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Development of tetra-primer allele specific PCR (tetra-primer AS-PCR) for the detection of L1014F
mutation in sodium channel gene associated with pyrethroid resistance

in mosquito Culex quinquefasciatus
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Introduction: Extensive use of insecticides in both agriculture and public health pest control has led to resistance of several
mosquito species and other insects. Culex quinquefasciatus, an important mosquito vector of urban Bancroftian filariasis,
has been reported to be resistant to pyrethroid insecticides in several countries including Thailand. Knockdown resistance (kdr)

to pyrethorid in the Cx. quinquefasciatus is usually associated with L1014F mutation in sodium channel gene.

Objectives: To develop the tetra-primer allele specific PCR (tetra-primer AS-PCR) assay for detection of L1014F mutation

in Cx. quinquefasciatus and to compare the sensitivity and specificity of this assay with DNA sequencing method.

Materials and methods: The deltamethrin resistant Cx. quinquefasciatus (Cq_CM_R) mosquitoes were extracted and used
as a DNA template for the optimization of tetra-primer AS-PCR assay. PCR amplification of sodium channel gene and DNA
sequencing were performed. Genotyping results of L1014F mutation for laboratory and wild-caught Cx. quinquefasciatus

mosquitoes obtained from the tetra-primer AS-PCR and DNA sequencing methods were compared.

Results: Tetra-primer AS-PCR method was successfully developed to detect L1014F mutation. Testing of 136 laboratory and
wild-caught Cx. quinquefasciatus mosquitoes, the developed assay provided the genotyping results consistent with
DNA sequencing. Sensitivity and specificity of tetra-primer AS-PCR method were comparable to those of DNA sequencing

method.

Conclusion: Developed tetra-primer AS-PCR assay is a simple PCR-based method with high sensitivity and specificity to detect
L1014F mutation in Cx. quinquefasciatus mosquitoes. This assay is useful for rapid detection of L1014F mutation which is
essential for monitoring resistance to pyrethorid in vector control program.
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Table 1 Sequences of oligonucleotide primers used for the detection of L1014F mutation by tetra-primer AS-PCR assay and

PCR amplification of fragments of Cx. quinquefasciatus sodium channel gene.

Primer name Oligonucleotide sequence (5’-3’) Reference
The tetra-primer AS-PCR assay

Common primer
Cq_CP-r CAAGGCTAAGAAAAGGTTAAGAAC 28
IIP_F GGTGGAACTTCACCGACTTC 26

Specific primer
L1014-f [short GC-tail]l CCACCGTAGTGATAGGAAATATA This study
F1014-f [long GC-tail] CCACCGTAGTGATAGGAAATGTT This study

PCR amplification of the fragment of the sodium channel gene

IIP_F GGTGGAACTTCACCGACTTC 26

11S6_R

GGACGCAATCTGGCTTGTTA 26

The long 26-bp GC tail has the sequence 5GCGGGCAGGGCGGCGGGGGCGGGGCC-3’ and the short 6-bp GC tail has the sequence 5-GCG-

GGC-3'30
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Figure 1 Schematic diagram of the tetra-primer AS-PCR for the detection of L1014F mutation in Cx. quinquefasciatus.
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Figure 2 Gel electrophoresis bands of tetra-primer AS-PCR products corresponding to L1014F mutation in the Cx. quinquefasciatus sodium channel

gene. From left to right: M=100 bp DNA ladder, lane 1 = Negative control, 2 = Homozygous mutant (F/F1014), lane 3= Heterozygous (L/

F1014), 4 = Homozygous wild type (L/L1014).
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Table 2 Optimized condition for the detection of L1014F mutation in Cx. quinquefasciatus sodium channel gene by tetra-prim-

er AS-PCR method.

Variable tested Optimal result*

Platinum Tag DNA polymerase (Invitrogen, Carlsbad, CA, USA) 0.4 Unit
10X PCR buffer 1X
MgCl, 2.0 mM
Primer Cq_CP-r 0.5 uM
Primer L1014-f 0.125 uyM
Primer F1014-f 0.15 uM
Primer 1IP-F 0.125 pM
dNTPs (New England Biolabs, Ipswich, MA, USA) 200 uM
Annealing temperature 50 °C
PCR cycle 35 cycle

The PCR was carried out in a 10 uL reaction volume containing 25 ng/uL genomic DNA. The amplified fragments were analyzed by electrophoresis

on a 4% agarose gel (Invitrogen, Carisbad, CA, USA) and visualized under UV light by ethidium bromide staining.
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Table 3 Comparison of L1014F genotyping of laboratory Cx. quinquefasciatus and wild-caught mosquitoes obtained from

tetra-primer AS-PCR and DNA sequencing methods.

Mosquito strain

Tetra-primer AS-PCR / DNA sequencing

(Generation) L/L1014 L/F1014 FIF1014 Total
Laboratory strain
Cq_CM_RF1 (G1) 2/2 3/3 717 12/12
Cq_CM_RF2 (G2) 111 2/2 9/9 12/12
Cq_CM_RF3 (G3) 3/3 3/3 6/6 12/12
Wild-caught strain
Chiang Mai (GO) 12/12 3/3 5/5 20/20
Chiang Rai (G1) 14/14 2/2 0/0 16/16
Lamphun (G1) 15/15 11 0/0 16/16
Lampang (G1) 15/15 11 0/0 16/16
Phayao (GO) 15/15 11 0/0 16/16
Phrae (GO) 6/6 4/4 6/6 16/16
Total 83/83 20/20 33/33 136/136

A ¢
D1TBNANIIANEN

mMIdunudamaiaiiiidauuaizasgaiiansy
Lfluﬂvtquﬂmiﬂﬁm“'zymammmama‘muquwm:
P lsad8nTlEa1siATanLNad N1TATRAANY
mssumudesadisaunatansdaias Wwanasms
faglunisianisevauuuaslasldasiad® Jagiu
sannsultarefamunsaunudessaiisauuas
ﬁ'a‘*g@mmmmvl'miamimﬁﬁﬁ'ﬂuuméhﬁagﬂ‘uaa

6 @

ayamIawNe lan®®

Favhlvnmuaamnmeny wauanyl
$#30 NITATUNIUGIRITLATNNAROY el bIFINITOVON
AR NNITAIUNIY B8191INANN ATIRNYIEANT AW
°na\‘lmimmﬁ@mwmiﬁmmu@iamsmﬁmjuvlw%'mamﬁ(
28989 a1avinldlasasraanuldasainiidanuad
FIUNUATIAILATIERALEWLE 019978 FIRTUATIINN
AR NMIAUMUAIENILANTNIALURITHA kdr Lﬁ'mﬁm‘faya
Tun1sRa TR e n T RITA MR NI RN A RTUAITIANTT
{ L4 { A€
arwquuuad lapanananidsimsldansiafiieangnd
tdl = ) = Qs = 1 =4 6 A
V]Ismzmmeummummnumsmmqﬂmmam %38
% U =1 1 tﬂl ﬂl I} v o a
mmaumﬂmmimmﬁumguauS] LWE’]VLMI%QGE’]ﬂﬂmumﬂﬂWi
. e ede . . Y
ﬂ(ﬂLﬁaﬂmﬂwuﬁfﬁmumu@amimﬁmfﬂmmmmu

NSANBNDWATI RN miﬂmﬂw”uij L1014F

396  MIFANARANTIUNT ETL‘%FNI‘V&&JI

IR ULTULIALN ST BINUAITTIWN UG ENTL AN

aa LLmaﬂajuvl,w‘%ma ol

m3dnslay Yanola et al®
WUAMNANNENNUTTBIMINANEWLTT BulmArnuTuiug
AEUNUS L1014F nuniseumudassiaiisauuag
mﬁ@maﬁ’lmﬂ%ﬂuqxﬁ’lﬂﬂm Cx. quinquefasciatus Yiimzlwwmg;s
vwosU fuansdenudaranudsadanarowug F1014
R UA NIRRT aT L TISUTAN T
LLazﬂqdf”]ﬂ”]ty,ﬁLﬁuu’]’%’]ﬂﬂ’]ﬂﬁuﬂ&li@]UL%Wqudf’]ﬂ’]ty
Cx. quinquefasciatus MBI IAIUAZUNS f‘éawuiwqaiﬁm@
ﬂ@juﬁmuLLazﬂ@;uﬁsa@%%mwé’amimaaumm%
A ILARLARALUNI ﬁ@hmmﬁé’aﬁaﬂmmw‘”uq’ F1014
fuanenstuataftuidnmesia nende ﬂéjuﬁia@%‘iﬂ
ﬁmmmﬁé'aﬁaﬂamw”ug‘ F1014 ﬁ'qaﬂdw“ ANANEN
luﬂ%f‘?’[ﬁw”wuﬁ%mmmmsﬂmsw”uij L1014F lugeiranay
Cx. quinquefasciatus @28735 tetra-primer AS-PCR Gﬁd
WUAFMIATIANATIZAALENLEDEN9E  ATITRIRN IS
%‘Iuvl,mj"uaaﬂ'ﬁﬂmﬂﬁuﬁ: L1014F enodfisen PCR lu
WROANARDIAEINADALEDY Jaaudny MiuaTIaLs
Nnandsznga danuh uwazanudumaioudselenuis
msanaNziaaUiinalelng lasmsesnuuylnswes

va o 1 = =1 A s 6
Iﬁumm"bLmzmmmwamamsuma"l,wmsﬂmswuq

D7 49 aTufi 3 Awenow 2559



sufisdlwswesganiuquaislu (internal control)
S dudEMmunsaudnILaTIafamNNIITIRNIUG D
gaadinsauuasiiinannaln kar Ssdasasialu
Mo IIWINNNNNMATI adndlsfiony dadas
28970 tetra-primers AS-PCR Anamniuil Aadosidunon
agarose gel electrophoresis §1RITUNITENBNARN LS
Sulnd @olaisndumnldd® HOLA® ABI Prism SNaPshot
Multiplex”* Single probe/Melting curve analysis f1810589
Real time PCR® uaz Pyrosequencing™ at4lsfianu
w4133 tetra-primer AS-PCR azfdumanunsrin agarose
gel electrophoresis Lﬂumgu@]auﬁvl&iﬂ;dmﬂmmﬂ%'ﬂmﬁuu

23 4w o
02123 &adnarinlu 2 ULEGIRE

NUAT conventional AS-PCR
1 A Q/ ' %
L9 agarose AENIWAIBENT F99LEINIIDATIDA AN UL
(4 o o o
ulntwasnsnaowig L1014F 1d wananit anmsnu
{ [-% L %
frwuwunIaTansmedlulndvasniinaiawug
L1014F maaﬂqﬁwmtg Cx. quinquefasciatus AlAnamMIaT
ligannaninssnuwadd’d conventional AS-PCR nui%
o o A =) €1g
nM3aTIIRIEIaUTIAaLe Ina
Nonwitldnaadl#imuinis tetra-primer AS-PCR
Lﬂu‘iﬁﬁmmmuz%w%’umwmminmﬂw”uif L1014F
V098917 Cx. quinquefasciatus YINILANIINNAFUIN
L 6 v a wa o v
wazgoWuiHasljuanis lasanninsirluldasie
N1IN3XBAIVBININALAUT L1014F lugairangy
Cx. quinquefasciatus sl,m‘hmmﬁaqua%wmtyﬁmﬂ
° & A v X &
wazlugahaganiuniveoniiedunsludsainauss
1 A =S o s 1
9l Tsne Sevzdnw ludrausaly

Bull Chiang Mai Assoc Med Sci

asdwanisd@nun

ANFANBIATIR AN UUNATRANITILATIZRALDULD
281391862837 tetra-primer AS-PCR Naltlunsasiam
MINABWUS L1014F maaﬁuimawLLmLmaluﬂqa%wmnA
Cx. quinquefasciatus \IwisnRa 1 nazanudnwie
= = U ar a 6 o o A =’ 6 o v
WyUALd lenuMIaTdeziaauinile ng  vinlaine
TuasIasy wazinandsznga mminﬂszqﬂ@ﬂ’ﬁ@ma
ﬁ@mwmiéﬁumu@iamimﬁﬁﬁmLLuaana;uvl,w%'maU@T
I MNAUMINTIIAN IR TN AR
Lﬁ'aiﬁﬁLﬂuﬁagaluﬂﬁimiaaﬁﬂmﬂwLLa:Lmi:’E’m'ﬁﬁmmu
desnsiadindauuadvesgainangy iwﬁﬂﬁﬂuﬁaga
ﬂiznaumiw“ammLﬁanlﬁmimﬁlunwmuquﬂi:mm

o A A a a A o
gehagduduninzsaslsanoiianiieds lasidals
saadfmanza azldahagddwuiana dmald
TonI&NITNIIZUNAUBI LTANUITARNSLOFFRARILT N
o & = &a & ¥ o
aannidsoratdudszlosiannanitslunisisziauas
1Jaaﬁ‘ummwii:m@maﬂiﬂshumsmuquqawmzﬁﬂm

naanssulsend

°ua’uauqmnuw”wmﬁ'nmmiumsﬁwm‘?ﬁ'&
maammaﬁjulmi (MRG5680063) mﬂﬂamuafmm‘m
myie (8N LLaznuw?uu']ﬁfﬂiﬁTﬁjulmi WIneNReBeslval
szdn1 2558

Vol. 49 No. 3 September 2016 397



LN&E13D19DY

398

1.

10.

11.

12.

13.

14.

15.

16.

WHO. Global programme to eliminate lymphatic filariasis: progress report, 2014. Wkly Epidemiol Rec. 2015;
38: 489-504.

WHO [Internet]. Lymphatic filariasis. Fact sheet No.102.Geneva: World Health Organization. [update 2016 Feb;
cited 2016 Apr 2]. Available from: http://www.who.int/mediacentre/factsheets/fs102/en/.

Nuchprayoon S, Junpee A, Poovorawan Y. Random amplified polymorphic DNA (RAPD) for differentiation

between Thai and Myanmar strains of Wuchereria bancrofti. Filaria J. 2007; 6: 6.

Satimai W, Jiraamonnimit C, Thammapalo S, Choochote W, Luenee P, Boitano JJ, et al. The impact of
a national program to eliminate lymphatic filariasis in selected Myanmar immigrant communities in Bangkok

and Ranong Province, Thailand. Southeast Asian J Trop Med Public Health. 2011; 42: 1054-64.

Triteeraprapab S, Songtrus J. High prevalence of bancroftian filariasis in Myanmar-migrant workers: a study in
Mae Sot district, Tak province, Thailand. J Med Assoc Thai. 1999; 82: 735-9.

Jitpakdi A, Choochote W, Panart P, Tookyang B, Panart K, Prajakwong S. Possible transmission of two types
of Wuchereria bancrofti in Muang District, Chiang Mai, northern Thailand. Southeast Asian J Trop Med Public
Health. 1998; 29: 141-3.

Triteeraprapab S, Kanjanopas K, Suwannadabba S, Sangprakarn S, Poovorawan Y, Scott AL. Transmission
of the nocturnal periodic strain of Wuchereria bancrofti by Culex quinquefasciatus: establishing the potential for
urban filariasis in Thailand. Epidemiol Infect. 2000; 125: 207-12.

Pumidonming W, Polseela P, Maleewong W, Pipitgool V, Poodendaen C. Culex quinquefasciatus in Phitsanulok
as a possible vector of nocturnally periodic Wuchereria bancrofti transmission in Myanmar immigrants.
Southeast Asian J Trop Med Public Health. 2005; 36: 176-9.

Chareonviriyaphap T, Bangs MJ, Suwonkerd W, Kongmee M, Corbel V, Ngoen-Klan R. Review of insecticide
resistance and behavioral avoidance of vectors of human diseases in Thailand. Parasit Vectors. 2013; 6: 280.
Somboon P, Prapanthadara LA, Suwonkerd W. Insecticide susceptibility tests of Anopheles minimus s.1.,

Aedes aegypti, Aedes albopictus, and Culex quinquefasciatus in northern Thailand. Southeast Asian J Trop
Med Public Health. 2003; 34: 87-93.

Sathantriphop S, Paeporn P, Supaphathom K. Detection of insecticides resistance status in Culex quinquefasciatus

and Aedes aegypti to four major groups of insecticides. Trop Biomed. 2006; 23: 97-101.

Thanispong K, Sathantriphop S, Chareonviriyaphap T. Insecticide resistance of Aedes aegypti and Culex
quinquefasciatus in Thailand. J Pest Sci. 2008; 33: 351-6.

Yanola J, Chamnanya S, Lumjuan N, Somboon P. Insecticides resistance in the Culex quinquefasciatus populations

from northern Thailand and possible resistance mechanisms. Acta Trop. 2015; 149: 232-8.

Canyon D, Hii J. Insecticide susceptibility status of Aedes aegypti (Diptera: Culicidae) from Townsville.
Aust J Entomol. 1999; 38: 40-3.

Soderlund DM, Bloomquist JR. Molecular mechanisms of insecticide resistance. In: Roush RT, Tabashnikin BE,

editors. Pesticide Resistance in Arthropods.New York: Chapman and Hall; 1990. p. 58-96.

Xu Q, Liu H, Zhang L, Liu N. Resistance in the mosquito, Culex quinquefasciatus, and possible mechanisms
for resistance. Pest Manag Sci. 2005; 61: 1096-102.

Msxsnatamsunndigoslnd 19 49 UL 3 NULN® 2559



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.
SSH

Corbel V, N'Guessan R, Brengues C, Chandre F, Djogbenou L, Martin T, et al. Multiple insecticide resistance
mechanisms in Anopheles gambiae and Culex quinquefasciatus from Benin, West Africa. Acta Trop. 2007; 101:
207-16.

Jones CM, Machin C, Mohammed K, Majambere S, Ali AS, Khatib BO, et al. Insecticide resistance in Culex

quinquefasciatus from Zanzibar: implications for vector control programmes. Parasit Vectors. 2012; 5: 78.

Sarkar M, Borkotoki A, Baruah |, Bhattacharyya IK, Srivastava RB. Molecular analysis of knock down
resistance (kdr) mutation and distribution of kdr genotypes in a wild population of Culex quinquefasciatus from

India. Trop Med Int Health. 2009; 14: 1097-104.

Wondji CS, Priyanka De Silva WA, Hemingway J, Ranson H, Parakrama Karunaratne SH. Characterization
of knockdown resistance in DDT- and pyrethroid-resistant Culex quinquefasciatus populations from Sri Lanka.
Trop Med Int Health. 2008; 13: 548-55.

Martinez-Torres D, Chevillon C, Brun-Barale A, Bergé JB, Pasteur N, Pauron D. Voltage-dependent Na+ channels

in pyrethroid-resistant Culex pipiens L mosquitoes. Pestic Sci. 1999; 55: 1012-20.

Corbel V, N'Guessan R, Brengues C, Chandre F, Djogbenou L, Martin T, et al. Multiple insecticide resistance
mechanisms in Anopheles gambiae and Culex quinquefasciatus from Benin, West Africa. Acta Trop. 2007; 101:
207-16.

Low VL, Chen CD, Lim PE, Lee HL, Tan TK, Lim YA, et al. First molecular genotyping of voltage gated sodium
channel alleles in Culex quinquefasciatus populations in Malaysia. Pestic Biochem Phys. 2013; 107: 127-31.
Xu Q, Liu H, Zhang L, Liu N. Resistance in the mosquito, Culex quinquefasciatus, and possible mechanisms

for resistance. Pest Manag Sci. 2005; 61: 1096-102.

Sarkar M, Baruah [, Srivastava RB, Borkotoki A, Bhattacharyya IK. High-throughput approach to detection of
knockdown resistance (kdr) mutation in mosquitoes, Culex quinquefasciatus, based on real-time PCR using
single-labelled hybridisation probe/melting curve analysis. Pest Management Science. 2011; 67: 156-61.

Yanola J, Somboon P, Walton C, Nachaiwieng W, Somwang P, Prapanthadara LA. High-throughput assays
for detection of the F1534C mutation in the voltage-gated sodium channel gene in permethrin-resistant Aedes
aegypti and the distribution of this mutation throughout Thailand. Trop Med Int Health. 2011; 16: 501-9.

Rattanarithikul R, Harbach RE, Harrison BA, Panthusiri P, Jones JW, Coleman RE. llustrated keys to the
mosquitoes of Thailand Il. Genera Culex and Lutzia. Southeast Asian J Trop Med Public Health. 2005; 36: 1-97.

Wang ZM, Li CX, Xing D, Yu YH, Liu N, Xue RD, et al. Detection and widespread distribution of sodium
channel alleles characteristic of insecticide resistance in Culex pipiens complex mosquitoes in China. Med Vet

Entomol. 2012; 26: 228-32.

Arensburger P, Megy K, Waterhouse RM, Abrudan J, Amedeo P, Antelo B, et al. Sequencing of

Culex quinquefasciatus establishes a platform for mosquito comparative genomics. Science. 2010; 330: 86-8.
Germer S, Higuchi R. Single-tube genotyping without oligonucleotide probes. Genome Res. 1999; 9: 72-8.

Drummond A, Ashton B, Cheung M, Heled J, Kearse M, Moir R, et al. Geneious Pro v 5.04. Available from

http://www.geneious.com/ . 2009.
WHO. Discriminating concentrations of insecticides for adult mosquitoes. WHO/CDS/CPC/MAL/98.12. 1998. p. 1.

WHO. Test Procedures for Insecticide Resistance Monitoring in Malaria Vector Mosquitoes. Geneva, Switzerland:

World Health Organization; 2013.

Bull Chiang Mai Assoc Med Sci Vol. 49 No. 3 September 2016 399



