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�Àe�[Â�v»�Ê�Y��� ½ZÅZÌ³� {�°¸¼�� Á� |��� Ã|ÀÀ¯{Á|v»�¶»YÂ��¾Ë�f¼Æ»� �Y� Ã|¿��Ì£�ÉZÅ
Ê»��Z]�Ä]�ÊÆmÂe�¶]Z«�cY�Z�y�Ä·Z��Ä¼Å�Á� Ã|�|¿�ÁM� ��¾Ì]��{¾ËYZÅ��Àe��É�¼�Y��Àe� ,
�Àe�ÊËY|f]Y�¶uY�»��{�Á�Äf�Y{�ÊÆmÂe�¶]Z«�dÌ¼ÅYÊ»��Á�]��Ì¿�,É�Â�|À¯���Ê���]��Ì�»��{

�Àe�Ä]�ÃZÌ³�x�Za�ÃÂv¿�ZÅ�Á��,�|¿Â��Ê»�Äf§�³��Z¯�Ä]�ÊeZ^�Zv»�Á�ÊÅZ´�ËZ»�M�¦¸fz»�ÉZÅ
º�Ì¿Z°»��Y�É�fÆ]�dyZÀ�� Z]� Ze�É�fÆ]�­�{�Ä]�½YÂf]� ,�ËY���¾ËY��{�¶Ìy{�ÉZÅ�º�Ì¿Z°»��Y

�Ä]�ÃZÌ³�¶¼ve�{Â^Æ]�dÆm��{�dyZÀ��¾ËY��Y�¾ÌÀr¼Å�Á�Äf§ZË�d�{��Àe�Ä]�x�Za�Ê·Â°·Â»
{�¯� Ã{Z¨f�Y� �Àe� �ËY��� ��Á�� �Y� Ê°Ë�d�{ÓZ]� ÄÌuZ¿� Ê���]� Á� ÄË�ne� ,ÊeZ^�Zv»� ÉZÅ� �

½�Ê·YÂe�Ã|¿�Y{�]�{�Ä¯�d�ZÅ|À�Z]�Ê»�¦¸fz»�Ê¼Ì�Àe�ÉZÅ���[Zzf¿Y��Y��a�Ê���]�¾ËY��{��
�½�ps16� ,FBA� ,AtpE� ,Tpis� ,SOD� ,GCS� , TSA�Á14-3-3p�,|¿�Y{��iY�É�Â���Àe��{�Ä¯�

�±Â·Âe�Y�½ZÌ]�ÉÂ´·Y�,Ê���]�¾ËY�cY�YÂ»�Ä]�Á�|��¹Zn¿Y�l¿�]��{�ZÆ¿M�d�{ÓZ]�Ê·YÂe�Ê���]
½��¾ËY��Á��Z]�ZÅRT-PCRÄ¼Ì¿��Àe�dve�,Ê¼¯�½Z¿�¹|À³��{�É�Â��cÔ§�Á�¾�Á��º«���

|��¹Zn¿Y� �¾ËY�©Z^�¿Y�½Y�Ì»ºÅ�dÌ¸]Z«�¾ÌÀr¼Å�Á�½��½ZÌ]�ÉÂ´·Y�ÄWY�Y��{�,�Á��Á{��Á�Ê¿ZÌ]
ºÅ½�� ¾ËY� Ê¼Ì�Àed§�³� �Y�«� Ê���]� {�Â»� ZÅ� �½�� Ê¼Ì�Àe� ��ZÀ�� Ä¯� {Y{� ½Z�¿� lËZf¿�Á� ZÅ

Ä»Z¿�]� ¾ÌÀr¼ÅÊ·YÂe� ÄË�ne� ÉZÅÊ»� Ê¼Ì�Àe� ÉZÅ�lËZf¿� ¾Ì]� É�Z�f¿Y� ¶]Z«� Ê^�¿� Ä�]Y�� |À¿YÂe
� �Y� ¶�ZuRT-PCRÄ¼Ì¿�ÄË�ne� Á� Ê¼¯½�� Á� |ÀÅ{� ½Z�¿� Ê¼Ì�Àe� Ê·YÂe��¾ËY� ��¿{�Â»� ÉZÅ

ºÅ�ÉÂ´·Y�Z]�ªÌ¬ve|Àf§�³��Y�«�Y�n»�ÃÁ�³�Á{��{��ËZ¼f»�ºÌ�Àe����
��

Ã�YÁÉZÅÉ|Ì¸¯���ºÅÊ¼Ì�Àe�,�,É�Â���ÀeRT-PCR�Ä¼Ì¿¹|À³�,Ê¼¯½Z¿����
��

Ä»|¬»��
�Àe�|���Ã|ÀÀ¯{Á|v»�¶»YÂ���Y�Ê°Ë�Ã|¿��Ì£�ÉZÅ

Ê»��Z¼��Ä]�½ZÅZÌ³�{�°¸¼��Á¿Á�|��Qiang et al., 2000; 

Mahajan et al., 2005 ���Y��Àe�¾Ë�f¼Æ»��Ã|¿��Ì£�ÉZÅ
�Àe�Z»���Á�É�Â��,Ê°�y�ÉZÅ|Àf�Å��Chinnusamy 

et al., 2005; Yamaguchi-Shinozaki & Shinozaki, 

2006� ���Àe� �Y�Ê°Ë� �Y��Ì]� Z]� ÃZÌ³� {�YÂ»�\¸£Y� �{�ZÅ
Ê»� ÄmYÂ»{Â���Mittler, 2006��Ì�»� ¾Ì]� Á//ÉZÅ��

x�Za�Àe� Ä]� Ã|ÀÅ{¶yY|e� Ã|¿��Ì£� ÉZÅ�� {ÂmÁ�{�Y{�
�Chinnusamy et al., 2005; Mittler, 2006�� ���Â�� Ä]

                                                                     
1. Cross talk 
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���� ��Ä¸n»�����������¹Â¸��½ZÅZÌ³�Ê�Y��Y�Ã�Á{�½Y�Ë��Ã�Z¼��,���,���� 

�Àe� Ä]� x�Za� �{�Ê¸¯�ÉZÅ,Ã|¿��Ì£��Y� Ã|¼�� ÃÁ�³� Á{�
½�|¿�Y{� d·Zy{� ZÅ� �� Äf�{µÁY�½���Â�� Ä]� Ä¯� � ÊËZÅ

½��¶»Z��Á�|¿�Y{��¬¿��Àe��{�ºÌ¬f�»É{�¯�Z¯�ÉZÅ�,�
Ä¸¼m��Y�Y��YÂ¿Y�Â¼¾ÌeZÅ�bq�,//½Á�ºË�¿M�,ZÅ�¶Ìy{�ÉZÅ

À«� Á� ¾Ì·Á�a� ,¾ÌWZf]� �fÀ�� �{/ºË�¿M� ,ZÅ|Êf¿M� ÉZÅ�

�|Àf�Å� �ÓZeZ¯� Á� �ZeÂ¼�Ë{� |Ì�¯Y�aÂ�� |À¿Z»� ½Y|Ì�¯Y
Ä¯Ê»��Àe��ËY���¶¼ve�\mÂ»�|¿Â���¹Á{�ÃÁ�³��{�Ä¯�

Ê»� µZ §� ÄÌ·ÁY� x�Za�®Ë�\·Z«|¿Â�,�0ÓÂ¼ »��Ì�»� �{�
�Â�u��Àe�Ä]�x�Za�d�{ÓZ]|¿�Y{�,��ÃÁ�³�¾ËY��{0Ze|¼��

¶»YÂ�� ZÅ�ZÀÌ¯� ¾ÌXeÁ�a� Á� Ê�ËÂ¿Á��� ¶Ìy{|Àf�Å�
�Qiang et al., 2000; Yamaguchi-Shinozaki & 

Shinozaki, 2006�� ��Àe� �Y� É�Â�� �Àe�ºÆ»� ÉZÅ
Ê»��Z¼��Ä]� Ã|¿��Ì£|ËM��Chinnusamy et al., 2005; 

Ding et al., 2009; Caruso et al., 2008��Á��z]��{�
]Z«¾Ì»�� �Y� ÊÆmÂe� ¶ºË{� Á� Ê]M� d�¯� dve� ÉZÅ,��Ä]

�®Ë�½YÂÀ�Ã|ÀÀ¯{Á|v»�¶»Z���Zhu, 2001; Yokoi et 

al., 2002��\mÂ»�µÂ�v»��ÅZ¯� Á�c�Z�y�Ze�{Á|u�
��|��{�Ê»�{{�³��Caruso et al., 2008; Bartels & 

Sunkar, 2005����É�Â��ÊËY|f]Y�¶uY�»��{,�Àe�ÊfÌÅZ»�
�É�¼�YÄf�Y{��Chinnusamy et al., 2005; Caruso et 

al., 2008� ��Ác�Â���{¹ÁY|e�,=¼��c�Â��Ä]��Á�Ê¿ÂË�dÌ
ÄË~¤e�µÔfyYÊ»��Á�]�ÉY|À¯��Caruso et al., 2008�����

½��½ZÌ]�ºÌ�Àe�Ê·Â°·Â»�Ê���]Ê»�½Z�¿�ZÅ�Ä¯�|Å{
¥Z� ¿Y�,¦¸fz»��ËY���Ä]�É�Ë~a�Ä]�ºÌ�Àe�Á��ÌÌ¤e�½YÂe

½�ZÅd�Y� Äf�]YÁ�»YÂ�� Ä]� ,dÌ¸]Z«� ¾ËY� Á��¦¸fz»� ¶
¼Ì�ÀeÊ�¿Y�e� Á��Ì�� Ã|ÀÀ¯� µZ §� ��ZÀ�� Ä¸¼m� �Y���

� �^e�»Ê»|�Z]��Yamaguchi-Shinozaki & 

Shinozaki,2006���ºÅ�]��À¯��ZÀ��¾ËY¾ÌXeÁ�a�Á��ÉZÅ
Ä�Â]�»��¹|��ZË�dÌ·Z §�Á�½��½ZÌ]��ÌÌ¤e�\mÂ»�dËZÆ¿��{

���¿{�Â»�½��dÌ·Z §Ê»{Â���ºÌ�Àe���ZÀ���Ì��Ã|ÀÀ¯
ÓZ]� �{� 0Ze|¼�� Ä¯½��d�{�ÊËZ¿YÂe�\mÂ»� |¿�Y{� �Y�«� ZÅ

Ê»� ¦¸fz»� �ËY��� Ä]� x�Za� �{� Ê�Z�fyY|¿Â��
�Yamaguchi-Shinozaki & Shinozaki,2006����½Âq

� ��ZÀ�� ¾ËY��¿� �Y¸»Z°e�Ê�Ê·YÂe� ÉZÅ¨uZ�Ã|�� d��
ZÆ¿M�Y� Ã{Z¨f�Y� ,|Àf�Å�Ìa� ½Z°»Y�½�� �Zf§�� ÊÀÌ]�Y�� ZÅ

                                                                     
1. Functional 
2. Osmotin 
3. Cis- & Trans-acting elements 
4. Conserve 

¾°¼»Ê»�À¯|��Dieterich et al., 2005�� �À]/Z¾ËY�]�
Ä»Z¿�]� ÉY�]� Ê¨¸fz»� ÉZÅÊ���]�Ê·YÂeÃY�� ÉZÅ�Y|¿Y��

Ã|��ÊuY��Y|¿�Ze�Ìa� ½Z°»Y��ºÅY�§� Y�� ½�� x�Za� ÊÀÌ]
�Z�¿|��Lescot et al., 2002�� ��Ä¯�d�Y�tÌ�Âe�Ä]�¹�Ó

�¹OÂe�Ê¸¼���ËZ»�M� Z]�d�Y� �fÆ]� ��ZÀ��¾ËY� �Y� Ã{Z¨f�Y
|��� cZ^iY� Ä]� ZÆ¿M� dÌÅZ»� Á� Ã|����{� µZj»� ½YÂÀ�� Ä]�

�Za�Àe��YÂ¿Y�Ä]�x�ÉZÅ,Z»���Á�É�Â��,Ê°�y��Ì�»�Á{�
Ä]�Äf�]YÁ�Ã|¼�|Ì�Y�®Ë�Ì�]M���ABA��Y�¶¬f�»�Á�½M��

{�Y{� {ÂmÁ� �� x�Za� �{� Äf�]YÁÄ]�ABA�0Z»Â¼�� ZÅ� ½�� ,
�ÉY�Y{¦ÌeÂ»½M���ZÀf»��ÊÀ Ë�ABRE�|Àf�Å����¾ËY�]ZÀ]

��{� �À¯YÁ� ¶Ì�¿Zfa� |�Z]� Ê·YÂe� ¾ÌÀq� ÉY�Y{� Ä¯� Ê¿�
�¶]Z¬»ABA{�|ÅYÂy�Y���Y�d�Han-Hua et al., 2008; 

Yamaguchi-Shinozaki & Shinozaki,2006���
�¾ÌÀr¼ÅÊ·YÂe� 7MBS���À�Ê°�y�Ä]�x�Za���,HSE� 

�� ��À�Z»�³� �Àe� Ä]� x�Za�,�LTR���� ��À��Ä]� x�Za
Z»���,� Ê·YÂe�TC-rich repeat�®Ë� ½YÂÀ�� Ä]���À��

Á�Ê»Â¼�x�Za�Ã|ÀÅ{���Àe�Ä]��ÁARE����x�Za���ZÀ���Y
e�Ä]�Ã|ÀÅ{�Á�Ã|��[Â�v»�Ê°�y�Á�Z»����À�Ä¸¼m��Y

½�� d�{ÓZ]� �{� {ÂmÂ»� ��ZÀ�� ¾Ë�f¼Æ»ZÅ�µÂX�»� É
Á�|Àf�Å��Àe�Ä]�d»ÁZ¬»�Â�u��� ZÆ¿M½���{�{�Â»�ÉZÅ

�,Ê���]�Àe�Ä]�x�Za��{�ZÆ¿M��¬¿�|ËÂ»Ê»�ZÅ|�Z]��]�Á�
� ,Ê¼Ì�Àe� ��ZÀ��¾Ì¼Å��Z�YHan-Hua et al�(2008)�

½��d�{ÓZ]� ÄÌuZ¿�¶Ì¸ve� Á� ÄË�neZÅ�ÉmiRNA��iÂ»�
� |¿{Y{� ¹Zn¿Y� Y�� �Àe� �{�Han-Hua et al., 2008���

dyZÀ�� Z]� ¾ËY�]ZÀ]�¦ÌeÂ»� {�¯�Z¯ZÅ,Ê»�e��Y� k�Zy� ½YÂ
½�� x�Za� Ê���]� Ä]� É{Á|u� Ze� Ê�ËZ»�M� �Ìv»�ZÅ

dyY{�a� �Ä»Z¿�]���Zu�µZu��{�ÉY�]�Ê¨¸fz»�ÉZÅ�ÄË�ne
ÃY��Ê·YÂe�Y|¿Y¦ÌeÂ»��YÂ¿Y�Ä¯�{�Y{�{ÂmÁ���]�{ÂmÂ»�ÉZÅ

��Y����¿�{�Â»�Ê·YÂe�ÉÁÄ¯�d�Y�¾°¼»Ä¿Z�¿��{ÂmÁ��Y�ÉY
�Z]� ¶]Z¬f»� Ê¼Ì�Àe� ¾ÌXeÁ�a� ®ËÀ|Ê»� ÄWY�Y� Y���|ÀÀ¯

�Lescot et al., 2002��Ä�Â¼n»�Är¿ZÀq�\Ìe�e�¾ËY�Ä]��ÉY
½���Y�,|À�Z]��Zy�¦ÌeÂ»�®Ë�ÉY�Y{�Ê���]�{�Â»�ÉZÅ

Ê»� �Z�f¿Y� Ä¯� {Á�� ZÆ¿M� Ä¼Å��Z�Y� �]� ÊÆ]Z�»� x�Za
eÂ»� ½M� dÌ�Zy|À�Z]� Äf�Y{� ¦Ì,Ê»� Ä¯� É�Â�]��½YÂe

                                                                     
5. Promoter analysis 
6. ABA response element 
7. Myb binding site 
8. Heat-stress response element 
9. Low-temperature-responsive element 
10. Anaerobic induction element 



� �É�Ë�Æ»�ÊWÂ]Y�½Y�Z°¼Å�Á��ºÅ�Ê���]Ê¼Ì�Àe ºÅ�ÁÊ¿ZÌ]���� ���� 

½�� Ä�Â¼n»� ,d¨³ÉZÅ�»� ÉY�Y{/f�»� ¦ÌeÂ///­��,
¶»Z�ºÅ� 0ZuÔ��Y� Á� Äf�Y{� Ê¯�f�»� Ê¼Ì�ÀeºÌ�Àe��
|Àf�Å��Lescot et al., 2002; Perco et al., 2006���

�Àe� Ä]� x�Za�Ê·Â°·Â»�Ê���]��Y�É�fÆ]�dyZÀ�� Ä]� ZÅ
º�Ì¿Z°»�¾ËY�ZÅÊ»�®¼¯|À¯�µZu�¾Ì���{�Á��ÉY�mY��{

Ä»Z¿�]�¾ËY� Ä]� d»ÁZ¬»� {ZnËY� dÆm� �{� |À¼§|Å� ÉZÅ
Ê»�É�iÂ»�®¼¯��ËY��|ËZ¼¿�������Ê���]�¾ËY� �{��Ä]

��{�¦ÌeÂ»�ÉÂnf�m��Â�À»�ÄÌuZ¿½��d�{ÓZ]��iÂ»�ÉZÅ
�Àe��{�,É�Â���Y��Á�Äf�Y{�ÊeÁZ¨f»�ÉZÅ{�¯�Z¯�Ä¯�½��

�É�Â�� �Àe� Ä]� x�Za� �Ì�»� �{� Ê´¼Å� µZu� ¾Ì�� �{
Z¨f�Y�|¿�Y{��Â�u|��Ã{��½��¾ËY�[Zzf¿Y��{�lËZf¿�Ä]�ZÅ

�¾Ì¼Å� ÉÁ�� �]� ªÌ¬ve� ¾ËY� �Y� �Ìa� Ä¯� Ê�°Ì»ÂXeÁ�a
{Â]�Ã|��¹Zn¿Y�¹|À³�¹Z«�Y��Farhadi et al., 2011�,�ÄmÂe�

½��¾ËY�Ze�|��É�f�Ì]�¶Ì¸ve�Á�ÄË�ne�Á�Ê���]�{�Â»�ZÅ
|¿�Ì³� �Y�«� �\Ìe�e�¾ËY� Ä]½ZÌ]�ÉÂ´·Y�½��¾ËY�ZÅ�� �{�Á{

É�Â�� Ä]� ¶¼vf»� º«����¾�Á�É�Â�� Ä]� �Z�u� Á��
�cÔ§���Poustini & Siosemardeh, 2004�]�,////��Á��Z

RT-PCRÄ¼Ì¿�Ê¼¯�Ê·YÂe��Y�Ä»Y{Y��{�Á�|��Ê���]��ÉZÅ
½�� ¾ËY� ±Â·Âe�Y� ZÅ� l¿�]� �{�¦ÌeÂ»� ÉÂnf�m� ÉY�]

�Ã{Z¨f�Y|Ë{�³����
��

�Á��Á�{YÂ»ZÅ��
Ê�ËZ»�M�ÉZÅ�Z¼Ìe�Á�{YÂ»� �

¹ÁZ¬»� ¹|À³� º«�� Á{��¾�Á�� �Â�� Ä]� �Z�u� ÁÉ��
�cÔ§��0Ô»Z¯�s���\·Z«��{� Á��Y�°e�Ä���{��{�Ê§{Z�e�

�dÌaÂ¯Â¯�Á�dÌ·�a��Ìv»�Á�Ä¿Zz¸³��ËY���������{�, 

�¾Ì´¿ZÌ»�ÉZ»{��Äm�{�Êf¿Z��{Y�³�Ê^�¿�d]Â���Á�
��|¿|��Äf�Z¯�|��{���e�ÉY�]�Á�ÄÌ·ÁY��ËÁ���Y�| ]P�¾Ì»

�|À¸³ÂÅ� ÊËY~£� µÂ¸v»� �Y� �ZÌ¿� {�Â»� ÊËY~£� {YÂ»
�Hoagland & Syder, 1933��|��Ã{Z¨f�Y���Ä¸u�»��{��

�Àe� µZ¼�Y� �Y� �Ìa� Á� Ê³�],É�Â�EC �Á� É{Á�Á�
½Y|¸³�ÊmÁ�y�Á�®¼¿� �¼ne� ¹|�� �Y� ½ZÀÌ¼�Y�ÉY�]� ZÅ

Ã�Y|¿Y�,�Ìv»�ÊfyYÂÀ°Ë|��É�Ì³�{Á|u��{�Ê¿Y�Ì»�Ä¯���
�Ze�Ê¸Ì»�{Y{�½Z�¿� Y���f»��]��À¼Ë�����Àe�µZ¼�Y�ÉY�]

� µÂ¸v»� �Y� É�Â����Ê¸Ì»�� �ÓÂ»NaCl�f�Y|�� Ã{Z¨��
��{�Ã{Z¨f�Y�{�Â»�¹Z«�Y�¹ÂXeÁ�a�Ê���]�Ä¯�d�Y��¯}�¶]Z«

�É�Â��sÂ��� �{��ËZ»�M�¾ËY���� Á����Ê¸Ì»���ÓÂ»
� {Â]� Ã|�� Y�mY�Farhadi et al., 2011��Ä»Y{Y� ÉY�]� Á�

� t��� �ËZ»�M� ¾ËY� �{� ZÆ¿M� Ê���]���Ê¸Ì»���ÓÂ»
|��[Zzf¿Y�Ä¿Â¼¿��Ê³�]�ÉZÅ�½Z»�� �{�� ,�� ,���� Á���
Y��a�d�Z�� ��µZ¼�Y�Àe,��ËZ»�½�Á�fÌ¿� �{�|¼nÀ»�Á�

�ÉZ»{��{��b�����Äm�{��Êf¿Z��{Y�³|¿|��É�Y|Æ´¿����
¶Ì¸ve�Á�ÄË�ne�ÃY��Y|¿Y½��Ê���]�{�Â»�ÉZÅ�� �

� �Y� Ê���]� ÉY�]� d�ÅZ]� ½�¸fz»� ÉZÅ{�¯�Z¯�¦�
�|��Ã{Z¨f�Y�µÁ|m���½��¾ËY�Ê·YÂe�d�{ÓZ]�Á���¿��Y�ZÅ

³� �Y�«� Ê���]� {�Â»�Ê¼Ì�Àe� ��ZÀ�� {ÂmÁd§�� ��¾ËY� Ä]
ÃY�� ¶Ì¸ve� Á� ÄË�ne� Ä»Z¿�]� ªË��� �Y� ,�Â�À»��Y|¿Y

(PlantCARE)¾f§�³� ��¿� �{� Z]� Á� ,�������Z]� d¨m�
d�{ÓZ]Ê·YÂe��ÉZÅ�±Â·Âe�Y½���{���¿�{�Â»�ÉZÅl¿�],�

|��¹Zn¿Y�Ê���]��Lescot et al., 2002��d�Y��¯}�¶]Z«�,
ÃY��µÂ����Âf»�Ê���]�¾ËY�ÉY�]�Ä¯��{�ÊÅZÌ³�ÉZÅ�Y|¿Y

�¿|��Äf§�³�������

 

�µÁ|m���cZ�z�»½���ÉZÅZÆ¿M�É�Z�fyY�¹Z¿�Á�¹|À³��{�Ê���]�{�Â» 

Ê��f�{�Ã�Z¼� É�Z�fyY�¹Z¿ ½��¹Z¿ 

gi|11124572 Tpis Triosephosphat-isomerase 

gi|40781605 14-3-3p 14-3-3 protein��

gi|22204118 GCS Putative glycine decarboxylase subunit 

gi|2443390 Ps16 Ps16 protein 

gi|1572627 SOD Cu/Zn superoxide dismutase 

gi|14017578 AtpE ATP synthase CF1 epsilon subunit 

gi|1805351 TSA Thiol-specific antioxidant protein 

gi|226316441 FBA Fructose-bisphosphate aldolase, putative 

 
 

 
 
 

 
 
 
 
1. Co-regulation 
2. Semi-quantitative RT-PCR 



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

�kY�zf�YRNA�ÉY�mY�Á�RT-PCRÄ¼Ì¿�Ê¼¯� �� �
� kY�zf�YRNA�Ä¿Â¼¿� �Y� Ê³�]� ÉZÅ� Ä¸Ì�Â]RNX-

plus��¶¼ ·Y�Âf�{�ª^�|��¹Zn¿Y�½�ZÀÌ��d¯�����Y��a�
�Z¼Ìe�� Z]DNase I��ZfÀ»�§� d¯��� ¶¼ ·Y�Âf�{� ª^��,

�µÁY�Äf����fÀ�(sscDNA)� Z]��³�Z£M�Â´Ì·ÁY�dt�c�Â��

� d§�³Á� Z]�£M/ÉZÅ�³�Z�fyY�//¹|À³� Ê�Z,�RT-PCR�
½�Å///»�ÉZ//�{�Â��¿n¿Y�//�|��¹Z�µÁ|m�����

�µZ»�¿� ÉY�]� �ËZ»�M� ¾ËY� �{À¯YÁ� É�Z�//�Å/� Z��Y
Zf]� ¾Ìf¯Y,�½YÂÀ��Ä]��½�¸yY{�µ�fÀ¯///¨f�Y�Ê//|��Ã{Z����

µÁ|m����ÉY�]�Ã{Z¨f�Y�{�Â»�ÉZÅ�³�Z£M��cÔ§�Á�¾�Á��¹Z«�Y��{�Ê���]�{�Â»�½�� 

�³�Z£M�¹Z¿ Êf�³�]��³�Z£M ��³�Z£MÁ��Ìa Ä �«�Ã�Y|¿Y 

�µZ�eY�ÉZ»{
�³�Z£M(°C) 

â-actin 5� gctggaaagtgctaagagagg 3� 5� gcaatgtatgtcgcaatcc 3� ˿̀˹ ˿˹ 

Tpis 5� agcttgcgccagttacagat 3� 5� gctggacagatcgcctctac 3� ˾˿́ ˿˼ 

GCS 5� ggaacgataatcgagcaagg 3�  5� gccctcaagatttcaagcag 3� ˾̂˽ ˿˺ 

Ps16 5� ggaagcaacaggcagatagc 3�  5� cattgaggaggctgagaagg 3��� ˾˽˼ ˾́ 

AtpE 5� tcggaaatattccgccatag 3� 5� acgggttgatgagaggaatg 3� ˾˼˿ ˿˻ 

TSA 5� cttagggtcaggcttcatcg 3� 5� gttcgaccaggagttcatca 3� ˾˹́ ˿˻ 

SOD 5� aacgagaatggcgtcgttac 3� 5� cagtcgctccgaattgtctc 3� ˾̂˽ ˿˼ 

FBA 5� ctcctcattctccgtcttgc 3� 5� cgctgtgccaagtactacga 3� ˾˿˽ ˿˻ 

14-3-3p  5� cggaggtccagagagtcaag 3�  5� ccattgagcagaaggaggag 3� ˾˹̀ ˿˼ 
��

�Ä]��Â]�»��z]��{RT-PCRÄ¼Ì¿�½��½ZÌ]�Ê¼¯�,ZÅ
µ�� �ËÂ�e²¿�� ÉZÅÉ�Ì»M�Z]� ,|ËZ»Á�]� ¹ÂË|ÌeY� Z]� Ã|�

� Ä»Z¿�]Quantity one 4.4.1�ÉZÅ|¿Z]� c|�� Á� Ê���]�

½��Ê^�¿�½ZÌ]�ÉY�]�Ã|��Ã|ÅZ�»�É�Z��µZ»�¿��Y��a�ZÅ
Zf]�Z]�ZÅ�Ã{Y{�|Àf§�³��Y�«�Ã{Z¨f�Y�{�Â»�¾Ìf¯Y��¶°�������������

 
°��¶����½��½ZÌ]�ÉÂ´·Y��ÌÌ¤e½Z¿�¹|À³�¹Z«�Y��{�Ê���]�{�Â»�ÉZÅ�cÔ§�Á�¾�Á����É�Â���Àe��{�t�����Ê¸Ì»��ÓÂ»����

��



� �É�Ë�Æ»�ÊWÂ]Y�½Y�Z°¼Å�Á��ºÅ�Ê���]Ê¼Ì�Àe ºÅ�ÁÊ¿ZÌ]���� ���� 

��

�¶°��Ä»Y{Y���

��
¶°����½��½ZÌ]�ÉÂ´·Y��ÌÌ¤e�½Z¿�¹|À³�¹Z«�Y��{�Ê���]�{�Â»�ÉZÅ�cÔ§�Á�¾�Á����É�Â���Àe��{�t�����Ê¸Ì»��ÓÂ»����®Ë��Å��{

¶°���Y�ÉZÅa�Ze�h,�½���Y�®Ë��Å�½ZÌ]�Ê^�¿�cY�ÌÌ¤e�{�Â»�ÉZÅÊ���]½Z¿�¹|À³�º«��Á{��{���cÔ§�Á�¾�Á���d�Y�Ã|��Ã{Y{�½Z�¿��
¶°���{�Ã|��½ZÌ]�Ê^�¿��Ë{Z¬»�\�u��]�ZÅ�Ä»Z¿�]���Âe�Ä¯�d�Y�|¿Z]�c|�Quantity oneÃ|��É�Ì³�Ã�Y|¿Y�|¿Y� ��ËÂ�eµ��(a�Zf]�

�½{�¯�µZ»�¿�dÆm�,Ê¸yY{�µ�fÀ¯�½YÂÀ��Ä]�¾Ìf¯Y�À¯YÁ�ÉZÅPCR½��ÉY�]�|��Ã{Z¨f�Y���¿�{�Â»�ÉZÅ��(b,cµ���ËÁZ�e��Ä]��Â]�»�ZÅ
½�ÉZÅ�AtpE�, FBA�,SOD�,14-3-3p�, GCS�,Ps16�,�Tpis��ÁTSA�Ê»Á�|�Z]�Ä �«��Å�Ã�Y|¿Y��¶°���{�,d�Y�Ã|��Ã{Y{�½Z�¿

Ä �«��Å�Ä]��Â]�»��f�Ì]�cZ�Ô�Y,Ã�Z¼��µÁ|m��{��Ã|»M�d�Y����¯�Z»��ËZ�{Z¨f�Y�Ã|��Ã(M)Zf]�½��ÉY�]���Á�¾Ìf¯YTSA��Â¿��Y�
100bp DNA ladder½���ËZ��ÉY�]�ÁZÅ �Lambda/DNA/EcoRI+HindIII markerÊ»�|�Z]����ËÁZ�e�¾ËY��{RCÁ�FC ��\Ìe�e�Ä]

�Á�cÔ§�Á�¾�Á��µ�fÀ¯�Ä¿Z�¿R3,6,12,24h�¾ÌÀr¼Å�Á�F3,6,12,24h�¹Z«�Y��{�,É�Â���Àe�µZ¼�Y��Y��a�½Z»��c|»�ÉZÀ »�Ä]�
d�Y�cÔ§�Á�¾�Á����

���������������������������������������������������
hv]�Á�lËZf¿��

� lËZf¿ÃY�� ÄË�ne�Y|¿Y½��� ,l¿�]� ÉZÅ� ½Z�¿{Y{¯�//�Ä
½��{Y| e� ÉY�Y{� {Ây� d�{ÓZ]� �{� Ê���]� {�Â»� ÉZÅ

� �Àe� Ä]� x�Za� ��ZÀ�� É{ZË�|Àf�Å��µÁ|m�����Ä]�

±Â·Âe�Y� �´Ë{�c�Z^���½��Ê���]�{�Â»�´¼Å� ,�ÉY�Y{�Ê
ABRE��|¿{Â]� �� {ÂmÂ»� �]ZÀ»� ª^���Y� ¶�Zu� lËZf¿

                                                                     
1. ABA responsive element 



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

�ËZ»�MÉZÅ½Z�¿� ½ZÅZÌ³� �{� Ã|�� ¹Zn¿Y�Ã{Y{�Ä¯� d�Y
�Ä]�Ä¯�ÊËZÅ�½��\¸£YABAÊ»�x�Za��Ê·YÂe�ÉY�Y{�|ÀÅ{

�Ã|��d�Z¨uABRE|Àf�Å���Han-Hua et al, 2008; 

Yamaguchi-Shinozaki & Shinozaki, 2006� �Á�ª]Z�»
� lËZf¿� Z]Han-Hua et al��2008���À�� ¾ËY� {ÂmÁ///��

Ê»¿Z�¿� |¿YÂeÄÊÀ »��É�Y{�Y��{�Ê���]� {�Â»� ½���¬¿�
�Àe� Ä]� x�Za|�Z]� Ã|¿��Ì£� ÉZÅ��Han-Hua et al, 

2008��,½ZÌ»� ¾ËY� �Y���� ½��� �Ì¿� ÉY�Y{ARE�Ä¯� |¿{Â]�
� �Y� ½Z�¿½Z°»Y� x�Za�ZÆ¿M½�Ì�¯Y� {Â^¼¯� �ËY��� Ä]���,

Ê»� Ê°�y� ¾ÌÀr¼Å� Á� Z»��|�Z]� �� ¾ËY�,½��Ê´¼Å��
���À��Á{��Å�ÉY�Y{ABRE�Á�ARE�¾ËY�]ZÀ]�,|¿{Â]�ÃÂ¬·Z]�

� ½Z°»Y�,Ê°�y� ,É�¼�Y��Àe��ËY��� Ä�� �Å� �{� x�Za
|¿�Y{�Y��Z»���Á�É�Â����Ã|��Ã|ÅZ�»�,{ÂmÂ»��]ZÀ»�ª^�

�Z]� Z»��� ¾ÌÀr¼Å� Á� É�Â�� ,Ê°�y� Ä]� x�Za� Ä¯�d�Y
�Â�u���À��Á{��Å�½Z»�¼Å�ABRE�Á�ARE{�Y{�Ä�]Y��,�

�Han-Hua et al, 2008��½�� ,¾ËY�]� ÃÁÔ���{�Â»� ÉZÅ
� ��ZÀ�� É{ZË�� {Y| e� ÉY�Y{� Ê���]MBS,TC-rich 

repeat �¾ÌÀr¼Å�Á� LTR|¿{Â]���µÁ|m������
��

1. Hypoxic stress 

 
�µÁ|m���µZ §���ZÀ���Â¿�Á�{Y| e�½���{��Ì��Ã|ÀÀ¯Ê���]�{�Â»�ÉZÅl¿�]��{�����{�Ã{Z¨f�Y�{�Â»�Ê¼Ì�Àe���ZÀ�

ÄË�ne�¾ËYÁ´¼Å�,¶Ì¸veÃ|��ÄfyZÀ����ZÀ���Y�ÊÊ»�x�Za�Ê�Àe��ËY���Ä]�Ä¯�|Àf�Å�ÉY|ÀÅ{����
½���|¯ ¹Z¿É�Z�fyY�½�� ABRE ARE MBS TC-rich repeat LTR 

Os01g0147900 Tpis � � �  � 

Os02g0580300  14-3-3p � � � �  

Os01g0118000  FBA �  � �  

Os04g0416400 TSA �  � �  

Os03g0219200  SOD � �   � 

Os06g0667600 GCS � � � � � 

Os07g0658200  Ps16 � � �   

Os08g0250200  AtpE � � �     

��
Y� ¾Ì¼Å� �]Ê»� �Z�f¿Y� ,�Z�Ä¯� {Á�½���|À¿Z»� ÊËZÅ

Tpis���Á14-3-3p����,Ê°�y��Àe�Ä���Å�Ä]�x�Za�½YÂe
�Z»���Á�É�Â��Y��Ä]Z�»�Ê¿ZÌ]�ÉÂ´·Y�Z]|À�Z]�Äf�Y{�Z]�Á�

½�� |À¿Z»� ÊËZÅAtpE��� ÁPs16��¦ÌeÂ»� {Y| e� Ä¯�ÉZÅ
�Àe� Z]��^e�»��É�f�Ì]�ÉÂ´·Y� ZË� Á�t�����¿� �Y� |¿�Y{

|À�Z]�Äf�Y{�cÁZ¨e�½ZÌ]���¶°a,b,e,f�������
�¶°���{�½��½ZÌ]�Ê^�¿�cY�ÌÌ¤e� ,½Z»���{�ZÅ�ÉZÅ

�� ,�� ,��� Á����d�Z���t��� �{����Ê¸Ì»��ÓÂ»� ���{
¹Z«�Yd�Y�Ã|��ÄWY�Y�cÔ§�Á�¾�Á����¶°���{�ÉZÅ aÁ�b�

½�� ½ZÌ]� �{� Ê�ËY�§Y� |¿Á�� ÉZÅAtpE� Á�Ps16�Ã|ÅZ�»�
�ÉY�]�Ä¯�|��º«��½Z»���{��ËY�§Y��Y|¬»�¾Ë�f�Ì]�¾�Á�

���� ÉY�]� Á� d�Z� º«�� ½Z»�� �{��ËY�§Y� ¾ËY� cÔ§���
d�Z��Àe��Á����Y��a�d�Y�Ã{Y{�w��� ��Ä¯��Â��½Z¼Å

                                                                     
1. Triosephosphat-isomerase 
2. 14-3-3 protein 
3. ATP synthase CF1 epsilon subunit 
4. Ps16 protein 

��Å�,{Â��Ê»�Ã|ÅZ�»�¶°���{�ZÅ�½��¾ËY�cY�ÌÌ¤e�|¿Á�
�½��Á{Ps16�Á�AtpE�ÉÂ´·Y�ÉY�Y{��½ZÌ]|Àf�Å�ÊÆ]Z�»��

�½|Ì����{� ,cÔ§��Z�u�º«�� ,Ã|»M�d�|]�lËZf¿�ª^�
Á{�¾ËY�½ZÌ]�½Y�Ì»��j¯Y|u�Ä]�,É�Â���Àe�½ZË�m��{�½��

�Ã|ÅZ�»� �ÌyZe� ,¾�Á�� º«�� �{� Ä]Z�»��ËY��� Ä]�d^�¿
|��� ºË�¿M�AtpE¾ÌXeÁ�a� �Y� Ê°Ë��É��¿Y� Z]� �^e�»� ÉZÅ

�ÉÁ���]�Äf§�³�¹Zn¿Y��°Ì»ÂXeÁ�a�Ê���]�ª^��Ä¯�d�Y
�É�Â�� �Àe� Ä]� x�Za� �{� ,¹Á�Á{� ¹|À³� ±�]� ¹ÂXeÁ�a

Ê»� �ÅZ¯�d«Â»� �ÅZ¯� Ä]� �nÀ»� �ÅZ¯� ¾ËY� Á� |]ZË
½Y�Ì»Ê»��fÀ�Âf§�{{�³��Caruso et al., 2008��¾ËY�]ZÀ]�

�,lËZf¿��{�Ã|��Ã|ÅZ�»�|¿Á��,ºË�¿M�¾ËY��¬¿�Ä]�ÄmÂe�Z]
�½Y�Ì»� �ÅZ¯� [Â¸�»Z¿� �ÌiZe� ½�� ¾ËY� �Y|¬»� �ËY�§Y� Á

d�Y|¿� Y�� �fÀ�Âf§� �� ¶°�� �{c�ºË�¿M� cY�ÌÌ¤e� |¿Á�� ,
� �ZeÂ¼�Ë{� |Ì�¯Y�aÂ�(SOD)����{� Ä¯� {Â�� Ê»� Ã|Ë{

                                                                     
5. Cu/Zn superoxide dismutase 



� �É�Ë�Æ»�ÊWÂ]Y�½Y�Z°¼Å�Á��ºÅ�Ê���]Ê¼Ì�Àe ºÅ�ÁÊ¿ZÌ]���� ���� 

�½Z»���Á����{Y{�½Z�¿��ËY�§Y�º«��Á{��Å��{�d�Z���Ã
d�Y���Z�u�º«��Á{��Å��{�½��¾ËY�½ZÌ]�|¿Á��cY�ÌÌ¤e�Á

Ê»�Ä]Z�»� 0Zf^�¿�¹ÁZ¬»�Á|�Z]� ��ºË�¿MSOD�½YÂÀ��Ä]��Ì¿�
ºË�¿M��Y�Ê°ËÄ¿Â³�Ã|ÀÀ¯�¥���]�ÉZÅ�µZ §�½�Ì�¯Y�ÉZÅ

�Ã{Â]�Caruso et al., 2008; Sunkar et al., 2006���{�Á�
� �Àe� Ä]� x�Zad�Y� Ã|�� ��Y�³� ½M� �ËY�§Y� É�Â��

�Caruso et al., 2008�����
�¶]Z¬»� �{� Ê�Z§{� �y� ¾Ì·ÁY� ½YÂÀ�� Ä]� ºË�¿M� ¾ËY

µZ°Ë{Y��|Ì�¯Y�a�Ä]�Y��ZÆ¿M�Á�Ã{�¯�¶¼��|Ì�¯Y�aÂ��ÉZÅ
Ê»�¶Ë|^e�½�Á�|ÌÅ|À¯��Sunkar et al., 2006�� ��½Z¼Å
�¶°���{�Ä¯��Â�c�Ê»�Ã|ÅZ�»���{�É|Ë|���ÌÌ¤e�{Â�

�¿M� ¾ËY� ½Y�Ì»|�¿� Ã|ÅZ�»� ºË� ���{� {ÂmÂ»� �]ZÀ»� ª^�
�½ZÌ]��ËY�§Y�É�Â��Ä]��Ì�aÁ|Ì]Y�M�Ä�Ë��x�Za�Ê���]

� d�Y� Ã|�� Ã|ÅZ�»� ½�� ¾ËY�Dinneny et al., 2008���
���iY�Ê���]��{��]ZÀ»���Y�³�ª^��,¾ËY��]�ÃÁÔ�//�É�Â

y//ºË�¿M� �]� ­ZÅ//Êf¿M� ÉZ� ½Y|Ì�¯Y�Á{
ÄfË�YÁCatharanthus roseus �Y� Ã|�� Ã|ÅZ�»� ,�Ä¯� d

� ½ZÌ]� �ÌÌ¤eSODd§Z]� �{��sÂ��� Á� ÃZÌ³� ¦¸fz»� ÉZÅ
�¦¸fz»NaClÊ»�cÁZ¨f»��É�Â���{�Ä¯�ÉÂv¿�Ä]�|�Z]
� �Y� �eÓZ]��Ê¸Ì»��,ºË|�|Ë�¸¯� ®¼¿� �Y� ¶�Zu� �ÓÂ»

«Z�� Á�Ä�Ë��d§Z]� Á{��Å� �{�½M�½ZÌ]�½Y�Ì»//¯�Ä/��ÅZ
�É�Â��¾ÌËZa� t��� Ä°Ì·Zu� �{� |]ZË� Ê»�� {Á|u� �{���

Ê¸Ì»�ÓÂ»� �Y�§Y� h�Z]� ½ZÌ]� �ËSOD»Y� ,|Ë{�³�///�Z
ºË�¿M�,É�Â��t����ËY�§Y� Z]� �ÓZeZ¯�|À¿Z»�É�´Ë{�ÉZÅ

� ½Z�¿� ½ZÌ]� �ËY�§YÃ{Y{� |¿Y�Abdul Jaleel, 2009���
¾ÌÀr¼Å��ÔÌ�¯Â]�¯{�¾Ì�Ì¸³�ºË�¿M�cY�ÌÌ¤e�(GCS)��
Ê»� ½Z�¿cÔ§� º«�� �{� Ä¯� |Å{,�ËY�§Y� |¿Á�� ®Ë��

Ê»� Ã|Ë{�ÊnË�|e� �{� ½M� �Y|¬»�¾Ë�f�Ì]� Ä¯� {Â��½Z»�
��Ê»�©Z¨eY�d�Z��� Ze�¾�Á��º«�� �{�¶]Z¬»� �{� ,|f§Y��

Ê¼¿� Ã|Ë{� Ê�Zy� �ÌÌ¤e� ,d�Z��lË�|e� Ä]� | ]� Á� {Â�
Ê»��ÅZ¯�ºË�¿M�¾ËY��Y|¬»|]ZË��¶°�d����

ºË�¿M��Y�Ê°Ë��ÔÌ�¯Â]�¯{�¾Ì�ËÔ³�ºË�¿M���iÂ»�ÉZÅ
Ì�Y� �fÀ�ÂÌ]� �{//»� ÄÀÌ»M|//Ê��Àe� �ÌiZe�dve� Á� |�Z]
Ê»� �Y�«� É�Â�{�Ì³� �Ô³�Ìa� ½YÂÀ�� Ä]� ¾Ì�Ë��Z�

�½|�� Ä¸Ì�¯Â]�¯{� Z]� Á� Ã|�� ÄfyZÀ�� ¾ÌWZf]� ¾Ì�ËÔ³
� ºË�¿M� ��ÂeGCSµÂ¿ZeY� Ä]� 0Z^«Z f»� Á� ¾Ë��� Ä]��¾Ì»M

                                                                     
1. Putative glycine decarboxylase subunit 

^e///Ê»� ¶Ë|{Â�� �µÂ¿ZeY��ÌiZe� dve� �Ì¿� ¾Ì»M
¾Ì·Â¯�Ä]�,½ÂÌ�ÔÌf»��¶Ë|^e�¾ÌWZf]�¾Ì�ËÔ³�¹Zn¿Y���Á�

Ê»{Â�� ��Ê¼¯� �Y|¬»� ,É�Â�� �Àe� dve� ºË�¿M� ¾ËY
§YÊ»�½Z�¿��ËY�|Å{��Caruso et al., 2008�� �¾ÌÀr¼Å

��Ì¿� Ê°�y� �Àe� �{� ºË�¿M� ¾ËY� ½ZÌ]� ½Y�Ì»� �ËY�§Y
Ã|����Y�³�d�Y�Way et al., 2005����,\Ìe�e�¾Ì¼Å�Ä]

Ê^�¿�cY�ÌÌ¤e½ZÌ]�½���ÉZÅ14-3-3p� ,�Tpis�� ,FBA���Á
TSA���� ÉZÅ� ¶°�� �{e� Ze�h�Ã|�� Ã{Y{� ½Z�¿�d�Y

�¶°�����½ZÌ]�{�½���ZÆq��ÅZe�cÔ§�º«���Ä]�½|Ì����
��d�Z��� ,Ê»�½Z�¿�ÊnË�|e��ÅZ¯|Å{� ��cY�ÌÌ¤e�¾ËY

�½Z»��Ze�¾�Á��º«��ÉY�]���{��b��Á��ÅZ¯�d�Z�����
� ½Z�¿� �ËY�§Y� d�Z�{�Y{� ��¶°�� �{� Ä¯� �Â�� ½Z¼Å

��z�»d�Y½���ZÆq��Å�,½ZÌ]�ÉÂ´·Y���½Z�¿�Y��ÊÆ]Z�»
Ê»|ÀÅ{����

� ½�14-3-3p�¬¿� �Âf¯Á�§� Á� �³Â¸³� º�Ì·Â]Zf»� �{��
{�Y{� �¾ÌXeÁ�a� ¾ËY�½Z°»Y� ¾fyZ�� ZÌÆ»� Z]� ZÅ

¾ÌXeÁ�a�ºÌ�Àe��{�½ÂÌ�ÔË�Â¨�§|¿�Y{��¬¿�¥|Å�ÉZÅ�
�Chung et al., 1999�ÃÁÔ�� ,º�Ì¿Z°»� �{� ¾ËY�]�ÉZÅ

¹ZÌa�µZ¬f¿Y�Ä¸¼m��Y�Ê¨¸fz»�Ê°Ë�Â·ÂÌ]��Äy�q�µ�fÀ¯� ,
�Ä]� x�Za� �{� ½Á�aZq�®Ë� ½YÂÀ�� Ä]� ¾ÌÀr¼Å� Á� Ê·Â¸�

{�Y{��¬¿�ÊËZ»�³���f�Y��Yano et al., 2006���ºË�¿M�
TSAÊf¿M�®Ë� ½YÂÀ�� Ä]� Ä¯� �Ì¿�Ì�¯Y/�s��»� ºÆ»� ½Y|
Ê»|�Z]��Chae et al., 1994�ºË�¿M� ¾Ì·ÁY� �Y��ÉZÅ

Ê�¯Á�Ìa¾Ì�¯Á{���{Â]� Ã|��ÄfyZÀ���Caruso et al., 

2008�� �Ä¿Â³� ,Ê·Â¸�� ÉZÅ|ÀËM�§� ½ZË�m� �{�µZ §� ÉZÅ
µÂÌe� �Y� �Â¨·Â��Ê»� |Ì·Âe�³� ¾ÌÀr¼Å� Á� |¿Â�Ä¿Â�ÉZÅ

¸�� ÉZÅ� dÌ·Z §� ½ZË�m� �{� ½�Ì�¯� µZ §//�{ÂmÂ]� Ê·Â
Ê»\Ì�M� ½YÂe� Ä¯� |ÀËM��YÂ¿Y� Ä¼Å� Ä]� Ê¿Z��

µÂ°·Â»Á�¯Z»�Á� ½ÂÌ�Y|Ì�¯Y� Ä]� �nÀ»� Á� Äf�Y{� Y�� ZÅ
¾ÌXeÁ�a� \Ë�ze��ÌÌ¤e� Á� ZÆÌ]�q� ½ÂÌ�Y|Ì�¯Á�a� ,ZÅ

� ÉZÅ�Z]DNAf��� Ê´f�°�� ¾ÌÀr¼Å� Á�///� ÄDNA�
Ê»|¿Â���Chae et al., 1994���¿M�ºË�TSA�®Ë�½YÂÀ��Ä]�
Êf¿M�Á� ½�Á�|ÌÅ|Ì�¯Á�a� ½Y�Ì»� �ÅZ¯� �{� ,½Y|Ì�¯Y

                                                                     
2. Choline 
3. Fructose-bisphosphate aldolase, putative 
4. Thiol-specific antioxidant protein 
5. Signal transduction 
6. Peroxiredoxin 
7. Thiol 



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

\Ì�M��Y�É�Ì³Â¸mÄ¿Â³��Y�¶�Zu�ÉZÅ�½�Ì�¯Y�µZ §�ÉZÅ
Ê»�É�iÂ»�®¼¯|À¯��Caruso et al., 2008; Chae et 

al., 1994����Àe�Ä]�x�Za��{�{ÂmÂ»�|ÅYÂ���Z�Y��]�Á
Ê»��ËY�§Y�É�Â�|]ZË��Caruso et al., 2008���Àr¼Å�¾Ì

�¾ÌXeÁ�a�t���Ä¯�d�Y� Ã|����Y�³Tpis�Ä]�x�Za� �{�
Ê»� ½Z�¿� ½ZÌ]� �ËY�§Y� É�Â�|Å{� ���{� Ä¯� ºË�¿M� ¾ËY

cY�|ÌÅÂ]�¯� º�Ì·Â]Zf»{�Y{��¬¿� ZÅ��Caruso et al., 

2008��Àe�Ä]�x�Za��{��Ä]��nÀ»�É�Â��Á�Ê°�y�ÉZÅ
|Ë{�³�µÂ¸v»�ÉZÅ|À«�½Y�Ì»��ËY�§Y��Chaves et al., 

2009�� �� ÉÁ�� �]� Ê���]� ºË�¿MFBA�º�Ì·Â]Zf»� �{� Ä¯�
{�Y{� d·Zy{� ZÅ|À« �½Y�Ì»� Ä¯� d�Y� Ã{Y{� ½Z�¿� ,�Ì¿

�Ä�Ë�� �{� Ê°�y� Á� É�Â�� �{� ºË�¿M� ¾ËY� ½ZÌ]��ËY�§Y
�d�Y�Ä«Z��Á�±�]��Y��f�Ì]�Fan et al., 2009���{�¾ËY�
ÈnÌf¿� �{� Ä¯� d�Y� Ê·Zu�¹|À³� ±�]� ¹ÂXeÁ�a� Ê���]�

�½ZÌ]��ÅZ¯� ,É�Â���Àe� �{�¹Á�Á{FBA�Ã|����Y�³�
d�Y��Caruso et al., 2008������Y�³�ª^�Dinneny et 

al.��2008�Á�°Ì»� lËZf¿� �Y��Ä�Ë�� Ê]ZË��Y� É�Y
É�Â�� Ä]� x�Za� �{� �Ì�aÁ|Ì]Y�M��Dinneny et al., 

2008�½�� cY�ÌÌ¤e� |¿Á�� ,�¾ËY� �{� Ê���]� {�Â»� ÉZÅ
½�� ¾ËY� ±Â·Âe�Y� ½ZÌ]� Z]� Ä]Z�»� ªÌ¬ve��{� ZÅ

Ì]Y�M//////f^·Y� Ä¯� {Â]��Ì�aÁ|////¤e� Ä��{� ½ZÌ]� cY�ÌÌ
Ì]Y�M�Ä�Ë�/////�ÊeY�ÌÌ¤e��Y��eÂ¸m�Ê¿Z»����¿��Y��Ì�aÁ|

|��Ã|ÅZ�»�±�]��{�Ä¯�d�Y���
��ÅZ¯� ZË��ËY�§Y� Ä¯�d�Y�ÉÂv¿� Ä]�cY�ÌÌ¤e� ¾ËY�

½�� ½ZÌ]�Ã|»M�d�|]� Ä�Ë�� �{� Ä¯��Ì�aÁ|Ì]Y�M� �{� ZÅ
�Ë���d�YÀ³�±�]��{�Ã|��Ã|ÅZ�»�x�Za��Y��e/////�¹|

�Y�ªÌ¬ve�¾ËY��{�Ê���]�{�Â»d��j»�ÉY�]/////�ª^��µZ
� lËZf¿Dinneny et al.��2008�� ºË�¿M� ,�TSA�Ä�Ë�� �{�

��®Ë��Y�| ]�,É�Â��Ä]�x�Za��{�,�Ì�aÁ|Ì]Y�M////�d�Z
Àe�½ZË�m��{�{Ây�½ZÌ]��Y|¬»�¾Ë�f¼¯�Ä]//Ê»���Á�|��

»�� Ze� | ]/////� ½Z���½ZÌ]� ½Y�Ì»��Àe� �Y��a� d�Z��
Ê»��ËY�§Y�Ã�Z]Á{|]ZË� 

Ä¯�d�Y�Ê·Zu��{�¾ËY�À³�±�]��{�//////�¾Ë�f¼¯�,¹|
ÅZ�»� �Y|¬»//////� ½Z»�� �{� º«�� Á{� �Å� �{� Ã|�� Ã|��

f§Y�©Z¨eY�d�Z�///////��{�Ê�ËY�§Y�|¿Á��®Ë��b��Á�Ã{Z
|�� Ã|Ë{�¾�Á�� º«�� ��t���½YÂÀ�� Ä]� Ä�Ë��Êe�Z^�� Ä]

ÌÌ¤e� ,�Àe� Ä]� x�Za� µÁY/////¿� Y�� É�f Ë��� cY�/�½Z�

Ê»�|Å{�Dinneny et al., 2008�� �Àq////�¾Ì��{�É|¿Á�
��{�Â»////////½���ËZ|��Ã|ÅZ�»��Ì¿�Ê���]�{�Â»�ÉZÅ����

�lËZf¿�ª^��Ê¸¯��Â��Ä]RT-PCR���¿��Y�,Ê¼¯�Ä¼Ì¿�
�ÃÁ�³�Á{�É�Â���Àe��{�½��½ZÌ]�ÉÂ´·Y��Â¿�,½��Ã|ÅZ�»

�|��¶°��������eÓZ]�½ZÌ]�t���Z]�ZÅ�½��¾ËY��Y�µÁY�ÃÁ�³
� ¶»Z�Ps16�� ,GCS�� ÁAtpE�|¿{Â]�º«�� Á{� �Å� �{� Ä¯�

Ô§|¿{Y{�½Z�¿�Y��Ä]Z�»�É|¿Á��¾�Á��Á�c���¶]Z¬»��{��{
ZÅ� ½�� ¹Á{� ÃÁ�³�� �m� Ä]SOD��Y� ÊeÁZ¨f»� ÉÂ´·Y� Ä¯� ,

�Ê¿ZÌ]�ÉÂ´·Y�,|Å{�Ê»�½Z�¿{Ây�É{ZË��|u�Ze�ZÅ�½��ÄÌ¬]
Ä]Z�»�Yd����

½��Ä¯�d§�³���¿��{�¾ÌÀq�½YÂe�Ê»��µÁY�ÃÁ�³�ÉZÅ
½��Á�ºÅ� Z]ºÅ� Z]��Ì¿�¹Á{�ÃÁ�³�ÉZÅ�ÉY�Y{��ºÅ�dÌ�Zy

Ê¼Ì�Àe�Ê»|À�Z]��� �Y�¶�Zu�lËZf¿�ª^�ÃY��ÄË�ne,�Y|¿Y�
� �Zf§�AtpE�½�� �Y�cÁZ¨f»� |À¿Z»�ÊËZÅ14-3-3p�� ÁTpis�
d�Y��Y�¶�Zu�lËZf¿��{�Ä¯�RT-PCR{Â��Ê»�Ã|Ë{�ºÅ������

�Â¼n»� �{�º£�Ì¸�� Á�¹Â¿�� ¶»Z¯� Ê·YÂe� {ÂmÁ� ¹|��
Ê»� ,¹|À³� �Y� Ã{Z¨f�Y� Z]� ½YÂel¿�]� ¹Â¿��Ê·YÂe���¿� �{� Á�

°e��Z^e�Y�¾f§�³Ê���]�,Ã|��d�Z¨u�Ê¸»ZÄÌ·ÁY�ÉZÅ�ÉY
��Àe� Ä]� x�Za� ��¿� �Y{Y{� ¹Zn¿Y� �� Äf^·Y�ÉZÅ�dË{Á|v»

Ä»Z¿�]� �{� Ê¿YÁY�§� Ê���]� ÉY�]� {ÂmÂ»� ÉZÅ���ZÀ�
Ê¼Ì�Àe�Ì£� Ê���]� Á��ZÅ� ½�� ½ZÌ]� ÉÂ´·Y� ÊÅZ´�ËZ»�M

�,{�Y{�{ÂmÁÄ¯0Z¼¸�»��Ã|ÀËM��{�¶»Z¯�Á�Ã|���e�ZÆ¿M��¬¿
{��Â�y�Ä]�ZÅ�½��½ZÌ]�Ê���]��{ºÅ�huZ^»���Á�Ê¿ZÌ]

ºÅ�ÄmÂe�¶]Z«�É�Â·ÂÌ]�ºf�Ì��º¸����f�³�Á�Ê¼Ì�Àe
{Â]� |ÅYÂyÄ°^�� �Y� Z»� dyZÀ�� Ä]� Á���{� �Ì³�{� ÉZÅ

�|ÅYÂy� É{ZË�� ®¼¯� Ê·Â¸�� ½Á�{� Ê·ZÀ´Ì�� ÉZÅ�Ì�»
{�¯��Century et al., 2008���u�/¯�¾//�Ê���]� �{� �Z

ºÅ�ÉZÅ�½�½��dyZÀ�� Z]� Ä¯�d�Y�¾ËY� �{�ºÌ�Àe�ÉZÅ
��{��Ì³�{Ê»���¿�{�Â»��Ì�»ºÌ�Àe�¶»Z���Y�½YÂe�Ã|ÀÀ¯

½��¾ËY�d�{ÓZ]��{�Y���ÌiZe�¾Ë�f�Ì]�Á�Ã{�¯�Ã{Z¨f�Y�ZÅ
���¿�{�Â»�º�Ì¿Z°»�{Â^Æ]�ZË��ÌÌ¤e�{�ÁM�d�|]�Century 

et al., 2008����
�{Â^Æ]�¦¸fz»�ÉZÅ� s��� �ZÀ¯� �{� Är¿ZÀq�¾ËY�]ZÀ]�

�Ì§�//Ì³� d///¸]Z¬»� �{� ÃZ/�Àe� �YÂ¿Y� Z]� Ä¾ËY� Ä]� ,ZÅ�
�Ì¿� ÄÀÌ»�� ÄmÂe�{Â�� Ä]� ½YÂe� Ê»�lËZf¿�Á� �e|À¼§|Å�

¯//eY�Z//� É�nËY� �{///Ì³� {Z//ÅZ//¼vf»� ½Z///]� ¶//�Ä
Àe//��Ë�d�{////§Z/////d����

��



� �É�Ë�Æ»�ÊWÂ]Y�½Y�Z°¼Å�Á��ºÅ�Ê���]Ê¼Ì�Àe ºÅ�ÁÊ¿ZÌ]���� ���� 

��
¶°�����cÔ§�½Z¿�¹|À³�¹Z«�Y��{�Ê���]�{�Â»�ÉZÅ�½��É|À]�ÃÁ�³�(a)�¾�Á��Á�(b)ZÆ¿M�½ZÌ]�ÉÂ´·Y��Z�Y��]��lËZf¿��{�RT-

PCRÊ¼¯�Ä¼Ì¿��Ä�ËZ¬»��½ZÌ]�ÉÂ´·Y���¾�Á��Á�É�Â��Ä]��Z�u�º«��½YÂÀ��Ä]�cÔ§�¹Z«�Y��{��ËZ»�M�¾ËY��{���¿{�Â»�½��
�d¼�«��{�É�Â��Ä]�¶¼vf»�º«��½YÂÀ��Ä]a�Á�bd�Y�Ã|��ºÌ��e�¶°�����Ä]�º«��Á{��Å��{�ZÅ�½��¾ËY�½ZÌ]�ÉÂ´·Y��ÌÌ¤e

Ã{�¯�{ZnËY�Y���ËZ¼f»�ÃÁ�³�Á{�Ä¯�d�Y�ÉÂv¿|¿Y���
 

REFERENCES 
1. Abdul Jaleel Cheruth. (2009). Soil salinity regimes alters antioxidant enzyme activities in two 

varieties of catharanthus roseus, Botany Research International 2 (2), 64-68. 
2. Bartels. D. and Sunkar. R. (2005). Drought and Salt Tolerance in Plants, Critical Reviews in Plant 

Sciences, 24, 23�58. 
3. Caruso G, Cavaliere, C. Guarino, C. Gubbiotti, R. Foglia, P. Laganà A. (2008). Identification of 

changes in Triticum durum L. leaf proteome in response to salt stress by two-dimensional 
electrophoresis and MALDI-TOF mass spectrometry. Anal Bioanal Chem , 391, 381�390. 

4. Century, K. Reuber. T, L, & Ratcliffe, O. J. (2008.) Regulating the  regulators: the future prospects 
for transcription-factor-based agricultural biotechnology products. Plant Physiology, 147, 20�29. 

5. Chae, H.Z. Robison, K. Pooleo, L.B. Church, G. Storz, G. & Sue Goo Rhee.(1994) Cloning and 
sequencing of thiol-specific antioxidant from mammalian brain: Alkyl hydroperoxide reductase and 
thiol-specific antioxidant define a large family of antioxidant enzymes, Proc. Nat. Acad. Sci. USA,. 
91, 7017-7021. 

6. Chaves, M. M., Flexas, J. & Pinheiro, C. (2009). Photosynthesis under drought and salt stress: 
regulation mechanisms from whole plant to cell. Annals of Botany, 103, 551�560. 

7. Chinnusamy, V. Jagendorf, A. & Zhu Jian-Kang. (2005). Understanding and improving salt 
tolerance in plants. Crop Science, 45, 437-448. 

8. Chung, H. J, Sehnke, P. C., Ferl, R. J. (1999). The 14-3-3 proteins: cellular regulators of plant 
metabolism. Trends Plant Sci 4, 367-371. 

9. Dieterich, C. Grossmann, S. Tanzer, A. Röpcke1, S. Arndt, P. F., Stadler, P. F & Vingron, M. 
(2005). Comparative promoter region analysis powered by CORG. BMC Genomics 2005, 6, 24. 

10. Ding, D. Zhang, L. Wang, H. Liu, Zh. Zhang, Zu & Zheng Y. (2009). Differential expression of 
miRNAs in response to salt stress in maize roots. Annals of Botany 103, 29�38. 

11. Dinneny, J. R. Long, T. A, Wang, J. Y. Jung, J. W. Mace, D. Pointer, S. Barron, C. Brady, S. M. 
Schiefelbein, J. Benfey, P. N. (2008). Cell identity mediates the response of Arabidopsis roots to 
abiotic stress. Science 320, 942 -945. 



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

12. Fan W, Zhang Zh, Zhang Y. (2009). Cloning and molecular characterization of fructose-1,6- 
bisphosphate aldolase gene regulated by high-salinity and drought in Sesuvium portulacastrum. 
Plant Cell Rep, 28, 975�984. 

13. Farhadi F, Naghavi M R, Zeinali Khaneghah H, Pustini K,Abooei Mehrizi F, Yazdi Samadi B, 
Alizadeh H. (2011). Proteome analysis of two beard wheat cultivar (Triticum aestivum L.) under salt 
stress. Modern Genetics Journal. 6(24), 86-90. (In Farsi) 

14. Han-Hua Liu, Xin Tian, Yan-Jie Li, Chang-Ai Wu, and Cheng-Chao Zheng. (2008). Microarray-
based analysis of stress-regulated microRNAs in Arabidopsis thaliana. RNA 14, 836-843. 

15. Hoagland D. R., and Syder W. C. (1933). Nutrition of the strawberry plant under controlled 
conditions: (a) Effects of deficiencies of Boron and certain other elements: (b) Susceptibility to 
injury from sodium salts. Proceedings of the American Society for Horticultural Sciene 30, 288-294. 

16. Lescot, M., Dehais, P., Thijs, G., Marchal, K., Moreau, Y., Van de Peer, Y., Rouze, P., and 
Rombauts, S. (2002). PlantCARE, a database of plant cis-acting regulatory elements and a portal to 
tools for in silico analysis of promoter sequences. Nucleic Acids Res. 30, 325� 327.  

17. Mahajan S, Tuteja N. (2005). Cold, salinity and drought stresses: An overview. Archives of 
Biochemistry and Biophysics. 444, 139�158. 

18. Mittler R. (2006). Abiotic stress, the field environment and stress combination. TRENDS in Plant 
Science. 11, 10. 

19. Perco P, Rapberger R, Siehs C, Lukas A, Oberbauer R, Mayer G. ( 2006). Bernd Mayer, 
Transforming omics data into context: Bioinformatics on genomics and proteomics raw data. 
Electrophoresis, 27, 2659�2675. 

20. Poustini, K. and Siosemardeh, A. (2004). Ion distribution in wheat cultivars in response to salinity 
stress. Field Crops Res., 85, 125- 133. 

21. Qiang L, Nanming Zh, Yamaguch-Shinozaki K, and Shinozaki K. (2000). Regulatory role of DREB 
transcription factors in plant drought, salt and cold tolerance. Chinese Science Bulletin 45 (11), 970-
975. 

22. Sunkar R, Kapoor A, and Zhu Jian-Kang. (2006). Posttranscriptional Induction of Two Cu/Zn 
Superoxide Dismutase Genes in Arabidopsis Is Mediated by Downregulation of miR398 and 
Important for Oxidative Stress Tolerance. The Plant Cell, 18, 2051�2065. 

23. Way H, Chapman S, McIntyre L, Casu R, Xue G.P , Anners J, Shorter R. (2005). Identification of 
differentially expressed genes in wheat undergoing gradual water deficit stress using a subtractive 
hybridisation approach. Plant Science 168, 661�670. 

24. Yamaguchi-Shinozaki K, and Shinozaki K. (2006). Transcriptional regulatory networks in cellular 
responses and tolerance to dehydration and cold stresses. Annu. Rev. Plant Biol. 57, 781-803. 

25. Yano M, Nakamuta S, Xueji Wu, Okumura Y, and Kido H. (2006). A novel function of 14-3-3 
protein: 14-3-3_ is a heat-shock�related molecular chaperone that dissolves,thermal-aggregated 
proteins. Molecular Biology of the Cell, 17, 4769�4779. 

26. Yokoi S, Bressan R. A, and Hasegawa P. M. (2002). Salt Stress Tolerance of Plants, JIRCAS 
Working Report 25-33. 

27. Zhu Jian-Kang. (2001). Plant salt tolerance. TRENDS in Plant Science. 6 (2). 
 

 
��

��
 

 


