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!$Ď9ǈ)ŵ�$���, 9�$Ïƈ˅
=ƭ9ɢɥ�Í$�$Ɖ�(¹­�ÊǮ�?�4�,

Ÿ�ƛǍ%+, ²�,ǸĬ)Ō	Ț*ƭ&, ɝ	Ʀī�"�Ț*Đ�ʮ(', Ƕ(?Ț÷Ĝ*ɢ
C�ǞȀ)Ÿȋ��, ʠʨȸɆCÊǮ��$ǸĬ)Ō�ïʴ*ĨĪ��¹­CǮ5Í��>�?�

Ïƈ˅9Ÿ�ƛ˅%+M�Z*ōť�<�ɸį�@(Sass, 1932; Cline and Neely, 1983), Ǥ)Ÿ�

ƛ)�	$+M�Zōť*ňö	�, 
4�Ÿ�?
ú
)Ŏˆ�?&Ɍ�=@$	?(Sass, 

植物科学最前線 6: 4 ( 2015)

BSJ- Revi ew 6: 4 ( 2015)



A. Iwase, M. Ikeuchi & K. Sugimoto-4 

1932)�4�ȁ�Ù�@�ƻƛ�ƻȁCÊǮ�?ǩʋ+, Ȳ 200ń×)+ʀȌ�@ȏȝ�@$	�

&ųſ�@$	? (Stobbe et al. 2002)��*ʧș*�%+,  surface callus &ÿ,@?ȵɐė�ōť

�@?(Sharples and Gunerry, 1933)�ȸɆħȀ(ɸį
=, �*M�Z+ȿȩơ*ȵɐ, ȁĻ*ȵɐ, 
˖*ȵɐ('
=Ǯ�, ƛʮ, Łʮ, ýȁ, ōťĻCǮ5Í���*<
),� ưǣ+ɛ=M�ZC

"�?ɑÝCƘ�$�>,� ¿ĬʂĳŞ*M�Zōť+¿*¸Ŗ9�*ő*ĆĩÊǮ)ʲɴ(ŏ

ÛCŰ!$	?� 
� ÉďŞ*ưǣy���9�*śȨȹʒ�, ¿ĬʂĳŞ*M�Zōť)ʻ��$	?�&�ĕü

�@$	?�X�Hjh[hɞɢC�ʮÏƈ�, ȸɆCǼö��?ī˔ȱ)�	$+, 4�Ǽö˅

)�Īō*ȵɐė�ōť�@?��*ʧș)+L�OX�&Y�Z��ʱ*ʻ��ĕü�@$	

?˚Asahina et al. 2011. ɿȵ+ƙǅĢ=)<?Ȥ 3ȢCìǡ*�& �̨ȕʩ+ưǣy���Cû4

(	ēĐ�%, X�Hjh[h*˙ãɏʕ*Ïƈ˅)��?M�ZōťʧșCɸį�$	?�, 

Ïƈ˅)�	$WHfMHi�*śȨȱ�ǏŞã�$	?�&Cɸį�$	?(Iwase et al., 2011a. 
ɿȵ+őʜ)� 

 ˅ǿ	�), ȸɆ*ÊǮƷŊ+ưǣ­*ʮ«)<!$Ƕ(!$�>, ²�,÷�X�Hjh[h

)�	$8ƭȣ*ÎɯȸɆýʙ%+Əȑ(M�ZãC©B(	ÊǮǩʋ�5=@? (Sena, 2009)�
4�, US*�Ț%�?p~c�NkVS%+, ɢɥ­*Ïƈ˅*ȵɐ
=, êȰ­*Ņȵɐ�

M�ZãC©B�)ōť�@?(ʮ«*ʪ	)<?ÊǮƷŊ*ʪ	)"	$+ǋÉ=)<?Ȥ 2

ȢC, p~c�NkVSɢɥ­
=*êȰ­ÊǮ*ÎĥƼƶ)ʻ�$+Ȏľ)<?Ȥ 4 ȢCìǡ
*�&)��*<
(ʮ«)<?¸Ŗîś*ʪ	9, ưǣȚ)<?ÊǮŧǴ*ʪ	+®)<!$ɶ

Ī�@$	?*�A

˟�*ą	)Ȩ�?�7)+÷�Ț)<?ɁöȀ(ȏȝCʤ7$ɫ�&

&8), ȚCʐ��ƺƈȀ(ȏȝ�Śˉ%�?� 
� ¿ĬʂĳŞ*ÊǮǩʋ+, ưǣ*5(=�Ʒ�(áǣ)85=@$	?(Birnbaum and Sánchez 

Alvarado, 2009)�²�,�Ǯˏ*H��+Ïƈ�@�ɔ+�A
, ¿ĬCñ��řɚ9Ȋ*��[

('8ÊǮ�?�&�Ȍ=@$	? (Straube and Tanaka, 2006)�H��*²+˗ƪǮǣ%8ð>
��=@?�7ǅʖȀɝ�Ȍ=@$	?�, ɓƱáǣ*5(=�, Öɐáǣ̊ pg�, Q�T ,̨ Ū

ōáǣ̊ u�h�F ,̨ Ưȁáǣ̊ pfe ,̨ Ǭōáǣ̊ �{fp~||[ ,̨ Ȫʑáǣ̊ Ǝɪˏ˛

('%8ɸį�@$	?��)+¿*¸Ŗ)&'4=�, ÊǮɑCȜƴȀ)Ʉǃ)Ôǰ�$	?
Ǯǣ8ĕü�@$	?��{fp~||[+, ɛÏ&ÿ,@?ǩʋ%�¹­�ɛ= 10¹ș)Ï@, 

�@�@�¹­&�$ÊǮ�Ěǃ�?(Yoshida-Noro and Tochinai, 2010)�ē˓Ǭę�%+, �@�

�ʣʺ��)ɸį�@?&	
(Yoshida-Noro and Tochinai, 2010)��*<
(ɛÏ)<?Ʉǃ+u
�h�F%8ĕü�@$	?(Hyman 1951)�4�, Űĥɣˏ*ğ�+ɐĥCōť�ː,��7*

ȸɆ&�$ĥī­˚OlU˛CÎã��?�, ¿Ĭ9Ʒ�(Zf�Z)<!$ĥī­
=Ê/ɣ

Ȱ­˚Ǉ�ɣȰ˛CÊǮ��?�&8ĕü�@$	?(Murata et al. 1998)��*<
), ¿ĬZf
�Z)<?ÊǮǩʋ+ğȵɐǮǣ)·Ħ�@�Çʠ*ǮĦŧǴ%�?&Ɍ�=@?�ÊǮ�?ȸ

Ɇ*Ǳƣ&(?ȵɐ�, ȵɐ�u�R�|�R˚ɕÎã9 direct reprogramming˛Cȹ�8*%�

?*
, Ņȵɐ�ǏŞã��8*(*
, �*ƷŊ)"	$+�@�@*Ț%ȏȝ�ʤ7=@$
	?�ȏȝʟ�%�!�>, �@�@*Ț%ǰ	=@$	?ʃ*ĪɊ�Ś��8�Ī%(
!�

>�?�7�Ƶ)+ǅ2=@(	�, Ț)<!$+ȵɐ�u�R�|�R&Ņȵɐ*ǏŞã8�

Ɗɫ!$	?Ėö��?�²�,ưǣ+,� ˇɠCġ
&ɒɠCÊǮ��?�,� �*Ėö+¦ȉ�
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$	�Ņȵɐ�ǏŞã�@$	?(Müller and Leyser, 2011)�4�, ȕʩpf%8¿Ĭ
=*ÊǮǩ

ʋ�ɸ=@?�, ²�,ȁɘ*ÊǮ+ȁɘ*Ņȵɐ)<?8*%�?*)İ�(Staniszewska et al. 

2011), ¿ĬCñ�ɗȩ*ÊǮǩʋ%+, ɕÎã&ÿ2?ǩʋ8ʏ�$	?�&�ĕü�@$	?
˚van ES and Sato et al. 2012 �̨¿ĬZf�Z)<?ÊǮǩʋCʂĳ�īɫ�?Îĥ*ī­+®(*


�u�h�F%ʛńƏ=
)�@�<
)(Liu et al. 2013), ÊǮɑ*Ƕ(?ʛɃȚ&*ǅʖ
=

�*ʉCɹ�Ə
��&+, �"*Ƙà(Fu��a%�A
� 
 

2-3. :[X��
�I�l����"3&JN 
� nQd�F*�Ț%�?FR�nQd�I} Agrobacterium tumefaciens (ʛń*ÊÎˏ%ħø
+ Rhizobium rhizogenes)ĝƖ�@$	?)+, ğ�*ưǣȚ)ƭˋǻɖǸ(Q�I�V��)Cŋ�

ʏ����Ȍ=@$	?(Gohlke and Deeken, 2014)��*nQd�F+ưǣ*¿Ĭʮ«
=Ţƨ�

M�ZCưǣ)°=�?�(Nester et al., 1984), �*Ƽƶ+˕�)Ǚ@$	?�¿"	�ưǣ*ȸ
Ɇ�ƄÍ�?F\fX��V�˚sJl��Şǣʎ*�Ț˛CŢȌ��FR�nQd�I}+,�

ɛʓ�Ƙ�?Ǭǥ* DNA *�ʮ(T-DNA &ÿ,@?)CÏ>Í�$, ưǣȵɐ*Ƭ*�)ʝ>ʚ

5, ƗȷȀ)+ưǣ* DNA)ɛ=* T-DNACȸ5ʚ6��* T-DNA)+, L�OX�öťʭ¨
ĥ(Sitbon et al., 1991), WHfMHi�öťʭ¨ĥ(Akiyoshi et al., 1983, 1984), �=)+LoH�&

	
Ǥǂ(F|lʱC°?ʭ¨ĥ*ʯÐ�U�g�@$�>(Nester et al., 1984), �@)<!$Ţ

ƨ�@�ưǣ+¿ò)M�ZCōť�, �*ǏǾ)Îɯ�?ȵɐ%+÷Ɣ)FR�nQd�}�
ģǣ&�?LoH��°=@?�Q�I�V��*ȵɐ+, nQd�FCʾë��ő8ưǣy�

��Cû4(	ēĐ%Ƚ£ē˓�%�?�, �*�²
=8M�Z*ʂĳ&ȿŲ)+L�OX�, 

WHfMHi��ʲɴ(Á�CŰ!$	?��Î
?� 
� FR�nQd�I}*Ėö+, ưǣy���*öťʭ¨ĥCȅŸưǣ)ȸ5ʚ6&	
˃@Ƴ

Cɫ
�, �*¡ğ�*ŗǮǣ%+, ɛ=L�OX�9WHfMHi�Cöť� (Morris, 1986; 

Glick, 1995), �@=Cǰ	$ưǣȵɐ*�u�R�|�RȦ)ǰ	$	?�&�Ȍ=@$	?
(Manulis et al., 1998)�nQd�F*�Ț%�? Pantoea agglomerans pv. gypsophilae 9 P. 

agglomerans pv. Betae 8ưǣ)Ţƨ�M�ZC°=�?��Ȍ=@$	?�(Barash and Manulis- 

Sasson, 2007), �*nQd�F8ɛ=ưǣy���CǮǯ�?�Þ�$ type III secretion system)
<!$ưǣȵɐÉ)ʝ>ʚ4@?KsJQ_�_�oQʎCɲƅƘ�$�>, �*	�"
*Ƽ

ɑCƽž��?&Ţƨ+%�$8M�Zã�ʏ�(	�˕�2��&), �*nQd�F�Ƙ�

?L�OX�9WHfMHi�*öťʰȳʭ¨ĥCƽž��$8, ɖǹ+Ĵ��(?8**ōť
�*8*+ʼĬ�@(	(Barash and Manulis- Sasson, 2009)��*�&
=, �*nQd�F)<?

M�Zōť)+KsJQ_�_�oQʎ*Á��Śˉ%�?&Ɍ�=@$	?(Barash and 

Manulis- Sasson, 2009)��*KsJQ_�_�oQʎ�ưǣȵɐ*L�OX�, WHfMHi�ś
ȨCĝã��?�&�ĕü�@$	?�(Weinthal et al., 2010), �*°ǰǝ)"	$+Ə=
)(

!$	(	��ő�*<
(KsJQ_�_�oQʎ*÷Ī&ƼɑɹƤ+, ưǣȵɐ*�u�R

�|�RÕŕƼƶɹƏ*.&"*ƘÝ(ūǄ)(?&Ɍ�$	?� 
� ưǣ)8IG�ZŞ*ɖǹōť��?�&�Ȍ=@$	?�Ü¿ɖǹIG�Z(Wound tumor 

viruses; WTVs)+, �ƞʶRNACƘ�?Ȥ3ɉ*IG�Z%, Į�&(?Q��n�('*ưǣ)

ǺC"�=�?��*IG�Z)<!$ōť�@?ɖǹ+ǅʖȀ)Îã�ʤD%�>, Į�*ɭ
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ȁ9˖)ĉ4@$ƛʮ9Łʮ)ª�ȸɆ (psuedophloem)9, 4�ÎɯȸɆ�ɸį�@?(Lee, 

1955)�÷Ʒ)Ȥ 3ɉ*IG�Z%�? Rice gall dwarf virus+, Hk9U}P('*HkȖưǣC

Į�&�ɖǹōťCʂĳ�?��*IG�Z9WTV*�ƞʶ RNA+�@�@ 12*_�oQʎ
CU�g�$	?&Ɍ�=@$	?�(Zhang et al., 2007), �@=*�%, '*_�oQʎ�'*

<
)ưǣȵɐ*�u�R�|�RCŋ�ʏ��$	?
+, 4�Î
!$	(	� 

�  ¡*ǮǣȚ)<?ưǣȵɐ*�u�R�|�R8ƅğ�ĕü�@$	?�²�,,� ƭ�0Ǹ
Cŋ�ʏ��êǮǮǣ phytomyxea (Malinowski et al., 2012)9ɂōˏ)ĺ�kUt\�a�I

(Jammes et al., 2005), 	B:?�ɪ�0�C"�=�?Ǝɪˏ (Tooker et al., 2008)Ȧ�Ŵ�=@?�

�@=*�)+, °ǣ)ǭĠ(ɮĬCʏ��8*��?�, Ţƨ9ǸŘ�ǩ@?ˀ*Îĥ~Mi
[}CɹƏ�?�+ʘƳȀ)8Ġĝʲɴ%�?��Ɗ, ưǣ)&!$8Ŧ��ˏ)&!$8˄ł

)ʲɴ(Ǻ��?��*�"+, ƭȭɣ�{~Ȗưǣ)°=�?ƭȭ%�?�, �@)ʻ�$+, 

ıĽ=)<?Ȥ 6ȢCìǡ�@�	� 
 

2-4. SX�`pr`���"3&JN 
 ưǣ*�?Țʺ%�˂C�?&, ʁǮ��˂Ț*¹­)M�Z�%�?�&��?��@+ʭ¨
Ȁɖǹ&ÿ,@$�>, Ft�hȖFt�hĺ, hZȖa�I\�FWNLĺ, hZȖiUaF

hĺ, ��Ȗ��ĺ('%ĕü�@$	? (Ahuja, 1965) �²�,, _nU*˂Ț Nicotiana 

glauca× N. langsdorfii )°=@�M�Z+ưǣy���CǓÞ�(	ēĐ%8Ƚ£ē˓�óɑ%

�>, 4�¹­CÊǮ��?�8%�?(White, 1939; Ichikawa and Syōno, 1988)�˅ ǿ	�&), �

*_nU*ʭ¨Ȁɖǹ%+¹­*ɋã�ʤ6&M�Zōť�ʤ6�ɡ	¹­%8, ưǣ­)¿C

"�?�&%M�Z�ōť�@?(Udagawa et al., 2004)�êĈCȝƏ�?�ʢ*ȏȝ
=, ¼Ǡ,�
N. glauca *Tl})ǆǥƭCưǣ)°=�?�&%Ƙø(nQd�F Agrobacterium rizogenes*

root-inducing (Ri)u�Z|g*ʭ¨ĥʯÐ)<�ª�ˊĒ�ɵ"
>, īˀ�*ˊĒ)U�g�@

�ʭ¨ĥ+_nU)ōţĝãCʏ��Ƽɑ��?�&�Î
!�(Aoki and Syono, 1999)��
�
(�=, _nU%+�*ʭ¨ĥʯÐCŲ�(	Ț*ȸ5öB�%8ʭ¨Ȁɖǹ�ʏ�?�&�B


>, ǈŃ¨ƀ)<!$ŵÅ�@�&Ɍ�=@?�*nQd�FǱƣ*ʭ¨ĥ�ɖǹã*��?

êĈ%+(	�&�ĕü�@$	?(Kung, 1989)�ưǣy���&*ʻµ)"	$+ÉǮʴ*ĝã
�ʏ�$	?&	
ĕü��?(Kehr, 1951; Kung, 1989; Ichikawa and Syōno, 1991)�, Îĥ�w�

%*ɹƤ+�4>ʤD%	(	�p{��*Țʺ˂Ț Helianthus annuus × H. tuberosus )ɸ=@?

ʭ¨Ȁɖǹ%+, ɏǾǮ9ÎɯȸɆ*ōť)ʲɴ(ʭ¨ĥ*ǶũȀ(Ǿǩ�ĕü�@$	?
(Chiappetta et al., 2006, 2009)� 
 

3. "3&JN�>E1"+'0 
� ¿ĬʂĳŞ*M�Zōť+¿ò%ǤǶȀ)ɸ=@?�,�@+ʮ«ǤǶȀ(ÕŕƼƶ�Ħď�

?�&CȓĄ�$	?�4�, ưǣȵɐ%+�ňÎã��ȵɐ 1 "
=%8M�ZãCȹ$¹­

CÊǮ%�, ÎãÆɑŞCƘ�?�&� 1950 ń£őç�1970 ń£)
�$Ƌ)Ə=
)�@$
	?�˚Steward 1959, Nagata and Takebe 1971 ,̨ ʠł*ǾǮˡÎãǄʿ%+�*ɑÝCŭ�ʚ6Ƽ

ƶ�Śɴ)ʪ	(	����æ¯ń)Ǖ?ưǣ*Îĥʭ¨ħɹƤ*ʤĹ)©!$,� M�Zã)ʻ

��?Ʒ�(ĝǶ­�è˃�@$����@)<>,� M�Zã)ʻ��?ʭ¨ĥ8Œ�)Ə=
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)(!$�$	? (ɭ 1)��@=*Ĉĥ+,� M�ZãC¶ʤ�?FQ\�Ĉĥ&,� ŭÕ�?t�

�OĈĥ)ĠÓ%�?�īˀ,� ȕʩ*ȏȝ
=8¿ò%Ǿǩ�¶ʤ�,� M�ZãC¶ʤ�?ʔË

Ĉĥ(Iwase et al. 2011a, 2011b)�ɵ"
>,� �=)ƗȷÎãȵɐ�ɕÎã�(	<
)�?Ƽƶ
˚Ikeuchi and Iwase et al., submitted˛8ɵ�""�?��*Ȫ%+,� �@=*ĈĥCȶ��?&&

8),� Ǥ)M�Zã*ǤŘ*�"%�?ȵɐÎɯ*ƍʤ9Êʹ&*ʻʢ)ȋȄ�$Ƶʄ��	� 
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��~  ��~� exk_�nYqtG �����OXPLWVTV�UH �©
IZ_du¡~J

�$
��
��� ����	
� ��*53'/4�97'48)7/69/54
,')957��$��

\G^ax������� �'4�+9�'2���
�	
�

�$
��
��� ����
 � ��*53'/4�$� \G^ax�� �'4�+9�'2���
�	
�
�$
��
�
� ����� � ��*53'/4�$� \G^ax������� �'4�+9�'2���
�	
�
�$��
�	�� ����� � ��*53'/4�$� \G^ax������� �'4�+9�'2���
�	
�
�$��	��
� 
��� ��"!�$� `[g][ix�� #'1'/�+9�'2���
��	�
�$
���
	� 
���� ��"!�$� `[g][ix�� $'0/3'�+9�'2���
����
�$	�	
��� �������� �!
��"��$� `[g][ix���®��| �'445�+9�'2���
��	�

�$	�
�
�� ������������� �!
��"��$� `[g][ix���®��|
�1+*'�+9�'2���
�������'78).��'79/4+?
+9�'2���
����

�$	������ "������
����$ �!
��"��$� ¦�ª��¨z� �<'8+�+9�'2���
�		'��
�		(�
�$	�

	�� "������
����% �!
��"��$� ¦�ª��¨z� �<'8+�+9�'2���
�		'��
�		(�
�$	������ "������
����# �!
��"��$� ¦�ª��¨z� �<'8+�+9�'2���
�		'��
�		(�
�$
��
	�� "���� �!
��"��$� ¦�ª��¨z� �<'8+�+9�'2���
�		'��
�		(�
�$	�
	��� ���� ����$�(5=�(/4*/4-�$� ¯{| �59'4�+9�'2���	����
�$	�
���� ���� ���*53'/4�$� ¯{| #954+�+9�'2���
��	�
�$
�	���� 
���� ���#�(5=�$� ¯{| �'7*/4-�+9�'2���
����
�$
�	���� ��� �!
��"��$� ¯{| �5:9/2/+7�+9�'2���
��
�
�$
�
���� ����
�������� �!
��"��$� ¯{| $8:<'3595�+9�'2���
�	��
�$	�	���� ���� "%!�"��*53'/4�$� �­~�� �K8?+-/�+9�'2���
�		�
�$	������ ���� "%!�"��*53'/4�$� �­~�� �K8?+-/�+9�'2���
�		�
�$
�
���� ���� "%!�"��*53'/4�$� ¦�ª��¨z� %'1/�+9�'2���
�		�
�$
�	��
� " � �53+5*53'/4�$� �£¬¤� &:5�+9�'2���
��
�
IovG^¡~J
�$��
���� ���� ����/4./(/957 £¬�«¥� �4?52'�+9�'2���
�	��
�$
����
� ���� ����/4./(/957 £¬�«¥� �4?52'�+9�'2���
�	��
�$	����
� ���
 ����/4./(/957 £¬�«¥� �4?52'�+9�'2���
�	��

�$
����
� ������������"� �4*5�	���F�*�-2:)'4'8+ duwGb|y�
�7'41�+9�'2���
��
����7:615;D�'4*
#).3E22/4-��
����

�$	���
�� ������ 
���� �
#�'*+458>2�2��+9@
*+6+4*+49
3+9.>297'48,+7'8+

p_fx|y�����
�7'41�+9�'2���
��
����7:615;D�+9�'2�
�
����

�$
�
���� ��� !"�
 lbgx�����>8�
��gtrfu� �.'4;/;'99'4'�+9�'2���
����
�$���
�
� �"� !"�
 lbgx�����>8�
��gtrfu� �.'4;/;'99'4'�+9�'2���
����

�$��	���
 !��� !"�
 lbgx�����>8�
��gtrfu�
�.'4;/;'99'4'�+9�'2���
������#).:(+79
+9�'2���
��
�

�$
�
	
�� ���� !"�
 lbgx�����>8�
��gtrfu�
�.'4;/;'99'4'�+9�'2���
������#).:(+79
+9�'2���
��
�

�$��
���� ��� !"�
 lbgx�����>8�
��gtrfu� �5:>+7�+9�'2���
�		�
�$
���
�� 
&�����
 !"�	 lbgx��
���>8�		��sm^fx� �7'9?+2�+9�'2���
�	��
�$	������ 
&������ !"�	 lbgx��
���>8�		��sm^fx� �7'9?+2�+9�'2���
�	��

�$
�

	�� ���
�������2/1+�).753'9/4
7+35*+2/4-�,')957

lbgx�����>8�
��gtrfu��R
lbgx¨Zdfu�����

 -'8�+9�'2���	�����	����

�$
������ !
������� ���*53'/4�$� ¢§���}SMNW¯�T¥� $8:1'-58./�+9�'2���
����
�$���
�	� !
������� ���*53'/4�$� ¢§���}SMNW¯�T¥� $8:1'-58./�+9�'2���
����
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3-1. SX/325qn�"3&@�$(3/.46#BE 
 � 2-1 Ȫ%ɺ@�<
),� CIM %ōť�@?M�Z)+»ƭêĔōťCȹǱ��8*��?

(Sugimoto et al. 2010)�»ƭêĔōť+L�OX�*XRh�)<!$ǏŞã�@?�, �*ȹʒ
%Ƽɑ�?�&�Ȍ=@$	? LATERAL ORGAN BOUNDARIES DOMAIN (LBD) sE|��

ʔËĈĥ)ĺ� LBD16, LBD17, LBD18, LBD29 *ʭ¨ĥ+, �@�@X�Hjh[h%ʧÚǾǩ

��?&ưǣy���CǓÞ�(	ēĐ)�	$8M�ZCōť��?(ɭ 1; Ċ 3)�4�, Ƽɑ
ƽž(lbd16)4�+ŭÕđ(35S:LBD16-SRDX)*ưǣ­%+, ʞ)ưǣy���Cû6ēĐ(CIM))

�	$8M�Zã�ŭÕ�@?(Fan et al. 2012)�L�OX�)śȨ� LBD*ǾǩCǀ)Õŕ�?

ʔËĈĥ&�$AUXIN RESPONSIVE FACTOR7 (ARF7) &ARF19�ĕü�@$	?�(Okushima 
et al., 2007; Lee et al., 2009), arf7 arf19�ʲĝǶ­%8M�Zã+ŭÕ�@?��=) arf7 arf19ư

ǣ%LBD16CʧÚǾǩ��?&Ê/M�Zãɑ�ćŖ�?�
=(Fan et al. 2012), ARF79ARF19

*�ǐĈĥ&�$Ħď�? LBD ʔËĈĥɉ�, »ƭêĔōťCȹǱ��M�Zōť*FQ\�
Ĉĥ%�?�&+Ə=
%�?�ȥɍ=8 LBD16CʧÚǾǩ���X�Hjh[hưǣ­%, ư

ǣy���Cû4(	ēĐ)�	$8ƭ)M�Z�ōť�@?�Cȑʀ�$	? (Ikeuchi et al., 

2013˞Ċ 3)�LBD&ȵɐýƚÊʹ*ʻʢ&�$+, LBD18 & LBD33*�ʴ­� E2 PROMOTER 

BINDING FACTOR a (E2Fa)*ǾǩC˗7?&	
ĕü��?(Berckmans et al., 2011)�ʔËĈĥ

E2Fa+ DIMERIZATION PARTNER (DP)&�ʴ­&(!$ DNA*ɲɱ)Śɴ(Ț�*ʭ¨ĥ*

ǾǩC¶ʤ�?�&
=(Inzé and De Veylder, 2006), ARF�LBD�E2Fa&	
ʔËĈĥkbf��
Q�L�OX�)<?ȵɐýƚÕŕ*�"CŰ!$	?&Ɍ�=@?� 

� ȵɐýƚCÊǏŞã�?)+, ȵɐýƚ*t��OCĞ�&	
ŧǴ8�?�Cyclin Dependent 

Kinase (CDK)CʼĬ�? KIP-RELATED PROTEIN (KRP)CU�g�?ʭ¨ĥ+L�OX�)<!
$ǾǩŭÕ�@?�ʔË*F`u_�_�oQʎ%�? PROPORZ1 (PRZ1)��*u�\Z)ʻ

��$	?��ĕü�@$	?(Anzola et al., 2010˞ɭ 1)� prz1ĝǶ­+, ʳǮƫ�»ƭCōť�

?L�OX�Ǜň*ēĐ%8M�ZCōť�?��*ʧÚ(ȵɐÎɯ+ KRP2, KRP3, KRP7ʭ¨

ĥ*ʔËʴ�¬	�&)<!$ŋ�ʏ��@$	?(Sieberer et al., 2003)�PRZ1+ KRP2, KRP3, 

KRP7ʭ¨ĥ*u���_�)�@�@ȅŸȺö�?�&9,� prz1ĝǶ­%+KRP7* 5’UTRˊ

Ē)Å?pZf� H3-K9/K14 *F\a�ã{�Q*�w����?�&
=, L�OX�ÌǪ
)<!$pZf�*F\a�ã�w����?�&% KRP *Ǿǩʴ���>,� ȺƦ&�$ʧÚ

(ȵɐÎɯ�ŋ�ʏ��@$	?&Ɍ

�=@$	?(Anzola et al., 2010)�īˀ
KRP �ǾǩʴCF�a\�ZǍ%ŭ

�?&M�Zã�¶ʤ�, 4� prz1ĝ

Ƕ­% KRP7*ǾǩʴC��?&M�

Zã*ōʎ�ŭ�=@?�&8ĕü�

@$	?(Anzola et al., 2010)�L�OX

�)<!$ PRZ1 �'*<
)Õŕ�
@$	?
+Əȑ)(!$	(	�, 

�@=*ȺƦ+L�OX�)<?ȵɐ

ÎɯǏŞãȹʒ)+,� PRZ1 ´ĦȀ(  
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A. Iwase, M. Ikeuchi & K. Sugimoto-9 

Q�{a�ÕŕC��� KRP*ʭ¨ĥǾǩŭÕ&	
ʨȧ��?�&CȓĄ�?8*%�?� 

� WHfMHi�ʻʢĈĥ%M�Zōť&*ʻ��Ə=
)(!$	?8*)+, type-B 

ARABIDOPSIS RESPONSE REGULATORs (ARRs)��?(ɭ 1; Ċ 4)�type-B ARR+	B:?�ť
ÎÕŕȱ)<!$��ʱã�@ǏŞã�?ʔËĈĥ%�>,� ğ�*�ǐʭ¨ĥ*ǾǩCʂĳ�

?(Hwang et al., 2012)�WHfMHi�Cû6ēĐ% ARR1CǾǩ���X�Hjh[hCɎ$?

&, M�Zōť�¶ʤ�?(Sakai et al., 2001)�4���ʱãg~H�Cƽž��şłȀǏŞđ)�
�ARR19ARR21ÎĥCŌÕǾǩ���X�Hjh[h%+, ưǣy���Cû4(	ēĐ%8

M�ZCōť�?(Sakai et al., 2001; Tajima et al., 2004)��*�&
=, ARR1´ĦȀ(WHfMH

i�śȨȱ*ǏŞã8M�Zōť)+æÎ%�?�&�Î
?� 
� ȵɐÎɯ*ÊǏŞã)ʻ��? type-B ARRs*_�Tbfºɰ&�$+,� Cyclin D3 (CYCD3)

�ƘÝ
8�@(	�CYCD3+WHfMHi�ÌǪő�Ɣʺ%Ǿǩʴ�¶ʤ�?�), CYCD3*

ʧÚǾǩ+WHfMHi�Cû4(	ʂĳēĐ)�	$M�ZãC¶ʤ�?(Riou-Khamlichi et al., 
1999)��=)˅ǿ	�),� CYCD3;1&�*y��R%�? CYCD3;2� CYCD3;3*�ʲĝǶ­

%+WHfMHi�śȨ�ŭÕ�@?�&
=, CYCD3+WHfMHi�XRh�*�ǐĈĥ&

�$Ƽɑ�$	?��ĕü�@$	?(Dewitte et al., 2007)� 
 AP2/ERFʔËĈĥsE|��)ĺ�ENHANCER OF SHOOT REGENERATION1 (ESR1)& ESR2

+, WHfMHi�C���M�Zã)ʻ��?¡*ºɰĈĥ%�?(ɭ 1; Ċ 4)�ESR1 8 ESR2

8X�Hjh[h)�	$èǦ%ʧÚǾǩ��?�&%, ưǣy���Cû4(	ēĐ%8M�
Z�Ǯ�?(Banno et al., 2001; Ikeda et al., 2006)�4� BOLITA (BOL)&	
FQaw�X��_R

�H�%+, ESR2*ʧÚǾǩ���$�>, ��%8M�Zã�ɸį�@$	?(Marsch-Martinez 

et al., 2006)�ESRCʧÚǾǩ���ưǣ%+WHfMHi�śȨ�ƍʤ�$�>, 4�, WHfM
Hi��\u_�*ƼɑƽžĝǶƫ%�? cytokinin response1/Arabidopsis histidine kinase4% ESR

CǾǩ��?&WHfMHi�śȨ*�"*ųƸ%�?ɢɥ*ÊǮɑ�Ũ?(Banno et al., 2001; 

Ikeda et al., 2006)�ESR2+ CYCD1;1 & DOF ʔËĈĥ*�"%�? OBF BINDING PROTEIN1 
(OBP1)*ǾǩCȅŸʂĳ�?�&�ĕü�@$	? (Ikeda et al., 2006)��* OBP1+ʧÚǾǩ)

<!$ȵɐýƚʻʢʭ¨ĥ*ǾǩCʂĳ�, G1ƚCȍ��?�%ȵɐýƚC¶ʤ�$	?�&�

ĕü�@$	?(Skirycz et al., 2008)�È­Ȁ)+ OBP1� CYCD3;3 & S ƚǤǶȀ(ʔËĈĥ%�
? DOF2;3 *u���_�)ȅŸȺö�?�&�ȓ

�@$	?(Skirycz et al., 2008)�M�Zã*ˀ)�@

=* ESR C���ʔËkbf��Q�īˀ)ȵɐ
ýƚCǏŞã��?*
)"	$+Ɩ(?Ʋɽ�Ś

ɴ%�?��
�,� �@=*Ȍɵ+,� ȵɐýƚ*Ê

ǏŞã�Ʒ�(ʿĻ*ʔËĈĥ)<!$Ƃʯ�@$

	?óɑŞCȓ�$	?�4�,� �8�8 ESR1+

ʧÚǾǩ)<!$WHfMHi�˄´ĦȀ)ɢɥÊ

ǮCʏ��ʭ¨ĥ&�$è˃�@$�>(Banno et al. 
2001),� M�Zã&ɢɥÊǮ&*ʻʢCɹ�Ə
�

�7*ʲɴĈĥ&�$8ǎȄ�@?� 
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3-2. =FLaM�"3&@�$(3BE 
� ¿Ĭ)<?ȵɐ�u�R�|�Rǩʋ�ğȵɐǮǣ)ņ�ɸ=@?�&+ 2-2 Ȫ%ʜ2��ư

ǣ%ɸ=@?M�Zã)�	$8, ɛǠǳ
ȸɆē˓Ƣ¥�˚2-1Ȫ˛
)ʻB=�, ¿Ĭ�ʲɴ
(ŋ�ʵ)(!$	?��*ȹʒ)ʻB?ÎĥƼƶ+, ʛń)(!$ǚ�	�"
*ʲɴĈĥ�

è˃�@$��)��(	� 

 ȕʩ�ǩďȏȝCʤ7$	? AP2/ERF sE|��*ʔËĈĥ WOUND INDUCED 
DEDIFFERENTIATION1 (WIND1)+,� X�Hjh[h*M�ZǱƣ*ē˓ȵɐ%˗Ǿǩ�$	

?Ĉĥ&�$ʬů�@$��(Iwase et al. 2005)�WIND1 &�*y��R%�? WIND2, WIND3, 

WIND4 C�@�@X�Hjh[h%ʧÚǾǩ��?&, ưǣy���Cû4(	ēĐ%8ɢɥ, 
ɏʕ, ƭ(')M�Z�Ǯ�?(ɭ 1)�4�ʧÚǾǩ­
=Ŕ=@�M�Z+y���s��ēĐ

%Ƚ£ē˓�óɑ%�? (Iwase et al. 2011a; 2011b)�X�Hjh[h*ʛɃȚ%�? Thellungiella 

halophile*WIND1y��R(ThWIND1-Like)CX�Hjh[h%Ǿǩ��?&, 9+>ĞĈŞ*y
���˄´ĦȀ)M�Z�ōť�@?(Zhou et al., 2012)�4�X�Hjh[hWIND1(AtWIND1)

*M�Zʂĳɑ+, h_k, f{f, _nU%8ȑʀ�@��&
=, WIND1 Îĥ)<?M�Z

ãȹʒ+ĵ(�&8�?ȫĉ*íĥɥưǣ%+·Ħ�@$	?<
%�?(Iwase et al. 2013)�
WIND1+ RAP2.4&8ÿ,@$�> (Okamuro et al., 1997), ¿ĬśȨŞ��?�&8ĕü�@$

	�(Delessert et al., 2004)�īˀX�Hjh[h)�	$WIND1~4+¿ĬÌǪőƅƔʺ¤É)¿

ò%Ǿǩ�ʂĳ�@, ¿Ĭʮ«)��?M�ZãCǀ)Õŕ�?�&�, ƼɑǧŔđĝǶ­
(35S:WIND1)&ƼɑŭÕđĝǶ­(ProWIND1:WIND1-SRDX) Cǰ	�ɹƤ
=Ə=
&(!$	?

(Iwase et al. 2011a)�Þ�$�@=*ĝǶ­Cǰ	�ī˔
=, ȸɆē˓ȱ)��?M�Zōť&

Ćĩ*ÊÎã)ʻ�$8 WIND ʔËĈĥ�ʲɴ(Á�CŰ!$	?�&�Ɨʛ*ɹƤ
=8ɵ
�$�$	?(Iwase et al. Submitted)� 

� WIND1)<?M�Zʂĳ+, arr1 arr12�ʲĝǶ­%+Ō�ŭÕ�@?(Iwase et al., 2011a)�4

�, ¿ĬZf�Z+¿ò%* type-B ARR´ĦȀ(WHfMHi�śȨC˗7?�, ƼɑŭÕđĝ
Ƕ­(ProWIND1:WIND1-SRDX)ưǣ­%+�@�ŭ�=@?�&
=, WIND ʔËĈĥ+WHfMH

i�śȨC˗7$	?�&�ȓĄ�@$	?(Iwase et al., 2011a)�WIND1*�ǐĈĥ*ɹƤCǩ

ďʤ7$	?� , ĵ(�&8
type-B ARRʭ¨ĥ*Ǿǩʴ+3

&D'ĝã�$	(	�7

(Iwase et al., in preparation), 

type-B ARR *_�oQ¸˒�

w�%*Õŕ9 type-B ARR *

cis ʯÐ)Ⱥö�?¡*Ĉĥ)
<?Õŕ��?*
8�@(	� 

� p~c�NkVS%+, ɢɥ

­CÏƈ�?&Ïƈ˅)�	$

ȵɐ*�u�R�|�R�ʏ�

>, êȰ­*ˇȣŅȵɐ�ÊǮ

�$�?�, �*ȱCǰ	$¿  
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ĬʂĳŞ*�u�R�|�R)ʻB?ʲɴĈĥ*ŷȴ9, ȵɐýƚÊʹ*Îĥ~Mi[}*ɹƤ

8ȮÝȀ)ʤ7=@$	?(Ishikawa et al., 2011)�ɿȵ+Ȏľ)<?Ȥ 4ȢCìǡ�@�	� 

� ¿Ĭ+ưǣ)�	$8ȸɆ9Ćĩ*ÊǮC©
�&�ğ	�, �*Îĥ~Mi[})"	$8
4�Î
=(	��ğ	�X�Hjh[hȦCǰ	�ɹƤ%ɵ�$��ȸɆ9ǾǮǄʿ)<?ś

ȨŞ*ʪ	9ʻ��?Ĉĥ)ʻ�$+, ǋÉ=)<?Ȥ 2ȢCìǡ�@�	�4�, X�Hjh[

hɞɢ*Ǽöǩʋ)ʻB?Ĉĥ)ʻ�$+, ƙǅĢ=)<?Ȥ 3ȢCìǡ�@�	�  
 

3-3. f^[, >ice�HbgdO�q8��BE�"3&@�<o�� 
� ɏŞ9ÎɯȸɆ*ƜÎãŞ*ȿŲ)ʻ��?Ĉĥ*ʧÚǾǩ­�,� ưǣȚCąB�M�ZC
ōť�?&	
ĕü�ʛńğ�5=@$	?(ɭ 1)��@+, ưǣ%ȵɐėCōť��?)+ǅʖ

ȀƜÎã(ȵɐǥţCɶĪ�?ĈĥCȵɐ�%ğ�Í��&%æÎ%�?�&9, ʞ)ʠł*ȵ

ɐÎã%+�@=*Ĉĥ*ǾǩCƔʺȀ, ȞʺȀ)ǀ��Õŕ�?�&�Śɴ%�?�&Cȓ�
$	?�CCAAT-box ȺöʔËĈĥ%�? LEAFY COTYLEDON1 (LEC1), B3 g~H�ʔËĈĥ

* LEC2, MADS boxʔËĈĥ AGAMOUS-LIKE15 (AGL15) +�@�@ʔËǏŞãĈĥ&�$ɏ

ǾǮƔ)Ƽɑ�?�, �@=CèǦ%ʧÚǾǩ��?&ưǣy���Cû4(	ēĐ%8	B:
? embryonic callus�Ǯ�?�4�ʭ¨ĥǾǩ*ʂĳȱCǰ	$ embryonic callusCưǣ­)°=

��ő)ǾǩʂĳCŭ�?�%, ưǣ­CÊǮ�?�8%�? (Lotan et al., 1998; Stone et al., 

2001; Harding et al., 2003; Gaj et al., 2005; Umehara et al., 2007; Thakare et al., 2008)�h_k(Brassica 

napus; Bn)%ƗÑ)è˃�@� AP2/ERFʔËĈĥsE|�� )ĺ� BABY BOOM (BBM)8ɏǾ

ǮƔ)Ǿǩ�$�?�, �*Ĉĥ(BnBBM)CǾǩ���h_k9X�Hjh[h, �=)+UX

�I, _nU, zu�*ʛɃȚȦ)�	$8ưǣy���CǓÞ�(	ēĐ% embryonic callus�
Ǯ�?�7, Ŕ=@��Īɏ
=*ưǣ­ÊǮCʠ�$ưǣ­*Ěǯ1*śǰ�ɾ5=@$	?

(Boutilier et al., 2002; Srinivasan et al., 2007; Deng et al., 2009; Heidmann et al. 2011)��@+ BBM)<

? embryonic callus ʂĳ/ɏŞǧŔƼɑ�, ĵ(�&8�?ȫĉ*íĥɥưǣ%·Ħ�@$	?�
&CȓĄ�$	?�X�Hjh[h)�	$ BBM &ʯÐ*ʛ	 EMBRYOMAKER (EMK)+

AINTEGUMENTA-LIKE5 (AIL5)9 PLETHORA5 (PLT5)&	
ø×%8Ȍ=@$	?�, ʧÚǾ

ǩ%÷Ʒ*ǩʋ�ʏ�?�&�ĕü�@$	? (Tsuwamoto et al., 2010) � 
  RKD (RWP-RK domain-containing)ʔËĈĥ+, 

ˁŞʯ¼ĥ(éȵɐ)ōť9Ñƚ*ɏǾǮ%Ƽɑ

�?�&�ĕü�@$	?�RKD1 & RKD2+

éȵɐ%Ǿǩ�$	?�, X�Hjh[h*ʧ

ÚǾǩ­+ưǣy���s��*ēĐ%8M�

ZCōť�?(Kőszegi et al., 2011)�˅ǿ	�), 
RKD2 %ʂĳ��M�Z*ʭ¨ĥǾǩu�sE

H�C5?&, L�OX�Cǰ	$ʂĳ��M

�Z<>8éȵɐ*u�sEH�)ʛ	 
(Kőszegi et al., 2011)ˠ�@+­ȵɐ)éȵɐƷ

*ʭ¨ĥǾǩu�sEH�CŲ��$8M�Z

CǮ���=@?�&CȓĄ�$�>, ×ʜ�
 

植物科学最前線 6: 12 ( 2015)

BSJ- Revi ew 6: 12 ( 2015)



A. Iwase, M. Ikeuchi & K. Sugimoto-12 

�<
)M�Z&	!$8Ʒ�(ǮǪǥţ�Ħď�?�&Cšþ�$	?�RKD4 +Ñƚɏ%Ǿ

ǩ�ɏǾǮ%Ƽɑ�$	?�, ʭ¨ĥǾǩʂĳȱCǰ	$ RKD4 CʧÚǾǩ��?&ưǣy��

�s��*ēĐ%8ɥ9ƭ�M�Zã�?��*ˀ, Ñƚɏ%Ǿǩ�$	?ʭ¨ĥ�ƅğ�Ǿǩ
�$�>, �=), M�Z)(!�ȵɐ% RKD4*ǾǩʂĳCƿ7?&�Īɏōť�ʏ�?(Waki 

et al., 2011)� 

  ưǣ*ÎɯȸɆ+, ưǣ*­C°>Í�ȵɐ*ǉȾȀ(³ȻǗ%�?�, �@+ÎɯȸɆ�É
â�?Ņȵɐ*Á�)<?8*%�?�ŅȵɐCȿŲ�?ƼɑCŲ"Ĉĥ*ʧÚǾǩ­�, ȵɐ

*ė%�?M�ZCōť��?*+�ʋ&�$ǅʖȀñ�Å@9�	
8�@(	�y~Lg~

H�CƘ�?ʔËĈĥWUSCHEL (WUS)+, ɢˇÎɯȸɆ* organizing center %Ǿǩ�, Ņȵɐ
*ƜÎãŞCȿŲ�?Á�CƘ�$	?(Laux et al., 1996; Mayer et al., 1998)�WUSʧÚǾǩ­%+

ưǣy���ǟǓÞ*ēĐ%8M�Z�ōť�@, �=)˅ǿ	�)­ȵɐɏ8Íǩ�?(Zuo et 

al., 2002)�WUS+ȕʩ�ʇ2� 3Țˏ*M�Zƫ*ʭ¨ĥǾǩu�sEH�*
 , 2"*ƫ%˗
Ǿǩ�$	?(Iwase et al., 2011a)�WUS*ƼɑɹƤCʤ7?�&%, ɢɥŅȵɐ*ȿŲƼƶ&M�

Zōť9�Īɏōť*�@�@*�ʋ*ʻʢCǪɹ�?�&�%�?%�A
� 
 

3-4. V	�bgP_�"3&JN�.46#u 
 � ưǣ*­°>+��NCǰ	�ŉȬ)²�=@?��(B , ˇȣ)Ħď�?Ņȵɐ�Ǯ5Í

�ȵɐ9�*őÎɯ�$Ě�?ȵɐC�"�"Ȝ5öB�$­°>C�$	?��*�7, ��
N÷Ĝ*Ÿȋ�
4�ɫ
(�@,ǀ�	ŉȬ+ť>ȡ�(	�ȵɐ÷Ĝ*ŸȋC�)Ű!$	

?*�ȵɐěCƶť�?\���Z,� v|\���Z, xQa�('*ğȯˏ%�?�, ʛń�

@=*öť)ʻB?&Ɍ�=@?ʰȳʭ¨ĥ*ƼɑƽžĝǶ­%M�Zōť�ʏ�?�&�ɲƅ

ĕü�@$	?�_nU˚Nicotiana plumbaginifoliat* GLUCURONYL-TRANSFERASE1 (GUT1)

*ĝǶ­+ɢɥ*ˇȣ)M�ZCōť�?(Iwai et al., 2002)�GUT1_�oQ+ưǣ*xQa�*

ƶťťÎ*�"%�?�}lN�Qc�h�-II)R�Q��ʱCʔȘ�?Á�CŲ"�GUT1ĝ
Ƕ­%+�}lN�Qc�h�-II*R�Q��ʱ�w����!$�>, �ƾȵɐě*{f�b

QZōť)Ƕł�ʏ�$	?� 

� X�Hjh[h* tumorous shoot development1 (tsd1) & tsd2 ĝǶ­+, ưǣy���s��*
ēĐ%8ȹ£ē˓óɑ(M�ZCōť�?(Frank et al., 2002). TSD1+ÓR��u*ȏȝʧș
=

KORRIGAN1 (KOR1) 9 RADIAL SWELLING2 (RSW2)&8ÿ,@$	?�, \���Zöť)ʻ

��?əȺöđ* endo-1,4-b-D-glucanaseCU�g�$	?(Nicol et al., 1998; Zuo et al., 2000; Lane 
et al., 2001; Krupková and Schmülling, 2009)�tsd1/kor1/rsw2ĝǶ­%+, \���Zöť�ǀł)ɫ

B@�, Ɩ)xQa�*ȸť8ĝã�, ȺƦ&�$ɢɥ&ƭ*ȸɆã)Ƕł�ʏ�?(Nicol et al., 

1998; His et al., 2001)�TSD2+ÓR��u*ɹƤ
= QUASIMODO2 (QUA2)9 OVERSENSITIVE 

TO SUGAR1 (OSU1) &	
ø×%8Ȍ=@$�>,� V�Y­ĸď*~a�f��ZsJ��]

CU�g�$	?&Ɍ�=@$	?(Mouille et al., 2007; Ralet et al., 2008; Gao et al., 2008)�

TSD2/QUA2/OSU1�'*<
)ȵɐě*Ǯöť)ʻ��$	?
+ƜȌ%�?�, tsd2/qua2/osu1

ĝǶƫ+xQa�*ƶťťÎ*�"%�?y�N�Qc�h�� 50%8ǔĵ�$	?(Krupková 

et al., 2007; Mouille et al., 2007; Ralet et al., 2008)� 

� tsd1/kor1/rsw2 ĝǶ­*M�Zōť+,� ɢˇÎɯȸɆʻʢĈĥ*ǾǩǶł&WHfMHi�ś
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Ȩ*¶ʤ)ʏĈ�$	?
8�@(	 (Krupková and Schmülling, 2009)�²�,ƕʠ

SHOOTMERISTEMLESS 9  CLAVATA3 *Ǿǩ+ɢˇÎɯȸɆ*�)Õʽ�@$	?� , 

tsd1/kor1/rsw2 ĝǶ­*M�Z%+�@=*{�M�ʭ¨ĥ*Ǿǩ�ɸį�@$	?(Krupková 
and Schmülling, 2009)�4�,� tsd1/kor1/rsw2ĝǶ­%+WHfMHi�*śȨ�ƍʤ�$�>, W

HfMHi�Îɹʰȳ*ʭ¨ĥ%�? CYTOKININ OXIDASE1C tsd1/kor1/rsw2ĝǶ­%Ǿǩ��

?&, M�Zã*ōʎ�ŭÕ�@?(Krupková and Schmülling, 2009)��@=*ĕü+, ȵɐěťÎ
*ǀ�	öť�ȸɆ*ȗŇȡ!�Îã)Śˉ%�>, ÷Ɣ)­ȵɐ*ʧÚ(ĚǃCŭ�?t��

O)(!$	?�&Cȓ�$	?��@=*ȵɐěʻʢĝǶ­%ʏ�?ȵɐ*Ěǃ+, ȵɐʺU

|�i�S�X��*ƽɤ)<?ʺŸȀ(Ŏˆ
8�@(	� 
 

3-5. !-% ,*�)$�?K���"3&JN�.46# 
� DNA�*8*9DNA�Ŀ�¢�pZf�_�oQʎ�ãħȀ¸˒Cñ�?&, DNAʯÐ*ĝ
ãC©B�), Ɣ)�£Cʐ�$ʭ¨ĥǾǩ*ğƷŞ�Ǯ5��@?�œƣ* DNAʯÐCʲɷ�

�ʭ¨ħ)İ�$, �*<
(Õŕ)Ĕ#	�ʭ¨ħCKrYJkdGQZ&	
�KrYJk

dGbQ(ĝãCʏ��ÕŕĈĥ+, DNA*~a�ã9pZf�*¸˒Cʠ�$Q�{a�*ǥ
ţCĝã��, ʔËĈĥ* DNA1*Ÿɺ*ňö	('Cĝã��$ʭ¨ĥǾǩCÕŕ�?�Kr

YJkdGbQÕŕĈĥ)<?Ġɶƹ(Q�{a�ǥţ*ĝã+ȵɐ*Îã9ɕÎãCU�f�

���?�řȀ(ŏÛC�$	?&Ɍ�=@$	?(Gaspar-Maia et al., 2011; Grafi et al., 2011)�3
�ˏ%+, ǾǮʦĀ*ǌ4!�ȵɐ+ʠłQ�{a�Cʸ��ǥţ)�$	�, Îã&Ç)ǅʖ

ȀĨĪ��ʭ¨ĥǾǩu�sEH�)(!$	�*)İ�,� ğɑŞCŲ"<
(ȵɐ+Q�{

a�Cʹ	�ǥţ)�, `Hh|bQ(ʭ¨ĥǾǩĝã)İ�?ǘ¾C�$	? (Gaspar-Maia et 
al., 2011)�ưǣ%8÷Ʒ*Õŕ��?
)"	$+4�ÒǠ&�(	&�A�ğ	�, 	�"
*

ȵɐħȀ(ȏȝ
=, ưǣ*Q�{a�ǥţ8ȵɐ*Îãǥţ)©!$ĝã�$	?�&�ĕü

�@$	?(Zhao et al., 2001; Verdeil et al., 2007)�  
 Polycomb Repressive Complex1 (PRC1) & PRC2+ʤãȀ)·Ħ�@�_�oQʎɲö­%�>,

pZf�*ãħȀ¸˒)ʻ��$	?�áǣ%+ PRC2+pZf� H3* 27ǵȄ*�Y�Cf�

~a�ã(H3K27me3)�?�,� �*
pZf�{�Q+	B:?ʸ��Q

�{a�ǥţC"�>, ʭ¨ĥ*Ǿ

ǩCŭ�?��Ɗ,� PRC˜+pZf
� H2A * 119 ǵȄ)�?�Y�C

� l � q O a � ã � ? �

(H2AK119ub), �*pZf�{�Q
8ʛ½)�?ʭ¨ĥǾǩ)ŭÕȀ)

Á��X�IY�InK%ǶũȀ(

ĆĩōťC�?ĝǶ­
=Ñ7$

PRC�ɵ"�=@�<
), PRC+

Ʒ�(ȵɐ*ǾǮʦĀCȿŲ�?Á

�C�?(Ringrose and Paro, 2004)� 
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 ưǣ%+, PRC�Îã�$	?Ćĩ%ɏǾǮ&ÎɯȸɆ*u�R�}Cŭ�$	?, &	
�&

�ğ�*�²)<!$ȓ�@$	?�X�Hjh[h%+ PRCCƶť�?_�oQʎ*ğ��ʲ

ɲ�$U�g�@$	?�, �@=*�ʲĝǶ­, ²�, PRC2 * CURLY LEAF (CLF) &
SWINGER (SWN)*�ʲĝǶ­ clf swn 9,� VERNALIZATION2 (VRN2)& EMBRYONIC FLOWER2 

(EMF2)*�ʲĝǶ­ emf2 vrn2+, Ǿɠő48(��$M�ZCǮ�?(Chanvivattana et al., 2004; 

Schubert et al., 2005) � ÷ Ʒ * M � Z ō ť � ¡ * PRC2 * ƶ ť ɴ ȳ * � "

FERTILIZATION-INDEPENDENT ENDOSPERM (FIE)*ĝǶ­%8ĕü�@$	?(Bouyer et al., 

2011)�ưǣ%* PRC1*Ħď+ʷ	ʺȌ=@$	(
!��, ă�ˏ%* RING finger _�oQ

ʎ*y��R%�?At-BMI1A & At-BMI1B�ʛń)(!$÷Ī�@$	?(Sanchez-Pulido et al., 
2008)�PRC2*ĝǶ­&÷Ʒ), At-bmi1a-1 bmi1b*�ʲĝǶ­+Ǿɠőƌ	Ǆʿ%M�ZCōť

�$�4
(Bratzel et al., 2010)� 

� �@=*PRC29PRC1ĝǶ­*ōʎ+ɏǾǮʻʢĈĥ%�?LEC1, LEC2, AGL15, BBM*Ƕũ

Ȁ(ʧÚǾǩ9WUS 9WUSHEL RELATED HOMEOBOX5 (WOX5)('*ŅȵɐʻʢĈĥ*Ƕũ

Ȁ(Ǿǩ)<!$ŋ�ʏ��@$	?(Bratzel et al., 2010; Bouyer et al., 2011)�×ʜ��<
),� �

@=*ʭ¨ĥ*3&D'+ʧÚǾǩ%M�Z�Ǯ�?��=), �@=*ʭ¨ĥ*3&D')+
H3K27me3 9 H2AK119ub *pZf�{�Q�Å!$	?�&�ȓ�@$	?�"4>�@=*

ʭ¨ĥ� PRC1 9 PRC2 *ȅŸȀ(_�Tbf)(!$�>, Ǿǩ�ŭ�=@?�&%M�Zã

�ŭ�=@$	?�&CŌ�ȓĄ�$	?(Bratzel et al., 2010; Bouyer et al., 2011; Yang et al., 2013)� 
� PICKLE (PKL) _�oQʎ+ Chromodomain-Helicase-DNA binding3 (CHD3)R��u)Îˏ�@

?Q�{a���e��RsEQ_�%�>, ʧÚ(ȵɐÎɯCŭ�?*)�řȀ(ŏÛCŰ!

$	?<
%�?�pkl ĝǶ­8Ǿɠő��)M�ZCǮ�?(Ogas et al., 1997, 1999)�CHD3/ 
CHD4 Q�Z*Q�{a���e��RĈĥ+, áǣ%+pZf�*ɕF\a�ãʰȳ&�$Ƽ

ɑ�?(Hollender and Liu, 2008)�M�Zʂĳ*Fb\Hȱ%, ĞĈŞ*WHfMHi�)İ�?�

Zz�Z���!$	?ĝǶ­&�$ cytokinin-hyper-sensitive2 �è˃�@$	?�, �*êĈʭ
¨ĥ+ pklĝǶ*ÓF��%�?�&�Ɨʛ*ȏȝ%Ə=
)�@$	?(Furuta et al., 2011)�p

Zf�ɕF\a�ãʰȳ*ʼĬØ%�?f�UZ_a�ACʳǮƫ)ÌǪ�?&WHfMHi�

śȨ*ƍʤ�Êǩ�@?*%, PKL +pZf�*ɕF\a�ã)Á��&�ȓĄ�@?(Furuta et 
al., 2011)��=) PKL +, H3K27me3*¸˒)8ʻB!$	?<
%�?��@+ pklĝǶ­%

+ LEC1 & LEC2� H3K27me3{�Q*�w����!$	?�&
=�Š�@$	?�ȺƦ&

�$ pklĝǶ­%+ LEC19 LEC2Ǿǩ*ŭÕɹʾ�ʏ�>M�Z�ʂĳ�@?(Zhang et al., 2008, 
2012)�  

  Q�{a�ÕŕĈĥ�ȅŸʔËĈĥ)°ǰ�Q�{a�ǥţCĝã��?�&%, ʔËĈĥ*

_�Tbfʭ¨ĥ*ǾǩCÕŕ�?&	
²�ʛńĕü�@$	?�PRC1 *ƶťɴȳ%�?
At-BMI1 _�oQ , B3 g~H�ʔËĈĥ%�? VP1/ABI3-LIKE1 (VAL1; HIGH-LEVEL 

EXPRRESSION OF SUGAR-INDUCIBLE GENE2 [HSI2]&�$8Ȍ=@$	? )&Ⱥö� , 

H2AK119ubC��$ LEC1 & LEC2*ǾǩCŭ�$	?(Yang et al., 2013)�4�, VAL1/HSI2*
y��R%�? VAL2/HSI2-LIKE1 (HSL1)+, HISTONE DEACETYLASE19 (HDA19)&Ⱥö�, F

\a�ã�@$	?pZf� H3(H3Ac)& H4(H4Ac)CɕF\a�ã�?�&)<!$ LEC1 & 

LEC2*ǾǩCŭ�$	?(Zhou et al., 2013)��@=*ĕü¤×) VAL1/ HSI2 & VAL2/HSL1+,
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Ƽɑʲɲ��ʔËŭÕĈĥ&�$, ɠǮ�Ɣ)ɏǾǮʻʢĈĥ*ǾǩCŭ�?�&%Ʃ˓Ȇ1*

ʔŻC8�=�$	?&ĕü�@$	�(Tsukagoshi et al., 2007)�4� hsi2 hsl1�ʲĝǶ­%+ɠ

Ǯ�ő)M�Z�Ǯ�? (Tsukagoshi et al., 2007)��@=CɁö�$Ɍ�?&, H2AK119ub 9 
H3/H4Ac*ɕF\a�ã)<!$8Ǿɠő*ȸɆ%*M�Zã�ŭÕ�@$	?�&�Ƞ�?� 
 

3-6. ��:�?KUT 
� X�Hjh[h*ȸɆē˓ȱ(Valvekens et al.1988))�	$, M�Zã9ƭ9ɢɥ1*ÊÎã�

ŭ�=@?ǖňŢñŞĝǶ­�ƅğ�è˃�@$	? (Yasutani et al. 1994; Sugiyama 2003; 

Konishi and Sugiyama; 2003)��*�%, SHOOT REDIFFERENTIATION DEFECTIVE2 (SRD2)ʭ¨ĥ
*ƼɑƽžĝǶ­+M�Zã9�@)ŋ�Ⱦ�ɢɥ*ÊÎã�ŭ�=@?�(Ozawa et al., 1998; 

Ohtani and Sugiyama, 2005), SRD2 ʭ¨ĥ+ small nuclear RNA (snRNA)*ʔË)Śɴ(pf*

SNAP50ʭ¨ĥ&ʯÐȆ÷Ş�˗	�īˀ, srd2ĝǶƫ%+Õʽǖň�% snRNA*ʔË�%�(
	�snRNA+Zu�H^^�}*ƶťɴȳ&�$ RNAZu�HX�R%Ƽɑ�?&Ɍ�=@$

	?�7(Burge et al., 1999), SRD2C��� snRNA �CIM%*M�ZōťƔ* pre-mRNA *Zu

�HX�R)ʻ��(Ohtani and Sugiyama, 2005), �*ʧș)<!$°=@?®=
*_�oQʎ
�M�Zōť&ɢɥÊǮ)°ǰ�$	?�&��Š�@?�īˀ, M�ZʂĳƔ)+`Hh|b

Q(Ƭ_�oQʎ*ĝã�ʏ�$	?�&�u�dL|QZFu��a)<!$ȓ�@$	?�

(Chitteti and Peng, 2007; Chitteti et al., 2008), M�ZʂĳƔ* snRNA*_�Tbf&(?Îĥ�Ǥ
Ī%�@,Ġ�(ʤĹ)Ʌ�?&ƚŐ�@?� 

� Ä&Ǯǣ*śȨ&*ʻµ+, ƭƞȀ%�>(�=ƜȌ*ʮÎ8ğ�Ġĝɜþǒ	�ȕ� 8, Ä

ǡĲ*Ƙǟ)<!$M�Zã*ňö	�ĝã�?�&Cȑʀ�$	?(Ikeuchi, unpublished)�ÄX
Rh�&ȵɐýƚ9ȵɐ�u�R�|�R&*ʻʢ)"	$+, ɳǑ=)<?Ȥ 5 ȢCìǡ�@

�	� 
 

4. ���� 
� L�OX�&WHfMHi�)<?M�Zãȹʒ%�@�@ʲɴ(Ĉĥ%�? LBD9ARRC

û7, Ʒ�(ʔËĈĥ�M�Zã)ʻ��?�&�Î
!$����@=*Ĉĥ�, '*<
)ȵ
ɐÎɯCƍʤ�?*
, 4�, '*<
)ÎãÆɑŞCǾż��?*
)ʻ�$+, ȵɐ�w�

%*Ɩ(?ȏȝCʤ7$ɫ�Śɴ��?�ƞț%Ǧȡ�$ȶ���õ�ʋ9õĈĥ*	�"
)

ʻ�$+,� ȕ� �ǩďʤ7$	?ȏȝ
=Õŕʻµ)�?8*�Î
>""�? (Ikeuchi and 
Iwase et al. submitted; Iwase et al. in preparation)��ő*ȏȝ)<!$+, Ǧȡ&ŜB@$	�ʔËĈ

ĥ÷Ĝ*��ʻµ�ɵ�$�?
8�@(	�, Çʠ*�ǐĈĥȦ8è˃�@$�?
8�@(

	�8��+, 9+>Æ�Ǧȡ��ȵɐ�u�R�|�Rȹʒ%�!�, ('&	
�&�Î
!
$8˅ǿ	� 

  ĵ(�&8X�Hjh[h)�	$+, ɏǾǮƔ)Ƽɑ�?Ĉĥ9ÎɯȸɆ*ȿŲ)ʻB?Ĉ

ĥCèǦ%ʧÚǾǩ��?��%M�Z�ʂĳ%�?&	
�&�Î
!$��˚Ċ 6 �̨�*�
ī
=4�ȓĄ�@?*+, M�ZC°?&	
ȄȀ)İ�$ʠł*ǾǮ�Îã%±B@?Ĉĥ

CÔǰ�?�&%8ʩťóɑ�&	
�&%�?�4� 1"*ʔËĈĥ%�u�R�|�R�ó

ɑ%�?&	
*+, iPS ȵɐC°?ˀ) 4 "*ʔËĈĥ�Śɴ(�&(Takahashi and Yamanaka, 
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2006) &+İǡȀ%�?�Ʒ�(KrYJkdGbQĈĥ��@=*ưǣ*ʔËĈĥ*ǾǩCÕ

ŕ�$	?�&8Î
!$���̊ Ċ 7 ,̨ ²�,, PRC2*Ƽɑƽž)ɸ=@?<
), �Țˏ*

pZf�{�Q�Å=(	��%ɲƅ*M�Zã)ʻ��?ʔËĈĥ��Ɔ)Ǿǩ�$�?�&

8, iPSȵɐ* 4"*Ĉĥ��@�@ DNA ~a�ã,  H3K9me3,  H3K27me3('*Ƕ(?ʿĻ

*{�Q%Ó�)Õŕ�@$	?�&(Hawkins et al., 2010)&+İǡȀ%�?�ǾǮ&ÎãCǀ�

�ʤ7""8, ˗	Îã*óĘŞ+ȿŲ�$	
(�$+(=(	&	
ưǣ*Y��{+, �
*<
(ǊǰŞ�˗�àƦȀ(ĈĥɉC, Q�{a��w�%ƔʺȀ, ȞʺȀ)ǾǩÕŕ�"", 

Ėö)<!$+t��OCĞ�$�Ǉ)Ǿǩ��?&	
<
(XZd}%Ƃ�=@$	?*


8�@(	� 
  ǬęZf�Z)ȳƌ�İś�, (D&�$8�*Ė%Ǯ�ů	$ɫ��ǩďɵ�$�$	?

Ʒ�(M�Zã*FQ\�&t��OƼƶ+, �D(�ưǣ=���&8ɻ
2�, ưǣȵɐ�Ų

"˗	Îã*óĘŞCƂ�?~Mi[}*�ȣCƒ�Í�
&�$	?�ȵɐ�u�R�|�R

*Ǫɹ)İ�$<>Q�F(ÂCȺ0�7)+, ¹�*�ʋ)İ�$, ȵɐ�w�, Îĥ�w�

%*Ɩ(?Ǫɹ�Śɴ%�>,� 4��@�@*�ʋ�'*<
)ʻʢ�$�?*
ƺƈȀ�Ɂö

Ȁ(ȏȝCʤ7$ɫ�Śɴ��?�ƜȌ*Ƽƶ*ŷȴCû7, ȏȝʆˍ�ķ�?�&�(	<

)ŜB@?�4�Ŧ�Č+, ĔȒ, śǰ*�˅)�	$ưǣ�u�R�|�Rȏȝ*ĠČ%�?�

&+ȏȝ*ǁô
=ɵ$Ƿ
¯Đ+(	�ɧȜ�$	?Ȍɵ9lImICæÎ)Ǐ
�"", ư

ǣ=��*�ȣC�ő8ɹ�Ə
�(�=, ȸɆē˓*àǨãȦ*śǰȏȝ)8ð>ȸD%ɫ�
�	&Ɍ�$	?� 
 

5. km 
� ƞț%ȶ���ɦɍ=*ȏȝ+, ʘƥǈǯƳ�ˑāǯƳȖħŬɬȏȝŹʤ�Ƴ, ƉħɬˊĒ�Ġ

ĐǬęĝá)İ�?ưǣ*ǮĦ�ťʷȟȐÝ*ÎĥȀȼöɹƤ�̊ 22119010 ,̨ �</Ȗħȏȝʌ

ßť�Ƴ˚24770053˛*ƂŽCŔ$ʥɫ��� 
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for root gravitropism13,14. By one day post cut, Lugol staining confirmed
de novo starch accumulation above the cut site (Fig. 2a and
Supplementary Fig. 4). More intense staining was observed two days
post cut (Fig. 2a and Supplementary Fig. 4). To test for recovery of
columella function, we subjected regenerating roots to a standard gravi-
tropism assay by reorienting them perpendicularly to the gravity vector
and scoring the response over time. All wild-type roots showed a clear
gravitropic response within 12 h. Although cut roots did not respond to
gravity in the first 12 h after excision when cut at 130mm, 13.8% of the
cut roots exhibited a clear gravitropic response at 1 day post cut, 55.4%
at 2 days post cut and 89.2% at 3 days post cut (n 5 65, for all time
points). However, the quiescent-centre-specific marker WUSCHEL
RELATED HOMEOBOX 5 (WOX5) was either ectopically expressed
in the endodermal file or, at times, expressed in differentiated columella
cells at one day post cut (Fig. 2a and Supplementary Fig. 4). Thus, as
early as one day after complete columella excision, a new set of cells
expressed columella markers and performed columella-specific func-
tions while the morphology of the stem cell niche had not yet recovered.

Given the early re-establishment of a differentiated cell type, we
tested the requirement for functional stem cells by using mutants in
which post-embryonic root growth ceases due to the failure to main-
tain the stem cell niche. The PLETHORA (PLT) gene family has been
shown to be critical for root formation15, with the double mutant
plt1plt2 showing differentiation of stem cells at three days post ger-
mination5, as verified under our conditions (Fig. 2b, note the lack of
stem cell layer between the quiescent centre and the starch-stained
columella). The uncut double mutant root has abnormal tip and stem
cell niche morphology but normal gravitropism and convergent lon-
gitudinal cell files5. Surprisingly, plt1plt2 roots cut at four days post

germination quickly regenerated by re-establishing the U-shaped con-
vergent pattern of longitudinal cell files at the tip (Fig. 2c, e and
Supplementary Fig. 5a). Moreover, starch granules accumulated in
the regenerating double mutants (Fig. 2d) and the gravitropic response
was re-established (Fig. 2c and Supplementary Fig. 6), indicating that
functional columella cells were re-specified during regeneration.
Similarly, scarecrow (scr) mutants, which fail to maintain root stem cell
function through a pathway independent of PLT1 and PLT2 (refs 5, 16,
17), were also able to restore their pre-cut pattern, starch staining and
gravitropism (Fig. 2b–d, f and Supplementary Figs 5b and 6). PLT1 and
PLT2 are expressed early in regeneration in wild-type roots (Supple-
mentary Fig. 7). However, using microarray comparison of plt1plt2
mutant and wild-type roots, we ruled out that PLT1- and PLT2-
dependent genes were induced by alternative mechanisms in regenerat-
ing double mutants (Supplementary Fig. 8). We note that a lower
percentage of plt1plt2 and scr mutants regenerated compared to wild-
type roots (Fig. 2c), which we hypothesize is due to the documented
effect of both mutants in reducing cell divisions in the meristematic
zone15,17—the pool of cells recruited for regeneration. Together, these
results show that stem cell niche activity is not necessary for early root-
tip regeneration and imply the existence of an independent mechanism
for cell specification and patterning in the meristematic region.

Several results suggest that auxin, which has been shown to position
the root stem cell niche and to form a potentially instructive concen-
tration gradient18,19, may be a critical component of the mechanism that
coordinates organogenesis20. First, roots failed to regenerate beyond the
earliest stages when we blocked auxin transport during regeneration
using N-1-naphthylphthalamic acid (NPA; Supplementary Fig. 9).
Second, auxin efflux carriers and an auxin-responsive reporter
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Figure 1 | Root-tip regeneration and cell fate re-
specification in wild type. a, Schematic of
Arabidopsis root apical meristem with quiescent
centre (70 mm) and standard excision point
(130mm) positions; LRC, lateral root cap.
b, Regeneration frequency in wild type (Col-0);
n 5 102 (70 mm), 57 (130mm), 111 (200mm), 32
(270mm); error bars, standard error of the
estimate of the proportion (Methods).
c–e, Confocal time-lapse of single regenerating
roots in CYCB1;1::GFP (c), the columella marker
PET111 (d) and the quiescent-centre-specific
promoter fusion pWOX5::GFP(ER) (e), at
consecutive days post cut (d.p.c.); scale bars,
50mm. f, Expression levels of columella-enriched
(n 5 103, top panels) and quiescent-centre-
enriched (n 5 95, bottom panels) transcripts
during regeneration; left, expression in cell types
of uncut roots9–11; right, expression in uncut tips
or regenerating stumps at the time points
indicated.
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㸯. ࡟ࡵࡌࡣ 
 ከ⣽⬊⏕≀ࡿࢀࡽࡳ࡟ᖿ⣽⬊ࠊࡣ⮬ᕫ」〇⬟ຊ࡜ศ໬ࡓࡋ⣽⬊ࡳ⏕ࢆฟࡍ⬟ຊࡢ୧᪉ࡓࡗࡶࢆ

⣽⬊࡛ࠊࡾ࠶ከ⣽⬊యไࡢ㉳Ⅼࡿ࡞࡜⣽⬊࡛ࠋࡿ࠶ᖿ⣽⬊ࠊࡣ⏕≀ಶయࡢ≉ᐃࡢሙᡤ࡟⥔ᣢࢀࡉ

⬊⣽ࡓࡋศ໬ࡓࡲࠋ(Weigel and Jurgens, 2002) ࡿ࠸࡚ࢀࡉᣢ⥔࡛࣒ࢸࢫ࣓ࣜࡣ࡛≀Ꮚ᳜✀ࠊࡾ࠾࡚

࢖࢝ࢺ࢖ࢧࠊࣥࢩ࣮࢟࢜ࢆ∦⧊⤌ࡢ≀Ꮚ᳜✀ࠊࡤ࠼౛ࠋࡿ࠶࡛⬟ྍࡶ࡜ࡇࡿࡍㄏᑟࢆ⬊ᖿ⣽ࡽ࠿

ᖿ࡚ࡋ౫Ꮡ࡟ᗘ⃰ࣥࣔࣝ࣍≀᳜ࠊࢀࡉㄏᑟࡀࢫࣝ࢝ࡽ࠿⬊ศ໬⣽ࠊ࡜ࡿࡍᇵᆅ࡛ᇵ㣴ࡴྵࢆࣥࢽ

⣽⬊ࡀ࣒ࢸࢫ࣓ࣜࡔࢇྵࢆᙧᡂ့ࡓࡲࠋࡿࢀࡉங㢮࡛ᩘࠊࡶ✀㢮ࡢ㑇ఏᏊࢆⓎ⌧ࡼ࡟࡜ࡇࡿࡏࡉ

ࡿࡏࡉኚ໬࡟⣽⬊㸦iPS⣽⬊㸧ࡢᛶᖿ⣽⬊ᵝ⬇ࠊࢆ⬊ศ໬⣽ࡢࡃከࡓࡋ࡜ࡵጞࢆ⬊ⱆ⣽⥔⧅ࠊ࡚ࡗ

 ࠋ(Masip et al., 2010) ࡿ࠸࡚ࡗ࡞࡟⬟ྍࡀ࡜ࡇ

 ㏻ᖖࠊศ໬⣽⬊ࡣ⣽⬊ቑṪࢆ೵Ṇ࡚ࡋ≉ᐃࡢ⣽⬊ᶵ⬟ࢆᯝࠊࡵࡓࡢࡑࠋࡿ࠸࡚ࡋࡓศ໬⣽⬊ࡀ

ᖿ⣽⬊࡬ኚ໬ࡿࡍ㐣⛬㸦ᖿ⣽⬊໬㸧࡛ࠊࡣศ໬⣽⬊ࡀ⣽⬊࿘ᮇࢆ෌㛤ࡢࡑࠊ࡟ࡶ࡜࡜ࡿࡍศ໬⣽

ࡢ⣽⬊࿘ᮇࡢ⬊ศ໬⣽ࠊࡓࡲࠋࡿࡍᚓ⋓ࢆᛶ㉁ࡢ⬊ᖿ⣽ࡋࢺࢵࢭࣜࢆᛶ㉁ࡢ⬊⣽ࡿ࠸࡚ࡗᣢࡀ⬊

෌㛤ࡢࡑࡧࡼ࠾ࠊ㐍⾜ࠊࡣᖿ⣽⬊ࡢᛶ㉁ࢆ⋓ᚓ࡟ࡵࡓࡿࡍᚲせࡀ࡜ࡇࡿ࠶࡛ࢫࢭࣟࣉ࡞ศ࡚ࡗ࠿

⣽⬊࿘ࠕࡣ࡛⛬㐣ࡢᖿ⣽⬊໬ࠊࡵࡓࡢࡑࠋ(Che et al., 2007; Hanna et al., 2009; Kim et al., 2011) ࡓࡁ

ᮇࡢ෌㛤࣭㐍⾜ࠖࠕ࡜⣽⬊ᛶ㉁ࡢኚ໬ࠖࡀ༠ㄪⓗ࡟ไᚚࡿࢀࡉᚲせࡢࡑࠊࡀࡿ࠶ࡀศᏊᶵᵓࡼࡣ

 ࠋ࠸࡞࠸࡚ࡗ࠿ศࡃ

ࣥࢭ≀᳜ࢣࢥࡿࡁㄏᑟ࡛࡟ᐜ᫆ࢆ⬊ᖿ⣽ࡽ࠿⬊ศ໬⣽ࠊࡣ࡛ࣉ࣮ࣝࢢ✲◊ࡿ࠸࡚ࡋᡤᒓࡀ⪅➹ 

㢮࡟ᒓࢣࢦࢿ࢞ࣜࢶ࣓ࣄࡿࡍ㸦Physcomitrella patens㸧ࡢࡑࠊ࡚࠸⏝ࢆㅦࡇࡑࠋࡓࡁ࡛ࢇ⤌ࡾྲྀ࡟

࡛ᮏ✏࡛ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊࡣᖿ⣽⬊໬ࡿࡅ࠾࡟⣽⬊࿘ᮇࡢ෌㛤࡜⣽⬊ᛶ㉁ࡢኚ໬ࢆ༠ㄪⓗ࡟

ไᚚࡿ࠸࡚ࡋศᏊᶵᵓ࡚࠸ࡘ࡟ゎㄝࠋࡿࡍ 
 

㸰. ᖿ⣽⬊໬◊✲ࢣࢦࢿ࢞ࣜࢶ࣓ࣄࡢ࡚ࡋ࡜≀᳜ࣝࢹࣔࡢ 
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άྐࠊࡓࡲࠋࡘࡶࢆ㝣ୖ᳜≀࡛᭱ࡶᐜ

᫆࡟㑇ఏᏊ࡜ࡇ࠺⾜ࢆࢢࣥ࢕ࢸࢤ࣮ࢱ

ࡋ࡜≀㝣ୖ᳜ࡢᏊ᳜≀௨እ⿕ࠊࡁ࡛ࡀ

࠸࡚ࡋ᏶஢ࡀゎᯒ࣒ࣀࢤ඲࡚ࡵึࡣ࡚

 ,.Rensing et al., 2008; Zimmer et al) ࡿ

ࠊ࡚ࡋ⏝฼ࢆ㑇ఏᏊ᝟ሗࡵࡓࡢࡑࠋ(2013

㑇ఏᏊ◚ቯࡣ࠸ࡿ࠶ࠊ⥳Ⰽ⺯ගࣃࣥࢱ

㑇ఏᏊ࣮ࢱ࣮࣏ࣞࡢ࡝࡞㉁㸦GFP㸧ࢡ

 ࠋ࠸ࡍࡸ࠸⾜ࢆᶵ⬟ゎᯒࡢ㑇ఏᏊࠊࡁ࡛ࡀ࡜ࡇࡿࡍᤄධ࡟ᐜ᫆࡟ᡤ⟠ࡢⓗ┠ࢆ

࣓ࣄࠋࡿ࠶ᐜ࡛᫆ࡀほᐹࡢ࡛ࣝ࣋ࣞ⬊⣽ࠊࡃࡍࡸࡋㄏᑟࢆ⬊ᖿ⣽ࠊࡣࢣࢦࢿ࢞ࣜࢶ࣓ࣄ࡟ࡽࡉ 

⧞ࢆ⣽⬊ศ⿣࡜ඛ➃ᡂ㛗ࠊࢀࡉᙧᡂࡀ⬊㡬➃ᖿ⣽࣐ࢿࣟࣟࢡ࡜ࡿࡍⓎⱆࡀᏊ⬊ࠊࡣࢣࢦࢿ࢞ࣜࢶ

㛗㍈ࡢ⬊⣽ࢆ⣽⬊ቨࡿ㝸࡚ࢆ⣽⬊ྠኈࡿࡍ㞄᥋ࠊࡕᣢ࡟ᐦࢆⴥ⥳య࠸୸࡟⣽⬊ෆࠊ࡛࡜ࡇࡍ㏉ࡾ

㸦ᅗࡍฟࡳ⏕ࢆ⬊⣽࣐ࢿࣟࣟࢡࡿࡍᙧᡂ࡟┤ᆶ࡚ࡋᑐ࡟ 1A㸹 Kofuji and Hasebe, 2014)ࡼ࡟ࢀࡇࠋ

ࠊࡣ⬊㡬➃ᖿ⣽࣐ࢿࣟࣟࢡࠊ࡜ࡿࡍࡃࡽࡤࡋࠋࡿࢀࡉᙧᡂࡀ࣐ࢿࣟࣟࢡࡔࢇ୪࡟ิ୍ࡀ⬊⣽ࠊࡾ

㛗ࡢ⬊⣽ࢆ㝸ቨࠊࡕᣢ࡟ࡽࡤࡲ࡟୰ࡢ⬊⣽ࢆⴥ⥳యࡢ⣳㗽ᆺࠊࡋኚ໬࡜࡬⬊㡬➃ᖿ⣽࣐ࢿࣟ࢘࢝

㍈࡟ᑐ࡟ࡵᩳ࡚ࡋᙧᡂ࣐ࢿࣟ࢘࢝ࡿࡍ⣽⬊ࢆసࡾฟ୍ࠊࡓࡲࠋࡃ࠸࡚ࡋ㒊࣐ࢿࣟ࢘࢝ࡢ⣽⬊ࡽ࠿

ⱆศ໬ࠊࡌ⏕ࡀⱼ࡜ⴥࡿ࡞ࡽ࠿ⱼⴥయࡀᙧᡂࡿࢀࡉ㸦ᅗ 1B㸧ࡢࡑࠋⴥࠊࡣ୰⫘㒊ศࢆ㝖୍࡚࠸ᒙ

 ࠋࡿ࠸࡚ࢀࡉᵓᡂ࡛ࡳࡢ⬊⣽ࡢ

ࡓࡋ㠃࡟ษ᩿㠃࡛ࡋ࡞ࣥࣔࣝ࣍≀᳜ࠊ࡜ࡍ㞳ࡾษࡽ࠿ⱼⴥయࢆⴥࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊ࡚ࡋࡑ 

ⴥ⣽⬊࡛⣽⬊࿘ᮇࡢ෌㛤ࠊࡾࡇ࠾ࡀษ᩿ᚋ 2 ᪥௨ෆ࣐ࢿࣟࣟࢡ࡟㡬➃ᖿ⣽⬊ࡀᙧᡂࡿࢀࡉ㸦ᅗ 2㸹

Ishikawa et al., 2011)ࠊࡣࢣࢦࢿ࢞ࣜࢶ࣓ࣄ࡟࠺ࡼࡢࡇࠋᐜ᫆࡟ᖿ⣽⬊ࢆㄏᑟࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍ

ᖿ⣽ࠊࡵࡓࡿࡁ࡛ࡀ࡜ࡇࡿࡍほᐹࢆⓗኚ໬ືࡢ⬊⣽ࡢࡑࠊࡋᐃ≉ࢆ⬊⣽ࡿࡍᖿ⣽⬊໬ࠊ࡟ࡶ࡜࡜

⬊໬◊✲ࡢඃ࡜ࡿ࠶࡛ࡘ୍ࡢ≀⏕ࣝࢹࣔࡓࢀゝࡀ⪅➹ࠋࡿ࠼ᡤᒓࡇࠊࡣ࡛ࣉ࣮ࣝࢢ✲◊ࡿ࠸࡚ࡋ

⬊⣽࡜⣽⬊࿘ᮇࠊ࠸⾜ࢆゎᯒࡢᅉᏊࡿࢃ㛵࡟ᖿ⣽⬊໬ࠊࡋ࠿⏕ࢆ฼Ⅼࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࡢࡽࢀ

ᛶ㉁ࡢኚ໬ࢆ༠ㄪⓗ࡟ไᚚࡿࡍศᏊᶵᵓࢆ➃୍ࡢ᫂ࠋࡓࡁ࡚ࡋ࡟࠿ࡽ 

ᅗ㸯.㸦A㸧࡜࣐ࢿࣟࣟࢡ㸦B㸧ⱼⴥయࠋ 

㸦ࠊࡣ࣮ࣂ࣮ࣝࢣࢫ[A] 100 µm,  [B] 1 mm㸧 

ᅗ㸰. ษ᩿ⴥࡢ⤒᫬ⓗኚ໬ 

ᖿ⣽⬊໬ࡓࡋ⣽⬊ࢆ㙨࡛⾲ࠋࡿ࠸࡚ࡋ㸦300ࠊࡣ࣮ࣂ࣮ࣝࢣࢫ µm㸧෗┿ᥦ౪㸸Liechi Zhang 
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㸱. ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄᖿ⣽⬊໬ࡿࡅ࠾࡟⣽⬊࿘ᮇࡢ෌㛤 
 ከ⣽⬊యไࢆᵓ⠏ࡿ࠸࡚ࡋศ໬⣽⬊ࡢከࠊࡣࡃ⣽⬊࿘ᮇ G1 ᮇ࡛೵Ṇࠋࡿ࠸࡚ࡋቑṪᅉᏊࡸയ

ᐖࡀ่⃭࡚ࡗࡼ࡟࡝࡞ຍ୍ࠊ࡜ࡿࢃ㒊ࡢ⣽⬊ࡀ⣽⬊࿘ᮇࢆ෌㛤ࡏࡉ⣽⬊ቑṪࡀ㉳ࠋࡿࡇ┿᰾⏕≀

 :Cyclin-dependent kinase) ࢮ࣮ࢼ࢟౫Ꮡᛶࣥࣜࢡ࢖ࢧ࡜ࣥࣜࢡ࢖ࢧࠊࡣ⾜෌㛤࣭㐍ࡢ⣽⬊࿘ᮇࡢ

CDK) ࡢ」ྜయ࡚ࡗࡼ࡟ไᚚࡿ࠸࡚ࢀࡉ (Komaki and Sugimoto, 2012)ࣀࢤࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠋ

࡟ᖿ⣽⬊໬ࠊ࡛ࡇࡑࠋ(Rensing et al., 2008) ࡿ࠸࡚ࢀࡉಖᏑࡀ㑇ఏᏊࡿࡍࢻ࣮ࢥࢆࡽࢀࡇࠊࡶ࡟࣒

ࡸ⌧㑇ఏᏊⓎࡢࡽࢀࡇࡿࡅ࠾ CDK ࡢ⣽⬊࿘ᮇࠊࢁࡇ࡜ࡓ࡭ㄪࢆάᛶࢮ࣮ࢼ࢟ G1 ᮇࡽ࠿ S ᮇࡢ࡬

⛣⾜᫬࡟ᶵ⬟ࡿࡍ D ࣜࢡ࢖ࢧíࣉ࢖ࢱ  ࣥ (CYCD) ࠊࡀษ᩿ᚋ 12 ᫬㛫┠࡛ࡾࡓ࠶ษ᩿㠃࡟㠃ࡿࡍ

⣽⬊࡛Ⓨ⌧ࡢࡑࠊࡋ᪼ୖࡀᚋࠊG2 ᮇࡽ࠿ M ᮇࢆ⾜⛣ࡢ࡬ไᚚࡿࡍ B ⌧Ⓨࡀࣥࣜࢡ࢖ࢧíࣉ࢖ࢱ

ࡍࡓᯝࢆᙺ๭࡞୰ᚰⓗࡢ⣽⬊࿘ᮇไᚚࠊ᪉୍ࠋ(Ishikawa et al., 2011) ࡓࡁ࡚ࡋ A ࣉ࢖ࢱ CDK 

(CDKA) ࡣ࡟ࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊࡣ CDKA;1 ࡜ CDKA;2 ษ᩿ࡶࡽࡕ࡝ࠊࡀࡿ࠸࡚ࡋᏑᅾࡀࡘ஧ࡢ

๓ࡢⴥ⣽⬊඲య࡛Ⓨ⌧ࢮ࣮ࢼ࢟ࡢࡑࠊࡀࡓ࠸࡚ࡋάᛶࡣ CYCD ࡓࡲࠋࡓࡋ᪼ୖ࡟ࡶ࡜࡜⌧Ⓨࡢ

⣽⬊㉁ศ⿣๓ࡿ࠶࡛ࢢࣟࢼ࢔ࣥࢪ࣑ࢳ࡟ EdU ࣓ࣄࠊࡽ࠿࡜ࡇࡢࡽࢀࡇࠋࡓࢀࡉほᐹࡀࡳ㎸ࡾྲྀࡢ

࡟ᵝྠ࡜⬊ศ໬⣽ࡢ≀⏕⬊ከ⣽ࡢ௚ࠊࡣ⬊ⴥ⣽ࡢࢣࢦࢿ࢞ࣜࢶ G1 ᮇ࡟೵Ṇࠊࡾ࠾࡚ࡋษ่᩿⃭

ࡀ⣽⬊࿘ᮇ࡚ࡗࡼ࡟ G1 ᮇࡽ࠿෌㛤࡜ࡿࡍண᝿ࠋࡓࢀࡉ 

ࡢ⬊ⴥ⣽࡛࣮ࣜࢺ࣓ࢺ࢖ࢧ࣮ࣟࣇࠊࡀࢁࡇ࡜  DNA 㔞ࢆㄪࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊ࡜ࡿࡳ࡚࡭ⱼ

ⴥయᩘ༙ࡣయୡ௦࡛2ࡰ࡯ࠊࡎࡽࢃ࠿࠿ࡶ࡟ࡿ࠶Cࡢ᰾DNA㔞࡛ࡀ࡜ࡇࡿ࠶ศࡓࡗ࠿ (Ishikawa et 

al., 2011)ࠊࡣ࡜ࡇࡢࡇࠋⴥ⣽⬊ࡣ⣽⬊࿘ᮇࡢ G1 ᮇ࡛ࠊࡃ࡞ࡣS ᮇᚋ༙࡛೵Ṇࢆ࡜ࡇࡿ࠸࡚ࡋព࿡

 ࠋࡿ࠸࡚࠼⪄ࢆᛶ⬟ྍࡢ⣽⬊࿘ᮇ෌㛤ࡿࡆᣲ࡟௨ୗࡣ⪅➹ࠊࡾ࠾࡚ࡋ
 

㸱í㸯. 㹑ᮇᚋ༙ࡢࡽ࠿⣽⬊࿘ᮇ෌㛤 
 ⴥ⣽⬊ࡣ S ᮇᚋ༙࡛೵Ṇࠊ࡚ࡋDNA 」〇ࡀᮍ᏶஢࡛ࠊࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࠶ษ᩿ᚋ࡟」〇ࢀࡉ

ࡢ㡿ᇦ࡛࠸࡞࠸࡚ DNA 」〇ࡀ㉳ྍ࠺࠸࡜ࡿࡇ⬟ᛶ࡛ࡿ࠶㸦ᅗ 3A㸧ࠋS ᮇࡣ DNA 」〇ࡀ㉳ࡿࡇ

᫬ᮇ࡛ࠊࡀࡿ࠶⣽⬊ࡢᛶ㉁ࢆኚ໬ࡿࡏࡉ᫬ᮇ࡛ࡀ࡜ࡇࡿ࠶ࡶศࠊࡵࡓࡓࡁ࡚ࡗ࠿S ᮇࡢࡽ࠿⣽⬊

࿘ᮇ෌㛤ࠊࡣᖿ⣽⬊໬ࡢᛶ㉁ࢆㄏᑟ࡟ࡢࡿࡍ㐺ษ࡞᫬ᮇ࡛ࡀ࡜ࡇࡿ࠶᥎ᐹ࡛ࠋࡿࡁ 

ࡢᡂ㛗ࡸ⏕Ⓨࠊࡣ⬊య⣽ࡢࠎྛࠊࡵࡓࡿ࠶࡛ࡌྠࡣ㑇ఏ᝟ሗࡶ࡛⬊య⣽ࡢ࡝ࠊࡎࢃၥࢆ≀᳜ື 

㐣⛬࡟ᛂ࡚ࡌⓎ⌧ࡿࡏࡉ㑇ఏᏊࢆษࠊ࠼᭰ࡾ⤌⧊࣭ჾᐁ≉␗ⓗ࡞ᶵ⬟ࢆ⋓ᚓ࡞࠺ࡼࡢࡇࠋࡿࡍ㑇

ఏᏊⓎ⌧ไᚚࡢኚ໬ࠊࡣ㌿෗ᅉᏊࡿࡼ࡟ไᚚ࡟ຍࠊ࡚࠼DNA ࣝࢳ࣓ࡢ໬ಟ㣭ࣃࣥࢱࣥࢺࢫࣄࡸ

ศ໬⣽ࠊࡵࡓࡢࡑࠋࡿ࠸࡚ࢀࡉไᚚࡶ࡚ࡗࡼ࡟ಟ㣭ࢡࢵ࢕ࢸࢿ࢙ࢪࣆ࢚ࡓࡗ࠸࡜໬Ꮫಟ㣭ࡢ㉁ࢡ

 ࠋࡿ࠶ᚲせ࡛ࡀ෌ᵓᡂࡧࡼ࠾ᾘཤࡢಟ㣭ࢡࢵ࢕ࢸࢿ࢙ࢪࣆ࢚ࠊࡣ࡟ࡵࡓࡿࡍኚ໬࡬⬊ᖿ⣽ࡽ࠿⬊

 ౛ࡢ࢚ࣂࣙࢪ࢘ࣙࢩࠊࡤ࠼ᡂ⹸ཎᇶࡿࡅ࠾࡟⣽⬊ศ໬㌿᥮ࢆక࠺ჾᐁ෌⏕㐣⛬࡛ࠊࡣS ᮇࡀ㏻

ᖖࡢ⣽⬊࿘ᮇࡿࡅ࠾࡟ S ᮇ࡟ẚ࡚࡭㛗ࡢࡇࠊࡾ࠾࡚ࡗ࡞ࡃ S ᮇࡢ㛗ࡀࡉ௨๓ࡢ⣽⬊ᛶ㉁ࢵࢭࣜࢆ

Sࠊࡣ࡛⏕Ⓨ⬇ࡢ࢚ࣂࣙࢪ࢘ࣙࢩࡓࡲࠋ(Sustar and Schubiger, 2005) ࡿ࠶ᚲせ࡛࡟ࡢࡿࡍࢺ ᮇࡢ

DNA 」〇ࡢ㛫ࠊ࡟㌿෗άᛶ࡟ാࣥࢺࢫࣄࡃH3ࡢ H3K4me3ࡓࢀࡉ໬ࣝࢳ࣓ࣜࢺࡀࣥࢪࣜࡢ┠␒4

ࣥࢺࢫࣄࡃാ࡟㌿෗ᢚไࠊࡸ H3 ࡢ 27 H3K27me3ࡓࢀࡉ໬ࣝࢳ࣓ࣜࢺࡀࣥࢪࣜࡢ┠␒ ࡼࡢࡑࠊࡀ

ࣥࢺࢫࣄ࠸࡞࠸࡚ࡅཷࢆಟ㣭࡞࠺ H3 DNAࠊࡾࢃ᥮ࡁ⨨࡟ 」〇ᚋࠊ෌ࣥࢺࢫࣄࡧಟ㣭ࡇࡿࡇ࠾ࡀ

Sࠊࡽ࠿࡜ࡇࡢࡽࢀࡇࠋ(Petruk et al., 2012) ࡓࢀࡉ♧ࡀ࡜ ᮇ࡛௨๓ࢡࢵ࢕ࢸࢿ࢙ࢪࣆ࢚ࡢಟ㣭ࣜࢆ

 ࠋࡿ࠶࡛࠺ࡼࡿ࠸࡚࠸ാࡀศᏊᶵᵓࡢࡵࡓࡿࡍᚓ⋓ࢆ࣮ࣥࢱࣃ⌧㑇ఏᏊⓎ࡞ࡓࡽ࠶ࠊࡋࢺࢵࢭ
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ࡀ⬊ⴥ⣽ࠊࡀ࠸࡞࡛࠿ᐃࡣ࠿࠺࡝ࡿ࠸࡚ࡗࡇ㉳ࡀ࡜ࡇ࡞ᵝྠ࡛ࢣࢦࢿ࢞ࣜࢶ࣓ࣄ  S ᮇ࡛೵Ṇࡋ

ࡢ㡿ᇦ࡛࠸࡞࠸࡚ࢀࡉ〇「࡟ษ᩿ᚋࠊࡤࢀ࠶࡛ࡢࡿ࠸࡚ DNA 」〇ࡀ㉳࢙ࢪࣆ࢚ࠊ࡟ࡶ࡜࡜ࡿࡇ

ኚ໬ࢆᛶ㉁ࡢ⬊⣽࡜࡬⬊㡬➃ᖿ⣽࣐ࢿࣟࣟࢡࡽ࠿⬊ⴥ⣽ࠊ࡛࡜ࡇࡿࡍㄏᑟࡶಟ㣭ኚ໬ࢡࢵ࢕ࢸࢿ

 ࠋ࠸࡞ࢀࡋࡶ࠿ࡢࡿ࠸࡚ࡏࡉ
 

㸱í㸰. 㹂㹌㸿ቑᖜࢆక࠺⣽⬊࿘ᮇ෌㛤 
 ษ᩿๓ࡢⴥ⣽⬊ࡣ S ᮇᚋ༙࡛೵Ṇࠊࡀࡿ࠸࡚ࡋษ᩿ࡾࡼ࡟ DNA 」〇ࠊࡃ࡞࡛ࡅࡔDNA 」〇࡜

ࡿ࡞␗ࡣ DNA ྜᡂࡀ≉ᐃ࣒ࣀࢤࡢ㡿ᇦ࡛ྍࡿࡇ࠾⬟ᛶࡿࢀࡽ࠼⪄ࡶ㸦ᅗ 3B㸧ࠋᐇ㝿ࠊ࡟DNA

」〇ࡿ࡞␗ࡣ࡜ DNA ྜᡂࡢ࠿ࡘࡃ࠸ࡀ⏕≀࡛ぢࠋࡿ࠸࡚ࡗ࠿ࡘ⿕Ꮚ᳜≀࡛ࠊࡣ⬺ศ໬ࢫࣝ࢝ࡋ

ᙧᡂ࡟ࡁ࡜ࡿࡍ཯᚟㓄ิࡢ DNA ቑᖜࡀ㉳ࡿ࠶࡛࠺ࡼࡿࡇ (Kunakh, 1999)ࡓࡲࠋ㓝ẕ࡛ࡢ rDNA

▱ࡀ ቑᖜ (Schwab, 1998)ࡢ⣽⬊ቑṪ㛵㐃㑇ఏᏊࡢ࡛⬊⣽ࣥ࢞ࠊࡸ 㑇ఏᏊቑᖜ (Ide et al., 2010)ࡢ

࡚ࡵ㧗ࢆ⬟⣽⬊ቑṪ࡛࡜ࡇࡿࡏࡉቑᖜࢆ㑇ఏᏊࡿࢃ㛵࡟⣽⬊ቑṪࠊࡣ࡜ࡇࡢࡽࢀࡇࠋࡿ࠸࡚ࢀࡽ

ࡇ࠾࡟ษ᩿ᚋࠊࡤࢀ࠶࡛ࡢࡿ࠸࡚ࡗࡇ㉳ࡀ࡜ࡇ࡞࠺ࡼࡌྠ࡛ࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠋࡿ࠶࡛࠺ࡼࡿ࠸

ࡿ DNA ྜᡂࠊࡣ⣽⬊ศ⿣ࢆ೵Ṇࡿ࠸࡚ࡏࡉⴥ⣽⬊ࡢศ⿣άᛶࢆ㧗ࡿࡵാ࡞ࢀࡋࡶ࠿ࡢࡿ࠶ࡀࡁ

 ࠋ࠸
 

㸱í㸱. 㹂㹌㸿ಟ᚟ࢆక࠺⣽⬊࿘ᮇ෌㛤 
 DNA 」〇௨እࡢ DNA ྜᡂࡀకྍࡢู࠺⬟ᛶࠊ࡚ࡋ࡜DNA ಟ᚟ྍࡿ࠸࡚ࡗࡇ࠾ࡀ⬟ᛶ࠼⪄ࡀ

࡛⬊ⴥ⣽ࡓࡋ㠃࡟ษ᩿㠃ࠊ࡚ࡗࡼ࡟ࣝࢼࢢࢩയᐖ࠺࠸࡜ษ᩿ࠋࡿࢀࡽ DNA ᦆയࡀ㉳ࡿ࠸࡚ࡗࡇ

ྍ⬟ᛶࠊࢀࡽ࠼⪄ࡀṇ☜࡟ፉ⣽⬊࡟㑇ఏ᝟ሗࢆఏࠊ࡟ࡵࡓࡿ࠼ᖿ⣽⬊໬ࡢ㐣⛬࡛ࠊDNA ᦆയࢆಟ

᚟ࠋ࠸࡞ࢀࡋࡶ࠿ࡢࡿ࠸࡚ࡏࡉ 

ᅗ㸱. ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄᖿ⣽⬊໬࡛ࡿࡇ࠾⣽⬊࿘ᮇ෌㛤ࣝࢹࣔࡢ 

(A) S ᮇᚋ༙ࡢࡽ࠿⣽⬊࿘ᮇ෌㛤ࠋ(B) DNA ቑᖜࢆకࡓࡗ⣽⬊࿘ᮇ෌㛤ࠋ(C) DNA ಟ᚟ࢆకࡗ

 ࠋ↷ᮏᩥཧࡣヲ⣽ࠋ⣽⬊࿘ᮇ෌㛤ࡓ
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ࡶ࡚࠸࠾࡟⛬㐣ࡢศ໬㌿᥮ࡢ⬊⣽ࡓࡲ  DNA ಟ᚟⣔ࡀάᛶ໬ࣕࣄࠋࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿࢀࡉ

DNAࠊ࡛⛬ศ໬㌿᥮㐣ࡢ࡬せ⣲≦⟶ࡽ࠿⬊ⴥ⫗⣽ࠊࡣ࡛࢘ࢯࢳࢽࢡ ಟ᚟࡟ఝࡓ DNA ྜᡂࡀ㉳ࡇ

సࢆ⢭Ꮚࡸ༸ࠊ࡚࠸࠾࡟Ⓨ⏕ึᮇࡢࢫ࣐࢘ࡓࡲࠋ(Sugiyama et al., 1995) ࡿ࠸࡚ࢀࡉሗ࿌ࡀ࡜ࡇࡿ

࡞ࡤࢀࡅ࡞ࡋኚ᥮࡜࡬Ṫ⣽⬊ᆺ⏕ࡽ࠿య⣽⬊ᆺࢆ࣮ࣥࢱࣃ⌧㑇ఏᏊⓎࠊࡣ࡛⬊ጞཎ⏕Ṫ⣽ࡍฟࡾ

ࢆ⬊ጞཎ⏕Ṫ⣽ࠊ࡚࠸࠾࡟⛬㐣ࡢࡇࠊࡀ࠸࡞ࡽ G2 ᮇ࡛೵Ṇࡢࡑࠊࡏࡉ㛫࡟DNA ಟ᚟⣔ࢆ౑࡚ࡗ

DNA ࢿ࢞ࣜࢶ࣓ࣄࠋ(Hajkova et al., 2008; Hajkova et al., 2010) ࡍࡇ㉳ࢆኚ໬ࡢ࣮ࣥࢱࣃ໬ࣝࢳ࣓ࡢ

࡞࠺ࡼࡢࡑࠊࡶ࡚࠸࠾࡟⛬㐣ࡢᖿ⣽⬊໬ࡢࢣࢦ DNA ಟ᚟⣔ࡀάᛶ໬ࠊࢀࡉᖿ⣽⬊໬㐣⛬࡟ᚲせ

 ࠋ࠸࡞ࢀࡋࡶ࠿ࡢࡿ࠸࡚ࡋࡇ㉳ࡁᘬࢆኚ໬࡞ࢡࢵ࢕ࢸࢿ࢙ࢪࣆ࢚࡞

 ୍᪉ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊษ᩿ⴥࢆDNA」〇ࡢ㜼ᐖ๣࡛࡛ࣥࣜࢥ࢕ࢹ࢕ࣇ࢔ࡿ࠶ฎ⌮ࠊ࡜ࡿࡍ

DNA ྜᡂ࡜⣽⬊㉁ศ⿣ࡀᢚไ࣐ࢿࣟࣟࢡࠊࡀࡿࢀࡉ㡬➃ᖿ⣽⬊ࡢ≉ᚩ࡛ࡿ࠶ඛ➃ᡂ㛗ࡀほᐹࢀࡉ

ᅗ) ࡓ 4; Ishikawa et al., 2011)ࠊࡽ࠿࡜ࡇࡢࡇࠋษ᩿ᚋࡿࡇ࠾࡟ DNA ྜᡂࠊࡣ⣽⬊ࡢᛶ㉁ࢆኚ໬ࡉ

 ࠋࡿࢀࡽ࠼⪄࡜࠿࠸࡞ࡣ࡛⛬㐣࡞ᚲせ࡟⣽⬊ศ⿣ࠊࡣࡾࡼ࠺࠸࡜⛬㐣࡞ᚲせ࡟ࡵࡓࡿࡏ

 

㸱í㸲. ≉␗࡞⣽⬊࿘ᮇ෌㛤࡜⣽⬊ᛶ㉁ࡢኚ໬ 
 ⿕Ꮚ᳜≀ࠊ࡚࠸࠾࡟≀ືࡸศ⿣ࢆ೵Ṇࡓࡋయ⣽⬊ࡣ⣽⬊࿘ᮇ G㸯ᮇ࡛೵Ṇࠊࡀࡿ࠸࡚ࡋቑṪᅉ

Ꮚࢆ่⃭ࡢ࡝࡞ឤ▱ࡢࡑࠊ࡜ࡿࡍ⣽⬊ࡣ෌ࡧ⣽⬊ศ⿣ࡢ࿘ᮇ࡟ධࠋࡿࡁ࡛ࡀ࡜ࡇࡿศ⿣ࢆ೵Ṇࡋ

Restriction point (Rࠊࢺࣥ࢖࣏ࡿࡍỴᐃ࠿ྰ࠿ࡿධ࡟⣽⬊࿘ᮇ࠸ࡋ᪂ࠊࡣ࡟⬊⣽ࡿ࠸࡚ Ⅼ) ࡀ G1
ᮇ࡟Ꮡᅾ୍࡚ࡋࡑࠋࡿ࠸࡚ࡋᗘ R Ⅼࢆ㐣ࠊ࡜ࡿࡂ⣽⬊࿘ᮇࡣ㏵୰࡛Ṇ୍ࡃ࡞࡜ࡇࡿࡲᕠ࡜ࠋࡿࡍ

ࡣ⬊ⴥ⣽ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊࡀࢁࡇ S ᮇᚋ༙࡛೵Ṇࠊ࡛ࡢࡿ࠸࡚ࡋG1 ᮇࡿ࠶࡟ R Ⅼࢆ㉸࡚࠼

ࢆ⣽⬊࿘ᮇ࡚࠸ാࡀไᚚᶵᵓࡢ࠿ࡽఱࠊࡵࡓࡢࡑࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸ G1 ᮇ௨እ࡛ࢪ࣮ࢸࢫࡢ೵

Ṇ࡚ࡋࡑࠋࡿࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࠸࡚ࡏࡉษ่᩿⃭ࠊࡾࡼ࡟S ᮇᚋ༙࡛⣽⬊࿘ᮇࢆ೵Ṇࡿࡏࡉไᚚ

ᶵᵓࡀゎ㝖ࠊࢀࡉ(A) S ᮇᚋ༙ࡢࡽ࠿⣽⬊࿘ᮇ෌㛤ࠊ(B) DNA ቑᖜࢆక࠺⣽⬊࿘ᮇ෌㛤ࠊ (C) DNA
ಟ᚟⣔ࡓ࠸⏝ࢆ⣽⬊࿘ᮇ෌㛤ࡀ࠿ࢀࡎ࠸ࡢ㉳ࠋࡿࢀࡽ࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿࡇ 
ࢱࣃ⌧㑇ఏᏊⓎ࡞ⓗ␗≉ࡿ࠸࡚ࡋಖᣢࡀ⬊⣽ࡢࡑࠊࡣ࡟ࡵࡓࡍࡇ㉳ࡁᘬࢆᛶ㉁ኚ໬ࡢ⬊⣽ࡓࡲ 

Sࠊࡾ࠶ࡀᚲせࡿ࠼᭰ࡾษࢆ࣮ࣥ ᮇ࡛ྍࡿࡇ࠾ࡀࢀࡑ⬟ᛶࡣඛ࡟㏙ࡓࡲࠋࡓ࡭ G2 ᮇ࡛ࡢࡑࠊࡶ

࠾࡟⬊ጞཎ⏕Ṫ⣽ࠋࡓࡁ࡚ࡗ࠿ጞཎ⏕Ṫ⣽⬊࡛ศࡢࢫ࣐࢘ࡀ࡜ࡇࡿ࠶᫬ᮇ࡛ࡍࡇ㉳ࢆኚ໬࡞࠺ࡼ

ࡿࡅ G2 ᮇ࡛ࡢ೵ṆࠊࡣDNA  ࡿࡇ࠾ࡀኚ໬ࡢಟ㣭ࣥࢺࢫࣄࠊࡶ࡟ኚ໬௨እࡢ࣮ࣥࢱࣃ໬ࣝࢳ࣓ࡢ

(Seki et al., 2007; Hyldig et al., 2011)ࡓࡲࠋጞཎ⏕Ṫ⣽⬊ࡀ G2 ᮇ࡛೵Ṇ࡛࣐࢘ࢺ࢘࢔ࢡࢵࣀ࠸࡞ࡁ

ࠊ࡜ࡿࡍ៖⪄ࢆ࡜ࡇࡢࡽࢀࡇࠋ(Pirouz et al., 2013) ࠸࡞ࡽࡇ㉳ࡀಟ㣭ࣥࢺࢫࣄ࡞࠺ࡼࡢࡑࠊࡣ࡛ࢫ

ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄ S ᮇᚋ༙࡛೵Ṇࡿ࠸࡚ࡋⴥ⣽⬊ࠊࡣษ᩿ᚋ࡟」〇࠸࡞࠸࡚ࢀࡉ㡿ᇦࡢ DNA

」〇࡟ຍࠊ࠼G2 ᮇ࡟ධࣥࢺࢫࣄ࡜ࡿಟ㣭ࢡࢵ࢕ࢸࢿ࢙ࢪࣆ࢚࡞࠺ࡼࡢಟ㣭ࡢኚ໬ࠊࡅཷࢆ⣽⬊ᛶ

㉁ኚ໬ࢆㄏᑟࠋࡿࡁ࡛ࡀ࡜ࡇࡿ࠼⪄ࡶ⬟ྍࡿ࠸࡚ࡋ 
 

㸲. ⣽⬊࿘ᮇไᚚᅉᏊࡿࡼ࡟⣽⬊࿘ᮇ࡜⣽⬊ᛶ㉁ኚ໬ࢆ⤫ᚚࡿࡍศᏊᶵ  ɔ
 ḟ࡟ᖿ⣽⬊໬ࡿࡅ࠾࡟⣽⬊࿘ᮇ࡜⣽⬊ᛶ㉁ኚ໬ࡧ⤖ࡢ௜ࢆࡁㄪࡢ࠿ࡘࡃ࠸ࠊࡵࡓࡿ࡭⣽⬊࿘ᮇ

࢕ࢹ࢕ࣇ࢔ࠋࡓࡳ࡚࡭ㄪࢆᵝᏊࡢᖿ⣽⬊໬ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊ࡚࠼ຍࢆ๣⸆ࡿࡍ㜼ᐖࢆ⾜㐍ࡢ

ࡢษ᩿ᚋࠊ࡜ࡿࡍ⌮ฎࢆษ᩿ⴥ࡛ࣥࣜࢥ DNA ྜᡂ࡜⣽⬊㉁ศ⿣ࡀᢚไࠊࡀࡓࢀࡉཎ⣒య⣽⬊ࡢ

≉ᚩࡿ࠶࡛ࡘ࡜ࡦࡢඛ➃ᡂ㛗ࡸཎ⣒య≉␗ⓗ㑇ఏᏊࡢⓎ⌧ࡀほᐹࡓࢀࡉ (ᅗ 4; Ishikawa et al., 

CDKࠊ᪉୍ࠋ(2011 άᛶࢆ㜼ᐖ࡛ࣥࢳࣅࢥࢫࣟࡿࡍฎ⌮ࠊ࡜ࡿࡍDNA ྜᡂ࡜⣽⬊㉁ศ⿣࡞࡛ࡅࡔ
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ᅗ) ࡓࢀࡉᢚไࡶ⌧ཎ⣒య≉␗ⓗ㑇ఏᏊⓎ࡜ඛ➃ᡂ㛗ࠊࡃ 4; Ishikawa et al., 2011)ࡶࡽࡕ࡝ࠋ⣽⬊

࿘ᮇࡢ㐍⾜ࢆᢚไࡿࡍ⸆๣࡛ࡣࣥࣜࢥ࢕ࢹ࢕ࣇ࢔ࠊࡀࡿ࠶ DNA ࡇࡿࡍ㜼ᐖࢆάᛶࢮ࣮࣓࣏ࣛࣜ

࡛࡜ DNA 」〇ࢆᢚไࠊࡋ⣽⬊࿘ᮇࡢ㐍⾜ࢆṆ୍ࠋࡿࡵ᪉ࣟࠊࡣࣥࢳࣅࢥࢫCDK άᛶࢮ࣮ࢼ࢟ࡢ

 

ᅗ㸲. ษ᩿ᚋࡢⴥ⣽⬊ࡢኚ໬ࡓࡋ⾲ࢆᶍᘧᅗ 

㸯.㔝⏕ᆺࠊ↓ฎ⌮ࡢሙྜࠊษ᩿㠃࡟᥋ࡓࡋ⣽⬊ࡀᖿ⣽⬊໬ࠊࡋ⣽⬊ศ⿣࡜ඛ➃ᡂ㛗ࠋࡿࡇ࠾ࡀ

㸨࣐ࢿࣟࣟࢡࡣ㡬➃ᖿ⣽⬊ࠋࡍ♧ࢆ 
2.ษ᩿ⴥ࡛ࣥࣜࢥ࢕ࢹ࢕ࣇ࢔ࢆฎ⌮ࡓࡋሙྜࠋ⣽⬊ศ⿣ࡣᢚไࠊࡀࡿࢀࡉඛ➃ᡂ㛗ࠋࡿࡇ࠾ࡣ 
3.ษ᩿ⴥࣈ࢕ࢸ࢞ࢿࢺࣥࢼ࣑ࢻࠊࣥࢳࣅࢥࢫࣟࢆ CDKA ࡜⣽⬊ศ⿣ࠋሙྜࡓࡏࡉ⌧㐣๫Ⓨࢆ

ඛ➃ᡂ㛗ࡢ୧᪉ࡀᢚไࠋࡿࢀࡉ 
4. wox13la wox13lb ஧㔜㑇ఏᏊḞኻᰴࡢษ᩿ⴥࠋඛ➃ᡂ㛗ࡣᢚไࠊࡀࡿࢀࡉ⣽⬊ศ⿣ࡣᢚไ

 ࠋࡿ࠸࡚ࡋ♧ࢆ⣽⬊㉁ศ⿣ࡣ㙨ࠋ࠸࡞ࢀࡉ
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ࡽ࠿࡜ࡇࡢࡽࢀࡇࠋࡿࡵṆࢆ⾜㐍ࡢ⣽⬊࿘ᮇࠊ࡛࡜ࡇࡿࡍᢚไࢆ 2 㐪ࡢᆺ⌧⾲ࡿࡼ࡟㜼ᐖ๣ࡢࡘ

CDKࠊࡣ࠸ ࡢ୙άᛶᆺࢮ࣮ࢼ࢟ࠊ࡛ࡇࡑࠋࡓࢀࡽ࠼⪄ࡀᛶ⬟ྍࡿࡼ࡟࠸㐪ࡢάᛶࢮ࣮ࢼ࢟ CDKA;1

ࡢෆᅾᛶࠊ࡛࡜ࡇࡿࡏࡉ⌧㐣๫Ⓨ࡛ࢣࢦࢿ࢞ࣜࢶ࣓ࣄࢆ CDKA ࠊ࡜ࡿࡏࡉᢚไࢆάᛶࢮ࣮ࢼ࢟ࡢ

ࠋ(ᅗ4; Ishikawa et al., 2011) ࡓࢀࡉᢚไࡀ㡬➃ᡂ㛗࡜⣽⬊ศ⿣ࡢษ᩿ᚋ࡟ᵝྠ࡜⌮ฎࣥࢳࣅࢥࢫࣟ

㸦ᅗࡓࡗ࠿ศࡀ࡜ࡇࡿ࠸࡚ࡋไᚚࢆ୧᪉ࡢ⣽⬊ఙ㛗࡜⾜㐍ࡢ⣽⬊࿘ᮇࡀCDKAࠊࡽ࠿࡜ࡇࡢࡽࢀࡇ

5㸧ࠋゝ࠸᥮ࠊࡤࢀ࠼ᖿ⣽⬊໬ࡢ㐣⛬࡛ࠊࡣ⣽⬊࿘ᮇࡢ㐍⾜࡚ࡋ❧⊃࡜⣽⬊ࡢᛶ㉁ኚ໬ࢆㄏᑟࡿࡍ

ศᏊᶵᵓࡀാࠊࡾ࠾࡚࠸CDKA  ࠋࡿࡁ࡛ࡀ࡜ࡇ࠺ゝ࡜ࡿ࠸࡚ࡋไᚚࢆศᏊᶵᵓࡢࡑࡀ

ࡿ࠶࡛ࡘ୍ࡢ㑇ఏᏊࢫࢡࢵ࣓࣎࢜࣍ࠊࡣศᏊᶵᵓࡿࡍㄏᑟࢆᛶ㉁ኚ໬ࡢ⬊⣽ࡢࡇ 

WUSCHEL-RELATED HOMEOBOX 13-LIKE (WOX13L) ࡢゎᯒࡀ➃୍ࡢࡑࠊࡽ࠿ぢ࠼ጞࠋࡓࡁ࡚ࡵ

WOX13L 㑇ఏᏊࡢࢼࢬࢼࢾ࢖ࣟࢩࠊࡣ WOX13 㑇ఏᏊ࡟ࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊࡾ࠶࡛ࢢࣟࢯࣝ࢜ࡢ

WOX13LCࠊWOX13LBࠊWOX13LAࠊࡣ  ;Deveaux et al., 2008) ࡿ࠸࡚ࡋᏑᅾࡀ㑇ఏᏊࡢࡘ୕ࡢ

Sakakibara et al., 2014)ࠋWOX13LA ࡜ WOX13LB ⣽⬊㉁ศࠊࡣኚ␗య࡛ࡓࡋቯ◚ࢆ㑇ఏᏊࡢࡘ஧ࡢ

⿣ࡣ㉳࣐ࢿࣟࣟࢡࠊࡀࡿࡇ㡬➃ᖿ⣽⬊ࡢ≉ᚩ࡛ࡿ࠶㡬➃ᡂ㛗ࡣᢚไࡿࢀࡉ (ᅗ 4; Sakakibara et al., 

WOX13Lࠊࡾࡲࡘࠋ(2014 㑇ఏᏊࠊࡣ⣽⬊࿘ᮇไᚚࡓࡋ❧⊃ࡣ࡜ᖿ⣽⬊໬ࡿࡅ࠾࡟ඛ➃ᡂ㛗ࣟࣉࡢ

㸦ᅗࡓࡗ࡞࡟࠿ࡽ᫂ࡀ࡜ࡇ࠺࠸࡜ࡿ࠸࡚ࡋไᚚࢆ࣒ࣛࢢ 5㸧ࠋ 

 

 

 ⌧᫬Ⅼ࡛࡚ࡋ࡟࠺ࡼࡢ࡝ࠊCDKAࡀ⣽⬊ࡢᛶ㉁ኚ໬ࡾࡲࡘࠊඛ➃ᡂ㛗ࢆไᚚࡣ࠿ࡢࡿ࠸࡚ࡋ୙

࡛᫂ࡢࢼࢬࢼࢾ࢖ࣟࢩࡸ≀ືࡢ࡛ࡲࢀࡇࠊࡀࡿ࠶▱ぢࠊ୍࡚ࡏࢃྜࢆ ࠋ࠸ࡓࡳ࡚࠼⪄ࢆᛶ⬟ྍࡢࡘ

ࢺࢫࣄࡢࢻ࢖࣒࣡ࣀࢤࠊࡣ࡟ᙧᡂࢫࣝ࢝ࡢࡽ࠿ⴥࡢࢼࢬࢼࢾ࢖ࣟࢩ  ࣥ H3K27me3 ࡢኚ໬ࡀᚲせ

࣮ࢥ࣏ࣜࠊࡀ Cdk1 ࡿ࠶࡛ࢢࣟࣔ࣍ࡢ CDKAࠊࡣ࡛⬊ᇵ㣴⣽ࡢ≀ືࡓࡲࠋ(He et al., 2012) ࡿ࠶࡛

໬ࣝࢳ࣓ࣥࢺࢫࣄࡢ Ezh2ࠊ࡛࡜ࡇࡿࡍ㓟໬ࣥࣜࢆ ᅉᏊ Ezh2ࡿࡍᵓᡂࢆ ᢚไ」ྜయ (PRC2)࣒

άᛶࢆไᚚࢺࢫࣄࠊࡋ  ࣥ H3K27me3 ࡢ㢖ᗘࢆኚ໬ࡿࡏࡉ (Chen et al., 2010)ࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠋ

࠺ࡢࡑࠊ(Mosquna et al., 2009; Okano et al., 2009) ࡾ࠾࡚ࡋᏑᅾࡣᅉᏊࡿ࠸࡚ࡋᵓᡂࢆ PRC2 ࡶ࡟

࡛ࡢࡿ࠸࡚ࡗࢃ㛵࡟ᖿ⣽⬊໬ࠊ࡛ࡢࡿࡍ᪼ୖࡀ⌧㐣⛬࡛Ⓨࡢᖿ⣽⬊໬ࠊࡣFIE 㑇ఏᏊ ࡘ୍ࡢࡕ

ศࠊࡣ CDKA ࡓࢀࡉάᛶ໬࡟ษ᩿ᚋࠊ࡛ࡇࡑࠋ(Mosquna et al., 2009) ࡿ࠸࡚ࢀࡽ࠼⪄࡜࠿࠸࡞ࡣ

⿣ࢆ೵Ṇࡿ࠸࡚ࡋⴥ⣽⬊ࡢ⣽⬊࿘ᮇࢆ෌㛤ࠊ࡟ࡶ࡜࡜ࡿࡏࡉPRC2 ࡢᵓᡂᅉᏊࣥࣜࢆ㓟໬ࡇࡿࡍ

ࢺࢫࣄ࡟ࢻ࢖࣒࣡ࣀࢤࠊ࡛࡜ࡇࡿ࠼ኚࢆ࡝࡞⬟ྜ⤖࡜DNA࣒ࣀࢤࡸ㓝⣲άᛶࡢࡑࠊ࡛࡜  ࣥ H3K27 

ࠋࡿ࠸࡚࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿ࠸࡚ࡋㄏᑟࢆ⣽⬊ᛶ㉁ኚ໬ࡢ⣽⬊࿘ᮇ௨እࠊ࠼ኚࢆ໬≧ែࣝࢳ࣓ࡢ

ᅗ㸳. ⣽⬊࿘ᮇࡢ෌㛤࡜⣽⬊ᛶ㉁ࡢኚ໬ࢆ⤫ᚚࡿࡍ௙⤌ࡳ 
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άᛶࢮ࣮ࢼ࢟ࡢ CDKAࠊ࡟ࡶ࡜࡜ࡿࡍᐃྠࢆᶆⓗᅉᏊࡢ CDKAࠊࡣ࡟ࡵࡓࡿࡍド᳨ࢆ௬ㄝࡢࡇ

 ࠋ࠺ࢁ࠶ᚲせ࡛ࡀ࡜ࡇࡿ࡭ㄪ࠿ࡢࡿࡍኚ໬࡟࠺ࡼࡢ࡝ࡀಟ㣭≧ែࣥࢺࢫࣄ࡚ࡗࡼ࡟
 

㸳. ௒ᚋࡢᒎᮃ 
 㝣ୖ᳜≀㛫࡛࣒ࣀࢤࡢẚ㍑ࠊࡽ࠿⣽⬊࿘ᮇไᚚᅉᏊࡃ࡞࡛ࡅࡔᇶᮏⓗ࡞㑇ఏᏊࡣࢺࢵࢭ㝣ୖ᳜

≀㛫࡛ಖᏑࡿ࠸࡚ࢀࡉ (Banks et al., 2011)ࡢࢼࢬࢼࢾ࢖ࣟࢩࠊࡓࡲࠋ CDKA ࡅࡔ⣽⬊࿘ᮇไᚚࡀ

ࡢࡿ࠸࡚ࢀࡉ♧ࡀ࡜ࡇࡿ࠸࡚ࡋไᚚࢆᛶ㉁ࡢ⬊ᖿ⣽ࠊࡃ࡞࡛  ࡛ (Gaamouche et al., 2010)ࢶ࣓ࣄࠊ

ࡁ኱ࡣᛶ⬟ྍࡿ࠸࡚ࡋ⬟ᶵࡶ㝣ୖ᳜≀඲య࡛ࠊࡀ༠ㄪⓗไᚚᶵᵓࡿࡅ࠾࡟ᖿ⣽⬊໬ࡢࢣࢦࢿ࢞ࣜ

ࡿࡅ࠾࡟⛬ᖿ⣽⬊໬㐣ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࠊࡵࡓࡢࡑࠋࡿࢀࡉண᝿࡜࠸ CDKA ࠊࡣゎ᫂ࡢ⬟ᶵࡢ

⿕Ꮚ᳜≀ࡢⓎ⏕ࡧࡼ࠾෌⏕㐣⛬࡟ぢࡿࢀࡽᖿ⣽⬊໬ࡢ⣽⬊ᛶ㉁ࡢኚ໬࣭⥔ᣢ࡟ᑐ࡚ࡋ⤫୍ⓗ࡞⌮

ゎ࡟㈉⊩࡛ࡀ࡜ࡇࡿࡁᮇᚅ࡚ࡋ࡟࠺ࡼࡢ࡝ࠊࡣ࡟ࡽࡉࠋࡿࢀࡉ⣽⬊࿘ᮇไᚚᅉᏊ࡛ࡿ࠶ CDKA ࠊࡀ

⣽⬊࿘ᮇ௨እࡢ⣽⬊ᛶ㉁ࡢኚ໬ࢆㄏᑟࡢࡑࠊ࠿ࡢࡿࡏࡉศᏊᇶ┙ࢆ᳜᫂ືࠊ࡛࡜ࡇࡿࡍ࡟࠿ࡽ≀

ࡢᖿ⣽⬊≧ែ࡜ศ໬≧ែࡢ≀⏕⬊ከ⣽ࠊࡎࢃၥࢆ 2 ᫂ࡁゎࢆศᏊᶵᵓࡢࡁ࡜ࡿࡍኚືࡀែ≦ࡢࡘ

 ࠋࡿࢀࡉᮇᚅ࡜࠿࠸࡞ࡣ࡛ࡢࡿࢀࡽᚓࡀ㘽ࡍ࠿
 

㸴. ㅰ㎡ 
 ᮏ✏࡛⤂௓ࡢࢣࢦࢿ࢞ࣜࢶ࣓ࣄࡓࡋᖿ⣽⬊໬◊✲ࠊࡣ୺࡟ ERATO 㛗㇂㒊ศ໬඲⬟ᛶ㐍໬ࣟࣉ

ࠊࡓ࠸㡬ࢆࢺ࣮࣏ࢧࡢᐇ㦂ࡸຓゝࡈࡢࠎᩘࠊࡾࡓ࠶࡟ࡿࡵ㐍ࢆ✲◊ᮏࡓࡲࠋࡓࢀࢃ⾜࡛ࢺࢡ࢙ࢪ

ᇶ♏⏕≀Ꮫ◊✲ᡤࡢ㛗㇂㒊ගὈ ᩍᤵࠊᮧ⏣㝯 ༤ኈࠊ᪥Ώ♸஧ ༤ኈࠊERATO 㛗㇂㒊ࢡ࢙ࢪࣟࣉ

ࠊ಴⏣ဴஓ ༤ኈஂࡓࡗ࡞࡟ୡヰ࠾࡛ࢺ ಖ⛱ ༤ኈࠊబ⸨Ⰻ຾ ༤ኈࠊすᒣᬛ᫂ ༤ኈAࠊ ཎᜨᏊ ༤

ኈࡢࡇࠊ࡟ሙࢆ೉ࠋࡍࡲࡆୖࡋ⏦♩࠾࡚ࡾ 
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hygrometricaɜ'|lHJlEMUSɛCeratodon purpureusɜɝblUSɕw|tblUSɛAnthoceros 

miyabeanusɜɝW_ŰƖ+[G~HLW_ɛDryopteris filix-masɜɝ�`{�gwZ��pɛCeratopteris 

richardiiɜɝuH�GW_ɛAdiantum capillus-venerisɜ)(üŎƶ<?%�>（Mohr 1956, Bauer & Mohr 
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1959, Valanne 1966, Wada et al. 1984, Cooke et al. 1987）�Wada & Kadota（1989）*Ȍ��+&ÐƔ�?�

�� 

� �ŒɝrFfQ�xɍ¤ĂƬ)£8ƶ<?%�>�Ǵɕ\iUSɛMarchantia polymorphaɜ+ǩā

+ƪǳ*��%,ɝǩā�ɍčƽ)ǉɠ¸ǿBǼ"�Ĭ*ɝĐ��Āǘǩ�<�Ů��ɀ�>�UVA

�<R4&+Ƅɀ+°ɒð&ƪǳȎď���>�ɝFR*;>ł!ƈ�,ȅ<?)�（Nakazato et al. 

1999）�4�ɝ®ÙĽɅĉÂ 3-(3,4-dichlorophenyl)-1,1-dimethylureaɛDCMUɜ¶ƞ*;"%ƪǳ�Ʌĉ

�?ɝ��*�<*R�T�YBƋÆ�>�'&ƪǳ�Ȏď�?>（Nakazato et al. 1999）��+;�*ɝ

\iUSǩā+ƪǳȎď,®ÙĽƢƖ+Ǒ*¤ĂƬ*ș�>�'�ƺ�?%�>� 

� uH�GW_+ƪǳ*��%8ɝɍčƽ)ǉɠ¸ǿ�ș�=ɝÏǒ¢��ɀ�>�����+ǉ 1

¸ǿ,ɝǑ&,)�rFfQ�x¤ĂƬ&
>（Furuya et al. 1997）��+ü�+W_ŰƖ'ÚŴɝR

ƔĎ+ƯĬ*BLBƔĎ�>�'&ƪǳ�Ʌĉ�?>ɛFuruya et al. 1997ɜ��+ɅĉÈũ,ŭ*BLB

ƔĎ��Ř*ɔǷ*ȅ<?>�'�<ɝŭ*Ăì�> BL ÔĊ¢Q�sfQ�x�Ʉ��%�>'�

Ķ�?%�>（Imaizumi et al. 2000）�uH�GW_9zJXvW_ɛPteris vittataɜ&,ɝƪǳĬ+ƪ

ơȰƿ*��>®+ĩɏ8Ȍǘ*ȑ1<?%�>�ɍčƽ¸ǿ&ơ�>ý��Āǘǩ,�ɀĽɀ�%

Ïǒ¢')>�Ïǒ¢,ɝrFfQ�x¤ĂƬ*ǘǩßšBG1š&§Ź��ɝ�ɀĽɀBǼ�ɝś¶

ƞɝ4�,FRƔĎ*;=ǘǩßšȭ¯�Ȏď�?>（Wada et al. 1984, Wada 1985）��<*ɝś¶ƞ

ƯÁ+ FRƔĎ*;= G2š�ɀ�)=ɝ�+Èũ, RƔĎ*;=ł!ƈ�?>�'�<ɝPfrïrF

fQ�x,G2/MšƾǼB¥ȭ�>ŷǪBņ#�'�Ŋƍ�?>�4�ɝBLƔĎ�ǘǩßšȭǼB¥

ȭ�>ÈũBņ#�'8ôÞ�?%�=（Ito 1970, Miyata et al. 1979）ɝƪǳ+õÙ'ÚŴ*ŭ*Ăì�

>BLÔĊ¢�ŷǪ�>�'�ƺ�?%�>（Kadota et al. 1986）� 

� ®,ǘǩßšȭǼ �&)�ɝÏǒ¢+¸Ūn^��*8ĩɏBÑ3��TSŰƖǻɕ+oyb�

NkUSɛPhyscomitrella patensɜ+Ïǒ¢,ɝ1ŒÜ�<Ĥ�RBƔĎ�>'�+ŒÜ*Ü�"%Ľ

ɀ�ɝ2'C(�1%+¸ǿɎ,ĽɀŒÜ'îƯ)Ɏ*ħĽ�?ɝ1 º*ǘǩ�ȬǛ��ħĺB'>

（Kadota et al. 2000）��+Ƙĺ�<BL�*ƾ�'ɝóȷ¨+ȂŎ+ǘǩ*��%�+ɐǇ¨�<Ǆș

BħĽ�ɝ��&ĽɀŒÜ*ĝǼ*¸ǿɎBħĽ�>�'&ɝ¸ŪBǼ��oyb�NkUS�8#

2#+Q�sfQ�xȵ�ā+�ȼúƩ¢&,BL*;>¸ŪɓĠ�ÄƬ*ƌđ�>�'�<ɝQ�s

fQ�x�¸Ūn^��¿Į*Ʉ��%�>（Imaizumi et al. 2002）�Ú�ǻɕ&8|lHJlEMU

S,ɝR�rFfQ�x¤ĂƬ*¸ŪBȎď�>�'�ôÞ�?%�>（Kagawa et al. 1997）� 

� ǩā9Ïǒ¢ �&)�ɝǵǶ¢9ǶƘ¢+Ľɀ88!@C®*;>¿ĮBÔ�>�oyb�Nk
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USǵǶ¢&,ɝBL,Q�sfQ�xB��%Ƕ+ĽɀB¥ȭ�ɝǵ+ĽɀBŃ¿�>ɛImaizumi et 

al. 2002ɜ�Ǵɕ+Opl_�UUSɛSphaerocarpos donnelliiɜ+ǶƘ¢+Ľɀ,ɝ DCMUBÝ6òí

&,ǑĂì�&8Ȯ�)>�ɝ�?&8śŁ;=ŖŁ+2��Ŕ�ɝ�+®+Èũ,ƷŘɃ+RƔĎ

&´Ɲ�?ɝFR&ł!ƈ�?>�'�<rFfQ�x*;=���?%�>（Miller & Machlis 1968）�

\iUSǶƘ¢Bƣ��ľ�+ȇŨ*��%8ɝĴĜƅĳïrFfQ�x+ƪƝ*;=śŁ&8ǑĂ

ì�&,ĽɀÖǪ')>�'ɝG1/SVGQ��&
>VGQ��Dȵ�āɛCYCDɜ+s�z�^�

ƅĳ�W}Ǒ¶ƞ*;=�ŕ�>�'ɝ�<*rFfQ�x�½+ǚȜB��%ǘǩßšȭ¯B¥ȭ

�>ŷǪB8#�'�ȅ·�?%�>ɛŢƪǽe�^ɜ��ĬɝrFfQ�x+¿ĮŵƬBÚć�>�

'&ɝ®*;>ǘǩ¸ǿ¿Įŷų+ƞȇ�ȭ6&
@��4�ɝW�GjhZhɛArabidopsis thalianaɜ

*��%8ɝǑ*;= CYCD2;1 �;. CYCD3;1 ȵ�ā+ƪƝ��ŕ�>�'�ƶ<?%�>

（Riou-Khamlichi et al. 2000）�Ǒ*;>ǘǩßšȭǼ+ȑǍ,ɝɉ�ŰƖ*±ȩ+ŷų&ǼA?%�>

'Ŋƍ�?>�ɝ�+Ȍǘ)�Ǚ5,4 A�"%�)�� 
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� L�OW�+EthēŜȊɗ&ǷÛ)Went（1941）,ɝśŁ&Ǧ%�J�gHɛPisum sativumɜ+

ǳơ
*1œ1¸+®ƔĎBǼ� �&ɝǶ+Ņý�Ƿ��¥ȭ�?>�'Bȅ·���4�Low（1970）

,ɝ�Ȭ+Ĉɗ*;=ɝśŁ&ő��Ƕ+ħĽ�Ń¿�?ɝŖŁ&¥ȭ�?>�'Bƺ���®�(

+;�*ȵ�āƪƝ9^�nQȗŷǪBúÊ��>�'&ɝǘǩßšȭ¯9ǘǩĽɀB¥�+�ɝ�

+¸āŷų+ȇŨ,şȣ*)"%ȭ5 ���López-Juez et al.（2008）,W�GjhZh+əÊǳơ


*®BƔĎ�>�'*;=Ȫ9�*�\afǶ�ħĽ�?>�'ɝ�<*�?�rFfQ�x'Q

�sfQ�x¤ĂƬ&
>�'Bƺ���vGQ�E�GȇŨ*;=ɝ�+Ȱƿ&ƪƝúÉ�>ȵ�

ā�Úć�?��ǱàƉ��'*ɝG1/S�;.G2/MVGQ��ɝDNAÙĽ�Šǒ¸ǿ�ǘǩȗ¸ǿ

ɄȬȵ�ā)(�ɝ��?8®ƔĎ�<ǔ 6ŘɃĬ*q�QƪƝBƺ��（López-Juez et al. 2008）��

+�'�<ɝəÊǳơ
ǵɐ, G1š4�, G2š&§Ź��ǘǩ�Ɗì�%�>ÖǪĳ�Ǥ
<?ɝ

�?�ź��?-ɝ®,(+ǘǩßš*��%8ǘǩßšȵ�ā+R��m�)ƪƝBģ�ș���

'�&�>'Ŋƍ�?>� 

� �+ŰƖ+Ɉ&,ɝR:FRſ�œ)�*ſ1%Đ��)=ɝƅĳïrFfQ�x+ĂìȾ, ��>�

�?�ģ�ȿ')"%ɝȶɈıǋ'á-?>Ŵ�)ƪơ+úÊ��ǵ+�ɀɝǶū+�ɀɝǶ+ɀȞɡ

ƷȞſ+�ŕɝǶħĽ9¨Ū+ƌđ)(��ģ�ș��?>（Casal 2013）�¨Ū+ƌđ,ɝǬǳy�
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Ydx+ǘǩùŽBŃ¿�>�'&ș�>�W�GjhZh*��%ɝǬǳ+ĽɀŃ¿*Ʉ��>ȵ

�ā'�%Úć�?�ɝIIïTCPɛfor TEOSINTE BRANCHED1, CYCLOIDEA, and PROLIFERATING 

CELL FACTORs 1 and 2ɜȝµçāBT�g�>BRANCHED1ɛBRC1ɜ+ƪƝ�ɝ R:FRſ+Ɵø&

rFfQ�x¤ĂƬ*Ȏď�?>�'�Ŗ<�')"�（González-Grandío et al. 2013）�IIïTCPȝµ

çā*,ǘǩßšȵ�āǣ+ƪƝBŃ¿�>ŷǪBņ#8+�ƶ<?%�>（Martín-Trillo & Cubas 

2010）�BRC1 8ɝǬǳ*��%ü�+ǘǩßšȵ�ā+ƪƝBŃ¿�>�'�ƺ�?�

（González-Grandío et al. 2013）�rFfQ�x�(+;�*BRC1+ƪƝBȑǍ�>+�ɝ�Ĭ+ȇŨ

�ī�?>� 

� şȣ+Ƹǃ�<ɝ®*;>ǘǩ¸ǿ¿Į*��%,ɝŰƖu�z��Ʉ��>�'8A�"%�%

�>�fvfɛSolanum lycopersicumɜ+ǵɐ*VGfMGi�BĒŁƬ*ƋÆ�>'ɝśŁ&8ǑĂ

ì�&,y�Ydxǘǩ+ùŽ�ģ�ș��?>�'（Yoshida et al. 2011）�<ɝ®WRh�BVG

fMGi�����>ÖǪĳ�
=ɝ�Á�<ƶ<?%�>VGfMGi��ǫəÊÈũBƺ��'

（Chaudhury et al. 1993, Chory et al. 1994）'8ƵƱ�)��4�W�GjhZh*��%ɝ R:FRſ

*)>'ǶÏó+ǘǩßšȭǼ�ĲƏ*§Ź�>�ɝ�+'�TRANSPORT INHIBITOR RESPONSE1

ɛL�OW�¤ĂƬ*ȝµŃ¿çāB¸ȇ*ď�L�OW�ÔĊ¢ɜ¤ĂƬ)L�OW�ıǋ�ķș

�?ɝ�+Ǜũ'�% CYTOKININ OXIDASE6ȵ�āɛVGfMGi��ƅĳÊȺǖBT�g�>ɜ

+ƪƝ�Ȏď�?>（Carabelli et al. 2007）��+�Ǚ5*;=ƅĳïVGfMGi��t�� ��ɝ

ǘǩßš§Ź�ș�=9��)>�'�Ǥ
<?>�VGfMGi��CYCD3;1ȵ�āƪƝ+ƅĳÊ

B��%ǘǩ¸ǿB¥ȭ�>�'�ɝW�GjhZh*��%ƺ�?%�>（Soni et al. 1995, 

Riou-Khamlichi et al. 1999）��+;�*ɝ®WRh�+�Ɔ&VGfMGi�Ⱦ�úÉ�ɝ�+ıǋ'

�%ǘǩßšȭǼ�ȑǍ�?>ÖǪĳ�5
%��� 

� ®,�í�ȷ �&)�ɝí�ȷ+Ľɀ8ȑǍ�%�>�ǑBÝ4)�òí&ƪǳ��W�Gjh

Zh,ɝśŁ4�,®ÙĽɅĉŦ�*Ǣ�?>'ɝȔǸ�?%��³ì+ǑBƈȖ��Ĭ*ɝŮ+Ľ

ɀB§Ź�>（Kircher & Schopfer 2012）�şȣ*)"%ɝŮ*��%R�T�Y� TARGET OF 

RAPAMYCINɛTORɜBƅĳÊ�ɝTOR�Sšȵ�āƪƝBØ>ȝµçāE2FaBƯŉ+��ȻÊ*

;=ƅĳÊ�>�'&ɝǘǩßšȭǼB¥ȭ�>ŷų�Ăì�>�'�ôÞ�?�（Xiong et al. 2013）�

�+;�*ɝí�ȷ&Ô��®+ĵô,ɝ®ÙĽ*;=ơƢ�?�Ǒ'�%ɀțɋȡȧ�?ɝŮǇy

�YdxBƅĳÊ�>éĢ�Ŋƍ�?>�ǵɐy�Ydx,Ǒ �&,ùŽBƅĳÊ&�)�

（Yoshida et al. 2011）+&ɝ�+Ǒ¤ĂƬ�#®ɍ¤ĂƬ)ǘǩ¸ǿƅĳÊŷų,ŮǇy�Ydx*
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ƗƩƬ)8+�8�?)��Ů'��®�Ĕ�)�Ɵø&Ľɀ�>åĆ�ƪŖ�?�ǧŚ*,ɝ�+

;�)�Ǚ5+ƛĭ�ċ���+�8�?)�� 
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� ü�+ǾāŰƖ,Ŵ�)Ǚǡ9åĆ*¸Ê��ǘǩ�ɝª9¹Ő)(+ÀƏBÔ�>'ɝȴ¹)Ľ

ɀȑǍçāɛL�OW�'VGfMGi�ɜ+Ŧ��&M�YBħĽ�>��+Ĭ+´ơBƮƬ'�

�M�YÊȎďĈɗ,ɝȩĜśŁ&ǼA?>��+õÙɝƫǲɝ�)A!ǶǠ¢�¸Ê�%�)�ǘ

ǩ�ħĽ�?>��+�',ɝM�YħĽ*,®,�Ȅ&
>�'Bĸà�>�OQGzɛHelianthus 

tuberosusɜöǵ+;�*ɝ6�@śŁ+2��¹Őƕ�<+ǘǩùŽ�Ȫ�£8ƶ<?%�>（Yeoman 

& Davidson 1971）� 

� TSŰƖ,´ơǪÅ�ɍĜ*ɘ��'�Õ��<ƶ<?%�>���ǏÎ*Ƹǃ×Bň=Ȥ>'ɝ

ȳ>�' 1774Ğ*ɝNecker（1774）��+Ƿŝ&ȂŎ+Ǵɕ+´ơBȉȥ����?�<ǔ��ǓĬ

+ 1885Ğ*ɝVöchting（1885）,ɝ�*ǴɕwMcO\iUSɛLunularia vulgaris [=cruciata]ɜ'\i

US+ǶƘ¢'ƒĳǳBƣ�%ɝɐǇy�Ydx�¹ɇ�?>�'�´ơ*İȄ&
>�'ɝ¹Őƕ

+8'8'ɐǇ¨�#ǭ¨�<´ơ¢�ħĽ�?>�')(BôÞ���4�Ŵ�)Ǚǡ+´ơĈɗ

�<ɝȹ©¢��+23�1%+ǘǩǀ�´ơ��>+&,)��'�ƍ����+ĬȂŎ+Ƹǃǥ

*;=ÚŴ+´ơĈɗ�Ŏü�+ǀ&ǼA?ɝVöchting+�ƍ�Ȁ$�<?�（Schostakowitsch 1894, 

Cavers 1903, Kreh 1909）�Krehɛ1909ɜ,ɝüǀ+Ǵɕ+Ŵ�)ȷ��<+´ơBƹȍ��8++ɝã

�ɝȫǐå�<,´ơ¢�ĭ<?)�"�'ȉȠ�%�>�ǻɕ+´ơǪÅ8ɍĜ*ɘ�ɝ1898Ğ*

Healdɛ1898ɜ*;>üǀ+ǻɕ+´ơ*#�%+ôÞ�
>�ǻɕ+´ơ+ý�)Ɨį,ɝ¸Êǘǩ

�<�s�R�w�R*;=Ïǒ¢�Ưŉơ�>�'&
>（Heald 1898, Giles 1971, Ishikawa et al. 

2011）�Ǵɕ+´ơ&,ɝPreissia commutata *��%Ïǒ¢Ŵ+�ɀ��ǘǩ�ȅ<?>�'�ôÞ

�?%�>8++ɝ�+2'C(+ǀ,�+;�)ħĺ+ǘǩ,ơ��ɝsporelingɛǩā�ƪǳ�%

�<ǶƘ¢*)>4&+Yd�XBŇ�ɜŴ+ƪơžɊ*ŀ>'�?%�>（Schostakowitsch 1894, 

Kreh 1909）�#4=ɝǻɕɝǴɕ+(!<+´ơȰƿ*��%8ɝđ)�'8ǩā�ƪǳ��ƯĬ+

ǘǩ¸ÊƘĺ4&»šÊ�?>'Ȉ
>� 

� ��&ɝ´ơ+®¤Ăĳ*ȋBŀ��Healdɛ1898ɜ*;?-ɝǻɕ&,ŖŁ&��Ïǒ¢B´ơ�

)�ǀ8
?-ɝŖŁ&8śŁ&8´ơ�>ǀ8
>'ȉȠ�?%�>�oyb�NkUS,Áǥ&


=ɝs�fs�Yf�<+´ơ*��%®�ǜčƬ*İȄ&
>�'�ƺ�?%�>（Jenkins & 
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Cove 1983）�ǻɕ+`}H`�US+�ǀɛMnium affineɜ*��%8ɝÏǒ¢´ơ*®�¥ȭƬ*«

�（Giles & von Maltzahn 1967）�ǻɕYPUSɛPolytrichum juniperinumɜ,śŁ&8´ơ�ȅ<?>�ɝ

ŖŁ+2��ůž*ÈƜ,ɘ�（Gay 1984）�Ǵɕ*��>2'C(+ôÞ,ŖŁ&ǼA?�ĈɗǛũ

&
>�ɝHealdɛ1898ɜ,śŁ*��>\iUS+´ơBȉȥ�ɝ�<*Caversɛ1903ɜ,ɝ\iU

SɝwMcO\iUSɝX�NVUSɛReboulia hemisphericaɜɝX{USɛFegatella conica [=Conocephalum 

conicum]ɜ�ɝĽɀ,Ĥ���8++śŁ*��%8´ơÖǪ&
>�'BȉȠ���ľ�+ȇŨ*

��%8ɝ\iUS,śŁ*��%ǘ�´ơ¢BħĽ��>�'�ƹȍ�?�����)�<ɝŖŁ

&,ŶŒÜ*Ľɀ��ǶƘ¢BɓĠ;�´ơ�ɝ�+Ě,ŻƓ&
>� 

� ü�+TSŰƖ*��%ɝśŁ&´ơ�ș�=*��+,(��%&
@����+ǋ
,4 ĭ

<?%�)��ɝ�#+ÖǪĳ'�%ɝ»šÊ+ŵƬ'�?%�>Ïǒ¢9 sporeling+ǘǩ�ɝǶǠ

¢B8#®ƙǅŬɖǘǩ&
>�7ɝ®BİȄ'�>+&,)� @���Áȥ��;�*ɝǾāŰ

Ɩ&+M�YÊ,śŁ&8ÈƜ;�ș�>�ɝơ�>M�Y,ǶǠ¢+ƪȱ�%�)�ƫǲM�Y&


>�'�ü��4�ɝW�GjhZh&,ǨȞ9Ů�<+M�YȎďBŖŁ&Ǽ)"%8ƫǲM�

Y�ħĽ�?>��+;�*ɝśŁ&ȅ<?>M�YȎď,ɝƫǲǘǩBÝ6ǙǡƕBƣ��õÙ9ɝ

Ǡǲǘǩ�<&8ƫǲǘǩ*¸ÊƘĺ�úÊ��>õÙ*ș�>�'�ü���?*�ǰ�%ɝǠǲ

M�Y+Ȏď*,9,=®BİȄ'�>ɛ¡ǹɚĖƤ 1987ɜ�R�T�Y	
 TOR	
 E2FǚȜ+;�)ɝ

śŁ&8Ǒ¤ĂƬ*ǘǩùŽBƅĳÊ&�>ŷų�Ʉ��%�>+�8�?)�� 

� TSŰƖ+´ơ*®BİȄ'�>ƞƥ'�%ɝ8��#+ÖǪĳ�
>�»šÊ*;=Ïǒ¢9

sporeling*¸ÊƘĺ�ŀ"�;�*ȅ
%�>�ɝ�?�ƯŉƬ*ș�"�+�ɝ
>�, 1žɊÁ

+ǩā4&ŀ"%�<ƪơBɂÿ��+�,A�"%�)��Ĭǥ�ź��?-ɝ´ơ,�ƪǳ�*

ưĦ�>ȰƿBǚ)�?-)<)���ȥ��;�*ɝƪǳ,R*;>rFfQ�x¿ĮBÔ�%�

>õÙ�2'C(&
>��+;�)ǀ*��%,ɝ®�´ơ*İɑ*)>&
@���Œɝ\iU

S+ǩāƪǳ,ɝ®�+8+,İɑ&,)�ɝ®ÙĽ*ƥŧ�>Ǒ*¤Ă�>ɛNakazato et al. 1999ɜ�

�+�7ɝśŁ&8żĂĳ+ǑB¾ƣ&�>ǎè&´ơ¢�ħĽ�?�>+�8�?)��ǩāƪǳ

9´ơ+®*;>ȑǍ,ɝŰƖ�ɉ�Ê��Ħ»,®ÙĽ¤ĂƬ&
"�8+�ɝȭÊ*'8)"%

®ÔĊ¢¤ĂƬ)¿Į0'¹=ŞA"%�"��'�Ķ¬�?ɝǱàƉ�� 

�
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� ŰƖǀ*;"%ɝ®�ǘǩ¸ǿ*¥ȭƬ*«�õÙ'Ń¿Ƭ*«�õÙ�
"�=ɝR ' BL &È
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ũ�Òč&
"�=ɝuH�GW_+;�*ǩā'Ïǒ¢&R0+ıǋ�ƳȨ*¹=ŞA>ŰƖ8


"�=�>�4�ɝǑ0+¤Ăĳ8ŰƖǀɝ
>�,ǘǩǀ*;"%Ʃ)"%�>��?,�?�?

+ŰƖ�®+¾ƣĿƧBúÊ��>�'&ɝơǦƟø9ơƅƟ*şȴ)ȴıBũ��%��Ǜũ&
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İǧƎ-��(ȎK�NW�Ĩƙ�ǐċ�@?�*:B�&#
�=-Ȏ_�HtUzW-��

(ȎK�NW�.ŕĪǜǟCǺĂ�?*ȎőƜƻȂúç�)őƜŗ.Ŗǣ�µÃ�?�*;ȎV

GeLGh�WQg~�Q/ȎK�NW�ĸ´Ny~E�CT�f�? PINǪ�ø.žŵCT�

e����?�*:ƌ�@#(Plet et al. 2011, Rightmyer & Long 2011)
�@=.ƇǈCƦÏ�?*Ȏ

őƜžŸ-��?VGeLGh�WQg~�Q. 1'.ğ¿*�(ȎK�NW�CőƜžŸ�ÿ

ȇê-ƾƐ�?©�CĶ&(�?ÍƲĪ�ƌÛ�@?
�@6).*�AȎK�NW�.ŸÏİȎ

WQg~�Q	ǜǟ-ǸB?Ǫ�ø.őƜžŸ-��?řƲCƌ�#íÔ¡/,�#9ȎőƜ¸

ŇžŸ-��?K�NW�.ğ¿/��6�,Ŭ�ô�
�ġȎuzTQVȎ_�HtUzWÈ

Ŀ-��(ǠǪ�ûſ,ƈƑ�ÁǢ�?�*)Ȏ!.ǎơ�ł=�-,?�*�ŇĠ�@?
 
 

<9�
��
����������0����-5#+42�$)/. 
� �@6).uzTQV*_�HtUzWC�Ħ*�#ƈƑ-<>ȎőƜĝİ-ǸB?ô�.Ǫ

�ø�Ðÿ�@(�?
őƜĝİ)/Ȏ“ǂƀ-��?őƜƻĮŎ-¢ú�#WQg~�Q”*“ƀ

ď-��?őƜžŸ”.Ǘſ-Ž,? 2'.»ģƟ�ȎƒǷſ-ǿ@#Ƥƫ-��(ȎǤƧſ�'

�ǫÐǔſ-ǥǀ�?�*�Ƈ=@(�>Ȏ�. 2'.»ģƟ.+%=��Ŀ):Ɖƨ�?*Ȏ
ìňſ-/őƜ�ĝİ�@,�
�@6).ƈƑ)/Ȏ�. 2'.»ģƟC�6�Äµ�(ƈƑ

�?�*/àȀ)�&#�Ȏ��ńǝ.ƤƫųŽſq�x�_�CŹ�#ƈƑ-<>Ȏ!.ÜȈ

/ƪÙ�@''�?(Rival et al. 2012, Hayashi et al. 2014)
�=-ȎƴžſőƜŵǖ.žǈ-<>Ȏ
őƜžŸ-ŮŬCĜ(#ƈƑ�ÍƲ-,&#
snf2òŽ�-<>ǐċ�@?ƴžſőƜĝİ�Ȏ

Ə�.ŀƇ.őƜĝİòŽ-<&(ĞȄCÊ�?�ǔ3#ƈƑ-<>	GRAS_Gq.Ǚ³ßø

NODULATION SIGNALING PATHWAY 1 (NSP1) �<1 NSP2ȎRWP-RK_Gq.Ǚ³ßø 
NODULE INCEPTION (NIN) �VGeLGh�Êă�.�Ť-��(ȎőƜžŸ.ś.»ģ-Ǹ

��?�*�ł=�-,&#(Tirichine et al. 2007)
NIN/őƜĝİ-ǸB?Ǫ�ø*�(ń¸-
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Ðÿ�@#œŲ§.Ǫ�ø)�>ȎőƜĝİǧƎ)ųŽſ-žŵ�ǐċ�@?Ǫ�ø)�?�*

�Ƈ=@(�#(Schauser et al. 1999)
ńǝȎNIN/ NUCLEAR FACTOR-Y (NF-Y) Ǫ�øCƃĹ.

Řſ*�?�*�ł=�-,>Ȏ�=- NIN; NF-YǪ�øCŖİſ-žŵ� ?*ȎőƜƻȂ

úç�)ƀďơƱµǃ�ǐċ�@?�*:ƌ�@#Ȍ#$�Ȏsnf2.ƴžſőƜ*Ž,>ȎőƜ

ŗŖǣ.ĝİ6)-/Ƶ=,�ȍ(Soyano et al. 2013)
VGeLGh�Cĵ��#ő)/ NIN.ž

ŵ�ǐċ�@?�*Ȏlhk1òŽ�)/őƜƻĮŎ¢úſ,NIN.žŵǐċ�ǘ�=,��*�=Ȏ

VGeLGh�WQg~�Q/ NIN.žŵǐċ-ħǇ)�?*Ƭ�=@(�?(Heckmann et al. 

2011, Soyano et al. 2014)
 
 

=9,"!&�-542�$)8  
� ı�/VGeLGh�WQg~�Q.�Ť-��(őƜ¸ŇžŸ-Ǹ��?µøřŖCł=�

-�?�*CƂſ-Ȏ�@6) snf2.ĴæòŽ�.YP~�h�QCǀ�ȎÆǿ�#òŽ�.Ç

ßǪ�ø.ǋŋCǀ&(�#
uzTQV. vagrant infection thread 1 (vag1) / snf2¢úſ,ƴž

ſőƜĝİCĴæ�?òŽ�*�(Æǿ�@#(Suzaki et al., 2014)
vag1.ý¯,řƲÝöòŽ�

*ĩB@?E~�)/ȎǡĔ.őƜĝİ�ý¯-Ĵæ�@?�*�=ȎVAG1/őƜžŸ-ħȆ

,Ǫ�ø*Ƭ�=@?
sXW|g�P��h�Q-<>Ȏ!.ÇßǪ�øCųÿ�#*�AȎ

VAG1/W�GigZg-��( DNAesG]w}�\ VI.Ŗİßø*�(Ƈ=@(�?

ROOT HAIRLESS 1 (RHL1)/HYPOCOTYL 7 .K�]�Q)�?�*�?�*�¹ł�#

(Sugimoto-Shirasu et al. 2005, Suzaki et al. 2014)
DNAesG]w}�\ VI/Ő²¦Á*×0@?

Ő² DNAǲCðĕ�?ǧƎ-��(ȎDNA.�ǰ= D�:'@?�*Cǹ� ŹC:'ǮƠ

ǅÏ�*Ƭ�=@(�?
W�GigZg)/ȎDNAesG]w}�\ VICŖİ�?ßø.ř
ƲÝöòŽ�/��@:Ő²¦Á

-ǸǤ�#ơƱŸǴǧƎ-ƽ��

ŽĔ�7=@?(Hartung et al. 2002, 
Sugimoto-Shirasu et al. 2002, Yin et 

al. 2002, Sugimoto-Shirasu et al. 

2005, Breuer et al. 2007, Kirik et al. 

2007)
W�GigZg. RHL1C

vag1òŽ�-ċ®�#*�AȎő

Ɯĝİ.ŽĔ�ƄǄ�@#�*�

=ȎVAG1* RHL1/_�mP.

řƲ*�(:ȉ��(�?�

*�ƌÛ�@#
 
� őƜĝİ)/ȎİŰ�#ő

Ɯ-��(ȎőƜƻ�£®�

''�?ơƱ.Ő²¦Á�ǘ

�?�*-<>ơƱVGZ�

ðõ�ȎőƜƻ�T�gGZ

â 2. ǱŸè(A, C, D)* vag1òŽ�(B, E, F).őƜ¶űȏ 

LacZ CŖİſ-žŵ�?őƜƻCĮŎ� ȎőƜC X-gal Ŏƹ�(�

?ȏfaeŴ.ȁƹ.WQg�/őƜƻCƌ�ȏǱŸè)/őƜ²ǫ/

Ő²¦Á�#ĮŎơƱ)é9'��@(�?(A,C)ȏvag1 òŽ�)/Į

ŎơƱ.ļ*VGZ�ŦČ�(B,E)ȎĮŎơƱ.¾ŝǽ.ơƱȌp}R

ae)ƌ�ȍ.ļ�ðÁ�?(D, F)ȏYR��l�Ȑ100 µm (A, B), 20 µm 

(C-F).  
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�ƔƠãÿCǀ�ơƱȌĮŎơƱȍ2*µÃ�?�*�Ƈ=@(�?(Foucher & Kondorosi 2000, 

Vinardell et al. 2003, Kondorosi & Kondorosi 2004,)
vag1òŽ�.Ě�E~�)/őƜĝİƲ�ý¯

-/öB@(�=�Ȏ��Čļ.őƜCĝİ�?
ĝİ�@#őƜ.VGZ/ǱŸè*õ�,ǩ

�/Ǐ9=@,��ȎĮŎơƱ.VGZ*ļ�ƽ��ŦČ�(�?�*�¹ł�#Ȍâ 2ȍ
őƜ

ơƱ.ŐƄCǔ3#*�AȎȋŚ(16C��)-Ő²¦Á�#ơƱ.¿Ï�ŦČ�(�?�*:B

�&#
!.�Ŀ)Ȏvag1.őƜ)/ȎĮŎơƱ-µÃ�?¾ŝǽ.ơƱ.ļ�ðÁ�(�?�

*�=ȎǡĔ.ơƱµǃ/śĔȌ8�Aţžȍ-ǀB@(�?*Ƭ�=@?Ȍâ 2ȍ
�@=.ƥ

Ō/ȎVAG1/İŰőƜ-��?ĮŎơƱ.µÃ-ǸB?Ő²¦ÁCT�e����(�?�*

�ƌÛ�@?
 
� Ś-ȎőƜžŸȌƀďơƱµǃȍ.Ƕ÷ǧƎ-��? VAG1.Ǹ�Cǔ3?#9-ȎŐ.VG

Z-ƆƂ�#őƜ¸ŇžŸ.ǊĆCǀ&#*�AȎǱŸè)/ƀďơƱµǃ.ƃ¾-�ǫ.ơƱ

.ŐVGZ�ðõ�?�*�B�&#
!.ġȎVGZ.ðõ�#ŐC:'ơƱ.Õá.ƀďơ

Ʊ.µǃ�ǐċ�@?ŗø�ǊĆ�@#
!.�Ŀ)Ȏvag1òŽ�)/őƜƻ�ĮŎ�#ȇê-

��?ƀďơƱ.ŐVGZ.ðõ/7=@�ȎƀďơƱµǃ:ǐċ�@,��*�B�&#
�

.�*/ȎőƜžŸCǶ÷�?�)ȎVAG1C��#ƀďơƱ.Ő²¦Á�ǰǇ,ğ¿CĶ�Í
ƲĪCƌÛ�(�?Ȍâ 3ȍ
�Ǟ.<�-ȎőƜ¸ŇžŸ)/ƀďơƱ-��?čĲſ,K�N

W�Ĩƙ/VGeLGh�WQg~�Q.»ģ�-��@(�?*Ƭ�=@(�?
vag1òŽ�

)/ƀďơƱµǃ/ǐċ�@,�:..K�NW�Ĩƙ/7=@?�*�=ȎK�NW�Ĩƙ6

)/śĔ-řƲ�(�?*ĩB@?
ǌ�ĺ�?*ȎƀďơƱ.Ő²¦Á/VGeLGh�*K

�NW�WQg~�Q.�Ť-��(ǐċ�@?ÍƲĪ�Ƭ�=@?
�.žǈ/ȎJ�fH.

ő.ƀďƤƫű-VGeLGh�*K�NW�C��?*Ő²¦Á�ǐċ�@?�*Cƌ�#�

�¸Ň.ƈƑİŌ*:�ƶ�?(Libbenga & Torrey 1973)
6#ȎőƜžŸ.»ģ-��? DNAe

sG]w}�\VI.ğ¿/ȎńǝȎ 

VAG1*/Ž,? DNAesG]w
}�\ VI.Ŗİßø.ǋŋ�=:

ł=�-�@(�?(Yoon et al. 

2014)
DNA esG]w}�\ VI
. AVp{haeCT�f�?

SUNERGOS1.řƲÝö�)/ȎƷ

Öť��*-ȋŧ-��(őƜĝİ

.ǂŵè�ě6?�*�ƌ�@(�

>Ȏŧę¢úſ- DNAesG]w

}�\ VI.ţĪCT�e����?

�Ƥ7�úç�?ÍƲĪ�Ƭ�=@?
 

� œŲ.žŸ)/ȎW�GigZg.Ƽ.ǂƀ.e}GT�vȎeHx�TW.ư�ȎőƜ²ǫ

.ĮŎơƱ.µÃ-�ǂ�@?<�-ȎŐ²¦Á/ơƱVGZ.»ģ-ąĹ-~�P�?:.*

�Ƹſ-Ƭ�=@(�#
!.�Ŀ)ȎňƈƑ-<>ǈ´�@#őƜ¸ŇžŸ-��?ƀďơƱ

.Ő²¦Á/ơƱVGZ.łƊ,ðõC�B,�
ŵç.*�AȎőƜ¸ŇžŸ-��(Ő²¦

â 3ȏVAG1C��#őƜ¸ŇžŸ.»ģxd� 
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Á�ǘ�?�*.ŸŲûſ,ĬÖ/�ł)�?�ȎƀďơƱ.čĲſ,Ő²¦Á.ǐċ�őƜž

Ÿ.Ƕ÷Cš9?Ǉß-,?ÍƲĪ��?
�#�&(Ȏ!.ǎơ,řŖCł=�-�?�*)Ȏ

µÃơƱ.ǦØǙĺ.µøřŖ.Ŷǋ�ǥ7Ȏ�=-Ő²¦Á.ľ#,ğ¿�ǈ´�@?ÍƲĪ

��?*Ƭ�(�?
!.#9-/ȎDNAesG]w}�\ VI-ǻ=�ȎŐ²¦Á.»ģ-Ǹ

B?Ǫ�ø.őƜ¸ŇžŸ-��?ǎơ,řƲ;!.Ƅ�Ǹ¤Cł=�-�(���*��ġ.

ǰǇ,ǓȈ)�?
 
 

>9��
� 
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