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1

1

1.1

1

2

3

4

1.2

1.2.1

1.2.2 1 GM

Genetically Modified = GM

GM

GM

GM

GM

1.2.3 2

Evolutionarily Significant Unit = ESU



2

1.2.4 3

DNA

ESU
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2

2.1 GM

1

2.1.1 GM

1-1

2.1.1.1

GM 2007 23

2007 1 2000

ha 1

2007 2,305 2

Brassica napus

2008 231 2

GM

GM

2.1.1.2

1

2004

2008 4 5 51

20km 2004

 1 km

DNA

2

10mg

0.5mL

Reveal NEOGEN

Trait LL Strategic diagnostics Inc. 10

3 DNA

0.1g SDS-

phenol 3

DNA RNA 70

100μL RNaseTE 10mM Tris-HCl, 0.1

mM EDTA pH8.0, 10μg/ml RNase A RNA

DNA 10μL



4

-20

4

DNA DDBJ

CP4-Enolpyruvyl shikimate

phosphate synthase: CP4-EPSPS

phosphinothricine acetyltransferase: PAT

Barstar

PCR

DNA

PCR PCR

1 CP4-EPSPS

10 2μL 2mM dNTP 2μL 25mM MgCl2 2μL

DNA 1μL 0.1μg Primer1 EPSPS7 0.2μL

20pmol Primer2 EPSPS8 0.2μL 20pmol rTaq

polymerase 0.3μL 1.5U 12.3μL

94 1 65 2

72 3 30 PCR

2 PAT

10 2μL 2mM dNTP 2μL 25mM MgCl2 2μL

DNA 1μL 0.1μg Primer1 Bar7  0.2μL

20pmol Primer2 Bar8 0.2μL 20pmol rTaq polymerase

0.3μL 1.5U 12.3μL 94 1

55 2 72 3

30 PCR

3 Barstar

10 2μL 2mM dNTP 2μL 25mM MgCl2 2μL

DNA 1μL 0.1μg Primer1 barstar1  0.2μL

20pmol Primer2 barstar2 0.2μL 20pmol rTaq

polymerase 0.3μL 1.5U 12.3μL

94 1 65 2

72 3 35 PCR

DNA

DNA

DNA

DNA 3730

2.1.1.3

1

51

2005 1147 2006 1336

2007 256 2008 371

1 1

1

2005 2162

2006 4066 2007 278 2008 390

1-1-1

2006

15km

150m

1-1-1
2 mixture

EPSPS7 5'-AAGAACTCCGTGTTAAGGAAAGCGA-3'

EPSPS8 5'-AGCCTTAGTGTCGGAGAGTTCGAT-3'

Bar7 5'-ACAAGCACGGTCAACTTCCGTAC-3'

Bar8 5'-GAGCGCCTCGTGCATGCGCACG-3'

barstar1 5'-AG(TC)ATCAGCGACCTCCACCAGA-3'

barstar2 5'-ATGATGGTGATGTCGCAGCC(CT)T-3'

1-1-1 51

GM_RR : GM
GM_BR : GM
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4 m 1 m

51

Solidago altissima

L. Pueraria lobata (Willd.) Ohwi

Artemisia princeps Pamp.

15km

2007 50 1

1-1-2

2006

2006 15km 2005 5 km

259 12km 252

2006 2

61 2005

51

2006 7 km 8 km

2007

30

1-1-2

2

GM

4

2005 26 2006 8 2007

5 2008 1

2005 9

1-1-1

51

GM

4 ,5

GM

50

51

GM

GM

2006 15km

GM

1 km GM

GM 0.2
1-1-2 1 km
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18km 20km

GM

1-1-3

GM

1 3 m

20km

GM

GM

2005

51 GM

B. juncea

B. rapa 51

51

2004

51

51

Crawley and Brown 6

 von der Lippe and Kowarik 7

GM 51

15km 2006

GM

GM

GM

8)

90 GM

3 22

1 GM

GM 2

51

B. napus B. rapa

51

1-1-3 1 km GM
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2.1.1.4

5 GM

2008

GM

GM GM

GM

51

GM

2.1.1.5

1 The International Service for the Acquisition of Agri-

biotech Applications (ISAAA) home page http://www.

isaaa.org/

2

3 Nakajima et al. (1988) Plant Cell Physiol. 29, 989-998.

4 Aono et al.  (2006) Environ. Biosafety Res., 5(2), 77-87.

5 JBCH2006

6 Crawley and Brown (2004) proc. Roy. Soc. London B

271; 1909-1916

7 von der Lippe and Kowarik (2007) Conseru. Biol. 21,

986-996

8 Addison et al., Weed Res. 47, 192-201

2.1.2

1-2

2.1.2.1

200

Brassica napus, n=19

n B. rapa, n=10

B. juncea, n=18 3

e.g. 

2004

10 GM

2 3

2

1-3
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2.1.2.2

17

1

2

3

3

DNA

PBS 137 mM NaCl, 8.10 mM

Na2HPO4, 2.68 mM KCl, 1.47 mM KH2PO4, pH 7.4

DNA FTA

Whatman, Maidstone, Kent, UK

DNA

3

1

1-2-1

5 12m 1-2-2

2006 729

369 360 2007 235

129 106 2008

46 18 28

2006 177

3

2007 2008

2

4 4.5m

1-2-3

2006 199

104 95 2007 133

47 86 2008 102

57 45

2008

1-2-1

1-2-2
5 12m

2006

Brassica rapa
B. juncea
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10 7.5m 2008

Xanthium canadense

2008

DNA

DNA

PBS 137 mM NaCl, 8.10 mM

Na2HPO4, 2.68 mM KCl, 1.47 mM KH2PO4, pH 7.4

DNA FTA

Whatman, Maidstone, Kent, UK

DNA

5 mm

1  Triton X-100, 140 mM 2-mercaptoethanol,

50 mM Na2SO3, 50 mM Tris-HCl pH7.5, 25 μg/mL PI, 40

mg/mL PUP-40, 0.1 mg/mL RNase

Becton  Dickinson

FACSCalibur4A DNA 1-2-4

DNA

#254-r

DNA

#39-r

#232-j DNA

r

j

#39-r #232-j

1-3

3

1-2-5

2005 7

100m

356

1-2-3 4 4.5m

Brassica rapa
B. juncea 2006

1-2-4 DNA
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2005 831 9

51

2006

GM

2007

2007

2.1.2.3

3

2008

3

4

DNA

2.1.3

1-3

2.1.3.1

Simple Sequence Repeat: SSR

SSR

EST

SSR

SSR

2.1.3.2

Brassica SSR 78

PCR

1-2-5 7 100m
2005

B. juncea GM
B. napus
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27 36.4 PCR

16

8 10.3

1-3-1 5

3

slipping

8

SSR 5

allele

1-3-1

allele

1-3-1 B. juncea

B.rapa

8 2

MS005, MS036, MR183, MB4, MS042, MS051

2

 8 SSR

2.1.3.3 DNA

1

SSR

SSR

PCR

3

3

cDNA

1-3-1 SSR 8

1-3-1 SSR 8
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cDNA

3

cDNA

SSR

2

1 cDNA

3 mRNA AFFYMETRIX

 Arabidopsis ATH1 GeneChip

2

3 3

PCR

PCR

3

4

3

PCR

PCR

STS 1-3-2 CAPS

1-3-3

3

CAPS 1

CAPS 1 STS 2

1-3-4 1-3-5

1-3-6

1-3-2 STS

1-3-3 CAPS PCR-RFLP

1-3-4 CAPS

PCR
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9

SSR

3

4

PCR

Genetic demography

2.1.4

1-4

2.1.4.1

GM

GM 1996 GM

2008

70 24 46

20 GM 1

GM

GM

GM

GM

GM

Brassica napus

GM

1-3-5 CAPS

PCR

1-3-6 STS

PCR
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1

GM

51

GM

GM

1 2

2

GFP

3

GFP

GM

2.1.4.2 GFP

Brassica napus 16 1/2MS

4 4

1 cm MMS-A 25

1

1 1

5 30

MMS-A 25

2 2

20ml MMS  + 20 mg/L 30

45

5 30 MMS

MMS-B 11 11

MMS-C

3

MMS-C

6

1-4-1

GFP

DNA

GFP PCR

PCR

GFP

GFP

Neal Stewart

GFP

GFP 4

Westar

16

2.1.4.3 GFP

1-4-1 6 GFP
GFP
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GFP GFP

16 5

3

1

1

200 300

16 92.6 1.2 GFP

92.9 1.4

GFP

16

GFP

GFP

2.1.4.4 GFP

F 1 F 2

GFP

GFP

16 F 1 F 2

GFP

GFP

GFP GFP

1

10

RNA 100 mg

RNeasy Plant mini kit (Qiagen) 

RNA GFP RT-

PCR GFP

GFP

1-4-2

GFP

RNA

10

GFP

GFP GFP

1-4-3

GFP

GFP GFP

GFP

16

16 GFP

20

7

1 GFP

1-4-2 GFP
1 2 3

4 GFP 1 5 GFP
2 GFP

18S rRNA

1-4-3 GFP
GFP

GFP

GFP
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F1 GFP

PCR DNA 2

100mg DNeasy Plant mini kit (Qiagen)

7

16 DNA

PCR

PCR

16 GFP F 1

1-4-4

GFP

F 2

GFP F 2 1-4-4 GFP

F 1 No. 1

F 2 24 F 1

DNA PCR GFP

24 18

GFP

1-4-5

F 2 GFP

75 F 2 GFP

25 GFP

50 GFP 24

F 2 18 GFP

PCR GFP

1-4-3

GFP

2.1.4.5 GFP

GFP

GM

GFP

GFP

1

1

1-4-6 GFP

8 8 0.5m

8

1 1 m 2

1-4-4 F 1 GFP
M ; 100 bp C ; 
W ; 1 - 7 ; F 1

1-4-5 F 2 GFP
1-4-4 F 1 1

24 GFP
lamda / Hind

1-4-6 GFP
GFP 0.5m 1 m
1.5m

GFP

GFP
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1.5m 3 8

GFP

GFP

1-4-3 GFP

1 GFP

0.5m 6 58 2 GFP

1 m 0 3 3

GFP 1.5m 0 1

GFP 1-4-6

1

0.5 5.5 2 0 0.2 3

0 0.1 GFP

1 17 1330 1.39

2 1.3 1406 0.08

3 0.1 1191 0.01

1-4-1

GFP

GFP

1-4-7

2.1.4.6

GFP

GFP

GFP

GM

3 GFP

GFP

Harper

3 GFP mGFP4 mGFPer  sGFP

GFP

4 mGFPer V163A

S175G 2 GFP

5

GFP sGFP

Harper 4

GFP

GFP

16

GFP

Stewart, Jr. 3

Oscar UGA 188-20B Westar Bt

Oscar

25 UGA 188-

20B 3.5 6 16

1-4-1 GFP

1-4-7
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Oscar UGA 188-20B Westar

16 UGA 188-20B

GM

GFP

2.1.4.7

1 ISAAA (International Service for the Acquisition of

Agribiotech Applications) (2008) ISAAA Report on Global

Status of Biotech/GM Crops. http://www.isaaa.org/

2 Tamaoki, M., Toda, Y., Nakajima, N., Kubo, A., Aono, M.

and Saji, H. (2003) Novel marker gene for assessment of

behavior of transgenic plants in the field. Plant Biotec., 20,

225-227.

3 Tamaoki, M., Imai, H., Takahashi, H., Toda, Y., Niwa,Y.,

Nakajima, N., Aono, M., Kubo, A. and Saji, H. (2006)

Development of visible markers for transgenic plants and

their availability for environmental risk assessment. Z.

Naturforsch. 61c, 377-386.

4 Harper, B.K., Mabon, S.A., Leffel, S.M., Halfhill, M.D.,

Richards, H.A., Moyer,K.A. and Stewart, C.N.,Jr. (1999)

Green fluorescent protein as a marker for expression of a

second gene in transgenic plants. Nature Biotech. 17,

1125-1129.

5 Siemering, K.R., Golbik, R., Sever, R. and Haseloff, J.

(1996) Mutations that suppress the thermosensitivity of

green fluorescent protein. Curr. Biol. 6, 1653-1663.

6 Stewart, C.N.,Jr., Adang, M.J., All, J.N., Raymer, P.L.,

Ramachandran, S. and Parrott, W.A. (1996) Insect control

and dosage effects in transgenic canola containing a

synthetic Bacillus thuringiensis crylAc gene. Plant Physiol.

112, 115-120.

2.2

2

2.2.1

Evolutionarily

Significant Unit

2.2.1.1

2-1

300 6

15

1980

Bombus terrestris 2-1-1

1992

7

2006

Bombus ignitus 2-1-2
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DNA

DNA

ESU

2.2.1.2

2-2

1999 11

2008

6 720

2008 9,346,000

2-1-3

DNA

2-1-1

2-1-2 2-1-3 Dorcus titanus
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2.2.1.3

2-3

1

2-1-4

2005

WTO

DNA

ESU

2.2.2

2.2.2.1

2-1

1

20 2005 2006

2007

2005 2006

2007

-28

2 DNA

DNA Cytchrome Oxidase Subunit CO

a. DNA

DNA Goka et al. 2001

1.5ml

60μl

Tris-HCl

0.1M 1ml EDTA 0.5M 2ml Nonidet P-40 50μl NaCl

1M 100μl DW2 6.85ml 10ml

40μl 200μl

1  Protenase

K 10μl Lysis

50  120 95  20 Lysis

30μl 1.5ml

TE buffer pH 8.0 270μl 10

PCR DNA

b. PCR

DNA PCR mtDNA

Cytochrome Oxidase subunit CO

Simon et al. 1994 Universal Primer

PCR

c.

PCR DNA Dye2-1-4 Tetranychus urticae
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terminator

PCR PCR

PCR Forward Reverse

ABI

3730 DNA Analyzer

BigDye Terminator v3.1 Cycle Sequencing Kit Big

Dye Xterminator

d.

Clustal W Thompson et al.,1994

CO1 Neighbor-

Joining, NJ Maximum Parsimony,

MP

Accession number

AY181169

1000

CO

e. 

CO

Andrew 1994

Tetraopes spp. Coleoptera

CO :

Sequence divergence 1.71 100,000

2.2.2.2

2-2

1

141

82

2 DNA

a. DNA

DNA

b. PCR

DNA PCR mtDNA

Cytochrome Oxidase subunit CO COII

Simon et al. 1994

Universal Primer

c.

d.

DNA Bayse

e. 

2.2.2.3 

2-3

1

56 4

2 DNA

a. DNA

DNA

b. PCR

DNA PCR mtDNA

Cytochrome Oxidase subunit CO

Simon et al. 1994 Universal Primer
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c.

d.

3

10

24

10

3

fluacrypyrim 150ppm 1

3

2.2.3

2.2.3.1

2-1

1055 bp

CO

15 F 1

F 6

J 1 J 9

2-3-1

2-3-

2

CO

17

17

 2005

DNA

ESU

2-3-1
mtDNA-CO1

2-3-2 mtDNA-CO1
F 1 F 6

J 1 J 9
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2.2.3.2

2-2

mtDNA-CO1-

CO2 2,000

100

mtDNA

2-3-3

DNA

150

200

2-3-3 mtDNA
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2002a

2002b

2

DNA 2-3-4

2-3-4 mtDNA
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2.2.3.3

2-3

DNA 1,000

mtDNA-CO1 21

DNA

2-3-5

100

R II R III 80

R I 

50

WTO

2.2.4

Andrew, V., Z. Brower (1994) Rapid morphological

radiation and convergence among races of the butterfly

Heliconius erato inferred from patterns of mitochondrial

2-3-5 mtDNA
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DNA evolution.  Proceedings of the National Academy of

Sciences of the United States of America, 91: 6491-6495

Crandall, K., O. Bininda-Emonds, G. Mace, R. Wayne

(2000) Considering evolutionary processes in conservation

biology.  Trends in Ecology and Evolution, 15: 290-295.

Goka, K., K. Okabe, M. Yoneda, S. Satomi (2001)

Bumblebee commercialization will cause worldwide

migration of parasitic mites.  Molecular Ecology, 10: 2095-

2099.

Goka, K., K. Okabe, M. Yoneda (2006) worldwide

migration of parasitic mites as result of bumblebee

commercialization.  Population Ecology, 48: 285-291.

Simpson, G. (1961) Principles of Animal Taxonomy.

Columbia University Press, New York.

2005

Simon, C. F. Frati, A. Bechenbach, B. Crespi, H. Liu, P.

Flook (1994) Evolution, weighting, and phylogenetic utility

of mitochondrial gene sequences and a compilation of

conserved Polymerase Chain Reaction primers.  Annals of

the Entomological Society of America, 87: 651-701.

Tamura, K. (1992) Estimation of the number of nucleotide

substitutions when there are strong transition-transversion

and G+C-content Biases.  Molecular Biology and Evolution,

9: 678-687.

Tamura, K., J. Dudley, M. Nei, S. Kumar (2007) MEGA4:

Molecular Evolutionary Genetic Analysis (MEGA) software

version 4.0.  Molecular Biology and Evolution, 24: 1596-

1599.

Thompson, J., D. Higgins, T. Gibson (1994) CLUSTAL W:

improving sensitivity of progressive multiple sequence

alignment through sequence weighting, position-specific

gap penalties and weight matrix choice.  Nucleic Acids

Research, 22: 4673-4680.

2002

2002

56: 35-41

2.3

3

2.3.1
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 DNA

1

1912

1950 70

1950

1 1970

100 2 3

Zacco platypus 

4 5

40.63 42.33

21

0.42

4

4 5

Tribolodon hakonensis
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2.3.2

2.3.2.1

7 17

3-1-1

1 6

1 6

4 11 5 6

60 120mm

20

10mm

1 mm

5 9

2 9 40

20

1.5ml 5 ml 

2.3.2.2

405

1.5ml

QIAGEN DNeasy Blood & Tissue Kit

DNA DNA

50 ng/μl TE DNA

DNA

cytochrome b

DNA 2 LCB1

5 ' -AATGACTTGAAGAACCACCGT-3 ' HA 5' -

CAACGATCTCCGGTTTACAAGAC-3'

PCR PCR 1

PCR

ABI

BigDye Terminator v3.1 Cycle Sequencing Kit

ABI 3730

DNA Analyzer 2

1

ATGC

2

PCR 1

HA LCB2 5'-CCCTCGTGGCAGACATAGTT-3',

LCB1 5' 1020-1040 LCB1

HCB2 5'-GAAGAATGATGCTCCGTTGG-3', LCB1 5'

290-310

3-1-1



29

PCR

4

LCB1 5' 930 1140

BL1 5'-

ATTTTCCATTTTAGTACTGATAGTC-3' BH1 5'-GTGG

GGTTAGAATCAGGAATAG-3'

KL1 5'-ATTTTCCATTTTAGTACTAATAGTT-3'

KH1 5'-GCGGGGTTAGAATCAGGAATAA-3'

DNA

cytochrome b

48

3-1-2

Zacco temmincki

cytochrome b

2 LCB1 HA

HCB2 LCB2

LCB2t 5'-AGGAGGGGTCCTTGCACTAT-3'

2.3.2.3

http://www.ddbj.nig.ac.jp/index-j. html

ClustalW

Kimura

1,000

Mr. Bayes

burnin=1,000 ngen=100,000

2.3.2.4

13C 15N

80 mm 60 2.3.2.1

1 : 2 60

15

GF/F

5

3-1-2
PCR

1 18 PCR
200bp DNA
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10 cm 3 6

cm

GF/F 45

13C 15N Thermo

Fisher Scientific  Thermo Finnigan Delta

0.15

Pee Dee Belemnite 

13C 15N = { /

 1}  1000

1

1

15N 3.8 6

1 1

15N

3.8 1

2

2 15N

15N 3.8

2.3.3

2.3.3.1

405

cytochrome b

64

4

2 3-1-3

1.18 cytochrome b

1.52

80

2

1

2

58 6

3-1-3 cytochrome b

B K
1
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2.3.3.2

405 153 252

2 1 10

3-3-1

1 6

1 6

1 6

Wilcoxon 2 W = 4.5, p =

0.037

2.3.3.3

9 5

8

3-1-4

3-3-1

1 : 2

( ) ( ) 1

8 9 - -

20 12 - -

10 11 6 .83

1 16 11 10 .65

2 17 13 13 .75

3 16 14 12 .71

4 18 12 12 .65

5 20 10 12 .72

6 3 2 3 .70

1 25 4 6 .32

2 23 8 8 .45

3 17 4 4 .35

4 13 9 11 .71

5 20 10 11 .56

6 26 4 5 .25

0 13 10 .95

0 7 5 .86
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Wilcoxon , V = 0, p = 0.014

2.3.3.4

2 2

F1,56 = 7.14 P

= 0.0098 F1,56 =

3.16 P = 0.081 3-1-5

2.3.3.5

cytochrome b

2 3-1-6

2.3.4

2.3.4.1

4

3-1-4 

5 1

3-1-5

3-1-6

T
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4

cytochrome b

2

ITS1

 2.3.4.2

3-1-7 2 3

1950

1960

1970

1980

1980

1990
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3-1-7

1,105 1 4 g 44t 910

1 4 g 36t

2.3.4.3

6

7

2

2.3.4.4 

2.3.4.5 

3-1-7
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2.3.5

2.3.6

2.3.7

1 2009

2 1956-1964

1-9

3 1965-1982

10-26

4 1970 Zacco platypus (T. & S.)

02306

5 1990

25: 149-169

6 Post, D. M. (2002) Using stable isotopes to estimate

trophic position: models, methods, and assumptions.

Ecology 83: 703-718.

7 Takamura (2009) Population structuring by weirs and

the effect on trophic position of a freshwater fish Zacco

platypus in the middle reaches of Japanese rivers.

Fundamental and Applied Limnology 173, in press.
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1 GM

2
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