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@

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

LH244

(OECD, 2003)

(Matsuoka et al., 2002; Doebley, 2004; Doebley et al., 2006)

)

9,000 (OECD, 2003)
1500 ~200
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7 (1579 )
( ,1987)

(,1987; OECD, 2003)

58 40
( , 1981; OECD, 2003)
(FAO) 2010
1 6 ha
3320 ha 3,252 ha 1,268 ha 720
ha 718 ha 423  ha 352
ha (FAOSTAT, 2012)
2011
9 2,200ha 471 ( :
2012a) 2011 2 5000 ha
24 300 ( , 2012b)
2011 1,528
1,076 452
2,021 3
872 221 183
( , 2012)
4 ~ 5 ~
10a 6,000~8,000
2~3 9 10

(,2001)
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3

2005)

(OECD, 2003)

(

, 2001)

(

13~14°C

, 1980)

(F1)

10~11°C 33°C
( , 2001a)
( , 2001)
1.6~2.0
(
pH5.5~8.0
(OECD, 2003)

(Rossman,
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1949)

45°C
(Wych, 1988)
10°C
( , 1987, , 20014)
6~8 0°C (OECD,
2003) 6~8 12% 10°C
55% ( , 2001a; OECD, 2003)
95~99%
( , 1987, , 2001; OECD, 2003)
Z. mays Z. mays subsp. mays (L.) Iltis
(Z. mays subsp. mexicana) Tripsacum
Tripsacum
(OECD, 2003)
Tripsacum
( , 1981)
Tripsacum
1,200~2,000 1,600 ~3,000
( , 2001, , 2001b)
24 ( , 2001b)
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(Luna et al., 2001)

, 2003)

24

1579

2 100%
1 3.4x107g
90~100pm (Raynor et a., 1972)

30
(Kiesselbach, 1999; OECD, 2003)

200~400m (2001
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1,760 ha
(corn rootworm; Diabrotica spp.) ( CRW )
CRW
CRW 10 (Marra et al.,
2012)
RNA (RNAI) Cry3Bbl
CP4 EPSPS
MON87411 (DvSnf7, cry3Bb1,
cp4d epsps, Zea mays subsp. mays (L.) Iltis) (MON87411, OECD Ul:
MON-87411-9) ( )
(Diabrotica virgifera virgifera) ( WCRW )
Snf7 ( DvSnf7 )
RNA
(dsRNA) DvSnf7
dsRNA
CRW RNAI Dvanf7
RNAI Cry3Bbl
cry3Bbl
RNAi Bt CRW CRW
1
1(p11) 1 (p12~15)
cry3Bbl Cry3Bbl
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epsps

EPSPS
Cry3Bb1

Cry3Bb1l 6

1
cp4 epsps
CP4 EPSPS
Agrobacterium sp. CP4 CP4 EPSPS
N 2
cry3Bbl cp4
cry3Bbl cp4 epsps
Cry3Bbl CP4
CP4 EPSPS
2
1 (p12~15)

10



B-Lell Border Region
OR-ori V' T-£9_Dpysnl7

Banasin lll'l..." Notl 1400

[ DvSn(7’
V'I"Q'O
g ‘o’ 1-Hsp70

CS-rop “o‘
&

& %
&7 o
. & N
OR-ori-pBR322 i \,“ P-e355
¢l 2
5 ‘= P-plIG
= PV-ZMIR10871 !E
cadd ~ 16,497 bp YE 1cas
H 2! I-Racti
: ;
—7 5
9%
o ot det &i \ AQS ‘ﬂ‘ i
B“{‘%‘“\ Noft D \i
T-Tub o" i
"'/.,\ & Les aryaebt
Q S; 2 <
CS-  cpdepsps ":,,,'. —5
'lll“
TS-CTP2 A T-Ispl7
1-TubA P TubA
T-DNA
p
PV-ZMIR10871
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PV-ZMIR10871

T-DNA
B '-Left Border Region 1-442 Agrobacterium tumefaciens DNA
T-DNA
(Barker et al., 1983)
Intervening Sequence 443-485 DNA
T 2E9 486-1,118 Pisum sativum ( ) -1,5
RbcS2 3
MRNA
(Coruzzi et al., 1984)
Intervening Sequence 1,119-1,147 DNA
DvSnf7P 3 1,148-1,387 Diabrotica virgifera virgifera Snf7
(Baum et al., 2007a; Baum et
al., 2007b) ESCRT-III Snf7
(Babst et 4.,
2002)
Intervening Sequence 1,388-1537 DNA
DvSnf7P 1,538-1,777 | D. virgifera virgifera Snf7
(Baum et a., 2007a; Baum et al.,
2007b) ESCRT-III Snf7
(Babst et al.,
2002)
Intervening Sequence 1,778-1,813 DNA
I “Hsp70 1,814-2,617 | Zea mays ( )
(hsp70) 1
(Brown and
Santino, 1997)
(Brown and Santino,
1997)

2 1(p12~15)

12




1 PV-ZMIR10871
( )
P >35S 2,618-3,238 (CaMV)
35S RNA (Odell et al., 1985)
2 (Kay et al., 1987)
Intervening Sequence 3,239-3,264 DNA
P-plIG 3,265-4,213 Z. mays ( )
pllG
(Huang et al., 1998)
Intervening Sequence 4,214-4,219 DNA
L %-Cab 4,220-4,280 | Triticum aestivum ( ) ab
5
(Lamppa et dl.,
1985)
Intervening Sequence 4,281-4,296 DNA
I-Ractl 4,297-4,776 Oryza sativa ( )
(McElroy et a., 1990)
Intervening Sequence 4777-4,785 DNA
cs - cry3Bbl 4,786-6,747 | Bacillus thuringiensis Cry3Bbl
(Donovan et a., 1992,
English et al., 2000; Beazley et al., 2008)
Intervening Sequence 6,748-6,766 DNA
T-Hspl7 6,767-6,976 T. aestivum ( ) 17
3
(McElwain and
Spiker, 1989)
Intervening Sequence 6,977-7,024 DNA

13




1 PV-ZMIR10871
( )
P-TubA 7,025-8,309 0. sativa ( ) a
OsTubA 5
(Qin et 4.,
1997; Jeon et d., 2000)
I-TubA 8,310-9,205 O. sativa ( ) o
OsTubA
(Qin et al., 1997; Jeon et al.,
2000)
Intervening Sequence 9,206-9,209 DNA
TS 8.CTP2 9,210-9,437 | Arabidopsis thaliana ( )
5 -3
(EPSPS) (ShkG)
(Klee et
a., 1987; Herrmann, 1995) CP4 EPSPS
CS- cp4 epsps 9,438-10,805 | Agrobacterium CP4 aroA (epsps)
5 -3
(CP4 EPSPS)
(Padgette et al., 1996; Barry et al., 2001)
Intervening Sequence 10,806-10,812 | DNA
T-TubA 10,813-11,394 | O.sativa ( ) «
OsTubA 5
(Qin et al., 1997; Jeon et
al., 2000)
Intervening Sequence 11,395-11,412 | DNA
B-Right Border Region 11,413-11,743 | A. tumefaciens
DNA T-DNA

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

14




10

1 PV-ZMIR10871
( )
( )
Intervening Sequence 11,744-11,879 | DNA
aadA 11,880-12,768 Tn7 3’ (9)-0-
(
)
3 (Fling
et a., 1985)
Intervening Sequence 12,769-13,298 | DNA
OR °-ori-pBR322 13,299-13,887 | pBR322
Escherichia coli
(Sutcliffe, 1979)
Intervening Sequence 13,888-14,314 | DNA
CS-rop 14,315-14,506 | ColEl
E.coli
(Gizaand Huang, 1989)
Intervening Sequence 14,507-16,014 | DNA
OR-ori V 16,015-16,411 RK2
Agrobacterium
(Stalker et
al., 1981)
Intervening Sequence 16,412-16,497 | DNA

1 B-Border ( )

2T-Transcription Termination Sequence (

3P Partial sequence ( )

“I-Intron ( )

°P-Promoter ( )

8L-Leader ( )

’CS-Coding Sequence ( )

8TS Targeting Sequence ( )
°OR-Origin of Replication ( )

)

15
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DvSnf7 dsRNA
i. RNAI
RNAI
(Dykxhoorn et al., 2003; Parrott et al., 2010) RNAI dsRNA
1l Dicer 21-25
RNA (siRNA) (Hammond, 2005; Siomi and Siomi, 2009)
siRNA  RNAi-induced silencing complex (RISC)
MRNA RISC
SIRNA MRNA MRNA

(Hammond, 2005; Siomi and Siomi, 2009) RNA.I

(Kusaba, 2004)
dsRNA
RNAI
RNAI (Baum et al.,
2007b ( 1); Whyard et al., 2009 ( 2)
(Baum et al., 2007b ( 1);
Whyard et a., 2009 ( 2)
ii. DvsSnf7
1 dsRNA  DvSnf7
WCRW
DvSnf7 240
DvSnf7 dsRNA
( 3 Figurel, p4)
dsRNA WCRW
dsRNA WCRW RNAI DvSnf7 MRNA

Real-Time RT-PCR
( 2, p1g; 3, p19; Bolognesi et al., 2012 (

16
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3), Figure 3)
dsRNA WCRW

DvSnf7
WCRW (2, pi18)
dsRNA
WCRW ( 4  Figure 1, p4)
dsRNA dsRNA
SIRNA ( 5 Tablel, p6)
WCRW RNA
60 (bp) dsRNA
(Bolognesi et al., 2012 ( 3)
SIRNA
21bp  siRNA WCRW
WCRW
WCRW (Bolognesi et al.,
2012 ( 3)
dsRNA SiRNA  WCRW
SIRNA RNA
(Ji and Chen, 2012) SIRNA
( 6
Figure 1, p6 Figure 3, p8)
dsRNA WCRW
DvSnf7
(Bolognesi et al., 2012 ( 3) RNA
RNA (systemic
spread) (Huvenne and
Smagghe, 2010 ( 4))
Caenorhabditis elegans 1998
(Fireet al., 1998) C. elegans
dsRNA dsRNA

(Bucher et al., 2002;
Tomoyasu and Denell, 2004; Dong and Friedrich, 2005; Turner et al., 2006; Tian et al.,
2009; Alveset al., 2010; Li et al., 2011)
SID-2 ( )
(Bolognesi et
al., 2012 ( 3)

17
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RNAI
2010 (

dsRNA RNAI

dsRNA

4))

dsRNA
RNAI
WCRW

WCRW

SRNA  WCRW

(systemic spread)
dsRNA
dsRNA
(Huvenne and Smagghe,

WCRW
DvSnf7 dsRNA
DvSnf7
( 2ply
dsRNA SIRNA
RNA

SRNA  WCRW

EY AR
Tl Ne

-

\.

\, HRL AR

DvSnf7 dsRNA I

%Aﬁfx:f—%ﬁﬁ

J

dsRNA WCRW

18
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!

R EEEE
o o o o o o o
T B4 2EVNYW (L T FLJUSAG

WCRW

*Dvenf7

; p<0.05)

(t

: Real-Time
3)*

(

MRNA
) (Bolognesi et al., 2012 (

DvSnf7

19

WCRW

dsRNA
DvSnf7

3 Dvsnf7

)

RT-PCR
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2. Snf7

(Fader and Colombo, 2009)
Snf7 Snf7 N C

(Peck et al., 2004)

ESCRT (Endosomal Sorting Complex Required for Transport)—li|
(Kim et al., 2011; Teiset al., 2008; Vaccari et al., 2009)
C. elegans ( )
Snf7
(Winter and Hauser, 2006) Snf7
Snf7 30% 57%
50%
Snf7
(Winter and Hauser, 2006; Peck et al., 2004)
Snf7 (Tu et al., 1993; Gao et a., 1999;

Peck et al., 2004; Winter and Hauser, 2006; Lee et al., 2007; Kim et al., 2011)

Snf7 ESCRT-III
4 A (p22)
( 4 A, p22
Ramaseshadri et al., 2013 ( 5), Figure 5) 4 A (p22)
1 ( )

(Raiborg and Stenmark, 2009)
2. ESCRT (ESCRT-0 | 1l

1l )
(Raiborg and Stenmark,

2009)

20
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(MVB) (Fader
and Colombo, 2009)

4.
( )
5 3
(Fader and Colombo, 2009)
(Ramaseshadri et al., 2013 ( 5)
Notch
ESCRT
(Ramaseshadri et al., 2013 ( 5))
DvSnf7 DvSnf7 nf7
WCRW ESCRT-III
WCRW ESCRT-III
(Ramaseshadri et al., 2013
( 5)) 4 B (p22)
DvSnf7 dsRNA DvSnf7
( 4 B, p22; Ramaseshadri et al., 2013
( 5), Figure 5)
DvSnf7 DvSnf7
Snf7 WCRW
dsRNA WCRW

WCRW

21



A B. DvSnf7 WCRW

- -3 W escero @ zoukur
@ uHLE W Escm - E— L
® IEF @ escern gy
S ESCRTM s ICFFULTSRD BN
() Snf7 WCRW ()
(Ramaseshadi et al., 2013 ( 5)°
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iii. DvSnf7 dsRNA

1. DvSnf7 dsRNA
DvSnf7 dsRNA WCRW
( 7)
4 10 14
( 2, p29) dsRNA
dsRNA 4
7 WCRW WCRW
(Diabrotica undecimpunctata howardi) ( SCRW
) 12
invitro dsRNA 5,000ng/mL diet
dsRNA 3000 (11, p58)
dsRNA
dsRNA
(Leptinotarsa
decemlineata) ( CPB ) 5
dsRNA
dsRNA (Galerucinae)
WCRW SCRW WCRW
SCRW  LCs( ) 4.4ng/mL diet 1.2ng/mL diet
( 2, p24 7 Table 3, p39)
12 WCRW
(Gomez-Zuritaet al., 2007 ( 14))
dsRNA
4 10
14 10 (2 p24)
CRW
( , 1963)

23



2 DvSnf7 dsRNA ( dsRNA »
LCso®
(ng/mL diet)

Hemiptera Anthocoridae Anthocorinae Orius insidiosus 5,000°

( ) ( ) (

Eulophidae ( ) Entedoninae Pediobius foveolatus 3,000°

Hymenoptera - — -

( ) Pteromalidae ( Pteromalinae Nasonia vitripennis 5 000P
( ( ) ’
z\loctumae Spodoptera frugiperda 500°

Noctuidee ( ) Heliothinae . -

. Helicoverpa zea 5,000
Lepidoptera (

( ) Crambidae ( ) '(Dyra“S“”ae Ostrinia nubilalis 5,000"

Bombycidae ( ) (Bombycmae (Bombyx)mon 5,000°

Carabidae ( ) I(-|arpa|mae Poecilus chalcites 5,000°

Coccindlinae . b

Coccindlidae ( Coleomegilla maculata 3,000

( ) (Epllachnl nae (Epllachna vanvestls) 3,000°

Coleoptera Tenebrionidae Tenebrioninae Tribolium castaneum b

5,000

( ) | ( ) ( _ ( )

E:hrysomelma;e CPB (Leptinotarsa decemlineata) 5,000°
Chrysomelidae SCRW (Diabrotica 102
( ) Galerucinae undecimpunctata howardi) '
( WCRW (Diabrotica virgifera 442
virgifera) '
* dsRNA 12
( N
*LCs0= ;

24
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dsRNA
14 WCRW
5  (Acalymma vittatum Ceratomatrifurcate Galerucella calamriensis
Microtheca ochroloma Chrysolina quadrigemina; 3, p27)
dsRNA
(Bachman et al., 2013 ( 6))
5

dsRNA 5 5 Snf7
dsRNA WCRW WCRW
dsRNA 5
dsRNA  WCRW
Snf7 WCRW  DvSnf7 21
Snf7
dsRNA  WCRW
5 5 Snf7 dsRNA
WCRW dsRNA 5

(Baum et al. 2007b ( 1); Burand and Hunter, 2012 ( 13))
WCRW CPB Snf7 dsRNA
(Bachman et al., 2013 (
6)) 2(p22) dsRNA  WCRW
CPB
WCRW
dsRNA CPB Snf7
(LdSnf7 ) dsRNA
(Bachman et a., 2013 ( 6), Fig. 1) CPB  LdSnf7
dsRNA WCRW
dsRNA (Bachman et al.,
2013 ( 6), Fig. 1)

dsRNA

Snf7 dsRNA A.vittatum C.

25



10

15

trifurcate M. ochroloma G. calamriensis C. quadrigemina DvSnf7
in vitro dsRNA
5,000 ng/mL diet WCRW 12
A.vittatum C. trifurcate G.
calamriensis Snf7 dsRNA  WCRW
8% 15% 13% WCRW
(  3,p27; Bachman et d., 2013 ( 6), Table 3)
M. ochroloma C. quadrigemina Snf7
dsRNA  WCRW 2% 88%
WCRW (3, p27; Bachman et al., 2013 (
6), Table 3) dsRNA  WCRW

A. vittatum C. trifurcate

M. ochroloma C. quadrigemina

26

G. calamriensis



3 5 DvSnf7 dsRNA
Snf7 Control* dsRNA treatment? 21
( ) (ng/mL) (%0) (%)
Acalymma vittatum
( ) 1,000 90 8 p <0.05
Ceratoma trifurcata
( ) 500 76 15 p <0.05
Galerucella calamriensis
( ) 5,000 89 13 p <0.05
Microtheca ochroloma
( ) 500 76 72 p>0.05
Chrysolina quadrigemina
( ) 5,000 994 88 p>0.05
1 dsRNA WCRW
2 Snf7 dsRNA WCRW
5 3 5 Snf7 DvSnf7 21

27
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2. Dvonf7 dsRNA

a Dvsnf7

DvSnf7

dsRNA

dsRNA

Snf7

(Tu et al., 1993; Gao et al., 1999; Peck et al.,
2004; Winter and Hauser, 2006; Lee et al., 2007; Kim et al., 2011)

dsRNA

Snf7
Snf7

WCRW
21

( 4, p30;
6))

DvSnf7
(Bachman et al., 2013 ( 6))

6)) 9
DvSnf7

28

(Whyard et al., 2009 ( 2))
DvSnf7 DvSnf7

DvSnf7
Snf7

9; Bachman et al., 2013 (

WCRW 9
nf7 WCRW
DvSnf7
(Bachman et al., 2013 (
WCRW
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Table 2)
dsRNA  RNA

Bachman et al., 2013 (
Snf7

6))

etdl., 2013 ( 6)

4 (p30)

19

( 6))

WCRW

dsRNA

(4 p30)

( 14))
Sf7

(4, p30; Bachman et al., 2013 ( 6),

21
(Bolognesi et al., 2012 ( 3);
6))
DvSnf7 21
(4, p30; Bachman et a., 2013 (
dsRNA
( 4, p30; 7, Bachman
DvSnf7 WCRW
Snf7 21
dsRNA
20
Bachman (2013
(Gomez-Zurita et al., 2007 ( 14))
nf7 DvSnf7
20
rRNA
(Gomez-Zurita et al., 2007
WCRW
DvSnf7

29



10

4 DvSnf7 nf7
Snf7 DvSnf7
21 !
(%)
WCRW 100.0 221
SCRW 98.8 186
A. vittatum 95.0 69
C. trifurcata 90.8 18
G. calamriensis 90.8 3
CPB (Leptinotarsa decemlineata) 78.3 0, (14 )3
C. quadrigemina 82.1 0, (19 )2
M. ochroloma 79.6 0, (19 )2
Tribolium castaneum 3
72.1 0, (11 )
( )
Snf7 Dvsnf7 21
(2 p24 7) DvSnf7 dsRNA
Snf7 DvSnf7 21
Bachman (2013 ( 6)) 20
Snf7 20
dsRNA
dsRNA (3, p27; Bachman et al., 2013 ( 6), Table 3a, p42)
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(Savard et al., 2006)

18 Snf7
WCRW DvSnf7
10 (
9) DvSnf7
( 9 Snf7
DvSnf7 73%
DvSnf7 21
( 5 p32 9) Drosophila pseudoobscura  Snf7
DvSnf7 20
(Drosophila spp.)
dsRNA (Whyard et
al., 2009 ( 2) dsRNA D. pseudoobscura
dsRNA
18 dsRNA
18 3 (Tribolium castaneum, Bombyx
mori Nasonia vitripennis)
(Savard et al., 2006) 3
dsRNA
( 2,p24; 5,p32)
dsRNA RNAI
dsRNA
%2012 11 National Center for Biotechnology Information (NCBI)
Whole Genome Shotgun (WGS) (http://www.ncbi.nlm.ni h. gov/Traces/wgs/) UniGene

(ftp://ftp.ncbi.ni h.gov/repository/Uni Gene/)

31



5 DvSnf7 7 18 Snf7
11
DvSnf7
Snf7 21 Lo
(%)
Tribolium castaneum?®( 72.4* 0, (11 )
Bombyx mori®( ) 66.0 0, (15 )
Danaus plexippus ( ) 65.7 0, (10 )
Manduca sexta ( ) 61.9 0, (8 )
Apis mellifera® ( ) 72,5 0, (13 )
Bombus terrestris ( ) 72.9 0, (12 )
Megachile rotundata 65.1 0, (11 )
Nasonia vitripennis® ( 71.2 0, (14 )
Solenopsis invicta ( ) 66.9 0, (18 )
Aedes aegypti ( ) 68.4 0, (11 ) °
Anopheles gambiae® ( 67.5 0, (12 ) °
Drosophila melanogaster® ( ) 72.6 0, (9 ) °
Drosophila pseudoobscura 70.5 0, (20 ) >
Drosophila sechellia 70.4 0, (12 ) >
Drosophila yakuba 59.1 0, (8 ) >
Acyrthosiphon pisum® ( ) 72,5 0, (12 )
Locusta migratoria® ( ) 70.9 0, (12 )
Daphnia pulex ( ) 67.5 0, (14 )
! Snf7 DvSnf7 21
2 ( 2,p24 7) DvSnf7 dsRNA
5
3Savard  (2006) (Savard et al., 2006)
4 4 (p30; Bachman et al., 2013 ( 6), Table 2)
> dsRNA RNAI dsRNA
(Drosophila spp.) dsRNA dsRNA
10 dsRNA dsRNA (Whyard et al., 2009 ( 2))
° Snf7 DvSnf7 21

20

11

32
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2 ( 4, p30; 5

p32) WCRW DvSnf7
Snf7
Snf7
DvSnf7 dsRNA
WCRW
b. dsRNA
dsRNA
( 6,p34~35)
dsRNA
(Whyard et a., 2009 ( 2)
(Lygus lineolaris)
dsRNA
dsRNA
(Allen and Walker, 2012 ( 7))
dsRNA dsRNA
(Huvenne and Smagghe, 2010 ( 4)) dsRNA
dsRNA
(Huvenne and Smagghe, 2010 ( 4);
Tereniuset al., 2011 ( 8))
(Drosophila spp.) dsRNA
dsRNA
dsRNA dsRNA

(Whyard et a., 2009 2)



12

6 dsRNA
dsRNA
Whyard et Drosophila dsRNA: ATP 0.0-0.5 mg/ml LGso (mg/g diet)
al.(2009) | melanogaster ( E (95% C.L.): RNA
( 0.23 (0.17-0.30)
): ( ; LCs
dsRNA 185hp) gus
( 400bp)
)
Tribolium ( dsRNA; ATP 0.0-5.0 mg/ml LGso (my/g diet)
castaneum E 10ul (95% C.L.): dsRNA
( 10 mg diet 0.0025 (0.0019—
): ) ( 00.0031) JRNA
185hp) gus
. ( 400bp) dsRNA
Acyrthosiphon ( dsRNA; ATP 0.5ml LGs (mg/g die)
pisum E (droplet) (95% C.L.):
( 0.0-3.0mg/ml 0.0034 (0.0028—
): ( 0.0039) dsRNA
185hp) gus
(__400bp)
Manduca sexta ( dsRNA: ATP 0.0-5.0 mg/mi LGso (mg/g diet) dsRNA
( E 25l (25 (95% CLL.): 19~21
): dsRNA mg diet 0.011
( ) (0.008-0.013)
185hp) gus
(_400hp)
? 6(p34~35)




6 dsRNA ( )
dsRNA
Huvenne and 5 - RNAI
Smagghe dsRNA dsRNA 5
(2010) ng/crm?
( ) ng/ml dsRNA dsRNA
RNAI
ng
Tereniuset d. -
(2011) dsRNA dsRNA RNAI
( ) RNAI 150
0.1 png/mg. RNAI
dsRNA

Allenand Lygus lineolaris dsRNA; IAP 24 ; + dsRNA
Walker (2012) | ( GFP 10-1,000 ng/pl 12 :1,000 g/l 0.73%

) LG | 0.25 dsRNA

100 ng/l  0.66+ 0.18
10ng/l  0.80% 0.21 dsRNA
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DvSnf7 dsRNA WCRW
14
dsRNA
( -2-(D)- - -iii-1, p23~27)
DvSnf7 dsRNA  WCRW
5 (p37)
dsRNA WCRW
( 5, p37, -2-(1)- - -ii, p16~22)
WCRW ( 5, p37; -2-(1)-
- -, pl6~22) RNAI
DvSnf7 WCRW ( 5 p37,
-2-(1)- - -iii-2-a, p28~33) dsRNA
Snf7
21 RNAI
Snf7 ( -2-(1)- - -iii-2-a, p28~33)
dsRNA
( -2-(1)- - -iii-2-b, p33~35) dsRNA
dsRNA nf7
( -2-(1)- - -iii-2-a, p28~33)
Snf7
dsRNA RNAI dsRNA
RNAI dsRNA
dsRNA
( -2-(D)- - -ii, pl6~22)
2-(1) (p68~70)
dsRNA
dsRNA

36



dsRNA

5
RNAI DvSnf7
WCRW
10 5 Dvsnf7 dsRNA  WCRW

13

13
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iv. DvSnf7
dsRNA
dsRNA
7
1 DvSnf7
7
7
(
DvSnf7
Table 5, p9)
RNAI
2.
MPAG40B
11)

dsRNA

DvSnf7
1. DvSnf7
2.
7
(7, p39; 9 Table 1, p4)
7 (p39)
7 Snf7 DvSnf7
1
DvSnf7
10) 7 Snf7
262 53.8%
DvSnf7 21
(7, p39; 10
7 DvSnf7 dsRNA
2012
6 (
5 6
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( 11

1. DvSnf7

7 DvSnf7

Table 3, p29)

14

dsRNA

21

Acanthamoeba castellanii

Blumeria graminis

Chlamydomonas reinhardtii

Laccaria bicolor

Phanerochaete chrysosporium

Rhodotorula gultinis

Tetrahymena thermophila

. 7

14

39

DvSnf7

(240

)

21
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V. DvSnf7 dsRNA

dsRNA
dsRNA
1. dsRNA
dsRNA 3
1. dsRNA
a
dsRNA

(Park et al., 2006)

DvSnf7
RNAI 2. RNA
3.
RNAI
dsRNA RNAI
dsRNA
dsRNA
dsRNA

(Loretz et al., 2006; Akhtar, 2009; O'Neill et al., 2011)

dsRNA RNAI
(Loretz et al., 2006; O'Neill et al., 2011)
(Houck, 1958)

(Stevens and Hume, 2004)
RNA
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b. dsRNA

dsRNA
dsRNA

dsRNA RNAI (Sioud,

2005; Akhtar, 2009; O'Neill et al., 2011) 250 nM SIRNA
SIRNA
(Lingor et al., 2004) RNA
(Gilmore
et a., 2004; Sioud, 2005)
c. RNA
RNA RNA
RNAI
RNA

(Behlke, 2006; Nguyen et al., 2008; Vaishnaw et a., 2010; O'Neill et al.,
2011) RNA

1
(Behlke, 2006)
SIRNA
50mg/kg
(Soutschek et al., 2004) 50mg/kg
dsRNA
RNA
RNA RNA

RNAI

41
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2. dsRNA

RNA
RNA
21bp

RNA

100% (Ivashutaet al., 2009)

RNAI SIRNA
(Ivashuta, et al., 2009; Parrott et al., 2010)
dsRNA miRNA SIRNA
dsRNA

dsRNA

(Gould and Francki, 1981; Fukuhara et al.,

1993; Cock et al., 1997; Heisel et al., 2008; |vashuta et al., 2009; Petrick et al., 2013

( 9); Jensen et a., 2013 ( 10))

RNA

Zhang (20123)
Zhang (2012a)

MiRNA miRNA 1
(Zhang et al., 2012a)
Zhang (2012a)
Zhang (2012a)
MiRNA

Zhang (20123)

(Ryu et d., 2005)
LDL

RNA RNAI
33kg/day
miR168a
LDL

Zhang  (2012b)"

LDL

Zhang (2012a)

(The Advisory Committee on Novel Foods and Processes, ACNFP)

3(zZhang et d., 2012a)

(Zhang et d., 2012b)

42
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Committee on Releases to the Environment, ACRE) Zhang (2012a)

(ACNFP, 2011;
ACRE, 2011; Snow et al., 2013; Witwer et al., 2013)
Zhang (2012a)

RNA RNAI
3. DvSnf7 RNA
RNA
RNA 407.3pg/g (
274.7-986.6ug/g) 21bp~24bp SIRNA 0.66ug/g
(Ivashutaet al., 2009) RNA
0.000012pg/g ( 11, p58)
dsRNA SIRNA
4
dsRNA RNAI
RNA
RNA
dsRNA
0.000012ug/g RNA
dsRNA dsRNA
dsRNA RNAI
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Vi.

RNA

(FDA) GRAS
(generally recognized as safe) (FAO-WHO, 1991; FDA,
1992)
Cry3Bbl
Cry3Bbl
CRW ( 8 p45
Cry3Bbl
CPB CRW (Head et al., 2001; EPA, 2010)
2
( L]
1963)
Cry3Bbl
(MONB88017)
Cry3Bbl
AD_2012%° FASTA 8

1®AD 2012 Food Allergy Research and Resource Program Database (FARRP)
(http://www.allergenonline.com) 2011
12 1,603




8 Cry3Bb1 ( Cry3Bb1 )+
ad
[Co™
(ng/mL diet)
( Hemlptera) ( Anthocoridae ) ( Anthocorinae ) Orius insidiosus 930°
(Collembola) ( Isotomidae ) ( Proisotominae ) Folsomia candida 872.5b
( Neuroptera ) ( Chrysopidae ) ( Chrysopinae ) Chrysopa carnea 8,000°
Apidae Apinae Apis mellifera 3600
Hymenoptera ( ) ( ) ( )
( ) Pteromalidae Pteromalinae Nasonia vitripennis 400°
( ) ( ) ( )
) Crambidee Pyraustinee Ostrinia nubilalis 200°
Lepidoptera ( ) ( )
( ) lzloctwda;a , Heliothinae | Helicoverpa zea 200"
Dryophthorinae Sitophilus oryzae 200°
( )
Curculionidae ) Anthonomus eugenii 200°
( ) Anthonominae
( ) Anthonomus grandis 50°
Tenebrionidae Tenebrioninae Tribolium castaneum 200°
( ( ) ( )
Hippodamia convergence 8,000°
Coleoptera Coccindlidee Coccirellinae PP 9
( ) ( ) ( ) Coleomegilla maculata MON 863 Pollen a
g 93 pg/g pollen
( Carabidee ) ( Harpdlinee ) Poecilus chalcites 930°
Bruchidee Bruchinee Callosobruchus maculatus 200°
( ) ( )
Chrysomelineae . . .
Chrysomdlidee ( ) CPB (Leptinotarsa decemlineata) 2.7
( ) Galerucinae CRW (Diabrotica virgifera) 752
*
a LC5()= X b

17
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DvSnf7 dsRNA Cry3Bb1l
Cry3Bbl Bt
(OECD, 2007) Bt
(Broderick et al.,
2006) DvSnf7 dsRNA RNAI
Bt
Cry3Bb1 Bt dsRNA
WCRW
( 12) dsRNA Cry3Bbl
Cry3Bbl 1
(James et al. 1999)
2 3
dsRNA 5 6
(Bolognesi et al., 2012 ( 3) Cry3Bbl
dsRNA WCRW dsRNA
Cry3Bbl
dsRNA Cry3Bbl
Cry3Bbl dsRNA
dsRNA Cry3Bbl
dsRNA
0~50ng/cm? diet dsRNA
Cry3Bbl
18
dsRNA 2
LCso
Cry3Bbl dsRNA
2 Tabashnik
B625ng/cidiet Cry3Bb1
WCRW LCs (5% ;

46
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(1992) Cassee  (1998) (Tabashnik,

1992 ( 11); Casseeet al., 1998 ( 12))
Bt
Tabashnik (1992) (Tabashnik, 1992 ( 11))
WCRW dsRNA Cry3Bb1
(i) dsRNA (i)
dsRNA Cry3Bbl (625ng/cm? diet)
7 WCRW
( 12) Cry3Bb1
Cry3Bb1
WCRW dsRNA
dsRNA Cry3Bb1
2 625ng/cm? diet
Cry3Bb1 WCRW 100%
dsRNA dsRNA Cry3Bb1
2 LCso 4.7 ng/cm? diet
5.1 ng/cm? diet (9 p49)
2 1.7 1.6
( 9 p49; 6, p49; 12;
13  Table 1, p8 Figure 1, p9) dsRNA
Cry3Bb1
dsRNA Cry3Bb1
dsRNA Cry3Bb1
(EPA,
2009)
Cry3Bb1 6
WCRW CPB

a7
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15

DvSnf7

dsRNA

CRW

Cry3Bb1

Cry3Bb1

dsRNA

4

(EPA, 2010)

CPB (Baum et al., 2007b)

dsRNA

Cry3Bb1

dsRNA

(Roush, 1998)



9 7 WCRW DvSnf7 dsRNA

49

dsRNA Cry3Bbl
LCSO 19
LCso
(ng DvSnf7 p p
dsRNA/cm? diet)
DvSnf7
4.7 0.49 17 0.13
dsRNA
DvSnf7 0.568 0.793
dsRNA 51 0.62 16 0.16
Cry3Bb1 !
' Dvsnf7 dsRNA Cry3Bb1 (625 ng/cn’ diet)
100 S Dvsnf7 dsRNA
&= DySnf7 dsRNA
7 Cry3Bbl
=
o
O
=
C L) L) L) L) L)
0 10 20 30 40 50
DvSnf7 dsRNA (ng/cm?)
6 DvSnf7 dsRNA dsRNA (625
ng/cm? diet) Cry3Bb1 WCRW 20
2 LCso (p>0.05)
19
20
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CP4 EPSPS

cp4 epsps Agrobacterium
CP4 5- -3
(CP4 EPSPS)
CP4 EPSPS 5
-3 ( E.C.251.19
EPSPS )
cp4 epsps
CP4 EPSPS
CP4 EPSPS
AD_2012 FASTA 8
DvSnf7 dsRNA
DvSnf7
DvSnf7 DvSnf7
MRNA
( 10) dsRNA
(Kozak, 1989) DvSnf7
dsRNA
Cry3Bbl
Cry3Bbl Bacillus thuringiensis
(Bt ) 1 Bt
(OECD, 2007) Bt
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Bt

CP4 EPSPS
CP4 EPSPS EPSPS
EPSPS
EPSPS (PEP)
-3 ( S3P )
(Gruyset al., 1992) EPSPS
S3P EPSPS
S3P
(Specificity constant) Kea/Km EPSPS
EPSPS S3P 200 1
(Gruyset al., 1992) EPSPS
CP4 EPSPS
DvSnf7 dsRNA Cry3Bbl CP4 EPSPS
DvSnf7
dsRNA Cry3Bbl CP4 EPSPS
dsRNA cry3Bbl cp4 epsps
21 RNAI
Cry3Bb1 CP4 EPSPS
( 12~ 13, p59-60; 19 Table 1~2, p13~14)
dsRNA Cry3Bbl CP4

EPSPS

51
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)

PV-ZMIR10871 Escherichia coli pBR322 (Sutcliffe, 1979)
PV-ZMIR10871 16,497bp

E. coli

E. coli

Tn7 aadA T-DNA

(©)
(p12~15)
1(pll)
PV-ZMIR10871 T-DNA
LH244

52
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PV-ZMIR10871

LH244
Agrobacterium tumefaciens ABI

LH244 R4

(RO)

7 (p54)
LH244 R4
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(4)

T-DNA
Tl: BC2F1
Tl: BC2F1 ( 7,p54)
(RO) R1
Real-Time TagMan PCR T-DNA
R2 2
R4 T-DNA R4
DvSnf7 Cry3Bbl cp4 epsps
T-DNA
RAF1 RAF1
TIl: BC1F1 Tl: BC1F1 T-DNA
End-Point TagMan PCR
TI:BC2F1 TI:BC2F1
End-Point TagMan PCR T-DNA
( 14)
(10, p55; 14 Tablel, p7)
10 21
2 11
1
wolp °
Tl: BC2F1 2063 1027 1036 1031.50 1031.50 0.04 | 0.843
1 BC2F1 2063 Tl: BCIF1 6
(HCL301 HCL645 HCL4029 F1266Z R6388Z R22817) 72
2 End-Point TagMan PCR T-DNA
3BC2F1 (p<0.05)

21

55
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1 1 T-DNA
( 15 Figure 4~6, p32~34) T-DNA
( 15  Figure 7~8,
p35~36)
(R4F1
R4 R5 )
( 16  Figure4, p15)
1 ( 15 Figure 4~6, p32~34)
(6)
(R4F1,
R4 R5 ) Cry3Bbl CP4 EPSPS
( 17 Figure 2~3,
pl1~12)
2012 4
DvSnf7 RNA
QuantiGene Plex 2.0 Assay®? ( 18)
RNA
( 11, p58; 18 Table 1, p14)
RNA (LOQ)
(112, p58; 18 Tablel, p14)
2011 4
ZQuantigene Plex 2.0 assay
RNA

56



Cry3Bb1

CP4 EPSPS ELISA ( 19)
Cry3Bbl CP4 EPSPS ( 12~ 13
5 p59~60; 19 Table 1~2, p13~14)

57
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15

11 DvSnf7
RNA (2011 )
! (SD) (SD) LOD/LOQ*
(ng/g )
(ng/g )? (ng/g )®
6~8 0.001479 0.013232 0.000034/
(0.000279) (0.002498) 0.000141
0.001100-0.001761  0.009844 — 0.015760
6~8 0.000399 0.009227 0.000009/
(0.000030) (0.000705) 0.000039
0.000368 — 0.000436  0.008515 — 0.010102
0.000223 0.002107 0.000003/
(0.000028) (0.000266) 0.000012
0.000199 — 0.000263  0.001875 — 0.002485
N/A® N/A 0.000004/
(N/A) (N/A) 0.000018
<LOQ <LOQ
6 0.000011 0.000012 0.000001/
(0.000005) (0.000006) 0.000006
<LOQ - 0.000015 <LOQ - 0.000017
1
2 Dvsnf7 RNA ( )
dsRNA 1g ug
( - )
1 / 4 ) 2 2
1 / 2 )
D=
3Dvsnf7 RNA ( )
dsRNA 1g ug
D=
‘LOD= :LOQ=
°N/A=
6

23



12 Cry3Bb1l

(2011 )
! (SD) (SD) LOD/LOQ*
(ng/e )
(ng/g ?  (ng/g )°
6~8 44 (16) 400 (140) 0.006/0.035
33-68 290 - 610
6~8 42 (1.7) 980 (39) 0.028/0.035
40— 44 930— 1000
30 (1.9) 53 (3.4) 0.018/0.035
28— 32 50— 58
11 (3.2) 110 (30) 0.010/0.035
88-15 83— 140
> 3.9 (0.65) 4.4 (0.73) 0.007/0.035
35-4.9 39-55
1
5 2 ( )
19 ug ( - )
1 / 4
) SD=
® ( )
10 19 ug
D=
‘LOD= ; LOQ=
5

24

59



13 CP4
EPSPS (2011 )®
! (SD) (SD) LOD/LOQ*
(ng/e
(ng/g )’ (nglg )°
6~8 4.6 (0.49) 41 (4.4) 0.071/0.137
40-5.2 36— 46
6~8 2.9(0.77) 66 (18) 0.033/0.068
20-3.9 47-90
15 (0.45) 26 (0.80) 0.099/0.137
14— 15 25— 27
45 (0.24) 43 (2.2) 0.121/0.137
42-48 40— 45
> 2.7 (0.13) 3.0(0.14) 0.152/0.228
25-28 29-32
1
5 2 ( )
19 ug ( - )
1 / 4
) SD=
® ( )
10 19 ug
D=
‘LOD= ; LOQ=
5

25
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Q)

(6)

5~10ng

20)

DvSnf7

Cry3Bb1

DvSnf7

End-Point Tag ManPCR

DNA
45
DvSnf7
dsRNA
cry3Bbl
CP4 EPSPS
cry3Bbl

61

CRW
CRW
cp4d epsps

LH 244
cp4d epsps
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2-(1)- - (p3O)
DvSnf7

DvSnf7

thuringiensis

Bt
(OECD, 2007)
2-(1)- -
EPSPS
EPSPS
EPSPS
EPSPS
200 1

DvSnf7
MRNA
dsRNA
dsRNA

( 10)
(Kozak, 1989)

Cry3Bb1
(Bt )

Bt
Bt

(p46~51)
dsRNA Cry3Bb1l
CP4 EPSPS
EPSPS

EPSPS
(Gruyset al., 1992)
S3P
S3P
(Specificity constant) Kea/Km
EPSPS S3P
(Gruyset al., 1992)

62

PEP S3P

EPSPS
CP4 EPSPS
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CP4 EPSPS

cry3Bbl

cp4 epsps

dsRNA
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@

)

@

)

3

(4)

2

(1)

(2)

3 @

(4)

(5)

31

4717
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(6)

Mm@ ©
(8)
8 (p103)

3

(4)

Q)

(6)

151

65

2010~2012

(14, p66)

15 (p66)



14

26

2010 9

2011 47

2011 17

2012 78
5 15

10

26
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-2-(6)-

@

)

3

(p61~63)

1579

DvSnf7

67

CP4 EPSPS

dsRNA

Cry3Bb1
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(4)

2
)
1579
2(1)- - (p0)
MRNA
Cry3Bb1
- (p50)
EPSPS
2(1)- - (p9Y
EPSPS

(

DvSnf7

2-(1)- -

Cry3Bb1

(

2-(1)-
CP4 EPSPS

dsRNA
, p44)
, p50)
(
)
CP4 EPSPS

2-(1)-

CP4
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dsRNA 2-(1)- - (p16~50)
CRW
Cry3Bb1l
CPB CRW (Head et al., 2001; EPA, 2010)
2
(
1963)
2-(1)- - (p46~50)
dsRNA Cry3Bbl
dsRNA Cry3Bbl
4 (2012 )
(2002)
16 (p70) 4

69



16 27

( )
A CR
Donacia frontalis ( )
( )
I VU
Diboma costata
( )
NT
Donacia
( ) hirtihumeralis
Donacia japana
( )
* 4 ( , 2012)
(1969); (1984); (1984); (1985); (2002); (2004); (2005); (2005);
(2005); (2006); (2007); (2007); (2010); (2012); (2012); (2012) 1)
2) 2

27
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)

DvSnf7 dsRNA WCRW WCRW
SCRW LCso 4.4ng/ml 1.2ng/mi (
2, p24; 7) Cry3Bbl
CPB Cry3Bbl LCso  2.7ug/ml
(8, p45; Head et al., 2001; EPA, 2010)
(©)
4
(Helianthus annuus) (Solanum
nigrum)
(Shirai and Takahashi, 2005) (Om)
81.7 /cm?
711 Jem? 5m
19.6 J/om? 222
5m 10m 10 /cm?
7 1,700
(Asclepias syriaca)
(Pleasants et al., 2001) Im 2m 4-5m
354 [cm? 142 [om? 81 /cm?
Sears  (2000)
Im 5m

(Sears et al., 2000)

28 Jen? 14 Jon?

10m
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4
3

D

Tripsacum
Tripsacum

@)
(©)
4

72

Zea
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-2-(6)- (p61~63)

1579
dsRNA Cry3Bb1
CP4 EPSPS
1579
DvSnf7 dsRNA

MRNA

Cry3Bb1
Cry3Bb1
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EPSPS
CPB CRW
dsRNA Cry3Bb1
dsRNA
(2012) 4

CP4 EPSPS
CP4 EPSPS
dsRNA
Cry3Bb1l
Cry3Bb1l
4

75

10m

CP4
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Cry3Bbl ( )
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Northern Blot Analysis of DvSnf7 RNA Expression in MON 87411
(RAR-2013-0213) ( )

Field Efficacy Data of MON 87411, DvSnf7, MON 88017, and Control
Maize Grown in the U.S. in 2012 (RPN-2013-0244) ( )

Assessment of LMW DvSnf7 Transcript Levels in MON 87411
(RAR-2013-0461) ( )

Analysis of methylated sIRNA uptake and activity in western corn
rootworm (RAR-2013-0245) ( )

Preliminary Information to Characterize the Activity Spectrum of the
dsRNA DvSnf7 Against a Range of Insect Taxa (MSL0024483) (

)

DvSnf7 Gene Structure and DvSnf7 Predicted Amino Acid Sequence (
)

A Comparative Bioinformatics Analysis of the Snf7 Ortholog in
Representative Arthropods (RAR-2013-0005) ( )

Bioinformatic Comparison of the 240 Nucleotide DvSnf7 Sequence with

Eukaryotic Soil Microorganism and Zea mays Sequence Databases
(RAR-2013-0260) ( )
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Enumeration of Soil Microorganisms from a Greenhouse Study

Assessing Potential Residua Effects from MON 87411 Maize
(MSL0024827) ( )

Preliminary Assessment of the Potential for Interaction between the
DvSnf7 dsRNA and the Cry3Bb1 Protein (M SL0024566) ( )

Determination of p-Values for the Comparison of LC50 Values and
Slopes from the Preliminary Assessment of the Potential for Interaction
Between the DvSnf7 dsRNA and the Cry3Bbl Protein (MSL0025187)
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Segregation of the T-DNA Insert in MON 87411 in a Single Generation
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Molecular Characterization of MON 87411 Corn for Japan Stage |11
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Stability of the DNA Insert in MON 87411 for Japan Stage |11 Field Trial
(MSL0023882) ( )

Assessment of the Presence of Cry3Bbl and CP4 EPSPS Proteins in

Corn Leaf Samples Across Multiple Generations of MON 87411
(MSL0023861) ( )

Assessment of DvSnf7 RNA Levels in Corn Tissues from MON 87411

Produced in a United States Greenhouse Trial during 2011
(REG-2012-0013) ( )

Assessment of CP4 EPSPS and Cry3Bb1 Protein Levels in Corn Tissues
from MON 87411 Produced in a United States Greenhouse Trial during
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Method Characterization Summary for Monsanto SOP BQ-QC-11120,

Confirming the Presence of the MON 87411 Transformation Event in
Genomic DNA Extracted from Leaf Tissue (RAR-2012-0226) ( )
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