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Zea mays L.
Z. mays Z. mays
subsp. mays (L.) lltis
(Gramineae) (Zea) (Zea mays)
@
9,000
3000 1500
(1579 )
58 40
(FAO) 2002
1 4 ha
2800 ha 2500 ha 1,200 ha 700 ha
600 ha 400 ha 300 ha
2002 3 ha
1,600



1,100

5
6,000 8,000

©)

13

500
4
35 45
32 36
14
10
6 8

(F1)

70%
pH55 8.0
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Tripsacum Zea
Tripsacum

Tripsacum

Tripsacum

1,200 2,000 1,600 3,000
24
2 8 90-100pum
1 5%
24

300 500m

(cry3Bbl, Zea mays subsp. mays (L.) Iltis) (MONS8G63,
OECD Ul: MON-@2863-5)( MONS863 ) (crylAb,
Zea mays subsp. mays (L.) lltis) (MON810, OECD Ul: MON-@@81@-6)( MONS810 ) 2

( MONB863><MON810 ) MONB863><
MONS810 (cp4 epsps, Zea mays subsp. mays
(L.) ltis) (NK603, OECD Ul: MON-@@6@3-6)( NK603 )
(cry3Bb1, crylAb, cp4 epsps, Zea mays subsp. mays (L.) Iltis) (OECD Ul
No.: MON-@@863-5>< MON-J12810-6 < MON-2@6@3-6) (
) MONB863 MON810 NK603 3
MONB863 MONB810 NK603



@

MON&863 1
cry3Bbl cry3Bbl
cry3Bbl
Cry3Bb1l
MONS810 2
NK603 3
MONB863 1 MONS810
2 NK603
3
cry3Bbl
MONB863
cry3Bbl Bacillus thuringiensis
subsp. kumamotoensis Cry3Bbl
corn rootworm
(Diabrotica sp.) Cry3Bbl Bt
B.t.
B.t.
Cry3Bbl
2 (Leptinotarsa, Diabrotica) Colorado Potato
Beetle(Leptinotarsa decimlineata) corn rootworm 2
Cry3Bbl Cry3Bbl 98.9
Cry3Bbl



Cry3Bbi

nptll
MONB863
nptll (neomycin phosphotransferase type II) (Escherichia coli)
Tn5 NPTII (
)
Nptll
crylAb
MON810 crylAb
Bacillus thuringiensis subsp. kurstaki
CrylAb
(Ostrinia nubilalis)
CrylAb Bt B.t.
B.t.
CrylAb
CrylAb

European corn borer (Ostrinia nubilalis), Southwestern corn
borer (Diatraea grandiosella), Southern cornstalk borer (Diatraea crambidoides), Sugarcane
cornstalk borer (Diatraea saccharalis), Corn earworm (Helicoverpa zea), Fall armyworm
(Spodoptera frugiperda), Stalk borer (Papaipema nebris)

O. nubilalis O. furnacalis

CrylAb



cp4 epsps

5-
-3- (EPSPS)(E.C.2.5.1.19)
EPSPS
NK603
cp4 epsps CP4 EPSPS
cp4 epsps CP4 EPSPS
EPSPS
5 1
3- -D- -
(3-deoxy-D-arabino-heptulosonate-7-phosphate, DAHP)
DAHP EPSPS 5-
(EPSP)
EPSPS
EPSPS
40 EPSPS
(
) /
EPSPS
EPSPS
(PEP) -3- (S3P) EPSP (Pi)
EPSPS S3P
S3P 200 1
CP4 EPSPS
cry3Bbl +crylAb



CrylAb CrylA Cry3Bbl Cry3

1960
Bt
pH (PH105 pH11.0) (pH6.5 pH7.0)

CrylAb CrylA CrylAc

Cry3Bbl Cry3 Cry3Aa
2 Bt
CrylAc Cry3A
( 4
CrylAb Cry3Bbl



1 MONS8G63 PV-ZMIR13L

cry3Bbl
4-AS1 4 AS-1 (CaMV) 35S
wt CAB a/b 5
ractl intron
Bacillus thuringiensis Cry3Bb1
cry3Bbl p6
LacZ 3-d- lacZ
tahsp 17 3’ 173 3
nptll
35S (CaMV)
nptll Tn5
I
Ble Tn5
MONB863
Ble N 50
NOS 3’ Agrobacterium tumefaciens  T-DNA (NOS) 3’
MRNA




2 MONB810 PV-ZMBKO07 PV-ZMGT10

crylAb
E35S (CaMV) 35S
Hsp70 (heat shock protein) hsp70
crylAb Bacillus thuringiensis subsp. krustaki HD-1 CrylAb
p7

NOS 3’ Agrobacterium tumefaciens T-DNA (NOS) 3

mRNA
Cp4 epsps ( MONS810 )
E35S (CaMV) 35S
Hsp70 (heat shock protein) Hsp70
CTP2 epsps EPSPS N
Cp4 epsps Agrobacterium CP4 5- -3-
NOS 3’ Agrobacterium tumefaciens T-DNA (NOS) 3

mRNA
GOX ( MONS810 )
E35S (CaMV) 35S
Hsp70 (heat shock protein) Hsp70
CTP1 rubisco  small subunit 1A rubisco small subunit 1A
GOX Achromobacter sp. strain LBAA (glyphosate oxidoreductase; gox)

v247 C GOX
NOS 3’ Agrobacterium tumefaciens T-DNA (NOS) 3
MRNA
(PV-ZMBKO07 PV-ZMGT10 ) MON810
)
Lacz B3-D- Lacz B-
B-
Ori-puC pucC
nptll TnS
I
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3 PV-ZMGT32L
cp4 epsps
P-ractl 1
ractl
intron
CTP 2 epsps EPSPS
cp4 epsps | Agrobacterium CP4 5- -3-
p8
NOS 3’ Agrobacterium tumefaciens T-DNA (NOS) 3
MRNA
cp4 epsps
E35S (CaMVv) 35S
ZmHsp70 (heat shock protein)
Intron ZmHsp70
CTP2 epsps EPSPS
cp4 epsps Agrobacterium CP4 5- -3-
p8
NOS 3’ Agrobacterium tumefaciens T-DNA (NOS) 3’

MRNA
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4 Cryl Cry3

(Macintosh

CrylAb ¢

CrylAc @

Cry3A @

CrylAc + Cry3A ¢

Cockroach
(Blatella germanica)

Alfalfa weevil
(Hypera postica)

Cotton boll weevil
(Antonomus grandes)

Horseradish flea beetle
(Phyllotreta armoraciae)

Southern corn rootworm
(Diabrotica undecimpunctata howardii)

Japanese beetle
(Popilla japonica)

Colorado potato beetle
(Leptinotarsa decemlineata)

Mosquito
(Aedes aegypti)

Green peach aphid
(Myzus persicae)

Termite
(Reticulitermes flavipes)

Beet armyworm
(Spodoptera exigua)

Black cutworm
(Agrotis ipsilon)

Cabbage looper
(Trichoplusia ni)

Corn earworm
(Heliothis zea)

European corn borer
(Ostrinia nubilialis)

Tobacco budworm
(Heliothis virescens)

Tobacco hornworm
(Manduca sexta)

Spider mite
(Tetranychus urticae)

1- CrylAb
2- CrylAc
3- Cry3A

4- CrylAc

25%
25

50pag/ml
50pag/ml
500pag/mli
50pag/ml

Cry3A
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500pag/ml




)

MONB863 MONS810 NKG603
(Escherichia coli) puUC 119

MONB863 MONS810 NK603

TnS
(nptll )
®
1 2 3
MONB863 DNA PV-ZMIR13L
A634
MON810 PV-ZMBKO07 PV-ZMGT10
F2
NK603 DNA PV-ZMGT32L
AW>=<CW
MONB863
PV-ZMIR13L 24-D
Cry3Bbl
MONB863 DNA
1997 1998 1999

13

1999

Al188 X B73



Cry3Bb1l

MONB863
2001 5
)
2002 2
2003
2003
MONS810

PV-ZMBKO07 PV-ZMGT10

GOX
MONS810
MON810
1992
1997
MONS810

2003

DNA

DNA

CrylAb
nptll

DNA

1993 1995
1994

14

24-D

6 (2

MONS810

cp4 epsps

MONS810

cp4 epsps

CrylAb



1996 10

1997 5 (
1997 6
2001 3
2003 3
2003 4
NK603
PV-ZMGT32L
CP4 EPSPS
1997
2001

NK603
2001 3
2001 3
2001 5

15

DNA

DNA

24-D

1997 1999

DNA

DNA
DNA
103
CP4 EPSPS

)

)



2002 3

2003 3 DNA

MON863><MON810><NK603

MON863 MONS810 2

MONB863><MON810 ) NKG603
C))
MONB863
MONB863 MONB863
1 1 cry3Bbl nptll PV-ZMIR13L
DNA DNA
cry3Bbl nptll
MONS810
MONS810 MONB810
1 1 crylAb PV-ZMBKO07 DNA
MONS810
PV-ZMBKO7 crylAb
nptll PV-ZMGT10 CP4 EPSPS GOX
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NK603

NK603 2002 3
NK603 3
NK603 1 1 cpd epsps
PV-ZMGT32 DNA 3
P-ractl 217bp 3
CP4 EPSPS
3 P-ractl  217bp
strand-specific RT-PCR
ractl E35S
NOS 3’
NK603 CP4 EPSPS
46kDa  CP4 EPSPS
NK603 CP4 EPSPS
NK603
NK603 E35S cp4 epsps
5 456 641
(M ©)
456 641
E35S CP4 EPSPS N 214
CP4 EPSPS
( L214P )
L214P EPSPS 7 L214P
N 214 7
EPSPS
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L214P CP4 EPSPS

L214P CP4 EPSPS
L214P
®
MON863 MONS810 NKG603
Cry3Bbl Nptll CrylAb CP4 EPSPS
2-(1)-
Cry3Bbl CrylAb
CP4 EPSPS EPSPS
( )
/
Cry3Bbl CrylAb CP4
EPSPS 3
western corn rootworm (Diabrotica
vergifera virfigera) (Ostrinia nubilalis)
( )
western corn
rootworm Cry3Bbl MONB863
( 9
CrylAb MON810
( 6)
CP4 EPSPS NK603 (7
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MONS863

5 MON863><MON810><NK603
western corn rootworm

MON810 NKG603

NIS
(NIS)
MON863><MONB810><NK603 0.16 0.04
MON863 0.14 0.02
2.80 0.07
6 MON863><MON810>=<NK603
LDR
(LDR)
MON863><MON810><NK603 0.20 0.13
MONS810 0.11 0.11
5.30 0.37
5 6
10 2 western corn rootworm
4 1
21 leaf damaging rate
(LDR) 0( ) 9( ) 10
LDR LDR
LDR
western corn rootworm
nodal injury score (NIS) corn rootworm
corn rootworm ( ) (
6 7 )
0.00 3.00
2.80 5 6 7 80%
NIS NIS
NIS
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7 MONB863><MONB810><NK603 (
)

(%)
MON863><MON810>=<NK603 5
NK603 S
100
10 13 (
) 10 (10
)
MONB863 cry3Bbl Cry3Bbl
corn
rootworm western corn rootworm
corn rootworm MONB863
Cry3Bbl
MONS810 crylAb CrylAb
MONS810 CrylAb
MONS810
nptll cp4 epsps MONS810
NK603 cp4 epsps CP4 EPSPS
NK603
Cry3Bbl NPTII
CrylAb CP4 EPSPS
MONB863 MONB863AX MON8S63BX MONB863CX
MONB863AC MONB863BC MONB863CC 2000
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2002
MONB863AX MONB863BX MON863CX RO

MONS863
MON863AC MONB863BC MON863CC
MON863AX MONB863BX MONB863CX

MONS810 MON810AX MON810BX
MON810AC MON810BC 1996 2001 2002
MON810AX MON810BX RO

MONB810AC MON810BC MON810AX MON810BX

NK603 NK603-A NK603-B
Cont-A Cont-B 2000
NK603-A NK603-B RO
Cont-A Cont-B NK603-A

NK603-B

MON863

MON863
MONS810
MONS810BX MON810BC
MONS810BX 248.1cm MONBS810BC 229.3cm
NK603

21



MONS863
14 MONS863

MONS810
2
MONS810

NK603
14

MON863, MON810, NK603

MONS863

MONS810
0.1
MON810
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4

21

12 14

MONS863



NK603 ( )

NK603
MON863  Sib-mating 1
100 MON863
MONB810  Sib-mating 1
100 MON810
NK603  Sib-mating 1
100 NK603
100
NK603-B Cont-B
NK603-B 100 33.6g Cont-B 3519
NK603-A Cont-A
MON863 MONS810 NK603
MONB863 10 MONS810
4 NK603 10

100
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100



MON810 NK603

MONS863
NK603

MONS810

1)

2

©)

B.t.

MONS10
MONS63
(MON810>< MONS63)
20 Bt

24

NK603

MONS863

B.t.



MONB863
( MON863><MON810 )

MONS810
NK603

MON863 MONS810 NKG603

2-(1)- - Cry3Bbil

MON863 MON810 NK603

1)

1579

MONS810 NK603

MON810BC

MON810BC  229.3cm

NK603-B
NK603-B 100
(
NK603-B
100

CrylAb
CP4 EPSPS

MON863 MONS810 NK603

100

MONBS810BX

MONB810BX 248.1cm

100
Cont-B
33.6g Cont-B 3519
1 )

25



2

©)

4)

2

1579
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100

MON863 MONS810 NK603



MONS863
MON810 NKG603

NK603 CP4 EPSPS

2-(1)- -
CP4 EPSPS
EPSPS
(
) /
CP4 EPSPS
NK603
MONS63 Cry3Bbl
western corn rootworm
Cry3Bb1l

Cry3Bbl
2  (Leptinotarsa Diabrotica)
Colorado potato beetle  western corn rootworm

Colorado potato beetle western corn rootworm

( ) 2000
MONS863

MONS863
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1 (1999) 2 (2000) 3 (2002)

MONB863
3
1 2 B.t
(
) Cry3Bbl
MONS810 CrylAb
MON810
MONS810 MONB810
(2000 )
1) ( )
2) 2
(Leptidea amurensis) (Eurema laeta betheseba) (Zizina otis
emelina) (Lycaeides argyrognomon) (Melitaea scotosia)
(Melitaea regama) (Mellicta ambigua niphona)
2 (Coenonympha oedippus arothius Coenonympha oedippus annulifer)

(Ypthima motschulskyi niphonica) (Cymatophoropsis

trimaculata) 11 (2 )
CrylAb Cry3Bbl

MON810 MONBS863

NK603
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MONS63
11 (2 ) 13 (2
)
rootworm MON863
MONS10 MONS63
MONS10
maha argia) 1
2,000 4,000 /cm?
MONS63
24
4,000 /fcm?
©)
MONS10 MON863
MONS810 MON863
2,000 4,000 /cm
( )
0.00275x*  0.0000183x%)) MONS810

10m 2,000 /cm

MONS10  MONS63
v ) 3

29

3 MONS810

western corn

MON810

(Zizeeria
MONS810

Colorado potato beetle
2,000

Colorado potato beetle

(y=14791exp( 0.158x
4,000 /cm
20m

MONB863
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MON863 MON810

Bt

30
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10
11

12
13
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©

MONB810 MONB863 20m
CP4 EPSPS
NK603
MONB863 MONB810 NK603
MON810  MONB863
MONB810 MONB863
@
Tripsacum Zea
Tripsacum
)
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©
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MONS63  MONBS10
NK603 MONS63 MONS10
NK603 2-(6)
Cry3Bb1 CrylAb CP4 EPSPS
MONS63 MONBS10 NK603

MON863 MONS810 NKG603

100
MON810 NK603 100
100
MONB863 MONB810 NK603
MONB810
MONB863
11 (2 ) 3
MON810 MONBS863 20m
MONS810 MONB863
CP4
EPSPS
Tripsacum
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4-10-10

(cry3Bbl, crylAb, cp4 epsps,

Zea mays subsp. mays (L.) lltis) (MON863><MON810><NK603, OECD Ul: MON-@@863-5><

MONB81%-6 < MON-Z@6@3-6) (
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4-10-10

(cry3Bb1, crylAb, cp4 epsps, Zea mays subsp. mays (L.) Iltis) (MONB863
><MON810><NKG603, OECD Ul: MON-@@863-5> MON-Z@817-6 >< MON-J?603-6)(
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