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Abstract

The influence of genetically modified organisms (GMOs) on the
environment has been a growing concern because of their increased use in
recent years. Since the 2003 fiscal year, the Japanese Ministry of the
Environment (MOE) has been collecting data on the geographical distribution
and growing conditions of genetically modified herbicide—tolerant oilseed
rape (Brassica napus) in Japan to expand our understanding of the mechanisms
by which GMOs affect biodiversity.

MOE investigation (2003-2007) found numerous A napus plants,
including herbicide—tolerant 5. napus, were found along roadsides near the
Kashima, Yokkaichi, and Hakata ports and three of the 12 major oilseed
importing ports (Kashima, Chiba, Yokohama, Shimizu, Nagoya, Yokkaichi,
Sakaisenboku, Kobe, Uno, Mizushima, Kitakyushu, and Hakata). These B napus
plants grew from imported seeds spilled from vehicles during transportation.
Therefore, from 2009 to 2010, B napus and related species (5. rapa and B
Juncea) were investigated in Kashima, Yokkaichi, and Hakata. Analysis of
the morphological features and flow cytometry of the maternal tissues of
the plants found on the Yokkaichi riverbanks revealed a possible hybrid of
B. napus and B. rapa.

From 2011 to 2021, a survey was conducted using similar methods at two
sites in Kashima, three sites in Yokkaichi, and two sites in Hakata. At
these sites, populations of B napus and other related species that could
interbreed with B napus were examined along riverbanks and roadsides near
bridges. Among the aforementioned sites, almost no B. napus were observed
around 2016 in Kashima. Therefore, two study sites were set up in Otaru in
2022 instead of Kashima. Since 2024, surveys continue annually in Yokkaichi
and biennially in Otaru and Hakata, with Yokkaichi and Otaru surveyed in
2024.

Survey results from 2024 revealed that B napus was observed along
roadsides at the Otaru and Yokkaichi sites. B napus was also observed
along riverbanks at the three sites in Yokkaichi. The distribution range
of B napus along riverbanks was limited under the bridges or primarily
less than 10 m from the bridges. The population sizes were usually small,
and most of the species were within 10 individual plants. Alternatively,
B. rapa, B. _Jjuncea, and Kaphanus sativus var. raphanistroides grew widely
along riverbanks at the Yokkaichi sites. Populations of B _Jjuncea and K.
sativus var. raphanistroides were large, ranging from a few plants to 100
or more. Moreover, possible natural hybrids were confirmed at one site in
Yokkaichi.



These results are similar to those observed during the 2011-2023
investigation. Large fluctuations 1in population size and number of
communities throughout the study period were observed in B napus. In
addition, most of the individual plants of B napus were found around the
bridges, indicating that this species was maintained by a supply of spilled
seeds from transportation vehicles rather than by natural reproduction.
Furthermore, in Otaru, no B napus was observed along the riverbanks.
Therefore, it is unlikely that genetically modified herbicide—tolerant B
napus and possible natural hybrids between herbicide—tolerant 5 napus and
related species, including B rapa, could spread in natural habitats.

Furthermore, leaves as maternal tissues and their seeds were collected
from B. napus and related species to investigate the intergenerational gene
flow of herbicide—tolerance genes. In 2024, 860 maternal samples from 219
populations and 430 seed samples from 123 populations were collected from
one site in Otaru and three sites in Yokkaichi for herbicide-resistant

protein analysis.
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12-002 |N\IHF A3 |1~25 6| 5| OlMIIEE EF. TR 34.92525 136.61507
12-003 |/\T& (a2 |1~25 11~20 4 3MNEE |EF. TR 34.92519 136.6153
12-004 |/\E 43> [<1 1 1 1ENEE [ ER. TR 34.92517 136.61514
12-005 |/\TH /43> [1~25 11~20 5| o[AIEE |BF. TR 34.9249 136.61614
12-006 |/\TH 43> [25~100 |100< 5 OlmIIEE [ BE. TR 34.92476 136.61644
12-007 |/\XF A4 [1~25 11~20 4 oimIEE | BE. TR 34.92475 136.61562
12-008 |/\XF A4  [1~25 8| 3| 3MIHE EFE.LR 34.9247 136.6139
12-009 |/\v& 43>  [25~100 [21~30 2| 1IEE |BFE. TR 34.92469 136.616
12-010 |1\TH AT [<1 3| 3| oimMIIEE |BFE. TR 34.92461 136.61542
12-011 [/\IH¥ 4> |[1~25 11~20 1| 1IEE |[AE. TR 34.9246 136.61639
12-012 |/\Y& 43> [1~25 11~20 2| 1ANIEBE |BFE. TR 34.92449 136.61541
12-013 |/\T& 42> |25~100 [100< 5| 5[AIEE |BF. TR 34.92433 136.61538
12-014 |/\R& 4> |1~25 11~20 4 olmIEZE |[BE. TR 34.9243 136.61519
12-015 |/\I& 43>  [1~25 71 5| 1[AIEE |BE. TR 34.92399 136.61582
12-016 |N\IYHF A3 |1~25 11~20 5| 2iMIEE |[BFE. TR 34.92372 136.6159
15-001 |[//\SHSL |[1~25 11~20 3| 3[EEAL [F. HERWL 34.92396 136.61492
15-002 |//\5HS5S  |25~100 |11~20 3| 3[ERRARL [XF. HERW 34.92385 136.61487
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1-021 |49 F3R [1~25 5 3| 1 EEAL ZEmEHKE 34.91161 136.60528
1-022 |tA43A9F48F%R |[1~25 2| 3| 3|EEAL [EEEHKE 34.91123 136.60524
1-023  |EAIHFE% |1~25 2| 2| 2|ER&AL |HER 34.91109 136.60523
1-024 | 2A30FER [1~25 3| 1] OPERRDL |HERE 34.91012 136.60521
1-025 |43 4% [K1 2| 1| 2| EEKAL [HER 34.90997 136.60521
1-026 | A3 FER [1~25 3] 2| OEEAL BET 34.9096 136.60503
1-027 |E#A3A9FE3FR [1~25 4| 3| OEEAL |HE 34.90931 136.60527
1-028 |43+ HFR [1~25 7] 3| 2ERRRL |HER 34.90923 136.60515
1-029  |EA3AVFFR [1~25 3| 2| OEEKAL [HER 34.90898 136.60521
1-030 | &A3F 4R [1~25 5| 3| 1[ERAL |EH 34.90886 136.60531
1-031 | A39F 4R [1~25 8| 3| 3|EAL [HER 34.90862 136.60535
1-032 | A39F 4R [1~25 3| 3| OERKAL [HER 34.90841 136.60526
1-033 |43 4% [<1 11 1] O[ER&IBLY |SEE 34.90784 136.60546
1-034 |43 9+4% [<1 1| 1] o[EEKAL |HER 34.90772 136.60533
1-035 |[E#AIDFER |1~25 3| 3| OEEAL |BAT 34.90731 136.60539
1-036 | 2A3A0F 4R [1~25 3| 1| 1[ERRAL [SHER 34.90725 136.60554
1-037 |49 F482% [1~25 2| 1] OERNL B 34.90695 136.60543
1-038 | EA/IYFEFR |[1~25 5 3] 3EBLL [BAET.SHERN 34.9069 136.60557
3-001  |h5F 1~25 5| 3| OEKAL |£F 34.90683 136.60528
4-006 |EAIADFEF [1~25 6| 5 OMIHE | EF.BET 34.9095 136.6053
4-007 |EA3A9FEF* [1~25 2| 2| 2MIEE | EFE.BET 34.90928 136.60524
4-008 |[EA43vF+4E% [ 1| 1] oE%%E EF. BET 34.90914 136.60533
4-009 |43V FER [1~25 4 3| OoIH%E AE.BET 34.90865 136.60549
4-010  [EATUF4E% |1~25 6| 6| S5iMIHE |AE.BET 34.90851 136.60534
4-011  [EATYFE% |1~25 8| 8| 4MIIHZE AE.BET 34.90842 136.60538
4-012  |[EA3ADFEF% [1~25 9| 6| 3|MIIHZE |BFE.BET 34.90826 136.60521
4-013 |49 F4% K1 1| 1] olaE%E EE.BET 34.90818 136.6054
4-014 | A3 FE2F% [1~25 5| 3| 1% B BET 34.90799 136.60546
4-015 [T 9F45% |1~25 2| 2| oMIEE BAE.BET 34.90728 136.60542
4-016  |[EA439F+45% |1 1| 1] o[E%E |6F. BET 34.90699 136.60559
4-017  [EAT9FE% |1~25 5| 5| OMIIH%E AE.BET 34.90696 136.60565
4-018  [EATYF4E2% |1~25 2| 1| oiMIIHE AE.BET 34.90691 136.60545
5-004 |[FEEFAE+ 1~25 2| 2| 1AIEE |BEFE.BET 34.90799 136.60546
5-005 |fEEFEH 1~25 3] 1| oiMIEE |[BFE. Tk 34.90679 136.6068
6-027 |h5TF <1 1 1] olaE%E EF. BET 34.90935 136.605
6-028 |HhSTF 25~100 |51~100 10| 10[AIEE | EF. TRk 34.90933 136.60547
6-029 |[Hh5LF 1~25 5| 5| 3\MIIEE |EF. LR 34.90924 136.60435
6-030 |[Hh5PF 1~25 2| 2| 1AIEE EE. TR 34.90923 136.60533
6-031 |hS5TF 25~100 [11~20 10| 4iIEE | EF. TR 34.9092 136.60538
6-032 |hSTF 1~25 3| 3| OoiMIEE kEF. LR 34.90917 136.60413
6-033 |[hS5LF 1~25 31~50 10 MIEE | ER. BET 34.90917 136.60538
6-034 |hSTF 1~25 11~20 5| oAEE EFE.BET 34.90914 136.60533
6-035 |HhS5LF 1~25 3| 3| OiMIEE |EF. TR 34.90912 136.60558
6-036 |h5TF 1~25 11~20 6| OlMIEE | EFE. TR 34.90911 136.60545
6-037 |h5LF 1~25 21~30 10| 5/MIEE | EF. BET 34.9091 136.60501
6-038 |hS5LF 1~25 3| 3| OoiMIIEE kEFE. LR 34.90908 136.60493
6-039 |HhS5LF 1~25 5| 4] 1AIEE EF. LK 34.90903 136.60441
6-040 |HSTF 1~25 11~20 10| 5[AIEE | £F. LR 34.9087 136.60366
6-041 |HhS5 7 25~100 [31~50 10] 8iMIE%E | BE.BET 34.90856 136.60559
6-042 |hSTF 25~100 |51~100 10| 9imIE%E |[BE. LRI 34.90852 136.60513
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6-043  |HhSTF 25~100  [100< 10 MIEE [ BEE.BET 34.90851 136.60534
6-044 | HhSTF 100< 100< 0| 9MIEE |BF. TR 34.90843 136.60641
6-045 |HhSTF 25~100 |51~100 10| 9l E [BE. LR JIE 34.90843 136.60466
6-046 |HhS5TF 25~100 |51~100 10| 4PMIEE BEE. BET 34.90842 136.60538
6-047 |Hh5LF 25~100 |51~100 10 9iIEE |AE. LR IE 34.90839 136.60446
6-048 |hS5LF 25~100 |51~100 10| 10MIIE%E [ BEE.BET 34.90831 136.60537
6-049 |Hh351F 25~100 |51~100 10 7pMIEE [BEE.BET 34.90827 136.60543
6-050 |hSTF 1~25 11~20 5| 5[AEE R BET 34.90818 136.6054
6-051 |h35F 100< 100< 0| 10[EIEE |BE. TH 34.90816 136.60685
6-052 |hSTF 1~25 11~20 10| 3iAIEE BEE.BET 34.90808 136.60549
6-053 |[Hh5LF 1~25 3| 3| oiMIHE AE.BET 34.90799 136.60546
6-054 |Hh5TF 1~25 3| 3| 1MIHE | BFE.BET 34.90728 136.60554
6-055 |hS5LF 1~25 3| 3| 2iMIEE | BEE.BET 34.90699 136.60559
6-056 |hS5SF 1~25 31~50 5| olMIEE |[BFE. TR 34.90694 136.60602
6-057 |hS5SF 1~25 11~20 2| o[AIEE |BE. TR 34.90689 136.60644
6-058 |hSTF 25~100 |21~30 19| opmIEE | BE. LR 34.90683 136.60451
6-059 |h5LF 25~100 |21~30 5| o[AIEE |BF. TR 34.90679 136.6068
6-060 |[H5IF 100< 100< 5 olmIEE BFE. LR 34.90675 136.60393
11-007 |/\%& 43>  [25~100 [21~30 3| 3EENL [XF 34.90674 136.60523
11-008 |N\IH A3 |1~25 11~20 3| 3EENL [XF 34.90666 136.60574
11-009 |[/\w& A0 |1~25 6| 1| OEEERL [£F 34.90656 136.60574
11-010 |[/\<H /3>  [<1 11 1] O EWnL [£F 34.90621 136.60527
12-017 |/\R& 43>  [1~25 3| 3| oMIEE |BFE. LR 34.90694 136.60492
12-018 |/\R& 43>  [1~25 3| 3| OoimMIEE |[BF. TR 34.90689 136.60644
12-019 |/\*& 43>  [25~100 [21~30 5 olmIEE | BFE. LR 34.90683 136.60451
12-020 |/\®& 43>  [25~100 |31~50 5| oimIEE |[BFE. TR 34.90679 136.6068
21-001 |[/\USFER  [1~25 6] 0 3EBAL |XF 34.90647 136.60566
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1-039 |[EA/IDF42% [<1 11 1] Oo|EWLL |BET 34.65221 136.51986
1-040 |[EAIDF42% [<1 3| 2| OERAL BET 34.65216 136.51964
1-041 | 2A30F 4R [1~25 5 3| OBEENL BET 34.6519 136.51962
1-042 | A39F 4R [1~25 7] 1 1ERBL | SR 34.65189 136.5198
1-043 |43 4% [<1 11 1] O[ER&BLY |HBEH 34.65178 136.51984
1-044 |[EAIDFEF |1~25 5| 1| O EEAL [HEANL 34.65134 136.51954
1-045 |[EA4IDF42% [<1 11~20 2| 1 ERAWVL |BET 34.65122 136.51977
1-046  |EA3AVFFR [1~25 3| 1] OERAL BET 34.65113 136.51954
1-047  |EA3ADFEFR [1~25 11~20 1| O[EEKALY |HEM 34.65061 136.51942
1-048 | A3AF 4R [1~25 8| 1| OBEENL BET 34.65047 136.51938
1-049 | tA39F 4R [1~25 11~20 3| OoEENWL BET 34.65034 136.51937
1-050 |tA3A7FE3 1 7] 1] OoEEAWL |BET 34.64942 136.51918
1-051 |[EA43DF42% [<1 11 1] Oo|EWHL |BET 34.64918 136.5191
1-052  |EA3ADFE2R [1~25 8| 1| OERRNL BT 34.64891 136.51906
1-053  |EA3ADFEFR [1~25 71 2| OEMAL |BET 34.64864 136.51901
1-054 |43 F4% [<1 2| 1] OEENL BET 34.64831 136.51896
1-055 |tA39F4R [1~25 4 1| 1EEDL BET 34.64816 136.51895
1-056 |43 F4x [<1 2| 1] OEEAL B 34.64813 136.51918
1-057 |43 DF42% [<1 11 1] o EWHL |BET 34.64791 136.51892
1-058 |43 F3R [1~25 2| 1] O EEAL |HE 34.64785 136.51912
1-059 |43 +4% [<1 6] 5| OERRNL BET 34.6476 136.51885
1-060 |A3A0F 4R [1~25 4 1] OEEAL |HE 34.64746 136.51909
1-061  |tA30F4R [1~25 3] 1] OBEENL BET 34.64742 136.51886
1-062 | tA39F 4R [1~25 5 1] OBEENL BET 34.64708 136.5188
1-063 | A3 FHFR [1~25 21~30 3| OoEENL BET 34.64662 136.51876
1-064 |t/ 9F4x [<1 2| 2| 2EERL |HE 34.6466 136.51898
1-065 |EA3AVFE2R [1~25 11~20 3| OEENL BET 34.64639 136.51871
1-066  |EA3AVFFR [1~25 11~20 1| O &AL BAT 34.64613 136.5187
1-067 |43 4% [<1 2| 1] 1EBRL B 34.64604 136.51884
1-068 |t/ F4x [<1 11~20 5| OEEAL [BET.HERN 34.64504 136.51884
1-069  |tA3 4% [K1 1] 1] o[EEAL 34.64484 136.5189
1-070 [EAIDFEF |1~25 3| 2| 3EEAL |BET 34.64427 136.51855
4-019 | A3V FEF% [1~25 1 1] opEIEE [BF. TR 34.64983 136.51949
4-020 [EATVFEFR |1~25 4 4] oMIEE | BE.BET 34.64958 136.5195
4-021  [EATUFEF% |1~25 2| 2| oiFMIHE AE.BET 34.64949 136.51939
4-022 (AT IFEHR |1~25 5| 5| 5AIHE AFE.BET 34.64934 136.51935
4-023  |[EA3YFHE% [ 11 1pEEE ER. TR 34.64893 136.51945
4-024 |43 9F4E% [ 1 1] o[IEE |ER. BET 34.64849 136.51915
4-025 |43 FE% [<1 1 1] 1% R BET 34.64838 136.51903
4-026 (A9 FE% |25~100 8| 7| OoiMIEE |[BFE. Tk 34.64676 136.51896
4-027 |[®439F45% 1 1| 1] o[fE%E EF. BET 34.6466 136.519
4-028 |[EAIYFER [ 3] 2| 1A% |AE.BET 34.64643 136.51888
4-029 |[EA3YFHER [ 2| 1| oiMIIHE BE.BET 34.64642 136.51882
4-030 |[EA3YFH4E% [ 1 1 1NEE 5. 8ET 34.64636 136.51892
5-006 |fEEFHR <1 3| 3| oiMIEE |[BFE. Tk 34.64676 136.51896
5-007 |TEET 2T < 1 1 1ENIEE (BFR. TR 34.64668 136.51903
5-008 |[fEEFEx 1 1 1] o[IE%E 6. BET 34.6466 136.519
5-009 |F‘EEFER A 11 1ENEE |EF. 8ET 34.64644 136.51894
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6-061 |h5TF 25~100 |31~50 10| 9iMIEE | EE. BET 34.64935 136.51925
6-062 |HhS5LF 1~25 3| 3| 3|MIIHE EFE.BET 34.64912 136.51939
6-063 |hS5TF 1~25 9| 5| 3|MIIHE EF.LR 34.64893 136.51885
6-064 |HhS5SF 1~25 5| 5| 3MIIHE | EF. BET 34.64888 136.51914
6-065 |HS5LF 1~25 4 4] 2MIEE | EFE.BET 34.64887 136.51923
6-066 |HhS5TF 1~25 6| 5| S5/ MIEE |[BFE. TR 34.6487 136.51975
6-067 |hSTF 1~25 11~20 5| 3MIEE EF. LR 34.64867 136.51897
6-068 |Hh5TF A 3| 3| oiMIIHE BE.BET 34.64827 136.51899
6-069 |HhS5TF 1~25 6| 5 1MIH%ZE |HEF.BET 34.64818 136.51894
6-070 |h5TF <1 2| 1| 1IERE AR BET 34.64804 136.51907
6-071  |hSTF 25~100 [31~50 9| slANIEE |BF. LR 34.64679 136.51853
6-072 |h5SF 1~25 21~30 18| 8[IEE | BE. TR 34.64676 136.51896
6-073 |[Hh5LF 1~25 11~20 10| 10/A)IIE%E | BE. TR 34.64668 136.51903
6-074 |Hh5TF 1~25 11~20 8| 1MIEE BE.BET 34.6466 136.519
6-075 |hS5LF 1~25 11~20 10 1AIEE |BF. LR 34.64659 136.51872
6-076 |[HhS51F 1~25 21~30 11 6/MIEE |[BF. TR 34.64655 136.51906
6-077 |h5LF 25~100 [11~20 5 5\MIEE |[BFE. TR 34.64645 136.51899
6-078 |hSTF 25~100 |31~50 10| 9iMIE%E BEE.BET 34.6464 136.51897
6-079 |[Hh5LF 1~25 8| 5| 4|FMIHZE BFE.BET 34.64639 136.51889
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