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g/ml���7  !,�*5E
 !K0E�Gel documentM�T &> 3	�
�7.

-.	6 � �<1�E � �	� ?	�Y@ ��	4PCR 

.��( �0=�� �� LC�r Q�PfYnodbox4 .; �mucR!K0"E� !7 

�06Ins TA clone™ PCR,) #K1214 ( �6�>Fermentas 	
 

LY�$pTZ57R/T!$�8:/ .�"790( !7 � &> 3��EE. coli !�%"E 

MC1061 ���� H�e5$� .!$�8":/ !0+�� 3�*+�7�J 	%\'( !7�� �"/

 o��""E 3�*+�""7�J ��	)Rapid screening ( &""�
�� ,
�O5""E�

)��.(:ES�0!$�8:/ &"7 3�"/ !�"06 A":6 !"7  ,&"(4 �"E
 

RBC (Real Biotech Corp.) }��F5E� &�
�� .��"F5$� �[C

!$�8:/ =�� �7 �/0!PfY ��/3� 	
 ,&> .%K6 "�:"ES� B0!"7 �/&

 g'"V�� 	
 !"x%7�( 3�/����J4 �OX u:VPCR �1p"/ 9"0$

1�9$4 mE%� �:�9$4 /�3�>�7 PstI�EcoRI)Fermentas Co. (

��&> &0� .���0�6�"> m"E%� Q�PfY B�� �+�%� NMacrogen 

���� )�#$� �7%'X ,�6 .+�%� !$�8":/ Q�PfY ��"7 ,&"> 3��"E

.; .; Q�TSx� A$�7 	
 
%X%( 3�/)NCBI (&�
�� !8��e(.

-�Y@ 2�]DE16S rDNA�!2� �4�.R �1 ��	#"�1 	� �`� �RsaI

!PfY �0=�� 3��716S rDNA!��&X ����"J4 �OX �� �/fD1 �

rD1 &""�
�� ,
�O5""E� )��.(3�""/����J4 ��~ 3�""(
 � �+�%""�

 �&X 	
 90$ 	%6�( H��E� ,&(4 .g'6��PCR !"$%:$ 3��7 �"/

 1#r 	
�`L(�> 3�50+���0( `/����7 �50+���0( X�� 3��"r 

1�90'(&��K6�`�K0( &r�� A�  	n%(Taq DNA polymerase  

�/� ����"J4 �/ �� 	n%(���0( �/��"K0( 	n%"(dNTPs �
 �

�� �50+���0(DNA 2� !$%:$ �/ �� ,&> }��F5E� 0&> !.�"/ !"7 

!"+%+ � &"> !��z� L��5E� �$&P( BJ�	 ,�fY A� !$%:$ 	
 �"/

 &"'5��� 	��"Y �K���E%(�� ,�*5E
 .g'"6�� )�"#$� !"(�$�7PCR 

	
 !-�] A� L(�>°Cc`  !e0Y
 	�2] Q&( !7 ��	
 !"-�] 
°CcZ  !e0Y
 A� Q&( !7°Cd� � !"e0Y
 A"� Q&( !7 °C�� 

	
 ���2$ m87 !-�] A� � !e0Y
 �
 Q&( !7°C�� Q&"( !"7

 
%7 !e0Y
 W'� .H%D[( ��PCR �"50+��v0( W'"� �&"57� !$%:$ �/ 

��	��4 H; 3�	�/����"7 �"7 &C	
 TBE &"�
�� �	%"���5�+� 

!"PfY ,&/�G( � &��(��7 )%�&0�� !K0E� !7 390(4 �$	 �� M��

  	�\5$� 
	%(��!K0E� !7 g'V�� �*�
 �50+��v0( �( A0+���0�5

�>�7 1�9$4RsaI)U/µl`(�7`/�� !x%7�( ���7 �50+��v0( `/�

(0+���0g'6�� u� 	
 �4 �5�`&�
�� 1p/ 3�50+���0( .M�

!*$ �� 	�
3	
 g'"6�� !5T�E !E°C�� ,&"> 1p"/ Q�"PfY 

����J4 )�$ �+�%� �D�� 3�(
H)°C(

nodbox1  

 nodbox3  

 mucRf  

 mucRr 

 fDl 

rDl 

5 TCTTTTCTTATCCATAGGGTGG 3′ ′− −

5 ACGGATCGTCCTCGAAG 3′ ′− −

5 ATGACAGAGACTTCGCTCGGT 3′ ′− −

5 - TCACTTGCCGCGACGCTT 3′ ′−

5 - AGAGTTTGATCCTGGCTCAG 3′ ′−

5 - AAGGAGGTGATCCAGCC 3′ ′−

��/`�

�/`�

�/`c

�/`�

`� 

`` 
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-.�/ 0
�123 g������4��
�� 	�Sinorhizobium meliloti �S. medicae ... 

��� 

��	��4 H; 3�	`/����"7 �"7 &C	
 TBE A"0�O� �*�&"�� �� 

&$&�
��.

jB� � k4	". 
,�� b%KF( �G6 ���/3	�P:X !G"0��"/3_"K5F( �!"#$%

 &>	�	
 !5��^�- �/3o:X 	�43H�:> � ��J hx�'( �� ,&> 


�&""P� 	%G""6 ��""Jc`��&X ""� ""E 3�56�""7 !0	%'�7�90(%�

&""�
�� 3��""E�&X .,�""� �� �""/3	""�� !G0.�""/��
	� !""#$% 

)M. officinalis (K<'> �0!K)T. polycerata ($0��� !7 90N�Z�

���&X �7 !!&(4 �E
 .

.�"(9:/ g'V�� 	
PCR �&X  "�
	�&$�5"E� !Rm1021 !"7 

,��:/cZ� �&X �!��&X �O/ !#$%�!�� 
	� !"#$%���&X "� !

K<'">0!"PfY  !K �"/3	�"\5$� 
	%"( d���""OX �"7 3&"0�%UKV%$ 

����J4nodbox1/nodbox3 
�&r �Z�� ����"J4 �7 3&0�%UKV%$ 

mucRf/mucRr +%� �	 0&$
%:$ &.�&X !E�!C41-7  A71-10 �

B41-13 �� �!#$%�&X 	�2]  �!M. officinalis !"$%:$ ,��:/ !7

LMG18864 ) S. medicae(&""$�7 m""e�  d���	 3��""7 �""OX 

+%�""0 ����""J4 �""OX �""7 � &""$
�6 &mucRf/mucRrG""'6�� �

&'5>�&$ .
 ��x ���	�"2] �* �&X "� !�!"#$%A11-14  C51-2  

C41-3 �B11-8 $0&$�7 �2'� 9Z��=�� �	 3��7 �OX 0&"$
%:$ �

)L�>�(..�	��:/ � 9I$�E !PfY �
 �/�0=�� d��3��7 �OX 

����J4 �OX !7 b%7�(nodbox1/nodbox3 !PfY �Z�� �OX 

����"J4 �"OX !"7 b%7�( 3��7mucRf/mucRr �C�D"5-� �	 

!$%�S. meliloti!5��� �\$ 	
 &$�)�c.(�"'<( �"73�"��\$ B"�!

�&X )�:� �z�r !P+�f( 	
 .%]�!�/3E	�7 
	%( ��/� �
 ��

����/&$�7 �� 3d�����Z����7 3+%� �	 0�&X � &$
�6 &�!�3

�/ &Y�� !6 
%<$ �7  &>�7 &$�7 �
��&X )�:� &�!�/3E	�7 
	%( �

!$%� .�%'T !7S. meliloti!e<x &'73(�&$&> .+��	%pr )&T 

&""$�7d����""7 3�&X 	�""2] 	
 ""� !�$ � !""#$%""0=�� )&""T 9""0 �

&"""$�7Z����"""7 3%:$ !"""E 	
 !"""$��&X 	�"""2]  !"""#$%"""�!

M. officinalis �&X ,��":/ !"7  "�!LMG18864)S. medicae (


�� NX%(�� 	
 &�)�$ B	���3&>.

� 	%\'( !7��7 �/&$�7 B�� b�<�	� &0�S. meliloti !"PfY  d��

!��&X 	
 !5��� �0=�� 3��7 �OXB41-13 !"5��� �"0=�� !PfY �

!��&X 	
B11-8 +�%� ��7��� &$&�
�� �+�%� �+�%� �7 	%79( 3�/

.; &> !8��e( .; A$�7 	
 
%X%( 3�/ .!PfY !6 
�
 .�G$ W��5$

d�� �&X �
 �"/ 	
 !6 3��7 �OX "�
	�&$�5"E� !LMG18864 

)S. medicae ( �Rm 1021)S. meliloti ( !"7 
%"7 !"5��� �"0=��

 	�&e(cc) %Accession no. CP000738 ( ����) %Accession 

no. CP000740 (r�$ �""7""0 .; �%+�	�""� !nodM�&X 	
 ""� !

WSM419�56�7 3S. medicaey� !6 
	�
 �/�<> 0+%� .4 !O0&

glucosamine-fructose-6-phosphate aminotransferase 	
 

���56�7 B3�E� )�.(�	��7����.; �"7 �/�<> BnodM �56�"7 3

S. meliloti &"""r 	
 �d) %Accession no.X58632( ��%

)Accession no. AE007238 ( ���) %Accession 

no.AL591788 ( 
%"7)L�">�(.	
S. meliloti$"0.; 9nodM 

.&> !5-�E NX%(D-glucosamine synthetase(�!"6 
%">

 .�%'T !7�E A0�E�'> H�'*��	 L7�e5( !f7�	 	
 �7�9 "0)%|�"0,�

(0:/� .�790
	�
 �)�Z.(!PfYZ���&X 	
 !"6 3��7 �OX "�!


	�&$�5E� LMG18864)S. medicae ( 	
 �"(� 
%"7 !"5��0$ �0=��

�&X�
	�&$�5E� !Rm 1021)S. meliloti ( "T 	
  �>�
 �0=��0B

!7�G���� %.; �7mucR!"$%� !7 b%7�( S. meliloti A"$�7 	


 .;)Accession no. L37353 �Accession no. AL591785( 

�/�<>cZ%.; �7mucR+%� 0,&''6 &"�U���"� A0� B"z���"7 

	�5-�""Ezinc finger�56�""7 3S. medicae)Accession no. 

CP000738 ( 
�
 .�G$)L�>�.(

+�%� Q�6��5>���%UK6%$ "0&3�"�	 !"$%� �
 B�7�9 "0(%�	


&r3FG� !6 
%7 0ox�Y kS. meliloti  � �"7 "��	 ����"J4 �
 B

H�%E *$�0'] � 
%:$ 90eK� B��5$ l�E��7 �2'� !6 &> �LC�r W

"6�� ���&X g'""�!�""/3	�7�9""0(%�����""J4 �""OX �
 B""�� �"7 

:$�5$ !"7 .�%"�0!"# �"0�3Y
0"e��O� 
	%"( 	
 "0!"$%� �
 A

S. medicae�S. medicae �E
 ���� .#$4 ��"��"�"I$�E !6"9

"":/ �"""E�'> !""7 m""e� .�	��"���S. meliloti ""X%�"� ,
%"":$ !

� H�:5r��
�$ �	 B�m"e� �"E� B�:( !6&$
%7 !5��� ,&�"����
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����� ��	
� � ���	�� ��
� � ���� /�	�������/��	 ! �"#� � $%&)((/�	%� *+,, 

��� 

$D!*.��iB� l�����2"D<1 Z�C.PCR 	�2/�	7R 5#I 	� mucRf/mucRr�nodbox1/nodbox3-41;I �� � I 	� �;! ��R

5�� I �1 Q	O �� -<	� ;
& -9.�4 	� �1241 (27 �	 ! � (27 d�"T� 8�	
� 	� 

$D!A.-�Y@ �<1�E -64	C� DNA/�	7R 5#I -���� -� -"�	4 2�]DE 2nodbox1/nodbox31;I�� 4� -4����g�� B41-13 

1;I 	�4-�^ P.	� �� ��I�� l	�)NCBI(

500 bp 

500 bp 

100 bp 

1000 bp 

100 bp 

1000 bp 
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��� 

$D!+.-�Y@ �<1�E -64	C� DNA 2/�	7R 5#I -���� -� -"�	4 2�]DE mucRf/mucRr1;I �� 4� -4����g�� B11-8 

1;I 	�4-�^ P.	� �� ��I�� 	�)NCBI(

!PfY �/3dZd���Z���%UK6%$ 0&3�&X 	
�!�"/39:/ "��8

�7�=�� !#$%0
%> �)�c("'] B���7�"'7  0	
 !"6 &"> b�<'5"E� B

&"$�7 �
 �0=��  	%6�( ����J4 �OX �
 �� ,
�O5E� Q	%Cd��

�Z�� !"PfY �"2'� �"0=�� �"� � 3��"7 �OX Z��3��"7 �"OX 

�"( !"$%� 
%"X� !"+9'( !"7 &"$�%�S. meliloti 

�"� �"eK� .	


�+�r &$�7 �0=�� !6d�� =�� )&T� 3��7 �OX0&$�7 �Z����"7 3

�O� !70!$%� �
 AS. medicae�S. meliloti 
 1/ ���A:6 �*

:$��:$�&.

�":� .%]�!"$%� 9�"/3S. meliloti �S. medicae "7 	
0B

�&X""�!�""/3""E	�7 
	%""( ��""/����J4 �""OX �� ,
�O5""E� �""7 3

nodbox1/nodbox3 �mucRf/mucRr !"7  
%"7 ,��:/ &�
�� �7 

'( h0Y
 ���E�'> 	%\ !$%� �� ">�7 1�9"$4 �"7 1p/ ��	 �� �/�

RsaI,&"">�0=�� !""PfY 16S rDNA�&X ""�!!K0""E� !""7 �""/

 3�/����J4rD1 �fD1 &�
�� ,
�O5E� )��.(=�� �� M�0&"$�7 �


�&r�Z���%UK6%$ 0&316S rDNA�&X )�:� 	
 �!1p/ � �/

 9$4 �7�">�7 1�RsaI��"7 �� L"C�r 3%"*+� &"> kFG"(  

4�&X !E 	
 �:�9$�!�!#$%C41-7  A71-10 �B41-13 �O/  

�&X�!�� 
	� !#$%�Z�&X �K<'> !0">�7 3%"*+� �7 !K�!"��&X 

LMG18864)S. medicae (""( !7�G""(�!""0e7 3%""*+� � &"">�7

!$%:$ �&X 3%"*+� �7 1/ �/ "� !RM1021)S. meliloti (�/�<">

 
	�
)L�>Z.(� l�E� �7��7 .4 �e7�f( � W��5$ B�5$�
 W�.��*

)`(�&X !E  �!�!#$%C41-7  A71-10 �B41-13 �&X �O/  �!

M. officinalis ����&X �K<'> !0!"$%� !7 hKP5( !KS. medicae 

FG�0�&X !0e7 � &$&> ,
�
 k�!�/)cZ� �&X �!��"O/  !#$%

�&X ""� !M. officinalis ����&X """� K<'""> !0!K(.�%"""'T !"""7 

S. meliloti&> !5��� �\$ 	
 &$.K<Y 
&P5( Q�P+�f( 	
�$"0�� 9

3&$�7 3%*+�PCR RFLP- 16S rDNA � 3��"E�&X 	%\'( !7

!$%� �
 A0�O�S. meliloti �S. medicae)%*+ �7 �8�9:/ �/

�E� ,&> ,
�O5E�)� `  �� �`��d.(

�&X B07 	
�!�/3!$%� !7 hKP5( ,&> ���E�'> S. medicae 

�
 �&X""�!B41-13 �C41-7 �� ^�""- �""/ 
%""<6 �""t] !""ef'( 3

� ,�G$�(�6 �&X "� !A71-10 �� ^�"- �"/ �0"> N"#T !"ef'( 3

o"":X &""$
%7 ,&""> 3	�4 .�&X""� !A71-10P:X �""7 ""0 ��!""#$%

 X  �$�&:/"�&�!B41-13 P:X �"7 "0��"> A"0$ !"#$%"� 3�2 
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����� ��	
� � ���	�� ��
� � ���� /�	�������/��	 ! �"#� � $%&)((/�	%� *+,, 

��Z 

$D!m.��iB� �����2"D<1 PCR �^ 16S rDNA �!2� �4�.R 	� �;! �`� RsaI41;I �� -� I 	� 5�� I �1 �;! ��R 	� 

Q	O �� � -<	� ;
& -9.�4 �1241 d�"T� 8�	
� 	� 

�&X�!C41-7 P:X �7 0��!5">�
 �58"�9:/ 3
%"6 !"#$% &"$� .

�&X 
�&P� !]���!�/3S. medicae �"E�'> ��	
 ,&"> �!"#$%

8""70
�&""[( 	�)c`�/�(""+� 
%""7�""$����� ��""�	
 !""$%� B

M. officinalis)�Z/�(�K<'>0!K)��/��(� !6 
�
 .�G$0.�"/�

 M'""X !+�""E A""�Medicago !+�""E&'] !""#$%� �""7 !8""��e( 	
 

9:/�58�,
�58� ��3�7S. medicae&$	�
 .

( !"�%7 �/ �� g/��� B�� 	
0�&X 	�"2] .�"79 "� Q��"O5( !

E	�7��&X 
	�%( !:/ 	
 � &> �!�/3"7!�"/ �� ,&"(4 �"E


 !7 hKP5( !�%7�2'�  &$
%7 !$%� A"7 �� 
	%"( A� 	
 �0	�"2] B

	�7�90K<'"> !"�%7 A"� �� ,&"> 3��E�&X )%0�&X �
 !K"�!"7 !

S. meliloti�&X �
 ��
 !�!$%� !7 �*S. medicae&'5>�
 hKP� .

�5$ !7 !X%� �7�"7 W!�"( �"\$ !"7 ,&"(4 �"E
 !"$%� &"E	 

S. meliloti 	
 ^�- �/� 	%G"6 ��"J H�:> � ��J hx�'( 3

�0P:X �7 �58�9:/ 	
 N"+�J !+�"E &"'] !"#$%� _K5F( 3�/

 K<Y g/��� 	
 !6 &>�7��O� !7 b%7�( 0"E A0	%'�7�90)%�"/3

$ .�&:/0'] 905$ B0!#�37!
%"7 ,&"(4 �E
)�.(!"6 �"#$4 ��

!#$%� !$%� �7 NKJ� !+�E &'] 3�/ S. meliloti &"$	�
 �58�9:/ 

)`(��+�E
 �7�� !"#05$ B0"'] !"7 $ 	�"\5$� �� 	�
 3� "0�8.��


 ��x�+
 !7 !]�� �*0
�&[( 
�&P� LS. medicae�&X ,&">

 ���!#$% �/3E	�7 
	%( �pP7 	
 ���^�- �/3"E	�7 
	%( �

�:$ ��> ge$ 
	%( 	
 .�%��[( m0f��0P:X �_"K5F( 3�"/

 9:/ 	
 !#$%��58�!$%� �7 	��
 )%07�9�	 _K5F( 3�/3
%":$ 

+��(�!$%� �58�9:/ !6 �O� .�%�S. medicae !#$%� �7 3�/

�80$ �O5'( !+�E &'].

""$������<8""$ �P:X ""0 �S. medicae� 	
 0.�""/��!+�8""�

Medicago !"7 �<8$ �!+�"E &"'] !"#$%M. sativa)(� 	
 "� B

E	�7��"7 �!"5�� �"/3"K<Y ��"E �
	�
 �"e7�f( .��*G"/��� �.
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