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   ��<�() ��' &<2 -$,�<� ./��� ������  += �<� �$*<�	 � Candidatus Phytoplasma phoenicium   ,�$, -�<�    >$ �<#% *<?�4 ��<4 �,

@*A1  ������ B%*"  / +$*%$ �, -$,�� ��	 C�$ +�!D7 . ����() ��' �, �#���� � !"�� �$*�	&� �� �, -$,�� ./���  � &�F" ��	  &<GH� /, �, ��
 I�� >$  �	    J%*�� K$*L$ �)&%$��  �	 J%*�� ��J%*��/9(3  J%*�� +�#O1 >$ &GH� P%)  +�#O<1 &<%$��(3     +�<1*2 K$*<L$ �, &<GH� /,) &<%$��  �<	 �
+�1*2�+�1*2/9 (   &GH� P%/�,  Q�!!� +���*F�  )%$�� Q�!!� &(  �%,*
 ���*� .��F�  �	R
" -$,�� �&%�1   �<�>  ��<�  �<� &<%$��   �<	�  S<1�5 
���    *�!2 T%$*� �, -$,�� ./ ��� � U!2$/   �	� "/�V�1  $� �  ��,$, +�O�. RFLP � W61  PCR     *
>�<X= C<V� �<� Y�H�Z<1 P1/P7 ) <D%*H"[� 

\]^^�$ +/*)$ >$ >�� CV� .+$.�1/> D%� �$ ( Y%J<�= ��  ��<	, CfoI, HaeIII, HinfI, HpaII, RsaI, TaqI  AluI ,$, +�O<�     &<%$�� &<2
� >$ S8�4 0 H� *_� >$ +�#O1 Y%J�$ �� `*CfoI +�1*2 &%$�� / 9Y%J�= �� `*� >$ S8�4 ` H� *_� >$  HinfI a/�<V�1 &�H� �� $   *<� / �<�

   0��$ B%$&%$��  �	     �, &b7�G1 ,� 1 �c   �1 �$*d �/*
  ��*�
.     P% �/*
 �, +�#O1 &%$��3  +�1*2 &%$��e   /, �/*
 �,  / &%$�� �	  3$ +�<1*2 �
�� 3Q�!!�  J%�\ J%� �� / e �/*
 �, ��!�'*
 �$*d &.  &�4�� �, ���" f
2 � &��O" +$J�1 &Z%�H1 SR J��a/�V"&%$��   �<	�  <� S<1�5  ./��

-$,��  " $� g     &2 ,$, +�O� / ,*2 ��%     &%$�� *h%, �� +�#O1 &%$��   �	    _4(1 S��d a/�V" &b7�G1 ,� 1 �& ,�$, �$. ���*�  0�<�$*� �%$>��<D"    K,$*<"
= +/*)$3�1/> D%� �$ +$ � &%$�� �	�1�5  $� -$,�� ./��� S�,�/*
  *" D2 , A� ./��� )16S rIX,  Pigeon pea witches' broom(   �$*<d

,$,      &%$�� B%$ &2 ,$, +�O� /   �	  �!�Z�� +�Z#% .  ���*� �1��"   �	�  a/�V" �7 #7 1     &%$�� �� *Vi &%$��   �	         j<�H6" B<%$ �, &b7�G1 ,� 1 � $�
"g ,*2 ��%. ���*�  �	� RFLP3   &��O" +$J�1 &Z%�H1      �%$>��D" / ���" f
2 �   &2 ,$, +�O�  �#���� a/�V"  &%$��   �	  -$,�� ./��� �     &<� k <�*1 

�llCV� �1/> D%� �$ +$ �$ +/*)$ >$ >�� ��F��$ S1��  ́ �  +�16S3&�4�� SR �$���$ / ́  �  +�23S C�$.  
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&1�H1  
       )�" �	 �D�A"0�:4<� M�% ��N1 ��=OPQ  /	0<R'    S�R9��� 

 ,T ,#U           * +,R$ ���GV W'�:X Y�� �� �D�<V Z[' /��A<� 

 �� �7<6Y &!:V /��A<�   �D    �"� \��G�� &� *�  ./��A<�   �RD /

          ,R$  �R�G<' +�R<V ]�' * �A<EX ^_:' ���A"0�:4<�  * +

  !1 8��7` ^aN� �R[       �R"� ,RT �	 ,RT  . R�&    R<6	 Y<RADW 

Y��  /��A<� &!:V  �D       �� /��<7� ��% ��	*,F' +,AX W'�X 

             (�R4#�� (�b<RT * /G9R" (�RX���  �RD�<V &aA_��  �D�<V

   �RAc'�<N * �RAc'  �4`�	 �R'  ,#R$��(Lee et al. 2000, 

Bove and Garnier 2002, Bertaccini 2007, 

Hogenhout 2008 .(�� �	+	  :#%��  �� �D  +��RAD /��A<� 

       !1 Y<� �� &% +,$ ���"�#$ �A"0�:4<� ���[    (&R?!:� d*��_ 

           d*��R_ * :RaD d*��R_ (��0V )�*� (���:A<6 d*��_

   /��A<� +�'� �	 e�	��  �D        * +	:R�  �[_ �	 /	�f4g� * Z[' /

       ��G<' /��� /,_ /,�,[� G<!  ���� �	   �RD     	:R` �D�R<V /

�' ,#$��)Salehi et al. 2005(.   &R� e�	�R� d*��R_     �:R#X

      Y<6*� /��� /	�f4g� * Z[' /��A<� h�       )�R" �	 ��R�=iQj 

               ,R�	�V ���GRV K��R�  �4R"� �	 ,R#A<' * �b` @H�#' ��

)Salehi and Izadpanah 1995.(  

 �"��� �	  )�" /�D   /�D=ikjlm =ik    e�	�R� d*��R_

  �4"� �	       /��R<4�� * )�F'��[U /�D) 	�%�[R$(    �[bRT� (

) �Rn�[$ (*   �R'�% ) �R��� (  ,R$ +,R�	) Salehi et al. 

2000 .(           �	  �R#96 �:�R% e�	�R�  �4`�	 �	 �[���' /��A<�

 )�"omm= ,R�	�V ���GV Choueiri et al. 2000, Abou- ( 

)Jawdah  et al. 2002 6:RH �a.$ ,#U G<6�!1 p  8�RJqg 

 �RR$��)RFLP ( �'*�:RR9�� /�   �1  r s	��RR� Y<RR<J� *

16S    "0�:4<� &% 	�	  ��!      e�	�� d*��_ /��A<� W'�X /�A

                 ��:R9% 	:R�! d*��R_ +*�RV &R� @RaJ4'  ��R�� *  �#96 �	

)Pigeon pea witches' broom ( +*�RRRRV �RRRR�  

16SrIX  +*�RRV �RR�� * 16SrIX-A  �RR'   e�RR! * ,RR$��

Candidatus Phytoplasma phoenicium   1 /��RR�

   ,R�	�V t�R�4!�)Verdin et al. 2003.(    e�	�R� u*��R_

��3*)Prunus scoparia (  (��:Rv (,R#A<' @H�#' �	 G<! 

  	��1�*�<� ) K���  �4"� (    �[U�" * ) 	G�  �4"� (  +,D��R'

,RRR�	�V .G<6�RRR!1 �RRRD r Y<RRR� &RRRT�� �6:RRR.6:' / �RRRD/  

 16S rRNA *23S rRNA ) spacer region, SR (

��!   /�A"0�:4<� &v 	�	      �� +��AD       ��R3* e�	�R� u*��R_

      ��:9v 	:�! u*��_ +*�V &� @aJ4' ��:v �'     Y<� �	 * ,$��

           /�D�AR"0�:4<� �R� �R5�	G! ��<7� &q��� +*�V Y�� /�wX�

      �R#96 e�	�R� u*��R_ �R� +��RAD )Ca. P. phoenicium ( *

   	��	  ��R�� �	 GR��<! e�	�R� u*��_ )Salehi et al. 2006.( 

 �VC�* &J6�q'  �D           &R% 	�	  ��R! �6:R.6:' * �.�r:R6:<� /

   /��A<� �� +��AD /�D�A"0�:4<�    d*��R_     @H�R#' �	 e�	�R� 

    �b` * G��<!) K���  �4"� (     /�AR"0�:4<� * ,#47<!  �7.�

 �� +��AD       GR��<! �	 e�	�R� d*��R_        �Rb` &R��,_ &R� �97R!

     /�A"0�:4<� &� /�4�<� �D�9$ �� +��AD     �	 e�	�R� d*��_ 

 	��	  �#96)Salehi et al. 2006.(  �a9g ���GV &� &_:� ��

   s04R`� �RR� �R#9'r &R��,_ �RR.<4! �RRD Rb` /GRR�� �RR! * �  

)Salehi et al. 2006 (ZD *   0X 8*�Rb� 	:R_* Y<#U R� Z

/��A<� d*��_     e�	�� S�E! �� �wJ� �	    	:R_* )�A43� (G<`

          �	 e�	�R� d*��_ �� +��AD /�A"0�:4<� Y<� �.<4!r 8*�b�

 �4"�        �*� �� +	�b4"� ��  �4"	�%*  �'�%(K��� /�D   /�RD

 �"��� �6:.6:' * �.�r:6:<�,$.  

  

��*� `/��  
n�� �/=�&� ��  �	�-$,�� ./���   

       �x! 	�:' +	:61 y�� �D �	�    �� *��_ hZ�0X  � ���� < ��RA/ 

 	�� d*��_�   t��4!� e,$. &!:A!  �D/ � <��A/    e�	�R� d*��_ 

y�RR� �� �RRD/ �[!�4RR"� �	 +	:RR61 /K��RR� )�,_RR�& �RRD/ 

!<�RRR�G=!*<�RRR�Go �.�RRR'* ( �RRR'�%()�,_RRR�& �RRRD/ 
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���  

 �RR'�%= �RR'�%*o ( �4RR"	�%*)�,_RR�z,##RR" &(% �	 RR< &7

4RR"0�<.�*� * / RR��'�1 &RR� 
RR�EF� GRR%�' +�-�< 8�RRE

��*��%/   9H I��#' * <J�     	�V WE4#'  �g�� �	 K���  R�   �R� ,

 !1 ���[ ��� / [� < � &<   �'�1 �	 +	:61 d,!:�\  �D/   W'�X )�E4!� 

�<��RRA/	 z���4RR"� * /�  � /WRR% �RR'�1 �RR[_ �\ �RRD/ 

6:.6:'� +	�b4"� $:	.  

  

�1%& �>���F�  �	� -$,�� Y7�� R
"  

���/   � �*��� )�E4!� < 9!�_ ,!:�  &`�$�" ��   �D/ �{  R�  * M

 &!:A! hU:%  �D/ IA_  �*1/   ���	 &% +,$ /     ]�� &" �� *	 

 � 	:�&  �  �:#X<   )�[! �� * d,!: �D/  ���* Z6�" /    
Ra� e�	�R� 

�&  ��  �:#X�   ,R$ +	�b4R"� & .      	�R% �,R_ * t�R�4!� �� |R�

�<  &!:A! �� d,!:  �D/ IA_  �*1/     �R[4!� �A7Rg (+,$ ��   1 

)   �  	�% �,_ WF'<  V �� d,!:< +	:61 +� (�& "*<  &a R� � h R< }

�<  �4"� * G� � W&             |~R" * ,R$ +	�	 ��R� t�:R' 8�:RT

 ��.$  *�	�      Z6�" )�[! &g�"�	 &% )���& (��     	:R� +,R$ 	�?

 ���V ���g.  *� &!:A!�D /     Z6�R" )�R[! &" )i � <  *� hR!:/ 

 )�[! �D (  � 
a� e�	��< 	�V ,!:�,. ��� /      R� *  ,R!�' e�V �'< Y

�   � �[_ e�� ��:H<  V * d,!: R<���   � �R4[� \< d,R!:   �RD (

 � In:'< � ,!:& "*<  ����R� &a<    3�! * &47R� Za R< � &<    +,R$ ,R!:

�& "*<  &a� % h<  �R! &7�!:a�      ,R$ +,!�R$:� s�bR$  .   �RDoj 

  �X�"� % ��9.<&7  �D/ �! �!:a�    V * ,$ ��� <   RD	 �:D  �D�� 

,!,$ . AH� ):f3 �[_<V ��  �#<���Jqg \�� <d,!:   (�RD

%<&7  �D/ �!�!:a�  AD �	 < Jn* Y<  � * �&     &R4bD��[U 8,R'

&-! ��	/,!,$ .  

  

��*��
 ��1 +�	�%& �>�(5 � Fp *_� >$ ��� %� Y�����  

  	*,3�    �' �� |� +�' h�& !�� )�[!    �RD/    �R'�1 	�:R' �  * \

AH�<  V ��  �#<��� � \<d,!:  �D V (<   �D�&��'  �!�  &4bD +,$  �/ 

�    0X ��47RV * �:R[{ �Rx! �� ��R9. R�� Z< ��RA/���  R"� 

	�V�   a% �� * ,!,< 2� &<< 6�A43� 8��� � &       �R[!1�	 +,R'1 	:R_*

|.X ��	��/ ,$  .  � ):H �	�   aAX 8,R' Y R<  !�R9N�� 8��  * 

�&  �2� �:f` R�  )�R[! &   �RD      �RD	:% ��:R!� �� +	�b4R"� �R� / 

$<A<���  � * � �2' G/   �RD    �R��V 8�:RT  .�2� R�   ^R"�#' &

     YAn �� ,$ �X�� YR��   &R%       G9R" ,R$� ��  �R4`�	 �-#�  * 

*���� �:` � �     0X �*�� �� (,#$�� ��	:`��     	�:R' 	:R9A% Z

��N��  ̀ �� &% �   9$ �[!1 �� <  0X &� &� � Z&      �R�� �	 +,'1 	:_*

�<  V:a_ ,#47D �D�A"0�:4<�/ 	:$  . �� +���9' ̀ �� �   8�R�1 

9g ��RR<T�fRR4`� * ^RR"�#' e:ARR" �� +	�b4RR"� �RR� &RR#% W� 

���V 8�:T.  

  

 -�q�$ / *
>�X= @�A��$ 3S2 �$ +$ �, Q$*A��$PCR  

 /	 �*� �� W% /�  �   ���R.AD * �R!�r)Zhang et al. 

1998 ( 8��<<2� �%,!� ��)Abou-Jawdah et al. 2002 (

  ��o/m             &R!:A! ]�R9'	 �R� �!�R<' ]�R9V� �R��� e�V    �RD /

/��A<�  e�	�� d*��_      )�[! * Ma4�' S�E! ��   �D   
a� e�	�� /

&��'  �!�   /�A"0�:4<� �� +,$    e�	�� d*��_ W'�X    z���4R"� 

,�	�V .J�            (��R�� /�R'	 �	 ���R[! t:"�  ,$ h�` �� ,

�m     �	 * &��Rn�  1 &R�  *�4R" �<qE� ��� *	 t1 �4<6*�.<' 

  /�'	°C oml        &R�  1 �� �R� ,$ /��,[-!       /�  � /	  �:R#X

  \��'�1 �	 :-6�   �RD  /PCR    	:R$ +	�b4R"�  .    :R'�1PCR 

  4RRR"� �RRR� Z<E47RRR'�RRRb_ �� +	�b �':RRRAX �V��RRRN1   

P1/P7)Schneider et al. 1995 (* PCR  &Ra3�' *	   �R� /�

�V��RRRN1 �RRRb_ �� +	�b4RRR"� �RRRD/P1/P7 * )*� �*	 �	  

R16F2n / R16R2) Gundersen & Lee 1996 ( �*	 �	

  ,$ e�?!� e*	 .     �V��RN1 �Rb_P1/P7      &RJqg hR� =kmm 

            r W'�R$ �'*�:R9�� /�  � �1  *��� �� /��� �b_ 16S( 

 r �!�RR<' &RR<3�!  /�RRD16S  *23S r /�,RR4�� *  23S * 

 ��N1 �b_  �VR16F2n/R16R2 �     r �� &Jqg h   /�  � ��  

  �'*�:9��16S    �9��E� +��,!� ��=omm    �R<c.� �� ��R� �Rb_ 
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�' ,#% .     \#%�* S:a�' ���[! Z?3PCR  (=� <6*�.<'   * �4

W'�RR$ �RR4<6*�.<' *	 )�me�V:!�RR!  (/�  � /	(:RR-6�  �/m 

           &R��� �RxaN �R� �V��N1 �D �� �4<6*�.<'�/m   (��:R'*�.<' 

i�/m �4<6*�.<'       8�b7R� /�R� ,R<�:;a%:! �7R%�	 ��[U �� 

   &��� �xaN��=m    (��:' �a<' �/=      �R���� h� ���� �4<6*�.<' 

  *o/m      ���A<a� Z�G!1 �� �4<6*�.<' )      r�#<R" �%�R$ �`�"

 ���� (            �R� &% 	:� �4<6*�.<' h� �	 ,3�* �#� &��� �xaN ��

  <!:�	 t1  	*G��   1 Z?3 +G   &� =�     ,R$ +,<!�"� �4<6*�.<' 

&RR6:6 * RRD� �a.��RR":'�� +�-4RR"	 �	 BIORAD +	�	 ���RRg 

,!,$ .   ���'	 &`�UPCR          �	 &R`�U hR� �� 	:R� 8��9X 

  /�'	°C Oj &�       <6*� �-4$�"�* /��� &E<g	 *	 8,' * & i� 

  ��D &% &`�Uh     <g	 hR� W'�R$  RE     /�R'	 �	 &°C Oj(  *	 

<g	&E  /�'	 �	 °C ��    <g	 &R" *  &RE   /�R'	 �	 °C Qo  	:R�  .

 &Jqg �7�  �D &�  8,' =m E<g	     /�'	 �	 &°C Qo   ,R$ e�?!�  .

  :'�1 �	 PCR  &a3�' *	     ):fF' �,4�� (/�PCR  Z<E47' 

           �97R! &�  *�4" �<qE� ���*	 t1 �� +	�b4"� ��=:im   @R<g� 

        /	  �:R#X &R�  1 �� * ,�	�V . � .      ,R$ +	�b4R"� :R-6� /� .

  ����$PCR  &a3�' *	    ���$ ,#!�' /�� PCR <E47' 	:� Z. 

 ):fRRF'PCR�1 *	 �RRD �� WRRT�3 RR' �� +	�b4RR"� �RR�  :

 �	 ��:�*�4.6�  �*��V1 )r �	 o/=���� �	 ,T�	 TBE(IX) 

)�/��    (|��� e�V �/�        * (,<R"� hR��:� e�RV ��/�  e�RV 

EDTA  (�RqE' t1 �4<6 �	 �/�pH  (    ���Rg �R"��� 	�:R'

�RR��V . �RR!� �� |RR�  )r /GRR<'1�RR�  ,RR<'*�� e:�,RR<�� 

)�µg/ml((&�    +�-4R"	 &a<R"*gel documentation )r �� 

|.X ,$ /��	��.  

  


#� �!; + 1>=��*� a�bGd � L �) RFLP(  

 � �	�     ):fRF'  :'�1 YPCR   &Ra3�' *	  �/)=omm  �Rb_ 

��� (   ):fF' *PCR E47' <  Z )=kmm  ��� �b_  (  &R!:A!�D

�&    GR!1 �R� &R!�V�,_ �:H�Z  �RD/, CfoI, HaeIII, HinfI, 

HpaII, RsaI, TaqI  AluI  *�� �*� K�RR"�  * �RR6

 ���.AD )Lee et al. 1998 (,$ +	�	 ��� .�� ):aF' R� &

\#%�* &� om ' <6*�.< x#� �4< 	�V Z R�, . ��R�/       �RD �R� ��R� 

G!1�  Z=�/m ' <6*�.<   G!1  1 �� �4�     ' *	 +��RAD &� Z<6*�.<  �R4

 G!1 �����   * Zk�/O ' <6*�.<    qE� ��� *	 t1 �4<     &R�  *�4" �k 

'<6*�.<   ):fF' �4PCR   ,R$ &��n�  . ��R�/  V:Ra_ <�/  �� 

�9�<   	�:' ��   +�qg h),3  	*=i ' <6*�.<�4 (  !,RJ' YN*�� 

�4"��       � |~" * &��n� &6:6 �D &� W&      �	 �X�R" ��[U 8,'

   �'	 �� d0�:'�� +�-4"	/ °C iQ)       Z�GR!1 	�:R' �	TaqI 

=�   �	 �X�"°C P� (  ,$ +	�	 ���g .     +,R$ ZwRD ):fF'

 G!1 ���Z �D/    ��V1 )r �	 Ma4�' *      ��:R�*�4.6� ,RT�	 *	 �

    �!� �� |� * ,$ '1<G/  �� �� <,� e : �'*�� �      �� +	�b4R"� �R� ,

%�	 )r +�-4"	<"��� �#':� ,$.  

  

&��Z�	 >���b" / ��K,$*" B  

   ):fF' ��PCR E47' <  Z)=kmm  ��� �b_  (    �RD &� S:��'

�   �� hP �,_ �   ��� e�	�� d*��_ &/ &!�7AD  ��"/  J� *  <R< Y

  ,$ +	�b4"� s	��� .   ):fRF'PCR     !�R~A% �*� @��Rq' � 

+,!��")Fermentas, Lithuania  ( *�	A"0� Wg�! <,/ 

pTZ57R/T   ,$ +	�	 ���g  .,��   ' &" �:x#' Y<6*�.<  Wg�! �4

A"0�<,/  (j ' <6*�.<   ):fF' �4PCR  (i ' <6*�.<   ���R� �4

  )�f��x =m  (i ' <6*�.<  7R!�~":" �4<   :�m %PEG4000 (

RR�' h<6*�.<GRR!1�4� ZT4 DNA ligase  )� �	 ,RR3�* 

'<6*�.<�4 (  *=P ' <6*�.<    *�4R" �qE' t1�4     * S:Ra�'  �	

�'	/°C oo &�    8,'�  ��,[-! ^$ h/ ,$  . &!:A! |~"  �D

    �'	 �	 +	�b4"�  �'� ��/ °C oml ��,[-! / 	�V �, .  )�RE4!�

A"0�<%��:! ,<):a" &� ^ �D/�4%�� / Echerichia coli 

  	�CRR!DH5α ) transformation (  �� +	�b4RR"� �RR� %RR< �
InsT/Aclone PCR product Cloning Kit 

)Fermentas, Lithuania  (   �%�R$ WAJ6��:4R"	 @9H *
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+,!��RR"7RR!�~":" * e�:b7RR!��� <):aRR"  :  �RRD��RR$ �	� �

�4"�� *� W/ F' <    ,'�_ ��% �LB  *�R3 /) 40mg/ml (

GalllX * )25mg/ml (IPTGRRRRRR~'1 * �RRRRRR" <a<Y  

)20 mg/ml (  ,R$ ��R%.   �R$�V �� ,RJ�  R�  �� ^R$ h

 �4%�� ��%/ &#V�� (  �RD/  bR" <        �	 e�,R%�D * &4R$�	�� ,o 

'<6*�.< ' �4F<  �' ��% ��  ILB *�3 / =mm   �	 �4<6*�5<' 

�a<' �4<6 ~'1 � " <a<   &� * ��% Y   8,'�     �	 ^R$ h°C iQ 

*�/  �	�RRV �:��RR�:.!� )incubator shaker (��,RR[-!/ 

,!,$ .���/  	 z���4"� /  �  � / A"0� <�D,/ %��:!  R<^  �� 

 ):aR"  �RD/ �4%�R� /   ,!�R$:_ �*� �� )Holmes and 

Quigley 1981( ,$ +	�b4"� .' &�AH� �:x#<  	:R_* ��  �#

   �	 �x! 	�:' &Jqg A"0� <,   G!� ZwD WAX (�A�    +	�b4R"� �� 

G!1 ���Z �D/EcoRI  * PstI���V e�?!�  . ' �#R�<6*�.<  �R4

 A"0� ��< +��AD ,      � �� e�,%�D �� ,3�* �#�  R�   GR!1 *	 Y�Z  * 

 ' *	<6*�.< ���� �4   �� � ,R.�        !�R"� �� ,RJ� * S:Ra�' �-<  ,

    	 t1 �� S:a�' Z?3�!:< &� +G om ' <6*�.<  �4Pm g	 <  �	 &RE 

�'	/ °C iQ ��,[-! / ,$  .  AH� �� |�<  &RJqg 	:_* ��  �#

   A"0� �	 �x! 	�:'< &!:A! (,     J� �R[_ �RD <R<  s	��R� Y   &R� 

 r*�%�' �%�$ )+�% ():;" �:#_� (	�V )�"���,.  

   s	��� �� +	�b4"� ��  �D/ � &     +,R'1 �R"	   R� * &    	����R% 

 �"0� &'�!��)BLAST (	G! R�h  �R��    R� s	��R� Y�   WR'�X 

�<��A/ �,_  R�&   �RD/       	�V ���R' e�	�R� d*��R_  R�,.   �R� 

&� V��%<�/  e�R!   ��GR��   �RD/DNASTAR *  DNAMAN 

s	��� �B��  ��R� �Rb_ �  � ��  r �� /� � '*�:R9�S �� (

  WR'�% s	��� �  R�   3�! *  r Y R<  &SR �,_  R�&   �RD/    �R� e�	�R�  

s	���  �D/    !�[_ h!�� �	 &���' � s	���    �RD) GenBank (

)  )*,_�( �E' �&7 	�V �, . 	�AD ���M ��"/  ' &!�V,#U <  �G

�:;a%:! &���RRR�RRR<,/* ���RRR' � �RRR`�	 <4!r:RRRa<.�  

RRR"��<Z,RRR$  .� �	RRR�RRR"��� Y� �	 &���RRR' s	��RRR�   

 Acholeplasma laidlawii &�  �:#Xoutgroup � & ��� ��%.  

���%r  
(5% ��� Y�  $�� >$ %&  �	�      ��<F� �, -$,�<� ./���    �<	� 

R
" -$,��  

   	*,3 ���    �� ,J� )�7.&��'  � �R!  )�R[!    �RD/     �R� 
Ra� e�	�R�  

�,_�&  �D/    �,� &� e�	�� d*��_ �  �0X�Z � < ��RA/   d*��R_ 

 )�[! �	  �D/ � <   ,$ �D�{ +	�:` ,!: .0X�     d�4�R' * ���� Z

�,_�&  �D/     )�R[! �	 e�	�� d*��_   �RD/       8��R9X 
Ra� e�	�R� 

    � 	�,J� ,$� �� ,!	:��	�/  &`�R$    �RD/ ���  R�     �R� +��RAD h

]�� �D/ � �   4! �	 * G< � &?�  R_ 	�?   wRJ� �	 d*���  (S�RE!  

2�<<  ]�� �!� �  �D(     ' &aT�� \D�% (/,$� Zv R<+�-!�   �RD  * 

  �-6:�:v)Stunting .(  � �x! ��� V�� G�    *��R_ 8,R$ (�� 

2�*<<  ]�� �!� �     R� �	 �RD< �,_ Y R�&   �RD/    �R'�1 	�:R' � \

8*�b�  �D   * �$�	 	:_* ��&��,_�	  �D/&J6�q' 	�:'   +*0RX 

      �T�f4`� Z�0X (d�4�' Z�0X ��)W.$� * _)*, B(  GR<!  

   � 
a� e�	�� �	� ,$ 	�? .0X� T�f4`� Z� �,_ �&  �D/   �'�% 

  ]��  ,$ G'�g   0X * �D�  T�fR4`� Z� �,_  R�&   �RD/ ! <� R� G

	��/ ]��  �D/  	:� +	:61  . � 8,$� V�� G�   &aT�� \D�%* 

'<+�-!�  �D    ]��  ,$ G'�g *    �,_ �	 �D�&  0' z,##" � 	:� Z .

0XRR�T�fRR4`� Z��,_ RR�e,X( �.�RR' &2� RR<< �RR!� � �	

]�� �D/     d*��_  	:� M<b` * +	:61   �D      &aRT�� \D�R% * 

'<	:� +�-!�.  

  

 + 1>=PCR  

p'�A� &!:A!   �D/  IRA_  �*1/  +,R$     �4R"� ��    �RD/   (K��R� 

   *  �4"	�% *  �'�% ZD #U< )�[! Y  �D/    
a� e�	��  &R��'   �R!� 

  �,_ �� +,$�&  �D/  W'�X Ma4�'   6�RA43� �     :R'�1 �R�   �RD/ 

PCR E47' <Z   &a3�' *	 *  �/  x! ��  V	:61 ��  � &� < �A"0�:4

RR"����	�V �,RR!,. �RRD �	 ��:RR�*�4.6� �� |RR�  :RR'�1 *	

):fF' PCR   	 &!:A! �	 /  �  � /  &R�  ��� R<^  &RJqg    �RD/ 

=kmm   * =omm  ��� �b_ /  	�V +,D��'  R�,.    RAD �RF�< Y  
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  �/��� .  ' ���� 0�� �	���()  �   �, �,�V��$ ,� 1 � �*" �  ' Ci�, Y���� 
�#�  1 /  <�   " f
2 � C	�D<� +$J <���' � �	��<�() ��   �<� �$*<�	 

������-$,�� ./���   
Table 1. Accession number of phytoplasmas used in phylogenetic tree construction and  nucleotide similarity 

comparison of the phytoplasmas associated with almond witches' broom 

Accession number  RFLP Group  Phytoplasma strain 
designation  Acronym  

D13260    Acoleplasma laidlawii  A. laidlawii  

M30790  16SrI  Candidatus 
Phytoplasma asteris  Ca. P. asteris  

U15442  16SrII  
Candidatus 

Phytoplasma 
aurantifolia  

Ca. P. aurantifolia  

AF147708  16SrXV  Candidatus 
Phytoplasma braziliens  Ca. P. braziliens  

AJ550984  16SrXIV  Candidatus 
Phytoplasma cynodontis  Ca. P. cynodontis  

AF092209  16SrVII  Candidatus 
Phytoplasma fraxini  Ca. P. fraxini  

AJ542541  16SrX  Candidatus 
Phytoplasma mali  Ca. P. mali  

D12581  16SrXI  Candidatus 
Phytoplasma oryzae Ca. P. oryzae 

U18753  16SrIV  Candidatus 
Phytoplasma palmae  Ca. P. palmae  

AF515636  16Sr1X  
Candidatus 

Phytoplasma 
phoenicium  

Ca. P. phoenicium  

AY392610  16SrVI  Candidatus 
Phytoplasma trifoli  Ca. P. trifoli  

AY072722  16SrV  Candidatus 
Phytoplasma ziziphi  Ca. P. ziziphi  

AF361019  16Sr1X  Gliricidia little leaf GLL 
Y16389  16Sr1X  Picris echioides yellows PEY 

Y18052  16Sr1X  Knautia arvensis 
phyllody KAP 

L33764  16SrV111  Loofah witches' broom  LWB  
AF248960  16SrXIII  Mexican periwinkle 

phyllody  MPV  

U18763  16Sr1X  Pigeon pea witches' 
broom PPWB 

X76427  16srXII  Stolbur  Stol  
L04682  16SrIII  Western X- disease  WXD  

DQ195209  16Sr1X  Khafr almond witches' 
broom  KhAWB  

JN565012  16Sr1X  Kerman almond 
witches' broom 1  KAWB 1  

JN565013  16Sr1X  Kerman almond 
witches' broom 2  KAWB 2  

JN565017  16Sr1X  Moshkan almond 
witches' broom  MAWB  

JN565014  16Sr1X  Neyreez almond 
witches' broom 1  NAWB 1  

JN565016  16Sr1X  Neyreez almond 
witches' broom 2 NAWB 2 

JN565015  16Sr1X  Sanandaj almond 
witches' broom SAWB 
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S#�\ . ��F� U!2$/ �	�    �1 &� R
" -$,�� %& �>�  $�� �� %& �	� ' ����() ��   �$*�	 ��  -$,�� ./���  .A3   1 &
8�' U	�2� � 3�*h��% 
*� J� Vi � 3s

J1*d� Vi � t*� s �	  $�� �,% Q�!!� &. B3   1 &
8�' U	�2� � 3�*h��% 
*� J� Vi �   u" -�5 / s��  t*� v�� *   $�� �, �	% +�#O1 & .C3   U	�<2

1 &
8�'���� 3�*h%
*�J�J1*d / ��� %t*� � $�� �, �	%& �	� +�1*2 � +�1*2 / 9.D 1 &
8�' U	�2 3�� 3�*h��%
*�J�[��DZ� �� %,�> / �� 

t*� $�� �, �	%& �	�� �*% J�� / �*% J9.  
Fig. 1. Reaction of bitter almond seedlings to inoculation with almond witches' broom isolates. A, mild little leaf 

and witches' broom, mild internode shortening and mild reddening of leaves induced by Sanandaj isolate; B, 

mild little leaf and witches' broom, mild internode shortening and no obvious change of leaf color induced by the  

Moshkan isolate; C, severe little leaf, mild witches' broom, internode shortening and severe leaf reddening 

induced by the  Kerman 1 and Kerman2 isolates; D, severe little leaf and witches' broom , internode shortening 

and leaf yellowing induced by the Neyreez1 and Neyreez 2 isolates. 
  

��$�  &!:A! �	 �  �D/    #U Z6�" 
a� e�	�� < ,!�� Y   �RD��   +,R�	

,�!) W.$B(.  

  


#� �!; + 1>=�7 L ��*� a�bGd �  

     ):fRRF' ��RR� �� WRRT�3 8�RRJqg �:RRE!PCR*	  

&a3�' �/) �B��      �  � �1  r �� �b_ / � �'*�:9�S��(   �R�

G!1�Z �D/, CfoI, HaeIII, HinfI, HpaII, RsaI, TaqI  

AluI r �	 ,RRT�	 *	 �*��RRV1 )) W.RR$�( &RR% 	�	  ��RR! 

�� ��� �� WT�3 �:E! G!1�Z �,_ �	 �D R�&  �RD/  d*��R_ 

  e�	���  R'  �7R.�  ,#R$��.    ):fRF' ��:R�*�4.6� �:RE! �	 

���PCR  E47R' <�,_ Z R�&  �RD   �V��RN1 �Rb_ �R� P1/P7 

)����   *�RR�� �� ��RR� �RRb_ �  � �1 /� �'*�:RR9� ( �RR�

G!1�Z �D/   �:%�' )   W.R$L(   �,_ �RE�  R�  �R' &    �Rx! ��  �.

:E!�     G!� �� ��� �� WT�3 �  ZCfoI  �,_ *  R�     �R'�% &B  �� 

      G!1 �� ��� �� WT�3 �:E! �x!�Z HinfI   E� �R�  R<&  �RA4' � G

	:�.  

  

&��Z�	 >���7��= / ��	J��:���� 
�'   

 &RRJqg=kmm��RR� �RRb_ /�  � �1  *�RR�� �� /� �'*�:RR9� 

�,_�& �D/ ! � � �  G= ! (� � �  Go  �'�% (=   �'�% (o   �.�R' (

#RR" *&!�7RRAD z,# ��RR"/J� * <RR<	�V s	��RR� YRR�* ,   

&� ���<    �D��AR$ K� �F� ^/ JN565014(JN565016(  

JN565012( JN565013( JN565017* JN565015 �	

!�[_ h!���s	���    ,R$ +	�	 ���Rg �D .  �R� :?47R_  &R'�!�� 

�"0� � �      �  � ��  *��� �� \?#" Y/ � �'*�:9�    	�	  ��R! 

  � �	 &%< � Y<�D�A"0�:4/  �	 	:_:'   !�[_ h!�� � s	���   �D  

A B C D 
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  S:�9 .>� '/*�#7$ � W61  PCR H�Z1 �Y )��ll          +$ �= +/*<)$ >$ >�<� CV� � � % 1/> <D�(      *
>�<X= C<V� �<� P1/P7) A (  /PCR  /, 

&
4*1 $� )�9ll$ +$ �= +� >$ >�� CV� �� %1/> D�S ��(�� �	*
>�X= CV� � P1/P7/  (B)R16F2n/R16R2 >/��
= �� �,e/ \�8�,. 

�P	$M   7 #7 1 -*� *h��O� 3� .P	$� �	� \  3e  3c  3w  3x /  y &�  "*"�z ��F�  �	�   �1 R
" -$,�� %& �>�   �<� ���  $�� <%&  �<	� � �* <%J\3 ��* <%Je3: 

+�1*2 3+�#O1\+�1*2 3eQ�!!� /  . P	$�{Y7�� R
" -$,�� .  
Fig. 2. Electrophoresis of direct  PCR product using primer pair  P1/P7(A) and nested PCR using primer pairs 

P1/P7 and R16F2n/R16R2 (B) in 1.2% agarose gel. Lane M, DNA ladder. Lanes 1-6, bitter almond graft 

inoculated with phytoplasmal agent of Neyreez1, Neyreez2, Moshkan, Kerman1, Kerman2, and Sanandaj almod 

witches' broom isolates , respectively. Lane 7 healthy bitter almond. 
  

&��,_           �R.�	G! Y��4�R<� (�R"��� 	�:' e�	�� d*��_ /�D

�A"0�:4<� ���D   �'*�:R9�� /�  � �1 +*�RV /16S rIX �� 

,!��	 .  /�D�AR"0�:4<� Y<R� �	 +*�RV  16S rIX  Y��4�R<� 

   /�A"0�:4<� �� /,<�:;a%:! �D�9$  +��RAD     e�	�R� d*��R_   

)Ca. P. phoenicium(  ,R$ +,�	.     �Rb�	� ,R#U &7R��E'

 ):fF' PCR&a3�' *	  /�) &Jqg�B��    r /��R� �Rb_

 �'*�:RR9�� /�  � ��16S ((SR*   r WRR'�% s	��RR� 16S 

 &��,_ /���          /�D�AR"0�:4<� *  ��R�� �	 e�	�� d*��_ /�D

   e�?!� ����4!�,$.    &Jqg �� �B��      &���R�  �G<' /��� �b_ 

 &��,_ /,<�:;a%:! /�D  R'     	*,R3 &RJ6�q' 	�: ���   ,RT�	 

  &��,_ * 	:�    ,!	:9! �<��� W��g �D .     �1  r W'�% s	��� ��

 �'*�:RR9�� /�  �16S   Y<RR� /,RR<�:;a%:! &���RR�  �GRR<' 

&��,_      �R"��� 	�:R' /�RD   �� �/�� %   �R��/��%  	:R��<24'  .

��4�<�  s	��� 8*�b� Y     &<3�! �	 /,<�:;a%:! SR   +,D��R' 

,�	�V ) )*,_�(&%  �� �/�� % ���/��%	:� �<24'. Y<� �	 

�          R<E� �� /�4A% &����  �.�' &��,_ �"��� 	�:' &��,_  &

   G_ &� * �$�	   �! &��,_ ��    G���   /,R<�:;a%:! &����  �G<' 

&RR��,_ ���RR"��  1  �� �RRD�/�� % �RR��/��%RR<24' 	:RR� �.   

 �D �	          /,R<�:;a%:! &���R�  �GR<' 8*�b� &7��E' �:! &"

   :R� +,R$ &RJ6�q' �4�<� &% �b` &��,_	)Salehi et al. 

2006 (&RR��,_ ���RR" �RR� RR<� �RRD	:RR� �4�&RR��,_ �� ,RRJ�   

 &��,_ �b`    &� �"��� 	�:' /�D     8*�Rb� Y��4�R<� ^<���  

 �� ��Ca. P. mali ) ̂ <R" d*��_ +��AD /�A"0� :4<�(   

* Acholeplasma laidlawii( 8:RRRRR.<6:' hRRRRR�   

A  B 
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S:��.
#� �!; � <�*� a�bGd � L �)RFLP( � W<61 PCR  <
4*1 /, &    C<V� �<� �$= ��<	*
>�XP1/P7  /R16F2n/R 16R2  �<� 

Y%J�= �*� ��	�, CfoI, HaeIII, HinfI, HpaII, RsaI, TaqI  AluI  �<8 �, /, >/��<
= �� �, .  |<	$�   ��<	�393�3�3�3� &<�    z<�"*"

&� �� � ��	�*%J�3 ��*%J93: +�1*2 3+�#O1�+�1*2 39Q�!!� /  . P	$�M7 #7 1 -*� *h��O� 3�.  
Fig. 3. Restriction fragment length polymorphism (RFLP) profiles of nested polymerase chain reaction products 

using P1/P7 followed by R16F2n/R2 primer pairs  from bitter almond inoculated with Neyreez1, Neyreez2, 

Moshkan, Kerman1, Kerman2, and Sanandaj almond witches' broom isolates (Lanes 1-6, respectively). Lane M, 

DNA ladder. DNA products were digested with AluI , CfoI, HaeIII, HinfI, HpaII, RsaI and TaqI  and separated 

through a 2% agarose gel. 

  

�*���"<� 	G! �   � &R� h<   &R� �D�AR"0�:4     �:R#Xoutgroup 

,#4$�	. �`�	 �D/ � ����9��      &Jqg �� +	�b4"� �� �B�� �b_

���/  �,4�� �� /    �  � �1  r / � �'*�:9� 16S 3�! ( R<  &SR  * 

     �  � �1  r W'�% s	���/ � �'*�:9� 16S ��� / �,_ �&  �RD/ 

   � �	 e�	�� d*��_ R�  � *  ��< �D�AR"0�:4/  ��R�4!� �  R"�� < Z

	�V�,)W.$ /�D �   �� �( .    ����9� �`�	 &" �D K�"����� 

�,_�& �D/  � d*��_   � �� e�	�<�D�A"0�:4/     d*��R_ +*�RV 

 ��:RR9% 	:RR�!)16SrIX (+*�RRV ,RR#�/RR' �  &RRq��� * ,!:RR$

	G!� R.�  �R� Ca. P. phoenicium( �< �AR"0�:4/  +��RAD 

  d*��_e�	�� ,!��	  . � �`�	<4!r:a<.�    �E' �� WRT�3  R� &7

�B��       �  � ��  r �� ��� �b_ / � �'*�:9�)  W.$� (   ��R!

   &% 	�	_�,�& �D/    :R' e�	�� d*��_       �R� &RJ6�q' 	�� ,R.� �-

    R6* ,R!��,! 8*�b��  �R`�	   �RD/ � < 4!r:Ra<.�    �� WRT�3 

�E'�&7      �  � �1  r W'�% s	��� / � � '*�:R9� 16S )  	*,R3

�L�� ��RR� �RRb_  ( 	*,RR3 *����  *�RR�� �� ��RR� �RRb_   

/�  � �1� �'*�:RR9� )W.RR$  /�RRD� * �( &RR% 	�	  ��RR!   

�RRR��,_ YRRR�& 	:RRR_* �RRR� �RRRD	G! RRR�h &RRR�  	:RRR� �RRR�  

Ca. Phytoplasma phonicium  ���,RRR.� WRRR��g �-

.b�RR<RR' h� ,#RR$�� .�RR�8*�RRb� Y ����RR9� �RR`�	 �	 �RRD�� 

 K�RR"��������  � �1  *�RR�� �� ��RR� �RRb_ /� �'*�:RR9� 

K:7F'  	:� ��.   ��� e�A� �	 ����  �RD/ � < 4!r:Ra<.� �,_  R� &

  �E' �	 �b`� �,_ �� &7�&  �RD/	 �     &Rq��� e�	�R� d*��R_ �R-

���*	/ �� �� Ca. Phytoplasma phonicium�$�	 .  

  

}6�  
�<��RRA/ �RRn�3 )�RR3 �	 d*��RR_ �RR.�t�RR�' ��  �RR�� Y

�<��A/ �D/� �:�% �	 e�	�� � �"�  �#96*  ��)Salehi and 

Izadpanah 1995,Choueiri  et al. 2001, Abou-  
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S:�w.
#� �!; ��*� a�bGd � L �)RFLP(� W61 PCR  *
>�X$ CV� �� P1/P7� & �/�Y%J�= &
 �*� ��	�, CfoI, HaeIII, HinfI, 

HpaII, RsaI, TaqI  AluI�8 �, /, >/��
= �� �, . |	$�  ��	�393�3�3�3�&�  &� �� z�"*"   ��<	��* <%J\3 ��* <%Je3:   +�<1*2 3+�#O<1\ 3

+�1*2eQ�!!� / . P	$� M7 #7 1 -*� *h��O� 3�  
Fig. 4. Restriction fragment length polymorphism ( RFLP) profiles of direct polymerase chain reaction products 

using P1/P7 primer pair from bitter almond inoculated with Neyreez1, Neyreez2, Moshkan, Kerman1, Kerman2, 

and Sanandaj almond witches' broom isolates (Lanes 1-6, respectively). Lane  M, DNA ladder. DNA products 

were digested with AluI , CfoI, HaeIII, HinfI, HpaII, RsaI andTaqI and  separated through a 2% agarose gel. 
  

 �/��9 .(5%$�� Y%& �	���F� �, -$,�� ./��� s
�A1  �	�R
" -$,��   
Table 2. Disease symptoms induced by different isolates of almond witches' broom in bitter almond seedlings 

Disease symptoms  Isolates  

Severe little leaf and witches' broom , internode shortening and leaf yellowing  Neyreez1  

Severe little leaf and witches' broom , internode shortening and leaf yellowing  Neyreez 2  

Mild little leaf and witches' broom, mild internode shortening and mild reddening of 
leaves  Sanandaj  

Mild little leaf and witche's broom, mild internode shortening and no obvious change of 
leaf color  Moshkan  

Severe little leaf, mild witches' broom,internode shortening and leaf reddening  Kerman1  

Severe little leaf, mild witches' broom,internode shortening and severe leaf reddening  Kerman2  
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S#<<��.*<<" C	�D<<�>$ S<<8�4 -$*
/��<<�, $" f
2 � K,<<��� �9ll$ +$ �= +� >$ >�<<� C<<V� �� %1/> <<D� 16S<<� ��,J '�) � / ��<<�(

Acholeplasma laidlawii&�  +$ !5 outgroupJ
 >$ �,�V��$ �� %' Ci�, &!���> 
�#�-*� �,  �$J'$DNAMAN .$*��1��$ �' �  �	��<�() �

 ����� �/�� &� �	���� 0� /�, � � �� .  
Fig. 5. Phylogenetic tree constructed from the alignment of 1200 bp of 16S rRNA gene of 13 phytoplasmas and A. 

laidlawii, as outgroup using phylogenetic option of DNAMAN software. See Table 1 for abbreviations and 

accession numbers. 

  

Jawdah  et al., 2002.( ���� �	    \<R� /��RA<� YR��    �R�

�&    �:#X�� h<��A/� <�A"0�:4��    (�Rb` @H�R#' �� ZR[' * 

'< * ,#A�!  K���  �4"� �	 G��)Salehi and Izadpanah 

1995; Salehi and Izadpanah 1998( �4RR"� ( �RRD/ 

4�� * )�RRF'��[URR<��/) 	�%�[RR$(  �[bRRT� ()�RRn�[$ ( *

  �'�%)����) (Salehi et al. 2000(   	:R� +,R$ ���GV .

 � �	� EF� Y< ��� @/ 6*� <   � ��R� Y< ��RA/       �R'�% �� d*��R_ 

)�  �'�%  �4" (   �.�' )"�  K��R�  �4(     z,##R" *  )   �4R"�

 �4"	�% ( ' ���GV� 	:$ .��K�"� �' �& !�� )�[!  �D/  Z6�" 

  �� 
a� e�	�� �,_ �& �D/ � <�A"0�:4/     �	 e�	�� d*��_ +��AD 

��$�  +,$ )�4#% �  � * � 0X 	�?� RA�     � �R":� 8*�Rb4'  R� Y

�<  )�[! �	 �D�A"0�:4 �D/    
a� e�	�� )  W.$=     )*,R_ * o(  (

  a.$ ,#U  :'�1� 6:H �  $�� 8�Jqg�)   W.$j( �E' ( R� &7

'RRRR<�:;a%:! &���RRRR�  �GRRRR<,/ ) )*,RRRR_i(6�RRRR!1 * < G  
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/���, $ �1/> D%� �$ +$ �= +� ���" f
2 � K,16SU� / CZ��   / ��<�() ��'Acholeplasma laidlawii  �<� 

*� �, �#���� 
�' Ci�, &!%J
 >$ �,�V��$- �$J'$DNASTAR .���� 0� / �	���() ��' �1��$ �$*�  ����� �/�� &� �	�, � � �� .  
Fig. 6. Phylogenetic tree constructed from the alignment of full length sequences of 16S rRNA gene of 26 

phytoplasmas and Acholeplasma laidlawii as outgroup, using phylogenetic tree option of DNASTAR software. 

See Table 1 for abbreviations and accession numbers. 
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 >$ �,�V��$ �� %' Ci�, &!���� 
�#�-*� �,  �$J'$DNAMAN .$*��1��$ �' � 	��<�() � �

 ����� �/�� &� �	���� 0� /�, � � �� .  
Fig. 7. Phylogenetic tree constructed from the alignment of 1800 bp of rRNA operon of 13 phytoplasmas and 

Acholeplasma laidlawii as outgroup, using phylogenetic tree option of DNAMAN software. See Table 1 for 

abbreviations and accession numbers. 
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Table 3. Percent sequence identity between almond witches' broom isolates used in this study 

A.  
laidlawii  AP SAWB  NAWB2  NAWB1  MAWB  KAWB2  KAWB1  KhAWB*    

42.3  82.4 98.7  98.8  98.9  98.5  98.7  98.7    KhAWB  

42.8  82.9  99.6  99.6  99.2  98.5  99.6      KAWB1  

42.8  82.4  99.2  99.2  98.9  98.1        KAWB2  

42.8  81.4  98.1  98.1  99.2          MAWB  

42.4  82.4  98.9  98.9            NAWB1  

42.8  82.9  99.2              NAWB2  

42.8  82.4                SAWB  

42.3                  AP 

* :���/'�"� �� <D��A$ K� * �D�A"0�:4�/ +��A$ )*,_ &� &H:��' =	:$ &J_��' .  
*: see Table 1 for abbreviations and accession numbers. 
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