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E �0��� �&0 ��  F��� 0����$  �� (" ���)	 G���  .����0�I$�!  .�� !� ��
> 
$��!� �?)� .  G��D �J�)�������K �� �	ABI1  
ABI2 !� A�L #���M (� �

 F��� 0����$  $�)�ABA ��D (�I��D �NL (" �0� (���� #K ��	 �	  2���)C
 (� �$����ABA 3��� 
 �O� P��I ����� #��0 #K �� ��I (� &��Q  ��	  �	
2�� $���� .��  (� 2R)0 /0$� (" �S0K !� (� �)�!$�T ��	  ��I ���
 ���)�

$�! .�� �����D �2�� U�)C#K �&0 (V��Q� 
 /0$� �� 0� ����0�I  �� �	
��  .�� (� 3��� ��� �	��I ��-D!�� �	 .��$� E ��	
�� .�� ��  ��	

 ���V  �� ����?0����9 .�> 
$� ����D /0$� ���  �0�D)OsPP2C1  � 
OsPP2C9 (B?C C��0 ��-  ����� ("  A�C 
 ��D ��"O� ����0�I$�! 2�-	� �

�0��� .#K #��� !� 2D�0
� #���� �N�  ��	  ��	OsPP2C5 ��I ��  $�WX  2'  
Y���)�K #����	 
  ��S� �����K �� 
 ������ +�D (� ����� ZOC �ABA 

2��� �	�". ��I ��  2��� ��-  ��  #� ��&�� ;L�� (V��Q� ���� ��	  
OsPP2C5  /���0 U��� $� 
 �D(@�
� 2D�0
� �G'� �� �!�� �	� �� �#� .

[�,� ��-  �� (� �	 (��� �� ���
 [�,� �(��0�W 
 (��
� ��0
K ��	  ��$-	 ��	
[�,� ���\ �0
K ]��0���� 
 ���K �0
K [�,� 
 ������ ��	 ��� ��	  !��

C�0 ]��0�$," 
 ]��0�$,����)&  (�] ��,� G^��  ��	��� ��  _$V� �� ��	
�$@�
 � [�,� $���� �� 2D�0
� �	 (���� �"$-  (�)	 �� ����! ��	 �0��� .

� $`0 (� ���K 2�� (� /���0 U���$�  (" ���#� OsPP2C5  0����$  $�)� ��
 F���ABA/���� �&0 /0$� �� ��I ��  . ;���� ���0� +�Cab� 2�� ����

��  (� G-'  �c�R �� .�� ��  �	� ������ �� ��I.  
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56��6 

6 7 ��89� &�� *: -����#; 4�(  -('

-� 6(�< �	 -1�	� ��(�3  � ('(Sreenivasulu 

et al. 2007) .>���:? -(�3 ���	�(  ���

)ABA (-. 7 -@9� A��#� 297 -� �B�7  � '��

6 7 C�� *: ��(�3 D
97 	' -
E� 6F!  �G�� �(

-�  � <)Soon et al. 2011(. ����#� < 	�<� 
6 7 *: D
97 -B�HB��  *��� #: -����#; 4�(

��I5 �J KL 7 � 4���  2�� 6 7 �: A%7#� �/�� 4�(

)Boneh et al. 2011(. ��7�G�5 C�7�#� 4�( C2 

)PP2Cs (C�#� �� -(�#3/N#7 C!���7�G�5  4�(

OGP  *< � ��( D��H7 -Q 	' ��� R�� -!��	�#7 	'

6 71 �!	�' 6F! ��(�3 � ��	�!�S �#
T� 	'. 

U� �� � #�3	�: 	��: �'��!�V 4�	�' ��(�3  �� 4#7

��7�G�5 C�7�#� 4�( C2  ��	�!�S � #
T� *: 2%�!

 � ��: -�)Luan, 2003 .(�W����:�	? 	' ABI1 

 �ABI2 *< ��'��!�V#�� ��7�G�5 C�7�#� �� 4� 4�( 
C2 -� DH.7 �	 � ('*: �  #�� �� -N�S ��� 1

 R�� -!��	�#7ABA ��� *�V� �  �!�(Rodriguez 

et al. 1998; Meyer et al. 1994, Leung et 

al. 1994 and 1997).  4�	�' *< -!�(�3 	' 6ES

OGP -P��!  * ��' ���PP2C � ��(*: �  *< 4	�Q

 C�7�#�ABI1  2B�I5 *!�3 #( �X�5 DY�P

 '	�� 	' �-.P� ��(�3 *: 2%�! ����: 4��7�G�5
*!��S *!�' ��	 � *!�' -!� 2�	 �(2  4#�.: 2���P

 *:ABA -� ��.! � (' .Z��V C [
(  � 	\:

]��� �? 	' -H.V *: -F:�@7 4�(  2�� #�.: �(

(Gosti et al. 1999) . 4�(��7�G�5 C�7�#�ABI1 

� ABI2 KL 7 R�� -G � ��  <  *: ]��� -!��	

ABA -� 6F! � � ��: K( 4�(  �#� < 	' -!����

 D
1ABA �!	�' .����!�  2B�I5 4#3PP2C  ��.!

4��7�G�5 2B�I5 *< 2�� �'�'ABI1   �ABI2  	'

 *: ]���ABA -� 6���5� �:�� . '�E .� ^���! C��

                                                                     
1. Stress signal transduction 
2. Seedlings 

-�*< � <  ABI1  �ABI2  -
L 7 *F+P >� 	'

-G � '	�V W�3 R�� #�� ��  -!��	ABA  D
1

�  < Merlot et al. 2001) .( C�� 4�_1� #`�' ��

 �� -!J� a �'��!�V#����7�G�5 C�7�#� 4�( C2 

�!�B�7 W����:�	? -�  �� ���7AtHAB1/AtP2C-

HA  �AtPP2CA/AHG3 '#: R�! . �J ��:

AtHAB1 �
7 A��7 	ABA -� 6���5�  �:��

(Rodriguez et al. 1998) � AtPP2CA  �!
KL 7 >� R�� 	' -G � ��  <  -!��	ABA 2�� 

(Yoshida et al. 2006; Kuhn et al. 2006). 
 �	 ��ES R'#� b8! �� 6: -+Y� 4�\; *< ^!#:

-� C�c7 *: d+;� e� < f��P �� -H� ��� 1  C�#7

6 7 *: 2%�! -1�	� ��(�3  �/�� *: -����#; 4�(

-� Z��9� -H.V  '��(Lafitte et al. 2004) .

#�� C�� -���� � �C��#:� : � ^!#: 	' -!J �'��!�V

�? ��: 4�`B� *IB�@� 6 7 C�� *: ]��� 	' �(  �(

'�: �(��V � 
��	� . C�� -���� � *: �6(�/� C��

��!�V#�� -B�
�P� g�B�7	�� � -!J �'ABI1 � ABI2 
-� ^!#: 	'  6 7 A��#� 	' ��: 4�FB� � '��'#�

 	�
7 � -H.VABA  	�#X -�	#: '	�� �	-� �(' .

h�	 �� �'�G��� �: 	�: CB�� 4�#: C [
( 

*3	�' 4�_1� �� -H� ��: 4�`B� �D9� 	' 4��� 

#�� C�� �'��!�V)OsPP2C5-B�
�P� g�B�7	�� � 

ABI1  �ABI2 (6��
! *: ��+� i@� 	' �	 

-� '	�\3.  

  

7
� 
 '��6 �+  
����� ����:  ^!#: 	�\:(Oryza sativa L., 

cv. IR64)  ��C: &�FF97 *���� ^!#: -++
B�

(IRRI) ��'#3 *E7 . 6 7 �-H.V #j� *IB�@� 4�#:

*��V 	�Ek �� 6� ��	 *� -H.V -B�V �:  �'#<

��+3 -9@� Z?�  &�� 4�#: 4	�:? � ��'#3 ��;? �(

�� bX��� ��	 *� . �: ��(�3 Z? 2Il�

                                                                     
3. Negative feedback regulatory loop 



  2 : � #$%�: C�7�#� >� ��: -�	#: � -���� � ...  25 

����!� g#: -%�! Z? 4���9� 4#3  D`�' � -
a#�

 ��'#3 -�	#:)Shobbar et al. 2008 .(

*!�
! -5�< 4	�:? A��#� 	' ��(�3 D`�' �� 4	�'#: 

) 	' d7#7 *: D`�' � Ka#� g#: -%�! Z? 4���9�

 '��P90  � �Y	'75 �Y	'( -H.V 6 7 �) 4���9�

g#: -%�! Z?  *: 6 7 ��	 C�#V? 	' D`�' � Ka#�
 '��P d7#740  � �Y	'50 �Y	'(  '�,� 4	�:? �

)g#: -%�! Z? 4���9�  W� ��	 >� D`�' � Ka#�

 '��P 	' d7#7 *: '�,� 4	�:? ��50  � �Y	'65 

�Y	'( 25#3 &	�Y .*!�
!  �� W� *+Y�5p: �(

#�! 	' 2��'#:�J �7 Wq� � ��� �
, � r��� �

 s�#T��� ����RNA  	��#5 	'80- -�!�� *S	'  '�#3

�!�� 4	��E`!.   

���	�( #j� -�	#: 4�#:  	' -5�< *, � '��I7 ��(

 KX	 �� *��V s�#V *+P#� IR64 -5�< 4	�:? �:
�? D`�' � �� 2��'#: 4u�: �� �(  � �#3 C�#7u�:

 �� r@X �? D%X�� �#3 #��) DH�3 - bB� .( *!�
!

���#: D`�'  �(�� ��� 1 *: #GY ���� 	' ���

�� �'�G��� . �� '�1 ^ �D`�' ��S 4�( ��� 4�#:18 

 21��	' 300 -+� #�B Z? ���: vB�V  -!'��5�

)*Q�; �(�� Z? 	' 	� ( 4��P �� �100  �� 	u���#H�

���	�( >B#%S D��� #L!'	�� 4�(  � ���

)Sigma, G7645 (GA3, �>���:?  ���

(Abscisic acid, Sigma A1049)  �' #( �� �

)ABA+GA ( 	�#X�� �'�'�! �? ��Q �  #( �(6 
����!� 21��  �� 4#3)Shobbar et al. 2008 .(

*!�
! �#�! 	' 2��'#: �� W� *+Y�5p: �(J r��� �

 s�#T��� ���� �7 Wq� � ����
, �RNA  	'

 	��#580 - -�!�� *S	'  4	��E`! '�#3�!��.  

 ������� ���!�" ��#��  �!$ ���� �� %&!

'!%(:  - �7�#� -B��7ABI1 )CAA54383( 
4�,��S 4�#: �`B� ��� 1 *: W����:�	? 

tBLASTn �� �'�G��� ^!#: R�!J 	' .�J  4�(

25�� -5'�87 	�L�!� � '��� 2E:�.� ����� �: ��� �'�:  

(E value)  ��� OGP -P��! 	�_P � Z�T�!� C���

� �? 	' C�7�#� D
1 4�#: 2
(� �N�P  -�	#: �(

��'#3 .�+5 2V	' C [
(JC�7�#� C�� -H�!  4�(

C�7�#� � ^!#: *�V� � 4�(  K�	 W����:�	? �� ���

��'#3 .  

 )�%*+��RNA �$ ���( ��,-� �.-�/� 	 ��: 

RNA  R�7 �� �'�G��� �:�����#7 ��+9�1  x%Q
25�: �� ��!��� D
IB�	���'  b+�T� 4�() �D`�'

> E� ���H!��� g#: yp; -
a#� �  g#: > E�

��� (��'#3 s�#T���.  2G< � 2
<RNA 

 � #���7�5�#�Hq�� ��`��' �: 4	�! Z\S f���#:

 � CI7 �	�5�#�HB� �J 	' *Q�:#� 4�(�!�: -�	#:

�� ��c7 .RNAs�#T��� 4�(  K��!? �: ���RNase-

free DNase I (Promega Corporation, 
Madison, WI)  '�S� R�1 ��!�� 	�
7DNA 

 A��7PCR ���
( � �� ��c7 2L+; 4���

RNA f��� #: b+�T� 4�(28S & 18S rRNA 
25#3 &	�Y . 4�#: d�� � -Y�8�V� #
��#� 2GS

*!�V �J  	�'GAPDH
2  �J �OsVP1 �� -P�#Q .

 * E: A��#�RT-PCR  4�#: d�� � *V#a '��I7 �

�� CI7 b+�T� 4�(	�
7 C: ��: &��G7 ��(�.� .

 A��7 ��: 4�`B�RT-PCR ) 2< �� �'�G��� �:

>� *+P#�  �J�#��� �� 4�)Invitrogen, Carlsbad, 

CA (��'#3 *IB�@� . -�	#: '	�� -���� 	�#H7 *�

 	�#H7 #( 4�#: -.����? 	�#H7 �' � 25#3 	�#X

,!� -������ R� .  

���	�12� �� ����
3
:  d�� � #
��#� 2GS

�� -P�#Q -Y�8�V� #`���< #zH7 4�#: . ��89�
RT–PCR  DX�! 	'pGEM-T Easy vector 

(Promega) *!��
( ��'#3 4��� .#`���<  4�(

-�!? � W � W �4   A��7digoxigenin-11-

UTP  �� �'�G��� �:DIG RNA labelling mix 

(Roche Molecular Systems, Pleasanton, 
CA) ��.! �!�� 	�' .*!��
( *I@X 2ES  ��� 4���

                                                                     
1. Invitrogen 
2. Glyceraldehyde-3-phosphate dehydrogenase 
3. RNA in situ hybridization 
4. Sense and anti-sense riboprobes 
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*: DX�! 	' -B��7 *+�� �� vT.� -:�� 

(Macrogen, Seoul, Korea) .25�:  �2%z7 �(

Z? dB�X �4#3 h#: � 4#3  4#3)µm20 -10 (

�!�� .d�� � -��H��#H� Ru 4�	 -�5�: 4�(	��!1 

�� �'�' 	�#X . � *: �(��p�� -��	�< 6���5� 	�L

25�: ��87�  	' ��	 *!�%� �' &�� *: Ru *: �(45 
-�!�� *S	' �!�� �'�' 	�#X '�#3 . DP�#�

6� *3	�' 4���2*3	�' �4���3 vT.7 � �.��� �

-H�J�B�!�
��4   25#3 R�,!�(Shobbar et al. 

2008) . 4	�! {�H��#H� �� �'�G��� �: �(��p��

(bright field microscope, Zeiss, Axioplan. 
2) R#! � d�� � 	��5�(Image-Pro Plus 5.1 

software) WH1 � ��(�.� �!�� 4	�'#: .

*3	�'  � #`���< ���: ������#%( #5�: �: 4���

#`���< 4��P  	' -G � �(�� ��� 1 *: W � 4�(
�!�� *�5#3 #L!.  

  

89� 
 &��:� 

��4�5�� 6�74	%�  ���C2 �(���ABI1   	

ABI2 '!%( ��: *IB�@� C�� 	' -�	#: -Q  4�(

-H7��	�G!��: 9 C�7�#�  *< �!�� 25�� ^!#: 	'

 >�B�7�< * ��' 4�	�'��7�G�5 C�7�#� �(4 C2 �

                                                                     
1. Superfrost/Plus or ProbeOn Plus microscope 

slides 
2. Pre-hybridization 
3. Hybridization 
4. Immunological detection 

b7�� ��� *: ��87� 	' DV' 4�(  � 4�+5 4�(

 � &�G�57 OGP |�+: 	' '�S�� ��� 

�'��!�V#��ABI1   �ABI2 ��7�G�5 C�7�#�4�( C2 

#: �d7#7 *: *< �!'�: #�.: 2E:�.� f���

OsPP2C1  �7OsPP2C9  �!�� ����!) ���S1 .(

 - �7�#� -B��7OsPP2C1  �7OsPP2C9  �:8 
 ��7�G�5 C�7�#�C2 *�V� �  W����:�	? ���) ��

��#3#��Plant #1 PP2C-1b,c  (K(  � �!�� b�'	

�+5 2V	'J�? -H�!  ��'#3 K�	 �() DH�1 .( C��

-� K�F7 -+Y� *V�� �' *: 2V	'  >� #( *< '��

2�� W����:�	? � ^!#: �� -��_1� D���.  

��9��$ ��	���	%:   ���!�" ���OsPP2C: 

-�	#: �� DY�P ^���!  4�	 -H7��	�G!��: 4�(

�'�'  �� 4'��� '��I7 *< '�' ��.! ^!#: R�!J �J�#� 4�(
 - I� ��'��!�V #�� C�� 4�_1�OsPP2C1  �7

OsPP2C7 � +: 4���: 4�	 � R�����#<1  ��5  rX��

���  �!�) ���S1(-3���7�' >� *< -��S �5  CE<

 2�� �'�' }	(Valarik et al. 2006) .

OsPP2C1  �OsPP2C2 �OsPP2C4  �

OsPP2C5 �OsPP2C7  �OsPP2C6��z� � 4�( 

-� 	�<\� -3�� �7 �' �� -:�V � ��: . �� 6: �� <�7

50 QTL  	�
7 *: ~�:#�ABA  -H.V 6 7 ��

 R�����#< �� 	�<\� -P��! 4�	1  �5  25�� ^!#:

2�� ���.  

                                                                     
5. Duplication 

  

 ���S1- ��7�G�5 C�7�#�  4�(C2 *:�.�ABI1   �ABI2 ^!#: 	'  

cDNA -!J ��`��S R�����#< �J R�! 

AK242616 Os01g0583100 1 OsPP2C1 

AK067627, AK104323, AK070388 Os05g0592800 5 OsPP2C2 

- Os05g0537400 5 OsPP2C3 

AK068272 Os01g0656200 1 OsPP2C4 

AK108969, AK119929 Os05g0572700 5 OsPP2C5 

AK065949, AK119400 Os01g0846300 1 OsPP2C6 

AK242098 Os05g0457200 5 OsPP2C7 

AK069274 Os03g0268600 3 OsPP2C8 

AK063334 Os09g0325700 9 OsPP2C9 
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ABI1   �ABI2  

�? y'�#�� -���  e2�� ���? *��'� 	' �(ABI1 

(At4g26080), ABI2 (At5g57050), HAB1 

��+� &�Y�8V  ��H�� �( 2�� #�\� .

OsPP2C5  6 7 #jc7 297 &�� *:

 ��: ���� � �� �FB� D`�' -P��! -�

��
1 &��G7 D`�' b+�T�   2���! 4�

2��!�	 6���5� C [
(  4�(

*: 6 7 A��7  - ��	 -��
7 	'

 *IB�@� ') � yp; �Ka#� g#: > E�

� � *��V ( �� ���') DH�4(.  

 	' �!�: �' '	��� -V#: 	' *< 2�� #<

RT-PCR ��� �!�: *< ��'#3 ��(�.� - 

#: 	�L�!� '	�� -B��7 f���mRNA 

>  -B��7 &�1pQ� 4�()bp 475 ( �!�: �

 �� *%��9� D:�X RNA 6��#�1  ��.!  

                                                      
1. Splicing 

 2 : � #$%�: C�7�#� >� ��: -�	#: � -���� � ...

 DH�1- �+5 2V	'J��7�G�5 C�7�#� -H�!  4�(C2 *:�.�ABI1 

 ���S 	' ^!#:1 C�7�#� -!J ��`��S � �� -���� ��#
( *: W����:�	? 4�(
050), HAB1/AtP2C-HA (At1g72770), HAB2 (At1g17550), AtPP2CA/A

���(  OsPP2C5  <�4 =��4

ABA: 4�_1� ��� ��  �'��!�V#��

2��!�	 ���  4�(OsPP2C5  *:
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ABSTRACT 

 
Protein phosphatase 2C family consists of a group of evolutionary-conserved 

serine/threonine phosphatases which play a role in stress signal transduction. A subfamily 

of this protein phosphatases in Arabidopsis, including ABI1 and ABI2, are known as 

components of Abscisic acid signal transduction pathway. Their mutants are hypersensitive 

to ABA showing an increased expression during seed dormancy and adaptive responses to 

drought. Considering sensitivity of rice to abiotic stresses, particularly drought, 

identification of this gene family in rice and studying their role in response to stress would 

be beneficial. In this research, nine OsPP2C proteins (OsPP2C1 to OsPP2C9), carrying all 

the conserved motifs of this subfamily were found in rice, Among them, only OsPP2C5 

transcript levels were significantly up-regulated by drought and abscisic acid which is 

down-regulated by re-watering or ABA removal. Drought stress induced OsPP2C5 gene 

expression in all the studied tissues. Based on the RNA in situ hybridization experiments, 

OsPP2C5 transcripts were observed in almost all cells and accumulated more in the nuclei 

in divisional zone of the drought stressed peduncles. However, the transcripts of this gene 

were accumulated at higher levels in the primary and secondary vascular bundles, phloem 

and xylem parenchyma, epidermal cells and sclerenchyma/ chlorenchyma precursors. 

Based on the achieved results, the OsPP2C5 gene seems to play a role in ABA/ drought 

stress signal transduction. It is expected that appropriate genetic manipulations of this gene 

family would increase rice tolerance to abiotic stresses. 

 

Keywords: Drought stress, Rice (Oryza sativa), Abscisic acid (ABA), Protein 

phosphatase 2C (PP2C), Gene expression 
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