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1. Peptide Mass Fingerprint 
2. Mass Spectrometry (Matrix-Assisted Laser Desorption Ionization Time-Of-Flight) 
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�ËÄ�Äq���¯�¼e�Ã{Â¼¿�Á�Z«ÁË �ÊÄ¯��a��Y�kÁ�y��ËÄ�-

Äq�©Z¨eY�Ã{Zf§Y�Á�Z]�|���Á��Y�¬f�Y�³ÌÄrÅZ��^e�»�d�Y�
Y�����]�ÊÃ{�°¿�d�Y�  

  
{YÂ»�Á��Á��ZÅ  

¹ÂXeÁ�a�ÄË�ne��{�ZÅ�~]�ÉZÅ�Z¼Ìe  
Ä]¾ÌXeÁ�a�½ZÌ]��ÅZ¯�ZË��ËY�§Y�Ê]ZË��Y��Â�À»��{�ZÅ

{�¦¸fz»��ËY��� �{� |À¸]� Ê»|À³�¦¸�� ÉZÅ�~]�Á� ÊËZ»
�µÂ���{�ÊÀÌXeÁ�a�ÉÂ´·Y� �ÌÌ¤e�Ê´¿Â´q��Ì¿� Á�Êf]Â��

Ä¿YÂm� Ã�Á{Ê¿����Ä�Ë�� kÁ�y� �Y� �ÌaÄq��Ê�ËZ»�M� ,

                                                                                  
1. Germination sensostrico 

Ä]��Á� ½Y�Æe� ÃZ´�¿Y{� �~]� ÃZ´�ËZ»�M� �{� ­�f�»� c�Â�
� ÃZ´�¿Y{� �°Ì»ÂXeÁ�a� ÃZ´�ËZ»�MDTU���ÊÀ§� ÃZ´�¿Y{

­�Z¼¿Y{��|��¹Zn¿Y�­�Z¼¿Y{����{�Äf§�³�c�Â��cZ�ËZ¬»
�¶»Z��ZÅ�~]����Ä¿YÂm��~]�ÄÀÌÆ]��ËY����{�Ã{����ÉZ»{�

C0���Z]��¨��Ê]M�¶Ì�¿Zfa�Á����-®�y��~]�¶]Z¬»��{����
�Ê°�y��Àe��ËY����{�Ã{��Ä¿YÂm��~]���ÉZ»{C0���Á�

�Z]��¨��Ê]M�¶Ì�¿Zfa� ��Á� -®�y��~]�¶]Z¬»��{������~]
�¾ÌËZa�ÉZ»{��Àe��ËY����{�Ã{��Ä¿YÂm��ÉZ»{ C0��Á��

�Z]��¨��Ê]M�¶Ì�¿Zfa���{{Â]�®�y��~]�¶]Z¬»��  
��Z¼Ìe��Å��Y��Â�À»�¾Ë|]�����Y�°e����½Á�{��~]�ÊËZe��

É�fa�Ë{Ä�Ì��ÉZÅ� ��«�Ä]�ÉY���Äf�Z¯� �f»�Êf¿Z��
��Àe�c|��Á��Z¼Ìe��Â¿�Ä]�Äf�]�Á�Ã|����,����Á����

d�Z��É�fa� �{�{ÂmÂ»�ÉZÅ�~]� �Y��Ë{Ä¿Â¼¿� ZÅ�É�Y{�]
�Ä�Ë��kÁ�y��Y�¶^«Äq��Ä]¿Â¼¿�Á�Ã{�ÁM�¶¼�Ä�É�~]�ÉZÅ

��Âa�½Á�{�Ä¸�Z§Ô]�¾f�Y{�]� �Y��a�Ê»ÂÌÀÌ»Â·M�ÉZÅ
�Ze� Á� |¿|Ë{�³� |¼nÀ»� �ËZ»� ½�Á�fÌ¿� �{� Á� Ã|�� Ã|ÌrÌa

�µZrzË�½Á�{�Ã{Z¨f�Y�½Z»�C����-|¿|��É�Y|Æ´¿��  
[Â��XeÁ�a�kY�zf�Y�Á�½{Y{Ì¾ZÅ�  

kY�zf�Y�Á�[Â��Å{� ÊXeÁ�aÌ¾ZÅ�Ä]��Á��TCA-

acetone�¹Zn¿Y�|�� �Ä]��Â�À»�zf�YkY��XeÁ�aÌ¾ZÅ�ÉY�]�
�Å�Ë®��Y�eÌZÅ�Z¼Ë�®�¹�³��~]�½Á�{�½ÁZÅ�qÌÀÊ�ÉÁZu�
¿Ì½�Á�f�Z»Ë��]Â¯ÌÃ|�|��Á��{Âa�Ä¸�Zu�Ä]�½Â°·Z§ÉZÅ�

���»Ì¸�Ê·Ì�f�ÉÁZu�É���»Ì¸Ê·Ì�f�µÂ¸v»�TCA3�{���
µZ¬f¿Y�Ã{Y{�|¿|��  

¾ÌXeÁ�a�d�¸£�¾ÌÌ e�ZÅ  
XeÁ�a�Y|¬»Ì¾�Ä¿Â¼¿�ÉZÅ�¶�Zu�Ã{Z¨f�YZ]��Á��Y�

�Â§{Y�]{������� eÌÌ¾�|���ÉY�]�YË¾��Â�À»��Y�¯Ìd�
�yËÉ�Y|�Ã|��d¯���Y� PIERCE Biotechnology 

�Coomassie Protein Assay Reagent Kit� �Ã{Z¨f�Y�
|��  

ÉY�mY�µÁY| ]����Â§Á�f°·Y�Isoelectric focusing�  
Y�{Ë¾�Ä¸u�»�XeÁ�aÌ¾�\�u�]ZÅ��f°·Y�Z]Ë°Ê�ZÆ¿M�

�{Ë®�»Ì½Y|��f°·YË°Ê��Y�Ë|°Ë°¨e�´Ì®�|¿|�.��Y�{Ë¾�
¬veÌª��Y�µ�ZÅÉ�a�YÌ��Ã{Z»M�Z]�pH�ÉZÅ�d]Zi�½YÂÀ�Z]�

Immobiline pH  (IPG) gradient�Ã{Z¨f�Y�|���

                                                                                  
2. Protein precipitation and extraction 
3. TrichloroAcetic Acid 



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

Ä]� e�Â�À»ÌÌ¾�Æ]ÌÄÀ�pH�{�Â»�¿Ì�Z��Y�ZÅ�YÂ¿ÊË��Z]�ÄÀ»Y{�
pH��y� Ê]Ì¾���-��Ã{Z¨f�Y�|�� �Zf¿Ël�·ÁYÌÄ�½Z�¿�

|¿{Y{�Ä¯�Ã|¼��eË¾��À¯Y�a�Ä°·ZÅ�ÉXeÁ�aÌÀ�Ê�{�Y{ÄÀ»�
pH�ZÅ�É��Ze���,Ã{Â]�Y~·�ZÅ�YÂ¿�ÉZ]� �¼ÅÌ¾�ÄÀ»Y{�pH��
�IPG Strip pH: 4-7��dÆm�cZ ·Z�»�| ]� É[Zzf¿Y�

|¿|����µÂ��ZÅ�YÂ¿��{�YË¾�¬veÌª����f¿Z�Ê�f»�[Zzf¿Y�
|��  

¹Á{| ]���Â§Á�f°·Y(SDS-PAGE)  
�{�YË¾�Ä¸u�»�XeÁ�aÌ¾ZÅ� ÊËÄ¯�aÌ��e��]�\�u��Z]�

�f°·YË°� ÊY|m�Ã|��|¿{Â]��]��u\�¹�m�·Â°·Â»�Ê
°¨eÌ®�|¿|���Y�]�ÉYË¾��Â�À»��Y�®¿Ze���Â§Á�f°·Y�·�Á{�Ê

Ease 560�Á�ZÆ·�� ÉÃ{Z»M��Ä]�{Z ]Y��� ��f¿Z�Ê�f»�
�Nu-Page 4-12% Tris Zoom Gel, Invigtron, 

Germany��Ã{Z¨f�Y�|��  
²¿��Ì»MÉ��µ��ZÅ�  
²¿��»MÌÉ��µ�ª^�ZÅ��Á��²¿Z¯�Á�½Y�Z°¼Å���������

Á�Z]�Ã{Z¨f�Y�»Â¯�Y�ZÊ���CBB G250��c�Â��d§�³�  
ÄË�ne�¶Ì¸veÁ�µ��ËÁZ�e�ÉZÅ�É| ]Á{ 

�a�¾°�Y�Y�ÁZ�eËdÆm���neËÄ�¸veÁÌ¶�Ä°·ZÅ��Á�
Z�ZÀ�ÊË�¤eÌÌcY��{ÂmÂ»�]Ì¾�eÌ�Z¼ZÅ�¹�¿�Y��Y�§Y�

ProgenesisSamespot (Version 3.3; Nonlinear 

Dynamics)�{�´Å{Z¨f�YË|�  
ÊËZ�ZÀ��¾ÌXeÁ�a�ZÅ��YªË���¦Ì���Á��ÊnÀ���mÊ»��
Ânf�mÁ��{�®¿Z]�ÉZÅ�ÊeZ�Ô�Y  

Ä]��Â�À»�Z�ZÀ�� ÊËeÁ�aÌ¾XZÅ� ÉkY�zf�YÃ|���Y��Á��
d�´¿Y�Z´¿�É¹�m�fbaÌ|��Ã{Z¨f�Y�,|��Ä¯�|]Ë¾��Â�À»�

Y|f]Y��Y��Á�MALDI-TOF) MS�8Y�]�ÉZ�ZÀ��ÊËÄ°·ZÅ�
Ã{Z¨f�Y�|����{�Ä»Y{Y�Y�]�ÉÄ°·ZÅ�ÊËÄ¯�Ä]��Á���Â¯~»�
Z�ZÀ��ÊËÃ|�¿�,|¿{Â]�Á{�Ze���aÌ®��Y�·Ìd��aÌ®ZÅ�É

Ä]�d�{�Ã|»M��Y��neËÄ�MS�[Zzf¿Y�Ã|��Á��neËÄ� 

(MALDI-TOF/ TOF) MS- MS�¹Zn¿Y�|��  
  

                                                                                  
1. Strip 
2. Pre-cast Gels 
3. Gel staining 
4. Commassie Brilliant Blue 
5. Spots 
6.Identification of Proteins by Mass Spectrometry (MS)  
7.Peptide Mass Fingerprint 
8. Mass Spectrometry (Matrix-Assisted Laser Desorption 
Ionization Time-Of-Flight) 

hv]�Á�lËZf¿  
Ä°·� Ê�ÅZ¯� Á� Ê�ËY�§Y� cY�ÌÌ¤e� Ê���]��ÉZÅÂ´·Y� ÉZÅ
Ä¿YÂm� ÉZÅ�~]� Ä�ËZ¬»� �{� ÊÀÌXeÁ�a��ÉZÅ�~]� Z]� Ã{�

�®�yÊf]Â���Á�Êe�Y�u�¦¸fz»�ÉZÅ�Z¼Ìe��{  
ZÅ�¶°��Ä]�ÄmÂe�Z]�É��Á��Ê»�Ã|ÅZ�»��¾ËY��{�Ä¯�{Â�

Ä�ËZ¬»�ÃÁ�³�Ä��{Y| e�ÉY����Ê�ËY�§Y�ºÌ�Àe��Zq{�Ä°·�
|��Ê�ÅZ¯� ZË� Á� ��¾ËY�½ZÌ»��{�cY�ÌÌ¤e�½Y�Ì»�¾Ë�f�Ì]

ÃÁ�³Ä¿YÂm� �~]� Ä�ËZ¬»� �{� �Ì¿� ZÅ��Àe� �ËY��� �{� Ã{�
�Z]�®�y��~]�Á�¾ÌËZa�ÉZ»{���Ã|ÅZ�»�Äf§ZË��ÌÌ¤e�Ä°·�

�ZÆ¿M�½ZÌ»��Y�Ä¯�,|���°·��Á�Ê�ËY�§Y�ºÌ�Àe��Zq{�Ä���
�|¿{Â]�Ê�ÅZ¯�ºÌ�Àe��Zq{�Ä°·��¶°���Á��� ���¾Ë�f¼¯

Ä¿YÂm� ÉZÅ�~]� Ä�ËZ¬»� �{� �Ì¿� cY�ÌÌ¤e� ½Y�Ì»��{� Ã{�
�Ä¯�|��Ã|ÅZ�»�®�y�ÉZÅ�~]�Á�ÄÀÌÆ]��ËY�����Ä°·�

� Á� Ê�ËY�§Y� ºÌ�Àe� �Zq{� ZÆ¿M� �Y���ºÌ�Àe� �Zq{� Ä°·�
�{Â]�Ã|��Ê�ÅZ¯��¶°�����  

ÄÀÌÆ]��ËY��  
·� Ê���]Ä°Ä¿YÂm� ÉZÅ�~]� Ä�ËZ¬»� �{� ZÅ��ËY��� �{� Ã{�
� ÄÀÌÆ]���Ä¿YÂm� �Á��� �Y��a� d�Z��Ê¿�� ��ÉZÅ�~]� Z]

� ®�y��¨�� ½Z»�� �Ä°·� Ä¯� {Y{� ½Z�¿� ÉZÅ���
�Elonagtaion factor EF2� Z]��
��ËY�§Y� �]Y�]��� ,����
�� �ZfÀÌ�� ��Z¯Z��� Z]��
��ËY�§Y� �]Y�]��� ,������Âf¯Z§

� Z]�Ê�ËÂ¿Á��
��ËY�§Y� �]Y�]�� �� Á����ÊËZ�ZÀ��Z]� Ã|�¿
�
��ËY�§Y� �]Y�]�� ��Y��Ê�ËY�§Y�cY�ÌÌ¤e� ½Y�Ì»�¾Ë�f�Ì]

�|¿{Y{�½Z�¿��µÁ|m����  
Ä¿Â¼¿�Ä°·� Ê�ÅZ¯� Á� Ê�ËY�§Y� cY�ÌÌ¤e� �Y� ÉY�¾ËY� �{� ZÅ

�¶°���{��ÃÁ�³�d�Y�Ã|»M��  
¾Ì»ÓÁ�acÔ£� Ã{YÂ¿Zy� ½ZÅZÌ³� �{� ZÅÃ|¼�� ��¾Ë�e

¾XÌeÁ�aÃ�Ìy}�� �~]� ÉY���|��{�� ��Å� �~]|Àf� ��¾ËY
¾ÌXeÁ�a�ÄËZa� ÉÁ�� �]� �~]� ¡Â¸]� Á� Ê³|Ì��� Ê�� �{� ZÅ

Ä¿YÂm� |ÀËY�§� Ê�� �{� �b�� Á� Ã|�� |Ì·Âe� É�{Z»�Ê¿�
Ä]� ½|��^�� µZu� �{� ÄrÅZÌ³� ��Âe� Á� Ã|�� Äf�°�-

Ê»� Ã{Z¨f�Y� ÄÌ·ÁY� ÊËY~£� �^À»� ½YÂÀ�� {Â���Á� ÉÁ��
� {�Â¨·ZÅ�����½Y�Z°¼Å� Á�Ê¯Z³Â¿Â¿� ,����� ���½ZÌ»� �{

Ä°·Äf§ZË��ËY�§Y�ÉZÅÄ¿YÂm�|ÀËY�§�Ê�� �{�Ä°·�Ê¿��ÉZÅ
���,���,���,����,����Á�����ÊÀÌXeÁ�a�ÃÁ�³�¾ËY�Ä]�

�fyYZ|Àf�Y{� �� �¾XÌeÁ�a� ¾ËY�ÉZÅ|uYÁ�Ë�� \¸£Y� ZÅ
� ÄÀ»Y{� �{� Ä¯� Ã{Â]� ÓZ]� Ê·Â°·Â»� ½�Á� Z]� ¾ÌÀeÂ¸³���

|¿{Â]�Ã|��Ã|À¯Y�a��f�Ì]�Á�½Âf·Y{Â¸Ì¯�  



  É{Y�»½Y�Z°¼Å�Á���dve�|¿Z]�Ê»|À³�¦¸���~]�¹ÂXeÁ�a�ÄË�ne���  ��� 

  

  

  
ËÃ�Ìy}� cZ^Ì¯�e� �Y� �´Ë{� Ê°]� ÉY//�¿� �~//�Äf�Z
Ê»|�Z]���Ä¯�¾Ìf°aÂ¸Ì»M�Á��Â¸Ì»M�¹�§�Á{�Ä]�\Ì¯�e�¾ËY

d�Y� Ã|�� ¶Ì°�e� |Àf�Å� �¯Â¸³� ÉZÅ�¼Ì¸a� Á{� �Å��
�ÉY�Y{�cÔ£��Y�É�ZÌ�]�� -�����Á�¾Ìf°aÂ¸Ì»M�� -���

Ê»� �Â¸Ì»M� |��{|À�Z]� �Ä¿YÂm� |ÀËY�§� Ê�� �{�Ê¿�
� ÉZÅ|¿ÂÌaµÂ°·Â»� É|Ë�Â°Ì¸³�f�Z�¿� ÉZÅ/���Âe� Ä

ºË�¿M�Á� Ã|�� Äf�°�� �ÔÌ»M� Zf]� Á� �ÔÌ»M� Z¨·M� ÉZÅ
¾Ë�f�¯{�dÌ¼Ì·�Á��Âf·Z»�,�¯Â¸³�|À¿Z»�ÊeZ^Ì¯�e��|Ì·Âe�

Ê»�{Â���®¸]� Á�Ê·ÂÌ]����� � ���Ä¯� Zn¿M� �Y�µZu��Å�Ä]
��Y��Ì]��cY�|ÌÅÂ]�¯�Y��cÔ£�É�~]�Ã�Ìy}�|��{��ZÅ

Ê»�¶Ì°�eY|Àq�¾ËY�]ZÀ]�|Å{�Ä¯�d�Ì¿��Z�f¿Y��Y��Á{�½
¾XÌeÁ�aÃ|¼��ºÆ��Äf�Z�¿�º�Ì·Â]Zf»��{�¶Ìy{�ÉZÅ�ÉY

                                                                                  
1. Limit Dextrin 

¶°��� -�¹Y�³Á�|¿{�Â´·Y�ÉY�§YË��ZË��ÅZ¯�]Ì½Z�XeÁ�aÌ¾ZÅ��{�Z¬»ËÄ���~]�Ä¿YÂmÃ{���{�Z»{�ÉZaÌË¾��Z»{ÉC°����Á��¿ZfaÌ¶�]M�Ê
�¨���Z]��Z]��~]�®�y���Å��y�]Ì�´¿Z�¤eÌÌcY��®Ë�Ä°·�Ã{Â]�Á��Z¬¿�Á��É�yZÅ�Ã|ÀÅ|¿Z�¿�ZÅ�Y�°e�É½Á�{�eÌZÅ�Z¼�d�Y� 

�~]�Ä¿YÂmÃ{���{�Z»{�ÉZaÌË¾ �~]�®�y 

¶°��� -�{Y| e�Ä°·ZÅ�É¤eÌÌ��Äf§ZË�eÁ�aXÌÀÊ��{���ÊZ¬»ËcZ��¹Zn¿Y�Ã|��»Ì½Z�ZÅ�~]�ÉÄ¿YÂmÃ{���{�Y��Ë��Æ]ÌÄÀ��Z»{�ÉºC�����
Á��¿ZfaÌ¶�]M�Ê�¨���Z]�,��Àe�°�y�Ê�Z»{�ÉºC�����Á��¿ZfaÌ¶�]M�Ê�-��Z]��Á�Z»{�ÉZaÌË¾��Z»{�ÉºC����Á��¿ZfaÌ¶�]M�Ê�¨��

�Z]��Z]�ZÅ�~]�É®�y� 
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ϥΎϳΑ�εϳ΍ίϓ΍

ϥΎϳΑ�εϫΎ̯

�~]�Ä¿YÂmÃ{���{�Y��Ë��Z»{�ÉZaÌË¾��{�¶]Z¬»��~]�®�y 

�~]�Ä¿YÂmÃ{���{�Y��Ë���Àe�°�y�Ê�{�¶]Z¬»��~]�®�y�®�y 

�~]�Ä¿YÂmÃ{���{�Y��Ë��Æ]ÌÄÀ��{�¶]Z¬»��~]�®�y�  



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

ºË�¿M� �YÄ¿YÂm�Ê���{� Ã|��µZ §�ÉZÅÄ]� Y�� �~]�Ê¿��{Ây
|ÀÅ{��Z�fyY� ��½ZÌ]�Ä¯�{Y{�½Z�¿���Zu�ªÌ¬ve�lËZf¿

¹�§Zf]�¦¸fz»�ÉZÅ -��ÔÌ»M��Ä°·�ÉZÅ����,����,����,
���� �� ��Z¯Z�� �fÀ�� ºË�¿M� �Ì¿� Á�Ä°·����� ��Ê�� �{

Ä¿YÂm�|ÀËY�§�¾Ì]�®�y��~]�Z]�Ä�ËZ¬»��{�Ê¿��
� -�
��
d§ZË� �ËY�§Y� �]Y�]� ��Äf�Z�¿� �Ì·Á�|ÌÅ� |ÀËY�§� ¶�Zu

Ä]� Êf�ËZ]Ä�Ë�� Ä]� Á� Ã|�� |Ì·Âe� ��Z¯Z�� c�Â��Á� Äq
Ä«Z�ÄrÅZÌ³�Äq|]ZË�µZ¬f¿Y�|���µZu��{�ÉZÅ� ��Ã|ÅZ�»

Ã|¼�� Ä¯� |����Z¯Z�� º�Ì·Â]Zf»� �{� ¶Ìy{� ºË�¿M� ¾Ë�e
À Ë��ZfÀÌ����Z¯Z��Ê��Ä°·����Z]��
��ËY�§Y��]Y�]�����Ì¿

Ä¿YÂm�ÉZÅ�~]� �{{Â]�®�y�ÉZÅ�~]� �Y� �f�Ì]� Ã{�� ��¾ËY
� ºË�¿MUDP��Z]� Y�� Äf�Z�¿� �Ì·Á�|ÌÅ� �Y� ¶�Zu� �¯Â¸³

Ê»�|Ì·Âe���Z¯Z��Á�Ã{Â¼¿�\Ì¯�e��Âf¯Á�§|ËZ¼¿� �Ä]�ÃÁÔ�
d§Z]� �{� ÊËÓZ]� dÌ·Z §� ºË�¿M� ¾ËY�Ã|ÀÀ¯� ¥��»� ÉZÅ

�Y{���Z¯Z�Ê»���¿�Ä]�Á�Äf��{�Y���¬¿�¾Ë�f¼Æ»�Ä¯�|��
��ZÌ¿�{�Â»�ÊÀ]�¯�d¸°�Y�Á�|�Z]�Äf�Y{���Z¯Z��¾f�°�

dÌ·Z §�ÉY�]�Y��|���µZu��{�ÄrÅZÌ³�|���Á�Ê�¨Àe�ÉZÅ
Ê»�½M��ZÌfyY��{�{�Y~³��½Y�Z°¼Å�Á��]Á�������  

¾Ìa��� ZÅ�serin protease inhibitors� ���Y� ÊÅÁ�³
ºË�¿MXeÁ�a� Ã|¿�Y{�Z]� ÉZÅ/�Z¼ve� �{� Ä¯� Ã{Â]�//�Ä]� ¶
�Àe|¿�Y{� Ê¼Æ»� �¬¿� Ã|¿��Ì£� Á� Ã|¿�� ÉZÅ� ��¾ËY

¾ÌXeÁ�a�{Á|u�ZÅ�¾ÌXeÁ�a��Y�|��{��Y���~]�µÂ¸v»�ÉZÅ
�d�³�]� ¶]Z«� �Ì£� �ZÆ»� �{�Ê¼Æ»��¬¿� Á� Ã{Y{� ¶Ì°�e

�|¿�Y{� ZÅ�ZXeÁ�a�� {�Z´nÅ� Á��e�]Á������ ���ªÌ¬ve� �{
�¾XÌeÁ�a�¾ËY�½ZÌ]�½Y�Ì»�Ä¯�|��Ã|ÅZ�»���Zu�Ä°·�ÉZÅ

����Á�����Z]��
��ËY�§Y��]Y�]�� �Ä¿YÂm�Ê���{��{�Ê¿�
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�
�¾ÌXeÁ�a� Ä]��ÅZ¯� �]Y�]��ª¸ e�¾Ì�¯Á|Ë��Ê�¯Á�a�

�|Àf�Y{�Á|m�µ�-���¶°��Á��-�� ���Ê�¯Á�a�¾ÌXeÁ�a
Êf¿M� Ä�Â¼n»�Ë�� ¾Ì�¯Á|Ë�½Y|Ì�¯Y�Ä]� Äf�]YÁ� ÉZÅ

Ê»� Ä¯� Ã{Â]� µÂÌe�|Ì�¯Y�a� |À¿Z»� ÊeZ^Ì¯�e� |À¿YÂe

� ½�Á�|ÌÅ�H2O2� �� ¶Ì�¯Á�|ÌÅ� Á�OH� �|ÀÀ¯� ZÌuY� Y���
Ê´q�Zb°Ë� �¨u� �{� Ê¼Æ»� �¬¿� ½Y|Ì�¯Y� Êf¿M� ¾ËY��

®�y� Ã�Á{� Ê�� �{� Äf�Å� {�Y{� �~]� ½|��� Ê�Zf�Y�Á
� ½Y�Z°¼Å����� ��� ½Y�Z°¼Å� Á� Ê�Zf�Y������ ��Ã|Ì¬�
�Ä¯�|¿�Y{�-�ÊËZÅ�~]��{��¬§�¾Ì�¯Á|Ë��Ê�¯Á�a��Ì�
Ê»��¼ne|¿�Y{�Ê°�y��Àe� Ä]�ÊËÓZ]�¶¼ve� Ä¯�|]ZË��

� ½Y�Z°¼Å� Á�ÊÀÌ§������ ��¾ÌXeÁ�a� Ä¯� |¿{Â¼¿� Ã|ÅZ�»
��~]��{�½|��®�y��Z§�ÉY|f]Y��{�¾Ì�¯Á|Ë��Ê�¯Á�a

Ä¿YÂm�Z]�Á�Äf§ZË��¼ne�Âmd§ZË��ÅZ¯��~]�Ê¿���  
Ä°·�½ZÌ»��{Ä°·�,½ZÌ]��ÅZ¯�Z]�ÉZÅ�ÉZÅ����,����,

���� ,���� Á����¾ÌXeÁ�a� �Y� ÊÅÁ�³� Ä]��­Â�� ÉZÅ
¾ÌXeÁ�a� ¹Z¿� Ä]� ÊËZ»�³�®qÂ¯� ÊËZ»�³� ­Â�� ÉZÅ

�sHSPs� �|Àf�Y{��Z�fyY� ��ÊÀ^»� {�Y{� {ÂmÁ�É|ÅYÂ�
�Ä°ÀËY��]sHSPs�Ê���{�Ê·Â¸��LY�mY��Y�d�§Zv»� �{� ZÅ
¯Y�|ÀËY�§�Ê³|Ì���Ã�Á{�Ê���{�Ê°�y�Ä]�¶¼ve�[Z�f

Ä¿YÂm�|ÀËY�§�Ê�� �{� �~]�É�Ì´]M� Á� �~]�|¿�Y{��¬¿�Ê¿�
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µÂ°·Â»Á�¯Z»���Å��Ä]��nÀ»�Á�Ã{�¯�É�Ì³Â¸m�ZÅ�d�Z¨u

¾ÌXeÁ�a� Á� Ê·Â¸�LZ�£� �Y�Ê�� �{� Ê¼�ÔaÂfÌ�� ÉZÅ
Ê»� Ê°�y� Ä]� ¶¼ve� [Z�f¯Y� Ä¸u�»� {Â���Á� ��°·YÁ
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¾ÌXeÁ�a�¾ËY�Ê·Â°·Â»®e�¹�§�Ä]� ZÅ��Y�É|uYÁ���Ze����
� �Ì¤f»� ½Âf·Y{Â¸Ì¯� {Á|u� ¾f�ÂÌa� �Y� Á� d�Y�� Ze����

¾ÌXeÁ�a� ¾ËY� �Y� |uYÁ�Ë�¹�§� ZÅÉ|uYÁ|Àq� ÉZÅ���Ì¿�
Ê»�¶Ì°�e�|¿Â���²ÀÌ·�ËÁ�Á��¼ËÁ�������  

                                                                                  
1. Integrity 
2.Protein Refolding 
3. Glassy Matrix 
4. Oligomeric 
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Ä¿YÂm� ÄÌ·ÁY� ¶uY�»� Ê��ºf�Ì�� Ze� Ã|�� µZ §� Ê¿�

Ä]�É�fÀ�Âf§½��®¼¯ZÅ�{Â��ÄfyZ��|Ìf�Ôa��{��«YÁ�É
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¹Á�Â»Á�¯� ÊËY|m� ,Ê·Â¸�� ½|��±��]�ÌÀÌ¯ÂfÌ�� Á� ZÅ��
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1. Elongation factor 
2.cytokinesis 
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3. Granule bound starch synthase 
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� �»ZÅ� Á����� ���Ê�� �{� Ä¯� |Àf�Y{� �ZÆ�Y� ¾ÌÀq� ZÆ¿M
Ä¿YÂm� |ÀËY�§Ã�Ìy}� ÉZÅ|ÌbÌ·� Ê¿��|ÀËY�§� Ê�� � ÉY

�Ã|��¶Ë|^e���Z¯Z��Ä]�[�q�ÉZÅ|Ì�Y�ÉZf]�½ÂÌ�Y|Ì�¯Y
�Ä]�Äf�Z�¿�Ã|ÀÀ¯��fÀ��ºË�¿M���Âe��Ì¿�{Ây���Z¯Z��Ä¯

�¿Ê»�¶Ë|^e�Äf�Z{Â�����{�Äf�Z�¿�Ä]���Z¯Z��¶Ë|^e�w�¿
Ä¿YÂm�µZu�{�ÉZÅ�~]�Ze��Ê¿����Ã|����Y�³��Ì¿�|��{�

�d�Y���»ZÅ�Á�Ê§�Â»������  

  
�µÁ|m�-�ÄÀÌÆ]��ËY����{�Ã{��Ä¿YÂm�ÉZÅ�~]�Ä�ËZ¬»��{��Y{�ÊÀ »�½Y�Ì»�Ä]�ZÆ¿M�Ê¿YÁY�§�Ä¯�ÉZÅ|Ìfba�Ê¸a����ÉZ»{c0����Á

�Z]�¨��Ê]M�¶Ì�¿Zfa�{Â]�cÁZ¨f»�®�y�ÉZÅ�~]�Z]��  
pI� Ê·Â°·Â»�½�Á 

�½Âf·Y{Â¸Ì¯� 
Ê�ËZ»�M É�ÂXe Ê�ËZ»�M É�ÂXe 

¾��¯Y�Ã�Z¼�� ÊÀ »�t��-
É�Y{ 

�½Y�Ì»
Y�ÌÌ¤e
c 

¾ÌXeÁ�a�¹Z¿  
�Ä°·�Ã�Z¼�
�µ��ÉÁ���]
¹Á{�| ] 

5.2 6.51 140 87.0 gi|259130271 0.01 1.7 high molecular weight glutenin 
[Thinopyrumponticum x Triticumaestivum] 23 

5.35 6.51 140 87.0 gi|259130271 0.01 1.5 high molecular weight glutenin 
[Thinopyrumponticum x Triticumaestivum] 26 

5.45 - 140 - - 0.005 1.7 NI 36 
6.8 - 140 - - 0.05 2.2 NI 43 
6.4 - 125 - - 0.025 1.7 NI 66 
6.5 - 128 - - 0.017 1.5 NI 68 
6.2 5.82 108 102.5 gi|186478394 5.01E-04 2.3 transcription factor [Arabidopsis thaliana] 74 

6.05  103   0.031 1.5 NI 77 
5.25  125   0.037 1.5 NI 80 

6 6.15 109 88.7 gi|170743 0.01 2.1 HMW glutenin [Triticumaestivum] 95 

6.6 6.34 109 109.4 TC246839 0.005 3.3 Elongation factor EF-2 99 

6.45 8.69 125 15.4 gi|32328645 0.035 1.7 high-molecular-weight glutenin subunit 
[Triticumaestivum] 100 

6.4 6.20 100 93.7 gi|1196837 0.012 2.7 sucrose synthase 3 [Oryza sativa] 109 

6.65 6.88 100 70.9 gi|13992211 0.008 2.1 glutenin HMW subunit 1Dy 
[Aegilopscylindrica] 113 

6.7 6.91 80 64.4 gi|67975067 0.023 2.1 high molecular weight glutenin 
[Lophopyrumelongatum] 128 

5.45 6.09 78.5 80.3 gi|255957523 0.024 1.5 high molecular weight glutenin 
[Triticumaestivum] 131 

5.4 5.60 59 59.6 gi|17736918 0.001 1.7 granule bound starch synthase I 
[Triticumaestivum] 171 

5.6 9.14 60 56.1 TC239297 4.80E-05 1.8 Granule-bound starch synthase 173 

6.7 9.14 56.5 56.1  9.40E-04 1.5 Granule-bound starch synthase 175 

5.3 5.34 55.5 57.4 gi|61006818 8.60E-04 1.8 beta-amylase 2 [Hordeum vulgare] 189 

5.3 5.65 57.5 57.9 gi|38349539 0.001 1.5 beta-amylase 1 [Hordeumvulgare] 192 
5.3 5.24 56 56.9 gi|3334120 9.20E-04 1.5 Beta-amylase 194 
5.2 5.24 56 56.9 gi|3334120 0.007 1.6 Beta-amylase 201 

6 5.95 55 58.6 TC251262 0.034 1.5 disulfide isomerase [Arabidopsis thaliana] 206 
5.15 4.88 49.5 50.4 gi|8928422 0.004 1.5 Tubulin alpha-2 chain 213 
6.25 5.60 43.5 43.3 gi|75282265   0.006 1.5 Serpin 236 
5.58 5.44 30 43.3 gi|224589266 0.016 1.5 serpin 1 [Triticumaestivum] 237 

6.05 5.56 40 39.8 ACT12_SOL
TU 0.001 -2 Actin-100 � [Solanumtuberosum] 286 

5.45 5.74 39 39.9 gi|29788864 6.20E-05 -3.9 putative cell wall invertase [Oryza sativa] 290 
5.25  33   4.30E-04 -2.5 NI 341 
6.05 6.31 30 24.2 gi|1710077 0.024 -1.5 1-Cys peroxiredoxin 352 

6.65 6.31 28.5 24.2 gi|190684059 0.002 -1.7 peroxiredoxin [Triticumaestivum] 363 

5.8 5.82 21 17.8 gi|242041463 0.017 -1.7 17.4 kDa class I heat shock protein 3  
[Sorghum bicolor] 405 

5.45 5.21 20.5 17.4 gi|15231372 0.027 -1.5 ATHSP17.4 [Arabidopsis thaliana]  406 

6.3 6.41 20 21.5 TC234994 0.012 -1.6 heat shock protein 16.9. [Triticumaestivum] 407 

5.78 5.83 20 16.9 gi|123545 0.002 -2.4 Heat shock protein 17 414 

5.25 5.21 18 17.4 HSP11_ARA
TH 2.30E-04 -1.9 17.4 kDa heat shock protein - Arabidopsis 

thaliana 417 

5.85  18   0.018 -1.5 NI 427  
����Ê¨À»�d»Ô��Z]�Á�d»Ô��½Á|]�{Y|�Y�,cY�ÌÌ¤e�½Y�Ì»�½Âf���{�-���¿�\Ìe�e�Ä]����Ä/°·�º/nu��ÅZ/¯�Z/Ë�Á��ËY�§Y��Y|¬»��´¿ZËZ¼��|Àf�/Å�Z/Å����NI�-

��Ã|�/¿�ÊËZ�ZÀ��Not Identified��������¾�/�¯Y�Ã�Z¼/��Accession number������eZ/�Ô�Y�ÉZ/Å�®/¿Z]��{Ê�TIGR �,NCBI�Á��/ËZSWISS-

Prot���®Ë�f°·YÁ�ËY�Ä�¬¿ (Isoelectric Point)�ZË�pHµ��ÉÁ���]�Ä°·��Å�  
  
  
  



  É{Y�»½Y�Z°¼Å�Á���dve�|¿Z]�Ê»|À³�¦¸���~]�¹ÂXeÁ�a�ÄË�ne���  ��� 

  

  
  

Ä¿YÂm� ÉZÅ�~]� ÊÀÌXeÁ�a� ÉÂ´·Y� Ä�ËZ¬»� Z]��{� Ã{�
�ÄÀ»Y{� Ä¯� |�� Ã|ÅZ�»� Ê°�y� �Àe� Á� ÄÀÌÆ]� �ËY��

¾ÌXeÁ�aÄ¿YÂm�ÉZÅ�~]��{�Äf§ZË�ÌÌ¤e�ÉZÅ��ËY����{�Ã{�
Ä¿YÂm�ÉZÅ�~]��Y��Ì]�Ê°�y��Àe�ÄÀÌÆ]��ËY����{�Ã{�

{Â]��¾ÌXeÁ�a��ËY���¾ËY��{Ã�Ìy}�ÉZÅ�|À¿Z»�É|Ë|m�ÉY
�¾Ì·Â]Â¸³��Ä°·����¾Ì¿ÁY�,����Ä°·������½ZÌ]��ËY�§Y��Ì¿

                                                                                  
1. Avenin 

¶°�����Ä¿Â¼¿Y�É�Y��ÀeÌº�Y�§YË��Ê�Ä°·����Zf] -»MÌd¼�-�Ô�d�Y���Á��ÅZ¯�Ê�Ä°·������¯Á�a�Ê�Ë�¯Á|Ì-¾�d¼��`q��Ä°·ZÅ�
�{�Z¬»ËÄ��eÌ�Z¼��~]�mÄ¿YÂÃ{��Z]��~]�®�y��{�Y��Ë��Æ]ÌÄÀ�� 

beta-amylase 2 Peroxiredoxin 

�~]�Ä¿YÂm�Ã{���������~]�®�y  �~]�Ä¿YÂmÃ{������������~]�®�y  
R1-1 

 
 
 
 

R1-2 
 
  
 
 

R1-3 
  
  
  

R2-1 
  
  
  

R2-2  
  
  

R2-3 
 



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

|¿{Y{� ½Z�¿� �¾Ì·Â]Â¸³Ã�Ìy}�¾ÌXeÁ�a� �´Ë{� �Y� �Ì¿� ZÅ�ÉY
¾ÌXeÁ�a��Y�Ê¼¯�|��{�Z»Y�,|Àf�Å�cÔ£�¾ÌÀm��~]�¶¯�

���-�|��{�� �Ä]� Y�Ê»� d^�¿� {Ây|ÀÅ{� ��|À¿Z¼Å
�¡Â¸]� Á�Ê³|Ì���Ê���{��Ì¿�¾Ì·Â]Â¸³�Á�¾Ì¿ÁY� ,¾ÌÀeÂ¸³

»� ÄËZa� ÉÁ�� �]� �~]�Ê�� �{��b�� Á� Ã|�� |Ì·Âe� É�{Z
Ä¿YÂm�|ÀËY�§�µZu��{�ÄrÅZÌ³���Âe�Á�Ã|��Äf�°��Ê¿�
Ä]� ½|��^�Ê»� Ã{Z¨f�Y� ÄÌ·ÁY� ÊËY~£� �^À»� ½YÂÀ��{Â�

��{�Â¨·ZÅ�Á�ÉÁ��������  
Ä¿YÂm� �{� Äq�³Y��Ì¿� Ê°�y� �Àe� �ËY��� �{� Ê¿�

Ä¿YÂm� |À¿Z¼Å��Y� Êy�]� ½ZÌ]� ÄÀÌÆ]� �ËY��� �{� Ê¿�
¾ÌXeÁ�a� Êe�Y�u� ­Â�� ÉZÅsHSPs��Ä°·� ÉZÅ����,

����,����,����,���½�Á�ÉY�Y{��Ê·Â°·Â»�ÉZÅ�
���Ze�
��½Âf·Y{Â¸Ì¯�� �Ê�¯Á�a� Á� ¾Ì�¯Á|Ë��� Ä°·����½�Á�

�Ê·Â°·Â»��½Âf·Y{�Â¸Ì¯����d§ZË��ÅZ¯��µÁ|m���Ê·Á�,
Ä°·�ºnu�|��Ã|ÅZ�»�½ZÌ»�¾ËY� �{� �ÉZÅ�����¾ÌXeÁ�a

� ÊËZ»�³� ­Â������ ,������ÊËZ»�³� ­Â�� ¾ÌXeÁ�a
�
����Á�������Z]��Y|Ì�¯Y�a�¾Ì�¯Á|Ë�ÂÌe�¾XÌeÁ�a�
��

�ËY�§Y��]Y�]��Ä¿YÂm�Z]�¾ÌXeÁ�a�Á{�¾ËY�Ä]�ª¸ f»���~]�Ê¿�
d§ZË� �ËY�§Y� Ê°�y��Àe� �ËY��� �{� �Ä]Ê»� ��¿�|��

¹�§�d�Y� ¾°¼»� ÊËZ»�³� ­Â�� ¾ÌXeÁ�a� ¦¸fz»� ÉZÅ
�¬¿�ÉY�Y{� �Ì¿� ÊeÁZ¨f»�ÉZÅ� |À�Z]��½Y�Z°¼Å� Á� pÌWÂ¯

����� ��À »� ¾Ë|]� ¾ËY�Êf�Z¨u� �¬¿� Ä¯� d�Y� Ê
¾ÌXeÁ�a�ZÆÀe�Ä¿��~]��{�Ê°�y�Ä]�¶¼ve��{�¶Ìy{�ÉZÅ

�µÂ���{�Ä°¸]�d�Y�dÌ¼ÅY�ÉY�Y{� �~]�Ê³|Ì���Ê���{
Ä¿YÂm�Ã�Á{�Ê¼Æ»��¬¿��Ì¿�Ê°�y��Àe��ËY����{�Ê¿�
Ê»� É�Z]|ÀÀ¯� �� ²ÀÌ·�ËÁ� Á� ²¿ZÅ������ ���¬¿� Ä]

� ÊËZ»�³� ­Â�� ¾ÌXeÁ�a���Ä¿YÂm� �{���~]� Ê¿�
�{� �Ì�aÁ|Ì]Y�M�Á� Ã{�]� Êa� ÊËZ»�³� �Àe� �ËY���

�½ZÌ]�Ä¯�|¿{Â¼¿�Ã|ÅZ�»Antisense��nÀ»�¾ÌXeÁ�a�¾ËY�
Ä¿YÂm� Ä¸u�»� �{�ÊËZ»�³��Àe� Ä]� ¶¼ve��ÅZ¯� Ä]�Ê¿�

|��ÃZÌ³�¾ËY��  
¶ËÂ�� �Âf¯Z§� ,Ä¼m�e� ½|��� Ä°·���� Z]��
���]Y�]�

�ËY�§Y� �Ä¿YÂm� Z]� Ä¯� {Â]� É�´Ë{� ¾ÌXeÁ�a��{� �~]� Ê¿�
§ZË��ËY�§Y�Ê°�y��Àe��ËY��d���¹Z¿��Y�Ä¯��Â��½Z¼Å

��Y� ¶°�f»� � �Âf¯Z§� ¾ËY� ,d�Y|Ìa� �Ì¿� ¾ÌXeÁ�a� ¾ËY
Ä�Â¼n»¾ÌXeÁ�a� �Y� ÉY�Ã�Ìn¿�� ½|�� ¶ËÂ�� Ä¯� Ã{Â]� ZÅ

Ê¸aÊ»�¶ÌÆ�e� Y��Ä¼m�e�|ÀËY�§�Ê���{�É|Ìfba|ÀËZ¼¿��
¾ÌXeÁ�a� ¾ËY� µZ¬f¿Y� ZÅtRNA� Á�mRNA�d¼�� Ä]� Y��

Ê»��Ì·ZeZ¯�¹Á�Â^Ë��ÉZÆf¿Y|À¯���¾ËY�½ZÌ]��ËY�§Y�¾ÌXeÁ�a
Ä¿YÂm�Ê���{��Ì¿�Y�¸¯�Á�c�}�|À¿Z»�Ê¿ZÅZÌ³��{�Á��~]�Ê¿�

�d�Y�Ã|����Y�³��½Y�Z°¼Å�Á� Y|WÂ������Á� Y�ZbÌ·Â¯� ,
�½Y�Z°¼Å����� ���Ä]�Ä¼m�e�½|��¶ËÂ���Âf¯Z§�dÌ·Z §

¾ÌXeÁ�a� ÃY�¼Å� Ä]� Ä¼m�e� �³�Z£M� ÉZÅ�Âf¯Z§� ÉZÅATP��
d�Y� |À»�ZÌ¿� �dÌ·Z §� �ËY�§YATP synthase F0 

subunit 1�� ��Ä°·����Z]��
��ËY�§Y��]Y�]���Ê»��Ì¿� Y� -

� {Â¼¿� ÄÌmÂe��Z�Y� ¾ËY� �]� ½YÂe�� µÁ|m�� ���¾Ë|]� ¾ËY
��ËY�§Y��Ì¿�É��¿Y�Ä]��ZÌ¿��ËY���¾ËY��{�Ä¯�d�Y�ÊÀ »

Ê»�Y|Ìa|À¯���¾ÌXeÁ�aATP-�É|À¯ÂfÌ»�ÉZ�£��{��ZfÀÌ�
��Y� ¶�Zu� ÊÀÌXeÁ�a� \Ì�� �Y� Ã{Z¨f�Y� Z]� Á� Ã{Â]� µZ §

�Äy�q��{�cYÁ�Ìa�d�°��|ÌeÂX¸¯Â¿��]�¯ADPZ]�Y��Pi�
� Ã{Â¼¿� \Ì¯�eATPÊ»� |Ì·Âe� �|À¯� ��½Z»�¼Å� �ËY�§Y
¾ÌXeÁ�a�dÌ·Z §¶ËÂ���Âf¯Z§�ÉZÅ�Á�Ä¼m�e�½|�ATP -

�d�Y�Ã|����Y�³��Ì¿�l¿�]��{��ZfÀÌ���½Y�Z°¼Å�Á�ÊWÂ¯
������  

¾ÌXeÁ�a�½ZÌ»��Y�Á�®�y��~]��{�cÁZ¨f»�½ZÌ]�Z]�ÉZÅ
Ä¿YÂm��~]Ä¿YÂm��~]��{� ,Ã{�Ë�Ã{��¾Ìf¯Y�¹�§Á�ËY�®��Ä°·

���� ��
��É�´Ë{� Á��ËY�§Y�®�y��~]�Ä]�d^�¿��]Y�]�
�� Ä°·���� ��
�d§ZË��ÅZ¯� �]Y�]�� ��Ê�Z�Y� L�m�¾Ìf¯Y

�Ê·Â¸��ÉZÅ|ÀËY�§� �Y�É{Y| e� �{� Á� Ã{Â]�Ê·Â¸��d¸°�Y
�½|��¶ËÂ��,µÂ¸��ºÌ�¬e�,Ê¼�ÔaÂfÌ��cZ¿ZË�m�|À¿Z»
�{�Y{��¬¿� Ê·Â¸��dÌ^�«� {ZnËY� Á� ÊËZÆf¿Y� |��� ,µÂ¸�

�� ½Y�Z°¼Å� Á� |¿ZÌ¸Ì³� d�Z¯����� � ��®e� Ä¯� Zn¿M� �Y-

ÉZÅ|uYÁ�Ê»�¾Ìf¯Y�Ä]�|À¿YÂe�Ä]{Ây�c�Â��ºÅ�Z]�É{Ây
®e� ½ZÌ»� µ{Z e� Y~·� ,|¿Â�� d¨m�Á� ZÅ|uYÁ

ÉZÅ|uYÁ|Àq��¶»YÂ�� ��Âe� d�Y� ¾°¼»� ¾ÌXeÁ�a� ¾ËY
Ä]� Ä¯� {�Ì³� �Y�«� �ÌiPe� dve� Ê�Ìv»��ZË��ËY�§Y� c�Â�

Ìa� �ÅZ�e� �Zy� ¹�§Á�ËY� ®Ë� ½ZÌ]� �ÅZ¯Ê»� Y||À¯��
�½Y�Z°¼Å�Á�YÂ¿ÔËÁ�������Z]��Ä ·Z�»mRNA¹�§Á�ËY��ÉZÅ

�Ê�� �{� ¹�§Á�ËY�®Ë�Ä¯�|¿{Â¼¿� Ã|ÅZ�»�¾Ìf¯Y�¦¸fz»
��Ä¿YÂm� �Y� �a� d�Z����ÅZ¯� �b�� Á� �ËY�§Y� Ê¿�

d§ZË���Ze�É�´Ë{�¹�§Á�ËY�Ä¯�d�Y�Ê·Zu��{�¾ËY���d�Z��
Ä¿YÂm��Á����Y��ad§ZË��ÅZ¯��b��Á�µZ §�Ê¿�����Å�Ä]

Ì]�µZu¹�§Á�ËY�cÁZ¨f»�½Z��ËZ»�M� �{� Ã|��Ä ·Z�»�ÉZÅ

                                                                                  
1. Monomer 
2. Polymer 



  É{Y�»½Y�Z°¼Å�Á���dve�|¿Z]�Ê»|À³�¦¸���~]�¹ÂXeÁ�a�ÄË�ne���  ��� 

�Á� ZÆ¿M�½ZÌ]�½Z»�� �{�cÁZ¨e� �Y�Ê�Z¿�d�Y�¾°¼»���Zu
|�Z]�Ê°�y��Àe�Ä]��À¯YÁ��{�ZÆ¿M��¬¿��{�cÁZ¨e��Ì¿���

Ä]�Ê·Â¸��LZ�£�,Ê§����Y�d§ZË�{�ÉY�]�ÄÌ·ÁY�ÃZ´ËZm�½YÂÀ�
­�v»� Z]��^e�»� µZÀ´Ì��Á�Ê°�y�|À¿Z»�Ê�Ìv»�ÉZÅ

d�Y� Z»��� �ÌÌ¤e� Z]�Ê³{�Ây�ºÅ�]� Á� LZ�£�dÌ·ZÌ��cY�
ÊËY�M�Z]� Á� º�¿�µÂ]ÂÌeÁ�°Ì»�dÀ»ÔÌ§Á�°Ì»� Á� ZÅ�ÉZÅ

�®Ë�ve� µÂ¸�� ½Á�{� Ä]� ºÌ�¸¯� É{Á�Á� ½ZË�m� ÊÀÌf¯Y
Ê»µZÀ´Ì�� �Z�]M� Á� {Â� §� ºÌ�¸¯� Z]� �^e�»� ÊÅ{/�µZ
Ê»{Â�� � �Ä]� ¾Ìf¯Y� cY�ÌÌ¤e� Ê�ËY��� ¾ÌÀq� �{�½YÂÀ�

Á�{� Ä]� Ê¿Á�Ì]� µZÀ´Ì�� µZ¬f¿Y� ÉY�]� Ä��YÁ� µÂ¸�� ½�Á
�d�Y� Äf�]YÁ� ºÌ�¸¯� �Ì�»� Z]�½M�½{Y{��Z^e�Y��Á� �YÁ�ÁY

� ½Y�Z°¼Å����� ���Ä��YÁ� Ä]� ¾Ìf¯Y� ½ZÌ]� �{� �ÌÌ¤e
­�v»� Ê¿Á�Ì]� ÉZÅ�Ê°�y� Á� Z»��� �Àe� |À¿Z»� ��Á

�Ã|����Y�³�l¿�]�Á��Ì�aÁ|Ì]Y�M��{�Ê¿Â»�ÂÅ�ÉZÅ�Z¼Ìe
�d�Y��½Y�Z°¼Å�Á�|¿ZÌ¸Ì³�����½Y�Z°¼Å�Á�Ê·�,�������

Àq�ÉZf�Y�� �{��ZÀÌ¯�¾ÌXeÁ�a�½ZÌ]��ËY�§Y�É�Ì�¨e�¾Ì
�ºÌ�¸¯�Ä]�Äf�]YÁ��Ä°·����Z]��
��ËY�§Y��]Y�]�����~]��{

Ä¿YÂmÊ»��Ì¿�Y��®�y��~]�Z]�Ä�ËZ¬»��{�Ã{��ÄÌmÂe�½YÂe
�{Â¼¿��µÁ|m���  

� |ÌÅ|·M��Ì¸³� ¾ÌXeÁ�a� -��Z¿�Á�|ÌÅ{� cZ¨�§
�GADPH� ��Ê�� �{� ½M� ½ZÌ]� Ä¯� {Â]� É�´Ë{� ¾ÌXeÁ�a

Ä¿YÂm�� �{� �~]� Ê¿��d§ZË� �ÅZ¯� Ê°�y� �Àe� �ËY�
��µÁ|m����¾ÌXeÁ�a��Y�Ê°Ë��Ì¿�¾ÌXeÁ�a�¾ËY�ÉY�Y{�ÉZÅ

��~]�½|��®�y�|ÀËY�§�Ê���{�Ä¯�Ã{Â]�Êf�Z¨u��¬¿
Ä¿YÂm�Ê���{��b��Á�Ã{Â¼¿��¼ne��~]�½Á�{��ÅZ¯�Ê¿�

Ê»|À]ZË� �GADPH�º¯� Á� Ê°�y� �Àe� �ËY��� �{�
Ä¿YÂm� µZu� �{� �~]� �{� �Ì¿� Ê¿�Ì�¯YÊ»� �¼ne� Ê¿�|]ZË��

¿�Ê¿�Ì�¯Y� º¯� �ËY��� �{� ºË�¿M� ¾ËY� Ã|¼�� �¬
�À¯YÁ�½{�¯�Ì·ZeZ¯d�Y��¿�Â¯Â¸³�Á��Ì·Â°Ì¸³�ÉZÅ���¾ËY

Ä]�¾ÌXeÁ�a¹ZÌa��Ì�»��{�d�Y�¾°¼»�ÃÁÔ�Ê¿Z���ROS�
|ËZ¼¿��¬¿�ÉZ¨ËY��Ì¿����½Y�Z°¼Å�Á�ÂÀËÓ��������½ZÌ»��{

¾ÌXeÁ�aÄ¿YÂm�Ê�� �{� Ä¯�ÊËZÅ�Ê¸³� |Àf§ZË��ÅZ¯�Ê¿�
� �ÓZ�¯YI��� Ä°·���� �|�� Ã|ÅZ�»� �Ì¿� ���{� ºË�¿M� ¾ËY
dÌ¼��ÊËY{�methylgloxalÃ{�ÁM�§��Y�Ê°Ë�,�Ê^¿Zm�ÉZÅ

{�Y{��¬¿� �Ì·Â°Ì¸³� ��Ê³|Ì��� Ã�Á{�µÂ�� �{�ºË�¿M�¾ËY

                                                                                  
1. Rearrangment 
2. Signalling 

Ê»��¼ne� �~]®�y�Ä]�¶¼ve� �{�Ê¼Æ»��¬¿� Á�|]ZË-

{�Y{� �~]� ½|�� ���ËY�§Y� �{� ¾ÌXeÁ�a� ¾ËY� ½ZÌ]� �ËY�§Y
���Y�³��Ì¿� Z»���Á�É�Â��,Ê°�y�Ä]�¶¼ve�d�Y�Ã|�

���³Z�À]�������Z¨·M�Ã|¿�Y{�Z]�¾ÌXeÁ�a-���ÔÌ»M�Ä°·�ÉZÅ
���� Á����� Z]�\Ìe�e� Ä]��
�� Á��
��ÅZ¯� �]Y�]�� ���Ì¿

¾ÌXeÁ�a��Y��´Ë{�Ê°Ë��f�Ì]�®�y��~]��{�Ä¯�{Â]�ÊËZÅ
Ä¿YÂm� �~]� �Y{Â]� Ã{�� ��½|��a� Ã�Á{�Ê���{�¾ÌXeÁ�a�¾ËY

��¨u�cY��u�Ä»|���Y�Y���~]�Á�Äf§ZË��ËY�§Y�Ä¿Y{�Ã{Â¼¿
Ä¿YÂm�|ÀËY�§�Ê�� �{� ÁÊ»��ÅZ¯� �~]�Ê¿��|]ZË��Á�ÊÀÌ§

�½Y�Z°¼Å������  
¾ÌËZa�ÉZ»{��Àe  
Ä°·�Ê���]�Ê���{�Ê�ËY�§Y�cY�ÌÌ¤e�¾Ë�f�Ì]�Z]�ÉZÅ

Ä¿YÂm� �~]� Ä�ËZ¬»��~]� Z]� ¾ÌËZa� ÉZ»{� �ËY��� �{� Ã{�
�¾ÌÀeÂ¸³�¦¸fz»�ÉZÅ|uYÁ�Ë��Ä¯�{Y{�½Z�¿�®�y�Ä°·-

�ÉZÅ���,���,���,���,���,���,���,���,����,����,
���� �Zf]� ºË�¿M� Á-� �ÔÌ»M�Ä°·�ÉZÅ���� ,���� Á������

Ä°·��{�Y��ºÆ��¾Ë�f�Ì]�d^�¿�{Ây�Ä]�Äf§ZË��ËY�§Y�ÉZÅ
|¿{Y{� �Ä°·�½ZÌ»�¾ËY��{�ÉZÅ�����Z]�Ã|�¿�ÊËZ�ZÀ��
��

�ËY�§Y��]Y�]��,������Z]�Ê�ËÂ¿Á���Âf¯Z§�
��ËY�§Y��]Y�]���
�Á������Z]�¾ÌÀeÂ¸³�
�Y�§Y��]Y�]��Ë����ËY�§Y�¾Ë�f�Ì]

� |¿{Y{� d^�¿� {Ây� Ä]� Y��� µÁ|m�� ���dÌ·Z §� �ËY�§Y
ºË�¿M��{� ¾ÌËZa� ÉZ»{� �ËY��� �{� Äf�Z�¿� �fÀ�� ÉZÅ

�Y�¸¯�|À¿Z»�É�´Ë{�½ZÅZÌ³��½Y�Z°¼Å�Á�YÂf�a��������Ì¿
d�Y�Ã|����Y�³��  

¾ÌXeÁ�a�½ZÌ»��YºË�¿M�Äf§ZË��ËY�§Y�ÉZÅ�cYÁ�Ìa�ÉZÅ
� �ÔÌ�¯Â]�¯{�� Ä°·���� Z]� �ÔÌ�¯Â]�¯{� cYÁ�Ìa��
��
�ËY�§Y��]Y�]���ZfÀÌ��cYÁ�Ìa�µÂ¿YÂ¨�§�,��Ä°·����Z]��
��
�ËY�§Y��]Y�]����ÓÂ¿Y�Á��Ä°·����Z]��
��ËY�§Y��]Y�]�����{

Äy�q�µZ §�É�YÂÅ�Ì£��¨Àe�Á��Ì·Â°Ì¸³� ,�¿�Â¯Â¸³�ÉZÅ
|Àf�Å� �¾ÌXeÁ�a� ¾ËYºË�¿M� ÃY�¼Å� Ä]� ZÅ�º�Ì·Â]Zf»� ÉZÅ

Zf]�|À¿Z»�Äf�Z�¿-Ê»��ÔÌ»M��{��~]�Ê�¨Àe��Ì�»�|À¿YÂe
Ä¿YÂm�µZuÉ�YÂÅ� �Ì�»� �Y� Y��Ê¿��É�YÂÅ�Ì£�Ä]����ÌÌ¤e�

|ÀÅ{���{Á|v»���f�{��{�½�Ì�¯Y�½Y�Ì»�Ä¯�Ê�ËY����{
Äz�¿� Á� Ã|�� {Á|v»�ÊËZË�|À¯ÂfÌ»��¨Àe�d�Y�É�Y{�]

½��Ä]�ZÅºË�¿M�|Ì·Âe�d¼�cY�|ÌÅÂ]�¯�º�Ì·Â]Zf»�ÉZÅ�ZÅ

                                                                                  
3. Aerobic 
4.Anaerobic 



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

�Á��Z¿�Á�|ÌÅ{�¶°·Y� ,�ZfÀÌ����Z¯Z��|À¿Z»�Ê¸°·Y��Ì¼ze�ÁÊ»��Ìa��Z¿�Á�|ÌÅ{�cZf¯Ó�{Á���ZeY�a�Á�Ê�À´»������  
�  

�µÁ|m�-�ÄÀÌÆ]��ËY����{�Ã{��Ä¿YÂm�ÉZÅ�~]�Ä�ËZ¬»��{��Y{�ÊÀ »�½Y�Ì»�Ä]�ZÆ¿M�Ê¿YÁY�§�Ä¯�ÉZÅ|Ìfba�Ê¸a����ÉZ»{c0����¶Ì�¿Zfa�Á�
�Ê]M�-�Z]���{Â]�cÁZ¨f»�®�y�ÉZÅ�~]�Z]�  

pI 
Ê·Â°·Â»�½�Á 

�½Âf·Y{Â¸Ì¯� 
Ê�ËZ»�M É�ÂXe �ËZ»�MÊ É�ÂXe ¾��¯Y�Ã�Z¼�� 

ÊÀ »�t��-
É�Y{ 

�½Y�Ì»
cY�ÌÌ¤e ¾ÌXeÁ�a�¹Z¿ 

�Ä°·�Ã�Z¼�
�µ��ÉÁ���]
¹Á{�| ] 

6.5  128   0.005 2.3 NI 68 
6.7  109   0.01 2.6 NI  79 
6.4 6.53 115 113 TC267698  0.004 2.6 Heat shock protein 101, complete 87 

6.7 6.91 80 64 gi|67975067 0.017 2.2 
high molecular weight glutenin  

[Lophopyrumelongatum] 128 

5.45 6.09 78.5 80 gi|255957523 9.20E-04 1.6 high molecular weight glutenin [Triticumaestivum] 131 
6.7 7.78 70 66 gi|215398470 0.011 2.9 globulin 3 [Triticumaestivum] 140 
5.4 5.60 59 59 gi|17736918 0.03 1.5 granule bound starch synthase I [Triticumaestivum] 171 
5.5 7.86 58 63 gi|4588607   0.027 1.6 granule-bound starch synthase [Triticumaestivum] 172 
5.6 9.14 60 56 TC239297 0.004 1.7 Granule-bound starch synthase 173 
6.7 9.14 56.5 56  0.001 1.8 Granule-bound starch synthase 175 
5.9 5.85 55,5 55 gi|89280711 0.007 1.7 ATP synthase F0 subunit 1 [Oryza sativa] 181 
5.4 5.73 55 56 gi|6729696 0.04 1.6 Beta-Amylase 182 

6.55  49   0.04 1.8 NI 186 
5.3 5.34 55.5 57 gi|61006818 0.01 1.7 beta-amylase 2 [Hordeumvulgare] 189 
6.5 8.19 53 53 gi|84181091  0.002 2 high molecular weight gluten subunit 191 
5.3 5.65 57.5 57 gi|38349539 0.04 1.5 beta-amylase 1 [Hordeumvulgare] 192 
5.3 5.24 56 56 gi|3334120 0.002 1.6 Beta-amylase  194 

6.65 6.15 49 23 Q7F8S5_ORYSA 0.001 1.7 Putative thioredoxin peroxidase [Oryza sativa] 197 
5.2 5.24 56 56 gi|3334120 0.01 1.7 Beta-amylase 201 

6.73 6.76 55.5 61144 gi|297813857 0.007 2.1 
calcium-dependent protein kinase 23 [Arabidopsis 

lyrata] 204 
5.45 5.54 53 68520 TC249903 0.005 1.8 Beta-amylase precursor 212 

6.55 6.08 49 47 gi|242096224 0.03 1.6 
eukaryotic translation elongation factor-1 (EF1) 

[Sorghum bicolor] 216 
6.7  44   0.003 1.7 NI 221 

6.35 6.41 45.7 46 gi|300681441 0.016 2.2 acyl-desaturase [Triticumaestivum] 234 
6.25 5.44 44 43 gi|224589266 1.40E-02 2.1 serpin 1 [Triticumaestivum] 235 

5.85 5.60 43.5 43 gi|75282265 0.01 1.5 Serpin-Z1A [Triticumaestivum] 241  

5.4 5.31 43.5 41 gi|255636850 0.03 1.6 actin 242 

5.7  43   0.01 1.6 NI 249 

5.8  38   0.003 2.1 NI 251 

6.8 8.29 40 33 gi|145321072 3.20E-05 -1.9 avenin-like protein [Triticumaestivum] 269 

6.6  39   0.002 2.1 NI 277 

6.05 5.56 40 39 ACT12_SOLTU 0.03 -1.5 Actin-100 � [Solanumtuberosum] 286 

5.3 5.51 38 32 gi|16580747 0.01 -1.6 glyoxalase I [Oryza sativa] 298 

5.25  33   0.001 -4.2 NI 341 
6.05 6.31 30 24 gi|1710077 6.40E-04 -4.8 1-Cys peroxiredoxin 352 

6.1 6.06 24.25 23 gi|283480515 0.006 -1.8 Tri a Bd 27K [Triticumaestivum] 381 

5.8 5.82 21 17 gi|242041463 0.003 -3 
17.4 kDa class I heat shock protein 3 [Sorghum 

bicolor] 405 

6.3 6.41 20 21 TC234994 0.032 2 heat shock protein 16.9. [Triticumaestivum] 407 
5.78 5.83 20 16 gi|123545 3.20E-04 -4.8 Heat shock protein 17 414 

5.25 5.21 18 17 HSP11_ARATH 0.007 -1.6 
17.4 kDa class I heat shock protein [Arabidopsis 

thaliana] 417 

6.35  18   0.018 -1.7  418 
5.9 5.58 17.5 17592 gi|147225042 0.036 -1.9 17.5kDa heat-shock protein [Aegilopslongissima] 421 

5.85  18   0.002 -2.2 NI 427 

6.35 7.44 18 18.8 gi|123957  0.006 1.6 Alpha-amylase/trypsin inhibitor 435 

5.35 5.25 13.9 13 gi|114215910 0.024 -1.5 
dimeric alpha-amylase inhibitor 

[Aegilopssharonensis] 476 

5.95 5.80 10.5 12 gi|125658315 0.015 -3.1 
glyceraldehyde 3-phosphate dehydrogenase 

[Ficusfistulosa] 482 

6.18 6.49 13 13 gi|114215822 0.017 -1.8 dimeric alpha-amylase inhibitor 563 

������������Ê¨À»�d»Ô��Z]�Á�d»Ô��½Á|]�{Y|�Y�,cY�ÌÌ¤e�½Y�Ì»�½Âf���{�-����e�Ä]�Ä/°·�ºnu��ÅZ¯�ZË�Á��ËY�§Y�d^�¿��´¿ZËZ¼¿�\Ìe��|Àf�/Å�Z/Å����NI�-
��Ã|�/¿�ÊËZ�ZÀ��Not Identified��������¾�/�¯Y�Ã�Z¼/��Accession number������eZ/�Ô�Y�ÉZ/Å�®/¿Z]��{Ê�TIGR �,NCBI�Á��/ËZSWISS-

Prot���®Ë�f°·YÁ�ËY�Ä�¬¿(Isoelectric Point)�ZË�pHµ��ÉÁ���]�Ä°·��Å� 

 



  É{Y�»½Y�Z°¼Å�Á���dve�|¿Z]�Ê»|À³�¦¸���~]�¹ÂXeÁ�a�ÄË�ne���  ��� 

  
Ä¿YÂm� ÄÌ·ÁY� ¶uY�»�Ê�� �{�ÊfÌ �Á�¾ÌÀq��~]� Ê¿�

Ê»� Ã|ÅZ�»� �Ì¿{Â�� �¿Â³� Ä]� Äf�]/ÅZÌ³� Ä/�¿� Ä]� Ê/��
Ê»��Y��a�ÄÌ·ÁY��Á��|Àq�Ze�d�Z��|Àq�Ê���{�Ä¯�|��

Ê�ÂÀ]M� �Á����Ã{Â]� �Ì·Â°Ì¸³� Ã|¼��Ê�¨Àe� �Ì�»� ,�~]�
� Á� cYÁ�Ìa� ½M� cÓÂ�v»� Ä¯ATPÊ»�|�Z]���ËY��� �{�

                                                                                  
1. Imbibation 

�YÂÅ�Ì£�0Zf^�¿É�Ä�Ë��kÁ�y��Y�¶^«�Ä¯��{ÂmÁ��~]��{�Äq
Ê»�¶Ë|^e�|ÌÅ|·Zf�Y�Á�µÂ¿ZeY�Ä]�0Ze|¼��cYÁ�Ìa�{�Y{{Â���

��Ì�»� Ä]� Ê�¨Àe� �Ì�»� �ÌÌ¤e� Z]� Á� �ËY��� ¾ËY� �{
�{Â^¼¯�µÂ¸�� ,�Ì·Â°Ì¸³ATP�Ê��f�{�{Â^¼¯� �Y�Ê�Z¿�

                                                                                  
2. Anaerobic  

Glyoxalase I  Granule-bound starch synthase 

�~]�Ä¿YÂm�Ã{�������������~]�®�y  �~]�Ä¿YÂmÃ{�������������~]�®�y  

R1-1 
 
 
 
 

R1-2 
 
  
 
 

R1-3 
  
  
  

R2-1 
  
  
  

R2-2  
  
  

R2-3 
 

¶°��� -�Ä¿Â¼¿Y�É�Y��ÀeÌº�Y�§YË��Ê�Ä°·����XeÁ�aÌ¾��fÀ��Ã|ÀÀ¯�-Äf�Z�¿�d¼��`q��Á��ÀeÌº��ÅZ¯�Ê�Ä°·�����¸³Ê-�ÓZ�¯Y�
d¼��d�Y���Ä°·ZÅ��{�Z¬»ËÄ���~]�Ä¿YÂmÃ{��Z]��~]�®�y��{�Y��Ë���Àe�°�y�Ê�Z»{�ÉࡈC�����Á��¿ZfaÌ¶�]M�Ê� -��Z]�� 



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

��¨Àe� Ä]� �¨Àe� �Ì�»� �ÌÌ¤e� ��Âe� Y�� ½�Ì�¯Y� Ä]
�É{Á|u�Ze�É�YÂÅ�Ì£  

�Ê»� ½Y�^m|À¯���®¸]� Á� Ê·ÂÌ]����� ���ÉZf�Y�� �{
� ½Y�Z°¼Å� Á� YÂf�a� �ËZ»�M� ¾ËY� lËZf¿������ ���ËY�§Y

ºË�¿M�dÌ·Z §ºË�¿M�Á��¿�Â¯Â¸³�,�Ì·Â°Ì¸³�Äy�q�ÉZÅ�ÉZÅ
Ä¿YÂm�|À«�|À¤q��~]��{� Y��É�YÂÅ�Ì£��¨Àe��{�¶Ìy{-

|¿{Â¼¿� ��Y�³� ¾ÌËZa� ÉZ»{� �ËY��� �{� Ã{�� ��Á� Ê·
� ½Y�Z°¼Å������ �Ä¯� |¿{Â¼¿� Ã|ÅZ�»� �Ì¿��Àe� �Á�]�

½��½ZÌ]��ËY�§Y�Ä]��nÀ»�l¿�]��{�¾ÌËZa�ÉZ»{�¶Ìy{�ÉZÅ
ºË�¿NfÌ·Z §��{Ä]�É�Ì·Â°Ì¸³�ÊËZÅ�ZÆ¿M� ,|Ë{�³��ÓÂ¿Y�Ã�ËÁ

Ê»� Ä¯� |¿{Â¼¿� �ZÆ�Y� ¾ÌÀq�ºË�¿M� ¾ËY� dÌ·Z §� �Y� ½YÂe
Ä]��´¿Z�¿�½YÂÀ� -�¾ÌËZa�ÉZ»{��Àe�Ä]��À¯YÁ�Ê°Ë�Â·ÂÌ]

{Â¼¿� Ã{Z¨f�Y� �ÔÌ�¯Â]�¯� cYÁ�Ìa� µÂ¿YÂ¨�§� ��Ä°·�ÉZÅ
���Á�����Z]���
��Á��
��ËY�§Y��]Y�]����É�´Ë{�¾ÌXeÁ�a

d§ZË��ËY�§Y�¾ÌËZa�ÉZ»{��ËY��� �{�½M�½ZÌ]� Ä¯� Ã{Â]��
Z]� Y��cYÁ�Ìa� µÂ¿YÂ¨�§��À¯YÁ� ºË�¿M�¾ËYHCo3

-��Ì·ZeZ¯�
Ê»�|Ì·Âe�cZf�YÂ·Y�³Y� Á� Ã{Â¼¿|À¯� ���{�\¸£Y� ºË�¿M�¾ËY
� ½ZÅZÌ³� É�fÀ�Âf§� ÉZÆf§Z]C4� Á�CAMd�Y� µZ §���

�®ÌeÁ�¸aZ¿M��¬¿�ÉY�Y{�ºË�¿M�¾ËY�Ä¯�d�Y�Ã|����Y�³
�dÆm�ÊÀ]�¯�d¸°�Y�ÉY�]� Z�Z¬e�Ä¯�Ê�ËY����{�Á�Ã{Â]
�|Ì·Âe� Z]� ºË�¿M� ¾ËY� ,d�Y� {ZË�� ÄÀÌ»M� ÉZÅ|Ì�Y� �fÀ�
�Ze� ®Ë�fÌ�� |Ì�Y� Äy�q� Ä]� ½M� ¶ËÂve� Á� cZf�YÂ·Y�³Y

Ê»� ¾Ì»Pe� Y�� �ZÌ¿� ¾ËY� É{Á|u|ËZ¼¿� ��¾ËY� ½ZÌ]��ËY�§Y
Äq�b���{�¾ÌXeÁ�ab�Á|¿M�Á�//Å�~]�¹�///u��{�ÉZ//�µZ

Ä¿YÂm�Ê���{�¹|À³�Ê¿����Ze������Y��a�d�Z��/��Á�
Ä¿YÂm� d�Y� Ã|�� ��Y�³� �Ì¿� Ê¿���½Y�Z°¼Å� Á� �·Y�À³
�������Ä]�ºË�¿M�Ä¯�{Y{�½Z�¿���Zu��ËZ»�M�lËZf¿�ÃÁÔ�

fÀÌ�� ¾Ì¿ÂÌf»� ÊÀ Ë� ¾Ì¿ÂÌf»� �fÀ�� �Ì�»� É|Ì¸¯//��Z
�Ä°·� ÉZÅ���� Á����Ä]�� Z]� \Ìe�e�
�� Á��
���]Y�]�

�ËY�§Y� �Ä¿YÂm� �~]� �{�¾ÌËZa�ÉZ»{��Àe��ËY��� �{� Ã{�
�{Â]�®�y��~]��Y��Ì]��¶°�����Á� Y�ZbÌ·Z¯�lËZf¿� Z]�Ä¯

� ½Y�Z°¼Å������ ���ËY�§Y� �]�ÊÀ^»�
��dÌ·Z §�É�]Y�]�
Ä¿YÂm�c�}� ÉZÅ�~]� �{� ºË�¿M� ¾ËY�ÉZ»{��ËY��� �{� Ã{�

d�Y� ²ÀÅZ¼Å� ¾ÌËZa� ��ÄÌ·ÁY� ¶uY�»� Ê�� �{� ºË�¿M� ¾ËY
Ä¿YÂmÄ�Ë�� kÁ�y� ¹Z´ÀÅ� �{� Á� Ã{Â]� �j¯Y|u� Ê¿���Äq

Ê»��ÅZ¯|]ZË��¿M�¾ËY��Y�Ã|��|Ì·Âe�¾Ì¿ÂÌf»//��b��ºË�
�Z]�½|��\Ì¯�e�Z]ATP�Ã|��¶Ë|^e�¾Ì¿ÂÌf»�¶Ë�Â¿{M�Ä]�

Ã{Z»��Ìa� �Y� {Ây� Ä¯³� ½Â»�ÂÅ� ÉZÅ//¸ÌeY� É�Z//�Á� ¾

Ê¸a¾Ì»M� ZÅ�¾ÌeÂÌ]� Á� ¾Ì»�b�Y� ,¾Ë|Ì»�b�Y� |À¿Z»��
Ê»�|�Z]� �Ê¸a»M¾Ì�ÄÌ·ÁY� ¶uY�»� Á� Ê·Â¸�� ºÌ�¬e� �{� ZÅ

Ä¿YÂmÊ»� É�Z]� Ê·Z §� �¬¿� �~]� Ê¿�� |ÀÀ¯��Á� Á{�ÓZ³
�½Y�Z°¼Å�������Ä]�¾¸ÌeY�½Â»�ÂÅ�Ä¯�ÊËZn¿M��Y�µZu��Å
Ä¿YÂm� �{Ä]� �~]� Ê¿���¬¿� Ê¿�Ì�¯Y� º¯��ËY��� �{� Ã�ËÁ

� {�Y{� Ê·Z §�� ZeY�a� Á� Ê�À´»����� ���dÌ·Z §� �ËY�§Y
¿M�ÃY�¼Å�Ä]��ZfÀÌ��¾Ì¿ÂÌf»ºË���Ì¿�Á��Ì·Â°Ì³�Äy�q�ÉZÅ

� Ã|ÀÀ¯� �fÀ���°¸b¼¯� dÌ·Z §ATP��Ä°·����� �Ê»-

��{�Ê¿�Ì�¯Y�º¯��ËY����Â«Á��]�Ê·Z¼fuY�É|ÅZ��|À¿YÂe
Ä¿YÂm� Ê��Á� Á{�ÓZ³|�Z]� ¾ÌËZa� ÉZ»{� �ËY��� �{� Ê¿�
�½Y�Z°¼Å������ ���~]� �{� �ZfÀÌ��¾Ì¿ÂÌf»�ºË�¿M�½Y|¬§

]Zf»�t����¨u�dÆm��{��~]�ÊËZ¿YÂe�Z]� Y��®�y�Ê°Ì·Â
Ê»��^e�»�½Â°��µZu��{��~]��{�¾ÌËZa|¿Y{��  

�¾ÌXeÁ�aATP�Ê¸WÂ¯YÁ��M�v-type ATPase���¾ÌXeÁ�a
�É�´Ë{��Ä°·����Z]��
��ËY�§Y��]Y�]���Ä¿YÂm�Z]�Ä¯�{Â]-

�|��µZ §�¾ÌËZa�ÉZ»{��Àe��ËY����{��~]�Ê¿���µÁ|m
������ËY����{�ÃZÌ³�Â¼¿�Á�|���dÆm�¾ÌXeÁ�a�¾ËY�{ÂmÁ

����Àe��Ì£�Á��Àed�Y�É�Á� ��`¼a�®Ë�¾ÌXeÁ�a�¾ËY
��Ì·Á�|ÌÅ�ªË����Y�Ä¯�Ã{Â]�®Ì¿�Á�f°·YATP�Ä]��nÀ»��

�½ÂeÁ�a��¼ne�H+��Ê»�¶WÂ¯YÁ�½Á�{{Â���Ä]�\Ì��d�{
� �¼ne� ªË��� �Y� Ã|»MH+�ÉÁ�Ì¿� |Ì·Âe� ¶WÂ¯YÁ� ½Á�{� �

Ê¿ÂeÁ�a�­�v»���PMF� �Êf¿M� �Ì¿� Á�Ì¿�¾ËY� Ä¯� Ã{Â¼¿ -

Ê»� µZ §� Y�� d�ÔaÂ¿Âe� LZ�£� ÉZÅ�e�ÂaZ¼¿|Ë� ��µZ §� Z]
Êf¿M�¾ËY� ½|�Ê»�®Ë�ve� ÄËÂ¿Zi� µZ §� µZ¬f¿Y� ZÅ�e�Âa-

{Â�� �Êf¿M� ¾ËY� ½|�� µZ §��¼ne� Ä]� �nÀ»� ZÅ�e�Âa
µÂ¸v»�½Á�{� �{� �ÂÌ¯Zf�Y� Á� �ÂÀÌ§Y�� ,��Z¯Z��|À¿Z»�ÊËZÅ

Ê»�¶WÂ¯YÁ�{Â���½Y�Z°¼Å�Á��fËY{��������Ã|��Ã|ÅZ�»
�Ä¯PMFÊ»�`¼a�¾ËY���Âe�Ã|��{ZnËY��ªË����Y�|¿YÂe
Ã|¯É|À]�µÂ¸v»�tÌv���Ä]�¶¼ve��ËY�§Y� Ä]� �nÀ»� ZÅ

{Â�� ÊËZ»����Àe� ��dÌ·Z §��ËY�§Y� ��Zu��ËZ»�M� �{
ATP� �ZfÀÌ����Ä°·�����ºË�¿M� ÃY�¼Å�Ä]�º�Ì·Â]Zf»�ÉZÅ

Ê»�ÊËZ»����Àe��ËY����{�Äf�Z�¿�Á���Z¯Z���{�|À¿YÂe
�¾Ì»Pe�dÆmATP�`¼a�ÉY�]��ZÌ¿�{�Â»�ATP�Ê¸WÂ¯YÁ��M

|�Z]� �É{� ¾ÌXeÁ�a-¨·Â��Y�»Á�ËY� |Ì���PDI� ��¾ÌXeÁ�a

                                                                                  
1. Proton motive force 
2. Compartmentation 
3. Protein disulphideisomerase 



  É{Y�»½Y�Z°¼Å�Á���dve�|¿Z]�Ê»|À³�¦¸���~]�¹ÂXeÁ�a�ÄË�ne���  ��� 

�É�´Ë{�°·/�Ä���� Z]��
��ËY�§Y� �]Y�]�� �]//¯� {Â/]�Ä//�ZÄ¿YÂmd§ZË��ËY�§Y�¾ÌËZa�ÉZ»{��ËY����{��~]�Ê¿��  
  

µÁ|m�-�¾ÌËZa�ÉZ»{��Àe��ËY����{�Ã{��Ä¿YÂm�ÉZÅ�~]��{��Y{�ÊÀ »�½Y�Ì»�Ä]�ZÆ¿M�Ê¿YÁY�§�Ä¯�ÉZÅ|Ìfba�Ê¸a����ÉZ»{0C�����Á
�¨��Ê]M�¶Ì�¿Zfa�Z]���{Â]�cÁZ¨f»�®�y�ÉZÅ�~]�Z]�Ä�ËZ¬»��{� 

pI 

Ê·Â°·Â»�½�Á 

�½Âf·Y{Â¸Ì¯� 

Ê�ËZ»�M É�ÂXe Ê�ËZ»�M É�ÂXe ¾��¯Y�Ã�Z¼�� 

ÊÀ »�t��-

É�Y{ 

�½Y�Ì»
cY�ÌÌ¤e ¾ÌXeÁ�a�¹Z¿ 

��]�Ä°·�Ã�Z¼�
�| ]�µ��ÉÁ�

¹Á{ 

5.2 6.51 140 87.0 gi|259130271 6.20E-05 2.4 

high molecular weight 
glutenin[Thinopyrumponticum x 

Triticumaestivum] 23 

5.35 6.51 140 87.0 gi|259130271 1.60E-04 2.3 

high molecular weight glutenin 
[Thinopyrumponticum x 

Triticumaestivum] 26 

5.45  140   4.10E-05 2.4 NI 36 

6.5 6.51 140 87.0 gi|259130271 0.02 1.8 

high molecular weight glutenin 
[Thinopyrumponticum x 

Triticumaestivum] 40 

     0.009 3.3 NI 43 

6.15 6.51 140 87.0 gi|259130271 0.001 2.3 

high molecular weight glutenin  
[Thinopyrumponticum x 

Triticumaestivum] 44 

5.85 6.51 135 87.0 gi|259130271 0.01 1.8 

high molecular weight glutenin 
[Thinopyrumponticum x 

Triticumaestivum] 49 

     1.80E-04 2.1 NI 50 

5.35 6.51 135 87.0 gi|259130271 0.027 1.5 

high molecular weight glutenin 
[Thinopyrumponticum x 

Triticumaestivum] 53 

5.6 6.05 125 
110.

5 gi|222619275 0.003 1.7 
phosphoenolpyruvate carboxylase [Oryza 

sativa] 54 

6.3 7.55 125 74.4 gi|38492341   0.018 2 
x-type HMW glutenin 

[Lophopyrumelongatum] 57 

5.9 7.55 120 74.4 gi|38492341  4.10E-04 1.9 
x-type HMW glutenin 

[Lophopyrumelongatum] 65 

6.4  125   0.01 1.8 NI 66 

6.5  128   0.01 1.7 NI 68 

6.2 5.82 108 
102.

5 gi|186478394 5.10E-05 3.2 
transcription factor [Arabidopsis 

thaliana] 74 

6.4 6.53 115 
113.

2 TC267698 0.015 2 Heat shock protein 101 87 

5.9  113   8.00E-04 1.9 NI 97 

6.5  109 0.0  0.01 2.1 NI 110 

6.65 6.88 100 70.9 gi|13992211 8.40E-04 3.1 glutenin HMW  [Aegilopscylindrica] 113 

6.1 5.68 105 84.8 gi|50897038 0.04 1.6 methionine synthase [Hordeumvulgare] 118 

6.5  109   0.01 2.2 NI 127 

6.15 6.08 80 80.5 gi|46981760 0.015 1.6 HMW glutenin [Aegilopstauschii] 130 

6.05 5.93 80 84.1 Q8W0Q7_SORBI 4.00E-04  2.8 Methionine synthase [Sorghum bicolor] 137 

6.4  70   0.02 2.1 NI 142 

6.2 6.08 69.5 74.0 gi|297820936 8.90E-04 2.4 
Microtubule associated protein 

[Arabidopsis lyrata] 143 

5.3 5.38 64.5 64.4 gi|2493123 4.30E-04 1.7 
V-ATPase 69 kDa subunit 

[Hordeumvulgare] 144 

5.45  72   0.002 1.6 NI 146 

5.9 6.04 62 41.0 gi|45826417 0.002 1.6 
granule-bound starch synthase 

[Solanumsisymbriifolium] 147 

6.25 5.95 63.5 64.5 gi|170280425 2.40E-04 2.8 
polyphenol oxidase 

[Triticummonococcum] 148 

6.55 5.93 65 50.8 gi|259130277 0.038 1.8 

high molecular weight glutenin 
[Thinopyrumponticum x 

Triticumaestivum] 149 

5.6 5.60 60 65.9 gi|158513193 1.10E-04 1.9 Pyruvate decarboxylase isozyme 2 155 

     0.003 2.2  156 
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�Ä»Y{YµÁ|m�-�¾ÌËZa�ÉZ»{��Àe��ËY����{�Ã{��Ä¿YÂm�ÉZÅ�~]��{��Y{�ÊÀ »�½Y�Ì»�Ä]�ZÆ¿M�Ê¿YÁY�§�Ä¯�ÉZÅ|Ìfba�Ê¸a����ÉZ»{0C����
�Z]��¨��Ê]M�¶Ì�¿Zfa�Á��{Â]�cÁZ¨f»�®�y�ÉZÅ�~]�Z]�Ä�ËZ¬»��{� 

5.7   65   5.90E-04 2.1 NI 158 

5.9 5.90 63 65.3 gi|1009710 0.003 1.6 pyruvate decarboxylase 2 [Oryza sativa] 159 

5.2 5.33 59.5 71.3 gi|3319357 4.10E-04 2.2 
phosphoenolpyruvate synthase 

[Arabidopsis thaliana] 160 

5.15 5.66 59 59.6 gi|10953875 7.50E-06 2.4 beta-amylase [Hordeumvulgare] 162 

6.3 7.36 60 57.1 gi|215398472 3.00E-03 2.5 globulin 3B [Triticumaestivum] 167 

6.55 7.36 58 57.1 gi|215398472 1.80E-06 3.4 globulin 3B [Triticumaestivum] 169 

5.4 5.60 59 59.6 gi|17736918 0.003 1.5 starch synthase I [Triticumaestivum] 171 
6.18  55   8.10E-04 2.1 NI 177 

6.8 6.16 58 67.0 gi|48716089 4.00E-03 1.5 
granule bound starch synthase I 

[Hordeumbogdanii] 178 

5.75 5.65 52 57.9 gi|38349539 1.29E-04 1.7 beta-amylase 1 [Hordeumvulgare] 179 

5.75 5.70 55.5 55.6 gi|81176509 0.011 1.5 ATP Synthase [Triticumaestivum] 180 

6.22 5.21 55.5 56.8 gi|24212082 2.80E-04 1.8 
Phosphoethanolamine N-

methyltransferase 184 

6.4  45.5   0.002 1.5 NI 200 

6 5.95 55 58.6 TC251262 9.50E-04 1.9 
protein disulfide isomerase precursor  

[Arabidopsis thaliana] 206 
5.35 5.70 51 48.4 gi|162460735 0.002 1.8 enolase2 [Zea mays] 210 

5.45 5.54 53 68.5 TC249903 9.30E-04 1.7 Beta-amylase 212 

6.1 6.60 38 24.6 gi|37928995  0.001 -1.6 
cytosolic malate dehydrogenase 

[Triticumaestivum] 285 

6.4 6.40 35.5 33.4 gi|156630197 0.003 1.5 avenin-like protein [Aegilopscolumnaris] 288 

5.3 5.51 38 32.9 gi|16580747 0.005 -1.5 glyoxalase I [Oryza sativa] 298 

5.25  33   1.62E-06 -3.9 NI 341 
6.3  28   0.035 1.5 NI 349 

6.65 6.31 28.5 24.2 gi|190684059 2.52E-05 -2 peroxiredoxin [Triticumaestivum] 363 

5.8 5.82 21 17.8 gi|242041463 1.50E-04 -2.4 17.4 kDa class I heat shock protein 3 405 

5.45 5.21 20.5 17.4 gi|15231372 0.017 -1.6 heat shock protein [Arabidopsis thaliana] 406 

6.3 6.41 20 21.5 TC234994 0.003 -1.8 
heat shock protein 16.9. 

[Triticumaestivum] 407 

5.78 5.83 20 16.9 gi|123545 4.50E-05 -3 Heat shock protein 17 414 

5.25 5.21 18 17.4 HSP11_ARATH 3.40E-05 -2.2 
17.4 heat shock protein [Arabidopsis 

thaliana] 417 

5.85  18   0.002 -1.5 NI 427 

6.7  15   1.20E-02 -1.5 Ni 456 

6.15 5.81 70 57.3 gi|283896812 0.005 1.9 
phosphoenolpyruvate carboxylase 

[Setariapalmifolia] 551 

6.05 6.04 13.9 13.9 gi|114215958 1.40E-04 -1.6 
dimeric alpha-amylase inhibitor 

[Aegilopssearsii] 562 

6.18 6.49 13 14.0 gi|114215822 2.00E-02 -1.5 
dimeric alpha-amylase inhibitor 

[Aegilopsbicornis] 563 

�������������Ê¨À»�d»Ô��Z]�Á�d»Ô��½Á|]�{Y|�Y�,cY�ÌÌ¤e�½Y�Ì»�½Âf���{�-�����������������Ä/°·�º/nu��ÅZ/¯�Z/Ë�Á��ËY�/§Y�d^�/¿��´¿Z/ËZ¼¿�\Ìe�e�Ä]��d/�Y�Z/Å����NI�-
��Ã|�/¿�ÊËZ�ZÀ��Not Identified������̄ Y�Ã�Z¼/���¾�/��Accession number������eZ/�Ô�Y�ÉZ/Å�®/¿Z]��{Ê�TIGR �,NCBI�Á��/ËZSWISS-

Prot���®Ë�f°·YÁ�ËY�Ä�¬¿(Isoelectric Point)�ZË�pHµ��ÉÁ���]�Ä°·��Å�  
�

cÂË�Z¯ÂË�Ê¼�ÔaÁ|¿Y�Ä°^���{�¾ÌXeÁ�a�¾ËY�µZ §�ZÅ
�Ã|ÅZ�»��Ì¿�¹|À³� �~]�½Á�ÂX·M�ÄËÓ� Á�¾ÌÀm��{� Á� Ã{Â]

�d�Y�Ã|���Z°¼Å�Á�Ê¸�ÂÌ·�½Y����� ��Ä]�dÌ·Z §� ÃÁÔ�
�Á� Ã{Â]� Äf�]YÁ� µÂ¸�� Ê»Á�Á�°Ì»� L�m� Z]� ¾ÌXeÁ�a� ¾ËY
d�Y� Ã|�� ��Y�³� �Ì¿� µÂ¸�� t��� �{� ½M� dÌ·Z §��

�Ê�¯Á|Ë��µ{Z e��¨u��{�¾ÌXeÁ�a�¾ËY�Ä¯�Ã|��Ã|ÅZ�»
{�Y{��¬¿��Àe��ËY����{���PDI��¬¿�ÉY�Y{�¾ÌÀr¼Å��

É{� |¿ÂÌa�¾f�°�� Á�¶Ì°�e� Á� Ã{Â]�Ê¿Á�aZq�É|Ì¨·Â�

Ì]�µZu� �{� ¾ÌXeÁ�a� �{� ¾ÌXf�Ì�� ÉZÅ|uYÁ�Ë�� ¾
Ê»��Ì·ZeZ¯�½{�ÂyZe|ËZ¼¿��¾ÌXeÁ�a�Ä]�|ÀËY�§�¾ËY�Ã�ZmY�ZÅ

Ê»��{� Á� Ã{Â¼¿�Ê]ZË�Z]� Y�� {Ây�\�ZÀ»� �ZfyZ�� Ä¯�|Å{
Ê»��¬¿�ÉZ¨ËY� �Ì¿�¾ÌXeÁ�a� Ê³{�ÂyZe� �{� ÄnÌf¿�|ËZ¼¿

��½Y�Z°¼Å�Á�¾�uY�������Ä¿Â´¿Z¼Å�ÄÀÌÆ]��ËY����{�Ä¯
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���,���� Á����� �¾ÌXeÁ�a� �{� Y�� ºÆ�� ¾Ë�f�Ì]�ÉZÅ
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Ä¿YÂm�Ä¯��Àe��ËY����{�Ê¿��Ä]�Àe�Ã�ËÁ�Ê°�y�ÉZÅ
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