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1. ���� 
� ȬƑŤƉ&Ǫƛ%ûå�9ųú'ɀɁă&úȋƿǑ%68Ũı�:ɀ�&ȣĕ=ǻƸ�9�"%6

8ɀŤƉ"õųȤ&HS�Ľ=Ǩ� 
9�ųú'ɀŤƉ�ªÒı=Ɯ>%Ǩ� 
9öȭª�ɀƊ

%QLa|"� �Ɠ�9ȱǜªé&ª%Ħƶ� ȣÎ�ɀªÒı%ĥǯ$�țÃƄƾ&ÌȌ1ɀǥ

ń5țƾ&ł³$#= ȓ�9�ǥń'ɀę
ŋĎ�!�Ō��ǣſ=����ɀÓŎ%ţ%
�9

Ŵ5Ɔūȷ´&Ì8Ȍ1= ���ŉɀŤƉ��ƈS_}S%ő�:9"ɀ�ƈS_}S%Ħƶ� 

ƒ³��9ŤƉo|u�!	9@kQR�ț%Ħƶ� ȢȠ�ɀŤƉ��7&Ŵ´Ŀ÷=Ȧ
!
9

ȾShimazaki et al. 2007, Kim et al. 2010ȿ��&6�%ųúúȋƿǑ'ɀȬ�ŤƉ�Ƒ� 
��!�ÐŬ

$¨�=ĸ�"ÓŎ%ɀƐí¸Ɓ%ă� ōƧ$ƿǑĦƶ=Ʃ��"�7ɀŤƉ&ƐíĦƶ&u^|

ƿǑ"� 4ŸƝ�:ɀƜ>%ƥư�: ��ȾMurata et al. 2015ȿ����$�7�ųúȣȢ&QL

a|�ȗ&¬Ā'Ŗ��ō&ș´�ó�ɀǤǌ7'ɀ�&QLa|�ȗūŨ&ǳō��7%ųúȣĕ

&ŤƉ&Ɛí¸Ɓ�S_}S�!&Ĝ¼%�
 ƥư=ȓ3 ���ŘƮ!'ɀ�:0!&ƥưıŞ

"�ğ&Ċȣ%�
 ǳǺ�9� 
 

2. �q6���YG�> 
2-1. �q6���kop H+-ATPase�ZP; 
� ųúȣÎ'ɀúȋƿǑ,&G{CsÌȌ1"Żȏäî¿%��úȋƿǑ&�Ưî¿%68Ė�Ȅ�

�:9�úȋƿǑ'ò¥%ǧ
ƿǑïɀ°¥Ⱦųú¥ȿ%Ç
ƿǑï=4��úȋƿǑ&�Ư�î¿

�9"ɀúȋƿǑ'ǧ
ƿǑï&	9ò¥%ǖ71ɀ°¥&Ç
ƿǑï��
%ȯ:96�%*�)

7:ɀúȋƿǑȤ&ú�ȣ
 ųú�ȣÎ�9ȾWillmer and Fricker 1996ȿȾâ 1ȿ�G{Cs&ÌȌ1

'ɀúȋƿǑ&ƿǑǕ%ûå�9°Õ�ņźħ&G{CsZvd|%6� ĸ<: 
8ɀƿǑǕ&

Ȗ´ŧ%Ħƶ� G{CsÌ8Ȍ1�Ǩ<:9�ƿǑǕ&Ȗ´ŧ'ɀÓ��ƿǑǕ%ûå�9ȄȰħ

&l~_�p�lɀƿǑǕH+-ATPase&ŹħÃ%68Ė�Ȅ��:9�ƿǑǕH+-ATPase'�ÂƉ&
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Na+/H+-ATPase5Ca2+-ATPase7"Ó�PèATPase%ċ�ɀ10Þ&ǕȀȐȶé=4�ǕX�gKȂ!

	9�H+-ATPase%ƊĤƚ$ȶé"� Cŗƴȶé%ƽ 110@rețűê�7$9Ǘďȧÿ`tB�

=Ĺ��"�Ƥ7: 
9ȾPalmgren 2001ȿ�úȋƿǑ%
�9 H+-ATPase&ȱǜª%�û��Źħ
Ã'�Cŗƴ�7ɂƕƝ&S}Fb�űê&{�țÃ"{�țÃș�,& 14-3-3X�gKȂ&ǃÒ%

68Ė�Ȅ��: 
9�"�ō7�"$��ȾKinoshita and Shimazaki 1999, Kinoshita and Shimazaki 

2002ȿ� 
 

 

B 1�U_����YG�4� 
²ơ'\xKPǪƛ&ųú�ųú'�ă&úȋƿǑ%68Ũı�:9�úȋƿǑ°&ǆ&ƺ'ǣǆ�

!ɀ�Ǜ%Ǫƛǁǈ!'úȋƿǑ%&1ǣǆ��ûå�9�êƨƥư%6�Ɠ
7:9Q~BcaT

a!'ɀǣ&Ǭ¥% 1 mm2	�8ƽ 100¢&ųú�ûå�9� 
 

� ƿǑǕH+-ATPase'ɀųúȣÎ&1$7�ɀF�IQ�%Ħƶ��ƿǑ�ȡ�ƹș�ƿǑ%
�9

QyƻÌ8Ȍ15ţ%
�9Ɔūȷ´&ÌȌ1ɀ�7%ƿǑ°ò& pH ǻƸ5ƿǑ&ǕȰ�ǅĹƵ%


 ŧ3 Ȝǯ$Ĝ¼=Ş�� 
9�"�7ɀ�&ŹħǻƸūŨ%�
 'Ɯ>%ǳŜ�ȓ37

: 
9ȾPalmgren 2001, Duby and Boutry 2009ȿ�0�ɀŹħ·ĢūŨ"� 'ɀ�Ȏ��Cŗƴ�7

�ƕƝ&S}Fb�űê&{�țÃ%¿�ɀC ŗƴ%
�9�&�&
���&{�țÃș��Źħ
%ěȴ=É/��"�ëØ�: 
9ȾFalhof et al. 2016, Takahashi and Kinoshita 2016ȿ�þȮ�Wzq

túȋƿǑ&ƿǑǕH+-ATPase'�ȱǜª%�û� S}Fb�űê&1$7�ɀU{�űê4{�

țÃ�:9�"�ǰ³�: 
8ȾKinoshita and Shimazaki 1999ȿ�Ƿƿ${�țÃș�&Óý�ĝ�
:9� 

� ƿǑǕH+-ATPase&Cŗƴ�7ɂƕƝ&S}Fb�űê&{�țÃ%ȥ��9l~]B�Ia�V
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'Ŗ�Óý�: 
$
��ƑÃüƚ$þȹ%68ƿǑǕ%ûå�9�"�Ʃ�: 
9ȾSvennelid et 

al. 1999, Hayashi et al. 2010ȿ��ŉɀ{�țÃ�:�S}Fb�űê&ǔ{�țÃ%�
 '�in vitro

!&ƑÃüþȹ%68ƿǑǕ%ûå�9XBl 2Cl~]B�oSj?X�VȾPP2CȿũŹħ%68
Ė�Ȅ��: 
9�"�Ʃ�:�ȾHayashi et al. 2010ȿ��7%Œȍ&ƥư%68ɀȻÃǐȊ%



 �PP2C& DPkj?r{��{�țÃ�:�S}Fb�űê&ǔ{�țÃ%ȥ��9�"�Ʃ�

:�ȾSpartz et al. 2014ȿ� 
 
2-2. �q6��#*1zXV�7FXV 
� 14-3-3X�gKȂ&ƿǑǕH+-ATPase,&ǃÒǳŜ&ȖƬ!ɀȱǜª%�û� 14-3-3X�gKȂ
"ǃÒ�9ȂȞƽ 125 kDa&ň�$X�gKȂ�ɀWzqtúȋƿǑl~_lzS_%

 ǰ³�

:�ȾKinoshita et al. 2003ȿ��7$9ǳŜ&ǃŞɀ�& 125 kDaX�gKȂ'ɀƿǑǕ%ćå�ɀȱǜ

ª%68{�țÃ�:9�"5�&ȂȞ�7ɀ1997ē%Q~BcaTa&ªĈħ&ȱǜªÍĀ�"�
 Óý�:�jE__~i� 1Ⱦphot1ȿ&F�W~L!	9�"�ļĂ�:�ȾHuala et al. 1997ȿ�
jE__~i�'ɀȂȞƽ 125 kDa&ƿǑǕǃÒħX�gKȂ!ɀNŗƴȶé%Ƙǜà!	9jzh

�uecK}FZ`ȾFMNȿ=ǃÒ�9 LOV`tB�ɀCŗƴȶé%¯èƚ$U{��S}Fb�
Ia�V`tB�=Ĺ��ȱǜª=ÍĀ�9"ǗȈ&Ia�V`tB��&@reț=Ǘď{�țÃ

�9�"%68ŹħÃ�ɀ�ź,QLa|=�ȗ�9ȾInoue et al. 2008ȿ�Q~BcaTa%' phot1

%¿�ɀjE__~i� 2Ⱦphot2ȿ4ûå�9�Wzqt&jE__~i�Ķ�=Ɠ
�ǳŜ&ǃŞɀ 
14-3-3X�gKȂ"ǃÒ�9WzqtúȋƿǑ& 125 kDaX�gKȂ'Ķ�%68Ǹǽ�:���7

%ɀWzqt&úȋƿǑ%' 2�&jE__~i�Ⱦvfphot1a� vfphot1bȿ�ƘƎ� 
9�"�ō7

�"$8ɀúȋƿǑ!' 2�&jE__~i��ȜǮ� ūǒ� 
9Ðǒħ�Ʃ�:�ȾKinoshita et 
al. 2003ȿ���!ɀ2�&jE__~i�&�ȜñƖ�&�³�:�Q~BcaTa=Ɠ
�ǪƎèǳ

Ŝ�Ǩ<:ɀjE__~i��ȜñƖ�!'ȱǜª%69ųúȣÎ4ƿǑǕH+-ATPase&ŹħÃ4ǰ

7:�ɀphot1" phot2 �ȜǮ� ųúȣÎ&ȱǜªÍĀ�"� ūǒ� 
9�"�ō7�"$��
ȾKinoshita et al. 2001, Ueno et al. 2005ȿ� 

� � ȱǜªÍĀ�jE__~i��7ƿǑǕH+-ATPase&ŹħÃ%ǘ9QLa|�ȗ%�
 'Ŗǳ

ō&ș´�ó
��:0!&ƥư%68ɀ�&QLa|�ȗ%'ɀXBlɁl~]B�oSj?X�

VȾPP1ȿ�pR]Ak}Jw}�X�"� ȥ��9�"�ƩÝ�: 
9ȾTakemiya et al. 2006ȿ�

0�Œȍɀȱǜª%69ųúȣÎ�Ŀ$<:�ƱƇñƖ�&ǳŜ%68ɀjE__~i�"PP1&Ȥ

!¨�U{�/S}Fb��l~]B�Ia�VBLUE LIGHT SIGNALING1ȾBLUS1ȿ�Óý�:�
ȾTakemiya et al. 2013ȿȾâ 2ȿ�BLUS1'�úȋƿǑ&ȱǜªQLa|�ȗ%ĥȵ&QLa|ßù"ǋ

�7:ɀȱǜª%�û� jE__~i�%68úȋƿǑ°!{�țÃ�:9��ŉ!ɀBLUS1'j

E__~i�&ȥ<9ªĈħɀǣǆ�ªý�ȕÂ5ǣ&ĒçÃ$#�&ÊĦ%'¬�ěȴ=��$


�"�7ɀúȋƿǑƊœ&ȱǜªQLa|�ȗ&Ũıßù"ǋ�7:9�0�ɀƿǑǕH+-ATPase&

ƿǑǕ,&ćåÃ=ǻƸ�9ßù"� PATROL1�Óý�: 
9ȾHashimoto-Sugimoto et al. 2013ȿ�

¿� ɀªÙħǝıǹą%ȥ��9FLOWERING LOCUS TȾFTȿɀTWIN SYSTER OF FTȾTSFȿ, 
SUPPRESSOR OF OVEREXPRESSION OF CO1ȾSOC1ȿ$#&ßù�úȋƿǑ%4ƘƎ� 
8ɀª

%69ųúȣÎ&pR]Ak}Jw}�X�"� ȤĻƚ%ȥ�� 
9�"4Ʃ�: 
9
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ȾKinoshita et al. 2011, Ando et al. 2013, Kimura et al. 2015ȿ�  
 

 
B 2, �q6���YG�>=O�WKB 

BLUS1ɃBLUE LIGHT-SINGNALING1ɀPP1 : XBlɁl~]B�oSj?X�VɀP : {�țÃ 
 

� �:0!ɀúȋƿǑ&ȱǜªQLa|�ȗɀƊ%ƿǑǕH+-ATPase&ŹħÃūŨ%�
 'ɀúȋ

ƿǑl~_lzS_=Ɠ
�ƑÃüƚ$ǳŜ%68ȓ37: ������$�7ɀúȋƿǑl~_

lzS_=Æȯ�9%'ó�&ŤƉ�ȾQ~BcaTa&ìÒŅÅŝ&~V[_ǣȿ"ȡŎȤ&�Ŧ

Ⱦ6 ŎȤ��ȿ=ĥǯ"�9��7%ɀl~_lzS_'ƵĘż%İƂ�9�3ɀƿǑ%ŻȏäS_

}S5§ÿS_}S$#&ǿǠ���9�"�Ƥ7: 
9ȾLeonhardt et al. 2004ȿ���
���ɀ

ƪȗ'�ŹħÃèƿǑǕH+-ATPase!	9Cŗƴ�7�ƕƝ&{�țÃS}Fb�űê=ƊƖƚ%Ǹ
ǽ�9Ķ�&�³%ı¾��ȾHayashi et al. 2010ȿ��7%�&Ķ�=Ɠ
�Ǫƛǁǈ%
�9«Ɨǁ

ǈŠǜŷ=ƧƳ�9�"!�Q~BcaTa&~V[_ǣɁŝ�Ņŝ!�ųúúȋƿǑ%
�9ȱǜ

ª%�û��ƿǑǕH+-ATPase&{�țÃ=ť³�"�Ðǒ"$��ȾHayashi et al. 2011ȿ���!�
�&«ƗǁǈŠǜŷ=¶Ɠ��ȱǜª%�û��ƿǑǕH+-ATPase&{�țÃ�ǰ7:$
ƱƇñƖ

�&Ș�üƚSK{�b�L5úȋƿǑ&ƿǑǕH+-ATPase&{�țÃ}n|%ěȴ=��9ÃÒƉ

&MrG|SK{�b�L%ƣĴ���:0!%Ĕ��&ƱƇñƖ�5ÃÒƉ=Æȯ����ğ'�

�:7ƱƇñƖ�&ÈßȘ�ù5ÃÒƉ&úȋƿǑ%
�9ŪƚX�gKȂ&Óý=Ǩ
�ȱǜªQ

La|�ȗ%
�9ūǒ=ō7�%� 
��
� 
 
2-3. /\i�YG�>3x�6@Q�cd}��M� 
� ŤƉ�öȭª�!Ɯ>%ªÒı=Ǩ� 
9"�ɀó�&�țÃƄƾ=ĥǯ"�9�ɀųú&ú=

Ȑ9Ȯ%Ƒ�9ķĶȾųúķĶȿ��țÃƄƾÌ8Ȍ1&�ǯ$·Ȩǯß"$� 
8ɀŤƉ&ªÒ

ı�·Ȩ�: 
9"ǋ�7: 
9ȾTaiz and Zeiger 2014ȿ����ɀųúȣĕ��țÃƄƾÌ8Ȍ

1&·Ȩǯß!	9�"'þǶ�: 
$����0�ɀŤƉ&ªÒıŹħ=68Õ���9�3%

'ɀųú&ȣ�®Ò=õ���ɀųúķĶ=����9�"�ǳŶŷ"� ǋ�7:9�ɀ�:0!

%Ƥ7: 
9ųú�õ��ȣ
�ŊƤ&ƱƇñƖ�&.">#'ųúȢȠ=ǹą�9ŤƉo|u

��@kQQ�țȥȑ&ñƖ�!	8ɀ�:7'�ƈŚ��!4ųú=Ȣ�9�"�!�$
�3�
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ƈ%ŧƴ%ė�ɀǪƎè�óȳƚ!	9�"�7ɀųúȣĕ"ªÒı5ƑƒȞ"&ȥ�=ǻ-9%'

�Õ�!	��� 

� ��!ƪȗ'ɀ�:0!&ƥư%68ō7�"$��ª%69ųúȣÎÊĦ%ȥ<9�ǯßùȾȱ

ǜªÍĀ�jE__~i�ɀƿǑǕH+-ATPaseɀȰ��ûħ°Õ�ņźK+Zvd|ɀ
6+FTȿ=u

^|ŤƉQ~BcaTa&úȋƿǑ��%ƘƎȞ=�Ō��ɀųúȣÎ= ȓ�9�"�!�9�=

ǻ-��úȋƿǑƊƖƚ$ƘƎ%'ɀúȋƿǑ&1!ƘƎ=ǹą�9�"�Ƥ7: 
9GC1l~u

�X�=Ɠ
�ȾYang et al. 2009ȿ��&ǃŞɀųúȣÎ&ȸÂ½=Ěı�9ƿǑǕH+-ATPase&úȋ

ƿǑ!&ƘƎȞ�ƽ 1.5£î¿�9�"!ɀª%69ųú&ȣÎ�ȝƑŢ684ƽ 25Ƚõ��$� 


�ȾWang et al. 2014ȿ��ŉɀŐŚ�5ųú=Ȣ���9�Ɠ&	9@kQQ�țûå�!'ɀ
H+-ATPase Ȗ»ƘƎŢ4ȝƑŢ"Óũ%ųú�ȢȠ� 
8ɀª¸Ɓ%68ųúȣÎ� ȓ�:�"

�&1ɀųú�õ��ȣÎ�9�"�ƧǸ�:�� 

� ��!ɀªÒıǥńƀýǫǉ=Ɠ
 �țÃƄƾ×ËȞȾªÒıŹħȿ&ƀý=Ǩ��ǃŞɀ

H+-ATPaseȖ»ƘƎŢ&Ƒǣ!'ɀªęĕ 200 µmol/m2/s68ę
ªŚ�%

 ɀ�țÃƄƾ×ËȞ

ȾªÒıŹħȿ�ƽ 15Ƚî¿� 
���ŉɀė
ªŚ�Ⱦªęĕ 200 µmol/m2/s��ȿ!'ɀœĪ

$Ď'Ǹ37:$�����&ǃŞ'ɀŤƉ�ªÒı=Ɯ>%Ǩ� 
9Ŏ%ųúȣĕ��țÃƄƾ

Ì8Ȍ1&·Ȩǯß"$9�"=Ʃ� 
9��7%ɀŤƉ&ƑƒȞ%�
 ǻ-�"�;ɀªęĕ

200 µmol/m2/s&Ś�%

 ɀŀƭğ 25ŋƝ&šȷıȡŔ&ŤƉ&æ�ș&ȜȞ'ɀȝƑŢ"Ų-ɀ

1.4�1.6£î¿� 
8ɀƭù=���ŀƭğ 45ŋƝ&ŤƉ&ƭù5ǡ=Ö2ǝǟ&�ƈȜȞ'ɀƽ
1.4 £î¿� 
�Ⱦâ 3ȿ����$�7ɀªÒıŹħ&ǃŞ"�Ǚ� ɀė
ªŚ�!'ɀƑǎȞ

%Ď'ǰ7:$���� 
 

 

B 3�Gwko
�kopH+-ATPase�y:ha���U_�Q�3x 

ªęĕ 200 µmol/m2/s&ƙǜªȾ16ŎȤōŔ/8ŎȤŐŔȿ&Ś�!Ƒǎ���ŀƭğ 25ŋƝ&Q~B
caTaȾA~Cȿ"ŀƭğ 45ŋƝ&Q~BcaTaȾDȿ� 
 

� ǚÚŽ
�"%ɀŹħÃè&ƿǑǕ H+-ATPase5 FT=Ȗ»ƘƎ���ìÒ'ɀĨđ%ųú�ȣÎ
��ǪƎè=Ʃ���ɀŴ'©´%�� 
9%4ȥ<7�ɀƑƒȞ'ȝƑŢ"Ó���:��"$

9�"�ō7�"$����&ǃŞ'ɀªÒı=
�$� 
$
ôȤ%'ɀųú=Ȣ�9�"�Ƒ
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ƒȞî¿%Ȝǯ!	9�"=Ʃ� 
9�0�ɀȱǜªÍĀ�jE__~i�5Ȱ��ûħ°Õ�ņ

źK+Zvd|&úȋƿǑ!&Ȗ»ƘƎ'ɀųú&ȣÎ5ŤƉ&ƑƒȞ%ěȴ�$������&ƥư

%68ɀųúȣÎ ȓ%'úȋƿǑ%
�9ƿǑǕH+-ATPase&Ȗ»ƘƎ�œƓ!	9�"ɀ�7%
ųúȣĕ�ªÒı"ƑƒȞ&·Ȩǯß"$� 
9�"�þǶ�:�ȾWang et al. 2014ȿ�

Hashimoto-Sugimoto 7Ⱦ2013ȿ'ɀƿǑǕ H+-ATPase &ƿǑǕ,&ćåÃ=ǻƸ�9ßù PATROL1

&ŤƉ�¬�!&Ȗ»ƘƎŢ%68ųúȣÎ� ȓ�:ɀŤƉ&ƑƒȞ�î¿�9�"=ëØ� 


9� 
 
3. YG�~���#*1z 
3-1. �&��+{���YG�~ 
� ŤƉ��ƈ%ő�:9"ɀƿǑ&Ŵ´�Ŭ��ɀŻȏäS_}S=Ƒ�9�ŤƉ�ŻȏäS_}S

=Í�9"ŤƉo|u�!	9@kQQ�ț�ƿǑ°%ǦƯ�ɀS_}SĦƶħȘ�ù&ƘƎǹą5

ųúȢȠ$#ũ�$ƑƏĦƶ�Ė�Ȅ��:ɀŤƉ%�ƈǍħ����:9�@kQQ�ț%69ų

úȢȠ'ɀ@kQR�ț&µŔQLa|�ȗ=ǂ ɀúȋƿǑ&ƿǑǕ%ûå�9ȫBF�Zvd|

�ŹħÃ�:9�"!ƿǑǕ&ǔ´ŧ�Ė�Ȅ��:ɀ�:%Ħƶ� Ó��ƿǑǕ%ûå�9Ȱ�

�ûħ&òÕ�ņźħ K+Zvd|�ȣÎ� ɀúȋƿǑ�7 K+�ĺ³�:9�"%68Ė�Ȅ��

:9ȾKim et al. 2010ȿ� 

� @kQQ�țQLa|�ȗǂȇ&Œ�ź%�ǉ�9@kQQ�țÍĀ�'ɀȍēɀPyrabactin 
Resistance / Pyrabactin Resistance 1-like / Regulatory Component of ABA ReceptorȾPYR/PYL/RCARȿj?r

{�&X�gKȂ�@kQQ�țÍĀ�"� ɀƭùƘǞ5ţ&Ƒǎ&ȧÿɀųúȢȠ$#ũ�$@

kQQ�țĦƶ%ȥ��9�"�Ƕō�:�ȾPark et al. 2009, Nishimura et al. 2010, Cutler et al. 2010ȿ�
�&j?r{�&X�gKȂ'ɀúȋƿǑ%

 @kQQ�ț=ÍĀ�9"ɀ@kQQ�țQLa

|&ǿ&·Ģßù!	9PP2C&APkj?r{�&ABI15ABI2Ƶ"ƞĻǃÒ�ɀPP2CŹħ=ĵ

·�9��&ǃŞɀ@kQQ�ț&Ć$
ýđƋĬ!' PP2C%68ĵ·�: 
� OST1Ƶ&Pk
KzS III & SNF-related kinase 2ȾSnRK2ȿ&l~]B�Ia�VŹħ&ĵ·�ǳȪ�:9

ȾPYR/PYL/RCARs-PP2Cs-SnRK2sǂȇȿȾCutler et al. 2010ȿ�ŹħÃ�:�SnRK2'ɀȫBF�Zv

d|&þ�"ǋ�7:9SLOW ANION CHANNEL-ASSOCIATED 1ȾSLAC1ȿ=ŹħÃ�ɀCl-Ƶ&ȫ
BF�&ƿǑò,&ł³=Ė�Ȅ��ɀƿǑǕ&ǔ´ŧ=ǹą�9ȾNegi et al. 2008, Vahisalu et al. 2008, 

Geiger et al. 2009, Lee et al. 2009ȿ�0�ɀ@kQQ�ț'ɀȖ´ŧ=Ė�Ȅ��ƿǑǕH+-ATPaseŹħ

=ÓŎ%ȧÿ�9�"%68ɀǔ´ŧ= ȓ� 
9�"�Ʃ�: 
9ȾShimazaki et al. 2007, 
Hayashi et al. 2011ȿ��7%ɀųúȣÎ%ȥ��9°Õ�ņźħK+Zvd|Ș�ù&ȉ²=·Ģ�9

bHLHèȉ²ßù!	9ABA-responsive kinase substratesȾAKSsȿ�ɀ@kQQ�ț%Ħƶ� úȋƿ

Ǒ°!{�țÃ�:ɀ°Õ�ņźħK+Zvd|&ȉ²=ȧÿ�9�"�Ʃ�:�ȾTakahashi et al. 2013ȿ�
�&6�%@kQQ�ț'ɀųúȢȠ%ȥ<9ßù,&¨�����!$�ɀųúȣÎ%ȥ��9ß

ù&Źħ5ƘƎȞ=ĵ·�9�"!Áƍƚ%ųúȢȠ=ǹą� 
9"ǋ�7:9� 

 � �:0!&ó�&ƥư%68ɀúȋƿǑ%
�9@kQQ�țQLa|�ȗǂȇ%'ɀG|QCsɀ
Źħțƾƭɀ�țÃƲƾɀoSj?ZR�țɀBeQ_�|ǹą�ɀSjA�OǓȂƵ&UG�`t

[U�Rv��ȥ�� 
9�"4ëØ�: 
9ȾKim et al. 2010ȿ�0�ɀȍēɀK~~jA|&
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ƑÒı%ȥ��9 Mg-IzX�V�@kQQ�ț%69ųúȢȠ%ȥ��9�"�ëØ�: 
9

ȾShen et al. 2006, Tsuzuki et al. 2011, Du et al. 2012, Tomiyama et al. 2014ȿ� 
 
3-2. Mg-�(",!�YG�~���- 
� @kQQ�ț%ǹą�:9ųúȢȠ,&Mg-IzX�V&ěȴ%�
 'ɀȍēǮŅ&ëØ�$�

: 
9�Shen 7Ⱦ2006ȿ'ɀ@kQQ�țǃÒX�gKȂ&ǳŜ%68ɀQ~BcaTa& Mg-
IzX�V&HPkxb[_ȾCHLHȿ�@kQQ�ț%69ųúȢȠ%ȥ��9�"=ëØ���

Ó��ɀTsuzuki7Ⱦ2011ȿ4@kQQ�țȲīÍħ&ųúȣĕñƖ�&ǳŜ�7ɀCHLH�@kQQ

�ț%69ųúȢȠ%ȥ��9�"=ëØ������$�7ɀShen7Ⱦ2006ȿ'CHLH�@kQQ
�ț&ÍĀ�!	9"ëØ���ŉ!ɀFFsJ& CHLH'@kQQ�ț"'ǃÒ��ȾMüller and 

Hansson 2009ȿɀ0�ɀQ~BcaTa&CHLH4@kQQ�ț"&ƊƖƚ$ǃÒ=Ʃ�$
�"�ë

Ø�: 
8ȾTsuzuki et al. 2011ȿɀCHLH�@kQQ�ț&ÍĀ�!	9�#��%�
 'ǾǼ&
�æ�	9�Tsuzuki 7Ⱦ2011ȿ'ɀƿǑò&G|QCsƃĕ=î¿��9" chlh ñƖ�&ųú%


�9@kQQ�țīÍħ�ș´ƚ%Þģ�9�"=ëØ� 
8ɀCHLH'@kQQ�țQLa|�

ȗ%
�9G|QCs�otFSXQS%ěȴ� 
9Ðǒħ�ƩÝ�: 
9� 
 

 
B ��uEm�,'�(%��e�
 �),$+�����<���
YG�JDg2 low 

temperature with open- stomata 1�lost1��Sr|f5�I��HO	�]f5�?��

lost1 ñƖ�'Ĩđƚ%ųú�ȣÎ� 
8�ǏŏŤƉȾBGȿ"Ų- ǣȳſĕ���� 
9�#1

"#2'ȝƑè CHLI1Ș�ù= lost1ñƖ�%ĚȂȉĽ��ƟǭŢ pCHLI1::gCHLI1/lost1&ƌƳ�� 2

ƼǄ�ƟǭŢ!'ɀǣ�ǆǜ%$8ɀǣȳſĕ4ǏŏŤƉ"ÓƬĕ%0!Þģ� 
9�"�7ɀK

~~jA|ƑÒı"ųúȣĕ&ǪƎè�"4%Ɵǭ�:��"�<�9�â�&ſĕ'ÑƼǄ&¯è

ƚ$ǣȳſĕ=ɀSM�|f�' 2 cm=Ʃ� 
9� 
 

� ǚÚŽ
�"%ɀTomiyama 7Ⱦ2014ȿ'ɀȃòǇP�uLzjA%68Æȯ��ųúȣĕñƖ�
&ǳŜ�7ɀMg-IzX�V& I1Pkxb[_ȾCHLI1ȿ�@kQQ�ț%69ųúȢȠ%ȥ��9

�"=ëØ��Ⱦâ 4ȿ�Mg-IzX�V'K~~jA|ƑÒı%ȥ<9Țƾ!	8ɀCHLH " CHLI

%CHLD=¿�� 3�&Pkxb[_�7$9ǮÒ�=Ěı� ¨�ȾBollivar 2006, Masuda 2008ȿ�
Ġ� �:0!&Ƥǰ'ɀMg-IzX�V5�:�ȥ<9K~~jA|ƑÒı�@kQQ�ț%69

ųúȢȠ%ȥ��9�"=ƩÝ� 
9� 
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� ¿� ɀTomiyama 7Ⱦ2014ȿ'ɀK~~jA|ƑÒıǂȇ%

 Mg-IzX�V&ŭ&ÊĦ=

Ǵø�9ȚƾMg-l~_p|jA{� IXtZ|_z�SjDz�VȾCHLMȿ&ñƖ�&ǳŜ=Ǩ
ɀ 

chlmñƖ�&ųú!'@kQQ�ț%ă� ȲīÍħ=Ʃ��"�7ɀCHLM�Mg-IzX�V"Ó
��@kQQ�ț%69ųúȢȠ%ȥ��9�"=µ3 ō7�%����7%Tomiyama7Ⱦ2014ȿ

'ɀK~~jA|ƑÒı"ºȸ�=­œ�9msƑÒı%ȥ<9ñƖ�&ǳŜ=ȓ3ɀmsƑÒı%

ȥ<9Țƾ!	9GUN25GUN3&ñƖ�&ųú4@kQQ�ț%ă�9īÍħ���� 
9�"
=Ʃ����:7&ǃŞ'ɀK~~jA|5ms&ƑÒı=Ö2]_zi~�|ƑÒı�@kQQ�

ț%69ųúȢȠ%ȥ��9Ðǒħ=ň�%ƩÝ�94&!	8ɀ�ğɀ́ ùūŨ&ǳō�ĝ�:9�

�ŉ!ɀGUN2"GUN3%�
 'ɀ�:7&ñƖ�&ųú!'ůđ$@kQQ�țīÍħ=Ʃ�"
�9ëØȾShen et al. 2006ȿ5�GUN2&ñƖ�&ųúĦƶ'2�;@kQQ�țȺīÍħ=Ʃ�"


�ëØ4	8ȾXie et al. 2016ȿɀ�:7&ǃŞ4ǋĮ��ĭȜ$ǳŜ�ŵ37:9�  
 
3-3. YG�~3x���U_�.^nP0- 
� ãðŴ´��ȅ� �9"ɀųú'ŤƉ�°!Òı�:�ŤƉo|u��@kQQ�ț%Ħƶ� 

�(5�ȢȠ�ɀŤƉ��7&Ŵ´Ŀ÷=Ȧ��@kQQ�ț&QLa|�ȗ�Ɩđ%$��ƱƇñ

Ɩ�5@kQQ�țƑÒıǒ=Ŭ
�ƱƇñƖ�'ɀ�ƈŚ��!4ųú=Ȣ�9�"�!��ɀ�

�%Ǣ:9�Tsuzuki7Ⱦ2013ȿ'ɀ@kQQ�ț%69ųúȢȠ%ěȴ=��9 CHLH &Q~Bc

aTa&úȋƿǑ%
�9ƘƎȞ=ǻƸ��ĚȂȉĽ�=�³�ɀųú&ǪƎè&ǲĂ=Ǩ����

&ǃŞɀRNAi%68CHLH&ƘƎȞ����9"@kQQ�ț%ă�9īÍħ����ɀ�ŉɀȖ

»ƘƎ%68CHLH&ƘƎȞ=î¿��9"ɀȝƑŢ!'ș´ƚ%��ųúȢȠ=ǹą�$
 1 µM 

@kQQ�ț%6� 4œĪ%ųúȢȠ� ȓ�:ɀ@kQQ�ț%ă�9īÍħ�î¿�9�"�

Ʃ�:�� 
 

 
B 5�CHLHy:ha���U_��.^nP�0-�
ȐđŚ��! 3ȒȤƑǎğɀ18ŋȤŴ58=¤Ů��Ŏ&ŤƉ�&²ơ�#1"ȼ2'ƌƳ��CHLH

Ȗ»ƘƎŢ� 
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� ��!ɀCHLHȖ»ƘƎŢ%
�9�ƈǍħ�ǻ-�ǃŞɀȐđɀȝƑŢ!'şŰ� �0��ƈ

Ś��%

 4ɀCHLHȖ»ƘƎŢ!'�Ƈǣ�ǆ!ıȡ� 
�Ⱦâ 5ȿ���&ǃŞ'ɀúȋƿ

Ǒ&@kQQ�ț%ă�9īÍħ=Ⱥ39�"!ɀŤƉ&�ƈǍħ�Õ��9�"=µ3 þǶ�ɀ

CHLH=úȋƿǑ%Ȗ»ƘƎ��9�"�œƓ!	9�"=Ʃ� 
9� 
 
4. U_�bCOj�l@isT 
� ųúúȋƿǑ'Ùá&ũ�$Ɛí¸Ɓ%Ńī%Ħƶ� ųúȣĕ=ǻƸ�9���:0!'4�)

7ɀÆȯ��úȋƿǑ=Ɠ
 ƿǑ°%
�9�Ȗƚ$QLa|�ȗȾćĳƚ�ǗĞƚĦƶȿ&ǳŜ

%�Ƣ�ǉ�: ������$�7ɀŘśŤƉ'Ùá&ũ�$Ɛí¸Ɓ=¬Ȉ!ÍĀ�ɀ�:7&

ĩë=ɀȡȆȯQLa|�ȗ=�� Ñǁǈ5ƿǑ%��ɀ0��7�&Ě!�:7&ĩë=ǵį�

9�"!ɀč1%ƐíĦƶ=Ǩ� 
9"ǋ�7:9�ųúúȋƿǑ%
�9�"� 'ɀãð&Ʋ

ƾ5{�ÖȞ����9"ųúN�YKX�S����ɀ±ž¿�9"ųúN�YKX�S�Þģ�

9�"�ëØ�: 
9ȾCarvajal et al. 1996ȿ��:%'ɀǅƷř=���ţ�7úȋƿǑ,&ȡȆȯ

QLa|�ȗ�Ǩ<: 
9"ǋ�7:9�ɀ�&´ùūŨ'¬��ō!	9�0�ɀ�ĕ�ƈS_

}S=���ŤƉ!'ųúȢȠ� ȓ�:9�ɀŴ´ƋĬ=Ĳ� 4��%ųúȣĕ'Þģ�$
�

�7%ɀ�&6�$ŤƉ!'ɀ2 ĕƝ&�ƈS_}S%ă� 68Ńī%Ħƶ�9�"�Ƥ7: 


8ɀúȋƿǑ'�ĕƝ&�ƈS_}S=�7�&Ě!ǵį�9ūŨ=¦� 
9"ǋ�7:9�

Virlouvet7Ⱦ2014ȿ'ɀPkKzS III&SnRK2&l~]B�Ia�V!	9SnRK2.2"SnRK2.3�
�&ǵį%Ȝǯ$Ĝ¼=Ş�� 
9�"=ëØ� 
9�ɀ®�ƚ$´ùūŨ'ō7�"$� 


$
��ğ'ɀ�:0!&ćĳƚ�ǗĞƚĦƶ&ǳŜ&1$7�ɀ�Ȏ��6�$ȡȆȯQLa|�

ȗ5Ɛí¸Ɓ&ǵį&ȥ�&Ðǒħ=Ö3�ǄÒƚ$Ǳƅ�7ǳŜ=ȓ39�"%68ɀYBar[

K$ŤƉ&ƐíĦƶ&¬Ā�ō7�%$9"Ŕĝ�:9� 
 

tv�

� ŘƮ!ǀ���ƥư'ɀŇșƫüƠ ƫüƥưȁǭÀȟ ňüǩȶéƥư�ŤƉ&ƐíƱƦ½�ɀ��

�ƐíǵįǄÒ�&Łľ=ġ ȔǨ��� 
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