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+#�	#  

 !5	 !(6 �7 8�" &
*0 Beta vulgaris spp. 

vulgaris &-�2 �9 ):�� �� �'; )���"�	��< 1�� 

(Grimmer et al. 2007) �� � =>� ?�'; @7�!� 

?��; � !!A  !5 &4'B� 	9 ��>C ��'��  D��E�

&� 9��. )2	�9 3�-1 3	�+; 8�5	�  !5	 !(6 G��; 

1A'�3�- 39 H��  :�; � 	9 	��I� ���	��,A 	9 

'��;'� �"9 	�'5 &�9'2 .?�� 1A'��- )"�:�� 8�5	� 

3 � C �7 J�K% &0�	� D�*L�';  ?0	�� )7&4'H� 

&� !!A .17�5	 	9  :�; 	M7 ?�� ��2 &�H!% NC�� 

� � )A 1A'�3�- � !!A :�; �	M7 3	��7 �� 

J�0OP� 	9 )P�7'� )!�� )H��; Q�	3�- &RO%� 

� J�0OP� &��"S T�BI ?�� 	9 �	 ',�!�  !!U" .

V,A =��� =W0'"2 &U�"S- &
�O���� 	9 

1H
C3�- &0�	�  !5	 !(6 G��; ���< 	9 )H��; 

8�5	� )2	�9 YW" )7&���� )���9 �  "�	 &RO%� 

 !5	 !(6 �	 '(; �9�9  1��(Owen 1942, 

1945) .&
W0'" &U�"S- &
�O���� �'�!A 

&*��A '7 3�	 �9'2 "�,4�& � YW" &
>� 	9  :�; 

	M7 3	�+; )2	�9  !5	 !(6  9	�9(Biancardi et 

al. 2005). ?�� Z�" &
W0'" G��; �S �-3 

=�O���� � )��- �'�!A &�9�� .�S &
W0'" 	9 

3	 !A��� 	�'5 )���9 � =�O���� 3�- 3�	�9 �S 

&
W0'" 	9 ��	 3	 !A��� =�O����  =W0'"(S) � 

��*�3�-  5�4 ?�� �	 �S =�O���� &H[P3 (N) 

&�  !��" .=�O���� =W0'" ��  :�� 3	9�� )7 \��" 

$W�!� � � � $W��� �� .��&23�-  :�� 3	 � 1�� .

�9 $��0 &U�"S )X � Z (9�C�� 	9 )��- )7 ���!0 

�S �-3 � !"�9'2��7 3	�	�7 $
0 &� !!A. =�O���� 

=W0'" 1E; ']�; ?�� �S �- 	�'5 9	�9. )^"�!6 

                                                                     
1. Hybrid 

2. Male sterility 

3. Normal 

&-�2 )A 3�	�9 =�O���� =W0'" �1��  5�4 

�S �-3 � !"�9'2��7 3	�	�7 (xxzz)  ��7 

)J�_���
- D�*(� (=W0'"  -��I 9�7 � )"�9 �9'2 

 :�;  -��`" 9'A .'��� ��� J�[A'; ?�� �9 ��S 

��-�2 	�	�7 �� a��[�" 	�	�7 9�+�� &� !A .Z�" 

=�O���� N ),
- \��" 	�	�7 &�  :�; !A .	9 

	 !(6 ?�b )_"� "	�9 ��-�2 �=W0'" c��;��4 �7 

c;�"S N(xxzz) )�I�!� &� 9��(Maletskaya 

et al. 2002). 8�5	� )2	�9  !5	 !(6 �� &5O; �e 

 :�� 3	9�� =W0'" �7 c;�"S S(xxzz) �  :�� 3	 � 

�9'2 ��,4� N(XXZZ)  :�; � � � 8�5	� 3	�+; 

)
" 	�	�7 S(XxZz) &� !��7. 	9  :�; 8�5	� 

3	�+; )2	�9 �7 =��� &
W0'" ���< fO%�  :�� 

3	9��  5�4 �S �-3 � !"�9'2��7 3	�	�7 	9 '- �9 

��U� 3	�A $U,� � 15�'2 1�� .��O0 '7 =��� 

 &
�O���� &
W0'"���< =���3�- '_�9 

&
W0'" &
�O���� 	9 1H
C 3�- &,R� 	 !(6 

)7 8�"  3�- F �E �G  �H &����!� � � 

1��(Mikami et al. 1985; Hallden et al. 

1988; Laporte et al. 1998) � ?U
� 1�� 	9 

� !�< �� ?�� =����- )A 3�	�9 e� ��U� 3�'7 

�S �-3 � !"�9'2��7 3	�	�7 � !��- 	9  :�; 8�5	� 

3	�+;  !5	 !(6 �9�K��� 9�� .  

�� 3�-'_"�," &:�U:�� &����; 3�'7 &����!� 

��-�2 �7 =�O���� =W0'" ��< 	9 fO%� 

 !5	 !(6 �9�K��� 9�
" (Ran and Michaelis, 

1995) .'_"�," CAPS �7 =��"< '29� E�HindIII 

3�'7 =�O���� =W0'" ��< &4'H� 1�� � � )A �7 

�< &����; c;�"S3�- 3�	�9 =�O���� =W0'" 

��< �	 �� c;�"S3�- &H[P &����!� 9'A .?�� 

                                                                     
4. O-Type 



   3'B"��	�U
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W0'" 	9 8�5	� &I'7 3	�+; ...  79 

 

'_"�," )7 &*U� !61 3�	 )HL5&"S petG-psbE 

9�C�� 	9 1�O��'*A )��7�� �9�7 � �7 �S �-3 $��0 

&
W0'" 	9 3	 !A��� &_��[
- 9	�9.   

	9 3	 !A��� 	 !(6 	�>6 ��U� �	��-��3� )7 

8�"3�- TR1 �TR2 �TR3 � TR4 )7 N;'; �7 

3�- R�� 3	�'U; 32 �33 �66 �30  ��7 1KC

&����!�  1�� � �(Fénart et al. 2008). 9� H; 

	�'U; '- 8� A �� ?��  R��3�- 3	�'U; &� "��; 

$��0 &*U� !6  !��7. 	9 ?7 ?�� 	�>6 ��U� 

3	�'U; TR1 ?�'�,7 &*U� !6 �	 ��," &� -9 .

�7 �9�K��� �� h	��-�� 3�-TR � ?!^
- )7 e
A 

'_"�," CAPS Z�!; &
�O���� 3�-	 !(6 

�&,R� V*0 �'- � &�	'7 ���	� &0�	� 1�� � �  )A

1H
C3�- 	 !(6 	9 Z�
+� 	9 12 c��;��� 	�'5 

  " � �9�9.(Fénart et al. 2008)   

	9 &�	'73�- ):�� ?�� iWE; j`,�  � )A 

);�73�- &I'7 8�5	� &C	�I  � C =W0'" $��A 

 !��-� 	9 &:�R )A 	�k�"� &�9�	 	9 =��� 

&
W0'" ��< );�7�- )
"	�	�7  !��7 .	9 ?�� iWE; 

)7	�k!� &�	'7 Z�" =��� &
W0'" )7	�A )�4	 	9 

fO%� &I'7 8�5	� &C	�I �7 &2.�� &
W0'" $��A 

��-�2 F1، Z�!; &
�O���� �<�- �7 �9�K��� �� 

3�-'_"�," &:�U:�� CAPS � h	��-���- &�	'7 

 � .=- &5O; �� ?!6 8�5	� 3	�+; =W0'" $��A �7 

e� ?�b �9'2 ��,4�  3�	�9�S �-3 � !"�9'2��7 

3	�	�7 =��� ���<  �9�K��� �" Z�l�� &�	'7 3�'7

 �.  

  

��"# � <���&  

���� �����  

	9 ?�� iWE; �� 4 =5	 3	�+; &����	� )7 

                                                                     
1. Polymorphism 

8�" 3�- Brigita �Laetitia �Pershia � Tous � 

?�b3�- � c��;�� =W0'" (CMS)  8�5	� ?� :��

�� h� 2 � )_*C 3	�+; )��m� J�WWE; fO%� � 

)>; 	M7  !5	 !(6 )7 ���!0  -�� �9�K���  �. 

\�'`��� DNA &��"S �7 �9�K��� Q�	 �� CTAB 

(Cai et al. 1997) 8�+"� 14'�M� .?� 7 	�k!�  ��

�9 );�7 1,A � � 	9 n'7 �)"�`*23�- ���C ��-�2 

3 &:� 4 )�K-�3� J	�% )7 �9�;2 @
C3	�<  " � � 

�� o�*`� �9 );�7 \�'`��� DNA 8�+"�  �9'2 .

1
A � 1KA DNA G��; ��_��9 '����4�'�Up�� 

� �S  %	9 e� �	�2< 14'2 	�'5 &7���	� 9	�� .  

����  !��" ��#��$�� �  ����%&��& 

�'�('��  

3�'7 &�	'7 	�qR �S o�7'� )7 =��� 

&
W0'" ��< 	9 =�O���� �8�5	� �� '_"�," 

&B`,; CAPS &��O��'*A )A )��7�� )7 

&*U� !6 1��� &�'7 =��"< HindIII �1�� �9�K��� 

 �. =- ?!6 Z�!; &
�O���� )"�
"�- �7 	�>6 

��U� 3�	�9 &:��;3�- 3	�'U; TR1� TR2� TR3 

� TR4 14'2 	�'5 &�	'7 9	�� .&:��; 3�-'2��r< 

9	�� ��" 3�'7 'sU; h	��-���- (Nishizawa et 

al. 2000) � '_"�," CAPS (Ran et al. 1995) 

)>;  �9'2 )'"���73� �'A .(Y!A�� �'+"�3� ��'
*� 

3�'7 8� A'- �� �-'2��r< )7	�P )"�2� C 	9 =+R 

&��>" 25 '�:�'U� 8�+"� 14'�M�. Y!A�� ?�� 

3��R 10 '�:�'U� DNA �_:� )100 8'2�"�"(� 5/2 

'�:�'U� '4�7 PCR �7 �9 '7�'7 �1k*r e� 

'�:�'U� dNTPs �7  &��>" 1k*r4/0 &*� �	b�� 

2 &*� 	b�� ��  �'*A �=��!� 4/0 ����U� �� '- 

'2��r< � e�  R�� =��"< Taq ��'
*� 1��. )I'63 

                                                                     
2. Bulk 

3. Bioneer 
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&;	�'R $��� )��'���3��� ):�� DNA �_:� 	9 

3��9 94 )C	9 &�"�� 9�'2 )7 J � v!� �)W59 35 

)I'6 $��� )��'���3��� 	9 3��9 94 )C	9 

&�"�� 9�'2 �e �)W59 ��B;� �-'2��r< 30 )"�] 

)3��9 ��B;� CAPS� 43 )C	9 &�"�� 9�'2 � 3�'7 

h	��-���- 55 )C	9 &�"��9�'2(� Q'��2 )��	 	9 

3��9 72 )C	9 &�"��9�'2 )7 J � �9 )W59 � 	9 

'I< )I'6 &;	�'R �7 Q'��2 &��>" 	9 3��9 72 

)C	9 &�"�� 9�'2 )7 J � �9 )W59  �9'2 ��
0� .

��BE� Y!A�� �'+"� 3� ��'
*� 3�'7 '2��r< 

CAPS 9	�� =q- &
��"< �7 =��"< HindIII 1I�� 

1A'� ���!�'4 	�'5 14'2 .��BE� Y!A���-3 

�'+"�3� ��'
*� 3�	 �S �	�2< )�S 2% 3�'7 

��BE� &��" �� =q- &
��"< o�7'� )7 '2��r< 

CAPS � �S 5/2 %3�'7 3�-'2��r< h	��-�� (�7 

'4�7 TBE � 	9 S��:� 80 �	�4�'�U:�  � .x"	3��< 

�7 �9�K��� �� 8�� ;�  ����'7 8�+"� 14'2.  

�)#" 	 ����  *��� &����� ������  

=5	 3	�+; aO��A =W0'" Laetitia  ���!0 )7

 �7 3	9��  :���9'2 ��,4� SHR01-P12 3�	�9 

�S �-3 � !"�9'2��7 3	�	�7 ��< 	9 )0	��  ���':� [0

�3'>L� )��m� J�WWE; fO%� � )>; 	M7 

 !5	 !(6 &5O; �9�9  � .)7?�� �	�k!� ),�	 �-3 

)>; � � �� 	�M7 � !5	 !(6 	9  !K�� ��� )7 e�  R�� 

):���� 	9 $I�9 )0	�� 	�9��6 $W�!�  " �9'2 .

),�	 �-3 =5	 3	�+; Laetitia 	9 �9 V�9	 G�� � 

	9 �9 y'P �<��- �9 V�9	 �� ),�	 �-3 �9'2 ��,4� 

SHR01-P12 1,A  " � .9� H; 6 );�7 	9 '- 

V�9	  1,A � .z� �� &- *2 �  :�; 	M7 ���-�2 

	�M7 $%�R �� �&5O; �� );�73�- =5	 3	�+; 

@
C 3	�<  " � .)7	�k!� &�	'7 &��"��;  :�; �9'2 

	9 ��-�2 $%�R �� �&5O; 9� H; 10 );�7 	9 )"�`*2 

)��m� J�WWE; fO%� � )>; 	M7  !5	 !(6 	9 

$���� ���'>�  ���1389 1,A  " � .z� �� 

)"��C &"� � 	�'W��� ���-�2 	9 ���  ?
>7 � 39 3�-

3��9 )"�`*2 	9 3��9 8-4 )C	9 &�"��9�'2  � =k!;

�'�!A  �. �; ��" &���'� ��-�2 3�'7 &- *2 ?��; 

9�� .	9 ?�9	�'4 ��� �7 8'2 � � ��- )7 v�	 ; 

)5�� 3�- $2� !-9 	9 ��-�2 '-�{  " �9'2 .z� �� 

$U,; $2?�|< � 	�>{ $2 ��- �'�!A 1Hl� 

&
W0'" �� 3	�	�7 '- );�7 �7 &�	'7 &p;�!4 $2�- 

J	�% 14'2 .3�'7 '- �);�7 $23�- e� $2?�|< 

14'2 	�'5 &7���	� 9	��.  

  

 =.��� � >6�  

)7	�k!� &�	'7 	�qR �S &
W0'" o�7'� )7 

=��� &
W0'" &
�O���� ��< 	9 8�5	� 'A| 

�� � �� '_"�," CAPS �9�K���  � .�	�4�'�U:� 

Y!A�� �'+"�3� ��'
*� 3�'7 '2��r< CAPS� 	��"1 

 )P�7'�563 ��7 1KC 	9 )
- )"�
"�- �	 ��," 9�9 .

z� �� =q- &
��"< ��BE� Y!A�� ���'
*� 8�5	� 

3	�+;  !"�� ?�b  -�� =W0'" 7112 3�	�9 �e 

��_��C =��"< HindIII  	��" �9 �  "9�7454  �109 

 c��;�� ?�b )A &:�R 	9  "9�9 ��," �	 3��7 1KC

7112  ��_��C  5�4 1�� &H[P =�O���� 3�	�9 )A

 9�7 &
��"< Q'7)$U� 1.(  

 	9 �	 ��< =W0'" =�O���� 	�qR v���" ?��

+; 8�5	�9	�� 3	� �	 )H:�L�   ��;&� �  !A )7 'k"

&�?�� fO%� 	9 )A  �	  8�5	��� =��� &
W0'" 

&
�O���� ��< �9�K��� � � 1�� .3�'7 )���W� 

'�,7 =�O���� 8�5	� 9	�� &�	'7 �7 =�O���� 

=W0'" ���< �� 3�-'_"�," h	��-�� TR1 �TR2 �

TR3 � TR4 �'>7 )�4'2  � .3�-	��" �7 ��P 

���U� �7 ��� "� 	9 9� R 500 1KC ��7 3�'7 '_"�," 

                                                                     
1. Band 
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�� �-'_"�," �7 Q	��23�- 9�C�� 	9 

(Arnaud et al. 2003, 2004; Fievet

 )7 'k" &� �	 	9 fO%� ?�� �8�5	� 

&
 ��< �9�K��� � � 1�� � 	9 ��R 

3�-  :�; 	M7 � !5	 !(6 =��� 

3' ?��_��C =��� ��< �9�
!" "� .

3� 3	��" )71�9 � �< 3�'7 )"�
" 

)* 3�-'_"�," TR3 � TR4 

&;��K �� =�O���� =W0'" ��< 3�'7 

��  "9�9 .�7 }'4 )U!�� 8�5	� 9	�� 

=�O���� =W0'" � !��-  ��� $:9 

 ��-�2 &I'7 	9 8�5	� �� �3	�+; 8 0 

3 � !"�9'2��7 3	�	�7  ��7 .	9 

  
 CAPS �7 =��"< HindIII '7 3�	 8�5	� 

 (e-�6 � -�� =5	 Pershia �� 7 =q- 

  3'B"��	�U
- �: &�	'7 &
W0'" 	9 8�5	� &I'7 3	�+;

$U�2 (� 8�5	� 3�	�9 =�O���� 

�'_"� Z�!; 3	��" ��,"  "9� ".  

9	�� 	�k�"� 3�'7 3�-'_"�," 

TR4 	9 =�O���� =W0'" ��< )7

� 420 � 438 1KC ��7  1��

(Fénar .	9 )
- 8�5	� 9	�� �&�	'7 

3 ?�� �-'_"�," ���U� �  !"�� 

 9�7)$U�3�- 2 � 3(  ab�
�R� �

 !��- &"��U� &
�O .&:�R	9 

c 7112 )A 3�	�9 =�O���� 

 3�-	��" )P�7'� J��K�� 9�7 .
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ABSTRACT 

 
Some different sources of cytoplasmic male sterility (CMS) have been described in 

beets. Up to now, hybrid seed production in the sugar beet has exclusively relied on Owen 

CMS. Discovery of Owen CMS in a sugar beet cultivar has played an important role in the 

development of hybrid cultivars and changed breeding methods in sugar beet. Hybrid plant 

cultivars carrying CMS Owen are semi fertile. The aims of this research were to evaluate 

cytoplasm variation and to determine cytoplasmic male sterility source used in production 

of new cultivars. Mitochondrial minisatellites and CAPS marker were used. Banding 

profiles of four cultivars and two male sterile and fertile lines demonstrated the presence of 

Owen CMS in breeding procedures of these cultivars. Cytoplasmic variation was not 

observed between cultivars, but more than half of progeny derived by crossing a cultivar 

plants with SHR01-P12 pollinator plants was sterile. It seems, other nucleus gene(s) 

besides Owen CMS have been used in producing some new hybrid cultivars. 

 

Keywords: Cytoplasmic variation, Minisatellite markers, Mitochondrial and chloroplast 

male sterility marker, Sugar beet  
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