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ƽźŤĩŚŝ� ƾƿŚſŚƴƃ� ƹ� ƾŝŚƿŵŹWolbachia �� ŹƺŞƳŻ� ŹŵTrichogramma brassicae 

(Hym.: Trichogrammatidae)���
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ƵŶǀĪģ��
ƽźŤĩŚŝ�ƽŚƷ��(á-proteobacteria)�Wolbachia�ƮƷ�ŢƀƿŻ�ŢƟŚŝ�Źŵ�ƶĩ�ŶƴŤƀƷ�ƾƫƺƬſ�ƱƹŹŵ�ƽŚƷ��Żř�ƽŵřŶƘţ�ƾƬſŚƴţ�ƽŚƷ

ƾƯ�ŢƟŚƿ�ƱŚƿŚěŶƴŝ�ŶƳƺƃ��ƵŵŚƯźĪŝ�ŌŚƤƫř��Ǝſƺţ�ŜƬƛř�ŚƯřźĭƺĪƿźţ�ƽŚƷŹƺŞƳŻ�Źŵ�ƾƿřŻ�ƽźŤĩŚŝ�Ʋƿř�ƪƤŤƴƯ�ƮŴţ�ƮſǈěƺŤǀſ�ƢƿźƏ�Żř�ƶĩ
ƾƯ�ƾƯ�šŹƺƇ��ŵƺƃ�ŵźǀĭ� �ƽźŤĩŚŝ�ƶŝ�ƾĭŵƺƫō� �ƢǀƤŰţ�Ʋƿř�Źŵ�Wolbachia��ŹŵÒ�Ñî� �Ó�è��ƹÒ�ç�ŢǀƘưū�ŵřźƟř� Żř�ŶƇŹŵ��ƽŚƷ

�ŹƺŞƳŻ�ƾƘǀŞƏTrichogramma brassicae Bezdenko�ƶŝ�ƶĩ��ŹƺƳ�ƹ�ƱŚŤƀưģ� �źƀƬŝŚŝ� Żř�Ŝǀţźţ�ƱřŹŶƳŻŚƯ�ƱŚŤſř� �Ɩưū��ƽŹƹō
�Śŝ�ŶƳŵƺŝ�ƵŶƃ�ƁƹŹPCR�ƶƳŚƀưƷ�ƹ��Ʊĥ�ƽŻŚſwsp��ƵŶƷŚƄƯƃŶ��Ʊĥ�ƾƫřƺţ�wsp��Ŷĩ�Śŝ�ƹ�ƲǀǀƘţ�źƀƬŝŚŝ�ƶŝ�ƍƺŝźƯ�ƽźŤƧŚŝ�ƲƿźŤſř

FJ441291�� ƭŚƳ� ƹwBaT.bra�� ƾƳŚƸū� Ʊĥ� ĨƳŚŝ� Źŵ(GenBank)�ŶǀſŹ� ŢŞŧ� ƶŝ� �ƲƿźŤſř� ƾĪǀŤƳĥƺƬǀƟ� ŢųŹŵ� ŽŚſřźŝ��ƽŚƷ
Wolbachia�ƶŝ�ƶŤƀŝřƹ��ƲƿźŤſř�ƹŵ�źƷ��ŚƯřźĭƺĪƿźţ�ŹƺŞƳŻ��ƾƳřźƿř�wBaT.bra��ƹUro3��Ƶƹźĭ�Ʀƿ�ƶŝ(Sib)�ŶƳŹřŵ�ƢƬƘţ���ƶŝ�ƶūƺţŚŝ

�ŹƺŞƳŻ�ŢǀƘưū�Żř�ƾƸūƺţ�ƪŝŚƣ�ŶƇŹŵ�ƾĭŵƺƫōT. brassicae�ƶƳƺĭ�ƶĩ�źƀƬŝŚŝ�śƺƀŰƯ�ŹƺƄĩ�Źŵ�ŜƫŚƛ�ƽ�ƾƯ�ŢƿżƯ��ŵƺƃ��ƽŚƷ
Ĩţ�ƲƿǇ�Żř�ƵŵŚƠŤſř�ƶƯŚƳźŝ�Źŵ�ŢǀƘưū�Ʋƿř�Żř�ƪƇŚů�ƾƀƴū�ƾƯ�ƾŝŚƿŻŹř�ƪŝŚƣ�Ĩƿĥƺƫƺǀŝ�ƩźŤƴĩ�ƽŚƷ�ŶƃŚŝ���

ƽŶǀƬĩ�ƱŚĭĥřƹ��PI-Wolbachia�Ʊĥ��ŚƯřźĭƺĪƿźţ�ŹƺŞƳŻ��wspƬǀƟ��ƵŵŚƯ��ƾƳĥƺ�Ĩƿĥƺƫƺǀŝ�ƩźŤƴĩ��ƾƿřŻ��
Abstract 

Wolbachia (á-proteobacteria) strains are intracellular endosymbiont bacteria found in reproductive 
tissues of many arthropod species. In Trichogramma wasps, thelytokous parthenogenesis is mostly 
induced by this bacterium which inherited transovarially. In this study, the Wolbachia infection was 
detected based on the PCR method and wsp gene cloning in 49.5, 3.6 and 2.5% of Baboulsar, Chamestan 
and Nour populations of Trichogramma brassicae Bezdenko collected from Mazandaran province. The 
Baboulsar bacterium strain is submitted to GenBank (FJ441291) under the name wBaT.bra. The 
phylogenetic tree based on wsp sequences of Wolbachia strains in Trichogramma wasps indicates that the 
Iranian strains, wBaT.bra and Uro3 belonged to the same group (Sib group). With regard to the high rate 
infection in Baboulsar population of T. brassicae as a dominant species in Iran, it will be possible to 
assess the potential advantages of its asexual line in biological control projects.  
Key words: PI-Wolbachia, Trichogramma wasp, wsp gene, phylogeny, thelytoky, biological control 

                                                
ŢƟŚƿŹŵ��çî�ë�æèîåƁźƿŸě����ì�î�æèîæ���

mailto:*
mailto:shahram.farrokhi@gmail.com


ÒÍ                                                  ƾųźƟ�ƱřŹŚƨưƷ�ƹ���ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƾŝŚƿŵŹWolbachia������

ƶƯŶƤƯ��
�žƴū� ƽŚƷŹƺŞƳŻTrichogramma Westwood�ƲŤƃřŵ� Śŝ�ŵƹŶů�æíå�īŹżŝ� ƶƳƺĭ��ƹ� Ʋƿźţ

ƶŤųŚƴƃ��ƵŶƃ�ƵŵřƺƳŚų� Żř� žƴū� Ʋƿźţ�� ƽTrichogrammatidae�ƾƯ�ƶŝ� ƶĩ� ŶƴƃŚŝ��ƩźŤƴĩ� ƪƯŚƗ� ƱřƺƴƗ
ƩŚŝ�Ĩƿĥƺƫƺǀŝ�Ĩƫƺě�šŹŚƀų�ƱřŹřŵ�Ʊō� Żř� řŻ�ƾƯ� ƵŵŚƠŤſř� ŚƷ��ŵƺƃ(Pintureau, 1990; Smith, 1996; 

Hassan et al., 1998; Pinto, 1998)� �Əƾ�Śſ�Ʃ�ŚƷƽ�ųřǀƶŝ� �ź�ŝ� Źŵ� ƎſƺŤƯ� ŹƺƏǀ� Żř�Ƃæååååå�
�Żř�ŹŚŤĪƷƙŚŝ�ŚƷ�ŻŚſŚƷŹ�ŹƺƄĩ�ƕŹřżƯ�ƹƽ�źţƿƬƗ�ŚƯřźĭƺĪǀƞƬŤŴƯ�šŚƟō�ƶ��ƶŝ�ƹƿ�ƵĦ�ƭźƧƶƣŚſ��Źřƺų

ŪƳźŝ��Chilo suppressalis (Walker)��ƫŚƃ� ŹŵǀŚƷŹřżƽ�ĭǀ�Ţſř� ƵŶƃ� ƭŚŬƳř� ƱřŹŶƳŻŚƯ� ƹ� Ʊǈ
(Ebrahimi, 1999)� �ſŹźŝƾ�ŚƷƽ�ŤƀƳƺƟǀř�Źŵ�ĨƿŚſŚƴƃ�ƶŝ�źŬƴƯ�Ʊřźƾƿ��ƁŹřżĭ�ƹææ��ŹƺŞƳŻ�ƶƳƺĭ

źţƿŝ� Źŵ� ƶĩ� ƵŶƃ� ŚƯřźĭƺĪǀƱō� Ʋ�� ŚƷTrichogramma brassicae Bezdenko�ŝǀƂ�źţƿƳřƹřźƟ� Ʋƾ��ƹ
�Ţſř�ƶŤƃřŵ�řŹ�ƁźŤƀĭ(Shojai et al., 1990; Ebrahimi, 1999)���

ŹƺŞƳŻ� ŜſŚƴƯ�Ɓƺſ�śŚŴŤƳř� Źŵ�źţƿŚƯřźĭƺĪ�řźŝƽ�� Źŵ� ƵŵŚƠŤſřƿƶƯŚƳźŝ� Ĩ�ƽ�ŻŚſŚƷŹƽ��
Ƭĩ� ƪƯřƺƗǀŶƽ��ƞƬŤŴƯŸě� ƪƯŚƃƿĭ�ƁźǀƵźƄů�ƹ� ƵŚ�ƽ�Ưǀřźƃ�ƪưŰţ� �ƱŚŝżƿŰƯ�ƎǀƐƾŚƳřƺţ� �ƾƿ�

ŻřŹŚěƿŤƶ�ƴſ� ƱŵźĩǀƯ�ƞƬŤŴƯ� ƲǀźĭƺŬŤƀū�šŹŶƣ� ƹ� ƱŚŝżƽ�Ư� ŭźƐƯƾ�ƃŚŝƴŶ�(Doutt, 1958; 

Trumble & Alvarado-Rodriguez, 1998)� �řƿƹ� ƲƿĭĦƾ�Ɓƺſ� Źŵ� ŚƷ��ŚƷƽ�Ưƺŝƾ�Ƃǀŝ��ơřŶƈƯ� źţ
ŶƳŹřŵ��ƶŝ�ŶƴŤƀƷ� ƽźţǇŚŝ� ƮƀǀŤƿŻřŹŚě� šŹŶƣ� ƽřŹřŵ� żǀƳ� ƶƗŹżƯ� Ǝƿřźƃ� Źŵ� ƶĪƳō� ƵĦƿƹ� ���ƶŬǀŤƳŹŵ

ƾƳŚƯŻŚţ�Ɓƺſ�ƶĩ��ƶƳƺĭ�ƶŝ�ŶƴƃŚŝ�ŶƯōŹŚĩ�ƹ�ŜſŚƴƯ�ŚƯřźĭƺĪƿźţ�ŹƺŞƳŻ�ƾƯƺŝ�ƽŚƷ���Ůǀūźţ�ƾţřŵŹřƹ�ƽŚƷ
ƾƯ� Ƶŵřŵ��ŶƳƺƃ(Hassan, 1994)� �ƽŻŚſŚƷŹ� Źŵ�ƮŴţ�ƽŚƷŶǀŗƺŤƿŻřŹŚě�ŢǀƤƟƺƯ�ƾƯ� ŚƷ�ƵƺŰƳ� ƶŝ�ŶƳřƺţ�ƽ�
�Ŷǀƫƺţ�Ʊō�ƪŨƯ��ŶƃŚŝ�ƶŤƃřŵ�ƾĮŤƀŝ�żǀƳ�ŚƷ(Stouthamer, 1993; 2003)��ƃǀƵƺ�ƽ�ƫƺţǀƬŨƯ�Ŷƾ��Źŵ�ƩƹřŶŤƯ

źţƿ� �ŚƯřźĭƺĪřŻźƳ�ƾƿ(arrhenotoky)�ƮŴţ� Żř� źƳ� ũŚŤƳ� ƶĩ�Ţſř�ŚƷƽ�ƤƬţǀ�Żř� ƵŵŚƯ� ũŚŤƳ� ƹ� ƵŶƄƳ�Ů
ƮŴţ�ŚƷƽ�ŹƹŹŚŝ�ƶŝ� ƵŶƃ�Ư� ŵƺūƹƾ�ōƿŶƴ� �ƫƺţ� ƁƹŹǀƬŨƯ� Ŷƾ�ŵƿźĮƽ�ř� Źŵ� ƶĩƿŵ� ŚƷŹƺŞƳŻ� ƲƿƵŶ�
Ưƾ�� �ŵƺƃƵŵŚƯ�řŻ�ƾƿ(thelytoky)�ŚƷŹƺŞƳŻ� Źŵ�ƶƧ�Ţſřƽ�ƵŵŚƯ�ƮŴţ� řŻ�ƤƬţ�ƽŚƷǀƳ� ƵŶƄƳ�Ůǀ�ũŚŤƳ�ƶŝ�ż

ŶŞţ� ƵŵŚƯƿƯ� ƪƾ�ŶƳƺƃ� �Źŵ� ŵƹŶůæå�ƶƳƺĭ� Żř� ŶƇŹŵ�ŚƷ�ƽ�źţƿĭŵƺƫō� �ŚƯřźĭƺĪƾ�źŤĩŚŝ� ƶŝƽ�
Wolbachia��ƵŶƃ�ƁŹřżĭŢſř��ƽźŤƧŚŝ�Ʋƿř�ƵŵŚƯ�ŌŚƤƫř�ŦƗŚŝ�řŻƾƿ�Ưƾ��ŵƺƃ(Pintureau et al., 2002; 

Almeida, 2004)��źţ�ŹƺŞƳŻ�ŹŵƿŚƯřźĭƺĪ��řƿŢǀƘưū�Ʋ��ŚƷƽ�ƵŵŚƯ�Ư�řŻƾ�řŹŚĩ�źƔƳ�Żř�ŶƴƳřƺţƾƿ��źţźŧŒƯ
ƶƳƺưƳ�Żř�ŚƷƽ�ƀƴūƹŵƾ�żƯ�ƶƧ�ŶƴƃŚŝƿŢ�ŚƷƾƿ�Ʊō�ƶŝ�Ƶŵřŵ�ŢŞƀƳ�ŚƷ���ƵŶƃ(Stouthamer, 1993; 2003)�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÒÎ 

ƾſŹźŝ� ŚŤſřŹ� Ʋƿř� Źŵ� ƹ�ƶƀƿŚƤƯ� ƽŚƷ�� Ţſř� ƶŤƟźĭ� šŹƺƇ� żǀƳ� ƽř(Farrokhi et al., 2010;  

Silva, 1999)���
źŤĩŚŝƽ�ŚƷƽ�(á-proteobacteria)�Wolbachia�ƮƷ�ŻƿƫƺƬſ�ƱƹŹŵ�Ţƀƾ�ŵřŶƘţƽ�ŚěŶƴŝ�Żřƿ�ƹ�ƱŚ
ŚƷŶţŚưƳƽ�ƟǀŹǈƿƯ�Śƾ�Ɯţ�ŜūƺƯ�ŜƬƛř�ƶĩ�ŶƴƃŚŝǀǀţřźƾ�ƹ�ŹŵƿĭĦƾ�ŚƷƽ�ƫƺţǀƬŨƯ�Ŷƾ�Ʊō�Ư�ŚƷƾ��ŶƳƺƃ

(Taylor & Hoerauf, 1999; Werren, 1997)� �řƿƯ�ƪƯřƺƗ�ƲǀŝƹźĪƾ�Ưƾ�Ư�ƕƺƳ�ƶŝ�ƶŤƀŝ�ŶƴƳřƺţǀ�ƱŚŝż
ƜţǀǀƠƬŤŴƯ�šřźƾ�ŹŚĭŻŚſŚƳ�ƪƯŚƃ� řŹƽ�ſǀưſǈěƺŤƾÎ�ŦƳŒƯ� ��ŻŚſƽÏ�ƄĩźƳ� �ƾÐ�ƵŵŚƯ� ŌŚƤƫř� ƹ��řŻƾƿÑ�

ƃ� ŹŵǀƵƺ�ƽ�ƫƺţǀƱō� ƪŨƯ� Ŷ�� ŶƳƺƃ�ŜūƺƯ� ŚƷ(O'Neill et al., 1997; Stouthamer et al., 1999)��
ƴĤưƷǀƲ��Ʊō�Ư�ŚƷƾ�ųźŝ�Źŵ�ŶƴƳřƺţƾ�ŹƹŹŚŝ�ŵŹřƺƯƽ�Ưǀ�ŵƺų�ƱŚŝż�ƶŝ�řŹ��Ƹūƺţ�ƪŝŚƣ�ŹřŶƤƯƾ�řżƟřƿ�Ƃ
� ŶƴƷŵ�ƿŹŚĪƃō� źŧř� ƶƳƺĭźƷ� ŶƣŚƟ� Śƽ�ŶƴƃŚŝ�(Girin & Bouletreau, 1995; Vavre et al., 1999)��
ſŹźŝƾ�ƟǀƳĥƺƬƾ�źŤſřƿƲ��ŚƷƽ�řƿźŤĩŚŝ�Ʋƽ�ŚƴŞƯźŝƽ�Ʊĥ�ŚƷƽ�16S rRNA��ftsZ��ƶŝ�ƹ��ƵĦƿƹÒ

wsp���Ʊō��ŚƷ
�ƵƹźĭǇŚŝ�Ƃƃ�ƶŝ�řŹ(A-F)�ƀƤţǀ�ŹŚŞŤƗř�ƶĩ�ƵŵƺưƳ�ƮƵƹźĭǇŚŝ�ŚƷƽ�A��ƹB�ƶŝ�Őţ�ŵŹƺƯ�ƪƯŚĩ�ŹƺƏǀƿ�Ŷ

ƾƯ��ŶƃŚŝ(Zhou et al., 1998)��ƾţŚƤǀƤŰţ�ŪƿŚŤƳ�Ʋƿźųō�ŽŚſřźŝ���ƵƹźĭǇŚŝ�ƲǀưƷŵŻŚƿ(K)��ƾƟźƘƯ�żǀƳ
�Ţſř�ƵŶƃ(Ros et al., 2009)���

�Ʋǀŝ�Źŵæí�ƶƳƺĭ���ŹƺŞƳŻTrichogramma�ƶŝ�ƶĩ��ƱŚŝżǀƯ�ƱřƺƴƗPI-Wolbachia�ƵŶƃ�ƁŹřżĭ���ŶƳř
ƶƳƺĭ�ƹŵ�Źŵ�ƾĭŵƺƫō��ƽT. cordubensis Vargas & Cabello�ƹ�T. oleae Voegelé & Pointel��ƍƺŝźƯ

ƶŝ��ƲƿźŤſř�� ƵƹźĭǇŚŝ�Żř�ƾƿŚƷB�ƾƯ��ŶƃŚŝ�ƶŝ�ƽƺŰƳ��ŵŹřŵ�ŵƺūƹ�ŢǀƘưū�ŵřźƟř�ƭŚưţ�Źŵ�ƾĭŵƺƫō�ƶĩ
��Śƿ�ƾƳŚĮưƷ�ŢƫŚůfixed���ƶƳƺĭ�źƿŚſ�Źŵ�ƾĭŵƺƫō�ƲƿźŤſř�ƶĩ�ŚƷ�ƬƘŤƯ�ƾƿŚƷ�ƵƹźĭǇŚŝ�ƹŵ�źƷ�ƶŝ�ƢA�

� ƹB�ƾƯ� ƪƯŚƃ� řŹ�ƶŝ� �ŵƺƃ��Ţſř� ƎƬŤŴƯ�šŹƺƇ��ŢƫŚůmixed��ƹ� Ƶŵƺƫō� ŵřźƟř� Żř� ƾƏǈŤųř� Śƿ
Ƶŵƺƫōźǀƛ� �ƾƯ� ƽźŤĩŚŝ� Żř� ƾŞſŚƴƯ� Ʈĩřźţ� ƽřŹřŵ� ƶĩ� ŢǀƘưū� ŵřźƟř� Żř� ƽŵřŶƘţ� Źŵ� ŚƸƴţ� ƹ��ŶƴƃŚŝ

ƵŵŚƯ�ƾƯ� ƵŶƿŵ� ƾƿřŻ�� ŵƺƃ(Stouthamer, 1997)��ř� Źŵƿ� ŚƸƴţ� Ʊřźƿĭŵƺƫō� ŵŹƺƯ�Ĩƾ�ř� ƶŝƿźŤĩŚŝ� Ʋƽ�
�źŤſřƿ�ƲUro3� �ŹƺŞƳŻ�Źŵ�Trichogramma embryophagum (Hartig)��ƎſƺţEbrahimi (2001)��Żř

ƯƹŹřǀƵŶƃ�ƁŹřżĭ�ƶ �Ţſř��ſŹźŝ�Śŝƾ�ƘƋƹǀřŻźĪŝ�Ţƾƿ��Źŵææ�ř�ƁƺſƿƳřźƾ��ŹƺŞƳŻT. brassicae�

                                                
æ- Cytoplasmic incompatibility (CI) 
ç- Feminization 
è- Male-killing 
Ñ- Parthenogenesis inducing (PI) 

Ò- Wolbachia outer surface protein gene 



ÒÏ                                                  ƾųźƟ�ƱřŹŚƨưƷ�ƹ���ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƾŝŚƿŵŹWolbachia������

�Ǝſƺţ�ƶĩAttaran (2002)�ǇŚŝ� ŵƺūƹŚŝ� �Ŷƃ�ƭŚŬƳř�ƵŵŚƯ�ŵřźƟř�ŢŞƀƳ�Ʊŵƺŝ��ųźŝ�Źŵƾ�ĩřţƺǀĚ�ŚƷ��
ŶƷřƺƃƽ�ĭŵƺƫō�źŝ�Ʃřŵƾ�źŤĩŚŝ�ƶŝƽ�ƵŵŚƯ�ƪƯŚƗ�řŻƾƿ�ƶŝ�Ƴ�ŢſŵǀŶƯŚ����

�ƵŶƃ�Ɓǈţ�źƋŚů�ƢǀƤŰţ�Źŵ�Ţſř�ŵźŝŹŚĩ�ƶŝ�ƶūƺţŚŝ�Śţƶŝ�ŢŞƀƳ�ſƹǀźţ�ŹƺŞƳŻ�Ɩƿ�ŚƯřźĭƺĪ
ưƷř�ƹ�ŹƺƄĩ�ŹŵǀŵŚƈŤƣř�Ţƽ�ŚƷŹƺŞƳŻ�Żř�ƵŵŚƠŤſřƽ�Ĩţ�ƀƴūƾ�(unisexual)��ſŹźŝ�ƲưƋƾ�ƃǀƵƺ�ƽ�

ƫƺţǀƬŨƯ�Ŷƾ�ţƺĩř�ŹŵǀĚ�ŚƷƽ�Ưƺŝƾ��ƲƿřƵŵŚƯ�ƪƯŚƗ��ŹƺŞƳŻ�řŻƾƿ�ŝ�ŹŵǀƱō�Ʋ�ƁƹŹ�Śŝ�ŚƷ��ƾƫƺƨƫƺƯ�ƽŚƷ
ŵŹƿŝŚƾ�ŚſŚƴƃ�ƹƾƿ�ŵƺƃ���
��

ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
Ɩưū�ƶĮƳ�ƹ�ƽŹƹō�Ěǀţƺĩř�ƽŹřŵ��ŚƯřźĭƺĪƿźţ�ŹƺŞƳŻ�ƽŚƷ��

řźŝƽ�Ţſŵ�ƿŝŚƾ�ƶƳƺưƳ�ƶŝ�ŚƷƽ�ƵŵŚƯ�řŻƽ�ƩŚſ�Źŵ� �ŹƺŞƳŻ�ŚƷƽ�ÕÒ�æèÕÑ�ƮŴţ�ŚƷƽ�ŻřŹŚěƿƶŤ�ƽ�
ƩŚŝ�Ʀƫƺě�ĭ�Żř�ƱřŹřŵǀ�ƱŚƷŚƞƬƗ�ƹ�ŪƳźŝ�ƪƯŚƃ�ƞƬŤŴƯ��ŚƷƽ�ƃŚů�ŻźƷǀƶ�ƽ�ƫŚƃǀŚƷŹřż��ƶŝ�ƹƿĭ�ƵĦǀ�ƵŚ

�ĨŤƀƯ�ơƺţ� �Xanthium strumarium L. (Asterales: Asteraceae)��Ɩưū�Źƹōƽ�ŚƯŻō� ƶŝ� ƹƿ�ƵŚĮƄ
ŶƳŶƃ�ƪƤŤƴƯ��ŝǀƂ�ƶƳƺưƳ�źţ�źƸƃ�Ǝſřƹř�Źŵ�ŚƷƿŹƺ��ƶĩ�ƵŚƯ�ŪƳźŝ�ŹŵŝǀƂ��źţ�ŚƷŹřżǀƫŚƃŢƃřŵźŝ��ƵŶƃ

ŵƺŝ��ƫŚưƃ�ƢƏŚƴƯ�Żřƾ�żĩźƯ�ƹƽ�ƶŝ�ƱřŹŶƳŻŚƯ�ƱŚŤſř�ŶƳŶƯō�Ţſŵ��ƵƹǈƗ�řźŝƿřźŝ� �Ʋƽ�Ţſŵ�ƿŝŚƾ��ƶŝ
ƵŵŚƯ�ŵřźƟř�řŻ��ŝ�Źŵ�ƺŬŤƀūǀƶƳƺưƳ�Ʋ�ŚƷƽ�ƫŚſŹřƾ�ř�ƞƬŤŴƯ�ƍŚƤƳ�ŻřƿƘưū�ƹ�ƱřźǀŢ�ŚƷƽ�Ĩţ�ƀƴūƾ�

ƹŵ�ƹ��ŚƯřźĭƺĪƿźţ�ƽŚƷŹƺŞƳŻ�ƾƀƴūŢƟŚƿ�ƶƯřŵř���ŚƷŹƺŞƳŻ�Ʋƿř�Ĩƿĥƺƫƺǀŝ�ƩźŤƴƧ�šŚƤǀƤŰţ�ƂŴŝ�Źŵ
ƶƀſŒƯ�ƽ�ƵŚǀĭ�šŚƤǀƤŰţ�ƶŝ�ŹƺƄĩ�ƾĪƃżě�ƶĮƳ�ƵŶƳŻ�šŹƺƇ�ƾƯ�ƽŹřŵ��ŶƳƺƃ��ƩƹŶūæ����

Ɓƺſ�Żř�Ĩƿ� źƷ� �ŚƷŹƺŞƳŻ� ũƹźų� Żř�žě��Ǝƿřźƃ� Źŵ�ĨǀĪƠţ� ƶŝ� ŚƷC�æ�t�çå��ŢŝƺƏŹ� �
�ƾŞƀƳæå�t�Óå�ƵŹƹŵ�ƩƺƏ�ƹ�ŶƇŹŵ��ƾƿŚƴƃƹŹ�ƽæÓ��ƾĪƿŹŚţ�ƹí��šǈƛ�Ŷǀŝ�ƮŴţ�ƽƹŹ�ŢƗŚſ

ŶƳŶƃ� Ƶŵřŵ�ƁŹƹźě� �ƮŴţ� �ŚƷŹƺŞƳŻ�ƪŨƯ�Ŷǀƫƺţ� ƹ�ƾƿřŻźĪŝ�ŢǀƘƋƹ�ƲǀǀƘţ�ƽřźŝ��ƶŝ� ƶŤƿŻřŹŚě�ƽŚƷ
�ƶƫƺƫ� Źŵ� řżŬƯ� ƹ�ƽŵřźƠƳř�šŹƺƇ�ƶƄǀƃ�ƽŚƷ��ƽř�ìÒ���æç�ƾƬǀƯ�źŤƯ� �ŶƳŶƃ� Ƶŵřŵ� Źřźƣ� ��Żř�žě

ƵŻŚţ�ƮŴţ��Ʃƹř�ƪƀƳ�ƪƯŚĩ�šřźƄů�ũƹźų�ƶŝ�Ǝſřƹ�ƱŚŝżǀƯ�ƽ��ū�ŹƺƏ�ƽŚƷŹƺŞƳŻ�ŹŚǀŤųř�Źŵ�ƶƳŚĭřŶ
ƵŵŚƯ��ƵźĩŚŝ�ƽ(isofemale)�Ʊō�ũŚŤƳ�ƾƀƴū�ŢŞƀƳ�ŢƿŚƸƳ�Źŵ�ƹ�Ŷƃ�ƶŤƃřŸĭ�Ŷƿŵźĭ�ƆŴƄƯ�ŚƷ���Śŝ

ƵŶƷŚƄƯ�ƵŵŚƯ�ŵřźƟř�ƽ�ƲƿǇ�ŵŚŬƿř�ƶŝ�ŢŞƀƳ��ŢǀƘưū�Ĩƿ�Źŵ�ƾƀƴūƹŵ�ƹ� řŻ��ƭƹřŶţ�ƹ�ƆƫŚų�ƽŚƷ
Ʊō�ƁŹƹźě��ƭřŶƣř�ƾƐǀŰƯ�Ǝƿřźƃ�ƱŚưƷ�Źŵ�ŚƷŶƃ���



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÒÐ 

�ƾŝŚƿŵŹ�ƹ�ŚƷŹƺŞƳŻ�ƾƿŚſŚƴƃ�ƽźŤĩŚŝWolbachia��
řźŝƽ�ŚſŚƴƃƾƿ�Ƹţ�źŝ�ƵƹǈƗ�ŚƷŹƺŞƳŻǀƶ�ƽ�Ƴĥ�ƹ�ĨųŚƃ�Żř�ƾěƺƨſƹźƨǀƯ�ŶƿǈſřǀƫŚŤǀŚƽ��ƹ�źƳ

Ƭĩ�Żř� ƵŵŚƠŤſřǀĥƺƫƺƟźƯ�šŚƠƇ�ƶŝ�ƍƺŝźƯ�Ŷƿ�Ĩ(Ebrahimi et al., 1998)ƫƺĪƫƺƯ�ƁƹŹ�Żř� �ƾ�Ƴǀ�ż
řźŝƽ�ƘţǀǀƵŻřŶƳř� Ʋ�ƽ�ůŚƳǀƶ�ƽ�ÎITS2�ŚƤƯ� ƹƿƶƀ�ƽ�ƶƳƺưƳ� Źŵ� Ʊō�ŚƷƽ�� ƵŵŚƠŤſř� ƞƬŤŴƯƃŶ� �

(Silva, 1999; Stouthamer et al., 1999)� �ĭŵƺƫō� ƶŝ�ħƺĪƄƯ�ŵŹřƺƯ�Źŵƾ�ƯǀŝƹźĪƾ��ũŚŤƳ�ƭŚưţ�ƶĩ
ŚƷŹƺŞƳŻƽ��ƹ�ƵŵŚƯ��ƵźĩŚŝƿĩźţ�ŚǀŞƾ��ŶƳŵƺŝ�ƵŵŚƯ�ƹ�źƳ�Żř�thelytoky�ƿ�Śdeuterotoky��ŚƷŹƺŞƳŻ�řŶŤŝřƽ�

ŤƳō�ƩƺƬŰƯ� Śŝ� ƵŵŚƯƾ�ŝǀţƺǀŚſřźŤţ�ĨƿƬĪǀƷ�ƲǀřźƬĩƹŹŶƿ�ŢŞƀƳ� ƶŝ�ŶÒå�ƯǀƬƾ�� Źŵ� ƭźĭƿƯ�ĨǀƬƾ�ƫǀ�źŤ
�ƪƀƗ�ƹ�śō(Tagami et al., 2002)�ŸƜţƿ�ƹ�ŶƳŶƃ�ƶƵŹŚŝƹŵ�ƵƺŰƳ�ƽ�ƫƺţǀ�Ŷ�Ʊō�ƪŨƯ��ŹŚƸģ�Żř�žě�ŚƷ
ſŹźŝ�ƪƀƳƾ�Ŷƃ��ƀƴūƹŵ�ŢƫŚů�ƶŝ�ŢƄĭŻŚŝ�šŹƺƇŹŵƾ�ĭŵƺƫō�ƩŚưŤůřƾ�źŤĩŚŝ�ƶŝƽ�ƵŶƴƴĩŌŚƤƫř�ƽ�

řŻźĪŝƾƿ�Żƿřźŝ�ƶĩ�ŵƺŝ�ŵŚƽ�ŐţǀƿŚƸƳ�Ŷƾƿ�Ʊĥ��wsp��ƫƺĪƫƺƯ�ƁƹŹ�ƶŝƾ�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�ÏPCR�ŵŹƿŝŚƾ�
�ƹƘţǀǀ�Ʋƫřƺţƾ�Ŷƃ�(Pintureau et al., 2002; Gonòalves et al., 2006)����
��

�ũřźŴŤſřDNA�ƵźǀŬƳŻ�Ƃƴĩřƹ�ƭŚŬƳř�ƹ�ŻřźưǀƬě�ƽř�(PCR) 

� ũřźŴŤſřDNA�ƶƳƺưƳ�ŚƷƽ��ƁƹŹ� ƢŞƏ� �źƔƳ� ŵŹƺƯHuigens et al. (2004)�ƭŚŬƳř�Ŷƃ� ��Źŵ
ŵŹřƺƯƽ�ŚƯŻō�ƝŶƷ�ƶĩƿŵŹ�ƂƿŝŚƾ�źŤĩŚŝƽ��ŹŵƿƘưū�Ĩǀ�Ţƿ� ŚǇƿƶŝ� �ŵƺŝ�ƆŴƄƯ�Ʋ�Śūƽ�ƿ�Ĩ

Ŷƃ�ƵŵŚƠŤſř�ƵŵŚƯ�ŹƺŞƳŻ�Ūƴě�Żř�ŹƺŞƳŻ��ƶŝ�řƿ�Ʋ�ţźţǀźƷ�ƶŝ�řŶŤŝř�ƶĩ�Ŝƿƶƫƺƫ�Żř�Ĩ�ŚƷƽ�Ò�å�ƾƬǀƯ��ƽźŤǀƫ
ƺŤŰƯƽ���ŹƺŞƳŻÒå�ƯǀƫƹźĪǀ�źŤChelex-100��ƹ�ŶƇŹŵ�ŪƴěÑ�ƯǀƫƹźĪǀ�źŤProteinase K��çå�ƯǀƬƾ��ƭźĭ
Ư�ŹŵǀƬƾ�ƫǀźŤ� �Ŷƃ�ƵŵƹżƟř� �ƶƳƺưƳ��šŶƯ�ƶŝ�ƪƣřŶů�ŚƷÑ��ŹƺţŚŝƺĪƳř�Źŵ�ŢƗŚſC�ÒÓ��Ʊō�ŜƣŚƘŤƯ�ƹ
æå�ƣŵǀŹŵ�ƶƤ�ŚƯŵƽC �îÒ��ƂƴƧřƹ�ƭŚŬƳř�Żř�Ƃǀě�Śţ�ŢƿŚƸƳŹŵ�ƹ�ŶƳŶƃ�Ƶŵřŵ�ŹřźƣPCR�ƶƳƺưƳ��Źŵ�ŚƷ

ƽŚƯŵ�C�Ñ�ƶĮƳ�ŶƳŶƃ�ƽŹřŵ� �ƵźǀŬƳŻ�Ƃƴĩřƹ�ŻřźưǀƬě�ƽř�ƵŚĮŤſŵ�Źŵ�Eppendorf thermocycler��Źŵ
ƶƫƺƫ�ŚƷƽ�ç�å�ƯǀƬƾ�ƫǀźŤƽ�ŚƸƳ�ƮŬů�Śŝƾƿ�ÏÒ�ƯǀƫƹźĪǀ�ƪƯŚƃ�źŤÒ�ƯǀƫƹźĪǀ�źŤDNA�ƶƳƺưƳ�ƽ���ŵŹƺƯ

� �źƔƳÒ�ƯǀƫƹźĪǀ� źŤgreen PCR reaction buffer 5X�(Promega, Madison, WI, USA)� �Ò�å�
�ƍƺƬŴƯ� Żř� źŤǀƫƹźĪǀƯdNTPs���ŢƔƬƛ� Śŝ� ƭřŶĩ� źƷæå�ƾƬǀƯ�ƩƺƯ��� �Ò�å��ƽŚƷźĭŻŚƛō� Żř� źŤǀƫƹźĪǀƯ

                                                
æ- Internal transcribed spacer-2 

ç- Polymerase chain reaction 



ÒÑ                                                  ƾųźƟ�ƱřŹŚƨưƷ�ƹ���ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƾŝŚƿŵŹWolbachia������

forward��ƹreverse��ŢƔƬƛ�ŚŝçÒ���źŤǀƫƹźĪǀƯ�źŝ�ƩƺƯƺĪǀěæçÒ�å��źŤǀƫƹźĪǀƯGo Taq polymerase��Ò�
ƾƬǀƯ�źŝ�Ŷůřƹ�źŤǀƫ��(Promega, Madison, WI, USA)��ƹíìÒ�ææ��ƭŚŬƳř�ƪƿźŤſř�źƐƤƯ�śō�źŤǀƫƹźĪǀƯ

Ŷƃ� ��ƽŚƷźĭŻŚƛōITS2�� ƹwsp�ƶƯŚƳźŝ� ƹ�Ʊō� Żř�ĨƿźƷ� ƶŝ�ƍƺŝźƯ�ƽ�ƶŝ� ƶĩ� ŚƷ��ƾƿŚſŚƴƃ�ƽřźŝ�Ŝǀţźţ
�ŶƳŶƃ�ƵŵŚƠŤſř�ƽźŤĩŚŝ�ƹ�ŹƺŞƳŻŻř�ŶƴţŹŚŞƗ��ITS2-forward 5'-TGTGAACTGCAGGACACATG-3'��

ITS2-reverse 5'-GTCTTGCCTGCTCTGAG-3'��è��Źŵ�ƶƤǀƣŵC�îÑ��èè��Żř�ŹřźĪţC�îÑ��Ñå�ƶǀƳŚŧ���
C�ÒÐ��ÑÒ�ƶǀƳŚŧ�� �C�ìç��ÑÒ�ƶǀƳŚŧ� �� �ƶųźģ� Ʋƿźųō� Żř� ŶƘŝ� ŢƿŚƸƳ� Źŵ� ƹæå�� Źŵ� ƶƤǀƣŵC�ìç�

(Gonòalves et al., 2006)��wsp-forward (81F) 5'-TGGTCCAATAAGTGATGAAGAAAC-3'��
wsp-reverse (691R) 5'-AAAAATTAAACGCTACTCCA-3'� �è�� Źŵ� ƶƤǀƣŵC�ÖÑ� �Ñå��Żř� ŹřźĪţ

C�îÑ��ƶƤǀƣŵ�Ĩƿ���C�Òå��ƿƣŵ�ĨǀƶƤ���C�ìç��ƿƣŵ�ĨǀƶƤ��ŚƸƳ�Źŵ�ƹƿźųō�Żř�ŶƘŝ�Ţƿ��ƶųźģ�ƲÒ�
ƣŵǀ� Źŵ� ƶƤC�ìç�(Braig et al., 1998)� �� ƩƺƈŰƯ� ŻŹƺƟƹźŤĪƫř� ƭŚŬƳř� Żř� žě� ŢƿŚƸƳ� ŹŵPCR�

ƶƳƺưƳ�ŚƷƽ�ƬƇřƾ��ŢǀƘưū��ƪƨƃ�Źŵ�ƵŹŚƃř�ŵŹƺƯ�ƽŚƷæ��ƶƳƺưƳ�ƵřźưƷ�ƶŝ�ŚƷƽ��Źŵ�ŵƺūƺƯ�ŵŹřŶƳŚŤſř
ƵźƄů� ƵŚĮƄƿŚƯŻō��ƾƳŚŝŵźƳ� źĮƳŚƄƳ� ƹ�ƲĮƴǀƴųřƹ� ƵŚĮƄƳřŵ�ƾſŚƴƃæåå�ƹŹ� ŻŚŝ�ŢƠūƽ��ŻŹŚĭō�Ʃĥ

Ò�æ��Ʃĥ�Żř��ŶƿŚƯƹźŝ�ƭƺƿŶǀţř�ƽƹŚů�ţ�žƨƗ�ƶƏƺŝźƯ�ƽŚƷŶƃ�ƶǀƸ����
��

ƶƳŚƀưƷ��ƽŻŚſ(cloning)�Ʊĥ�ƾƫřƺţ�ƲǀǀƘţ�ƹ��ƽŚƷITS2�ƹ�wsp��
ƶŝ�ŹƺƔƴƯ�ƱŚƴǀưƏř�Żř�Ţƣŵ�ŚſŚƴƃ� Źŵƾƿ�ŚƷŹƺŞƳŻƽ�� źƀƬŝŚŝ� ƢƏŚƴƯ�ƘưūǀŢ�ŚƷƽ��ƹ� Ƶŵƺƫō

ƛǀƵŵƺƫōź�ƫřƺţ��řƺƳ�ƹ�ŽƹŵźƟ��ƾ�ůŚƳǀƶ�ƽ�ITS2�ƶƳŚƀưƷ�Żř�žě�ŻŚſƽ�Ƙţ�ƶƳƺưƳ�ŹŚƸģ�ŹŵǀǀƲ�ƃŶ��
řƿ� Ʊĥ� ŵŹƺƯ� Źŵ� ƪưƗ� Ʋwsp�Ƴǀřźŝ� żƽ�ſŹźŝƾ�ƟǀƳĥƺƬƾ�źŤſřƿ�ƶŝ� ƶŤƀŝřƹ� ŢƀƿżưƷ� ƽźŤƧŚŝ� Ʋ

ƘưūǀƵŵƺƫō�Ţ�ƽ�� źƀƬŝŚŝ(B 11W+)�Ŷƃ� ƭŚŬƳř� �� ƭŚŬƳř� Żř�žěPCR�ƶƳƺưƳ� ƱŶƳřŹ� ƹ�ƹŹ� ŚƷƽ��Ʃĥ
� ƹ� ŻŹƺƟƹźŤĪƫřƁźŝ�ƹŚů� Ʃĥ�šŚƘƐƣƽ��šǇƺƈŰƯITS2�� ƹwspƆƫŚų� ��Ʊō�ƽŻŚſ�ŚƷ�ĩ� Śŝǀ�Ţ

MinElute Gel Extraction (Qiagen)�ŢƟźĭ�šŹƺƇ� �ƶƬůźƯ� Źŵ��ƽ�ŶƘŝ�ĩ�ƪưƘƫřŹƺŤſŵ�ƢŞƏǀ�Ţ
CloneJet PCR Cloning (Fermentas)�źƷƿĪƠţ� ƶŝ� źƔƳ� ŵŹƺƯ�šŚƘƐƣ� Żř�Ĩǀ� ŵŹřƹ�Ĩƿ�ƪƯŚů�Ĩ

ưſǈěǀŶƽ�(pJET1.2/blunt plasmid vector)�ŶƳŶƃ��ưſǈě�žĜſǀƶŝ�ŚƷŶ��ƩƺƬſ�ƱƹŹŵ�ŚƷƽ�źŤĩŚŝƽ�
Escherichia coli x12�(Stratagene, La Jolla, CA, USA)��ƹ�ƵŶƃ�ƪƤŤƴƯźŤĩŚŝƽ��ŚƷƽƹŹ��ƎǀŰƯ�śō

� ŹŚĭōźưŴƯ� ƹ��ƱƹŹŵĨŤƄţ��ƽŚƷ�źƐƣ� ƶŝ�ƽźŤěì�ƾŤƳŚſ�źŤƯ�ƽŚƯŵ� Źŵ�C�èì�ƶŝ��šŶƯæç�ŢƗŚſ�
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ŢƄĩ�ŶƳŶƃ� Ƶŵřŵ� �ŚƸƳŹŵƿŢ��ĩ� Żř� ƵŵŚƠŤſř� Śŝǀ� ŢPlasmid Miniprep (Sigma-Aldrich)��
ųƆƫŚ��ƽŻŚſ�šŚƘƐƣDNA��źƔƳ�ŵŹƺƯŢƟźĭ�šŹƺƇ�Ʊō�ƩŚſŹř�Żř�Ƃǀě�ƹ���ƾƫřƺţ�ƲǀǀƘţ�ƽřźŝ�ŚƷ

�ƭŚŬƳř�ŚŝPCR�ƵŹŚŝƹŵ�ƶƳƺưƳ�ŚƷ���šŚƘƐƣ�ơŚŰƫř�ŢŰƇ�ŻřITS2��ƹwsp�Ŷƃ�ƪƇŚů�ƱŚƴǀưƏř���
��

ƽźŤĩŚŝ�ĨǀŤƳĥƺƬǀƟ�ƾſŹźŝ��
�ƽźŤĩŚŝ�ƾƳřźƿř�ƲƿźŤſř�ŚƸƴţ�ƾƳĥƺƬǀƟ�ƲǀǀƘţ�ƽřźŝWolbachia��Ʊĥ�ƾƫřƺţ�ƢǀƤŰţ�Ʋƿř�Źŵ�ƶĩwsp�

ŝ�Ʊōƶ��Żř��ŶƯō�ŢſŵÑç�ƶƳƺưƳ��ƶŝ�ƢƬƘŤƯ��źĮƿŵ�ƽƵŹŚƣ�ƶſ�Żř�ƾƳŚƿŚěŶƴŝ��ƪƯŚƃ�ŚĪƿźƯō�ƹ�ŚěƹŹř��Śǀſō�ƽ
æÒ�Ŷƃ�ƵŵŚƠŤſř� ŚƯřźĭƺĪƿźţ� ŹƺŞƳŻ� ƶƳƺĭ� �ƶƳƺĭ�Ʋǀŝ�ƽźŤƧŚŝ�Ʋƿř�ƾƤƟř�ƩŚƤŤƳř� ƱŚƨƯř� ƶŝ� ƶūƺţŚŝ��ƽŚƷ

ƲƿźŤſř�śŚŴŤƳř� �ƽŹƺƳŚū�ƞƬŤŴƯ��ƽźŤƧŚŝ�ƽŚƷ� ŚƸƴţ�šŹƺƇ�ƱŚŝżǀƯ�ƦǀƯƺƳƺƀƧŚţ�ƍŚŞţŹř�ƽŚƴŞƯźŝ
Ţſř�ƶŤƟźĮƳ� �ƾƫřƺţ�ŝ�ƽŚƷƶ�ƭźƳ�Śŝ�ƢǀƤŰţ�Ʋƿř�Źŵ�ƵŶƯō�Ţſŵ��ŹřżƟřGeneDoc�ƵŶƃ�ŜţźƯ�ƶŝ�ƹ�ƁƹŹ�

pairwise alignment�ŶƳŶƃ�Ƶŵřŵ�ƢǀŞƐţ�źĮƿŶĪƿ�Śŝ�ƾŗżū�šřźǀǀƜţ�Śŝ� �żǀƫŚƳō�ƶŝ�ĨǀŤƳĥƺƬǀƟ�ƽŚƷ�ƁƹŹ�
�maximum parsimony�ƶǀƫƹř�ƮǀƔƴţ�ŽŚſřźŝ�ƽ�ƶƯŚƳźŝ��ƽMEGA3�(Kumar et al., 2004)�ŶƳŶƃ�ƭŚŬƳř��

ŚƴŞƯƽ�ƫŚƳōǀř�Źŵ�żƿƃ�ƲǀŚƷƺŬŤƀū�ƁƹŹ��Ƶƺƽ�ƟŚƄŤĩřƾ�(heuristic searches)�ƶŝ��ƵřźưƷƿ�ƁƹŹ�Ĩ
ŚƷŚƌƟ�ŵƹŶƘƯ�ƹ�ŵƺŝ�ƶƬůźƯ�ƶŝ�ƶƬůźƯƽ�ƫŚųƾƶŝ� ��Ƶŵřŵ�ƱřƺƴƗ�ŚƷƽ�Ʈĭ�ŶƳŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ� ƵŶƃ��

�ŹƺŞƳŻ�ƶŝ�ƍƺŝźƯ�ƲƿźŤſřEncarsia formosa Gahan�ƵƺŰƳ�ƑŚŰƫ�ƶŝ�ƶƧ��ƽŹřŶƿŚě�ƹ�ƾƿřŻźƨŝ�ŌŚƤƫř�ƽ
ƱŚŝżǀƯ�ŢǀƘưū�Źŵ�Ʊō�ƾƯ�żƿŚưŤƯ� ŚƯřźĭƺƨƿźţ�ŹƺŞƳŻ�Źŵ�ŵƺūƺƯ�ŢǀƘƋƹ�Żř�ŵƺų�ƶŝ� �ŶƃŚŝ�ƱřƺƴƗ�

outgroup��ŹƺƔƴƯƃŶ��ƶūŹŵ�ƽ�ƶųŚƃ�ŹŚŞŤƗř�ŚƷƽ��Śŝ�ŢųŹŵæååå��ŹřźĪţbootstrap�Ŷƃ�ƶŞſŚŰƯ���
��
ŪƿŚŤƳ��

�ƽźŤĩŚŝ�ƾŝŚƿŵŹWolbachia���
�Ʋǀŝ�Źŵçç�ŢǀƘưū�Śƿ�Ɓƺſ��ƵƹǈƗ��ŚƯřźĭƺĪƿźţ�ŹƺŞƳŻ�ƞƬŤŴƯ�ŢǀƘưū�źŝ��Ĩţ�ƽŚƷ��ƾƀƴū

�ŽƹŵźƟ�ƩŚưƃ�ƾŝƺƴū�ƱŚſřźų�śźƛ���řƺƳ�ƹ�ƱřŹŶƳŻŚƯ��ƶŝ�ƶĩ�ƙŚŝ�ƽŶǀƬĩ�šŚƟō�Żř�Ŝǀţźţ��ŹŚƳř�įŚƷ
Ɩưū�Ŝǀſ� ƹ�Ʊō� ŵřźƟř� ƭŚưţ� ƹ�ƽŹƹō�Ĩţ� Źŵ� ŚƸƴţ� �ŶƳŵƺŝ� ƵŵŚƯ� ŚƷ�ƵŵŚƯ�ƵźĩŚŝ�ƽŚƷ��ŢǀƘưū� ƶſ�ƽ

ƵŵŚƯźĪŝ�ŹƺƳ�ƹ�ƱŚŤƀưģ� �źƀƬŝŚŝ��ƾƿřŻ(thelytokous parthenogenesis)�ƵŶƷŚƄƯ�šƹŚƠŤƯ�źƿŵŚƤƯ� Śŝ�
ƃŶ� �ƃǀƵƺ�ƽ�ƫƺţǀƬŨƯ� Ŷƾ�ř� ŹŵƿƘưū� ƶſ� ƲǀƹŹ� ƶĩ� Ţƽ�ĭǀƮŴţ� ƹ� ĨŤƀƯ� ƵŚ�ŚƷƽ�ŻřŹŚěƿƶŤ�ƽ�



ÒÓ                                                  ƾųźƟ�ƱřŹŚƨưƷ�ƹ���ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƾŝŚƿŵŹWolbachia������

ƶƣŚſ�ŚěƹŹř� Źřƺųƾƿ�Ɩưū�šŹŷ�Źƹōƽ�ŸƜţ� źŧř� źŝ� �ŶƳŵƺŝ� ƵŶƃƿƶ�ƽ��ƶŝ� ƶŤƄƛō� ƪƀƗ� Śŝ� ŚƷŹƺŞƳŻ
ŤƳōƾ�ŝǀţƺǀ�ĨƿƱō�ƁŹƹźě� Ś�ŚƯŵ� Źŵ� ŚƷƽ�C�èå�çí�ŵŚƗ�ŢƫŚů� ƶŝƽ�ŢƄĭŻŚŝ� �ŵŹ� ŚŝƿŝŚƾ�źŤĩŚŝƽ�

Wolbachia��ŹŵŢƠƷ�ŚŤƳ�ŽŚſřźŝ�ƹ�ŚƷŹƺŞƳŻ�Żř�ƶƳƺưƳƿſŹźŝ�Ūƾ�ŚƷƽ�ƫƺĪƫƺƯƾĭŵƺƫō��ƾ�źŤĩŚŝƿŚƾƿ�
�ŹŵŪƴě�ƘưūǀƵŵŚƯ�Ţ�ƀƴūƹŵ�ƹ�řŻƾ��ƵŶƷŚƄƯƃ�Ŷ��ƪĪƃæ����

��
��

��
��

ƪĪƃ�æ��� ƩƺƈŰƯPCR�� Ʊĥwsp�ŢǀƘưū� Źŵ�ŚƯřźĭƺĪƿźţ� ŹƺŞƳŻ�ƞƬŤŴƯ� ƽŚƷ���æ���ƾƀƴūƹŵ
�źƀƬŝŚŝ(B 13)��ç��ƵŵŚƯ��źƀƬŝŚŝ�ƽřŻ(B 11W+)��è��ƵŵŚƯ�ŹŚưǀţ�ƽřŻ�ƾŤƳō� Śŝ� ƵŶƃ�Ĩǀţƺǀŝ� �

(B 11W-)��Ñ��řƺƳ��Ò��ŽƹŵźƟ��Ó��ĨƷŻ��ì��ŶƴŝŹƺĭ��í��ƶƬǀŝ�Źřƺſ��î��ƶƘƬƣ�ƾƋŚƣ��æå��
�ŶƷŚƃƠƴƯƾ��M�ƾƳŚŝŵźƳ�źĮƳŚƄƳ�æåå�ŻŚŝ�ŢƠū���

Fig. 1. The wsp PCR products of Trichogramma populations: lane 1, Babolsar bisexual (B 
13); lane 2, Babolsar thelytokous (B 11W+); lane 3, cured line by antibiotic (B 11W-); 
lane 4, Nava; lane 5, Ferdows; lane 6, Zehak; lane 7, Gourband; lane 8, Bilehsavar; 
lane 9, Ghalehghazi; lane 10, negative control; M, 100bp marker. 

��
ſŹźŝ�ƕƺưŬƯ�Żřƾ��ƹ�ŚƷŚƯŻōƿƂ�įŚƷ�ƴģ�ƞƬŤŴƯǀŤƳ�ƲǀƶŬ�ĭǀźƽ�Ưƾ�ƵŵŚƯ�ƪƯŚƗ�ƶĩ�ŵƺƃ�řŻƾƿ�

�ŹŵÒ�Ñî�� �Ó�è��ƹÒ�ç�ſŹźŝ�ŵřźƟř�Żř�ŶƇŹŵƾ�Ƙưū�Źŵ� ƵŶƃǀŢ��ŚƷƽ��ƶĩ�ŹƺƳ�ƹ�ƱŚŤƀưģ��źƀƬŝŚŝ
ĥƺƫƺƟźƯ�šŚƠƇ�ŽŚſřźŝƿ�ĨT. brassicae�ŴƄţǀźŤĩŚŝ��ŶƳŶƃ�Ƶŵřŵ�ƆƿŚƾƿ�Ţſř��Ƙưū�ŹŵǀŢ��ŚƷƽ�

Ĩţ�ƀƴūƾ�ƶƳŚƄƳ�ƶĩ�řƺƳ�ƹ�ŽƹŵźƟ�řƽ�źŤĩŚŝ�ŵƺūƹ�Żřƽ�ŵƿţ�ƩŚưƗř�Śŝ�ƹ�ŶƄƳ�ƵŶǀŹŚư�ŚƷƽ�ţŹřźůƾ�
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ŤƳō�ƹƾ�ŝǀţƺǀĪƾ�Ƴǀ�źƷŚƓ�źƳ�ŵřźƟř�żŶƄƳŶƳƵŵŚƯ���řŻƾƿ�řŹřŵƽ�ŤƳĥ�ŐƄƴƯǀĪƾ�Ţſř��Ƙưū�ŹŚƸģ�Źŵǀ�Ţ
ŝǀƶƬ�� Źřƺſ�ƪǀŝŵŹř� ƱŚŤſř� ƩŚưƃ�ƶƘƬƣ� ��ƋŚƣƾ� ĨƷŻ� ƹ� ŶƴŝŹƺĭ� ��ƱŚŤſř��śƺƴū� ƹ� śƺƴū� ƽŚƷ

ƾƣźƃ��ŢŞŨƯ�ŵƺūƹ�Śŝ�ŤƳ�ƱŵƺŝǀƶŬ�ƽ�ŵŹƿŝŚƾ�źŤĩŚŝƽ�WolbachiaƵŵŚƯ���řŻƾƿ��ŢƬƗ�ƶƧ�ŶƄƳ�ƵŶƷŚƄƯ
ƾƯ�Ʊō�ƶǀƫƹř�ŢƔƬƛ�Śƿ�ƲƿźŤſř�ƕƺƳ�ƶŝ�ŶƳřƺţ�ƽ��ŶƃŚŝ�ƍƺŝźƯ�ŹƺŞƳŻ�ƱŶŝ�Źŵ�ŵƺūƺƯ�ƽźŤƧŚŝ��ƩƹŶū

æ���ţƺĩř�Źŵ�ŚƯřǀ�ŵƹŶů�ĨƷŻ�Ěç��ƵŵŚƯ�Żř�ŚƷƽ�źƳ�ŢƫŚů�ƶŝ�ƵźĩŚŝ��ƵŵŚƯ�řŻƾƿ�(deuterotoky)��ũŚŤƳ
ƫƺţ�ƵŵŚƯ�ƹ�źƳǀŶƳŵƺưƳ�Ŷ���

��
ŚƷŹƺŞƳŻ�ƾƿŚſŚƴƃ��

ŚſŚƴƃƾƿ�ƘưūǀŢ��ŚƷƽ�ŝ��źƀƬŝŚŝǀƶƬ�ƫƺĪƫƺƯ�ƁƹŹ�Śŝ�ĨƷŻ�ƹ�Źřƺſƾ�ŚŤƳ�ŚŝƿƴŤŞƯ�Ūƾ��šŚƠƇ�źŝ
ĥƺƫƺƟźƯƿŚƸƳŹŵ� ƶĩ�Ţƃřŵ�ŢƤŝŚƐƯ�ĨƿƳ�ŢǀƘưū� żǀŢ��ŚƷƽ�ŝ� ƹ� źƀƬŝŚŝǀƶƬ�� ŹřƺſT. brassicae��ƹ
�ĨƷŻVoegelé�Trichogramma pintoi�ƟźƘƯƾ�ŶƳŶƃ� �Śưţƿ� żƘưūǀŢ��ŚƷƽ�ƶƘƬƣ�ƋŚƣƾ��ŶƴŝŹƺĭ� ƹ

ƶŝ�ƫŵǀĥƺƫƺƟźƯ� ƶŝŚƄţ� ƪƿĨ�Trichogramma evanescens Westwood�ƹ�T. brassicae��ŚƴŞƯźŝƽ�
ƵŻřŶƳř�ƽ�ůŚƳǀƶ�ƽ�ITS2�ƶƳƺưƳ� ƹŵ� źƷ� ƹ�ŢƟźĭ�šŹƺƇ�T. evanescens�ŴƄţǀŶƳŶƃ� Ƶŵřŵ�Ɔ��
ŚſŚƴƃƾƿ�ţƺĩřǀĚ���ŚƷƽ�Ĩţ�ƀƴūƾ�ƶŝ� řƺƳ�ƹ�ŽƹŵźƟ�ƫŵǀźƏ�Żř� ŚƸƴţ�źƳ�žƴū�ƱřŶƤƟ�ƪƿŚƤƯ�Ƣƿƶƀ�ƽ�
ƵŻřŶƳř�ƽ��ƩƺƈŰƯPCR�ŤƳ�ƹǀƶŬ�ƽ�ŧŐţǀŤƳō�źƾ�ŝǀţƺǀƵƺŰƳ�źŝ�Ĩ��ƽ�ƫƺţǀ�Ŷ�ƱŚĪƯř�ŚƷŹƺŞƳŻ�ƪŨƯ�Ÿěƿŵƺŝ�ź��

ƶŝ�ƫŵǀĭŵƺƫō� ƭŶƗ�ƪƾ�źŤĩŚŝƿŚƾƿ�ř� Źŵƿţƺĩř� ƹŵ�ƲǀƵŵŚƯ� ŐƄƴƯ� �Ě�řŻƾƿ�Ʊō�ŤƳĥ� ŚƷǀĪƾ�ŴƄţǀ�Ƶŵřŵ�Ɔ
Ŷƃ��ƶŝ� ƶūƺţŚŝ�řƿƵŵŚƯ� ƶĪƴ�řŻƾƿ�ŤƳĥǀĪƾ�ƶƳƺĭ� Źŵ� ŚƸƴţ�ƽ�Trichogramma cacoeciae Marchal�

�ƵŶƃ�ƁŹřżĭŵƺŝ�(Vavre et al., 2004)��ƴģ�řŶŤŝřŹŵǀƶŝ�Ʋ�Ư�źƔƳƾ�ſŹǀţƺĩř�ƹŵ�źƷ�ƶĩ�Ŷǀ�ĚƾƯ�ŚŝƿŶ�
ŶƴƃŚŝ�ƶƳƺĭ�ƲǀưƷ�ƶŝ�ƢƬƘŤƯ��ƶƳƺưƳ�šƹŚƠţ�ŽŚſřźŝ�ŚƯř�ŚƷƽ�ƵŻřŶƳř�źƔƳ�Żř�řƺƳ�ƹ�ŽƹŵźƟ�ƽ�ůŚƳǀƶ�ƽ�

ITS2�ƴĤưƷ� ƹǀƘţ�Ʋǀǀƫřƺţ� Ʋƾ�ƭŚŬƳř� ƢŝŚƐţ� ƹ�Śſ� Śŝ� ƵŶƃƿƶƳƺưƳ� ź��ŚƷƽ�ţƺĩř� �Ʊĥ�ĨƳŚŝǀĚ�ŚƷƽ�
ƶŝ�řƺƳ�ƹ�ŽƹŵźƟ�ţźţǀ�ŜT. cacoeciae��ƹT. embryophagum�ŴƄţǀŶƳŶƃ�Ƶŵřŵ�Ɔ���

��
�ƾƫřƺţ�ƲǀǀƘţƱĥ��ƽŚƷITS2�ƹ�wsp��
ƫřƺţƾ�ůŚƳǀƶ�ƽ�ITS2�Ǉ�ŹŵƿƲ��ŚƷƽ�ƵŵŚƯ��řŻ��ƶŝ�ƵŵƺƫōWolbachia��ƀƴūƹŵ�ƹƾ�Ƙưūǀ�źƀƬŝŚŝ�Ţ

(T. brassicae)�ƹŹ� ƶĩƽ�ĭ� ƹ� ƵźƄůǀƯ� ƵŚǀƸŝŚƄƯ� ƱŚŝżƾ�� ŹŵƿƖưū� ƶƤƐƴƯ�Ĩ�Źƹōƽ��ŶƳŵƺŝ� ƵŶƃ� �
��



ÒÕ                                                  ƾųźƟ�ƱřŹŚƨưƷ�ƹ���ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƾŝŚƿŵŹWolbachia������

�ƩƹŶūÎ��ŢǀƘưū��ƽŚƷƾſŹźŝ�ƵŶƃ��ŹƺŞƳŻ�ƽTrichogramma���ƾĭŵƺƫō�ƹ�ƾƿřŻźĪŝ�ƕƺƳƱō�� ŚƷ�ƶŝ
�ƽźŤĩŚŝWolbachia���

Table 1. The studied populations of Trichogramma wasps, their parthenogenesis and 
Wolbachia-infection. 

 

W
olbachia detection 

P
arthenogenesis 

result* 

T
helytokous 

isofem
ale (%

) 

N
um

ber of studied 
isofem

ale (virgin) 
w

asps 

Initial sex ratio 
(fem

ale %
) 

H
ost (insect) 

H
ost plant 

P
opulation 

�� A 0 47 54% Ostrinia nubilalis Mastak1 Amol 

�� A 0 65 55% O. nubilalis Mastak 
Gelyerd 
(Mazandaran) 

�� A 0 17 63% Chilo suppressalis Rice Ejbarkola (Amol) 
�� A 0 25 60% O. nubilalis Mastak Mahmudabad 

�� A 0 102 59% O. nubilalis Mastak 
Galeshpol 
(Mazandaran) 

P A/T 49.5% 107 74% O. nubilalis Mastak Babolsar 
�� A 0 11 54% O. nubilalis Mastak Babol 
P A/T 3.6% 28 59% O. nubilalis Mastak Chamestan 
P A/T 2.5% 40 63% O. nubilalis Mastak Nour 
N T/A 100% 30 67-100% Cydia pomonella Apple Nava 

N T 100% 30 100% 
Ectomyelois 
ceratoniae 

Pomegranate 
Ferdows 
(Khorasan) 

�� A 0 20 70% Helicoverpa armigera Cotton Gorgan 
�� A 0 17 61% H. armigera Cotton Aliabad (Gorgan) 
�� A 0 16 55% ?Sitotroga cerealella Trap2 Shastkola (Gorgan) 
�� A 0 16 59% H. armigera Cotton Gonbad 
�� A 0 28 77% ?Sitotroga cerealella ? Rasht (Insectarium) 
P A 0 37 72% H. armigera Cotton Bilehsavar 
�� A 0 29 68% H. armigera Cotton Moghan 
P A/D 0 34 65% Vanessa cardui Panirak3 Zehak (Zabol) 

P A 0 32 49% V. cardui Panirak 
Ghalehghazi 
(Bandar-Abbas) 

P A 0 30 64% V. cardui Panirak Gourband (Minab) 

�� A 0 25 ? ? ? 
Bagh Malek 
(Khuzestan) 
* Thelytoky/Arrhenotoky/Deuterotoky (T/A/D). 
1- Xanthium strumarium; 2- Sitotroga egg; 3- Malva neglecta. 
P = Positive; N = Negative. 

��
ƱŚƄƳ�ƵŶƴƷŵ�ƽ�ŤƳĥ� ƶŝŚƄţǀĪƾ�ƀŝǀŻ� ŹŚƿƱō� ŵŚ�Ư� ŚƷƾ�ŶƃŚŝ� �Ƙưū� ŵŹƺƯ� ŹŵǀŢ�ŚƷƽ���řƺƳ� ƹ�ŽƹŵźƟ
ƱŚưƷ�ƬŞƣ�Ţưƀƣ�Źŵ�ƶĩ�ŹƺƏƾ�ŢƷŚŞƃ�ŵƺūƹŚŝ��Ŷƃ�ƵŹŚƃř�ƫřƺţƾ�ůŚƳǀƶ�ƽ�ITS2�řƿţƺĩř�ƹŵ�ƲĚǀ��
ŝ�Źŵǀ�ƲÒÔÓ�ŻŚŝ��çç�Ƴ�šƹŚƠţǀŢƃřŵ�ŵƺūƹ�ż��Źŵ�Śŝ�źƔƳ�Ɯţ�ƲŤƟźĭǀǀſ�źǀƫƺţ�ƮŤƀǀƬŨƯ�Ŷƾ�ţƺĩřǀ�Ě



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÒÖ 

ƵŵŚƯ�ŢƫŚů�Żř� řƺƳ�řŻƾƿ��ƪƯŚĩ�Ĩţ�ƀƴūƾ��ƀƴūƹŵ�ƶŝƾ�Ŷƴģ�Żř�žěƿŚƷŚƯŵ�Źŵ�ƁŹƹźě�ƪƀƳ�Ʋƽ�
ƴĤưƷ�ƹ�ƞƬŤŴƯǀƵŻřŶƳř�Źŵ�šƹŚƠţ�Ʋ�ƽ�ƩƺƈŰƯ�PCR�ůŚƳǀƶ�ƽ��ř��ŹƺŝżƯƿƘưū�ƹŵ�Ʋǀ�ƶŝ�ƍƺŝźƯ�Ţ

ƶƳƺĭ�ƹŵ�ƾƯ�šƹŚƠŤƯ�ƽ��ŶƴƃŚŝ���
Ʊĥ� ƾƫřƺţ� ƲǀǀƘţ� Śŝ�wsp�� ƽźŤĩŚŝ� ƲƿźŤſřWolbachia�ƵŵŚƯ� ƽŚƷŹƺŞƳŻ� Żř� ƶĩ��ŢǀƘưū� ƽřŻ

�źƀƬŝŚŝ(T. brassicae)�ŝƶ�ƶƀƿŚƤƯ�ƹ�ŵƺŝ�ƵŶƯō�Ţſŵ�ƲƿźŤſř�źƿŚſ�Śŝ�Ʊō�ƽ���Ʊĥ�ĨƳŚŝ�Źŵ�ŵƺūƺƯ�ƽŚƷ
�ƾƳřźƿř�ŶƿŶū�ƲƿźŤſř�Ʋǀŝ�ƽŵŚƿŻ�ŹŚǀƀŝ�ŢƷŚŞƃ(wBaT.bra)�ƾƴěřĥ�ƲƿźŤſř�ƹ�(WDen Fukuyama)�

� ŹƺŞƳŻ� Żř� ƶĩTrichogramma dendrolimi Matsumura�Ŷƿŵźĭ� ƵŶƷŚƄƯ� ƵŶƃ�ƁŹřżĭ��ƶŝ�ƽƺŰƳ��ƶĩ
Ʊō�šƹŚƠţ��Źŵ�ŚƸƴţ�ŚƷè��ŻŚŝŵƺŝ���ƪĪƃç���ƾƫřƺţ�Ʊĥ�ƶŝ�ƍƺŝźƯ�ƽŚƷ�wsp��ƽźŤĩŚŝ�ƾƳřźƿř�ƲƿźŤſř

Wolbachia�ƶǀůŚƳ� ƹ�� ƽITS2�� ŹƺŞƳŻT. brassicae�ƶƯŚƳźŝ� Żř� ƵŵŚƠŤſř� Śŝ� ƽźŤĩŚŝ� Ʋƿř� ƶŝ� Ƶŵƺƫō��ƽ
Sequin�� ĨƳŚŝ� ƶŝ�� Ʊĥ(http://www.ncbi.nlm.nih.gov/genbank)�Ŷĩ� Śŝ� ŢƿŚƸƳ� Źŵ� ƹ� ƶŗřŹř��ƽŚƷ

FJ441291��ƹFJ441292�ƶŝ��ƲƿźŤſř�ƽřźŝ�ŜǀţźţwBaT.bra��Ʊō�ƱŚŝżǀƯ�ŹƺŞƳŻ�ƹ(Tbra-B 11)��ŢŞŧ�ƶŝ
ǀſŹŶ���

��
�ƽźŤĩŚŝ�ƾƳĥƺƬǀƟWolbachia���

ƱŚưƷ�ƶŝ�ŪƿŚŤƳ�Żř�ƶĩ�ŹƺƏ��ƽźŤĩŚŝ�ƾƳĥƺƬǀƟ�ŢųŹŵ�ƪǀĪƄţ�Żř�ƵŶƯō�ŢſŵWolbachia��ƵŶƷŚƄƯ
ƾƯ��ŵƺƃ�ƪĪƃ��è�ƲƿźŤſř����wBaT.bra���Żř�ƾſŹźŝ�Ʋƿř�Źŵ�ƶĩT. brassicae�Ŷƃ�ƾƿŚſŚƴƃ�źƀƬŝŚŝ���ƶŝ

�ƾƳřźƿř�ƲƿźŤſř�źĮƿŵ�ƵřźưƷUro3��T. embryophagumƶǀƯƹŹř�����Ƶƹźĭ�ŹŵSib�ǇŚŝ�Żř��ƵƹźĭB��Źřźƣ
ŶƴŤƟźĭ� �ƲƿźŤſř�� ƽŚƷAB094397�(WDen Fukuyama)�� ƹAY634680��ƶƳƺĭ� ƶŝ� ƍƺŝźƯ�ƽ� �

T. dendrolimi�� ƹEU181443�� ŹƺŞƳŻ� ƶŝ� ƶŤƀŝřƹChouioia cunea Yang (Hym.: Eulophidae)�
�ƵźǀƠƃ� ŢƿŻřŹŚě�ƶƳřƹźě� ƽ��ƽżǀŗŚě� ƲţŹŚţ� ƽ�Hyphantria cunea (Drury)Ʋǀģ� Źŵ� �� �Ƃǀŝ��Ʋƿźţ

ƲƿźŤſř� Śŝ� řŹ� Ţŝřźƣ��wBaT.bra�� ŶƳŹřŵ�ƪĪƃ�� ƽŚƷç�� ƹè� ��ƲƿźŤſř� źƿŚſ�ŹƺŞƳŻ� ƶŝ� ƶŤƀŝřƹ� ƽŚƷ� �
T. brassicae�ƵŶƃ�ƁŹřżĭ�Ʋǀģ�ƹ�ƱŚưƫō� �ƶƀƳřźƟ�Żř�ƶĩ��źĮƿŵ� Ƶƹźĭ�ƹŵ�Źŵ�ŶƳř�Chi��ƹKue���Żř

ƵƹźĭǇŚŝ���ƽŚƷB��ƹA��ŶƳŹřŵ�Źřźƣ��ƆųŚƃ�ƶŞſŚŰƯ�ƽŚƷ�ƵŶƃ���ƪŨƯÓæèì�åCI = ���ƽŹřŶƿŚě�Żř�ƱŚƄƳ
�ŵŹřŵ�ƵŶƃ�Ʈǀſźţ�ŢųŹŵ��ƪƨƃè����

��
��



ÓÍ                                                  ƾųźƟ�ƱřŹŚƨưƷ�ƹ���ƽźŤĩŚŝ�ƾƿŚſŚƴƃ�ƹ�ƾŝŚƿŵŹWolbachia������

wBa    1  TGGTCCAATAAGTGATGAAGAAACTAGCTACTACGTTCGTTTACAATACAACGGTGAAAT   60 
WDen   1  TGGTCCAATAAGTGATGAAGAAACTAGCTACTACGTTCGTTTACAATACAACGGTGAAAT   60 
 
wBa   61  TTTACCTTTTTATACAAAAGTTGATGGTATTAAAAATTCAACAGGTAAAGAGGAGGATAG  120 
WDen  61  TTTACCTTTTTATACAAAAGTTGATGGTATTAAAAATTCAACAAGTAAAGAGGAGGATAG  120 
 
wBa  121  TCCTTTAAAAAGATCTTTTATAGCTGGTGGTTTTGCATTTGGTTATAAAATGGATGACAT  180 
WDen 121  TCCTTTAAAAAGATCTTTTATAGCTGGGGGTGTTGCATTTGGTTATAAAATGGATGACAT  180 
 
wBa  181  CAGAGTTGATGTTGAAGGGCTTTACTCACGATTGGCTAAAAATAAAGCTGTAATAGATGC  240 
WDen 181  CAGAGTTGATGTTGAAGGGCTTTACTCACGATTGGCTAAAAATAAAGCTGTAATAGATGC  240 
 
wBa  241  TTCTGAATCACATGTTGCAGACAGTTTAACAGCATTTTCAGGATTGGTTAACGTTTATTA  300 
WDen 241  TTCTGAATCACATGTTGCAGACAGTTTAACAGCATTTTCAGGATTGGTTAACGTTTATTA  300 
 
wBa  301  TGATATAGTGATTGAAGATATGCCTATCACTCCATACGTTGGTGTTGGTGTTGGTGCAGC  360 
WDen 301  TGATATAGTGATTGAAGATATGCCTATCACTCCATACGTTGGTGTTGGTGTTGGTGCAGC  360 
 
wBa  361  ATATATCAGCAATCCTTCAAACGCTGCTGAAGTTAAAGATCAAAGGAGGTTCGGTTTTGC  420 
WDen 361  ATATATCAGCAATCCTTCAAACGCTGCTGAAGTTAAAGATCAAAGGAGGTTCGGTTTTGC  420 
 
wBa  421  TTATCAAGCAAAAGCTGGTGTTAGTTATGATGTAGCCCCAGAAATCAAACTCTTTGCTGG  480 
WDen 421  TTATCAAGCAAAAGCTGGTGTTAGTTATGATGTAGCCCCAGAAATCAAACTCTTTGCTGG  480 
 
wBa  481  AGCTCGTTACTTCGGTTCTTATGGTGCTAGTTTTGATAAGGCAGCTAAGGGTGATGATGG  540 
WDen 481  AGCTCGTTACTTCGGTTCTTATGGTGCTAGTTTTGATAAGGCAGCTAAGGGTGATGATGG  540 
 
wBa  541  TATCAAAAATGTTCTTTACAACACTTTTGGTGCAGAAGCTGGAGTAGCGTTTAATTTTT   599 
WDen 541  TATCAAAAATGTTCTTTACAACACTTTTGGTGCAGAAGCTGGAGTAGCGTTTAATTTTT   599 

��
�ƪĪƃç��ƫřƺţƾ�ŚƷƽ�� Ʊĥwsp�źŤĩŚŝƽ�Wolbachia�źŤſř� ŹŵƿƲ�ŚƷƽ�wBaT.bra��Ɓƺſ� ƶŝ�ƍƺŝźƯ�� �

T. brassicae�ř��źƀƬŝŚŝƿƱřź���ƹWDen���Ɓƺſ�ƶŝ�ƍƺŝźƯT. dendrolimi�ƺĩƺƟƿ�Ʋěřĥ��ŚƯŚ
AB094397���ŴƋ�ƝƹźůǀƱŚƄƳ�řŹ�ƝǈŤųř�ŵŹřƺƯ�Ʈ��Ưƾ�ŶƷŵ����

Fig. 2. The wsp sequences: wBa, Wolbachia strain of T. brassicae (Baboulsar, Iran); WDen, 
Wolbachia strain of T. dendrolimi (AB094397, Fukuyama, Japan). Bold letters 
indicate the differences.  

��
ŦŰŝ��

ŚŤƳ�ŽŚſřźŝƿŬƾ�ŵŹ� Żř� ƶĩƿŝŚƾ�źŤĩŚŝƽ�Wolbachia�ƶŝ�ƮƸƯ� ƱřƺƴƗ�źţƿƵŵŚƯ� ƪƯŚƗ� Ʋ�řŻƾƿ��Źŵ
ŚƷŹƺŞƳŻƽ�źţƿŝ�ŚƯřźĭƺĪƶ��ŶƯō�Ţſŵ��ƩƹŶūæ�Ư��ƾ�Ţſŵ�ƶĩ�ŵƺưƳ�ŹŚƸƓř�Ʊřƺţ�ƿŝŚƾ�źŤſř�ƶŝƿƲ�ŚƷƽ�

Ŷūƿ�ƾƿřŻźƨŝ�ŌŚƤƫř�ƶƧ�ƽŶ(PI)�Ʊō�Ǝſƺţ�ƾſŹźŝ�ƶŝ��ŶƃŚŝ�ƵŶƃ�ŻźŰƯ�ŚƷ��ƵŵźŤƀĭ�ƹ�Ƣǀƣŵ��ŻŚǀƳ�ƽř
řŵŵŹ�ƾƯ�ƩŚưŤůř�ƹ�ŵŹ�ŵƹŹƿŝŚƾ�ŝ�Źŵ�ƱōǀƶƳƺĭ�ƭŚưţ�Ʋ�ŚƷƽ�ƶưƷ�Źŵ�ƹ�ŵƺūƺƯ�ƽ�ƱŚĪƯř�ƢƏŚƴƯ�Ÿěƿ�ź

ŶƃŚŞƳ� �ŵƺūƹŚŝƽ�ƶƳƺưƳ�Ƃƴĩřźě� ƹ� ŵřŶƘţ� ƶĩ�ŚƷƽ�ſŹźŝƾ�ưƳ� ƵŶƃƾ�ƣŵ�ƆųŚƃ� ŶƳřƺţǀƤƾ��ƪĩ� Żř



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÓÎ 

� Żř� ƱƺƴĩŚţ� ŚƯř� �ŶƃŚŝ� ŹƺƄĩææ�ƶƳƺĭ�ƽ�ƶŤųŚƴƃ�ƵŶƃ���ř� ŹŵƿźŤĩŚŝ� �Ʊřźƽ�ƶƳƺĭ� ƹŵ� Źŵ� ŹƺŝżƯ�ƽ��� �
T. embryophagum�ƯƹŹř�Żřǀ�ƹ�ƶT. brassicae�Ţſř�ƵŶƃ�ƁŹřżĭ�źƀƬŝŚŝ�Żř� �Ƴŵ�ŹŵǀƳ�Śǀř�żƿ�ƕƺƳ�Ʋ

źŤĩŚŝƽ�(PI-Wolbachia)�ƶŝ�ŌŚƤƫř� ƪƯŚƗ� ƱřƺƴƗ�ƵŶƴƴĩ�ƽ�ƵŵŚƯ�řŻ� ƾƿŹŵ� ŵƹŶůæå� �ƶƳƺĭ� Żř�ŚƷƽ�
źţƿ�Ţſř� ƵŶƃ� ŭźƐƯ� ŚƯřźĭƺĪ(Huigens & Stouthamer, 2003)� �ěǀƂ�řŻřƿƲ��ſō� Żřǀ� ŚƸƴţ� Śƿ�Ĩ

�Żř�ƁŹřżĭĭŵƺƫō�ŵŹƺƯ�Źŵ�Ʋǀģ�ŹƺƄƧƾ��ŹƺŞƳŻT. brassicae�ƶŝ�ƶƳƺĭ�ƱřƺƴƗ�řƽ�ƫƺţ�ƶĩǀ�Ʊō�ƵƺŞƳř�Ŷ
ƶŝ�ŹŚŬţ�šŹƺƇƽ�ƵŵźŤƀĭ�ŮƐſ�Źŵ�řƽ��ŚƷŹƺƄĩ�ŻřƾƯ�ŭźƐƯ��ƶŤƃřŵ�ŵƺūƹ��ŶƃŚŝ��ƾţŚƗǈƏř�ĨƳŚŝ

www.wolbachia.sols.uq.edu.au� �ƆŴƄƯ� Śŝ�ƶĩ�ƶƔůǈƯ�ƪŝŚƣ�ŶƇŹŵ�ƾĭŵƺƫō�ƱŶƃ��ƽř�Ò�Ñî���
ƾƯ�źƀƬŝŚŝ�ŢǀƘưū�Żř�ƶƀƿŚƤƯ�šŚƤǀƤŰţ�ƭŚŬƳř�Śŝ�Ʊřƺţ�ƶŞƴū�ŶƴưƟŶƷ�ƹ�ƽř�ŚƷƽ�ŵźŝŹŚĩƽ��Żř�ƵŵŚƠŤſř

ǇƿƲ�ŚƷƽ�Ĩţ�ƀƴūƾ�T. brassicae�řŹ��ƶŝ�ƹƿƬƗ� ƵĦǀƶƣŚſ� ƶ�ŚƷŹřƺųƽ�šŹŷ� ƹ�ŪƳźŝ��ſŹźŝ� ŵŹƺƯƾ�
ŵřŵ�Źřźƣ��ƶƴǀƯŻ�Źŵ�ƾţŚƤǀƤŰţ�ƍŚŞţŹř�ƲƿřŹŵ�ƽ�ƶƀƿŚƤƯ�ƽ�ƾĭĦƿƹ�Żř�ƾųźŝ�ŢǀƘưū�ƾŤƀƿŻ�ƽŚƷ��ƽŚƷ

ƵŵŚƯ� ƹ� ƾƀƴūƹŵ�� ƶƳƺĭ� Ʋƿř� ƽřŻ(Farrokhi et al., 2010)�ƱƹŹŵ� ƾƤƟř� ƩŚƤŤƳř� ƱŚƨƯř� ƹ�ƶƳƺĭ��ƹ� ƽř
Ʋǀŝ�ƶƳƺĭ�� ƵŶƃ� ƭŚŬƳř�ŢƀƿżưƷ�ƽźŤƧŚŝ� Ʋƿř�ƽř(Farrokhi et al., 2008)��Źŵ�ƾƬǀưƨţ�šŚƘƫŚƐƯ� ƹ

Ţſř�ƭŚŬƳř�ƩŚů�Źŵ�ƶƗŹżƯ�ŮƐſ���
Ɵ�ŢųŹŵ�ŽŚſřźŝǀƳĥƺƬƾ�źŤſřƿƲ�ŚƷƽ�Wolbachia�żưƷƿŚƷŹƺŞƳŻ�Ţƀƽ�źţƿ�ŵřŶƘţ�ƹ�ŚƯřźĭƺĪ

ŵƿźĮƽ�ŚěŶƴŝ� Żřƿ� ƱŚ�ƪĪƃ�è�źŤſř� �ƿ�ƲwBaT.bra�źŤſř� ŚŝƿƲ�ŚƷƽ�ƵŵŚƯ�ƪƯŚƗ�řŻƾƿ�Ƙưū� ŹŵǀŢ��ŚƷƽ�� �
T. cordubensis�� ƹT. oleae��Grey�� ƹS2��� ŹŵƿŵŹřŵ� Źřźƣ� Ƶƹźĭ�Ĩ�ĭŵƺƫō� ƶĩƾ�Ʊō��ŢƫŚů� ƶŝ� ŚƷ

ƳŚĮưƷƾ�ŞŨţ� ƹǀŢ�� ƵŶƃ(fixed)�Ţſř��řƿŹŵ� Śŝ� ƕƺƋƺƯ� Ʋ�źƔƳ�Ư� ƲŤƟźĭǀƃ� Ʊřżǀ�ƁźŤƀĭ� ƹ� ƕƺ
ĭŵƺƫōƾ�ŞƏǀƘƾ�Ƙưū�ŹŵǀƯ�źƀƬŝŚŝ�Ţƾ�ŝ�ŶƳřƺţǀƀƳŚŤě�źĮƳŚǀǇŚŝ�ƪƽ�řƿźŤſř�Ʋƿř�Źŵ�ƲƿŞŨţ�ƹ�ŵŚŬǀ�Ţ
ƵŵŚƯ�řŻƾƿ�Ǉ� ŵřźƟř� ƭŚưţ� ŹŵƿĨţ� Ʋ�ƀƴūƾ�ŶƃŚŝ� Ʊō� Żř� ƪƇŚů��ƶŝ�ƺŰƳƽ�ƶŤƠĭ� ŽŚſřźŝ� ƶĩ�ƽ�� �

Huigens & Stouthamer (2003)��Ʈĩ�źţƿżƷ�Ʋƿƶƴ�ƽ�ŹŚĭŻŚſƽ�(fitness cost)�Ƴ� řŹǀřźŝ� żƽ�Ưǀ�ƱŚŝż
Ţƃřŵ�ŶƷřƺų�ŵƺų��ř�ƶŝ�ƶūƺţŚŝƿřźƃ�Źŵ�ƶĪƴƿŞƏ�ƎǀƘƾ�ƤƟř�ƩŚƤŤƳř�ƱŚĪƯřƾ�źŤĩŚŝƽ�ƶƳƺĭ�Żř�řƽ��ƶŝ

ƶƳƺĭ�ƽ�ŵƿŻřŹŚěźěƺſ�źŧř�źŝ�źĮƿŤǀŤƫƺƯ�ƹ�Ʈƀƾ�ŻřŹŚěƿŤǀưƳ��ŵŹřŵ�ŵƺūƹ�Ʈƀƾ�ƣŵ�ƍŚŞţŹř�ƱřƺţǀƤƾ�Ưǀ�ƱŚ
źŤſřƿƲ�ŚƷƽ�źŤĩŚŝƽ�Ư�ŚŝǀƱŚŝż���ƹƿƟřźƜū�Ƃƴĩřźě�ŚǀŚƾƿ�Ʊō�ŵƺưƳ�Źřźƣźŝ�ŚƷ��ƱŚưƷ�ŚƯř��ƵŹŚƃř�ƶƧ�ŹƺƏ

ƶŞƴū�Żř�Ŷƃ�ƽ�ŵźŝŹŚĩƽ�Śƃƿĭŵƺƫō� ƱřƺŤŝ� Ŷƾ�źŤſř� ƶŝƿ�ƲwBaT.bra�Ƹūƺţ�ƪŝŚƣ�ŶƇŹŵ� Źŵ� řŹƾ��Żř
Ƙưū�ŵřźƟřǀ�źƀƬŝŚŝ�Ţ�Ò�Ñî��ƮƷ�Śŝ���Ʒƹźĭƾ�ŤƳĥ�ƶŝŚƄţ�ƹǀĪƾ�řƿźŤĩŚŝ�Ʋƽ�źŤſř�ŚŝƿƲ�ŚƷƽ�Grey��ƹ

http://www.wolbachia.sols.uq.edu.au��
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S2�ŢƀƳřŵ� ƎŞţźƯ� �ŻƿƘưū� ŜƬƛř� Źŵ� řźǀŢ�ŚƷƾƿ�ĭŵƺƫō� ƶĩƾ�Ʊō�� ŢƫŚů� ƶŝ� ŚƷmixed�Ưƾ��ŶƃŚŝ
ƳřƹřźƟƾ�Ƶŵƺƫō� ŵřźƟř��Ʈĩ�� Żř� źţÒ� �� Ţſř(Stouthamer, 1989; Stouthamer & Kazmer, 1994; 

Stouthamer et al., 2001)�� ƹƿŚƸƳŹŵ� Śƿĭŵƺƫō� ƮƷ� Ţƾ�ƶŝ�çÓ� �Ư� ŵřźƟř� Żřƾ�ŶſŹ�� �
(Miura et al., 2009)� �ƾſŹźŝ�Źŵ� �ƶƴǀƯŻ�Ʋƿř�Źŵ�ƾƘƐƣ�źƔƳ�ŹŚƸƓř�ƽřźŝ��Żř� ƵŵŚƠŤſř�ƾƬǀưƨţ�ƽŚƷ

� ƮŤƀǀſÎ
MLST�ƾƯ� ŢǀƘưū� ƦǀŤƳĥ� ƹ� ƾƬƯŚƨţ� šŚƘƫŚƐƯ� ƽřźŝ� ƾŞſŚƴƯ� Źřżŝř� ƶƧ�ŶƃŚŝ� �

(Baldo et al., 2006)�ƾƯ�ŶƿŚưƳ�ƦưƧ�ŪƿŚŤƳ�źŤƸŝ�źǀƀƠţ�ƶŝ�ŶƳřƺţ���
Źŵ�Śŝ�źƔƳ�ŚŤƳ�ƲŤƟźĭƿř�ŪƿſŹźŝ�Ʋƾ�ŵŹřƺƯ�ƹƽ�źŤĩŚŝ�ŵƺūƹ�Żř�ƶĩƽ�Ʈĩ�ƢƏŚƴƯ�Źŵ��ƹ�ƕŚƠţŹř

Ťůƾ�ƀƯźĭǀƃŚů�ŶƴƳŚƯ�źǀƶ�ƽ�ŹŵƿŚƽ�ƱŚŤſř�ƹ�Źżų�ŚƷƽ�ƣźƃ�śƺƴūƾ�ŝ�ŹƺƄĩƶ�ƴģ��ŶƯō�Ţſŵǀ�Ʋ
Ư�Ţƃřŵźŝƾ�Śŝ�ƶĩ�ŵƺƃŧŐţ�ŵƺūƹǀƠƴƯ�źƾ�ŵŻř�šŹŶƣ�ƹ�Ʈĩřźţ�źŝ�ŚƯźĭƿźŤĩŚŝ�ŵŚƽ�Wolbachia�ƱŚĪƯř��

Ţſŵ�ƿŝŚƾ�źŤſř�ƶŝƿƲ�ŚƷƽ�ŶūƿŶƽ�ř�ŻřƿźŤĩŚŝ�Ʋƽ�Ư�ŹŵǀƬĩƹźĪǀŚƷŚưƽ�ƇŚųƾ�Ʈĩ�ƢƏŚƴƯ�Żř��ƕŚƠţŹř
ƮƷ� ƹ�Źŵ� ŮƐſƿƳ� ŚǀŵŹřŵ� ŵƺūƹ� ż� �źŝ�řƿƲ�ŽŚſř��Źŵ� ƲưƋ�źƔƳ�ŤƳ� ƲŤƟźĭǀƶŬ�ĭǀźƽ�� �

Monje et al. (2005)��ƖƠţźƯ�ƢƏŚƴƯ�Źŵ�ƶĩ�ææåå�� Śţèìåå�Źŵ�ŮƐſ�Żř�źŤƯƿŚ� �żĩźƯƽ��Źƹŵřƺĩř
ƶƐŝřŹ�ƽ�ŤŞŨƯƾ�ŝǀƳřƹřźƟ� ƹ� ƕŚƠţŹř� Ʋƾ�źŤſřƿƲ�ŚƷƽ�ƵŵŚƯ�ŝ� řŻƶ�ŚŞƳ� �ŶƳŵŹƹō� Ţſŵƿřźŝ� Ŷƽ�ƿ�ƲŤƟŚ
źŤſřƿƲ�ŚƷƽ�Ŷūƿ� ŶWolbachia�Ʒǀ� ƶƤƐƴƯ� ĢƿƬƣř� Śǀưƾ�Ţƃřŵ� Źƹŵ� źƔƳ� Żř� řŹ��ƶŝ�įŹƺƏ�ƶĩ�
ƘưūǀŢ�ŚƷƾƿ��ŻřTrichogramma kaykai Pinto & Stouthamer��ƹT. deion Pinto & Oatman��ƶĩ
ĭŵƺƫōƾ�źŤĩŚŝƿŚƾƿ�ŵřŶƘţ�Źŵƽ�řźŰƇ�Żř�ƶŤƃřŵ�ŵƺūƹ�ƎƬŤŴƯ�šŹƺƇ�ƶŝ�Ʊō�ŵřźƟř�Żřƽ��Źŵ�ƵƹŚūƺƯ

ŝźƛ�śƺƴūƾ�źƯōƿƖưū�ŚĪ�Źƹōƽ�ƵŶƃ��ŶƳř(Stouthamer, 1997; Stouthamer et al., 2001)���
šƹŚƠţ�ŵŹƺƯ�Źŵ�Ƙưū�ƹŵ�Ʋǀŝ�ƽŚƷǀŢ��Ư� řƺƳ�ƹ�ŽƹŵźƟƾ�ƵŵŚƯ�Ʊřƺţ�řŻƾƿ�Ŷƴģ�Źŵƿ�Żř�ƪƀƳ�Ʋ

ƘưūǀƆƫŚų� ƶŝ� řŹ� řƺƳ� Ţ�Ƙưū� ƱŵƺŞƳǀƷ� ƹ� ŹƺŞƳŻ� ŢǀźŞƿſřŶǀƃŚƳ� Ʊƺƾ�ƶĩ� ŵřŵ� ŢŞƀƳ� Ʊō� Żř� �
et al. (1990)�Stouthamer�ŵŹřƺƯ�ƶŝƽ�ř�ŻřƿŶě�ƲƿƁƺſ�Źŵ� ƵŶ�ŚƷƽ�ƘƯǀƴƾ�ƶƳƺĭ�Żř��ŚƷƽ�ƶƤƐƴƯ�ƽ�

ƫŚěƶ�ōŤĩŹǀ�ŶƴƳŚƯ�ĨT. cacoeciae��ƹT. embryophagum�ƵŵƺưƳ�ƵŹŚƃř�ŶƳř���ƶŝ�ƶūƺţ�Śŝ�ƩŚů�źƷ�ƶŝ�ŚƯř
źƷŚƓ�ƶŝŚƄţƽ�Ťů�ƹƾ�ŤƳĥǀĪƾ�řƿřźŝ��ƶƳƺĭ�ƹŵ�Ʋƽ�ƘƐƣ�źƔƳ�ŹŚƸƓřƾ�ƤŰţ�Ţſř�ƭŻǇǀŝ�šŚƤǀƂ�źţƽ�

ř�ŹŵƿƯŻ�Ʋǀĭ�šŹƺƇ�ƶƴǀŵź����

                                                
æ- Multilocus sequence typing 
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��

�ƪĪƃè��Ɵ�ŢųŹŵǀŤƳĥƺƬǀĪƾ�ƫřƺţ�ŽŚſřźŝ�ƶĩƾ�ŚƷƽ�Ʊĥ�wsp��źŤſřƿƲ�ŚƷƽ�źŤĩŚŝƽ�Wolbachia��ƶŝ
� ƁƹŹmaximum parsimony�Ţſř� ƵŶƃ� ƶŤųŚſ� �ƯŚſřƾ�ƶƳƺĭ� ƶŝ� ƍƺŝźƯ�ƽ�Ưǀ��ƱŚŝż
źŤſřƿƲ�źŤĩŚŝƽ�Ɩưū�ƪŰƯ�ƹ�Źƹōƽ�ƶƳƺưƳ�� ŚƷŢſř��ŝ�ơŚƤƄƳř�ƪŰƯ�ŹƹŚŬƯ�ŵřŶƗřǀ�źĮƳŚ
ƶūŹŵ�ƽ�ŹŚŞŤƗř�bootstrap�Źŵ�æååå�ŹřźĪţ�Ưƾ�ŶƴƃŚŝ��Óæèì�åConsistency index (CI) = ��
ííæì�åRetention index (RI) = ��èèÑ�Tree length = ���

Fig. 3. Phylogenetic tree based on wsp sequences of Wolbachia, constructed from a maximum 
parsimony analysis. Names correspond to source of strains. Numbers near the nodes 
indicate percentages of 1000 bootstrap replicates. Consistency index (CI) =�0.6137, 
Retention index (RI) =�0.8817,�Tree length = 334. 
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� ƶŝŚƄţ� ŻřŤƳĥǀĪƾ�ǇƿƲ��ŚƷƽ�ƀƴūƹŵƾ�ƵŵŚƯ� ƹ�řŻƽ�źŤĩŚŝ� ƶŝ� Ƶŵƺƫōƽ�ƘưūǀźƀƬŝŚŝ� Ţ�� �
(T. brassicae)�ƴģǀƯ�Ţƃřŵźŝ�Ʋƾ�ŗżū�ƝǈŤųř�ƶĩ�ŵƺƃƾ�ůŚƳ�Źŵǀƶ�ƽ�ITS2�šƹŚƠţ�ƶŝ�ƍƺŝźƯ�ŚƷƽ�

ŵźƟƽ�Ţſř�ưƳ� ƹƾ�Ʊō� Ʊřƺţ�� źţǇŚŝ� ŭƺƐſ� Źŵ� ƝǈŤųř� ƶŝ� řŹŵřŵ� ŢŞƀƳ� ��źƔƳ� ƢŞƏ� �
Mayr et al. (1953)��ƶƳƺĭ�ŚƷƽ�ƮƷ�� Śū(sympatric)�řŶū� ƶĩƾƿ�ƫƺţǀƬŨƯ� Ŷƾ�ƹŹ� ƹ� ƶŤƃřŶƳƽ�ƿ�Ĩ

ƯǀĭŶƳŻ�ƱŚŝżƾ�Ưƾ�ŤƳĥ�ƝǈŤųř�ŶƣŚƟ�ŶƴƴĩǀĪƾ�ƾƯ��ŶƴƃŚŝ��Żř�ƪƤƳ�ƶŝSteiner (1994)���źŝ�řƲƿ���ŽŚſř
ƵŵŚƯ�ŵřźƟř�ƀƴūƹŵ�ƹ� řŻƾ�ƤŰţ�Źŵ�ƶĩǀ�Ƣ�źƋŚůŻřŹŚě�ƮŴţ�ƶŤſŵ�ƹŵ�ŻřƿƶŤ�ƽ�ƶƣŚſ�ŚěƹŹř�Źřƺųƾƿ��ƹ

ƹŹƽ�ƶţƺŝ�ƹŵ�ƽ�źƤţ�ƹ�ĨŤƀƯƿŵżƳ�ľŚŞƿƶŝ�Ĩ��ƮƷ�æå�ƫřƾ�æåå�źŤƯ��Ɩưū�Źƹōƽ�ƵŶƃ�ưƳ��ŶƳřƾ��ŶƴƳřƺţ
ŝǀţƺǀĚ�ŚƷƽ�ƶƳƺĭ��ƽT. brassicae�ŶƳƺƃ�śƺƀŰƯ� �ř� ƲưƋƿŚƷŹƺŞƳŻ� ƭŚưţ� ƶĪƴƽ�ũŹŚų��Żř� ƵŶƃ
ƿƮŴţ� ƶŤſŵ�Ĩ��ƵŵŚƯ�Ʊō� ŹŚƴĩ� Źŵ� ƹ� ƵŵƺŞƳ� řŻ�ƀƴūƹŵ� ŵřźƟř� ŚƷƾ�ƛǀƳ� ƵŵƺƫōźǀƘưū� Źŵ� żǀ�ŵƺūƹ�Ţ

Ţſř� ƶŤƃřŵ� �Źŵ� Śŝ� Ţſř� źŤƸŝ� řŸƫ�źƔƳ�ƲŤƟźĭ�ŧŐţǀŤƳō� źƾ�ŝǀţƺǀƏ� źŝ� Ĩǀſƹ� ƞǀƘƾ��Żř
ƯǀƳŚĭŹřƹźĪǀƭż�ŚƷƽ�ŚƷŹƺŞƳŻ�ƱŶŝ�Źŵ�ŵƺūƺƯƽ�źţƿŚƤƯ�Źŵ��ŚƯřźĭƺĪƿƶƀ�ƽ�ƹƿĭĦƾ�ŚƷƽ�ŻƿŤƀƾ��ŵřźƟř

Ĩţ�ƀƴūƾ�ƀƴūƹŵ� ƹƾ�ƵƹǈƗ�ţ� ŵřźƟř� źŝǀŹŚư�ŤƳō� Śŝ� ƵŶƃƾ�ŝǀţƺǀ� Ĩ�Ǉƿƹŵ� Ʋ�ƀƴūƾ��Żř� ƪƇŚů
ƘưūǀźŤĩŚŝ�ƶŝ�Ƶŵƺƫō�Ţƽ���ƀƴūƹŵ�ŵřźƟř�Żř�ƱŚĪƯř�šŹƺƇŹŵƾ�ŞƏǀƘƾ�ƳǀƵƹǈƗ�Śţ�ŵƺƃ�ƵŵŚƠŤſř�ż��źŝ

ŵŵźĭ�ƵŵƹżƟř�Ʊō�ŪƿŚŤƳ�ŹŚŞŤƗř�ƹ�Ţƣŵ�źŝ��ƂƿŚƯŻō�ƽŚƐų�Żř�ƲŤſŚĩ����
ŢǀƘưū� Źŵ�ƶƬǀŝ� ƽŚƷ�� Źřƺſ(T. brassicae)� ĨƷŻ� �(T. pintoi)ƶƘƬƣ� ��ŶƴŝŹƺĭ� ƹ� ƾƋŚƣ�� �

(T. evanescens)�ŢŞŨƯ� ŵƺūƹŚŝ�ƶŬǀŤƳ� Ʊŵƺŝ��ƽźŤĩŚŝ� ƾŝŚƿŵŹ�ƽWolbachiaƵƺǀƃ� ���ƶŝ� ƾƬŨƯ�Ŷǀƫƺţ�ƽ
�� Śƿ�ƾƀƴūƹŵ�šŹƺƇƾƿřŻźƳ�ŵƺŝ� �řŹ�ŢǀƘƋƹ�Ʋƿř� ƶŝŚƄƯ�Song & Shen (2006)�ƶƳƺĭ� ŹŚƸģ� Źŵ��ƽ

Ʋǀģ� Źŵ�ŜƫŚƛ��T. dendrolimi� �T. chilonis Ishii� �T. evanescens�ƹ�T. ostriniae Pang & Chen��
Ʊō�ŢƬƗ�ƹ�ƵŵƺưƳ�ƁŹřżĭ��ƲǀŗŚě�Śƿ�ƹ�ŶƿŶū�ƭżǀƳŚĪƯ�ƕƺƳ�Ĩƿ�ƶŝ� řŹ�Ʊŵƺŝ��ŢŞƀƳ�ƽźŤĩŚŝ�ŢƔƬƛ

Ƶŵřŵ�ŶƳř��ƾſŹźŝ�ƵŶƿŶě�Ʋƿř�Ƣǀƣŵ�ŢƬƗ�ƲǀǀƘţ�ƽřźŝ�ƾƯ�ƽŹƹźƋ�ƾƬǀưĪţ�ƽŚƷ�ŶƃŚŝ���
��

ŽŚĜſ�ƽŹřżĭ��
ŶŝƿƲ�ſƹǀƳřŵŹŶƣ�ƲưƋ�ƶƬƾ�Ʋƀů�ŵƺưŰƯ�ŽŶƴƸƯ�Żř�źĪƃ�ŜūŹ�ŽŶƴƸƯ� �ƵŵřŻƽ�Śſ�ƹƿ�ź

żƗƿƳřżƾ�Ɩưū�Źŵ�ƶĩ�ŹƹōƽƸţ��ǀƶƳƺưƳ�ƩŚſŹř�ƹ�ƶ�ŹŚĪưƷ�ŚƷƽ��ƱřŹŚƐƗ�ŚƋŹŶưŰƯ�źŤĩŵ�Żř��ŶƳŵƺưƳ
Ʒřźŝř� źŤĩŵ� ƹǀƷřźŝř� Ʈǀưƾ�ƶŝ�ƫŵǀŤųř� Źŵ�ƪǀŹŚ�ƶƳƺưƳ�ƲŤƃřŸĭ�ŚƷƽ�ŚſŚƴƃ� ƹ� ŹƺŞƳŻƾƿ�ƫƹřǀƶ�ƽ�Ʊō���ŚƷ



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèç���ç���ÎÐîæ�������������������������������������������������������������������������ÓÒ 

ưƇǀŽŚĜſ� ƶƳŚư�Źřżĭƽ�Ưƾ�ƺƃŵ� ��ƹ� ƁŻƺƯō� �šŚƤǀƤŰţ� ƱŚƯŻŚſ� ƾƫŚƯ� ŢƿŚưů� Śŝ� ƂƷƹĦě� Ʋƿř
ŝ�ƩźŤƴƧ�šŚƤǀƤŰţ�ƂŴŝ�Źŵ�ƽŻŹƹŚƄĩ�ŪƿƹźţǀĥƺƫƺƿƶƀſŒƯ�Ĩ�į�ƵŚǀĭ�šŚƤǀƤŰţ��ƹ�ŹƺƄĩ�ƾĪƃżě

ƵźƄů�ƵŚĮƄƿŚƯŻō�Ţſř�ƵŶǀſŹ�ƭŚŬƳř�ƶŝ�ŶƴƬƷ�ƲĮƴǀƴųřƹ�ƵŚĮƄƳřŵ�ƾſŚƴƃ���
��
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