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2

(cry1B.868, cry1Da,
Zea mays subsp. mays (L.) Iltis) (MON95379, OECD UI: MON-
95379-3)



3

15

(1)

 10 

corn, maize
Zea mays subsp. mays (L.) Iltis

15

LH244

 20 
 ( , 2001)

Zea Tripsacum
(OECD, 2003)25

 ( , 2001; OECD, 2003)

 30 
(2)

35



4

(OECD, 2003)
7000~5000

3400  ( , 2005)
5

 ( , 2001; 
, 2005) 1492

1573~159110

 ( , 2005)

15

58 40

 (OECD, 2003; , 2005)20
(FAO) 2019

1 9,720 ha 4,128 ha
3,295 ha 1,752 ha 903 ha 723 ha

 (FAO, 2020)
25

2019
9 4,700 ha  ( , 2020a)

2 3,000 ha  ( , 2020b)

30

4 ~ 5 ~35
10 a 6,000~8,000
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2~3 9 10

 ( , 2001)

5
(F1) 

10

2019
48.0 %  (8.7% ) 29.5 %

12.6 %
 (NCGA, 2020)15

2019 1,598
1,164
 ( , 2020)

 ( , 2018)
20

 (
, 2014)

(3)
 25 

30

 (OECD, 2003)
10~11 33

13~14  ( , 2001)35



6

 ( , 2001)
 ( ) 

 ( , 2001)

1.6~2.0  ( )5
( , 2005)
pH 5.0~8.0  ( , 2005)

 10 

15

 (OECD, 2003)20

 ( , 2005)

45
 (Wych, 1988)25

10

 ( , 1987; , 2001)
6~8 0 (OECD, 

2003) 6~8 12 % 1030
55 %  ( , 2001; OECD, 2003)

 35 
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 5 

95~99 %
 ( , 2001; 

OECD, 2003)
Z. mays10

(Z. mays subsp. mexicana)
Tripsacum

Tripsacum (OECD, 2003)
Tripsacum

 ( , 2001; OECD, 15
2003)

Tripsacum
 ( ) 

 20 

1~3
 ( , 2001; OECD, 2003) 3~5

8~9  (25
, 2001) 1

5~6  ( , 2001)
1,200~2,000 1,800

(OECD, 2003)
 ( , 2002)30

90~120 m  ( , 2001)
 ( ,

2005)
200~400 m

( , 2001)35
 (Helianthus annuus)
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 (Solanum nigrum)
 (0 m)

81.7 /cm2 71.1 /cm2 (Shirai and Takahashi, 
2005) 5 m
19.6 /cm2 22.2 /cm2 10 m5

10 /cm2  (Shirai and Takahashi, 2005)
7 1,700

 (Asclepias syriaca)
(Pleasants et al., 2001) 1 m 2 m 4~5 m

35.4 /cm2 14.2 /cm2 8.110
/cm2

1 m 5 m
28 /cm2 1.4 /cm2 (Sears 

et al., 2000)   15
10~30 (CFIA, 

2012) 2 100 %
 (Luna et al., 2001)

20

 25 

 30 

2013 1 2015
1 2  ( , 2014; 

, 2017)
35
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2

Bacillus thuringiensis Cry1B.868
Cry1Da  (cry1B.868,
cry1Da, Zea mays subsp. mays (L.) Iltis) (MON95379, OECD UI: MON-95379-3) 5

( )
Cry1B.868 Cry1Da

 (Spodoptera frugiperda)
(Helicoverpa zea)

10

(1)
15

 2 (p12)  1 (p13~15) 
 20 

cry1B.868 cry1Da

cry1B.868
cry1B.868 Cry1B.86825

B. thuringiensis (Bt ) Cry
Cry I

II III C I
II III

C30
(de Maagd et al., 2001) Cry1B.868 I

II Cry1Be III Cry1Ca C
Cry1Ab  (  1, p10) Cry1B.868

Bt 100 %
Cry1A Cry1B Cry1C B. thuringiensis35

Bt  (Betz et al., 2000; Bravo et al., 2011)
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 1 Cry1B.868 1

5

Cry
10

(cry1A.105, cry2Ab2, Zea mays subsp. mays (L.) Iltis) (MON89034, OECD UI:
MON-89Ø34-3) (2008 1 31 )
(cry1A.105, cry2Ab2, Glycine max (L.) Merr.) (MON87751, OECD UI: MON-
87751-7) (2016 11 25 ) Cry1A.105 Cry

Cry1Ab Cry1Ac Cry1F15
(Wang et al., 2018)

 (cry1F, cry1Ac, pat, Gossypium hirsutum L.)
(281×3006, OECD UI: DAS-24236-5×DAS-21Ø23-5) (2006 4 10 ) 

Cry1F Cry1Fa2 Cry1Ca3 Cry1Ab1
 (Gao et al., 2006)20

Cry III Cry

1

I           II         III      C

 (%)       100%                     100%                    100%                    100% 
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 (de Maagd et al., 2001; Bravo et al., 2013)

Cry1B.868
 1

 5 
cry1Da

cry1Da Cry1Da B. thuringiensis
Bt Cry1Da 4

N 2
II 3  (282 31610

368 )

cry1Da Cry1Da
cry1Da Cry1Da 2

Cry1Da Cry1Da 99.7%15
Cry1Da B. thuringiensis

Bt  (Chang et al., 2001; Sanahuja et al., 2011; VKM, 2016)

Cry1Da
 120

25

 1 (p13~15) 

2 (Wang et al., 2019) cry1Da_7 Cry1Da_7
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 2 PV-ZMIR522223
3

T-DNA R2 Cre5

PV-ZMIR522223 T-DNA 2 loxP
(T-TubA CS-cp4 epsps TS-CTP2 P-TubA loxP 1 ) 

Cre  ( 2-(3)- -
, p21~22)10

3

CS- cry1Da

T-DNA

CS-cry1B.868



13

 1 PV-ZMIR522223
4

(bp)
T-DNA *

B1-Left Border 
Region 

1-442 Agrobacterium tumefaciens DNA
T-DNA

(Barker et al., 1983)
Intervening Sequence 443-477 DNA
loxP 478-511 P1 Cre

(Russell et al., 1992)
Intervening Sequence 512-517 DNA
T2-TubA 518-1,099 (Oryza sativa)

OsTubA 3'
(Jeon et al., 2000)

mRNA
Intervening Sequence 1,100-1,106 DNA
CS3-cp4 epsps 1,107-2,474 Agrobacterium CP4 5-

-3- (CP4 EPSPS) 
aroA (epsps)

(Padgette et al., 1996; Barry et al., 2001)

TS4-CTP2 2,475-2,702 (Arabidopsis thaliana) 5-
-3-

(EPSPS) 
ShkG

(Klee et al., 1987; Herrmann, 1995)

Intervening Sequence 2,703-2,706 DNA
P5-TubA 2,707-4,887 (O. sativa)

OsTubA
5'

(Jeon et al., 2000)

Intervening Sequence 4,888-4,893 DNA
loxP 4,894-4,927 P1 Cre

(Russell et al., 1992)
Intervening Sequence 4,928-5,038 DNA

4
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1 PV-ZMIR522223
 ( ) 

(bp)
T-Ltp 5,039-5,338 (O. sativa) (Lipid 

Transfer Protein-like, LTP) 3'
(GenBank Accession: 

MH931404) mRNA
(Hunt, 1994)

Intervening Sequence 5,339-5,347 DNA
CS-cry1B.868 5,348-8,947 Bacillus thuringiensis Cry1Be

I II Cry1Ca
III Cry1Ab C

Cry1B.868

(Wang et al., 2019)
Intervening Sequence 8,948-8,973 DNA
P-Zm.Ubq 8,974-10,981 (Zea mays subsp. Mexicana)

5'
(GenBank Accession: 

MH931399)
(Cornejo et al., 1993)

Intervening Sequence 10,982-11,008 DNA
E6-FMV 11,009-11,545 Figwort Mosaic Virus (FMV) 35S RNA

(Richins et al., 1987)
(Rogers, 2000)

Intervening Sequence 11,546-11,556 DNA
P-Tip 11,557-12,537 (Setaria italica)

(tonoplast membrane integral protein, Tip)
5'

(GenBank Accession: MH931400)
(Hernandez-Garcia and 

Finer, 2014)
Intervening Sequence 12,538-12,545 DNA
I7-Act15 12,546-13,838 (O. sativa) 15 (Act15)

(GenBank Accession: MH931405)
(Rose, 2008)

Intervening Sequence 13,839-13,856 DNA
CS- cry1Da 13,857-17,357 B. thuringiensis Cry1Da

(Wang et al., 2019)
Intervening Sequence 17,358-17,373 DNA
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1 PV-ZMIR522223
 ( ) 

(bp)
T-GOS2 17,374-17,841 (O. sativa)

GOS2 3'
(GenBank Accession: MH931403)

mRNA
(Hunt, 1994)

Intervening Sequence 17,842-18,045 DNA
B-Right Border 
Region 

18,046-18,376 A. tumefaciens DNA T-DNA

(Depicker et al., 1982; Zambryski et al., 1982)
( )

Intervening Sequence 18,377-18,520 DNA
aadA 18,521-19,409 Tn7 -O-

 (
)

3' (Fling et al., 1985)

Intervening Sequence 19,410-19,943 DNA
OR8-ori-pBR322 19,944-20,532 pBR322 (Sutcliffe, 1979)

Escherichia coli

Intervening Sequence 20,533-21,154 DNA
OR-ori V 21,155-21,551 RK2

Agrobacterium
(Stalker et al., 1981)

Intervening Sequence 21,552-21,637 DNA
1 B, Border ( ) 
2 T, Transcription Termination Sequence ( ) 
3 CS, Coding Sequence ( ) 5
4 TS, Targeting Sequence ( ) 
5 P, Promoter ( ) 
6 E, Enhancer ( ) 
7 I, Intron ( ) 
8 OR, Origin of Replication ( ) 10
* T-DNA  (T-TubA CS-cp4 epsps TS-CTP2 P-TubA loxP

1 )
 7 Appendix Table 2 (p40~41)
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B. thuringiensis5
Cry1B.868 Cry1Da

Cry1B.868 Cry1Da Cry
Cry10

(Gill et al., 1992; Schnepf et al., 1998; OECD, 2007; Vachon et al., 2012)
Cry

 ( )

15

(Deist et al., 2014) Cry
Cry

Cry (Bravo 20
et al., 2013) Cry

(OECD, 2007) Cry Cry

 (Schnepf et al., 1998; OECD, 2007)
Cry1B.868 Cry1Da25

(S. frugiperda) 
Cry

 (Wang et al., 2019)

Cry1B.868 Cry1Da30
B. thuringiensis

5 12
 (  2  3)

Cry1B.868 Cry1Da
 (S. frugiperda)  (H.35

zea)  (Ostrinia nubilalis) 
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(Danaus plexippus)
 (Diabrotica virgifera virgifera)

 (Diabrotica undecimpunctata howardi)
(Leptinotarsa decemlineata)  (Epilachna varivestis)

 (Lygus hesperus) 5
 (Euschistus heros)

 (Apis mellifera)  (Folsomia 
candida)  (  2, p18  3, p19)

Cry Cry1B.868
Cry1Da10

Cry1B.868 Cry1Da
AD_2020 5

FASTA 815

5AD_2020: COMPARE (COMprehensive Protein Allergen REsource) 2020 1 29

2,248
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(2)5

PV-ZMIR522223 Escherichia
coli pBR322 (Sutcliffe, 1979)10

 1 (p13~15)

15

PV-ZMIR522223
21,637 bp PV-ZMIR522223  4

 20 

E. coli
aadA T-DNA

25

30

(3)

 35 
PV-ZMIR522223  1 (p13~15) 



21

 2 (p12) 

 5 
PV-ZMIR522223 T-DNA

LH244

 10 

LH244
PV-ZMIR522223 Agrobacterium tumefaciens ABI

15

 20 

F4
8 PV-ZMIR522223

PCR
PV-ZMIR522223  (  5 Table 1, p11)25

30

(R0) R1 R1

1 T-DNA
PCR R235

8 50 DNA PCR
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T-DNA
R2 Cre

Cre/lox T-DNA (T-
TubA CS-cp4 epsps TS-CTP2 P-TubA) loxP 1

F1 Cre/lox 2 lox5
DNA lox Cre

(Hare and Chua, 2002; Zhang et al., 2003) PV-
ZMIR522223 T-DNA loxP 1

T-DNA
F1 F210

Cre 1
F3 Cre

 ( 2-(4)- , p26~27) F2

F3 1
F3 F415

 3 (p23)
F4 F4
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5

10

15

 3 20
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(4)

5
F4F2 F4F3 F4F4  (  3, p23)

 (  6)

F4 cry1B.868 cry1Da
HCL617 F4F110

F4F1 F4F2

F4F2 F4F3

F4F3 F4F4 F4F2 F4F3 F4F4

Real-Time TaqMan PCR
15

 (  4, p25)



25

 4
 

9

1:
2:

1 

1
 2

p
2

F 4
F 2

20
0

60
85

55
50

10
0

50
4.

75
0.

09
3

F 4
F 3

24
7

62
12

5
60

61
.7

5
12

3.
5

61
.7

5
0.

07
0.

96
6

F 4
F 4

24
6

74
10

9
63

61
.5

12
3

61
.5

4.
17

0.
12

4
1

R
ea

l-T
im

e 
Ta

qM
an
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R

2
 (

 =
 0

.0
5)

5

9
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5
(NGS, Next 

Generation Sequencing) 10 PCR
 (  7)

NGS 150 bp10
 ( 1175 )

NGS (F4 )
191.54 Gb ( 96) 202.18 Gb (

100)  (  7 Appendix Table 3, p42)15
PV-ZMIR522223 12

2  (  7 p26)
5' 3'  (  7

Appendix Figure 32, p105~107)
 (  7 p26)20

96 32
 (  7 Appendix Figure 5, p48)

PV-ZMIR522223
 (  7 Appendix Figure 5, p48)

Cre25
PV-ZMOO513642 (

 7 Appendix Figure 2, p45) 
PV-ZMOO513642

 (  7 Appendix Figure 6, p49)

10NGS
NGS

DNA
T-DNA T-

DNA (Kovalic et al., 2012)
11 :

75 DNA
(Kovalic et al., 2012) 1

75
12Bowtie 2 v2.3.4.3 (Langmead and Salzberg, 2012) 30 bp 96.6 %
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1 1

5
PCR

 (  7 Appendix Figure 8,
p51-56 Appendix Figure 9, p57~79)

 4 (p28)
 10 

 (F4 F5 F4F1 F5F1 F6F1 ) 
NGS

 (  7 p31)
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1  (  7 p26)5

(6)

 (F4 F510
F4F1 F5F1 F6F1 ) Cry1B.868 Cry1Da

 (  8 Figure 2, p16
Figure 3, p17)

2018 5  ( 215
) 

Cry1B.868
Cry1Da ELISA  (  9)

Cry1B.868 Cry1Da
 (  5, p30  6, p30)20

Cry1Da
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 5 Cry1B.868 (2018
)14

1 (SE)
( g/g DW)2

LOQ/LOD
( g/g DW)3

2 ~ 4
630 (22)
310 - 760

0.625/0.348 

2 ~ 4
110 (8.2)
67 - 210

0.625/0.254 

91 (2.1) 
73 - 110

0.625/0.323 

110 (8.2)
50 - 170

0.625/0.455 

26 (3.5) 
7.8 - 77

0.625/0.420 
1

2 1g  ( g)
 (  – )5

 ( 20 ) SE= DW=
3 LOQ = limit of quantitation ( ) LOD = limit of detection ( )

 6 Cry1Da (201810
)15

1 (SE)
( g/g DW)2

LOQ/LOD 
( g/g DW)3

2 ~ 4
92 (5.2)
56 - 140

0.125/0.061 

2 ~ 4
43 (3.1)
26 - 72

0.125/0.065 

<LOQ (NA)
NA – NA4 0.125/0.065 

26 (2.1)
13 - 50

0.125/0.078 

0.25 (0.032) 
0.13 - 0.64

0.050/0.037 
1

2 1g  ( g)
 (  – )

 ( 20 ) SE= DW=15
3 LOQ = limit of quantitation ( ) LOD = limit of detection ( )
4 NA = Not applicable ( )

14

15
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5

(5)

10
Real-time TaqMan PCR

 (  10;  11)
PCR DNA 0.006 % 16 (  11,

p4, p10~11)
PCR Eurofins 15

BioDiagnostics

(6)

20

cry1B.868 cry1Da
Cry1B.868 Cry1Da

25

17

 30 

 (

16 PCR 11 (p10~11) 5
( 11, p4) DNA 91,575 5
0.006%
17 a~g



32

19 12 10 19 8999 071210001

) 3 1 (6)
2019 12 20

25

a
10

2018 8 18

4  (
17 ) 4 10  (

)  (  12)15
9  (

) 
0.0  (32

1 ) 0.0  (32 1 )20
17 0.0 ~ 0.5

9 725

(8.2 /m2 34.1 g)  (7.3 ~ 
8.9 /m2 29.3 ~ 40.5 g)  (  12 Table 5, p21)30

 (0.0 )
 (0.0 ~ 0.5 ) (  12 Table 5, p21)

18 (3 )  (2 )
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b

 (  13)
5

4 (3 ) 12 C/ 5 C
10 10 19

10
 (  13

Table 2, p6)

c
15

2019  ( ) 

 (  14 Figure 1, p2 Figure 2, p3)20

d

2018 1  ( )
4 425

 ( )

 (  15 Table 2, p13)

e30

2-(6)- -a (p32)

35
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2-(6)- -a (p32) 2018

5

2018 1  ( )
4

4 100 Association of Official Seed Analysts 10
(AOSA) 2 (25 C 7 ) 

 (10 C 7 /25 C 4 ) 

(viable firm-swollen)  (  16)
15

99.5% 100.0% 99.3%
100.0%

 (  16 Table 3, p18)
20

f

25
g

2020
6 630

 (  17)

 (
 17 Table 1, p5)

35



35

2020
6 6

 (  18)
 ( )5

 (  18 Table 1, p5)
10

3

(1)

15

(2)

20

(3)

25

(4)

30

(5)

35
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(6)

 7 (p37) 
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 7 
19

2021 6

(Health 
Canada) 2020 2

(CFIA) 2020 2

(CTNBio)
2020 5 2020 12

(USDA) 2020 7

(FDA) 2020 8

(FSANZ)
2021 4

 5 

 (  8, p37)

 8 20

2021 610

21 2021 6
22 2021 5
(

23 )
2021 6

19

20

21
22
23
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24

1
 5 

(1)

10
 ( 2-(6)- -a~e, p32~34)

(8.2 /m2 34.1 g)  (7.3 ~ 8.9 15
/m2 29.3 ~ 40.5 g)

20

(OECD, 2003; Nakai et al., 2015; , 2018)

25

 ( , 2018)
Cry1B.868 Cry1Da

30

24 2-(6)- a~g
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(2)
 5 

(3)

 10 

(4)

15

2

(1)
 20 

25
 ( 2-(6)- -g, p34~35)

30

Cry1B.868 Cry1Da

 ( 2-(1)- - , p17) Cry1B.868
Cry1Da35
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Cry1B.868 Cry1Da

 (  2, p18  3, p19)
Cry1B.868 Cry1Da5

Cry1B.868
Cry1Da

10

15
2020 ( , 2020a)

199 199
Bt

 ( , 2003)
20

30
 (  9, p41~44) 68

 (  9, p44~51) 101

Cry1B.868 Cry1Da25
 (D. plexippus) 

 ( , 2007)

2020
30
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(2)

B. thuringiensis
Cry1B.868 Cry1Da

 (  2, p18  3, p19)5
 (S. frugiperda)  (H. zea)
 (O. nubilalis) EC50 Cry1B.868

0.15 120 9.8 g/mL diet Cry1Da 0.096
0.042 11 g/mL diet LC50

Cry1B.868 0.077 g/mL diet Cry1Da10
0.016 g/mL diet

15
LC50 30 /cm2

 (  19 Figure 1, p3)

(3)
 20 

2-(1) (p39~40)

 25 
 (Helianthus annuus)

 (Solanum nigrum)
5 m

19.6 /cm2 22.2 /cm2 10 m
7.4 /cm2  (  10, p53) (Shirai and 30

Takahashi, 2005)
7

1,700  (Asclepias syriaca)
1 m 2 m 4 ~ 5 m

35.4 /cm2 14.2 /cm2 8.1 /cm235
 (  11, p53) (Pleasants et al., 2001)
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10 m 10 /cm2

 10 5
 (Shirai and Takahashi, 2005) 

( /cm2)
0 m 1 m 2 m 5 m 10 m

( )
49 m2 4.7-81.7 2.8-155.4 0.6-84.1 0.0-19.6 0.0-7.4

3.3-71.1 4.5-150.3 0.7-145.5 0.0-22.2 -

 11 
 (Pleasants et al., 2001) 

( /cm2)
0 m 1 m 2 m 4~5 m

( )
8 ha 

63.1 35.4 14.2 8.1

( )
4.8-17.2 ha

(6 ) 
 10 

m 10
m15

 (  9, p41~51)

420
 ( ,

2015)
 ( , 2007; , 2011b; , 2015)

 ( ,
2013)25
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(Sears et al., 2001)

5

50%
 (Pleasants et al., 2001)

Cry1B.868 Cry1Da10

(4)

15

3

(1)20

Tripsacum Zea

Tripsacum
25

(2)

 30 

(3)

 35 
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(4)

 5 
4
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5

10

15

Cry1B.868 Cry1Da

20

25

30

Cry1B.868 Cry1Da

Cry1B.868 Cry1Da35
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Cry1B.868 Cry1Da

Cry1B.868 Cry1Da
5

3010

10 m 10 /cm2

 m 10 m15

Cry1B.868 Cry1Da
20

25

30
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