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Abstract 
Glutathione S-transferase (GST) genes control vital traits for metabolism of the variety of toxins that 
expose insects to the environment (insecticide) or plant defense systems. Sunn pest is the most 
important pest of wheat and barley in the Middle East where it threats food security throughout the 
region. Sequencing the sunn pest's RNA provides an opportunity to identify the structure and 
function of the different gene families. To our knowledge, this is the first study to identify 43 GST 
candidate genes in sunn pest using bioinformatics tools. The identified candidate genes clustered in 5 
cytosolic GST (Delta, Theta, Zeta, Omega, and Sigma) and Microsomal GST using  phylogenetic 
analysis. The Sigma subclass was identified as the biggest subclass with 22 candidate genes, while 
microsomal GST found to be the smallest group with one candidate gene. Given the role of GST in 
the interactions among the insect, toxins, and environment, our results facilitate future investigations 
on insecticide resistance and their utilization in pest management programs against sunn pest.  
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��

� ½ÂÌeZeÂ¸³� �YZÅ�Y�¨�¿Y�e��Glutathione S-transferase� �� Ã{YÂ¿ZyÃ{�f�³�ÉY�� �YºË�¿M�Ã�Â�À»|ÀrËZÅ�
|Àf�Å�Ä¯��Y�É�ZÌ�]��{dÌ·Z §�ÉZÅ��¶Ì^«��Y�®Ë�Â·ÂË�Ì§º��ÊËY{��Ê¸yY{�Á�Êm�Zy�Ê¼��cZ^Ì¯�e�¾Ì]�cÓZ¬f¿Y�,
Ê·Â¸�,���fÀ�ÂÌ]½Â»�ÂÅ�ZÅ���]Y�]� �{��Z§{�Á�Àe�ÉZÅ��|¿�Y{��¬¿�Ê�ËZ�¯Y(Fang, 2012; Shi et al., 2012)��

� ½ÂÌeZeÂ¸³��Y�Y�¨�¿Y�e� ÉZÅ� Á�Ê·Â¸�� �ZfyZ�� �Y�d�Z¨u� �{� Ê¼Æ»��¬¿�Ê¿Z�¿YDNA��Á� Ê¼�� {YÂ»� ÄÌ¸�
½Z����{�Y{� Y�� �¾ËYZ]�µZu�� ��¿� Ä]Ê»�|��GST�Ê¼Æ»� �¬¿�� �{º��Y{�ÊË�Ã��u��¯�ZÅ�� Z¨ËY�|À¯� ��¾ËY� dÌ·Z §

¾Ë�f�Y� �|¼Ë�¿M�¹ÁZ¬»� ÉZÅ�� Ã�¨�§Â¿Z³�Y� Á� |ÌWÁ�eÁ�ËZa� ¹Â¼�� Ä]Ã��u� �{ Spodoptera frugiperda 

(Lepidoptera: Noctuidae) ���ËY�§YÀ »Ê�É�Y{��d�Y�Äf�Y{��Z�u�¾Ë�f�Y�Ä]�d^�¿�Yu, 1992���Ã��u��{�
�Lepidoptera: Plutellidae�Plutella xylostella ,�GST�� Ä�Ã�¨�§Â¿Z³�Y� Êy�]� �]Y�]��½Z�¿�dÌ·Z §��ËY�§Y� ZÅ

Ã{Y{�¾ËY��¬¿��Y�Ê¯Zu�Ä¯�d�Y���{�ºË�¿Mº��Y{�ÊË�Ã�¨�§Â¿Z³�Y�Ä]�d»ÁZ¬»�Á���{�ÉZÅ\��Ã�a�d�Y�Ê�Z¼·Y�d�a�
�Huang et al., 1998� ���Zv·�Y�º�Ì¿Z°»��¶¼�ºË�¿M�¾ËY��cZ^Ì¯�e�¾Ì]� |¿ÂÌa��À¯YÁ½Á�f°·Y��d�Á{��ÃÁ�³� Z]

Y�� Ã|��LZÌuY�½ÂÌeZeÂ¸³�µÂ°·Â»�µÂÌe��¶ÌÆ�eÊ»�|À¯� �¾ËY�¶¼����ËY�§Y�\^�dÌ¸]Z«��//§{�Á�[M��{�µÔv¿Y�
��À¯YÁ�µÂ//�v»�½|//�Ê»�{Â���Habig et al., 1974; Clark et al., 1984�� 

�Z�Y� �]�� Ê·Â¸�� ÃZ´ËZmGST�� ZÅ� Ä]� Ê¸¯� ¶°�� Ä]GST��Ê·Á�ÂfÌ��Cytosolic�Ê»Á�Á�°Ì»� ,�
�Microsomal��� ºÌ�¬e�ÊËZË�|À¯ÂfÌ»� Á»Ê�Â�¿|� �½ÂÀ¯Ze��cY��u� �{GST�Ã|�¿� ÊËZ�ZÀ��ÊËZË�|À¯ÂfÌ»��d�Y

(Shi et al., 2012)��GST���Ê·Á�ÂfÌXeÁ�a¾Ì��Z]�ÊËZÅ���������Y|Àf�Å�ÄÀÌ»M|Ì���¾ËY�µZ §�d·Zu��{�¿MºË�ZÅ��Ä]
��¼Ë{Â¼Å�Á��¼Ë{Á�fÅ�¶°��Á{»Ê�|À�Z]����Â¿�¾ËYGST��,Ê·YÂe�dÅZ^���Z�Y��]�cY��u��{�À¯YÁ�ZÅ�ÊÀ¼ËY�É

�Ä]�dÌ�Z�u�ÁÃ|ÀÀ¯�ZÆ»�ZÅZf·{�Äf�{����Ä]�¦¸fz»�É��Delta�½Â¸Ì�aY� ,��Epsilon�Z´»Y� ,��Omega�Z¼´Ì��,�
�Sigma�Zfe�,��Theta��Ze��Á��Zeta���¬e�ºÌ»Ê�{Â��(Ranson et al., 2001; Ranson et al., 2002; Ding et al., 

2003)��Y��Zv·�� �ZfyZ�Ä��| ]ÉGST�� Z]�ÊËZË�|À¯ÂfÌ»GST��Z]�É�ZfyZ��dÅZ^�� Z»Y� |¿�Y{�dÅZ^��Ê·Á�ÂfÌ�
GST�|¿�Y|¿�Ê»Á�Á�°Ì»���Ã{YÂ¿Zy�Ä���Å�Äq�³YGST��Ä³Á�¿Z¯�Ä¯�|Àf�Å�ÊËZ��Y�ÉY�Y{eZeÂ¸³½ÂÌ�uYLZÌ�Ã|���Y�

ÉY�f�]Â��Z]��1-chloro-2,4-dinitrobenzene�CDNB ��Y����Ì·ZeZ¯»Ê�|ÀÀ¯��ÉÁ��É�Y|Ì�¯Y�a�½ÂÌeZeÂ¸³�dÌ·Z §�Á
|ËZ�¯Á�aÁ�|ÌÅ�¾Ì»ÂÌ¯��Cumene hydroperoxide (CuooH)��|¿�Y{�(Hayes et al., 2005)���

� ,ÔÌ§Á��{�¹Â¿��Ê]ZË�Ê·YÂe�½Z»���Yad§��Ì��É�Â·ÂÀË�¯Á|¿Y� Á�cY��u�É�Â·ÂË�Ì§� Ã�Âu��{�É{ZË��ÉZÅ
Y� d�Y� Ã|�{ZnË(Hewes & Taghert, 2001)� �YZ]¾Ë�µZu��Ä]� d»ÁZ¬»� dË�Ë|»� Ã�Âu� �{� Ã|ÀËM� cZ¬Ì¬ve� �{

Ã��u��¯�ZÅ�,Ä]�Á�¹Â¿��Ä¯�ÊeY��u��{�Ã�Ë½M�ZÅ���{�Ê·Â°·Â»�Ã�Âu��{�cZ�Ô�Y�¾f�Y{� ,d�Y�Ã|�¿�Ê]ZË�Ê·YÂe
�{�Â»½��ZÅ��Á�¿MºË����¿�Ä]�É�Á����ZÌ�]�|Àf�Å�d»ÁZ¬»��{�¶Ìy{�Ä¯�ÊËZÅ»Ê�|������Â�À»�¾ËY�Ä]�½|Ì���ÉY�]

�|Ì·Âe�ÁÃ{Y{�ZÅ�e�ÉY�½ZÌ]�¶ËZ§Á�a��Ì·Z¿M�ÉY�]�¹ÂfbË�°�¿½��ZÅ��Ê]ZË�Ê·YÂe�,¹Â¿��t����{RNA��ªË����YÁZ6À§��É
� |Ì·Âe� ÊËZ¿YÂe� Ä¯� | ]� ¶�¿·YÂeÊ�� {�Y{� Y�� º¯� ÄÀË�Å� Á� ÓZ]� ºnu� Z]� ÉZÅ»Ê�� |¿YÂeÃ{Z¨f�Y{�Â»�{�Ì´]� �Y�«� �

�(Hsu et al., 2012)���
� ¹ÂfbË�°�¿Y�e� �Ì·Z¿MÄ]��Á��ZÅÉ�� ¶»Z�� Ê¨¸fz»½�e�Â¿�n¿�� �À¯YÁ� ,cÔ]ÌÉZÅ��¸aÌ�Y�¼� �

d�Â¿Á��É�Y{�]��Â° »��RT-PCR��� ,ËY�M�ËÄ��Microarray���Á·YÂeÊ�Ë]ZÊ�� Ä]�Á��ZÅÉ�fÀ�Ê�� ¹Zn¿Y»Ê�{Â�� �
�Morozova & Ma Marra, 2008���Á��ZÅÌËÃ|�{Z�� �Y� Ä¯� |Àf�Å�Ê�Zy�\ËZ »�ÉY�Y{ºÆ»��eËÀ½N�»ZÅÊ�½YÂe��Ä]
Y{Y�� {YÂ»��Y� Ã{Z¨f�Ëf¯YÂÌÂ�Y�Z¯� ,cÔ]�½�e�Â¿� �{�ÊËZaÌË¾�n¿���À¯YÁ��Á���{ÌÉZÅ��¸aÌd�Â¿Á��Y�¼�É�Y{�]�

Z�ZÀ��¹|�� ,�Â° »ÌËd�Â¿Á��ZÅË|nË|ÁZ¿YÂe� ¹|�� Ã{Z¨f�Y�ÉY�^ÌËÉY�]��ÊeY{ÂmÂ»·YÂe�½Z��¹Â¿��Ä¯ÌÌ]ZÊ��Ã|�¿
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f�Y����ÂfËY�M�ËÄ��Å�ÁË,ÄÀ�a�Á�½Z»�ÌrÌ³|�ÊÉÓZ]�·YÂeÊ�Ë]ZÊ�fÀ�Ê�{�¯�Ã�Z�Y��¹ÂfbË�°�¿Y�e�Á�¹Â¿��Ê]ZË�Ê·YÂe
¶°�� Ä]�High-throughput���{� Á� ÓZ]� d���� Z]� É{�°¸¼�� Á� Ê°Ìf¿�� cZ�Ô�Y� Ä ·Z�»� ÉY�]� É|Ë|m� Ã�nÀa

d�Y�Ã{�¯��Z]��Ì�Á��ZÌ¬»� ��µZj»�ÉY�]�Z]�Ê]ZË�Ê·YÂeRNA��d�Â¿Á���ZfyZ��Ä ·Z�»�Ä]��{Z«�¾Ì¬¬v»��¶Ì^«��Y
��ËY�ÌaRNA��Ê¸·M�cZ�Ô�Y�,��µZj»�ÉY�]SNP�ZÅ�ÂmÁ�Ê���]�Á�ÊËZ�ZÀ��Á�ÓZ]�d«{�Z]�½ZÌ]�Ê���]�,�{½��ZÅÉ�
�¦¸fz»»Ê�{�Z�����{�Y��É{�°¸¼���°Ì»Â¿���{�ªÌ¬ve�Ê¸¯�¶°��Ä]�ZËY�»�¾ËYÄ¿Â³�ZÅÌË�µ|»��Ì£�cY{ÂmÂ»�|À¿Z¼

�� Ä¯� ÊeY{ÂmÂ»¼ÅY{ÂmÁZ]Ìd�ZÅÉ�� ÉÁ�� Ê¼¯�cZ ·Z�»� Ê°Ë�Â·Â¯Y� Á� Ê¸»Z°e½M�ZÅ�d�Y� Äf§�³� c�Â�� ��Ä¯
��Á|¬»�Ê°Ìf¿��Á�Ê·Z»��]ZÀ»�dË{Á|v»�ÉY�Y{»Ê�{�Z���Haas et al., 2013�� 

�¹|À³�¾�Eurygaster integriceps Put. (Heteroptera: Scutellaridae)�ºÆ»��e¾Ë��Âm�Á�¹|À³���Y�»�d§M
�½Y�ËY��{f�Y�]��{�¾ÌÀr¼Å�ÂÉ�ZÌ�ZÅ�Â�¯��YÉ��§M�µZ¼��Á�ZaÁ�Y�©���,Ä¿ZÌ»�ÁZy�Ä¬�À»Z¬Ë�Ã|À¯Y�a��d�Y��Y¾Ë�
À»Y�d§MdÌ�Y~£ÊË�|Æe�Y�|Ë�»Ê�|À¯�Za��ÅZ¯�ÁË�Y|ËÄ¿Z»Z��ZÅÉ�ÁZ�¯É���¹|À³��Z¯É�{�Y{�µZ ¿̂{�Ä]�Y�(Critchley 

1998; Yandamuri et al., 2014)� �³�Âa� Ä¸u�»� �{� ¹|À³�¾�Ê�~¤e� Z]�¶»Z¯� Ã��u� ÁÄË�³��YÃZÌ�»½Z]�Ì��h�Z]
»�¹|À³�Ä]�c�Z�yÊ�{Â��~¤e�µZ ¿̂{�Ä]�µÂ�v»��ÅZ¯�\^��ÁÄË�Ä¿Y{�Á�Ä«Z��,±�]��Y�d§M�ZÅÉ�d�Å�¹|À³����{
¬f�»�cY�iY��ZÀ¯ºÌ�Á�É�v»,µÂ��«Y�]�cZv��eÊ�¾��¯��ÅZ¯�h�Z]�ZÅdÌ¨Ì�»�½Z¿Ê�{Â��(Critchley, 1998)��

|»dË�Ë�Y¾Ë�Ã��u��Y�Ã{Z¨f�Y��Z�Y��]�Ã{�f�³�¶°��Ä]��Á�»Y�Ä]�Ze�d§M��¯��0Ô»Z¯�µ�fÀ¯�t���Z»Y�d�Y�Ã{Â]�ZÅ
¤f»�Ì�¿Y�´¿�Á�d�ÅÊ�ÊËZÅ�·{�Ä]¶Ì�a�ËY|Ì�]�d»ÁZ¬»Ã��u�Ä��¯�¿�ZÅ�Ì�{�Y{�{ÂmÁ�(Iranipour et al.,2010)���

�¹|À³�¾��¹ÂfbË�°�¿Y�e��ËÂa���Zu�Ä ·Z�»��Y�¥|ÅÄ]��Â�À»��ÊËZ�ZÀ�½��ZÅÉGST�{Â]�Zn¿M�YÊË�Ä¯��¹Â¿�
Ã|�¿�Ê]ZË�Ê·YÂe�½ÂÀ¯Ze�¹|À³�¾��d�Y���Y��Â�À»�¾ËY�Ä]�½|Ì���ÉY�]�ÁZ6À§Ë½Á�¬¼�Ä]�Ä§����| ]�¶�¿RNA-seq�

|��Ã{Z¨f�Y��¾ËY�Ä¯�Ê�¬¿�Ä]�ÄmÂe�Z]½��ZÅ���{º��Y{�ÌËd§N��¯�ZÅ��ÊËZ�ZÀ��,|¿�Y{ÃÁ�³�ZÅÉ��½��¦¸fz»GST��Ä]
���¿»Ê�|����Ä]�¹|À³�¾��Ê·Z¼fuY�d»ÁZ¬»�dË�Ë|»�Ä»Z¿�]��{Ã��u��¯�ZÅ�|À¯�®¼¯���

��
�Á�{YÂ»�Á��ZÅ��

��

�Á�Ã��u���Á�akY�zf�YRNA 

Ã�Âa�ZÅÉ�¬ve�Ä��Â»�Âm���Y�»��Y�ÃZ»{Y{�y��{�¹|À³�¾��ºnÀa�Á�¹�ZÆq�¾�cZ¬Ì�»Y�Á¾Ì�º��Ä¯��ZaÊ�
¸�ÄÌ�¹Zn¿Y�Ã�Âa��{Â]�Ã|�¿�¼m��ÁMË|¿|���¾��ÉZÅ��¼m��ÁMÉ�Ã|��{�Z]�Ä¿Y�Á�|Ë�ºÅ�Á��Z��¾�É��Ä¿Y�Á��¶°��Ä]

»�¹Zn¿YÊ�d§�³��ºÅ�cY��u�]�|���®«ZeY��{� ,¶»Z¯�cY��u��ÂÆ��½Z»��Ze�¾�Z�{��ËY���ÊËZ»�ά����d]Â��
��ά���É�Â¿�ºË���Á��D�: L����Ä�Ây���Âe�Á�É�Y|Æ´¿�ÉZÅ�|¿|��ÄË~¤e�¹|À³�Ã|Ë�]�Á�Ã�Ze��¾°·Z§��Y�ZÅÉ�
�[M���»Ê¸Ì�É�fÌ·��Âa�Ä^Àa�Z]�½M�[�{�Ä¯Ã|Ì�]�d�Y�Ã|�Ä���Ã{Z¨f�Y�[M��^À»�½YÂÀ�|���kY�zf�YRNA��®e��Y

�dÌ¯��Y�Ã{Z¨f�Y�Z]�¹|À³�¾��Ã��uRNasymini�d§�³�c�Â��d¯���¶¼ ·Y�Âf�{�Ä]�ÄmÂe�Z]�Á��¼¯dÌRNA�
kY�zf�Y�Ä]�¹|À³�¾���Y�Ã|���ÁÄ¸Ì��_Y�{Â¿Z¿dÌ¨Ì¯�Á��½MÁ���]É����Z³M�µ�����Y�{�Â»�|��{Ê]ZË�d§�³��Y�«��

ZÆ¿�{dË��½Y�Ì»��Y����¹�³Á�°Ì»RNA�Y�]É���fÀ�cDNA�Ä]��Â�À»�·YÂeÊ�Ë]ZÊ�|��Ã{Z¨f�Y���
��

RNA-seq��
���¹�³Â¿Z¿���YRNA�kY�zf�Y�Ã|����Y�Ã{Z¨f�Y�Z]oligo-dT beads��·Zy���b��Á�|��É�Z�mRNA��Ä¯
�¹{�ÉÁZupoly (A)��Z]�{Â]�ne5�§Z]ÄË�Ã|ÀÀ¯�ÃZeÂ¯�cZ �«�Ä]�Á��Z¼Ìe�Äf�°��|����Y�Ã{Z¨f�Y�Z]First Strand Master 

Mix and Super Script II�� d¯��Invitrogen�� µÁY� Äf��� �fÀ�cDNA���À¯YÁ� �ËY��� �� ÉZ»{����Äm�{



����½Y�Z°¼Å�Á�l¿�f�{��½��ÊËZ�ZÀ���¾���{��Y�¨�¿Y�e��Y�½ÂÌeZeÂ¸³�ÉZÅ¹|À³��

 

 

f¿Z�Ê�{Y�³� ��ÉY�]����ÉZ»{� ,Ä¬Ì«{���� Äm�{f¿Z�Ê�{Y�³��ÉY�]����ÉZ»{� ,Ä¬Ì«{���� Äm�{f¿Z�Ê�{Y�³��ÉY�]���
Ä¬Ì«{� �|�� ¹Zn¿Y� �� �b�� Äf��� ¾Ì»Á{cDNA�Ä]��ÁÄ¸Ì�second Strand Master Mix�� ÉZ»{� �{����Äm�{
f¿Z�Ê�{Y�³��d�Z��®Ë�c|»�Ä]|��ÄfyZ����®qÂ¯�cZ �«��b�cDNA��·Zy��Z�É��Á�½{Á�§Y�Á�ºÌ»�e�ÉY�]

�§Z]��{�M�Ê¸a�Ã�Ìn¿�EB�¶u��ÉZ»{��{�Á����Äm�{���|��Ä]Â°¿Y�Ä¬Ì«{� ��b���®qÂ¯�cZ �«cDNA�ÃY�¼Å�
Adenylate 3'Ends DNA� ,RNA Index Adapter �� Á Ligation MixÄ]�]ÂyÊ�� Z]�dbËZa|¿|���Â¸z»� ½{�¯��

��À¯YÁ��ÂfaY{M�µZ�eY�ÉZ»{��{���Äm�{f¿Z�Ê�{Y�³��c|»�ÉY�]���d§�³�c�Â��Ä¬Ì«{���Z]�dËZÆ¿��{Ampure 

XP Beads (AGENCOURT)��·Zy�d§�³� c�Â�� É�Z�� �� �Ìj°e� | ]� Ä¸u�»� �{Ä]��ÁÌÄ¸��Ã�Ìn¿�� �À¯YÁ
Ê¸a���Y�»�PCR���Z]�ÃY�¼Å��°Ì»��f�»PCR��ÉZÅ�¼ËY�a�ÁCocktail��cZ �«�dËÂ¬e�ÉY�]cDNA��Á�|��¹Zn¿Y
ZÆ¿Ë0Zf��µÂ�v»PCR�]Ä��ÁÌÄ¸�Ampure XP Beads (AGENCOURT)�|���·Zy���Ã|���fÀ��Ä¿Zz]Zf¯�dÌ¨Ì¯
Ä]��ÁÌÄ¸Agilent 2100 bioanalyzer��Agilent DNA 1000 Reagents� �� ÁReal-time PCR�� {�Â»PeÌË|���Y�«

d§�³���,Ê¿ZËZa�Ä¸u�»��{�Ä¿Zz]Zf¯cDNA�ÃZ´f�|��Âe�,Illumina HiSeq� 2500��Ã{Z¨f�Y�Z]�ÁZÀ§��YÉ���¿YÂy
Ä§��Á{�� �

�Pair-end��� ¶¼ ·Y�Âf�{� ª^�²ÀÌnÌ]� ¹Â¿�� Ä��Â»��Shenzhen, China��Ê·YÂe�|�� Ê]ZË� ��Ê]ZË� Ê·YÂe� ÄnÌf¿
��Â¼n»�{����½ÂÌ¸Ì»��Ê·YÂe�µÂ��Z]��Z]�d¨m����{Â]��Z]�d¨m��¿YÂy�¾fyY|¿Y��Á{�Á��ÂfaY{M�¥~u�ZÅÉ��Z]

¯Ì¨Ìd�ZaÌË¾�]�Ä��Â»���ÂeÌnÌ²À��Beijing Genome Institute��|��¹Zn¿Y� 

��
¸^¼�YÊ��eY�°�¿¹ÂfbË��Á��Ä]De novo��
¯fÌ¨Ì·YÂfÊ�ZÅ�� �Y� Ã{Z¨f�Y� Z]¹�¿��Y�§YFASTQC�µ�fÀ¯�|����dÌ¨Ì¯� µ�fÀ¯� ÄnÌf¿�¿YÂy�³{Â·M� |«Z§� ZÅÊ��Ä]

�|«Z§� ,�ÂfaY{M·YÂeÊ�ZÅÉ�]Ê�¯Ì¨Ìd��Sequences flagged as poor quality� �{�¿�ÁË®��Ä]���Âfv»�|��{ÉGC�
|¿{Â]��¿YÂy��¹Zy�ÉZÅ| ]�Ä¸u�»��{��Y�Ã{Z¨f�Y�Z]¹�¿��Y�§YTrinity���{K-mer������Zf¿Â»�ÉY�]Ä]�c�Â��de novo�

Ã{Z¨f�Y{�Â»�|Àf§�³� �Y�«�(Haas et al., 2013)��¹�¿� ¾ËY�� ºfË�Â´·Y� �Y� �Y�§Yde Bruijn� ��Ä¸u�»� Ä�� Ê�� �{
Inchworm� ,Chrysalis�� ÁButterfly��¿YÂy� �Zf¿Â»� ÉY�]�� Ã{Z¨f�Y� ZÅ»Ê�|À¯�(Haas et al., 2013)� �� µÁ|m��

½Z�¿�Ã|ÀÅ{��Ê]ZË�Ê·YÂe��{��Zf¿Â»�dÌ¨Ì¯�ÉZÅ�f»Y�ZaRNA�d�Y�¹|À³�¾����
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��� ²Ìf¿Z¯�µÂ��¾Ë�f¼¯ 

����  ²Ìf¿Z¯�µÂ��¾Ì´¿ZÌ»��
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����� ²Ìf¿Z¯��¾Ì]�ÉZÅ��������� 
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µÁ|m����Ê]ZË�Ê·YÂe��Zf¿Â»�dÌ¨Ì¯�Ä�ÔyRNA��¾�
¹|À³��

Table 1. Summary of assembly quality 
for Sunn pest RNA-seq 
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Z�ZÀ�ÊË�½��ZÅÉ�|Ë|¿Z¯ËY�Y�¨�¿Y�e��Y�½ÂÌeZeÂ¸´�¹|À³�¾���{��
� �Y� Ã{Z¨f�Y� Z]·YÂeÊ�ËZÅ�ZÄÀÌ»M|Ì�GST��{�� Ã��u� Ä�Nilaparvata lugens� ,Sogatella furcifera�

ÁLaodelphax striatellus��Ä]�½YÂÀ���Zf�m�� ,d�m�ÂmÁÉ�TBLASTn�� Z]Evalue�������ÊËZ�ZÀ��ÉY�]GST�
|Ë|¿Z¯Y��e�ÉÁ���]¿�Ã|��¶^¼�Y� ¹ÂfbË�°��Ä]�½YÂÀ���m�»� �d§�³�c�Â����ÊËZ�ZÀ���Y�| ]½��ZÅ� ,d�m�ÂmÁ�
�ÉY�]»Á{¾Ì�ËZÅd�Z¨v�Ã|��GST���{Conserved domain NCBI�|��¹Zn¿Y���
��

Ê¿�Â¸Ì§��Ì·Z¿M��
]¥{Y�e� Ä�ËZ¬»� ÉY��� ÉZÅÄ]�d�{�·YÂe� ÄÌ¸¯� Y|f]Y� Ã|»MÊ�ÉZÅ�Ä]�d�{�Ã|»M�� �{¹�¿��Y�§Y�Bioedit �� Ä]�d»�§
Fasta�Á�|¿|��¶Ë|^e��a���Y�½M���Z�Y��]�Ê¿�Â¸Ì§��Ì·Z¿MºÅ�{��Ê¨Ë·YÂeÊ���Y�Ã{Z¨f�Y�Z]�|Ì�YÂÀÌ»M�ÉZÅClustal 

omega��d§�³�¹Zn¿Y(Sievers et al., 2011)��dy�{�ZÅ��Á��Z]�Ê¿�Â¸Ì§�Éneighbor-joining��µ|»��Z�Y��]�Á
��Y�Ã{Z¨f�Y�Z]�¾�ËÂa¹�¿��Y�§YMEGA7��_�f�Y�cÂ]�Z]�Á�����|��ºÌ��e���

��
hv]�Á�lËZf¿��

��

�ÊËZ�ZÀ�½��ZÅ��ZË�¿MºË�ÊËZÅ��É�Á����ZÌ�]�|Àf�Å�¶Ìy{�¶ ¨·Z]� ZË�ÃÂ¬·Z]�¶°��Ä]�d»ÁZ¬»�Ã|Ë|a��{�Ä¯
d�Y����Y�¨�¿Y�e��Y�½ÂÌeZeÂ¸³Ä]�½YÂÀ����Y�Ê°Ë�¿MºË�ÊËZÅ��cY��u��{�Ê°Ì·Â]Zf»�d»ÁZ¬»�{ZnËY�\^��Ä¯�d�Y

»Ê�{Â��½ÂÀ¯Ze�ÄÀÌ»���{�ÊeZ�Ô�Y� ,½��ZÅ�ÉGST�{�Y|¿�{ÂmÁ�¹|À³�¾���{� ��¶ËZ§Á�a�ÊËZ�ZÀ��¾ËY�]ZÀ]½��ZÅÉ�
�±��]�Ã{YÂ¿ZyGST��ºÆ§�ÉY�]�¹|À³�¾���{�¹ÂfbË�°�¿Y�e�t����{�Z³�Z�É�ÉZÅ��|À¼���Y�Ã��u�¾ËY�Ê°Ì·Â]Zf»
{Â]� |ÅYÂy��� �Y� | ]� ¶Ì^«� �Y� cY��u� ¹Â¿�� Ã�Á�a� ¾Ë|ÀqDrosophila melanogaster� , Anopheles 

gambiae,Apis mellifera�� ÁBombyx mori�� \Ìe�e� Ä]��� ,��� ,��� Á���GST�|�� ÊËZ�ZÀ�� Ê·Á�ÂfÌ��
(Claudianos et al., 2006)���

� lËZf¿� �Z�Y� �]Ã{Y{�ÁZ¯É�� ,Ê¿�Â¸Ì§� �Ì·Z¿M� Á� ¹|À³� ¾�� ¹ÂfbË�°�¿Y�e� ÉÁ����� Ê·YÂe|Ë|¿Z¯GST���Y
|��ÊËZ�ZÀ�� �ZÆ]�¶�§� �{� ¹|À³�¾��¢·Z]� Ã��u� ¹ÂfbË�°�¿Y�e���¶°���µÁ|m� Á�����Ê·YÂe�®Ë�½ZÌ»�¾ËY� �Y

� Ä]��Â]�»GST��Á�Ê»Á�Á�°Ì»����Z]��^e�»�Ê·YÂeGST�ÂfÌ���Ê·Ád�Y� ��¾ËY�Ê»Z¼e��{����¾Ì»Á{�Á{� ,Ê·YÂe
d�Z¨u�Ã|�� GST � N� ÁC� �d�Y{� {ÂmÁ���¾Ì»Á{� Á{�¾ËYd�Z¨u�Ã|���Ê¸Ì�¯Â]�¯� Á�ÊÀÌ»M�ÉZÆf¿Y� �{GST�

�«YÁ�Ã|��ÉY�Y{� Á�� É{�°¸¼���¬¿»Ê�|À�Z]� �� ¾Ì»Á{GST_N��Ä^�� �ZfyZ��®Ë� ,d�Y� ÊÀÌ»M� ÉZÆf¿Y� �{� Ä¯
�¶Ì°�e�¾Ì�¯{�ÂÌe»Ê�|Å{��¶�f»�½ÂfËZeÂ¸³��Y�Ê�z]�Ä]�Ä¯»Ê�{Â���·Zu�{Ê�Ä¯��¾Ì»Á{GST_C��ÉZÆf¿Y��{�Ä¯

�ÉZÅY�f�]Â��Ä]�Ê�Z�fyY�¶°��Ä]�Ä¯�Ã{Â]�Z¨·M�pÌa�Z»�¾Ë|Àq�¶»Z��d�Y�Ê¸Ì�¯Â]�¯[M��³Ë���¶�f»�µZ�eY
|¿�Y{���

�Â¼n»�{�� ½�� {Y| e� ¾ËY�GST�¶]Z«�Z¬»� Z]� Ä�ËDrosophila melanogaster�� Z]���� ,½�Culex 

quinquefasciatus��Z]����Á�½�Tribolium castaneum��Z]����d�Y�½�(Fang, 2012; Samra et al., 2012; Shi 

et al.,2012)���{�·ZuÊ��¶j»�cY��u��Y�Êy�]��{�{Y| e�¾ËY�Ä¯Apismellifera�,x¸»�ZÅ�Ä]���ÅZ¯�c|��d�Y�Äf§ZË� �
(Claudianos et al., 2006; Qin et al.,2011)� �� ½ZÌ»� �Y½��ZÅ� ÉZ�ZÀ�ÊË�� ,Ã|�·Zu�{Ê�� Ä¯���Äf�{� �{� ½�� �

� �Y�«� Zf·{»Ê�� ÉÁZu� ½Â¸Ì�aY� Äf�{� ,{�Ì³ÅpÌ�� �Y�®Ë·YÂeÊ�� ÉZÅZ�ZÀ�ÊË��d�Ì¿� Ã|��� ¶°��� ���ÊËZ�ZÀ�� ¹|�� �
� Äf�{�aY� �Ì�¿� cY��u� �ËZ�� �{� ½Â¸Ìx¸»�ZÅ� ,Pediculus humanus� ,Myzuspersicae,� �
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Acyrthosiphon pisum,Nasonia vitripennis ,Apis mellifera � ,Chironomus tentans���Ì¿Ã|ÅZ�»��Ã|��d�Y� �
(Li et al., 2009; Oakeshott et al., 2010; Ramsey et al., 2010; Fang, 2012)���¾ËYÄf�{Á{���YGST��«YÁ�{�

Äf�{�ZÅ� �{� Zf·{� ½�� ®Ë� �¬§� ¾f�Y{� Á� ½Â¸Ì�aY� ½Y|¬§� Á� |Àf�Å�cY��u� �{� Ê�Z�fyY� É¶���Â^¿���¶Ì·{
�ÉÓZ]�dÌ�Z�uY¾Ë��Ä]�Ä¿Â³Ã��u��¯�ZÅ��d�Y�Ê�Zy�Claudianos et al., 2006��� 

��

��

�¶°����¹Y�³Á�|¿{�Maximum-likelihood�·YÂf�Z�Y��]Ê�ZÅ�¾ÌXeÁ�a�É|¿Z¯ÉY|Ë GST���{¹|À³�¾���
Fig. 1. Maximum-likelihood dendrogram based on protein sequences of candidate GST in Sunn pest 

��
Äf�{�ZÅ��´Ë{�ÉGST���ËZ���{�Ê�Z�fyY�¶°��Ä]�Zfe�Á�Ze��,Z¼´Ì��,Z´»Y�¶»Z�Ä¿Â³���Y�³ZÅ�Ã|��d�Y��
�½ZÌ»��YGSTÃ|ÅZ�»�Ã|��,�����Y�«�Z¼´Ì��Äf�{��{�½�»Ê��|¿�Ì³��¶°�������ËZ���{�Z¼´Ì��Äf�{�Ê¸¯�¶°��Ä]

dz��|À¿Z»�cY��u�µZ]�½Z�Âa�,¨�|Ì®·Z]�ZÅ�,N. vitripennis,A. pisum ,M. persicae �Á�L. migratoria��Ä]��Ì¿
�¶°�Ã{�f�³�Y�Éj°e�d�Y�Ã|��Ì(Richards et al., 2008; Ramsey et al., 2010; Karatolos et al., 2011; Qin 

et al., 2011)� ��ÉY�]�É�ZfyZ���¬¿GST��cY��u��{� Z¼´Ì��Äf�{a�Á�¾Ì·Á�a�ÄÀÌ»M|Ì�Y� {ÂmÁ�Ä¯� Ã|�{ZÆÀ�Ì
�µZ�eY�Ä]�d�Y�¾°¼»�½M�ÊÀÌ»M�ÉZÆf¿Y��{�¾Ì¿ÓMÅZ»ÄrÌ�|À¯�®¼¯��YÁ�a�ÉZÅ���Z¼´Ì��Äf�{�ÉY�]�Ä¯�É�´Ë{��¬¿

�½|�|Ì�¯Y�a�|ÀËM�§�Ê^¿Zm�cÓÂ�v»�¥~u�{�Y{� {ÂmÁ�cY��u��{]�qÊ��\Ì�M�Ê·Â¸�� Ã�YÂË{�Ä¯�d�Y� ZÅ
»Ê�|¿Z��Y�]ZÀ]� -� Ê^¿Zm� cÓÂ�v»� ¥~u� ÉY�]� d�Y� ¾°¼»� Z¼´Ì�� Äf�{� ½�� ¾Ë|Àq� {ÂmÁ� ¾Ë��f�Y�ZÅ�É

�Z]�ÂÌeY|Ì�¯Y�|�Singh et al., 2001����
��
�µÁ|m���·YÂeÊ�ZÅÉ��YÌ»M|ÌÄÀ�½��ZÅÉ�|¿Z¯ËY|ÉGST�¹|À³�¾���{��

Table 2. Amino acids sequences of GST candidate genes in Sunn pest 
 

Candidate Gene 
codes 

Amino acids sequences of GST��

 

EURIN-
2511_DN175560 

 

MTLKFYYDLMSQPCRAIYVFLKLNKINYERKIVNLRFLEHKSEEFLKINPFG
LVPVIDDNGFIVKESVGILRYLCREKNVADHWYPKESKAQAKVDEFIEWQ
HLGLRLPCGMYFRINCVEPRISGEPALESDLKRFRNAMISSCDLVENVWLN
NKEKFLFGSHLTIADLLAVMELEQPRPTGYDPKQGRPRLAAYMDRVRSET
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APFYDEANKFINILSSRTDS 

 

EURIN-
2515_DN176968 

��

MTLKFYYDLMSQPCRAIYVFLKLNKINYERKIVNLRFLEHKSEEFLKINPFG
LVPVIDDNGFIVKESVGILRYLCREKNVADHWYPKESKAQAKVDEFIEWQ
HLGLRLPCGMYFRINCVEPRISGEPALESDLKRFRNAMISSCDLVENVWLN
NKEKFLFGSHLTIADLLAVMELEQPRPTGYDPKQGRPRLAAYMDRVRSET
APFYDEANKFINILSSRTDS 

EURIN-
18846_DN187449 

 

MVVKLRYFNMTGLGEPIRLMLAATKTEFEDIRLNKEEWAKMKPTLKWPFL
PVLEMDGKSMVQSVSICRYIAKKNSLCGSSEDDAYACDATVDHLEDIRKKI
VVNYYSPDSKERDEGLEKNIKVDVPFYMKNFEEQLAENNGYLVGGKLTW
ADIMFLSYCDYLSFILGHDIVTGFPKLKEHKDKISDLPGIKEWLATRPTSVK
DLRTLFM 

EURIN-
18850_DN189018 

 

MVVKLRYFNMTGLGEPIRLMLAANKTEFEDIRLNKEEWAKMKPTLKWPF
LPVLEMDGKSMVQSVSICRYIAKKNSLCGSSEDDAYACDATVDHLEDIRK
KIVVHYYSPDSKERDEGLEKNIKVDVPFYMKNFEEQLAENNGYLVGGKLT
WADIMFLSYCDYLSFILGHDIVTGFPKLKDHKDKISDLPGIKEWLATRPTSV
KDLRTLFM 

EURIN-
18849_DN189018 

 

MTGREGISKLTNLFWPDWRDGIVRKMVVKLRYFNMTGLGEPIRLMLAAT
KTEFEDIRLNKEEWAKMKPTLKWPFLPVLEMDGKSMVQSVSICRYIAKKN
SLCGSSEDDAYACDATVDHLEDIRKKIVVHYYSPDSKERDEGLEKNIKVDV
PFYMKNFEEQLAENNGYLVGGKLTWADIMFLSYCDYLSFILGHDIVTGFPK
LKDHKDKISDLPGIKEWLATRPTSVKDLRTLFM 

EURIN-
18830_DN180769 

MVVKLTYFQIPGRGEPIRMLLSAMKIEFEDRRVTMDEWAKLKPTLKWPHL
PMLEMDGKTLFQSMSISRYLARKGGLYASSEDGSLAIDTMVDAIDDMRRK
VTDFYYLRDSKERDEGLKNSSEVIVPLYMKNIEEQLAENNGYLVAGKLTW
ADINFITYTSYVSYLLGHDILTDFPRLKEHEKKISELPGIKEYLDKRPPFPKD
MRTVFGQR 

EURIN-
18820_DN179148 

 

KGKSVASISRNMVVKLTYFQIPGRGEPIRMLLSAMKIEFEDRRVTMDEWA
KLKPTLKWPHLPMLEIDGKTLFQSMSISRYLARKGGLYVSSEDGSLAIDTM
VDAIDDMRRKVTDFYYLRDSKERDEGLKNSSEVIVPLYMKNIEEQLAENN
GYLVAGKLTWADINFITYTSYVSYLLGHDILTDFPRLKEHEKKISELPGIKE
YLDKRPPFPKDM 

EURIN-
18822_DN180137 

 

MAEVSDPVHHHLRHKKPRRHKKPRYKLTYYDAKALGEPIRYYLSYLGKEF
EDIRLPVNPTLDCNVTGPNFKRIPNLQIDRDQMIDHPVAIMRHLANEAGMS
GDNFKEYLEIDMIIGLFCEMQSEITKYLNIVLEKEKKRVKELLIRQIIPSYMD
RFKDSIDRNRGYMANGRLTWVDIYVVAYCESFPGMLGIDAFEKYPFLKEL
KDKVQALPGIKEWINRRPVTEI 

EURIN-
18817_DN176493 

 

DTTPSNRMPKYKLYYLEAKGLGESIRFILSYMGEEFEDIRLPFEKVFKLRSM
PEVPYGKVPYLEVDGKVLHQSTAILRHLANKAGLNGSNENENLNIDMIAG
VFGDLIVEIQRFIKAQNPSEKDQIKELLINDIIPYYMEKIEAVLKENGGYLAN
GKISWADLYAVGYSESVPGLIGVDLTQKYPHFKALVDRVHSLPGVIEWIEK
RPVANV 

EURIN-
18831_DN181118 

 

QFGDTTPSNRMPKYKLYYLEAKGLGESIRFILSYMGEEFEDIRLPFEKVFKL
RSMPEVPYGKVPYLEVDGKVLHQSTAILRHLANKAGLNGSNENENLNIDM
IAGVFGDLIVEIQRFIKAQNPSEKDQIKELLINDIIPYYMEKIEAVLKENGGY
LANGKISWADLYAVGYSESVPGLIGVDLTQKYPHFKALVDRVHSLPGVIE
WIEKRPVANV 

EURIN-
18821_DN179993 

 

MPQYKLTYFDVKALGEPIRYILSYMGKEFEDHRLGRDEWPKFKEQMPFGK
LPILEVDGQVFHQSTAILRYLAIEAGLAGNNARENLEIDMVVGAFGDFATE
VSRYYRMEVPSVKEKLKEILINETIPFYMSRLEQLLKNNGGYLANGKLSWA
ELYVVGYSTSLPGLLEIDLTEKYNFFKELTNKVHSLPGIKEWIKKRPDTAI 

EURIN-EYPRLNSFSQWQSPAIHTRSFRKMPQYKLTYFDVKALGEPIRYILSYMGKE
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18818_DN176707 

 

FEDHRLGRDEWPKFKEQMPFGKLPILEVDGQVFHQSTAILRYLAIEAGLAG
NNARENLEIDMVVGAFGDFATEVSRYYRMEVPSVKEKLKEILINETIPFYM
SRLEQLLKNNGGYLANGKLSWAELYVVGYSTSLPGLLEIDLTEKYNFFKEL
TNKVHSLPGIKEWIKKRPDTAI 

EURIN-
18816_DN175924 

 

MSHIKLNYFDIRVIGEPIRLLFHYMGKEFEDYRVPRDQWPAYKKVTPFGKM
PVLEIDGKVYCQSIPMLRYLAHEAGLTGNNPDENYEIDMIVAAFGDLVSEV
SRHFKAHLPQEKEIIRQGIINDAIPFYMEKLEKVVKKNGGYLANGKLSWAE
FFVVGYSSSLPGLIGVDLTEKYPFFKELTDKVHSLPGIKEWIKIRPKTPL 

 

EURIN-
18814_DN175183 

MSHIKLNYFDIRVIGEPIRLLFHYMGKEFEDYRVPRDQWPAYKKVTPFGKM
PVLEIDGKVYCQSIPMLRYLAHEAGLTGNNPDENYEIDMIVAAFGDLVSEV
SRHFKAHLPQEKEIIRQGIINDAIPFYMEKLEKVVKKNGGYLANGKLSWAE
FFVVGYSSSLPGLIGVDLTEKYPFFKELTDKVHSLPGIKEWIKIRPKTPL 

EURIN-
18809_DN170068 

 

RADSTHSSTLPRSTKEMPPQYKLIYFNARGKAEHIRFIFAEAGVDYIDYRIPK
EKWPEMKKTMPFGMVPVLEVEGEGQVGQSNAIARYLAHKYGLAGKTPW
EALECDVLVDTLGDLKQVLWQYRTEQDPSKKEERKVNLMKEVIPFYLRRF
ERIIRDNNGFAVGNSVTWADFAFAVSLENFELIFGKDSLDPYPNLRGLKDR
VYALPRIKEWIARRPQTEF 

EURIN-
18792_DN149651 

 

DHRADSTHSSTLPRSTKEMPPQYKLIYFNARGKAEHIRFIFAEAGVDYIDYR
IPKEKWPEMKKTMPFGMVPVLEVEGEGQVGQSNAIARYLAHKYGLAGKT
PWEALECDVLVDTLGDLKQVLWQYRTEQDPSKKEERKVNLMKEVIPFYL
RRFERIIRDNNGFAVGNSVTWADFAFAVSLENFELIFGKDSLDPYPNLRGLK
DRVYALPRIKEWIARRPQTEF 

EURIN-
18851_DN189282 

 

MATYKLIYFNIMGLGETIRYMLSYLGKDFEDFRIHNYSDWISEFKPKMPFQ
KIPLLEIGEHRLHQSMAICRYFAKEANLYGDNAWEQLQIDMIMDSFVDFRH
AVWSYFYNRDEANREHLKGNLFDKIVPLYLGNFDKIIEENEYLANKKLSW
ADLYFVAILGYFSFMLKLDIVKEYPNIRALRDKIHEIPNIKAWLEKRPVTDW 

EURIN-
18844_DN186824 

 

MATYKLIYFNIMGLGETIRYMLSYLGKDFEDFRIHNYSDWISEFKPKMPFQ
KIPLLEIGEHRLHQSMAICRYFAKEANLYGDNAWEQLQIDMIMDSFVDFRH
AVWSYFYNRDEANREHLKGNLFDKIVPLYLGNFDKIIEENEYLANKKLSW
ADLYFVAILGYFSFMLKLDIVKEYPNIRALRDKIHEIPNIKAWLEKRPVTDW 

EURIN-
18810_DN171100 

 

YWFDNSSPVLLATSRLCLIKLEDCWKMPHYKLTYFPVTALAEPIRYMLSYL
GEDFEDYMFKREDWPSIKPKMPFGKVPVLEIDDKQVHQSTAICRYFGKKA
QLAGKNDWEALQIDMVVDTVHDMRQAIADYWYDDNEATRAKKKEPLM
KETLPFYLKKFDEMVKENNGYLVNSALSWGDIYFIAISNYLIKMIGFDFFEE
HENLKRLKDNVLSLPKIQKWIETRPKVEF 

EURIN-
18811_DN171523 

NSSPVLLATSRLCLIKLEDCWKMPHYKLTYFPVTALAEPIRYMLSYLGEDF
EDYMFKREDWPSLKPKMPFGKVPVLEIDDKQVHQSTAICRYFGKKAQLAG
KNDWEALQIDMVVDTVHDMRQAIADYWYDDNEATRAKKKEPLMKETLP
FYLKKFDEMVKENNGYLVNSALSWGDIYFIAISNYLIKMIGFDFFEEHENL
KRLKDNVLSLPKIQKWIETRPKVEF 

EURIN-
18840_DN185294 

 

MPHYKLTYFDITGIAEPIRYLLCILGEEFEEHKVQLEDWPSLKPTTPFGKVP
VLEVDGKAVCQCIAICRYLGRKAKLTGKDEWEDLQIDMIVDTLTDLRQAV
SEYYWSTDEISKPKMLEVLHKETLPFYFERFDKIVKNNGYLANGKLSWGDI
FFVGLLFHFHMYAGGYDYKEHFENLKGLHDKIMALPEIKKWIQSRGNIAY
GVDLAKAQSMRQKKLV 

EURIN-
18842_DN185965 

 

MPTYKLTYFDGSGVGEPIRYMLSMLGDGFEDKRMKFDEWPAIKPTTPFGK
VPMLEVDGKTVCQSTAICRYLGRKVNLAGKDEWEDLQIDMMVDTYHDFR
REVGDYRHENDVDKKAKKLEVLMSETCPAYLAKFDEYAKKNNGYLANG
RLSWGDIYFVAASHTIKNILEYDFTEKYDNLKRLQENVMSLPQIKKWVESR
AKTIKT 
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EURIN-
18841_DN185826 

 

MPSYKLTYFDIPGLAEPIRYMFCLLGEDFEDNRIKKEDWISIKPTTPFGKVPI
LEVDGKVVCQSVAICRYLGKKAKLAGNDEWEDLQIDMMVESLQDLRQAV
GEYFREEDDTLKNKKHEVLLKETAPFYFGKFDEIVKENNGYLANGKLSWA
DIYFIGSTILMNPMLGYDFTEHFENLKRLHDTVMSLPQIKKWYDSREKVEG
N 

EURIN-
18837_DN183886 

 

MPSYKLTYFDISGLAEPIRYMFCLLGEDFEDNRLKMEEWAAVKPTTPFGKL
PMLEVDGKVVTQSTAICRFLGKKAKLAGKDEWEDLQIDMMIDTFHDLRQ
ALSDYYREKDEDSKAKKLEALKNETFPFYFGKFDEIVKNNNGYLANGRLS
WGDIYFIGGSLFFKTMTGYDFTEHFENLKRLFDTVMALPQIKKWNDSRAK
DA 

EURIN-
24371_DN176968 

 

MTLKFYYDLMSQPCRAIYVFLKLNKINYERKIVNLRFLEHKSEEFLKINPFG
LVPVIDDNGFIVKESVGILRYLCREKNVADHWYPKESKAQAKVDEFIEWQ
HLGLRLPCGMYFRINCVEPRISGEPALESDLKRFRNAMISSCDLVENVWLN
NKEKFLFGSHLTIADLLAVMELEQPRPTGYDPKQGRPRLAAYMDRVRSET
APFYDEANKFINILSSRTDS 

EURIN-
24367_DN175560 

 

MTLKFYYDLMSQPCRAIYVFLKLNKINYERKIVNLRFLEHKSEEFLKINPFG
LVPVIDDNGFIVKESVGILRYLCREKNVADHWYPKESKAQAKVDEFIEWQ
HLGLRLPCGMYFRINCVEPRISGEPALESDLKRFRNAMISSCDLVENVWLN
NKEKFLFGSHLTIADLLAVMELEQPRPTGYDPKQGRPRLAAYMDRVRSET
APFYDEANKFINILSSRTDS 

EURIN-
170449_DN176968 

 

MTLKFYYDLMSQPCRAIYVFLKLNKINYERKIVNLRFLEHKSEEFLKINPFG
LVPVIDDNGFIVKESVGILRYLCREKNVADHWYPKESKAQAKVDEFIEWQ
HLGLRLPCGMYFRINCVEPRISGEPALESDLKRFRNAMISSCDLVENVWLN
NKEKFLFGSHLTIADLLAVMELEQPRPTGYDPKQGRPRLAAYMDRVRSET
APFYDEANKFINILSSRTDS 

EURIN-
170445_DN175560 

 

MTLKFYYDLMSQPCRAIYVFLKLNKINYERKIVNLRFLEHKSEEFLKINPFG
LVPVIDDNGFIVKESVGILRYLCREKNVADHWYPKESKAQAKVDEFIEWQ
HLGLRLPCGMYFRINCVEPRISGEPALESDLKRFRNAMISSCDLVENVWLN
NKEKFLFGSHLTIADLLAVMELEQPRPTGYDPKQGRPRLAAYMDRVRSET
APFYDEANKFINILSSRTDS 

EURIN-
24390BDN184627 

 

RESSDGLTKMTLKYYYDLFSQPSRAVYIFLKINSIPFESHFVNLMTGEHRKK
EFKKINPLSLVPVIDDNGFILRESVGILRYLVREKNLPDHWYPKESKAQARF
DEFIEWQHLGLRVPLALYFRILKLEPMLKGKPPLEHDIKRWTDAVVYSCNI
FEKVWLNNDKKFLFGDLMSIADLLAAMELEQPRMAGYDPRIGRPVLASY
MDRVRNETNPFYDEACQMVYTSIDSKL 

EURIN-
170468_DN184627 

 

RESSDGLTKMTLKYYYDLFSQPSRAVYIFLKINSIPFESHFVNLMTGEHRKK
EFKKINPLSLVPVIDDNGFILRESVGILRYLVREKNLPDHWYPKESKAQARF
DEFIEWQHLGLRVPLALYFRILKLEPMLKGKPPLEHDIKRWTDAVVYSCNI
FEKVWLNNDKKFLFGDLMSIADLLAAMELEQPRMAGYDPRIGRPVLASY
MDRVRNETNPFYDEACQMVYTSIDSKL 

EURIN-
24360_DN170012 

 

MTIDLYMVPGSSPCRAALLAARAVGVDVNIKLTDLMKGEHLTPEFLKMNP
QHNIPTMNDNGFVINESRAIMCYLADQYGKDDSLYPKDPKKRAIVNQRLY
FDMGTLYLRFGELYYPMIFGGAPYDEEKAKKLHEALGFLEGFLGNSTYAA
GENLTLADLALVASLSTMEVIGCDISKYPKIIKWFNKCKETIPDYQKSNHEG
AMAFKALFDSMAKK 

EURIN-
24358_DN167473 

 

MTIDLYMVPGSSPCRAALLAARAVGVDVNIKLTDLMKGEHLTPEFLKMNP
QHNIPTMNDNGFVINESRAIMCYLADQYGKDDSLYPKDPKKRAIVNQRLY
FDMGTLYLRFGELYYPMIFGGAPYDEEKAKKLHEALGFLEGFLGNSTYAA
GENLTLADLALVASLSTMEVIGCDISKYPKIIKWFNKCKETIPDYQKSNHEG
AMAFKALFDSMAKK 

EURIN-
24385_DN181475 

SPASFGLTSEINNKMTITLYYLPASPPCRAVLLTARALGIELDLRLTNLRKGE
HLTPEYLKLNPQHTIPTMDDDGFVINESRAIICYLADQYGKDDSLYPKDPK
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 KRALIHQRLYFDMGTLHIRHAELNRPILFAGAPYDEEKAKKLDEALGYLDG
YLSKSTYAAGDTLTLADLSLVATVSTLELIGFNISKHANVTRWLQRCKETIP
DYEKYNHEGALEYKAMYDAAKKKK 

EURIN-
42108_DN180315 

 

TTIENNKRENINQLSKNHHVFYPKTSRLHWKSMAAELKETPKLKLYSYWR
SSCSQRVRIALNLKGLEYEYKAVNLLKGEQFTPEFEKLNPLKYVPVLVDGD
VAVSDSFAILLYLEDKYPEHPLLPTDLQKKALNIQAASIVGSSIQPLLNLAVL
KYIEEKISSDEKLAWVQHHISKGFEALEKLLKGCAGRYATGDEVQLADVFL
APQIEGGIKRFQLDMSPFPTLARLHEAYCEHPAFQASHPDRQPDSPSSS 

EURIN-
42086_DN160884 

 

CDGDCHLFYLGLAYLLIMSSVGKPLLYSYWRSSCAWRVRLALNIKEMQYD
IKPINLMKDGGEQNSEEFKNVNPMKRVPALFIDGHTLIESMNIMYYLEETRP
ERPLMPNDVFKRTQVRTICEIITSGIQPLQNVTVLNEIGEKKLDWAQRWINK
GFEAIEKLLAISSGKYCVGNEITLADCCLVPQVYNAKRFKVDMLPYPTILKI
EKELEMVPAFQSAHPLNQPDCPEEAKK 

EURIN-
2534_DN184627 

KMTLKYYYDLFSQPSRAVYIFLKINSIPFESHFVNLMTGEHRKKEFKKINPL
SLVPVIDDNGFILRESVGILRYLVREKNLPDHWYPKESKAQARFDEFIEWQ
HLGLRVPLALYFRILKLEPMLKGKPPLEHDIKRWTDAVVYSCNIFEKVWLN
NDKKFLFGDLMSIADLLAAMELEQPRMAGYDPRIGRPVLASYMDRVRNET
NPFYDEACQMVYTSIDS 

EURIN-
241433_DN173908 

 

EGKLRLYSMRFCPYAQRIHLVLNAKNILHDVVNINLKDKPEWYLEKVPRG
KVPAIHVDGVNLYESLIIADYIDEKYPQRPLFPRDPLRKALDRILIDTFSRVIT
VLHKLYVNPVMDAQHLGPVLDEMDFFEKELASRGTPFFSGDQPGMVDYM
IWPWCERLEMVRVLGGDQFRVPKERFQRLFQWTKGMFEDPAVKLHYCTP
EQHAKFLISHRA 

EURIN-
241425_DN167279 

 

EGKLRLYSMRFCPYAQRIHLVLNAKNILHDVVNINLKDKPEWYLEKVPRG
KVPAIHVDGVNLYESLIIADYIDEKYPQRPLFPRDPLRKALDRILIDTFSRVIT
VLHKLYVNPVMDAQHLGPVLDEMDFFEKELASRGTPFFSGDQPGMVDYM
IWPWCERLEMVRVLGGDQFRVPKERFQRLFQWTKGMFEDPAVKLHYCTP
EQHAKFLISHRA 

EURIN-
2503_DN169295 

 

PFLVDEEFSLSESGAILIYLAEAYGNGDYLYPKDHKQRAIINQRIMFDVGTL
WMRLFQCYFLPVFHQNMGINDLIIERVNDAFTTLDAFLDGKEWAAGDEIT
VADFCLITTVAASEAVGYEVSKYENVSEWFKRCKEAMVDYGELIQTPMDT
LNEYFMAKLSK 

EURIN-
2529_DN181475 

KMTITLYYLPASPPCRAVLLTARALGIELDLRLTNLRKGEHLTPEYLKLNPQ
HTIPTMDDDGFVINESRAIICYLADQYGKDDSLYPKDPKKRALIHQRLYFD
MGTLHIRHAELNRPILFAGAPYDEEKAKKLDEALGYLDGYLSKSTYAAGD
TLTLADLSLVATVSTLELIGFNISKHANVTRWLQRCKETIPDYEKYNHEGA
LEYKAMYDAAKKK 

EURIN-
2504_DN170012 

 

MTIDLYMVPGSSPCRAALLAARAVGVDVNIKLTDLMKGEHLTPEFLKMNP
QHNIPTMNDNGFVINESRAIMCYLADQYGKDDSLYPKDPKKRAIVNQRLY
FDMGTLYLRFGELYYPMIFGGAPYDEEKAKKLHEALGFLEGFLGNSTYAA
GENLTLADLALVASLSTMEVIGCDISKYPKIIKWFNKCKETIPDYQKSNHEG
AMAFKALFDSMAKK 

EURIN-2502-
DN167473 

 

MTIDLYMVPGSSPCRAALLAARAVGVDVNIKLTDLMKGEHLTPEFLKMNP
QHNIPTMNDNGFVINESRAIMCYLADQYGKDDSLYPKDPKKRAIVNQRLY
FDMGTLYLRFGELYYPMIFGGAPYDEEKAKKLHEALGFLEGFLGNSTYAA
GENLTLADLALVASLSTMEVIGCDISKYPKIIKWFNKCKETIPDYQKSNHEG
AMAFKALFDSMAKK 

EURIN-48898 

 

TDISELMSLKNPVFRAYIFYNSVLVLKMLSMSVLTGRMRFAKKVFTSPEDT
SLLKGSKVGANDPDVERVRRAHRNDMENILVYFVAAFGYLLTNPAATTAI
MLMRLFTVARIVHTLVYAVVVIPQPTRAIAFGVAYFITGYMAVNTILTFI 
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�|���¶°������{ÂmÁGST��|À¿Z»�cY��u��ËZ���Y�Z´»YA. mellifera�,A. pisum�Á�T. castaneum�Ä]�Ä¯��\Ìe�e

�Ã|ÀÀ¯|¯�½��Ä��Á�Á{�,®Ë�ÉY�Y{GST���Ì¿�|Àf�Å�Z´»Y��Y�³�Ã|��d�Y���½ZÌ]�º�Ë�]Y�¹�¯��{½��ZÅ�Z´»Y�Äf�{�É
� Ä]� x�Za� �{�Àe�ZÅ� Ä�� Á� �¨À]� ÉY�ÁZ»� Ä �Y� ,É�f¯Z]� ¶Ì^«� �Y� Ê�Ìv»� Éd§M��¯�|�� Z¬·Y� É�Zne� �

�(Yamamoto et al., 2011)���
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� ¶°����� dy�{Neighbor-joining�l¿�]� �n¿�� Ä�� Á� ¹|À³� ¾�� �{� Ê·Â�ÂfÌ�� �Y�¨�¿Y�e� �Y� ½ÂÌeZeÂ¸³ 

Eurygaster integreiceps��� |¿Â�ÌaEURIN�� ,Nilaparvata lugens��� |¿Â�ÌaNILU�� ,Sogatella furcifera�
��|¿Â�ÌaSOGFU���ÁLaodelphax striatellus���|¿Â�ÌaLAOST����

Fig. 2. Neighbor-joining tree of glutathione S-transferase (GST) genes of sunn pest and three rice 
planthoppers. Eurygaster integreiceps (EURIN prefix), Nilaparvata lugens (NILLU prefix), 
Sogatella furcifera (SOGFU prefix) and Laodelphax striatellus (LAOST prefix). 

��
GST�� �{� Ê¸¯� ¶°�� Ä]� ,Zfe� Äf�{¿Z°»º�Ì�� ÄÌ¸�� Ê�Z§{� ÉZÅ��f�Y�ZÅ�º�Ì·Â]Zf»� �{� Á� ÂÌeY|Ì�¯Y� É

�Ê]�q�½|��|Ì�¯Y�a�cÓÂ�v»{ÂmÁ�Ä]�»Ê�|¿�Y{��¬¿�|ËM� ����¿�Ä]��Y�¨�¿Y�e�½ÂÌeZeÂ¸³��Y�Äf�{�¾ËY»Ê��|��
�Ä]�c�Z�y��Y�É�Ì³Â¸m��{��f�Ì]XeÁ�a¾Ì�|�Z]�Äf�Y{��¬¿�Ê]�q�Á�|Ì�Y�®ËÂX¸¯Â¿�Á�ZÅ����{�Äf�{�¾ËY��Y�½��Ä¿

� ¹|À³� ¾�� ¹ÂfbË�°�¿Y�eZ�ZÀ�ÊË�� d�Y� Ã|��� ¶°��� ��� |À¿Z»� ÊeY��u� �{x¸»�ZÅ� ,D. melanogaster� ,A. 

gambiae�,T. castaneum,��N. vitripennis�,A. mellifera�,C. quinquefasciatus�,A. aegypti�,M. persicae�,A. 

pisum��Ì¿�,��Y�³�Ã|��d�Y�(Hayes et al., 2005; Richards et al., 2008; Oakeshott et al., 2010; Ramsey 

et al., 2010)���
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�¶°����¦¸fz»�cY��u��{�Ê»�Á�°Ì»��Y�¨�¿Y�e��Y�½ÂÌeZeÂ¸³�®Ìf¿�Â¸Ì§�Ä�]Y���GST��Ê»Á�Á�°Ì»�Â¼n»�{�
�Ä¯�¦¸fz»�ÃÁ�³�d¨Å��{²¿�Z]�ZÅ�½Z�¿�cÁZ¨f»�ÉÃ{Y{�Ã|���d�YÄf�{�|À]|��É��Drosophila melanogaster 

(DROME),� �
�Glossina morsitans morsitans (GLOMM)� ,Culex quinquefasciatus (CULQU),(TRICA) 

Tribolium castaneum � ,Riptortus pedestris (RIPPE),Eurygaster inegriceps (EURIN) � ,Apis 

melifera (APIME),Habropoda laboriosa (HYME)� ,Cerapachys biroi (CERBI)� ,Camponotus 

floridanus (CAMFO)� ,Spodoptera litura (SPOLT),Papilio machaon (PAPMA) � ,(NILLU) 

Nilaparvata lugens,Sogatella furcifera (SOGFU) � ,(LAOST) Laodelphax striatellus�,
Harpegnathos saltator (HARSA)�,Aedesaegypti (AEDAE)����

Fig. 3. Phylogenetic relationships of microsomal GST proteins from different insect species. 
Microsomal GST cluster in 7 different which present with different color. Drosophila 
melanogaster (DROME),�Glossina morsitans morsitans (GLOMM),� Culex quinquefasciatus 
(CULQU), Tribolium castaneum(TRICA), Riptortus pedestris (RIPPE), Eurygaster inegriceps 
(EURIN), �Apis melifera (APIME), Habropoda laboriosa (HYME),�Cerapachy sbiroi (CERBI), 
Camponotus floridanus (CAMFO), Spodoptera litura (SPOLT), Papilio machaon (PAPMA), 
Nilaparvata lugens(NILLU), Sogatella furcifera (SOGFU),�Laodelphax striatellus (LAOST), 
Harpegnathos saltator (HARSA), Aedesaegypti (AEDAE)� 

 
�Ê¿�Â¸Ì§��Ì·Z¿Mneighbor-joining��¾ÌXeÁ�aGST��Ä¯�{Â]�¾ËY��Y�Ê¯Zu�¦¸fz»�cY��u�Ê»�Á�°Ì»½M�ZÅ���{

���ÃÁ�³Äf�{�|À]�É»Ê�|¿Â����½ZÌ»��YGSTZ�ZÀ�ÊË��Ä]��Z�fyY�½��®Ë�,Ã|�GST��¹ÂfbË�°�¿Y�e��{�Ê»Á�Á�°Ì»
� {�Y{� ¹|À³� ¾��� ¶°��� ��� {Y| eGST�d�Y� ¹|À³� ¾�� Z]� Ä]Z�»� �Ì¿� cY��u� �ËZ�� �{� Ê»Á�Á�°Ì»� ��ÄÌuZ¿

d�Z¨u�Ã|���\Ì¯�e�Z]�ÉM»�É|Ì�YÂÀÌERVRRAHLNDLENI��¹Z¼e��{GST��{�Y{�{ÂmÁ�cY��u�Ê»Á�Á�°Ì»
� Ä¯½Z�¿�Ã|ÀÅ{�� ¾Ì»Á{� ¾ËY� ¶Ì�¿ZfaÄ]�½YÂÀ��� É{�°¸¼�� ¾Ì»Á{d�Å��� ¶°��� ��� �{A. gambiae� ,D. 

melanogaster��ÁA. pisum��½��Ä��Á�Á{�,®Ë�,\Ìe�e�Ä]GST��Ê»Á�Á�°Ì»Z�ZÀ�ÊË��d�Y�Ã|�(Fang, 2012)��
�Äf�{�¾ËYGST�{��]Y�]��{�Ê·Â¸��d�Z¨u��c�Z�y�ZÅ�Êm�Zy�¶»YÂ��Á�ÂÌeY|Ì�¯Y�É�iR»�d�Y����¼��µÂ�D. 
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melanogaster�� ½�� �{�d¿ZeÂ»MGGST�� Ä¯GST��¶°�� Ä]�d¿ZeÂ»� �Ì£� �Â¿� Z]� Ä�ËZ¬»� �{�d�Y� Ê»�Á�°Ì»
À »Ê��Ä¯�d§ZË��ÅZ¯�É�Y{�° À»�Ã|ÀÀ¯��d�Y�Ã��u�®Ë�Â·ÂÌ]��{�½��¾ËY�ºÆ»��¬¿(Toba & Aigaki 2000)���

�¶°��� ºÅ�{��Ê·YÂe�Ê¨Ë�Y�½��ÄÀÌ»M|ÌGST��Z]�cY��u��ËZ��Z]�¹|À³�¾��Ê»Á�Á�°Ì»Clustal Omega��Ä�¬¿�q�¾Ì
½Z�¿�Ã|ÀÅ{�� ÄÌuZ¿d�Z¨u�Ã|���\Ì¯�e� Z]»M�É|Ì�YÂÀÌERVRRAHLNDLENI�d�Y� �Drosophila melanogaster 

(DROME),Glossina morsitans morsitans (GLOMM),�Culexquin quefasciatus (CULQU),�(TRICA) 

Tribolium castaneum,Riptortus pedestris (RIPPE),�Eurygaster inegriceps (EURIN),�Apis melifera 

(APIME),Habropoda laboriosa (HYME) ,�Cerapachys biroi (CERBI),�Camponotus floridanus 

(CAMFO),�Spodoptera litura (SPOLT),Papilio machaon (PAPMA) ,(NILLU) Nilaparvata 

lugens,Sogatella furcifera (SOGFU) ,(LAOST)  Laodelphax striatellus,�Harpegnathos saltator 

(HARSA),�Aedes aegypti (AEDAE)�,Acyrthosiphon pisum (ACYPI), Nasonia vitripennis (NASVI),�
Pararge aegeria (PARAE)���

Fig. 4. Sequence alignment of microsomal GST with other insect microsomal GST using clustal 
omega. Dotted box indicate highly conserved region with the amino acids ERVRRAHLNDLENI. 
Drosophila melanogaster (DROME), Glossina morsitans morsitans (GLOMM), Culexquin 
quefasciatus (CULQU), Tribolium castaneum(TRICA), Riptortus pedestris (RIPPE), Eurygaster 
inegriceps (EURIN), Apis melifera (APIME), Habropoda laboriosa (HYME), Cerapachys biroi 
(CERBI), Camponotus floridanus (CAMFO), Spodoptera litura (SPOLT), Papilio machaon 
(PAPMA), Nilaparvata lugens (NILLU), Sogatella furcifera (SOGFU), Laodelphax 
striatellus(LAOST), Harpegnathos saltator (HARSA), Aedes aegypti (AEDAE),� Acyrthosiphon 
pisum (ACYPI), Nasonia vitripennis (NASVI), Pararge aegeria (PARAE)� 

��
f¿ÄnÌ�É�Ì³��
��

�¹Z¼e�,Ä ·Z�»�¾ËY��{½��ZÅ�±��]�Ã{YÂ¿Zy�ÉGST�Ä¯�¹|À³�¾���{�,Ä]�½YÂÀ��Æ»º��e���Y�»�d§M�¾Ë
�[Â�v»�Ä¿ZÌ»�ÁZy�Á�½Y�ËY� ¹|À³»Ê�|��ÊËZ�ZÀ��{Â�� ��Á�®Ìf¿�Â¸Ì§��Ì·Z¿M��Y� Ã{Z¨f�Y� Z]dÅZ^��ZÅ�É

�¹|À³�¾���{�Ê¿��Ã{YÂ¿Zy�¾ËY�,É|Ì�YÂÀÌ»MÄ ·Z�»{�Â»�d§�³��Y�«���¶ËZ§Á�a�Ä ·Z�»�¾ËY�lËZf¿GST���{
�Y��¹|À³�¾�Ä]�]Ây�Ä¯��Ã{�¯��Z°�M�ÊÄ]�Ä]Â¿��{Ây»Ê��dË�Ë|»�Á��e�Y|ËZa�ÊËZÌ¼Ì��µ�fÀ¯�Ä]��nÀ»�|¿YÂe



����½Y�Z°¼Å�Á�l¿�f�{��½��ÊËZ�ZÀ���¾���{��Y�¨�¿Y�e��Y�½ÂÌeZeÂ¸³�ÉZÅ¹|À³��

 

 

�¾��Ê·�fÀ¯�Ä»Z¿�]��{�d»ÁZ¬»{Â��¹|À³� ��¾ËY�dËZÆ¿��{½��»ZÅÊ�|À¿YÂeÄ]�½YÂÀ���d»ÁZ¬»�ÉZÅ�¯�Z»ÂÌ]
�Ê°Ì·Â]Zf»§� »Ê�Ã|��Z]�Ze��½ZÌ]�Ê���]½M�ZÅ��c�Â���{�Á�d»ÁZ¬»�¦�¯�®¼¯�Ä]PeÌË|��[Â¯����{

|¿Â��Ã{Z¨f�Y�¹|À³�¾���{�d»ÁZ¬»� ��É{�°¸¼��cZ ·Z�»�Ã�Á�a�¾ËY�Ä»Y{Y��{½��ZÅ�ÉZ�ZÀ�ÊË���{�Ã|�
�d�Ë�� Ê°Ì·Â]Zf»� �¬¿� Ê���]� ¾ÌÀr¼Å� Á� ¹|À³� ¾�� Ê�ZÀ��¿MºË�� ÉZÅGST�� ÉY�]�Z§{��ÄÌ¸�

µZ°Ì¼¯Â¸·Y����Á�ÊÅZÌ³�ÉZÅ¼Å�]�À°�ZÅÃZÌ³�É����{�Ã��ucZ ·Z�»�MËÃ|À��{ZÆÀ�Ìa»Ê�{Â����
��

É�Y�´�Zb���
��

|]Ë¾��ÁÌÄ¸��cZ¬Ì¬ve�Ä��Â»��Y³ÌÃZ�°��aÊ���{�É�Z°¼Å�¶Ì·{�Ä]��Â�¯�¼m��ÁMÉ��¾����Á�a�Á
� ¹|À³¼�ÌÄ¿Z¼�� �°�e»Ê�Z¼¿ÌËº� �� �Y� �Z¯��� �|ÀÆ»� º¿Zy��z]� ®ÌeZ»�Â¨¿YÂÌ]� �ZÀ��Z¯� É�ZiM

�d�Ë�Ê�ZÀ��Ä¿Z»Z��ZÅÉ�� É��ÁZ�¯� É�Â·ÂÀ°eÂÌ]� Ã|°�ÅÁ�a� Ä]��Zy�� �Ì·Z¿M� �{� É�Z°¼ÅÃ{Y{�ZÅÉ�
¹ÂfbË�°�¿Y�e� ,� É�Y�´�Zb�»Ê�{Â���É��ÁZ�¯� É�Â·ÂÀ°eÂÌ]� Ã|°�ÅÁ�a� Ê·Z»� dËZ¼u� Z]� ªÌ¬ve� ¾ËY

¹Zn¿Y�Ã|��d�Y� 

 
References 

Claudianos, C., Ranson, H., Johnson, R.M., Biswas, S., Schuler, M.A., Berenbaum, 
M.R., Feyereisen, R. & Oakeshott, J.G. (2006) A deficit of detoxification enzymes: 
Pesticide sensitivity and environmental response in the honeybee. Insect Molecular 
Biology15, 615�636. 

Critchley, B.R. (1998) Literature review of sunn pest Eurygaster integriceps Put. 
(Hemiptera, Scutelleridae). Crop Protection 17, 271�287. 

Ding, Y., Ortelli, F., Rossiter, L.C., Hemingway, J. & Ranson, H. (2003) The Anopheles 
gambiae glutathione transferase supergene family: annotation, phylogeny and 
expression profiles. BMC Genomics 4, 35. 

Fang, S. (2012) Insect glutathione Stransferase: a review of comparative genomic studies 
and response to xenobiotics. Bulletin of Insectology 65, 265�271� 

Haas, B.J., Papanicolaou, A., Yassour, M., Grabherr, M., Blood, P.D., Bowden, J., 
Couger, M.B., Eccles, D., Li, B., Lieber, M., Macmanes, M.D., Ott, M., Orvis, J., 
Pochet, N., Strozzi, F., Weeks, N., Westerman, R., William, T., Dewey, C.N., 
Henschel, R., Leduc, R.D., Friedman, N. & Regev, A. (2013) De novo transcript 
sequence reconstruction from RNA-seq using the Trinity platform for reference 
generation and analysis. Nature Protocol 8, 1494�1512.  

Hayes, J.D., Flanagan, J.U.& Jowsey, I.R. (2005). Glutathione Transferases. Annual 
Reviewof Pharmacology Toxicology 51�88. 

Hewes, R.S.& Taghert, P.H. (2001) Neuropeptides and neuropeptide receptors in the 
Drosophila melanogaster genome. Genome Research 11, 1126�1142� 

Hsu, J.C., Chien, T.Y., Hu, C.C., Chen, M.J.M., Wu, W.J., Feng, H.T., Haymer, D.S.& 
Chen, C.Y. (2012) Discovery of genes related to insecticide resistance in Bactrocera 
dorsalis by functional genomic analysis of a De novo assembled transcriptome. PLoS 
One 7. 

Iranipour, S., Kharrazi Pakdel, A.& Radjabi, G. (2010) Life history parameters of the 
Sunn pest, Eurygaster integriceps, held at four constant temperatures. Journal of 
Insect Science 10, 1�9� 



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

 

 

Karatolos, N., Pauchet, Y., Wilkinson, P., Chauhan, R., Denholm, I., Gorman, K., 
Nelson, D.R., Bass, C., Richard, H. & Williamson, M.S. (2011) Pyrosequencing the 
transcriptome of the greenhouse whitefly, Trialeurodes vaporariorum reveals multiple 
transcripts encoding insecticide targets and detoxifying enzymes. BMC Genomics 12, 
56. 

Li, X., Zhang, X., Zhang, J., Zhang, X., Starkey, S.R.& Zhu, K.Y.(2009) Identification 
and characterization of eleven glutathione S-transferase genes from the aquatic midge 
Chironomus tentans (Diptera: Chironomidae). Insect Biochemistry and Molecular 
Biology 39, 745�754. 

Oakeshott, J.G., Johnson, R.M., Berenbaum, M.R., Ranson, H., Cristino, A.S. & 
Claudianos, C. (2010) Metabolic enzymes associated with xenobiotic and 
chemosensory responses in Nasonia vitripennis. Insect Molecular Biology 19, 147�
163. 

Qin, G., Jia, M., Liu, T., Xuan, T., Yan Zhu, K., Guo, Y., Ma, E.& Zhang, J. (2011). 
Identification and characterisation of ten glutathione S-transferase genes from oriental 
migratory locust, Locusta migratoria manilensis (Meyen). Pest Management Science 
67, 697�704. 

Ramsey, J.S., Rider, D.S., Walsh, T.K., De Vos, M., Gordon, K.H.J., Ponnala, L., 
MacMil, S.L., Roe, B.A.& Jander, G. (2010) Comparative analysis of detoxification 
enzymes in Acyrthosiphon pisum and Myzus persicae. Insect Molecular Biology 19, 
155�164.  

Ranson, H., Claudianos, C., Ortelli, F., Abgrall, C., Hemingway, J., Sharakhova, M. 
V, Unger, M.F., Collins, F.H.& Feyereisen, R. (2002) Evolution of supergene 
families associated with insecticide resistance. Science 298, 179�81.  

Ranson, H., Rossiter, L., Ortelli, F., Jensen, B., Wang, X., Roth, C.W., Collins, F.H. & 
Hemingway, J. (2001) Identification of a novel class of insect glutathione S-
transferases involved in resistance to DDT in the malaria vector Anopheles gambiae. 
The Biochemical journal 359, 295�304. 

Richards, S., Gibbs, R.A., Weinstock, G. M., Brown, S.J., Denell, R., Beeman, R. W. & 
Gibbs, R. (2008) The genome of the model beetle and pest Tribolium castaneum. 
Nature 452, 949�55. 

Samra, A.I., Kamita, S.G., Yao, H.W., Cornel, A.J.& Hammock, B.D. (2012) Cloning 
and characterization of two glutathione S-transferases from pyrethroid-resistant Culex 
pipiens. Pest Management Science 68, 764�772. 

Shi, H., Pei, L., Gu, S., Zhu, S., Wang, Y., Zhang, Y. & Li, B. (2012) Glutathione 
Stransferase (GST) genes in the red flour beetle, Tribolium castaneum, and 
comparative analysis with five additional insects. Genomics 100, 327�335.  

Sievers, F., Wilm, A., Dineen, D., Gibson, T.J., Karplus, K., Li, W., Lopez, R., 
McWilliam, H., Remmert, M., Söding, J., Thompson, J.D.& Higgins, D.G. (2011) 
Fast, scalable generation of high-quality protein multiple sequence alignments using 
Clustal Omega. Molecular Systems Biology 7, 539.  

Toba, G.& Aigaki, T.(2000) Disruption of the Microsomal glutathione S-transferase-like 
gene reduces life span of Drosophila melanogaster. Gene 253, 179�187.  

Yamamoto, K., Teshiba, S., Shigeoka, Y., Aso, Y., Banno, Y., Fujiki, T. & Katakura, 
Y. (2011) Characterization of an omega-class glutathione S-transferase in the stress 
response of the silkmoth. Insect Molecular Biology 20, 379�386. 

Yandamuri, R.C., Gautam, R., Darkoh, C., Dareddy, V., El-bouhssini, M. & Clack, 
B.A. (2014) Cloning, Expression, Sequence Analysis and Homology Modeling of the 
Prolyl Endoprotease from Eurygaster integriceps Puton. Insects 762�782. 


