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اهان يگ. هستند يمحصولات كشاورزخسارت به ن عوامل ياز مهمتر يكي يطيمح يهاتنش

گر يدر كنار د نيسنتز پروتئ ر در تظاهر، تجمع وييندارند، تغ ييجابجا يينكه توانايباتوجه به ا

ن يدريده يهانيپروتئ. كنديآنها كمك م يو سازگار يداري، به پايسم سلوليرات متابولييتغ

مختلف  يهااز موجودات زنده و در بخش يعيف وسيدر ط) LEA يهانيگروه دوم پروتئ(

له سه دومن يها بوسنيدريده .دشونيد ميتول ين و خشكييپا يدما يهاط تنشيدر شرا يسلول

ر يز  Sو  K،Yقطعات  يريگتعداد تكرار و نحوه قرار. هستند ييقابل شناسا  Sو  K،Yحفاظت شده 

كه  كنديها مشخص منيدريده يرا برا Kn وKn ،YnKn ،SK ، YnS ، KnSنظير  يمختلف يهاكلاس

ن هنوز مشخص يدريده ياقعاگرچه عملكرد و. شنهاد شده استيپ ياژهيك عملكرد ويهر  يبرا

نقش  ،آزاد يهاكاليحذف راد ،يم اسمزيتنظ ،هانيپروتئ يآنها در حفاظت انجماد ،ستين

از انواع و  ييانجا ما به خلاصهيدرا. ت دارنديغشا و فلزات فعال يدهايپيو اتصال به ل يچاپرون

  .ميپردازيم ييدما يهادر پاسخ به تنش ياهيگ يهانيدرينقش ده
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1 Late embryogenesis abundant 
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���������	 
��� ��� �������� LEA �
��� ������ D-11 � �


�������� ��� �� ����� ��������� ���� (RAB)  �� �� �����

�!"���� ����# $%& �� ���� ����� %&�'#  �� (!&

��������)*+ ,&�- .!#	 &�	� �!-� !/0 ,1�& ��  .!2/�

3!� ��� �0�� � �4� 5!"��& �#�!- .������� �!/7& �!8 �� ��

�!��+ �&�� �� �"�"# ��0 �� ��- 9:�;1���  <�7'=K 	Y  �S 

����-#� &#�0!- . �&��K 3�!� ��# EKKGIMDKIKEKLPG  

�� �/� �� >�1 �7'= �?��������@ ��# 3 A����� ��!� �  B!/7&

��0 ���)# �?�0�� ��!���"# 
����& ��= �#��� . �3�C0� �!D1

� ��A�� �) �7'=S ( ��/G �!8 �� ���!& ��HI�!� J# 

Y/VDEYGNP  �7'= ����Y ��0 ���)# �?�0�� &���#  A�� �� �

0 � �K�0 ��� ��1�0 ���@ �&� 	��- 9:�;1 �/� �# �� A������ 

&��C'= ��# �7'= ���� 9����� � Q ��&� �� ��- 9:�;1 <�7'= �

�������9�� ��- ����*& �� .�7'= Q �&�� ����� � L�� �

�!)3!&���&�0 �� � ���� M���� ����!"N �?0� O/P� A� �P�� 

&#��� )QR(.  �7'=S	 �N���S��� �� �!H3��� ;�I�.�- �"  ����

)TU 	TQ.( ��������� �=�I ������� &��� ���
���� � �� 	.�I!�V

�@ �&�# �� A������ &��C'= � ������ ��# )9����� ( �� ���= � ��!�

�1 �!"%& �� �!+ ���+�� W;1# ���&� ��� �� �� ����� B��� �

�&� �� ���H& �?0� �� XC�� !���� .�������� Y�N#�� ������ ��

���= �!%0 � ���7� ���� <�7'= K 	Y  �S S���#  � �� ����

�� Z?& ���� [�� �� \��� �Kn 	YnSKn 	SK 	YnS	 KnS  �Kn  

������� &#�0!- .��� �� ��]&���� ^!0 �YnSKn  ,&�-n V�# 

�7'= A�  Y ��C0� ���V� �# �7'= A�  S�  nV�#  �7'= A�K &# -

�-��. �&A��& .�*0 <�*#�� �� ������������  �� _"7�&

A�\`���� J"�K&	 ���1 ��� ���)"/G� ���;�&# �0��� .

��� ��]&	  ^�!0�SKn � Kn & a��#�� �� ���H��& �!8� �� Z

�I������ ���A��� � &� ��� � ������ .���������  .^!0 

YnSKn A� ����!)��� 3�V��� ��1� 3!;�I�V����� ����� 

& ,b�&# ^!0 � �!-KnS �0�!� � ��- ,b�& <��"I ��#� �P�� �

��� .�����)��� ���������0��� �� , .� ^�!0�� 9:�;1 �� S

                                                           

1 Responsive to abscisic acid 
2 Thermostabale 
3 Cold acclimation 

3�V�"G � �������� ������ .!���/P0� 9:�;1 �� +�# �0��Z ��

�0��� MH0 .���  �!D1 ��]&Y2K2 S0I�!K0 ��# 	Y2K �� 

!���!K0 � � 	Y3K2 �� Betula pubescens  �Yk11 �� c��;�� 

A ^!�� ����� .�*0�\`���� ������� �� ��J"�K& .��� 9�� 

)dU 	RU 	Re 	fg 	hh( � �/� ���� ^!0 ������ ��- iK*& ��

�!� ���� �� �&� �"�& �H3� .���#�0!- )Ud 	hh( .HH%&� .�*0 �

�� �� �0����������#� ��/P0� 9:�;1 �� ��� 3�7I��0��� 9 ��� �

 ,=��1f  �7'=K ��-�� ��-��	 � �� �&�� �!D1 	��1 �e  �7'=K 

 ���� ���?� �P0!�& ��?�*# <�7'= ���7� �� ���K  9�� �)/&

I�� �&� �� ,/%� ��# �-�C0 )dh( .Pennycooke  ��� ��TggQ 

����&#  ����� ��7I j��G ���7� �� <�I`�+� �� ���� 9���

 k��1�0 ����� 9�� B�� ��������� Y2K4 � ���7� �� �P0!

�K�0��� 0l#  �&� �� ,/%� �� ����� 9�- ,&�G 9�� �)/&

 ��-��)Um.(  

 �7'=Y & �!b�#�� ,��H�&(� �� �� �!-�����!)3!& �� ���� 

��A ��-�� Z?& S�� �� �� ��- J*� ������ � .����� ��� �

�N �� <�7'=��!
"�!0 �� ��b�� ��S����� .���n o!3!&!� ��

����� .�P��� ����&�!;0�!�)# �POPP 0�3�/�1� MH0 �# 

������� �� ��b�� �� �� ��DNA & .�*0#��� )UQ 	fe.(   

CuCOR15 �� �"I �/� ���	 �� ������� 
"�!0�& ,b�& �#-

 �� .� ��b�� � �!-DNA j�b�+�# 0�A 9�� �� .� �DNA  �

RNA & ,b�&#�!- .3�b�� �&��# CuCOR15 �@#  A�

������� � ��3�!� �# "�# K &# �-�� �/� �� �n�� ��

�������+� �� �&� �0���0 �!N� ��#  ,=��1 �?0� A��)# � A�� �

3�!� ��# ���� �!N� .  

���������� ERD10  �COR47 
��� .�!�7������ ���� �� 

3!"� 9")�� �� M����# ����-#� ��-�0� )mQ 	fe(.ERD10   ��

I�9�&`��� �����I �� � ��- ,b�& ��"� ���/�����.!�  9�-

&#K� A� � ����9")�� X��� 3!"�# �����!� ����!� �"�� ��

� o� ����!"N .����� &# ���),)-h .(3!;�I�V����	 

������� 
"�!0�9")�� � ���� 3!"�# �!)3!&���&��� �� �  

                                                           

4 Protein or Oligonucleotid Probability Profile  
5 Polymerization 
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,)-hp �")�� MH0# 
�������� LEA� 	�
��� ����!"� �� ����� )*+ M�� 9%�# �����+��� I�)*� 9�&`�� � ���� ,� �����+�� �

0�)& <��= 9�� �)/&�)# �� ��!"��- 9%� �� �����I� M�� q���� M )dQ(.  

  
  

3!"�#�� ��b�� � ��!� \��1 M�� �� �� �0������ �?0� �� ��

!&�� 9:�;1 ���!)3!& �9�� M�� ��� �� ��. ���������� 

����� 8 A��;�I _��`�3�b�� �H'�& .!# ��0�O'= � S �� 

Ca2+ & ,b�&#�0!- .3�7I� �� ��b�� 9Ca2+ ��& ��?�*# �� ���

 I�� .�!�7� �?0� 9�� �)/&�0!# �
��� ������  ������ .���n

�� Ca2+  ���� ,/G)dT 	Qg 	Ud	 Ug 	fe 	f.( 

�������9/�= �� ����� 3!"� ^!��&# � ��0�&�,�!�	 ����	 

&�����!��	 ��0 �� � ,Y!����)# 3!"� �*@# & O/P�#����� .)QR 	

eR 	Th 	Tg(. ��� 
��� ��]&� �Rab17(DHN1)  �� \��1

ABA � � ���� ���& O/P� Z�`�!�#���� )TU(  �� ���� �� �

���&��!����-�� r�C��� �� )hm( � ���� O/P� )�&#  ��

;�I��`� �7'= .!S &#�-�� .HG� �7'= �� 9�� ��S  ��

��������N ���;�I ��S� �"& .�-#��-�� )Qg 	mh 	eT( . ����*&

+� �� ��-# �� A������ ��0�& ��WCS120 (K6)  �=�I ����

 �7'=S &#8 A� �&� ��-���3�!� _# ��)�� �@# 3 A���� �� ���= �

����� ���� �� O/P� .PCA60 (YK) � �� !"��,�!�	  � ����

�2/�� 9�`��"� �� ����- 9I��0� .+�# �� A��������� 

����� �7'= S  ��0�&DSP16(YSK2) �(YSK2) RAB21 �RAB16 �

DHN24(SK3) � �� qHI�& O/P� ,�!�#� ����)Rm 	RQ 	UR 	QT 	

Qh.(  

������ �WCOR410(SK3) ��0 ���)# �/�`� �*@#� �!"���� 

3�H�0� �H'�&# 9I����� �0��� & O/P�#���� .������ �!D1 �


�������� ������9/�= �� ���� 3!"� J"�K&# !&� MH0 �

3�7I �� .� ^!��& � Z?&�9��� 3!"�# �- ���C8 q�7# � *��# 

&#�-�� .� �� �&��� �!H3�� r�C��� s!b+ �� <�G`8� �!N� �� �


�����MK� �� ����� 3!"�# � 9�� ���%& A!�� 0� �� A�

���#��� ���*�  ����)Qg(.  

�������������n ��� �����	 ���� �&��3 �?0� �/� �&�� &�/�# 

3�7I�90 �������� ���������- �#� 3�7I�9��� �� �!/7&����� ��

� ��� �)��3�7I ��9 ���� �� ����� A� ���������  s�+

��> �0�!b%&� & a��#��� . �� ��b�� >�1 ��1 ��

3!;�I�V����� �����  ��.!3�7I � �����/P0� 9:�;1 9� 

�0������ 3�7I�9��� �� �!/7&���� ����� �),)-T .(3��� ,

���� �)������
��� t�N ������� .�/�+�� .����&�� �0���� 

������ �3�!� �#& ��#���%& .��� ��0�!�����+�� 9�  9%�  

                                                           

6 Multifunctional 
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 ,)-Tp MH0��� &!/G# �������� �!"� �� ���D7� 	.���# �� A������ 9�� �)/& �� u�MH0 A� ���� A ,)-� � �-�� ��-��0 �� � �

����� � �������#  9�� �)/&�)# � A��MH0 � �-�� ��-�� �� ��)fe.(  

  
  

�-�I q���-!)�/��#� %&����� ,/G q .������ �&�� <�73�'& �

��� >!��0�)& v������ �� ,/G������� ���9�� (!& �� .�� 

S��C/�# ���&�� �3�7I � ���9�� �)"/G �!- iK*& ������ 

�� A������� ,��= .�- �&�� .�/�+�� A� ���� M��# 9�� . �n��

������ 3�7I A��9��� ��������-�� ����&A� q���S*#  iK*&

��-	 � �&�����!& � ��� �b��I MH0 _���l!3!�)# ������� ��

I��# 0�A 9��3�7I ���- �� 9��&A� q���S*#/� 	� �� �*

�-�C8 q�7# ��/0 .�#�0!- .8 A���H& _�� ���� �� .���

������K�#� �� ������ M?N �� �7'= �=�I ��I��  �� �&�� A�

��& .�#� �� 	�����0���# �� ������*1� �#  <�!j �� �0���

<��;� �!N���� I���l!3!�)# &# �'��� .�!�H��&�/# �� �&�� �

I MH0 ����l!3!�)#  �� ��=� .�)fe( .� ������7� �� �P��  A�

MH0��� �� Z?&�����& ���-� ��#�!- .��MH0 �� Z?I �� ��� �)�

�� �!'n������ a0 A� ���l!3!�)# & ���#� �!'n � ����� �


�����& ��#�� ��0�!�� A���*� �� J"�K& w����� 	

��l!3!�)�!� & �/� 	�0�� ��)� 97�j �#��� . .�*0 <�73�'&

&#�� �� ����������	 
�������� iK*&�0 ���+�� ���  �����

� ��7>� ���� �!'� 9�� �?0� �� ����� 9"G �� � 9�� ��- ��� �
                                                           

7 Intrinsically Unstructured Proteins 

���x# & �?0�#� ��0�!���!)3!&���& v'� .!&�� ��= ��� � �0

��4� w�'70� r�C��� �� IUPs �!)3!& ����� �� w��� 3�7I� 9

��������!)3!&���& �� ��b�� ��0�& ���0� 9:�;1 � ���/# 

��>� 9�� .�!)3!&���& �� ��b�� �� `]& ��� ���+�� 	��

�������7>� A� ���Za�&�0 9� 7>� ���Za�& 9	 y���& # 	���

�2/���!)3!& �� �?0� ���#� & ��=� ��b��#& �� ����# ��0�!�

�����+��� !0�(��y� �� .�-������  .���  ��]&�.!��� ���  ��

�� �� ,b�&���� �CuCOR15 &#"� ���+�� �!-��)# 
���� �

��I� ����� �� �0� ��b�� � ���� M����� 
"�!0�%� ��& �# ����

)mh 	hR( .HH%&����� .�*0 ��� �� �0������ �� 9�� �)/& ��

����!& �"� ��- 9:�;1 JK �!)3!&���& �� � �0!- ,b�& ��

HG��7'= �� 9�� �� K )*�� ,�"� �I ���� k)��� A��� 

&#�� ��b�� 	���������*@ �� ��� 3!"�# 3�� t�N <�z ��� �

� �� <�G`8�� �!� s!b+ �)me( .� ����� ���� �� X����� ��

A� ����!)��� 3�V��� ��1 ��� 3!;�I�V����� �����  �����

� � ��- ,b�&�� ��b�� ��A� �� �*��!)���  ��- ��+�� �n!�

3!;�I A��V����� ;�& ���# �� ,]&���;�I������;�I 	����� ,� �

��;�I ����"� ,�& ��=� ���#3� �!-�A� �� �)��!)��� 
                                                           

8 Disordered state 
9 Ordered state 
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��;�I���3!� ,���;�I � ����&� �!0��� ,�/0 ,b�& �#�!-. 

H%��A� �� ���� .�*0 <�H��!)��� ����� 3!;�I�V� �I 	�

"���)#  �7'=K %� ���& �#���� .��� �� ��- ��?�*� �

7>��"� 9��)# �� �� 9�� �)/&����� 3!"� t��N�#  ,]&

t�*@�- 9%� ��� ��� �/� M�� q)me(.  

HG�9�� �� �7'= ��  Y�3�!� �#��� � ���*&���0 �� �7'= ��)# 

�?�0�� &���# �� �� ��b�� �&������� 
"�!0������ � )mm .( `]&

CuCOR15 �� �� ������ ,)- ��� �� ������� 
"�!0� ,b�& �

&#�!- )hQ (�@ �&�� �# � A������� � ��3�!� �# ��n ��� �

3���� �� ����)/� ��b�� �� &#� �&�� � �����������#  ��b��

 ���.!��� �"I�  ���� ��?G � ��)fm .(� �n��� �� �&�� �� �

 �/�3�!�#��� ������ ��/0 9I�# �/� B!/7& �&� �0!-

������� ���)# �0��� �� �� .� A� .������� ��
��� ���� ����x# 

�� �!H3��� �� �� ��b������� 
"�!0��0��� �� � .  

���x# �� �� <��"I �� ��b���������	 & �/�# �� ���

�������/� <�(� M��� XC� ��# �- �� <��"I� q �0!- M��

� ��� ���x# ��� <�73�'& ���3��)3� 9��# �- ��� M�� q

�&�	 )*+# �!- ��  9*0 XC� ���.!��� �"I� ,0���� A� ��

��I� � t�*@ ���DI�� <��"I 9a"@ M� & �!"�#!-	� �� ��

9�� ��- )eg 	fe( .����� .����.l �� .!�!� ��K��� ������ �

� ���& .�#� ,/%� ������*� M�� ����� �"I� �H& ��� �� ��

�� �0��� .�*0 ���� .���)fR.(  

H%��& .�*0 <�H#�� �� ��������& ��#�!)3!& .�!�7� ��0�!�-

��� ��� �>���� � ���� ,/G ����� ����)��� 3!�� �� ��- �

�- 9%� �!"��� A� �� M�� q�� ,/%� XC� � ��� ��� �*� ��

�- ���� � �0!- M�� q�7>� ��� �� 9���� .���� ,&�1 ��K

.l��� �������# �� 9�� ��- ��)hgg (�0�!� �?0� ��#�  w41

������)��� ������������ � ,� w41 �� ���= �&� �0��� �� ,

������)��� ����!��� � ������ .l����0 �� ����)fU .(

� �� ��- iK*&��x# ��� w41���)�� �� ������� �� ��

3�!�#��� ���&���3 ������	 "����� � ������� qC�& �?0� �� �

A 9������ w41 A� �7� ����)� ���A �����1�� � �������# 

y���& #���� .& �� �!'0�/�#0������ ����)��� �/� ��A�� ,

�-��� �!)3!&���& �� ��b�� ����� �� �0��� J"�K&�  ��]&

3 �� ��b�� ���V�� �� �`�+� XC� ����3��9 y� � t�*@�� A� A�I 

�& 93�1��?0 �� � �&�N �� O�& �!"� o& 9#�!- .@� ��7I 

A��� �!)3!&���&�!
"�!0 v'� �� ����
��� � ���0 �� A� �

H"� �!"� o& Z?& ,&�!G# &#�!- .��� w41���)���  ��A�

�2/���0� ��?G � ��Z��� ����>� � AB���� ,]& �!"� ����� �

�� <���B���@ � A�0l��0 ���- �� �� 9�� ��� M�� q��;� 

& MH0#���� .� s!b+ ����0� ��Z0 ����	 ������& �# �0�!�

�/1 MH0��# �-�� ��-�� .��� �- �� ��]&��&� M�� q	 

�������3�7I �����/P0� 9:�;1 9� ��� ���0� ��Z � �0��� ��

����� ��3�7I W;1 XN!& X��- �� �?0� 9� M�� q � ��-

���x# �/1��# 3!"� 9:�;1 �� �?0�# `� 	A����� A����Y��� �� �

3�� ��0 ��� �� 9�� �*)hgg 	Qg 	Rd 	eg 	fU 	fe.(  

 �� MH0������ ,/%� �� ����&� �� .���  

� ������&� �� .���� ���� ��)# /?& ,&�!G A�#  �� 9��

l!3!�� ����%&�)# � M���� ��7� �� .������� � ��� � ������ 

3!� � ���!& A��� ��l!3!�)# .�({� ���& #���4� .y� (� �� �&��� 

�!0 <�-	 �!0 �+n/����)# �0 �� ��y� �P���!� � L� <�#�  �

"bI# =� A���H��& �� ��& .��!0 ��#���� )Rg 	eg(  �/� � �

�I������ 3!���&�)# 3!"� �# & (�#���4� .�&� �� ,/%�� ���� �

X"@� ��  ,/%�����A# �H� �&� �� ,/%� ����� Z� &# �� �!-

3��# ���&� �� <�P0 ��� A�&�� � ;j#  �� �-� � <�P0 ��

���&�� B�� �&� ��� & ���-� ;j#��� ."��!'�# � ,/%�� .���

��n �&� �� 0l#  ��/� 9;j �# 0 iK*& � 9��� �� 9�

�N ��n�0l ��S# 7� ���� ,/%� �����A# � �I:����A�� 9�  ��

�0!� �� �&���� ����# ����9�� .  

�- ����!"� �� q�� ���y� ,��H& �� ��� �� 	�!H3�� ���*� <�

 � M�� A� �7��1 �� ��� M�� ��& ��P#�0!- 9:�;1 	�!- .

������ � A��& .���#�- �� ,/%� ��0�!�� �!+ �� �� �� q

���� �7�!�	 ������#� ���A�� ���  �&� ����&�!+ �#�  ��0

 ����)eh .(& .�*0 .l ��a� �73�'&#���A�� �� ����  �&� ��

� ���y� ,&�- .������ �� �.l .��& �� � ������ 3!���&�)#  ,]&

���n ����!#�!�� O/P� 	���<����!"%& � ����� 
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@ � ��������A���& �#�-�� .
�������� t�H3� �!� ��-� �&� �"

0��0�� ������� ��)-�� & �&� �� ,/%� ��#��-�� )eg(. 

�������& a0 �� ��#�� �� ���H��& �!8��I �� Z����A�� ��� 

��� �&� ���A <��;� � ����� ���� & ���� .���.� .� �� ��

�!0l�}��� � ���� �!N� �&� �� ,/%� �� <��;�& �&� �0!� �

)mR(. ��� �� �3��& ��J"�K& .��� � ��a� �� ��
��� ��� �� ��

����� .������ <�C(� �� ��K�9�� �� )hgh 	UQ 	Um 	Rf 	RT 	

mg 	em 	Th 	hf 	Q.( 

�2/��� �� ��& .���� .��mRNA ������� �� �?0� MH0 � ��

���A��� �� <�C(� �� J"�K& �!bI �� �&� ���9�� �� )mf 	

fQ 	R 	e( .�-��&�!+ q#� ��I� XC��& M� .��mRNA 

����������BPUDhn1  � BPUDhn2 � ����*� �!+ ���H& �

�- A� �7� ��?� ,bI �� � ��-�@ q��&�!+ #�  M���

����P# &#� ���)m( .�� .l ��!& �� �3��& �HVA1 

 ���LEA 

)@��� �����# (0�� !N �� �� 9G�� �� A� k� �� 9�� ��- ��

�-�@ q��&�!+ #�  mRNA��� ���0 .��� &#�!- )hgh( .

�-�@ q��&�!+ #� �!0l ���?��}��� 0 !"��"� M��� �� �# 

�V������ Rg 	hd 	hR ���- �� �� 9�� ��/� .!�3��!"� q

�&�!+#� & O/P�#� ����)QQ( 
��� ��� �Rg �� .!�3�� !"

�������# �!� �� 9��� �"PPdhn1 & ��#�!- )Qm.( ~����� 

��l!3!�)# & .�*0# ����
��� O/P� ������� �� ����� �

�0�� 9I�� �� �&� M�� 9%�� � ���&��# N� _8��& ���%# 

 �����A�� �� � 	������ 9�� ��- ��)Uh.(  

�� ���������  ^!0Kn � SKn ����A�� ����� �:�;1#  ��� ��

�I �� � �&������� ���A��� ��& 9�- �&� �� .���#���� 

)UT 	fe 	T( .�� Z���0��� & ���?�0� Z��#� ��� �H� � �-�� 

���� .��������� Z?& �� .� O/P�� ��������� SKn 9I�� �� -

��� �0��� ��I� XC� �&� M�� ����0�!� M#� 0�)& 9:�;1���-

��� �!)3!& � L� ��H�0�9/�= �� ����� �?�0�#� ��o� � �� ��

��� ���A��� & X���&# �0!-)Qg(.  

 ���� �!8 ������A# ,)-��� ��������� �� ��3!"� �#  ��

9I����� A��� �� � �����0�� M� & A�@� Z� ��#�!- .�!"���� 

� �� ���P&�� _8��& ��(�� 9%� �� ���� ��/�1��*� M�� 

�������� M��� .!�0!# � ��=��0 �� �0� L� <N�?& .� �P

��� � �-��3!"� �# ��������� �K# 9�� .������H'�& �# �� -

& a0#� ,/%� �� ����M�� �� .������ @� ������ ���/G ��0A 

�0�!� ��#� 1�!0 9:�;1 �� �?0�# �0��� �� ��� �������� .!

 �-��)UT 	Qg(  

H��& ���!- �n ���/# �� �!H3�� MH0 s!b+ ���������� 

^!0 K 0 �?0� �&� ����0 �!N��� ��0�& �� ���������  ^!0SKn  ��

3�H�0� _8��&# �0�� 9I��� & O/P�#�& � ����#MH0 ��0�!���� 

 ��-�� ��-�� ���*&)UT 	fe(.  

�� ��- �H3� .l ������ �&� �" � ��0WCS120 )������ ^!0 �

K6( 	Wcor410 )������ ^!0 �SK3 ( �Wcor14 Y�N ��� �� <�

��= �73�'& ��!& ���� ��I��0� .
��� O/P�� �WCS S��C/�# 

H��&� �� ,/%� ~��� �� Z����A#  ]���1 � ���� ���� ��

S�-�C0�# ��
��� �� �� ,/%� ]���1 �� ��/� �����A#  ��

�� 9�� .���)eh(. ��
��� ���� ���& �� �*�Z����� ���#  �

9I�� �����  �� ,/%�&����A# & O/P�#�� � ����� <����*& �

� ���H1 ���H�� �� 9H� �� �������!� .���&A �� ���I: �"� 9

9I����� �&���� Z��# 9�� ���A�� 	���� r�C��� )Qg( 

H%��& .�*0 <�H# .l �� �� ���WCS120  �Wcor14 1�0 ��� �

�!+ �A�@� CBF �!� � �0����!0�� ,&�!G �"��# CBF  ��7I

&#�0!- .�2/��3�� ���� ���&� �� �� ���� �� ����I� ���- M� �

 ��.l ��a���� & ��/� �43� �!I# .�&A 9-4� �� �� �!-

& M���#� ���)Tm(.  

�P��& ���!)��)# ��� .��)3�!�/� ����� �WCOR410  ����

� O/P� �� ��� .�*0�
��� �����0 �� ���)# �/�`� t�*@#� 

�!"� ��)"%&# �� ���������H3� .!#�  XN!&����A# &#�!- (

& <�!j#��� )Qg 	Uh 	Tg(.  


�������� LT130 )�� ����� ^!0 �K6 ( �CAP85 )�� 

����� ^!0 �K11 (0�� �� �&� �� ���� �� ��& ��a� .���#� ����

�!'�� O/P� �)LT130 � ���� M�� .��� .����9�� ��*0 �� .

���x#0���I 	��# & .�*0 �?0� O/P� ,%& �# �� �?0� �� ���

 A� 9:�;1����A# �/�`� t�*@#� M�� ,��H& ����� ����A# 
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�� �������.!	 ����� ��7I .������� ��
��� ������0 A� ������� 

�/�`� t�*@#� �- ����!"N M�� q�� &# ����)Tg(.  


�������� ERD10 )������ ^!0 �SK3 ( �ERID14 )������ �

 ^!0SK2) (�� �� ���� ��������.! (0���� �� _"7�& � ������ �

&#���� A� �� ��-��������A����N k� ��-�0� .H%�� .�*0 <�H

&#� �� ����
��� �����A�I �� ��� �?�0�#�  �� � �4� �7�!�

9I����� �H� ��1���� $!0 Z�& ��a� �=�� � �*#� �&� ���

� � �&� M�� �� ���� �� .� ��a��M�� S��� �������� .!

�& �'��!�� ABA ��I��M &#���� .��
��� ���3�7I ��� 9

0���n# � � �0����O/P� A� �?0� .��
 
��� ��- �H3��� � ��� �

@�������!� .�- ��7I� 3 ,]& J"�K&�A��� ,)3� 	Z

���� � A�0l�����!"N A���� <���� &#��� .�2/����-���� �# 
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3�7I � ��- ,b�& ���0���n 9# ��� RNA 
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��-�� .� �/��� ���x# � �����I�3!j� 	��# & Z��I# �� ����

� �!'n�
��� ���M�� ��7�& <�(� ����� �������� OI� �� .!
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COR15A �  COR15B��)�A� .l Z�� 9*���� �����  ���*&

�� ������������ �&� q�!� .l �� � � ��I� ,)- k� ��

%��4� ���0 .�� .l .�COR15A ���� �������� XN!& k

��I�� �� ,/%� M����A#  �7� 9�`��"�����A# L� ���-# 

o���� 9�`�!��� � Z3����� ��L� � ��A�- �� ��-� q

�&A����S*# �� � 9�� ��-& a0#� �!b%& �� ����.l � �� ��

�� <���B 9:�;1�0 A�0l������� �� ��-�� )dm 	hT.(  

 	!N ��hf �� .l���� �) A�dhn1  ��dhn13 (����-#�  �� ��-

�- 9%���&� M�� q#�.l t�H3� 	��� dhn5  �dhn8  v'� ��

!0����# 9�� ��- J*� )mR 	eg( .
���� �DHN8 �!�� �"

& �� � �&���/� .��� �!��)*+ �"#  �ABA & t�H3�# � �!-


��� �� ���*&� �ehgWCS �� �� 9��?N!� ,��= �!8# &� .� .��
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���� ����� � �0���&A�& ���?� ^�!0� A� �*#�-�� )T(. �2/�� �� �

q��� �1 ��=�� !N )I(  �0���&A �)W(�B�� v'� 	�  O/P� A�

DHN5 )������^!0 � �K (�0 �� �� �� ,/%� �P����A#  9C�0

 ���?� ��=�� ��)S (& .�*0 ��# ����)mR( . .ldhn5 ������ .l �

������4�t�H3� ���!� ��� �&� �" & !N# .l ���*& �� �-��

WCS120 9�� ���� �� .
���� �WCS120 �!� qHI� �&� �"

4�t�H3��& � 9�� �& �� .� O/P� .������A�� .���  �� �&� ��

�� � 9�� qC�& ���� 9I��/��3� ��� ,�
��� �� �)WCS120 (

 .�!�7����A�&� �� ,/%� �� ���& �#  ��- �'& ���� ��

9�� )mR(. H%��& .�*0 <�H#j�b�+� �� ���# � ���� .�!�� �


���� �)WCS120( ��3���!& �!D1 ,��@ J# "� A����& �#-

� A� �� �-���� S� ������ ���*& � 9�� <��;�& ��DHN5  !N

&# �-��)T.( 

�N!�S0I# 8 ��# �� �-� �����*#	 &��� �!#	  � 5!"�

�����# 9�� \��1 �&� �� 9C�0 .& .�*0 <�73�'&# �� ���

���� .l .������ �� ��� ��y� �&� M�� 9%� ����& #��� .

�������� ����� �N!� �(FC11Cao82) &# ���& .�!�G �� �0�!�

!0����# & � o� �� �&� M����!- ���;��� ,��= �!. ��� 

�������� �0l �G!/P& !DG .�!�G# SL-CBF1 �N!� ��S0I# 

9�� .!0�� ,&�G��# SL-CBF1 & � o� �� �&� �� \��1� �!

�&� ��� C° R o� � ��- ����*&��� �N!�S0I# �H& ��� ��

& ����!B�� v'� ��#� A�SL-CBF1  ���� .�*0�0� )dm.(   

&!
��� <�73�'&�& .�*0 k)#�� t�H3� �� ��������
��� 	���� -

��� �&� $!-#���	 
�������� �� � .l3��
��� ����� ���� 

�2/� � M�� �� ���� ���"� ��?& �# ��� ,�I��!� A��� M�� �"

�&�#�)*� XC� 9�� �)/& 	�3!)3!& \��� ,#  �� 9:�;1 ��

��A�&� M�� ���# 0��!- � )md(.  

� �� �&� �� ,/%��& �� ������ .����9�� ����*0 O/P� .�� .

"j� OC�& ����*0# �����!0!&�� � �� ���������#�  �� 9��

K� ��� �� �� �!"��-�0 X# �� A�������& 9:�;1 .!#��� .

������3�7I W;1 �� 9α &���� ,&�G A`�/?& ��# �P� ��� �

9�� ����*0 .� ����!n .���# �P���1 ����*0 �# ���&� ��� 
                                                           

11 Heat Shock Proteins 
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A��0�� �N�� ;j # 0 ����& �� �#��� .���A���  �� �&� ��

���2����� �� O/P� �� \!�����&� �� ��S��C/� 9�`�!"# 

���� .�&A������ .�*0 <�*� �!D1 �� �0��
��� ��3�7I W;1 �� 9

3�������)# α &��& � A`�C���& .��# � A��3���� �!8 �� ����*0 �

�&�� ����%� �� ��& �#��� )Ud 	T .(������ L� ��/� �G�� �

 <���P& ��α &��& A`# �� �!-�� ��&A M��� ��� ,)-��� 

�0� k)"V/���P� � ����!� Z� 9�� ����*0 �)T.(  

3���j�+ �!N� ,����� L� 9# �0�!� �#�  �� L� �� ��b��

��������	� � �!'� �� �?0��������� �)*� �� �� ��- ,

�!"�� A� � ��- ,b�& �&� M�� �� ����!)3!& ���!���  L�

 �����!"N�� &#�� 	���/��3� ��� ,�� ^!0 �� ������ A� ��


��� �"/N�����  �>����  & L!�%&#�0!- .
��������  �>

�� 3�����& �� ��� �# ����-#� �0�- .�0 �� ���7���P  <�73�'&

o� 9�`�!�� �� �� �0�- �N!�& ��- ��P0���� �� �����n�� ��

)�N#� � ���������� � .���� �!8 �� �����A# & ,)-# -

���0 (� �� ���0��� �!N� �&� �� ���H& .��� . O=�� ��AFPs �� 

)*� �!G� ,�� �� �������n 	o��� ��� �� ����� �

� �n!��� �7�!� � �-� �� ��� ��P�3!"� �# ������� 0� �

�� �0�������� � �����P& .�- �3����� �I �� Z� � ���� ��0� ��

����A# �I �� Z� ��� L�z ���������� �K#  <���+ .�)&�

I���)# �!"� �� ��9I�� � ����I� ���& M# ���) ,)-f( )eg.( 

������ �PCA60 � ����!"� Z�`�!
"�!0 � Z�`�!� O/P� ��
                                                           

12
 Anti Freez-Proteins  

13
 Recrystalization 

&#����� � ���� *H0#  ���*&AFPs y� �����!"N � ,)- ��  A�

� �7�!��������� �K# &# � �-��)*��� ,�������� �K# 

7"> M-# �!"%& �� JG�D&��� ��1� PCA60  ����� .�*0

��3�7I ^!0 �� 9�� 9)fh.(  

�� MH0������ ,/%� �� ���)*+ �� .���#   

�� ��0A ,&�G �� ��#"j� .�!�G .�� ���%& �� ,&�G ���

3!� � �-��� G��A .�����# �!- #�����-  M�� �B�/�1� .� 	

#& #�*+ �-��)��( .���� 	.����� v'� �� #D�H& ���

 .�*0 #�*+ M�� �� ����A�� <�& �� #&!
��� � #��&!0l

#&���� ..� A� #��9�3!/�� ��3!� ������� ,]& #3!"� ���	A 

#& ��Y��� � ��3���-�� )�� 	��( ..� ������I ��3!� �P��0 �� 	��

W�"@ �!"� #0��� MK�#& �M���I� ��� � �!-  A� #3!"� Z���

���p���  ��3 � �� A� �B�� �� #7�C8 q��- ��dgg  � ��

��3 #& ���- #�*+ q��- 9%���� �0�!� )�� 	��(  ���n ��

M���� Z�a�� �� �?�� �0 �!"� �� ��1�A� M3�n #���/�- ���

#& ��P��#& �(�� ��0 #0�/�+�� ��P�0� � ��"� ������4� )��(. 

��� ��
��� O/P� �!"� �� ��1�A� ��]&#  ��� ��%� �� �

� L� .���& �� M��� �*@ ��&���� � �l!3!�!� � Z�H��& �!'

#& �(�����4� . ��*� #���� �!"� �� #3!�3!& q��- �������

9�� �!"� #7�C8 q��- �� <��;�& #"�+ . #'��- ���n ��

��
��� #��l!3!�� ,/G#& ���� �0�!� <���y� �'���

�� ��- �H3� #0!���&�!;���!- Z�a�� #3!"� ��1�A� �"��� )�� 	

��(.  	X���&�0 q��- ��� 9%��!"���� �� �����.��� �"���  

  

,)-fp 3�7I��� 9���� �PCA60 �7� ���� �-� ,�������� ��- �� ���&A� q���S*# .A � B 	)*� �!%0�� ,�������� � ��� �-� �

�!"%& ����� ��1� �������; C	 �� �������1 �!"%& .��� <��1 A� k� ��I� ,)- �� �������&� �� �� °CdR  <�& ��hm =�� �H

)� ���3�7I �&� ��
��� 9�& M��� �#������ � ����� ���x# ��l!3!�)# & 9�� A� �� �!+#���( ; D	 ��������� � A� k� ��I� ,)- �

�0� .�� �I�>��
��� Z���1 �!"%& �� A��� �������&� �� �� °CTm  <�& ��m =�� �H)3�7I ���
��� 9�� A� ��& �#��� ()dd(.  
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�����
��� A� #;"�K& ����� �"/N A� #*�� �������� ���� ��

#&���� )Qm 	Td 	Te( 
��� ����%& ����#  A��  ����� 

)*� �� .!�3��!"����0!� �� � ���� , ���� �� #���� J"�K& ���

 ��!- � �&� 	#�*+ ,]& !�������� M�� #'�%& q��- ��

#& O/P� �����)�� 	�� 	�� 	�� (� ���	.��� ���������  �� ���H&

)*+# �- 9%� �� �!+ 9&��H& B�/�1��8 A� M�� q� _

��=�� A���!/� ��P&� 3!"�# ��I� ��3�7I M������+�� 9� 

�:�;1# 
�����a�� � �*@ � ����0A�� Z& 9��� ��#�0��� .

DHN3 C]� ���
��� � �*@ 9� M�� 9%� �!"� 9:�;1 � �

)*+# �0��� MH0 )fR 	fh (� 9I�� �� � ������#  	�*�� ,]&

o�	 ��!
"��, 	 �� �?0� .���& ��4� � �=!8 #�*+ M�� q��-

& M���I�#���� )RR 	eR(  �� #�C]& #S��C/� ������� O/P� �

���� .����� �� #�*+ �� ,/%� 	������� 9�- �������  �� ��

�!"� ��/�� ,��0��� Z�a��.� ���� �� 9�� �)/& #���� ��� ��

 �-�� qC�& #�*+ M�� #8 ��)�� 	� .(O/P�LTI29 �ERD14 

� $!0 ���N �*� .��� �� L�� �H���!"� Z��� &�/��# 

��I��& M#���� .� ��� �*+ .A� �� #�*+ �� ,/%�& .���

 �� o� �� ��*�� L� ,��0��� � �B�� �)"/G 	�*�� �+�-

�- .��� 	���-�� #�*+ M�� q��-� �� ����H& �� ������� ��

 �0��� .�*0 \��1 .�����)Uf.(  

�� ��� �)����
��� � �� �� �� ��- .��� #�*+ M�� 9%� .�����

3�1# �- �� ���C8 q�7# ��/0 ��# �0!-)df.( �� �� O/P� �)�

�!� �?0�� ��/�� � L� ��G�b� �!C/� �"ABA  t�H3� .����� ��

&# �!-)mT.( �� .��������� #/Y�� � �3�� .��� �� <��;�& ���

#& .�*0 #�*+ M�� � �C"@ w�� �� .l���� . O/P��������-

�� .����� �� ���3��	  L� �!C/� ,��7� �� ���� ,/%� �� �*��

 r!�& #/Y�� .����� �� ���- M�� A� <�P0 � t�H� �� ����H& ��

#& �� �!�& ��3!� 9?N �� #�*+ �� ,/%� .����� ��� �� � �!-

#& #���A�� �4�#3�1 �� �!- t�H� � <�P0 #/Y�� .����� �� ��

 #�*+ q��- 9%�Z?&9�� � . �� #S��!�� #�����- �������

������ #��
��� S0�*0 9�� ��/& #�*+ �� ,/%� �� ��

}��!0l L�K�0� �� ���;& �-�� ,/%�& ���)�� 	�� 	�.(  

�I ��� 	�*+ ���& ]���1 O/P� A� k� ��4� .�- �*+ ��

�� ��4�� �- �� �H���!� � L� q#� X���&�0	 !�%&�  .��� L�

9I����� & M��� �� �!+#���� .�n��� 9G� ������� .!

D& <�(� 9�� �)/&� �� �� �!"�9I�� 	��.����� �� ��

�-�� ��-�� 	�������� ���=� ���:�;1 O# ���� �� .
�������� 

�������0!� ��4� �� ���� � �"/N A� J"�K&��3�)�90� 	

q����1 � k��!�����- J*� ���0� .��H&�  O/P� J"�K&

�������!%& �� ���� �N��# �V3 ���� � �3���0 ��4� � �3��� .���

& .�*0 J"�K&#���1 �� �������;�& 9# )*+ ��# 9I�� ��-

��� �4�� ���0!� ����� �!N� �� � ����:�;1 MH0 S0�# 

�������8 �� ��# ��������9�� .! )�� (�1 �#  �H�

���3�)�90��� ������ �� ���!D1 
�������� )*+ �� ������# 

�� ��0�&�����& ��# ��0��)Qm.(  


��� O/P������ ������� �3�� ��4� �� ����I� .����& M#� ���

I 5!"� �� O/P� ]���1 ����l!3!�)# & ,j�1 ��4�#�!- .

������� O/P� ��
��� ���& ��#�� �0�!� .�!�G�H& ���� \�� 

7��� �� �4� 5!"� �I <�73�'&���l!3!�)# � ��-!�/��#�  �-��

)Qm.(  

�����������  ^!0YnSK2  �0���I A��\`� ���� ������� �

�!� �� ������)*+ �"# � �� ��/ABA & �H3� �&� �0 �#�0!- .

��� �� ��]&�������� DHN1 	DHN2 	DHN3 	DHN4 	

DHN6 	DHN9 �����& ���+�� YSK2 

& �!+ ��#�� �� � �0

���2��� �� ���� �� �����/ ABA )*+ �# & O/P�#� �� �&� ����

8# ���&�� ������ � =�� ��� .��� <�!j# &# ��0�&)T(.  

�2/��� .l �� �� ������ QrDhn1 �QrDhn2 �QrDhn3  ��

.l �� ���� �!N� r!"� QrDhn1(Y2SKn) 8 ��# �?�0� ,1�&#� 

�N �7�!��A ���!S# ��& .�#�N �� �&� �!-���&!� ��)#  �� qHI

�/�� M��� )*+ �# ��& .�#��� .QrDhn2 �QrDhn3  ^�!0� A�

���������� Kn �N �� qHI �� ��������&!� ��o� � ���� 

��)*+ �� ���� �� ��# ��& .�#�0!- .� ���I��.l �� ��� .� S0�

� �� 9��� ��������� ���;�&# �I ��� �� ���� � �4� 5!"� ��

�/�� M��� �N �����&!� ��)#  ���� MH0)QU( .� .l� ����� �

����� Podhn (SK2-type) 9I�� ��/� �� �n���- �� ��� q
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C8�7# ��& .�#� �&� �!-�� .� .��� 9%� �!"� �� �*� ��/

)*+#	 �!-�	  ��/7��� � �&�ABA ��I��& M#���� .������ �

�� 9�� �)/&  Podhn � M�� �� ���� ��� �ABA ���� �-�� 

)U(. /� �73�'& ��# ��.l .���� 
��� ��?n � �� �������� 

LEA ��!
"� �� � ����� � .�0 ���� 5!"� ��1 �� ��4� ��� � ,

�!
"����� ���2�� �� �- ����*& ���  .lTd29b �Td16 �Td27e 

Td11 ��)-� <��;�� - �� ���)*+ �� ���� �� .�*7/P� �!# 

 �0��� .�*0 �!+ A�)�(. ��& k+� ��# �0�!��� �j�� !�%&� 

�0�/� ��0A Z� A�� �&� ���� A� �� M�� .� O=�� ��� ����� �� ��


��� �"/N A������ j�+# 8 �� �� �����# �-�)*+ q#  ��

��0�� ��3!"� ���!# �0��� �!N� .�� ���������  ������!b%&

& �A�N� L� �� O=�� �� L�#�� ����� ����� .��� .�!�G� �*@ �

3!"�# � ��3!"� ���!#  � ���� ,/G��1 �# ��B ������ 3!"�# 

� ��=��0. ��+ A� 970�/&# �����!��� 3!"�# �0!� ����� 

)*+ �� ,/%�&# �� 9�� �)/&3���0�!� ,#� �� ������ �� ��

y���4� 9*�� ,)- �� �3!"� ���!# �-��.������� ���� �� 

�������0��� � ��� ,� �� �?0� ��/���0!� �!"� ���!���  ,/%�&

)*+ ��# /?& MH0# �!"N ���� K� A��0�)& X�)# 8 ��# 

)*+#  ����)��( .Vicilin (CaN-656) �!"S0�� �� �(CaN-17) 


��� A������ +z�������� 	� 3�7I��)3 ���*& 9������ � .G!0# 


��� A���!3 ��A �� _"7�& ��� ���!0�+ ���"� ��- ��� M�� q

& O/P�#�l!3!/� �� ���� A���� �� ����������� �� .�� ��?�*

3�7I �� ��-�� 9�
��� ����&�� ���+�� A� 9�� �)/& �� �� �

)*+ ���# �!"N�� ��� )d(.  

 
  

1. Ali-Benali MA, Alary R, Joudrier Ph, Gautier MF 
(2005) Comparative expression of five Lea Genes during 
wheat seed development and inresponse to abiotic stresses 
by real-time quantitative RT-PCR. Biochimica et 
Biophysica Acta 1730:56 – 65 
2. Allagulova ChR, Gimalov FR, Shakirova FM, 
Vakhitov VA (2003) The Plant Dehydrins: Structure and 
Putative Functions. Biochemistry (Moscow) 68(9):945-
951 
3. Alsheikh MK,Svensson JT, Randall SK (2005) 
Phosphorylation regulated ion-binding is a property shared 
by the acidic subclass dehydrins. Plant Cell Environ 
28:1114- 22 

4. Arora R, Rowland LJ, Ogden E L, Dhanaraj A L, 
Marian CO, Ehlenfeldt M K,Vinyard B(2004) 
Dehardening kinetics, bud development, and dehydrin 
metabolism in blueberry cultivars during deacclimation at 
constant, warm temperatures. J. Am. Soc. Hort. Sci. 
129:667– 674 
5. Arora R, Rowland LJ, Panta GR (1997) Chill-
responsive dehydrins in blueberry: are they associated with 
cold hardiness or dormancy transitions? Physiol. Plant. 
101:8–16 
6. Artlip TS, Callahan AM, Bassett CL, Wisniewski 
ME (1997) Seasonal expression of a dehydrin gene in 
sibling deciduous and evergreen genotypes of peach 
(Prunus persica [L.] Batsch), Plant Mol. Biol. 33:61–70  
7. Bae EK, Lee H, Lee J, Noh EW (2009) 
Differential expression of a poplar SK2-type dehydrin 
gene in response to various stresses. BMB reports  42(7): 
439-443 
8. Bakalova S, Nedeva D, Mckee J (2008) Protein 
profiles in wheat seedlings subjected to dehydration stress. 
Ecology and Enviromental Research 6(2): 37-48 
9. Battaglia M, Olvera-Carrillo Y, Garciarrubio A, 
Campos FA, Covarrubias A (2008) The Enigmatic LEA 
Proteins and Other Hydrophilins. Plant Physiology148:6–2 
10. Beck EG, Fettig S, Knake C, Gartig K, Bhattarai 
T (2007) Specific and unspecific responses of plant to 
cold and drought stress. J .Biosci 32:501–10 

11. Bhattarai T, Fettig S (2005) Isolation and 
characterization of a dehydrin gene from Cicer 
pinnatifidum, a drought-resistant wild relative of chickpea. 
Physiol Plant 123:452–458 
12. Brini F, Saibi W, Amara I,Gargouri A, Masoudi 
Kh, Hanin M (2010) Wheat dehydrin DHN-5 exterts a 
heat-protective effect on β-glocosidase and glocose 
oxidase activities. B iosci. Biotechnol. 
Biochem74(5):1050-105 
13. Brini F, Hanin M, Lumbreras V,Irar S, Pages M, 
Masmoudi K (2006) Functional characterization of DHN-
5, a dehydrin showing a differential phosphorylation 
pattern in two Tunisian durum wheat (Triticum durum 
Desf.) varieties with marked difference in salt and drought 
tolerance. Plant Sci 172: 20–28 
14. Bryant J E, Ecomte JT, Lee AL, Young GB, 
Pielak GJ (2005) Protein  dynamics in living cells. 
Biochemistry 44: 9275-9279 
15. Carjuzaa  P, Castellión  M, Distéfano  AJ, Del 
Vas M, Maldonado S (2008) Detection and subcellular 
localisation of dehydrin-like proteins in quinoa 
(Chenopodium quinoa Willd.) embryos. Protoplasma 
233:149-156. 

16. Ceccardi TL, Meyer NC, Close TJ( 1994) 

Purification of a maize dehydrin. Protein Express 
Purif5:266-9 
17. Chinnusamy V, Gong Z, Zhu JK (2008) Abscisic 
Acid-mediated Epigenetic Processes in Plant Development 
and Stress Responses. Journal of Integrative Plant Biology 
50 (10): 1187–1195 

����� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.4

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            10 / 14

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.4.1.8
http://mg.genetics.ir/article-1-1001-fa.html


 دماييهاي تنش تحمل گياهان به و نقش آن در دهيدرينهاي روتيينپ                                                        اميريرضا معالي مونا خزائي،    

  

���� ����	/ 
������/
�����/������ ����  "'  

 

18. Close TJ (1996) Dehydrins: Emergence of a 
biochemical role of a family of plant dehydration proteins. 
Physiol Plant97:795-803 
19. Close TJ, Fenton RD, Moonan F(1993) A view of 
plant dehydrins using antibodies specific to the carboxy 
terminal peptide. Plant Mol Biol 23:279–86. 
20. Danyluk J, Perron A, Houde M, Limin A,  Fowler 
B, Benhamou N, Sarhan F(1998)  Accumulation of an 
Acidic Dehydrin in the Vicinity of the Plasma Membrane 
during Cold Acclimation of Wheat. The Plant Cell 10: 
623–638 
21. Egerton-Warburton LM, Balsamo RA, Close TJ 
(1997) Temporal accumulation and ultrastructural 
localization of dehydrins in Zea mays L. Physiol. Plant. 
101: 545-555 
22. Ellis RJ (2001a) Macromolecular crowding: an 
important but neglected aspect of the intracellular 
environment. Curr Opin Struct Biol 11: 114-119 
23. Ellis RJ (2001b) Macromolecular crowding: 
obvious but under appreciated. Trends Biochem Sci 26: 
597-604 
24. Farrant JM, Bailly C, Leymarie J, Hamman B, 
Come D, Corbineau F (2004)Wheat seedlings as a model 
to understand desiccation tolerance and sensitivity. Physiol 
Plant120:563–74 
25. Ganeshan S,Vitamvas P, Fowler D.B,Chibbar 
R.N (2008) Quantitative expression analysis of selected 
COR genes reveals their differential expression in leaf and 
crown tissues of wheat (Triticum aestivum L.) during an 
extended low temperature acclimation regimen. Journal of 
Experimental Botany 59: 2393–2402 
26. Gasulla F,Go´mez de Nova P, Esteban-Carrasco 
A,M. Zapata J, Barreno E ,Gue´ra A(2009) Dehydration 
rate and time of desiccation affect recovery of the lichenic 
algae Trebouxia erici: alternative and classical protective 
mechanisms. Planta231:195–208 
27. Goday A, Jensen  A B, Culiáñez-Maciá  F A , 
Albá  M M, Figueras  M, Serratosa J, Torrent  M, Pagès  
M ( 1994)The maize abscisic acid-responsive protein 
Rab17 is localized in the nucleus and cytoplasm and 
interacts with nuclear localization signals. Plant Cell 6: 
351-360 
28. Godoy JA, Lunar  R, Torres-Shumann S, Moreno 
J, Rodrigo R M, Pintor-ToroJ A (1994) Expression, tissue 
distribution and subcellular localization of dehydrin 
TAS14 in salt-stressed tomato plants. Plant Mol. Biol. 26: 
1921-1934 
29. Granczarska M, Zalewski T,Wojtyla L(2008) A 
comprative study of water distribution and dehydrin 
protein localization in maturing pea seeds. Journal of plant 
physiology 165:1940-1946 
30. Grosselindemann E, Robertson M, Wilmer JA, 
Chandler PM (1998) Genetic variation in pea (Pisum) 
dehydrins: sequence elements responsible for length 
diVerences between dehydrin alleles and between 
dehydrin loci in Pisum sativum L. Theor Appl 
Genet96:1186–1192 

31. Guo P, Baum M, Grando S, Ceccarelli S, Bai G, 
Li R, Korff M V,K. Varshney R, Graner A, Valkoun J 
(2009) Differentially expressed genes between drought-
tolerant and drought-sensitive barley genotypes in 
response to drought stress during the reproductive stage. 
Journal of Experimental Botany 60:3531–3544 
32. Hall D(2006)Protein self-association in the cell: a 
mechanism for fine tuning the level of macromolecular 
crowding? Eur Biophys J 35: 276-280 
33. Hall D, Dobson CM (2006) Expanding to fill the 
gap: A possible role for inert biopolymers in regulating the 
extent of the 'macromolecular crowding' effect. FEBS Lett 
580: 2584-2590 
34. Hara M (2010) The multifunctionality of 
dehydrins. Plant Signaling & Behavior 5: 1-6 
35. Hara M, Shinoda Y,Tanaka Y, Kuboi 

T(2009)DNA binding of citrus dehydrin promoted by zinc 

ion. Plant Cell Environ 32:532-41 
36. Hara M, Fujinaga M, Kuboi T(2005) Metal 
binding by citrus dehydrin with histidine-rich domains. J 
Exp Bot 56:2695-703 

37. Hara M, Terashima S, Fukaya T, Kuboi T (2003) 

Enhancement of cold tolerance and inhibition of lipid 
peroxidation by citrus dehydrin in transgenic tobacco. 
Planta217:290-8 
38. Hara M, Fujinaga M, Kuboi T (2004) Radical 
scavenging activity and oxidative modification of citrus 
dehydrin.Plant Physiol Biochem 42:657-62 
39. Hasegawa P M, Bressan R A, Zhu J K, Bohnert H 
J (2000) Plant Cellular and Molecular Responses to High 
Salinity. Annu Rev Plant Physiol Plant Mol Biol 51: 463-
499 
40. Heidarvand L,Maali Amiri R (2010)What 
Happens in Plant Molecular Responses to Cold Stress? 
Acta Physiologiae Plantarum 32:419-431 
41. Heidarvand L, Maali Amiri R, Naghavi MR, 
Farayedi Y, Sadeghzadeh B, Alizadeh K(2011) 
Physiological and Morphological Characteristics of 
Chickpea Accessions under Low Temperature Stress. ( in 
press) 
42. Heyen BJ, Alsheikh MK, Smith EA, Torvik CF, 

Seals DF, Randall SK(2002)The calcium-binding activity 

of a vacuole-associated, dehydrin-like protein is regulated  
by phosphorylation. Plant Physiol130:675-87 
43. Hoekstra FA, Golovina EA, Buitink J (2001) 
Mechanisms of plant desiccation tolerance. Trends Plant 
Sci6:431-8 
44. Houde M, Belcaid M, Ouellet F, Danyluk J, 
Monroy A.F, Dryanova A, Gulick P, Bergeron A, Laroche 
A, Links M.G, MacCarthy L, Crosby W.L, Sarhan F(2006) 
Wheat EST resources for functional genomics of abiotic 
stress. BMC Genomics 7:149-. 
45. Houde M, Dallaire S, N’Dong D, Sarhan F (2004) 
Overexpression of the acidic dehydrin WCOR410 
improves freezing tolerance in transgenic strawberry 
leaves. Plant Biotech J 2:381–387 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.4

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            11 / 14

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.4.1.8
http://mg.genetics.ir/article-1-1001-fa.html


 اميريرضا معالي مونا خزائي،                                                          دماييهاي تنش تحمل گياهان به و نقش آن در دهيدرينهاي روتيينپ  

  

"� ���� ����	/ 
������/
�����/������ ����  

 

46. Houde M, Daniel C, Lachapelle M,Allard F, 
Laliberté S, Sarhan F(1995). Immunolocalization of 
freezing-tolerance-associated proteins in the cytoplasm 
and nucleoplasm of wheat crown tissue. Plant J. 8: 583-
593 
47. Hsieh T H, Li C W, Su R C, Cheng C P, 
Sanjaya,Tsai YC,Chan M T(2010) A tomato bZIP 
transcription factor, SlAREB, is involved in water deficit 
and salt stress response. Planta 231:1459–1473 
48. Hu L,Wang Z, Du H, Huang B (2010) 
Differential accumulation of dehydrins in response to 
water stress for hybrid and common Bermuda grass 
genotypes differing in drought tolerance. Journal of plant 
physiology 167:103-109 
49. Ismail FA, Nitsch LMC, Wolters-Arts MMC, 
Mariani C, Derksen JWM (2010) Semi-viviparous embryo 
development and dehydrin expression in the mangrove 
Rhizophora mucronata Lam. Sex Plant Reprod 23:95–103 
50. Ismail AM, Hall AE, Close TJ (1999a) Allelic 
variation of a dehydrin gene cosegregates with chilling 
tolerance during seedling emergence. Proc Natl Acad Sci 
USA 96: 13566–13570 
51. Jensen AB, Goday A, Figueras M, Jessop AC, 
Pagès M (1998) Phosphorylation mediates the nuclear 
targeting of the  maize Rab17 protein. Plant J 13:691-7 
52. JiangY, Huang B (2002) Protein alterations in 
response to water stress and ABA in Tall fescue. CropSci 
42:202–7. 
53. Kalberer RS, Wisniewski M, Arora R (2006) 
Deacclimation and reacclimation of cold-hardy plants: 
Current understanding and emerging concepts. Plant 
Science171:3–16 
54. Koag MC, Wilkens S, Fenton RD, Resnik J, Vo 
E, Close TJ (2009) The K-segment of maize DHN1 
mediates binding to anionic phospholipid vesicles and 
concomitant structural changes. Plant Physiol150:1503- 14 
55. Koag MC, Fenton RD, Wilkens S, Close TJ 
(2003) The binding of maize DHN1 to lipid vesicles. Gain 
of structure and lipid specificity. Plant Physiol 131:309-16 
56. Kosova´k, Holkova´L, Pra´s.il I T, Pra´silova P, 
Brada´c.ova´M, Vi´ta´mva´s P, C.apkova´V (2008)  
Expression of dehydrin 5 during the development of frost 
tolerance in barley (Hordeum vulgare) . Journal of Plant 
Physiology 165 :1142-1151 
57. Kosova K, Vitamvas P, Prasil I T (2007)The role 
of dehydrins in plant response to cold. Biologia Plantarum 
51:601–617 
58.  Lång V, Palva E T (1992) The expression of a 
rab-related gene, rab18, is induced by abscisic acid during 
the cold acclimation process of Arabidopsis thaliana (L.) 
Heynh. Plant Molecular Biology 20:951-962 
59. Laral MV, Borsani1 J,O. Budde C,A. Lauxmann 
M,A. Lombardo V, Murray R,S. Andreo C,F. Drincovich1 
M (2009) Biochemical and proteomic analysis of 
‘Dixiland’ peach fruit (Prunus persica) upon heat 
treatment. Journal of Experimental Botany 60:4315–4333 
60. Larcher W (1995) Physiological Plant Ecology, 
3rd edn. Springer, Berlin, Germany 

61. Layton B,Boyd M B,S. Tripepi M,M. Bitonti B,R. 
Dollahon M N,A. Balsamo R (2010) Dehydration-induced 
expression of a 31-kDa dehydrin in Polypodium 
polypodioides (Polypodiaceae) may enable large, 
reversible deformation of cell walls American Journal of 
Botany 97: 535-544 
62. Marian CO, Krebs SL, Arora R (2004) Dehydrin 
variability among rhododendron species: a 25-kDa 
dehydrin is conserved and associated with cold 
acclimation across diverse species. New Phytol 161:773–
780 
63. Marian Co, Eris A,L. Krebs S, Arora R (2004) 
Environmental regulation of a 25kDa dehydrin in relation 
to Rhododendron cola acclimation. J. Amer .Soc. Hort Sci 
129:354-359   
64. Mingeot D, Dauchot N, Van Cutsem P, Watillon 
B (2009) Characterisation of two cold induced dehydrin 
genes from Cichorium intybus L. Mol Biol Rep 36:1995–
2001 
65. Mitwisha L, Brandt W, McCread L, Lindsey G G 
(1998) HSP12 is a LEA-like protein in Saccharomyces 
cerevisiae. Plant Mol Biol 37:513–521 
66. Mohammad khani N, Heidari R (2008) Effects of 
drought stress on soluble proteins in two maize varieties. 
Turk J Biol 32:23–30. 
67. Momma M, Kaneko S, Haraguchi K, Matsukura 
U (2003) Peptide mapping and assessment of 
cryoprotective activity of 26/27-kDa dehydrin from 
soybean seeds. Biosci Biotech Biochem 67:1832–1835 
68. Mundy J, Chua NH (1988) Abscisic acid and 
water-stress induced the expression of a novel rice gene. 
EMBO J. 7: 2279-2286 
69. Nazari MR, Habibpour Mehraban F, Maali Amiri 
R, Zeinali Khaneghah H (2010) Preliminary Evaluation of 
Response in Desi Chickpea Genotypes for Low 
Temperature Stress. Iranian Journal of Field Crop Science 
(in press). 
70. Nylander M, Svensson J, Palva ET, Welin BV 
(2001) Stress-induced accumulation and tissue-specific 
localization of dehydrins in Arabidopsis thaliana. Plant 
Mol Biol 45: 263–279 
71. Olave-Concha N, Bravo LA (2005) Differential 
accumulation of dehydrin-like proteins by abiotic stresses 
in Deschampsia antarctica Desv. Polar Biol 28:506–13 
72. Olave-Concha N, Ruiz-Lara S, Munoz X,A. 
Bravo L, J. Corcuera L (2004) Accumulation of dehydrin 
transcripts and proteins in response to  abiotic stresses in 
Deschampsia antarctica. Antarctic Science 16 (2): 175–
184. 
73. Ozturk ZN, Talam EV, Deyholos M, 
Michalowski CB, Galbraith DW, GozukirmiziN, etal 
(2002)Monitoring large-scale changes in transcript 
abundance in drought-and salt-stressed barley.Plant Mol 
Biol 48:551–73 
74. Pandey A, Chakraborty S, Datta A, Chakraborty 
N ( 2008) Proteomics Approach to Identify Dehydration 
Responsive Nuclear Proteins from Chickpea. Molecular & 
Cellular Proteomics 7:88–107 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.4

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            12 / 14

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.4.1.8
http://mg.genetics.ir/article-1-1001-fa.html


 دماييهاي تنش تحمل گياهان به و نقش آن در دهيدرينهاي روتيينپ                                                        اميريرضا معالي مونا خزائي،    

  

���� ����	/ 
������/
�����/������ ����  "�  

 

75. Patton A J, Cunningham S M, Volenec J J, 
Reicher Z J (2007) Diverences in freeze tolerance of 
Zoysiagrasses: I. Role of proteins. Crop Sci 47:2162–2169 
76. Pennycooke JC, Cheng H, Stockinger EJ (2008) 
Comparative genomic sequence and expression analyses of 
Medicago truncatula and alfalfa subspecies falcata cold-
acclimation speciWc genes. Plant Physiol 146:1242–1254 
77. Pulla RK, Kim YJ, Kyum Kim M , Senthil KS, In 
JG‚ Yang DC (2008) Isolation of a novel dehydrin gene 
from Codonopsis lanceolata and analysis of its response to 
abiotic stresses. BMB reports 41:338-343 
78. Rémus-Borel W, Castonguay Y, Cloutier J, 
Michaud R, Bertrand A, Desgagnés R, Laberge S(2010) 
Dehydrin variants associated with superior freezing 
tolerance in alfalfa (Medicago sativa L.). Theor Appl 
Genet 120:1163–1174 
79. Rinne PL H, Kaikuranta PL M, Van der Plas 
LHW,Van der Schoot C ( 1999) Dehydrins in cold-
acclimated apices of birch (Betula pubescens Ehrh.): 
production, localization and potential role in rescuing 
enzyme function during dehydration. Planta 209: 377-388  
80. Rorat T (2006) Plant dehydrins: tissue location, 
structure and function. Cellular & Molecular  Biology  
Letters 11:536 -556 
81. Rorat T, Szabala BM, Grygorowicz WJ, 
Wojtowicz B, Yin Z, Rey P (2006) Expression of SK3-
type dehydrin in transporting organs is associated with 
cold acclimation in Solanum species. Planta 224:205-221 
82. Rorat T, Grygorowicz W J, Irzykowski W, Rey P 
(2004) Expression of KS-type dehydrins is primarily 
regulated by factors related to organ type and leaf 
developmental stage during vegetative growth. Planta 218: 
878–885 
83. Roychoudhury A, Basu S, Sengupta DN (2009) 
Comparative expression of two abscisic acid-inducible 
genes and proteins in seeds of aromatic indica rice cultivar 
with that of non-aromatic indica rice cultivars. Indian J 
Exp Biol 47:827-33 
84. Roychoudhury A, Supratim Basu S (2008) 
Overexpression of an abiotic-stress inducible plant protein 
in the bacteria Escherichia coli. African Journal of 
Biotechnology7:3231-3234 
85. Samarah NH, Mullen RE, Cianzio S R, Scott P 
(2006) Dehydrin-Like Proteins in Soybean Seeds in 
Response to Drought Stress during Seed Filling.Crop 
Science Society of  America 46:2141–2150 
86. Soulages JS, Kim K, Arrese EL, Walters C, 
Cushman JC (2003) Conformation of a Group 2 Late 
Embryogenesis Abundant Protein from Soybean. Evidence 
of Poly (L-Proline)-type II Structure. Plant Physiol 131: 
963-975 
87. Sunderli´kova´ V, Salaj J, Kopecky D, Salaj T, 
Wilhem E, Matus´ikova´ I (2009) Dehydrin genes and 
their expression in recalcitrant oak (Quercus robur) 
embryos. Plant Cell Rep 28:1011–1021 
88. Sutton F, Ding X, Kenefick DG (1992) Group 3 
LEA gene HVA1 regulation by cold acclimation and 

deacclimation in two barley cultivars with varying freeze 
resistance, Plant Physiol 99:338–340 
89. Tester M, Bacic A (2005) Abiotic stress tolerance 
in grasses. From model plants to crop plants. Plant 
Physiology 137:791-793 
90. Thalhammer A, Hundertmark MV, Popova A, 
Seckler RK, Hincha D (2010) Intraction of two 
intrinsically disordered plant stress proteins (COR15A 
AND COR15B) with lipid membranes in the dry state. 
Biochem Biophys Acta, 
doi:10.1016/j.bbamem.2010.05.015 
91. Thapa B, Arora R, Knapp AD, Brummer EC 
(2008) Applying freezing test to quantify cold acclimation 
in Medicago truncatula. J Am Soc Hort Sci 133:684–691 
92. Tunnacliffe A, Wise M J. (2007) The continuing 
conundrum of the LEA Proteins. Naturwissenschaften 
94:791-81 
93. Volaire F, Genevieve C, Francois L (2001) 
Drought survival and dehydration tolerance in Dactylis 
glomerata and Poa bulbosa. Aust J Plant Physiol 28:743–
54 
94. Wang W, Vinocur B, Altman A (2003) Plant 
responses to drought, salinity and extreme temperatures: 
towards genetic engineering for stress tolerance. Planta 
218: 1-14 
95. Weiss J, Egea-Cortines M (2009) Transcriptomic 
analysis of cold response in tomato fruits identifies 
dehydrin as a marker of cold stress. J Appl Genet 
50(4):311–319 
96. Welling A, Rinne P, Vihera¨-Aarnio A, 
Kontunen-Soppela S, Heino P, Palva E T (2004) 
Photoperiod and temperature differentially regulate the 
expression of two dehydrin genes during overwintering of 
birch (Betula pubescens Ehrh.). J Expt Bot 55:507-516 
97. Wise M J (2003) LEAping to conclusions: A 
computational reanalysis of late embryogenesis abundant 
proteins and their possible roles. BMC Bioinformatics  
4:52 
98. Wise MJ, Tunnacliffe A (2004) POPP the 
question: what do LEA proteins do? Plant Science 9:13-
17.   
99. Wisniewskia M, Webba R, Balsamob R, Closec 
TJ, Yud XM, Griffithd M (1999) Purification, 
immunolocalization, cryoprotective, and antifreeze activity 
of PCA60: A dehydrin from peach (Prunus persica). 
Physiologia Plantrum105:600–608 
100. Xu J, Zhang YX, Wei W, Han L, Guan ZQ, Wang 
Z, Chai TY (2008) BjDHNs confer heavy-metal tolerance 

in plants. Mol Biotechnol 38:91-8 
101. Yin Z, Rorat T, Szabala BM, Ziokowska A, 
Malepszy S (2006) Expression of a Solanum 
sogarandinum SK3-type dehydrin enhances cold tolerance 
in transgenic cucumber seedlings. Plant Sci 170:1164–
1172 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.4

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            13 / 14

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.4.1.8
http://mg.genetics.ir/article-1-1001-fa.html


 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
84

43
9.

13
89

.5
.4

.1
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

g.
ge

ne
tic

s.
ir

 o
n 

20
25

-0
5-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://dor.isc.ac/dor/20.1001.1.20084439.1389.5.4.1.8
http://mg.genetics.ir/article-1-1001-fa.html
http://www.tcpdf.org

