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)Fowler & Limin, 2004 .(Ê»���¿�Ä]�½M��]�ÃÁÔ���|��
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� �{�k�¯����Y�«�½Y�Æe�[�£�É�f»Â¸Ì¯�Äf�Y{�ÉY�Y{� Á�
��Z¨e�Y������{�Á�Ã{Â]�ZË�{�t����Y�É�f»����Á�Äm�{�

��� Á�Ê«���µÂ��Ä¬Ì«{���� Á� Äm�{��������Ä¬Ì«{�
{�Y{� �Y�«�Ê·Z¼�. � �]Y�]� YÂÅ�ÉZ»{�¶«Y|u���Âf»�/�-�

]Y�]� Z»{� �j¯Y|u���Âf»� Á� {Y�´Ìf¿Z�� Äm�{� ���Äm�{�
�Z»{�\�u� �]�Ê¼Ì¸«Y�É|À]� Ä¬^�� ��¿� �Y� Á� � {Y�´Ìf¿Z�

)¾aÂ¯� �Á� (Ä¬^�� µ|f »� {��� ª�ZÀ»� L�m��É|À]
Ê»�{Â� )Khajehpour, 2006( .��Ì¿��ËZ»�M�¶v»�­Zy

Ê»Â·�d§Z]�ÉY�Y{-{Â]�Ê�� .�½Zn¿��Ä¬�À»)ÅÂ¯�Á�Ê¿Zf�
�Ê¿Zf�ÅÂ¯�Ä¼Ì¿Á��{�|u�¾Ì]�¶�Z§���Á�Äm�{���Ä¬Ì«{

Ze ��� Á� Äm�{�� � Á�Ê«���µÂ��Ä¬Ì«{��� Á� Äm�{���
� Ze� Ä¬Ì«{��� Á� Äm�{��Ê·Z¼������ Ä¬Ì«{ (��Z¨e�Y� Z]
� �Y��Ì]����½Zf�»�� ÉY�Y{� ZË�{� t��� �Y� �f»� �ÉZÅ

Ê»�Ê¿ÓÂ�� Á� {�� |�Z] .��{� YÂÅ�ÉZ»{�¶«Y|u���Âf»
ZÆ·Z�� Ê�� Ä¬�À»� ¾ËY� �Y� �f¼¯� ¦¸fz»� É�/�-�Äm�{�

��Y��Ì]�ZÆ¿M�½Y|À^zË�ÉZÅ�Á��{Y| e�Á�{Y�´Ìf¿Z������Á�
d�Y�µZ���{.�Ä]�Ä¬�À»�¾ËY��{�YÂÅ�ÉZ»{�¶«Y|u��/��-�

Ê»�|��. �Z»{�\�u��]�Ê¼Ì¸«Y�cZ¼Ì�¬e�ª^��Ä¬�À»�¾ËY
)¾aÂ¯� �Á� (Ä¬^�� {��� ª�ZÀ»� L�m�Ê»� É|À]��{Â�

                                                                                  
6. Norstar  
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)Khajehpour, 2006(.{�½Zf�»��|Ë|��ÉZ»����Êy�]��
�Y �Ê¸�Y� ¶»YÂ�� �Y� Ê°Ë� �ZÆ]� ¶ËYÁY� ÉZ»��� �Ì¿� Á� ZÆ·Z�

Ê»� ½Zf�Y� ¾ËY� �{� ¹|À³� |Ì·Âe� Ã|ÀÀÀ¯� {Á|v»�|�Z] .
�½Y�Æe�©���µZ¼���{�ÃÂ¯�Á�Ì§�Ä¬�À»)ÊËZÌ§Y�¤m�µÂ� 

���Á�Äm�{����ÊËZÌ§Y�¤m�����Á� Ä¬Ì«{����Á�Äm�{�
��Ä¬Ì«{� (�Ê¿ÓÂ�� ½Zf�»�� Z]� {��� �ZÌ�]� ª�ZÀ»� L�m
Ê»�|�Z] .  

º«��Ä���{�½Z»�¼Å��Â�]�ÃZ»�Æ»�µÁY�Ä¼Ì¿��{��Â¯~»�
|Ë{�³� d�¯� Ä¬�À» .�Ä]� ¶¼ve� �Z^e�Y� Ê���]� dÆm

�½Zn¿��Á�k�¯�Ä¬�À»�Á{��{�Ê°Ë�Â·ÂÀ§�cZ¨��Z]�{Z¼n¿Y
�Ê��c{Z��Ã�Á{���¶»Z��ÊÅ{���,½Z]M���,�}M����,�}M�
��� Á� É{��Ä¿Â¼¿� |À¨�Y��|Ë{�³� É�Y{�] .�Ä¬�À»� �{

{�]�Ä¿Â¼¿�ÉZÅ�xË�Ze�ÃÂ¯�Á�Ì§�¶»Z��Ä¬�À»�¾ËY�É�Y���
�,ÃZ»�}M���Á�ÃZ»�¾¼Æ]���{Â]�ÃZ»�¾Ë{�Á�§� . 

���Â§Á�f°·Y�ªË����Y�ÄË�ne�ÉY�]�Ã|��[Zzf¿Y�ÉZÅ�Z¼Ìe
É| ]�Á{  

�¶¼ve�|¿Á��lËZf¿�Ä]�ÄmÂe�Z]�Ã|��[Zzf¿Y�ÉZÅ�Ä¿Â¼¿
� {Z¼n¿Y� Ä])LT50 (�Ä¸u�»� Ê���]� ÉY�]� Ä«Â�� tË��e� Á

d§�³� c�Â�� Ä«Z�� ­Â¿� ºf�Ë�»� ÉÂ¼¿ .ZÀ»� �{�ª�
�º«�� Äf§ZË� Ä �Âe� 0Ô»Z¯� Á� �^�� ÉZÆ³�]� k�¯� Á� ½Zn¿�

� �Zf��Â¿� ¹|À³)»��� Ä]�¶¼vf»� Ä¿Zf�»�Z(�Ä��Ê�� �{� ,
É�Y{�]� Ä¿Â¼¿� xË�ZeÃY�¼Å��ÉY�]� ¶Ë}� s��� Ä]� |ÅZ��

|Àf§�³��Y�«�Ã{Z¨f�Y�{�Â»�¹ÂXeÁ�a�ÄË�ne.  
T1 :�ÃZ»�}M��ÊÅ{�c{Z��Ã�Á{�¶ËYÁY��{�½ZÅZÌ³�Ä¯�,

Z«�Y�Á�Äf�Y{��Y�«�Z»���Ä]��Á���¶¼vf»�Ä¼Ì¿�Á�¶¼vf»�¹
� {Z¼n¿Y� Ä]�¶¼ve��ËY�§Y� Ä]Ã{�¯|¿{Â]� .�Ä¸u�»�¾ËY� �{

|Àf�Y{��Y�«�Ê�ËÁ��Ä¸u�»��{�½ZÅZÌ³�Ê»Z¼e .  
T2 :���Ä¿Â¼¿� �Y� Ä¸u�»� ¾ËY� �{� ½ZÅZÌ³� ,ÃZ»�}M�

�É{ÂmÁ�Z]�Á�|Àf�Y{��Y�«�Z»���Ä]�¶¼ve�kÁY��{�É�Y{�]
|��ºÅY�§�¶¼vf»�Ä¼Ì¿�¹Z«�Y�É�Z�� Ã�ZÆ]� �ZÌ¿�Ä¯�{Â]� Ã

�d�Y{�]��Y��a�Ä¸�Z§Ô]�Ä«Z��­Â¿�ºf�Ë�»�tË��e�Ê·Á
�Ê�ËÁ�� Ä¸u�»� �{� ZÆ¿M� ½|¿Z»� Ê«Z]� �Y� Ê¯Zu� Ä���»� �Y

)Ä¿Z³Á{�Ê´f�m�] ({Â]�Z»����Y�Ê�Z¿�É�Y{�Z]�¶Ì·{�Ä].  
T3 :��É�Y{�]� Ä¿Â¼¿� �Y� Ä¸u�»� ¾ËY� �{� ,ÃZ»|À¨�Y�

�Ê¸^«� ¶uY�»� Z]� Ä�ËZ¬»� �{� ½ZÅZÌ³� {Z¼n¿Y� Ä]� ¶¼ve
]�Äf§ZË��ÅZ¯�Ê�ËY��Ä¸u�»�Ä]�½ZÅZÌ³�Ê»Z¼e�{Á�Á�Á�{Â

{Â]�{ÂÆ�»�0Ô»Z¯  .  
|ÅZ� :�Ä¯�Ã|��µ�fÀ¯��ËY����{�Ã|��d�¯�½ZÅZÌ³

��{�½ZÅZÌ³�Ä]Z�»�ZÆ¿M�ÉÂ¼¿�Ä¸u�»T1{Â]� .  

� Ê³�]� ¹ÂXeÁ�a� dÌ �Á� ÃÂ¯�Á�Ì§� Ä¬�À»� �{º«��
��Zf��Â¿)¶¼vf»�Ä¿Zf�»� (�Ê���{��xË�Ze���Ë��s���Ä]

d§�³��Y�«�Ê]ZË��Y�{�Â».  
T2 :��ÃZ»��}M� :�Á�½ZÅZÌ³�{Z¼n¿Y�Ä]�¶¼ve��j¯Y|u

�Ê»Z¼e� ÉY� Ä���»� �ËY��� �{� d�Y{�]� �Y� | ]� Ä¸�Z§Ô]
|¿{Â]�Ê�ËÁ��Ä¸u�»��{�½ZÅZÌ³.  

T3 :��ÃZ»�¾¼Æ]� :��{�{Z¼n¿Y�Ä]�¶¼ve�½Y�Ì»��ÅZ¯
�Ä¸u�»� Ä]� ½ZÅZÌ³� {Á�Á� Z]� Ä¯� Ê¸^«� Ä¸u�»� Z]� Ä�ËZ¬»

{Â]�ÃY�¼Å�Ê�ËY�.  
T4 :��ÃZ»�¾Ë{�Á�§� :{Y�Ä]�¶¼ve�Ê�ÅZ¯�|¿Á��Ä»Y

Ê�ËY��¶uY�»�d§��Ìa�Z]�{Z¼n¿Y . 

�ZÅ�¾ÌXeÁ�a�kY�zf�Y�Á�½{Y{�[Â��  
]�|��Ã|Ë�]�Ä���»��{�ÃZÌ³�Äf§ZË�Ä �Âe�Á��^��ÉZÆ³�

��{�Ä¸�Z§Ô]�Ê»ÂÌÀÌ»Â·M���Âa� �{�½{Y{� �Y�«� �Y��a�Á
� |¼nÀ»� �ËZ»� ½�Á�fÌ¿|Ë{�³ .�kY�zf�Y� �Â�À»� Ä]

¾ÌXeÁ�a � ZÅZ¼Ìe� �Y� �®Ë� �Å�ÉY�]� ZÅ���½Á�{�±�]� ¹�³�
��{Âa� Á� |�� Ã|Ì]Â¯� �ËZ»� ½�Á�fÌ¿� ÉÁZu� ÊÀÌq� ½ÁZÅ

�ÉZÅ�½Â°·Z§�Ä]�Ä¸�Zu���Á�|��Ã{Y{�µZ¬f¿Y�É�fÌ·�Ê¸Ì»�
���kY�zf�Y� µÂ¸v»� �fÌ·� Ê¸Ì»�١

TCA� {���)���¹�³�
TCA� Á���/�� ¹�³�DTT

2� Ä]� ½|Ì��� Ze� Á�����Ê¸Ì»�
|Ë{�³�Ä§Z�Y�½Âf�Y��fÌ· (|��Ä§Z�Y�½M�Ä] .�Ä]�ZÅ�½Â°·Z§

»�c|���ÉZ»{� �{�d�Z��Cº��-�Á� |¿|�� Ã{Y{� �Y�«� �
�c|»� Ä]��b����ÉZ»{� �{� Ä¬Ì«{�Cº ��d���� Z]� Á�

�����ÂÌ¨Ë�f¿Z�� Ä¬Ì«{� �{� �Á{��|¿|�� .�¹Z¼eY� �Y��a
ÂÌ¨Ë�f¿Z��,��Y�«�xË�¶yY{�Z Ë���Á�Ã|��k�Zy�ZÅ�½Â°·Z§�

�Ê«Z]�d¸a�ÉÓZ]�µÂ¸v»�¾fzË���Á{��Y��a�Á�|¿|��Ã{Y{
Z§� �{� Ã|¿Z»·Z]� ZÅ� ½Â°��{� Á� |Ë{�³� {�y� ½�Â��®¼¯�

� Ä»Y{Y��� {��� Â�f��� µÂ¸v»� �fÌ·� Ê¸Ì»�)��/��¹�³�
DTT� Ä]� ½|Ì��� Ze� Á�����Ä§Z�Y� ½Âf�Y� �fÌ·� Ê¸Ì»�
|Ë{�³ (�®Ë�c|»�Ä]�ZÅ�½Â°·Z§�Á�|��Ä§Z�Y�½Â°·Z§��Å�Ä]

�ÉZ»{��{�d�Z�Cº�� -|¿|��Ã{Y{��Y�«� .�½Â°·Z§�Ä»Y{Y��{
� c|»� Ä]� ZÅ��� ÉZ»{� �{� Ä¬Ì«{�Cº ����� Z]� Á��d

�����ÂÌ¨Ë�f¿Z��Ä¬Ì«{��{��Á{���¹Z¼eY��Y��a�Á�|¿|��
�Ä¸u�»� 0Y{|n»�Á�|��ÄfzË���Á{�ÉÓZ]�µÂ¸v»��ÂÌ¨Ë�f¿Z�

�f��Â� Ze� � d¸a��|Ë{�³� ¹Zn¿Y� �Z]� .�¾Ë�yM� �Y� �a
                                                                                  
1. Trichloroacetic acid 
2. Dithiothreitol 



  É|¼v»�½Zm½Y�Z°¼Å�Á� :Ê�ËY��Ä]�Ê�ËÁ��|���µZ¬f¿Y��Z^e�Y�Ê���]...  �� 

 

�½Â°·Z§�Ä¿ZÅ{� ,d¸a�ÉÓZ]�µÂ¸v»�¾fzË���Á{�Á�Â�f��
�½�Â���Y�Ã{Z¨f�Y�Z]��b��Á�|��Ã|¿Z�Âa�½Â¨¸��®¼¯�Z]

Ë��ÉZÅ�wY�Â�|Ë{�³�{ZnËY�½Â¨¸��ÉÁ���{�É� .�½Â°·Z§
É{Z¼n¿Y�Ã|ÀÀ¯�®�y�ÃZ´f�{�½Á�{�Ä]�ZÅ١�Ã{Y{�µZ¬f¿Y�

� ÉZ»{� �{� Á� Ã|�Cº�� -� c|»� Ä]� ���®�y� d�Z��
|Ë{�³ .�Ã{Z¨f�Y� dÆm�®�y� d¸a� ÉÁZu� ÉZÅ� ½Â°·Z§

�Ë�§��{�É| ]� Cº�� -|¿|��É�Y|ÅZ´¿�  .  
��Y�Ã{Z¨f�Y�Z]�ZÅ�Ä¿Â¼¿��{�¾ÌXeÁ�a�d�¸£�¾ÌÌ e

2-D Quant Kit 
dÌ¯ ÉZÅ2-D Quant )GE Healthcare/Amersham 

Biosciences, Freiburg, Germany (�¹Z¼e� ÉÁZu
�|�Z]�Ê»�ZÅ�¾ÌXeÁ�a�d�¸£�¾ÌÌ e�dÆm�¹�Ó�ÉZÆ·Â¸v»

|Àe�Z^�� ZÆ¿M� Ä¯�Y�:� {�Y|¿Zf�Y� µÂ¸v»�BSA�µÂ¸v»� ,
Colour A� Á�Colour B� µÂ¸v»� ,precipitant, �µÂ¸v»

co-precipitant�µÂ¸v»�Á�copper .�ªË����Y�[~m�½Y�Ì»
� �f»Âf§Á�f°b�Y� ÃZ´f�{)Spectrophotometer 

UVIKON-930, Italy( � kÂ»� µÂ�� �{���� ��f»Â¿Z¿�
�½Y�Ì»� {�Y|¿Zf�Y� ÊÀvÀ»� �Y� Ã{Z¨f�Y� Z]� Á� |�� Ã|¿YÂy

|Ë{�³� {�ÁM�]� Ä¿Â¼¿� �{�¾ÌXeÁ�a�d�¸£ .�Ä¯�Êe�Â�� �{
��Y��f¼¯�{�Y|¿Zf�Y�ÊÀvÀ»�¾ÌÌ^e�\Ë����/��Ã�Y|¿Y�{Â]�

³|Ë{�³��Y�°e�Y{|n»�É�Ì  .�É�Ì³�Ã�Y|¿Y�¾ÌXeÁ�a�d�¸£
�ÉY�]��ZÌ¿�{�Â»�Ã�Z���½Y�Ì»�Á�ZÅ�Z¼Ìe��Y�®Ë��Å��{�Ã|�

�µÁ|m��{���Â§Á�f°·Y�µÁY�| ]�¹Zn¿Y�d�Y�Ã|»M� . 

µÁY�| ] � ��Â§Á�f°·Y�)Isoelectric focusing ( Á�
���Â§Á�f°·Y�¹Á{�| ])SDS-PAGE( 

� Z]� �Á�� Á{� ¾ËY�� �Á�� �Y� Ã{Z¨f�YAmme et al 

(2005)d§�³�¹Zn¿Y�.        
ZÅ�µ��É�Ì»M�²¿�٢       

��Á��ª^��ZÅ�µ��É�Ì»M�²¿�Kang et al (2002)�Á�
Ê�Z»Â¯��Y�Ã{Z¨f�Y�Z]٣) CBB G250 (d§�³�c�Â� .  

É| ]�Á{�ÉZÅ�µ���ËÁZ�e�¶Ì¸ve�Á�ÄË�ne 

�Á�ZÅ�Ä°·�¶Ì¸ve�Á�ÄË�ne�dÆm��ËÁZ�e�¾°�Y��Y��a
Z¼Ìe� ¾Ì]� {ÂmÂ»� cY�ÌÌ¤e� ÊËZ�ZÀ���Y�§Y� ¹�¿� �Y� ZÅ� �

                                                                                  
1. Freeze dryer- lyophilizer   
2. Gel staining  
3. Commassie Brilliant Blue   

Progenesis Samespot (Nonlinear Dynamics)�
|Ë{�³�Ã{Z¨f�Y .�¾Ì]�ZÆÀe�ª�ZÀ»��Y�®Ë��Å��{�cZ�ËZ¬»

d§�³� c�Â�� É�Y{�]� Ä¿Â¼¿� ÉZÅ� xË�Ze .�¹Zn¿Y� �Y� �a
�ZÅ� Ä°·� º¯Y�e� Á� ºnu� Z]� �^e�»� ÉZÅ� Ã{Y{� cZ�ËZ¬»

� ,{�Y|¿Zf�Y�¥Y�v¿Y� Ä^�Zv»� �Y��a� Á� Ã|��kY�zf�YT-

test Y�]��Ä°·�{Y| e�Á�|Ë{�³�¹Zn¿Y�cZ�ËZ¬»��Y�®Ë��Å�É
�É�Z»M�t����{�Ä¯�ÉZÅ���Ã|��cY�ÌÌ¤e��Zq{�|��{�

|Ë{�³��z�»�|¿{Â] .  
�¦Ì�� �Á�� ªË��� �Y� ZÅ� ¾ÌXeÁ�a� ÊËZ�ZÀ�

Ê»�m�ÊnÀ�٤  
|Ìfba�¹�m�É�Z´¿�d�´¿Y��Y�¾ÌXeÁ�a�ÊËZ�ZÀ��ÉY�]٥�

��Á��Y|f]Y��Â�À»�¾ËY�ÉY�]�Ä¯�|Ë{�³�Ã{Z¨f�YMatrix-

Assisted Laser Desorption Ionization Time-Of-
Flight (MALDI-TOF) MS  (Bruker Daltonics)�

d§�³��Y�«� Ã{Z¨f�Y�{�Â» .�Z]�Ä¯�ÉZÅ�Ä°·�ÉY�]�Ä»Y{Y� �{
� �Á�� |¿{Â]� Ã|�¿� ÊËZ�ZÀ�� �Â¯~»� �Á�Liquid 

Chromatography-Electrospray Ionization (LC- 

ESI) MS/MS (Waters)Á� �¶¼ ·Y�Âf�{� ª]Z�»
a� É{ZÆÀ�ÌAmme et al (2006) ��Y�«� Ã{Z¨f�Y� {�Â»

d§�³ .   
hv]�Á�lËZf¿  

��{�¹ÂXeÁ�a�ÄË�ne�ª�ZÀ»�Ã|���ÀË�³��ÉZÅ�xË�Ze�Á  
Y¦· (�º«�� Ê�ÅZ¯� Á� Ê�ËY�§Y� cY�ÌÌ¤e� Ê���]

��{� É�Y{�]� Ä¿Â¼¿� ÉZÅ� xË�Ze� Ê�� �Zf��Â¿� Ä¿Zf�»�
¦¸fz»�ª�ZÀ»  

k�¯�Ä¬�À»��{��Zf��Â¿  
Z�� k�¯� �{� Äf§�³�c�Â��cZ�ËZ¬»�¶»T1��]Y�]� �{�

�,|ÅZ�T2��]Y�]��{�T1�Á�T3��]Y�]��{�T2 {Â].�ÄÌ·ÁY�lËZf¿�
�Ä¬�À»�¾ËY��{�Ä¯�{Y{�½Z�¿�{�cY�ÌÌ¤e�½Y�Ì»�¾Ë�f�Ì] 

�Ä�ËZ¬»T1�Z]�|ÅZ���]Y�]��{�����Äf§ZË��ÌÌ¤e�Ä°·�{Â]�Ä¯�
� ZÆ¿M� ¾Ì]� �Y���� Á� Ê�ËY�§Y� ºÌ�Àe� �Zq{� Ä°·����Ä°·�

|¿{Â]�Ã|��Ê�ÅZ¯�ºÌ�Àe��Zq{) �¶°��(.  
                                                                                  
4. Identification of Proteins by Mass Spectrometry (MS) 
5. Peptide Mass Fingerprint   
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µÁ|m�-�Ã|��d�Y{�]�ÉZÅ�Ä¿Â¼¿��{�¾ÌXeÁ�a�d�¸£��¹|À³¦¸fz»�ÉZÅ�xË�Ze�Á�ª�ZÀ»��{  

��Y��ZÌ¿�{�Â»��Y|¬»
��§Z]RH-A�dÆm�

�Ä]�ºnu�½|¿Z��
����fÌ·Á�°Ì»�  

�Ã�Z���½Y�Ì»
�ÉÁZu�ÊmY�zf�Y

����¹�³Á�°Ì»�
¾ÌXeÁ�a 

)�fÌ·Á�°Ì»(  

�¾ÌXeÁ�a�d�¸£
�¹�³Á�°Ì»�\�u�]

�fÌ·Á�°Ì»��] 

xË�Ze  Ä¬�À»  �º« 

��� ��� ��/� ��}M�  k�¯  �Zf��Â¿ 

��� ��� ��/� ���}M�  k�¯  �Zf��Â¿ 

��� �� ��/� �|À¨�Y� k�¯ �Zf��Â¿ 

��� �� ��/� ��}M�  ½Zn¿�  �Zf��Â¿ 

��� �� ��/� ���}M�  ½Zn¿� �Zf��Â¿ 

��� �� ��/� �|À¨�Y� ½Zn¿� �Zf��Â¿ 

��� ��� ��/� ���}M� ÃÂ¯�Á�Ì§ �Zf��Â¿ 

��� �� ��/� ��¾¼Æ]� ÃÂ¯�Á�Ì§ �Zf��Â¿ 

��� �� �/� ��§�¾Ë{�Á� ÃÂ¯�Á�Ì§ �Zf��Â¿  
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up-regulation
down-regulation

|ÅZ���]Y�]��{� T 1

T 1��]Y�]��{T 2

T 2��]Y�]��{T 3

k�¯�Ä¬�À»��{���Zf��Â¿�º«���{�Äf§ZË��ÌÌ¤e�ÉZÅ�Ä°·�{Y| e  
�¶°�� - k�¯�Ä¬�À»��{��Zf��Â¿�º«���{�Ã|��¹Zn¿Y�cZ�ËZ¬»�Ê���{�Äf§ZË��ÌÌ¤e�ÉZÅ�Ä°·�{Y| e  

  
�Ä�ËZ¬»��{�k�¯��{�ZÅ�Ä°·�Ê���]T1�½Z�¿�|ÅZ��Z]�

�ÉZÅ�Ä°·�Ä¯�{Y{����) �Z]�Ã|�¿�ÊËZ�ZÀ��Ä°·�/�]���]Y�
�ËY�§Y(� ,����) Cytochrome P450-like� Z]� ,��/��

�ËY�§Y� �]Y�]  (����) ribulose-1,5-bisphosphate 

carboxylase activase� Z]� ,��/��ËY�§Y� �]Y�]�(� ,���� 
)�Z]�,Ã|�¿�É�Y~´»Z¿�¾ÌXeÁ�a��/��ËY�§Y��]Y�]�(�,���� 
)glyceraldehyde-3-phosphate dehydrogenase�Z]� ,

��/�� �]Y�]��ËY�§Y(� ,����) Fructose-bisphosphate 

aldolase� Z]� ,��/��ËY�§Y� �]Y�]� (� Á����) AP2 

domain transcription factor� Z]� ,��ËY�§Y� �]Y�]� (�Ä]
�{Ây� Ä]� Y�� Ê�ËY�§Y� cY�ÌÌ¤e� ½Y�Ì»� ¾Ë�f�Ì]� \Ìe�e

|¿{Â]� Ã{Y{� �Z�fyY .�|ÀËY�§� �{� �Â¯~»� ÉZÅ� ¾ÌXeÁ�a
½ÂÌ�Y|Ì�¯Y/ZeZ¯� ,É�fÀ�Âf§� LZÌuY��Y�Êy�]��fÀ�ÂÌ]� �Ì·

ÊËZÌ¼Ì�Â¸·M� {YÂ»� Êy�]� Á� ÄËÂ¿Zi� ÉZÅ�dÌ·Â]Zf»١��Ì�¿�
DIBOA) ����(�Á� Z»��� Ä]� ¶¼ ·Y� �°�� ,�fÀ�Âf§� ,

�É�Â¿�ÉZÅ�­�v»)����(��Ì·Â°Ì¸³� ,)�����Á����� (
�É�Y{�]�Äz�¿�Á)���� (|¿�Y{��¬¿.  

� ºË�¿MRuBisCO activase��cZ»Z]�Z¯� ¶Ì°�e�dÆm�
)� µZ�eYCO2ÀÌ»M� |Ì�Y� Ä]��µZ §� ÃZ´ËZm� �{� ¾Ì�ËÓ� Ä

Â°�Ì]Á�� ºË�¿M (|�Z]� Ê»�É�Á�� .�ºË�¿M� ¾ËY� ¾ÌÀr¼Å
                                                                                  
1.  Wheat allelochemical DIBOA  
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��Ì�¿�Êf]Z«��Ã|¿�Y{�Z]�Êy�]�É�Y{�Z]�ÉY�]2-Carboxy-

D-arabitinol 1-phosphate�ºË�¿M� µZ §� ÃZ´ËZm� ÉY�]�
|�Z]�Ê»�É�Á���Â°�Ì]Á�.  

�ÉZÅ� Ä°·� �Â¯~»� º«�� �{����) �Z]� Ã|�¿�ÊËZ�ZÀ�
���ÅZ¯�|��{�(�,����) �Z]�,Ã|�¿�ÊËZ�ZÀ����|��{�

�ÅZ¯(� ,����) Adenosine kinase-like protein�Z]� ,
���ÅZ¯�|��{�(�,����) metal ion transmembrane 

transporter� Z]� ,���ÅZ¯� |��{� (� Á����) UDP-

glucuronate (� Z]� ,���ÅZ¯� |��{� (�½Y�Ì»� ¾Ë�f�Ì]
|¿{Y{� ½Z�¿� Y�� Ê�ÅZ¯� cY�ÌÌ¤e .��{� ZÅ� ¾ÌXeÁ�a� ¾ËY

ËY�§¸¯Â¿Â^Ë��{|n»�¥��»�ÉZÅ|À�¾Ë�Âa�|Ë�ÂX)���� (Á 
� ZÆ¿ÂË� µZ¬f¿Y)���� (|¿�Y{� �¬¿.� ºË�¿M�UDP-

glucuronate decarboxylase�Ê»� �Ì·ZeZ¯� Y�� �Ë�� |ÀËY�§�
{�Y{��¬¿�Ê·Â¸��½Á�{�Ê°Ì·Â]Zf»�ÉZÅ|ÀËY�§��{�Á�|ËZ¼¿.  
UDP-D-glucuronate UDP-D-xylose + CO2  

¿Y�Ê��º«��¾ËY��{�ZÅ�Ä°·�Ê���]�Ä¸u�»��Y�µZ¬fT1�
� Ä]T2�ÉZÅ� Ä°·� Ä¯� {Â]�½M� �Y�Ê¯Zu�����) �ÊËZ�ZÀ�

�Z]�,Ã|�¿��/��ËY�§Y��]Y�]�(�,����) cell-autonomous 

heat shock cognate protein 70� Z]� ,��/���]Y�]�
�ËY�§Y(�,����) �Z]�,Ã|�¿�ÊËZ�ZÀ���/��ËY�§Y��]Y�]�(�,
����) Cytochrome c� Z]� ,��/��ËY�§Y��]Y�]�(� ,���� 

)NBS-LRR disease resistance protein�Z]�,��/���]Y�]�
�ËY�§Y (� Á����) glycerol-3-phosphate 

dehydrogenase�Z]�,��/��ËY�§Y��]Y�]� (�¾Ë�f�Ì]�ÉY�Y{
|¿{Â]�Ê�ËY�§Y�cY�ÌÌ¤e� ½Y�Ì» .�ÉZÅ� Ä°·� �´Ë{�ÉÂ�� �Y

����) UDP-glucose pyrophosphorylase� Z]� ,���
�ÅZ¯� |��{(� ,����) membrane-associated 30 

kDa protein, chloroplast� Z]� ,���ÅZ¯� |��{�(�,
����) ribosomal protein S11�Z]�,���ÅZ¯�|��{�(�,
����) ribulose-1,5-bisphosphate 

carboxylase/oxygenase large subunit� Z]� ,���|��{�
�ÅZ¯(� ,����) UDP-glucose:glycoprotein 

glucosyltransferase� Z]� ,��{��ÅZ¯� |�� (�¾Ë�f�Ì]
|¿{Y{�½Z�¿� Y���ÅZ¯�½Y�Ì» .�l¿�]� ÃZÌ³� �{��Y�«� �Y��a

�ÉZÅ�ÄrÅZÌ³�½{Y{��ÉZ»{��� »��{�ÉY�Äf¨Å�°C ��Ä]�
�c|»����{� ZÅ�¾ÌXeÁ�a�½ZÌ]� ÃÂv¿� �{�cY�ÌÌ¤e�d�Z��

�¾Ìf°·�ÄË�ne�®ÌÀ°e�Z]� Y��±�]�¥Ô£�Ê¿Zfve�ÉZÆf¼�«
cÔ]١|¿{Y{��Y�«�Ê���]�{�Â»� (Komatsu et al., 2009).�

� ,ªÌ¬ve� ¾ËY� lËZf¿� Z]� Ä]Z�»ZÅ� ¾ÌXeÁ�a� ÊË��Ì�¿
Mitochondrial F1-ATPase� ˬ6-Phosphogluconate 

dehydrogenase� ,NADP dependent malic enzyme�,
UDP-glucose pyrophosphorylaseÁ� Enolase) ��{�Ä¯

|Àf�Y{��¬¿�É��¿Y�Z]��^e�»�ÉZÅ�Ì�» (�ÁElongation 

factor 1 beta´Á� RuBisCO subunit binding-protein 

alpha subunit) ��Ì³�{� ¾ÌXeÁ�a� �fÀ�� �Ì�»� �{� Ä¯
|¿{Â] (� ÁHeat shock protein 90) Ê¿Á�aZq��¬¿� Z] (

|¿{Â]� Ã|�� �ÌÌ¤e� �Zq{ .�Ze|¼�� �Â¯~»� ÉZÅ� ¾ÌXeÁ�a
�º�Ì·Â]Zf»�Á�É��¿Y�|Ì·Âe�,Ê°Ì·Â]Zf»�ÉZÅ�Ì�»�Z]��^e�»

¼fuY� Ä¯� d�¿M� �Y� Ê¯Zu� ¾ËY� Ä¯� |¿{Â]� ÄÌ·ÁY�dve� ÓZ
��Â¯~»� ÉZÅ�Ì�»� �]� É|Ë|m� É�Zf�ÂX¼Å� Z»��� �Àe

|��|ÅYÂy�º¯Zu . 

ZÅ�Ä°·�Ê���] ��{�Ê�ËÁ��Ä¸u�»��Y�µZ¬f¿Y�Ê��k�¯
�Ê�ËY�� Ä])T3� �]Y�]� �{�T2( � Ä°·� Ä¯� {Y{�½Z�¿����� 

)UDP-glucose pyrophosphorylase� Z]� ,����|��{�
�ËY�§Y (��Z�fyY� {Ây� Ä]� Y�� �ËY�§Y� ½Y�Ì»� ¾Ë�f�Ì]
Â]�Ã{Y{�¶¼ve��ËY�§Y�Ê���{�Ä°·�¾ËY�{Â]�Ê·Zu��{�¾ËY�{

�{Z¼n¿Y�Ä])T1�Ä]�T2 ({Â]�Äf§ZË��ÅZ¯�É�Ì´¼�q��Â�] .
� ÉZÅ� Ä°·� ½M� �]� ÃÁÔ�����) protein F22G5.34�Z]� ,

��/��]Y�]��ËY�§Y�(� ,����) E3 ubiquitin ligase 

containing RING finger� Z]� ,��/��]Y�]��ËY�§Y�(�,
����) membrane-associated 30 kDa protein, 

chloroplast�Z]�,��/��]Y�]��ËY�§Y� (�Á���) RuBisCO 

large subunit-binding protein subunit alpha�Z]� ,
��/��]Y�]��ËY�§Y� (�Y��Ê�ËY�§Y�cZ¼Ì�Àe�½Y�Ì»�¾Ë�f�Ì]

|¿{Â]�Ã{Y{��Z�fyY�{Ây�Ä].  
� ÉZÅ� Ä°·� Ä¸u�»� ¾ËY� �{�����) NBS-LRR 

disease resistance protein� Z]� ,���ÅZ¯� |��{�(�,
����) Serpin� Z]� ,��� ¶°�� ,�ÅZ¯� |��{�� -��(�,
����) ribulose-1,5-bisphosphate carboxylase 

activase� Z]� ,���ÅZ¯� |��{�(� ,����) glycerol-3-

phosphate dehydrogenase� Z]� ,���ÅZ¯� |��{� (�Á
                                                                                  
1.  Lectin blot analysis  



���            �Ä¸n»�Ê�Y���½ZÅZÌ³�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

����) Cytochrome c� Z]� ,���ÅZ¯� |��{� (�ÉY�Y{
e�½Y�Ì»�¾Ë�eÓZ]|¿{Â]�Ê�ÅZ¯�cY�ÌÌ¤) �¶°��( .  
É{ÂmÁ�Z] �Ä]�¶¼ve��j¯Y|u�Ä¸u�»�Ä]�½|Ì���Z]�Ä¯
� ½ZÌ]� {Z¼n¿YNBS-LRR disease resistance protein 

)����({Â]�Äf§ZË��ËY�§Y�,�Ä]�Ê�ËÁ��Ä¸u�»� �Y� �Â^�� Z]�
d§ZË� �ÅZ¯� ½M� ½ZÌ]� Ê�ËY�.�|ÀËY�§� �{� ¾ÌXeÁ�a� ¾ËY�

�Ì�ÂfaÂaM١É�Ë��Ä»Z¿�]�±�»��Y�Ê�Â¿�Ä¯��Ê»�Ê·Â¸��
�Ê»� �Ì¸¤e� º�ÔaÂfÌ�� ½M� Ê�� �{� Á� {�Y{��¬¿� |�Z]
�|¿�Ì³�Ê»��Y�«�Äf�Å�¥Y��Y��{�Äf�Å�¾ÌeZ»Á�¯�Á�{{�³
�Ä°^��Á�|¿Â��Ê»�Ã{��§�ZÅ�¹Á�Â^Ë��Á�ZÅ�É�|À¯ÂfÌ»�Á
                                                                                  
1 apoptosis 

�Ê»� �{�µÂ¸�� LZ�£�Ä]� Ã|Ì^�q�d·Zu�Ä]�®Ì¼�ÔaÁ|¿Y
�Ê»� Äf�°��d¼�«�¾Ë|Àq� Ä]� Äf�Å� � ½ZËZa� �{� Á� |ËM

{Â�) Belkhadir et al., 2004 .(�Z»���c|��Ä]�ÄmÂe�Z]
�Ä¸u�»��{T2|���Ê»���¿�Ä]�½M��Y�Ê�Z¿�cZ»|��Á� Ä¯�

�d¼�«��Y�Êy�]�É�Y|ÅZ´¿�ÉZÅ�ÄÀË�Å��ÅZ¯�ÉY�]�ÃZÌ³
��Â^���Y��a�Ä»Y{Y��{�Á�{�]�Ê»�¾Ì]��Y�|ÀËY�§�¾ËY�Z]�Y��ZÅ
�¾ËY�½ZÌ]�ÉÂm��ËY���½|��|�Z�»�Á�Ê�ËY��Ä¸u�»�Ä]

|]ZË�Ê»��ÅZ¯�¾ÌXeÁ�a .]�¾ËY�Ê���{�Z»{��ËY�§Y�{ÂmÁ�Z
��YÂÌf¯Y� Â°�Ì]Á��½ZÌ]�Ê�ËY�� Ä]�Ê�ËÁ�� Ä¸u�»� �Y� �Â^�

Á�a�¾ËY�½{Â]�Ã�Z¯�|Àq�Ä]�ÄmÂe�Z]�d§ZË��ÅZ¯e�Ä]�¾ÌX
��{�Ê¼Æ»��¬¿�½M�ÉZÅ�¹�§Á�ËY� �Y�Êy�]�|���Ê»���¿

|À�Z]�Äf�Y{�Z»���Ä]�¶¼ ·Y��°� .  
  

Ê�ÅZ¯�ºÌ�Àe 
  

Ê�ËY�§Y�ºÌ�Àe  
Serpin protein F22G5.34 

  
�¶°��-�{Z¼n¿Y�¶¼ve��j¯Y|u�Ä¸u�»��Y�µZ¬f¿Y�Ê��k�¯�Ä¬�À»��{��Zf��Â¿�º«���{�Ê�ÅZ¯�Á�Ê�ËY�§Y�ºÌ�Àe��Y�ÉY�Ä¿Â¼¿�)T2 (Ä]�

�Ê�ËY��|����Z£M�Ä¸u�»)T3( .|Àf�Å�Ä¿Â¼¿��Å��Y��Y�°e�Ä���´¿ZÌ]�ZÅ�¶°�.  

�Zf��Â¿�º«�� �{� ZÅ� Ä°·�½ZÌ]�ÉÂ´·Y�Ê���]-��]�k�¯
{Â¼¿��Z�Y�½ZÌ]� �Ä¯�{Y{�½Z�¿�¹Y�³Á|¿{�ÉZÅ�Y���Ä°·�

�Á�|ÅZ��Ê���{T1�½|Ì���Z]�Á�Äf�Y{�Êf]Zi� 0Zf^�¿�|¿Á��
� {Z¼n¿Y� Ä]� ¶¼ve� �j¯Y|u� Ä¸u�»� Ä])T2( ½ZÌ]�ZÆ¿M��

�|��� �Á��� Z]� �Ì¿� Ä¸u�»� ¾ËY� �Y� �a� Á� Äf§ZË� �ËY�§Y
�d§ZË��ÅZ¯�É�Y{�ÊÀ »� �Â�]� ZÆ¿M� ½ZÌ]�Ê�ËY�)�¶°�

� .(� ¶»Z�� �Â¯~»� ÉZÅ� Ä°·����� ,����� ,���� 
)Photosystem II;(� ,����) 23 kDa subunit of 

oxygen evolving system of photosystem II(�,���� 
)cp31BHv(� ,����� ,����) Ribulose-phosphate 3-

epimerase, chloroplast precursor  (� ,���� 
)Putative chloroplast ribosomal protein L1(�,���� 

)universal stress protein 9303,    response to 

stress(� ,����� Á�����) chloroplast fructose-

bisphosphate aldolase, (|¿{Â] .��Y� Ê¼��Y� �z]
�¾ËY�Ä¯�|¿�Y{�ÉZm�d�ÔaÁ�¸¯��{��Â¯~»�ÉZÅ�¾ÌXeÁ�a
�Ã�Z�Y�{Z¼n¿Y�Ä]�¶¼ve��ËY�§Y��{�®»Y|¿Y�¾ËY�dÌ¼ÅY�Ä]

{�Y{  .  
� ÉZÅ� Ä°·� ½ZÌ]� Ê���]� ¾ÌÀr¼Å���� ,���� 

)Nuclear cap-binding protein(� ,��� 
)DNAhelicase, putative(� ,���� ,���� ,���� ,����Á�

�����ZÅ� ¾ÌXeÁ�a� ¾ËY� ½ZÌ]� Ä¯� {Â]� ½M� �Y� Ê¯Zu�  
� Z»��� Ä]� ÊÅ{� c{Z�� Ê�� �{)T1 (��ZÌ¿� �Z^�Y� Ä�¬¿� Á

�É�Z��Ã�ZÆ])T2 (�|����Á���Z]�Ä»Y{Y��{�Á�Äf§ZË��ÅZ¯

T2  T3  T2  T3  
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Y{� ÊÀ »� �Â�]� ZÆ¿M� ½ZÌ]� Ê�ËY��|Àf§ZË� �ËY�§Y� É�  )¶°��.(

 
�¶°�� -ZÅ�¾ÌXeÁ�a��Y�Êy�]�½ZÌ]�ÉÂ´·Y�) ����,�����,�����,�����,�����,�����,�����,�����,�����,�����,����(��{�

�k�¯�Ä¬�À»��{��Zf��Â¿�º«� .Z]�Á�|Àf§ZË��ËY�§Y�{Z¼n¿Y�Ä]�¶¼ve��j¯Y|u�Ä�¬¿��{�ZÅ�¾ÌXeÁ�a�¾ËY�½ZÌ]��Zq{�Ê�ËY��|����Z£Y�
|¿|��Ê�ÅZ¯�cZ¼Ì�Àe. 

�¶°�� - ZÅ�¾ÌXeÁ�a��Y�Êy�]�½ZÌ]�ÉÂ´·Y) ���,�����,����,����,����,����,����,����(�À»��{��Zf��Â¿�º«���{��k�¯�Ä¬ .�½ZÌ]
�{�ZÅ�¾ÌXeÁ�a�¾ËYÅZ¯�{Z¼n¿Y�Ä]�¶¼ve��j¯Y|u�Ä�¬¿�Á�Z»���Ä]�ÊÅ{�c{Z��¾Ìu�¿{Â]�Äf§ZË���Á�|M�cZ¼Ì�Àe��Zq{�Ê�ËY��|����Z£

|¿|��Ê�ÅZ¯.  
  

½Zn¿��Ä¬�À»��{��Zf��Â¿  
��{�Äf§�³�c�Â��cZ�ËZ¬»�Ä]Z�»�½Zn¿��¶»Z��k�¯

T1�,|ÅZ���]Y�]��{�T2��]Y�]��{�T1�Á�T3��]Y�]��{�T2{Â]�.�
�Ä¬�À»�¾ËY��{�Ä¯�{Y{�½Z�¿�ÄÌ·ÁY�lËZf¿�½Y�Ì»�¾Ë�f�Ì]

�Ä�ËZ¬»� �{�cY�ÌÌ¤eT3]� �{�� �]Y�T2� Z]������ÌÌ¤e� Ä°·�
�Äf§ZË{Â]�ZÆ¿M�¾Ì]��Y�Ä¯�����Á�Ê�ËY�§Y�ºÌ�Àe��Zq{�Ä°·�
��|¿{Â]�Ã|��Ê�ÅZ¯�ºÌ�Àe��Zq{�Ä°·�) �¶°��.(  
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�¶°�� - ½Zn¿��Ä¬�À»��{��Zf��Â¿�º«���{�Ã|��¹Zn¿Y�cZ�ËZ¬»�Ê���{�Äf§ZË��ÌÌ¤e�ÉZÅ�Ä°·�{Y| e  

    

|ÅZ�  T1  T2  T3  

|ÅZ��  T1  T2  T3 



���            �Ä¸n»�Ê�Y���½ZÅZÌ³�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

�Zf��Â¿�º«��¹ÂXeÁ�a�Ä�ËZ¬» -�»��{�½Zn¿��Ä¸uT1�Z]��
� ÉZÅ� Ä°·� Ä¯� {Y{� ½Z�¿� |ÅZ�� �ËY�����) � Z]��/� 

�]Y�](,���) electron transporter, putativeZ]� , ��/��
�]Y�](� ,����)Cysteine synthase, putative, 

expressed,Z]� ��/��]Y�]�(� ,����) putative AP2 

domain transcription factor,Z]� ��/��]Y�]�(� ,��� 
)glycine decarboxylase P subunit,� Z]���/��]Y�]�(�,

����)Putative fructose-bisphosphate aldolase�Z]� ,
��/��]Y�]�(� ,����) Cytochrome P450-like� Z]� ,��/��
�]Y�] (� Ä°·� Á����) glyceraldehyde-3-phosphate 

dehydrogenase�Z]�,��/��]Y�]� (��ËY�§Y�½Y�Ì»�¾Ë�f�Ì]
|¿{Â]�Y�Y{�Y� .¯}�½ZËZ��ÉZÅ�¾ÌXeÁ�a�Ä¯�d�Y��putative 

AP2 domain transcription factor� ,Cytochrome 

P450-like Áglyceraldehyde-3-phosphate 

dehydrogenase�Ä]Z�»� Ä�ËZ¬»� �{� �Ì¿� k�¯� Ä¬�À»� �{�
|¿{Y{�½Z�¿� Y��Ê�Â�v»�Ê�ËY�§Y�cY�ÌÌ¤e .�¾ËY�Ê���{

�ÉZÅ�Ä°·�|Ë{�³��z�»�Ä�ËZ¬»����) �Z]��|��{�(�,
����) chromatin remodeling complex subunit�Z]� ,

��|��{�(� ,����) Oxygen-evolving enhancer 

protein 2, chloroplastic�Z]�,��|��{�(�,����) WD-

40 repeat protein-like�Z]�,��|��{�(�,����) metal 

ion transmembrane transporter�Z]�,��|��{�(�,���� 
)chloroplast oxygen-evolving enhancer protein 1�,

� Z]��|��{� (� Ä°·� Á����) Oxygen-evolving 

enhancer protein 2, chloroplastic� Z]� ,��|��{� (
|À�Z]� Ê»� Y�Y{� Y�� Ê�ÅZ¯� cZ¼Ì�Àe� ½Y�Ì»� ¾Ë�f�Ì] .
�Z]��^e�»�É�ZfyZ��ÉZÅ�d¼�«��{��Â¯~»�ÉZÅ�¾ÌXeÁ�a
�µZ¬f¿Y�Á�Ê�ËÂ¿Á��,É�Â¿�É�Y{�Z]�,�fÀ�Âf§�É�Â¿��À¯YÁ

ÂË|¿�Y{��¬¿�½ .�É�¸§�ÉZÆ¿ÂË�ÊËZ�£�¶«Z¿)���� (��Â�]
�Ä�ËZ¬»�Ê���{�½Zn¿��Á�k�¯�Ä¬�À»�Á{��Å��{�­�f�»

{Y{�½Z�¿�Y��É�Ì´¼�q��ÅZ¯��Â¯~» .  
� {Z¼n¿Y� Ä]� ¶¼ve� �j¯Y|u� Ä¸u�»� Ä�ËZ¬»)T2 (�Z]

�Z»���Ä]�ÊÅ{�c{Z��Ä¸u�»)T1( �¾ÌXeÁ�a�Ä¯�{Y{�½Z�¿�
�ÉZÅ����) Boron transporter, Z] ��/� �]Y�](�,���� 

)cell-autonomous heat shock cognate protein 70, 
Z] ��/��]Y�]�(� ,���) � Z]��/��]Y�]�(� ,���) Protein 

disulfide-isomerase, Z] ��/��]Y�]�(� ,����) Cell 

division protease ftsH homolog 2, chloroplastic, Z] 

��/��]Y�]�(�,���) RuBisCO large subunit-binding 

protein subunit beta, chloroplastic, Z] ��/��]Y�]� (�Á
���) HSP70, Z] ��/��]Y�]� (�Ê�ËY�§Y�cY�ÌÌ¤e�¾Ë�f�Ì]

|¿{Â]�Ã{Y{��Z�fyY�{Ây�Ä]�Y� .�ÉZÅ�½Á�bq�½ZÌ]��ËY�§Y
��¬¿� Ä¯� Â°�Ì]Á�� ºË�¿M� Zf]� |uYÁ� �Ë�� Á�Êe�Y�u�­Â�
�Ä¸¼m��Y�Ã|��½ZËZ¼¿�Ê�Ìv»�ÉZÅ��Àe��{��e��Ìa�ZÆ¿M

°¿|�Z]� Ê»� Ä�ËZ¬»� ¾ËY� ÄmÂe� ¶]Z«� cZ) � ¶°��(  .
� Ä°·� ½ZÌ]� ¾ÌÀr¼Å����) cell-autonomous heat 

shock cognate protein 70 (��{� k�¯� Ä¬�À»� �{� �Ì¿
Ä¯�{Y{�½Z�¿�Y��É�Y{�ÊÀ »��ËY�§Y�Ä]Z�»�Ä�ËZ¬»�´¿ZÌ]��

½Á�bq�dÌ¼ÅY �Ê³{�ÂyZe�{Â^Æ]��{�Êe�Y�u�­Â��ÉZÅ
e��ËY�§Y�¾Ìu��{�ZÅ�¾ÌXeÁ�a�{Z¼n¿Y�Ä]�¶¼v|�Z]�Ê» .  

�ÉZÅ�Ä°·�©Â§�Ä�ËZ¬»�Ê���{����) �Z]��|��{�(�,
����) protein At2g37660, chloroplast, Z] �� 
|��{(� ,����) � Z]��|��{�(� ,����) Peroxidase N 

precursor  (Neutral peroxidase), Z] �� |��{(�,
����) putative NBS-LRR disease resistance 

protein, Z]�� |��{(� ,����) WD-40 repeat 

protein-like, Z] �� |��{ (� Á����) Aconitate 

hydratase  cytoplasmic, Z] �� |��{ (�¾Ë�eÓZ]�ÉY�Y{
|¿{Â]� Äf§ZË� �ÅZ¯� ÉZÅ� Ä°·� ¾Ì]� �{� �ÅZ¯� ½Y�Ì» .

�¾ÌXeÁ�aAconitate hydratase�Á{��Å��{�Ä]Z�»�c�Â�]�
� Ã|��Ê�ÅZ¯�ºÌ�Àe� �Zq{�k�¯� Á�½Zn¿�� Ä¬�À»{Â] .�Z]

� ¾ÌXeÁ�a� ½ZÌ]� Ä¯� É{ÂmÁ NBS-LRR disease 

resistance��{� {�Y{��¬¿��Ì�ÂfaÂaM� |ÀËY�§� �{� Ä¯� �
�xË�Ze�½Z¼Å��{�¶]Z¬»��{�Á�{Â]�Äf§ZË��ËY�§Y�k�¯�Ä¬�À»
{Â]�Äf§ZË��ÅZ¯�½Zn¿��Ä¬�À»��{��Â¯~»�¾ÌXeÁ�a�½ZÌ] .
�ÉZÅ� ¾ÌXeÁ�a� Ä¯� d�Y� ½M� �Y� Ê¯Zu� �»Y� ¾ËY� ÓZ¼fuY

ÀËY�§� �{� �Ì³�{�Êfu� ZË� Á� {Z¼n¿Y� Ä]� ¶¼ve� {Â^Æ]� |
�É{Á|u� Ze� Ä¬�À»� Á{� � �{� �Ì¿� Ä�Â]�»� ÉZÅ� ºË�Ì¿Z°»

|À�Z]�Ê»�cÁZ¨f»  .  
�Ä¸u�»��Y�µZ¬f¿Y�Ê���{�ZÅ�Ä°·�½ZÌ]�cY�ÌÌ¤e�Ä�ËZ¬»

�Ê�ËY��Ä]�Ê�ËÁ�)T3��]Y�]��{�T2(�½ZÌ]�Ä¯�{Â]��Y�Ê¯Zu�
� ÉZÅ� Ä°·����) � Z]��/���]Y�]�(� ,����) cyclin 

dependent protein kinase,�Z]���/���]Y�]�(�,����) �Z]
��/��]Y�]�(� ,����) mitochondrial ATP synthase 

precursor� Z]� ,��/��]Y�]�(� ,����) undecaprenyl 

diphosphate synthase, putative� Z]� ,��/��]Y�]�(�,
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����) Fructose-bisphosphate aldolase� ,��/��
�]Y�](� ,����) protein At2g37660, chloroplast 

precurso� Z]� ,��/��]Y�]�(� ,����) WD-40 repeat 

protein-like� ,��/��]Y�]� (� Á����) Aconitate 

hydratase  cytoplasmic� Z]� ,��/��]Y�]� (�¾Ë�f�Ì]
Y�Ì»ZÅ� Ä°·� Ê»Z¼e� ¾Ì]� �{� Y�� �ËY�§Y� ½|¿{Â]� Y�Y{� .

�ZÅ� ¾ÌXeÁ�a� ½ÂÌ�ÔË�¨�§� �{� �Â¯~»� ÉZÅ� ¾ÌXeÁ�a
)Å{� µZÀ´Ì�� ÉZÅ�Ì�»Ê(� �fÀ�� ,ATP�ÉZÆ¿ÂË� µZ¬f¿Y� ,

�ÄË�ne� Á�¶Ì°�e� ,µÂ¸��¶°�� ,LZ�£������Y�½�Á�|ÌÅ
�,�Ì·Â°Ì¸³� ,ZÅ� ½Z°Ì¸³� ¶Ë|Ìfba� �fÀ�� ,Ê·Â¸�� Ã�YÂË{
��¬¿�Ê·Â¸��½Á�{�Ê°Ì·Â]Zf»�ÉZÅ|ÀËY�§�Á�É�Y{�]�Äz�¿

|¿�Y{  .   
�ÉZÅ�Ä°·�½ZÌ]�Ê�ËY�� Ä]�Ê�ËÁ�� Ä¸u�»� �Y�µZ¬f¿Y� Z]

����) Boron transporter� Ze� ,��|��{�¶°�� , �( �,
����) � Ze��|��{�(� ,����) � Ze��|��{�(� ,���� 

)cell-autonomous heat shock cognate protein 70�,
�Ze��|��{�(�,����) CDK activating kinase�Ze�,���

|��{ (� Á����) ribulose-1,5-bisphosphate 

carboxylase activase� Ze� ,��|��{� (�½Z�¿� �ÅZ¯
|¿{Y{ .  

·Y�Ê���]�Ä¬�À»��{��Zf��Â¿�º«���{�ZÅ�Ä°·�½ZÌ]�ÉÂ´
�½ZÌ]�Ä¯�{Y{�½Z�¿�½Zn¿����¶¼ve��ËY�§Y� Z]�¾ÌXeÁ�a�

� Ä¸u�»� �{� {Z¼n¿Y� Ä]T1�Ä]� ½|Ì��� Z]� Á� d§ZË��ÅZ¯�
�¶«Y|u� Ä]� ZÅ� Ä°·� ¾ËY� ½ZÌ]� {Z¼n¿Y� Ä]� ¶¼ve� �j¯Y|u
�|¿{Y{�½Z�¿��ËY�§Y�Y{|n»�Ê�ËY��|����Á���Z]�Á�|Ì��

)�¶°�� .(  
Ê»� ZÆ¿M� Ä¸¼m� �Y�Ã|�� ÊËZ�ZÀ��ÉZÅ� Ä°·� Ä]� ½YÂe�

����) Putative cell survival CED-4-interacting 

protein MAC-1(� ,����) CARAB-AK-LYS; 

amino acid binding / aspartate kinase(� ,���� 
)ribosomal protein S11(� ,����) Putative 

chloroplast ribosomal protein L1(�,����) protein 

F22G5.34(, ����) Oxygen-evolving enhancer 

protein 1(� ,����) chloroplast oxygen-evolving 

enhancer protein 1(� ,����) Adenylate cyclase - 

Glomerella lagenarium(�,����) mitochondrial ATP 

synthase precursor(� ,����) triosephosphat-

isomerase(� ,����) 23 kDa subunit of oxygen 

evolving system of photosystem II(� ,���� 
)Plastid-specific 30S ribosomal protein 2, 

chloroplast precursor(�,����) transcription factor 

Dp(� ,����) Aconitate hydratase  cytoplasmic(�,
����) metal ion transmembrane transporter(�,
����) WD-40 repeat protein-like, (� Á���� 

)Putative plastidic cysteine synthase (d�Y{�Ã�Z�Y .  
� ½ZÌ]� ÉÂ´·Y� ¾ÌÀr¼Å����Zf��Â¿� º«�� �{� Ä°·�

�Ä]� {Â]� {Z¼n¿Y� Ä]� ¶¼ve� |¿Á�� Ä]Z�»� ½Zn¿�� Ä¬�À»�{
� Ä¸u�»� �{� Ä¯� É�Â�T2�¾°¼»� �j¯Y|u� Ä]� ZÆ¿M� ½ZÌ]�

��ÅZ¯� ZÆ¿M� ½ZÌ]� Y{|n»� Ê�ËY�� |��� �Á��� Z]� Á� |Ì��
�d§ZË)�¶°�� .(  

�ÉZÅ� ¾ÌXeÁ�a� Ä]� ½YÂe� Ê»� ÉZÅ� Ä°·� ¾ËY� ½ZÌ»� �Y
�Ã�Z¼��Ä°·��Ì�¿�Ã|��ÊËZ�ZÀ����) RuBisCO large 

subunit-binding protein subunit beta, chloroplast 

precursor(� ,���) Aldehyde dehydrogenase like 

protein(� ,���) ferulate-5-hydroxylase(� � ,��� 
)RuBisCO large subunit-binding protein subunit 

beta, chloroplastic(�,���) RuBisCO large subunit-

binding protein subunit alpha, chloroplastic(�,
����) ribulose-1,5-bisphosphate carboxylase 

activase(� ,����) ribulose-1,5-bisphosphate 

carboxylase activase(� ,����) cytosolic malate 

dehydrogenase(� ,����) Ps16 protein(� ,���� 
)chloroplast fructose-bisphosphate aldolase(�,

����) Regulator of chromosome 

condensation/beta-lactamase-inhibitor protein II(�,
����) Putative 20 kDa chaperonin, chloroplast (�Á
����) maturase K (� ZÆ¿M�¾Ì]� �Y� Ä¯�d�Y{� Ã�Z�Y��Ë�

�±�»� ½Âr¼Å� ÉZÅ|ÀËY�§� �{� Â°�Ì]Á�� ºË�¿M� Zf]� |uYÁ
�Á� Z»���Ä]�¶¼ ·Y��°�� ,ZÅ�¾ÌXeÁ�a�Ê³{�ÂyZe� ,Ê·Â¸�

|À¯�Ê»��¬¿�ÉZ¨ËY�Ê]Z�f¯Y�d»ÁZ¬» .�ÉZ¨·M�|uYÁ� �Ë�
��{� Á� Ã{Â]� Ê¿Á�bq� dÌ·Z §� ÉY�Y{� Â°�Ì]Á�� ºË�¿M

{Â��Ê»�¶¼��{�YÁ�ZÅ�¾ÌeÁ�a�Ê³{�ÂyZe .  
½ZÌ]�Ä¯��YÂÌf¯Y�Â°�Ì]Á��ºË�¿M�É{| f»�ÉZÅ�¹�§Á�ËY�

�ZÆ¿M��¬¿��]�ÃÁÔ��|ÀÀ¯�Ê»�dÌ ^e��Â¯~»�|¿Á���Y�½M��Y
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��WZu� �Ì¿� �Â¿� Á� Z»��� Ä]� ¶¼ ·Y� �°�� �{� �fÀ�Âf§� �{
|À�Z]�Ê»�dÌ¼ÅY .�e��Ìaet al (2007) Vítámvás��Ì¿�  

�a� ½ZÌ]� ®Ë�veÁ� ¾ÌXePs16�¾Ìu� �{� ¹|À³� �{� Y��
|¿{Â]�Ã{Â¼¿���Y�³�Z»���Ä]�ÊÅ{�c{Z�.  

  
  

 

 

�¶°��- �Zf��Â¿�º«���{�Ê�ÅZ¯�Á�Ê�ËY�§Y�ºÌ�Àe��Y�ÉY�Ä¿Â¼¿� �{Z¼n¿Y�¶¼ve��j¯Y|u�Ä¸u�»��Y�µZ¬f¿Y�Ê��½Zn¿��Ä¬�À»��{)T2 (�Ä]
�Ê�ËY��|����Z£M�Ä¸u�»)T3( .Ì]�ZÅ�¶°�|Àf�Å�Ä¿Â¼¿��Å��Y��Y�°e�Ä���´¿Z.  

  
  

  
�¶°�� -��Zf��Â¿�º«���{�ZÅ�¾ÌXeÁ�a��Y�Êy�]�½ZÌ]�ÉÂ´·Y�)�����,�����,�����,�����,�����,�����,�����,����, �����,
�����,�����,�����,�����,�����,�����,�����,���� (�½Zn¿��Ä¬�À»��{ .Á�Z»���Ä]�ÊÅ{�c{Z��¾Ìu���{�ZÅ�¾ÌXeÁ�a�¾ËY�½ZÌ]�

|¿|��Ê�ÅZ¯�cZ¼Ì�Àe��Zq{�Ê�ËY��|����Z£Y�Á�|¿{Â]�Äf§ZË��ÅZ¯�{Z¼n¿Y�Ä]�¶¼ve��j¯Y|u�Ä�¬¿. 
  

  
¯�ºÌ�ÀeÊ�ÅZ  

                       
Ê�ËY�§Y�ºÌ�Àe  

Boron transporter Fructose-bisphosphate aldolase 

|ÅZ�  T1  T2  T3  

T2  T3  T3  T2  
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�¶°��-ZÅ�¾ÌXeÁ�a��Y�Êy�]�½ZÌ]�ÉÂ´·Y�) ����,����,����,����,����,�����,�����,�����,�����,�����,�����,�����,����(�º«���{�

��Ä]Z�»�É{Á|u�Ze�Ä¯�½Zn¿��Ä¬�À»��{��Zf��Â¿{Â]�É�Y{�]�Ä¿Â¼¿�ÉZÅ�xË�Ze�Ê���{�{Z¼n¿Y�Ä]�¶¼ve�|¿Á .�ÊÅ{�c{Z��¾Ìu���{�ZÅ�¾ÌXeÁ�a�¾ËY�½ZÌ]
|¿|��Ê�ÅZ¯�cZ¼Ì�Àe��Zq{�Ê�ËY��|����Z£M�Z]�Á�|¿{Â]�Äf§ZË��ËY�§Y�{Z¼n¿Y�Ä]�¶¼ve��j¯Y|u�Ä�¬¿�Á�Z»���Ä].  

  
�ÉZÅ� Ä°·� ½ZÌ]���) Putative prpol(� ,���) 70 

kDa heat shock protein(�,���) Elongation factor 

2(�,����) RuBisCO large subunit-binding protein 

subunit beta, chloroplastic(� ,����) RuBisCO 

large subunit-binding protein subunit alpha,(�,
����) ATP synthase CF1 beta subunit(� ,���� 

)ATP synthase CF1 beta subunit(� ,���� 
)transcription factor, putative(� ,����) ribosomal 

protein S4(� ,����) chloroplast fructose-

bisphosphate aldolase(� ,����) Fructose-

bisphosphate aldolase, chloroplast precursor (�Á
����) enolase (�,Ê�¨Àe� ÉZÅ�Ì�»� �{� Z^·Z£� Ä¯

�ÊÀÌXeÁ�a�d�§Zv»)Ê¿Á�bq(·Â°Ì¸³� ,É��¿Y�¾Ì»Pe� ,�Á��Ì
��Â�]�ÉÂ¼¿�¶uY�»�d§��Ìa�Z]�|¿�Y{��¬¿�É�Y{�]�Äz�¿

�d§ZË��ËY�§Y�É�Y{�ÊÀ »)�¶°�� (��»Y�¾ËY� ÓZ¼fuY� Á
�{Â¯�� Ä¸u�»� ¹Z¼eY� Á� � Ê�Ìv»� �ËY��� {Â^Æ]� �Y� Ê�Z¿

)�c�Á� (�Ä¸u�»�Ä]�ÃZÌ³�{Á�Á�Á�É�Z��Ã�ZÆ]��ZÌ¿�¾Ì»Pe�Z]
�Ê»�|���ÉY�]��ZÌ¿�{�Â»�É��¿Y��ËY�§Y�ÄnÌf¿��{�Á�Ê�ËY�

�Z]| .  
  

 
 
 

 
�¶°��-ZÅ�¾ÌXeÁ�a��Y�Êy�]�½ZÌ]�ÉÂ´·Y�) ���,����,����,�����,�����,�����,�����,�����,�����,�����,����(��{��Zf��Â¿�º«���{�

|¿{Â]�Äf§ZË��ËY�§Y�ÉÂ¼¿�¶uY�»�d§��Ìa�Z]�Ze�Ä¯�½Zn¿��Ä¬�À».  
  

|ÅZ�  T1  T2  T3  

|ÅZ�  T1  T2  T3  



���            �Ä¸n»�Ê�Y���½ZÅZÌ³�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

ÃÂ¯�Á�Ì§�Ä¬�À»��{��Zf��Â¿ 

� ¶»Z�� cZ�ËZ¬»� ÃÂ¯�Á�Ì§� Ä¬�À»� �{T2�]� �{���]Y
�,|ÅZ�T3��]Y�]��{�T2�Á�T4��]Y�]��{�T3{Â]� .�ÄÌ·ÁY�lËZf¿

�Ä¬�À»�¾ËY��{�Ä¯�{Y{�½Z�¿��{�cY�ÌÌ¤e�½Y�Ì»�¾Ë�f�Ì]

�Ä�ËZ¬»T2��]Y�]��{�|ÅZ��Z]�����Äf§ZË��ÌÌ¤e�Ä°·�{Â]�Ä¯�
� ZÆ¿M� ¾Ì]� �Y���� Á� Ê�ËY�§Y� ºÌ�Àe� �Zq{� Ä°·����Ä°·�

|¿{Â]�Ã|��Ê�ÅZ¯�ºÌ�Àe��Zq{) �¶°���.(  

140

43
38

48 -

85 -

45 -

-100 -50 0 50 100 150 200

up-regulation
down-regulation

|ÅZ���]Y�]��{� T2

T2��]Y�]��{T 3

T3��]Y�]��{T4

ÃÂ¯�Á�Ì§�Ä¬�À»��{���Zf��Â¿�º«���{�Äf§ZË��ÌÌ¤e�ÉZÅ�Ä°·�{Y| e
  

�¶°��� - ÃÂ¯�Á�Ì§�Ä¬�À»��{��Zf��Â¿�º«���{�Ã|��¹Zn¿Y�cZ�ËZ¬»�Ê���{�Äf§ZË��ÌÌ¤e�ÉZÅ�Ä°·�{Y| e  
  
]�É�Y{�]�Ä¿Â¼¿�xË�Ze�Ä�ËZ¬»��{�ZÅ�Ä°·�Ê���T3��{�
��]Y�]T2�{Â]�º«��¾ËY��{�Ê�ËY��Ä¸u�»��Z£M�Z]�¥{Z�»�Ä¯�

�ÉZÅ�Ä°·�Ä¯�{Y{�½Z�¿���) �Z]��/��ËY�§Y��]Y�]�(�,��� 
)Putative prpol�Z]�,��/��]Y�]�(�,����) ribulose-1,5-

bisphosphate carboxylase/oxygenase large 

subunit� Z]� ,��/��]�Y� ¶°�� ,�]��(� ,����) ATP 

synthase CF1 beta subunit� Z]� ,��/��]Y�]�(� ,���� 
)Oxygen-evolving enhancer protein 2� Z]� ,��/��

�]Y�](� ,����) Aconitate hydratase cytoplasmic�,
��/��]Y�]� (� Á���) Histone H2B.2� Z]� ,��/��]Y�]� (

|¿{Â]�Ã{Y{��Z�fyY�{Ây�Ä]� Y���ËY�§Y�½Y�Ì»�¾Ë�f�Ì] .
��Y� Ê¯Zu� �Â¯~»� ÉZÅ� ¾ÌXeÁ�a� {�¯�Z¯� Ä]� Ê·Z¼mY� ÃZ´¿
�Á� É��¿Y� |Ì·Âe� ÉZÅ�Ì�»� ,É�fÀ�Âf§� ÃZ´f�{� dËÂ¬e
��Y�Ã�Á{�¾ËY�¾Ìu��{�Ê·Â¸��½Á�{�Ê°Ì·Â]Zf»�ÉZÅ�dÌ·Z §

�]�Ä¿Â¼¿|�Z]�Ê»�É�Y{ .  
�ÉZÅ� Ä°·� �{��ÅZ¯� ½Y�Ì»� ¾Ë�f�Ì]� �´Ë{�ÉÂ�� �Y

����) actin, Z] �� |��{(� ,���) dehydration 

response element binding protein, ]Z �� |��{(�,
����) aldehyde-lyase/ threonine aldolase, ]Z �� 
|��{(� ,����) ribulose 1,5-bisphosphate 

carboxylase, large subunit, Ze �� |��{ (� Á���� 
)Photosystem II 44 kDa reaction center protein 

(P6 protein), ]Z �� |��{ (|��Ã|ÅZ�».  

�d§ZË�{� ÉY�]� ÄÌ·ÁY� ÃZ´ËZm� ½YÂÀ ]� Ê·Â¸�� LZ�£�
� Z]� Á� |�Z]� Ê»� Z»{� Z]� �^e�»� ÉZÅ� µZÀ´Ì��ÅZ¯�Z»{�

�ÊËY�M�Z]� Á�º�¿�½{�Ây�ºÆ]� Z]� Á� {{�³�Ê»�dz��LZ�£
Â]ÂÌeÁ�°Ì»Å� dÀ»ÔÌ§Á�°Ì»� Á� ZÆ·�½ZË�m� ÊÀÌf¯Y� ÉZ

]�ºÌ�¸¯�É{Á�Á�Ä{Á���Z�]M�Á�{Â��Ê»�®Ë�ve�µÂ¸��½
|f§Y�Ê»��Z°]�ºÌ�¸¯�Z]��^e�»�ÊÅ{�µZÀ´Ì� .�d¬Ì¬u��{

�µZÀ´Ì�� µZ¬f¿Y� ÉY�]� Ä��YÁ� ½YÂÀ ]� ÊÀÌf¯Y� cY�ÌÌ¤e
�Äf�]YÁ��Ì�»�Z]�½M�½{Y{��Z^e�Y�Á�µÂ¸��½Á�{�Ä]�Ê¿Á�Ì]

�|�Z]�Ê»�ºÌ�¸¯�Ä])�YÁ�ÁY١ �,½Y�Z°¼Å�Á���� .(�Ê Ì^�
�Á�É�Z��Ã�ZÆ]��ZÌ¿�½|��¥���]��§��Z]�|���Ê»���¿�Ä]
|]ZË��ÅZ¯�µÂ¸���{�¾Ìf¯Y�½Y�Ì»�YÂÅ�ÉZ»{��{��ËY�§Y .
��]Y�]� �{� Â´z�Za� ��ZÀ�� Ä]� ¶�f»� ÉZÅ� ¾ÌXeÁ�a

½ÂÌ�Y�|ÌÅ{٢��{� ¶Ìy{� ¾ÌXeÁ�a� �Y� Ê³��]� Ã{YÂ¿Zy�
�Ä¸¼m� �Y� {Z¼n¿Y� Ä]� ¶¼ve� Z]� �^e�»� ½�� ½ZÌ]� ºÌ�Àe

�Ê�ËÂ¿Á��ÉZÅ�Âf¯Z§٣
CBF|¿�Ì³�Ê»��]� �{� Y�� .��ÅZ¯

�ÉZÅ� |ÀËY�§� ¦«Âe� ZË� �ÅZ¯� Ä]� �Â¯~»� ¾ÌXeÁ�a� ½ZÌ]
�Ã�Z�Y� Ê�ËY�� |��� �Á��� Z]� {Z¼n¿Y� Ä]� ¶¼ve� Z]��^e�»

{�Y{  .  
��{� �Zf��Â¿� º«�� �{� ZÅ�¾ÌXeÁ�a� ½ZÌ]�ÉÂ´·Y�Ê���]

�½ZÌ]�|¿Á��Ä¯�{Y{�½Z�¿�ÃÂ¯�Á�Ì§�Ä¬�À»��Ä°·� )�¶°�
                                                                                  
1. Orvar 
2. Dehydration response element binding protein 
3. Repeat binding factor (an AP2-type transcription factor) 



  É|¼v»�½Zm½Y�Z°¼Å�Á� :Ê�ËY��Ä]�Ê�ËÁ��|���µZ¬f¿Y��Z^e�Y�Ê���]...  ��� 

 

�� (Á�� Ä]Z�»�ÉZÅ� xË�Ze� Ê�� �{� {Z¼n¿Y� Ä]� ¶¼ve� |¿
|�Z]�Ê»�É�Y{�]� Ä¿Â¼¿ .�ÉZÅ�¾ÌXeÁ�a� �Y�Ê¼��Y��z]

�,ZÅ� ¾ÌXeÁ�a� Ê³{�ÂyZe� ,�Ì·Â°Ì¸³� |ÀËY�§� �{� �Â¯~»
Ê°Ì·Â]Zf»�ÉZÅ�|ÀËY�§�,Ê�ËÂ¿Á��Z»���Ä]�¶¼ ·Y��°��Á�

|Àf�Y{��¬¿) �µÁ|m�.(  
[ (�º«�� Ä]Z�»� Ê�ÅZ¯� Á� Ê�ËY�§Y� cY�ÌÌ¤e� Ê���]

��{��Zf��Â¿Ì]��¾ª�ZÀ»  
��Zf��Â¿�º«���{�Ê�ËY�§Y�cY�ÌÌ¤e�Z]�ÉZÅ�Ä°·�Ê���]

�Ê�ËY��Ä]�Ê�ËÁ��Ä¸u�»��Y�µZ¬f¿Y�Ê���{)Ä�ËZ¬» T3��{�

� �]Y�]T2 (� Ä¯� {Y{� ½Z�¿�� ¶»Z�� Ä°·����) DNA 

helicase, putative(�,����) ligase containing RING 

finger(� ,����� Á�����) Eukaryotic translation 

initiation factor 5A (�Ä¬�À»� �{� ­�f�»� c�Â�� Ä]
�Ê�ËY�§Y�cY�ÌÌ¤e��Zq{�ÃÂ¯�Á�Ì§�Á�k�¯|¿|� .�ÉZÅ�Ä°·
� É�Z�� |À¿Z¼Å� Á� É�Z��Z]� �{� �Â¯~»  DNA )���(�,

� Ê·Â¸�� Äy�q)���� (� ZÅ� ¾ÌXeÁ�a� �fÀ�ÂÌ]� Á)���� (
|¿�Y{��¬¿.  

Ê�ÅZ¯�ºÌ�Àe Ê�ËY�§Y�ºÌ�Àe  
Photosystem II 44 kDa reaction center 

protein (P6 protein 
ribulose-1,5-bisphosphate 

carboxylase/oxygenase large subunit 

  
�¶°���-�{Z¼n¿Y�¶¼ve��j¯Y|u�Ä¸u�»��Y�µZ¬f¿Y�Ê��ÃÂ¯�Á�Ì§�Ä¬�À»��{��Zf��Â¿�º«���{�Ê�ÅZ¯�Á�Ê�ËY�§Y�ºÌ�Àe��Y�ÉY�Ä¿Â¼¿�)T2 (

�Ê�ËY��|����Z£M�Ä¸u�»�Ä])T3( .�Y�°e�Ä���´¿ZÌ]�ZÅ�¶°�|Àf�Å�Ä¿Â¼¿��Å��Y�.  
  
  

 
�¶°���-ÉZÅ�xË�Ze��{�{Z¼n¿Y�Ä]�¶¼ve�|¿Á��Ä]Z�»�Ä¯�ÃÂ¯�Á�Ì§�Ä¬�À»��{��Zf��Â¿�º«���{�ZÅ�¾ÌXeÁ�a��Y�Êy�]�½ZÌ]�ÉÂ´·Y��Ä¿Â¼¿�

{Â]�É�Y{�]) �µÁ|m��{�ÊÀÌXeÁ�a�ÉZÅ�Ä°·�|¿Y�Ã|��Ã{�ÁM�(.  
  

|ÅZ�  T2  T3  T4  

T2  T3  T2  T3  
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µÁ|m�- �ÉZÅ�¾ÌXeÁ�a�{�¯�Z¯�Á�¹Z¿�¹|À³Â¯�Á�Ì§�Ä¬�À»��{�Ä¯ÉZÅ�xË�Ze��{�ZÆ¿M�½ZÌ]�|¿Á��Ã �¶¼ve�|¿Á��Z]�Ä]Z�»�É�Y{�]�Ä¿Â¼¿�
{Â]�{Z¼n¿Y�Ä].  

{�¯�Z¯  ¾ÌXeÁ�a�¹Z¿ Ä°·�Ã�Z¼�  
�z�»�Z¿  Unnamed protein ��� 

�Àe�Ä]�¶¼ ·Y��°��,ZÅ�¾ÌXeÁ�a�Ê³{�ÂyZe 70 kDa heat shock protein ��� 

|ÌbÌ·�ÄË�ne Extracellular lipase ��� 

�z�»Z¿ Expressed protein Q7XDY9 ���� 

¾ÌXeÁ�a�Ê³{�ÂyZe DnaJ protein ���� 

µZÀ´Ì��µZ¬f¿Y�,½ÂÌ�ÔË�¨�§ Pyruvate dehydrogenase kinase isoform 2 ���� 

 NI ���� 

�Ì·Â°Ì¸³ Fructose-bisphosphate aldolase ���� 

�Â¿�Á�Z»���Ä]�¶¼ ·Y��°��,�fÀ�Âf§ ribulose-1,5-bisphosphate carboxylase activase ���� 

�Â¿�Á�Z»���Ä]�¶¼ ·Y��°��,�fÀ�Âf§ ribulose-1,5-bisphosphate carboxylase activase ���� 

�fÀ�Âf§ Photosystem II stability/assembly factor HCF136 ���� 

LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�,cÓZ»��Z��Á�dyÂ��,�Ì·Â°Ì¸³ cytosolic malate dehydrogenase ���� 

 NI ���� 

Z»���Ä]�¶¼ ·Y��°��,É�Y{�]�Äz�¿ Ps16 protein ���� 

 NI ���� 

µÂ¸��Ê°Ì·Â]Zf»�ÉZÅ|ÀËY�§ MRNA-binding protein ���� 

�Ì·Â°Ì¸³ chloroplast fructose-bisphosphate aldolase ���� 

Ê�¨Àe�Ã�Ìn¿���{�½Á�f°·Y�µZ¬f¿Y Cytochrome c ���� 

LZÌuY�Á�½ÂÌ�Y|Ì�¯Y glycerol-3-phosphate dehydrogenase ���� 

�Ì·Â°Ì¸³  fructose-bisphosphate aldolase ���� 

 Translated in frame 2 ���� 

ÄÀÌ»M�|Ì�Y��fÀ� mitochondrial cysteine synthase ���� 

LZÌuY�Á�½ÂÌ�Y|Ì�¯Y Cytochrome P450-like ���� 

Ê�Z§{�ÉZÅ|ÀÀËY�§�,�Ì�ÂfaÂaM MLA27-2 ���� 

Å�|ÀËY�§Ê°Ì·Â]Zf»�Á�Ê�Z§{�ÉZ protein At2g37660, chloroplast precursor ���� 

 NI ���� 

LZÌuY�Á�½ÂÌ�Y|Ì�¯Y�,²ÀÌn¿ÁZ°�Y ascorbate peroxidase ���� 

 NI ���� 

 NI ���� 

É�Y{�]�Äz�¿ Regulator of chromosome condensation/beta-
lactamase-inhibitor protein II 

���� 

�Ê³{�ÂyZe¾ÌXeÁ�a utative 20 kDa chaperonin, chloroplast ���� 

É�Y{�]�Äz�¿�ºÌ�Àe MADS-box transcription factor 26 ���� 

LZÌuY�Á�½ÂÌ�Y|Ì�¯Y Os03g0189600 ���� 

 NI ����  
NI :Ã|�¿�ÊËZ�ZÀ��Ä°·  

  
�Ä¯�{Â]�½M��Y�Ê¯Zu�lËZf¿��¶»Z��Ä°·����� ,��� 

)dehydration response element binding protein, 
�Àe��]Y�]��{�¶¼ ·Y��°��Á�Ê�ËÂ¿Á���{��Ì³�{(�,��� 

)RuBisCO large subunit-binding protein subunit 

alpha,, Ì³�{�¾ÌXeÁ�a� Ê³{�ÂyZe� ºÌ�Àe� �{�(� ,���� 
)UDP-glucose pyrophosphorylase��{� �Ì³�{� ,

Ê°Ì·Â]Zf»� ÉZÅ�Ì�»(� ,����) Putative replication 

licensing factor MCM4�É�Z�� |À¿Z¼Å� �{� �Ì³�{� ,
DNA(� ,����� ,����) ribulose-1,5-bisphosphate 

carboxylase activase�¶¼ ·Y��°��,�fÀ�Âf§��{��Ì³�{�,
�Â¿� Á� Z»��� �]Y�]� �{ (� Á����) D86208 protein 

F22G5.34�Ä¼m�e� �{� �Ì³�{� ,mRNA( �ª�ZÀ»�¾Ì]� �{
{Â]�­�f�»�½Zn¿��Á�k�¯ .  

 ¿��{���ª�ZÀ»��{n//Ì§�Á�½Z/¯�Á�/�½ZÌ]�ÃÂ��°·�//Ä]�Ä  
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{Â]�Äf§ZË��ËY�§Y�­�f�»��Â� .�¶»Z��ZÅ�Ä°·�¾ËY����,
���) Putative prpol��Ì³�{�,��{�É�Z��|À¿Z¼ÅDNA(�,
���) Elongation factor 2��fÀ�ÂÌ]� �{� �Ì³�{� ,

¾ÌXeÁ�a(�,����,���) Aldehyde dehydrogenase like 

proteinÁ� ½ÂÌ�Y|Ì�¯Y� �{� �Ì³�{� ,�LZÌuY�(� ,���� 
)Ribulose-phosphate 3-epimerase��Ì�»� �{� �Ì³�{� ,

cZ¨�§� �ÂfÀa(� ,����� ,����� ,����) Aconitate 

hydratase  cytoplasmicÊ°Ì·Â]Zf»�|ÀËY�§��{��Ì³�{�, (�Á
����) dehydrogenase�,¾Ì¿ÂÌf»� �fÀ�ÂÌ]� �Ì³�{� ,

LZÌuY� Á�½ÂÌ�Y|Ì�¯Y� Á�¾ÌX¿Á�e (|¿{Â].�½Z�¿� ZÅ�Ê���]
�Ä¯�·��Ä°����) ATP synthase CF1 beta subunit�,

� �fÀ�� �{� �Ì³�{ATP��ËZ�� Á� ½�Á�|ÌÅ�ÉZÆ¿ÂË� µZ¬f¿Y� ,
ZÆ¿ÂË (�Á����) enolase�Ì·Â°Ì¸³��{��Ì³�{�, (�c�Â��Ä]

��{� Ê�ËY�� Ä¸u�»� Ê�� �{� Ä¬�À»� Ä�� �Å� �{� ­�f�»
�|¿{Â]�Ã|��Ê�ËY�§Y�ºÌ�Àe��Zq{�Ê¸^«�¶uY�»�Z]�Ä�ËZ¬»

)�¶°��� .(  

� ¶°���-  e�Ä¿Zf�»�� º«�� �{� Ä¯� ­�f�»� ÉZÅ� Ä°·� {Y|
��{�Ã|��d�¯��Zf��Â¿��kÁY�Ä¸u�»��Y�µZ¬f¿Y�Ê���{�Ä¬�À»�

�¶¼ve)T2  (�Ê�ËY��Ä¸u�»�Ä]�{Z¼n¿Y�Ä])Ä¿Z³Á{�Ê´f�m�](  
)T3 (|¿{Â]�Ã|��Ê�ËY�§Y�ºÌ�Àe��Zq{.  

�º«�� �{� Ê�ÅZ¯� cY�ÌÌ¤e� ÉY�Y{� ÉZÅ� Ä°·� Ê���]
�Ê�ËÁ��Ä¸u�»��Y�µZ¬f¿Y�Ê���{��Zf��Â¿�Ä���{�Ê�ËY��Ä]

� Ä¯� {Y{� ½Z�¿� Ä¬�À»�� ¶»Z�� Ä°·���� 
)phosphoglycerate mutase�dyÂ��|ÀËY�§� �{� �Ì³�{� ,

�¯Â¸³� �Z�� Á (� Á����) Serpin�É�Y{�Z]� �{� �Ì³�{� ,
ZÅ�ZXeÁ�a (]�Ä�Z]�½Zn¿��Á�k�¯�ª�ZÀ»��{�­�f�»�c�Â�

|¿{Â]� Ã|�� ÄmYÂ»� Ê�ÅZ¯�cY�ÌÌ¤e .��{� ZÅ� Ä°·� Ê���]
Ä¯�{Y{�½Z�¿�º«��¾ËY�ÃÂ¯�Á�Ì§�Á�k�¯�ª�ZÀ»��{����Ä°·�

� Ä�ËZ¬»�Ê���{T3� �]Y�]� �{�T2�Ê�ÅZ¯�cY�ÌÌ¤e� �Zq{�
� ¶»Z�� Ä¯� |¿{Â]� Ã|����� ,���) protein 

P0668H12.12µZÀ´Ì�� µZ¬f¿Y� ÉZÅ�Ì�»� �Ì³�{� ,(��,
����� ,����) DnaJ protein, �|ÀËY�§� �{� �Ì³�{

ZÅ� ¾ÌXeÁ�a� Ê³{�ÂyZe(� , ����) Methionine 

adenosyltransferase�Ê°Ì·Â]Zf»� |ÀËY�§� �{� �Ì³�{� ,
¾]�¯(� ,����) transcription factor�Äz�¿� �{� �Ì³�{� ,

É�Y{�](� ,����) ribulose-1,5-bisphosphate 

carboxylase activase�,�fÀ�Âf§� |ÀËY�§� �{� �Ì³�{� ,
�Â¿�Á�Z»����]Y�]��{�¶¼ ·Y��°�(�,�����,�����,���� 

)phosphoribulokinase-like protein 2{� ,��{� �Ì³�
Ê°Ì·Â]Zf»� ÉZÅ|ÀËY�§(� ,����� ,����) Adenylate 

cyclase� �fÀ�ÂÌ]� ,cAMPÊÅ{� µZÀ´Ì�� ºÌ�Àe� Á� (�Á
����|¿{Â]�. �¾Ì]��{�º«��¾ËY�Ê�ÅZ¯�ÉZÅ�Ä°·�Ê���]

� Ä¯� {Y{�½Z�¿� ÃÂ¯�Á�Ì§� Á�½Zn¿�� {���ª�ZÀ»��Ä]� Ä°·�
|ÀÅ{� Ê»� ½Z�¿� Ê�ÅZ¯�cY�ÌÌ¤e�­�f�»�c�Â� .�¾ËY

�¶»Z�� ZÅ� Ä°·���) temperature-induced lipocalin-

2cÓZ¬f¿Y� Á� ¶¬¿� �{� �Ì³�{� ,(� ,���) glycine 

decarboxylase P subunit�Á� ½ÂÌ�Y|Ì�¯Y� �{� �Ì³�{� ,
¾Ì�ËÔ³� ½ÂÌ�ÔÌ�¯Â]�¯{� Á� LZÌuY(� ,����� ,�����,

����)Translational elongation factor Tu��{��Ì³�{�,
ZÅ�¾ÌXeÁ�a� �fÀ�ÂÌ](� ,����) actinZ¯�u��{��Ì³�{� ,�c

��]Y�]��{�¶¼ ·Y��°��,ZÅ�dÀ»ÔÌ§Á�°Ì»�ªË����Y�Ê·Â¸�
Z»��(� ,����) Photosystem II 44 kDa reaction 

center protein �fÀ�Âf§� �{� �Ì³�{� , (� Á����|¿{Â]� .
� Ä¯� {Y{� ½Z�¿� lËZf¿�� Ä°·������ Á������c�Â�]�

�Ã|��Ê�ÅZ¯�cY�ÌÌ¤e� �Zq{�Ä¬�À»�Ä���Å� �{�­�f�»
|¿{Â]) �¶°���(.  

  
¶°� ��- �Ä¿Zf�»�� º«�� �{� Ä¯� ­�f�»� ÉZÅ� Ä°·� {Y| e

��{�Ã|��d�¯��Zf��Â¿��kÁY�Ä¸u�»��Y�µZ¬f¿Y�Ê���{�Ä¬�À»�
�Ê�ËY�� Ä¸u�»� Ä]� {Z¼n¿Y� Ä]�¶¼ve)Ä¿Z³Á{�Ê´f�m�] (��Zq{

|¿{Â]�Ã|��Ê�ÅZ¯�ºÌ�Àe .  

k�¯ 

ÃÂ¯�Á�Ì§ ½Zn¿� 

��� 

� 
�        

k�¯ 

ÃÂ¯�Á�Ì§ ½Zn¿� 

�� 

� � �� 



���            �Ä¸n»�Ê�Y���½ZÅZÌ³�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

É�Ì³�ÄnÌf¿  
�½M� �Y�Ê¯Zu� Ã|»M�d�|]�lËZf¿�Ê¸¯� �Â�]d�Y�Ä¯�

��{�Äf§ZË��ÌÌ¤e�ÉZÅ�¾ÌXeÁ�a�¾Ë�f�Ì]�{�Â»�¶uY�»�Ê�
�ÃY�¼Å�½ZÅZÌ³�{Z¼n¿Y�¶¼ve��{��ÌÌ¤e�Z]�Z»Z¼e�Ä¯�Ê���]
�ÉZÅ� ºË�¿M� Á� É�ZfyZ�� ÉZÅ� ¾ÌXeÁ�a� ¶»Z�� {Â]
�,Â°�Ì]Á��ºË�¿M� Zf]� Á� Z¨·M�ÉZÅ|uYÁ�Ë�� �Ì�¿�É�fÀ�Âf§
�,ZÅ� ¾ÌXeÁ�a� �ËZ�� Ê³{�ÂyZe� �{� �Ì³�{� ÉZÅ� ½Á�bq
�ÉZÅ�Ä¿Â³�É�Z�¯Za� Z]��^e�»�ÉZÅ�ºË�¿M� � ,�Ì�ÂfaÂaM

� µZ §� ,�Y|Ì�¯Y�a� �Ì�¿� ½�Ì�¯Y�� cZ]�Â°�Y{Á�Á� �Zf¯Y
�Äz�¿� �{� �Ì³�{�ÉZÅ�¾ÌXeÁ�a� ,�ZeÂ¼�Ë{� |Ì�¯Y� �aÂ�

� Ã{YÂ¿Zy� Ê�ËÂ¿Á�� ÉZÅ�Âf¯Z§� �Ì�¿� É�Y{�]AP2�Á�
dehydration response element binding protein�,
�Ê�¨Àe� ½Á�f°·Y� µZ¬f¿Y� Ã�Ìn¿�� �{� �Ì³�{�ÉZÅ�¾ÌXeÁ�a

� �Ì�¿NADHY� Êy�]� ,�Z¿�Á�|ÌÅ{Ã�Z¯|Àq�ÉZÆ¼Ë�¿M� �١�
� �YÂÌf¯Y� Â°�Ì]Á�� �Ì�¿� É�fÀ�Âf§)��¬¿� ÉY�Y{

Z»���Ä]�¶¼ ·Y��°��¾ÌÀr¼Å�Á�Ê¿Á�bq�,É�fÀ�Âf§  (�Á
�ÉZÅ�¾ÌXeÁ�a���Á����¾ÌXeÁ�a�,É�fÀ�Âf§�Ê¿Âf·Y{Â¸Ì¯�

� �fÀ�� �{� �Ì³�{�ÉZÅATP�Ê�¯Á|Ë��dÌ �Á��¨u� Á�
� ÄÀÌ»M� ÉZÅ� |Ì�Y� �fÀ�ÂÌ]� ,Ê·Â¸�� ½Á�{)��Â�y� Ä]

�e� ,¾ÌXf�Ì�¾Ì¿ÂÌf»� Á� ¾Ë��Zb�M� ,¾ÌX¿Á (�,¾ÌXeÁ�a
� �Ì�¿� É�ZXeÁ�a� ÉZÅ� Ã|¿�Y{�Z]� ,ZÆ¿ÂË� µZ¬f¿Yserpin�Á�

� ZÅ�dÀ»ÔÌ§Á�°Ì»� Á�Ê·Â¸��cZ¯�u�ÊÅ|¿Z»�Z�)�¾Ìf¯Y
ZÅ  (|¿{Â].  

Á�a�½ZÌ]�|¿Á��Ê���]�½M��Y�Ê¯Zu�ª�ZÀ»��{�ZÅ�¾ÌXe
{Â]� Ä¯�ZÅ� ¾ÌXeÁ�aË�É�fÀ�Âf§� ¾ÌXeÁ�a� �Ì�¿� Ê

Photosystem II stability/assembly factor HCF136�
�ÄË�ne� �{� �Ì³�{�É{�¯�Z¯� Á�É�ZfyZ��ÉZÅ�¾ÌXeÁ�a� ,

�É�Â¿��À¯YÁ�Ê��[M)oxygen evolving protein 1 

                                                                                  
1. Multifunction  

and 2(�Zf]� Á� Z¨·Y�ÉZÅ|uYÁ��Ë�� ,�YÂÌf¯Y�Â°�Ì]Á��ºË�¿M� ,
�cZ¨�§��Ì]� �Âf¯Á�§�É�Ì·Â°Ì¸³�ºË�¿M� ,Â°�Ì]Á��ºË�¿M

�¾ÌXeÁ�a� ,�ÓÁ|·MPs16) �ËZ»�M��{�Ä¯�¾Ì¬¬v»��ËZ��cZ
�Ã|ÅZ�»� Z»��� Ä]� ÊÅ{�c{Z��Ê��½M�½ZÌ]��ËY�§Y� �Ì¿
���¿�Ä]� Á� Ã{Â]� ZÅ�|Ì�Y�|ÌeÂX¸¯Â¿� Ä]�¶�f»� Á�{Â]� Ã|�
|�Z]� Äf�Y{� �¬¿� É�Y{�]� Äz�¿� ºÌ�e� �{� |��� Ê».�

� ¾ÌXeÁ�acp31BHV) �|ÌeÂX¸¯Â¿� Ä]� ¶�f»� ¾ÌeÁ�a
ZÅ|Ì�Y(� ,Regulator of chromosome 

condensation/beta-lactamase-inhibitor protein�Ä¯�
��¬¿�Ê·Â¸��cZ¼Ì�¬e��Y�| ]�¹�Â»Á�¯�½|��º¯Y�f»��{

� ¾ÌXeÁ�a� ÉZÅ|uYÁ� �Ë�� ,{�Y{ATP� �ZfÀÌ�)�¹�§Á�ËY
½M�Êf�ÔaÁ�¸¯(�ÉZÅ�½Á�bq� ,Hsp70�¾Xf�Ì��ºË�¿M� ,

�¾ÌXeÁ�a� Á� �ZfÀÌ�serpin�Ã�Á{�Ê�� �{�ª�ZÀ»�¾Ì]� �{�
Y�Ä]�¶¼ve�|¿Á��Z]�Ä]Z�»�|¿Á���Y�É�Y{�]�Ä¿Â¼¿�ÉZÅ�{Z¼n¿

|ÀÀ¯�Ê»�dÌ ^e..  
Ô�eÁ�a� É�Ì³Zm� ¶v»� Ê���]� ½M�]� ÃÁÌX��{� ZÅ� ¾

Ä¯�{Y{�½Z�¿�µÂ¸��½Á�{ �� �ÉZÅ�¾ÌXeÁ�a�¶¯��Y�|��{
|¿�Y{� ÉZm� d�ÔaÁ�¸¯� ®»Y|¿Y� �{� Ã|�� ÊËZ�ZÀ�  .
��{� d�ÔaÁ�¸¯� ®»Y|¿Y� ÉZÅ� ¾ÌXeÁ�a� ���Y� Á� dÌ¼ÅY
��]Y�]��{�ZÆ¿M�ÉÓZ]�dÌ�Z�u�ZË�Á�{Z¼n¿Y�Ä]�¶¼ve�¾ÌÌ e
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