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Linh viwe k§ thuit dwoe dé cap

Sang ché @& cap dén phuong phap tao va/hoic ting cudng tinh khang chét diét co
cho thuc vét hodc tdo, bao gdm cdy trdng néng nghiép bing cach chén bién thé

protoporphyrinogen oxidaza c6 ngudn gc sinh vat nhén so.
Tinh trang ky thuit ciia sing ché

Qué trinh sinh tdng hop porphyrin gép phan téng hop chat diép luc va hem dong
vai trd quan trong trong chuyén héa & thuc vét, va qué trinh nay dién ra trong luc lap.
Trong qué trinh nay, protoporphyrinogen IX oxidaza (sau day goi tit 1a PPO; EC:1.3.3.4)
xtic tdc oxy hda protoporphyrinogen IX thanh protoporphyrin IX. Sau khi oxy hoa
protoporphyrinogen IX thanh protoporphyrin IX, protoporphyrin IX gin két v6i magie
b&i Mg-chelataza dé tong hop chit diép luc, va protoporphyrin IX gan két véi sat boi
Fe-chelataza dé tong hop hem.

Do d6, khi hoat tinh PPO bi trc ché, thi qua trinh tong hop chat diép luc va hem bi
trc ché va co chét protoporphyrinogen IX khong tham gia vao qua trinh sinh tong hop
porphyrin, ddn dén viéc bai xuat nhanh chéng protoporphyrinogen IX tir luc lap vao bio
tuong, va su tich tu protoporphyrin IX & bao twong géy ra béi qué trinh oxy héa. Do do,
protoporphyrin IX tich tu tao ra oxy don bdi phdn ing manh ('0y) trong su c6 mat cua
anh sang va oxy dé pha hiy mang té bao, va gy chét nhanh té bao thuc vat. Dua trén
nguyén 1y nay, chit diét ¢é e ché hoat tinh PPO da duoc phat trién. Cho dén nay, c6 9
nhém chdt diét c6, bao gdébm pyrimidindion, diphenyl-ete, phenylpyrazol,
N-phenylphtalimit, thiadiazol, oxadiazol, triazolinon, oxazolidindion, va cac chét diét co

¢6 cau truc khéac, dugc phan loai theo cau triic hda hoc cua chung.

Hon nira, khi st dung chat diét co, dé ngan ngura tdc dung ctia céc chat nay dén

sinh trudng cla cdy trong, can tao ra tinh khang chat diét co cho cdy trong.

Trong khi d6, tao c6 kha nang quang hop va chuyén hoa anh sang mat troi thanh
nang luong c¢6 thé duge st dung dé tong hop nhiu hop chét hitu ich. Thong qua qué trinh

-2-



31813

quang hop ¢ dinh cacbon, tdo c¢6 thé chuyén héa CO, thanh duong, tinh bot, lipit, chit
béo, hodc céac hop chét sinh hoc khac, nhd d6 loai bé duoc khi nha kinh khéi méi trudong
khong khi. Hon nita, qua trinh nuéi trdng tao trén quy mé 16n c6 thé duge sir dung dé san
xudt nhidu hop chét sinh hoc dé sir dung 1am enzym cong nghiép, duge chat va protein,

ché phim dinh dudng, san phim thuong mai, hodc san pham nhién liéu.

Nhuoc diém chinh ctia qua trinh nudi trdng tao trén quy mé 16n trong thiét bi phan
tng sinh hoc hodc bé kin hodc bé hd 1a chung c6 thé bi 14y nhiém bai cac loai tao, vi ndm
va vi khuén canh tranh khong mong muén khéc, ciing nhu luan tring va cac dong vat phi

du khéc an céc loai tdo mong mudn trong qué trinh nudi trong.

Do d6, can tao ra tinh khang chat diét ¢6 cho tao dé co thé sinh trudng trong su c6
mat cta chét diét co ¢ néng do lam gidm sinh trudng cta cac sinh vat canh tranh khong

mang gen khang chit diét co.
Ban chit k§ thuit cia sang ché

D3 biét ring gen PPO loai hemY c6 ngudn gbc tir sinh vét nhan so ¢6 tinh khang
chét diét co phd rong, bao gdbm 9 loai chit diét c6 e ché PPO. Ngoai ra, da kiém ching
duoc réng gen nay dugc biéu hién & thuc vat hodc tdo, va tao ra tinh khang chét diét co
cho thuc véat hodc tdo. Do d6, muc dich cta séng ché 1a @ cap dén phuong phéap tao
va/hodc ting cudng tinh khang chét diét co cho thuc vit, bao gdm cdy tréng ndng nghiép
hodc tao bang cach chén bién thé protoporphyrinogen oxidaza c6 ngudn gbc sinh vat

nhan so vao thuc vat hoac tao.

Theo mot phuong an, sang ché dé cap dén ché phdm tao va/hodc tang cudng tinh
khang chat diét cé cho thuc vat hodc tao, chira mot hodc nhiu polypeptit duge chon tir
nhoém bao gdm polypeptit chira trinh ti axit amin SEQ ID NO.1 hoic trinh tw axit amin
co6 do tuong déng béng 95% hodc cao hon so véi trinh ty axit amin SEQ ID NO.I;
polypeptit chira trinh tu axit amin SEQ ID NO.3 hoic trinh ty axit amin c6 d twong dong
bang 95% hoic cao hon so v6i trinh tir axit amin SEQ ID NO.3; polypeptit chira trinh tu
axit amin SEQ ID NO.5 hoic trinh tu axit amin c¢6 d6 twong dong bang 95% hoic cao
hon so véi trinh tu axit amin SEQ ID NO.5; va polypeptit chira trinh tu axit amin SEQ ID
NO.7 hoac trinh tu axit amin c¢6 d§ tuong déng béng 95% hodc cao hon so véi trinh tu

axit amin SEQ ID NO.7.
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Theo mdt phuong 4n khéc, sang ché dé cap dén ché phdm tao va/hodc ting cudng
tinh khang chit diét ¢ cho thuc vat hodc tdo, chira mot hodc nhiéu gen duoc chon tur
nhém bao gdm gen ma hoa polypeptit twong Gmg chira trinh tu axit amin SEQ ID NO.1
hoac trinh tu axit amin c6 d§ tuong déng béng 95% hodc cao hon so v6i trinh tu axit
amin SEQ ID NO.1; gen ma hoda polypeptit tuvong ing chtra trinh tu axit amin SEQ ID
NO.3 hoic trinh ty axit amin ¢6 do twong ddng bang 95% hodc cao hon so véi trinh ty
axit amin SEQ ID NO.3; gen ma hoéa polypeptit tuong tng chtra trinh ty axit amin SEQ
ID NO.5 hoic trinh tur axit amin ¢6 do tuong dong bang 95% hoic cao hon so véi trinh tu
axit amin SEQ ID NO.5; va gen ma héa polypeptit tuong Ung chira trinh tu axit amin
SEQ ID NO.7 hodc trinh ty axit amin ¢6 d6 twong dong bang 95% hoidc cao hon so véi
trinh tu axit amin SEQ ID NO.7.

Theo mot phuong an cu thé, gen nay c6 thé bao gdm gen chua trinh tu nucleotit
SEQ ID NO.2 hodc trinh tu nucleotit c6 do tuong déng béng 95% hoac cao hon so vdi
trinh tu nucleotit SEQ ID NO.2; gen chtra trinh tuy nucleotit SEQ ID NO.4 hodc trinh tu
nucleotit c6 do twong ddéng bang 95% hoic cao hon so véi trinh tu nucleotit SEQ ID
NO.4; gen chtra trinh tu nucleotit SEQ ID NO.6 hodc trinh tu nucleotit c6 d§ twong déng
béng 95% hodc cao hon so véi trinh tu nucleotit SEQ ID NO.6; hoac gen chtra trinh tu
nucleotit SEQ ID NO.8 hoic trinh tu nucleotit ¢6 do twong dong bang 95% hoidc cao hon
so véi trinh tu nucleotit SEQ ID NO.8.

Theo mdt phuong 4n cu thé khac, gen niy c6 thé duge chira trong vecto cat-xet téi

td hop biéu hién gen thuc vat hodc vecto cat-xet tai tb hop biéu hién gen tao.

Theo mdt phuong an cu thé khac, chit diét co co thé 1a chét diét co e ché

protoporphyrinogen oxidaza.

Theo mdt phuong 4n cu thé khac, chit diét co ¢ thé 1a mot hodc nhiéu chét duge
chon tir nhém bao gdm pyrimidindion, diphenyl-ete, phenylpyrazol, N-phenylphtalimit,

thiadiazol, oxadiazol, triazolinon, oxazolidindion, va hdn hop bat ky cua ching.

Theo mdt phuong 4n cu thé khac, chit diét co co thé 1a mdt hodc nhiu chét dugc
chon tor nhom bao gém butafenacil, saflufenacil, benzfendizon, tiafenacil, fomesafen,
oxyfluorfen, aclonifen, acifluorfen, bifenox, ethoxyfen, lactofen, chlomethoxyfen,

chlorintrofen, floglycofen-etyl, halosafen, pyraflufen-etyl, fluazolat, flumioxazin,
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cinidon-etyl, flumiclorac-pentyl, fluthiacet, thidiazimin, oxadiargyl, oxadiazon,
carfentrazon, sulfentrazon, azafenidin, pentoxazon, pyraclonil, flufenpyr-etyl, profluazol

va hdn hop bt ky ctia ching.

Theo mot phuong an cu thé khéc, thuc vat co thé 1a thuc vat mot 14 mam, thuc vat

hai 14 mam, thuc vét than thao, va/hodc thue vat than go.

Theo mdt phuong an cu thé khéc, thuc vat hoic tao ¢o thé duoc thiét ké di truyén
dé con chira polypeptit thir hai hodc gen thir hai ma héa peptit twong tng, nhd d6 ¢6 tinh
khang chét diét c6 phd rong khang lai chat diét c6 thir hai.

Theo mot phuong an cu thé khéc, chit diét ¢6 thir hai c6 thé bao gdm, nhung
khong chi giéi han & chat diét co we ché phan chia té bao, chét diét c6 tic ché quang hop,
chét diét c6 e ché téng hop axit amin, chét diét co trc ché lap thé, va chit diét co e ché

mang té bao.

Theo mot phuong an cu thé khac, chit diét co thir hai c6 thé bao gdm, nhung
khong chi giéi han & glyphosat, glufosinat, dicamba, axit 2.4-diclophenoxyaxetic,
isoxaflutol, chat diét c6 trc ché axetolactat synthaza, chét diét c6 e ché hé quang hoa 11,

chét diét co phenylure, chit diét cé bromoxynil hoic hon hop bat ky ciia chung.

Theo mét phuong 4n cu thé khac, polypeptit thir hai tao tinh khang chat diét co
cho thuc vat hoac tado cé thé bao gf‘)m peptit tao tinh khéang chit diét c¢6 duge chon tir
nhom bao gém, nhung khong chi gi6i han & 5-enolpyruvylshikimat-3-phosphat synthaza,
glyphosat oxidaza, glyphosat-N-axetyltransferaza, hodc glyphosat decarboxylaza khang
chat diét c6 glyphosat; phosphinothricin-N-axetyltransferaza Kkhang chat diét co
glufosinat; monooxygenaza khang chat diét co dicamba; axit 2,4-diclophenoxyaxetic
monooxygenaza hodc aryloxyalkanoat dioxygenaza khang chit diét co axit
2,4-diclophenoxyaxetic; axetolactat synthaza, axit axetohydroxy synthaza, hodc axit
axetohydroxy synthaza tiéu don vi mach dai khang chét diét c6 sulfonylure chit diét co
trc ché axetolactat synthaza; protein D1 hé quang héa II khang chét diét co uc ché hé
quang hoéa II; cytochrom P450 khéng chét diét cé phenylure; hydroxylphenylpyruvat
dioxygenaza khang chét diét co e ché lap thé; nitrilaza khang chat diét c6 bromoxynil;

va hdn hop bat ky ctia ching.
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Hon nita, gen ma hoa polypeptit thir hai tao tinh khang chit diét c6 c6 thé bao gébm
mot hoac nhiéu gen dugc chon tor nhém nucleotit bao g@)m, nhung khong chi giéi han &
gen CP4 EPSPS, EPSPS(AG), MEPSPS, 2MEPSPS, GOXV247, GAT4601, hodc
GAT4621 khang chit diét c¢6 glyphosat; gen BAR, PAT, hoic PAT(SYN) khang chét diét
c6 glufosinat; gen DMO khang chét diét co dicamba; gen AAD-1 hoic AAD-12 khéng
chit diét cé axit 2,4-diclophenoxyaxetic; ALS, GM-HRA, S4-HRA, ZM-HRA, CSRI1,
CSR1-1, CSR1-2, SURA, hoic SURB khang chit diét cd sulfonylure chét diét c¢6 trc ché
axetolactat synthaza; gen PSBA khang chit diét co tc ché hé quang hoa II; gen
CYP76B1 khang chat diét cé phenylurea; gen HPPDPF W336 khang chat diét co
isoxaflutol; gen BXN khang chat diét cé bromoxynil; va hdn hop bat ky ctia ching.

Theo mot phuong an khéc, sang ché dé cap dén sinh vat cai bién gen c6 tinh khang
chét diét co thé hé méi va/hoic tang cudng, hodc san phém tach dong hodc sinh vat thé
hé sau cua no, thé bién nap hodc san phém tach dong hodc thé bién nap thé hé sau cua n6
biéu hién mdot hodc nhiéu polypeptit dugc chon tir nhém bao gdm polypeptit chira trinh tur
axit amin SEQ ID NO.1 hoac trinh ty axit amin c6 d0 tuong déng béng 95% hoac cao
hon so véi trinh tu axit amin SEQ ID NO.1, hoac gen ma hoéa polypeptit nay; polypeptit
chira trinh tu axit amin SEQ ID NO.3 hodc trinh tu axit amin cé d9 tuong dé)ng béng 95%
hodc cao hon so véi trinh tu axit amin SEQ ID NO.3, hoac gen ma hoa polypeptit nay;
polypeptit chira trinh tu axit amin SEQ ID NO.5 hodc trinh tu axit amin c6 d0 twong dong
bing 95% hodc cao hon so véi trinh tr axit amin SEQ ID NO.5, hodc gen ma hoa
polypeptit nay; polypeptit chira trinh tu axit amin SEQ ID NO.7 hodc trinh ty axit amin
c6 d6 tuong dong bing 95% hodc cao hon so véi trinh tu axit amin SEQ ID NO.7, hodc

gen mi héa polypeptit ndy; va hon hop bét ky ctia ching.

Theo mot phuong an cu thé, dich dé cai bién gen co thé 1a tao, t& bao thuc vat, té

bao tran, md seo, tru dudi la mam, hat giong, 14 mam, choi, hodc thuc vat.

Theo mdt phuong 4n khac, sang ché dé cap dén phuong phap san xudt thuc vat cai
bién gen hoic tao cai bién gen co tinh khang chét diét co thé hé méi va/hodc ting cudng,
bao gdbm budc chuyén mét hodc nhiéu polypeptit duoc chon tir nhém bao 26m polypeptit
chira trinh tu axit amin SEQ ID NO.1 hodc trinh tu axit amin c6 do tuong déng bé’mg 95%
hodc cao hon so véi trinh tu axit amin SEQ ID NO.1, hodc gen ma hoa polypeptit twong
rng nay; polypeptit chira trinh ty axit amin SEQ ID NO.3 hodc trinh ty axit amin c6 do
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tuong ddng bang 95% hoic cao hon so véi trinh tu axit amin SEQ ID NO.3, hodc gen ma
hoa polypeptit tuong Gng nay; polypeptit chira trinh ty axit amin SEQ ID NO.5 hodc trinh
tu axit amin ¢6 do tuong déng béng 95% hoac cao hon so voi trinh tu axit amin SEQ ID
NO.5, hodc gen ma hoa polypeptit trong (ing nay; polypeptit chira trinh tu axit amin SEQ
ID NO.7 hodc trinh tu axit amin c6 do tuong déng béng 95% hodac cao hon so véi trinh tu
axit amin SEQ ID NO.7, hodc gen ma hoa polypeptit twong ting ndy; va hdn hop bat ky
ctua chung vao tao, té bao thuc vat, t& bao trn, mo seo, tru dudi 14 mam, hat giéng, la

mam, choi, hoac thuc vat.

Theo mot phuong an khéc, sang ché dé cap dén phuong phap tao va/hoic ting
cuong tinh khang chat diét c6 cho thuc vat hodc tdo. Phuong phap nay bao gdm budc
chuyén mét hodc nhiéu gen dugc chon tir nhém bao gdm gen ma hoa polypeptit chira
trinh tu axit amin SEQ ID NO.1 hoac trinh tu axit amin c6 do tuong déng bing 95% hodac
cao hon so v6i trinh tu axit amin SEQ ID NO.1; gen ma hoa polypeptit tuong tng chtra
trinh tu axit amin SEQ ID NO.3 hoic trinh ty axit amin c¢6 do twong dong bang 95% hoic
cao hon so vdi trinh tu axit amin SEQ ID NO.3; gen ma héa polypeptit twong tng chira
trinh tu axit amin SEQ ID NO.5 hoc trinh tr axit amin c¢6 d6 tuong dong bang 95% hoic
cao hon so véi trinh tu axit amin SEQ ID NO.5; gen ma hoa polypeptit tuong tng chira
trinh tu axit amin SEQ ID NO.7 hoc trinh ti axit amin c6 d6 twong dong bang 95% hoic
cao hon so véi trinh tu axit amin SEQ ID NO.7; va hdn hop bat ky ciia chiing véo tao, té
bao thuc vat, té bao tran, mo sco, tru dudi 14 mam, hat giéng, 14 mam, choi, hoic thuc

A

vat.

Theo mdt phuong 4an khac, sang ché d& cap dén phuong phéap kiém soat cé dai &
ving dat tréng trot. Phuong phap nay bao gbm bude trong & ving dat trong trot véi thuc
vét cai bién gen chita polypeptit hoic gen dugc chon tir nhém bao gbm polypeptit chira
trinh tw axit amin SEQ ID NO.1 hoic trinh ty axit amin c¢6 do tuong ddng bing 95% hoic
cao hon so v6i trinh tu axit amin SEQ ID NO.1 hodc gen ma hoa polypeptit twong tng
nay; polypeptit chira trinh ty axit amin SEQ ID NO.3 hodc trinh ty axit amin ¢6 d0 tuong
dong bang 95% hoidc cao hon so véi trinh tu axit amin SEQ ID NO.3, hodc gen ma hoa
polypeptit nay; polypeptit chira trinh tu axit amin SEQ ID NO.5 hodc trinh ty axit amin
c6 do tuong df)ng béng 95% hoac cao hon so v6i trinh tu axit amin SEQ ID NO.5, hodc
gen ma hoa polypeptit nay; polypeptit chira trinh ty axit amin SEQ ID NO.7 hodc trinh tu
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axit amin c6 do tuong dong bang 95% hodc cao hon so véi trinh tu axit amin SEQ ID
NO.7, hoic gen mi hoéa polypeptit niy; va hon hop bét ky cia chung, sau d6 bon luong

hitu hiéu cta chit diét co e ché protoporphyrinogen oxidaza 1én ving dat tréng trot.

Theo mot phuong an cu thé, budc bon lugng hitu hiéu cua chét diét cé e ché
protoporphyrinogen oxidaza vao vung dat trdng trot c6 thé duoc thuc hién bang cach bén
két hop hai hodc nhiéu chit diét c6 uc ché protoporphyrinogen oxidaza & luong hitu hiéu

ctia chtng, luén phién hoic dong thoi.

Theo mdt phuong én cu thé khac, thuc vat co thé duogc cai bién gen dé biéu hién
polypeptit thtr hai tao tinh khang chat diét c¢6 hodc gen ma héa peptit tuong tmg. Chat
diét ¢o e ché protoporphyrinogen oxidaza va chit diét ¢ thir hai, c¢6 thé duge bon lén

vung dit trong trot & lrong hitu hiéu ctia ching, luén phién hodc dong thoi.

Theo mdt phuong an khac, sang ché @& cap dén phuong phap kiém soat loai thiy
sinh khong mong mudn trong mdi trudng canh tac. Phuong phap nay bao gdm budc nudi
trong trén moi trudng canh tic véi tao cai bién gen chua polypeptit hodc gen duoc chon
tir nhém bao gdm polypeptit chira trinh tu axit amin SEQ ID NO.1 hodc trinh tu axit
amin c¢6 do tuong déng béng 95% hodc cao hon so v6i trinh tu axit amin SEQ ID NO.I
hodc gen ma hda polypeptit twong ing nay; polypeptit chira trinh tu axit amin SEQ ID
NO.3 hoic trinh tu axit amin c6 do tuong dong bing 95% hoidc cao hon so véi trinh tu
axit amin SEQ ID NO.3, hodc gen ma hoa polypeptit ndy; polypeptit chira trinh tu axit
amin SEQ ID NO.5 hodc trinh ty axit amin c6 do tuong ddng bang 95% hoic cao hon so
voi trinh tu axit amin SEQ ID NO.5, hodc gen ma hoéa polypeptit nay; polypeptit chira
trinh tu axit amin SEQ ID NO.7 hodc trinh tu axit amin c6é d0 tuong déng béng 95% hoac
cao hon so véi trinh tu axit amin SEQ ID NO.7, hoic gen mi héa polypeptit nay; va hon
hop bat ky cta chung, sau d6 boén luong hitu hi€u cua chét diét co 1c ché

protoporphyrinogen oxidaza vao mdi truong canh tac.

Theo mdt phuong an, sang ché dé cap dén ché pham tao va/hoic ting cudng tinh
khéng chét diét c¢6 cho thuc vat hodc tao. Ché phdm nay c6 thé chira mot hogc nhiéu
polypeptit dugc chon tir nhém bao gdm polypeptit chira trinh tur axit amin SEQ ID NO.1
hodc trinh ty axit amin c6 do tuong dong bang 95% hodc cao hon so véi trinh tu axit

amin SEQ ID NO.I; polypeptit chira trinh tu axit amin SEQ ID NO.3 hodc trinh tu axit
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amin ¢6 do tuong ddng bing 95% hodc cao hon so véi trinh ty axit amin SEQ ID NO.3;
polypeptit chra trinh ty axit amin SEQ ID NO.5 hogc trinh tu axit amin c6 d§ twong dong
bang 95% hoic cao hon so véi trinh ty axit amin SEQ ID NO.5; polypeptit chira trinh tu
axit amin SEQ ID NO.7 hodc trinh tu axit amin c6 d6 tuong dong bang 95% hoic cao
hon so v&i trinh ty axit amin SEQ ID NO.7; va hdn hop bat ky ctia ching.

Theo mdt phuong an khéc, sang ché dé cap dén ché pham tao va/hodc ting cudng
tinh khang chét diét ¢ cho thuc vat hoic tao. Ché phém nay co thé chira mot hodc nhiéu
gen dugc chon tr nhém bao gdm gen ma hoa polypeptit twong Gmg chira trinh tu axit
amin SEQ ID NO.1 hodc trinh tu axit amin c6 d6 twong déng bang 95% hoic cao hon so
v61i trinh tu axit amin SEQ ID NO.1; gen ma hoa polypeptit tuong ung chira trinh tu axit
amin SEQ ID NO.3 hogc trinh tu axit amin ¢6 d6 twong déng bang 95% hoic cao hon so
v6i trinh tu axit amin SEQ ID NO.3; gen ma héa polypeptit tuong ng nay chtra trinh tu
axit amin SEQ ID NO.5 hodc trinh ty axit amin c6 do tuong déng béng 95% hoac cao
hon so vdi trinh ty axit amin SEQ ID NO.5; gen ma héa polypeptit twong tng nay chira
trinh tu axit amin SEQ ID NO.7 hodc trinh tu axit amin c6 d0 tuong déng béng 95% hoac

cao hon so v6i trinh ty axit amin SEQ ID NO.7; va hdn hop bt ky ciia ching.

Theo cac phuong 4n khac, sang ché dé cap dén polypeptit ding dé tao va/hoic
tang cuong tinh khang chét diét co cho thuc vat hoic tao, polypeptit 1a mot hodc nhiéu
polypeptit dugc chon tr nhém bao gbm polypeptit chira trinh tu axit amin SEQ ID NO.1
hoiic trinh tu axit amin c6 do twong dong bang 95% hodc cao hon so véi trinh tur axit
amin SEQ ID NO.1; polypeptit chira trinh tu axit amin SEQ ID NO.3 hodc trinh ty axit
amin ¢6 do twong dong bang 95% hoic cao hon so véi trinh tu axit amin SEQ ID NO.3;
polypeptit chira trinh ty axit amin SEQ ID NO.5 hodc trinh tu axit amin ¢6 d0 twong dong
bing 95% hodc cao hon so véi trinh tur axit amin SEQ ID NO.5; polypeptit chtra trinh tu
axit amin SEQ ID NO.7 hodc trinh tu axit amin ¢6 d6 twong dong bang 95% hoic cao
hon so v&i trinh tu axit amin SEQ ID NO.7; va hdn hop bat ky cia ching.

Theo cac phuong an khac, sang ché d& cap dén gen dung dé tao va/hodc ting
cuong tinh khang chét diét co cho thuc vét hoic tao, gen nay la mot hodc nhiéu gen duoc
chon tir nhém bao gdm gen ma hoa polypeptit twong tng chira trinh tu axit amin SEQ 1D
NO.1 hodc trinh tu axit amin c6 do tuong déng béng 95% hodc cao hon so voi trinh tu

axit amin SEQ ID NO.1; gen ma héa polypeptit twong ng nay chua trinh ty axit amin
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SEQ ID NO.3 hodc trinh tir axit amin ¢6 do tuong dong bang 95% hoic cao hon so véi
trinh ty axit amin SEQ ID NO.3; gen ma hoa polypeptit tuong ting nay chira trinh tu axit
amin SEQ ID NO.5 hoic trinh ty axit amin ¢6 d6 trong dong bang 95% hoic cao hon so
véi trinh tu axit amin SEQ ID NO.5; gen ma hoa polypeptit tuong ing nay chtra trinh tu
axit amin SEQ ID NO.7 hoac trinh ty axit amin c6 dd tuong déng béng 95% hoac cao
hon so véi trinh tu axit amin SEQ ID NO.7; va hdn hop bat ky ctia chiing.

Theo cac phuong an khéc, sang ché dé cap dén thé bién nap c6 tinh khéng chét

diét ¢, thé bién nap nay duoc chuyén gen.

Theo cac phuong 4n khac, sang ché dé cap dén phuong phap san xudt thuc vat
hodc tao ¢o tinh khang chat diét ¢d, bao gdm budc chuyén gen khang chét diét c6 vao tao,
té bao thuc vat, té bao trn, mé seo, tru dudi 14 mam, hat giéng, 14 mam, chdi hodc thuc

vat.

Theo cac phuong 4n khéc, sang ché dé cép dén phuong phép tao va/hoic ting
cudng tinh khang chit diét co cho thuc vat hodc tao, bao gdbm budc chuyén gen khing
chat diét ¢6 vao tao, t& bao thuc vat, t& bao trin, md seo, tru dudi 14 mam, hat gidng, 14

mam, choi hoac thuc vat.
Mo ta van tat hinh vé

Fig.1 13 hinh anh thé hién su sinh truéng ctia chiing Halothece sp. PCC 7418 duoc
nudi cdy trong 8 ngay trén moéi trudng CRBIP (Institut Pasteur, France) khong bd sung

tiafenacil hodc c6 bd sung 2uM hodc 10uM tiafenacil.

Fig.2 1a hinh v& thé hién ciu tric cia vecto pACBB dugc st dung trong E. coli
BT3(APPO) theo sang ché. eGFP dugc loai bo trude khi sir dung, khi mdi gen PPO duoc

tach dong vao vecto.

Fig.3 12 hinh anh thé hién hoat tinh tic ché sinh truéng cia ching BT3(APPO)
twrong tng duoc chuyén gen AtPPO1 thé dai (dwgc thé hién bing WT) va gen AtPPO1
dot bién (duoc thé hién bang MT) sau khi cdy chim diém ching 1én moi truong thach
chira tiafenacil v6i ndng d6 nam trong khoang tir OuM dén 25uM, va nudi cy chung

trong di€u kién anh sang va bong tor.
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Fig.4 1a hinh anh thé hién hoat tinh rc ché sinh truéng ctia ching BT3(APPO)
tuong Gng dugce chuyén gen AtPPO1 thé dai (dwgc thé hién bang WT), gen AtPPO1 dot
bién (duoc thé hién bang MT), gen CyPPO2 (dugc thé hién bang 2), gen CyPPO4 (dugc
thé hién bing 4) va gen CyPPO8 (dugc thé hién bang 8) trén moéi truong thach chira chit
diét cé pyrimidindion, tiafenacil, saflufenacil hodc butafenacil, hodc chat diét ¢
N-phenylphtalimit, flumioxazin véi ndng d6 nam trong khoang tir OopM dén 25uM. V thé
hién chiing duoc san xuét bang cach chuyén vecto tréng pACBB vao ching BT3(APPO).

Fig.5 14 hinh anh thé hién hoat tinh wc ché sinh truéng ctia chiing BT3(APPO)
tuong Gmg duoc chuyén gen AtPPO1 thé dai (dugc thé hién bang WT), gen AtPPO1 dot
bién (duge thé hién bang MT), gen CyPPO2 (duoc thé hién bang 2), gen CyPPO4 (dugc
thé hién bang 4) va gen CyPPO8 (dugc thé hién bang 8) trén moi truong thach chira chat
diét co diphenyl ete, tuc la fomesafen, acifluorfen hodc oxyfluorfen véi ndéng d6 nim
trong khoang tir OpM dén 400pM. V thé hién ching dugc san xuit bang cach chuyén
vecto tréng pACBB vio ching BT3(APPO).

Fig.6 12 hinh anh thé hién hoat tinh tic ché sinh trudéng cia ching BT3(APPO)
twong Gng dwoc chuyén gen AtPPOI1 thé dai (dugc thé hién bang WT), gen AtPPO1 dot
bién (dugc thé hién bang MT), gen CyPPO2 (duoc thé hién bing 2), gen CyPPO4 (duogc
thé hién bang 4) va gen CyPPOS8 (dugc thé hién bing 8) trén mai truong thach chira chat
diét co triazolinon, turc la sulfentrazon, chét diét c6 oxizolidindion, pentoxazon, chét diét
cé phenylpyrazol, pyraflufen-etyl, chit diét co oxadiazol, oxadiazon, chat diét co
thiadiazol, fluthiacet-metyl, hodc cht diét c6 c6 ciu tric khac, tic 1a pyraclonil véi nf“)ng
do nam trong khoang tir OuM dén 400uM. V thé hién chung dugc san xuét bang cach
chuyén vecto tréng pACBB vio ching BT3(APPO).

Fig.7 12 hinh anh thé hién hoat tinh trc ché sinh truéng ctia ching BT3(APPO)
trong tng duoc chuyén gen AtPPO1 thé dai (dugc thé hién bing WT), gen AtPPO1 dot
bién (dugc thé hién bang MT), va gen CyPPOI12 trén moi trudng thach chira tiafenacil,
saflufenacil, flumioxazin, fomesafen hoac oxyfluorfen véi ndng d9 nam trong khoang tir

OpM dén 400uM.

Fig.8 14 hinh 4nh thé hién hoat tinh tc ché sinh truéng cia chung BT3(APPO)
turong ung duoc chuyén gen AtPPO1 thé dai (duoc thé hién bang WT), gen AtPPO1 dot
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bién (dugc thé hién biang MT), va gen CyPPOI2 trén moéi truong thach chira
pyraflufen-etyl, oxadiazon, sulfentrazon, pentoxazon hodc pyraclonil véi ndéng do nim

trong khoang tir OpM dén 400uM.

Fig.9 1a db thi thé hién hoat tinh e ché sinh trudng ciia ching BT3(APPO) tuong
tng duoc chuyén gen AtPPO1 thé dai (dugc thé hién bang WT), gen AtPPOI dot bién
(dugc thé hién bang MT), gen CyPPO2 va gen CyPPO4 trong moi truong LB 16ng chira

tiafenacil voi ndng do nam trong khoang tir OouM dén 100uM theo thoi gian nudi chy.

Fig.10 1a dd thi thé hién hoat tinh trc ché sinh truéng ctia chiing BT3(APPO) tuong
ting duoc chuyén gen AtPPOI thé dai (duoc thé hién bing WT), gen AtPPO1 dot bién
(dugc thé hién bang MT), gen CyPPO2, gen CyPPO4 va gen CyPPOS trong mdi trudng
LB 16ng chira saflufenacil v6i nong d nim trong khoang tir OuM dén 100pM theo thoi

gian nudi cay.

Fig.11 1a dd thi thé hién hoat tinh (rc ché sinh truéng cia ching BT3(APPO) tuong
ting dugc chuyén gen AtPPO1 thé dai (duoc thé hién bang WT), gen AtPPO1 dot bién
(duge thé hién bang MT), gen CyPPO2, gen CyPPO4 va gen CyPPOS trong mdi truong
LB long chtta fomesafen véi ndéng d6 nim trong khoang tir OpM dén 100pM theo thoi

gian nuoi cay.

Fig.12 1a hinh anh thé hién c4u tric cta vecto biéu hién thuc vét dugc str dung dé

kiém chumg biéu hién gen PPO trong luc lap cua 1a ciy thude 14.

Fig.13 12 hinh anh thé hién két qua kiém chimg biéu hién gen YFP, gen AtPPO1
thé dai (dugc thé hién bang WT), gen CyPPO2, gen CyPPO4 va gen CyPPO8 trong luc
lap ctia thuc vat, mdi gen nay dugc téch dong cAp hai vao vecto dugc thé hién trén Fig.12,

sau do chén vao thuc vat.

Fig.14 1a hinh anh thé hién cAu tric cua vecto chuyén gen thuc vét, dugc str dung

dé chuyén gen PPO vao Arabidopsis thaliana.

Fig.15 1a hinh anh thé hién két qua kiém chung kha ning ndy mam cua hat giéng
Arabidopsis thaliana thé hé T, twong ung dugc chuyén gen AtPPO1 dot bién (duge thé
hién bang MT), gen CyPPO2 va gen CyPPOS trong mdi truong MS 1/2 hodc mdi trudng
MS 1/2 chira tiafenacil & ndng do bing 70nM. AtPPO1 dot bién (dugc thé hién bang MT)
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dué6i dang mau ddi chimg 1a hat gibng (T,) dugc chuyén gen c6 tinh khang chét diét co

tic ché PPO béng céach thay thé axit amin.

Fig.16 12 hinh anh thé hién két qua thAm tich Western ctia mdi dong Arabidopsis
thaliana thé hé T, duoc chuyén gen CyPPO2 dé kiém chung biéu hién cia protein
CyPPO2 duge duy tri trong thé hé tiép theo hay khong. CyPPO2(R) thé hién dong
Arabidopsis thaliana chuyén gen khang chét diét cé, va CyPPO2(S) thé hién dong
Arabidopsis thaliana chuyén gen nhay vé6i chat diét co. Hinh anh bén duéi ctia Fig.16 thé
hién két qua phan tich PCR dé kiém chimg viéc chén gen BAR vao vecto nhi phan.

Fig.17 12 hinh anh thé hién két qua thAm tich Western ctia mdi dong Arabidopsis
thaliana thé hé T, dugc chuyén gen CyPPO8 dé kiém chimg biéu hién cta protein
CyPPO8 duoc duy tri trong thé hé tiép theo hay khong. CyPPOS(R) thé hién dong
Arabidopsis thaliana chuyén gen khang chét diét co, va CyPPOS(S) thé hién dong
Arabidopsis thaliana chuyén gen nhay v6i chét diét c6. Hinh anh bén duéi ciia Fig.17 thé
hién két qua phén tich PCR dé kiém chting viéc chén gen BAR vao vecto nhi phan.

Fig.18 1a hinh anh thé hién két qua danh gid su sinh trudng cua Arabidopsis
thaliana thé hé T, tuong ung duoc chuyén gen CyPPO2, gen CyPPO4 va gen CyPPOS8 va
gen dbi ching AtPPOI dot bién (dugc thé hién bang MT) sau 7 ngdy phun vdi tiafenacil
& ndng dd 1pM. WT thé hién két qua ctia Arabidopsis thaliana thé dai.

Fig.19 1a hinh anh thé hién két qua danh gid sy sinh trudéng cia Arabidopsis
thaliana thé hé T, tuong ung duoc chuyén gen CyPPO2, gen CyPPO4 va gen CyPPO8 va
gen di chung AtPPO1 dot bién (duoc thé hién bang MT) sau 7 ngay phun véi 0,5pM
tiafenacil, 1M saflufenacil, hodc 3uM fomesafen. WT thé hién két qua ctia Arabidopsis

thaliana thé dai.

Fig.20 1a hinh 4nh th& hién két qua gieo trong hat giéng tuong Gng cua
Arabidopsis thaliana chuyén gen dugc chén gen CyPPO2 va gen BAR va Arabidopsis
thaliana chuyén gen dugc chén gen CyPPOS8 va gen BAR trén mdi trudng bd sung
glufosinat, mdi truong bd sung tiafenacil, hodc mdi truong bd sung glufosinat va

tiafenacil.

Fig.21 1 hinh anh thé hién két qua gieo tréng hat gidng clia Arabidopsis thaliana
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chuyén gen dugc chén gen CyPPO2 hodc gen CyPPOS8 trong mdi trudng bd sung
tiafenacil, moi trudng bd sung saflufenacil, hoic mdi trudng bd sung tiafenacil va

saflufenacil.

Fig.22 1a hinh anh thé hién két qua danh gia mdi tvong quan gitta thé trong dong
axit amin cua protein CyPPO2, protein CyPPO4, hoac protein CyPPO8 va tinh khang
chét diét co, va thé hién hoat tinh @c ché sinh truéng ciia chiing BT3(APPO) tuong tng
dugc chuyén gen ma hoa bién thé trinh tu axit amin CyPPO2 (dugc thé hién bang 2M),
gen ma hoa bién thé trinh tu axit amin CyPPO4 (dugc thé hién bang 4M) va gen mi hoa
bién thé trinh tu axit amin CyPPOS8 (dugc thé hién bang 8M) trén mdi truong thach chira
ndng do khac nhau cia tiafenacil, saflufenacil va butafenacil. AtPPO1 thé dai (dugc thé
hién bang WT) va AtPPO1 dot bién (dugc thé hién biang MT) duoc st dung lam nhém
d6i chung dé danh gia rc ché sinh truéng.

Fig.23 1 hinh 4nh thé hién hoat tinh trc ché sinh truéng cla ching BT3(APPO)
trong ung dugc chuyén gen ma hoa bién thé trinh tu axit amin CyPPO2 (dugc thé hién
bing 2M), gen ma hoa bién thé trinh tu axit amin CyPPO4 (dugc thé hién bang 4M) va
gen mi hoa bién thé trinh tur axit amin CyPPO8 (duoc thé hién bang 8M) trén moi trudng
thach chira ndng d6 khac nhau cua acifluorfen, oxyfluorfen va fomesafen. AtPPO1 thé
dai (duoc thé hién bing WT) va AtPPOI1 dét bién (dugc thé hién bang MT) dugc st dung

lam nhom déi chung dé danh gia (e ché sinh trudng.

Fig.24 1a hinh anh thé hién hoat tinh trc ché sinh truéng cta ching BT3(APPO)
tuong tmg dugc chuyén gen ma hoa bién thé trinh tir axit amin CyPPO2 (duoc thé hién
bing 2M), gen ma hoa bién thé trinh tu axit amin CyPPO4 (dugc thé hi¢n bang 4M) va
gen ma hoa bién thé trinh tu axit amin CyPPO8 (dugc thé hién bang 8M) trén méi trudng
thach chira ndng do khac nhau cua sulfentrazon, oxadiazon, pentoxazon va pyraclonil.
APPO1 thé dai (duoc thé hién bing WT) va AtPPO1 dot bién (dugc thé hién bang MT)

duogc st dung 1am nhém ddi ching dé danh gi4 uc ché sinh trudng.

Fig.25 1a hinh 4nh thé hién hoat tinh trc ché sinh truéng ctia ching BT3(APPO)
tuong (mg dugc chuyén gen ma hoa bién thé trinh tu axit amin CyPPO2 (dugc thé hién
bing 2M), gen ma héa bién thé trinh ty axit amin CyPPO4 (dugc thé hién bang 4M) va
gen ma hoa bién thé trinh tu axit amin CyPPO8 (dugc thé hién bang 8M) trén méi trudng
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thach chira nong do khic nhau cua fluthiacet-metyl, pyraflufen-etyl va flumioxazin.
AtPPO1 thé dai (duoc thé hién bang WT) va AtPPO1 dot bién (dugc thé hién bang MT)

dugc st dung 1am nhom déi chimg dé danh gia rc ché sinh truéng.
M0 ta chi tiét sang ché
Sang ché s& dugc mo ta chi tiét dudi day.

Sang ché dé cap dén peptit PPO c6 ngudn gbc tir chiing Oscillatoria nigroviridis
PCC 7112, dugc goi la CyPPO2, trinh tu axit amin cda né nhu néu trong SEQ ID NO.1,
va trinh tu nucleotit cia gen ma hoéa peptit tuong tng nay nhu néu trong SEQ ID NO.2.

Sang ché ciing dé cap dén peptit PPO c6 ngudn gboc tir ching Lyngbya sp. PCC
8106, dugc goi la CyPPO4, trinh ty axit amin cua n6 nhu néu trong SEQ ID NO.3, va
trinh tu nucleotit cia gen ma hoa peptit trong tng nay nhu néu trong SEQ ID NO 4.

Sang ché ciing dé cap dén peptit PPO ¢6 ngudn gde tir ching Halothece sp. PCC
7418, dugc goi la CyPPO8, trinh tu axit amin cia né nhu néu trong SEQ ID NO.5, va
trinh tu nucleotit cia gen ma hoa peptit tuong trng nay nhu néu trong SEQ ID NO.6.

Sang ché ciing dé cap dén peptit PPO c6 ngudn gbc tir chung Microcoleus
vaginatus, dugc goi la CyPPO12, trinh tu axit amin cda n6 nhu néu trong SEQ ID NO.7,
va trinh tu nucleotit ciia gen ma hoda peptit turong ung nay nhu néu trong SEQ ID NO.8.
Trinh tu axit amin cia CyPPO12 ¢ d6 tuong dong bang 94% so véi trinh tw axit amin

cua CyPPO2.

Protein PPO khang chét diét co theo sang ché co thé bao gbm gbc thay dbi trong
mach protein ma khong 1am thay di hoat tinh cta phén t nay. Gdc thay ddi nay c6 thé
bao gém gdc thay thé, loai bo, bd sung, va/hodc chén thém axit amin. Vi du, cac gdc thay
ddi axit amin trong protein va peptit, ma khong lam thay dbi hoat tinh cia cac phan tir
nay, da biét trong linh vuc nay. Cac gbc thay ddi xuét hién phd bién nhét bao gdbm, nhung
khong chi giéi han & Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn,
Ala/Val, Ser/Gly, Thr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/lle, Leu/Val, Ala/Glu,
Asp/Gly, theo ¢4 hai chiéu. Khi can, protein nay c6 thé dugc cai bién bang phuong phap
phosphoryl héa, sulfat hod, acryl hoa, glycosyl hoa, metyl hoa, farnesyl hoa, v.v. Ngoai

ra, bién thé protein c6 thé bao gom protein c6 d§ o6n dinh cau tric dugc gia taing dé khang

-15-



31813

lai diéu kién nhiét, do pH, v.v. hodc cé hoat tinh dugc gia ting béng cach thay ddi hoac

cai bién trinh tu axit amin.

Hon nita, protein PPO khang chat diét cé c6 thé 1a bién thé c6 hoat tinh sinh hoc
twong duong véi polypeptit chira trinh tu axit amin SEQ ID NO.1, SEQ ID NO.3, SEQ
ID NO.5, hoic SEQ ID NO.7. Bién thé nay c6 thé bao gdm gbc thay thé, loai bé, bd sung,
va/hodc chén thém axit amin, so Vi thé dai hoic protein chuén dbi chiéu, va c6 hoat tinh
sinh hoc twong duong véi thé dai hodc protein chuan dbi chiéu. Thuat ngit “do tuong
déng trinh tu” dugc dung trong ban mo ta dé chi muc do tuong tu voi thé dai hodc trinh
tu axit amin déi chiéu hodc trinh tu nucleotit. Protein bt ky c6 thé nam trong pham vi
ctia sang ché, mién 1a protein nay chira cac gbc axit amin c6 do tuong dong bang 60%
hodc cao hon, 65% hodc cao hon, 70% hoac cao hon, 75% hodc cao hon, 80% hodc cao
hon, 85% hodc cao hon, 90% hoac cao hon, 95% hoac cao hon, 98% hoac cao hon, hoac
99% hodc cao hon so véi trinh tu axit amin cia protein PPO khang chit diét co theo sang
ché, va ciing c¢6 hoat tinh sinh hoc twong duong véi polypeptit chira trinh ty axit amin
SEQ ID NO.1, SEQ ID NO.3, SEQ ID NO.5 hodc SEQ ID NO.7. Bién thé protein tuong
dwong nay c6 thé bao gébm trung tAm hoat dong twong duong véi trung tAm hoat dong cua
protein mong mudn. Do twong ddng c6 thé dugc so sanh bang mit hodc vé6i su trg gitp
ctia cac chuong trinh so sanh san c6. Cac chuong trinh may tinh c6 béan trén thi truong
nay c6 thé tinh toan ty 1& % tuong dong gifta hai hodc nhiéu trinh tu, va ty 1& % tuong
ddng c6 thé duoc tinh toan trén cAc trinh tu tiép giap. Qua trinh sap thang hang trinh tyr dé
so sanh c6 thé dugc thuc hién bang cach phuong phap di biét trong linh vure nay, vi du,
GAP, BESTFIT, BLAST, FASTA va TFASTA.

Hon nira, gen PPO khéng chat diét co duoc st dung trong sang ché cé thé bao
gbm phén tir axit nucleic bao gdm cac b ba ma hoa c6 chirc ning twong duong v6i trinh
tu nucleotit ciia gen ma hoda polypeptit twong tng chira trinh tu axit amin SEQ ID NO.1,
SEQ ID NO.3, SEQ ID NO.5 hodc SEQ ID NO.7, hodc cac by ba ma hda cac axit amin
gidng hét nhau (biang cach phan giai cac bd ba ma héa), hodc cac bd ba ma hoa céc axit
amin c6 hoat tinh sinh hoc tuong duong. Hon nita, sang ché ciing c6 thé bao gdbm phan tir
axit nucleic, ma héa protein van c6 hoat tinh sinh hoc twong duong véi protein PPO
khang chat diét co, va ciing bao gdm céac nucleotit c6 dd tuong dong it nhét bang 60%

ho#c cao hon, 65% hoac cao hon, 70% hoac cao hon, 75% hodc cao hon, 80% hodc cao
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hon, 85% hodac cao hon, 90% hoac cao hon, 95% hodc cao hon, 98% hodc cao hon, hodc
99% hodc cao hon so voi phén tir axit nucleic nay khi trinh tu nucleotit cia gen ma hoa
protein PPO khéang chat diét co theo sang ché va trinh tu nucleotit bat ky khac dugc sap
thing hang dé bat cap chinh x4c t6i da, va cic trinh tu da sap thang hang dwogc phan tich

bang thuét toan thudng duoc sir dung trong linh vuc ndy.

Theo mét phuong an cu thé, protein PPO khing chét diét c6 theo sang ché bao
gbdm mot hodc nhiéu polypeptit duge chon tir nhém bao gdm polypeptit chira trinh tur axit
amin SEQ ID NO.1 hogc trinh ty axit amin c¢6 d6 twong dong bang 95% hoic 98% hoic
cao hon so véi SEQ ID NO.1; polypeptit chira trinh tu axit amin SEQ ID NO.3 hodc trinh
tu axit amin c6 do twong dong bang 95% hoic 98% hoic cao hon so véi SEQ ID NO.3;
polypeptit chita trinh ty axit amin SEQ ID NO.5 hodc trinh tu axit amin c6 d6 twong dong
bang 95% hoic 98% hoic cao hon so v6i SEQ ID NO.5; polypeptit chira trinh tu axit
amin SEQ ID NO.7 hoac trinh tu axit amin c¢6 do tuong dong bang 95% hodc 98% hoic
cao hon so v&i SEQ ID NO.7; va hdn hop bat ky ciia chiing.

Hon nita, gen PPO khang chét diét co bao g@)m mot hoac nhiéu gen dugc chon tr
nhém bao gdbm gen ma héa polypeptit twong ting chira trinh tu axit amin SEQ ID NO.1
hoic trinh tu axit amin c6 do trong dong bang 95% hodc 98% hoic cao hon so véi SEQ
ID NO.1; gen mi hoa polypeptit twong ing chtra trinh ty axit amin SEQ ID NO.3 hoac
trinh tu axit amin c6 dJ tuong déng béng 95% hodc 98% hoac cao hon so vo1 SEQ ID
NO.3; gen ma héa polypeptit tuong g chira trinh tu axit amin SEQ ID NO.5 hoéc trinh
tu axit amin c6 do tuong dé)ng béng 95% hoac 98% hoac cao hon so véi1 SEQ ID NO.5;
gen ma hoa polypeptit twong ing chira trinh tu axit amin SEQ ID NO.7 hodc trinh tu axit
amin ¢6 do tuong dong biang 95% hoic 98% hodc cao hon so v6i SEQ ID NO.7; va hén
hop bat ky cia ching.

Gen nay c6 thé 1 gen chira, nhung khong chi gi¢i han & trinh tu nucleotit SEQ 1D
NO.2 hodc trinh tu nucleotit c6 do tuong déng béng 95% hoac 98% hoac cao hon so véi
SEQ ID NO.2, gen chura trinh tu nucleotit SEQ ID NO.4 hodc trinh tu nucleotit ¢6 do
tuong dong bing 95% hodc 98% hodc cao hon so véi SEQ ID NO.4, gen chira trinh tu
nucleotit SEQ ID NO.6 hodc trinh tu nucleotit c6 do tuong déng béng 95% hoac 98%
hoic cao hon so voi SEQ ID NO.6, gen chira trinh tu nucleotit SEQ ID NO.8 hoac trinh
tu nucleotit c6 dd tuong d@)ng b.%mg 95% hoac 98% hodc cao hon so vai SEQ ID NO.8,
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va/hodc hdn hop bat ky cia ching.

Protein PPO khang chét diét co c6 thé duge thu nhan tir ngudn ty nhién bang cach
chiét xuét va tinh ché bang cac phuong phéap da biét trong linh vuc nay. Theo cach khéc,
protein PPO khéang chét diét c¢6 c6 thé duoc thu nhan dudi dang protein tong hop dugc
didu ché bang téng hop héa hoc, hodc dudi dang protein tai t6 hop duoc didu ché bang k§
thuat tai to hop gen. Khi dugc tong hop héa hoc, protein nay c6 thé duoc thu nhan bang
phuong phap tdng hop polypeptit da biét trong linh vure nay. Khi k¥ thuét téi t6 hop gen
dugc str dung, axit nucleic ma hda protein PPO khéang chét diét c6 duge chén vio vecto
biéu hién thich hop, vecto nay duoc bién nap vao té bao vat chu, té bao vat chu nay duogc
nudi cdy dé biéu hién protein mong mudn, sau d6 protein PPO khang chét diét co duoc
thu nhan tir té bao vt chu nay. Sau khi protein nay dugc biéu hién & té bao vat chu duogc
chon, cac k§ thuét phan tach sinh héa thong thuong, vi du, xtr ly véi chét két taa protein
(két tha bang mubi), ly tm, pha v& bang siéu am, siéu loc, loc pha lodng bang dung moi,
sdc ky, nhu sic ky rdy phan tir (loc gel), sdc ky hép thu, sic ky trao doi ion, sdc ky 4i luc
va tuong tu cb thé duoc st dung dé phan 1ap va tinh ché n6. Nhin chung, dé phan tach
protein nay véi do tinh khiét cao, cac phuong phap nay cé thé duge st dung két hop.

Phan tt axit nucleic PPO khang chét diét cd c¢6 thé duge phan 1ap hoic diéu ché
bang cac ky thuat sinh hoc phan t&r tiéu chudn, vi du, phuong phép tong hop héa hoc hoic
phuong phép téi t6 hop. Theo céch khéc, phuong phép ¢6 ban trén thi trudng c6 thé dugc

st dung.

Theo phuong 4n cu thé, cac protein PPO nay duogc phat hién 1a c6 tinh khang chat
diét c6 phd rong khang lai 9 loai chat diét cé e ché hoat tinh PPO dwoc phén loai theo
c4u truc hoa hoc cua ching trong hé thir nghiém tinh khéng chét diét co st dung E. coli
BT3(APPO) khong chira gen PPO. Ciing phat hién thdy rang cac protein nay c6 thé dugc
biéu hién trong 1a cdy thubc 14 bang phuong phép chuyén gen nho Agrobacterium, va
cac protein nay cing cO thé dugc biéu hién trong luc lap cua thuc vat béng cach st dung
peptit van chuyén (TP). Hon nita, dd phét hién thdy rang cac protein PPO niy ciing c6 thé
duoc bidu hién trong Arabidopsis thaliana (giéng Columbia) bang vecto biéu hién thuc
vat. Mic du, cac thuc vat chuyén gen nay duge xir Iy bang céc chét diét ¢ tc ché hoat
tinh PPO, nhung kha ning ndy mam va sinh truéng ctia cac thuc vét ndy duge quan sat.

Hon nita, kha niang di truyén caa céc tinh trang khang chét diét co néu trén cho thé hé tiép
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theo dugc kidm ching bang nghién ciru kha nang di truyén.

Do d6, protein PPO theo sang ché ¢6 thé duoc chén vao thuc vat hodc tao, dé tang

cuong tinh khang chét diét co cia thuc vat hodc tao.

Thuét nglr “chat diét co” dugc dung trong ban mo ta dé chi hoat chét tiéu diét,
kiém so4t hodc bién d6i kha nang sinh truéng cta thuc vat hodc tio. Thuat ngit “kha ning
chéng chiu chét diét c6” hodc “tinh khang chit diét co” c6 nghia 1a ngay ca sau khi xtr 1y
v6i chat diét ¢ thuong tiéu diét thuc vat hodc tao thong thuong hodc thé dai hoic thuong
trc ché kha nang sinh truéng cda ching, thi hoat tinh Grc ché sinh trudng cua thuc vat
hodc tao bi suy yéu hoac loai bo, so vdi thuc vat hodc tdo thong thudng hodc thé dai, do
do thuc vat hoac tao tiép tuc sinh trudng. Chét diét co bao gém chit diét co wc ché
protoporphyrinogen oxidaza (PPO) cua thuc vét. Chét diét ¢ e ché PPO c¢6 thé dugc
phan loai thanh pyrimidindion, diphenyl-ete, phenylpyrazol, N-phenylphtalimit,
thiadiazol, oxadiazol, triazolinon, oxazolidindion, va cac chit diét c6 c6 ciu trac khac

theo cau trac héa hoc cta chung.

Theo mot phuong an cu thé, chit diét c¢o pyrimidindion bao gdm, nhung khéng chi

gi6i han & butafenacil, saflufenacil, benzfendizon, va tiafenacil.

Chét diét co diphenyl-ete bao gdm, nhung khong chi gi6i han & fomesafen,
oxyfluorfen, aclonifen, acifluorfen, bifenox, ethoxyfen, lactofen, chlomethoxyfen,

chlorintrofen, floglycofen-etyl, va halosafen.

Chét diét c6 phenylpyrazol bao gdm, nhung khéng chi gi6i han & pyraflufen-etyl

va fluazolat.

Chét diét cé phenylphtalimit bao gdm, nhung khong chi giéi han & flumioxazin,

cinidon-etyl, va flumiclorac-pentyl.

Chét diét co thiadiazol bao gdm, nhung khong chi giéi han & fluthiacet va

thidiazimin.

Chét diét c6 oxadiazol bao gdm, nhung khong chi giéi han & oxadiargyl va

oxadiazon.

Chét diét co triazolinon bao gom, nhung khong chi gigi han & carfentrazon,
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sulfentrazon, va azafenidin.
Chét diét c¢6 oxazolidindion bao gdm, nhung khong chi gi¢i han & pentoxazon.

Céc chét diét ¢6 ¢6 cu tric khac bao gdm, nhung khong chi giéi han & pyraclonil,

flufenpyr-etyl va profluazol.

Gen PPO khang chét diét co theo sang ché ¢6 thé duge chén vao thuc vat hodc tao
bang cac phuong phip da biét trong linh vuc nay, t5t hon néu bang cach str dung vecto

biéu hién dé chuyén gen thuc vat hoic tao.

Ving khéi dau thich hop chira trong vecto c6 thé 1a ving khéi dau bat ky thuong
duogc st dung trong linh vuc nay dé cheén gen vao thuc vat hodc tdo. Vi du, ving khéi dau
dé chuyén gen thuc vét ¢ thé bao gb6m, nhung khong chi giéi han & ving khéi dau SP6,
ving khéi dau T7, vong khéi dau T3, ving khéi diu PM, ving khéi dau ubiquitin cla
ngd, ving khoi dau 35S cua virut gdy bénh kham trén sup lo, ving khoi dau nopalin
synthaza (nos), vung khéi dau 35S cua virut gay bénh kham trén cay huyén sam, ving
khéi du ciia virut bacilliform gay bénh trén mia, ving khéi ddu cta virut gy bénh dém
vang trén thyuc vat thudce chi thai lai, ving khoi dau cam ung anh sang tur tiéu don vi mach
ngin cua ribuloza-1,5-bisphosphat carboxylaza (ssRUB ISCO), ving khoi dau
triozaphosphat isomeraza (TPI) bao tuwong cia lta, viung khoi diu adenin
phosphoribosyltransferaza (APRT) cta Arabidopsis, vung khdi dau octopin synthaza, va
ving khéi du BCB (protein gin két dong sulfat).

Hon nira, vecto chuyén gen thuc vat c6 thé bao goém trinh tu tin hiéu polyA gay
polyadenyl hoa & dau tan cing 3°, vi du vecto chuyén gen thuc vat c6 thé bao gom,
nhung khong chi giéi han ¢ diu 3> NOS c6 ngudn gbc tir gen nopalin synthaza cia
Agrobacterium tumefaciens, vung két thiic octopin synthaza c6 ngudn gbc tir gen octopin
synthaza ctia Agrobacterium tumefaciens, du 3’ caa gen e ché proteaza I hodc 1T ctia ca
chua hodc khoai tdy, ving két thic 35S CaMV, ving két thiic a-amylaza ctia laa RAmy1

A, va ving két thuc phaseolin.

Hon nira, viung khéi dau dé chuyén gen tdo c6 the la vung khéi dau dac hiéu luc
lap, ving khoi dau nhéan, viang khéi dau cau tric hodc vung khéi dau cam ung. Gen ma

héa gen PPO khang chét diét ¢ theo séng ché ¢6 thé co thé duoc lién két didu khién véi
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5> UTR hoac 3° UTR c6 chirc nang trong nhan cua tdo. Hon nira, vecto dé chuyén gen tao
¢6 thé bao gdm trinh tu diéu hoa phién ma dé bidu hién gen trong nhan cia tao. Gen tai to
hop tao tinh khang chit diét c6 co thé duoc tich hop vao bo gen nhan hodc bd gen luc lap
ctia vat chu téo, gen tai td hop tao tinh khang chét diét c6 c6 thé duoc tich hop vao bo gen

nhan hoac b gen luc lap cda vat tdo chu nhan that.

Trong vecto, peptit van chuyén can dé huéng dich vao luc lap co thé duoc lién két

v6i ddu 5 cua gen PPO dé biéu hién gen PPO khang chét diét co trong luc lap.

Tay v, vecto ¢6 thé con bao gbdm gen ma hoa chét chi thi chon loc dudi dang phan
tt chi thi, va vi du vé& gen chi thi chon loc c6 thé bao gdm, nhung khong chi gi6i han &
gen khang khang sinh (vi du neomycin, carbenicillin, kanamycin, spectinomycin,
hygromycin, bleomycin, cloramphenicol, v.v.) hodc gen khang chat diét ¢6 (glyphosat,

glufosinat, phosphinothricin, v.v.).

Hon nita, vecto tai td hop dé biéu hién thuc vat c6 thé bao gém vecto nhi phan
Agrobacterium, vecto tich hop dong thoi, hodc vecto thong thudng khong c6 ving
T-ADN nhung duoc thiét ké dé biéu hién trong thuc vét. Trong s6 chiing, vecto nhi phan
duoc dung trong ban mo ta dé chi vecto chta hai hé vecto tach biét mang mot plasmit dé
di chuyén chia doan ranh giéi bén trai (LB) va doan ranh gidi bén phai (RB) trong
plasmit cam Ung khéi u Ti, va cac plasmit khac dé chuyén gen dich, va vecto c6 thé bao

gdm vung khéi ddu va trinh tyr tin hiéu polyadenyl héa dé biéu hién & thyuc vat.

Khi vecto nhi phan hoac vecto tich hop déng thoi dugc st dung, t5t hon néu
chung dé chuyén gen vecto tai t6 hop vao thuc vét 14 Agrobacterium (phuong phép
chuyén gen nhd Agrobacterium). V& vin dé nay, Agrobacterium tumefaciens hoic
Agrobacterium rhizogen co thé duogc str dung. Ngoai ra, khi vecto khong c6 ving T-ADN
duoc sir dung, thi phuong phap xung dién, phuong phéap ban pha vi hat, phuong phép hép
thu nho polyetylen glycol, v.v. co thé duoc st dung dé chén plasmit téi to hop vao thuc

A

vat.

Thuc vat dugc chuyén gen bang phuong phap néu trén c6 thé dugc tai biét hoa
thanh thuc vat nhd cdm ing mo seo, tao ré, va tréng vao dét sur dung k¥ thuat tiéu chuin

da biét trong linh vuc nay.
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Thuc vét dugc chuyén gen theo sang ché bao gom té bao thuc vat (chira hén dich
nudi ciy té bao), t€ bao tran, mo seo, tru dudi 14 mam, hat giong, 14 mam, chdi cling nhu

thuce vat truéng thanh.

Hon nira, thé bién nap nay bao gdm thé bién nap duoc chén véi gen cling nhu san
phém tach dong hoac thé bién nap thé hé sau cua no (thé hé Ty, thé hé T,, hodc thé hé bt
ky tiép theo). Vi du, thuc vat chuyén gen ciing bao gdbm thuc vt c¢é tinh khang chét diét
¢ duogce di truyén du6i dang thuc vét thé hé sau c6 kha nang sinh san va khong cé kha
nang sinh san cda thuc vat duoc chuyén gen theo sang ché. Sang ché ciing bao gdm toan
bd cac thé dot bién va bién thé c6 dic tinh cua thuc vat chuyén gen ban dau, cung voi
toan bd cac san phim lai héa va dung hop cua thuc vat dugc chuyén gen theo sang ché.
Hon nita, sang ché cling bao gém bd phan cua thuc vat, nhu hat giéng, hoa, than, qua, 14,
rd, than o, 18 cl, ¢6 ngudn gde tir thue vat chuyén gen dugc chuyén gen trudc bang
phuong phép theo séng ché, hodc thuc vat thé hé sau ciia n6, va bao gom it nhat mot bo

phan cua t€ bao chuyén gen.

Khoéng c6 gidi han cu thé vé thuc vat duoc st dung theo sang ché, bao g@)m thuc
vat mot 1a mam hoac thuc vat hai 14 mam. Hon nita, thuc vat bao gém thuc vt than thao
hogc thuc vat than gb. Thuc vat mot 14 mam c6 thé bao gdm, nhung khong chi giéi han &
thuc vat thudc ho Alismataceae, Hydrocharitaceae, Juncaginaceae, Scheuchzeriaceae,
Potamogetonaceae, Najadaceae, Zosteraceae, Liliaceae, Haemodoraceae, Agavaceae,
Amaryllidaceae, Dioscoreaceae, Pontederiaceae, Iridaceae, Burmanniaceae, Juncaceae,
Commelinaceae, Eriocaulaceae, Gramineae, Poaceae, Araceae, Lemnaceae,
Sparganiaceae, Typhaceae, Cyperaceae, Musaceae, Zingiberaceae, Cannaceae,

Orchidaceae.

Thue vat hai 14 mam c6 thé bao gdbm, nhung khong chi gi6i han & thuc vat thudce
ho Diapensiaceae, Clethraceae, Pyrolaceae, Ericaceae, Myrsinaceae, Primulaceae,
Plumbaginaceae, Ebenaceae, Styracaceae, Symplocaceae, Symplocaceae, Oleaceae,
Loganiaceae, Gentianaceae, Menyanthaceae, Apocynaceae, Asclepiadaceae, Rubiaceae,
Polemoniaceae, Convolvulaceae, Boraginaceae, Verbenaceae, Labiatae, Solanaceae,
Scrophulariaceae,  Bignoniaceae, Acanthaceae, Pedaliaceae, Orobanchaceae,
Gesneriaceae, Lentibulariaceae, Phrymaceae, Plantaginaceae, Caprifoliaceae,

Adoxaceae, Valerianaceae, Dipsacaceae, Campanulaceae, Compositae, Myricaceae,
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Juglandaceae, Salicaceae, Betulaceae, Fagaceae, Ulmaceae, Moraceae, Urticaceae,
Santalaceae, Loranthaceae, Polygonaceae, Phytolaccaceae, Nyctaginaceae, Aizoaceae,
Portulacaceae, Caryophyllaceae, Chenopodiaceae, Amaranthaceae, Cactaceae,
Magnoliaceae, Illiciaceae, Lauraceae, Cercidiphyllaceae, Ranunculaceae,
Berberidaceae, Lardizabalaceae, Menispermaceae, Nymphaeaceae, Ceratophyllaceae,
Cabombaceae,  Saururaceae,  Piperaceae,  Chloranthaceae,  Aristolochiaceae,
Actinidiaceae, Theaceae, Guittiferae, Droseraceae, Papaveraceae, Capparidaceae,
Cruciferae, Platanaceae, Hamamelidaceae, Crassulaceae, Saxifragaceae,
Eucommiaceae, Pittosporaceae, Rosaceae, Leguminosae, Oxalidaceae, Geraniaceae,
Tropaeolaceae, Zygophyllaceae, Linaceae, Euphorbiaceae, Callitrichaceae, Rutaceae,
Simaroubaceae, Meliaceae, Polygalaceae, Anacardiaceae, Aceraceae, Sapindaceae,
Hippocastanaceae,  Sabiaceae,  Balsaminaceae,  Aquifoliaceae,  Celastraceae,
Staphyleaceae, Buxaceae, Empetraceae, Rhamnaceae, Vitaceae, Elaeocarpaceae,
Tiliaceae, Malvaceae, Sterculiaceae, Thymelaeaceae, Elaeagnaceae, Flacourtiaceae,
Violaceae, Passifloraceae, Tamaricaceae, Elatinaceae, Begoniaceae, Cucurbitaceae,
Lythraceae, Punicaceae, Onagraceae, Haloragaceae, Alangiaceae, Cornaceae,

Araliaceae, Umbelliferae (Apiaceae).

Theo mdt phuong an cu thé, thuc vat bao gdm, nhung khong chi gi6i han & ciy
tré)ng luong thue, nhu lGa, lda my, Iua mach, ngd, dau tuwong, khoai tdy, lta my, dau do,
yén mach, va lua mién; rau xanh, nhu Arabidopsis thaliana, cai bép Trung Quéc, cai cay,
6t, dau tay, ca chua, dua hiu, dua chudt, cai bap, dua 1&, bi ngo, hanh tay, hanh ta, va ca
rét; cay tr@)ng dé s dung ddc biét, nhu nhan sam, thudc 14, bdng, cd tuoi, cdy lwong thao,
ving, mia duong, cu cai duong, Perilla sp., lac, cai dau, co, va thau dau; cdy an qua, nhu
tao, 1é, tdo ta, dao, kiwi, nho, cay ho cam, héng vang, man, mo va chudi; thuc vat than 20,
nhu thong, dau co, va cay bach dan; cay léy hoa, nhu hoa héng, hoa lay-on, hoa dé)ng tién,
hoa cdm chudng, hoa ctic, hoa ly va hoa tulip; va cay trong dung lam thirc 4n gia stic, nhu
cd mach den, ¢6 ba 14 do, co non, ¢ linh lang, co roi va ¢6 mach den 1au ndm. Vi du cu
thé vé thuc vat co thé bao g@)m, nhung khong chi giéi han ¢ thuc vat hai 14 mam, nhu
Arabidopsis thaliana, khoai tay, ca tim, thudc 14, Ot, ca chua, nguu bang, clc tan 0, rau
diép, cat canh, rau bina, cai cau V@)ng, khoai lang, can tay, ca rot, can ta, mui tay, cai bép
Trung Quéc, cai bép, cai cay, dua hau, dua 1é, dua chudt, bi ngo, bau, dau tay, dau tuong,

dau xanh, dau Itra, va dau Ha Lan.
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Khong ¢6 giéi han cu thé vé tio dugc sir dung trong séng ché, bao gém tio nhan
so hodc tao nhan that. Theo mot ) phuong 4n, tdo co thé 1a vi khuan lam, tao luc, tao do,

tdo 16n hodc vi tao.

Vi khuin lam c6 thé 1a vi khudn thudc nganh Chroococcales (bao gdm
Aphanocapsa,  Aphanotece, Chamaesiphon, Chondrocystis, Chroococcus,
Chroogloeocystis,  Crocosphaera, — Cyanobacterium, Cyanobium, Cyanodictyon,
Cyanosarcina, Cyanothece, Dactylococcopsis, Gloeocapsa, Gloeothece, Halothece,
Johannesbaptistia, Merismopedia, Microcystis, Radiocystis, Rhabdoderma, Snowella,
Synechococcus, Synechocystis, Thermosynechococcus, Woronichinia), Gloeobacteria,
Nostocales (bao gé)m Microchaetaceae, Nostocaceae, Rivulariaceae, Scytonemataceae),
Oscillatoriales (bao gém Arthronema, Arthrospira, Blennothrix, Crinalium, Geitlerinema,
Halomicronema, Halospirulina, Hydrocoleum, Jaaginema, Katagnymene, Komvophoron,
Leptolyngbya, Limnothrix, — Lyngbya, Microcoleus, Oscillatoria, Phormidium,
Planktothricoides, Planktothrix, Plectonema, Pseudanabaena, Pseudophormidium,
Schizothrix, Spirulina, Starria, Symploca, Trichodesmium, Tychonema), Pleurocapsales
(bao gdm Chroococcidiopsis, Dermocarpa, Dermocarpella, Myxosarcina, Pleurocapsa,
Solentia, Stanieria, Xenococcus), Prochlorales, hoac Stigonematales (bao gf“)m Capsosira,
Chlorogloeopsis, Fischerella, Hapalosiphon, Mastigocladopsis, Mastigocladus,

Nostochopsis, Stigonema, Symphyonema, Symphonemopsis, Umezakia, Westiellopsis).

Tao ¢6 thé con bao gdm cac loai thudc nganh Chlorophyta, Chlamydomonas,

Volvacales, Dunaliella, Scenedesmus, Chlorella, hodc Hematococcm.

Tao ¢6 thé con bao gdm Phaeodactylum tricornutum, Amphiprora hyaline,
Amphora spp., Chaetoceros muelleri, Navicula saprophila, Niizschia communis,
Scenedesmus dimorphus, Scenedesmus obliquus, Tetraselmis suecica, Chlamydomonas
reinhardtii, Chlorella vulgaris, Haematococcus pluvialis, Neochloris oleoabundans,
Synechococcus elongatus, Botryococcus braunii, Gloeobacter violaceus, Synechocystis,
Thermosynechococcus elongatus, Nannochloropsis oculata, Nannochloropsis salina,
Nannochloropsis gaditana, Isochrysis galbana, Botryococcus sudeticus, Euglena gracilis,
Neochloris oleoabundans, Nitzschia palea, Pleurochrysis carterae, Tetraselmis chuil,
Pavlova spp., Aphanocapsa spp., Synechosystis spp., Nannochloris spp. Tuy nhi€n, nguoi

¢6 hiéu biét trung binh trong linh vurc nay sé hiéu rang danh sach nay khong chi gi6i han
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& cac loai néu trén, va céac loai va chi khac ciing c¢6 thé duogc str dung.

Thuc vat hoac tao dugc chen vai pPO khang chét diét co theo sang ché c6 thé ¢co

tinh khang hai hodc nhiéu chét diét co e ché PPO.

Do d6, theo mot phuong 4n cu thé, hai hodc nhidu chat diét co e ché PPO c6 thé
duoc stt dung luan phién hoic dong thoi dé kiém soat ¢d dai va/hodc loai thiy sinh kKhong

mong muon.

Sang ché dé cap dén phuong phap kiém soét c6 dai & ving dét trong trot, bao gdm
budce trong thuc vat chira protein PPO khang chét diét co6 hodc gen ma hoa peptit twong
tng trén ving dat trdng trot, sau d6 bon hai hoic nhidu chdt diét c6 uc ché
protoporphyrinogen oxidaza vao vung dét tréng trot & lwong hitu hiéu luan phién hoic

dong thoi.

Sang ché ciing dé cap dén phuong phéap kiém soat loai thity sinh khong mong
mudn trong moi trudng canh tic, bao gdm budc nudi trong tao chira protein PPO khéng
chét diét co hodc gen ma héa peptit twong (rng trén moi trudong canh tac, sau do bon hai
ho#ic nhiéu chat diét c¢6 e ché protoporphyrinogen oxidaza vao méi truong canh tac &

luong hitu hidu luan phién hodc dong thoi.

Hon ntra, protein PPO khang chit diét c¢6 hoic gen theo sang ché c6 thé duogc s

dung két hop véi polypeptit khéng chét diét co thtr hai hodc gen ma héa peptit twong (mg.

Do do, thuc vat hodc tao duge chén voi pPO khang chét diét co theo sang ché c6
thé ¢6 tinh khang hai hoic nhidu chit diét ¢6 c6 co ché tac dung khac nhau. Theo sang
ché, hai hoic nhiéu chét diét co co co ché tac dung khéac nhau bao gém chit diét co uc
ché PPO, ¢6 co ché tac dung khéc nhau, ¢6 thé dugc st dung luan phién hoic déng thot,
nho d6 kiém soat dugc cd dai va/hodc loai thiy sinh khong mong mudn. Sau ddy, chit
diét c6 co co ché tac dung khéc voi chét diét co tc ché PPO duoc goi la “chit diét co thir

hai”.

Sang ché dé cap dén ché phdm peptit hozc ché pham nucleotit tao va/hoic ting
cudng tinh khang chit diét co cho thuc vat hoic tao, ché pham nay bao gdm protein PPO
khang chat diét co néu trén hodc gen ma héa peptit tuong tmg; va polypeptit khang chat

diét co tha hai hodc gen ma hoa peptit twong ung.
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Sang ché ciing dé cap dén thé bién nap, hodc san pham tach dong hoic thé bién
nap thé hé sau ctia né c6 tinh khang chit diét co mdi va/hoic ting cudng, thé bién nap
nay, hodc san phém tach dong hodc thé bién nap thé hé sau cua n6 bao g@)m protein PPO
khang chét diét cé néu trén hodc gen ma hoa peptit twong Gng; va polypeptit khing chét

diét co thir hai hodc gen ma hoéa peptit tuong ing.

Sang ché ciing dé cap dén cac phuong phéap sin xuét thuc vat hodc tio co tinh
khang chit diét c6 méi va/hodc ting cudng, bao gdém budc chuyén gen téo, té bao thuc
vat, t& bao trAn, mo seo, tru dudi 14 mam, hat giéng, 14 mam, chdi hodc thuc vat véi
protein PPO khang chét diét co néu trén hodc gen ma hoa peptit twong tng; va polypeptit

khang chét diét co thir hai hodc gen ma hoa peptit twong ng.

Sang ché ciing dé cap dén phuong phap kiém soat ¢6 dai & vung dét trong trot, bao
gbm bude trong thuc vat chira protein PPO khéng chét diét c6 néu trén hodc gen ma hoa
peptit tuong Gng; va polypeptit khang chét diét c6 thir hai hodc gen mi héa peptit twong
ung trén vung dat trdng trot, va bén chat diét co trc ché protoporphyrinogen oxidaza va
chét diét c6 thir hai vao ving dit trong trot & lwong hitu hiéu ctia chung, luan phién hodc

dong thoi.

Sang ché ciing dé cap dén phuong phéap kiém soat loai thuy sinh khéng mong
mudn trong mdi trudng canh tc, bao gb6m buédc nudi trdng tao chira protein PPO khéang
chét diét ¢ néu trén hodc gen ma hoa peptit twong ng; va polypeptit khang chét diét co
thtr hai hodc gen ma hda peptit tuong ung trén moi truong canh tic, va bon chat diét co
trc ché protoporphyrinogen oxidaza va chét diét co thir hai vao moi trudng canh tac &

lwgng hitu hiéu cta chung, luan phién hoic dong thoi.

Theo mot phuong an cu thé, thuc vat hodc tao theo sing ché c6 thé con chira
polypeptit khang chét diét co thir hai hodc gen ma hoéa peptit twong (rng, nhd d6 c6 tinh

khang chét diét co thi hai méi va/hodc ting cudng.

Theo mét phuong 4n cu thé khac, chit diét ¢6 tht hai c6 thé bao gdm chat diét co
trc ché phén chia té bao, chét diét ¢6 e ché quang hop, chét diét co e ché tong hop axit
amin, chit diét ¢ e ché lap thé, chét diét ¢ e ché mang té bao, va/hodc hdn hop bat ky
cta ching, nhung khong chi gidi han 6. Chét diét c6 tht hai c6 thé bao gdm glyphosat,

glufosinat, dicamba, axit 2,4-diclophenoxyaxetic, chat diét co we ché axetolactat synthaza
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(vi du imidazolidinon, sulfonylurea, triazol pyrimidin, sulphonanilit, pyrimidin
thiobenzoat, v.v.), chét diét c6 e ché hée quang héa Il, chét diét co phenylure, chat diét ¢
trc ché lap thé, chit diét co bromoxynil, va/hodc hdn hop bét ky cta chiing, nhung khong

chi giéi han 6.

Theo mdt phuong an cu thé khac, polypeptit khang chat diét c6 thir hai c6 thé
dugc chon tr nhém bao gbébm, nhung khong chi gi6i han &
5-enolpyruvylshikimat-3-phosphat synthaza, glyphosat oxidaza,
glyphosat-N-axetyltransferaza hodc glyphosat decarboxylaza khéang chat diét co
glyphosat; phosphinothricin-N-axetyltransferaza khang chat diét c6 glufosinat;
monooxygenaza khang chit diét cé dicamba; axit 2,4-diclophenoxyaxetic
monooxygenaza hodc aryloxyalkanoat dioxygenaza khéang chat diét co axit
2,4-diclophenoxyaxetic; axetolactat synthaza, axit axetohydroxy synthaza, hodc axit
axetohydroxy synthaza tiéu don vi mach dai khang chat diét co sulfonylurea chét diét co
rc ché axetolactat synthaza; protein D1 hé quang héa II khang chat diét co tc ché hé
quang hoéa II; cytochrom P450 khang chit diét co phenylure; hydroxylphenylpyruvat
dioxygenaza khang chat diét co trc ché lap thé; nitrilaza khang chét diét c6 bromoxynil;

va hdn hop bat ky ctia chiing.

Hon nitra, gen ma hoa polypeptit khang chét diét co thir hai ¢6 thé duoc chon tir
nhom bao gém, nhung khong chi gi¢i han & gen CP4 EPSPS, EPSPS(AG), MEPSPS,
2MEPSPS, GOXV247, GAT4601 hoic GAT4621 khang chat diét c6 glyphosat; gen
BAR, PAT hoic PAT(SYN) khang chét diét co glufosinat; gen DMO khang chét diét co
dicamba; gen AAD-1 hodac AAD-12 khang chét diét co axit 2,4-diclophenoxyaxetic; gen
ALS, GM-HRA, S4-HRA, ZM-HRA, CSRI1, CSR1-1, CSR1-2, SURA hoac SURB
khang chét diét co sulfonylure chét diét co tc ché axetolactat synthaza; gen PSBA khang
chit diét ¢d (rc ché hé quang hoa II; gen CYP76B1 khang chat diét co phenylurea; gen
HPPDPF W336 khang chat diét cé isoxaflutol; gen BXN khang chat diét co bromoxynil;
va hdn hop bét ky ctia ching.

Sang ché c6 thé bao gom nhi€u phuong an khéc nhau, va khong chi gioi han & cac
phuong an nay. Hon nita, cac phuong an nay dugc dé cap dén dé thuc hién sang ché nay,
va s& hoan toan ndm trong pham vi cia sang ché. Céc chit s6 tham chiéu tuong tu 1a dé

chi cac yéu t6 twong tu.
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Cén hidu ring, mic du thuat ngir “thir nhit”, “thtr hai”, “tht ba” v.v. ¢6 thé dugc
sir dung trong sang ché dé mo ta cac yéu t6 hodc thanh phan khac nhau, nhung cic yéu tb
hodc thanh phan nay khong chi giéi han & cac thuét ngit nay. Cac thuat ngit ndy dugc st

dung chi dé phén biét mot yéu t6 hodc thanh phan véi mot yéu t6 hodc thanh phan khac.

Thuét ngir duoc st dung trong sang ché chi nhim muc dich mo ta cac phuong 4n

€6, 9% <C
a

cu thé, nhung khong chi giéi han & cac phuong 4n nay. Cac mao ti s it an” va
“the” cling bao gdm sb nhiéu, trir khi ¢6 quy dinh khéc. Can hiéu rang thuét ngit “chira”
va/hodc “co chira”, hoac “bao gém” va/hodc “co bao gém” duoc dung trong ban md ta dé
cu thé hoa su ¢6 mat cia cac d4u hiéu, yéu td, va/hodc thanh ph?m cu thé, nhung khong
bao gém su ¢6 mat hodc bd sung cua mot hoac nhiéu cac dau hiéu, yéu t6 hodc thanh

phan khéc, va/hodc cac nhom cia ching. Thudt nglt “va/hodc” bao gdm toan bd cac to

hop cia mot hodc nhiéu thanh phan lién quan.

Mic du sang ché da duoc md ta chi tiét boi mot sb phuwong an, nhung sang ché
khong chi gidi han ¢ cac phuong an nay. Hon nira, sang ché ¢o thé dugc cai bién dé két
hop mot s6 bién ddi, thay d6i, thay thé, hoidc bd tri twong duong khong duoc mo ta trong

ban mé ta nay, nhung cling nam trong pham vi cia sang ché.

PPO khéang chét diét cé theo sang ché duoc chén vao thuc vat hoic tao, bao g@)m
cay tréng coO gia tri, sau d6 qua trinh kiém soat chon loc duoc thuc hién b?mg cach su

dung tinh khang chét diét co va chat diét ¢, nho d6 kiém soat co dai mdt cach c6 kinh té.
Vi du thue hién siang ché

Sang ché s& dugc mo ta chi ti€t thong qua cac vi du sau. Tuy nhién, céc vi du nay

chi nhdm muc dich minh hoa sang ché chir khong gii han pham vi ctia sang ché.
Vi du 1. Phan 1ap gen PPO tr sinh vat nhan so

Chung Oscillatoria nigroviridis PCC 7112, chung Lyngbya sp. PCC 8106, va
ching Halothece sp. PCC 7418 do Institut Pasteur, (France) cung cap, va gen PPO duoc
phén 14p tr mdi ching nay bing phuong phap PCR sir dung cac doan mdi dugce thé hién
trong Bang 1. ADN bd gen duge phan 1ap tr mdi chung nay, va gen PPO dugc phén lap
va khuéch dai sir dung cac doan mdi duge thé hién trong Bang 1.Trinh tu ctia gen PPO ¢6

ngudn gbe tir Microcoleus vaginatus (GenScript) dugc téng hop biang cach tdi uu héa tan
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suit s dung bo ba ma héa ctia Arabidopsis thaliana st dyng thong tin co s& dir liéu
Ngéan hang Gen va khuéch dai biang cach sir dung cac doan moi dugc thé hién trong Bang
1. Hon hop phéan Gng PCR (50uL) dugc diéu ché bang cach tron 1uL mdi khudn (ADN
bo gen cua mdi ching), SuL. dung dich dém 10X, 2uL hdn hop dNTP (mdi 10mM), 3uL
doan mdi xudi (10uM), 3pL. doan mdi nguoc (10uM), 35,5uL DDW, va 0,5pL Pfu-X
(Solgent, 2,5 don vi/uL) hodc EF-taq (Solgent, 2,5 don vi/uL), va phan tng khuéch dai
duoc thuc hién trong céac diéu kién & nhiét do 94°C trong 4 phut, va 30 chu trinh (& nhiét
do 94°C trong 30 gidy, ¢ nhiét do 56°C trong 30 gidy va ¢ nhiét do 72°C trong 1,5 phut),
& nhiét do 72°C trong 5 phut va & nhiét d6 4°C trong 5 phut. PPO dugc phan 14p tir chung
Oscillatoria nigroviridis PCC 7112 dugc ky hiéu 1a CyPPO2, PPO dugc phén lap tur
ching Lyngbya sp. PCC 8106 duoc ky hi¢u la CyPPO4, PPO duoc phén lap tir chung
Halothece sp. PCC 7418 dugc ky hiéu la CyPPOS8, va PPO dugc phén 1dp tir ching
Microcoleus vaginatus dugc ky hiéu la CyPPO12.

Hon nita, trinh tu axit amin va trinh tu nucleotit tuong tng cia CyPPO2, CyPPO4,
CyPPO8 va CyPPO12 dugc xac dinh va thé hién boi SEQ ID NO.1 dén 8, va dic biét 13,
trinh tu axit amin cia CyPPO2 c6 d) tuong dong bang 94% so véi tinh tur axit amin cta

CyPPO12.

Bang 1
. SEQ
Chiing Doan moi Trinh tu ID
NO.
Oscillatoria cceeggatccATGGAACTATTAGATACCTTG
nigroviridis PCC7112_BmHIF ATTGTGGG 18
PCC 7112 PCC7112 StulR cccaggcctGATCGATCGAGTATCTGATTG 19
Halothece sp. PCC7418 BmHIF ccccggatccATGATA(C}}éTACTTTAATTGTG 20
pCC 7418 PCC7418 XholR ccccctcgagACCCAAATAATCTAACACGG 21
Lyngbya sp PCC8106 BglIIF ccccagatct ATGACTCACGTACTCGATAG 22
PCC 8106 PCC8106_XhoIR CcccctcgagTTGACC(;?éAAAACTGAGAAT 73
' CyPPO12_BamHIF CCCCGGATCCATGGAACTCTTGGATACT 24
Microcoleus - CT
vaginatus CyPPO12_ XhoIR CCCCCTCGAGGAT:PF%}ACCTGGTATCAGA 25

Vi du 2. Danh gia tinh khang chét diét ¢ ctia ching Halothece sp. PCC 7418

Chung Halothece sp. PCC 7418 dugc nudi cy trén moi truong CRBIP 1538
(Institut Pasteur, France). Mdi truong CRBIP 1538 la moi truong hdn hop chira mai
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truong ASNIIL va mudi Turks Island 4X & ty 1é bang 1:1 (thé tich/thé tich), va méi
truong ASNIII chira 25,0g NaCl, 3,5g MgSO,-7H,0, 2,0g MgCl,-6H,0, 0,5g KCI, 0,5g
CaCl,-2H,0, 0,75g NaNOs, 0,02g K,HPO,4-3H,0, 0,04g NaCOs, 2,5mL dung dich amoni
st (I1I) xitrat/axit xitric monohydrat [hdn hgp chira 300mg amoni sat (II1) xitrat, 300mg
axit xitric monohydrat, va 250mL nuéc cat], 2,5mL dung dich magie titriplex dihydrat
[hon hop chira 0,1g Mg EDTA va 500mL nudc cat], ImL kim loai vi lugng A5 + Co
[hdn hop chua 2,86g H3BOs, 1,81g MnCl-4H,0, 0,222g ZnSO, 7H,0, 0,39g
NaMoO,-2H,0, 0,079g CuSO,-5H,0, 0,049g Co(NO;),-6H,0 va 1000mL nudc cét], va
1000mL nuéc cAt. Mudi Turks Island 4X chira 112g NaCl, 2,68g KC1, 22g MgCl,-6 H,0,
27,7¢ MgSO,-7 H,0, 5,8g CaCl,-2 H,0, va 1000mL nuéc cit. Mdi truong ASNIII va
mudi Turks Island 4X duge trong Gng kht tring bang ndi hap ¢ nhiét do 120°C trong 20
pht, sau d6 tron & ty 16 bang 1:1 (thé tich/thé tich).

Moi truong nudi cdy néu trén (SmL) dugc bd sung vao ong thir nghiém, va
tiafenacil (2uM hodc 10pM) dugce bd sung vao hoic khong. Ching Halothece sp. PCC
7418 da nudi cdy khudn lac duoc bd sung vao mdi 6ng thir nghiém & thé tich tuong
duong va su sinh truéng cta ching nay dugc danh gia trong 8 ngay. Két qua 13, su sinh
trudéng cua chung Halothece sp.PCC 7418 dugc duy tri ngay ca ¢ 8 ngay sau khi xu ly
v6i 10pM tiafenacil, cho thiy ring ching nay c6 tinh khang chat diét c¢6 (Fig.1).

Vi du 3. Panh gia tinh khang chét diét c6 ctia CyPPO2, CyPPO4, CyPPO8 va
CyPPO12 trong E.coli khong chira gen PPO (moi trudong thach)

Pé danh gia tinh khang chat diét cé cia CyPPO2, CyPPO4, CyPPO8 va CyPPO12
dugc phén 14p trong vi du 1, ching E. coli BT3 khong chtra gen PPO [sau day goi tat 1a
BT3(APPO)] dugc bién nap tuwong tmg véi gen CyPPO2, gen CyPPO4, gen CyPPO8
hoac gen CyPPO12, sau d6 nudi ciy trong su c6 mit cla chét diét c6 dé danh gid trc ché
sinh truéng E. coli di chuyén gen. PPO thé dai ¢ ngudn gbc tir Arabidopsis thaliana
(AtPPO1 thé dai) dugc sir dung 1am mAu dbi chimg am, va AtPPO1 thé dai c6 tinh nhay
v6i chit diét co e ché PPO va thong tin trinh tw cia n6 c6 ma truy cap Ngan hang Gen
s6 AX084732 (trinh tu nucleotit ctia gen nay nhu néu trong SEQ ID NO.10, va trinh tu
axit amin cia n6 nhu néu trong SEQ ID NO.9). AtPPO1 dot bién dugc st dung 1am mau
d6i chung duong, trong d6 dot bién thay thé axit amin Y426M (thay thé tyrosin bang

metionin & vi tri s6 426) va S305L (thay thé serin bang leucin & vi tri s6 305) xudt hién
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trong trinh tu axit amin cua AtPPO1 thé dai (trinh tu axit amin nhu néu trong SEQ 1D
NO.11) (Li X, Volrath SL., N D B.G., Chilcott CE, Johnson MA, Ward ER, Law MD
(2003) Development of protoporphyrinogen oxidase as an efficient selection marker for
agrobacterium tumefaciens-mediated transformation of maize. Plant physiology
133:736-747). Ching BT3(APPO) do Hokkaido University (Japan) cung cap 1a ching E.
coli khong chia gen PPO loai hemG va c6 tinh khang kanamycin (Watanabe et al.,
(2001) Dual targeting of spinach protoporphyrinogen oxidase II to mitochondria and
chloroplasts by alternative use of two in-frame inhibition codons. JBC 20474~20481).

3-1. Chuén bi vét lidu thir nghiém va thiét bi

Nbi hip HVE-50 do Hirayama san xuat, can dién tr HS2100A do Hansung
Instrument san xudt, ti cdy CB-30V do Jeio Tech san xut, thiét bi nudi cay JSI-200CL
do JSR san xuét, thiét bi quang phd tr ngoai kha kién loai 1210 do Thermo Fisher
Scientific san xut, quang ph6 ké MQ-200 do Apogee san xuét, va may PCR Bio-Rad
MyCycler dugc st dung. Noi hép dugc str dung trong diéu kién nhiét do 121°C va 15
phut, va thiét bi nudi cdy dugc st dung & nhiét do 37°C véi cuong do chiéu sang nam
trong khoang tir 160 dén 200pMol m™ gidy™ trong thoi gian nudi ciy 14~20 gid. Moi
treong LB (10g/L Trypton tinh khiét, 5g/L chiét xut nAm men, 10g/L natri clorua, 15g/L
aga tinh khiét) va khang sinh cloramphenicol (Duchefa) dugc st dung. Chét diét co dugc

sir dung trong thir nghiém nay dugc thé hién trong Bang 2.

Bang 2
Nhém chit diét ¢6 ChAt diét ¢6 (tén gbc) Nha sin xuit/nha cung cip
Tiafenacil Dongbu Farm Hannong Co.,
Ltd./Dongbu Farm Hannong Co., Ltd.
Pyrimidindion Saflufenacil BASF/Sigma
Butafenacil Syngenta/Sigma
Fomesafen Syngenta/Sigma
Diphenyl ete Acifluorfen United Phosphorus/Supelco
Oxyfluorfen Dow/Sigma
N-phenylphtalimit Flumioxazin Sumitomo/Sigma
Triazolinon Sulfentrazon FMC/Waka
Oxazolidindion Pentoxazon Kaken/Sigma
Phenylpyrazol Pyraflufen-etyl Nihon Nohyaky /Sigma
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Chét diét c6 c6 céu tric khac Pyraclonil Kyoyu Agri/Sigma
Oxadiazol Oxadiazon Bayer/Sigma
Thiadiazol Fluthiacet-metyl FMC/Sigma

3-2. Phuong phép thir nghiém

Dé tach dong mdi gen CyPPO2, CyPPO4, CyPPO8 va CyPPO12 duoc phén lap va
khuéch dai trong vi du 1 vao vecto pACBB (chu tric duge thé hién trén Fig.2), 10uL
dung dich chira 4uL mdi gen PPO, 3,5ul vecto pACBB, 1uL dung dich dém 10X A, 1uL
dung dich dém 10X B, 1pL ligaza (RBC, 3 don vi/uL) duoc diéu ché va dé phéan Gng &
nhiét d§ 22°C trong 30 phut. Dung dich phan tng dugc bd sung vao 100uL & bao chi
DHS5 alpha, va dé phan Ung trén nudc da trong 20 phut, sau do dé & nhiét do 42°C trong
40 gidy. Sau do, cac t€ bao duoc dé trén nude da trong 2 phit, sau d6 moi truong canh
thang LB (1mL) duoc bd sung vao, sau d6 & két hop lac & nhiét o 37°C trong 1 gid. Céc
chiing c6 mdi gen chén trong mdi trudng nudi cdy dugc thu nhan, sau d6 nudi ciy trén

moi truong thach LB chira cloramphenicol.

Dé nudi cdy khuin lac E. coli duge chuyén gen tuong tmg, cic khuin lac don cua
n6 duge nudi cdy trén méi trudong canh thang LB (3mL) chita cloramphenicol qua dém,
va mdi 100pL moi trudng nudi cdy duoc nudi cdy cip hai trong mudi trudng canh thang
LB méi (3mL) cho dén khi do hép thu (ODjgg) ndm trong khoang tir 0,5 dén 1. Dung dich
nudi cdy duoc pha loang 5 lan bang mdi trudng canh thang LB dén d6 hap thu (ODgo)
bang 0,5. dung dich da pha loing nay dugc pha loang theo hé s6 pha loang 10 bang moi
truong canh thang LB. Tiép theo, 10puL dung dich pha loang cht chiing E. coli da chuyén
gen duoc nho giot 1én méi truong thach LB (dia petri) chira cloramphenicol va nhiéu
dung dich gdc chira chét diét c6 & cac nong do khac nhau (0~ 400uM). Céc dia thach LB
dugc U ¢ nhiét do 37°C. Sau 16 dén 20 gio nuodi céy, hoat tinh Gc ché sinh trudng duoc
danh gia bang miat thuong. Hon nita, hoat tinh Grc ché sinh trudng cac ching nudi cdy
trong moi truong chia tiafenacil duge danh gia trong diéu kién anh sang (cudng do anh

sang bang 169uMol m™ gidy™) va diéu kién béng tdi.
3-3. Két qua thir nghiém

Fig.4-Fig.6 1a c4c hinh v& thé hién két qua danh gid tinh khang chit diét co cua
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CyPPO2, CyPPO4 va CyPPO8, va Fig.7 va Fig.8 la cac hinh vé thé hién két qua danh gia
tinh khang chat diét co cia CyPPO12.

Nhu duoc thé hién trén Fig.3, ching dugc chuyén gen AtPPO1 thé dai bi tic ché
sinh trudng trén moi truong chira tiafenacil trong diéu kién anh sang va bong tdi, va
chung nay bi trc ché sinh truéng trong diéu kién anh sang manh hon diéu kién bong tdi.
Vi du, chung duogc chuyén gen AtPPOL1 thé dai hau nhu bi Gc ché sinh trudng hoan toan
& ndng do tiafenacil bang 1pM trong diéu kién anh sang, nhung ching ndy van sinh
truéng trong diéu kién bong tdi. Tuy nhién, chung nay bi trc ché sinh truéng hoan toan &
ndng do tiafenacil bang 5uM hodc cao hon trong c didu kién 4nh sang l4n diéu kién
bong tdi. Két qua 1a, chung duoc chuyén gen AtPPO1 thé dai bi trc ché sinh truéng theo
co ché phu thudc vao néng dd tiafenacil, cho théy tinh nhay véi chét diét co. ching dugc
chuyén gen AtPPO1 dot bién khong bi tic ché sinh trudng ngay ca & ndng do tiafenacil
bang 251M, cho thay tinh khing chét diét cd.

Do d6, gen AtPPO1 thé dai dugc sir dung d& danh gia PPO nhay véi chét diét co,
va gen AtPPO1 dot bién dwoc sir dung dé danh gia PPO khang chat diét cd, va tinh khang
chit diét ¢6 e ché PPO cua CyPPO2, CyPPO4 hoic CyPPOS8 dugc danh gia.

Fig.4 1a hinh v& thé hién két qua sau khi xtr Iy v6i cac ndng do khac nhau cta chat
diét ¢6 e ché PPO pyrimidindion, trc 1a tiafenacil, saflufenacil va butafenacil, va chét
diét ¢6 e ché PPO N-phenylphtalimit, tirc 1a flumioxazin. Khi xr ly véi tiafenacil va
saflufenacil, chung dugc chuyén gen AtPPO1 dot bién, ching dugc chuyén gen CyPPO2,
chung dugc chuyén gen CyPPO4, va ching duoc chuyén gen CyPPOS hau nhu khong bi
Gic ché sinh truéng ngay ca & ndng do tiafenacil hodc saflufenacil bang 25pM. Khi xir Iy
véi butafenacil, chung dugc chuyén gen AtPPO1 dot bién, ching duoc chuyén gen
CyPPO2, va ching duoc chuyén gen CyPPOS hau nhu khéng bi e ché sinh trudng ngay
c4 & ndng do butafenacil bang 25uM. Khi xir Iy véi flumioxazin, ching dugc chuyén gen
CyPPO2, chung dugc chuyén gen CyPPO4, va ching duge chuyén gen CyPPOS8 hau nhu
khong bi tc ché sinh truong ngay ca & ndng d6 flumioxazin bang 25uM. Khi xtt 1y véi
mot trong bdn chét diét co nay, ching dugc chuyén gen AtPPO1 thé dai bi wc ché sinh
trudng bat dau & ndng do chit diét co bang 0,5uM va hau nhu khong sinh trudng & ndng

do cht diét co bang SuM hoic cao hon
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Fig.5 1a hinh v& thé hién két qua sau khi xir ly v&i cac ndng do khac nhau ctia chat
diét co e ché PPO diphenyl ete, tirc 1a fomesafen, acifluorfen va oxyfluorfen. Khi xur Iy
v6i fomesafen, ching duoc chuyén gen AtPPO1 dot bién khong bi tc ché sinh truéng &
ndng do chit diét co bang 25uM, va ching dugc chuyén gen CyPPO2, ching duoc
chuyén gen CyPPO4, va chung duoc chuyén gen CyPPO8 hau nhu khong bi tic ché sinh
truéng ngay ca & ndong do fomesafen bang 400pM. Khi xtt Iy v6i acifluorfen, ching duge
chuyén gen CyPPO2, ching duoc chuyén gen CyPPO4, va chung dugc chuyén gen
CyPPO8 hau nhu khong bi trc ché sinh trudng ngay ca ¢ ndng do acifluorfen bang
400uM. Khi xur 1y voi oxyfluorfen, ching duoc chuyén gen CyPPO2, chiing dugc chuyén
gen CyPPO4, va ching duoc chuyén gen CyPPO8 hau nhu khong bi wc ché sinh trudng
ngay ca & nong do oxyfluorfen bang 400pM. Khi xit Iy véi mot trong ba chét diét co nay,
ching duoc chuyén gen AtPPOI1 thé dai hdu nhu khong sinh truéng & nong do chét diét

¢6 bang 5pM hoic cao hon.

Fig.6 12 hinh v& thé hién két qua sau khi xir Iy v&i cac ndng do khac nhau ciia chat
dist ¢6 we ché PPO triazolinon, tic 1i sulfentrazon, cht diét cd Gc ché PPO
oxazolidindion, tirc 13 pentoxazon, chit diét co trc ché PPO phenylpyrazol, tirc 1a
pyraflufen-etyl, cht diét c6 tc ché PPO oxadiazol, tirc 1a oxadiazon, chét diét cé uc ché
PPO thiadiazol, trc 1a fluthiacet-metyl, va chat diét cé @e ché PPO ¢6 ciu tric khac, tic
la pyraclonil. Khi xtr Iy v6i sulfentrazon, chung duoc chuyén gen CyPPO2, chiing duoc
chuyén gen CyPPO4, va chung dugc chuyén gen CyPPOS hau nhu khéng bi we ché sinh
truéng ngay ca ¢ ndng do sulfentrazon bang 400pM. Khi xi ly véi pentoxazon,
pyraflufen-etyl, oxadiazon, fluthiacet-metyl, va pyraclonil, rc ché sinh trudng cla ching
duoc chuyén gen CyPPO2 va ching dugc chuyén gen CyPPO8 hau nhu khéng bi trc ché
sinh trudng ngay ca & nong do oxyfluorfen bang 400pM. Khi xtr Iy v6i mot trong bay
chét diét co nay, ching dugce chuyén gen AtPPO1 thé dai hau nhu khong sinh truéng &

néng do chét diét co béng 5uM hoéc cao hon.

Fig.7 1a hinh v& thé hién két qua danh gia tinh khang chét di¢t c6 caa CyPPO12
khi xir 1y véi tiafenacil, saflufenacil, flumioxazin, fomesafen va oxyfluorfen. Chung dugc
chuyén gen CyPPOI2 hau nhu khong bi tc ché sinh truéng ngay ca & nong do cla
tiafenacil, saflufenacil, flumioxazin, fomesafen va oxyfluorfen béng 25uM, va chuing nay

hau nhu khéng bi rc ché sinh truéng ngay ca & noéng do fomesafen hodc oxyfluorfen
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bing 400pM. Khi xir Iy véi oxyfluorfen, ching duge chuyén gen AtPPOI1 dot bién bi wc
ché sinh trudng bit dau & ndng do chat diét co bing 5puM. Ching nay hau nhu khong bi
trc ché sinh trudng ngay ca & ndng do cia cac chit diét co con lai bang 25uM. Tréi lai,
ching duoc chuyén gen AtPPO1 thé dai bi e ché sinh trudng bit dau & nong do clia mot
trong bon chit diét co khong bao gdm fomesafen bang 0,5uM, va hau nhu khéng sinh
truéng & nong do chét diét cé bang SpM hodc cao hon Khi xir Iy v6i fomesafen, ching

duoc chuyén gen AtPPO1 thé dai bi uc ché sinh trudng & néng do chét diét co béng SuM.

Fig.8 12 hinh v& thé hién két qua danh gia tinh khang chat diét ¢ cia CyPPO12
khi xtr ly va6i pyraflufen-etyl, oxadiazon, sulfentrazon, pentoxazon va pyraclonil. Chung
duogc chuyén gen AtPPO1 d6t bién va ching duoc chuyén gen CyPPO12 khéng bi trc ché
sinh trudng ngay ca & ndng do chat diét co bang 25uM, va cic ching nay ciing khong bi
Grc ché sinh truéng ngay ca & ndng do ciia mot trong bdn chit diét co khong bao gdbm
sulfentrazon bang 400uM. Trai lai, khi xir Iy véi pyraflufen-etyl, oxadiazon, sulfentrazon,
hodc pyraclonil, chung dugc chuyén gen AtPPO1 thé dai bi trc ché sinh truéng bat diu &
ndng do chét diét c¢6 bang 0,5uM. Khi xtt Iy v6i pyraclonil, chi nay bi trc ché sinh truéng
bét diu & ndng do chit diét cé bang SuM va hau nhu khong sinh trudng & 25uM.

Vi du 4. Panh gia tinh khang chit diét c6 cia CyPPO2, CyPPO4 va CyPPOS trong
E.coli khong chira gen PPO (mo6i trudng canh thang LB)

Trong vi du 3, tinh khang chét diét ¢ ciia ching BT3(APPO) tuwong tng dugc
chuyén gen AtPPO1 thé dai, gen AtPPO1 ddt bién, gen CyPPO2, gen CyPPO4 hodc gen
CyPPO8 dugc danh gia trén moi trudng thach chira cac chét diét khac nhau, va trong vi
du nay, tinh khang chét diét co ctia cdc ching nay dugc danh gia trén moi truong LB 16ng

chira cac chat diét khac nhau.
4-1. Chuén bi vat liéu thir nghiém va thiét bi

No6i hap HV-50 do Hirayama sin xuit, can dién t¢ HS2100A do Hansung
Instrument san xudt, ta cdy CB-30V do Jeio Tech san xuét, thiét bi nudi ciy JSI-200CL
do JSR san xuit, quang phd ké MQ-200 do Apogee san xuat, va thiét bi quang phd tur
ngoai kha kién loai 1210 do Thermo Fisher Scientific san xuét duge st dung. No6i hép
duoc st dung trong didu kién nhiét do 121°C va 15 phut, va thiét bi nudi cdy duge sir

dung & nhiét do 37°C véi cudong do chiéu sang nam trong khoang tir 160 dén 200uMol
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m~ gidy” trong thoi gian nuéi ciy 13,5gio. Thiét bj quang phd tir ngoai kha kién duogc st

dung & budc song 600nm.

Tiafenacil (trong luong phan tir bang 511,87g/mol), saflufenacil (trong lwgng phan
ttr bang 500,85g/mol), va fomesafen (trong luong phéan tir bang 438,76g/mol) dugc st
dung trong thr nghiém nay lan luot do Dongbu Farm Hannong Co., Ltd, Sigma, va
Sigma cung cip. Cac chét diét c6 nay duoc didu ché & ndong d6 200mM trong 100%
axeton, va bao quan tuong tng ¢ nhiét do -20°C. Mo6i truong Luria-Bertani (LB) (10g/L
Trypton tinh khiét, 5g/L chiét xuit nidm men, 10g/L natri clorua) va khang sinh

cloramphenicol (Duchefa) dugc sir dung.
4-2. Phuong phéap thtr nghiém

Dé nudi cdy khuin lac E. coli duoc chuyén gen tuong tng, cac khuén lac don cua
né duge nudi cdy trén mdi trudng canh thang LB (3mL) chita cloramphenicol trong 12
gid, va pha lodng bing moi trudng canh thang LB dén dd hap thu (ODgg) of 1,5. Tiép
theo, cloramphenicol va 500pL khuén lac ching E. coli da chuyén gen dugc bd sung vao
250mL moi truong LB 16ng, va S0mL dung dich nuoi cdy duoc bd sung vao mdi binh
phan ung dung tich 250mL. Mbi binh phan tng dugc xur 1y véi cac ndéng d6 khac nhau (0
uM, 10uM, 50puM, 100uM) cua cic dung dich gbc chira chat diét co (tiafenacil,
saflufenacil, fomesafen), sau d6 U & nhiét do 37°C va téc do bang 200 vong/phit. Do hip
thu (ODgo) duoc do bang thiét bi quang phd 1,5 gior mot lan. Thtr nghiém nay duoc lap
lai ba 14n, va cac gid tri trung binh duoc thé hién trén db thi. Thanh sai s6 thé hién d¢ léch

chuin cua ba lan lap lai.
4-3. Két qua thir nghiém

Gen AtPPO1 thé dai duoc st dung dé danh gia PPO nhay véi chét diét co, va gen
AtPPO1 dot bién duoc sit dung dé danh gia PPO khang chét diét co.

Két qua xtr Iy véi tiafenacil dugc thé hién trén Fig.9.

Chung duoc chuyén gen AtPPO1 thé dai hiu nhu khong sinh trudéng & ndng do
tiafenacil bang 10uM hodc cao hon, trong khi d6 ching dugc chuyén gen AtPPO1 dot
bién sinh truéng & ndng do tiafenacil bang 10uM, nhung ching nay bi trc ché sinh truéng

& ndng do tiafenacil bang 50uM hodc cao hon. Hon nita, chung dugc chuyén gen
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CyPPO2 va chung dugc chuyén gen CyPPO4 sinh truéng binh thuong & noéng do
tiafenacil bang 100puM.

Két qua xt 1y v6i saflufenacil duoc thé hién trén Fig.10.

O toan bd cac ching da chuyén gen, su c6 mit hoic vang mit cua tinh khéng
tuong tu nhu két qua xur ly véi tiafenacil, nhung tinh khdng manh quan sét dugc & cac
ching dugc xur 1y véi saflufenacil, so véi cac chung dugc xu ly véi tiafenacil. Chung
dugc chuyén gen AtPPO1 thé dai hau nhu khong sinh truéng & ndng do saflufenacil bing
10uM hodc cao hon, trong khi d6 chung dugc chuyén gen AtPPO1 d6t bién, ching dugc
chuyén gen CyPPO2, ching dugc chuyén gen CyPPO4, va ching duoc chuyén gen
CyPPOS8 sinh trudng binh thuong & ndng do saflufenacil bang 100uM.

Két qua xtr 1y v6i fomesafen dugc thé hién trén Fig.11.

Ching duoc chuyén gen AtPPO1 thé dai bi Grc ché sinh truéng bat dau & nong do
fomesafen bang 50puM, trong khi d6 ching duoc chuyén gen AtPPO1 dot bién, ching
duoc chuyén gen CyPPO2, ching dugc chuyén gen CyPPO4, va chiing duge chuyén gen
CyPPO8 sinh truéng binh thuong & ndng do fomesafen bang 100uM.

Vi du 5. Biéu hién CyPPO2, CyPPO4 va CyPPO8 & thuc vat

Céc thir nghiém duogc thuc hién dé biéu hién CyPPO2, CyPPO4 va CyPPO8 &
thuc vat, tinh khang céc chét diét co e ché PPO khac nhau cta ching da dugc kiém
chung trong vi du 3 va 4, va protein phat huynh quang (protein phat huynh quang mau

vang, YFP) dugc sir dung dé kiém chung biéu hién cac protein PPO nay.
5-1. Phuong phép thir nghiém

Dé diéu ché té bao chu Agrobacterium, ching Agrobacterium tumefaciens
GV3101 (Korea Research Institute of Bioscience & Biotechnology) duoc nudi ciy trén
mdi truong LB (5mL) ¢ nhiét do 30°C va toc do bang 200 vong/phut trong 12 gid. Moi
truong canh thang nuéi cdy nay duoc bd sung vao mdi trudng LB (200mL), sau d6 nudi
cAy & nhiét do 30°C va tbc do bing 200 vong/phut trong 3~4 gid, sau d6 ly tim & toc do
3000g, nhiét do 4°C trong 20 phit. Hat vi khuén dugc rira bang nudc cit vo tring, sau do

tao hdn dich lai trong méi truong LB (20mL). Han dich vi khuan nay (200uL) dugc két
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dong nhanh trong nito 16ng, sau do bao quan trong tu lanh siu.

Dé téng hop céac vecto twong ung duge tach dong véi gen AtPPO1 thé dai, gen
CyPPO2, gen CyPPO4 va gen CyPPOS, vecto chtra ving khéi dau 35S CaMV, YFP va
ving két thuc NOS duoc xir Iy bang enzym gidi han Xbal va Xhol, va gen ma héa peptit
van chuyén (SEQ ID NO.26) dugc khuéch dai bang phuong phap PCR dugce xit Iy bing
enzym gidi han Xbal va Xhol, sau d6 vecto va gen ma hda peptit van chuyén duoc ndi
v6i nhau dé chén peptit van chuyén tham gia vao qua trinh vén chuyén luc lap vao vecto.
Hon nita, enzym gi6i han Xhol va BamHI dugc st dung dé phan cat cac gen PPO tuong
g (gen AtPPO1 thé dai, gen CyPPO2, gen CyPPO4 va gen CyPPO8) va vecto, sau dé
ndi voi nhau dé cheén cac gen PPO twong tmg vao vecto. Két qua 13, peptit van chuyén
dugc lién két voi dau 5° caa gen PPO va gen YFP duoc lién két v6i dau 3° ctia n6. Cau

triic cua vecto cuoi cung dugc thé hién trén Fig.12.

Tiép theo, dé chuyén gen nh& Agrobacterium, cac té bao chu Agrobacterium didu
ché néu trén duoc rd déng trén nudc da, sau do tron véi 3~5uL cdc vecto mang cac gen
PPO tuong Gng, sau d6 két dong nhanh trong nito 16ng trong 2~3 phut. Sau dé, cac té bao
nay dugc rd dong ¢ nhiét do 37°C trong 5 phut, moéi truong LB (ImL) duoc b sung vio,
va U & nhiét do 30°C trong 2 gid. Mdi chung thu duge dugc ciy trai trén mdi trudng

LB/spectinomycin va t & nhiét d§ 30°C trong 2 ngay.

Dé lay nhifm 14 cdy thubc 14 v6i Agrobacterium, cac khuin lac don
Agrobacterium dugc chuyén cac vecto dugc chén gen PPO tuong tmg dugc nudi ciy trén
moi truong LB/spectinomycin & nhiét do 30°C, tbc do bang 200 vong/phut trong 12 gid,
va ly tdm & tdc do bang 7000 vong/ phut trong 2 phut. Cac hat vi khuin thu dugc tuong
ung duoc tao hdn dich lai trong 10mM MgCl,. Sau do, do hép thu cua ching (ODgg)
dugc diéu chinh dén 0,5, 200uM axetosyringon dugc bd sung vao va bao quan & nhiét do
phong trong 2 gid. Agrobacterium duge xam nhiém vao 14 cy thudc 14 sinh trudng binh
thudong bang cach s dung bom tiém dung tich 1mL, va nuéi cdy trong 2-5 ngay. Tiép
theo, dé phén lap cac té bao tran cua 14 cay thudc 14, dung dich enzym c6 thanh phan nhu

duoc thé hién trong Bang 3 hodc Bang 5 dugc diéu ché.

Bang 3

| Thanh phin | Ham luong |
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Dung dich gbc CPW A (100x) SmL
Dung dich gbc CPW B (10x) 50mL
Manitol 45g
MES 533mg
Viscozyme (Novozymes; KWNO00019; 700 EGU/g Xenlulaza) SmL
Celluclast (Novozymes; CCN03123; 100FBG/g Beta-glucanaza) 2,5mL
Pectin EX (Novozymes; KIN01013) 2,5mL
DDW vua da 500mL

Do pH cda dung dich néu trén dugc diéu chinh dén 5,8, va vo tring str dung gidy

loc ¢6 kich ¢& 13 loc bang 0,22pm.

Bang 4
Dung dich goc CPW A (100x) | CaCl,.2H,0 | 1460 mg/L
KH,PO, 27,2 mg/L,
KNO; 101 mg/L
.z MgSO,4.7H,O | 246 mg/L
Dung dich goc CPW B (10x) KI 0.16 mg/L
CuS0,.5H,0 | 0,025 mg/L
b6 pH 5,8
Bang 5
Thanh phan Ham luong
Manitol lg
200mM MES (pH 5,7) 150uL
viscozyme 100pL
celluclast 50ul
pectinEX 50pL
IM CaCl, 70pl
DDW vua du 10mL

La cay thudc 14 duoc cit thanh cdc manh 14 béng dao cao, va cac manh 1a duoc tao
hdn dich trong dung dich enzym da diéu ché, va phu bang gidy nhom va khudy & nhiét do
phong & tdc dd 40-50 vong/phiit trong 3-5gio. Kinh hién vi (Carl Zeiss Observer Z1) va
hé théng phan tich twong quan vat liéu sinh hoc (Zeiss LSM710) dugc st dung dé danh
gid té bao trin bang ba loai chit chi thi sang loc, DIC, YFP va rhodamin. C4c hinh anh
duoc chup bing thiét bi chup anh, sau d6 xir ly bang chuong trinh ZEN lite 2012 (Carl
Zeiss).

Protein phat huynh quang (YFP) dugc biéu hién véi protein CyPPO2, protein
CyPPO4 hodc protein CyPPO8 dugce danh gid bing phuong phap tham tach Western.
Cubi cing, cac mau duge két dong va bao quan trong nito 1éng, sau d6 pha vo bang chay
nho. Dung dich dém IP [SOmM Tris-Cl (d6 pH = 7.5), 75SmM NaCl, 5SmM EDTA, 1%
Triton X-100, 1mM DTT, 1x chét wc ché proteaza] (40ul. d6i véi giéng kich c& 16n)
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duoc bd sung vao va lic xody, sau d6 dé trén nudc da trong 10 phat hogc 1au hon. Sau
khi ly tdm & nhiét do 4°C trong 10 phut, dich noi duoc chuyén vao 6ng dung tich 1,5mL
méi. Chat mau hién thi protein dugc bd sung vao, dun sbi ¢ nhiét do 100°C trong 5 phut,
sau d6 dé trén nuée da. Sau khi ly tdm, dich ndi duoc sir dung. Dé dién di, dung dich
chiét xuét protein duoc nap 1én gel SDS-PAGE 7,5%, va protein dugc phéan tach & dién
thé 100V dbi vai gel xép chdng va & dién thé 150V ddi v6i gel phan tach. Protein da dién
di dugc chuyén 1én mang polyvinyliden florua, va phong bé bang dung dich dém phong
bé (4% bot sira gdy, 10mM natri phosphat, 0,15M NaCl, 0,05% Tween-20, pH 7,5) trong
1 gid. Sau d6, khang thé lién hop HRP khang GFP (SantaCruz) dugc bd sung vao & ty 18
pha loang 1/2000, va dé phan ung & nhiét do phong trong 2 gid. Sau khi phan tmg véi
khang thé, mang duoc rira bang dung dich mudi dém phosphat-Tween trong 10 phut ba
lan, va 500pL dung dich phat huynh quang dién héa (thanh phan dung dich dém hoic nha
cung cap: Bio-Rad) dugc phu 1én mang va dé trong 1 phut. Mang duoc phu bang phim
OHP, tiép xtic v6i phim X quang, sau d6 phim nay dugc hién thi.

5-2. Két qua thir nghiém

Két qua danh gia biéu hién gen AtPPO1 thé dai, gen CyPPO2, gen CyPPO4 va
gen CyPPO8 gen tuong tng sau khi chén vao cdy thudc 14 dugc thé hién trén Fig.13.
Khuan lac Agrobacterium duge hinh thanh & céc cay thudc 14 twong tng duoc chuyén cac
gen PPO. Protein YFP ddi ching 4m khong dugc huéng dich vao luc lap va protein YFP
d6i chung 4m duoc biéu hién & bao twong va nhan. Hinh anh dugc hop Iuu cua protein
PPO va chét diép luc tu phat huynh quang cho thdy rang cac tin hiéu huynh quang tring
khép voi nhau, va protein nay dugce hudng dich vao luc lap boi peptit van chuyén luc lap

duoc lién két v6i ddu tan cing N dé hudng dich vao luc lap.
Vi du 6. Téng hop vecto chuyén gen thuc vat va thé bién nap

Pé chon loc thuc vat chuyén gen, vecto nhi phan mang khung doc mad mé cua gen
BAR (gen khang glufosinat) va khung doc ma méd ctua gen CyPPO2, gen CyPPO4 hoac
gen CyPPOS8 tuong ng duoc tong hop va sit dung. Gen BAR dugc sit dung dé danh gia
tac dung xur ly chéo cua céac chét diét ¢6 c6 co ché tac dung khéc voi chét diét co uc ché
PPO. Gen nay ciing dugc sir dung dé dénh gia xem dic tinh di truyén 6n dinh c6 xut

hién & thé hé tiép theo hay khong. Dé biéu hién gen BAR, ving khoi diu NOS dugc sit
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dung, va ving két thiic E9 duoc sir dung dé két thuc phién ma. Trong khi d6, d& cam tng
biéu hién CyPPO2, CyPPO4 va CyPPO8 ¢ thuc vat, vung khéi dau 35S CaMV dugc sir
dung, va dé hudng dich cac protein nay vao luc lap, ving ma hoéa peptit van chuyén cua
gen AtPPO1 dugce chén vao bang cach str dung enzym giéi han Xbal va Xhol. Hon nita,
dé kiém chimg biu hién protein, trinh tu danh ddu hemaglutinin dugc chén vao dau 3’
bang cach st dung enzym giéi han BamHI va Sacl. Ving ma héa peptit van chuyén duogc
chén vao vecto ¢6 trinh tuy nhu néu trong SEQ ID NO.27 va trinh tu danh diu
hemaglutinin dugc chén vao ¢6 trinh tu nhu néu trong SEQ ID NO.28. Gen CyPPO2 va
gen CyPPOS8 duoc chen nim gifra peptit van chuyén va trinh tu danh ddu hemaglutinin
bang cach st dung enzym gidi han Xhol va BamHI, va ving két thuc NOS duoc chén
vao nim sau trinh tu danh diu hemaglutinin dé cam tmg két thic phién ma gen PPO. Ciu

trac ctia vecto nhi phan chuyén gen thuc vat nay duoc thé hién trén Fig.14.

Trong khi d6, thuc vat chuyén gen duoc san xudt nhu sau. Trudc tién,
Agrobacterium da chuyén gen dugc chon loc trén moi truong khang sinh, sau do cac
khuén lac dugce nudi cy trén méi truong 16ng. Cac té bao Agrobacterium dugce thu nhan
va tao hon dich trong dung dich chita 5% sucroza va 0,05% Silwet L-77. Do hép thu
(ODggo) dugc didu chinh dén 0,8, sau d6 bd phan hoa ctia Arabidopsis thaliana da sinh
truong trong khoang 5-6 tudn dugc dat vao dung dich Agrobacterium. Bé duy tri do 4m,
chéu thir nghiém duogc ddy bang tai nhwa, va dé trong 1 ngay trong bong ti. Arabidopsis
thaliana da lay nhiém v6i Agrobacterium dugc tiép tuc sinh trudong trong 1-2 thang, va
cac hat gidng dugc truéng thanh, sau d6 thu hoach. Do céc hat gidng thu hoach tir
Arabidopsis thaliana chuyén gen 1a hdn hop chira hat gidng chuyén gen va hat gidng
khong chuyén gen, nén can chon loc cac hat gidng chuyén gen tir cac hat gidng thu hoach

duoc.

Theo do6, gen BAR dugc chén vao dé chon loc cac ca thé Arabidopsis thaliana
chuyén gen trong qué trinh tdng hop vecto dugc s dung dé chon loc cac Arabidopsis
thaliana chuyén gen (cac Arabidopsis thaliana chuyén gen duge chon loc bang cach sir
dung glufosinat), dugc trdng vao dat va sinh truéng dé thu duoc Arabidopsis thaliana

chuyén gen thé hé T,.

Pé danh gia tinh khang chit diét co uc ché PPO cta cac Arabidopsis thaliana

chuyén gen thé hé T,, cic Arabidopsis thaliana chuyén gen dugc sinh trudng trong
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khoang 3-4 tudn, sau dé xir ly véi chét diét c6 trude khi chuyén sang giai doan kéo dai
cubng hoa. Arabidopsis thaliana gidng Col-0 bi tiéu diét khi xir Iy véi 2-3mL tiafenacil &
néng do 1uM (+0,05% Silwet 1-77) tinh trén mot thuc vat. Do do, tiafenacil & néng do
1uM dugce bén dong déu & luogng thich hop cho s6 luong ca thé Arabidopsis thaliana.
Sau 7 ngay, tinh khang chét diét co wrc ché PPO ctia cac Arabidopsis thaliana chuyén gen
nay duoc danh gia. Cac Arabidopsis thaliana chuyén gen c6 tinh khang va séng sét dugc
tiép tuc sinh truéng, va hat gidng cua chiing (hat gibng thé hé T,) duge thu nhan, va cac
hat giéng thé hé T, dugc nudi cAy trén mdi truong MS 1/2 trong 1 tun, sau d6 trong vao

dat dé thu duoc Arabidopsis thaliana thé hé T,.
Vi du 7. Thir nghiém nay mam

Pé dénh gia tinh khéng tiafenacil ciia cac hat gidng thé hé T2 song sét sau xir 1y
v6i tiafenacil & ndng do 1pM, trong sb cac thé bién nap CyPPO2 va CyPPO8, céc hat
gidng Arabidopsis thaliana dugc gieo trén mdi trudng MS 1/2 (1,125g/L mudi MS,
10g/L sucroza, 7g/LL aga) chtra tiafenacil & ndng d6 bang 70nM. Arabidopsis thaliana thé
dai (Col-0; gidng Columbia-0) c6 kha ning nay mam hat gidng giam trén mai truong MS
1/2 chira 50 nM tiafenacil, va Arabidopsis thaliana giéng Col-0 khong c¢6 kha ning nay
mam binh thudng va bi tiéu diét trén moi truong MS 1/2 chira tiafenacil & ndng d¢ bang
70nM. Do d6, kha ning sdng sét khi xir 1y v6i tiafenacil & ndng do bang 70nM cé nghia
1a Arabidopsis thaliana c6 tinh khang tiafenacil.

Nhu duge thé hién trén Fig.5, Arabidopsis thaliana s 1 va 49 trong sd cac dong
thé hé T, cla cac Arabidopsis thaliana chuyén gen CyPPO2 c6 kha ning ndy mam, va
Arabidopsis thaliana sb 6, 16 va 40 trong sb cac dong thé hé T, cia cac Arabidopsis
thaliana chuyén gen CyPPO8 c6 kha ning niy mam trén mdi truong MS 1/2 chira
tiafenacil & ndng do bang 70nM. Hon nita, hat giéng Arabidopsis thaliana thé dai (Col-0)
duge str dung 1am mau dbi ching am khong c6 kha ning nay mam trén moi trudng MS
1/2 chua tiafenacil & ndng do bang 70nM. Arabidopsis thaliana chuyén gen AtPPOI1 dot
bién duoc sir dung 1am mau déi ching duwong c6 kha nang ndy mam ngay ca trén mdi

truong MS 1/2 chira tiafenacil & ndng d9 bang 70nM.
Vi dy 8. Thir nghiém di truyén

8-1. Danh gia ty 1€ phan ly tinh trang cua hat gidng thé hé T,
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Tinh khang chét diét co quan sit dugc & Arabidopsis thaliana chuyén gen thé hé
tiép theo, do d6 dé danh gia kha nang di truyén, ty 1é phan ly tinh trang ctia c4c hat gidng
thé hé T, nhay va khang gen BAR dugc x4c dinh trong mdi dong.

Trong truong hop cia Arabidopsis thaliana chuyén gen CyPPO2, ty 1¢ phan ly
tinh trang gan bang 3:1 thu dugc & dong s6 10, 20, 38, va 40 trong sb 10 dong, cho thiy
rang mdt ban sao clia gen chuyén dugc tich hop vao bd gen, phén ly va biéu hién theo
quy tic Menden. 6 dong con lai khong c6 ty 1€ phan ly tinh trang bang 3:1, cho thay hai

hodc nhiéu ban sao cua gen chuyén dugec tich hop vao.

Trong truong hop ctua Arabidopsis thaliana chuyén gen CyPPOS, ty 1& phan ly
tinh trang gin bang 3:1 thu dugc & dong s6 6, 16, va 40 trong sb 5 dong, cho thay rang
mot ban sao cia gen chuyén duoc tich hop vao bd gen, phan ly va biéu hién theo quy tic

Menden. 2 dong con lai ¢6 ty 1€ phan ly tinh trang nho hon 3:1.

Béang 6
Thé bién nap CyPPO2-Hemaglutinin (T;)
Dong sb Ty 1€ phén ly tinh trang
1 4,56:1
8 1,56:1
10 2,85:1
20 2,70:1
23 1,5:1
30 1,7:1
35 2,03:1
38 2,57:1
40 3,17:1
49 2,41:1
Béang 7
Thé bién nap CyPPOS8-Hemaglutinin (T,)
Dong s6 Ty 1€ phén ly tinh trang
6 2,57:1
16 2,85:1
23 2,23:1
38 2,03:1
40 2,85:1

8-2. Danh gid bidu hién protein CyPPO2 va protein CyPPOS8 & hat gidng thé hé T,
khéang chét diét cé

Dé danh gia xem protein CyPPO2 va protein CyPPO8 ¢6 dugce biéu hién duy tri &
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thé hé tiép theo hay khong, protein dugc chiét xuit tir tir mdi dong thé hé T, cua cic
Arabidopsis thaliana chuyén gen, sau d6 thAm tach Western. Dé dinh luong protein PPO
chtra trinh tu danh diu hemaglutinin, protein dugc chiét xuit tir 14 Arabidopsis thaliana
(khoang 100mg), sau d6 dién di. Cac protein nay dugc chuyén 1én mang PVDF, sau d6
phén tich thAm tach Western dugc thuc hién st dung khang thé khang hemaglutinin.
Tiafenacil (1uM) dugc phun 1én cdc Arabidopsis thaliana thé hé T,. Cac Arabidopsis
thaliana sbng sét duge phan loai 1a ¢6 tinh khang, va cac Arabidopsis thaliana bi tiéu

diét dugc phan loai la c¢6 tinh nhay cam.

Trong truong hop clia Arabidopsis thaliana chuyén gen CyPPO2, protein PPO
dugc phat hién ¢ dong sb 8, 23, 30, 38, 40 va 49 c6 tinh khang chét diét co, va khong
dugc phat hién & cac dong nhay cam (Fig.16). Trong truong hop cua Arabidopsis
thaliana chuyén gen CyPPOS, protein PPO dugc phat hién & dong sb 6,23, 38, va 40 co
tinh khang chét diét cé, va khong duoc phat hién & cac dong nhay cam (Fig.17). Céc két
qua nay cho thay rang protein CyPPO2 va protein CyPPO8 dugc biéu hién duy tri & cac

thé hé tiép theo ctia cac dong co tinh khang chét diét co.

8-3. Danh gia kha nang gen chuyén duoc di truyén 6n dinh bang cach s dung gen
BAR

Gen chuyén dugc di truyén 6n dinh cho thé hé tiép theo duoc danh gid bang cach
danh gia kha néng tich hop cua gen chuyén, tirc gen BAR vao bo gen. Cac ADN bd gen
duoc phan 1ap tir 14 cua cac Arabidopsis thaliana chuyén gen CyPPO2 va CyPPOS8
(100mg), sau d6 kha nang tich hgp cia gen BAR dugc danh gia bang phuong phap PCR.
Két qua 1a, gen BAR duoc tich hgp vao bd gen cua & ca dong khang 1an nhay cam véi
tiafenacil cua Arabidopsis thaliana chuyén gen CyPPO2 va Arabidopsis thaliana chuyén

gen CyPPO8, cho thiy gen chuyén duoc di truyén 6n dinh cho thé hé tiép theo.
Vi du 9. Danh gia tinh khang chét diét c¢6 ctia Arabidopsis thaliana chuyén gen

D& danh gi4 xem tinh khang chat diét co dugc duy tri & cic thé hé tiép theo cua
cac Arabidopsis thaliana chuyén gen hay khong, cic Arabidopsis thaliana chuyén gen
thé hé T, tuong tng clia Arabidopsis thaliana dugc chuyén gen CyPPO2, gen CyPPO4
va gen CyPPOS8 dugc danh gia tinh khang chét diét c6. 2~3mL 0,5uM tiafenacil, 1uM

saflufenacil, hodac 3uM fomesafen dugc phun 1én mdi Arabidopsis thaliana da sinh
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trudng trong khoang 4 tuan. Sau 7 ngay phun, cac Arabidopsis thaliana thé dai Col-0 bi
tidu diét, trong khi d6 nhém ddi ching dwong, Arabidopsis thaliana chuyén gen AtPPO1
dot bién va cac nhom thir nghiém, Arabidopsis thaliana chuyén gen CyPPO2,
Arabidopsis thaliana chuyén gen CyPPO4 va Arabidopsis thaliana chuyén gen CyPPOS
tiép tuc sinh trudng ma khong bi ton thuong (Fig.18 va Fig.19), cho thdy rang tinh khang
chét diét co cua cac Arabidopsis thaliana chuyén gen thé hé T, duoc di truyén cho cic

Arabidopsis thaliana chuyén gen thé hé T,.

Vi du 10. Thir nghiém st dung chéo nhiéu chét diét ¢ c6 co ché tac dung khéac
nhau

O Arabidopsis thaliana chuyén gen CyPPO2 hodc gen CyPPOS8 thu dugc bang
phuong phap chuyén gen st dung vecto chuyén gen thuc vat duge tong hop trong vi du 6,
gen khang chit diét co tc ché hoat tinh PPO va gen khang glufosinat duoc biéu hién
dong thoi. Do d6, thir nghiém xt Iy chéo Arabidopsis thaliana chuyén gen véi hai chat
diét ¢, tirc 1a chat diét cd we ché hoat tinh PPO va glufosinat dugc danh gid xem c6 hiéu
qua dé kiém soat co dai hay khong. Cubi cung, cac hat giéng cta Arabidopsis thaliana
chuyén gen CyPPO2 va gen BAR, hoidc Arabidopsis thaliana chuyén gen CyPPO8 va
gen BAR dugc vo tring va xu ly ¢ nhiét do 4°C trong 2 ngay. Cac hat gidng duoc gieo
trong moi truong MS 1/2 (Duchefa), moi truong MS 1/2 chira tiafenacil & ndng do bang
70nM, méi truong MS 1/2 chua glufosinat & ndng dd bang S0uM, hodc mdi trudong MS
1/2 chtta tiafenacil & ndng do bang 70nM va glufosinat & ndng do biang 50uM, va sinh
truéng & nhiét do 23°C trong diéu kién 16 gio chiéu sang/8 gidr trong bong tdi trong 7~14
ngay. Arabidopsis thaliana trén moi trudong chét diét co 1a hat gidng chuyén gen CyPPO2
hodc CyPPOS va thé dai Col0 1a mAu ddi chimg, twong tng. Arabidopsis thaliana chuyén
gen va Arabidopsis thaliana d6i ching dugc nudi cdy trén moi truong chét diét co. Sau 2
tudn, ching dugc danh gia. Két qua 13, Arabidopsis thaliana chuyén gen CyPPO2 va
Arabidopsis thaliana chuyén gen CyPPOS sinh truéng binh thuong trén moi trudng bd
sung glufosinat, mo1i truong bd sung tiafenacil, hodc mdi truong bd sung glufosinat va
tiafenacil, trong khi d6 Arabidopsis thaliana d6i chimg Col0 khong nay mam (xem

Fig.20).

Céc két qua nay cho thay rang khi cac Arabidopsis thaliana chuyén gen duoc san

xuét bing céch tai té hop gen khang chat diét co trc ché PPO theo sang ché va gen BAR
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trong vecto nhi phén, va xtr ly chéo hodc kép cic Arabidopsis thaliana chuyén gen nay
voi chat diét co c6 co ché tac dung khac nhau dugc thuc hién, cac thuc vat khong mong

mudn c6 thé duoc ki€ém soat.

Trong vi du nay, gen BAR dugc chén vao dudi dang gen tai t6 hop, cing véi gen
CyPPO, chi minh hoa cho gen khéng chét diét ¢, va khong c6 gidi han cu thé vé loai gen
duoc st dung theo sang ché. Nguoi co hiéu biét trung binh trong linh vuc nay s& hiéu
rang khi gen khang chét diét ¢o thich hop dé st dung va gen CyPPO2, gen CyPPO4, gen
CyPPO8 hoac gen CyPPO12 dugc tai t6 hop véi vecto nhi phan, va cac chét diét c6 bi

khang béi cac gen tuong tng duge xu ly chéo, tinh khang mong mudn c6 thé thu duge.
Vi du 11. Thir nghiém st dung chéo nhiéu chat diét co trc ché PPO

Trong vi du 9, da kiém chimg dugc rang Arabidopsis thaliana chuyén gen theo
séng ché c6 tinh khang hai chat diét ¢6 tic ché PPO, tiafenacil va saflufenacil dong thoi,
do do thtr nghiém xt ly chéo Arabidopsis thaliana chuyén gen véi tiafenacil va
saflufenacil dugc danh gia xem c6 hidu qua dé kiém soat ¢ dai hay khong. Cubi cing,
cac hat gidng ctia Arabidopsis thaliana chuyén gen CyPPO2 hoic gen CyPPO8 dugc vo
tring va xu 1y ¢ nhiét do 4°C trong 2 ngay. Cac hat gidng dugc gieo trong moi trudng
MS 1/2, mdi trudong MS 1/2 chira tiafenacil & nong do bang 70nM, moi trudng MS 1/2
chira saflufenacil & ndng do bang 70nM, hodc moi trudng MS 1/2 chira 35nM tiafenacil
va 35nM saflufenacil, va sinh truéng & nhiét do 23°C trong diéu kién 16 gio chiéu sang/8
gidr trong bong tdi trong 7~14 ngdy. Arabidopsis thaliana trén moi trudng chét diét c6 1a
hat giéng chuyén gen CyPPO2 hoac CyPPOS8 va thé dai Col0 la mau dbi ching, tuong
ung. Arabidopsis thaliana chuyén gen va Arabidopsis thaliana d6i chimg dugc nudi cdy
trén moi trudng chét diét c6. Sau 2 tudn, chung dugc danh gia. Két qua l1a, Arabidopsis
thaliana chuyén gen CyPPO2 va Arabidopsis thaliana chuyén gen CyPPOS sinh truéng
binh thuong trén modi trudong bd sung tiafenacil, moi truong bd sung saflufenacil, hozc
moi truong bd sung tiafenacil va saflufenacil, trong khi d6 Arabidopsis thaliana do6i

chimg Col0 khong nay mam (xem Fig.21).

Cac két qua nay cho thay rang khi cac Arabidopsis thaliana chuyén gen dugc san
xuét str dung gen khang chat diét co trc ché PPO theo sang ché, va xur ly chéo hodc kép

nhiéu chét diét cé e ché PPO ciing nhu xir Iy mot chét diét ¢6 we ché PPO dugce thuc
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hién, cac thuc vat khong mong muon c6 thé dugce kiém soat.

Vi du 12. Danh gi4 tinh khéng chat diét co theo do twong dong trinh tu axit amin
cia CyPPO2, CyPPO4 va CyPPO8

Pé kiém chung do twong ddng trinh ty axit amin cia CyPPO2, CyPPO4 va
CyPPO8 duy tri tinh khéang chit diét c6, mot doan trinh tu axit amin cta CyPPO2,
CyPPO4 hoac CyPPOS protein dugc thay bing mot doan trinh tu axit amin ctia NtPPO
(gen PPO ¢6 ngudn gbe tir thude 14). Két qua 1a, trinh tu axit amin ctia bién thé CyPPO2
thu dugc nhu néu trong SEQ ID NO.12, va trinh tu nucleotit ciia n6é nhu néu trong SEQ
ID NO.13. Trinh tu axit amin va trinh tu nucleotit cua bién thé CyPPO2 c¢6 do tuong
dong bing 98% so véi CyPPO2, twong Umg. Hon nifa, trinh tu axit amin cia bién thé
CyPPO4 nhu néu trong SEQ ID NO.14, va trinh tir nucleotit ciia né nhu néu trong SEQ
ID NO.15. Trinh ty axit amin va trinh tu nucleotit cua bién thé CyPPO4 c6 d6 tuong
dong bang 98% so véi CyPPO4, twong Gng. Hon nifa, trinh tu axit amin cta bién thé
CyPPO8 nhu néu trong SEQ ID NO.16, va trinh tu nucleotit ciia n6 nhu néu trong SEQ
ID NO.17. Trinh tu axit amin va trinh tu nucleotit cua bién thé CyPPO8 c¢6 do tuong

dong bang 98% so véi CyPPOS, tuong tng.

Tinh khéng chét diét ¢6 cta bién thé trinh tu axit amin CyPPO2, bién thé trinh tu
axit amin CyPPO4, va bién thé trinh tu axit amin CyPPOS8 duoc danh gid trong chung E.
coli BT3 khong chtra gen PPO [BT3(APPO)], va phuong phép thir nghiém dac hiéu la
tuong tu nhu phuong phép trong vi du 3. Tuong tu nhu phuong phap trong vi du 3, PPO
thé dai (AtPPO1 thé dai) cua Arabidopsis thaliana dugce st dung lam mau dbi chirng dm
dé danh gia tinh nhay v6i cht diét co. AtPPO1 dot bién dugc tong hop bang cach thay
thé axit amin Y426M va S305L trong trinh ty axit amin thé dai duoc st dung lam mau

d6i chung duong dé danh gid tinh khang chat diét co.
12-1. Chudn bi vét liéu thir nghiém va thiét bi

N&i hip duge st dung trong didu kién nhiét do 121°C va 15 phut, va thiét bi nuéi
chy duoc sit dung & nhiét do 37°C v6i cudong do chiéu sing bang 169uMol m™ gidy™
trong thoi gian nuodi chy 14~16 gio. Thiét bi quang phd tu ngoai kha kién dugc st dung &
budc song 600nm. Phan tng PCR dugc thyc hién trong céc diéu kién & nhiét do 94°C

trong 4 phut, va 25 chu trinh (& nhiét d6 94°C trong 30 gidy, ¢ nhiét do 56~60°C trong 30
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gidy va ¢ nhiét do 72°C trong 3 phut), & nhiét do 72°C trong 5 phut va & nhiét do 4°C
trong 5 phut. Chit diét co duge st dung trong thtr nghiém nay duoc thé hién trong Bang 8.
Céc chét diét ¢é twong Gng duoc diéu ché & ndng do bang 200mM trong DMSO, va bao
quan ¢ nhiét do -20°C. Tru6e khi st dung, cac chét diét c¢6 duoc pha loang va bd sung

vao moi truong canh thang LB (chira 34mg/mL cloramphenicol).

Bang 8
Nhém chat diét ¢6 Chét diét c6 (tén goc) Nha san xuit/nha cung cip
Tiafenacil | {4 D00 Farm Hannong Co. Ld.
Pyrimidindion Saflufenacil BASF/Sigma
Butafenacil Syngenta/Sigma
Fomesafen Syngenta/Sigma
Diphenyl ete Acifluorfen United Phosphorus/Supelco
Oxyfluorfen Dow/Sigma
N-phenylphtalimit Flumioxazin Sumitomo/Sigma
Triazolinon Sulfentrazon FMC/Waka
Oxizolidindion Pentoxazon Kaken/Sigma
Phenylpyrazol Pyraflufen-etyl Nihon Nohyaky/Sigma
Chat diet 06,C6 cau tric Pyraclonil Kyoyu Agri/Sigma
khac
Oxadiazol Oxadiazon Bayer/Sigma
Thiadiazol Fluthiacet-metyl FMC/Sigma

12-2. Phuong phép thir nghiém

Céc té bao bio hoa duge cdy vao 3mL moi truong LB 16ng chia cloramphenicol,
sau d6 nudi cdy & nhiét do 37°C, tdc do bang 200 vong/phit trong Sgis. Mat do té bao
nudi ciy duoc do & budce séng 600nm, va cac thé bién nap nay dugc pha lodng bang moi
truong LB 1ong dé ¢ ciing do hip thu (ODgg) tinh trén 1mL ctia nd (ODgpe=0,5). Aga
duoc bd sung vao moi trudng LB 1éng & ndng do bang 1%, sau do khir trung bang nodi
hép. Cloramphenicol (34pg/ml) va chit diét c6 duoc bd sung vao va tron. Cac té bao
duoc pha loang twong dwong & mat do 10°, 107, 107,107, 10™, va 10”. M&i 10pL té bao
duoc nhé giot 1én 1% aga, moi trrong LB rin, va nudi cdy & nhiét d 37°C trong thiét bi

nuoi cdy trong 14~16 gior (cuong do anh sang: 169uMol m™ giay™).
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Céc vecto pACBB-CyPPO2, pACBB-CyPPO4 va pACBB-CyPPO8 dugc sur dung
lam khudn dé tong hop cac doan mdi ddc hiéu cho ving cin thay thé (Bang 9), va phan
ttng PCR duoc thuc hién dé tdng hop cic vecto bién thé pACBB-CyPPO2, bién thé
pACBB-CyPPO4 va bién thé pACBB-CyPPOS. Hon hop phén tng PCR (50pL) duoc
didu ché biang cach tron 1pL mdi khuén (pACBB-CyPPO2, pACBB-CyPPO4 va
pACBB-CyPPOS8 ban dau), SuL dung dich dém 10X, 1uL hdn hgp ANTP (mdi 10mM),
1uL doan mdi xudi (10pM), 1uL doan mdi nguge (10uM), 35uL, DDW, va 1pL Pfu-X
(Solgent, 2,5 don vi/uL), va phan tng khuéch dai duoc thuc hién trong cac didu kién &
nhiét do 94°C trong 4 phut, va 25 chu trinh (¢ nhiét do 94°C trong 30 gidy, & nhiét do
56°C trong 30 gidy va & nhiét do 72°C trong 3 phut), ¢ nhiét do 72°C trong 5 phut va &
nhiét do 4°C trong 5 phut.

Bang 9
Chiing Poan moi Trinh ti dé tach dong pACBB SEQ ID NO.
PCC 7112 | CyPPO2Nt98% R CGOTTGCAGCTIATTTTCC 30
. CyPPOANL98% F ATCTGATCAAé:gS?:ZLT;TTAAGTCCTG 31
OB | cumronoomir | e 32
— CyPPOS Nt98%-F ATCTGATCAA/}/E(C}}((:}%AA&TATgCTGAGTCCAA 13
PCC 7418 CyPPOS_ N198% R CAATTGGATTT?éégé}TT&AEAGGGCGCAGTT 34

Pé tdng hop té bao chi BT3(APPO), ching BT3(APPO) dugc bd sung vao moi
truong canh thang LB (SmL) chtra 50pug/ml kanamycin va 20pug/ml hematin, va nudi ciy
lic & nhiét d 37°C trong thiét bi nudi ciy trong 12 gior trong bong tdi. Sau d6, SmL dung
dich nudi cdy dugc bd sung vao méi trudng canh thang LB (100mL) chira 20pug/ml
hematin, va nuéi cdy lic ¢ nhiét do 37°C trong thiét bi nudi cdy trong bong t6i cho dén
khi ODg bing 0.5. Céc té bao chit BT3(APPO) dugc diéu ché tir E. coli da nudi cdy st
dung CacCl, theo quy trinh diu ché té bao chu. Tiép theo, dé chuyén céc vecto tuong ting
mang bién thé CyPPO2, bién thé CyPPO4 va bién thé CyPPO8 vao ching BT3(APPO),
SuL vecto dugce bd sung vao 100uL té bao chu BT3(APPO), va hdn hop dugc tron k¥, dé
phan ting trén nudc d4 trong 20 phit, sau d6 dé & nhiét do 42°C trong 40 gidy. Sau khi dé
dn dinh trén nudc da trong 2 phit, mdi trudng canh thang LB (ImL) duoc bd sung vao

BT3(APPO), va nudi cdy & nhiét do 37°C trong 1 gid két hop lic. T bao nudi cdy trén
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modi truong dugce thu nhén theo loai gen chén vao, sau dé cdy trai 1én moi truong LB rin
chira cloramphenicol (34pg/ml), va nuoi céy & nhiét do 37°C trong 12 gio hodc lau hon.
Sau d6, cac khuin lac don ctia né duoc nudi cdy trén moi trudng LB 1éng. Hoat tinh tc
ché sinh trudng duoc do theo chit diét co xir Iy trong diéu kién anh séng, va so véi ching
BT3 chuyén gen dugc nudi ciy trén moi truong LB rin khong chira chét diét cé, va su
sinh trudng cua ching BT3 chuyén gen trén moéi truong LB ran chita cic nong do khéc

nhau ctia chét diét co duoc danh gia.
12-3. Két qua thir nghiém

Fig.22-Fig.25 1a céc hinh v& thé hién két qua danh gia tinh khang chét diét c6 cua
céc gen bién thé CyPPO2, bién thé CyPPO4 va bién thé CyPPOS c6 do tuong dong trinh
tu bang 98% so vdi cac trinh ban dau ciia CyPPO2, CyPPO4 va CyPPOS, tuong tng.
AtPPOL1 thé dai duoc st dung 1am mAu déi chimg 4m dé danh gia tinh nhay véi chét diét
c6. AtPPO1 dot bién duoc st dung 1am mau déi ching duong dé danh gia tinh khang
chét diét 6. Khi chung c6 tinh khang twong duong hodc cao hon chung dugc chuyén gen

AtPPO1 dot bién, thi ching nay dugc khing dinh 1a c6 tinh khang chét diét co.

Két qua 13, cac ching BT3 tuong tmg dugc chuyén bién thé CyPPO2, bién thé
CyPPO4 va bién thé CyPPOS sinh truéng manh trong diéu kién anh séng trén toan bd 13
loai chat diét co tir 9 nhom (tiafenacil, saflufenacil, butafenacil, fomesafen, acifluorfen,
oxyfluorfen, flumioxazin, sulfentrazon, pentoxazon, pyraflufen-etyl, pyraclonil,
oxadiazon, fluthiacet-metyl), va chung c6 tinh khang chét diét co twong duong hodc cao
hon nhém déi ching dwong AtPPO1 dot bién (cac ching nay hau nhu khong bi trc ché
sinh truéng ngay ca & ndng do chit diét co bang 25uM).

Do d6, bién thé CyPPO2, bién thé CyPPO4 va bién thé CyPPOS c6 do twong dong
trinh tw bang 98% so v6i CyPPO2, CyPPO4 va CyPPOS ciing c6 tinh khang chat diét c6
twong duong hoac cao hon CyPPO2, CyPPO4 va CyPPO8, cho thdy rang mic di mot
doan trinh tu ctia CyPPO2, CyPPO4 hoac CyPPO8 dugc thay thé, thi hoat tinh sinh hoc

va chirc nang cda gen PPO lién quan dén tinh khang chat diét c¢6 van duoc duy tri.
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YEU CAU BAO HO

1. Phuong phép tao tinh khang chét diét ¢6 cho thuc vat hodc tao, bao gdbm budc chuyén
gen tao, té bao thuc vat, té bao tran, mé seo, tru dudi 14 mam, hat giéng, 14 mam, chdi,
hoiic thuc vat v6i trinh tu nucleotit ma héa polypeptit cau thanh tir trinh tu axit amin SEQ
ID NO.5, trong do chit diét cd duoc chon tir nhém bao g61n tiafenacil, saflufenacil,
butfenacil, flumioxazin, fomesafen, actifluorfen, oxyfluorfen, sulfentrazon, pentoxazon,

pyraflufen-etyl, oxadiozon, fluthiacet-metyl, pyraclonil, va hdn hop ctia chung.

2. Phuong phéap theo diém 1, trong d6 trinh tu nucleotit ndy c4u thanh tir trinh tu nucleotit
SEQ ID NO.6 hodc trinh tu nucleotit c6 d§ tuong ddng bang 95% hodc cao hon so véi

trinh tu ¢6 chiéu dai ddy du nay.

3. Phuong phép theo diém 1, trong do trinh tu ma héa nay dugc chira trong vecto biéu

hién téi to hgp c6 ngudn goc thuc vat hodc vecto bieu hién tai to hop c6 ngudn goc tao.

4. Phuong phép theo diém 1, trong do thuc vat nay la thuc vat mot 1a mam, thuc vat hai

14 mam, thuc vt than thao, hodc thuc vat than go.

5. Phuong phép theo diém 1, trong d6 thuc vat hodc tdo nay con chua trinh tu nucleotit

thtt hai ma hoa polypeptit khang chét diét ¢é tao ra tinh khang chét diét co thir hai.

6. Phuong phap theo diém 5, trong d6 chét diét co thir hai dugc chon tir nhém bao gdm
glyphosat, glufosinat, dicamba, axit 2,4-diclophenoxyaxetic, isoxaflutol, chit diét co uc
ché axetolactat synthaza, chat diét cé trc ché hé quang hoéa II, chét diét cé phenylure, chét

diét c6 bromoxynil, va hon hop cta ching.

7. Phuong phap theo diém 5, trong d6 polypeptit khang chét diét c6 thu hai duoc chon tir
nhom bao gdm EPSPS (5-enolpyruvylshikimat-3-phosphat synthaza), GOX (glyphosat
oxidaza), GAT (glyphosat-N-axetyltransferaza), glyphosat decarboxylaza, PAT
(phosphinothricin-N-axetyltransferaza), DMO (monooxygenaza), 2,4-D-monooxygenaza,
AAD (aryloxyalkanoat dioxygenaza), AHAS (axit axetohydroxy synthaza), AtAHASL
(axit axetohydroxy synthaza tiéu don vi mach dai), protein D1 hé quang héa II,
cytochrom P450, HPPD (hydroxylphenylpyruvat dioxygenaza), nitrilaza va hdn hop cua

ching.
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8. Phuong phép theo diém 5, trong do trinh tir nucleotit ma hoa polypeptit khang chét diét
c¢6 thir hai duoc chon tir nhom bao gdbm CP4 EPSPS, MEPSPS, 2MEPSPS, GOXV247,
GAT4601, GAT4621, BAR, PAT, DMO, ADD-1, AAD-12, HPPDPF W336, ALS,
SCR1, CSRI1-1, CSR1-2, GM-HRA, S4-HRA, ZM-HRA, SURA, SURB, PSBA,
CYP76B 1 khang chét dién cé phenylurea, BXN, va hon hop cta ching.

9. Thé bién nap, san phém tach dong hoac thé bién nap thé hé sau cia no, c6 tinh khang

chét diét cd, chira trinh tu nucleotit nhu néu trong diém 1.

10. Thé bién nap, san phém tach dong hodc thé bién nap thé hé sau cta no theo diém 9,
trong do thé bién nap nay la té bao thuc vat, t& bao trAn, mo seo, tru dudi 14 mam, hat

giong, & mam, choi, hodc thuc vét.

11. Phuong phéap san xuét thuc vat hodc tao c6 tinh khang chit diét co, bao gdm budc
chuyén gen thuc vat, té bao thuc vit, té bao tran, mo seo, tru dudi 14 mam, hat giéng, la

mam, choi, hodc tdo vai trinh tu nucleotit nhu néu trong diém 1.

12. Phuong phép kiém soét co dai & ving dat trdng trot, bao gdbm budc trong thuc vat
chira trinh tu nucleotit nhu néu trong diém 1 trén ving dat trdng trot, va budc bon luong

hiru hiéu cta chit diét ¢6 trc ché protoporphyrinogen oxidaza vao ving dat trong trot.

13. Phuong phap theo diém 12, trong d6 budc bén lugng hiru hiéu cia chit diét co e ché
protoporphyrinogen oxidaza vao vung dat trong trot dugc thuc hién bang cach bon két
hop hai hoac nhiu chét diét ¢o e ché protoporphyrinogen oxidaza & lugng hiru hiéu cta

chiing, luan phién hodc dong thoi.

14. Phuong phép theo diém 12, trong d6 thuc vt ndy con chia trinh ty nucleotit thtr hai
ma hoéa polypeptit khang chat diét c6 tao ra tinh khéng chat diét cé thir hai, va phuong
phap nay con bao gébm budc boén lugng hitu hiu cia chat diét co uc ché
protoporphyrinogen oxidaza va chat diét c6 thtr hai 1én ving dét trong trot, luan phién

hoic dong thoi.

15. Phuong phép kiém soat loai thiy sinh khong mong mudn trong méi truong canh tac,
bao gdm budc nudi trong véi tao trinh tw nucleotit nhu néu trong diém 1 trén moi trudng
canh tac, va budc bén lugng hitu hiéu cua chét diét cd wc ché protoporphyrinogen

oxidaza vao mdi truong canh tac.
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DANH MUC TRINH TU

<110> FARMHANNONG CO., LTD.

<120> PHUONG PHAP TAO TINH KHANG CHAT DIET CO CHO THUC VAT HOAC TAO VA PHUONG PHAP SAN XUAT THUC
VAT HOAC TAO cO TINH KHANG CHAT DIET CO ’

<150> KR10-2014-0181791

<151> 2014-12-16

<160> 34
<170> KopatentIn 1,71
<210> 1

<211> 486
<212> PRT
<213> Oscillatoria nigroviridis PCC 7112
<220>
<221> Peptit
<222> (1)..(486
<223> CyPPO2
<400> 1
Met Glu Leu Leu Asp Thr Leu Ile Val Gly Ala Gly Ile Ser Gly Leu
1 5 10 15
Ser Leu Ala His Ala Leu His Lys Glu Ala Thr Ser Ala Ser Pro Leu
20 25 30
Lys Ile Leu Val Ala Glu Ser Gln Gly Arg Val Gly Gly Asn Ile Thr
35 40 45
Thr Val Thr Ala Glu Gly Phe Leu Trp Glu Glu Gly Pro Asn Ser Phe
50 55 60
Ser Pro Thr Pro Glu Leu Met Lys Leu Ala Val Asp Val Gly Leu Lys
65 70 75 80
Gln Glu Leu Ile Phe Ala Asp Arg Lys Leu Pro Arg Phe Val Tyr Trp
85 90 95
Glu Asn Lys Leu Gln Pro Val Pro Met Thr Pro Pro Ala Met Ile Gln
100 105 110
Ser Gln Leu Leu Ser Phe Pro Gly Lys Leu Arg Ala Leu Phe Gly Ala
115 120 125
Leu Gly Phe Val Ala Pro Ala Met Gly Asp Arg Leu Ser Gln Gln Gly
130 135 140
Asn Glu Glu Thr Val Ser Gln Phe Phe Arg Arg His Leu Gly Thr Glu
145 150 155 160
Val Met Gln Arg Leu Val Glu Pro Phe Val Ser Gly Val Tyr Ala Gly
165 170 175
Asp Pro Gln Gln Leu Ser Ala Ala Ala Ala Phe Gly Arg Val Ala Lys
180 185 190
Met Ala Asp Val Gly Gly Gly Leu Val Ala Gly Ala Leu Leu Ser Ala
195 200 205
Lys Asn Arg Pro Lys Lys Met Pro Ala Asp Pro Asn Val Pro Lys Thr
210 215 220
Lys Pro Gly Glu Leu Gly Ser Phe Lys Gln Gly Leu Lys Ala Leu Pro
225 230 235 240
Glu Ala Ile Ala Ala Lys Leu Gly Asp Arg Val Lys Leu Asn Trp His
245 250 255
Leu Thr Arg Leu Gln Arg Thr Glu Arg Glu Thr Tyr Ile Ala Glu Phe
260 265 270
Ser Thr Pro Asp Gly Gln Gln Glu Val Glu Ala Arg Thr Val Val Leu
275 280 285
Thr Thr Pro Ala Tyr Val Thr Ala Asp Leu Leu Gln Pro Leu Glu Pro
290 295 300
Gln Val Ser Ser Ala Leu Gln Ala Phe Thr Tyr Pro Thr Val Ala Ser
305 310 315 320
Val vVal Leu Ala Tyr Pro Gln Ser Asp Val Lys Gly Lys Leu Val Gly
325 330 335
Phe Gly Asn Leu Ile Pro Arg Gly Gln Gly Ile Arg Cys Leu Gly Thr
340 345 350
Ile Trp Thr Ser Ser Leu Phe Pro Asp Arg Ala Pro Ala Gly Trp Gln
355 360 365
Thr Leu Thr Ser Tyr Ile Gly Gly Ala Thr Asp Ser Glu Ile Gly Asn
370 375 380
Leu Asp Ser Glu Gln Ile Val Arg Glu Val His Arg Asp Leu Ser Arg
385 390 395 400
Ile Leu Leu Lys Pro Asp Val Pro Gln Pro Lys Val Leu Thr Val Lys
405 410 415
Leu Trp Lys Arg Ala Ile Pro Gln Tyr Asn Leu Gly His Phe Asp Arg
420 425 430
Leu Gln Gln Ile Asp Glu Gly Leu Lys Ser Leu Pro Gly Val Tyr Leu
435 440 445
Cys Ser Asn Tyr Val Gly Gly Val Ala Leu Gly Asp Cys Val Arg Arg
450 455 460
Gly Phe Asp Arg Ala Arg Glu Val Gly Glu Tyr Leu Gln Lys Lys Gln
465 470 475 480
Ser Asp Thr Arg Ser Ile
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<210> 2
<211> 1461
<212> ADN

<213>

<220>

<221> gen

<222> (1) ..(l4e61)
<223> CyPPO2
<400> 2

atggaactat tagatacctt
gcacttcaca aggaagcaac
ggacgtgtgg gcgggaacat
ccgaacagtt tttcgccgac
caggagttga tttttgccga
caaccggtgc cgatgactcc
aaactgcggg cgttgttcgg
tcgcagcagg gtaacgagga
gtgatgcagc ggttggtgga
cttagcgcgg cggcggettt
gtggcggggg cgctgcetttce
gttcctaaaa ctaagccggg
gaggcgatcg ctgctaagtt
cagcgcacag aacgcgaaac
gttgaggcgc gcaccgtggt
cctctggaac cgcaagttag
gttgtcttag catacccgca
attccgaggg ggcagggaat
gatcgcgcge ctgcagggtg
gaaattggca atctcgactc
attttgctga aaccagatgt
gcgattcctc agtacaattt
aaatctttgc ctggagtgta
tgcgtgcgaa ggggtttcga
tcagatactc gatcgatctg
<210> 3

<211> 479

<212> PRT

<213> Lyngbya sp. PCC 8106
<220>

<221> Peptit
<222> (1)..(479)
<223> CyPPO4
<400> 3

Thr His Val Leu Asp Ser Leu Ile Val Gly

Met
1
Leu
Leu
Thr
Phe
65
Lys
Trp
Ser

Ala

Asn
145

130

5

gattgtgggt
gagtgcatcg
cacgactgtg
gccggaattg
tcgcaaattg
accggcgatg
ggctttgggg
aacagtttct
accttttgtt
tggcegggta
tgctaaaaac
ggagttgggt
gggcgatcga
ttacattgct
tttgacaacg
cagcgcttta
gtcggatgtc
tcgctgtcte
gcaaactctc
agaacaaatc
gccacagcca
ggggcatttc
tttgtgcagce
tcgtgcgcega
a

10
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Oscillatoria nigroviridis PCC 7112

gcgggtatta
ccgctgaaga
acagcagagg
atgaagttgg
cctcgttttg
attcagtctc
tttgtcgcge
caatttttcc
tctggggttt
gccaagatgg
agaccgaaga
tcgttcaagce
gtgaaactca
gaattctcga
cccgcttacg
caagctttta
aagggtaaat
gggacgattt
accagttaca
gttcgggagg
aaagttttaa
gatcgcctgce
aactacgttg
gaagtgggcg

Ala Leu Ala His Ala Leu His Gln Asn Gln

20

25

Asn Ile Leu Val Ser Glu His Gln Gly Arg

35

40

45

Thr Val Ser Glu Gly Glu Phe Leu Trp Glu

50

55

60

Ser Pro Thr Pro Glu Leu Leu Lys Leu Ala

70

75

Pro Glu Leu Val Phe Ala Asp Arg Lys Leu

85

Asn Gly Gln Leu Met

100

90
Pro Val Pro Met Ser

105

Thr Lys Leu Leu Ser Pro Gly Gly Lys Leu

115

120

125

Leu Gly Phe Val Gln Pro Ala Met Gly Glu

135

140

Gly Glu Glu Thr Ile Ser Gln Phe Phe Glu

150

155

gcggtttgag
ttttagtcgce
ggtttctctg
ctgtggatgt
tgtattggga
agttgctgag
cggcaatggg
gccgtcatct
atgccggcga
ctgatgtggg
aaatgcctgc
aggggttgaa
actggcactt
cgcccgacgg
ttacagccga
cttatcctac
tagtgggttt
ggacatcgag
tcggcggggce
tacaccgaga
cggtgaagct
aacaaatcga
gcggagtggce
agtatttgca

Ala Gly Ile
15

Asp His Gln

30

val Gly Gly

Glu Gly Pro

Val Glu Val
80

Pro Arg Tyr

Pro Pro Ala

110

Arg Ala Leu

Ser Leu Ser

Arg His Leu
160

Glu Val Leu Lys Arg Leu Val Glu Pro Phe Val Ser Gly Val
170
Gly Asp Pro Gln Gln Leu Glu Ile Ser Ser Ala Phe Ala Arg

165

180

185

175

190

Arg Met Ala Tyr Ser Gly Gly Gly Leu Val Ala Gly Ala Val

195

200

205

Arg Arg Gln Asn Lys Ser Pro Arg Ser Pro Ala Asp Pro Ser

Gln
225
Leu

Trp

Glu

210

215

220

Thr Lys Arg Gly Glu Leu Gly Ser Phe Arg

230

235

Pro Asn Ala Ile Ala Lys Gln Leu Gly Asp
250
Gln Leu Thr Arg Leu Glu Arg Thr Glu Asn

245

260

Phe Ser Thr Pro Glu

265

Gly Val Gln Gln Val

Gln Gly Ile
240
Gln Leu Lys
255
Gln Thr Tyr
270
Glu Thr Arg
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tttggcgcac
tgagagtcag
ggaggagggc
gggattgaag
aaataagctg
ttttccgggg
cgatcgactt
cggtacggaa
tccgcaacaa
tggcgggctg
agacccgaat
ggctttgcca
gactcgcctc
acagcaggaa
tttgttgcaa
ggttgcctcce
tggaaattta
tttatttccc
aacagactcg
tttgtctcgg

gtggaaacgg
tgagggctta
tttgggagat
gaagaaacaa

Ser Gly
Leu Pro
Asn Ile
Asn Ser
Gly Leu
Val Tyr
Leu Leu
Thr Gly
Gln Gln

Gly Ser

Tyr Ala
Val Ala
Leu Ser
Ile Pro
Gly Ala
Leu Asn
Arg Ala

Thr Val

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

1020
1080
1140
1200
1260
1320
1380
1440
1461
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275 280 285
Val Leu Thr Thr Pro Ala Tyr Val Thr Ala Glu
290 295 300
Gln Leu Gln Val Ser Gln Thr Leu Thr Glu Ile
305 310 315
Ala Cys Val Val Leu Ala Tyr Pro Val Ser Ala
325 330
Thr Gly Phe Gly Asn Leu Val Pro Arg Gly Gln
340 345
Gly Thr Ile Trp Thr Ser Ser Leu Phe Pro Gly
355 360 365
Trp Gln Val Leu Thr Ser Tyr Ile Gly Gly Ala
370 375 380
Gly Glu Leu Glu Asp Asp Gln Ile Val Glu Ala
385 390 395
Arg His Ile Leu Leu Lys Glu Asp Ile Ser Pro
405 410
His Leu Trp Lys Arg Ala Ile Pro Gln Tyr Asn
420 425
Arg Leu Gln His Val Asn Glu Gly Leu Glu Ala
435 440 445
Leu Cys Ser Asn Tyr Ile Asp Gly Val Ala Leu
450 455 460
Arg Ser Ile Gly Gln Ala Asn Glu Ile Leu Ser
465 470 475
<210> 4
<211> 1440
<212> ADN
<213> Lyngbya sp. PCC 8106
<220>
<221> gen
<222> (1)..(1440)
<223> CyPPO4
<400> 4
atgactcacg tactcgatag tttaatcgtc ggtgcaggca
catgctctcc atcagaacca agatcatcaa ttgcctctca
caaggacggg taggaggaaa tataaccaca gtatccgaag
ggccccaata gtttttctcc aacccctgag ttactgaagt
aagcctgagc tagtctttgc cgatcgcaag ttacctcggt
ctcatgcctg tgccgatgag tcctccgget ttgttgagta
ggtaaacttc gagcattaac gggggcattg gggtttgtac
ttaagtcaac aaaatgggga agaaacgatc tcgcagtttt
gaagttctca agcgactggt tgaacccttt gtttctggtg
caactcgaaa ttagctcggc ttttgcccga gtcgcacgta
ttggttgctg gagcggtttt atcgcgtcgt cagaacaaat
ccgtctattc cccaaactaa acggggagag ttggggtctt
ttacccaatg cgatcgccaa acagttaggc gatcaactca
cgtctcgaac ggactgaaaa ccaaacctat cgggctgaat
caacaggtag aaactcgaac ggtggtgttg acgactccgg
ctcaaaccgt tgcaactcca agtcagtcaa acgttaactg
gcttgcgtcg ttttagccta tcccgtttca gectttaaagce
aatttagttc cccgaggaca agggattcgg acgttaggca
tttcctggtc gcgcccccca aggctggcaa gtcctcacca
gatccagaaa ttggagagtt agaagatgat caaattgttg
cgtcacattt tactcaaaga agatatctct cccaaagtgc
cgtgctatcc ctcaatacaa tctcggacac caacaacggt
ctagaggcaa tgccggggtt atatctgtgt agcaactata
gattgtgtgc gtcgttctat cggacaagct aacgaaattc
<210> 5
<211> 466
<212> PRT
<213> Halothece sp. PCC 7418
<220>
<221> Peptit
<222> (1)..(466)
<223> CyPPO8
<400> 5
Met Ile Asp Thr Leu Ile Val Gly Ala Gly Ile
1 5 10
Ala Tyr Arg Leu Asp Glu Lys Gln Arg Gln Val
20 25
Arg Asp Arg Ala Gly Gly Asn Ile Thr Ser Gln
35 40 45
Leu Trp Glu Glu Gly Pro Asn Ser Phe Ser Pro
50 55 60
Lys Leu Ala Val Asp Ala Gly Leu Arg Asn Glu
65 70 75
Arg Gly Leu Pro Arg Tyr Val Tyr Trp Glu Gly
85 90
Pro Met Ser Pro Pro Thr Ala Val Thr Ser Gln

Ile Leu Lys
Pro
320

Gln

Pro Tyr

Leu Lys
335
Gly Ile
350
Arg

Arg

Ala Pro

Thr Asp Pro

Val Gln
400
Leu

His

Val
415
Gly

Lys
Leu His
430
Met

Pro Gly

Gly Asp Cys

Phe Leu Gly

ttagcggcct
acattcttgt
gagaatttct
tagcggtaga
acgtttactg
caaaactctt
aacccgcgat
ttgagcgtca
tttatgcagg
tggcttacag
ctccgegatce
ttcgtcaggg
aattaaactg
tttcgactcc
cctatgtcac
aaattcccta
agaaattaac
cgatttggac
gttatattgg
aggcggttca
tagccgtgca
tacaacacgt
tcgacggtgt
tcagtttttt

Ser Gly Leu

15
Leu Val Ala
30
Gln

Ser Gly

Thr Pro Glu

Ile Phe
80

Arg

Leu
Lys Leu

Leu Leu Ser

-80-

Pro Leu

Pro Val

Lys Leu

Thr Leu

Gln Gly

Glu Ile

Asp Leu

Ala Val

Gln Gln

Leu Tyr

Val Arg

Gln

ggcgttagct
cagcgagcat
ttgggaagaa
agtaggtctt
gaatggtcaa
aagtcctgga
gggagaatcg
tttgggttca
cgatccccag
tggcggtgga
gcctgccgac
gattggagcc
gcaactcacc
agaaggggtt
agcagaaatt
tcceceeggtg
cggatttggc
atcgagttta
cggagcgacg
tcaagatttg
tctgtggaaa
taatgagggt
agcgttggga
gggtcaatag

Ser Ala

Glu Lys
Asp Phe
Leu Leu
Ala Asp
Pro Val

Pro Ile

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

1020
1080
1140
1200
1260
1320
1380
1440



100
Gly Lys Leu Arg Ala Leu
115
Val Ser Ser Gln Glu Glu
130 135
Gly Ser Glu Val Ala Gln
145 150
Tyr Ala Gly Asp Val Asp
165
Val Thr Gln Leu Ala Asp
180
Leu Cys Arg Arg Gln Lys
195
Ser Asp Ile Pro Glu Thr
210 215
Gly Leu Gln Gln Leu Pro
225 230
Val Lys Phe Gln Trp Glu
245
Gly Tyr Val Ala Thr Phe
260
Ala Lys Thr Val Ile Leu
275
Val Lys Asp Leu Ser Pro
290 295
Tyr Pro Pro Val Ala Cys
305 310
Arg Phe Pro Leu Lys Gly
325
Ile Arg Thr Leu Gly Thr
340
Thr Pro Lys Gly Trp His
355
Asp Pro Ala Ile Ala Glu
370 375
His Gln Asp Leu Gln Gln
385 390
Pro Leu Ala Val His Leu
405
Gly His Leu Lys Arg Leu
420
Ser Gly Leu Phe Leu Ser
435
Asp Cys Val Arg Arg Gly
450 455
Leu Gly
465
<210> 6
<211> 1401
<212> ADN

<213> Halothece sp. PCC 7418

<220>

<221> gen

<222> (1)..(1401)
<223> CyPPO8
<400> 6

Thr
120
Thr
Arg
Gln
Val
Pro
200
Lys
Ser

Leu

Ser

105

31813

110

Gly Ala Leu Gly Phe Ile Pro

125

Val Ala Asp Phe

140

Leu Val Ser Pro

155

Leu Ser Ala Glu

170

Gly Gly Gly Leu

185

Lys Ser Thr Pro

205

Ser Gly Gln Leu

220

Ala Ile Val Ser

235

Lys Asn Ile Ser

250

Thr Pro Glu Gly

265

Thr Thr Pro Ala Tyr

280

285

Gln Ala Ser Gln Ala

300

Val Val Leu Ala Tyr

315

Phe Gly Asn Leu Asn

330

Ile Trp Ser Ser Thr

Leu
360
Leu
Ala

Trp

345

Leu Thr Asn Phe

365

Ser Glu Asp Gln

380

Val Ile Lys Ser

395

Ser Lys Ala Ile

410

Glu Thr Ile Arg Asn

425

Ser Asn Tyr Leu Asp

440

445

Glu Glu Ser Ser Gln

460

atgatagata ctttaattgt gggagcaggg attagtggtt
gatgagaagc agcgccaagt gctggttgca gaaaagcgcg
accagccaac aaagtggcga tttcctctgg gaagaaggac
ccagaactcc taaaactagc ggttgatgcg ggcttaagaa
cgcggacttc cccgttatgt ttattgggag gggaaactgc
cccacagccg tgacatccca gttgctgagt ccaatcggga
gcattaggct ttattccccc gcaagtgtcg agtcaggaag
acccgtcatc tcggttcaga agtagcccaa cggttagtga
tatgcagggg atgtggatca actcagtgcg gaagctgcat
gcggatgtgg gcggtggact ggtcgcaggt gcgattttat
tcaaccccaa aaacggctaa accgtctgat attccagaaa
tcatttaagg aaggattaca acaattaccc agcgcgatcg
gtaaagtttc aatgggaact gaaaaatatc tcccctcatc
acattttcca caccagaggg agaacaaaca gtcgaagcca
cccgcctacg ttaccgcectc tctggtcaaa gatttatcac
aacgaaattt cctatccccc cgtagcttgt gtggtcttag
cgttttcccec tcaaaggatt tggtaatctt aaccctcgca
ggtacaattt ggagttcaac actctttcca ggacgcacgc
accaatttta ttggcggtgc aactgatccc gcaattgctg
attgaacaag tccatcaaga cttacaacaa gcggtgatta
cccttageccg ttcatttgtg gtcaaaagcg attccgcaat
cggttagaaa ccatccgcaa tcacttaaaa cccttctctg
tatctcgatg gcgttgecgtt gggtgattgt gtgcgccgag

gtgttagatt atttgggtta a

Phe Thr Arg

Phe Val Ser
160
Ala Ala Phe
175
Val Ala Gly
190
Lys Thr Ala

Gly Ser Phe

Gln Leu Gly
240
Pro His Pro
255
Glu Gln Thr
270
Val Thr Ala

Leu Asn Glu

Pro Asp Glu
320
Pro Arg Ser
335
Leu Phe Pro
350
Ile Gly Gly

Ile Ile Glu

Gly Ser Ile
400
Pro Gln Tyr
415
His Leu Lys
430
Gly Vval Ala

Ala Val Leu

taagtgctgc
atcgcgctgg
cgaacagttt
atgagttaat
gccctgttece
aactacgggc
aaacggttgc
gtccgtttgt
ttggacgagt
gtcgtcgtca
caaagtctgg
tttctcaact
cagaatcggg
aaaccgttat
ctcaagccag
cctatcccga
gtcaaggaat
cgaaaggttg
aactcagtga
aatcgggaag
acaatctcgg
gactcttttt
gggaagagag

-81-

Pro Gln
His Leu
Gly Vval
Gly Arg
Ala Ile
Lys Pro
Lys Glu
Asp Lys
Glu Ser
Val Glu
Ser Leu
Ile Ser
Ala Leu
Gln Gly
Gly Arg
Ala Thr
Gln Val
Pro Lys
Asn Leu
Pro Phe
Leu Gly

Asp Tyr

gtatcgactc
gggaaatatc
ttctcccaca
ctttgctgat
tatgagtccc
gttaacgggt
ggactttttt
gtctggggtt
tacccaactg
aaagccaaag
acagttaggt
gggagacaaa
ttacgtcgcg
cctcaccact
tcaagcctta
tgaagccctc
ccgcactctt
gcatctctta
agatcaaatt
tatcccgaaa
acatctgaaa
atcgagtaac
tagtcaagcc
1401

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

1020
1080
1140
1200
1260
1320
1380



<210> 7
<211> 486
<212> PRT

<213>

Microcoleus

<220>

<221>
<222>
<223>

Peptit
(1) ..(486)
CyPPO12

<400> 7

Met
1

Ser
Lys
Thr
Ser

65
Gln
Gln
Ser
Leu
Asp
145
Val
Asp
Met
Arg
Arg
225
Glu
Leu
Ser
Thr
Lys
305
Val
Phe
Ile
Thr
Leu
385
Ile
Val
Leu
Cys
Gly

465
Ser

Glu Leu Leu Asp
5
Leu Ala His Ala
20
Ile Leu Val Ala
35

Val Thr Ala Glu
50

Pro Thr Pro Glu

70

Glu Leu Ile Phe
85
Asn Lys Leu Gln
100
Gln Leu Leu Ser
115
Gly Phe Val Ala

130

Glu Glu Thr Val

vaginatus

Thr
Leu
Glu
Gly

55
Leu
Ala
Pro
Phe
Pro

135
Ser

150

Met Gln Arg Leu
165
Pro Gln Gln Leu
180
Ala Asp Val Gly
195
Lys Arg Pro Lys

210

Pro Gly Glu Leu

Val
Ser
Gly
Gln

215
Gly

230

Ala Ile Ala Ala
245
Thr Arg Leu Gln
260
Thr Pro Asp Gly
275
Thr Pro Ala Tyr

290

Val Ser Ser Ala

Gln
Arg
Gln
Ile

295
Leu

310

Val Leu Ala Tyr
325
Gly Asn Leu Ile
340
Trp Thr Ser Ser
355
Leu Ser Ser Tyr

370

Asp Ser Glu Gln

Pro

Pro

Leu

Ile

375
Ile

390

Leu Leu Lys Pro
405
Trp Lys Arg Ala
420
Gln Gln Ile Asp
435
Ser Asn Tyr Val

450

Phe Glu Arg Ala

Asp
Ile
Glu
Gly

455
Arg

470

Asp Thr Arg Ser
485

<210> 8
<211> 1461
<212> ADN

<213>

<220>

<221> gen

<222> (1)..(1461)
<223> CyPPO12

Ile

Leu
His
Ser
40
Phe
Met

Asp

Val

Pro Gly Lys

120
Ala

Gln

Glu

Ala Ala Ala

Gly
200
Met

Ser

Leu

Thr Glu Arg Glu

Gln
280
Thr
Gln
Gln

Arg

31813

Ile Val Gly Ala Gly Ile

10

15

Lys Glu Ala Thr Ser Pro

25

30

Gln Gly Arg Val Gly Gly

45

Leu Trp Glu Glu

Lys Leu Ala

Arg Lys

90

Pro Met

105

Ile Gly
Phe Phe

Pro Phe

170

185

Leu Met
Pro Ala
Phe Lys

Gly Asp Arg

250

265

Glu Val Glu

Ala Glu Leu

75

155

235

Leu
Thr
Leu
Ser
Arg
Val
Ala
Ala
Asp

Gln

60

140

220

300

Val
Pro
Pro

Arg

125

205

Pro
Gly
Val
Thr

Ala

285

Ala Phe Thr Tyr

315

Ser Asp Val Lys

330

Gly Gln Gly Ile

345

Phe Ala Asp Arg Ala

360

365

Gly Pro
Asp Val

Arg Phe
95
Pro Ala
110
Ala Leu

Gly Leu Ser
Arg His Leu

Ser Gly Vval

175

Phe Gly Arg

190

Gly Ala Leu

Asn Val
Leu Lys

Lys Val
255
Tyr Ile
270
Arg Thr

Leu Gln Pro

Pro Thr

Asp Lys
335
Arg Thr
350
Pro Ala

Gly Gly Ala Thr Asp Ser Glu

Val Arg Glu Val
Val Pro Gln Pro
Pro Gln Tyr Asn

Gly Leu Lys Ser

440

Gly Val Ala Leu

410

425

395

380

460

445

His Arg Asp

Lys Val Leu

415

Leu Gly His

430

Leu Pro Gly

Gly Asp Cys

Glu Val Gly Glu Tyr Leu Gln

Microcoleus vaginatus

475

-82-

Ser
Ser
Asn
Asn
Gly
80
Val
Met
Phe
Gln
Gly
160
Tyr
val
Leu
Pro
Ala
240
Asn
Ala
Val
Leu
Val
320
Leu
Leu
Gly
Ile
Leu
400
Ala
Phe
Val

Val

Asn
480

Gly
Ser
Ile
Ser
Leu
Tyr
Ile
Gly
Gln
Thr
Ala
Thr
Ser
Ser
Leu
Trp
Val
val
Gln
Ala
Val
Gly
Trp
Gly
Ser
Val
Asp
Tyr
Arg

Lys

Leu
Leu
Thr
Phe
Lys
Trp
Gln
Ala
Gly
Glu
Gly
Lys
Ala
Thr
Pro
His
Phe
Leu
Pro
Cys
Gly
Thr
Gln
Asn
Arg
Asn
Arg
Leu
Arg

Gln



<400> 8
atggaactct
gctttacata
ggtagagtgg
cctaacagtt
caggagttga
caacctgttc
aaacttagag
agtcaacagg
gttatgcaga
ctttctgctg
atggctggag
gttccttcaa
gaggcaatag
caaaggactg
gttgaggcaa
ccacttcagc
gttgtgttgg
attcctagag
gatagagcac
gagatcggta
attttgctca
gcaataccac
aaatctttac
tgcgttagaa
tctgatacca
<210> 9
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<400> 9
Met

1

tggatactct
aggaggctac
gaggtaatat
tctctectac
tttttgcaga
caatgacacc
ctttgtttgg
gagatgaaga
gattagtgga
ctgctgecttt
cactcttatc
ctagacctgg
ctgcacagct
aaagagagac
gaacagttgt
ctaaagttag
cataccctca
gtcaaggaat
ctgctggatg
acctcgattc
agcctgatgt
agtacaacct
ctggagttta
ggggattcga
ggtcaatctg

537
PRT
Arabidopsis thaliana

Peptit
(1)..(537)
AtPPOl thé dai

Glu Leu Ser Leu Leu

5

cattgttgga
ttcaccatct
cactacagtt
tccagaactc
tagaaaactt
tccagctatg
tgcacttgga
gactgtttct
gccatttgtt
cggtagggtt
tgctagaaag
tgaattggga
cggagataga
atatattgct
gcttaccact
ttctgctttg
gtcagatgtt
caggactctc
gcaaaccctt
tgaacagata
tcctcaacca
tggacacttt
tctctgttca
gagggcaaga
a

Arg Pro

31813

gcaggtattt
tcacttaaga
accgctgagg
atgaagttag
ccaagattcg
atccaatctc
ttcgttgctce
caatttttca
agtggtgtgt
acaaaaatgg
aggccaaaac
agttttaagc
gttaaggtga
gtgttctcta
ccagcttaca
caagcattca
aaggataaac
ggtacaatat
tcttcatata
gttagggagg
aaagtgttgg
gataggttgc
aactacgttg
gaggttggag

Thr Thr Gln

10

Phe Ser Lys Pro Asn Leu
20
Cys Ser Val Ala
35
Gly Gly Gly Thr
50
Ile Ser Gly Leu
70
Ala Ala Pro Asn Leu
85
Asn Ile Ile Thr Arg
100
Asn Ser Phe Gln Pro
115
Ser Gly Leu Lys Asp Asp
130 135
Val Leu Trp Asn Gly
150
Leu Pro Phe Phe Asp
165
Phe Gly Ala Leu
180
Val Glu Glu Phe
195
Leu Ile Glu Pro
210
Lys Leu Ser Met Lys
225 230
Asn Gly Gly Ser Ile Ile Gly
245
Lys Asn Ala Pro Lys Ala Glu
260
Gly Gln Thr Val Gly Ser Phe
275 280
Ala Ile Ser Ala Arg Leu Gly
290 295
Ser Gly Ile Thr Lys Leu Glu
305 310
Thr Pro Asp Gly Leu Val Ser
325
Val Pro Ser His Val Ala Ser
340
Ala Ala Asn Ala Leu Ser Lys

Arg

Arg Gly Gly
40
Thr Ile
55

Cys

Gly
Gly Ile

65
Asp Ile

Gly Glu

Ser
120

Pro

Phe
145
Asp
Ile

Gly Gly

Ser Val Arg
200
Phe Cys
215

Ala Ala

Arg

Leu Asn
25
Pro

Val Tyr

Thr Val Gly
45

Asp Cys

60
Gln Ala Leu
75

Thr Glu Ala

90

Glu Asn Gly Phe

Thr Thr
Ala

Val

105

Asp Pro Met Leu

125
Val Leu Gly Asp

140
Leu Arg Pro Val
155
Met Ser Ile
170

Arg Pro Ser

Gly

Pro

185

Arg Asn Leu Gly
205
Gly Val Tyr

220

Ser

caggactttc
ttttggttgce
gttttctttg
ctgttgatgt
tgtattggca
agcttctttc
cagcaatagg
gaaggcatct
acgctggaga
ctgatgtggg
aaatgcctgce
aaggtctcaa
actggcacct
ctcctgatgg
tcaccgcaga
catatccaac
tcgtgggttt
ggacctcaag
ttggtggagce
tgcatagaga
ctgttaatgt
aacagattga
gtggagtgge
aatacttaca

Leu Leu
15

Pro

Ser

Lys Leu

30

Ser Ser Lys

Val Ile Val

Ala Thr Lys

80
Lys Asp Arg
95
Trp

Leu Glu

110

Thr Met Val

Pro Thr Ala

Pro Ser Lys

160

Gly Lys Ile
175

Pro Gly
190

Asp

Arg

Glu Vval

Ala Gly Asp

tctcgcacac
tgaatctcaa
ggaagaggga
gggacttaaa
aaacaaactt
ttttcctgga
ttcaggattg
cggaacagaa
tcctcaacag
aggtggattg
tgatcctaat
ggctcttcca
tacaagattg
acaacaggaa
acttttgcaa
cgttgcttgt
tggaaatctt
tttattcget
tactgatagt
tttgtcaaga
gtggaagaga
tgaaggtctc
tttaggagat
aaacaaacaa

Pro Ser

Arg
Ile
Gly
His
Val
Glu
Val
Pro
Leu
Arg
Glu
Phe

Pro

Leu
Glu
Gly
Pro
Gly
Gly
Asp
Arg
Thr
Ala
Glu
Glu

Ser

Phe

Gly

Gly Lys Val Trp
235
Thr Phe Lys Ala

250

Arg

265

Arg
Ser

Ser

Asp Pro Arg Leu
270

Lys Gly Leu Arg
285

Lys Val Lys

300
Gly Gly Tyr
315

Leu

Asn

Lys
Ile
255
Pro
Met

Ser

Leu

Leu

240

Gln
Lys
Leu
Trp

Thr
320

Glu Gln

Glu Arg
Pro Gln
Pro Glu
Lys Leu

Tyr Glu

Val Gln Ser
330
Gly Leu Leu

Lys

Arg

345

Leu Tyr Tyr Pro

Val val
335

Pro Leu Ser
350

Pro Val Ala

Ser

-83-

Met

Glu

Ala

Thr

Ser

Val

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

1020
1080
1140
1200
1260
1320
1380
1440
1461



355
Ser Ile Ser
370
Gly Glu
385
Glu Thr

Leu
Leu
Pro Pro Gly
4
Thr Gly Ile
435

Arg Asp Leu
450
Lys Leu
465
Gly

Gly

His Phe

Gly Tyr
5
Leu Gly
515
Asn
530
<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<400> 10
atggagttat
aatctccgat
accgtcggat
attgtcggcg
gatgctgctc
actcgtgaag
cctatgctca
actgcgccaa
gacttaccgt
cttggcattc
aacctcggtg
ggtgatcctt
aatggtggaa
aaggcagaac
aagggacttc
tcttggaagc
actccagatg
gttgcaagtg
tattacccac
tgtttgatag
gaaacattag
attttgctgt
ggtgagttag
accgatccac
ggtcactttg
ctatttttgg
tatgaaaccg
<210> 11
<211>
<212>
<213>
<220>
<223>
<400> 11
Met Glu Leu
1
Phe Ser Lys

10

(1)

360

31813

365

Tyr Pro Lys Glu Ala Ile Arg Thr
375

Lys Gly Phe Gly Gln Leu His

390

Gly Thr Ile

405
Arg
20
Leu

Arg

Ile Leu
Ser Lys

Lys Met

Tyr Ser

380
Pro
395

Ser Ser Leu

410

Leu Leu
425

Ser Glu

440

Leu Ile

455

Val
470

Asp
485

Glu Gly Leu Phe

00

Arg Cys Val Glu

Phe Met Ser Arg Tyr

Arg Val

Ile Leu

Trp Pro

Asp Thr

Asn Tyr Ile
Leu
445
Lys Pro Asn
460
Gln Ala Ile
475
Ala Lys Ser

Gly Glu

490

Leu Gly
505

Gly Ala

520

Ala Tyr

535

1614
ADN
Arabidopsis thaliana

gen

.. (1614)

ctcttctccg
taaatgttta
cttcaaaaat
gaggtattag
cgaatttaat
agaatggttt
ctatggtggt
ggtttgtgtt
tctttgattt
gaccgtcacc
atgaggtttt
caaaactgag
gcataatagg
gagacccgcg
gaatgttgcc
tctcaggtat
gtttagtttc
gtctcttgcg
cagttgcagc
atggtgaact
gaactatcta
tgaactacat
tggaagcagt
ttaaattagg
atatccttga
gtggcaatta
cgattgaggt

537
PRT
Trinh tu nhan tao

Ser Leu
5
Pro Asn

20

Arg Cys Ser
35
Gly Gly

50

Gly

Gly
65
Asp

Gly
1

Val Ala

Gly Thr

Ile Ser Gly Leu Cys

70

Ala Ala Pro Asn Leu

85

Asn Ile Ile Thr Arg

00

Leu
Leu
Gly

Thr

AtPPOl thé& dai

tccgacgact
taagcctctt
cgaaggcgga
tggtctttgce
tgtgaccgag
tctctgggaa
agatagtggt
gtggaatggg
gatgagtatt
tccaggtegt
tgagcgcctg
catgaaagca
tggtactttt
cctgccaaaa
agaagcaata
cactaagctg
cgtgcagagc
ccctetttet
agtatctatc
aaagggtttt
cagctcctca
tggcgggtct
tgacagagat
agttagggta
cacggctaaa
cgtcgctggt
caacaacttc

AtPPOl ddt bién

Pro
1
Leu
25
Pro

Arg
Arg

Gly
40
Ile Thr
55

Ile Ala
Ile Val

9

105

Gly Asn Tyr

Tyr Glu Thr
525
Lys

caatcgcttc
agactccgtt
ggaggcacca
atcgctcagg
gctaaggatc
gaaggtccca
ttgaaggatg
aaattgaggc
ggtgggaaga
gaagaatctg
attgaaccgt
gcgtttggga
aaggcaattc
ccacagggcc
tctgcaagat
gagagcggag
aaaagtgttg
gaatctgctg
tcgtacccga
gggcaattgc
ctctttccaa
acaaacaccg
ttgaggaaaa
tggcctcaag
tcatctctaa
gtagccttag
atgtcacggt

Thr
0
Asn

Thr Gln
Val Tyr
Thr Val Gly
45
Asp Cys
60
Gln Ala Leu
75
Thr Glu Ala
0

Thr

Glu Glu Asn Gly Phe

Glu Cys Leu

Thr Gln
400

Pro Asn

415

Gly Ser

Arg
Phe

Gly
430
Val Glu Ala

Ser Thr Asp

Gln Phe
480

Leu Thr

495

Ala Gly

Pro
Ser

Val
510
Ala Ile Glu

ttcecgtegtt
gttcagtggc
ccatcacgac
cgcttgctac
gtgttggagg
atagttttca
atttggtgtt
cggttccatc
ttagagctgg
tggaggagtt
tttgttcagg
aggtttggaa
aggagaggaa
aaacagttgg
taggtagcaa
gatacaactt
taatgacggt
caaatgcact
aagaagcaat
atccacgcac
atcgcgcacc
gaattctgtc
tgctaattaa
ccattcctca
cgtcttcggg
gccggtgtgt
acgcttacaa

Leu Leu
15

Pro

Ser

Lys Leu

30
Ser

Ser Lys

Val Ile Val

Ala Thr Lys

80
Lys Asp Arg
95
Trp

Leu Glu

110

-84-

Ile Asp

Gly Val

Arg Ala

Thr Asn

Val Asp

Pro Leu

Leu Val

Ser Ser

val Ala

Val Asn

ttcgaagccce
cggtggacca
ggattgtgtg
taagcatcct
caacattatc
accgtctgat
gggagatcct
gaagctaaca
ttttggtgca
tgtacggcgt
tgtttatgct
actagagcaa
aaacgctccc
ttctttcagg
agttaagttg
aacatatgag
gccatctcat
ctcaaaacta
ccgaacagaa
gcaaggagtt
gcccggaaga
caagtctgaa
gcctaattcg
gtttctagtt
ctacgaaggg
agaaggcgca
gtaa

Pro Ser

Arg Leu
Ile Glu
Gly Gly
Pro
Val Gly

Glu Gly

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
1614



Pro
Ser
Phe
145
Asp
Gly
Ser
Arg
Lys
225
Asn
Lys
Gly
Ala
Leu
305
Thr
Val

Ala

Asn Ser Phe Gln Pro Ser

115

120

Gly Leu Lys Asp Asp Leu

130

135

Val Leu Trp Asn Gly Lys

150

Leu Pro Phe Phe Asp Leu
165
Phe Gly Ala Leu Gly Ile

180
Val Glu Glu
195
Leu Ile Glu
210
Leu Ser Met

Gly Gly Ser

Phe Val

Pro Phe

215

Lys Ala
230

Ile Ile

245
Asn Ala Pro Lys Ala Glu

260

Arg
200
Cys
Ala

Gly

Gln Thr Val Gly Ser Phe

275

280

Ile Ser Ala Arg Leu Gly

290

295

Gly Ile Thr Lys Leu Glu

310

Pro Asp Gly Leu Val Ser
325

Pro Ser His
340
Ala Asn Ala
355

Val Ala

Leu Ser

Ser Ile Ser Tyr Pro Lys

Gly
385

Glu
Pro
Thr
Arg
Lys
465
Gly
Gly

Leu

370
Glu Leu Lys

Thr Leu Gly

375
Gly Phe
390

Thr Ile

405

Pro Gly Arg
420
Gly Ile Leu
435
Asp Leu Arg
450
Leu Gly Val

His Phe Asp

Ile Leu
Ser Lys

Lys Met

455

Arg Val
470

Ile Leu

485

Tyr Glu Gly
500
Gly Arg Cys
515

Leu Phe

Val Glu

Ser
Lys
360
Glu

Gly

Tyr

31813

Asp Pro Met Leu Thr Met

125

Val Leu Gly Asp

140

Leu Arg Pro Val

Met Ser

170

Arg Pro

185

Arg Asn
Ser Gly

Phe Gly

155

235

Ile Gly
Ser Pro

Leu Gly

205

Val Tyr

220

Lys Val

Gly Thr Phe Lys

250

Arg Asp Pro Arg

265

Arg Lys Gly Leu

285

Ser Lys Val Lys

300

Ser Gly Gly Tyr

315

Val Gln Ser Lys

330

Gly Leu Leu Arg

345

Leu Tyr Tyr Pro

365

Pro Thr
Pro Ser

Gly Lys
175
Pro Gly
190
Asp Glu

Ala Gly
Trp Lys

Ala Ile
255
Leu Pro
270
Arg Met

Leu Ser
Asn Leu

Ser Vval
335
Pro Leu
350
Pro Val

Ala Ile Arg Thr Glu Cys

380

Gln Leu His Pro Arg Thr

395

Ser Ser Ser Leu Phe Pro

410

415

Leu Leu Asn Met Ile Gly Gly

Ser
440
Leu
Trp
Asp

Leu

425

430

Glu Gly Glu Leu Val Glu

445

Ile Lys Pro Asn

460

Pro Gln Ala Ile

475

Thr Ala Lys Ser

490

Gly Gly Asn Tyr

505

Gly Ala Tyr Glu Thr

520

Asn Phe Met Ser Arg Tyr Ala Tyr Lys

530

<210> 12
<211> 473
<212> PRT

<213>

<220>

<223>

<400> 12

Met
1

Ser
Lys
Thr
Ser

65
Gln
Glu

Phe

Glu Leu Leu
5

535

CyPPO2 ddt bién

Asp Thr

Leu Ala His Ala Leu

20
Ile Leu Val
35
Val Thr Ala
50
Pro Thr Pro

Glu Leu Ile
85
Asn Lys Leu
100
Gly Ala Leu
115

Ala Glu

Glu Gly

55

Glu Leu
70

Phe Ala

Gln Pro

Gly Phe

Gln Gln Gly Asn Glu Glu

130

135

Trinh tu nhan tao

Leu
His
Ser
40
Phe
Met

Asp

Leu

525

Ile Val Gly RAla

10

Lys Glu Ala Thr

25

Gln Gly Arg Val

45

Leu Trp Glu Glu

60

Lys Leu Ala Val

75

Arg Lys Leu Pro

90

Ser Phe Pro Gly

105

Val Ala Pro Ala Met

120

Thr Val Ser Gln

125

140

Ser Thr
Pro Gln

Ser Leu
495
Val Ala
510
Ala Ile

Gly Ile
15

Ser Ala

30

Gly Gly

Gly Pro
Asp Val
Arg Phe

95
Lys Leu

110
Gly Asp

-85-

Val
Ala
Lys
160
Ile
Arg
Val
Asp
Leu
240
Gln
Lys
Leu
Trp
Thr
320
Val
Ser
Ala

Leu

Gln
400

Asn
Ser
Ala
Asp
Phe
480
Thr

Gly

Glu

Ser
Ser
Asn
Asn
Gly
80

Val

Arg

Arg

Phe Phe Arg Arg

Val
Pro
Leu
Arg
Glu
Phe
Pro
Glu
Glu
Pro
Pro
Lys
Tyr
Met
Glu
Ala
Ile

Gly

Arg
Thr
val
Pro
Leu
Ser
val

Val

Gly
Pro
Ile
Ser
Leu
Tyr
Ala
Leu

His

Asp
Arg
Thr
Ala
Glu
Glu
Ser
Gln
Arg
Gln
Glu
Leu
Glu
Thr
Ser
Val
Asp

Val

Ala
Asn
Asp
Leu
Val
Ser
Ala

Asn

Leu
Leu
Thr
Phe
Lys
Trp
Leu
Ser

Leu



31813

Gly Thr Glu Val Met Gln Arg Leu Val Glu Pro Phe Val Ser
145 150 155 160
Tyr Ala Gly Asp Pro Gln Gln Leu Ser Ala Ala Ala Ala Phe
165 170 175
Val Ala Lys Met Ala Asp Val Gly Gly Gly Leu Val Ala Gly
180 185 190
Leu Ser Ala Lys Asn Arg Pro Lys Lys Met Pro Ala Asp Pro
195 200 205
Pro Lys Thr Lys Pro Gly Glu Leu Gly Ser Phe Lys Gln Gly
210 215 220
Ala Leu Pro Glu Ala Ile Ala Ala Lys Leu Gly Asp Arg Val
225 230 235 240
Asn Trp His Leu Thr Arg Leu Gln Arg Thr Glu Arg Glu Thr
245 250 255
Ala Glu Phe Ser Thr Pro Asp Gly Gln Gln Glu Val Glu Ala
260 265 270
Val Val Leu Thr Thr Pro Ala Tyr Val Thr Ala Asp Leu Leu
275 280 285
Leu Glu Pro Gln Val Ser Ser Ala Leu Gln Ala Phe Thr Tyr
290 295 300
Val Ala Ser Val Val Leu Ala Tyr Pro Gln Ser Asp Val Lys
305 310 315 320
Leu Val Gly Phe Gly Asn Leu Ile Pro Arg Gly Gln Gly Ile
325 330 335
Leu Gly Thr Ile Trp Thr Ser Ser Leu Phe Pro Asp Arg Ala
340 345 350
Gly Trp Gln Thr Leu Thr Ser Tyr Ile Gly Gly Ala Thr Asp
355 360 365
Ile Gly Asn Leu Asp Ser Glu Gln Ile Val Arg Glu Val His
370 375 380
Leu Ser Arg Ile Leu Leu Lys Pro Asp Val Pro Gln Pro Lys
385 390 395 400
Thr Val Lys Leu Trp Lys Arg Ala Ile Pro Gln Tyr Asn Leu
405 410 415
Phe Asp Arg Leu Gln Gln Ile Asp Glu Gly Leu Lys Ser Leu
420 425 430
Val Tyr Leu Cys Ser Asn Tyr Val Gly Gly Val Ala Leu Gly
435 440 445
Val Arg Arg Gly Phe Asp Arg Ala Arg Glu Val Gly Glu Tyr
450 455 460
Lys Lys Gln Ser Asp Thr Arg Ser Ile
465 470
<210> 13
<211> 1422
<212> ADN
<213> Trinh tu nhéan tao
<220>
<223> CyPPO2 @6t bién
<400> 13
atggaactat tagatacctt gattgtgggt gcgggtatta gcggtttgag
gcacttcaca aggaagcaac gagtgcatcg ccgctgaaga ttttagtcgc
ggacgtgtgg gcgggaacat cacgactgtg acagcagagg ggtttctctg
ccgaacagtt tttcgccgac gccggaattg atgaagttgg ctgtggatgt
caggagttga tttttgccga tcgcaaattg cctcgttttg tgtattggga
caaccgctga gttttccggg gaaactgcgg gecgttgttcg gggectttggg
ccggcaatgg gcgatcgact ttcgcagcag ggtaacgagg aaacagtttc
cgccgtcatc tcggtacgga agtgatgcag cggttggtgg aaccttttgt
tatgccggcg atccgcaaca acttagcgcg gcggcggctt ttggccgggt
gctgatgtgg gtggcgggct ggtggcgggg gcgctgcttt ctgctaaaaa
aaaatgcctg cagacccgaa tgttcctaaa actaagccgg gggagttggg
caggggttga aggctttgcc agaggcgatc gctgctaagt tgggcgatcg
aactggcact tgactcgcct ccagcgcaca gaacgcgaaa cttacattgce
acgcccgacg gacagcagga agttgaggcg cgcaccgtgg ttttgacaac
gttacagccg atttgttgca acctctggaa ccgcaagtta gcagcgcttt
acttatccta cggttgcctc cgttgtctta gcatacccge agtcggatgt
ttagtgggtt ttggaaattt aattccgagg gggcagggaa ttcgctgtct
tggacatcga gtttatttcc cgatcgcgcg cctgcagggt ggcaaactct
atcggcgggg caacagactc ggaaattggc aatctcgact cagaacaaat
gtacaccgag atttgtctcg gattttgctg aaaccagatg tgccacagcc
acggtgaagc tgtggaaacg ggcgattcct cagtacaatt tggggcattt
caacaaatcg atgagggctt aaaatctttg cctggagtgt atttgtgcag
ggcggagtgg ctttgggaga ttgcgtgcga aggggtttcg atcgtgcgceg
gagtatttgc agaagaaaca atcagatact cgatcgatct ga
<210> 14
<211> 466
<212> PRT
<213> Trinh tu nhén tao
<220>
<223> CyPPO4 dot bién
<400> 14

-86-

Gly val

Gly Arg

Ala Leu

Asn Val

Leu Lys

Lys Leu

Tyr Ile

Arg Thr

Gln Pro

Pro Thr

Gly Lys

Arg Cys

Pro Ala

Ser Glu

Arg Asp

Val Leu

Gly His

Pro Gly

Asp Cys

Leu Gln

tttggcgcac
tgagagtcag
ggaggagggc
gggattgaag
aaataagctg
gtttgtcgcg
tcaatttttc
ttctggggtt
agccaagatg
cagaccgaag
ttcgttcaag
agtgaaactc
tgaattctcg
gcccgcttac
acaagctttt
caagggtaaa
cgggacgatt
caccagttac
cgttcgggag
aaaagtttta
cgatcgcctg
caactacgtt
agaagtgggc

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

1020
1080
1140
1200
1260
1320
1380
1422



Met Thr His Val Leu
1 5
Leu Ala Leu Ala His
20
Asn Ile Leu Val

35
Val Ser Glu

Asp
Ala

Leu Ser

Thr Thr
50
Phe Ser Pro Thr Pro
65 70
Lys Pro Glu Leu Val
85
Gly Gln Leu
100
Thr Gly Ala
115
Ser Gln Gln
130
Leu Gly Ser
145
Val Tyr Ala

Gly
55
Glu

Phe

Trp Asn Met

Leu Leu Gly
Glu
135

Leu

Asn Gly

Glu Vval
150

Gly Asp
165

Arg Val Ala Arg Met

180
Val Leu Ser Arg Arg
195
Ser Ile Pro Gln Thr
210

Ile Gly Ala Leu Pro

225 230

Lys Leu Asn Trp Gln Leu

245
Tyr Arg Ala Glu Phe
260
Arg Thr val Val
275

Lys Pro Leu Gln

290

Pro Val Ala

Pro
Ala
Gln

Lys
215
Asn

Ser

Leu Thr
Gln
295
Cys Val
310
Lys Leu Thr Gly
325
Thr Leu Gly Thr
340
Pro Gln Gly Trp Gln
355
Pro Glu Ile Gly Glu
370
Gln Asp Leu Arg His
385 390
Leu Ala Val His Leu Trp
405
His Gln Gln Arg Leu Gln
420
Gly Leu Tyr Leu Cys Ser
435
Cys Val Arg Arg Ser Ile
450 455
Gly Gln
465
<210>
<211>
<212>
<213>
<220>
<223> CyPPO4 d6t bién
<400> 15
atgactcacg
catgctctcc
caaggacggg
ggccccaata
aagcctgagc
ctcatgcctt
caacccgcga
tttgagcgtc
gtttatgcag
atggcttaca
tctccgcegat
tttcgtcagg
aaattaaact

Leu

Pro
305
Gln Phe

Arg Ile

Val

Leu
375
Ile

15
1401
ADN

tactcgatag
atcagaacca
taggaggaaa
gtttttctcc
tagtctttgce
taagtcctgg
tgggagaatc
atttgggttc
gcgatcccca
gtggcggtgg
cgcctgecga
ggattggagc
ggcaactcac

tttaatcgtc
agatcatcaa
tataaccaca
aacccctgag
cgatcgcaag
aggtaaactt
gttaagtcaa
agaagttctc
gcaactcgaa
attggttgct
cccgtctatt
cttacccaat
ccgtctcgaa
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Leu Ile
10
His Gln

25
His Gln

Ser Val Gly

Leu Asn Gln
Glu
40
Glu

Gly Arg
45
Trp Glu
60
Leu Ala
75
Asp Arg Lys
90
Pro Leu Ser
105
Val Gln

Phe Leu

Leu Leu Lys

Ala Leu

Pro Gly
Phe
120
Glu

Ala
125
Ser Gln
140
Arg Leu Val Glu
155
Gln Leu Glu
170
Tyr Ser Gly
185
Lys Ser

Pro
Thr Ile
Lys
Gln Ile
Gly Gly

Asn Pro
200

Arg

Arg
205
Leu Gly
220
Ile Ala Lys Gln
235
Arg Leu Glu
250
Thr Pro Glu
265
Pro

Gly Glu
Ala
Thr Arg
Gly Vval
Thr

280
val

Ala val
285
Thr Leu
300
Ala Tyr Pro
315
Asn Leu Val
330
Thr Ser
345
Thr Ser

Tyr

Ser Gln

Val Leu

Gly Pro

Trp Ser Leu
Ile
365
Gln Ile
380
Leu Lys Glu Asp
395
Arg Ala Ile
410
His Val Asn Glu
425
Asn Tyr Ile Asp
440 445
Gly Gln Ala Asn Glu
460

Leu
360
Glu

Tyr
Asp Asp
Leu
Lys Pro
Gly

Gly

Trinh tu nhdn tao

ggtgcaggca
ttgcctctca
gtatccgaag
ttactgaagt
ttacctcggt
cgagcattaa
caaaatgggg
aagcgactgg
attagctcgg
ggagcggttt
ccccaaacta
gcgatcgcca
cggactgaaa

Ala Gly
15
Asp His
30
Val Gly

Glu Gly

Val Glu

Pro Arg
95
Gly Lys
110
Met Gly

Phe Phe

Pro Phe
Ser
175
Val

Ser

Leu
190
Ser Pro

Ser Phe

Leu Gly

Thr Glu
255
Gln Gln
270
Thr Ala

Thr Glu

Val Ser

Arg Gly
335
Phe Pro
350
Gly Gly

Val Glu

Ile Ser

Gln Tyr
415
Leu Glu
430
Val Ala

Ile Leu

Ile
Gln
Gly
Pro
Val
80
Tyr
Leu
Glu
Glu
Val
160
Ala
Ala
Ala
Arg
Asp
240
Asn
Val
Glu
Ile
Ala
320
Gln
Gly
Ala
Ala
Pro
400
Asn
Ala

Leu

Ser

ttagcggcect
acattcttgt
gagaatttct
tagcggtaga
acgtttactg
cgggggcatt
aagaaacgat
ttgaaccctt
cttttgccecg
tatcgcgtcg
aacggggaga
aacagttagg
accaaaccta

-87-

Ser Gly

Leu Pro

Asn Ile

Asn Ser

Gly Leu

Val Tyr

Arg Ala

Ser Leu

Arg His

Ser Gly

Phe Ala

Gly Ala

Asp Pro

Gln Gly

Gln Leu

Gln Thr

Glu Thr

Ile Leu

Pro Tyr

Leu Lys

Gly Ile

Arg Ala

Thr Asp

Val His

Lys Val

Leu Gly

Met Pro

Gly Asp

Phe Leu

ggcgttagcet
cagcgagcat
ttgggaagaa
agtaggtctt
gaatggtcaa
ggggtttgta
ctcgcagttt
tgtttctggt
agtcgcacgt
tcagaacaaa
gttggggtct
cgatcaactc
tcgggctgaa

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



ttttcgactc cagaaggggt tcaacaggta
gcctatgtca cagcagaaat tctcaaaccg
gaaattccct atcccccggt ggcttgcegtce
cagaaattaa ccggatttgg caatttagtt
acgatttgga catcgagttt atttcctggt
agttatattg gcggagcgac ggatccagaa
gaggcggttc atcaagattt gcgtcacatt
ctagccgtgce atctgtggaa acgtgctatc
ttacaacacg ttaatgaggg tctagaggca
atcgacggtg tagcgttggg agattgtgtg

ctcagttttt tgggtcaata g
<210> 16
<211> 453
<212> PRT

<213> Trinh ty nhéan tao

<220>
<223> CyPPO8 dot bién
<400> 16
Met Ile Asp Thr Leu Ile
1 5
Ala Tyr Arg Leu Asp Glu
20
Arg Asp Arg Ala Gly Gly
35
Leu Trp Glu Glu Gly Pro
50 55
Lys Leu Ala Val Asp Ala
65 70
Arg Gly Leu Pro Arg Tyr
85
Ser Pro Ile Gly Lys Leu
100
Pro Pro Gln Val Ser Ser
115
Arg His Leu Gly Ser Glu
130 135
Ser Gly Val Tyr Ala Gly
145 150
Phe Gly Arg Val Thr Gln
165
Gly Ala Ile Leu Cys Arg
180
Ala Lys Pro Ser Asp Ile
195
Phe Lys Glu Gly Leu Gln
210 215
Gly Asp Lys Val Lys Phe
225 230
Pro Glu Ser Gly Tyr Val
245
Thr Val Glu Ala Lys Thr
260
Ala Ser Leu Val Lys Asp
275
Glu Ile Ser Tyr Pro Pro
290 295
Glu Ala Leu Arg Phe Pro
305 310
Ser Gln Gly Ile Arg Thr
325
Pro Gly Arg Thr Pro Lys
340
Gly Ala Thr Asp Pro Ala
355
Glu Gln Val His Gln Asp
370 375
Ile Pro Lys Pro Leu Ala
385 390
Tyr Asn Leu Gly His Leu
405
Lys Pro Phe Ser Gly Leu
420
Ala Leu Gly Asp Cys Val
435
Leu Asp Tyr Leu Gly
450
<210> 17
<211> 1362
<212> ADN

Val
Lys
Asn
40

Asn
Gly
Val
Arg
Gln
120

Val
Asp
Leu
Arg
Pro
200

Gln
Gln
Ala
Val
Leu
280

Val
Leu
Leu
Gly
Ile
360

Leu
Val

Lys

Phe
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gaaactcgaa
ttgcaactcc
gttttagcct
ccccgaggac
cgcgcccecee
attggagagt
ttactcaaag
cctcaataca

atgccggggt
cgtcgttcta

Gly Ala Gly Ile

10

Gln Arg Gln Val

25

Ile Thr Ser Gln

45

Ser Phe Ser Pro

60

Leu Arg Asn Glu

75

Tyr Trp Glu Gly

90

Ala Leu Thr Gly

105

Glu Glu Thr Val

125

Ala Gln Arg Leu

Val Asp Gln

155

Ala Asp Val

170

Gln Lys Pro

185

Glu Thr Lys

Leu Pro Ser

140

220

Leu
Gly
Lys

Ser

205

Ala

Trp Glu Leu Lys

235

Thr Phe Ser Thr

250

Ile Leu Thr Thr

265

Ser Pro Gln Ala

285

Ala Cys Val Val

300

Lys Gly Phe Gly

315

Gly Thr Ile Trp

330

Trp His Leu Leu

345

Ala Glu Leu Ser

365

Gln Gln Ala Val

380

His Leu Trp Ser

395

Arg Leu Glu Thr

410

Leu Ser Ser Asn

425

Arg Arg Gly Glu Glu

440

<213> Trinh tu nhén tao

445

cggtggtgtt gacgactccg
aagtcagtca aacgttaact
atcccgtttc agctttaaag
aagggattcg gacgttaggc
aaggctggca agtcctcacc
tagaagatga tcaaattgtt
aagatatctc tcccaaagtg
atctcggaca ccaacaacgg
tatatctgtg tagcaactat
tcggacaagc taacgaaatt

Ser Gly Leu Ser
15

Leu Val Ala Glu

30

Gln Ser Gly Asp

Thr Pro Glu Leu

Leu Ile Phe Ala
80
Lys Leu Arg Pro
95
Ala Leu Gly Phe
110
Ala Asp Phe Phe

Val Ser Pro Phe

Ser Ala Glu Ala
160
Gly Gly Leu Val
175
Ser Thr Pro Lys
190
Gly Gln Leu Gly

Ile Val Ser Gln

Asn Ile Ser Pro
240
Pro Glu Gly Glu
255
Pro Ala Tyr Val
270
Ser Gln Ala Leu

Leu Ala Tyr Pro

Asn Leu Asn Pro
320
Ser Ser Thr Leu
335
Thr Asn Phe Ile
350
Glu Asp Gln Ile

Ile Lys Ser Gly

Lys Ala Ile Pro
400
Ile Arg Asn His
415
Tyr Leu Asp Gly
430
Ser Ser Gln Ala

-88-

Ala
Lys
Phe
Leu
Asp
Leu
Ile
Thr
Val
Ala
Ala
Thr
Ser
Leu
His
Gln
Thr
Asn
Asp
Arg
Phe
Gly
Ile
Ser
Gln
Leu
Val

Val

840
900
960
1020
1080
1140
1200
1260
1320
1380
1401



<220>
<223> CyPPO8 ddt bién
<400> 17

atgatagata ctttaattgt gggagcaggg
gatgagaagc agcgccaagt gctggttgca
accagccaac aaagtggcga tttcctctgg
ccagaactcc taaaactagc ggttgatgcg
cgcggacttc cccgttatgt ttattgggag
aaactacggg cgttaacggg tgcattaggc
gaaacggttg cggacttttt tacccgtcat
agtccgtttg tgtctggggt ttatgcaggg
tttggacgag ttacccaact ggcggatgtg
tgtcgtcgtc aaaagccaaa gtcaacccca
acaaagtctg gacagttagg ttcatttaag
gtttctcaac tgggagacaa agtaaagttt
ccagaatcgg gttacgtcgc gacattttcc
aaaaccgtta tcctcaccac tcccgectac
cctcaagcca gtcaagcctt aaacgaaatt
gcctatcccg atgaagccct ccgttttecce
agtcaaggaa tccgcactct tggtacaatt
ccgaaaggtt ggcatctctt aaccaatttt
gaactcagtg aagatcaaat tattgaacaa
aaatcgggaa gtatcccgaa acccttagcc
tacaatctcg gacatctgaa acggttagaa
ggactctttt tatcgagtaa ctatctcgat
ggggaagaga gtagtcaagc cgtgttagat
<210> 18

<211> 39

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  Poan mdi PCC7112_ BmHIF
<400> 18

ccccggatcc atggaactat tagatacctt
<210> 19

<211> 30

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223>  Poan mdi PCC7112_StulR
<400> 19

cccaggcctg atcgatcgag tatctgattg
<210> 20

<211> 33

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Poan mdéi PCC7418 BmHIF
<400> 20

ccccggatcec atgatagata ctttaattgt
<210> 21

<211> 30

<212> ADN

<213> Trinh tuy nhan tao

<220>

<223>  Doan mdi PCC7418_XhoIR
<400> 21

ccccctcgag acccaaataa tctaacacgg
<210> 22

<211> 30

<212> ADN

<213> Trinh ty nhdn tao

<220>

<223> Poan mdéi PCC8106 BglIIF
<400> 22

ccccagatct atgactcacg tactcgatag
<210> 23

<211> 34

<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> Poan mdi PCC8106 XhoIR
<400> 23

ccccctcgag ttgacccaaa aaactgagaa
<210> 24

<211> 30

<212> ADN

<213> Trinh tu nhédn tao

<220>

<223> Poan mdéi CyPPO12 BamHIF

31813

attagtggtt
gaaaagcgcg
gaagaaggac
ggcttaagaa
gggaaactgc
tttattcccce
ctcggttcag
gatgtggatc
ggcggtggac
aaaacggcta
gaaggattac
caatgggaac
acaccagagg
gttaccgcect
tcctatcccce
ctcaaaggat
tggagttcaa
attggcggtg
gtccatcaag
gttcatttgt
accatccgca
ggcgttgegt
tatttgggtt

gattgtggg

999

tttc

taagtgctgc
atcgcgctgg
cgaacagttt
atgagttaat
gccctctgag
cgcaagtgtc
aagtagccca
aactcagtgc
tggtcgcagg
aaccgtctga
aacaattacc
tgaaaaatat
gagaacaaac
ctctggtcaa
ccgtagcttg
ttggtaatct
cactctttcc
caactgatcc
acttacaaca
ggtcaaaagc
atcacttaaa
tgggtgattg
aa
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gtatcgactc
gggaaatatc
ttctcccaca
ctttgctgat
tccaatcggg
gagtcaggaa
acggttagtg
ggaagctgca
tgcgatttta
tattccagaa
cagcgcgatc
ctcccectceat
agtcgaagcc
agatttatca
tgtggtctta
taaccctcge
aggacgcacg
cgcaattgct
agcggtgatt
gattccgcaa
acccttctcect
tgtgcgccga

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

1020
1080
1140
1200
1260
1320
1362



31813

<400> 24
ccccggatcee atggaactct tggatactct
<210> 25
<211> 30

<212> ADN
<213> Trinh tu nhé&n tao

<220>

<223> Doan mdi CyPPO12 XhoIR
<400> 25

ccccctcgag gattgacctg gtatcagatt
<210> 26

<211> 212

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> San ph&m PCR cla peptit van chuyén luc lap

<400> 26

tctagaatgg agttatctct tctccgtccg acgactcaat cgcttcttcc gtcgttttceg
aagcccaatc tccgattaaa tgtttataag cctcttagac tccgttgttc agtggccggt
ggaccaaccg tcggatcttc aaaaatcgaa ggcggaggag gcctcgaggc gcgccgggcc
caggcctacg cgtttaatta aacctaggat cc

<210> 217

<211> 156

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Peptit van chuyén luc lap
<400> 27

atggagttat ctcttctccg tccgacgact caatcgecttc ttccgtcegtt ttcgaagcecc
aatctccgat taaatgttta taagcctctt agactccgtt gttcagtggc cggtggacca
accgtcggat cttcaaaaat cgaaggcgga ggaggc

<210> 28

<211> 72

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> Trinh ty dé&nh diu hemaglutinin
<400> 28

atgtatcctt atgatgttcc agattatgct agtcttatgt acccatacga cgtgcctgac
tacgcatcat tg

<210> 29

<211> 39

<212> ADN

<213> Trinh tu nhan tao

<220>

<223> Poan mdi CyPPO2Nt98% F

<400> 29

atctgatcaa aagcaatttt ctgagttttc cggggaaac
<210> 30

<211> 38

<212> ADN

<213> Trinh tu nhan tao

<220>

<223>  Doan mdi CyPPO2Nt98% R

<400> 30

caattggatt tgaaggtaac ggttgcagct tattttcc
<210> 31

<211> 40

<212> ADN
<213> Trinh tu nhédn tao

<220>

<223> Poan mdéi CyPPO4-Nt-98% F

<400> 31

atctgatcaa aagcaatttt ttaagtcctg gaggtaaact
<210> 32

<211> 38

<212> ADN
<213> Trinh ty nhé&n tao

<220>

<223> Poan mdi CyPPO4-Nt-98% R

<400> 32

caattggatt tgaaggtaaa ggcatgagtt gaccattc
<210> 33

<211> 39

<212> ADN
<213> Trinh ty nhén tao

<220>
<223>  DPoan mdi CyPPO8 Nt98%-F
<400> 33

atctgatcaa aagcaatttt ctgagtccaa tcgggaaac
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30

30

60
120
180
212

60
120
156

60
72

39

38

40

38

39



<210>
<211>
<212>
<213>
<220>
<223>
<400>

34

39

ADN

Trinh ty nhén tao

Doan mdi CyPPO8 Nt98%-R
34

caattggatt tgaaggtaaa gggcgcagtt tcccctcce
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39





