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ABSTRACT 
Samples of Chrysomya megacephala were col-
lected from five sites in Malaysia, namely Pe-
nang, Selangor, Pahang, Johor, and Sabah. Mo-
lecular analysis was conducted using the cy-
tochrome oxidase gene and ISSR-PCR to iden-
tify polymorphic markers for distinguishing the 
populations and to estimate the genetic rela-
tedness among these populations. Two SNPs 
were detected at sequence position 952 (M1) and 
1120 (M2), involving transitional substitutions 
with cytosine (C) being replaced with thymine (T) 
and guanine (G) replaced with adenine (A), but 
there was no amino acid variation. Penang and 
Selangor shared the same nucleotide T at the M1 
position, while M2 variation was found in Pa-
hang population only. The NJ tree based on the 
COI sequence showed two main groups with 
branch A comprised of Penang and Selangor 
populations while branch B consisted of Johor, 
Pahang and Sabah populations. ISSR analysis 
indicated that 18 scorable bands (size 200 to 
1800 bp) were amplified with UBC808 and UBC835, 
11 bands of which were polymorphic and the 
rest monomorphic. Sabah population was left 
out for further analysis due to small number of 
specimens. UPGMA dendrogram using ISSR 
data showed two branches, one consisted of 
Penang and Selangor populations, while the 
other consisted of Pahang and Johor individuals. 
The polymorphic loci (P) for Johor Baru were 
5.56%, Penang 16.70%, Selangor and Pahang 
22.2%. Nei’s H values are respectively 0.018, 
0.060, 0.050 and 0.051. Similarly the Shannon 
index diversity values are respectively 0.028, 
0.089, 0.085 and 0.087. The lowest genetic dis- 

tance (0.0997) was between Penang and Selan-
gor populations, while the highest (0.613) was 
observed between Penang and Pahang popula-
tions. AMOVA shows low genetic differentiation 
among individuals within populations and that 
85.6% of total genetic variance was among indi-
viduals between populations. This was also in-
dicated by FST statistic of 0.8562. The gene flow 
between populations was low with Nm of 0.042, 
and Mantel’s test indicated a significant correla-
tion between genetic distance and log geo-
graphic distance (P < 0.05 from 10,000 rando-
mizations). In conclusion the Penang and Se-
langor fly populations are similar genetically, 
compared to the other populations. 
 

KEYWORDS 
Populations Genetics; Chrysomya megacephala; 
COI; COII; ISSR; Malaysia 

1. INTRODUCTION 
Chrysomya is endemically restricted to the Old World 

tropics, and several species including C. megacephala (Fa-
bricius), C. rufifacies (Macquart), C. bezziana (Villeneuve), 
C. albiceps (Wiedemann) and C. putoria (Wiedemann) 
are among the most abundant forensically important flies 
in the world. Studies have shown that these species are 
rather invasive and have displaced the native species 
through competition for substrate and ecological niches 
[1,2]. C. megacephala (Fabricius, 1794) and C. rufifacies 
are also medically important and have been reported to 
cause myiasis, and act as mechanical carriers and reser-
voirs of pathogens which cause gastrointestinal diseases 
such as typhoid, dysentery and diarrhea [3-5]. 

Although C. megacephala is indigenous to South-East  
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Asia, it is now widely distributed in the oriental and 
Australasian regions. It has been suggested that C. me-
gacephala is continually expanding its range in the trop-
ics and subtropics [6]. Since 1970’s, this fly species has 
been recorded in some African countries, Brazil and United 
States [7,8]. This species has been repeatedly reported to 
be involved in forensic investigations [9], pollination of 
mango seeds [10] and spreading enteric pathogens [11]. 

In the first Malaysian forensic entomological case of 
Nevin (1950) reported by Reid [12], C. megacephala 
larvae found in a dead woman were used in the estima-
tion of PMI. Although many other dipteran species have 
been identified from human cadavers in Malaysia, this 
particular species is predominant. Lee et al. (2004) [13] 
reported that out of the 18 fly species consisting of 448 
forensic specimens collected throughout the country in 
the period of 1972 to 2002, C. megacephala was the 
most common fly (48%). 

Although C. megacephala is of greatest forensic im-
portance in Malaysia, little is known about the genetics 
of the local populations. To date, only the larval mor-
phology of some fly species collected from local hospit-
als and police stations has been characterized [13]. The 
genetic diversity and structure of the fly populations will 
give a preliminary view of the genetic background and 
provide a better understanding of the evolution origin of 
the species in Malaysia. 

In this study, genetic variations among C. megacephala 
individuals sampled from various localities of Malaysia 
were investigated using the cytochrome oxidase gene 
(COI and COII subunits) sequence and inter-simple se-
quence repeat (ISSR) PCR. The main objectives of the 
present work were to identify polymorphic markers to 
distinguish the various populations of C. megacephala 
and to estimate the genetic relatedness among these pop-
ulations. Such markers could be used in forensic investi-
gations to identify the original place of death in cases 
where the body had been moved to a distant place. 

2. MATERIALS AND METHODS 
2.1. Sampling Sites 

Five sampling sites were selected, namely Penang, Selan- 

gor, Pahang, Johor and Sabah, respectively representing 
northern, western, eastern, southern region of Peninsular 
Malaysia and East Malaysia (Figure 1). A total of 66 
individuals of the flies collected from these sites were 
used in the molecular study (Table 1), some for both 
COX and ISSR analysis while some for either COX or 
ISSR analysis. Fish meat was used as bait to trap the flies 
as described by Almeida et al. [14]. The adults were 
identified based on the morphological keys of Kurashi et 
al. [15] and Sugiyama et al. [16]. For further confirma-
tion of their identity, voucher specimens were sent to 
Department of Forensic Entomology, Institute of Medi- 
cal Research (Malaysia). The specimens were either pre-
served in 96% alcohol or stored at −20˚C freezer prior to 
analysis. Voucher specimens of all specimens are main-
tained in School of Science, Monash University. 

2.2. DNA Extraction 
Genomic DNA of adult specimens was extracted from 

legs of each insect using QIAamp DNA Mini Kit (Qia-
gen, USA) following the manufacturer’s protocol for  

 

 
Figure 1. The sampling sites (indicated by ●) in Ma-
laysia where C. megacephala individuals were col-
lected for mtDNA and ISSR analysis. Four sites were 
in West Malaysia while one site was in East Malaysia. 
1 = Penang, 2 = Selangor, 3 = Johor, 4 = Pahang, 5 = 
Sabah. 

 
Table 1. Number of C. megacephala individuals collected from five sites in Malaysia which were used in the study. 

Collection locality No. of individuals  
for COI + COII analysis 

No. of individuals  
for ISSR analysis 

Penang Near the market 7 15 
Selangor In Universiti Malaya field study station, Kuala Lumpur 8 15 

Pahang 
Kuantan (near the beach) 5 15 

Bukit Setongol (near a rubbish dump outside a village) 2 - 
Johor Along the North-South Highway leading to Johor Baru 6 15 
Sabah In a primary forest reserve outside of Kota Kinabalu 6 - 

 Total 34 60 
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animal tissue. The legs were placed into an autoclaved 
1.5 ml microcentrifuge tube containing 180 µl of buffer 
ATL (Tissue Lysis Buffer from Qiagen) and 20 µl of 
proteinase K. Sample were then homogenized with pes-
tles and incubated in a 55˚C water bath for 6 h or over-
night. Extracted DNA was quantified using the Nano-
drop 1000 spectrophotometer (Thermo Fisher Scientific, 
USA) and stored at −20˚C freezer prior to analysis. 

2.3. DNA PCR Amplification and Sequencing 
of Cytochrome Oxidase I (COI) and  
Cytochrome Oxidase II (COII) Gene 

A total of 34 C. megacephala individuals from the five 
populations were used for this (Table 1). PCR amplifica-
tions of COI gene were performed using primers as de-
signed by Sperling et al. [17] (1994) (Table 2). The 25- 
µl reaction mixture contained 50 mM KCl, 10 mM Tris- 
HCl (pH 9.0), 25 µM each of dATP, dCTP, dGTP and 
dTTP, 1.25 mM MgCl2, 0.4 µM of each forward and 
reverse primer, 1 U GoTaq DNA Polymerase (Promega, 
Madison, WI), and approximately 20 to 30 ng of DNA 
template. PCR amplifications were performed in a MJ 
Mini Personal Thermal Cycler (Biorad, USA) for an ini-
tial 5 min denaturation at 94˚C followed by 35 cycles of 
1 min at 93˚C, 1 min at 48˚C and 2 min at 72˚C. 

Amplifications of COII locus were performed using 
primers C1-J-2495 (5’-CAG CTA CTT TAT GAG CTT 
TAG G-3’) and TK-N-3775 (5’-GAG ACC ATT ACT 
TGC TTT CAG TCA TCT-3’). PCR reactions were carried 
out as for COI, except the annealing temperature was 
54˚C. 

The amplified products were separated by electropho-
resis in 1% agarose gel run in TAE buffer, stained with 
GelRed (Biotium, USA), viewed under ultraviolet light 
and photographed. The DNA fragment sizes were esti-
mated by comparing with 1kb commercial markers (Pro-
mega, Madison, WI). The band corresponding to the tar-
get PCR product was excised and purified using Qiagen 
QIAquick Gel Extraction Kit. All samples were then sent 
to First BASE Laboratories Sdn. Bhd. (Malaysia) for 
sequencing. 

All nucleotide sequences obtained were manually edited 

using BioEdit [18], checked using BLAST search against 
the NCBI dataset for fly genomes. The sequences of the 
34 individuals were aligned using CLUSTALW [19]. C. 
megacephala COI and COII gene sequences retrieved 
from GenBank were also included in the alignment. All 
sequences assembled were subject to Neighbour Joining 
analysis (NJ) using MEGA 5.0 program [20] with Ta-
mura-Nei substitution model. Bootstrap proportions were 
calculated by 500 replicates from the data set. 

2.4. DNA ISSR-PCR Amplification 
A total of 32 oligonucleotides were randomly chosen 

from ISSR primer set developed by the University of 
British Columbia Biotechnology website (UBC primer 
set 9, accessible at  
http://www.scribd.com/doc/23812434/UBC-Primer-Set). 
These primers were screened and tested for their applica-
bility in ISSR experiments. Two primers, namely UBC808 
and UBC835, which produced bright and reproducible 
fragments, were selected and used in further amplifica-
tion of the gene in the study. 

PCR conditions, including the concentration of DNA 
(10 - 50 ng), MgCl2 (1.0 - 3.5 mM), primer (0.1 - 0.4 
µM), dNTP (0.1 - 0.25 mM) and Taq DNA polymerase 
(0.5 - 1.5 U) were optimized. In addition, the optimal 
annealing temperature of each oligonucleotide was opti-
mized to produce ISSR banding patterns of high intensity 
and clear background. Each reaction was carried out in 
25 µl reaction mixture, containing 50 mM KCl, 10 mM 
Tris-HCl (pH 9.0), 25 µM each of dATP, dCTP, dGTP 
and dTTP, 2.5 mM MgCl2, 0.4 µM of the primer, 1 U 
GoTaq DNA Polymerase (Promega, Madison, WI), and 
approximately 20 - 30 ng of DNA template. Amplifica-
tions of DNA were carried out in GeneAmp PCR Sys-
tem 2400 (Perkin-Elmer) thermal cycler for an initial 3 
min denaturation at 94˚C followed by 40 cycles of 1 min 
at 93˚C, 3 min at 35˚C and 2 min at 72˚C. The amplified 
products were separated according to size on 1.5% aga-
rose gels in TAE (pH 8.0) buffer, stained with GelRed 
(Biotium, USA), viewed under ultraviolet light and pho-
tographed. The DNA fragment sizes were estimated by 
comparing with 100 bp ladder (New England Biolabs, 

 
Table 2. List of primers used in PCR amplifications of COI and COII loci and ISSR analysis. Primers marked with * were designed 
by Sperling et al. (1994), while UBC primers were from University British Columbia, accessible at  
http://www.scribd.com/doc/23812434/UBC-Primer-Set. 

Locus/marker Primer Sequence (5’→3’) Annealing temp. (˚C) 

COI TY-J-1460* TAC AAT TTA TCG CCT AAA CTT CAG CC 48 
 C1-N-2800* CAT TTC AAG CTG TGT AAG CAT C 48 

COII C1-J-2495* CAG CTA CTT TAT GAG CTT TAG G 54 
 TK-N-3775* GAG ACC ATT ACT TGC TTT CAG TCA TCT 54 

ISSR UBC 808 AGA GAG AGA GAG AGA GC 52 
 UBC 835 TCT CTC TCT CTC TCT CRT 52 
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MA). All PCR reactions were duplicated to ascertain the 
reproducibility of the amplification. Only reproducible 
bands were considered in this study. The data were scored 
as presence (1) or absence (0) of a certain band. 

A total of 15 individuals collected from each of the 
four populations, namely Penang, Selangor, Pahang and 
Johor were used in ISSR analysis (Table 1). Individuals 
from Sabah were excluded because of the small number 
of individuals collected. 

PCR reactions and agarose gel electrophoresis were 
repeated at least twice to ascertain the reproducibility of 
the ISSR profiles. Only reproducible ISSR fragments rang-
ing in size from 200 to 2000 bp were scored. The pres-
ence or absence of the bands was recorded as present (1), 
absent (0) or missing data (?). These ISSR data were 
used to compile a binary matrix for the further analysis. 

2.5. Population Genetics Analysis 
Nei’s [21] genetic distance among the samples was 

calculated using the POPGENE Version 1.3 [22]. The 
genetic distances were then used to construct a dendro-
gram using the non-parametric Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA). Genetic va-
riability of the fly populations for the ISSR loci was 
measured by estimating the percentage of polymorphism 
(h), number of alleles (Ne) and Shannon’s index (I). 

Genetic differentiation between populations was quan-
tified using the coefficient of gene differentiation (GST) 
of Nei [23], which is regarded as a weighted average of 
FST for all alleles using Eq.1. 

( )ST T S T ST TG H H H D H= − =      (1) 

where HT = total genetic diversity in the populations, HS 
= mean diversity within each population and DST = the 
total genetic diversity distributed among populations 
[24]. 

An estimate of theoretical gene flow (Nm) was ob-
tained using an infinite island model [25] (Eq.2), 

( )ST ST0.5 1Nm G G= −          (2) 

where N is the effective population size and m is the mi-
gration rate. 

To analyze the genetic structure and variability among 
populations and among individuals and within popula-
tions, analysis of molecular variance (AMOVA) program 
3.5 [26] was performed using Arlequin. The variation 
component was partitioned among individuals within pop-
ulation and among (between) populations. Wright’s F- 
statistic (FST) was calculated using the method by Weir 
& Cockerham [27] (Eq.3) and the Weir’s (1990) [28] 
nomenclature (FST = θ) was used: 

( )ST 1 1 4F Nm= +             (3) 

Finally, isolation by distance (IBD) was analysed by  

assessing the correlation matrix between pairwise genetic 
distances and geographical distance between populations 
using a Mantel’s test in the program IBD [29]. Statistical 
significance was assessed through 10,0000 random per-
mutations of the data. Mantel test for matrix correspon-
dence was also performed 

3. RESULTS 
3.1. COI and COII Sequence Amplification 

and Analysis 
The aligned nucleotide sequence of the fly samples 

was of 1249-bp of the COI and 1140-bp of COII loci. No 
insertions or deletions were identified in both genes. All 
sequences were deposited in the GenBank database un-
der accession numbers JX027548 to JX027581. 

Multiple sequence alignment of the sequenced COI 
and COII fragments from the 34 C. megacephala indi-
viduals revealed two SNPs at sequence position 952 (M1) 
and 1120 (M2). Both were found to involve transitional 
substitutions [cytosine (C) is replaced with thymine (T) 
and guanine (G) is replaced with adenine (A) respective-
ly], and did not result in amino acid variation.  

All individuals from Penang and Selangor shared the 
same nucleotide T at the M1 position and differed from 
those of samples from other populations. However, se-
quence polymorphisms were detected at the M2 within 
the Pahang samples. Two out 34 individuals sequenced 
shared the same nucleotide G, while an A was detected 
in all other individuals in the study. 

No further analysis was conducted on COII locus as 
no sequence variation of the gene was detected. 

The NJ tree based on the COI sequence alignment 
(Figure 2) separated the 34 fly individuals into two main 
groups (A and B) with branch A comprised individuals 
from Penang and Selangor and branch B consisted of 
samples originated from Johor, Pahang and Sabah. 

3.2. ISSR-PCR Amplification 
The total number of scorable bands amplified with 

UBC808 and UBC835 in this study was 18, ranging in 
size from 200 to 1800 bp. Eleven of the bands (61.1%) 
were polymorphic and seven were monomorphic. The 
optimized ISSR protocol resulted in highly reproducible 
banding patterns (supplementary data). 

3.3. Genetical Analysis of C. megacephala 
Populations 

The percentage of polymorphic loci (P) varied be-
tween populations ranging from 5.56% to 22.2% (Table 
3). Higher P values (22.20) were observed for both Se-
langor and Pahang populations compared to Penang and 
Johor Baru populations. All the populations studied are  
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Figure 2. Neighbour joining tree based on COI gene of the C. 
megacephala individuals from four different states of Malaysia. 
Both Bukit Setogol (BS) and Kuantan are in Pahang. PP = Pe-
nang, KK = Kota Kinabalu, JB = Johor Baru. Lucilia cuprina 
was used as an outgroup. 

 
Table 3. Comparison of genetic parameters for the four popula-
tions: percentage of polymorphic loci (P); Nei’s genetic diver-
sity (H), Shannon diversity index (I) for ISSR marker loci be-
tween C. megacephala individuals from four states of Malay-
sia. 

Population Polymorphism % 
Nei’s genetic 
diversity (H) 

Shannon index 
diversity (I) 

Penang 16.70 0.060 0.089 

Selangor 22.20 0.050 0.085 

Pahang 22.20 0.051 0.087 

Johor Baru 5.56 0.018 0.028 

Pooled 61.11 0.262 0.028 
 

relatively low in genetic diversity, with Nei’s H values 
ranging from 0.018 in Johor Baru to 0.060 in Penang, 
with an average genetic diversity across all states of 
0.262. The lowest genetic distance (0.0997) was ob-
served between Penang and Selangor populations, while 
the highest genetic distance (0.613) was observed be-
tween Penang and Pahang population (Table 4). 

Shannon index diversity (I) showed a genetic similar-
ity pattern similar to Nei’s genetic diversity (H) in which 
Penang and Johor populations have the highest (0.089) 
and lowest (0.028) index respectively (Table 3). 

In the dendrogram based on ISSR analysis by using 
UPGMA (Figure 3), the flies were grouped in two major  

branches (X and Y). The tree topology was similar to the 
COI-based tree, with branch X contained Penang and 
Selangor populations and branch Y comprised of Pahang 
and Johor individuals. 

The AMOVA partition suggests that there is low ge-
netic differentiation among individuals within popula-
tions (Table 5) and that 85.6% of total genetic variance 
was among individuals between populations. This low 
genetic variation within populations was supported by 
the FST of 0.8562 indicating a large genetic differentia-
tion between populations. The highest genetic differen-
tiation was found between Penang and Selangor popula-
tions (0.6131) while the lowest genetic differentiation 
was between Penang and Johor populations (0.0997). 

The gene flow between populations was low with Nm 
of 0.042, while the Nm values within populations ranged 
from 0.025 (Penang-Johor Baru) to 0.1695 (Selangor- 
Penang) which are consistent with the results obtained 
from the AMOVA and FST statistics. These results sug-
gest that there may be isolation by distance (IBD) rela-
tionships between fly populations in Malaysia. Analysis 
of isolation by distance using Mantel’s test indicated a  

 
Table 4. Genetic and geographical distances between pairs of 
sampling sites. 

Site-pair Geographical  
distance (km) Genetic distance 

Selangor-Penang 330 0.10 
Johore Bahru-Pahang 365 0.17 

Selangor-Johore Bahru 339 0.37 
Selangor-Pahang 261 0.43 

Johore Bahru-Penang 722 0.58 
Penang-Pahang 587 0.61 

 

 
Figure 3. ISSR based UPGMA dendogram of Nei’s genetic 
distance showing grouping of the four populations of Ch. me-
gacephala. 

 
Table 5. Analysis of molecular variance (AMOVA) of Ch. me-
gacephala fly populations from four States of Malaysia based 
on the ISSR loci. 

Source of variation d.f. 
Sum of 
squares 

Variance 
components 

Percentage 
of variation 

Between populations 3 117.367 2.57926 85.62 

Within populations 56 24.267 0.43333 14.38 

Total 59 141.633 3.01259 
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significant correlation between genetic distance and log 
geographic distance (P < 0.05 from 10,000 randomiza-
tions). 

4. DISCUSSION 
C. megacephala has been reported as the most preva-

lent fly species sampled from cadavers at hospitals and 
police stations in Malaysia [13]. While these commonly 
found flies can be a powerful means in providing valua-
ble information in criminal investigations, rapid and pre-
cise identification of the species can still be a problem 
due to the difficulty in obtaining sufficient fly tissue for 
morphological characterizations purposes. Therefore, 
knowledge in genetic variability and population structure 
of the species shall provide a strong basis to address the 
problem of fly identification. Results obtained from the 
present study can also be translated into genetic markers 
that potentially can be used to differentiate different pop-
ulations of flies in Malaysia. 

To investigate the genetic variation at the intraspecific 
level, the choice of the molecular marker is very impor-
tant. It is crucial to use a molecular marker which evolves 
at an appropriate rate for the identification of the popula-
tion structure [30]. The mitochondrial COI gene was shown 
to mutate at a rate which is suitable for this purpose. It 
has been used in population genetics studies for many 
insects such as tsetse fly and mosquito [31,32]. On the 
other hand, inter-simple sequence repeats (ISSR)-PCR 
technique could be used to complement sequence-based 
markers. It also potentially overcomes limitations of oth-
er PCR-based molecular techniques, such as the require-
ment of sequence data to synthesize primers for micro-
satellites, relatively higher cost of amplified fragment 
length polymorphism (AFLP) and low reproducibility of 
random amplified polymorphic DNA (RAPD) [33]. With 
a moderate concentration of MgCl2 (2.5 mM) and high 
amount of primer (0.4 µM), our optimized PCR protocol 
resulted in bright and highly reproducible banding pat-
terns. Although only a small number of population-spe- 
cific bands (6 out of 18 bands) were determined, these 
ISSR patterns have been successfully used as supple-
mentary data to the COI gene sequence-based markers. 

The COI gene analysis indicated that the 15 samples 
collected from Penang and Selangor shared the same M1 
mutation sequence (replacement of A by T), which was 
different from those of individuals from Johor and Pa-
hang populations. One potential explanation of this shared 
synonymous substitution among individuals in Penang 
and Selangor, which are 355 km apart, could be in sup-
port of the fact that these two states are interconnected 
by highway and roads and hence made migration of flies 
easy especially perishable goods transported daily be-
tween these two areas. The C. megacephala individuals 
from Pahang were collected from the seaside (Teluk 

Chempedak, facing the South China Sea) and the hilly 
area (Bukit Setongol), both of which were located fur-
thest away from all the other places of collection in Pe-
ninsular Malaysia. Overall, the genetic diversity detected 
for the Malaysian C. megacephala using the COI and 
COII gene regions is low, indicating these regions are 
conserved. 

For ISSR analysis, banding patterns from primer 
UBC835 showed lower genetic variation among popula-
tions as compared to banding patterns of primer UBC808. 
Primer 808 consists of poly (AG) repeats which is a 
common repeat motifs found in animal groups such as 
Drosophila melanogaster [34]. These ISSR markers re-
vealed different levels of genetic variation among indi-
viduals of the four populations. The average number of 
alleles per locus was 1.6 which is much lower than the 
other Chrysomya spp. e.g. C. albiceps (5.7) and C. puto-
ria (5.3) detected by microsatellite analysis [35,36]. 

The low genetic variation within populations revealed 
by AMOVA is in line with low Shannon index (ranging 
from 0.03 to 0.09) and Nei’s gene diversity (0.017 to 
0.060). Our finding of low genetic diversity among indi-
viduals which were caught from periurban areas, is con-
sistent with similar patterns of low genetic diversity among 
urban sand fly populations (Shannon Index ranged from 
0.08 to 0.34) as revealed by Feitosa et al. [37]. It has 
been suggested that differential adaptation to changes in 
urban environments and urbanized habitat simplification 
is related to reduction in genetic variability, as noticed in 
genetic studies of urban mosquito populations [38] and 
cricket species [39]. To fully understand the effect of 
urbanization on C. megacephala, more representative 
data are required in order to provide genetic support 
based on the genetic variation of the fly species sampled 
from both urban and rural areas. 

The AMOVA partition suggests that 85.6% of total 
genetic variance was found among populations. These 
observations are supported by results produced by FST 
analysis (0.86). This contrasts with a much lower genetic 
distance (0.098) obtained by Strong and Mahon [40] 
between populations of C. bezziana from southern Africa, 
the Middle East, Malaysia, Indonesia, and Papua New 
Guinea. In our study, the highest genetic distance (0.61) 
was observed for individuals between Penang and Pa-
hang. Individuals from Penang and Selangor populations 
showed distinctly lower genetic distance (0.10) com-
pared to Pahang and Johor Baru populations. Nm results 
suggest that there is a moderate gene flow among Penang 
and Selangor populations but a low gene flow between 
Penang and Pahang populations. These observations may 
be explained by that 1) there is an intensive daily trans-
port of food materials (and also flies) between Penang 
and Selangor, and 2) Penang and Pahang are separated 
by the main Titiwangsa mountain range which essentially 
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acts as a natural barrier between the East and West Coast 
of Peninsular Malaysia, and hinders the movement of 
flies between these two regions. 

The population genetic structure of a species is influ-
enced by a number of evolutionary factors including nat-
ural selection, gene flow, mating system and mode of 
reproduction [41]. Neighbour joining and maximum par-
simony analysis based on the COI gene showed similar 
results as the dendogram from UPGMA, which suggest 
that the Malaysian C. megacephala individuals could be 
differentiated into two groups: group A consisting of Pe-
nang and Selangor population and group B consisting of 
Pahang, Johor Baru and Sabah populations. This group-
ing could be the result of the natural barrier afforded by 
Titiwangsa range as mentioned above. Natural barriers 
such as mountain ranges and rivers have also been re-
ported to cause a similar population structure in the orien-
tal fruit fly, Bactrocera dorsalis in Yunnan [42]. 

This study on the genetic variations of C. megacepha-
la using the mitochondrial COI + COII genes and the 
ISSR showed that the Penang and Selangor populations 
are similar in that they display M1 mutation, and these 
populations are different from those of Pahang, Johor 
Baru and Sabah. These results would provide a prelimi-
nary understanding and useful information for further 
investigation of the C. megacephala population structure 
and dispersal in Malaysia. 
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