAS, 95(8):4368-4373 déi
v6i su tai td hop dua vao cADN trong Physcomitrella patens). Tuy nhién, vi gen mut-
PPO théng thudng khic véi gen PPO ¢ vai axit amin, trinh tu kep bén khong phai lac
nao cling cln. Su tai td hop tuong déng vecto dugc dua vao vi sinh vat hodc té bao cay
(vi du, thdng qua ADN duogc tao ra boi polyetylen glycol), va cac té bao trong d6 gen
mut-PPO dugce dua vao dugc tai t6 hop déng nhit v&i gen PPO ndi sinh duge chon loc
bang céc k¥ thuit da biét trong tinh trang k¥ thuat.

Theo phuong 4n khac, cac vi sinh vt tai td hop c6 thé duge tao ra ma chira céc
hé duoc chon cho phép biéu hién diu tiét ctia gen di dua vao. Vi dy, viéc bao gbém
gen mut-PPO trén vecto dit nd trong trong viéc kiém soat lac operon cho phép biéu
hién gen mut-PPO chi trong su ¢6 mit cia IPTG. Hé diéu tiét nay da biét rd trong linh

vue.

Khia canh khéc cta sang ché lién quan dén cac té bao chu vecto biéu hién tai t
hop theo sang ché da duge dua vao nd. Cac thudt ngft “t& bao chi” va “té bao chu tai
td hop” dugc st dung thay thé 14n nhau trong ban md ta ndy. Can phai hiéu ring céc
thuat ngit nay khong chi ma ching con 4p dung cho thé hé con hodc thé hé con tiém
tang cua t€ bao nay. Bai vi mot s6 bién thé c¢6 thé xuét hién trong céc thé hé nbi tiép do
su dot bién hodc anh hudng mdi trudng, thé hé con nay thuc té, c6 thé khong giéng hét
vé6i té bao cha me, nhung can duoc bao gém trong pham vi cua thudt nglt nhu duoc st
dung trong ban mo ta nay. Té bao chu c6 thé 1a té bao khong nhan hodc c6 nhin chuén
bét ky. Vi du, polynucleotit mut-PPO c6 thé duoc bidu hién trong céc t& bao vi khuan
nhu C. glutamicum, t€ bao con tring, té bao ndm, hodc t& bao dong vat c6 va (nhu té
bao trimg chudt ddng Trung Qudc (CHO) hodc cac té bio COS), to, 16ng min, céc té
bao cdy, ndm hoic céc vi sinh vat khac nhu C. glutamicum. Céc té bao chi thich hop
13 d3 biét dbi véi ngudi c6 hidu biét trung binh trong linh vuc k§ thuat.

Té bio chi theo sang ché, nhu t& bao chi khéng nhin hogc c6 nhén dién hinh
trong moi truong nudi cdy, ¢ thd dugc stir dung dé tao ra (tic 13, biéu hién) polynucle-
otit mut-PPO. Theo d6, sang ché con dé xuét phuong phap tao ra polypeptit mut-PPO

bing céch sir dung t& bao chil theo sang ché. Theo mot phuong 4n, phuong phap nay
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bao gdm bude nudi cdy té bao chi theo sang ché (ma vecto biéu hién téi tb hop ma héa
cho polypeptit mut-PPO dd dugc dua vao té bao chu nay, hodc gen mi héa cho PPO
kiéu dai hodc polypeptit mut-PPO da dugc dua vao trong hé gen cla té bao chu nay)
trong méi trudng thich hop cho dén khi polypeptit mut-PPO dugc tao ra. Theo phuong
an khac, phuong phap nay con bao gdm thém budc phan 1ap polypeptit mut-PPO ra
khoi mdi trudng hodc t& bao chi. Khia canh khéc cua sang ché 1ién quan dén cac poly-
peptit mut-PPO dugc phan 14p, va cic phin ¢ hoat tinh sinh hoc cia né. Polypeptit
“duoc phén 14p” hoac “dugc tinh ché” hoic phﬁn hoat tinh sinh hoc ctia n6 1a khéng c6
mot s6 nguyén lidu t& bao khi duge tao ra bing céc ky thudt ADN tai t6 hop, hodc céc
tién chit hoa hoc hoic cac hoa chit khac khi duoc téng hop hoéa hoc. Cum tir “hau nhu
khéng c6 nguyén liéu t& bao” bao gdm céc ché pham ctia polypeptit mut-PPO trong d6
polypeptit dugc tach ra tir mot sb thanh phin t& bao cta c4c t& bao trong d6 nd dugc
tao ra tuy nhi€n hoac tai td hop. Theo mot phuwong én, cum tir “hdu nhu khéng c6
nguyén liéu t& bao” bao gdm céc ché phdm ctia polypeptit mut-PPO ¢6 it hon khoang
30% (theo khéi luong kho) ctia nguyén liéu khong phai mut-PPO (con duoc biét dén
trong ban mo ta 1 “nhiém bén polypeptit”), t8t hon nita 13 it hon khoang 20% nguyén
liéu khong phai mut-PPO, t6t hon nita 14 it hon khoang 10% nguyén li¢u khong phai
mut-PPO, va t6t nhét 13 it hon khoang 5% nguyén liéu khong phai mut-PPO.

Khi polypeptit mut-PPO, hodc phén c6 hoat tinh sinh hoc cta nd, dugc tao ra
bing céch tai t6 hop, cling duge uu tién 1a hu nhu khéng c¢6 méi truong nudi cdy, tic
13, mdi trudng nudi cdy thé hién it hon khoang 20%, t5t hon nita 14 it hon khoang 10%,
va tdt nhét 14 it hon khoang 5% thé tich cua ché phdm polypeptit. Cum tix “hau nhu
khong cé céc tidn chit héa hoc hodc cac hoa chét khac” bao gbm céc ché phidm cta
polypeptit mut-PPO trong d6 polypeptit dugc tach ra tir cac tién chat hoa hoc hoic cac
héa cht khac ma lién dén viée téng hop polypeptit. Theo mdt phuong 4n, cum tir “hau
nhu khong cé céc tidn chit héa hoc hodc cac hoa chit khac” bao gbm céc ché phdm
cua polypeptit mut-PPO c6 it hon khoang 30% (theo khéi lwong kho) cia céc tién chét
héa hoc hoic cac héa chit khong phai mut-PPO, tét hon nita 14 it hon khoang 20% tién
chit hoa hoc hodc cic héa chait khong phai mut-PPO, t5t hon nita 1 it hon khoang
10% cAc tién chit hoa hoc hodc cac hoa chit khéng phai mut-PPO, va t6t nhét 13 it hon
khoang 5% céc tidn chit héa hoc hodc cac héa chat khong phai mut-PPO. Theo céc

phuong dn dugc wu tién, cic polypeptit duoc phin 14p, hodc cac phan c6 hoat tinh sinh
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hoc ctia nd, thidu cac polypeptit nhiém bén tir sinh vat gibng nhau ma polypeptit mut-
PPO thu duoc tir sinh vat d6. Thong thuong, cac polypeptit nay dugc tao ra bang su
bidu hién tai td hop ctia, vi du, polypeptit mut-PPO & cdy ma khéc véi, hodc trong cac

vi sinh vat nhu C. glutamicum, 16ng min, tdo, hodc nam.

Nhu dwoc md ta & trén, séng ché mé ta hop phin va céc phwong phap dé 1am
ting su dung chiu din xuét benzoxazinon ctia cdy thdi vu hodc hat giéng khi so v&i
gidng kiéu dai ctia cdy hodc hat gidng. Theo phuong 4n dugc wu tién, sy dung chiu dan
xut benzoxazinon cua cdy thdi vu hodc hat gidng dugc ting 1&n sao cho cdy hogc hat
gibng c6 thé chiu dugc su 4p dung thudc diét co chtra dan xudt benzoxazinon t6t hon
1a khoang 1-1000 g ai ha™!, t6t hon nita 1a 20-160 g ai ha™!, va t6t nhat 14 40-80 g ai ha’
I, Trong ban mé ta nay, dé “chiu dugc” ap dung thudc diét co chira ddn xuét benzoxa-
zinon c6 nghia 1a cdy hodc khong bi chét hosic khong bi tbn thuong boi viée ap dung
nay.

Hon nita, sang ché d& xuét cac phuwong phép lién quan dén viée str dung it nhét
mot thudc diét cé chira din xuét benzoxazinon nhu nhu dugc mé ta trong chi tiét &

trén.

Trong cac phuong phap ndy, thudc diét co chira dan xuét benzoxazinon cé thé
dugc ap dung theo phuong phap bat ky da biét trong tinh trang k¥ thuit bao gbm,
nhung khéng chi gidi han &, xir Iy hat giéng, xir Iy dat, va xtt ly 14. Trude khi 4p dung,
thudc diét co chira din xult benzoxazinon ¢ thé duge chuyén héa thanh ché phim
théng thuong, vi du céc dung dich, nhii twong, huyén phu, bui, bdt, bdt nhdo va hat.
Dang st dung phu thuc vao muc dich du dinh cu thé; trong mdi truong hop, can dam

bao sy phin bo min va déu cia hgp chat theo sang cheé.

Béng cach tao ra cdy co su dung chiu ting d6i véi thube diét cé chira din xuit
benzoxazinon, nhidu gidng cia cic ché phdm c6 thé duge sir dung & bao vé cay khoi
¢6 dai, sao cho dé 1am ting cudng su phat trién cdy va lam gidm sy canh tranh céc chét
dinh dudng. Thubc diét co chira dAn xuit benzoxazinon c¢6 thé duoc sir dung bang cach
tu khéng ché cho trudc nhi mam, sau nhu mim, trudce khi trong va tai lac trong co6 dai
& cdc ving xung quanh cdy thoi vu dugc md ta trong ban md ta, hodc ché pham thubc
diét co chira din xut benzoxazinon ¢6 thé dugc st dung ma chira céc chét phu gia

khéc. Thude diét co chira dan xuat benzoxazinon con c6 thé dugc st dung la xir 1y hat
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gibng. Céc chét phu gia dugc phét hién trong ché pham thudc diét co chira din xuit
benzoxazinon bao gdm cac thudc diét cd khéc, cac chét thy rira, cac chit phu gia, cac
téc nhén rai, c4c chit dinh, cic chit 6n dinh, hodc cac chét tuong tu. Thube diét ¢o
chira ché phidm din xuit benzoxazinon c6 thé 1a ché phim 4m hodc kho va c6 thé bao
gdm, nhung khong chi gii han &, bot ¢ thé chay, chit c6 c6 thé nhii héa, va chét cb
long. Thudc diét cd chira din xudt benzoxazinon va ché phém thube diét cd cb thé co
thé duogc st dung theo cac phuong phap thong thudng, vi du, bang cach phun, tudi, ric
bui hodc dang tuong tu.

Céc ché phim thich hop dwoc md ta chi tiét trong PCT/EP2009/063387 va
PCT/EP2009/063386, dugc dua vao day béng cach vién dan.

Ciing can duoc hiéu ring phin mé ta & trén lién quan dén cc phuong an dugce wu
tién cua sang ché va ring mot sb thay dbi c6 thé dugc thuc hién ma khong vuot ra khoi
pham vi ctia sang ché. Sang ché con dugc minh hoa bang cac vi du sau, ma khong
duoc cAu tric theo cach bat ky ma lam giéi han pham vi cta né. Tréi lai, can duoc
hiéu r3 rang 1a phuong phap nay c6 thé ¢ cic phuong 4n khac khac nhau, su bién dbi,
va twong duong cia nd, ma, sau khi doc phén mo ta trong ban mo ta, cé thé goi y
ngudi c6 hidu biét trung binh trong linh virc ma khong vuot ra khoi tinh thin ctia séng
ché va/hodc pham vi ctia céc diém yéu cau bao hd kém theo.

Vi du thwe hién siang ché
Vi du 1: Phét sinh dt bién & diém truc tiép cia AmaranthusPPO
Téach dong Aramanthus PPO

Trinh tu m& héa Amaranthustuberculatus d6i véi cac isoform khéng hozc c¢é thé
d& bi 4nh hudng boi PPO, va két hop thé dot bién, (SEQ ID No: 1, 3, 5, 7) dugc téng
hop va dugc tach dong bdi Geneart (Geneart AG, Regensburg, Duc).

Céc plasmit duoc phan 14p tir E. coli TOP10 bang cach thuc hién vi didu ché
plasmit (plasmit minpreparation) va dugc xac nhan bing céch giai trinh tw ADN.

Biéu hién va tinh ché PPO kiéu dai t4i t5 hop va thé dot bién
(duoc 14y tir: Franck E. Dayan, Pankaj R. Daga, Stephen O. Duke, Ryan M. Lee,

Patrick J. Tranel, Robert J. Doerksen. Biochemical and structural consequences of a
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glycine deletion in the -8 helix of protoporphyrinogen oxidase. Biochimica et Bio-

physica Acta 1804 (2010), 1548-56)

Cac dong vo tinh trong vecto pRSET duoc bién nap vao ching BL21(DE3)-
pLysS cta E. coli. C4c té bao duoc phat trién trong 250 mL LB véi 100 pg mL—1 car-
benicillin, lic qua dém & nhiét d6 37°C. Céc mdi trudng nudi cdy duoc pha loéng
trong 1 L LB véi chét khang sinh va duoc phat tridn & nhiét d6 37°C. lic trong 2 gid,
kich thich bing 1 mM IPTG va dugc phét trién & nhiét d6 25°C. lac trong 5 gidr nita.
Céc té bao duoc thu hoach béng céch ly tdm & tde dd 16000m/s, rira voi 0,09% NaCl,
va dugc bao quan ¢ nhiét do —80°C.

Céc té bao duge 1am tan bang cach st dung French press & 140 MPa trong 50
mM natri phosphat pH 7,5, IM NaCl, 5 mM imidazol, 5% glyxerol, va 1 pg mL—1
leupeptin. Sau khi phan giai, bd sung 0,5 U benzonas (Novagen, EMD Chemicals,
Inc., Gibbstown, NJ) va PMSF (néng d6 cubi cung la 1 mM). Manh vun té bao duoc
loai bd bing cach ly tim & tbc d6 30000m/s2. Céc protein PPO gén his dugc tinh ché
trén cOt Hitrap Chelating HP duoc hoat hoa bang niken (GE Healthcare Bio-Sciences
Corp., Piscataway, NJ) dugc cén bang v&i 20 mM natri phosphat pH 8,0, 50 mM
NaCl, 5 mM imidazol, 5 mM MgCly, 0,imM EDTA, va 17% glyxerol.

PPO dugc rira giai véi 250 mM imidazol. Proten hoat tinh duogc khir mubi trén
cdt PD-10 (GE Healthcare Bio-Sciences Corp., Piscataway, NJ) dugc cin béng voi 20
mM dém natri phosphat, pH 7,5, 5 mM MgCl,, 1 mM EDTA va 17% glyxerol. Mi lit
mdi truong nudi cdy duoc tao ra khoang 10 mg PPO tinh khiét, chit nay duoc bao

quan ¢ nhiét d6 —20°C cho dén khi duoc st dung trong cac thir nghiém.
Thr nghi€ém hoat tinh PPO

Thir nghiém Enzym PPO (khéng téi td hop). Protein PPO (EC 1.3.3.4) duoc chiét
tlr céc 14 bao mim hodc chdi non (150g khdi lugng sach) ctia cay ngd duoc phat trién
trong béng t6i, cdy lu lu duc, cdy bim bim, va cay gibng 14 nhung nhu duge mo ta
truéc diy (Grossmann et al. 2010). Trudce khi thu hoach, cac cay gidng dugce dé xanh
14 cdy trong 2 gid trong 4nh sang dé dat dugc cac hoat tinh enzym dic hiéu cao nhét
trong c4c phan doan thylakoit & cac ndng d chét diép luc thép. O ndng do chat diép
luc cao, viée 1am dimg dang k& phat huynh quang xdy ra, ma lam han ché luong

thylakoit mau xanh ma cé thé duoc sir dung trong thir nghiém. Cac nguyén liéu cdy
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duoc d@)ng hoéa lanh béng thiét bi tron Braun béng cach str dung ty 1€ gifta khéi lugng
sach so véi thé tich 1a 1:4. Chat dém ddng hoéa bao gdm
tris(hydroxymetyl)aminometan (Tris)-HCI1 (50 mM; pH 7,3), sucroza (0,5 M), magie
clorua (1 mM), axit etylendiamintetraaxetic (EDTA) (1 mM) va albumin huyét thanh
bo (2 g LY. Sau khi loc qua bdn 16p ctia Miracloth, cac ché phim thé hat th6 thu dugc
sau khi ly tdm & tbc d6 100.000 m/s? trong 5 phit va tai huyén pht trong chat dém
ddng hoa trude khi ly tAm & tde d§ 1500 m/s? trong 2 phit 8 loai bo cin ba té bao tho.
Dich ndi duoc ly tam & tdc dd 40000 m/s? trong 15 phut va doan vé tron duoc tai
huyén phti trong 1 ml chit dém chira Tris-HC1 (50 mM; pH 7,3), EDTA (2 mM),
leupeptin (2 pM), pepstatin (2 pM) va glyxerol (200 ml L) va dugc bao quan & nhiét
d6 -80°C cho dén khi sir dung. Protein duoc x4c dinh trong chét chiét enzym voi al-
bumin huyét thanh bd nhu tiéu chuan. Hoat tinh PPO dugc phan tich bang flo ké bang
cach theo di téc d6 hinh thanh Proto tir protoporphyrinogen IX dugc khir bang héa
chit dudi cac diéu kién vén téc ban ddu. H3n hop thir nghiém bao gdm Tris-HC1 (100
mM; pH 7,3), EDTA (1 mM), dithiothreitol (5 mM), Tween 80 (0,085%), protopor-
phyrinogen IX (2 pM), va 40 pg protein dugc chiét trong tdng thé tich 1a 200 pl. Phan
tng ndy duoc bit ddu bang cach bd sung chét nén rotoporphyrinogen IX & nhiét do
22°C. Saflufenacil, flumioxazin va butafenacil dugc diéu ché trong dung dich dimetyl
sulfoxit (DMSO) (ndng d6 0,1 mM ctia DMSO trong thir nghiém) va bd sung vao hdn
hop thir nghiém véi ndng d6 ndm trong khoang tir 0,005 pM dén 5 pM trude khi . Su
phéat huynh quang duoc theo doi mot cach truc tiép tir hdn hop thir nghiém bang cach
str dung POLARstar Optima / Galaxy (BMG) véi kich thich & 405 nm va sy phat xa
duoc theo d6i & 630 nm. Hoat tinh khong phai enzyme v6i sy c6 mét cua chét chiét
khong dugc hoat hod bang nhiét 13 khong déng ké. Su e ché hoat tinh enzyme duoc
kich thich béng thudc diét co dugce biéu hién theo ph?ln tram e ché lién quan dén cac
d6i chtng chua duoc xir 1y. Nong d6 mol ctia hop chit can dé wc ché 50% enzym (cac
gia tri ICso) dugc tinh toan bang cach khép céc gia tri véi phuong trinh phan tmg lidu
lwong bang céch str dung phuong phép phan tich hdi quy khong tuyén tinh.

Thtr nghiém PPO Enzym (téi t5 hop). Proto dugc mua tir nha cung cép Sigma-
Aldrich (Milwaukee, WI). Protogen duoc didu ché theo Jacobs va Jacobs (N.J. Jacobs,

J.M. Jacobs, Assay for enzymatic protoporphyrinogen oxidation, a late step in heme

synthesis, Enzyme 28 (1982) 206-219). Cac phan tich dugc tién hanh trong 100 mM
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natri phosphat pH 7,4 v6i 0,1 mM EDTA, 0,1% Tween 20, 5 uM FAD, va 500mM
imidazol. Puong cong phan tng lidu luong véi cac chét tic ché PPO, axiflofen, lac-
tofen, benzoxazinon 1.a.35, hoic din xuAt benzoxazinon dugc wu tién (trong d6 X 1a O
hoic S, R* 1 hydro, C1-C6-alkyl, C1-C6-haloalkyl, C3-C6-xycloalkyl, C3-C6-alkenyl,
C3-C6-haloalkenyl, C3-C6-alkynyl, C3-C6-haloalkynyl, C1-C6-alkoxy hodc C3-C6-
xycloalkyl-C1-C6-alkyl, R3 13 hydro, NH2, C1-C6-alkyl hodc C3-C6-alkynyl, R® 1a
hydro hodc C1-Cé6-alkyl, hodc su két hop ctia chung), dugc xac dinh voi sy 6 mat clua
150 uM Protogen. D¢ rong dai tan kich thich hodc phat xa dugc dat & lan luot & 1,5 va
30 nm. T4t ca cac thir nghiém duogc tién hanh thanh hai ban hoic ba ban va duoc x4c
dinh bing cach sir dung POLARSstar Optima / Galaxy (BMG) véi kich thich & 405 nm

va sy phat xa dugc theo ddi ¢ 630 nm.

Céc gia tri phan Ung lidu luong (ICso) ddi voi cac enzym PPO dugce thé 1a 16n
hon gié tri ICso déi v6i enzym PPO kidu dai (khong duoc thé) (Bang 4a va 4ab). Bang
nay chi ra rang enzym PPO da dugc thé nay c6 tinh khang vbn c6 dbi voi benzoxazi-
non va d6i v6i mot sb trong cac dan xuit benzoxazinon dugc thit nghiém. Enzym PPO
duoc thé dG210 va R128L 1a c4c enzym PPO dugc thé da biét dugc tim thy trong
Amaranthustuberculatus va duge thé hién 1a chiu trach nhiém dbi véi tinh khéang in
planta PPO dbi véi gibng cta thude diét cd PPO (Dayan et al., 2010, Biochimica et
Biophysica Acta, 1804:1548). Didu nay chi ra ring cdc enzym PPO dugc thé khac
duoc liét k&, vai gia tri ICso cao hon so v6i dG210 hodc R128L, cling 1a cac enzym
PPO dugc thé ma chiu trach nhiém dbi véi tinh khéng in planta chéng lai giéng cta
thudc diét cd PPO, bao gdm benzoxazinon 1.a.35 (Bang 4a) va dan xuét benzoxazinon
dugc liét ké (Bang 4b). T4t ca cac enzym PPO duge thé thé hién hoat tinh enzym cé
thé so sénh duoc, su thay dbi don vi phat huynh quang cho mdi phit (FU/phtit) so voi
enzym PPO kiéu dai (Bang 4a). Ngoai ra, tAt ca cAc gid tri hoat tinh dbi v6i cac enzym
PPO duoc thé 14 16n hon so véi enzym PPO dG210 dugc thé. Enzym PPO dG210
duoc thé ¢6 hoat tinh du ddi véi chire in planta. Didu niy chi ra rang tat ca cic enzym

PPO dugc thé khac dd chi ra 14 cling ¢6 hoat tinh du cho chuc in planta.
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Bang 4a: Gia tri ICso (M) d6i v6i enzym kiéu dai va enzym PPO duge thé axit

amin, ddi v6i chat irc ché benzoxazinon 1.a.35.

£ IC50 (M) Ben- | Hoat tinh
Sy thay the zoxaziglor)l (FU/phiit)
kiéu dai 1,20E-10 800
R128A 1,40E-10 731
R128L 7,73E-10 750
dG210 2,12E-09 80
L397D 2,72E-10 250
L397N 2,35E-10 165
F420M 2,75E-10 353
F4201 4,95E-10 179
F420L 9,93E-10 203
F420V 2,45E-09 200
R128A,
FAP0M 6,24E-09 378
R128A, F4201 | 1,98E-08 330
R128A, F420L | 2,38E-08 281

Bang 4b: Cac gia tri ICso (M) d6i v6i enzym kiéu dai va enzym PPO duoc thé ax-

it amin, d6i v6i dan xuit benzoxazinon duogc liét ké.

ICso (M) Céc thé twong tu benzoxazinon
Su
' X1a \ . Hoat tinh
thay | v | Rt | 0, | RSl | RSl | RO [ XIBO e
theé 4713 R’ 1a R°1a
O hydro | R*1a | hydro hydro tvdro | hvdro
hydro Y Y
Kiéu | 2,20E | 2,99E- | 2,04E- | 1,78E- | 1,78E- | 2,27E- | 2,27E- 200
dai -10 10 08 09 09 08 08
3,82E | 2,02E- | 3,57E-
R128L 208 07 06 750
3,33E | 1,10E- | 1,64E-
dG210 208 07 06 80
4,41E- | 4,41E- | 2,43E- | 2,43E-
L397D 07 07 06 06 250
6,17E- | 6,17E- | 1,00E- | 1,00E-
F4201 07 07 05 05 179
R128A 1,00E- | 1,00E- | 1,00E- | 1,00E- 330
, F4201 05 05 05 05

Vi du 2: Sang loc cac t& bao tao dugc gdy dot bién dé nhan dién cac dong v tinh dung

chiu thudc diét co va sy dot bién nguyén nhan trong cic gen PPO.
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P4 tao ra nhitng ddt bién lién quan dén sy khang thudc diét co chira din xuét
benzoxazinon trong cac gen PPO, c6 thé duoc stt dung su phat sinh dot bién do héa
chét hodc UV. Pic biét 1a cac sinh vat don bao nhu Chlamydomonas reinhardtii hogc
Scenedesmus obliquus 13 hitu ich dé nhan dién sw dot bién tréi trong sy khang thude
diét co.

Céc té bao tao cua cac chung Chlamydomonas reinhardtii CC-503 va CC-1691
(Duke University, Durham, USA) dugc nhén gibng trong méi trudng TAP (Gorman va
Levine (1965) PNAS 54: 1665-1669) bing céch lic khong déi ¢ toc do 100 vong/phut,
22°C va 30pmol Phot * m? * s chiéu sing. Scenedesmus obliquus (University of
Gottingen, Ptrc) duoc nhin gibng trong mdi trudng tao nhu dugc mo ta (Boger and
Sandmann, (1993) Trong tai liéu: Target assays for modern herbicides and 15 related
phytotoxic compounds, Lewis Publishers) trong didu kién nubi cdy nhu da néu db6i voi
Chlamydomonas. Sang loc hop chét duoc thuc hién & chiéu sang 450 pmol Phot * m"
2* g2,

Cac ching méin cam cta Chlamydomonas reinhardtii hodc Scenedesmus
obliquus dugc gy dot bién véi 0,14 M etylmetansulfonat (EMS) trong 1 gio nhu duoc
md t& bdi Loppes (1969, 20 Mol Gen Genet 104: 172-177) Cac ching chiu dugc nhén
dién bing cach sang loc cac té bao da dugc gy dot bién trén cac dia dung dich dinh
dudng ran chia thudc diét ¢ chira din xuét benzoxazinon dang quan tim & cac néng

d6 gy chét nguoi phy thude vao hoat tinh hop chét trong chiing tao cu thé.

Su khuéch dai cta cac gen PPO tit Chlamydomonas reinhardii kiéu dai hoidc cé
tinh khang tr ADN hé gen hodc ban sao ADN lam khudn mAu duoc tién hanh bang
cac k¥ thuat PCR tiéu chuén véi oligonucleotit ADN. Sy dot bién duge nhén dién béng
cach so sanh céc trinh tu PPO kiéu dai va thé dot bién béng cach sir dung trinh tu sép
thing hang tool Align X (Vector NTI Advance Software Version 10,3, Invitrogene,
Carlsbad, CA, USA).

Fig. 2 thé hién su chon lua clia cac chung Chlamydomonas reinhardtii ¢6 tinh
khang d6i v6i thube diét co 1.a.35 c6 din xudt benzoxazinon. (A) Céc té bao da duge
gdy dot bién duoc dit trén moi trudng ran ma khoéng c6 tac nhan chon lgc. (B) Cac té
bao did duogc gay dot bién duoc dat trén mdi truong rin chra 1x10”7 M dan xuét ben-

zoxazinon L.a.35. Cac té bio ma c6 tinh khéng ddi v6i thude diét c6 chira dan xuét
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benzoxazinon tao thanh cac khuén lac (dugc tao vong va dugc danh s6 33, 34, 35 va
36), trong khi c4c t& bao min cam khong sinh truéng. S8 lwong céc cum khuan lac trén
dfa A so v6i B, thé hién ring céc khuan lac trén dia B c6 tinh khang d6i v6i din xuét

benzoxazinon I.a.35.

Fig. 3 thé hién su tai phét trién ctia cac ching Chlamydomonas reinhardtii dugc
chon, cé tinh khéng d6i véi thude diét o 1.a.35 ¢6 dan xuit benzoxazinon. (A) Céc té
bao kidu dai trong mdi trudng 16ng ma khong c6 tdc nhan chon loc. (B) Céc té bao
kidu dai trong méi trudng léng chira din xuét benzoxazinon La.35 ting (nim trong
khoang 1x10? - 5x10- M). (C) Cac té bao da dugc gay dot bién trong mdi trudng long
ma khong ¢6 tdc nhan chon lgc. (D1, D2, E1, E2) Céc ching gdy dot bién va duoc
chon trong mdi truong léng, chira din xult benzoxazinon I.a.35 ting (nim trong
khoang 1x10% - 5x10 M). Céc ching c6 tinh khang d6i v6i thude diét cé 1.a.35 ¢6
din xuét benzoxazinon, phat trién dén sy sinh trudng thé hién mau dim hon. Cac
ching min cam khong phat trién va van con mau. M4t do té bao cao hon trong trong
mdi trudng 1dng véi cac té bao sinh trudng 14 chiu trach nhiém cho mau ddm hon. Mat

d6 thp hon phat trién dudng nhu c6 mau sang hon hogc hoan toan trong subt.

Vi du 3. Sang loc quin thé Arabidopsis thaliana EMS dugc gdy dot bién @& nhén dién
cay dung chiu v6i thudc diét co va x4c dinh sy dot bién nguyén nhén trong céc gen

PPO.

Quén thé M2 clia cic cdy Arabidopsis thaliana da duge xu ly bang EMS thu
duoc tir Lehle Seeds (Round Rock, TX, USA). Viéc sang loc dugc thuc hién béng
cach dan hat gidng Arabidopsis trén dung dich dinh dudng half-strength murashige
skoog nutrient solution chtta 0,5% tac nhan gel Gelrite® va thubc diét c¢6 chia dan
xuht benzoxazinon (0,1 dén 500 pM), phu thudc vao hoat tinh ctia hop chét. Cac dia
duoc U trong budng phat trién trong chu trinh sang:tdi 16:8 gid & nhiét d6 22°C cho
dén ba tudn. Cy dung chiu thé hién phenotyp tdy tring it manh hon trong dugc trdng
trong dAt va phat trién dén maturity trong cic diéu kién nha kinh. Trong giai doan ciy
thé hoa thi, céc dia 14 duoc thu hoach tir cdy dung chiu v&i thudce diét cé chira dén xudt
benzoxazinon dé phan l4p ADN hé gen v6i DNeasy Plant Mini Kit (Qiagen, Hilden,
Prc) hodc mARN téng v6i RNeasy Plant Mini Kit (Quagen, Hilden, Dtc).
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Trinh tu PPO duoc khuéch dai bing céc k§ thust PCR tidu chuén tir ADN hé gen
v6i céc oligonucleotit tuong tmg. Dé khuéch dai PPO tir mARN, ADN ban sao dugc
tdng hop in vitro bing cich st dung phién ma nguge Superscript III Reverse Tran-
scriptase (Invitrogene, Carlsbad, CA, USA). Sau khi tdch dong cac san phim PCR
trong plasmit giai trinh tu ti€u chudn, trinh twr ADN ctia cdc gen PPO bi dot bién duoc
nhin dién bing cac k§ thuat gii trinh ty tiéu chuin. Sy dot bién dugc nhan dién bang
cach so sanh céc trinh tuw PPO kiéu dai va thé dot bién béng cach st dung dung cu sép
thing hang trinh tw Align X (Vector NTI Advance Software Version 10,3, Invitrogene,
Carlsbad, CA, My).

Vi du 4. Cay dung chiu thudc diét co chira din xuit benzoxazinon cé cac trinh tu PPO

kidu dai hodc bi dot bién.

Cay dau tuong (Glycine max) dung chiu thubc diét co chira dén xult benzoxazi-
non dugc tao ra bing phuong phap nhu duge mé ta bdi Olhoft ef al. (US patent
2009/0049567). Céc trinh tw PPO bi dot bién dugc tach dong bang céc k¥ thuat tach
dong tiéu chudn nhu dugc mé ta trong Sambrook et al. (Molecular cloning (2001)
Cold Spring Harbor Laboratory Press) trong vecto nhi nguyén chita ca xet gen danh
d4u c6 tinh khéng (AHAS) va trinh tw PPO bi dot bién (dugc ky hiéu 1a GOI) & gitta
trinh tu gen khoi déu ubiquitin (PcUbi) va trinh tu két thuc nopalin syntaza (NOS).
Céc plasmit nhi nguyén dugc dua vao Agrobacterium tumefaciens dé bién nap cay.
Céc cu tric plasmit duge dua vao cac t& bao mo phan sinh nach clia cdy ddu tuong &
mAu ban dAu cta doan cay tréng tlr hat thong qua su bién nap do Agrobacterium gy
ra. Sau khi cdy ghép va cling trdng v&i Agrobacteria, cac doan cly nay dugc chuyén
dén méi truong kich thich canh non ma khong lua chon trong mot tudn. Cac doan cay
nay sau do dugc chuyén dén moi trudng kich thich canh non véi 1-3 pM imazapyr
(Arsenal) trong 3 tudn @ cho cac té bao da duoc bién nap. Cac doan ciy c6 cac dém
thé chai/canh non khée manh & hach ban diu sau d6 duoc chuyén nhiém dén moi
trudong shoot elongation medium chtra 1-3 pM imazapyr cho dén khi canh non duge
dai ra hogic doan cdy chét. Cay chuyén gen duoc moc ré, phai qua phén tich TagMan
d8 thé hién gen chuyén, duoc chuyén dén dAt va dugc phat trién dén chin trong nha
kinh. Su bién nap cta cdy ngd duoc thuc hién bing phuong phap dugc md ta boi

McElver and Singh (WO 2008/124495). Cu tric vecto bién nap & cdy chira céc trinh
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tu PPO bi d6t bién dugc dua vao phdi & cay ngd chua chin théng qua sy bién nap do

Agrobacterium gay ra.

Céc t& bao dugc bién nap duoc chon loc trong mdi truong chon loc da duge bd
sung v6i 0,5-1,5 uM imazethapyr trong 3-4 tuln. Céc ciy non chuyén gen dugc tai tao
trén mdi trudng tai sinh ciy va dugc moc ré sau d6. Cac cdy non chuyén gen phai qua
phan tich TagMan vé su ¢6 mit cta gen chuyén trude khi duoc chuyén vao hdn hop
trdng chéu va phat trién dén trudng thanh trong nha kinh. Arabidopsis thaliana dugc
bién nap véi cac trinh ty PPO bi dot bién bang phuwong phap ngdm ciy cd nhu duge
mb ta bdi McElver and Singh (WO 2008/124495). Su bién nap ctia Oryza sativa (ciy
Itia) dwoc thuc hién bing su bién nap té bao nguyén sinh nhu duoc md ta boi Peng et
al. (US 6653529) cay chuyén gen TO hoic T1 clia cdy ddu tuong, cdy ngd, cdy lia va
Arabidopsis thaliana chira cac trinh ty PPO bi dot bién duogc thir nghiém dbi véi su
chiu duoc cai thién ddi véi thube diét co duge dan xuét tir PPO trong céac nghién ctru
nha kinh.

Vi du 5. Thir nghiém bd sung va sang loc chic néng.

(xem thém: William L. Patzoldt, Aaron G. Hager, Joel S. McCormick, va Patrick
J. Tranel. A codon deletion confers resistance to herbicides inhibiting protoporphyrin-

ogen oxidase. PNAS 103 (33), 12329-34)
Tao thu vién PPO:

Thu vién gen PPO duoc tao ra bing cach phat sinh dot bién nglu nhién (error
prone PCR) hodc sy phat sinh dot bién bdo hoa ctia gen PPO (Geneart AG, Regens-
burg, Prc), va dugce tach dong vao vecto biéu hién (pBAD-TOPO) dé sang loc in vivo.
Ngoai ra, kiéu duoc lam ngén cua cac gen PPO kiéu dai va thé dot bién duge tach
dong thanh vecto biéu hién pBAD-TOPO (Invitrogen) sao cho sy dich md dugc bét
dAu & codon bit ddu ATG thi hai. PPO cADN la PCR dugc khuéch dai bang cach st
dung doan mdi xudi 5-CAGGAATAAGTAATGGGCAACATTTCTGAG- 3, chura ca
dim gin ribosom (AGGA) va codon bat dAu ATG, va doan mdi ngugc 5-
GAAGAATTACGCGGTCTTCTCATC-3 chira codon dimg. Cac plasmit PPO dé bi
anh hudng va c6 tinh khang gia dugc dung cho ching dot bién transforma hemG cta
E. coli, SASX38, duoc tao ra bai Harry Dailey (University of Georgia, Athens, GA).
Chtng SASX38 E. coli dugc giit trong mdi truong LB da duge bb sung v6i 20 pg*ml!
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hematin. Cac cum khuén lac duoc bién nap cta SASX38, va kiém soat khong duoc
bién nap, dugc thir nghiém vé kha nérig ctia chung dé phét trién mot minh trén mai
trudng LB hodc dd duge bb sung véi 20 pg*ml! hematin hodc véi lactofen chét trc ché
PPO va céc thube diét c6 chira din xuét benzoxazinon nim trong khoéang tir 0,01 dén

500 pM, va dugc u ¢ nhiét d@6 37°C trong 14 gio.

Thir nghiém bd sung va sang loc da st dung ching dot bién hemG (PPO) clia
Escherichia coli, SASX38, (Sasarman, A., Chartrand, P., Lavoie, M., Tardif, D., Pro-
schek, R. & Lapointe, C. (1979) J. Gen. Microbiol. 113, 297-303.) dé danh gia tac
dung dbt bién PPO dbi v6i céc phan tmg thubc diét co PPO. Chiing SASX38 phat trién
rat chdm trir khi duoc cung c€'1p voi hem ngoai sinh hodc duge giai thoat véi nguén
thay thé khac cua PPO. Hon nita, boi vi E. coli kiéu dai dung chiu mdt c4ch ty nhién
véi cac chét e ché PPO, str dung chiing SASX38 cho phép thir nghiém twong d6i truc
tiép d6i v6i dd nhay ctia thube diét co cta céc dang PPO kiéu dai va thé dot bién tir 4.
tuberculatus. Ching SASX38 E. coli duoc bién nap véi cac cAu trac plasmit ma hoéa
cho PPO kidu dai va thé dot bién. Cac cAu tric c6 kha ning giai thoat sy phat trién ctia
ching SASX38 E. coli, Nhu vay chi ra rang cac gen PPO d& md hoa céc protein chirc
ning. Tuy nhién, viéc bd sung moi trudng phat trién vé6i thude diét cé chita dan xudt
benzoxazinon d3 1am tc ché mot cach dot ngdt su phat trién ctia E. coli dugc bién nap
v6i PPO kidu dai nhung khong phai E. coli dugc bién nap véi mot sb thé dot bién

PPO. -
Vi du 6. Cac didu kién nudi cdy mo

Thir nghiém phét sinh dot bién méi trudng nudi cdy md in vitro dd dugc phat
tridn dé phan 14p va biét héa md cay (vi dy, md cdy ngd, cdy lta) tirc 1a dung chiu vdi
thubc diét cd chtra chdt (rc ché protoporphyrinogen oxidaza, (vi du saflufenacil,
bifenox, diuron, lactofen, butafenacil). Thir nghiém nay sir dung bién ddi tach dong
soma ma duogc tim thdy trong moi trudng nudi cly mé in vitro. Su dot bién dong thoi
thu duoc tir su bién d6i tach dong soma c6 thé duoc ting cudng béng su phat sinh dot
bién hoa hoc va su lua chon tiép theo theo cach timg budc, khi lam ting néng dd cua

thude diét co.

Séang ché dé xuit cac dieu kién nudi cdy m6 dé khuyen khich sy phat trién cua f

friable, embryogenic cdy ngd hogc cdy lta thé chai ma c6 the tai sinh. Cac mb seo
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dugc bat diu tir 4 cdy ngd hodc cdy lta khac nhau bao gdm céc loai Zea mays va Ja-
ponica (Taipei 309, Nipponbare, Koshihikari) va Indica (Indica 1), mdt cach twong
tng. Hat giéng dugc vo tring bé mit trong 70% etanol trong khoang 1 phut sau d6
20% chét tiy tring Clorox trén thi trudng trong 20 phut. Hat gidng duoc rira v6i nude
v0 trung va dugce dan mong trén moi truong kich thich thé chai. Mbi trudng kich thich
thé chai khac nhau duoc thir nghiém. Céc danh muc thanh phin cho mdi trudng dugc

thir nghiém dugc trinh ndy trong Bang 5.

Bang 5
Thanh phin Ic\g;a CUNZRO0IM R025M |RO26M [R327M [R00SM [MS711R
Vitamin B5 Sigma 1,0X
Muoi MS Sigma ,0X [1,0X ,L0X [1,0X
Vitamin MS Sigma ,0X [1,0X
Mudi N6 Phytotech 4,0 g/L. |4,0g/L
N6 vitamins Phytotech [1,0X [1,0X
L-Prolin Sigma 2,9 g/L 10,5 g/L 1.2 g/l
Axit Casamin |BD 03¢g/L |03gL 2g/L
Casein .
Hydrolysat Sigma 1.0 g/L
L-Asp Phytotech 150 mg/L
Monohydrat vt &
Axit nicotinic  |Sigma 0,5 mg/L
Pyridoxin HCl |Sigma 0,5 mg/L
Thiamin HCl  |Sigma 1,0 mg/L
Myo-inositol  |Sigma 100 mg/L
. 500 500 500
MES Sigma me/L 500 mg/L me/L 500 mg/L me/L 500 mg/L
Maltoza VWR 30g/L 30g/LL. 30g/L. |30 g/L
Sorbitol Duchefa 30 g/L
Sucroza VWR 10 g/l |30 g/L
NAA Duchefa 50 pg/L
. 2,0
2,4-D Sigma me/L. 1,0 mg/L
750
MgCL-6H0 [ VWR me/L
—pH 5.8 5.8 5.8 5.8 5.8 5.7
Gelrit Duchefa 4,0 g/L 2,5 g/LL
Agaroza Typ 1 |Sigma 7,0 g/ |10 g/l |10 g/L
—Nbi hap 15 phat |15 phat |15 phut |15 phat |15 phat |20 phut
o . 2,0
Kinetin Sigma 2,0 mg/L mg/L.
1,0
NAA Duchefa 1,0 mg/LL m/L
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Thanh phin 1:%: CUNER001M|R025M [RO26M [R327M [R00SM MS711R
ABA Sigma 5,0 mg/L

Cefotaxim Duchefa 0,1 g/ 10,1 g/LL |0,1 g/L

Vancomyxin Duchefa 0,1g/LL |0,1 g/L 0,1 g/L

G418 Disulfat |Sigma 20 mg/L. |20 mg/L |20 mg/L

MG6i truong kich thich thé chai RO0O1M duoc chon sau khi thir nghiém mot sb céc
bién thé. M&i trudng nudi cdy duge gift trong béng t8i & nhiét d6 30°C. Thé chai tao

phéi duge gieo lai vao mdi trudng sach sau 10-14 ngay.
Vidu 7. Luya chon dung chiu thubc diét co Calli.

Ngay khi xac dinh dugc cac diéu kién nudi cdy md, viéc thiét 1ap thém céc didu
kién lua chon dugc thiét 14p thong qua viéc phén tich su séng s6t m6 trong dudng
cong tiéu diét véi saflufenacil, bifenox, diuron, lactofen, butafenacil, axiflofen, thude
diét ¢ chira din xuit benzoxazinon. Xem xét can thin su tich tu cia thube diét co
trong mo, cling nhu su tdn tai va d6 On dinh ctia nd trong cac té bao va méi truong
nuéi cdy duoc thuc hién. Trong sudt cac thir nghiém nay, da thiét 1ap lidu lwong dudi

muc gay chét cho lua chon ban dau ctia nguyén ligu dot bién.

Sau khi thiét lap lidu ban dAu cua saflufenacil, bifenox, diuron, lactofen,
butafenacil, axiflofen va thudc diét co chira din xuét benzoxazinon trong moi trudong
lua chon, cdc md dugc chon loc theo kiéu tirng budc bfmg cach lam tang néng do cua
chét trc ché PPO v6i mdi 1an chuyén cho dn khi cac té bao duge thu hdi ma phat trién
manh mé v4i sy ¢6 mat clia cac lidu luong doc td. Cac md seo tao ra con duoc gieo lai
ctt 3-4 tudn dén ROOIM béng tac nhan lua chon. Trén 26.000 md seo phai qua su chon
loc trong 4-5 gieo lai cho dén khi ap suét chon loc 13 trén mirc doc td nhu dugce xac
dinh bang dudng cong tidu diét va quan sat md trudng nudi cly tiép. Theo cach khAc,
mdi trudng nudi cdy long dugc bét diu tir cac md seo trong MS711R véi lic cham va
gieo lai hing tudn. Ngay khi m6i trudng nudi cdy long duoc thiét 1ap, chét lua chon
duoc bd sung mdt cach truc tiép vao binh tai mdi lan gieo lai. Sau 2-4 chu trinh Iuya
chon chét 1éng, méi trudng nudi cdy dugc chuyén dén thiét bi loc trén méi trudng

ROOIM rén d& phat trién thém.
Vidu 8. Su tai sinh cay

M5 chiu duoc tai sinh va dugc biét héa v& mit phan tir d6i voi su dot bién trinh

tu gen PPO va/hodc vé mit hoa sinh dbi véi hoat tinh PPO dugc bién ddi véi su co
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mit cia tic nhan chon loc. Ngoai ra, cac gen lién quan mot cach tryc tiép va/hodc gian
tiép trong sinh téng hop tetrapyrol va/hodc con dudng chuyén héa ciing duoc tao trinh
tur d& biét hoa su dot bién. Cubi cing, cac enzym lam thay dbi su chét (vi du su chuyén
hoa, su chuyén Vi, su van chuyén) cling 1a trinh tu dbi v6i nhitng dot bién duoc biét

hoa.

Sau lva chon thudc diét co, cac md seo dugce tai tao bf?lng cach str dung trang thai
mbi trudng ctia RO25M trong 10 — 14 ngay, R026M trong khoéng 2 tudn, R327M cho
dén khi chdi non dugc tao thanh khoe manh duge phat trién, va RO0O8S cho dén khi
chdi non duoc moc ré tbt dé chuyén dén nha kinh. Su tai sinh duoc thuc hién trong 4nh

sang. Té4c nhan lya chon khong dugc bao gbm trong qua trinh tai sinh.

Ngay khi ré khée dugc thiét 14p, MO regenerant cdy vao nha kinh trong binh
vudng hoac tron. Cac cay gibng duogc gitt trong cb¢c nhua trong cho dén khi ching
thich tmg v&i cac diéu kién nha kinh. Nha kinh dugc dét chu trinh ngay/dém & nhiét do
27°C/21°C (80°F/70°F) vé&i anh séng natri & ap sudt cao 600W bd sung 4nh séang dé
duy tri d6 dai ngay 14 gid. Céc cdy dugc tudi nudc theo nhu cdu, phu thudc vao thoi

tiét va bon phan hang ngay.
Vi du 9. Phén tich trinh tuy.

M6 14 duogc thu gom tir cdc cdy tach dong duge tich ra dé cdy va dugc phan tich
dudi cac dang don 1é. ADN hé gen duoc chiét bang cach stir dung b kit Wizard® 96
Magnetic ADN Plant System (Promega, US Patent Nos. 6,027,945 & 6,368,800) nhu
duge huéng din boi nha san xuit. ADN duoc phéan 1ap 1a PCR duoc khuéch dai bang

cach str dung doan mdi xubi va nguoc thich hop.

Viéc khuéch dai bing PCR duoc thyc hién béng cach st dung ADN polymeraza
Hotstar Taq (Qiagen) sit dung chuong trinh chu trinh nhiét tiép dit (touchdown
thermocycling program) nhu sau: 96°C trong 15 phut, tiép theo 13 35 chu trinh (96°C,
30 gidy; 58°C — 0,2°C cho mdi chu trinh, 30 gidy; 72°C. 3 phut va 30 gidy), 10 phut &
nhiét d¢ 72°C.

Céc san phidm PCR dugc kidm tra d6i voi ndng d6 va kich thuée doan thong qua
dién di gel agaroza. Céc san phim PCR dugc khtt phosphoryl hoa duge phén tich bing
trinh tu truc tiép béng cach st dung céc doan mdi PCR (DNA Landmarks, hodc

Entelechon). HS so vét biéu dd ghi mau (.scf) duge phan tich dé dot bién lién quan dén
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gen kiu dai st dung vecto NTI Advance 10™ (Invitrogen). Dya vao thong tin trinh
tu, dot bién duoc x4dc dinh trong mot vai c4 thé. Phan tich trinh tw duogc thuc hién trén
bidu db ghi mau dai dién va sip thang hang AlignX twong Umg véi sip xép mic dinh

va duoc sdp xép dé goi 14 cac dinh phy.
Vi du 10. Chimg minh sy dung chiu thudc diét co.

Puogc chon cac thé dot bién va su thoat duge chuyén dén cac binh nho. Cac ciy

trdng kiéu dai dugc nay mam tir hat gibng dé ding 1am d6i ching.

Sau khoang 3 tuan sau khi cly ghép, cac chat tai sinh MO duge phun bang cach
st dung thiét bi phun dudng véi saflufenacil (BAS 800H) hodc dAn xut benzoxazinon
La.35 d3 dugc bd sung v6i 0,1% ddu hat giéng d4 dugc metyl hoa. Sau khi céc cdy da
duoc lam thich Gng véi céc diéu kién nha kinh, nhém phu dugc phun véi saflufenacil
bd sung (BAS 800H) hoic din xudt benzoxazinon I.a.35. Ngay khi phun, cdy dugc gitt
trong diéu kién khd han trong 24 gid trude khi duge tudi nude va bon phan lai. Cac
cdy duoc phun duge vé dd thi va xac dinh ty 18 ton thuong do thube diét co & thai

didm 1 va 2 tudn sau didu tri.
Vidu 11. Lya cho thube diét co st dung moi trudng nudi céy.

MBbi trudmg duge chon dé st dung va tiéu diét dudng cong duoc phat trién’ nhu
duoc biét hoa & trén. Pé lua chon, st dung cac k¥ thudt khac nhau. Ap dung lua
chon tlirng budc, hodc ap dung muc giy chét ngay ctia thudc diét cé. Trong trudng
hop, tat ca trong s cac md seo duogc chuyén cho mdi chu trinh lya chon méi. Su lya
chon 13 4-5 chu trinh cia mdi truong nudi cdy v6i 3-5 tudn cho mdi chu trinh. Céc md
seo duoc dat 1én trén mang nylon dé tao didu kién chuyén (tAm ¢6 16 200 micron,
Biodesign, Saco, Maine). Cac mang dugc cat dé 1ap khép céc dia Petri 100x20 mm va
duge hip trude khi st dung 25-35 md seo (khdi luong trung binh/cdc md seo 1a
22mg) duge st dung trong tirng dia. Ngoai ra, mot bd trong sb cac mb seo phai qua
su luya chon trong moéi trudng nudi cly long véi gieo lai hang tuan sau d6 lya chon

thém trén mdi trudng ban ran.

Cac dong thé d6t bién duogc chon loc st dung saflufenacil (BAS 800H) hodc dan
xuAt benzoxazinon I.a.35. Hidu qua clia cac thé dot bién thu duoc 1a cao dya trén ty 18

phan trim cuia cdc mo seo ma lam ting kha ndng tai tao, dong thé dot bien hodc mot s6
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dong nhu dugc xé4c dinh b%lng gam mo st dung. V& tong thé, sb 1an dot bién duoc so

véi seashore paspalum 14 5 1an va so véi Maizee 1a 2 lan.
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YEU CAU BAO HO
1. Phuong phap ting cudng su sinh trudng cua cay trdng bang cach kiém soat thuc vat
khoéng mong mudn bao quanh cy trdng tai vi tri canh tic, phwong phép nay bao gbm céc
budc:
a) tai vi tri da néu, cung cAp cAy mang it nhét mot axit nucleic chira trinh tyr nucleotit
ma hoa protoporphyrinogen oxidaza dot bién (mut-PPO) khang hoic chiu dugc chit

diét c6 dan xuat benzoxazinon; va
b) dua 1én vi tri nay lugng hitu hi€u chat diét c6 da néu,

trong do trinh tu nucleotit & budc a) bao gbm trinh tir ¢6 do ddng nhit vé trinh t it nhét
80% so vé6i trinh ty SEQ ID NO: 1, va trong d6 mut-PPO dugc ma hoa 14 bién thé cia
SEQ ID NO: 2 trong d6 axit amin & vi tri 128 la Alanin, va axit amin ¢ vi tri 420 1a
Methionin, Isoleuxin hodc Leuxin, va trong d6 luong hitu hiéu chét diét co khong tiéu diét

hoic trc ché su sinh trudng cua cdy khang thuoc diét cé & budc a).

2. Phwong phép theo diém 1, trong d6 cdy mang it nh4t mot axit nucleic khac loai bo sung

chtra trinh tur nucleotit ma héa enzym dung chiu chét diét co.

3. Phuong phép theo diém 1 hodc 2, trong d6 chit diét c6 dan xuét benzoxazinon dugc ap

dung cung v6i mot hodc nhiéu cht diét co huéng dich PPO khéc.

4. Axit nucleic phan 14p ma héa mut-PPO, trong d6 mut-PPO duoc ma héa la bién thé cta
SEQ ID NO: 2, trong d6 axit amin ¢ vi tri 128 1a Alanin, va axit amin & vi tri 420 1a

Methionin, Isoleuxin hoac Leuxin.

5. Té bao thuc vat chuyén gen dugc bién nap bang axit nucleic mut-PPO nhu duge xac
dinh theo diém 4, trong do viéc biéu hién axit nucleic nay trong té bao thuc vat 1am ting
tinh khang hodc tinh dung chiu chét diét co dan xuét benzoxazinon so v6i té bao thue vt

gibng hoang dai.

6. Cay chuyén gen chura té bao thuc vat nhu duge xac dinh trong diém 5, trong do viéc
biéu hién axit nucleic trong ciy ndy lam ting tinh khang cia cay véi chit diét co dan xuét
benzoxazinon so véi cdy gidng hoang dai.

7. Cay bidu hién mut-PPO ddt bién hodc tai td hop mang SEQ ID NO: 2, trong do trinh tir

axit amin khac v6i trinh tu axit amin ctia PPO kiéu hoang dai ciia cdy kiéu hoang dai twong
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tmg, trong d6 axit amin ¢ vi tri 128 la Alanin, va axit amin & vi tri 420 1a Methionin,

Isoleuxin hodc Leuxin.

8. Hat duoc tao ra boi cay chuyén gen chira té bao thuc vat nhu duoc xac dinh theo diém 5
hodc boi ciy nhu duge xac dinh theo diém 6 hodc 7, trong d6 hat nay thuan ching dé ting

tinh khang lai chat diét c6 dan xuit benzoxazinon so v6i hat giéng hoang dai.

9. Phuong phap san xuét té bao thuc vat chuyén gen véi tinh khéng chit diét c6 dan xuét
benzoxazinon gia ting so vdi té bao thuc vat giéng hoang dai, bao gém budc bién nap té
bao thue vét bang catxet biéu hién chtra axit nucleic mut-PPO nhu dugce xac dinh theo
diém 4.

10. Phwong phép san xuét cdy chuyén gen bao gdm budc (a) bién nap té bao thuc vat bang
catxet biéu hién chura axit nucleic mut-PPO nhu dugc x4c dinh theo diém 4, va (b) tao ra

cy voi tinh khang chat diét co dan xuét benzoxazinon ting cudng tir té bao thuc vat nay.

11. Phwong phép theo diém 9 hodc 10, trong d6 axit nucleic mut-PPO chira polynucleotit
6 d6 ddng nhét vé trinh tu it nhét 80% so v&i trinh trr néu trong SEQ ID NO: 1.

12. Phuong phép theo diém bat ky trong sd cac diém tir 9 dén 11, trong do catxet biéu hién
con chira thém ving diéu hoa khéi dAu phién ma va ving diéu hoa khoi dau dich ma ma

hoat dong chirc nang & thuc vat.
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<110>

<120>

<130>

<150>
<151>

<150>
<151>

<160> 46

<170>

<210> 1
<211>
<212>
<213>

ADN
<400> 1

atggtaattc
gtttcaacca

acttctgcta
aagctaaaat

aaacttaaaa
gaaagtgagg
ttgccaattt
tcaaatcccg
atgttggaac
caggaaagcg
atcgaccctt
acatttccag
caatcaacat
cgtgtacgtg
aaacagcttg
cagaagggga
gaagatcaat
aagattatga
ccecttteeg
ttcggagttc

ttttecectceca

1605

BASF SE

PF71580

US 61/423604
2010-12-16

EP 10195296.8
2010-12-16

aatccattac
agaactaccc

aaagggttgce
ccecatggttt

ctgttaaaaa
cagaggtctc
cacaaaataa
ctgcactact
catttctctg
ttggtgaatt
ttgttgcggg
aagtatggaa
tgttatctaa
gttcattttc
gtgaagatga
tceceeteatt
cttatgatgc
aatttggaaa
ttatgattac
ttatccccte

tgatgtttcc

42073

DANH MUC TRINH TU

Patent Phién ban 3.4

Amaranthus tuberculatus

ccacctttca
agtagctgta

tgttgttggt
gagtgtgaca

agatggtttt
gagtttgatc
aagatacata
cacgagcaat
gagaaaacac
ttttgagcga
tacatgtggt
tattgaaaaa
gaaggaaaag
atttcaaggt
actcaaactc
agggaattgg
tgtggttgtc
tccattttca
tgcattcaaa
taaagagcaa

tgatcgtgct

ccaaaccttg
atgggcaaca

gctggagtta
ttgtttgaag

atttgggatg
gatgatcttg
gctagagacg
atcctttcag
aatgctactg
cattttggga
ggagatcctc
aggtttggct
ggtggagaaa
ggaatgcaga
cagtgtgagg
tcagtctctt
actgctccaa
cttgacttta
aaggataaag
cataatggac

ccatctgaca
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cattgccecatc
tttctgagcyg

gtggacttgc
ctgattctag

agggggcaaa
ggcttegtga
gtcttcctgt
caaaatcaaa
aactttctga
aagagtttgt
aatcgctttce
ctgtgtttgce
atgcttctat
cacttgttga
tgctgtcett
ctatgtcaaa
ttcgcaatgt
ttccagaggt
tgaagagacc
tgaagactct

tgtgtectctt

gccattgtca
ggaagaaccc

tgctgcatat
agctggaggc

tactatgaca
gaagcaacag
gctactacct
gctgcaaatt
tgagcatgtt
tgattatgtt
catgcaccat
tggactaatt
taagaagcct
cacaatgtgc
gtcatataac
taataccagt
caaagaaatg
gacgtacgta
tcttgagggce
tggtacttta

tactacattt

60

120

180
240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



gtcggaggaa
gtttcttetg
ctcttttgga
atagacaaga
ctttcagtgg
ctggactctce
<210> 2

<211> 534
<212> PRT
<213>

<400> 2

Met Val Ile
1
Leu

Ser Pro

Ile Ser

35

Asn

Val Gly Ala

50

His Leu

65

Gly

Lys Leu Lys

Asn Thr Met

Leu
115

Leu Gly

Ile Ala

130

Tyr

Ala
145

Leu Leu

Met Leu Glu

Asp Glu His

gcagaaatag
accttcagca
gcaacgcatt
tggaaaagga
gaaaagcgat

atatatacgt

42073

aaaacttgca
gctgttgggce
cccattgtat
tcttcectgga
ggcctcegga

gaagatggat

aacgcttcaa
actgaggacg
ggacacaatt
tttttttatg
tgcaaggctg

gagaagaccg

cggatgaatt
aaccttcatt
acgattctgt
caggtaacca
cggaacttgt

cgtaa

gaagcaaata
tgtcaatcat
tttgagagcc
taagggtgga

aatatcctat

Gln

sSer

20

Glu

Gly

Ser

Thr

Thr

100

Arg

Arg

Thr

Pro

Val

Ser

Val

Arg

val

Val

val

85

Glu

Glu

Asp

Ser

Phe

165

Gln

Ile

Ser

Glu

Ser

Thr

70

Lys

Ser

Lys

Gly

Asn

150

Leu

Glu

Thr

Thr

Glu

Gly

55

Leu

Lys

Glu

Gln

Leu

135

Ile

Trp

sSer

Amaranthus tuberculatum

His

Lys

Pro

40

Leu

Phe

Asp

Ala

Gln

120

Pro

Leu

Arg

val

Ser
10

Leu

Asn
25

Tyr
Thr Ser
Ala Ala
Ala

Glu

Phe
90

Gly

Glu Val

105

Leu Pro

Val

Leu

Ser Ala

His
170

Lys

Gly Glu

-97-

Pro

Pro

Ala

Ala

Asp

75

Ile

Ser

Ile

Leu

Lys

155

Asn

Phe

Asn

Val

Lys

Tyr

60

Ser

Trp

Ser

Ser

Pro

140

Ser

Ala

Phe

Leu

Ala

Arg

45

Lys

Arg

Asp

Leu

Gln

125

Ser

Lys

Thr

Glu

Ala

Val

30

Val

Leu

Ala

Glu

Ile

110

Asn

Asn

Leu

Glu

Arg

Leu
15

Met

Ala

Lys

Gly

Gly

95

Asp

Lys

Pro

Gln

Leu

175

His

Pro

Gly

vVal

Ser

Gly

80

Ala

Asp

Arg

Ala

Ile

160

Ser

Phe

1320

1380

1440

1500

1560

1605



Gly

Cys

val

225

Gln

Ile

Gln

Lys

Pro

305

Glu

Val

Phe

Phe

Ile

385

Phe

Phe

Ser

Lys

Gly

210

Trp

ser

Lys

Thr

Leu

290

Ser

Asp

Lys

Ile

Lys

370

Pro

Ser

Thr

Thr

Glu

195

Gly

Asn

Thr

Lys

Leu

275

Gln

Leu

Gln

Glu

Pro

355

Lys

Ser

Ser

Thr

Asp
435

180

Phe

Asp

Ile

Leu

Pro

260

vVal

Cys

Gly

Ser

Met

340

Glu

Asp

Lys

Met

Phe

420

Glu

val

Pro

Glu

Leu
245
Arg

Asp

Glu

Asn

Tyr

325

Lys

Val

Lys

Glu

Met

405

Val

Leu

Asp

Gln

Lys

230

Ser

Val

Thr

Val

Trp

310

Asp

Ile

Thr

val

Gln

390

Phe

Gly

Lys

Tyr

sSer

215

Arg

Lys

Arg

Met

Leu

295

Ser

Ala

Met

Tyr

Lys

375

His

Pro

Gly

Gln

vVal

200

Leu

Phe

Lys

Gly

Cys

280

Ser

vVal

val

Lys

Val

360

Arg

Asn

Asp

Ser

Ile
440

42073

185

Ile

Ser

Gly

Glu

Ser

265

Lys

Leu

sSer

Val

Phe

345

Pro

Pro

Gly

Arg

Arg

425

Val

Asp

Met

sSer

Lys
250
Phe

Gln

sSer

Ser

Val

330

Gly

Leu

Leu

Leu

Ala

410

Asn

Ser

-08-

Pro

His

Val

235

Gly

Ser

Leu

Tyr

Met

315

Thr

Asn

Ser

Glu

Lys

395

Pro

Arg

Ser

Phe

His

220

Phe

Gly

Phe

Gly

Asn

300

Ser

Ala

Pro

Val

Gly

380

Thr

sSer

Lys

Asp

Val

205

Thr

Ala

Glu

Gln

Glu

285

Gln

Asn

Pro

Phe

Met

365

Phe

Leu

Asp

Leu

Leu
445

190

Ala

Phe

Gly

Asn

Gly

270

Asp

Lys

Asn

Ile

Ser

350

Ile

Gly

Gly

Met

Ala

430

Gln

Gly

Pro

Leu

Ala
255
Gly

Glu

Gly

Thr

Arg

335

Leu

Thr

Val

Thr

Cys

415

Asn

Gln

Thr

Glu

Ile

240

sSer

Met

Leu

Ile

Ser

320

Asn

Asp

Ala

Leu

Leu

400

Leu

Ala

Leu



Leu Gly Thr

450

Asn Ala Phe

465

Ile Asp Lys

His Lys Gly

Ala Glu

515

Ala

Met Asp Glu

530
<210> 3
<211> 1605
<212> ADN
<213>

<400> 3
atggtaattc

gtttcaacca
acttctgcta
aagctaaaat
aaacttaaaa
gaaagtgagg
ttgccaattt
tcaaatcccg
atgttggaac
caggaaagcg
attgaccctt
acatttccag
caatcaacat
cgtgtacgtg
aaacagcttg
cagaagggga
gaagatcaat

aagattatga

Glu Asp

Pro Leu

Glu

Tyr

42073

Pro Ser

455

Gly His

470

Met Glu

485

Gly Leu

500

Leu Val

Lys Thr

aatccattac
agaactaccc
aaagggttgc
cccatggttt
ctgttaaaaa
cagaggtctc
cacaaaataa
ctgcactact
catttctctg
ttggtgaatt
ttgttgcggg
aagtatggaa
tgttatctaa
gttcattttc
gtgaagatga
tcececteact
cttatgatgce

aatttggaaa

Lys

Ser

Ile

Asp Leu

Val Gly

Ser Tyr

520

Ala

Amaranthus tuberculatus

ccacctttceca
agtagctgta
tgttgttggt
gagtgtgaca
agatggtttt
gagtttgatc
aagatacata
cacgagcaat
gagaaaacac
ttttgagcga
tacatgtggt
tattgaaaaa
gaaggaaaag
atttcaaggt
actcaaactc
agggaattgg
tgtggttgtc

tccatttteca

Phe

Asn

Pro

Lys
505

Leu

Val Asn

Tyr ASpP

475

Gly Phe

490

Ala Met

Asp Ser

ccaaaccttg
atgggcaaca
gctggagtta
ttgtttgaag
atttgggatg
gatgatcttg
gctagagccg
atcctttcag
aatgctactg
cattttggga
ggagatcctc
aggtttggct
ggtggagaaa
ggaatgcaga
cagtgtgagg
tcagtctctt
actgctccaa

cttgacttta

-90-

Ala

His Leu Phe

460

Ser Val Leu

Phe Tyr Ala

Ser Gly

510

Ile
525

His Tyr

cattgccatc
tttctgagcg
gtggacttgce
ctgattctag
agggggcaaa
ggcttcgtga
gtcttcctgt
caaaatcaaa
aactttctga
aagagtttgt
aatcgctttc
ctgtgtttgc
atgcttctat
cacttgttga
tgctgtcett
ctatgtcaaa
ttcgecaatgt

ttccagaggt

Trp Ser

Ala
480

Arg

Gly Asn

495

Cys Lys

Val Lys

gccattgtca
ggaagaaccc
tgctgcatat
agctggaggc
tactatgaca
gaagcaacag
gctactacct
gctgcaaatt
tgagcatgtt
tgattatgtt
catgcaccat
cggactaatt
taagaagcct
cacaatgtgc
gtcatataac
taataccagt
caaagaaatg

gacgtacgta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



ccecectttecg
ttcggagttc

ttttcctceca
gtcggaggaa

gtttcttcetg
ctcttttgga
atagacaaga
ctttcagtgg
ctggactctc
<210> 4

<211> 534
<212> PRT
<213>
<400> 4

Met Val Ile

1

Ser Pro Leu

Ile Ser

35

Asn

val Gly Ala

50

His Leu

65

Gly

Lys Leu Lys

Asn Thr Met

Leu
115

Leu Gly

Ile
130

Tyr Ala

Ala
145
Met

Leu Leu

Leu Glu

ttatgattac
ttatccccte

tgatgtttcc
gcagaaatag

accttcagca
gcaacgcatt
tggaaaagga
gaaaagcgat

atatatacgt

42073

tgcattcaaa
taaagagcaa

tgatcgtgct
aaaacttgca

gctgttgggce
cccattgtat
tcttcecctgga
ggcctcecgga

gaagatggat

aaggataaag
cataatggac

ccatctgaca
aacgcttcaa

actgaggacg
ggacacaatt
tttttttatg
tgcaaggctg

gagaagaccg

tgaagagacc
tgaagactct

tgtgtctctt
cggatgaatt

aaccttcatt
acgattctgt
caggtaacca
cggaacttgt

cgtaa

Gln

Ser

20

Glu

Gly

Ser

Thr

Thr

100

Arg

Arg

Thr

Pro

Ser

val

Arg

Val

Val

Val

85

Glu

Glu

Ala

Ser

Phe

Ile

Ser

Glu

Ser

Thr

70

Lys

Ser

Lys

Gly

Asn
150
Leu

Thr

Thr

Glu

Gly

55

Leu

Lys

Glu

Gln

Leu

135

Ile

Trp

Amaranthus tuberculatum

His

Lys

Pro

40

Leu

Phe

Asp

Ala

Gln

120

Pro

Leu

Arg

Leu Ser Pro

10

Asn Pro

25

Tyr

Thr Ser Ala

Ala Ala Ala

Glu Ala Asp

75

Phe
90

Gly Ile

Glu
105

Val Ser

Leu Pro Ile

Val Leu Leu

Ser Ala Lys

155
Asn

Lys His

-100-

Asn

Val

Lys

Tyr

60

sSer

Trp

ser

Ser

Pro

140

ser

Ala

Leu

Ala

Arg

45

Lys

Arg

Asp

Leu

Gln

125

Ser

Lys

Thr

Ala

Val

30

Val

Leu

Ala

Glu

Ile

110

Asn

Asn

Leu

Glu

tcttgagggc
tggtacttta

tactacattt
gaagcaaata

tgtcaatcat
tttgagagcc

taagggtgga

aatatcctat

Leu Pro

15

Met Gly

Ala Val

Lys Ser

Gly Gly

80

Gly Ala

95

Asp Asp

Lys Arg

Pro Ala

Gln Ile
160

Leu Ser

1140

1200

1260
1320

1380

1440

1500

1560

1605



Asp

Gly

Cys

Val

225

Gln

Ile

Gln

Lys

Pro

305

Glu

Val

Phe

Phe

Ile
385
Phe

Phe

Glu

Lys

Gly

210

Trp

sSer

Lys

Thr

Leu

290

ser

Asp

Lys

Ile

Lys

370

Pro

Ser

Thr

His

Glu

195

Gly

Asn

Thr

Lys

Leu

275

Gln

Leu

Gln

Glu

Pro

355

Lys

Ser

Ser

Thr

vVal

180

Phe

Asp

Ile

Leu

Pro

260

val

Cys

Gly

Ser

Met

340

Glu

Asp

Lys

Met

Phe
420

165

Gln

Val

Pro

Glu

Leu

245

Arg

Asp

Glu

Asn

Tyr

325

Lys

Val

Lys

Glu

Met
405

Val

Glu

Asp

Gln

Lys

230

Ser

Val

Thr

Val

Trp

310

Asp

Ile

Thr

val

Gln
390
Phe

Gly

Ser

Tyr

Ser

215

Arg

Lys

Arg

Met

Leu

295

Ser

Ala

Met

Tyr

Lys

375

His

Pro

Gly

Val

val

200

Leu

Phe

Lys

Gly

Cys

280

Ser

Val

Val

Lys

val

360

Arg

Asn

Asp

sSer

42073

Gly

185

Ile

Ser

Gly

Glu

Ser

265

Lys

Leu

Ser

Val

Phe

345

Pro

Pro

Gly

Arg

Arg
425

170

Glu

Asp

Met

Ser

Lys

250

Phe

Gln

Ser

Ser

Val

330

Gly

Leu

Leu

Leu

Ala
410

Asn

-101-

Phe

Pro

His

Val

235

Gly

Ser

Leu

Tyxr

Met

315

Thr

Asn

Ser

Glu

Lys
395
Pro

Arg

Phe

Phe

His

220

Phe

Gly

Phe

Gly

Asn

300

Ser

Ala

Pro

Val

Gly

380

Thr

Ser

Lys

Glu

val

205

Thr

Ala

Glu

Gln

Glu

285

Gln

Asn

Pro

Phe

Met

365

Phe

Leu

Asp

Leu

Arg

190

Ala

Phe

Gly

Asn

Gly

270

Asp

Lys

Asn

Ile

Ser

350

Ile

Gly

Gly

Met

Ala
430

175

His

Gly

Pro

Leu

Ala

255

Gly

Glu

Gly

Thr

Arg

335

Leu

Thr

Val

Thr

Cys
415

Asn

Phe

Thr

Glu

Ile

240

Ser

Met

Leu

Ile

Ser

320

Asn

Asp

Ala

Leu

Leu
400
Leu

Ala



Ser Thr Asp

435

Leu Gly Thr

450

Asn Ala Phe

465

Ile Asp Lys

His Lys

Ala Ala

515

Met Asp Glu

530

<210> 5

<211> 1602
<212> ADN
<213>

<400> 5
atggtaattc

gtttccacca
acttctgcta
aagctaaaat
aaacttaaaa
gaaagtgagg
ttgccaattt
tcaaatcccg
atgttggaac
caggaaagcg
attgaccctt
tttccagaag
tcaacattgt
gtacgtggtt

cagcttggtg

Gly

Glu

Glu Leu

Glu

Asp

Pro Leu

Lys

Glu

Tyr

42073

Ile
440

Gln

Pro Ser

455

Gly His

470

Glu
485

Met

Gly Leu

500

Leu Val

Lys Thr

aatccattac
agaactaccc
aaagggttgc
cccatggttt
ctgttaaaaa
cagaggtctc
cacaaaataa
ctgcactact
catttctctg
ttggtgaatt
ttgttgcggg
tatggaatat
tatctaagaa
cattttcatt

aagatgaact

Lys

Ser

Ile

Asp Leu

Val Gly

Ser Tyr

520

Ala

Amaranthus tuberculatus

ccacctttca
agtagctgta
tgttgttggt
gagtgtgaca
agatggtttt
gagtttgatc
aagatacata
cacgagcaat
gagaaaacac
ttttgagcga
tacatgtgga
tgaaaaaagg
ggaaaagggt
tcaaggtgga

caaactccag

Val

Phe

Asn

Pro

Lys

505

Leu

Ser Ser

Val Asn

Tyr Asp

475

Gly Phe

490

Ala Met

Asp Ser

ccaaaccttg
atgggcaaca
gctggagtta
ttgtttgaag
atttgggatg
gatgatcttg
gctagagacg
atcctttcag
aatgctactg
cattttggga
gatcctcaat
tttggctctg
ggagaaaatg
atgcagacac

tgtgaggtgce

-102-

Leu Gln

445

Asp

His Leu Phe

460

Ser Val Leu

Phe Tyr Ala

Ala Ser Gly

510

Ile
525

His TyTr

cattgccatc
tttctgagcg
gtggacttgc
ctgattctag
agggggcaaa
ggcttcgtga
gtcttectgt
caaaatcaaa
aactttctga
aagagtttgt
cgctttcecat
tgtttgctgg
cttctattaa
ttgttgacac

tgtcettgtce

Gln Leu

Ser

Trp

Ala
480

Arg

Gly Asn

495

Cys Lys

Val Lys

gccattgtca
agaagaaccc
tgctgcatat
agctggaggc
tactatgaca
gaagcaacag
gctactacct
gctgcaaatt
tgagcatgtt
tgattatgtt
gcaccataca
actaattcaa
gaagcctegt
aatgtgcaaa

atataaccag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



aaggggatcc
gatcaatctt
attatgaaat
cttteccgtta
ggagttctta
tccteccatga
ggaggaagca

tcttctgacc
ttttggagca

gacaagatgg
tcagtgggaa
gactctcata
<210> 6

<211> 533
<212> PRT
<213>
<400> 6

Met Val Ile

1

Ser Pro Leu

Ile Ser

35

Asn

Val Gly Ala

50

His Leu

65

Gly

Lys Leu Lys

Asn Thr Met

Leu
115

Leu Gly

cctcattagg
atgatgctgt
ttggaaatcc
tgattactgc
tcccctctaa
tgtttcctga
gaaatagaaa

ttcagcagct
acgcattccc

aaaaggatct
aagcgatggc

tatacgtgaa

Gln Ser

Ser Val

20

Glu Arg

Gly Val

Ser Val

Thr Vval

85

Thr
100

Glu

Arg Glu

Ile

Ser

Glu

Ser

Thr

70

Lys

Ser

Lys

42073

gaattggtca
ggttgtcact
attttcactt
attcaaaaag
agagcaacat
tcgtgctcca
acttgcaaac

gttgggcact
attgtatgga

tcctggattt
ctccggatge

gatggatgag

Amaranthus tuberculatum

Thr His

Thr Lys

Glu Pro

40

Gly Leu

55

Leu Phe

Lys Asp

Glu Ala

Gln Gln

120

gtctcttcta
gctccaatte
gactttattc
gataaagtga
aatggactga
tctgacatgt
gcttcaacgg

gaggacgaac
cacaattacg

ttttatgcag
aaggctgcgg

aagaccgcgt

Ser Pro

10

Leu

Asn Pro

25

Tyr

Thr Ser Ala

Ala Ala Ala

Glu Ala Asp

75

Phe Ile

90

Gly

Glu Vval

105

Ser

Leu Pro Ile

-103-

tgtcaaataa
gcaatgtcaa
cagaggtgac
agagacctct
agactcttgg
gtctctttac
atgaattgaa

cttcatttgt
attgtgtttt

gtaaccataa
aacttgtaat

aa

Asn Leu Ala

Val
30

Val Ala

Lys Arg Val

45

Tyr Leu

60

Lys

Ser Arg Ala

Trp Asp Glu

Ile
110

Ser Leu

Gln
125

Ser Asn

taccagtgaa
agaaatgaag
gtacgtaccc
tgagggcttc
tactttattt
tacatttgtc
gcaaatagtt

caatcatctc
gagagccata

gggtggactt

atcctatctg

Leu Pro

15

Met Gly

Ala Val
Ser

Lys

Gly
80

Gly

Gly Ala

95

Asp Asp

Lys Arg

960

1020

1080

1140

1200

1260

1320

1380
1440

1500

1560

1602



42073

Tyr Ile Ala Arg Asp Gly Leu Pro Val Leu Leu Pro Ser Asn Pro Ala
130 135 140

Ala Leu Leu Thr Ser Asn Ile Leu Ser Ala Lys Ser Lys Leu Gln Ile
145 150 155 160

Met Leu Glu Pro Phe Leu Trp Arg Lys His Asn Ala Thr Glu Leu Ser
165 170 175
Asp Glu His Val Gln Glu Ser Val Gly Glu Phe Phe Glu Arg His Phe
180 185 190

Gly Lys Glu Phe Val Asp Tyr Val Ile Asp Pro Phe Val Ala Gly Thr
195 200 205

Cys Gly Asp Pro Gln Ser Leu Ser Met His His Thr Phe Pro Glu Vval
210 215 220

Trp Asn Ile Glu Lys Arg Phe Gly Ser Val Phe Ala Gly Leu Ile Gln
225 230 235 240

Ser Thr Leu Leu Ser Lys Lys Glu Lys Gly Gly Glu Asn Ala Ser Ile
245 250 255

Lys Lys Pro Arg Val Arg Gly Ser Phe Ser Phe Gln Gly Gly Met Gln
260 265 270

Thr Leu Val Asp Thr Met Cys Lys Gln Leu Gly Glu Asp Glu Leu Lys
275 280 285

Leu Gln Cys Glu Val Leu Ser Leu Ser Tyr Asn Gln Lys Gly Ile Pro
290 295 300

Ser Leu Gly Asn Trp Ser Val Ser Ser Met Ser Asn Asn Thr Ser Glu
305 310 315 320

Asp Gln Ser Tyr Asp Ala Val Val Val Thr Ala Pro Ile Arg Asn Val
325 330 335

Lys Glu Met Lys Ile Met Lys Phe Gly Asn Pro Phe Ser Leu Asp Phe
340 345 350

Ile Pro Glu Val Thr Tyr Val Pro Leu Ser Val Met Ile Thr Ala Phe
355 360 365

Lys Lys Asp Lys Val Lys Arg Pro Leu Glu Gly Phe Gly Val Leu Ile
370 375 380

Pro Ser Lys Glu Gln His Asn Gly Leu Lys Thr Leu Gly Thr Leu Phe
385 390 395 400

-104-



42073

Ser Ser Met Met Phe Pro Asp Arg Ala Pro Ser
405 410
Thr Thr Phe Val Gly Gly Ser Arg Asn Arg Lys
420 425
Thr Asp Glu Leu Lys Gln Ile Val Ser Ser Asp
435 440
Gly Thr Glu Asp Glu Pro Ser Phe Val Asn His
450 455
Ala Phe Pro Leu Tyr Gly His Asn Tyr Asp Cys
465 470 475
Asp Lys Met Glu Lys Asp Leu Pro Gly Phe Phe
485 490
Lys Gly Gly Leu Ser Val Gly Lys Ala Met Ala
500 505
Ala Glu Leu Val Ile Ser Tyr Leu Asp Ser His
515 520
Asp Glu Lys Thr Ala
530
<210> 7
<211> 1602
<212> ADN
<213> Amaranthus tuberculatus
<400> 7
atggtaattc aatccattac ccacctttca ccaaaccttg
gtttccacca agaactaccc agtagctgta atgggcaaca
acttctgecta aaagggttgc tgttgttggt gctggagtta
aagctaaaat cccatggttt gagtgtgaca ttgtttgaag
aaacttaaaa ctgttaaaaa agatggtttt atttgggatg
gaaagtgagg cagaggtctc gagtttgatc gatgatcttg
ttgccaattt cacaaaataa aagatacata gctagagacg
tcaaatcccg ctgcactact cacgagcaat atcctttcag
atgttggaac catttctctg gagaaaacac aatgctactg
caggaaagcg ttggtgaatt ttttgagcga cattttggga
attgaccctt ttgttgcggg tacatgtgga gatcctcaat

-105-

Asp Met Cys

Leu Ala Asn

430

Gln
445

Leu Gln

Leu Phe

460

Trp

Val Leu Arg

Tyr Ala Gly

Ser Gly Cys

510

Ile Tyr Val

525

cattgccatc
tttctgagcg
gtggacttgc
ctaattctag
agggggcaaa
ggcttcgtga
gtcttcetgt
caaaatcaaa
aactttctga
aagagtttgt

cgctttecat

Leu Phe

415

Ala Ser

Leu Leu

Ser Asn

Ala Ile

480

Asn His

495

Lys Ala

Lys Met

gccattgtca
ggaagaaccc
tgctgcatat
agctggaggc
tactatgaca
gaagcaacag
gctactacct
gctgcaaatt
tgagcatgtt
tgattatgtt

gtaccataca

60

120

180

240

300

360

420

480

540

600

660



tttccagaag
tcaacattgt
gtacgtggtt
cagcttggtg
aaggggatcc
gatcaatctt
attatgaaat
ctttcecgtta
ggagttctta
tcecteccatga
ggaggaagca
tcttctgacc
ttttggagca

gacaagatgg
tcagtgggaa

gactctcata

<210> 8

<211> 533
<212> PRT
<213>

<400> 8

Met Val Ile
1

Ser Pro Leu

Ile Ser

35

Asn

vVal Gly Ala

50

His Leu

65

Gly

Lys Leu Lys

Asn Thr Met

tatggaatat
tatctaagaa
cattttcatt
aagatgaact
cctcattagg
atgatgctgt
ttggaaatcc
tgattactgce
tccectctaa
tgtttcctga
gaaatagaaa
ttcagcagct
acgcattccc

aaaaggatct
aagcgatggc

tatacgtgaa

Gln Ser

Ser Val

20

Glu Arg

Gly Val
Val

Ser

val
85

Thr

Thr Glu

Ile

Ser

Glu

Ser

Thr

70

Lys

Ser

42073

tgaaaaaagg
ggaaaagggt
tcaaggtgga
caaactccag
gaattggtca
ggttgtcact
attttcactt
attcaaaaag
agagcaacat
tcgtgctcca
acttgcaaac
gttgggcact
attgtatgga

tcectggattt
ctceggatgce

gatggatgag

Amaranthus tuberculatum

Thr His

Thr Lys

Glu Pro

40

Gly Leu

55

Leu Phe

Lys

Asp

Glu Ala

Asn

Ala

tttggctctg
ggagaaaatg
atgcagacac
tgtgaggtgc
gtctcttcta
gctccaattc
gactttattc
gataaagtga
aatggactga
tctgacatgt
gcttcaacgg
gaggacgaac
cacaattacg

ttttatgcag
aaggctgcgg

aagaccgcgt

Ser Pro

10

Leu

Tyr Pro

25

Thr Ser Ala

Ala Ala

Glu Ala Asn

75

Phe
90

Gly Ile

Glu Val Ser

-106-

tgtttgectgg
cttctattaa
ttgttgacac
tgtccttgtc
tgtcaaataa
gcaatgtcaa
cagaggtgac
agagacctct
agactcttgg
gtctctttac
atgaattgaa
cttcatttgt
attctgtttt

gtaaccataa
aacttgtaat

aa

Asn Leu

Val Ala

30

Lys Arg

45

Tyr
60

Lys
Ser Arg
Trp

Asp

Ser Leu

Ala

Val

Val

Leu

Ala

Glu

Ile

actaattcaa
gaagcctcgt
aatgtgcaaa
atataaccag
taccagtgaa
agaaatgaag
gtacgtaccc
tgagggcttc
tactttattt
tacatttgtc
gcaaatagtt
caatcatctc
gagagccata

gggtggactt
atcctatctg

Leu Pro

15

Met Gly

Ala Val

Lys Ser

Gly Gly

80

Gly Ala

95

Asp Asp

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
1560

1602



Leu

Tyr

Ala

145

Met

Asp

Gly

Cys

Trp

225

Ser

Lys

Thr

Leu

Ser

305

Asp

Lys

Ile

Gly

Ile

130

Leu

Leu

Glu

Lys

Gly

210

Asn

Thr

Lys

Leu

Gln

290

Leu

Gln

Glu

Pro

Leu

115

Ala

Leu

Glu

His

Glu

195

Asp

Ile

Leu

Pro

val

275

Cys

Gly

Ser

Met

Glu
355

100

Arg

Arg

Thr

Pro

val
180
Phe

Pro

Glu

Leu

Arg

260

Asp

Glu

Asn

Tyr

Lys

340

Val

Glu

Asp

ser

Phe

165

Gln

Val

Gln

Lys

Ser

245

Val

Thr

val

Trp

AsSp

325

Ile

Thr

Lys

Gly

Asn

150

Leu

Glu

Asp

Ser

Arg

230

Lys

Arg

Met

Leu

Ser

310

Ala

Met

Tyr

Gln

Leu

135

Ile

Trp

Ser

Tyr

Leu

215

Phe

Lys

Gly

Cys

ser

295

val

Val

Lys

val

42073

Gln

120

Pro

Leu

Arg

val

Val

200

Ser

Gly

Glu

Ser

Lys

280

Leu

ser

val

Phe

Pro
360

105

Leu

Val

Ser

Lys

Gly
185
Tle

Met

Ser

Lys

Phe

265

Gln

Ser

Ser

Val

Gly

345

Leu

Pro

Leu

Ala

His

170

Glu

Asp

Tyr

Val

Gly

250

Ser

Leu

Tyr

Met

Thr

330

Asn

Ser

-107-

Ile

Leu

Lys

155

Asn

Phe

Pro

His

Phe

235

Gly

Phe

Gly

Asn

Ser

315

Ala

Pro

vVal

Ser

Pro

140

Ser

Ala

Phe

Phe

Thr

220

Ala

Glu

Gln

Glu

Gln

300

Asn

Pro

Phe

Met

Gln

125

Ser

Lys

Thr

Glu

Val

205

Phe

Gly

Asn

Gly

Asp

285

Lys

Asn

Ile

Ser

Ile
365

110

Asn

Asn

Leu

Glu

Arg
190
Ala

Pro

Leu

Ala

Gly

270

Glu

Gly

Thr

Arg

Leu

350

Thr

Lys

Pro

Gln

Leu

175

His

Gly

Glu

Ile

Ser

255

Met

Leu

Ile

Ser

Asn

335

Asp

Ala

Arg

Ala

Ile

160

Ser

Phe

Thr

val

Gln

240

Ile

Gln

Lys

Pro

Glu

320

vVal

Phe

Phe



42073

Lys Lys Asp Lys Val Lys Arg Pro Leu Glu Gly
370 375
Pro Ser Lys Glu Gln His Asn Gly Leu Lys Thr
385 390 395
Ser Ser Met Met Phe Pro Asp Arg Ala Pro Ser
405 410
Thr Thr Phe Val Gly Gly Ser Arg Asn Arg Lys
420 425
Thr Asp Glu Leu Lys Gln Ile Val Ser Ser Asp
435 440
Gly Thr Glu Asp Glu Pro Ser Phe Val Asn His
450 455
Ala Phe Pro Leu Tyr Gly His Asn Tyr Asp Ser
465 470 475
Asp Lys Met Glu Lys Asp Leu Pro Gly Phe Phe
485 490
Lys Gly Gly Leu Ser Val Gly Lys Ala Met Ala
500 505
Ala Glu Leu Val Ile Ser Tyr Leu Asp Ser His
515 520
Asp Glu Lys Thr Ala
530
<210> 9
<211> 1644
<212> ADN
<213> Arabidopsis thaliana
<400> 9
atgggcctga ttaaaaacgg taccctttat tgtegttttg
gctgtgtttt tttctactta tttccgtcac tgctttcgac
gaattgttgc agatagcaat ggcgtctgga gcagtagcag
tcaggaaaaa gagtcgcagt cgtaggtgca ggtgtaagtg
ttgaaatcga ggggtttgaa tgtgactgtg tttgaagctg
ttgagaagtg ttatgcaaaa tggtttgatt tgggatgaag
gctgagccag aagttgggag tttacttgat gatcttgggc
ccaatttcac agaaaaagcg gtatattgtg cggaatggtg

-108-

Phe
380

Gly Val

Leu Gly Thr

Asp Met Cys

Ala Asn
430

Gln

Leu

Gln
445

Leu

Leu Phe

460

Trp

Val Leu Arg

Tyr Ala Gly

Ser Gly Cys

510

Ile Tyr Val

525

ggataagctg
tggtcagaga
atcatcaaat
gacttgcggce
atggaagagt
gagcaaacac
ttcgtgagaa

tacctgtgat

Leu Ile

Phe
400

Leu

Leu Phe

415

Ala Ser

Leu Leu

Ser Asn

Ala Ile

480

Asn His

495

Lys Ala

Lys Met

gaattttgcc
ttttgactct
tgaagcggtt
ggcttacaag
aggtgggaag
catgactgag
acaacaattt

gctacctacc

60

120

180

240

300

360

420

480



aatcccatag
ttggaaccat
agtgtaagcg
ccttttgttyg
ccagatctct
gctaaaggtg
gggtcattct
tcacatgatg
agacaggaga
cattatgatg
ccctttcecage
acattcacaa
aaggagcaaa
gatcgttcecc
gaactagcca
ctgttggggg
ccgttgtatg
ctacctgggt
gcatcaggtt

aagaaaccaa

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

10
547
PRT

<400> 10

Met Gly Leu Ile Lys Asn Gly

1

Trp Asn Phe Ala Ala Val Phe

Arg Leu Val Arg Asp Phe Asp

35

Ser Gly Ala Val Ala Asp His

50

agctggtcac
ttttatggaa
agttctttca
gtggaacaag
ggaatagttt
gtaaaagtag
cttttaaggg
agatcaattt
actggtcatt
ctgctectcet
taaactttct
aggagaaagt
agcatggttt
ctagtgacgt
aagcttccac
ttgaaggtga
acagcagcta
tecttctatge

gcaaagcagc
atgacagctt

5

20

42073

aagtagtgtg
gaaaaagtcc
acgccatttt
tgectgcggac
tggctctatt
agacacaaag
gggaatgcag
agactccaag
atcttgtgtt
gtgcaatgtg
ccececgagatt
aaagagacct
caaaactcta
tcatctatat
tgacgaatta
acccgtgtet
tgactcagtc
aggtaatcat

tgaccttgtyg
ataa

Arabidopsis thaliana

Thr

Phe

Ser
40

Gln
55

Leu

Ser

25

Glu

Ile

ctctctaccc
tcaaaagtct
ggacaagagg
cctgattccce
atagtcggtg
agttctcctg
attcttcectg
gtactctctt
tcgecataatg
aaggagatga
aattacatgc
cttgaaggct
ggtacacttt
acaactttta
aaacaagttg
gtcaaccatt
atggaagcaa

cgaggggggc

atctcatacc

Tyr
10

Cys
Thr

Tyr

Leu Leu

Glu Ala

-109-

aatctaagtt
cagatgcatc
ttgttgacta
tttcaatgaa
caatcagaac
gcacaaaaaa
atacgttgtg
tgtcttacaa
aaacgcagag
aggttatgaa
ccecteteggt
ttggggtact
tttcatcaat
ttggtgggag
tgacttctga
actattggag
ttgacaagat
tctectgttgg

tggagtcttg

tcaaatcttg
tgctgaagaa
tctcatcgac
gcattctttce
aaagtttgct
gggttcgegt
caaaagtctc
ttctggatca
acaaaacccce
aggaggacaa
tttaatcacc
cattccatct
gatgtttcca
taggaaccag
ccttcagcega
gaaagcattc
ggagaatgat
gaaatcaata

ctcaaatgac

Arg Phe Gly Ile Ser

15

Phe Arg His Cys Phe

30

Gln Ile Ala Met Ala

45

Val Ser Gly Lys Arg

60

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
1644



42073

vVal Ala Val Vval Gly Ala Gly Val Ser Gly Leu Ala Ala Ala Tyr Lys
65 70 75 80

Leu Lys Ser Arg Gly Leu Asn Val Thr Val Phe Glu Ala Asp Gly Arg
85 90 95

Val Gly Gly Lys Leu Arg Ser Val Met Gln Asn Gly Leu Ile Trp Asp
100 105 110

Glu Gly Ala Asn Thr Met Thr Glu Ala Glu Pro Glu Val Gly Ser Leu
115 120 125

Leu Asp Asp Leu Gly Leu Arg Glu Lys Gln Gln Phe Pro Ile Ser Gln
130 135 140

Lys Lys Arg Tyr Ile Val Arg Asn Gly Val Pro Val Met Leu Pro Thr
145 150 155 160

Asn Pro Ile Glu Leu Val Thr Ser Ser Val Leu Ser Thr Gln Ser Lys
165 170 175

Phe Gln Ile Leu Leu Glu Pro Phe Leu Trp Lys Lys Lys Ser Ser Lys
180 185 190

Val Ser Asp Ala Ser Ala Glu Glu Ser Val Ser Glu Phe Phe Gln Arg
195 200 205

His Phe Gly Gln Glu Val Val Asp Tyr Leu Ile Asp Pro Phe Val Gly
210 215 220

Gly Thr Ser Ala Ala Asp Pro Asp Ser Leu Ser Met Lys His Ser Phe
225 230 235 240

Pro Asp Leu Trp Asn Ser Phe Gly Ser Ile Ile Val Gly Ala Ile Arg
245 250 255

Thr Lys Phe Ala Ala Lys Gly Gly Lys Ser Arg Asp Thr Lys Ser Ser
260 265 270

Pro Gly Thr Lys Lys Gly Ser Arg Gly Ser Phe Ser Phe Lys Gly Gly
275 280 285

Met Gln Ile Leu Pro Asp Thr Leu Cys Lys Ser Leu Ser His Asp Glu
290 295 300

Ile Asn Leu Asp Ser Lys Val Leu Ser Leu Ser Tyr Asn Ser Gly Ser

305 310 315 320

Arg Gln Glu Asn Trp Ser Leu Ser Cys Val Ser His Asn Glu Thr Gln
325 330 335

-110-



42073

Arg Gln Asn Pro His Tyr Asp Ala Ala Pro Leu Cys Asn Val Lys Glu
340 345 350

Met Lys Val Met Lys Gly Gly Gln Pro Phe Gln Leu Asn Phe Leu Pro
355 360 365

Glu Ile Asn Tyr Met Pro Leu Ser Val Leu Ile Thr Thr Phe Thr Lys
370 375 380

Glu Lys Val Lys Arg Pro Leu Glu Gly Phe Gly Val Leu Ile Pro Ser
385 390 395 400

Lys Glu Gln Lys His Gly Phe Lys Thr Leu Gly Thr Leu Phe Ser Ser
405 410 415

Met Met Phe Pro Asp Arg Ser Pro Ser Asp Val His Leu Tyr Thr Thr
420 425 430

Phe Ile Gly Gly Ser Arg Asn Gln Glu Leu Ala Lys Ala Ser Thr Asp
435 440 445

Glu Leu Lys Gln Val Val Thr Ser Asp Leu Gln Arg Leu Leu Gly Val
450 455 460

Glu Gly Glu Pro Val Ser Val Asn His Tyr Tyr Trp Arg Lys Ala Phe
465 470 475 480

Pro Leu Tyr Asp Ser Ser Tyr Asp Ser Val Met Glu Ala Ile Asp Lys
485 490 495

Met Glu Asn Asp Leu Pro Gly Phe Phe Tyr Ala Gly Asn His Arg Gly
500 505 510

Gly Leu Ser Val Gly Lys Ser Ile Ala Ser Gly Cys Lys Ala Ala Asp
515 520 525

Leu Val Ile Ser Tyr Leu Glu Ser Cys Ser Asn Asp Lys Lys Pro Asn
530 535 540

Asp Ser Leu

545

<210> 11

<211> 1647

<212> ADN

<213> Nicotiana tabacum

<400> 11
atgacaacaa ctcccatcge caatcatcct aatattttca ctcaccagtc gtcgtcatceg 60
ccattggcat tcttaaaccg tacgagtttc atccctttct cttcaatctc caagcgcaat 120

-111-



agtgtcaatt
tcctecagegg
attagtggcc
gaggcgagag
gaagaaggtc
ggattgaagg
ggtaaattaa
attcctggca
catgaggaat

ttgatagaac
gcagcatttg

tttaaagcaa
aaaccaaaag
atcagtgcaa
tcagaaaaag
agtcgaagca
tcggttgccg
atttcatatc
tttgggcagt
tcactcttcc
gcaaaaaatc
gacctcagaa
gtatggccac
aaagctgcta
ggtgtagcat

tttctgtcte

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

12
548
PRT

<400> 12

gcaatggctg
tcgacggcegg
tctgcattgce
atcgtgcecgg
ccaacagttt
atgatttggt
ggcccgtceccec
agttgagagc
cagttgagca

cattttgttc
ggaaagtttg

taaaggagag
gacagacagt
gattgggaag
gaggatatca
ttgtcatgac
cagcagatgc
ctcaagaagc
tgcatccacg
ctaaccgtgc
ctgaaatttt
aaatgcttat
aagctatccc
tgaatgataa

tggggaggtyg
ggtatgcata

42073

gagaacacga
acccgcegceg
gcaggtgatg
tggcaacata
ccagcecgtcece
gttgggagat
ctcaaaactc
tggttttggt
gttcgtgcgt

tggtgtttat
gaagttggaa

atccagtaca
tggatcattc
caaattaaaa
cttgacatac
tgtgccatcc
actttcaaat
tattcgtgat
tacacaggga
cccaaaaggt
gtctaagacyg
aaaacccaaa
acagtttttg
tgggcttgaa

tgttgaaggt
caaatga

Nicotiana tabacum

tgctcegttyg
gagctggact
tccgetaatt
acgactgtgg
gatcctatgt
cctaatgcgce
actgatcttc
gcecattggcec
cgtaatcttg

gctggtgatc
gaaactggtg

cctaaagcgce
aggaagggte
ctatcatgga
gagacaccag
tatgtagcaa
ttctactatc
gagcgtctgg
gtggaaacac
cgggtgctac
gagagccaac
gctcaagatc
gttggtcatc
gggctgtttce

gcttatgaag

ccaaagatta
gtgttatagt
accccaattt
aaagagacgg
tgactatggce
ccegtttegt
ccttttttga
tccgeecttce
gtggcgaagt

cctcaaaact
gtagcattat

ccegcgatcece
tcagaatgct
agctttctag
aaggagtagt
gcaacatatt
ccccagttgg
ttgatggtga
taggaacgat
tcttgaacta
ttgtggaagt
ctettgttgt
tggatacgct

ttgggggtaa

ttgcatccga

cacagttcct
tggagcagga
gatggtaacc
ctatttgtgg
agtagattgt
tttgtggaag
tttgatgagc
acctccaggt
ctttgaacgc

gagtatgaaa
tggaggaacc

gcgtttacct
gccggatgea
cattactaag
ttctcttcaa
acgtcctctt
agcagtcaca
actaaaggga
atatagttca
cattggagga
agttgatcgt
gggtgtgcga
aagtactgca
ttatgtgtca

ggtaacagga

Met Thr Thr Thr Pro Ile Ala Asn His Pro Asn Ile Phe Thr His Gln

1

5

10

15

Ser Ser Ser Ser Pro Leu Ala Phe Leu Asn Arg Thr Ser Phe Ile Pro

-112-

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
1647



Phe

Thr

Asp
65

Ile

Leu

Val

Pro

Asp

145

Gly

Asp

Gly

val

Phe

225

Ala

Ile

Ala

Ser

Arg

50

Gly

ser

Met

Glu

Ser

130

Leu

Lys

Leu

Leu

Arg

210

Cys

Ala

Gly

Pro

Ser
35

Cys

Gly

Gly

val

Arg

115

Asp

Val

Leu

Met

Arg

195

Arg

Ser

Phe

Gly

Arg
275

20

Ile

Ser

Pro

Leu

Thr

100

Asp

Pro

Leu

Arg

Ser

180

Pro

Asn

Gly

Gly

Thr

260

Asp

Ser

vVal

Ala

Cys

85

Glu

Gly

Met

Gly

Pro

165

Ile

Ser

Leu

vVal

Lys

245

Phe

Pro

Lys

Ala

Ala
70

Ile

Ala

Tyr

Leu

Asp

150

Val

Pro

Pro

Gly

Tyr

230

Val

Lys

Arg

Arg

Lys

55

Glu

Ala

Arg

Leu

Thr

135

Pro

Pro

Gly

Pro

Gly

215

Ala

Trp

Ala

Leu

Asn
40

Asp

Leu

Gln

Asp

Trp

120

Met

Asn

Ser

Lys

Gly

200

Glu

Gly

Lys

Ile

Pro
280

42073

25

Ser

Tyr

Asp

val

Arg

105

Glu

Ala

Ala

Lys

Leu

185

His

Val

Asp

Leu

Lys

265

Lys

val

Thr

Cys

Met

90

Ala

Glu

vVal

Pro

Leu

170

Arg

Glu

Phe

Pro

Glu

250

Glu

Pro

-113-

Asn

Val

Val
75

Ser

Gly

Gly

Asp

Arg

155

Thr

Ala

Glu

Glu

Ser

235

Glu

Arg

Lys

Cys

Pro

60

Ile

Ala

Gly

Pro

Cys

140

Phe

Asp

Gly

ser

Arg

220

Lys

Thr

Ser

Gly

Asn
45

Ser

vVal

Asn

Asn

Asn

125

Gly

vVal

Leu

Phe

Val

205

Leu

Leu

Gly

Ser

Gln
285

30

Gly

Ser

Gly

Tyr

Ile

110

sSer

Leu

Leu

Pro

Gly

190

Glu

Ile

ser

Gly

Thr

270

Thr

Trp

Ala

Ala

Pro

95

Thr

Phe

Lys

Trp

Phe

175

Ala

Gln

Glu

Met

Ser

255

Pro

Val

Arg

vVal

Gly
80

Asn

Thr

Gln

Asp

Lys

160

Phe

Ile

Phe

Pro

Lys

240

Ile

Lys

Gly



42073

Ser Phe Arg Lys Gly Leu Arg Met Leu Pro Asp Ala Ile Ser Ala Arg
290 295 300

Leu Gly Ser Lys Leu Lys Leu Ser Trp Lys Leu Ser Ser Ile Thr Lys

305 310 315 320

Ser Glu Lys Gly Gly Tyr His Leu Thr Tyr Glu Thr Pro Glu Gly Vval
325 330 335

Val Ser Leu Gln Ser Arg Ser Ile Val Met Thr Val Pro Ser Tyr Val
340 345 350

Ala Ser Asn Ile Leu Arg Pro Leu Ser Val Ala Ala Ala Asp Ala Leu
355 360 365

Ser Asn Phe Tyr Tyr Pro Pro Val Gly Ala Val Thr Ile Ser Tyr Pro
370 375 380

@Gln Glu Ala Ile Arg Asp Glu Arg Leu Val Asp Gly Glu Leu Lys Gly
385 390 395 400

Phe Gly Gln Leu His Pro Arg Thr Gln Gly Val Glu Thr Leu Gly Thr
405 410 415

Ile Tyr Ser Ser Ser Leu Phe Pro Asn Arg Ala Pro Lys Gly Arg Val
420 425 430

Leu Leu Leu Asn Tyr Ile Gly Gly Ala Lys Asn Pro Glu Ile Leu Ser
435 440 445

Lys Thr Glu Ser Gln Leu Val Glu Val Val Asp Arg Asp Leu Arg Lys
450 455 460

Met Leu Ile Lys Pro Lys Ala Gln Asp Pro Leu Val val Gly Val Arg
465 470 475 480

Val Trp Pro Gln Ala Ile Pro Gln Phe Leu Val Gly His Leu Asp Thr
485 490 495

Leu Ser Thr Ala Lys Ala Ala Met Asn Asp Asn Gly Leu Glu Gly Leu
500 505 510

Phe Leu Gly Gly Asn Tyr Val Ser Gly Val Ala Leu Gly Arg Cys Val
515 520 525

Glu Gly Ala Tyr Glu Val Ala Ser Glu Val Thr Gly Phe Leu Ser Arg
530 535 540

-114-



Tyr Ala Tyr Lys

545

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

13
1668
ADN

<400> 13

atgacatctc
ccaccggttt
ccggcegceatce
attactcctc
ggcgccggcea
tctcecggatg
gaaagggatg
ctcaccatgg
cccegetttg
cctttetttg

ttcegtectt

ggagatgaag
ccatcaaaac

ggtagcattg
ccacgggacc
caagcgatgt
aagctcacga
caaggatttg
agtgacttgt
cctceggttg
attgatggtc
ttaggtacga
ctcttgaact
attgtggatg
ccattgacgt
tatgacattc
cttggtggca

gttgcegetg

<210> 14

tcacagacgt
ctggtgggtc
gcaaatgcaa
ccatttcaaa
ttagcggcct
tgatcgtcac
gctatctctg
tggtggatag
tattatgggg
acctcatgag
cacctccaga

ttttcgaacg
ttagtatgaa

ttggtggage
cgaggttacc
tgcctaatgc
gtatttcaaa
aaagtctgca
tgecgtccgcet
cagctgtatc
aactcaaagg
tctacagttc
acatcggagg
cggtggaccg
tgggggtgcyg
tagaptctgc

actatgtgtc
aggtaatgaa

42073

Cichorium intybus

ttgttceccte
gttgacgtca
taggtggagg
tgagttcaac
ttgcattgcg
cgaggcacga
ggaagaaggt
tgggttgaag
aggtgatttyg
ctttcctgga
tcgcgaagaa

cttgatagaa
agcagcattt

cttcaaggct
gaaaccaaag
aatctcaacg
attggagaat
gactaaaact
ttegttgggt
aatttcatat
ttttgggcaa
atctcttttc
§gctacaaat
ggacctacgg
ggtgtggcct
aaaagctgct

tggtgtggct
ctttttgtcg

aactgttgcc
aagaatccta
ttecegectget
tctcagccat
caggccctag
gacagagtcg
cctaacagct
gatgatttgg
aaaccggttc
aaactcagag
tcggttgagg

cctttttget
gggaaggtct

attcaggaca
ggccaaactg
aggttaggta
agaggttata
atcgtgatga
gcagcagatg
ccaaaagacg
ttgcatccac
cctaaccgag
cctgaaattc
acgatgctga
cgagcaatcc
ctgagtagcg

ttaggtaaat
caaggggtgt

-115-

gtagctggtc
ggtacctaat
ctatagccaa
tgttggactg
cgactaaaca
ggggtaatat
tccagccatc
tgttaggtga
cttccaaacc
ccggttttgg
agtttgttag

caggtgttta
ggaatctgga

gaaagaatag
ttggatcttt
gcagagtgaa
atttgacata
ctgttccatc
cattgtcaaa
caattcgtgce
gaagtcaagg
cgccacctgg
tatcaaagac
taaggcgtga
cgcagtttct
gtggattcca

gtgtcgaggc
acaagtga

ttcccettceeg
cacgtatagt
ggattcccca
tgtcattgtg
cgcctecgte
atcaacggtt
tgatgccatg
cccaacagca
ggctgacctc
tgctcttgga
acgtaatctt

tgctggtgat
gcaaaatggt

tcaaaagcct
taggaaagga
attgtgttgg
tgaaacacca
ctacgtggcg
attttattat
tgaccggctg
ggtggaaact
aagggttctg
ggagggcgaa
tgcggaagat
gatcggtcat
aggtatgttt

tgcttatgat

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
1668



42073

<211> 555

<212> PRT

<213> Cichorium

<400> 14

Met Thr Ser Leu Thr Asp Val Cys Ser Leu Asn Cys Cys Arg Ser Trp
1 5 10 15

Ser Ser Leu Pro Pro Pro Val Ser Gly Gly Ser Leu Thr Ser Lys Asn
20 25 30

Pro Arg Tyr Leu Ile Thr Tyr Ser Pro Ala His Arg Lys Cys Asn Arg
35 40 45

Trp Arg Phe Arg Cys Ser Ile Ala Lys Asp Ser Pro Ile Thr Pro Pro
50 55 60

Ile Ser Asn Glu Phe Asn Ser Gln Pro Leu Leu Asp Cys Val Ile Val

65 70 75 80

Gly Ala Gly Ile Ser Gly Leu Cys Ile Ala Gln Ala Leu Ala Thr Lys
85 90 95

His Ala Ser Val Ser Pro Asp Val Ile Val Thr Glu Ala Arg Asp Arg
100 105 110

Val Gly Gly Asn Ile Ser Thr Val Glu Arg Asp Gly Tyr Leu Trp Glu
115 120 125

Glu Gly Pro Asn Ser Phe Gln Pro Ser Asp Ala Met Leu Thr Met Val
130 135 140

Val Asp Ser Gly Leu Lys Asp Asp Leu Val Leu Gly Asp Pro Thr Ala
145 150 155 160

Pro Arg Phe Val Leu Trp Gly Gly Asp Leu Lys Pro Val Pro Ser Lys
165 170 175

Pro Ala Asp Leu Pro Phe Phe Asp Leu Met Ser Phe Pro Gly Lys Leu
180 185 190

Arg Ala Gly Phe Gly Ala Leu Gly Phe Arg Pro Ser Pro Pro Asp Arg
195 200 205

Glu Glu Ser Val Glu Glu Phe Val Arg Arg Asn Leu Gly Asp Glu Val
210 215 220

Phe Glu Arg Leu Ile Glu Pro Phe Cys Ser Gly val Tyr Ala Gly Asp
225 230 235 240

-116-



Pro

Glu

Asp

Pro

Pro
305
Lys

Tyr

Met

Leu

Ala

385

Ile

Gly

Arg

Thr

val

465

Pro

Leu

Ser

Gln

Arg

Lys

290

Asn

Leu

Glu

Thr

Gly

370

Val

Asp

Val

Ala

Asn

450

Asp

Leu

Ile

Lys

Asn

Lys

275

Gly

Ala

Thr

Thr

Val

355

Ala

Ser

Gly

Glu

Pro

435

Pro

Arg

Thr

Gly

Leu

Gly

260

Asn

Gln

Ile

Ser

Pro

340

Pro

Ala

Ile

Gln

Thr

420

Pro

Glu

Asp

Leu

His

Ser

245

Gly

Ser

Thr

ser

Ile

325

Gln

sSer

Asp

Ser

Leu

405

Leu

Gly

Ile

Leu

Gly

485

TyTY

Met

Ser

Gln

val

Thr
310
Ser

Gly

Tyr

Ala

Tyr

390

Lys

Gly

Arg

Leu

Arg

470

Val

Asp

Lys

Ile

Lys

Gly

295

Arg

Lys

Phe

val

Leu

375

Pro

Gly

Thr

Val

Ser

455

Thr

Arg

Ile

Ala

Val

Pro

280

Ser

Leu

Leu

Glu

Ala

360

Ser

Lys

Phe

Ile

Leu

440

Lys

Met

val

Leu

42073

Ala

Gly

265

Pro

Phe

Gly

Glu

Ser

345

Ser

Lys

AsSp

Gly

Tyr

425

Leu

Thr

Leu

Trp

Asp

Phe

250

Gly

Arg

Arg

Ser

Asn

330

Leu

Asp

Phe

Ala

Gln

410

Ser

Leu

Glu

Ile

Pro

490

Ser

-117-

Gly

Ala

Asp

Lys

Arg
315
Arg

Gln

Leu

Tyr

Ile

395

Leu

Ser

Asn

Gly

Arg

475

Arg

Ala

Lys

Phe

Pro

Gly

300

vVal

Gly

Thr

Leu

Tyr

380

Arg

His

Ser

Tyr

Glu

460

Arg

Ala

Lys

val

Lys

Arg

285

Gln

Lys

Tyr

Lys

Arg

365

Pro

Ala

Pro

Leu

Ile

445

Ile

Asp

Ile

Ala

Trp

Ala

270

Leu

Ala

Leu

Asn

Thr

350

Pro

Pro

Asp

Arg

Phe

430

Gly

val

Ala

Pro

Ala

Asn

255

Ile

Pro

Met

Cys

Leu

335

Tle

Leu

Val

Arg

Ser

415

Pro

Gly

Asp

Glu

Gln

495

Leu

Leu

Gln

Lys

Leu

Trp
320
Thr

val

Ser

Ala

Leu

400

Gln

Asn

Ala

Ala

Asp

480

Phe

Ser



500

Ser Gly Gly Phe

515

Val Ala Leu

530

Val Met Asn

545

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

15

ADN
<400> 15

atgagcgcta
ttatcccatt
cgaggaggaa
aattaccaga
gtgttagact
tctactaaat
ggcgggaaca
tttcagccat
gtgctgggag
ccttccaagce
gctggtettg

caatttgtcc
tcaggtgtgt

tgggtcttgg
agaaaggata
gttggatcct
aacaaagtga
aatctgactt
actgtcccgt
tctctttcaa
gcaattagat
cgcagtcaag

gcaccacctg

1689

Spinacia

Gly

Phe

42073

520

535

550

tggcgttatc
gtaggcacaa
gctctatccg
acaaaaacat
gtgtgattgt
actccaacct
tcactaccat
ctgatgcagt
atcccaattc
tcactgacct
gtgctcttgg

gtcgtaatct
atgctggtga

agcaaaaggg
atcctaagcc
tcaggaaagg
aagtatcatg
atgaaacacc
catatgttgce
aatttcatta
cagagtgctt
gtgtggaaac

gtaggacctt

oleracea

gagtacaatg
ccgtatcacc
ctgctctaca
aggcacaaac
aggaggtgga
ctccacgaat
ggaagctgat
gctcaccatg
gcctcegettt
ccetttettt

cttacgacca

tggtgatgag
tcctteccaag

tggtagtatc
acctcgagac
actgagtatg
gaccctttct
agatggactg
aagtagcctc
tccaccagtt
gattgacggt
cttgggaaca

gattttgaac

505

Gln Gly Met Phe Leu Gly Gly

Lys Cys Val Glu Ala Ala Tyr

Leu Ser Gln Gly Val Tyr Lys

555

gcectttegt
attttgattc
atctcaacct
ggagttgacg
atcagtggac
ttcattgtca
gggtatttat
gctgttgaca
gtgctgtgga
gatctcatga
tctecteecgg

gtctttgaac
ttgagtatga

attggtggca
ccgcegectcece
ttgccaaccg
ggtattgcta
gtttcecgtta
cttecgtcecac
gcagctgtgt
gaacttaaag
atttatagtt

tacattggag

118-

510

Asn Tyr Val
525

Ser Gly

Asp Val Ala Ala Glu

540

tgccgcaatc
catcttegtc
ctaattccge
gcggcggagy
tttgcattgce
ccgaggctaa
gggaagaggg
gtggtttgaa
atggcaaatt
gcttccectgg
ctcatgagga

gcttgatcga
aagctgcttt

ccctcaaaac
ccaaaccaaa
ccatttctga
agtcgtcgaa
ggaccaaaag
tttcagatgt
cactttccta
gattcgggca
catctctttt

gtgatactaa

ttctatgtca
gcttcgaaga
ggctgcagcc
cggaggaggt
acaggctcta
ggatcgagtt
tcctaatagce
agaggaattg
aaggcctgta
aaagattagg
atccgttgaa

acctttttgt
tggcagggtt

aatccaggaa
gggccagaca
aaggcttggc
cggagagtat
tgttgtgatg
cgccgcagaa
tcctaaagaa
attacattcc
ccctgggega

ccctggeata

60

120

180

240

300

360

420

480

540

600

660

720
780

840

900

960

1020

1080

1140

1200

1260

1320

1380



ttagacaaga
ataaacccta
ccccaatttt

ggtggacaca
tgtatagagg

gataaatag

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

16
562
PRT

<400> 16
Met Ser Ala
1

Ser Ser Met

Ile Pro

35

Thr
50

Ser Ile

Lys Asn Ile

65

Val Leu Asp

Ala Gln Ala

Val Thr

115

Ala Asp

130

Asp Ala Val

145

vVal Leu

Leu Arg Pro

Ser

Glu

Gly

Gly

cgaaagatga
atgcaaaagc
taattggcca

aaggattgtt
gtgcttatga

Spinacia

Met Ala

Ser Leu

20

Ser Ser

Ser Thr
Thr

Gly

Val
85

Cys

Leu Ser

100

Ala Lys

Leu

Tyr

Leu Thr

Leu

Ser

Leu

sSer

Asn

70

Ile

Thr

Asp

Trp

Met

42073

actagctgaa
tccecegggtt
ctttgatctg

tcttggtgga
atctgcagcc

Ser Ser

His Cys

Arg Arg

40

Asn Ser

55

Gly Val

val Gly
Lys

Tyr

val
120

Arg

Glu
135

Glu

Ala Val

150

Pro
165

Asp

vVal Pro

Asn

Ser

Ser Pro

Lys Leu

Thr

Arg

25

Arg

Ala

Asp

Gly

Ser

105

Gly

Gly

Asp

Arg

Thr

gcagttgaca

ttgggtgtga
ctcgatgcag

aactatgtat
gaggttgtag

Met Ala

10

His Asn

Gly Gly

Ala Ala

Gly Gly

75

Gly Ile

90

Asn Leu

Gly Asn

Pro Asn

Ser Gly

155

Phe Val

170

Asp Leu

-119-

gggatttgag
gagtatggcc
caaaagctgc

caggtgttgc
attttctgtc

Leu Ser Leu

Ile Thr

30

Arg

Ser Ile

45

Ser

Ala
60

Asn Tyr

Gly Gly Gly

Ser Gly Leu

Thr Asn

110

Ser

Thr
125

Ile Thr

Ser Phe

140

Leu Lys Glu

Leu Trp

Pro Phe Phe

Gln

Asn

aagaattctc
acaagcaatt
tttgactgat

tttgggccga
acagtactcg

Pro Gln

15

Ile Leu

Arg Cys

Gln Asn

Gly Gly

80

Cys Ile

95

Phe Ile

Met Glu

Pro Ser

Glu Leu

160

Gly
175

Lys

Asp Leu

1440

1500

1560

1620
1680

1689



Met

Arg

Arg

225

Ser

Phe

Gly

Arg

Arg

305

Asn

Asn

val

Ser

Phe

385

Ala

Gln

Ser

Leu

Ser

Pro

210

Asn

Gly

Gly

Thr

Asp

290

Lys

Lys

Gly

Arg

Leu

370

His

Ile

Leu

sSer

Asn

Phe

195

Ser

Leu

Val

Arg

Leu

275

Pro

Gly

vVal

Glu

Thr

355

Leu

Tyr

Arg

His

Ser
435

Tyr

180
Pro

Pro

Gly

Tyr

Val

260

Lys

Arg

Leu

Lys

Tyr

340

Lys

Arg

Pro

Ser

ser
420
Leu

Ile

Gly

Pro

Asp

Ala

245

Trp

Thr

Leu

ser

Val

325

Asn

Ser

Pro

Pro

Glu

405

Arg

Phe

Gly

Lys

Ala

Glu

230

Gly

Val

Ile

Pro

Met

310

Ser

Leu

Val

Leu

Val

390

Cys

Ser

Pro

Gly

Ile

His

215

Val

Asp

Leu

Gln

Lys

295

Leu

Trp

Thr

Val

Ser

375

Ala

Leu

Gln

Gly

Asp

Arg

200

Glu

Phe

Pro

Glu

Glu

280

Pro

Pro

Thr

Tyr

Met
360

Asp

Ala

Ile

Gly

Arg
440

Thr

42073

185
Ala

Glu

Glu

Ser

Gln

265

Arg

Lys

Thr

Leu

Glu

345

Thr

Val

Val

Asp

val
425
Ala

Asn

Gly

Ser

Arg

Lys

250

Lys

Lys

Gly

Ala

Ser

330

Thr

Val

Ala

Ser

Gly

410

Glu

Pro

Pro

-120-

Leu

Val

Leu

235

Leu

Gly

Asp

Gln

Ile

315

Gly

Pro

Pro

Ala

Leu

395

Glu

Thr

Pro

Gly

Gly

Glu

220

Ile

sSer

Gly

Asn

Thr

300

Ser

Ile

Asp

Ser

Glu

380

sSer

Leu

Leu

Gly

Ile

Ala

205

Gln

Glu

Met

Ser

Pro

285

Val

Glu

Ala

Gly

Tyr

365

Ser

Tyr

Lys

Gly

Arg
445

Leu

190
Leu

Phe

Pro

Lys

Ile

270

Lys

Gly

Arg

Lys

Leu

350

Val

Leu

Pro

Gly

Thr
430
Thr

Asp

Gly

val

Phe

Ala

255

Ile

Pro

Ser

Leu

Ser

335

Val

Ala

Ser

Lys

Phe

415

Ile

Leu

Lys

Leu

Arg

Cys

240

Ala

Gly

Pro

Phe

Gly

320

Ser

Ser

Ser

Lys

Glu

400

Gly

Tyr

Ile

Thr



450

Lys
465

Asp

Ile Asn

Pro Gln

Ala Ala Lys

515

Gly Gly

530

Ala
545

Tyr

Asp Lys

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

17
1596
ADN

<400> 17

atggtaatac
accaagaaca
tctgctaaaa
ctaaaatcga
ctcaaaactg
agcgatgagg
ccaatttcac
aatccagttg
ttggaacctt
gaaagtgtgg
gatccttttg
tttccagaat
tctaaactgt
cgtgtacgtg

aaagagtttg

Glu

Pro

Ala

Asn

Glu

Leu Ala

Glu

42073

455

Ala Vval

470

Ala
485

Asn

Ile
500

Pro
Ala Ala
Val

Tyx

Ser Ala

Lys

Gln

Leu

Ser

Ala

Ala Pro

Phe Leu

Thr Asp

520

Gly Vval

535

Glu Vval

550

taccggtttc
acccagttat
gggttgctgt
atggcttgaa
ttgtaaagga
aggtcacgag
aaaacaaaag
cgctectgaa
ttctttggaa
ctgagttttt
tcgcgggtac
tatggaatat
catccaagaa
gttecgttttce

gtgaagatga

Spinacia oleracea

ccagctatca
gggcaacgtt
tgttggtgct
tgtgacattg
tggtttgatt
tttgtttgat
atacattgcc
gagcaatatc
aaaacacaat
tgagcggcat
aagtggtgga
tgagaacagg
ggaaaagggt
ttttcagggt

actcaaactc

Asp

Arg

Ile

505

Gly

Ala

val

Arg Asp

475

vVal
490

Leu
Gly His
Gly His
Leu

Gly

Phe
555

Asp

actaatctgg
tctgagcgaa
ggtgttagtg
tttgaagctg
tgggatgaag
gatctcggga
agagatggtc
ctttcagcaa
ggtgctaagg
tttgggaaag
gatcctcaat
tttggttcag
ggagaaaagc
ggaatgcaga

cagtctgagg

-121-

460

Leu Arg Arg

Gly Val Arg

Phe Leu

510

Asp

Lys Gly Leu

525

Arg Ile

540

Cys

Leu Ser Gln

gtttatcgct
atcaagtcaa
gacttgctgce
atagtagagc
gggcaaatac
ttcgtgagaa
ttcetgtgcet
aatctaagct
tttctgacga
agtttgttga
ctctttectat
tgatttctgg
aatcttctaa
cactagttga

ttctttecatt

Ile Leu

480

Val
495

Trp
Leu Asp
Phe Leu
Glu

Gly

Ser
560

Tyr

ggtttcaccc
tcaacccatt
ggcgtataag
tggtgggaaa
catgacagag
gctacagcta
gttaccttca
acaaattatg
gaatgcccaa
ttatttaatt
gcgtcatgceca
attcattcag
taagaagcca
cactatatgc

gtcatacagc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



cataatggaa
caagatcaac
aagattatga
cccctetetg
tttggtgttce
ttttecctcaa
gttggaggta
gtttcttetg
ttttactgga
atagagaaga
ctgtctgtgg
ctcgagtcta
<210>
<211>

<212>
<213>

18
531
PRT
Spin
<400> 18
Met Val Ile
1

val

Leu Ser

Gln
35

Arg Asn

Ala
50

Gly Gly

Gly
65

Leu Asn

Leu Lys Thr

Thr Met Thr

Gly Ile Arg

115
Ile Ala
130

Arg

Leu Leu

145

Lys

gccttacatce
catatgatgc
aagtggaaaa
ttattattac
ttgtaccctc
tgatgtttcce
gcagaaatag
acctccagca
gcaaagcatt
tggaaaggga
gaaagtcaat

acaagatgac

acia

Leu Pro

Pro Thr

20

Val Asn

Val Ser
Val Thr

Val
85

Val

Glu
100

Ser

Glu Lys

Asp Gly

Ser Asn

Val

Lys

Gln

Gly

Leu

70

Lys

Asp

Leu

Leu

Ile

42073

agagaattgg
tgtcgttgtyg
cccattttcet
tacattcaag
taatgagcaa
tgatcgtgct
agaacttgca
gctgttgggce
ccctcetttat
ccttectgga
agcctctgga

cgaggagact

Ser Gln

Asn

Asn

Ile
40

Pro

Leu Ala

55

Phe Glu

Asp Gly

Glu Glu

Gln Leu

120
Pro Val
135

Leu Ser

150

tcagtgtctt
accgccccaa
cttgacttca
aagaccaatg
cataatgggc
ccctctgatg
aaagcttcaa
accgagggcyg
ggacgcaatt
cttttttacg
tacaaagctg

atataa

Ser Thr

10

Leu

Pro Val Met

25

Ser Ala Lys

Ala Ala Tyr

Ala Ser

75

Asp

Ile
90

Leu Trp

val
105

Thr Ser

Pro Ile Ser

Leu Leu Pro

Ala Ser

155

Lys

-122-

ctatgtcaaa
tcaataatgt
ttccagaggt
tgaagagacc
tgaagactct
tgtatctata
cggatgaact
aacctacttt
acgactcagt
caggtaacca

ccgagettge

Asn Leu Gly

Vval
30

Gly Asn

Val Ala

45

Arg

Lys Leu

60

Lys

Arg Ala Gly

Asp Glu Gly

Leu Phe Asp

110

Gln Asn

125

Lys

Ser Asn Pro

140

Lys Leu Gln

cagcaccatc
caaagaactg
gagctgtcta
tcttgagggt
tggtactttg
cactaccttt
gaagcaaata
tgtgaatcat
tcttagagca

taagggtgga

gatatcctat

Leu Ser

15

Ser Glu

val Val

Ser Asn

Gly Lys

80

Ala
95

Asn

Asp Leu

Arg Tyr

Val Ala

Ile Met

160

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1596



42073

Leu Glu Pro Phe Leu Trp Lys Lys His Asn Gly Ala Lys Val Ser Asp
165 170 175

@lu Asn Ala CGln Glu Ser Val Ala Glu Phe Phe Glu Arg His Phe Gly
180 185 190

Lys Glu Phe Val Asp Tyr Leu Ile Asp Pro Phe Val Ala Gly Thr Ser
195 200 205
Gly Gly Asp Pro Gln Ser Leu Ser Met Arg His Ala Phe Pro Glu Leu
210 215 220
Trp Asn Ile Glu Asn Arg Phe Gly Ser vVal Ile Ser Gly Phe Ile Gln

225 230 235 240

Ser Lys Leu Ser Ser Lys Lys Glu Lys Gly Gly Glu Lys Gln Ser Ser
245 250 255

Asn Lys Lys Pro Arg Val Arg Gly Ser Phe Ser Phe Gln Gly Gly Met
260 265 270

Gln Thr Leu Val Asp Thr Ile Cys Lys Glu Phe Gly Glu Asp Glu Leu
275 280 285
Lys Leu Gln Ser Glu Val Leu Ser Leu Ser Tyr Ser His Asn Gly Ser

290 295 300

Leu Thr Ser Glu Asn Trp Ser Val Ser Ser Met Ser Asn Ser Thr Ile
305 310 315 320

Gln Asp Gln Pro Tyr Asp Ala Val Val Val Thr Ala Pro Ile Asn Asn
325 330 335

Val Lys Glu Leu Lys Ile Met Lys Val Glu Asn Pro Phe Ser Leu Asp
340 345 350

Phe Tle Pro Glu Val Ser Cys Leu Pro Leu Ser Val Ile Ile Thr Thr
355 360 365

Phe Lys Lys Thr Asn Val Lys Arg Pro Leu Glu Gly Phe Gly Val Leu
370 375 380

Val Pro Ser Asn Glu Gln His Asn Gly Leu Lys Thr Leu Gly Thr Leu
385 390 395 400

Phe Ser Ser Met Met Phe Pro Asp Arg Ala Pro Ser Asp Val Tyr Leu
405 410 415

Tyr Thr Thr Phe Val Gly Gly Ser Arg Asn Arg Glu Leu Ala Lys Ala
420 425 430

Ser Thr Asp Glu Leu Lys Gln Ile Val Ser Ser Asp Leu Gln Gln Leu
435 440 445

-123-



Leu Gly Thr

450

Lys Ala Phe

465

Ile Glu Lys

His Lys Gly

Ala Ala Glu

515
Glu

Thr Ile

530

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

19
1674
ADN

<400> 19

atgacaacaa
tcgecegtegt
ccttactttt
tcecgttgeca
ctggattgtg
gctaattatc
acggtggaaa
cctatgttga
gatgcgcctc
gatcttccct
attggecttce
aatcttggtyg
ggtgacccct
actggtggta
aaaccgceccte
aagggtctga
tcatggaagc

acaccagaag

Glu Gly

Pro Leu

Glu

Tyxr

42073

Pro Thr

455

Gly Arg

470

Glu
485

Met

Gly Leu

500

Leu Ala

cggccgtcge
cctectecte
ccacctccaa
aggattatac
tggtagttgg
ccaatttgat
gagatggata
caatggctgt
gctttgtctt
tctttgattt
gcccttceacc
cagaagtctt
caaaattgat
gcattattgg
gtgatccgcg
gaatgctgcce
tttctagcat

gagtagtttc

Arg

Ser

Ile

Asp Leu

Val Gly

Ser Tyr

520

Solanum tuberosum

caaccatcct
atcgccgtca
gcgcaatagt
agttcctccc
agcaggaatt
ggtgacggag
cttatgggaa
agattgtgga
gtggaaggat
gatgagtatc
tccaggttat
tgaacgtttg
tatgaaagca
gggaaccttt
tttaccaaca
ggatgcaatt
tacaaagtca

tctgcgaagt

Asn

Phe Val Asn

Tyr ASp

475

Pro Gly Leu

490

Lys Ser Ile

505

Leu Glu Ser

agcattttca
tttttatttt
gtcaattgca
tcggaagtcg
agtggactct
gcgagggatc
gaaggtccta
ttgaaggatg
aaactaaggc
cctggcaagc
gaggaatcag
attgaaccat
gcatttggga
aaagcaatta
ccaaaaggac
tgtgaaagac
gaaaaaggag

cgaagcattg

-124-

His Phe

460

Tyr

Ser Val Leu

Phe Tyr Ala

Ala Ser Gly

510

Asn Lys Met

525

ctcaccggtc
taaaccgtac
atggctggag
acggtaatca
gcattgctaa
gtgccggtgg
acagtttcca
atttggtgtt
ctgtteccecgg
tcagagctgg
ttgagcagtt
tttgttctgg
aagtgtggaa
aggagagatc
aaactgttgg
tgggaagcaa
gatatctctt

tcatgactgt

Trp Ser

Ala
480

Arg

Gly Asn

495

Tyr Lys

Thr Glu

gccgcectgecg
gaatttcatt
aacacgatgt
gttcccggag
ggtgatttcg
aaacataacg
gccttcggat
gggagatcct
caagctcact
ttttggtgcc
cgtgcgtegt
tgtttacgcc
gctagaacaa
cagtaaccct
atcatttagg
agtaaaacta
gacatacgag

tccatcctat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



gtagcaagca
tactatcccc
cgtctggttg
gaaacactag
gtgctactct
agccaacttg
caagatccct
ggacatctgg
ctattccttg
tatgaaatag
<210>
<211>

<212>
<213>

20
557
PRT

<400> 20
Met Thr Thr
1

Ser Pro

Phe Leu

35

Ser Val

50

Asn

Asp Thr

65

Tyr

Leu Asp Cys

Lys Val Ile

Ala
115
Glu

Asp Arg

Glu
130

Trp

Met Ala Val

145

Leu

Asn

acatattacg
cagtagcagc
atggtgaact
gaacaatata
tgaactacat
tggaagcagt
ttgttacggg
atacactagg
ggggtaatta

catctgaggt

Thr Ala

Pro Ser

20

Arg Thr

Asn Cys

Val Pro

Val Val

85

Ser Ala

100

Gly Gly

Gly Pro

Asp Cys

vVal

Pro

Asn

Asn

Pro

70

Val

Asn

Asn

Asn

Gly

42073

ccctettteg
agtgacaatt
aaagggattt
tagttcatca
tggaggagca
tgaccgtgac
tgtgcgagta
tactgcaaaa
tgtgtctggt

aactggattt

Solanum tuberosum

Ala Asn

Ser Ser

Phe Ile

40

Gly
55

Trp

Ser Glu

Gly Ala

Tyr Pro

Ile Thr
120
Ser Phe

135

Leu Lys

150

gtcgctgcag
tcatatccte
gggcagttgce
ctctttecta
acaaatactg
ctcagaaaaa
tggccacaag
actgctctaa
gtagcattgg

ctgtctcagt

Pro Ser

10

His

Ser Ser Ser

25

Pro Tyr Phe

Arg Thr Arg

Val Gly

75

Asp

Ile
90

Gly Ser

Asn Leu Met

105

Thr VvVal Glu

Gln Pro Ser

Leu
155

Asp Asp

125-

cagatgcact
aagaggctat
atccacgttc
accgtgctcc
aaattgtgtc
tgcttataaa
ctatcccaca
gtgataatgg
gaaggtgtgt

atgcatacaa

Ile Phe Thr

Ser
30

Ser Pro

Thr
45

Ser Ser

Cys Ser Val

60

Asn Gln Phe

Gly Leu Cys

val Glu

110

Thr

Arg Asp
125
Pro

ASp Met

140

Val Leu

Gly

Gly

ttcaagtttc
tcgtgatgag
acagggagtg
aaatggccgg
taagacggag
acccaaagca
gtttttggtc
gcttgacggg
tgaaggtgct

atga

His
15

Arg
Phe Leu
Lys Arg
Ala

Lys

Glu
80

Pro

Ile
95

Ala

Ala Arg

Tyr Leu
Thr

Leu

Pro
160

Asp

1140

1200

1260

1320

1380

1440

1500

1560

1620

1674



42073

Asp Ala Pro Arg Phe Val Leu Trp Lys Asp Lys Leu Arg Pro Val Pro
165 170 175

Gly Lys Leu Thr Asp Leu Pro Phe Phe Asp Leu Met Ser Ile Pro Gly
180 185 190

Lys Leu Arg Ala Gly Phe Gly Ala Ile Gly Leu Arg Pro Ser Pro Pro
195 200 205

Gly Tyr Glu Glu Ser Val Glu Gln Phe Val Arg Arg Asn Leu Gly Ala
210 215 220

Glu Val Phe Glu Arg Leu Ile Glu Pro Phe Cys Ser Gly Val Tyr Ala
225 230 235 240

Gly Asp Pro Ser Lys Leu Ile Met Lys Ala Ala Phe Gly Lys Val Trp
245 250 255

Lys Leu Glu Gln Thr Gly Gly Ser Ile Ile Gly Gly Thr Phe Lys Ala
260 265 270

Ile Lys Glu Arg Ser Ser Asn Pro Lys Pro Pro Arg Asp Pro Arg Leu
275 280 285

Pro Thr Pro Lys Gly Gln Thr Val Gly Ser Phe Arg Lys Gly Leu Arg
290 295 300

Met Leu Pro Asp Ala Ile Cys Glu Arg Leu Gly Ser Lys Val Lys Leu
305 310 315 320

Ser Trp Lys Leu Ser Ser Ile Thr Lys Ser Glu Lys Gly Gly Tyr Leu
325 330 335

Leu Thr Tyr Glu Thr Pro Glu Gly Val Val Ser Leu Arg Ser Arg Ser
340 345 350

Ile Val Met Thr Val Pro Ser Tyr Val Ala Ser Asn Ile Leu Arg Pro
355 360 365

Leu Ser Val Ala Ala Ala Asp Ala Leu Ser Ser Phe Tyr Tyr Pro Pro
370 375 380

val Ala Ala Val Thr Ile Ser Tyr Pro Gln Glu Ala Ile Arg Asp Glu
385 390 395 400

Arg Leu Val Asp Gly Glu Leu Lys Gly Phe Gly Gln Leu His Pro Arg
405 410 415

-126-



42073

Ser Gln Gly Val Glu Thr Leu Gly Thr Ile Tyr
420 425
Pro Asn Arg Ala Pro Asn Gly Arg Val Leu Leu
435 440
Gly Ala Thr Asn Thr Glu Ile Val Ser Lys Thr
450 455
Glu Ala Val Asp Arg Asp Leu Arg Lys Met Leu
465 470 475
Gln Asp Pro Phe Val Thr Gly Val Arg Val Trp
485 490
Gln Phe Leu Val Gly His Leu Asp Thr Leu Gly
500 505
Leu Ser Asp Asn Gly Leu Asp Gly Leu Phe Leu
515 520
Ser Gly Val Ala Leu Gly Arg Cys Val Glu Gly
530 535
Ser Glu Val Thr Gly Phe Leu Ser Gln Tyr Ala
545 550 555
<210> 21
<211> 1608
<212> ADN
<213> Zea mays
<400> 21
atggtcgccg ccacagccac cgccatggec accgcetgeat
cgaatacctg cgcggctcceg ccatcgagga ctcagegtgce
ggcgeggecg aggcaccgge atccaccgge gegeggetgt
ggcggaggca tcagtggcect ctgcaccgeg caggcgctgg
gacgtgecttg tcacggaggc ccgcgcccgc cccggcggcea
cccgaggaag ggtacctctg ggaggagggt cccaacagct
ctcaccatgg ccgtggacag cggactgaag gatgacttgg
ccgegttteg tgetgtggga ggggaagctg aggcccgtge
ccgttetteg atctcatgag catcccaggg aagctcaggg
atccgeecge ctectccagg ccgcgaagag tcagtggagg

-127-

Ser
430

Ser Ser

Asn
445

Leu Tyxr

Glu
460

Ser Gln

Ile Lys Pro

Pro Gln Ala

Thr Ala Lys

510

Gly Gly

525

Asn

Ala
540

Tyr Glu

Tyr Lys

cgcecgctact
gctgcgcetge
ccgeggactg
ccacgcggcea
acattaccac
tccagccecte
tttttgggga
catccaagcc
ccggtctagg

agttcgtgeg

Leu Phe

Ile Gly

Val

Leu

Ala
480

Lys

Ile
495

Pro

Thr Ala

Tyr Val

Ile Ala

caacgggacc
tgtggcggge
cgtcgtggtg
cggcgtcggg
cgtcgagcgce
cgacccegtt
cccaaacgcg
cgccgaccte
cgcgecttgge

ccgcaacctce

60

120

180

240

300

360

420

480

540

600



ggtgctgagg
ccttctaage
ggtagtatta
ccgagggatg
cttgccatgce

aaactcacga
gaaggggttg

agcaacattt
ccaccggttg
attgatgggg
ttaggaacaa
cttctaaact
ctggtcgaag
cctttagtece
cttgatcttc
ctaggaggga
agtgcctcgce
22

535

PRT
Zea

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

<400> 22

Met Val Ala

1

Leu Asn

Val Arg Cys

35
Thr Gly
50
Ser Leu
65

Gly

Asp Val Leu

Thr Val Glu

Ser Phe

115

Gly

Ala

Gln

tctttgagcyg
tcagcatgaa
ttggtggaac
ccecgecttece
ttccaaatgc

gcattacaaa
tttecggtgca

tgcgtccact
ctgctgtaac
aactccaggg
tatacagttc
acataggagg
cagttgaccg
ttggtgttcg
tggaagccgc
actatgttgc

aaatatctga

mays

Ala Thr Al

Thr
20

Arg TI1

Ala Ala

Arg Leu

Cys Thr

70
Val Thr
85
Arg Pro
100

Pro Ser

val

Ser

Ala

Glu

Glu

Asp

42073

cctcattgag
ggctgcattt
catcaagaca
gaagccaaaa
cattacatcc

atcagatgac
ggctaaaagt

ttcaagcgat
tgtttcgtat
ctttggccag
ctcactcttt
tgctacaaac
tgacctccga
agtttggcca
aaaagctgcc
aggagttgcc

cttcttgacc

a Thr Ala

e Pro Ala

Ala Gly

40

Ala
55

Asp
Gln Ala
Ala Arg
Glu Gly

Val
120

Pro

Arg

Ala

cctttetget
gggaaggttt
attcaggaga
gggcagacag
agcttgggta

aagggatatg
gttatcatga

gctgcagatg
ccaaaggaag
ttgcatccac
ccaaatcgtg
acaggaattg
aaaatgctta
caagccatac
ctggaccgag
ctgggcagat

aagtatgcct

Met Ala

10

Thr

Leu Arg

25
Ala

Gly Ala

Cys Val Val

Ala Thr

75

Leu

Arg Pro

90
Tyr Leu
105

Trp

Leu Thr Met

128-

caggtgtcta
ggcggttgga
ggagcaagaa
ttgcatcttt
gtaaagtcaa

ttttggagta
ctattccatc

ctctatcaag
caattagaaa
gtagtcaagg
ctcctgacgg
tttccaagac
taaattctac
ctcagttcct
gtggctacga
gcgttgaggg

acaagtga

Ala Ala Ser

His Gly

30

Arg

Glu Ala

45

Pro

Val
60

Gly Gly

Arg His Gly

Gly Gly Asn

Glu Glu Gly

110
Ala Val
125

Asp

tgctggtgat
agaaactgga
tccaaaacca
caggaagggt
actatcatgg

tgaaacgcca
atatgttgcect

attctattat
agaatgctta
agttgagaca
tagggtgtta
tgaaagtgag
agcagtggac
ggtaggacat
tgggctgttce

cgcgtatgaa

Pro Leu

15

Leu Ser

Ala Ser

Gly Ile

Val Gly

80

Ile
95

Thr
Asn

Pro

Ser Gly

660

720

780

840

900

960
1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1608



Leu

Leu

145

Pro

Gly

Glu

Ile

Ser

225

Gly

Asn

Thr

Thr

Ile

305

Glu

Ser

ASp

Ser

Leu
385

Leu

Gly

Ile

Lys
130

Trp

Phe

Ala

Glu

Glu

210

Met

ser

Pro

val

sSer
290
Thr

Gly

Tyr

Ala

Tyr
370

Gln

Gly

Arg

vVal

Asp

Glu

Phe

Leu

Phe

195

Pro

Lys

Ile

Lys

Ala

275

Ser

Lys

Val

Val

Leu
355

Pro

Gly

Thr

Val

Ser

Asp

Gly

Asp

Gly

180

vVal

Phe

Ala

Ile

Pro

260

Ser

Leu

sSer

Val

Ala
340

Ser

Lys

Phe

Ile

Leu
420

Lys

Leu

Lys

Leu

165

Ile

Arg

Cys

Ala

Gly

245

Pro

Phe

Gly

Asp

Ser
325

Ser

Arg

Glu

Gly

Tyr
405

Leu

Thr

Val

Leu

150

Met

Arg

Arg

Ser

Phe

230

Gly

Arg

Arg

Ser

Asp

310

val

Asn

Phe

Ala

Gln
390

Ser

Leu

Glu

Phe
135

Arg

Ser

Pro

Asn

Gly

215

Gly

Thr

Asp

Lys

Lys
295
Lys

Gln

Ile

Tyr

Ile
375

Leu

Ser

Asn

Ser

Gly

Pro

Ile

Pro

Leu

200

Val

Lys

Ile

Ala

Gly

280

Val

Gly

Ala

Leu

Tyr
360

Arg

His

Ser

Tyr

Glu

42073

Asp

val

Pro

Pro

185

Gly

Tyr

vVal

Lys

Arg

265

Leu

Lys

TyTr

Lys

Arg
345

Pro

Lys

Pro

Leu

Ile
425

Leu

Pro

Pro

Gly

170

Pro

Ala

Ala

Trp

Thr

250

Leu

Ala

Leu

val

Ser
330

Pro

Pro

Glu

Arg

Phe
410

Gly

vVal

-129-

Asn

Ser

155

Lys

Gly

Glu

Gly

Arg

235

Ile

Pro

Met

ser

Leu

315

val

Leu

Val

Cys

Ser
395

Pro

Gly

Glu

Ala
140

Lys

Leu

Arg

vVal

Asp

220

Leu

Gln

Lys

Leu

Trp
300
Glu

Ile

Ser

Ala

Leu
380

Gln

Asn

Ala

Ala

Pro

Pro

Arg

Glu

Phe

205

Pro

Glu

Glu

Pro

Pro

285

Lys

Tyr

Met

sSer

Ala
365

Ile

Gly

Arg

Thr

val

Arg

Ala

Ala

Glu

190

Glu

Ser

Glu

Arg

Lys

270

Asn

Leu

Glu

Thr

Asp
350

Val

Asp

val

Ala

Asn
430

Asp

Phe

Asp

Gly

175

Ser

Arg

Lys

Thr

Ser

255

Gly

Ala

Thr

Thr

Ile
335

Ala

Thr

Gly

Glu

Pro
415

Thr

Arg

val

Leu

160

Leu

vVal

Leu

Leu

Gly

240

Lys

Gln

Ile

Ser

Pro

320

Pro

Ala

Val

Glu

Thr
400

Asp

Gly

Asp



435

Leu Arg

450

Lys

Gly Vval

465

Leu Asp

Asp

Gly

val
515

Arg Cys

Thr
530

Leu Lys

23
1635
ADN
Zea

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

<400> 23
atgctcgett

gcgcacactc
cgtgcagcgce
gcgtacaggc
ggaggaaaga
atgacagaag
cagcagtatc
attccttcgg
gcgttatttt
tctgaggagc
gttgttgact
ctatctattc
attgttggtg
gattcatcag
tcactaataa

gtgttgtcat

Arg

Leu

Leu

Met Leu

Val Trp

Ile

Pro

42073

440

Asn Ser

455

Gln Ala

470

Glu
485

Leu

Phe
500

Leu

Glu Gly

Tyr Ala

mays

tgactgcctc
gtcgccccceg
ccgecagatce
tcagacagag
tacggaccaa
gtgaatggga
ctaactccca
atcccatttc
ttgaaccatt
acttgagtga
attttgttga
gtcatgcatt
ccatcttgte
ggaaaagaag
atgcacttca

tggcatgtac

Ala

Gly

Ala

Tyr

Ala Lys

Asn

Gly

Glu
520

Tyr

Lys
535

agcctcatcc
cctacgtgceg
ggtecgecegte
cggcgtgaac
ttcecgagggce
ggccagtaga
acacaagcgt
gctaatgaaa
tctctacaag
gagtgttggg
tccatttgta
cccagcattg
taagctagca
gaatagacga
caatgaagtt

atttgatgga

Ala

Thr Ala Val

Ile Gln

475

Pro

Ala
490

Leu

Tyr Val Ala

505

Ser Ala Ser

gcttcgtccc
gtcctegega
gtcggegeeg
gtaacggtgt
gggtttgtct
ctgattgatg
tacattgtca
agcagtgttc
aaagctaaca
agcttctgtg
gctggaacaa
tggaatttgg
gctaaaggtg
gtgtegtttt
ggagatgata

gttcctgcac

130-

445

Asp Pro Leu

460

Phe Leu Val

Asp Arg Gly

Val Ala

510

Gly

Ile
525

Gln Ser

atccttatcg
tggcgggctce
gggtcagcgg
tcgaagcggce
gggatgaagg
atcttggtct
aagatggagc
tttcgacaaa
caagaaactc
aacgccactt
gtgcaggaga
aaagaaagta
atccagtaaa
catttcatgg
atgtgaagct

taggcaggtyg

Val Leu

His
480

Gly

Gly
495

Tyr

Leu Gly

Asp Phe

ccacgcectcc
cgacgacccce
gctcgcggceg
cgacagggcyg
agctaacacc
acaagacaaa
accagcactg
atcaaagatt
tggaaaagtg
tggaagagaa
tccagagtca
tggttcagtt
gacaagacat
tggaatgcag
tggtacagaa

gtcaatttct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



gttgattcga
ataatgacag
gttgttcttg
tttaagaagg
gaacagcaaa
gatcgagcectc
gatcttgctg
ctecttgggcyg
cctttgtatg
cttccagggt
gcttcaggaa

aataattcac

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

24
544
PRT
Zea
<400> 24
Met Leu Ala
1

Arg His Ala

Ala
35

Ala Met

Ala Val

50

Val

Arg Gln Ser

65
Gly

Gly Lys

Gly Ala Asn

Leu
115

Asp Asp

Lys Arg Tyr

aggatagcgg
ctccattgtc
actttcttcc
atgatgtcaa
aacatggtct
ctgatgacca
gagctccaac
tagaggggca
gccatgatta
tcttctacgc

gcaaggctgce
attga

mays

Leu Thr

Ser Ala

20

Gly Ser

Gly Ala

Gly Val

Ile Arg

85

Thr
100

Met
Leu

Gly

Tle Val

Ala

His

Asp

Gly

Asn
70

Thr

Thr

Gln

Lys

42073

tgacaaggac
aaatgtccgg
taagatggat
gaaacctctg
gaaaaccctt
atatttatat
gtctattctg
accaactttt
tagttctgta
aggaaatagc

tgaccttgca

Ser Ala

Thr

Arg

Pro
40

Asp

val
55

Ser

vVal Thr

Asn Ser

Glu Gly

Asp Lys

120

Asp Gly

cttgctagta
aggatgaagt
tatctaccac
gaaggatttg
gggactctct
acaacatttg
aaacaacttg
gtcaagcatg
ttggaagcta

aaggatgggc

atctcatatc

Ser Ala

10

Ser

Arg Pro

25

Arg

Arg Ala Ala

Gly Leu Ala

Glu
75

Val Phe

Glu Gly Gly

90

Glu Glu

105

Trp

Gln Gln Tyr

Ala Pro Ala

-131-

accaaacctt
tcaccaaagg
tatctctcat
gggtcttaat
tttcctcaat
ttgggggtag
tgacctctga
tatactgggg
tagaaaagat
ttgctgttgg

ttgaatctca

Ser Ser

Leu Arg

30

Ala
45

Pro

Ala Ala

60
Ala Ala

Phe Val

Ala

sSer

Asn
125

Pro

Leu Ile

His

Ala

Arg

Tyr

Asp

Trp

Arg

110

Ser

Pro

tgatgctgtt
tggagctccg
ggtgactgct
accttacaag
gatgttccca
ccacaataga
ccttaaaaaa
aaatgctttt
ggagaaaaac
aagtgttata

caccaagcat

Pro
15

Tyr
Val Leu
Ser Val
Leu

Arg

Ala
80

Arg

Asp Glu

95

Leu Ile

His

Gln

Ser Asp

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
1635



Pro

145

Ala

Ser

Cys

Phe

His

225

Ile

Lys

Phe

Glu

Ala
305
val

Phe

Lys

Met

Asp
385

130

Ile

Leu

Gly

Glu

val

210

Ala

Val

Thr

Ser

Val

290

Cys

Asp

Asp

Phe

Asp

370

val

Ser

Phe

Lys

Arg

195

Ala

Phe

Gly

Arg

Phe

275

Gly

Thr

Ser

Ala

Thr

355

Tyr

Lys

Leu

Phe

Val

180

His

Gly

Pro

Ala

His

260

His

Asp

Phe

Lys

val

340

Lys

Leu

Lys

Met

Glu

165

Ser

Phe

Thr

Ala

Ile

245

Asp

Gly

Asp

Asp

Asp

325

Ile

Gly

Pro

Pro

Lys

150

Pro

Glu

Gly

Ser

Leu

230

Leu

Ser

Gly

Asn

Gly
310
Ser

Met

Gly

Leu

Leu
390

135

sSer

Phe

Glu

Arg

Ala

215

Trp

ser

Ser

Met

Val

295

Val

Gly

Thr

Ala

Ser

375

Glu

ser

Leu

His

Glu

200

Gly

Asn

Lys

Gly

Gln

280

Lys

Pro

Asp

Ala

Pro

360

Leu

Gly

42073

Val

Tyr

Leu

185

vVal

Asp

Leu

Leu

Lys

265

Ser

Leu

Ala

Lys

Pro

345

Val

Met

Phe

Leu

Lys

170

Ser

Val

Pro

Glu

Ala

250

Arg

Leu

Gly

Leu

Asp

330

Leu

vVal

Val

Gly

-132-

Ser

155

Lys

Glu

Asp

Glu

Arg

235

Ala

Arg

Ile

Thr

Gly
315
Leu

Ser

Leu

Thr

Val
395

140

Thr

Ala

Ser

Tyr

Ser

220

Lys

Lys

Asn

Asn

Glu

300

Arg

Ala

Asn

Asp

Ala

380

Leu

Lys

Asn

Val

Phe

205

Leu

Tyr

Gly

Arg

Ala

285

val

Trp

sSer

val

Phe

365

Phe

Ile

Ser

Thr

Gly

190

Val

Ser

Gly

Asp

Arg

270

Leu

Leu

Ser

Asn

Arg

350

Leu

Lys

Pro

Lys

Arg

175

Ser

Asp

Ile

Ser

Pro

255

vVal

His

Ser

Ile

Gln

335

Arg

Pro

Lys

Tyr

Ile

160

Asn

Phe

Pro

Arg

Val

240

Val

Ser

Asn

Leu

Ser
320
Thr

Met

Lys

Asp

Lys
400



42073

@Glu Gln Gln Lys His Gly Leu Lys Thr Leu Gly
405 410
Met Met Phe Pro Asp Arg Ala Pro Asp Asp Gln
420 425
Phe Val Gly Gly Ser His Asn Arg Asp Leu Ala
435 440
Ile Leu Lys Gln Leu Val Thr Ser Asp Leu Lys
450 455
@Glu Gly Gln Pro Thr Phe Val Lys His Val Tyr
465 470 475
Pro Leu Tyr Gly His Asp Tyr Ser Ser Val Leu
485 490
Met Glu Lys Asn Leu Pro Gly Phe Phe Tyr Ala
500 505
Gly Leu Ala Val Gly Ser Val Ile Ala Ser Gly
515 520
Leu Ala Ile Ser Tyr Leu Glu Ser His Thr Lys
530 535
<210> 25
<211> 1692
<212> ADN
<213> Chlamydomonas reinhardtii
<400> 25
atgatgttga cccagactcc tgggaccgcec acggcttcta
tcggetgege acgtctcege caaggtcegeg cctcggecca
cccgcgaccg ctgecgagccce cgcgaccgcg gcggcccgcec
gcggeggeca ctggtgctcc cacggegtcc ggagccggcyg
gtgtatgacg tgatcgtggt cggtggaggt ctctcgggcc
gcggctcage acaaaattca gaacttcctt gttacggagg
aacattacgt ccatgtcggg cgatggctac gtgtgggagg
cccaacgata gcatgctgca gattgcggtg gactctggct
ggtgacccca cggctccceg cttegtgtgg tgggagggca
ggcectggacg ccttcacctt cgacctcatg tccatccceceg
ggcgecateg gectcatcaa cggagccatg ccectectteg

-133-

Thr Leu Phe

Tyr Leu Tyr

430

Ala
445

Gly Pro

Lys Leu Leu

460

Trp Gly Asn

Glu Ala Ile

Ser
510

Gly Asn

Ser Lys Ala

525

His Asn Asn

540

gccggeggte
cgccattcetce
gcacactcca
tcgccaagac
tggtgaccgg
ctcgcgagcg
agggcccgaa
gcgagaagga
agctgcgecc
gcaagatccg

aggagagtgt

Ser Ser

415

Thr Thr

Thr Ser

Gly Val

Ala Phe

480

Glu
495

Lys

Lys Asp

Ala Asp

Ser His

gcagatccgce
ggtcgcgagce
ccgcactget
gctcgacaat
ccaggccctg
cgtcggeggce
cagcttccag
ccttgtgttce
cgtgcecteg
cgccgggctg

ggagcagttc

60

120

180

240

300

360

420

480

540

600

660



atccgccgceca

gtgtacgcgg
ctggagaaga

tccaacccgg
ggctcgttcce
aagatccgcg
ctggtgtacg
gcgcccagcet
ctgggctcct
gtgcgggagg
cgcacgcagyg
gcgcccgagg
gtcaaccaga
atcaagcccg
ccgcagttca
gcggggctgce
gtggtggagc

gtcaaggcct

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

26
563
PRT
Chla
<400> 26
Met Met Leu
1

Gln

Ser Ile

Thr Pro

35

Pro

Ala
50

Thr Ala

Gly Ala

65

Pro

Val Tyr Asp

Gly Gln Ala

acctgggcga

gcgacccctce
acggcggcag

cccegecgeg
gcaagggcct
tgaactggaa
acacgcccga
acgtggtggc
tcgactaccc
agcgcaaggc
gcatcaccac
gccacatgcet
ccaccgagca
acgcgcccaa
acctgggcca
agggcgtgca

acggctacga
aa

mydomonas

Thr Gln

Arg Ser

20

Phe Ser

Ala Arg
Thr Ala

Ile
85

Val

Leu Ala

100

42073

tgaggtgttc

caagctgtcc
cctggtggga

ggacccgcge
gaagatgctg
gctggtgtct
gggccgtgtce
ggacctggtc
gccggtggge
ctcggacggg
tctgggcacc
gctgctcaac
gctggtggag
gceceegtgtg
cctggagcag
cctggggggce

gtccgeagec

ttcecgectga

atgaaggcgg
ggtgccatca

ctgcegececa
ccggacgceca
ctgggccgcg
aaggtgtttg
aaggagcagyg
gccgtgacgce
tcecgtgecgg
atctacagct
tacatcggcg
caggtggaca
gtgggcgtgce
ctggacaagg
aactacgtca

aacctggcca

Thr

Ala

Val

Arg

Ser

70

Val

Ala

Thr Ala Thr

10

Pro Gly

Val
25

Ala His Ser Ala

Ala Ser Pro Ala Thr

40
Thr

Thr His

55

Leu Arg

Ala
75

Gly Ala Gly Val

val Gly Gly Gly Leu

90

Gln His Lys Ile Gln

105

-134-

tcgagcccectt

ccttcaacag
agctgttcca

agcccaaggg
ttgagcgcaa
aggcggacgyg
ccecgegecgt
cgccecgecge
tgtcgtaccce
gcttecggtceca
ccagcctgtt
gcaccaccaa
aggacctgcg
gcgtgtggcece
cgcgcaaggc
gcggtgtggc

agagcgtgtc

Ala Ser Ser

Val Ala

30

Lys

Ala Ala

45

Ser

Ala Ala Ala

60
Thr

Lys Leu

Ser Gly Leu

Phe Leu

110

Asn

ctgctececgge

gatctggatt
ggaacgccag

ccagacggtg
catccccgac
gcggtacggg
ggctctgacc
cgccgaggcec
gctgagcgcec
gctgcacccg
ccceggecgce
ccgcggceatce
caacatggtc
gcgcgcecatc
gctggacgceg
cctgggcaag

caaggccgca

Arg
15

Arg
Pro Arg
Pro Ala
Ala Thr

Asn
80

Asp

val
95

Thr

Val Thr

720

780
840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
1692



Glu

Gly

Met

145

Gly

Pro

Pro

Ala

Leu

225

val

Arg

Ile

Pro

Lys

305

Lys

Gly

Phe

Leu

Asp

385

Val

Ala

Tyr

130

Leu

Asp

val

Gly

Met

210

Gly

Tyr

Ile

Lys

Arg

290

Gly

Ile

Arg

Ala

val

370

Tyx

Arg

Arg

115

vVal

Gln

Pro

Pro

Lys

195

Pro

Asp

Ala

Trp

Leu

275

Leu

Leu

Arg

Tyr

Arg

355

Lys

Pro

Glu

Glu

Trp

Ile

Thr

Ser

180

Ile

Ser

Glu

Gly

Ile

260

Phe

Pro

Lys

Val

Gly

340

Ala

Glu

Pro

Glu

Arg

Glu

Ala

Ala

165

Gly

Arg

Phe

val

Asp
245
Leu

Gln

Pro

Met

Asn

325

Leu

Val

Gln

Val

Arg

val

Glu

val

150

Pro

Leu

Ala

Glu

Phe

230

Pro

Glu

Glu

Lys

Leu

310

Trp

val

Ala

Ala

Gly

390

Lys

Gly

Gly

135

Asp

Arg

Asp

Gly

Glu

215

Phe

Ser

Lys

Arg

Pro

295

Pro

Lys

Tyr

Leu

Pro

375

Ala

Ala

Gly

120

Pro

Ser

Phe

Ala

Leu

200

Ser

Arg

Lys

Asn

Gln

280

Lys

Asp

Leu

Asp

Thr

360

Ala

val

Ser

42073

Asn

Asn

Gly

val

Phe

185

Gly

Val

Leu

Leu

Gly

265

Ser

Gly

Ala

Val

Thr

345

Ala

Ala

Thr

Asp

Ile

Ser

Cys

Trp

170

Thr

Ala

Glu

Ile

Ser
250
Gly

Asn

Gln

Ile

Ser

330

Pro

Pro

Ala

Leu

Gly

-135-

Thr

Phe

Glu

155

Trp

Phe

Ile

Gln

Glu

235

Met

Ser

Pro

Thr

Glu

315

Leu

Glu

Ser

Glu

Ser

395

Ser

Ser

Gln

140

Lys

Glu

Asp

Gly

Phe

220

Pro

Lys

Leu

Ala

val

300

Arg

Gly

Gly

Tyr

Ala

380

Tyr

Val

Met

125

Pro

Asp

Gly

Leu

Leu

205

Ile

Phe

Ala

val

Pro

285

Gly

Asn

Arg

Arg

Val

365

Leu

Pro

Pro

Ser

Asn

Leu

Lys

Met

190

Ile

Arg

Cys

Ala

Gly

270

Pro

Ser

Ile

Glu

Val

350

Val

Gly

Leu

Gly

Gly

Asp

Val

Leu

175

Ser

Asn

Arg

Ser

Phe
255
Gly

Arg

Phe

Pro

Ala

335

Lys

Ala

Ser

Ser

Phe

Asp

Ser

Phe

160

Arg

Ile

Gly

Asn

Gly

240

Asn

Ala

Asp

Arg

Asp

320

Asp

Val

Asp

Phe

Ala

400

Gly



Gln Leu His

Ser
435

Ser Ser

Asn
450

Leu Tyr

Thr Gln

465

Glu

Ile Lys Pro

Pro Arg Ala

Lys Ala Arg

515

Gly Gly

530

Asn

Gly Glu

545

Tyr

Vval Lys Ala

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

27
1734
ADN
Poly

<400> 27
atgtcgagtt

aaatatcctc
ttcgatagca
caagcactta
gtaggcggta
agttgcctaa
attctatcgg
gcccccattg
gccatccgag

agcgtggagg

405

Pro
420

Arg
Leu Phe
Ile

Gly

Leu Val

Thr

Pro

Gly

Glu

42073

Gln Gly

Gly Arg

440

Thr
455

Thr

Gln Val

470

Ala
485
Pro

Asp

Ile
500

Lys Ala

Tyr Val

Ser Ala

Pro

Gln

Leu

Ser

Ala

Lys Pro

Phe Asn

Ala
520

Asp

Gly Val

535

Asn Leu

550

tomella sp

ccgcactaag
cttecectttet
cttatgatgt
gcattcaaca
aaattacgac
tgaacgacgc
cggatccaaa
gaagctacgc
gagtcacagg

gctttgttcg

gctattatgc
gtcacaattg
cgtegtegtt
taagatcgat
gaaaaggaat
tttatatcgc
attaccacgt
tttaaaatcc
ttttggtgtg

acggacctta

Ile
425

Ala

Asn

Asp

Arg
Leu

505

Ala

Ala

Ala

410

Thr Thr

Pro Glu

Arg Gly

Lys Asp

475

val
490
Gly

val

His

Gly Leu

Leu Gly

Ser
555

Lys

gggcgaacaa
tcgaccttaa
ggtgccggaa
aatgttctgg
aaagatttcc
gctgcccgag
tggattctgt
gaccttttat
tcaccggcte

ggagacgaga

-136-

Thr
430

Leu Gly

His Met

445

Gly

Ile
460

Val Asn

Leu Arg Asn

Gly Val Arg

Glu Gln

510

Leu

Gln Gly Vval

525

Lys Val Vval

540

Val Ser Lys

gtttctttaa
atttctcaac
tctctgggtt
ttactgaagc
tgtgggagga
atgccggcegt
ggggtcgtceg
ctacccaagg
cacctaaggg

tttttgagcg

415

Ile Tyr

Leu Leu

Gln Thr

Met Val

480

vVal
495
Leu

Trp

Asp

His Leu

Glu His

Ala
560

Ala

tttatgccaa
ccattecgect
gtctactgcc
tgatcatcgt
gggtccaaat
ggaatccaaa
tttgegtgtyg
cctactecegt
tcaggaggag

actcgttgag

60

120

180

240

300

360

420

480

540

600



ccecttttget
ggaaaacttg
tacgtaatga
cctttgaacg
gaggggggaa
cttggcctac
cgtetgtcegt
gctgtaccge
gtggtggcga
cgttccggcet
ttggtegtte
gctcatggcc
ggaaccattt
ttaaatttcg
gcgatggagg
ccagaagtcc
ttggatcgag
agtggggtca

tttggattcg

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

28
5717
PRT

<400> 28

Met Ser Ser
1

Asn Leu Cys

Leu Asn Phe
35

val vVal Gly
50

Ile Gln His
65

ccggggttta
tggaattcga
acaaacgacg
agacggccaa
tcgagatcct
gactcgtgcg
accgtcggat
gtacggcgga
agaaggtcgt
tggtggcgge
tttcgtacga
tcagcggcett
acggcagtac
ttggtggatc
tggatctgga
tcggggtgaa

tggaaaaggc

aattggcggg

aaattgcgga

Polytomella

Ser Ala
5

Gln Lys

20

Ser Thr

Ala Gly

Lys Ile

Leu

Tyr

His

Ile

Asp
70

42073

tgcgggggat
agagacgggt
cgaaagaagg
ggcacccaaa
gcccaaggcc
catcgatccc
gagtcatcaa
gggggatgtc
gctgacgacyg
ggcgaacccg
cgtcgactcg
tggccaactc
attatttccc
caccgaccgt
tctgaaaaag
agtatatcca
caaaatgatg
aaattatgtg

gaacttggcg

Arg Leu

Pro

Pro

Pro
40

Ser

Ser
55

Gly

Asn Val

Leu

Ser

25

Phe

Leu

Leu

cctagcaaat
gatggtagct
acgggcgggy
tcatcctctg
attgcgcaaa
acgcagctcg
ggcgatgacg
gcggcggggyg
ccggcattceg
ttgaaggagg
atttccgcca
caccctegec
aaccgttccc
gcagtggggt
agcgggttga
aaggctattc
ttaaagaacg
tgcggcgteg

caggaattgg

Cys
10

Gly

Phe Leu

Asp Ser

Ser Thr

Val Thr

75

-137-

tgtccatgcg
tacttcgcgg
cgaaagacgg
gcccaacagt
agctgggtga
cggatggtac
actcgagtcg
acgaggacgc
acgccgcegga
tggattaccc
tacaccgcgt
cagagggtct
ccgtagecteg
ccgeggatcec
tccgagaggg
ctcagtttga
aaaggggggyg
cagtgggcag

cgagaaaaaa

Arg Thr Ser

Gln Leu

30

Ser

Thr Tyr

45

Asp

Ala Gln Ala

60

Glu Ala Asp

tgctgectttce
cgtectttegt
ggacacggtc
atcgtctttc
tcgagttcgt
gacagcgtac
tacggcaggt
cgtggtggag
catcttgtcg
gccagtagcg
gagtcacgtg
ccgtacatta
tacgacgctt
aatggctttg
agctgcgaag
tattggtcat
tgcagattgg
atgcatagaa

atag

Phe
15

Phe

Ser Thr

val Val

Leu Ser

His Arg

80

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1734



Val

Glu

Arg

Pro

Ser

145

Ala

Gly

Glu

Gly

Glu

225

Tyr

Gly

ser

Lys

Leu

305

Arg

Gly

Gly

Asp

Arg

130

Tyr

Ile

Gln

Ile

Asp

210

Phe

Val

AsSp

Gly

Ala

290

val

Leu

Gly

Pro

Ala

115

Trp

Ala

Arg

Glu

Phe

195

Pro

Glu

Met

Thr

Pro

275

Ile

Arg

Ser

Lys

Asn
100

Gly

Ile

Leu

Gly

Glu

180

Glu

Ser

Glu

Asn

Val

260

Thr

Ala

Ile

Tyr

Ile
85

Ser

val

Leu

Lys

Val

165

Ser

Arg

Lys

Thr

Lys

245

Pro

val

Gln

Asp

Arg
325

Thr

Cys

Glu

Trp

Ser

150

Thr

val

Leu

Leu

Gly

230

Arg

Leu

Ser

Lys

Pro

310

Arg

Thr

Leu

ser

Gly

135

Asp

Gly

Glu

Val

Ser

215

Asp

Arg

Asn

Ser

Leu

295

Thr

Met

42073

Lys

Met

Lys

120

Arg

Leu

Phe

Gly

Glu

200

Met

Gly

Glu

Glu

Phe

280

Gly

Gln

Ser

Arg

Asn
105

Ile

Arg

Leu

Gly

Phe

185

Pro

Arg

Ser

Arg

Thr

265

Glu

Asp

Leu

His

Asn
90

Asp

Leu

Leu

Ser

Val

170

vVal

Phe

Ala

Leu

Arg

250

Ala

Gly

Arg

Ala

Gln
330

-138-

Lys

Ala

Ser

Arg

Thr

155

Ser

Arg

Cys

Ala

Leu

235

Thr

Lys

Gly

Val

Asp

315

Gly

Asp

Leu

Ala

val

140

Gln

Pro

Arg

Ser

Phe

220

Arg

Gly

Ala

Ile

Arg

300

Gly

Asp

Phe

Tyr

Asp

125

Ala

Gly

Ala

Thr

Gly

205

Gly

Gly

Gly

Pro

Glu

285

Leu

Thr

Asp

Leu

Arg
110

Pro

Pro

Leu

Pro

Leu

190

Val

Lys

vVal

Ala

Lys

270

Ile

Gly

Thr

Asp

Trp
95

Ala

Lys

Ile

Leu

Pro

175

Gly

Tyr

Leu

Phe

Lys

255

ser

Leu

Leu

Ala

Ser
335

Glu

Ala

Leu

Gly

Arg

160

Lys

Asp

Ala

Val

Arg

240

Asp

Ser

Pro

Arg

Tyr

320

sSer



Arg

Gly

Thr

vVal

385

Leu

Val

Arg

Phe

Gly

465

Ala

Gly

Ile

Met

Leu

545

Phe

Lys

Thr

Asp

Thr

370

Ala

vVal

ser

Pro

Pro

450

Gly

Met

Ala

Pro

Met

530

Ala

Gly

<210>
<211>

<212>

Ala

Glu

355

Pro

Ala

val

His

Glu

435

Asn

Ser

Glu

Ala

Gln

515

Leu

Gly

Phe

29
1635
ADN

Gly
340
Asp

Ala

Ala

Leu

vVal

420

Gly

Arg

Thr

val

Lys

500

Phe

Lys

Asn

Glu

Ala

Ala

Phe

Asn

Ser

405

Ala

Leu

Ser

Asp

Asp

485

Pro

Asp

Asn

Tyr

Ile
565

vVal

Val

Asp

Pro

390

Tyr

His

Arg

Pro

Arg

470

Leu

Glu

Ile

Glu

vVal

550

Ala

Pro

vVal

Ala

375

Leu

Asp

Gly

Thr

Val

455

Ala

Asp

Val

Gly

Arg

535

Cys

Glu

Arg

Glu

360

Ala

Lys

Val

Leu

Leu

440

Ala

Val

Leu

Leu

His

520

Gly

Gly

Asn

42073

Thr
345
val

Asp

Glu

Asp

Ser

425

Gly

Arg

Gly

Lys

Gly

505

Leu

Gly

val

Leu

Ala

Val

Ile

Val

Ser

410

Gly

Thr

Thr

Ser

Lys

490

Val

Asp

Ala

Ala

Ala
570

-139-

Glu

Ala

Leu

Asp

395

Ile

Phe

Ile

Thr

Ala

475

Ser

Lys

Arg

Asp

val

555

Gln

Gly

Lys

Ser

380

Tyr

Ser

Gly

Tyr

Leu

460

Asp

Gly

Val

Val

Trp

540

Gly

Glu

Asp

Lys

365

Arg

Pro

Ala

Gln

Gly

445

Leu

Pro

Leu

Tyr

Glu

525

Ser

Arg

Leu

Val
350
val

Ser

Pro

Ile

Leu

430

Ser

Asn

Met

Ile

Pro

510

Lys

Gly

Cys

Ala

Ala

Val

Gly

Val

His

415

His

Thr

Phe

Ala

Arg

495

Lys

Ala

Val

Ile

Arg
575

Ala

Leu

Leu

Ala

400

Arg

Pro

Leu

val

Leu

480

Glu

Ala

Lys

Lys

Glu

560

Lys



<213>

<400> 29
atgctcgcetce

acctccgetce
cgcgcagcetce
gcgtacaggc
ggaggaaaga
atgacagaag
cagcagtatc
attccttegg
gegttatttt
tctgatgagc
gttgttgact

ctatctattt
gttgttggtg

gattcatcag
tcactaataa
gtgttgtcat
gatgattcga
ataatgacag
tttgttctag
tttaagaagg
gaacagcaaa
gatcgagctc
gatcttgctg
ctcttaggcg
cctttgtatg
cttccagggt
gcttcaggaa

aataatttac

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

30
544
PRT

<400> 30

Sorghum bicolor

ggactgccac
gcagtctccg
ccgccaggte
tcaggaagag
tacggaccaa
gtgaattgga
ctaactccca
atcccatttc
ttgaaccatt
atttgagtga
atcttattga

gtcatgcatt
ccatcttgtc

cgaaaagaag
atgcacttca
tggcgtgtac
aggatgctag
ctccattgtce
actttcttcc
aagatgtcaa
aacatggtct
ctgacgacca
gagctccaac
tacaggggca
gtcatgatta
tcttctacge

gcaaggctgc
attga

Sorghum

42073

ggtctcctce
cctacgtccg
ggtcgecgtce
cggcgtgaat
ttcecgagggc
ggccagtaga
acacaagcgt
gctgatgaaa
tctctacaag
gagtgttggg
tccatttgta

cccagcactg
taagctaaca

gaatagacgc
caatgaagtt
attagatgga
tggcaaggac
aaatgtccag
taaggtggat
gaaacctctg
aaaaaccctt
atatttatat
gtctattctyg
accaactttt
caattctgta
aggaaataac

tgaccttgca

acttcgtccc
gtcctcgcga
gtcggcgeeg
gtgacggtgt
gggtttctct
ctgatagatg
tacattgtca
agcagtgttc
aaagctaaca
agcttctttg
gctggaacaa

tggaatttgg
gctaaaggtg

gtgtcgtttt
ggagatgata
gcccctgcac
cttgctaaaa
aggatgaagt
tatctaccac
gaaggatttg
gggactctct
acaacatttg
aaacaacttg
gtcaagcata
ttggaagcta

aaggatgggc

atctecgtatc

-140-

actcccatcc
tggcgggcte
gggtcagcgg
tcgaggcgge
gggatgaagg
atctcggtct
aagatggagc
tttctacaaa
caagaaaccc
aacgccactt
gtgcaggaga

aaagaaaata
atccagtaaa

catttcatgg
atgtgaagct
caggcgggtyg
accaaacctt
tcacaaaagg
tatctctcat
gcgtcttaat
tctectcaat
ttgggggtag
tgacctctga
tatactgggg
tagaaaagat
ttgctgttgg

ttgaatctca

ttatcgcecc
cgacgactcc
gctcgtggcg
cgacagggcyg
agcgaacacc
acaagacaaa
accagcactg
atcaaagatt
tggaaaagta
cggaagagaa
tccagagtca

tggttcagtt
gacaagacgt

tggaatgcag
tggtacagaa
gtcaatttct
tgatgctgtt
tggagctcct
ggtgactgcect
accctacaag
gatgttccca
ccacaataga
ccttaaaaaa
aaatgctttt
ggagaaaaat
gagtgttata

caccaagcat

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
1635



42073

Met Leu Ala Arg Thr Ala Thr Val Ser Ser Thr Ser Ser His Ser His

Pro Tyr Arg Pro Thr Ser Ala Arg Ser Leu Arg Leu Arg Pro Val Leu
20 25 30

Ala Met Ala Gly Ser Asp Asp Ser Arg Ala Ala Pro Ala Arg Ser Val
35 40 45

Ala Val Vval Gly Ala Gly Val Ser Gly Leu Val Ala Ala Tyr Arg Leu
50 55 60

Arg Lys Ser Gly Val Asn Val Thr val Phe Glu Ala Ala Asp Arg Ala

65 70 75 80

Gly Gly Lys Ile Arg Thr Asn Ser Glu Gly Gly Phe Leu Trp Asp Glu
85 90 95

Gly Ala Asn Thr Met Thr Glu Gly Glu Leu Glu Ala Ser Arg Leu Ile
100 105 110

Asp Asp Leu Gly Leu Gln Asp Lys Gln Gln Tyr Pro Asn Ser Gln His
115 120 125

Lys Arg Tyr Ile Val Lys Asp Gly Ala Pro Ala Leu Ile Pro Ser Asp
130 135 140

Pro Ile Ser Leu Met Lys Ser Ser Val Leu Ser Thr Lys Ser Lys Ile
145 150 155 160

Ala Leu Phe Phe Glu Pro Phe Leu Tyr Lys Lys Ala Asn Thr Arg Asn
165 170 175

Pro Gly Lys Val Ser Asp Glu His Leu Ser Glu Ser Val Gly Ser Phe
180 185 190

Phe Glu Arg His Phe Gly Arg Glu Val Val Asp Tyr Leu Ile Asp Pro
195 200 205

Phe Val Ala Gly Thr Ser Ala Gly Asp Pro Glu Ser Leu Ser Ile Cys
210 215 220

His Ala Phe Pro Ala Leu Trp Asn Leu Glu Arg Lys Tyr Gly Ser Val
225 230 235 240

val val Gly Ala Ile Leu Ser Lys Leu Thr Ala Lys Gly Asp Pro Val
245 250 255

-141-



42073

Lys Thr Arg Arg Asp Ser Ser Ala Lys Arg Arg Asn Arg Arg Val Ser
260 265 270

Phe Ser Phe His Gly Gly Met Gln Ser Leu Ile Asn Ala Leu His Asn
275 280 285

Glu Val Gly Asp Asp Asn Val Lys Leu Gly Thr Glu Val Leu Ser Leu
290 295 300

Ala Cys Thr Leu Asp Gly Ala Pro Ala Pro Gly Gly Trp Ser Ile Ser

305 310 315 320

Asp Asp Ser Lys Asp Ala Ser Gly Lys Asp Leu Ala Lys Asn Gln Thr
325 330 335

Phe Asp Ala Val Ile Met Thr Ala Pro Leu Ser Asn Val Gln Arg Met
340 345 350

Lys Phe Thr Lys Gly Gly Ala Pro Phe Val Leu Asp Phe Leu Pro Lys
355 360 365

Val Asp Tyr Leu Pro Leu Ser Leu Met val Thr Ala Phe Lys Lys Glu
370 375 380

Asp Val Lys Lys Pro Leu Glu Gly Phe Gly Val Leu Ile Pro Tyr Lys
385 390 395 400

Glu Gln Gln Lys His Gly Leu Lys Thr Leu Gly Thr Leu Phe Ser Ser
405 410 415

Met Met Phe Pro Asp Arg Ala Pro Asp Asp Gln Tyr Leu Tyr Thr Thr
420 425 430

Phe Val Gly Gly Ser His Asn Arg Asp Leu Ala Gly Ala Pro Thr Ser
435 440 445

Ile Leu Lys Gln Leu Val Thr Ser Asp Leu Lys Lys Leu Leu Gly Val
450 455 460

Gln Gly Gln Pro Thr Phe Val Lys His Ile Tyr Trp Gly Asn Ala Phe
465 470 475 480

Pro Leu Tyr Gly His Asp Tyr Asn Ser Val Leu Glu Ala Ile Glu Lys
485 490 495

Met Glu Lys Asn Leu Pro Gly Phe Phe Tyr Ala Gly Asn Asn Lys Asp
500 505 510

Gly Leu Ala Val Gly Ser Val Ile Ala Ser Gly Ser Lys Ala Ala Asp
515 520 525

-142-



42073

Leu Ala Ile Ser Tyr Leu Glu Ser His Thr Lys His Asn Asn Leu His

530

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

31
1017
ADN

<400> 31

atggcctcca
cggcatattg
cagcggaagyg
cccgagaagg
gtggtcgtgg
agcggcgtgg
acctcecgtgt
ccaaacgact
ggcgacccca
ggccccgacg
ggcgcgctgg
cggcgcaacc

tacgccggcg
gagaagaagg

aacccgccgc
tccttecget
gtgcgcacca
<210>
<211>

<212>
<213>

32
338
PRT
Chlo

<400> 32

Chlorella sp

cagcaacact
cagcaccgag
gggcagggga
cgggggcgag
gcgceggeat
cgcggcegggt
ccaacaagga
ccatcctgca
cggcgecgceg
cgctcacgtt
gcttcaaggc

tgggggccga

accccaagaa
gcggcagceat

cgccgcegeag
ccggectgeg

gctggcagcect

rella

535

gcacggcgceyg
catccagcac
gcggcgeteg
cacagggagc
ctcecggecte
gctggtgacc
ggaggggctg
ggccgcggtyg
ttttgtgtac
cgacctgatg
gcccatgcca
ggtgtttgag

gctgtccatg
cgtgggcggce

cccagecgcetg
cacgctgeccg

caaggagctc

ccctgetget
aatgggccgc
gcactgcgtg
gcagcagacg
accaccgccce
gagggccgcg
ctgtgggagyg
gacgccggceg
tgggacaaga
agcatcgtgg
gactatgagg
cgcctgatcg

aaggcggcct
gtgatcaagc

ccgeccaagce
gatgccatgg

agcaaggaag

540

cggcgeggec
gcctggegge
tgcaggcegt
acagcggcgt
aggcgctgac
accgcgtggg
aggggcccaa
tggcggacca
agctgcgceccc
gcaagatccg
agagcgtgga
agcccttcetg

ttggcaaggt
tgattcagga

cecgegggeca
cggegeggcet

gggaggccta

cgtgggccgce
cagggtgcag
ccaggcccect
ttacgacgtt
cacgcagcac
cggcaacatc
ctccttceccag
gctggtactg
cacgccctcece
ggcggggctyg
gcagtatgtg
cagcggcgtg

gtacgacctg
gcggecgegcece

gacggtgggc
gggagacgcg

caagtga

Met Ala Ser Thr Ala Thr Leu His Gly Ala Pro Cys Cys Ser Ala Arg

1

5

10

15

Pro Val Gly Arg Arg His Ile Ala Ala Pro Ser Ile Gln His Asn Gly

20

25

30

Pro Arg Leu Ala Ala Arg Val Gln Gln Arg Lys Gly Ala Gly Glu Arg

35

40

-143-

45

60

120

180

240

300

360

420

480

540

600

660

720

780
840

900

960

1017



42073

Arg Ser Ala Leu Arg Val Gln Ala Val Gln Ala Pro Pro Glu Lys Ala
50 55 60

Gly Ala Ser Thr Gly Ser Ala Ala Asp Asp Ser Gly Val Tyr Asp Val
65 70 75 80

Val val Val Gly Ala Gly Ile Ser Gly Leu Thr Thr Ala Gln Ala Leu
85 90 95

Thr Thr Gln His Ser Gly Val Ala Arg Arg Val Leu Val Thr Glu Gly
100 105 110

Arg Asp Arg Val Gly Gly Asn Ile Thr Ser Val Ser Asn Lys Glu Glu
115 120 125

Gly Leu Leu Trp Glu Glu Gly Pro Asn Ser Phe Gln Pro Asn Asp Ser
130 135 140

Ile Leu Gln Ala Ala Val Asp Ala Gly Val Ala Asp Gln Leu Val Leu
145 150 155 160

Gly Asp Pro Thr Ala Pro Arg Phe Val Tyr Trp Asp Lys Lys Leu Arg
165 170 175
Pro Thr Pro Ser Gly Pro Asp Ala Leu Thr Phe Asp Leu Met Ser Ile
180 185 190

Val Gly Lys Ile Arg Ala Gly Leu Gly Ala Leu Gly Phe Lys Ala Pro
195 200 205

Met Pro Asp Tyr Glu Glu Ser Val Glu Gln Tyr Val Arg Arg Asn Leu
210 215 220

Gly Ala Glu Val Phe Glu Arg Leu Ile Glu Pro Phe Cys Ser Gly Val
225 230 235 240

Tyr Ala Gly Asp Pro Lys Lys Leu Ser Met Lys Ala Ala Phe Gly Lys
245 250 255

Val Tyr Asp Leu Glu Lys Lys Gly Gly Ser Ile Val Gly Gly Val Ile
260 265 270

Lys Leu Ile Gln Glu Arg Arg Ala Asn Pro Pro Pro Pro Arg Ser Pro
275 280 285

Ala Leu Pro Pro Lys Pro Ala Gly Gln Thr Val Gly Ser Phe Arg Ser
290 295 300

Gly Leu Arg Thr Leu Pro Asp Ala Met Ala Ala Arg Leu Gly Asp Ala

-144-



305

42073

310

315

320

Val Arg Thr Ser Trp Gln Leu Lys Glu Leu Ser Lys Glu Gly Glu Ala

Tyr Lys

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

33
1611
ADN
Oryz

<400> 33
atggccgccg

cgcattcgeg
agcggcegegyg
gtgggcggcyg
ggcgacgtgc
cgcgecggeg
gtcctcacca
gcgecegeggt
ctgcegttcet
ggcgttcgag
ctcggcgcgyg
gatccttcaa
ggaggtagca
ccgeccgaggyg
ggtctgacta
tggaagttga
ccagaagggyg
gctagtgata
tatccaccag

ttaattgacg
actttaggaa

ttacttctga
gagctggtag
gaccctttgg

catcttgatc

325

a sativa

ccgecegecagce
acgccgcgag
ccgaggcgcec
gcatcagcgg
tcgtcacgga
agggctacct
tggccgtgga
tcgtgctgtg
tcgacctcat
cgccacctcc
aggtctttga
agctcagtat
ttattggtgg
atccccgect
tgctccecgga
caagcattac
tggtctcggt
tcttgcggcec
ttgctgcectgt

gagagctcca
caatatatag

actacatagg
aagcagttga
tccttggegt

atcttgaggc

catggccacc
gaggacccgce
cgcggegece
gctctgcacc
ggcccgegec
ctgggaggag
cagcgggcete
ggaggggaag
gagcatcccc
agggcgtgag
gcgectcatt
gaaggctgca
aaccatcaaa
tccaacgcca
tgctattaca
aaagtcagac
gcaagctaaa
actttcaagt
aactgtttca

gggtttcggce
ctcatcactce

aggttctaca
ccgtgacctc

ccgggtatgg

tgcaaaatct

330

gccacctccg
cgacgcggcce
gg9gcgcggy
gcgcaggcgce
cgccceggceg
gggcccaaca
aaggacgatc
ctaaggccgg
ggcaagctca
gagtcggtgg
gagcctttcet
tttgggaagg
acaatccagg
aaggggcaga
tctaggttgg
aacaaaggat
actgttgtca
gatgcagcag
tatccaaaag

cagctgcatc
tttccaaatc

aatacaggga
aggaagatgc
ccacaagcca

gccctgggca

-145-

ccacggcagc
acgttcgctg
tgtcggcgga
tggccacaaa
gcaacatcac
gcttccagcc
tcgtgttcgg
tgccgtccaa
gggccggcect
aggacttcgt
gctcaggtgt
tgtggaggct
agagggggaa
cagttgcatc
gtagcaaagt
atgcattagt
tgaccatccc
atgctctgtc
aagcaattag

cgcgtagtca
gtgctccagce

ttgtttccaa
tgataaatcc
taccacagtt

aaggtggtta

335

gccgecegcete
cgcecgtcegec
ctgcgtcegtg
gcacggcgtc
caccgccgag
ttccgacccce
ggaccccaac
gceccggegac
tggcgegcetce
gcggcgcaac
gtatgctggt
ggaggatact
aaaccccaaa
tttcaggaag
caaactttca
gtatgaaaca
atcatatgtt
aatattctat
aaaagaatgc

gggagttgag
tggaagggtg

gactgaaagt
taaagcagtg
cctcattggce

tgatggattg

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



42073

ttcctcggag ggaactatgt tgcaggagtt gccctgggcece gatgcgttga aggtgcatat 1560

gagagtgcct cacaaatatc tgactacttg accaagtacg cctacaagtg a 1611
<210> 34

<211> 536

<212> PRT

<213> Oryza sativa
<400> 34

Met Ala Ala Ala Ala Ala Ala Met Ala Thr Ala Thr Ser Ala Thr Ala
1 5 10 15

Ala Pro Pro Leu Arg Ile Arg Asp Ala Ala Arg Arg Thr Arg Arg Arg
20 25 30

Gly His Val Arg Cys Ala Val Ala Ser Gly Ala Ala Glu Ala Pro Ala
35 40 45

Ala Pro Gly Ala Arg Val Ser Ala Asp Cys Val Val Val Gly Gly Gly
50 55 60

Ile Ser Gly Leu Cys Thr Ala Gln Ala Leu Ala Thr Lys His Gly Val
65 70 75 80

Gly Asp Val Leu Val Thr Glu Ala Arg Ala Arg Pro Gly Gly Asn Ile
85 90 95

Thr Thr Ala Glu Arg Ala Gly Glu Gly Tyr Leu Trp Glu Glu Gly Pro
100 105 110

Asn Ser Phe Gln Pro Ser Asp Pro Val Leu Thr Met Ala Val Asp Ser
115 120 125

Gly Leu Lys Asp Asp Leu Val Phe Gly Asp Pro Asn Ala Pro Arg Phe
130 135 140

vVal Leu Trp Glu Gly Lys Leu Arg Pro Val Pro Ser Lys Pro Gly Asp
145 150 155 160

Leu Pro Phe Phe Asp Leu Met Ser Ile Pro Gly Lys Leu Arg Ala Gly
165 170 175

Leu Gly Ala Leu Gly Val Arg Ala Pro Pro Pro Gly Arg Glu Glu Ser
180 185 190

Val Glu Asp Phe Val Arg Arg Asn Leu Gly Ala Glu Val Phe Glu Arg
195 200 205

Leu Ile Glu Pro Phe Cys Ser Gly Val Tyr Ala Gly Asp Pro Ser Lys
210 . 215 220

Leu Ser Met Lys Ala Ala Phe Gly Lys Val Trp Arg Leu Glu Asp Thr
225 230 235 240

-146-



42073

Gly Gly Ser Ile Ile Gly Gly Thr Ile Lys Thr Ile Gln Glu Arg Gly
245 250 255

Lys Asn Pro Lys Pro Pro Arg Asp Pro Arg Leu Pro Thr Pro Lys Gly
260 265 270

Gln Thr Val Ala Ser Phe Arg Lys Gly Leu Thr Met Leu Pro Asp Ala
275 280 285

Ile Thr Ser Arg Leu Gly Ser Lys Val Lys Leu Ser Trp Lys Leu Thr
290 295 300

Ser Ile Thr Lys Ser Asp Asn Lys Gly Tyr Ala Leu Val Tyr Glu Thr
305 310 315 320

Pro Glu Gly Val Val Ser Val Gln Ala Lys Thr Val Val Met Thr Ile
325 330 335

Pro Ser Tyr Val Ala Ser Asp Ile Leu Arg Pro Leu Ser Ser Asp Ala
340 345 350

Ala Asp Ala Leu Ser Ile Phe Tyr Tyr Pro Pro Val Ala Ala Val Thr
355 360 365

Val Ser Tyr Pro Lys Glu Ala Ile Arg Lys Glu Cys Leu Ile Asp Gly
370 375 380

Glu Leu Gln Gly Phe Gly Gln Leu His Pro Arg Ser Gln Gly val Glu
385 390 395 400

Thr Leu Gly Thr Ile Tyr Ser Ser Ser Leu Phe Pro Asn Arg Ala Pro
405 410 415
Ala Gly Arg Val Leu Leu Leu Asn Tyr Ile Gly Gly Ser Thr Asn Thr
420 425 430

Gly Ile Val Ser Lys Thr Glu Ser Glu Leu Val Glu Ala Val Asp Arg
435 440 445

Asp Leu Arg Lys Met Leu Ile Asn Pro Lys Ala Val Asp Pro Leu Val
450 455 460

Leu Gly val Arg Val Trp Pro Gln Ala Ile Pro Gln Phe Leu Ile Gly
465 470 475 480

His Leu Asp His Leu Glu Ala Ala Lys Ser Ala Leu Gly Lys Gly Gly
485 490 495

Tyr Asp Gly Leu Phe Leu Gly Gly Asn Tyr vVal Ala Gly Val Ala Leu
500 505 510

-147-



42073

Gly Arg Cys Val Glu Gly Ala Tyr Glu Ser Ala Ser Gln Ile Ser Asp

515

520

Tyr Leu Thr Lys Tyr Ala Tyr Lys

530

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

35

ADN
<400> 35

atgggcaaca
gctggagtta
ttgtttgaag
atttgggatg
gatgatcttg
gctagagatg
atcctttcag
aatgctactg
cattttggga
ggagatcctc
aggtttgget

ggtggaggag
ggtggaatgc

ctccagtgtg
tggtcagtct
gtcactgctc
tcacttgact
aagaaggata
caacataatg
gctccatctg
gcaaacgctt
ggcactgagg
tatggacaca
ggattttttt
ggatgcaagg

gatgagaaga

1518

tttctgagceg
gtggacttgc
ctgattctag
agggggcaaa
ggcttcgtga
gtcttecectgt
caaaatcaaa
agctttctga
aagagtttgt
aatcgctttc
ctgtgtttgc

gaaatgcttc
agacacttgt

aggtgctgtc
cttctatgtc
caattcgcaa
ttattccaga
aagtgaagag
gactgaagac
acatgtgtct
caacggatga
acgaaccttc
attacgattc
atgcaggtaa
ctgcggaact

ccgecgtaa

535

Amaranthus tuberculatus

ggatgaaccc
tgctgcatat
agctggaggc
tactatgaca
gaagcaacag
gctactacct
gctgcaaatt
tgagcatgtt
tgattatgtt
tatgcaccat
tggactaatt

tatcaagaag
tgacacaata

cttgtcatac
aaataatacc
tgtcaaagaa
ggtgagttac
accactcgag
tcttggtact
ctttactaca
attgaagcaa
atttgtcaat
tgttttgaga
ccataagggt

tgtaatatcc

acttctgcta
aagctaaaat
aaacttaaaa
gaaagtgagg
ttgccaattt
tcaaatcccg
atgttggaac
caggaaagcg
attgaccctt
acatttccag
caatcaacat

cctegtgtac
tgcaaacagc

aaccagaagg
agtgaagatc
atgaagatta
gtacccctct
ggctttggag
ttattttcct
tttgtcggag
atagtttctt
catctctttt
gccatagaca
ggactttcag

tatctggact

-148-

525

aaagggttgc
cccatggttt
ctgttaaaaa
cagaagtctc
cacaaaataa
ctgcactgct
catttttctg
ttggtgaatt
ttgttgcggg
aagtatggaa
tgttatctaa

gtggttcatt
ttggtgaaga

ggatcccttc
aatcttatga
tgaaattcgg
ctgttatgat
ttcttatccce
ccatgatgtt
gaagcagaaa
ctgaccttca
ggagcaacgc
agatggaaaa
tgggaaaagc

ctcatatata

tgttgttggt
gaatgtgaca
agatggtttt
gagtttgatc
aagatacata
cacgagcaat
gagaaaacac
ttttgagcga
tacatgtggt
tattgaaaaa
gaaggaaaag

ttcattccat
tgaactcaaa

attagggaat
tgctgtggtt
aaatccattt
tactgcattc
ctctaaagag
tccecgategt
tagaaaactt
gcagctgttg
attcccgttyg
ggatcttcct
gatggcctcc

tgtgaagatg

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

1518



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

<400>

42073

36

505

PRT
Amaranthus

36

Met Gly Asn

1

Ala

Lys

Gly

Gly
65

Asp

Lys

Pro

Gln

Leu

145

His

Gly

Pro

Leu

Asn
225

val

Ser

Gly
50

Ala

Asp

Arg

Ala

Ile

130

Ser

Phe

Thr

Glu

Ile

210

Ala

Val

His

35

Lys

Asn

Leu

Tyr

Ala

115

Met

Asp

Gly

Cys

Val

195

Gln

Ser

Ile

Gly
20

Gly

Leu

Thr

Gly

Ile

100

Leu

Leu

Glu

Lys

Gly

180

Trp

Ser

Ile

Ser

Ala

Leu

Lys

Met

Leu

85

Ala

Leu

Glu

His

Glu

165

Gly

Asn

Thr

Lys

Glu

Gly

Asn

Thr

Thr
70

Arg

Arg

Thr

Pro

Val

150

Phe

Asp

Ile

Leu

Lys
230

Arg

Val

val

Val
55

Glu

Glu

Asp

Ser

Phe

135

Gln

val

Pro

Glu

Leu

215

Pro

Asp

Ser

Thr
40

Lys

Ser

Lys

Gly

Asn

120

Phe

Glu

Asp

Gln

Lys

200

Ser

Arg

Glu

Gly

25

Leu

Lys

Glu

Gln

Leu

105

Ile

Trp

Ser

Tyr

Ser

185

Arg

Lys

Val

Pro

10

Leu

Phe

Asp

Ala

Gln

90

Pro

Leu

Arg

Val

vVal

170

Leu

Phe

Lys

Arg

-149-

Thr

Ala

Glu

Gly

Glu
75

Leu

Val

Ser

Lys

Gly

155

Ile

Ser

Gly

Glu

Gly
235

Ser

Ala

Ala

Phe
60

val

Pro

Leu

Ala

His

140

Glu

Asp

Met

Ser

Lys

220

Ser

Ala

Ala

Asp

45

Ile

ser

Ile

Leu

Lys

125

Asn

Phe

Pro

His

Val

205

Gly

Phe

Lys

Tyr

30

Ser

Trp

Ser

Ser

Pro

110

Ser

Ala

Phe

Phe

His

190

Phe

Gly

Ser

Arg

15

Lys

Arg

Asp

Leu

Gln

95

Ser

Lys

Thr

Glu

val

175

Thr

Ala

Gly

Phe

Val

Leu

Ala

Glu

Ile
80

Asn

Asn

Leu

Glu

Arg

160

Ala

Phe

Gly

Gly

His
240



Gly

Asp

Lys

Asn

Ile

305

Ser

Ile

Gly

Gly

Met

- 385

Ala

Gln

Phe

Leu

Ala

465

Gly

Gly

Glu

Gly

Thr

290

Arg

Leu

Thr

Val

Thr

370

Cys

Asn

Gln

Trp

Arg

450

Gly

Cys

Met

Leu

Ile

275

Ser

Asn

Asp

Ala

Leu

355

Leu

Leu

Ala

Leu

ser

435

Ala

Asn

Lys

Gln

Lys

260

Pro

Glu

Val

Phe

Phe

340

Ile

Phe

Phe

Ser

Leu

420

Asn

Ile

His

Ala

Thr

245

Leu

Ser

Asp

Lys

Ile
325
Lys

Pro

Ser

Thr

Thr

405

Gly

Ala

Asp

Lys

Ala
485

Leu

Gln

Leu

Gln

Glu

310

Pro

Lys

Ser

Ser

Thr

390

Asp

Thr

Phe

Lys

Gly

470

Glu

vVal

Cys

Gly

Ser

295

Met

Glu

Asp

Lys

Met

375

Phe

Glu

Glu

Pro

Met

455

Gly

Leu

Asp

Glu

Asn

280

Tyr

Lys

Val

Lys

Glu

360

Met

Val

Leu

Asp

Leu

440

Glu

Leu

val

42073

Thr

Val

265

Trp

Asp

Ile

ser

vVal

345

Gln

Phe

Gly

Lys

Glu

425

Tyx

Lys

Ser

Ile

Ile

250

Leu

Ser

Ala

Met

Tyr
330
Lys

His

Pro

Gly

Gln

410

Pro

Gly

Asp

Val

Ser
490

-150-

Cys

sSer

Val

val

Lys

315

val

Arg

Asn

Asp

Ser

395

Ile

Ser

His

Leu

Gly

475

Tyr

Lys

Leu

Ser

vVal

300

Phe

Pro

Pro

Gly

Arg

380

Arg

Val

Phe

Asn

Pro

460

Lys

Leu

Gln

Ser

ser

285

val

Gly

Leu

Leu

Leu

365

Ala

Asn

Ser

vVal

Tyr

445

Gly

Ala

Asp

Leu

Tyr

270

Met

Thr

Asn

Ser

Glu

350

Lys

Pro

Arg

Ser

Asn

430

Asp

Phe

Met

ser

Gly

255

Asn

ser

Ala

Pro

Val
335
Gly

Thr

Ser

Lys

Asp

415

His

Ser

Phe

Ala

His
495

Glu

Gln

Asn

Pro

Phe

320

Met

Phe

Leu

Asp

Leu

400

Leu

Leu

Val

Tyr

ser

480

Ile



42073

Tyr Val Lys Met Asp Glu Lys Thr Ala

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

37
1521
ADN

<400> 37

atggagttat
aatctccgat
accgtcggat
attgtcggcg

gatgctgctc
actcgtgaag

cctatgctca
actgcgccaa
gacttaccgt
cttggcattc
aacctcggtg
ggtgatcctt
aatggtggaa
aaggcagaac
aagggacttc
tcttggaagc
actccagatg
gttgcaagtg
tattacccac

tgtttgatag
gaaacattag

attttgectgt
ggtgagttag
tctctaacgt
gccttaggece
tcacggtacg
<210>
<211>

<212>
<213>

38
506
PRT
Arab

500

ctcttctceceg
taaatgttta
cttcaaaaat
gaggtattag

cgaatttaat
agaatggttt

ctatggtggt
ggtttgtgtt
tctttgattt
gaccgtcacc
atgaggtttt
caaaactgag
gcataatagg
gagacccgcg
gaatgttgcc
tctcaggtat
gtttagtttc
gtctcttgeg
cagttgcagc

atggtgaact
gaactatcta

tgaactacat
tggaagcatt
cttcgggcta
ggtgtgtaga

cttacaagta

idopsis

Arabidopsis thaliana

tccgacgact
taagcctctt
cgaaggcgga
tggtctttgce

tgtgaccgag
tctctgggaa

agatagtggt
gtggaatggg
gatgagtatt
tccaggtcgt
tgagcgcctg
catgaaagca
tggtactttt
cctgccaaaa
agaagcaata
cactaagctg
cgtgcagagc
ccctetttet
agtatctatc

aaagggtttt
cagctcctca

tggcgggtct
tctagttggt
cgaagggcta
aggcgcatat

a

505

caatcgcette
agactccgtt
ggaggcacca
atcgctcagg

gctaaggatc
gaaggtccca

ttgaaggatg
aaattgaggc
ggtgggaaga
gaagaatctg
attgaaccgt
gcgtttggga
aaggcaattc
ccacagggcc
tctgcaagat
gagagcggag
aaaagtgttg
gaatctgctg
tcgtaccega

gggcaattgc
ctctttccaa

acaaacaccg
cactttgata
tttttgggtg

gaaaccgcga

-151-

ttcegtegtt
gttcagtggc
ccatcacgac
cgcttgcectac

gtgttggagg
atagttttca

atttggtgtt
cggttccatc
ttagagctgg
tggaggagtt
tttgttcagg
aggtttggaa
aggagaggaa
aaacagttgg
taggtagcaa
gatacaactt
taatgacggt
caaatgcact
aagaagcaat

atccacgcac
atcgcgcacc

gaattctgtc
tccttgacac
gcaattacgt

ttgaggtcaa

ttcgaagceccc
cggtggacca
ggattgtgtg
taagcatcct

caacattatc
accgtctgat

gggagatcct
gaagctaaca
ttttggtgca
tgtacggcgt
tgtttatgct
actagagcaa
aaacgctccce
ttctttcagg
agttaagttg
aacatatgag
gccatctcat
ctcaaaacta
ccgaacagaa

gcaaggagtt
gccecggaaga

caagtctgaa
ggctaaatca
cgctggtgta

caacttcatg

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

1521



<400>

38

Met Glu Leu

1

Phe

Arg

Gly

Gly

65

Asp

Gly

Pro

Ser

Phe
145
Asp

Gly

Ser

Arg

Lys

225

Asn

sSer

Cys

Gly

50

Ile

Ala

Asn

Asn

Gly

130

vVal

Leu

Phe

Val

Leu

210

Leu

Gly

Lys

Ser

35

Gly

ser

Ala

Ile

Ser

115

Leu

Leu

Pro

Gly

Glu

195

Ile

Ser

Gly

Ser

Pro

20

Val

Gly

Gly

Pro

Ile

100

Phe

Lys

Trp

Phe

Ala

180

Glu

Glu

Met

Ser

Leu

Asn

Ala

Thr

Leu

Asn

85

Thr

Gln

Asp

Asn

Phe

165

Leu

Phe

Pro

Lys

Ile
245

Leu

Leu

Gly

Thr

Cys

70

Leu

Arg

Pro

Asp

Gly
150
Asp

Gly

vVal

Phe

Ala

230

Ile

Arg

Arg

Gly

Ile

55

Ile

Ile

Glu

Ser

Leu

135

Lys

Leu

Ile

Arg

Cys

215

Ala

Gly

Pro

Leu

Pro

40

Thr

Ala

vVal

Glu

Asp

120

val

Leu

Met

Arg

Arg

200

sSer

Phe

Gly

42073

Thr

Asn

25

Thr

Thr

Gln

Thr

Asn

105

Pro

Leu

Arg

Ser

Pro

185

Asn

Gly

Gly

Thr

Thr

10

Val

Val

Asp

Ala

Glu

90

Gly

Met

Gly

Pro

Ile

170

Ser

Leu

Val

Lys

Phe
250

-152-

Gln

Tyr

Gly

Cys

Leu

75

Ala

Phe

Leu

Asp

Val
155
Gly

Pro

Gly

Tyr

Val

235

Lys

Ser

Lys

Ser

vVal

60

Ala

Lys

Leu

Thr

Pro

140

Pro

Gly

Pro

Asp

Ala

220

Trp

Ala

Leu

Pro

Ser

45

Ile

Thr

Asp

Trp

Met

125

Thr

Ser

Lys

Gly

Glu

205

Gly

Lys

Ile

Leu

Leu

30

Lys

Val

Lys

Arg

Glu

110

Val

Ala

Lys

Ile

Arg

190

Val

Asp

Leu

Gln

Pro

15

Arg

Ile

Gly

His

Val

95

Glu

Val

Pro

Leu

Arg

175

Glu

Phe

Pro

Glu

Glu
255

Ser

Leu

Glu

Gly

Pro

80

Gly

Gly

Asp

Arg

Thr
160
Ala

Glu

Glu

Ser

Gln

240

Arg



Lys

Gly

Ala

Ser
305

Thr

Val

Ala

Ser

Gly

385

Glu

Pro

Thr

val

sSer

465

Ala

Asn

Asn

Gln

Ile
290

Gly

Pro

Pro

Ala

Ile

370

Glu

Thr

Pro

Gly

Gly

450

Gly

Leu

Asn

<210>
<211>

<212>
<213>

<400>

Ala

Thr
275

Ser

Ile

Asp

Ser

Asn

355

ser

Leu

Leu

Gly

Ile

435

His

Tyr

Gly

Phe

39

1515
ADN
Nicotiana tabacum

39

Pro
260

val

Ala

Thr

Gly

His

340

Ala

Tyr

Lys

Gly

Arg

420

Leu

Phe

Glu

Arg

Met
500

Lys

Gly

Arg

Lys

Leu
325
val

Leu

Pro

Gly

Thr

405

Ile

Ser

Asp

Gly

Cys

485

Ser

Ala Glu

Ser Phe

Leu Gly
295

Leu Glu
310

Val Ser

Ala Ser

Ser Lys

Lys Glu

375

Phe Gly
390
Ile Tyr

Leu Leu

Lys Ser

Ile Leu
455

Leu Phe
470

vVal Glu

Arg Tyr

Arg

Arg
280

Ser

Ser

Val

Gly

Leu

360

Ala

Gln

Ser

Leu

Glu

440

Asp

Leu

Gly

Ala

42073

Asp
265

Lys

Lys

Gly

Gln

Leu

345

Tyr

Ile

Leu

Ser

Asn

425

Gly

Thr

Gly

Ala

Tyr
505

Pro

Gly

val

Gly

Ser
330
Leu

Tyr

Arg

His

ser

410

Tyr

Glu

Ala

Gly

Tyr

490

Lys

-153-

Arg Leu

Leu Arg

Lys Leu
300

Tyr Asn
315

Lys Ser

Arg Pro

Pro Pro

Thr Glu

380

Pro Arg
395
Leu Phe

Ile Gly

Leu Val

Lys Ser
460

Asn Tyr
475

Glu Thr

Pro

Met
285

Ser

Leu

Val

Leu

Val

365

Cys

Thr

Pro

Gly

Glu

445

Ser

val

Ala

Lys
270

Leu

Trp

Thr

Val

ser

350

Ala

Leu

Gln

Asn

Ser

430

Ala

Leu

Ala

Ile

Pro

Pro

Lys

Tyr

Met
335
Glu

Ala

Tle

Gly

Arg

415

Thr

Phe

Thr

Gly

Glu
495

Gln

Glu

Leu

Glu
320

Thr

sSer

Val

Asp

vVal

400

Ala

Asn

Leu

Ser

Val

480

val



atggctcctt
gcaggcgtca
gtatttgaag
atatgggatg
gattctcttg
gccagaaatg
tttectttcca
aagctctccc
ggaaaggagg
cctgactcgce
ggctcagtca
gggccaccca
ggaatgcaaa
aactctagag

tcaattattt
attatgacgg

tttctactca
tttaagaggg
gagcaacaac
cgggcaccaa
cttgcaaaag
ttgggtgctg
ttgtacgggc
cctggattat
tctggatgca
aaaagacatt
<210>
<211>

<212>
<213>

40
504
PRT

<400> 40

ctgccggaga
gtgggcttgce
cagaagggaa
aaggggcaaa
gactccgaga
gtactcctgt
ctggatcaaa
aggtgtctga
ttgttgacta
tttcaatgca
tacttggagc
aaacttcagc
cacttactga
ttctggaatt

ctgectcetcece
ccccactctg

actttattcc
aaaacgtaaa
atggtctcaa
acaatgttta
cctcaaggac
agggagagcc
ataactatga
tctatgcagg
atgcagctga

gctga

Nicotiana

42073

agataaacac
tgcagcatac
agctggaggg
tactatgact
aaagcaacaa
actgttacct
gcttcagatg
ctcacatgaa
tctaattgac
ccattcattt
tattcgatct
aaataagaag
tgcaatatgc
atcttgtagce

acacaaaagg
tgatgttaag

tgaggttgat
gtatcccctt
gacactaggc
tctctatact
tgagctgaaa
aacatatgtg
ttcagtccta
taaccacagg

tcttgttata

agttctgcga
aagttgaaaa
aagttacgta
gaaagtgaag
tttccacttt
tcaaatccaa
cttctggaac
agtgtcagtg
ccttttgttyg
ccagagttgt
aagttatccc
cgccagceggyg
aaagatctca
tgtactgagg

caatcagaag
agtatgaaga

tatgtaccgc
gagggttttg
accctcttet
acttttgttg
gagatagtaa
aatcatctat
gatgcaattg
gggggattgt

tcatatcttg

agagagtcgc
tcecatggcett
gcgtgagcca
gtgatgttac
cacaaaacaa
ttgatctgat
caatattatg
gattcttcca
ctggaacgtg
ggaatttaga
ctaaaaatga
gatctttttce
gagaagatga
actctgcgat

aagaatcatt
ttgctaagag

tatctgttgt
gggttcttgt
cttctatgat
gtggaagccg
cttctgacct
actggagtaa
acaaaatgga
cagttggcaa

aatccgtctc

agtcattggt
gaatgtgaca
agatggcctg
atttttgatt
gcgctacatt
caaaagcaat
gaagaataaa
gcgtcatttt
tggtggtgat
gaaaaggttt
aaagaagcaa
ctttttgggc
acttagacta
agatagctgg

tgatgctgta
aggaaatcca

tataaccaca
accttccaag
gtttccagat
aaatagagaa
taagcagctg
agcatttcca
gaaaaatctt
agcattatct

aactgactcc

Met Ala Pro Ser Ala Gly Glu Asp Lys His Ser Ser Ala Lys Arg Val

1

5

10

15

Ala Val Ile Gly Ala Gly Val Ser Gly Leu Ala Ala Ala Tyr Lys Leu

20

25

-154-

30

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

1515



Lys

Gly

Gly

65

Asp

Lys

Pro

Gln

Val

145

Gly

Cys

Leu

Arg

Thr
225
Gly

Glu

Glu

Ile

Gly

50

Ala

Ser

Arg

Ile

Met

130

Ser

Lys

Gly

Trp

Ser

210

sSer

Met

Leu

Asp

His

35

Lys

Asn

Leu

Tyxr

Asp

115

Leu

Asp

Glu

Gly

Asn

195

Lys

Ala

Gln

Arg

Ser
275

Gly

Leu

Thr

Gly

Ile

100

Leu

Leu

Ser

Val

Asp

180

Leu

Leu

Asn

Thr

Leu
260

Ala

Leu

Arg

Met

Leu

85

Ala

Ile

Glu

His

Val

165

Pro

Glu

Ser

Lys
Leu

245

Asn

Ile

Asn

Ser

Thr

70

Arg

Arg

Lys

Pro

Glu

150

Asp

Asp

Lys

Pro

Lys
230
Thr

Ser

Asp

Val

val

55

Glu

Glu

Asn

Ser

Ile

135

Ser

Tyr

Ser

Arg

Lys

215

Arg

Asp

Arg

Ser

Thr

40

Ser

Ser

Lys

Gly

Asn

120

Leu

Val

Leu

Leu

Phe

200

Asn

Gln

Ala

Val

Trp
280

42073

Val

Gln

Glu

Gln

Thr

105

Phe

Trp

Ser

Ile

Ser

185

Gly

Glu

Arg

Ile

Leu
265

Ser

Phe

Asp

Gly

Gln

90

Pro

Leu

Lys

Gly

Asp

170

Met

Ser

Lys

Gly
Cys
250

Glu

Ile

-155-

Glu

Gly

Asp

75

Phe

Val

Ser

Asn

Phe

155

Pro

His

Val

Lys

Ser
235
Lys

Leu

Ile

Ala

Leu

60

Val

Pro

Leu

Thr

Lys

140

Phe

Phe

His

Ile

Gln

220

Phe

AsSp

Ser

sSer

Glu

45

Ile

Thr

Leu

Leu

Gly

125

Lys

Gln

Val

Ser

Leu

205

Gly

Ser

Leu

Cys

Ala
285

Gly

Trp

Phe

Ser

Pro

110

Ser

Leu

Arg

Ala

Phe

190

Gly

Pro

Phe

Arg

Ser
270

ser

Lys

Asp

Leu

Gln

95

Ser

Lys

Ser

His

Gly

175

Pro

Ala

Pro

Leu
Glu
255

Cys

Pro

Ala

Glu

Ile

80

Asn

Asn

Leu

Gln

Phe

160

Thr

Glu

Ile

Lys

Gly
240
Asp

Thr

His



Lys Arg Gln

290

Pro Leu

305

Cys

Phe Leu Leu

Val Ile Thr

Phe val

355

Gly

Leu Gly Thr

370

Asn Val

385

Tyxr

Leu Ala Lys

Leu Lys Gln

Leu Tyr Trp

435
Val Leu
450

Asp

Tyr Ala

465

Gly

Ser Gly Cys

Ser Thr Asp

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

41
1509
ADN
Glyc

<400> 41
atggcttcct

gctggggtaa
gtatttgaag

atttgggatg

Ser Glu

Asp Val

Glu

Lys

42073

Glu
295

Ser

Ser Met

310

Phe
325

Asn

Thr
340

Phe
Leu Val
Phe

Leu

Leu Tyr

Ile

Lys

Pro

Ser

Thr

Pro Glu

Arg Glu

Ser Lys

360

Ser Met

375

Thr Phe

390

Ala Ser

405
Leu Leu
420

Ser Lys

Ala Ile

Asn His

Arg

Gly

Ala

Asp

Arg

Thr Glu

Ala Glu

Phe Pro

440
Lys Met
455

Gly Gly

470

Ala
485
Lys

Asn

Ser
500

ine max

ctgcaacaga
gtgggcttgce
ctgagggaag

agggagctaa

Ala

Arg

Asp Leu

His Cys

cgataaccca
tgcggcttac
agctggaggy

tacaatgact

Phe Asp Ala

Ile Ala

315

Lys

Val Asp

330

Tyr

Asn Val

345

Lys

Glu Gln Gln

Met Phe Pro

val Gly Gly

395

Leu Lys Glu

410
Glu

Gly Pro

425
Leu

Tyr Gly

Glu Lys Asn

Val
475

Leu Ser

Ile
490

vVal Ser

agatctgtaa
aaattgaaat
aggttgagaa

gaaagtgaaa

156-

Val
300

Ile Met

Lys Arg Gly

Val Pro Leu

Leu
350

Tyr Pro

His Gly Leu

365

Asp Ala

380

Arg

Ser Arg

Ile Val Thr

Thr vVal

430

Tyr

Asn
445

His Tyr

Leu Pro

460

Gly Lys Ala

Tyr Leu

aaagagtagc
cacatggtct
gtgtttctca

ttgaggttaa

Asn

Gly

Glu

Thr Ala

Pro
320

Asn

Ser Val

335

Glu Gly

Lys Thr
Asn

Pro

Glu
400

Arg

Ser
415

Asp
Asn His
Ser

Asp

Leu Phe

Ser
480

Leu

Ser Val

495

tgttgttggt
ggatgtcact
ggatggtcta

aggtttgatt

60

120

180

240



gatgctcttg
gtgaaaaatg
ctgctttctg
gacccctcta
cattttggaa

gcagatcctg
aggtttggct

actggagaaa
cagggtggga
aaattaaatg
aactggtcta
acggctcctce
cttaattttc
aaggagaatg
aaaaatggtt
cctagtgatt
caagcttcaa
gcagaggggyg
ggacgtaact
tttttctttg
tgcaaagcag

gataaatga

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

42

502
PRT
Glyc
<400> 42

Met Ala Ser
1

Ala Val Vval

Lys Ser His
35

Gly Gly Arg
50

gacttcaaga
gggcaccact
cacaatcaaa
atgtgtgtga
aagaggttgt

aatctctctc
ccattatagc

ataggactgc
tgcagacact
aaaaggtttt
ttactagtgc
tatataatgt
ttcecgaggt
taaagagacc
taaaaaccct
tatatctcta
ctgacgagct
aaccaacatt
atgggtcagt
caggtaacta

ctgatcttgt

ine

42073

aaagcagcag
tctggtaccc
gatccatctc
tgaaaattct
ggactatctg

tatgcgccat
cggggcattg

actaagaaaa
gacagataca
gacattagct
ttctaaccaa
caaggacatc
aagctacgtg
tttggaggga
tggtacactt
taccaccttce
taggaaaatt
tgttaaccat
tcttcaagca
caaaggtgga

gatatcctac

Ser Ala Thr Asp Asp

5

Gly Ala Gly Val Ser

20

Gly Leu Asp Val Thr

40

Leu Arg Ser Val Ser

55

tttccaatat
acaaatcctg
atttttgaac
gtggaaagtg
attgatcctt

tctttcecag
caatctaagt

aacaaacaca
ttgtgcaaag
tatggtcatg
agtacacaag
aagatcacaa
ccaatctcag
tttggagttc
ttttcctcta
attggcggaa
gttacttctg
ttctattgga
attgataaga
ctctcagttg

ctcaactctg

Asn Pro Arg
10

Gly Leu Ala
25

Val Phe Glu

Gln Asp Gly

-157-

cacagcataa
ctgcactact
catttatgtg
taggcaggtt

ttgttggggyg

agctatggaa
tattcgccaa

agcgtggttc
agcttggcaa
atggaagttc
atgttgatgc
aaaggggaac
tcatgattac
ttgttccttc
tgatgttccc
ctcaaaacag
acctgagaaa
gtaaaggctt
tagaaaaaga
gcaaagcaat

cttcagacaa

Ser Val

Ala Ala
30

Ala Glu
45

Leu Ile
60

gcgctatatt
gaagagtaaa
gaaaagaagt
ctttgaacgt
cactagtgca

tttggagaaa
aagggaaaaa

gttttectttc
agacgacctt
ctcttcacaa
agtaatcatg
tceecttteca
taccttcaaa
taaagagcaa
agatcgtgca
ggaacttgct
gttgttggga
tcctttgtat
tctteccgga
agcctcaggce

cacagtgcct

Lys Arg Val

15

Tyr Lys Leu

Gly Arg Ala

Trp Asp Glu

300

360

420

480

540

600
660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
1509



Gly
65

Asp

Lys

Pro

His

Val

145

His

Gly

Pro

Ala

Arg

225

Gln

Lys

His

Asn

Tyr
305
Leu

Ala

Ala

Arg

Ala

Leu

130

Cys

Phe

Thr

Glu

Leu

210

Thr

Gly

Asp

Asp

Gln

290

Asn

Asn

Asn

Leu

Tyr

Ala

115

Ile

Asp

Gly

Ser

Leu

195

Gln

Ala

Gly

Asp

Gly

275

Ser

Val

Phe

Thr

Gly

Ile

100

Leu

Phe

Glu

Lys

Ala

180

Trp

Ser

Leu

Met

Leu

260

Ser

Thr

Lys

Leu

Met

Leu

85

Val

Leu

Glu

Asn

Glu

165

Ala

Asn

Lys

Arg

Gln

245

Lys

sSer

Gln

Asp

Pro

Thr
70

Gln

Lys

Lys

Pro

Ser

150

Val

Asp

Leu

Leu

Lys

230

Thr

Leu

Ser

Asp

Ile
310
Glu

Glu

Glu

Asn

Ser

Phe

135

Val

Val

Pro

Glu

Phe

215

Asn

Leu

Asn

Ser

Val

295

Lys

Val

Ser

Lys

Gly

Lys

120

Met

Glu

Asp

Glu

Lys

200

Ala

Lys

Thr

Glu

Gln

280

Asp

Ile

ser

42073

Glu

Gln

Ala

105

Leu

Trp

ser

Tyr

sSer

185

Arg

Lys

His

Asp

Lys

265

Asn

Ala

Thr

Tyr

Ile

Gln

90

Pro

Leu

Lys

Val

Leu

170

Leu

Phe

Arg

Lys

Thr

250

Val

Trp

vVal

Lys

Val

-158-

Glu
75

Phe

Leu

Ser

Arg

Gly

155

Ile

Ser

Gly

Glu

Arg

235

Leu

Leu

Ser

Ile

Arg
315
Pro

Val

Pro

Leu

Ala

Ser

140

Arg

Asp

Met

Ser

Lys

220

Gly

Cys

Thr

Ile

Met

300

Gly

Ile

Lys

Ile

Val

Gln

125

Asp

Phe

Pro

Arg

Ile

205

Thr

Ser

Lys

Leu

Thr

285

Thr

Thr

sSer

Gly

ser

Pro

110

sSer

Pro

Phe

Phe

His

190

Ile

Gly

Phe

Glu

Ala

270

Ser

Ala

Pro

vVal

Leu

Gln

95

Thr

Lys

ser

Glu

Val

175

Ser

Ala

Glu

Ser

Leu

255

Tyr

Ala

Pro

Phe

Met

Ile
80

His

Asn

Ile

Asn

Arg

160

Gly

Phe

Gly

Asn

Phe

240

Gly

Gly

Ser

Leu

Pro
320
Ile



Thr Thr Phe

Val Val

355

Leu

Thr Leu Phe

370

Tyr Leu

385

Tyr

Gln Ala Ser

Lys Leu Leu

Trp Ser Lys

435

Gln Ala

450

Ile

Gly Asn

465

Tyr

Cys Lys Ala

Asn Thr Val

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

43
1205
ADN

<400> 43

agcttccaac
ttagttctgg
gtgcctgcga
agagcaggct
gaagaatttg
tgttetggtg

gtttggaggc

325

Lys
340

Lys
Pro Ser
Ser

Ser

Thr Thr

Glu

Lys

Met

Phe

Asn

Glu

Met

375

Ile

390

Thr Asp

405

Gly Ala

420

Gly Phe

Asp

Lys

Lys Gly

Glu

Glu

Pro

Ile

Gly

Leu

Gly

Leu

Glu

455

Leu

470

Ala Asp

485

Pro
500

Asp

Cucumis sativus

cttcegatcce
gagacccaga
aacctaatga
ttggtgccct
tcegtcecggaa
tatacgctgg

tagagcaaaa

Leu

Val

Lys

42073

vVal

Gln

360

Phe

Gly

Arg

Glu

Tyr

440

Lys

Ser

Ile

330

Lys Pro

345

Arg

Lys Asn Gly

Pro Asp Arg

Thr Gln

395

Gly

Ile
410

Lys Val

Pro Thr Phe

425

Gly Arg Asn

Asp Leu Pro

Val Gly Lys

475

Ser Tyr Leu

490

Leu

Leu

Ala

380

Asn

Thr

Val

Tyr

Gly

460

Ala

Asn

Glu

Lys

365

Pro

Arg

Ser

Asn

Gly

445

Phe

Ile

Ser

Gly

350

Thr

Ser

Glu

Asp

His

430

sSer

Phe

Ala

Ala

tattctcacc
tgcacctcga
tctacctttc
gggcattcgc
ccttggcaat

tgacccttca

tggtggtagt

atggtggtgg
tttgtattgt
tttgacctga
cctectecte
gaagtttttg
aagctaagca

attattggtg

-159-

atagtggctt
ggaatggaaa
tgagcattgg
caggtcgaga
aacgtttgat
tgaaagcagc

ggactttcaa

335

Phe Gly

Leu Gly
Leu

Asp

Ala
400

Leu

Leu
415

Arg

Phe Tyr

Val Leu

Phe Ala

Ser Gly

480

Ser
495

Asp

aaaagatgat
gctcagacca
tggaaaaatc
ggaatcagtt
agagccattt
ttttggtaag

agcacttcaa

60

120

180

240

300

360

420



42073

gaaaggaata aaactaccaa accaccaaga gatccgegtce
actgttggat cttttcggaa aggacttacc atgttgccaa
gggagtaaag taaaagtatc ttggaagcta tctagtatca
tatagtttga catacgaaac accagaagga ctagtctcca
atgacggttc cttcttatat tgctggcact ctgttgegtc
gatgcacttt caaaatttta ttatccacca gttgcatcag
ggagcaatta ggaaagaatg cttgattgat ggtgaactaa
cctegtagec agggggtgac tactttggga actatataca
cgagcgccag atggaagggt attgetcttg aactacattg
attctttctc agacagagag cgagctcata gaagtagttg
ctcataaacc caaacgcaga ggatcctcta ccattgagcg
attccacagt tcttgattgg ccatctcgat gttctagaca
gaggctggaa tggaggggct atttttaggt ggaaactatg
agatg
<210> 44
<211> 401
<212> PRT
<213> Cucumis
<400> 44
Ser Phe Gln Pro Ser Asp Pro Ile Leu Thr Met
1 5 10
Leu Lys Asp Asp Leu Val Leu Gly Asp Pro AsSp
20 25
Leu Trp Asn Gly Lys Leu Arg Pro Val Pro Ala
35 40
Pro Phe Phe Asp Leu Met Ser Ile Gly Gly Lys
50 55
Gly Ala Leu Gly Ile Arg Pro Pro Pro Pro Gly
65 70 75
Glu Glu Phe Val Arg Arg Asn Leu Gly Asn Glu
85 90
Ile Glu Pro Phe Cys Ser Gly Val Tyr Ala Gly
100 105
Ser Met Lys Ala Ala Phe Gly Lys Val Trp Arg
115 120
Gly Ser Ile Ile Gly Gly Thr Phe Lys Ala Leu

160-

taccaaagcc
atgctatttc
gtaaagtgga
tactaagcag
caatctcggg
tgaccatatc
aggggtttgg
gctcatcact
gaggggctac
atcgggattt

tgagggtgtg
ccgccaaggce

tatgcggtgt

Val val Asp

Ala Pro Arg

30
Pro Asn
45

Lys

Ile Ala

60

Arg

Arg Glu Glu

Val Phe Glu

Ser
110

Asp Pro

Glu
125

Leu Gln

Gln Glu Arg

taagggccaa
tacttgtttg
tgacggaggt
aagtgtcatc
gaaagctgca
atatccaaaa
tcaattgcac
ttttecctaat
taatactgga
aagaaaaatc

gccacaagcc
cggactgaga

ggccttgggyg

Ser
15

Gly
Phe Vval
Asp Leu
Gly Phe

Val
80

Ser

Arg Leu

95

Lys Leu

Asn

Gly

Asn Lys

480

540

600

660

720

780

840

900

960

1020

1080
1140

1200

1205



Thr
145

Thr

Ser

Ile

Glu

Ser
225

Asp

Ser

Leu

Leu

Gly

305

Ile

Leu

Ser

Leu

Glu
385

Arg

130

Thr

val

Thr

Ser

Gly
210

Tyr

Ala

Tyr

Lys

Gly

290

Arg

Leu

Arg

Val

Asp

370

Gly

<210>

Lys
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