
 �������	 
���� � 
���
���	 ������ �����                       Crop Biotech.   

���� ���  	
��� ������ � 
��� ����1391 )37-27(    Vol.2, No. 2, Spring and Summer 2012   

 *����� 	��� �! :#$�%&�' #���( )$%                                                                               E-mail:ghasemiomran@yahoo.com 

 

�� � ���� 	
������� ���� ��� �� ������ ����������  � �����

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

� 
��� �.�/ �0������ � ����12 ����!3 �� ����  ����$��24 5�)�� ��

� ���. �6 ���� ��7#� 	�8#�0  9�� �� ���AlNHX  �AlSOS1   �� :�2 ��

 ���� ����$250 ��� ����� �>� �� � �� 
�� ���6  	@��1 	3 	8  �17 

E�-F$ �� ���G.� �� %-$ H���� �� I2 ��� Real Time-PCR  ���� ��
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Salinity, predominantly NaCl, limits plant growth and 

impairs agricultural productivity. In higher plants, Na+ efflux 

and compartmentalization are achieved by Na+/H+ antiporters 

located in both the plasma and vacuolar membranes. Here we 

investigated the expression pattern of the genes AlNHX and 

AlSOS1 under 250 mM NaCl treatment after 6h, 1, 3, 8 and 17 

days time intervals by Real Time-PCR technique. The 

transcript levels of AlNHX and AlSOS1 were up-regulated 

due to salt stress in all tissues. The AlSOS1 expression 

remarkably increased in leaves after 6 h and the AlNHX 

transcript abundance reached the maximum level after 24 h. In 

node and internode tissues, the transcript levels of AlNHX and 

AlSOS1 increased sharply 24 h after salt treatment and then 

gradually decreased within 3 and 8 days and finally after 17 

days reached a steady-state in which the mRNA content was 

similar to that of the control plants. The transcript abundance 

of both genes in roots slightly increased upon salt treatment 

and after 3 days reached their maximum levels and their 

expression continued until day 8 days and then decreased to a 

basal expression similar to control for AlNHX gene but in case 

of AlSOS1, decreased to reach a new steady-state in which the 

mRNA content was about 2-fold that of the control plants . 
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#/�4/  

)� � 7
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�

@�A?�#� 7-
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�)  	0 � =5�C #3D% ,3' ; �� �  �BEF 	0 �

#!�  #� G��?�  ���(Tester and Davenport. 

2003) .)� H % I5$� %�%&8 ; �� )9  
� �5��9 H &�

J�K � 
�� 7�/)  
���#�  # �5�5� L�?$ -% � ��


�
%� ;5���1 �  )� 7�� - 
�5�� ,/�>��  ,5��

 ; �� 
� ,�% 	%&�/ ;5���1 ��>�9 �� =3F% ��-��5�

(Pardo and Rubio. 2011) .; M!C -% 7
�5��  7�/

#� ��N8 ;5���1 �  �� #$�-��5�  �  O��� � �!��

#� 
��� ; ��  �!�&6(Flowers and Yeo.1995) .

� ; ��,P3F 
 @�� 7�/� )� B%&Q% I5$�  7�
 &R�

,5$�N8 �GC � #!�N��%�� GST  M�����8 �#� M!C 7�/

 ,�% #�� 	�56 7%&� -�� � ,K�� �(Niu et al. 

1995) .,5���U ; M!C 7
�� )�  ;/ #$�-��5� 7�/

 �/�56 
� ;/ � 7
�� )� V��U �/�56 
�

 ,�% )��.� ���1
���  )9 ,�% )�W! H % &X!�5�

X!)  #�P3F YZ� 
� ; �� )� ;5���1 ,>�! 7
%�

@��� )� <51 %��'  7�539 -�5! 7%&� 
� 	�56 ��


)� @�� 7
�� O %&� #� 
���  ��
(Glenn et al. 

1999) . [�/ �� #���\�� 7�/
�W/%
 -% �/�56

#� 	��\��% #8�]% ; �� ^�4� -% 7&56�3T  )9 �� ��!

6
�� �). 
 O��� �  GST ��>�� I��� 
� 7&5

�!�C  �  GST-�� �
�� ID%�8 
� ^ -�� ,�T #��_

H5���&1 O��� 7�/ ��`�!% I ���&1  ;5���1 	��/�

(HKT) ,8�� 
� 	&4U � 	0 � #/�56 7�/  7���

a&� 
� � 	�56 
�?� 
� #3b�9%� H�� 7�/ #� &�  ����
(Niu et al. 1995; Zhu. 2001; Pardo and 

Rubio. 2011) .
� ��3� �
� 7�/  #/�56

,P3F c����' #$�-��5� ; �� 7�/ 	&4U O���  7���

YZ� 
� ; �� ^8� �  &5F�)X! #� #� )��%� ��� 

(Blumwald, 2000) .O5?� 
�  �
�� 7�/

	&4U �  7��� )� )9 # �/ 
�:  � ,K�� 7%&� 	�`$��

=5�C #$�3� -��  ����/ ��
))�  � � &39 ��d� 
�:

; �� (,5�� ,�T 7&Qe� 
�W/%
 %�- ;/%&8 #!�  # 

#�  ; �� )� ;5���1 7@�� ,>�! ��U H5' 
� � �
�C

#� f\U ��-��5� 
� %
 ��9 .�)  #X���>!% �	�E'

�  Ib�9%� IK%� 
� �/  ��>�� ,�T 
� 7M��% 
�.8

;/%&8 %
 GC GST #�  � ��!(Pardo and Rubio. 

2011). #�!C #3b�9%� 7�/&�
�1 ; ��/ ���&1

H5���&1 �/ # �.F 7�/ 
� %
 ; �� ���>� )9 ���

 ,!� �%&6 ,?� ,�E1�!�� 
� ���&1 I��`�

�5$�� ���&1 # �5�5��&�W$%  O��� 	��H-ATPase 

 �H-PPiase M5$���9 #�  ���9(Barkla and 

Blumwald. 1991; Yamaguchi et al. 

2003) .#�!C h �5� <5� #3b�9%� &�
�1 

; ��/ i5�1��5�%
C 	�56 ���&1(AtNHX1)  &4��

 )�j 
%&� �/�56 
� 7
�� )� ,���`� < %M8% )�

 ;39(Yamaguchi et al. 2003) )T�6 �(Zhang 

and Blumwald. 2001)  ���6 �(Xue et al. 

2004) ,�% 	�� . �&X � [&: -% )� )���%� &5��

 ;5�39(SOS) )9 ;5P��  � ; �� #!�  ���N� 	���9

#� ; �� �&� 
�� ��`�!% � ;5���1 �����  	�56 
�

,�% 	�� k
%M6 i5�1��5�%
C .&5�� 
� SOS 

IA�� H5���&1  �  ;5�39 )� 	�!��SOS3  ���X5�

7
�� <�� #� I`��� � ,8� 
� %
 � ��! .SOS3 

 H5���&1SOS2 )� � 	���! ��N8 %
  7�.F ,��

#� , %�/ # ���E1  �5�E &\�8 �� � ��!

 #� �� &�
�l�!%&�SOS1 iW3l�9 O��� SOS2-

SOS3 ��� ;/%&8(Qiu et al. 2002; Zhu. 

2003) .#�!C H5���&1 ; �� &�
�1/ ���&1SOS1 �

H5���&1  # ���E1 7�.F127  �� #!��$%��35912 

H5�%�  7���!% 
� #]&8 # �.F%&8N  ��3� )$�>!� �

GC #��E1��5� 7���!% 
� ,��� C #� ���� (Shi 

et al. 2000) .�9 -% #W 
#�!C 7�/�&9  &�
�1

; ��/���&1 7�.F 
�  -% ; �� ^8� # ���E1

��3�  ,��/(Blumwald. 2000) .h  7�/SOS1 

� m!&� &5P! 7
�� )� V��U �/�56 (OsNHA1 

and OsSOS1) �(Zhou et al. 2006; 

Martinez-Atienza et al. 2007). ���6  # %�!�!
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(TaSOS1) (Xu et al. 2008) 
Phragmitesaustralis (PhaNHA1-u) 

(Takahashi et al. 2009)  �/�56 H5�n�/ �

&5P! 7
�� )� ���`� Thellungiella halophila 

(ThSOS1) (Oh et al. 2007) �Cymodocea 

nodosa )CnSOS1A  �CnSOS1B (

(Garciadebla et al. 2007)�Chenopodium 

quinoa )cqSOS1A  �cqSOS1B( �(Maughan 

et al. 2009)  �Phragmitesaustralis 

(PhaNHA1-n) (Takahashi et al. 2009). 

,�% 	�� # ����� .C -% # �T  ,58�$�/ �/�56 )9

o�  @�� 7
�� O %&� I�?� � ��
 )� 
��( )l$

����/� #� )� ��!%��  J
� ,�T 
%M�% H &��� %��'

#�!C #$�W$�� V��% )� �/&�
�1  <`! � 	��C 
���

C #$���U% 
� %
 �/ �!-�� 
�W�C 7
�� )� ,���`� .

)� # �4!C -% 	�E'  -% ;�� �/�56 -% 7
�5�� )9

o� �/�56 7-
��.9 L�?$ ����/ ,58�W536 )l$� 

h )N$�Z�  o �M! �!��. �K �/�56 -% 	0 � 7�/

#� )� �!%��  ,���`� ��>�� ,�T 7&Qe� k�
 %��'

 -% 	��\��% �� B@�A?� )!�6 H % 7
�� )�

7
���8 7�/ ���� H �! o5�!h.Aeluropus 

littoras Parl.  o o� ,58�$�/ 	�56  )$����_ � )l$

#� #� � 	��� %& % #��� )9 ���� � &39 �!%��  �� ; ��

 %M5�600 #35� � ��! I�?� %
 
@�� .	�56 H %  -%

#/�56 7M�����8 L�?$ C4  
� � 	�� G��?�

J�K &��9 #6�!
�� �� #!���5� � #3U�� 
�� 7�/  -%

200 #35� #� ��
 ��� 
� &��  ��� (Liu. 1994; 

Gulzar et al. 2003; Li and Wang, 2004). 

H % c��>�! ��!h 7%
%� � 	��� �5 �3l � 	�56  
� o_�9

 ���U342 -�� ,\T �X� #����� . ,���`� &� 	�E'

7
�� )�� )� V�1�
�$C  )� ���`� #/�56 %��'

#� G��?� M5! ��&6 � #W.K  ���(Zouari et al. 

2007). #� V�1�
�$C O %&� H % ��T� ��  �!%��

)� �M5!�W� J
� ,�T #�F #W5�!h ^>�� %��'  7�/

�&�> ,�T 
� ��&6 � #W.K �7
�� )� ,���`� �� O

<�� )� ,���`� ��>��  �/�56 
� #�� -&5F 7�/

 
%&( 	��\��% �
�� 7��A�(% L�?$ )� ;�� #'%
-

�&5X� .�/ �� s5`?� H %h �5� #�
&� [  7�/

#�!C #3b�9%� � # �.F &�
�1 7
�� <�� ,?�  #��!

� &39 -% ; �� o5�W� -% 	��\��% �� Real Time-

PCR ,�% )�8& S1 B
�D .  

  

 5�� � ���/  ��  

 ��� �����  
����  �!�  

	�X. �
 -% V�1�
�$C 	�56 7�/
S�  #N5>: 7�/

 ��\D% &�� 
� C^�T )��� �
� � 	�� 7
�C 

)��� O %&� ,?� 	��  # ����
 7
��16 ,'�� �

-�
 7���/=� °C28/25  #>�! ,��:
 �60  ��80 

�D
� ,� - � o5�!h 	�W./�01 )!�j36 
�  7
���8

���&>: 7-
��.9 �!�� ,.9 .)n/�56 )� &/ �/

 ��3?� �� 
�� o  -�
 ��36�/ # %SF2/1  7
�5�C

�!�� .)n/�56 �	�� o  -% i1 %�36 )� �/ 7�/ 20 

 7��U 7&�5$2/1  ��36�/ )(
� o  O��� )9

,5$�!�  S\��  u�1 -% 	��\��% �� � 	�� 	�!���1 
%�

#�� 
%�9C #� #/�%�/�!��� ���8�  ��`�!% .  

 �" �	�#��$AlSOS1 ��%�& 
'�!& (��)&   

)n/�56  ��3?� �� )/�� �� 7�/2/1  ��36�/

 7��U300 #35� � &39 
@�� )� ; �� B�� 3  -�


�����8&6 
%&( 
��5� �
 .il� RNA  	��\��% �� I9

 ,59 -%RNeasy Plant Mini  ,9&�Qiagen 

�� v%&j��% .v%&j��% IU%&� 
� RNA ;R/ -% 

DNase ��� 7�
 )On-Column DNase 

Digestion( �� 	��\��% .��% )��
 ,K�� ,�T 

cDNA ��% )��
 M��� ,59 -% cDNA  ,9&�

Fermentas �� 	��\��% .PCR )j�!  7
%�&�

 ��4!% & - 	&�T� 7�/&6-�FC -% 	��\��% �� V�WN�

,8& S1 :  

,8
 &6-�FC (5'-

GCTGCRTTTCTYCGYGCWCATA-3')  
,.6&� &6-�FC �  

(5'- CCAGTTGGCYTTGARCCYTC-3').  
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,w�\U #U%�! V��% &� )9 #�!C 	��  &�
�1 # �.F

; ��/��� 	�� #U%&: &X � �/�56 -�!���&1 .il� 

H % 6-�FC ��&5dW� ,�T 	&�T� & PCR  -% 	��\��% ��

& - # ��� )K&_ O %&�  <�9%� )�PCR  )8�]%

�!�� :)��&�%�  )5$�% 7-��5 )`5(� 7%  
�°C95 �  )�

 C ��>!�35 )��&�%� )K&_  
� 7-��°C95 )�  B��

45 )5!�Q � ��A�%  
�°C55 )�  B��45 �� � )5!�Q O

 
�°C72 )�  B��45 )5!�Q ,8& S1 B
�D . ��A?�

	��&5dW�  -
�6C �h 7�
5/1 % �� �5�% -% 	��\��% �� �

� ��! � ���&� 7-��  il� 	�� -
�6C �h 7�
 -%%�T 

y$�K �  7-�� 	��) ,59 -% 	��\��% ��High Pure 

PCR Product Purification  ,9&�Roche 

I�N$%
���� s��Z� (� ,59 -% 	��\��% �� 

InsTAclone™ PCR Cloning  s��Z�

 	�!-�� ,9&� I�N$%
����(Fermentas)  �
� )�

 
��9�pTZ57R/T  ,9&�Fermentas  IA��

#$%�� � 	�� � �&6 #��  .&� % V��%H  #$%��450 

7-�� ,\T� &6-�FC 
��_  &X ��&! -% 	��\��% ��  
%M8%

CLCMainWorkbench �� �� #U%&:cDNA   ��

,59 -% 	��\��% �� I��9 ��:Smarter RACE 

cDNA Amplification ,9&� Clontech �W &5d

��� :I��� ,8
 7�/&6-�FC GSP2(5'-

GATGTTCGAGTTACATTCCCACAG.

GTGC-3') �NGSP2(5'-

CGGCAAGTAACATACTCGGTATTG.

ACGC-3') I��� ,.6&� 7�/&6-�FC �:  
GSP1 (5'- 

.CGGTGGTGGTTTCGTCTTCAACTTC

.TTC -3')  �NGSP1 (5'- 

CTGTTTCAGGCAGCGCCCCAAC-3'). 

�!��� .��% )��
 ,K��cDNA   	��\��% ��

-%µg1RNA;/%&8 7�/&6-�FC � I9  ,59 O��� 	��

,8& S1 B
�D 	�!-�� ,9&� I�N$%
���� V��%&� .

 7%&�3’RACE �µl5  -%3' RACE-Ready 

cDNA )� )� �X$% %��' &6-�FC 	%&�/ GSP2 � 

&6-�FC UPM ��T�� ,8&6 
%&( 	��\��% �
�� ,59. 

 )NZ(PCR 2 ,\T �359 � 7-��) ,�� �
� )� 	��C 

pTZ57R/T ,9&� Fermentas )!���/ 7-�� 

)� � 	�� #$%�� I��9 
�: � �&6 #�� .  7%&�

5’RACE �µl5  -%5' RACE-Ready cDNA 

)� )� �X$% %��' &6-�FC 	%&�/ GSP1 � &6-�FC 

UPM ��T�� ,8&6 
%&( 	��\��% �
�� ,59. 

 ��A?�PCR y$�K #$%�� � 7-�� �� #�� . 

#$%�� � 7�/) ,��  -% 	��C5' RACE  �3' RACE 

 h I��9 ��: �� ,8&6 
%&( ;/ 
��9 
�AlSOS1 

�)  � C ,��)	�%� )!�j���9 
� #$%�� H %  7�/NCBI 

#��5��� 	
��� ,?� HQ329792 � �&6 ,>Q .(  

���* 
#��*  

h )�8� &55z� 7�X$% #�� -
% ,�T  7�/

AlSOS1 � AlNHX {&N� 
� -% i1  	�56 H�8&6

O %&� 
�  < ��-C 7
�� <��Real Time PCR 

,8& S1 B
�D . k�
 -% <�� ���'% ,�T

 #/�h���1))� <�� ���'% #4 
�� B
�D ( 	��\��%

�� .<�� ,?� �/�56 %���% )9 =5�&� H % )� 

mM100  il� � ���8&6 
%&(24 �N� ,'��mM 

150 )8�]% )5$�% ,P3F )� &X � ��. )!��!  -% 7
%�&�

�/�56 <��  )�8� � &\D 6 �,'�� H5�n�/ � 1 �3 �

8  �17 ,8& S1 B
�D <�� ���'% -% i1 -�
 .

RNA )!��! -% I9 ). 
 �a&� 	��M &8 7�/  	&6 �

�5� �  �� <�� ,?� �/�56 � �/�� �/�56 	&6

-% 	��\��% ,59 Trizol ),9&� Invitrogen( 

,8& S1 B
�D ,9&� I�N$%
���� �� s��Z� .

,?D � #X_
�lW  RNA v%&j��%  -% 	��\��% �� 	��

�� #�� -
% -
�6C �h 7�
 -
�8�&�W$% . -% I>(

)j�!  #$���U% 	�!��5(�� [SU ,�T V�WN� 7
%�&�

DNA)!��! #��!h 7  7�/RNA  ; M!C ��

7� #�9% 39�!�> 
� -�1 �!�� 
��5� ) IW�1.(  

 ,K�� ,�T��% )��
 cDNA  M��� ,59 -%

��% )��
  cDNA ,9&�Fermentas  ��

)j�! V�WN� 7
%�&�µg 2 RNA   
�  ;4U # ��!  
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 IW�1-  -
�8�&�W$%RNA)� I9 7  
��5� -% �N� � I>( =5�&�DNase -
�6C �h 7�
 2/1 #6&� ,8�� )!��! 
� �D
� . � ��% ���

 #$�W$�� �
%�!���% &X!�.! )� |��&� &KC100 #� -����&8 ,9&� 7-�� ,\T ����.  
  

 <�9%�µl20  	��\��% ,9&� I�N$%
���� s��Z�

��.  <�9%� =59&�PCR  I���µl1  -%cDNA  ��

8  &�%&�s5(
 	��� µl5 -% QuantiFast SYBR 

Green PCR Master Mix ),9&� Qiagen (

µM1  &/ -% 
� h #D�A�K% &6-�FCµl10  ;4U

��� <�9%� # ��! . <�9%� &6-�FC ,\T &/ 7%&�

PCR ��� �/�� �� �� ��4!% M5! �X$%.  7�/&6-�FC

#D�A�K% AlSOS1 7-��%�T #$%�� V��%&� )9  	��

 �!�� #U%&:& - 
%&( )� ��� :  

 &6-�FC,8
 (5'-

CAGCTTACTGGGGAATGCTC-3')  �

,.6&� &6-�FC (5'-

ACTTGGGAACTGGACACTGG-3')  )9

 	-%�!% )� 7�!��148 #� &5dW� %
 -�� ,\T��9 .

#D�A�K% 7�/&6-�FC AlNHX &� )9 #$%�� V��%

 
� ��T��NCBI  #��5��� 	
��� )�AY825361 

�!�� #U%&: )� & - 
%&( ��� :,8
 &6-�FC (5'-

GTTGTGAATGATGCCACGTC-3')  �

,.6&� &6-�FC (5'-

ATCCAGCAAACACTCCAAGG-3')  )9

	-%�!% )� 7�!�� 147 #� &5dW� %
 -�� ,\T ��9.  ,\T

 ,8
 &6-�FC(5'-

TTGCTGGCCGAGACCTTAC-3')  �

,.6&� (5'-GGCGAGCTTTTCCTTGATG-3') 

 V�1�
�$C H5�9% h &5dW� ,�T) )9 	-%�!% )� 7�!��

113  ,\T#� &5dW� %
 -�� ��9( )�  #3K%� �&��9 %��'

�) ,8
 
�9 .<�9%�  7�/PCR  I�N$%
���� s��Z�

,59 }&� H % )� �� ��4!%: )��&�%� )3U&�  7-��

 )5$�%5 )`5(� 7% 
� °C95 �  )� C ��>!�40  )K&_

)��&�%�  
� 7-��°C95 )�  B��10 )5!�Q �  � ��A�%

��#`5\3� O 
� °C60 )�  B��30 ��� )5!�Q.  ,�T

 #D�A�K% B@�A?� &5dW� ,?D -% ��5�:%

)K&_  )�%�% 
� & - 7�/&��%
�1 �� G�~ #�?�� 7�/

,8& S1 B
�D :°C95 )�  B��1 �)`5(� 80 )K&_ 

°C55 )�  B��10 �� )5!�Q °C5/0  < %M8% ��� &/ 
�

)K&_ .#�?�� �38 -% 	��\��% �� G�~
 ,���

��4�� 
��K�� �5/ H &6&> �� 7&� IW� �   7&56

 <�9%� 
� %
 ��$PCR �&W! # �����.  B@�A?�

 &5dW�Real time PCR 6
�� -
�6C �h 7�
 &�S 7
%

��&6 �5 �� �&\�� � Y5?D �!�� ��T� �� �� . 
%&W� )�

�� )�8&6 &P! 
� < ��-C &/ 7%&� .���X5�  7�/

	�X��� 
� �5�%M &�531 )3U&� &/ 
� ,��
�38 

C1000™ Thermal Cycler  ,9&�BioRAD 

^�T �� 7
�C .)!���C & ��`�  7%)CT( �&! O���  
%M8%

#3K%� s��Z� 	�X��� ���&8 2
–(∆CT Target-∆CT actin) 

 & ��`� )� �`� ��CT h � H5�9% h  7�/AlSOS1 

 �AlNHX  ID�U -%cDNA )��.� )� %��' �X$% 

�� )>��?�.  



 ������ � 
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#� � � ��! .<51 H5���&1 #�5�  	��

 7%61 �77  �82 �D
� ,���.�  #$%�� 
�

�/�56 �� �i5�1��5�%
C  � m!&�

Phragmites #60 � � 	���  7�/

 )3�T -% #912  �� �# �.F%&8 )5U�!

� �#��E%; �� ���>� H5� /��&1� � 

 �� M9&� 
� )9 7�`3U �5��539�! ��A�

 C #� ��
%� 
%&(  ����)�&! s��Z� 
%M8% 

 

(http://www.cbs.dtu.dk/services/T. 

#� �.!  )9 �/� AlSOS1  o 

 ; �/# ���E1 7�.F 
� ���&1 

#�  )� ,���`� 
� #��� <`! �!%��

���� )��%� V�1�
.  

h � AlNHX #>�! %M5� mRNA 

 �� V�1�
�$C 7
�� )� ���`� 	�56 

7
�� <�� ,?�  250 #35� 
@�� 

�&9 %�51 <.  )9 =5�&� H % )�6   

  H &�@�� )� <�� -% i1 ,'��  

 �5))�  =5�&�6  �12 &�%&� .( 
�3 �8  �

 )� �5� %M5� <�� ���'% -% i  

 <�� -% I>( %M5� )� #�N  ��K 

  
7
�� <�� )� ���1 
� V�1�
�$C 	�5  

 ,� - #./�01 2 #�3' )34� ��� #'%
- �/�56 7
���8 ���� 	
������ ����

 � 6!�8��  

 -% �  v�&K )9 # %
 ��3�

U � �� o 4	&  -% #3b�9%� 7���

 ��-��5� 
� ; �� ^�4� <

 
%�!� . � ^8� #$�' �/�56 
�

#�!C )Z�%� &�
�1  
� ��T�� 7�/

#� ��4!% #3b�9%� �  ��� . <5�

;/��&1�#3b�9%�   AtNHX1 �

��&1�# ���E1 7�.F   

 %
 7
�� )� ,���`� i5�1��5�

,�% )��%� ��>!� )� (Pardo et 

iWN�� ��]  7�539 <`! 	���9

/��&1� 7
�� )� ,���`� 
� 

I5$�  #�
&� [�/ �� s5`?� H %

 V�1�
�$C ���1
�� 	�56 
� ;�

iW' ��   
� h �� H % I�N$%

��&6 )N$�Z� � #�.  

cDNA7 SOS1  �� V�1�
�$C 	�56

RACE P �)  ��C ,��) 	
���

HQ3 .(�� 7�5���39�! #$%�� ��: 

 -% IW.�231  )5U�! -�� ,\T

5' UTR ( �310  )5U�! -�� ,\T

3' UTR( #� ���� . ,b%&( G�_
�_

 h AlSOS1  �� #�5���&11146 

#� �9 �5�%��5�C

)�  =5�&� 7%
%�

�56 �� 7�5�%��5�C

gmites australis

 -% #9&�.� #���'

 �#��E1��5� I �:

�%�! ��A�% #]&8 H5�

7���!% I �:C 

TMHMM(  

k/services/TMHMM/)

	�%� H %  �.! �/

#�!C  ; �� &�
�1

#� #� )9 ����

 V�1�
�$C 	�56 7
��

h �� )Z�%
 
�

a&� 
� � 	�56 7�/

 ,?� ��- < %M8%

)� B�� %�51 < %M8%

 � ,'��24 

 �5�
 ��K %M5�

17 % -% i1 -�


N  ��K 7��' ,$�U

,.6-�� .  

 #>�! #mRNAh 7  7�/AlNHX  �AlSOS1 a&� 
� 1�
�$C 	�56 7�/
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 � 6!�7�

 )9 #$�`�!% 7�/�� %&8

#� ;5P�� �� o  -% �� ��!

&X � 7��
� �4� </�9

#��5U <`! #/�56 

	&4U � ; �� 7���) )Z�%�

b�9%� � # ���E1 7�/�.F

#�!C �5� ; �� &�
�1

#�!C ; �� &�
�1/��&1

At SOS1 5�1��5�%
C 	�56

��>!� )� )�j 
%&� �/�56 
�

al. 2011) .�� ��]�� H %

#�!C &�
�1 ; �� 7�//

���� #� .)� I5$� H5�/

 
� ;�� h �� H % �5�

W' �� ,�% )�8&6 B
�D

Z� � #�
&� 7
�� )� ���1

 I��9 ��:cDNA

 -% 	��\��%RACE PCR

#��5��� HQ329792

3981 % IW.�� -�� ,\T

)�T&�  	�.!'5 )5' UTR

)�T&�  	�.!'3)3' UTR

 �%-C)ORF(  h #]&8

  

IW� 2- #>�! #!%�%&8
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h � AlNHX  
� M5! h H % �5�3 �

 ���N� ,$�U )� <�� ���'% -% i1 

 2.(  

 h �5� V�1�
�$C �/�56AlNHX 

 7
�250 5�#3  -% i1 -�
 o  �� 
@��

�&W! %�51  . ,�S6 -% i13  -% -�


 �� h H % �5/2  � ,8�  < %M8% &�%&�

 �� �58 ��� <�� -% i1 -�
  &55z�

 
�17  7��' ,$�U )� <�� -% i1 -�


 �
�� 
�AlSOS1  ��% -�
 
� h �5�

c%���U  -% i1 ��� -�
 
� � �� &�%&� ��

 �� � �5�
 7��' ,$�U &�%&8  i1 -�


 -�
 
� � ,�%� )�%�% @�� �17 % i1- 

 �� ���U 
� <�� -% i1 -�
 o  ,$�

�!�� #(�� ,��Q � )IW�3( . 

  
7
�� <�� )� ���1 
� V�1�
�$C 	�5 .  

,�% 	���.  

 �� h H % �5� <�� -% i1 ;�./

 =5�&� )� </�9 5/4 �5/3  �3  &�%&�

 -�
 17  )��.� 7��' ,$�U )� �5�

,. h 
� �5� < %M8% H % 7�/ 

AlSOS1 )!��! 
�  	�56 �3�j� 7�/

 & S1
%&W� < ��-C #W h�$�5� 7�/
%&W�

IW4.(  

�  hAlNHX ). 
 
�  � ��� � �/

%&�' #���( %
�W�/ �:  �5� #�
&�h 7�/AlSOS1 �  AlNHX 	�56 
�

%�36 )� )/��  7�/ 7��U 	0 �

)� )9 � #� #/�%�/ #��K  �!��

 -% i3  <�� ,?� )�\/250 

���8&6 
%&( ; �. h �5�  7�/

AlSO 
�  ���'% ��� �/�� �/�56

<  )�8� 6  �,'��1 �3 �8  �17 

 <�� � k�
 -% 	��\��% ��  

� �&6 )N$�Z�.  
� �5� %M5�

)<�� ���'% ��� �/�� ( 7�


 .��- & �� �5� }�Z�  7�/

 
� �5� %M5� -% 7�D
� 

,�% 	�� �5�.  

AlSOS1  �5� < %M8% M5! -% i1

�� 	 . -% i1 )9 B
�D H % )�6 

 �5�
 ��K %M5� H &�@) ���U4 

&�%&� .(h �� )��.�

8  �17 -% i1 -�


,.6&� )IW� 

 �/�56 ). 
 
�

 7
�� <�� ,?�

W! %�51 7&55z� <��

 H % �5� <�� ���'%

 �� �5� < %M8% H %

,8�  )�%�%  
� �

,.6-�� ��K .�
�� 
�

i1 c%���U <�� -%

 )� <��5/3 $�U &�%&�

% @�� �5� H % <�� -%

  ,$�U )��.� <��

� ,��Q �/�� �5� &�%&�

  

 #>�! #mRNAh 7  7�/AlNHX  �AlSOS1 ). 
 
� 1�
�$C 	�56 7�/

�% 	��� #6&� ,8�� 
� 	�� &9~ O %&� )��.� #. ��-C O %&�

 h 
� 	&X!�5� AlNHX  ��6 

�5� 
� #!%��_ &55z�  	�/�.� h

 ���U )� �5� <�� -% i5  ��6 

 �� 8  ,$�U )� <�� -% i1 -�


 -�
 
�17  ,$�U )� <�� -% i1

,.6-�� �/�� )��. .
�  h �
��

 6 &55z� <�� -% i1 ,'�� 

 ���U )� 5/1 �5�
 &�%&� . -�
 
�

1 ;�./ � ��� ���%

 </�9 )� �
 7�!�


��� �/�� . -�
 
�

,.6-�� �/��

AlNHX  �OS1

�/
%&W� 
� V�1�
�$C

 ,�% 	���)IW�

�5� < %M8%

#���(

 
  

  

  

  

)n/�56 o  7�/ � )/��

 ��3?�2/1 )� )9 ��36�/

 -% i1 � 	�� I`���

#35� � &39 
@�� %&( ; ��

AlNHX  �AlSOS1

 � <���/�56 <��

�� ���'% -% i1 -�


real-time PCR )N$�Z�

 7
�� 
��5� 7%���%)

 ��'1 �� ;5P�� .

)!��! )� 7
%�&� D
� %��'

�� �5� 7
�� 
��5� 7%���%

h �
�� 
� AlSOS1

�� 	�/�.� <�� ���'%

 �24 5� H &�@�� )� ,'��

IW� 3-  #>�! #!%�%&8

  

&X!�5� � 	&6 ,8�� 
�

�_ &55z� <�� -% i1 ,'��

 ��% �.!24 �� -% i1 ,'��

 �� �5� H % � �5�
 &�%&�

�!�� #(�� ,��Q  -�
 
� ��%

#�N  ��K ���N� �� )��.�

AlSOS1  �5�h 

��U )� � �&W! %�51 #!%��_
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Fukuda et al. 1999; Hamada  .

 	�56 
� Atriplex gmelini �5�  h

 
��5� ���'% -% i100  �400 

� &a&� 
� ; ��)� 	�56 7�/  =5�&�3 

,8�  < .
� ). 
 �5� M5! �/mRNA 

,�%� 7&�.5� B�� 
@�� . s5`?� 
�

�5�  h NHX1 ,8�� )�/ 
� 7�/

#� 	�/�.�.! � ��� )�W! H % 	��/�

#� h 	�56 7
�� )� ,���`� 
� �!%��

���� )��%� <.  

  
7
�� <�� )� ���1 
� V�1�
�$C 	�56 7 .  

,�% 	��.  

200 #35�  )�8&6 
%&( ; ��� &39 
@��

�5  hTaSOS1  -% i1 ). 
 
�3 

 #�N  ��K 
%�`� H &�.5� )� <5  &�%&�

 � �5�
 <9  ) �1 YZ� )� �N� ,'��

 -%24 )� 	
���� ,'�� @�� #���Q B
�D

48  �� ���U )� <�� -% i1 ,'��

�5�
 < . YZ� #6&� ,8�� 
� iW'&�

 
� )9 #�(�� < %M9  -% i1 ,'��

�!�� #(�� ,��Q c�> &`� ��� 	� . ���1 H %

� ). 
� ,�%� &5K(Xu et al. 2008) .

7
�� 
�� 100 #35� ^�4� 
@�� 

 ,� - #./�01 2 #�3' )34� ��� #'%
- �/�56 7
���8 ���� 	
������ ����

; ��� &39 
��5� )� ���1 
� V 

Zhan (2008)  	�� k
%M6 M5!

)j�! }�Z� )9 �%� �. 7
%�&�

 7
�� <400 #35�� &39 
@��

 -% i1 � 6  <�� ���'% -% ,'��

)�   
� �&9 %�51 < %M8% B��

a&,�%� 7&���9 < %M8% �/ . 
�

 � m!&� �iAtriplex gmelini 

 NHX1  <�� ���'% -% i1

 ,�% (Gaxiola et al. 1999; 

 Hamada et al. 2001)

)�	�56 
� ��d� %��'

AgNHX1 -% i1

#35� � &39 
@��

 ��8 8�  < %M8% &�%&�

 
�400 #35�� 
@��

�5� < %M8% &]�U

 	�/�.� )N$�Z� �
��

#� h H % )9 ,�%

)��%� <`! V�1�
�$C

 #>mRNAh 7  7�/AlNHX  �AlSOS1 	&X!�5� � 	&6 
� $C 	�56 7�/

�% 	��� #6&� ,8�� 
� 	��&9~ O %&� )��.� #. ��-C O %&�

 NHA1  �  �SOS1  
� M5!

,�% 	�� k . BE� �h M5$�!C 
�

 �i5�1��5mRNA  hSOS1 

 ���'% �� � �� # ����� 7
��

 < %M8% )(�� 
� ;/ � ). 
 
�

h H %   � ��&� 
��5� ��ABA 

 (Shi et al. 2000) . 	�56 
�

Puccinellia tenu )j�!  h 7�/

 # �.F ��PtNHA1  ���1 
�

 ;150 #35�  ,8�  < %M8% 
@��

Wan .( 
� )9 #���6 �/�56 
�

 <�� {&N�200

YZ� ��!��� �5�

5� )� <�� -% ,'��

5�
 <�� ��� ��-

,.6-�� . -% i1

 )W� % �� ,8
48

�5�
 <�� ��� &�%&�

� < %M8% MT )� �5�

� ��� 	�%� �.! <��

� ). 
 �� )� �`� 
�

m!&� 
� �� 
��5�
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�1 
� V�1�
�$C 	�56 a&�

 O���Zhang et al.

,�% .C m ��!�%� �.! �/


�� <�� ���'% �� h H %

% i1 � ,8�  < %M8% ; ��

)� �5� ). 
 
� 7
��

#$�U a&� � ��� 
� )9

m!&� �i5�1��5�%
C �/�56

�5� < %M8% M5!h 

 ,�% 	�� k
%M6 7
��

  

IW� 4-  #>�! #!%�%&8

  

�5� < %M8% h

	�� k
%M6 �3�j� �/�56

RNA 5�1��5�%
C 	�56 
�

 7
�� <�� ���'% ���

). 
 
� ;/ C �5� <��

,8�  .h H % �5� ��U H % ��

�%�! �.! 7&55z� 

 ,58�$�/tenuiflora

#�!C ; �� &�
�1/.F ���&1

� &39 <�� )�  ; ��

)Wang et al. 2009



35 %&�' #���( %
�W�/ �:  �5� #�
&�h 7�/AlSOS1 �  AlNHX 	�56 
� ...  

 

mRNA  7SOS1  7&5Q�� ��% ���! ��`$% ). 
 
� %


,�%�! a&� � )(�� 
�(Martı´nez-Atienza et 

al. 2007) .�5�  hPhaNHA1  �/�56 ). 
 
�

 -% i1 �7
�� )� V��U #!12  
��5� -% ,'��

� &39 �
� �5�
 ��K 
%�`� &d9%�U )� ; �#$�U 
� )9

 -% �N� 7
�� )� ���`� #! �/�56 ). 
48  ,'��

 �� � ,8�  < %M8%10 ,��Q <�� -% i1 -�
  #(��

�!�� .<j� 
� 	�56 # %�/ 7�/ )j�! YZ�  7
%�&�

 hPhaNHA1  #! 7
�� )� ���`� �/�56 
�

�5� )_&6 ���� 7
�� )� V��U �/�56 -% &�@��  h

PhaNHA1  -% i110  c�> &`� �� &/ 
� <�� -�


 ��� ��W (Takahashi et al. 2008).  M5$�!C

 	�56 
� BE� &���Populus euphratica  �.!
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a&� 
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#35� � &39 
@��  
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,�%� �5� <�� (Wu et al. 2007).  s5`?� 
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�� &39  )�/ 
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,8�� <�� ���'% -% �N� #X��/C )� ). 
 7�/ 

�!�
 ). 
 ,8�� 
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,8�� )� ,>�! 7&���9 a&� 7�/� 	&X!�5� � 	&6 

,�%� . ). 
 ,8�� 
� )9 #�N� H % )�3 -% i1 -�
 

�5� %M5� <�� ���'%  �5�
 ��K 
%�`� &d9%�U )�

#$�U
�,8�� & �� 
� )9  )N$�Z� �
�� 7�/6  ��24 

 %M5� 7
�� <�� -% i1 ,'�� &d9%�U  �5�  	� �  

�� .� &39 <�� ���'% -% i1 H5�n�/ #!%�%&8 ; �� 

)j�! h 7�/ AlSOS1 ,8�� 
� a&� 7�/�  � 	&6

-% &�.5� 	&X!�5� h AlNHX ��� .#$�U
�
� )9 

 ,8���� 	�/�.� ,$�U H % iW' ). 
 .#�
�>' )� 
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 s:����
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 )� )T�� �� )9 �/�
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  H %
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