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ABSTRACT

Anopheles culicifacies is the major vector of malaria in Sri Lanka. It is known to exist as
a complex of four sibling species A, B, C and D within its geographical distribution. The
four species have been found to be different in their pattern of distribution, behaviour,
and in malarial vector competency, hence, precise identification of member species of a
vector complex is important for accurate epidemiological studies as well as for the
successful implementation of control programmes. Three repetitive DNA sequences
(Rp36, Rp217 and Rp234) isolated from An.culicifacies species B genome were
characterized in this study. The cloned DNA sequences were specific only to
An.culicifacies mosquitoes and were found at a higher copy number in species B and C
than in species A, when analyzed by Dot-blot and Southern blot hybridization assays.
Hence, these sequences could be used as DNA probes to detect An.culicifacies from other
mosquitoes, as well as to distinguish species A from B and C, using a 200 fold dilution of
a single mosquito/head DNA extract in a dot blot hybridization assay. The sequence
Rp217 was further developed as a non-radioactive DNA probe to be used in the field
employing a simplified squash blot hybridization assay. The copy number of Rp36 was
found to i)e approximately 50,000 which represents approximately 5% of the
An.culicifacies species B genome. Rp36 and Rp217 were completely sequenced. The -
sequence Rp36 is devoid of any internal repeats. However, analysis of Rp217 revealed the
presence of two related tandemly repeating core sequences of 13 and 16bp. The partial
sequence data of Rp234 revealed the presence of a sequence homologous (94%) to Rp36 in
Rp234. Analysis of mosquitoes {n = 1119) collected from various malaria endemic regions
in Sri Lanka using the above DNA probes, did not reveal the presence of species A.
Studies on vector bionomics were also carried out in Gomadiyagala, a village in the North
Western Province of Sri Lanka for a period of 3 years. An.culicifacies originating from
this area, was established as a forced mating colony at the University of Sri
Jayewardenepura and was identified as belonging to species B. The distribution of
An.culicifacies B was unimodal, peaking around the North-East monsoon / post monsoon

periods during November to April.




vii
ix
xi

Xii

01

06
07
08
10
12
13
13
15
15
16
19
20
22
27
28

=559

TABLE OF CONTENTS

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

ABBREVIATIONS

ACKNOWLEDGEMENTS

ABSTRACT

CHAPTER 1

1.1.0.0
1.2.0.0
1.3.0.0
1.4.0.0
1.5.0.0

1.6.0.0

INTRODUCTION

Present status on global malaria problem

Malaria in Sri Lanka

Strategies for malaria vector control

Malaria vector control strategies in Sri Lanka

Importance of vector analysis at species and intraspecies level

Identification of species complex

1.6.1.0
1.6.2.0
1.6.3.0
1.6.4.0

1.6.5.0

1.6.6.0
1.6.7.0

1.6.8.0

Definition and designation

Notation

Evolutionary perspective on sibling species

The available taxonomic tools to identify sibling species
Mosquito genome organization and complexity

1.6.5.1 Genome size

1.6.5.2 Repetitive sequences

DNA based methods

DNA probes

Random amplified polymorphic DNA (RAPD) markers




41

41
43
43
46
50
52
52
55
56
57

59

60
60
60
62
62
62
62
64
65
65
65
68
68

1.7.0.0 An.culicifacies complex

1.8.0.0 Bio-ecological variations between sibling species of An.culicifacies

1.7.1.0 Distribution

1.7.2.0 Identification of An.culicifacies species complex
1.7.2.1 Crossing experiments
1.7.2.2 Cytogenetic studies
1.7.2.3 Biochemical analysis

1.7.2.4 Micromorphological studies

1.9.0.0 Colonization of An.culicifacies

1.10.0.0 Rationale

1.11.0.0 Outline of present study

CHAPTER 1II - MATERIALS AND METHODS

2.0.0.0 Materials and methods (Part one)

2.1.0.0 Mosquitoes, bacterial strains and plasmids

2.2.00

2.3.0.0

2.4.0.0

2.1.1.0 Mosquitoes
2.1.2.0 Bacterial strains
2.1.3.0 Plasmids

2.1.3.1 Plasmid vectors

2.1.3.2 Recombinant plasmid clones
Sterilization procedures
Culture media, growth and transformation of E.coli
2.3.1.0 Culture media, growth and storage of E.coli
2.3.20 ‘E.COII' transformatons
General DNA methods

2.4.1.0 DNA preparations

ii



74
75
76
77
77
78
78
79
79
80
81
82
83
83
84

85
87

87
87

87

89
90
90

90

2.5.0.0

2.4.2.0
24.3.0

2.44.0

2450
2.4.6.0

24.7.0

2.4.8.0

2.4.1.1 Mosquito DNA

2.4.1.2 Mini-preparations of plasmid DNA from E.coli
2.4.1.3 Maxi-preparations of plasmid DNA from E.coli
Agarose gel electrophoresis

Electro-elution of DNA fragments

Preparation of DNA blots

2.44.1 Southern blots

2.4.4.2 Dot blots

2.44.3 Mosquito squash blots

2.4.4.4 Filter preparation for E.coli colony hybridizations
Preparation of 32? labelled DNA probes

Pre hybridization and hybridization of nitrocellulose filters
Biotin labelling and detection

24.7.1 Preparation of probes

2.4.7.2 Hybridization assays and detection

DNA sequencing

Materials and methods (Part two)

25.1.0
2.5.2.0

2530

2540

2.5.5.0

Study area

Meteorological data

Sampling of An.culicifacies s.s adults from cattle baited hut
collection (CBHC)

Larval rearing of An.culicifacies species B

Colony maintenance of An.culicifacies species B

2.5.5.1 Laboratory conditions

2.5.5.2 Forced mating technique

iii



92

92
93
96

100

100
104

110

110

111

114

118

118

126

126

CHAPTER III - RESULTS AND DISCUSSION (1)

3.0.0.0 Results and discussion (1) Characterization of cloned repetitive
DNA sequences Rp36, Rp217 and Rp234

3.1.0.0 Specificity of Rp36, Rp217 and Rp234 cloned DNA sequences

3.2.0.0 Genomic localization of Rp36, Rp217 and Rp234 sequences

3.3.0.0 Isolation of sequences homologous to Rp234 from the genome of
An.culicifacies species C

3.4.0.0 Sequence data of Rp36, Rp217, Rp234 and pC7

3.5.0.0 Copy number

CHAPTER IV - RESULTS AND DISCUSSION (2)

4.0.0.0 Results and discussion (2) Further development of DNA probes
for field use
4.1.0.0 Hybridization of DNA probes to mosquito squash blots

4.2.0.0 Biotin labeHing and detection

CHAPTER V - RESULTS AND DISCUSSION (3)

5.0.0.0 Results and discussion (3) Screening of wild caught mosquitoes for

sibling species status A
CHAPTER VI - RESULTS AND  DISCUSSION (4)

-

6.0.0.0 Results and discussion (4) Vector bionomics

iv



6.1.0.0 Results
6.1.1.0 Meteorological information
6.1.2.0 An.culicifacies s.s relative abundance
6.1.3.0 Larval rearing and colony maintenance of An.culicifacies s.s

6.2.0.0 Discussion

CHAPTER VII - SUMMARY AND CONCLUSIONS

7.1.0.0 Summary and conclusions
7.20.0 Future work
References
Appendices
Appendix 1
Appendix II
Appendix III

Appendix IV




