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Meloidogyne  sp1-� c�� #d� 5" �G �Q ��; G ��� 
�.�" ���-� ! M. incognita��� �   

9� [0" �� � �� 5"#.8" \�; J3 �0#.�Q" %G#, 
��" � �8 "�"� )0� �� � ��9  ���;� 
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].�� 2�	
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-/���
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( Beta vulgaris ) ��i�� Y#G  ���#� �0�.  
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Table 1. Characteristics of studied population in order to location, host, species and molecular 

code 

 2�
��
��"�� 
Isolate 

No. 

�� �� �0� i�� c1$ 
Location 

 

!
���$ 2
�� 
 

Host 

 �� �  
 

Species 

  �7
�Q 3Q $ 
Molecul

ar code 
1 Western Azarbaijan-

Uromiea- Baderloo 
Daucus carota M. javanica J1 

2 Uromiea- Baderloo Caspicum annuum M. javanica J2 

3 Uromiea- Baderloo Brassica oleraceae M. javanica J3 

4 Uromiea- Baderloo  Atriplex canescens M. javanica J4 

5 Uromiea- Baderloo Portulaca 
oleraceae 

M. javanica J5 

6 Uromiea- Baderloo  Lycopersicum 
esculentum 

M. javanica J6 

7 Uromiea- Baderloo Solanum melogena M. javanica J7 

8 Uromiea- Baderloo Ocimum basilicum M. javanica J8 

9 Uromiea- Baderloo Cucurbita pepo M. javanica J9 

10 Uromiea- Baderloo  Cucumis sativus M. javanica J10 

11 Uromiea- Baderloo Amarantus 
graecizans 

M. javanica J11 

12 Uromiea Lycopersicum 
esculentum 

M. javanica J46 

13 Isfahan- Delijan Fraxinus 
rotundifolia 

M. javanica J13 

14 Isfahan- Delijan Punica granatum M. javanica J28 

15 Birjand Cucumis sativus M. javanica J33 

16 Tabriz Ocimum basilicum M. javanica J55 

17 Tehran- Yaftabad Lycopersicum 
esculentum 

M. javanica J31 

18 Tehran- Yaftabad Solanum melogena M. javanica J32 

19 Tehran- Azadegan 
 Road 

Solanum melogena M. javanica J43 

20 Tehran- Azadegan 
 Road 

Lycopersicum 
esculentum 

M. javanica J44 

21 Tehran Brassica oleraceae M. javanica J47 

22 Rafsanjan Pistacia vera M. javanica J57 
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 [0��>y) �$"�"(                         Table 1.(continued)   
23 Sabzevar Cucumis sativus M. incognita I1 

24 Shiraz Lycopersicum esculentum M. javanica J27 

25 Ghazvin Mellissa officinalis Meloidogyne sp1 sp1 

26 Ghazvin Mellissa officinalis Meloidogyne sp2 

 

sp2 

27 Qom Punica granatum M. incognita I15 

28 Karaj- Sarhadabad Cucumis sativus M. javanica J19 

29 Karaj- Kamalabad Lycopersicum esculentum M. javanica J20 

30 Karaj- Jafarabad Lycopersicum esculentum M. javanica J21 

31 Karaj- Kamalabad Brassica oleraceae M. javanica J22 

32 Karaj- Kamalabad Solanum nigrum M. javanica J23 

33 Karaj- Kamalabad Solanum melogena M. javanica J24 

34 Karaj Lycopersicum esculentum M. javanica J29 

35 Karaj- 

 Green house 

Coleus blumei M. javanica J34 

36 Karaj- Gohardasht Beta vulgaris Meloidogyne sp3 sp3 

37 Karaj- Mardabad Lycopersicum esculentum M. javanica J35 

38 Karaj- Mardabad Solanum melogena M. javanica J36 

39 Karaj- Mahdasht Lycopersicum esculentum M. javanica J37 

40 Karaj- Jafarabad Lycopersicum esculentum M. javanica J38 

41 Karaj- Jafarabad Amarantus graecizans M. javanica J45 

42 Karaj- 

Songhorabad 

Helianthus annus M. javanica J50 

43 Karaj- 

Songhorabad 
Solanum melogena M. javanica J51 

44 Karaj- 

Songhorabad 
Lycopersicum esculentum M. javanica J52 

45 Karaj Lycopersicum esculentum M. javanica J59 

46 Karaj Phaseolus vulgaris M. javanica J60 

47 Karaj- 

Songhorabad 

Cucurbita pepo M. javanica J61 

48 Karaj- Kamalabad Phaseolus vulgaris M. javanica J62 
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49 Kerman Pistacia vera M. javanica J49 

50 Gilan- Talesh Cucumis melo M. javanica J16 

51 Gilan- Someasara Nicotiana tabacum M. javanica J18 

52 Gilan- Bariran Nicotiana tabacum M. incognita I3 

53 Gilan- Talesh Nicotiana tabacum M. incognita I4 

54 Gilan- Talesh Nicotiana tabacum M. javanica J42 

55 Gilan- Fuman Nicotiana tabacum M. incognita I9 

56 Gilan- Bariran Nicotiana tabacum M. incognita I13 

57 Gilan Nicotiana tabacum M. incognita I17 

58 Gilan- Talesh Lycopersicum 

esculentum 
M. arenaria A3 

59 Gilan- Talesh Nicotiana tabacum M. arenaria A4 

60 Gilan- Someasara- 

Azgum 
Nicotiana tabacum M. incognita I18 

61 Mazandaran- 

Nashtarood 

Actinidia chinensis M. javanica J12 

62 Mazandaran- 

Royan 

Actinidia chinensis M. javanica J15 

63 Mazandaran-

Tirtash 

Nicotiana tabacum M. incognita I2 

64 Mazandaran- 

Ghaemshahr 
Actinidia chinensis M. incognita I5 

65 Mazandaran- 

Nashtarood 
Actinidia chinensis M. javanica J40 

66 Mazandaran- 

Nashtarood 
Cucurbita pepo M. javanica J41 

67 Mazandaran- 

Sokhtehkola 

Actinidia chinensis M. incognita I7 

68 Mazandaran- 

Nashtarood 

Actinidia chinensis M. incognita I11 

69 Mazandaran- 

Royan 

Actinidia chinensis M. incognita I12 

70 Mazandaran- 

Royan-

Ebrahimabad 

Actinidia chinensis M. arenaria A1 
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0 %9#� �"#g �8�#� �� $ 5
; �F�� ��FG"z{ Z�� 5" %�K�� Meloidogyne |�
$5� �� $ 

�� 2�"��"#g .i�� c1$ �� �� �0� �� �Q �Q $ �G 0 2��"�� �� � �!
���$ 2
�� � [0��

 2�
��)� (%8" 2�� 2��0� .�;
�� Y"#(.8" 5" ZC �6�� 5" 
	  �� � ��
8
�� 0 2� Q� 
	

"#� 9#$ I
�` &+ m
8�H Q ���#.$ 9#$ 0 ��%�K�� �  �6�� 0� �� �#	 L�.($ 
	

71 Mazandaran- Bariran Actinidia chinensis M. arenaria A2 

72 Mazandaran- 

Nashtarood-Kotra 

Road 

Actinidia chinensis M. arenaria A5 

73 Mazandaran Actinidia chinensis M. incognita I20 

74 Mashhad- Tabadkan Beta vulgaris M. javanica J26 

75 Mashhad- Chaheshk Lycopersicum esculentum M. javanica J39 

76 Mashhad- Hasanabad Lycopersicum esculentum M. javanica J53 

77 Mashhad Satureja hortensis M. javanica J58 

78 Varamin- Firozabad Punica granatum M. incognita I6 

79 Varamin Ficus carica M. incognita I8 

80 Varamin Lycopersicum esculentum M. incognita I10 

81 Varamin Citrollus vulgaris M. javanica J54 

82 Varamin Punica granatum M. incognita I14 

83 Varamin Anethum graveolens M. incognita I16 

84 Varamin- Firozabad Capsicum annuum M. incognita I19 

85 Hamedan- Malayer Beta vulgaris M. javanica J17 

86 Hamedan Solanum tuberosum M. javanica J56 

87 Hashtgerd Cucumis sativus M. javanica J25 

88 Hashtgerd Lycopersicum esculentum M. javanica J30 

89 Hashtgerd Lycopersicum esculentum M. javanica J48 

90 Yazd- Ardestan Solanum melogena M. javanica J14 
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].8" 
�6�
$5� .� � %�K�� ^� �� v �#$ !"��� #	 .�6�� "�.�"  5" ZC 0 2�� "�� 
	

�	
�� %9
� !�#G �#+ 0 !�  6.F��
$ �2  t�� ��]8 E(; 2� ; �G !" � 0 EQ
8 �~Q
� 
	

#Q G ��� #�5 �� ���"����� "�� �6�� 5" Z�C ^�G �� 0 . %�K�� #	 "#� �{;
�� ��'   �

�� �.9#� #d� �� t�� ��]8 0 !" � ~Q
� 2�
$ .;
�� � i�� 
	  %�K�� #	 5" 2�� �0�

#+ 0 !���
8 5" ZC 0 c*.�$ ���� !0
	 �� ��
�"�� � R��#G �i�
$ I5" 
� ! !"��$ �� 

;
�� #	 "5" �� �� �� #9
� #.�Q0#��$ �� �9
�" � .
, �� �� #9
� �`�� 0� 0) �� E/,

E/,(! .�#; X-100 �D{��  �`)E/, �� !50 (�$ #R*$ �� �� 5�
G
8 ��
� . ����;0#C 2�
&'

^	
� �� k���; 5" c-g  I�$ �� [H 
	�= �� �*�g� g��{{���� �
�� ��    �"#:�.�
8

�� H ]�#.�
8 .�{i�
$ 5" #.�Q0#��$  �� �.(�� ^	
� #	 �� t�#8 ���80 �� �� �� #	 ��0�.  

 )
/�" �"#:�.�
8 ���� �
�� 
$� �� 2���G %�#8"0 c$" ' � �, !0�� 5� 90#.�Q"

%9#� .5� 90#.�Q" )
�;" 5" ZC2#�� 
� �  "#.F� 8 
� E���� #	 �`
&.+" |�G"0 5" #��

2a�0 "A�" � � � 
	���� �
��� [H 0� #� ���"50�� . ��$� t�� [ �1$ �� [H � d�$ W���

 
� #9
� 0 E���� 2a�0 c$
' ^�G ���$� t�� 2�
$  �E���� 2a�0 "#.F� 8  .1$PH p8
�$ 

�� 2�"� �"#g E���� %�Q
K9 ( Mc Donald 1997).   

E���� %�Q
K9 �8�#� ��  2���G "�� [H 5" 
	�{0 �`�� G"#.$ [H   �`�� �
�� 2���G E

�� 2�
].8" . %�
� H
.Q0 
� 5� 90#.�Q" c�' [H #	 �� $ ���{{�.�
8 �����
�� 
$���  �"#:

�� )
/�" %'
8 �
�� I�$ ��.t�� "#�   5
�H0���	 IJ
$ 0 5"#.8" E���� �� $ �� [H ��$�

 A0� 5"W8�
70  !"�
3�	 1995) et al. karssen ( �� �
].8" .�� �� [H �5"#.8" E���� �� $ 

={ E�8
.C I
]F9#9
� [ �1$#.�Q ���$ � /{�J $ )�/� PH ( 0
,�{ %F9 ^�� )#� ���$ 
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 c���y%�K�� �� 5"#.8" ���"50��� A *�  
	 �� � L�.($  2��' 
	Meloidogyne !"#�" ��  

M. javanica( J ) �" � �8 "�"�  
� Rm  �� � == 0 =z� �`��  ( I ) M.incognita ^� "�"� 

 
� �" �Rm ����`�� Meloidogyne sp1( sp1)   
� �" � �8 "�"�Rm �� �==0 =z �` �� 

�(sp2)  Meloidogyne sp2 
� �" � �8 "�"�RM �D � ==0 =z�` ��  � Meloidogyne sp3 (sp3) 

 
� �" � 0� "�"�Rm ==0 =z �` �� .  
Fig. 1: Esterase profiles of different populations of  Meloidogyne species in Iran. ( J ) M. javanica with 

three bands (46,55 ,59 Rm ) ; ( I ) M. incognita with one band (47  Rm); (sp1) Meloidogyne sp1 

with three bands (46,55, 59 Rm); (sp2) Meloidogyne sp2 with three bands (32,55,59 Rm); (sp3) 

Meloidogyne sp3 with two bands (55,59 Rm).  
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 c��D y5
�H0���	 � IJ
$ ���"50��� A *� )A-F(  5
; �F�� ��FG"#C 8 0)G0 H ( %�K��  
	

�� � L�.($ 2��' 
	 Meloidogyne !"#�" �� . (A)  M. arenaria �M. javanica (J) 0 (I)  

M. incognita . 5
; �F����F7"#C 8 E���� 
� �R�"� ��M. arenaria 
� �" � �
�� "�"� Rm ={ 

� �= � �D 0 �=0 �` �� javanica   M. 
� �" � 0� "�"� Rm  �=0 �D�`��.   
Fig. 2: Malate dehydrogenases (A-F) and Superoxide dismutases ( G,H ) profiles of different  populations 

of Meloidogyne species in Iran. (A) M. arenaria, ( J ) M. javanica and ( I ) M. incognita 

superoxide dismutase banding pattern was determined in M. arenaria  with four bands 

(50,65,72,85 Rm) ; M. javanica  with two bands (65,72 Rm ).  
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Summary 

ENZYME POLYMORPHISM IN MELOIDOGYNE SPECIES OF IRAN 
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Department of Plant Protection, College of Agriculture, University of Ferdowsi, Mashhad 

Department of Plant Protection, College of Agriculture, University of Tehran, Karaj 
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Enzyme phenotypes of esterase, malate dehydrogenase and superoxide dismutase were 

used to identify 90 populations of Meloidogyne spp.( 62 M. javanica, 20 M. incognita, five  

M. arenaria and three unknown species) from different regions of Iran. Esterase was the most 

useful biochemical marker for identification of major species. Soluble proteins were extracted 

from young egg-laying females and resolved in polyacrylamid gel (%10) under non-

denaturing electrophoresis conditions. Esterase profile in M. javanica populations were 

identified by a unique three banded pattern named J3, whereas M. incognita populations had a 

characteristic single banded pattern named I1. M. arenaria was identified with typically four 

superoxide dismutase bands named A4. The undescribed species Meloidogyne sp1, 

Meloidogyne sp2 and Meloidogyne sp3 were similar to M. incognita on perineal pattern but 

esterase pattern of the first species was J3, the second species had three bands but their rate of 

migration were different from M. javanica. Meloidogyne sp3 had two bands in esterase. The 

first two species were collected on Melissa officinalis in Ghazvin and the third species was 

collected from Beta vulgaris in Karaj. 

Key words: Enzyme polymorphism, Meloidogyne, Esterase, Malate dehydrogenase, 

Superoxide dismutase, Iran 

See Persian text for figures (Pages: ����� )  
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