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Abstract 
The study was intended to investigate the morphological, morphometric and molecular 
characterization of eight geographical isolates of the entomopathogenic nematode Steinernema feltiae 
from northwest of Iran. The results showed no detectable morphological variations, but significant 
morphometric variations were recorded among the isolates. Clustering based on morphometry of 
infective juveniles, classified the isolates in the following three separate groups:  group I consists of 
IRA30 and IRA25; group II includes IRA21, IRA23, IRA34, IRA28 and IRA21 and group III 
contains of IRA17. Clustering the isolates based on the male's morphometric characters, yielded 
nearly similar results and four groups were constructed as follows: group I is made up of IRA22, 
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IRA23 and IRA21; group II holds IRA25, IRA34 and IRA28; group III contains IRA30 and IRA17 
constitutes group IV. No intraspecific variation was observed among PCR-RFLP patterns of the 
native isolates resulted from16 restriction enzymes but significant variations were recorded within the 
isolate Pumping by HinfI, MspI and MboI. Although these markers serve as effective tools in 
separating the native isolates from the exotic ones, they are unable to detect variations among native 
isolates. Therefore, only ITS-rDNA sequence based phylogenetic analysis can effectively clarify the 
intraspecific variations of S. feltiae.   
Keywords: Entomopathogenic nematode, ITS-rDNA, Morphometric, PCR-RFLP, Restriction 
enzymes 
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� cY��u� �³�Z¼Ì]� ÉZÅ{ÂeZ¼¿�Entomopathogenic nematodes (EPNs)� �Ä]� ª¸ f»��Ã{YÂ¿Zy
Steinernematidae�É�f¯Z]�Á�½M�d�Ë�¼Å�,ZÅXenorhabdus spp.,�¶´¿Y�cY��u�Ã|À�¯�Á�É�Z^mY�ÉZÅ|Àf�Å��

½MÄ¼Å�ÃÁ�³�®Ë�ZÅ�ÄÌ¸��Ã{�f�³�É�]�Z¯�Z]�Êf�Ë��|À¼���Y�¶»YÂ��Á�É�Zm�cY��u½ZË��ÁM�Ê»|À�Z]���dÌ¸]Z«�
½M�ZÅÄ]�ÓZ]��ZÌ�]�¦¸fz»�cZ§M�Êf�Ë��µ�fÀ¯�¶»YÂ��½YÂÀ��Ã{Â]Ä¿Â³�Y�Ë���Á�ZÅÄËY|mÊËY�Z¯�¦¸fz»�ÉZÅ�ÉZÅ

�Zy�cZ§M�{�Â»��{�Y��ÊeÁZ¨f» ½Z�¿��Zy��ËY����{�Á�Ê»|ÀÅ{� (Eivazian Kary et al., 2012;  Eivazian 

Kary et al., 2011; Kaya & Gaugler, 1993)� 

�Z/Å{ÂeZ¼¿���Ã{YÂ¿Z/y��³�Z/¼Ì]�ÉSteinernematidae�����À/m�Á{�¶»Z/�Steinernema Travassos, 1927��Á
Neosteinernema Nguyen & Smart, 1994�|Àf�Å��Ä¿Â³�ÃÁ�³�lÀa�ÉY�Y{��Àm�¾ËY���ÃÁ�/³��/]�¶¼f�»�ÉY���ÉZ/Å

Ä¿Â³��ÉYGlaseri�,Feltiae�,Intermedium�,Carpocapsae��ÁBicornutum���Â/¼n»�Z]��������Ã|/��¦Ì/�Âe�Ä/¿Â³
�Nguyen, 2015����¹Z/À]�Ä¿Â³�®Ë�ZÆÀe�Ã{YÂ¿Zy�¾ËY�¹Á{��Àm�ÁN. longicurvicauda����µZ/���{�Ä/¯�{�Y{�����

���ÂeNguyen & Smart�d�Y�Ã|��¦Ì�Âe����
�����Ä/¯�¹Â/��¾/��Ã|/ÀÀ¯�Ã{Â·M�Á�Ó��Ä/¸u�»�d/¿Â¨�Y�É��Infective Juveniles� ���ÉZ/Å{ÂeZ¼¿Steinernema�

Ê»�|�Z],��d�Ë�¼Å�É�f¯Z]Xenorhabdus���Ã{Á��ÊËÂ/¸m�d¼/�«��{�Y���{Â/y�É���Ê/»�¶/¼u��|/À¯����Á�Ó�{Á�Á�Z/]
Ã{Â·M�É�f¯Z]�,½Z]�Ì»�¶�Â¼Å�Ä]�Ã|ÀÀ¯Ê»�ZÅ��d�Ë�¼Å�ÉZÅ�|¿Â����¾ËYÉ�f¯Z]��ZÅd����Ä]����Ã�/�u�¶/�Â¼Å��{

ÊËZË�f¯Z]�d¿Â¨���iY��{�Ã��u�Á�Äf§ZË��Ìj°e�Septicemia���¥���ÓÂ¼ »�Á������Z��Ê/»�Äf�¯�d���{Â/�� ���Z/]
Ê»�{Ây�É|���Ä¸u�»��yYÁY��{�Ä¯�¹Á{�Ä¸u�»�Á�Ó�,Ä�Ó�ÊËY~£�{YÂ»�¹Z¼eY��Ã{Âe�Á�¦«Âf»�Y��{Ây�ÄË~¤e�|�Z]

�{�YÁ�Y��ÊËZË�f¯Z]ÉZ�§�ÊËZË�f¯Z]�d�Âa��Y�| ]�Á�Ã{�¯�{Ây���ÉÁ�Ó�Äf/�Âa��/¨u�Z]�É�Y|¿Y����Ê/¸^«�Ä/¸u�»�{�YÁ
�Ã|ÀÀ¯�Ã{Â·M��Ìa�Ä¸u�»�pre-infective��Á�Ã{Â·M��b���Ê/»�Ê³|/ÀÀ¯���{{�/³�������Á�Ã{�/°¿�Ä/Ë~¤e�Ã|/ÀÀ¯�Ã{Â/·M�Á�Ó

Ê»��É�b��­Zy��{�ÄË~¤e�½Á|]�Y��ÃZ»�|Àq�|¿YÂe|ËZ¼¿���
Ä¿Â³�d��Æ§��{�¶»YÂ��½YÂÀ��Ä]�Á�|Ì·Âe�Ã{�f�³�c�Â��Ä]�Ä¯�cY��u��³�Z¼Ì]�ÉZÅ{ÂeZ¼¿�{| f»�ÉZÅ

Ê»��Ì�Á� Ã{Z¨f�Y� {�Â»�Êf�Ë�� µ�fÀ¯�Ä¿Â³� ,|À�Z]�Steinernema feltiae (Filipjev, 1934) Wouts, Mracek, 

Gerdin & Bedding, 1982��Y�Ã�ËÁ� ÃZ´ËZm�Ä¿Â³�¾Ë�e{�]�Z¯�a� �Y�Ê°Ë� Á� Ã{Â]� �Y{�Ây�]�ÉYÄ»Z¿�]� �{� ZÅ�ÉZÅ
Ê»��Z¼��Ä]�Êf�Ë��µ�fÀ¯|ËM� � ��{�Y{� {ÂmÁ�½ZÆm��Z¬¿� �Y�É�ZÌ�]� �{�Á� Ã{Â]�Ê¿ZÆm��À¯Y�a�ÉY�Y{�Ä¿Â³�¾ËY

�Hominick, 2002�����cY��u��³�Z¼Ì]�ÉZÅ{ÂeZ¼¿�ªÌ«{�ÊËZ�ZÀ�lËY��Á�ÊfÀ��ÉZÅ��Á���Y�Ã{Z¨f�Y�Z],��¶Ì·{�Ä]
�cZ¨�� {Â^¼¯dzË��Á�ÊfyZÀ�dzË��ÊnÀ��Ê»�¶°�»� �ZÌ�]� {Z¼f�Y�¶]Z«��ÉZÅ�Z¯� ÃY�� �Y� Ã{Z¨f�Y� Y~·� Á� |�Z]

� ÉZÅ�Y�]Y� Á� É�Ì»M�³{� ½Â»�M� Ä¸¼m� �Y� ¶¼°»Ä¸¼m� �Y� Ê·Â°·Â»�Ã{�ÁY�§� ��]�ÉZÅ���À¯YÁ� �{� Äf§ZË� �Ìj°e
Ã�Ìn¿��ºË�¿M� �Y� Ã{Z¨f�Y� Z]� �Y�¼Ì¸a� ÉY�Ã|ÀÅ{� ��]� ÉZÅ �Restriction Fragment Length Polymorphism 
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(RFLP)��¥{Y�e� Z]� ½M� Ä�ËZ¬»� Á®¿Z]� �{� Ã|��¦Ë� e�ÉZÅ�Ê¿��ÉZÅ�½YÂÀ�� Ä]��Á�ÉZÅ�� Á�¶¼°»��Ë����{
Ä¿Â³� ÊËZ�ZÀ��ÉZÅ�ZÅ{ÂeZ¼¿� ¾ËY�|À�Z]� Ê»� s��»� � RFLPs�Ã{�f�³� �Â�� Ä]��ÊËZ�ZÀ�� Á��Ìz�e� ÉY�]� ÉY

Ä¿Â³��ÉZÅSteinernema�Ã|��Äf§�³��Z¯�Ä]�d�Y�(Phan et al, 2001; Hominick et al., 1997; Reid et al., 1997 

& Stock et al., 1998)����
�½ÂÀ¯ZeÄ¿Â³µZ¼���Y�cY��u��³�Z¼Ì]�ÉZÅ{ÂeZ¼¿��Y�É{| f»�ÉZÅ��Á�ÊfzË����¿��Y�Á���Y�³�½Y�ËY�[�£

�d�Y�Äf§�³��Y�«�Ê���]�{�Â»�Ê·Â°·Â» (Nikdel, et al., 2011; Nikdel et al.,  2010; Eivazian Kary, 2010; 

Eivazian Kary, et al., 2010�Eivazian Kary, et al. 2009) �� 

�ÉÓZ]�ÊËY�Z¯�Ä]�ÄmÂe�Z]ZÅ{ÂeZ¼¿�³�Z¼Ì]�É��ÊËZ�ZÀ��dÌ¼ÅY�Á�d§M�cY��u�Êf�Ë��µ�fÀ¯��{�cY��u
�ªÌ«{Ä¿Â³�Á�ZÅÄËY|m�¾ËY�{�]�Z¯��{�¹Z³�¾Ì·ÁY�½YÂÀ��Ä]�{ÂmÂ»�ÉZÅ�¥|Å�Z]�ªÌ¬ve�¾ËY�,Êf�Ë��|À¼���Y�¶»YÂ�

ÄËY|m�Ê�Z�fyY�cZ¨��¾f§ZËdzË��cZ¨��Ä ·Z�»�Ä]�Ê¿Y�ËY�ÉZÅ�dzË��,ÊfyZÀ���ÉÂ´·Y�Á�ÊnÀ�PCR-RFLP�
�ÄÌuZ¿ITS-rDNA���Y�Êy�]ÄËY|m�ÊËZÌ§Y�¤m�ÉZÅZÅ{ÂeZ¼¿�cY��u��³�Z¼Ì]�ÉÄ¿Â³�S. feltiae��[�£�µZ¼���{
�Á�½Y�ËYÃÁ�³�É|À]½M�ÄfyY{�a�ZÅd�Y���

��
�Á��Á�{YÂ»�ZÅ��

��

Ä¿Â¼¿�É�Y{�]��
Ä¿Â¼¿½Zf�Y��Y�É�Y{�]¶Ì]{�Y�Á�Ê]�£�½ZnËZ]�}M�,Ê«���½ZnËZ]�}M�ÉZÅ�Á���Y¾Ì»��ÉZÅ|mYÁ�ÅZÌ³���Âa½Z�

�Ä¬�À»��{�lËY��¡Z]ÉZÅ��,\Ì����Y�»Än¿ÂË�Á��eY�»�Á�¹|À³���¹Zn¿Y�d§�³�ÁÄ¿Â¼¿ZÅ��ÃZ´�ËZ»�M�Ä]�µZ¬f¿Y��Y�| ]
��Á�� �Y� Ã{Z¨f�Y� Z]Ä¸eÁ�Ó� Z]�É�Y~³��yM�¾���Ä¿YÁ�a¹Â»±��]� �YÂy��Bedding & Akhurst, 1975�����¿� �Y

|¿|��Ê���]�cY��u��³�Z¼Ì]�ÉZÅ{ÂeZ¼¿�{ÂmÁ� �¹Â»�Ä¿YÁ�a�ÉZÅÁ�Ó�Ä�Ó�Á�Ê���]�Ä¿Y�Á���YÂy��ÉZ»{��{� ZÅ
dËYÁ�Ä¸e�{�©ZeY��¼m�dÆm��Ã|ÀÀ¯�Ã{Â·M�ÉZÅÁ�Ó�É�ÁM���³�Z¼Ì]�ÉZÅ{ÂeZ¼¿�Ä]�Ã��u�Ä�Ó�Ê³{Â·M�c�Â���{

cY��u���|¿|��É�Y|Æ´¿�White, 1929�����
��

ÊaÂ°�Á�°Ì»�|ËÔ�Y�ÄÌÆe��
�ÉY�]ÄËY|m��Å,��{Y�§Y��Y�Ã{Z»�Á��¿|ËÔ�Y�Ã|ÀÀ¯�Ã{Â·M�ÉZÅÁ�Ó�Á�¹Á{�Á�µÁY�¶�¿�¢·Z]ÊaÂ°�Á�°Ì»�ÉZÅ�

dzË��cZ ·Z�»�dÆm�dzË��Á�Ê�ZÀ��ÊnÀ��|��ÄÌÆe��� ZÅ{ÂeZ¼¿Äf�¯��Y�| ]���´ÀË��µÂ¸v»��{�½|�C�����Ä]
� Ã|ÀÀ¯�dÌ^je� µÂ¸v»TAF����Ê¸Ì»� |ÌW|·Z»�§� �fÌ·���,���Ê¸Ì»�Á�¾Ì»M� µÂ¿ZeY�É�e� �fÌ·���Ê¸Ì»���¬»�[M� �fÌ·

¶Ë�f�Y� ��Woodring & Kaya, 1988���c|»� Ä]� Á�¶¬fÀ»lÀa�Ä´¿�©ZeY�ÉZ»{� �{� �Á�� Ä¿Z^�|¿|��É�Y{� ��ÉY�]
µZ¬f¿Y��½|¿Z���ÁÄ¿Â¼¿¾Ë��Ì¸³�Ä]�ZÅ�·Zy��ÊnË�|e��Ìz^e��Á���Y�|Ë{�³�Ã{Z¨f�Y��Kaya & Gaugler, 1993����

�Ã{Â·M�ÉZÅÁ�Ó�{�Â»��{½M��Y�Ã|ÀÀ¯Ä¯�|��Ã{Z¨f�Y��ÊËZÅ��Ä¸e��{�Ã|ÀÀ¯�Ã{Â·M�Á�Ó�¾Ì·ÁY��ÂÆ���Y�| ]�Äf¨Å�®Ë
�|¿{Â]�Ã{�¯�­�e�Y��Ä�Ó�dËYÁ�Nguyen & Smart, 1994���Ê���]�Ê»Z¼e�ÉZÅdzË��Á�ÊfyZÀ��dzË�ÊnÀ�

�_Â°�Á�°Ì»��Y�Ã{Z¨f�Y�Z]�ÂÌb¼·Y�µ|¼BX41�c�Â��ºÌ��e�Ä·Â·�Ä]��Æn»�Á�¶«Y|u�d¨���Å��{�����{ÂeZ¼¿
Ã�Y|¿Y�|��É�Ì³� �� ÄËY|m� Z]�É�Ì»M�³{� ½Â»�M� �Y� ,Ä¿Â³�ÊËZ�ZÀ��dv�� �Y� �f�Ì]� ½ZÀÌ¼�Y�ÉY�]4CFMO���Y� Ä¯

|Ë{�³�Ã{Z¨f�Y�{Â]�Ã|��ÄÌÆe�|À·�ËY�Ê¸»�ÃZ´�¿Y{��{�µ�fÀ¯ÂÌ]�ÃZ´�ËZ»�M���
��
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Ä¿Â¼¿��Y�É�Y{�]�ËÂ�e�Á�É�Z��Ã{Z»M�Ê�]Á��Ê¿Á�f°·Y�_Â°�Á�°Ì»��Y�Ã{Z¨f�Y�Z]�ZÅ���
  Ä]Ã{Z»M� �Â�À»�� É�Z�Ä¿Â¼¿� Ê�]Á�� Ê¿Á�f°·Y� _Â°�Á�°Ì»� �Y� Ã{Z¨f�Y� Z]� É�Y{�]� �ËÂ�e�dÆm� ZÅ�µ|»

LEO-41���Y�Á�Nguyen & Smart (1995)���cY�ÌÌ¤e�Êy�]�µZ¼�Y�Z]�Á|��Ã{Z¨f�Y����Z]�|Àq��Y�| ]�ZÅ{ÂeZ¼¿
|Ë|·M�ZeÂ¸³�µÂ¸v»�Ä]�dÌ^je�dÆm�,�´ÀË��µÂ¸v»��{�Â��Á�d����Glutaraldehyde������c|»�Ä]�Á�¶¬fÀ»���

ÉZ»{� �{�d�Z��C����Ä´¿É�Y{�|¿|�� �Å{ÂeZ¼¿� ,Ã|�� �¯}�Ê¿Z»�� Ã�Á{� �Y� | ]Z��»� �ZÆqÄ^eÉ����Ä¬Ì«{��{�ÉY
cÔË{Â¯Z¯�ºË|��µÂ¸v»��Sodium cacodylate�� �M�
���Z]pH��
���¹ÂÌ¼�Y�µÂ¸v»�Ä]��b��Á�Â�Á�d��

|ËZ�¯Á�fe��Osmium tetroxide����� � ��c|»� Ä]� Á�¶¬fÀ»����ÉZ»{� �{�d�Z�C����Ä´¿�É�Y{|¿|�� �0Y{|n»�
Ä^e�»��ZÆq�ZÅ{ÂeZ¼¿É����Ä¬Ì«{�cÔË{Â¯Z¯�ºË|��µÂ¸v»��{�ÉYd����Y�Ã{Z¨f�Y�Z]�Á�Â�Á\Ì�¦¸fz»�ÉZÅ�

�µÂ¿ZeY�]�¶¼f�»�d�¸£�ÉZÅ�,���,���,���,���,���,���,���,���,���,�·Zy�¶°·Y�dËZÆ¿��{�Á��c|»�Ä]���
Ä¬Ì«{��É�Ì´]M|¿|����cÔË{Â¯Z¯�ºË|� M�
���Z]pH��
��Ä]��§Z]�½YÂÀ��{��Ê»Z¼e�ÄÌÆeµÂ¸v»»�Ã|���¯}�ÉZÅ�{�Â
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Table 1. Location and vegetation of sites with entomopathogenic nematodes of the 
geographical isolates of Steinernema feltiae from north-west of Iran 
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Ê·Â���ZÌ��Ê»�Ä»Y{Y�¹{�Ze�Á��Á������Ê°Ë{�¿��Y�Ä¯]ZËÀ|��Ê´f�m�]�ÉZÅ�ZÀ¯��ÉY�ÄÌ�Zu�Ê¿Á�Ì]��ËZ¬»��{Ä���Z]

Isolate Province Locality Vegetation 

IRA17 East Azarbaijan Varzegan Grassland 
IRA21 East Azarbaijan Ahar Grassland 
IRA22 East Azarbaijan Ahar Grassland 
IRA23 East Azarbaijan Sarab Wheat field 
IRA25 East Azarbaijan Ahar Alfalfa field 
IRA28 East Azarbaijan Shabestar Orchard 
IRA30 East Azarbaijan Heris Orchard 
IRA34 Ardabil Meshgin   Shahr Orchard 
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¹Á{�¶�¿��{��

Fig. 1. Female of S. feltiae: A) Anterior end of body, B) Vulva of 2ndgeneration, C) Tail 
of 1st generation and D) Tail of 2nd generation. 
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¹Â·Â¯Z¿�]Â³��
Fig. 2. Male of S. feltiae: A) Anterior end of body, B) Testis reflexion and C) Posterior end of body, 
spicule and gubernaculum.  
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¶°� ��� �� Ã|ÀÀ¯� Ã{Â·M� Á�ÓS. feltiae�� �A� �� Á�ÊËÂ¸m� ÉZÆf¿Y B� ��Ä¯� Ê^¿Zm� ÄÌuZ¿

Ê»��z�»�Ê ¿̂Zm�sÂ���Ê·Â��ÉZÅ�ZÌ��|�Z]����
Fig. 3. Infective juvenile of S. feltiae: A) Anterior end of body, B) Lateral 
field showing longitudinal ridges. 
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UPGMA�Ê�|Ì¸«Y�Ä¸�Z§�Á��
Fig. 4. UPGMA clustering of geographical 
isolates of S. feltiae based on infective 
juvenile morphometric data.  
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Fig. 5. Two dimensional canonical discriminant 
analysis related to cluster analysis of fig. 4. 
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ÃÁ�³�Ã|ÀÀ¯�Ã{Â·M�ÉZÅÁ�Ó��Z�Y��]�É|À]�ÄËY|m�d]Y�«�Z^Ë�¬e�Á�Ä]Z�»{Â]�Ã|���¨u�ZÅ���ÉÂ´·Y��Ì¿�{�Â»�¾ËY��{
ÃÁ�³�Á�ÊËZÌ§Y�¤m��À¯Y�a�ª]Z�e�Z]��Z^e�Y��{�Ê�ZyÄËY|m�¾Ì]�É|À]|�¿�Ã|ÅZ�»�ZÅ����

µÁ|m����ÄË�neÉZÅ��Ã�Ì¤f»�|Àq��¿ZË�YÁ{�Â»��{�dzË��ÉZÅ�Ì¤f»Á�Ã|ÀÀ¯�Ã{Â·M�ÉZÅÁ�Ó�ÊnÀ��{Y�§Y���¿ÄËY|m�ÉZÅ�
Ä ·Z�»�{�Â»�S.  feltiae���

Table 4. Multivariate analysis of infective juvenile and male morphometric data of S. feltiae isolates. 

��ÊÀ »�����������������������������������������������������������|��{�®Ë�µZ¼fuY�t����{��Y{   *Significant difference at P < 0.01��

Statistic df F value  Source 

3.288 808 5.693* Pillai`s Trace Infective Juveniles 

0.00 643.4 50.522* Wilk`s Lambda  

81456.23 738 78274.3* Hotelling`s Trace  

81451.4 101 685549.2* Roy`s Largest Root  

4.315 592 6.665* Pillai`s Trace Males 

0.00 472 37.684* Wilk`s Lambda  

13714.31 522 8604.41* Hotelling`s Trace  

13700.66 74 77988.37* Roy`s Largest Root  
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�Z]��Y��Ì]��{��Á�Z]�kZf¿�{ZnËY�½M�ÄnÌf¿�Ä¯�Ä ·Z�»�¾ËY�¹Zn¿Y���{Â]�ZÅ�Y�°e�|��{,�Ê]Ê»�|Ë{�e�dv���]�½YÂe

ÄËY|m� ÊËZ�ZÀ�d�Y{� ��Zy� ½ZÀÌ¼�Y� ZÅ� �Ä¿Â³� ÊËZ�ZÀ�� Ä¯� {Y{� ½Z�¿� ½Â»�M� ¾ËY� ÊËÂ�� �Y�]� ZÅ�cZ¨�� �Z�Y
dzË���ÉÂ´·Y��{�Ã|��Ã|ÅZ�»��ÂÀe�Á�Ã{Â]�tÌv��Ê·Â°·Â»�Á�ÊfyZÀ�PCR-RFLP��Êf�ËZ]�Á�Ã{Â]�ÊfÌ ¼m�cZ¨���Y

½MÄ¿Â³�½Á�{��ÂÀe�½YÂÀ��Ä]�Y��ZÅ{Y{��Y�«���¿|»�ÉY�������
��

��
��
��

� ¶°�����ÃÁ�³�ÄËY|m� É|À]��{�Â»� ÊËZÌ§Y�¤m� ÉZÅ
Ä ·Z�»� �

S. feltiae�Ê³�ËÁ��Z�Y��]�dzË��ÉZÅ���¿�{Y�§Y�ÊnÀ�
�ºfË�Â´·Y��Y�Ã{Z¨f�Y�Z]�ÁUPGMA�Ê�|Ì¸«Y�Ä¸�Z§�Á��

Fig. 6. UPGMA clustering of geographical 
isolates of S. feltiae based on male 
morphometric data. 

��
� ¶°�������Z]� �Z^e�Y� �{� É| ]� Á{� �Ìz�e� �]Ze� ÄË�ne
ÄË�ne���¶°���f�Ô¯���

��
Fig. 7. Two dimensional canonical discriminant 
analysis related to cluster analysis of figure 6. 

��
�ÉÂ´·Y�ÄÌuZ¿�Ê��]ITS-rDNA�ÄËY|mZÅ��
����ÄÌuZ¿ITS-rDNA��¹Z¼eÄËY|m�Ä ·Z�»�{�Â»� �ÉZÅS. feltiae� �ºË�¿M�ÉY�]�Y��ÊÆ]Z�»�ÉÂ´·Y� Ã|��Ê���]�ÉZÅ

|¿{Y{� ½Z�¿� �ºË�¿M� ¾Ì]� �YÊ���]� {�Â»�ÉZÅ,�PvuII,�XbaI,�KpnI,�MvaI,�SaII,�BamHI,�EcoRI�� ÁHindIII��|«Z§
|¿{Â]�Ê��]� ÃZ´ËZm� ��ÄÌuZ¿�Ê��]�ÉÂ´·YITS-rDNA�ÄËY|m�ºË�¿M��Z�Y� �]� ZÅHinfI��Ä �«�Ä��¶»Z����,������Á

����{Â]�É�Z]�d¨m���µÂ��Ä]�ÄmÂe�Z]������Ê���]�{�Â»�ÄÌuZ¿�Ä¯�d�Y{��ZÆ�Y�½YÂe�Ê»�É�Ìj°e�Ä �«�É�Z]�d¨m
���Z³M�µ���{��Ìz�e�¶]Z«�Ê°qÂ¯�d¸��Ä]�Ä¸�Zu�cZ �«�Ê·Á�Ã{Â]�Ê��]�ÃZ´ËZm�Á{��Y��Ì]�ÉY�Y{�ºË�¿M�¾ËY�ÉY�]

Ã{Â^¿|¿Y� �¾ËY�]ZÀ],�� Z]Ê·YÂe� ÄÌuZ¿�¾ËY�Ê]ZËÊ»YÂe�ªÌ«{�{Y| e� ½ÃZ´ËZm{�¯�¾ÌÌ e� Y����]�ÉZÅ� ��ºË�¿MBsuRI��®Ë� Z]
�{�Ê��]�ÃZ´ËZm�Ä ·Z�»�{�Â»�ÄÌuZ¿,��Ä �«�Á{�����Á����{�¯�{ZnËY�É�Z]�d¨m���ÄÌuZ¿ITS-rDNA�ÄËY|m�©Â§�ÉZÅ

�ºË�¿M�ÉY�]Hin6I��Ä �«�Á{�Z]�Ê��]�ÃZ´ËZm�®Ë�ÉY�Y{�����Á����{Â]�É�Z]�d¨m����Ì¿�ºË�¿M�¾ËY�{�Â»��{�µZ¼fuY
Ê»�¶¼fv»�Ã{Â¼¿�{ZnËY���Z³M�µ���{�Ê]ZË{��¶]Z«��Ì£�®qÂ¯�Ä �«�®Ë�Ä¯��´Ë{�Ê��]�ÃZ´ËZm�®Ë�¶«Y|u�{ÂmÁ�

|�Z]� �� ºË�¿MAluI�� Ä �«� Ä�� Á�Ê��]� ÃZ´ËZm� Á{�ÉY�Y{���,����� Á����{Â]�É�Z]�d¨m� ��ºË�¿M� Z]���]� �{MspI�
{�Á�Ã{Â]�Ê��]�ÃZ´ËZm�®Ë�ÉY�Y{���¿�{�Â»�ÄÌuZ¿�Ä¯��|���z�»�µÂ��Ä]�Ä �«�Á�����Á�����¶�Zu�É�Z]�d¨m
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{Â]�ºË�¿M�¾ËY�Z]���]���ºË�¿M�ÉY�]RsaI��ÄÌuZ¿ITS-rDNA�ÄËY|m�Ä ·Z�»�{�Â»�ÉZÅS. feltiae��Ê��]�ÃZ´ËZm�Ä��ÉY�Y{
�µÂ��Ä]�Ä �«��ZÆq�ÄnÌf¿��{�Á�|¿{Â]���,����,������Á����|Ë{�³�¶�Zu�É�Z]�d¨m���ºË�¿MPstI��ÃZ´ËZm�®Ë��Y

Y{�Ây�]� Ê��]� Ê^Ë�¬e� µÂ�� Ä]� Ä �«� Á{� Á� Ã{Â]� ������ Á����{�¯� {ZnËY� Y�� �Z]�d¨m� ��ºË�¿MMboI��Á{�ÉY�Y{� �Ì¿
�ÄÌuZ¿�ÉÁ���]�Ê��]�ÃZ´ËZmITS-rDNA��µÂ��Ä]�Ä �«�Ä��Á�Ã{Â]���,������Á�����{Â¼¿�{ZnËY�Y���¶°�������¥{Y�e

�ÄÌuZ¿ITS��ÄËY|mPumping��AY170336��Ä]cÁZ¨e�Ê���]��Â�À»dÅZ^��Á� ZÅ�¾Ì]�Ê·Z¼fuY�ÉZÅÄËY|m�{�Â»�ÉZÅ
�Ä ·Z�»S. feltiae��Ä¿Â³�¾ËY��Y�É�´Ë{�ÄËY|m�Z]�½��®¿Z]��Y�ÄÌuZ¿�Ê��]�ÉÂ´·Y�Á�[Zzf¿YITS-rDNA���Y�Ã{Z¨f�Y�Z]�½M

��Y�§Y� ¹�¿Restriction Mapper��|��ÄÌÆe�½Â»�M�{�Â»�ÉZÅ�ºË�¿M�ÉY�]��µÁ|m�� ���Êy�]� {ÂmÁ�Ã|ÀÅ{�½Z�¿�lËZf¿
cÁZ¨eËY|m� ¾Ì]� ZÅÄ�� ÄËY|m� Z]� Ê���]� {�Â»�ÉZÅPumping�� ÉÂ´·Y� ¾ËY�]ZÀ]� Á� {Â]PCR-RFLP�� ÄÌuZ¿ITS-rDNA�
ºË�¿M�ÉZÅHinfI,�MspI��ÁMboI�Ê»ÄËY|m�®Ì°¨e�dÆm�|¿YÂe�Â¯~»�ÉZÅ,��ÄËY|m��Y�¶«Y|uPumping��Ã{Z¨f�Y�{�Â»

{�Ì³� �Y�«� �Reid et al. (1997)�ºË�¿M� Ä¯� |¿{�¯���Y�³��ÉZÅHinfI�� ÁRsaI�ÄËY|m�ÉZÅS. feltiae��`Ìe� Á{� Ä]� Y�
|ÀÀ¯�Ê»� ºÌ�¬e��z�»� ��`ÌeA1���ÄËY|m76 UK�¾ËZ´¿� �Y� ÄËY|m�®Ë� Á� �� ÁA2���ÄËY|m107 UK� ���Ê���]� �{

���Âe�Äf§�³�c�Â�Yoshida (2003)��¾Ì]�|Ë{�³��z�»��Ì¿ÄËY|m��Y�Êy�]�Á�Ê���]�{�Â»�ÊÀaY��ÉZÅÄËY|m�ÉZÅ
�½Á�{��ÂÀe�ÊËZaÁ�YÄ¿Â³�ÉÂ´·Y� � �{�ÉYPCR-RFLP��ÄÌuZ¿ITS-rDNA�ºË�¿M���ÉZÅDdeI,�HinfI,�RsaI,�Sau3AI,�

TaqI��ÁTru9I�{�Y{�{ÂmÁ����

 

�¶°�����Ê��]�ÉÂ´·Y��ÄÌuZ¿�É�Ìj°e�Ã{�ÁY�§ITS-rDNA��ÄËY|m��IRA34�{ÂeZ¼¿�S. feltiae ��� Z]���
�Ê��]�ºË�¿M�¦Ë{��ÅÊËÓZ]�ÉZ���½Âf��Ê·Â°·Â»�ÉZÅ�´¿Z�¿�\Ìe�e�Ä]�`q�Á�d�Y��ÉZÅ�����Á����d¨m

Ê»�É�Z]�|À�Z]���
Fig. 8. Digestions of ITS-rDNA of isolate IRA34 using 16 restriction enzymes (upper 
rows). Left and right columns indicate 50 and 100 bp. ladder, respectively. 
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ÉÂ´·Y�¶»Z¯�dÅZ^��Z]�ÄmÂe�Z] PCR-RFLPÄËY|m��ÄËY|m�Z]�½M�¥ÔfyY�Á�Ê���]�{�Â»�ÉZÅPumping�lËZf¿� ,

Ã|ÀÅ{� ½Z�¿� Äf§�³� c�Â�� Ê���]� �Y� Ä¸�Zu�� ÊËZÌ§Y�¤m� ÉZÅ� ÄËY|m�®Ì°¨e� �{� �´¿Z�¿� ¾ËY� ÊËY�Z¯S. feltiae�
µZ¼���Ä�ËZ¬»�{�Â»�ÄËY|m��Y�¶«Y|u�,�Â�¯�[�£�Pumping��Ê»|�Z]� �µZ���{�ÉZÅ{ÂeZ¼¿��Y�Ã{Z¨f�Y��ÌiZe��ÌyY�ÉZÅ
�Z¼Ì]Ä»Z¿�]�\·Z«� �{� Ê»Â]�Ì£� �³�{�Â»�¶v»� �Y� �Y�§� Ä¸¼m� �Y�¥|Å�Ì£� ½Y�Y|¿Zm�ÉÁ�� �]�cZ§M� Êf�Ë�� µ�fÀ¯�ÉZÅ

¥|Å�Ì£�Ê»Â]��Â¸§�Á�½Â§�ÉÁ���]�Ê¨À»��ÌiZe�Á�Ã{Z¨f�Y,��d�Y�Äf§�³��Y�«�ÄmÂe�Á�Ê���]�{�Â»�Henneman & 

Memmott, 2001�� ��µ�fÀ¯�¶»Z���Å�Ê]ZË��Y��{� ¹Z³�¾Ì·ÁY� Z»Y� |¿�Y{� �Y�«� �Ì�»� �Z£M� �{��ÂÀÅ�cZ ·Z�»�¾ËY�|Àq��Å
Ä»Z¿�]�\·Z«��{�Ê»Â]�Ì£�Êf�Ë��Ã|ÀÀ¯dÌ ¼m�ÊËZ�ZÀ��Á�®Ì°¨e�ÊËZ¿YÂe�,cZ§M�ÊfË�Ë|»�ÉZÅ�Ê»Â]�¶»YÂ���Y�½M�ÉZÅ

Ê»�|�Z]� ��É�Zne�É�Z�ZÅ��c�Â�� �{Ê»�cY��u��³�Z¼Ì]�ÉZÅ{ÂeZ¼¿�ºË�¿M� �Y� ½YÂeÄËY|m�¾Ì]� Ä¯�Ê��]�ÉZÅ�ÉZÅ
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d�m�Ã�Æ]���
��

References 
 
Adams, B. J., & Nguyen, K. B. (2002) Taxonomy and systematics. pp. 1-33 In Gaugler R. 

(Ed.), Entomopathogenic Nematology. . Wallingford, UK: CABI Publishing. 
Bedding, R. A., & Akhurst, R. J. (1975) A simple technique for the detection of insect 

parasitic rhabditid nematodes in soil. Nematologica 21, 109-110.  
Eivazian Kary, N. (2010) Morphometric and Molecular characterization of new isolate of 

entomopathogenic nematode, Heterorhabditis bacteriophora Poinar, 1976 (Nematoda: 
Rhabditida) from the North of Iran. Munis Entomology and Zoology 5, 1075-1084.  

Eivazian Kary, N., Golizadeh, A., Rafiee Dastjerdi, H., Mohammadi, D., Afghahi, S., 
Omrani, M., Morshedloo, M. R. and Shirzad, A. (2012) A laboratory study of 
susceptibility of Helicoverpa armigera (Huber) to three species of entomopathogenic 
nematodes. Munis Entomology and Zoology, 7(1), 372-379.  

Eivazian Kary, N., Mohammadi, S. A., Moghaddam, M., Nikdel, M., & Niknam, G. (2010) 
Morphology and Molecular study of an entomopathogenic nematode, Steinernema 



¿Ã��u�¾¼n¿Y�Ä»Z��,½Y�ËY�Ê�ZÀ�������
������ÎÑÖ��

 

 

bicornutum Tallosi, Peters & Ehlers, 1995 (Nematoda, Rhabditida, Steinernematidae) from 
Iran. Journal of Entomological Society of Iran 29(2), 25-34.  

Eivazian Kary, N., Niknam, G., Griffin, C. T., Mohammadi, S. A., & Moghaddam, M. 
(2009) A survey of entomopathogenic nematodes of the families Steinernematidae and 
Heterorhabditidae (Nematoda: Rhabditida) in the north-west of Iran. Nematology 11(1), 
107-116. doi: 10.1163/156854108X398453 

Eivazian Kary, N., Rafiee Dastjerdi, H., Mohammadi, D., & Afghahi, S. (2011) Laboratory 
study of susceptibility of Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae) to 
some geographical isolates of Entomopathogenic nematodes. Munis Entomology and 
Zoology 5(3), 1066-1074.  

Henneman, M. L., & Memmott, J. (2001) Infiltration of a Hawaiian community by introduced 
biological control agents. Science 293, 1314-1316.  

Hominick, W. M. (2002) Biogeography. In Gaugler R. (Ed.), Entomopathogenic Nematology 
pp. 115-143. Wallingford: CABI Publishing. 

Hominick, W. M., Briscoe, B. R., del Pino, F. G., Heng, J., Hunt, D. J., Kozodoy, E., 
Mracek, Z., Nguyen, K. B., Reid, A. P., Spiridonov, S., Stock, P., Sturhan, D., 
Waturu, C., & Yoshida, M. (1997) Biosystematics of entomopathogenic nematodes: 
current status, protocols and definitions. Journal of Helminthology 71(4), 271-298.  

Kaya, H. K., & Gaugler, R. (1993) Entomopathogenic nematodes. Annual Review of 
Entomology 38, 181-206.  

Maniatis, T., Fritsch, E. F., & Sambrook, J. (Eds.). (1989) Molecular cloning: A laboratory 
manual. 2nd ed. New York: Cold Spring Harbor Publication. 

Nguyen, K. B. (2015) Species of Steinernema. Available from: 
http://entnem.ifas.ufl.edu/nguyen/morph/steinsp1.htm (accessed 4 April 2015). 

Nguyen, K. B., & Smart, G. C. (1994) Neosteinernema longicurvicauda n. gen., n. sp. 
(Rhabditida: Steinernematidae), a Parasite of the Termite Reticuldermes flavipes (Koller). 
Journal of nematology 26(2), 162-174.  

Nguyen, K. B., & Smart, G. C. (1995) Scanning electron microscope studies of Steinernema 
glaseri (Nematoda: Steinernematidae). Nematologica 41, 183-190.  

Nguyen, K. B., & Smart, G. C. (1996) Identification of entomopathogenic nematodes in the 
steinernematidae and heterorhabditidae (nemata: rhabditida). Journal of Nematology 28, 
286-300.  

Nikdel, M., Niknam, G., & Eivazian Kary, N. (2011) First report of an entomopathogenic 
nematode, Steinernema kraussei (Rhabditida, Steinernematidae) from Iran. Journal of 
Entomological Society of Iran 30(2), 39-51.  

Nikdel, M., Niknam, G., Griffin, C. T., & Eivazian Kary, N. (2010) Diversity of 
entomopathogenic nematodes (Nematoda: Steinernematidae, Heterorhabditidae) from 
Arasbaran forests and rangelands in north-west Iran. Nematology 12(5), 767-773.  

Phan, K. L., Nguyen, N. C., & Moens, M. (2001) Steinernema loci sp. n. and Steinernema 
thanhi sp. n. (Rhabditida: Steinernematidae) from Vietnam. Nematology 3, 503-514.  

Reid, A. P., Hominick, W. M., & Briscoe, B. R. (1997) Molecular taxonomy and phylogeny 
of entomopathogenic nematode species (Rhabditida: Steinernematidae) by RFLP analysis 
of the ITS region of the ribosomal DNA repeat unit. Systematic Parasitology 37, 187-193.  

Stock, S. P., Choo, H. Y., & Kaya, H. K. (1997) An entomopathogenic nematode, 
Steinernema monticolum sp. n. (Rhabditida: Steinernematidae) from Korea with a key to 
other species. Nematologica 43, 15-29.  

http://entnem.ifas.ufl.edu/nguyen/morph/steinsp1.htm


��������������������������������½ZÌ�ÂÌ��½Y�Z°¼Å�Á�É�Z¯���cY��u��³�Z¼Ì]�{ÂeZ¼¿�Ä ·Z�»Steinernema feltiae 

 

 

Stock, S. P., Somsook, V., & Reid, A. P. (1998) Steinernema siamkayai n. sp. (Rhabditida: 
Steinernematidae), an entomopathogenic nematode from Thailand. Systematic 
Parasitology 41, 105-113.  

White, G. F. (1929) A method for obtaining infective nematode larvae from cultures. 
Science66, 302-303.  

Woodring, J. L., & Kaya, H. K. (1988) Steinernematid and Heterorhabditid Nematodes: A 
Handbook of Biology and Techniques. : Southern Cooperative Series Bulletin, Arkansas, 
Agicultural Experiment Station. Fayetteville, Arkansas. 

Yoshida, M. (2003) Intraspecific variation in RFLP patterns and morphological studies on 
Steinernema feltiae and S. kraussei (Rhabditida: Steinernematidae) from Hokkaido. 
Japanese Nematology 5(5), 735-746.  

 
 

 


