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  چكيده

  

�� )Hordeum vulgare L. (����� �	
 ��� ��	
���� ������ � ����������� ��� .

��� ��� ���	��!� �"# ������ $%��� � �&� '� ���* �� +�����, .� -�����/ 0� �

����&�� 1���� 2��3�4�� ��� $
 +���,� 0� �� +,�5��� �
��/� �&�,��/� $)���,� 67898 

cDNA (,�
 .� �,���/ 0� :	
 �� �9 ������	& �, �, �� ;� 1�� $� �, � ��� 1��
 � ��� <

6 '7  �=  ��� ��4>� �� ?3 ���RNA �& @�	A��� . �� ?3+����� 	��� 
�1� 1��B� � ��� $

�����, ?��+,�	& 	C� '��� �, <=DD  1���% ��, ,�
 .�B��$5�� E��� FG�� �� 	
� 	��� 	C� ?

 1� ���4�	
× �	&�1� ,�, 1�"� <���� ��
�� �, $*�
	H I!�! '���
�� � ��� $
 2��3 	� I!

���/ ��� �, '���!� ��%� $����/ 0�+,�, 2��3 ��� $
 ���� .� J�B�� �
��B� 0��� 	
 $� 	��� ?

1� ���4�	
 	C�× �	&� <× ����� 1� ���4�	
 	C� � ; ×�	&� < × 1��1����  +�/ ��, $



���
�� '��� $
 K�
	 	�"���
�� � 1���� I!��� I!�/ ����,�
 $� .	�,��%�	3�+�	� 0��� ��� 

2��31� $
 K�
	 ��� $
 +���,��� ,�������L��	3 � 0�0��� � +���, ��M����N�
 ���,�  .  
  

��4
 :يديكل يهاواژه�� ��� '1� 1��1� '�� '��� 2��3�&�, � +���,��/�$.  
  

  مقدمه 

 �#)Hordeum vulgare L. ( �$�% ��� �&'�*

 �	+'% �,'*-'� . /�$ �0	1�2�	3�4 . �0�5
1 6'72'8�

�� 9';
 <�5=� >	$�? ,@ �&@)Diab et al., 2004( .

 �@�% �0;B C�� D% ��
 /�.'E� �$,$@ �'�* �	$

)Ozturk et al., 2002(  �F'B /��&$ -$ '� ,�;G ,@ .

/�$ ,$@,�B�% .C�� ��
'� �8�H� �5�	-��I �'&

 C&'G $, �'�* �	$ D7��� . �?, J�,�? . '��* J�0;B

����&@ . -$ �0	 KL D% ���5�@MN� /�$ ���$�� �	��

 /H� '�
@ ��$�� ,@ $, �-,.';G 6+�OH� ��2�� DG

�� ,$�P ��Q'��&@(Andjelkovic & Thompson, 2006) .

C�� D% 9'&'�* R�'� ��F$ ,�H� �5�	-��I �'&

/�$ �@�% �0	1�2�	3�4 6'72'8� -$ �,'��%  

(Abraham et al., 2004).  

'� �2�02�� S8� ,@ �5;�% ��B$ 6'72'8� D% R�

91 9'�% D72'8� T�'? DG �@�G ��,�% $, C�� ,@ '&

 '	 . �2�02�� �'&�U
';
 -$ �@'�5�$ JC�� D% R�'�

 /�$ �@�% /=	,$�� 9'&'�* -$ �@'�5�$(Andjelkovic & 

Thompson, 2006; Babu et al., 2004; Forster et al., 
2000; Ozturk et al., 2002; Talame et al., 2007) .

D
'=%'5G D7����'& cDNA
�  .EST

� $, 9'0�$ �	$ 

91 9$�5% '� �@�G M&$�4R�'� �'&C�� D% ���&@ �'&

                                                                                   
1. Complementary DNA 

2. Expression Sequence Tag 
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� ��� �����  ����� ������ ����� �� ����� 

 @�G ��,�% �5N% $, �5�	-��I . �5�	-(Andjelkovic 

& Thompson, 2006; Talame et al., 2007; 
Tommasini et al., 2008) .�	$ MN� @�%,'G D
�*

91 �	'�'�? D% 6'72'8�R�'� �'&�0;B D% ���&@ 

�� V�%�� �@�G,'G 'N
L �$�% 9$�5% /�$ �0�� DG @�?

 $��� C�� �%$�% ,@ W'4@ '	 /�.'E� �% ��Q'� ��
'� MN�

@�G .D	$,L /?,@ ��
'� �	'
$�� . �	�# �'&,$3%$�  '	

D	$,L3	,� DNAJ M& . X	�� D	3Y� $, 91 9$,$3& 9'�-

�� �0�� �
-'�(Andjelkovic & Thompson, 2006). 

/?,@ ,@ JD	$,LcDNA  ,$�P �	'&';I �., �% ��? ��Z0�

����? D5B'� 9��	'
 -$ DG �
��*�
$ .[
, '% �3��L

\��.3	$�	@$,�� 6,�F '& @.�] ,@ '&';I @'7%$ . @��*

�"×�  -$ D	$,L3	, ,@ DG �2'] ,@ /�$ �5��5
'�

D;�? �'&�	^�$�� �@'�5�$ �$[
, J@�? '% �3��L

[
, _'Y
$ `
'�,�a��4 �'&�� '&�	^�$ @'7%$ . @��*

bc�G/�$ �� Andjelkovic & Thompson, 2006)(.  '%

. �]$�d D	3Y� ���c ,@ e�'�� �,'�L �'&

C	'�-L �� �	'& D% J@,.L /�@ D% �2�P T%'P f	'5
 9$��

 �	$ g'�$ �% DG �,�d�@$@'� '&  �2'# 6'�^d$ 9��G

-$ �,'��% @,�� ,@ L�4�� h'��$ �'�* ,@ DG �	'&��	 �54$

 �'E5
$ �
., ��
'�Ma^�� . �0;B C�� D% R�'� J

9'	., �
�% �	$-� /�@ D%  /�$ ���L(Sreenivasulu et 

al., 2006; Zeng et al., 2006; Zheng et al., 2004) .  

i^�D% D���- ,@ ���5=� �'&% �@$j
 /�.'E� �$�

/�$ ��? _'Y
$ �# �'�* @,�� ,@ �0;B D% . ���k�&

91 @,�� ,@ ��'72'8��� R�'� �0;B D% DG �	'& ��&@

91 ��
'��	,�	'N	@ �'&� KL '	 /�$ D54�* _'Y
$ ���*

)Tama´s et al., 2006( .�� 9';
 6'72'8� �	$ DG ��&@

91 �	$ -$ �l7% C�� �%$�% ,@ �'�* /m'�] ,@ '&

�
,$@ CE
 �0;B . n=;���� DG ��?��0��* ����$� 

D�? �$�% ��'�� �@'��-'� @�% �0;B C�� ��Q'� . �

��� . �0;BDk&'�* �% ��0��* ����$ �@�% 9'�0	 '&

D% /�$�,�d91 ��% DG D% . �0;B D% DG �	'&

                                                                                   
1. Macroarray 
2. Microarray 
3. Signal transduction 

4. Somatic embryogenesis 

5. Dehydrin 

6. Poly Ethylene Glycol(PEG) 

��� �@$@ R�'� ��0��* ����$ �	+'% ,'��% �
'��& �
$

 /�$ D5?$@ @�#.)Zheng et al., 2004( . �% C�� ��Q'�

9'�- ,@ �'�*�� <�5=� �'&D% J�?'% 6.'�5� �
$�� 

91 D0	,�d '% C�� �	$�5%$ T]$�� ,@ ��? 9'�% �'&

91�� 9'�% C�� _.$�� �Q$ ,@ DG �	'& C�% . MG �
�?

 ��5�& 6.'�5�)Talame et al., 2007( . R�'� ��,�%

o���
1C�� D% g'�] . _.'E� �'&  9'�% �p
 -$ �3��$

91 D% /�.'E� �$�% <�5=� �'&,'G . -'� MN4 ,@ '&

�� . @�G �&$�B b�G '� D% C��91 @,�� ,@ 9$�� �'&

R�'�91 �	�5N% C�� D% ���&@o���
1 ,@ $, '& �'&

@�G �	'�'�? <�5=� . �	$ ,@ 9��G'� DG ��'E�EH� ,@

o���
1 -$ 'N�� J��? _'Y
$ D���-5�$ _.'E� �'& ��? �@'�

o���
1 @$�7� . /�$'& D% b	  �@�% @.�H� o���
1

/�$(Ozturk et al., 2002; Talame et al., 2007; 

Tommasini et al., 2008; Xue et al., 2008).  

-$ �
@�% 6,'� C	'�-L �	$ q�&$ : �	'�'�?

91  R�'� �3��$ C�� D% DG �	'&�� 9'�% ,@ '	 ��&@

 C�0�&�% �Q$ '	 . >�H� ,@ o���
1 C�0�&�% �Q$ 'N
L

�� ��	@ 9'�- ,@ >	$�?@�?.  

  

  ها مواد و روش

� �������	  
���� ���  

 _'Y
$ ,$�0� D� ,@ ���'� 6,�F D% C	'�-L �	$

/4�* . bP'�$ ,@ ,$�0� b	 'N�� ,'% �& D0�	$ T�2@ D%

�� /;G �?,p
 -$ '&,$�0� . �? �U	��& -$ �
'�- �

 9$��� D% ,$�0� �& �	$�%'�% J��5?$@ D�F'4 �'� b	 @.�]

�@$@ D	3Y� �$�% . ��? D54�* �p
 ,@ r��% b	 -$ '&

r��% D	'� s�d�? �@'�5�$ �4@'O� T�'G �'& . _'��

 6'E�EH� D���� ,@ C	'�-L T]$��IPK
�  9'�2L ,�;G

/4�* _'Y
$ . o���
1 T�'? C	'�-L T�$��)� �
1o��( J

 >	$�?) C�� . �'��
 >	$�?��  ����$ ��� �F,@

��0��* ���� ( t$�=5�$ 9'�- .RNA )� J�  .u  -.,

C�� �'��$ -$ `� ( C	'�-L �? �Gv D0
'�c . �
@�%

 �$,$@� @�% �0	1�2��% ,$�0� .� _'
 '% �# o���
1 �'&

                                                                                   
7. Leibniz-Institut für Pflanzengenetik und 
    Kulturpflanzenforschung (IPK) 
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  ��
!��� ����"�	 �: �# ��
$ �%��$�$ &'�%� (�) �$ *%�+ �� , &�	 ...  �� 

�,$@ ����� J �$�"u�J �$�� ���u!�`
'���
 J�  .

_�5G,$� -L �	$ ,@�
�? �@'�5�$ C	'� . o���
1 D�

�,$@�����$ J�"u . �$���� �u!  -$ . �
@�% �
$�	$

 . �
�? D�N� DI$�� �]$. J,�;G M	@ 6'E�EH� D����

 ��5?$@ �	'�
'5	�% ';�� DG _�5G,$ . `
'���
 o���
1 .@

 D���� -$IPK �
�? D�N� 9'�2L . ŵ P DG �;	'�-L ,@

 M	@$@ _'Y
$� _.'E� �.$ o���
1  ."  D���� o���
1

IPK  �3��$ C�� D% g'�]�
@�%(Ramshini et al., 

2009)   �	$ �'&,x%� D
$�# �$�% o���
1 ,@ �
-

�? /;G �'U;	'�-L�
 . -$ `�� Dk&'�* -., D% '&

D7#���*�& �	$xI ���H� �.'] �'&� ��  �$�% �F,@

�
�? TE5�� ,$�E5�$ �$�% . �$,$@ D7# �&y  �]$.

 �]$. �& ,@ . @�% �;	'�-L�� �� ,$�P Dk&'�*��54�* .

D7# �	$ �?, bP'�$ ,@ w$�7% '&)""  . -., ,@ D#,@"� 

 Je? ,@ D#,@��  . �	'�?., /�'�� /�'� �0	,'� (

�
�? �@$@ ,$�P . -$ `�� Dk&'�* -.,D7# D% '& �'&

 ���*�& ���H� �.']���  �F,@)��5�G >	$�? �$�% (

 ���*�& ���H� .z{{  �$,$@ DG �F,@z|  �F,@

)MY]/9-. (PEG  @�%)C�� >	$�? �$�% (�
�? TE5�� .

 t$�=5�$RNA z J~  .�  _'Y
$ C�� �'��$ -$ `� -.,

/4�* .$. �& �$�% _'�� -$ �;	'�-L �]z|  D
��
 �'�*

�? �@$@ ,$�P X	'� 91.�5�
 ,@ . ��? X8P ��% . `��

D
��
 t$�=5�$ 9'�- '� '&RNA  D%�{�  TE5�� D#,@

�
�?.  

 ������RNA �� 
� �cDNA ������ ��� ���� 

����� !"��������  

D
��
,@ ��? �,$�NU
 ��% �'& �� �  ,@ D#,@

9.'& 91.�5�
 �.'] �'&  ,$�E� . �
�? ,@�� X	'���/� 

 '�"�/� �? 9-. 9L -$ _�* . t$�=5�$RNA  '% TG

 /G�? ���H� -$ �@'�5�$Biomol /4�* _'Y
$.  �	$ D%

 e����!�  D
��
RNA /?,@ C	'�-L �$�% �@'�L D	$,L

�? .D
��
 �'&RNA  �
�? ��,�% ���G . ��G �p
 -$

                                                                                   
1. Dari-83-6 

2. L.527 

3. EC-79-10 

4. Nutans 
5. Erectum 
6. Hoagland nutrient solution 

D
��
 .=5�$ �,'%.@ �
@�
 e�'�� DG �	'&�
�? t$� .

/4�* _'Y
$ -,'*L �1 -,�4.�502$ '% ���G ��,�% . �$�%

/?,@ -$ 91 9'�% ��,�% D	$,L�� D02 ,$3&�$�  D����

IPK �? �@'�5�$ 9'�2L . �$,$@ ��? @'	 D	$,L����� 

cDNA  ';I .@ ,@A  .B @�% . �$,$@ ';I �&"y×�� 

bc�G D	$,L�  �$,$@ @�B DG @�%�×� @�% D8E
 . 91 �&

 �%D8E
 ,'% .@ bc�G D	$,L �	$ �., . @�% ��? �,$x*

`� �'�U�� 9$3�� '� @�% �2'B 3�
 D8E
 .@ $, D���-

�-$�
$ ��* ��G �)T0?� .( /B'�cDNA 9';
 ��? ,$@

 ���4 \��.3	$ '%��  ��? Da$,$ i., g'�$ �%

>���Sreenivasulu et al.   (2002)   �	$ '% /4�* _'Y
$

'�-L �	$ ,@ DG 6.'�� _.@ D5?, /B'� �$�% C	

cDNA �4@'O� �'&�*-'IL V��=� -$ J� �������G�
	 

(Roche Co., Basel, Switzerland)  . �? �@'�5�$

���G-$����� ,$�E��
 (Fermentas, St. Leon-Rot, 

Germany)  C�G$. ,@"� @�% �]$. .  

#�
����   

�,.@ -$ TP 6�� D% '&';I J���*��  ,@ DE�P@

 �4'%�/� F,@ �SDS  .�/�  �%$�%SSC  D�2.$ �'�@ '%

��� ��54�* ,$�P 93�& �., �% D#,@ . D�]�� �	$ ,@

D
��
 �'&DNA  $�# ��?'
 TO5� ';I D% �%�B D% DG

���
�? . ���H� ,@ '&';INaOH y/�  �., �% ,+��

 �'�@ ,@ 93�&y�  6�� D% D#,@��  �@$@ ,$�P DE�P@

 '� �
�?DNA D5?, b� 6,�F D%@ �$�	L, . `��

�Z�B ���H� ,@ '&';I ����G�/�  �%$�%SSC J�/� 

 �F,@SDS  ."/� `	�� ,+���� '% �/upH=  �., �%

 �'�@ ,@ 93�&y�  D% D#,@ 6���|  DE�P@

��54�*,$�P .�,.@ �4'%��? �@'�5�$ ���*  �	$ ,@

 6'�2�� 9$�5�G@ �.'] C	'�-L)z{  �F,@

MY]/9-.( JSDS )�/�  �F,@)MY]/9-. ((G . �	��

 M	��) /p�I� ,+�� (@�% .�,.@ T]$�� D�& ���*

i., �d Sreenivasulu et al. (2002)  '% /4�* _'Y
$

�,.@ 9'�- DG 6.'�� �	$ D% ���*"�  C	$34$ /�'�

                                                                                   
7. BarleyPGRC2 13K cDNA array 
8. Sub array 

9. Hexa nucleotide mix 
10. Klenow fragment 
11. Tris 
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�-                    ������	�
� ��� �����  ����� ������ ����� �� ����� 

/4'	 .�,.@ �'�@ ,@ ���*��  _'Y
$ @$�U�5
'� D#,@

/4�* .�,.@ 9'	'� -$ `� '&';I ���*" ���H� '% ,'% 

 �4'%SDS �/� @ . �F,SSC �/�  6�� D% �%$�%"� 

 �'�@ ,@ DE�P@�� 9��	'
 ,@ . �;5�? D#,@ r-'
 �'&

D5�%M��4 ��7� ,@ . �
�? ���% �'&Fuji BAS2000 

phosphpimager )Fuji Photo Film, Tokyo, Japan( 

,$�P ��54�*. �54�* ,$�P 6�� '&';I ,@ ��7� M��4 '&

�% 9@�G �0�$ -$ `� �	.'O� /���G D% -$ . /?$@ �U5

"y  '� /�'��y@�% 6.'�5� -., .  

������	 ������� ���� ��$%� 
��  

-$ ���L /�@ D% �	.'O� Phosphoimager  �$�%

D02 n�=;�_�
 D% Ma^� 9@�G ��G . '& ,$34$AIDA 

) D=�
��/y /G�? JRaytest (�
�? TE5�� . ,$�E�

`�D8E
 .@ ,$�E� D% D#�� '% D���-�$�  �,'�?��  ,@

 bc�G D	$,L 9'�& �U	@ V'E
 �	@'E� -$ bc�G D	$,L �&

 �? qx])T0?�.( `� 9$3�� ��7	 D	$,L �& �$�% D���-

�� D�'H� D
'*$�# 6,�F D% bc�G �$�% . �?

91 S�HO� ,$�P �@'�5�$ @,�� bc�G D	$,L 9'�& �'&

��/4�*.  _'�� i-,$ e���� �	$ D%�u  �., �% DG �
1

�P bc�G D	$,L �& D�'H� i-,$ -$ �@'�5�$ '% ��5?$@ ,$

D8E
 .@ g'�$ �% D���- `� ��? �,'�? �$��  9'�&

�� S�HO� Jbc�G D	$,L�
�? .., �% D8E
 �&� $,L	 �% D

@, g'�$	'# . 9�5� J<	$,L ,@ 9L �'U	@, bc�G D	%'� 

��F'B 91 '% . @�?� /�$ >���.  �$�% D
'�� i., -$

�'��
�? �@'�5�$ �-'� (Knudsen, 2002)  �& ,$�E� .

D8E
 .@��U
'�� �$�? ���* .��
 ��G ,�d D% 9$��

 �Q$ ,@ DG /?$@ ,'p5
$91 D�& C�� �?., �'�* �'&

��?'% ��? . �$,$@ C	'�-L �	$ ,@ �@'�5�$ @,�� D	$,L

����� cDNA @�% .91 -$ �,'��%��& D% '& -$ _$�G

 D�$@$ -$ @�% �5N% �	$�%'�% . �
@�% �@$�
 R�'� '&,'���

�
�? qx] T��H� . D	3Y� . �,'�L ,'�7� Dc�*$

91 �	'�'�? �$�% �O=;�`� �] ,@ DG �	'& D���-

91 J@,$�
 @�#. ��5�& 'N
L �'�U�� ,$�E� DG �	'&

 ,@ TP$�]�  -$ D
��
!�  -$ �5;�% D
��
�/"  ,$�E� �%$�%

`�D	3Y� �$�% @�% D���-�
�? K'=5
$ ��7% �'& . $�	-

 J'8B �Q$ ,@ '	 q@'O� D% D
��
 .@ '	 b	 ,@ /�$ �0��

                                                                                   
1. Double spot 

2. J�?'% D���- `� -$ �5;�% ���B D8E
 b	 �'�U�� �

D
��
 -$ ��5;�% @$�7� ,@ D0�	$ �'�5]$ �
., �	$ '&

/�$ �5�G �?'% D5?$@ @�#.. $�%� �,�%� Q'�� �T�$�� 

% �% <�5=��91 9'3Y� '&	,$. D	/4�* _'Y
$ `
'.  C��

 `
'	,$. D	3Y� -$��	,'U2 T	�5� �7�� M	 D54' �., �%

�@$@ /4�* _'Y
$ '&(Durbin & Rocke, 2003; Rocke 

& Durbin, 2001) . 3Y� ���	,$. D	- 6,�F D% `
'	 �

@�%:   

�( Yijkl= µ + Gi+ Cj+ Tk+ GCij  

  +GTik+ CTjk +GCTijk +Rl + εijkl 

  

 9L ,@ DGY 9';
 ���&@�� �'�U�-$�
$ ��*� ��? J

µ  ��U
'�TG �JG  ��
1 �Q$�oJC  $�? �Q$	> JT 9'�- �Q$ J

R   J,$�0� �Q$GC   �Q$C�0�&�% ��
1�$�? ,@ o	> JGT  

 �Q$C�0�&�% ��
1�9'�- ,@ oJ CT  �Q$C�0�&�% 

$�?	9'�- ,@ > JGCT   �Q$C�0�&�% ��
1�$�? ,@ o	 >

9'�- ,@ . εijkl   '8B �Q$�
@�% . i., -$
.��
�%��  �$�%

9��-L �$�% '�2L S8� S�HO� �? �@'�5�$ D
'*��c �'&

)Wrobel et al., 2005(. �� `
'	,$. D	3Y� -$ `� 9$��

 D
��
 �& ,@ . 91 �& �$�% $, C�0�&�% . ��F$ �'&�Q$

@�G D�'H� .D�2�� D	3Y� _'Y
$ '% �., �% ��F$ �'&

e2'# f	'5
 C�0�&�% �'&�Q$ `	��'� D% /�
 ���

�� /�@ D% `
'	,$. D	3Y� �	L . DG /�$ ��? n=;�

�� i., �	$�
$�� ,$3%$� $�% ���?-,$� Y�3	�@$@ D'&� 

D	$,L3	,  �?'%(De Haan et al., 2007).  �	$ _'Y
$ �$�%

 i., g'�$ �% i.,De Hann et al. (2007)  ��? T��

�? D5?�
 �	- 6,�F D% 91 �& 9'�% ��� .:  
  

"( Yijklm= µ + Gi+ Cj+ Tk+ GCij+ GTik+ CTjk 
+GCTijk +Rl +gm+Ggim 

 +Cgjm+Tgkm+ GCgijm +GTgikm+ CTgjkm 
+GCTgijkm + εijklm 

  

$ ��P ��� '% ��� �	$ 6.'��91 �Q$ DG /�$ �	)g (

/�$ ��? D4'�$ ��� D% 3�
 .`�� 3Y�	D�2�� D'&� 

�F$� ., �%� ��'�	 `�Q$ 91 C�0�&�%×91 J >	$�?× 

>	$�? × ��
1� . o 91 ×>	$�?× 4�* _'Y
$ 9'�-. / 

�'�� @$�7�� $�% D�2��� ����$�% . �? K'=5
$ ��  �&

,$�E� 91 T2 �5&�[� )Lu et al., 2005(  �	'�'�? �$�%

                                                                                   
2. Bonferroni 
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  ��
!��� ����"�	 �: �# ��
$ �%��$�$ &'�%� (�) �$ *%�+ �� , &�	 ...  �� 

9191 D�E% '% 'N
L 9'�% DG �	'& g'�$ �% @�% 6.'�5� '&

�? D�'H� �	- ����4:  

�(  ∑
=

=
a

k u

ik
i

s

u
T

1
2

2
2

  

  

 9L ,@ DGа  J�p
 @,�� D�2�� @$�7�uik  V�%�� ���


 D�2�� �p
 -$ 91 �& D%k  . _$s2
u  Dd�%�� D�2�� `
'	,$.

/�$ . ,$�E�T2  �
$�H% [���5&)2
cT ( . �	- ����4 -$

 ,$�E� D% D#�� '%F  ��L /�@ D% �p
 @,��(De Haan et 

al., 2007) :  

y(  pnpc F
pn

pn
T −−

−= ,;
2

)(

)1(
α  

  

�� b�G i., �	$ '� ��G91'&�	  D% 'N
L R�'� DG

�Q$ @ -$ 6.'�5� ��? �Gv	91 �U/�$ '&J '�'�?�	 

�
�? ._�
 -$  ,$34$MeV
� )Saeed et al., 2003(  �$�%

�.�* D	3Y��? �@'�5�$ ���% .�.�* D	3Y� ,@ -$ ���%

 M5	,�U2$UPGMA �? �@'�5�$ . ��P@ 9��-L �$�%

�;�4� )Rivals et al., 2007(  @$�7� 9��-L ,�p�� D%

���	'�
�.�* �'& _�
 -$ J�.�* b	 ,@ �'B �
1 �'&

 ,$34$R �	@�* �@'�5�$.  

  

  ج و بحثينتا

/?,@ C	'�-L _'Y
$ -$ `�M��4 JD	$,L �0�$ '&

�
�? . T0?� D
��
�� 9';
 $, �	.'O� �	$ -$ �$�&@ .

 T�'? �	�O� �	$���"y="y×��×��   <�5=� D8E


/�$. $@ ';I �&$,�"y ×�� $,L	 DG /�$ bc�G D

�O�	 �	0� /�$ ��? D4'�$ T0? D% 'N
L -$ .D8E
 .@$� 

 �,'�?��  bc�G D	$,L �& ,@2'B� $�% . �@�%� 

�-$�
$ ��*� `��-� �@'�5�$ D��
�? .D02 >��� '&

_�
  ,$34$AIDA �@$@ D% . ��? �@$@ n�=;� ��G �'&

 �@'�5�$ T��H� . D	3Y� �$�% `�� . T	���
�? .  

 �'�U�� ,$�E��"�!  -$ 91�����  ,@ TP$�] J91

�  -$ D
��
!�  -$ �5;�% D
��
�/" `� ,$�E� �%$�% D���-

@�% .9��-L S�HO� . `
'	,$. D	3Y� -$ `� �'&

 �$�% �'�5]$ S8� �
.��
�% i., -$ �@'�5�$ '% D
'*��c

                                                                                   
1. Multi Experiment Viewer –version 4.1.01 

2. Fisher exact test 

�"�!  91�%$�% ������"y�/� D% /�@��L .$ �%	 �

g'�$ ���
1 �Q$ ,@ o��y  ,@ >	$�? �Q$ J91uyy  . 91

 ,@ 9'�- �Q$���y  91��7� ,$@ @�% . C�0�&�% �Q$

o���
1×>	$�? . 9'�-× @,�� ,@ e���� D% 9'�-"�  .! 

 91��7� ,$@ �
@�% . �Q$ S�HO� �	$ -$ �@'�5�$ '%

o���
1 ��% C�0�&�%×>	$�?  91 ��& �$�%��7� ,$@ �

��'�
 /�@ D%  .	3Y�  -$  �@'�5�$D  J�	'N�� D% `
'	,$.

@�% @$�	$ .@ �$,$@ .91 -$ ��G @$�7� �$�% D0�	$ �0	 '&

 C�0�&�% �Q$��7� ,$@  ��,�% -$ `� D0�	$ _.@ . @�%

91 DG �	'&��7� ,$@  D% V�%�� �? n=;� J�
@�%

��5�& C�� '% >�����I �	'���?��% �'&���� . �$�%

-$ '&@$�	$ �	$ 9�? q�d�% 3Y�	D�2�� D '&� �F$�  �%

.,� ��'�	`'&� �Q$  D	3Y� -$ ���L /�@ D% C�0�&�%

`
'	,$. �? �@'�5�$ . �% T�$�� �Q$ `
'	,$. D	3Y� ,@

 91 �& 9'�% �.,)/�F b	 9$��� D% (�� b�0�� �
�?

�� . $, C�0�&�% . ��F$ �'&�Q$ 91 �& �$�% 9$��

@�G D�'H� .  

91 _'�� �$�% '&�Q$ �	$ �*$? D54�* �p
 ,@ '& J�
�

/?$@ M�&$�B C�0�&�% �Q$ `	��'� �'U
L . �	$ b�G '%

�? q�d�% `
'	,$. D	3Y� �'&@$�	$ D	3Y� . DG �,�d D%

91 @$�7� ,@ C�0�&�% �Q$ DG �
�? $��� ��5;�% �'&

 'N
L��7� ,$@ 91 ��,�% ���k�& . @�% /�@ D% �'&

 D	3Y� f	'5
 q^B�% DG @$@ 9';
 D	3Y� �	$ -$ ���L

J`
'	,$. 91 -$ �@'	- @$�7� '% >��� ��? �	'�'�? �'&

 D	3Y� �	$ ,'5�$ �% @�B DY�5
 �	$ DG ��5�& C��

�� �	$34$) �.�#� . " .(�'�5]$ S8� ,@ ��yu/�   

)F  �%$�%� ( 91 C�0�&�% �Q$ `	��'� @,�� ,@ ×>	$�? 

 @$�7��"� �
�? K'=5
$ 91. @$�7� �	$ -$���  ,@ 91

�5;�% C�� >	$�?�  ."� >	$�?,@ 91�5�G C���  9'�%

�
@�% ��? .91 �	$ /E�E] ,@91 J'& DG ��5�& �	'&

 ����� C�� �Q$ ,@ 'N
L 9'�%��7� ,$@ /�$ �@�G .�.�#� 

�.�*91 �	$ ���% �	'���?��% �'&���� g'�$ �% $, '&

�� 9';
�&@ .�'�^d$� 91 @,�� ,@'&� $,L	5B$ ,@ D� ,'

 @,$@ @�#.� n=;� DG�& ��G�� Dc ,@ 91 �� �	 '

% DB�c�?����'�	 /�$ �'74 .$ �%	�  g'�$  &'*L�  ,@  
  

  

  

  

  

  

                                                                                   
3. Up regulated 

4. Down regulated 
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� ��� �����  ����� ������ ����� �� ����� 

    

  
/"�01  2�!3 �$ 4$�� ��5)A 6�
7 ���8 9"%� �� ;+  

  

 $ @,��	
1 �.�* Dc D0�� %� ,'p5
$ �] -$ C	 �5�G '

91 �.�* ,@ ,'p5
$ �] -$'&� R�'� C�� D% ���&@

��$ �3@,$@ @�#.J /�$ MN� .��-L 9��7� ,$@  9@�%

$�%� $	3Y� �	4$ _�
 '% D3 ,$R �? _'Y
$  ,@ 9L �'�5]$ .

 �.�#� /�$ ���L .�'�5]$'&�  -$ �5�G��/� 

9';
 $ ���&@	 ,�d D% ,'p5
$ �] -$ @$�7� DG /�$ �

��7� ,$@�  �5�G	% '�/�$ �5; .91'&� �� �&� �p
 -$ �

$	 ,@ D0�>	$�? % C���% 9'� �5;	�5�G ' �D% /�
 

>	$�? D5?$@ �'��
 �
$ �.�# ,@� n=;� ��?�
$ .

 D	3Y� �	$ _'Y
$ �$�%P@ 9��-L -$�4 ���;�  �@'�5�$

�?. �� 9';
 ���L /�@ D% f	'5
91 DG �&@ �'&

 ���$ M��2�%'5� . C�� J�%�c M��2�%'5� D% V�%��

 ,$�P �.�* �	$ ,@ ,'p5
$ �] -$ �5;�% ,'��% D���L

D54�* �
$ .9'�% ���k�& 91 -$ �@'	- @$�7� ,@ DG �	'&

�.�* ��? �5;�% C�� �Q$ ,@ �
,$@ ,$�P ��? @'	 �'& 

/�$ .91 �4�d -$  D% V�%�� �'&RNA  ,'��% ����.�� .

�
,$@ ���	'�
 �.�* �	$ ,@ ,'p5
$ �] -$ �5�G .T0? " 

�.�* D	3Y� -$ TF'] f	'5
91 �	$ ���% 9';
 $, '&

�� �&@.  ,@ T0? �	$@,	<�� '&91 D% V�%9�5� . '& '&

� D% V�%�����5�& '&,'� .6'�^d$ . 91 �& M�$ V�%�� 

D% ���% ��?����'�	 2'74 9L ,@ DG�� /� ,'�G ,@ ��G

@ T0?	� ���@�? .  

�k�&� 91 �& DG /�$ ��? n=;� � C�� �Q$ ,@

                                                                                   
1. Fisher exact test 

%�% 9'� �5;	 D% /�
 �5�G '>	$�? /�$ D5?$@ �'��
 .

91 -$ �,'��%D% V�%�� �'&  �	$ ,@ �%�c M��2�%'5�

�'E5
$ D% V�%�� �.�*����2 ���&@�  ��
'�& DG ��5�&

91�@ �'&�
,$@ ��N� D% �5m'�] CE
 �	,�	'& 

)Talame et al., 2007(. CE
����.�� �	$ �5m'�] ,@ '&

B'� �	�d -$ @'	- �'�5]$ '% �0;B C�� �%$�% /

�� _'Y
$ ��0���G @��*(Cameron et al., 2006; Dunn 

et al., 1991) .91 �	$ �&'p� ,@ >��5� ,�d D% '&

 �'��
 >	$�? D% /�
 C�� >	$�?�/"  �5;�% �%$�%

@�% ��?. Dunn et al. (1991)  �	$ 9'�% DG �
@$@ 9';


����.�� �5;�% �0;B C�� . '��� �Q$ ,@ �# ,@ '&

�� @�?. Cameron et al. (2006)  ��,�% -$ �@'�5�$ '%

91 �&'p� 9��,�
�'E5
$ �'&��&@ ,@ 9���� ,@ $, �%�c �

 �0;B C�� >	$�?�  >	$�? D% /�
 �5;�% �%$�%

�
@�G i,$3* �'��
.  

91�@ �'&�	,�	'&�91 JR�'� �'& J'��� D% ���&@

���
����2'5����
,$@-'% J. ��P M��2�%'5� J-'����.�� �'&  

91R�'� �'&91 �U	@ -$ _������2L D% ���&@ �
@�% �	'&

� �.�* �	$ ,@ DG�
�? ��&'; .91 �;�% �&'p� �'&

 ���
����2'5�)Andjelkovic & Thompson, 2006(  .

�@ /�$ ��? i,$3* 3�
 ŵ P C�� �Q$ ,@ �	,�	'&

                                                                                   
2. Lipid transfer protein 
3. Dehydrins 

4. Metallothionein 
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  ��
!��� ����"�	 �: �# ��
$ �%��$�$ &'�%� (�) �$ *%�+ �� , &�	 ...  �< 

(Ozturk et al., 2002; Talame et al., 2007) .

Andjelkovic et al. (2006)  $, ���
����2'5� 91 �&'p�

 �0;B C�� >	$�? ,@�/" >	$�? �%$�%  i,$3* �'��


�
@�G . >��5� ,�d D% C	$34$ �	$ JC	'�-L �	$ ,@�/" 

@�% �%$�% .91�@ �'& @.�] �	,�	'&"�  /�
 �5;�% ,'%

��5?$@ �&'p� �'��
 >	$�? D% .Talame et al. (2007) 

 �0;B C�� >	$�? ,@ �
1 �.�* �	$ DG �
@$@ 9';


��5?$@ �5;�% �&'p� �'��
 >	$�? D% /�
 .D% 

�p
�� ����.�� �	$ DG ��, 9@�G @�%'
 ,@ '&

9j��G$  �
,$@ CE
 C�� �Q$ ,@ ��? ��2�� �'74 �'&

(Palmiter, 1998) .91 �.�*�@ �'& T�'? �	,�	'&

�@ �	,�	'&� Jy J� Ju J!  .�" @�% .D72'8� ,@ DG �$

Tommasini et al. (2008) �
@$@ _'Y
$ 91 �'&

�@  �	,@'&�J "J �J yJ uJ !  .��  R�'� �0;B D%

�@ DG �2'] ,@ �
@$@ �	,�	'&�  .�"  .@ -$ b	 ��& D%

�
@�% �@$�
 R�'� �,�? . �0;B C�� ..@  >��� 91

 '%����2.��� �� �-'55�� -^��G�%�G� �.�* �	$ ,@  

��	@ �� ,@ ����G M	3
L b	 ����G3�, DG �
�?  

��5�& ��2.�� /B'� ���� . -$ �0	 ��2.��

/m'�] ����G  ���� -$ C�� _'U�& D% DG /�$ �	'&

�� /m'�]��G . D% �0;B C�� >	$�? ,@ ��2.��

���� �3��$ T��
'5� �,'%.@ M�p�� �� b�G ��G 

)Langridge et al., 2006( . ,@ '&��P . ��2.�� �.^� D%

����.�� �0;B C�� >	$�? �	$ D% . �@$@ C?�� $, '&

D� 9'�5B'� �5=	, M& D% -$ e���� 'N
L ��7%

�� T�� D% ���*��# �
,.L)Hoekstra et al., 2001(.  

 >	$�? D% /�
 C�� >	$�? ,@ 91 �	$ �&'p�

>��5� ,�d D% �'��
 �u @$@ 9';
 C	$34$ �%$�% .

Ozturk et al. (2002)  R�'� ,@ $, 91 �	$ �&'p� C	$34$

�@�G i,$3* �0;B C�� D%�
$ . �5;�% 9'�% �.^� D%

91��
,$@-'% D% V�%�� �'&-'����.�� �'&(Talame et al., 

2007)91 JR�'� �'&D% ���&@ 91 J_�����2L ��&�2L �'&

-'
1.,��&@� C�� .�@'���
��� �'&�  '% C�� �Q$ ,@

 f	'5
Ozturk et al.  (2002)  �	$ ,@ �2. @,$@ �
$�=�&

                                                                                   
1. �1-pyrroline-5-carboxylate synthetase 
2. Aldehyde dehydrogenase 

3. Thionin precursor 

91 9'�% C	'�-L ,@ D���L���$ M��2�%'5� ,@ ��*,@ �'&

C	$34$ C�� �Q$ C	'�-L ,@ DG �2'] ,@ J@�% D54'	 

Ozturk et al.  (2002) 5
 �	$ `0� ��? i,$3* DY�

/�$ . �5;�% �&'p�� 91  �Q$ ,@ ��P M��2�%'5� '% >���

Mp�� '% w+'�5]$ JC�� 

  
 =�>,�1 �# �?@A �$ (�) �B� �8 ���	��C� ��� D%� ��$ .

)�# 9�� =�C7 �?@A �� �8 ���
�
�
$ &�	�
F� G�%� �$ �	
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 ��/� � �������� CHO )major( 


 
 � ��/
 
 �������� CHO )minor( 


 
 � 	�/
 
 ������!� 


 � 
��/
 ��/
 � ���"# 


 
 � �
�/
 
 $%�&' �!� ()�* 


 
 � �	/
 
 OPP 
� � 
��/
 		/
 � TCA / org. transformation 


 
 � ��/
 
 
+�,�-'.�����'�0�012�&����3)���0-

ATP 

 � �
/
 �	/� � ���!� �1'�04 

� �� 
��/�  E 

��	  �
/� �� ���* �������� 


 
 � �
/
 
 �.5����- ������� 


 	 


/
 ��/� 	 (���6 2��' �������� 


 
 � 
�/
 
 S-assimilation 

 
 � ��/
 
 metal handling 
� � ��/
 � � (0�-�7 �������� 


 � � ��/� � .��1�8 �������� 


 
 � ��/
 
 1��&���& � .��1�8 �������� 


 
 � ��/
 
 +���9'��# 3)�� 

� �� 
�/�  E ��	  

��/� �� :�# 

� 
 ��/
 ��/� � .��#�#�!� � $��1���' ;&'41 


 � ��/
 ��/
 � <��6 �!9 �������� 

� � ��/
 ��/� � 2�#�=!&�- �������� 


 
 � ��/
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Gene ID 
up/down 
regulated annotation 

HW08A02 up ATP-dependent Clp protease ATP-binding subunit 
HY06I22 up aldehyde dehydrogenase homolog Dha1  
HX02G03 up aldehyde dehydrogenase homolog Dha1 
HD04K15 up early drought induced protein 
HO14F24 up proteinase inhibitor  
HD07M22 up proteinase inhibitor  
HD04G07 up  <none> 
HW08E20 up wheat aluminum induced protein wali 5  
HC14D22 up wheat aluminum induced protein wali 5 
HM01I09 up putative C-4 sterol methyl oxidase  
HI01C18 up heat shock transcription factor HSF1 
HV01P14 up putative phosphoethanolamine methyltransferase  
HF16N01 up putative phosphoethanolamine methyltransferase 
HK06P12 up polyamine oxidase  
HK03L18 up  RNase S-like protein  
HK03N03 up leucine-rich repeat transmembrane protein kinase 
HV02F06 up thionin precursor 
HK03M03 up thionin [Hordeum vulgare=barley 
HC14G11 up thionin [Hordeum vulgare=barley 
HDP13P16 up  HISTIDINE-RICH GLYCOPROTEIN PRECURSOR 
HW04J09 up putative receptor-like protein kinase 
HK04C13 up probable phospholipid transfer protein precursor  
HS01P06 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.3 PRECURSOR  
HS02P06 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.3 PRECURSOR  
HO03J03 up (AAAB01008847) ebiP1657 [Anopheles gambiae str. PEST] 
HV02H14 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.1 PRECURSOR 
HO36L14 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.1 PRECURSOR 
HK05P10 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.1 PRECURSOR  
HK05F10 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.1 PRECURSOR 
HV03E22 up lipid transfer protein Cw(21)  
HH06E16 up NONSPECIFIC LIPID-TRANSFER PROTEIN 4.3 PRECURSOR 
HO14E01 up  <none> 
HA17L05 up  <none> 
HW04J01 up probable lipid transfer protein  
HK06L05 up  <none> 
HF01J01 up (AC007202)  Is a member of the PF|00171 aldehyde dehydrogenase family 
GBN008O16 up membrane related protein CP5 
GBN006J10 up (AC007202)  Is a member of the PF|00171 aldehyde dehydrogenase family 
HY07F02 up (AF082347)  C13 endopeptidase NP1 precursor  
HY05P07 up (AF082347)  C13 endopeptidase NP1 precursor 
HF01D11 up putative protein; protein id: At5g18130.1 
HB32F06 up (AP003259)  putative pyrroline-5-carboxylate reductas  
HO04P24 up permease 1 - like protein; protein id: At5g62890.1 
HDP31G21 up putative nuclease [Oryza sativa (japonica cultivar-group) ] 
HD04P22 up putative protein; protein id: At5g44720.1 
HV03C20 up metallothionein [Porteresia coarctata] 
HD11H02 up metallothionein [Porteresia coarctata] 
HD08N06 up metallothionein [Porteresia coarctata] 
HB09F06 up glycine dehydrogenase (decarboxylating)  (EC 1.4.4.2)  [imported] 
HW02F11 up sucrose:sucrose 1-fructosytransferase [Triticum aestivum] 
HW02C14 up sucrose--fructan 6-fructosyltransferase (EC 2.4.1.-)  large chain  
HH01A21 up sucrose--fructan 6-fructosyltransferase (EC 2.4.1.-)  large chain 
HT01K06 up  <none> 
HV02B09 up lipoxygenase (EC 1.13.11.12)  2  
HO05K20 up hypothetical protein [Oryza sativa (japonica cultivar-group) ] 
HY08H04 up Formate dehydrogenase 
HDP41M17 up putative amino acid transport protein AAP2 [Oryza sativa 
HW07A08 up putative CTP synthase [Oryza sativa (japonica cultivar-group) ] 
HZ43K14 up OSJNBa0086B14.13 [Oryza sativa (japonica cultivar-group) ] 
HDP28J24 up D1 CtpA arboxy-terminal protease 
GCN002C22 up D1 CtpA arboxy-terminal protease 
HB30D11 up (AE003801)  CG10911-PA [Drosophila melanogaster]  
GBN005K24 up  <none> 
HDP31B22 up (AC007591)  Strong similarity to gb|X95263 Periodic tryptophan protein 2 gene  
HY03F05 up 4-hydroxyphenylpyruvate dioxygenase (4HPPD)   
HO09H21 up r40g3 protein - rice emb|CAA70175.1| osr40g3 
HH07F19 up r40c1 protein - rice emb|CAA64683.1|  
GCN002H22 up (AB045759)  bundle sheath cell specific protein 1 [Zea mays] 
HD09B24 up expressed protein; protein id: At2g41190.1 
GBN002O09 up putative protein; protein id: At5g18130.1 
HZ52A02 up P0671B11.14 [Oryza sativa (japonica cultivar-group) ] 
HK04H17 up (AJ010440)  GST7 protein [Zea mays] 
HO07P16 up abscisic acid- and stress-induced protein - rice gb|AAB96681.1|  
HO38E21 up nonspecific lipid transfer protein Cw-18 precursor 
HO37H04 up nonspecific lipid transfer protein Cw-18 precursor  
HO04D12 up (AF166121)  Cf2/Cf5 disease resistance protein homolog  
HM03P13 up (AJ295942)  beta expansin B3 [Festuca pratensis] 
HO10M06 up  <none> 
HO02B02 up nonspecific lipid transfer protein Cw-18 precursor  
HK03J16 up nonspecific lipid transfer protein Cw-18 precursor  
HH01A17 up putative GTP-binding protein; protein id: At1g52980.1 
HR01E04 up beta expansin B2 [Festuca pratensis] 
GCW003I10 up (AP004339)  hypothetical protein 
HS01O07 up respiratory burst oxidase homolog [Solanum tuberosum] 
HT09D17 up cold acclimation protein WCOR413  
HW08J11 up cold acclimation protein WCOR413  
HO15O13 up cold acclimation protein WCOR413  
HX02C05 up hypothetical protein [Nostoc sp. PCC 7120]  
HW05K13 up apyrase GS52 [Glycine soja] 
HC02P10 up (AF043091) dehydrin 6 [Hordeum vulgare] [Hordeum vulgare subsp. vulgare] 
HC14H04 up ARGININE DECARBOXYLASE (ARGDC)   
HD02J11 up glutamine-dependent asparagine synthetase 1  
HT08A04 up (AF155129)  dehydrin 12 [Hordeum vulgare]  
HZ01F01 up (NM_111720)  putative aminotransferase 
HV08B01 up (AF043092)  dehydrin 7 [Hordeum vulgare] 
HU07D12 up (AF181454)  dehydrin; DHN4 [Hordeum vulgare]  
HT06F17 up (AF181454)  dehydrin; DHN4 [Hordeum vulgare] 
HS04E22 up (AF181454)  dehydrin; DHN4 [Hordeum vulgare] 
HS01P15 up (AF181454)  dehydrin; DHN4 [Hordeum vulgare]  
HDP03A21 up (AF043089)  dehydrin 3 [Hordeum vulgare] 
HF24J18 up (AF043094)  dehydrin 9 [Hordeum vulgare] 
HF02B03 up putative delta l pyrroline-5-carboxylate synthetase  
HB14O13 up putative delta l pyrroline-5-carboxylate synthetase 
GBN004N14 up  <none> 
HY10F10 up (AC007202)  Is a member of the PF|00171 aldehyde dehydrogenase family 
GBN002L16 up cold-regulated protein [Hordeum vulgare subsp. vulgare] 
HK05M13 down putative glutathione S-transferase 
GCA001B19 down putative glutathione S-transferase 
HO16H10 down pathogenesis-related protein 1a  
GBN004L23 down Pathogenesis-related protein 1 precursor pir 
HX01A03 down superoxide dismutase (EC 1.15.1.1)  (Cu-Zn)  2 
HO28N08 down adenosine diphosphate glucose pyrophosphatase  
HY08F18 down putative MtN3 [Oryza sativa (japonica cultivar-group) ]  
HW05I06 down (NM_116734)  Expressed protein; protein id: At4g04955.1 
HU03F15 down licheninase (EC 3.2.1.73)  I precursor 
HZ37K17 down monodehydroascorbate reductase [Brassica juncea] 
HW06L16 down NADP-specific isocitrate dehydrogenase  
HU02K16 down Acyl carrier protein I 
HV01J14 down AAA32962.1   e-162 (M13237)  (1->3 
HV04D23 down AAA32962.1   e-162 (M13237)  (1->3 
HV01J14 down AAA32962.1   e-162 (M13237)  (1->3 
HM04D21 down AAK14421.1   3e-59 (AC087851)  hypothetical protein 
HO04K22 down CHALCONE SYNTHASE 1 (NARINGENIN-CHALCONE SYNTHASE 1)  
HS03F11 down OSJNBb0118P14.11 [Oryza sativa (japonica cultivar-group) ] 
HA02M06 down contains ESTs AU174016(S13261)  
GBN002D03 down Putative anthranilate N-benzoyltransferase 
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