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� juUśǎȎ3̌¡ĠúˍI¡Ɓ1L`Lǂúˍ1Ŭ�áŧ�̌ȓģɕ 250ɂ¶��ȵCF,

�E	�2�(ă��Cɽ2ʛʵIȮȪ1æș�F,�&23̌ưƽ2�{juŮCamellia 

japonica̋̌ �UjuŮ C. rusticana ]̋^�S�C. sasanqua� ¡̌Ġ2mOjuU�C. reticulata�-̌

�FCI¡Ɓ1juU2ġɾĔɂ3Ȩˇ�,�&�(ɋȚ�2006)	ǜɎ1��,ɂ˜˩ɂĔɂɰɂ

�ȭJ1ʎHFEB�10Ď��ƨ÷ū3ưƽ-?¡Ġ@}mo��CŖØ�F&Ǖ
0ɂI

ș�&ɂ˜˩ɰɂ�ȭJ10),�E�(Ċş&Ċş�1990)	juUġɾĔɂ2ɽɼ3 ȩ̌@L�

m_Lp�ɼɗ1BEǌ̏ʷ2ɌĞ1�Ďȅ̇ɼɽɼ2?2�Ȉ�	$2&>ȅ̇ɼɽɼĔɂ

IÂDà �.�ķ�0ɰɂȮǖ2�*10),�E	̇ɼĔɂÂà2ˏʚ.�,ƺŹ�F,

�E2�̌̇ɼɽɼIƹ EjuUśǎȎ-�E	̇ɽjuUśǎȎ3̌¡Ġúˍ�C}mo�

ôˍI¡Ɓ1ɕ 50 ɂ�áŧ�,�E�.�ĭĐ�F,�E�(ɋȚ�2006)	�2�( 1965 ū1¡

Ġúˍ2ŬʖĳƮɸǬõ-ĭĐ�F&̄@�0ȅ̇ɼɽɼ2U�Sh�̊ Camellia chrysanthǎ̟

ɽʃ̋(Hu 1965)�̌̇ɼĔɂɰƐ2&>1Ƹ?æș�F,�EjuUśǎȎ-�E	 

̇ɽjuUśǎȎ2ɽɼ1˝ EȸɅ3̌£1U�Sh�1��,˅>CF,�&	U�Sh

�2̇ɼɽɼ2Ȩɼ2²ɛ<1*�,3˚�˜ʰʫI�F,�&	Ķ�2ǎȎ-3̌ȅ̇ɼɽɼ

3S�ksNnɼɗ1B),Ȩɼ�,�E	U�V�eO@S�r�_��2B�1̌̇ɼz�

�sNn2R���@S�[�1B),Ȩɼ�,�EǎȎ?�E	U�Sh�ɽű13̌3 ɂ˶

2z��s��̊�!F?Y�ch�ʥŖ¿̋.S�ksNn�łģ E�.�ĭĐ�F,�& 

(Miyajima et al. 1985̌Scogin 1986)	U�Sh�ɽű-3̌ʒȬəɱ2Ƿɱˍá�̇ɼ�Ȩɼ�,

�E�.�ʛő�FE2-̌ǨȁƆóĉȎ2˝��ɮ�CF̌3 ɂ˶2z��sNn2�(Ǹ̇

ɼɼɗ-�EY�ch� 7-X�[]Nn�U�Sh�2£ʗ̇ɼɼɗ-�E.�F,�& 

(Miyajima et al. 1985)	���̌Y�ch� 7-X�[]Nn3��Ǹ�̇ɼɼɗ-�E&>̌U�

Sh�2ȅ�̇ɼȨɼIƙ�ɼɗ.�,3ȥĘ�Ǣ�F,�&	 

� U�Sh�3ū1B),̇ɼ2ȅǸ2ȣ0EɽIē�"&Ďª�1W���-�E3!2Ɲ
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ƻʀ�É¿�.1̇ɼ2ȅǸ2ȣ0EɽIē�"&D E	�2�.�ČU�Sh�2̇ɼȨ

ɼ13À��ńŇ0Ȩɼʗě�łģ E.ɮ�CF&	Y�ch�ʥŖ¿13L��pO�.˘

¿IŵƐ�,ȅ̇ɼIȨɼ EƆʶ��ĎU�Sh�.ċ� Thea¬ś1á˶�FEh�̊C. 

sinensis ʃ̌ (̋Chang & Bartholomew 1984) 3 µ̌ʒȪ0L��pO�ʊɄǎȎ-�E (Chenery 1955̌

Matsumoto et al. 1976)	�FC2�.1ȳȮ� Ǔ�Sh�ɽű2̇ɼȨɼ1��EL��pO�

2˝�1*�,ŉ˾Iʎ)&	 

 

���}+2"Wek�}X�P��� =,1�.�

� U�Sh�ɽű-?̌S�ksNn3ȗĉƐ�F,�ĎS�ksNnIʊɄ EəɱÞŗę

ņ2W��|�amɏŁ�ʛő�F,�E (Miyajima et al. 1985)	ʊɄ˕�Ř0�.�F,�E?

22̌S�ksNn1˝ EÜ¿Ȫ0Ďƹ˕@ƐáɛƐ1*�,2ĭĐ3Ř0�	$�-U�S

h�I3�>. E 7ɂ2̇ɽjuUśǎȎ1*�,̌HPLC̊high performance liquid 

chromatography̋áǃ1BDɽű2S�ksNn2Ďƹ˕@Ɛá1*�,ʩ8& (ʱşC 2010)	

7ɂ2̇ɽjuUśǎȎ2ɽű1Ď;FEɢS�ksNnĎƹ˕3̌�kN�Ɋ˕- 0.8̏11.3 

µg�g-1 FW-�)&̊ʒ 1 	̋Ǹ̇ɼɽɼ2m�[VU�Oɽű2S�ksNnĎƹ˕��kN�

Ɋ˕- 16 nmol�g-1 FW̊9 µg�g-1 FW1ȰŴ̋.ĭĐ�F,�D̊Nakayama et al. 2006̋̌ �F.

Ǧʼ�,�!F?ċɁů¶�-�)&	�&�),�FC2̇ɽjuUśǎȎ-3̌S�ksN

n3ĶŘ3ɽű2̇ɼȨɼ1ŏ��,�E.ɮ�CFE?22̌ȅ̇ɼ2Ȩɼ13Õá0ȅů-

30��.�Ⱥ�F&	S�ksNnƐá.�,̌violaxanthiňluteoxanthiň(9Z)-violaxanthiň

antheraxanthin β̌-cryptoxanthin β̌-carotene�Ǐà�F&	�FC3�!F? ɇ1 βȖI?* β̌̌

β-S�k�ʥŖ¿-�E	;&̌�!F2ɂ?ċǕ0S�ksNnƐáɛƐ-�Ď̇ɽjuU

śǎȎ-3̌ɽű2S�ksNnȗĉƐɓ@ʊɄɲí1��,ɂ˜ţ�ŗ��.��Ñč�ʤ>

CF&̊ʒ 1 	̋ 

 
ʒ 1̍̇ɽjuUśǎȎ2ɽű2S�ksNn 
2, Violaxanthin; 3, luteoxanthin 4, (9Z)-violaxanthin; 7, antheraxanthin; 8, β-cryptoxanthin; 9, β-carotene	 
1, 5, 63ƼċŇ2S�ksNnƐá	(ʱşC 2010 ) 
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� ċ�U�Sh�ɓɞ�CǅIƜ˨�,Ɲ�ƻĲǣ�&ǈ-�D0�Čȅ̇ɼɽIē�"EÉ
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¿̊ğ 1a̋.Ǹ̇ɼɽIē�"EÉ¿̊ğ 1b̋�ȗ�E	�FC2ɽűIǦʼ E�.-̌U�

Sh�2ȅ̇ɼȨɼ2²ɛ<2ʝƴIʢ<&	Œȋ.�,ȩ��{juŮ ğ 1c 2̋ɽIș�&	 
 
� �   (a)� � � � � � � � � � � � (b)� � � � � � � � � � � � (c) 

 

 

�

�

�

�

ğ 1̍(a) ȅ̇ɼU�Sh�̌(b) Ǹ̇ɼU�Sh�̌(c) ȩɼ�{juU (Tanikawa et al. 2008)  

�

����}X�QN(4#-<�

¯˜3 �̌B$ 400-500 nm2ǯ˚2×Iďā EȎʶİɼ.�,ʤʮ E	Ķ�2S�ks

Nn3ɕ 440 nm´ʿ1 2*� 3*2ďāǑķI»�̌400-500 nm2ǯ˚˲ĩ1ķ�0ďāIƚ

*&>̌S�ksNnIÂEɽ-3̄@�0ȅ�̇ɼ2ɽɼ10E	�ƭ̌z��sNn3�ɻ

1ɕ 360 nm´ʿ1ďāǑķIƚ(̌400-500 nm2ǯ˚˲ĩ1��E×2ďā�ŗ��&>̌z

��sNn1BEɽɼ3̌Ȉɼ̌�E�3Ǹ�̇ɼ1./;E	 

U�Sh�ɽű2ďāa~Wm�IǽŇ�&.�ǦS�ksNn2a~Wm�.3ȣ0Ď

420 nm´ʿ1ďāǑķ�ʤ>CF&̊ğ 2 	̋ȩ��{juU-3̌400-700 nm2ǯ˚˲ĩ-ď

āǑķ3ʤ>CF!̌ďā?U�Sh�.Ǧ8,ŗ���.�Ⱥ�F&	 

 

 

�  

 

 

 

 

 

 

 

 

 

 

 

ğ 2̍U�Sh��B5ȩɼ�{juUɽű2ďāa~Wm� (Tanikawa et al. 2008) 
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����"> *:}X����3;51�.��<80�9�

� U�Sh�2ȅ̇ɼɽ.Ǹ̇ɼɽ̌�B5ȩɼ�{juU2ɽű1*�, p̌Ȟ£ʗz��s

NnƐá.L��pO�2Ďƹ˕Iʩ8&	pH3 Dȃ�&ɽű1*�,ǽŇ�&	z��sN

n3̌HPLC 1BD 360 nm 2×ǯ˚-Ǐà E�.-áǃIʎ)&	L��pO�Ďƹ˕3

ICP-AES áǃ̊ʥŖɝĉ|�b�Ȩ×á×áǃ̋1BDǽŇ�&	z��sNn13 pH �́�

9/̇ɼó EƆʶ��E	ȅ̇ɼU�Sh�ɽű.Ǹ̇ɼU�Sh�ɽű2 pH 3̌�!F?

ċ� 5.8-�)&̊ʒ 2 	̋ȅ̇ɼɽű.Ǹ̇ɼɽű2�!F�C? 3̌ɂ˶2z��s��  ̌Y

�ch� 3-�hs]NňY�ch� 3-X�[]NňY�ch� 7-X�[]Nn̊ğ 3̋�

Ǐà�F&	$F%F2Ďƹ˕3̌U�Sh�2£ʗ̇ɼɼɗ.�,ĭĐ�F,�EY�ch� 

7-X�[]NnIĎ>,̌ȅ̇ɼɽű.Ǹ̇ɼɽű-ķ�0ˈ�3ʤ>CF0�)&̊ʒ 2 	̋�

ƭ̌L��pO�Ďƹ˕3̌ȅ̇ɼɽű.Ǹ̇ɼɽű-ķ�0ˈ��ʤ>CF&	ȅ̇ɼɽű2

L��pO�Ďƹ˕3̌Ǹ̇ɼɽűBD?ɕ 3Ế�)&̊ʒ 2 	̋ȩ��{juU2ɽű2 pH

3 4.2 -�ĎU�Sh�2ɽűBD¾�)&	�{juU?L��pO�IʊɄ EǎȎ-�

E� (ŜȚ 1980)̌ƽȸɅ-Ãș�&ɽ-3L��pO�Ďƹ˕�ȅ̇ɼU�Sh�ɽű2 21̉

.Ř0�)&	;& HPLCW��mX��1��,z��sNn.ƞŇ�FEy�W3˭ũ1ŗ

��̌�{juU2ɽű-3z��sNnI9.J/ʊɄ�0��.�Ⱥė�F&	 

 

ʒ 2̍ɽű2 pȞ£ʗz��sNnƐá.L��pO�2Ďƹ˕ (Tanikawa et al. 2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

ğ 3̍U�Sh�ɽű1Ď;FE 3ɂ˶2z��s�� 
1̌Y�ch� 3-�hs]Nn̎2̌Y�ch� 3-X�[]Nn̎3̌Y�ch� 7-X�[]Nn 
�
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����3;51�.�V
��<80�9�Gp�

� U�Sh�ɽű1Ď;FE£ʗz��s��2�*-�EY�ch� 3-�hs]NnI Ǔ�

Sh�ɽű.ċ� pH 5.82 0.1 Mː˒ɤʑǷ- 50 µMȅů2ȁǷ1ʩƩ�&	�2.�Y�ch

� 3-�hs]NnȁǷ39:Ȉɼ-̊ ğ 4a-0̋̌ ɕ 350 nm1ďāǑķ��D 4̌00-500 nm2ǯ˚

˲ĩ139.J/ďā�ʤ>CF0�ďāa~Wm�IȺ�&̊ ğ 4b-0 	̋�F1 0.1 Mː˒ɤʑ

Ƿ̊pH 5.8̋1ȁʝ�&ıóL��pO�Ǐ0 µM�C 50 µM10EB�1 5 µM!*Ǻï�,

��̌ȁǷ2ɼ2Ĵó.$F1»�ďāa~Wm�2ĴóIʩ8&	Ǻï�&L��pO�˕�

Ĳï E1*F,̌ďāǑķ� 350 nm�Cɕ 420 nm1ɀò� 4̌00-500 nm2ǯ˚˲ĩ1��E

ďā�Ĳï E..?1̊ğ 4b̋̌ ȁǷ2̇ɼ�ȅ�Ȩɼ�&̊ğ 4a 	̋U�Sh�ɽű2ďāa

~Wm�1��EďāǑķ?ɕ 420 nm-�D̊ğ 2̋̌ Y�ch� 3-�hs]Nn.L��pO

�1B),ŵƐ�FEďāa~Wm�2ȏƀ.˶¼�,�E�.�Ⱥ�F&	 

(a)                                        (b)                                              

�

�

�

�

�

ğ��L��pO�IǺï�&Y�ch�����hs]NnȁǷ2ɼ.ďāa~Wm��

(a) 50 µMY�ch� 3-�hs]Nn1 AlCl3I 0 µM̊Ţɇ̋�C 50 µM̊Ćɇ̋;- 5 µM!*Ǻ
ï�&.�2ȁǷ2ɼ2Ĵó̊0.1 Mː˒ɤʑǷ̌pH 5.8 	̋(b) ĈȁǷ2ďāa~Wm�	a~W
m�2Ȣć3(a)2ȁǷ2Ȣć1ŒƄ	(Tanikawa et al. 2008) 
�

�������>B^#=7-$;3�?�p���<80�9�Z����� 
� U�Sh�ɽű�ĊɼɼɗIʉȠǨ̊DIW̋-Ƙà�̌�ˍIˢNR�Ơǘɳ1ˁ�,̌

ƘàǷ¡2L��pO�IĎ=ˢNR�˶2ˡÿIʢ<&	DIWƘàǷ̌S��ßȕǷ̌S��

ßȕǷ1ıóL��pO�IǺï�&ȁǷ̌$F%FI 0.1 Mː˒ɤʑǷ̊pH 5.8̋1ʩƩ�̌

ȁǷ2ɼ.ďāa~Wm�IǦʼ�&	DIWƘàǷ̊ğ 5a-1̋IˢNR�Ơǘɳ1ˁ .̌ȁ

Ƿ2̇ɼ�Ǹ�0D̊ğ 5a-2̋̌ 420 nm´ʿ2ďā�ǼŘ�&̊ğ 5b-2 	̋�F1ıóL��pO

�IǺï E.̇ɼ2ȅ��Ěž E..?1̊ ğ5a-3̋̌420 nm´ʿ2ďā?Ěž�&̊ ğ5b-3 	̋

DIWƘàǷ2ďāa~Wm�-̌3)�D.�& 420 nm2ďāǑķ�ʤ>CF0�)&23̌

WQ�˒0/2ƹǚ˒˶1?L��pO�NR�IU��m EƆʶ��E&> (Hue et al. 

1986) Ȉ̌Ð0Ȑƍ-2ɽű.ȣ0D ɽ̌űɛɨI D*6�&�.-ȗ�EǕ
0ƹǚȎ1B)

,L��pO�NR��U��m�F&�.��ě-30��.ɮ�CF&	 
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(a)                                           (b) 

 

 

 

 

 

 

 

 
ğ 5̍U�Sh�ɽű2ƘàǷ2ɼ.ďāa~Wm� 
(a)ȁǷ2ɼ	1 ɽ̌űƘàǷ 2̎̌s NR�ƠS��ßȕǷ 3̎̌s NR�ƠS��ßȕǷ1AlCl3
IǺï�&?2̊�!F? 0.1 Mː˒ɤʑǷ p̌H 5.8 	̋(b)ĈȁǷ2ďāa~Wm�	a~Wm�2
Ȣć3(a)2ȁǷ2Ȣć1ŒƄ	(Tanikawa et al. 2008) 

 
��x��

� ¶�2ɝǄ�ČU�Sh�2̇ɼɽɼ3ɽű1ʊɄ�FEz��s��2Y�ch�ʥŖ¿

.L��pO�2ȰªÂș1B),Ȩɼ E.ɝʫ�&	L��pO�NR�3̌z��s��

2AȖ2 3½�B5 5½2Ǩ˒ī2³ B̌Ȗ2 o-`wn�U_�ī1ɝĉ E (Markham & Mabry 

1968)	U�Sh�ɽű2 3 ɂ˶2Y�ch�ʥŖ¿3̌�!F? B Ȗ1 o-`wn�U_�īI

ƹ�,�ĎL��pO�2U��mɝĉ1BḊɼ2ȅɼó1ʳȑ��E	 

�F;-L�m_Lp�ɼɗ1BEˬɼɽɼ2Ȩɼ1��,̌L��pO�0/2˖śNR�

IƂʗ. EÄ�ĭĐ�F,�ĎL`]N̊L��pO�̋̌ j�W]̊�Xr_O�̋̌ �X

��VW̊ ˗ �̌Xr_O� Š�_O�̋̌]��ML̊ �Xr_O� (̋Takeda 2006) Y̌_̊ ˗̌

�Xr_O�̋(Yoshida et al. 2006)̌h���i|2ɽŭˍá̊˗̋(Shoji et al. 2007) 2ĭĐ��

E	˖śNR�1B),̇ɼɽɼIȨɼ EǎȎ1*�,3�F;-Ä�0�̌U�Sh��ã

>,2ĭĐ-�E.ɮ�,�E	 

 

�������

�ʆ˨ 12Ť 31011�ɘ3 Ȇ� ?2% ǶȶǓŦ2 Ú÷2ʐ1 ˃7EŁ@ʧ�.��ǝ�

�E	�ǶȶǓ�.3juU2�.-�E	ŧ2ǆɼ1��,juU2Ȇ�ɘǆ>1ș�CF&�

.�C �̌2B�0ʒȓ�ȗ;F&	juU2Ȇá3L��pO�ı�Ķ�,˗ı�Ř0�&>̌

ɘǆ>2˥1f�p�ʶ�Ȩɼ"!̌ɘɼ�ɪ��Ȩɼ E2'.�� (ʴǿǎȎ¨Ý 1949)	

���,<E. Ǔ�Sh�2ɽ3ɸáɸʻIL��pO�1B),ǆ>,�E�2B�-�E	 

U�Sh�3 1979ū1ưƽ1ŖØ�F̌ɭ 1980ū�CU�Sh�IÃ)&˩ɰɂ�˛Ľ�

F& (ɋȚ 2006)	¶ǁ 30ū2˜1Ķ�2U�Sh�˩ɂĔɂ�Âà�F,�E	���̌�F

C˩ɂĔɂ2ɽɼ3W���ɼ0��3Ǹ̇ɼ2ɌĞ1�),̌̄@�0ȅ�̇ɼɽɼ2Ĕɂ3

Âà�F,�0� (ɋȚ 2006 Ȟwang et al. 1992 ʖ̌ƽC 2004)	�F;-ʎHF&˩ɰɂ-3̌

A
bs

or
ba

nc
e 
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U�Sh�2ˏȰƔ1ȩɽ2�{juUɓĔɂIș�&Ä�Ķ�B�-�E (ɋȚ 2006)	°

ĚʩǇ�&ȩ��{juU-3 p̌H3U�Sh�ɽűBD¾� ž��sNn1*�,39.J

/ʊɄ�ʤ>CF0�)&	���ȩɽ�{juU.U�Sh�2ˏ-żCF&˩ɂźµ-3̌

ɽű1z��sNnIʊɄ�̌ɢz����z��s��Ďƹ˕-3U�Sh�.ċɊ;&3$

F¶�2Ďƹ˕Iƹ Eɓɞ?łģ E.ĭĐ�F,�E (ʖƽC 2004)	�FC3 p̌H@ȗĉ

Ɛ�FEz��sNn2ɂ˶̌L��pO�2ʊɄ˕1��,̌ȅ̇ɼɽɼIȨɼ Eǀ·IǾ

&�,�0�2�?�F0�	ɽű2 pH �́�̌L��pO�.2ɝĉ1BḊɼó EY�

ch�fN|2z��sNnIʊɄ E˩ɂźµ�Âà�FF4̌BDȅ�̇ɼIȨɼ E?2

.ɮ�CFE	;&̌$2̇ɼȨɼ2²ɛ<�ČǸ�̇ɼ2˩ɂźµɓɞ-�),?-�E'

�̇ɼIȅ�Ȩɼ�",ʛʵ E13̌L��pO�Ďƹ˕2Ķ�ĪĢ1ǎ�Ě�E�3ĥǎ

�-�)�Dɰ,,L��pO�2ʊɄIŹ*.�)&�.?ñǄ��E2-30��.ƞŇ�

FE	 

�ȅ̇ɼɽɼ3S�ksNn1BDȨɼ�̌Ǹ̇ɼɽɼ3z��sNn1BDȨɼ�,�E�

.���ɻè3̌ƶ1ÖØʛ.0Ďʘ&Ȯ2̇ɼ2ȅ�1?.+�,S�ksNn�z��s

Nn2/(C��ƭ2áǃŉ˾Iʎ�̌³ƭ2áǃIʎ��.0�̌$2ɽɼȨɼ1*�,ʫ�

CF,�;�Įĉ��E̊Nakayama et al. 2006 	̋;&̌S�ksNn.z��sNn�Ûł E

ɽ?Ķ�łģ E	���)&ǎȎ1��,̌$F%F2óĉȎ2̇ɼȨɼ1��EʳȑůIʡ

Æ E13̌ɽű$2?22ďāa~Wm�@ĀŔa~Wm�IǽŇ�,äå E0/̌Ǝ˓0

ʰʫ�Ƃʗ.ƌ�,�E	̇ɼɽɼ2Ȩɼ1˖ś�˝� EǎȎ�³1?łģ E2�3̌°ź

2ɹđǹ�ʨ˴-�E	°Ě2U�Sh�2ŉ˾2B�1 ɽ̌ű2ďāa~Wm�IǽŇ�, 420 

nm ´ʿ2ďāǑķIƛǖ1 E�.-̌z��sNn.˖ś1B),̇ɼɽɼIȨɼ�,�E

ǎȎ�ʘà�FE�.�ƺŹ�FE	 
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���	�� 
� k�~�̊k�~sNn�Ne|�sNn̋@z��sNňL�S�NnɊ2�HAE©Ǜ

µʭȘȎ3̌ǎȎ�ȗȘ EƹǚóĉȎ2¡-?ȏ1ĶǕƆ1Ő=óĉȎ-�E	.DH�k�

~�óĉȎ3̌�F;-1ǎȎIĎ>̌òȎ̌ſȗȎ0/�Cɕ 40,000 ɂ˶�û˪�F,�D

̊Roberts 2007̋̌ ɸȊȟ-Ƹ?ʕ˩0óĉȎ˨ĜIŵƐ�,�E	k�~�óĉȎ13ȗȕǳƆ

Ȏʶ@ǚɲƆȎʶ0/̌ŦĮÆÍ2́�óĉȎ�ƨĶ�Ď;FE�.�ČǕ
0á˔-ǳș�

F,�E	Ä�4̌WasU�CżCFE�sk�~�2_�OsO̊Ǘɴ čamphor̋3̌ă�

�C˞ʍê̌˞ɵê̌öʋĔ0/.�,ș�CF̌ȏ1ĉƐǘɳc��Nn2Ąįê.�, 20

�ɔù4;-�ȟ2ȘǐIơ�E˓ʗ0óĉȎ-�)&	;&̌��V2�ɂWep�`�

̊Artemisia annua̋1Ď;FEcaUk�~��Wm�-�EL�k�_p�̊artemisinin̋.$

2ʥŖ¿3̌t�g�S�Ŀ± EþʍƆȦƊ-�EȌŨ���L1Œ�̌ȓģƸ?ƹñ0Ǭȧ

ʋ2�*-�E̊White 2008 	̋fUe��̊taxol̋3ĹŪǱNhN̊Taxus brevifolia̋ǘȬ1Ď

;FE`k�~�óĉȎ-�Ďç�Jê.�,ýŠ�J@¥�J2Ǭȧ1æș�F,�E

̊Jennewein & Croteau 2001 	̋;&̌Sp̌Qx̌ʷʻ̃0/2ǶǱȗȎ1Ķ�Ď;FEʷɼS�

ksNn2LafU]�h�̊astaxanthin̋3̌ÓF&Ɨ˒óȏƆIƚ*�.�CÎŰ˸Ĕ@ó

ɐĔ̌̅ý@˺ǣ̃2ɼƟ�ê0/.�,ʿūș�CF,�E̊Misawa 2009 	̋�FC¶ĵ1?

Ķ�2k�~�óĉȎ.$2˶ɥ¿�̌öʋĔþƫ̌ÎŰ˸Ĕ̌šǐþƫ̌˼ƫ̌ȳɼƫ̌˸Ĕ

ǺïȎ̌ʽʋ0/.�,Ǵˁ�,�ĎȘǐȟ1��,˭ũ1ƹș0óĉȎɫ-�E.ʟ�E	

ƽɃ-3k�~�Ƹķ2óĉȎɫ-�EcaUk�~�1ȉȇIŴ,̌ķɶʅIæș�&caU

k�~�óĉȎ2ȗȘ_ak�̌�B5$FIæș�&ȗĉƐ˝˄ˑɗˊºŁ2ǚɲʝǃǮ2˛

ȨȸɅ1˝ Eʣ˴I¡Ɓ1̌Ƹʿ2ȵʘI�0�Cɚ± E	 
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��,<4>MOk�nO]w� 
� ĸȊ�Cû˪�FEk�~�óĉȎ3̌ʕ˩0ǔ˂Iƚ*?2�ƨĶ�łģ E�̌$2ȗĉ

Ɛãƺɜʹ3˿�9/_�|�-ʙèȪ-�E	k�~�óĉȎ2ȗĉƐ3ȗȎɂIĘH!̌N

e|��̀Ǌ-�ENe~�kp� 2��˒̊ IPP .̋$2ȣƆ¿-�E`�h�L�� 2��˒

̊dimethylallyl diphosphate, DMAPP I̋þƫ.�, ǏPP2˄ɟɦĉ1BDZ�p�2��˒̊ GPP̋̌

zK�r_� 2��˒̊FPP̋̌ Z�p�Z�p� 2��˒̊GGPP̋Ɋ2ȯ˙ȐNe|�sNn

IȗƐ E�.�CĽ;E̊Ajikumar et al. 2008 	̋�2 IPP2ȗĉƐɜʹ13̌�u��˒I¡

˜¿. E�u��˒ɜʹ.̌�u��˒�˝��0�å2ȗĉƐ��m-�E˭�u��˒ɜ

ʹ̊MEPɜʹ̋�łģ E̊Harada & Misawa 2009 	̋�u��˒ɜʹ3̌ǎȎ̌òȎ̌ˑǥ0/

ȲǉȗȎ2əɱʶ �̌ˍ2Ƥɣʅ@L�UL1łģ�,�D M̌EPɜʹ3ǎȎ2ɼɗ¿@uWk

�L1łģ�,�E̊Kuzuyama & Seto 2003 	̋�2ɜʹ1B),ĉƐ�F& GPP̌FPP̌GGPP

ɊIīʶ.�̌k�~�ĉƐ̊Ȗó̋ˑɗ1B),�sk�~�̊C10̋̌ caUk�~�̊C15̋̌

`k�~�̊C20̋̌ m�k�~�̊C30̋̌ S�ksNn̊C40̌km�k�~�̋Ɋ2Ǖ
0k�

~�óĉȎ�ĉƐ�FE	ǎȎ1��,3̌�sk�~�̌`k�~�̌S�ksNn�ɼɗ¿

-̌caUk�~�.m�k�~��əɱʶ-ĉƐ�FE̊ğ 1 	̋�C1̌ĉƐ�F&k�~�

óĉȎ3Ķ�2Įĉ _̌mW��P450�sRU_Zo�d̊ cytochromes P450 monooxygenase, P450̋

IĽ>. Ek�~�Ĵ

Ơˑɗ1BEÈ˹ĀƄɊ

IɜE�.1BĎĶɂ

ĶǕ0ǔ˂.ǚɲIƚ*

k�~�óĉȎ�ĉƐ�

FE�.�ȵCF,�E	

ʿū2Zs�|�`PW

m2ƐǄ1BE.̌́Ɋ

ǎȎ2 P450 ˊºŁƨ3

³2ȗȎɂ.Ǧ8,ǋˈ

�1Ķ�̌_�Nqob

o̊Arabidopsis thaliana̋

-3 273É Ňr̊ Oryza 

sativa̋-3 458 É?2

P450 ˊºŁ2łģ�ȹ

ʤ�F,�D̊ķƿC 

2003 �̋Ķ�2ˊºŁ�©

ǛµʭȘȎ2ĉƐ1˝�

 E�.�ĭĐ�F,�E	�&�),ǎȎțǁk�~�óĉȎ2ɂ˶@ǔ˂ĶǕƆ3̌k�~

�ĉƐ̊ Ȗó̋ˑ ɗ'�-30� ǩ�~�È˹ˑɗ2ɂ˶.ƨ1?Åł�,�E.ɮ�CFE	 

 
 

ğ 1� ǎȎ1��Ek�~�ȗĉƐɜʹ 
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��S{~�p��,<4>MOk�Lmtno&(,9��s 
� ĸȊBDƘà̌ɑʔ�,żCFEk�~�óĉȎ2˕3�ˍ2ÄĵIˡ�Ř0�̌ƹș0k�

~�óĉȎIʇ˕żE�.3ĝ˫0Įĉ�Ķ�	óŃĉƐ3˓ʗ0k�~�óĉȎȗȘƭǮ2�

*-�ĎĉƐ�ǦʼȪōƵ0�sk�~�@S�ksNnI¡Ɓ1ŉș�F,�E̊Kusama et 

al. 2000, Jackson et al. 2008 	̋���0�CóŃĉƐǮ3̌ǔ˂�ʕ˩0k�~�óĉȎ2ȗȘ1

3̌ðí@[amˮ�C˭ñȒ-�E	$2&>̌ǎȎ@ſȗȎIæș�&̌uNRkWs�`

�1BEk�~�óĉȎ2ȗȘȸɅ�ʿūȭJ1ʎHF,�&	 

vaOPNQ�`pL��X̊pathway engineering̋3̌ˊºŁɛƠ�1BDŎ£ȗȎ2ȗĉƐ

ɜʹIµʭšŃȪ1ƢĴ�,ȮȪóĉȎIȗȘ EƖʏ-�ĎµʭšŃ@ĉƐȗȎŃá˔-ǰ

ȮI˨>,�EƖʏ2�*-�E̊Misawa 2011 	̋k�~�óĉȎȗȘ1��,3̌ǎȎ̌ķɶ

ʅ̌ˑǥ0/I¡Ɓ1ȸɅ�˅J-�Ďȏ1ˊºŁʴǿ@Ƌĭ�Õŉ�,�Eķɶʅ3̌va

OPNQ�`pL��XȸɅ1˳ɧ1ș�CF,�E	ķɶʅ3³2uWk�L.ċǕ M̌EPɜ

ʹ1BD IPP. DMAPPIĉƐ�,�Ď�C1$F1ɟ�ˑɗ1BD FPP;-ĉƐ-�E�̌

$2Șȗ˕3��Ò�-�E	$�- ʅ̌¿Þ2FPP˕ĲȘIȮȪ1Ǖ
0ȸɅ�ʎHF,�&	

IPPNe���d̊IPP isomerase̋3̌IPP. DMAPP2ȣƆóĀƄI ƭč1ʞĿ Eˑɗ-�

E�̌ˑǥțǁ̊1 ħ̋2 IPP Ne���dˊºŁ̊Scidi̋Iķɶʅ1́Ȩȓ�"E.̌FPP 2

ȗȘ˕��Ƴ E�.�ĭĐ�F,�E̊ Kajiwara et al. 1997 	̋MEPɜʹÞ2 1-lRU_-D-U_

���a 5-��˒̊1-Deoxy-D-xylulose 5-phosphate, DXP̋ĉƐˑɗˊºŁ̊dxs̋̌ ;&3 DXP�

gWmNe���d̊DXP reductoisomerase̋ˑɗˊºŁ̊dsr̋ÍȨȓ�"&Įĉ-?̌@3D

FPP2ĲȘ1ñǄ2�E�.�Ⱥ�F,�E̊Albrecht et al. 1999 	̋���0�Č�FC2ˊº

ŁIș�&Įĉ-?̌ȗȘ˕3"�#�ƨÊɁůĲï EɁů-�)&	 

� �F1Œ� M̌EPɜʹ2<Iƚ*ķɶʅ1ȣɂ�u��˒ʴóˑɗˊºŁɫIŖØ�Ȩȓ�"

EƭǮ-2 FPP ĲȘ?ʢ<CF,�E	Ä�4 Martin C̊2003̋3̌àɿˑǥ Saccharomyces 

cerevisiaețǁ2�u��˒ʴóˊºŁɫ. Ľ�k�_p�2é˽¿-�EcaUk�~�2L

��zK`Q�̊amorpha diene̋ĉƐˑɗˊºŁ̊ADS̋IÛȨȓ EķɶʅIș�̌D-�u�

�˒�Wm�̊D-mevalonolactone, MVL̋łģ�-Ī˺ E.̌ADS2<IȨȓ E[�m��

�ǈ.Ǧʼ�,Ƹķ 36Ê?2L��zK`Q�ĲȘñǄ��E�.IĭĐ�,�E	�ƭɉɯC

̊2009 3̋ M̌VLBD?ǔ˂�ûɖ-�C1ńÆ-�E Ľcmː˒�hO�ı̊ Li acetoacetate, 

LAA̋Iīʶ.�,æș-�EȗȘɓI˛Ȩ�&	ƽɓ-3̌Ƥɣʅ Streptomyces sp. CL190ǈț

ǁ2�u��˒ʴóˑɗˊºŁɫ̊2ħ idiIĎ=̋1ï�̌S. cerevisiaețǁ2 1ħ idi.̌Lc

mː˒�CLcmLch�-CoÅ acetoacetyl-CoA I̋ĉƐ Eˑɗ-�E�im̊ Rattus norvegicus̋

țǁLcmː˒-CoA�T�d̊acetoacetate-CoA ligase̋ˊºŁ̊Aacl̋ÍȨȓ E|�a�n

̊pAC-Mev/Scidi/Aacl̋Iǔɍ�&̊ğ 2 	̋�FC2|�a�n.�[~�̊lycopene̋Șȗș|

�a�n̊pCRT-EIB̋.IÛŖØ�&ķɶʅI LAA łģ�-Ī˺ E.̌pCRT-EIB 2<2[

�m���ǈ.Ǧʼ�,ɕ 12 Ê̊ ʅ¿¦˓˕ 1 gŴ&D 12.5 mgȰŴ 2̋�[~�IȗȘ-�&	 

�C1̌pAC-Mev/Scidi/Aacl .to_�OT̊Zingiber zerumbet̋BDĂż�& α-z���

̊α-humulene̋ 
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ĉƐˑɗˊºŁ̊ZSS1̋Ȩȓ|�a�n.IÛŖØ�&Įĉ-?ċǕ1̌MVL;&3 LAAIī

ʶ.�, ZSS12<2[�m���ǈ2ɕ 11Ê̊Ī˺Ƿ 1 LŴ&D 1 gȰŴ̋2ĲȘñǄIȺ�

&	�2B�1̌ĵǁ2�u��˒ʴóˑɗˊºŁɫIæș EƭǮ3̌ķɶʅIæș�&k�

~�óĉȎȗȘ2&>2vaOPNQ�`pL��XȸɅ1��,̌ȓģ2.�GƸ?ųí-ñ

ǄȪ0j��-�E	 

 

��)(",<4>nO]�v�hz�d 
� �u��˒ʴóˑɗˊºŁɫIȨȓ EķɶʅIș�&ȗȘ_ak�3̌Ƭʙ1Ăż�&ǎȎ

țǁcaUk�~�ĉƐ̊Ȗó̋ˑɗˊºŁ2ǚɲʝǃ1?˭ũ1ƹș-�E.ƅHF&	$�

-ɉɯC3̌_�OTȿǎȎI¡Ɓ1ƯȵˏâIÔ1 degenerate PCR1,Ăż�&ʕƨ2caU

k�~�ĉƐ̊ Ȗó̋ˑ ɗ2ËʓˊºŁ1*�, �̌ˀ2_ak�1,ǚɲʝǃIʎ)&̊ ğ 3 	̋

$2ɝǄ̌to_�OT�CżCF& 5 É2ËʓˊºŁ2�(̌éˀ�& ZSS1 1ï�, β-RN

ğ 2� |�a�n pAC-Mev/Scidi/Aacl 2ǔ˂.Ĉˑɗ�ʞĿ Eµʭɜʹ�i|	Ĺȴü3

pAC-Mev/Scidi/Aacl1Ď;FEˑɗˊºŁIȺ 	 
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ğ 3� _�OTȿǎȎBDû˪�ǚɲċŇ�&caUk�~�ĉƐ

̊Ȗó̋ˑɗˊºŁ	ȴü¡1ˑɗČIȺ�&	 

la���̊ β-eudesmol̋

ĉƐˑɗˊºŁ̊ZSS2̋

IǚɲċŇ1ʳȑ�&

̊ Yu et al. 2008a & 

2008b 	̋;&̌ċ�_�

OTȿǎȎ-�E˖ƶ_

�OT̊ Zingiber officinale̋

�CĂż�& 15 É2Ë

ʓˊºŁ2�(̌Ưȵˊ

ºŁ-�EZ��W��

D̊ germacrene D ĉ̋Ɛˑ

ɗˊºŁ̊ZoGDS̋2³

1̌ƬʙˊºŁ-�E β-

x]���̊β-bisabolene̋

ĉƐˑɗˊºŁ̊ ZoTPS1̋

. γ̌-L��zP�̊γ-amorphene̋ĉƐˑɗˊºŁ̊ZoTPS5̋2ǚɲċŇ1Ɛî�&̊Fujisawa et 

al. 2010 	̋�C1�2ɓIș�̌U�����lM�Xåǈ̋2ƾƿC3®ˎķŃ2ȴŞC.

Ûċ- Ľ]ȿǎȎ-x��2þƫ1?ș�CF,�E�i|(Humulus lupulus)BD �̌sk�~

�2�o���̊linalool̋.caUk�~�2r��n��̊nerolidol̋Iċƶ1ĉƐ Eˑɗ

ˊºŁ̊HlLIS/NES̋2ǚɲċŇ1Ɛî�,�E̊ƾƿC 2010 	̋ 

� caUk�~�óĉȎ2ǔ˂ĶǕƆ3̌ĉƐˑɗ2ɂ˶¶ĵ1?$F1ɟ�ˑɗ̌ 0H(c

aUk�~�2È˹ĀƄIƙ�È˹ˑɗ2ĶǕƆ1ʸě E.�G�ķ��	ǎȎ�*�EǕ


0©ǛµʭȘȎ.ċǕ1̌caUk�~�2ȗĉƐ1? P450 I±�&È˹ĀƄ�˓ʗ0ŸëI

Ǆ&�,�E	Ä�4̌L�k�_p�2ȗĉƐ1��, ǍDS1B),L��zK`Q��ĉ

Ɛ�F&ź̌P450-�E CYP71AV1I±�& 3Ǥˤ2Ǩ˒óĀƄIɜ,̌¡˜¿2L�k�_

p�˒̊artemisinic acid̋7.ĴƠ�FE�.�ȵCF,�E̊Arsenault et al. 2008 	̋;&̌ɡɽ

̊Gossypium arboreum̋1Ď;FEzKNmL�U_�-�E\_���̊gossypol̋2ȗĉƐ1

��,3̌δ-S`r�̊δ-cadinene̋� δ-S`r�ĉƐˑɗ̊CAS̋1B),ĉƐ�F&ź̌P450

-�E CYP706B11B), 8-wn�U_-δ-S`r�̊ 8-hydroxy-δ-cadinene 7̋.µʭ�FE̊ Luo 

et al. 2001 	̋P4502ȗóŃȪ0ǚɲʝǃ3̌ȮȪ P450Iķɶʅ̌ˑǥ̌Ʋʍəɱ0/-Ȩȓ̌

ɑʔ�&ˑɗIș�,2 in vitro1BEʝǃƔǮ��ɻȪ1ș�CF,�E� Ǧ̌ʼȪ�ńŇ0ɷ

ɝĉħˑɗ-�E�.�ČĂDƕ��˫��Įĉ�Ķ�	$�-ʿū-3̌caUk�~�ĉ

Ɛ�C P4501BEĴƠ;-2�˄2ĀƄI in vivo-2ƭǮ̌ 0H(ķɶʅ@ˑǥ1BEuN

R[�u�`��̊bioconversion̋Iæș�&ƭǮ1*�,2ĭĐ?Ĳ�,�E	Ä�4̌L�

k�_p�˒;-2ȗĉƐɜʹ1Ƃʗ0 ADS ČYP71AV1 ŇADPH-P450RU_n�gWf�d

̊NADPH-P450 oxidoreductase I̋ŖØ Ȩ̌ȓ�"&ķɶʅ@ˑǥIș�, Ī̌˺Ƿ 1 LŴ&D 100

̏300 mg¶�2L�k�_p�˒ĉƐÄ�ĭĐ�F,�E̊Arsenault et al. 2008 	̋;& 8-wn�

U_-δ-S`r�2Įĉ1��,?ċǕ1̌CAŠCYP706B1̌NADPH-P450 RU_n�gWf�
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ğ 4� caUk�~�2Ǩ˒óĀƄIʎ� P450 �sRU_Zo�

d2ǚɲʝǃÄ	ʷ-Ⱥ�&ˍá� P4501BEÈ˹ĀƄIȺ 	 

dIŖØ�&ķɶʅ1,̌Ī˺Ƿ 1 LŴ&D 100 mgɁů2 8-wn�U_-δ-S`r��żCF,

�E̊Chang et al. 2007 	̋ 

� ƸʿɉɯC̊2011̋3̌éˀ�&caUk�~�ĉƐˑɗˊºŁ2ǚɲʝǃɓIƢĴ E�.

1BĎñȒȪ1 P450 2ǚɲʝǃ�Ąɲ0_ak�I˛Ȩ�&	�2_ak�-3̌�u��

˒ʴóˑɗˊºŁɫ2�Ǵ1 P450 ˋÔɓˑɗˊºŁI˄ɝ�&Ȩȓ|�a�nIÂʔ�̌�F

IcaUk�~�ĉƐˊºŁ�B5 P450 ˊºŁ2Ȩȓ|�a�n.ÛŖØ E�.1BĎc

aUk�~�ĉƐ�C P4501BEÈ˹ĀƄ;-Iċƶ1ʎH"E�.�àǁE	P450ˋÔɓˑ

ɗˊºŁ.�, Ǧ̌ʼȪǩșƆ�́�_�Nqoboțǁ2 NADPH-P450RU_n�gWf�d

2ˊºŁ̊ATR2̋̌ _LsuWk�L Nostoc sp. PCC7120țǁ2zP�nU_�̊ferredoxin̋.z

P�nU_�ˋÔˑɗ̊ferredoxin reductase̋ˊºŁ̊NsFER . NsRED̋̌ ˖ƶ_�OTțǁ2

NADPH-P450 reductaseˊºŁ̊ZoRED1;&3 ZoRED2̋I˄ɝ�&|�a�nIÂʔ�,�E

�̌$F¶ĵ1?Ĉɂ2 P450 ˋÔˑɗˊºŁ�˄ɝĄɲ-�E	�F;-1ƽ_ak�Iæș

�, ťo_�OT1ʲŐ1Ď;FEcaUk�~�-�Ed����̊ zerumbone 2̋ȗĉƐ¡

˜¿-�D α̌-z���2Ǩ˒ó1B),ȗƐ E8-wn�U_α-z���̊ 8-hydroxy α-humulene̋

72ĀƄIʞĿ Ěα-z���-8-wn�U_��d̊α-humulene-8-hydroxylase̋ˑɗˊºŁ

̊CYP71BA1̋IǚɲċŇ E�.�-�&̊ğ 4 	̋ċǕ1̌�F;-3ā˕�Ř0�&>Ǟȹ

0ǚɲċŇ�ĝ˫-�

) & ̌ Nostoc sp. 

PCC7120 țǁ2Z�

� W � � A

̊germacrene A̋Ǩ˒

óIʎ� P450 ˊºŁ

̊CYP110C1, P450NS, 

Agger et al. 2008̋1˝

�,?̌1 L 2Ī˺ʅ

¿�CZ��W�� A

Ǩ˒óȘȎ2ɑʔ.ǔ

˂ǪŇIʎ��.-ǚ

ɲċŇ1Ɛî�,�E

̊ğ 4 	̋ 

 

�

�������

� ��;-ǎȎțǁ2caUk�~�I¡Ɓ1̌ķɶʅ1BEñȒȪ0ȗȘ_ak�.ȗĉƐˊ

ºŁ2ǚɲʝǃǮ1*�,ɚ±�&	caUk�~�1˟)&�.-30��̌ǎȎ�*�EĶ

Ǖ0k�~�óĉȎ2ȗĉƐ˝˄ˑɗ�B5$2ˊºŁ2Ǟ¿�Ż
1ƴC�10D**�E?

22̌ȗĉƐɜʹ2Ùō�ʝƴ�F,�E?23;'9J2Ò�-�E	ʿū̌µʭȘȎ2ɠɩ

ȪʝǃIʎ��f���WaȸɅ@_ak�uNR�`�.�)&ȸɅá˔�ǰȮI˨>,�Ď
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É
2µʭ˝˄áŁ'�-30�$FC2rim��WIɮƏ�&ȸɅ�ʢ<CF,�,�E	

�FCĶˮȪ0L|��h�C2ȸɅ1B),̌°źǕ
0k�~�óĉȎ2ȗĉƐɜʹ�ƴC

�10E�.IƺŹ�&�	 

 

���

� ƽȸɅI˅>E1�&D��ʣ10)&̌ʿȤķŃʽŃˍ2ÞǶ ̈ĹˌÖȗ̌Á ʲūǧ̌ŝ

ƽ řǧ ư̌ƽļŁķŃŌƥŃˍ2Ƭʌ �ƦÖȗ ǂ̌®ķŃȗȎȗȘšŃȸɅc�f�2ʈŜ Ʒ

¤Öȗ̌ȶşȱɆķŃȗȎʴǿšŃȸɅƓ2ķŜ ʄȍÖȗ̌�ǫ ÝŶÖȗ̌ÚĀ ˰�ˌǧ̌U

�����lM�Xa�z��kMLƖʏȸɅƓ2Ǩʱ ƉƓ˚ Ǎ̌ī ȯʎǧ ƾ̌ƿ Ėǧ ʌ̌Ȅ 

˧ǘǧ1̌�2ĮIÌD,ƁBDƌʭȜ���E	 
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�������

� ƹǩǸ1Ŗ�âő Ez��sNn3˓Œ1īƾ0ƽʦIƂ*�˫�FC3�!F?zPp�

|�vsNn (C6-C3) Ƕƭ2CoA Qak�1��p�CoAǶƭ2C2 øº�Ʉą�˂ǲ�&S�
[�BDǳąŵ�FE(Ayabe et al. 2010)
z��sNn13ɟȰŵâ@ȲĪ×�C2ˇũǩʓ.
�,Ò�?2�ȋCF,�E
;&ī�2��Ȗƹǩ-3˫Q�_f�1ŭȤ�,ǪūȀ0Ne

z��sNnĝzKNmL�U_�2ǳąŵȮ�ǖůô E
��Ȗ-3|k�S�v�@Ne

z�u�ĝ2ˣƷIƂ*Nez��sNn2ī��ǽùŪǳǩ�C2ˇũ1ʷɶ0ţíIƱ& 

�Ɣ˫gNb0/-3�ʲ2Nez��sNn˩Nez���˪�ƶȪȳɣ.Ûǳ�,ȞȰĘļ

Iɭ�ˍ2ƶȪȳɣ2ʱ¶ĵǾǰI

ʇń E_Xo�ǩʓ.0E�.?

ȋCF,�E (Dewick 1993)
 
� Nez��sNn3z��sNn

2BǲL���Ġ�2º�C3º7ʚº
�&ǪƤ2ƽʦIƂ*˩ė1 
˪��Ȗ
2Nez��sNn3®ǳǩ.2[

��pY�_��1ʷɶ0ţíIƱ

& �.�C˫ǳąŵȍȝ3�F;-

��ȖIƪƑ1�,ɭHF,�&
�

�20ŕ9/2ȍȝ1BD˫�ɝȀ0z
��sNn�C°ɯȀ0zKNmL

�U_�2ˣƷI*�EǳąŵʵȰ

ʱ¶ĵ�9:Ćļ�F&(Ayabe et al. 
2010)
Ǫ1�l�ƹǩ��[X]
(Lotus japonicus)-3 N˫ez�u�ĝ � ė 1� ƹǩ1��ENez��sNn2âő
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zKNmL�U_�(vestitol)2ǳąŵʵȰʱ¶ĵ1*�,˫ʷɵ�&ʱ¶ĵƕ9: 8,1ɚE
ȽɇȀ0ɼƯ�0�F& (Shimada et al. 2007)
�FCǳąŵʱ¶ĵ2ī�3˫ʵȰȬɴ.L�s
ʶʴãűġ1Ġ+�W��p�X@˫�C��>f�vWʓ2Ț˚�H�),�EĢą3[�c

�]aʴã1Ġ+�PCR.ǺȚȳɒȮ-2ǄɓɼƯ1BDĆļ�F,�E˩ ˒Ʀ� 2009 
˪ȕ&(
3ģĠ�L�sʶʴãűġIŬɶ."!˫ʵȰǖůIƃƿ1�,ȄȀʵȰIƂ*W���Iøˑ

 E�ǄɓǾǰaW��p�XǔIƣʟǵ�,�E (Akashi et al. 2003 and 2005a)
�2źǔ3
ƹǩcDNAIĬɖɣ@ʵǌ0/2ǺȚȳɒȮ-Ǿǰ�"˫ȄȀ2ʵȰǖůIƂ*W���Iǳô
ĸȀLicN-þŨ�˫ùĖʱ¶ĵIĆļ E?2-Ɠɸ2ʱ¶ĵIþŨ Eˍ1Ǫ1Ƥñ-�

E
 
� Ʃț-3˫˓��Ȗƹǩ-2Nez��sNnǳąŵIþD��ǳąŵȮ2âĵʨôIɍł 

E..?1˫��Ȗ2Nez��sNn2È˝1˅HEīƾ0|�p�ʚȘʵȰ1*�,ȴ¬�

&�
 
 
��\g��B?isz��*8E;5�0}^ovt�

� Nez��sNn2ȯ90%3ûĵɥ2��Ȗƹǩ1ķě E�˫��Ȗ±Ī-?[Yƹǩ˫ɳ
ĵƹǩ˫ɰĵƹǩ-ķě�Ȑʆ�F,�E(Dewick 1993, Mackova et al. 2006, Reynaud et al. 2005)
˩ė1 
˪��Ȗ±Ī-3Ǫļ2â˚ɉ1ÍE�.3ņ0�˫ƌěȀ1âő�,�E
���øĵ
ɥ2L��ȖL��ŉ(Iris)ƹǩ3��Ȗ1ǆ�-Nez��sNnIɧȜ E�.�ȋCF˫�
F;-120Ț±�2ƹǩ-ķě�Ȑʆ�F,�E
 
� Nez��sNn2ˣƷ3˫Nez��sNnąŵʵȰ(IFS)1BEL���ĠʚºI·�wn
�U_�ôüŭ1BDz�us�BD*�CFE�˫�2üŭ3��Ȗ-3CYP93C]{zK�
��2_mW��P450 (P450)�ſ�(Ⱦʲ�ƚȌ 2006, Ayabe and Akashi 2006)˩ė2 
˪Nez��
�3ŝ�ȼ�S��U_�Qak��dƾ2ɕǐʵȰ1BEüŭ-2-wn�U_Nez�us�
BD*�CFE (Akashi et al. 2005a)
0#Nez��sNn3ˉCF&ƹǩ1ķě E2-�G
��˸� ȕ&(3˫ȮȻȀ1ˑF&ƹǩ�ǳǴ ENez��sNn2ǳąŵǄƽIɼƯ�˫ƹ

ǩ2ȮȻʨô.ǪǺ0¦ǆ°ʌȮ2ŵȟ1*�,2ȋɷIŨEȄȀ-L��ŉƹǩ2IFS cDNA
2ĆļIʄ<&
�  
 Nez���ʴȭ½IˤɧȜ EL��ŉ`����LN�a(Iris germanica)2ğ˞�ļƶI
ʇń�(Akashi et al. 2005b)˫cDNA�N{���I¾ŵ�&
ʵǌǾǰȮIǵ�&ǄɓǾǰaW�
�p�X1BDNez��sNnǳŵǖůIȑ _�X�W���IĆļ�&
ŨCF&W��

� � � � � ė 2� ��Ȗƹǩ-2Nez���ǳąŵ
IFS, Nez��sNnąŵʵȰ;  

� � � � � HID, 2-wn�U_Nez�us�ɕǐʵȰ
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��[�n Ef�vWʓ(Iris-IFS)3P450-�)
&� Ɩ˫ȋ2��Ȗ2IFS (CYP93C]{zK���)
.3âĵȮȻȀ1ˑF&ºɆ1ķě� §˫�2L�

sʶʴã2Ć�ů335˨șŘ��0�)&˩ ė3 
˪
øĵɥ˚.ȉǇûĵɥ˚2âŋŕ°3ȯ1Ó5000�
ŕê.Ɔļ�F,�E
L��ŉ2IFSIĈ=zP
p�|�vsNn�z��sNnȮP4502âĵȮȻ
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$2ȸƱ˫�2f�vWʓ� AA5GT ǖů

IƂ),�E�.�Ȑʆ�F&
;&	�2ʱ¶ĵ2Ǿǰvf���S�r�_��1��EL

�m_Lp�ɧȜvf��.�ɛ�&�.˫�C1 Pg3MG IɧȜ�,�Eɠś1 AA5GT Ëɲ 

cDNA I�ʬȀ1ńØ�ɫ×˙Ūʿɻł�&.�G	L�m_Lp�2 5ºʴȭ½1ǪƤ2ɫ×

�ɻł�F&�.�C �˫2 cDNA �AA5GT I[�n�,�E?2.ȸʋ¯�&˩ Matsuba et al. 

2010 
˪Ľˍ1�2f�vWʓ�Ǚɒ1Șɭ E�1*�,ƺɿ E&>1 A˫A5GT _Xo��

|hnI GFP f�vWʓ2 N ƨȡ1ɬą EB�1ƽȨ�&[�am�WmI˫f�rVɯȁ

ȳɒ7v�kMW���u�n��mǔ1B),�ʬȀ1ńØ�&
$2ȸƱ G˫FP 2ɫ×�Ǚ

ɒÝ1ɻł�F&�.�C˫AA5GT f�vWʓ�ǙɒȘɭĝ-�Eāɓů�ȑď�F&

˩Matsuba et al. 2010 
˪ 

 

 �.G8�2�>�����J/&�2J 7P��R[��]m 
l�zMpO�3$2ǬǪ0˒�ɠ�ªǏ2ɠ�-�E
l�zMpO�ɠś2 ɟȰ3_L

sl�zM�.Č4FE delphinidin 3-rutinoside2 7º�ɵƍ2ȭ.ƤǄʶ-ɵː1È˝�F&L

�m_Lp�-�E�.�ȋCF,�E˩Hashimoto et al. 2002˫ė 2 
˪�F;-L�m_Lp�

72ȭʚȘʵȰ1*�,3ƍī�2ȍȝġĊ��E1?˅HC! 7˫º72ȭʚȘʵȰ1*�,2

ġĊ30�)&
$�-˫S�r�_��-ɷá�F&L_�X�[�aÃķĝ2ȭʚȘʵȰ1

B),L�m_Lp�2 7 ºʴȭ½ôüŭ�ɽĴ�FEāɓůIƄ)&
l�zMpO�ɠś�

Cʊɴ�&ȫʵȰǙ.˫ȭÿŀ½.�, cyanidin 3-glucoside IȭÂ�½.�, VG IĠʓ.�,
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ʵȰüŭIɭ0)&
üŭǴǩI HPLC Iǵ�,ɼƯ�&.�G˫ȭʚȘ1B),ǳ�&.ŮH

FEy�W�ɻǜ�F&
�2ǳŵǩIȬɴ� ʓ˫ʹâƯ0C51 NMRâ×ǔ1B),Ȑʆ�&

ȸƱ c˫yanidinn 3,7-diglucoside˩ Cy3,7dG˪-�E�.�åƚ�&
�2�.�Cl�zMpO�1

��,L�m_Lp�27ºʴȭ½ôüŭ3 a˫cyl-glucose dependent anthocyanin 7-glucosyltransferase

˩AA7GT˪1B),ɽĴ�F,�E?2.ɍ�CF&
$�-˫S�r�_���C AA5GT I

øˑ E21Àǵ�&?2.Ć� degenerate primer Iǵ�,˫l�zMpO�ɠś�Cʊɴ�&

cDNAIʻĝ.�, PCRIɭ�˫AA7GT Ëɲ cDNAƒǧIǮŨ�&
�C1 5’-, 3’-RACEǔI

ɭ� $˫2Ùˀ cDNAIǮŨ�&
ǮŨ�& AA7GT2ƆļL�sʶʴã13ǙɒȘɭ_Xo�.

¤Ų�FEʴã�ķě�,�&&>˫�2˖Ğ�ǅƉ�&f�vWʓ�Ĭɖɣ-ąŵ�FEB�

1ƽȨ�&|�a�nIĬɖɣ7ńØ�&
�2ȶƇ�Ĭɖɣ-ǳǴ�"&f�vWʓ� A˫A7GT

ǖůIƂ),�&�.�C �˫2 cDNA� AA7GTI[�n�,�E?2.ȸʋ¯�&˩ Matsuba et 

al. 2010 
˪ 

 

¡�.G8�2�>��������J/&�2J�S�]m 
l�zMpO�ɠś1Ĉ;FE_Lsl�zM�3êʠ�&B�1L�m_Lp�2 7º2X

�[�a��C1ɵƍ2X�[�a. p-hydoroxybenzoic acid˩ pHBA 1˪B),È˝�F,�E


L�m_Lp�2 7º72X�[�a2ʚȘüŭ�ǙɒȘɭĝ2ʵȰ1B),ɽĴ�FE�.�

C˫$2Ŧ2È˝üŭ?ǙɒȘɭĝ2ʵȰ1B),ɽĴ�FE.ɍ�E2�Ĳş-�E.ŮHF

E
�F;-1?ɡ˟ƕƤǄʶ2ʚȘüŭ�ǙɒȘɭĝ2ʵȰ1B),L_�X�[�aÃķȀ

1ɽĴ�FE�.�ġĊ�F,�&˩Gläßgen & Seitz 1992˪�.�C˫l�zMpO�1��,

?L�m_Lp�72 pHBA2ʚȘüŭ�L_�X�[�aÃķȀ0ʵȰ1B),ɽĴ�FE�

1*�,ƺɿ�&
Ö2 AA7GT üŭ1B),ǮŨ�& Cy3,7dGIL_�Ġÿŀ½˫pHBGIL

_�ĠÂ�½.�,˫l�zMpO�ɠś�Cʊɴ�&ȫʵȰǙIǵ�,ʵȰüŭIɭ0)&


üŭǳŵǩI HPLCIǵ�,Ȑʆ�&.�G˫Ɠ&0y�W�Ȑʆ�F&
�2üŭǳŵǩIȬ

ɴ� ʓ˫ʹâƯ0C51 NMRâ×ǔ1B),Ȑʆ�&.�G C˫y3,7dG2 7º2X�[�a2 6

º1 pHBA�Qak�ȸą�&ǩʓ-�E�.�åƚ�&
�C1üŭƜ˄IƍƜ˄�C�Ɲ;

-Śˀ�&.�G˫HPLCW��mX���1Ɠ&0y�W� 2Ʃɻǜ�F&
�FC2âĵʹ

IɼƯ�&ȸƱ C˫y3,7dG1 pHBA. glucose� 1âĵ!*ɕǐɄą�&?2. 2˫âĵ2 pHBA

. 1 âĵ2 glucose �ɕǐɄą�&âĵʹ.�ɛ�&
�FC2ȸƱ�C˫l�zMpO�2˒

ɟɠś-2_Lsl�zM�2ǳąŵȷʗ3˫delphidin 3-rutinoside�ąŵ�F&Ŧ1˫ǙɒÝ1

��, 7º�ʴȭ½ô�F˫�C1$F1ȼ�,˫pHB. glucose� 1âĵ!*ʚȘ�F,��

�.-ąŵ�FE?2.Ɔļ�F&˩Fig. 2 
˪ 

 

¢����� 
�F;-˫L�m_Lp�âĵ3ĠƩȀ13ȳɒʓ-ĺŵ�F&Ŧ1˫Ǚɒ7ʜʡ�FɧȜ�

FE.ɍ�CF,�&
���˫l�zMpO�1��E_Lsl�zM�2B�0âĵ?˫$

2Ŧ÷3ȭ.ƤǄʶ1BEÈ˝üŭ-�D˫$FC2ī�2üŭ�ǙɒÝ-ɭ0HFEāɓů�

ˤ�.ŮHFE
?.?.3L_�X�[�a?¦ǆ°ʌǴǩ2�Ț-�)&.ŮHFE�˫$
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2ɧȜĢŸ-�EǙɒÝ-˫$FCIçǵ�,Ɠ&0âĵIąŵ E°ʌȷʗIǮŨ�&�.3

¦ǆ°ʌǴǩ2Ț˚Iĥ@ �-Ƥñ0ʨô�2źǊ-�)&.ɍ�CFE
Ǫ1˫�ʠ2l�

zMpO�2Á2B�1˫1 Ț˚2L_�X�[�aIȭ.L_�Ġ2�Ɣ2Â�½.�,çǵ

 E.��ŷǹ3˓Œ1ɜċ�Ƃ&FE
«Ŧ˫®2ƹǩȚ1��,?Ćƾ2°ʌȷʗIȍȝ 

E�.-ɵː0¦ǆ°ʌǴǩ2ąŵȷʗ1*�,2ơ0Eź��D�ŨCFE?2.ƥŤ�FE
 

Ʃț-3ʟŕġĊ�F&ǙɒȘɭĝ2L�m_Lp�È˝ʵȰ1*�,ʠ8,�&
���˫

�F;-2ġĊ-3$FC2f�vWʓ�˫ǙɒȘɭ_Xo�IƂ),�E�.˫;&˫ƣȵȀ

1ǙɒÝ1ʜʡ�F,�E�.�ȑď�F,�E
���˫ǙɒȘɭĝ2ʵȰ1B),ɽĴ�F

EL�m_Lp�2È˝üŭ�Ľˍ1ǙɒÝ-ɭ0HF,�E2� �˫E�3 pre-vacuole@Ǚɒ

72ʜʡʣ�2ŅĕĻÝ-ɭ0HF,�E2�1*�,3˫�C0Eƺɿ�Ŭɶ-�E
�FC

2Ē˗3˫«Ŧ˫Ƨ'1ǒȊI<,�0�ȳɒÝ2L�m_Lp�2ʜʡȷʗ2Ē˗.¿",ɼ

�ƚ��F,��?2.ƥŤ�FE
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ƹǩ�ɧȜ EīȚīƾ2¦ǆ°ʌǴǩ3ĀƭBD

öɨ, ĔıĎ, ƳƑ0/.�,ª˚2ÎÙ0Ȓµǳǖ

1ʏǭ�,�&
¦ǆ°ʌ1˅ Eȍȝ3, ŧƭ3ĭ

ǣǩôĸ1BEôąǩ2øˑ�Ćļ.ǳąŵȷʗ2Ɔ

ļ, ú5ǳôĸ1BEǳąŵʵȰ2Ǫū¯�� Ǘ-

�)&
ʟŕ, âĵǳǩĸ2ǾňIɑƟ1, ǳąŵʵȰ

ʱ¶ĵ2W��p�X�ȂJ1ɭ0HF, $FC�B

DƞʫȀ0�ǆ°ʌʵȰʱ¶ĵ�Cʨô�,�&�.

�ƚC�.0),�&
Ǫ1, ʨôȀ1?Ā�Ŗȧ0

ƹǩȚ2ķě Ez��sNn˚2ǳąŵ3âĵ�~

�-B�ȍȝ�F, ʵȰʱ¶ĵ@èũǄƽ��0Dɼ

ƚ�F,�E
�Ɣ, L�S�Nn0/2®2ÜĝȀ

0¦ǆ°ʌǴǩ3, ɰĵƹǩ�$F%F2Ȗ@ŉ1âŋ�&ʨô2ŦƥǊˌ-ǦǾȀ1ǳ�&?

2-�D, z��sNnǳąŵ.3Ǻ0EǬə2èũǄƽI?*?2.ɍ�CFE
 

L�S�Nn3ĈȞȰů-�4�4ģĠůIȑ ¦ǆ°ʌǴǩ2ȿȗ-�E
˙ɠƹǩ2ȯ

20˨2Ț1ɷá�F, $2ôĸƽʦ3â�),�E?2'�-? 12,000 Ț˚1ú6 (Roberts & 

Wink 1998)
ī�2L�S�Nn3, L�sʶ@qW�Rhn˚�Cąŵ�F, $2êˠ½@ǳą

ŵȷʗ1B),õâ�FE�.�ī�(Ziegler & Facchini 2008)
k��sNn@zPp�|�vs

Nn2Ģą.3Ǻ0D, Ą�2L�S�NnX��|3Ǭȟ1$2ǳąŵȷʗIȐȟ�,�&.

�F,�E
 

fu[ŉƹǩǪƤ2L�S�Nn-�Ep[h�ú5$2˚Ƀôąǩ3, $2Ş�ǋɪů�C

ƹǩ1.),3ˇũǩʓ.�,2ųċI?),�E(Baldwin et al. 1998)
fu[2ɥ�Ŀɪ1BD

˜8CFE., $2űġ�ɥ�Cƶ1¶ʭ�F, ÑĿ����-�E`�a��ʶ�p[h�ǳ
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ąŵʱ¶ĵɉIƶ2Öȡʲâ-ǖůô E
ƶȡ-

ąŵ�F&p[h�2Ĭʲâ3ńȥI¶H),Ĝ�

ʲ7ʚǗ�F, Ùɢ1ɧȜ E(Shoji & Hashimoto 

2011a)˩ ė˰ 
˪p[h�3R�ph�.Lav�V

�ʶIêˠ½. Eüŭȷʗ1B),ąŵ�FE

˩ė˱ 
˪R�ph�3Ńȗ`L��-�E|m�i

_�IȷǶ�,y��`�ǲI?* N-�h�y�

�pO�ShR�1, Lav�V�ʶ3ɲʵȰ-�

E NAD.Ûʤ2ȷʗ(Katoh & Hashimoto 2004)1B

),y�`�ǲI?*p[h�ʶ1$F%FĩƇ�

FE
ȷʗ2ȵȃ3�ǲ2ɄąIĈ=ɵƍ2üŭ�

Cƽŵ�FE.�F,�E�$2ʅȳ3Ƨɼƚ-�

E(De Boer et al. 2009, Kajikawa et al. 2009, Kajikawa et 

al. 2011)
 

 

��2$-JZl�Ogj�"E(+K[	�

ERFb�Wag�Og�
1930ŕ°1U��uùǴ2fu[ȮȻ�L�S

�NnI9.J/Ĉ;0��.�Ǿɷ�F&
�2

»p[h�ȮȻ3ȩęʝóȇ-ʱ¶ĸȀɼƯ�0�

F, ˱*2ʱ¶ĵř NICOTINE1 (NIC�).

NICOTINE2 (NIC2)1��E÷ÔůĩǺ�ùĖ-�E�.�åƚ�&(Legg et al. 1971)
�2ĩǺ½

1��,9:Ù,2p[h�ǳąŵʱ¶ĵ�Ǿǰżè�F,�E�.(Hibi et al. 1994, Katoh et al. 

2007, Shoji et al. 2009, Shoji et al. 2010, Kajikawa et al. 2011)�C, NIC1. NIC23èũʱ¶ĵ-�E

�.�Ɔļ�F&
ESTűġ2ɧȜIɑƟ.�,, fu[ cDNAL�NIǵ�&�NW�L�N

ɼƯ�ʟŕāɓ.0)&
Ŷ�3, ʸǳĝ. nic1nic2¦ʷĩǺ½2ƶ2��Eʱ¶ĵǾǰIfu

[�NW�L�N-ȽɇȀ1ƺȱ�, Ɩȋ2p[h�ąŵ, ʜʡ1˅HEÙ,2ʱ¶ĵ�ĩǺ½

-Ǿǰżè�F,�E�.�Ȑʆ�FE..?1, APETALA2/ETHYLENE RESPONSE FACTOR 

(AP2/ERF)zK���(Nakano et al. 2006)2X��| IXa1ŉ EʚßĖĵʱ¶ĵ ERF1892Ǿǰ

�ĩǺ½-ɷCF0��.IƚC�.�&(ė 3, Shoji et al. 2010)
IXaX��|2 ERFʱ¶ĵ3f

u[Zs�1ņ0�.? 25ʱ¶ĵķě�, $FC3L�xn|_a2 AtERF1,AtERF21ʟ�W

��n 1. ERF189IĈ=W��n 21âæ�FE
ERF189IĈ>W��n 22ɵƍ2ʱ¶ĵ2

Ǿǰ3 nic2ĩǺǪǺȀ1˙ɦ1Ǿǰżè�F,�&
Zs�]^�. PCR2ȸƱ, �2ǪǺȀ0

Ǿǰżè3W��n21ŉ EERF2�(, ɵ¦Ê½fu[(Nicotiana tabacum)2ȓÖȚ2˰*-

�E N. tomentosiformis1Ƕƭ Eʱ¶ĵ�, nic2ĩǺ½Zs�-ǅį�,�E�.1ʕĖ�,�

D, �FCǅįʱ¶ĵ˩ ņ0�.?˵ʱ¶ĵ 3˪ĩǺ2ùĖʱ¶ĵř NIC21Ş�ʧʾ�,�E�

.�â�)&
�Ɣ, W��n1@W��n21ŉ�,?æ2ȓÖȚ-�EN. sylvestrisǶƭ2ERF

ʱ¶ĵ0/3ĩǺ2Ţ˔Iÿ�0�)&
 

ƹǩȖĸƣêɁ2:31˩ 2011  ˪

 

BSJ-Review 2:31 (2011) 



 

T.Shoji & T. Hashimoto-3 
 

 

ė 41ȑ B�1, W��n 22

ERF3, N. tomentosiformis1Ƕƭ E

NIC2ʱ¶ĵř.$F.ȆĆ0 N. 

sylvestris1Ƕƭ Eʱ¶ĵř$F%F

1W�af�ǫ1ķě�,�D, nic2

ĩǺ½-3 NIC2ʱ¶ĵř�įHF,

�E˩Ù,?��3Ĭ÷˪.ɍ�CF

&
 

 

��ERF�Wag���2$-J}^o�Og�Zl�
fu[ŠʓʚƇǎǫƶIǵ�&ɼƯ-, 

W��n22ERFʱ¶ĵ�p[h�ĈʹI

ŎĂ E�af�èũĖĵ-�E�.�ȑ

�F&(Shoji et al. 2010)
ERF189IʬìǾ

ǰ E.p[h�Ĉʹ�ʸǳĝfu[-ȯ

2-3Ê1, nic1nic2ĩǺ½-ʸǳĝ�<10

)&
ʢ1, W��n 22 ERFIǪǺȀ1

RNA œǛǔ-Ǿǰżè�&D, n�o�

mżèĝ2 ERF189 @ ERF179 IǾǰ�"

&D E.p[h�ąŵ�ż�CF&
�

2ȸƱ3, N. benthamianan 2ȆĆʱ¶ĵ

NbERF12Ǿǰżè-ŨCFEȸƱ.?�ɛ�&(ė 3, Todd et al. 2010)
 

ERFʚßĖĵ3p[h�ǳąŵʱ¶ĵ|���f�Ý2Ǫļ_aʴã(ė5)1ȸą�, ʚßǖů

ô1Ò�˩Shoji et al. 2010, De Boer et al. 2011, Shoji & Hashimoto 2011b, 2011c 
˪ERF189.X�[

[�h[Nnÿŀ½2ɬąf�vWʓIfu[ǎǫƶ-Ǿǰ�",, lU]�fn�ÃķȀ1

ERF189Iǖůô�"E.,  8,2p[h�ǳąŵʱ¶ĵ�ʚßʇń�FE(Shoji et al. 2010)
;
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&, ���&ʇńů2Ĭ÷3_W�}U_�nķě�-?ʕ�E�.�C, ®2Ėĵ2ɋʂI¬

�!1 ERF189 3ǳąŵʱ¶ĵIǖůô E�.�â�)&
ǳąŵʱ¶ĵ2˰*-�E|m�

i_�N-�h�ĠʚȘʵȰ(PMT)2Ǿǰ13ʚß˃ĳǡ2ʟÐ1�EGCC box�ʷɶ-�E�.

�ȋCF,�&(Xu & Timko 2004)
W��n 22 ERF3, �2 PMT|���f�Ý2 GCC box

7 in vitro-ȸą E..?1, �ʬȀǾǰȮIǵ�&m��aLWkM~�_��ɼƯ-, �F

CERF3, �2GCC boxI¬�,PMT|���f�Iǖůô E�.�ȑ�F&(Shoji et al. 2010, 

De Boer et al. 2011)
�Ɣ, W��n 12 ERF3 PMT|���f�2 GCCʴã13ȸą"!, |

���f�Iǖůô E�.30�)&(Shoji et al. 2010)
 

 

 �ERF�WagH!CIJ��LwN��Og�F"GK/�
¦ǆ°ʌǴǩ2ŖɊ-2ąŵȮ3, êˠ½@°ʌ�˄½IÂȺ E�ǆ°ʌȷʗ.$F1ȼ�

¦ǆ°ʌ1ǪǺȀ0ʲâ�Cƽŵ�FE
p[h�ąŵ1ǪǺȀ0 PMT0/.3Ǻ0D, y�`

�ǲąŵ1˅HEUs��ʶ�a���_�ĠʚȘʵȰ(QPT)3, p[h�ąŵ1Ŭɶ0p[h

�ʶ2ÂȺ.�ɭ�,, ɲʵȰ.�,ʷɶ0 NAD ąŵ1?˅HE�ǆ°ʌʵȰ-�E(Katoh & 

Hashimoto 2004)
 

fu[13 QPTI[�n E˱*2ʱ¶ĵ QPT1. QPT2˩�!F? N. tomentosiformis1Ƕƭ

 E˪�ķě E(Sinclair et al. 2000)
QPT13 8,2ĕĻ-`�a��ʶàǱ2ƤǢ1��H

C!ƽŵȀ1Ǿǰ E21Ń�, , 

QPT2 3®2p[h�ǳąŵʱ¶ĵ.

Ćƾ1`�a��ʶŭȤů, ƶǪǺů

Iȑ�, �* NICʱ¶ĵ2èũIÿ�

E
Ľˍ, ERF1892ʬìǾǰ@Ǆɓż

èĝ ERF1892Ǿǰ3 QPT22Ǿǰ1

2<Ţ˔I��&(Shoji & Hashimoto 

2011c)
QPT2ʱ¶ĵ2|���f�˖

Ğ13˲*2ǄɓȀ0 ERF189 ȸąʴ

ã�ķě�, �!F? ERF189 1BE

QPT2 |���f�2ǖůô1Ł� 

E�.�, in vitro ȸąɼƯ, �ʬȀǾ

ǰȮIǵ�&m��aLWkM~�_

��ɼƯ, ú5, fu[ŠʓʚƇǎǫ

ƶIǵ�&|���f�ɼƯ�Câ�

)&
�Ɣ , QPT1 |���f�3

ERF189 1ȸą"!, ;&$2èũI

ÿ�0�)&
 

m�m, L�xn|_a0/2Zs

�13 QPT ʱ¶ĵ3˰[y���ķ

ě�,�0�
fu[1��,, ʱ¶
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ĵʷɵ1B),ǳ�&§�1ȆĆ0˱*2QPTʱ¶ĵ2�(, ˰*2ʱ¶ĵ�|���f�˖Ğ

1ɵƍ2 ERF189 ȸąů_aʴãIǮŨ E�.-, ERF �èũ Ep[h�ǳąŵ�V���

1þDʞ;F, p[h�ąŵ2ǮŨ-Ŭɶ.0)&y�`�ǲÂȺʹ2ĥð1Ńŭ�&.ɍ�C

F&(ė 6)
 

 

¡�ERF�Wag�'A(@J�&#1GO���
ƹǩ3Ƙɪ@ɢ˜òǩ�CʙIĹE&>2ˇũǩʓ

.�,L�S�NnI3�>.�&¦ǆ°ʌǴǩIɧ

Ȝ E
$2&>, fu[2p[h�.Ćƾ1ÑĿé

Ǟ1ŭȤ E`�a��ʶ_Xo�1BDǳąŵ�ǖ

ůô�FE°ʌǴǩ3ī�  (Gundlach et al. 1992, 

Blechert et a1995, Yukimune et al. 1996)
ʕ ȣƹǩ3ƞʫ

Ȁ0[L.0E`�a��ʶ_Xo�ȷʗIƂ),�

E(ė 7, Browse et al. 2009, ŗă�ǂƩ 2010)
`�a

��ʶ˓ķě�-3bHLHzK���2MYC2ʚßĖ

ĵ1ȸą�&JAZ�|�i]��[�|�i]�IĈ

=ɵą½IƿȀʱ¶ĵʟÐ1�W��m E(Pauwels 

et al. 2010)
�2ɵą½3W��h�ƽʦĩƇIÅ�, 

ƿȀʱ¶ĵ2ǾǰIȜƼȀ1żè E.ɍ�CF,�

E
ǖůĝ`�a��ʶ-�E`�a��ʶNe�N

_��COI11ȸą E., JAZ��xUh�ôIÿ�

&Ŧ1âɼ�FE
$�,, JAZ�CɼƋ�F&MYC23ʚßǖůôĖĵ.�,Ǆɓ E�.�

āɓ.0E
 

fu[1?`�a��ʶ¶ʭȮIƽŵ E COI1,JAZ,MYC2 3Çķ�F,�D, �!F2Ǆɓ

IˈĿ�,?p[h�2`�a��ʶŭȤů3įHFE(Shoji et al. 2008, Todd et al. 2010, Shoji & 

Hashimoto 2011c)
Ǫ1ʚßĖĵ-�EMYC23p[h�ǳąŵʱ¶ĵ|���f�Ý2 G box

1ȸą�,ȅƅ1ʚßǖůô E4�D-0�(ė 7), p[h�èũ1˅HEW��n 2 2 ERF

2Ǿǰ?ȅƅ;&3˄ƅ1èũ E�.�ȑ�F&(Shoji & Hashimoto 2011c)
W��n 22 ERF

3�!F?`�a��ʶŭȤůIȑ �(Shoji et al. 2010), $2ŭȤů3MYC21Ãķ E?2.

ɍ�CFE
 

 
¢�q�fyz}~�`�� 
°ʌƊĩ2&>1, °ʌǗʹ1Ţ˔ EťʥǊˌ2Ɗĩ@Ɠ&0ȷʗ2¯ð0/2źǔ��F

;-1ʄ<CF,�&�ŵïÁ3ˉCF,�E(Yun et al. 1992)
īǊˌ�C0EȷʗÙ½IȻƁ

Ȁ1[�m��� EèũĖĵIƊĩ E�.-, ƣȵǴǩ2ǳǴůI˛ʘȀ1ĥĬ-�Eāɓ

ů��E(Broun 2004, Grotewold 2008)
Ʃț-ȴ¬�&p[h�ǳąŵ2�af�ʚßĖĵ3, »

p[h�ĩǺ2ùĖʱ¶ĵř1[�n�F,�E�.�C?, L�S�NnʹIƹǩ½Ý-Ľˍ

1[�m����,�E�.�ɱ¯��F,�E
;&, ǳąŵʱ¶ĵ|���f�2Ǫļʴã
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1ȅƅÒ���E�.?ƚC�.�F, �af�ʚßĖĵIǖǵ�&Ɠ&0°ʌƊĩ2Ʒı2ƿ

Ȁ10D�E
�C1, ƩĖĵ.ˤ�ȆĆůIȑ phpheO˩ Chatharanthus roseus, U�Oh

WmOȖ˪2`�a��ʶʇńůʚßĖĵ ORCA�, fu[˩oaȖ˪2p[h�ǳąŵ.3ʨ

ôȀ1Ǭȟ-�EN�n��L�S�NnǳąŵIʲâȀ1èũ Eǡ3Ǫ1ɜċǚ�(ė 3, 

Menke et al. 1999, van der Fits & Memelink 2000, Shoji & Hashimoto 2011d)
ȆĆĖĵ�®2`�a�

�ʶŭȤů2ƤǵǳǱǖůĭǣǩąŵȮ (Gundlach et al. 1992, Blechert et al. 1995, Yukimune et al. 

1996)1?�W��m�F,�Eāɓů?�E
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ßèũĖĵ1B),˫ǳąŵ1˅� EʵȰɉ@ʜʡ½I[�n Eʱ¶ĵ2ǾǰI�Ɓèũ�

,˫°ʌǴǩʹIgNo�iW1ĩô�"E�Spb��ɍ�CFE
L�m_Lp�˫X�[

_s��m˫L�S�Nn2ǳąŵȷʗ2èũ0/1$2Á�ɷCFE(Beekwilder et al. 2008, 

Gigolashvili et al. 2007a,b, Hirai et al. 2007, Malitsky et al. 2008, Sønderby et al. 2007, 2010, Tohge et al. 

2005, van der Fits&Memelink 2000, Zhang et al. 20119�)
 

� m��aW�|m��˫�f����ɼƯ1˅ EȢɎ2ȷˢ-3˫�ǆ°ʌǴǩ2ɧȜʹ2

ĩò3˫˅ʧ Eʱ¶ĵ2ʚßǴǩ˩mRNA˪2ɧȜʹ2ĩò-3ʈƚ-�0�Á�ī�˫ʢ1

¦ǆ°ʌǴǩ-3B�ʈƚ-�&(Hirai et al. 2004)
�F3�ʠ2èũ�Spb�2ʮ�1BE.

ɍ�CFE
 

 

��MwN������Og�_h�

����TX�����v�_h�&I�31)1��="(�r�

� ȢɎC3˫ȏ˦ƴ˞˩Ěħ@ğĜ�2ȏʶNR�˪ǅ¢1Ń Eƹǩ2ŭȤüŭIɼƚ EȄ

Ȁ-˫ȏ˦ǅ¢am�a�2_�Nqobo2ȷƜȀ0m��aW�|m��ɼƯ.�f���

�ɼƯIɭ)&(Hirai et al. 2003, Hirai et al. 2005)
�2.�˫�ǆ°ʌ-�Eȏ˦Ćôȷʗ@L�

sʶǳąŵȷʗ0/2ĄʵȰʱ¶ĵ3˫Ȼ�Ȁ1ʈƚ-�EǾǰĩôIȑ�0�)&�˫¦ǆ°
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�Ɣ˫X�[_s��m2ǳąŵȷʗ39:ƚC

�10),�D˫��*�2ʵȰʱ¶ĵ3Ćļ�F,�&˩ė 12y�W˫˒˫ȲĶ-Ƣ�F&

ʱ¶ĵ˪�˫ȏʶʚȘüŭ1˅HEʱ¶ĵ3ƧĆļ-�)&˩ė 1 
˪�FC2ȸƱ�C˫�ʀ2

3ʱ¶ĵ3�!F?X�[_s��mǳąŵ2ȏʶʚȘʵȰI[�n�,�E.¤ǜ�&
ļǔ 

ė 1 X�[_s��m2ǳąŵȷʗ 

X�[_s��m3 1L{�oȖ2ƹǩ1ɷCFE¦ǆ°ʌǴǩ-�D L˫�sʶIêˠ½.�,

¾CFE
_�Nqobo2LWci_�� Columbia -3˫ 1�hRp�.m�|mzK��êˠ
½.0E
Ïʾ˩ƽʦŜ2y�W.˒2ʲâ˪3�G�G0È˝Iÿ�,˫īƍ2âĵȚ�ķě E
 

ƹǩȖĸƣêɁ2:39˩ 2011  ˪

 

BSJ-Review 2:39 (2011) 



 

M.Y.Hiraiˬ3 

1ŧ), AtSOT16, 17, 182ȶƇ�f�vWʓI¾ŵ�˫in vitro2ʵȰǖůǜļIɭ)&ȸƱ˫3

*.?¤Ų�F&Ġʓ1ȏʶĠI¯ð EǖůIƂ),�D˫¤ǜʱ¶ĵǄɓ�Ǉ���.�ȑ

�F&(Hirai et al. 2005)
;&˫�2®1ɵƍ2X�[_s��mǳąŵ˅ʧʱ¶ĵ2Ëɲ�¤ǜ

-�&
�2ȍȝ�C˫ʚßǴǩ2ȽɇȀɼƯ1B),ÛǾǰ Eʱ¶ĵIɷ*�˫$2ʴãű

ġ.ǳąŵȷʗ2űġIçǵ�,ǄɓIƆļ E˫.��ŷǹ�Ǫ1¦ǆ°ʌ1˅HEǄɓZs

�Wa1��,˓Œ1Ƥñ-�E�.�â�)&
 

 

����TX�����v�_h��@.Gsz�

� �ʀ3˫ÙZs��ɼʉ�F&_�Nqobo2�NW�L�NɼƯ.˫$2l�fIǵ�&

ÛǾǰɼƯ1B),˫¦ǆ°ʌ˩X�[_s��m˪ǳąŵ1˅HEʱ¶ĵɉI¤ǜ�Ćļ�&

Á-�E
ȍȝ2şä2ȄȀ�X�[_s��m˅ʧʱ¶ĵ2Ćļ1�)&H�-30�˫�E

ųċ-ȍȝ2ëǴǩ.�,ʱ¶ĵǄɓ¤ǜ�-�& .˫��ǡ-?�R�WaȀ0¥-�D˫

�l�f�C²ʈIƽȨ�&˩ ˷ʱ¶ĵǄɓI¤ǜ�& .˪���.10E
ǆȠ-ʠ8E�˫

�ʱ¶ĵÛǾǰɼƯ3Ŧ1˫_�Nqobo2ʱ¶ĵǄɓI¤ǜ E�ɝȀ0j��.0)&

(Aoki et al. 2007, Saito et al. 2008)
'�˫�HAE�R�Wa±ê1?˫ŖɊ2ʱ¶ĵÛǾǰɼ

Ư˫°ʌǴǩ.ʱ¶ĵ.2ÛʕɼƯ1B),˫¦ǆ°ʌ˅ʧ2ʱ¶ĵ�īƍøˑ�F,�E
 

L�S�Nn0/2ǳąŵ-3˫`�a��ʶ˚@®2Q�_f�1B),ʇń�FEÁ�ī

�ȋCF,�E
$�-ǳąŵʱ¶ĵ2øˑIȄȀ.�,˫`�a��ʶ˚0/1BEʇńƬ³

.˓ʇńƬ³.-ƹǩ˩ğ˞ȳɒ˪�CʚßǴǩIžá�˫lMzK��_��lMa|�N˫

cDNA]{m�W_�� c˫DNA-RFLP˫�NW�L�N0/2Ɣǔ1BDʇńƬ³�-ǪǺȀ1

Ǿǰ�,�Eʱ¶ĵ˩cDNA˪IȽɇȀ1øˑ E.��ȍȝ�ɭHF,�E
�F1BD˫~

�`�NeUs��L�S�Nn˩Y_˫Q�_f�àǱ (˪Zulak et al. 2007)˫k��sNnN�

n��L�S�Nn˩phpheO˫�h�`�a��ʶàǱ˪(Rischer et al. 2006)˫fUe��

˩NhN˫�h�`�a��ʶàǱ (˪Jennewein et al. 2001, 2004, Schoendorf et al. 2001)˫U�O�

2ƈǾůŵâ˩tgp0/2am�a˪(Mercke et al. 2004)˫p[h�0/˩fu[ BY-2˫�h

�`�a��ʶàǱ (˪Goossens et al. 2003, Morita et al. 2009)˫z��sNn˩f�O�\�_˫�

h�`�a��ʶàǱ0/ (˪Farag et al. 2009)˫m�k���˩f�O�\�_˫�h�`�a�

�ʶàǱ0/˪(Achnine et al. 2005, Naoumkina et al. 2010)˫Nez��sNn˩gNb˫Q�_f

�àǱ (˪Latunde-Dada et al. 2001, Schopfer&Ebel 1998, Schopfer et al. 1998)0/2ǳąŵʱ¶ĵ�¤

ǜ˫øˑ�F&
�FC3˫ÛǾǰ˅Ä2žá1˫ʱ¶ĵǾǰ2ǲĤŭȤIçǵ�&Á-�E.

��E
 

�Ɣ˫ƹǩ˄2ʱ¶ĵĝ2ʮ�Içǵ�&ȍȝÁ?�E
ĆȚ2ƹǩ-�E�Ǫļ2¦ǆ°ʌ

Ǵǩ2ɧȜvf���Ǻ0EŵâĩȚ@˫Ćŉ2ƹǩ-°ʌǴǩ2|�zKN�2Ǻ0EȚ0/

IƪƑ1ǵ�,˫ɜċ2�E°ʌǴǩIĈ=Ɣ2ƹǩ-2<Ǿǰ�,�Eʱ¶ĵIøˑ EƔǔ

-�E
�ʀ.Ćƾ1 l˫MzK��_��lMa|�N c˫DNA]{m�W_�� c˫DNA-RFLP˫

�NW�L�N0/2ƔǔIǵ�,˫ɧȜʹ1ŏ2�EʚßǴǩI�Ɓ�,ɼƯ E
���&

ȍȝ- L˫�m_Lp�˩ _e2ŵâĩȚ˄ (˪Yamazaki&Saito 2011) u˫�2˟Dŵâ˩ ĎȚ˄˪

(Guterman et al. 2002)˫m�m2˟Dŵâ˩N�m�X�i_��ȮȻ (˪Tieman et al. 2006)˫�h
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�Ym�˩m�m2LWci_��˫Ț˄ːȚ (˪Ben-Israel et al. 2009, Fridman et al. 2005)˫z��

�˩T�~�2ĎȚ˄˪(Martens&Forkmann 1999)˫��wr˩Y_ŉ2Ț˄˪(Gesell et al. 2009, 

Ziegler et al. 2006)2ǳąŵʱ¶ĵ0/�ɷ*�),�E
 

;&˫ǾǳǊˌ1ŧ)&ʱ¶ĵǾǰ2ĩô?ÛǾǰ˅ÄIɷ*�E21çǵ-�E
�NW�

L�NIǵ�&˫Nh\ƱĽ2ŵǥ1��Eʱ¶ĵǾǰĩô2vf���C˫˟Dŵâ2ǳąŵ

1˅HEʵȰʱ¶ĵ�øˑ�F&(Aharoni et al. 2000)
 

�!F2Ģą-?˫�f����ɼƯ@Ǫļ2¦ǆ°ʌǴǩ1f�Zim�&âƯ1B),Ũ

CFE°ʌǴǩ|�zKN�I˫ʱ¶ĵǾǰ|�zKN�.ʅȳ1ŃǍ�"E�.1BD˫¦ǆ

°ʌǴǩ2ĠƩǠȰˣƷI¾Eʱ¶ĵ˫ÏʾÈ˝1˅HEʱ¶ĵ0/Iɷ*�E�.�-�E
 

 

����U�<�"I�H�.K+�Y��
v�_h�

� _�Nqobo1��,3 2000ŕ°ê÷1 ę˫ˍ[�e�_L�1B),ȶɅȀ1�NW�L

�Nl�f�ýˏ˫Ú˃�F&(Craigon et al. 2004, Goda et al. 2008, Kilian et al. 2007, Schmid et al. 

2005)
�F3˫/2ʱ¶ĵ�˫�*˫/2ĕĻ-˫/���Ƭ³-Ǿǰ E�ISf�Xô�,

���.��ʄ<-�)&
ȯ 22,000 ʱ¶ĵ1*�,2˫1,000 ưIʖ�E�NW�L�NɼƯ

-ŨCFEűġ3ɘĬ-�E&>˫ȸƱIɹɺô�&D˫ƺȱIŀƛ1�&D E&>2OP{

j��@¦ǆl�f~�a�īƍ˃Ǿ�F&
ȢɎ�B�ǵ�E ATTED-II˩http://atted.jp/˪

(Obayashi&Kinoshita 2010)3 ę˫ˍ[�e�_L�-ŨCF& AtGenExpress expression atlas2l�

fIĠ1˫ʱ¶ĵÛǾǰɼƯIŀƛ1ɭ�EB�1�&ÔF&l�f~�a-�E
´ų2 2ʱ

¶ĵ˄2Ǿǰvf��2˚¹ŘI˫yLe�2Ȇ˅ÄƍIǵ�,ɯ�,�D˫Ǿǰvf���Ù

�Ć�0C4˰˫Ǣ˅Ä0C4˯.0E
ʯş0ˆÌIǒ>˫$2ÌBDĬ�0ÌIȑ ʱ¶ĵ

�LI�ÛǾǰ�,�E. E(Ǖ)
Ƞ 3-1 -ʠ8&.�D˫ȢɎC3˫ȏ˦ǅ¢Ƭ³2�NW

�L�Nl�fIǵ�&ÛǾǰɼƯ1B),X�[_s��mǳąŵʱ¶ĵIƆļ�,�&�˫

2(1Ú˃�F& ATTED-IIIǵ�,ÛǾǰɼƯI E. Ë˫ɲʱ¶ĵ�BDȹDʞ;FE�1˫

BDʅȳ0ǄɓƆļ�āɓ-�E�.�H�)&
ė 21$2ɼƯÁIȑ 
�F3 A˫TTED-II

-ȹDʞJ'X�[_s��mǳąŵ2Ëɲʱ¶ĵ.Ɩȋʱ¶ĵIyiWLi|�,˫Ȇ˅Äƍ

� 0.6 ±�2ʱ¶ĵ�LIɁ-ȸJ'?2-�E
�2B�1�,ÛǾǰ2˅ÄIɹɺô�&?

2IÛǾǰrim��W.ČJ-�E
�2ėIɷE.˫�hRp�Iêˠ½. EǳąŵʵȰ 

ė2 ʱ¶ĵÛǾǰri
m��W 

ȢɎC�ȍȝI˃ĳ�

&şƜ1Ɩȋ')&ʵȰ

ʱ¶ĵIy�W˩�hR

p�Iêˠ½. E?

2˪˫ ˒˩ Ćm�|mzK

�˪˫ Ȳ˩Ć�Ɣ˪-ȑ�

,�D˫ė 1 .Ńŭ�,
�E
ʔĶ3ʚßĖĵʱ

¶ĵ
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ʱ¶ĵ.˫m�|mzK�2$F.3Ǻ0EX��|IŠŵ�,�D˫;&�Ɣ2ǳąŵ1˅H

EʵȰʱ¶ĵ3$2�˄1ºɆ�,�E�.�H�E
�F1BD˫ȏ˦ǅ¢2�NW�L�N

l�fIÀ)&ÛǾǰɼƯ-3�X�[_s��m2ǳąŵ1˅� E.��¤ǜ-�0�)

&ʱ¶ĵ� �˫�hRp�Ȯ2X�[_s��m2ǳąŵ1˅� E.��B�1 B˫Dʅ��

Ǆɓ¤ǜ-�&
�2ė-3 3*2ʚßĖĵʱ¶ĵIȑ�&� $˫2�(2Myb343m�|mz

K�Ȯ2X�[_s��mǳąŵʵȰʱ¶ĵ CYP79B2, CYP79B3, CYP83B1IǇ1èũ E�.

�ȋCF,�&
�FC2�.�C M˫yb28, Myb29ʱ¶ĵ3�hRp�Ȯ2ʵȰʱ¶ĵɉIǇ1

èũ EʚßĖĵ-�E.Ɔļ�&
�FC2ʱ¶ĵ2siWLOmĩǺ½@ʬìǾǰ½Iǵ�

&Ľˢ�C˫�ʱ¶ĵ3¤ǜ/�D�hRp�Ȯ2X�[_s��mǳąŵIèũ EʚßĖĵ

-�E�.�ȑ�F&(Hirai et al. 2007)
;& ė˫ 21˧Ķ-ȑ�&ʵȰʱ¶ĵ2ī�1*�,?˫

ȢɎC(Sawada et al. 2009a)@®2ȍȝX��|1B),X�[_s��mǳąŵ1˅� E�.

�ʃƚ�F,�E
 

�C1˫ė 213ȑ�0�)&�˫X�[_s��mǳąŵ1˅� Em��a��f�ʱ¶

ĵ?Ćƾ2ÛǾǰɼƯ-ɷ*�E�.�-�&
�hRp�Ȯ2ǳąŵʱ¶ĵ.ÛǾǰ EǄɓ

Ƨȋʱ¶ĵ2�1˫òǩ2ɐǑʶm��a��f�1ʴã2˚¹�&ʱ¶ĵ BASS5��)&
�

Ɣ˫ė 11ȑ�&�hRp�2Ïʾ¸ˀüŭ3ɥɀ½-˫X�[_s��m2ĠƩˣƷI¾Eü

ŭ3ȳɒʓ-ʕ�E�.�C˫ȢɎC3˫BASS53X�[_s��mǳąŵ�˄½2ʜʡ1˅H

Eɥɀ½ɗ�2m��a��f�I[�n E.¤ǜ�&
ȅƅ2ʜʡǖů3ȑ�F,�0�?

22˫�2¤ǜǄɓ?9:ʃƚ�F,�E(Gigolashvili et al. 2009, Sawada et al. 2009b)
 

X�[_s��m@z��sNn13Ïʾ2È˝2Ǻ0E�;�;0âĵȚ�ķě� ɥ˫ ƶ˫˫

Țĵ0/-Ǻ0EâőIȑ 
ĕĻ˄2¦ǆ°ʌǴǩ|�zKN�2ʮ�.˫ʱ¶ĵ2ĕĻǪǺ

Ȁ0Ǿǰvf��2ʮ�.IǤC�ąH"&D˫Ëɲʱ¶ĵ2ǄɓȎĦƵ2¦ǆ°ʌǴǩ|�z

KN�Iʊ8&D E�.-?˫¤ǜʱ¶ĵǄɓ˩ʵȰ2ĠʓǪǺů0/˪IȹDʞ=�.�-

�E(Yonekura-Sakakibara et al. 2008, Yonekura-Sakakibara et al. 2007)
;& M˫atsuda et al. (2009)3˫

AtGenExpress expression atlas2�ʲ-�EĕĻæ˫ǾǳǊˌ�.2�NW�L�Nl�f(Schmid 

et al. 2005)1Ńŭ E�f����l�fIþŨ� °˫ʌǴǩ2ĕĻ Ǿ˫ǳǊˌǪǺȀ0ɧȜIƚ

C�1�&˩AtMetExpress metabolite accumulation atlas 
˪AtGenExpress˫AtMetExpress2l�f2

Ńŭ1B),˫in silico-°ʌ1˅HEʱ¶ĵǄɓ¤ǜ�āɓ.0)&
 

 
(Ǖ)ƣʟ2 ATTED-II-3˫yLe�2Ȇ˅Äƍ$2?2-30�˫Ɗɞ�&ƃƿIǵ�,�E
 

 

 ������

� Ʃț-3˫Ú˃�NW�L�Nl�fIçǵ�&ÛǾǰɼƯ.�, ATTED-II IÀ)&_�N

qobo2ÁIȴ¬�&�˫ATTED-II ±Ī1?īƍ2j����E
;&˫Nr˫gNb˫�

|�0/˫_�Nqobo±Ī2ÛǾǰɼƯj��?á,�&(Obayashi et al. 2011, Ogata et al. 

2010)
əê-m��aW�|m��ɼƯIɭ�Ģą13˫�NW�L�N1°HD˫Ɨ�[am

���),�,�Eǆ�°_�Y�]�1BEɼƯ�ĥ�,�E'G�
���&Żɮ@j��

2ʨǈ1BD˫�F;-�;Dź2¯�CF,�0�)&īƾ0¦ǆ°ʌǴǩ2ǳąŵ2ɼƚ�
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