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Ǿũ 

 

� ȭΚ9Øö8̇˅3İ6ǐɛä6ɿƣ$5�F8PȭŽˁ6ƥKǲ$�΅ͻ&LI�65

.+�)8³/6�ͮĕƍȼÑƍ̱�ĭ JML�ƥKǲ#M+ͮĕÑƍ̱9ȭΚ6ʌ�5

ŏCPF+J$�ŀʋ8ȭΚ8û˝Pœɽ�/̇˅#(1��+E6̤ÖŖ35.1�L�

$�$)8³ͅ2�ĄıPÈɖ&LŤ¸8³/35LȘƍ��K�Ǚßͤʎ35.1�+�

Λ�:���ÇÑ��Wx��PCB
9ɐÅʅ3$1̗Ț6ͭM1�K�˫͏29 1950 ˰

ʋ�J 1970˰ʋ6��1ʃͻ#M+�$�$�1968˰8[y�ͫȍǈŚP�.��6ȭʅ

6ͮè2�L!3�̃͜35K�Ąı>8Ʋ΍ȻFƌ�!3�J 1972 ˰6Ʌɲ�ľƾ#M

+（中島 & 小倉, 2008）�h_��h�Wx�u�_��Xo��DDT
G !-�]e_��

g_��]e��!-HCH
6ʋ̞#ML��/�8˵ͪF�Ʋ΍Ȼ�ƌ�+E6Ƴͻ�ľƾ

#M+（松中, 2002）�B+"�Ɯŀ29��U_���iqr_6ILã͹Èɖ�͜J�3

5KͤʎǄ#M1�L（do Sul & Costa, 2014）��Ḻǖ�”Èɖ̱ǖ”35L89�)8̱

ǖ�˩̲à2ǐɛä6Ʋ΍&LȘƍGɂ̱6ˣȻPǊ/Șƍ3Ɔ�JML�̘ɂ̱9�ͮĕ

Ñƍ̱8̲àǚ3$1ʌ�5ͨùPʕ���F3F3ǐɛä6ɿƣ$5�̱ǖ6ʆ$19�

̲à˴PǊ/39ŪJ5��)8I�5˩̲à̱ǖ9Ąıʫ6ʨɉ&Lŋź��L� 

� ˩̲à8ͮĕÑƍ̱��L³ͅ2�̘ɂ̱�ɩē6̲à˴Pòˡ$+Ñƍ̱Fɿƣ$�)

8ʋ̞Λ3$1�ȂɮƢ8 2,4-h_���Wz]gȱƱ�2,4-D
�ĭ JML�2,4-D 9�

ͮĕƍȼȂɮƢ3$19ƜFŬ��1940 ˰ʋ6ƍȼ6ȼŸ$+�ʔƸͼȡ̱69ƥͻ('�

ɤƸͼȡ̱8C6ƥͻ&L����Ō8ɘʏȺȂɮƢ2�ǞȤ3#ML�^ΚGuV��c

ğ2ͮŹ5+E�ȹäˁ6ʌΖ6Ƴͻ#M+（農薬ハンドブック, 2011）�͏˵ͪ9�ːș

ʫ2ɺG�6̲à#ML!3��Ąıʫ28Ƴͻ�åƷ#M+ų8ɩ�ǋē6͜J�65K�

̘ɂ̱6ILͮĕÑƍ̱̲à˴8òˡ�t�3$1�ɄΘˁ6şĨ�ȬEJM1�+�1950

˰6 2,4-D ̲àƠĿ8ːș�J8̲Ή���v�ʌöIK̈́Ǝ#M（Audus, 1950）�1977

˰69�ˈʑȻ��i�vȕ6 2,4-D ̲à®ˈƸ�ɿƣ&L!3�ǼE1̈́Ǝ#M+

（Pemberton & Fisher, 1977）�!8̈́Ǝ9�̘ɂ̱6IL̲à®ˈƸ8òˡ6�ˈʑȻ�



 2 

�i�v�ĉO.1�L!3Pǎ&şĨ3$1ʌ��ʮ͢#M+�)8ų�̯ȷ8ý2ˈʑ

Ȼ��i�vȕ6 2,4-D̲à®ˈƸ�ó˭#M+（Bhat et al., 1994; Chaudhry & Huang, 

1988; Don & Pemberton, 1981; Mae et al., 1993）�Żėˁ5 2,4-D8Āɜ̲à69�6/8

®ˈƸ�̛ͽ3#ML（Perkins et al., 1990）�)8ɜ18®ˈƸ��®ˈƸŉ3$1��i

�v8³[ǽ6ɿƣ&L!3�̯ȷ8��i�v2͜J�6#M1�L（Hoffmann et al., 

2003; Leveau et al., 1999; Trefault et al., 2004; Vedler et al., 2004）�2,4-D̲àĿGʂ8͈

ƋɼÇɡÑƍ̱8̲à®ˈƸŉ38̓õàɈ�J�ƜǼ9̲�M1ɿƣ$1�+®ˈƸ��

Ď(ǬB.1Ũƣ8 2,4-D ̲à®ˈƸŉ�ōȼ#M+3Ɔ�JM1�L（Fulthorpe et al., 

1995; van der Meer, 2008）� 

� ̘ɂ̱�ȧ$�˴ΘPòˡ&L+E69�®ˈƸP̻ª#(L��L�9ȧ+5®ˈƸP

òˡ&L̛ͽ��L�$�$�Ťñɂ̱9Ȫñɂ̱39ª5KͮȻȹʋPǊ+5�+E�ŵ

ƪ6I.1bz�Pʃ͸Ñ#(L!392�5��Çč˽Ο8̻ª6I.1ȧ$�®ˈƸP

òˡ&L69̗Ț6ʵ�ǋĈ���L�)8+E�Ȯɺ5®ˈƸ8òˡ69�Ö˝Ȼ®ˈ¸

Ƹ�Mobile genetic elements, MGEs
�ǯͽ5ͨùPÙ+$1�L3Ɔ�JM1�L�Ö˝

Ȼ®ˈ¸Ƹ3$19u��i�n�3��i�v�ʟJML�u��i�n�9�́ͮ&L

®ˈƸ��L�9˪/8u��i�n�6ĳBM+Η±P�bz�ȕ8̺8¤ʣ6ɧˬ$1

bz�6̻ÑPF+J&�³̍ˁ5u��i�n�9�Ơ͇˧2 DNA̲ƸP̻Ñ#(L��

ª5Lūʅ69«˝2�5��Ťñɂ̱Ĉ8®ˈƸ8«˝69�ɌƍˈʑȻ��i�v3Ɍ

ƍˈʑȻu��i�n��Integrative and conjugative elemetns, ICEs
3��Ɍƍˈʑ¸

Ƹ�ʌ�5ͨùPÙ+$1�L3Ɔ�JML�!MB26͸	5ͮĕ̱8̲àĿ�ĄıIK

̲Ή#MàɈ�ȬEJM+��̲à®ˈƸŉ9u��i�n�3$1�Ɍƍˈʑ¸Ƹȕ6š

ǲ#MLȘƍ�ʃ�（Nojiri et al., 2004; Ogawa et al., 2004）�I.1�ȧ+5Ñƍ̱P̲à

&L̲à®ˈƸŉ9�u��i�n�3Ɍƍˈʑ¸Ƹɤͅ8˜�2Ƅʦ#M1�+3Ɔ�J

M1�L�2,4-D ̲àĿF)8Λç295��̲à®ˈƸŉPu��i�m�3$1ˈʑȻ

��i�vȕ6́ͮ&Lý�̯ȷšǲ#M1�L（Kim et al., 2013; Trefault et al., 2004; 

Vedler et al., 2004）�Ö˝Ȼ®ˈ¸Ƹ8ˢȻP͜J�6&L!39�ƠĿ6ILȧ$�̲à
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˴8òˡPƆ�Lȕ2̗Ț6ǯͽ2�K�̘ɂ̱Pͻ�+˩̲à̱ǖ8̲àğǳ8źȕ6/

5�L3Ɔ�JML� 

� 2,4-D̲àĿ9ȹäíʠ2̲Ή#M�!MB26 100ý£ȕ�˵ƅʠːș�̗ ˵ƅʠːș�

ʢGȴ΢˕8ȴő�Ĥ;ûȻÈʿIKʔΉ#M1�L（Amy et al., 1985; Don & Pemberton, 

1981; Han et al., 2014; Huong et al., 2007; Itoh et al., 2000; Ka et al., 1994; Kamagata et 

al., 1997; Lee et al., 2005; Macur et al., 2007; Maltseva et al., 1996; Park & Ka, 2003; 

Tonso et al., 1995; Zabaloy & Gomez, 2014）�ʫ2F Cupriavidus pinatuboensis JMP134

ý�£ə9 Alcaligenes eutrophus�Ralstonia eutropha�Ĥ; Cupriavidus necator
（Don 

& Pemberton, 1981）9�ʋ̞ˁ5 2,4-D̲àĿ2�!8ýPͻ�1ȷʃ�8şĨ�ȼ#M

1�+�JMP134ý9�̲à®ˈƸPǰǞ̏¦�ž��ˈʑ̢ˏ�ƌ� IncP-1��i�vȕ

6Ǌ/�)8ų�̯ȷ8ý2̲à®ˈƸ� IncP-1 ��i�vȕ6šǲ#M+（Kim et al., 

2013; Poh et al., 2002; Vedler et al., 2004）�Õ�1�2,4-D̲à IncP-1��i�v�ːșʫ

2ƌ̢ˏ6ˈ˷&L!3�ǗŢˁ6ǎ#M+（DiGiovanni et al., 1996; Top et al., 1996）�

!MJ8ŘÙIK�IncP-1 ��i�v9�2,4-D ̲à®ˈƸ8ˈ˷6ǯͽ5ͨùPʕ.1�

L3Ɔ�JM1�L�)8³ͅ2�íʠ2̲Ή#M+̲àĿ8³̪9�JMP134 ý3ª5L

̲à®ˈƸŉṔͮ$（Fulthorpe et al., 1995; Ka et al., 1994; Kitagawa et al., 2002; Tonso 

et al., 1995）�90 kbəų8 IncP-1��i�vIKʌŌ8��i�vȕ6̲à®ˈƸP̈́Ǝ

&L!3�̈́Ǝ#M1�L（Cavalca et al., 1999; Vallaeys et al., 1998）�$�$�!MJ8

��i�v8ˈʑȻ9͜J�6#M1�5�� 

� ˫͏29�1950˰ʋų̊�JȴˉȂɮƢ3$1 2,4-D�ʌΖ6Ƴͻ#M+�Fig. 1
�$�

$�͏Ƣ�Ʋ΍$1ÈɖP¹�Ĝ!$+38̈́Ǝ95��³̍ˁ6ȷǫĈ2̲à&L（農薬

ハンドブック, 2011）�!8!39�ȴˉ6F 2,4-D ̲àĿ�ɿƣ&L!3PǎƖ$1�L�

˫͏8ȴˉ9ƞ˿ēĈʫ9ʖȴ$�)M£ç8ēĈ9΃ȴ&L3��eU_�2¬Ǌ#M1

�K�³̍ˁ5̆ːșGȴő39ª5L̲àĿ8ȿɷ&LÖ˴Ȼ��L�$�$�ȴˉ�J

8 2,4-D ̲àĿ8̲Ή9ãçPċE1Fš˔+J'�48I�5̘ɂ̱ǡ�̲àPʕ.1�

L8�9͜J�6#M1�5��B+�Ə˧6��L 2,4-D̲àĿ8̲ΉΛ9�2,4-D8ƽ 
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Fig. 1 Domestic shipment of 2,4-D granules in Japan. Data were collected from pesticide 

handbooks named “Nouyaku Yoran”. 
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ͻΝ85�̆ːș（Itoh et al., 2000）Ĥ;ûȻÈ （ʿLee et al., 2005）6ŪJM1�K�2,4-D

�ɉĻˁ6ƽͻ#M+Șǽ8̲àĿ9ʳ?JM1�5��͏şĨ29�Ə˧8ȴˉːș6F

2,4-D̲àĿ�ɿƣ&L3ʹɹ$�)MJ8́ͮ&L 2,4-D̲à®ˈƸ8ǡΚ3)8òˡĕ

Ƅ6/�1şĨPƇ�!33$+�ǞȤ8ɂƯPʕ�ȴˉ6��148I�5̘ɂ̱ǡ�4

8I�6̲à®ˈƸPòˡ$+8�P͜J�6&L!39�ƒųȧ$�ͪƢPƳͻ&Lơ6�

ȴˉ̘ɂ̱�48I�6̲à˴Pòˡ&L�8ʹɹ6/5�L�B+�̈́ƎΛ85�ȧ$�

oU�8̲àĿ��L�9̲à®ˈƸ�šǲ#M+Șƍ�|UZ��tTX
g��ğǳ8

ȳȬ8+E8ɡƤ35L!3�ēʈ#M+� 

� ̘ɂ̱6IL̲à®ˈƸŉ8òˡĕƄ3ˈ˷P͜J�6&L!39�˩̲àȻ̱ǖ8̲à

ğǳ8źȕ8ʂ6�ɢă�®ˈƸ8Ąıʫ6��LîƮ8ͤʎ>8ț̈́ǦǬ�ĭ JML�

ɢă�ɂ̱9 1973˰6ǼE1ʌʲĿ2ƥǲ#M+（Cohen et al., 1973）�Ũƣ29˝̱�J

ȡ̱B2̮ž�ƥǲ#M�ȡ̱6/�19�V�vSr�ʇȻuV��cg6ʋ̞#MLI

�6�ãç29ž�ȄĹ΅ͻ#M1�L�³ͅ�ɢă�̘ɂ̱8΅ͻ9�˶ �&LŪK29�

Ǟ6ǗŢǕ�����L�9Î˧8˿;o�_˕8̷ƚő6ŪJML�ɢă�ɂ̱8΅ͻ9

[�o�w͆6I.1ť$�ȺŪ#M1�L��ǈŰ6I.1ɢă�̘ɂ̱�Ąıʫ6Όǲ

&L!39̒ʻ2�'�ɢă�®ˈƸ8îƮ8�i_̟Ô�̛ͽ3#ML�2,4-D ̲à®ˈ

Ƹŉ9�2,4-D8Ƴͻ�åƷ$+ 1940˰ʋ£Ɗ6̘ɂ̱�Ƅʦ$+3Ɔ�JML�I.1!

8®ˈƸŉ�48I�6Ąıʫ6îƮ$1�L8�P˶�&L!32�ɢă�®ˈƸ8îƮ

Pʹɹ&L+E8ț̈́�ˡJML3Ɔ�+� 

� ʍ³Ȑ29�˫͏íʠ8ȴˉIK 2,4-D ̲àĿP̲Ή&L3İ6�)M*M8Ŀ8́ͮ&

L̲à®ˈƸ8oU�Pʳ?+�̲Ή$+ 14 ý9�ȹäíʠ2šǲ#M1�+ʋ̞ˁ5 3

`�
�8̲à®ˈƸṔͮ&L!3�͜J�65.+� 

� ʍ˪Ȑ29�)M*M8̲àĿ8̲à®ˈƸṔͮ&L��i�vPʳƙ$+�s 6 RASC

e�`�
�8̲à®ˈƸŉṔͮ&L�I) 600 kb8��i�v9�ɻǡ8ª5L̯ȷ8

ƠĿ6I.1́Ǌ#M�̈́ƎΛ85�ˈʑȻ̲à��i�v8Ö˴Ȼ�ǎ#M+� 

� ʍƫȐ29�600 kb8��i�v8³/2�L pM70128ɜÇč˽ΟP͜J�6$+�͏
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��i�v9�2,4-D ̲à®ˈƸŉ8ʂ6~ɡʇȻ®ˈƸŉ3³Ρ8Ɍƍˈʑ®ˈƸŉṔ

ͮ&L!3�͜J�65.+� 

� ʍƵȐ29���i�v pM70128ɟɑ��i�v��ç̪�Jòˡ$+3Ɔ�JML®

ˈƸŉPàɈ$+�2,4-D ̲à®ˈƸŉ9Ēʟ8̲à®ˈƸŉ3ɬ˞Ȼ�ƌ�!3�͜J�

35K�͏��i�v8 2,4-D ̲à®ˈƸŉ9ˤǐ6Ƅʦ#M+8295��ç̪�JǟK

ƑBM+Ö˴Ȼ�ǎ#M+� 

� ʍűȐ29�pM7012 8ɻ&L��i�v`�
�6/�1şĨ$+�Ɍƍˈʑ®ˈƸŉ

3̯Ʌ̲˽®ˈƸŉ8˽ΟàɈ8ŘÙIK�͏��i�v9�!MB26̈́ƎΛ85�ˈʑ

Ȼ��i�v`�
�6ɻ&L!3�ǎƖ#M+� 

� ʍΤȐ29�pM7012 Ĥ;ΚÅ8��i�v8ɌƍˈʑȻ6/�1àɈ$�ȇ5�3FÜ

Ī69ª5LƠĿĈ6ˈ˷$+Ö˴Ȼ�ǎ#M+� 
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ȴˉːșͯ΁ 2,4-h_���Wz]gȱƱ�2,4-D
̲àĿ8ǦǬ3̲à®ˈƸ8oU�̲� 

 

1.1� ͽͩ 

 

� Ə˧ 8[ǽ8ȴˉ�JːșPǦǬ$�2,4-DPˆÕ$1Ǭɉ˿;PƇ.+ų�2,4-DPͬ³

8ʗɡŧ3&Lɘʏ˿ʠ2�͏˵ͪ8̲àĿ8̲ΉPǅC+�c�x
8ōʉ8­�Gɂ²

ɺˏ8ª5LýP)M*M8ːș6/�1ȷý'/ɘ;�̲ àĿŶ̓Pǟˡ$+�!8ýP�

2,4-D Àʅ˿ʠ6Ɍǡ$1�˿ʠʫ8 2,4-D 8ȋǔ�˭EJM+ýP 2,4-D ̲àĿ3$+�

íːș6/� 1�Jȷý�ƍŕ 14ý8 2,4-D̲àĿPǟˡ$+�!MJ8Ŀ8ɻ&L̘ɂ̱

`�
�3�́ ͮ&L̲à®ˈƸ8ǡΚP͜J�6&L+E�)M*M8̘ɂ̱8 16S rDNA

Ĥ; 2,4-D̲à®ˈƸ8̪̲Çč˽ΟPʳ?+�)8ŘÙ�14ýʫ 13ý9 "-��sZ|_

s�S6ɻ$��- 8 ý� Burkholderia ɻĿ�5 ý� Cupriavidus ɻĿ3˞ʻ#M+�Ʋ

L 1 ý9 #-��sZ|_s�S8 Sphingobium ɻĿ6ŀÅ,.+�!MJ8Ŀ8́ͮ&L

2,4-D ̲à®ˈƸ˽Ο9�ȹäíʠ2̲Ή#M1�L 2,4-D ̲àĿ8́ͮ&L˽Ο6ƌ�ɬ

˞ȻPǎ&3İ6�3 /8`�
�6̲�JML!3�͜J�35.+�B+�ª5Lɻǡ

8ƠĿ��Çč˽Ο3$1 98�£ȕɬ˞5 2,4-D̲à®ˈƸṔͮ$1�+�!MJ8ŘÙ

9̲à®ˈƸ��Ɍƍˈʑ¸Ƹ6IKÜĪ6ƠĿĈ6ȴ̵ˈ˷$+Ö˴Ȼ3�̲àĿ�ʠΆ

ˁ6«˝$+Ö˴ȻPǎ&� 

 

1.2� Ǿũ 

 

� 2,4-D9ȭΚ�Ñöƍȼ$+ǼE18ȂɮƢ2�ȹäʫ2ʃͻ#M++E�̲à̘ɂ̱G̲

àĕƄ6/�1ɃQ6şĨ�ƇOM1�+�2,4-D8ƽͻ9�Ë̸291940˰ʋ6ƷBK�

1950˰692,4-D̲àĿ8ːș�J8̲Ή�̈́Ǝ#M1�L（Audus, 1950）�1981˰6̲Ή

�̈́Ǝ#M+Cupriavidus pinatuboensis JMP134ý（Don & Pemberton, 1981）9�)8ų�

ƜFI�şĨ#M�2,4-D̲àĿ8ʋ̞ý�representative strain
35.1�L�2,4-D̲

àĿ9˵ƅʠːș�͗ƅʠːș�ɔGʢ˕8ȴő�ûȻÈʿ˕�J̲Ή#M�)8ȷ9�100
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ý£ȕ68AL（Amy et al., 1985; Don & Pemberton, 1981; Ka et al., 1994; Lee et al., 

2005; Macur et al., 2007; Tonso et al., 1995）�˔Ǽ9�
�r}�Z
iu��S�S��

[˕22,4-D̲àĿ8şĨ�ɃQ6ƇOM+��ŀ˰9�˨̸（Zabaloy & Gomez, 2014）�

�uw�（Huong et al., 2007）�ĊƏ（Park & Ka, 2003）�ʫƏ（Han et al., 2014）˕�J

F̲Ή8̈́Ǝ��L�2,4-D̲àĿ9�2,4-DƽͻΞ85�ːș（Itoh et al., 2000; Kamagata 

et al., 1997）GÇ˳ˏ3pH8ƌ�ĻŪĄı（Maltseva et al., 1996）�JF̲Ή#M1�K�

ȹäʫ6̧̲�˭EJML� 

� ȹäíʠ2̲Ή#M+2,4-D̲àƠĿ8ʃ��"-��sZ|_s�S6ɻ&L�)8ʫ2F

BurkholderiaɻĿ3)8ŀÅǡ�ƌ�̢ˏ2̲Ή#M1�L�（Baelum et al., 2010; 

Fulthorpe et al., 1995; Huong et al., 2007）�ːș8Ǭɉ˿;6��19�2,4-DPƌ�˳ˏ

�500 mg kg-1
2Õ�L3�BurkholderiaɻƠĿ8ùƍ�ɱ�L!3�̈́Ǝ#M1�L

（Macur et al., 2007）�#-��sZ|_s�S8SphingomonasɻĿĤ;)8ŀÅǡF�2,4-D

̲àĿ3$1Ŭ��J̲Ή#M1�+�（Fulthorpe et al., 1995; Huong et al., 2007; Ka et 

al., 1994）�˞%#-��sZ|_s�S8BradyrizobiumɻƠĿ9�ɂ²ɺˏ�ʥ��2,4-D

8ƽͻΞ85�ːș�J̲Ή#MLŋź��L（Itoh et al., 2000; Kitagawa et al., 2002）�

2,4-D£ç8͈ƋɼÑƍ̱�Λ�:�u�X��w�o���Ĥ;[�|n
�˕8̲àĿ3

$19�!-��sZ|_s�S8PseudomonasɻĿ�̲Ή#ML!3�ʃ�（Ogawa et al., 

2004）�$�$�PseudomonasɻĿ82,4-D̲àĿ3$18̲ΉΛ9ŪJM1�L（Baelum et 

al., 2010; Fulthorpe et al., 1995; Han et al., 2014）�!MB26̲Ή#M1�L2,4-D̲àƠ

Ŀ9�Ǟ6Proteobacteriaͥ6̲Κ#M1�+��ŀ˰�ʫƏ8Ȇ̅̆�JǼE1�Firmicutes

ͥ8BacillusɻƠĿ�̲Ή#M+（Han et al., 2014）�B+�2,4-D̲àĿ3$1̲Ή#M1

�+89�̘ɂ̱8ʫ2FƠĿ6ŪJM1�+��2013˰6ǼE1ǀȞĿ82,4-D̲àĿ�

̈́Ǝ#M+（Itoh et al., 2013）� 

� ŻėˁĄı29�2,4-D 9̓õˁɺG�6ȋǔ&L��Ǟ6 Fig. 1-1 6ǎ$+Œ΢2̘ɂ

̱6̲à#M1�L3Ɔ�JM1�L（Perkins et al., 1990）�2,4-D ̲àĿ8ʋ̞ý�C. 

pinatuboensis JMP134ý（Don & Pemberton, 1981）PǞ6ͻ�1�̲àƈɡ3!MPc 
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Fig. 1-1 The catabolic pathway of 2,4-D. 
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v&L®ˈƸ8şĨ�ƇOM1�+（Farhana & New, 1997; Fukumori & Hausinger, 

1993; Perkins et al., 1990; Streber et al., 1987）�JMP134ý9�2,4-D8̲à6ĉOL tfdB

£Ð8̲à®ˈŉP 2 krúͮ&L�!8®ˈƸŉ9 tfdCIDIEIFIBI _�io
Ĥ;

tfdDIICIIEIIFIIBII_�io
3$1 IncP-1 `�
�8ˈʑȻ��i�v pJP4 8ȕ6�ΙK

ƍ.1ɿƣ&L�Fig. 1-2
（Laemmli et al., 2000; Leveau & van der Meer, 1997）�ɤͅ

8ʆÊ&L®ˈƸ8ɬ˞Ȼ9�Çč˽Ο3$1 65�əų2�L�tfdA̲à®ˈƸF�ȕĚ̲

à®ˈƸŉ6ŀɌ$1ɿƣ&L��!8I�5 2,4-D ̲à®ˈƸŉ8ĺƣ9�ʂ8 2,4-D ̲

àĿ2F̈́Ǝ#M1�L（Hoffmann et al., 2003; Kim et al., 2013; Poh et al., 2002; Vedler 

et al., 2004）�³ͅ��-��sZ|_s�SɻĿ8 2,4-D̲àĿ Bradyrhizobium sp. HW13

ý29�tfdA®ˈƸ8ʋOK6 cadABC®ˈƸŉ� 2,4-D8ƜǼ8ʋǛPƇ�!3�̈́Ǝ#

M（Kitagawa et al., 2002）�)8ų cadA8́ͮ�̯ȷ8�-��sZ|_s�SɻĿ2ó˭

#M+（Itoh et al., 2004）��-��sZ|_s�SɻĿ69�tfdA͸8®ˈƸ3$1 tfdA

�®ˈƸ�šǲ#M1�L（Itoh et al., 2002）�$�$�˞®ˈƸ9 2,4-DP̲à$5�ý

6Fɿƣ$（Itoh et al., 2004）�JMP134ý8 tfdA6̓?1 2,4-DhZ]gbw
lûȻ�

ǝ�+E�Mal Eͳƍʅ8Ȟʉ6��1
（Itoh et al., 2002）�2,4-D̲à9�Ǟ6 cadABC

�ʕ.1�L3Ɔ�JM1�L（Kitagawa & Kamagata, 2014）��-��sZ|_s�Sɻ

Ŀ8 2,4-D ̲à®ˈƸŉ6/�19̈́Ǝ�ŪJM1�L��Novosphingobium sp. TFD44

ý�£ə9 Sphingomonas sp.
2�tfdC £Ɗ8_��[sc
�8̲àPʕ�®ˈƸ�_

�io
Pōȼ$1�L!3�̈́Ǝ#M+（ Thiel et al., 2005）�)8ų�

4-chloro-2-methylphenoxyacetic acid (MCPA)̲àĿ Sphingomonas sp. ERG5 ý2�

cadABCĤ; tfdB£Ɗ8̲à®ˈƸŉ��u��i�n�3$1ĺƣ&L!3�͜J�6#

M+（Nielsen et al., 2013）� 
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Fig. 1-2 Gene organization of 2,4-D degradation genes in C. pinatuboensis JMP134. 
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� ȹäíʠ2ɃQ6 2,4-D̲àĿ�̲Ή#M1�L��˫ ͏Ə˧8̲Ή9�ûȻÈ （ʿLee et 

al., 2005）Ĥ; 2,4-DƽͻΞ85�̆ʠːș（Itoh et al., 2000）6ŪJM1�+�˫ ͏29�

2,4-DPȴˉȂɮƢ3$1Ƴͻ$�1950˰ʋ�Jȷǭ˰6ˌ.1ʃͻ#M+�Fig. 1
�$�

$�ȴˉ�J8̲àĿ8̲ΉΛ95��B+ãç6��1Fȴˉ�J8̲Ή8̈́Ǝ9š˔+

J5�� 

� ͏şĨ29�ȴˉ6F 2,4-D̲àĿ�ɂɷ&L3ʹɹ$�Ə˧íʠ8ȴˉːșPǦǬ$1�

2,4-D ̲àĿ8̲ΉPǅCL3İ6�)M*M8̲Ήý8́ͮ&L̲à®ˈƸ8oU�Pà

Ɉ$+� 

 

1.3� ƤΓĤ;͆ͅ 

 

1.3.1� 2,4-D̲àĿ8ǦǬ 

�1
ːș8ǦǬ3ʳȾ 

� Ə˧íʠ8ȴˉIKːșe���PǦǬ$+�Fig. 1-3
�+,$ǦǬ$+ 8[ǽ8�-8

1 [ǽ�͍ãˠƩ͎ƹ
9�ȷ˰əB2ȴˉ2�.+��e���Ɲǟǋ9ʌ˚�ƞ˿#M

1�+�ːș9ʖȴə6Ɲǟ$+��͍ãˠ3ȧø8ːș9ɉɏ8½ĸ2ȴ̲ċΖ�ƌ��

Ǭɉ˿;8ơ�čǖ2�L 2,4-D 8ƕƍ�Ɠ˩3Ɔ�JM+�)!2�Ǖ˧2g
u6ž 

1H.�Kþɫ$�ːșȴ̲PŦ%+�!8ơ�̞͞8Cþɫ$&�5�I�ȶǋ�ːșP

ïΩ$+�ɜ18ːș9 2 mm8<L�6���ɠʌ5ͮĕ̱PȂ�+� 

� Ǭɉ˿;P³ʻ8ȴ̲ȜŚ2Ƈ�+E�įǅːș8ƜʌͷȴΖP£Ð8͆ͅ2ʹEɹʻ$

+�͡ Ȟ8ʼ8/�+ƌ# 50 mm8Äʭ6NǁP̨�1ːșPˬM+�!MPȴ8ˬ.+ͷ

Č6�ʼ͞IKH.�KȨʹ$�ːș̞͞B2ǭ̲6ĥȴ#(+�ȴ�JǟKǲ$1�ȷǋ

Ĉɇʣų�ːșPͷČ"3þ˯Č6ˬM1 105�2³̐þɫ$+�þɫəų8ǯ#8­��

J�ʔ¤þɫːș�+K8ȴ̲ΖPưǲ$�ˡJM+ʞPįǅːș8ƜʌͷȴΖ3$+� 
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Fig. 1-3 Soil sampling sites in Japan. 1, Hokkaido; 2, Akita; 3, Niigata; 4, Fukushima; 5, 

Ibaraki; 6, Aichi; 7, Hyogo; 8, Fukuoka. 

  

 

1

2!
3!

4!

5!
6!

7!
8!

Fig. 1!

200 Km!0!



 14 

�2
³ǌǬɉ˿; 

� ³ǌǬɉ˿;8ͷČ69�ƹ̎8́Ǣ;Q�4 L
Pͻ�+�́Ǣ;Q9�J�%EI�ɕ

ȝ$+ų�70%Xoz
�2͝Ŀ$�̬þ$1ǗŢ6į$+�þɫǯΖ 1 kgɬ˔8ːșP�

x
�ʊ6ɹK3K�0.5 g 8 2,4-D �ΧŷǹͪŽĹ
P̳͔8BBÕ�1ʊ8ʫ2ǭ̲6

ƕƍ$+ų�˿;ͷČ6ˬM+�ːșȴ̲�ƜʌͷȴΖ8 55�35LI��͝ĿȴP��r

u2BQ?Q5�Õ�+�ːșPˬM+ͷČ9̥ɻ8ê2̫P$�28�2 1�ř˿;$+�

+,$µȗ2Ɲǟ$+ːș9 4�ř�͍ãˠ2Ɲǟ$+ːș9 6�ř˿;$+�˿;ͷČ8

ʫ�Ĳ�śėȜŚ65L8P̖�L+E�˿;åƷ�J 1 �řĈ9 1 ǫĈ6³ˏ�2 �ř͢

£Ɗ9 1�ř6³ˏ�ͷČ8êPå�1ͷČ˧8ņėPʣă$+� 

 

�3
˪ǌǬɉ˿; 

� 2,4-D̲àĿPóǗ6ǟˡ&L+E�˪ǌǬɉ˿;PƇ.+�1 g8Ǭɉ˿;ːșP100 mL

8͝Ŀȟ΍ȴ6Ŝʐ$�!MP#J6Đǜ$110-3Ĥ;10-4˾ĐǜÀPƥȼ$+�!8ĐǜÀ

P0.1 mL'/�50 mLƫô��ic6ˬM+10 mL82,4-DȴͺÀ�0.5 mg mL-1
6Õ��

28��130 rpm8ȜŚ2³ǫĈȦ3�˿;$+�2,4-D9)8BB29ȴ6ͺ�6��+E�

NaOH2ʫΧ$5�J25 mg mL-18ƌ˳ˏͺÀPʹEƥȼ$+�+,$ǩˉŠĤ;͍ãˠͯ

΁8ːș�J9�2,4-DȴͺÀPͻ�+˪ǌǬɉ˿;29̲àĿ�ǟˡ#M5�.+�)!2�

2,4-DȴͺÀ�0.5 mg mL-1
6ʗɡŧPċB5�͘ĕÇč͏˿ʠ8ȼ （̲Ogawa & Miyashita, 

1995）PÕ�12,4-DÀʅ˿ʠ3$�!MPͻ�1ƛˏ8̲ΉɨƥPƇ.+�͘ĕÇč͏˿

ʠ8ȼ̲9£Ð8ʸK2�L��L�+Kȼ̲�(NH4)2SO4, 1.1 g; K2HPO4, 2.29 g; KH2PO4, 

0.9 g; MgSO4 7H2O, 0.1 g; MnSO44�6H2O, 0.025 g; FeSO47H2O, 0.005 g; l-ascorbic acid, 

0.005 g�µȗ8ːșe���9�2,4-DȴͺÀ32,4-DÀʅ˿ʠ8ɤͅPͻ�12ǌǬɉ˿;

PƇ.+� 

 

�4
2,4-D̲àĿŶ̓8ǦǬ 

� 2,4-D̲àĿ8Ŷ̓PʔΉ&L+E�˪ǌǬɉ˿;ÀP͝Ŀȟ΍ȴ2ǺǌĐǜ$�0.1 mL
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P 2,4-DPͬ³8ʗɡŧ3&L͘ĕÇÿ˄˿ʠ�2,4-Ď̵˿ʠ
6ˋ̧$+�2,4-Ď̵˿

ʠ9�əǴ8 2,4-DÀʅ˿ʠ6ɄɅÿ˄�Agar purified�Becton Dickinson (ĩ Difco), USA


PÕ�1ƥȼ$+�2,4-D ̵̌6ɌǡŧPˋ̧$1�I)³ǫĈ 28�2˿;$+ų�ōȼ#

M+c�x
P̃ŁǏ2ȧ$� 2,4-D ̵̌˿ʠ6ˋKž +�!8ơ�c�x
8ōʉGɂ

²i�
v6Ê%1�c�x
P͢Ǆ2`�
��`$�)M*M8`�
�6/�1ȷý

'/ʔΉ$+�ōȼ#M+g�`�c�x
Pȧ$�̵̌˿ʠ6ˋKž LɨƥP�#J6

2áňK̿$�2,4-Ď̵˿ʠ2¡ʻ$1ɂ²&LĿýPɘ̈$+� 

 

�5
2,4-D̲à˴8ó˭ 

� ˡJM+Ŀý8 2,4-D̲à˴Pó˭&L+E�ɘ̈ýP�2,4-DÀʅ˿ʠ6Ɍǡ$1�28��

130 rpm8ȜŚ2 1ǫĈ˿;$+�˿;À9̛ͽΖP 0.2 µm8������T�o
2N

Ü$+ų�ƌɺÀʅ_��u`��T
�HPLC�˫΋Ʌƥǽ
Pͻ�1 2,4-D 8ȋǔPʳ

?+�̲Ή[��69 TSKgel ODS-80Ts (˓m
)Pͻ��«˝ɬ69�oz
�3 0.1��

�Ʊ8 6�4ƕƍÀPƳͻ$+�[��Ïˏ 25��Όɺ 1 ml min-1�ŝǲ˸ʵ 230 nm8Ȝ

Ś2̲ɈPƇ.+� 

 

1.3.2� ̲àĿ8˞ʻ3̲à®ˈƸ8oU�̲� 

�1
� ƤΓ 

� ȴˉIK̲Ή$+ 2,4-D ̲àĿ�Ĥ;Ēɿ8ʋ̞ˁ5 2,4-D ̲àĿ C. pinatuboensis 

JMP134 Pͻ�+�B+�JMP134 ý8 tfdCIDIEIFIBI_�io
6ɬ˞5®ˈƸŉṔͮ

&L 2,4-D̲àĿ Burkholderia cepacia CSV90ý8��i�v pMAB1�JƄʦ#M+̲

à®ˈƸŉ́ͮ�_o
pMAB10（Bhat et al., 1994）Ĥ;�JMP134ý8 tfdDIICIIEIIFIIBII

_�io
P�_o
6˟ˬ$+ pJP4KH1SK1Pͻ�+�JMP134ý���i�v pMAB10

Ĥ; pJP4KH1SK19�Ȇɔʷȭ̂ƶ�Ũ ɇÍʌöĴǤ
�J̲ȠPǣ�+� 

 

�2
�bz� DNA8ʬǲ 
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� ȴˉːșͯ΁8 2,4-D ̲àĿ 14 ýĤ; JMP134 ýP�2,4-D ̵̌˿ʠ2ə˿;$+ų�

Luria-Bertani broth (LB) Àʅ˿ʠ（Sambrook & Russell, 2001）6Ɍǡ$�28�2 1�J

2̐�ʆȷɱȢēųēB2 130 rpm2Ȧ3�˿;$+�+,$�C308ý9 LB˿ʠ28ɂ²

�Ļʙ6ʥ�.++E�10̲8 16Đǜ$+ LBÀʅ˿ʠPͻ�+�˿ ;ÀPÆȥ$1Ŀʅ

PáǦ$�CTAB͆�Current protocols in molecular biology, 1990
�B+9bz� DNA

ʬǲ]ru�Gentra Puregene Yeast / Bact. Kit�Qiagen, Holland
2 DNAPʬǲ$+�

ʬǲɨƥ9]ru8Ɏ͜ǿ6Ǯ.+� 

 

�3
� 16S rDNAĤ; 2,4-D̲à®ˈƸ8̪̲˽Ο8ŗʻ 

� bz� DNA PʯŌ3$1 16S rDNA Ĥ; 2,4-D ̲à®ˈƸ8̪̲Çč˽ΟP PCR ɱ̮

$+�̲à®ˈƸ9�ƜǼ8 3ʝæ8̋Ê6ĉOL®ˈƸ�Fig. 1-1
�tfdA /cadA�tfdB�

Ĥ; tfdC8˽ΟPʳ?+�PCR9�50 µL8̋ÊÀ6 1 ng8bz� DNA�1.3 U8 Ex Taq 

DNA����
l�o[�|UZ
�Ex Taq|r�R
�0.2 mM8í dNTPĤ; 100 pmol

8í��U�
�Table 1-1, tfdC9�I) 270 bp8 PCRƯ̱�ˡJML��U�

PÕ

�1Ǘƽ$+�+,$�16S rDNAĤ; tfdB8̪̲Çč˽Ο8ɱ̮9���U�
P 50 pmol

6Ŧ%1Ǘƽ$+�͏şĨ2ɍŕ$+ cadAͻ8��U�
9�Bradyrhizobium sp. HW13

ý8 cadA˽Ο�Accession number; AB062679
8�hg�� 589�J 612Ĥ; 929�J

9086ë˔&L�PCR̋Ê��`��9 Table 1-26ǎ$+�PCR69e
��eU_�
 

model 9700, Gene Amp PCR System�Life Technologies, USA
Pͻ�+� 

� ˡJM+PCRƯ̱9S\�
ib�2ˊė¿˝PƇ.+ų�XqhV����Uv�EtBr


2ɖȣ$1�ǂçɗȌǘ2ÖǄÑ$+�PCR Ư̱PċDb�PɋKǲ$�DNA b�ʬǲ]

ru�QIAEX II gel extraction kit�Qiagen
2 DNAPɄɅ$+�!MPʯŌ6�PCRɱ

̮6ͻ�+��U�
�Table 1-1
2ΒͅźIKg
_X�i̋ÊPƇ.+�+,$�tfdB

̪̲˽Ο9 PCRƯ̱�ʵ��pU�_ug
_X�i29��U�
ŀ͊8˽Οț̈́Pǟˡ

2�5�+E�TA _�
x�`PƇ���_o
pCR2.1�ǰǞ�E. coli TOP10F’
�Life 

Technologies
�M13��U�
2ΒͅźIKg
_X�iàɈ$+�B+�K101ý�K401



 17 

ý�I502ýĤ; T101ý9pU�_ug
_X�i8ŘÙ�̯ ȷ8 tfdC˽ΟPǊ/Ö˴Ȼ�

ǎ#M++E�tfdB3˞%͆ͅ2_�
x�`Ĥ;g
_X�iPƇ.+�ɜ18g
_X

�i̋Ê9�BigDye Terminator cycle sequencing kit,ver.3.1�Life Technologies
Pͻ�

1]ru8Ɏ͜ǿ6Ǯ.1Ǘƽ$�]����
g
_X�e
�ABI PRISM 3100 Genetic 

Analyzer�Life Technologies
2Çč˽ΟPàɈ$+� 
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Table 1-1 Primers for PCR. 

Target sequence Primer name Primer sequences (5’-3’) a 
 

Reference 

16S rDNA 1F 
3R 

agtttgatcctggctc 
aaggaggtgatccagcc 

Ochiai & Kaku (1999） 

tfdA tfdA-1 

tfdA-2 

aacgcagcgrttrtccca 

acggagttctgygayatg 

Vallaeys et al. (1999） 

cadA cadA-1 
cadA-2 

tatacattcaatggaaactggaag 
ataatctgcagattcggataga 

this study 

tfdB tfdB-1 
tfdB-2 

atagcgctgrttcatytc 
cgcayatcaccaaycarc 

Vallaeys et al. (1999） 

tfdC 
(ca. 270 bp) 

CCDb 

CCDe 

gtitggcaytciaciccigaygg 

tgigtyatgatgaagctyccicc 

Leander et al. (1998） 

tfdC 
(ca. 600 bp) 

TFDCF 
TFDCR 

ggccggctsaagachtacga 
gcgggytcgatvacgaagt 

Cavalca et al. (1999） 
 

insert of vector -21M13 
M13Rev 

tgtaaaacgacggccagt 
caggaaacagctatgacc 

Instruction for the vector 

a r, a or g; y, t or c ; i, inosine; h, a or c or t ; v, a or g or c 
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Table 1-2 Conditions for PCR. 
Target PCR conditions 
16S rDNA 94  2 min. 

94  15 sec. 
55  30 sec.    30 cycles 
72  1.5 min. 
72  7 min. 
 

tfdA 94  3 min. 
94  30 sec. 
59  30 sec.    35 cycles 
72  30 sec. 
72  7 min. 
 

cadA 94  2 min. 
94  30 sec. 
48  30 sec.    35 cycles 
72  30 sec. 
72  7 min. 
 

tfdB 94  2 min. 
94  30 sec. 
54  30 sec.    35 cycles 
72  30 sec. 
72  7 min. 
 

tfdC 
(ca. 270 bp) 

94  2 min. 
94  30 sec. 
48  30 sec.    35 cycles 
72  30 sec. 
72  7 min. 
 

tfdC 
(ca. 600 bp) 

94  4 min. 
94  1 min. 
57  1 min.     40 cycles 
72  2 min. 
72  15 min. 
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�4
�Çč˽Οt
o8àɈ3ˍΥ 

� )M*M8 PCR Ư̱8g
_X�it
o9�®ˈț̈́ǻΆm�uVWS�

GENETYX-MAC ver.12�lysTr_i
Pͻ�1Sk���Ĥ;��U�
˽Ο8ȂĪ

PƇ.+�àɈ2ˡJM+ 16SrDNA˽Ο3ƜFŀÅ5˽ΟPǊ/čǷý�type strain
8

ŝƦ9�Ribosomal database project�RDP
�http://rdp.cme.msu.edu/
2Ƈ��̲à®ˈ

Ƹ˽Ο6ɬ˞5˽Ο8ŝƦP�˫ ͏DNA t
o|�_�DDBJ
�http://www.ddbj.nig.ac.jp/


2Ǘƽ$+�˽Ο8ɬ˞Ȼ8ʞ9�GENETYX-MAC 2ǟˡ$�ő˗ǥPƥȼ&L+E8̯

ȷ˽Ο8S�U��u�ĮΉŕư�Ĥ;Ɯͣ͆6ILő˗ǥ8ƥȼ9�®ˈƸő˗àɈm�

uVWS�MEGA 5（Tamura et al., 2011）2Ǘƽ$+� 

� ͏şĨ2͜J�6$+ 14ý8 16S rDNAĤ; 2,4-D̲à®ˈƸ8̪̲Çč˽Ο9 DDBJ

Pʸ%1ˍΥ$+�Accession number9£Ð8ʸK2�L�AB212226�J AB212239 (16S 

rDNA)�AB212768�J AB212780 (tfdA)�AB212781 (I602ý8 cadA)�AB212782�J

AB212795 (tfdB)�Ĥ; AB212972 �J AB212989 (tfdC)� 

 

�5
JMP134`�
�8 2,4-D̲à®ˈƸ́ͮý8{U��pUl
g��àɈ 

� JMP134ýĤ;!8ý3ɬ˞Ȼ8ƌ�̲à®ˈƸ˽ΟPǊ/ K101�K301�Ĥ; K401ý

8bz� DNA P�ȺŪƈɡ EcoRI�˓͹͋
2ɋʛ$�150$140 mm 8 0.7�S\�
i

b�2¿˝$+�5 µg DNA/well, 200 V, 1ǋĈ
�DNAeUj�
[
69 %/ HindIIIPͻ

�+�¿˝b�8ʫ8bz� DNA 9�|]�
���rsT�`ɯʣ�VacuGene�GE 

healthcare, USA
2wU��������Hybond-N+�GE healthcare
6u��i�R


$�UV_�i��_2Ůʻ$+� 

� tfdBI��
�Ĥ; tfdCI��
�9 pMAB10�tfdBII��
�Ĥ; tfdCII��
�9�

pJP4KH1SK1PʯŌ3$1 PCRɱ̮2ƥȼ$+�tfdC˽Ο8{U��pUl
g��9�

AlkPhos Direct Labelling and Detection System�GE healthcare
Pͻ�1Ǘƽ$+�tfdCI

��
�Ĥ; tfdCII��
�8ƥȼ9��I) 600 bp 8 PCR Ư̱8ˡJML Cavalca J

�1999
8��U�
�Table 1-1
Pͻ�1�Table 1-28ȜŚ2ʯŌ DNA˽ΟPɱ̮$�
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ˡJM+Ư̱P�AlkPhos Direct Labelling Module�GE healthcare
2����`&L!

36I.1Ǘƽ$+�!8͆ͅ29�PCRƯ̱6S�[��Yi�Ro
l�ʷɌŘƍ$+

��
��ƥǲ#ML�tfdB®ˈƸ˽Ο8{U��pUl
g��29�digoxigenin�DIG


2���$+��U�
Pͻ�+���
�8ƥȼ9�1.3.2�3
2Ǵ?+ PCR̋Ê2Ǘƽ

$+�+,$�̋ ÊÀ6�DIG-11-dUTP�Roche, Switzerland
P 0.25 nmolɬ˔ˆÕ$+�

{U��pUl
g��|r�R
69 PerfectHyb�˓͹͋
Pͻ��DIG Nucleic Acid 

Detectio kit�Roche
2 DIG6S�[��Yi�Ro
lPŘƍ$+������ȕ8 DNA

6Řƍ$+��
�9�ŝǲǅͪ�CDP-Star�Roche
2̇ŷ#(�Xɗ�T��6Σŷ$

1ŝǲ$+� 

 

1.4� ŘÙ 

 

1.4.1� 2,4-D̲àĿ8ǦǬ 

� ǗŢ6ͻ�+Ə˧ 8 [ǽ8ȴˉːșɜ1�J�2,4-D Pͬ³8ʗɡŧ3&Ľ̵˿ʠ2ɂ

²&Lc�x
�ʃȷˡJM+�$�$ 2 á8Ǭɉ˿;6IK�c�x
8ʃ�9�͏ǗŢ

8˿;Ąı6˂$+˞³8Ŀ6ͯ΁$1�LÖ˴Ȼ�Ɔ�JM+�)!2�)M*M8ːș

6/��ōʉGɱȢɺˏ8ª5Lc�x
Pȷū'/ɘQ2 2,4-D ̲àĿ8Ŷ̓3$�ňK

̿$g�`�c�x
Pœʋ&L!36IK�ĿýPǹÑ$+���/�8ý9�œʋ&L

Üʾ2ɂ²̤Ε35.++E�˺Ĕ$+�ˡJM+Ŀý8 2,4-D ̲à˴8ͮ͘Pó˭&L+

E�2,4-D Pͬ³8ʗɡŧ3&L 2,4-D Àʅ˿ʠ6!MJ8ýPɌǡ$+�HPLC 2˿;À

ʫ8 2,4-D8ȋǔPó˭$+3!N���/�8ý29�2,4-D̲à˴�˭EJM5�.+�

!8I�5ýP�2,4-Ď̵˿ʠ3˞%ɢȼ8 2,4-DPċB5�̵̌˿ʠ6Ɍǡ$+3!N�

2,4-D ̵̌˿ʠPͻ�+Șƍ3˞͸6ɂ²$+�ɶ-�͏şĨ2ͻ�+͆ͅ29�ÿ˄˿ʠ

ʫ6ļ�6ċBML 2,4-D£ç8ʗɡŧP΅ͻ$1ɂ²&LĿF̲Ή#M1�+�HPLC2

2,4-D 8ȋǔ�ó˭#M+ý8ʫ�J�)M*M8ːș6/�1 1 �J 3 ĿýPɘ;�ƍŕ

14ýPȴˉͯ΁ 2,4-D̲àĿ8ʋ̞ý3$+�Table 1-3
� 
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Table 1-3 2,4-D-degrading strains isolated in this study. 
Site numbera Sampling site (prefecture, city) Strains 

1 Hokkaido, Sapporo H801b 

2 Akita, Omagari M701b 

3 Niigata, Joetsu T101, T201, T301 

4 Fukushima, Fukushima Ff54 

5 Ibaraki, Tsukuba Y103, Y212b 

6 Aichi, Kariya K101, K301, K401 

7 Hyogo, Tatsuno I502, I602 

8 Fukuoka, Chikugo C308, C801 

a; Site number is correlated with the number shown in the map of Fig. 1-3. 

b; the strain isolated from 2,4-D liquid medium inculated with soil dilutions. 
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� !M39̺6�8 [ǽ8�-8 1 [ǽ8ǩˉŠ2e����`$+ːș6/�1�ːș6

2,4-D PˆÕ˿;&L³ǌǬɉ˿;PȎ�1Àʅ˿ʠPͻ�+Ǭɉ˿;PƇ��!8˿;À

�J 2,4-D̲àĿ8ʔΉPǅC+��̲àĿ9ˡJM5�.+� 

 

1.4.2� ̲àĿ8˞ʻ3̲à®ˈƸ8oU�̲� 

 

�1
ȴˉͯ΁ 2,4-D̲àĿ8 16S rDNA˽Ο 

� ȴˉIKʔΉ#M+ 14ý8 2,4-D̲àĿ)M*M6/�1��I) 1,500 bp8 16S rDNA

˽ΟPǟˡ$+�+,$ I602ý9 975 bp
�!8˽ΟPͻ�1�ƜFŀÅ5 type strainP

ŝƦ$+ŘÙP Table 1-46ǎ&��'M8ý8 rDNA˽ΟFĒɿ8 type strain8˽Ο6

97�£ȕ8ƌ�ɬ˞ȻPǎ$�14ýʫ 8ý� BurkholderiaɻĿ�5ý� CupriavidusɻĿ�

1 ý� Sphingobium ɻĿ3˞ʻ#M+�B+�8 ý8 Burkholderia ɻĿ9 4 ǡ�5 ý8

CupriavidusɻĿ9 2ǡ8 type strain6ƌ�ɬ˞ȻPǎ$+�ɶ-�ȴˉIK̲Ή$+ 14

ý8 2,4-D̲àĿ9�ɻ���29 3ǡΚ�ǡ���29 8ǡΚ8ƠĿIKƄȼ#M1�L

!3�ǎ#M+� 
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Table 1-4 Similarities among type strains and 2,4-D-degrading strains isolated in this 

study, and type of 2,4-D degradation genes in each strain. 
Strain Identified as: 16S rRNA gene sequence comparison  
  Closest relative (accession number) Identity Group of 2,4-D 

degradation 

genes a 

Y212 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1490 
 (99%) 

RASC 

Ff54 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1490 
 (99%) 

RASC 

T301 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1490 
 (99%) 

RASC 

K301 Burkholderia Burkholderia metallica R-16017T (AM747632) 1487 / 1491 
 (99%) 

JMP134 

T201 Burkholderia Burkholderia diffusa R-15930T (NR 042633) 1488 / 1490 
 (99%) 

RASC 

C308 Burkholderia Burkholderia terrae KMY02T (NR_041287) 1462 / 1470 
 (99%) 

RASC 

H801 Burkholderia Burkholderia sediminicola HU2-65WT 

 (NR_044383) 
1444 / 1468  
 (98%) 

RASC 

M701 Burkholderia Burkholderia sacchari IPT101T (NR_025097) 1480 / 1491  
 (99%) 

RASC 

T101 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1481 / 1484 
 (99%) 

EST4002 

K101 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1481 / 1484 
 (99%) 

JMP134 

I502 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1481 / 1484 
 (99%) 

EST4002 

K401 Cupriavidus Cupriavidus basilensis DSM 11853T (NR_025138) 1449 / 1484 
 (97%) 

JMP134 

Y103 Cupriavidus Cupriavidus laharis 1263aT (NR_040869) 1449 / 1492 
 (97%) 

RASC 

I602 Sphingobium Sphingobium chlorophenolicum ATCC 33790T 
(NR_040807) 

802 / 821  
 (98%) 

TFD44 

a; group name is corresponding with the name shown in Table 1-5. 
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�2
2,4-D̲à®ˈƸ˽Ο8àɈ 

� 14 ý�́ͮ&L tfdA�B+9 cadA
�tfdB�Ĥ; tfdC ®ˈƸ�Fig. 1-1
8̪̲Çč˽

Ο9)M*M�Ēʟ8 2,4-D̲àĿ C. pinatuboensis JMP134ý�A. xylosoxidans EST4002

ý（Mae et al., 1993）Ĥ; Novosphingobium sp. TFD44（Fulthorpe et al., 1995）ý8˽

Ο6 91�£ȕ8ɬ˞ȻPǎ$+�Table 1-5
�!MJĒʟ8 2,4-D̲àĿ 3ý8́ͮ&L tfdA�

tfdB�Ĥ; tfdC8Çč˽Ο8ĿýĈ8ɬ˞Ȼ9é7 70�£Ð2�L+E�+,$�JMP134

ý3 EST4002ý8 tfdA8Çč˽Ο8ɬ˞Ȼ9 81�
�Table 1-6
�14ý8́ͮ&L 2,4-D

̲à®ˈƸ˽Ο9 3/8`�
�6̲�JM+�Table 1-5
�͏şĨ6��19!8 3`�


�P�JMP134`�
��EST4002`�
��Ĥ; Sphingomonas`�
�3͚̥�+�

EST4002`�
�6̲Κ#M+ 10ý9#J6 2/8e�`�
�6̲�JM+�10ý8�

- 8ý8 tfdA�tfdB�Ĥ; tfdC8Çč˽Ο9 EST4002ý8˽Ο6 93�J 95�8ɬ˞ȻP

ǎ$+86ʆ$�Burkholderia tropica RASCý8˽Ο6 98�£ȕ8ɬ˞ȻPǎ$++E�

RASC e�`�
�6̲Κ$+�ƲK8 2 ý8˽Ο9�EST4002 ý8́ͮ&L˽Ο6 98�

£ȕ8ɬ˞ȻPǎ$++E�EST4002 e�`�
�6̲Κ$+�tfdC 8̪̲Çč˽ΟPͻ

�1�̲ à®ˈƸ8ő˗ĉŊP Fig. 1-46ǎ$+�s 6 RASCe�`�
�3 JMP134`�


�8̲à®ˈƸ9�)M*M̯ȷ8ɻǡ8ƠĿ6́ͮ#M1�L!3�͜J�35.+

�Table 1-4
� 
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Table 1-5 Grouping of 2,4-D-degrading strains based on the nucleotide sequence 

similarity in the tfdA, tfdB and tfdC homologs. 
Group 
 

Strain Similarity (%) of nucleotide sequence with 
indicated genea 

 tfdA  tfdB tfdC 

JMP134 group Cupriavidus sp. K101 100 100  (tfdBI) 100  (tfdCI) 
    +b (tfdBII)  99.1 (tfdCII) 
 Cupriavidus sp. K401 100 100 (tfdBI) 100 (tfdCI) 
    + (tfdBII) 100 (tfdCII) 
 Burkholderia sp. K301 100 100 (tfdBI) 100 (tfdCI) 
    ! (tfdBII)  ! (tfdCII) 
EST4002 group     
    EST4002 subgroup Cupriavidus sp. T101 100  99.6  98.7 
  Cupriavidus sp. I502 100  99.6  98.7 
       
    RASC subgroup Cupriavidus sp. Y103 100  98.2 100 
  Burkholderia sp. Y212 100  98.2 100 
 Burkholderia sp. C308 100  98.2 100 
 Burkholderia sp. T201 100  98.2 100 
 Burkholderia sp. T301 100  98.2 100 
 Burkholderia sp. M701 100  98.2 100 
 Burkholderia sp. H801 100  98.2 100 
 Burkholderia sp. Ff54 100  98.2 100 
     
Sphingomonas group Sphingobium sp. I602  86.4 (cadA)  92.0  91.0c 

a % similarity was calculated using the nucleotide sequences of the degrading gene homolog in the strain 
isolated in this study and the corresponding gene from the representative strain, JMP134, EAT4002, RASC 
or TFD44, of the respective (sub-) group. The gene fragments used in this analysis were tfdA (213 bp), 
nucleotide positions 505 to 717 of tfdA from strain JMP134 (M16730); tfdB (226 bp), positions 59 to 284 of 
tfdBI from strain JMP134 (X07754); tfdC (223 bp), positions 384 to 606 of tfdCI from strain JMP134 
(M36280); and cadA (295 bp), positions 613 to 907 of cadA from Bradyrhizobium sp. strain HW13 (AB062679). 
The nucleotide sequences of the representative strains were obtained from DDBJ and had the following 
accession numbers: tfdA, C. pinatuboensis strain JMP134, M16730; A. xylosoxidans strain EST4002, 
U32188; B. cepacia strain RASC, U25717. tfdB, strain JMP134, X07754 (I), U16782 (II); strain EST4002, 
U32188; strain RASC, AF068279; Novosphingobium sp. strain TFD44, AF068273. tfdC, strain JMP134, 
M36280 (I), U16782 (II); strain EST4002, AY540995; strain RASC, AF043451; strain TFD44, AY598949. 
cadA, strain TFD44, AB119243.  
b + (–), the gene was detected (or not detected) by analysis of Southern hybridization.  
c Novosphingobium sp. strain TFD44 has two genes encoding chlorocatecol 1,2-dioxygenase, namely tfdC and 
tfdC2（Thiel et al., 2005）, and the sequence data of tfdC is used in this table. 
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Table 1-6 Similarity (%) among the partial nucleotide sequences of tfdA, tfdB, and tfdC 

from C. pinatuboensis strain JMP134, A. xylosoxidans strain EST4002, and 
Novosphingobium sp. strain TFD44a. 

 JMP134b vs. EST4002  JMP134b vs. TFD44c EST4002 vs. TFD44c 

tfdA 81.2  49.3d  49.8d 

tfdB 58.4 60.6 67.7 

tfdC 63.9 68.3 60.9 
a The positions and accession numbers of the sequences in this table are given in the footnotes to 
Table 1-5. 
b The nucleotide sequence data of tfdBI and tfdCI of C. pinatuboensis strain JMP134 are used in 
this table.  
c Novosphingobium sp. strain TFD44 has two genes that encode chlorocatecol 1,2-dioxygenase 
(tfdC and tfdC2), and the nucleotide sequence data of tfdC are used in this table. 
d The similarity of the partial nucleotide sequences of the tfdA-like gene of Novosphingobium sp. 
strain TFD44 (AB119237) and the tfdA of C. pinatuboensis strain JMP134 or A. xylosoxidans 
strain EST4002 is shown. 
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Fig. 1-4 Phylogenetic tree of partial nucleotid sequences (ca. 270 bp) of tfdC homologues 

from 2.4-D-degrading strains isolated from paddy fields and related strains. Parentheses 

represent accession number of tfdC homologues in DNA database. Name of gene is shown 

after strain name, when the strain has plural of the homologues. The tree was 

reconstructed by maximum-likelihood analysis using MEGA 5 software. Bootstrap values 

were calculated from 1,000 replicates. 
 

  

 

Cupriavidus pinatuboensis , tfdCI (!"#$%&%#)

Novosphingobium sp.  (!"%'(')'*

Sphingobium sp. (!+&$(,)-*
Sphingomonas sp.  (!+&$(,),*

Burkholderia cepacia  (./()0)--)
Achromobacter xylosoxidans (!"%)&''%)

, tfdC1
, tfdC1

!"#$#"%$&'$()*"+",$%&' , tfdCII (!+&00'-0)

Burkholderia tropica  (!+&)#)%-)

Burkholderia caledonica  (!+&$(,#()
Burkholderia sp.  (!+&$(,#0)

, tfdC2
, tfdC2

, clcA ( )
, tfdC2
, tfdC2

Variovorax paradoxus TV1 (!+&))#-))

Cupriavidus pinatuboensis , tfdCII (!"#$%&%#)

.12-#)345678

-./)%0"#"%$&345678

9:;)&&,345678

<!:=33
>7?45678

9:;)&&,3
>7?45678



 29 

� JMP134ý9�2/8_���Wz
�̲à®ˈƸŉṔͮ&L�（Laemmli et al., 2000） 

(Fig. 1-2)�!8̲à®ˈƸŉ9�)M*Mª5L̲à®ˈƸ`�
�6ɻ&L�ɶ-�

tfdCIDIEIFIBI_�io
9 JPM134`�
�8̲à®ˈƸ˽ΟPǊ-�tfdDIICIIEIIFIIBII_

�io
9 EST4002 `�
�6ŀ�̲à®ˈƸ˽ΟPǊ/�Fig. 1-4
�͏şĨ2̲Ή$+

14ý82,4-D̲àĿ8�-3ý�JMP134`�
�8̲à®ˈƸ˽ΟṔͮ$+�Table 1-5
�

)8�-8 2ý�K101ýĤ; K401ýF 2ǡΚ8 tfdC˽ΟṔͮ$�JMP134ý8́ͮ&

L tfdCIĤ; tfdCII8Çč˽Ο6 99�£ȕɬ˞2�.+�³ͅ�K301 ý29 JMP134 ý8

tfdCI6ɬ˞5˽Ο8Cŝǲ#M+�tfdB ˽Ο8àɈ9�PCR Ư̱P_�
x�`$+ų�

)M*M8̲àĿ6/� 1 _�
�'/àɈ$+3!N�3 ý�Jŝǲ#M+˽Ο9�

JMP134ý8 tfdBI6˞³2�.+� 

� EST4002 e�`�
�88̲à®ˈƸ˽ΟPǊ/ I502 ýĤ; T101 ý9�bz� DNA

PʯŌ3$+ PCRƯ̱8pU�_ug
_X�i8˸ō�J�̯ȷ8 tfdC˽ΟPǊ/!3

�ǎƖ#M+�)!2 TA_�
x�`àɈPƇ.+ŘÙ�Βý2 2ǡΚ8 tfdC˽Ο�šǲ

#M�tfdC1 Ĥ; tfdC2 3͚̥�+�I502 ý3 T101 ý8 tfdC1 9@A˞³2�EST4002

ý8 tfdC Çč˽Ο6 98�ɬ˞2�.+�Table 1-5
�³ͅ�Βý8 tfdC2 FŲ�6˞³2

�.+��EST4002ý8 tfdCÇč˽Ο>8ɬ˞Ȼ9 68�2�.+�tfdC26ɬ˞5˽ΟP

DNAt
o�
i22ŝƦ$+3!N�_��¡ɷƋƱ̲àĿ Pseudomonas kanackmussii 

B13ý（Frantz & Chakrabarty, 1987）8́ͮ&L_��[sc
�hZ]gbw
l®ˈ

Ƹ�clcA3Çč���2˞³2�.+�Fig. 1-4
� 

� Sphingobium sp. I602ý8bz� DNA�J9�tfdA8 PCRƯ̱�ŝǲ#M5�.+�

{�U2̲Ή#M+ Bradyrhizobium sp. HW13ý29�cadABC� 2,4-D̲à8ƜǼ8̋

ÊPʕ�ǈ�̈́Ǝ#M1�K（Kitagawa et al., 2002）�Bradyrhizobium sp. RD5-C2, 

Novosphingobium sp. TFD44ýĤ; Sphingomonas sp. B6-10ý˕8ʂ��-��sZ|_

s�S8 2,4-D̲àĿ�JF cadA®ˈƸ8˽Ο�ŝǲ#M1�L（Itoh et al., 2004）�)!

2�I602ý8 cadA˽ΟPàɈ$+ŘÙ�˞˽Ο9 B6-10ý8 cadA˽Ο6˞³2�TFD44

ýĤ; HW13ý8˽Ο>8ɬ˞Ȼ9)M*M 86�Ĥ; 76�2�.+�B+�I602ý8 tfdB
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3 tfdC9�TFD44ý8˞®ˈƸ6)M*M 92�3 91�8ɬ˞ȻPǎ$+�Table 1-5
� 

�  

�3
JMP134`�
�8̲à®ˈƸ́ͮý8{U��pUl
g��àɈ 

� JMP134`�
�8̲à®ˈƸPǊ/ 3ý��JMP134ý3˞͸6 2ǡΚ8_���Wz


�̲à®ˈƸŉṔͮ&L8�9�PCR6č0�+̪̲Çč˽Ο8àɈ29̉ʛ2�5�

.+�)!2�tfdB ˽ΟĤ; tfdC ˽ΟP��
�3$+ef�{U��pUl
g��P

Ƈ.+�tfdC®ˈƸ˽Ο8àɈ69�AlkPhos Direct Labelling and Detection System�GE 

healthcare
Pͻ�+��bz� DNA ɜʅ�i�S
6ŝǲ#M�ˢªȻ�ƌ�5�I�

2�.+�Fig. 1-5 »Ȳ 2͒
�tfdCI��
�29�JMP134ý3 K301ý9�I) 23 kb

8 DNAʛ̼6g`w��ŝǲ#M�K101ýĤ; K401ý29�)MIKGGȆ#� DNA

ʛ̼6g`w��ŝǲ#M+�tfdCII��
�29�tfdCI��
�2ŝǲ#M+|�v6ǝ

�g`w�� 4ýɜ12ŝǲ#M�)8Ð8 9 kbəų8DNAʛ̼6K301ýPȂ� 3ý2�

Ĳ�g`w��ŝǲ#M+�ǝ�g`w�9̗ˢªˁŝǲ3Ɔ��K301ý9 tfdCII8˽ΟP

Ǌ+5�3̉ʛ$+�tfdB˽Ο8àɈ29�{U��pUl
g��6ͻ�Lǅͪ3��


�8����`͆P̻Ƃ$1�ˢªȻ�âɚ#M+�Fig. 1-5 ƗȲ 2͒
�tfdBI��
�2

9�tfdCI ��
�3˞%}o
�8g`w��ˡJM+�³ͅ�tfdBII ��
�8Șƍ�

JMP134ý29 23 kb̥ŀ3 2 kb£Ð8ʛ̼�K101ýĤ; K401ý29 4 kb̥ŀ3 2 kb

£Ð8 DNA ʛ̼6g`w��˭EJM�K301 ý29g`w��ŝǲ#M5�.+�ɶ-�

K101ýĤ; K401ý9�JMP134ý˞͸�2ǡΚ8 tfdBĤ; tfdC˽ΟṔͮ&L��K301

ý9 tfdBIĤ; tfdCI˽Ο8Ćͮ&L3Ɔ�JM+� 
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Fig. 1-5 Analysis of the hybridization pattern of EcoRI-digested total DNA of the strains 

having the degradation genes of JMP134 group. The name of the applied probe is shown 

under the each picture. 
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1.5� ƆƧ 

 

� 2,4-D ̲àĿ8şĨ9˔Ǽ�Ë̸Pʫȥ6Ǘƽ#M+�)8+E�Ǟ6ShSʠ±6̧̲

&Lȴˉ9�2,4-D �ʃͻ#M+Ξƴ��L6F��OJ'�̲àĿ8̲Ή�ƇOM1!5

�.+3Ɔ�JML�͏şĨ2�͍ãˠ�JŃǨB2�Ə˧ 8 [ǽ8ȴˉIKːșPƝǟ$

1 2,4-D ̲àĿ8Ǭɉ˿;3̲ΉPǅC+3!N�̓õˁͷ¨6 2,4-D ̲àĿPʔΉ&L!

3�2�+�ɶ-�ȴˉːș�J 2,4-D ̲àĿ�ǼE1̲Ή#M�ȴˉːș6F 2,4-D ̲à

Ŀ8ɿƣ&L!3�ó˭#M+�!8̲àĿPʔΉ&LÜʾ2�2,4-D Pͬ³8ʗɡŧ3&

Ľ̵˿ʠPͻ�+6FĉOJ'�2,4-D ̲à˴PǊ+5�ýFʃȷc�x
Pōȼ$+�

ːș69ʺ¾;PŻDƠĿ�ȷʃ�ɂɷ$1�K（Ohta & Hattori, 1983; Saito et al., 1998）�

ɄɅÿ˄2�.1FːșƠĿ8΅ͻÖ˴5ʗɡŧ�ċBM1�+3Ɔ�JM+�³ͅ�c�

x
8ǹÑ8Üʾ2³̪8c�x
�ȋǔ$+89�ͻ�+˿;ȜŚ�)8ūʅ6˂ƍ$5

�.+Ö˴Ȼ3�̯ȷ8Ŀý6IK 2,4-D 8ǇÑPƇ.1�+Ö˴Ȼ�Ɔ�JM+�ˢ6ų

ǚ6/�19�Ǘơ8ːș2 2,4-D ̲à6ǯͽ5ͨùPÙ+$1�LÖ˴Ȼ��L��͏ş

Ĩ29�ƠĿ6��L 2,4-D ̲à®ˈƸŉ8òˡ3ˈ˷8ʳƙP͢ˁ3$1şĨPǗƽ&L

+E�ʔˤ2 2,4-DPǇÑ&LĿ8CP �!33$+� 

� ȴˉːș�J̲Ή$+ 14ý8 2,4-D̲àĿ8�- 13ý9�"-��sZ|_s�S6ɻ$�

ƲK8 1ý��-��sZ|_s�S6ɻ$+�!MB26ʔΉ#M1�L 2,4-D̲àƠĿ8

ʃ�9�"-��sZ|_s�S6ɻ$�ǌ�2 #-��sZ|_s�S6ɻ&L�ɶ-�!M

B26ȹäíʠ2ȴˉ£ç8Ąı�J̲Ή#M1�+ 2,4-D ̲àĿ3˞͸8̲àĿ��ȴˉ

�JF̲Ή#M+�16S rDNA˽Ο6č0�1�13ý8 "-��sZ|_s�S8�-�8ý

� Burkholderia ɻĿ�5 ý� Cupriavidus ɻĿ3˞ʻ#M+�B+�16S rDNA 8˽Ο,

�29ƠĿPǡ8���B2˞ʻ2�5���)M*M8̲Ήý6ƜFŀÅ5 type strainP

ŝƦ$+3!N�˞ɻ2Fª5Lǡ8 type strain6ŀÅ2�.+�!8ŘÙ9�ɤͅ8ɻ8

2,4-D ̲àĿ6̯ȷ8ǡ�ċBML!3Pǎ$1�L3Ɔ�JM+�ͬ³8 #-��sZ|_

s�S8Ŀý9�Sphingobium ɻĿ3˞ʻ#M+�Sphingobium ɻĿ9�£ə8̲Κ29
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Sphingomonas ɻĿ6ċBML��2001 ˰6 Sphingomonas ɻĿP 4 ɻ6̲�Lʽ¢��

K（Takeuchi et al., 2001）�!M6Ǯ.+�SphingomonasɻĿ3$1̲Ή#M+ TFD44

ý（Fulthorpe et al., 1995）F�Ũƣ8̲Κ29 NovosphingobiumɻĿ6̲Κ#M1�L

（Thiel et al., 2005）� 

� 14ý8̲à®ˈƸ�tfdA�B+9 cadA
�tfdBĤ; tfdC9�Çč˽Ο8ɬ˞Ȼ6č0�

1 3`�
��e�`�
�PċEL3 4`�
�6̲�JM+��'M8˽ΟFãç2̲

Ή#M+ʋ̞ˁ5 2,4-D ̲àĿ8˽Ο3ƌ�ɬ˞ȻPǎ$�ȹäíʠ2šǲ#M1�+Ǟͽ

5 2,4-D ̲à®ˈƸ��Ə˧8ȴˉːș6Fɿƣ&L!3�ǎ#M+�2,4-D ̲à8ƜǼ8

®ˈƸ2�L tfdAĤ; cadA8˽Ο��2,4-D̲à®ˈƸ8ʋ̞ˁ5˽Ο3$1̲Κ#M1

�+��)8͆ͅ9�şĨ`�
�6I.1ª5L�Table 1-7
�ƕ΄PȈ�G&�ȕ6�

͏şĨ29�tfdA8C5J' tfdB3 tfdCFċE1`�
�̲�PƇ.++E�ʋ̞ý͚P

`�
�8͚ə3$+� 

� ȴˉͯ΁8 14ý6��1�JMP134`�
�3 RASCe�`�
�8 2,4-D̲à®ˈƸ

�̯ȷ8ɻǡ8ƠĿ6́Ǌ#M1�+�Table 1-4
�I.1!MJ8̲à®ˈƸ9�5QJ

�8Ɍƍˈʑ¸Ƹ6I.1ƠĿĈ6ˈ˷$+3Ɔ�JM+�³̍6�ĕ˴®ˈƸ6̓?1

rDNA ®ˈƸ8Çč˽Ο8́ɿȻ9ƌ��ª5Lɻǡ8ĕ˴®ˈƸ8˽Ο8ɬ˞Ȼ��Ňɛ

6 rDNA®ˈƸIKƌ�5L!395�3Ɔ�JML�Ǟ6̸Ə2̲Ή#M+ 2,4-D̲àĿ

6��1F�JMP134 `�
�3 RASC e�`�
�)M*M8 tfdA ˽Ο��ª5L 16S 

rDNA PǊ/ƠĿ6́ͮ#M1�L!3�͜J�65K�̲à®ˈƸ�ƠĿĈ6ˈ˷$+Ö

˴Ȼ�̈́Ǝ#M1�L（McGowan et al., 1998）�JMP134ý8̲à®ˈƸ9�ǰǞ̏¦�ž

�ˈʑ̢ˏ8ƌ� IncP-1 ̤ΧƍȻ`�
�8ˈʑȻ��i�v6́ͮ#ML（Don & 

Pemberton, 1981）�Ǯ.1�ȴˉͯ΁8 JMP134`�
�8̲à®ˈƸF�˞%��i�v

6I.1ˈʑ$1�LÖ˴Ȼ�ƌ�3Ɔ�JM+�³ͅ�B. tropica RASCý�£ə9 TFD3

ý�B. cepacia
（Baelum et al., 2010; Tonso et al., 1995; Vallaeys et al., 1996）8 2,4-D

̲à®ˈƸ9�JMP134ý8®ˈƸ@469àɈ#M1�5��˞ ý8 tfdA˽Ο�ɖȣʅȕ

6ɿƣ&L!3�̈́Ǝ#ML³ͅ（Suwa et al., 1996）�tfdC˽Ο9�532 kb8ʌŌ8�� 
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Table 1-7 Classification of tfdA and cadA genes depending on the sequence similarities. 

Strain/ gene McGowan et al. 

(1998) 

Baelum et al. 

(2010) 

Lee et al. 

(2005) 

This study 

JMP134/ tfdA Class I Class I-a Class I JMP134 group 

TFD9/ tfdA Class I Class I-b Class I JMP134 group 

RASC/ tfdA Class II Class II Class II RASC subgroup 

EST4002/ tfdA Class III Class III Class II EST4002 subgroup 

HW13/ cadA   -   - Class III � - 

TFD44/ cadA   -   - � - Sphingomonas group 

Uncultured 

bacterium/ cadA-like 

  -   - Class IV   - 
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i�vȕ6ɿƣ&L!3�̈́Ǝ#M1�L（Cavalca et al., 1999）�2,4-D̲à˴� RASCý

�J̺8ý6ʺ�̢ˏ2ˈʑ#M+!3�̈́Ǝ#M（McGowan et al., 1998）�̲à®ˈƸ�

��i�v6I.1ˈʑ$+Ö˴Ȼ�ǎ#M1�L����i�v)8F88ˈʑ9ó˭#

M1�5�� 

� ͏şĨ2ˡJM+�-��sZ|_s�S8 2,4-D ̲àĿ I602 ý8̲à®ˈƸ9�Ēʟ8

�-��sZ|_s�S8 2,4-D̲àĿ�TFD44ý8®ˈƸ6ƌ�ɬ˞ȻPǎ$+��-��

sZ|_s�S8 2,4-D̲àĿ9��-��sZ|_s�SG�-��sZ|_s�S39ª5

L̲à®ˈƸŉṔͮ&L!3�̈́Ǝ#M1�K（Itoh et al., 2002; Kamagata et al., 1997; 

Kitagawa et al., 2002; McGowan et al., 1998）�͏şĨ8ŘÙF˞͸2�.+� 

� JMP134ý9_���Wz
�̲à®ˈƸŉP 2/Ǌ/!3�̈́Ǝ#M1�K（Laemmli 

et al., 2000; Leveau & van der Meer, 1997）�͏şĨ2ˡJM+ JMP134`�
�8̲à®

ˈƸPǊ/ K101 ý3 K401 ýF˞͸6�2 /8®ˈƸŉPǊ/!3�ǎƖ#M+�³ͅ�

K301ý9 JMP134ý8 tfdBIĤ; tfdCI6ɬ˞5˽ΟPǊ/!3�͜J�35.+��tfdBII

Ĥ; tfdCII6ɬ˞5˽Ο9ŝǲ#M5�.+�JMP134ý8 tfdII_�io
9u��i�f


l͸8ƄɲPǊ-�tfdI _�io
6ɧˬ#M+3Ɔ�JM1�L（Leveau & van der 

Meer, 1997）�I.1 K301ý9�tfdI_�io
6 tfdII_�io
�ɧˬ&Lə8 2,4-D̲

à®ˈƸŉṔͮ$1�LȘƍ3�́ͮ$1�+ 2 /8_�io
8�-�tfdII_�io


Pɥǔ$+Șƍ8 2ʸK8Ö˴Ȼ�Ɔ�JM+�B. cepacia CSV90ý8́ͮ&L��i�v

pMAB1 F tfdI_�io
6ɬ˞5˽Ο8Ćͮ&L��tfdII_�io
8"�³̪F́ͮ

&L+E�ƜǼ9 2/8_�io
Ṕͮ$+��ˎʫ2 tfdII_�io
Pɥǔ$+3Ɔ�

JM1�L（Ogawa et al., 2004）� 

� JMP134ý39ª5K�A. xylosoxidans EST4002ý9 tfdCP³/$�Ǌ+5�（Vedler 

et al., 2004）�$�$�EST4002e�`�
�8̲à®ˈƸ˽ΟPǊ/ I502ýĤ; T101ý

9�EST4002`�
��JMP134`�
�Ĥ; TFD44`�
�8�'M6Fɻ#5� tfdC

˽ΟPF�³/̺6́ͮ$++E�tfdC23͚̥�+�Fig. 1-4
�!8 tfdC2˽Ο9�_�

�¡ɷƋƱ̲àĿ8 P. kanackmussii B13ý8́ͮ&L_��[sc
�hZ]gbw
l
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clcA8Çč˽Ο6˞³2�.+�B13ý9�ICEclc3͚̥�JM+ 105 kb8ǐůˈʑȻb

z�r_u��i�n�ȕ6 clcAṔͮ&L（Ravatn et al., 1998）�ɶ- I502ýĤ; T101

ý9�2,4-D̲à®ˈƸŉ39̺8_��[sc
�̲à®ˈƸŉP ICEclc3$1bz�ȕ

6́ͮ&LÖ˴Ȼ�ǎƖ#M+�$�$�clcA®ˈƸ6ɬ˞5˽Ο8CP̪̲ˁ6́ͮ&L

Ö˴ȻF�K�!MP͜J�6&L+E69#J5LǗŢ�̛ͽ3#ML� 
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ʍ˪Ȑ� ̲àĿ8��i�v8Ǧˡ3̲à®ˈƸ8ˢʻ 

 

2.1� ͽͩ 

 

� əȐ6��1�2,4-D ̲à®ˈƸ8ƠĿĈ8ˈ˷�ǎƖ#M�ȴˉͯ΁8̲àĿFĒɿ8

ý˞͸���i�vȕ6̲à®ˈƸṔͮ&LÖ˴Ȼ�ǎ#M+�)!2͏Ȑ29���i

�vPɖȣʅIK̲Ή�ŝǲ&L͆ͅPŝ˙&L3İ6���i�v8̲à®ˈƸ8́ͮȞ

ĶPʳ?+���i�vʬǲ͆3$1³̍ˁ5S�[� SDS͆29�³̪8ý2��i�v

Pŝǲ2�5�.++E�ĿʅPˊė¿˝ͻ8well2ͺĿ$+ų�¿˝&L͆ͅPƝͻ$+�

ͺĿ3¿˝8ȜŚPƜ˂Ñ$+ŘÙ�14ýɜ12��i�v�ó˭#M+�!8ˊė¿˝2

̲Ή$+ DNA ̲ƸP�����6u��i�R
$�̲à®ˈƸ˽ΟP��
�3$+e

f�{U��pUl
g��PǗƽ$+�)8ŘÙ�ɜ18ý� 90 kb£ȕ8ʌŌ8��i

�vȕ6̲à®ˈƸ˽ΟPǊ/ǈ�͜J�35.+�ˢ6 RASCe�`�
�8̲à®ˈƸ

˽Ο9�8ýɜ12�I) 600 kb8��i�vȕ6ɿƣ$+�!8ʌŌ��i�v9Ēʟ8

̲à��i�v6õ?1̗Ț6ʌ��+E�͗ʟ8ˈʑȻ 2,4-D ̲à��i�v2�LÖ˴

Ȼ�ǎ#M+�B+��-��sZ|_�S8 2,4-D̲àĿ29ǼE1�̲à®ˈƸ���i

�vȕ6ɿƣ&L!3�ǎ#M+� 

 

2.2� Ǿũ 

 

˄ɛ̱8̲àĿ��̲à®ˈƸPˈʑȻ��i�vȕ6Ǌ/ǈ9�ȇ5�3F 1973 ˰6

9̈́Ǝ#M1�+（Dunn & Gunsalus, 1973; Rheinwald et al., 1973）�2,4-D̲à��i�

v9�ȭΚ�Ñöƍȼ$+ͮĕÑƍ̱8̲à®ˈƸṔͮ&LˈʑȻ��i�v3$1�

1977˰6ǼE1̈́Ǝ#M+（Pemberton & Fisher, 1977）�)8ų�ˈʑȻ̲à��i�v

9�̘ɂ̱6IL̲à˴8òˡĕƄ3$1ʮ͢PǬE+�2,4-D ̲àĿ8ʋ̞ý�C. 

pinatuboensis JMP134ý8́ͮ&L̲à��i�v�pJP49 IncP-1��i�v`�
�

6ɻ&L（Don & Pemberton, 1981）�IncP-1`�
�9��i�v8̤ΧƍȻ`�
�8
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³/2�ˈʑ̢ˏ�ƌ��ǰǞ̏¦�ž�ˢʱ��L�ʂ6�A. xylosoxidans EST4002ý

Ĥ; Burkholderia cepacia 2a ý�́ͮ&L̲à��i�v�pEST4011 Ĥ; pIJB1
F

IncP-1��i�v6̲Κ#ML（Poh et al., 2002; Vedler et al., 2004）�ŀ˰�ɜÇč˽Ο

8àɈ#M+ 2,4-D̲à��i�v8 p712Ĥ; pDB1F IncP-1��i�v2�L!3�͜

J�6#M+（Kim et al., 2013）�B+���/�8_��¡ɷƋƱ̲àĿF�̲à®ˈƸ

ŉP IncP-1��i�vȕ6́ͮ&L（Top et al., 2002）�IncP-1̲à��i�v9�ːșʫ

2ƠĿĈ6ˈ˷&L!3Fó˭#M（DiGiovanni et al., 1996; Top et al., 1996）�͈ƋɼÇ

ɡÑƍ̱̲à®ˈƸ8ˈ˷6ǯͽ5ͨùPʕ.1�L3Ɔ�JM1�L� 

� 2,4-D ̲à®ˈƸ8ʃ�9�IncP-1 ��i�vȕ6ɿƣ&L!3�̈́Ǝ#ML³ͅ�̤Χ

ƍȻ`�
�8ª5L��i�vG（Don & Pemberton, 1981）�³̍ˁ5 IncP-1`�
�

8̲à��i�v�90 kbəų
IKʌŌ8��i�v�JFŝǲ#M1�L（Cavalca et al., 

1999; Vallaeys et al., 1998）�!8ʫ69 B. tropica RASCýFċBM�˔Ǽ���i�vʬ

ǲ͆6I.1 2,4-D̲à��i�v�ŝǲ#M5�.++E�ɖȣʅȕ6 tfdA®ˈƸ�ɿƣ

&L!3�̈́Ǝ#M+（Suwa et al., 1996）�)8ų�532 kb8��i�vȕ6 tfdC®ˈƸ

˽Ο�ŝǲ#M+（Cavalca et al., 1999）�IncP-1`�
�8 2,4-D̲à��i�v9ɜÇ

č˽Ο�ˈʑ̢ˏĤ;ǰǞ̏¦˕Fʳƙ#M1şĨ�ȬQ2�L��)M£ç8 2,4-D ̲à

��i�v6/�19�@3Q4àɈ#M1�5��� -��sZ|_s�S8

SphingomonasɻĿ3)8ŀÅǡ�Ĥ; BradyrhizobiumɻĿF 2,4-D̲àĿ3$1Ąıʫ

�J̲Ή#M1�L��!MJ8Ŀ8̲à®ˈƸ3��i�v8ĉŊ9�͜J�6#M1�

5��2,4-D £ç8Ñƍ̱�Λ�:�u�X�˕8͈ƋɼÑƍ̱P̲à&L Sphingomonas 

aromaticivorans F199ý8̲à®ˈƸ9�ˈʑȻ��i�vȕ6ɿƣ&L!3�̈́Ǝ#M1

�L（Romine et al., 1999）� 

� əȐ6��1�ȴˉͯ΁8 14ý8�- 8ý9�ɻǡ�˞³295�6F��OJ'�RASC

e�`�
�8é7˞%̲à®ˈƸ˽ΟṔͮ&L!3�͜J�35.+�I.1�̲à®

ˈƸ�Ɍƍˈʑ¸Ƹ6I.1ƠĿĈ6ˈʑ$+Ö˴Ȼ�ǎ#M1�L�JMP134 `�
�8

̲à®ˈƸṔͮ&L 3 ý2F˞͸8Ö˴Ȼ�ǎ#M+�ɑ6Ǵ?+I�6�Ēʟ8 2,4-D
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̲à®ˈƸŉ9��i�vȕ6šǲ#M1�K�͏şĨ8̲ΉýF̲à®ˈƸP��i�v

ȕ6Ǌ/Ö˴Ȼ�ƌ�3Ɔ�JM+�)!2�14ý8 2,4-D̲àĿ8��i�v8ŝǲPǅ

CL3İ6���i�vȕ8̲à®ˈƸ8ͮ͘Pŝ˙$+� 

 

2.3� ƤΓ 

 

� Ə˧8ȴˉːșIK̲Ή$+ 14 ý8 2,4-D ̲àĿ�Table 1-3
6Õ�1�Ēɿ8 2,4-D

̲àĿ�C. pinatuboensis JMP134ý�Variovorax paradoxus TV1ý�Vallaeys 1998
Ĥ

; Novospingobium sp. TFD44ýPͻ�+�B+�2,4-D̲à®ˈƸPǊ+5����i�

v8ʌ�#�Ēʟ8 Rizobium radiobacter MAFF301724ý�Moriguchi 2001
PeUj�


[
Ĥ;�y\sT�c�u�
�3$1ͻ�+�Ēɿ8 2,4-D̲àĿ9Ȇɔʷȭ̂ƶ�Ũ 

ɇÍʌöĴǤ
�J�MAFF301724ý9Ϋˉż˲̂ƶ�Ũ�ˤ
˵Ĺɂ̱ǇŧşĨǽ
�J

̲ȠPǣ�+� 

 

2.4� ͆ͅ 

 

2.4.1� ��i�v8ŝǲ͆8ɘʻ 

� 2,4-D̲àĿIK��i�vPʬǲ&L͆ͅ3$1�S�[� SDS͆8ŤΆPͻ�+Kado 

& Liu (1981）�Kieser (1984）�Ĥ;谷 & 竹内 (1993）J8͆ͅPǅC+�B+�ˊė¿˝

2��i�vPÖǄÑ&L͆ͅ3$1�ĿʅPˊė¿˝ͻb�8 well 8ʫ2ͺĿ&L͆ͅ

（Lakzian et al., 2002）Pâ̻$+͆ͅPͻ�+�ɶ-�PAÀʅ˿ʠ（Lakzian et al., 2002）

2OD660�0.665LB2ɱȢ$+Ŀʅ0.5 mLPǬĿ$�25 µL8ͺĿ|r�R
6Ŝʐ$�

0.7�S\�
ib��59 mm�107 mm
8 well6ˬM+�!8b�Pˊė¿˝ɪ�Mupid

�Sv|�i
6ˬM+ 0.5�SDS ˆÕ¿˝|r�R
6Ȩ$�ǕÏ2 1 ǋĈɇʣ$+�|

r�R
8ŵăP&L!35��50 V2 50̲Ĉˊė¿˝PƇ.+ų�|r�R
PSi�

�
o
2ȂĪ$�0.25�8 SDSPÕ�+¿˝|r�R
6ŵă$+�#J6 50 V2 2ǋ
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Ĉ̊ˊė¿˝PƇ.+ų�DNA P EtBr 2ɖȣ$+�SDS 3͵̲5 EtBr PȂĪ&L+E�

¿˝b�P TAE |r�R
2Ȧ3�ɕȝ$+ų�UV PȌǘ$1 DNA |�vPŝǲ$+�

+,$�K101ý�I502ýĤ; T101ý9�PA˿ʠ2Ŀʅçʃ˖PɂƯ$�ͺĿĤ;¿˝�

ɣè#M++E�1/10 LB̵̌2ɱȢ$1Ŀʅçʃ˖8ɂȼPŦ%�ǗŢ6ͻ�+� 

 

2.4.2� ̲à®ˈƸ��
�Pͻ�+ef�{U��pUl
g�� 

�1
�DNA��
�8ƥȼ 

� JMP134ý�Jbz� DNAʬǲ]ru�Gentra Puregene Yeast / Bact. Kit�Qiagen, 

Holland
2 DNAPʬǲ$+�!MPʯŌ6 tfdA�tfdBĤ; tfdC®ˈƸ8̪̲Çč˽ΟP

PCRɱ̮$�TA_�
x�`$+�˞͸6 I602ý8bz� DNA�Jɱ̮$+ cadAĤ;

tfdC 8 PCR Ư̱P TA _�
x�`$+�˽Ο8ó˭3�JPM134 ý8́ͮ&L tfdBI3

tfdBII�Ĥ; tfdCI3 tfdCII˽Ο8̺̉8+E�M13��U�
2g
_X�i$+�ˡJM

+��i�vPʯŌ3$1�DIG-11-dUTP�Roche, Switzerland
P 0.25 nmolɬ˔�50 µL

8 PCR ̋ÊÀ6Õ��)M*M8˽Ο6ˢªˁ5��U�
2 PCR ɱ̮$+�PCR�TA

_�
x�`Ĥ;g
_X�i9�ʍ³Ȑ2Ǵ?+͆ͅ6Ƿ%1Ǘƽ$+�l JM+ PCRƯ

̱9�PCR purification kit�Qiagen
2ɄɅ$1��
�3$+� 

 

�2
�ef�{U��pUl
g�� 

� ˊė¿˝b�8ʫ8bz� DNA 9�|]�
���rsT�`ɯʣ�VacuGene�GE 

healthcare, USA
Pͻ�1wU��������Hybond-N+�GE healthcare
6u��

i�R
$�UV_�i��_2�����ȕ6Ůʻ$+�DNAPŮʻ$+�����9ƹ

̎8{U��pUl
g��|r�R
�PerfectHyb�˓͹͋
6��
�3İ6ˬM�68�

2 1ǋĈU�]��
u$+ų�˞%Ïˏ2 2�SSC, 0.1�SDS2 5̲Ĉ8ɕȝP 2ˏǗƽ

$+�)8ų�tfdBI JMP134��
��L�9 tfdBII JMP134��
�Pͻ�+ǗŢ29�0.2�

SSC, 0.1�SDSPͻ��)M£ç8Șƍ9 0.5�SSC, 0.1�SDSPͻ�1 15̲Ĉ�2ˏɕȝ

$+�͢ˁ8 DNA |�v8ŝǲ9������ȕ8��
�6 anti-digoxigenin alkaline 
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phosphatase conjugate�Roche
PŘƍ$�!MPŝǲǅͪ�CDP-Star�Roche
2̇ŷ#

(1 Xɗ�T��6Σŷ&L͆ͅ2Ƈ.+� 

 

2.4.3� RASCe�`�
�̲à®ˈƸ˽Ο8ǧ̾Ƅɲ8̓õ 

� RASCe�`�
�6ɻ&L̲à®ˈƸṔͮ&L 8ý8bz�DNAP�ȺŪƈɡ EcoRI�

HindIII��L�9 BamHI��'MFxr��h
�
2ɋʛ$+ų�0.7�8S\�
ib

�2ˊė¿˝$+�B+�3.4.2 (2)8͆ͅ2 tfdCY212��
�Pƥȼ$�ef�{U��pU

l
g��PƇ.+���
�P{U��pUj$+ų8 2�SSC, 0.1�SDSPͻ�+ 2ˏ

8ɕȝų9�0.1�SSC, 0.1�SDS2ɕȝ$+� 

 

2.5� ŘÙ 

 

2.5.1� ��i�v8ŝǲ͆8ɘʻ 

� ȴˉͯ΁8 2,4-D ̲àĿ8��i�vPŝǲ&L+E6���/�8S�[�ʬǲ͆Pǅ

$+�ǅ$+ʫ29谷 & 竹内 (1993）8͆ͅ�ƜFI���i�vPʬǲ2�+��!8

͆ͅ2F 14ýʫ 6ý9��i�vPŝǲ2�5�.+�B+³ˏ9��i�vPʬǲ2�+

ý2F�)8ų¡ʻ$1ʬǲ2�L39ŪJ5�.+�)!2�ʌŌ��i�v8ŝǲ6ͻ

�JM1�+�ĿʅP¿˝b�8 well2ͺĿ$1bz� DNAPˊė¿˝&L͆ͅPǅC+�

)8ŘÙ�³̪8ýPȂ�1�ą̀�/ƛŨȻ�ƌ���i�vPŝǲ2�+�#J6ȜŚ

8ŝ˙PƇ��ĿʅPˬM+b�P 0.5%8 SDSPċD|r�R
6¿˝ə6 1ǋĈȨʹ&

L!32�ɜ18ý8��i�v�ŝǲ2�LI�65.+�¿˝9�0.5%8 SDS PċD

¿˝|r�R
2åƷ$�50̲ų�0.25%8 SDSPċD¿˝|r�R
6ʣă$+�!8ɨ

ƥ8Άͯ9�3 ǋĈ̊8¿˝P 0.5%8 SDS PċD|r�R
2Ƈ�3�|r�R
8Ïˏ

�ȕȉ$��B�¿˝$5�+E2�L�͏͆P#J6ą̀6&L+E�ĿʅP SDS2ͺĿ

$1�J¿˝b�6S��U&L͆ͅFǅC+��DNA ̲Ƹ� well 634BK�¿˝#M

5�.+�B+�Ŀʅ8ʳɅ8ơ�PA˿ʠ6̻�1�³̍ˁ6ͻ�JML LB˿ʠ8˂ͻF
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ǅC+��DNA|�v�̄�5Lŋź��K�͏ ͆29PA˿ʠ�˂$1�L3̉ʛ#M+� 

 

2.5.2� ̲à®ˈƸ��
�Pͻ�+ef�{U��pUl
g�� 

�1
RASCe�`�
� 

� RASC e�`�
�8̲à®ˈƸ˽ΟPǊ/�ȴˉͯ΁8 8 ý8bz� DNA ̲ƸPˊė

2̲Ή$+3!N��'M8ýF 100 kb£ȕ8ʌŌ8 DNA̲Ƹ� 1�Jȷū́ͮ&L!3

�ǎ#M+�Fig. 2-1A
�tfdA JMP134�tfdBII JMP134�Ĥ; tfdCII JMP134P��
�3&Lef

�{U��pUl
g��PǗƽ$+ŘÙ�ɜ18��
���8ý8�I) 600 kb8 DNA

̲Ƹȕ6g`w�Pǎ$+�tfdCII JMP134��
�8ŘÙP Fig. 2-1B6ǎ$+��hsT�

c�u�
�3$1¿˝$+ JMP134ý29�88 kb8 2,4-D̲à��i�v6˳�g`w

��ŝǲ#M+��y\sT�c�u�
�8MAFF301724ý29g`w�9ŝǲ#M'�

ǗŢ�˂ɋ6Ǘƽ#M+3̉ʛ#M+�ɶ-�ȴˉͯ΁8 8 ý9��'MF�̲à®ˈƸP

�I) 600 kb8īʌ��i�vȕ6Ǌ/ǈ�ǎ#M+� 
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Fig. 2-1 Agarose gel electrophoresis of plasmids from 2,4-D-degrading strains of the 

RASC subgroup (A), and Southern hybridization analysis of these plasmids using the 

tfdCII JMP134 probe (B). Two plasmids from strain JMP134 (pJP4, 88 kb [DDBJ accession 

number, AY365053], and another plasmid, 635 kb [CP000092]) were loaded as size 

markers and positive control. A plasmid in Agrobacterium rhizogenes strain 

MAFF301724 (pRi1724, 217 kb [AP002086]) was loaded as another size marker and a 

negative control for the plasmid analysis. 
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�2
JMP134`�
� 

� JMP134 `�
�8̲à®ˈƸ˽ΟṔͮ&L 3 ýF RASC e�`�
�3˞%͆ͅ2

DNA̲Ƹ8̲ΉPƇ.+�)8ŘÙ�3ýɜ12 200 kb£ȕ8ʌŌ8 DNA̲Ƹ��1�J

̯ȷūŝǲ#M+�Fig. 2-2, A-1
�tfdA JMP134�tfdBII JMP134�Ĥ; tfdCII JMP134P��
�3

$+ef�{U��pUl
g��PǗƽ$+ŘÙ�3ý8�-8 2ý�K101ýĤ; K401

ý
29�ɜ18��
���I) 400 kb8 DNA̲Ƹ6{U��pUj$+�ƲK8³ý

8 K301ý29�tfdA JMP134��
�8C��I) 600 kb8 DNA|�v6g`w�Pǎ$�

tfdBII JMP134�Ĥ; tfdCII JMP134��
�29�g`w��ŝǲ#M5�.+�)!2�!8 2

/8��
�8ʋOK6 tfdBI JMP134Ĥ; tfdCI JMP134��
�Pͻ�+3!N�4-J8��


�F�tfdA JMP134��
�3˞% DNA̲Ƹ6g`w�Pǎ$+�Fig. 2-2, A-269 tfdA 

JMP134��
�Pͻ�+Șƍ8ŘÙPǎ$+�K101 ý3 K401 ý9�tfdA�tfdBI�tfdBII�

tfdCI�Ĥ; tfdCII®ˈƸ˽ΟP�I) 400 kb8��i�vȕ6́ͮ$+�!M6ʆ$�K301

ý9�tfdA�tfdBI�Ĥ; tfdCI®ˈƸ˽Ο8CP�I) 600 kb8��i�vȕ6́ͮ$�tfdBII

Ĥ; tfdCII®ˈƸ˽Ο6ɬ˞5˽Ο9́ͮ$5�!3�ǎ#M+� 

 

�3
EST4002e�`�
� 

� EST4002 e�`�
�8̲à®ˈƸ˽ΟPǊ/ I502 ýĤ; T101 ý29��'MF�I

) 300 kbʾˏ8 DNA̲Ƹ8C�ŝǲ#M+�Fig. 2-2, B-1
�tfdA JMP134�tfdBII JMP134�Ĥ

; tfdCII JMP1348��
�9ɜ1�!8 DNA̲Ƹ6{U��pUj$+�Fig. 2-3, B-269

tfdCII JMP134��
�8ŘÙPǎ$+�ʆȌý8 TV1ý9��I) 200 kb 8ʌ�#8 2,4-D

̲à��i�v pTV1Ṕͮ&L!3�̈́Ǝ#M1�L�（Vallaeys et al., 1998）�͏ǗŢ

29�500 kbəų3Ɔ�JMLʌŌ8 DNA̲Ƹ6g`w��ŝǲ#M+� 
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Fig. 2-2 Agarose gel electrophoresis of replicons from 2,4-D-degrading strains of the 

JMP134 group (A-1) and EST4002 subgroup (B-1). Southern hybridization analysis of the 

replicons of the JMP134 group using the tfdAJMP134 probe (A-2) and the EST4002 

subgroup using the tfdCII JMP134 probe (B-2). Plasmids from strains JMP134 and 

MAFF301724 were loaded as size markers and positive and negative controls as in Fig. 

2-1. 
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�4
Sphingomonas`�
� 

� I602ý29�bz� DNA8¿˝2 3͏8˳�|�v3)8ȕ6 1͏8̄�|�v�ŝǲ

#M�ȇ5�3F 4/8 DNA̲Ƹ�ŝǲ#M+�Fig. 2-3A
�TFD44ý39|�v8¤ʣ

�ª5LF88�ʌŌ8 DNA̲ƸP̯ȷǊ/3��ˇ29İʸ$1�+�tfdA JMP134�tfdBII 

JMP134�Ĥ; tfdCII JMP134˽ΟP��
�3$+ef�{U��pUl
g��29�tfdBII 

JMP134��
�8C2g`w��ŝǲ#M+�)!2 I602ý8 cadA˽Ο�I; tfdC˽Ο6

ͯ΁&L��
�Pͻ�+3!N�tfdBII JMP134��
�2ŝǲ#M+g`w�3˞%¤ʣ6

g`w��ŝǲ#M+�Fig. 2-3B
�I.1 I602ý8 4/8 DNA̲Ƹ8�-�³̑Ȇ#�

�I) 90 kb8��i�v6 cadA�tfdB�I; tfdC8̲à®ˈƸ˽Ο8ɿƣ&L!3�ǎ

#M+�!8��i�v8ʌ�#9�TFD44ý8̲à��i�vIKȇ$ȆŌ2�.+�+

,$ TFD44ý8 2,4-D̲à��i�v29�I602ý39ª5K�tfdCII JMP134��
�2F

g`w��ŝǲ#M+�³Ρ8ŘÙIK�I602ý3 TFD44ý9��I) 90 kb8��i�

v6̲à®ˈƸṔͮ&L!3�ǎ#M+� 
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Fig. 2-3 Agarose gel electrophoresis of plasmids from 2,4-D-degrading strains of the 

Sphingomonas group (A) and Southern hybridization analysis of these plasmids using the 

cadA (B-1), tfdBII JMP134 (B-2), tfdCII JMP134 (B-3), and tfdCI602 probes (B-4). Plasmids from 

strains JMP134 and MAFF301724 were loaded as size markers and positive and negative 

controls as in Fig. 2-1. 
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2.5.3�  RASCe�`�
�̲à®ˈƸ˽Ο8ǧ̾Ƅɲ8̓õ 

� RASCe�`�
�8̲à®ˈƸ˽ΟPǊ/ 8ý8 2,4-D̲àĿ6/�1�̲à®ˈƸŉ

8ǧ̾˽Ο8ɬ˞ȻPȳɹ&L+E�bz� DNA PȺŪƈɡ2ɋʛ$1̲à®ˈƸ˽ΟP

��
�3$+ef�{U��pUl
g��PǗƽ$+�bz�DNAPEcoRI2ɋʛ$�

tfdCY212��
�2{U��pUl
g��PƇ.+3!N��'M8ýF 2 ͏8|�v�

ŝǲ#M+�Fig. 2-4
�Y212ý8Cª5L}o
�Pǎ$��I) 9 kb3 6 kb8¤ʣ6|

�v�ŝǲ#M+��)M£ç8 7ý9�I) 11 kb3 3 kb8 DNAʛ̼6̲à®ˈƸ��


��{U��pUj$+�HindIII2bz� DNAPɋʛ$1˞%��
�Pͻ�+ȘƍF

2 ͏8|�v�ŝǲ#M�Y212 ý8Cª5L}o
�Pǎ$+�BamHI 2 DNA Pɋʛ$

+Șƍ69�8ýɜ12�I) 11 kb8|�v� 1͏ŝǲ#M+� 
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Fig. 2-4 Analysis of the hybridization pattern of EcoRI-digested total DNA of the strains 

in the RASC subgroup with the tfdCY212 probe. 
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2.6� ƆƧ 

 

� ȴˉ�J̲Ή$+ 14ý8 2,4-D̲àĿɜ12��i�v�ŝǲ#M�ȇ5�3F 2,4-D̲

à8ƜǼ8̋Ê6ĉOL®ˈƸ tfdA�B+9 cadA
�tfdBĤ; tfdC8̪̲Çč˽Ο9�)

M*M8ý8˞³8ʌŌ��i�v6ɿƣ&L!3�ǎ#M+�ˢ6 14 ýʫ 8 ýPɒEL

RASC e�`�
�8̲à®ˈƸPǊ/ 2,4-D̲àĿ9��I) 600 kb8˞%ʌ�#8�

�i�v6̲à®ˈƸPǊ/ǈ�͜J�35.+�əȐ6��1�̯ȷ8ɻǡ8ƠĿ2Ƅȼ

#ML!MJ 8 ý9�@A˞%̲à®ˈƸ˽ΟṔͮ&L+E�̲à®ˈƸ�ÓJ�8Ɍƍ

ˈʑ¸Ƹ6I.1ƠĿĈ6ˈ˷$+Ö˴Ȼ�ǎ#M+�͏ ǗŢ2ˡJM+ŘÙ9��I) 600 

kb 8ʌŌ��i�v��̲à®ˈƸ8ˈ˷Pʕ.1�LÖ˴ȻPĲ�ǎ$+�!MB26�

RASC ý8 tfdC ®ˈƸ˽ΟF 532 kb 8��i�vȕ6ɿƣ&L!3�̈́Ǝ#M1�K

（Cavalca et al., 1999）�é7!M6³ʤ&LŘÙ�ˡJM+�!MB26I�àɈ#M1�

L 2,4-D̲à��i�v9�90 kbəų8ʌ�#8 IncP-1`�
�8��i�v6ŪJM1

�K�RASCý£ç6 2,4-D̲à®ˈƸP 500 kb£ȕ8��i�v6Ǌ/3��̈́Ǝ9š˔

+J5��B+�RASC ý8��i�v9�ʌ�#£ç8ț̈́�5��ɶ-�͏şĨ2ŝǲ

#M+�I) 600 kb8 2,4-D̲à®ˈƸ́ͮ��i�v9�!MB26@3Q4àɈ#M1

�5�ˈʑȻ8 2,4-D̲à��i�v3Ɔ�JM+� 

� ǌ6�!8ȴˉͯ΁8 8ý�́ͮ&L 600 kb8��i�v��ʌ�#,�25��®ˈƸ

ƄɲF˞%2�L!3P͜J�6&L̛ͽ��L3Ɔ�+�ȆŌ8��i�v2�M:�ʬ

ǲ$1ȺŪƈɡ2ɋʛ$�¿˝}o
��Jɬ˞ȻPȳɹ2�L�$�$�600 kb8��i

�v9�ʬǲ�Ɠ˩2�Lȕ6̯ȷ8��i�vṔͮ&Lý�ʃ��ȺŪƈɡɋʛ}o


�6ILàɈ9̤ź�3̉ʛ$+�)!2�B'9̲à®ˈƸŉĤ;)8ǧ̾˽ΟPàɈ&

L!33$�bz� DNAPȺŪƈɡ2ɋʛ$�̲ à®ˈƸ8ɿƣ&L DNAʛ̼8ʵ#P̓

õ$+�)8ŘÙ�Burkholderia sp. Y212ý£ç8 7ý8ŋź9³ʤ$1�+�I.1�

ȇ5�3F 7ý8̲à®ˈƸŉĤ;)8ǧ̾Ƅɲ9�Κǉ$1�L3Ɔ�JM+� 

� JMP134`�
�8̲à®ˈƸ˽ΟPǊ/ 3 ý8 2,4-D ̲àĿ9��'MF 200 kb£ȕ
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8ʌŌ8��i�vȕ6̲à®ˈƸṔͮ$1�+�!8ŘÙ9�JMP134 ý3˞% 90 kb

əų8ʌ�#8 IncP-1 8��i�vȕ6̲à®ˈƸPǊ/3��ʹɦ39ɜ�ª5.1�

+�³ͅ�Cavalca et al. (1999）9�ʳƙ$+ JMP134`�
�8̲à®ˈƸPǊ/ 2,4-D

̲àĿ85�2�JD1ý�JD2ý�JD16ýĤ; JD17ý9�̲à®ˈƸP 200 kbəų8�

�i�v6́ͮ&L!3P̈́Ǝ$1�L�JMP134 ý8̲à®ˈƸŉ9u��i�n�͸8

ƄɲPǊ/!3�̈́Ǝ#M1�K（Clement et al., 2001）�IncP-1��i�v6I.1Ơ͇

˧6ˬ.+̲à®ˈƸŉ��u��i�n�3$1ʌŌ8��i�v6ɧˬ#M+Ö˴Ȼ�

�L�)8³ͅ2�JMP134`�
�8̲à®ˈƸPǊ/ K101ý3 K401ý9�16S rDNA

˽Ο9ª5L��Table 1-4
�̲à®ˈƸ˽Ο�³ʤ$�Table 1-5
�˞%ʌ�#8̲à��

i�vṔͮ&L (Fig. 2-2, A)�I.1�ʌŌ��i�v3$1ƠĿĈ6ˈ˷$+Ö˴ȻF

̒ʻ2�5�� 

� EST4002 `�
�8̲à®ˈƸ˽ΟF�IncP-1 ��i�vȕ6ɿƣ&L!3�̈́Ǝ#M

1�L（Poh et al., 2002; Vedler et al., 2004）�$�$�ȴˉͯ΁8 I502ý3 T101ý9�

IncP-1��i�v8³̍ˁ5ʌ�#2�L 90 kbIKʌŌ8��I) 300 kb8��i�v

ȕ6̲à®ˈƸṔͮ$1�+�I502ý3 T101ý9�16S rDNA˽Ο�˞³2�.++E�

˞³8ƠĿ6ͯ΁&LÖ˴Ȼ�ƌ����i�v8ˈʑ˴9ƆƧ2�5��Βǚ9c�x


8ōʉ�ȇ$ª5L+E�Ŀý3$19ń̺#ML�EST4002ý8 2,4-D̲à®ˈƸŉFu

��i�n�3$1 IncP-1��i�vȕ6ɿƣ&L!3�̈́Ǝ#M1�K�˞ ̲à®ˈƸ�

u��i�n�3$1ʌŌ��i�v6ɧˬ#M+Ö˴Ȼ�Ɔ�JM+�͏ ǗŢ2 EST4002

`�
�8ʆȌý3$1ͻ�+ TV1ý9�200 kb8��i�v�pTV1ȕ6̲à®ˈƸ˽Ο

PǊ/ǈ�̈́Ǝ#M1�L（Vallaeys et al., 1998）�)8ų�Cavalca et al. (1999）9 pTV1

8ʌ�#P 442 kb3ȳʻ$+�͏ şĨ2 pTV16/�1ˡJM+ŘÙ9�ųǚ6ŀ�ʞ2�

.+��I502 ý3 T101 ý8́ͮ&L�I) 200 kb 8̲à��i�vIK9͜J�6ʌ�

��Fig. 2-2, B
�!MJ�˞%��i�v`�
�6ɻ&L8�9̉ʛ2�5�.+�pTV1

9ɌƍˈʑǗŢ2ˈʑ8ó˭#M5�.+!3�̈́Ǝ#M1�L（Vallaeys et al., 1998）�

Cavalca et al. (1999）9�pTV18́ͮ&L tfdC®ˈƸ6ɬ˞5˽ΟP��I) 200�J
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300 kb8��i�v6́ͮ&LýP̯ȷšǲ$+��!MJ8ý6/�1�)8ų8̈́Ǝ9

š˔+J5�� 

� TFD44`�
�8̲à®ˈƸ˽ΟPǊ/ I602ýĤ; TFD44ýF�cadA, tfdBĤ; tfdC

®ˈƸɜ1P˞³8��i�v6́ͮ&L!3�͜J�35.+��-��sZ|_s�Sɻ

8 2,4-D ̲àĿ29�̲à®ˈƸ3��i�v8ĉŊ6/�18̈́Ǝ�5��͏şĨ2ǼE

1ǎ#M+�TFD44 ý9 tfdC £Ð8̲à®ˈƸP®ˈƸ_�io
3$1́ͮ&L!3�

̈́Ǝ#M1�L（Thiel et al., 2005）+E�ȇ5�3F TFD44ý9 2,4-D̲à6̛ͻ5®ˈ

ƸPɜ1��i�vȕ6́ͮ&L3Ɔ�JML�͏şĨ6��1�cadA Ĥ; tfdB ��tfdC

3˞³8��i�vȕ6šǲ#M+!39�̲à®ˈƸ8ˈ˷3òˡPƆ�Lȕ2ǯͽ5§

͖PǊ/�I602ý3 TFD44ý8̲à®ˈƸ˽Όͮ��i�v9��'MF 90 kbʾˏ3

IncP-1��i�v3˞͸8ʌ�#2�.+�$�$�cadA®ˈƸ��-��sZ|_s�S

£ç8ƠĿ�Jŝǲ#M+3��̈́Ǝ9š˔+J5�!3�J�͏ǗŢ2ŝǲ#M+̲à�

�i�v9�IncP-1��i�v39ª5LǰǞ̏¦8ķ���i�v8Ö˴Ȼ�ƌ�3Ɔ�

JM+�I602ýĤ; TFD44ý8ɻ&L SphingomonaceaeØƠĿ29�2,4-D£ç8͸	5

Ñƍ̱8̲àĿ�Ąı�J̲Ή#M1�K�̲à®ˈƸ8ɜ̪��L�9³̪P��i�v

ȕ6́ͮ&L!3�͜J�6#M1�L（Stolz, 2009）�!MJ8��i�v9Ɍƍˈʑ6ĉ

OL3Ɔ�JML®ˈƸŉPǊ/ǈ�̈́Ǝ#M1�L��IncP-1`�
�8��i�v9š

ǲ#M1�5�（Stolz, 2014）� 
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ʍƫȐ�� 2,4-D̲à®ˈƸṔͮ&LʌŌ��i�v pM70128ɜÇč˽Ο8àɈ 

 

3.1� ͽͩ 

 

� Ə˧8ȴˉːșIK̲Ή#M+ 2,4-D̲àĿ Burkholderia sp. M701ý8́ͮ&L�I)

600 kb8 2,4-D̲à��i�v�pM7012
P�}�i�T
�vb�ˊė¿˝ �͆PFGE


2ɖȣʅ�J̲Ή$�ɜÇč˽ΟP͜J�6$+�)8ŘÙ�pM70128ɜʵ9 582,142 bp

2�GCċΖ9 59.7��o�}_ǖPc
v&L3Ɔ�JM+˽Ο�CDS
9 541ūšǲ#

M+�Szs
g��8ŘÙ�2,4-D ̲à®ˈƸŉ8ʂ6~ɡʇȻu��i�n�Ĥ;Ɍƍ

ˈʑ®ˈƸŉ�šǲ#M�Β®ˈƸŉ8Ĉ69 BurkholderiaɻĿ8_��v�£ə9�ʍ˪

ɖȣʅ
6ɬ˞Ȼ8ƌ�Η±�ɿƣ$+�B+���i�vɜʅ2 39 ū8 tRNA ®ˈƸ˽

Ο�šǲ#M+�Ǯ.1�pM7012 9�!MB26Çč˽Ο8͜J�6#M1�L 2,4-D ̲

à��i�v39ª5L®ˈƸŉPǊ/!3�ǎ#M+� 

 

3.2� Ǿũ 

 

� ��i�v9�Ơ͇˧2ɖȣʅ39̺6ǐ΋ˁ6̯Ʌ#ML DNA ̲Ƹ2�̲Ƹɂ̱öˁ

Ǡ͆Pͻ�+şĨ29��_o
3$1΅ͻ#M1�L�Ơ͇˧8c�
ȷ�ʃ�ȷ kb 8

ȆŌ8F8�J�ƔΏĿ˕6šǲ#ML 1 M£ȕ8ʌŌ8F8B2͸	2�L���i�v

9³̍6ĄȞ2�L����Wx�̲àĿ8 Rhodococus jostii RHA1ý9̲à®ˈƸPʌŌ

8ɗȞ��i�v6Ǌ/（Shimizu et al., 2001）�Ơ͇�J8ʬǲ�˩$� 100 kb£ȕ8�

�i�v9�ȆŌ8��i�v6̓?L3àɈ�ʥMLŋź��.+��ʃ͸�/ǯͽ5®

ˈƸṔͮ&L!3�J��\��i�v3$1àɈ�ȬEJM+�ʩɡŮʻ��i�v�

ǯŁɻʇȻ��i�v�ͮĕ̱̲à��i�v�Ĥ;̠ŤȻ��i�v˕�ʟJML

（Schwartz, 2008）�ŀ˰�bz�8àɈ�ȬD6/M1���i�v8Çč˽Οt
o�͌

ʌ6Ǭɉ#M1�L�$�$��i�v8ˈʑȻ˕���i�vǐʅ8àɈ9ƇOM1�5
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�Șƍ�ʃ�� 

� ƠĿ6��L 2,4-D ̲à˴8òˡ6ˈʑȻ��i�v�ǯͽ5˜�P$1�L!39Ĉ­

�5���!MB26ɜÇč˽Ο8͜J�6#M+ 2,4-D ̲à��i�v9�pJP4�

pEST4011�pIJB1�p712 Ĥ; pDB1 8 5 /6ŪJM��'MF IncP-1 ��i�v`�


�6ɻ&L（Kim et al., 2013; Poh et al., 2002; Trefault et al., 2004; Vedler et al., 2004）�

ʋ̞ˁ5 2,4-D̲à��i�v�pJP469���i�v̲˽̯Ʌ®ˈƸŉ�Ɍƍˈʑ®ˈƸ

ŉ�2,4-D̲à®ˈƸŉ8ʂ�ȴłʇȻ®ˈƸŉ�ɿƣ&L� 

� əȐ8ŘÙ�J�RASCe�`�
�8̲à®ˈƸ��I) 600 kb8��i�vȕ6́Ǌ

#M�ƠĿĈ6ˈ˷$1�LÖ˴Ȼ�ǎ#M1�L�!8��i�v9�2,4-D ̲à��i

�v3$1ȒƠ5àɈΛ�5��B+�!MB26̈́Ǝ#M1�Lʂ8͈ƋɼÑƍ̱̲à�

�i�v�Λ�:u�X�̲à��i�v pWW0�117 kb
（Greated et al., 2002）G[�

|n
�̲à��i�v pCAR1�199 kb
（Maeda et al., 2003）6̓?1ʌŌ2�ȧę8ˈ

ʑȻ̲à��i�v8Ö˴Ȼ�ƌ�3Ɔ�JM+�)!2�!8ʌŌ��i�v8ɜÇč˽

Ο8àɈPƇ�!33$+� 

 

3.3� ƤΓ 

 

� RASCe�`�
�8̲à®ˈƸPǊ/ 8ý8̲àĿ8�-�Burkholderia sp. M701ý

8 2,4-D ̲à®ˈƸ́ͮ��i�vPàɈ$+�M701 ýPɘQ,Άͯ3$1�bz�8ˊ

ė¿˝2ŝǲ#M+��i�v8ȷ�̓õˁȇ5�!3�ĭ JML�Fig. 2-1A
�F�³

/8Άͯ9�M701ý8 rDNA˽Ο9 B. sacchari8˞˽Ο6ɬ˞Ȼ�ƜFƌ��99%�Table 

1-4
�˫Χš̠ŤĿ8 B. cepacia 6ƌ�ɬ˞ȻPǎ& B. metallica G B. diffusa 6ɬ˞5

rDNA˽ΟPǊ/ý6̓?1¡ɜ6ǗŢ2�L3Ɔ�++E2�L� 
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3.4� ͆ͅ 

 

3.4.1��i�v8̲ΉáǦȜŚ8Ɯ˂Ñ 

�1
��i�v8̲Ή͆ͅ8ŝ˙3 2,4-D̲à®ˈƸ˽Όͮ��i�v8ˢʻ 

� ʍ³Ȑ2Ǘƽ$+�xb�Pͻ�+ˊė¿˝29�ŀɌ&L|�v8ɋK̲�3ǭ̲Ζ8

��i�v DNA8áǦ�Ɠ˩3Ɔ�JM+�)!2�IKʃΖ8 DNA̲ƸPɄˏI�̲Ή

&L͆ͅ3$1�PFGE͆PǅC+�M701ýP 2˾Đǜ$+ LBÀʅ˿ʠ6Ɍǡ$�28��

150 rpm2�I) 12ǋĈȦ3�˿;$+�OD660� 0.735.+˿;ÀPǬĿ$�Takami et 

al. (1999）8͆ͅ6Ǯ.1 PFGEͻ8��`Pƥȼ$+���` 1ū�+K6Ƴͻ&LĿΖ

9�˿;À 0.2 mL3$+�¿˝b�9�PFGEͻS\�
i�Bio-Rad, USA
P 1�ċD

0.5�TBE |r�R
2ƥȼ$+�DNAeUj�
[
69� DNA ladder�Bio-Rad
P

ͻ�+���`˧8bz� DNA9�PFGEɯʣ�CHEF-DR II�Bio-Rad
Pͻ�1�14�

6ΜĢ$+ 0.5�TBE|r�R
˧2 24ǋĈ¿˝$+ų�parameters: gradient, 6.0 V cm-1; 

included angle, 120�; initial switch time, 2.98 s; final switch time, 57.62 s; ramping 

factor, linear
�EtBr2ɖȣ$+�ɖȣ$+b�9�0.5�TBE |r�R
˧2HLG�6

Ȧ3�$1͵̲5 EtBrPȂĪ$+ų�Ýɰƨ½gis��Pharos FX�Bio-Rad
2¿˝ɰ

Pǟˡ$+� 

� 2,4-D ̲à��i�vṔͮ&L DNA ̲ƸP͜J�6&L+E�PFGE 2ŝǲ#M+

M701ý86/8DNA̲ƸPwU�������6u��i�R
$1UVŮʻ$�tfdCM701

��
�2ef�{U��pUl
g��PƇ.+�DNAu��i�R
�ef�{U��

pUl
g���Ĥ;��
�8ƥȼ͆9ʍ˪Ȑ2Ǵ?+͆ͅ6Ƿ%+� 

 

�2
pM70128ŹΊˁáǦ8+E8 PFGEȜŚ8ŝ˙ 

� PFGE͆2 pM7012PM701ý8́ͮ&Lʂ8 DNA̲Ƹ�J̲Ή2�L!3�͜J�6

5.+�$�$_�
��U���
8ƥȼ69 1 µg£ȕ8 DNA�̛ͽ3#M�ŹΊI�

��i�v DNAPáǦ&L+E69�PFGE2ŝǲ#ML pM70128|�vPF.3ʄ�
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&L̛ͽ��L3Ɔ�+�)!2 PFGE 8��`8ƥȼ6ͻ�L M701 ý8ɂ²is
h�

_����Wxc
�ǻΆ�Ĥ;ĿΖ� PFGE8¿˝ɰ6ĤA&½ĸPʳ?+� 

� ɂ²is
h3$19�ʆȷɱȢēǼē6Ơ͇͓8ǝ�Ŀʅ�IKʃ�3Ɔ�+�)!2�

)MB2 OD660� 0.7B2ɱȢ$+ĿʅPͻ�1�+3!N�OD660� 0.5Ĥ; 0.3B2ɱȢ

$+ĿʅPáǦ$1Ƴͻ$+�!8ơ��`6ˬMLĿΖ9�OD ʞ2ɾ�+�_����

Wxc
�8ŹÙ8ʳƙ29�OD660� 0.5Ĥ; 0.7B2ɱȢ$+˿;À6�Ǫ˳ˏ 180 µg 

mL-18_����Wxc
�PÕ��2 ǋĈ˿;$+ų6áǦ$+ĿʅPͻ�+�_���

�Wxc
�9o�}_ǖƍȼPɣè&L+E�Ŀʅ8ɱȢPͿȺ$1Ơ͇�+K8 DNA

Ζ8ɱ�L!3Pēʈ$1Ƴͻ$+� 

� PFGE2bz�8 DNA̲ƸP̲Ή$1F�DNA|�v8˼Ő�i�S
65K�͢ˁç

8 DNA8ƕˬ�Ŝ˱#M+�)!2�PFGE2 pM7012P̲Ή$+ų�pM7012PċDb

�̼PɋKǲ$�PFGEͻ8ȧ$�¿˝b�6͐EƑQ2ƛˏ PFGE6��L!32�ƕˬ

$+͢ˁç8 DNAPȂĪ&L!33$+� 

 

3.4.2� pM70128ɜÇč˽Ο8àɈ 

�1
� pM70128ʬǲ3ɄɅ 

� 3.4.1 2Ɯ˂Ñ$+͆ͅ6Ǯ��pM7012 P PFGE 2̲Ή$�2 á͢8 PFGE b��Jɋ

Kǲ$+b�̼�J8 DNA8áǦP�́ ėͺǲ （͆Sambrook & Russell, 2001）2Ƈ.+�

��i�v DNA ċDb�PȇΖ8 TE |r�R
3İ6˛Ɉq�
�6ˬM1_�
e


2̷%�TAE |r�R
PˬM+ˊė¿˝ɪ�Mupid�Sv|�i
2�100 V2 2ǋĈ¿

˝$+�!8ų�̨ Ɉ͓6̥ʪ$+ DNAPͲΉ&L+E�100 V2ģͅź6 1̲Ĉ¿˝$�

˛Ɉq�
�˧8ͺǲÀP TE |r�R
2ɕ�5�JáǦ$+�ͺǲÀ6ċBML DNA

9�Wz
�Ĥ;_�����2ɄɅ$�TE |r�R
6ͺà$+�³ˏ8 PFGE2��

` 9ūP¿˝&LȘƍ�áǦ#ML pM70128 DNAΖ9��I) 200 ng2�.+�2 µg

£ȕ8 pM7012 DNAPˡL+E6�PFGE3 DNA8áǦPňK̿$Ǘƽ$+� 
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�2
�g�ru\��U���
8ƥȼ3g
_X�iàɈ 

� ��i�v DNA 8ʛ̼Ñ��U���
8ƥȼ�Ĥ;]����
g
_X�i6IL

�SX�vàɈ9v�d�hWz�r_k�o
�o[�|UZ
6¥΂$+���i�v

DNA 1 µg9̱Άˁ6˹Ɵ$��I) 2 kb8ʛ̼P̲ǟ$+ų�͔ʙP̵üÑ$1��i�

v�_o
pUC118 / Hinc II6�Ub
g��$1�ʌʲĿ DH10Bý�Life technologies, 

USA
2_�
x�`$+�M13-47��U�
�CGCCA GGGTT TTCCC AGTCA CGAC


Ĥ; RV-M��U�
�GAGCG GATAA CAATT TCACA CAGG
Pͻ�1U�e
u8

Βɴ�Jg
_X�i̋ÊPƇ.+�+,$��B�˽ΟP˥E1�5�_�
�9�̛ͽ

6Ê%1�ǽɻ8şĨĕĉ2ƛàɈPƇ.+�ɶ-�àɈʆȓ8˽ΟPċD_�
�8��

i�vDNAPTempliphi�GE healthcare, UK
2ɱ̮$1ʯŌ3$�M13��U�
�Table 

1-1
Pͻ�1�ʍ³Ȑ2Ǵ?+͆ͅ2�]����
g
_X�iPƇ.+� 

� ]����
g
_X�i2ˡJM+Çč˽Ο8Sk���9�g
_X�iSk���

m�uVWS ATGC ver. 6�lysTr_i
2Ƈ.+�m�uVWS ATGC29��SX

�v˽ΟP˭Ǔ$1�͙Ǹ5�Sk���&Lĕ˴�šǲ#M5�.++E�ū	8U�e


u8Βʙ�Ų�6ģź�6�I) 2 kb£˧6�L!3P͢Ǆ2ó˭$�͙ Ǹ8�LȘƍ6

9�Ǡ˝2˽ΟP/5�ʷ$+�B+�ɬ˞Ȼ8ƌ�ňK̿$˽Ο9�m�uVWS8C2

8Sk����˩$�.++E�˂Ğ�Ǡ˝2Sk���$ʷ$+� 

 

�3
�ǌȹʋg
_X�iàɈ 

� ]����
g
_X�it
oP̓�+E�pM7012 8ǌȹʋg
_X�iàɈPƇ.

+���i�v DNA 8ʛ̼Ñ�g
_X�iàɈ�Ĥ;ǌȹʋg
_X�it
o8Sk

���9͍ãˠgis��eUX�iýǒßǙ6¥΂$+���i�v DNA 1µg 9̱Άˁ

6˹Ɵ$�Illumina Genome Analyzer�Illumina, USA
2àɈ$+� 

 

�4
� pM70128ʵƚ DNAʛ̼PċD_�
�8ǟˡ3àɈ 

� c�sT`8̶;ǺP͜J�6$�B+Sk����ɀ$�ƇOM1�L!3Pó˭&L
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+E6�10 kb£ȕ8ʵ� DNAʛ̼Pɧˬ˽Ο3&L�U���
PƄʦ$1�ɧˬ˽Ο8

ΒɴPg
_X�i$+�ːș�Jʵƚ DNAPʬǲ&L͆ͅ（Zhou et al., 1996）8â̻͆

Pͻ�1�M701 ýIKʵƚ8bz� DNA Pǟˡ$+�ˡJM+bz� DNA 9ȺŪƈɡ

EcoRI�xr��h
�
2̪̲ɋʛ$�PFGE2̲Ý$1 40-200 kb8̏¦PɋKǲ$+�

ƕˬ&Lʘ� DNA ʛ̼PȂ�+E�B+ž�.+|�vPǦɸ&L+E�b�̼PƜǼ8

¿˝ͅź3ģź�6b�6͐EƑC�ƛˏ˞%ȜŚ2 PFGEPƇ.+�2á͢8 PFGE29�

�-agarase Pͻ�+b��J8 DNA áǦ�2�LI��PFGE ͻ8ʺͳˇS\�
i�

Seaplaque GTG agarose (Lonza, Switzerland)2b�Pƥȼ$+�͢ˁ8 DNAPċDb�

̼PɋKǲ$��-agarase�Χŷǹͪ
2�ƈɡ̥ɻ8Ɏ͜ǿ6Ǯ.1ͺà$+ų�ƌ̲Ƹ

̱ǖÆȥ˳Ǳ�T�o
�Microcon Ultracel YM-100�Merck Millipore, USA
2�ʺ̲Ƹ

Ñ$+S\�
iPȂĪ&L3İ6�DNA P˳Ǳ$+�!8 DNA �J�BAC �U���


Ƅʦ]ru�CopyControl BAC Cloning Kit�Epicentre, USA
Pͻ�1�U���
P

ƥȼ$+�U�e
u8ʵ#Pó˭&L+E�30 c�x
P��p�6ɘ;�BAC �_o


ͻ8 mini prep͆（Sambrook & Russell, 2001）2�_o
Pʬǲ$�U�e
uɧˬ¤

ʣ8Βɴ6�L NotI eUu2ɋʛ$1ˊė¿˝$+�!8�U���
9 M701 8bz�

DNA�JƄʦ#M1�L+E�pM70128˽ΟPǊ/_�
�8Ŷ̓Pc�x
{U��p

Ul
g��͆2ŝǲ$+���
�8ƥȼ69�g
_X�iàɈͻ6 PFGE2̲ΉɄɅ

$+ pM7012 DNA8ƲKPʯŌ3$1ͻ�+�DIG ����`]ru�Roche, Switzerland


2�pM7012 ɜʅ8˽ΟP���$5�J��p�6ɱ̮$1��
�3$+�!8��


�2M701bz��U���
�J pM70128˽ΟPǊ/_�
�Pʬǲ$�ɧˬ˽Ο8Β

ʙPg
_X�i$+�M701ý8bz� DNAPȺŪƈɡ HindIII�xr��h
�
2ɋ

ʛ$+Șƍ8�U���
F˞%͆ͅ2ƥȼ$�˞͸8àɈ6ͻ�+� 

 

�5
� primer walking͆6ILg
_X�iàɈ 

� c�sT`Ĉ8^�r�G�c�sT`˽Ο8Ϊ͑5ÚǽP͜J�6&L+E6�̛ͽ6

Ê%1)8əų8˽Οț̈́�J��U�
Pƥȼ$�ʘʛ̼_�
�3ʵʛ̼_�
�ͯ΁
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8��i�v��L�9 M701 ý8bz� DNA PʯŌ6]����
g
_X�iàɈP

Ƈ.+� 

 

3.4.3� Szs
g��3˽Ο8ˍΥ 

� B'ƷE6�®ˈƸàɈm�uVWS�in silico Molecular Cloning (U�g�c|UZ�

h
ýǒßǙ) Pͻ�1�®ˈƸ8åƷcv�3Ǫƾcv�6ĳBM+open reading frame

�ORF
Pʬǲ$+�ǌ6�Çč˽Ο�200 bp£ȕ8ORFɜ18S�zƱ˽ΟPNational 

Center for Biotechnology Information�NCBI
8protein blast�blastp
8eUu

�http://blast.ncbi.nlm.nih.gov/Blast.cgi
（Altschul et al., 1997）2ŝƦ$�ȕ¤6~ru

$+o�}_ǖ8ɬ˞Ȼ�40�£ȕ8Șƍ6˞ʻŶ̓o�}_ǖ3$+�ĕ˴8Κǉ$+o

�}_ǖ9�İʸ8Ƅɲ�q
�Gv�U�PǊ/ǈ�ʟJM1�L�)!2o�}_ǖ8

t
o�
i�Pfam�http://pfam.xfam.org/
（Finn et al., 2010）8ŝƦĕ˴Pͻ�1�˞

ʻŶ̓o�}_ǖ8Ƅɲ�q
�Gv�U�8́ͮȞĶPʳ?�˞ʻ8ƔĬ3$+�ȕǴ8

blastp3Pfam8ŝƦ29�pM70128ORF8åƷ¤ʣ3ĝ®ˈƸ8Ö˴Ȼ8ó˭FƍO(1

Ǘƽ$+�B+�®ˈƸàɈm�uVWS� in silico Molecular Cloning8˽ΟŝƦĕ˴P

ͻ�1�pM7012ȕ8���
o
8İʸ˽ΟPŝǲ$�CDS8åƷ¤ʣPŗʻ&L+E8

̉ʛƤΓ3$+�t-RNA8àɈ9�tRNAàɈeUutRNAscan-SE 

(http://lowelab.ucsc.edu/tRNAscan-SE/) （Schattner et al., 2005）2Ǘƽ$+� 

� ˡJM+ pM7012 8ɜÇč˽ΟĤ;Szs
g��8t
o9˫͏ DNA t
o|�_

�DDBJ
Pʸ%2 DNAt
o�
i6ˍΥ$+�Accession number�AB853026
� 
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3.5� ŘÙ 

 

3.5.1��i�v8̲ΉáǦȜŚ8Ɯ˂Ñ 

�1
��i�v8̲Ή͆ͅ8ŝ˙3 2,4-D̲à®ˈƸ˽Όͮ��i�v8ˢʻ 

� � bz� DNA P PFGE 2àɈ$+ŘÙ�M701 ý8bz�9 6 /£ȕ8 DNA ̲ƸIK

Ƅȼ#M�ȇ5�3F 4 /8ʌŌ��i�vṔͮ&L!3�͜J�35.+�Fig. 3-1 Ɨ

Ȳ
�B+�PFGE � M701 ý8��i�v8̲Ή6ͮŹ2�L!3�ǎ#M+�tfdCM701

��
�Pͻ�1ef�{U��pUl
g��PƇ.+ŘÙ�6͏8|�v8�-Ð�J 2

͏͢8|�v6g`w��˭EJM+�Fig. 3-1»Ȳ
�!8 2,4-D̲à®ˈƸ˽ΟPǊ/�

�i�vP�pM70123͚̥�+� 
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Fig. 3-1 PFGE of replicons from strain M701 (left figure) and Southern hybridization 

analysis of the replicon using the tfdCM701 probe (right figure). 
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�2
pM70128ŹΊˁáǦ8+E8 PFGEȜŚ8ŝ˙ 

� M701 ý8ɂ²is
h��PFGE 2ŝǲ#ML DNA |�v8ʄ#6ĤA&½ĸPʳ?

+ŘÙ�ǻΆĈ8Ƙ9˭EJM5�.+�Fig. 3-2A
�_����Wxc
�8ˆÕ2�ŝ

ǲ#ML DNA |�v9ȇ$ʄ�5.+��͜ó5ŹÙ9˭EJM5�.+�ƜFâɚ8Ź

Ù�˭EJM+89���`�+K8ĿΖPɱG$+Șƍ2�.+�Fig. 3-1 6ŘÙPǎ$

+ƜǼ8ǗŢ29���` 1 ū�+K8ĿΖ9˿;À 0.2 mL 3$+�͏ǗŢ29�ȇ5�

3F 2.4 mLB29�ĿΖPɱG&@4 DNA|�v�ʄ�5Lŋź�˭EJM+�Fig. 3-2B
�

³ͅ�ƌ̲Ƹ DNA ���`�Jˊėͺǲ$G&�5L!3Pēʈ$1���`8b�˳ˏ

PʸȚ8 1��J 0.7�6Ð LȜŚFŝ˙$+��DNA |�v8ʄ#6ʌ�5Ƙ9˭EJ

M5�.+�Fig. 3-2B
�0.7�b�8��`9¿˝Ǫΐǋ6̻ō$1�++E���`8b

�˳ˏ9 1��I�3̉ʛ$+� 

� ĿΖPɱG&!32 DNA |�v�ʄ�5.+��)8³ͅ2�¿˝ɰ�i�S
65K

G&�ŋź�˭EJM+�͢ ˁç DNA8ƕˬPĻΘ5�&+E�PFGE2̲Ή$+ pM7012

8 DNAPċDb�̼P 2á͢8 PFGE6��L!32�ƕˬ$+ʺ̲Ƹ DNA�ŹΊˁ6

ȂĪ#M+�Fig. 3-3
� 
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Fig. 3-2 Comparison of the effect of growth conditions (A) and electrophoresis conditions 

(B) on PFGE of replicons from strain M701. 
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Fig. 3-3 PFGE of replicons from strain M701 for getting DNA of plasmid pM7012. At the 

1st electrophoresis, the replicons of strain M701 were separated in PFGE gel, and at the 

2nd electrophoresis, DNA of pM7012 in cut-out gel was electrophoresed again to remove 

contaminated other DNA fragments. 
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3.5.2� pM70128ɜÇč˽Ο8àɈ 

� pM7012 8g�ru\��U���
8àɈ�J��I) 6,500 ū8Çč˽Ο�ǟˡ#M

+�³˽Ο8ʵ#9��I) 600 bp2�.++E�pM70128Ȗʵˏ 66ɬ˔&L�bz�

àɈ29Ȗʵˏ 5 8t
o8ǟˡ�͢¡3#M���i�v8àɈ29ǭ̲Ζ8t
o3ƺ

OM+�$�$Sk���8ŘÙ�100 £ȕ8c�sT`�ōȼ#M�g�ru\��U�

��
8ŘÙ,�29�pM70128ɜÇč˽ΟP͜J�6&L!392�5�.+�)!2�

ǌȹʋg
_X�iàɈPƇ��1˽Ο�+K�I) 30 bp8˽ΟP 470͕ūǟˡ$+�ɶ

-ƍŕ 141 Mb�Ȗʵˏ 235 ɬ˔8t
o�ǟˡ#M+�$�$�ǌȹʋg
_X�it


o8C29Sk�����B���'�ȧ+5˽Οț̈́9@3Q4ˡJM5�.+�ɑ8g

�ru\��U���
�JˡJM+c�sT`˽Ο6�ǌȹʋg
_X�it
oP�r

��`&L!36IK�c�sT`8̤ó�,.+˽ΟPóʻ$�c�sT`Ĉ8^�r�

8ț̈́8³̪�ˡJM+�!8ǋˇ2Fȷǭ8c�sT`�ɿƣ$1�++E�10 kb £ȕ

8ʵ� DNA ʛ̼Pɧˬ˽Ο3&L�U���
PƄʦ$1�SX�vàɈPƇ��c�s

T`8̶;ǺP͜J�6$+�B+�!8�SX�v8g
_X�iț̈́�JSk����

ɀ$�ƇOM1�L!3Pó˭$+�primer walking͆2c�sT`Ĉ8^�r�G�c�

sT`˽Ο8Ϊ͑5ÚǽPàɈ$+ŘÙ�pM70128ɜÇč˽Ο�͜J�6#M+�ɜʵ9�

582,142 bp�GCċΖ9�59.7%2�.+� 

 

3.5.3� Szs
g�� 

� pM70128Szs
g��8ŘÙP Fig. 3-46ǎ$+�pM701269�541ū8 CDS3ƺ

OML˽Ο�ŝǲ#M+�)8�-Ēʟ8o�}_ǖ3ɬ˞ȻPǊ-�ĕ˴8ȳʻ�2�+

89�187 ū8C2�.+�Ēɿ8t
o�
i6ɬ˞5˽Ο8ɿƣ$5�ĕ˴͗ʟ8˽Ο

9�ˢ6��i�v̯ɅåƷΗ±�JǋŕáK6ƜǼ8̲̊6Ǭʫ$1�+�!8Η±8Β

ʙ69�GC ċΖ�ƌ�ňK̿$˽Ο�̯ȷɿƣ$+�!8ňK̿$˽ΟPċDΗ±9åƷ

cv�3Ǫƾcv�8Ĉ�ž��ƜFʵ�Η±29 4000 aa£ȕ6F5.+�S�zƱ3$

1ɬ˞ȻŝƦPƇ.+3!N�̪̲ˁ6 outer membrane autotransporter (Burkholderia 
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vietnamiensis G4, YP_001110606)3ʺ�ɬ˞ȻPǎ$+���i�v8ƲK8̲̊69�

~ɡʇȻu��i�n��2,4-D̲à®ˈƸŉ�Ĥ;oU� IV̲̔®ˈƸŉ�ɿƣ$+�~

ɡʇȻu��i�n�3 2,4-D̲à®ˈƸŉ8Ĉ69 BurkholderiaɻĿ8_��v�ʍ˪ɖ

ȣʅ
6ɬ˞Ȼ8ƌ�Η±�ɿƣ$+�_��v39ɖȣʅ39ń̺#MLɖȣʅ͸8 DNA

̲ƸPƻ$�Harrison et al. (2010）6I.1ʽȅ#M+�CDSĈ8Çč˽Ο�̓õˁʵ�

Șƍ9�NCBI 8 nucleotide blast 2ɬ˞5˽Ο8ŝƦPƇ.+�)8ŘÙ�pM7012 ȕ6

9 tRNA8ɿƣ&L!3�͜J�35.++E�tRNAàɈeUu tRNAscan-SE 2àɈP

Ƈ.+�39ū8 tRNA˽Ο�šǲ#M�2[ǽ6B3B.1ɿƣ$++E�tRNA cluster I

Ĥ; tRNA cluster II3͚̥�+� 
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Fig. 3-4 Map of plasmid pM7012 in Burkholderia sp. M701. The first and second circles 

(from outside to inside) represent genes transcribed in the clockwise and 

counterclockwise direction, respectively, with colors representing COG classification, 

except genes annotated as involved in 2,4-D degradation, arsenic resistance, plasmid 

transfer, gene mobilization, and genes related to phage. The third circle represents tRNA 

genes, and the fourth and fifth represent pM7012_repeat A sequences in the clockwise 

and counterclockwise direction, respectively. The sixth circle shows GC contents from 

47–62% separated by different colors, with a mean value of 54%. The regions in synteny 

with byi_2p and pBVIE01 are shown by dotted blue line. 
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3.6� ƆƧ 

 

� M701 ý8bz��J 2,4-D ̲à��i�v�pM7012 P̲Ή$1ɜÇč˽ΟPàɈ$+

ŘÙ�ʌ�#9 582 kb2�.+�!MB26ɜÇč˽Ο8͜J�6#M1�L 2,4-D̲à�

�i�v9�'MF 90 kbəų8ʌ�#8 IncP-1`�
�8��i�v2�L（Kim et al., 

2013; Poh et al., 2002; Trefault et al., 2004; Vedler et al., 2004）�I.1)M£ç8 2,4-D

̲à��i�v8ɜÇč˽Ο8àɈ9�͏şĨ�ǼE12�L�pM7012 69�2,4-D ̲à

��i�v6$:$:šǲ#M1�+ȴłʇȻ®ˈƸŉ9ɿƣ$5�.+�ʋOK6�2,4-D

̲à��i�vȕ69šǲ#M+!385�~ɡʇȻ®ˈƸŉ�šǲ#M+�B+�³Ρ8

Ɍƍˈʑ®ˈƸŉ� pM70126ɿƣ&L!3�͜J�65K�pM7012�ˈʑȻ��i�v

2�LÖ˴ȻPƼǊ&LŘÙ�ˡJM+�2,4-D ̲à®ˈƸŉ3~ɡʇȻ®ˈƸŉ8Ĉ8 50 

kb £ȕ8Η±9�Burkholderia ɻĿ8_��v�£ə9ʍ˪ɖȣʅ
6ɬ˞2�.+�F

$�M701 ý8ɜbz�PàɈ$�ˡJM+˽ΟPĒʟ8bz�˽Ο6�r��`$�ƲK

P��i�v DNA 3&LǠ͆2 pM7012 PàɈ$1�+J�_��v˽ΟPš΃3$+Ö

˴Ȼ��L�͏şĨ29�pM70128 DNA8CP PFGE8b��JɋKǲ$1àɈ$++

E���i�vȕ8_��v˽ΟPóǗ6ŝǲ2�+3Ɔ�JML� 

� DNAt
o�
i6IL3�!MB26bz�8àɈ#M1�L BurkholderiaɻĿ8b

z�eUj9 8 Mbəų8Ŀý�ʃ��pM70129ǰǞ8bz�eUj8 1/13ʾˏ6ɬ˔&

L3Ɔ�JML�BurkholderiaɻĿ8bz�9̯ȷ8 DNA̲Ƹ�JƄȼ#ML!3�ʃ��

��i�v�_��vPǟKƑQ,Ö˴Ȼ�Ɔ�JML³ͅ2�pM7012 ǐȫ�_��v3

��Ö˴ȻFƆ�JM+�$�$�Harrison et al. (2010）9ɖȣʅ�_��v�Ĥ;��i

�v8̲Κ8čǷPǎ$1�K�)M6Ǯ�3�pM7012 9��i�v6̲Κ#ML3Ɔ�

JM+�)8ƔĬ3$1�£Ð8�ˇ�� JML�ʍ³6�pM70128 GCċΖ��DNA

t
o�
i6ˍΥ#M1�L BurkholderiaɻĿ8ɖȣʅDNA˽Ο8GCċΖIKʺ�!

3��L�_��v9ɖȣʅ3˞ʾˏ8 GC ċΖPǊ/3ʻĠ#M1�L�ʍ˪6�_��

v9ǡˢªˁ˽ΟPǊ/3#ML��pM7012 9ɻǡPʴ�1ˈʑ$1�LÖ˴Ȼ�ʍ³Ȑ
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Ĥ;�ųǴ8ʍΤȐIKĲ�ǎƖ#M1�L�ʍƫ6�pM7012 6ɬ˞5��i�vƐðP

Ǌ/��i�v pBVIE01�ʍűȐ
��Harrison et al. (2010）8̈́Ǝ2��i�v6̲Κ

#M1�L!3�ĭ JML� 

� pM7012 8��i�v̯ɅåƷΗ±�JǋŕáK6�I)ƜǼ8̲̊8Η±8 CDS 9ʌ

̊�ĕ˴͗ʟ2�.+�!8Η±9�BurkholderiaɻĿ�L�9ŀɻĿ8 DNA˽Ο38ɬ

˞Ȼ�ʺ��³̪69�R
h6ɬ˞5˽ΟFš�,#M+�!8Η±8Βɴ69�GC ċ

Ζ�ƌ��Ų�6ɬ˞Ȼ8Ů�˽Ο�ɿƣ&L�I.1!MJ8Η±9�ɬ˞ɢă�˕2�

ç̪IKǟKƑBM+Ö˴Ȼ�ƌ�3Ɔ�JM+� 

� PFGE6IK�ȇ5�3F 300 kbB28ʌŌ8��i�v��i
}
cU�8ōʉ2̲

Ή#ML!3�̈́Ǝ#M1�L（Wang & Lai, 1995）�͏şĨ2F�ȺŪƈɡǻΆPƇ�!

35��300 kb£ȕ8��i�v�̲Ή#M�PFGEPͻ�+ʌŌ��i�v8àɈ8ͮŹ

Ȼ�ó˭#M+�͏şĨ2ͻ�+ PFGEͻ8��`ƥȼ͆29�ˎʫ�50�2³̐˿;&L

+E���i�v6xr_�ˬK���i�v8³̪��L�9ʌ̊�Z
��e
_�8

ōʉ6̻Ñ$1�LÖ˴Ȼ�ƌ��Wang & Lai (1995）9 100 kb8Z
��e
_�8�

�i�v9 well6΍BK�PFGE2̲Ή2�5�.+!3P̈́Ǝ$1�L�͏ şĨ8 PFGE

b�2̲Ή$+bz� DNA 8ef�{U��pUl
g��29�well 8¤ʣ6˳�g`

w��˭EJM+�Fig. 3-1
�!8ŘÙ9�Z
��e
_�35.+��i�v�ŝǲ#

M1�L+E3Ɔ�JM+� 
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ʍƵȐ�� pM7012�ç̪�Jòˡ$+3Ɔ�JMLĕ˴®ˈƸ˽Ο8̓õàɈ 

 

4.1� ͽͩ 

 

� pM7012 69 2,4-D ̲à6̛ͽ3#ML³Ρ8̲à®ˈƸ�ɜ1ɾ��)8̶;Ǻ9�Ē

ʟ8̲à��i�v6Κǉ$1�L!3�͜J�35.+�³ͅ2�!MB26̈́Ǝ#M1

�L 2,4-D ̲à®ˈƸŉ8Βɴ6šǲ#M1�+ɧˬ˽Ο IS1071 9�pM7012 ȕ69šǲ

#M5�.+�Ǯ.1͏��i�v9�Ēʟ8 2,4-D̲à��i�v39ª5L͆ͅ2 2,4-D

̲à®ˈƸŉPòˡ$+Ö˴Ȼ�ǎƖ#M+�~ɡʇȻ®ˈƸŉ9 Tn3�R��
8u��

i�n�8ōʉP3K�Ēʟ8~ɡʇu��i�n�3̗Ț6ƌ�ɬ˞ȻPǎ$+�!8u

��i�n�9ǧ̾8˽Ο8àɈIK�BurkholderiaɻĿ8_��v8³̪3İ6 pM7012

6ǟKƑBM+3Ɔ�JM+�B+�pM70126ɿƣ&L 2/8 tRNA_�io
8�-�

36ū8 tRNA®ˈƸIKƄȼ#ML_�io
II9�20ǡΚ8S�zƱɜ16ʆÊ&L��

)M*M8˽Ο�̯ȷ8ɂ̱ǡ8 tRNA6ɬ˞ȻPǎ$�͗ʟ8̘ɂ̱IKòˡ#M+Ö˴

Ȼ�ǎ#M+�!MJ8ŘÙ9�pM7012 8ɟɑ��ʃ͸5˽ΟPç̪IKòˡ$1Ũƣ8

pM7012�Ƅʦ#M1�L!3P§͖$1�K�͏��i�v��BurkholderiaɻĿ8®ˈ

Ƹ8òˡ3ƛ̽6ʌ�5ͨùPʕ.1�L!3�ǎ#M+� 

 

4.2� Ǿũ 

 

� ��i�v9�ʌ��̲�1 2 /8ͽɡ�JƄȼ#ML�³/9���i�vŮͮ8˽Ο

2���i�v8¬Ǌ̯Ʌ6̛Ȱ8®ˈƸŉGɌƍˈʑ®ˈƸŉ�!M6ɬ˔&L�!MJ

8˽Ο9���i�v8Ɛðˁ˽Ο (plasmid backbone)（Burlage et al., 1990; Thomas, 

2000）3ŭ:ML���i�v8́ͮ&LF�³/8ͽɡ9�ų˄ˁ6��i�v�òˡ$

+3Ɔ�JML˽Ο2�S_ke�
®ˈƸ�accessary gene
3ŭ:ML（Heuer et al., 

2004）�IncP-1 `�
�8��i�v2ȒƠ6àɈ�ƇOM���i�v8Ɛðˁ˽Ο�˞
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%��i�v2F�́ͮ&LS_ke�
®ˈƸŉ8ª5L!3�̈́Ǝ#M1�L（Sen et 

al., 2011; Szczepanowski et al., 2011）���i�v8Ɛðˁ˽Ο>8 DNAʛ̼8ɧˬ9�

u��i�n��ƜF³̍ˁ2�ʃ�8��i�v�u��i�n�͸˽ΟṔͮ&L�!

MB26ɜÇč˽Ο8͜J�6#M1�L 2,4-D̲à��i�vF)8Λç295��2,4-D

̲à®ˈƸŉ8Βɴ69 IS1071�ɿƣ$�̯ ƍu��i�n�8ōʉP3.1�L（Kim et 

al., 2013; Poh et al., 2002; Trefault et al., 2004; Vedler et al., 2004）�Burkholderia cepacia 

2aý8́ͮ&L 2,4-D̲à��i�v pIJB129�2,4-D̲à®ˈƸŉ3)8Βɴ8 IS1071

PƍO(1 Tn55303͚̥�JM1�L� 

� ��i�v8Ɛðˁ˽Ο>8 DNA ʛ̼8ɧˬ3$1F�³/Ɔ�JML89���i�

v�ɖȣʅ8³̪PǟKƑDŨȓ2�ʌŌ8��i�v29³̍ˁ6ŝǲ#ML（Lawley et 

al., 2004）�ƜF͚ͮ589�F��i�v�ɖȣʅPǟKƑQ2F’��i�v35LŨȓ2�

ʌʲĿ8ɖȣʅ DNA8àɈ8Ǡʝ3$1F΅ͻ#M+�2,4-D̲àĿ6��1F�̲ à��

i�v8ɖȣʅ>8ɧˬ�ó˭#M1�L（Ka & Tiedje, 1994）� 

� ��i�v8S_ke�
®ˈƸ9�ǰǞ6ȧ$�˴ΘP̥Ͷ$1ǰǞ8ɂƲPͮ΅6&

L3İ6�ǰǞ8ɖȣʅ8̻Ñ�Λ�:ȧ+5˽Ο8ǟKƑCG�˽Ο8ɬ˞ɢă�PȳȬ

$1�L3Ɔ�JML�͏şĨ29B'ƷE6�pM70128ǰǞ2�L M701ý6 2,4-D̲

à˴P̥Ͷ$1�L 2,4-D̲à®ˈƸŉ6/�1�Ēʟ8̲à®ˈƸŉ3̓õàɈPƇ.+�

ǌ6�pM7012 8��i�v8Ɛðˁ˽Ο6�ų˄ˁ6ɧˬ#M+3Ɔ�JML̲à®ˈƸ

£ç8˽ΟPàɈ$+� 

 

4.3� ͆ͅ 

 

�1
ĕ˴®ˈƸ_�io
Ĥ;)8ǧ̾˽Ο8̓õàɈ 

� ®ˈƸàɈm�uVWS�in silico Molecular Cloning (U�g�c|UZ�h
) Pͻ�

1�®ˈƸ˽Οț̈́�J®ˈƸƄɲ8ȲPǿ�ǲ$�̓õàɈ6ͻ�+�B+�pM7012 8

ňK̿$˽Ο8ŝǲF�˞ m�uVWS8˽ΟŝƦĕ˴2Ǘƽ$+�®ˈƸ8ɬ˞Ȼ8ʞ9�
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®ˈƸàɈm�uVWS�Genetix ver. 15�lysTr_i
Pͻ�1ưǲ$+�_��v

Η±6/�19�ˢʻ8ĕ˴®ˈƸŉ8ͮ͘P͜J�6&L+E6�Kyoto Encyclopedia of 

Genes and Genomes (KEGG)P΅ͻ$1àɈ$+� 

 

�3
tRNA®ˈƸ8̓õàɈ 

� bz� DNA8 tRNAŝǲeUu�tRNAscan-SE（Schattner et al., 2005）�JS�qc

v�3ʆÊ&LS�zƱ8t
oPǟˡ$+�B+ tRNA®ˈƸ8ͯ΁Pȳʻ&L+E6�

tRNAt
o�
i�tRNADB-CE（Abe et al., 2011）P΅ͻ$1�Ē̈́8˽Ο38ɬ˞Ȼ

PàɈ$+� 

 

4.4� ŘÙ 

 

�1
2,4-D̲à®ˈƸŉ 

� pM70128 2,4-D̲à®ˈƸŉ8Ƅȼ9�Ēʟ8 2,4-D̲à��i�v pEST40118́ͮ

&L̲à®ˈƸŉ6ƜFɬ˞2�.+ (Fig. 4-1)�+,$�pM70128 tfdEICIDIRI8̶;Ǻ

9 pJP48́ͮ&L tfd II®ˈƸ_�io
6ƜFǉ1�+�pM70126��1F³̪8̲à

®ˈƸ9̯ȷɿƣ$�_�io
Pōȼ$1�++E�tfdCIIEIIBII3͚̥�+�®ˈƸ_�

io
tfdCIIEIIBII8ȕΌ69 tfdR®ˈƸ8ʫÉ2³ÇčŖǔ$1��
�g�u8ɂ%+

ĝ®ˈƸ�ŝǲ#M��tfdRII3͚0�+�pM7012ȕ8�tfdRIIĤ; tfdCIIEIIBII9�pM7012

8́ͮ&LF�³/8̲à®ˈƸ_�io
tfdEICIDIRI8ʔǹ5ǯ̯295�.+��

tfdRII3�pEST40118́ͮ&L tfdR9Çč˽Ο2 91�ɬ˞2�.+��pM70128 tfdRI

8Çč˽Ο39 72�8ɬ˞Ȼ2�.+�pM70128 tfdCIEI3� tfdCIIEII8Çč˽Ο9 tfdE

8Ɯų8 81ÇčPȂ�1˞³2�.+��pM70128 tfdBII9 pM70128 tfdBI�pEST4011

8 tfdB�Ĥ; pJP48 tfdBII8Çč˽Ο6�77�J 79�8ɬ˞ȻPǎ$+� 

� 2,4-D̲à®ˈƸŉ8ǧ̾6šǲ#ML!38ʃ� IS1071͸8u��i�n�9 pM7012

ȕ69šǲ#M5�.+�pM70128 tfd®ˈƸŉ8 tfdF®ˈƸɴ8çɴ69�IS3�R�
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�
8 IS1416（Hasebe et al., 1998）8͔ʙ6ɿƣ&LňK̿$˽Ο6@A˞³8˽Ο�ɿ

ƣ$�!8˽Ο8ŀ�69�Xylella fasidiosa subsp. Sandi Ann-18́ͮ&L IS6058u�

�i�f
l�404 aa; GenBank accession number; EAO31770
6ɬ˞5 85 aa8S�z

Ʊ˽Ο�ɿƣ$+�pM70128 tfd®ˈƸŉ8͔ʙ6¤ʣ&L tfdBII®ˈƸ8çɴ69�

pM7012_repeat A3͚̥�+ňK̿$˽Ο�ɿƣ$+��!8˽Ο9ʘ�F8FċEL3

pM70128 29[ǽ6šǲ#M+(Table 4-1)�!8 tfdBII®ˈƸ8 10 kb@4ÐΌ69�U�

s`�
l� pM7012_repeat A8³/3ŀɌ$1�+�Fig. 4-1
�pM7012ȕ69�)8

ʂ6F̯ȷ8ňK̿$˽ΟGɧˬ˽Ο�ɿƣ$�Table 4-1, 4-2, Fig. 3-4
�ÜĪ6ɃQ6�

�i�v DNA8ƛ̽8ƇOM+!3�ǎƖ#M+� 
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�2
~ɡʇȻ®ˈƸŉ 

� pM70128~ɡʇȻ®ˈƸŉ9���i�v¬Ǌ̯ɅΗ±�JǋŕáK6�I) 350 kb8

¤ʣ6ɿƣ$�Fig. 3-4
�arsenic resistance transcriptional regulator, arsR; arsenate 

reductase arsC; rsenical resistance operon trans-acting repressor, arsD; 

arsenite-activated ATPase, arsA �� arsenical pump membrane protein, arsB8 5/8

®ˈƸ�JƄȼ#M1�+ (Fig. 4-2a)�!8®ˈƸŉ9�Tn3�R��
8u��i�f


l®ˈƸ�tnpAĤ;u��i�n��n�|
l®ˈƸ�tnpR6ĳBM1�K�tnpA3

tnpR8ÐΌ69�̗Ț6I�́ɿ#M+ģͅź̭̋˽Ο�ɿƣ$+ (Fig. 4-2a, b) �ɶ-�

~ɡʇȻ®ˈƸŉ�u��i�n�3$1 pM7012ȕ6ɿƣ&L!3�ǎ#M+�!8®ˈ

Ƹŉ6ɬ˞5˽ΟP NCBI8t
o�
i2ŝƦ$+3!N�˨S��[2�~ɡ˳ˏ8̗

Ț6ƌ�Ύ~˃Ɖɂ̱ƱÑǻΆo�_IK̲Ή#M+~ɡʇȻĿ�Leptospirillum 

ferriphilum Fairviewý8́ͮ&L~ɡʇȻu��i�n� TnLfArs�Tuffin 2006
3ɬ˞

Ȼ�̗Ț6ƌ�!3�͜J�65.+�Fig. 4-2a, b
�)M*M8ʆÊ&L®ˈƸ8ź�3̶

;Ǻ�˞%2�Lǈ6Õ�1�í®ˈƸ8S�zƱ���8ɬ˞Ȼ9 93�98��Βǚ8ģͅ

ź̭̋˽Ο9@A˞³2�.+�³ͅ�TnLfArs3˞ʾˏ6 pM70128~ɡʇȻu��i�

n�6ʆ$1ƌ�ɬ˞ȻPǎ&˽Ο9�ʂ69ŝǲ#M5�.+�pM7012ȕ6šǲ#M+

~ɡʇȻu��i�n�9�u��i�n�͚͛gis�（Roberts et al., 2008）6Ǯ.1

Tn62333͚͛$+� 
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�3
_��vΗ± 

� ��i�v pM70128~ɡʇȻ®ˈƸŉ3 2,4-D̲à®ˈƸŉ8Ĉ69 59 kb8Η±�ɿ

ƣ$�51ū8 CDS�šǲ#M+�!MJ8˽Ο9�Ē6bz�˽Ο8͜J�6#M1�L

ʂ8 BurkholderiaɻƠĿ�Λ�:���ØƔΏĿ3$1̲Ή#M+ CCGE1002ý

（Ormeno-Orrillo et al., 2012）�ȡ̱ɂ²ɳȬİɂƠĿ�PsJNý（Weilharter et al., 2011）

Ĥ; PCB̲àĿ�LB400ý（Chain et al., 2006）8́ͮ&Lɖȣʅ8ǌ6ʌ��ĄȞ DNA

�_��v�£ə8ʻĠ29ʍ˪ɖȣʅ
3ɬ˞Ȼ�ƌ�.+�pM70128 59 kb8Η±6

�L 51ū8 CDS8�-�27ū9 CCGE1002ý8_��vȕ8³[ǽ8Η±8˽Ο6 80�

£ȕɬ˞2�51ū8 CDS8�-�35ū9̶;Ǻ� CCGE1002ý8́ͮ&Lɬ˞5 CDS

6³ʤ$+�˞ ͸8ŋź��PsJNýĤ; LB400ý8_��v3 pM701238Ĉ6F˭EJ

M+�pM70128 51ū8 CDS8ĕ˴P�KEGGPͻ�1ʳ?+3!N�)M*M8˽Ο�

ǃǖ8ʋǛƍȼGS�zƱ8ʋǛ˕�͸	5ʋǛő8³̪Pʕ�®ˈƸ3˞ʻ#M+�ɶ-�

pM70128 59 kb8Η±9�2,4-D̲à®ˈƸŉ8I�6��Ḻǖ8³Ρ8ʋǛ®ˈƸŉ

3$1295��ʔ6_��v8³̪� pM70126ǟKƑBM+!3�ǎƖ#M+�pM7012

8 59 kb8Η±8͔ʙ69�Yi�Y�}
l C®ˈƸ8˽Ο�ɿƣ&L��!8˽Ο9ˎ

ʫ�J~ɡʇȻu��i�n� Tn62336ʣă#M1�+�_��vΗ±� pM70128ɟɑ

6ǟKƑBM1ų�~ɡʇȻu��i�n��ɧˬ#M+Șƍ69�~ɡʇȻu��i�n

�8Βɴ6˞ͅź̭̋˽Ο�ɿƣ$�̲ʛ#M+�Yi�Y�}
l C˽Ο�ɿƣ&L9'

2�L��Tn62338Βɴ6�)8I�5˽Ο9šǲ#M5�.+�ɶ-�Burkholderiaɻ

ƠĿ8_��vȕ8�Yi�Y�}
l C˽Ο6 Tn6233�ɧˬ#M�!MP�pM70128

ɟɑ�_��v8³̪3İ6ǟKƑQ,Ö˴Ȼ�ǎ#M+�� � � � � � � � � � � � �
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�4
tRNA®ˈƸ 

� pM7012ȕ6šǲ#M+ 2/8 tRNA͸®ˈƸ8_�io
8�-�tRNA ®ˈƸ_�i

o
I9 3/8 tRNA®ˈƸ˽ΟPċC�)8˽Ο9Ēʟ8 BurkholderiaɻƠĿ8

CCGE1002ýG STM815ý8́ͮ&L tRNA˽Ο6 85�£ȕɬ˞2�.+�Table 4-3
�

³ͅ�tRNA ®ˈƸ_�io
II9�2,4-D̲à®ˈƸŉ�J 5.4 kb8¤ʣ6ɿƣ$�Fig. 

4-1
�Ƅȼ&L 36ū8 tRNA®ˈƸ˽Ο9�͸	5ƠĿĤ;ŬƠĿ8 tRNA®ˈƸ6ɬ˞

ȻPǎ$+�Table 4-3
�!8 36ū8˽Ο9 20ū8̛ȰS�zƱɜ1Pc
v$�#J6

³ǡΚ8S�zƱ6ʆ$1̯ȷ8 tRNA˽Ο�ɿƣ&LȘƍ2F�S�qcv�8ǯ̯9˭

EJM5�.+(Table 4-4)�36ū8 tRNA9 4.8 kb8ʫ6 36ū8 tRNA®ˈƸ˽Ο�ŀɌ

$1ɿƣ$�˞˽ΟĈ� 10Çč£Ð8[ǽ� 15[ǽ�.+�Fig. 4-3
�ɶ-�tRNA ®ˈ

Ƹ_�io
I9 BurkholderiaɻƠĿ�L�9)8ŀÅǡ�JǟKƑBM+Ö˴Ȼ�ƌ�³

ͅ�tRNA ®ˈƸ_�io
II9�͗ʟ8̘ɂ̱�JǟKƑBM+Ö˴Ȼ�ǎ#M+� 
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Table 4-4 Anticodons and isotypes of tRNAs in tRNA-gene cluster II of pM7012.  

Isotype  Anticodon Counts:     

Ala   : 1   AGC:                           GGC: CGC: TGC: 1        

Gly   : 3   ACC:                          GCC: 1 CCC: 1  TCC: 1     
Pro   : 2   AGG:                        GGG:  CGG: 1 TGG: 1        
Thr   : 3   AGT:                             GGT: 1 CGT: 1 TGT: 1   

Val   : 1   AAC:                            GAC:  CAC: TAC: 1      
Ser   : 3   AGA:                                         GGA: 1 CGA: 1 TGA:  ACT:  GCT: 1    
Arg   : 4   ACG: 1                                            GCG: CCG: 1 TCG: CCT: 1 TCT: 1 

Leu   : 5   AAG:                                         GAG: 1 CAG: 1 TAG: 1 CAA: 1 TAA: 1  
Phe   : 1   AAA:                                         GAA: 1     
Asn   : 1   ATT:                                       GTT: 1       

Lys   : 2   CTT: 1           TTT: 1       
Asp   : 1   ATC:                                         GTC: 1     
Glu   : 1   CTC:              TTC: 1      

His   : 1   ATG:                                         GTG: 1     
Gln   : 1   CTG:               TTG: 1     
Ile   : 1   AAT:                                   GAT: 1 TAT:    

Met   : 2   CAT: 2                       
Tyr   : 1   ATA:                                         GTA: 1     
Supres: 0   CTA:               TTA:       

Cys   : 1   ACA:                                       GCA: 1      
Trp   : 1   CCA: 1                       
SelCys: 0   TCA:             
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Fig. 4-3 Gene organization of tRNA-gene cluster II in pM7012 and sequence of a part of 

the gene cluster shown by arrow (723 bp). The letters in bold font with underline show 

sequences of tRNA-genes. 
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4.5� ƆƧ 

�  

� pM7012 8ɜÇč˽ΟP͜J�6&L!36IK�ʍ³Ȑ2̪̲˽Ο8͜J�6#M1�

+ tfdA�tfdBĤ; tfdC¤®ˈƸ8ɜÇč˽Ο�͜J�65.+�B+ 2,4-D̲à6��L

ÐΌ8®ˈƸ2�L tfdD�tfdE Ĥ; tfdF Fŀ͊6ɿƣ&L!3�ǎ#M+�ɶ-�2,4-D

8Āɜ̲à6̛ͽ5®ˈƸɜ1� 1/8®ˈƸŉ3$1 pM7012ȕ6ɿƣ&L!3�͜J�

35.+�!MB26�RASC ý8 2,4-D ̲à®ˈƸ9̪̲Çč˽Ο$�͜J�6#M1�

J'（Baelum et al., 2010; Cavalca et al., 1999; Suwa et al., 1996; Vallaeys et al., 1999）�

͏şĨ2ǼE1�RASC e�`�
�8̲à®ˈƸŉ8®ˈƸƄɲ�ǎ#M+�pM7012 6

šǲ#M+ 2,4-D̲à®ˈƸŉ8ɜʅ8Ƅɲ9�Ēʟ8 2,4-D̲à��i�v pEST4011Ĥ

; pJP4 8́ͮ&L 2,4-D ̲à®ˈƸŉ8³̪6ɬ˞Ȼ�ƌ�.+�Fig. 4-1
�I.1�

pM7012 8Ǟͽ5̲à®ˈƸŉ9ˤǐ6Ƅʦ#M+8295��Ē6Ƅʦ#M1�+®ˈƸ

ŉPǟKƑQ,Ö˴Ȼ�ƌ�3Ɔ�JM+�pM70128 tfdCEB 9ǯ̯$�2/8 tfdCE ˽

Ο9é7˞³2�.+�tfdC ®ˈƸ8ǯ̯9�JMP134 ý8 2,4-D ̲à��i�v�pJP4

6Fɿƣ&L��c�
ȷPɱG&!36IK�tfdB8˜�2ɂ%L͠ˣ8_��[sc


�PɺG�6̲à&LͨùPʕ.1�L3Ɔ�JM1�L（Trefault et al., 2002）�pJP4P

ċD InP1 `�
�8��i�v9Ơ͇�+K8c�
ȷ� 5 ūʾˏ2�L86ʆ$

（Trefault et al., 2002）�pM70128I�5ʌŌ8��i�v8c�
ȷ9 1�J 2ūʾˏ

2�2,4-D8̲à6��1 pM7012�́ͮ&L̯ȷ8 tfdC9�pJP4£ȕ6ǯͽ5§͖PǊ

/Ö˴Ȼ��L� 

� pM70128ǯ̯&L tfdCE˽Ο�é7˞³2�.+³ͅ�³ÇčŖǔ8˭EJM+�tfdRII

Ĥ; tfdBII9�tfdRIĤ; tfdBI39ª5L˽ΟPǊ.1�+�s 6�tfdRII8Çč˽Ο9�tfdRI

6972�8ɬ˞Ȼ2�.+86ʆ$�pEST40028́ͮ&L tfdR6991�8ɬ˞ȻPǎ$�

pM70128 tfdRI�Ơ͇˧2ǯ̯$+8295��EST4002e�`�
�8®ˈƸŉ�Jǟ

KƑBM+Ö˴Ȼ�ƌ�3Ɔ�JML�pM70128 tfdBII9�pM70128 tfdBI�pEST4011

8 tfdB Ĥ; pJP4 8 tfdBII6 78%əų8ɬ˞ȻPǎ$�ç̪�JǟKƑBM+Ö˴Ȼ3�



 86 

pM7012 8 tfdCEB ˽Ο�ǯ̯$+ų6�tfdCE @469̛ͽȻ�ƌ�5�.++E�Çč

8ʣă�ȬQ,Ö˴Ȼ3�Ɔ�JM+�ɶ-�pM70128 2,4-D̲à®ˈƸŉ9�ʂ8 2,4-D

̲à®ˈƸŉ3ŵƪ$1Ƅʦ#M+Ö˴Ȼ�ǎ#M+� 

� pM7012 9Ēɿ8 2,4-D ̲à®ˈƸŉPç̪�Jòˡ$+3Ɔ�JML³ͅ�2,4-D ̲à

®ˈƸŉ8Βɴ6ƌ�̢ˏ2šǲ#MLɧˬ˽Ο IS1071 � pM7012 8ȕ69šǲ#M5�

.+�)8+E�pM7012 9Ēʟ8 2,4-D ̲à��i�v39ª5L�[xj�2�̲à®

ˈƸPòˡ$+3Ɔ�JM+�IS10719 2,4-D̲à®ˈƸŉ8C5J'�ʂ8Ñƍ̱8̲à

®ˈƸŉ8ŀ͊6Fšǲ#M�ƠĿ8®ˈƸòˡ6ʌ�5ͨùPʕ.1�L3Ɔ�JM1�

L（Sota et al., 2006）�pM70128 2,4-D̲à®ˈƸŉ9_��vΗ±8ŀ͊6ɿƣ$�_

��vΗ±38Ĉ69�ɧˬ˽Ο8Ʋì�̯ȷ�šǲ#M+�2,4-D ̲à®ˈƸŉ8òˡ�

[xj�8³/8Ö˴Ȼ3$19�5QJ�8ɧˬ˽Ο6I.1 BurkholderiaɻĿ8_��

v6ɧˬ#M+ 2,4-D ̲à®ˈƸŉP�ųǴ&L_��vΗ±8ǟKƑC8ơ6�pM7012

8ɟɑ��i�v�İ6ǟKƑQ,Ö˴Ȼ��L�F�³/8Ö˴Ȼ3$19�ɌƍˈʑȻ

ɧˬ¸Ƹ�integrative coujugative elements (ICEs)
8ĉOK�Ɔ�JM+�2,4-D̲à®

ˈƸŉ8_��v˽Ο39ģɴ69�CDS 8ŝǲ#M5�Η±��L�)!69�pM7012

ȕ6ʃȷɿƣ&L�I) 200 bp 8̭̋˽Ο pM7012_repeat_A �ɿƣ$+�

pM7012_repeat_A8³/9�pM70128 tfdBII®ˈƸ8�I) 10 kbÐΌ6�U�`�
l

3ŀɌ$1ɿƣ$1�+�ICE 2�L�ÇÑ��Wx�̲àu��i�n� Tn4371 

（Toussaint et al., 2003）G_��¡ɷƋƱ̲àbz�r_SU��v ICEclc （Ravatn et 

al., 1998）9�I) 200 bp8ňK̿$˽ΟPΒ͔ʙ6́ͮ&L�!MJ8 ICE8U�s`

�
l9�)8ňK̿$˽Ο8ŀ͊6ɿƣ&L�I.1�pM7012 8 2,4-D ̲à®ˈƸŉ8

òˡ6 ICE�ĉͶ$+Ö˴Ȼ�Ɔ�JM+��pM7012ȕ69 pM7012_repeat_A�ʃȷɿ

ƣ$�ICE 8ŤŌPšĻEL89Ɠ˩2�.+�B+�pM7012 ȕ69�)8ʂ8ňK̿$

˽Ο�U�s`�
lĤ;u��i�f
l8˽ΟFʃȷš�,#M�ÜĪ6��i�v

DNA�ʌ��ƛ̽#M+ŘÙ3Ɔ�JML�2,4-D̲à®ˈƸŉF)8I�5®ˈƸ8ƛ̽

8³̪3$1ǟKƑBM+Ö˴Ȼ�ƌ���)8�[xj�9͜J�295�� 
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� 2,4-D ̲à��i�v3$19ǼE1�~ɡʇȻ®ˈƸŉ� Tn3 �R��
8u��i�

n�3$1ŝǲ#M Tn6233 3͚͛$+�Tn6233 9S��[2�~ɡ˳ˏ8̗Ț6ƌ��

Ύ~˃Ɖɂ̱ƱÑǻΆo�_IK̲Ή#M+~ɡʇȻĿ Leptospirillum ferriphilum 

Fairviewý8́ͮ&L~ɡʇȻu��i�n� TnLfArs（Tuffin et al., 2006）3̗Ț6ƌ

�ɬ˞ȻPǊ/�TnLfArs 9~ɡʇȻ3ˈʑ˴PǊ/ǈ�ǗŢ6IKó˭#M1�K�Çč

˽Ο8ɬ˞Ȼ8ƌ#�Ĥ;ģͅź̭̋˽Ο8́ɿȻ8ƌ#�J Tn6233 F~ɡʇȻ˴3ˈʑ

ȻPǊ/Ö˴Ȼ�ƌ�3Ɔ�JM+�ƠĿ6IL~ɡʇȻ69��/�8ĕƄ�ɿƣ$

（Silver & Phung, 2005）�Tn6233G TnLfArs8́ͮ&L~ɡʇȻ®ˈƸŉ9�ƜF³̍ˁ

5~ɡʇȻĕƄṖŨ&L+E8®ˈƸŉ3��L�)M6F��OJ'�!8Βǚ8u�

�i�n�3˞%®ˈƸƄɲ8u��i�n�9�DNAt
o�
iȕ69šǲ#M5�.

+�ΒĿý9�)M*M�˨S��[3˫͏3��ʠΆˁ6ΉM+Șǽ�J̲Ή#M�#J

6�Nitrospirae ͥ8 Leptospirillum ɻĿ3 Proteobacteria ͥ8 Burkholderia ɻĿ3��

ͥ���2ª5LƠĿPǰǞ3&L�)M*M8̘ɂ̱�̺	6˞%®ˈƸŉPƄʦ$+3

9Ɔ�6���~ɡʇȻu��i�n���ʠΆˁ�Ĥ;ɂ̱öˁ6ˈ˷$1�L³/8Λ

�ǎ#M+��u��i�n�ʔˤ29ª5LƠĿ6ˈ˷&L!392�'�ɌƍˈʑȻ�

�i�vG ICE�ƠĿĈ8ˈʑP̀Þ$+3Ɔ�JML� 

� pM7012ȕ69 BurkholderiaɻĿ8_��v6ɬ˞5Η±�šǲ#M+��!8Η±8ͯ

΁9�pM70128ɟɑ��i�v��ÜĪ6�BurkholderiaɻĿ8_��v6ɧˬ#M�ƛ

;ɋKǲ#MLơ6�_��v8³̪PǟKƑQ,+E3Ɔ�JM+�pM70128_��v

Η±8 Tn6233ɴ8͔ʙ69��Yi�Y�}
l C˽Ο� Tn62336I.1̲ʛ#MLō

2ɿƣ$��Yi�Y�}
l C 8ƲK8˽Ο9�Tn62338ģɴ69šǲ#M5�.+�

B+�u��i�n��ɧˬ&Lơ6)8Βɴ6ōȼ#ML˞ͅź̭̋˽Ο��Tn62338

Βɴ�J9ŝǲ#M5�.+�ɶ-�Tn62339ƜǼ9_��v6ɧˬ#M�pM70128ɟ

ɑ��Tn62333_��v8³̪Pİ6ǟKƑQ,3Ɔ�JM+�2,4-D̲à®ˈƸŉF_�

�v3İ6ǟKƑBM+Ö˴Ȼ��L�)8�t�8³ΛP Fig. 4-46ǎ$+� 
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Fig. 4-4 Model for capturing arsenic-resistance transposon Tn6233 and a part of chromid 

on an ancestor of pM7012. 
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� pM70126939ū8tRAN®ˈƸ˽Ο�šǲ#M+��!M9�bz�8Ȇ#5ƠĿ�́ͮ

&LtRNA®ˈƸȷ6̚ˀ&L�ˢ6pM7012ȕ6šǲ#M+tRNA gene cluster II9̗Ț6

ķ�̏¦636ū8tRNAṔͮ$�20ǡ8S�zƱPɜ1͡΀&L�#J6�³/8S�z

Ʊ6ʆ$1̯ȷ8tRNA�ɿƣ&LȘƍ2Fcv�8ǯ̯�š˔+J5��!8I�5tRNA

8ƜȆkru9��Uc��j�G�arqS˕�ĎɂȻ2bz�8Ȇ#�̘ɂ̱6šǲ#

ML�[Genomic tRNA-Database（Chan & Lowe, 2009）]�)8I�5ɂ̱2F�tRNA®

ˈƸ˽Ο�Ó[ǽ�6̲Ʈ$1ɿƣ&L�DNAt
o�
i6ˍΥ#M1�L˽Ο8ʫ6�

pM70128tRNA gene cluster II6ɬ˞Ȼ8ƌ�˽Ο9˭EJM'�Ũǋˇ29tRNA gene 

cluster II8ͯ΁Pȳɹ2�5��ȇ5�3FBurkholderiaɻĿG)8ŀÅǡ39ª5L�Ď

ɂȻ8͗ʟ8̘ɂ̱6ͯ΁&L3Ɔ�JM+�pM70128ǰǞ2�LBurkholderia sp. M701

ý8bz�˽Ο9͜J�6#M1�5���rRNA8t
o�
irrnDB（Lee et al., 2009）

6IL3�!MB26àɈ#M1�L24ý8BurkholderiaɻĿ9̵Ľ�62ū8tRNAṔͮ

&L�$�$�NCBI8genome8t
o�
i6��1�BurkholderiaɻĿ8�-ʋ̞ˁ5

ĿýPʳ?+ŪK29�tRNA®ˈƸ˽Ο9�ɖȣʅ��L�9_��v6̲Ʈ$1ɿƣ$�

��i�vȕ69š˔+J5��tRNA®ˈƸ9!MB26FʌŌ��i�vȕ6šǲ#M1

�L�（Smillie et al., 2010）�pM70128I�6ɜS�zƱPɜ1͡΀&LtRNAṔͮ&L

��i�v9ʂ69š˔+J5��ƜFΚǉ$1�LΛ3$1�Methylibium petroleiphilum 

PM1ý（Kane et al., 2007）8́ͮ&L��i�vRPME01�599 kb, £ə9pPM1
�19

ū8S�zƱ6ʆÊ&L27ū8tRNAP_�io
3$1́ͮ&L!3�šǲ#M+�ʃȷ

8tRNA®ˈƸ˽ΟPcv�8ǯ̯5��_�io
3$1́ͮ&Lˇ2pM70123Κǉ$1

�L�+,$�pM70123RPME018́ͮ&LtRNA®ˈƸ_�io
8Ĉ69�ɬ˞Ȼ9˭

EJM'�ʌŌ��i�v8́ͮ&LtRNA_�io
6ʃ͸Ȼ8�L!3�ǎƖ#M+� 

� ͏Ȑ6��1!!B2Ǵ?1�+I�6�pM70129ʃ͸5®ˈƸŉPç̪�JǟKƑC�

ƛ̽PňK̿$1Ũƣ8˽Ο35.1�L!3�ǎƖ#M+���i�v DNA8ÖɝȻ8

ƌ�!39!MB26F̈́Ǝ#M1�L��pM7012F)8Λç295�3Ɔ�JM+Ɔ�

JM+�ˢ6 2,4-D̲à®ˈƸŉ3~ɡʇȻ®ˈƸŉ8ǟKƑC9�ǰǞ6ȧ$�˴ΘP̥
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Ͷ$�ȴˉĄı6��LɂƲPͮ΅6$+!3�ʹɦ#M+�~ɡ9 2,4-D�ʃΖ˒Ͷ#M

+ǋʋ6�ͮĕ~ɡƢ�ƀĿƢ
3$1˵ƅʠ6ʌΖ˒ˬ#M+�Fig. 4-5
�B+�~ɡ9

ćţȞʉ2ˣȻ8ƌBL!3�̈́Ǝ#M1�L（Takahashi et al., 2004）�!MJ8!3��

ȴˉːș2 IncP-1��i�vIK pM7012͸��i�v�ŝǲ#MG&�!38ƔĬ�F

$M5�� 

� ��i�v��fU_ƄɲP$1�L!39�!MB26Fȷ	̈́Ǝ#M1�L�

（Thomas, 2004）�pM7012F)8Λç295�.+���i�v8̲˽̯ɅΗ±GɌƍˈ

ʑ®ˈƸŉ3�.+��i�v8Ɛðˁ˽Ο£ç6�S_ke�
®ˈƸ3$1�2,4-D ̲

à®ˈƸŉP9%E�~ɡʇȻ®ˈƸŉ�_��v6ɬ˞5Η±�tRNA ®ˈƸŉ˕�šǲ

#M+�B+�ĕ˴͗ʟ8 ORF�Ρɽ$1ɿƣ&LΗ±F�pM70128ɟɑ��i�v6ɧ

ˬ#M+Ö˴Ȼ�ƌ��ʃȷ8ňK̿$˽Ο�̯ȷ8U�s`�
lĤ;u��i�f
l

®ˈƸ�šǲ#M�ÜĪ6͸	5U��u8�.+!3�ȳɹ#M+�̘ɂ̱8bz�9̻

Ñ$ɽ�LF82�K�)8ʫ2F��i�v9ɖȣʅ£ȕ6�)8Ȼǖ�Ĳ�3Ɔ�JM

L�ɖȣʅ69�ɂ²6̛Ȱ8˽Ο�ʃȷɿƣ$�)!6ɧˬ˽Ο�ˬ.+Șƍ9�)8̘

ɂ̱9ƿ͝&L86ʆ$���i�v9���i�v8¬Ǌ̯Ʌ6ĉOL®ˈƸ�ʀȃPǣ

�5�ŪK��L�9ǰǞ6ʆ$1èPĤA&I�5®ˈƸ˽Ο�ɧˬ#M5�ŪK�ç̪

8 DNA ʛ̼PǟKƑD!3�2�L���i�v9”®ˈƸ�
�”3ȏ#ML!3��L

（Norman et al., 2009）�pM70128I�5ʌŌ��i�v8”®ˈƸ�
�”3$18ͨù9

ʌ���ȧ+5̲à®ˈƸŉPƯCǲ&Ť˝Θ65.1�L3Ɔ�JM+� 
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Fig. 4-5 Domestic shipment of organoarsenic pesticides and 2,4-D granules in Japan. 
Data were collected from pesticide handbooks named “Nouyaku Yoran”. 
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ʍűȐ�� pM70128ɻ&L��i�v`�
�8àɈ 

 

5.1� ͽͩ 

 

� pM7012 8ɜʅ8˽ΟĤ;Ƅɲ9�ĊƏ2̲Ή#M+�Wxu�qZ�̲àĿ

Burkholderia sp. YI23ý8́ͮ&L��i�v byi_2p (356 kb) �Ĥ;̸Ə2̲Ή#M+u

�_��Xq��̲àĿBurkholderia vietnamiensis G4ý8́ͮ&L��i�v pBVIE01 

(397 kb)6ƜFɬ˞Ȼ�ƌ�.+�!MJ 3 /8��i�v9���i�v̯Ʌ̲˽®ˈƸ

ŉ3Ɍƍˈʑ®ˈƸŉF@A˞%ƄɲPǊ.1�K�˞%`�
�8��i�v3Ɔ�JM

+�Ɍƍˈʑ®ˈƸŉ8àɈ�J�pM7012 PċD��i�v`�
�9�Ɍƍˈʑ6̛Ȱ

3Ɔ�JM1�L��_e
l®ˈƸ�traI
Pİʸ$1Ǌ+5�ǈ�͜J�65L3İ6�

Ēʟ8ˈʑȻ��i�v`�
�39ń̺#ML̲͗Κ8ɌƍˈʑȻ¸Ƹ8Ö˴Ȼ�ǎƖ#

M+� 

 

5.2� Ǿũ 

 

� ˈʑȻ��i�v9�~u8̠ŤĿ8ƀɂ̱ǖʇȻòˡ8�[xj�8şĨ8ʫ�J�ƀ

ɂ̱ǖʇȻ®ˈƸPˈʑ&LDNA̲Ƹ3$1şĨ�ƷB.+（Summers, 1996）�ʂ6Ɋ·

Ŀ（Dorman, 2008）G�ʗάĿ（Fouet & Moya, 2008）3�.+̠ŤĿ8ˣɡ®ˈƸF�

�i�vȕ6ɿƣ$1�+!3�J�¯ΔŨȘ6��1FɃQ6şĨ#M1�+�ˈʑȻ�

�i�v6F͸	5ǡΚ��L��ƜǼ8̲Κ9���i�v8¬Ǌ̯Ʌ8ĕƄ�˞%��

i�v9³/8Ơ͇˧6¡ʻ$1¬Ǌ#M5�3��Ȼǖ�̤ΧƍȻ
P΅ͻ$1ƇOM+�

˿;͆6č0��³/8Ơ͇62/8��i�v�¡ʻ$1İɿ2�M:�)82/9ª5L

`�
��4-J��ʒ΃&LȘƍ9˞%`�
�3#M+�şĨ`�
�6I.1��i

�v`�
�8͚͛͆�ª5K�Ǟ6ʲ˧ƠĿP �şĨ`�
�29IncF, IncP, IncQ3�

.+̲Κ�ͻ�JM�Pseudomonas aeruginosa8ƀɂ̱ǖʇȻ��i�vPʆȓ3&Lş
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Ĩ`�
�29�IncP-1, IncP-2, IncP-33�.+̲Κ�ͻ�JM+（Taylor et al., 2004）�

IncP`�
�3IncP-1`�
�9˞%��i�v`�
�Pƻ$�!MB26I�àɈ#M

1�L2,4-D̲à��i�v�ɻ&L�̲Ƹɂ̱ö8̇˅3İ6�)M*M8��i�v`�


�6ˢªˁ5˽ΟPŝǲ&L͆ͅ�ʽ¢#M�ˢª��
�Pͻ�+ef�{U��pU

l
g��͆G�ˢª��U�
Pͻ�+PCR͆�å̇#M+（Carattoli et al., 2005; 

Couturier et al., 1988; Gotz et al., 1996）�ŀ˰�ƠĿ8bz�àɈ�ȬQ,ŘÙ�IKʃ͸

5��i�v�ʃȷŝǲ#M�˿;͆Pčɞ3$+̲Κ69Ɠ˩�ɂ%LI�65.+�

Francia et al. (2004）9�rDNA˽Ο6I.1ƠĿP̲Κ&LI�6�ˈʑȻ��i�vF

́ɿȻ8ƌ�˽Ο6I.1̲Κ&L!3Pʽ¢$�)8˽Ο3$1Ɍƍˈʑ®ˈƸ8³/2

�L��_e
l�relaxase
®ˈƸ�ɘ:M+���_e
l9��i�v8˪͏ƚDNA

8³ͅ6xr_PˬM�˪͏ƚPå���[
l͸8˜�P&L3İ6�ɋʛ$+DNAƚ8

5’ɴ6Řƍ$1�̍ ʑɑ8Ơ͇>DNA̲ƸPͱ˟&LͨùPǊ/（de la Cruz et al., 2010）�

��_e
l®ˈƸ9ǐůˈʑȻ��i�v8C5J'�ǐůˈʑ˴85�ˈʑȻ��i�

vGˈʑȻu��i�n�6Fɿƣ$�Ɍƍˈʑ¸Ƹ6̛Ȱ8®ˈƸ3¤ʣ0�JM1�L�

��_e
l®ˈƸ˽ΟPͻ�+̲Κ6IL3�Ɍƍˈʑ¸Ƹ96ū8`�
�6̲�JM�

2,4-D̲à��i�v8ʃ��ɻ&LIncP-1`�
�9MOBp`�
�6ċBML

（Garcillan-Barcia et al., 2009）�B+Λ�:�IncP-9`�
�8u�X�̲à��i�v

pWW09MOBF�Inc-7`�
�8pCAR19MOBH`�
�6̲Κ#ML� 

� ͏şĨ29�pM7012 �ɻ&LɌƍˈʑ¸Ƹ`�
�P͜J�6&L+E6���i�v

ɜʅ8˽ΟPĒɿ8��i�v˽Ο3̓õ&L3İ6���i�v8Ɛðˁ˽Ο3Ɔ�JM

L��i�v̯Ʌ̲˽®ˈƸŉĤ;Ɍƍˈʑ®ˈƸŉ6/�1�̓õàɈPƇ.+� 

 

5.3� ͆ͅ 

 

� pM70128ɜʅ��L�9³̪8˽Ο6ɬ˞Ȼ8ƌ�˽Ο8ŝƦP�NCBI8t
o�
i

3ŝƦĕ˴PƳͻ$1Ǘƽ$+�̯ ȷ8DNA̲Ƹ�İʸ$1́ͮ&LCDS8¤ʣ3ɬ˞ȻP
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ǎ&��_�r�8ƥȼ�Ĥ;®ˈƸ8ͧ¶Ȳ8ƥȼ9®ˈƸàɈm�uVXS�in silico 

Molecular Cloning (U�g�c|UZ�h
)Pͻ�1Ǘƽ$+�ő˗ǥ9�MEGA5Pͻ�

1˽Ο8S�U��uPƇ.+ų�Ɯͣ͆2ĮΉŕưPƇ��ˡJM+ŘÙ�Jƥȼ$+� 

 

5.4� ŘÙ 

 

�1
���i�vɜʅ8̓õ 

� Burkholderia sp. M701ý8́ͮ&L��i�v pM7012ɜʅ8Çč˽ΟPĒʟ8��i

�v3̓õ$+3!N��Wxu�qZ�̲àĿ Burkholderia sp. YI23ý8́ͮ&L��

i�v byi_2p�356 kb
（Lim et al., 2012）Ĥ;�u�_��Xq��̲àĿ8 Burkholderia 

sp. G4ý（Nelson et al., 1986）8́ͮ&L��i�v pBVIE01 (397 kb) (Accession number; 

CP000617)6ƜFƌ�ɬ˞ȻPǎ$+�ɬ˞5 CDSPɗ2Ř;�S�zƱ���8ɬ˞Ȼ6

Ê%1)8ɗ6ȣP/�+ȲP Fig. 5-16ǎ&�B+�Fig. 3-48 pM70128ɜʅɰ6�byi_2p

3 pBVIE016ɬ˞5Η±PɆ8˹ɗ2ǎ$+�byi_2p3 pBVIE018Ĉ9�ʆÊ&L CDS

8ɬ˞Ȼ� 90�£ȕ2�L86ʆ$�pM70123)M*M8��i�v29�ʆÊ&L CDS
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Fig. 5-3 Phylogenetic tree of T4CP amino acid sequences from pM7012, the related plasmids, and 

plasmids belonging to the MOB families. Related sequences from chromosomes and ICEs were 

added. Parenthesis after the plasmid name represent MOB group, incompatible group, size, and 

accession number of T4CP. “nd “ indicates no data. The tree was constructed by 

maximum-likelihood analysis using Mega 5 software. Bootstrap values (calculated from 1,000 

replicates) of more than 50 are shown.  
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���i�v8̯ɅåƷΗ±8̓õ 

� ʃ�8ʌŌ��i�v8¬Ǌ̯ɅΗ±9���i�v̯ɅΗ±3��i�v̲˽Η±IK

Ƅȼ#ML（Hayes & Barilla, 2006）�pM70128��i�v̲˽Η±9��i�v�k�

u��S˽Ο�parS�WalkeroU� ATPase®ˈƸ�parA�Ĥ;��i�v�k�u��

SŘƍo�}_ǖ®ˈƸ�parBIKƄȼ#M1�+�Fig. 5-4
���i�v̯Ʌ®ˈƸ�repA

9��i�v̲˽Η±8�I) 7 kbÐΌ6ɿƣ$+�!MJ8®ˈƸŉP�Ēʟ8��i�

v3̓õ$+3!N�ɜʅ8Ƅȼ�ƜFǉ1�L byi_2pĤ; pBVIE013�@A˞%2�.

+�Fig. 5-4
�B+���i�vȕ8®ˈƸ8̶;Ǻ8ɬ˞Ȼ�³ʻʾˏ˭EJM+ pMOL30

6��1Fɬ˞Ȼ�˭EJM+�ʂ6�ɬ˞5¬Ǌ̯Ʌ®ˈƸŉPǊ/��i�v3$1�

w�o��̲àĿ Pseudomonas putida ND6ý8��i�v pND6-2（Li et al., 2013）�B

+ P. purida H8234ý8ɖȣʅȕ6FΚǉ8®ˈƸŉ�šǲ#M+� 

� Ēʟ8��i�v8́ͮ&L parA®ˈƸ8S�zƱ˽Ο6č0�1ő˗ǥPƥȼ$+3

!N�Fig. 5-5
���i�v�pM7012�byi_2p�pBVIE01�pMOL30�pND6-2Ĥ; H8234

ý8ɖȣʅ6ͯ΁&L˽Ο9�ʂ8��i�v39ń̺#ML³/8_�io
Pōȼ&L

!3�͜J�35.+�)8³ͅ2�)MJ8˽Ο9�IncP-7��i�v`�
�6̲Κ#

M1�L pCAR1Ĥ; pND6-18́ͮ&L ATPase3ɬ˞Ȼ8ƌ�!3F͜J�35.+� 

� )!2 IncP-7��i�v`�
�8��i�v�pCAR1Ĥ; pND6-16��L��i�

v¬Ǌ̯Ʌ®ˈƸŉ8®ˈƸ8ƄȼPȲ6ǿ�ǲ$1̓õ$+3!N�Fig. 5-4
�parS �

parA3 parB8Ĉ6�Lˇ�repA� parAĤ; parB8ȕΌ6ģź�2ɿƣ&Lˇ2���

i�v pM7012PċD��i�v`�
�8®ˈƸŉ39ª5L!3�͜J�35.+�B

+�parS 6ċBMLģͅź̭̋˽ΟP̓õ$+3!N�Table 5-1
�pCAR1 Ĥ; pND6-1

8˽Ο9��i�v pM7012�byi_2p�pBVIE01�pMOL30�pND6-2 Ĥ; H8234 ý8ɖ

ȣʅ8˽Ο39͜ó6ń̺#ML!3�ǎ#M+� 
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Fig. 5-4 Gene organization in plasmid maintenance regions of pM7012, other related 

plasmids and a chromosome from strain H8234. Dark gray arrows labeled “A” represent 

parA/sopA genes, gray arrows labeled “B” represent parB/sopB genes, light gray arrows 

labeled “rep” represent genes for replication protein, RepA, and black squares labeled “S” 

represent parS/sopC regions. Labels “h” and “d” on the arrows indicate genes for 

hypothetical protein and diguanylate cyclase, respectively. Numbers under the arrows 

represent amino acid sequence identities (%) between each gene and the corresponding 

gene in pM7012. Accession numbers: plasmid byi_2p, CP003091; pBVIE01, NC_009230; 

pMOL30, NC_007971; H8234, CP005976; pND6-2, NC_018746; pCAR1, NC_004444; 

pND6-1, NC_005244; plasmid F, NC_002483.  
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Fig. 5-5 Phylogenetic tree of amino acid sequences of plasmid-partitioning ATPase. 

Parentheses after plasmid name represent incompatibility group, MOB group, size of the 

plasmid, and accession number of the sequence. Letters “nd“ represent no data. The tree 

was constructed using maximum-likelihood analysis with software, Mega 5. Bootstrap 

values (calculated 1,000 times) higher than 50 were shown. Blue lozenge shows the 

replicon with the gene cluster for T4CP-T4SS related to those of pM7012. Pinc circle 

shows the replicon with 2,4-D degradation gene cluster. 
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/**'331%(+(50<'-+%.+,"'+3'45'(*':+B'C'-3 (2 +-'6-'3'(,+(%+2/,/:+9"'+,-''+D/3+*%(3,-5*,'2+
531(&+0/E10507$1F'$1"%%2+/(/$#313+D1,"+3%;D/-'=+>'&/+G:+@%%,3,-/6+H/$5'3+I*/$*5$/,'2+J=KKK+
)0'3L+"1&"'-+,"/(+GK+D'-'+3"%D(:+M-/#+$%A'(&'+3"%D3+,"'+-'6$1*%(+"/3+,"'+&'('+*$53,'-+.%-+
9NO!79NPP+-'$/,'2+,%+,"%3'+%.+6>QKJR:+M-/#+*1-*$'+3"%D3+,"'+-'6$1*%(+"/3+R=N7S+2'&-/21(&+&'('+
*$53,'-



 102 

Table 5-1 Palindrome sequences of centromea region parS/ sopS of pM7012 and related 

plasmids. 

Plasmid or chromosome Palindrome sequence1) 

Sequence 

length (bp) 

Repeat 

number2)  

pM7012 TTTTCACSGTGAAAA 15 11  

byi_2p TTTTCACSGTGAAAA 15 9  

pBVIE01 TTTTCACSGTGAAAA 15 9  

pMOL30 TTTCACSGTGAAA 13 6  

pND6-2 TTTTCACSGTGAAAA 15 2  

chromosome of H8234 TTTTCACWGTGAAAA 15 16  

pCAR1 TGGTGCTCGGAGCACCA 17 4  

pND6-1 TGGTGCTCGGAGCACCA 17 3  

F plasmid  TGGGACCACGGTCCCA 16 12  

1) S = C or G, W=A or T, underbars show inverted 
repeat.    
2) The number of sequences those have more than 80% identities to the parindrome 
sequence shown in this table. 
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�3
� pM70123ɬ˞5˽ΟPǊ/ɖȣʅĤ;̪̲ˁ6ɬ˞5��i�v8àɈ 

� H8234ý9��i�vṔͮ$5�!3�̈́Ǝ#M1�L�（Molina et al., 2013）�!!

B28àɈ2�ɖȣʅȕ6 pM70128��i�v¬Ǌ̯ɅΗ±3Ɍƍˈʑ®ˈƸŉ8ɤͅ6

ɬ˞5˽ΟPǊ.1�L!3�͜J�65.+�pM70126ɬ˞5˽Ο��H8234ý8ɖȣ

ʅȕ648I�6˽ʣ#M1�L8�P͜J�6&L+E6�pM70123 H8234ý38Ĉ8

ʆÊ&L CDS8ɬ˞ȻPȣ8/�+ɗ2ǎ&��_�r�Pƥȼ$+�Fig. 5-6
�)8ŘÙ�

Ɍƍˈʑ®ˈƸŉ�J��i�v¬Ǌ̯Ʌ®ˈƸŉ6��18®ˈƸ8̶;Ǻ9̗Ț6ɬ˞

Ȼ8ƌ�!3�͜J�35K�H8234ý8ɖȣʅ6 pM70123Κǉ8˽Ο�B3B.1ɧˬ

#M1�L!3�ǎ#M+� 

� ³ͅ���i�vRPME01�£ə9pPM1, 599 kb
9��i�v8¬Ǌ̯Ʌ®ˈƸŉ6ċ

BMLparA®ˈƸ8˽Ο9�pM701239ɜ�ª5L˽Ο2�.+��Fig. 5-5
�Ɍƍˈʑ

®ˈƸŉ9̗Ț6ɬ˞2�.+�Figs. 5-2, 5-3
�)!2�H8234ý8Șƍ3˞͸6�pM7012

38®ˈƸ8˽ʣP���_�r�Pƥȼ$1̓õ$+3!N�Fig. 5-6
�Ɍƍˈʑ®ˈƸ

ŉPċD��i�v8�I)̲̊8C�pM70123̗Ț6ɬ˞2�L!3�̲�.+�ɶ-�

RPME01�599 kb
9pM7012PċD��i�v`�
�8��i�v3�pM701239ª

5L��i�v`�
�6ɻ&L��i�v8ͳƍ��i�v2�LÖ˴Ȼ�ǎ#M+� 
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5.5� ƆƧ 

 

� pM70129�Ēʟ8��i�v8ʫ29�BurkholderiaɻĿ8́ͮ&L��i�vbyi_2p

Ĥ;pBVIE013ƜFɬ˞2�.+�$�$�4-J8��i�vFbz�˽ΟàɈ8ʫ2š

ǲ#M+��i�v2�̍ ʑȻ˕���i�v8Ȼǖ9͜J�6#M1�5��³ͅ�pM7012

3ǝ�ɬ˞ȻPǎ$+ǯŁɻʇȻ��i�vpMOL309��i�v3$1I�şĨ#M1�

L（Mergeay et al., 2009; Monchy et al., 2007）�!8��i�v9�Ɍƍˈʑ®ˈƸŉ8ʌ

̊PŖǔ$�ˈʑ˴Pǔ.1�L��pBVIE013³ʻ8ɬ˞ȻPǊ/ǈ�̈́Ǝ#M1�L�

͏şĨ6��1���i�v8¬Ǌ̯ɅΗ±8àɈGɌƍˈʑ®ˈƸŉPàɈ$+ŘÙ�!

MJ�/8��i�v9�˞%��i�v`�
�6ɻ&L3Ɔ�JM+�İʸ8��i�

vPɟɑ6Ǌ-�̺	6ç̪®ˈƸPòˡ$+Ö˴Ȼ�ƌ��ʫ2F�byi_2p3pBVIE019

ɬ˞Ȼ�̗Ț6ƌ��ª5L��i�v6̲ď$+89�IKƜŀ8ǈȓ3Ɔ�JM+� 

� ˈʑȻ��i�v3$18pM70128¤ʣ0�P͜J�6&L+E�Ɍƍˈʑ®ˈƸŉ8

àɈPƇ.+ŘÙ�pM7012 9!MB269̈́ƎΛ85��Ɍƍˈʑ¸Ƹ`�
�6ɻ&L

Ö˴Ȼ�ǎ#M+�pM70129�³Ρ8Ɍƍˈʑ6̛ͽ5®ˈƸṔͮ&L6F��OJ'�

��_e
l®ˈƸ6ɬ˞5˽Ο9šǲ&ǈ�2�5�.+�Κǉ8Ɍƍˈʑ®ˈƸŉPǊ

/��i�v�byi_2pĤ;pBVIE01˕6F��_e
l®ˈƸ���`�š˔+J'�Fig. 

5-2（Smillie et al., 2010）
�pM70128C���_e
l®ˈƸPŇ̇ˁ6ɥǔ$+39Ɔ

�6��.+�Ɍƍˈʑ®ˈƸŉ8³̪PƄȼ&LoU�IV̲̔gis��T4SS
9ñƱ8

Ɍƍˈʑ8C5J'�ˣɡ8˻ǲGo�}_ǖ8˻ǲő6Fšǲ#ML+E�T4SSṔͮ$

1F��_e
l®ˈƸPǊ+5���i�v9�̗ˈʑ¸Ƹ6̲Κ#M1�+

（Garcillan-Barcia et al., 2009）�pM70126ɬ˞5Ɍƍˈʑ®ˈƸŉPǊ/��i�v9ˈ

ʑȻ8ǅŢ�ƇOM1�J'�ˈʑȻ8ͮ͘9͜J�295��$�$�ɬ˞5Ɍƍˈʑ®

ˈƸŉ�ɻǡPʴ�1́ͮ#M1�L!39�Ɍƍˈʑ®ˈƸŉǐȫ�ÜĪ6ˈ˷$+!3

Pǎ$1�L3Ɔ�JML�B+pM70126/�19ʍ³Ȑ2Ǵ?+ʸK�@A˞³8̲à

®ˈƸ˽ΟṔͮ&L˞%ʌ�#8��i�v�ɻǡ8ª5LƠĿ6ɿƣ&L!3�͜J�
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65.1�K�ˈʑȻPǊ/Ö˴Ȼ�Ĳ�ǎ#M1�L�pM7012�ÜĪ6ˈʑ$+3Òʻ

&L3�Ɍƍˈʑ®ˈƸŉ6��_e
l�ɿƣ$5�!36/�1�3/8Ö˴Ȼ�Ɔ�J

M+�³/͢3$1���_e
l®ˈƸ�̤¡ʻ2�M701ý�ǰǞ35.+ǋ��L�9

şĨǕ2œʋ$+ǋ6ʒ΃$1$B.+Ö˴Ȼ�ĭ JML�˪/͢3$1���_e
l

®ˈƸPǊ/̺8��i�v�pM7012͸8��i�v3Ơ͇˧İɿ&L!36IK�

pM7012͸8��i�v�ˈʑ$+Ö˴Ȼ�ĭ JML�!MB26�Ɍƍˈʑ®ˈƸPǊ

+5���i�v��Ɍƍˈʑ®ˈƸPǊ/��i�v3İɿ&L!32ˈʑ#M+Λ�̈́

Ǝ#M1�L（Li et al., 2013）�3/͢3$1�pM7012͸8��i�v���_e
lPͻ

�+Ɍƍˈʑ39ª5L�[xj�2ˈʑ$+Ö˴Ȼ�ĭ JML�pM7012͸8��i�

v8Ɍƍˈʑ®ˈƸŉ69u�Um��
lIII®ˈƸ3��[
l®ˈƸ�é7ɜ18�

�i�v6šǲ#M+�u�Um��
lIII9u�Um��
l`�
�IA6̲Κ#ML�

��i�vRP4GF��i�v8��_e
l9u�Um��
l`�
�IA͸8ûȻ�ɶ

-�ssDNAPåΠ$�åΠ̪¤8DNA85’͔ʙ6ǐȫ8q�g�Ʋč2Řƍ&L!3�̈́Ǝ

#M1�L（Bugreev & Nevinsky, 2009; de la Cruz et al., 2010; Pansegrau et al., 1993）�

B+���_e
l69��[
lv�U�8ɿƣ&L!3F̈́Ǝ#M1�L（de la Cruz et 

al., 2010）�ɶ-�M7012͸8��i�v8Ɍƍˈʑ6���_e
l6ʋO.1u�Um�

�
lIIIG��[
l�ĉO.+Ö˴Ȼ�Ɔ�JML��!MP͜J�6&L+E69#J

5LǗŢ�̛ͽ3#ML� 

� � pM7012 PċD��i�v`�
�9���i�v¬Ǌ̯ɅΗ±8àɈ�JFĒʟ8ˈ

ʑȻ��i�v39ń̺#ML!3�ǎ#M+�Ēʟ8ˈʑȻ��i�v8ʫ2�pM7012

3ƜFɬ˞Ȼ8ƌ���i�v¬Ǌ̯ɅΗ±Ṕͮ&L89 IncP-7 `�
�8��i�v

2�.+��!8`�
�8��i�v39ª5L!3�ǎ#M++E2�L�)8ƔĬ3

$1�®ˈƸ8̶;Ǻ3 parS˽Ο8ɬ­8ʂ6�Pseudomonas putida ND6ý�)M*M

8��i�v`�
�6ɻ&L pND6-13 pND6-2P˞ǋ6́ͮ&L（Li et al., 2012）!3

��ĭ JML�Β��i�v`�
�Ĉ69̤ΧƍȻ�5��ª5L��i�v`�
�

2�L!3P§͖$1�L3Ɔ�JML+E2�L� 
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� ͏Ȑ8àɈ6��1�pM7012 8¬Ǌ̯Ʌ®ˈƸŉ3Ɍƍˈʑ®ˈƸŉ6ɬ˞5˽Ο��

Pseudomonas sp. H8234ý8ɖȣʅȕ6šǲ#M�pM7012`�
�8��i�v8˽Ο�

ɖȣʅ6ɧˬ#M+ōʉP3.1�L!3�̲�.+�!8!39�pM7012 �_��v˽

Ο8³̪Pòˡ&Lơ8ĕƄ3$1ȳɹ$+I�6���i�v�ɖȣʅ6ɧˬ#M+ōʉ

��Ǘơ6ɿƣ&L!3�ǎ#M+3Ɔ�JML�B+�pM7012 `�
�8��i�v8

ǰǞ̏¦���-��sZ|_s�S39ª5L�-��sZ|_s�S6B2ž�LÖ˴Ȼ�

ǎ#M+�#J6�H8234ý��ʂ8 pM7012`�
�8��i�vPǊ/Ąı̘ɂ̱39

ª5K�̠º˧8āǚ�J̲Ή#M+ƀɂ̱ǖʇȻĿ2�L!3�J�pM7012 `�
�8

��i�v��¯ΔŨȘ6��1Fƀɂ̱ǖʇȻ®ˈƸG̠Ť®ˈƸ8ˈ˷˕P¹�Ĝ!$

1�LÖ˴ȻFƆ�JML� 

� ��i�v9�ɖȣʅ38Ĉ,�25��ª5L��i�v̲Ƹ38Ĉ2F�ɧˬ�Ήʒ�

ɬ˞ɢă�˕6č0� DNA ʛ̼8GK3KPƇ���fU_Ȟ8ƄɲPǊ/!3�ʟJM

L�!8�fU_Ƅɲ9�S_ke�
®ˈƸ8ǟKƑC,�25����i�v8Ɛð˽

Ο8Ƅʦ8ǋˇ2ɂ%1�L3Ɔ�JM1�L（Thomas, 2000）�Ǘơ���i�v¬Ǌ̯

ɅΗ±P̯ȷ́ͮ&L��i�v�̈́Ǝ#M1�L（Osborn et al., 2000）�͏Ȑ8àɈ6�

�1F���i�v RPME01 9�Ɍƍˈʑ®ˈƸŉ8ɬ˞Ȼ� pM7012 3ƌ�³ͅ���

i�v¬Ǌ̯ɅΗ±9̺8`�
�8��i�v3ɬ˞Ȼ�ƌ��2 ǡΚ8��i�v�ͳ

ƍ$1ōȼ#M+Ö˴Ȼ�ǎ#M+�B+ pM7012`�
�8��i�vF¬Ǌ̯ɅΗ±�

IncP-9 ��i�v6ɬ˞Ȼ�ƌ�.+��Ɍƍˈʑ®ˈƸŉ9 IncP-9 ��i�v39ʌ�

�ª5.+�+,$�pM7012 `�
�8��i�v9�ɻǡ8ª5L̯ȷ8ƠĿ�Jšǲ

#M�Ũǋˇ29�¡ʻ$+��i�v3$1Ąıʫ6žB.1�L3Ɔ�JML�³ͅ�

RPME01 3˞%ɢCƍO(8��i�v8¬Ǌ̯ɅΗ±3Ɍƍˈʑ®ˈƸŉPǊ/��i

�v9�Ũǋˇ8 DNAt
o�
i69šǲ#M5�� 
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ʍΤȐ� pM7012Ĥ;ΚÅ8 2,4-D̲à��i�v8ˈʑȻ8ʳƙ 

 

6.1ͽͩ 

 

� pM7012 8ˈʑȻPŝǲ&L+E�ɌƍˈʑǗŢPǗƽ$+��ɌƍˈʑýPŝǲ&L!

392�5�.+�)!2�Ə˧8ȴˉːș�J̲Ή#M+ pM70123Κǉ8��i�vP

́ͮ&L 7ý6/�1�PFGE2��i�vP̲Ή$�ʍ³Ȑ2àɈ$+ 2,4-D̲à®ˈƸ

˽Ο6Õ�1�Ɍƍˈʑ6ĉOL®ˈƸ���i�v8̲˽6ĉOL®ˈƸ�Ĥ;~ɡʇȻ

®ˈƸ8̪̲Çč˽ΟP��
�3$+ef�{U��pUl
g��PǗƽ$+�)8Ř

Ù��ýɜ1�é7 pM70123˞%ʌ�#8��i�vȕ6ʳƙ$+ 4˽ΟṔͮ&L!3

�͜J�35.+�B+�)M*M8®ˈƸ8̪̲Çč˽Ο9�pM70128˽Ο3 98�£ȕ

ɬ˞2�.+�S��[2̲Ή#M+ 2,4-D̲àĿ B. tropica RASCý6/�1F˞͸6ʳ

?+3!N��I) 900 kb8��i�vȕ6˞% 4˽ΟṔͮ$�!MJ8˽Ο9 pM7012

8˽Ο6 97�£ȕɬ˞2�.+�ɶ-�pM7012͸8��i�v�ȇ5�3FÜĪ69ª5

LƠĿĈ6ˈ˷$+Ö˴Ȼ3�ƏPÂ�1 pM7012͸8��i�v�ˈ˷$1�LÖ˴Ȼ�

ǎ#M+� 

 

6.2� Ǿũ 

 

� ��i�v9�®ˈƸˈʑ¸Ƹ3$1̇š#M+!3�J�ˈʑȻ8şĨ9��i�v8

̇š˔ǋ�JƇOM1�L���i�v8ˈʑȻ9ÿ˄̵̌8ȕ2���i�vįͶý3�

�i�vPǊ+5���i�vǣͷýPƕƍ˿;$�ɘʏ˿ʠ2��i�vPǣ�ǟ.+ý

�Ɍƍˈʑý
Pŝǲ&L͆ͅ�³̍ˁ2�Ɍƍˈʑ̢ˏ9���i�vǣͷý˔+K8Ɍ

ƍˈʑýȷ2ưǲ&L!3�ʃ��ǰǞ̏¦9�IncP-1��i�v6ʋ̞#MLI�6žǰ

Ǟ±8F8�J�Λ�: IncF��i�v8I�6ʌʲĿ3)8ŀÅǡ68Cˈʑ&LʺǰǞ

±8F8��L�ˈʑ̢ˏ9�ʌŌ8��i�v2ʺ�ŋź��K�ǰǞ>8̩ÛPŦJ&
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+E6)8ˈʑ�Ĳ�ͿȺ#M1�L3Ɔ�JM1�L�ŀ˰�ƔΏĿ8ʌŌ��i�v2

9�ˈʑͿȺ®ˈƸ�šǲ#M+（Perez-Mendoza et al., 2005）� 

� Ąıʫ8ˈʑȻ��i�v8ʳƙ3$1���i�vǣͷĿPĄıǅΓ6Ɍǡ$1�Ɍƍ

ˈʑýPɘʏ˿ʠ2ŝǲ&LǗŢ�ƇOM+（Top et al., 1996）�B+�ŀ˰8͌ʌ5bz�

DNA t
o�
iP΅ͻ$1 IncP-1 ��i�vṔͮ&LǰǞƠĿPŝǲ$���i�v

8ǰǞ̏¦PàɈ$+̈́ƎF�L（Yano et al., 2013）���_e
l®ˈƸ8ͮ͘PčǷ6�

DNA t
o�
i6ˍΥ#M1�L��i�v8ˈʑȻPȳʻ$+̈́Ǝ6IL3�500 kb

£ȕ8ʌŌ8ˈʑȻ��i�v9̗Ț6ȇ5�（Smillie et al., 2010）� 

� !MB2šǲ#M1�+ 2,4-D̲à��i�v8ʃ�9�IncP-1`�
�6̲Κ#M�͸	

5ǰǞ6ƌ�̢ˏ2ˈʑ&L�2,4-D̲àĿ B. tropica RASCý9�̲à®ˈƸ8³/2�

L tfdCP 532 kb8��i�vȕ6́ͮ$（Cavalca et al., 1999）�IncP-1��i�v39

ª5L��i�vȕ6̲à®ˈƸṔͮ&LÖ˴Ȼ�ǎ#M1�L�B+�McGowan et al. 

(1998）9 RASC ýPįͶý3$+ɌƍˈʑǅŢ2�ǣͷý�ʺ�̢ˏ2 2,4-D ̲à˴Pò

ˡ$+!3P̈́Ǝ$1�L�+,$�RASC ý8̲à®ˈƸ8ˈʑ���i�v6I.1Ƈ

OM+8�9͜J�6#M1�5�� 

� ͏şĨ29�pM7012 Ĥ;˞% RASC e�`�
�8̲à®ˈƸ˽ΟPǊ/ʂ8�I)

600 kb8��i�v8ɌƍˈʑǅŢPƇ.1ˈʑ˴Pʳ?L3İ6�pM7012£ç8!MJ

8��i�v��pM7012 3˞%��i�v�̒�P͜J�6&L+E���i�v8Ɛð

ˁ˽Ο8ɬ˞Ȼ3�~ɡʇȻ®ˈƸ8ͮ͘3ɬ˞ȻPʳ?+� 

 

6.3� ƤΓ 

 

� ɌƍˈʑǅŢ8��i�vįͶý3$1�pM70128ǰǞ2�L Burkholderia sp. M701

ý�Ĥ; pM70128̲à®ˈƸ˽Ο6@A˞³8˽ΟP�I) 600 kb 8��i�vȕ6Ǌ

/ȴˉͯ΁8 7ý8�-�iu��u�Ug�ʇȻPǊ+5� 3ý�Cupriavisud sp. Y103

ý, Burkholderia sp. C308ý, Burkholderia sp. H801ý
�Ĥ;S��[ͯ΁8 B. tropica 
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RASCýPͻ�+�RASCý9�g\�Ǩ΋ʌö8 Terence L. MarsĥƶIK̲ȠPǣ�

+�ɌƍˈʑǅŢ8��i�vǣͷý3$19£Ð8 2 ýPͻ�+�³ý͢9�3-_��¡

ɷƋƱ̲àĿ8��i�vʒ΃ý Cupriavidus sp. NH9Dý（Ogawa & Miyashita, 1999）

PȆɔʷȭ̂ƶ�Ũ ɇÍʌöĴǤ
�J̲ȠPǣ��iu��u�Ug�˳ˏPȁ	6ƌE

+Àʅ˿ʠ2ňK̿$˿;&L!36IKƥǲ$+iu��u�Ug�ʇȻý�

Cupriavidus sp. NH9DSýPͻ�+�˪ ý͢9�3-_��¡ɷƋƱ̲àĿ NK8ý（Francisco 

et al., 2001）8��i�vʒ΃ý NK82ý6ǐɛ˦ɛ̻ª2iu��u�Ug�ʇȻP̥Ͷ

$+ Burkholderia sp. NK82Sý9ƭţĘǗƸşĨ·��ˤ
˵ĹĄığǳşĨǽ
�J̲Ƞ

Pǣ�ǗŢ6ͻ�+�bz�8 PFGE àɈ8eUj�
[
3$1�ƹ̎8�DNA ladder

�Bio-rad
6Õ�1 C. pinatuboensis JMP134ýĤ; R. radiobacter MAFF301724ýPͻ

�+�JMP134ý9Ȇɔʷȭ̂ƶ�J̲ȠPǣ��MAFF301724ý9Ϋˉż˲̂ƶ�Ũ�ˤ


˵Ĺɂ̱ǇŧşĨǽ
�J̲ȠPǣ�+� 

 

6.4� ͆ͅ 

 

6.4.1�  ɌƍˈʑǅŢ 

� ³Ρ8ɌƍˈʑǅŢ9�£Ð6Ǵ?+�T�o
�����͆2Ǘƽ$+�įǅýP LB

Àʅ˿ʠ2Ȧ3�˿;�28�
$1ʆȷɱȢēB2ɱȢ$�M701ý9 1/2LB
���i�v

įͶĿĤ;��i�vǣͷĿ)M*M6/� 109 cfuɬ˔P 1͏8q�
�6ˬM1ƕƍ�Ǭ

Ŀ$�15 µL8 0.9% NaCl6Ŝʐ$+�15 µLɜΖP LBÿ˄̵̌ʫÉ6Ŏ 10 mmʾˏ8

Ä35LI�ˋ̧$�28�2³̐˿;$+�LB ̵̌ȕ6ɱȢ$+ĿʅP�̃ŁǏ2��3

.1�ʹE 1.5 mLq�
�6̲ʮ$1��+ 0.9% NaCl 1 mL6Ŝʐ$+�!MPǺǌ�

0.9% NaCl2Đǜ$+ų�iu��u�Ug�PˆÕ$+ 2,4-D̵ �̌ʍ³Ȑ
6ˋ̧$1�

28�2 1ǫĈ@4˿;$�ǲŨ&Lc�x
PɌƍˈʑý3$1ŕȷ$+�ʆȓń3$1�

��i�vįͶĿ8C��L�9ǣͷĿ8C8ȘƍF˞ǋ6ǗŢPƇ.+�2,4-Ď̵69�

˔Ǽ�2,4-D̲àĿ8̲Ή8ǋ3˞%ÿ˄�Agar purified �BD, USA
P 1.5%ͻ�+��
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2,4-D ̲à˴PǊ+5���i�vǣͷĿF�Lʾˏɂ²&L!3�͜J�35K�ˊė¿

˝ͻ8S\�
i�Agarose Type II�Sigma-Aldrich, USA
P˿ʠ8 0.6%ɬ˔ͻ�L͆ͅ

6̻Ƃ$+� 

 

6.4.2�  pM70123˞%̲à®ˈƸ˽ΟPǊ/��i�v8àɈ 

�1
PFGE6IL��i�v8̲Ή 

� ʍƫȐ8M701ý8bz�8 PFGEàɈ6��1�ʍ˪Ȑ8�xb�8¿˝29 DNA̲

Ƹ8̲Ή�̛'$Fǭ̲295�!3�ǎ#M++E�ʂ8ý6/�1F�PFGE àɈPǗ

ƽ$+�$�$�³̪8ý2|�v�ŝǲ#M5�.++E�Cheng & Lessie (1994）8̈́

ƎPƬƆ6���`8��sS
lǻΆǋ6 SDSPǪ˳ˏ 1�35LI�ˆÕ&L͆ͅ6̻

Ƃ$+�B+�DNA|�v8˳#�ʌ��ª5L3�ǌ6Ǘƽ&Lef�{U��pUl


g��8ŘÙPˡ6��+E�Ǽá8¿˝2˳�|�v8ŝǲ#M+ý8��`9̲̊�J

1/46[ru$1¿˝6į$+�2á͢8¿˝29�pM7012ý3@A˞³8̲à®ˈƸ˽Ο

PǊ/S��[ͯ΁8 B. tropica RASCý8bz�F̶?1àɈ$+�PFGE2̲Ή$+b

z� DNA 9������T�o
6u��i�R
$�ef�{U��pUl
g��à

Ɉ6ͻ�+� 

 

�2
ef�{U��pUl
g��͆3 PCR͆6IL��i�v8ɬ˞ȻàɈ 

� 582 kb ̥ŀ6 DNA |�v3$1ŝǲ#M+��i�v�ʌ�#,�25��˽ΟF

pM70126Κǉ$1�L�P͜J�6&L+E6�ef�{U��pUl
g��3 PCRƯ

̱8g
_X�iàɈPǗƽ$+�àɈ6ͻ�L˽Ο9�£Ð8 4 ˽Ο3$+�2,4-D ̲à

®ˈƸṔͮ&L DNA̲ƸPó˭&L+E8 tfdC®ˈƸ˽Ο���i�vŮͮ8˽Ο3$

1�Ɍƍˈʑ6ĉOL T4CP®ˈƸ˽Ο (traD)�Ĥ;̯Ʌ$+��i�v8ǰǞ>8̲˽6

ĉOL parA ®ˈƸ˽Ο�#J6���i�v8Ƅɲ8ɬ˞ȻPȳɹ&L+E�~ɡʇȻ®

ˈƸŉ8³̪�arsA®ˈƸ˽ΟPàɈʆȓ3$+���
�8ƥȼ3̪̲Çč˽Ο8àɈ8

+E8 PCR Ĥ;g
_X�iàɈ69�˞%��U�
�Table 6-1a
Pͻ�+�PCR ̋
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ÊȜŚ9�Table 6-1b 6ǎ$+�DIG 2���$+��
�8ƥȼ9�M701 ý8bz�

DNAPʯŌ3$1ʍ³Ȑ2Ǵ?+͆ͅ2Ǘƽ$+�B+�PCRʛ̼8g
_X�iàɈ9�

)M*M8ý8bz� DNAPʯŌ3$1͢ˁ8˽ΟP PCRɱ̮$+ų�ʍ³Ȑ2Ǵ?+ͅ

͆2Ƈ.+� 

�   
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Table 6-1a Primers for PCR. 

Target sequence Primer name Primer sequences (5’-3’) 

 

parA pM7012_parAf  

pM7012_parAr 

ttcagacgcgaagctactc 

cggtcatggagttttcgttg 

traD 

 (T4CP gene) 

pM7012_traDf 

M7012_traDr 

aaacagagtgccaaccaagg 

catacgaccccaattcatcc 

arsA pM7012_arsAf 

pM7012_arsAr 

atcggtaatcgcgtcaca 

agccgggatgttcttcag 

 

 

Table 6-1b Conditions for PCR. 

Target PCR conditions 
parA 94� 3 min. 

94� 15 sec. 
56� 15 sec.    25 cycles 
72� 15 sec. 
72� 3 min. 
 

traD 
 

94� 3 min. 
94� 15 sec. 
55� 15 sec.    25 cycles 
72� 15 sec. 
72� 3 min. 
 

arsA 94� 3 min. 
94� 15 sec. 
51� 15 sec.    25 cycles 
72� 15 sec. 
72� 3 min. 
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6.5� ŘÙ 

 

6.5.1�  ɌƍˈʑǅŢ 

� ɌƍˈʑǗŢ8ŘÙ��hsT�c�u�
�8 JMP134ýP��i�vįͶý3$+Ș

ƍ9 10-3ʾˏ8ˈʑ̢ˏ2Ɍƍˈʑý�ŝǲ#M+�$�$�pM7012 ͸��i�v́ͮý

PǰǞ3$+Șƍ9�Ɍƍˈʑý9ŝǲ#M5�.+� 

 

6.5.2�  pM70123˞%̲à®ˈƸ˽ΟPǊ/��i�v8àɈ 

�1
PFGE6IL��i�v8̲Ή 

� ʍƫȐ2ͻ�+͆ͅ2�PFGE PǗƽ$+3!N�pM7012 3˞%̲à®ˈƸ˽ΟPé7

˞%ʌ�#8��i�vȕ6Ǌ/ 7ý8�-�4ý9�DNA̲Ƹ�ŝǲ#M5�.+�Fig. 

6-1
�MAFF301724ý29 217 kb8��i�vṔͮ&L!3�̈́Ǝ#M1�L�（Satuti 

et al., 2000）�200 kb̥ŀ6 2͏8|�v�ŝǲ#M�4-J� 217 kb8��i�v�9̉

ʛ2�5�.+�JMP134ý9bz�àɈ6IK�635 kb3 88 kb8��i�vṔͮ&L

!3�͜J�6#M1�L�（Lykidis et al., 2010）�88 kb8��i�v9͏¿˝ȜŚ29

ŝǲ#M5�.+� 

� PFGE ͸��`8ƥȼ8ơ���sS
lǻΆǋ6Ǫ˳ˏ 1�8ä͞ûȻƢPˆÕ&L!

32įǅýɜ18 DNA|�v�ŝǲ2�LI�65.+�Fig. 6-2a
�Ə˧ͯ΁8 8ý9�

'MF 582 kb̥ŀ6 DNA|�v�ŝǲ#M+��RASCý29!8ʌ�#8|�v9ŝǲ

#M'�ʋOK6 480 kb̥ŀ3 900 kb̥ŀ6|�v�ŝǲ#M+�  
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Fig. 6-1 Pulse-field gel electrophoresis of replicons from 2,4-D-degrading strains. 
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Fig. 6-2 Pulse-field gel electrophoresis of replicons from 2,4-D-degrading strains (a), and 

Southern hybridization analysis of the replicons using the tfdCpM7012 probe (b), traDpM7012 

probe (c), parApM7012 probe (d), and arsApM7012 probe (e). Lambda ladder (Bio-Rad 

Laboratories, 48.5 kb interval) was used as the marker. Strains; Burkholderia spp. 

strains M701, Y 212, C308, T201, T301, H801, and Ff54, Cupriavidus sp. Y103, and B. 

tropica strain RASC. 
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�2
ef�{U��pUl
g��͆3 PCR͆6IL��i�v8ɬ˞ȻàɈ 

� B'ƷE6�tfdCpM7012��
�Pͻ�1ef�{U��pUl
g��PǗƽ$+3!N�

Ə˧ͯ΁8 8ý9�I) 582 kb8�
[
̥ŀ8 DNA|�v6g`w�Pǎ$�é7˞%

ʌ�#8��i�vȕ6̲à®ˈƸ˽ΟPǊ/ǈ�ó˭#M+�Fig. 6-2b
�³ͅ�S��[

2̲Ή#M+ RASC ý9�I) 900 kb 8 DNA |�v2g`w��ŝǲ#M+�ǌ�2�

traDpM7012��
��parApM7012��
��Ĥ; arsA pM7012��
�Pͻ�1˞͸6ǗŢ$

+3!N�Fig. 6-2c, d, e
��'M8��
�F tfdCpM7012��
�3˞%¤ʣ6g`w�P

ǎ$+�ɶ-�!MJ8 4 ˽Ο9˞³8��i�vȕ6ɿƣ&L!3�ǎ#M+�#J6�

Çč˽Ο8͜J�6#M1�5� tfdC£ç8 3˽Ο8̪̲Çč˽ΟPʳ?+3!N�Ə˧8

ý9 M701 ý6 98�£ȕ8ɬ˞ȻPǎ$�RASC ýF 97�£ȕɬ˞5˽ΟPǊ/ǈ�͜J

�35.+�Table 6-2
�ɶ-�!MJ8��i�v9˞³8��i�v6ͯ΁$�ȇ5�

3FÜĪ69ƠĿĈ6ˈ˷$+Ö˴Ȼ�ǎ#M+�B+S��[ͯ΁8ý�JF pM70123

ɬ˞Ȼ8ƌ���i�v8ŝǲ#M+!32�pM7012 ͸��i�v�ƏPÂ�1ˈ˷$1

�LÖ˴Ȼ�ǎ#M+� 
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Table 6-2 Nucleotide sequence similarity (%) between the partial nucleotide sequence of 

the indicated genes in pM7012 of strain M701 and the corresponding sequences in the 

other strains. 
strain 

name tfdC traD parA arsA 
M701 100 100 100 100 

Y103 100 99 99 100 
Y212 100 98 100 100 
C308 100 99 100 100 

T201 100 99 100 100 
T301 100 99 100 100 
H801 100 99 100 100 

Ff54 100 100 100 100 
RASC 98 97 100 100 
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6.6� ƆƧ 

 

� PFGE6ILbz� DNA8̲Ή�ef�{U��pUl
g��Ĥ;³Ρ8 PCRàɈ8

ŘÙ�J�pM7012 ͸8��i�v�ȇ5�3FÜĪ69�ɻǡ8ª5LƠĿ6ˈ˷$+!

3�ǎ#M+�ʍƵȐ8àɈ2�pM7012 8~ɡʇȻu��i�n��_��vΗ±3İ6

pM7012 8ɟɑ��i�v6ǟKƑBM+Ö˴ȻPƍO(1Ɔ�L3�pM7012 2šǲ#M

+ 59 kb8_��vΗ±�ʂ8 7ý8��i�v6Fɿƣ&LÖ˴Ȼ�ƌ��ɶ-�pM7012

͸8��i�v9���i�vɜʅ8ƄɲP¬Ǌ$+BBɻǡ8ª5LƠĿ6ˈ˷$�Ũǋ

ˇ29ʌ�5��i�v8ƛ̽9ǣ�1�5�3Ɔ�JM+� 

� Ɍƍˈʑ¸Ƹ8ˈʑ˴8ŝǲ͆3$1ƜF³̍ˁ5�T�o
�����͆29�

pM7012 Ĥ;)8ΚÅ��i�v8ˈʑ˴Pŝǲ2�5�.+�)8Άͯ3$19���/

�Ɔ�JM+�³/͢9�pM7012 `�
�8Ɍƍˈʑ6̛ͽ5®ˈƸ�Λ�:��_e


l®ˈƸ
��2,4-D ̲àĿPĄıe����J̲Ή$1şĨǕ2œʋ&Lơ6ʒ΃��L

�9̻ª�ɂ%1�ˈʑ̤˴65.1�LÖ˴Ȼ��L�˪/͢8Ö˴Ȼ3$1�pM7012

͸��i�v8ˈʑ69�̺8ɌƍˈʑȻ��i�v8Ȁ��̛ͽ5!3�ĭ JML�ˈ

ʑ6̛ͽ5®ˈƸPǊ+5���i�v��ɌƍˈʑȻ8��i�v3Ơ͇˧6İɿ&L!

36IK�̺8Ơ͇6ˈʑ$+!3��ŀ˰̈́Ǝ#M1�L（Li et al., 2013）�ƫ/͢8Ö

˴Ȼ3$1�͏şĨ2ͻ�+ɌƍˈʑǗŢȜŚ��pM7012 ͸��i�v69˂$1�5�

Ö˴Ȼ��L�Sinorhizobium meliloti 10218́ͮ&LʌŌ��i�v pSymA9Ɍƍ6̛

ͽ5ˈʑ®ˈƸŉPɜ1Ǌ/6FĉOJ'�ʸȚ8ǗŢȜŚÐ29Ɍƍˈʑ('�̇ŨͿȺ

¸ƸPc
v&L rctA ®ˈƸ6I.1Ɍƍˈʑ®ˈƸ8̇Ũ�ͿȺ#M1�L!3�̈́Ǝ

#M1�L（Perez-Mendoza et al., 2005）�Ƶ/͢3$1�pM7012͸��i�v8Ɍƍˈ

ʑ̢ˏ�ŝǲŪäIKʺ�Ö˴Ȼ�� JML�ʌŌ8��i�v8Ɍƍˈʑ9�ȆŌ8�

�i�v6̓?1�Ĳ�ͿȺ#M1�L!3�̈́Ǝ#M1�K�Ɍƍˈʑ̢ˏ�͏şĨ8Ɍ

ƍˈʑǗŢ8ŝǲŪäʞ 10-8£Ð8Șƍ9ŝǲ#M5��48ͽ¸�ĉO.1�L8�P͜

J�6&L+E69#J5LǗŢ�̛ͽ3#ML� 
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� RASCý9 532 kb8��i�vȕ6̲à®ˈƸPǊ/ǈ�̈́Ǝ#M1�+�（Cavalca et 

al., 1999）�͏şĨ29��I) 900 kb8��i�vȕ6̲à®ˈƸ˽ΟPǊ/3��ŘÙ

�ˡJM+�Cavalca et al. (1999）9�ʸȚ8ˊė¿˝2 RASCý8̲à��i�v8ʌ�

#Pŕɹ$1�K�ʌŌ8 DNA ̲Ƹ29ɹʻŴƘ�ʌ��.+Ö˴Ȼ��L�Ũƣ9bz

�8àɈ�J 635kb2�L!3�͜J�65.1�L JMP134ý8ʌŌ��i�vF�˞ ̈́

Ǝ29 410 kb3šɉFJM1�L�+,$�͏şĨ2ưǲ$+ 900 kb3��ʌ�#9�ʷ

ƚ8� DNA�
[
8ʌ�#6č0�1�L�PFGE6��1ʷƚȞ3ĄȞ8��i�v

8«˝ˏ9ª5K�)8ʾˏ9¿˝ȜŚ6Ɨ»#ML（Wang & Lai, 1995）�͏şĨ8ŘÙ

�J�ȇ5�3F RASCý8 2,4-D̲à��i�v��pM7012IKʌ��!39Ĉ­�5

�2�N��)M6F��OJ' RASCý8̲à��i�v9�pM70123@A˞%��i

�v̲˽®ˈƸ˽Ο3Ɍƍˈʑ®ˈƸ˽ΟṔͮ$�pM7012 3˞%��i�vƐðPǊ/

Ö˴Ȼ�ǎ#M+�I.1�pM7012 ͸8��i�v9�ȹäˁ6ˈ˷$1�LÖ˴Ȼ�ǎ

#M+�˫͏3S��[)M*M6��1�˞%ɟɑ��i�v��˞% 2,4-D ̲à®ˈƸ

ŉ3~ɡʇȻ®ˈƸŉPòˡ$+39Ɔ�6���Ə˧2šǲ#M+ pM7012͸8��i�

v3 RASCý8́ͮ&L 900 kb8��i�v9�˞³8��i�v6ͯ΁&LÖ˴Ȼ�ƌ

�3Ɔ�JM+�ŀ˰�S��[3[wpIK̲Ή$+³Ρ8 2,4-D ̲àĿ（Tonso et al., 

1995）8 tfdA ®ˈƸ˽Ο�àɈ#M+ŘÙ�RASC ý3@A˞%̲à®ˈƸ˽ΟPǊ/ý

�ƌ�ùƍ2ɿƣ&L!3�ǎ#M+（Baelum et al., 2010）�!MJ8ý9�̲à®ˈƸ3

��i�v8ĉŊ9͜J�6#M1�5���RASCý39ª5LȘǽ�J̲Ή#M1�K�

#J6àɈ�ȬD!32�pM7012 ͸��i�v8ˈ˷8Έ̥�35Lt
o8ˡJML!

3�ēʈ#ML� 

� RASC e�`�
�8̲à®ˈƸPǊ/Ə˧8 8 ýĤ;S��[8³ý9 Y103 ýPȂ�

1ɜ1 Burkholderia ɻƠĿ2�K�pM7012 6ɬ˞Ȼ8ƌ���i�v9�ˢ6

BurkholderiaɻƠĿ3Ĳ�Ř;/�PǊ.1�L3Ɔ�JM+�ʍƵȐ8ŘÙIK�pM7012

69 Burkholderia8_��v6ɬ˞Ȼ8ƌ�Η±�ɿƣ$�tRNA gene cluster I8˽ΟF

BurkholderiaɻƠĿ8˽Ο6ƜFɬ˞Ȼ�ƌ�.+�B+ʍűȐ29�pM70123ƜFɬ˞
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Ȼ�ƌ�Ēʟ8��i�v9 byi_2p 3 pBVIE01 2��'MF Burkholderia ɻƠĿPǰǞ

3&L!3�͜J�65.1�L�BurkholderiaɻƠĿ9�͸	5Șǽ6ɂɷ$�Ąı>8

˂ÊΘ8Ĳ�ɂ̱`�
�3Ɔ�JML�bz�eUj8ʌ�5ǡ�ʃ��³̍6�bz�

�ʃȷ8 DNA̲Ƹ�JƄȼ#ML�NCBI8t
o�
i6IL3�Λ�:�pBVIE018

ǰǞ2�L Burkholderia vietnamiensis G4ý8 8 Mb8bz�9�ɖȣʅ3 2/8_��

v�Ĥ; 5ū8��i�v2Ƅȼ#ML�pM70128ǰǞ8M701ýFȇ5�3F 4/8�

�i�vṔͮ&L!3��PFGE 8ŘÙ�J͜J�35.1�L�ʌΖ8®ˈț̈́P³/

8Ơ͇˧6́ͮ&L!39�DNA̲ƸĈ��L�9˽ΟĈ8ŵƪ8̢ˏPƌE�ʃ͸5ūʅ

�ɂBMG&�3Ɔ�JML�ʌ�5bz�3)8ÖɝȻ� BurkholderiaɻƠĿ8ʃ͸5Ą

ı6˂Ê&Lʌ�5Άͯ8³/65.1�L3Ɔ�JML�pM7012 9)8I�5®ˈƸ8

ŵƪ8ʫ2ɂBM+��i�v8³/�F$M'�ʌŌ2�L�Ű6�ʌΖ8®ˈƸP¼=

!3�2�L�2,4-D̲à®ˈƸ3~ɡʇȻ®ˈƸ8ɤͅ��͏ Ȑ2àɈ$+ɜ18 pM7012

͸8��i�v6šǲ#M+!39�BurkholderiaɻƠĿ8_��vΗ±6ɬ˞5 50 kb£

ȕ8˽Ο��ª5Lǡ8 Burkholderia ɻƠĿG Cupriavidus ɻƠĿ6ˈ˷$1�L!3P

ǎƖ&L�ʸȚ9�ǡŮͮ8˽Ο2�L_��v8®ˈƸ��pM7012 6I.1ª5Lɻǡ

8ƠĿ6¼:M1�LÖ˴Ȼ�ǎ#M+�ɶ-�pM70129 BurkholderiaɻƠĿ3)8ŀÅ

ƠĿ8bz�8ʃ͸Ñ3Ąı˂ÊPȳȬ&L®ˈƸˈʑ¸Ƹ8³/3Ɔ�JM+� 

�  
  



 122 

ɭú 

 

� ͏şĨ29�̘ɂ̱6IL̲à®ˈƸ8òˡĕƄ3®ˈƸ8ˈ˷PàɈ&L+E6�ƜF

Ŭ�ÑöƍȼȂɮƢ2�L 2,4-D P�t�Ñƍ̱3$1�)8̲àĿPȴˉIKǦǬ$�̲

à®ˈƸŉ8̧̲Ĥ;̲à®ˈƸŉP̘ɂ̱Ĉ6ˈ˷&L®ˈƸˈʑ¸ƸPʳ?+�)8Ř

Ù�Ə˧çPċE1ǼE1�ȴˉͯ΁8 2,4-D ̲àĿ�ǦǬ#M�Ə˧8ȴˉ6F�!MB

2ȹäíʠ2šǲ#M1�+ʋ̞ˁ5`�
�8 2,4-D ̲à®ˈƸ8ɿƣ&L!3�͜J�

35.+�B+�!MJ8̲à®ˈƸ9ɜ1��i�vȕ6ɿƣ&L!3�ǎ#M+�s 6�

�-��sZ|_s�S8 2,4-D̲àĿ9�̲à®ˈƸ3��i�v8ĉŊ9!MB2͜J�

6#M1�5�.+��͏şĨ2ǼE1�̲à®ˈƸ���i�vȕ6ɿƣ&L!3�ǎ#

M+�#J6!MB2��-��sZ|_s�S8 2,4-D̲à®ˈƸŉ8ˈ˷9�Ǟ6 IncP-1

`�
�8ˈʑȻ��i�v6I.1ƇOM1�L3Ɔ�JM1�+��ȴˉ�J9!8`

�
�82,4-D̲à��i�vṔͮ&L2,4-D̲àĿ9̲Ή#M5�.+�ʋOK6200 kb

£ȕ8ʌŌ8��i�vȕ6 2,4-D ̲à®ˈƸŉ�šǲ#M�ˢ6�S��[2̲Ή#M+

2,4-D̲àĿ Burkholderia tropica RASCý8̲à®ˈƸ6ɬ˞5®ˈƸ��ȴˉͯ΁8 8

ý2��I) 600 kb8��i�vȕ6ŝǲ#M+�!8 600 kb8��i�v8³/2�L

pM7012 8ɜÇč˽ΟPàɈ$1Ēʟ8��i�v3̓õ$�#J6ȴˉͯ΁8 8 ý8́ͮ

&L 600 kb8��i�v8̪̲Çč˽ΟPʳ?+ŘÙ�!8ʌŌ8��i�v9�!MB2

6̈́ƎΛ85�ȧę8Ɍƍˈʑ¸Ƹ`�
�6ɻ&L!3�ǎƖ#M+�!8ŘÙ9�2,4-D

̲à��i�v3$1ȧ$���i�v8ɿƣPǎ&,�25����_e
l®ˈƸPǊ

+5���i�v6ˈʑȻ95�3&L!MB28é （˱Smillie et al., 2010）P̰&Ö˴Ȼ

��K�ƠĿ6IL®ˈƸ8òˡ3ˈ˷6/�18şĨ6�ƒų�ʌ�5½ĸPĤA&F8

3Ɔ�JML� 

� pM7012 ͸8��i�v9�”̲à��i�v”3$1F!MB26̈́ƎΛ85�F82�

.+�̲à��i�v3$19�2,4-D 8ʂ6�_��¡ɷƋƱ�e�q�Ʊ�[�|n


��Ĥ;u�X�˕�ʟJML��IncP-1�IncP-2�IncP-7 Ĥ; IncP-9 8̤ΧƍȻ��i
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�v`�
�6ɻ&L!3�̈́Ǝ#M1�L（van der Meer, 2008）���i�v�ª5L̤

ΧƍȻ`�
�6ɻ&L!39�Ơ͇˧6İɿ2�L!3P§͖&L�B+�Ơ͇˧8 DNA

̲Ƹ8İɿ9�DNA̲Ƹ8ŵƪPF+J&+E�ʃ͸5Ɍƍˈʑ¸Ƹ6̲à®ˈƸ�́ͮ#

ML!39�ȧ+5̲à®ˈƸŉPɂCǲ&Ť˝Θ8³/65.1�L3Ɔ�JML�!8

!39�pM7012͸8��i�v8ƯĹ΅ͻPƆ�Lȕ2�ǯͽ2�L� 

� pM7012 ͸��i�v8ƯĹ΅ͻ8Ö˴Ȼ8³/6�|UZ��tTX
g���ĭ J

ML�ːș�ʺ˳ˏ2ž̏¦6Ñö̱ǖ6Èɖ#M1�LȘƍ�ÈɖːșPƽɍ6Ǌ-ƑQ

2ǻΆ&Lǈ9ŨǗˁ295��Ũ¤ʣ28̘ɂ̱8̲à˴8˂ͻ�ŝ˙#M1�+�$�

$�̲àĿPȭ©ˁ6Ɍǡ$1Fːș29̲à˴Pǭ̲69̇đ2�'�ʌ̊9ƿ͝&LȘ

ƍ8ʃ�!3�ŒŢˁ6ʟJMLI�65.+�)8I�5ʫ2�̲àĿPɌǡ&L829

5��Ö˝Ȼ®ˈ¸Ƹȕ6̲à®ˈƸṔͮ&LĿPɌǡ$�ːʪ8Ŀ6̲à®ˈƸṔͮ

#(L gene bioaugmentation3ŭ:MLǅC�ƇOM1�L�2,4-D̲à��i�v2Fǅ

CJM（DiGiovanni et al., 1996; Inoue et al., 2012; Newby et al., 2000; Pepper et al., 2002; 

Top et al., 1998）�)8ͮŹȻ�ó˭#M1�L�2,4-D)8F89̓õˁ̲à#MG&��

Èɖ�ͤʎ35L!39@3Q45��$�$�2,4-D ̲à®ˈƸŉ8́ͮ&L_��[s

c
�̲à®ˈƸŉ9���ÇÑ��Wx��PCB
˕8͈ƋɼÇɡÑƍ̱̲à®ˈƸŉ6

İʸ$1�K�PCB̲à6��L_��[sc
�8̲à6ĎͶ2�LÖ˴Ȼ��L�_�

�[sc
�9ɂ̱63.1ͮè2�K�Ơ͇˧8_��[sc
�̲à®ˈƸȷPɱG&

ǈ9�̲à˴8źȕ6Ŕ�L!3�̈́Ǝ#M1�L（Trefault et al., 2002）�əǴ8I�6�

pM7012 ͸8��i�v9Ēʟ8̲à��i�v3Ơ͇˧2İɿ2�L3Ɔ�JM�Ɍƍˈ

ʑȜŚ�͜J�65M:�PCB̲àĿ6_��[sc
�̲à®ˈƸŉP̥Ͷ2�L3Ɔ�

JML�B+�ʔ6®ˈƸ8ȷPɱG&,�25��³/8Ơ͇˧6 pM7012͸��i�v

3ʂ8̲à��i�vPİɿ#(L!39�®ˈƸɢă�ğǳPƳ�!35����i�v

Ĉ8ɬ˞ɢă�Gu��i�n�8ɧˬPͱ˟$�ȧ$�̲à®ˈƸŉ�Ƅʦ#MLÖ˴Ȼ

��L�ͮͻ5̡ǡ8÷�ƍO(2Ǘƽ#MLȡ̱8²ǡ8I�6�pM7012 ͸��i�v

Pͻ�+̲àĿ8²ǡ8Ö˴ȻFƆ�JM+� 
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� pM7012 ͸��i�v8F�³/8΅ͻ͆3$1�̲Ƹɂ̱öşĨ8�_o
3$18΅

ͻ�ĭ JML�BurkholderiaɻĿ9~u8̠ŤĿ��L�9ȡ̱8̠ŤĿ3$1ȭΚ6è

PĤA&ɂ̱3$1şĨ#ML³ͅ�ȭΚ6΅ÁPF+J&Ŀ3$1�ȡ̱8ɂ²ɳȬ�ȡ

̱6İɂ$1ʩɡŮʻPƇ�ý�B+ 2,4-D £ç8͸	5̲àĿFšǲ#M�ȭΚ3ȩ�ĉ

OKPǊ/�!MJ8̲Ήý8®ˈƸ8̇ŨàɈPƇ�6�+K�®ˈƸ�_o
9ǯͽ5

ˠŅ2�L��pUC ő˕ʌʲĿͻ8�_o
9Ƴͻ2�'�Burkholderia ɻĿ2ƳͻÖ˴

5�_o
9ŪJM1�L�pM70129 BurkholderiaɻĿPǰǞ3$1šǲ#M1�K��

�i�v̲˽̯ɅΗ±P˟ˬ$1Ƅʦ$+�_o
9�BurkholderiaɻĿĤ;)8ŀÅǡ2

΅ͻÖ˴65L3Ɔ�JML�B+�pM7012 �JƄʦ#ML�_o
9�&26Ƅʦ#M

1�L IncP-1 ��i�v8��i�v̯ɅΗ±Pͻ�+�_o
（Cheng et al., 2014; 

Kakirde et al., 2011）3Ơ͇˧2İɿ�Ö˴35L+E�̯ȷ8®ˈƸ8ɬŲĉŊPʳ?L

ơ6FͮŹ3Ɔ�JML�pM7012 �JƄʦ#ML�_o
8F�³/8��ru3$1�

ʌʲĿ8ǗŢő2ͻ�JM1�L BAC�_o
8I�6�U�e
u3$1ʵ� DNAʛ̼

P˟ˬ2�LÖ˴Ȼ�ĭ JML�u��i�Y
�
g��8ŹΊ8ͤʎ9�LF88�

ΆΦˁ69ȷ̜ kb8 DNAʛ̼P˟ˬ2�L3Ɔ�JML� 

� ͏şĨ9�ƠĿ8®ˈƸˈʑ¸Ƹ8àɈ6Õ�1�®ˈƸ8ˈ˷8ŨȞ8˶�3ɢă�®

ˈƸ�Όǲ$+Șƍ8®ˈƸîƮ8ʹɹF͢ˁ3$1Ǘƽ$+�ŘΦ�JǴ?L3�ːșƠ

Ŀ8®ˈƸ6Əı95��ʠħȕ84!�2Ň̇ˁ6ɂBM+®ˈƸ˽Ο9�ʘēĈ2ȹä

ʫ6žBLÖ˴ȻPǊ/!3�ǎ#M+�̗Ț6ɬ˞5̲à®ˈƸŉṔͮ&L 2,4-D ̲à

Ŀ�ȹäíʠ2̲Ή#ML!39Ē6͜J�6#M1�+!329�L��Ə˧8ȴˉF)

8Λç295�.+��)J��Ąıʫ28ɂƲ6ͮ΅5®ˈƸ@4�̘ɂ̱Ǭʚ8ʫ2)

8®ˈƸṔͮ&LūʅȷPɱG$�ɱ�+̘ɂ̱9�ʠΆˁ6îƮ&L̢ˏ�ƌBL�#

J6�)8®ˈƸ�®ˈƸˈʑ¸Ƹȕ6ɿƣ&LȘƍ9�ːʪ8Ŀ6®ˈƸˈʑ¸Ƹ�«L

!32ʻʪȻ�źȕ$�îƮ8i�
v�Õɺ&LÖ˴Ȼ�ƌ��2,4-D9 1940˰ʋ6å̇

#M1£Ɗ�ȹäˁę͟2˵ͪ3$1Ƴͻ#M++E6�2,4-D̲àĿ�L�9�2,4-D̲à

��i�v�ŹΊI�îƮ$+!3�ʹɦ#ML�ƠĿ�Ƅʦ$+ 2,4-D ̲à®ˈƸŉ9ȷ
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ǭ˰8Ĉ6�ȹäíʠ6žB.+3Ɔ�JML��ȭG̱8ΌM�˔ǋIKF#J6û̇Ñ

$1�LŨʋ29�®ˈƸ8îƮ8ɺˏFðʝ6ɩB.1�LÖ˴Ȼ�ƌ��Ǯ.1�F$

®ˈƸɨƥPǣ�+®ˈƸ�ƠĿ8ɂƲ6ͮ΅5F82�M:�̓õˁʘēĈ6�ȹäʫ6

žBL!3�ȳɹ#ML�Ąıʫ6îƮ$+®ˈƸ9áǦ̤˴3Ɔ�JM�2,4-D ̲à��

i�v8àɈPʸ%1�ɢă�®ˈƸṔͮ&L̘ɂ̱8ǟ �69Ơȥ8ʮ§�̛ͽ2�

L!3�âE1ǎ#M+� 

� ®ˈƸ69Əı�5�3Ɔ�JML³ͅ�pM7012 ͸8��i�v9�~u8̠ŤĿ3$

1̲Ή#M�ɄΘˁ6bz�8à˥#M1�L Burkholderia cepacia complex8Ŀŉ69š

ǲ#M5�.+�ȴˉ�J̲Ή#M+ pM7012͸8��i�v́ͮ8 8ý8�-�4ý9 type 

strain 8 Burkholderia metallica 3 Burkholderia diffusa 6ƜFŀÅ2�Table 1-4
�

Burkholderia cepacia complex6̲Κ#ML3Ɔ�JML�Ǯ.1�pM7012`�
�8�

�i�vF�~u6ɂɷ&L BurkholderiaɻĿ6ˈʑ$1¬Ǌ#ML!3�Ö˴3Ɔ�JM

L�Ũƣ83!N pM7012 `�
�8��i�v�~uͯ΁8 Burkholderia cepacia 

complex 6ŝǲ#M5�89�pM7012 `�
�8��i�v��~u2ɂɷ&Lȕ2ͮ΅

5®ˈƸṔͮ$5�+E�F$M5��F$ pM7012`�
�8��i�v�ƀɂ̱ǖʇ

Ȼ®ˈƸ˕Pòˡ$1�Ň̇ˁ62F~uͯ΁8 Burkholderia cepacia complex6́ͮ#M

L!335M:�ǵ�Ĉ6̠ŤȻ8Burkholderia cepacia complex6ˈ˷&LÖ˴Ȼ��L�

āǚ�J̲Ή#M+ƀɂ̱ǖʇȻĿ Pseudomonas sp. H8234ý6F˞%`�
�3Ɔ�J

MLÖ˝Ȼ®ˈ¸Ƹ8˽Ο�šǲ#M�¯ΔŨȘ8 Pseudomonas ɻĿ8Ĉ29�Ē6ÓJ

�8®ˈƸ8ˈʑ¸Ƹ3$1ĕ˴$1�LÖ˴Ȼ��L�ɶ-�pM7012 Pͻ�+�_o


8Ƅʦ6��19�ƀɂ̱ǖʇȻ®ˈƸ˕�~u3��Ąı2ɂɷ�ͮ΅65L®ˈƸ9�


[
3$1ͻ�L?�295��Λ�:�ǯŁɻʇȻ®ˈƸG�̲à®ˈƸPͻ�L̛ͽ

��L� 

� pM7012`�
�8��i�v9�BurkholderiaɻĿ8C5J'�CupriavidusɻĿĤ;

PseudomonasɻĿ6Fšǲ#M+�CupriavidusɻĿ Y103ý9 pM70123é7˞%3Ɔ�

JML��i�vṔͮ&L+E�pM7012 ͸8��i�v9 Burkholderia ɻĿ3
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CupriabidusɻĿ8ɤͅPǰǞ62�L3ȳɹ#ML�³ͅ�PseudomonasɻĿ H8234ý

8́ͮ&Lɖȣʅ>8ɧˬ˽Ο9�ɟɑ��i�v� pM70123˞%2�L!39@AĈ­

�5�3Ɔ�JML����i�v8̯Ʌ6ĉOL®ˈƸŉGɌƍˈʑ®ˈƸŉ8ɬ˞Ȼ�

pM7012 8́ͮ&L˽Ο3̓?L3 60-75�ʾˏ2�!8��i�v��ɤͅ8ǰǞPǐͯ

6ˈ˷2�L8�9̉ʛ2�5����i�v9ª5LǰǞ6ˈʑ$+ų�)8ǰǞ�ɱȢ

PňK̿&3��i�v8˽Ο�̻Ñ$�ȧ$�ǰǞ6˂Ê$1��!3��IncP-1��i

�vPͻ�+ǗŢ2̈́Ǝ#M1�L（Norberg et al., 2011）��  

� ͏şĨ29�pM7012 ͸8��i�v8ɌƍˈʑP�ɌƍˈʑǗŢ3$19ŝǲ&L!3

9�2�5�.+�$�$�ȴˉͯ΁8 8ý3S��[ͯ΁8 RASCý8àɈ�J���i

�v8ˈʑPǎ&!36ȼŸ$+�Çč˽Ο8g
_X�iğǳ8Ȭ͂6IK�ƠĿ8bz

�t
o�B+�JHLĄı8�obz�t
o9ɱ�ɽ�1�K�ƒų�)8ʫ�JF

pM7012 ͸8��i�v�šǲ#M1�L!3�ʹɦ#ML�ȷ˰ų69���i�v8̓

õàɈ�IKȒƠ6Ǘƽ2�LÖ˴Ȼ��K���i�v8ǰǞ̏¦GĄıʫ28̧̲6/

�1�#J5Lʟš8ˡJML!3�ēʈ#ML�)�$+ț̈́PǦǬ&L!36IK�

pM7012͸��i�v��IKͮŹ6ƯĹ΅ͻ#ML!3Pēʈ&L� 
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ǛǑ 

 

� ͏Φ̴PB3EL6�+K�ʰˮ5"ƻ˟3"ƃÃPʶ�B$+ʧ˸ʌöʌöºɂ͛Ąı

ØöØöşĨşĨØɂ͛ƯĹØöɓƁ� ʫˑ̣͜ ĴǤ�Ì̹Ȋ�ĴǤ�˧ãȪɂ�ǶĴǤ�ƭ

ˉȆȰͦ�ǶĴǤ6ȩ�ĂǛʤ$B&� 

� ͏şĨPƇ�6�+K�ːșP̲Ͷʶ�B$+�ˤ�˵Ĺ�Ȥ̡ƯĹğǳɭƍşĨĕƄ8¡

ˉˠ̦ şĨ·�Õ˘ʷȭ şĨ·�ƌĵʡů şĨ·�ʁȕſǍ şĨ·�ġˉȽɵ şĨ·�

Ĥ;ːÎ³ȼ şĨ·6ȩ�ĂǛʤ$B&�ǽɻ9˔ǋ
�B+�B. tropica RASCýP̲Ƞ

ʶ�B$+�S��[�g\�Ǩ΋ʌö Dr. Terence L. MarshĤ;MarsĥƶPȑÞʶ�

B$+ʫÉʌö ȯ͉Ͱ³ ĴǤ�Rizobium radiobacter MAFF301724ýP̲Ƞʶ�B$+�

Ϋˉż˲ ̂ƶ�Ũ�ˤ
˵Ĺɂ̱ǇŧşĨǽ
�Burkholderia sp. NK82SýP̲Ƞʶ�B$

+�ˤ
˵ĹĄığǳşĨǽ ƭţĘǗƸ şĨ·6ȥIKĂǛʤ$B&��

� ͏Φ̴8şĨ8ĕßPͶ�1Ͷ�1�,#�B$+�ˤ
˵ ĹĄığǳşĨǽ ĦÐɁě Ά

ǈʵ�şĨ8ȵƇ3Φ̴8ƥȼ6�+K�ƻ˟3ȀũP�+,�B$+˞şĨǽ8ʵʓ̪Α 

Άǈ�˘°Ė Η±ʵ�ȸŤΧ̦ Ǖʵ�Ĥ;şĨǕ8��|
6ĂǛʤ$B&�ˢ6�ǗŢ

Ǡ͆�Ŀý8̲Ƞ�Ĥ;Φ̴8ǟKB3EP³Ć$1e�
u�+,�+Ȇɔʷȭ ̂ƶ�Ũ 

ɇÍʌöĴǤ
�DNA8˽Οt
o8àɈǠ͆PˈǤ�+,�+Ðʁ̙ͮ ̂ƶ�Ĥ;ʫˑ Ĵ

ǤPȑÞʶ�+͍͏żƸ şĨ�
p
6ȩ�ĂǛʤ$B&� 

 

� Ɯų6�͏şĨPB3EL6�+K�ʜ��Ƽ�1�M+×ɼ6ĂǛ$B&� 
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