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ABSTRACT

The global spread of Ae. albopictus from its native range in Southeast Asia has been
implicated in the recent emergence of dengue endemicity in Malaysia. Maternally
inherited endosymbiont bacteria Wolbachia A (wAIbA) and B (wAIbB) strains are
known to naturally infect Ae. albopictus resulting in cytoplasmic incompatibility (CI)
that could reduce mosquito populations. Studies focusing on genetic diversity of Ae.
albopictus and Wolbachia infestation in local populations are currently lacking in the
Malaysian setting, yet such studies are crucial to enhance current vector control
programs. This study was conducted to determine the pattern of Wolbachia infection
in the local population using the surface protein (wsp) gene and to establish the genetic
variability of maternally inherited mitochondrial DNA encoding cytochrome oxidase
subunit 1 (CO1) gene in Ae. albopictus. Analysis from 12 localities in the Subang Jaya
District based on temporal indices patterns were performed using 120 individual
samples and 20 pooled samples for CO1 and wsp genes, respectively. Genetic
polymorphism and phylogenetic analysis were conducted to reveal the genetic
variability and geographic origin of Ae. albopictus and Wolbachia populations.
Haplotype network was mapped to determine the genealogical relationship of
sequences among groups of population in the Asian region. Genotypic detection of all
sampled localities were positive for both strains with no genetic polymorphism of the
wsp gene, indicating the successful introduction of Wolbachia in the Ae. albopictus
populations in Subang Jaya. Comparison of local CO1 sequences with sequences
derived from 5 Asian countries revealed genetically distinct intrapopulation of
Ae.albopictus. Phylogenetic analysis of Ae. albopictus revealed that all local
sequences descended from the same genetic lineage with the sequences from other
Asian countries. Our study highlights the discovery of 20 novel haplotypes within the
local population that has not been reported to date. High frequency of Wolbachia
infections in Subang Jaya population may lead to low genetic diversity in Ae.
albopictus due to the CI effect that may influence the genetic structure of the
mosquitoes. As such, the co-existence of Wolbachia superinfection in Ae. albopictus is
suggested to be beneficial towards the future development of a biological vector
control agent that can be used in the local settings.



ACKNOWLEDGEMENT

Alhamdulillah. Greatest gratefulness towards Allah SWT, The Most Gracious, Most
Righteous and Merciful; for the faith and hope, blessing and wisdom, good health and
strength upon me to finish this challenging journey and capability to complete this
thesis.

First and foremost, | would like to express my sincere appreciation to my respected
supervisor Dr. Siti Nazrina Camalxaman for always being there for me through out
these years and pushing me farther than | thought I could go. You have been a
tremendous mentor for me. Thanks also to my supportive co-supervisors Associate
Prof Rodziah Ismail, Prof Abu Hassan Ahmad and Dr. Nazri Che Dom for giving me
this opportunity to gain the experience and knowledge through this project under your
supervision. Thank you for all your guidance, encouragement and patience over the
last two years. Your support was essential to my success here. May Allah bestow His
blessings and peace upon all of you.

Special thanks to Dr. Danielle Porretta from Department of Ecological and Biological
Science, Tuscia University, Viterbo, Italy for her kind hearted in sharing the data and
sequences which enable for me to complete the data analysis and finally support the
findings of this research.

I also owe a great debt to many individuals for their help with this project and thesis. |
wish to express my thanks and appreciation to my labmates Muhammad Afiq Zaki,
Nur Atigah Alias, Mayamin Hamsidi and Nurul Adilah Amranuddin for your
tremendous help, guide, ideas and support on sample collection and laboratory works.
I would also like to thank all of my lecturers in UiTM Puncak Alam, postgraduate
friends and ‘tresmignon’ family who supported me in lab work, and incented me to
strive towards my goal.

Uncountable of thanks to the Department of Postgraduate Study, Department of
Medical Laboratory Technology and Department of Environmental, Safety and Health
for providing the research facilities, including staff who had given technical
assistances throughout the duration of this project. | also wish to thank School of
Biological Sciences, Universiti Sains Malaysia, Penang for providing the laboratory
strain.

Last but not least, to my loved ones: my parents; Ismail lbrahim and

, my brother-in-law, Mohd Nawi Yusoff, my siblings and Muhammad Hafiz who
was always there for me and support me in the moments when there was no one to
answer my queries. Thank you for your motivation and patience in keeping me move
forward to complete my study and not letting me give up. Your prayer for me was
what sustained me thus far. My love is eternally with all of you. Thank you so much!

To those who had contributed whether directly or indirectly throughout the whole
process of this study, | personally thank you and may Allah bless all of us.


amysuzaima mohd shafiee
Pencil

amysuzaima mohd shafiee
Pencil


TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
1.1 Research Background
1.2 Problem Statement
1.3 Objectives
1.3.1 General Objective
1.3.2 Specific Objectives
1.4 Significance of Study

CHAPTER TWO: LITERATURE REVIEW
2.1 Classification of Aedes aegypti and Aedes albopictus
2.2 Aedes albopictus
2.2.1 Ecological Niches
2.2.2 Species Competition Interaction
2.2.3 Geographic Distribution of Aedes albopictus
2.3 Wolbachia in Invertebrates
2.3.1 Wolbachia as a Biological Vector Control
2.3.2 Cytoplasmic Incompatibility
2.3.3 Wolbachia Transinfection and Induced Phenotypes

Vi

Page

Vi

Xi
XVii

XiX

o o1 o o~ P

13
15
16
16
19
20
22
25



CHAPTER ONE
INTRODUCTION

1.1 RESEARCH BACKGROUND

The Asian Tiger mosquito Aedes albopictus (Skuse) (Diptera: Culicidae)
(Ae. albopictus) is one of the most invasive species in the world as listed in the Global
Invasive Species Database (Lowe, Browne, Boudjelas, & De Poorter, 2000). The first
entomological detection of Ae. albopictus was documented in the USA, which then
spread to South East Asia and various parts of the world including South Pacific and
Indian Ocean islands, Europe, Middle East, Caribbean, Central and South America,
Central Africa and Australasia (Haddad, Harbach, Chamat, & Bouharoun-Tayoun,
2007; Scholte et al., 2007; Delatte et al., 2011; Vaux & Medlock, 2015). Upon
adaptation to new environment, this competent vector continued to invade extensively
and is responsible for the emergence of several pathogenic viruses including
Chikungunya (CHIKV) (Reiter, Fontenille, & Paupy, 2006), Zika (ZIKV) (Attar,
2016) and dengue (DENV) (Rosen, 1987); causing concern worldwide. Although Ae.
albopictus generally considered as a secondary vector for DENV, Ae. albopictus
possesses strong ecological plasticity that could replace the primary vector, Aedes
aegypti (Ae. aegypti) in the future (Paupy, Delatte, Bagny, Corbel, & Fontenille,
2009).

Aedes albopictus is a semi-container breeder and is usually found in tropical,
subtropical and temperate regions within suburban, urban and forest areas (Rosen,
1987). It usually accommaodates in artificial containers such as used tires, pots plant,
bottles, tins, clogged rain drainages and buckets. Larvae and pupae can also be found
in natural containers including tree holes, bamboo, rock holes, rock pools, coconut
shells and leaf axils especially in the presence of vegetation (Centers for Disease
Control and Prevention, 2010). The uncontrolled expansion of Ae. albopictus can be
attributed to ecological plasticity, rapid urbanization, lack of public awareness,
improper solid waste disposal, climatic change and increased international trade
especially in used tires and lucky bamboo (Gratz, 2004; Paupy et al., 2009; Medlock
et al., 2015). The control of Ae. albopictus has become more challenging in recent

years in tandem with the increase of human populations (Padmanabha, Durham,
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