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( Pj.D6D, Nc.Fad3, Glycine max (L.) Merr.)
(MON87769, OECD Ul: MON-87769-7)
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1
D
( Glycine  Soja )
soybean
Glycine max (L.) Merr.
A3525
Soja
)  G. gracilis (OECD, 2000)
(G. max)
G.gracilis G.soja
G. soja G. max
(OECD, 2000)
G. gracilis
, 1991; , 1997)
(OECD, 2000)
(
, 1997; , 1999)
(OECD, 2000)

G. soja (

G. max

, 1995;

G. soja

, 1996;



10

15

20

25

)

1100
( , 1987)
( 1992)
(FAO) 2008
9,687 ha 3,020
ha 2127 ha 1638 ha 913
ha 2007
14 ha (FAOSTAT,

http://faostat.fao.org/site/567/default.aspx#ancor)

2009 339
71% (
http://lwww.customs.go.j p/toukei/suii/html/time.htm) 2007
23 ! 430
125 0.7
( ) 322.3
2 83 3 866 (
19 http://lwww.maff.go.j p/j/zy ukyu/fbs/pdf/fbs-fy19d.pdf)
( ) 2007
1 8 23 416 1 8 430( )
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3

~—

(

(OECD, 2000)

1 5
, 1995)

10

(

18 28

, 1995)

, 1995)

1

15

(

(

, 1987)

, 1987)
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( , 1987)
A3525
40< (Maturity Group I11)
Maps, 2008; United Soybean Board, 2008)
Group |11 5 6
7 8 (Schapaugh, 1997)
15 (Lammi, 2008)
A3525

, 1995)

600

380
(Graphic
Maturity
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(2n=40)
G. soja ( : 2n=40) ( , 1991; ,
1997, OECD, 2000)

( , 1995; , 1996;
, 1997; , 1999)
1950
( , 1997; , 2001)
10
800
(
, 2001)
( , 2001)
6.32% (Ray et al., 2003)
2.3% (Kiang et al., 1992)
296 7.26%
19.5% (Abramset al., 1978)
13%
(Fujitaet al., 1997)
1 600 700
1
(Cruden 1997)
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(Fujita et al.,
1997)
(2006)
(2008)
Nakayamaand Yamaguchi(2002)
2
(Glg/93-J-01) 30
686
5
0.73% (Nakayama and Y amaguchi, 2002)
2005
5cm
32,502 1
11,860 (Mizuguti et al., 2009)
2006 2007 5cm
2 4 6 8 10m
5cm
2006 44,348 0
2006 2007
25,741 2m 10 m
2006 68,121
0 2006
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2007

( ,1995) 1
540 (Koti et al., 2004)

(Palmer, 2000)

2001 2004

28m 0.08% 2003
0.022%

2004 35m

66,671 3

(,2008)

10

2007

1

374 760 (Pamer et al., 1978) 230

(Abd, 1970)

, 2001)

2001 7.0m
0.7~10.5m
(Yoshimuraet al., 2006)

8
15 25um

0.040% 2002
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(EPA) (DHA)
-3
(Wang et al., 2006) EPA DHA
-3 (SDA)
SDA -3 EPA
DHA
SDA EPA

DHA Hammond et al., 2008; Harris et al.,

2007; Harris et al., 2008 SDA -3
SDA
4
-3
)
( Pj.D6D, Nc.Fad3, Glycine max (L.)
Merr.) (MON87769, OECD Ul: MON-87769-7) ( )
1 (p12)
1(pl3~15)
Pj.D6D YA
N 16
Pj.D6D Pj.D6D
YA
Nc.Fad3 NA15
( ) 2
SDA

10



10

15

20

25

Nc.Fad3
ANA15

cp4 epsps
(CP4 EPSPS)

sp. CP4
cp4 epsps
5
yANG)
1
(p13~15)
5
Cleavase®
Invader® Cleavase®

Nc.Fad3

PCR

cp4 epsps

(

3, p25)

Al5

Third Wave Technologies

-3
CP4 EPSPS

Agrobacterium

cp4 epsps
R1

Invader®



T-DNA|

B-Right Border

P-FMV
L-ShkG
TSCTP2

BamH | 9473

B-Right Border cs co4 epsps

BamH| 7182
L T-E9
B-Left Border

/  ORoriv’

PV-GMPQ1972 6
T-DNA | T-DNA I

12



T-DNA |

B L-Right Border

Agrobacterium tumefaciens DNA T-DNA

(Depicker et al., 1982)

Intervening Sequence | DNA
P %7Sa' G. max [3-
(alpha-bcsp)
(Doyleetal., 1986) mMmRNA
(Chenet al., 1986)
Intervening Sequence | DNA
cs Pj.D6D Primula juliae ( 1) A6
(Ursin et al., 2005)
Intervening Sequence | DNA
T “tml A. tumefaciens Ti tml
3 (Kemp et al., 20000 mMRNA
Intervening Sequence | DNA
P-7Sa G. max [3-
(Sphas2)
(Wanget al., 2004) mRNA
(Chenet al., 1986)
DNA

Interveni ng Sequence

CS Nc.Fad3 Neurospora crassa ( ) Al5
(Ursinet al., 2003)
Intervening Sequence | DNA
T-E9 Pisum sativum( ) -1, 5
RbcS2 3
mMRNA (Coruzzi et al.,
1984)

13




1( )

T-DNA | ( )
Intervening Sequence | DNA
B -Left Border A. tumefaciens DNA T-DNA
(Barker et
al., 1983)
( )
Intervening Sequence | DNA
CS-rop ColEl
Escherichia coli
(Giza and
Huang, 1989)
Intervening Sequence | DNA
OR °®-ori-PBR322 pBR322 E. coli
(Sutcliffe, 1978)
Intervening Sequence | DNA
aadA Tn 7 3(9)-0O-
( )
3 (Fling et
al.,1985)
Intervening Sequence | DNA
T-DNA I ( )
B-Right Border A. tumefaciens DNA T-DNA
(Depicker et al.,
1982)
Intervening Sequence | DNA
P-EMV Figwort mosaic virus (FMV) 35S RNA
(Rogers, 2000)
Intervening Sequence | DNA
L 8.shkG Arabidopsis thaliana( ) 5
-3- (EPSPS)
ShkG 5 (Klee et
al., 1987)

14




1( )
T-DNA Il ( ) ( )
TS —CTP? A thaliana  EPSPS ShkG
(Klee et
al., 1987; Herrman, 1995) CPAEPSPS
CS cp4 epsps Agrobacterium CP4 5
-3- (CP4 EPSPS)
aroA (Padgette et al., 1996; Barry
et al., 1997)
Intervening Sequence | DNA
T-E9 Pisum sativum -1, 5
RbcS2
3 MRNA
(Coruzz et al., 1984)
Intervening Sequence | DNA
B-Left Border A. tumefaciens DNA T-DNA
(Barker et al.,
1983)
( )
Intervening Sequence | DNA
OR-ori V RK2

Agrobacterium

(Stalker et al., 1981)

DNA

Intervening Sequence

B — Border (
P — Promoter (
CS - Coding Sequence (

OR — Origin of Replication (
L — Leader ( )
TS —Targeting Sequence (

)

T — Transcript Termination Sequence (

15
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Pj.D6D

P. juliae Pj.D6D
Pj.D6D Primrose (
)
Pj.D6D (
)
A6 A6
6 7
SDA SDA
- (ALA) A6 \VE (GLA) ©-3
(  2,p20) A6
SDA
Pj.D6D
SDA ( 2, p20) A6
(18:1) (18:2)
(ILA 182 GLA (18:3)
( 2 p20)
A6
(AD_2009®) FASTA
Nc.Fad3
Pj.D6D N. crassa (
) Nc.Fad3 N. crassa

(Perkins and Davis, 2000)

8 FARRP (Food Allergy Research and Resource Program) AllergenOnline database (FARRP, 2009)

16
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Nc.Fad3
Al5
15
Al15
crassa A15
ALA AG
SDA
SDA

A15
SDA

A15

A6

20%6~30% SDA (

GLA (18:3)

26.13 %) GLA (

( 2p2)

(2 p21

17

Al5
16

GLA
( 2,p20)

A6

(AD_2009) FASTA

SDA
A6 A15
SDA

2 p21) A6
(18:2)

15
SDA (
7.09 %)
A6
ILA
ILA
SDA
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ALA

1996)
ALA
8
ALA
A6
A6
in vitro
P. juliae
Al5
DHA

(Chardigny et al.,

SDA ALA
( 2,p21)
ALA
SDA
( 2 p20)
A6 Al5
SDA
Al5
Al5
2)
A6
ALA A6
N. crassa Al5
GLA y- (DGLA)
®-3
A6
SDA
2 (p10) EPA
GLA ILA

18
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SDA
GLA
(TAG) TAG

(Liu and Brown, 1996; Taiz and Zeiger, 1998) TAG

TAG
CoA
CoA B
(Fernandez-Moyacet al., 2000, Prokofév and Novitskaya, 1958)
p
(Stryer, 1995)
SDA GLA B ALA B
SDA GLA
ALA
( 3
SDA GLA

19



A15

A9 A12
18:0 _— 18l 182 T 18:3
EEEEEN I) a_
] (ALA)
A6 A6 A6
\/ Y Y
18:2 18:3 ALS 18:4
Y- —_—
(ILA) (GLA) LD o (SDA)
2 P. juliae A6 N. crassa A15
SDA o
é
EEEEER I) AG Als

20



B W N

NA;

110

%0 o0 p 2
[ 9] [ %)] [99% Tol. Int.< (%)]
( )
16:0 Palmitic 12.06 1177 <0.001 (9.88-12.33)
( ) [11.53 - 12.54] [11.14 - 12.08] [7.28, 14.20]
18:0 Stearic 4.19 4.15 0.245 (3.68 - 4.89)
( ) [3.73- 4.53)] [3.85- 4.44) [2.87, 5.85]
18:1 Oleic 15.18 19.19 0.001 (16.70 - 23.16)
( ) [12.66 - 18.80] [17.24 - 21.17] [12.56, 27.98]
18:2 Linoleic 22.78 54.93 <0.001 (53.36 - 57.39)
( ) [16.46 - 30.81] [54.05 - 56.04] [50.46, 59.96]
18:2 Isolinolenic (ILA) -3 - NA* -
( )
18:3 Linolenic (ALA) 11.18 9.20 0.016 (6.95 - 10.58)
(- ) [10.20-11.80] [7.42 - 10.66] [3.72, 13.46]
18:3 trans-ALA 0.44 - NA -
( a- ) [0.38—-0.48]
18:3 y-linolenic (GLA) 7.09 - NA -
(Y- ) [6.07 - 8.03]
18:4 Stearidonic (SDA) 26.13 - NA -
( ) [16.83-33.92]
18:4 trans-SDA 0.18 - NA -
( ) [0.058 — 0.26]
20:0 Arachidic 0.34 0.31 <0.001 (0.27 - 0.36)
( ) [0.31-0.37] [0.28- 0.34] [0.20, 0.45]
20:1 Eicosenoic 0.14 0.13 0.282 (0.071-0.19)
( ) [0.075 - 0.20] [0.069 - 0.19] [0, 0.31]
22:0 Behenic 0.29 0.32 0.023 (0.30-0.41)
( ) [0.26 - 0.31] [0.28- 0.37] [0.22, 0.49]
Total Fat 1591 1594 0.955 (13.99 - 20.56)
( ) [12.95-19.03] [12.73-18.80] [11.04, 25.03]
5 ANOVA (n=5)

(toleranceinterval)  95%

10

0.13%)

21

99%
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)

pBR322

E. coli

aadA T-DNA

3

1(pl2)

22

E. coli

PV-GMPQ1972

16,465bp

Tn7

1 (p13~15)
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PV-GMPQ1972

A3525
A3525
PV-GMPQ1972 A. tumefaciens ABI
R4 PV-GMPQ1972
PCR
( 5)
(RO) R1
T-DNA | ( Pj.D6D Nc.Fad3
) T-DNA ( cp4 epsps
) R2
T-DNA 11
MON87769
3 (p25)

23



R4

24

R4



25



(4)

5
(R4 )
F1 F1 1 F2
( 6)
10 1:2:1 ( 3 p2o)
F2 1 F3
F3 1 F4
( 3 p2o
15
3 11
1:2:1 8
' , . P

F2 47 11 23 13 11.75 235 11.75 0.2 0.9087

F3 174 48 81 45 435 87 435 0.9 0.6278

F4 222 60 102 60 555 111 555 15 0.482

R

F3 F4

20 F2 F3

2 T-tml

3

2

25

11

26




1 1 T-DNA |
( 7  Fig. 5, p43)
10 ( 7
Pj.D6D

Fig. 6 7, p44~45

Fig. 8~13, p46~51)
(R3~R6 )

15 7 Fig. 14, p52)

27

T-DNA I
Fig. 15~16, p53~54) T-DNA
Nc.Fad3

p28 4



5'Genomic Flank DNA 3'Genomic Flank DNA

PshAl 41677 BstX 16912
PshA | 2282~ "
BsrG |1 304 PshA| 8416
Loul121l I-Bstx 18467
O O O O O O O O O T T O O O T T T T T |
Ht i } SHE H
1 N Q } N Q I N 9294
[0} © [
S Q & g
g ¢ ' E 2 . g 3
] o 8 - d f - ch
>9.2 kb
Lgul
6.8 kb | 1.6 kb |
Lgul/BstX | I I
| 2.0kb | 1.9kb | 4.2kb |
BsrG I/PshA | | | I |
12

12

28
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1
(6)
3 (
3
FANG)
A6
20ug/g fwt
0.99ug/g fwt
p17)
(LOQ=0.625u0/9)
A15

26~62ug/g fwt
5.3~52ug/g fwt
A15

(R3 R4 R5 R6)

( 7

15-25ug/g fwt
0.43~1.9ug/g fwt
NG

A6

Al5

Al5

Fig. 2, p16)

AlS5

29

Fig. 5, p43)

A15
8)
( 8 Tablel,
48ug/g fwt
21ug/g fwt

8 Tablel, pl7)
(LOQ=0.62519/0)

A15
4
N6
N6
( 9 Fg. 1, pl15
Pj.D6D Nc.Fad3
N6
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PV-GMPQ1972
A. tumefaciens

®)
PCR ( 10)
5 10ng
180 90
(6)
Pj.D6D
A6
SDA GLA
Nc.Fad3
A15
( 8 Tablel, pl?)

DNA

Nc.Fad3
A15
Pj.D6D
78o’
A6

E. coli

PCR

7Sa
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2008

7
2, p8)

13

3, p25)

A3525

11

11
30

20

)

2, p9)

2,p8

13

3 57p9

31

p10)

R6

)

11
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1 (2006
29 /| 21
A3525

15 / 8 20
14

12 Table 2, pb5)

SDA GLA
(
2 (2009
20 1
3 /
9
( 13)
20 /15 7 12
( 4, p3h5 13
14 _']_ 9
15 (29/24 °C)
16 1 9

12)

2
4
( 12)
SDA GLA
SDA
3
13)
13)
15 ( 29
20 /15 15 /8
22
20 /15
Table 3, p21)

32

16

GLA

7
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20 /15
269 7 /2
0469
13 Table 3, p21)
20 /15
16.2cm

13 Table 3, p21)

3 (2010

30 /
( 29/ 24
15 /18 7 /2
21

20 /15

14  Table 2, p9)

35.8 cm
104.5 cm)
10
10
3
15 /8 7 12
( 5 p36
17 _']_ 9

30g
050¢g
( 4,p35
17.5cm
( 4p3
14)
4
/
17
( 14)
( 5 p36
30.3 cm
20 /15
14  Table 2, p9)

7

12

(311~
1.1



15 /8
082¢g 7 12
5 015 ¢g

(15 /8  046~100g 7 /2

( 5 p36 14  Table 2, p9)
20 /15
10 1.0
41 7 /12
1.0
9.0 ( 5 p36
15 Table 3, p10)

0.68¢
013¢g

0.12~0.17 g)
13
39
1.2
14  Table 2, p9)
6 (p37

14



10

15

4 2
22 18
23
(9) N.A. 4.45
(9) N.A. 15.42
29/24 oC 4 NA RZ' R3
( ) (cm) N.A. 36.8
N.A. 1.0
N.A. 2.0
(9) 3.0* 26
) 9.7 8.9
V3-V4 V3-V4
20/15 °C 94 94
(cm)
17.5* 16.2
1.0 1.0
34 36
(9) 2.0 2.0
(9) 73 6.9
V2-V3 V2-V3
15/8 °C 94 94
(cm)
12.2 11.9
1.0 1.0
5.0 5.0
(9 6 0.5 0.5
(9) 1.9 17
V1 (V1) V1(V1)
7/2°C*® 9.4 9.4
(cm)
9.6 (9.4) 9.3(9.3)
1.0 1.0
8.9 (6.4) 8.9 (6.6)
)
ANOV A
ANOV A
ANOVA
* (p<0.05)
1h=20
2 :Vn= n R2= R3=
s 19 1 9
4 (29/24 °C)
°7/2°C O
6712°C 0.50g 0.46g

18

0.59



5 3
21 19
(SE)*
34
(9) 4.26 (0.17) 4.31(0.13) 3.66 5.08
R1 R1 V7 R3
29/24.°C @) 7.9(0.13) 7.5(0.15) 7.0 7.6
cm
( ) 35.8 (0.50)* 30.3(0.93) 311 104.5
1.1 (0.07) 1.0 (0.00) 1.0 1.0
1.0 (0.00) 1.0 (0.00) 1.0 1.0
(9) 2.21(0.12) 2.45(0.11) 2.25 2.85
V3-V5 V3-V5 V3 V5
7.7(0.17) 7.6 (0.14) 7.0 7.3
20/15 °C (cm)
16.3 (0.33) 156 (0.37) 139 294
1.3(0.10) 1.0 (0.00) 1.0 1.0
3.9 (0.08) 4.1 (0.09) 3.2 5.0
(9) 0.68 (0.03)* 0.82 (0.04) 0.46 1.00
V1 V1 V1 V1
7.8 (0.14) 7.5(0.15) 6.2 8.0
15/8 °C (cm)
10.1(0.14) 10.0(0.15) 85 110
1.3(0.12) 1.0 (0.00) 1.0 1.0
6.0(0.05) 6.1(0.09) 5.2 75
(9) 0.13 (0.01)* 0.15 (0.00) 0.12 0.17
VC VC VC VC
7.7 (0.16) 7.4(0.13) 6.8 7.9
712 °C (cm)
7.9(0.19) 7.9 (0.20) 6.1 7.2
1.2 (0.08) 1.0 (0.00) 1.0 1.0
9.0 (dead) 9.0 (dead) 9.0(dead) 9.0 (dead)
15/8°C  7/2°C
5 ANOVA 29/24°C  20/15°C
ANOVA
ANOVA
* (p<0.05)
h=20 SE
10 2 4 (AG0604 AG00501 ANAND Schillinger 235.T)
s :VC= Vn= n R1= R3=
4 19 1 9

19

36



21

20

29/24°C
(

18
20
20
20

20/15°C

15
20

17
17

15/8°C

16
20

19
17

7/2°C

17
20

20
20

20

37
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3, pl5)

( 11 6, pl1)
( 11 7,p12)
(
( 11 3, p15)
20.33g 2158 g
11 3, p15)

11

25

20



10

15

20

25

2
1m ( 11 2, p5)
499 PCR 1
PCR
Tagman-PCR
PCR 499 491 8
DNA
491 (
11 5, p16)

(0.03 6.32%) (Woodworth, 1922; Garber and Odland, 1926;

Cutler, 1934; Weber and Hanson, 1961; Caviness, 1966; Beard and Knowles, 1971;

Ahrent and Caviness, 1994; Abud et al., 2003; Ray et al., 2003)

( 11 6~ 8,pl8)

39
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A15
SDA

(@ i.)/ha)
7
( 15
30/ 20

@

)

3

GLA

SDA GLA

Table 2, p17)

A6

SDA GLA

(30 70 200 g active ingredient

15)

3
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(4)

Q)

(6)

41
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21

D
(OECD, 2000)
(
( 2-(6)- -ae h p31~40)
2 3
20.33 9 21589
( 2-(6)- -e p3B)
(125 21.8g) (De Bruin and Pedersen, 2009; Csanadi et al.,
2001)
2 20 /15 7 12 20
/15 ( 2-(6)- -b
p32) 20 /15 304¢
269 7 12 0504¢
0.46¢g 20 /15
175 cm 16.2cm ( 2-(6)- -b
21 2-(6)- a h
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p32)

p33) 3
2
SDA
2
3
( 2-(6)- -b p33)
35.8 cm
104.5 cm)
2-(6)- -a p3l
11
1.0
2-(6)- -b p32
3
2 20 /15
-b p33)
15 /8
0.82¢g 7 /2
015 g

3 ( 2-(6)- -b
1
GLA
30.3cm
(311
1.0
( 2-(6)- -b p33)
1
(
3
3 15 /8 7
7 /12
( 2-(6)-
0.68g
0.13g
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2-(6)- -b p34)

(15
/8 0.46 1.00g 7 /2 0.12 0.17g)
20 /15 13
1.0 39
4.1 ( 2-(6)- -b p34) 20 /15
7 /2
1.2 1.0
9.0
3
1
2 3
7 30
8 1 ( 2-(6)- -a p31)
Pj.D6D Nc.Fad3
SDA GLA
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)

3

(4)

@

(Liu and Brown, 1996; Taiz and Zeiger, 1998)
SDA GLA
SDA GLA
SDA GLA

2()- - ,plo

SDA

SDA  GLA

46

GLA



10

15

20

25

( 2-(6)- -g p39

yANG) A15
( 2-(1)- - , p16~17) N6 A15
( 2()- - ,ply)
SDA GLA
SDA GLA
SDA GLA
9 (p49)
, 2002
9 SDA GLA
SDA GLA
SDA GLA 18
EPA 20
SDA EPA

(James et al., 2003; Harris et al., 2007, Hammond et al, 2008; Harris et al.

2008; Kitessa and Young, 2009) GLA

(Fan and

Chapkin, 1998)

a7
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EPA
(Cook, 1991; Watkins, 1991; 1995)

( Aelia rostrata )
( Galleria mellonella ) (
Photinus pyralis )
EPA
(Cakmak et al., 2007; Stanley-Samuelson et al. 1987; Alizaet al., 2001)
18
SDA GLA
18 EPA 20
SDA GLA EPA
p

(Downer, 1985; Gilbert, 1967; Joanisse and Storey, 1996; Jurenkaet al., 1988; Sanz,
2000; Stanley-Samuelson et al., 1987; Watkins, 1991)

SDA GLA EPA ALA
B
9 SDA  GLA
SDA GLA
9
SDA GLA
SDA  GLA
SDA GLA



122

9
1.
( Piezodorus hybneri)
( Riptortus clavatus)
( Etiella zinckenella Treitschke)
( Etiella behrii)
( Leguminivora glycinivorella)
( Matsumurases phaseoli)
( Matsumurases falcana)
( Asphondylia sp.)
( Delia platura)
2.
( Columba livia)
( Streptoperia orientalis)
( Corvus corone( ), Corvus macrorhynchos ( )
( Phasianus versicolor)
3.
( Sus scrofa)
( Macaca fuscata)
! (2002)
)
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©)
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and Yamaguchi, 2002)

32,502

11,860
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2006

Pj.D6D

0.73%

2005

(2008)

686

(Nakayama

(Mizuguti et al., 2009)
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2006 44,348 0
2006 2007
25,741 35 2m 10 m
2006 68,121
0 2006

2007 66,671 3 2007

3 2 4 6 1
( , 2008)
( 2-(6)- -f p39)

(0.03

6.32%) (Woodworth, 1922; Garber and Odland, 1926; Cutler, 1934; Weber and

Hanson, 1961; Caviness, 1966; Beard and Knowles, 1971; Ahrent and Caviness,
1994; Abud et al., 2003; Ray et al., 2003)

( 2-(6)- -d, p3g)
( 2-(6)- -e p393)

(12.5 21.8g) (De Bruin and Pedersen, 2009; Csanadi et al., 2001)

Pj.D6D Nc.Fad3
F1
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2006
8 7 4 6
1 5
17
(Kurodaet al., 2010)
1 5
1
1 1
(Kurodaet al., 2010)
DNA
F1
14 1,344
(Kuroda et al., 2008) Stewart et al. (2003)
3
(Oka, 1983)

(Oka,1983; Chen and Nelson, 2004)
Kuroda 2003 —2006
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2)

1-(1) p45

(Kurodaet al., 2010)

SDA

GLA






10

15

20

25

-a~h  p31~p40))

A6
GLA

Pj.D6D
A5

(

2-(6)-

Nc.Fad3
SDA



10

15

20

25

p39)

GLA

SDA

A6

GLA

( 2(6)- -9
A6 Al5

Al5

SDA GLA

SDA  GLA
SDA

( 2-(6)- -t p39)

SDA  GLA
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