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Abstract
Purpose of this survey

In Article 34 of “Act on the Conservation and Sustainable Use of Biological
Diversity through Regulations on the Use of Living Modified Organisms (Cartagena
Law)”, it is mentioned “The government must endeavor to collect, arrange and analyze
information on living modified organisms and promote research and devise other
necessary measures concerning living modified organisms and the Adverse Effect on
Biological Diversity arising from use thereof, in order to amplify scientific knowledge
concerning the same”. Data on the growth of genetically modified herbicide-tolerant
oilseed rape, Brassica napus (herbicide-tolerant B. napus), have been collected since
2003 in Japan by the Ministry of the Environment. The herbicide-tolerant B. napus,
which is presently used in Japan, has been assessed and confirmed as not harmful to
biodiversity in its “use for the provision of food, animal feed or other purposes,
cultivation and other growing activities, processing, storage, transportation, disposal,
and other acts attendant with these applications” based on the Cartagena Law.
Although estimation of the effect of spillage of seeds during transportation is included
in the above activities, the present survey examined situations involving the growth of
herbicide-tolerant B. napus to verify that there is no risk of biodiversity being affected

by spilled seeds.

Contents of previous surveys

Oilseed rape including herbicide-tolerant B. napus is imported into Japan
through 12 major ports, Kashima, Chiba, Yokohama, Shimizu, Nagoya, Yokkaichi,
Sakai-Senboku, Kobe, Uno, Mizushima, Kitakyushu, and Hakata. In surveys from
2003 to 2008, the presence of herbicide-tolerant B. napus was confirmed in and around
eight of these ports, Kashima, Chiba, Shimizu, Nagoya, Yokkaichi, Kobe, Mizushima,
and Hakata, as well as along the roadsides of major roadways for transporting oilseed
rape. In three of the eight areas, Kashima, Yokkaichi, and Hakata, the following two
points have been confirmed: 1) there are relatively large numbers of B. napus, which
are thought to be derived from spilled seeds, and 2) the proportion of herbicide-tolerant
B. napus in the collected samples was very small in Kashima but comparatively large
in Yokkaichi and Hakata. Seeds of possible hybrids between herbicide-tolerant and
non-transgenic B. napus, between two different types of herbicide-tolerant B. napus,
and between herbicide-tolerant B. napus and Brassica rapa (an alien species derived
from cultivation) were collected at riverbanks near the junction of a bridge on the main

roadway and a river in Yokkaichi. Therefore, the survey has been performed since 2009
4



in the Kashima, Yokkaichi, and Hakata areas, with relatively large numbers of B.
napus possibly derived from spilled seeds. A follow-up survey was conducted along the
main roadway near the ports in Kashima and Hakata, and was completed in 2010. In
Yokkaichi, also ending in 2010, the distribution of herbicide-tolerant B. napus and the
gene flow to related species (B. rapa and Brassica juncea) were investigated in detail
around the banks of three rivers under the bridges of the main roadway where the
growth of herbicide-tolerant B. napus was confirmed. The survey area was extended
along the riverbanks to the upstream and downstream areas of the rivers from the
bridges. Since 2011, surveys have mainly been conducted in riverbanks along the

roadsides of major roadways for all the port areas.

Results of 2018 survey

In 2018, samples of maternal tissues (leaves) and seeds were collected (not all
samples included seeds) from B. tornifortii in addition to Raphanus sativus var.
raphanistroides, Sinapis arvensis, B. rapa, and B. juncea as related crossable species
of B. napus. The samples were collected mainly around river reservations along the
main roadways in three port areas, Kashima, Yokkaichi and Hakata.

In 2018, no samples were collected from the Kashima port area, for no B.
napus was detected there. From 331 colonies in the two port areas, Yokkaichi and
Hakata, 860 samples of maternal tissue were collected and analyzed using
immunochromatography for two proteins, CP4 5-enolpyruvylshikimate-3-phosphate
(EPSPS) and phosphinothricin-N-acetyltransferase (PAT), which confer the
herbicide-tolerance. As a result, these herbicide-tolerant proteins were detected in the
samples of maternal tissue collected from the Yokkaichi port area (41 of the 293
colonies; 76 of 782 samples). No herbicide-tolerant proteins were detected in the
Hakata port area, where 78 samples were collected from 38 colonies. The
herbicide-tolerant protein was detected in the Kashima port area in 2015, and in the
Hakata port area in 2011, 2012, 2014, 2015, and 2017, and in the Yokkaichi port area
each year during the period from 2011 through 2018.

In 2018, flow cytometry and DNA marker analysis detected no putative
hybrids among five samples of maternal plants from five colonies on the Yokkaichi
riverbanks, and it was unclear whether these samples were B. napus or B. rapa based
on morphology. A herbicide-tolerant protein (PAT) was detected in one sample from one
colony of a maternal plant on the Yokkaichi riverbanks which morphologically seemed
to be B. rapa. However, DNA marker analysis did not determine whether this maternal

plant was a putative hybrid or not. Although no possible hybrids were detected in 2012,
5



2013, or 2017, the presence of hybrids was confirmed in 2009, 2010, 2011, 2014, 2015,
and 2016. An herbicide-tolerant protein (PAT) was detected in two samples from two
colonies among the seeds and seedling samples of maternal plants that contained no
herbicide-tolerant proteins. Two kinds of herbicide-tolerant proteins, PAT and CP4
EPSPS, were detected in two samples from two colonies of B. napus among the seed
and seedling samples or only seedling samples of a maternal plant that contained only
PAT. Together with previous results, these findings suggest the possibility of the
occurrence of crossing between two types of herbicide-tolerant B. napus populations at
sites where the maternal plants were present. Herbicide-tolerant B. napus was
detected only near the bridges of the main roadway over the rivers, consistent with
previous results obtained until 2017.

In 2018, five samples from two colonies were confirmed to be B. juncea in the
Yokkaichi port area, and no herbicide-tolerant proteins were detected in these B.
juncea. The presence of B. juncea was confirmed along the roadsides of the Hakata port
area in 2012, 2013, 2015, 2016, and 2017, and in the Yokkaichi port area from 2014 to
2017, and no herbicide-tolerant proteins were detected in these B. juncea either.

In conclusion, from the estimation results based on the 2018 and previous
surveys, the distribution of herbicide-tolerant plants has been confirmed, and crossing
between herbicide-tolerant B. napus and non-transgenic B. napus, and between two
types of herbicide-tolerant B. napus, as well as gene flow between related species, have
been suggested to occur only along major transportation roadways. Furthermore, this

phenomenon was confirmed to have a low expansion tendency.
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Reveal®for CP4 (Roundup Ready® (Neogen, Lansing, MI, USA) PAT
TraitCheck™ LL Test Strip Strategic Diagnostic Inc., Newark, DE, USA
5 CP4 EPSPS
PAT 2

A CP4 EPSPS B PAT

. 4-003-2M

4-002-7S
6-006-1M 6-034-1S
4-034-4M 4-023-2S
6-106-1S
1-016-1M
2 CP4 EPSPS A
PAT B
CP4 EPSPS PAT
CP4 EPSPS A PAT B
CP EPSPS PAT A

4-003-2M 1-016-1M B 4-002-7S 4-023-2S

CP4 EPSPS PAT

17



67 114
CP4 EPSPS PAT

22 38 107 28
40 14 26 75
19 56 2
7 7
53 187 6 ?

CP4 EPSPS PAT
167 PAT 1 1 5-046-1M

131 2 131 362
357

2 5 56 144
16 40 2 6

18



17

36

16

19
57
76

14
27
41

11

29

16

16
44

12
25

60

37

13
16

11

19



6 ( ) CP4
EPSPS PAT

| I [ cPaEPSPS | PAT |

]
+[+]+]

010]10(0|0O

1
+[+]+ ]

T

o

o

15

]
1 N [l T [ e N N DS e
SRR ERRERIEE

|
+

I
+ [+

n

o

[

[N

1
[HRNY [Ny [N JERNY NG [HENY [HRNY Y
SRR

010

T

o

[N

©

1
= G G N G G
SRR R

1

I cP4EPSPS PAT
20



CP4 EPSPS

PAT

4-005

4-005

4-006

|
w N

2

4-007

4-008

4-008

+[+[+]+

4-009

4-010

010

4-011

+

4-012

4-013

4-014

4-015

4-016

4-017

4-019

1
N N [ o A DN R R
= = B B B B B B B B B B

++[+]+]

4-020

4-020

010

4-021

++ [+

4-022

4-023

4-023

4-024

+[+ [+

N [N |- [ [ N e [
= I E B N B B

M!ﬂEMIIIE!FIEFNIIIIIIIIIIIIIIIII!IIIIIIIIIIEIIIII

4-024 - 5m 1 - | - |

4-025

4-026

4-027

0]0]0(0

4-028

4-029

4-030

010

4-031

4-032

4-033

4-033

4-033

4-034

4-034

1
e TSI SN N e R el N el (I [ (=
=l = B B S B B e ) ) S

4-034

I
AW
ZZ

:CP4 EPSPS

21

PAT




CP4 EPSPS

PAT

4-034

4-034

4-034

+[+ |+

4-034

4-034

|
o [ o [on
TREEILZ

4-035

I

4-035

4-036

4-036

4-036

|+ +]+][+

4-037

4-037

4-037

+ |1

4-038

0

4-038

+

0

4-038

wlN N lw NN - o
SRR

0

5-001

5-002

5-002

0

5-002

0

5-002

5-002

5-002

5-002

5-003

5-004

5-004

5-005

5-006

5-006

5-006

5-006

0]0]0(0

5-006

5-006

5-006

5-006

5-006

5-006

010

5-007

5-007

5-008

5-008

5-008

5-009

|
RPWINIFPINIFPIOOoINOOTRIWINIFPIFPINIFPIFRPINOOTARIWIN |- |-

= I B ) B e ) B ) B ) e B B e B B e e B B e B B e e e

:CP4 EPSPS

22

PAT




CP4 EPSPS

5-010

5-011

5-012

5-013

5-013

5-014

5-014

5-014

5-014

010

5-014

5-014

5-014

5-015

5-015

0

5-015

0

5-015

5-015

0

5-016

0

5-016

5-016

5-017

5-017

5-017

5-017

5-017

5-018

5-019

5-019

5-019

5-019

5-019

5-019

5-019

5-019

5-019

5-019

[E=Y

0(0]0[0[0|0]|OfO]O

5-020

5-021

5-021

5-021

5-021

010(0(0

5-021

5-021

5-021

5-021

5-021

5-021

[N

[=F [Fo) [ JENR o} (SN FNS [N \OF [ [l [N T3 (o} ENT e 0[S} FNG) (VR [N [Nl o (S, B F N TGV [ N [l (OO0 [ RT3, 1 FNG [OUN T \OF [Eog EN [ 0 (3, 1 FNN) OV [ N [l [ OR [ [ e [
4 EEG E E E E B B B E N B B E N E B B B B B B B E ) B B B B B ) B B E i B B B ) B B B B E ) B B B E g

23




CP4 EPSPS

5-022

5-022

5-022

5-023

5-023

5-023

0

5-024

0

5-024

0

5-024

5-024

5-025

0

5-025

0

5-025

5-026

5-027

0

5-027

0

5-027

5-027

0

5-027

0

5-027

5-027

5-027

5-027

5-027

5-028

01010(0

5-028

5-029

0

5-029

5-029

5-029

5-029

5-029

5-029

5-029

5-029

5-029

5-030

5-031

5-031

5-031

5-031

5-032

5-032

5-032

5-032

5-032

5-032

< N[5, N ENG (VR [ R FN N IV | O [N [ e B [T 3 (ol EN [ M (S, 1 NN [OVR [ O (SN [ O [ fel [ 3 [ ENUI P2 3 [, 1 N [OVR [ O [ (20 FOVR [ O [0 NG [OVR [ R [0 [OVR | NOR [ [OVR [ NOR [
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

24




CP4 EPSPS

5-032

5-032

5-033

5-033

5-033

5-033

5-034

5-035

5-035

5-035

0

5-035

0

5-035

5-035

5-035

5-035

5-035

5-035

5-036

5-036

5-036

5-037

5-037

5-037

5-037

5-038

5-038

5-038

5-038

5-039

5-040

5-040

5-040

5-040

5-041

0

5-042

0

5-042

0

5-042

5-042

5-043

5-044

5-044

5-045

5-045

5-045

WINIFPIN[FP|FRP[R_WN(FP PR ONFPIRPRIRIWINIPIRIWINIPIWIN|FPIOO (NI IWINIFPIFPIRIWIN |- |00 N
4 E e E E G B B E G E ) B B B ) B B B B ) B B B B ) E G Y B B B ) B B B B ) E G e ) B ) e

[BEY

=

15-046

PAT

25




| cP4 EPSPS |

PAT

3-001

0

3-001

0

3-002

0

3-002

3-002

6-001

6-001

6-001

010

6-002

6-002

6-002

6-003

6-003

6-003

6-004

010(0[0]0]0

6-004

6-004

0

6-005

6-005

6-005

6-006

6-006

6-006

6-007

6-007

010

6-007

0

6-008

6-008

6-008

6-009

6-009

6-009

6-010

6-010

6-010

6-011

6-011

6-011

01010(0|0|0(0[0]|0

6-012

6-012

6-012

6-013

6-013

6-013

6-014

6-014

NIFRPIWINIFPIWINIFP[WINIFPIWINIFPIWOWINIFPIWINIFPIWINIFPIOINIFPIWINIFPIWINIFPIWINIFPIWINIFPIWINIFRPIWIN N (-

= B B B B e B ) e B B ) B B e ) ) B ) ) ) B B ) ) B e B ) B B B ) ) B e ) B B B ) e e e

010|0f0]0]0|0O

26




CP4 EPSPS

6-014

6-015

6-015

6-015

6-016

6-016

01010(0(0]0

6-016

6-017

0

6-017

6-017

6-018

0

6-018

6-018

010

6-019

6-019

6-019

6-020

6-020

6-020

6-021

6-021

6-021

6-022

010]0(0|0]0|0O

6-022

6-022

6-023

6-023

6-023

6-024

01010(0

6-024

6-024

0

6-025

6-025

6-025

6-026

6-026

6-026

6-028

6-028

6-028

6-029

6-029

6-029

6-030

6-030

6-030

6-031

S (A LR SN VR [ R N VR | OB N (IR [ R PN IV [ O [N IV [ O [N IV [ O3 [0 [FVR [ O [N IV [ O3 (2 OV [ O [ OV [ O [0 [OVR [ O [ [OVR [ O3 [ [OVR [ O3 [ [OVR [ ORI [ (V)
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

010|0[0]0|0|0[0|0O]|O[O[0O]|O

27




CP4 EPSPS

6-031

6-031

6-032

6-032

6-032

6-033

6-033

6-033

6-034

6-034

6-034

6-035

6-035

6-035

6-036

6-036

6-036

6-037

6-037

6-037

6-038

6-038

6-038

01010[0[0|0]|OfO|O|O|O[O|O|O[O[O|0O]|O[O[0]0]O

6-039

6-039

0

6-039

6-040

0

6-040

0

6-040

6-041

6-041

6-041

6-042

6-042

6-042

01010(01]0]0

6-043

6-043

6-043

010

6-044

6-044

6-044

6-045

6-045

6-045

6-046

0]0]0(0

6-046

6-047

S DSE R N SR N IR [ NN R VR | O8N (IR [ O R IV [ O3 [ IV [ O3 (S [FVR [ O [ [OVH [ NOR [ [IVE [ N [ OV [ O [ [IVR [ NN (S [OVR [ R [ [OVR [ OB [ [OVR [ O [ [OVR | N
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

0

28




CP4 EPSPS

6-047

6-047

6-048

6-048

6-048

6-049

6-049

6-049

6-050

6-050

6-050

6-051

6-051

01010[0]0|0|0[0]0]O(O[0O]0

6-051

6-052

6-052

6-052

6-053

0

6-053

0

6-053

6-054

6-054

6-054

6-055

0

6-055

6-055

010

6-056

6-056

6-056

6-057

0

6-057

0

6-058

0

6-058

6-058

0

6-059

0

6-059

0

6-059

6-060

0

6-060

0

6-060

6-061

6-061

6-061

6-062

6-062

6-062

6-063

S (A LCR SN VR [ R N VR | OB N (IR [ R PN IV [ O [ [ O3 [P [FVR [ O3 (S [FVR [ O [ [OVH [ NOR (2 [IVE [ N [ OV [ O [ [IVR [ O3 (SN [OVR [ R [ [OVR [ OB [ [OVR [ OB [ [OVR | N
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

29




CP4 EPSPS

6-063

6-063

6-064

6-064

0]10]0(0

6-064

6-065

6-065

6-066

6-066

010

6-066

0

6-067

6-067

6-067

6-068

0

6-068

0

6-068

0

6-069

6-069

6-069

6-070

6-070

6-070

6-071

010]0|0

6-072

6-073

6-073

6-073

6-074

6-074

6-074

6-075

6-075

6-075

6-076

0

6-076

0

6-076

0

6-077

6-077

6-077

6-078

6-078

6-078

6-079

6-079

6-079

6-080

6-080

[ICRENICR OR[N [UR | OR[N [IVR [ SR N VR | OB [ IV [ O [F IV [ R PR AV [ NOR [ [ [ [FVR [ N3 [0 OV [ O [ OV [ O [0 [OVR [ O [ [OVR [ O3 [ [ OB [ [OVR [ O [ [OVR | N
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

01010(010

30




CP4 EPSPS

6-080

0

6-081

0

6-081

6-081

6-082

6-082

6-082

6-083

6-083

6-083

010]0f0|0|0|O

6-084

6-084

6-084

6-085

6-085

6-085

6-086

010]0(0

6-086

6-086

0

6-087

6-088

010

6-089

6-090

0

6-090

0

6-090

6-091

6-091

6-091

6-092

6-092

6-093

6-094

0

6-094

6-094

010

6-095

6-095

6-095

6-096

6-096

6-096

6-097

6-097

01010({0]0|0|0O

6-097

6-098

0

6-098

6-098

6-099

S (A LR SN VR [ R N VR | OB N (IR [ R RN IV [ O [N [ [ O [ [IVE [ O3 [0 [IVR [ O3 [ [ [ [ [OVI [ NCR [ OV [ O [0 [OVR [ O [ [OVR [ O3 [ [OVR [ O3 [ [OVR [ ORI (2R (V)
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

31




CP4 EPSPS

6-100

6-100

6-101

6-101

6-101

010

6-102

6-102

0

6-103

0

6-103

6-103

6-104

6-104

6-104

6-105

0

6-105

0

6-105

6-106

0

6-106

0

6-106

6-107

6-107

6-107

6-108

6-108

6-108

6-109

6-109

6-109

6-110

6-110

6-110

6-111

6-111

6-111

01010[0]0]0|0[0]0]|0|0[0]0]0

6-112

6-112

6-112

6-113

010

6-113

0

6-113

6-114

6-114

6-114

010

6-115

6-115

6-115

6-116

S (A LR SN VR [ R N VR | R N (IR [ R FEN IV [ O [N IV [ O [N IV [ O3 [0 [FVR [ O [N IV [ O3 (2 OV [ O g OV [ O [0 [OVR [ O [ [OVR [ O3 [ [ OB [ [OVR [ ORI [ [ NOR [
4 N N D E N D D E E E ) ) E B D D N E E E D D E E D E E D D E E D E E E G G G

32




CP4 EPSPS
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EPSPS PAT
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3.1.2
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9 CP4
EPSPS PAT

| | | ( )l crpaepsps| PAT |
1-002 1S 0 - + PAT
1-002 2'S 41 - + PAT
1-003 1S 54 _ + PAT
1-004 1S 51 - + -
1-005 15 37 _ + PAT

1S

1-017 1S 200 = + PAT
1-020 1S 166 = + PAT
1-020 2'S 48 - + PAT

4-002 5 S 154 = + PAT
4-002 6 S 394 - - -
4-002 7S 287 = + PAT
4-002 8 S 406 = + PAT
4-002 9 S 284 = + PAT
4-006 1S 144 = + PAT
4-009 1S 139 - - -
4-010 1S 168 - - -
4-015 1S 257 = + PAT
4-020 1S 104 = + PAT
4-020 2 S 116 = + PAT
4-022 1S 175 - - -
4-023 2 S 238 = + PAT

4-025 158 14 - + PAT
4-026 1S 170 - + PAT
4-027 1S 358 - + PAT
4-029 158 193 - - -
4-030 1S 263 - - -
4-036 1S 121 + + PAT
4-038 1S 427 - _ _
4-038 2 S 291 = + PAT
4-038 3 S 268 _ + _
- (

) + CP4 EPSPS CP4 EPSPS

PAT PAT
I cP4 EPSPS PAT
CP4 EPSPS PAT



()| cpPaEPSPS [  PAT
5-002 2'S 107 _ _
5-002 3S 364 _ _
5-003 1S 429 _ _
5-006 1S 186 _ _
5-006 2'S 281 _ _
5-006 3S 409 _ _
5-006 4S 469 Z Z
5-006 7S 175 Z Z
5-006 9s 186 Z Z
5-006 10 S 191 Z Z
5-008 2's 96 Z Z
5-010 18 348 Z Z
5-014 18 96 Z Z
5-014 3S 106 Z Z
5-014 4'S 170 Z Z
5-014 7 S 147 _ _
5-015 2'S 408 _ N
5-015 3S 172 _ N
5-015 5S 109 _ N
5-016 18 162 _ N
5-019 2'S 336 _ N
5-019 3S 330 _ N
5-019 4 S 164 _ N
5-019 5S 182 _ N
5-019 6 S 202 _ N
5-019 7S 417 _ N
5-019 8 S 530 _ N
5-019 9S 276 _ _
5-019 10 S 262 _ _
5-021 1S 168 _ N
5-021 2'S 230 _ _
5-021 3S 203 _ _
5-021 4'S 179 _ N
5-021 10 S 222 _ _
5-023 3S 146 _ _
5-024 1S 126 _ N
5-024 2'S 162 _ N
5-025 1S 326 _ N
5-025 2'S 182 _ N
5-027 18 144 _ _
5-027 2's 165 Z Z
5-027 4S 502 Z Z
5-027 55S 278 Z Z
5-027 8 S 144 Z Z
5-027 9s 229 Z Z
5-027 10 S 267 - N
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( )| CP4 EPSPS PAT
5-028 1S 179 - -
5-029 1S 136 - -
5-029 3 S 116 - -
5-029 6 S 118 - -
5-032 4 S 136 - -
5-032 7S 97 - -
5-033 2 S 323 - -
5-033 4 S 139 - -
5-035 1S 104 - -
5-035 3 S 214 - -
5-035 4 S 147 - -
5-036 3 S 249 - -
5-040 3 S 95 - -
5-041 1S 67 - -
5-042 1S 721 - -
5-042 2 S 394 - -
5-044 2 S 275 - -
3-001 1S 192 - -
3-001 2 S 165 - -
3-002 1S 573 - -
3-002 3 S 176 - -
6-001 2 S 1371 - -
6-001 3 S 724 - -
6-002 2 S 887 - -
6-002 3 S 467 - -
6-003 1S 147 - -
6-003 2 S 503 - -
6-003 3 S 266 - -
6-004 1S 313 - -
6-004 3 S 410 - -
6-007 1S 1076 - -
6-007 2 S 1308 - -
6-007 3 S 889 - -
6-009 1S 315 - -
6-009 2 S 468 - -
6-009 3 S 632 - -
6-010 1S 763 - -
6-010 2 S 459 - -
6-010 3 S 980 - -
6-011 1S 276 - -
6-011 2 S 235 - -
6-011 3 S 405 - -
6-012 2 S 315 - -
6-012 3 S 335 - -
6-013 1S 541 - -
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CP4 EPSPS

6-013 2 S 507 - -
6-013 3 S 352 - -
6-014 1S 316 - -
6-014 2 S 186 - -
6-014 3 S 234 - -
6-015 1S 547 - -
6-015 2 S 133 - -
6-015 3 S 457 - -
6-016 1S 867 - -
6-016 2 S 869 - -
6-017 1S 638 - -
6-018 1S 410 - -
6-018 2 S 511 - -
6-018 3 S 901 - -
6-020 1S 940 - -
6-020 2 S 893 - -
6-020 3 S 1554 - -
6-021 1S 597 - -
6-021 2 S 690 - -
6-021 3 S 725 - -
6-022 1S 201 - -
6-023 1S 198 - -
6-023 2 S 320 - -
6-023 3 S 243 - -
6-024 1S 310 - -
6-024 3 S 460 - -
6-026 1S 181 - -
6-026 2 S 231 - -
6-026 3 S 260 - -
6-028 1S 494 - -
6-028 2 S 527 - -
6-028 3 S 301 - -
6-029 1S 412 - -
6-029 2 S 410 - -
6-029 3 S 629 - -
6-030 1S 1341 - -
6-030 2 S 607 - -
6-030 3 S 576 - -
6-031 1S 311 - -
6-031 3 S 336 - -
6-032 1S 218 - -
6-032 2 S 288 - -
6-032 3 S 451 - -
6-033 1S 311 - -
6-033 2 S 212 - -
6-033 3 S 591 - -
6-034 1S 357 - -
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CP4 EPSPS

6-034 2 S 777 - -
6-034 3 S 384 - -
6-035 1S 621 - -
6-035 2 S 761 - -
6-035 3 S 562 - -
6-036 1S 285 - -
6-036 2 S 559 - -
6-036 3 S 352 - -
6-037 1S 473 - -
6-037 2 S 331 - -
6-037 3 S 629 - -
6-038 1S 767 - -
6-038 2 S 712 - -
6-038 3 S 1460 - -
6-039 2 S 147 - -
6-040 1S 532 - -
6-040 2 S 135 - -
6-041 1S 863 - -
6-041 2 S 1049 - -
6-041 3 S 1227 - -
6-042 1S 567 - -
6-042 2 S 464 - -
6-042 3 S 555 - -
6-043 2 S 511 - -
6-043 3 S 473 - -
6-045 1S 971 - -
6-045 2 S 570 - -
6-045 3 S 608 - -
6-046 1S 695 - -
6-047 1S 389 - -
6-047 23S 378 - -
6-047 3 S 360 - -
6-048 1S 267 - -
6-048 23S 592 - -
6-048 3 S 402 - -
6-049 1S 429 - -
6-049 23S 227 - -
6-049 3 S 238 - -
6-050 1S 155 - -
6-050 2 S 258 - -
6-050 3 S 363 - -
6-051 1S 290 - -
6-051 2 S 367 - -
6-053 1S 496 - -
6-053 2 S 315 - -
6-054 1S 374 - -
6-054 4 S 144 - -
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CP4 EPSPS

6-054 58S 104 - -
6-055 1S 358 - -
6-055 2 S 223 - -
6-055 3 S 624 - -
6-057 1S 455 - -
6-057 2 S 373 - -
6-058 1S 312 - -
6-058 3 S 135 - -
6-059 1S 340 - -
6-059 2 S 437 - -
6-060 1S 205 - -
6-060 2 S 284 - -
6-063 1S 401 - -
6-063 3 S 451 - -
6-064 1S 314 - -
6-064 2 S 1298 - -
6-064 3 S 707 - -
6-066 1S 822 - -
6-066 2 S 858 - -
6-066 3 S 859 - -
6-067 2 S 234 - -
6-068 1S 643 - -
6-068 2 S 793 - -
6-068 3 S 835 - -
6-070 1S 419 - -
6-070 2 S 1624 - -
6-070 3 S 1197 - -
6-071 1S 737 - -
6-074 2 S 192 - -
6-076 1S 546 - -
6-076 2 S 337 - -
6-076 3 S 824 - -
6-079 1S 353 - -
6-079 2 S 510 - -
6-079 3 S 458 - -
6-080 1S 502 - -
6-080 2 S 303 - -
6-080 3 S 376 - -
6-081 1S 711 - -
6-082 1S 330 - -
6-082 2 S 242 - -
6-082 3 S 653 - -
6-083 1S 472 - -
6-083 2 S 521 - -
6-083 3 S 387 - -
6-084 1S 225 - -
6-085 1S 616 - -
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CP4 EPSPS

6-085 2 S 626 - -
6-085 3 S 292 - -
6-086 1S 238 - -
6-086 3 S 507 - -
6-087 1S 213 - -
6-088 1S 260 - -
6-090 1S 324 - -
6-090 2 S 549 - -
6-094 1S 308 - -
6-094 2 S 418 - -
6-094 3 S 517 - -
6-095 2 S 517 - -
6-095 3 S 363 - -
6-096 1S 292 - -
6-096 2 S 270 - -
6-096 3 S 584 - -
6-097 1S 318 - -
6-097 2 S 599 - -
6-098 1S 609 - -
6-101 2 S 436 - -
6-101 3 S 163 - -
6-102 2 S 326 - -
6-103 1S 552 - -
6-103 3 S 232 - -
6-104 2 S 778 - -
6-105 1S 488 - -
6-105 2 S 844 - -
6-106 1S 251 - -
6-106 2 S 213 - -
6-107 2 S 32 - -
6-107 3 S 293 - -
6-108 1S 341 - -
6-108 2 S 392 - -
6-108 3 S 420 - -
6-109 1S 636 - -
6-109 2 S 954 - -
6-109 3 S 949 - -
6-110 1S 619 - -
6-110 2 S 540 - -
6-110 3 S 367 - -
6-111 1S 766 - -
6-111 2 S 514 - -
6-111 3 S 790 - -
6-112 3 S 103 - -
6-113 1S 185 - -
6-113 2 S 152 - -
6-114 2 S 590 - -
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CP4 EPSPS

6-114 3 S 707 - -
6-118 1S 470 - -
6-118 2 S 704 - -
6-118 3 S 269 - -
6-120 1S 219 - -
6-123 1S 158 - -
6-124 1S 463 - -
6-125 2 S 457 - -
6-125 3 S 1940 - -
11-001 2 S 23 - -
11-001 3 S 708 - -
11-002 1S 86 - -
11-002 2 S 82 - -
12-001 1S 78 - -
12-001 3 S 102 - -
12-002 1S 60 - -
12-004 2 S 129 - -
12-004 3 S 149 - -
12-006 1S 181 - -
12-007 1S 76 - -
12-010 2 S 73 - -
12-010 3 S 66 - -
12-011 1S 237 - -
12-012 1S 94 - -
12-012 2 S 163 - -
12-012 3 S 80 - -
12-013 2 S 85 - -
12-013 3 S 116 - -
12-014 1S 82 - -
12-018 23S 108 - -
12-019 1S 139 - -
12-019 3 S 169 - -
12-021 2 S 66 - -
12-021 3 S 94 - -
12-022 1S 112 - -
12-022 23S 121 - -
12-023 1S 54 - -
12-027 3 S 86 - -
12-032 1S 95 - -
12-032 2 S 58 - -
12-034 2 S 174 - -
12-035 1S 62 - -
12-035 3 S 73 - -
12-037 2 S 90 - -
12-037 3 S 64 - -
12-038 2 S 89 - -
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( )] cp4 EPSPS PAT
12-038 3S 20 - _
12-039 18 74 - R
12-039 2'S 68 - R
12-040 18 58 - R
12-042 18 70 _ -
12-046 35S 76 _ -
12-050 1S 103 _ N
12-050 3S 106 _ N
12-051 18 74 _ -
12-054 1S 88 _ N
15-001 18 68 _ -
15-001 2's 52 Z -
15-002 18 196 - N
15-002 2's 147 Z Z
15-002 35S 46 Z -
- (

)
10 CP4

EPSPS PAT
| | ( )| cpPaEPSPS| PAT |
1-025 1S 116 _ N
1-026 1S 340 _ N
1-027 1S 183 _ N
1-029 18 188 _ N
5-047 1S 130 _ _
5-047 3S 297 _ N
5-047 4S 118 _ N
5-047 5S 255 _ N
5-047 6 S 184 _ N
5-047 7S 108 _ N
5-050 1S 282 _ N
5-050 3S 285 _ N
5-051 18 258 _ N
5-052 1S 449 _ _
5-052 2'S 571 _ _
5-053 1S 420 _ N
5-053 2'S 646 _ N
5-053 3S 799 _ N
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)| CP4 EPSPS PAT
6-126 1S 316 - -
6-126 23S 356 - -
6-128 1S 182 - -
6-128 2 S 281 - -
6-128 3 S 172 - -
6-129 1S 977 - -
6-130 1S 668 - -
6-131 158 1046 - -
12-059 1S 65 - -
12-060 1S 94 - -
12-060 2 S 88 - -
12-060 3 S 129 - -
12-061 1S 82 - -
12-063 1S 72 - -
12-063 3 S 101 - -
12-064 1S 71 - -
12-064 2 S 57 - -
12-065 1S 71 - -
12-065 2 S 177 - -
12-065 3 S 74 - -
12-067 1S 215 - -
12-067 2 S 136 - -
12-067 3 S 82 - -
12-068 1S 70 - -
12-068 2 S 93 - -
12-068 39S 65 - -
12-070 1S 83 - -
12-070 2 S 79 - -
12-070 3 S 66 - -
12-072 1S 85 - -
21-001 1S 322 - -
21-002 1S 395 - -

50




3.1.3

CP4 EPSPS PAT
20 32 1 20 3.1.2.
20 20
910 X 1350 mm 1 1
1 1 2
1 14 18 400
® Monsanto Antwerp Belgium
1.2 g/t 910 X 1350 mm 1
4 ¢ 40.1 kg ae/ha ae acid equivalent :
7
1 14 18 800
® Bayer CropScience Frankfurt Germany
0.23 g/t -DL- -
910 X 1350 mm 4 ¢ 7.5 Kkg ai/ha ai
ingredient: 2 7
2
11
20 32
PAT 2 2
1-004-1L 4-038-3L PAT
2 CP4 EPSPS PAT 1
2 4-036-1L
2
4-002-8L

51
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+
1-002 1L 138 20 20 0 0 20 20 15 0 PAT PAT
1-002 2 L 41 15 13 0 0 15 15 10 0 PAT PAT
1-003 1L 54 20 20 0 0 20 18 14 0 PAT PAT
1-004 1L 51 20 20 0 0 20 20 14 0 PAT
1-005 1L 37 12 12 0 0 12 12 11 0
95 20 o W o] 2] 20 0 0
1-017 1L 200 20 18 0 0 20 20 20 0
1-020 1L 166 20 13 0 0 20 14 11 0
2 L 48 20 18 0 0 20 19 17 0
149 20 18 0 20 19 0 0
130 20 19 0 20 20 0 0
253 20 20 0 20 20 0 0
454 20 20 0 20 20 0 0
223 20 20 0 20 19 0 0
4-002 5 L 154 20 18 0 0 20 17 14 0
4-002 7L 287 20 19 0 0 20 20 20 0 PAT PAT
4-002 8 L 406 20 18 0 0 20 19 19 1 PAT PAT
4-002 9 L 284 20 19 0 0 20 20 13 0 PAT PAT
4-006 1L 144 20 20 0 0 20 20 17 0 PAT PAT
4-015 1L 257 20 20 0 0 20 19 19 0 PAT PAT
4-020 1L 104 20 20 0 0 20 20 20 0 PAT PAT
4-020 2 L 116 20 17 0 0 20 9 9 0 PAT PAT
4-023 2 L 238 20 20 0 0 20 20 19 0
157 20 20 0 20 19 0
85 20 6 0 20 4 0
128 20 10 0 20 0
4-025 1L 14 3 1 0 0 3 1 0 PAT PAT
4-026 1L 170 20 18 0 0 20 18 17 0 PAT PAT
4-027 1L 358 20 20 0 0 20 20 14 0 PAT PAT
4-036 1L 121 2o v 8 2] 16| 16 2| par |craceses ear
4-038 2 L 291 20 20 0 0 20 19 13 0 PAT PAT
4-038 3L 268 20 20 0 0 20 19 6 0 PAT
CP4 EPSPS CP4 EPSPS PAT PAT
[ ]
CP4 EPSPS
PAT
CP4 EPSPS PAT
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3.1.4

1 2
CP4 EPSPS cp4 epsps
PAT bar
DNA PCR 3
DNA PCR
cp4 epsps EPSPS7
5" -AAGAACTCCGTGTTAAGGAAAGCGA-3 = EPSPS8 5"-AGCCTTAGTGTCGGAGAGTTCGAT-3 =
bar bar7 5" -ACAAGCACGGTCAACTTCCGTAC-3" bar8
5" -GAGCGCCTCGTGCATGCGCACG-3 = PCR 94 3 94 1 60 1 72
2 35 72 10 DNA PCR cp4 epsps
320bp  bar 330bp ExoSAP Applied Biosystems™ExoSAP-1T™Express PCR Product Cleanup
Reagents Thermo Fisher Sicentific EPSPS8 bar8
DNA 3730DNA Analyser Thermo Fisher Sicentific

A MPCNC1 2 3 4 5 6 7 8 910111213 141516 17 18 19 20 M

500 bp -
B
500 bp -
300 bp -
3 PCR cp4 epsps A bar B
DNA cp4 epsps A bar B
PCR M PC
29 4-003-1L A 4-014-3L B
NC DNA
1 20 A 1 10 B 12 1-016-1L 3 4

1-022-1L 5 6 4-036-1L 7 8 4-024-2L 9 10 4-024-4L 11 12 4-024-6L 13 14
4-002-1L 15 16 4-002-3L 17 18 4-002-4L 19 20 4-001-1L A 1 4-020-1L 2
4-020-2L 3 4-023-2L 4 1-017-1L 5 1-020-1L 6 1-020-2L 7 4-038-2L 8 4-027-1L
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9 4-026-1L 10 4-025-1L B cp4 epsps A bar B PCR

10 11
CP4 EPSPS cp4 epsps
PAT bar PCR DNA Data
Bank of Japan DDBJ cp4 epsps 144001
bar ( X05822
2
CP4 EPSPS cp4 epsps PAT
bar 12
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12 (
PCR
CP4 cp4 -
EPSPS™ | epsps™ PAT bar
1-002 1L - - + + PAT PAT
1-002 2 L - - + + PAT PAT
1-003 1L - - + + PAT PAT
1-004 1L - - + + PAT
1-005 1L - - + + PAT PAT
1-017 1L - - + + PAT PAT
1-020 1L - - + + PAT PAT
1-020 2 L - - + + PAT PAT

4-002 5L - - + + PAT PAT
4-002 7L - - + + PAT PAT
4-002 8 L + + + + PAT PAT
4-002 9L - - + + PAT PAT
4-006 1L - - + + PAT PAT
4-015 1L - - + + PAT PAT
4-020 1L - - + + PAT PAT
4-020 2L - - + + PAT PAT
4-023 2L - - + + PAT PAT
4-025 1L - - + + PAT PAT
4-026 1L - - + + PAT PAT
4-027 1L - - + + PAT PAT
4-036 1L + + + + PAT CP4 EPSPS, PAT
4-038 2L - - + + PAT PAT
4-038 3L - - + + PAT
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[ CP4 EPSPS
CP4 EPSPS cp4 epsps
PAT
PAT bar : CP4 EPSPS
PAT
CP4 EPSPS cp4 epsps PAT bar
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16 20 22 27

16 20

19

16 30
17 18 20 24 26
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17
13
24)-26)
16 30
16, 18, 20, 21, 22, 23, 24, 25, 26, | 16, 18, 20, 21, 22, 23", 24, 25, 26,
27, 28, 29, 30" 27, 28", 29", 30
16 18 18"
16 18 18"
17, 18, 20 17°,18
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16 19 19°
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4.1

22
1 1 FCM
24 25
FCM
2
1 1
CP4 EPSPS
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FCM

FCM
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2
26
27
28
C
29
PAT
17
A
FCM
FCM DNA
29
25 28
CP4 EPSPS

22
21 23
24 25

6:5-046-1M
DNA

30

Raphanus sativus

31

32 ,33)

PCR
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cp4 epsps

PCR
4.3
20 29
CP4 EPSPS PAT
20 27
FCM
FCM
FCM
2
28 29
Repeat
AABB DNA
1 C
DNA
C
4-025-1IM  4-030-1M DNA

FCM DNA

CP4 EPSPS
CP4 EPSPS
20
DNA
20 FCM
28
29
FCM 5

21 22 SSR Simple Sequence
AACC AA

17

FCM

4 4-002-8M 4-024-2M

FCM



5-046-1M FCM
FCM FCM

2n=38 2n=20

2n=36 2n=28

2n=37

6-027-1M 6-040-4M 6-054-4M 6-054-5M

FCM
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