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(54) PHAN TU ADN TAI TO HQP, CAU TRUC ADN VA CAY HOAC MOT PHAN
CUA CAY CHUA PHAN TU ADN TAI TO HOP NAY, VA PHUONG PHAP
TRUYEN TINH DUNG NAP THUOC DIET CO CHO CAY HOAC MQOT PHAN
CUA CAY

(57) Sang ché dé cap dén linh vuc cong nghé sinh hoc va dé xudt cac phan tir ADN tai t6

hop méi va céac protein da duoc xtr Iy dé dem lai kha nang dung nap d6i véi cac thuoc diét

co tc ché protoporphyrinogen oxidaza. Sang ché con dé xuit cac thuc vat, hat, té bao, va
phan cua thuc vat chuyén gen dung nap thudc diét co chira cac phan tir ADN tai to hop,
cling nhu cac phuong phap su dung ching.
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Linh vuc ky thuit dwoc dé cap
Sang ché dé cap dén linh vuc cdng nghé sinh hoc. Cu thé hon, sang ché dé cap dén
céc phan tir ADN t4i t6 hgp ma hoa cac enzym ma tao ra tinh khang thude diét co ma e

ché protoporphyrinogen oxidaza.

Tinh trang ky thuit ciia sang ché

Viéc san xuét cac cdy trong noéng nghiép thudng st dung cac tinh trang chuyén gen
da duoc tao ra bang cach ap dung cac phuong phap cong nghé sinh hoc. Mot gen khac
nguén géc, con dugce goi 1a gen chuyén, c6 thé duge dua vao thuc vat dé tao ra tinh trang
chuyén gen. Su biéu hién cia gen chuyén & thuc vat truyén tinh trang, nhu dung nap thubc
diét cé, cho thuc vt d6. Cac vi du vé cac tinh trang dung nap thudc diét co chuyén gen bao
gbm tinh trang dung nap glyphosat, dung nap glufosinat, va dung nap dicamba. Cung véi
su gia tdng c4c loai c6 khang céac thube diét co thuong duogc st dung, c4c tinh trang dung
nap thube diét c6 mai 1a can thiét trong linh vuc k¥ thuat nay. Cac thude diét cé duoc dic
biét quan tim bao gbém céc thudc diét cd ma e ché protoporphyrinogen oxidaza (PPO),
duoc goi 1a cac thube diét co PPO. Céc thude diét cé PPO cho phép phong trir mdt loat loai
c6 khang thubc diét c6, nher d6 khién cho tinh trang dem lai kha ning dung nap déi véi cac
thudc diét cd nay 14 dic biét hitu ich trong hé thdng luan canh két hop véi mot hodc nhidu

tinh trang dung nap thudc diét c6 khac.

Protoporphyrinogen oxidaza thuc hién chirc ning trong ca chu trinh sinh téng hop
diép luc va hem khi n6 chuyén héa protoporphyrinogen IX thanh protoporphyrin IX. Sau
khi tao ra protoporphyrin IX, cac chu trinh sinh tong hop diép luc va hem phén hoéa khi cac
ion kim loai khac nhau dugc dua vao (sat ddi voi hem va magie dbi véi diép luc). Cac phan
doan ctia chu trinh nay dugc bao toan qua céc sinh vat chua ¢6 nhan dién hinh va céc sinh
vat ¢6 nhan chuén, va nhiéu enzym PPO tim théy & cac sinh vat chua c6 nhan dién hinh va
céc sinh vét ¢6 nhan chuén 14 kha tuong tu. Mot s6 sinh vat chwa c6 nhan dién hinh (vidu,

vi khuan xyan) st dung chu trinh nay dé san sinh diép luc va hem trong khi cac sinh vat
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chura ¢6 nhan dién hinh khac (vi du, Escherichia coli) st dung chu trinh nay dé san sinh

hem.

Céc protoporphyrinogen oxidaza khong nhay véi thude diét c¢6 ("iPPO") da duoc
phan lap tr nhiéu sinh vt chua c6 nhan dién hinh va sinh vt c6 nhan chudn. Trén co s
cAu tric, tin rang c6 it nhit ba phan nhém enzym PPO khac biét: HemY (xem tai liéu:
Hansson and Hederstedt, “Cloning and characterization of the Bacillus subtilis hem EHY
gene cluster, which encodes protoheme IX biosynthetic enzymes” Journal of Bacteriology
174(24):8081-8093 (1992)), HemG (xem tai liéu: Sasarman, et al, “Mapping a new hem
gene in Escherichia coli K12 Microbiology 113:297-303 (1979)), va HemJ (xem tai liéu:
Boynton, ef al.,, “Discovery of a gene involved in a third bacterial protoporphyrinogen
oxidase activity through comparative genomic analysis and functional complementation™
Applied and Environmental Microbiology 77(14):4795-4801 (2011)). Sang ché dé cap dén
céc iPPO tai t6 hop m&i ma 13 céc thanh vién ciia ho HemG. Cho du d4 ¢6 hai mwoi nim
nghién ciru va sé luong iPPO da xac dinh dwoc dén thoi diém nay, cdy trong chuyén gen
chira iPPO téi t6 hop van chua duoc thuong mai héa. Cach phong trir ¢6 hidu qua phu
thudc, mot phﬁn, vao viéc tiép tuc phat trién céc g6i tinh trang dung nap thudc diét co. Do
do, viéc xac dinh va st dung cac iPPO dé tao ra cac tinh trang & cy trong chuyén gen 1a

bude tién trong néng nghiép.

Ban chit k§ thuit ciia sang ché

Theo mot khia canh, sang ché dé xudt phan tir ADN tai t6 hop chtra gen khoi déu
khac ngudn gbe lién két theo chirc nang véi trinh ty axit nucleic ma héa polypeptit ma c6
murc do déng nhét vé trinh tu it nhat 12 85% v&i trinh tu polypeptit dugc chon tir SEQ ID
NO: 1 dén 20, trong d6 polypeptit c6 hoat tinh ciia protoporphyrinogen oxidaza khong nhay
v6i thude diét ¢6. Theo cac phuong an nhit dinh, polypeptit c6 mirc do dong nhit vé trinh
ty it nhét 12 khoang 85%, mirc 46 dong nhét vé trinh tu it nhét 1 khoang 90%, mtrc 46 dong
nhat vé trinh ty it nhét 12 95%, muc d6 dong nhit vé trinh tu it nhét 12 96%, mirc d6 dong
nhét vé trinh tu it nhét 12 97%, mirc d6 dong nhit vé trinh tu it nhét 12 98%, hoic mic do
dong nhit vé trinh tu it nhit 1 99% véi trinh tw polypeptit dwoc chon tir cac SEQ ID NO:
1 dén 20 va c6 hoat tinh cta protoporphyrinogen oxidaza khong nhay véi thube diét co.

Theo mot s& phuong 4n, sang ché dé xudt phan tir ADN tai to hop, trong d6 trinh ty axit
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nucleic dugc chon tir nhém bao gdm céc trinh tr SEQ ID NO: 22 dén 63. Theo cac phuong
an cu thé, phan tir ADN tai tb hgp ma héa polypeptit chira trinh ty axit amin dugc chon tir
nhom bao gdm céc trinh tw SEQ ID NO: 1 dén 20. Do d6, sdng ché @& xuit polypeptit tai
t6 hop ma c6 mirc do ddng nhét vé trinh tu it nhit 12 85% véi toan bg chiéu dai cta trinh
tu axit amin duge chon tir cac SEQ ID NO: 1 dén 20, trong d6 polypeptit nay c6 hoat tinh

clia protoporphyrinogen oxidaza khong nhay véi thudc diét co.

Theo cac phuong an nhit dinh, gen khéi d4u khac ngudn gde, vi du, gen khoi dau
¢6 chirc ndng trong té bao thuc vat, lién két theo chirc nang véi trinh ty axit nucleic ma hoa
polypeptit ma c6 mtc do ddng nhét vé trinh tu it nhat 12 85% véi trinh tu polypeptit theo
sang ché, vi du, trinh tu polypeptit dugc chon tir cac SEQ ID NO: 1 dén 20, trong d6
polypeptit nay c6 hoat tinh cta protoporphyrinogen oxidaza khong nhay véi thudc diét co.
Phan t& ADN thu dwgc nhu vay c6 thé con c6 trinh tir huéng dich ma thuc hién chirc ning

khoanh viing polypeptit trong té bao.

Theo mot khia canh, sang ché dé xut cau tric ADN chira phan tit ADN tai t6 hop
theo sang ché. Theo mot phwong 4n, ciu tric ADN nay chira, trong lién két theo chirc ning
v0i trinh tu axit nucleic theo sang ché, trinh tu hudng dich ma thue hién chirc ndng khoanh
vung polypeptit trong té bao. Phan tit ADN nay c6 thé c6 & hé gen cua cay, hat, hodc té
bao chuyén gen. Theo cac phuong 4n nhét dinh, polypeptit truyén tinh dung nap thubc diét

¢6 cho té bao, cay, hat, hodc mot phan cua cay.

Theo khia canh khac, sang ché dé xuét ciy, hat, té bao, hoic mot phin cia ciy
chuyén gen chita phan t& ADN tdi t6 hop theo sang ché hoic polypeptit tai t6 hop theo
sang ché. Do do, cdy, hat, té bao, hoic mot phén cua cay chuyén gen co thé c6, tic 1a biéu
hién, tinh dung nap dbi voi it nhat mot thube diét cé6 PPO. Theo mot sb phuong éan, cay,
hat, té bao, hodc mét phén cua cay chuyén gen con c¢o tinh trang dung nap thude diét co

chuyén gen b sung.

Theo khia canh khac, sang ché dé xuét phuong phap truyén tinh dung nap thubc diét
c6 cho cdy, hat, té bao, hodc mot phan cua cdy, phuong phap nay bao gdm cac bude: biéu
hién khac loai polypeptit tai t6 hop theo sang ché & cay, hat, té bao, hodc mot phan ctia cdy.
Trong phuong phap theo mot s6 phuong 4n, cdy, hat, té bao, hoic mot phan cta cay c6

hoat tinh protoporphyrinogen oxidaza dugc truyén béi polypeptit tai t6 hop. Theo mot 5O



36044

phuong éan, tinh dung nap thube diét c6 1a ddi voi it nhét mot thude diét co PPO dugc chon
tr nhom bao gém acifluorfen, fomesafen, lactofen, floglycofen-etyl, oxyfluorfen,
flumioxazin, azafenidin, carfentrazon-etyl, sulfentrazon, fluthiacet-metyl, oxadiargyl,

oxadiazon, pyraflufen-etyl, saflufenaxil va S-3100.

Theo phuong an khac, sang ché dé xuit phuong phap bién nap thuc vat, bao gdm
cac budc: a) dua phan td ADN tai td hop theo sang ché vao té bao thuc vat; va b) tai sinh
thuc vat chuyén gen tir d6 ma chira phan tir ADN ti t& hop nay. Phuong phap c6 thé con
bao gbm buéc chon thue vat ma dung nap it nhét mot thube diét ¢ PPO. Phuong phép nay
con ¢6 thé con bao gdbm budc lai chéo cy da dugc tai sinh v6i chinh n6 hodc véi thue vat

thir hai va thu gom hat tir cay lai chéo.

Theo khia canh khéc nita, sang ché dé xuat phwong phap phong trir ¢ & ving sinh
trudng cua thuc vat, bao gf‘f)m budc cho vung sinh trudng cua thuc vat 1a cdy hodc hat
chuyén gen tiép xuc véi it nhét mot thube diét ¢6 PPO, trong d6 cdy hodc hat chuyén gen
dung nap thubc diét cd PPO ndy va trong d6 c6 duoc phong trir & ving sinh trudng cua

thuc vat nay.

Sang ché con dé xuit phuong phap x4c dinh trinh ty nucleotit ma hoa protein c6
hoat tinh protoporphyrinogen oxidaza, phuong phéap nay bao gbm budc: a) bién nap chiing
E. coli ¢6 gen da bi lam bét hoat dbi v6i enzym PPO ty nhién cta E. coli bang vt truyén
biéu hién vi khuén chira phan tr ADN téi td hop ma hoa protein tng vién gy ra su dung
nap thudc diét co; va b) cho E. coli di dugc bién nap d6 sinh truéng bang cach sir dung
mdi truong vi khudn khong chira hem, trong d6 sy sinh trudng st dung mdi truong vi khuin

do xac dinh protein ¢6 hoat tinh protoporphyrinogen oxidaza.

Sang ché con dé xuit phuong phép xac dinh trinh ty nucleotit ma hoa protein c6
hoat tinh cta protoporphyrinogen oxidaza khong nhay voi thudc diét co, phuong phap nay
bao gdm budc: a) bién nap ching E. coli ¢6 gen da bi lam bét hoat ddi v6i enzym PPO tu
nhién cta E. coli v6i vat truyén biéu hién vi khudn chira phan tor ADN t4i t6 hop ma hoa
protein tai to hop; va b) cho E. coli da dugc bién nap do6 sinh truéng bang cach sir dung
mdi trudng vi khuén chira it nhat mot thudc diét co PPO, trong d6 su sinh truéng cia vi
khuén x4c dinh protein c6 hoat tinh ctia protoporphyrinogen oxidaza khong nhay véi thude

diét co.
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Theo phwong 4n khac, sang ché dé xuét phuong phap sang loc gen dung nap thube
diét co bao gdm céc budc: a) biéu hién phan tir ADN tai t6 hop theo sang ché & t& bao thuc

vat; va b) x4c dinh té bao thue vat ma biéu hién tinh dung nap dbi vé6i thude diét cé PPO.

Ngoai ra, sang ché con dé xuét cac phuong phap sang loc gen dung nap thube diét
6 bao gdm cac bude: a) bidu hién phan tir ADN tdi to hop theo sang ché & té bao vi khuan
thiéu HemG, trong d6 té bao vi khuan duoc cho sinh triréng trong mdi truong khong chira
hem v&i su c6 mat cua thude diét c6 PPO; va b) xac dinh té bao vi khuén ma biéu hién tinh

dung nap dbi véi thude diét cé PPO.

Theo khia canh khac, sang ché dé xuat phuong phap tao ra thuc vat dung nap thuc
diét co PPO va it nhét mot thudc diét co khac bao gém cac budc: a) thu thuc vat chira phan
tir ADN tai to hop theo sang ché; b) lai chéo thurc vt chuyén gen véi thuc vat thit hai c6
tinh dung nap dbi véi it nhat mot thudc diét co khac, va ¢) chon thuc vét thé hé con da duoc
tao ra tir budc lai chéo d6 ma c6 tinh dung nap d6i véi thubc diét ¢ PPO va it nhit mot

thudc diét ¢6 khac 1a khia canh khac cua sang ché.

Theo khia canh khéc, sang ché con dé xuét phuwong phap lam giam su phét trién cta
¢ dung nap thube diét co bao gbm cac budc: a) trdng trong moi trudng sinh trueéng clia
cay tréng thuc véat theo sang ché ma c6 tinh dung nap dbi vé6i thube diét co PPO, vi du, nhd
chira phan t&r ADN theo sang ché, va co tinh dung nap dbi voi it nhat mot thube diét cé
khac; va b) dung thudc diét 6 PPO va it nhat mot thube diét cé khac cho mdi trudng sinh
truéng cua cdy trong, trong d6 ciy trdng nay dung nap thubc diét cé PPO d6 va it nhat mot
thubc diét ¢ khac. Trong phuong phap theo cac phuong an nhét dinh, thudc diét co PPO
c6 thé duoc chon tir nhém bao gdm acifluorfen, fomesafen, lactofen, floglycofen-etyl,
oxyfluorfen, flumioxazin, azafenidin, carfentrazon-etyl, sulfentrazon, fluthiacet-metyl,
oxadiargyl, oxadiazon, pyraflufen-etyl, saflufenaxil va S-3100. Trong phuong phdp theo
mot s6 phuong én, it nhat mot thube diét co khac duge chon tir nhém bao gém: chét wrc ché
ACCaza, chit uc ché ALS, chat tc ché EPSPS, auxin téng hop, chét rc ché quang hop,
chit e ché tdng hop glutamin, chat (rc ché HPPD, chit tic ché PPO, va chét (rc ché axit
béo mach dai. Theo cic phuong an cu thé, chit ttc ché ACCaza la aryloxyphenoxy
propionat hodc xyclohexandion; chdt wc ché ALS la sulfonylure, imidazolinon,
triazoloyrimidin, hodc triazolinon; chit trc ché EPSPS 1a glyphosat; auxin tong hop 1a thude

diét ¢ phenoxy, axit benzoic, axit carboxylic, hodc semicarbazon; chat rc ché quang hop

-6-
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12 triazin, triazinon, nitril, benzothiadiazol, hodc ure; chét tc ché téng hop glutamin la
glufosinat; chét (rc ché HPPD la isoxazol, pyrazolon, hodc triketon; chét e ché PPO 1a
diphenylete, N-phenylphtalimit, aryl triazinon, hoédc pyrimidindion; hodc chét rc ché axit

béo mach dai 14 cloaxetamit, oxyaxetamit, hodc pyrazol.
MO ta vén tit cac hinh vé

Hinh 1 thé hién cac trinh tu protein H N90, H N20, H N60, H N10, H N30,
H N40, H N50, H N70, H_N100, va H N110 (SEQ ID NO:1 dén 10) dudi thing, vé6i
céc vi tri lién Gmg dugc thé hién dudi day.

Hinh 2 thé hién céc két qua thir nghiém tir hé sang loc vi khudn PPO bang cac thubc
diét co PPO do dugc tai thoi diém 8 gi0 sinh trudng E. coli chtra iPPO dugc thir nghiém.

Mb ta van tat vé cac trinh tw

SEQ ID NO:1 1a trinh ty axit amin cia H N90.

SEQ ID NO:2 14 trinh ty axit amin cua H N20.

SEQ ID NO:3 1a trinh ty axit amin cua H _N60.

SEQ ID NO:4 1a trinh ty axit amin cia H N10, ma 1a protoporphyrinogen oxidaza
HemG tu nhién cua E. coli (sb hiéu giri luru tai NCBI Genbank WP_021498199).

SEQ ID NO:5 1a trinh ty axit amin cua H N30.

SEQ ID NO:6 1a trinh tu axit amin cua H N40.

SEQ ID NO:7 1a trinh ty axit amin cia H N50.

SEQ ID NO:8 1a trinh ty axit amin cia H N70.

SEQ ID NO:9 la trinh ty axit amin cia H N100.

SEQ ID NO:10 1a trinh ty axit amin cia H N110.

SEQ ID NO:11 dén SEQ ID NO:17 la céc trinh ty axit amin thiéu methonin bat dau
lan luogt twong ung véi trinh tw SEQ ID NO:1, 2,4, 5,6, 7, va 9.

SEQ ID NO:18 va SEQ ID NO:19 14 céc bién thé axit amin cta trinh tw SEQ ID
NO:11.

SEQ ID NO:20 1a bién thé axit amin ctia trinh tw SEQ ID NO:17.

SEQ ID NO:21 Ia trinh tu axit amin cia WH, ma la protoporphyrinogen oxidaza tu

nhién tir Amaranthus tuberculatus (co gai dau nuéc).
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SEQ ID NO:22 dén SEQ ID NO:31 1a céc trinh trr nucleotit 1an lugt ma héa SEQ
ID NO: 1 dén SEQ ID NO:10, codon da duoc tdi wu hoa dé biéu hién E. coli.

SEQ ID NO:32 dén SEQ ID NO:41 1a céc trinh ty nucleotit 1an lugt ma héa SEQ
ID NO: 1 d&én SEQ ID NO:10, codon da dugc t6i wu hoa dé biéu hién & cay hai 14 mam.

SEQ ID NO:42 dén SEQ ID NO:48 1a céc trinh tyr nucleotit 1an Iugt ma héa SEQ
ID NO:11 dén SEQ ID NO:17, codon da dugc tbi uu héa dé biéu hién & cay hai 14 mam.

SEQ ID NO:49 va SEQ ID NO:52 1a c4c bién thé nucleotit 1an luot ctia trinh tw SEQ
ID NO:11 va SEQ ID NO:12.

SEQ ID NO: 50, 51 va 53 la céc trinh tu nucleotit ma hoéa céc trinh tu SEQ ID
NO:18, 19, va 20.

SEQ ID NO:54 dén SEQ ID NO:63 14 céc trinh ti nucleotit 1dn lugt ma héa SEQ
ID NO: 1 d@&n SEQ ID NO:10, codon da dugc tdi wu hoa dé biéu hién & cdy mot 14 mam.

MO ta chi tiét sang ché

Phan mo6 ta dudi ddy va cac dinh nghia dugc dua ra dé xac dinh rd hon sang ché va
huéng din ngudi c6 hiéu biét trung binh trong linh vire k¥ thuat nay thuc hién sang ché.
Tru khi c6 quy dinh khéc, cac thuat ngi can dugc hiéu theo cach dung thong thuong cla
ngudi c6 hiéu biét trung binh trong linh vuc ky thuét nay.

Sang ché dé xuit cac phan tir ADN tai t6 hop méi va cac protein ma ma héa cac
protoporphyrinogen oxidaza khong nhay véi thubc diét cé (iPPO). Vi du, theo mot phuong
an, sang ché dé xuét cac vat truyén va cac catxet biéu hién ma héa iPPO c6 ngudn gde tir
vi khun dé biéu hién trong té bao va thuc vat. Cac phuong phép tao ra cac té bao va cac
thue vét dung nap céac thude diét cé PPO ciing duoc dé xuét. Sang ché con dé xuat phuwong
phap va ché pham dé ap dung cach xir Iy protein va cac cong cu tin sinh hoc dé thu duoc
va cai thién cac iPPO.

Theo céc phuong an cu thé, sang ché dé xuét phan tir ADN tai t6 hop va protein.
Thuét ngir “tai td hop” dugc ding trong ban mo ta nay dé chi ADN, protein, té bao, hat,
hodc sinh vat khong cé trong tu nhién ma la két qua cua viéc xir Iy di truyén va thuong
khong dugc tim thiy trong tw nhién & dang d6. “Phan tit ADN tai td hop” 1a phan tir ADN
chtra trinh ty ADN ma thuong khong c6 trong tu nhién va dang d6 la két qua cua sy can

thiép cia con nguoi, nhu phan tt ADN bao gbm it nhét hai phan tir ADN khac ngudn gde
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v6&i nhau. Vi du v& phan tir ADN tai t6 hop 1a phan tir ADN theo sang ché méa héa khong
nhay vé6i thude diét cé protoporphyrinogen oxidaza lién két theo chirc nang véi yéu td diéu
bién khac loai hodc yéu t6 khac, nhu gen khéi dAu khac ngudn gde. “Protein tai t6 hop” 1a
protein chira trinh ty axit amin ma khong c6 trong ty nhién va dang do la két qua cua su
can thiép cta con nguoi, nhu protein da dugc xir Iy hodc protein kham. Té bao, hat, hoac
sinh vat tai td hop 1a té bao, hat, hodc sinh vét chira ADN chuyén gen, vi du, té bao, hat,
cdy, hodc mot phén cta ciy chuyén gen chira phan ti ADN tai t6 hop va do d6 dugc tao ra

nho két qua bién nap thuc vat.

Thuét ngit “xtt Iy di truyén” dugc ding trong ban mo ta ndy dé chi su tao ra ADN,
protein, hodc sinh vt khong c6 trong tir nhién ma thuong khong dugc tim thdy trong tur
nhién va do dé can dén sy can thiép ctia con nguoi. Viée xu Iy di truyén c6 thé dugc ap
dung dé tao ra ADN, protein, hodc sinh vat da dugc xtr ly ma duoc nghi dénvataora trong
phong thi nghiém bing cach ap dung mot hogc nhiéu k§ thuat cong nghé sinh hoc nhur sinh
hoc phén ttr, hoa sinh hoc protein, bién nap vi khuan, va bién nap thuc vat. Vi dy, xtr ly di
truyén c6 thé dugc 4p dung dé tao ra gen kham chra it nhét hai phan tir ADN khéc ngudn
gbc v6i nhau bang cach 4p dung mdt hodc nhiéu k¥ thuét sinh hoc phan tir, nhu tach dong
gen, ghép ndi ADN, va tong hgp ADN. Gen kham c6 thé chtra hai hodc nhiéu phan tit ADN
khac ngudn gdc ma lién két theo chirc nang, nhu trinh tu ma héa protein lién két theo chirc
nang v6i yéu té biéu hién gen nhu trinh ty ma hoa peptit chuyén tiép hodc gen khoi dau
khac ngudn gbe. Xir Iy di truyén c6 thé duoc ding dé tao ra protein da duoc xir Iy ma trinh
tu polypeptit ciia n6 dugc tao ra bang cach 4p dung mot hodc nhiéu k¥ thuét xit 1y protein,
nhu thiét ké protein bing cach ap dung cach gay dot bién dinh huéng diém va tién héa c6
dinh huéng bang cach ap dung dot bién ngau nhién va bd tri lai ADN. Protein d3 dugc xir
1y co thé c6 mot hodc nhiéu loai b, cai xen, hodc thay thé so v6i trinh tw ma héa ciia protein
tw nhién va mdi loai b, cai xen, hoic thay thé co thé bao gém mét hodc nhiéu axit amin.
Theo phuong an khac, protein da duoc xur ly c6 thé chira hai peptit khac ngudn gdc ma lién

két theo chirc ning, nhu enzym lién két theo chirc nang véi peptit chuyén tiép.

Thuat ngit “khong nhay véi thube diét co” duoc ding trong ban mo ta ndy c6 nghia
la kha ning cua protoporphyrinogen oxidaza (PPO) duy tri it nhét mot sé hoat tinh enzym
cua né voi su ¢6 mat cia mdt hodc nhiéu thudc diét co6 PPO. Hoat tinh enzym cua

protoporphyrinogen oxidaza c6 thé duoc do theo cach bit ky da biét trong linh vire k¥ thuat
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nay, vi du, theo thir nghiém enzym, trong d6 mirc do san sinh san phém cla
protoporphyrinogen oxidaza hodc mtrc d¢ tiéu thy co chét ciia protoporphyrinogen oxidaza
vOi su ¢6 mat cua mot hodc nhiéu thudc diét cé6 PPO dugc do theo muc dd phat huynh
quang, phuong phap sac ky 1éng cao ap (HPLC), hodc phép do phé khéi (MS). Vi du khac
vé thir nghiém dé do hoat tinh enzym clia protoporphyrinogen oxidaza 1a thir nghiém vi
khuin, nhu cac tht nghiém sinh truong dugc boc 10 trong ban mod ta nay, nho do
protoporphyrinogen oxidaza tai t6 hop duoc biéu hién & té bao vi khuin ma 1& ra khong c6
hoat tinh PPO va kha ning cua protoporphyrinogen oxidaza tai to hop bd tro kiéu hinh bt
hoat gen duoc do. Tinh khong nhay véi thude diét co c6 thé 14 khong nhay hoan toan hoic
khong nhay mot phin véi thube diét c6 cu thé, va c6 thé duge biéu hién & dang mirc do
dung nap hogc mirc do khong nhay tinh theo phén trim (%) véi thude diét cd PPO cu thé.
Céc thuat ngir “protoporphyrinogen oxidaza khong nhay voi thudc diét ¢6” hoac “iPPO”
dugc dung trong ban mo ta nay thé hién tinh khéng nhay vdi thube diét cé véi su c6 mit

cia mot hoac nhiéu thubc diét co PPO.

Thuat ngir "ching c6 gen hemG da bi lam bét hoat" dugc dung trong ban md ta nay
c6 nghia l1a sinh vat hoac té bao cua sinh vat, nhu E. coli, ma khong c6 hoat tinh HemG dén
mirc d6 n6 khong thé sinh truéng trong moi trwong sinh trudéng khong chira hem, hodc sao
cho mirc do sinh trudng cua né bi suy giam mot cach rd rét khi khong chira hem so véi
chung cuing ngudn gdc khac chira HemG chirc nang. Vi dy, ching ¢6 gen hemG da bi lam
bét hoat cua E. coli ¢b thé duogc chuén bi theo kién thirc trong linh vuc k¥ thuét nay, vi du
xét theo trinh tu hemG cua E. coli (s hiéu guri luu Ecogene 12 EG11485; xem tai lidu:
Sasarman ef al, "Nucleotide sequence of the hemG gene involved in the
protoporphyrinogen oxidase activity Escherichia coli K12" Can J Microbiol 39:1155-
1161, 1993).

~

Thuét ngir “gen chuyén” duge ding trong ban md ta nay dé chi phan tir ADN dugc
két hop theo cach khong tur nhién vao hé gen cua sinh vét do sy can thiép ctia con nguoi,
nhu phuong phép bién nap thuc vét. Tinh tir “chuyén gen” dugc ding trong ban mo ta nay
c6 nghia la chtra gen chuyén, vi du, “thuc vat chuyén gen” dugc dung dé chi thyc vat chia
gen chuyén trong hé gen cia né va “tinh trang chuyén gen” dugc ding dé chi dic tinh hogdc
kiéu hinh duoc gay ra hodc duoc truyén boi sy ¢6 mit ciia gen chuyén da duoc két hop vao

hé gen cua thuc vat d6. Do su thay d6i d6 ¢ hé gen, thuc vat chuyén gen c6 su khéc biét so
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v6i thue vat te nhién ¢6 lién quan va tinh trang chuyén gen 14 tinh trang khéng tim thiy
dugc trong tu nhién & thuc vat ty nhién do. Cac thuc vat chuyén gen theo sang ché chua

céc phan tir ADN tai to hop va cac protein da dugc xtt Iy do sang ché d& xuét.

Thuat ngit “khac ngudn gdc” duge ding trong ban md ta nay dé chi mbi quan hé
giita hai hodc nhidu déi twong thu dwgc tir cac ngudn khac nhau va do dé thuong khong
lién quan trong ty nhién. Vi dy, phan t&r ADN tai t6 hop ma hoa protein 1a khac ngudn gbc
s0 voi gen khoi dau lién két theo chirc nang néu t6 hop do thuong khong tim thiy duoc
trong tu nhién. Ngoai ra, phan tir ADN tai t6 hop cu thé co thé 1a khac ngudn gbe so voi té
bao, hat, hodc sinh vat ma né duogc cai xen vao khi né thuong khong xay ra & t€ bao, hat,
hogc sinh vét cu thé d6.

A0

Thuét ngit “da dugc phan 1ap” duge dung trong ban mo ta nay dé chi phan tir tach
it nhat mot phan tir cac phan tir khac thuong lién quan voéi né & trang thai ty nhién cia no.
Theo mdt phuong an, thuit nglr “da dugc phan 1ap” dugc dung dé chi phan tir ADN ma
duoc tach ra khoi céc axit nucleic ma thudng ndm & bén sudn ciia phan tt ADN & trang
thai tu nhién cta né. Vi du, phan tt ADN ma héa protein ma trong tu nhi€n c6 mat trong
vi khudn 14 phén tt ADN phén 13p néu né khong nim trong ADN ctia vi khuin noi ma
phan tt ADN ma héa protein d6 dugc tim thdy trong tu nhién. Do d6, phan tt ADN dugc
dung hop hoac lién két theo chirc ning v6i mot hodc nhiéu phan tir ADN khac ma n6 khong
dugc két hop cung trong tu nhién, vi du, nho cic k¥ thuat ADN tai t6 hop hodc cac k¥ thuat
bién nap thuc vat, duge xem 13 dwge phan 13p theo sang ché. Cac phan tir nay duoc xem la
dugc phén 1ap thadm chi khi duoc két hop vao nhiém sic thé caa té bao chi hodc c6 mit

trong dung dich axit nucleic véi cac phan tir ADN khac.

Thuéat ngir “phén tt ADN ma hoa protein” dugc dung trong ban md ta nay dé chi
phan tr ADN chtra trinh ty nucleotit ma ma héa protein. “Trinh tw ma héa protein” co
nghia 1a trinh ty ADN ma ma hoéa protein. “Trinh tu” c6 nghia la su sép xép lién tuc cac
nucleotit hodc cac axit amin. Cac ranh gidi cua trinh ty ma hoéa protein c6 thé duoc xac
dinh boi codon bt diu dich ma tai ddu tan ciing 5° va codon dimg dich ma tai dau tan cing
3°. Phén tir ma hoa protein c6 thé chira trinh ty ADN ma héa trinh tu protein. Céac thuat
ngit “su biéu hién gen chuyén”, “bidu hién gen chuyén”, “su biéu hién protein”, va “biéu
hién protein” dugc dung trong ban mo ta nay c6 nghia la su tao ra protein thong qua quy

trinh phién ma phan tt ADN thanh ARN thong tin (mRNA) va dich mad ARN thong tin
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thanh cac chudi polypeptit, ma cudi cing dugc gap thanh c4c protein. Phan tr ADN ma
hoa protein c6 thé lién két theo chirc ning véi gen khéi dau khac ngudn gbc trong céu tric
ADN dé dung trong viéc biéu hién protein trong té bao da duoc bién nap véi phan tit ADN
t4i td hop. Thuat ngir “lién két theo chirc ning” duoc dung trong ban md ta nay c6 nghia 1a
hai phan tt ADN dugc lién két theo cach sao cho mét phan tir c6 thé tic dong dén chuc
nang cta phéan t con lai. Céc phan tir ADN lién két theo chtrc ning c6 thé 12 mot phan ciia
mot phan tir 1ién k& va ¢6 thé 1a canh hodc c6 thé khong 1a canh. Vi dy, gen khoi dau lién
két theo chirc ning véi phan tir ADN ma héa protein trong ciu tric ADN khi hai phéan tir

ADN dugc bo tri sao cho gen khai dau nay c6 thé tac dong dén su biéu hién cua gen chuyén.

Thuét ngit “cdu tric ADN” duoc ding trong bdn md ta ndy 1a phén tir ADN tai t6
hop chtra hai hodc nhidu trinh tw ADN khac ngudn gbe. Céc céu tric ADN 1a hitu ich dbi
v6i viée biéu hién gen chuyén va c6 thé 1a thudc cac vat truyén va cac plasmit. Cac ciu
tric ADN c¢6 thé duoc ding trong cic vat truyén nham muc dich bién nap, tirc 1a viéc dua
ADN khac ngudn gbe vao té bao chu, dé tao ra cac thuc vat va céac té bao chuyén gen, va
nhu vay con co thé co trong ADN thé hat hosic ADN hé gen cua thuc vat, hat, té bao, hodc
phan cua thue vat chuyén gen. Thuat ngit “vat truyén” dugc ding trong ban md ta ndy ¢
nghia la phan tr ADN tai t6 hop bat ky ma c6 thé duoc sir dung nhim muc dich bién nap
vi khuén hoic bién nap thyuc vat. Vi du, cac phan tir ADN tai t hop nhu néu trong danh
muc trinh tu, co thé dugc cai xen vao vt truyén thanh mot phén clia ciu trac ¢c6 phéan tu
ADN t4i t6 hop lién két theo chirc nang véi yéu td biéu hién gen ma thuc hién chirc nang
& thuc vat dé tac dong dén sy biéu hién cia protein di duge xir Iy duge ma hoa béi phén
tir ADN tai t6 hop. Cac phuong phap chung hitu ich dé xur Iy cac phan tir ADN nhim tao
ra va su dung cac cAu trac ADN téi t6 hop va cac vat truyén bién nap thuc vat 1a da biét
trong linh vuc k§ thuét nay va da dugce boc 10 mot cach chi tiét, vi du, trong cac sb tay va
cac tai liéu huéng dan trong phong thi nghi€m, ké ca tai liéu cia MR Green va J Sambrook,
“Molecular Cloning: A Laboratory Manual” (Fourth Edition) ISBN:978-1-936113-42-2,
Cold Spring Harbor Laboratory Press, NY (2012). Cac thanh phén cho ciu tric ADN, hoic
vét truyén chira c4u tric ADN, bao gbdm mét hodc nhidu yéu t6 biéu hién gen lién két theo
chirc nang v6i trinh ty ADN ¢6 thé phién ma, nhu sau: gen khéi dau dé biéu hién ADN lién
két theo chtrc nang, phan tt ADN mai hoa protein lién két theo chirc nang, va ving chua

duoc dich ma 3” lién két theo chire nang (UTR). Cac yéu t6 biéu hién gen hiru ich dé thyc
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hién sang ché bao gdm, nhung khong chi gi¢i han &, mot hodc nhiéu loai yéu t sau: gen
khéi ddu, UTR 5°, gen tdng cuong, gen dan, yéu td hoat dong cis, intron, trinh tu huéng

dich, ving dich ma ¢ dau tan cung 3’, va m{t hodc nhiéu gen chuyén danh dau chon loc.

Céc chu tric ADN theo sang ché co thé chira gen khdi dau lién két theo chirc ning
v6i phan tt ADN ma hoéa protein theo sang ché, nho dé gen khoi dau nay din qua trinh
biéu hién clia phan tir protein tai td hop. Cac gen khéi ddu hitu ich dé thuc hién sdng ché
bao gbm cac gen khéi dau ma thyc hién chirc nang trong té bao dé biéu hién polynucleotit
lién két theo chirc nang, nhu gen khoi dAu cua vi khuén hodc cia thuc vat. Cac gen khoi
dau cta thuc vat 1a khac nhau va da biét trong linh vuc k¥ thuat nay va bao gém, vi du, céc
gen khéi ddu ma d& dugc tao ra, ctia virut, tng hop, co dinh, duge diéu bién tam thoi, dugc

diéu bién trong khong gian, va/hodc duge diéu bién tam thoi trong khong gian.

Theo mot phuong 4n cua sang ché, cAu trac ADN theo sang ché bao gom trinh tu
huéng dich ma lién két theo chirc ning v6i axit nucleic khac ngudn géc ma héa phan tir
polypeptit ma c6 hoat tinh cta protoporphyrinogen oxidaza khong nhay vai thudc diét co,
nho d6 trinh ty hudéng dich tao didu kién thuan lgi cho viéc khoanh ving phén tir polypeptit
trong t& bao nay. Céc trinh tw huéng dich 1a da biét trong linh vire k§ thuat nay nhu céc
trinh ty tin hiéu, cac peptit hudng dich, céc trinh ty khoanh vung, va céc peptit chuyén tiép.
Vi du v& trinh tu huéng dich 1a peptit chuyén tiép & lap luc (chloroplast transit peptide -
CTP), trinh tu huéng dich & ty thé (mitochondrial targeting sequence - MTS), hodc peptit
hudng dich kép & lap luc va ty thé. Bang cach tao diéu kién thugn lgi cho viéc khoanh ving
protein trong té bao nay, trinh tu huéng dich c6 thé 1am tang muac do tich tu protein tai tb
hop, bdo v¢ protein khoi su thoai bién phén giai protein, va/hodc ting mirc do dung nap
thubc diét co, va nho d6 lam giam muc dd ton thuong & té bao, hat, hodc sinh vat chuyén

gen sau khi dung thude diét co.

Cac CTP va cac phan tt hudng dich khac ma co thé dugc sir dung lién quan dén
sang ché 1a da biét trong linh vuc k¥ thuat nay va bao g0m, nhung khéng chi gi6i han &,
EPSPS CTP cua Arabidopsis thaliana (xem tai liéu: Klee et al., Mol Gen Genet. 210:437-
442, 1987), EPSPS CTP cua Petunia hybrida (xem tai li¢u: della-Cioppa et al., PNAS
83:6873-6877, 1986), trinh tu tin hiéu cab-m7 ctia cdy ngd (xem tai liéu: Becker ef al.,
Plant Mol Biol. 20:49-60, 1992; PCT WO 97/41228), tién trinh tu cta ty thé (vi du, xem
tai liéu: Silva Filho et al., Plant Mol Biol 30:769-780, 1996), va trinh tu tin hi¢u glutathion
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reductaza cia cdy dau Ha lan (xem tai li¢u: Creissen et al., Plant J. 8:167-175, 1995; PCT
WO 97/41228).

Céac phén tir ADN tai t6 hop theo sang ché c6 thé duge tdng hop va cai bién theo
cac phuong phap da biét trong linh vuc k¥ thuat nay, hoan toan hodc mot phan, khi mong
mudn tao ra céc trinh tu hiru ich dé x Iy ADN (nhu vi tri nhan biét enzym cat giéi han
ho#c cac vi tri tach dong trén co s& tai t hop), céc trinh ty dugc vu tién dbi vai thue vat
(nhu st dung codon thuc vét hodc trinh tu lién ing Kozak), hodc cac trinh tu hitu ich dbi
v6i thiét ké chu tric ADN (nhu phan tir dém hoic cac trinh tu lién két). Sang ché bao gdbm
cac phan tir ADN tai t6 hop va céac protein di duge xtr Iy ¢6 mic dd dbng nhat vé trinh tu
it nhét 12 70%, muc do ddng nhét vé trinh tu it nhit 12 80%, mirc d6 dong nhét vé trinh t
it nhét 12 85%, muc do ddng nhét vé trinh t it nhit 12 90%, mirc 6 dong nhét vé trinh ty
it nhét 13 95%, muc do ddng nhét vé trinh t it nhit 12 96%, mirc 46 dong nhat vé trinh ty
it nhét 12 97%, muc do ddng nhét vé trinh ty it nhit 12 98%, va mirc do dong nhét vé trinh
tw it nhit 12 99% vé6i phan ti ADN tai td hop bét ki hodc trinh trr polypeptit bat ky theo
sang ché, va c6 hoat tinh cta protoporphyrinogen oxidaza khong nhay véi thubc diét co.
Céc thuat ngit “muc d6 dong nhat vé trinh tu tinh theo phan tram” hodc “% dong nhét vé
trinh tu” dugc dung trong ban mo ta nay dé chi ty 18 phan tram clia cac nucleotit hodc céc
axit amin ddng nhit ¢ trinh tu thing cua polynucleotit hodc polypeptit cua trinh ty tham
chiéu (“nghi ngd”) (hodc soi bd tro ciia nd) so véi trinh tu thir nghiém (“déi twong”) (hodc
s0i bd trg cua no) néu hai trinh tu nay dugc dudi théng mot cach tbi wu (voi cai xen, loai
b, hodc khoang cach nucleotit hoac axit amin thich hop téng it hon 20 phan tram trinh tu
tham chiéu trén toan bo ctra sb so sanh). Viéc xép thiang hang t61 wu cac trinh ty dé so sanh
ctra sb so sanh 1a da biét ddi voi ngudi c6 hiéu biét trung binh trong linh vuc k§ thuat nay
va ¢6 thé duoc thuc hién béng cac cdng cu nhu thuat toan tuong déng cuc bd theo Smith
va Waterman, thuit toan sip thing hang twong ddng theo Needleman va Wunsch, tra ctru
phuong phap vé tinh twong tu theo Pearson va Lipman, va bang cach thyc hién trén may
tinh cdc thuat toan nhu GAP, BESTFIT, FASTA, va TFASTA c¢6 san 1a mot phén cua gobi
phan mém phén tich trinh tr GCG® Wisconsin Package® (do Accelrys Inc., San Diego,
CA cung cip), MEGAlign (do DNAStar Inc., 1228 S. Park St., Madison, WI 53715 cung
c4p), va MUSCLE (phién ban 3.6) (Edgar, “MUSCLE: multiple sequence alignment with
high accuracy and high throughput” Nucleic Acids Research 32(5):1792-7 (2004)) v6i céac
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thong s6 méc dinh, ching han. “Ty 1& ddng nhit” di véi cac doan da dugc xép thang hang
ciia trinh ty tht nghiém va trinh ty tham chiéu 13 s6 lugng thanh phan dong nhét ¢6 chung
& hai trinh tw d& duoc sip thang hang chia cho tbng s6 thanh phan trong phan cta doan
trinh tu tham chiéu dugc se"lp théng hang, tirc 1a toan bg trinh tu tham chiéu hoic phﬁn nho
hon di duogc x4c dinh cta trinh tw tham chiéu. Muc d6 déng nhét vé trinh tu tinh theo phan
tram dugc thé hién 12 ty 16 déng nhit nhan véi 100. Viée so sanh mdt hodc nhiéu trinh ty
¢6 thé 1a viée so véi trinh tu c6 chiéu dai déy dua hoac phﬁn cua no, hoac so voi trinh tu dai

hon.

Céc protein da dugc xit Iy c6 thé duoc tao ra béng cach sira ddi (tirc 1a thay doi)
protein tu nhién dé tao ra protein méi v6i cac dic tinh di duge cai bién, vi du, kiéu hinh
khoanh vung té bao cu thé, nhu dugc hudng dich lap luc hodc ty thé, hoic t6 hop méi cua
c4c dic tinh hitu dung cuia protein, nhtt Vimax, K, Ki, ICso, tinh déc hiéu véi co chét, tinh
dic hiéu v6i chét te ché/chat diét co, muc dd chon loc ddi voi co chét, kha ning tuong tac
v6i cac thanh phan khéc trong té bao nhu céc protein d6i tac hodc cac mang, va tinh on
dinh cua protein, thay dbi trong sb céc dac tinh khac. Céc cai bién c6 thé duge tao ra tai vi
tri axit amin cu thé trong protein va c6 thé 1a thay thé axit amin tim thiy tai vi tri d6 trong
tu nhién (tic 1a trong protein ty nhién) bang mot axit amin khac. Do do, cac protein da
dugc xir Iy theo sang ché tao ra protein méi v6i mot hodc nhiéu dic tinh cua protein thay
dbi so voi protein twrong tu tim thiy trong tw nhién. Theo mot phuong 4n cla séng ché,
protein da dugc xur Iy c6 cac dac tinh protein thay dbi, nhu cac dic tinh ma gay ra mtc do
mAn cam giam dbi véi mot hodc nhiéu thudc diét cé so véi protein twong tu ty nhién, hodc
kha nang dung nap t6t hon dbi vai thude diét co & thuc vat chuyén gen biéu hién protein
da duge xtt 1y déi v6i mot hodc nhidu thude diét co. Theo mot phuong an, sang ché dé xuat
protein da dugc xtr 1y, va phan tir ADN tai t6 hop ma hoa no, chira it nhat mot thay thé axit
amin dugc chon tir Bang 1 va ¢6 mirc do d@)ng nhét vé trinh tu it nhat [a khoang 70%, mirc
d6 ddng nhét vé trinh ty khoang 80%, mirc do d6ng nhit vé trinh tu khoang 85%, mirc do
ddng nhat vé trinh ty khoang 90%, mirc d6 déng nhit vé trinh ty khoang 95%, muc do
dbng nhit vé trinh tu khoang 96%, muc do ddng nhét vé trinh tu khoang 97%, mirc dd
ddng nhét v& trinh tw khoang 98%, va mirc do ddng nhit vé trinh tw khoing 99% véi trinh
tu bat ky trong s6 céc trinh tw protein da duoc xir ly theo séang ché bao gébm, nhung khong
chi gi¢i han &, SEQ ID NO:1 dén 20. Céc dot bién axit amin c6 thé dugc tao ra ¢ dang mot
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thay thé axit amin trong protein hogc trong td hop voi mot hodc nhidu d6t bién khac, nhu
mot hodc nhidu thay thé, loai bo, hodc bd sung axit amin khac. Cac dot bién c6 thé duge
tao ra theo phuong phap bt ky ma ngudi c6 hiéu biét trung binh trong linh vyc k¥ thuat
nay da biét.

Bang 1: Cac thay thé axit amin

Gbe Céc thay thé bao toan Géc Céc thay thé bao toan
Ala Ser Leu Ile; Val
Arg Lys Lys Arg; Gln
Asn Gln; His Met Leu; Ile
Asp Glu Phe Met; Leu; Tyr
Gln Asn Ser Thr; Gly
Cys Ser Thr Ser; Val
Glu Asp Trp Tyr

Gly Pro Tyr Trp; Phe
His Asn; Gln Val Ile; Leu
Ile Leu; Val

Thut ngit “tw nhién” dugc dung trong ban mo ta nay c6 nghia la phién ban tuong
tu, nhung khong dong nhat, véi phién ban c6 trong ty nhién. Thuét ngit “phan tir ADN tur
nhién” ho#c “protein tw nhién” 1a phién ban c6 trong tu nhién ciia phan tr ADN hoac
protein, tirc 1a phién ban ctia phan tir ADN hodc protein c6 tir trudc trong tu nhién. Vi du
vé protein tu nhién hitu ich dé so sanh véi cac protein di duoc xtt ly theo sang ché 1a
protoporphyrinogen oxidaza tir Arabidopsis thaliana. “Thuc vat tu nhién” 1a thuc vat
khong chuyén gen cuing loai nhu thyc vat chuyén gen, va & dang d6 1a khac biét vé mat di
truyén v6i thuce vat chuyén gen c0 tinh trang dung nap thudc diét co. Céc vi du vé thuc vat
tu nhién hitu ich dé so sanh v6i cac cdy ngd chuyén gen la ngd LH244 khong chuyén gen
(sb hiéu giri luu ATCC PTA-1173) va ngd lai cing dong 01DKD2 (1294213) (s6 hiéu gui
luu ATCC PTA-7859). Péi véi cac cay ddu twong chuyén gen, dong so sanh lam vi du s&
14 dau trong A3555 khong chuyén gen (s hidu giri luu ATCC PTA-10207), va ddi voi cac
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cay bong chuyén gen, dong so sanh lam vi du sé& 1a Coker 130 khong chuyén gen (patent
MF cip cho gidng cay trong sb 8900252).

Thue vét chuyén gen & thube diét co

Theo mot khia canh, sang ché d& xuét té bao thuc vat chuyén gen, mo thuc vat
chuyén gen, cdy chuyén gen, va hat chuyén gen ma chira cac phan tir ADN téi td hop va
cac protein da dugc xtr 1y theo sang ché. Cac té bao, mo, cdy, va hat niy chira cdc phan t
ADN tdi td hop va céc protein da dugc xir Iy thé hién tinh dung nap thudc diét co dbi véi
mot hodc nhiéu thube diét co PPO, va tuy y, tinh dung nap dbi v4i mot hodc nhiéu thube
diét co khac.

Cac phuong phép thich hop dé bién nap cac té bao thuc vat chi dé s dung theo
sang ché bao gdm hau nhur moi phwong phap ma theo d6 ADN c6 thé dugc dua vao té bao
(vi du, khi cAu tric ADN tai td hop duoc két hop mét cach dn dinh vao nhiém sic thé thyc
vat) va la da biét trong linh vire k§ thuat nay. Phuong phap lam vi du va dugc 4p dung rong
rdi dé dua cAu trac ADN tai td hop vao thuc vat 1a hé bién nap cua Agrobacterium, ma la
da biét dbi v6i nguoi c6 hiéu biét trung binh trong linh vuc k¥ thuét ndy. Phuong phap khac
lam vi du dé dua cAu tric ADN tai td hop vao thuc vat 1a cai xen cAu tric ADN tai td hop
vao hé gen cta thuc vat tai vi tri dinh trude theo cdc phuwong phap két hop theo dinh huéng
diém. Viéc tich hop dinh huéng diém c6 thé dugc thuc hién theo phuong phap bét ky da
biét trong linh vure k¥ thuat nay, vi du, bang cach sir dung cic nucleaza ngoén tay kém, da
dugc xir Iy hodc cac meganucleaza ty nhién, cac TALE-endonucleaza, hodc endonucleaza
duogc dan boi ARN (vi du hé CRISPR/Cas9). Céc thuc vat chuyén gen co thé dugc tai tao
tir t& bao thuc vat da dwgc bién nap theo cic phuong phap nudi ciy té bao thuc vat. Thuc
vat chuyén gen déng hop tir xét vé gen chuyén (tirc 12 hai ban sao alen clia gen chuyén) c6
thé thu dugc béng cach tu thu phén (tu than) thyc vat chuyén gen ma chira mot alen cua
gen chuyén v6i chinh no, vi du, thuc vat RO, dé tao ra hat giéng R1. Mot phén tu hat giéng
R1 di duoc tao ra sé 1a dong hop tir xét vé gen chuyén. Céc cdy sinh truéng tr viée gieo
mam hat R1 ¢6 thé dugc thir nghiém vé tinh trang tiép hop giao tir, bang cach ap dung thir
nghiém SNP, xé4c dinh trinh tr ADN, hodc thir nghiém khuéch dai bang nhiét ma c6 tinh
dén su khac biét gifta cac di hop tir va cac dong hop tit, goi 14 thir nghiém vé tinh trang tiép
hop giao tur.
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Céc thuat ngit “chét diét co trc ché PPO” hodc “chét diét co PPO” dugc dung trong
ban md ta nay c6 nghia 1a hoa chit ma hudéng dich va wc ché hoat tinh enzym ctia
protoporphyrinogen oxidaza (PPO), ma xuc tic qud trinh loai hydro cua
protoporphyrinogen IX dé tao ra protoporphyrin IX, ma la tién chét cho hem va diép luc.
Su trc ché protoporphyrinogen oxidaza budc cac loai oxy phan tmg tao ra, dan dén hién
tuong v& mang té bao va cudi cling lam chét cic té bao man cam. Cac thudc diét cé6 PPO
14 da biét trong linh vuc k§ thudt nay va ¢ ban trén thi truong. Cac vi du vé thude diét co
PPO bao gdm, nhung khong chi gi¢i han &, cac diphenylete (nhu acifluorfen, cac mudi va
céc este cua no, aclonifen, bifenox, cac mudi va cac este cia no, etoxyfen, cac mudi va cac
este ciia no, flonitrofen, furyloxyfen, halosafen, chlometoxyfen, floglycofen, cac mudi va
cac este cua no, lactofen, cac mudi va céc este ctia no, oxyfluorfen, va fomesafen, cac mubi
va céac este cua no); cac thiadiazol (nhu fluthiacet-metyl va thidiazimin); pyrimidindion
hodc phenyluraxil (nhu benzfendizon, butafenaxil, etyl [3-2-clo-4-flo-5-(1-metyl-6-
triflometyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-3-yl)phenoxy]-2-pyridyloxy]axetat (sb
hiéu dang ky CAS 353292-31-6 va trong ban mo ta nay duoc goi 1a S-3100), flupropaxil,
saflufenaxil, va tiafenaxil); cidc phenylpyrazol (nhu fluazolat, pyraflufen va pyraflufen-
etyl); cac oxadiazol (nhu oxadiargyl va oxadiazon); céc triazolinon (nhu azafenidin, benc-
arbazon, carfentrazon, cac mudi va cac este ctia nd, va sulfentrazon); cic oxazolidindion
(nhu pentoxazon); cac N-phenylphtalimit (nhu xinidon-etyl, flumiclorac, flumiclorac-
pentyl, va flumioxazin); cac chét dan xuét cta benzoxazinon (nhu 1,5-dimetyl-6-thioxo-3-
(2,2,7-triflo-3,4-dihydro-3-oxo0-4-prop-2-ynyl-2 H-1,4-benzoxazin-6-yl)-1,3,5-triazinan-
2,4-dion); flufenpyr va flufenpyr-etyl; pyraclonil; va profluazol. Céac protoporphyrinogen
oxidaza va té bao, hat, thuc vat, va phén cua thuc vat theo sang ché thé hién tinh dung nap

thubc diét c6 d6i voi mot hodc nhidu thude diét cé PPO.

Céc thude diét co cb thé dugc phun vao vung sinh truéng cta thuc vat noi co6 thuc
‘vat va hat theo sang ché dé lam phuong phap phong trir c6. Céc thuc vat va cac hat theo
sang ché co tinh trang dung nap thudc diét co va do vay chiu dugc mot hodc nhiéu thube
diét c6 PPO. Lugng dung thudc diét co c6 thé 1a lwgng thuong mai duge khuyén cdo (1X)
hoic wéc sb hodc bdi s6 bt ky ctia né, nhu gap hai 1an mirc do thwong mai dugc khuyén
céo (2X). Luong thude diét cé c6 thé duge biéu thi theo dwong luong axit/pao/mau (pao

duong luong axit/mau - Ib ae/acre) hodc duong lugng axit/gam/hecta (g duong lugng
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axit/ha - g ae/ha) hodc tinh theo pao hoat chit/miu (pao hoat chit/miu - Ib ai/acre) hodc
gam hoat chit/hecta (ga hoat chit/ha - g ai/ha), tity thudc vao thudc diét cé va ché pham.
Viéc dung thudc diét ¢o chua it nhat mot thudc diét cé PPO. Vung sinh trudng cua thuc vat
c6 thé hodc khong thé c6 cdy c6 tai thoi diém dung thubc diét co. Liéu hiru hiéu dé diét co
ctia thube diét c6 PPO ding trong mot viing nhiam phong trir ¢o ¢6 thé bao gbm khoang tir
0,1X dén 30X murc ghi trén nhan trong su6t mua sinh trudng. Lugng ghi trén nhan 1X dbi
v&i mot sb thudc diét ¢6 PPO 1am vi du duoc thé hién trong Bang 2. Mot (1) mau tuong
duong véi 2,47105 hecta va mot (1) pao twong duong voi 453,592 gam. Luong thudc diét
6 ¢6 thé duogc chuyén ddi gitra hé Anh va hé met nhu sau: (pao hoat chat/mau - 1b ai/ac)
nhan vdi 1,12 = (kg hoat chit/ha - kg ai/ha) va (kg hoat chét/ha - kg ai/ha) nhan v6i 0,89 =

(pao hoat chit/mau - Ib ai/ac).

Bang 2: Cac thudc diét c6 PPO lam vi du

Thubc diét c6 PPO | Nhom héa chat Luong 1X
acifluorfen Diphenylete 420g hoat chat/ha
fomesafen Diphenylete 420g hoat chat/ha

lactofen Diphenylete 7g dén 220g hoat chat/ha
floglycofen-etyl Diphenylete 15g dén 40g hoat chat/ha
oxyfluorfen Diphenylete 0,28kg dén 2,24kg hoat chat/ha
flumioxazin N-phenylphtalimit 70g hoat chat/ha
azafenidin Triazolinon 240g hoat chat/ha
carfentrazon-etyl Triazolinon 4g dén 36g hoat chat/ha
sulfentrazon Triazolinon 0,1kg dén 0,42kg hoat chét/ha
fluthiacet-metyl Thiadiazol 3g dén 15g hoat chat/ha
oxadiargyl Oxadiazol 50g dén 150g hoat chat/ha
oxadiazon Oxadiazol 2,24g dén 4,48kg hoat chat/ha
pyraflufen-etyl Phenylpyrazol 6g dén 12g hoat chét/ha
saflufenaxil Pyrimidin dion 25g dén 50g/ha
S-3100 Pyrimidin dion 5g dén 80g/ha

Viéc dung thube diét co co thé 1a lién tuc hogc thing da dugc tron véi mot, hai, hodc

két hop vai thudc diét co PPO hoc thube diét ¢ tuong thich bit ky khac. Nhiéu lan dung

-19-



36044

mot thude diét ¢ hodc hai hogc nhidu thude diét co, két hop hodc don 1¢, ¢6 thé duge ap
dung trong sudt mua sinh truéng cho cac ving noi thuc vat chuyén gen theo sang ché phong
trur phé rong co hai 14 mam, cd mot 14 mam, hodc ca hai, vi du, hai lan dung (nhu dung
trude khi trong thuc vat va ding sau khi nhii 1én hogc dung trude khi nhi 1én va dung sau
khi nht 1én) hodc ba 1an ding (nhu ding trude khi trong thuc vat, ding truéc khi nhi 1én,

va dung sau khi nht 1é€n hodc dung trude khi nhu 1én va hai lan ding sau khi nha 1én).

Cac thuat nglt “dung nap” hodc “dung nap thubc diét c6” duge dung trong ban md
ta nay c6 nghia 1a kha nang cua thuc vat, hat, hodc té bao chiu dugc cac tac dung ddc cua
thude diét ¢6 khi duoc dung. Cac cdy trdng dung nap thudc diét c6 c6 thé tiép tuc sinh
trudng va khong chiu tdc dong hodc chiu tdc dong tbi thiéu boi su c6 mit cia hoa chét
dugce dung. Thuat ngit “tinh trang dung nap thudc diét co6” dugc dung trong ban mo ta nay
13 tinh trang chuyén gen mang lai mirc dung nap thudc diét c6 tét hon cho thuc vt so véi
thuc vat tu nhién. Céc thuc vat duge du dinh ma 1€ ra dugc tao ra véi tinh trang dung nap
thube diét c6 theo sang ché c6 thé bao gém, vi dy, thuc vat bat ky ké ca céc cay tréng nhu
dau tuong (vi du, Glyxin max), ngbd (bip), béng (Gossypium sp.), va ci dau, trong s6 cac

thuce vat khac.

Cac thuc vat chuyén gen, thé hé con, hat, té bao thuc vat, va phén cua thuc vat theo
sang ché con c6 thé c6 mot hodc nhiéu tinh trang bd sung. Cac tinh trang bd sung c6 thé
duoc dua vao bang cach lai chéo thuc vat co gen chuyén chira cdc phan tir ADN téi t6 hop
theo sang ché véi thuc vat khac c6 mot hodc nhidu tinh trang bd sung. Thuat ngit “lai chéo”
duoc dung trong ban mo ta nay c6 nghia la viéc gay gidng hai c4 thé thuc vat dé tao ra cay
non. Do d6, hai thuc vat co thé duoc lai chéo dé tao ra thé hé con ma cé céc tinh trang
mong mudn tir mdi thuc vét gbc. Thuat ngit “thé hé con” dugc ding trong ban mo ta nay
c¢6 nghia 1a con cia thé hé thuc vat gbc bét ky, va thé hé con chuyén gen chwa ciu tric
ADN theo sang ché va thira ké tir it nhat mot thue vat gbc. (Cac) tinh trang bd sung con c6
thé dugc dua vao bang cach dong bién nap chu trac ADN cho (c4c) tinh trang chuyén gen
bd sung d6 véi cau tric ADN chira cac phan tt ADN tai t6 hop theo sang ché (vi du, voi
tAt ca cac cAu tric ADN c¢6 mit nhu 1 mot phan clia cing mot vat truyén dung dé bién nap
thuc vat) hodc bang cach cai xen (céc) tinh trang bd sung vao thuc vét chuyén gen chira
chu trac ADN theo sang ché hodc nguoc lai (vi du, bang cach ap dung phuong phap bat ky

trong sd cac phwong phép bién nap thuc vat hodc hiéu chinh hé gen trén thyc vat chuyén
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gen hoic té bao thuc vat). Céc tinh trang bd sung nay bao gdbm, nhung khong chi gi¢i han
¢, tang murc khang con trung, tang hi¢u qua str dung nudc, taing nang suét, tang kha ning
chiu han, ting chét lugng hat, ting chit lwong dinh dudng, san lugng hat lai, va tinh dung
nap thude diét co, trong do6 tinh trang nay dugc do so vai thue vat tu nhién. Céc tinh trang
dung nap thudc diét cé bd sung lam vi du c6 thé bao gbm tinh dung nap chuyén gen hoic
khéng chuyén gen dbi v6i mot hodc nhiéu thudc diét cé nhu cac chét rc ché ACCaza (vi
du, aryloxyphenoxy propionat va xyclohexandion), cac chat we ché ALS (vi du,
sulfonylure, imidazolinon, triazoloyrimidin, va triazolinon) cac cht trc ché EPSPS (vi du,
glyphosat), cic auxin tong hop (vi du, phenoxy, axit benzoic, axit carboxyclic,
semicarbazon), cac chét trc ché quang hop (vi dy, triazin, triazinon, nitril, benzothiadiazol,
va ure), cac chét wre ché tong hop glutamin (vi du, glufosinat), cic chét (rc ché HPPD (vi
du, isoxazol, pyrazolon, va triketon), cac chét e ché PPO (vi du, cac diphenylete, N-
phenylphtalimit, aryl triazinon, va pyrimidindion), va cac chét trc ché axit béo mach dai (vi
du, cloaxetamit, oxyaxetamit, va pyrazol), trong s6 cac chét khac. Cac tinh trang khang con
trung lam vi du c6 thé bao gdm tinh khang mot hozc nhiéu con trang trong mot hodc nhidu
bo bao gém bo canh vay, bo canh cling, bo canh ntra, va bg canh giéng, trong sb cac bo
con trung khéc. Céc tinh trang bd sung d6 1a da biét ddi v6i ngudi c6 hiéu biét trung binh
trong linh vuc k¥ thuat nay; vi du, va danh muc bao gdm céc tinh trang chuyén gen nay
duoc cung cép béi SO Kiém dich Thuc vat va Pong vat (Animal and Plant Health
Inspection Service - APHIS) thugc B Nong nghiép My (Department of Agriculture’s -
USDA). |

Té bao da duoc bién nap vdi polynucleotit theo sang ché, nhu cdu tric biéu hién, c6
thé duoc chon theo su ¢6 mat ciia polynucleotit hoac hoat tinh enzym dugc ma hoa ctia nd
truée hodc sau khi tai sinh t& bao d6 vao thuc vat chuyén gen. Do véy, cac thuc vat chuyén
gen chira polynucleotit nay co thé da duoc chon vi du, béng cach xac dinh thuc vat chuyén
gen ma chira polynucleotit hoac hoat tinh enzym dugc ma hoa, va/hodc thé hién tinh trang
da duge bién ddi so véi thue vat dbi chimg 18 ra dang gen. Vi dy, tinh trang nhu vy c6 thé

1a tinh dung nap thubc diét c6 PPO.

Céc thuc vat chuyén gen va thé hé con ma c6 tinh trang chuyén gen theo sang ché
c¢6 thé duge dung véi cac phuong phéap gay gidng bat ky ma la da biét trong linh vuc k§

thuat nay. O céc dong thuc vat c¢6 hai hodc nhiéu tinh trang chuyén gen, cac tinh trang
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chuyén gen c6 thé dugc phan biét doc lap, lién két, hodc két hop ca hai vao cac dong thuc
vét c¢6 ba hoac nhiéu tinh trang chuyén gen. Viéc lai chéo nguoc lai voi thyc vat géc va lai
chéo v6i thuc vat khéng chuyén gen ciing duge dy dinh, vi 1a su phat tan sinh dudng. M6
ta vé cac phuong phap giy gidng ma duoc ap dung cho cac tinh trang va cac cay trong khac
nhau 1a da biét d6i voi nguoi co hidu biét trung binh trong linh vuc k§ thuét ndy. Pé xac
nhin su ¢ mat cua (cac) gen chuyén ¢ thuc vat hodc hat cu thé, nhiéu loai thu nghiém co
thé duoc thuc hién. Vi dy, cac thir nghiém nay bao gdm thir nghiém sinh hoc phén ti, nhu
thAm Nam va thAm Bic, PCR, va xac dinh trinh tuw ADN; céc thtr nghiém sinh hoa, nhu
phét hién sy c6 mdt cua san phém protein, vi du, theo cic cach mién dich hoc (ELISA va
phan tich vét thAm tach T4y) hodc theo chirc ndng enzym; céc thir nghiém phan cua thuc
vat, nhu thir nghiém 14 hoac thir nghiém ré; va ca béng cach phéan tich kiéu hinh cua toan

b0 thuc vat nay.

Viéc nhdp gen cua tinh trang chuyén gen vao kiéu di truyén thyc vat dat duoc 1a nho
quy trinh chuyén d6i lai nguoge. Kiéu di truyén thyc vat ma tinh trang chuyén gen dugc
nhap gen vao c6 thé duge goi 1a kiéu hinh, dong, thé lai gan, hodc thé lai da duoc chuyén
dbi lai nguoc. Tuong tu, kiéu di truyén thuc vat khong c6 tinh trang chuyén gen mong

mudn c6 thé duogc goi la kiéu hinh, dong, thé lai gé”ln, hodc thé lai khong duoc chuyén dbi.

Vi sang ché d3 duogc boc 10 mot cach chi tiét, rd rang réng 6 thé c6 cac cai bién,
céc thay doi, va cac phuong an tuong duong ma khéng vuot qua pham vi clia sang ché nhu
dugc xac dinh trong cac diém yéu cAu bao hd keém theo. Hon thé nita, cin phai hiéu rang
céac vi du trong ban mo ta nay dugc dua ra lam cac vi du khong giéi han pham vi cia sang

cheé.

Vi du thue hién sang ché

Céc vi du dudi day duoc dua ra dé thé hién cac phuong an clia sdng ché. Nguoi co
hiéu biét trung binh trong linh vuc k§ thuét nay can phai hiéu duoc rang cac k¥ thuat da
duoc boc 10 trong cac vi du dudi day la cac k¥ thuat do céc tac gid sing ché phat hién dé
thuc hién tot sang ché, va do d6 ¢6 thé duoc xem 1a cAu thanh céc cach thire thuc hién wu
tién. Tuy nhién, khi dya vao ban mé ta ndy, ngudi cé hiéu biét trung binh trong linh vuc
k§ thuét nay can phai hiéu ring c6 thé tao ra nhiéu thay d6i theo cac phuong 4n cu thé ma

da dugc boc 16 va van dat duoc cing mot két qud hodc két qua tuong tv ma khong vuot
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qua tinh than, y twdng, va pham vi ciia sang ché. Cu thé hon, rd rang rang mot sd tic nhan
co lién quan ca vé& mat hoa hoc va vé mat sinh 1y hoc co thé duogc thay thé cho cac tac nhan
da dugc bdc 10 trong ban md ta nay ma dat dugc cung mot két qua hodc Kkét qua tuong tu.
Tt ca cac thay thé va cac cai bién nay d& nhan thdy d6i voi nguoi c6 hiéu biét trung binh
trong linh vire k¥ thudt nay dugce xem 14 nim trong pham vi, tinh than va y tuéng cia sang

ché nhu dugc x4c dinh bai cac diém yéu cau bao ho kem theo.

Vi du 1: Phat hién protoporphyrinogen oxidaza cuia vi khun

Céc protoporphyrinogen oxidaza méi dugce xéc dinh tir cac co s¢ dit li€u trinh ty vi
khudn bang cach 4p dung cic phuwong phap tin sinh hoc va hé sang loc vi khuin
protoporphyrinogen oxidaza m&i. Trinh ty cua HemG cua E. coli (SEQ ID NO:4) duogc
dung lam trinh tu bat dau cho phén tich tin sinh hoc cac co s¢ dit li¢u trinh tu vi khuén.
Viéc phan tich sinh tin x4c dinh ba muoi ba protoporphyrinogen oxidaza gid dinh méi cua
ho HemG PPO tir cac ngudn vi khuan da dang. Céc trinh ty ma héa cac enzym PPO HemG
gi4 dinh nay duoc so sanh bang cach ap dung viéc 14p ban do cay phat sinh gidng loai va
duoc thiy 1a twong d6i da dang. Mudi trinh tu duoc chon loc dé phan tich tiép tir nhom
g@)m ba muoi ba trinh tuy ndy do cach thé hién ting thanh vién tao cum dac biét cia chung
& cAy phat sinh gidng loai.

Céc trinh ty ma héa mudi enzym PPO HemG da duogc chon da dugc t6i wu hoa dé
biéu hién & E. coli dé loai bd codon hiém bat ky tim théy trong trinh ty ADN ty nhién. Sau
d6, céc trinh ty ma héa da duoc toi wu hoa & E. coli cho mudi enzym PPO HemG duogc
tach dong vao céc vat truyén biéu hién vi khuén. Enzym PPO nhay véi thude diét c6 duge
tim thay trong c6 gai dau nudc (dmaranthus tuberculatus) trong tu nhién duogc tach dong
vao vat truyén biéu hién vi khudn dé dung 1am d6i chtng cho ca chirc nang PPO va tinh
nhay vé6i thude diét co (duge goi 1a "WH" va duoc thé hién 1a SEQ ID NO:21; sb hiéu gui
Iuu tai Genbank NCBI 1a ABD52326; xem tai liéu: Patzoldt, et al. “A codon deletion
confers resistance to herbicides inhibiting protoporphyrinogen oxidase” Proceedings of
the National Academy of Science USA. 103(33):12329-12334 (2006)). Enzym PPO cua cé
gai dau nudc khong 1a thanh vién cta ho HemG. Enzym PPO HemG tim thiy trong tu

nhién & E. coli dugc tdch dong vao vat truyén bi€u hién vi khuan dé dung lam doéi chiing

-23-



36044

vé ca hoat tinh PPO va d& thir nghiém n6 v& tinh nhay vai thube diét co (dugc goilaH N10
va dugc thé hién 1a SEQ ID NO:4).

Heé sang loc vi khudn protoporphyrinogen oxidaza dugc tao ra dé thir nghiém cac
protein tai tb hop vé hoat tinh protoporphyrinogen oxidaza va theo d6 xac nhén rang ching
1a cac enzym PPO chirc nang. Hé sang loc nay da st dung thtr nghiém giai thoat chirc nang
0 chung E. coli ma chlra gen bét hoat ddi véi enzym PPO cua E. coli (SEQ ID NO:4).
Ching E. coli ¢6 gen hemG da bi 1am bét hoat ma dugc sir dung da thé hién mirc do sinh
trudng cyc tiéu trén mdi trudng vi khuén khéng chira hem (nhw moéi truong LB), nhung
qua trinh sinh truéng dugce phuc hdi khi méi truong vi khuan duge bd sung hem tu do hoic
khi protoporphyrinogen oxidaza tai t6 hop ¢6 hoat tinh dwgc biéu hién & E. coli. Do do,
chung E. coli c6 gen hemG da bi lam bét hoat c6 thé dugc dung véi su biéu hién cta protein

t4i t6 hop dé thir nghiém nhanh va dé cac protein v& hoat tinh protoporphyrinogen oxidaza.

Chiing E. coli c6 gen hemG da bi lam bét hoat duoc bién nap véi cac vat truyén biéu
hién vi khuén chira gen ma héa mudi enzym PPO HemG gia dinh, enzym PPO HemG cua
E. coli, va enzym PPO cia ¢ gai dau nudc. Tiép do, vi khudn nay dugc cdy thanh cac
duong soc 1én cac dia moi truong LB, ma 1a moi trudng vi khudn khong chira hem. Sy biéu
hién ctia enzym PPO tai td hop giai thoat su phét trién cta E. coli, dan dén su sinh truéng
trén cac dia LB. Su sinh truong cia chung E. coli ¢6 gen hemG da bi lam bat hoat di dugc
bién nap trén cac dia LB biéu thi ring trinh tu protein thyc hién chirc ning nhu protopor-
phyrinogen oxidaza. Muoi enzym PPO HemG (SEQ ID NO:1 dén 10), va enzym PPO ctia
c6 gai dau nudc (SEQ ID NO:21) c6 kha nang khoi phuc su sinh trudng cia chung E. coli
6 gen hemG da bi lam bat hoat da dugc bién nap trong thir nghiém nay, do d6 x4c nhan
hoat tinh PPO ctia chung. Viéc xép thang hang cac trinh tu protein cta céc enzym PPO,
vé6i cac vi tri lién tng, duge thé hién trén Hinh 1. Bang cach ap dung thir nghiém nay, nhiéu
protein mdi hodc protein da duoc xtr 1y c6 thé duoc sang loc dé xac nhan va do hoat tinh

protoporphyrinogen oxidaza.
Vi du 2: Tinh kém nhay véi chét rc ché cuia protoporphyrinogen oxidaza

Céc protoporphyrinogen oxidaza méi ma dung nap cac thudc diét c6 PPO da duoc
xac dinh béng cach st dung hé sang loc vi khuén theo thubc diét co. Hé sang loc nay ap

dung thir nghiém sinh trudng ctia ching E. coli ¢6 gen hemG da bi lam bét hoat trong mdi
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truomg 16ng LB véi thude diét co6 PPO dé xac dinh protoporphyrinogen oxidaza ma la

khéng nhay véi thude diét co PPO.

Chung E. coli ¢6 gen hemG da bi lam bat hoat dugc bién nap vdi vat truyén biéu
hién vi khudn c6 hoat tinh protoporphyrinogen oxidaza da dugc xdc nhan va dugc nudi cly
trong moi truong 1éng LB. Dang tinh thé tinh khiét cia mot trong s6 nam thude diét co
PPO khéac nhau (acifluorfen (1mM), flumioxazin (0,5mM), lactofen (0,5mM), fomesafen
(ImM), va S-3100 (100uM), dai dién cho ba phan nhém héa hoc PPO khéac nhau, dugc bd
sung vao mdi tredng nay. Céc protein tai to hop da duoc biéu hién va tdc do sinh truwéng
cua E. coli dugc do. Duong cong sinh truong (OD600) da dugce do d6i voi cac bién thé
khéc nhau khi c¢6 va khi khong c¢6 cac thude diét co PPO tai cac thoi diém da chon tir thoi
diém zero dén hai mwoi tu gid. Su phat trién ciia ching E. coli ¢6 gen hemG da bi lam bét
hoat da bién nap trong moi truong LB khi c6 thudc diét co PPO biéu thi ring gen dugc
ding dé bién nap E. coli mi héa protoporphyrinogen oxidaza khong nhay v6i thubc diét co

(iPPO).

Céc protoporphyrinogen oxidaza méi duge dung véi thir nghi€ém nay dé thir nghiém
v& tinh khong nhay véi cac thube diét cé PPO. Mudi protoporphyrinogen oxidaza duoc thé
hién 1a SEQ ID NO: 1 dén SEQ ID NO:10 déu duoc thdy dem lai mirc do sinh truéng binh
thuong cho chung E. coli c6 gen hemG da bi lam bét hoat trong moi trudng LB khi ¢6
thudc diét c6 PPO, biéu thi rang céc protein nay 13 cac protoporphyrinogen oxidaza khong
nhay véi thudc diét co (iPPO) (Hinh 2). Ching E. coli ¢6 gen hemG da bi 1am bét hoat biéu
hién PPO cua c6 gai diu nuée (SEQ ID NO:21) 1a nhay véi ca nam thude diét cé PPO, da
x4c nhan rang thir nghiém nay c6 thé phan biét giita cdc protoporphyrinogen oxidaza nhay
va khong nhay véi ting thubc diét co. Bang cach ap dung thir nghiém nay, nhiéu protein
méi hodc da duoc xur Iy ¢6 thé duoc sang loc dé xac nhan hoat tinh protoporphyrinogen

oxidaza khi ¢6 (cac) thude diét c6 PPO.

Vi du 3: Thir nghiém enzym protoporphyrinogen oxidaza (PPO)

Cac protoporphyrinogen oxidaza da dugc xac dinh tinh chét nho enzym dé do 4i luc
lien két co chat cua mdi enzym PPO (Km) va mirc do nhay véi thude diét ¢ PPO (ICso).

Céac enzym PPO cua thyc vat ty nhién tir co gai dau nuée, du twong, va ngd duge ding dé
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so sanh véi protoporphyrinogen oxidaza HemG cua vi khudn (duogc thé hién 1a SEQ ID
NO: 1 d@én SEQ ID NO:10).

No6i chung, céc lap thé com va cac lap luc da dugc chuén bj tir cac 14 maim ua vang
(dau twong, Glyxin max), 14/14 bao mam Ga vang (ngd, Zea mays) va 1 ngon khong gap (co
gai dau nuSc, Amaranthus tuberculata) theo quy trinh duge md ta béi Grossmann va cac
dong tic gia, (“The Herbicide Saflufenacil (Kixor™) is a New Inhibitor of
Protoporphyrinogen IX Oxidase Activity” Weed Science, 58(1):1-9 (2010)). Hat cua cay
dau tuong (A3555) va ngd (LH244) di duoc dat gifta hai tim gidy 4m dé ndy mam (do
Anchor Paper Company, Saint Paul, Minnesota, My cung cép) trong cdc mo chira nudce
trong bong tdi lién tuc trong thoi gian tam dén muoi ngay. Cac ciy cé gai dau nude duoc
cho sinh trueéng trong thoi gian 30 ngay trong nha kinh. M6 dugc gom, dugc dat gitra cac
tdm khan gidy 4m cho dén khi duoc nghién thanh bt min bang cdi gid va chay trong nito
16ng. Dung dich dém ddng nhat hoa (chira 50mM Tris-HCl, 46 pH=7.4, 500mM sucroza,
ImM EDTA, ImM magie clorua, va 2g/lit albumin huyét thanh bd) duoc bd sung vao bot
da duoc lam dong lanh theo ty 1€ 4:1 (ml dung dich dém ddng nhat hoa/g trong lugng md
tuoi), duge tron k¥ va loc qua bdn 16p Miracloth™ (do Merck-Millipore, Darmstadt,
Germany cung cip) di dwgc 1am 4m so bo. Dich loc dugc ly tAm & tbc do6 9299g
(92.990m/s?) trong thoi gian nam phut. Vién dugc tao huyén phu lai trong dung dich dém
ddng nhit hoa va dugce ly tdm ¢ toc do 150g (1500m/s?) trong thoi gian hai phit. Dung
dich ndi dugc ly tm & tdc do 4000g (40.000m/s?) trong thoi gian mudi lim phut. Tt ca
cac budc ly tam dugc thuc hién & nhiét do 4°C. Vién (phan doan thé hat nguyén ven) dugc
tao huyén phu lai trong dung dich chira 50mM Tris-HCI (d0 pH=7,4), 2mM EDTA va 20%
(thé tich) glyxerin va dugc bao quan thanh cac phan phan wdc & nhiét do -80°C. Téng
protein trong céc ché phdm thé hat dugc do theo phuwong phéap Bradford (MM Bradford,
“A rapid and sensitive method for the quantitation of microgram quantities of protein utility
the principle of protein-dye binding” Analytical Biochemistry, 72:248-254 (1976)) véi
chudn 14 albumin huyét thanh bo.

Cac enzym PPO da dugc chon dugc biéu hién & dong té bao ctia E. coli ¢6 gen hemG
d4 bi lam bAt hoat. C4c t& bao vi khuan tir dich nudi cdy qua dém dugc st dung dé gay
mam 20ml méi trudng méi. Cac giéng ciy nay duge dé sinh truong trong thoi gian khoang

48 gidr  nhiét do 20°C dén gidng cdy dic. Cac té bao vi khun duogc thu gom bang cach ly

-26-



36044

tAm va cac vién té bao duge bao quan & nhiét d6 -80°C cho dén khi thyc hién cac thi
nghiém enzym. Cac vién vi khuén dong lanh duoc tao huyén phu lai trong dung dich dém
chiét (50mM Tris-HCl, d6 pH=7.6, ImM EDTA & 1mM MgCly) va dugc nghién bang
song am (Sonics VibraCell™, Newtown, CT USA) trong ba chu ky 30 gidy trong bé nude
da voi giai doan nghi mdt phut gitra cdc chu ky nay. Cac té bao vo duoc ly tAm & téc do
200g (2000m/s?) trong thoi gian 2 phit & nhiét do 4°C va dich ndi duge sir dung cho cic
thtr nghiém enzym PPO sau khi pha loang bing dung dich dém chiét. Tong protein duoc
do theo phuong phap Bradford (1976) véi chun 14 albumin huyét thanh bo.

Protoporphryrinogen 1X (gen tuong tng trdi) dugc tbng hop bang cach khir
protoporphyrin c6 ban trén thi truong bang hdn hdng natri thity ngan nhu da duoc boc 10
béi JM Jacobs va NJ Jacobs (“Measurement of Protoporphyrinogen oxidase Activity” trong
Current Protocols in Toxicology (1999) 8.5.1-8.5.13, John Wiley & Sons, Inc.).
Protoporphyrin (Proto) dugc bd sung vao dung dich kali hydroxit 0,01N trong etanol 20%
va khudy trong bong tdi cho dén khi dwoc hoa tan (khoang 40 phut). Thé tich 0,8ml duoc
dua vao binh polypropylen loai dung tich 2ml c6 nép trén xody c6 vong chit O, va khoang
lg (dinh ban xéng, diu duoc dan tiéu nudc bo) hdn hong natri thiiy ngan (san pham s
451908, do Sigma-Aldrich, St. Louis, Missouri cung cép, da dugc bao quan dudi déu) duoc
bd sung vao. Ong nghiém nay dugc bit nip ngay lap tirc va tron k§ bang may tron Xody va
duoc thong hoi trong thoi gian khoang 30 gidy mot 1an bang cach nai 1ong nip day cho
dén khi dung dich nay khong con phat huynh quang mau dé dudi tia cuc tim (UV) (khoang
nim phut). Binh phan ing nay dugc suc argon va dugc ly tim trong mot thoi gian ngin dé
két vién hdn héng natri con lai. Dich ndi dugc pha lodng ngay lap tirc theo ty 1¢ 1:1 (thé
tich) b::fmg dung dich chtra 0,1M DTT va 0,5M Tris-HCI, do pH=7,5 va binh nay dugc suc
argon. Dung dich thu dugc dugc tach thanh céc phan phan uéc nhé hon vao cac 6ng nghiém
polypropylen loai dung tich 0,5ml c6 day nip ma dugc suc argon ngay sau khi phén phéan
wdc duge bd sung vao. Cac dng nghiém da duoc day nép dugc diy bing 14 nhom va bao
quén & nhiét do -80°C. Dé thit nghiém enzym, cac phan phan uéc gen twong Gng troi dugc
cho ra bang, dugc bao quan phu trén nudc da, va sir dung ngay trong ngay. Nong do cua
gen tuong Ung trdi trong ché phdm nay dugc tinh bang cach lay ndng d6 Proto trong nguyén
liéu ban dau trir di ndng dd Proto, nhu do dugc theo sic ky 16ng cao 4p huynh quang

(phuwong phap da dugc boc 10 trong tai liéu: Matsumoto et al, “Porphyrin Intermediate
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Involved in Herbicidal Action of delta-Aminolevulinic Acid on Duckweed (Lemna
paucicostata Hegelm.)” Pesticide Biochem. and Phys. 48:214-221 (1994)), trong dung dich
gen tuong Ung troi cudi cung (thuong 1a khoang 1% nguyén liéu ban dau) va gia st khong
¢6 cac tap chat dang ké trong miu nay. Gen twong (mg troi dugc chuén bi va bao quan

trong céc diéu kién nay 14 6n dinh trong thoi gian it nhét sdu thang.

Hoat tinh PPO trong chiét phém chira thé hat thuc vat va chiét phém chira vi khuin
thuong dugc do nhu da dugce boc 10 bdi Grossmann va cac ddng tac gia (2010). Mudi
microlit chiét pham chtra thé hat (40ug tdng protein) hoic chiét pham chia vi khuén (16pg
dén 35ug tong protein cho cic chiét phim chua vi khu4n khac nhau) duogc bd sung vao
dung dich dém thir nghiém (100mM Tris-HCl, d6 pH=7,4, 5mM DTT, 1mM EDTA va
0,085% (thé tich) Tween 80). S-3100 (con duoc goi 1a "SYN-523"; vi du, cong bd don
dang ky patent M§ s6 US20100062941 A1) dugc bd sung vio véi thé tich hai microlit tir
dung dich gbc 100X di duoc didu ché trong axeton. S-3100 loai phan tich do Sumitomo
Chemical Company cung cap. T4t ca cac thir nghiém nay dugc thuc hién & ndéng d6 cudi
cing 1% (thé tich) axeton. C4c chiét pham (chira thé hat hodc vi khuén), dung dich dém,
va S-3100 dwoc @ & nhiét do 30°C (chiét phAdm chira thuc vat) hodc nhiét do 37°C (chiét
phim chira vi khudn) trong thoi gian nam phit trude khi bd sung hai microlit gen twong
Ging trdi vao dé khéi diu thir nghiém. T4t ca cAc thir nghiém nay duoc thuc hién trong dia
vi chuén do polystyren mau den loai 96 16 (Costar® 3925, Corning, Inc., Corning, New
York) & thé tich cudi cling 200 microlit. Sau khi bb sung gen twong ung trdi (3uM dbi voi
cac phép do ICso; thay dbi dbi véi cac phép do Kum) vao tat ca céc 16, dia nay duge 4 & nhiét
d6 30°C (chiét phdm chira thyuc vat) hodc nhiét d 37°C (chiét phdm chira vi khuén) trudc
khi bit dau thu thap dir liéu. Mitc phat huynh quang duoc do theo thoi gian & nhiét do 30°C
(chiét phdm chira thuc vat) hodc nhiét do 37°C (chiét phim chtra vi khudn) véi bude song
kich thich va budc song phat xa lan luot 1a 405mm va 630mm, trong dau doc vi dia
SpectraMax® M35 Multi-Mode (do Molecular Devices, Sunnyvale, California cung cip).
Thir nghiém rong dugc thuc hién bang cach bo sung chiét phdm da duoc lam bat hoat boi

nhiét (ndm phut & nhiét do 100°C) vao hdn hgp thir nghiém nay.

Ai luc lién két co chét (protoporphyrinogen) ctia protoporphyrinogen oxidaza da
duoc do theo K. Céc tri s6 Km biéu kién dbi voi mdi PPO da dugc danh gid da duoc tinh

bang céach 4p dung cach khép dudng cong hypebdl vudng bang cach st dung géi phan mém

-28-



36044

dong hoc SoftPro® (do Molecular Devices, Sunnyvale, California cung cip). Tinh nhay
cua hoat tinh enzym véi thube diét c6 PPO S-3100 di duge do theo néng do gly ra su uc
ché hoat tinh déi chimg & mtrc 50% (ICso). Cac tri s6 ICso ctia S-3100 ddi v6i mdi PPO da
duoc danh gia duge x4c dinh theo db thi tir dd thi ban-logarit ctia ndng do ctia S-3100 theo
hoat tinh PPO.

Km d6i v6i cac enzym PPO tir ba nguén thuc vat (co gai dau nudce, dau twong, hodc
ngd) va cac enzym PPO HemG cua vi khuan (SEQ ID NO: 1 dén SEQ ID NO:10) duoc
théy la tuong tu, nam trong khoang tir 0,3uM dén 2,0uM. Ba enzym PPO thuc vat da duogc
thtr nghiém déu nhay v6i S-3100 véi céc tri s6 ICso 1an luot 12 0,009, 0,004, va 0,003uM.
Trai lai, cdc enzym PPO tir ngudn vi khuin (SEQ ID NO: 1 dén SEQ ID NO:10) khong
nhay véi S-3100 véi céc tri s6 ICso cao hon 100uM. Dit liéu duogc thé hién trong Bang 3.

Bang 3. Hoat tinh enzym PPO cta cic enzym da dugc tinh ché tir ngudn thuc vat hoic

nguodn vi khuan

Neudn Km | ICsocuia S-3100
(uM) (uM)
Co gai dau nuée 0,7 0,009
Dau tuong 1,8 0,004
Ngo 2,0 0,003
H N10 (SEQ ID NO:4) 0,7 > 100
H N20 (SEQ ID NO:2) 0,8 > 100
H N30 (SEQ ID NO:5) 1,0 > 100
H N40 (SEQ ID NO:6) 1.4 > 100
H N50 (SEQ ID NO:7) 1,0 > 100
H N60 (SEQ ID NO:3) 1,1 > 100
H N70 (SEQ ID NO:8) 1,4 > 100
H N90 (SEQ ID NO:1) 1.2 > 100
H N100 (SEQ ID NO:9) 0,6 > 100
H N110 (SEQ ID NO:10) | 0.3 > 100
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Vidu 4: Tbi uu héa enzym protoporphyrinogen oxidaza

Viée tbi wu hoa protein dugc &p dung dé cai thién hodc lam thay ddi cac tinh chét
enzym cla cac protoporphyrinogen oxidaza ma&i. Mot hodc nhiéu phuong phap xir Iy
protein da dugc ap dung dé tdi wu hoa cac enzym. Cac vi du khdng gi6i han pham vi cua
sang ché vé cac phuong phap xtr ly protein bao gdm dot bién quét Alanin; dot bién quét
ddng ding; dot bién quét Pro/Gly; dbi ving hodc dot bién; va két hop cac ky thuét khac
nhau nay (xem cac tai liéu: M Lehmann and M Wyss, Current Opinion in Biotechnology
12(4):371-375 (2001); B Van den Burg and VGH Eijsink, Current Opinion in
Biotechnology 13(4):333-337 (2002); va Weiss et al., Proceedings of the National
Academy of Sciences USA 97(16):8950-8954 (2000)). Céac trinh ty ADN ma@ hoéa
protoporphyrinogen oxidaza da dugc xtr ly dugc tdng hop va dugc tich dong vao vat truyén
bidu hién vi khuin. V4t truyén nay duge sir dung dé bién nap ching E. coli c6 gen hemG
da bi lam bt hoat dé sang loc nhim giai thoét vi khuén hiéu suit cao nhu dugc mo ta trong
Vi du 1. Protoporphyrinogen oxidaza dd dugc xir ly ma giai thoat chung E. coli c6 gen
hemG da bi lam bt hoat da dugc sang loc theo tinh man cam véi mot hodc nhiéu thube
diét c6 PPO bang cach ap dung thir nghiém sinh trudng vi khuén nhu dugc mo ta trong Vi
du 2. Theo cach khac, chung da duogc bién nap E. coli c6 gen hemG da bi lam bét hoat duoc
ciy vao dia trén moi trudong c6 va khong co thudc diét c6 PPO. Céc bién thé da duge xtr Iy
thé hién tinh dung nap déi véi céc thude diét cd PPO duge bidu hién & hé biéu hién vi
khuén va viéc xac dinh tinh chit sinh héa chi tiét dugc thuc hién bang cach sit dung protein
da duogc tinh ché véi thu nghiém do ham lugng flo lién tuc nhu dugc mo ta trong Vi du 3.
Céc bién thé da duoc xur ly ma 1a khong man cam véi cac thube diét cé PPO dugc chon dé

tach dong vao céac vat truyén bién nap thuc vat, bién nap thuc vat, va tht nghiém in planta.

Vi du 5: Biéu hién va thtr nghiém cac enzym PPO HemG & cdy ngd

Céac enzym PPO HemG cua vi khudn da duoc biéu hién & cac cdy ngd chuyén gen,
va céac thuc vat chuyén gen nay duge phan tich vé kha ning dung nap thudc diét co PPO.
Céac vat truyén bién nap thuc vat da dugc tao ra chira phan tir ADN tai td hop ma hdéa mot
enzym trong sé cdc enzym PPO HemG ctia vi khudn thé hién & SEQ ID NO: 1 dén 20.
Trinh t ADN ma héa enzym PPO c6 thé bao gbm & dau tan cung 5° codon d6i vai

methionin, thwong dugc goi 1a codon khéi dau, hoic codon nay co thé dugc loai bod dé tao
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didu kién thuan loi cho lién két theo chirc ning cia trinh tu peptit chuyén tiép vao dau tan
cung 5’ cua trinh ty ma héa. Cic vi du vé céc trinh tu protein cua enzym PPO chtra
methionin & dAu tan cing amino dugc thé hién & SEQ ID NO:1 dén 10. Céc vi du vé céc
trinh tu protein cia enzym PPO khong c6 methionin ¢ dAu tan cung amino dugc thé hién
6 SEQ ID NO:11 dén 20. Dé bién nap thyuc vét, cac trinh tw nucleotit ma hoa cac enzym
PPO gia dinh 1 codon da dugc i wu héa dbi v6i sw biéu hién ¢ thuc vat hai 14 mdm hodc
mdt 14 mim. Bang 4 thé hién SEQ ID NO twong (g v6i céc trinh tu protein va nucleotit

cua cac enzym PPO HemG cua vi khuan & céc vat truyén bi€n nap nay.

Bang 4. SEQ ID NO tuong tmg véi cac bién thé PPO

ADN | Codon cua thuc vat | Codon cta thuc vat
ciavi | haild mam da mot 14 mam da dugc
PPO Protein khuén duoc t6i vu hoa t61 vu hoa
H N10 4,13 25 35,44 57
H N20 2,12 23 33,43,52 55
H N30 5,14 26 36,45 58
H N40 6, 15 27 37,46 59
H N50 7,16 28 38,47 60
H N60 3 24 34 56
H N70 8 29 39 61
H N90 1,11, 18, 19 22 32,42, 49, 50, 51 54
H N100 9,17,20 30 40, 48, 53 62
H N110 10 31 41 63
PPO cua co khong
gai dau nude 21 co khong co khong co

Bén vat truyén bién nap thuc vat da dugc tao ra dé biéu hién PPO HemG H N10
(SEQ ID NO:4) bang céch st dung hai t6 hop khac nhau bao gb6m gen khéi du va trinh tu
dan va intron véi hai trinh tu peptit huéng dich (targeting peptide - TP) khac nhau va hai
trinh tu 3°’UTR khéc nhau. Céc cAu trac bién nap thuc vat 1a cAu tric duoc chu thich 1, 6,

11, va 16. Déi v6i thir nghiém in planta & ciy ngd, phdi ngd chua thanh thuc (LH244) duge
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bién nap v6i bang cach sir dung Agrobacterium tumefaciens va cac phuong phap chuén da
biét trong linh vuc k¥ thuat nay.

Céc cdy ngd chuyén gen di dugce tao ra bang cach st dung cac ciu truc bién nap
thuc vat 6 va 16 chira gen md héa PPO HemG H N10 (SEQ ID NO:4). Cac mau 14 duoc
thu gom tir cac cay RO va duoc sang loc theo PCR dé x4c dinh sb luong ban sao cia gen
chuyén da duoc cai xen vao hé gen cuia thuc vat d6. Cac cay c6 mot ban sao (ban sao don)
da duoc tu phdi va da duogc lai chéo xa dé 14n luot tao ra hat R1 va F1 cho céc thir nghiém
tiép theo. Céc cdy chira nhiéu ban sao (da ban sao) dugc phun nhu sau: (1) 5g/ha S-3100
trong giai doan sinh trudéng V5, tiép theo 14 10g/ha S-3100 trong giai doan sinh trudng V7,
dé tong cong st dung 15g/ha S-3100 hodc (2) 10g/ha S-3100 trong giai doan sinh truong
V5. Mtte do tdn thuwong trung binh tinh theo phan trim, trén thang tinh tir 0 dén 100 véi
zero 12 khong ton thurong va 100 1a ciy ngd chét hoan toan, dugc dénh gia 7 ngay sau buéc
xir Iy cubi cing ddi véi mdi mé. Cay ngd LH244 khong chuyén gen di phun duoc dung
lam déi chimg va thé hién mtrc do tdn thuwong trung binh 43,3% khi dugc xtt Iy bang tong
cong 15g/ha S-3100 (X 1y 1) va mirc do tén thuong trung binh 26,7% khi dugc xt Iy bang
tdng cong 10g/ha S-3100 (Xir Iy 2). Cac cdy ngd chuyén gen biéu hién HemG H_N10 (SEQ
ID NO:4) thé hién tét hon so v6i cac cay ngd d6i chtng voi mire do ton thwong trung binh
28,9% khi dugc xtt 1y bang téng cong 15g/ha S-3100 (Xir Iy 1) va mtre do tén thwong trung
binh 24,2% khi dugc xit Iy bang téng cong 10g/ha S-3100 (Xir Iy 2). Dit liéu duge thé hién
trong Bang 5.

Bang 5: Tinh dung nap thude diét cd I ctia cdy ngd chuyén gen

X ly | Protein | Céu tric Cay da duoc thirnghiém | Mirc d6 ton thwong trung binh

khong khong

1 co chuyén gen 12 43.3

1 H NI10 6 18 28.9
khong khong

2 co chuyén gen 6 26,7

2 H NI10 16 12 242

Céc cdy ngd chuyén gen di dugc tao ra bang cach sir dung céc cau tric bién nap

thuc vat 6, 20, 21,22, va 23 lan luot chira gen ma hoéa cac enzym PPO HemG H_N90 (SEQ
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IDNO:1), H N10 (SEQ ID NO:4), H N60 (SEQ ID NO:3), H N110 (SEQ ID NO:10), va
H N40 (SQ ID NO:6). Nam cu triic nay c6 cing mét t6 hgp gen khéi dau va trinh tu din
va intron, v6i hai trinh tu peptit huéng dich (targeting peptit - TP) khac nhau, va cuing mot
trinh tw 3°UTR. Céac miu 14 duge iy tir cac cay RO va dugc phan tich theo phuong phép
PCR @& xac dinh s6 lugng ban sao ciia gen chuyén. Cac cdy c6 mot ban sao cho dén 12
diém dic biét trong mdi cdu tric duge cdy ghép vao chau, dugc tu thu phén va duoc lai
chéo xa dé 1an luot tao ra hat R1 va F1, dé thir nghiém tiép. Cac cay nhiéu ban sao va thém
cac cdy c6 mot ban sao dugc phun 40gam/ha S-3100 trong giai doan sinh truéng V5 va
mitc d6 ton thwong duoc danh gid 7 ngay sau khi xir Iy. Mtrc do t6n thuong trung binh tinh
theo phan tram (%) d6i voi tat ca cac cy biéu hién ting enzym PPO va s6 luong cdy ma
dugc xem 12 dung nap & mirc do cao (mirc do tén thuong thip hon 10%) duoc nhén thay,
trong d6 mdi cdy 1a thé bién nap c6 mdt ban sao hoic co nhiéu ban sao dic biét. Cac cay
ngd chuyén gen biéu hién H N10 (SEQ ID NO:4) c6 tbng muc do ton thuong trung binh
39,5% va tao ra 31 cdy c6 kha nang dung nap cao trong s6 139 cdy da dugc thir nghiém.
Céc ciy ngd chuyén gen biéu hién H N60 (SEQ ID NO:3) c6 tong muc do tén thuong
trung binh 55,8% va tao ra 19 cdy c6 kha nang dung nap cao trong s6 86 cay da dugc thir
nghiém. Céc cdy ngd chuyén gen biéu hién H N90 (SEQ ID NO:1) ¢6 tbng murc do ton
thwong trung binh thap nhat 31,4% va tao ra 44 ciy c6 kha ning dung nap cao trong s6 99
cdy duge thir nghiém. Céc cdy ngd chuyén gen biéu hién H N40 (SEQ ID NO:6) c6 tong
mirc d6 ton thuong trung binh 47,0% va tao ra ty 1é cao nhét cdy c6 kha niang dung nap cao
v6i 53 cay c6 kha niang dung nap cao trong s6 98 cdy da dugc thir nghiém. Céc cay ngd
chuyén gen bidu hién H N110 (SEQ ID NO:10) c6 mirc do ton thuong trung binh 43,0%
nhung khong tao ra ciy nao c6 kha nang dung nap cao. Dit liu duoc thé hién trong Bang

6.

Béang 6: Cay ngd chuyén gen dung nap thudc diét co I

, S6 cay dugc Murc do ton Dung nap
Cautrac | Protein | SEQID NO
thir nghiém | thuong trung binh cao
6 H N10 4 139 39,5% 31
20 H N60 3 86 55.8% 19
21 H N90 1 99 31,4% 44
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22 H N110 10 94 43,0% 0
23 H N40 6 98 47,0% 53

Dit lidu v& ciy ngd chuyén gen RO cho thiy rang nim enzym PPO HemG cua vi
khuin H N90 (SEQ ID NO:1), H N10 (SEQ ID NO:4), H_N60 (SEQ ID NO:3), H _N40
(SEQ ID NO:6), va H N110 (SQ ID NO:10) tao ra mirc do ton thuong giam khi dugc bicu
hién & cac thuc vat chuyén gen va do dé truyén cho cdy trong tinh dung nap d6i voi thube

diét co PPO.

Céc cay chuyén gen F1 tao ra tlr viéc lai chéo xa cac cdy RO c6 mdt ban sao biéu
hién H N10 (SEQ ID NO:4) & mét trong hai cAu hinh cua ciu trac da duge thir nghiém
trong nha kinh v& tinh dung nap thudc diét cé. Céc cay di duge xur ly bang 40 gam/ha S-
3100 trong giai doan sinh truong V3 va danh gid mirc do ton thuong bay ngay sau khi xt
Iy. Céc cdy ngd chuyén gen biéu hién H N10 (SEQ ID NO:4) & cu hinh cia céu triic 6
tao ra 13 trong s6 18 diém tao ra cdy c6 kha ning dung nap cao (mirc do t6n thuong 10%
hoic thip hon) nhung cu hinh ctia cAu triuc 16 khong tao ra cdy nao c6 khéa nang dung nap

cao.

Céc cdy chuyén gen F1 da duoc tao ra tlr viée lai chéo xa cac cdy RO c6 mot ban sao
bidu hién H N10 (SEQ ID NO:4) & mét trong hai cu hinh ctia céu tric (cdu tric 6 va cu
tric 16) da duoc thir nghiém trén canh ddng vé tinh dung nap thudc diét c6. Quan thé F1
nay duoc phan biét (50% ban hop tir va 50% vo hiéu) va viéc chon loc cac thye vat chuyén
gen da khong dugc thuc hién trude khi danh giad mirc do tdn thuong. Cac mirc danh gia
tbng murc d t6n thuong trung binh d6i v6i quéan thé nay duoc ky vong 1a cao hon quén thé
chuyén gen dong nhét vi khé phan biét dugc thuc vat khong chuyén gen véi thuc vat chuyén
gen. Céc thir nghiém nay da duoc thuc hién tai hai dia diém v6i hai lan 13p lai va 3 xu Iy
d6i v6i mdi cAu tric. Céc cay ngd khong chuyén gen dugc dung lam dbi chuing am tinh.
Viée xit Iy ding thubc diét c6 1a nhu sau: Xir I 1 1a 0,036 pao hoat chat/méu (Ib ai/acre)
S-3100 duoc dung trong giai doan V2, tiép theo 1a (fb) V4 tiép theo la V8; Xt Iy 2: 0,072
pao hoat chat/mau (Ib ai/acre) S-3100 dugc dung trong giai doan V2 tiép theo 1a V4 tiép
theo 1a V8; Xir 1y 3: 0,144 pao hoat chat/mau (Ib ai/acre) S-3100 dugc dung trong giai doan
V2 tiép theo 1a V4 tiép theo 1a V8. Mirc do ton thuong ddi voi cdy trong tinh theo phan
tram duogc danh gia trong giai doan sinh truéng V2 (CIPV2) va trong giai doan sinh truong
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V4 (CIPV4) vao ngay 5 dén 7 sau khi xir Iy (sai s6 V2 va sai s6 V4 bang mot nira ctia khac
biét dang ké thip nhét (least significant difference - LSD)). Cac mirc d¢ ton thuong d6i véi
cay trong duoc két hop dbi v6i ca hai dia didm. Tét ca cac cay khong chuyén gen va cac
cay c6 dac diém tao ra do st dung cAu trac 16 thé hién mtc do tdn thuong trong khoang tur
94,6% dén 99,5% sau khi ding thudc diét c6 ca trong giai doan V2 va V4 dbi véi timg xir
Iy trong s ba xir Iy. Cac cay c6 dic diém tao ra do sir dung ciu truc 6 chi thé hién mirc d
ton thuong trong khoang tir 30% dén 50% sau khi ding thudc diét cé trong giai doan V2
va khong t6n thuong sau khi dung thudc diét co trong giai doan V4. Dit liéu dugc thé hién

trong Bang 7.

Béng 7. Thir nghiém v& hiéu qué trén canh dong déi v6i cay ngd F1 chira H_N10 (SEQ
ID NO:4)

Xt Iy CAu tric CIPV2 CIPV4 Saisd V2 | Saisb V4
Xualy 1 | dang tu nhién 94,6 99 8,6 1,2
6 37,5 0 8,6 1,2
16 96,3 98,5 8,6 1,2
Trt2 | dangtu nhién 99,5 99,5 5.4 0
6 37,5 0 5.4 0
16 99,5 99,5 5.4 0
Trt3 dang ty nhién 99,5 99,5 0 0
6 50 0 0 0
16 99,5 99,5 0 0

Dir liéu trong nha kinh va trén canh ddng dbi v6i cdy ngd chuyén gen F1 da cho
thdy ring enzym PPO HemG cua vi khuin H N10 (SEQ ID NO:4) tao ra mirc d6 ton
thwong giam khi dugc biéu hién & cac thuc vat chuyén gen va do d6 truyén cho cay trong

tinh dung nap dbi véi thude diét co PPO

Vi du 6: Biéu hién va thir nghiém céc enzym PPO HemG & cdy déu tuong

Céac enzym PPO HemG cua vi khuén dugc biéu hién & cac cdy déu tuong chuyén
gen, va c4c cay chuyén gen nay dugc phan tich vé kha ning dung nap thudc diét co PPO.

Cac vat truyén bién nap thuc vt da dugc tao ra chira phan tir ADN tai tb hop ma héa mot

-35-



36044

enzym trong sb cac enzym PPO HemG ctia vi khuén d3 duoc thé hién 1a H N10 (SEQ ID
NO:4 va SEQ ID NO:13); H N20 (SEQ ID NO:12); H N30 (SEQ ID NO:14); H_N40
(SEQ ID NO:15); H N50 (SEQ ID NO:16); H N90 (SEQ ID NO:11, 18, 19); va H_N100
(SEQ ID NO:17, 20).

O cay dau tuong, cac phodi da dugc cit (A3555) da dugc bién nap v6i cac cAu tric
bién nap 1 va 11 bang cach sir dung 4. tumefaciens va cac phuong phéap chuén d3 biét trong
linh vue k§ thuat nay. Cac cu tric bién nap 1 va 11 ¢6 ciing mot t6 hop gen khai dau va
trinh tu dan va intron, ciing mdt trinh tw 3°UTR, cing HemG PPO HemG cua vi khuan
H N10 (SEQ ID NO:4), nhung khic nhau vé cac trinh tu peptit huéng dich (targeting
peptide - TP). Cac cdy non chuyén gen RO téi sinh sinh truéng trong nha kinh. Céc cay thé
hién hai muoi dic diém cia cdy dau twong RO c6 mdt ban sao da duoc tao ra tir cAu trac
11 va biéu hién enzym PPO ctia vi khuan H N10 (SEQ ID NO: 4) dugc phun 210g/ha
flumioxazin (Valor®, do Valent U.S.A. Corporation, Walnut Creek CA cung cap). Thude
diét c6 duoc phun trong giai doan phat trién V3 v6i ba 14 cta cy ba 14 phat trién hoan toan
va mirc d6 ton thuong duoc dénh gia 8 ngay sau khi xir ly. Ty 1€ phén tram cia sb cAy ma
dugce xem la dung nap & mirc do cao (muac do tén thuong 15% hodc thip hon) durgc nhan
thdy. Sau khi str dung 210g/ha flumioxazin, cac cdy déu twong d6i chimg khong chuyén
gen ¢6 muc ton thuong trung binh 30% va khong c6 cy c6 kha ning dung nap cao. Céac
cdy dau twong biéu hién enzym PPO cua vi khudn H N10 (SEQ ID NO:4) ¢6 mirc t6n
thuong trung binh 22%, va 9% s6 cdy da duoc thir nghiém c6 kha ning dung nap cao do6i
v6i thude diét 6.

Céc cdy thé hién muoi dic diém cta cdy dau tuong RO c6 nhiéu ban sao di dugc
tao ra tir cAu tric 11 va biéu hién enzym PPO cua vi khuan H N10 (SEQ ID NO: 4) dugc
phun 5g/ha S-3100. Thude diét co da duge phun trong giai doan phat trién V3 véi ba 14 cia
cdy ba 14 phat trién hoan toan va danh gia mirc do ton thuong 8 ngay sau khi xir ly. Ty 1é
phén trim cta cac cdy ma dugc xem l1a dung nap & muac do cao (mirc 4o ton thuong 25%
hogc thép hon) dugc nhan thdy. Sau khi st dung S-3100 (5g/ha), céc cay dau tuong ddi
chimg khong chuyén gen c6 mirc ton thuong trung binh 60% va khong c6 ciy c6 kha nang
dung nap cao. Cac cay dau tuong bidu hién enzym PPO ctia vi khudn H N10 (SEQ ID NO:
4) ¢6 mirc ton thwong trung binh 47%, va 30% s6 cdy da duogc thir nghiém c6 kha ning

dung nap cao doi véi thuoc diét co.
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Céc cy dau twong chuyén gen R1 ¢6 mot ban s20 trong nha kinh da dugc phun mot
trong ba mirc ding thude diét ¢é: Xt 1y 1 1a dung 5 gam hoat chit S-3100/ha rong giai
doan V4, tiép theo 1a (fb) R1; Xur Iy 2 1a ding 10 gam hoat chit S-3100/ha trong giai doan
V4, tiép theo 1a R1; Xir 1y 3 1a dung 30 gam hoat chat S-3100/ha trong giai doan V4, tiép
theo 1a R1. Mirc do ton thwong dbi véi cdy trong tinh theo phén tram trong giai doan V2
(CIPV2) dugc danh gia mudi ngay sau khi xir ly. Céac cay khong chuyén gen c6 mirc do
tén thuong trung binh trong khoang tir 89% dén 100% va khong c6 mirc danh gid trong
giai doan sinh truong R1. C4c cdy dd duoc tao ra tir cAu trac 1 va biéu hién enzym PPO
ctia vi khudn H N10 (SEQ ID NO: 4) c6 mic d tdn thwong nim trong khoang tir 3% dén
15,7%. Dit liéu dugc thé hién trong Bang 8.

Bang 8: sang loc theo hiéu qua cta S-3100 trong nha kinh db6i voi dau twong R1

Nong d6 | % ton thuong trong | % ton thuong trong
CAu triic Xtly | S-3100 giai doan V4 giai doan R1

1 1 5g/ha 4,2 3

1 2 10g/ha 7,8 6,5

1 3 30g/ha 9.4 15,7
khoéng chuyén gen 1 5g/ha &9
khong chuyén gen 2 10g/ha 98
khong chuyén gen | 3 30g/ha 100

Phuong phap bién nap thuc vét va sang loc hiéu qué cao da dugc ap dung dé danh
gia s6 lugng 16n cAu tric & cac thuc vat chuyén gen vé kha nang dung nap thudc diét ¢ &
md 14 non bién nap sém. Phuong phép nay cho phép sang loc nhanh hon va nhiéu hon cac
céu hinh cta cdu tric va cac enzym PPO.

Gen mi hoa bay enzym PPO HemG cuia vi khuin H N10 (SEQ ID NO:13); H N20
(SEQ ID NO:12); H N30 (SEQ ID NO:14); H N40 (SEQ ID NO:15); H_N50 (SEQ ID
NO:16); H N90 (SEQ ID NO:11, 18, 19); va H N100 (SEQ ID NO:17, 20) lién két theo
chirc ning véi ba muoi bay peptit hudng dich khac nhau va da dugc tach dong vao vat
truyén bién nap thuc vat nén. Cach nay cho phép so sanh bay enzym PPO HemG khac nhau
v61 ba muoi bay peptit huéng dich khéac nhau bang cach sir dung cting mot gen khoi dau

va cac yéu t6 3’UTR vé muc d6 biéu hién gen. Céc cau trac bién nap thuc vét nay dugc
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dung dé bién nap céac phdi dau tuong da dugce cat (chét mam A3555) béng cach st dung 4.
tumefaciens va cac phuong phap chuén da biét trong linh vuc k¥ thuét nay. Bén tram ciy
da dugc u cho mdi cAu tric tao ra mudi hai vét chita cho mdi cAu truc. Dung dich thudc
diét co PPO tiét tring dugc st dung dé thir nghiém tinh dung nap thudc diét co. Dung dich
thudc diét co chtra 0,3g S-3100 trong dich ¢ dau ciia cdy trong (5,0ml) va 495ml nuée da
duoc khir ion. Dich nay duoc loc qua bd loc giéng nuoi céy mo Nalgene® Rapid-Flow™
¢d 0,45 micron va bd loc mang xenluloza axetat khong chtra chit hoat dong bé mat (do
VWR, Radnor, PA, M§ cung cdp). Dung dich thu dwgc vo tring duge lic trudce khi dung.
Vao thoi diém nam tudn sau khi bién nap, bén trong sé mudi hai vat chira cay cho
mdi cAu tric duge phun hai lwot dung dich thudc diét c6 PPO tiét trung. Tiép do, cac 14
non da duoc xir Iy dugce gop vao vat chita nay va nhén it nhét 15 gio phoi sang sau khi
phun mdi ngay trong thoi gian bbn ngay. Khi két thic ngay bdn sau khi str dung S-3100,
cac 14 non da duoc xtr 1y dugce chup va dugc ghi trén mirc nhin théy dugc cia mic do bét
mau xanh (mau xanh 14 dai dién cho mé thuc vat quang hop lanh manh so v6i mo bi téy
tring bdi anh sang) theo mirc do tdn hai. Céc tri sb ghi diém 1a 0 cho dung nap kém, dung
nap cao, mau xanh nhat; 1 cho dung nap mot chut, ton hai trung binh, mirc d bat mau xanh
vura phai; va 2 cho dung nap t6t, tdn hai thip, mirc d6 bat mau xanh cao. Diém cho mdi cau
tric duge thé hién trong Bang 9, trong d6 n.d. biéu thi phan tich khong duoc thuc hién. Két
quéa nay biéu thi rang trong sang loc hiéu qué cao nay, nhiéu ciu tric tao ra tinh dung nap
dbi véi thude diét co PPO.
Bang 9. Sang loc dau twong hiéu qua cao v& tinh dung nap thubc diét cé: diém theo muc
do bat mau

Peptit huéng
dich H 10 | H N20 | H N30 | H N40 | H N50 | H N90 | H_N100

TP1 n.d. 0 2 2 1 2 2
TP2 n.d. 0 0 1 1 2 1
TP3 1 1 n.d. 1 1 2 1
TP4 n.d. 1 n.d. 2 1 1 n.d.
TP5 n.d. n.d. n.d. n.d. 0 1 n.d.
TP6 0 1 0 n.d. 2 2 2
TP7 n.d. 2 1 2 1 2 2
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TP8 0 1 1 2 1 0 0
TP9 1 1 1 0 1 1 0
TP10 n.d. n.d. 0 n.d. 1 2 1
TP11 n.d. 1 1 1 0 2 0
TP12 1 2 1 1 1 2 2
TP13 1 2 1 1 1 2 0
TP14 0 0 n.d. 2 1 2 1
TP15 n.d. 1 1 2 2 2 2
TP16 1 1 n.d. n.d. 0 1 1
TP17 n.d. 2 1 1 1 2 1
TP18 1 1 0 1 1 2 1
TP19 0 1 0 1 0 1 1
TP20 0 2 n.d. n.d. n.d. 2 2
TP21 0 0 n.d. 2 1 1 0
TP22 1 1 n.d. n.d. 2 2 2
TP23 1 1 n.d. 1 1 1 2
TP24 0 1 1 0 1 1 0
TP25 n.d. 1 n.d. 2 2 1 1
TP26 0 1 0 1 1 0 n.d.
TP27 1 1 0 1 1 1 1
TP28 n.d. 1 0 1 1 2 1
TP29 n.d. 1 1 1 1 1 1
TP30 n.d. 1 n.d. 1 1 1 1
TP31 1 1 n.d. 1 0 0 1
TP32 n.d. 0 n.d. 1 1 0 2
TP33 1 1 1 0 1 2 1
TP34 n.d. n.d. n.d. n.d. 0 2 0
TP35 n.d. n.d. n.d. n.d. n.d. 1 1
TP36 0 n.d. n.d. n.d. 0 2 1
TP37 n.d. n.d. n.d. n.d. 0 n.d. n.d.
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Céc cdy non trong vat chira khong dugc phun tuong tng voi cac chu trac ¢ diém 2
dugc ciy ghép khoang 7 tudn sau khi bién nap va sinh truéng thanh cay RO bang céach ap
dung cac phuong phép chuan da biét trong linh vurc k§ thuat nay. Cac cdy non tuong Ung
v6i cac diém khong dung nap 0 va 1 ciing duge cho sinh trudng dé 1am céac ddi chimg am
tinh. Cac cdy RO sinh trudng trong nha kinh trong cac diéu kién cta vudon wom ngay dai
(18 gidy chiéu sdng & nhiét d 80°F (26,67°C) sau d6 1a 6 gids trong béng t6i & nhiét d 74°F
(23,33°C)) trong thoi gian khoang bbn tuln. Tai thoi diém mudi mot tuan, cic cdy RO da
dugc phun hai lugt cing mot dung dich thube diét o (0,3 g S-3100) néu trén. Cac muc do

tén thuong do thude diét cé gay ra dugc thu gom bay ngay sau khi xt 1y.

Két qua cta viéc 4p dung tinh dung nap thubc diét co tai thoi diém muoi mot tuan
dbi vé6i cac cay RO da xac nhan cac diém thip vé mirc do tén thuong tinh theo phan tram
quan sat dugc trong sang loc hiéu qua cao tai thoi diém nam tuldn. Mirc d6 ton thuong bt
ky bing 30% hodc cao hon 1a twong duong v6i mirc do t6n thuong ciia cdy dau twong
khong chuyén gen. Mot vai ciu triic ndi bat khi tao ra tinh dung nap tdt ddi véi viéc ding
thube diét ¢6. Vi du, TP1 véi PPO H N90 (SEQ ID NO:11) ¢6 mirc dd ton thuong chi 3%
va véi PPO H_ N30 (SEQ ID NO:14) hoac PPO H_N40 (SEQ ID NO:15) ¢6 mirc do tén
thuong chi 5%; TP20 v6i PPO H N90 (SEQ ID NO:11) ¢6 mirc do t6n thwong chi 5%.
Trai lai, TP32 v6i PPO H_N90 (SEQ ID NO:11) c6 mirc do ton thuong 50%. Dit liéu nay
duge thé hién trong Bang 10, trong d6 n.d. biéu thi khi phan tich khong dugc thuc hién.

Bang 10. Mttc do dung nap thudc diét co cua ciy dau tuong chuyén gen RO: diém muc do

tén thuong tinh theo phan trim

Peptit huéng dich | H N20 | H N30 | H N40 | H_N50 | H N90 | H N100
TP1 n.d. 5 5 n.d. 3 15
TP2 n.d. n.d. n.d. n.d. 35 nd.
TP3 n.d. n.d. n.d. n.d. 30 n.d.
TP4 n.d. n.d. 15 n.d. n.d. n.d.
TP5 n.d. n.d. n.d. n.d. n.d. n.d.
TP6 25 n.d. n.d. 40 25 30
TP7 20 n.d. 40 n.d. 15 30
TP8 n.d. n.d. 30 n.d. 40 n.d.
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TP9 n.d. 35 n.d. 40 30 n.d.
TP10 n.d. n.d. n.d. n.d. 30 35
TP11 n.d. 35 n.d. n.d. 30 n.d.
TP12 20 n.d. n.d. n.d. 30 50
TP13 20 n.d. 15 40 15 n.d.
TP14 n.d. n.d. 35 40 25 n.d.
TP15 30 35 30 40 35 30
TP16 n.d. n.d. n.d. n.d. 35 n.d.
TP17 25 n.d. n.d. 40 15 n.d.
TP18 n.d. n.d. n.d. n.d. 30 n.d.
TP19 n.d. n.d. n.d. n.d. n.d. n.d.
TP20 20 n.d. n.d. n.d. 5 35
TP21 n.d. n.d. 35 n.d. 25 n.d.
TP22 n.d. n.d. n.d. 40 30 30
TP23 n.d. n.d. n.d. n.d. 30 35
TP24 n.d. n.d. n.d. n.d. n.d. n.d.
TP25 n.d. n.d. 15 35 n.d. n.d.
TP26 n.d. 35 n.d. n.d. 40 n.d.
TP27 n.d. n.d. n.d. n.d. 35 n.d.
TP28 n.d. n.d. n.d. n.d. 30 35
TP29 30 n.d. n.d. n.d. n.d. 40
TP30 n.d. n.d. n.d. n.d. n.d. n.d.
TP31 n.d. n.d. n.d. n.d. n.d. n.d.
TP32 n.d. n.d. n.d. n.d. 50 40
TP33 n.d. n.d. n.d. n.d. 25 n.d.
TP34 n.d. n.d. n.d. n.d. 35 n.d.
TP35 nd. | nd | nd | nd I5 35
TP36 n.d. n.d. n.d. n.d. 15 n.d.
TP37 n.d. n.d. n.d. n.d. n.d. n.d.
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Dé danh gia tiép cac ciu tric bién nap thuc vat & cdy dau tuong, cac phdi da dugc
cat (A3555) da dugce bién nap béng cach st dung céc vat truyén bién nap thuc vat véi 4.
tumefaciens va cac phuong phap chuén da biét trong linh vuc k¥ thuét nay. Cac ciy non
chuyén gen RO t4i sinh da dugc cho sinh trudng trong nha kinh va dugc chia thanh céac
nhém. Céc nhém nay duge phun mot hogc nhiéu thude diét ¢ PPO mdi nhém dé dénh gia
kha néng dung nap thudc diét co. Vi du, cac cdy chuyén gen RO da dugc phun lactofen &
néng do 110g hoat chit/ha (0,09 pao hoat chat/mau) hoic 220g hoat chét /ha (0,19 pao hoat
chat/mau) trong giai doan sinh truéng khodng V2 dén V4. Cac cay dugc danh gia vé mirc
do ton thwong mot dén muoi bdn ngay sau khi xtr 1y va diém vé& mirc do tén thwong duoc
ghi. Cac mau 14 duoc dung dé xac dinh cac thuc vat chuyén gen voi mot ban sao cua ADN
chuyén gen cai xen, va cac cdy RO ma chi c6 mdt ban sao va qua duoc thir nghiém phun

thudc diét cé duge tu thu phén dé tao ra hat giéng thé hé R1.

Céc cay R1 dugc cho sinh trudng trong nha kinh va duoc chia thanh cac nhom. Cac
nhom nay dugc phun mot hoac nhiéu thudc diét c6 PPO mdi nhém dé danh gia kha ning
dung nap thube diét co. Vi duy, thudc diét co PPO lactofen dugc dung trude khi nhu 1én
va/hodc trong giai doan sinh truéng V2 dén V6 & ndng do 220g hoat chat/ha (0,19 pao hoat
chAt/mau). Céac ciy da dugc danh gid vé mirc do tén thuong mot dén muoi bdn ngay sau
khi xtt Iy va céc diém vé mirc ton thwong dugc ghi. Cc cay chuyén gen khong dugc phun

da dugc st dung dé so sanh kiéu hinh v6i cac cdy tw nhién khong duge phun.

Céc cay R2 duoc tao ra bang cach tu thu phén cay R1 chuyén gen dong hop tir va
thu gom hat. Cac cdy R2 duoc danh gia & mot hoac nhiéu dia diém trén canh dong hoic
cac thir nghiém trong nha kinh. Céc xir ly bang thudc diét cé duogc 4p dung va cac méanh
dAt hoic cac cay da duoc xép hang vé ton thuong d6i voi cay trong mot dén mudi bbn ngay
sau khi dung thubc diét cé & quy mo tir 0 dén 100 véi zero 1a khong tén thwong va 100 1a
cay trong chét hoan toan.

Vi du 7: Thtr nghiém dia la

Thir nghiém dia 14 duoc ap dung dé danh gia nhanh va t6n hai t1 thiéu vé kha nang
dung nap thudc diét co & cac thuc vat chuyén gen biéu hién enzym PPO t4i td hop. Mb 14
da duoc lay mau tir 14 xanh hoan toan non nhét cua ciy ngd va cdy dau twong. Nam dia la

6 duong kinh 4mm duoc cat tir cac miu 14 nay bang cach sir dung dui sinh thiét ding mot
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1an voi pitténg (do Integra® Miltex®, Inc., York, Pennsylvania cung clp) va cac dia 14 nay
duoc dit vao mot ml dung dich i (ImM MES, d6 pH = 6,5, 1% trong lu’c_mg/thé tich
sucroza, 1% (thé tich) axeton) trong c4c dia polystyren loai 24 16 ¢6 nip. Bé phan tich kha
ning dung nap thude diét c6, S-3100 duge bd sung vao dung dich & dén ndng do cudi ciing
1 micromol. Qu4 trinh thAm nhiém chan khong duoc 4p dung va cac dia c6 dia 14 dugc
trong bong t6i lién tuc trong thoi gian mot ngay & nhiét do trong phong (23°C dén 24°C),
tiép theo mot (dau twong) hodc hai (ngd) ngay u c6 anh sang lién tuc dudi béng dén huynh
quang va béng dén néng sang & phia trén (520uE) & nhiét do 26°C dén 27°C. Tiép theo,
tén thuong ddi v6i dia 14 duoc ghi nhan theo vé bén ngoai & mirc tir 0 (t6n thuong it nhat)
dén 4 (tbn thuong nhidu nhét), trong d6 cac diém thip hon biéu thi mic d6 dung nap tt

hon dbi véi thube diét co PPO.

Céc dia 14 cta cac cy ngd chuyén gen di tao ra dugc bang cach sir dung cAu tric 6
v bidu hién enzym PPO H N10 (SEQ ID NO: 4) thé hién kha nang dung nap thudc diét
¢6 tot hon dua trén diém trung binh d6i v6i dia 14 14 0,4. Két qua nay phu hop v6i muc do
dung nap thudc diét c6 PPO quan st duge & nguyén cay da duoc bién nap véi ciu tric 6
va bidu hién enzym PPO H_N10 (SEQ ID NO: 4). C4c dia 14 clia cdy ddu twong chuyén
gen da dugc tao ra bang cach sir dung ciu tric 1 va cAu trac 11 va biéu hién enzym PPO
H N10 (SEQ ID NO: 4) cho thdy rang cac ciy c6 chu trac 1 ¢6 kha niang dung nap thudc
diét co dang ké véi ton thuong & mirc zero, trong khi céc cy c6 chu trac 11 ¢6 ton thurong

& murc 1,6 va cac ciy khong chuyén gen c6 ton thuong & muc 2,6.

Vi du 8: Biéu hién va thir nghiém cac enzym PPO HemG & cdy bong

Cac enzym PPO HemG cua vi khuén duge biéu hién & cac cay bong chuyén gen, va
cac cdy chuyén gen nay dugc phén tich vé kha ning dung nap thudc diét co PPO. O cay
bong, cac phoi da duge cit (Coker 130) da dugce bién nap bang cac vat truyén nay bang
cach str dung A. tumefaciens va cac phuong phap chuén da biét trong linh vurc k¥ thuat nay.
Céc cdy non chuyén gen RO tai sinh d4 dugc cho sinh truéng trong nha kinh va dugc chia
thanh cac nhom. Cac nhém nay duge sir dung dé phun cac thude diét ¢6 PPO (mot thude
diét c6 PPO mdi nhém) dé danh gia kha ning dung nap. Vi dy, cc cdy non chuyén gen RO
dugc phun lactofen & nf‘)ng do 110g hoat chit/ha (0,09 pao hoat cht/mau) hoic 220g hoat
chét/ha (0,19 pao hoat chat/miu) trong giai doan sinh truéng c6 khoang 2 dén 4 14 thuc.
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Céc cay da dugc danh gia vé mirc d ton thwong mot dén murdi bon ngay sau khi xir 1y va
cac diém vé muc ton thuong dugc ghi. Cac mau 1a da duge dung dé x4c dinh céac thyc vat
chuyén gen c6 mdt ban sao c6 cai xen chuyén gen. Cic cdy RO ma chi c6 mt ban sao va

qua dugc thir nghiém phun thube diét co duge tu thu phén dé tao ra hat giéng thé hé R1.

Cac cay R1 duoc cho sinh trudng trong nha kinh va duoc chia thanh cac nhom. Cac
nhom nay duge phun mot hodc nhiéu thudc diét c6 PPO mdi nhom dé danh gia dung nap
thude diét co. Vi du, thudc diét c6 PPO lactofen dugc dung trude khi nhi 1én va/hoac trong
giai doan c6 hai 14 thuc dén giai doan bong hoa thir nhét & ndng do 220g hoat chét/ha (0,19
pao hoat chédt/miu) (1X). C4c cdy da dugc danh gid vé mirc dd ton thwong mot dén muoi
bdn ngdy sau khi xit Iy va céc dim v& muc ton thuong dugc ghi. Cac cay chuyén gen
khong dugc phun da dugce st dung dé so sanh kiéu hinh véi cac cdy tu nhién khong dugc

phun.

Céac cay R2 da duoc tao ra bang cach tur thu phén cay R1 chuyén gen dong hop tir
va thu gom hat. Cac cay R2 da duoc danh gia tai mot hodc nhiéu dia diém trén canh dong
hodc cac thir nghiém trong nha kinh. Cac xur ly bang thudc diét cé duge 4p dung va céac
manh dét hodc cac ciy duge xép hang theo mirc dd tdn thuong d6i voi cay trdng mot dén
mudi bbn ngay sau khi ding thude diét co & mic nim trong khoang tir 0 dén 100 véi zero

1a khong ton thwong va 100 la cay trdng chét hoan toan.
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YEU CAU BAO HQ
1. Phan tir ADN t4i t6 hop chira gen khéi dau khac ngudn gbc lién két theo chirc nang véi
trinh tu axit nucleic ma hoa protein ma c6 muc do déng nhét vé trinh tur it nhét 14 95% véi
trinh tu polypeptit SEQ ID NO:11, trong d6 protein c6 hoat tinh ctia protoporphyrinogen
oxidaza khong nhay véi thude diét co, va trong d@6 gen khoi dAu khac ngudn gbe nay c6

chirc nang & te bao thuc vat.

2. Phan tt ADN tai to hop theo diém 1, trong do trinh tu axit nucleic bao g6m trinh tu dugc
chon tir nhém bao gdm SEQ ID NO:22, SEQ ID NO:32, SEQ ID NO:49, SEQ ID NO:50,
SEQ ID NO:51, SEQ ID NO:54, va SEQ ID NO:42.

3. Phan tit ADN tai to hop theo diém 1, trong d6 protein chira trinh tur axit amin dugc chon
tr nhém bao gém SEQ ID NO:1, SEQ ID NO:19, SEQ ID NO:18, va SEQ ID NO:11.

4. Cu trac ADN chtra phan tir ADN tai td hop theo diém 1.

5. CAu trtic ADN theo diém 4, trong do cAu tric ADN c6 mit trong hé gen cta ciy, hat,

hoic té bao chuyén gen.
6. Cay, hat, té bao, hodc mot phﬁn cua cay chuyén gen chtra phan tir ADN tai td hop theo
diém 1.

7. Cay, hat, té bao, hodc mot phﬁn cua cay chuyén gen theo diém 6, trong do cay, hat, té
bao, hodc mot phan clia cay chuyén gen nay c6 tinh trang chuyén gen dung nap thube diét

cO bo sung.

8. Cay, hat, té bao, hodc mot phan cua cay chuyén gen theo diém 6, duoc xac dinh 1a co

tinh dung nap thudc diét co dbi v6i it nhat mot thude diét c6 PPO.

9. Phuong phép truyén tinh dung nap thudc diét c6 cho cay, hat, té bao, hodc mot phén cua
cdy, phuong phéap nay bao gdm budc: biéu hién khac loai phan tit ADN tai t6 hop theo

diém 1 & cdy, hat, t€ bao, hodc mot phan cua cay.

10. Phuong phép theo diém 9, trong d6 tinh dung nap thudc diét c6 la ddi véi it nhat mot

thubc diét co PPO duoc chon tir nhém bao gém: acifluorfen, fomesafen, lactofen,
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floglycofen-etyl, oxyfluorfen, flumioxazin, azafenidin, carfentrazon-etyl, sulfentrazon,

fluthiacet-metyl, oxadiargyl, oxadiazon, pyraflufen-etyl, saflufenaxil va S-3100.

11. Phuong phép bién nap thuc vt bao gbm céc budc:
a) dua phén tir ADN t4i tb hop theo diém 1 vao té bao thyc vat; va
b) tai sinh thuc vat tur té bao thuc vat ma chira phan tir ADN téi td hop nay.

12. Phuong phép theo diém 11, trong d6 phuong phap nay con bao gdm bude chon thue
vat ma dung nap it nhit mot thude diét co PPO.

13. Phuong phap theo diém 11, trong d6 phuong phap nay con bao gbm buéc lai chéo thue
vét d3 duoc tai sinh voi chinh n6 hodc véi thue vat thir hai va thu gom hat tir thuc vat lai

chéo.

14. Phuong phéap phong trix ¢é & vung sinh trudng cia thuc vat, phuong phap nay bao gbém
budc cho ving sinh trudng cua thuc vat chira thuc vat hodc hat chuyén gen theo diém 6
tiép xuc voi it nhat mot thuc diét c6 PPO, trong d6 thuc vat hodc hat chuyén gen nay dung

nap thudc diét co PPO va trong d6 c6 dugc phong trir ¢ vung sinh trudng ctia thue vat.

15. Phuong phap tao ra thuc vat dung nap thudc diét co PPO va it nhét mot thube diét co
khac, phuong phép nay bao gbm cac budc:
a) thu nhén thuc vat theo diém 6; va
b) lai chéo thuc vat chuyén gen véi thuc vat thir hai ¢6 tinh dung nap dé6i vai it
nhét mot thude diét c6 khac, va
¢) chon thuc vat thé hé con tao ra tir bude lai chéo néu trén ma c6 tinh dung nap

dbi voi thudc diét ¢6 PPO va it nhit mot thude diét co khic.

16. Phuong phép 1am giam su phat trién ctia cé dung nap thudc diét co, phurong phap nay
bao gbdm cac budc:
a) trong thuc vét theo diém 7 trong mdi trudng sinh trudng cla cay trong; va
b) dung thubc diét cé PPO va it nhét mot thube diét cé khac cho moi trudong
sinh trudng cua cdy trong nay, trong dé ciy trong nay dung nap thude diét co

PPO d6 va it nhdt mot thude diét co khac.
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17. Phuong phép theo diém 16, trong d6 thube diét c6 PPO duoc chon tir nhém bao gom
acifluorfen, fomesafen, lactofen, floglycofen-etyl, oxyfluorfen, flumioxazin, azafenidin,
carfentrazon-etyl, sulfentrazon, fluthiacet-metyl, oxadiargyl, oxadiazon, pyraflufen-etyl,

saflufenaxil va S-3100.

18. Phuong phép theo diém 16, trong do6 it nhét mét thude diét cé khac duge chon tir nhém
bao gém: chét trc ché ACCaza, chét e ché ALS, chét tic ché EPSPS, auxin téng hop, chét
trc ché quang hop, chat e ché téng hop glutamin, chit e ché HPPD, chét rc ché PPO, va

chat rc ché axit béo mach dai.

19. Phuong phap theo diém 18, trong d6 chét trc ché ACCaza 1a aryloxyphenoxy propionat
hodc xyclohexandion; chit trc ché ALS 1a sulfonylure, imidazolinon, triazoloyrimidin,
hoic triazolinon; chét trc ché EPSPS 1a glyphosat; auxin tong hop 1a thudc diét c6 phenoxy,
axit benzoic, axit carboxylic, hodc semicarbazon; chit trc ché quang hop la triazin,
triazinon, nitril, benzothiadiazol, hodc ure; chét tc ché téng hop glutamin 1a glufosinat;
chét e ché HPPD 1a isoxazol, pyrazolon, hoic triketon; chét e ché PPO 1a diphenylete,
N-phenylphtalimit, aryl triazinon, hodc pyrimidindion; hodc chét trc ché axit béo mach dai

1a cloaxetamit, oxyaxetamit, hodc pyrazol.

20. Polypeptit t&i td hop ma c6 mirc do ddng nhit vé trinh ty it nhat 1a 95% so véi do dai
day du cua cia trinh tur axit amin theo SEQ ID NO:11, trong d6 polypeptit nay c6 hoat tinh

cua protoporphyrinogen oxidaza khong nhay véi thudc diét co.

21. Cay, hat, té bao, hoic mot phén cta cay chuyén gen chira polypeptit tai t6 hop theo
diém 20.
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DANH MUC TRINH TU
<110> Monsanto Technology LLC
<120> PHAN TU ADN TAT TO HOP, cAu TROC ADN VA CAy HOAC MOT PHAN CUA CAY
CHUA PHAN TU ADN TATI TO HQP NAY, VA PHUONG PHAP TRUYEN TINH DUNG NAP THUOC
DIET cbh cHO CcAy HOAC MOT PHAN cUA cAy

<130> MONS:383WO

<150> US 62/200,428
<151> 2015-08-03

<160> 63

<170> PatentIn phién ban 3.5

<210> 1

<211> 179

<212> PRT

<213> Enterobacter cloacae

<400> 1

Met Lys Ala Leu Val Leu Tyr Ser Thr Arg Asp Gly Gln Thr His Ala

1 5 10 15

Tle Ala Ser Tyr Ile Ala Ser Cys Met Lys Glu Lys Ala Glu Cys Asp
20 25 30

Vval Ile Asp Leu Thr His Gly Glu His Val Asn Leu Thr Gln Tyr Asp
35 40 45

Gln val Leu Ile Gly Ala Ser Ile Arg Tyr Gly His Phe Asn Ala Val
50 55 60

Leu Asp Lys Phe Ile Lys Arg Asn vVal Asp Gln Leu Asn Asn Met Pro
65 70 75 80

Ser Ala Phe Phe Cys Val Asn Leu Thr Ala Arg Lys Pro Glu Lys Arg
85 90 95

Thr Pro Gln Thr Asn Pro Tyr Val Arg Lys Phe Leu Leu Ala Thr Pro
100 105 110

Trp Gln Pro Ala Leu Cys Gly val Phe Ala Gly Ala Leu Arg Tyr Pro
115 120 125

Arg Tyr Arg Trp Ile Asp Lys val Met Ile Gln Leu Ile Met Arg Met
130 135 140
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Thr Gly Gly Glu Thr Asp Thr Ser Lys Glu Val Glu Tyr Thr Asp Trp
145 150 155 160

Glu Gln Val Lys Lys Phe Ala Glu Asp Phe Ala Lys Leu Ser Tyr Lys
165 170 175

Lys Ala Leu

<210> 2

<211> 178

<212> PRT

<213> Pantoea ananatis

<400> 2

Met Lys Ala Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr Gln Lys
1 5 10 15

Tle Ala Ser Ala Ile Ala Asp Glu Ile Lys Gly Gln Gln Ser Cys Asp
20 25 30

val Tle Asn Ile Gln Asp Ala Lys Thr Leu Asp Trp Gln Gln Tyr Asp
35 40 45

Arg Val Leu Ile Gly Ala Ser Ile Arg Tyr Gly His Phe Gln Pro val
50 55 60

val Asn Glu Phe Val Lys His Asn Leu Leu Ala Leu Gln Gln Arg Val
65 70 75 80

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

Ser Pro Glu Thr Asn Ala Tyr Thr Val Lys Phe Leu Ala Gln Ser Pro
100 105 110

Trp Gln Pro Asp Cys Cys Ala val Phe Ala Gly Ala Leu Tyr Tyr Pro
115 120 125

Arg Tyr Arg Trp Phe Asp Arg val Met Ile Gln Phe Ile Met Arg Met
130 135 140

Thr Gly Gly Glu Thr Asp Ala Ser Lys Glu Val Glu Tyr Thr Asp Trp
145 150 155 160

¢ln Gln Val Gln Arg Phe Ala Arg Asp Phe Ala Gln Leu Pro Gly Lys
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Tyr

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

<400>

3
177
PRT

Pantoea stewardii

Met Lys Ala

1

Ile

Val

Arg

Val

65

Ser

Ser

Trp

Arg

Thr

145

Gln

Ser

Ala

Leu

Val

50

Asp

Gly

Pro

Gln

Tyr

130

Gly

Gln

Ser

Asn

35

Leu

Lys

Phe

Glu

Pro

115

Arg

Gly

Val

Leu

Ser

20

Ile

Ile

Phe

Phe

Thr

100

Asp

Trp

Glu

Ser

165

Ile

Ile

Lys

Gly

Val

Ser

85

Asn

Cys

Phe

Thr

Thr
165

Leu

Ala

Asp

Ala

Lys

70

val

Ala

Cys

Asp

Asp

150

Phe

Tyr

Asp

Ala

Ser

55

Gln

Asn

Tyr

Ala

Arg

135

Ser

Ala

Ser

Val

Ser

40

Ile

His

Leu

Thr

Val

120

Val

Thr

Asn

36044

Thr

Ile

25

Leu

Arg

Leu

Thr

Gln

105

Phe

Met

Lys

Asp

170

Arg

10

Arg

Pro

Tyr

His

Ala

90

Lys

Ala

Ile

Glu

Phe
170

-52-

Asp

Gln

Asp

Gly

Glu

75

Arg

Phe

Gly

Gln

Val

155

Ala

Gly

Gln

Trp

His

60

Leu

Lys

Leu

Ala

Leu

140

Glu

Gln

Gln

Gln

Ala

45

Phe

Gln

Pro

Ala

Leu

125

Ile

Tyr

Leu

Thr

Gln

30

Gln

Gln

Gln

Glu

His

110

Tyr

Met

Thr

Pro

175

Arg

15

Cys

Tyr

Pro

Arg

Lys

95

Ser

Tyr

Arg

Asp

Gly
175

Lys

Asp

Asp

Val

Thr

80

Arg

Pro

Pro

Met

Trp

160

Lys
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<210> 4

<211> 181

<212> PRT

<213> Escherichia coli

<400> 4
Met Lys Thr Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr Arg Glu

1 5 10 15

Tle Ala Ser Tyr Leu Ala Ser Glu Leu Lys Glu Leu Gly Ile Gln Ala
20 25 30

Asp Val Ala Asn Val His Arg Ile Glu Glu Pro Gln Trp Glu Asn Tyr
35 40 45

Asp Arg Val Val Ile Gly Ala Ser Ile Arg Tyr Gly His Tyr His Ser
50 55 60

Ala Phe Gln Glu Phe Val Lys Lys His Ala Thr Arg Leu Asn Ser Met
65 70 75 80

Pro Ser Ala Phe Tyr Ser Val Asn Leu Val Ala Arg Lys Pro Glu Lys
85 90 95

Arg Thr Pro Gln Thr Asn Ser Tyr Ala Arg Lys Phe Leu Met Asn Ser
100 105 110

Gln Trp Arg Pro Asp Arg Cys Ala Val Ile Ala Gly Ala Leu Arg Tyr
115 120 125

Pro Arg Tyr Arg Trp Tyr Asp Arg Phe Met Ile Lys Leu Ile Met Lys
130 135 140

Met Ser Gly Gly Glu Thr Asp Thr Arg Lys Glu Val Val Tyr Thr Asp
145 150 155 160

Trp Glu Gln Val Ala Asn Phe Ala Arg Glu Ile Ala His Leu Thr Asp
165 170 175

Lys Pro Thr Leu Lys
180

<210> 5
<211> 178
<212> PRT

-53-
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<213> Erwinia toletana
<400> 5
Met Lys Ala Leu Ile Leu Phe Ser Ser Arg Glu Gly Gln Thr Arg Glu

1 5 10 15

Ile Ala Ser Tyr Ile Ala Asn Ser Ile Lys Glu Glu Met Glu Cys Asp
20 25 30

val Phe Asn Ile Leu Arg Val Glu Gln Ile Asp Trp Ser Gln Tyr Asp
35 40 45

Arg Val Leu Ile Gly Gly Ser Ile His Tyr Gly His Phe His Pro Ala
50 55 60

Val Ala Lys Phe Val Lys Arg His Leu His Glu Leu Gln Gln Arg Ser
65 70 75 80

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

Thr Pro Gln Thr Asn Ala Tyr Met Arg Lys Phe Leu Leu Gln Ser Pro
100 105 110

Trp Gln Pro Asp Cys Cys Ala Val Phe Ala Gly Ala Leu Arg Tyr Thr
115 120 125

Arg Tyr Arg Trp Phe Asp Arg val Met Ile Gln Leu Ile Met Arg Met
130 135 140

Thr Gly Gly Glu Thr Asp Thr Ser Lys Glu val Glu Tyr Thr Asp Trp
145 150 155 160

Thr Gln Val Ala Arg Phe Ala Gln Glu Phe Ala His Leu Pro Gly Lys
165 170 175

Thr Gln

<210> 6

<211> 179

<212> PRT

<213> Pectobacterium carotovorum

<400> 6

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



Ile

val

Arg

val

65

Ser

Thr

Trp

Arg

Thr

145

Gln

Asn

Ala

vVal

val

50

Asn

Ala

Ile

Gln

Tyr

130

Gly

Gln

Pro

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

<400>

7
1

Ser

Asn

35

Ala

Gln

Phe

Gln

Pro

115

Arg

Gly

Val

Ala

79

PRT
Shimwellia blattae

7

Tyr

20

Val

Ile

Phe

Phe

Thr

100

Asp

Trp

Glu

Ala

Ile

Leu

Gly

Ile

Ser

85

Asn

Leu

Phe

Thr

Arg
165

Ala

Asn

Ala

Arg

70

Val

Ala

Cys

Asp

Asp

150

Phe

Asn

Ala

Ser

55

Lys

Asn

Tyr

Cys

Arg

135

Ser

Ala

Thr

Asn

40

Ile

His

Leu

Thr

val

120

Val

Thr

Gln

36044

10

Leu Lys Gly
25

Asp Ile Asp

Arg Tyr Gly

Leu Thr Ser
75

Thr Ala Arg
90

Arg Lys Phe
105

Phe Ala Gly

Met Ile Gln

Lys Glu Ile
155

Asp Phe Ala
170

Thr

Leu

Arg

60

Leu

Lys

Leu

Ala

Leu

140

Glu

Gln

Leu

Ser

45

Phe

Gln

Pro

Leu

Leu

125

Ile

Tyr

Leu

Glu

30

Gln

His

Gln

Glu

Asn

110

Arg

Met

Thr

Ala

15

Cys

Tyr

Pro

Leu

Lys

95

Ser

Tyr

Arg

Asp

Ala
175

Asp

Asp

Ala

Pro

80

Arg

Pro

Pro

Ile

Trp

160

Lys

Met Lys Thr Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr His Lys

1

5

10

15

Ile Ala Arg His Ile Ala Gly Val Leu Glu Glu Gln Gly Lys Ala Cys

20

25

-55-
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Glu

Glu

Ser

65

Pro

Gln

Pro

Pro

Met

145

Trp

Glu

Leu

Cys

50

Phe

Gly

Ser

Trp

Arg

130

Ala

Gln

Thr

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

<400>

8
1

Val

35

Val

Ile

Ala

Pro

Gln

115

Tyr

Gly

Ser

Arg

78

PRT
Pantoea stewardii

8

Asp

Val

Arg

Leu

Gln

100

Pro

Ser

Gly

Val

Leu

Leu

Phe

Phe

85

Thr

Gln

Trp

Glu

Thr
165

Leu

Gly

val

70

Thr

Asn

Arg

Tyr

Thr

150

Arg

Gln

Ala

55

Asn

val

Ser

Cys

Asp

135

Asp

Phe

Met Lys Ala Leu Ile Leu Phe

1

5

Ile Ala Ser Ser Ile Ala Lys

20

val Leu Asn Ile Leu Asp Thr

35

Pro

40

Ser

Thr

Asn

Tyxr

Gln

120

Arg

Thr

Ala

Ser

Glu

36044

Gly Glu

Ile Arg

His Ala

Leu Val

Thr Arg

105

Val Phe

Met Met

Arg Lys

Arg Glu

90

170

Pro

Tyxr

Gln

75

Ala

Lys

Ala

Ile

Glu

155

Ile

Asp

Gly

60

Arg

Arg

Phe

Gly

Arg

140

Val

Ala

Ser Arg Asp Gly

10

Leu Glu Gly Lys

25

Thr Asn Val Glu Trp

40

-56-

Trp

45

His

Leu

Lys

Leu

Ala

125

Leu

Glu

Gln

Gln

Gln

Thr
45

Ser

Phe

Asn

Pro

Ala

110

Leu

Ile

Tyr

Leu

Thr

Ala
30

Gln

Thr

His

Asn

Glu

95

Ala

Arg

Met

Thr

Pro
175

Val

Lys

Met

80

Lys

Ser

Tyx

Lys

Asp

160

Gly

Gln Leu

15

Cys

Tyr

Asp

Asp



36044

Arg Val Leu Ile Gly Ala Ser Ile Arg Tyr Gly His Phe His Pro Ala
50 55 60

val Ala Glu Phe Val Lys Arg His Gln Arg Glu Leu Gln Gln Arg Ser
65 70 75 80

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

Ser Pro Glu Thr Asn Ala Tyr Thr Ala Lys Phe Leu Asn Gln Ser Pro
100 105 110

Trp Gln Pro Asp Cys Cys Ala val Phe Ala Gly Ala Leu Arg Tyr Pro
115 120 125

Arg Tyr Arg Trp Phe Asp Arg Tle Met Ile Gln Leu Ile Met Arg Met
130 135 140

Thr Gly Gly Glu Thr Asp Ser Ser Lys Glu Val Glu Tyr Thr Asp Trp
145 150 155 160

Gln Gln Val Thr Arg Phe Ala Gln Glu Phe Ala Arg Leu Pro Gly Lys
165 170 175

Thr Ser
<210> 9
<211> 180

<212> PRT
<213> Enterobacter cloacae

<400> 9
Met Lys Thr Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr Arg Glu

1 5 10 15

Tle Ala Ala Phe Leu Ala Ser Glu Leu Lys Glu Gln Gly Ile Tyr Ala
20 25 30

Asp Val Ile Asn Leu Asn Arg Thr Glu Glu Ile Ala Trp Gln Glu Tyr
35 40 45

Asp Arg Val val Ile Gly Ala Ser Ile Arg Tyr Gly His Phe His Pro
50 55 60

-57-
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Ala Val Asp Arg Phe Val Lys Lys His Thr Glu Thr Leu Asn Ser Leu
65 70 75 80

Pro Gly Ala Phe Phe Ser Val Asn Leu val Ala Arg Lys Ala Glu Lys
85 90 95

Arg Thr Pro Gln Thr Asn Ser Tyr Thr Arg Lys Phe Leu Leu Asn Ser
100 105 110

Pro Trp Lys Pro Ala Ala Cys Ala vVal Phe Ala Gly Ala Leu Arg Tyr
115 120 125

Pro Arg Tyr Arg Trp Tyr Asp Arg Phe Met Ile Arg Leu Ile Met Lys
130 135 140

Met Thr Gly Gly Glu Thr Asp Thr Arg Lys Glu vVal Vval Tyr Thr Asp
145 150 155 160

Trp Ser Gln Vval Ala Ser Phe Ala Arg Glu Ile Val Gln Leu Thr Arg
165 170 175

Ser Ser Arg Leu
180

<210> 10

<211> 177

<212> PRT

<213> Enterobacter mori

<400> 10

Met Lys Ile Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr Arg Glu
1 5 10 15

Ile Ala Ala Ser Leu Ala Ser Glu Leu Lys Glu Gln Ala Phe Asp Val
20 25 30

Asp Val Val Asn Leu His Arg Ala Glu Asn Ile Ala Trp Glu Glu Tyr
35 40 45

Asp Gly Vval val Ile Gly Ala Ser Ile Arg Tyr Gly His Phe His Ser
50 55 60

Thr Leu Asn Ser Phe Val Lys LyS His Gln Gln Ala Leu Lys Lys Leu
65 70 75 80

Pro Gly Ala Phe Tyr Ser val Asn Leu Val Ala Arg Lys Pro Glu Lys

-58-
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85 90 95

Arg Thr Pro Gln Thr Asn Ser Tyr Thr Arg Lys Phe Leu Leu Asp Ser
100 105 110

Pro Trp Gln Pro Asp Leu Ser Ala val Phe Ala Gly Ala Leu Arg Tyr
115 120 125

Pro Arg Tyr Asn Trp Tyr Asp Arg Ile Met Ile Arg Leu Ile Met Lys
130 135 140

Ile Thr Gly Gly Glu Thr Asp Thr Arg Lys Glu val val Tyr Thr Asp
145 150 155 160

Trp Gln Gln Val Thr His Phe Ala His Glu Ile Val Gln Leu Val Arg
165 170 175

Lys
<210> 11
<211> 178

<212> PRT
<213> Enterobacter cloacae

<400> 11

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

Ala Ser Tyr Ile Ala Ser Cys Met Lys Glu Lys Ala Glu Cys Asp Val
20 25 30

Ile Asp Leu Thr His Gly Glu His Val Asn Leu Thr Gln Tyr Asp Gln
35 40 45

vVal Leu Ile Gly Ala Ser Ile Arg Tyr Gly His Phe Asn Ala Val Leu
50 55 60

Asp Lys Phe Ile Lys Arg Asn Val Asp Gln Leu Asn Asn Met Pro Ser
65 70 75 80

Ala Phe Phe Cys Val Asn Leu Thr Ala Arg Lys Pro Glu Lys Arg Thr
85 90 95

Pro Gln Thr Asn Pro Tyr Val Arg Lys Phe Leu Leu Ala Thr Pro Trp
100 105 110

-50-
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Gln Pro Ala Leu Cys Gly Val Phe Ala Gly Ala Leu Arg Tyr Pro Arg
115 120 125

Tyr Arg Trp Ile Asp Lys Val Met Ile Gln Leu Ile Met Arg Met Thr
130 135 140

Gly Gly Glu Thr Asp Thr Ser Lys Glu Val Glu Tyr Thr Asp Trp Glu
145 150 155 160

Gln Val Lys Lys Phe Ala Glu Asp Phe Ala Lys Leu Ser Tyr Lys Lys
165 170 175

Ala Leu
<210> 12
<211> 177

<212> PRT
<213> Pantoea ananatis

<400> 12

Lys Ala Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr Gln Lys Ile

Ala Ser Ala Ile Ala Asp Glu Ile Lys Gly Gln Gln Ser Cys Asp Val
20 25 30

Tle Asn Ile Gln Asp Ala Lys Thr Leu Asp Trp Gln Gln Tyr Asp Arg
35 40 45

val Leu Ile Gly Ala Ser Ile Arg Tyr Gly His Phe Gln Pro Val val
50 55 60

Asn Glu Phe Val Lys His Asn Leu Leu Ala Leu Gln Gln Arg Val Ser
65 70 75 80

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

Pro Glu Thr Asn Ala Tyr Thr Val Lys Phe Leu Ala Gln Ser Pro Trp
100 105 110

Gln Pro Asp Cys Cys Ala Val Phe Ala Gly Ala Leu Tyr Tyr Pro Arg
115 120 125

-60-



Tyr Arg Trp Phe Asp Arg

130

Gly Gly Glu Thr Asp Ala

145

150

Gln Val Gln Arg Phe Ala

Tyr

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

<400>

13
180
PRT

165

Escherichia coli

13

Lys Thr Leu

1

Ala

Val

Arg

Phe

65

Ser

Thr

Trp

Arg

Ser

Ala

Val

50

Gln

Ala

Pro

Arg

Tyxr
130

Tyxr

Asn

35

Val

Glu

Phe

Gln

Pro

115

Arg

Ile

Leu

20

Val

Ile

Phe

Tyxr

Thr

100

AsSp

Trp

Leu

Ala

His

Gly

Val

Ser

85

Asn

Arg

Tyxr

Phe

sSer

Arg

Ala

Lys

70

Val

Ser

Cys

Asp

Val
135

Ser

Arg

Ser

Glu

Ile

Ser

55

Lys

Asn

Tyr

Ala

Arg
135

Met

Lys

Asp

Thr

Leu

Glu

40

Ile

His

Leu

Ala

Val

120

Phe

36044

Ile Gln

Glu Val

Phe Ala
170

Arg Asp
10

Lys Glu
25

Glu Pro
Arg Tyr
Ala Thr
Val Ala

90

Arg Lys
105

Ile Ala

Met Ile

-61-

Phe

Glu

155

Gln

Gly

Leu

Gln

Gly

Arg

75

Arg

Phe

Gly

Lys

Ile
140

Tyxr

Leu

Gln

Gly

Trp

His

60

Leu

Lys

Leu

Ala

Leu
140

Met

Thr

Pro

Thr

Ile

Glu

45

Tyr

Asn

Pro

Met

Leu

125

Ile

Arg

Asp

Gly

Arg

Gln

30

Asn

His

Ser

Glu

Asn

110

Arg

Met

Met

Trp

Lys
175

Glu

15

Ala

Tyr

Ser

Met

Lys

95

Ser

Tyr

Lys

Thr

Gln

160

Ser

Ile

Asp

Asp

Ala

Pro

80

Arg

Gln

Pro

Met



36044

Ser Gly Gly Glu Thr Asp Thr Arg Lys Glu val val Tyr Thr Asp Trp
145 150 155 160

Glu Gln Val Ala Asn Phe Ala Arg Glu TIle Ala His Leu Thr Asp Lys
165 170 175

Pro Thr Leu Lys
180

<210> 14

<211> 177

<212> PRT

<213> Erwinia toletana
<400> 14

Lys Ala Leu Ile Leu Phe Ser Ser Arg Glu Gly Gln Thr Arg Glu Ile

Ala Ser Tyr Ile Ala Asn Ser Ile Lys @lu Glu Met Glu Cys Asp Val
20 25 30

Phe Asn Ile Leu Arg Val Glu Gln Ile Asp Trp Ser Gln Tyr Asp Arg
35 40 45

val Leu Ile Gly Gly Ser Ile His Tyr Gly His Phe His Pro Ala Val
50 55 60

Ala Lys Phe Val Lys Arg His Leu His Glu Leu Gln Gln Arg Ser Ser
65 70 75 80

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

Pro Gln Thr Asn Ala Tyr Met Arg Lys Phe Leu Leu Gln Ser Pro Trp
100 105 110

@ln Pro Asp Cys Cys Ala Val Phe Ala Gly Ala Leu Arg Tyr Thr Arg
115 120 125

Tyr Arg Trp Phe Asp Arg val Met Ile Gln Leu Ile Met Arg Met Thr
130 135 140

Gly Gly Glu Thr Asp Thr Ser Lys Glu Val Glu Tyr Thr Asp Trp Thr
145 150 155 160

Gln Val Ala Arg Phe Ala Gln Glu Phe Ala His Leu Pro Gly Lys Thr

-62-



Gln

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

<400>

15
178
PRT

165

36044

Pectobacterium carotovorum

15

Lys Ala Leu

1

Ala

Val

Val

Asn

65

Ala

Ile

Gln

Tyr

Gly

145

Gln

Pro

Ser

Asn

Ala

50

Gln

Phe

Gln

Pro

Arg

130

Gly

Val

Ala

Tyx

Val

35

Ile

Phe

Phe

Thr

Asp

115

Trp

Glu

Ala

Ile

Ile

20

Leu

Gly

Ile

Ser

Asn

100

Leu

Phe

Thr

Arg

val

Ala

Asn

Ala

Arg

vVal

85

Ala

Cys

Asp

Asp

Phe
165

Phe

Asn

Ala

Ser

Lys

70

Asn

Tyxr

Cys

Arg

Ser

150

Ala

Ser

Thr

Asn

Ile

55

His

Leu

Thr

vVal

val

135

Thr

Gln

Ser

Leu

Asp

40

Arg

Leu

Thr

Arg

Phe

120

Met

Lys

Asp

Arg

Lys

25

Ile

Tyxr

Thr

Ala

Lys

105

Ala

Ile

Glu

Phe

-63-

170

Asp

10

Gly

Asp

Gly

Ser

Arg

90

Phe

Gly

Gln

Ile

Ala
170

Gly

Thr

Leu

Arg

Leu

75

Lys

Leu

Ala

Leu

Glu

155

Gln

Gln

Leu

Ser

Phe

60

Gln

Pro

Leu

Leu

Ile

140

Tyx

Leu

Thr

Glu

Gln

45

His

Gln

Glu

Asn

Arg

125

Met

Thr

Ala

Arg

Cys

30

Tyr

Pro

Leu

Lys

Ser

110

Tyr

Arg

Asp

Ala

175

Ala

15

Asp

Asp

Ala

Pro

Arg

95

Pro

Pro

Ile

Trp

Lys
175

Ile

Val

Arg

Val

Sexr

80

Thr

Trp

Arg

Thr

Gln

160

Asn
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<210> 16

<211> 178

<212> PRT

<213> Shimwellia blattae

<400> 16
Lys Thr Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr His Lys Ile

1 5 10 15

Ala Arg His Ile Ala Gly Val Leu Glu Glu Gln Gly Lys Ala Cys Glu
20 25 30

Leu Val Asp Leu Leu Gln Pro Gly Glu Pro Asp Trp Ser Thr Val Glu
35 40 45

Cys Val Val Leu Gly Ala Ser Ile Arg Tyr Gly His Phe His Lys Ser
50 55 60

Phe Ile Arg Phe Val Asn Thr His Ala Gln Arg Leu Asn Asn Met Pro
65 70 75 80

Gly Ala Leu Phe Thr val Asn Leu Val Ala Arg Lys Pro Glu Lys Gln
85 90 95

Ser Pro Gln Thr Asn Ser Tyr Thr Arg Lys Phe Leu Ala Ala Ser Pro
100 105 110

Trp Gln Pro Gln Arg Cys Gln Val Phe Ala Gly Ala Leu Arg Tyr Pro
115 120 125

Arg Tyr Ser Trp Tyr Asp Arg Met Met Ile Arg Leu Ile Met Lys Met
130 135 140

Ala Gly Gly Glu Thr Asp Thr Arg Lys Glu Vval Glu Tyr Thr Asp Trp
145 150 155 160

Gln Ser Val Thr Arg Phe Ala Arg Glu Ile Ala Gln Leu Pro Gly Glu
165 170 175

Thr Arg

<210> 17
<211> 179
<212> PRT



36044

<213> Enterobacter cloacae
<400> 17
Lys Thr Leu Ile Leu Phe Ser Thr Arg Asp Gly Gln Thr Arg Glu Ile

1 5 10 15

Ala Ala Phe Leu Ala Ser Glu Leu Lys Glu Gln Gly Ile Tyr Ala Asp
20 25 30

val Tle Asn Leu Asn Arg Thr Glu Glu Ile Ala Trp Gln Glu Tyr Asp
35 40 45

Arg val val Ile Gly Ala Ser Ile Arg Tyr Gly His Phe His Pro Ala
50 55 60

val Asp Arg Phe Val Lys Lys His Thr Glu Thr Leu Asn Ser Leu Pro
65 70 75 80

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

Thr Pro Gln Thr Asn Ser Tyr Thr Arg Lys Phe Leu Leu Asn Ser Pro
100 105 110

Trp Lys Pro Ala Ala Cys Ala Val Phe Ala Gly Ala Leu Arg Tyr Pro
115 120 125

Arg Tyr Arg Trp Tyr Asp Arg Phe Met Ile Arg Leu Ile Met Lys Met
130 135 140

Thr Gly Gly Glu Thr Asp Thr Arg Lys Glu Val val Tyr Thr Asp Trp
145 150 155 160

Ser Gln Val Ala Ser Phe Ala Arg Glu Ile Val Gln Leu Thr Arg Ser
165 170 175

Ser Arg Leu

<210> 18

<211> 178

<212> PRT

<213> Trinh tu nhin tao

<220>
<223> Tai td hop

-65-
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<400> 18
Lys Ala Leu Val Leu Tyr Ser Thr Arg Asp Gly Gln Thr His Ala Ile
1 5 10 15

Ala Ser Tyr Ile Ala Ser Cys Met Lys Glu Lys Ala Glu Cys Asp Val
20 25 30

Ile Asp Leu Thr His Gly Glu His Val Asn Leu Thr Gln Tyr Asp Gln
35 40 45

val Leu Ile Gly Ala Asn Ile Arg Tyr Gly His Phe Asn Ala Val Leu
50 55 60

Asp Lys Phe Ile Lys Arg Asn Val Asp Gln Leu Asn Asn Met Pro Ser
65 70 75 80

Ala Phe Phe Cys Val Asn Leu Thr Ala Arg Lys Pro Glu Lys Arg Thr
85 90 95

Pro Gln Thr Asn Pro Tyr Val Arg Lys Phe Leu Leu Ala Thr Pro Trp
100 105 110

Gln Pro Ala Leu Cys Gly Val Phe Ala Gly Ala Leu Arg Tyr Pro Arg
115 120 125

Tyr Arg Trp Ile Asp Lys val Met Ile Gln Leu Ile Met Arg Met Thr
130 135 140

Gly Gly Glu Thr Asp Thr Ser Lys Glu Vval Glu Tyr Thr Asp Trp Glu
145 150 155 160

Gln Val Lys Lys Phe Ala Glu Asp Phe Ala Lys Leu Ser Tyr Lys Lys
165 170 175

Ala Leu
<210> 19
<211> 172

<212> PRT
<213> Trinh tuy nhdn tao

<220>
<223> Tai td hop

<400> 19

-66-



Lys

Ala

Ile

Val

Asp

65

Ala

Pro

Gln

Tyx

Gly

145

Gln

Ala

Ser

Asp

Leu

50

Lys

Phe

Gln

Pro

Arg

130

Gly

Val

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

<220>

<223>

<400>

Leu

Tyr

Leu

35

Ile

Phe

Phe

Thr

Ala

115

Trp

Glu

Lys

20

179
PRT
Trinh tu

20

Val

Ile

20

Thr

Gly

Ile

Cys

Asn

100

Leu

Ile

Thr

Lys

Leu

Ala

His

Ala

Lys

Val

85

Pro

Cys

Asp

Asp

Phe
165

nhan tao

Téi td hop

TyY

Ser

Gly

Ser

Arg

70

Asn

Tyr

Gly

Lys

Thr

150

Ala

Ser

Cys

Glu

Ile

55

Asn

Leu

Val

Val

Val

135

Ser

Glu

Thr

Met

His

40

Arg

Val

Thr

Arg

Phe

120

Met

Lys

Asp

Lys Thr Leu Ile Leu Phe Ser Thr

1

5

Ala Ala Phe Leu Ala Ser Glu Leu

20

36044

Arg Asp
10

Lys Glu
25

Val Asn
Tyr Gly
Asp Gln
Ala Arg

90
Lys Phe
105
Ala Gly
Ile Gln

Glu Vval

Phe Ala
170

Gly

Lys

Leu

His

Leu

75

Lys

Leu

Ala

Leu

Glu

155

Lys

Gln

Ala

Thr

Phe

60

Asn

Pro

Leu

Leu

Ile

140

Tyr

Leu

Thr

Glu

Gln

45

Asn

Asn

Glu

Ala

Arg

125

Met

Thr

His

Cys

30

Tyxr

Ala

Met

Lys

Thr

110

TyY

Arg

Asp

Ala

15

Asp

Asp

Val

Pro

Arg

95

Pro

Pro

Met

Trp

Ile

Val

Gln

Leu

Ser

80

Thr

Trp

Arg

Thr

Glu
160

Arg Asp Gly Gln Thr Arg Glu Ile

10

15

Lys Glu Gln Gly Ile Tyr Ala Asp

25

-67-
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Val

Arg

Val

65

Gly

Thr

Trp

Arg

Thr

145

Ser

Ser

Ile

Val

50

Asp

Ala

Pro

Lys

Tyx

130

Gly

Gln

Arg

<210>
<211>
<212>

<213>

<400>

Asn

35

Val

Arg

Phe

Gln

Pro

115

Arg

Gly

Ile

Leu

21
504
PRT

21

Leu

Ile

Phe

Phe

Thr

100

Ala

Trp

Glu

Ala

Asn

Gly

vVal

Ser

85

Asn

Ala

Tyr

Thr

Ser
165

Arg

Ala

Lys

70

Val

Ser

Cys

Asp

Asp

150

Phe

Thr

Ser

55

Lys

Asn

Tyx

Ala

Arg

135

Thr

Ala

Glu

40

Ile

His

Leu

Thr

Val

120

Phe

Arg

Arg

Amaranthus tuberculatus

Met Gly Asn Ile Ser Glu Arg Glu

1

5

Ala val val Gly Ala Gly Val Ser

Lys Ser His Gly Leu Ser val Thr Leu

35

20

40

36044

Glu Ile
Arg Tyr
Thr Glu
Val Ala

90
Arg Lys
105
Phe Ala
Met Ile

Lys Glu

Glu Ile
170

Ala

Gly

Thr

75

Arg

Phe

Gly

Arg

vVal

155

Val

Trp

His

60

Leu

Lys

Leu

Ala

Leu

140

Val

Gln

Glu Pro Thr Ser

10

Gly Leu Ala Ala

25
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Phe Glu Ala

Gln

45

Phe

Asn

Ala

Leu

Leu

125

Ile

Tyr

Leu

Ala

Ala

Asp
45

Glu

His

Ser

Glu

Asn

110

Arg

Met

Thr

Thr

Lys

Tyr
30

Ser

Tyx

Pro

Leu

Lys

95

Ser

Tyxr

Lys

Asp

Arg
175

Arg
15

Lys

Arg

Asp

Ala

Pro

80

Arg

Pro

Pro

Met

Trp

160

Ser

val

Leu

Ala



36044

Gly Gly Lys Leu Lys Thr Val Lys Lys Asp Gly Phe Ile Trp Asp Glu
50 55 60

Gly Ala Asn Thr Met Thr Glu Ser Glu Ala Glu Val Ser Ser Leu Ile
65 70 75 80

Asp Asp Leu Gly Leu Arg Glu Lys Gln Gln Leu Pro Ile Ser Gln Asn
85 90 95

Lys Arg Tyr Ile Ala Arg Asp Gly Leu Pro Val Leu Leu Pro Ser Asn
100 105 110

Pro Ala Ala Leu Leu Thr Ser Asn Ile Leu Ser Ala Lys Ser Lys Leu
115 120 125

Gln Ile Met Leu Glu Pro Phe Leu Trp Arg Lys His Asn Ala Thr Glu
130 135 140

Leu Ser Asp Glu His Val Gln Glu Ser Val Gly Glu Phe Phe Glu Arg
145 150 155 160

His Phe Gly Lys Glu Phe Val Asp Tyr Val Ile Asp Pro Phe Val Ala
165 170 175

Gly Thr Cys Gly Gly Asp Pro ¢ln Ser Leu Ser Met His His Thr Phe
180 185 190

Pro Glu Val Trp Asn Ile Glu Lys Arg Phe Gly Ser Val Phe Ala Gly
195 200 205

Leu Ile Gln Ser Thr Leu Leu Ser Lys Lys Glu Lys Gly Gly Glu Asn
210 215 220

Ala Ser Ile Lys Lys Pro Arg Val Arg Gly Ser Phe Ser Phe Gln Gly
225 230 235 240

Gly Met Gln Thr Leu Val Asp Thr Met Cys Lys Gln Leu Gly Glu Asp
245 250 255

Glu Leu Lys Leu Gln Cys Glu val Leu Ser Leu Ser Tyr Asn Gln Lys
260 265 . 270

Gly Ile Pro Ser Leu Gly Asn Trp Ser Val Ser Ser Met Ser Asn Asn
275 280 285

-69-



36044

Thr Ser Glu Asp Gln Ser Tyr Asp Ala Val Val Val\Thr Ala Pro Ile
290 295 300

Arg Asn Val Lys Glu Met Lys Ile Met Lys Phe Gly Asn Pro Phe Ser
305 310 315 320

Leu Asp Phe Ile Pro Glu Val Thr Tyr val Pro Leu Ser Val Met Ile
325 330 335

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

val Leu Ile Pro Ser Lys Glu Gln His Asn Gly Leu Lys Thr Leu Gly
355 360 365

Thr Leu Phe Ser Ser Met Met Phe Pro Asp Arg Ala Pro Ser Asp Met
370 375 380

Cys Leu Phe Thr Thr Phe vVal Gly Gly Ser Arg Asn Arg Lys Leu Ala
385 390 395 400

Asn Ala Ser Thr Asp Glu Leu Lys Gln Ile val Ser Ser Asp Leu Gln
405 410 415

@ln Leu Leu Gly Thr Glu Asp Glu Pro Ser Phe Val Asn His Leu Phe
420 425 430

Trp Ser Asn Ala Phe Pro Leu Tyr Gly His Asn Tyr Asp Ser vVal Leu
435 440 445

Arg Ala Ile Asp Lys Met Glu Lys Asp Leu Pro Gly Phe Phe Tyr Ala
450 455 460

@ly Asn His Lys Gly Gly Leu Ser Val Gly Lys Ala Met Ala Ser Gly
465 470 475 480

Cys Lys Ala Ala Glu Leu vVal Ile Ser Tyr Leu Asp Ser His Ile Tyr
485 490 495

val Lys Met Asp Glu Lys Thr Ala
500

<210> 22
<211> 537
<212> ADN

-70-



<213>

<220>

<223> Tai

<400> 22
atgaaagcgc

attgcgagct
catgtgaacc
tttaacgcgg
agcgegtttt
aacccgtatg
tttgcgggcyg
attatgcgca
gaacaggtga
<210> 23

<211> 534
<212> ADN

<213>

<220>

<223> Tai

<400> 23
atgaaagcgc

attgcggatg
accctggatt
tttcagccgg
agcggetttt
aacgcgtata
tttgcgggcy

attatgcgca

cagcaggtgc

<210> 24

<211> 531
<212> ADN
<213>

<220>

<223> Tai

td hop

tggtgctgta
gcatgaaaga
tgacccagta
tgctggataa
tttgcgtgaa
tgcgcaaatt
cgctgegceta
tgaccggcgyg

aaaaatttgc

td hop

tgattctgtt
aaattaaagg
ggcagcagta
tggtgaacga
ttagcgtgaa
ccgtgaaatt
cgctgtatta
tgaccggcgg

agcgectttge

td hop

Trinh tu nhidn tao

tagcacccgc
aaaagcggaa
tgatcaggtg
atttattaaa
cctgaccgcg
tctgetggeg
tccgegcetat
cgaaaccgat

ggaagatttt

Trinh tu nhan tao

tagcacccgc
ccagcagagc
tgatcgcgtg
atttgtgaaa
cctgaccgcg
tctggcgcag
tccgegetat
cgaaaccgat

gcgcecgatttt

Trinh tu nh8n tao

36044

gatggccaga
tgcgatgtga
ctgattggcg
cgcaacgtgg
cgcaaaccgg
acccecgtggce
cgctggattg
accagcaaag

gcgaaactga

gatggccaga
tgcgatgtga
ctgattggcg
cataacctgc
cgcaaaccgg
agcccgtggce
cgctggtttg
gcgagcaaag

gcgcagctge

-71-

cccatgcgat
ttgatctgac
cgagcattcg
atcagctgaa
aaaaacgcac
agccggcgcet
ataaagtgat
aagtggaata

gctataaaaa

cccagaaaat
ttaacattca
cgagcattcg
tggcgctgca
aaaaacgcag
agccggattg
atcgcgtgat
aagtggaata

cgggcaaaag

tgcgagctat
ccatggcgaa
ctatggccat
caacatgccg
cccgcagacce
gtgcggcgtg
gattcagctg

taccgattgg

agcgctg

tgcgagcgcg
ggatgcgaaa
ctatggccat
gcagcgcgtyg
cccggaaacce
ctgcgeggtyg
gattcagttt
taccgattgg

ctat

60

120

180

240

300

360

420

480

537

60

120

180

240

300

360

420

480

534



<400> 24
atgaaagcgc

attgcggatg
ctgcecggatt
tttcagccgg
agcggctttt
aacgcgtata
tttgcgggcyg
attatgcgca
cagcaggtga
<210> 25

<211> 546
<212> ADN

<213>

<400> 25
gtgaaaacat

ctggcttcgg
gaagaaccac
cactaccatt
ccgagcegect
accaacagct
gtcaﬁtgccg
ctgattatga
tgggagcagyg
aaataa
<210>

<211>

<212>
<213>

26
534
ADN

<220>
<223> Tai

<400> 26

atgaaagcgc tgattctgtt tagcagcc

attgcgaaca gcattaaaga aga

tgattctgta
tgattcgcca
gggcgcagta
tggtggataa
ttagcgtgaa
cccagaaatt
cgctgtatta
tgaccggcgg

gcacctttgce

taattctttt
aactgaaaga
agtgggaaaa
cagcgttcca
tttactccgt
acgcgcgcaa
gggcgctgceg
agatgtcagg

tggcgaattt

td hop

tagcacccgc
gcagcagcag
tgatcgcgtg
atttgtgaaa
cctgaccgcg
tctggcgcat
tccgcegcectat
cgaaaccgat

gaacgatttt

Escherichia coli

ctcaacaagg
actggggatc
ctatgaccgt
ggaatttgtc
gaatctggtg
gtttctgatg
ttacccacgt
cggtgaaacg

cgcccgagaa

Trinh tu nhdn tao

36044

gatggccaga
tgcgatgtgce
ctgattggcg
cagcatctgc
cgcaaaccgg
agcccgtggce
cgctggtttyg
agcaccaaag

gcgcagctgé

gacggacaaa
caggcggatg
gtggtcattg
aaaaaacatg
gcgcgcaaac
aactcgcaaﬁ
tatcgctggt
gatacgcgca

atcgcccatt

-72-

cccgcaaaat
tgaacattaa
cgagcattcg
atgaactgca
aaaaacgcag
agccggattg
atcgcgtgat
aagtggaata

cgggcaaaag

cgcgcgagat
tcgccaatgt
gtgcttctat
cgacgcggcet
cggagaagcyg
ggcgtcccga
acgaccgttt
aagaagttgt

taaccgacaa

tgcgagcagc
agatgcgagc
ctatggccat
gcagcgcacc
cccggaaacce
ctgcgeggtg
gattcagctg
taccgattgg

e}

tgcctcctac
gcaccgcatt
tcgctatggt
gaattcgatg
tactccacag
tcgctgcgcg
tatgatcaag
ctataccgat

accgacgctg

gc gaaggccaga cccgcgaaat tgcgagctat

aatggaa tgcgatgtgt ttaacattct gcgcgtggaa |

60
120
180
240
300
360
420
480

531

60
120
180
240
300
360
420
480
540

546

120



cagattgatt
tttcatcecgg
agcggetttt
aacgcgtata
tttgcgggcyg
attatgcgca
acccaggtgg
<210> 27

<211> 537
<212> ADN

<213>

<220>

<223> Tai

<400> 27
atgaaagcgc

attgcgaaca
gatattgatc
tttcatccgg
agcgcgtttt
aacgcgtata
tttgcgggceyg
attatgcgca
cagcaggtgg
<210> 28

<211> 537
<212> ADN

<213>

<220>

<223> Tai

<400> 28
atgaagacct

atcgcaggag
ggcgaaccag

cacttccata

ggagccagta
cggtggcgaa
tttgcgtgaa
tgcgcaaatt
cgctgegeta
tgaccggcgyg

cgcgetttge

td hop

tgattgtgtt
ccctgaaagg
tgagccagta
cggtgaacca
ttagcgtgaa
cccgcaaatt
cgctgecgeta
ttaccggcgg

cgcgetttge

td hop

tgatcctatt
tcctecgaaga
actggagtac

agtctttcat

tgatcgcgtg
atttgtgaaa
cctgaccgcg
tctgectgcag
tacccgcetat
cgaaaccgat

gcaggaattt

Trinh tu nhdn tao

tagcagccgc
caccctggaa
tgatcgcgtg
gtttattcgc
cctgaccgcg
tctgctgaac
tccgegcetat
cgaaaccgat

gcaggatttt

Trinh tu nhdn tao

ctccaccagg
gcaggggaag
cgttgaatgc

caggttcgta

36044

ctgattggcg
cgccatctge
cgcaaagcgg
agccecgtgge
cgctggtttg
accagcaaag

gcgcatctge

gatggccaga
tgcgatgtgg
gcgattggcg
aaacatctga
cgcaaaccgyg
agcccgtggce
cgctggtttg
agcaccaaag

gcgcagctgg

gacggccaaa
gcctgecgagt
gtcgttctag

aacactcacg

-73-

gcagcattca
atgaactgca
ataaacgcac
agccggattg
atcgcgtgat
aagtggaata

cgggcaaaac

cccgegegat
tgaacgtgct
cgagcattcg
ccagcctgea
aaaaacgcac
agccggatct
atcgcgtgat
aaattgaata

cggcgaaaaa

cacacaagat
tggtcgatct
gggccagcat

cgcagcgctt

ttatggccat
gcagcgcagc
cccgcagacce
ctgcgcggtyg
gattcagctg
taccgattgg

ccag

tgcgagctat
gaacgcgaac
ctatggccgc
gcagctgceg
cattcagacc
gtgctgegtg
gattcagctg
taccgattgg

cccggeg

cgcaaggcac
gttacagccc
tagatatggt

gaataatatg

180

240

300

360

420

480

534

60

120

180

240

300

360

420

480

537

60

120

180

240



ccaggcgcecce
acgaactctt
gttttcgcgg
ttgataatga

tggcagtcgg

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

29
534
ADN

<220>

<223> Tai

<400> 29
atgaaagcgc

attgcgaaag
aacgtggaat
tttcatccgg
agcggetttt
aacgcgtata
tttgcgggceyg
attatgcgca
cagcaggtga
<210> 30

<211> 540
<212> ADN

<213>

<220>

<223> Tai

<400> 30
atgaaaaccc

ctggcgagceg
gaagaaattg
cattttcatc
ccgggegegt

accaacagct

ttttcacagt
acacccgcaa
gcgctttgag
agatggccgg

tgactcggtt

té hop

tgattctgtt
aactggaagg
ggacccagta
cggtggcgga
ttagcgtgaa
ccgcgaaatt
cgctgcgcta
tgaccggcgg

ccecgetttge

td hop

tgattctgtt
aactgaaaga
cgtggcagga
cggcggtgga
tttttagcgt

atacccgcaa

taacttagtc
gtttctcgcc
gtaccctagg
gggcgagact

cgcgagggag

Trinh tu nhdn tao

tagcagccgc
caaacaggcyg
tgatcgcgtg
atttgtgaaa
cctgaccgcg
tctgaaccag
tccgegcectat
cgaaaccgat

gcaggaattt

Trinh tu nhén tao

tagcacccgce
acagggcatt
atatgatcgc
tcgectttgtg
gaacctggtg

atttctgctg

36044

gcccgaaagc
gccteccecett
tactcgtggt
gacacaagga

atcgctcagce

gatggccaga
tgcgatgtgce
ctgattggcg
cgccatcagce
cgcaaaccgyg
agcccgtggce
cgctggtttg
agcagcaaagd

gcgcgcctge

gatggccaga
tatgcggatg
gtggtgattg
aaaaaacata
gcgcgcaaag

aacagcccgt

-74-

ccgagaagca
ggcagccaca
acgacagaat
aggaggttga

tgccgggaga

cccagctgat
tgaacattct
cgagcattcg
gcgaactgca
aaaaacgcag
agccggattg
atcgcattat
aagtggaata

cgggcaaaac

cccgcgaaat
tgattaacct
gcgcgagcat
ccgaaaccct
cggaaaaacyg

ggaaaccggc

gagtccacag
gcgatgccaa
gatgatacgt
gtacactgac

gacgcgyg

tgcgagcagc
ggataccacc
ctatggccat
gcagcgcagce
cccggaaacce
ctgcgeggtyg
gattcagctg
taccgattgg

cagc

tgcggegttt
gaaccgcacc
tcgctatggce
gaacagcctg

caccccgcag

ggcgtgcgeg

300

360

420

480

537

60

120

180

240

300

360

420

480

534

60

120

180

240

300

360



36044

gtgtttgcgg gcgcgectgeg ctatccgege tatcgctggt atgatcgctt tatgattcge

ctgattatga aaatgaccgg cggcgaaacc gatacccgca aagaagtggt gtataccgat

tggagccagg tggcgagcett tgcgcgcgaa attgtgcagc tgacccgcag cagccgcectg

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

31
531
ADN

<220>

<223> Tai

<400> 31
atgaaaattc

ctggcgagcg
gaaaacattg
cattttcata
ccgggegegt
accaacagct
gtgtttgegy
ctgattatga
tggcagcagg
32

540
ADN

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

<220>

<223> Tai

<400> 32
atgaaggcct

atcgcctect
cacgtgaacc
ttcaacgccg
agcgecgttcet
aacccttatg

ttcgcagggg

ataatgcgga

td hop

tgattctgtt
aactgaaaga

cgtgggaaga

gcaccctgaa

tttatagcgt
atacccgcaa
gcgcgctgceg
aaattaccgg

tgacccattt

td hop

tggtactgta
gcatgaagga
tcacccaata
tgcttgacaa
tctgcgtaaa
tccgaaaatt

ccectteggta

tgactggggg

Trinh tu nhdn tao

tagcacccgc
acaggcgttt
atatgatggc
cagctttgtg
gaacctggtg
atttctgctg
ctatccgcegce
cggcgaaacce

tgcgcatgaa

Trinh tu nhén tao

ctcgacgcgg
gaaggccgaa
cgatcaggtg
gttcatcaag
cctcacagca
cttgettget
cccgegatac

agagacagac

gatggccaga
gatgtggatg
gtggtgattg
aaaaaacatc
gcgcgcaaac
gatagccegt
tataactggt
gatacccgca

attgtgcagc

gacggccaga
tgcgacgtga
ctaatcggtg
agaaacgtgg
aggaagcccg
accccctggce
cggtggatcg

acgagcaagg

-75-

cccgcecgaaat
tggtgaacct
gcgcgagcat
agcaggcgct
cggaaaaacyg
ggcagccgga
atgatcgcat
aagaagtggt

tggtgcgcaa

cccacgcaat
tcgacctcac
cgagtattcg
atcagctgaa
agaagcgtac
agcccgegtt
acaaggtgat

aggtcgagta

tgcggcgagc
gcatcgcgceg
tcgctatggce
gaaaaaactg
caccccgcag
tctgagcgcg
tatgattcgc
gtataccgat

a

tgcttcatac
ccacggggag
ttacggccac
caacatgcca
tccccagaca
gtgcggagtg
gatccagcta

cacggattgg

420

480

540

60

120

180

240

300

360

420

480

531

60

120

180

240

300

360

420

480



36044

gagcaggtta agaagttcgc ggaggatttt gcaaagctat cgtacaagaa ggccctctag

<210> 33

<211> 537
<212> ADN
<213>

<220>

<223> Tai

<400> 33
atgaaggcct

atcgctgatg
accctcgact
ttccagcceg
tccggattct
aacgcttata
tttgcggggyg
ataatgcgaa
cagcaggtgce
34

534
ADN

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

<220>

<223> Tai

<400> 34
atgaaggcgc

attgcggacg
cttecctgact
ttccagceccg
tccggettcet
aatgcctaca
ttcgcggggyg
attatgcgca

cagcaggtga

td hop

tgatcctgtt
agataaaggg
ggcagcagta
ttgtgaatga
tctcecgtgaa
cagtcaaatt
ccctgtacta
tgacgggggyg

agcggttcge

td hop

tgatcttgta
tcatcaggca
gggcccaata
ttgtagacaa
tctcecgtgaa
cccagaaatt
ccctttacta
tgactggtgg

gtaccttcgce

Trinh tu nhdn tao

ctctacacgce
gcagcaatcg
cgaccgggta
gtttgtcaag
cttgacagcc
cttggcgcag
cccacggtac
agagaccgac

gcgagacttce

Trinh tu nhdn tao

ctcaaccagg
gcagcagcag
tgaccgagtg
gttcgtgaag
cctgacggcg
cttggcgcac
ccccaggtac
agagaccgac

caacgatttt

gacggacaga
tgcgacgtga
ctcatcggcg
cacaacctct
cgaaagccag
tcaccctggce
cggtggtteg
gcatcgaaag

gcgcagttac

gacggtcaga
tgcgacgtcet
ctcatcggag
cagcacttgc
aggaagcctg
tccececttgge
cgttggttcg
tctaccaagg

gcccagcette

-76-

cacagaagat
ttaacataca
ccteccattceg
tggccctaca
agaagcggag
aaccggactg
atagggtgat
aggtggagta

cgggtaagtc

ctcgcaagat
taaacattaa
ctagcatccg
acgagcttca
aaaaaaggag
agcccgattg
accgggtgat
aagtggagta

caggcaagag

cgcatctgcce
ggatgccaaa
ttacgggcat
gcagagagtt
ccececgagact
ctgcgetgtt
gatacagttc
cactgactgg

ctactga

tgcaagtagc
agacgcatca
ttacgggcat
gcagcggacc
ccctgagacc
ctgtgccgtt
gatccagttg
cactgactgg

ctaa

540

60

120

180

240

300

360

420

480

537

60

120

180

240

300

360

420

480

534



<210> 35

<211> 546
<212> ADN
<213>

<220>

<223> Tai

<400> 35
atgaagacct

ctggccagcg
gaggagccgc
cactaccaca
ccatcagcgt
accaactcgt
gtgatcgccg
cttataatga
tgggagcagyg
aagtaa
<210>

<211>

<212>
<213>

36
537
ADN

<220>

<223> Tai

<400> 36
atgaaggccc

attgccaact
cagatcgact
ttccacccag
tcecggetttt
aatgcctaca
tttgcggggyg
atcatgagga
acgcaggtcg

<210> 37
<211> 540

td hop

tgattctatt
agctaaagga
agtgggagaa
gcgcgttcca
tctactcggt
atgccaggaa
gtgcgctcag
aaatgagcgg

tagcaaactt

td hop

ttatactgtt
cgataaagga
ggtctcaata
cggtggcaaa
tctgcgtcaa
tgagaaagtt
cccttaggta
tgacgggcgyg

ccegettege

Trinh tu nhén tao

ctccacaagg
gcttggcatt
ctacgatcgg
ggagttcgtg
caacctcgtg
gttccttatg
gtaccctegt
cggagagacc

cgctagggag

Trinh tu nhdn tao

cagttccaga
ggaaatggaa
cgaccgcgte
atttgtcaag
cctgacggcc
cttgttgcag
cacccgttac
agagactgac

gcaggagttc

36044

gacggccaga
caggcagacg
gtcgtgatcg
aaaaagcacg
gctcgtaagc
aactcgcagt
tataggtggt
gacaccagaa

attgctcacc

gaaggccaga
tgcgacgtgt
ctgatcgggy
aggcacctcc
aggaaggccg
tccececatggce
aggtggttcg
acatcgaagg

gcccatttge

-77-

ctagggagat
tggctaacgt
gcgccagcat
cgacccgtcet
ccgagaagcg
ggcgaccgga
acgacaggtt
aagaggtggt

tcaccgacaa

cgagggagat
tcaacatcct
gctcgataca
atgagttgca
acaagcggac
aacccgattg
acagggtaat
aggtggagta

ccggcaaaac

cgcttecctac
gcaccgaatt
ccggtatgga
gaatagcatg
gacaccccag
ccgectgcgcg
tatgattaaa
ttacacagac

gccgaccttg

agcgagttac
tcgtgtggag
ctacggccat
acagaggtct
tccccagacc
ctgcgecgtg
gattcagctg
cacagactgg

tcagtga

60

120

180

240

300

360

420

480

540

546

60

120

180

240

300

360

420

480

537



<212>
<213>

ADN

<220>

<223> Tai

<400> 37
atgaaggctc

attgctaata
gacattgatt
ttccacccag
tctgegttcet
aacgcgtaca
ttcgcgggag
ataatgcgca
cagcaggtcg
<210>
<211>

<212>
<213>

38
540
ADN

<220>

<223> Tai

<400> 38
atgaagacct

atcgcaggag
ggcgaaccag
cacttccata
ccaggcgccece
acgaactctt
gttttcgcgg
ttgataatga
tggcagtcgg
<210>
<211>

<212>
<213>

39
537
ADN

<220>

té hop

ttatcgtatt
ccctcaaagg
tgagccagta
ctgttaacca
tctcecgtgaa
ctaggaagtt
cccttegeta

taacgggggy

cgcgattcgce

té hop

tgatcctatt
tcctcgaaga
actggagtac
agtctttcat
ttttcacagt
acacccgcaa
gcgctttgag
agatggccgg

tgactcggtt

Trinh ty nhdn tao

ctcttcgagg
gaccctagag
cgaccgtgtg
gtttatccgg
cctcacagcect
tctactgaac
tccecegttac
cgagacagac

ccaggatttt

Trinh tu nhén tao

ctccaccagg
gcaggggaag
cgttgaatgce
caggttcgta
taacttagtc
gtttctcgecce
gtaccctagg
gggcgagact

cgcgagggag

Trinh ty nhin tao

36044

gatggccaaa
tgcgacgtcg
gccattggcg
aagcacctta
cggaagcccg
tcgcegtggce
aggtggtttg
tccaccaagg

gcacagcttg

gacggccaaa
gcctgegagt
gtcgttctag
aacactcacg
gcccgaaagc
gccteccectt
tactcgtggt
gacacaagga

atcgctcagce

-78-

cccgagegat
tcaacgtcct
cctcecattcg
cgagcctcca
agaagaggac
agccggacct
accgagtgat
agatcgagta

ccgcaaagaa

cacacaagat
tggtcgatct
gggccagcat
cgcagcgcett
ccgagaagca
ggcagccaca
acgacagaat
aggaggttga

tgccgggaga

cgcgtcecttat
caatgctaac
ctacgggagyg
gcagctacca
tatacaaacc
gtgctgcgtg
gattcaactc
caccgactgg

cccggcatga

cgcaaggcac
gttacagccc
tagatatggt
gaataatatg
gagtccacag
gcgatgccaa
gatgatacgt
gtacactgac

gacgcggtag

60
120
180
240
300
360
420
480

540

60
120
180
240
300
360
420
480

540



<223> Tai

<400> 39
atgaaggccc

atcgccaagg
aatgtggagt
tttcaccctg
agtggectttt
aacgcctata
ttcgctgggg
atcatgcgga
cagcaggtga
<210>
<211>

<212>
<213>

40
543
ADN

<220>
<223>

=

Tai

<400> 40
atgaagaccc

cttgcctegg
gaggagatag
catttccacc
ccecggegect
acgaactcat
gtctttgctg
ctgattatga
tggtcgcagg
tga

41

534
ADN

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

<220>

<223> Tai

td hop

taattttatt
agctcgaagg
ggacccagta
cggtcgccga
tctctgtgaa
ccgccaagtt
ctttgcgata

tgactggggyg

cccgcettegce

td hop

taatactgtt
agctgaagga
cttggcagga
ctgctgtcga
ttttctctgt
acaccaggaa
gggccctecg
aaatgacagg

tcgegtegtt

td hop

cagtagtagg
gaagcaggcyg
cgaccgegtg
gttcgtaaag
cttgacggcc
ccttaaccaa
cccteggtac
tgagacagat

gcaagagttc

Trinh tu nhdn tao

ctctacccgce
gcaggggatt
gtatgataga
ccgcttegtg
aaaccttgtt
gttcctatta
ctaccctaga
cggggagacg

tgccagagag

Trinh tu nhan tao

36044

gacggccaga
tgcgacgtgt
ctgattggag
cgtcaccagc
cgtaagccgg
agtccatggce
cgctggttecg
tcttcaaagg

gccaggctte

gacgggcaga
tacgctgacg
gtcgtaatcg
aagaagcaca
gcccggaaag
aacagcccgt
taccgctggt
gatacccgaa

atagtccagt

-79-

cccagcttat
tgaatatcct
catccatccg
gagagctaca
aaaagaggtc
agcctgactg
acagaattat
aggtcgagta

cgggaaagac

caagggagat
tcataaacct
gggcgtcgat
cagagacact
ccgagaagag
ggaagccagc
acgacaggtt
aggaggtagt

tgaccaggtc

agcatcgtct
cgacacgact
gtacgggcac
gcagagaagt
ccccgagact
ttgcgctgtg
gatccagcta
caccgactgg

cagttga

cgcecgegtte
taaccggacg
ccgatacggg
caactcactg
aacgccgcag
ggcctgegeg
catgatacga
ctacactgac

atcgecgcttg

60

120

180

240

300

360

420

480

537

60

120

180

240

300

360

420

480

540

543



<400> 41
atgaagatat

ttggcgtcceg
gagaacatcg
cactttcata
cccggggcett
accaatagct
gtgttcgecg
cttatcatga
tggcagcagyg
42

537
ADN

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

<220>

<223> Tai

<400> 42
aaggccttgg

gcctecctgcea
gtgaacctca
aacgccgtge
gcgttettet
ccttatgtcec
gcaggggccc
atgcggatga
caggttaaga
<210> 43

<211> 534
<212> ADN

<213>

<220>

<223> Tai

<400> 43

aaggccttga tcctgttete tacacgcgac ggacaga

gctgatgaga taaaggggca gcaatcgtgc gac

taatcctttt
aactcaagga
catgggagga
gtaccctgaa
tctacagcgt
acacccgcaa
gggcactcag
agattacagg

tcactcactt

td hop

tactgtactc
tgaaggagaa
cccaatacga
ttgacaagtt
gcgtaaacct
gaaaattctt
ttcggtaccc
ctgggggaga

agttcgcgga

td hop

ctccacccgt
gcaggcattc
gtacgacggt
ctcatttgtc
gaacctcgtc
gttcctcttg
gtaccctcgg
cggcgagact

tgctcacgag

Trinh tu nhédn tao

gacgcgggac
ggccgaatgce
tcaggtgcta
catcaagaga
cacagcaagg
gcttgctacc
gcgataccgg
gacagacacyg

ggattttgca

Trinh tu nhdn tao

36044

gacggccaaa
gacgtggacg
gttgtcatcg
aagaagcatc
gcccggaagc
gattccccgt
tacaattggt
gataccagga

atcgtccagce

ggccagaccce
gacgtgatcg
atcggtgcga
aacgtggatc
aagcccgaga
ccectggcagce
tggatcgaca
agcaaggagyg

aagctatcgt

-80-

ccegtgagat
tcgtcaacct
gagcgtccat
agcaggctct
ctgagaagcg
ggcagcccga
acgaccgtat
aggaagtagt

tcgtgcggaa

acgcaattgc
acctcaccca
gtattcgtta
agctgaacaa
agcgtactcc
ccgegttgtg
aggtgatgat
tcgagtacac

acaagaaggc

tgcggcegtcece
tcaccgggcce
caggtacggc
taagaagctt
cacaccgcag
cctttcagcece
catgattaga

ctacacagac

gtag

ttcatacatc
cggggageac
cggeccactte
catgccaagc
ccagacaaac
cggagtgttce
ccagctaata

ggattgggag

cctctag

cac agaagatcgc atctgccatc

gtgatta acatacagga tgccaaaacc

60

120

180

240

300

360

420

480

534

60

120

180

240

300

360

420

480

537

60

120



ctecgactggce
cagcccgttg
ggattcttct
gcttatacag
gcgggggecc
atgcgaatga
caggtgcagc
<210>
<211>

<212>
<213>

44
543
ADN

<220>
<223> Tai

<400> 44
aagaccttga

gccagcgagce
gagccgcagt
taccacagcg
tcagcgttcet
aactcgtatg
atcgccggtyg
ataatgaaaa
gagcaggtag
taa

<210>
<211>

<212>
<213>

45
534
ADN

<220>

<223> Tai

<400> 45
aaggccctta

gccaactcga

atcgactggt

agcagtacga
tgaatgagtt
ccgtgaactt
tcaaattctt
tgtactaccc
cggggggaga

ggttcgcgeg

td hop

ttctattctc
taaaggagct
gggagaacta
cgttccagga
actcggtcaa
ccaggaagtt
cgctcaggta
tgagcggcgg

caaacttcgce

td hop

ccgggtactce
tgtcaagcac
gacagcccga
ggcgcagtca
acggtaccgg
gaccgacgca

agacttcgcg

Trinh tu nhédn tao

cacaagggac
tggcattcag
cgatcgggtce
gttcgtgaaa
cctegtggcet
ccttatgaac
ccctegttat
agagaccgac

tagggagatt

Trinh tu nhdn tao

36044

atcggcgect
aacctcttgg
aagccagaga
ccctggcaac
tggttcgata
tcgaaagagg

cagttaccgg

ggccagacta
gcagacgtgg
gtgatcggcg
aagcacgcga
cgtaagcccg
tcgcagtggce
aggtggtacg
accagaaaag

gctcacctca

ccattcgtta
ccctacagca
agcggagccce
cggactgctg
gggtgatgat
tggagtacac

gtaagtccta

gggagatcge
ctaacgtgca
ccagcatccg
cccgtcectgaa
agaagcggac
gaccggaccg
acaggtttat
aggtggttta

ccgacaagcec

cgggcattte
gagagtttcc
cgagactaac
cgctgttttt
acagttcata
tgactggcag

ctga

ttcctacctg
ccgaattgag
gtatggacac
tagcatgcca
accccagacc
ctgegeggtg
gattaaactt
cacagactgg

gaccttgaag

tactgttcag ttccagagaa ggccagacga gggagatagc gagttacatt

taaaggagga aatggaatgc gacgtgttca acatccttcg tgtggagcag

ctcaatacga ccgcgtcctg atcgggggct cgatacacta cggccattte

-81-

180

240

300

360

420

480

534

60

120

180

240

300

360

420

480

540

543

120

180



cacccagcgg
ggctttttct
gcctacatga
gcgggggecce
atgaggatga
caggtcgccecc
46

537
ADN

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

<220>

<223> Tai

<400> 46
aaggctctta

gctaataccc
attgatttga
cacccagctg
gcgttettet
gcgtacacta
gcgggagcecc
atgcgcataa
caggtcgcgce
47

537
ADN

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

<220>

<223> Tai

<400> 47
aagaccttga

gcaggagtcc
gaaccagact
ttccataagt

ggcgcecttt

tggcaaaatt
gcgtcaacct
gaaagttctt
ttaggtacac
cgggcggaga

gcttcgecgea

td hop

tcgtattctc
tcaaagggac
gccagtacga
ttaaccagtt
ccgtgaacct
ggaagtttct
ttcgctatce

cggggggcga

gattcgccca

td hop

tcctattcte
tcgaagagca
ggagtaccgt
ctttcatcag

tcacagttaa

tgtcaagagg
gacggccagg
gttgcagtcc
ccgttacagg
gactgacaca

ggagttcgcc

Trinh tu nhdn tao

ttcgagggat
cctagagtgce
ccgtgtggcec
tatccggaag
cacagctcgg
actgaactcg
ccgttacagg
gacagactcc

ggattttgca

Trinh tu nhdn tao

caccagggac
ggggaaggcc
tgaatgcgtc
gttcgtaaac

cttagtcgcce

36044

cacctccatg
aaggccgaca
ccatggcaac
tggttcgaca
tcgaaggagyg

catttgcccg

ggccaaaccce
gacgtcgtca
attggcgcct
caccttacga
aagcccgaga
ccgtggcagc
tggtttgacc
accaaggaga

cagcttgccg

ggccaaacac
tgcgagttgg
gttctagggg
actcacgcgc

cgaaagcccg

-82-

agttgcaaca
agcggactcc
ccgattgcectg
gggtaatgat
tggagtacac

gcaaaactca

gagcgatcgce
acgtcctcaa
ccattcgcecta
gcctccagca
agaggactat
cggacctgtg
gagtgatgat
tcgagtacac

caaagaaccc

acaagatcgc
tcgatctgtt
ccagcattag
agcgcttgaa

agaagcagag

gaggtcttcc
ccagaccaat
cgcegtgttt
tcagctgatc
agactggacg

gtga

gtcttatatt
tgctaacgac
cgggaggtte
gctaccatct
acaaaccaac
ctgcgtgtte
tcaactcata
cgactggcag

ggcatga

aaggcacatc
acagcccggce
atatggtcac
taatatgcca

tccacagacg

240
300
360
420
480

534

60
120
180
240
300
360
420
480

537

60
120
180
240

300



aactcttaca
ttcgegggeg
ataatgaaga
cagtcggtga
48

540
ADN

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

<220>

<223> Tai

<400> 48
aagaccctaa

gcctcggagce
gagatagctt
ttccaccctg
ggcgcctttt
aactcataca
tttgctgggg
attatgaaaa
tcgcaggtcg
49

537
ADN

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

<220>

<223> Tai

<400> 49
aaggccttgg

gcctcctgea
gtgaacctca
aacgccgtgce
gcgttettet

ccttatgtcc

gcaggggccc

cccgecaagtt
ctttgaggta

tggceggggyg

ctecggttege

td hop

tactgttctc
tgaaggagca
ggcaggagta
ctgtcgaccg
tctctgtaaa
ccaggaagtt
ccctecgeta
tgacaggcgg

cgtcgtttge

té hop

tactgtactc
tgaaggagaa
cccaatacga
ttgacaagtt
gcgtaaacct
gaaaattctt

ttcggtaccc

tctecgecgec
ccctaggtac
cgagactgac

gagggagatc

Trinh tu nhdn tao

tacccgcgac
ggggatttac
tgatagagtc
cttcgtgaag
ccttgttgece
cctattaaac
ccctagatac
ggagacggat

cagagagata

Trinh tu nhdn tao

gacgcgggac
ggccgaatgce
tcaggtgcta
catcaagaga
cacggcaagyg
gcttgctacc

gcgataccgg

36044

tccececttgge
tcgtggtacg
acaaggaagg

gctcagctgce

gggcagacaa
gctgacgtca
gtaatcgggg
aagcacacag
cggaaagccg
agcccgtgga
cgctggtacg
acccgaaagyg

gtccagttga

ggccagaccc
gacgtgatcg
atcggtgcga
aacgtggatc
aagcccgaga
ccctggcagce

tggatcgaca

-83-

agccacagcg
acagaatgat
aggttgagta

cgggagagac

gggagatcgc
taaaccttaa
cgtcgatccg
agacactcéa
agaagagaac
agccagcggc
acaggttcat
aggtagtcta

ccaggtcatc

acgcaattgc
acctcaccca
gtattcgtta
agctgaacaa
agcgtactcc
ccgegttgtg

aggtgatgat

atgccaagtt
gatacgtttg
cactgactgg

gcggtag

cgcgttectt
ccggacggag
atacgggcat
ctcéctgccc
gccgcagacg
ctgcgeggtce
gatacgactg
cactgactgg

gcgcttgtga

ttcatacatc
cggggagcac
cggccactte
catgccaagc
ccagacaaac
cggagtgttc

ccagctaata

360

420

480

537

60

120

180

240

300

360

420

480

540

60

120

180

240

300

360

420



36044

atgcggatga ctgggggaga gacagacacg agcaaggagg tcgagtacac ggattgggag

caggttaaga agttcgcgga ggattttgca aagctatcgt acaagaaggc cctctag

<210> 50

<211> 537
<212> ADN
<213>

<220>

<223> Tai

<400> 50
aaggccttgg

gcctectgea
gtgaacctca
aacgccgtgce
gcgttettet
ccttatgtcce
gcaggggecc
atgcggatga
caggttaaga
<210>
<211>

<212>
<213>

51
537
ADN

<220>

<223> Tai

<400> 51
aaggccttgg

gcctcctgea
gtgaacctca
aacgccgtgce
gcgttcttcet
ccttatgtcc
gcaggggccc
atgcggatga

caggttaaga

téd hop

tactgtactc
tgaaggagaa
cccaatacga
ttgacaagtt
gcgtaaacct
gaaaattctt
ttcggtaccc
ctgggggaga

agttcgcgga

td hop

tactgtactc
tgaaggagaa
cccaatacga
ttgacaagtt
gcgtaaacct
gaaaattctt
ttcggtaccc

ctgggggaga

agttcgcgga

Trinh tu nhidn tao

gacgcgggac
ggccgaatgce
tcaggtgcta
catcaagaga
cacagcaagg
gcttgctacc
gcgataccgg
gacagacacyg

ggattttgca

Trinh tu nhén tao

gacgcgggac
ggccgaatgce
tcaggtgcta
catcaagaga
cacagcaagg
gcttgctacc
gcgataccgg
gacagacacg

ggattttgca

ggccagaccce
gacgtgatcg
atcggtgcga
aacgtggatc
aagcccgaga
ccctggcagce
tggatcgaca
agcaaggagg

aagctatcgt

ggccagaccce
gacgtgatcg
atcggtgcga
aacgtggatc
aagcccgaga
ccctggcagc
tggatcgaca
agcaaggagyg

aagctatagt

acgcaattgc
acctcaccca
atattcgtta
agctgaacaa
agcgtactcc
ccgegttgtg
aggtgatgat
tcgagtacac

acaagaaggc

acgcaattgc
acctcaccca
gtattcgtta
agctgaacaa
agcgtactcc
ccgegttgtg
aggtgatgat
tcgagtacac

acaagaaggc

ttcatacatc
cggggagcac
cggccactte
catgccaagc
ccagacaaac
cggagtgttc
ccagctaata

ggattgggag

cctctag

ttcatacatc
cggggagcac
cggccacttce
catgccaagc
ccagacaaac
cggagtgtte
ccagctaata

ggattgggag

cctctag

480

537

60

120

180

240

300

360

420

480

537

60

120

180

240

300

3%60

420

480

537



<210> 52

<211> 534
<212> ADN
<213>

<220>

<223> Tai

<400> 52
aaggccttga

gctgatgaga
ctcgactggc
cagcccgttg
ggattcttct
gcttatacag
gcgggggecc
atgcgaatga
caggtgcagc
<210> 53

<211> 540
<212> ADN

<213>

<220>

<223> Tai

<400> 53
aagaccctaa

gcctcggagce
gagatagctt
ttccaccctg
ggcgectttt
aactcataca
tttgctgggg
attatgaaaa
tcgcagatcg

<210>
<211>

54
540

té hop

tcctgttcte
taaaggggca
agcagtacga
tgaatgagtt
ccgtgaactt
tcaaattctt
tgtactaccc
cgggggggga

ggttcgcgeg

td hop

tactgttctc
tgaaggagca
ggcaggagta
ctgtcgaccg
tctctgtaaa
ccaggaagtt
ccctecgcta
tgacaggcgg

cgtecgtttge

Trinh tu nhan tao

tacacgcgac
gcaatcgtgce
ccgggtactc
tgtcaagcac
gacagcccga
ggcgcagtca
acggtaccgg
gaccgacgca

agacttcgcg

Trinh tu nhdn tao

tacccgcgac
ggggatttac
tgatagagtc
cttcgtgaag
ccttgttgcc
cctattaaac
ccctagatac
ggagacggat

cagagagata

36044

ggacagacac
gacgtgatta
atcggcgcect
aacctcttgg
aagccagaga
ccctggcaac
tggttcgata
tcgaaagagg

cagttaccgg

gggcagacaa
gctgacgtca
gtaatcgggy
aagcacacag
cggaaagccg
agcccgtgga
cgctggtacg
acccgaaagg

gtccagttga

-85-

agaagatcgc
acatacagga
ccattcgtta
ccctacagca
agcggagccce
cggactgctg
gggtgatgat
tggagtacac

gtaagtccta

gggagatcgc
taaaccttaa
cgtcgatccg
agacactcaa
agaagagaac
agccagcggc
acaggttcat
aggtagtcta

ccaggtcatc

atctgccatc
tgccaaaacc
cgggcatttce
gagagtttcc
cgagactaac
cgctgttttt
acagttcata
tgactggcag

ctga

cgcgttcett
ccggacggag
atacgggcat
ctcactgccce
gccgcagacyg
ctgcgcggtce
gatacgactg
cactgactgg

gcgcttgtga

60
120
180
240
300
360
420
480

534

60
120
180
240
300
360
420
480

540



<212>
<213>

ADN

<220>

<223> Tai

<400> 54
atgaaggcgc

atcgcgtcct
cacgtgaatc
tttaacgccg
tccgegttet
aacccatacg
ttecgcagggyg
ataatgcgca
gaacaggtga
<210> 55

<211> 537
<212> ADN

<213>

<220>

<223> Ta&ai

<400> 55
atgaaggcgc

atcgccgacg
actctcgact
ttccagccag
tctggcttcet
aacgcctaca
ttcgcegggg
ataatgcgca
cagcaggtgc
<210> 56

<211> 534
<212> ADN

<213>

<220>

td hop

tcgtgctcta
gtatgaagga
ttacgcagta
tcctecgacaa
tttgcgtgaa
tgcggaaatt
cgctacgcta
tgaccggcgg

agaagtttgc

té hop

ttatactgtt
agatcaaggg
ggcagcagta
tcgtcaatga
tctcecgtgaa
ccgttaagtt
cactgtacta
tgaccggtgg

aaaggttcgc

Trinh tu nhdn tao

cagcacacgc
gaaggccgag
cgaccaagtg
attcatcaag
cctgacggcect
cctactcgceca
tccgegttac
cgagacagac

agaggatttc

Trinh ty nhdn tao

ctcgacacgc
ccagcagagc
tgaccgcgtg
gtttgtgaaa
ccttacagct
ccttgecgcag
ccctecgatac
ggagaccgac

acgcgacttc

Trinh tu nhdn tao

36044

gacggccaga
tgcgacgtca
ctgataggcg
cgcaatgtag
cggaagcctg
acgccatggc
cgctggatcg
acatcgaagg

gccaagctcect

gacggtcaga
tgcgatgtga
ctcattggcg
cataacctct
agaaaaccag
tcaccgtggce
cggtggtttg
gcaagtaaag

gcgcagctcece

-86-

ctcatgcgat
tcgatctcac
cctctatcceg
accagctgaa
agaagcgaac
agcccgceect
ataaggtgat
aagtcgaaﬁa

catacaaaaa

cgcagaaaat
tcaatattca
catcaatccg
tggcattgca
agaagcggtc
agcctgattg
atagggtaat
aagttgagta

cgggcaagtc

cgcctcttac
gcacggggag
ttacggccat
caacatgccc
acctcagacc
gtgcggggtt
gatccagcta
cacagactgg

ggcattgtga

cgcctcagec
ggacgccaaa
ctacgggcat
gcagcgggtyg
gcccgagact
ctgcgeggte
gatccagttc
cacggattgg

ttactga

60

120

180

240

300

360

420

480

540

60

120

180

240

300

360

420

480

537



<223> Tai

<400> 56
atgaaagccc

atcgctgatg
ctgcctgatt
ttccagcctg
agcgggttcet
aacgcctata
ttecgcgggcg
attatgagaa
caacaggtgt
<210> 57

<211> 546
<212> ADN

<213>

<220>

<223> Tai

<400> 57
atgaaaaccc

ctggecctceceg
gaggagcegce
cactaccact
cctagcgect
acgaactcct
gttattgcgg
cttattatga
tgggagcagg
aagtag
<210> 58
<211> 537
<212> ADN

<213>

<220>

<223> Tai

té hop

tgatcctcta
tcatccgcecceca
gggcccagta
tggttgacaa
tcagtgtgaa
cgcagaaatt
ccttgtacta
tgacgggagyg

caactttcgce

té hop

taatactgtt
agctcaagga
agtgggagaa
cggcctttea
tctactcegt
acgcgcggaa
gagccctgag
agatgtctgg

tcgccaattt

td hop

ttccaccagg
gcagcagcag
tgaccgcgtce
gttcgtcaag
cctgacagcet
ccttgctcac
tcccegcectac
ggagaccgat

aaacgacttc

Trinh tu nhin tao

ctcgacccgce
gctggggatce
ttacgatcgc
ggagtttgta
caaccttgtc
gttcctgatg
atacccgagg

tggggagact

cgctcgggaa

Trinh tu nhdn tao

36044

gacggccaga
tgcgacgttt
ctgatcggcg
cagcacctgc
agaaagcccg
tcaccctgge
cgctggtteg
tcgaccaagg

gcacaactac

gacggccaga
caagccgatg
gttgtgatag
aagaaacacg
gcgcgcaagc
aacagccagt
taccggtggt
gacaccagga

atcgcgcatc

-87-

cccgcaagat
taaacattaa
cgtcgattceg
atgagctgca
aaaagagatc
agcctgactg
atagggtgat
aggtagagta

ccggtaagte

cgcgtgagat
tcgcgaacgt
gggccagcat
ccacaagatt
cggagaagcg
ggcggcecgga
acgataggtt
aggaggtggt

tggcagacaa

agcctcctcece
ggacgcttca
gtacggccac
gcagcgaact
cccagaaacc
ttgtgccgtce
gatccagctg
cactgactgg

ttga

tgcgagctac
gcaccgcatt
ccgctatgge
aaactccatg
gacacctcag
cagatgtgct
tatgattaaa
atatacagac

gcctacactg

60

120

180

240

300

360

420

480
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360

420
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<400> 58
atgaaggccc

atcgcgaatt
caaatagact
tttcacccgg
tcagggttct
aacgcctaca
ttcgececggtyg
atcatgcgga
acccaggtgg
<210> 59

<211> 540
<212> ADN

<213>

<220>
<223>

Tai

<400> 59
atgaaggcgce

atcgccaata
gacattgacc
tttcaccctg
tcagccttcet
aacgcctata
ttcgccggceg
atcatgagga
cagcaggtgg
<210> 60

<211> 540
<212> ADN

<213>

<220>

<223> Tai

<400> 60

atgaagacac tgatcctgtt ctcgactcga gatggc

attgcggggg tcctggagga gcagggcaaa dJc¢

tgatcctcectt
ccataaagga
ggtctcagta
ccgtggcgaa
tctgcgtcaa
tgaggaagtt
cactgcgcecta
tgaccggcgg

cacgtttcge

t5 hop

taattgtgtt
ccttgaaagg
tttcccagta
cagtcaacca
tctctgtgaa
cccgaaagtt
cgttgcggta
tcaccggggyg

ctcgettege

té hop

tagctctagg
ggagatggag
tgaccgtgtg
attcgtcaag
cctgacagca
ccttectgecag
tacgcgctat
ggaaacggat

ccaggagttt

Trinh tu nhdn tao

cagctccagg
aacgctcgag
cgaccgagtt
gtttatacgg
tttaaccgcg
cctcctgaac
tccecegcectac
agagaccgat

ccaggacttce

Trinh tu nhdn tao

36044

gagggccaga
tgcgatgtgt
ctcatagggg
cgacacctcc
agaaaggcag
tcteecttggce
agatggtttg
actagtaagg

gcacatcttc

gatggccaga
tgtgacgtgg
gccataggcg
aagcatttga
cggaagcctg
agcccatggce
aggtggttcg
agtaccaagg

gctcagttgg

-88-

cccgcgagat
ttaacatcct
ggagcatcca
acgagcttca
ataaacgcac
agcccgattg
atagagtcat
aggtggagta

ctgggaagac

cgagggctat
tcaacgtctt
cgtcgatccg
cctecgectgea
agaaacggac
agccagacct
atagagtgat
agatcgagta

ccgcaaagaa

cgcgtcatat
tagggtggag
ctacggccac
gcagcgctcce
cccgcagacyg
ctgcgcggtg
gattcagctc
cacggactgg

ccaatga

agcatcctat
gaacgccaat
ctacgggcga
gcagctcccg
gatccaaaca
gtgctgtgtce
gatccagctc
cacggactgg

tccagcataa

caga ctcataaaat tgcgcgccac

gtgcgagc tcgtggaétt actccagccce

60

120

180

240

300

360

420

480
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180
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ggggagccgg
catttccaca
cctggecgcegce
actaactcct
gtgttcgctg
ttgattatga
tggcaatcag
<210>
<211>

<212>
<213>

61
537
ADN

<220>

<223> Tai

<400> 61
atgaaggctc

atagcaaagg
aacgtggagt
ttccatccecg
agcggcttcet
aacgcttata
ttcgctgggy
ataatgcgta
cagcaggtca
<210> 62

<211> 543
<212> ADN

<213>

<220>

<223> Tai

<400> 62
atgaaaacct

ctcgettecgg
gaagagattg

cacttccacc

actggagcac
aaagtttcat
tattcactgt
acacaaggaa
gagctctgcg
agatggcagg

tcactcggtt

td hop

tcatactgtt
agctagaggg
ggactcagta
ccgtegetga
tcagcgtgaa
cggcaaagtt
cactgaggta
tgactggtgyg

ctaggttcgc

td hop

taatcttgtt
agctcaagga
cgtggcagga

cggctgttga

ggtggagtgc
ccggttegte
taacttagtg
atttctagca
ctatcctagg
cggggagacyg

tgctagagag

Trinh tu nhdn tao

cagctcgaga
caagcaagcc
cgacagagtce
attcgtgaaa
tcttactgcg
cctcaaccaa
tccgegetat
ggagacggat

gcaggagttt

Trinh tu nhin tao

cagcacccgce
acagggaatt
gtatgaccgc

ccggttegtg

36044

gtcgttctgg
aacacccacg
gctcgtaagce
gcaagcccat
tacagttggt
gacaccagga

atcgcgcaat

gacgggcaga
tgcgacgtgce
ctaatcggcg
cgccaccagc
agaaagccgg
tctceectgge
cggtggtteg
tccagtaaag

gctaggctgce

gacggccaga
tacgccgacg
gtggtgattg

aagaagcaca

-89-

gcgcttcecat
ctcaacggct
ccgagaagca
ggcaaccgca
acgacagaat
aagaggtcga

taccaggtga

cccagctgat
tcaatattct
cgtcéatcag
gtgagctcca
aaaagcggag
aaccagactg
atagaatcat
aggtagagta

cgggcaagac

cgcgtgaaat
tcattaacct
gcgcttctat

cggagacctt

acgttacggg
gaacaacatg
gtctccgecag
gcggtgccag
gatgatacgg
atacactgac

gacgcggtaa

cgcctectee
cgacacaacc
atacggccac
gcagcgcagce
tcccgagact
ctgtgcecgtg
gatacagctg
tactgattgg

atcctga

cgcagcgtte
aaaccgtacc
ccgctatggce

gaactcactg

180

240

300

360

420

480

540

60

120

180

240

300

360

420

480

537

60

120

180

240



ccgggggceat
acgaacagct
gtgttcgcag
ctgattatga
tggtcccagg
tga

<210> 63
<211> 534
<212> ADN

<213>

<220>

<223> Tai

<400> 63
atgaagattc

ctcgectceeg
gaaaacatag
catttccact
cccggagceat
acaaacagct
gttttcgeeg
ctgatcatga

tggcagcagg

tctttagecgt
acacccgcaa
gagctctccg
aaatgacggg

tggecctegtt

td hop

tcatcttatt
agttgaagga
cgtgggagga
caacgctgaa
tctacagcgt
acacacgcaa
gggcactgcg
agattacagg

ttacccactt

aaatctggtg
atttttactt
ctatcctcegce
cggcgagacyg

tgcaagggag

Trinh tu nh8n tao

ttccacccga
gcaggcgttt
gtacgatggg
ttcatttgtg
caacctcgtg
gtttctgctce
ctatcccegt
cggggaaacc

cgcccacgag

36044

gcgcgecaagg
aactccccat
tatcgatggt
gatacgcgaa

atcgtacagc

gacggccaaa
gatgtggatg
gtcgtcatcg
aagaagcacc
gctcggaagc
gactcgccct
tacaactggt
gatactcgga

atcgtccagce

-90-

ccgagaagcg
ggaaacctgc
acgatcggtt
aggaagttgt

tcactcgatc

cccgcgagat
tggtcaacct
gagcgtcaat
aacaagcgct

cggaaaagcg

ggcaacccga

acgatcgcat

aggaggtggt

tcgttcgtaa

caccccccag
ggcctgegcea
catgattcgg
ctacactgac

tagtaggctc

tgcggcgtcece
ccaccgcgcea
ccgctacgga
caagaagctg
caccccgcaa
cctgagtgcc
aatgattcga

gtatacagac

gtga

300

360

420

480

540

543

60
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