
347 

 doi: 10.22124/cr.2020.15322.1546   

                 

                           ��� ������	  

         
��
 ���/  
���������/ ������ 1398 )357-347(  
  

%&'() ���* �+%�, HMA1 -HMA2 � HMA9 .�	 ��/�) �
 %�� 
&0�1 23)4� 

��� �567 �* %�� 4869 :;< ���=�� >3)��1   
 

%
)4� �)4��11 � >��?(�56� >�()509 @*�*2*
 

  

:���	
� �	
�
 17/7/1398                                                                       :��	�� �	
�
12/11/1398  


5�?�  

���
������ ����� � ��! �" #$
�% )Heavy Metal Associated Proteins HMA:( ) ��
 (�) 
�Zn � *�+ ,- (

."�)." .01
-� 231 4����5 
� 46 7	�)48 4��" .9:�;% 
<=�% ���HMA1> HMA2 � HMA9  ?�@
- 
� 4�1 ?0�5��
-  � -
�B

��
-  -
�B�1�C
 ��
 �<$DB #	-�E -" 7F	�%,6. G	
<HB�� I
<  
-�J
 .� �" 7���K
 LM%�B N�O P:�@ 
� .0E -�)- .1�QR5 
�

 S@
 ����
-  -
�B � (4<%��)��
-  -
�B�1 (0�%���)�C
 ) 46 �	�TB � (�T ) ��
 �<$DB #	-�E5 7R�% ?�5<R�B 
� ��
 ?�5

48 �	- 7$V1 4��" � �FB (*�+ � (7F	�
 .RW�%) �FB ,- 09" X�% Y	 �0E
 .RW�% �� 
� Z�" � .F	
 
� ��30  0 
�

 �" (7F	-, .RW�%) 7�0R5Real time PCR X,-01-\	�H1 .0E ���5 .B �-� 4�F1 2	�%,6 �	- 2�" 4��" 2	-]�- 4-]�% �	�


48 ���HMA1 )59/30 �"-�" � (0��E HMA2 )65/13  (0��E �"-�" 7F	-, .RW�% 
�." 4<%�� S@
 .F	
 � Z�" 
� P�
�


.0E X0��F% >G"�3% 
� 2�" 48 4��" 2	-]�- 4-]�% �	�
HMA9 )83/48  7F	�
 .RW�% 
� 4<%�� S@
 .F	
 
� (0��E �"-�"

7�9% _MH+- 7F	-, .RW�% 
� � 0E X0��F%��
 ?�@
- ��" �
-� - � -
�B��
 -." -
�B�1 .F	
 
� 48 �	- 4��" 4-]�% `�C:

�	-�"��" .0F1 X0��F%>  4�F1 �a�W .9:�;% \	�H1.B �-� 48 4��" ���HMA1 >HMA2 � HMA9  GDC
 
� ." �<$DB 2�


 ?�@
- 
� *�+ ��
 4�1 ?0�5��
- -
�B G�+�0�HV�.  

  


+)�%5�C1 %�,: ��
 ?�@
- >-
�B���
��� � ��! �" #$
�% ���79@-� 4�%, 
� ,-�D�R� �����b1, 2�B-� >�����   

  

  

  

  

  

  

  

  

  

  

  

1- 79�$O c"��% � �,
��FB X0JF1-� >7���5 Y�H18 � 0�:<
 X��5 >0E
- 7���E
�B �<bF1-� 4-�	- >.�%�
- >.�%�
- X��F1-� >  

2- 
��F1-�> 4-�	- >.�%�
- >.�%�
- X��F1-� >79�$O c"��% � �,
��FB X0JF1-� >7���5 Y�H18 � 0�:<
 X��5  

* e<�V% X0�V	<1:  b.abdollahi@urmia.ac.ir   

  

  

  

  دا�ش�ده ع�وم �شاورزی 



                                                                 71�J:�0�% 7f:-0$! � ��-�% /IMg I�3�3C
Sf1 X
��/  X
�DE 4�HV%, /?
�fh1398 

834  

E�5��  

X0�i�� .!<Db% G%�E 71���" *�C% G%-<! ,- �-

2�
 X��TH�- �" X��5 .B 0�HV� 7HV	,��g � 7HV	, ���

,�� ,- �  j�TQ
 �	 ��0C% ." 
��@ >�<+ 71-�$) ���
�B


�k6 467% ��2�
 .0E�"��g ���Sf% 7HV	, G%-<! �	�


 ���0�	6�� 4�-� 
-�@ ��k�
 �C
 �" .B 0�HV� 7;�C%

Y	8<:<	]�� >Y	8<:<��% 231 7:<J:<% � 7	��D�E<�" >

G"�@ 4����5 0�:<
 � ��JRD! G�V1�H� ���9
 
� 7f)<


) 01
-�Tuteja and Gill, 20122�
 .( 7HV	,��g ���

 4-<�! ." ��1� ��-�� 
�Z
]" 0�:<
 �-�" �	��0C% �	�


." >01���% 
�DE ." e<KC%�
<O ,- 2�" .B50  0 
�

2�
 I-�k- S�3HV% .b�H1 >��JRD! 2��B 7HV	,��g ���

) ��-Munns and Tester, 2008 ,- .(2�
 .RD) ���

7% 7HV	,��gSB � ��! �<$DB ." 4-<
 *�+ 
� _�K%

��B X
�E- .SB � ��!! ,- _�K% ,��1 �
<% �
��a � ��

 4����50�HV� 0�	-�� 
� .B � 01
-� �B
�F% 7TRHQ% ���

46 �<$DB ��k�
 �����	,  ��T�B � ��DB 2��B 
�

c	�E ,- 7J	 ��
 �<$DB .�
-� �,
��FB Il<KC% �	�


SB � ��! �<$DB" IMg 
� _�K%. � ��- ?0�5 Xm	�

." -
 X��5 ��JRD!7�9% 
<O7% 2��B �
-��� 0

)Erenoglu et al., 2002 n!�" ?0�5 
� ��
 �<$DB .(

 ?���� .@�� � Z�" 
� I-
0��<"�B I�	<HC% 2��B

7% .R$�� G�JF
) �<EMalakouti, 2007" .(.
<O  7RB

*�+7	�� .B SB�
 ,- 5/0 7R�%?�5 
� ?�5<R�B -� ��
1
 >0

*�+7% (<VC% ��
 �<$DB �" ��� 01<E)Lindsay 

and Norvell, 1978 .( �" .R"�3% �-�" 7TRHQ% ���
�J�-


) �
-� �<)� ��
 �<$DBPandey et al., 2012 .(  

e�� 
�o�
<18 ,- X��TH�- ��+- �����
 ��� - ,- >-
�B

0�%- ���
�J�-
 .RD)." .B ��- 7FQ" ." ��k<% 
<O

 ��
 �<$DB #	-�E 
� p;� 0W-� 
� X��5 ��JRD! 2	-]�-

7% YDB) 0�BGraham et al., 1992; Rengel, 

2001." .(7% �=1 0�
 .B��
 4����5- #	-�E 
� -
�B

 G�JF
 � .F	
 I�CE�
 2	-]�- �" >��
 �<$DB

qJRrDB � ��
 7:6 ���]�1 48 4��" 
� ��
 G@�1 ���

7% ��
 (�) 2	-]�- n!�" >.F	
) 01<ENeumann 

and Romheld, 2007
 .RD) ,- � ��! ,- �
��V" .( >��

e<R� ��Fg ��" 
�FH1- 7	�1-<
01
-01 -
 �� �	- ,- ��
 

e<R� S�M�<H�� ." �K�! �	- e�3H1- �f)  ."

���
��� ,��1 Xm	� G@�1 ���01
-� )Sekler et al., 2007 .(

." ��D�>G�:�  ���9
 >7	����E75m	���  4��" .9:�;% �

48���
��� X0��B0B ��� >4����5 
� ��
 G@�1 ���

7% 
� *�+ ��
 �<$DB ." GDCH% ?�@
- ��b	- 
� 01-<


." ?0�5 X��5_�K%�� 4-<�! 4�f) 7���5 e<KC% �	�


���
��� .0E�" 7���- 
�J�-
 Y	 ���P-type ATPase 

���
��� Z
]" X�-<1�+ Y	7% G�JF
 -
 G@�1 ��� 0���

 ]�:�
0�� �" 7:<R� ��Fg ,- 
-�
�" I-
s e�3H1- 
� .B

ATP ��5
� ) 0�HV�Bernard et al., 2004 �	- .(

���
���L�$	�3
 .B >7	�Fg ���  I-�<)<% ?�D
 
�

0E 7	����EX-.") 01]) ��HB�" 7+�"7�B
6 � ���" >(�� 

��JRD! � 7:-<
 �f"�F% t��-> .3$O7% �0�" .B 01<E

 G%�E+H-ATPase �� )3A (� 4����5 
�) u
�@ >(��
+Na/+K-ATPase �� )2C/D(  >(I�1-<�W 
�)+2Ca -

ATPase  ��)2A/B ( �ATPase  ����� I-]R� ���)1B 

 �	Heavy metal associated protein: HMA( 

0�HV�X��5 . B1  ,-P-type ATPase ." .B �� 4-<�!

HMA )Axelsen and Palmgren, 1998 �	 >(CPx -

type )Williams et al., 20007% .H+��E (01<E>  G@�1

4<	 ��=1 ����� I-]R� >X�31 >?<�%��B >��
 >q% ���

) 0�HV� 7:<R� ��Fg ��-�� 
� �:�$B � (��Rensing 

et al., 1999G@�1 �	- .(��%� ,- X��TH�- �" �� GKH% ���

4<	 >]R� ." X01<E��� Zn  -
e<R� ,-���" _-�O- ��� ���

e<R� ." 46 e�3H1- �" � (�) .F	
 �01�6�6 ��� >7"<h 01

4<	 c	,<
 n!�" Zn 2Q" ."7% 7	-<� ��� �<E

)Williams and Mills, 2005 .(  

) 4-
�JD� � �"<BCobbett et al., 2003 ( v<1 �F�

HMA  
�Arabidopsis 7:-<
 .V	�3% �" � 7	����E 

46." .B 01��B �
-]5 �� 7RB 
<OATPase v<1 ��� 

B1 7% S�V3
 X��5 �� ." e�- X��5 :01<EG@�1 ���

Y
 71<�
�B 7H���w+Cu/+Ag  G%�E5HMAAt> 

AtHMA6> AtHMA7 � AtHMA8  ?�� X��5 �

G@�1�� 71<�
�B ���  7H���w+2Cd/+2Pb/+2Zn/+2Co 

G%�E AtHMA1> AtHMA2 >AtHMA3 � AtHMA4 

0�HV�Y
 
� �%- ..r: G�RC
 � .	]b
 �" \1�" 0�1�% 7	��

 v<1 .1 >?<18HMA G@�1 e�- X��5 .B 0E 7	����E ���

 71<�
�BY
 7H���w+Cu/+Ag  G%�E4HMAOs> 

OsHMA5> OsHMA6> OsHMA7>  OsHMA8 � 

OsHMA9 G@�1 ?�� X��5 � 71<�
�B �����  7H���w
+2Cd/+2Pb/+2Zn/+2Co G%�E 1HMAOs> 2HMAOs 

� OsHMA3 ) 01�<"Takahashi et al., 2012a .( 



�<�:- 4��" 48��� HMA1 >HMA2 � HMA9  ?0�5 
�4�1                         /IMg I�3�3C
Sf1 X
��/  X
�DE?
�fh/ 4�HV%, 1398  

934  

]%��R	� ) 4-
�JD� �Williams and Mills, 2005 (

 48 4��" .B 01��B �
-]5OsHMA1  #	-�E �C


?-01- 
� ��
 �<$DB7% 2	-]�- \1�" 
� 7	-<� ��� .0"�	

) 4-
�JD� � 7E���B�
 ���iD�Takahash Takahashi 

et al., 2012a48 4��" .B 01�-� 4�F1 ( OsHMA1  
�

." ��
 �<$DB #	-�EG"�@ 
<O�" Y�f� 
� 7f)<
 \1�" Z

7% 2	-]�-G5 
� 48 �	- .H$:- .0"�	 >75��% >*�V" >�	s6

7% 4��" ]�1 4-0DQ
 � ���) �	- .B 0E �
-]5 � �<E

 .�
-� 231 ��0�H�M� ,- 46 .�RQ
 � ��
 e�3H1- 
� 48

�	- �" X�M!> ) 4-
�JD� � 7E���B�
Takahashi et al., 

2012b 48 7E<%�+ �" ��
 �=Rg .B 01��B �
-]5 (

OsHMA2 
� Z�"��� \1�" 2��B> 7:� 
� .F	
  2	-]�-

7% .B �-� 4�F1 \	�H1 �	- .0"�	OsHMA2  7Df% 231

 ,- ]R� �	- e�3H1- 
� � 7"<h 01�6 ." ��
 �
-�5
�" 
�

 .F	
."  � t�"-
�" .�
-� ��
 �<$DB #	-�E 
� .+�E

) 4-
�JD�Barabasz et al., 2013 ��k�
 .9:�;% �" (

�=Rg 48 4��" �" *�+ ?<�%��B � ��
 jRHQ% ���

HMA2  7O 4<
<
 Z�" � .F	
 
�10  �
-]5 >,�


�=Rg 
� 48 �	- .B 01��B ��
 e�3H1- 
� ��
 ��	�� ���

 � Z�" 
� 46 4��" p;� � �
-� 231 .+�E ." .F	
 ,-

) 4-
�JD� � 7: .��- ."�F% .F	
Lee et al., 2007 (


-]5 48 >\1�" 
� ��
 �<$DB #	-�E 
� .B 01��B �

OsHMA9 Z�" ." �$V1 .F	
 
�2�" �� 4��" �


7% 48 Y�H18<R�� `�C: ,- 0�h �� .�<EOsHMA9  
�

4<�
�B X0��� e�3H1- X��5 ���Y
 7H���w+Cu/+Ag  
-�@

�
-�> 7% �%- 231 ]�1 (�� � ?<�%��B >��
 e�3H1- 
� 01-<


 .0E�" .HE-� 

?0�5 Sf% 4-�	- 
�." .xRg �	�
7% 
�DE c$�% � ��


) ��- I-
0��<"�B 7R -Mirzamasoumzadeh et al., 

2013(> ."�
<O2�" .B ,- �
60 ��%, ,- 0 
� G"�@ ���

 ?0�5 �FB �	, >
<FB �FB��-.1-�� _�K% �" 4-�	- . 

 ��0W 
� ?0�5194 ." e�� 
� ?�5<R�B ��DHT� 4-<�!

_�K% 4�f) 
� ?0�5 Z
]" X0��B��- 

)Hasheminezhad et al., 2018.( 40  7a-
- ,- 0 
�

 0�HV� ��
 0	0E �<$DB 
�h� 4-�	- 
� ?0�5 �FB �C


)Baghbani et al., 2015 ." ��
 �<$DB X0D! G�:� .(

*�+ 4�<" 7J�6 4<h 7R%-<! >��pH  � 7:6 �-<% �3� >l�"

7"(6 
� 4-�-�� I��"�B
��"6 ��� �
-� 7�HV" �

)Sadeghzadeh, 2013 .( .B .J�	- ." .)<
 �" �<$DB

c	�E ,- 7J	 ��
SB � ��! �<$DB �
-<% �	�
 
� _�K%

" IMg. ��- ?0�5 Xm	��  ��D�- ." .)<
 �" � �	- 231

 �0�RB �k- � e<R� 7	��D�E<�" ���0�	-�� 
� �K�!  

48���
��� X0��B0B ��� ���HMA  e�3H1- � (�) 
�


y�3C
 �	- >4����5 
� �� 7�
�" 46 _0� .B 0E -�)- 

48 4��" �<�:- ���HMA1 >HMA2  �HMA9 �C
 

 ?�@
- Z�" � .F	
 
� *�+ ��
 �<$DB #	-�E 4�1 ?0�5

��
-��
 � -
�B - �0E
 .RW�% �� 
� -
�B�1�<".  

  

G�� � 
)&� �,  

>,��7 
)&� H3���I J4K �   

 >2	�%,6 �	- 7���5 �-<% S@
 ����
) 4<%��- � (-
�B

��
) 0�%��� -) (-
�B�1Baghban-Tabiat and 

Rasouli-Sadaghiani, 2012 ( .01�<" 2	�%,6." I
< 

LM%�B N�O .	�� �" G	
<HB��  
-�J
 .� �" 7���K
 .1�QR5 
�

 X��F1-� 79�$O c"��% � �,
��FB X0JF1-� 7
�3�3C


e�� 
� .�%�
- ���97 -1396  .0E -�)- ?0�5 S@
 �� 
�"

 �C
 \��) ��
 �	�TB � (�T ) ��
 �<$DB #	-�E

7R�% ��
 I�T:<� c$�% ,- *�+ ?�5<R�B 
� ��
 ?�5  

."0��E 4-<�!( .1<D1 � �FB Z�" � .F	
 ,- �
-��"

.@�� .RW�% �� 
� 4����5 0B) 7��20 ,	 � (qB�030 

 0B) 7�0R5 0 
�63 ,	) (qB�0Zadoks et al., 

1974?�b1- (  �" 
]	�� ." c	�% 48��H�1 ,- X��TH�- �" �

 ��%�80 -  .)
�t<�VR�  �
<% *�+ .0E G3H�%

 e�0)) 2	�%,6 �	- 
� X��TH�-1 .3;�% 7�E �HV" ,- (

]	�$
 �HV$E �<" ��3� 
��V" ��
 
-03% `�C: ,- .B>  .�f


 Y:- �" *�+ .0E�� 7R�% qr� � e�"�g ��H%\��  �" 
�"

 �" � .HVE 7:<D9% (6(6 ��;3
 
�"�� (6 � 7FB

) 0E YF+-<�Baghban-Tabiat and Rasouli-

Sadaghiani, 2012 e�0)) ,��1 �
<% 7	-�g �-<% .(2 (

." �FB ,- G$@ *�+ �" � .�f
 e<RC% I
< .D� 

4-0R5�� z<RQ% .0E e<RC% I-�H�1 ?<�1<%6 �f)  ���5<R)

Y	 .HT� �� �� >48��H�1 �<$DB ,-4-0R5 ." 
�" �� X��]�-

�
0�� 0�VB-�� #�<
 ?�@
- 
�" .0E48 )2O2H ( Y	

4-0R5 
� � 71<T!0a 0 
�7R� ��� ���W 7�R�
-\�� 

 X��TH�- �" �
��"6 >GK� e<O 
� .0E �FB *�+ ?�5<R�B

 .0E ?�b1- 7!-
, ����w 0W 
� ��;3
 
�" �� (6 ,-  

  



                                                                 71�J:�0�% 7f:-0$! � ��-�%Mg I�3�3C
 /ISf1 X
��/  X
�DE 4�HV%, /?
�fh1398 

503  

 e�0)1 - 2	�%,6 
� X��TH�- �
<% 7�E *�+ 7	��D�E � 7J	]�� I�KQF%  
Table 1. Physical and chemical properties of the sandy soil used in this experiment 

Sand (%) Silt (%) Clay (%) 
Zn 

(ppm) 
K 

(ppm) 
P 

(ppm) 
N (%) 

Organic 

matter (%) 
CaCo3 

(%) 
pH  

EC  
(mmoh/cm) 

96.0 1.0 3.0 0.15 9.4 2.5 0.61 0.69 9.0 7.8 1.19 
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Table 2 .Combition of the nutrient solution used in this experiment (Niazkhani et al., 2018) 

Ingredient  Concentration (g/L) Amount (ml/kg) 

K2SO4 / KH2PO4  (30.242) / )48.407(  )3(  

NH4NO3 / CaCl2.2H2O  (147.016) / )93(  )1(  

MgSO4.7H2O  )20.5(  )1(  

MnSO4.H2O / Na2MoO4.2H2O 

/CuSO4.5H2O / H3BO3 

(0.333) / (1.05) / (0.083) 

)7.5(  
)2(  

ZnSO4.7H2O  )13.14(  )1.67(  
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� X��TH�- �
<% ����5,  Real Time PCR  

Table 3 .Sequences of the primers used in Real time PCR reaction 
Amplicon 

length (bp) 
Annealing 

temperature (°C) 
Primer sequence Accession number Gene 

107 60 
  F: 5’-gacgcacaacaggtatcgtgttg 

TC234027 Actin3 
  R: 5’-cagcgaggtcaagacgaaggatg 

106 60 
  F: 5’-cttacctggtagaggagttgttg 

AK452343.1 HMA1 
  R: 5’-cagaaccgatagatgccttagc 

94 60 
  F: 5’-cgtgtggacatcacctgaagg 

HM021132.1 HMA2 
  R: 5’-catcccttgctgctcaccgta 

116 60 
  F: 5’-gcaagcgatcaccacaacag  

AK458571.1 HMA9 
  R: 5’-ccgtggttcttatgtggatc 
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�)Kim et al., 2009(48 4��" \1�" 
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OsHMA1 ?-01- 
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 2	-]�- Z�" Y�f����	 )Williams and Mills, 

2005G5 
� 48 �	- .H$:- .( � ���) >75��% >*�V" >�	s6

) 0E 4��" ]�1 \1�" 4-0DQ
Takahashi et al., 2012a .(
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+2Cd > 
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Table 4. Analysis of variance for relative expression of ZIP genes under soil Zn deficiency conditions in Zn-

efficient and Zn-inefficient bread wheat cultivars 
  

Source of variations
†
 

  

df 

Mean of squares 

HMA1 HMA2 HMA9 

Cul 1 108.27** 74.52** 616.57** 

Tis 1 775.02** 40.40** 554.33** 

Sta 1 355.37** 86.98** 1062.61** 

Cul×Tis 1 58.19** 55.85** 0.84ns 

Sta×Cul 1 19.49** 5.64** 67.33* 

Sta×Tis 1 321.06** 23.49** 1543.33** 

Cul×Tis×Sta 1 14.53** 5.04** 246.37** 

Error 16 0.30 0.09 9.26 

CV (%) - 6.92 5.22 24.24 
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
†: Cul, cultivar; Tis, tissue; Sta, sampling stage. 
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Figure 1. Mean comparison of cultivar   × tissue   × sampling stage interaction effect on the relative expression of  

HMA1 gene in Zn-efficient (Hamoon) and Zn-inefficient (Hirmand) bread wheat cultivars. Columns followed by 

the similar letters are not significantly different by SNK test at 1% probability level. 
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Figure 2. Mean comparison of cultivar   × tissue   × sampling stage interaction effect on the relative expression of  

HMA2 gene in Zn-efficient (Hamoon) and Zn-inefficient (Hirmand) bread wheat cultivars. Columns followed by 

the similar letters are not significantly different by SNK test at 1% probability level. 
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Figure 3. Mean comparison of cultivar   × tissue   × sampling stage interaction effect on the relative expression of  

HMA9 gene in Zn-efficient (Hamoon) and Zn-inefficient (Hirmand) bread wheat cultivars. Columns followed by 

the similar letters are not significantly different by SNK test at 1% probability level. 
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Abstract 

Heavy metal associated (HMA) proteins are involved in zinc (Zn) uptake from soil and its transport 

in plants. To study the expression pattern of HMA1, HMA2 and HMA9 genes in Zn-efficient and  

Zn-inefficient bread wheat cultivars under zinc deficiency conditions, a factorial experiment in 

completely randomized design (CRD) with three replications was carried out in greenhouse. Two  

Zn-efficient (Hamoon) and -inefficient (Hirmand) cultivars were grown under Zn deficient and 

sufficient (5 mg Zn per kg soil) conditions and relative expression of the studied genes in root and leaf 

at two growth stages, one month after cultivation (vegetative stage) and 30 % flowering (reproductive 

stage) were measured by real time PCR technique. The results revealed that the highest increase in the 

expression of HMA1 (30.9 fold more than check) and HMA2 (13.65 fold more than check) genes were 

observed at reproductive stage in the leaf and root of Hamoon cultivar under Zn deficiency conditions, 

respectively. In contrast, the highest increase in the expression of HMA9 gene (48.83 fold more than 

check) was found in the root of Hamoon cultivar at vegetative stage. Also, there was not a significant 

difference between Zn-efficient and -inefficient cultivars in term of expression of this gene in the root 

at reproductive stage. In conclusion, the results of the current study showed that the expression of 

HMA1, HMA2 and HMA9 genes are involved in soil Zn deficiency tolerance in Zn-efficient bread 

wheat cultivars.  
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