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Mapping cold resistance genes in rapeseed (Brassica napus L.) using 
microsatellite markers
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�� ��.�( .     �� H�G@� �'���G(� '�G� �
��	G( ,�����5
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 �_��' ���514 �G� ��Q	R 	I. ' �'��.�F 	� �� �5�! . '
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��.� �1' * �
'	R ���.� ��.�� �_��	( ���5 	�' �.��

�'��.�F ,�	! �G
'	R '*T	! �� .    &�G�' ��G�.� 	G(LT50

  �GG� �@GG(�3� )GG�!*	� h* �� �'���GG(� �GG! �'��.�GGF 	GG�

)Finney, 1971.(

,�GGGG�T �GGGG
��5,�GGGG�T �GGGG
��5,�GGGG�T �GGGG
��5,�GGGG�T �GGGG
��5 :  ,��	-.�GGGG/. �-�GGGG(��� �GGGG
��5

    �� w�	GGGG3.� ��GGGG��T �� tGGGG� L9GGGG��$4 g	GGGG�5

)SegregationDistortion (   |	GGGQ �GGG! ��GGG-
�� 	GGG� '

 ��1�Q 	v=��M50��.�( * *��� 	-.�/. *' D�! ��R��

LOD)Log Likelihood Ratio (   �G
'	R ��G�.� �G( 	!�	! .

�' D�! �l!�'�     ��G9� ,�	G! �f�5�G$Q * �f�5�G." ,�G�  �!�G


QTL ,	-.�GG/. WGG5 �GG
��5 �� �'���GG(� �GG! �GGd	Q ,�GG�

)Single Marker Analysis(��GGG9� � ��GGG1�Q �!�GGG
 ,�

)Interval Mapping (��GG9� * ��GG1�Q �!�GG
 7GG=	� ,�

)Composite Interval mapping (�� �!�
��.

GG
��5�  �	GG. �� �'���GG(� �GG! �-�GG(��� ,�GG� ,�GG���Q�

MapMaker/exe ver 3.0 *Map anagar/QTL*

��9� �!�
QTL�� �	G. J(�5 ��GQ�QTL Cartographer 

�� ���.�.

}3! * U
��.}3! * U
��.}3! * U
��.}3! * U
��.

�!�
�� ,�	!   �G! D
�G2�* ��9� �$4 ���!� �f�5�." ,��

 �� �'���(�350�� �(	! �������
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��	R��ST :���� 
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 ��$���'32�T �� )��      D
�G2�* D�G! ' ��9G� �G$4 �G�

 �$���'�K�� W��." �!�
�� ,�	! �=  eG�5�." D��K5 * )

 L8. '�	Q�F2�$�Q	R �	N �'���(� '�� .  L9G�1  ,�G-2�

  �����G��
 	-.�/. ,�$!��.Na12-B02  * D
�G2�* ' �

 )�K�� '�	Q� �� ,'��K5F2�� ��/.��'. �-�(��� �/+.

   �� w�	GGG3.� ��GGG��T �� tGGG� L9GGG��$4 ,��	-.�GGG/.

)@8.     ��G1�Q 	v=��GM D�Q	GR 	GI. ' �! ��2�$� ,��50
��.�( LN��M * *��� 	-.�/. *' D�! ��R��LOD 	!�	!

�
'	R ��P5 �( .  D�G! ��32  �	-.�G/.15    U$G� �G! 	-.�G/.

�*	RJ(��� �! �-�(��� ��1�Q65/12 ��.�G(  ��GR��

     '*�GM �G= �.�G� 7G8�$� *��� 	-.�/. *' D�!4/202
��.�(   �G.'�' `G��� � ��G�= ��." ���R�� .17  	-.�G/.

�a�� ' 	-
'�*	R �� W     �G$�Q	-. �	GN �-�G(��� ,�G�

) L9GG�2 .(�GG(�$� �GGI$� �GG! 
�GG! ��GG(��� ,��	-.�GG/.

L9�1 ? 	-.�/. ,�$!��. ,�-2�Na12-B02 D
�2�* ' �������
 ���.��%)q( �SLMO46)s (

* )�K�� '�	Q� �� ,'��K5F2

Fig.1. The banding pattern of Na12-Bo2 (microsatellite marker) in parents Quantum (q), SLMO46 (s) and 
a  number of F2 plants
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L9�3 ?��9� �� L1�M �$3$���1�Q �!�
�-�(��� �*	R ,�	! 7=	� ,� ����3 J(�5

�	. ��Q�Win QTL Cartographer

Fig.3. The graph of composite interval mapping method for the third linkege group using Win QTL 
Cartographer software

QTL�      	G� �PG( D�G�K5 * ��	G( �G! )G�*�+� ,�QTL '

 )�GGG1 �f�5�GGG$Q H�	GGG��05 D�GGG�@5LT50 WGGG5 �GGG
��5

��GG9� �,	-.�GG/.��GG1�Q �!�GG
��GG9� * ,���GG1�Q �!�GG
 ,�

 )GGQ	R ��GG�.� 7GG=	� . L9GG� '3  �� LGG1�M �GG$3$�

��GG9� ��GG1�Q �!�GG
   �GG( �-�GG(��� �*	GGR ' ,� ��GG
'

��'��.   �G( ,	-.�G/. W5 �
��5 U
��. <�(� 	!QTL *

��9� '��1�Q �!�
��9� * ,���1�Q �!�
,�  WG
 7=	�

QTL �G(�$� 
 �.�G�.      WG5 �G
��5 U
�G�. H*�G�5 )G��

h* * ,	-.�/.��9� ,����1�Q �!�
  ' �G= '�! D
� ,�

     �G! ��G(��� 	-.�G/. *' �,	-.�G/. W5 �
��5QTL  ,�G�

�GG� �'�' A�BGG/5�� 	�S ,��	-.�GG/. *�GG�  �GG! 7GG8�$�

�*	R�T �� �'���(� * '�! �-�(��� ,��h* ' ��  ,�G�

��9���1�Q �!�
��9�� ,�'�@. 	
k� .QTL �G(�$� 
  ��G�

��GG9� '��GG1�Q �!�GG
��GG1�Q * ,�' 7GG=	� ,� �*	GGR

  	-.�GG/. *' D�GG! ��GG1�Q ' ��GG( �-�GG(���Ni4-B03 *

Na12-B02 ��1�Q �! *18��.�(R�� * #*� 	-.�/. �� ��

L9�2 ? ��-
�� * �-�(��� �/+.QTL �'���(� �! ��	( �! )�*�+� ,�	! ���= ' ��� �_�(�$�

������ �
 ,��	-.�/. ��

Fig.2. Linkage groups and position of identified QTL for cold resistance in rapeseed 
using microsatellite markers
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2��.�(    )G��' �	GN �*' 	-.�G/. �� ��GR�� .  DG
�QTL

    )�G1 �f�5�G$Q H�	G��05 �� �1' `�LT50  �G���5 �

  *' �� �T 	GGz� ���GG�� * '	GG=QTL '�GG! 	�GG/�! 	GG-
' . '

  DG
� ��. ,	-.�/. W5 �
��5QTL    �G! �T V�G@5� JG(�5

 	-.�/.Na12-B02 ' �T 	z� ����� �= �� �'�' A�B/5

X�@
	+5 �K2�l� '�� )�1 H�	��05 ����5    	G! 	Gz� �G! �!�/�

��9� �
��5 ' �T ��� '*T��1�Q �!�
 '�G! 7=	� ,� .

 	-
' 	-.�/. *')Na12-C06�(Ol10-G05 �
��5 ' �=

 �! ,	-.�/. W5QTL     �-�G(��� ��	G( �G! )G�*�+� ,��

        H�	G��05 �� �G1' �GP4 * �G( 7G�5	5 �G! ��G.'�' ��/.

�1 �f�5�$Q D��@5 � �K2�l� '�� )	=�.' .  �G( D
�QTL

' :����13 )�1 H�	��05 �� �1'LT50  �G���5 �

�.'	= . �'�! L�F' �U
��. D
�QTL�� W4�= ,�  � 	Gz

�GGG� ��GGG/. ��	GGG( �GGG! )GGG�*�+� ' �GGG�') #*�GGG�1 .(
�5GGG* �9�.�5�9��GGGG ���)Teotonico et al., 1995 ( '

H'�GG� )GG�K��� ��GG�= ��GG� �GG�' 	GGz� ���GG�QTL ,�GG�

�(�$�
! �.�
 h*�	5 �1' ,�	! ��� � �  ,�G�K� ���$�

 ��	( �! )�*�+� ,�	! �    '*T 	G! �G1' )G8�! �5 �( ��

�GG.'	= . ���GG9�� * <�GG5)Toth et al., 2003 ( ,*

 ����*	=5B W
 ���$RQTL     ��	G( �G! )G�*�+� ,�	G!

�(�$� 
	= �= �.'4/31   � )�G1 H�	G��05 �� �G1'

  '	G= D�G�@5.   ���G9�� * �G.���)Hund et al., 2004 ( '

 `$5 J
�	� ' �N�( * �/
 �! V�!	� H��1 ,�	! Hp

 LP4 ���	(QTL�(�$� 
	= D
� 	z� �= �.'QTL  �� �G�

4/0 �51/30�
'	R '*T 	! �1'.

QTL    DGG
� ' ��GG� �'�' A�BGG/5 �*' * #*� ,�GG�
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��Q� 	Gz� �� 	�R�!QTL X�G@
	+5 �*' ' * 	G!�	!

QTL '�G! �/
��Q� 	z� �� 	�R�! ��( .  �G� D
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 ' �GGGG= )GGGGQ	R �GGGG���.QTLLGGGG2� �*' * #*� ,�GGGG�

`
��Q� ' * ���.��= <�8M �N �� )�*�+� ��$�'QTL

�( �*�+� �N �� �SLMO46)(� ��� L+�$� r��. �! . '

   #�GG+�.� ��GG$�' �GG� ��GG/. �*�GG��� WGG�9�5 �GG= �5��GG1

L2�' 	z~� ,��   �GI�.� LG!�N r��. �! �2�* *' 	� �� )�1

)(� .  ' )G�@2�S ,��	z� �'�! ��$� 	-
' w	i ��QTL

�� ��/. �*' * #*�  DG
� '�� ' �= ��'QTL   '�	GQ� �G�

�' H�-
�*	�� ,�LT50C�! �N �� 	5SLMO46  �G.'�!

 ' �GG2*QTL     '�	GGQ� * '�GG! )GG@v� )GG�@2�S 	GGz� ��GG(

 �H�-
�*	��LT50D�
�� �N �� ,	5SLMO46 �$�G��' .

�5GGGGG9�.�5�GG9�� * � GGGG ���)Teotonico et al., 1995 (

QTL      �G.'	= h��GR � )G@v� �G/
��Q� ,�G�	z� �! ,��

   GG5�	� �GG! �GG/
��Q� ,�GG�	z� �GG2*  )GG�@2�S ,�GG�	z� �� 7

�.'�! 	�94�= .�� ��/. :�d�� D
�   LG2� �G= �G�'  ,�G�

�� )�*�+� ��$
��Q�    ��G� LG+�$� r�G�. �G! �*�+� �N  * �G.�

  �� 	GG��= )�GG1 DGG
� #	GG�$= ' �GG/
��Q� ,�GG�	z� �PGG(

  )G�@2�S ,��	z� )G(� .   DG
� �$�Gd  ��G++3�   )�G1 ,�	G!

  ��G�� * h��R t
�*	�� ��	( �! )�*�+�	=   �G= �G.'

 '   D�-.�G�� �'�G! D�
�� �t
�*	�� �� �'�F 	! H��1

H�-
�*	��  )G(� �G���5 L!�N 	�S 	5	! �2�* �� �� .�T �G�

#*��1 ?�)�@2�S* �/
��Q� ,��	z� ��-�(��� �*	RLOD�P( *QTL  ' ��� �_�(�$� ,��

�K2�l� '�� )�1 t.�
�* ����5

Table 1.The likage groups, additive and dominance effects and  LOD scores of identified QTLs 
and phenotypic variance of the trait explained by each QTL

)�1 t.�
�* ' �P(

Explained Phenotypic 
Variance

)�@2�S ,��	z�

Dominance effects
�/
��Q� ,��	z�

Additive effectsLOD
�-�(��� �*	R

Linkag groupQTL

0.061.39?-0.332.3031
0.03-0.490.41?2.00Unlinked2
0.040.961.303.19Unlinked3
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� ,�	! D
�	!�$!

  * �'�' � �*�G��� WG�9�5 <�8M �2�*   JG(�5 )�G1

�"�� #	�$= ,'�K�� ,��'�� . L��2   �G.�*�	Q mG
��5

)�GG1LT50�'��.�GGF ,�	GG! ��GG� ,F3 ��GG/. D
�GG2�* *

����'. DG
� �! ���5 �!  *' �G=QTL   �G/
��Q� 	Gz� ,��'

  WGG
 * �GG�$�QTL   ��GG.'�! )GG@v� �GG/
��Q� 	GGz� ,��'

���" �= )Q	R ����. ���5   	G� �� ��	G( �! )�*�+� ,��

 �GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG2�* *'

      )G(� ��G� LG+�$� r�G�. �G! <�G8M * �*�+� .  �5��G1 '

 �GG� ��GG/. �*�GG��� WGG�9�5 �G=GG2� )GG2�F' �GG$�'L ,�GG�

    �GGGI�.� LGGG!�N )�GGG1 `
��GGGQ� ,�	GGG! <�GGG8M �GGG2�*

 )GGG(�)Saal et al., 2001 .( ���GGG9�� * �GGG9�.�5��5

)Teotonico et al., 1995()GG�K�� ' �GG! V�GG!	� ,�GG�

�.�R ,��)B. rapa ( *)B. napus (   �G.��5 �G! V�G@5� '
 �

H'�GGG��*�GGG��� WGGG�9�5 ��GGG�' � * �'	GGG= h��GGGR

  �� WGGGGG�9�5 �GGGGG= �$�GGGGG��' �GGGGGPx� �GGGGG! �*�GGGGG�

 L9�4 ? )�1 m
��5 �'��.LT50 ���.��= D
�2�* ')Q( �

SLMO46)S (�'��.�F * ,��F3.

Fig. 4. The LT50 distribution of parental lines Quantum 
(Q), SLMO46 (S) and F3 families

  mGG��5 * )�GG1 DGG
� #	GG�$= ' �" �GG$4 )GG2�F' )GG��

�"L1�M r��. ' �2�* *' 	� ,����'�� .�NO5 �� ,��

    �G���. �G�. �G�= LGR ' L2�
'     wO�GF� �G= ��G� ,	G�R

��
�*Y
 �! )�*�+� 	I. �� ���" m��5 	z� ' �R'� ,��

�GG� �GG��. �GGi�!	� '�GG�)Fuller, 1993 .( ���GG9��* �*
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Mapping of cold resistance genes in rapeseed (Brassica napus L.) using 
microsatellite markers

Asghari. A1., S. A. Mohammadi2, M. Moghadam3, M. Toorchi4 and 
A. Dabagh-Mohammadi Nasab5

ABSTRACT

Microsattalite markers are genome specific, co-dominant and highly polymorphic markers with known map 

location. These markers are very suitable for quantitative trait loci mapping. In order to identify the molecular 

markers linked to cold resistance genes in rapeseed, a F2:3 derived population from crossing between cv. 

SLMO46 (winter type and cold resistant) and cv. Quantum (spring type and susceptible to low temperature) were 

evaluated using microsatellite markers. The LT50 (the temperature in which 50 % of plants are killed), as a cold 

resistance index in F3 families was measured. The parental polymorphism was assessed using 350 SSR primer 

pairs. The 32 polymorphic primer pairs were selected for genotyping of F2 individuals. Linkage map was 

constructed using polymorphic markers. The markers were assigned to five linkage groups. The relationship 

between LT50 and genotypic data was analysed using single marker analysis, interval mapping and composite 

interval mapping methods. Three detected QTLs explained 13 % of the LT50 phenotypic variations.

Key words: Polymorphic, Cold resistance, Microsatellite, QTL mapping.

Received: Aprill, 2005
1- Lecturer, Mohagheghe-Ardebili University and Ph-D student. Tabriz University. (Corresponding Author), 
Tabriz, Iran.

2- Associated Profesor, Tabriz University, Tabriz, Iran.

Archive of SID  

www.SID.ir



"��9��" �!�
#	�$= ,��	( �! )�*�+� ��$$= ��..."

212

3- Profesor, Tabriz University, Tabriz, Iran.
4- Assistant Profesor, Tabriz University, Tabriz, Iran.
5- Assistant Profesor, Tabriz University, Tabriz, Iran.

Archive of SID  

www.SID.ir


