
!

"# $%&'!

()*+,-./*+01234!

 

!" 21#$ 6%$ 8&'( 

 

 

 

 

 

 

 
 
 
 
 
 
 
)*"+,-./0123456789:3;3<=>?@ABCDE,FGHI,JKLM

NOPQR@ABC7S3TULVWX?YZ, Ca
2+[\LN]^OY_9`0ab9cLI

dOQBCe<fCgh6i<jklmno?pq,rsGtLu9v80w9Jx<jky

WOYz{,|+Q@ABC7S3T}~��vi���?������noQ@ABCDE

�} Ca
2+��c� Ca

2+L�OY7S3Ts�c�H�X?�^���noYz 
 
 
��� 
$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �����/�� 

 ���� ���� A$ � 

2007#� &56775777! 8975777! :5;975777!

2008#� &5<775777! 9675777! :57675777!

#� ! ! !

#� ! ! !

$ $ #� ! ! !

�$ � ;59775777! &57:75777! 959:75777!

 
 
)*F / ¡6¢ 

4)�,F4£¤M/¥¦¡64¢£56FG¡6£¡§¢ 

¨©ª©«/¡¬0123456@ABCCa
2+ 

 
®¯)*°±²³,´µ 

 

$ 0123456,³¶BC�}Q·¸¹<

º»o?¼½,¾¿,fC�¿�À@A��

�Qy¿��ÁPÂÃÄ,fC�ÃÅÀ@A

��}·¸¹Æq¤Ç<jÁPÈÉnoQf

C,ÊË£ÌÍ�ÎÏno?z{o<ÐOPQ

y¿,ÑÃÄ,fC�}QfC,ÒÓ,Ô<

fCÕ�ÊË£ÌÍOPBÖ×^Ø?zOÙ

OQÚÛ0123456,pq�Qy¿,f

C^¾¿,fCLÉÜ�Ý?,ÙQÞY{,

ÉÜ,Ô<·¸¹Æq¤Ç�ß,jàÚr

sG�H�OPQfC�ÒÓOQfCÕLÊ

ËnáÆq¤Ç<âã�Ý?,Ù^¹àQ@

ABCDE,äåæ;ç<è¹P}QKéÙ

�}Ú¹êë��ÁYz 

$ ìíî}�oÞ�<BCefC,ÈÉ<

ïð?^ñòéo?·¸¹óô,Æq¤Ç

õ,¡§ö÷øLQùúÚûüLý¹PJx

OPÝYz{OPQ@ABCe<}QÆq¤

ÇÙéfC×,Ó� Ca
2+QKþQCl

-Úß,9

`�,ÿ!QÆq¤Ç�fC�, Ca
2+"�÷

øQ0v#�$%2ä�&,'I"Q(�)

*,Ê¡Úß,¡§ö÷ø�=Ý?�^L

KéÙ<OPÝYzné<Q+,,¡§÷ø

}fCgh6i�-�Âl.no?�^L

*+=>?@A*+BCD!

*+EF?:77GH:776!

IJKL?&'8G7797!

*+IJMBNOD! PQRS(TUVNWXYZ[S\]^V_2`abVcd!

! !

*+IJMBeOD! fghijklk!mn!kloghi!pqhgkrstplmg!uvtwhglku!rsqlgo!tqmkk%xmiilghplmg!

! lg!yqhkklthtvhv!

*+z{|!!

}~! �B��f��!������D!

����()���)��)���������*+(�.�!

*+|KL?87&<7&;7!

!

$ !

 

 



 

 

KéÙ<OYz�,�^ÙéQfCgh<}

¿ú,¡§÷øLl.X?6i�R@ABC

7S3TU^/0��1(X?�^���n

oYz$

$ {��QR@A7S3TU,23LKéÙ

<X?�^^Q�oé,¡§ö÷ø<ïð?

Æq¤Çõ,rsGLVWX?�^�@A

BCDE,JK<45��?^67X?<

ØÁYz$

$

$

8¯)*,Mö$

$ 9)*�}Q0123456789:3;

3Lý¹PQR@ABC7S3TULVWX

?YZ,_9`0ab9cLIdX?�^

^QfCgh6i<jklmno?rsGt

Lpq:;,u9v80w9Jx<jky

WOQ@ABCDE,FGHI,JKLMN

Xz$

$

$

<¯)*,=ü$

$

>?@R@ABC7S3TU,ABYZ,_9`

0ab9c,Id$

$ CD,9ä©E�S<j?_9`0ab

9cLIdX?z$

F$Ca
2+b�G©~��viLý¹YHI

�Ca
2+9ä©E�S,Id  

  ¤Çi�,9ä©E�S,YZ<}Q·

¸¹Æq¤Ç�HÊ',SRKrsGQÞY

}fC�HÊ',Act1rsG,J8K©~

Lý¹Q{,DL<yellow cameleon(YC)3.60

rsGLM¹NO�P&2v&Lý¹Yz

ÞYQQÇ3,9ä©E�S,YZ<}Q

QÇ3RS7S3TLYC4.60<�TOY

O�P&2v&Lý¹Yz789:3;3

<rsGmãOQUéoYHÊ'3Lý¹

PfCgh6iVWÔQX¹}BCe,f

C^Æq¤Ç,Kæ~Y�SLSÁYz  

 

Z [\N�]<j?¤Ç^Ca
2+9ä©E

�S 

$ Ca
2+[\N�]åT7_çSY©�LÆ

q¤Ç<VWO`aÔQfC�?¹}fC

gh6iL�6náPQåT7_çSY©

�,[\b�+cX?ÙßàÙLde?

�^�QÆq¤ÇÙé,Ca
2+LfgÓ,R

[LKæ~©X?z  

 

(2)u9v80w9Jx<j?@ABCï
hrsG,AB 

$ 789:3;3�}QBCÔiF�ÒÓ�
}jÞkQ®kFÔ<}ÒÓ�lmQ®iF

Ô<fC,ÊË�}jÞ?z{��QÒÓe

<÷[X?rsGLABX?YZ<QBC�

ÔLO�&8©T^OQBCÔ®iF,pq

LG�JT^OP RNA LnoOPu9v8

0w9LSÁYz 

$ OÙO+,,=ü�}QfC, RNA �f

Þo?YZ<QfC,rsG÷[LJxOP

OÞà�����?z�oÞ�,2p|+�Q

BC³¶,qr}fCgh6i�-�l.

noP¹?z{��QfC, RNA ,stL

uvX?YZ<Qwb,fCÙéfCgh6

iL�xOQfCgh6iVWy^VWÔ®

iF,pq<è¹Pu9v80w9JxL

SÁYz 

$ z=QÆq¤Ç�}fC,�{Úß,6§

ö|}<jkÊ'+cX?rsGÂ1(X

?�^�~�no?z{��Q7v8�¨G

��§<jkfCgh6iL��OYfC

LBCnáYpq<è¹PÂu9v80w

9JxLSÁYzC+,Jx|+ÙéQBC

³¶<÷[X?rsGLABOYz 

 
 
�¯)*"+$

$

R@ABC7S3TU,ABYZ,_9`0

ab9c,Id 
F$Ca

2+b�G©~��viLý¹YHI

�Ca
2+9ä©E�S,Id  

$ Æq¤Ç^fC,¤ÇiQQÇ3{o�o

<è¹PQYC3.60=j� YC4.60,HÊ'3

�{o�o��UéoYz 

$ Æq¤Ç,¤ÇiCa
2+9ä©E�S<è¹

P}QfC,ÒÓ�lmOQfCÕ�ÊËX

?e¶�QfCÕ�Æq¤Ç<âãX?e¶

<wÝÚ÷[��éoYzné<QfCgh

6i�-�ÂCa
2+÷[�l.no?�^��

noQCa
2+L�OY7S3Ts�c,1(�

��noYzÞYQQÇ3, Ca
2+9ä©E�

SÙé}Q@ABCÔQ¤Çõ<=>?QÇ

3,���÷øOPfC,ÊË£âã��<

��X?�^Q��OYQÇ3õ�} Ca
2+"

��H½�YoP¹?�^���noYz 

$ z=QfC,¤Çi<è¹P}QÒÓy<

} Ca
2+"�}H½zù<FWOP¹?�QB

CÔQÒÓ<jk"���DOYÔQÆq¤

Ç^,�{���"�+c��éoQ{,Ô

+cOY��ÙéfCÕ�ÊËX?�^QÆ

q¤ÇLÌÍOP¹?fCÕóô�}QfC

ÕÌÍ<45��?^ñòéoPÝY`7

w©7����éoÚ¹�^�KéÙ<Ú

ÁYzÞYQQÇ3<è¹P}QÌ�OP¹

?fCÕ�}Q�< 100 !MC+,"�<�

YoP¹PQ7v8�0��)�§<jk"

���DOQye<fCÕÌ�Â��X?�

^�KéÙ^ÚÁYz�ÁPQQÇ3<}7

v8�0��)IB�, Ca
2+

- ATPase�1(

OQ�,FG�fCÕÌÍ<ïðÁP¹?�

^���noYz 

$



 

 

Z [\N�]<j?¤Ç^Ca
2+9ä©E

�S 

Æq¤Ç<åT7_çSY©�LVWÔ

fCgh6iL�6náY^��QfCL�

6náY^Ý^yùQ[\,+c�ÈZéo

YzÞYQfCgh6iL��§Q�?¹}

J8�0©��§OY�A<}Q�,jàÚ

[\,+c��éoÚÙÁYzC+,|+Ù

éQ@ABC7S3T<}~��vi�,Â

,�fÞoP¹?������noYz  

C+,FQZ,Kæ~Y�ScLý¹?�

^�@ABCe<=>?¤Çõ=j�¤Ç

õ,Ca
2+[\,Kæ~©�����?�^�

��noYz�ÔQfCgh6iLwb< 

¡OQ¢i�,£F^~��vi�,£F<

F>P0ab9X?�^<jkQ@A7S3

T,�êJxLKéÙ<OY¹z 

$

(2)u9v80w9Jx<j?@ABCïh
rsG,AB 

  9)*�}Q¤O�&8©T¥�?¹}

¤G�JT¥^X?pqÙé RNA LnoOQ

O�&8©T, RNAL Cyanine 3-CTP (Cy3) 

�QG�JT, RNAL Cyanine 5-CTP (Cy5) 

�]ÉOYz{,ÔQ¦îL§AOYÂ,L

Arabidopsis 3 Oligo Microarray P29« 

(Agilent) <¨91Y©9�©7��náYz

P29«+,Cy3^Cy5,[\ª�L�«ø

OYÂ,L{o�o, signal«^OQO�&

8©T<ÐX?G�JT, signal¬L ratio«

^OPrsG,Ê'b÷øLJxX?N

]^OYzÞYQu9v80w9}{o�

o 2u,-®2pLSÚÁP=kQ2 u,|
+<=¹PQz=� 1.8 C+, ratio «L�
OQÂàz=� 2.0 C+, ratio «L�Xr
sGLQ¯°<Ê'�lmnoYÂ,^OYz 

±³<Q ¡�fC,BC�Ô,pqLO

�&8©T^OQBC 15 FÔ,pqLG�

JT^OYu9v80w9LSÚÁYz{,

|+Q ¡�fCLBCnáP 15 FÔ<Ê

'�lmnoYrsGL 433²³ÈOYz 

$ fCLý¹Yu9v80w9�}QfC<
=>? RNA,÷[L�P¹?����ñò

éoYz{,YZQfCgh6iLfC´µ

¶^OPý¹?�^�QfC·¸, RNA,

stL�½X?�^LñòYzÞYQy¹,

jà<QfCgh6iL�-�Æq¤Ç<V

WOYº<ÂQÆq¤ÇÙé,Ó,R[�

Ca
2+"�,÷[Q0v#�,»A�(�)*

,Ê¡^¹ÁYQ ¡�fC,BCe^yù

,¡§÷ø�¼½no?z{��QBCe<

fCgh6i<jÁPÊ'�lmno?·

¸¹´rsGLAB£JxX?�^LMö^

OPQ¾BC, ¡�pqLO�&8©T^

OQfCgh6iLVWOP 15FÔ,pq

LG�JT^OYu9v80w9LSÚÁ

Yz{,|+QfCgh6iLVWOP 15

FÔ<Ê'�lmnoYrsG} 449²1(

OQ�,à¿ 257²}BCÔ<Ê'+cX?

rsG^ÀÁX?Â,��ÁY z 

Â<fCgh6i�Ê'+cX?rsG

<è¹PH�Ü<FÃOPBCÔÊ'+c

X?rsG^¬ÄOY|+Qyî�}~��

viFJ<ïTX?rsG�QP&wPrÅ

<ïÆX?rsG,¬Ç�H¹�^��n

oYz¦î<ÀÁX?jàÚrsG,È<}Q

fC,ÒÓ<45ÚrsG�fÞo?^ñ

òéoYz 

$ y¹,jà<QfC<ÐOP7v8�¨G

��§LÉX�^�Qw�F,fCgh6i

L¡k�>?�^�ÊËnoP¹?z�,7

v8�¨G��§LÉOYfC,BCe<

}QfC,ÒÓ�.�é¸QÆq¤ÇÙé,

Ó,R[Â�éoÚ¹z�,�^ÙéQ�,

7v8�¨G��§fCLý¹Pu9v8

0w9LSÚà�^�QÓ,R[y<Ê'�

lmno?rsG�?¹}Ó,R[^}ï

ÆÚ½Ê'�lmno?rsGLAB£Jx

X?�^��Ý?^ñòéoYz{��Q7

v8�¨G��§LÉOYfCLBCná

Y�Ô,pqLO�&8©T^OQBC 15
FÔ,pqLG�JT^OYu9v80w

9LSÚÁYz{,|+Q7v8�¨G��

§fCLBCnáY�A<} 22²,rsG
OÙÊ'�lmno¸Q�,à¿, 18²}
Ì�§,fC�fCgh6i<jÁPÂl

mno?Â,��ÁYz�,�^ÙéQ�o

é 18²,rsG}Ó,R[y<Ê'�lm
no?����ñòéoYz 
$ +,,fC�fCgh6i�Ê'lmn

oYrsGÙéQ7v8�¨G��§�lm

no?rsGLÍOÎ¹YrsG}Q239²
³ÈnoYz�,È<} Ca

2+,��<ïTX

?Â,�Ca
2+L�OY7S3Ts�<ïTX

? calcium-dependent protein kinaseQ¤ÇÏ,

ÐÑ<ïTX? expansin family proteinQÒ#

w�rÅ�, ethylene-responsive element- 

binding factorÚßLO©«X?rsG�fÞ

oP¹Yz 
$ z=�QBCeV¾ö<Ê'b�ÓÔX?

rsG<è¹PÂQBCÕBÖqr<ïTO

P¹?����ñòéoYz9u9v80w

9Jx�}QfC,BCÔ 15F,pq<=
¹PÊ'�ÎÏnoYrsG (2u,2p,
ratio«�À< 0.5CD) L 146²Q7v8�
¨G��§fC�ÎÏnoYrsGL 3²Q
fCgh6iVWÔ 15F<ÎÏnoYrs
GL 42²³ÈOYz$
$ C+,9)*,u9v80w9,Jx|

+ÙéQfC,ÒÓ�lmOQÊË�±Þ?

BCÔ®iF,e¶<Ê'÷øX?rsG

�¼�yWnoYz�oé,È<}QfC,

ÒÓ£ÊË<4.ÚÓ�9`�LÆq¤ÇÙ

éfC×��X?@ABC<45,rsG



 

 

�¼�fÞoP¹?^ñòéo?z$

$ �Ô}Q�oé,rsG,÷[LY0T~

9ç PCRü� in situ¨91Y©9�©7��

ü�³ÈX?^^Â<Q�oé,rsG,r

sGÖ×�,Jx<jkBCDE×,ïT

LKéÙ<OY¹zÞYQØÙrsG<è¹

P}QGFP9ä©E�SÚß<jkQ@AB

Ce,Ú[LKéÙ<OP¹ÝY¹z 

$

$

i¯ÛÚÊgÜÝÞ$

�)*ßgîQ)*Fàîá�hâ)*î<

}Dã�$

 
äåæÜÝç��iè� 
F  Takashi Kaneda, Yuri Taga, Ryota 
Takai�éiê�ëM�The transcription 
factor OsNAC4 is a key positive regulator 
of plant hypersensitive cell deathEMBO 
Journal, Vol.28926-9362009ìí¯ 
Z  Megumi Iwano, Tetsuyuki Entani, 
Hiroshi Shiba�é 8ê1ëM�Fine tuning 
of the cytoplasmic Ca2+ concentration is 
essential for pollen tube growth, Plant 
physiology, in press, ìí¯ 
î  Hiromi Tajima, Yuji Iwata, Megumi 
Iwano, �é8ê<ëM�Identification of 
an Arabidopsis transmembrane bZIP 
transcription factor involved in the 
endoplasmic reticulum stress response
Biochem Biophys Res CommunVol.374 
242-2472008ìí¯ 
ï Megumi Iwano, Hiroshi Shiba, Kyoko 
Matoba�éðê®ëM�Actin dynamics 
in papilla cells of Brassica rapa during 
Self- and Cross-Pollination, Plant 
PhysiologyVol.14472-812007ìí¯ 
ñMitsuru Kakita, Kohji Murase, Megumi 
Iwano, �éiê<ëM�Two distinct 
forms of M-Locus protein kinase localize to 
the plasma membrane and interact 
directly with s-locus receptor kinase to 
transduce self-incompatibility signaling in 
Brassica rapa  Plant Cell  Vol.19 
3961-39732007ìí¯ 
 
ä¢òÊgç��®®è� 
F ó ôõö÷Høùú, 012345
6,BCDE<=¹PH�X?0v0ûY

�,ABü 50u56¡§¢ò2009.3.21
êýþÿ 
Z ó ô!"#§Q$%&w'(G
õö÷Høùú0123456,BCe

=>?0v0ûY�,)*+,ø¢ò 2009
#�wò2009.3.29-.ÿ 
î /01"23úó ô456õ
ö÷Høùú0123456,ÃÅÀ@

A�<ïð?7|A8¨3©� MLPK ,H
�Jx&956¡§¢òü 49 u#ò
2008.3.229:ÿ 
ï ó ô456�;<=õö÷H
øùú0123456,BC£BÖDE<

=>?fCÕ Ca2+,Kæ~Y�S2008 #
�&9+,ø¢òwò2008.3.28êýþÿ 
ñ ó ô0123456,ÃÅÀ@A�
,>\¢ö£¡§¢öJxü 24 u?¢¡
6¢@GABCDE¢òQ2008.5.17QF5G
ÿ 
H IJKLQó ôQM"�GQÍ;$N
OQP.OQQõö÷QHøùú0123

456Æq¤Ç,RÂS@Gã&KS2$

%©<j?Jxü 24 u?¢¡6¢@GA
BCDE¢ò2008.5.18F5Gÿ 
T ó ô456�;<=õö÷H
øùúBCDE<=>?fC^Æq¤Ç,

Ca2+©93UvPü 72 u56¢ò
2008.9.27HVÿ 
W ó ôõö÷HøùúXY:;ø
¢ü<j?0123456BCDE,Jx

ü 49u:;¤Çø¢ò2008.10.5ÍZÿ 
[  Iwano, M., Shiba, H., Matoba, K., 
Takaoka, A., Isogai, A. and Takayama, S. 
Actin dynamics in papilla cells of Brassica 

rapa during self- and cross-pollination, 9th 
Asia Pacific Microscopy Conference, 
2008.11.4, Jeju, Korea 
\ ó ôFGL�?©56¤Ç<=>?
0v#�$%2ä�&�]ø×,µ�©, 
ü 23 u?¢¡6¢@GABCDE¢òª©
v7�aJ2007.5.20^_`ÿ 
a ó ôö�bGÍ;$NOc"\
zP.OQõö÷Høùú0123

456Æq¤ÇdÇ, 3ÂSIe,Jxü
23 u?¢¡6¢@GABCDE¢ò
2007.5.20^_`ÿ 
$

äfgç��kè�$

 
ähijhkç$

lomêë��kè�$

l¡Uêë��kè�$

$

ä{,éç$

$

n¯)*:;$

>?@)*ßgî$

$ ó $ ô�opqrs$tuvwto�$

$ Lxóô4¢DEw¢yw¢£_9`G9$

$ Ò�P)*4£z{$

$ )*îë|?}~?�~?�~$

$

>�@)*Fàî$

$ ÚO 

$



 

 

$>�@hâ)*î$

$ ÚO$

$


