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

���'%�� ��
	$�

(

) *"� �� �� ���& �(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 
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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 



   ����! 
��"�#$

��%�� �: �& '�"(��� )��*$
� ��� ��+, -�"( �/��& ...  ��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 



   ����� ���	�
���
���� �: �� ��	���� ������� ��� ���� ��	� ��
�� ...  �!" 

  

 #��$%& ������'� (�)*+,�-�)/�� �  

 ����� ����(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��
*	 +�!	 �),M
x .( ,-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��
*	 



�01                    2�3,�4�
� ������ 5��4  ����� 6
�7!8 6
��� 9% 98�;" 

 ,-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  
 



   ����� ���	�
���
���� �: �� ��	���� ������� ��� ���� ��	� ��
�� ...  �08 

  

 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 m
a, 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 



�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 

�
��� JI
K  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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