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ABSTRACT

Isozymes of 6 wild-caught populations of Aedes aegypti (Linnaeus) were compared using
starch gel electrophoresis. Four populations were collected from Ao Sapparod, Klong Son
Village, Dan Mai Village and Salak Phet Village in Chang Island, the others 2 populations were
collected from Tha Thammachat and mainland of Laem Ngob District, Trat Province. Five of 13
isozyme loci were polymorphic. The mean number alleles per locus ranged from 1.4 (20.1) to 1.7
(£0.2). Both observed and expected mean heterozygosities ranged from 0.036 (x0.015) to 0.171
(20.077) and 0.040 (20.018) to 0.149 (£0.060), respectively. Nei’s genetic distance among
populations ranged from 0.001 to 0.117. Wright’s F statistics revealed greater variation among
populations than within populations. The genetic differentiation was observed between Ae.
aegypti populations in Chang island and on the coastal areas of mainland in Laem Ngob District,

Trat Province, as a low level of gene flow among these populations.
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CHAPTER 1

INTRODUCTION

1.1 Background

Aedes aegypti (Linnaeus) is a principal vector of dengue fever in some areas including
Southeast Asia, the Western Pacific, Latin America, the Caribbean and Africa (Harrington and
Stork 1995). Dengue fever, a human viral infection is normally an acute and non-fatal disease has
become a global health problem. However, dengue hemorrhagic fever, a severe type of this
disease which is associated with multiple infections has become one of the leading causes of
illness and death in Thailand as well as other Asian countries (Kantachuvessiri 2002). In
Thailand, dengue fever occurs throughout the country after the first outbreak of this disease in
1958. The outbreak of dengue fever in Thailand has occurred every year or every 2-3 years.
Increasing in transportation has contributed to the dispersal of infected vector and veramic human
(Faillox et al. 1995).

There have been extensively studied on genetic structure of Ae. aegypfi, since the great
variety of this mosquito in morphology, physiology, behavior and geographic with its importance
in medicine. Based on Ae. aegypti isozyme polymorphism, the knowledge of genetic structure is
useful for identification of de. aegypti populations and for analysis gene flow among Ae. aegypti
in different geographical zones. Two subspecies of de. aegypti have been recognized in East
Africa (Mattingly 1957) and the other subspecies has been recognized in South of Sahara, East
Africa(Trips and Hausermann 1975). In Thailand, the presence of a single species based on
genetic structure of Ae. aegypti populations between island and mainland of Surat-Thanee
Province, South of Thailand has been reported by Chareonviriyaphap and Lerdthusnee (2002).

Chang (elephant) island, one of marine national park groups (Kut: Mak, Rat, Maichi, etc.)
with an area of about 429 square kilometers. It is located on the north of the Gulf of Thailand,
about 315 and 9 kilometers from East Bangkok and Laem Ngob district, respectively. Chang
island has an population of about 6,000 distributed along the coastal plain around the island, most
of them are fishing. The dominant vegetation on Chang island is coconut palm. The climate of
Chang island is affected by the monsoons. Rainfall occurs throughout the year usually May to
October, most of the time due to the southwest monsoon. The mean annual rainfall is about

5,500-6,500 millimeters and the mean annual temperature is 27.7°C. Many environmental



changes have created situations that have favored condition for increasing Ae. aegypti in Chang
island. However, little is known about the movement of Ae. aegypti populations, especially
among island and mainland.

Starch gel electrophoresis technique was available to investigate whether there are any
significant differences in genetic structure of de. aegypti populations in the mainland and island
of Trat Province, East of Thailand. In this study, the pattern of gene flow between island and
mainland populations and among the 4 island populations were analyzed, using genetic profiles of

Ae. aegypti from 2 geographical zones.

1.2 Objectives

1. To investigate the genetic structure of de. aegypti populations in island and mainland of

Trat Province.

2. To analyze the pattern of gene flow of Ae. aegypti populations in island and mainland of
Trat Province.

1.3 Research Plans

1. Collect and identify mosquito specimen from Chang island and from the coastal areas in
Laem-Ngob District, Trat Province.

2. Investigate the isozyme of de.aegypti using starch gel electrophoresis.

3. Analyze and compare the genetic structure of Ae. aegypti populations from the island
and mainland in Trat Province using the computer program, BIOSYS-1 (Swofford and Selanda.
1981).

4. Produce the phenogram by Unweighted Pair Group Method Averaging (UPGMA) for

cluster analysis according to Nei’s (1978) unbiased genetic distance.



CHAPTER 2

LITERATURE REVIEW

2.1 Taxonomy of Aedes aegypti

Aedes aegypti is a medium-sized mosquito belongs to Class Insecta, Order Diptera, Family
Culicidae and Genus Aedes. It was first described by Linnaeus in 1762 (Christopher 1960). The
origin of Ae. aegypti is the African forest (Wallis and Tabachnick 1990). In general, this
mosquito is known by different common names such as yellow fever mosquito, black and white
mosquito, day-biting mosquito, domestic mosquito (Christopher 1960) and the mosquito of
seaport (Horsfall 1972).

This species have been recognized as species complex comprising at least 3 species namely
Ae. aegypti aegypti, Ae. aegypti formorsus (Walker) and Ae. aegypti queenlandensis (Mattingly
1957 ; Trips and Hausermann 1975). The subspecies de. aegypti aegypti, a brown and domestic
form distributed widely throughout the range of the species except in Africa South of Sahara,
where the other subspecies Ae. aegypti formorsus (Walker), a black and forest form have found.
The subspecies Ae. aegypti queenlandensis, a pale and peridomerstic form has been distributed

in the same area of de. aegypti formorsus on the coast of East of Afreica.

2.2 Biology of Aedes aegypti

Aedes aegypti has a complete metamorphosis of 4 different forms (egg, larva, pupa and
adult). A batch of eggs is laid separately on the moist surface just above the waterline of the
water container. The fertilized female lay its eggs mostly in containers inside human habitats.
Only a small amount of eggs are laid in containers outside human habitats (Harrington and Stork
1995). The eggs (elongated tubular, about 1 millimeter in length) are white and turn to dark
within 2 hours. The eggs develop to a fully stage within 30 to 40 hours, by the first 16 to 24 hours
they take up very high water to remain viable (Christopher 1960 ; Kliewer 1961). The fully
developed eggs can survive in dry condition for months up to 1 year (Christopher 1960 ; Horsfall
1972) and can hatch into larva stage as soon as reflooded.

Like others mosquito larva, there are 3 different regions in the body : sclerotised head, a

broad thorax and segmented abdomen. The Ae. aegypti larvae can hang head down from the



water surface, with breath and feed below the water surface in the same time, since they have a
short siphon with interior respiratory tube at the terminal segment of its abdomen. The larvae are
found in the container with clean and still water, occasionally found in dirty water. The larvae
feed on the small particle in the water container (Womack 1993). The larvae quickly move to the
bottom of water container when they are disturbed because of their sensitivity to the water
vibration and light intensity. The lavae shed their skin 4 times and develop into pupa within 6-8
days (Christopher 1960).

The pupal stage remain an aquatic living and have a cephalothorax (the combined part of
the head and the thorax) which is jointed to a segmented abdomen. They can breath through a
tubular respiratory horn which is located on the posterior cephalothorax. The food does not
essential for this resting stage. The pupae take 1-2 days before the adults emerge (Christopher
1960).

The adults are medium size and easily recognized by silver-white lyre-shaped pattern on
the mesonotum with the white band on its abdomen and its hind tarsi. Fertilized female lay eggs
after feeding blood. Both sexes have similar feeding period, the female is feed only on human.
There are 2 biting peaks ; before sunset and after sunrise at the area associated with human
habitats. Blood meal are essential for the maturation of eggs. Each fertilized female lay eggs 5 to
6 time, maximum to 116 eggs in their life cycle (Brigel 1990).

2.3 Distribution of Aedes aegypti

The origin of Ae. aegypti is the African forest. The African slave tradition in about 1500s
had begun the spread of this mosquitoes into others areas, subsequently the transportation by sea
is the importance factor to introduce this mosquitoes to others areas of the world (Service 1997).
At present, Ae. aegypti is widely distributed throughout the temperate region, which roughly
correlated with range extending from 40°S to 40°N latitude (Womack 1993). The distribution of
this mosquito is dominated by the limitation of life factor such as; temperature, rainfall, season,
habitat and dispersal (Scanlon. 1967 ; Fontenille and Rodhain 1989 ; Kemp and Jupp 1991). The
adults mosquitoes can not resist to cold climate and a temperature of 6°C for 24 hours, or 42 °C
for 5 minutes. The temperature range from -8 to 46 °C and 20 to 46 °C are suitable for the
latvae and the eggs, respectively (Slosek 1986). Low populations of de. aegypti are obvious in

dry season and become higher in rainy season (Schultz 1993). The different containers are the



importance habitats of de. aegypti larvae such as discarded automobile tires, garden vessels,
rubbish, rock hole, coconut shells, water jars, drum, cement cistern (Trpis 1972 ; Jumali et al.
1979 ; Chamber et al. 1986 ; Tidwell ez al. 1990 ; Kittiyapong and Strickman 1993). In flight
ability, de. aegypti can not fly for a long distance from human habitats (Mattingly. 1969).
Sheppard et al. (1969) reported that the average distance flight of this mosquito in Bangkok was
37 meters. In Thailand, this mosquito is distributed in throughout the country, but the abundant

period commonly occurs during the rainy season.

2.4 Isozyme electrophoresis

Advantage in biochemistry and molecular biology has allowed the differentiation of related
animal and plant species. Isozymes electrophoresis is extensive used for studies the relationship
at population and species level. It is involed the protein separation on supporting media using
electrical current, and the enzyme staining reaction. The migration rates of protein through the
media depend upon the net charge, size and shape of the protein. Each band appears on the gel
corresponds to a different protein, which is controlled by one, two or several genes. A single or
multilocus banding pattern is easily interpreted following Mendelian law. In addition, it provide

heterozygote banding pattern from which estimates of deviation from Hardy-Weinberg

2.5 Genetic structure of Aedes aegypti

Aedes aegypti is widely distributed throughout the tropical and subtropical zone. For many
years there were some studies that indicated the genetic differentiation among different Ae.
aegypti populations. The in formations of isozyme electrophresis were available to identify Ae.
aegypti from worldwide into 8 geographical groups including feral form de.aegypti formorsus in
East and West Africa and domestic form Ae. aegypti aegypti in Southeast Asia-Pacific, the
Caribbean, Southeast U.S., Southwest U.S.-Mexico, Central-South America and East Africa
(Tabachnik and Powell 1979 ; Powell and Tabachnik 1980 ; Tabachnik 1991).

The study of genetic structure of domestic and feral Ae. aegypti in East Africa were done
by Scott and McClelland (1975) and Tabachnick et al. (1979). Based on the 15 polymorphic
loci, in some loci showed genetic differentiations between the 2 forms of Ae. aegypti ; however,
there no different in mean heterozygosity (P<0.05). In addition, a low level of gene flow was

observed between the 2 forms of Ade. aegypti.. From these results and the distinct behavioral



feature, they divided these 2 forms into subspecies (Tabachnick et al. 1979). Contrast to the
studies on genetic structure of domestic and feral Ae. aegypti Caribbean island of Angulla
(Wallis and Tabachnik. 1990).

Genetic variability of Ae. aegypti in 18 collections of Caribbean islands were analyzed
using starch gel electrophoresis (Wallis et al 1984). Similarity of genetic structure throughout
the studied areas were found. Although there were some relationship between geographic and
genetic distance, some sample collections did not correlate to any geographic pattern. These
resulted from a high level of gene flow among island and with mainland of America. Contrast to
the study of the relationship of Ae. aegypti and the epidemic of dengue fever in French Polynesia
islands (Failloux et al. 1995). They analyzed the genetic structure of Ae. aegypti in attempt to
analyze the pattern of gene flow between the islands. A low level of gene flow among islands
were found. Thus the epidemic of dengue fever in French Polynesia islands could be resulted
from the movement of infected human from place to place.

In Argentina, the genetic structure of Ae. aegypti were studied for the aftemption to
determine the genetic distance among different provinces which are abundant with this mosquito.
There no relationship between geographic and genetic distance, as the recent introduction of
individuals into the studied areas. The low level of genetic differentiations were observed among
3 different locations (Sousa et al. 2000). They noticed that the distribution of Ae. aegypti in
Argentina depend upon the commercial trade from others countries.

The genetic structure of domestic de. aegypti in East African villages less than 2 kilometers
apart was analyzed on 4 loci : Est-6, Idh-1, Mdh-1 and Pgm-1 (Tabachnik and Powell 1978).
They found no genetic subdivision within a village with low gene flow between villages. They
also found genetic different between villages, this due to natural selection or random genetic drift.
In the other hand, Harrington et al. (1984) examined genetic structure of urban Ae. aegypti in
USA. Samples were collected from tire dumps, which are the common larval habitats in this
country. Based on 10 enzyme loci : Hk, Mdh, Pgm, Pgi, Ald, Ae, Fum, Q-Gpd, Me and 6-Pgd,
they found the low genetic differentiation among different populations in study areas. However,
the genetic variation of Ae. aegyptithe was also obtained examination the only one enzyme
system : the phosphoglucomutase (Pgm) (Bullini and Coluzzi. 1972), Esterase (Est) (Briegel and
Freyvoge 1973) and phosphate system (Igbokwe 1982).

In Thailand, Chareonviriyaphap and Lerdthusnee (2002) studied the genetic structure 4e.

aegypti populations in Samui island and mainland of Surat-Thanee province. They found the low



level of genetic variability in these populations. Low level of genetic exchange between island
and mainland populations were observed, these results due to a low level of gene flow between
island and mainland populations. In addition, Lerdthusnee and Chareonviriyaphap (1999)
observed the genetic differentiation among the de. aegypti  populations which were collected
before and after the mosquitoes control program in Tak Province. Similarity to the study of the
genetic structure of Ae. aegypti from different subdistrict in Chaiengmai Province (Mousson et al.
2002). The genetic differentiation among these locations were found, this evidence was the effect
of insecticide control in the study sites. Komalamisra et al. (2001) examined genetic structure of
Ae.aegypti from different provinces. They reported no genetic differentiations among these

mosquito populations ; although the morphological study showed the different form of these

mosquito.



CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

1. Accessories for electrophoresis : U-mold containing solidified starch gel covered with
saran wrap, electrode buffer chamber and accessories for gel preparation : cutting plate, gel slicer,
L-shaped slot guide and spatula. (Figure 3.2)

2. Aspirator pump model B-169 (BUCHI Labortechnik AG, Switzerland)

3. Balance model PB 153 (METTLER TOLEDO, Switzerland)

4. Bunsen burner

5. Cellulose polyacetate (Gelman Sciences Inn., USA)

6. Deep-freezer (-80°C) model U 420 (Heto-Holten A/S)

7. Magnetic stirrer (MICROSTIRER, VELP SCIENTIFICA, Italy)

8. Oven model BE 500 (MEMMERT GmbH + Co0.KG, Germany)

9. Perspex grinding block

10. pH meter model pH 325A (WTW, Germany)

11. Power supply model EC 105 (E-C Apparatus Corporation)

12. Staining box with lid

13. Vortex mixer (VIBROMIX, Italy)

3.2 Mosquitoes Collection

Both larval and pupa mosquitoes were collected from 2 geographical zones, island and
mainland of Trat Province, East of Thailand (Figure 3.1). Four populations of Chang island
namely Ao Sapparod, Dan Mai and Salak Petch and the others 2 populations were collected from
Tha Thammachat and mainland of Laem Ngob District, Trat Province. All populations were
located about 2-25 km apart ; the distance between Klong Son and Ao Sapparod, Ao Sapparod
and Dan Mai, Dan Mai and Salak Petch, Tha Thammachat and Ao Sapparod, Laem Ngob And
Dan Mai and Tha Thammachat and Laem Ngob are about 2, 10, 14, 5, 9 and 17 km, respectively.
All mosquitoes were reared to adult stage and then stored at -80°C for isozyme analysis. The

species of all mosquitoes were recorded and identified.
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Figure 3.1 Collection sites of Aedes aegypti populations from Ao Sapparod, Klong
Son, Dan Mai and Salak Petch in Chang Island, Tha Thammachat and

mainland of Laem Ngob District, Trat Province.
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Figure 3.2 Accessories for electrophoresis : U-mold containing solidified starch gel covered with

saran wrap(A), electrode buffer chamber (B) and accessories for gel preparation :

cutting plate (C), gel slicer (D), L-shaped slot guide (E) and spatula (F).
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3.3 Sample preparation

Aedes aegypti mosquitoes were placed in a Perspex grinding block. Twenty-five
microliters of lysis buffer (0.605 g Trisma, 0.02 g EDTA and 0.005 g NADP in 50 ml dH,0,
adjust pH to 7.0 with HCI plus 1 drop mercaptoethanal) was added to each well. Individual
mosquitoes was then ground with a glass rod until the mosquito was homogenous. The
homogenates were absorbed onto 4 X 11 millimeters of cellulose polyacetate paper. The saturated

paper were inserted in the sample slot of the prepared starch gel.

3.4 Starch gel preparation

Horizontal starch gel was prepared by using a concentration of 11.1 and 4.4 % (w/v) of
hydrolyzed potato starch and sucrose, respectively in the suitably-chosen buffer (Appendix 2)
namely Lithium hydroxide (LiOH) (Pasteur et al. 1988), Morpholine (Morph) (Clayton and
Tretiak. 1972), Tris-citrate buffer system (TCss) (Shaw and Prasad 1970) and Tris-malate-
ethylenediamiestetracetic acid (TMED) (Pasteur ef al. 1988). The 450 milliliters suspension in a
1 liter Erlenmeyer flask was then heat over Bunsen bumer with constantly swirling. When the
suspension become viscous, heating and swirling must be continued for 60 seconds (until the
suspension was converted into a transparent solution). The solution was then degassed under
vacuum about 20 seconds. The solution was poured into the U-mold with masking tape shut along
the bottom of the side walls. The gel was allowed to set for 1 hour at room temperature. After
that the gel was covered with Saran wrap to prevent the hydration, and it was placed at room
temperature overnight. Before use, the gel was cooled in a refrigerator for a half hour and

thereafter it was cut vertically as the sample slot with a scalpel, about 4.5 cm from one side using

a L- shaped slot guide.

3.5 Loading the samples

The pieces of the cellulose polyacetate paper previously saturated with the sample solution
were inserted into a vertical cutting in the gel. After loading the samples, the gel surface was

covered with Saran wrap and was placed over the gel with a crushed ice box.
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3.6 Running gel electrophoresis

Isozyme electrophoresis were performed on horizontal starch gel. The process of
electrophoresis were conducted as described by Lerdthusnee and Chareonviriyaphap (1999). A
total of 20 enzyme systems were performed, as followed : Aconitase (dcon, E.C.4.2.1.3),
Adenylate kinase (4k, E.C.2.7.4.3), Aldehyde oxidase (4o, E.C. 1.2.3.1), Arginase kinase (4rgk,
E.C.2.7.3.3), Esterase (Est, E.C. 3.1.1.1), Glycerol dehydrogenase (Ged, E.C. 1.1.1.72), Glucose-
6-phosphate dehydrogenase, (G6pdh, E.C.1.1.1.49), Glutamate oxaloacetate transminase (Got,
E.C. 2.6.1.1), Ol-glycerophosphate dehydrogenase (Q-Gpdh, E.C.1.1.1.8), B-hydroxyacid
dehydrogenase (Had, E.C.1.1.1.30), Hexokinase (Hk, E.C. 2.7.1.1), Isocitric dehydrogenase (/dh,
E.C.1.1.1.42), Malate dehydrogenase (Mdh, E.C.1.1.1.37), Malic enzyme (Me, E.C. 1.1.1.40),
Mannose-6-phosphate isomerase (Mpi, E.C.5.3.1.8), 6-Phosphogluconate dehydrogenase (6Pgd,
E.C. 1.1.1.43), Phosphoglucose isomerase (Pgi, E.C.5.3.1.9), Phosphoglucomutase (Pgm, E.C.
5.4.2.2) and Xanthine dehydroganase (E.C. 1.2.1.37). Four buffer systems : Morph, LiOH, TCss
and TMED were used in this study. Electrophoresis were performed at the constant voltage of 16

V/cm, for 4 hours in LiOH, Morph and TCss and 6 V/cm, for 6 hours in TMED buffer system.

3.7 Slicing the gels after electrophoresis

Starch gel was sliced longitudinally into several thin slices because stains will not penetrate
the whole slab gel. After electrophoresis was completed, the paper pieces was removed. Cutting
the unnecessary edged of the gel and marking the angle at the right of the gel for the termination.
The gel was fransfeérred to a slicing plate and sliced with a thin steel wire. Starch gel must be cut

at least once before staining..

3.8 Enzyme activity staining

All staining reagents were mixed in 50 ml suitable buffer ; DH buffer, Phosphate Na/Na,,
Phosphate Na,/K and Tri-HCI (Appendix 2). There are staining solutions that contain a specific
substrate for enzyme to be assays (Appendix 2). When staining was sufficient for interpretation,

the enzyme reaction were stopped with fixative solution (Methanol : dH,O : Acetic acid in ratio
10:10:1).
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3.9 Data analysis

Analysis of alleles frequencies, heterozygosity, Hardy-Weinberg equilibrium and genetic
distance were calculated using BIOSYS-1 (Swofford and Selanda 1981). Each population was
analyzed by the computation of allele frequencies, heterozygosity per locus, genetic variability
and a test for conformance to Hardy-Weinberg equilibrium at each loci by a chi-square test.
Differentiation among populations were determined by F-statistic. The phenogram were

produced by UPGMA for cluster analysis according to Nei’s (1978) unbiased genetic distance.



CHAPTER 4

RESULTS

4.1 Enzyme systems

Of the 20 enzyme systems were detected (Table 4.2), 13 (Acon, Aks, Argk, Est, G6pdh,
Gpdh, Had, 1dh, Mdh, Mp,1, 6Pgd, Pgi and Pgm) were used in this study. These 13 enzyme
systems presented consistent bands (Figure 4.1). Four enzyme systems (4o, Hk, Me and Xdh)

failed to stain, the others two (Got and Gcd) showed inconsistent bands.

Figure 4.1 Electrophoresis pattern of Arginase kinase (Argk) from Aedes aegypti populations
collected from 6 different locations. Each lane consists of 5 bands of individuals :
Lane 1 from Ao Sapparod, Lane 2 from Klong Son, Lane 3 from Dan Mai, Lane 4

from Salak Petch, Lane 5 from Tha Thammachat and Lane 6 from Laem Ngob.

4.2 Population genetic structure

All enzyme systems used for this study had 1 locus (Table 4.1). Five of the 13 loci : Acon-
1, Est-1, Idh-1, Mdh-1 and Pgm-I were polymorphic (by 99% criterion) in all populations,
whereas Aks-1, Argk-1, G6p-1, Gpd-1, Mpi-1, 6Pgd-1 and Pgi-1 were monomorphic loci in all
populations. The genetic frequencies of all polymorphic loci for each population were showed in
Table 4.2. The most polymorphic loci were Idh-1, Mdh-1 and Pgm-1 with 2 alleles, followed by
Est-1 and Had-1 with 2 alleles. An unique allele, Had,, was found only in Tha Thammachat
population. There was a fixed allelic difference between Ade. aegypti from Laem Ngob and the
remaining populations. Measures of genetic variability at 13 loci of Ae. aegypti in all populations

were summarized in Table 4.3. The percentage of polymorphic loci in all populations ranged
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from 15.4 % to 38.5 % : the mean number of alleles per ranged from 1.4 (£0.1) to 1.7 (x0.2) and
the mean expected heterozygosity ranged from 0.040 (0.018) to 0.119 (£0.060). However, there
was no difference in the mean expected heterozygosity between island and mainland populations
since the broadly overlapping standard errors. In addition, the percentage of polymorphic loci for
all populations ranged from 38.5 % to 46.2 % when considering at 99% criterion (Table 4.4).

Genetic frequencies deviated from the Hardy-Weinberg Equilibrium (P<0.05) among the 6
populations at 4 of all loci (Table 4.5). Est-I and Had-1 deviated in Tha Thammachat population.
Idh-1 was not in the Hardy-Weinberg Equilibrium in Dan Mai population. Pgm-I did not
conform to the Hardy-Weinberg Equilibrium in Ao Sapparod and Klong Son populations. All of
the deviations due to heterozygote deficiencies (Fixation index ; F > 0)(Table 4.6), except at Had-
1 in Tha Thammachat population which was excessive of heterozygote. However, these
deviations were not greater than the 5 % expected by chance (P<0.05). Considering the 2
different geographical areas ; island and mainland populations were not in the Hardy-Weinberg
Equilibrium at 2.6 % and 1.3 % expected by chance, respectively. Only Acon-1 showed genetic
frequency equal to the Hardy-Weinberg Expectation &' =0)in Klong Son, Salak Petch and Tha
Thammachat populations (Table 4.6).

The genetic variation among any populations of Ae.aegypti were compared as follow :

4.2.1 Ao Sapparod and Klong Son. Similarity of genetic frequencies between these 2
populations were found, except at Idh-1, Mdh-1 and Pgm-1. Idh,,, and Pgm,, alleles were found
only in Klong Son population. Mdh-1 showed highly differentiation between the 2 populations :
Mdh,,, was the most common allele in Ao Sapparod populations, Mdh,, Mdh,,, occurred with
equal frequency in Klong Son populations and Mdh,,, allele was found only in Ao Sapparod
population. Heterozygosity of Acon-1 were relatively higher in Ao Sapparod than in Kong Son
populations, whereas those of Idh-1 and Mdh-1 were relatively lower in Ao Sapparod than in
Kong Son populations. Contingency chi-square tests showed deviations from Hardy-Weinberg
Equilibrium between the 2 populations at Pgm-1.

4.2.2 Ao Sapparod and Dan Mai. Similarity of genetic frequencies between these 2
populations were found, except at Idh-1, Mdh-1 and Pgm-1. Mdh,,, allele was found only in Ao
Sapparod population, whereas Idh,,, allele was found only in Dan Mai populations. Pgm,,, allele
was found relatively higher in Ao Sapparod than in Dan Mai populations. Heterozygosity of /dh-1
and Pgm-1 were relatively lower in Ao Sapparod than in Dan Mai populations, whereas those of

Mdh-1 locus was relatively higher in Ao Sapparod than in Dan Mai populations. Contingency chi-
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square tests showed deviations from Hardy-Weinberg Equilibrium between the 2 populations at
Pgm-1 and Idh-1.

Table 4.1 Electrophoretic enzyme systems studied on dedes aegypti adults.

Enzyme system E.CNumber  Symbol No.Loci Buffer
Aconitase 42.1.3 Acon 1 TMED
Adenylate kinase 2743 Aks 1 TCss
Arginase kinase 2733 Argk 1 TCss
Aldehyde oxidase 1.2.3.1 Ao - LiOH
Esterase 3.1.1.1 Est 1 Morph
Glycerol dehydrogenase 1.1.1.72 Ged - TMED
Glutamate oxaloacetate transminase 2.6.1.1 Got - Morph
Glucose-6-phosphate dehydrogenase 1.1.1.49 Gopdh 1 TMED
Ql-glycerophosphate dehydrogenase 1.1.1.8 Gpdh 1 TCss
B-hydroxyacid dehydrogenase 1.1.1.30 Had 1 TMED
Hexokinase ettt Hk - TMED
Isocitric dehydrogenase 1.1.1.42 Idh 1 Morph
Malate dehydrogenase 1.1.1.37 Mdh 1 TMED
Malic enzyme 1.1.1.40 Me - LiOH
Mannose-6-phosphate isomerase 53.1.8 Mpi 1 TMED
6-Phosphogluconate dehydrogenase 1.1.1.43 6Pgd 1 TMED
Phosphoglucose isomerase 5.3.1.9 Pgi 1 TCss
Phosphoglucomutase 54.2.2 Pgm 1 Morph
Xanthine dehydroganase 1.2.1.37 Xdh - LiOH

* Enzyme commission number
® Number of scorable bands per phenotype

¢ Refer to electrophoretic buffer (See materials and Methods)

4.2.3 Ao Sapparod and Salak Petch. Distinctness of genetic frequencies between these 2
populations was found at Idh-1 : Idh,,, allele were found only in Salak Petch population, whereas

Idh,,, allele were found only in Ao Sapparod population. The remaining loci were similar in
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genetic frequencies. Most of the heterozygotes were relatively higher in Ao Sapparod than in
Salak Petch populations, except at Pgm-1 locus which showed similarity frequency. Contingency
chi-square tests showed deviations from Hardy-Weinberg Equilibrium between the 2 populations
at Pgm-1.

4.2.4 Klong Son and Dan Mai. Distinctness of genetic frequencies between these 2
populations were found at Acon -1, Idh-1, Pgm-1 and Mdh-1. Acon,, and Idh,, allcles were
found relatively lower in Klong Son than in Dan mai populations, whereas Pgm,,, allele was
found only in Klong Son populations. Mdh-1 showed highly differentiation between the 2
populations : Mdh,,, was the most common allele in Dan Mai populations, whereas Mdh,, and
Mdh,, alleles were found in Klong Son populations with equal frequency. Heterozygosity of
Acon-1, Idh-1 and Pgm-1 were relatively lower in Klong Son than in Dan mai populations,
whereas those of Mdh-1 were clearly high in Klong Son population. Contingency chi-square tests
showed deviations from Hardy-Weinberg Equilibrium between the 2 populations at Pgm-1 and
Idh-1.

4.2.5 Klong Son and Salak Petch. Distinctness of alleles frequencies between these 2
populations were found at Idh-1, Pgm-1 and Mdh-1. Idh,,, and Pgm,,, alleles were found only in
Klong Son population. Mdh-1 showed highly differentiation between the 2 populations : Mdh,,
was the most common allele in Salak Petch population, whereas Mdh,, and Mdh,,, alleles
occurred with equal frequency in Klong Son population and Mdh,,, allele was found only in
Salak Petch population. Heterozygosity of Idh-1 and Mdh-1 were relatively higher in Klong Son
than in Salak Petch populations. The remaining heterozygotes did not differ in genetic
frequencies. Contingency chi-square tests showed deviations from Hardy-Weinberg Equilibrium
between the 2 populations at Pgm-1.

4.2.6 Dan mai and Salak Petch. Distinctness of genetic frequencies between these 2
populations were found at Acon-1, Idh-1 and Mdh-1. Acon,, allele occurred higher in Dan Mai
than in Salak Petch populations and 4con,,, allele occurred higher in Salak Petch than in Dan Mai
populations. 1dh, ,, allele was found only in Dan Mai populations and Mdh,,, allele was found
only in Salak Petch population. In addition, Jdh,,, allele was relatively higher in Dan Mai than in
Salak Petch populations. Heterozygosity of Acon-1, Idh-1 and Mdh-1 were relatively higher in
Dan Mai than in Salak Petch populations. Contingency chi-square tests showed deviations from
Hardy-Weinberg Equilibrium between the 2 populations at Idh-1.

4.2.7 Tha Thammachat and Laem Ngob. There was a fixed allelic difference between these

41524
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Population
Locus AS KS DM SP TT LM
Acon-1
Y 40 31 21 26 30 30
94 063 016 119 038 017 083
100 938 984 .881 962 983 917
(H) 119 032 215 075 033 155
Ak-1
) 34 24 17 24 31 23
100 1.000 1.000 1.000 1.000 1.000 1.000
(H) .000 .000 .000 .000 .000 .000
Argk-1
(N) 44 31 21 29 30 33
100 1.000 1.000 1.000 1.000 1.000 1.000
(H) .000 .000 .000 .000 .000 .000
Est-1
™) 33 38 15 33 43 32
100 909 895 933 970 930 938
103 091 .105 067 030 070 063
(H) .168 191 129 .060 131 119
Gépdh-1
(N) 22 24 15 23 20 25
100 1.000 1.000 1.000 1.000 1.000 1.000
(H) .000 .000 .000 .000 .000 .000
Gpdh-1
) 49 25 17 44 56 45
85 .000 .000 .000 .000 .000 1.000
100 1.000 1.000 1.000 1.000 1.000 .000
(H) .000 .000 .000 .000 .000 .000
Had-1
N) 18 30 16 29 25 26
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Population

Locus AS XS DM SP TT LM
63 .000 .000 .000 .000 400 .000
100 1.000 1.000 1.000 1.000 600 1.000
(H) .000 .000 .000 .000 490 .000
Idh-1

(N) 29 41 15 34 27 35
100 879 829 733 971 833 914
109 .000 085 200 029 093 .000
119 121 085 067 .000 074 086
(H) 216 301 432 058 297 159
Mdh-1

) 8 16 13 9 15 11
90 125 500 154 056 567 227
100 750 500 846 944 233 591
112 125 .000 .000 077 200 182
(H) 433 516 271 111 605 593
Mpi-1

(N) 2 20 14 27 20 27
100 1.000 1.000 1.000 1.000 1.000 1.000
(H) .000 .000 000 000 .000 .000
6Pgd-1

(N) 44 23 30 25 50 23
100 1.000 1.000 1.000 1.000 1.000 1.000
(H) .000 .000 .000 .000 .000 .000
Pgi-1

(N) 59 28 26 33 49 25
100 1.000 1.000 1.000 1.000 1.000 1.000
(H) .000 000 .000 .000 .000 .000
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Table 4.2 (Cont.)

Population

Locus AS KS DM Sp TT LM
Pgm-1

(N) 35 28 13 25 27 35
77 .100 018 192 120 093 125
100 900 .893 .808 .880 778 .875
127 .000 .089 .000 .000 130 .000
H) 183 .198 323 216 377 222

* Number of specimens analyzed for a given Adedes aegypti population

® Mean heterozygosity per locus (unbiased estimated)

2 populations at Gpdh-1. Genetic frequencies were differed at Had-1, Idh-1,Mdh-1 and Pgm-1.
Heterozygosity of Had-1 was found only in Tha Thammachat population, whereas homogeneity
of this locus was found in Laem Ngob population. Idh,,, and Pgm,,, alleles were found only in
Tha Thammachat population. Especially, Mdh-1 showed differentiation between the 2
populations : Mdh,, was the common allele in Tha Thammachat population while Mdh,,, allele
was the common allele in Laem Ngob population. Heterozygosity of Acon-1 was lower in
ThaThammachat than in Laem Ngob populations, whereas those of Idh-1 and Pgm-1 were higher
in ThaThammachat than in Laem Ngob populations. Contingency chi-square tests showed
deviations from Hardy-Weinberg Equilibrium between the 2 populations at Es¢-1 and Had-1.

4.2.8 Tha Thammachat and Ao Sapparod. Differences of genetic frequencies between
these 2 populations were found at Had-1, Idh-1,Mdh-1 and Pgm-1. Had,,, Idh,,, and Pgm,,,
alleles were found only in Tha Thammachat populations. Mdh-1 showed differentiation between
the 2 populations : Mdh,, was the common allele in Tha Thammachat populations while Mdh,,,
allele was the common allele in Ao Sapparod populations. Heterozygosity of Mdh-1 and Pgm-1
were higher in ThaThammachat than in Ao Sapparod populations. Contingency chi-square tests
showed deviations from Hardy-Weinberg Equilibrium between the 2 populations at Est-1, Had-1
and Pgm-1.

4.2.9 Tha Thammaachat and Klong Son. Differences of genetic frequencies between the 2
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populations were found at Had-1, Mdh-1 and Pgm-1 loci. Had,; allele was found only in Tha
Thammachat, whereas Mdh,,, allele was lower in Tha Thammaachat than in Klong Son
populations. Mdh-I showed differentiation between the 2 populations : Mdh,, was the common
allele in Tha Thammachat populations, Mdh,, and Mdh,,, alleles occurred with equal frequency
in Klong Son populations and Mdh,,, allele was found only in Tha Thammachat populations.
Heterozygosity of Pgm-1 were higher in Tha Thammachat than in Klong Son populations.
Contingency chi-square tests showed deviations from Hardy-Weinberg Equilibrium between the
2 populations at Est-1, Had-1 and Pgm-1.

4.2.10 Tha Thammaachat and Dan Mai. Differences of genetic frequencies between the 2
populations were found at Acon-1, Had-1, Idh-1, Mdh-1 and Pgm-1.  Acon,, and Idh,, alleles
were found relatively lower in Tha Thammaachat than in Dan Mai populations. Had; and Pgm,,,
alleles were found only in Tha Thammachat populations. There were a large differences in Mdh-
1: Mdh,, was the common allele in Tha Thammachat populations while Mdh,,, was the common
allele in Dan Mai populations and Mdh,,, allele was found only in Tha Thammachat population.
Heterozygosity of Acon-1 and Idh-1 were relatively lower in Tha Thammachat than in Dan Mai
populations, whereas Mdh-1 was relatively in higher Tha Thammachat than in Dan Mai
populations. Contingency chi-square tests showed deviations from Hardy-Weinberg Equilibrium
between the 2 populations at Est-1, Had-1 and Idh-1.

4.2.11 Tha Thammaachat and Salak Petch. Differences of genetic frequencies between the
2 populations were found at Had-1, Idh-1, Mdh-1 and Pgm-1.  Hadg, Idh,,, and Pgm,, alleles
were found only in Tha Thammachat populations. Mdh,,, was the most common allele in Salak
Petch populations, whereas Mdh,,, was the most common allele in Tha Thammaachat population.
Exception at Had-1 locus, heterozygosity of Idh-1, Mdh-1 and Pgm-1 were found relatively
higher in Tha Thammaachat than in Salak Petch populations. Contingency chi-square tests
showed deviations from Hardy-Weinberg Equilibrium between the 2 populations at Est-/ and
Had-1.

4.2.12 Laem Ngob and Ao Sapparod. There was a fixed allelic difference between these 2
populations at Gpdh-1. No differences of alleles and heterozygosity frequencies between the 2
populations, except at Mdh-1. Mdh,, allele and heterozygosity of Mdh-1 were higher in Laem
Ngob than in Ao Sapparod populations. Contingency chi-square tests showed deviations from
Hardy-Weinberg Equilibrium between the 2 populations Pgm-1.

4.2.13 Laem Ngob and Klong Son. A fixed allelic difference between the 2 populations
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was marked at Gpdh-1. Difference of genetic frequencies between the 2 populations were found
at Acon-1, Idh-1, Mdh-1 and Pgm-1. Acon,, allele was less higher in Laem Ngob than in Klong
Son populations, whereas and Idh,,, Mdh,, alleles were relatively lower in Laem Ngob than in
Klong Son populations. Mdh,,, and Mdh,,, alleles were the most common allele and occurred
only in Laem Ngob populations, respectively. Mdh,, and Mdh,,, alleles occurred with equal
frequency in Klong Son populations. Heterozygosity of Acon-1 was relatively higher in Laem
Ngob than in Klong Son populations, whereas Idh-1 was relatively lower in Laem Ngob than in
Klong Son populations. Contingency chi-square tests showed deviations from Hardy-Weinberg
Equilibrium between the 2 populations Pgm-1.

4.2.14 Laem Ngob and Dan Mai. A fixed allelic difference between the 2 populations was
marked at Gpdh-1. Difference of genetic frequencies between the 2 populations were found at
Idh-1, Mdh-1 and Pgm-1. Idh,,, allele was found only in Dan Mai population, whereas Mdh,,,
allele was found only in Laem Ngob population. Heterozygosity of Idh-1 was relatively lower in
Laem Ngob than in Dan Mai populations and Mdh-I was relatively higher in Laem Ngob than
in Dan Mai populations. Contingency chi-square tests showed deviations from Hardy-Weinberg
Equilibrium between the 2 populations Idh-1.

4.2.15 Laem Ngob and Salak Petch. A fixed allelic difference between the 2 populations
was marked at Gpdh-1. Difference of genetic frequencies were found at Idh-1 and Mdh-1. Idh,,
and Idh,,, alleles were found only in Salak Petch and Laem Ngob populations, respectively.
Mdh,,, allele was relatively lower in Laem Ngob than in Salak Petch populations. Heterozygosity
of Idh-1 and Mdh-1 were relatively higher in Laem Ngob than in Salak Petch populations.

Contingency chi-square tests showed no deviations from Hardy-Weinberg Equilibrium between

the 2 populations.
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Table 4.3 Measures of genetic variability at 13 loci in 6 populations of Aedes aegypti.

Mean heterozygosity

Population Mean sample Mean no. % ofloci  Direct Hardy- Weinberg
size per locus alleles per locus polymorphic® count expectedb
Ao Sapparod 33.6 (3.9 1.5(2) 38.5 077 (.039) .086 (.037)
Klong Son 27.6 (1.9) 1.5(.2) 30.8 .083 (.038) .095 (.045)
Dan Mai 17.9(1.4) 1.5(.2) 38.5 061 (.023) .105(.043)
Salak Petch 27.8(2.2) 1.4 (.1) 15.4 .036 (.015)  .040 (.018)
Tha Thammachat 32.5(3.6) 1.7(.2) 38.5 A71(077) 149 (.060)
Laem Ngob 28.5(2.3) 38.5 .109 (.062)  .096 (.047)

1.5(.2)

* A locus is considered polymorphic if the frequency of the most common allele does not exceed

95
® Unbiased estimate (Nei, 1978)

Value in parentheses are standard errors

Table 4.4 Measures of genetic variability at 13 loci in 6 populations of Aedes aegypti.

Mean heterozygosity

Population Mean sample Mean no. % ofloci  Direct Hardy- Weinberg
size per locus alleles per locus polymorphic” count expectedb
Ao Sapparod 33.6 (3.9) 1.5(.2) 38.5 077 (.039) .086 (.037)
Klong Son 27.6 (1.9) 1.5(.2) 385 .083 (.038) .095 (.045)
Dan Mai 17.9(1.4) 1.5(2) 385 061 (.023) .105 (.043)
Salak Petch 27.8(2.2) 14 (1) 38.5 .036 (.015)  .040 (.018)
Tha Thammachat 32.5(3.6) 1.7(2) 46.2 171(077)  .149 (.060)
Laem Ngob 28.5(2.3) 1.5(.2) 385 109 (.062)  .096 (.047)

* A locus is considered polymorphic if the frequency of the most common allele does not exceed

.99
® Unbiased estimate (Nei, 1978)

Value in parentheses are standard errors
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Table 4.5 Chi-square tests for deviation from Hardy-Weinberg equilibrium among the 6

populations of dedes aegypti.
Observed Expected  Chi-
Population Locus  Genotype frequency frequency square DF P
Ao Sapparod Acon-1 94/94 0 127
94/100 5 4.747
100/100 35 35.127
141 1 .708
Est-1  100/100 28 27.231
100/103 4 5.538
103/103 1 231
3.013 1 .083
Idh-1 100/100 23 22.368
100/109 5 6.263
109/109 1 .368
1.355 1 244
Mdh-1 90/90 0 067
90/100 2 1.600
90/112 0 267
100/100 4 4.400
100/112 > 1.600
112/112 0 .067
636 3 .888
Pgm-1 77177 2 304
77/100 3 6.391
100/100 30 28.304
11.348 1 .001
Klong Son Acon-1 94/94 0 .000
94/100 1 1.000
100/100 30 30.000
.000 1 1.000
Est-1 100/100 31 30.373
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Table 4.5 (Cont.)
Observed Expected  Chi-
Population  Locus  Genotype frequency frequency square DF P
100/103 6 7.253
103/103 1 373
1.281 1 258
Idh-1 100/100 27 28.123
100/109 7 5.877
100/119 7 5.877
109/109 0 259
109/119 0 .605
119/119 0 259
1.598 3 - .660
Mdh-1 90/90 5 3.871
90/100 6 8.258
100/100 5 3.871
1.276 1 259
Pgm-1 77177 0 .000
77/100 0 909
100/127 1 .091
100/100 23 22.273
100/127 4 4.545
127/127 0 182
10.271 3 016
Dan Mai Acon-1 94/94 1 244
94/100 3 4512
100/100 17 16.244
2.886 1 .089
Est-1 100/100 13 13.034
100/103 2 1.931
103/103 0 .034.

.037 1 847
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Observed Expected  Chi-

Population Locus  Genotype frequency frequency square P
Idh-1 100/100 10 7.966
100/109 0 4.552
100/119 2 1.517
109/109 3 S17
109/119 0 414
119/119 0 034

17.590 .001
Mdh-1 90/90 1 240
90/100 2 3.527
100/100 10 9.240

3.126 077
Pgm-1 717 1 444
77/100 3 4.200
100/100 9 8.400

1.286 257
Salak Petch  Acon-1 94/94 0 .020
94/100 2 1.961
100/100 24 24.020

.020 .886
Est-1 100/100 31 31.015
100/103 2 1.969
103/103 0 015

016 900
Idh-1 100/100 32 32.017
100/109 2 1.970
109/109 1 .015

015 901
Mdh-1 90/90 0 .000
90/100 1 1.000
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Table 4.5 (Cont.)
Observed Expected  Chi-
Population Locus  Genotype frequency frequency square DF P

100/100 8 8.000

.000 1 1.000
Pgm-1 77177 1 306
77/100 4 5.388
100/100 20 19.306

1.955 1 162
Tha Thammachat Acon-1 94/94 0 0. 000
94/100 1 1.000
100/100 29 29.000

.000 1 1.000
Est-1 100/100 38 37.176
100/103 4 5.647
103/103 1 176

4.342 1 .037
Had-1 63/100 0 3.878
63/100 20 12.245
100/100 5 8.878

10.483 1 .001
Idh-1 100/100 19 18.679
100/109 3 4245
100/119 4 3.396
109/109 1 .189
109/119 0 377
119/119 0 113

4.457 3 216
Mdh-1 90/90 4 4.690
90/100 4 4.103
90/112 5 3.517

100/100 1 724
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Table 4.5 (Cont.)
Observed Expected  Chi-
Population Locus  Genotype frequency frequency square DF P
100/112 1 448
112/112 0 517

1.490 3 .685
Pgm-1 77177 1 .189
77/100 4 3.962
771127 0 .660
100/100 16 16.245
100/127 7 5.547
127/127 0 396

5.163 3 .160
Laem Ngob Acon-1 94/94 0 .169
94/100 5 4.661
100/100 25 25.169

195 1 .659
Est-1 100/100 28 28.095
100/103 4 3.810
103/103 0 .095

.105 1 746
Idh-1 100/100 30 29.217
100/109 4 5.565
109/109 1 217

3.279 1 .070
Mdh-1 90/90 0 476
90/100 5 3.095
90/112 0 952
100/100 2 3.714
100/112 4 2.476
112/112 0 286

4.615 3 202
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Observed Expected  Chi-

Population = Locus  Genotype frequency frequency square DF P
Pgm-1 77177 1 507
77/100 7 7.986
100/100 28 27.507

.610 1 435

Table 4.6 Cocfficients for heterozygote deficiency or excess at all 6 populations of Aedes

aegypti.
Observed Expected Fixation
Population Locus heterozygotes  heterozygotes index (F) D

Ao Sapparod Acon-1 5 4.747 -.067 .053
Est-1 4 5.538 267 -278

Idh-1 5 6.263 .188 -.202

Mdh-1 4 3.467 -.231 154
Pgm-1 3 6.391 524 -531

Klong Son Acon-1 1 1.000 -016 .000
Est-1 6 7.253 162 -.173

Idh-1 14 12.358 -.147 133

Madh-1 6 8.258 250 -.273

Pgm-1 5 5.545 .082 -.098

Dan mai Acon-1 3 4512 319 -.335
Est-1 2 1.931 -071 .036

Idh-1 2 6.483 681 -.691

Mdh-1 2 3.520 409 -432

Pgm-1 3 4,200 257 -.286

Salak Petch Acon-1 2 1.961 -.040 020
Est-1 2 1.969 -.031 .016

Idh-1 2 1.970 -.030 .015

Mdh-1 1 1.000 -.059 .000
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Table 4.6 (Cont.)

Observed Expected Fixation
Population Locus heterozygotes  heterozygotes index (F) D

Pgm-1 4 5.388 242 -.258

Tha Thammachat 4con-1 1 1.000 -017 .000
Est-1 4 5.647 .283 -292

Had-1 20 12.245 -.667 .633

Idh-1 7 8.019 111 -.127

Mdh-1 10 9.069 -.141 .103

Pgm-1 10 10.170 -.002 -.017

Laem Ngob  Acon-1 5 4.661 -.091 .073
Est-1 4 3.810 -.067 .050

Idh-1 4 5.565 271 -.281

Mdh-1 9 6.524 -445 .380

Pgm-1 7 7.986 111 -123

4.3 Gene flow

Wright’s F-statistic (Wright, 1978) (Table 4.7) : the fixation indices of individuals relative
to the total subpopulation (FIS), the mean fixation indices of individuals relative to the total
population (FIT) and the measure of genetic differentiation among subpopulation (FST) in all
three geographical areas were greater than zero (P<0.05), except at FIS value in mainland
population (Table 4.7). Positive FIS indicate excess of homozygotes and the negative FIS
display excess of heterozygotes in the population (Wright, 1951). Excess of homozygotes were
observed within combined (FIS = 0.032) and island (FIS = 0.174) populations, whereas excess of
heterozygotes was observed within mainland populations (FIS = -0.175). FIT was low in both
island (FIT= 0.250) and mainland (FIT= 0.174) populations. Negative FIT value was observed at
Had-1(FIT = -.071) when considering in combined populations. Genetic differentiation was
observed among all populations (FST = 0.270) ; considering the separated areas : FST estimates
indicating genetic differentiations between mainland populations (FST = 0.077) was lower than
those among island populations (FST = 0.297).

Considering in combined populations heterozygote deficiencies were found at Acon-1, Est-
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1, Pgm-1 and Idh-1 (FIS = 0.067, 0.118, 0.178 and 0.247, respectively). The others 2 loci
showed more heterozygotes than expected in populations. FIS value was zero at Gpdh-1.
Genetic differentiations among all 6 populations (FST = 0.270) were found at Had-1 and Mdh-1 :
Had-1 showed very great differentiation (FST > 0.25 ; FST = 0.357), whereas Mdh-1 showed
moderately great differentiation (0.25 >FST> 0.15 ; FST = 0.200). The remaining loci showed
negligible differentiation (FST < 0.05). Had,, allele was observed only in Tha Thammachat
population at a frequency of 40 % (Table 4.2). Mdh ,, allele was observed in all island
populations at high frequencies ranged from 50 to 94.4 %, whereas the mainland populations
showed a lower frequencies range from 23.3 to 50 % (Table 4.2).

Table 4.7 F-statistics analysis of polymorphic in 6 populations of dedes aegypti at all loci.

Locus Fas)* FaT)" F(SD* Nm*
Acon-1 067 091 026 9.365
Est-1 118 126 .008 31
Gpdh-1 0.000 1.000 1.000 0.000
Had-1 -.667 -071 357 450
Idh-1 247 282 047 5.069
Mdh-1 -.084 133 200 1.000
Pgm-1 178 203 030 8.083
Mean 032 294 270 0.676

* Fixation indices of individuals relative to the total subpopulation
® Fixation indices of individuals relative to the total population
® F-statistics

¢ Number of migrant = (1- F(ST)/4 F(ST))

Considering in island populations : Acon-1, Est-1, Idh-1, Mdh-1 and Pgm-1 showed
heterozygote deficiencies (FI1S=0.129, 0.119, 0.283, 0.103 and 0.269, respectively) (Table 4.8).
This suggest that random mating was occurred within population with restricted migration.
Genetic differentiations among island populations were found at Mdh-1 and Idh-1: Mdh-1
showed very great differentiation (FST = 0.158), whereas Idh-1 showed small differentiation
(FST = 0.058). The remaining loci showed negligible differentiation.
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Table 4.8 F-statistics analysis of polymorphic in island populations of Aedes aegypti at all loci.

Locus Fas)* Far)® F(SD°® Nm*
Acon-1 129 152 026 9.365
Est-1 119 129 012 20.583
Idh-1 283 325 058 4060
Mdh-1 103 245 158 1.332
Pem-1 269 290 029 8.371
Mean 187 250 077 2.997

* Fixation indices of individuals relative to the total subpopulation
® Fixation indices of individuals relative to the total population
° F-statistics

¢ Number of migrant = (1- F(ST)/4 F(ST))

Considering in mainland populations : Est-1, Idh-1, and Pgm-1 showed heterozygote
deficiencies (FIS = 0.117, 0.167 and 0.040, respectively) (Table 4.9), whereas Acon-1, Had-1 and
Mdh-1 showed more heterozygotes than expected within populations (FIS = -0.078, -0.667 and
-0.291, respectively). FIS value was zero at Gpdh-1. Genetic differentiations between the 2
populations were found at Had-1 and Mdh-1 : Had-1 showed very great differentiation (FST =
0.250) and Mdh-1 showed small differentiation (FS7=0.096). The remaining loci showed
negligible differentiation,

Wright’s F-statistic were also analyzed between any populations as follow :

4.3.1 Ao Sapparod and Klong Son. Heterozygote deficiencies within populations were
found at Est-1, Mdh-1 and Pgm-1(+FIS) (Appendix Table 1), whereas homozygote deficiencies
were found at Acon-1 and Idh-1. However, FIS value was more differ longer from zero at Acon-
I than at Idh-1. Mdh-1 showed very great differentiation (FST = 0.108) between Ao Sapparod
and Klong Son populations. The mean FST value was small, indicating less genetic
differentiation between the 2 populations.

4.3.2 Ao Sapparod and Dan Mai populations. Heterozygote deficiencies within populations
were found at all loci (+FIS) (Appendix Table 2). This FIS estimates were differ longer from

zero, except at Mdh-1. Most of the loci showed negligible genetic differentiations. No genetic
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Table 4.10 F-statistics analysis of polymorphic in 2 mainland populations of Aedes aegypti at

all loci.
Locus Fas)" Far)® F(ST)° Nm*
Acon-1 -078 -.053 023 10.620
Est-1 117 117 0.000 0.000
Gpdh-1 0.000 1.000 1.000 0.000
Had-1 -.667 -250 250 0.750
Idh-1 167 181 017 14.456
Mdh-1 291 -.167 .096 2.354
Pgm-1 040 062 023 10.620
Mean -175 174 297 0.592

* Fixation indices of individuals relative to the total subpopulation
® Fixation indices of individuals relative to the total population
° F-statistics

¢ Number of migrant = (1- F(ST)/4 F(ST))

differentiation (FST = 0.023) between the 2 populations were found.

4.3.3 Ao Sapparod and Salak Petch. Heterozygote deficiencies within populations were
found at Est-1, Idh-1 and Pgm-1(+FIS) (Appendix Table 3). The remaining loci : Acon-1 and
Mdh-1 were homozygote deficiencies. Mdh-1 showed small differentiation (FST = 0.054),
whereas the others loci showed negligible genetic differentiations between Ao Sapparod and
Klong Son populations. No genetic differentiation (FST = 0.028) between the 2 populations were
found.

4.3.4 Klong Son and Dan Mai. Heterozygote deficiencies within populations were found
at Acon-1, Est-1, Idh-1, Mdh-1 and Pgm-1 (Appendix Table 4). Mdh-1 showed moderated great
differentiation (FST = 0.136), whereas the others loci showed negligible genetic differentiations
between Klong Son and Dan Mai. Small genetic differentiation (FST = 0.061) between the 2
populations were found.

4.3.5 Klong Son and Salak Petch. Heterozygote deficiencies within populations were

found at Acon-1 and Idh-1, whereas homozygote deficiencies within populations were found at
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Est-1, Mdh-1 and Pgm-1 (Appendix Table 5). Most of the loci showed negligible genetic
differentiations, except at Mdh-1 showed moderated genetic differentiation (FST = 0.246). Small
genetic differentiation (FST = 0.117) between Klong Son and Salak Petch populations were
found.

4.3.6 Dan mai and Salak Petch. Heterozygote deficiencies within populations were found
at Acon-1, Idh-1, Mdh-1 and Pgm-1 with large values differ from zero, whereas homozygote
deficiencies within populations was found at only in Est-1(Appendix Table 6). Exception at Idh-
1, most of the loci showed negligible genetic differentiations. No genetic differentiations (FST =
0.036) between Dan mai and Salak Petch populations were found.

4.3.7 Tha Thammachat and Ao Sapparod. Heterozygote deficiencies within populations
were found at 3 loci : Est-1, Idh-1 and Pgm-1(+FIS) (Appendix Table 7), whereas homozygote
deficiencies were found at Had-1, Mdh-1 and Acon-1. Of the positive FIS values, Had-1 value
showed the largest differ from zero. Genetic differentiations between populations were found at
Had-1 and Mdh-1 : Had-1 showed very great differentiation (FST = 0.250), whereas Mdh-1
showed moderate great differentiation (FST = 0.190). However, small genetic differentiations
(FST = 0.124) between Tha Thammachat and Ao Sapparod populations were found.

4.3.8 Tha Thammaachat and Klong Son. Heterozygote deficiencies within populations
were found at 3 loci : Est-1, Mdh-1 and Pgm-1(+FIS) (Appendix Table 8), whereas homozygote
deficiencies were found at Had-1, Idh-1 and Acon-1. Genetic differentiations between
populations were found at Had-1 and Mdh-1 : Had-1 showed very great differentiation (FST =
0.250), whereas Mdh-1 showed small differentiation (FST = 0.051). Genetic differentiation
between Tha Thammaachat and Klong Son populations were small (FST = 0.069).

4.3.9 Tha Thammaachat and Dan Mai. Exception at Had-1, heterozygote deficiencies
within populations were found at most of the loci (+FIS) (Appendix Table 9). Had-1 and Mdh-1
(FST = 0.250 and 0.258, respectively) showed very great genetic differentiations between the 2
populations. Small genetic differentiations between Tha Thammaachat and Dan Mai populations
were found (FST = 0.132)

4.3.10 Tha Thammaachat and Salak Petch. Heterozygote deficiencies within populations
were found at Est-1, Idh-1 and Pgm-1(+FIS) (Appendix Table 10), whereas homozygote
deficiencies were found at Had-1, Mdh-1 and Acon-1. Both Mdh-1 and Had-Ishowed very great

genetic differentiations between populations (FST = 0.369 and 0.250, respectively). Moderate
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genetic differentiation (FST = 0.199) between Tha Thammaachat and Salak Petch populations
were found.

4.3.11 Laem Ngob and Ao Sapparod. Heterozygote deficiencies within populations were
found at Est-1, Idh-1 and Pgm-1(+FIS) (Appendix Table 11), whereas homozygote deficiencies
were found at Mdh-1 and Acon-1. Gpdh-1 showed geographically genetic structure (FST =
1.000), whereas the others loci showed negligible genetic differentiations. A very great genetic
differentiation (FST = 0.308) between Laem Ngob and Ao Sapparod populations were found.

4.3.12 Laem Ngob and Klong Son. Heterozygote deficiencies within populations were
found at Est-1 and Pgm-1(+FIS) (Appendix Table 12), whereas homozygote deficiencies were
found at Mdh-1, Acon-1 and Idh-1. Gpdh-1 showed geographically genetic structure (FST =
1.000) and Mdh-1 showed small genetic differentiation, whereas the others loci showed negligible
genetic differentiations. A very great genetic differentiation (FST = 0.308) between Laem Ngob
and Klong Son populations were found.

4.3.13 Laem Ngob and Dan Mai. Heterozygote deficiencies within populations were
found at 3 loci : Acon-1, Idh-1 and Pgm-1(+FIS) (Appendix Table 13), whereas homozygote
deficiencies were found at Est-1 and Mdh-1. Gpdh-1 showed geographically genetic structure
(FST = 1.000), Idh-1 and Mdh-1 showed small genetic differentiations, whereas the others loci
showed negligible genetic differentiations. A very great genetic differentiation (FST = 0.302)
between Laem Ngob and Dan Mai populations were found.

4.3.14 Laem Ngob and Salak Petch. Heterozygote deficiencies within populations were
found at 2 loci : Idh-1 and Pgm-1(+FIS) (Appendix Table 14), whereas homozygote deficiencies
were found at Mdh-1,Acon-1 and Est-1. Gpdh-1 showed geographically genetic structure (FST =
1.000) and Mdh-1 showed small genetic differentiation. A very great genetic differentiation
(FST = 0.391) between Laem Ngob and Salak Petch populations were found.

Summary of FST pairwise comparisons were given in Table 4.11. The genetic
differentiation, FST between any of Ae. aegypti from 6 populations with FST values ranged from
0.023 (between Ao Sapparod and Dan Mai) to 0.391 (between Laem Ngob and Salak Petch).
Five of 15 comparisons (Laem Ngob — Ao Sapparod, Laecm Ngob — Klong Son, Laem Ngob —
Dan Mai, Laem Ngob — Salak Petch and Tha Thammachat — Laem Ngob) showed very great
genetic differentiations (FS'I“ > 0.25). Number of migrants was calculated using the formula [Nm

= (1-FST)/ 4 FST] (Wright 1951), to indicate a level of gene flow. The number of migrants were
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2.997, 0.592 and 0.676 individuals per generation in island, mainland and combined populations,
respectively.

Table 4.10 F-statistics at all loci between any of 6 populafions Aedes aegypti.

Population compared Fas)* F(ar) i F(SD® Nm*®
Ao Sapparod — Klong Son .089 136 052 4.558
Ao Sapparod —Dan Mai 252 269 .023 10.620
Ao Sapparod — Salak Petch .073 .098 028 8.679
Klong Son — Dan Mai 259 304 061 3.848
Klong Son — Salak Petch .096 202 117 1.887
Dan Mai — Salak Petch 310 335 .036 6.694
Tha Thammachat — Laem Ngob  -.175 174 297 0.591
Tha Thammachat — Ao Sapparod -.087 .047 124 1.766
Tha Thammachat — Klong Son ~ -.067 007 .069 3.373
Tha Thammachat —Dan Mai .061 .184 132 1.650
Tha Thammachat — Salak Petch -.124 .100 .199 1.006
Laem Ngob — Ao Sapparod -.057 .269 .308 0.562
Laem Ngob — Klong Son -.033 286 308 0.562
Laem Ngob — Dan Mai 127 390 302 0.578
Laem Ngob — Salak Petch -.098 331 391 0.389

* FIS Fixation indices of individuals relative to the total subpopulation
® FIT Fixation indices of individuals relative to the total population
° FST F-statistics

“Nm Number of migrant (1- F(ST)/4 F(ST))
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Table 4.11 Matrix of Nei’s (1978) unbiased genetic identity above diagonal and unbiased genetic
distance below diagonal

Population Ao Sapparod Klong Son DanMai Salak Petch Tha Thammachat Laem Ngob

Ao Sapparod il 992 999 999 968 917
Klong Son .008 R 989 .983 983 911
Dan Mai .001 011 i 998 961 910
Salak Petch .001 .017 002 b 954 911
Tha Thammachat  .033 .017 039 047 g .889
Laem Ngob .087 .094 .094 .093 117 bk
4.4 Cluster analysis

Nei’s (1978) genetic distance among 6 populations ranged from 0.001 to 0.117 and genetic
identical ranged from 0.889 to 0.999 (Table 4.11) ; Roger’s genetic distance ranged from 0.084
to 0.299 and genetic identity ranged from 0.066 to 0.317 (Table 4.12). Nei’s genetic distances
were used to produced a phenogram according to UPGMA method (Figure 4.2). A high level of
genetic similarity of was found among the 4 island populations. The lowest level of genetic
variability were found among Ao Sapparod, Dan Mai and Salak Petch populations and between
Dan Mai and Salak Petch populations, where populations were differed at a maximum Nei’s
genetic distance of 0.001 and 0.002, respectively (Figure 4.2 and Table 4.11). The highest level
of genetic variability was found between the 2 mainland populations where populations were
differed from each other at a Nei’s genetic distance of 0.117. These results showed that the
genetic frequencies obtained from the isozyme analysis were sufficient to different between
island and mainland populations. The phenogram showed that all Ae. aegypti populations were
separated into 2 geographical groups : mainland and island. However, mainland group could be
divided into 2 subgroups : since Ae. aegypti in Tha Thammachat population was distinct from
Laem Ngob population. The pattern of the phenogram derived from Nei’s genetic distance was
similar to those of Roger’distance (Wright, 1978) (Figure 4.3 ) and Cavalli-Sforza & Edward
(1967) chord and acr distance. (Figure 4.4 ).
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Table 4.12 Matrix of modified Roger’s (Wright, 1978) genetic identity above diagonal and
Cavalli-Sforza & Edward (1967) chord and acr genetic distance below diagonal.

Population Ao Sapparod Klong Son Dan Mai Salak Petch Tha Thammachat Laem Ngob

Ao Sapparod i .098 066 059 179 .280
Klong Son 125 g 113 132 133 .288
Dan Mai .108 113 b 072 194 290
Salak Petch .100 132 .084 RS 214 291
Tha Thammachat .178 152 .193 209 bl 317
Laem Ngob 252 279 276 274 299 g
{ Ao Sapparod
Dan Mai
Salak Petch
Klong Son
Tha Thammachat
Laem Ngob
d0 0 08 .07 06 05 04 03 .02 01 .00
Distance

Figure 4. 2 UPGMA phenogram from Nei’s (1978) unbiased genetic distance matrix for all

populations of Aedes aegypti (Cophenetic correlation = .977)
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CHAPTER S

DISCUSSION

Isozyme analysis of Aedes aegypti from mainland and island of Trat Province indicated a
low level of genetic exchange as estimated by the fixation indices of individuals relative to the
total subpopulation (FIS = 0.032) and population differentiation tend to be high between
mainland and island. This could be result from a low level of gene flow among Ae. aegypti
populations. A small Nm value supported a low level of gene flow among all populations. The
genetic differentiation among 6 populations was also found by the large FST (0.270) value when
all loci were consider together. Nei’s genetic distance value supported the genetic differentiation
among populations. There was a fixed allelic difference between the 2 mainland populations at
Gpdh-1.

The percentage of polymorphic loci in island were varied from 15.4 % to 38.5 %, whereas
in mainland populations were uniform at 38.5%. This results were differ from the previously
reported in Surat-thanee Province, in which the percentage of polymorphic loci were lower in
Samui island than in mainland (Chareonviriyaphap and Lerdthusnee 2002). Most of the
percentage of polymorphic loci in this study were lower than the range from 37.5% to 50 %
reported before for natural Brazilian Ae. aegypti populations (Dinardo-Miranda and Contel 1996).
Exception in Salak Petch population, the percentage of polymorphic loci in this study were within
the range from 27.3% to 63.6 % for Argentinean Ae. aegypti populations (de Sousa et al. 2000).

The polymorphic loci (Est-1, Idh-1 and Pgm-I) deviated from Hardy-Weinberg equilibrium
This finding due to heterozygosity deficiencies, likely resulted from null alleles (alleles with no
function). The presence of null alleles lead to an underestimation of heterozygosity (Pasture et al.
1988). These deviations were not significantly greater than 5 % expected by chance, similar to
the study of genetic variation in Ae.aegypti that related with Dirofiralia immitis (Nayar and
Knight 2002). In addition, the particular genetic structure at Had-1 was found only in Tha
Thammachat population. This could have resulted from either recent or historical effects. Since
selection can act on a single locus, whereas gene flow, genetic drift and historical effects can
potentially affect all loci equally. In this study the mean expected heterozygosity ranged from
0.040 to 0.149 were similar to the range of 0.007 to 0.13 for Houston Ae. aegypti (Harrington et
al. 1984). In the other hand, the higher mean expected heterozygosity of Ade. aegypti were
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obtained from Brazil (0.48 to 0.53) (Dinardo-Miranda and Contel 1996), from Argentina (0.090
to 0.161) (de Sousa et al. 2000), from Kenya (0.141 to 0.163)(Tabachnik et al. 1979) and from
Caribbean island (0.057 to 0.206) (Wallis et al. 1984). The mean expected heterozygosity were
higher in mainland than in island populations, this could related to random mating within
mainland populations. In case of island, the mean expected heterozygosity of Ae aegypti in the
larger island populations were higher than in the smaller ones, since the more numerous
introductions of the individual into the larger islands so the potential size of Ae. aegypti are larger
and contributive of more genetic variation (Wallis ef al. 1984). This evidence; however, did not
occurred in Chang island (mean expected heterozygosity ranged from 0.040 to 0.105) when
compare to Samui island (mean expected heterozygosity ranged from 0.107 to 0.121)
(Chareonviriyaphap and Lerdthusnee 2002), this could be more convenience transportation
(which is the importance factor for dispersal of Ae. aegypti from place to place) in Samui island
than in Chang island.

The genetic variability in this study suggested several differences between island and
mainland populations. The low genetic variability in Chang island could be subject to recent
introduction of individuals. These finding are contributed the dispersal of de. aegypti into Chang
island through the transportation such as passenger boats to Chang island and cars. The similarity
of genetic variability in Ao Sapparod, Klong Son and Dan Mai populations could be the result of
the dispersal of de. aegypti via the transportation on a wide road runs almost all the way round
the island. The polymorphic loci, the mean heterozygosity and the number alleles per locus were
lowest in Salak Petch population comparative to the others populations, indicating a bottleneck in
establishing Ae. aegypti population.

Genetic differentiation was analyzed by estimating Wright’s FST.  FST value among
island populations was lower (FST= 0.077) than those of combined (FST = 0.270) and mainland
populations (FST = 0.297). These FST values indicated the genetic differentiation among all
populations. FST (0.111) were reported for Ae. aegypti populations which separated less than 30
km apart (Failloux et al. 2002), FST (0.091) when populations within 60 km and FST (0.095)
when populations over 60 km apart (Garcia-Franco et al. 2002). The genetic differentiation at
FST=0.016 (P<10"°) were reported in Ho Chi Min City, Vietnam (Huber et al. 2002). FST values
did not increasing with geographic distance in this study, whether within or between mainland
and island (Table 4.10). Analysis of the allele distribution by estimating FIS. In this study FIS

value was positive when considering in combined populations (0.032), but different sign from
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locus to locus. Had-1 and Mdh-1 were negative, whereas the remaining loci were positive. The
variability of FIS due to null allele, natural selection or genetic drift.

Nm calculated by FST method, showed the different value. Nm was low when considering
in combined populations (0.676) and in mainland populations (Nm = 0.592), whereas Nm in
island populations was the highest value at 2.997. These Nm indicating gene flow was higher
among Chang island populations than those between mainland populations or among all
populations. The significant genetic structure of Had-1 .locus in Tha Thammachat population
could be resulted in a low overall Nm estimate. When Had-1 was removed from the analyses in
combined populations, Nm values (0.700) were not different from those with Had-? However,
Nm values were lower in this study than those of Ae. aegypti in Madagascar : Nm = 0.9 in'all
population (Vazeille et al 2001) or in Mexico : Nm ranged from 2.5 to 19.5 (Gorrochotecgui-
Escaline et al. 2002). Smgh and Long (19923 re_poned that Nm value more than 2 mdlcatmg a
hxg.l: level of gene flow i in Drosophtla Fallen Results from this study (FST and'Nm estimates)
indicating a low level of gene flow befween Ae. aegypti ‘f)opulatlons from Chang island and 2
mainland of Laem Ngob District.

Nei’s genetic distance among populations of Ade. aegypti showed vary ranged from low
(0.001) to high (0.117). In contrast; Wallis and Tabachnick (1990) reported the genetic distance
for Ae. aegypti in Caribbean islands ranged from 0.019 to 0.027, which were similar to Ae.

aegypti in Brazil with the values ranged from 0.009 to 0.018 (Dinardo-Miranda and Contel

1996). In this study Laem Ngob populations was the most distinct of all de. aeypt, followed by -

Tha Thammachat population. These 2 populations were separated from the others populatxons by
genetic distance of 0.117 and 0.047, respectively (Figure 4.2 and Table 4 11). Among

“populations of Ae. aegypti excluding Laem Ngob and Tha Thamgnachat populations, the

maximum genetic distance was between Klong Son and the remaining popole_t_t_ions ‘with Nei’s
genetic distance of 0.012 (Figure 4.2 and Table 4.11). Even if the low distance value between
Tha Thammachat population and island, the UPGMA phenogram provided the 2 geographical
group : mainland and island populations. Results from Nei’s genetic distance and the phenogram
supported that high genetic differentiation between 4de. aegypti populations from Chang is and
mainland of Trat Province. In addition, the infomations of 15 pairwise comparisons and Nei’s
genetic distance indicated no relationship between geographic and genetic distance and indicated

that the sea act as a barrier to gene flow for Ade. aegypti. Since Ae. aegypti have a short flight

- e
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distance (less than 500 meters) with the duration of the eggs in a dry condition. The dispersal of

this mosquitoes from mainland to Chang island depend on the sea traffic.



CHAPTER 6

CONCLUSION

Aedes aegypti, is the most importance vector of dengue fever in Thailand as well as the
other countries in Asia. Many methods were used to control this mosquito. As the great variety
of Ae. aegypti and its importance in medicine, there have been extensively studied on genetic
structure of this mosquitoes. However, little is known about genetic structure in Chang island.
This study was aimed to investigate the genetic structure of Ae. aegypti populations and analyze
the pattern of gene flow of Ae. aegypti populations in island and mainland of Trat Province, using
starch gel electrophoresis for isozyme analysis.

Twenty enzyme systems were detected to identify the suitable enzymes. Thirteen enzymes
(Acon, Aks, Argk, Est, G6pdh, Gpdh, Had, Idh, Mdh, Mp,I, 6Pgd, Pgi and Pgm) were used, these
13 enzymes showed consistent bands. Each enzyme had 1 loci, 5 of all loci (Acon-1, Est-1, Idh-
1, Mdh-1 and Pgm-1) were polymorphic (99% criterion) in all populations, whereas Aks-1, Argk-
1, G6p-1, Gpd-1, Mpi-1, 6Pgd-1 and Pgi-1 were monomorphic loci in all populations. Isozyme
analysis was conducted in unfed adult of Ae. aegypti, that reared from pupae or larvae mosquitoes
collected from 4 island populations and 2 mainland populations of Trat Province, East of
Thailand. Allele frequencies and variability measures, Chi-square test for deviation from Hardy-
Weinberg equilibrium, Wright’s F statistic, Nei’s genetic distance and phenogram were
calculated and computed by BIOSYS fortan program. There was a fixed allelic difference
between the 2 mainland populations at Gpdh-1. The genetic variability in all populations were
considered from the mean number of allele per locus, the percentage of polymorphic loci and the
mean heterozygote. The mean number of allele per locus ranged from 1.4 (£0.1) to 1.7 (20.2),
the percentage of polymorphic loci ranged from 15.4% to 38.5% and ‘the mean heterozygote
(expected) ranged from 0.040 (20.18) to 0.149 (0 .060).

The Chi-square test for deviation from Hardy-Weinberg equilibrium found that 5 of 78
comparison (Est-I, Had-1, Idh-1 and Pgm-1 loci) did not conform to Hardy-Weinberg
equilibrium, these deviations resulted from natural selection at Had-1 locus and null allele at Es¢-
1, Idh-1 and Pgm-1 loci. Genetic different among populations were estimated by FST; the mean
value of FST in combined, island and mainland populations were 0.270, 0.077 and 0.297,
respectively. These values indicated a high level of genetic differentiation between Ae. aegypti

from island and mainland populations and indicated a lower level of genetic differentiation in
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istand than in mainland populations. FIS value indicating the genetic distribution within all
population. Positive FIS were observed in both combined and island populations with values of
0.032 and 0.187, respectively. These values indicated the rack of heterozygotes. However, the
abundant of heterozygotes were found in mainland populations with the FIS value of -0.175, as
the high frequency of Had, occurred only in Tha Thammachat population. These informations
suggested that there were a low level of gene exchange between Ae.aegypti populations from
Chang island and mainland of Trat Province. The phenogram was produced by clustering Nei’s
genetic matrix according to UMPGA method. Six populations of de.aegypti were clustered into

2 groups : island and mainland groups. However, the island populations could be divided into 2

subgroup.
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Appendix 1

Chemical substrates

Most of the chemical substrates are available from Sigma.
Product
cis-aconitic acid
adenosine 5’ diphosphate
L-Cystine sulfinic acid
fast blue BB salt
fructose-6-phosphate
disodium glucose-1- phosphate (G1PDH)
glycerol
DL-OL-Glycerophosphate
OL-D-Glucose
((-gluconic dehydrogenate
glucose-6-phosphate dehydrogenase
D-Gluconic acid
hexokinase type III, yeast
DL-Isocitric acid
isocitric dehydrogenase
Ol-Ketoglutaric acid
DL-Malic acid
magnesium chloride anhydrous
mannose-6-phosphate
thiazolyl blue (MTT)
Ol-Naphthy] acetate
B—Naphthyl acetate
((-Naphthyl propionate
B-Naphthyl propionate

[B-Nicotinamide adenine dinucleotide (BNAD)

Reference
A 3412
A 2754
C 4418
F 3378
F 3627
G 7000

G 6014
G 7528
G 5636
G 8878
G 9005
H 5000
I 6768
I 2516
K 1750
M 0875
M 8266

M2128
N 8505
N 6877
N 0376
N 0501
N 7004



Product

nicotinamide adenine dinucleotide
phosphate (NADP)

nitro blue tetrazolium, grade III
phenazine metho sSulphate (PMS)
6-Phosphogluconic acid
phospho-L-arginine

phosphoglucose isomerase

sodium chloride (NaCl)

sodium hydroxide (NaOH)

acetic acid Glacial (Analytical reagent)
citric acid (monohydrate)

hydrolyzed potato starch

trizma base

methanol (anhydrous)

hydrochloride (HC1)

sucrose
N-(3-Aminopropyl)-morpholine
potassium phosphate

sodium phosphate monohydrate (NaH,PO.H,0)
sodium phosphate anhydrate (Na,HPO)
bromphenol blue

ethylenodiamine tetraacetic acid (EDTA)

acetone

54

Reference

N 3886

N 6878

P 9605

P 7877

P 5139

P 9956

S 7653

S 5881

A 8401 (LAB-SCAN)
C 7129

S 40501 Lot 048H0286
T 6791
UN 1230 (LabGuard)

S 9378

A 9028

P 5379

S 9638

S 9763

18030 C00967 (Fluka)
ED 233

UN 1090 (BDH)



Appendix 2

Reagent preparation

2.1 Electrophoresis buffer formulations

2.1.1 Morpholine Buffer
Electrode buffer pH 6.1
Citric acid 84 g
H,0 900 ml
Adjust to pH 6.1 with N-(3-amino-propyl-Morpholine) % 10 ml
H,0, make up to 1,000 ml
Gel buffer pH 6.1 (1:20 dilution of electrode buffer)

2.1.2 TCss 6.3 (Tris-Citrate pH 6.3)

Electrode buffer pH 6.3
Trisma (0.22M) 270 g
Citric acid (monohydrate) (0.094M) 155. g

H,0, make up to 1,000 ml
Adjust to pH 6.3 with Trisma (IM) or Citric acid (1M)
Gel buffer pH 6.7
Trisma (0.08M)
1.2 g
Citric acid (monohydrate) (0.003M) 05 g
H,0, make up 1,000 ml
Adjust to pH 6.7 with Trisma (1M) or Citric acid (IM)

2.1.3 TMED 7.4 (Tris-malate-ethylenediamiestetracetic acid, pH 7.4)

Electrode buffer pH 7.4
Trisma (0.1M) 123 g
Malic anhydride(0.1M) 98 g
EDTA (0.01M) 372 g

Mg,C1,6H,0 (0.01M) 20 g
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H,0, make up to 1,000 ml

Adjust to pH 7.4 with NaOH in Flakes.

For further adjustments, use Trisma (1M) or malic anhydride (1M).
Gel buffer pH 7.4 (1:9 dilution of electrode buffer)

Adjust pH to 7.4 with Trisma (1M) or malic anhydride (1M)

2.1.4 LiOH (Litium hydroxide

Electrode buffer pH 8.25
Lithium hydroxide 1.50g
Boric acid (0.194 M) 1200 g

H,0, make up to 1,000 ml

Gel buffer pH 8.45 (1:9 dilution of electrode buffer)
Trisma (0.074 M) 9.00 g
Citric acid (0.009M) 19 g
H,0, make up to 1,000 mi
Adjust pH to 8.45

2.2 Staining buffer formulations

2.2.1 DH Buffer (0.4 M), pH 8.4

Stock :
Trisma 494 g
ConcHCI 7.5 ml

H,0, make up to 1,000 ml
Before use dilute 1 part of stock plus 3 parts of H,0

2.2.2 Phosphate C (Phosphate Na/Na,)(0.1M), pH 6.0 (for Es?)

NaH,PO 125 g
Na,HPO (anhydrous) 28 g
H,0, make up to 1,000 ml

2.2.3 Phosphate F (Phosphate Na,/K) (0.1M), pH 6.5 (for Es?)
KH,PO, 92 g



Na,HPO (anhydrous) 48 g
H,0, make up to 1,000 ml

2.2.4 Tris-HCI (0.5m), pH7.1 (for Ak and Argk)
Stock :
Trisma 60.55 g
H,0, make up to 1,000 ml
Adjust pH with Conc HCI
Before use add 45 ml of H,O to 5 ml of stock

2.3 Specific staining solutions for detect enzyme activities

2.3.1 Aconitase

Buffer :
DH buffer 50 ml
Stain :
Mg,Cl 200 mg
NADP 10 mg
Aconiticacid 75 mg
Isocitrate dehydrogenase 50 units
MTT 10 mg
PMS 1 mg

Incubate with gel in the dark until blue bands appear on the clear background.

2.3.2 Adenylate kinase

Buffer :
0.5M Tris-HCI pH 7.1 5 ml
H,0 45 ml
Stain :
G6PDH 40 units
NADP 12.5 mg
Mg,Cl 12.5 mg

Glucose 45 mg
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ADP 10 mg
Hexokinase 80 units
MTT 5 mg
Incubate with gel for 10 minute, then add :

PMS 1.25 mg
Incubate with gel in the dark until blue bands appear.

2.3.3 Arginase kinase

Buffer :
0.5M Tris-HCl pH 7.1 5 mi
H,0 45 ml

Stain : N\ }
Glucose gt A 45 mg
G6PDH 40 units
NADP 5 mg
Mg,Cl 50 mg
ADP 10 mg
Hexokinase 80 units
Phospho-L-arginine 10 mg
MTT 10 mg

Incubate with gel for 10 minute, then add:
PMS 1mg

Incubate with gel in the dark until blue bands appear.

2.3.4 Esterase

Buffer:
Phosphate F 60 ml
Stain :
Ol-Naphthyl acetate : 2 % in acetone 1 ml
B -Naphthy] acetate : 2 % in acetone 1 ml

Incubate with gel for 2-3 minutes at room temperature, then add :

Fast Blue BB 1 ml



59

Incubate with gel at room temperature the bands will appear within 30 minutes. Fix as

soon as possible.

2.3.5 Glucose-6-phosphate dehydrogenase

Buffer :
DH 50 ml
Stain :
NADP 10 mg
Mg,Cl 50 mg
Glucose-6-phosphate 100 mg
NBT 20 mg
PMS 1 mg

Incubate at 37°C at least 1 hour. Fix as soon as possible to stop the background become

too colored.

2.3.6 OL-Glycerophosphate dehydrogenase

Buffer :
DH Buffer 50 ml
Stain :
OL- Glyceerophosphate 100 mg
NAD 12.5 mg
NBT 20 mg
PMS 1 mg

Incubate with gel at 37 °C until the bands appear (45-60 minutes). Fix when the

stain is satisfactory.

2.3.7 ﬁ-Hydroxyacid dehydrogenase

Buffer :
DH Buffer 50 ml
Stain :
NADP 5 mg
NAD 12.5 mg

NaCl 150 mg
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Gluconic acid 200 mg
MTT 10 mg
PMS 1 mg

Incubate with gel at 37°C until the bands appear (45-60 minutes). Fix when the stain is

satisfactory.

2.3.8 Isocitrate dehydrogenase

Buffer :
DH Buffer 50 ml
Stain :
Sodium isocitrate 50 mg
Mg,Cl 50 mg
NADP 5 mg
MTT 10 mg
PMS 1 mg

Incubate with gel in the dark the clear blue bands appear after about 30 minutes.

2.3.9 Malate dehydrogenase

Buffer :
DH Buffer 50 mil
Stain :
NAD 25 mg
Malate pH 7 50 mg
MTT 10 mg
PMS 1 mg

Incubate with gel in the dark the blue bands appear after around 30-60 minutes.

2.3.10 Mannose-6-phosphate isomerase

Buffer:

DH 50 ml
Stain :

NADP 12.5 ml

Mannose-6-phosphate 60 mg



Pgi
G6PDH
Mg,Cl
MTT
PMS

Incubate with gel at 37°C (60 minutes).

2.3.11 6-Phosphogluconic dehydrogenase
Buffer :
DH Buffer
Stain :
NADP
Mg,Cl
Na,-6-phosphogluconate
NBT
PMS

80 units
40 units
50 mg
10 mg
1 mg

50 ml

10 mg
50 mg
15 mg
20 mg

1 mg

Incubate with gel at 37°C until blue bands appear (60-90 minutes).

2.3.12 Phosphoglucose isomerase

Buffer :
DH Buffer

Stain :
NADP
G6PDH
D-Fructose-6-Phosphate
MTT

Incubate 30 minutes at 37 °C then add PMS 1 mg

2.3.13 Phosphoglucomutase
Buffer :
DH Buffer
Stain :

Glucose-1-phosphate Na,4H,0

50 ml
5 mg
40 units

125 mg

5 mg

50 ml

50 mg
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NADP 5 mg

Mg,Cl 25 mg
Glucose-6-phosphate 40 units
MTT 5 mg
PMS 0.5 mg
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Incubate with gel in the dark blue bands appear after around 30-60 minutes. Fix as soon

as possible.
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Appendix Table 1 F-statistics analysis of polymorphic in 2 populations (Ao Sapparod-Klong
Son) of Aedes aegypti at all loci.

Locus Fas)' Far)® F(SD°
Acon-1 -.056 -.041 .014
Est-1 211 211 .001
Idh-1 -.008 .003 011
Mdh-1 034 138 .108
Pgm-1 294 308 019
Mean 089 136 052

Appendix Table 2  F-statistics analysis of polymorphic in 2 populations (Ao Sapparod-Dan
Mai) of Aedes aegypti at all loci.

Locus Fas)* Far)® F(SD°®
Acon-1 181 189 010
Est-1 121 123 .003
Idh-1 515 538 049
Mdh-1 019 038 019
Pgm-1 355 366 017

Mean 252 .269 .023

Appendix Table 3  F-statistics analysis of polymorphic in 2 populations (Ao Sapparod-Salak
Petch) of Aedes aegypti at all loci.

Locus Fas)' Far)®  FGSD°
Acon-1 -.056 -.053 .003
Est-1 189 202 016’
Idh-1 141 178 042
Mdh-1 -195 -131 .054
Pgm-1 372 373 001

Mean .073 .098 .028
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Appendix Table 4 F-statistics analysis of polymorphic in 2 populations (Klong Son-Dan Mai)

of Aedes aegypti at all loci.

Locus Fas® Far)® F(SD)®
Acon-1 275 305 .042
Est-1 069 073 .005
Idh-1 336 347 016
Mdh-1 304 399 136
Pgm-1 .190 225 043
Mean 259 304 061

Appendix Table 5 F-statistics analysis of polymorphic in 2 populations (Klong Son-Salak
Petch) of Aedes aegypti at all loci.

Locus Fas)' Far)® F(ST)°
Acon-1 -.033 -.028 .005
Est-1 116 136 022
Idh-1 -128 -.082 041
Mdh-1 196 394 246
Pgm-1 165 .184 022
Mean .096 202 117

Appendix Table 6 F-statistics analysis of polymorphic in 2 populations (Dan Mai-Salak Petch)
of Aedes aegypti at all loci.

Locus Fas)* Far)® F(SD®
Acon-1 225 243 022
Est-1 -.059 -.051 .007
Idh-1 595 630 086
Madh-1 275 293 026
Pgm-1 251 259 010

Mean 310 335 .036
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Appendix Table 7 F-statistics analysis of polymorphic in 2 populations (Tha Thammachat-Ao
Sapparod) of Aedes aegypti at all loci.

Locus Fas)* Far)® F(ST)*
Acon-1 -.056 -.041 014
Est-1 274 275 .002
Had-1 -.667 -250 250
Idh-1 143 154 013
Mdh-1 -178 047 191
Pgm-1 170 194 028
Mean -.087 047 124

Appendix Table 8 F-statistics analysis of polymorphic in 2 populations (Tha Thammachat-
Klong Son) of Aedes aegypti at all loci.

Locus F@s)* Far)® F(SD®
Acon-1 -017 -017 000
Est-1 211 214 004
Had-1 -.667 -250 250
Idh-1 -.019 -.019 .000
Mdh-1 039 .088 051
Pgm-1 027 044 018,

Mean -.067 .007 .069
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Appendix Table 9 F-statistics analysis of polymorphic in 2 populations (Tha Thammachat-Dan
Mai) of Aedes aegypti at all loci.

Locus Fas)' Far)® F(ST)°
Acon-1 274 304 041
Est-1 110 110 .000
Had-1 -.667 -250 250
Idh-1 446 455 015
Mdh-1 029 279 258
Pgm-1 116 134 .020
Mean 061 184 132

Appendix Table 10 F-statistics analysis of polymorphic in 2 populations (Tha Thammachat-
Salak Petch) of Adedes aegypti at all loci.

Locus Fas)* Far)® F(S;)°
Acon-1 -.033 -.028 004
Est-1 185 192 .008
Had-1 -.667 -250 250
Idh-T .088 123 .039
Mdh-1 -.128 288 369
Pgm-1 087 .108 024

Mean -.124 100 .199
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Appendix Table 11 F-statistics analysis of polymorphic in 2 populations (Laem Ngob-Ao
Sapparod) of Aedes aegypti at all loci.

Locus Fas)' Far)® F(SD°
Acon-1 -.080 -079 002
Est-1 128 131 003
Gpdh-1 1.000 1.000
Idh-1 223 226 .003
Mdh-1 -356 -329 020
Pgm-1 297 299 .002
Mean -057 269 308

Appendix Table 12 F-statistics analysis of polymorphic in 2 populations (Laem Ngob-Klong

Son) of Aedes aegypti at all loci.

Locus FIs)* Far)® F(SD)°®
Acon-1 -.078 -.052 .024
Est-1 074 .080 .006
Gpdh-1 1.000 1.000
Idh-1 -.003 013 016
Mdh-1 -119 -.062 051
Pgm-1 097 118 023

Mean -.033 .286 308
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Appendix Table 13 F-statistics analysis of polymorphic in 2 populations (Laem Ngob-Dan
Maiof Aedes aegypti at all loci.

Locus Fas)* Far)® F(SD°
Acon-1 146 149 .004
Est-1 -.069 -.069 .000
Gpdh-1 1.000 1.000
Idh-1 569 595 .060
Mdh-1 -176 -.107 059
Pgm-1 197 204 .008
Mean 127 390 302

Appendix Table 14 F-statistics analysis of polymorphic in 2 populations (Laem Ngob-Salak
Petch) of Adedes aegypti at all loci.

Locus F@s)" Far)* F(SD'*
Acon-1 -.074 -.065 .009
Est-1 -055 -.049 .006
Gpdh-1 1.000 1.000
Idh-1 .190 211 026
Mdh-1 -385 -215 123
Pgm-1 176 176 .000

Mean -.098 331 391
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