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ABSTRACT

Insecticides have been used for control of mosquito-borne diseases for decades
and consequently cause development of resistant mechanisms in mosquito species.
One of the important mechanisms is the mutations of voltage-gated sodium channel
gene, the primary target of pyrethroids, resulting reduced sensitivity of the target sites
known as knockdown resistance (kdr). The objectives of this study were 1) determine
the point mutation of voltage-gate sodium channel gene in Aedes aegypti, PMD-R
strain which is resistant to permethrin compared with the susceptible strains by using
RT-PCR and DNA sequencing. 2) determine the genetic characteristic of the point
mutation by crossing experiments. 3) develop molecular tools for determining the

point mutation in Ae. aegypti populations in Thailand.
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The results revealed that the PMD-R strain has an amino acid substitution
phenylalanine (F) to cysteine (C), at an amino acid position 1534 in the 111S6 coding
region of sodium channel sequences which had never been reported elsewhere. The
genetic study indicated that the permethrin resistance was autosomal and incompletely
recessive phenotypes and highly associated with the homozygous mutation
(C/C1534). Backcrossing experiment indicated a number of unlinked gene contribute
to resistance suggesting the involvement of other resistance mechanisms. Adding an
oxidase inhibitor in larval bioassay resulted in a decrease of permethrin resistant level
of F1 hybrid close to that of the parents. Therefore, permethrin resistance of PMD-R
was mainly due to F1534C mutation of the sodium channel gene and partly oxidase
enzymes.

Two monitoring tools for detection of F1534C mutation have been
successfully developed; a TagMan SNP genotyping (TagMan SNP) and an Allele
Specific PCR (AS-PCR) assays. The former was as good as the DNA sequencing
where as the latter slightly overestimated the mutant allele frequency by 1.8% in wild-
caught samples. The AS-PCR assay using 619 individuals from 20 localities of
Thailand show that the mutant C1534 allele was widely distributed throughout
Thailand with frequencies varied among populations from 0.20 to 1.00 (overall 0.77).
This mutation was very closely associated with the permethrin resistant phenotype.
However, 19 permethrin-resistant individuals did not have F1534C mutation but
homozygous for V1016G and S989P mutations in domain Il were examined by DNA
sequencing. The assays can be used for the rapid detection of the F1534C resistance

mutation in Ae. aegypti populations. The efficacy of pyrethroids for controlling Ae.
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aegypti may be limited due to the mutation of voltage-gated sodium channels.

Selection of appropriate insecticide and other control methods is necessary.
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