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��$ F�� ���� . �� �����K�� ����� ������ )���% )
 � E�K�� � L�� ��� 

/��� ��+M� ?�-���� �� N
� F� ��
��%  �
�< 0 �� ���O��� ,'(F� ����� � �� 
N
� ���� F� �� ��$ N
�� ,�� �����> � .�� � ��P
� F�% ��$ N
�  Q��  � 

�
�< 0 �&�� � %��
����R�0 ���� E�K�� � )��� ���  ST� �� ��U� �B� � ���!
 9�� � F� )< #�-H � ?VA��(Oryza sativa cv.IR651 and cv.IR29)  ��

 W X 9��T �� ����$�� ,�� Y�A�CZ���  �� %0��8�3 ���$ ,�� �� �� . )��
,I-� �  � � \�> K

+
/Na

+ ]�� ^ � �� ��! F��� � ������ )��  �!� �$ .
FG���! \�> ���� ?� )�� N��� ���� )��� B���� #�-H ST� �� ��(IR29) 

?VA�� ST� F� ,I-� (IR651) %
_�  Q� ,$�� ��� .,I-� E�
GV� K
+
/Na

+  ��
 ST�IR651 ST� �� ,I-� E��  �� � �� �� N�� IR29 ��� .� ����� � E% 345 


�K�� � FMb�% �� ��  � ^ � ��  �U�468 F��� �� FMb� ] � �� ���O��� ��  ��R0�
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_� /��� d����
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F��� �� ����-�� � .E�K�� � &V� ���U� ���%  ���������� �� � ���� S�R�<

S� ����% *������ fUH � ���  )��-�� ���<) e������< �����-�� �
����-�� �(�����V� ��  E�<)E��� 0 (*�_0 �� � ���� S�R�<  &��  ��) ��-����
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 �F70 :'�C �H	>3  � 9 :; �� �	 >�I ��
  >	��

�>	�B:4 �-3 � 1�> ); �B"  � 	�B(FAO, 2004). 

��� � )�5KF 	> 9 :; $@� <L   M
� ��� � �-N�;3 

�:; �B3 � �>:&*
0 <���4�" ��
0 $@� � ��F �3  	>

" �:O  <-�C �-3 ��56 1
��� P

QF � >�A��" 

���; )���> ����B 	> ��@A . �>�� �I ); R*S�� 9 :;

��:2
 T�A � )�Oryza 1�� . ��23 T�A ) �2 

Oryza  ) �2 �> ���:��sativa .O  �	 �B U,�� )C

�	�# R?��� �3 � �
�B V�?:� �" � �� �>  

O. gluberrima  �1�� �L�:4B V:6 ); R*S�� )C

� 	�:% 	�C � 1,C >	��" >:
2 (FAO 2004).  9 :;

WF "-�
2  �; �
X�*Y�> �)Y'24 =�����:C >�0   1��  

)24 =n2 ( :�&\�C =� ] ^_6 :O�> �; )���L� 	> )C

)Mb 430 (�] � �-3 :�
C3 )30000 �] (>	�> .  

); `�I 3	��  "&� ����0$@� ��  M���0 P�:F

<�F � �0����  :
6 3��  � �
'�F :; V�*a��  :b� �� �

>	�> 3�	��,C ^N�cd� 1
D
C &� �"  M���0 ��

1�� �
 > :��:� 	> 9 :; 1,C ����C>��d� . 3	��

D*�e� M�N> );"  3�:; f�����  VB �� �>�D��� �� ��

�3	�
;B P
�� f�����  ",&-�  �V�?:� 3�-

��	> VB ���>	�� P
�� );  "#��  	> � ��	> 	��C 3�-

N�; M
'> ); W,I ); 18�  :
e8F ���
� �>�;

"� <���4� �"2� 	�; �;�� . 3	�� <�F g��:� 	>

 " �� 1
��
��)��� >�A� :b� 	> 3�-Na
+ �Cl

- � 

SO4
-(h�� � 3�
�� i:��� �  )�5KF)$C :b� 	>  ���

$
�*C � ^�:�
  �$
���� �:D�4 V5A ( �	 ��
2 ��	

 >��d� :; j0�; � �>�
   $-  W
'�;��� �>�SF �>	�I

 <�F >�+�� � ��*� �� �-��I �
F��
�C�  

(Zhu JK, 2002).  

 f'�% 	> `�I � VB 7;��� �� )�
@; �>�D���

k:? �-3 ); 0�	�" 	�� ); M
dF 1DH >�8@; �3  	>

f'�%  k:? �-3 ); >�. 3 �> � ���� 	�&-�	"  1@A

P
�� 	> �
'�F <���4� �-3 � 	��" ���; . 1DH

	�� ); M
dF3 ����� ��-�
2 	> 3 ��
l
� 3�   1��

)8�A �� )C �-3 &�]�'���
4 m*�e�" '�&'�� �"  M;�%

�	:; � jd;" 1��.  

��
F	�% 	��;� T&
���F�:�3 ������ 	>"  �

�	:;" �] �-3 n��� "� <�F ); ���-> ���; . 	>

��� �-3  	�o�� ); 	�&-�	 P�� �� �>�D��� :
I�

�<�F 1
-�� 1I�� �-3 :
6 � �� �  m,C � �� �

�-	�C����3 0�4>"  	> �>�D��� 	�o�� ); ��-�
2

)�� :; �-3 #_H�" $,\ ��	 :
23 1�� )�4�� .

�	:; )S'�a� P�� �� p�-"  <�F ^�:b� )���L� �

	��3 �O'� :;3 �
�F�:�"  $%	 �> ),�	 � q:;

������ � 9 :; i��# � M
d��" P
�F�:� �-3 

n���  	�&-�	 �� �>�D��� �; 3	�� <�F ); ���->

1�� T&
���F�:� . 	��C 	> ^�0_?� P�� �� �>�D���

�>�> �-3 W
�&F :��� �� MH�# �-3 '�&'��" 

�" 8���� :��; � ��F"  <�F ); M
dF >�8@; 1@A

	��3 1�� );�,� ��-�
2 :O�> � 9 :; ��
2 	> .  

  

1�� � $'�/ �-  

���� � ���� �����  

 �> 	�5;M
d�� $%	 (IR651) 9 :; i��# � 

(IR29) P
; ^�L
LdF )��r� �� **
'�"  9 :;

(IRRI)1 ) ��A 	�o�� ); � )
@F  �" ^�� ); 	�5; �

��> 	> ��	 )�3 C s30 �	3 4�H 56�C"  �V�?:�

:�� ��	>3 	��@O  "&�	�F g��:� 	> <�>3 � �� .

) ��A 	�5; 1,F 	> �>� �-3 ��#3  1,C g
d�

 ��
���(Yoshida et al. 1946)  t�	 );

*2 	> W
 ���	���- 3��> 	> ) �eC s30  f'�% 	>

u_��C k:? 4>�cF" � �� 1,C 	�:&F )� 	> . g
d�

� v��SF )�D- :- 1,CpH  �� �>�D��� �; g
d�
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  "�
�# ��&'��  �3>�;B:c : "�	:; 9 :; q:; � ),�	 =��F�:� ...  3 

KOH  �HCl  P
;5  �F5/5  $
o�F �� .25  T� ��	

	�� <�F �1,C ��3 NaCl� mM 100  ��
0�

��>:2 .) �
  	�>:;3 10  =�+ � <�F ��
0� �� T� ��	

�� .) �
   �� T� "&�]�'���
4 "�	:; ); y�;:� 3�-

���� � ��� 3:
2   ��B ); )*H�4_; :FC s70  ML���

) �
  � � ��  T&
���F�:� ^�,����B ); y�;:� 3�-

 3��> 	> � ��� ��:4 7��� ^�� �� �>�D��� �;C 80s - 

� �� 3	��@O .  

 �!�"� 	  �#! $�%&"!�  

)l-�
2 ),�	 MC � =�� q:; �-3  ^�� ); 9 :;

��> 	> )�D- W�3 C s70 � �� W,I ��B 	>.  3�:;

14�; $Q- �-3  ); "-�
2mg100 ) �
  �� 	>������ 

ml25 ��# ��*d�3  W
��� �
��10 % �
�� �

 W�:�
 1/0 % ^�� ); � )4�|�24 	�> �; 10�� 

rpm180  g
d� 3��> 	>� �� W
� . �� T�

p�H >�
 4�H 56�C �; ��*d� �"	�c0 �� 3  1��;

 18�  ); ���B1:10 �� R
%	 :aL� VB �; . 	��L�

) �
  $
���� � $���  ��O��> �� �>�D��� �; �-

$
*4 ���� � :����4 2
:3 ��.  

'�(�	%� $�%&"!�  

 t�	 i��� :; q:; �� P
�F�:� }�:e���

TCA/Aceton C� � �;" �� =�+ � :

KF 

(Damerval et al. 1986) .  �� �>�D��� �;
�]�:� 

 7����2 14�; =:2 W
-�" )),�	 � q:; ( ); �	

	> 1I���&� 	>�� ^	�H )'�' ��	> 	> � �>	�B �-3 

	 ]�D�:� �� ~�ce���� )�e . TY�10 �
*" '
 :�

��*d�  w/v10 %TCA/Aceton  ) �
  :- );

 )4�|�)��>3 �; ��*d�� �20 - � �� )A	>" ���; >�:2 (

 ^�� ); ��W ��> 	> 10��3 C s20-  3	��@O 

�� .� ���)*#:� P  ^�� );15 ��> 	> )L
%>3 C s4  �;

 	�>g35000 7��� �]�D�:� �� ��	"  V��	 � p5#

��#3 ��*d� 	> P
�F�:�  w/v07/0 %

DTT/Aceton )�,��� ��*d�3 ) �
  ( 1'�# );

 ^�� ); � ���B	> ��
� �Y������> 	> 10�� W3 

Cs20- >:2 3	��@O ��.  ^�� ); ��O B15  	> )L
%>

��>3 Cs4  	�> �;g12000 �� ]�D�:� �� . 	�o�� );

p:?:; "2>�'B �>�
  �-3 :
6�
�F�:�"  	> >�A��

 )*#:� P�� MH�# V��	2 F 	�; 	> � ��>:2 	�:&

1��; V��	 1��@  ); ���B  	��_
4�
' ��O��> )*
��

�� W,I )>:2 =�+ � n� 3�	 M#�:� "��
F�� .( );

20 �
*"  ��� ��_4�
' 	>�� �� =:2250 ���'�:&
 :�

$Q- :4�;  ����CUrea, 2%w/v Chaps, 0.8 

%w/v Pharmalyte, pH 3-10, 1% w/v. 

DTT) 9.5 M (); � )4�|� ^��  	> 10�� W�

��>3 C s37 14:2 	�:% . V���F ); ^�� P�� ��? 	>

 :-5 ��# p	����� V�
F )L
%>3 �� T&F	� ) �
 � 

 	�> 	> )*H�# ��
� �Y��� TY�rpm10000 

�	 ��*d� � ]�D�:� �����# )C "3  1�� P
�F�:�

��>:2 p5# V��	 � �� )���>:;.  

1o*6 +��" ) �
   >	�4>:; ����B �� �>�D��� �; �-

�� =�+ � .�:;3 �
�F�:� 	>�� �� ����B P�� =�+ �" 

BSA  >	�4>:; ��*d� �(Bio-Rad, Hercules, 

CA, USA) d���* �-3 �
�F�:� >	�� ����"  �;

 ��O��> �� �>�D��� �; � )
@F �e,� 1o*6

 :����4�:�&Y��Cary300  }�� ��? 	>nm595 

� �� 1o*6 P

SF.  

#)* 	� ����	%"+,��  

�] �� �-3 	�� 3IPG
1 )
@F  1C:� �� ���

(Amersham Pharmacia Biotech)  �;

 ^�ce,�   )7-4=pH � cm 18 (�:;3  �	�4�:�&'�

�� �>�D��� .	> 3:
O;B ��*d�(8 M Urea, 

0.5%Chaps, 20mM DTT, 0.5% v/v IPG 

buffer)  f
F:F );125 �
� =:2�:& 5/1 �
*"  =:2

P
�F�:� �] )
@F 3�:;  W
�
'� B 3�-)� 	 �
�B 3

�:L  ^�:�
  �; ��� ( ��>��B ��� 3)� 	  ��� 3�
�B

�*; "����C �; (C $+# )C 3	�? �� M# ��*d� M

 );350 ���' �:&
�	 :�
� .�
� MI�> 	> ��O B" �-3 

                                                                     
1. Immobilin pH Gradiant  
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V5A��; ~�ce�1 �] �-3 3	��   ^�� );20 

�:; � 	�

F ��*d� P�� �; 10��3IEF
2  ��O��> );

Multiphor II �� :; �; �	�4�:�&'� � ��� ML���) 

)V300  ^�� );1  �10��V500  ^�� );1  �10��

V1000  ^�� );1  � 10��V3500  ^�� );14 

10�� ( 3��> 	>Cs20 �� :; �;) 3 )V300  ^�� );

� �10�� WV500  ^�� );� �10�� WV1000  );

 ^��� � 10�� WV3500  ^�� );14 10�� (

�� =�+ � . =�+ � �� T�IEF �] �-3 	�� 3  ^�� );

15 �>�S�� ��*d� 	> )L
%> ����C (SDS 

equilibration buffer)  3��#DTT �(6 

Murea, 30% w/v glycerol, 2% w/vSDS,. 

1%w/v DTT, 50 mM Tris-HCl buffer,. 

pH 8.8) �>�S�� :4�; p5# �� T� �)�4:2 	�:%  ����C

u�>�+� 15 �>�S�� ��*d� 	> :O�> )L
%>  3��# ����C

����  ��������2.5% w/v � �� 	���� . �,��� �� T�

�	 	> W �F :4�; �;3 �] �-3 SDS-PAGE 12 %

% �	�2B ��*d� �� � � �� �>�> 	�:w/v 005/0 %

>:2 �>�D��� �] �> ��cF� 1@A�� . �>�D��� �; TY�

>�
0 �	�4�:�&'� W �F ��3 (PROTEIN II, Bio-

Rad)���:A �; � v200 �� =�+ � =�> �S; . ����� �;

�] =�> �S; P�4�� �	 �� �-3 ),
�  �# � ��� ��A  M%�

); �
� 	> 10�� W� ^��" �-3  ~�ce�

� 	 �
�B3 ��#3 1;�b ��*d� ����C3 � �� �>�> 	�:% .

�]  � �:L  ^�:�
  t�	 �� �>�D��� �; W
�
'� B 3�-

�] �>��B 3�- "����C t�	 �� �>�D��� �; 3���  �*;

� 	 � �� 3�
�B (Blum et al. 1987; Smith et 

al. 1995).  

-. /�,�01 2%�	�3� 4��"5� ��!��6 	 ���  7�80

 �*MS  

�] � 	 �� T� �- �
�B3  :����
� > �� �>�D��� �;

                                                                     
1. Reswelling Trays  
2. Isoelectric focusing 

3. Fixator Solution 

(Bio-Rad) GS-700�  k�|� �;dpi600  � P&��

 1�:4 �;Tiff � �� �:
I��  "+�� 1

C � "������

P
�F�:�  �-)y�L  (�] )���L� � �] �; �:��C 3�-  3�-

=:  )*
�� ); <�F 1dF  	��4�Melanie3 (Gen 

Bio, Geneva, Switzerland)  �� �
'� B� . )��� :;

=:  P�� $��	�O'� "� 	��4�  �	 )aL  :- "8�  $+# ���F

 g��F �
e,F M;�% y�L  MC $+# ); 18� 

=:   �H	> ^	�80 i��� P�� :; )C >:C )X�	� 	��4�

"
+#4  �] 3�	 :; P
�F�:� 1

C 	�
S� ����0 );

"� )�4:2 :o  	> >�� . :�5� 	�:&F y�L  R
LdF P�� 	>

 �
'� B 3�:; :o  >	�� y�L  ����0 ); 	�:&F )� 	>

� �� V�e� � 3	��B . "'�&'�� 1

C P

SF 3�:;

P
�F�:� :C	�� �� �-  �>�D��� >	�� ���� "�
�F�:� 3�-

"� >��.  

 y�L  3	��B �
'� B=:  �� �>�D��� �;  	��4�Jump4 

�S� y�L  � �� �>�D���"  �a� 	> 	�>)05/0P≤ ( 	>

F	�H" ; 	��L� )C
�B �� M%��# �-  �  � W
$  :;�:;

�	 �� 1��> :

KF �-�� ); 18� 3 �] �-3 

� 	 �
�B3 "����C �; ���  �X�� 	�,C ); � ��A �*;

��O, �> Upsala �� �>���:4.  

  

2�� � ���3�  

 ����8� ��	9�:�� ;�<  

��� 	> W,I  $%	 �> :-10  ��
0� �� T� ��	

 <�FmM NaCl100  f
F:F );37  �24  �H	>

14�� <-�C  :b� ^�� ^��DF :O �
; 9���  P�� )C

 1�� $%	 �> :; <�F) M&�1 ( 3��
 ��F <L  :; )C

(Vigor)  $%	 "&
� ] � :�,
;IR651  $%	 ); 18� 

IR29  >:&*
0 �D# 	> �B 1

-� � �-�� g
d� 	>

>��� "� �
CUF <�F g
d� 	> W,I  ��C) M&�2.(  

 �!�"� 	  �#! 4=> #0	�  

 <�F :b� 	>NaCl �mM100  $��� V5A ���
�

                                                                     
4. Percent volume  
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 i��# $%	 �> q:; 	> $��� �(IR29) 

(IR651 g
d� 	> �3	�� <�F � �:��C  

 ̂ P�� q:; 	> $��� V5A ���
� �>�;

"� 3	�� <�F ��
0� �  �� "��  � ��F

 p5# P
�l
- ),�	 	> $��� ��� :�

1  ); �B ��L� � =�0 � )%�� P
��� 3�-

	> " 1�� M
d�� $%	 . ); )A�F �;

 ��
2 	> 3>��� ���F 3	�� ); 9 :;

 ��
2 P�� m*�e� =�%	� P
; 	> <�F 

� ��
�#� ); )C 1�� ^��DF :?�I ); >�

 1�� �>�;. '�� 18� "  ); $
����

 3�-IR651 �61/2  	> ���
� P�� :;�:;

)C 1  �� "��  ^��DF P�� $o0� 1
�%

q:; 	> $��� :�,
  3�-IR29  18� 

" ���;.  ); ),�	 �� $��� ��L� � =�0

$@� <L  "�  18�  <���4� 	> 3:F

q  3�-IR651  ); 18� IR29 >	�>  .

�" � ��, "  $%	 )C �->IR29  ��

:F3  $%	 ); 18� IR651  1@A

>�	� $��� :3 1�� 	�>	�I:;.  

 ?%* 	 ���� 9�(�	%� ��@,� A�%

468  )C ),�	 	> ����
'� B y�L 

 ��� �>�> �
e107  �� "�
�F�:� )aL 

 �a�5 "�S� :

KF �H	>  ��
; 	> 3	�>

=�%	� �� "&� 	> (���>�� .50  	> )aL 

3  $%	 	> )aL IR651  �19  �
  )aL 

 "�
�# ��&'��  �3>�;B:c : "�	:; 9 :; q:; � ),�	 =��F�:�

 =73/5  i��# $%	 	> � :;�:;

 �; 	�
NaCl �mM100  <���4�

�	 P�� �� $%	 q:; 	> ",���4� � 

 >:) M&�4(); �  ���
� )C 3	�?

 i��# $%	 =�� q21/9  � :;�:;

>�� "� :;�:;.  

 i�IR29 )1��	 1
� ( $%	 �

�\ 1
 (3	�� <�F g��:� 1dF  
 

  
�>�� >:&*
0 P
O �
� :; 3	�� 3 

 � :DH �a100 "*
� 	N��  NaCl 

  
 i��# $%	 �> 	> ),�	 $(IR29)  �

 � :DH �a� 100 "*
�  	N��NaCl  

 M&�4- $��� ���
�

 =��L� �)(IR651

 
^��D�� 1*0

�
0� ���� 	> $%	 �>

 ��� :�@; 3�����
-

1
�% 	> $���

=�� � 	> "���- 3�-

i��#  ��
2 �>�;

 <�F P�� ); M
dF

)C 1�� ��� ��-�,�

18�  K/Na 

q:; 	> $���  3�-

 $%	IR29 )C 1��

L� >�A�� :�,
; :�>�

 );IR651 �"

=�� � L  "���- 3�-

K/Na q:; 	>

�	:; P�� 9��� 

P
��� M
� ��� :F

 $��� :�>�L� 1�:���

@,� A�%��B� �!�%*

C�� �D�  

 >��SF ��468

	�:&F�> �
e,F :�5�

 �a� 	> 3	��B :o 

 >�I)"&� 	> M%��#

 $%	IR29 �38

 

 =��L� $%	 ),�	 	>

61/2  �; 	�

F "? �:;�:;

"�  �;��) M&�3(	 P�� ��� �

IR29 "� ",
�  >:
2

	 =�� q:; 	> $��� V5A

 =��L� $%	 	>09/3 "� :;�:;

  

M&� 1-  i��# $%	

 M
d��IR651 )�\ 1
�

 M&�2- :b� ; 3	�� <�F

DH �a� �> 	> =�%	� W,I

  

 M&�3 - > ),�	 $��� ���
�

 =��L�)(IR651 	>  �a� �>
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 ��
0� 	�

F ); 18�  $%	 �> :- 	> `:�,� 	�? );

"�S� n��� ��� � >�> ��,  	�> .P
�F�:� P
; 	> ��-" 

�B ��
; )C �- ?"  �; 	�

FNaCl  ); >�; )�4�� :

KF

 f
F:F29  �21  	> )&'IR29  �8  �30  	> �
  )aL 

IR651 �S� <-�C � <���4�" 	�>3  ��
; ^�� 	>

� >�> ��,  >�I .; ��
n��� y�L  P <�F ); ���->  �>

 )aL ) )aL 245  )aL  �367 (; )C
:�,�KF P

 :

;
 	> M%��# �	 ���&" � ��,  $%	 �> ��"  �� � >�>

�	3 �] �-3 t�	 �� �>�D��� �; � ��A ),�	  

ESI-Q-TOF MS/MS '��F" �;�"  � ��)���A1 .(

 P��2  �; P
�F�:�=�  �-3  ���
�C�:�))aL  3 	�
�� 

245 (���
�C�:� ^�;	�&�B � )	�
� )aL � 3 367 (

������"  � ��) M&�5.(  

�] 	> �-3  q:; �� MH�#) M&�6(  W
C �; �

=:   	��4�345 �� �e,� :�5�	�:&F )aL  . �� T�

	��B �
'� B3  y�L 86 �S� :

KF )aL " 	�>3  ��
; 	>

&� 	> M%��# >�I" � �� )C � >�> ��,  =�%	� ��� P

�
�� 55  $%	 	> )aL IR29 �21 $%	 	> )aL  

IR651  �10 ); �
  )aL  > `:�,� 	�? $%	 �> :- 	

��
0� 	�

F ); 18�  � >�> n��� ��� . $%	 	>IR29 

86 %� ��
; <-�C y�L  13 % ��,  ��
; <���4�

� >�> .	>"'�# $%	 	> )C IR651 84 % <���4� y�L 

 � ��
;16 %�����> ��
; <-�C y�L  . "?�L  P
; 	>

"�S� n��� �
F� ] �> :- 	> )C � >�; �>�> ��,  	�>�  

 	> " ��&� � �	 )aL  <� � m'�e� � �	 )aL  	�@\

�����> <�F ); n��� 	> $%	 �> :- .; �� q:; 	>
 P

�F�:� 9��
'��	� P" '��F �� �>�D��� �;" ;��" ��A"  )�

�F�:�
=�  ); P �-3  P
��:4) )aL 110(�  �&�
;�	  

���
�C�   ) )aL 67( � ^�;	�&�B  ���
�C�:�))aL 73 (

�����"�  � ��)���A 1.(  

P
�F�:� ��O��A "������ 3�-  �] 3�	 	> ���

 M&� 	> 3�S;�>6 ��� �>�> ��,   1��.  

��#��5�%�  

 gL 245  ���
�C�:� ����0 1dF ),�	 	>

 ^��DF $%	 �> P
; 	> �B ��
; )C �� "������

"�S�  	> $%	 �> :- 	> 	�

F :b� ��� �>��  ��,  3	�>

"�S� �H	> W� �a�  �� 	�>) M&�5 .( �-���
�C�:�

$�� B  )C ����- P-B ��� 3��# 3�-

�
�C�:� �� :�5� ����0 ); �	 �]�	�
- 3  ��:�&'�

 �
F��
�C� 3�- <�C�� �� 3>��SF 7�:�F 1@A 	�&;

"� � :
2. ) �2 $�
'�;��� 	> P
�l
-  ��S4 3�-

�	���> �����
; 	> ��.
�C�  7�:�F �; ��-�
2 "'�*�

 �D�� <L  �P�:;�� � P
�O
' ���� �� )*#:� P�:IB

"� ���C (Quiroga et al. 2000) . �
'�F �; 3	��

) �2  ���
�C�:� 1
'�S4 h�L'� fA�� �.
�C� ��S4 3�-

"�  >��(Higa et al. 2001).  

'�"�%�  

 )aL 110  q:; 	> P
��:4 P
�F�:� ����0 );
  

 ����1- "'��F 9���  P
�F�:� "��A ";�� q:; � ),�	 3�-  

Spot 

ID 

Exp. 

Pi/Mw 

Theo. 

Pi/Mw 

Accession No.  

(Swiss prot) 
Protein name Partial sequence Identity Tissue 

245 5.65/35 5.51/32 gi:50939971 Peroxidase VALGGPSWTVLLGR 14/14 Root 

301 6.07/30 5.42/27 gi:50920595 Putative ascorbate 

peroxidase 

TPAELSHAANAGLDIAVRAL 19/20 Root 

67 4.38/30 5.85/47 gi:1778414 ribulose-1,5-

bisphosphate 

carboxylase/oxygenase 

activase 

LVDSFPGQSIDFFGALR 17/17 Leaf 

73 4.73/30 5.21/27 gi:75308965 L-ascorbate 

peroxidase 

EGLLQLPSDK 10/10 Leaf 

110 5.33/29 5.28/28 gi:75306633 Ferritin EVLSGVVFQPFEELKTPLT 17/19 Leaf 



  "�
�# ��&'��  �3>�;B:c : "�	:; 9 :; q:; � ),�	 =��F�:� ...  7 

  
 

 
  

 M&�5- �> �] :��cF ��� "������ y�L  "��
�2	�; � 9 :; ),�	 3�S; . ��� �S; 	>125 �:&
� �F�:� =:2 ) �
  :- �� P


�] 3�	 �] �� =�> �S; 3�:; � �� >�' 3	��  3�-  3�-12  �H	>SDS-PAGE �� �>�D��� .� 	 ^�:�
  3�
�B  3�:; �:L 

:-�� �14	 	�C ); y�L  3�� .�	��� y�L  
�F�:� )0�
+� ���P "� ��,  �	 9 :; ),�	 3�- �B ��
; )C �->  ); n��� 	> �-

1�� )�4�� :

KF 3	�� <�F .	�>�
  "*
� :DH k�a� 	> �	 �B ��
; ���
� P
�F�:� :- 	��+� 3�- 	N��)�
D� � 	 ( �100 

"*
�  	N��)�:
F � 	( "� ��,  �->.  
  

  

  

  

  

  

  

  

  

  

  

IR651 

	�

F  �-��  	�

F  �-��  

IR29 

���
�C�:� ^�;	�&�B :367  

367 

245 245 

���
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94 
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 �� "������) M&�6 .(�:
I� P
�F�:� P
��:4  3�

^��	�C�� =�
F 	> )C 1�� P-B  �� � >	�> >�A� �-24 

 1�� ��� M
&,F �#��:��(Sickmann et al. 

2003) . g��F P
�F�:� P�� ��-�
2 	> ��� �C )��-

"� ML��� �-�
��_� ); � >�� .P�� "&�]�'�
; 1

-� 

)O   1;�b  	>  :c�0 1o*6  P���>    P-B  ��
   >	��

) u�8�:LFM
7-10 (1�� ��*� 	> . :H��0 �� "&� P-B

$��
� 	> ��:�&'� ��L� � "*H�  1�� "&�]�'�
; 3�-

"� 3	�:| ^�
# 3�:; � ���; . P�� $C 1
'_#

V��	 � :c�0  	> �BpH  ��� fA�� W�]�'���
4

); :c�0 P�� ���8  ��*� i:��> M;�% "�#�	 . ��_0

 M
� ��� �a� �> P���> M
'> ); >��B P-B P�� :;

 fA�� ����4 <�C�� 	> 1C:� �; m*�e� TC>	

) �2 �
'�F � �.
�C� h�
#�  "� �B ��S4 3�- >�� .

> P-B 3�����
- P��:;��;); "����; ��*� 	  1%>

:��C>�� � .�:
I� "�� ��F �; P
��:4 4500  P-B $F�

�� �	� <L  >�I ��&'�� :- 	>  P�� 3�����
- 	> 3�

>	�> ��*� 	> :c�0 (Harrison and Arosio. 

1996) �>�> ��,  ^�S'�a� ) �2 )C � �  ��S4 3�-

"� �.
�C�  <L  P
��:4 �] ��
; $
o�F 	> �� ��F

 ����; )���> ��S4(Lobreaoux et al. 1995) .

 ��
; ^�:b� "�	:; 	�o�� ); )C "D*�e� ^�S'�a�

 	> �-�
��_� �� � $�_���
� 	> P
��:4 :�,
;

 <��:4� :O �
; 1�� )�4:2 ^	�H 1e�	�:F ��-�
2

<�F �; )A��� =�O�- ); ��
2 ���F 1�� �- . ��F�F

 �	 P
��:4 �� 3:�,
; �a� )C P
��:4 �] �; 1e�	�:F

"� ��
; >�I 	> >�
 � �  1���L� ��:� <�F ); 18

 >�> ��,  3:�,
;(Hegeduse. 2002) . ); )A�F �;

:
6 <L  ���
� <-�C 	> P
�F�:� P�� $
L���

��&�>�	  3�:��;�� p5# R�:? �� �.
�C� 3�-

 3�����
- 	> �B $
L��� <L  � ����4 <�C��

"� �	 P
�F�:� P�� ��
; <���4� �P-B  �� "&� ���F

	 	> <�F ); 1���L� M*0 )S'�a� P�� 	> M
d�� $%

>	�B V��# );.  

����"5� �+��*	� 

 )aL 67 "'��F =�+ � �� T� ); ";��  ����0

 �� "������ ���
�C� �&�
;�	)M&� 6(�  ��-�
2 	>

��'�8�	 �� �&�
;�	 $�� BT
; ^�D�4  �_
�C�;:C

*C <L 
�3 >	�> ������4 � P;:C 1
8�F 	>. 

��,   ^�L
LdF $�� B )C �>�> 3�	�> ���
�C� �&�
;�	

)��:� 	> � 1�� " �:Y\ <L   <L  ������4 3

>	�> "
@�.  �>:C ��S4 ���
�C� �&�
;�	 "*H� )D
��

1�� �&�
;�	 $
o�F � . �&�
;�	 3�:; )'U�� P��

 �&�
;�	 =:4 P�� �@�F �:�� 1�� 3	�:|) �&�
;�	

���
�C� (>	�> ��S4 <L  ������4 	> .2���*� :  3�-

	 �� ��
2:
6 3�&�
;� �B ��S4 =:4 �� <
; ��S4

����; 	�>	�I:;� "� <-�C ������4 10:� �;�� .

8F:
6 =:4 M�� )C �B ��S4 =:4 ); �&�
;�	 ��S4

 ��
�� .
�C� � ��
�_
�C�;:C <�C�� �> :- 3�:;

�����
  �1�� =�N ��
�_
��;:C  "H�I P��
' �#��

"� $�� B P�� 3�	 :; ���; .�&�
;�	 )D
�� C� ���
�

��AT
; ��% �>�
  �� �� ^�D�4:
6 1�  3�
��;:C

$-�:4 � �&�
;�	  ��
�_
��;:C 3�:; )�
�� �>:C

"� ^�D�4 T
; ��
�_
�C�;:C � $�� B ���;  

(Craft-Brandner and Salvucci. 2000) . P��

 <���4� � N�; 3��> ); �&�
;�	 �; )���L� 	> $�� B

 1o*6CO2 i��# 7�:� � �>�; :F :F :
6 ��S4

"� >�� .$������B P�4�� 3�:; ^�L
LdF  P�� =��L� 3�-

�:; ��2� �2 7;��� 	> $�� B3  M
� ��� <���4�

 )��>� ��:2 <�F ); �B M
dF <���4� � ��
2 ������4

>	�> . ��&
;�	 $�� B �� =:4 �> �
  :O�> ^�S'�a� 	>

 <���4� 3	�� <�F 1dF )C 9 :; $%	 �> 	> ���
�C�

:�,
; ��
;)���> 3 1�� ��� t	��2 � �(Salekdeh 

et al. 2002). � 	>�LdF P
 	> P
�F�:� P�� ��
; R

>�> ��,  <���4� <�F =�O�- ); $%	 �> :-.  P�� ���

�S� i��# $%	 	> �@�F ���
�"  >�; 	�>)M&�6 ( )C

� >�I" ��  � ��F"  $%	 :; i:��� :�,
; :
b�F ��

i��# $%	 P�� :�,
; ��
  �  ��S4 =:4 ��:8A 	>

1�> �� $�� B ���; )�4	. 
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�# ��&'��  �3>�;B:c : "�	:; 9 :; q:; � ),�	 =��F�:� ...  9 

  

  
  

  
  

 M&�6- �> �] :��cF y�L  "��
�2	�; � 9 :; q:; 3�S;  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

IR651 

	�

F  �-��  	�

F  �-��  

IR29 

 P
��:4:110  

 ���
�C�:� ^�;	�&�B:73  

 ���
�C� �&�
;�	:67  
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PI 
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67 

Mw 
KDa 
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��#��5�%� A�*��+!1  

"� B W
;	�&�B �
��  	> )C �>�; 3�% " ��
�C�

��&�>�	 $
o�F ��&�>�	 ��
�C�:��� 3�-  3�-

 M
�C�	�
-)OH
-( >:D�� �.
�C� �1  :br� 	�
�;

1�� . �-���
�C�:� ^�;	�&�B)APX ($@�  � P�:F

$�� B P�:F:br�  p5# ����:4 	> :
2	> 3�-

 �����
� � 1�_��:*C 	> �]�	�
-�
�C�:�
��*� "� "-�
2 3�- ���� ^	�H ); � ����; $�� B  3�-

m*�e�2  "� 14�� � �� .$������B P��  ^�;	�&�B �� �-

���-> ����0 ); 3  h�
#� 3�:; ��:�&'�

"� �>�D��� �]�	�
-�
�C�:� ��C.  

$�� B����  3�-APX  ��*� m*�e� 3��A� 	>

�� �� 1�_��:*C �3�
X�C_
F 3�,6 ����:���  ��-

W��� � 3�,6  "���	��C��
� 3�,6 � �����
� ��-

 	> � � 	�> >�A�3:�C�; �	�% ��-  ^� ��
# � ��-�
2 ��-

"� 14�� � �� (Shigeoka, 2001). � 	>� )S'�a� P
m*�e� =:4���� �> ^	�H ); P
�F�:� P�� q:; 	> 

) )aL 73  ( ),�	 	> �) )aL 301 ( � �� ��-�,�

) M&�5 � 6.(  �> :- 	> P
�F�:� P�� ��
; ���
�

<�F =�O�- ); $%	 �> :- 	> q:; � ),�	 14�; 

�S� <���4�" 	�>3 >�> ��,  >�I �� .$������B �-3 

APX ); �-	�C���� )*
��3 

o�F"  n��� 	> ��+�

<�F ); �-3 a
d�" '�*� g��:� �; ^��D��"  $
o�F

�" � �� &��� � :- �� �F"  ); )��H � ���C 1o4�d�

�� ��:; M%��# ); �	 14�; .�C�:�
�-
 �]�	�(H2O2) 

&�" $
o�F P�� �� ����C  W� ����0 ); )C 1�� �-
�:; �] ��
; $
o�F 1@A )�� �b :8��
�3 $�� B �-3 

� B" ��*� 	> 1 ��
�C� �-3 -�
2" M
0 �" ��C . );

 1
'�S4 uN�
S� M
'> P

-APX 8'�A 	�? );" 

$�� B :O�> �; ��:
- :��� ��N�F�C :
o  �- ���
�C�

 � ��F�
�>GSH �-	��C�4 ); n��� 	> ���C�>	3 

 m*�e�<�F �-3 a
d�" � $
o�F"  >��(Mano, 

1997).  

                                                                     
1. Singlet oxygen 

2. Isoenzymes  

���"0 %���  

�F ���Ct�	  3�-#_H�" �:;3  1DHM
dF  );

	��3 2�
l
� )*
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ABSTRACT 

 
Rice is currently the main staple food for more than 2 billion people in Asia, Africa and 

Latin America. It is also an excellent model cereal for molecular biology and genetics 

research. Salinity is a major factor limiting rice production worldwide. The analysis of 

stress-responsiveness in plants is an important route to the discovery of genes conferring 

stress tolerance which could be then uses in breeding programs. To further understand the 

mechanism of plant response to salinity, we employed a proteomic approach to profile the 

protein changes of the third leaf of rice and root under salt stress. Plants were grown in 

Yoshida nutrient solution and salt  was stress imposed after 25 days. Plants were treated by 

100  mM NaCl for10 Days. After that, third leaves and total root were collected from the 

control and salt stressed plants. The Na
+
 and K

+
 content of the leaves/roots and several 

yield components changed significantly in response to short-term salt stress and their 

proteome patterns were analyzed using 2-DE in triplicates. The expression pattern of 

proteins changed in all the leaves/roots in response to stress considerably. More than 488 

and 345 proteins were detected repeatedly in the 2D gels for root and leaf, respectively. 107  

proteins in the root and 86 proteins in the leaf of two genotypes showed significant 

response to stress. Three proteins in leaf gels and 2 proteins in root gels were selected and 

identified by ESI-Q-TOF. The most important ones included ferritin, rubisco activase and 

ascorbat peroxidase in leaf and peroxidase and ascorbat peroxidase in root. All of those 

were enzymes and involved in detoxification and removal of reactive oxygen species 

(peroxidase, ascorbat peroxidase), iron homeostasis (ferritin) or were involved in the 

activation of other enzymes (rubisco activase).  
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