26 3 Vol. 26 No. 3
2019 9 Acta Parasitol. Med. Entomol. Sin. Sep. 2019

doi: 10. 3969/j.issn.1005-0507. 2019. 03. 009

*
(
100080)
. 1.1
o acel o G119S
( )
o 119 ( ace
. 247 )
GGA (G) (S)
( )
( ) o G119S
acel ( Weill et al. 2004)
. 1.2
o 3 (1016, 1532, 1534)
V410 L. G923
1 V. S989P. 11011 M/V. VI016I. TI1520I
D1763Y o
N F1534C 2009
( ) ( Kasai et al. 2011)
GABA ( Gamma amino butyric acid N N N
receptor) o ( Xu et al. 2016; Aguirre-Obando et al.
© 2019-04-26
x : (IPM1812)

- 194 -



2017; Rath et al. 2018; Pichlar et al. 2019;
2019) .
1534
(F) ()
2
( F1534S) ( F1534L) . F1534L
( Marcombe et
al. 2014; Li et al. 2018; Zhou et al. 2019)
F1534S N N
( 2018; Gao et
al. 2018; Zhou et al. 2019; 2019) .
1532
( 11532T)
(Xu et al. 2016; Kasai et al. 2019)
( Chen et al.
2016; Gao et al. 2018; Zhou et al. 2019;
2018) . 1016
( V1016G) . (
) ( Kasai et al. 2019; Zhou et
al. 2019; Pichler et al. 2019) .
Kasai (2019)

K427R. M6861. E832D. M944V. T2002P
A2023T

o T2002P A2023T
C-
; M686I. E832D M944 vV
. K427R RNA
( Kasai et al. 2019) .

( Plernsub et al. 2016; Smith et al. 2016)
( S989P. V1016G.

F1534C)
( Hirata et al. 2014
Plernsub et al. 2016) .
V1016G F1534C

11532T  V1016G ( Pichler et al.
2019) .

1532 1534 ( Gao et al. 2018;
Zhou et al. 2019) 1532T+1534S

DNA ( Gao et al. 2018)
(1532T+1534C/F/1)
( Zhou et al. 2019) .
V1016G I
II
F1534C ( Hu et al.
2011; Du et al. 2013; Hirata et al. 2014) ,
F1534C I ( )
mo(
) (Hu et al. 2011; Du et al. 2013;
Hirata et al. 2014) . Kasai (2019)
V1016G. F1534S  F1534C 3
( .
)
25~32, 4~5.7 2.4~4.3
. 1016
1534
1534C I
. 1534 (F1534S/1)
DDT ( Li et al. 2018) . 1534C

DT (Rath et al. 2018) . 1534S
( Xu et al. 2016; Gao et
al. 2018) . V1016G  F1534C
( Pichler et al. 2019) .
11532T Kasai
(2019)
Gao  (2018) 115327
1.3 GABA
RDL-GABA
Rdl ( Resistance to dieldrin) o
RDL 301 (
A301S)
( Thompson et al. 1993)
( La Réunion) ( Tantely et al
2010) ( Selangor) ( Low et
al. 2015) .
4% 24h 9
3 6

<195~



26 3

( Low et al. 2015)
GABA
( )
( Taylor-Wells et al. 2015)
Tantely  ( 2010) PCR-RFLP (
)
RDL-A296S (
A3018 GCA TCA) Rdl
Culex pipiens
GABA ( Tantely et al.
2010) .
2
/ () o
P450.
( CCE) . S- (GST) . ABC
( transporter)
( UDP-glycosyltransferases UGT)

P450. GST CCE
( Ishak et al. 2016; Bharati et al.

al. 2018)

2017; Li et

( CCE. P450. UGT )
( Grigoraki et al.
2015; Xu et al. 2018) .
2.1 P450

P450

P450 ( PBO)
186 P450
( Chen et al.
P450
Ishak

Kuala Lumpur

° 196 -

2015)

(2016)
P450 CYP6P12

CYP6P12
I

( ) I

( ) ( Ishaket al.
2016) CYP6P12

( Ishak et al. 2016)
Xu  (2018) RNAi
(
CYP6BS) ( SNP)
SNP
2.2
CCEae3a  CCEaeba
( Grigoraki et al. 2015) . CCEae3a CCEaeba
( Chen et al. 2015) .
CCEae3a
( temephos-oxon)
( Grigoraki et al. 2016) .
16 ( ) 22 385
2 .
CCEae3a ( 1)
X CCEae3a CCEaeba
( 2)
( Grigoraki et al. 2017) .

2
o 2
( Grigoraki et al.
2017) .
3
2014



( Ooi 2015; Chen et al. 2015)

( kdr)
2 Rdl

o

( Chen et al. 2015)
( )

( CYP6BS
CYP6P12)

P450 N
P450

Aguirre-Obando OA  Martins AJ Navarro-Silva MA. First report of

the Phel534Cys kdr mutation in natural populations of Aedes

albopictus from Brazil ] . Parasit Vectors 2017 10( 1) : 160.

Bharati M Saha D. Insecticide susceptibility status and major
detoxifying enzymes” activity in Aedes albopictus ( Skuse) vector
of dengue and chikungunya in Northern part of West Bengal
India J . Acta Tropica 2017 170: 112-119.

Chen B Liu Q. Dengue fever in China J . Lancet 2015 385
(9978) : 16214 622.

Chen H Li K Wang X Yang X Lin Y Cai F et al. First
identification of kdr allele F1534S in VGSC gene and its
association with resistance to pyrethroid insecticides in Aedes
albopictus populations from Haikou City Hainan Island China

J . Infect Dis Poverty 2016 5(1): 31.

Chen HM  Gao JP Jiang JY et al. Detection of the 11532 and F1534
kdr mutations and a novel mutant allele 11532T in VGSC gene in
the field populations of Aedes albopictus from China J . Chin J

Vector Biol & Control 2018 29(2): 120-25.
11532
F1534 11532T J .
2018 29(2): 120125

Chen XG Jiang X Gu J et al. Genome sequence of the Asian Tiger
mosquito  Aedes albopictus  reveals insights into its biology
genetics and evolution J . Proc Natl Acad Sci USA 2015
112: E5 907-5 915.

Du Y Nomura Y Satar G et al. Molecular evidence for dual
pyrethroid-receptor sites on a mosquito sodium channel J . Proc
Natl Acad Sci USA 2013 110(29) : 11 785-11 790.

Gao J Chen H Shi H et al. Correlation between adult pyrethroid
resistance and knockdown resistance ( kdr) mutations in Aedes
albopictus ( Diptera: Culicidae) field populations in China J .
Infectious Diseases of Poverty 2018 7: 86.

Grigoraki L. Balabanidou V. Meristoudis C et al. Functional and
immunohisto chemical characterization of CCEae3a a carboxyl
esterase associated with temephos resistance in the major
arbovirus vectors Aedes aegypti and Ae. albopictus J . Insect
Biochem Mol Biol. 2016 74: 61-67.

Grigoraki L. Lagnel J Kioulos I et al. Transcriptome profiling and
genetic study reveal amplified carboxylesterase genes implicated
intemephos resistance in the Asian tiger mosquito Aedes
albopictus J . PLoS Negl Trop Dis. 2015 9: e0003771.

Grigoraki L Pipini D Labbe P et al. Carboxylesterase gene
amplifications associated with insecticide resistance in Aedes
albopictus: Geographical distribution and evolutionary origin J .
PLoS Negl Trop Dis. 2017 11(4): e0005533.

Hirata K Komagata O Ttokawa K et al. A single crossing-over event
in voltage-sensitive Na+channel genes may cause critical failure
of dengue mosquito control by insecticides J . PLoS Negl Trop
Dis. 2014 8(8): e3085.

HuZ DuY NomuraY et al. A sodium channel mutation identified
in Aedes aegypti selectively reduces cockroach sodium channel
sensitivity to type I but not type II pyrethroids J . Insect
Biochem Mol Biol. 2011 41(1): 9-13.

Ishak TH Jacob M. Riveron JM et al. The Cytochrome P450 gene
CYP6P12 confers pyrethroid resistance in kdr-free Malaysian
populations of the dengue vector Aedes albopictus J . Sci Rep
2016 6: 24 707.

<197 -



26 3

Kasai S Ng LC Lam-Phua SG et al. First detection of a putative
knockdown resistance gene in major mosquito vector Aedes
albopictus J . Jpn J Infect Dis. 2011 64(3): 217221.

Li' Y Xu J Zhong D et al. Evidence for multiple-insecticide
resistance in urban Aedes albopictus populations in southern China

J . Parasites & Vectors 2018 11: 4.

Low VL Vinnie-Siow WY Lim YAL et al. First molecular genotyping
of A302S mutation in the gamma aminobutyric acid ( GABA)
receptor in Aedes albopictus from Malaysia ]
Biomedicine 2015 32: 554-556.

Tropical

Marcombe S Farajollahi A Healy V et al. Insecticide resistance
status of United States populations of Aedes albopictus and
mechanisms involved J . PLoS ONE 2014 9(7): el01992.

Ooi EE. The re-emergence of dengue in China J . BMC Med. 2015
13: 99

Pichler V. Malandruccolo C  Serini P et al. Phenotypic and genotypic
pyrethroid resistance of Aedes albopictus with focus on the 2017
chikungunya outbreak in Italy J . Pest Manag Sci. 2019. doi:
10. 1002 /ps.5369.

Plernsub S Saingamsook J Yanola J et al. Additive effect of
knockdown resistance mutations S989P V1016G and F1534C
in a heterozygous genotype conferring pyrethroid resistance in
Aedes aegypti in Thailand J . Parasites & Vectors 2016 9:
417.

Rath A Mohanty 1 Hazra RK. Insecticide susceptibility status of
invasive Aedes albopictus across dengue endemic districts of
Odisha India J . Pest Manag Sci. 2018 74(6): 1 431-
440.

Kasai S Caputo B Tsunoda T et al. First detection of a Vssc allele
V1016G conferring a high level of insecticide resistance in Aedes
albopictus collected from Europe ( Italy) and Asia ( Vietnam)
2016: a new emerging threat to controlling arboviral diseases J .
Euro Surveill. 2019 24(5): 1700847.

Smith LB Kasai S Scott JG. Pyrethroid resistance in Aedes aegypti

Tantely ML Tortosa P Alout H et al. Insecticide resistance in Culex
pipiens quinquefasciatus and Aedes albopictus mosquitoes from La
Réunion Island J . Insect Biochemistry and Molecular Biology
2010 40: 317-324.

Taylor-Wells ] Brooke BD Bermudez I et al. The neonicotinoid
imidacloprid and the pyrethroid deltamethrin are antagonists of
the insect Rdl GABA receptor J . Journal of Neurochemistry
2015 135(4): 705-713.

Shotkoski  F

sequencing of the cyclodiene insecticide resistance gene from the

Thompson M ffrench-constant R. Cloning and
yellow-fever mosquito Aedes aegypti—conservation of the gene and
resistance-associated mutation with Drosophila J . FEBS Letters
1993 325: 187-190.

Weill M Malcolm C  Chandre F et al. The unique mutation in ace-l
giving high insecticide resistance is easily detectable in mosquito
vectors J . Insect Molecular Biology 2004 13: 1-7.

Xu J Bonizzoni M Zhong D et al. Multi-country survey revealed
prevalent and novel F1534S mutationin voltage-gated sodium
channel ( VGSC) gene in Aedes albopictus J . PLoS Negl Trop
Dis. 2016 10(5) : e0004696.

XuJ Su X Bonizzoni M et al. Comparative transcriptome analysis
and RNA interference reveal CYP6A8 and SNPs related to
pyrethroid resistance in Aedes albopictus J . PLoS Negl Trop
Dis 2018 12( 11): 0006828.

Zhao CC Zhu CY Kai WL et al. Genotypes of knockdown resistance
gene and their distribution in Aedes albopictus in Haikou China
in 2018 J . Chin J Vector Biol & Control 2019 30 (1) : 7-1.

2018

2019 30 (1): 741.

Zhou X Yang Chan Liu N et al. Knockdown resistance ( kdr)
mutations within seventeen field populations of Aedes albopictus
from Beijing China: First report of a novel V1016G mutation and

evolutionary origins of kdr haplotypes J . Parasites & Vectors

2019 12: 180.

and Aedes albopictus: Tmportant mosquito vectors of human

diseases ] . Pestic Biochem Physiol. 2016 133: 1-2.

CURRENT KNOWLEDGE ABOUT THE MOLECULAR MECHANISMS
UNDERLYING INSECTICIDE RESISTANCE IN AEDES ALBOPICTUS

QIU XingHui
( State Key Laboratory of Integrated Management of Pest Insects and Rodents
Institute of Zoology Chinese Academy of Sciences Beijing 100101  China)

Abstract Aedes albopictus is an important vector of several arboviruses including dengue fever chikungunya and Zika
viruses. Successful control of this mosquito is crucial to minimize the risk of human infection by such viruses. The efficacy of
insecticide-based vector control is now challenged by the development of insecticide resistance. Knowledge about mechanisms
underlying insecticide resistance is an important requirement for the sustainability of control programs. Current findings
regarding molecular mechanisms of insecticide resistance in Ae. albopictus are summarized in this paper.
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