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)*+���� ,���& :-/�/..  0 1��2& ,���& :�3/�4/..( 

  

  چكيده

  
���� ���� 	
� ���� �	� ����� ��� ������� �����������! ���" #��$ �%& �

���'%�� ��	$�
(
) *"� �� �� ���& �(LMW-GS) �� �+, ��#��$ "% -��  .� /*�� ���
0�12�% �$"�3� �4�� %��� *�() ���� �� )Glu-A3, Glu-B3, Glu-D3( �5 .26�$ ��(� .

 8��%� 9:1;) <�(4� �%��PCR  "% "���$� =� , �5 ���42�% �0�� .>&�2�  .� �%� *�?�
.@'A) B��C ���� �&%�-���� �% *�� #��$ ���&��%� ��� *%� .�D�� %�� .�� �� E	�� 

Glu-A3 ��� �$"�3� �4� �� .	(Glu-A3.1,2) ����5 B
� �?� �FG) ���& ��$& �� .� �
�� B
� ���� � c�%�%�6 ��� HI�� JKK/M �%� N�12�% �� .� %� ��%�%�6 �&�2?�� .%���  �	�

��� Glu-B3  �FG) ��KO �� /B
��0�12�% �$"�3� �4� .� .	� (Glu-B3.1, 2, 3) �

����5�&  B
� .� �5 f�%�%�6 ��� HI�� KPQ/M ���2?&� ��%�%�6 �5%� %� .%��� �� �	�� 
Glu-D3 �FG) �� /,, �� /B
��0�12�% �$"�3� ���R .	� (Glu-D3.1, 2, 3, 4)  �&����5

B
� .� �5 h �%�%�6 ��� HI�� KOP/M ���2?&�%�%�6 �� �B
� ��� �� % �� .� ��5 �&����5 ���
�%� N�12�% . ��S��5 "% ���42�% �� )�2�� ��� *%T�(� ��� .��%�� U� �� E	�� Glu-A3 

 ��%��VKV/M%�� /� �� E	�� Glu-B3 /WKP/M %�� �� �� E	�� Glu-D3 /WKQ/M �)� ���� .
)�X���2�� ��� ��(� (H) %��� �	���� ��� Glu-3 � ���-���� ��) ��� �� ��%�� .Y
�D) �

VWP/M �)� ���� .*%T�)  �$"�3� .� �%� *�?� �$"�3� �� �%�� �(�2�� ���Glu-D3.3  .� ���C
B
� �&����5��% �X&� ����$"�3� .� �HI� ��2?�� �	(5 ��R ��� .TG�&Z�H��% .� 

��%� ��� ��4� 
(
) �*���$� [�� "% ���42�% �� �  �%�%� B
� �� .� �%� *�?� #�$ .� #�$
�&�2?�� R2 %��� ��	$ �0�� 9�40  <?� � \Z�)�)�5�� . ��� �&% �� ��5 �&����5

�) 8��]� ��%�*%�^ .� �	
� ��� ["�% �� _H�) .)���� ����� 'A0%�  �H�� �@�) .�
��4���� 9:1;) ��& ��� ���� #��$ "% B0�'.  
  

)$��# ��*  :يديكل يهاواژهTriticum aestivum L.( ��
`
) *"� �� ����	$ �'%� �&"  
                          ��&��(LMW-GS) /�0�12�% ����$"�3� /�	
� ���.  

  

  مقدمه

 ���!(Triticum aestivum L.) �"��# $% �&�'�	 �

!�#"() ��* 
+�� ,��# $-.�� $% � ��!�
) � /�* "�%0 

12" �+�� . *�	�4� *	"56 7	��8 /"��-�� (+ 9��� +�;	"
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 � <*
�(�=�� <*�	�� <��
 ,�4> )"��+�
 ���?�@ � �@

������A )" *�6 B�4	�C� 74�� $�'� �+�% �")(" �D�E% 0�@

1�� � ,�� �F=" $= 12" �� GH�� *@��! "( ���! �@

��@+ ("�> +�� *	"56 �42 (+.  

����A���@0 �I���"0 �J��A $&2+ )" ���!�� �@

"� ����K"�@" $K �+�%	&2J" L�M�&*
��NK <*  �

!��4�O* 8��*  $%���� $P2�� ��� (+ �*" ��%	 �

����A��6 � ����! $&2+ �+ $% �@��C� ����! �� Q

�* �
� .%��R��"�% +(S 10 '��T&�% ��
 $* �K $%� 1

K ����+("+ ���! ����! 1 .������A ���! *����! 0�@

�! $&2+ �+ $%�+�	� �@)	;
) V���"0 (����! ��� �@

);
) ��O���"0 (�C�� Q*� �
� .K )" $/�� �@  ,4> $%

�"��# P� ,�"�#��"�
�
 X)(" <����K �*	  X)(" �

+ /J�YZ�	12" �� $&��� ���! )" ,8�� �T 

)D`Ovidio et al. 1997( ."	��;� +"�� ���! �+ � B�#[\ 

����I ������A ,K )" �8(+ ,�MN� "( ���! (+ 0"

*�  ��@+(D`ovidio et al., 2004).  ������! $�"+" (+

���! -�M-�� �)� ]�Z- $%* ) <���! �+ $%	�@��"� �0 

����!�-�M-�� �)� �% �*  J�%(HMW-GS) ) �	 �

�@��"�0 ����!�-�M-�� �)� �% �* �A�	 � (LMW-

GS) Q��C�*� �
� .����A���@0 ����!��� (+ �� (+ �

2�% $P2�� �����@�
�% $�0 �
J"��K* % $K�2" �� �

�S�$��@0 2��&��) (+ +�H�� �	�@��"� �0 ����!� �% �

-�M-�� �)�* �A � J�%�	MN� �� ,*� �
�K ^"�� <��* 

���-�� 1'H ���'
 /J�YZ� �*	  G42 "( +(S

*� �
� .(HMW-GS)  L2�� �@�_ �@0 Glu-1  �%

��M� �@0 Glu-A1 , Glu-B1 , Glu-D1  0�( �% $K

��)����K ���% 0�)�%�@0 1A, 1B, 1D  �K �
("+ ("�>

*� �
� .)	�@��"� �0 ����!�-�M-�� �)� �% �* �A�	 �

(LMW-GS)  L2���_ �@0 Glu-3  ,��(Glu-A3, 

Glu-B3, Glu-D3) 
_ `��% /(�8 $% $K* �&�@ �% � �

��)����K ����K 0�)�% 0�(�@0 1A, 1B, 1D �
("+ ("�>< 

 �K*� �
�(Masci et al., 1998; Johal et al., 2004)  .

LMW-GS  �% $�	�C� (+HMW-GS  (���% *�-S 9���

�	+���! �% �'
S *
��a�@ ,�-�% ��" �
("+ 0�&N�% (+ �@

 �_SDS-PAGE �2�� ��M�"*	 ,-S�@0 %� �% "( �&N

 12" �+�= $H"�� ,bN�)Wang et al., 2005.(  ,�-+ $%

*�P� � c	+.
 $R%"( *�-S 9��� ("+LMW-GS  1���= �%

��2 (+ <��(+ � ��
 ���! (+ �����" 0�@ /�P-�R� ��

�+�&�! �"�
��N	�� � ��
 ���! (+ ������A dR2 (+ 0"

12" $&e�! /(�8 �S c	+.
 . dR2 (+ *b�&
_ 9��� ��"

DNA  0"�%LMW-GS  $&��� ,��= (�D $% )��@

12" ��N
 .*-�D 9��� �� �_  ����=�= 0�@LMW-GS 

*8�Y&�" 0�@�T
�N
 $��2�%  ("�> $P-�R� +(�� �&�=

12" $&e�! .G�6" �_ �@0   ����K�KLMW-GS � c	

 ����= $���S 0�'&
")�� $���S ��2"0" ( 1f��� (���% �

��D ��2 �+ $= ,��=�%�= 0�'&
" c	 � ��  "( ��&aA

 ,��*� +� $% 14�
 �  <12" ��("�	�A�
 $���S 0�'&
"

*� "("+ "(���% . )" <0("�b� $���
 <$���
 �+ �	" ��% (+

�@��"� +"�P�0 ("�M�0 MN���8" ����� $K �� ,* 

 ��D (+ 9����_ �@ �*��%(Long et al., 2005; 

D`ovidio et al., 2004).  ��D (+ 9����_ �@  +"�P� �

2��&��K (+ �g�� ,��# �+ ��������A 1� $&��� �

 12" ��)Long et al., 2008 .(  

��4� �% *8�Y&�" �!)�6S �	��O ���= ��0 �'&
"0 

�K�%�K��'&
" � ,0 �S��"�
 $K $�* �� 1f��� <�
"

@��! 0"�%*  )"�_ �@0  *
_ `��% (+ +�H��Glu-3 

12" �� *�"�D . *8�Y&�" 0�@�T
�N
 )" �+��&2" �%

,-S *	�2�� ��b�" *
��a�@ ,�-�% $= 0�@

������A  0�@��"� �	) �% �	+���! 0�@LMW-GS 

��
�� $&����
 Q@"�e <�
"*� +� (Wang et al., 2008) .

�?�@ ��2�% �� h�E&
" ��M�" �@�T
�N
 �	" $�

i���
_ ,-S 0��� 0�@"�" $���� (+ 1���= �A 0�@	 ,

 ,��b� <*�-S 9��� $���) (+ *��#jD" �+(�S 12�% <�(

 *
_ �+"�
��LMW-GS  +�;	" $P-�R� ��_ �@ *6�(+ 0

 Q@"�e <���! ��
_ (+*� +�(Huang et al., 2005; 

Chardot et al., 2002) .2(�%* -�D 9���* �_ �@0 

 ����K�KLMW-GS �@�!)�6S L2��0  (+ *8�Y&�"

�
�&A $% $H�� �% ��
 ���!�, /�#jD" 12" �M�� ��

)(" �% (���%* "�% "(0 S�e	�@��0 �j8"* +(�S Q@"�e .

" )" k�@	CZ� ��2(�% l* �-S 9���* `��% (+�@0 
_* 

����K�K LMW-GS T&�4�@ $P-�R� �*  �'
S /��8 �%

K��* % (+ Q'��� ��
 ���! ��>(" �*��%.  

  

                                                                                   
1. Length variation 
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   ����! ��"�#$
��%�� �: �& '�"(��� )��*$
� ��� ��+, -�"( �/��& ...  ��0 

  هامواد و روش

� �������	  
����� �DNA 

" (+	��)S �	 )" mno ��
 ���! Q>(  

(Triticum aestivum L.) �M�K (+ +�H��� �_ V
�% ��

)(��NK ��MN
"+0  �"�'� ��TN
"+)���H�(  (�p�� $%

<*�-S 9��� *2(�% q��A"�&� ���! Q>( (�'O��  

(T. turgidum, durum) � or N�� ���! $
��
* 

+	q��a�$�2s� �_ V
�% (+ +�H�� � /�C�CZ�  � tj8"

% u�K (5% � ��'
 $ (�M% �@�!)�6S 1�-�Pe ��&�= (�p��

12" �� $&e�! .DNA v�% )" *��
_ $% ���! �)�� 0�@

 $&e�	 ���w� X�(CTAB (Murray & Thampson, 

1980) �	+�! u"�E&2".  

  
 1�*2�3 45� �6�7 8�69 ����/
** ;+, ��*� ���/�"� )��**  �<= >��& )
�& '�?(��@ AB/ ��Glu-3   

 ��C�
 �� �< �*"��D+�B� ����  
���  ������	
 �� kg ������ ���� ������ ��� ����� ���� ��!� �"#SDS Glu-A3 Glu-B3 Glu-D3 $��%& '�! 

$�(� )*/+* )+/,- ./.0. +1/)0 11/** b b b * 
�23 .-/+4  ,/,, )/.)- 4+/). *, b a c ,115 

6��7 --/.. ++/,, ./+.- 1- 5, e c a ,1+) 
��8& )+/.- 4+/,, ,/44) +./)* 11/*0 c b b ,151 
�7�7�- .-/+4 -+/,- -/*04 4,/), *+/+) d h b ,1+) 
�9�� -4/.0 *1/,, )/.)- 4+/). *, b b c ,1+) 

:�7��! .+/++ 1/,- ,0,0 )*/), 11/5, d h d $;9�� 
�&�"�� 1+/.- ./,, 4/5.) *./10 11/)0 e f b ,1)+ 
<��7� )*/+* )+/,- ./.0. +1/)0 11/** e i c * 
$=�>9� *./+4 01/,- ,/)41 .-/1, 11/51 e a b ,1-, 
:�?��@ *./+4 5/,, 5/.4, 44/-+ *+/5* e g z * 
���=7A�3 *./+4 5/,, 5/.4, 44/-+ *+/5* c e b * 
B���97 ,*/+4 11/,- -/4,5 -5/), 11/*1 d d d ,1)+ 

6 .:�7�3 +-/., .+/,0 5/.05 4*/-0 *+/-4 * * * * 
D�;�7, ./++ 11/,- ,/554 05/-1 11/1, e c b * 
:�7�3 14/.0 0+/,, */*1. 0,/)0 11/)* c b d ,15. 

�23- *./+4 5/,, 5/.4, 44/-4 *+/5* * * * ,1+. 
��E9� *./+4 5/,, 5/.4, 44/-+ *+/5* c e a ,1)+ 
<�� )*/+* )+/,- ./.0. +1/)0 11/** c e a ,1*. 
D��@ *./+4 01/,- ,/)41 .-/1, 11/51 c a a ,1*5 

�F� G�! *./+4 5/,, 5/.4, 44/-+ *+/5* c a a $;9�� 
6 .D��@ *./+4 5/,, 5/.4, 44/-+ *+/5* b d b * 

���H�@ )*/+* ,/4 -/*** +)/-. *+/51 * * * ,154 
��&7 ),/++ )/,, 1/*4) 1*/1. *+/14 e a a ,115 
��?�7 ),/.0 .+/,, +/+*0 1./)* 11/5* c a d ,15+ 
I�%� 1*/+4 ,/,1 -/*** +)/-. *+/51 c e a ,154 
�"� 1+/.- ./,, 4/5.) *./10 11/)0 a d b ,1+) 

:��"�!� ,-/+. 0+/,, -/50) ),/11 )) c f a ,114 
$9�J� ,5/.0 4/,, *40 01/-- 11/1. e a b $;9�� 

��!���� )/+4 01/,, */+-, *5/1+ *- e b b $;9�� 
�7�;K ),/., 5+/,0 1/5,1 -*/,4 *+/)5 c c e ,1+* 
�7�;K +/., ,1/,- 1/5.4 +/1) 11/55 * * * ,1+, 
'�!� )/+4 01/,, */+-, *5/1+ *- * * * ,1+, 
:�=�� )/+. 51/,- -/++1 0-/)0 *+/** * * * * 
L�M *./+4 5/,, 5/.4, 44/-+ *+/5* c e a ,154 

N .��&7� +-/., .+/,0 5/.05 4*/-0 *+/-4 c e a * 
 �O�, ./++ 11/,- ,/554 05/-1 11/1, c b d ,15- 

$H?P )/+4 ,/4 5/.4, 44/-+ *+/5* e a b ,110 
�7�7�, .+/+* 5+/,- */441 4./-4 11/)* d i b ,154 

6.��?�7 04/.- *+/,, 1/.15 **/)* *+/*- * * * * 
6.�=�7 )./+) ,/,- */).5 11 1+ * * * * 
Q .�9�R )./+) ,/,- */).5 11 1+ e c e ,155 

S�M- .+/+* 5+/,- */441 4./-4 11/)* c c b ,15- 
:��@�� ,*/+. +/,- +/.00 *4/-5 10 c i d ,1). 

Q.�9�� )./+) ,/,- */).5 11 1+ a c b ,1), 
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    ��
�
 1�*2�  

��� ������	
 �� kg ������ ���� ������ ��� ����� ���� ��!� �"#SDS Glu-A3 Glu-B3 Glu-D3 $��%& '�! 

D�;�7- ./+1 4/,- */441 4./-4 11/)* e c b * 
7�M3 0,/., +/,, 4/500 *1/-) 11/)5 a b a ,11+ 

DT� 1+/+. 1+/,, 5/.54 4*/-* *+/)1 c b b ,1*4 

D�;�7 --/.0 ++/,, ./+.- 1- 5, * * * ,1+) 

M-72-7 )+/.- 4+/,, ,/44) +./)* 11/*0 * * * * 
6 .��&7 +/+* 4/,, +/*,+ *)/1) 10 * * * * 

�=�7 .+/+* 5+/,- */441 4./-4 11/)* * * * ,15- 

���H�� 04/.- *+/,, 1/.15 **/)* *+/*- c b c ,1*5 

�9��!O@ 4/+4 ,/,- )/+), 0,/50 11/*) * * * ,1). 

���K ,+/+5 5/,- )/54* 4-/-4 5* e c a * 
S�M, )/+4 01/,, */+-, *5/1+ *- e e a ,15- 

M-73-18 --/.0 ++/,, ./+.- 1- 5, * * * * 
$=U�@ )+/.- 4+/,, ,/44) +./)* 11/*0 e a a $;9�� 

�=��7 5/+* ,+/,- ,/*-0 +-/1+ *+/10 e b a ,1+) 

��8&, 0*/+4 )1/,, ,00. 0,/1* 11/50 c b b ,15- 

���M )/+4 01/,, */+-, *5/1+ *- d d d * 

    * L�7�VH�= <��!� �� �
 .** L�7� W?�& �7 $X�Y :�
(Akbari.  2008) L�7�  W?�& �7 $��3 :�
(Eizadi. 2000) V!7 L�� <�?��7.  
  

�������� ����  

 0"�% *8�Y&�" �!)�6S 1�H $
 m	��)S �	" (+

��b� *
_ 0�@ Glu-A3, Glu-B3, Glu-D3% $ $&e( (�=

 L2�� �'
S $�@ $=Long et al. (2005)  ��
_ 0�( )"

 ���!CS ��	+�! *�"�D �
") ���Hx .( 1�H $
 �	" )"

�+ G���� $% �!)�6S 1�H  ��
_ )" �� $�'� �!)�6SA <

 ��
_ )" �� $�'� �!)�6S 1�H $2B  1�H (�'O �

 ��
_ )" �� $�'� �!)�6SD *�%���.  12" �=I ��	�

@��! �'�� �@�!)�6S �	" )" c	 �@*  )" *8���_ �@ 0


_ y��%* Glu-3 *� ��Fb� "(���=.  

������ �����	�� �� ����PCR 

;
) m�K"����"0 �A� )"��(PCR)  Q;� (+�� 

��-��M���� $K <�&0 1U Taq DNA �A� <)"���/� 

 �e�% �&�-��b��PCR (10X)� ��  )" ��!�
�
DNA 

��
_* <x/�  )" �&�-��b��MgCl2 (100 mM)<  

�  �@ )" �&�-��b��dNTP (100 mM) � �/�  �&�-��b��

 �!)�6S �@ )"(10 pmol) � ��;
" . $��
�%PCR  $%

����G ºC��  /�� $%� >+� <$C�� 2� ,�� ,MºC�� 

 /�� $%{� 
�g� <$ºC�� – ��  /�� $%{� 
�g� $) $&�%

��+ $%0 "�A ��Y�"	�H �@�� ��x(< ºC�x  /�� $%{� 


�g���+ � $0 �'
 L�%*	 ºC�x  /�� $%� >+� (�M% $C

12" �� $&e�! . )" ,8�� ��YZ�PCR �( �%0  �_

(�!S )�x �
� *%�	)(" � V�M�� �8(+.  

	���! "��� �#��$�  

&
_ 9��� $42�Z� (�p��%�M* 
_ ��M� (+* Glu-3 

)" |�� Nei (1973) +�! �+��&2"	� ." (+	��e � ��

 �!"Pi  ,-S *4�
 *
"�"�ei (+ *
_ ��b� c	 (+ �"

b�&
_ 9��� /(�8 �	" (+ ��% *2(�% +(�� 1�P�H *

�% 12" �%"�% *
_ ��b� �	" (+:  

∑−= 21 Piξ  

  

 L2�&� *b�&
_ 9��� $42�Z� 0"�%(H)  /(�8 $%

��T
��� ξ��b� ���� (+ �@ ����e )" *
_ 0�@

 0+�'�N�ANei (1973)   �+��&2" �	) /(�8 $%*� +�:  
  

J

j i ij

N

P

N

N
H

∑ ∑−
×

−
=

)1(

1

2

 

  

 ����e �	" (+N  <$&	("� +"�P�2
ijP *4�
 *
"�"�e

 ,-Si  *
_ ��b� )" �"j  � �"Nj ��b� +"�P� *
_ 0�@

*� ��%. 

����%	& '(���  

,-S2�% �@��
�% �T-" $�0 A�+�'�N0 Long et al. 

(2008) �2��*	 +�!	�
� ." l4D �%	�@�
�% �T-" �*	  $K

-�� �
�% )" /���&�� Q>( (+ �� �CS1 �
+�% �"��# $% 

	 $&e�! �p
 (+ ,-S V*� �
�.  
  

  

  

  

  

  

                                                                                   
1. Chinese Spring 
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������� �: �� ��	���� ������� ��� ���� ��	� ���� ...  �!" 

  

 #��$%& ������'� (�)*+,�-�)/�� �  

 ����� ����(ºC) ������ ���� ��!(bp)  "#���)٣َ – �َ(  �$%�&'  

*+  350 F: AGTGCCATTGCGCAGATGAAT  1A3.-Glu  

R: AACGGATGGTTGAACAATAGA  

*+  680 F:ATGGAGACTAGCTGCATCC  2A3.-Glu  

R:CTGCAAAAAGGTACCCTTTT  

��  500 F: GCACAAATGGAGAATAGCCAC 1B3.-Glu 
R: AACAAATGGTATTTGTTGTTG 

�+  450 F: CCTAGCTTGGAGAAACCATT 2B3.-Glu 
R: CAAGATAGATGGCTGAATAG 

*�  620, 
580  

F: ATGGAGACTAGCCACATCCCT Glu-B3.3 
R: CACATGGCAACTACTCTGCCA 

�+  500 F: CCTGGCTTGGAGAAACCATC 1D3.-Glu 
R: CAAGATAGATGGCTGAATAT 

*�  540 F: ATGGAGACTAGCCGCGTCCCT 2D3.-Glu 
R: ATGGAGACTAGCCGCGTCCCT 

*+  600 F: ATGGAGACTAGATGCATCCCT 33.D-Glu 
R: AGATTGGATGGAACCCTGAAC 

�
  700 F: ATGGAGACTAGCTGCATCT 4D3.-Glu 
R: CTGCAAAAAGGTACCCTGTA 

  

  نتايج و بحث

)�*+� ,����	 �������� ,��-  

�6S ����) �p
 )" m@�}A �	" (+ $&e( (�b% �@�!

 $��2�% <�@�!)�6S �	" ���"�D L2�� �+�% *8�Y&�"

�	J0+ 0�@c���2����  Q>( CS ("�> ���)S +(��

 +�% $&e�! ("�> ��	~� +(�� �'
S 1�8�Y&�" � $&e�!

(Long et al., 2005)<  1�-�Pe )" �����D" 1'H

�( �% �@�!)�6S <�@�!)�6S �	" *8�Y&�"0 DNA 

$
��
 )" �� u"�E&2"�@0 +	q��a�q��A"�&� <�� � �

q��A".T@�8�Y&�" � $&e�! ("�> ���)S +(�� �*  �+�%

�'
S �� +(���	 1e�! ("�> �) ,M�.(  

 	�! .��-Glu-A3 

2�% 9��;� (+�*8�Y&�" �!)�6S 1�H �+ $�  

1,2)A3.-Glu(  *
_ y��% 0"�% $KA3-Glu  $&e�! (�b%

��� $% � +�% ��� $PR> G bp���  ����  Q>( (+ "(

CS *� ��FM��2�� ,-S 1N@ <�
+�K*	 +�!	� .2�%� $�

 �!)�6S Glu-A3.1  ,-S (�'O(a, b, c, d) ��D �% 0�@

�C�	 B�4bp ��� �{�� % (+�2(�% +(�� ��>(" �* 

�2��*	 +�!	 �),Mx .( ,-Sc 
"�"�e �%* 4�
* ���/� 

%��&N	 ,-S � �a 
"�"�e �%* 4�
* ���/� �&�K	 �


"�"�e* +"+ ^�Y&�" +�� $% "( .�!)�6S $��2�%  

.2A3-Glu  ,-S (�'Oe, f, g, h �C� ��D �%	4* %��  

                                                                                   
1. Ditelosomic lines 

bp ���  ����� �2��*	  ,-S $K �g 
"�"�e �%* 4�
* 

���/�  ,-S �h 
"�"�e �%* 4�
* ��x/� ��� $%� G

%��&N	�&�K � �	
"�"�e �* % (+ "(�,-S ��@0 �2��*	 

 �
+"+ ^�Y&�" +�� $% ��)���H� .( (+	N@�}A V* 

"�% $K0 2(�%* -�D 9���* �_ �@0 ����K�K  

LMW-GS  9�
i $
��
 (+�@0 T. boeoticum �  

T. monococcum 2�%��@�!)�6S $�0 8�Y&�"*  ��;
"

 ��� �T-"0 �
�%0 A�,-S 1N@ � +�'�N �2��*	 

+�!	 �(Lnog et al., 2008) .+ m@�}A ��O (+	 $K �T

����A dR2 (+�,-S +"�P� � ��;
" ��@0  �� X(".!

"�%0 "	
_ `��% �* ��� $%� G� <�  �� +�% ,-S 

(Dubcovsky et al., 1997; Ezadi et al., 2000; Ikeda 
et al., 2003)< ��&
_ 9��� �".�M* "�% �� $42�Z�0 

"	
_ `��% �* ���/�H= �&
 �% $K ��S 12�%	 �

)���/+(H=  m@�}A (Lnog et al., 2008) 
"�E�@*  �

�&
 )"	+ m@�}A �	�  $K �T��%"�% 9��� �". �r�/r H= 

% <+�% ���S 12�%�+�% �&N (Ezadi et al., 2000).  

 	�! .��-Glu-B3   

*8�Y&�" �!)�6S 1�H $2 9��;� (+  

1,2,3)B3.-Glu( �( )" $K0 DNA   Q>( ��
 ���!CS 

"�%0 
_ `��%* Glu-B3 �"�D* ��� $% � �
+�% ��� G

 /�PR>bp ��� <{��  ��x�  Q>( (+ "( CSFM�� �

�* �
� $&e�! (�M% �
+�K .�K (�R%* 2� $%�" $�	 $2 �

)�6S8�Y&�" �!* �� "�% ,-S0 "	
_ `��% �* �2��*	 
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 ,-S (�'O $= �a, b, c, d ��% *4	�C� ��D �%  

bp����{�� 2�%� �!)�6S $�1B3.-Glu,-S m <  

e, f, g, h, i. j �C� ��D �%	4* bp ��� �{�� 2�%� $�

 �!)�6S2B3.-Glu  ,-S 1�@ �k, l, m, n, o, p, q  ��D �%

�C�	4* bp������� 2�%�S $��!)�63B3.-Glu �2��*	 

 �)���H� (% (+�" �	,-S � ,-S <�@f 
"�"�e �%* 4�
* 

�{�/� %��&N	
"�"�e �* +"+ ^�Y&�" +�� $% "( . (+	 V

 m@�}A�x 2�% ,-S�8�Y&�" �T
�N
 �+ $�*"�% <0 "	 �


_ `��%* �2��*	 +�!	� (Wang et al., 2008) . (+

+ $P-�R�	�-S 9��� �T* ��� ��
_����! i  dR2 (+ ��


����A�2(�% +(�� �*  � 1e�! ("�>xx "�% ,-S0 "	 �


_ `��%* �2��*	 +�!	 �(Lu et al., 2009).  

  

 #��$�&  ��<��� �=����> 9��=LMW-GS 2=��= 7 �?�/=@ ��	� ��= #�,�> A��� �� ���� 7�, ���  

 ������ ��	
 ������(H)  

����� �� 

�� ������ ��	
 �����

� ���� ���� 

�� ���� ��	
 �����

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

  

 
 
 
 

0.894  
  

  

 
  

 
0.818 

  

0.872 

0.013 
0.105 
0.311 
0.139  

a  
b  
c  
d  

 
Glu-A3.1  

 

Glu-A3     

0.946 

0.079 
0.132 
0.165 
0.052 

e 
f  
g  
h 

  

Glu-A3.2  

  

        

0.914 
  

0.97 

0.038 
0.121 
0.106 
0.048  

a 
b 
c 
d  

 
Glu-B3.1 

  

Glu-B3  

    

0.968 

0.058 
0.145 
0.063 
0.043 
0.033 

0.0048 

e 
f 
g 
h 
i 
j 

Glu-B3.2 

    

0.977 

0.004 
0.048 
0.087 
0.101 
0.038 
0.019 
0.033 

k 
l 

m 
n 
o 
p 
q 

 
 

Glu-B3.3 
 
 
 

      

0.910 
  

0.964 

0.021 
0.071 
0.142 
0.060 
0.027 
0.071  

a 
b 
c 
d 
e 
f  

  

Glu-D3.1  
  

 

Glu-D3 

     

0.961 

0.092 
0.174 
0.005 
0.005 

g 
h 
i 
j 

 
Glu-D3.2  

    

0.994 

0.005 
0.021 
0.010 
0.005 
0.054 
0.016 
0.043 

k 
l 

m 
n 
o 
p 
q 

 
 

Glu-D3.3  
  

  

 
    

0.99 

0.060 
0.071 
0.010 
0.021 
0.005 

f 
s 
t 
u 
v 

Glu-D3.4  
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 B��C& D���E> ��,�� 1A3.-Glu B�� ��� 7 9M : #�� 2=��= �<F 9�G�, H���2n=2x=14=AA)( T. boeoticum9 5�7 2=��= �<F  

T. turgidum, durum (2n = 4x=28=AABB) )2��G � ��� 9A����� 9�=7 J���� 2�( 9  5�� 2=��= �<FAe. tauschii (2n=2x=14=DD)  2G

 5�=@ �L�>AA  �,���� ��� 2=��= �<F � 9M���=@ ��N��O�HP� ��� ) J���� 2�CS�7�3/�7 92�E� 9Q��� 9.(  

  

 B?�% &  7 ��?� �	F�@ �� � LMW-GS ����'� 2����� 2RGlu-A3.1  6�� �����	�D��.  M :�R�, H��� (100 bp))  

 1-29: T. aestivumm  43: T. turgidum, durum;  54: Ae. tauschii; T. boeoticum, 81: CS, 82:  9  

 B�� �����	�a ���	4 2� ����� �P=�+= mE%  

  
  

�?�@� (+ �	+ m@�}A V	�( �% $K �T0  ��>("

(�;�0 " ��
 ���!	"�% ,-S $
 +"�P� 1e�! /(�8 �"�0 

"	
_ `��% �* ����A dR2 (+� �� *	�2��  

(Ezadi et al., 2000) .��&
_ 9��� �".�M* "�%0 "	 �


_ `��%* ��{/�  =H % $K ��S 12�%�� )" �&N� �".

 9���)�x{/�H= (����A dR2 (+ ���S 12�%��* +�% 

(Ezadi et al., 2000; Ikeda et al., 2003). 

 	�! .��-Glu-D3   

2�% 9��;� (+�8�Y&�" �!)�6S 1�H (�'O $�* 

)1,2,3,4D3.-Glu( ��� $% $K� /�PR> Gbp ��� <�{� <

���  ����  Q>( (+ "(CS FM��� �* �
+�Koo  ,-S

�2��*	 +�!	� . ,-S ma, b, c, d, e, f  ��D �%

�C�	4* bp ��� �{�� 2�%� �!)�6S $�1D3.-Glu (�'O <

 ,-Sg, h, i, j �C� ��D �%	4* bp ������� 2�%� $�

 �!)�6S2D3.-Glu � ,-S 1�@k, j, m, n, o, p, q  ��D �%

�C�	4* bp ������� 2�%�6S $� �!)�3D3.-Glu  � ��A

 ,-Sr, s, t, u, v �C� ��D �%	4* bp ������� 2�%� $�

 �!)�6S4D3.-Glu �2��*	 +�!	 �
�) ���H� .(% (+� �

,-S�@0 �2��*	  ,-S <��h 
"�"�e �%* 4�
* ��{/� 

%��&N	
"�"�e �* 1"+ "( . (+	 m@�}A V�x  ,-S

2�%�8�Y&�" �T
�N
 1�@ $�*"�% <0 "	
_ `��% �* 

�2��*	 +�!	 �(Wang et al., 2008) . ,-S +"�P�

�2��*	 "�% ��0 "	
_ `��% �* �&N�%  +"�P� )"

,-S 0�@ *	�2��  dR2 (+ ��$
 <������A ,-S(Ikeda 

et al., 2008)<  ,-S ��A(Ezadi et al., 2000)  ,-S ��A �

(Dubcovsky et al. 1997) +�%. ��&
_ 9��� �".�M* "�%0 

"	_ `��% �
* ���/�H= % $K ��S 12�%�� )" �&N� �".

 9���)���/�H= (����A dR2 (+ ���S 12�%��*  +�%
(Ezadi et al., 2000; Ikeda et al., 2003).  

��&
_ 9��� �".�M*  ��2" �% |��Nei (1973) 

"�%0 ��M� �@0 
_* Glu-D3, Glu-B3, Glu-A3 $% 

 G�������/� <��{/�  ����/� +�% ),M� (� ��T
�� �

&
_ 9����M* (H) "�%0 y��%�@0 
_* Glu-3  �%"�%

��{/� +�! $42�Z�	� . (+	N@�}A V* �-S 9��� $K* 

(�;� ��>("0 " ��
 ���!	2(�% +(�� �"�*  1e�! ("�>

��&
_ 9��� �".�M* "�%0 ��M� �@0Glu-D3, Glu-B3, 

Glu-A3 ��� $%� G���/� <�x{/� <���/� � ��T
�� �

    400 

Glu-A3.1 

Informative allele 
330 bp 

www.SID.ir



Arc
hi

ve
 o

f S
ID

�0%                    2�3,�4�� ������ 5��4  ����� 6�7!8 6��� 9% 98�;" 

&
_ 9����M* (H) ���/� � X(".!(Ezadi et al., 

2000).  $p�j� $K (�R
��@*� +�  9��� 0�T-"

&
_�M* ��M� (+ �@0 
_*  Glu-3/(�8 $%  

Glu-B3> Glu-D3> Glu-A3 ����A dR2 (+ Q@� � �

����K�
 dR2 (+ Q@�12" ("�>�% � .�?�@�� �� 9��� �".

&
_�M* 
_ `��% (+*  Glu-A3+ `��% �+ )"	 �&�K �T


 �% $K 12"�&	+ /�P-�R� �	
"�E�@ �T* +("+  
(Gupta et al., 1993; Dubcovsky et al., 1997). 

 $p�j� $K (�R
��@*� +�  �� *	�2�� 9��� �".��

 dR2 (+����K�
��  )" �&N�%����A dR2�� *���%.  

  

  

 B��� & ���, 7 ���/=@ ��	� ��H�, �=@ ���Glu-3  

 
 ���H{ .;�	D�4�(" $* �+"+�@0 �x K 1�8��*  �

�M-�����2�!( X�( )" �+��&2" �% "( *-  ��! $% ��!

� ��N
*�@+ .%��&N	 �T
�N
 +"�P� �),-S ("�%0  /��8

+ VN� � h�D�� ����! �8()�� ,-S (�&�K �	 �

�-) h�2( /��8 $% ��%��* h5H �8(+ <��
 Q;� <

-�e +�# <hS� h�2( Q;� � ��SDS )S V	,- (

�* �?�@ � ��%�% ���&N	 �R2  �8(+ $% ��%�� ,K

 h�D�� ����!)�� (%12".  

  
 #��$!&  ��� 67�7 �S�T�� 2�H3�8%  � �U�G DU-

������, ��= 5�	� 5�� 2� 5�� ���� ������ �� 67�U/�� �� 
�*+  ���,� ��-�
T)( R2 Max R2 T 
0��� ���� ��%  1 234/3 267/3 

��8
%�9 -+��  ; 167/3 662/3 

�	(� <�=�  2 367/3 367/3 

�� >?@ 2 3;/3 3;/3 

0��� ��A= 1 3BB/3 2;B/3 

<" <C� 2 3BD/3 3BD/3 

E	�(& �-F  2 3;D/3 3;D/3 

<�G�� �
��� -+��  23 3;7/3 ;62/3 

H,I �
��� -+��  23 3B;/3 634/3 

�
��� JIK  1 27;/3 173/3 

<�=� >?@)SDS(  2 2/3 2/3 

���(��M� ��%  6 3B7/3 7B7/3 

R2adjausted T :�����  ��R2
 �	
� ��	 ���� ��� ����� �������� ��� �����  

R2adjausted max : !��"�
�R2 �	
� ��	 ���� ������ #� $� %���� ��� �����  

�&
 $% $H�� �%	.;� �	2�!( $�+�! |EN� ��	 $K �

 ,-Sb  �!)�6S )"Glu-B3.1 "("+0 %��&N	 �R2 )���/�  �

���/� ("�%0  ��D �% VN� � h�D�� ����! /��8

bp��� ,-S <f  �!)�6S )"Glu-B3.2 "("+0 %��&N	 �R2 

)��/� <���/�  �x��/� ("�%0  h�2( <��
 Q;� /��8

�-)* ����A �8(+ �� ��D �% �bp {�� ,-S <d  �!)�6S )"

Glu-B3.1 "("+0 %��&N	 �R2  )���/�  ����/� ("�%0 

 �)� � ����! |�� /��8-�&M@� ��D �% �&bp �x� <

 ,-Sr   �!)�6S )"Glu-D3.4 "("+0 %��&N	 �R2 )���/� (

"�%0 &E2 1�8*  ��D �% $
"+bp��� ,-S <a  �!)�6S )"

Glu-A3.1 "("+0 %��&N	 �R2 )�/� ("�%0  Q;� 1�8

 ��D �% h�2(bp��� ,-S <e  �!)�6S )"Glu-A3.2 "("+0 

%��&N	 �R2 )���/� ("�%0  (".@ �)� 1�8 ,-S � $
"+a 

 �!)�6S )"Glu-B3.1 "("+0 %��&N	 �R2 )��{/� ("�%0 

 ��D �% hS h5H �8(+ 1�8bp{�� +�% . (+	 V

.;� m@�}A	D�4�(" $* %� ��� #"() 1�8*  ���� 

 �T
�N
SSR )xx� �T
�N
 ( (+ <� ��;
" ��
 ���! (+

�@�T
�N
0 SSR %��&N	� �� �".R2 "�%0  |��

 �% 1"+�%x� % ��D �bpx��  �!)�6S (+Xwmc44 

 � |EN�(Roy et al., 2006).  

��&
_ 9��� �".�M* (H) "�% �� $42�Z�0  �@

 �!)�6S $K +"+ ��N
 �!)�6SGlu-D3.3 ��J�%	� �� �".

&
_ 9����M* )��{/�H= (("+ "("  12") ���H� .("	 �

�2�� $% (+�> �!)�6S*	 �M ��O* J�%*	 �* $K ��%

�* /�#jD" �
"������0 �) (+ "(��-S 9��� /�P-�R� $�* 

�_ �@0 LMW-GS +(�S Q@"�e.  

��	�A *-�b-�� �)� �% ������! ��"��	)(LMW-GS) 

+("+ ��
 ���� 1���= ���P� (+ *�'� mC
 (Gupta et 

al., 1993) .�+"�
�� �+�% ���?�A ,�-�% ��"  *
_

 ����=�=LMW-GS 9 |EN� *%�E% �'
S $�@ mC


12" ��N
 .(".! )" c	 �@ (+ *�-S 9��� $= �� X

��b� *
_ 0�@Glu-3  ��YZ� 1���= �% 0+�	) �g"


+("+ ���! +(S )" ,8�� *	�'(Appelbee et al., 2007) .

�?�@��� X(".! �  ��b�" *�-S 9��� l�>+ *	�2�� �%

,-S h�E&
" $��2�% ���! 1��= +�4'% h��R� �g" �% *	�@

 �g" (+ ��!(+ *�-S /�4�=�� � <Q@"�e h��R� 0)�&��A"

*� +� (Eagles et al., 2002). ��%*  ��N
 /�P-�R�

�*��
 $K �@+�("�M� $0 
_ (�&��2 (+ +�H��* 

0.76
0.78

0.8
0.82
0.84
0.86
0.88

0.9
0.92

Glu-A3 Glu-B3 Glu-D3

LMW-GS Loci

�
���
��
�
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������� �: �� ��	���� ������� ��� ���� ��	� ���� ...  �0� 

LMW-GS �@��"� +"�P� )"0 ("�M�0 MN�� ,	 $K $&e�

�8" �����*  ��D (+ 9����_ �@ �* ��% ."	 9��� �

% 12" �b�� $-+��A ,	 � k5� ��	 +"�P� (+ $e��" �

�"��@�0 ("�M�0 (D`Ovidio et al., 2004)  $% $K

) ���&�"	2�% +�� $�	V ���2"�K �	 � �%"�%�
 (�S

�2)�2��
��@ ��D (+ �+(��0&
(Shewry et al., 1989; 

Lnog et al., 2005) "	 +�;*� �
� . $b�	" $% $H�� �%

 0�'&
" � $���S 0�'&
" 0��4� �% $&e( (�b% 0�@�!)�6S

�! *�"�D ,��=�%�=��	+ �@�!)�6S �	" $;�&
 (+ �
"

*� ��Fb� "( 0("�b� $���
 ���=(Lnog et al., 2005) .

*� �A /�PR> ��D (+ �� ��@�N� /���� 1�! �"��

 dR2 (+ $e��" � +�4�= ��	�A $% ��%��DNA  $= 12"

*� �( 0("�b� $���
 (+�@+ . )" *��% $b�	" ,�-+ ��"

i���
_ �@)+�;&2+ BjF�0 $�P �(  )" $PR> �+ 0"("+

*� �p
 +(�� $PR> (+ $= *�	J+ �% ��j# <BJ��&�" ���%

 )" 12" �M�� �	+�! �=I ��e	aK �+ �_ V*  (+	 V


_ `��%* �?�@ � <��% $&"+ +�H���;
S )" �*	  $K

i���
_" (+ $P-�R� +(�� 0�@	 $% $D�%�� m@�}A �

7�H (�S0 �+�� )"�@0 ��%* >j� )"* ��%* " )" ��>(

��"+* ��@ �%	 � �T	H(�� ��>(" �% �* �O "5- 12"� �

�&
	;*  12" (�p&
" ,%�>)Ezadi et al., 2000 .( (+

$P-�R�(�p�� $% $K 0" )("	%�* ,-S�@0 "�% /���&�0  �@


_ ��M�* Glu-3 �� X�&�! 1�8 �p
 )"��'  /(�8


"�"�e $K �� �+"+ ��N
 $&e�!* 4�
* ,-S�@0  �%

K��� J�% 1(+  Glu-D3% $K��&N	�( "( �g" �0 "	 �

1�8 
"�"�e )" <�
("+* ,-S�@0 K �%��� J�% 1Glu-B3 � 

Glu-A3 )	 +�% ��+�(Gupta et al., 1993; Dubcovsky 

et al., 1997; Ezadi et al., 2000) .� �A* 1�! �"��

J�% 9��� $K0  �_ ��M� (+ +�H��Glu-D3 �#�% <

                                                                                   
1. Slippage during replication 
2. Extension 

K�� ���S +�H�%��-S /�4* �&'%0  ��M� �+ $% 14�



_* +	12" �� �T .  

��� ���� �	�
�  

�&
	" )" ,8�� �	�-S 9��� $K +"+ ��N
 m@�}A �* 

$p�j� ,%�>"0 `��% (+�@0 
_ * Glu-3 ���! ��>(" (+

$P-�R� +(�� ��
  dR2 (+����K�
�+("+ +�H� � . )" $K

"	� 9��� �*% �"�� $�"��# X)(" �% 74�� �-S 9���* <

�_ �@0 LMW-GS� K +�4'% (+��� +(S 1 �+��&2" ���!

+�K . dR2 (+ $P-�R�DNA �* % /�#jD" �
"����&N0 

����A dR2 $% 14�
��) (+ ��&
_ /�P-�R� $��M* <

&
_ 9��� ,���M*�-S 9��� <* ,��M� �
�( (+ /�P-�R� <

��K Q@"�e ��
_ � �_ .�2�� �%*	 ,-S�@*	  ��O $K

�M* J�%*	 N
 +�� )" �
+"+ ��) ,-S ��
��i  L2�� $K

 �!)�6SGlu-D3.2 �2��*	 � (�*B�4>�P&� �"�� "	 �

,-S-"�� "( �@*	%�*  (�p�� $% "( �'
S (�&��2 � �+�K

P����  +"�P�2��&��� ��
 ��D ��("�M� $0 ) ,��# �+

K (+ �g���������A 1�� (+"+ ("�> $P-�R� +(�� . �%	 �&e�

,-S�@0 "("+ $K0 T&�4�@* J�%*	  �% L4��� /��8 �%

K����'
 ��YZ� 1*	 � �
("+ ���!*��
_ �"���i�@0 

K �%���-�" ,�"�� (+ "( J�% 1�! �( $�+�K h�E&
" ��. 

i���
_ )" �	"�%��% $= �'
S �"�
��N	�� � ��
 ���! 0�@

,-S 0����H 0�@	K �% L4��� ����0"�% J�% 1  

LMW-GS  ��&�@*� "(% �"�� $ �"��# X)(" �% 74��

$��
�% (+ *
_ 9��� 1���= +�4'% k�@ �% *�j8" 0�@

1e�! (�b% ���! )" ,8�� /J�YZ�.   

  

  سپاسگزاري

1
��P� )" *N@�}A  *2��'� � ���# ��MN
"+

0)(��NK  � t�D $�	.@ ���~� �D�E% �"�'� ��TN
"+

 /j6 mE% � 0)(��N= /�C�CZ� ���)�2 )" ���?�@

� tj8" /�C�CZ� $�2�� % u�= (5% ��'
 $(+ �D�� 

(��&�" !5 )��
 +(�� (5% �+(" *
"+(�>*� ++�!.  

  

REFERENCES 
1. Akbari Rad, M. (2008). Evaluation of genetic diversity in some of the commercial variety and promising 

lines bread wheat for different traits related to quality of bakery. M. Sc. thesis. Azad University of 
Karaj. (In Farsi).   

2. Appelbee, M. (2007). Quality potential of gluten protein in hexaploid and related wheat species. Ph. D. 
dissertation, University of Adelaide. 

3. Chardot, T., Do, T., Perret, L. & Lauriere, M. (2002). Heterogeneity of genes encoding the low 
molecular weight glutenin subunits of bread wheat. In: Renard D, Delle Valle G, Popineau Y (eds) Plant 

www.SID.ir



Arc
hi

ve
 o

f S
ID

�0!                    2�3,�4�� ������ 5��4  ����� 6�7!8 6��� 9% 98�;" 

biopolymer science: food and non-food applications. Royal Society of Chemistry, Cambridge, pp 24–30. 
4. D`ovidio, R., Simeone, M., Masci, S. & Porceddu, E. (1997).  Molecular characterization of a LMW-GS 

gene located on chromosome 1B an the development of primers specific for the Glu-B3 complex locus in 
durum wheat. Theoretical and Applied Genetics,  95, 1119-1126. 

5. D`ovidio, R. & Masci, S. (2004). The low-molecular-weight glutenin subunits of wheat gluten. J Cereal 
Sci, 39, 321-339. 

6. D’Ovidio, R., Marchitelli, C., Cardelli, L. E. & Porceddu, E. (1999). Sequence similarity between allelic 
Glu-B3 genes related to quality properties of durum wheat. Theoretical and Applied Genetics, 98, 455–
461. 

7. Dubcovsy, J., Echaide, M., Giancola, S., Rousset, M., Lou, M. C., Joppa, L. R. & Durak, J. (1997). 
Seed-storage-protein loci in RFLP maps of diploid, tetraploid, and hexaploid wheat. Theoretical and 
Applied Genetics, 95, 1169-1189. 

8. Eagles, H. A., Hollamby, G. J., Gororo, N. N. & Eastwood, R. F. (2002). Estimation and utilization of 
glutenin gene effects from the analysis of unbalanced data from wheat breeding program. Australin 
Journal of Agricultural Research, 53, 367-377.  

9. Eizadi Darbandi, A. (2000). Evaluation of electrophoreses polymorphism of LMW-GS in bread wheat. 
M. Sc. thesis. University of Tehran. (In Farsi). 

10. Gupta, R. B., Khand, K. & Macritchie, F. (1993). Biochemical basis of flour properties in bread wheat. I. 
Effects of variation in quantity and size disterbution of polymeric protein. J Cereal Sci, 18, 23-41. 

11. Huang, Z., Long, H., Yan, Z. H., Wei, Y. M. & Zheng, Y. L. (2005). Sequence analysis of LMW-GS 
genes from Aegilops tauschii containing HMW glutenin subunits 5+12 with good quality. High Technol 
Lett, 15(7), 67–72. 

12. Ikeda, T. M., Branlard, G., Pena, R. J., Takata, K., Liu, L., Lerner, S. E. & Kolman, M. A. (2008). 
International collaboration for unifying Glu-3 nomenclature system in common wheats. In: Proceedings 
of the 11th International Wheat Genetics Symposium. Sydney University Press.  

13. Ikeda, T. M., Nakamichi, K., Nagamine, T., Yano, H. & Anagisawa, Y. (2003). Identification of specific 
low-molecular-weight glutenin subunit related to gluten quality in bread wheat. JARQ, 37, 99-103.  

14. Johal, J., Gianibelli, M. C., Rahman, S., Morell, M. K. & Galem, K. R. (2004). Characterization of low-
molecular-weight glutenin genes in Aegilops tauschii. Theoretical and Applied Genetics, 109,  
1028–1040.   

15. Liu, L., He, Z. H., Ma, W. J., Liu, J. J., Xia, X. C. & Pena, R. J. (2009). Allelic variation at the Glu-D3 
locus in Chinese bread wheat and effects on dough properties, pan bread and noodle qualities. Cereal 
Research Communications, 37, 57-64. 

16. Long, H., Huang, Z., Wei, Y. M., Yan, Z. H., Ma, Z. C. & Zheng, Y. L. (2008). Length Variation of i-
Type Low-Molecular-Weight Glutenin Subunit Genes in Diploid Wheats. Russian Journal of Genetics, 
44(4), 429–435. 

17. Long, H., Wei, Y. M., Yan, Z. H. & Baun, B. (2005). Classification of wheat low molecular weight 
glutenin subunit genes and its chromosome assignment by development LMW-GS group-specific 
primers. Theoretical and Applied Genetics, 111, 1251-1259. 

18. Masci, S., D’Ovidio, R., Lafiandra, D. & Kasarda, D. D. (1998). Characterization of a low-molecular-
weight glutenin subunit gene from bread wheat and the corresponding protein that represents a major 
subunit of the glutenin polymer. Plant Physio, 118, 1147–1158  

19. Murray, M. & Thompson, W. F. (1980). Rapid isolation of high molecular weight plant DNA. Nucleic 
Acids Res, 8, 4321–4325.  

20. Nei, M. (1973). Analysis of gene diversity in subdivided populations. In: Proceedings of National 
Academy of Science USA, 70, 3321–3323. 

21. Roy, J. K., Bandopadhyay, R., Rustgil, S., Balyanl, H. S. & Guptal, P. K. (2006). Association analysis of 
agronomically important traits using SSR, SAMPL and AFLP markers in bread wheat. Curent science, 
90, 5-10. 

22. Shewry, P. R., Halford, N. G. & Tatham, A. S. (1989). The high molecular weight subunits of wheat, 
barley and rye. In: Miflin, B.J., (Ed.), Genetics, molecular biology, chemistry and role in wheat Gluten 
structure and functionality, Oxford Survey Plant Molecular and Cellular Biology, vol. 6. University 
Press, New York, pp. 163–219.  

23. Wang, L., Zhao, X., He, Z. & Xia, X. (2008). Characterization of low-molecular-weight glutenin subunit 
genes at Glu-B3 and GluD3 loci and development of functional markers in common wheat. In: 
Proceedings of the 11th International Wheat Genetics Symposium. Sydney University Press.  

24. Wang, ZQ., Long, H., Zheng, Y. L., Yan, Z. H., Wei, Y. M. & Lan, X. J. (2005). Cloning and analysis of 
LMW-GS Genes from Triticum aestevum ssp. Tibetanum Shao. Acta Genetica Sinica, 32, 86–93. 

 

www.SID.ir


