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1981(, !�58NN��Y 
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�N$�()Khadhir et al. 1997(,  NX=S) Chen et al. 

1996(, 7=$ ;5�)Valuinaset al. 2000(, !�BY)Khan et 

al. 2002( , NN5$ Z�1=S)Conci et al. 2005( . 7;�NN=;0  

)Jones et al. 2005(�� E[ *)' �% .  
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=�D�BNN%2�;5�	 �  *.�NN[ 16SrI �
7=$ ;NN5�, 7;�NN=;0 . 

7 �5NN% =� )Valuinas et al. 2000, Jones et al. 

2005,Getachew et al., 2007(, 16SrII �
  	7�5NN=� . 

 !�NBY) Marcone et al. 1997, Khan et al. 2002(, 

16SrVI�
   
�NNNN$�()Wang and Hiruki 2001 (
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 ! �NN	  
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=�D�BNN%2�;50 * �NNBD �NN� L.��NNM	 "NN@$; �
 
	�NN+ 

!�5%  �D0  	! � e2I  R
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.	NN[C� �NND0 �=Z;NN7;	/� . 7;NN/7;#� =�BNN%2�;50 
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�;# �#�1	` �� \#�Y �=��B0 
.)3 o&� *�# )J� �   ��N( 
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 ��0 -�F5$  �� ! )V[,T% 0�D 0.�3 T%  O7�N% .�0 

"�;� )&R�)&4X �
 �6	
E$ ! )V[ 0�D 0.�3  ̀ $ .�N�  0�ND 

O7�% � �R *
 
 )' .� N=�8 �.�  )NJ� .  TN� �   � �F5N%  . 

m/�=�  TN%  O7�N% .�0  "N�;�  �ND0  ̀ $ .�N�,  -�QN�   N�=S 

! )V[ �D0 )&R�)&4X . `$ .�� HqR . y  ! )NV[  ̀ $ .�N� 

.�30 T% O7�% �D 	w "$�[ )M �
 9�.�@# 	w ! )V[ 

;5G#0 "@$;	  � 
0 2Y N	O  L.��NM .  ̀ &N( .  �N:m# �
 

!;#�1 PCR ) "� ! ;&Y 	w  )M	" �  =�B%2�;50 L.��M 

	$;"@(� �R *
 
 )'. ��  	S �.� �  �I N	A  TN%  "N�  �;NI 

"$�[ )M �=S  )M N	"  �ND0  zNV5�# = �BN%2�;50  L.��NM 

	"@$; !�5%  �P';� . "�;� �D0 `$ .�� O7�% {�:��  � �R�� 

)' .)J� �  |}�.� {�:��  �=S "�;� �D0 	 "N@$; .  ̀ $ .�N� 

HqR . "�;� 0�D `$ .�� 0��Y �  T% )$)'. `$ .�� 0�D 

"	�# $�� *)' 0 �� *)D��# 2Y	O �
 	w "$��V[  ��NY0 �  

9 ��3 0� )P+$ )$)'. �[
;71 !�D�=[ "	�# �$�  *)N'  �N� 

!;#�1 PCR %���� 
�[	).  

 �.� ��  ! ��N6BD . nN$ Z)(Zhang et al. 1998  � ~/} 

 # a�:[� ��� x�[ N=$�� "N$;B$   �ND0 	 2Y "N@$; N	O  �
 � 


:I= ̀ $ .�� ,�J �D0 �# 	"  N$��      �N' �
 *)N' 	  c   . "N$��V[

[=    O7�N% !�D�	     
 `$ .�N� . "N@$;0    !  0     � ��5N%  \N( 


�[	). !;#�1 PCR       �[��r1 �kM �  *
�k5%  �� P1/P7  "(

"JqR      �:	�F� *� )$  �� 0 >v}}         !  �  !.��  �  ��� �kM 0 

�	 #.�;N:� �  m/� N= N# ��   )N&()Schneider et al.1995 (

 )' x�@$  .       ̀ &N] . �ND �
 *
�k5N%  
�;N# 
 ;N# � )NF# y} 

  �#
 "b�X ,0�5=7.�6=#�	  �% . 	   �N' �	  cPCR    �.� "N�

V:R�
;� )Salehi et al. 2005b(.   -;QNG#PCR -Z �
 

  �.��[1>      n$� �  T� . ��;.�567  )l�
     x;	)=�  �� 0E=#1

)' 0� 
�:86Y \l�3 0�D)$�� �  )	�#.��.  

�
!;#�1 )&X �V6'  -;NI  9�NJqR  �N'��)RFLP( B 

  -;QG#PCR F58# =      Nr1 �NkM �N� O  �[��P1/P7 )>v}} 

�kM ��� (    � "$;B$ �D "� {;��#"    E$1 �� "$�[ )M �;I	O  �ND0 

Alul, HaeIII, HpaII, CfoI .RsaI ,)NN' *
 
 ��NN�  .

 ��0      EN$1 �ND �� ��� 	O, >y/} # =7.�/=     EN$1 !1 �  �N5	   "N� O

  # .
 * �BD=7.�/=  E$1 ��� �5	 . Ovy/�# =7.�/= ��� .
 _1 �5

qF�=    # ��D "� !.�5% �=7.�/= �N5    -;QNG# PCR   "�Ni  

   � TU% . )'"          �N� L2�;N#�� *�+5%
 �
 �Y�% ��PX 9)#

�#
0 C |�)    
�;# �
O	E$1 TaqI C �y (    )N' *
 
 � �NR .

  E$1 O�D -;QG#	B�  E$1 �� 	O �D0     ��N[1 -Z �
 zV5�# . �

  -Z *�+5NN%
 �  *
�k5NN%  �NN� . )NN' ��;NN.�5/7  )NNl�
 .


( 
=%��� 
�;# �&#;���[ � �R .  

"� 7
=\ 	 !�8N/  !
;N�  )M N	"  �ND0 	 "N@$; �
 1 !;N#� 

RFLP,  )M	" �.� )&�  ��0 "$�8BD ��%0, J�==S p
 �� . 

E@�	" . VG�=\ p
 �� �D _��5$   )N' . -;QNG# PCR  �N� 

�[��NNr1P1/P7  �NN� *
�k5NN%  � InsT/Aclone
TM

 PCR 

Product Cloning Kit )=BNN%2��
 pTZ57R/T . �
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Table 1 .A list of phytoplasmas with group designation and GenBank accession number of phytoplasmas used in 

phylogenetic analysis. 
Accession number RFLP Group Phytoplasma strain designation Acronym 

D13260  Acholeplasma laidlawii A. laidlawii 

JN860711 16SrII Bushehr Alfalfa witches’-broom BAlfWB 

M30790 16SrI Candidatus Phytoplasma asteris Ca. P. asteris 

U15442 16SrII Candidatus Phytoplasma aurantifolia Ca. P. aurantifolia 

AF200718 16SrII Cactus phytoplasma CaP 

X83432 16SrII Faba bean phyllody FBP 

DQ233655 16SrII Fars Alfalfa witches’-broom FAlfWB 

Y16390 16SrII Italian alfalfa witches’-broom IAlfWB 

AF438413 16SrII Oman Alfalfa witches’-broom OAlfWB 

Y10097 16SrII Papaya yellow crinkle PYC 

AF037595 16SrII Sunhemp witches’ broom SP 

DQ233656 16SrII Yazd Alfalfa witches’-broom YAlfWB 

  

"	;NN% Echerichia coli DH5α "$�8NNBD 0��NN% )NN'. 

B%2�=�D) T� �  �7�b ��%0 "� �;t&# J�==S  p
 �N�  "N� 

�(�' !Z.�(�#),-;<%  *�N(  �;N&M� ( -�N%�  
�[ N	) . �N� 

*
�k5%  �   p
 �N�  N�"  �N%
  *)N#1 .  �N�  *
�k5N%  �   "N#�$�� 

�%2�)BLAST (
E$	w  �N�	S  p
 �N�  �N� = �BN%2�;50 

L.��NNM 	 "NN@$;  �.� )NN&�  ;@58NNM 
�[ NN	) .�F# NN	"8 

OD 
�	z  ��N%0  "N$�[)&X  p
 �N� �;V(;$ N=)0 .  ":N%�G# 

#NN=! E p25NNb  5$Z=NN/� NN�=S =�D�BNN%2�;50 
�;NN# �NNt$ 

)-.)M �( ��  "N#�$�� Clustal W  �N�  *
�k5N%  �   x�N$  � EN  

LaserGene(DNASTAR,Madinson, W1) x�NNN@$  

)'. 7�$1=E =5$Z;V=/� $=E �� *
�k5%  �  BD=S x�$ � E  x�@$  

)' .� Acholeplasma laidlawii  "N�  ! ;N&Y outgroup 

*
�k5%  
�[	).  

  

)-�+, " m3�  

�
 x�NNB� AI�NN&# 	"NN@$; ��NN(0 !�5NN%  �PNN';� \#�NN' 

,�.� )&� ,*�(�% ���  �N� .  nN&� x�  2Y N	O �= ��NB0 

L��M *)	
 )' .         
�N�1 
;BG# �
 �kl �  �[
;71 ! E=# 

  ��>}}     
;� �=45# �.� )&� �
 )l�
  .2Y	  0��B=� ���� O 

           )N$
;� 9��N:Y AI�N&# SN	  �
 "N@$;	 L.��M �    EN	�

  ,�[��
�[ !)' . �[)=].�X a�� �D,    `D�N( ,0
��

 *�+$�=# "Vl�        ,"NR;I \NG# �
 L.��NM ,�D   �+7;N�;]

$�8NNN[�� ,0E:NNN% \NNN[ \#�NNN' \NNN[ 9 �NNN==4�. . �

�B=FY)  \/'>(.    2Y "@$;	 "�;� o&� 	O  "� � 
   o&� ! ;&Y

          AI�N&# �  "N@$;	 L.��NM 0��B=� 0�B%2�;5= "	 )M

            �  TN� . _��5$  x�  n&� . �� ��� ,*�]�% ,�.� )&�

     "� �P$1 �  "$��V[ "� -�F5$  &Y       �
 0��NB=� \N#�Y H:&# ! ;

`	�NN#�1 ��NND)NN	
�[ *
�k5NN%  �7;NN67;# . -�NNF5$  .  �


  -.)M~ "	 )M    HBM \G# ,zV5�# 0�D 2Y . 0�.1 N	 O

�%  *)' ���# �P$1 �
 0��B=� ����.  

          o&� "� {;��# *
;71 "@$;	 "�;� o&� �  0��B=� \#�Y

  "�;� "� "	 )M             �
 . )N' *
 
 -�NF5$  `$ .�N� O7�N% 0�D

2Y �NNP$1NN	\#�NN' ���BNN%2�;5= 0��NNB=� O  \NN[ ,0
��

      *�+$�N=# "VNl� `D�] ,�$�8[�� ,0E:%   � ,�ND  ,�N[��E	

 L.��M ,0
��     �D�� �+7;�;] .') )   \/N'~( .  ON	2Y

    �  �'�$ 0��B=�"	�#   "�;� �$�     "	 )M �� `$ .�� 0�D    0�ND  
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Fig. 1. Thin stand,little leaf, yellowing, witches᾽ broom and stunting in an alfalfa field inBondaroozdue to 

witches᾽ broom disease (A) and an alfalfa plant showing crown witches᾽ broom(B). 
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Table 2. Alfalfa witches᾽ broom phytoplasma isolates in Bushehr province, location of collection and disease 

symptoms 

Disease symptoms Location of isolate 
Alfalfa witches᾽ broom 

phytoplasma isolate 

Severe and compact crown witches’ broom and severe 

 stunting 
Bondarooz 1 

Pale yellow and spindly shoots from the crown , short 

spindly shoots from axillary buds along the stem, 

flower virescence, phyllody and proliferation 

Sarkoreh 2 

short spindly shoots from axillary buds along the 

stem, flower virescence, phyllody and proliferation 
Sarkoreh 3 

Short spindly shoots from axillary buds along the 

stem, flower virescence, phyllody and proliferation 
Poshtpar 4 

crown witches broom and severe stunting Tange-eram 5 
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Fig. 2. Disease symptoms in periwinkle plants inoculated with Bushehr alfalfa witches’ broom agent. A, flower 

phyllody; B, flower virescence; C, little leaf, internode shortening and yellowing. 
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Fig. 3. Restriction fragment length polymorphism ( RFLP) profiles of P1/P7 primed PCR products withAluI, 

CfoI, HaeIII, HpaII and RsaI enzymes separated through a 2% agarose gel.A, periwinkle plants inoculated with 

Bondarooz, Sarkoreh1, Sarkoreh2, Poshtpar and Tange- eram isolates (Lanes 1-5, respectively ) ; B,periwinkle 

plants inoculated with Bondarooz(Bushehr Province), Juyom 2, Juyom 1, Mobarakabad(Fars province) and 

Abarkooh (Yazd Province) isolates (Lanes 1-5, respectively); M, DNA ladder  

  

 ! . 0 �	#.�;:� �� p
 �� �D0 "���# �
 �� = �BN%2�;5 . 

Acholeplasma laidlawii "� ! ;&Y Outgroup �F# N	"8 

. x �[.�)$
  ���:��	)\/'�(  N%��=O 
�[ N	) .  N	S  7�N$1=E 

!��$ 
 
 "(  )M	" �.� )&� * �BD �� = �D�BN%2�;50  \N#�Y 

NNM�L.� 	"NN@$; NN	
E . K��NN �NN� =�D�BNN%2�;50 *.�NN[ 

16SrII "F:I )&�0 #� 
;' . �
 �=S ��Y 0  ��N�5$ �   N	S 

*.�[ �=�5�	S 
E$	/�  � ��  )M	" K�� 
� 
 . "� ���=f �� 

=�D�B%2�;50 \#�Y L.��M 	"@$; �
 	
E . !�BY  "Nq� � 

���.
0 
� 
.  

0��B=�  d�.�NM  "N@$;	 �
  !�5N%   �PN';�  �N6	 �  

0��B=� �D0 ��=8�  ONP# .  0
�QN5R   "N@$;	  �N%    �N	� 

E=#!  �[
;71 �
 �b��  {�NF$  !�5N%   )N&$�#  �.� )N&�  "N� 

>}} )l�
 #� )%�. �
  	S `D.C�  ��0 7. =S  ��N�   N	S 

�=��B0 �  {�F$ zV5�# !�5%  �P';�  �� EN[  N#�  

�N[ .  

M   1    2   3    4    5 

CfoIb 

B 

M   1    2     3    4    5          

HaeIII 

M    1   2    3   4    5 

HpaII 

M   1    2   3    4    5 

RsaI 

M   1    2   3   4    5    5 

Alu I 

M  1  2      3     4      5  

cfoI 

A 

www.sid.ir


Arc
hive

 of
 S

ID

www.SID.ir

������  �	��
 ��	/   ���� /  ������ / ��� ���� :�������  

���  

  
PT� �. H!�
"��-. P5�r  !  >��;R�  g.!�;� �(s\(- ;��� /f �! /! !� �# 6" (;O� 16S �.��%� ��;�&'() " Acholeplasma laidlawii 

+� /!(:I outgroup �� �.�U)�!  ! H�-  !a%! LaserGene. !��� 6��!� %��	���&'() ���� b�"  �	+� �"�� ����� � t(�� .(�.  

Fig. 8. Phylogenetic tree constructed from the alignment of full length 16S rRNA gene nucleotide sequences of 

11phytoplasmas and Acholeplasma laidlawii as outgroup using LaserGenesoftware. See table 1 for abbreviations 

and accession numbers. 
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