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Abstract

The influence of genetically modified organisms (GMOs) on the environment is a
growing concern because of their increased use in recent years. To expand our current
understanding of how GMOs affect biodiversity, the Japanese Ministry of the
Environment (MOE) has been collecting data regarding the geographical distribution
and growing conditions of genetically modified herbicide-tolerant oilseed rape
(Brassica napus) in Japan since the 2003 fiscal year.

An investigation conducted by the MOE and the Ministry of Agriculture, Forestry and
Fisheries from 2003 to 2007 revealed that a relatively large number of B. napus plants,
including herbicide-tolerant B. napus, were found along roadsides near the ports of
Kashima, Yokkaichi, and Hakata, three of the 12 major oilseed importing ports (Tokyo,
Kashima, Chiba, Yokohama, Shimizu, Nagoya, Osaka, Yokkaichi, Kobe, Uno, Mizushima,
and Hakata). These B. napus plants undoubtedly grew from imported seeds that had been
spilled during transportation. From 2009 to 2010, B. napus and its related species
(B. rapa and B. juncea) were investigated in those three areas (Kashima, Yokkaichi,
and Hakata). Analysis of morphological features and flow cytometry (FCM) of the
maternal tissues of plants found on the Yokkaichi riverbanks revealed a possible
hybrid between B. napus and B. rapa.

From 2011 to 2017, a survey was conducted using similar methods at seven study sites
in Kashima (2 sites), Yokkaichi (3 sites), and Hakata (2 sites). Populations of B.
napus and other related species, capable of interbreeding with B. napus, were examined
along riverbanks and roadsides near bridges. Based on the survey results, i1t was
speculated that the growing conditions of B. napus were influenced by land development
and mowing. Therefore, surveys to classify soil texture and vegetation, in addition
to fixed camera observations have been conducted along riverbanks at bridge-crossing
points since 2016 to capture the continuing changes in environmental conditions.

In survey results of 2018, B. napus populations were observed along the roadsides
on bridges in the Yokkaichi (3 sites), and Hakata (2 sites) but not in Kashima (2
sites). They were also observed on riverbanks of the three sites in Yokkaichi. The B.
napus distribution range on the riverbanks was limited near bridges, primarily less
than 10 m from the bridges. The population sizes were usually small, and most of them
were within 20 individuals. In contrast, B. rapa, B. juncea, and Raphanus sativus var.
raphanistroides populations were rarely observed along bridges, but widely grew on
the riverbanks. B. rapa individuals were observed at all sites and its population
sizes were relatively small, with most ranging from a few of individuals to 20
individuals or less. B. juncea was observed at all sites except one site in Kashima.
R. sativus var. raphanistroides was observed in Yokkaichi and Hakata but not in
Kashima. The populations of B. juncea and R. sativus var. raphanistroides were large
and widespread, ranging from a few of individuals to 100 individuals or more. Some
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possible natural hybrids, as determined based on their morphologies, between B. napus
and B. rapa, and B. napus and B. juncea, were observed on the riverbanks at the three
Yokkaichi sites.

The results are similar to those observed in the investigations performed during
the 20112017 period. Large fluctuations in population sizes and number of communities
among the study years were observed in B. napus. Population sizes and numbers of
communities increased at the three riverbanks in Yokkaichi area in 2015 and 2016.
However, in 2017, they largely decreased and in 2018 increased at two riverbanks. On
the other hand, most of individuals of the species were found around bridges, which
indicate that populations of B. napus had been maintained by a supply of seeds spilled
from transportation vehicles rather than by natural reproduction processes. Therefore,
it was unlikely that B. napus and possible natural hybrids between herbicide-tolerant
B. napus and B. rapa would spread in natural habitats.

Separately, leaves as maternal tissues and their seeds were collected from B. napus
and its related species to investigate intergenerational gene flow of herbicide-
tolerance genes. In 2018, for herbicide resistant protein analysis, 860 maternal
samples from 331 populations and 430 seed samples from 205 populations were collected
from the three aforementioned areas. In addition, to conduct hybrid analyses (FCM or
DNA marker analysis) at two sampling sites in Yokkaichi area, we collected five samples
from five communities, which had been inferred as the possible natural hybrids between
B. napus and B. rapa. We also collected four samples from three communities, which
had been inferred as the possible natural hybrids between B. napus and B. juncea.
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5-003 A ] Ja 4 22 5 22
5-004 5|2 125 4 22
5-005 31 125 4 22
5-006 21 30 10| 7] |25 100 4 2 5 2
5-007 1120 2 25100
5-008 33 1] |15 4 2 5 22
5-009 1 < 4 22
5-010 T« 4 2 5 2
5-011 i 1 <1 4 22
5-012 1 1 <1 4 22
5-013 3 2 125 4 22
5-014 77 4 25 100 4 23 5 21
5-015 s s 3 |1 25 4 22 5 2
5-016 33 1] |25 100 4 22 5 2
5-017 6|5 125 4 23
5-018 1 1 <1 4 23
5-019 a1 50| 10| 9] |25 100 4 24 5 21
5-020 1| 1 < 4 2
5-021 11 20 10 5 |25 100 4 23 5 21
5-022 33 125 4 2
5-023 33 1] |25 100 4 23 5 22
5 21
5-024 3 4 2 1o 4 2 >
5-025 a3 o[ |1 4 2 5 21
5-026 1 < 4 23
5-027 al 50| 10| 7] [25 100 4 24 5 21
5-028 a2 1] 25 100 5 21
5-029 11 20 10 3 25 100 4 24 >
5-030 1 1 <1 4 2
5-031 5|4 125 4 23
5-032 10 8 2] 5 100 4 23 5 22
5-033 s 2o |15 4 2 5 21
5-034 1 1 <1 4 23
5-035 1120 10 3 |25 100 4 24 5 21
5-036 73 1] 25 100 4 23 5 21
5-037 a4 25100 4 23
5-038 a4 125 4 24
ST 125 1 25w 25 100  25m  100m?
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13 2/3
m2
5-039 1l 1 <1 4 24
6-001 51 100/ 3 2 25 100 4 22 5 22
6-002 21 30 3 2 1 25 4 22 5 22
6-003 1 20 3 3 1 25 4 22 5 22
6-004 51 100 3 2 25 100 4 22 5 22
6-005 21 30 3 25 100 4 22
6-006 11 20 3 1 25 4 22
6-007 51 100 3 3 25 100 4 22 5 22
6-008 >100] 3 >100 4 22
6-009 51 100 3 3 25 100 4 22 5 22
6-010 >100] 3 3 >100 4 22 5 22
6-011 31 50 3 3 25 100 4 22 5 22
6-012 31 50 3 2 25 100 4 22 5 22
6-013 6| 3 3 25 100 4 22 5 22
6-014 >100] 3 3 >100 4 22 5 22
6-015 11 20 3 3 25 100 4 22 5 22
6-016 21 30 3 2 25 100 4 22 5 22
6-017 11 20 3 1 1 25 4 22 5 22
6-018 31 50 3 3 25 100 4 22 5 22
6-019 51 100 3 25 100 4 22
6-020 51 100 3 3 25 100 4 23 5 21
6-021 51 100 3 3 25 100 4 22 5 22
6-022 31 50 3 1 25 100 4 22 5 22
6-023 21 30| 3 3 25 100 4 22 5 22
6-024 51 100 3 2 25 100 4 23 5 21
6-025 31 50 3 25 100 4 23
6-026 51 100 3 3 25 100 4 23 5 21
6-027 1l 1 <1 4 23
6-028 >100] 3 3 25 100 4 24 5 21
6-029 51 100 3 3 25 100 4 23 5 21
6-030 >100] 3 3 25 100 4 24 5 21
6-031 >100] 3 2 25 100 4 24 5 21
6-032 >100] 3 3 25 100 4 24 5 21
6-033 31 50 3 3 25 100 4 24 5 21
6-034 51 100 3 3 25 100 4 23 2 ﬁ
6-035 31 50 3 3 25 100 4 24 5 21
6-036 31 50| 3 3 25 100 4 23 2 ﬁ
6-037 >100] 3 3 >100 4 24 5 21
6-038 31 50 3 3 25 100 4 23 5 21
6-039 21 30 3 1 1 25 4 24 5 21
>100] 3 2 25 100 4 23 5 21
6-040 1 1 <1 4 23
6-041 31 50 3 3 1 25 4 24 5 21
6-042 21 30 3 3 25 100 4 24 5 21
6-043 6| 3 2 1 25 4 24 5 21
6-044 31 50 3 25 100 4 23
6-045 21 30 3 3 25 100 4 24 5 21
6-046 2l 2 1 1 25 4 24 5 21
11-001 31 50 3 2 25 100 4 23 6 14
11-002 9ol 2 2 1 25 4 23 6 14
12-001 11 20 3 2 1 25 4 22 5 22
12-002 1l 1 1 <1 4 22 5 22
12-003 6| 2 1 25 4 22
12-004 51 100 3 2 25 100 4 22 6 13
12-005 3 1 1 25 4 22
12-006 6l 3 1 1 25 4 22 6 13
<1 1m? 1 25 1m? 25m? 25 100 25m? 100m? >100
100m?
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13 3/3
m2

12-007 1 1 1 <1 4 22 6 13
12-008 1 1 <1 4 22
12-009 10 3 1 25 4 22
12-010 >100 3 2 25 100 4 22 6 13
12-011 5 2 1 1 25 4 22 5 22
12-012 21 30 3 3 25 100 4 22 6 13
12-013 >100 3 2 >100 4 22 6 13
12-014 51 100 3 1 >100 4 22 5 22
12-015 31 50 3 25 100 4 22
12-016 31 50 3 25 100 4 22
12-017 5 3 1 25 4 22
12-018 >100 3 1 >100 4 22 6 13
12-019 11 20 3 2 25 100 4 22 6 13
12-020 51 100 3 >100 4 22
12-021 31 50 3 2 1 25 4 22 2 ﬁ
12-022 31 50 3 2 25 100 4 22 5 22
12-023 11 20 3 1 25 100 4 22 6 13
12-024 21 30 3 25 100 4 22
12-025 31 50 3 25 100 4 22
12-026 11 20 3 25 100 4 22
12-027 51 100 3 1 25 100 4 22 5 22
12-028 31 50 3 25 100 4 22
12-029 21 30 3 25 100 4 22
12-030 11 20 3 25 100 4 22
12-031 51 100 3 25 100 4 22
12-032 31 50 3 2 25 100 4 24 6 14
12-033 1 1 <1 4 24
12-034 31 50 3 1 25 100 4 24 6 14
12-035 11 20 3 2 1 25 4 22 6 13
12-036 51 100 3 25 100 4 24
12-037 51 100 3 2 25 100 4 24 6 14
12-038 11 20 3 2 25 100 4 24 6 14
12-039 >100 3 2 25 100 4 24 5 21
12-040 5 3 1 25 100 4 24 5 21
12-041 5 2 25 100 4 23
12-042 4 2 1 1 25 4 24 6 14
12-043 11 20 3 25 100 4 23
12-044 6 3 1 25 4 23
12-045 21 30 3 1 25 4 24
12-046 6 3 1 1 25 4 24 6 14
12-047 11 20 3 25 100 4 24
12-048 2 1 <1 4 24
12-049 31 50 3 25 100 4 24
12-050 21 30 3 2 1 25 4 24 6 14
15-001 11 20 3 2 1 25 4 23 5 21

<1 1m? 1 25 1m? 25m? 25 100 25m? 100m?
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14 1/2
m2
1-007 5| 4 1 25 4 2
1-008 1] 1 1 25 4 25 6 13
1-009 1 1 < 4 25
1-010 1 1 2 4 25
4-009 1l 1 1 < 4 25 6 13
2m
4-010 ol 1 1 a 4 25 6 13
4-011 1 1 a1 3 4 24
4-012 a1 25100 4 24
4-013 1 1 < 4 24
4-014 1] 1 <1 2 4 25
4-015 11 1] 1 a 4 24 6 13
4-016 1 1 < 4 24
6-047 51_100] 33 25100 4 25 5 22
5 22
6-048 71 8 3 25 100 4 25 >z
6-049 11 20 3 3 1 25 m |2 25 5 22
6-050 >100] 3| 3 25100 4 25 5 22
6-051 al 3 2 1 25 4 25 5 22
6-052 11 20 3 1 25 4 25
6-053 1120 3| 2 1 25 4 25 5 22
5 22
6054 51 1000 3 1 1 25 4 25 > =
a2 2 a 4 25
6-055 21 30 3] 3 25100 4 25 5 22
6-056 21 30| 3 1 25 4 25
6-057 120 2| 2 25100 4 25 5 22
6-058 21 30| 3] 2 25100 4 25 6 13
6-059 31 s0] 3] 2 25100 4 25 5 22
6-060 1120 3 2 1 25 4 25 5 22
6-061 21 30| 3 25100 4 25
6-062 1 20 3 1 25 5 4 2
6-063 sl 3 2 1 25 5 4 2 6 13
6-064 21 30| 3] 3 25100 4 25 5 22
6-065 3l 2 1 25 5 4 |4 2
6-066 11 20 33 25 100 | 4 4 25 5 22
4
6-067 | 1 25 4 2 5 22
6-068 11 20 3| 3 25 100 | 4 4 25 5 22
6-069 3| 3 1 25 4 4 24
3 4
6-070 1 200 3 3 1 25 4 25 5 22
6-071 il 1 1 <1 4 4 2 5 22
6-072 11 1 a 4 2
6-073 51 100 3 25100 4 25
6-074 51 100 3 1 25100 4 24 6 13
6-075 1 20 3 25 100 | ° 4 4o
6-076 11 20 3 3 25100 4 25 5 22
6-077 1 20 3 25 100 | 3 4 25
<1 1m? 1 25 1m? 25m? 25 100 25m? 100m?
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14 2/2
m2
6-078 1 20 3 < 3 4 2
6-079 21 30| 3] 3 25100 4 25 5 22
6-080 1 200 3 3 25 100 ?Smm 3 14 25 5 22
6-081 51 100] 3 1 25100 4 24 5 22
6m
6-082 1 200 3 3 25 100 4 25 5 22
25m
6-083 1 200 3 3 25 100 5 25 5 22
6-084 a3 1 25100 2% 5 22
6-085 1 200 3 3 25 100 Llg 25 2 ig
1 5 22
6-086 of 3 2 25 100 4 25 > =
6-087 il 1 1 < 1y 25 6 13
6-083 ol 1 25100 om |4 24 6 13
6-089 1| 1 < L 25
6-090 6| 3 2 1 25 om 424 5 22
12-051 of 1 1 1 25 4 25 6 13
12-052 71 3 1 25 4 25
12-053 1| 1 < Llg 25
12-054 6| 3 1 1 25 L 25 6 13
12-055 1 1 a 4 25
12-056 11 < 4 25
<1 1w 1 25 1w 25w 25 100 25  100m
45 15
79 176 46 81
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15 1/2
m2
1-011 1 1 <1 4 26
1-012 1 1 <1 4 26
1-013 2l 1 <1 4 26
1-014 1 1 <1 4 26
1-015 2)| 1 <1 4 26
1-016 53 1] 1 1 25 4 26 6 12
1-017 1 1 1 <1 4 26 6 12
1-018 1 1 <1 4 26
1-019 2l 2 <1 4 26
5 20
1-020 3l 2| 2 <1 4 26 P
1-021 1 1 <1 4 26
1-022 1 1 1 <1 4 26 6 12
3-001 11 20 2] 2 1 25 4 26 5 20
3-002 11 20 3] 2 1 25 4 26 5 20
4-017 A 1 25 4 25
4-018 5 1 1 25 4 25
4-019 71 1 25100 4 25
4-020 11 20 2] 2 1 25 4 25 6 12
4-021 2l 1 1 25 4 25
4-022 1 1 1 <1 4 25 6 12
4-023 2l o 1 <1 4 25 6 12
11 20 5 2 1 25 4 25 6 12
4-024 il 1) 1 1« o oo
4-025 1 1 1] 1]« M 6 12
4-026 1 1 1 <1 4 25 6 12
4-027 1 1 1 <1 4 25 6 12
4-028 1 1 <1 4 25
4-029 1 1 1 <1 4 26 6 12
4-030 A 5 20 6 12
4-031 3 1 <1 4 26
4-032 1 1 <1 4 26
4-033 4 3 1 25 4 26
4-034 1120/ 10 1 25 4 26
4-035 gl 2 25 100 4 26
4-036 g 3 1 1 25 4 26 6 12
4-037 11 20 3 1 25 4 26
4-038 4 3 3 1 25 4 26 6 12
5-040 5| 4 1 1 25 4 26 5 20
5-041 1 1 1 <1 4 26 5 20
5-042 4 4 2 1 25 4 25 5 20
5-043 1 1 <1 4 26
5-044 2l o 1 1 25 4 26 5 20
2l 2 1 25 4 26
5-045 1 1l<1 4 26
5-046 1 1 <1 4 26
6-091 51 3 <1 4 25
6-092 2l 2 1 25 4 25
6-093 1 1 <1 4 25
6-094 31 50 3 3 1 25 4 25 6 12
6-095 11 20 3] 2 1 25 4 25 6 12
6-096 31 50| 3 3 1 25 4 25 2 i(z)
6-097 11 20 3 2 1 25 4 25 6 12
6-098 4 3 1 <1 4 26 6 12
6-099 1 1 <1 4 25
<1 1m? 25 1m? 252 25 100 100m?
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15 2/2
m2

6-100 2l 2 <1 4 25

5 20
6-101 11 20 3 2 1 25 4 26 6 12
6-102 3 2 1 <1 4 25 6 12
6-103 11 20 3 2 25 100 4 25 6 12
6-104 21 30 3 1 25 100 4 26 6 12
6-105 31 50 3 2 25 100 4 25 6 12
6-106 51 100 3 2 25 100 4 25 5 20
6-107 >100| 3 2 >100 4 25 5 20
6-108 >100| 3 3 >100 4 25 2 ig
6-109 31 50 3 3 25 100 4 25 6 12
6-110 51 100 3 3 25 100 4 25 6 12
6-111 >100 3 3 >100 4 25 6 12
6-112 9 3 1 25 100 4 26 6 12
6-113 11 20 3 2 1 25 4 26 5 20
6-114 3 3 2 <1 4 26 6 12
6-115 8 3 1 25 4 26
6-116 11 20 3 1 25 4 26
6-117 31 500 3 1 25 4 26
6-118 11 20 3 3 1 25 4 26 6 12
6-119 71 3 1 25 4 26
6-120 1 1 1 <1 4 26 6 12
6-121 3 2 1 25 4 26
6-122 2 2 <1 4 26
6-123 1 1 1 <1 4 26 6 12
6-124 1 1 1 <1 4 26 6 12
6-125 31 50 3 2 1 25 4 26 5 20

5 20
15-002 31 50 3 3 1 25 4 26 6 12

<1 1m? 1 25 1m? 25m? 25 100 100m? >100

100m?
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16

mZ

1-023 i 1 <1 412
1-024 i 1 <1 4 12
1-025 i 1 <1 4 12 5 15

5 15
5-047 (I 1 25 4 12 .
5-048 ] 1 1 25 4 12
5-049 ] 1 <1 4 12
6-126 11 20 2 <1 4 12 5 15
6-127 i 1 <1 4 12
6-128 11 20 3 1 25 4 12 5 15
12-057 a 2 1 25 4 12
21-001 i 1 <1 4 12 5 15
21-002 il 1 <1 4 12 5 15

<1 125 1w 250
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17

m

1-026 1 1 2 1 15
1-027 1 1 <1 4 12 15
1-028 1 <1 4 12

1-029 1 <1 4 12 1
5-050 6 1 25 13 16
5-051 1 <1 13 16
5-052 2 < 13 16
5-053 3l 3 1 25 4 13 16
6-129 1 1 = 4 13 16
6-130 1 <1 4 13 16
6-131 | 1 < 4 13 5 16
12-058 11 20 3 25 100 4 13

12-059 1 <1 4 13 5 16
12-060 11 2 3 1 25 4 13 2 16
12-061 11 20 3 1 25 4 13 5 16
12-062 a1 1 25 4 13

12-063 1 2] 3 25 100 4 13 Z ‘116
12-064 a2 1 25 4 13 5 16
12-065 3 1 25 4 13 5 16
12-066 N 1 25 4 13

12-067 11 2 3 25 100 4 13 2 16
12-068 11 20 3 25100 4 13 16
12-069 5| 2 25 100 4 13

12-070 5] 3 1 25 4 13 16
12-071 31 50 3 25 100 4 13

12-072 3l 2 25 100 13 16

1 25 1m? 25 100m?




30(2018)

14

10m

100

26 2014

23 2011

77

20

100

23 2011



2017

50m

29(2017)

27(2015)

29(2017)

78

30 2018

29 2017

27 2015

100m
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27(2015) 28 2016

29 2017

331 860

205 430

FCM DNA
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30 2010 21

31 2015 26
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