Waumymnwidu Aninewasensminisi g

T

PRt T o i §
R i 3;“3 B
: IR4 8, WS sdd 2 2

% A ATAAY A
§ A {3y A
i Y AN\ P

DADAQITOT F17
s MR AU X

e P i AT O ANTT NN
THEER \ & B BE
pog 2.0 R S




L3 aw (3
L0 1964 5% vneminenddu dninemamsneninisiduusknd

U

MOLECULAR STUDY ON SODIUM CHANNEL GENE POINT MUTATION

AND THE ASSOCIATION WITH INSECTICIDE

RESISTANCE IN Aedes aegypti

JINTANA YANOLA

A THESIS SUBMITTED TO THE GRADUATE SCHOOL IN
PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

IN PARASITOLOGY

THE GRADUATE SCHOOL
CHIANG MAI UNIVERSITY

JULY 2011



MOLECULAR STUDY ON SODIUM CHANNEL GENE POINT MUTATION
AND THE ASSOCIATION WITH INSECTICIDE
RESISTANCE IN Aedes aegypti

JINTANA YANOLA

THIS THESIS HAS BEEN APPROVED
TO BE A PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

IN PARASITOLOGY
EXAMINING COMMITTEE THESIS ADVISORY COMMITTEE
M / CHAIRPERSON .25 ”"M ADVISOR
Assoc. Prof. Dr. Pradya Somboon Assoc. Prof. Dr. Pradya Somboon
s .MEMBER ; CO-ADVISOR
Assoc. Prof. Dr. Kom Sukontason Assoc. Prof. Dr. Kom Sukontason
e W—K MEMBER Foeeel R e Bl . CO-ADVISOR
Dr. La-aied Prapanthadara Dr. La-aied Prapanthadara
@Y i <DJW = L. simBER ?C%p“( 77(]@ ‘%f& " CO-ADVISOR

Assoc. Prof. Dr. Pongsri Tippawangkosol — Assoc. Prof. Dr. Pongsri Tippawangkosol

Dr. Wannapa Suwonkerd

MEMBER

12 July 2011
© Copyright by Chiang Mai University



iii

ACKNOWLEDGEMENT

I wish to express my sincere gratitude to my thesis advisor, Associated
Professor Dr. Pradya Somboon (Department of Parasitology, Faculty of Medicine,
Chiang Mai ‘University) and my co-advisor, Dr. La-aied Prapanthadara (Research
Institute for Health Sciences, Chiang Mai University) for their kindness, intensive
supervision, valuable suggestions and patience in the correction of my dissertation
and manuscripts, and all the encouragement throughout the course of my study. I am
also grateful to my co-advisors, Associated Professor Dr. Kom Sukontason and
Assoc. Prof. Dr. Pongsri Tippawangkosol (Department of Parasitology, Faculty of
Medicine, Chiang Mai University) for their kindness and valuable advice.

I wish to express my sincere appreciation to Dr. Catherine Walton (Faculty of
Life Sciences, University of Manchester) for her professional suggestions, kindness
and support during my work there. I would also like to thank for her valuable
discussion and correction of my manuscripts and encouragement during my research.
My appreciation is also extended to Dr. Petri Kemppainen (Faculty of Life Sciences,
University of Manchester) for his kind advice on molecular and evolution genetic,
sharing of valuable experience on lab techniques and generous friendship. I also thank
the Walton’s lab members for their friendships, kindness and generous help during
my work in the University of Manchester.

I wish to thank Dr. Jeerang Wongtrakul and Dr. Nongkran Lumjuan, senior
scientists (Research Institute for Health Sciences, Chiang Mai University) for their

valuable guidance in solving technical problems and wonderful friendships. Special



iv

thank are extended to Mr. Woottichai Nachaiwieng (Research Institute for Health
Sciences, Chiang Mai University) for his kind help on molecular lab work and other
lab techniques, moral support and encouragement throughout my thesis project. I
appreciate all teachers and officers from the Departments of Parasitology and
Research Institute for Health Sciences, and the technicians of the Research and
Equipment Center, Faculty of Medicine for their co-operation and assistance in using
the equipment throughout my study.

Moreover, I also thank all my colleges from the Departments of Parasitology
and Research Institute for Health Sciences for their kind help, moral support, constant
encouragement and friendships throughout this thesis project.

I would like to acknowledge the financial support from the Thailand Research
Fund through the Royal Golden Jubilee Ph.D. program to La-aied Prapanthadara and
Jintana Yanola (Grant number PHD/0095/2548). I also thank the financial support
from the Thailand Research Fund through Basic Science (Grant number
BRG5080010) and the National Research Council of Thailand to La-aied
Prapanthadara.

Finally, I would like to express my appreciation to my beloved parents for

their moral support and understanding throughout my study.

Jintana Yanola



Thesis Title Molecular Study on Sodium Channel Gene Point
Mutation and the Association with Insecticide
Resistance in Aedes aegypti

Author Miss Jintana Yanola

Degree . Doctor of Philosophy (Parasitology)

Thesis Advisory Committee

Assoc. Prof. Dr. Pradya Somboon Advisor
Assoc. Prof. Dr. Kom Sukontason Co-advisor
Dr. La-aied Prapanthadara Co-advisor

Assoc. Prof. Dr. Pongsri Tippawangkosol = Co-advisor

ABSTRACT
E 12100

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 w1th 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 4e. 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 ITIS6 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 TaqMan 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 II were examined by DNA
sequencing. The assays can be used for the rapid detection of the F1534C resistance

mutation in de. 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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