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The house fly, Musca domestica Linnaeus, 1758 is an insect vector of more than 100 human and animal 
pathogens. In this study, 41 cytochrome c oxidase subunit I (COI) M. domestica sequences from 10 
countries across four continents, including Canada (North America), USA (North America), China (Asia), 
Bangladesh (Asia), Saudi Arabia (Asia), India (Asia), Thailand (Asia), South Korea (Asia), Australia 
(Australia), and Ecuador (South America), were used to estimate genetic variation and structure. There 
were 23 polymorphic sites, and the average overall values of haplotype diversity and nucleotide diversity 
were 0.777 ± 0.049 and 0.003 ± 0.003, respectively. The total number of haplotypes was 15, which 
consisted of two shared and 13 singular haplotypes. The M. domestica population genetic structure 
analysis based on analysis of molecular variance demonstrated 66.13% genetic variation (ΦST = 0.279), 
which was significant based on 10,000 permutations (p < 0.05). Our results have shed light on genetic 
differences across M. domestica populations around the world, which will yield insight into better vector 
control methods. 
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INTRODUCTION 

The house fly Musca domestica Linnaeus, 
1758 (order Diptera and family Muscidae) (Killick-
Kendrick, 1996), originated from the savannahs of 
Central Asia and then spread globally 
(Khamesipour et al., 2018). At present, M. 
domestica is one of the most common fly species 
and is typically associated with humans and found 
in areas of human activities such as hospitals, 
food markets, slaughterhouses, food shops or 
restaurants, and animal farms (Killick-Kendrick, 
1996; Khamesipour et al., 2018). In addition, 
topography also affects M. domestica population 
densities. Recently, medically important fly 
species were explored in the coastal, urban, 
upper and lower alluvial, and mountainous areas 
of central Thailand, with the lower alluvial areas 
noted to have the highest population of M. 
domestica (Chaiphongpachara et al., 2018). 

M. domestica is a vector of more than 100 
human and animal pathogens, including bacteria 
such as Bacillus spp., Coccobacillus spp., 
Staphylococcus spp., Micrococcus spp., 
Streptococcus spp., Acinetobacter spp., 
Enterobacter spp., Proteus spp., Escherichia spp., 
and Klebsiella spp. (Nazni et al., 2005); fungi such 
as Aspergillus flavus, A. niger var. niger, 
Penicillium corylophilum, P. fellutanum, 
Cladosporium cladosporioides, Fusarium spp., 
Alternaria alternata, Curvularia brachyspora, 
Mycelia sterilia, and Mucorales order species (De 
Senna Nunes Sales et al., 2002); viruses such as 
rotavirus (Tan et al., 1997) and porcine 
reproductive and respiratory syndrome virus 
(Otake et al., 2004); protozoans such as 
Cryptosporidium parvum (Graczyk et al., 1999), 
Blastocystis spp., Giardia intestinalis, Endolimax 
nana, Cyclospora cayetanensis, Toxocara spp., 
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and Entamoeba histolytica (Muñoz and 
Rodríguez, 2015); and helminths such as Ascaris 
lumbricoides, Necator americanus, and Fasciola 
hepatica (Onyenwe et al., 2016). Given the 
plethora of pathogens that can be transmitted, 
gleaning a better understanding of M. domestica 
population dynamics is critical.  

Genetic variations of global house fly 
populations yield important information that will 
contribute to vector control. The short sequence 
fragment of the mitochondrial gene cytochrome c 
oxidase subunit I (COI) has been used in DNA 
barcoding studies, including species identification 
(Weeraratne et al., 2018). Currently, standardized 
COI sequence data of global M. domestica 
populations were collected in DNA reference 
libraries, including the Barcode of Life Data 
(BOLD) systems and the National Center for 
Biotechnology Information (NCBI) GenBank.  

Although M. domestica is spread worldwide, 
little is known about its genetic variability and 
structure. Herein, we investigated M. domestica 
genetic variation across globally distinct 
populations based on COI sequences from DNA 
reference libraries. Our results have augmented 
the current landscape of genetically distinct M. 
domestica populations around the world, which 
will be critical in providing insight into vector 
control and surveillance. 
 
MATERIALS AND METHODS 

 M. domestica COI Sequence Selection  
In this study, 41 M. domestica COI sequences 

from 10 countries across four continents were 
used to estimate and assess genetic variation and 
structure (Supplemental Table 1). 

 
Table 1. M. domestica COI sequences used in this study 

 
Continents Countries Databases Accession no. 

North America Canada NCBI HQ982491.1 

North America Canada NCBI KM571920.1 

North America Canada NCBI KM571474.1 

North America Canada NCBI KM570927.1 

North America Canada NCBI KM570270.1 

North America Canada NCBI HM389240.1 

North America Canada NCBI HM389239.1 

North America USA NCBI KC617839.1 

North America USA NCBI KC617838.1 

North America USA NCBI KC617837.1 

North America USA NCBI KC617836.1 

Asia China NCBI KJ129470.1 

Asia China NCBI KJ129467.1 

Asia China NCBI KJ129464.1 

Asia China NCBI KJ129463.1 

Asia China NCBI KJ129461.1 

Asia Bangladesh NCBI MG572239.1 

Asia Bangladesh NCBI MG557665.1 

Asia Saudi Arabia NCBI KU578307.1 

Asia Saudi Arabia NCBI KU578305.1 

Asia Saudi Arabia NCBI KU578306.1 

Asia Saudi Arabia NCBI KU578302.1 

Asia Saudi Arabia NCBI KU578301.1 

Asia Saudi Arabia NCBI KU578300.1 

Asia India NCBI KC427132.1 

Asia India BOLD AGIRI228-17 

Asia Thailand BOLD ENTJR422-08 

Asia Thailand BOLD ENTJR423-08 

Asia Thailand BOLD ENTJR424-08 

Asia Thailand BOLD ENTJR425-08 

Asia Thailand BOLD ENTJR430-08 

Asia South Korea NCBI JX861432.1 

Asia South Korea NCBI JX861433.1 

Asia South Korea BOLD GBDP15322-14 
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Australia Australia BOLD DIQTB495-12 

Australia Australia BOLD DIQTB581-12 

Australia Australia BOLD DIQTB602-12 

South America Ecuador BOLD FBCTW047-14 

South America Ecuador BOLD FBCTW048-14 

South America Ecuador BOLD FBCTW064-14 

South America Ecuador BOLD FBCTW227-14 

 
 All selected COI sequences were from the 

NCBI GenBank and BOLD DNA reference 
libraries. The Basic Local Alignment Search Tool 
(BLAST) was used to confirm species identity of 
the COI sequences, and if sequences did not 
match with M. domestica, those samples were 
removed from our analysis. 

Statistical Analysis 
All M. domestica COI sequences were aligned 

using Clustal X and manually edited. The genetic 
variation of M. domestica populations from each 
country was evaluated to determine the numbers 
of haplotypes (N), polymorphic sites, nucleotide 
(π) diversity, and haplotype (h) diversity using the 
DnaSP6 software (Rozas et al., 2017).  

Analysis of molecular variance (AMOVA) 
based on 10,000 permutations as significance at 
p-values < 0.05 was used to evaluate population 
genetic structure, including the percentage of 
sequence divergence within and between 10 M. 
domestica populations using the Arlequin 3.5.2.2 
software (Excoffier and Lischer, 2010). M. 
domestica populations were grouped by 
continents. Pairwise FST values based on 10,000 
permutations as significance at p-values < 0.05 
using Arlequin 3.5.2.2 (Excoffier and Lischer, 
2010) were used to assess short-term genetic 
distances between M. domestica populations.  

The maximum likelihood method with 10,000 
bootstrap replicates was used for phylogenetic 
analysis of the 41 M. domestica COI sequences 
and was calculated using the MEGA7 software 
(Kumar et al., 2016). In addition, the median-
joining haplotype network (Bandelt et al., 1999) 
was built to assess geographic relationships 
based on statistical parsimony using Arlequin 
3.5.2.2 (Excoffier and Lischer, 2010) and the 
Network 5.0.1.1 software available at 
http://www.fluxus-engineering.com. 
 
RESULTS  

Genetic Diversity 
The COI sequences (639 bp) of 41 M. 

domestica samples were obtained from NCBI 

GenBank and BOLD and then analyzed. The 
sequence variants (haplotypes) are shown in 
Figures 2 and 3. There were 23 polymorphic sites, 
and the average overall values of haplotype 
diversity and nucleotide diversity were 0.777 ± 
0.049 and 0.003 ± 0.003, respectively (Table 2). 
The total number of haplotypes was 15. There 
were two shared haplotypes, H5 (shared with 
Canada, USA, China, Saudi Arabia, and India) 
and H6 (shared with Canada, China, Bangladesh, 
Saudi Arabia, Thailand, South Korea, Australia, 
and Ecuador), and 13 singular haplotypes, 
including H1 (specific to Ecuador), H2 (specific to 
Saudi Arabia), H3 (specific to Australia), H4 
(specific to Australia), H7 (specific to 
Bangladesh), H8 (specific to China), H9 (specific 
to China), H10 (specific to South Korea), H11 
(specific to Ecuador), H12 (specific to Saudi 
Arabia), H13 (specific to Ecuador), H14 (specific 
to India), and H15 (specific to China) (Table 3). 

Population Genetic Structure  
M. domestica genetic structure was analyzed 

using 10 geographic populations, Canada, USA, 
China, Bangladesh, Saudi Arabia, India, Thailand, 
South Korea, Australia, and Ecuador. AMOVA 
indicated 66.13% of genetic variation (ΦST = 
0.279), which was statistically significant (p < 
0.05) (Table 4). Pairwise FST analysis showed 
significant genetic differences between the 
populations of China and USA, Saudi Arabia and 
USA, Thailand and Canada, Thailand and USA, 
Thailand and China, Thailand and India, South 
Korea and Canada, South Korea and USA, 
Australia and Canada, Australia and USA, 
Ecuador and Canada, Ecuador and USA, and 
Ecuador and Thailand (p < 0.05) (Table 5). 

Phylogenetic Tree and Median-Joining 
Haplotype Network 

Figure 1 is the phylogenetic tree analysis 
based on the maximum likelihood method with 
10,000 bootstrap replicates, which did not show a 
genetic relationship between countries, whereas 
Figure 2 is the median-joining haplotype network 
tree, which showed a relationship of haplotypes 
divided into two clusters.  

 



Tanawat Chaiphongpachara               Mitochondrial Genetic Variations of Musca domestica in 10 countries 

 

    Bioscience Research, 2019 volume 16(2): 1944-1951                                                   1947 

 

Table 2. M. domestica haplotypes and nucleotide diversity  
 

Countries No 
No. 

haplotypes 

No. 
polymorphic 

sites 

Haplotype 
diversity (h) 
(mean ± SD) 

Nucleotide diversity 
 (π) (mean ± SD) 

Canada 7 2 1 0.286±0.196 0.000±0.000 

USA 4 1 0 0.000±0.000 0.000±0.000 

China 5 5 6 1.000±0.126 0.004±0.003 

Bangladesh 2 2 4 1.000±0.500 0.006±0.005 

Saudi Arabia 6 4 5 0.800±0.172 0.003±0.002 

India 2 2 3 1.000±0.500 0.005±0.004 

Thailand 5 1 0 0.000±0.000 0.000±0.000 

South Korea 3 2 4 0.667±0.134 0.004±0.003 

Australia 3 3 6 1.000±0.272 0.006±0.004 

Ecuador 4 4 11 1.000±0.177 0.009±0.005 

Total 41 15 23 0.777±0.049 0.003±0.003 

 
Table 3. M. domestica haplotype distributions from 10 countries  

 

Haplotypes 
Countries Total 

CAN USA CHI BAN SAU IND THA KOR AUS ECU  

H1 - - - - - - - - - 1 1 

H2 - - - - 1 - - - - - 1 

H3 - - - - - - - - 1 - 1 

H4 - - - - - - - - 1 - 1 

H5 6 4 1 - 1 1 - - - - 13 

H6 1 - 1 1 3 - 5 2 1 1 15 

H7 - - - 1 - - - - - - 1 

H8 - - 1 - - - - - - - 1 

H9 - - 1 - - - - - - - 1 

H10 - - - - - - - 1 - - 1 

H11 - - - - - - - - - 1 1 

H12 - - - - 1 - - - - - 1 

H13 - - - - - - - - - 1 1 

H14 - - - - - 1 - - - - 1 

H15 - - 1 - - - - - - - 1 

Total 7 4 5 2 6 2 5 3 3 4 41 

 
 
 
 

Table 4. AMOVA of M. domestica from 10 geographical populations 
 

Source of 
 
 

 variation 

df 
Sum  

of squares 
Variance  

components 
Percentage  
of variation 

Φ p-value 

Among  groups 2 3.770 0.123Va 27.95 ΦCT = 0.082  0.000* 

Among populations 7 2.742 0.026Vb 5.92 ΦSC = 0.339 0.192 

Within populations 31 9.024 0.291Vc 66.13 ΦST = 0.279  0.019* 

Total 40 15.537 0.440    
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Table 5. Pairwise comparisons of M. domestica genetic diversity among 13 countries 
 

 CAN USA CHI BAN SAU IND THA KOR AUS ECU 

CAN -          

USA 
-0.098 

(0.100 ) 
-         

CHI 
0.239 

(0.068 ) 
0.322 

(0.050)* 
-        

BAN 
0.527 

(0.086 ) 
0.724 

(0.069) 
-0.111 

(0.100 ) 
-       

SAU 
0.324 

(0.051 ) 
0.442 

(0.033)* 
-0.034 
(0.745) 

-0.154 
(0.100) 

-      

IND 
0.161 

(0.405) 
0.384 

(0.335) 
-0.111 
(0.100) 

0.000 
(0.100) 

0.062 
(0.459 ) 

-     

THA 
0.804 

(0.013)* 
1.000 

(0.006)* 
0.375 

(0.045)* 
0.474 

(0.282) 
0.161 

(0.179) 
0.773 

(0.045)* 
-    

KOR 
0.552 

(0.035)* 
0.724 

(0.028)* 
0.008 

(0.464) 
-0.200 
(0.100) 

-0.116 
(0.100 ) 

0.207 
(0.397) 

0.189 
(0.393 ) 

-   

AUS 
0.454 

(0.031)* 
0.579 

(0.030)* 
-0.071 
(0.100) 

-0.200 
(0.100) 

-0.059 
(0.100) 

0.000 
(0.100) 

0.423 
(0.110) 

-0.071 
(0.100) 

-  

ECU 
0.410 

(0.015)* 
0.500 

(0.029)* 
-0.053 
(0.100) 

-0.143 
(0.100) 

-0.018 
(0.572) 

0.000 
(0.100) 

0.394 
(0.048)* 

-0.020 
(0.482) 

-0.091 
(0.100) 

- 

* = significant differentiation (p < 0.05) 
 

 
Figure 1. Phylogenetic tree of 41 COI sequences of M. domestica from 10 countries based on the 

maximum likelihood method 
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Figure 2. A minimum spanning network based on 15 haplotypes of 41 COI sequences of M. 
domestica from 10 countries, each circle (yellow color) representing a haplotype (the size of each 

circle proportional to the frequency of each haplotype and branch lengths proportional to the 
number of nucleotide changes between haplotypes) 

 
Cluster I included 10 haplotypes with H5 as a 

central haplotype, and cluster II included five 
haplotypes with H6 as a central haplotype. 

DISCUSSION 
Over the last decade, DNA barcoding has 

become a key method employed for animal 
species identification and genetic variation in 
which a short DNA sequence is used for analysis 
(Yang et al., 2018). Sequences are collected and 
deposited into publicly available databases which 
useful for future studies of species populations 
(Lim et al., 2009). In this study, genetic diversity 

was analyzed using 41  
 

COI sequences from 10 M. domestica populations 
around the world, which were retrieved from the 
NCBI GenBank and BOLD databases. 

We identified 15 haplotypes (consisting of 13 
singular haplotypes and two shared haplotypes), 
and the overall average of haplotype and 
nucleotide diversities was reportedly low in 
Canada, USA, and Thailand. Previous reports 
indicated that low diversity of M. domestica is 
affected by overwintering population collapse in 
temperate regions such as Canada and USA 
(Marquez and Krafsur, 2002). Meanwhile, our 
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finding showed that in Thailand, which is located 
in a tropical region, this low diversity may be due 
to the low number of M. domestica samples. 

There was 66.13% of genetic variation 
identified, with genetic differences between 
populations in China and USA, Saudi Arabia and 
USA, Thailand and Canada, Thailand and USA, 
Thailand and China, Thailand and India, South 
Korea and Canada, South Korea and USA, 
Australia and Canada, Australia and USA, 
Ecuador and Canada, Ecuador and USA, and 
Ecuador and Thailand. The differences in genetic 
structure of M. domestica populations could be 
due to the adaptation of the vector to various 
environments and habitats. Our results are in 
accordance with Cummings and Krafsur (2005), 
which found pairwise differentiation based on 
zoogeographical regions of M. domestica 
populations, particularly from Afrotropical, Indo-
Malayan, Nearctic, Neotropical, and Palearctic 
regions. 

The median-joining haplotype network tree 
revealed two clusters: Cluster I with H5 as a 
central haplotype and Cluster II with H6 as a 
central haplotype. This result illustrated that most 
haplotypes were derived from the central 
haplotypes (H5 in Cluster I and H6 in Cluster II), 
which may be the consequence of a single 
mutational change in M. domestica. 

CONCLUSION 
This study demonstrated mitochondrial 

genetic variations across M. domestica 
populations around the world. Compared to other 
geographical regions, Nearctic M. domestica 
populations possessed lower genetic diversity 
values. In addition, genetic structure was 
significantly distinct within M. domestica 
populations and among groups from different 
regions. These results enhance our understanding 
of M. domestica genetics, which can be used to 
improve vector surveillance and control efforts. 
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