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ĪģǀƵŶ��
ƶŤƃ�ƽƺƬƷ�żŞſ���Myzus pesicae Sulzer�ƿĪƾĭ�ƮƸƯ�šŚƟō�Żř�ǀƗřŹŻ�ƱŚƷŚƾŻ�ƹ�ƿŤƴƾƯ�ƱŚƸū�źſŚţźſ�Źŵ�ƾ�ŶƃŚŝ��ƫŵ�ƶŝǀ�ƪ

ƵŵŚƠŤſř��ƽ�����ĩźţ�Żř�ƵŵźŤƀĭ�ƹ�ŹźĪƯ�ǀ�ƃ�šŚŞǀưǀŚƾƿ�ř��ƿ�Ɵō�ƲŻŚſ�Ţ�ƹ�ŚƷŹŚĩƽƵźƄů�ƶŝ�ŢƯƹŚƤƯ�ƞƬŤŴƯ��Ƃĩ�Ţſř�Ƶŵřŵ�Żƹźŝ�řŹ�ŚƷ��
żƳōƿŤſř�Ʈǀƪ�ƫƺĩǀƲ��ŻřźŤſř(EC 3.1.1.7) (AChE)ŝ�ƶ�ſƹ�ŹƺƏǀſ�Źŵ�ƖǀŞƈƗ�ƮŤƀƾƵźƸƯ��ŝ�ƹ�ƱřŹřŵƾ�ƵźƸƯ���ƪºŰƯ�ƹ�ŵŹřŵ�ŵƺūƹ�ƱŚĭ

ƬƇř�Ƶƹźĭ�ƹŵ�ƝŶƷƾƵźƄů�Żř��Ƃĩ��ŚƷƿƴƘƾĩźţ�ǀƫō�šŚŞƾšŚƯŚŝŹŚĩ�ƹ�ƵźƠƀƟ��ŢſŚƷ��ƿĪƾƳŚĪƯ�Żř�ǀƀƮ�ŚƷƽĭŹŵ�ǀ�ƶŝ�ŢƯƹŚƤƯ�Źŵ�ź
ŢƟō�Ƃĩ�ŚƷƽ���šŚƯŚŝŹŚĩ�ƹ�ƵźƠƀƟ���żƳō�ƿ�Ťſř�Ʈǀƪ�ƫƺĩǀƲ��ƛ�ŻřźŤſřǀ��ř�ƶŝ�ŽŚƀůźƿ�ĩźţ�ƲǀŢſř�šŚŞ��ř�ŹŵƿƤŰţ�Ʋǀ�Źŵ�ƂƸū�ƩŚưŤůř�Ƣ
żƳōƿŤſř�Ʈǀƪ�ƫƺĩǀƲ�ƛ�ŻřźŤſřǀě�ƶŝ�ŽŚƀůźǀźƿưǀſŹźŝ�ŵŹƺƯ�śŹŚĪƾŢƟźĭ�Źřźƣ���ƫřƺţƾ�ŚƷƽŤſř�Ʊĥ�ƪƯŚĩ�ƱřŵźĭżƯŹ�ǀƪ�ƫƺĩǀƲ��ŻřźŤſř

MpAChE2�Ƙưūǀ����Ƙưū�ƹŵ�ƹ�ƭƹŚƤƯ�Ţǀ���ě�ƶŝ�ŽŚƀů�Ţǀźƿưǀ�ŚſŚƴƃ�śŹŚĪƾƿŚƤƯ�ƮƷ�Śŝ�ƹ�ƿ�ŶƳŶºƃ�ƶƀ���ŚºŤƳƿ���Źŵ�ƶºĩ�ŵřŵ�ƱŚƄºƳ�Ū
MpAChE2�ſř�ǀƯōŶǀƶƴ��ƽ�ƴƟ�ǀƪ�ƳǇōǀ�Śū�ƲƿżĮƿ�ſř�ƲǀƯōŶǀƶƴ��ƽ�źſ�ƿ��ƲÑÐÎ���ƵŶƃ�ƹ�ř�ƿŚŬŝŚū�Ʋƾƿ�ƂŴŝ�Źŵ�ſřǀƪżƳō�ƿ���ƵŶºƃ�Ɩºƣřƹ�Ʈ

Ţſř��řźŝŚƴŝƿ���Ư�źƔƳ�ƶŝ�Ʋƾ����ƶĩ�ŶſŹMpAChE2�ƶƐƤƳ���ƽ��ƵźƄů�ƝŶƷ��Ƃĩ�ě�ǀźƿưǀ��ř�ƹ�ŶƃŚŝ�śŹŚĪƿŚŬŝŚū�Ʋƾƿſř�ǀŶ�Ưōǀ���ŦºƗŚŝ�ƶºƴ
�ſř�ƵŶƃǀƪ���ŹŚŝ�ŢĩŚěƿĨ����ě�ƹ�ƵŶƃ�źţǀźƿưǀ���ƶƐƤƳ�Źŵ�ŶƳřƺŤƳ�śŹŚĪ��ƽ����Śºū�ƝŶºƷ�ƽĭ��ºǀŵź���řźºŝƽ�ºſŹźŝ�ƾƣŵ��ºǀŻƹźŤƷ�Ƣƿ��šƺºĮ�ºƿ�Ś
ŻƺưƷƿř�ƂƸū�Ʊŵƺŝ�šƺĮƿŵŚŬ�ƵŶƃ��cDNAŵřźƠƳř�šřźƄů�Żř�ƽƟŵŚƈţ�ŹƺƏ�ƶŝ�ƾƸţ�ǀŵźĭ�ƶƿŶ��ŚŤƳƿ�ƶĩ�ŵřŵ�ƱŚƄƳ�ŪMpAChE2�

šřźƄůŵřźƠƳř�ƽĮưƷ�ƾŻƹźŤƷ�ƂƸū�ƱŚĪƯ�Źŵ�ƿƳŵƺŝ�šƺĮŶ���
Ƭĩ�ƱŚĭĥřƹǀŶƽ��Myzus persicaeƵźƄů�ƶŝ�ŢƯƹŚƤƯ���Ƃĩ�Ťſř��ŚƷǀƪ�ƫƺĩǀƲ�ƛ�ŻřźŤſřǀƶƐƤƳ�ƂƸū��ŽŚƀůź�řƽ��

Abstract 
The peach-potato aphid, Myzus pesicae Sulzer, is a globally distributed, economically important 

pest of a wide range of field crops and ornamentals. Due to extensive and repeated use of insecticide, this 
species has developed many different resistance mechanisms to insecticides. The enzyme 
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ÐÑ                                     ƱřŹŚƨưƷ�ƹ�ƽŹŚǀƯŶƣ��ƵźƄů�ƶŝ�ŢƯƹŚƤƯ�ƂƧ�śŹŚƨǀưƿźě�ƹ�ƵźƠƀƟ�ƽŚƷ������

acetylcholinesterase (EC 3.1.1.7) (AChE) occurs widely in both vertebrate and invertebrate nervous 
systems and is the target of organophosphate (OP) and carbamate insecticides. One of resistance 
mechanisms to OP and carbamate insecticides is the insensitivity of AChE to these insecticides. In this 
study the possibility of mutation in insensitive AChE was surveyed. The complete coding sequences of 
acetylcholinesterases (MpAChE2) from susceptible and resistant populations were identified and 
sequences from resistant and two susceptible populations were compared. Consequently, one amino acid 
substitution (Ser431Phe) was detected within the resistant population at MpAChE2 gene. The Ser431Phe 
substitution is located in acyl pocket of acetylcholinesterase. Therefore, it seems that MpAChE2 is 
important as a target of pirimicarb. This substitution makes the acyl pocket narrower and pirimicarb can 
not have any access to this site. cDNA was obtained from individual aphids randomly and sequence of 
MpAChE2 indicated that MpAChE2 of the resistant population was heterozygous.  
Key words: Myzus persicae, resistance to insecticide, insensitive acetylcholinesterase, point mutation 
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�žºĮƯ��ŚºƷƽ�Tephritidae��ŚºſŚƴƃƾƿ��Ţºſř�ƵŶºƃ�(Wilson & Turner, 1992; Zhu et al., 1996;  

Tomita et al., 2000; Vontas et al., 2002; Weill et al., 2002; Nabeshima et al., 2003; 
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�ř�ƱŶƃƿŵŚŬ���ſƹ�ƶŝ�ƵŶƃǀƶƬ��ƽ����ŝ�Ţſř�ƲĪưƯ��ƂƸū�ǀ�ĩźţ�Ʋǀ�ƞƬŤŴƯ�šŚŞ�ŝ�ƶ�����ƶºƔůǈƯ�ƪºŝŚƣ�ŹƺƏ�řƽ�



ƶƯŚƳ�ƵźƄů�ƲưŬƳř�ƽ���Ʊřźƿř�ƾſŚƴƃèå���æ���ÎÐÕî�������������������������������������������������������������������������ÐÒ 

ŶƃŚŝ�šƹŚƠŤƯ��ƺſ��Ɩƣřƹ�Źŵƿƶ�ƽƇŚų�ƾƌƘŝ�ƶŝ�Ţſř�ƲĪưƯ��šřźƄů�Żř�ƾƵźƄů��Ƃĩ��ŽŚƀů�ŚƷ
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ĩřƾƀ��ŵ��ƱƺŤƯ�ŤƯǀ��ƪ(oxydemeton-methyl)�řźŝƽ��ř�ƩźŤƴĩ�ƿ������Śºſ�Ǝºſƺţ�ŢºƟō�Ʋ�����šŚºţŚŞƳ�ƒºƠů�ƱŚƯŻ

Ƈƺţǀ�Ţſř�ƵŶƃ�ƶ(Mossalah Nejad et al., 2002)��ŚěǀƿƲ�ƶƳŚŤſō�Ʊŵƺŝ�ƽŵŚƈŤƣř�ƽƫŵ�ƶŝ�ǀ��ƩŚºƤŤƳř�ƪ
ƹƿŽƹź�ŚƷƽ�ĭ�ǀƷŚƾ�ƺţ��������ƵŹƹŵ�ƩƺƏ�ƹ�ǇŚŝ�ƪŨƯ�Ŷǀƫƺţ�ƾƿŚƳř��ƽ�ƵŶƃ�ŜŞſ�ŢƟō�Ʋƿř�Źŵ�ƵŚţƺĩ�ƽŶƃŹ�

���������ř�Żř�ƵŵźŤƀĭ�ƹ�ŹźĪƯ�šŹƺƇ�ƶŝ�ƱřŻŹƹŚƄĩ�Śţ�Ţſřƿ�ƵźƄů�Ʋ��Ƃºĩ����řźºŝ�ŚºƷƽ��ƩźºŤƴĩ��Ʊō���ƵŵŚƠŤºſř�
ŚưƳƿŶƴ���

�ƤŰţ�Śŝǀ�ƬŞƣ�šŚƤƾ��ƶŤƃ�ŢƯƹŚƤƯ���ƽ����ě�ƶŝ�ƺƬƷ�żŞſ�ǀźƿưǀ�ƀĩř�ƹ�śŹŚĪƾ�ŵ�ƱƺŤƯ�ŤƯ�ºǀ���šŚºŞŧř�ƶºŝ�ƪ
ſŹǀ��ƱƺƯŻō�ƹ�ŵƺŝ�ƵŶ�ŚƷƽŝ�ǀ�ºƃƺǀưǀŚƾƿ�ƵŶƴƷŶƳŚƄºƳ��ƽ��Ư�ƂƷŚºĩ�ºǀĩźţ�ƪǀ�ºŞƾ�Ťºſř�ǀƪ��ƫƺºĩǀƲ���ŻřźŤºſř
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Ƙưūººǀũźººĩ�Ţ�RŚƤƯ�Źŵ�ººƿƘưū�Śººŝ�ƶƀººǀ�ŽŚƀººů�Ţ�ũźººĩ�S��řźººŝƽŻ�ƿŢƄººƸƳź�ŚººƷƽ�
Ťſřǀƪ�ţǀƬĩƺǀƲ�ōƿřŵƺƿ�ţƺŝ��Ŷǀźƿƪ�ţǀƬĩƺǀƲ�ōƿřŵƺƿ��ěƹźě�ƹ�ŶǀƳƺǀƪ�ţǀƬĩƺǀƲ�ōƿřŵƺƿ�ŵƺŝ�Ŷ������ŚºƯ�ŪƿŚŤƳ�ƲǀƴĤưƷ

�����ƪǀŤſř�ƮƿżƳō�ƶĩ�ŵƺŝ�Ƶŵřŵ�ƱŚƄƳ�Ʋǀƫƺĩ���ũźĩ�ŢǀƘưū�ŻřźŤſř�R��ƾƀĩř�ƶŝ��ŵ�ƱƺŤƯ����śŹŚºĪǀưƿźǀě��ƪǀŤƯ
Ţſř�ƵŶƃ�ŽŚƀůźǀƛ�ƱŚƀĩřřŹŚě�ƪǀěƹźě�ƹ�ƪǀŤƯ��ƪǀţř��ƹ�ŹƺƀĩŚěƹźě��ƱřŹƺƟƺŝŹŚĩ�ƶŝ�ƮƿżƳō�Ʋƿř�ŚƯř�

MTMC�ŽŚƀů�ŵƺŝ�ƵŶƃ�źţ�(Ghadamyari, et al., 2008a, 2008b)��ƤŰţ�Żř�ƝŶƷǀ�Ƣ�źƋŚůſŹźŝƾ�
�Ɯţ�ƪƬƗǀǀź�Ư�ǀ�ĩźţ�ƪǀŞƾ�żƳō�ƿ�ƫƺĩ�ƮǀƲ�����ƭƹŵ�ƕƺƳ�ŻřźŤſř(MpAChE2)Ƙưū�ǀŚƷřźŤƀŝƺſ�ƶŝ�ƭƹŚƤƯ�Ţƽ�

ŽŚƀůźǀƛ�ƹ�ƞƬŤŴƯ�ƵŶƳŹřŵŻŚŝ�ƶŝ�ƮƿżƳō�Ʋƿř�ƱŶƃ�ƾƯ�ƾƫƺĪƬƯ�ŮƐſ�Źŵ�ŚƷ�ŶƃŚŝ���
��

ƁƹŹ�ƹ�ŵřƺƯ��ŚƷ��
��ŹŚţ�ƹ�ƪŰƯƿ�Ɩưū�Ų�Źƹōƽ�ƘưūǀŢ�ŚƷƽŻō�ŵŹƺƯ�Ư�Źŵ�Ʊƺ��ƩƹŶūæ�Ţºſř�ƵŶƯō����ƱƺºƯŻō��ŚºƷƽ�

ŻƿŢƀ�Ŭƴſƾ��ŝ�ƹ�ǀƃƺǀưǀŚƾƿ�ľǈŞƣ������Ƙưū�ƶĩ�ŵƺŝ�Ƶŵřŵ�ƱŚƄƳ�ǀ�ũźĩ�Ţ�R�ƛ�ǀ��ě�ƶŝ�ŽŚƀůźǀźƿưǀ�śŹŚĪ
ųźŝ�ƹƾƯ�ƵźƠƀƟ�ƭƺưſ�Żř�ƾ��ŶƃŚŝ(Ghadamyari, et al., 2008a, 2008b)���
��

ƾƫƺƨƫƺƯ�šŚƘƫŚƐƯ��
�ũřźŴŤſř�ƽřźŝ�RNA����Śĩ�šřźƄů�Żř�ƪĩ��ƩŚŝ�ƱƹŶŝ�ƪƯ�����ŵřźºƠƳř�šŹƺºƇ�ƶºŝ�ƮºƷ�ƽ��ì��ŵŶºƗ�

ƶŤƃ��ƽ����ƹ�ƭƹŚƤƯ�ì��ƶŤƃ�ŵŶƗ��ƽ�ƟŵŚƈºţ�šŹƺƇ�ƶŝ�ƶĩ�ŽŚƀů�ƾ���ŶºƳŵƺŝ�ƵŶºƃ�śŚºŴŤƳř�����Źŵ�ƮºƷ�ƹ
ƶŤſŵ�ŚƷƽ�ƵŵżƳŚě�Śţ�ƾƿĩ�Żř�ǀ�ŢIsogen��ŢųŚſ��ŢĩźƃNippon Gene�ř��ƭźƟƹźƬĩ��ƿ�ƹ�ƩƺƳŚěƹźěƹż

���ƵŵŚƠŤººſř�ƩƺƳŚººţř�ººƃŶ����ũřźŴŤºººſř�Żř�ŶººƘŝRNA��ººƫƹř�ǀ�ƶŤººƃŹ�Ʋ�ƽ�cDNA���Żř�ƵŵŚƠŤºººſř�Śººŝ� �
SuperScriptTM II RT��ŢųŚſ�Ţĩźƃ�Invitrogene��ŵźĭ�żŤƴſƿŶ���

řźŝƽůřźƏ�ƾ�Żř�źĭŻŚƛō�ƭźƳ��ŹřżƟřPrimer 3�ƵŵŚƠŤſř�ƃŶ��ŚƷźĭŻŚƛō�šŚƈŴƄƯƽƵŵŚƠŤſř���ƵŶƃ
Ƃƴĩřƹ�ŹŵƵźǀŬƳŻ��ƾƬě�ƽř�ŻřźƯ�(polymerase chain reaction (PCR))�ƩƹŶū�Źŵ�çŢſř�ƵŶƯō����ŶƘŝ
�ůřźƏ�Żřƾ�řźě�ƿ���ƹ�źư��żŤƴſcDNA����Ƃƴĩřƹ�PCR���Ŷºƃ�ƭŚºŬƳř���Źŵř��ºƿƤŰţ�Ʋ�ºǀ�Żř�ƢPCR�ºƃō�ǀƶƳŚ�řƽ�

(nested PCR)�ŵźĭ�ƵŵŚƠŤſřƿŶ��řźŝƽſŹźŝ�ƾř�ƿ�ƶĪƴPCRƤƟƺƯ�Śŝ�ǀƵŶƃ�ƭŚŬƳř�Ţ�ƴĤưƷ�ƹ�ǀƆƫŚų�Ʋ�
�ƩƺƈŰƯ�Ʊŵźĩ�ƱōřźŝƽƶƬůźƯ�ƭŚŬƳř��ƽ�ƭƹŵ�PCR�ŵźĭ�ƵŵŚƠŤſř�ŻŹŚĭō�Ʃĥ�ŻŹƺƟƹźŤĪƫř�Żř�ƿŶ���Ʊƺģ

ƵŻřŶƳř��ƽ�ƩƺƈŰƯ��ŚƷƽ�PCR��ř�Źŵ�ƿ�ŚƯŻō�ƲƿƂ��ŚƷ�æååå���Śţ�ççåå��ŵƺŝ�ŻŚŝ�ŢƠū��ưƷ�ƶŝ�ǀƫŵ�Ʋ�ºǀ�Ʃĥ�ƪ
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��ŻŹŚĭōæ����ŵŹƺƯ��ƵŵŚƠŤſř�ŢƟźĭ�Źřźƣ���ţř�ŻřǀŶƿƭƺ�ŚƯƹźŝƿ�řźŝ�Ŷƽ�ĬƳŹ��Ưōǀżƽ�ſř�ǀŚƷŶƽ�ŘƬĩƺƳ��ºǀ��Źŵ�Ĩ
Ʃĥ�ŚƷƽ���ŵźĭ�ƵŵŚƠŤſř�ŻŹŚĭō�ƿŶ��ƆƫŚų����ƩƺƈŰƯ�ƽŻŚſPCR���������ƶºŝ�ƍƺŝźƯ�Ƃƴĩřƹ�ƭŚŬƳř�ƽřźŝ�Ʃĥ�Żř�

����ŚƷŶºǀţƺŘƬĩƺƳ�ƾƫřƺºţ�ƲǀºǀƘţ�Śºŝ�ƵŵŚƠŤºſř���Żř�Ţºǀĩ�Wizard® SV Gel and PCR Clean-up System�
��Ţĩźƃ�ŢųŚſPromega��ŢƟźĭ�šŹƺƇ���

�ř�Źŵƿ�ƶƘƫŚƐƯ�Ʋ���Ťſř�Ʊĥ�ǀƪ�ƫƺĩǀƲ���ƭƹŵ�ƕƺƳ�ŻřźŤſř(MpAChE2)Ƙưū�ǀŢ�ŚƷƽũźĩ��R�ƹ�ũźĩ��
ƶŤſŵ�Źŵ�ŢƃŹ�ŚƷƽ�ƵŵżƳŚě��ŚţƾƿƶƳƺưƳ�ƹ��ŚƷƽŵřźƠƳř�ƽƘţ�ǀǀƫřƺţ�ƲƾŶƳŶƃ����

��
�ƩƹŶūæ�Ɩưū�ƩŚſ�ƹ�ƪƈƟ��ƪŰƯ��Źƹōƽ��ĭ�ƹǀƯ�ƱŚƷŚǀƘưū�ƱŚŝżǀŢ�ŚƷƽƶŤƃ��ƽƺƬƷ�żŞſ�����

Table 1. Area, season and year of collecting, and hosts of the peach-potato aphid. 
 

Population Locality Date Host 
Rasht Tobacco Research Center, Rasht, Iran Summer 2004 Tobacco 

Karaj-S 
The Research Greenhouse, Department of 
Horticulture, University of Tehran, Karaj, Iran 

Spring 2005 Pepper 

Karaj-R 
The Virology Greenhouse, Department of Plant 
Protection, University of Tehran, Karaj, Iran 

Autumn 2004 Sugar beet 

 
 

Ƶŵřŵ�ƪǀƬŰţ�ƹ�ƶƿżŬţ��ŚƷ��
�ŝ�ƭřźĭƺţŚƯƹźĩ��ƶŢſŵ���ŵ�Żř�ƵŶƯō���ƫřƺºţ�ƵŚĮŤºſƾ��ºƿ������ƭźºƳ�Żř�ƵŵŚƠŤºſř�Śºŝ�śŚ���ŹřżºƟřChromas��ƶºŝ�

ſřǀŶ�Ưōǀƶƴ�ƽŶƃ�ƶưūźţ�ƶƏƺŝźƯ���ſř�ƹ�ŚƷŻŚŝǀŚƷŶƽƯō�ǀ����ƭźºƳ�ƵŵŚƠŤºſř�Śºŝ�ƶºƴ��ŚºƷŹřżƟřƽ�Gen doc�ƹ�
Clustal WƔƴţ�ǀ�Ʈ(alignment)ŶƳŶƃ����
��
ƩƹŶūç�ŚƷźĭŻŚƛō�ƽ�ŵŹƺƯƵŵŚƠŤſř��řźŝ�ƵŶƃƽŨĪţ�ǀŤſř�źǀƪ�ƫƺĩǀƲ��ƭƹŵ�ƕƺƳ�ŻřźŤſř�(MpAChE2)���

Table 2. Primers used for amplifying MpAChE2 gene. 
 

Primer Primer length Primer sequence 
MP2S1 (Forward)� 19 ATTAGCAGTGGTTGGCGAA 
MP2S2 (Forward)� 20 CTGATTGGTTCAGCCCAAAT 
MP2S3 (Forward) 20 ATTTGGGCTGAACCAATCAG 
MP2S4 (Forward) 20 AATTAGGCCAGTGGTTGGTC 
MP2AS1 (Reverse) 23 TAATACGACTCACTATAGGGAGA 
MP2AS2 (Reverse) 20 GTAAAATCCTCCCCCGAAAA 
MP2AS3 (Reverse) 20 ATTTGGGCTGAACCAATCAG 
MP2AS4 (Reverse) 20 TCAAAACGGCAGTTGTCATC 
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ŦŰŝ�ƹ�ŪƿŚŤƳ��
�����Żř�ƢǀƤŰţ�Ʋƿř�ŹŵPCR�ƶƳŚǀƃō�������ƶºƬůźƯ�ƽŚƷźĭŻŚƛō�šŚƈŴƄƯ�ƹ�Ŷƿŵźĭ�ƵŵŚƠŤſř�ƽř�ƽ�ƹ�Ʃƹř�

ƶƬůźƯ�ƽ����ƵŻřŶƳř�Śŝ�ƵřźưƷ�ƭƹŵ���ƽ����ƩƺƈºŰƯ�PCR��ƩƹŶºū�Źŵ���ƽŚºƷ�è�ƹ�Ñ��Ţºſř�ƵŶºƯō���ŚƤƯ�ºƿƶƀ�ƽ�
ŚƷŻŚŝƽ�Ťſř�ǀƪ�ƫƺĩǀƲ�����ƭƹŵ�ƕƺƳ�ŻřźŤſř(MpAChE2)��Ƶŵřŵ�Śŝ��ŚƷƽ���������ƵŹŚưºƃ�Śºŝ�Ʊĥ�ĨºƳŚŝ�Źŵ�ŵƺūƺƯ���ƽ�

ſźŤſŵƾ�AY147797����ŚƷŻŚŝ�ƶĩ�ŵřŵ�ƱŚƄƳƽ�Ƙţ�ǀǀ�ƫřƺţ�Ʋ��ƾ��ř�Źŵ�ƵŶƃƿ�ƤŰţ�Ʋǀ�ƵŹŚưƃ�Śŝ�Ƣ�ŚƷƽ�æÒÑÒ��
æíìÓ���æíìî���æííæ���ƹ�æííè��ŚƷŻŚŝ�Śŝ�ƽ����ƵŹŚưºƃ�ƶºŝ�Ʊĥ�ĨºƳŚŝ�Źŵ�ŵƺºūƺƯ���ŚºƷƽ�æÒîî��æííÓ��
æííî��æîîæ�ƹ�æîîèŹřŵ�šƹŚƠţ�ƳŶ���

��
ƩƹŶūè�ƵŻřŶƳř��ƽ�ƩƺƈŰƯ�PCR��ƽŚƷźĭŻŚƛō�ƹ��ŵŹƺƯƵŵŚƠŤſř�ƶƬůźƯ�Źŵ�ƽ�Ʃƹř�PCR�ƶƳŚǀƃō�ƽř���

Table 3. Size of PCR product, and used primers in the first step of nested PCR.  
 

Primers PCR product size Population 
MP2S4 and MP2AS4 2109 bp Karaj-R 
MP2S4 and MP2AS4 2109 bp Rasht 
MP2S4 and MP2AS4 2109 bp Karaj-S 
MP2S1 and MP2AS1 2100 bp Karaj-R 
MP2S1 and MP2AS1 2100 bp Rasht 
MP2S1 and MP2AS1 2100 bp Karaj-S 

��
ƩƹŶūÑ�ƵŻřŶƳř��ƽ�ƩƺƈŰƯ�PCR�ŚƷźĭŻŚƛō�ƹ�ƽƶƬůźƯ�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ��ƽ�ƭƹŵ�PCRƃō�ǀƶƳŚ�řƽ���

Table 4. Size of PCR product, and used primers in the second step of nested PCR.  
 

Primers PCR product size Population 
MP2S3 and MP2AS3 801 bp Karaj-R 
MP2S3 and MP2AS3 801 bp Rasht 
MP2S3 and MP2AS3 801 bp Karaj-S 

��
�Źŵ�ƶƳŚƄƳ�ŶǀŤĜě�ƝŚĪƃMpAChE2Ʋǀŝ��Gly17�ƹ�Leu18ŵŹřŵ�Źřźƣ���ƶƳŚƄƳ�ŶǀŤĜě�ƝŚĪƃ�Żř�ŶƘŝ��

ƽŵ�ƽŚƷŶƳƺǀě��ƱƹŹŵ�ƽŶǀƠƫƺºſ���ƾƫƺºĪƬƯ(intramolecular disulphide bounds)�Cys169)��Cys196��
Cys355��Cys368��Cys503�ƹ�(Cys625ƶſ���źĭżǀƫŚţŚĩ�ƾƿŚţ�Ser301)��Glu427ƹ��(His541�ƵŚĮƿŚūźƿŻ��
��ĨǀƳƺǀƳō(Trp186)���ŢĩŚě�ƪǀſō��Trp334)��Phe392ƹ��(Ser431ƵźƠů�ƹ���ƾƀºĩř�ƽ���ƱƺºǀƳōGly220)���
Gly221�ƹ�(Ala302�ŵŹřŵ�Źřźƣ��ƪĪƃ�æ��ŪƿŚŤƳ�Śŝ�ƶĩ��Nabeshima et al. (2003)�ƮºƷ���ŵŹřŵ�ƾƳřƺºų��

����ƽŚƷŻŚŝ�Źŵ�ƂƸūæèîå���ƹ�æèîæ�nonsynonymous�ƾƯ����ŶƃŚŝ�tca���ƶŝ�ttt�����ƾºƯ�ŦƗŚŝ�ƶĩ������Źŵ�ŵƺºƃ
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MpAChE2���ũźºĩ�ŢǀƘưū��R���Ŷǀºſř���ƶºƴǀƯō��ƽ��ƪºǀƴƟ������ŵŵźºĭ�Ʋƿźºſ�ƲƿżĮƿŚºū�ƲǀºƳǇō���ƲǀºƴĤưƷ��
ƶƿƺſ�����������ƶŤºƃ�ƾºƴǀģ�ƹ�ƾƿŚºěƹŹř��ƾºƴěřĥ�ƽŚºƷ�ƽ����ū�ƽřŹřŵ�śŹŚºĪǀưƿźǀě�ƶºŝ�ƭƹŚºƤƯ�żǀƫŚºū��ƾƿŚºŬŝŚ�
ſřǀŶ�Ưōǀ�ƶºƴ��ƽ�ƴƟ��ºǀƪ��ºƳǇōǀ�Ʋ(Phe431)�Źŵ�Ace1��ƫŚºůŹŵ��ŶƴŤƀºƷ�ƾ���ƶŤºƃ�ƶºĩ�ƽ�ƫŚºū�ǀ���ƶºŝ�ŽŚƀºů�ż
ěǀźƿưǀ��śŹŚĪ�ƺſƿƶ��ƽ�Ʋěřĥ���řŹřŵƽ�ºſř�ǀŶ�Ưōǀ�ƶºƴ�ƽ�źºſ�ƿƲ�(Ser431)ř�Źŵ��ºƿƘƣƺƯ�Ʋ�ºǀ�ºƯ�Ţƾ��ŶºƃŚŝ� �

(Toda et al., 2004)���
ŚŤƳƿ��ƶĩ�ŵřŵ�ƱŚƄƳ�ŪMpAChE2Ƙưū�ǀũźĩ�Ţ�RŻƹźŤƷ�ƿ�šƺĮƺŝŵƵŚƷŻŚŝ�ƹ�ƽ�æèíî��æèîå�

��ƹæèîæ�ƶŝ��ţźţǀ��Ŝtca�Ư�ƾ�ŶƴƃŚŝ��ř�ƿ��ŻŚŝ�ƶſ�Ʋ��Ŷĩ��ƵŶƴƴĩ�ƽſř�ǀŶ�Ưōǀƶƴ�ƽźſ�ƿ�ƲƴŤƀƷŶ���ºƴĤưƷǀƲ��Źŵ�
řƿ��ŚƷŻŚŝ�ƱŚĪƯ�Ʋƽ�æèíî���æèîå���ƹ�æèîæ�ƶŝ��ţźţǀ��Ŝttt�Ư�ƾ��ºƃŚŝƴ����Ŷºĩ�ƶºĩ�Ŷ��ƵŶºƴƴĩ��ƽ��ºſř�ǀŶ�Ưōǀ�ƶºƴ�ƽ�
ƴƟǀƪ�ƳǇōǀ�Ţſř�Ʋ��ƫŚůŹŵ�ƾ��ƶƧ�MpAChE2�Ƙưū�ǀŢ�ŚƷƽ���ũźºĩ�ƹ�ŢƃŹ��SŻƺưƷ�ƿ���ƹ�ŶƴŤƀºƷ�šƺºĮ

ŚƷŻŚŝƽ�æèíî��æèîå�ƹ�æèîæƶŝ��ţźţǀ�ŜtcaƯ�ƾ�ƃŚŝƴŶ��Ŷĩ�ƵŶƴƴĩ�ƽſř�ǀŶ�Ưōǀƶƴ�ƽźſ�ƿƲ����ƪĪƃæ���
řźŝŚƴŝƿƲ�Ƙưū�ǀũźĩ�Ţ�R�Ʊĥ�ƱŚĪƯ�Źŵ�šƹŚƠŤƯ�ƪƫō�ƹŵ�(gene locus)ř�ƶĩ�ŵŹřŵ�ƿƶŝ�ƪƫō�ƹŵ�Ʋ��ŹƺƏ
ƮƷ�ŝ�ƱŚƯŻǀƯ�ƱŚƾ��ŶƳƺƃ��ƪĪƃè����

ŚŤƳƿ���Ư�ƱŚƄƳ�ŚƯ�Ūƾ�����Ţºſř�ƲĪưƯ�ƶĩ�ŶƷŵ�MpAChE2���ƶŤºƃ�Źŵ���ƽ��ū�ƺºƬƷ�żŞºſ�Śƿ���ƝŶºƷ�ƵŚºĮ
ƵźƄů�Ƃĩ�ŚƷƽ�ţŚƯŚŝŹŚĩ�ƾ���ŶƃŚŝ�ƵźƠƀƟ�ƹ���ŚūƿżĮƿƴƾ�ſř�ǀŶ�Ưōǀƶƴ��ƽ�ƴƟ�ǀƪ��ōƳǇǀ���Śºū�ƶŝ�Ʋƽ��źºſ�ƿ��Źŵ�Ʋ
Ƙưūǀ���ě�ƶŝ�ƭƹŚƤƯ�Ţǀźƿưǀ��śŹŚĪ�ũźĩ�R���ſō�Źŵǀ��żƳō�ŢĩŚě�ƪƿ��ƮMpAChE2����Ɩºƣřƹ����Ţºſř�ƵŶºƃ��
ſōǀ��ŢºĩŚě�ƪ��ŢºƸū�ĭ�ºǀźƽ�ƫ�ǀ����������ě�Żř�ƵŵŚƠŤºſř�Śºŝ�řŹ�ƩŚºƘƟ�żºĩźƯ�Źŵ�ŶºƳŚĮǀ�ŚƷŶºƳƺƽƷ��ºǀŝƺƟƹŹŶǀ�Ĩ

ŜººƬū�ƵŶººƴƴĩ�ƽƫ�ǀººƏ�Źŵ�ŶººƳŚĮƾźƟ�ƿōƷ�ŶººƴººǀƫƹŹŶǀƘţ�żǀººǀººƯ�Ʋƾ�Ŷººƴĩ���ŶººƘŝ�ƶººſ�ƱŚưŤųŚººſƽ�
Ťſřǀƪ�ƫƺĩǀƲ�����źĩ�Żř�ƵŵŚƠŤſř�Śŝ�ŻřźŤſřƿƟřźĭƺƫŚŤƀƾ��ř�ƺţźě�ƿſō�ƶĩ�Ţſř�Ƶŵřŵ�ƱŚƄƳ�žĪǀ�ŢºĩŚě�ƪ���ƶºŝ
ſƹǀƶƬ��ƽ�ŬƳŻ�ǀƵź�ŚƷƽ��ŞƳŚºū�ƾ��ºſř�ǀŚƷŶƽ�Ưō�ǀ�ƶºƴ��ƽ�ţŚƯƹŹō��ºǀ�Ʒ�Ĩ�ºǀŝƺƟƹŹŶǀ������Ţºſř�ƵŶºƃ�ƶºƏŚůř�Ĩ� �

(Millard et al., 1999; Viragh et al., 2000; Massiah et al., 2001)��ƯŚĮƴƷƾŚŬŝŚū�ƶĩ�ƾƿŵřŶƘţ�ƽ�
�ſř�ŻřǀŚƷŶƽ�Ưō�ǀ���Ʒ�ƹ�ŚƌƟ��ƶƴǀśƺƟƹŹŶ����Ư�ƮƷźŝ�řŹ�Ʊŵƺŝƾ�ŶƳŻ���żƳō�ƅřƺų�ƿưƾ�Ťſř�ǀƪ�ƫƺĩǀƲ���ŻřźŤºſř
ƬŝŚƣ�ŹŵǀŞƀģ�Ţǀƹ�ƱŶƿ�ƵĦ(ligand specificity)Ɯţ�ǀǀƯ�źƾ�ƿŶŝŚ��Ư�Źƺƈţƾ�Śū��ŵƺƃƿżĮƿƴƾƴƟ�ǀƪ�ƳǇōǀ�Ʋ
�Śū�ƶŝ��ƽźſƿ�ŦƗŚŝ�Ʋ�Ưƾ���ſō�ƶĩ�ŵƺƃǀƷ�ŢĩŚě�ƪ�ºǀśƺƟƹŹŶ��ŹŚŝ�ƹ�źºţ�ºƿĨ����ŵŵźºĭ�źºţ���ƪĪºƃç���ƹ
ŤƳŹŵǀ�ſźŤſŵ�ƶŬƾ��ƀĩƺĪƫř�Ƶƹźĭ�ǀ�Ż�ƪƿŢƄƸƳź���ƵŶƳŹřŵŻŚŝ�ƹ�ŚƷ���ř�ƶºŝ�ŚƷ�ºƿ���ŵƹŶºŰƯ�řŹ�ƱŚºĪƯ�Ʋ��ŵŻŚºſ�

(Nabeshima et al., 2003)��ŬƳŻǀƵź�ƽŞƳŚū�ƾ�Ʋŝźĩ�ƶŝ�ƪƈŤƯ�áƴƟ�Źŵ�ǀƪ�ƳǇōǀţŚƯƹŹō�Ƶƹźĭ�Żř�Ʋ�ºǀĨ� �
��
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��ƪƨƃæ����ƾƫřƺţ�ƹ�ŶǀţƺŘƬƧƺƳ���Ŷǀſř�ƽŚƷ�ƶƴǀƯō��ƽMpAChE2ŢǀƘưū��ƶŤƃ�ƽŚƷ����ƭƹŚºƤƯ�ƽƺºƬƷ�żŞſ�ƽ
�ũźƧ�R���ŽŚƀů�ƹ�ũźƧ�ƹ�ŢƃŹ��S��ƵźƄů�ƶŝ�ƂƧ��ƾƫřƺţ�ƁŹŚưƃ�Ŷǀſř�ƽŚƷ��Żř�ƶƴǀƯō

���ƾƯ�ƕƹźƃ�ƲǀƳƺǀŤƯ�Ʋǀƫƹř��ŵƺƃ������ƲǀŘŤƀºǀſ��ƶƳŚƄºƳ�ŶºǀŤĜě�ƝŚƨºƃ���ƪǀƨƄºţ�ƽŚºƷ��ƵŶºƴƷŵ��ƽ
�ƽŵ�ƽŚƷŶƳƺǀě���ƱƹŹŵ�ƽŶǀƠƫƺſ���ƶſ��ƾƫƺƨƫƺƯ����ƪǀºſō��źĭżǀƫŚºţŚƧ�ƾƿŚţ�����ƵŚºĮƿŚūźƿŻ��ŢºƧŚě

��ƾƀƧř�ƝŚƨƃ��ƦǀƳƺǀƳō�������ƶƿƺſ�Źŵ�ƂƸū�ƪŰƯ�ƹ�ƱƺǀƳō���ũźƧ�ƽ�R��ƶºŝ����������ƂºƬƟ�Śºŝ�Ŝºǀţźţ
Ţſř�ƵŶƃ�ƆŴƄƯ�ƵŹŚŤſ�ƹ�������ŦƬŨƯ��ƶƃƹźƧ��ƖŝźƯ��Ƶźƿřŵ���

Fig 1. The nucleotide and deduced amino acid sequences of MpAChE2 from resistant (Karaj-
R) and susceptible (Karaj-S and Rasht) populations of the peach-potato aphid to 
insecticides. The amino acids are numbered from the first methionine. Cleavage sites 
of signal peptides are indicated by arrows. The cysteines that form intramolecular 
disulphide bonds are encircled. The catalytic triads are boxed. Acyl pocket residues 
located in crochet. Anionic subsites are indicated by triangles. The oxianion holes 
located at     .The mutation in Karaj-R is indicated by an asterisk. 
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Fig 1. Continued. 
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Fig 1. Continued. 

��
Ưƾ�ŶƃŚŝ��ƫŚůŹŵ�ƾ��ŬƳŻ�ƶĩǀƵź��ƽ�ŞƳŚū�ƾ������Ʋŝźºĩ�ƶŝ�ƪƈŤƯ�á���źºſ�Źŵ�ƿ��ƲCH3OH��Ţºſř���ŚºūƿżĮƿƴƾ�

ŬƳŻǀƵź��ƽ�ŞƳŚū�ƾ���ƴƟ�īŹżºŝ��ºǀƪ��ºƳǇōǀ����Śºū�ƶºŝ�Ʋƽ�CH2OH��źºſ�ƿ����ºƯ�ŦºƗŚŝ�Ʋƾ�������ƩŚƈºţř�ƶºĩ�ŵŵźºĭ
ěǀźƿưǀ��ųźŝ�ƹ�śŹŚĪƾ������ř�ƶºŝ�ƵźƠƀƟ�ƭƺưſ�Żř��ºƿ����ƱŚºĪƯ�Ʋ���ŵƺºƃ�ŵƹŶºŰƯ��ř�ºƿ�Ɯţ�Ʋ�ºǀǀ���żºĩźƯ�Źŵ�šřź

ƫŚţŚĩǀŤǀĪƾ�żƳō�ƿ���ŲſŚě�ƶŝ�źŬƴƯ�Ʈ�ŚƷƽ��Ťſř�šƹŚƠŤƯ�ǀƪ��ƫƺºĩǀƲ����ũźºĩ�ŻřźŤºſř�R���Ż�ƶºŝ�ƿ�ŢƄºƸƳź��ŚºƷƽ�
��ƵŶƳŹřŵŻŚŝ�ƹ�ƞƬŤŴƯ��Ư�ŚƷƾ�ŵƺƃ��ƴģǀ�Ɯţ�Ʋǀǀ�ƳŚưŤųŚſ�źƾŤſř�Źŵ�ǀƪ�ƫƺĩǀƲ���ƹŵřźºƬĩ�Ĩºſƺſ�ŻřźŤſřƽ�

ĩźţ�ƶŝ�ƭƹŚƤƯǀƫō�šŚŞƾ���ºſŹ�šŚºŞŧř�ƶºŝ�ƵźƠƀƟ�ǀ��Ţºſř�ƵŶ(Zhu et al., 1996)��ř�ºƿ���ŦºƗŚŝ�ƂºƸū�Ʋ
ƛǀŽŚƀůź żƳō�ƱŶƃƿě�ƶŝ�Ʈǀźƿưǀƀĩř��śŹŚĪƾ�ŵƽ�ƱƺŤƯ�ŤƯǀ�ŽƺƟƺţƹźĩƺƳƺƯ��ƱŚƀĩřřŹŚě�šŚƤŤƄƯ��ƪ

ƯŚƠƀººƟ�ƹǀƱƹŶ�ŽŚƀººů�ƹ��źººţ��ƶººŝ�Ʊō�ƱŶººƃƹ�ŹƺƀººĩŚěƹźě��ƱřŹƺƟƺŝŹŚººĩ�MTMCººƯ�ƾ�ƺººƃŵ� �
(Ghadamyari et al., 2008b)��ƴĤưƷǀƲ�ƤŰţ�ǀƬŞƣ�šŚƤƾƹŹ�ŚƯ�ƽƘưū�ǀ��ƱŚƄºƳ�ŽŚƀů�ƹ�ƭƹŚƤƯ�Ţ

��Ƶŵřŵ��ƵŻřŶƳř�ƶģźƷ�ƶĩ�ŵƺŝ�ƽƫƺĪƬƯ�ƾĩźţ�ǀīŹżŝ�Ŝ�ŶƃŚŝ�źţ��I50�īŹżŝ�Ʊō�ŵƺŝ�ŶƷřƺų�źţ����źºŝ�ƵƹǈƗ
�Ʋƿř�ĩźţ�ǀ�Ŭů�šŚŞǀƮ���źŤưĩ�źŧř�źţƽ�ƹŹ�ƽ�Ťſř�ǀƪ�ƫƺĩǀƲ��Ƙưū�ŻřźŤſřǀ�ũźĩ�Ţ�R�řŵ�ƴŤƃŶ��ŝ�ƶ�ŹƺƏƽ��ƶĩ

��ƱŵƹżƟřƿ��ŤƯ�Ƶƹźĭ�Ĩǀĩźţ�ƱŚưŤųŚſ�ƶŝ�ƪǀŻř�ŢƯƹŚƤƯ�ŢŞƀƳ�Śţ�ŵƺŝ�ƵŶƃ�ŦƗŚŝ�Ŝ�ìÓ�ç���ƶºŝ�źºŝřźŝ�
æ�Ó�źŝ��Ɯţ�źŝřǀǀ�ě�źǀ�Ŷƴĩ�řŶ���ƱŵƹżƟřƿţř�Ƶƹźĭ�ĨǀŤƯ�ƶŝ�ƪǀƪ����ƱŚƀºĩř�řŹŚºě��żºǀƳ���Żř�řŹ�ŢºƯƹŚƤƯ�ŢŞƀºƳ
ìÓ�ç�ƶŝ�źŝřźŝ�è�èíƜţ�źŝřźŝ�ǀǀŵřŵ�ź�(Ghadamyari et al., 2008a)��řźŝŚƴŝƿƲ�Ư�źƔƳ�ƶŝ�ƾ�ř�ƶĩ�ŶſŹƿ�Ʋ

���ŚƌƟ�ƝŸů�ƶŝ�źŬƴƯ�ƂƸūƾƿŚū�ƿſźŤſŵ�Żř�ƹ�ƵŶƃ�ƩŚƘƟ�ƵŚĮƾƵŶƳŹřŵŻŚŝ��ŚƷƽīŹżŝ��Śū�ƶŝ�źţƿƵŚĮ�
�ĭƺƬū�ƩŚƘƟǀźƽ�ƾƯ���ŶƿŚưƳ�ƫŚůŹŵ�ƾ��ſźŤſŵ�ƶĩƾ�Ż�ƩƺĪƫƺƯ�ƿź�Ĩģƺĩ�ŢƄƸƳ���ºƯ�ƒºƠů�řŹ�źţƾ��Ŷºƴĩ��

ƴĤưƷǀƲ�ƬŰƯ�Źŵ�ƾƶƐƤƳ�ƂƸū�ƶĩ��řƽ�Źŵ�MpAChE2ƶŤƃ��ƽ�Ţſř�ƶŤƟźĭ�šŹƺƇ�ƺƬƷ�żŞſ��ƿƴƘ�ƾ
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Ser431Phe���ƶƴĩ����Ƥŝ�ƹ�ŚƷǀƶ��ƽ���šřźƄů��ƛǀ��ƶŤƃ�Żř�ź��ƽ��ƺƬƷ�żŞſ�ƽ�ƭƹŚƤƯ��ƶŤƃ�ƹ��ƽƫŚū�ǀ��ƶºŝ�ƭƹŚƤƯ�ż
ěǀźƿưǀśŹŚĪ���ř�Źŵƿ��řŹřŵ�ƱŚĪƯ�Ʋƽ�ſř�ǀŚƷŶƽ�Ưō�ǀƶƴ��ƽ�ƴƟ��ºǀƪ��ºƳǇōǀ��źţ�ƹ�Ʋƿ������ř�ƶºĩ�ŶƴŤƀºƷ�ƱŚºƟƺŤĜ�ºƿ�Ʋ
ſřǀŚƷŶƽ�Ưō�ǀ�řŹřŵ�ƶƴƽ���Ƶƹźĭ�R�ţŚƯƹŹō�ǀ�Ư�Ĩƾ�ŶƴƃŚŝ���������řźģ�ƶĩ�ŶƷŵ�ŮǀƋƺţ�Ţſř�ƲĪưƯ�ƂƸū�Ʋƿř� �
���

��
��

ƪĪƃ�ç���ţŚưƃ�ƩŶƯ�ǀ���ºŝ�ƂƴĪưƷźŝ�Ĩǀ�ě�Ʋǀźƿưǀ���Ż�ƹ�śŹŚºĪƿŚūźƿ�ƵŚºĮ����Źŵ�ŚºƷ���ţŚƯƹŹō�ƝŚĪºƃ��ºǀ�Ĩ
Ťſřǀƪ�ƫƺĩǀƲ�Ƙưū�ŻřźŤſřǀŢ�ŚƷƽ�ŽŚƀů��ũźĩ�SŢƃŹ�ƹ����ƭƹŚƤƯ�ƹ�ũźĩ�R��ƪƇř��� 

Fig 2. Schematic model of interaction between pirimicarb and subsites in aromatic gorge of 
susceptible (Karaj-S and Rasht) and insensitive (Karaj-R) acetylcholinesterase. Original. 
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ƪĪƃ�è.�řźĭƺţŚƯƹźĩ�ƫřƺţ�ƭƾ�ţƺŘƬĩƺƳ�ǀŶƽ���Ťſř�ƂƸū�ƱŚĪƯ�ǀƪ�ƫƺĩǀƲ�����ƭƹŵ�ƕƺƳ�ŻřźŤſř(MpACHE2)�
ƘưūǀƶŤƃ�Ţ�ƽƺƬƷ�żŞſ�ƽ�ƭƹŚƤƯ��ŽŚƀů�ƹƵźƄů�ƶŝ�Ƃĩ����

Fig. 3. Chromatogram of nucleotide sequences of mutation site in MpACHE2 of resistant and 
susceptible populations of the peach-potato aphid to insecticides. 

��
���ƽŵ�źĮƿŵ�ƹ�śŹŚĪǀưƿźǀě�ƪǀŤƯ��šŚƯŚŝŹŚĩ����������ŶºƳŹřŵ�ƶŤºƃ�ƶŝ�ŢŞƀƳ�ƾŝŚŴŤƳř�Ţǀưſ�ŚƷ�����šřźƄºů�řźºƿŻ�

ƵźƸƯ�ƹ�źĮƿŵ��ŜƬƛř�ƱřŹřŵ�ƽřŹřŵ�ŢǀƘƣƺƯ�Ʋƿř�ŹŵƪǀƴƟ��ƲǀƳǇōŶƴŤƀƷ�� 

�������ƽŚºū�ƶºŝ�Ʋƿźſ�ƾƴƿżĮƿŚūPhe431���Źŵ�MpAChE2�����Ţºſŵ�Żř�ŦºƗŚŝ������ƶºƤƬů�Ĩºƿ�Ʊŵřŵ��ƽ�
�ƾƯ�ĨǀţŚƯƹŹō���ľǇŚưŤůř�ƹ�ŵŵźĭ�ưƷźŝ�ƂƴĪ�ð-cation��ƪǀſō�Ʋǀŝ����ƹ�ŢĩŚě�His541����ƮƷźŝ�řŹ�ĨǀŤǀƫŚţŚĩ�

ƾƯ�ŶƳŻ�ƵźǀŬƳŻ�ƾƿŚƌƟ�źǀǀƜţ�ŦƗŚŝ�ƹ��ƽ�ƾŞƳŚū�His541ƾƯ����ƶºĩ�ŵŵźĭligand specificity��źºǀǀƜţ�řŹ�
ƾƯ�ŶƷŵ��ƲǀƴĤưƷ�ƶƴǀƯŻ��ƽƪǀſō�ĨǀţŚŤſřƹźŤĪƫř�����ƽřźºŝ�ŢĩŚěligand specificity��ƾºƯ�ƮºƸƯ���ŶºƃŚŝ��

ƪǀſō��ō�ƝŚĪƃ�ƽŚƸŤƳř�Źŵ�ŢĩŚě�ŵŹřŵ�Źřźƣ�ƩŚƘƟ�żĩźƯ�ŹƹŚŬƯ�ĨǀţŚƯƹŹ(Nabeshima et al., 2003)��
�������Ŷǀſř�ƶĩ�ƾƯŚĮƴƷ�ŵřŵ�ƱŚƄƳ�žĪƿř�ƺţźě�ƾƟřźĭƺƫŚŤƀƿźĩ�ƶƴǀƯō��ƽ��������ƲƿżĮƿŚºū�ŢºĩŚě�ƪǀſř�Źŵ�ƾƐų�

TT    Phenyalanine      Resistant population 
CA   Serine      Susceptible population 
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Phe334�ŵƺƃ���ŢƸū����ƽźǀĭHis443��ƪǀŤſř�Źŵ��Ʋǀƫƺĩ����������šƹŚºƠŤƯ�Ʊō�ŜºǀĩźţƺƳ�ƹ�ƾƄůƹ�Ěǀţ�ŻřźŤſř
ŵƺŝ�ŶƷřƺųKaplan et al., 2001) �(Fournier et al., 1989;����

Toda et al. (2004)ƶŤƃ�Źŵ�ƶĩ�ŶƳŵřŵ�ƱŚƄƳ��ƽƫŚū�ǀ�ż��ƺºſƿƶ��ƽH16���ŚºŬŝŚūƾƿ�Ser431Phe�
ŻƹźŤƷƿ�šƺĮƫƹ�ƾƺſ�Źŵ�ƿƶ�ƽ�ƭƹŚƤƯ�GSM���ƲƿřŚŬŝŚūƾƿŻƺưƷ�ƿŵƺŝ�šƺĮ��ŵ�šŹŚŞƗ�ƶŝƿźĮ��ŚƸƴţ�

ſřǀŶ�Ưōǀƶƴ��ƽ�ƴƟ�ǀƪ��ºƳǇōǀ��ř�Źŵ�Ʋ�ºƿ�ƘƣƺƯ�Ʋ�ºǀ���ŵŹřŵ�ŵƺºūƹ�Ţ�����ºưƷ�ƶºŝǀ�ƫŵ�Ʋ�ºǀ��řźºŝ�ƪƽ��ºſŹźŝ�ƾ�ƣŵ�ºǀ�Ƣ
ŻƹźŤƷƿ��šƺĮƿ�ŻƺưƷ�ŚƿšƺĮ����ƱŵƺºŝcDNA����RNA�����ŵřźºƠƳř�šřźƄºů�Żř�ƽ��ŵźĭ�ũřźŴŤºſř��ºƿ�Ʊĥ�ƹ�Ŷ

MpAChE2����ŚƷźĭŻŚƛō�Żř�ƵŵŚƠŤſř�Śŝ�ƽ�MP2S3�ƹ�MP2AS3ŨĪţ�ǀ�Ŷƃ�ź��ƪĪƃÑ���ŚŤƳƿ�ƶĩ�ŵřŵ�ƱŚƄƳ�Ū
MpAChE2šřźƄů��ŵřźƠƳřƽĮưƷ�ƾŻƹźŤƷ�ƿŶƳŵƺŝ�šƺĮ��řźŝŚƴŝƿƲ���ŽŚſř�źŝŚŤƳƿ�Ū�źƋŚů�ƢǀƤŰţ�

ƄƸūƾƛ�ŦƗŚŝ�ƶĩ�ǀŽŚƀůź�Ťſř�ƱŶƃǀƪ�ƫƺĩǀƲ�ƵźƄů�ƶŝ�ŻřźŤſř�ě�Ƃĩǀźƿưǀųźŝ�ƹ�śŹŚĪƾ�ƭƺưſ�
Ư�ƵźƠƀƟƾ�ŻƹźŤƷ��ŵƺƃƿƯ�šƺĮƾ�ŶƃŚŝ ��ƪĪƃè����
��

��
��

��ƪĪƃÑ����ƩƺƈŰƯ�ŻŹƺƟƹźŤĪƫř�Ʃĥ�PCR�Ʊĥ�MpACHE2ƶŤƃ�ŵŶƗ�ŢƠƷ�Źŵ��ŚƷƽŵřźƠƳř�ƽƘưū�ǀ�Ţ
ƭƹŚƤƯ���

Fig. 4. Gel electrophoresis of PCR product MpACHE2 gene in seven individual of resistant 
population. 

��
ŽŚĜſ��ƽŹřżĭ��
řƿ�ƤŰţ�Ʋǀ��ŹŚĪưƷ�Śŝ�Ƣƽ����Śŝƺĩƺƀºţ�ƵŚĮƄºƳřŵ�ƽ������������Ŷºŝ�ƶºĩ�Ţºſř�ƵŶºƃ�ƭŚºŬƳř�Ʋºěřĥ�ƿƲ��ºſƹǀ�ƶƬ
ŽŚĜſ�ŹřżĭƽƯ�ƾ�ŵƺƃ���
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