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½Z°»½��Ê]ZËµ�fÀ¯�ÉZÅ Ä¿YÂm�|��{�Á�d����Ã|ÀÀ¯É�Â���Àe��ËY���dve�½Y{�´]Zf§M��{�Ê¿�  
 

É�mZ«M�Ê¸��»�Z^Ë�§�Ã{Y���ËÁ�{�Z���,�*�Á�Ê°¸»�Ê¼eZu�|Ì¼u�  

� - |��Y�Ê�ZÀ��Z¯�ÉÂn�¿Y{ ÄÌ»Á�Y�ÃZ´�¿Y{�É��ÁZ�¯�Ã|°�¿Y{�ÊÅZÌ³�É�Â·ÂÀ°eÂÌ]�Á�sÔ�Y�ÃÁ�³�,cZeZ^¿�sÔ�Y .� - ��ZÌ�¿Y{
Á�³ÄÌ»Á�Y�ÃZ´�¿Y{�É��ÁZ�¯�Ã|°�¿Y{�ÊÅZÌ³�É�Â·ÂÀ°eÂÌ]�Á�sÔ�Y�Ã .�- �Ã|°�¿Y{�cZeZ^¿�sÔ�Y�Á�d�Y���ÃÁ�³��ZË{Zf�Y

Ä£Y�»�ÃZ´�¿Y{�É��ÁZ�¯.  
  

Ã|Ì°q  
�Àe Ê»�½ZÅZÌ³�|���Ã|ÀÀ¯�{Á|v»�¶»YÂ��Ä¸¼m��Y�É�Â�|�Z] .�Ê/���]��Â�À»�Ä] ��������Á�|/��{�cZ¨/���/]�É�Â/��¦/¸fz»�sÂ�/���ÌiP/e

Ä¿YÂm�d���¿�½��½Z°»�¾ÌÌ e�Á�½Y{�´]Zf§M��Á~]�Êµ�fÀ¯�ÉZÅ�����Ä/ ·Z�»�,½Y{�´]Z/f§M�¹Â/¿���{��Â¯~/»�cZ¨/��Ã|ÀÀ¯����ËZ/»�M�\/·Z«��{�ÉY
�Y�°e�Ä��Z]�Ê§{Z�e�0Ô»Z¯�s���ÄËZa��]�¶Ë�Âf¯Z§ �{ ÃÁ�³ sÔ�Y Á É�Â·ÂÀ°eÂÌ] ÃZ´�¿Y{�ÊÅZÌ³ ÄÌ»Á�Y��|/»M��{�Y�mY�Ä] .���¶»Z/��µÁY�¶/»Z�

���½Á�{�Ä³��\Ì¯�eÂ¿�{Y��Ê«Ôe��Y�¶�Zu�½Y{�´]Zf§MPAC2 )��É�{Z/»�|/·YÁ�½YÂÀ��Ä] (�ÁRHA266 )����É�|/a�|/·YÁ�½YÂ/À��Ä/] (���ÃY�/¼Å�Ä/]
�,�¨��¶»Z��É�Â���Àe�¦¸fz»�sÂ���¹Á{�¶»Z��Á�¾Ë|·YÁ��,��,���Á��Ê�{�À¼Ë��]|¿{Â]��f» .�����¾Ì/]�Ä/¯�{Y{�½Z/�¿��¿Z/Ë�YÁ�ÄË�ne�lËZf¿

Ä³��Á�É�Â��¦¸fz»�sÂ����Á{��Å�ÉY�]�Á��·Zy�ÉZÅ���/iY�Á�{�Y{�{ÂmÁ�|��{�®Ë�µZ¼fuY�t����{��Y{�ÊÀ »�cÁZ¨e�Ä ·Z�»�{�Â»�d¨
ÊÀ »��Ì¿�É�Â��Á�Ä³��¶]Z¬f»d�Y��Y{ .diY�ÁÄ¿YÂm�|��{�ÉY�]�É�Ë~a�Ê¿����Ä¿YÂm�d����ÉY�]�Á�|��{��Ê/¿�������|/��{�ÁM�/]�|/��{. 

½Z°»ËÊ]Z ½�ZÅ Z] �Y�Ã{Z¨f�Y Ä�¬¿ Ê´f�ÂÌa ¶»Z� ��� �´¿Z�¿ SSR/SNP »�Z]�Ä¸�Z§���Âf��/��Êf¿Z�d§�³�¹Zn¿Y�ZÅ�´¿Z�¿�¾Ì]�½Z³�Â» .
�{ Ä¿YÂm�|��{�d¨��ÉY�]�,É�Â���Àe�¦¸fz»�sÂ���Ê¿���QTL  Ä¿YÂm�d����d¨��ÉY�]�Á��Ê/¿��� QTL ��|/��ÊËZ/�ZÀ� .��|/��{

cY�ÌÌ¤e ÊbÌeÂÀ§ ��Âe�Ã|��ÄÌmÂe QTL�Z/Å �����Ä/ ·Z�»�{�Â/»�cZ¨/��ÉY�/]��¾Ì/]��/�%���Z/e��/��%���{Â/]��/ÌÌ¤f» .�/ËY��{�,Ä/ ·Z�»�¾ QTL�ÉZ/Å 
salt2.PG.13.1�,salt2.PGS.2.1, salt2.GR.1.1, salt4.GR.9.1�,salt6.GR.10.1 Á salt8.GR.6.1 ��\Ë�////��¾Ë�f////�Ì]�ÉY�Y{

Ê»�ÊbÌeÂÀ§�cY�ÌÌ¤e|À�Z] .�{ÂmÁ��´¿ZÌ]�ªÌ¬ve�¾ËY�lËZf¿QTLÉZÅ �Ê�Z�fyY��Ì£)½Z°»�ºÅ (��Ä/¯�d�Y�Ä ·Z�»�{�Â»�cZ¨��ÉY�]���/»Y�¾/ËY 
dÌ¼ÅY É{ZË� {� Ä]É{Y�¿ ÊÅZÌ³ Á�Äf�Y{ �ÀË�³ ½Z»�¼Å ¾Ë|Àq d¨� Y� ½Z°»Y�Ë~a Ê»{�Z�.   

  

cZ¼¸¯ É|Ì¸¯: ,½Y{�´]Zf§M |��{ Ä¿YÂm,Ê¿� d��� Ä¿YÂm,Ê¿��,Ê´f�ÂÌa�Ä�¬¿QTL .  
  

Ä»|¬»  
�ÀeÉZÅ �Ê/�Ìv» ���À/e�¶/Ì^«��Y �É�Â/� ��Ä/¸¼m��Y
¶»YÂ� {Á|v»���Â/¼¿�Á�|/���Ã|/ÀÀ¯ �½Z/ÅZÌ³ ��Ä/¯�d/�Y 

h�Z] �ÅZ¯ {�°¸¼� MZÆ¿ Ê»{Â�.�Y��ËY�/§ �d/Ì ¼m 

,½ZÆm Ä]�Á��|¿Á� ��ÅZ/¯ ��]Z/À» [M �¾Ë�Ì/� Á ��Â/� 

½|� ¾Ì»�ÉZÅ ,Ê�Y�� {ZnËY ½ZÅZÌ³ ¶¼vf» �{ ���/]Y�]
��ËY�/� �\/�ZÀ»Z¿ �Ê/�Ìv» Y� �É�Á�/� �ÄfyZ/� ��d/�Y

)Akbari Moghaddam et al., 2011 .(�¢·Z/] ��/] 800 �

�½Â/Ì¸Ì» ��Z/f°Å �Y �Ê°/�y�ÉZ/Å �Z/Ì¿{ Á15 ��|/��{ �Y 

°�y/ÊÅ/ÉZ Y�½Y�/Ë �{ �/ »/�� �/Àe/�/���/É�Â �Ê/»-

�|À//�Z])Munns, 2005�� .KDQ� DQG� *XO]DU�� ����( 
¾ËY�]ZÀ] ¶°�» É�Â� Ä]�|ËZ]{�Â»�Ê�Zy��Â� �Ä/mÂe 

��Y�/« �{�/Ì³ .��/³Y �Ä/q ��À/e �É�Â/� �{ �¹Z/¼e �¶/uY�» 

É|�� ÃZÌ³ Ê»|¿YÂe w� ,|Å{ Z»Y �Z/] �Ä/mÂe �Ä/] �Ä/°ÀËY 

�Y�¬f�Y ÄÌ·ÁY ÃZÌ³ �{ {�°¸¼� ÊËZÆ¿��½M��ÌiP/e �É{Z/Ë� 

���À/e�¾ËY�]Z/À]�,{�Y{ �/�/É�Â �{ �/¸u�»/Ä �/rÅZÌ³/Ä�ÉY
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Ê»�|/¿YÂe �ÉY�/] �ÃZ/Ì³ ��ZÌ/�] ��/�» ��|/�Z])Rauf et al., 

2007(. ���¹Z//«�Y��{�É�Â//��Ä//]�dÌ//�Z�u�½Y�//Ì»�Ä//f^·Y
����cÁZ/¨f»�½Z/ÅZÌ³�¦/¸fz»��d/�Y)Mir Mohammadi 

Meybodi and Ghareyazi, 2002.(�½Z¬¬v» �{ Ê���] 

YÂm�Ä/¿�Ê/¿� Á �|/�� �Ä/Ì·ÁY �Ä/rÅZÌ³�ÉZ/Å q��Z/Æ �ÃZ/Ì³ 

|À¤q�|//À«�)Beta vulgaris(��pÌ//a�º//¸¯�,)Brassica 

oleracea capitata L.(,�����Á�/y�kZ/e)Amaranthus 

paniculatus( Á �ÊËY�v��º¸¯)Brassica compestris (
dve �ÌiPe ,É�Â� �ÅZ¯ ÊÀ »�Y{ �|/��{��{ �Ä/¿YÂm
,Ê¿� d��� Ä¿YÂm,Ê¿� �µÂ/� Á ½�Á ��/e �Ä/�Ë��Ä/q Á 
Ä«Z�Äq ��Y�³�Y� |¿{Â¼¿ )Jamil et al., 2006(. ZÆ¿M 

ºÅ�¾ÌÀqÄ] Ä�]Y� Ê�y Ê¨À» ¾Ì] É�Â���Àe Á �|/�� 

ÃZÌ³ �|/Àf§ZË�d�{. ���½Y�Z/°¼Å�Á�Ê¿Y|/Ì·Á)Validani et 

al., 2005( �{ Ê]ZË��Y ÉY�¸¯�¹Z«�Y �Ã�ÌËZ/a �d/ve �lÀ/a 

�É�Â��¦¸fz»�t��)�,�¨���,��,����Á���Ê¸Ì»�Â»
�]Êf¿Z��ºË|/��|Ë�¸¯��f»(, ��ÅZ/¯ �{ �|/��{ YÂm�Ä/¿

,Ê¿� µÂ� Á ½�Á ��/e Á �®/�y �Ä«Z/��Ä/q Á �Ä/�Ë��Ä/q 
������Ä//nÌf¿�Á�|//¿{Â¼¿���Y�//³�Y��Ã�ÌËZ//a�ÉY�//¸¯�¹Z//«�Y

�Ä/¯|Àf§�³ �É�Â/� �h/�Z] ��ÅZ/¯ �|/��{ Á �d��/� 
Ä¿YÂmÊ¿� Á ¾ÌÀr¼Å �ÅZ¯ |�� Ä�Ë�Äq Á Ä«Z��Ä/q 

���Ê/»�Y�/¸¯�ÃZ/Ì³�{{�/³. �½Y{�´]Z/f§M �{ �ÃÁ�/³ ��½Z/ÅZÌ³
»�0Zf^�¿¶¼vf�Ä] É�Â� �Y�« {�Y{ .{�°¸¼� §M½Y{�´]Zf 

�{ É�Â� {Á|u � Ê�{�À¼Ë��]�f» e�dveP���Y�/«��Ìi
Äf§�´¿ �Y|¬»�Ê·Á É�Â� �eÓZ] �\/mÂ»�½M��Y ���ÅZ/¯

����É|/��{ �{�/°¸¼� �Ê/»��{Â/�)Khajepour, 2006( .
ÊËZ�ZÀ� ÉZÅ�´¿Z�¿DNA  �½��Z/]�Äf�ÂÌa�ÉZ/Å �µ�/fÀ¯-

Ã|//ÀÀ¯ cZ¨//� Ê//¼¯ )Ä//Ë�ne QTL(�Ê//»|//¿YÂe �{ 
�ÀË�³ Ä] ®¼¯ �´¿Z�¿����f/�Y�{�Â/»��{�/Ì³��Y�/«�Ã{Z¨.�

�³Y ¶v» QTL �{ ÉÁ� Ä�¬¿ Ê»Á�Â»Á�¯ ¾ÌÌ e {Â� 
                                                                                  

1. Marker Assisted Selection (MAS) 

Á Ê´f�ÂÌa ½M�Z/Å �Z/] �ÉZÅ�´¿Z/�¿ �Ê·Â/°·Â» �Ä/] �cZ/^iY 
,|��] �{ ¾ËY c�Â� Ê»½YÂe �{ Ä»Z¿�]ÉZÅ �Ä/]�É{Y�/¿ 
[Zzf¿Y Y� �] ��Z/�Y �ZÅ�´¿Z/�¿ �¹Z/n¿Y {Y{ )Collard et 

al., 2005(. cZ ·Z�» É�ZÌ�] �{ {�Â» �¾Ì/Ì e �ÃZ/´ËZm-

ÉZÅ Ê¿� µ�fÀ¯cZ¨��Ã|ÀÀ¯ �Z/]��^e�» �|/�� Á �Â/¼¿ Á 
ÊeZ¨� Ä¯ �Y ��¿ Ê�Y�� ºÆ» Ê»|À�Z] �¶/j» �d/Ì¼¯ Á 
dÌ¨Ì¯ �¾£Á�)Mokrani et al., ������3HUHV-Vich et 

al., 2002, 2004a(, d»ÁZ¬» Ä] ��Z»�/�)Allinne et al., 

2009(�,d»ÁZ¬» Ä] ��Ê°/�y)Poormohammad Kiani 

et al., 2007 a, b, 2008, 20����$EGL� et al., 2012, 

2013(�,d»ÁZ¬» Ä] �¶/´¿Y �¶/³ ���Ì·Z/m)Peres-Vich et 

al., 2004b(�,d///»ÁZ¬» Ä///] É�Z///¼Ì]��Y�Ê///�Z¿�ÉZ///Å
Diaporthe helianthi )Bertt et al., 2002(�,

Sclerotinia sclerotiorum )Micic et al., Bert et al., 

2002,  ������'DYDU�et al��������(�,É�Z¼Ì] Ä«Z� ZÌ�Ã 
�Z»Â§)Rachid Al-Chaarani et al., ������%HUW�et al., 

������ 'DUYLVK]DGHK� et al., 2007 (�Á���Ê/�Z¿�É�Z/¼Ì]
�YPlasmopara halstedii  )Rachid Al-Chaarani et 

al., 2002 (�{ ½Y{�´]Zf§M Z] �Ã{Z¨f/�Y �Y �d/Ì ¼m �Ä/³�
�ÉZ/Å �{Y�/¿Á�{ �\/Ì¯�eÂ¿ ���Ê/«Ôe��Y�¶/�ZuPAC2 × 

RHA266��c�Â/� �Ä/f§�³ �d/�Y. ���Á��ÁY{�,Ä/¿Â¼¿�ÉY�/]
�½Y�Z°¼Å)Davar et al., 2011 (Z] �Ã{Z¨f/�Y ��Y��d/Ì ¼m

��Ä//�¬¿�Á��//�Zu�ª//Ì¬ve��{�Ã{Z¨f//�Y�{�Â//» Ê´f//�ÂÌa 
SSR/AFLP ½Z°»�Ê]ZËQTL�ÉY�] cZ¨� �Ä/¿YÂm�,Ê/¿� 

Ä//ÌÀ] �~//] Á |//�� Á Ä//rÅZÌ³Â¼¿Z//Å �{ �ËY�//� 0Ô»Z//¯ 
µ�fÀ¯ Ã|� |¿{Y{�¹Zn¿Y�Y� .��Z/Æ¿M)Davar et al., 2011(�
ÉY�] d��� Ä¿YÂm�,Ê/¿� ���{|/�QTL ��ÃÁ�/³��{�ÉZ/Å 

Ê´f�ÂÌa � Á ���ÉY�]�Á ½Z»� �ÂÆ� Ä¿Y{�d/���Z/Å��,��
{|//�QTL ��{ ÃÁ�//³ÉZ//Å Ê´f//�ÂÌa �, �, � Á�� 

                                                                                  

1- Days to Seedling Emergence (DSE) 
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|¿{�¯���Y�³. |��{ �cY�/ÌÌ¤e �Ê^ÌeÂ/À§ �Ä/ÌmÂe �Ã|/� 
��Âe QTL�Ã|/��ÊËZ�ZÀ��ÉZÅ �ÉY�/] ��d��/��d¨/� 
Ä¿YÂmÊ¿� �¾Ì/] ��/�%���Z/e�/��%�Á �ÉY�/] �½Z/»� ���Â/Æ 
Ä¿Y{d���¾Ì]�ZÅ��/�%��Z/e ��/��%���{Â/]��/ÌÌ¤f». �º/Æ»-

¾Ë�e QTL Ä¿YÂm�d����ÉY�]�ÃÁ�³�ÉÁ��Ê¿������Y�/«
�Ä¯�d�Y{�/��%����Ä/ÌmÂe�Y��d¨/��ÊbÌeÂÀ§�cY�ÌÌ¤e��Y

Ê»�����{Â/]�Ã|/��¶/¬fÀ»�É�{Z/»�|/·YÁ�ªË����Y�Á�{Â¼¿ .��Z/]
���½Y�Z/°¼Å�Á��ÁY{�lËZ/f¿�Ä]�ÄmÂe)Davar et al., 2011 (

QTL ½Z»� �ÂÆ� Y{Ä¿d��ÉÁ�� ZÅ ÃÁ�³ �Ê´f/�ÂÌa � 
�Y�« d�Y{ Ä¯ ��/��%��Y �cY�/ÌÌ¤e �ÊbÌeÂ/À§ �Y��d¨/� 

ÄÌmÂe Ê»{�¯ Á ¶·M [Â¸�» �Y |·YÁ �� É�{Z/»)PAC2 (
¶¬fÀ» Ã|� {Â].�¾ËY�Ä]�ÄmÂe�Z]ÉZÅ�Z¯Á�Z��Ä¯ �Â]�» 

Ä] ,[~m cÓZ¬f¿Y�Ë,Ê¿Â º�Ì¿Z°»ÉZÅ ,¶¼ve Á  ...�{ 
¶uY�» �¦/¸fz» �|/�� �ÃZ/Ì³ �cÁZ/¨f» �Ã{Â/] Á ½��ÉZ/Å 
Ê¨¸fz» ¶¼ve Ä] �É�Â/� Y� �µ�/fÀ¯ �Ê/»�|/ÀÀ¯ )Qasim 

and Ashraf, ������.KDQ������(, �a ÄÌ�Âe Ê»{Â� 
Ê]ZË��Y ¶¼ve Ä] �É�Â/� Á �ÊËZ/�ZÀ� �½Z/°»�ÉZ/Å �Ê/¿� 
µ�//fÀ¯Ã|//ÀÀ¯ ¶//¼ve Ä//] É�Â//� �{ ¶//uY�» ¦//¸fz» 
É|�� ÃZÌ³ |À¿Z» Ä¸u�» Ä¿YÂm,Ê¿� �Ä/rÅZÌ³,ÉY �|/�� 
Ê�ËÁ� Á �Ê/�ËY� �¹Z/n¿Y ��{�/Ì´]�Á���¹�/Å��Z/°ÅY���b/�

½��É|//À]�Z//Å�¶//¼vf»�¹Z//«�Y�{Z//nËY�ÉY�//]³�¹Z//n¿Y�{�//Ì
)Ashraf and Foolad, 2013 .(Ä ·Z�» ��¥|/Å�Z/]���Zu 

��cZ¨/��Ê°Ìf¿��µ�fÀ¯�ÃÂv¿�Ê���]���|/��{�Á�d��/�
Ä//¿YÂm�Ê//¿���ºÆ//��½{Â//¼¿��z//�»�Á�½Y{�´]Z//f§M��{

��½M�Ê/°Ìf¿��µ�/fÀ¯��{�Ê�ËY�§Y�cY�iY����½M��/^e�Ä/]�Á�Z/Å
�ÊuÔ�Y��Á��[Zzf¿Y|��¹Zn¿Y��iÂ».  

 

{YÂ» Á ZÅ��Á�  
{YÂ» Ã�Y|¿Y� Á�ÊÅZÌ³Ä¿YÂm�|��{� Á�d����É�Ì³-

É�Â���Àe��ËY���dve��Á~]�Ê¿�  
�¶»Z���ÅÁ�a�¾ËY��{�Ã{Z¨f�Y�{�Â»�ÊÅZÌ³�{YÂ»�� 

{Y�¿Á�{� Ä³� \Ì¯�eÂ¿ )¶�¿ F9(�¶�Zu �Y 

Ê«ÔePAC2 × RHA266  Ê»�¾Ë|·YÁ� ÃY�¼Å� Ä]|�Z] .
{Y�¿Á�{�ÉZÅ� Ä³� Z] Ã{Z¨f�Y �Y �Á� ®e�¶�¿ �~] 

��Âe ÂfÌf�Ì¿Y Ê¸» cZ¬Ì¬ve Ê»Â¿Á�³M�
 Ä�¿Y�§ ÄÌÆe 

{Â]� Ã|�.�¾ËÓ��À¯YÁ�Ä ·Z�»�{�Â»�ÉZÅ)µÁY�¶»Z� (
É�Â���Àe�¦¸fz»�sÂ���Ä] ,�¨��¶»Z� �, �, � Á 

� Ê�{�À¼Ë��]� �f»)¹Á{� ¶»Z� (Ä]�ËZ»�M� c�Â� 
¶Ë�Âf¯Z§ �{ \·Z« s�� 0Ô»Z¯ Ê§{Z�e Z] Ä� �Y�°e 

�{ ÃÁ�³ sÔ�Y Á É�Â·ÂÀ°eÂÌ] ÃZ´�¿Y{� ÊÅZÌ³ 
ÄÌ»Á�Y |¿|��Ê]ZË��Y .�É�¼�Y�¶Ì�¿Zfa�¦¸fz»�sÂ��

�¶Ë�f�Y���¬»�[M�Á�ºË|��|Ë�¸¯�®¼¿��Y� Ã{Z¨f�Y� Z]
� ÃZ´f�{�®¼¯� Ä]� Ã|�EC�� �f»Metrohm (Model: 

712)�|¿|�� Ã{Z»M .�½{Y{� �Y�«� Z]� Ä¯� \Ìe�e� ¾ËY� Ä]
� ÃZ´f�{��´�uEC�Äv¨��dWY�«�Á���¬»�[M��{��f»

�t��� Ä]� ½|Ì��� Ze� ºË|�� |Ë�¸¯� ®¼¿� ,�´�ËZ¼¿
|Ë{�³� Ä§Z�Y� ��¿� {�Â»� É�Â� .�¾Ìu��Á�� ¾ËY� �{

ºÅ� �Y� ��¬»� [M� Ä]� ºË|�� |Ë�¸¯� ½{Â¼¿� Ä§Z�Y�½�
�[M� �{� ®¼¿� ¶»Z¯� ½|�� µÂ¸v»� ÉY�]� Ê�Ì�ZÀ¤»

|��Ã{Z¨f�Y .�Å �Y�°e ¶»Z� ®Ë �faÉ{Ë� Z] ��« �� 
»Ì¸Ê�f» Á ÉÁZu �� �~] {Â] .ZÅ�~] Z] ÅÌ�¸¯ÂbË| 

|�Ëº %� ¿Â¨�|�� ÊÁ Ä� �Z] Z] [M ��¬» �f�YË¶ 
d�� Á Â��Ã{Y{ |¿|���b�� Á �{ �faÉ{Ë�ZÅ�ÊË
¶»Z� Ä� ÓËÄ ~£Z¯ ¾¼eYÁ Á � »Ì¸Ê·Ì�f [M ��¬» Z] 
�Â��É,�¨� �, �, � Á � Ê�{�À¼Ë��]�f»�Äf�] Ä] 
�Â¿ eÌ�Z¼ d�¯ Á Ä] ©ZeY |�� Z] Z»{É�±�� Äm�{ 
f¿Z�Ê,{Y�³ d]Â�� ^�¿�Ê�� %Á Ã�Á{ ZÀ�Á��ÊË�� 

d�Z� Z] c|� �Â¿ µEm
-2 ��� À»f¶¬ |¿|� .ZÅ�~] 

¿Z»��ÊÄ¿YÂmÃ{� Ä] [Z�u |¿|»M Ä¯ �ËÄ�Äq ¶«Y|u 
Á{ »Ì¸Ê�f» ��f�Ì]�ZËµÂ� d�Y{ (Khan et al., 2004).�

Ä¿YÂm�dÌ �Á�Ê���]�Z]�,Ê·YÂf»�ÉZÅ�Á���{��Á~]�Ê¿�
                                                                                  

1- INRA 
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Ä¿YÂm� |��{Ê¿��
 Ä¿YÂm�d���� ÁÊ¿�� ��Y� Ã{Z¨f�Y� Z]

Ä·{Z »�ÉZÅ���Á��|¿|��Ä^�Zv» :  
�Ä·{Z »)� (                                    PG= (Ni/S)×100 

�Ä·{Z »)�(                                          GR= ÓNi/Ti 
  

  

µÂ»�§� ¾ËY� �{� ZÅPG�Ä¿YÂm� |��{� ,Ê¿�Ni��{Y| e
��Á���{�Ã{��Ä¿YÂm��Á~] i�,¹YS��d�¯��Á~]�¶¯�{Y| e

� ,Ã|�GR�Ä¿YÂm� d���� Ê¿�)��~]� {Y| e� \�u�]
�Á���{�Ã{��Ä¿YÂm(�,Ni���Á���{�Ã{��Ä¿YÂm��Á~]�{Y| e 

i�Á�¹YTi����Z¼��Ze��Á��{Y| ei Ê»�¹Y�|�Z])Bajji et 

al., 2002 .(  
  

Ã{Y{�É�Z»M�ÄË�neZÅ   
µZ»�¿ Ê�ËZ»�M� cZÅZ^f�Y� �Ë�Âe� ½{Â] Z]� ª]Z�» 

�®¸ËÁ�Á�Á�ÌaZ���Á� (Shapiro and Wilk, 1965) ��{
��Y�§Y�¹�¿SAS (Version 9.1)�|��Ê���] .Ã{Y{�ÉY�]-

ÄËÁY�� ¶Ë|^e� �Y� ,|��{� ÉZÅ|�� Ã{Z¨f�Y� ÉY .�ÄË�ne
Ã{Y{��¿ZË�YÁZ]�ÄËZa�s���µ|»��Z�Y��]�Ä�Â]�»�ÉZÅ 

Ã{Z¨f�Y �Y µ|» Ê�y � Ê»Â¼�)GLM (��Y�§Y� ¹�¿� �{
SAS�d§�³�¹Zn¿Y. �Ë�Âe Ê¿YÁY�§ �Ä ·Z�»�{�Â»�cZ¨�

Ä³���{¿Á�{�ÉZÅ{Y� Á�\Ì¯�eÂ¿ ¾Ë|·YÁ ZÆ¿M ¹�¿� �{ 
�Y�§Y SPSS (Version 20) |Ë{�³�º�� .Z]�Ê°Ìf¿��{Â� 

Ä�ËZ¬» ¾Ì´¿ZÌ» ��%��Y Ä³�� ¾Ë�fÆ]{Y�¿Á�{� ÉZÅ 
�\Ì¯�eÂ¿)( X 10%best RILs Z] ¾Ì´¿ZÌ» ¾Ë|·YÁ �ZÆ¿M

)X P) (� Ä·Z »�) (Poormohammad Kiani et al., 

2007a, b, 2009 (diY�Á� ÁY� �Z�Y� �]� É�Ë~a�|Ì»
��¿ZËYÁ� ÄË�ne� µÁ|m� cZ ]�»� ¾Ì´¿ZÌ»� Ê�ZË�

)Kearsey and Pooni, 1996 (�Ä·{Z »��Y�Ã{Z¨f�Y�Z]�Á�, 
|��Ä^�Zv».  

�Ä·{Z »)�                     (GG10%= X 10%best RILs - X P  
  

                                                                                  

1. Percentage of Germination (PG) 
2. Germination Rate (GR) 

Ä·{Z »)�(                                                                                                      h2= Vg/ Vph  
 

Ä�¬¿ Ê´f�ÂÌa Á ÊËZ�ZÀ� ÃZ´ËZmÉZÅ Ê¿� µ�fÀ¯Ã|ÀÀ¯ �
Ä¿YÂm�|��{�Á�d�����Á~]�Ê¿�  

�{ ¾ËY �ËZ»�M �Y Ä�¬¿ Ê´f�ÂÌa Ä �Âe Äf§ZË 
���Âe�½Y�Z°¼Å�Á�É{Y|u)Haddadi et al., 2012 (�Á

�½Y�Z°¼Å�Á�Ã{Y�Â¼�)Amouzadeh et al., 2013 (�ÉY�]
ÊËZ�ZÀ� ZmÃZ´ËÉZÅ µ�fÀ¯�Ê¿��d����cZ¨��Ã|ÀÀ¯

Ä¿YÂm� |��{� Á¾ËÓ� Ê¿�Ã{Z¨f�Y� ½Y{�´]Zf§M� ÉZÅ 
|Ë{�³ .Ä�¬¿ Ê°Ìf¿� �Y� ,Ã|�� ��Y�³ ��� �´¿Z�¿ 

SSR��ÁSNP�Z] ¾Ì´¿ZÌ» º¯Y�e ��/� Êf¿Z�½Z³�Â» ¾Ì] 
ZÅ�´¿Z�¿ d�Y� Äf§ZË� ¶Ì°�e. dÌ «Â» 

Ê»Á�Â»Á�¯QTL ZÅ Z] �Á� ½Z°»Ä¸�Z§� Ê]ZË�ÉY
� \¯�»)Composite Interval Mapping: CIM (Z] 
Ã{Z¨f�Y �Y ¹�¿ �Y�§Y WinQTLCartographer ÊËZ�ZÀ� 
�|�)Wang et al., 2012 .(�Ä¯�c�Â��¾Ë|]��{�¹Â¿�

¶�YÂ§ � Êf¿Z�� Ã�nÀa� Ã�Y|¿Y� Z]� ½Z³�Â»���Êf¿Z�-

�ZË� Ä¿Zf�M�t��� Á�d§�³� �Y�«��ÁZ¯� {�Â»� ½Z³�Â»
LOD�ÊWZ�ZÀ�� ÉY�] QTLÊÀ »� ÉZÅË��� �Y� �Y{�ª
½Â»�M d�´ËZm )n=1000( ¹�¿� ��Âe ��Y�§Y

WinQTLCartographer � |�� ¾ÌÌ e)Churchill and 

Doerge, 1994 .(��Å�Ê�ËY�§Y�cY�iYQTL���Y�Ã{Z¨f�Y�Z]
� Ä»Z¿�]Zmapqtl�� �Y�§Y� ¹�¿� �{QTL Cartographer�

|Ë{�³� ¾ÌÌ e .�®Ìa�dÌ «Â»� �YQTL��¾Ì¼ze�dÆm
� Ã|�� ÄÌmÂe�ÊbÌeÂÀ§��¿ZË�YÁ� |��{)R2( Âe½M��� 

�|��Ã{Z¨f�Y)Basten et al., 2002 .(ÃÁ�³�º���ÉY�]-

� dÌ «Â»� ½{Y{� ½Z�¿� Á� Ê´f�ÂÌa� ÉZÅQTL�ÉZÅ
ÃÁ�³� �{� Ã|�� ÊËZ�ZÀ���Y�§Y� ¹�¿� �Y� Ê´f�ÂÌa� ÉZÅ

MapChart�|�� Ã{Z¨f�Y.�¹Z¿½Z°»� É�Y~³�Ê¿�� ÉZÅ
)QTLZÅ( Ä]c�Â� )�{ + Salt +�d¨� +�ÃÁ�³ 

Ê´f�ÂÌa  +Ã�Z¼� QTL (¹Zn¿Y d§�³. ³Y��Y��Ì]� �
®ËQTL �´f�ÂÌa� ÃÁ�³�®Ë� �{Ê��|�Z]� Äf�Y{� �Y�«
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Ä]Ã�Z¼�� Z]� \Ìe�e�Ã{Y{� ½Z�¿� Ã�Ì£� Á� Á{� ,®Ë� ÉZÅ
|¿|�. 

  

lËZf¿ Á hv]  
Ê]ZË��Y |��{� Á� d��� Ä¿YÂmÊ¿� ¾ËÓ�ÉZÅ

É�Â���Àe��ËY���dve�½Y{�´]Zf§M  
���¿Z/Ë�YÁ�ÄË�ne�µÁ|m�lËZf¿)��µÁ|/m� (��{Y{�½Z/�¿

Ä]�Ä ·Z�»�{�Â»�cZ¨��Ä¯»��Â�ÊÀ ����ÌiP/e�d/ve�É�Y{
É�Â��¶]Z¬f»��iY�Á�É�Â��,¾ËÓ ×�Ê»�¾ËÓ���Ä/¯�|À/�Z]

������Ä/ ·Z�»�{�Â/»�d/Ì ¼m��{�Ê/°Ìf¿���Â/Àe�{ÂmÁ��´¿ZÌ]
Ê»|�Z] .������/�Âe�Ê�Â/Àe�¾Ì/Àq��/Ì�¿)Hussein et al., 

2011 (��ÉY�/]�¶/¼ve �Ä/] ��À/e �É�Â/���{ �½Y{�´]Z/f§M 
d�Y�Ã|����Y�³. �º/Å������Z/]�ª/§YÂe��{��Â/Àe�¾/ËY�¾Ì/Àq

��Y�³«�ÉZÅ�Ä �Âe�Á�|���Ä]��Â]�»�cZ ·Z�»��{�Ê¸^
���½Y{�´]Z/f§M��{�Ä/rÅZÌ³)Rachid Al-chaarani et al., 

2005: Davar et al., 2011( �Ê/»�|/�Z] .���,Ä/ ·Z�»�¾/ËY��{
Ä]ÊÀ »�¶Ì·{½{Â]��Y{ ��]�,¶]Z¬f»��iY���¶/]Z¬f»��/iY�ÊÅ{

��d//§�³�c�Â//�)�µÁ|//m� (��Ä//¯�{Y{�½Z//�¿�lËZ//f¿�Á
���/���]�{�Â/»�cZ¨/��cZ ]�»�¾Ì´¿ZÌ»�¾/ËÓ��{�Ê��ÉZ/Å

�Ê/À »�É�Â���Àe�sÂ����Y�®Ë��Å��{�Ä ·Z�»�{�Â»-

d�Y��Y{.  
  

�µÁ|m�-�ÄË�ne���¿ZË�YÁ�½Y{�´]Zf§M��Á~]�Ê¿��Ä¿YÂm�|��{�Á�d����dve�ËY����¦¸fz»�sÂ����ÀeÉ�Â� 
Table 1- Analysis of variance for germination rate and percentage of sunflower seeds under different levels 

of salinity stress conditions 
Source of 
variation 

)cY�ÌÌ¤e��]ZÀ»(  

df )É{Y�M�Äm�{(   Mean square )cZ ]�»�¾Ì´¿ZÌ»(  
GR  )Ä¿YÂm�d���Ê¿�(  PG  )|��{ Ä¿YÂmÊ¿�(  GR  )Ä¿YÂm�d���Ê¿�(  PG  )Ä¿YÂm�|��{Ê¿�(  

Line )¾ËÓ(  71 71 0.058** 10.56** 
Salt )É�Â�(  4 4 2.35** 159471.62** 
Line × Salt 221 226 0.0236** 432.50** 
Error )Z�y(  295 299 0.003 75.23 

Salt × Line effect sliced by salt )��]�É�Â��¶]Z¬f»��iY�ÊÅ{× �¾ËÓÉ�Â��sÂ���ÉY�](  
0 56 54  0.026** 84.04 
2 43 39 0.033** 675.13** 
4 69 71 0.015** 683.78** 
6 66 67 0.017** 1018.33** 
8 58 66 0.073** 387.05** 

CV )cY�ÌÌ¤e�\Ë��(    14.89 12.56 

GR :Ä¿YÂm�d���Ê¿�. PG :Ä¿YÂm�|��{Ê¿� .ns,* Á **Ä] \Ìe�e �Ì£ ÊÀ »�Y{ ÊÀ »�Á��{��Y{t�� µZ¼fuY � %Á� %Ê»�Z]|À. 
GR: Germination Rate; PG: Percentage of Germination, CV: Coefficient of Variation 

  

���µÁ|/m�Ä/]�ÄmÂe�Z]���Ä/³��¾Ì´¿Z/Ì»�,���{Y�/¿Á�{�ÉZ/Å
���Ä/¿YÂm�|/��{�d¨/����¿��Y�\Ì¯�eÂ¿�Ê/¿� ��Ê»Z/¼e��{

����Ä/¿YÂm�d��/��d¨/��ÉY�/]�Á�É�Â��sÂ�����{�Ê/¿�
���É�Â/��t�/���Y��Ì£�Ä]�É�Â��sÂ���Ê»Z¼e���|/¿Á��,

�¾Ì´¿ZÌ»�Á�Äf�Y{�Ê�ÅZ¯���Ä³��|��{�Á{��Å�ÉY�]�ZÅ
ÊÀ »��Ì¿�d¨�Ê»��Y{|�Z]. ���ª/Ë����Y�Ä/¯�Ê°Ìf¿��{Â�

���¾Ì´¿Z/Ì»�¾Ì/]�cÁZ¨e������¾/ËÓ�¾Ë�/fÆ]��Y�|/��{��ÉZ/Å
�Ê]Z///zf¿Y)10%bestRILs X( ��¾Ë|///·YÁ�¾Ì´¿Z///Ì»�Á)P X (
Ê»�Ä^�Zv»�����Ä/¿YÂm�|/��{�d¨/��ÉY�/]�,{Â/����{�Ê/¿�

�É�Â��t����m�Ä]�sÂ���Ê»Z¼e����Ê/À »��/Ì£�/»Y��Y{�Z

Ä¿YÂm�d����d¨��ÉY�]��Ì£�Ä]�sÂ���Ê»Z¼e��{�Ê¿�
�t����Y�ÊÀ »�,Ê»��Y{�|�Z])�µÁ|m� (�Ã|Ë|a�¾ËY�Ä¯

Ê»Ä]�|¿YÂe¶·M��¼ne�Á�cZ¨��Ê¼¯�dÌÅZ»�¶Ì·{��ÉZ/Å
Ä//³���{�|//·YÁ�Á{��//Å��Y�[Â//¸�»|//�Z]�Z//Å .�|//¿Á��¾//ËY

�/ÌÌ¤e/�/�¼Å�cY�/��/ ·Z�»�Z/]�Â/�cZ)Davar et al., 2011 (
Ê»|�Z] .�d¨����¿��YÄ¿YÂm�|��{�Ê¿�)PG(�cÁZ¨e�,

Ä³��¾Ì´¿ZÌ»��Y�¾Ë|·YÁ�¾Ì´¿ZÌ»��Ä/]�sÂ���Ê»Z¼e��{�ZÅ
�É�Â��t����Y��Ì£���Á���Ê/À »��/Ì£�,���Á�|/�Z]�Ê/»��Y{

Ä¿YÂm�d����d¨��ÉY�]�Ä¯�d�Y�Ê·Zu��{�¾ËY�,Ê/¿� 
���Ä/³��¾Ì´¿Z/Ì»��Y�¾Ë|/·YÁ�¾Ì´¿ZÌ»�cÁZ¨e���t�/���{�Z/Å
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�Á��¨��É�Â���ÊÀ »��Ì£�É�Â��sÂ����{�Ê·Á��Y{��
�Á���Á��ÊÀ »Ê»��Y{��|/�Z])�µÁ|/m�.( �d/iY�Á��É�Ë~/a

Ä¿YÂm�|��{�d¨���Ê/¿��������d��/��d¨/��Á�|/��{
�Ä/¿YÂm�Ê//¿�����|//��{�ÁM�/]�|//��{ .�,Ê//���]�¾//ËY��{

É�Ë~//a�d//iY�Á�{�ÁM�//]�{Â//mÁ��Y�½Z//ÀÌ¼�Y��Y�|// ]�Z//Å
ÊÀ »�¥ÔfyY¾ËÓ�¾Ì]��Y{�Ä ·Z�»�{�Â»�cZ¨��ÉY�]�ZÅ

]�»�¾Ì´¿ZÌ»�Ê�ZË��|Ì»Y��Z�Y��]�Ád§�³�¹Zn¿Y�cZ  .
ÄË��¿�Z]�ª]Z�»��|¸Ì¨�¿Zf�Y)Stansfield, 1991(���Ä/r¿ZÀq

��Y��f�Ì]�Êf¨��É�Ë~a�g�YÂe�/����ÉY�Y{�d¨/��,|�Z]
������Ê»Â/¼��É�Ë~/a�g�YÂ/e�Ä/r¿ZÀq�,ÓZ/]�É�Ë~a�g�YÂe

�¾Ì//]�Êf¨//��/���Z//e�/��g�YÂ//e�ÉY�Y{�d¨//��,|//�Z]
g�YÂe�Är¿ZÀq�Á���Âf»�É�Ë~a����{�Â/»�d¨/��É�Ë~/a

��Y��f¼¯���¿�/�������É�Ë~/a�g�YÂ/e�ÉY�Y{�d¨/��,|/�Z]

Ê»�¾ÌËZa|�Z] .���{�Ä/ ·Z�»�{�Â»�cZ¨��ÄË��¿�¾ËY�ª^�
g�YÂ//e�ÉY�Y{�ª//Ì¬ve�¾//ËY��¾ÌËZ//a�Ä//]��//�Âf»�É�Ë~//a

|Àf�Å .�ÊËZ�ZÀ�QTL����/]��ÀË�³�É�Â·ÂÀ°e�Ä �Âe�Á
��Ê·Â//°·Â»�ÉZÅ�´¿Z//�¿��Z//�Y )Marker assisted 

selection: MAS(��Á��¾Ë�fÆ]��Y�Ê°Ë�É{Y�¿�Ä]��{�ZÅ
�diY�Á�Z]�cZ¨�Ê/»�¾ÌËZa�É�Ë~a��|/�Z])Collard and 

Mackill, 2008.(��¾/ËÓ�¾Ì´¿ZÌ»�Ä�ËZ¬»��Z/Å)��µÁ|/m� (
��{�Á�Ä ·Z�»�{�Â»�cZ¨���Y�®Ë��Å�ÉY�]�Ä¯�{Y{�½Z�¿
����{�cZ¨//��¾Ì´¿Z//Ì»�,É�Â//���À//e�Á�µZ//»�¿��ËY�//�

d�Y�Äf§ZË��ÅZ¯�É�Â���Àe��ËY�� .��cZ¨/���ÅZ¯
��Ä//¿YÂm�d��/��Á�|/��{���Â//���À/e�d//ve�Ê/¿���{�É

�lËZ//f¿�Z//]�ª//§YÂe��{��//�Zu��ÅÁ�//a ��Z//ËY�Á�½Z//Å�Âe
)Turhan and Ayaz, 2004 (Ê»|�Z].  

  
µÁ|m�-�Ä¿YÂm�|��{�Á�d����ÉY�]�Ê°Ìf¿��Ã{�Z]�Á�ZÅ�f»Y�Za�½Y{�´]Zf§M��Á~]�Ê¿��dve�ËY�� É�Â���Àe�¦¸fz»�sÂ��  

Table 2- Genetic parameters and gains for germination rate and percentage of sunflower seeds under different 
level of salinity stress conditions 

Parameters  )�f»Y�ZaZÅ(  Characters )cZ¨�(  
PG0d GR0d  PG2d GR2d  PG4d GR4d  PG6d GR6d  PG8d GR8d 

PAC2  )�|·YÁ� :É�{Z»�|·YÁ(  100 0.55 97.5 0.62 100 0.59 87.5 0.46 95 0.40 
RHA266  )�|·YÁ� :É�|a�|·YÁ(  100 0.52 100 0.61 100 0.60 97.5 0.53 72.5 0.40 

P1-P2 )|·YÁ�Á{�¥ÔfyY(  0 0.03 2.5 0.01 0 0.01 10 0.07 22.5 0 

X P= (P1+P2)/2 )¾Ë|·YÁ�¾Ì´¿ZÌ»(  
100 0.54 98.75 0.615 100 0.59 92.5 0.49 83.8 0.40 

X
RIL )Ä³��¾Ì´¿ZÌ»\Ì¯�eÂ¿�{Y�¿Á�{�ÉZÅ(  

91.44 0.48 87.32 0.51 87.2 0.45 78.1 0.41 8.3 0.14 

X
RIL- X

P 
8.56 0.06 11.43 0.10 12.8 0.14 14.4 0.08 75.5 0.26 

X
10%SRIL )�¾Ì´¿ZÌ»��%���YÄ³��¾Ë�fÆ]\Ì¯�eÂ¿�{Y�¿Á�{�ÉZÅ(  

100 0.65 88.13 0.67 100 0.61 100 0.58 39.4 0.49 

GG10 )Ê°Ìf¿��Ã{�Z](  0 0.11 10.62 0.05 0 0.01 7.5 0.09 44.4 0.09 
LSD0.05 12.14   0.08   

X P :¾Ë|·YÁ�¾Ì´¿ZÌ» .X RIL :\Ì¯�eÂ¿�{Y�¿Á�{�ÉZÅ�Ä³��¾Ì´¿ZÌ» :X 10bestRILs Ì»�¾Ì´¿Z�� %�cZ¨��ÉY�]�Ê]Zzf¿Y�{Y�¿Á�{�ÉZÅ�Ä³��¾Ë�fÆ]��Y
Ä ·Z�»�{�Â» .GG10% :�Ä¯�Ê¿Z»��Ê°Ìf¿��{Â��ZË�Ã{�Z]�� %|¿Â��Ä�ËZ¬»�¾Ë|·YÁ�¾Ì´¿ZÌ»�Z]�Ê]Zzf¿Y�{Y�¿Á�{�ÉZÅ�Ä³��¾Ë�fÆ]��Y .GR :Ä¿YÂm�d��� -

Ê¿�.PG  :Ä¿YÂm�|��{Ê¿� .PG0d :Ä¿YÂm�|��{�É�Â�� �{�Ê¿�� Ê�{�À¼Ë��]�f» .GR0d :Ä¿YÂm�d����É�Â�� �{�Ê¿�� Ê�{�À¼Ë��]�f» .
PG2d :Ä¿YÂm�|��{�É�Â�� �{�Ê¿�� Ê�{�À¼Ë��]�f» .GR2d :Ä¿YÂm�d����É�Â�� �{�Ê¿�� Ê�{�À¼Ë��]�f» .PG4d :Ä¿YÂm�|��{��{�Ê¿�
� É�Â�� Ê�{�À¼Ë��]�f» .GR4d :Ä¿YÂm�d���� É�Â�� �{� Ê¿�� Ê�{�À¼Ë��]�f» .PG6d :Ä¿YÂm� |��{� É�Â�� �{� Ê¿�� Ê�{�À¼Ë��]�f» .
GR6d :Ä¿YÂm�d����É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .PG8d :Ä¿YÂm�|��{�É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .GR8d :Ä¿YÂm�d�����{�Ê¿�
�É�Â�� Ê�{�À¼Ë��]�f».  

GR: Germination Rate; PG: Percentage of Germination; GG: Genetic Gain; LSD: Least Significant 
Difference. RIL: Recombinant Inbred Line 

 

�Z//Æ¿M)Turhan and Ayaz, 2004 (Ä//¯|Àf§ZË�{ 

���É�Â/���À/e�sÂ�/���ËY�§Y �Z/] ��/iY ��/] ÉÁ� �ºÌ/�¬e 

Ê·Â¸� Á º�Ì·Â]Zf» ,ÃZÌ³ Ä¿YÂmÊ¿� ÄrÅZÌ³ Y� �ÅZ¯ 

���/iY�Ê/§����Y�Á�Ã{Y{ �Ê³|/¿�Y{�Z] �|/Ë�¸¯ �ºË|/� ��/] 
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Ä¿YÂmÊ¿� ]�~ ½Y{�´]Zf§M Ä] �[~/m �½Â/Ë�ÉZ/Å ��/¸¯ Á 
ºË|� ��Âe ¶ÌeÂ¯ÂbÌÅ Ê´f�] {�Y{.   
��]��Ê/��|/¼v» Á �½Y�Z/°¼Å )Mohammed et al., 

2002(��{ ½Y{�´]Zf§M ½Z�¿ {Y{ Ä¯ |��{ Ä¿YÂmÊ¿� Z] 

�ËY�§Y �Àe �É�Â/� ��ÅZ/¯ �Ê/»�|/]ZË. �Ä/ ·Z�»��{�,ÉY
�½Y�Z//°¼Å�Á�Ê¿Z//¬u)Hagghani et al., 2008 (�½Z//Ì]

�Ä//¯�|//¿{Â¼¿�|//��{�É�Â//���À//e�c|//���ËY�//§Y�Z//]
Ä¿YÂm��Ê/»��ÅZ/¯�0Y|Ë|��Ê¿��|/]ZË. ��ÅZ/¯ �|/��{ Á 
d��� Ä¿YÂmÊ¿� Á �Ì¿ µÂ���ÅZ¯ Ä�Ë�Äq Á �Ä«Z/�-

Äq �{ ¶Ì�¿Zfa�ÉZ/Å �¶/�Zu �Y �É�Â/� �{ �cZ/�ËZ»�M 

{|// f» ��Y�//³��//Ì¿ Ã|//Ë{�³ �d//�Y)Huang and 

5HGPDQQ������� *KRXODP�DQG�)DUHV�������� -DPLO�

et al�������� Broumand Rezazadeh and Koocheki, 

2007(. É{�Â^ËZ////] Á �ÊËZ////^�Z^�)Bybordi and 

Tabatabaei, 2009( ¹Ô�Y Ä¯�|¿{Â¼¿ �ÅZ¯ |��{ Á 
d��� Ä¿YÂmÊ¿� Z] �ÅZ¯ [~m [M ��Âe �~] �{ 

Ä¸u�» É�Ì´]M Á ��¿Z/���Âe ��Z/^e�Y Y{�{. �¾Ì/�u Á 
½Y�Z°¼Å )Hussain et al., 2011( cÁZ¨e�d¸� ¶¼ve 

Z«�Y¹ ½Y{�´]Zf§M Ä] �Àe É�Â� Y� {ÂmÁ �ÂÀe �Ê°Ìf¿�
|Àf�¿Y{.   

ÉÂ´·Y Äf�ÂÌa ��/Ë�Âe �Ê/¿YÁY�§ �Ä/³����{Y�/¿Á�{�ÉZ/Å
\Ì¯�eÂ¿ Á �¾Ë|/·YÁ �Z/Æ¿M �ÉY�/] �cZ¨/� �{�Â/» �Ä/ ·Z�» 
��Y�Ê¯ZuË® ºf�Ì� �|/Àq�µ�fÀ¯ ���d/�Y�Ê/¿�)��¶°/�

�( .Ä]��ÁZnf»�®Ì°¨e�{ÂmÁ�ÊbÌeÂÀ§�Ê���]�Ê¸¯��Â�
���ÉY�/]�¹�Ó��Â/Àe�Á�cZ¨��ÉY�]��Ä/Ë�neQTL���½Z/�¿�Y�

�{Y{)�¶°��(.   
  

ÊËZ�ZÀ� ½Z°»ÉZÅ µ�fÀ¯�Ê¿��|��{�Á�d����Ã|ÀÀ¯
Ä¿YÂm�Á~]�Ê¿� ½Y{�´]Zf§M  

QTL��Ä/ ·Z�»�{�Â»�cZ¨��ÉY�]�Ã|��ÊËZ�ZÀ��ÉZÅ
�{ ��Ê/«Ôe��Y�¶�Zu�dÌ ¼mPAC2 × RHA266�Ä/]�,-

d//Ì «Â»�ÃY�//¼ÅQT��Ë{Z//¬»�,¹Á�Â//»Á�¯��{�Z//ÅLOD�,

���e�Ã|/��Ä/ÌmÂe�ÊbÌeÂ/À§�cY�ÌÌ¤e����/Å��/�ÂQTL����/iY�Á
�µÁ|m��{�ZÆ¿M�Ê�ËY�§Y��Ã|��Ã{�ÁM|¿Y .  

½Z°»��{�Ê]ZËQTL���Y�¾Ë|/·YÁ�¾Ì]�¥ÔfyY�{ÂmÁ�,
���ÊËZ/�ZÀ��ÉY�/]�,ÊbÌeÂÀ§��Zv·QTL���d/�Ì¿�É�Á�/� .

��{Â//mÁ�ÊbÌeÂ//À§�cÁZ//¨e�¾Ë|//·YÁ�¾Ì//]�Ä//¯�Ê «YÂ//»��{
��Ê/»��/Ì¿�,|�Z]�Äf�Y|¿��½YÂ/eQTL�����{�Â/»�cZ¨/��ÉY�/]

��¾/ËY�Ä/¯�{Â¼¿�ÊËZ�ZÀ��Ä ·Z�»���Ê/»��/»Y����Y�Ê/�Z¿�|/¿YÂe
�������Ê/¨À»�Á�d/^j»�Ê/¸·M�cY�/iY�Ê³|/ÀÀ¯�¶/Ì¼°e�ÉÂ´·Y

�|�Z])Xu, 2002.(��¾/ËY�Ä]�ÄmÂe�Z]���/»�d/Ì ¼m�Ä/¯/�{�Â
¾ËÓ�Ä ·Z�»Å/y�ÉZ/·Z/Ê»����pÌ/Å�ÉY�]�¾ËY�]ZÀ]�,|�Z]
��Y�®//ËQTL½Z//°»�ÉZ//Å�,Ä// ·Z�»�¾//ËY��{�Ã|//��Ê]Z//Ë

��|//Ë{�´¿�Ã|ÅZ//�»�É�Zf//�ÌaY�Á�d//Ì^·Z£�cY�//iY. �ÉY�//]
�̈ //��Ê»Z//¼e���É�Â//��sÂ�//���{�Á�Ä// ·Z�»�{�Â//»�cZ

��Â//¼n»��{�,¦//¸fz»����{|//�QTL  )�ÉY�//]�|//��{
Ä¿YÂm��Á~]�Ê¿�����{|�QTL���Ä/¿YÂm�d��/��ÉY�]�Á-

��Á~]�Ê¿����{|�QTL  (��|¿|/��ÊËZ/�ZÀ� .QTL��ÉZ/Å
½Z°»�����¾Ì/]�,Ê´f/�ÂÌa�ÉZ/Å�ÃÁ�/³��{�Ã|��Ê]ZË����Z/e��

�����lÀ/a�Z/]�½M�{Y|/ e�¾Ë�f/�Ì]�-Ã{Â/]��ÌÌ¤f»�{|�QTL ���{
Ìa�ÃÁ�³�Ã�Z¼��Ê´f�Â�����|/��ÊËZ/�ZÀ�. ����Ä/]�Ä/mÂe�Z/]
�¶°//���,QTL���sÂ�//���{�cZ¨//��Ä//]��Â//]�»�ÉZ//Å

�¹Â¿����Y����{�É�Â��¦¸fz»)�����Ê´f/�ÂÌa�ÃÁ�/³ (
��ÃÁ�//³��Y��//Ì£�Ä//]��Ê´f//�ÂÌa�ÉZ//Å��,��,��,����Á���
|Àf///�Å�Ã|///À¯Y�a .Ä/// ·Z�»��{�Á��ÁY{��///�Âe�Ä///¯�ÉY

��½Y�Z/°¼Å)Davar et al., 2011 (����ÊËZ/�ZÀ���Â/�À»�Ä/]
½Z°»Åµ�fÀ¯�Ê¿��ÉZ���Ä/¿YÂm�Ä/]��Â/]�»�cZ¨��Ã|ÀÀ¯-

�Ä/rÅZÌ³�|���Á�Ê¿������,|/Ë{�³�¹Z/n¿Y�½Y{�´]Z/f§M�ÉZ/Å
�ÉY�]�����Â¼n»��{�,d¨������{|/�QTL����\Ë�/��Z/]

�¾Ì]�¾ÌÌ^e�/�% �Ze�/��% ����Z/Æ¿M��{�Ä/¯�|¿|/��ÊËZ�ZÀ�
¶·M|¿{Â]�Ã|��¶¬fÀ»�|·YÁ�Á{��Å��Y�[Â¸�»�ÉZÅ .  

ºÅ���l¿�/]��{�Ä]Z/�»�Ê¬Ì¬ve��{�,¾ÌÀq)Cui et al., 

2002 (��Â¼n»��{����{|�QTL��Ä/¿YÂm�d����ÉY�]-
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�����µÂ/��Á�Ä«Z/��®/�y�½�Á�Á�Ä/�Ë��®�y�½�Á�,Ê¿�
|��ÊËZ�ZÀ��Ä�Ë�.  

  

line show: P1=PAC2 and dotted line show: P2= 
RHA266) concerning to each characters. 

½Z°»�lËZf¿��Z�Y��]��|/��{�d¨��ÉY�]�,Ê¿��Ê]ZË
Ä¿YÂmÉ�Â��t����{�Ê¿��®Ë�,�¨�QTL ���ÃÁ�/³��{

�Ê´f///�ÂÌa���d///Ì «Â»��{�Á��/� Êf¿Z///��½Z///³�Â»
|��ÊËZ�ZÀ� .���Ê/»�½Z/�¿�d/^j»�d»Ô��Z]�Ê�ËY�§Y��iY-

����É�|/a�|/·YÁ��/�Âe�Ã|ÀËY�§Y�¶·M�Ä¯�|Å{)RHA266( 
d�Y�Ã|��¶¬fÀ». ��Ä/¿YÂm�|/��{�d¨��ÉY�]���{�Á�Ê/¿�
�É�Â��t����,��{|�QTL �����{�Ä/¯�|/Ë{�³�ÊËZ�ZÀ�

ÃÁ�³Ê´f�ÂÌa�ÉZÅ��,����Á������¾/ËY��Y�Ä/¯�|¿�Y{��Y�«
ºÆ»�,½ZÌ»�¾Ë�eQTL��Ê´f�ÂÌa�ÃÁ�³��{����Z/]R2����/]Y�]

�Z]��% Ê»�|/·YÁ���Âe�Ä¯�|�Z]RHA266 ����Ã|/��¶/¬fÀ»
d�Y.  

  ¶°�� -�Ä¿YÂm�d����Á�|��{�cZ¨��ÉY�]�ZÆ¿M�¾Ë|·YÁ�Á�½Y{�´]Zf§M�\Ì¯�eÂ¿�{Y�¿Á�{�ÉZÅ�Ä³��Ê¿YÁY�§��Ë�Âe�¦¸fz»�sÂ����{�Ê¿�
É�Â� .�¸§ZÅ  )É�|a�|·YÁ�¾Ìq�Ä�¬¿�Á�É�{Z»�|·YÁ�|f¼»��y (���Y¾ËÓ�ÊbÌeÂÀ§�ÉZÅÊ»�½Z�¿�Y��É|·YÁ�ÉZÅ|ÀÅ{  

)P1= PAC2��ÁP2= RHA266(. 
Fig 1- Frequency distribution of sunflower recombinant inbred lines (RILs) and their parents for germination 

rate and percentage of germination. Arrows show phenotypic values of parental lines (solid line show: 
P1=PAC2 and dotted line show: P2= RHA266) concerning to each characters. 

 
 

  

�É�Â��t����{�� ,��{|�QTL �ÃÁ�³��{��«YÁ-

�Ê´f�ÂÌa�ÉZÅ��� ,���� Á���ºÆ»� ,|��ÊËZ�ZÀ��¾Ë�e
QTL�� ÃÁ�³� �{���Ä¯� {�Y{� �Y�« R2 � ½M��% ��{� Á

� dÌ «Â»��/��Êf¿Z�Ê»� ½Z³�Â»|�Z] .�sÂ��� �{
�É�Â����Á�Ä]�,�\Ìe�e���Á���{|�QTL��d¨��ÉY�]

Ä¿YÂm� |��{ºÆ»� Ä¯� |Ë{�³� ÊËZ�ZÀ�� Ê¿��¾Ë�e
QTLÃÁ�³�{� ZÅ�Ê´f�ÂÌa�ÉZÅ���� Á���Á� Äf�Y{� �Y�«

�É�|a�|·YÁ���Âe��Ì¿�Á{��Å)RHA266( Ã|��¶¬fÀ»-

|¿Y. ��Â¼n»��Y�Ä¯�{Y{�½Z�¿�ªÌ¬ve�¾ËY�lËZf¿����{|�
QTL�½Z°»Ä¿YÂm�d����ÉY�]�Ã|��Ê]ZË�t����{�,Ê¿�
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� ,�¨��É�Â����{|�QTL�ÃÁ�³��{�ÉZÅ�� ,�� ,�� �Á
���|¿�Y{� �Y�« .� ÄÀ»Y{LOD�� ÉY�]QTL�ÊËZ�ZÀ�� ÉZÅ

�¾Ì]�,�¨��É�Â��t����{�Á�d¨��ÉY�]�Ã|��/���Ze
��/��ºÆ»�Á�Ã{Â]��ÌÌ¤f»�¾Ë�eQTL��ÃÁ�³��{�����{�Á

� dÌ «Â»��/��Êf¿Z����Âe� Ä¯� {�Y{� �Y�«� ½Z³�Â»
|·YÁRHA266 �d�Y�Ã|��¶¬fÀ» .�µÁ|m�Ä]�ÄmÂe�Z]��,
��{|� QTL Ä¿YÂm� d���� ÉY�]�t��� �{� Á� Ê¿�

�É�Â��ÃÁ�³��{� ,ÉZÅ �, �, �, ��, ��, �� Á �� 
ÊËZ�ZÀ� |�. � ÄÀ»Y{LOD�� ¾Ì]��/�� Ze��/���|��{

�¾Ë�f�Ì]� Á� Ã{Â]� �ÌÌ¤f»¶·M� {Y| e���Âe�[Â¸�»�ÉZÅ
d�Y�Ã|��¶¬fÀ»�É�|a�|·YÁ .�{ sÂ�� É�Â� � Á � 

)Ê�{�À¼Ë��]�f» (Ä] \Ìe�e � Á ��{|� QTL Á �{ 
ÃÁ�³ÉZÅ Ê´f�ÂÌa �, �, �, ��, ��, �� Á �� 

ÊËZ�ZÀ� |¿|� .  
  

µÁ|m�-�Á�dÌ «Â» ��iYQTL�ÉY�]�Ã|��ÊËZ�ZÀ��ÉZÅÄ¿YÂm�|��{�Á�d�����Á~]�Ê¿�¾ËÓÉZÅ��½Y{�´]Zf§M�\Ì¯�eÂ¿�{Y�¿Á�{��Y�¶�Zu
�Ê«ÔePAC2 × RHA266  

Table 4- Position and effect of detected QTLs for germination rate and percentage of germinated seed of sunflower 
recombinant inbred lines resulted from the cross PAC2 (as female parent) × RHA266 (as a male parent)  

d¨� 
Trait 

�d¨��ÉZÅ�½Z°»
Ê¼¯ 
QTL 

�ÁZn»�ÉZÅ�´¿Z�¿ 
Interval markers 

�dÌ «Â»
Positn 
(cM) 

LOD �iYcY�
Ê�ËY�§Y 

Additive 
Effects 

R2  d¨� 
Trait 

�d¨��ÉZÅ�½Z°»
Ê¼¯ 
QTL 

�ÁZn»�ÉZÅ�´¿Z�¿ 
Interval markers 

�dÌ «Â»
Positn 
(cM) 

LOD �cY�iY
Ê�ËY�§Y 

Additive 
Effects 

R2 

GR2d salt2.GR.1.1 ORS509-ORS365 0.42 1.90 0.04 5.32 PG0d salt0.PG.8.1 VTE4-CAT 1.08 16.7
8 

0.17 2.04 

 salt2.GR.12.1 SSU100-
ORS123_2 

0.67 2.56 0.03 12.5
9 

PG2d salt2.PG.15.1 ORS687-HA4239 0.18 5.21 11.1 19.84 

salt2.GR.6.1 ORS1233-
SSL66_1 

0.25 1.80 -0.11 17.5
4 

 salt2.PG.2.1 ORS229-ORS653 0.38 5.66 4.9 38.46 

salt2.GR.8.1 HA3278-HA3581 0.19 2.68 -0.03 16.5
5 

salt2.PG.13.1 ORS316-SSU39 0.44 4.74 1.65 30.61 

salt2.GR.8.2 ORS329-
ORS892_1 

0.37 2.45 -0.03 11.5
9 

PG4d salt4.PG.12.1 ORS123_3-SSU100 0.63 5.56 3.14 7.77 

salt2.GR.15.1 ORS499-ORS687 0.16 1.91 0.02 5.32  salt4.PG.14.1 SSL20_1-SSL33 0.62 5.47 -2.82 3.31 
salt2.GR.11.1 HMBPP-SSL27 0.30 1.96 -0.04 3.59 salt4.PG.10.1 HA2579-ORS591 0.37 5.09 10.91 21 

GR4d salt4.GR.9.1 ORS805-
ORS1009 

0.04 1.89 0.03 5.78 PG6d salt6.PG.8.1 HA3581-ORS329 0.25 4.59 13.36 10.9 

 salt4.GR.10.1 ORS591-
ORS437-ORS78 

0.42 3.09 0.03 16.4
8 

 salt6.PG.10.1 HA2579-ORS591 0.37 6.48 17.83 30.5 

salt4.GR.12.1 SSU41_2-
ORS123_3 

0.61 1.73 0.01 2.08 salt6.PG.14.1 SSL20_1-SSL33 0.64 3.91 -6.22 2.31 

salt4.GR.15.1 SSU25-ORS8 0.94 1.78 0.02 2.68 PG8d salt8.PG.8.1 ORS243-SSL30 0.81 4.92 2.34 4.91 
salt4.GR.2.1 HA3208-HA3239 0.81 3.26 0.04 25.3

8 
 salt8.PG.16.1 ORS5_2-

ORS303_1-
ORS303_2 

0.67 5.90 -0.35 3.03 

salt4.GR.5.1 ORS31_2-
ORS1024_1 

0.32 1.78 0.02 5.55 GR0d salt0.GR.2.1 ORS423-PAT2 0.98 6.63 -0.01 3.17 

GR6d salt6.GR.14.1 SSU217-SSU195 0.001 4.43 0.01 4.56  salt0.GR.5.1 ORS31_2-
ORS1024_1 

0.29 5.93 -0.004 3.03 

 salt6.GR.10.1 HA928-HA3847 0.02 4.82 0.06 67.6
1 

salt0.GR.15.1 SSU25-ORS8 0.91 5.59 0.008 3.65 

GR8d salt8.GR.6.1 ORS1233-
SSL66_1 

0.24 13.6
1 

0.11 30.6  salt0.GR.10.1 HA3039-HA2600 0.27 6.41 0.01 6.69 

 salt8.GR.2.1 ORS229-ORS653 0.39 12.8
1 

-0.11 29.9
2 

GR2d salt2.GR.16.1 SSL20_2-ORS333 0.02 1.47 0.03 11.4 

GR:�m�d���Ä¿YÂÊ¿� .PG:�Ä¿YÂm�|��{Ê¿� .Ê¨À»�d»Ô���É�{Z»�|·YÁ��¬¿�Ã|ÀÅ{�½Z�¿�Ê�ËY�§Y�cY�iY��{)PAC2( �Á�d¨���ËY�§Y��{d»Ô���cY�iY��{�d^j»
�É�|a�|·YÁ��¬¿�Ã|ÀÅ{�½Z�¿�Ê�ËY�§Y)RHA266 (d�Y�d¨���ËY�§Y��{ .R2  :���Âe�Ã|��ÄÌmÂe�ÊbÌeÂÀ§��¿ZË�YÁ�|��{QTL.  LOD:��Ì]�d^�¿�ºfË�Z´·�¾Ë�f

|Å{�Ê»�½Z�¿�Y���ÁZn»��´¿Z�¿�Á{�¾Ì]�ÃZ´ËZm��Å��{�µY�Êe�ÂÌ¯�{ÂmÁ�¹|��Ä]�µY�Êe�ÂÌ¯�{ÂmÁ�ÊËZ¼¿�d��{ .PG0d :Ä¿YÂm�|��{�É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .
GR0d :Ä¿YÂm�d����É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .PG2d :Ä¿YÂm�|��{�É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .GR2d :�Ä¿YÂm�d���É�Â���{�Ê¿�� Ê�{-
�À¼Ë��]�f» .PG4d :Ä¿YÂm�|��{�É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .GR4d :Ä¿YÂm�d����É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .PG6d :Ä¿YÂm�|��{�É�Â���{�Ê¿�� 
Ê�{�À¼Ë��]�f» .GR6d :Ä¿YÂm�d����É�Â���{�Ê¿�� Ê�{�À¼Ë��]�f» .PG8d :Ä¿YÂm�|��{��É�Â���{�Ê¿� Ê�{�À¼Ë��]�f» .GR8d :Ä¿YÂm�d�����{�Ê¿�

�É�Â�� Ê�{�À¼Ë��]�f».  
cM: centimorgan; LG: linkage group; LOD: log10 likelihood ratio (likelihood that the effect occurs by linkage/likelihood 
that the ef fect occurs by chance).QTL: Quantitative Triat Loci. R2 is the percentage of individual phenotypic variance 
explained by each QTL.  
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¶°� �- ÃÁ�³ÃZ´ËZm�Á�½Y{�´]Zf§M�¹Â¿��Ê´f�ÂÌa�ÉZÅµ�fÀ¯�Ê¿��ÉZÅ�Ã|ÀÀ¯Ä¿YÂm�|��{�Á�d����Ê¿�Ä³���{ �\Ì¯�eÂ¿�{Y�¿Á�{�ÉZÅ

�½Y{�´]Zf§M�Ê«Ôe��Y�¶�Zu PAC2 × RHA266 
Figure 2- Sunflower genome linkage groups and loci controlling germination rate and percentage of 

germinated seeds in crossed sunflower recombinant inbred lines (RILs)  
 

�{ t�� É�Â� � )Ê�{�À¼Ë��]�f» (� �{|�
QTL �{ ÃÁ�³ÉZÅ Ê´f�ÂÌa � Á � ½Z°»Ê]ZË |� .
¶·MÉZÅ �»[Â¸ �ÉY�]QTL�{�ZÅ ¾ËY t�� É�Â���Y 

��Âe �Å Á{ |·YÁPAC2  ÁRHA266  ¶¬fÀ» Ã|� 
d�Y .ÉY�] d��� Ä¿YÂm�{� Ê¿� t�� É�Â� � 

)Ê�{�À¼Ë��]�f»(, ¾Ë�f�Ì] cY�ÌÌ¤e ÊbÌeÂÀ§ ÄÌmÂe 

Ã|� )��/�� (%�Â]�» Ä] QTL,Salt6.GR.10.1 d�Y 
Ä¯ ��Âe ÉZÅ�´¿Z�¿ HA928-HA3847���iY� Z]

j»�Ê�ËY�§Y�d^d�Y�Ã|���Â�v».  
»��{// ·Z�//Ä�Âe�Ä¯�ÉY/¼ÌÅY�]Y��//��Á�Ê/§Y�//Ê  
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Ä¿YÂm�Ze��Á��d¨��ÉY�]�Á�Ê¿�)DSE( ���{|�QTL��Z]
R2�� ¾Ì]�/� %� Ze��/�� %¶·M� Ä¯|¿|�� ÊËZ�ZÀ��ÉZÅ

�É�{Z»�|·YÁ�ªË����Y�[Â¸�»)PAC2 (Ã|��¶¬fÀ»|¿Y .
�cZ��Y�³)Davar et al., 2011 (�ÉY�]� Ä¯� {Y{� ½Z�¿
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�|��{� Á�d���� ÉY�]� Ã|�� ÄÌmÂe� ÊbÌeÂÀ§��¿ZË�YÁ
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Ê»|�Z] )� ¶°�� .(ÊËZ�ZÀ� QTL�Ä]� �Â]�»� ÉZÅ
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�ÀË�³ »�¼Å½Z ¾Ë|Àq d¨� Y� ½Z°»Y�Ë~a Ê»{�Z� 

Á ¾Ë|] \Ìe�e ÊËY�Z¯ zf¿Y/�[Z)�d¨�� |Àq� sÔ�Y
Ä]½Z»�¼Å� �Â�( Y� �{ Ä»Z¿�]ÉZÅ uÔ�Y/Ê �ËY�§Y 
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Ê»¿YÂeÀ| � �{Ä �Âe É�eY�f�Y ³�ÀË� Ä] ®¼¯ 

´¿Z�¿� ®¼¯ ËZ¼¿À|.  
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