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� ǂ 40±ĚÅ*îƑ�*Ɣä�ȃƔ�%�şɑƔƊ,�"'Ŵ+�&ŕ;�%�3���Ŵ�+
µÝĴƔƊ+ų+ȧ�)=1(ȶ�ĚŘ*@�=źÉ+ǋŢɑüų�*ȱǄ�ö�%��'ǆú

ǔ+¥ƕ*:<H[�đ�ġĴ�>ɑƔƊ*'"%řĉ)ǆúǔ�á×�>=:*)<ɑȽ�

*Ɣä�Ɣ�Ğ.;>=Ɠõ�ŉ"%��ɉɑŗÁ*Ƚ�*ȡ¿��+,ŧƊ&���ŧƊ+Ƚ

�ȡ¿,��;ǂ 4±ɕÌ�ĚÅ3&*Ȏ�<ɏWellman et al. 2003ɐɑ�>3&Ĕƨ*Ǽ@>�ǫ
>î&�"�î�,Ħ�*ǒ+ŧƊ*Ǽ@>ɑüų�+ CO2ƅĜ+Ŗ)=£�A,�6'�%î

ƑƓõ*ü�)ĢɇA���'ǝ�;>%�3�ɏLenton 2001; Mora et al. 1996; Taylor et al. 2012ɐ�
��%ŧƊ*ȣ>=�'ňÌ�Ěɑǂ 4±ĚÅ3&*,ŐǱ�Ƚ�*ȡ¿�ɑ3± 6Ì�ĚÅ3
&*,ĵ�+ƭ´&�=�ƔɊ7Ƚ�ȡ¿AŢ���+&��îƑ+ůÜ�ɑŗü+ȔŃƇ+ɒ

#&�=ŧƊ+Ƚ�ȡ¿ɑ��%Ƚ�ŧƊ+ȡÊ,(+:*�%Ȏ�"�+&�9�ɘ 
� ǂ 4± 7Ì�ĚÅ*Ƚ�ȡ¿AŢ���ŧƊ+ºȝƭ´,ɑƐƔ+ȓȕǯŧƊȷ+�&7Tz
ULyǯǐɏCharophyceaeɐ8P�HN�aǯǐɏCholeochaetophyceaeɐɑCHvd�8vI`K
yAà5rTvd�ǯǐɏZygnematophyceaeɐ*șǕ+žŴĮ+ûǈǡǒǦǯɊ "�'ǝ�;
>%�3�ɏêɒ; Lewis and McCourt 2004ɐ�ǒǦǯɊ+�&7�>;+M~�o,ɑ�Y^\Ū
ȟA'=X~��VÝĴȯǄǹÝ¤AƎħ���'&ÈƏ:�X~��VAÝĴ�ɑǈǡȍÀǷ

*��=ȿǥġĴ¤ɏm|Myo|Vcɖphragmoplastsɐ+ġĴɑÓġȍȠǌɏo|WybVu
�\ɖplasmodesmataɐ+ġĴ)(ɑǹň+Ƚ�ŧƊ'ºȝ�=ġȍɏºřŻƔġȍɖsynapomorphyɐ
A7"%�3�ɏïĒ 2010; Graham 1993ɐ� 
� 3�șĚ+ÀĀǀǍǿš8Êƨ�q~+ȁĻ�;ɑƐƔ+Ƚ�ŧƊ+�&ŗ7ñȫ&Àē��

+�PNŧƊ 'ǝ�;>%�3��PNŧƊɏbryophytesɐ*,ɑ\EɊɏliverwortsɐɑǰɊɏmossesɐɑ
_iQNɊɏhornwortsɐ+ɔ#+M~�o��<3��ɑ�>;,ÁŚ*Àē���6ɑƤ�+
ǀǍȺ©*,ȇȄ�<ɑƐí&7ȋȆ+ŵƦ,#�%�3�BɏQiu et al. 2006; Wicket et al. 2014ɐ�
��%Ƚ�ȡ¿AŢ��%¯�ňÌ�Ě7Ǌ�)� 4± 3Ì�ĚÅ3&*,ɑŧƊ,ǏƻŞ8ų
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āAƎħ�ɑȤȰ)Ƚ�Ɠõ/ȨĬ�%��3���ƐƔ+ǏƻŞŧƊ+ŗ7ñȫ*¢ǚ�=+

,EgI\lj)(Aà5ĎǬɊɏlycophytesɐ&��ǏƻŞŧƊ,Ŗ)=ȡÊAȢ�ɑƲĀ8ǧ
AƎħ�ɑȽ�Ɠõ&+ǗţAȊŮ�%�3�ɏêɒɐ� 
 

 
��� � �$%���*��

 
� Ƚ�ŧƊ+ȎƁ'ȡÊAƒǿ�=*,ɑǒǯ'PNŧƊɑĎǬɊ�Ȼ+ǏƻŞŧƊ+ġĳ8s

bDo|�+űȖƩƵ�ǟǻ&��3�ɑǒǦǯɊ'Ƚ�ŧƊ*��=ƔźƓAűȖ�%43��

TzULyǯǐAà5ǒǦǯɊ,ɑƔźÜ+1'B(Aȭ¤ɏn��ɐ&Ȥ��ɑǹƤ ɏ2n
��ɐ,Ïǈǡ+łÝĀ ɏzygoteɐ�=�,ÙƾÒ ɏfertilized eggɐ+4&��łÝĀ,¤ǈǡ
ÀǷ�=�')�ƀňÀǷAǳ)�ɑn��/'ưǳ�3���ŌɑPNŧƊ'ǏƻŞŧƊAà
5Ƚ�ŧƊ,ɑ·%ȭ¤ɏn��ɐ*Ç�%ûǈǡ+ǡĀ¤ɏ2n��ɐAġĴ�3��ɃɁ+
ȭĀɏƾĀ'Òɐ�Ùƾ�%ġĴ�>=ÙƾÒ�ɑƣ!*ƀňÀǷ�=�')�ɑ¤ǈǡÀǷ

AǙ<Ț��'&ûǈǡ¤AġĴ�=�'�ɑǒǦǯɊ',Ɯ)=ɑȽ�ŧƊ*ºȝ�=ġȍ)

+&��ǩ�ǡĀ¤,Ǡ'ã->ɑǠƝƔAǳ)�'�Ƚ�ŧƊ+ºȝ+ƋĪ&�=�6ɑȽ

�ŧƊ,řǠŧƊɏEmbryophytesɐ'7ã->3��ȭ¤'ǡĀ¤+ 2#+ûǈǡ¤�ƔźƓ
+�*��*Ɛ>=�'����'ã.ɑ�>7Ƚ�ŧƊ+ƋĪ&��3�PNŧƊ�Ȼ+ȭ

¤8ǡĀ¤�ř�=ɈƸǈǡ,ɑ3#��+ǈǡÀǷɅAĽ#�ŭ³Ɵ)ġĳġĴAǳƇ7ɑ
ǒǦǯɊ'+ü�)Ȧ�&���ŌɑȽ�ŧƊ+�&7ɑPNŧƊ'ǏƻŞŧƊ&,ɑ�+¤Ä
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,ü��Ɯ)<3��PNŧƊ,ɑƔźÜ+üÍAȭ¤ɏn��ɐ'�%Ȥ��ɑǡĀ¤ɏ2n
��ɐ,ȭ¤*¨Ă�%�3��ɑǏƻŞŧƊ,ǡĀ¤ɏ2nɐ�²Ñ&�<ɑȭ¤,ƤċƟ
*Ď��)"%�3�ɏêɓɐ� 
 

 
�.� $%���"#� ������ 

 
� ĎǬɊ8T]ŧƊ+ȭ¤,ɑǡĀ¤*ű0ƤċƟ*Ď��)�;7ƍƷ�%Ɣź�3��ɑ

ǶĀŧƊ&,ȭ¤,ňǈǡ*3&ǖț�ɑǡĀ¤*¨Ă�%�3��3�ǏƻŞŧƊ+ǡĀ¤

&,PNŧƊ*,ǽ;>)�û�+ŋǾġȍɏǏƻŞɑƲĀɑǧçąɑ}Mf�Aà5�ŭǈǡ

÷ɐ�Ǝħ�>%�3���+�6PNŧƊ'ǏƻŞŧƊ+Ɯ)=��*ġĴ�>=Ɋ¡��ç

ąAűȖ�=ƩƵ,ǳ@>%��7++ɏGraham et al. 2000; Ligrone et al. 2012ɐɑġĳĄƟɑǉǘ
ĄƟɊ¡ĮAľń�=*ƛ3"%�3��� 
� ÉƊ&,ɑȽ�ŧƊ*ǽ;>=:)ŤƤ+��A ����,)�ɑȝęɑǹƤ��ɏ2nɐ
*+4ûǈǡ+¤Aġ¥<ɑÏƤ*,Ïǈǡ+ƾĀ8ÒǈǡA¥=ɑǹƤðƔźƓA7!3��

Ú�*Àē��Ɯ)=ǀǍ+ȹɏ§�-ǂ 5±ĚÅ*¿Ɛ��ǣŨÉƊ+�+ɎɊ��ƔɊ�å
�Ɋ+ȹɑǣŨÉƊ'ƈǣŨÉƊ+ȹ&7ɐ*��%7ƔźÜ,ñŜƟ*ºȝ&�<ɑǹƤ��

*Ūƽ�>=ûǈǡ¤*,ɑǀǍƟ)șǕĮ*Ĭ�%ǠƝƔȤƱ+Ɋ¡Į8çą+ġĳƟƤÞĮ

�Ȃ6;>3����%Ɯ)=ǀǍȹ*��=çą+ƤÞĮ8ǠƝƔk\��+Ɋ¡Į+űȖƩ

Ƶ�;�dE_+p^N~��¬¤ƝƔ,ǀǍƝƔAǙ<Ț�	'ǴƐ����=ÉƊ+¬¤Ɲ

ƔȤƱ,��+ÉƊ�ȡÊ�%��ȤƱ+ġĳƟùÊɏǀǍƝƔɐAǙ<Ț�:*ȡǳ�=�

'��ÖĩȄ�*�Ǵ�>=:)ƝƔ'ȡÊɏǀǍƝƔɐAǋ.#�=ǝ�Ō�Ú��;�
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<3����+:)űȖƝƔĄ*ñ$�ȡÊ+ȋȆ,ɑ20�ǁĥÍ*��=ÀĀȪ�Ą8ĈɌ
ƝƔĄ+ĴŢAØ<¶>)�;ɑȡÊƝƔĄɏGsbsɐƩƵÀȳ'�%ƝĐ�ɑġĳƟƤÞĮ

8ǠƝƔk\��+Ɋ¡Į'�>;AƔ4¿�ȡÊƟxIfWw,ɑ:<ſ��q~&ƒǿ�>

##�<3��șĚ&,ɑǂ 10±ĚÅ*Àē��ŽŦÉƊ+:)Ïǃ)¤ÄA7#ÉƊ+Oi
w*��7ɑ:<ǹɄ)ÉƊ&ġĳġĴ*Ⱥ��=rxHs^LVȪ�ĀAþ6'�=ÄĨȪ�

Ā8�+Óð'7��=Ȫ�Ā�û�Ăí�=�'�ő;�*)"%�3�ɏCarroll et al. 2003; 
Fortunato et al. 2014ɐ�ǹɄ�#ûū)sbDo|�+ȡÊ,ɑɏ�*ɐŋ�)ŬǢA7#ŋ�)Ȫ
�Ā+Ǝħ*:=7+&,)�ɑō*Ǝħ�>%��ºȝ+Ȫ�ĀX^c+CviȱǚŃAĠ�

Ȏ��ùƜɏRonshaugen et al. 2002ɐ8ɑ¦�Ōɏ�#ɑ(�&°��ɐ+ùÊ*:=7+ 'ǝ
�;>=:*)<3��ɏCarroll 2008; De Robertis 2008; Shubin et al. 2009ɐ�§�-û�+ÉƊ
ȷ&ºȝ�%ƥ+ƝƔ*ƕ�;>%�= Pax6Ȫ�ĀɏHalder et al. 1995a; 1995bɐ*ǽ;>=:
*ɑƝƔo�XVAÄĨ�=ºȝ+Ȫ�ĀX^cɏ_�~K^cɐA�ī'��Ȫ�ĀÄĨh^

c��L,ɑƼȐÉƊ8ǣǅÉƊ)( 5±Ě��Å*Àē��ɍŭ+ǀǍȹ&7ɑû�+ôÝɑ
ºȝ�%�=�'�ő;�')"%�3��ȤÔ 20Ě*@�=ÉƊ+ƝƔȡÊĄƩƵ+ĴŢ*:
<ɑûū)ÉƊ+ǀǍ*��=ƝƔo�XV+ùŖ,ɑ_�~K^cȪ�ĀƝƐ+ŒƶȹƟùÊ

8ɑŒ*,ɑÂ+ďɅ&+Ȕƕ�½ÃƕɏP�HoT{�ɐ*:"%7�;�>='ǝ�;>=

:*)"%��+&�� 
� 1990ĚÛ�;T�EgeWeɏArabidopsis thalianaɐAþ6'�=ǶĀŧƊyb~ŧƊƲ*�
�=ġĳġĴ+�ǉ4*#�%ÀĀ�q~+ƒǿ�ɋȒƟ*ß��3���ǎ�%ɑT�Ege

We&ÞĆ�>�ġĳġĴȪ�Ā+ȎƁAŁ=�6*ɑǶĀŧƊ�ú+Ƚ�ŧƊAŝŊ'��Ƥ

ÞȪ�ĀŁǅ�ǳ)@>=:*)<3���§�-ɑǶĀŧƊ+ƔŰçą&�=ǧ+ƝƔ*�

�%ɑǧǨġĴ+uV\�ÄĨéĀ LEAFY/FLORICAULAȪ�Ā8ɑǧçą+ġĴAĹMADS
s^LVȪ�Ā*#�%ɑPN8T]ŧƊ*7�+ƤÞȪ�Ā�Ăí�=�'�ő;�')<ɑ

�+ƝƐūğ8ŬǢ+«ĂĮ*#�%+ǿš�ȡ6;>%�3�ɏTanahashi et al. 2005; ǫś
2012; Hasebe et al. 1998; ȶȌȫ 2002ɐ��;* 2000ĚÛ*¶<ɑT�EgeWeAþ6'�=Ƕ
ĀŧƊ �&)�ɑĎǬɊɑPNŧƊɑǒǯ)(ū�)ŧƊƲ+Oiw�ǿȅ�>='ɑ¤Ä8

Ɣźūğ�ü��Ɯ)=Ƚ�ŧƊ+ǀǍȹ&ɑƝƔÄĨȺȠ+Ȫ�Ā+û��«Ă�>%�=�

'�ő;�*)"%�3��ɏFloyd and Bowman 2007; Rensing et al. 2008; Banks et al. 2011ɐ�2000
ĚÛ�ɉ*)<ɑPNŧƊ+�&�!ŏ�Ȫ�ĀŬǢǿš+ĈɌǀ�ƪƷ�>�ǰɊlx_}J

hQNɏShaefer and Zryd 2001ɐAŝŊ'�%ɑǶĀŧƊ+ǡĀ¤&ƝƔÄĨ*Ⱥ@=ū�)Ȫ�
Ā+ƤÞȪ�Ā*#�%ŬǢǿš�ȡ6;>ɑǶĀŧƊ'PNŧƊ&+Ȫ�ĀŬǢ+ºȝĮ8Ȧ

��ȋȆ&�=:*)<3���Ƌ*ɑșĚ&,ɑPNŧƊ&,ȭ¤&ŬǢ�=Ȫ�Ā�ɑ

ǶĀŧƊ&,ǡĀ¤&+ŬǢAƎħ��P�HoT{�ɏȔƕ�½Ãƕɐ+§�óâ�>þ6%

�3��§�-ɑT�EgeWe+ǡĀ¤*��=ť+ǴƠǈǡ�;ÀÊ�=ťŲ+ġĴAÄĨ

�=L|V VIII basic-helix-loop-helixȔ¾éĀ+lx_}JhQN*��=H�Z�MȪ�ĀɏH
�Z�M'k|�M*#�%,�ŜǑȄɂ�ũÓ�ÚŴ+ǿȄAÕƉɐ�ɑȭ¤+ǴƠǈǡ�

;ÀÊ�=�ť+ġĴAÄĨ�%�=�'�óâ�>3��ɏMenand et al. 2007ɐ���%ǶĀŧ
ƊǡĀ¤+ťŲǈǡAġĴ�=L|VVIII basic-helix-loop-helixȔ¾éĀA�ī'��Ȫ�ĀÄĨ
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h^c��L'PNŧƊȭ¤+�ť+:)ƿƌ+ǈǡAġĴ�=Ȫ�ĀÄĨh^c��L�ɑ

12ºȝ�%�=�'7ƫ�>%�3�ɏTam et al. 2015ɐ��+�',ɑȭ¤AŜ¤'�=Ƚ
�ŧƊ+ºȝƭ´&ŬǢ�%��Ȫ�ĀÄĨh^c��L�ɑǶĀŧƊǡĀ¤+ǈǡÀÊÄĨ*

P�HoT{��>��§'ǝ�;>3��Ɛí+'�?ɑǒǯ8PNŧƊ*��=Ȫ�ĀX^

c+Ăíūğ8ŬǢ*#�%+Ƨǽ,3 3 �Ȑ�%�<ɑŧƊ*��=sbDo|�ȡÊ+

·Ċǿő,þ3"�-�<&��șĚɑŭ��T�N�R�Ãƕ+ļ�<*:<ǒǦŧƊ+ū�

)ǀǍ+Oiwǿȅ�ȡB&�3��3�ɑ\EɊYfQN)(ŋ��yb~Ʋ*��=ƩƵñ

Ƣ+ŪƽɏIshizaki et al. 2016ɐ7ǽȜ�3�B�T]8ǸĀŧƊ*��%7ġȍȔŃǀ�ƪƷ�
>ɏPlackett et al. 2014; Tang and Newton 2003ɐɑȪ�ĀŬǢǿš+ȥ�ĺ�>3����3�*ŧ
Ɗ+ƝƔȡÊƩƵ,ŋ�)ďɅ*¶"�'��3�� 
� ŜǑȄɂ,ɑŎŜŧƊĄ�ƹ 78èü�ɏ2014Ě 9Řɐ&ȸ®�>�T�tUFw�Ú�ȮA
ŋ��Ɇǵ*əpreexisting gene regulatory network+Ȕƕ*:=Ƚ�ŧƊ+sbDo|�Ɇŋ�+
¼ĊA7'*ǑȄ'�%Ø<3'6�7+&���+T�tUFw,ɑșĚɑŧƊ+ƝƔȡÊA

ƒǿ�=�&Ȳǻ)ŎŜƝ+ƩƵ�Ƥŭ�&óâ�>�ÉßAȑ3�ɑ:8�ƸǓ*#��ŧ

Ɗ+ƝƔȡÊĄɑƋ*�Ȫ�ĀÄĨh^c��L+Ǝħ'�+P�HoT{�*:=ŧƊȡÊy

b~�AȋȆ�=�'Aıê�%�ƙ�3���ȈƂǞ*,ɑH�JeES�2�*Ç�ɑŧƊ
OiwƩƵ+ƹ��Ǟ&�=ǺĒŔőÐøɑTzULyǯɊ+Oiwǿȅ&�ƚÁ+ĴŢAĿ�

�òă�ÐøɑYfQN+yb~ŧƊÊ+ƷģǞ&�<Ƚ�ŧƊ*��=ƓõĬƺ+�ǉ4'ȡ

ÊAƩƵ�%�=Ÿ¼ă�ŇŀɑȽ�ŧƊ&Ǝħ�>�ǈǡÀÊAÄĨ�=Ȫ�ĀÄĨh^c�

�L*#�%ü�)ƝǽA�>�üȌǜŶȬÐø'�"�ųȵ+ƩƵǞAȩ.3��� 
� ŜǑȄɂ+¼Ċ&��ɑòă�Ðø'ýƖæ�Ðø+ǑȄ&,ɑ2014Ě*Á6%q�~AǤ�
 ȓȕǯŧƊȷ+�ƲL�nZ~vbDFw·Oiwǿȅ+ĴŢ*#�%ǿȄ�>%�3��ũ

ÓįĀÐø+ǑȄ&,ɑŧƊ+ȡÊ*��=ǹƤ+ǹɄÊ*#�%ɑŸ¼ă�ÐøɑüȌǜŶȬ

Ðø+ǑȄ&,ɑPNŧƊ+ĈɌǀAƕ��ƩƵ�;ǽ�%��Ƚ�ŧƊ*ºȝ�=Ȫ�ĀÄĨ

h^c��L'�+��Aȏ��P�HoT{�*:=ȡÊAŅĽ�=»¤Ɵ)ƩƵ§�ǿȄ�

>%�3�� 
� �ĥɑŋ�)ŧƊƲ&+Oiwİó+Ŗ)=ǭƴ8ɑū�)ƔƊƲȹ&+Ȫ�ĀŬǢ+űȖƩ

Ƶ�ȡ4ɑŧƊ+ƝƔȡÊƩƵ�3�3�ÇȞ�=�'�ŚĤ�>3���>;+ǑȄAȝ�%ɑ

ŧƊ*��=ƝƔȡÊĄ+ŋ�)ƃżAĲ�%�� �>-ɑH�JeES��Þɑ�>��ÿ

���',�<3�B� 
 

')�

ŜƳ+¥Ĵ*��"%,ɑǒǦǯɊ+ÀɊ¤ǀ+ĸ�Ō*#�%ɑïĒǪªÐøɏƮķüĄüĄ

ȼƒĄƩƵƯɐ�;û�+Px�cA�� �3���3�ê+¥Ĵ*�ÎÆ�� ��üĄȼ

Ɣ+ɍǽǪě�BɏƮķüĄüĄȼƒĄƩƵƯɐ'ŜƳ*řơ)Px�cA�� ��ÚŴÌč

ÐøɏMax Planck Institute for Plant Breeding Researchɐ*Ĳȉ���3�� 
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ᆅ⌫ࡿࡅ࠾⏕ࡢṔྐ࡚࠸࠾㸪⏕ࡢ㝣ୖ㐍ฟࡣከᵝࡳ⏕ࢆ✀࡞ฟࡋ㸪⌧ᅾࡢ⏕≀ከ

ᵝᛶࡢึ᭱ࠋࡿ࠸࡚ࡗ࡞♏ࡢ⏕ࡢ㝣ୖ㐍ฟࡢ㐣⛬ࡔࡲ࠸ࡣ᫂࡞Ⅼࡀከࡃ㸪᳜≀ࡣࡾࡼ

ࡋࡋࠋ(Battistuzzi & Hedges 2009)ࡿ࠸࡚ࢀࡽ࠼⪄ࡓࡗ࠶ࡀ㝣ୖ㐍ฟࡢࣜࢸࢡࣂඛࡿ

ࡗ⮳ࡿࡍᙧᡂࢆᆅ⌫⎔ቃࡢ㸪᪥ࡏࡉⓎ㐩ࢆ≀⏕㝣ୖ࡞㞧「ࡓࡋࡵࡌࡣࢆ≀㸪ືࡽࡀ࡞

㝣ୖࡢ≀᳜ࡿࡁᡂ࡛ྜࢆ≀᭷ᶵࡋᅛᐃࢆ㓟Ⅳ⣲࡚ࡗࡼ㸪ගྜᡂ࡚ࡋཎືຊࡢ᥋┤ࡓ

㐍ฟࡣ࡞ࡁᙺࢆᯝࡓࡋࡓࠋࡿ࠶࡛☜ࡣᮏ⥲ㄝ࡛ࡢ≀᳜ࡣ㝣ୖࢆゎ᫂ࡗࡓ࠶ࡿࡍ

࡚㔜せ࡞⨨࡙ࡿ࠶ࡅ㌴㍈⸴᳜≀㛛ࡕ࠺ࡢ㸪࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ (Klebsormidium 
flaccidum)࣒ࣀࢤࡢゎㄞ⏕≀ࡢẚ㍑ࡢ⤖ᯝࢆ⤂ࠋࡿࡍ 
 

㸯㸬᳜≀ࡢ㝣ୖ࡚࠸ࡘ 
᭷⬇᳜≀㸦㝣ୖ᳜≀㸧ࡽ㸪ศᏊ⣔⤫ゎᯒࡃ࡞ࡣ࡛ᐃࡣࡢࡓࡁ㉳ࡘ࠸ࡀ㝣ୖ㐍ฟࡢ≀᳜

ࡼ▼ࡢᏊ⬊㸪ศᏊ⣔⤫ゎᯒࡽࡀ࡞ࡋࡋࠋࡿ࠶࡛≦⌧ࡀࡢࡿ࠶ㅖㄝࡶ᥎ᐃᖺ௦ࡢ⌧ฟࡢ

⣙ࡾ 4 ൨ 7 ༓ᖺ๓ࡢ⏕⌧࡛ࡍࡣ㝣ୖ᳜≀ࡢඹ㏻♽ඛࡣㄌ⏕ࡿ࠸࡚ࢀࡽ࠼⪄ࡓ࠸࡚ࡋ

(Rubinstein et al. 2010, Clarke et al. 2011, Magallón et al. 2013, Edwards & Kenrick 2015)ࠋ 
㝣ୖࡣ㸪⇱ࢇࢁࡕࡶࡣᙉ࠸⣸እ⥺㸪࡞ࡁ ᗘኚ㸪㔜ຊ㸪ᰤ㣴ࡢḞஈ࡞ᵝࢺࢫ࡞ࠎ

㐺ࢫࣞࢺࢫࡢࡽࢀࡇ㸪࡚ࡗࡓ࠶ࡿࡍ㝣ୖ㐍ฟࡀ≀㸪᳜ࡾ࠶ቃ࡛⎔࡞㐣㓞ࡿࡍᏑᅾࡀࢫࣞ

ᛂࡿࡍᚲせࡓࡗ࠶ࡀᛮࡢ≀᳜ࠋࡿࢀࢃ㝣ୖ࡞࠺ࡼࡢࡇࡣᙜࡢ㝣ୖ⎔ቃࡃࡁᙳ㡪ࢆ

 & ሁ✚(Scottࡸ⏝ቑ(Parnell & Foster 2012)㸪㓟Ⅳ⣲ᅛᐃ㸪㢼సࡢ᪉㸪㓟⣲⃰ᗘ୍ࡿࡅཷ
Glasspool 2006)࡞ᆅ⌫⎔ቃࡢᙧᡂࡃࡁᐤࡋ㸪┦ࡃ῝ᙳ㡪ࢆཬ࠼⪄ࡓࡗ࠶ࡋࡰ

 ࠋࡿࢀࡽ
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㸰㸬㝣ୖ᳜≀ࡢ㉳※ 
㝣ୖ᳜≀ࡣ⥳Ⰽ⸴㢮ࡽ⩌୍ࡢศᒱࡋ㸪⌧ᅾࡢከᵝ࡞㝣ୖ᳜≀Ⓨᒎࡀࡓࡁ࡚ࡋ㸪ࡢ

ࠋ࠺ࢁࡔࡢࡓࡗ࠸࡚ࡆ㐙ࢆⓎᒎࡋ㐺ᛂ㝣ୖ⎔ቃ࡚ࡗࡸ࠺㸪ࡋ㐍ฟ㝣ୖࡀ≀᳜࡞࠺ࡼ

ࡇࡿࡍẚ㍑≀㝣ୖ᳜ࡸ㢮⸴ࡢ㸪ࡋࡽ᫂ࢆᛶ≉ࡢ㢮⸴࠸㏆≀㝣ୖ᳜ࡣゎ᫂ࡢࡑ

 ࠋࡿࢀࡉᮇᚅ࡚ࡋࡘ୍ࡢࢳ࣮ࣟࣉ࡞㔜せࡀ
ከᵝ࡞⸴㢮ࡀᏑᅾࡿࡍ୰࡛⣽⬊ศࡢ≉ᚩࡸ⣔⤫ゎᯒࡽ㌴㍈⸴᳜≀㛛(Charophyta)ᒓ

 ,.Lewis & McCourt 2004, Leliaert et al)ࡿ࠸࡚ࢀࡽ࠼⪄࠸㏆ࡶ᭱≀㝣ୖ᳜ࡀ㢮⸴ࡿࡍ
ࡣ࡛✏㸪ᮏࡀ࠸࡞ࡣ࡚ࢀࡉ୍⤫ࡔࡲࡣグ⾲ࡢ㸪ศ㢮ୖࡾ࠶࡛⩌⤫ከ⣔ࡣ≀᳜⸴㸦㌴㍈ࠋ (2012

Lewis & McCourt 2004 ࣟࣟࢡࡣ㸧㌴㍈⸴᳜≀㛛ࠋࡓࡋグ⾲ࢆศ㢮ࡢ≀᳜⸴㌴㍈ࡁᇶ࡙ศ㢮ࡢ

ࡢ⥘⸴ࢡࢪࣕࢩ㸪᥋ྜ⸴⥘㸪⥘⸴ࢸ࣮ࢣ࢜ࣞࢥ㸪⥘⸴࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ㸪⥘⸴ࢫࣈ࢟ 5
ࡢ⪅ᚋ࡛࡞ࡢࡇࠋ㸦ᅗ㸯㸧ࡿࢀࡲྵࡀ⥘ࡢࡘ 3 ࡕ࠺ࡢࡑ㸪ࢀࡉ࠸㏆≀㝣ୖ᳜≉ࡣࡘ

✚ࡢ㏆ᖺ㸪㌿⏘≀ሗࠋࡓࡁ࡚࠸⥆ࡀ㆟ㄽࡃࡽ㛗ࡣࡿ࠶࡛⩌ጜጒࡢ≀㝣ୖ᳜ࡀ⥘ࡢ

᭷ຊࡀㄝࡿࡍ⩌ጜጒࡢ≀㝣ୖ᳜ࡀ⥘⸴᥋ྜࡣ㸪⌧ᅾࢀࢃ⾜ࡀゎᯒ࠸㧗ࡢ⢭ᗘࡾࡼ㸪ࡶ

ᐇ㝿㸪31ࠋ (Timme et al. 2012, Wickett et al. 2014) ࡿ࠸࡚ࡗ࡞ ✀㢮ࡢಖᏑࡓࢀࡉ㓄ิᇶ࡙

 ࠋࡿ࠸࡚ࡋᨭᣢࢆࢀࡑࡶゎᯒ⤖ᯝࡢᅗ㸯ࡓ࠸
ᡃࡣࠎ㝣ୖࡿࡓ࠸㐣⛬ึࡾࡼࡢᮇ㸪࡞࠺ࡼࡢ㑇ఏᏊࢆ⋓ᚓ࠺࠸ࡢࡓࡋほⅬ࡛

ศẚ㍑ⓗึᮇࡕ࠺ࡢ≀᳜⸴㌴㍈ࡢࡽࢀࡇ㸪࠼⪄ࢆࡿࡵ㐍ࢆ✲◊࡚࠸ࡘ㝣ୖ㐍ฟࡢ≀᳜

ᒱࡋ㸪ከ⣽⬊ᛶ࡛࡞ࣝࣉࣥࢩࡀࡿ࠶యไࢆᣢ࣒ࣀࢤࡢ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡࡘゎㄞࢆ㐍ࠋࡓࡵ 

  
㸱㸬ࡣ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ 

ࢀࡉሗ࿌ࡣᛶ⏕Ṫ↓ࡿࡼ㸪㐟㉮Ꮚࡾ࠶㢮࡛⸴ࡢ⬊ከ⣽ࡢ⣒≧ᛶࡣ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ

ࡢ㝣ୖࡧࡼ࠾ῐỈࡣᜥ⎔ቃ⏕ࠋ㸦ᅗ㸰a㸧࠸࡞࠸࡚ࢀࡉሗ࿌ࡣ᭷ᛶ⏕Ṫࡸ㸪⣽⬊ศࡀࡿ࠸࡚

⏕Ẽࡓࡋ㐺ᛂᗘ㝣ୖ⎔ቃ⛬ࡿ࠶㸪ࡀࡿ࠶ࡣ㢮࡛⸴ࠋࡿࡍศᕸ㸪ୡ⏺୰ࡾ࠶ቃ࡛⎔࡞₶‵

⸴㢮࡛ࡾ࠶㸪⇱(Morison & Sheath 1985, Elster et al. 2008, Karsten & Holzinger 2012)ࡸ⤖

ᅗ㸯 31 ✀㢮ࡢಖᏑࢡࣃࣥࢱࡓࢀࡉ㉁ࡿࡼ⣔⤫ᶞ 
21 ㉁㓄ิ㸦୍㒊ࢡࣃࣥࢱࡢࢻ࣮ࢥ᰾ࡓࢀࡉಖᏑ࡚ࡋඹ㏻✀≀⏕ EST 㓄ิࡽ᥎ᐃ㸧ࢆᇶస

ᡂ᭱ࡓࡋᑬ⣔⤫ᶞ (Hori et al. 2014. Fig. 2  (ᨵኚࢆ
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㸪㠀ᖖࡋศᒱࡕ࠺࠸୰࡛᪩ࡢ≀᳜⸴㌴㍈ࡣ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡࠋࡿࡍពࢆࡇࡿ࠸

࠶ᙧ࡛࡞㸪ཎጞⓗࢆ࣒ࢸࢫࢩ࡞ࠎᵝࡢ㸪㝣ୖ᳜≀≉᭷ࡎࡽࢃࡶࡿ࠶యไ࡛࡞ࣝࣉࣥࢩ

 ࠋ࠸࡞ࢀࡋࡶࡿ࠸࡚ࡋᚓ⋓ண௨ୖࡶ࡚ࡋࡓࡗ
 ௨ୖࡢ⤖ᯝࡿࡵࡲࢆ㸪᳜ 㸪ḟࡣᚓ⋓ࡢከᵝᛶࡢ㐣⛬࡛㑇ఏᏊࡃ࠸࡚ࡋ㐺ᛂ㝣ୖࡀ≀

ࡢ 3 ẁ㝵ࣉࢵࢸࢫࡢศࡿࢀࡽ࠼⪄ࡿࢀࡽࡅ㸦ᅗ㸵㸧ࠋ 
i) 㝣ୖ᳜≀ࡢඹ㏻♽ඛ࡛ࡀ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡࡽ⸴⥳ࡿ࠶ศᒱࡢ࡛ࡲࡿࡍ㛫ࡣ㑇ఏᏊ

 ࠋࡿࢀࡽ࠼⪄ࡓࡋࡽࡓࡶࢆቑຍࡢ㢮✀ࡢ㑇ఏᏊࡀቑຍࡢᩘ
ii) ࢣࢥ㸪࠺ࡼࡢ≀᳜ࢲࢩ㝣ୖ⎔ቃࡾࡼ㐺ᛂࡋ㸪⤌⧊ศࡀᙧᡂࡣࡿࢀࡉ㸪ྠ㑇ఏᏊ᪘

 ࠋࡿࢀࡽ࠼⪄ࡓࡋ⬟ྍࢆⓎ⌧ㄪ⠇ࡸᶵ⬟ㄪ⠇࡞㸪⣽ࡏࡉቑຍࢆࣥࣙࢩ࣮࢚ࣜࣂ୰࡛ࡢ
iii) ✀Ꮚ᳜≀࡞࠺ࡼࡢ㧗ᗘ࡞㝣ୖ⎔ቃࡢ㐺ᛂ⤌⧊ศࡣࡿࡍ⬟ྍࢆ᪤Ꮡࡢࢶ࣮ࣃࡢ

᪂ࡳ⏕ࢆࡏࢃྜࡳ⤌࠸ࡋฟࡋ㸪᪂࠸ࡋᶵ⬟ࡢ㑇ఏᏊࡳ⏕ࢆฟࡀࡇࡓࡋ㔜せࡽ࠼⪄ࡓࡗࡔ

 ࠋࡿࢀ
⎔㝣ୖࡸᵓ⠏ࡢከ⣽⬊యࡀ≀㸪㝣ୖ᳜ࡣඛ♽ࡢ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ୰࡛ࡢ⛬㐣࡞࠺ࡼࡢࡇ

ቃ㐺ᛂࡵࡓࡿࡍⓎ㐩ࡓࡗ࠸࡚ࡏࡉ㑇ఏᏊ㸪ࡢࢶ࣮ࣃࡢࡑࡣ࠸ࡿ࠶ከ࡛ࡍࢆࡃ⋓ᚓ࡚ࡋ

 ࠋࡓࢀࡉ᥎ᐃࡀࡓ࠸

ᅗ㸳� 15 㑇ఏᏊᩘ⥲ࡢ✀≀⏕
࣓ࢻࡧࡼ࠾㢮ᩘ✀ࡢ࣓ࣥࢻ
 ࢺࢵࣟࣉࡢᩘࡏࢃྜࡳ⤌ࡢࣥ
 
ྛ⏕≀✀ෆࡢࢡࣃࣥࢱ㉁ࡢ pfamA
ࡧࡼ࠾ pfamB ࡢ࣓ࣥࢻ㸪ࡋ⣴᳨ࢆ
✀㢮ᩘࢆ࣮ࣥࢱࣃࡏࢃྜࡳ⤌ࡧࡼ࠾
ࢆ✀ࡌྠᅗ㸱ࡣ㢮⸴ࠋࡓࡋࢺࣥ࢘࢝
⏝ࠋࡿ࠸࡚ࡋከࡢࡃ⸴㢮࡚࠸࠾㸪
ࡢ࣓ࣥࢻࡶࡾࡼ㢮ᩘ✀ࡢ࣓ࣥࢻ
࡚ࡗ࡞ࡃ࡞ᑡࡀ࣮ࣥࢱࣃࡏࢃྜࡳ⤌
ࢱࣃࡏࢃྜࡳ⤌ࡢ࣓ࣥࢻ㸪ࡣࡢࡿ࠸
࠸ከࡀࡏྜ⤌ࡓࡗࡲỴࡃ࡞ᑡࡀ࣮ࣥ
 ࠋࡿ࠶࡛ࡵࡓ
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㸵㸬ࡿࡅ࠾࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ㌿ᅉᏊ 
 Plantࠋࡿ࠶ᅉᏊ࡛࡞㔜せ㠀ᖖࡿࢃ㛵⟆ቃᛂ⎔ࡶ㸪㌿ᅉᏊࡢࣥࣔࣝ࣍≀᳜ 

Transcription Factor Database v3.0 (Jin et al. 2013)ࡢศ㢮ἲᇶ࡙࡚࠸ 58 ✀㢮ࡢ㌿ᅉᏊྠࡢᐃ

ࡽ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡᯝ㸪⤖ࡓࡗ⾜ࢆ 266 㑇ఏᏊࡢ㌿ᅉᏊྠࡀᐃࡓࢀࡉ㸦ᅗ㸷㸧ࠋࡢ

⸴㢮ẚࡿⱝᖸከࡢࡢࡶ࠸㸪㝣ୖ᳜≀ẚ㍑ࡿࡍᅽಽⓗᑡࠋ࠸࡞㑇ఏᏊ༨ࡿࡵ

ྜࡶ⣙ ࡾࡼྜࡢ㌿ᅉᏊࡿࡵ༨㑇ఏᏊࡢ≀㸪㝣ୖ᳜ࡾ࠶ᗘ࡛⛬ྠ㢮⸴ࡢ1.5%

ᑡࡢࡑࡽࡀ࡞ࡋࡋࠋࡓࡗ࠶࡛ࡢࡶ࠸࡞✀㢮ࢆẚ㍑ࡿࡍ㸪ࡢ⸴㢮ࡾࡼ᱁ẁࢩ࣮࢚ࣜࣂ

♽ඹ㏻ࡢ≀㝣ୖ᳜࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡࡓࡲࠋ㸦ᅗ㸯㸮a㸧ࡿࢃࡀࡇࡿ࠸࡚࠼ቑࡀࣥࣙ

ᅗ㸷� 15  ㌿ᅉᏊᩘࡓࢀࡉฟ᳨࡚࠸࠾✀≀⏕
ᅗෆࡣ್ᩘࡢ㑇ఏᏊ༨ࡿࡵ㌿ᅉᏊࡢྜࠋࡍ♧ࢆ

ᅗ㸶�  ࡓࢀࡉぢฟࡀ㢮ఝ㑇ఏᏊࣥࣔࣝ࣍≀᳜ࡓࢀࡉฟ᳨࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ
ሗఏ㐩ᅉᏊ  

㝣ୖ᳜ࠋࡿ࠶ᮍ ᐃ࡛ࡣࣥࣞࢳ࢚ࠋࡓࡋ♧࡛ࢫࢡࢵ࣎ࡢỈⰍࡣࡢࡶࡓࢀࡉฟ᳨ࡕ࠺ࡢࣥࣔࣝ࣍≀᳜
≀࡛᫂ࡿ࠸࡚ࡗ࡞ࡽሗఏ㐩ᅉᏊࡕ࠺ࡢ㸪࡛࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡ㢮ఝ㑇ఏᏊࡀᏑᅾࡓ࠸࡚ࡋ
 ࠋ࠸࡞࠸࡚ࡗࡘぢࡀ㢮ఝ㑇ఏᏊࡣ⥺Ⅼࠋࡓࡋ♧࡛⥳ࢆࡢࡶ
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ඛࡀศᒱࡓࡋᚋࡶ㌿ᅉᏊࡢ✀㢮ࡢቑຍࢀࡽࡳࡀ㸪᳜ 㢮㸪✀ࡢ๓ᚋ࡛㌿ᅉᏊࡢ㝣ୖࡢ≀

࣓ࢻࡓࡗ㝈㌿ᅉᏊࡽࡉࠋࡿ࠼ఛࡀࡇࡓࡅ╔㌟ࢆ㑇ఏᏊไᚚ࡞㸪ከᵝࡋቑຍࡀᩘ

ቑຍࢆ࣮ࣥࢱࣃࡏࢃྜࡳ⤌ࡢ࣓ࣥࢻࡣ࡛≀ᯝ㸪⿕Ꮚ᳜⤖ࡓࡋࢺࢵࣟࣉࢆᩘࡏࢃྜࡳ⤌ࡢࣥ

࡞ᆺⓗࡢ⛬ᚓ㐣⋓ࡢከᵝᛶࡢ㑇ఏᏊࡓ㡯┠㸳࡛㏙ࡣከᵝࡢ㸪㌿ᅉᏊࡾ࠾࡚ࡏࡉ

㸪ࡣቑຍࡢ࣮ࣥࢱࣃࡏࢃྜࡳ⤌㸪ࡸ㢮ቑຍ✀ࡢ㌿ᅉᏊ࡞࠺ࡼࡢࡇࠋ㸦ᅗ㸯㸮b㸧ࡓࢀࡽ࠼⪄

ᛴ⃭㑇ఏᏊࢆࢡ࣮࣡ࢺࢵࢿᣦᩘⓗ」㞧ࡓࡏࡉࡣ㛫㐪ࡣࡇࡢࡇࠋ࠺ࢁ࠶࡛࠸࡞࠸㸪

㝣ୖ㐍ฟࡀ≀᳜ࡓࡋ㸪ᵝࢫࣞࢺࢫ࡞ࠎ⎔ቃᰂ㌾㐺ᛂࡋ㸪ᵝࢆ⧊⤌࡞ࠎศࡏࡉ㸪ከᵝ

㸪㝣ୖ᳜ࡽᯝ⤖ࡢ௨ୖࠋࡿࢀࡽ࠼⪄せᅉ࡞ࡁࡓࡗ࡞࠺ࡼࡿࡁ࡛⌧ᐇࢆែ≦ࡢ⬊⣽࡞

ࣥࢩࡀ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡࡓࡋศᒱࡃ㸪ẚ㍑ⓗ᪩࡛࡞ࡢඹ㏻♽ඛࡢ≀᳜⸴㌴㍈ࡢ≀

ࢆࢡ࣮࣡ࢺࢵࢿ㑇ఏᏊไᚚ࡞ᇶᮏⓗࡿ࡞♏ࡢ≀㸪㝣ୖ᳜ࡎࡽࢃࡶࡘᣢࢆయไ࡞ࣝࣉ

⋓ᚓࡾ࠾࡚ࡋ㸪㝣ୖ⎔ቃ㐺ᛂࡃ࠸࡚ࡋ㐣⛬࡛㑇ఏᏊ㔜」ࡏࢃྜࡳ⤌ࡢ࣓ࣥࢻ᪉ࢆ⏝

ࡢࡵࡓࡢ㝣ୖ㐍ฟ࠺࠸ࡓࡗ࠸࡚ࡏࡉⓎ㐩࡚ࡋ⏝㌿ࢆࢡ࣮࣡ࢺࢵࢿ㑇ఏᏊไᚚࡢ㸪᪤Ꮡ࡚ࡋ
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ቃࢆ⫱⏕ᗈ࡚ࡗࡓ࠶ࡃ࠸࡚ࡆ㸪ᶵ⬟ࡢከᵝࡸᙉࢆᡂࡋ㐙ࡓࡆࡓࡲࠋࡿࢀࡽ࠼⪄ࡀ

ྍࡢ⬟ᛶ࡚ࡋ㸪๓㐺ᛂ࡚ࡋඹ㏻♽ඛ࡛ࡿ࡞␗ࡣᶵ⬟ࢆᢸࡾ࠾࡚ࡗ㸪㝣ୖ࡚ࡗࡓ࠶

ணእ᭷ാࡓ࠸ᅉᏊྍࡿ࠶ࡀ⬟ᛶࠋࡿࢀࡽ࠼⪄ࡶಶࡢࠎලయⓗ࡞ᅉᏊࡢ㐍㐣⛬ࢆ᫂

❧☜ࢆ㸪㑇ఏᏊ᧯స⣔ࡾ࠶ᚲせ࡛ࡀࡇࡿࡍᐇドࢆ⬟ᶵࡢࡑ㸪ᐇ㦂ⓗࡣࡵࡓࡿࡍࡽ

㝣ୖࡢ≀᳜ࡣࡇࡢࡇࠋࡿ࠶ᚲ㡲࡛ࡀࡇࡃ࠸࡚ࡋࡃࡍࡸ࠸ᢅࡾࡼࡶ㸪ᇵ㣴ἲ㸪ᐇ㦂⣔ࡋ

⥘⸴᥋ྜࡣ㌴㍈⸴᳜≀㛛࡛ࠋ࠺ࢁ࠶࡛ࡿࡍ⫣㈉ࡃࡁࡶⓎᒎࡢ✲◊㢮⸴ࡎࡽ࡞ࡳࡢゎ᫂ࡢ

ࢸࢡࣂࣟࢢἲ㸪ࢺ࣓ࣥࢻ࣮ࣂࣥ࣎ࣝࢡࢸ࣮ࣃࢀࡒࢀࡑ㸪ࡀ࢚ࣈࢸࢱ㸪ࣔ࢟ࢷ࣑࣓࢝ࣄࡢ

㸪ᡃ(Abe et al. 2011, Sørensen et al. 2014)ࡾ࠾࡚ࡋᡂຌᙧ㉁㌿࡚ࡗࡼἲ࣒࢘ࣜ ࣈࣞࢡࡶࠎ

ࡵึࢆ࣒࢘ࢹ࣑ࣝࢯࣈࣞࢡᚋࠋࡿ࠸࡚ࡵ㐍ࢆ❧☜ࡢᙧ㉁㌿⣔ࡂᛴ࡛࣒࢘ࢹ࣑ࣝࢯ

ࡾ࠶ࡢ㸪⏕≀㐍ࡵྵࢆ㝣ୖࡢ≀㸪᳜ࡋ❧☜࡚ࡋ㢮⸴ࣝࢹࣔࡀ≀᳜⸴㌴㍈࡞ࠎᵝ࡚ࡋ

 ࠋࡿ࠸࡚ࡋᮇᚅࢆࡇࡿ࠼ᇉ㛫ぢࡀࡓ
 

ㅰ㎡ 
ᮏ◊✲ࡣ᪥ᮏᏛ⾡⯆㸪ᖹᡂ㸰㸯ᖺᗘ㹼ᖹᡂ㸰㸳ᖺᗘࣝࣂ࣮ࣟࢢ COE ⌫ᆅࠕ࣒ࣛࢢࣟࣉ

Ꮫᢏ⾡⯆ᶵᵓ㸪ᡓ⛉࡛ࡲᅾ⌧ࡽ㸪ᖹᡂ㸰㸱ᖺᗘࢀࡉ᥎㐍࡚ࡋ⎔୍ࡢࠖࡕࡓ⌫ᆅࡽ

␎ⓗ㐀◊✲᥎㐍ᴗ(CREST) ᳜ࠕ≀ᰤ㣴⣽⬊ࡓࡋࣝࢹࣔࢆ⸴㢮⬡㉁⏕⏘⣔ࡢᡓ␎ⓗᵓ⠏ࠖ

ࣉ㒊⛉Ꮫ┬㹕㹎㹇ᩥࡢࡽᖹᡂ㸰㸲ᖺᗘࡣ㒊୍ࡓࡲࠋࡿ࠸࡚ࢀࡉ᥎㐍ຍ㏿ⓗ࡚ࡋ⎔୍ࡢ

࠾࡞ࠋࡿ࠸࡚ࢀࡀ⥅ࡁᘬ㸪ᆅ⌫⏕◊✲ᡤ࣒ࣛࢢࣟ Klebsormidium flaccidum NIES-2285 
࢘ࢹ࣑ࣝࢯࣈࣞࢡࡣ✲◊ᮏࡓࡲࠋࡓ࠸ศㆡ㡬ࡾࡼᅜ❧⎔ቃ◊✲ᡤ㸪ᚤ⏕≀⣔⤫ಖᏑタࡣ

http://www.plantmorphogenesis.bio.titech.ac.jp/~algae_genome_project/klebsormidiu)࣒࣮ࢳゎᯒ࣒
m/kf_team.htm)ࡿࡼඹྠ◊✲࡛ࡾ࠶㸪ဨࡢከ࡞㈉⊩ࡇࡇࠋࡓࡗ࡞✲◊ࡢ࡚ࡗ࠶ࡀグ

 ࠋ࠸ࡓࡋ⾲ࢆពࡢឤㅰࡃ῝࡚ࡋ
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(ƓƳ#ũŬƞƭņţ

�6Êǲ�9� BELL
ǟ�ò#KNOXǟ�ò 
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èÄ�!�8�KNOXǟ�ò#ÕŊ&, ǭ�ņţ'BELLǟ�ò&��!3ǟ�òǤƼ&57ǟ�òī

èÄ�8¬Öǃ2698��įȁƳǺ'BELLǟ�ò"(ȁƓƳN>a]?CNU|ȁÏ*ƞƳǺ

(ǟ�òǤƼ&5�!Ŭ��ȃ§'BELLǟ�ò<ġ�ȁNuOGtƳǺGyjTxq]?Ar
Klebsormidium flaccidum"(Ȃ§óà�8�ºĂĈ�'Ñ��6ȁƳǺ'BELLǟ�ò#ǭ�ņţ'

BELLǟ�ò'ƑƚǪ¤(ĺ�ĵ6�"(%�, �6%8ǁŀď�98� 

� BELLǟ�ò#KNOXǟ�ò'ƀ°ų%ŋƩ<ƥú�8�"Ǥƾ%ȁƞƳǺ'TALEânsCoYG
Pǟ�ò&Ǫ�8ŽƆ<ō'Ƿ"ƕ��8� 
�  

�[KOAC�RHGE#2<� �
��8(*$)'%&W/9��

� ÊƔƨƞƳǺGvq_t`PChlamydomonas reinhardtii(kvP#p@`P'ȃ�'�Ǣâ<ġ�ȁ

ŃǼŌ�Ľ��"(Êŷ'ŃǼƔƨǢ©ò+#ºÆ�8��'ǯ&ȁkvPâǢ©ò(BELLŊV

|fGǍ<K~_�8GSP1 (Gamete-specific plus1)ǟ�ò<ȁp@`PâǢ©ò(KNOXV|fGǍ
<K~_�8GSM1 (Gamete-specific minus1)ǟ�ò<Ųũ�8��96'V|fGǍ(�9�9'Ǣ©

ò&��!(ƔƨǍ&Āà�8�KNOXV|fGǍ(Ǔ¸Þò#�!�ȁƪǒ(ŅƂƶNH`x

<ġ��ȁĤÔĐȁBELL V|fGǍ#l\zW@p~<ČĚ�8�#"Ņ+#Ƃƶ�ȁĤÔòǿƼ
ŷȀŤűų%ǟ�òŲũ<Ǉƍ�8�#"Ƽŷ��'ºÆ<¿Ē�!�8�#ſ�9�(Lee et al. 

2008; Zhao et al. 2001)��96'÷ǽ4ƞƭņţ&��8TALEǟ�ò'Ǣ¼ǁŀ'ƙł&å �!ȁ

Lee6(2008)(KNOXǟ�ò#BELLǟ�ò'ǙÆǭ�ņţ'Ƽŷ��'ìƔƨÆ&Ǥƾ"���

#�	�ǅ<ĦÝ�!�8�ō'Ƿ"(ǭ�ņţ'Ŭŗū'ǙÆ&��8TALEânsCoYGPǟ

�ò'ĎÂ<ƥú�8�"Ǥƾ%Żƿ<3�6��ȁgsZwEcLI'KNOXǟ�òİ#BELLǟ

�òİ&Ǫ�8ŽƆ<ƕ��8(Horst et al. 2016; Sakakibara et al. 2013)� 
 

 

ßȄ� ÊƔƨƞƳGvq_t`P'Ŭŗū#KNOXǟ�ò#BELLǟ�ò'ĎÂ� 
� Lee et al. 200857ĩë� 
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�[����W/9�����W/9�Y+AC�,.-.#2<� �

� åǠǭ�ņţ&��8KNOX2ǟ�ò�İ#BELLǟ�òİ'ŋƩ&��!(KIņţR|Ǻ'g

sZwEcLIPhyscomitrella patens<Ů��ǁŀǙ="�8�gsZwEcLIJdr�&( 2§
'KNOX2ǟ�òK~_�9!�7ǿßȃȀȁ��93Ƽŷ'ƨò "Ųũ�ȁ�'�ǤŋƩŌĨë

ű (ƨò 'ƧŲŬ½Ĺ'ŐǮ"¨Ŏ�8��'Ƨ<ÊǲäǼ�8#ȁŅŷ(Ƽŷ'//ƨò 

�6Ǣ© ŊƗƣ<ºÆ���#�6ȁKNOX2 ǟ�òƼŷ&��!Ǣ© 'ŲŬkzHvr<ĝ
¿�8�#"����<¿Ē�!�8�#ſ�9�(Sakakibara et al. 2013)� 

� �įȁgsZwEcLI(ȅ§'BELLǟ�ò<ġ�ȁ�'	�'��"�8PpBELL1ǟ�ò<Ǣ

© &��!ǛÁŲũ��8#ȁŅŷ(Êŷ'//ƨò ŊƗƣǄý�9�(Horst et al. 2016)��'
ƙł�6ȁgsZwEcLI'BELLǟ�òƨò 'ŲŬkzHvr<¿Ē�8�#&57ȁ��'

»ħ
&Ǫ��8�#ſ�9��/�ȁBiFCǁŀ#Ú)98ĜŖ"VeK'ƷŴƔƨ<Ů�!V|

fGǍǩ'ŷ�¡Ů<ǁŀ��ƙłȁPpBELL1V|fGǍ#ƴ±V|fGǍĭŢ#'ƵÔV|fGǍ
gsZwEcLI'KNOX1/�(KNOX2V|fGǍ#ƴ±V|fGǍĭŢ#'ƵÔV|fGǍ'

��9#3ŷ�¡ŮÒƩ"�8�#ſ�9!�8���'ƙł(ȁgsZwEcLI"3PpBELL1

V|fGǍgsZwEcLIKNOXV|fGǍ'��9�#ţŪų&ŷ�¡Ů�!����<¿Ē
�!�8ÒƩĕ<ſÜ�8(Horst et al. 2016)��96'ŽƆ&5�!ȁKNOXǟ�ò#BELLǟ�ò&

58Êŷ#Ƽŷ'»ħ
'ºòŋŉƞƳGvq_t`P#ǭ�ņţgsZwEcLIǩ"�8ƃĊ

¦ó�9!�8�#ſ�9�� 

 

�[����W/9�M90�1QIL;=J>W/9�

� ņţ"ķ½&Êǲ�9�nsCoYGPǟ�ò(^AtzKNZea Mays�6Êǲ�9�KNOX1ǟ
�ò�İ&ā�8ǟ�ò"�8Knotted-1"�7(Vollbrecht et al. 1991)ȁKNOX1ǟ�ò�İ&��!(

ƹòņţ<Ů��ŽƆìīȁæØ�9!�8(Hay and Tsiantis 2010)�^AtzKN'Knotted-1ǟ�

ò'æØ&ƛ�!Nz@b`Q` Arabidopsis thaliana 'ƯǵºƺƗƣŌî�8ëű  shoot 

meristemless (stm)'ÍÞǟ�ò#�! STMǟ�òÊǲ�9, KNOX1V|fGǍ<K~_�!�8�

#ĵ6�&%��(Barton and Poethig 1993; Long et al. 1996)�/�ȁNz@b`Q`'�'KNOX1f

vzH'ŋƩŌĨëű "�8 knat1/brevipedicellus (bp)(ƮƯ'�ǧð�698Ʒũâ<ſ�ȁƔƨ
éÔĚǟ�òȁŤ&wHa|ÔĚƘǐ'ǟ�òŲũ�Ĵ�!�8�#�6ȁKNAT1/BP ǟ�ò(Ɣ

ƨ'ĺºÆťę<ǝ»&Ɯġ�ȁ ƮƯ'ƔƨºÆ#�ǧ��8À&wHa|'ŔŹ�!�/	'<

ĝ¿�!�8#ƥ
69!�8(Mele et al. 2003)��įȁKNAT1/BPǟ�ò<Nz@b`Q`"ǛÁŲ

ũ��8#ư&űěų&ºƺƗƣČĚ�98(Chuck et al. 1996)��96'�÷�6ȁƹòņţ

KNOX1 ǟ�ò(ƨò 'ƯǵºƺƗƣ'ČĚƜġ#ƔƨºÆ'ĝ¿&ŋƩ�!�8#ƥ
69!�

8(Hay and Tsiantis 2010)� 

� åǠǭ�ņţ"�8KIņţgsZwEcLI'ġ�Ȅ§'KNOX1ǟ�ò(ƨò 'ǵƉƔƨ#

ºƺƗƣ"ŋƩ�8�gsZwEcLI'ƨò 'ºƺƗƣ(ƧŲŬ'½Ĺ&ČĚ�98ȁĐ&º

ƺƗƣřî�ȁȂ§'ƨò'	<ºÆ�!ƨò 'ŲŬ<Ɩ��8�gsZwEcLI' KNOX1
ǟ�ò(��93�'ƨò &�Ķų&¡698ºƺƗƣ"Ųũ�8�gsZwEcLI KNOX1ǟ
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�ò�ǤŋƩŌĨëű &��!(ƨò 'ºƺƗƣǝ»&Ɯġ�9%��2ȁƙł#�!�*�

%ƨò <ČĚ�8��'�#�6ȁKNOX1 ǟ�ò(gsZwEcLI&��!3ƹòņţ'

KNOX1C~TzH#ÕŊ&ºƺƗƣ<Ɯġ�8ŋƩ<ğ�!�8#ƥ
698(Sakakibara et al. 2008)� 

� Nz@b`Q`'5	%Êư<ČĚ�8ƹòņţ"(KNOX1ǟ�ò(ƯǵºƺƗƣ"Ųũ�ȁư

ÍåČĚ&°ƈ�!�õưǸã"Ųũřî�8��9&û�!ȁ̂ p^ Solanum lycopersicum4Nz

@b`Q`'ǖƢƄ'qXVcZIe`Cardamine hirsuta%$Ƽư<ČĚ�8ņţ"(KNOX1ǟ�

ò'ŲũưÍå'þưÍå"·*ŗĕÆ�8�#"Ƽư'ŲŬ¿Ē�9!�8�#Ż69!�

8(Blein et al. 2008; Hay and Tsiantis 2010)�/�ȁƼư<ČĚ�8ņţ"KNOX1ǟ�ò<ǛÁŲũ��

�çÔ(Ƽư'ƼǱ��Ǚ�98(Hareven et al. 1996)��96'ŽƆ(KNOX1ǟ�ò'ŲũŊċ'

ëÆƹòņţ'ư'ǙÆ#ìŊÆ&ǌŧ���#<ſÜ�!�8��'5	&ƹòņţ'ƨò '

Ưǵ"(KNOX1ǟ�ò'Ųũ(ĶƇǩų&Ɛơ&¿Ē�9!�7ȁƯǵºƺƗƣ"ǧĹǩƜġ�9

8�į, ŲŬ½Ĺ'ưÍå"(ĝ¿�98#�	ƼǱ%ŲũŊċ<ſ�ȁgsZwEcLI'
KNOX1 ǟ�ò'Ųũ(ƨò 'ƧŲŬ'½Ĺ'ºƺƗƣ&Ǭõ�9!�8�ƹòņţ'ưÍå"'

KNOX1 ǟ�ò'Ųũĝ¿&Ǫ��8Ǔ¸Þò#�! MYB _s@|<×1 ARP (ASYMMETRIC 

LEAVES1/ROUGH SHEATH2/PHANTASTICA)V|fGǍȁLOB (LATERAL ORGAN BOUNDARIES)

_s@|<×1 AS2 (ASYMMETRIC LEAVES2)V|fGǍ'ƼÔ 4YAB (YABBY) V|fGǍ%

$æØ�9!�8(Byrne et al. 2000; Hake et al. 2004; Kumaran et al. 2002)��96'ǇƍÞò'�Ǡ

ǿAS1ȁAS2 4 YABȀ'C~TzH(gsZwEcLIJdr&(óà��(Rensing et al. 2008; 
Sakakibara et al. 2008)ȁǭ�ņţ'ǙÆ'Ǜƃ"ȁƹòņţ<×1Ƒƚ"KNOX1ǟ�ò'ŲũǇƍ&

Ǫ;8Į�%^v|PÞòŨđ�9�#ĥŝ�98�Ä
!ŲũǇƍ&Ǫ;8NPǸãǙÆ��

ƙłȁKNOX1 ǟ�ò'Ųũ¿ĒcY^{~GƼǱ&%���#"ȁƯǵ"'ŲũƜġ�985
	&%7ȁƹòņţ'Ƒƚ"'ƨò 'ƼǱÆ&�%��#ƥ
698(榊原恵子 2013)� 

 

�[P9AC��� ����W/9�BN�

�  Knotted-1ǟ�ò'Êǲ<ƉƟ#�!ȁ�'C~TzHǭ�ņţ'Ŋ�%ºǺƤ�6Êǲ�9��

Ƒƚǁŀ'ƙłȁǭ�ņţKNOXǟ�ò(�9�9ÊƑƚ'KNOX1ǟ�ò�İ#KNOX2ǟ�ò�

İ&º�98�#ĳ��6ſ�9!��(Kerstetter et al. 1994)��Ʀ'ǩ&(ȁǟ�ò'ŲũfV~
|4ǛÁŲũ 'Ʒũâ&í�%ǜ��8��%;�ȁNWǺ4ƹòņţ' KNOX1ǟ�ò(ƨò

 'ºƺƗƣ"�&Ųũ�8�į"ȁKNOX2 ǟ�ò(ƨò 'ºÆ�'Ŋ�%Ɨƣ"Ųũ�8

(Bharathan et al. 1999; Reiser et al. 2000; Sano et al. 2005; Serikawa et al. 1997a)�/�ȁNz@b`Q`'
KNOX2 ǟ�ò'��"�8 KNAT3 <ǛÁŲũ�8ń(ǹƱ%Ʒũâ<ſ�%�(Serikawa et al. 

1997a; Serikawa et al. 1997b)ȁ�9(ºƺƗƣ'űěų%ČĚ%$'ǹƱ%Ʒũâ<ſ�KNOX1ǟ�

ò'ŋƩŨđâëű 4KNOX1ǛÁŲũņţ #(ûšų"�8��6&ƬÙś�ũǊ#�!ȁN
z@b`Q`'�' KNOX2ǟ�ò'ŋƩŌĨâëű "�8 knat7ëű &��!�ōéÔĚƩ'

ŜÿæØ�9!�7(Zhong et al. 2008)ȁKNOX1ǟ�ò�İ&ā�8Nz@b`Q`'KNAT1/BP'

ëű  bp"wHa|ŔŹ¥Ǚ�98'#ûŇų"�8(Mele et al. 2003)��96'Żƿ�6ȁKNOX2
ǟ�ò(KNOX1ǟ�ò#(ű%7ȁƨò 'ºÆƗƣ"�&ŋƩ�8�#ĥŝ�9!��ȁ�
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'�ǅ<ƻ��8ķǖ'ŽƆĚł<ō&ƕ��8� 

� Nz@b`Q`KNOX2ǟ�òfvzH'ŏ7'Ȅ§'ÊŦëű (��93ǥŬâ#-.ÕŊ'

Ʒũâ<ſ�ȁknat3 knat4 knat5�Ǥëű (Nz@b`Q`KNOX1ǟ�ò<ǛÁŲũ���Ķ'
5	&ư»9Ǖ1Ʒũâ<ſ�(Furumizu et al. 2015; Serikawa et al. 1997a; Truernit et al. 2006)�/�ȁ

KNAT3<BELLǟ�ò#

#3&ƯǵºƺƗƣ"

űěų&Ųũ�8#ȁ

KNOX1 ǟ�ò'ŋƩŌ

Ĩëű "�8 stmëű

 #Ǻ�'Ʒũâ<ſ

��KNOX1 Ǔ¸Þò#

Ǔ¸ĝ¿_s@|'Ƶ

ÔV|fGǍ<ņţ 

"Ųũ��8#ȁKNOX1

'ŌĨâëű #Ǻ�

'Ʒũâ<ſ��#�

6ȁKNOX1 V|fGǍ

(�&>G\?m~V

~âǓ¸Þò#�!ŋ

Ʃ�8#ĥŝ�98

(Markel et al. 2002; Shani 

et al. 2009)��įȁNz@

b`Q`' KNAT7 ǟ�

òK~_�8 KNOX2

V|fGǍ(wkyY

M~âǓ¸Þò#�!

��#ſÜ�9!

�8(Li et al. 2011; Li et al. 

2012)�KNOX2Ǔ¸Þò

'V~JY^'Õõ%

$'�Đ'ǁŀĔƾ

"�8ȁ��'�÷�

6ȁNz@b`Q`'

KNOX1 ǟ � ò #

KNOX2 ǟ�ò(á�Ǡ

'o]?kv|<¿Ē

�8µǘ'V~JY^

ǟ�ò'Ųũ<ĠĞų

 
ßȅ� ǭ�ņţ'ǙÆ#KNOXǟ�ò#BELLǟ�òŋƩ'ǙÆ� 
� Ƒƚ&���!ȁƞƳǺGvq_t`PȁKIņţgsZwEcL

IȁƹòņţNz@b`Q`ġ�KNOXǟ�ò#BELLǟ�ò'ǟ

�òKi~ī#�9�9'ºĂĶŠ"'ǟ�òKi~ī<ſ���

KNOXǟ�ò(KȁKNOX1ǟ�ò(K1ȁKNOX2ǟ�ò(K2ȁBELL

ǟ�ò( B #�!ſ����9�9'Ŭŗū"ȁŜīºƺ<ǎźÌȁ

Êŷ��<şƭȁƼŷ��<ƞƭ"ſ���Gvq_t`P"(KNOX
V|fGǍ# BELL ŊV|fGǍ(Ǣ©ò'ĤÔĐȁl\zW@p~

<ČĚ�!ĤÔòºÆ<¿Ē�8�ǭ�ņţ'¹ũ&°ƈ�! KNOX

ǟ�ò(KNOX1ǟ�ò�İ#KNOX2ǟ�ò�İ&ºĂ��#ĥŝ�
98�gsZwEcLI"(KNOX1ǟ�ò(ƨò 'ºƺƗƣ<Ɯġ

�ȁKNOX2 ǟ�ò(ƨò &��!Ǣ© ŲŬkzHvr<ĝ¿�

8�Nz@b`Q`'KNOXǟ�ò(BELLǟ�ò##3&ƨò '
ºƺƗƣ'ƜġǿKNOX1Ȁ#ƗƣºÆǿKNOX2Ȁ&ŋƩ�ȁKNOX

ǟ�ò�İ'ŋƩ'ǩ&(ĠĞų%Ǫ¤ƿ698�ǟ�òǤƼ&5�

! TALE ânsCoYGPǓ¸Þò'ŋƩǙÆ��ìŊÆ���#
ǭ�ņţ'Ƽŷ'ƨò &��8ƼǱ%ìƔƨ ¿'žƈ&ù��

�#ƥ
698�Furumizu et al. 201557ĩë� 
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&¿Ē�8ÒƩĕſÜ�9�(ßȅ; Furumizu et al. 2015)� 

� °&Ƽư<ČĚ�8ņţ&��!KNOX1ǟ�òƼư'ƼǱ�<�Ǚ�8�#<ǂÏ��ȁq

XVcZIe`&��8ƼưČĚ&( KNOX1 ǟ�òĔƾ"�7ȁKNOX1 ǟ�ò'ǛÁŲũ(Ƽ

ư<ŉĚ�8þư'Łī<èÄ��8(Hay and Tsiantis 2006)��įȁqXVcZIe`"KNOX2ǟ�

ò<ǛÁŲũ�8#Ƽư'ƼǱ�Ŝÿ�8�#�6ȁNz@b`Q`'á�Ǡ'ČęČĚ#ÕŊ&ȁ

qXVcZIe`'ƼưČĚ&��!3KNOX2ǟ�ò(KNOX1ǟ�ò#Ðû'ĎÂ<ł���#
ſÜ�9�(Furumizu et al. 2015)��96'Żƿ�6ȁƹòņţ&ƫ8Ƒƚ"KNOX1ǟ�ò�İ#

KNOX2ǟ�ò�İ'ŋƩí��ºÆ��#ĥŝ�98�KNOX1ǟ�ò#KNOX2ǟ�ò'ŲũǸ

ã&Ǥ%7%��#, /�Ǔ¸Þò#�!ŋƩ'ǜ�ĥŝ�98�#�6, ǟ�ò'Ųũ<Ǉƍ
�8NPǸã#ǟ�ò'ŭţ"�8V|fGǍ#3&ëÆ���#"ŋƩºÆ&ƫ��#ƥ
69

8� 

� /�ȁƹòņţ"'KNOXǟ�òİ'Ǔ¸Þò'ŋƩ'ëÆ<ï÷&ſ�¢#�!ȁNz@b`Q
`4^p^"Õõ�9�ȁnsC_s@|<Ō�KNOXŊV|fGǍKNATM4 PTS/TKD1Ģ�

698��96' DNAƙÔƩ<ġ�%� KNOXŊV|fGǍ(ǘć' KNOXǓ¸Þò'ŋƩ<Ɗ

Ôų&ǫø�ȁKNOXǓ¸Þò&58V~JY^ǟ�ò'Ųũ¿Ē'ĝ¿Þò#�!�#ſÜ�9
!�8(Kimura et al. 2008; Magnani and Hake 2008)� 
 

�[���W/9�����W/9�XR�P9AC�M907+02�RZ5�TD���

� Nz@b`Q`Jdr&( 13§'BELLǟ�ò×/98�ŋƩŌĨëű 'ǟ�ôų%ǁŀ&5

7, STMǟ�ò%$'KNOX1ǟ�ò(PENNYWISE4POUND-FOOLISH%$'BELLǟ�ò##3

&ŋƩ�8�#ſ�9!�8(Byrne et al. 2003; Rutjens et al. 2009; Smith and Hake 2003)��į, ŋƩŌ

Ĩëű 'Ʒũâ'Ǻ�4ǛÁŲũņţ 'ǁŀ�6KNOX2ǟ�ò(BELL1ȁSAWTOOTH1 (SAW1)ȁ

SAW2%$' BELLǟ�ò##3&ŋƩ�8ÒƩĕſÜ�9!�7ȁNz@b`Q`' BELLǟ�

ò&(ŋƩ'ºÆ�8�#ĥŝ�98(Furumizu et al. 2015)��96'ŽƆ�6ȁBELLǟ�òİ

¶"'ǟ�òǤƼ#�'Đ'ŋƩºÆ3 KNOX ǟ�ò#'ŷ�¡Ů'Ɨ0Ô;�'ìŊÆ&ù��

�#ƥ
698�KNOXǟ�ò#BELLǟ�ò'Ɨ0Ô;�'ìŊÆ57ǾĊ%Ǔ¸ǇƍcY^{

~G'ŉƏ<ÒƩ&�ȁ�'ƙłȁƹòņţ'á�Ǡ'ƼǱ%o]?kv|'ǙÆ&3ǌŧ��'"

(%��#ƥ
698� 

 

 

	[�"���

� 2014 Ĉ&´Ǩ�9�NuOGtƳǺGyjTxq]?Ar'Jdrėæ<×2�Ƒƚǁŀ&57ȁ

KNOXǟ�òİ(ǭ�ņţ'ìŊÆ&°ƈ�!ȁKNOX1#KNOX2'ǟ�ò�İ&º�9!���

#ĵ6�#%��ǿßȃ; Hori et al. 2014; Sakakibara 2016)�NuOGtƳǺ"(����(æØ�9

!�6�ȁ��6�ȁǭ�ņţ'Ƒƚ"'KNOX1#KNOX2'ǟ�ò�İ"ĮǀŋƩŨđ���

�#&57ȁƨò 'ƼǱ%ìƔƨ ¿'žƈ&ŋƩ�85	&%��#ƥ
698�NuOGtƳ
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'µǘƀ°"'ǟ�òǤƼ&5�!Ŭ��#ĥŝ�9ȁǏŞ'Ñ�ǟ�òǤƼ#�'Đ'ǙÆņţ

'o]?kv|4ǭ�ņţ'ŬŗÓ'ǙÆ&í�%čǴ<�
�#ƥ
698� 

� Ļƅ"(ŲŬǟ�ôų%ŽƆ¯÷�!�8ƞƳǺ#KIņţȁ��!ƹòņţ'ŽƆ<�ē&ƕ

��!��ȁ�'ºǺƤ&��8ǟ�òŋƩ'ǁŀ&Ö��÷ǽƑ'Ĭ«3ǖĈȁǻǑų&Ǚ="
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2014)ȁwXu~_qQ{vh%$"ǟ�òý²ÒƩ%�#æØ�9� (Muthukumar et al. 2013; 

Plackett et al. 2014)��ĐȁNWņţ"'�9�9'ǟ�òİ¶"'ǟ�òīĵ6�#%7ȁ�96
'ǟ�ò'ŋƩǁŀǙ2698�#"ȁƜƌļņţ"'KNOXǟ�òİ#BELLǟ�òİ'ǟ�òǤ

Ƽ#ŋƩºÆ<ŐǮų&Ǉ,8�#ÒƩ#%8�:	�/�ȁũó'KIņţ't]xȁV@Ǻ'

SaLIȁR|Ǻ'gsZwEcLI&Ä
ȁƋ�'KIņţ"�8ZdLI't]xÆ3ñ/�!

�8(Szövényi et al. 2015)��Đȁ�96'ºǺƤ&��8BELL/KNOXǟ�ò'ŋƩ4ǭ�ņţ"Įǀ

&Ũđ��#ƥ
698ŋƩ_s@|'ǁŀǙ1#ȁKNOXǟ�òİÏ*BELLǟ�òİ'ǟ�òǤ

Ƽ#�9&ƛ�ĮǀŋƩŨđ$'5	&ǭ�ņţ'ČęǙÆ4ŬŗÓ'ǙÆ<3�6��'�'³
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㸪㛗ᣦᶆࢆࢀࡇࠋࡿࡃ࡚ࡗ࡞␗ࡀᩘࡢⴥࢺࢵࢮࣟࡿࡌ⏕ࡀᖖ␗ࢢ࣑ࣥࢱࡢ㸪ⰼⱆᙧᡂࡣ࡛ࢼ

᪥ࡢୗ࡛㐜ဏࡿ࡞ࡁኚ␗ᰴࡀ༢㞳ࢀࡉ㸪ⰼⱆᙧᡂಁࢆ㐍ࡿࡍᙺࢆᣢࡘ㑇ఏᏊࡀ᫂ࠋࡓࢀࡉࡽ

 㸪FT㸪CONSTANS (CO)㸪FLAVIN-BINDING KELCH REPEAT F-BOX1 (FKF1)㸪GIGANTEAࡣࡢࡶ࡞ࡢࡑ

(GI)࡛ࠋࡿ࠶ 

� ⿕Ꮚ᳜≀࡛ࡣ㸪⣙80ᖺ๓㸪ⴥ࡛᪥㛗ࢆឤ▱ࡋ㸪ࢤࣜࣟࣇࠕ 㸦ࣥⰼⱆᙧᡂࣥࣔࣝ࣍㸧ࠖ ࡢࡑ࡚ࡗࡼ

 ,㸦Chailakhyan 1936ࡓࢀࡉᥦၐࡀ௬ㄝ࠺࠸ࡿࢀࡉ㛤ጞࡀⰼⱆᙧᡂࡢ㸪ⱼ㡬࡛ࢀࡉఏ㐩ࡀࣝࢼࢢࢩ
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Garner and Allard 1920, Knott 1934㸧᭱ࡃࡸ࠺ࡼࠋ㏆࡚ࡗ࡞㸪ࣥࢤࣜࣟࣇࠕࡢࡇ ࢡࣃࣥࢱFTࡀᐇయࡢࠖ

㉁࡛ࡀࡇࡿ࠶᫂ࠋࡓࢀࡉࡽ㛗᪥ࡿ࡞㸪㌿ᅉᏊ CO ࡋάᛶࡀ FT 㑇ఏᏊࡢⓎ⌧ಁࢆ㐍ࡍ

ࡃࡘ࡛⬊ᖌ㒊క⣽ࡢ᮰⟶⥔ࡢⴥࠋ㸦Kobayashi et al. 1999, Kardailsky et al.1999, Suárez-López et al. 2001㸧ࡿ

 㸦Corbesier et al. 2007, Jaegerࡿࢀࡤ㐠⧊⤌ⱼ㡬ศ࡚ࡌ㏻ࢆ⟶㸪ᖌࡣ㉁ࢡࣃࣥࢱFTࡢపศᏊ㔞ࡓࢀࡽ

and Wigge 2007, Tamaki et al. 2007㸧࡛ࡇࡑࠋFTࡣ㌿ᅉᏊFD࡞㌿」ྜయࢆᙧᡂࡋ㸪㌿ᅉᏊ

APETALA1  㸦Abe et al. 2005, Wiggeࡿࡏࡉ㛤ጞࢆᙧᡂࡢ⧊⤌ⰼⱆศ࡛ࡇࡿࡏࡉ⌧Ⓨࢆ㑇ఏᏊࡢ࡞

et al.,2005, Taoka et al.,2011㸧࡚ࡗࡀࡓࡋࠋ㸪ⰼⱆᙧᡂࡢ㛤ጞࡣCOFTࡢάᛶ࡚ࡗࡼỴࠋࡿ࠼࠸ࡿࡲ 

� ࡚ࡋ࠺ࡼࡢࡣኚࡢ㸪᪥㛗ࡣ࡛ CO  FT 㸪COࡽ✲◊ࡢ㏆᭱ࠋ࠺ࢁࡔࡢࡿࡍάᛶࢆ 

FT ࡣㄪ⠇ࡢࡑ㸪ࡾ࠾࡚ࡅཷࢆㄪ⠇ࡢẁ㝵࡛ከ㔜ࡢ㌿࣭⩻ヂᚋࡣάᛶࡢ FKF1  GI ࡞୰ᚰⓗࡀ

ᙺࢆᯝࡀࡇࡿ࠸࡚ࡋࡓ᫂ࠋࡓࡁ࡚ࡗ࡞ࡽCO ኤ᪉ࡣୗ࡛ࡢ㸪㛗᪥ࡋ♧ࢆ࣒ࢬᴫ᪥ࣜࡣ㌿ࡢ

 㸦Suárez-López etࡿ࠶GI࡛FKF1ࡀศᏊࡿࢃ㛵ㄪ⠇ࡢࡇ㸪ࡀࡿ࠼㏄ࢆࢡ࣮ࣆࡀ✚㔞ࡢ≀⏘㌿

al. 2001, Imaizumi et al. 2003㸧ࠋFKF1ࡣ㸪F-boxࡿࢀࡤࡼE3ࣘࢮ࣮࢞ࣜࣥࢳ࢟ࣅ」ྜయࡢᙧᡂ㛵ࢃ

ࡿ࠶࡛✀୍ࡢ㉁ࢡࣃࣥࢱࡃᑟศゎࡿࡼ࣒࣮ࢯࢸࣟࣉࢆ㉁ࢡࣃࣥࢱ㸪ᶆⓗࡕࡶࢆ࣓ࣥࢻࡿ

㸦Nelson et al. 2000, Imaizumi et al. 2003㸧ࡓࡲࠋNᮎ➃ഃLOV (Light, Oxgen, and Voltage sensing)ࡤࡼ

ᑐ㸪㟷Ⰽගࡾ࠾࡚ࡋྜ⤖㠀ඹ᭷ࢆࢻࢳ࢜ࣞࢡࢾࣀ࣭ࣔࣥࣅࣛࣇ࡚ࡋ㸪ⓎⰍᅋࡕࡶࢆ࣓ࣥࢻࡿࢀ

ࡤࡼࢺ࣮ࣆkelchࣜࡣCᮎ➃ഃࡽࡉࠋ㸦Nelson et al. 2000, Imaizumi et al. 2003㸧ࡍ♧ࢆឤཷᛶࡿࡍ

㸪ࡋ⏝స┦㌿ᢚไᅉᏊCYCLING DOF FACTOR 1 (CDF1)࡚ࡋࢆ㒊ศࡢࡇ㸪ࡕࡶࢆ࣓ࣥࢻࡿࢀ

ࡇࡿࡍྜ⤖࣮ࢱ࣮ࣔࣟࣉࡢCO㑇ఏᏊࡣCDF1ࠋ㸦Imaizumi et al. 2005㸧ࡿ࠸࡚ࡋไᚚࢆᏳᐃᛶࡢࡑ

ࡢࡘ3ࡶࡃ࡞ᑡࢼࢬࢼࢾࣟࢩࡣCDF1ࠋ㸦Imaizumi et al. 2005㸧ࡘࡶࢆࡁാࡿࡍᢚไࢆ⌧Ⓨࡢࡑ࡛

㝣ୖ᳜ࡣ᪉㸪GI୍ࠋ㸦Fornara et al. 2009㸧ࡿ࠸࡚ࡗࢃ㛵Ⓨ⌧ㄪ⠇ࡢCOࡶࡽࢀࡇ㸪ࡋᏑᅾࡀࢢࣟࣔ࣍

FKF1ࠋ㸦Fowler et al. 1999, Park et al. 1999㸧ࡿ࠶㉁࡛ࢡࣃࣥࢱࡢศᏊ㔞⣙130 kDaࡿࢀࡽぢࡳࡢ࡛≀

GIࡣ㟷Ⰽගࡢୗ࡛Ᏻᐃࢡࣃࣥࢱ࡞㉁」ྜయࢆᙧᡂࡋ㸪CDFࢡࣃࣥࢱ㉁ࢆศゎ࡛ࡇࡿࡍCOࡢ㌿ࢆ

άᛶࡿࡍാࡘࡶࢆࡁ㸦Sawa et al. 2007, Fornara et al. 2009㸧ࠋFKF1GIࡢ㑇ఏᏊⓎ⌧ࡣᴫ᪥ィไ

ᚚࡾ࠾࡚ࢀࡉ㸦Fowler et al. 1999, Park et al. 1999, Nelson et al. 2000㸧㸪㛗᪥ୗ࡛ࡣFKF1 㑇ఏᏊⓎࡢGI

ࡇࠋࡿࢀࡉᏳᐃࡾࡼࡀFKF1-GI」ྜయࡾࡼ㟷Ⰽගࡁࡢࡇࡽࡉࠋࡿࡍ⮴୍ኤ᪉ࡀࢡ࣮ࣆࡢ⌧

㸪ࢀࢃ⾜ຠ⋡ⓗࡶ᭱ࡀศゎࡢCDFࡿࡼFKF1-GI」ྜయ㸪ኤ᪉࡛ࡇࡃຠ༠ㄪⓗࡀࡇࡓࡋ࠺

COࡢ㌿άᛶࡀ㉳ࡿ࠸࡚ࢀࡽ࠼⪄ࡿࡇ㸦Sawa et al. 2007㸧ࡽࡉࠋFKF1ࡣ⩻ヂᚋㄪ⠇ࡶ㛵ࡗࢃ

 .㸦Song et alࡿ࠸࡚ࢀࡉࡽ᫂ࡀࡇࡿࡏࡉᏳᐃࢆ㸪COࡋ⏝᥋┦స┤㉁ࢡࣃࣥࢱ㸪COࡾ࠾࡚

2012㸧ࠋFT ࡶ㌿⮬యࡢ FKF1  GI FTࠋࡿ࠸࡚ࡅཷࢆㄪ⠇ࡿࡼ 㑇ఏᏊࡣ࣮ࢱ࣮ࣔࣟࣉࡢ CO 

ྠᵝCDFࢡࣃࣥࢱ㉁ࡋྜ⤖ࡀ㸪FKF1-GI」ྜయࡿࡼㄪ⠇ࡿࡅཷࢆ㸦Song et al. 2012㸧ࡓࡲࠋ㸪GI

࡛ࡇࡿࡍ⏝స┦㌿ᢚไᅉᏊࡢᩘ「ࡢูࡣ FT ࢀࡉࡽ᫂ࡶࡇࡿ࠸࡚ࡗࢃ㛵㌿ᢚไࡢ

 ࠋ㸦Sawa and Kay 2011㸧ࡿ࠸࡚

 
㸱㸬ⰼⱆᙧᡂᴫ᪥ィࡢไᚚ㛵ࡿࢃFKF1/ZTL/LKP2 㑇ఏᏊ࣑ࣜࣇ  ࣮
� FKF1┦ྠ㑇ఏࡢࡘ㸰࠺࠸ZEITLUPE (ZTL)㸪LOV KELCH PROTEIN 2 (LKP2)ࡣࢼࢬࢼࢾࣟࢩ

ᏊࡀᏑᅾࡋ㸪ࡣࡽࢀࡇ㑇ఏᏊࢆ࣮࣑ࣜࣇᙧᡂࡿ࠸࡚ࡋ㸦ᅗ1㸧ࠋZTLLKP2ࡢᶵ⬟ࡣFKF1࡞␗

ZTLࠋࡿ࠸࡚ࡗࢃ㛵ไᚚࡢᴫ᪥ィ㸪ࡾ ࡿ࠶୰ᚰືᏊ࡛ࡢ࣒ࢬᴫ᪥࡚ࣜ࠸࠾㸪ኪ㛫ࡣ

TIMING OF CAB EXPRESSION 1 (TOC1)PSEUDO RESPONSE REGULATOR 5 (PRR5)ࡢ㛫࡛LOV
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 .㸦Más et al. 2003, Yasuhara et alࡃᑟศゎࡿࡼ࣒࣮ࢯࢸࣟࣉࢆࡽࢀࡇ㸪ࡋ⏝స┦࡚ࡋࢆ࣓ࣥࢻ

2004, Kiba et al. 2007, Fujiwara et al. 2008, Baudry et al. 2010㸧୍ࠋ ᪉㸪᪥୰ࡣ࡚࠸࠾㸪ZTLࡣFKF㸯ྠ

ᵝLOVࢆ࣓ࣥࢻ࡚ࡋGIࡋྜ⤖㸪㟷Ⰽගࡢୗ࡛Ᏻᐃࢡࣃࣥࢱ࡞㉁」ྜయࢆᙧᡂࠋࡿࡍGIࡢ

㸪ZTL-GIࡵࡓࡍ♧ࢆ࣒ࢬᴫ᪥ࣜࡣ✚ 」ྜయࡢᙧᡂࡣ༗ᚋࡿࡓ࠶㛫ࢆࢡ࣮ࣆ㏄ࡿ࠼㸦Kim et al. 

2007㸧ࡁࡢࡇࠋᣕᢠⓗTOC1PRR5ࡀྜ⤖ࡢ㜼ᐖࡵࡓࡿࢀࡉ㸪ࢡࣃࣥࢱࡢࡽࢀࡇ㉁ࡣᏳᐃࡋ㸪

ᴫ᪥ࣜࡾࡼࡀ࣒ࢬ᫂░ࡿ࠸࡚ࢀࡽ࠼⪄ࡿࢀࡲ้㸦Fujiwara et al. 2008㸧ࠋLKP2ࡣZTLẚࣟࢩ࡚

࠸࡞ࢀࡽぢࡀᖖ␗࣒ࢬᴫ᪥ࣜࡣ࡛ࡅࡔ␗ኚࡢࡑ㸪ࡵࡓ࠸ప࡚ࡵᴟࡀⓎ⌧㔞ࡢయ࡛≀᳜ࢼࢬࢼࢾ

㸦Schultz et al. 2001, Baudry et al. 2010㸧ࡋࡋࠋ㸪㐣Ⓨ⌧ࡿࡏࡉᴫ᪥ࣜࡀ࣒ࢬᩚࡾ࡞㸪ZTLࣟࣉ

ࡿࡏࡉ⌧ไᚚୗ࡛Ⓨ࣮ࢱ࣮ࣔ ztlኚ␗ࡽࡇࡿࡁ࡛⿵┦ࢆ㸪LKP2ࡣZTLྠࡰᵝࡢศᏊᶵ⬟ࢆ

 ࠋ㸦Schultz et al. 2001, Baudry et al. 2010㸧ࡿ࠸࡚ࢀࡽ࠼⪄ࡘࡶ

� FKF1ࡓࡲࡶ㸪ᴫ᪥ィࡢไᚚ㛵ࠋࡿ࠸࡚ࡋfkf1ኚ␗ࡣ࡛ࡅࡔᴫ᪥࣒ࣜࢬᙳ㡪ࡀぢࡀ࠸࡞ࢀࡽ㸪

ztl fkf1㔜ኚ␗ᰴ࡛ࡣ ztlኚ␗ᰴẚ࡚ኪ㛫࡛ࡢTOC1PRR5ࡢศゎࡾࡼࡀᙉࡃ㜼ᐖࢀࡉ㸪ᴫ᪥ࣜ

ࡏࡉ⌧ไᚚୗ࡛Ⓨ࣮ࢱ࣮ࣔࣟࣉZTLࢆ㸪FKF1ࡋࡋࠋ㸦Baudry et al. 2010㸧ࡿࡍ㛗࿘ᮇࡾࡼࡣ࣒ࢬ

ࡶ࡚ ztlኚ␗ࡿࡼᴫ᪥࣒ࣜࢬ␗ᖖࡽࡇ࠸࡞ࡁ࡛⿵┦ࢆ㸪ᴫ᪥ィࡢไᚚࡿࡅ࠾FKF1ࡢస⏝ᶵ

ᗎࡣZTL࣭LKP2ࡿ࠸࡚ࢀࡽ࠼⪄ࡿ࡞␗㸦Baudry et al. 2010㸧ࠋ 

� ୍᪉࡛㸪ZTLLKP2ࡣⰼⱆᙧᡂࡶ㛵ࠋࡿ࠸࡚ࡗࢃztlኚ␗ᰴࡣ▷᪥᮲௳ୗ࡛ᙅ࠸᪩ဏࡢࡁ⾲⌧ᆺ

 .㸦Somers et al. 2004, Takase et alࡿࡍ᪼ୖࡣ⌧Ⓨࡢ㸪COࡾ࡞ࡁ᪩ဏࡾࡼ࡛␗㔜ኚࡢ㸪lkp2ࡋ♧ࢆ

2011㸧ࡋࡋࠋ㸪fkf1 ztl lkp2୕㔜ኚ␗ᰴ࡛ࡢࡇࡣ⾲⌧ᆺࡀᢚไࢀࡉ㸪COࡢⓎ⌧ࡶᢚไࡿࢀࡉ㸦Fornara et 

al. 2009, Takase et al. 2011㸧ࡓࡲࠋ㸪ZTLLKP2ࢀࡒࢀࡑࢆ㐣Ⓨ⌧ࡿࡏࡉ㸪COࡢⓎ⌧ࡀᢚไࢀࡉ㸪

ᙧ㉁㌿ᰴࡣ㛗᪥᮲௳ୗ࡛㐜ဏࡿ࡞ࡁ㸦Schultz et al. 2001, Somers et al. 2004㸧ࡢ㇟⌧ࡢࡇࠋㄝ᫂ࡦࡢ

㸪FKF1࡚ࡋࡘ ZTL࣭LKP2 FKF1ࠋࡿࢀࡽࡆᣲࡀ࠸㐪ࡢ⣽⬊ෆᒁᅾࡢ 㸪ࡋᑐࡢࡿࡍ⬟᰾࡛ᶵࡣ

ZTLLKP2ࡣ⣽⬊㉁ᒁᅾࡿࡍ㸦Kim et al. 2007, Sawa et al. 2007, Takase et al. 2011, Kim et al. 2013㸧ࠋ

LOVࡴྵࢆ࣓ࣥࢻZTLࢡࣃࣥࢱ㉁ࡢNᮎ➃ഃࡣGIࡀࡘࡶࢆ⬟ྜ⤖ࡢ㸪ࡢࡇ㒊ศࢆࡅࡔ㐣Ⓨ⌧

㸪FKF1ࡽࡇࡢࡇࠋ㸦Kim et al. 2013㸧ࡿ࡞ࡁ㐜ဏࡀ㸪ᙧ㉁㌿ᰴࢀࡉ㜼ᐖࡀ᰾ᒁᅾࡢ㸪GIࡿࡏࡉ

ZTL࣭LKP2 GIࡣ GIࡢ⣽⬊㉁࡛㸪᰾ࡣࡵࡓࡿࡍ⬟ᶵṇᖖࡀࡽࢀࡇ㸪ࡾ࠾࡚ࡋඹ᭷ࠖࠕࢆ ࡢ

ศᏊᩘࡀࢫࣥࣛࣂࡢ㔜せ࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶ZTL ࡢ N ᮎ➃㒊ศࡢ㐣Ⓨ⌧ᰴ࡛ࡣ㸪GI ⣽⬊㉁࡛ࡀ

㐜ဏ࡚ࢀࡉᢚไࡀ⬟ᶵࡢᯝFKF1⤖ࡢࡑ㸪ࡾῶࡀศᏊᩘࡢGIࡢ㸪᰾ෆࡵࡓ࠺ࡲࡋ࡚ࢀࢃࡃከࡾࡼ

ᥦၐࡶ௬ㄝࡢࡣ࡚࠸ࡘస⏝ᶵᗎࡢZTL࣭LKP2FKF1ࠋ㸦Kim et al. 2013㸧ࡿࢀࡽ࠼⪄ࡿ࡞ࡁ

 ࠋ㸦Ito et al. 2012, Suetsugu and Wada 2013㸧ࡿࢀࡓᚅࡀド᳨ࡢ㸪ᚋࡾ࠾࡚ࢀࡉ

 
㸲㸬FKF1/ZTL/LKP2  ࡿࢃ㛵ᡂ㛗┦㌿ࡢࢣࢦࢽࢮⱏ㢮ࡣ㉁ࢡࣃࣥࢱඛᆺ♽ࡢ
� FKF1/ZTL/LKP2 GI ࡢ≀᳜ࢲࢩࠋࡿࢀࡽ࠼⪄ࡓ࠸࡚ࡋᏑᅾࡽᮇึࡢ㝣ୖ᳜≀㐍ࡶ㸪ࡣ

GI㸪FKF1/ZTL/LKP2ࡣSelaginella moellendorffii࡛ࣂࣄࢱ࢝ࢾᑠⴥ㢮ࡿࡍᒓ⩌ศ㢮࠸ྂࡶ᭱ࡕ࠺

㸪ࡕ࠺ࡢ≀᳜ࢣࢥࡋࡋࠋ㸦Holm et al. 2010, Banks et al. 2011㸧ࡿࡍᏑᅾࡘࡎࡘ㸯ࢀࡒࢀࡑࡀ㑇ఏᏊྠ┦ࡢ

⹊㢮ࢣࢦࢿ࢞ࣜࢶ࣓ࣄPhyscomitrella patens࡛ࡣ㸪LOVࢡࣃࣥࢱࡘࡶࢆࡅࡔ࣓ࣥࢻ㉁㸪F-box 
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ᅗ㸯. FKF1/ZTL/LKP2ࡢ㑇ఏᏊ࣭ࢡࣃࣥࢱ㉁ࡢᵓ㐀⣔⤫  ð

A㸪ࡢࢼࢬࢼࢾࣟࢩࡧࡼ࠾ࢣࢦࢽࢮGIࡧࡼ࠾FKF1ࡢࢢࣟࣔ࣍㑇ఏᏊᵓ㐀ࠋ㯮ࣥࢯ࢚࢟ࡣࢫࢡࢵ࣎ࡢ㸪⅊Ⰽࡢ

ࡣᅗࠋࡍ♧ࢆ㠀⩻ヂ㡿ᇦࡣࢫࢡࢵ࣎ Kubota et al. (2014)ࡾࡼᨵኚࠋB㸪ࡢࢼࢬࢼࢾࣟࢩࡧࡼ࠾ࢣࢦࢽࢮ

FKF1/ZTL/LKP2 LOV㸪LOVࠋᵓ㐀ࡢ㉁ࢡࣃࣥࢱ 㸪kelch repeats㸪kelch࣓ࣥࢻ C㸪FKF1/ZTL/LKP2ࠋࢺ࣮ࣆࣜ
ࡢ㉁ࢡࣃࣥࢱ LOV D㸪ࠋࡍ♧ࢆṧᇶࣥࢸࢫࢩ࡞ᚲせྜ⤖㠀ඹ᭷ࡢⓎⰍᅋࡣᑼ▮ࠋ㓟㓄ิࣀ࣑ࡢ࣓ࣥࢻ
FKF1/ZTL/LKP2ࢡࣃࣥࢱ㉁ࡢ⣔⤫ᶞࠋMp㸸ࢣࢦࢽࢮ㸦Marchantia polymorpha㸧㸪Sm㸸ࣂࣄࢱ࢝ࢾ㸦Selaginella 
moellendorffii㸧㸪Ac㸸ࢠࢿ࣐ࢱ㸦Allium cepa㸧㸪Os㸸ࢿ㸦Oryza sativa㸧㸪Ta㸸ࢠ࣒ࢥ㸦Triticum aestivum㸧㸪Gm㸸ࢲ

⛉ࢼࢬ࣑࣐ࣁ㸦ࢺࣥࣛࣉࢫ㸦Arabidopsis thaliana㸧㸪Mc㸸ࢼࢬࢼࢾࣟࢩ㸦Glycine max㸧㸪At㸸ࢬ

Mesembryanthemum crystallinum㸧ࠋᅗࡣKubota et al. (2014)ࡾࡼᨵኚࠋ 
 

 kelch 㸪FKF1/ZTL/LKP2ࡀࡿࡍᏑᅾࡣ㑇ఏᏊࡢ㉁ࢡࣃࣥࢱࡘࡶࢆ㒊ศ㓄ิࡴྵࢆࢺ࣮ࣆࣜ 㑇ྠ┦ࡢ

ఏᏊࡣᏑᅾࡓࡲࠋ࠸࡞ࡋGIࡢ┦ྠ㑇ఏᏊࡣぢ࠸࡞࠸࡚ࡗࡘ㸦Holm et al. 2010㸧ࡽࡉࠋ㸪Ỉ⏕ࡢ༢

⣽⬊⥳⸴Chlamydomonas reinhardtiiOstreococcus tauri࡛ࡣFKF1/ZTL/LKP2࣭ GIࡢ┦ྠ㑇ఏᏊࡎ࠸ࡣ

ࡣ㸪ᚑ᮶ࡽࡇࡢࡇࠋ㸦Mittag et al. 2005, Matsuo et al. 2008, Corellou et al. 2009㸧࠸࡞࠸࡚ࡗࡘぢࡶࢀ

FKF1/ZTL/LKP2࣭ GIࡿࡼᡂ㛗┦㌿ࡣ࣒ࢬࢽ࣓࢝ࡢ⥔⟶᮰᳜≀ࡢㄌ⏕௨㝆⋓ᚓ࠼⪄ࡢࡶࡓࢀࡉ

 ࠋࡓ࠸࡚ࢀࡽ

� ⱏ㢮ࢣࢦࢽࢮ Marchantia polymorpha ࡿ࠶࡛✀୍ࡢ≀᳜ࢣࢥࡓࡋᇶ㒊࡛ศᒱࡶ᭱ࡢ㝣ୖ᳜≀㐍ࡣ

㸦Qiu et al. 2006, Chang and Graham 2011, Wickett et al. 2014㸧᭱ࠋ ㏆ࡣࢣࢦࢽࢮศᏊ㑇ఏᏛࡢᇶ┙ᩚࡀഛࡉ

ඃ࡛ୖࡿࡍ✲◊ࢆ࣒ࢬࢽ࣓࢝ࡓࡋࡽࡓࡶࢆ㝣ୖࡢ≀᳜ࡣ࠸ࡿ࠶ࠊከᵝᛶ㐍ࡢไᚚ⣔㑇ఏᏊࠊࢀ

ࢽࢮࠋ㸦Ishizaki et al. 2016, Berger et al. 2016, Bowman et al. 2007㸧ࡿ࠸࡚ࢀࡉ┠ὀ࡚ࡋ≀᳜ࣝࢹࣔࡓࢀ

࠺⾜ࢆᡂ㛗┦㌿࡛ࡇࡿࡍᙧᡂࢆṪჾᡸ⏕ࡢ≦ചඛ➃㒊ࡢ㸪ⴥ≧యࡾ࠶࡛≀㛗᪥᳜ࡣࢣࢦ

㸦Benson-Evans 1961, Benson-Evans 1964㸧ࡢࡇࠋ┦㌿ࡣ㐲㉥Ⰽගᐩࡴග㉁ࡀᚲせ࡛ࡿ࠶㸦Chiyoda 

et al. 2008, Ἑෆ࣭▼ᓮ 2012㸧ࡣࣉ࣮ࣝࢢࡢࡽ⪅➹ࠋ㸪࣒ࣀࢤࡢࢣࢦࢽࢮFKF1/ZTL/LKP2GIࡢ┦

ྠ㑇ఏᏊࢀࡒࢀࡑࡀ㸯ಶࡘࡎᏑᅾࢆࡇࡿࡍぢฟࡋ㸪ࢀࡒࢀࡑࢆࡽࢀࡇ MpFKF  MpGI ࡓࡅྡ

㸦Kubota et al. 2014㸧ࡢࢼࢬࢼࢾࣟࢩࠋFKF1GIࡢ㑇ఏᏊࡢࡑᵓ㐀ࢆẚ㍑ࡿࡍ㸪ࡢࣥࣟࢺࣥ

ᤄධ⨨ࡾ࠾࡚ࡋ⮴୍ࡃࡼࡀ㸪ࡣࡽࢀࡇ㐍ⓗಖᏑࡓࢀࡽ࠼⪄ࡿ࠸࡚ࢀࡉ㸦ᅗ 1A㸧ࠋMpFKF 㸪ࡣ

ࡢFKF1/ZTL/LKP2ࢡࣃࣥࢱ㉁ྠᵝ㸪LOV࣭࣓ࣥࢻ F-box࣭ kelchࣜࡓ࠸࡚ࡗࡶࢆࢺ࣮ࣆ㸦ᅗ1B㸧ࠋ

⤫⣔ࠋ㸦ᅗ1C㸧ࡓ࠸࡚ࢀࡉಖᏑࡀṧᇶࣥࢸࢫࢩ࡞ᚲせྜ⤖㠀ඹ᭷ࡢⓎⰍᅋࡣ࡛࣓ࣥࢻLOVࡓࡲ

ゎᯒࡿࡼ㸪MpFKF ࡢ≀㸪⿕Ꮚ᳜ࡾ࠶࡛⦖㏆ࡶ᭱㑇ఏᏊ(SmFKF)ྠ┦ࡢࣂࣄࢱ࢝ࢾࡣ FKF1㸪

ZTL/LKP2 㸦ᅗࡓ࠸࡚ࡋ❧⊃ࡣࡽࢻ࣮ࣞࢡࡢ 1D㸧ࡽࡇࡢࡇࠋ㸪FKF1/ZTL/LKP2 㸪ࡣ㉁ࢡࣃࣥࢱ

MpFKFࢣ࣭ࢥࡿࡍࡵࡌࡣࢆ 㸪᳜ࡋඛ♽ࢆࡢࡶࡢ≀᳜ࢲࢩ � ᚋ㸪ࡢ「㸪㑇ఏᏊ㔜ࢀࡘࡴ㐍ࡀ㐍ࡢ≀
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ᅗ㸰. ࡢࢼࢬࢼࢾࣟࢩࢣࢦࢽࢮ⏕ά⎔FKF1-GI」ྜయࡢస⏝Ⅼ 

nᩘ༙ࡣయୡ௦ࢆ㸪2nࡣ㸰ಸయୡ௦ࠋࡍ♧ࢆ 

 

FKF1ZTL/LKP2௦⾲ࡿࢀࡉ㸰✀㢮ࡢศᏊᶵ⬟ⓗศࡿࢀࡽ࠼⪄ࡓࡗ࠸࡚ࡋ㸦Kubota et al. 

2014㸧ࠋ 

� 㸪ࡀࡿࡍᡂ㛗┦㌿࡚ࡋᙧᡂࢆṪჾᡸ⏕ࡣ࡛௳㸪㛗᪥᮲࡚࠸࠾ୗࡢගࡴᐩ㸪㐲㉥Ⰽගࡣࢣࢦࢽࢮ

▷᪥᮲௳࡛ࡣⴥ≧యࡲࡲࡢᡂ㛗ࠋࡿࡅ⥆ࡋMpFKF  MpGI 㛗ࡶࡽࡕ㸪ࡣᰴࢺ࢘ࢡࢵࣀ㑇ఏᏊࡢ

᪥᮲௳ୗ࡛⏕Ṫჾᡸࡢᙧᡂࡢࢀࡒࢀࡑࡓࡲࠋࡓࡗ࡞ࢀࡽࡳࡀ㐣Ⓨ⌧ᰴ࡛ࡣ㸪▷᪥᮲௳ୗ࡛ࡶ㸪㛗

᪥᮲௳ୗࡌྠࢇᮇ⏕Ṫჾᡸࢆᙧᡂࡽࡉࠋࡓࡋ㸪MpFKF  MpGI ࡉ⌧㐣Ⓨྠࢆ

ࡓࡲࠋࡓࡋᙧᡂࢆṪჾᡸ⏕ᮇࡌྠࢇ㐣Ⓨ⌧ᰴࡢ⊃㸪༢ࡣᰴ࡛ࡓࡏ MpFKF  MpGI ࡢ

 .㸦Kubota et alࡓࡗ࡞ࡽ᫂ࡶࡇࡿ࠺ࡋ⏝స┦ࡣ᫂ᮇ࡛ࡢ௳㛗᪥᮲ࡶࡃ࡞㸪ᑡࡣ㉁ࢡࣃࣥࢱ

2014㸧ࡽࡇࡢࡽࢀࡇࠋ㸪MpFKF MpGI ࢆ㸪」ྜయࡾ࠶ศᏊ࡛࡞ᚲせᡂ㛗┦㌿ࡢࢣࢦࢽࢮࡣ

ᙧᡂಁ࡚ࡋ㐍ⓗാࠋࡿࢀࡽ࠼⪄ࡃ⣔⤫ゎᯒࡿ࠼⪄࡚ࡏࢃ࠶㸪ࡢࡇ MpFKF-MpGI 」ྜయࡼ

ࠋ㸦Kubota et al. 2014㸧ࡿࢀࡽ࠼⪄ࡿ࠶ཎᙧ࡛ࡢ࣒ࢬࢽ࣓࢝ࡢᡂ㛗┦㌿ࡢ≀㸪㝣ୖ᳜ࡀไᚚࡿ

MpFKF-MpGI 」ྜయࡀୗὶࡢᡂ㛗┦㌿ࡢᐇ⾜ᅉᏊࢆ┤᥋ไᚚࡢࡿ࠸࡚ࡋ㸪ࢬࢼࢾࣟࢩࡣ࠸ࡿ࠶

ࢼ ZTL-GI 」ྜయ࠺ࡼࡢᴫ᪥ィࡢไᚚࢆ࡚ࡋᡂ㛗┦㌿㛵ࡢࡿ࠸࡚ࡗࢃ㸪ᚋࡢ✲◊ࡢ㐍

ᒎࡀᮇᚅࠋࡿࢀࡉ 

� � MpFKF  MpGI ࢇᐩ၀♧ࡶ࡛ୖࡿ࠼⪄ࢆ㐍ࡢ⎔ά⏕ࡢ≀㸪᳜ࡣぢ▱ࡢ࡚࠸ࡘ⬟ᶵ⌮⏕ࡢ

Ṫჾ⏕ࠋࡿࡵ༨ࡀ㓄അయୡ௦ࡢ㸪༙ᩘయ(n)ࡣ㒊ศࡢ⎔ά⏕ࡢࢣࢦࢽࢮ㸪࠺ࡼࡍ♧ᅗ2ࠋࡿ࠸࡛

ᡸࡢ୰࡛ཷ⢭ࡌ⏕ࡀ⬇ࡾࡼ㸪ࡀࢀࡑⓎ㐩࡚ࡋ⬊Ꮚయࡀࡿ࡞㸪ࡢࡇ㛫ࡀࡅࡔ⧊⤌ࡢ㸰ಸయ(2n)ࡢୡ

௦࡛ࡾ࠶㸪࣭ࢬࢧࡢࡑᏑ⥆ࡢᮇ㛫ࡶᑠࡢࡇࠋ࠸ࡉ㓄അయୡ௦—⬊Ꮚయୡ௦ࡢ㛵ಀࡣ㸪㝣ୖ᳜≀

Ꮚయୡ⬊ࡣ༙ࡢ⎔㸪⏕άࡣ࡛≀Ꮚ᳜⿕ࡢ࡞ࢼࢬࢼࢾࣟࢩࠋࡿࡍ㏫㌿ࠎᚎࢀࡘࡴ㐍ࡀ㐍ࡢ

௦ࡀ༨ࠋࡿࡵ㓄അయୡ௦ࡣ㸪ⰼჾᐁࡢ୰࡛ᙧᡂࡿࢀࡉⰼ⢊࠺࠸࠺ࡢ⬇ᑠࡾ࠶࡛ࡳࡢ⧊⤌࡞ࡉ㸪ࡑ

FKF1/ZTL/LKP2ࠋ࠺ࡲࡋ࡚ࡗࢃ⤊ࡶ⢭ཷࡣࢀ GI ࢽࢮ㸪ࡣᮇࡿࢀࢃ⾜ࡀᡂ㛗┦㌿ࡿࡼ

㐣⛬࡛㸪ᮏࡢ㸪㐍ࡣࡇࡢࡇࠋ㸦ᅗ2㸧ࡿ࠶Ꮚయୡ௦࡛⬊ࡣ࡛≀㸪⿕Ꮚ᳜ࡾ࠶㓄അయୡ௦࡛ࡣ࡛ࢣࢦ

᮶ࡣ㓄അయୡ௦࡛ᶵ⬟ࡓ࠸࡚ࡋᡂ㛗┦㌿ࡀ࣒ࢬࢽ࣓࢝ࡢ㸪⬊Ꮚయୡ௦࡛ࡢไᚚ㌿⏝ࢆࡇࡓࢀࡉ

 ࠋ㸦Kubota et al. 2014㸧ࡿ࠸࡚ࡋ♧
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� MpFKF-MpGIࡀศᏊ࡞࠺ࡼࡢ㸪ࡣ࡛ࢣࢦࢽࢮ ࠋ࠺ࢁࡔࡢࡿࡍ⾜ᐇࢆ㸪ᡂ㛗┦㌿ࡁୗὶ࡛ാࡢ

࣭࣒ࣀࢤࡿࡼࣉ࣮ࣝࢢࡢࡽ⪅➹ ┦ࡢCDFࡶࡃ࡞ᑡࡣࢣࢦࢽࢮ㸪ࡽゎᯒ࣒࣮ࢺࣉࣜࢡࢫࣥࣛࢺ

ྠ㑇ఏᏊࡀᏑᅾࡀࡇࡿࡍ᫂ࡢࡇࠋࡿ࠸࡚ࢀࡉࡽ㑇ఏᏊࡣ㸪ࡾࡼࢺ࢘ࢡࢵࣀ⏕Ṫჾᡸࡢᙧᡂ

➨᪥ᮏ᳜≀Ꮫ ࡽ㸦Ọᒣࡿ࠸࡚ࢀࡉ♧ࡀࡇࡿࢃ㛵㸪ᡂ㛗┦㌿ࡽࡇࡿࢀࡉ㐍ಁࡀ 78 ᅇ

2014, Ἑෆ࣭ᒣᒸࡽ ᮍⓎ⾲㸧࡛ࡲࢀࡇࡣࡽ⪅➹ࡓࡲࠋ㸪㐲㉥Ⰽග࠸࡞ࡲྵࢆගࡢୗ࡛㸪᪥㛗㛵ࢃ

ࡢኚ␗ᰴࡢࡇࠋ㸦Yamaoka et al. 2004㸧ࡿ࠸࡚ࡋ༢㞳ࢆኚ␗ᰴࡿࡁ࡛ࡢࡇࡿࡍᙧᡂᖖࢆṪჾᡸ⏕ࡎࡽ

ཎᅉ㑇ఏᏊྠࢆᐃ࡛ࡇࡿࡍ㸪ࡢࢣࢦࢽࢮᡂ㛗┦㌿ࡢᐇ⾜ᅉᏊࡀ᫂ࡾ࡞ࡽ㸪᳜≀ࡢᡂ㛗┦㌿

�ࠋࡿࢀࡉᮇᚅࡀࡇࡿࡀ࡞ࡘゎ᫂ࡢᐜࡢࡑ㸪ࡓࡁ࡚ࡋ㐍࠺ࡼࡢࡀ࣒ࢬࢽ࣓࢝ࡢ  

 
ㅰ㎡ 
ᮏ✏࡛㏙࡚࠸ࡘ✲◊ࡢࡽ⪅➹ࡓ㸪ி㒔ᏛᏛ㝔⏕⛉Ꮫ◊✲⛉ஂࡢಖ⏣ⲁ㸦⌧࣭࣡ࣥࢺࣥࢩ

Ꮫ㸧࣭ Ọᒣၨኴ㑻୧Ặ㸪ᩥ㒊⛉Ꮫ┬࣭⛉Ꮫ◊✲㈝⿵ຓ㔠ࡢຓᡂㅰពࠋࡿࡍ⾲ࢆ�  
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:*, �=:*RPşƅƺǅµ$ƈƲ�#ŀŁ���%�ƥ�=#	<ɕXu et al. 2014; äɚɖ�

ƗƍǺř)ǂŚ, PpVNS Ȫ�ÿ*Ǩ)�ǚ8ǥ)�Ħɋì'&, țűƾǜ$�<jEd�Ed�ā
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� ��, œƫ$*țűƾǜºÈ)vW\�¾ĤȒ¶ãÿVNS)ºÿŦǝ%	
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