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Abstract 
DNA barcoding has been widely used in species identification and biodiversity research because it has 
been shown that in many groups, including insects, interspecific variation in DNA sequences of some 
genes is much higher than intraspecific and this provided an opportunity to use DNA sequences for 
species identification. Cytochrome oxidase I (COI) barcoding sequences can be used to discover cryptic, 
closely related and morphologically similar species. DNA barcoding has gained increased recognition as 
a molecular tool for species identification in various groups of organisms. A study was, therefore, 
undertaken to barcode five fly species prevalent in poultry farms in and around Bengaluru districts in 
Karnataka state. The barcoding of COI gene of Musca domestica, Chrysomya megacephala, Hydrotaea 
capensis, Hermetia illucens and Sarcophaga ruficornis yielded an amplified fragment of 658 bp 
sequence. Barcode for all 5 species was generated using Bold_Systems v3 and submitted to GenBank and 
accession numbers were obtained. In the present study, identification of five different fly species based 
on morphology was also confirmed by DNA barcoding to prove their correct identity. 
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Introduction 
India’s poultry industry represents a major success story. It is one of the fastest growing 
segments of the agricultural sector today in India with annual growth rates of 5.57 and 11.44 
percent in egg and broiler production, respectively. While agricultural production has been 
rising at the rate of 1.5-2 percent per annum over the past two to three decades, poultry 
production has been rising at the rate of around 8-10 percent per annum, with an annual 
turnover of US$ 7500 million [1]. The sector is providing direct or indirect employment to 6.5 
million people. It accounts for about one percent of India’s GDP and 11.70 percent of the GDP 
from the livestock sector. Livestock population of India is among the highest in the world, it 
contributes approximately 4% to GDP and 27% to agricultural GDP [2]. South India accounts 
for majority of total poultry production and consumption in the country [3]. The high growth 
has placed India at 3rd position after China and USA with a production of 59.8 billion eggs 
and 5th after USA, China, Brazil, and Mexico with regard to meat production [4].  
One of the significant problem in poultry farms all over India is the fly menace. Several 
species of flies are found associated with poultry production facilities such as houseflies and 
their relatives like flesh flies, blow flies, bottle flies, filter flies, soldier flies and vinegar or 
fruit flies. These flies cause annoyance, discomfort and are also harmful to human and animal 
health capable of transmitting many diseases to human and animals. In view of the severity of 
the problem, these flies need to be studied and effective control measures have to be evolved.  
Insects are usually identified by morphological methods, which is a tedious, time-consuming, 
needs a specialist, holotype comparison, difficult to identify large number of insects in a short 
period of time, and requires taxonomic expertise. The morphological similarity in females of 
certain species complex of insects is a challenge for identification. Therefore, molecular 
method of identification is being advocated for identification, which is faster and has increased 
sensitivity and specificity. One such molecular method is DNA barcoding [5, 6, 7] and this 
approach was employed for confirmation of morphologically identified insects and insects 
based on their fragments. The mitochondrial gene cytochrome c oxidase I (COI) could serve as 
the core of a global bio identification system for animals [7]. COI gene of insects was amplified 
by PCR and yielded specific amplicon of 658bp. Many authors have done COI barcoding by 
using universal primers by amplifying 658bp length of gene [8] and used COI barcode to 
identify morphologically identified Chrysomya species (C. flavifrons, C. latifrons, C.  
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megacephala, C. nigripes, C. rufifacies, C. safranea, C. 
semimetallica, C. varipes and C. incisuralis) from East Coast 
of Australia [9]. Identification of various flies belonging to 
Calliphoridae and Muscidae has been done in Germany [10] and 
for identifying Lucilia sericata from India [11], to identify sand 
flies in Peru [12], Sarcophaga tibialis and S. cultellata from 
Spain [13]. Identification of immature life stages of a 
forensically important flesh fly (Diptera: Sarcophagidae) was 
done [14]. The identification of C. imicola, C. oxystoma, C. 
peregrinus, C. anophelis, C. palpifer, C. huffi, C. innoxius and 
C. circumscriptus [15] was made and sand fly species (Diptera, 
Psychodidae, Phlebotominae) in Colombia [16]. Identification 
of flies belonging to Calliphoridae and Muscidae in Iberian 
Peninsula [17] and neotropical sand flies (Diptera, Psychodidae, 
Phlebotominae) in Brazil [18].  
Mitochondrial (Mt) DNA is used for DNA barcoding because 
Mt DNA is much smaller than nuclear DNA and sequencing is 
easy. COI is used for DNA barcoding and very efficient for 
species identification, easy to isolate from wide range of 
organisms, therefore, in the present study COI was used for 
DNA barcoding. A study was therefore undertaken to barcode 
commonly prevalent fly species in poultry farms of Bengaluru 
districts in Karnataka state in view of their importance as pests 
of poultry, animals and man. 
 
Materials and methods 
Eleven different poultry farms in Bengaluru were selected and 
flies were collected from 2013-2014, one year period by using 
sweep net, different flies were preliminarily identified based 
on wing pattern, color of flies, head and thorax pattern and 
separated. Some adult flies were dry preserved to preserve 
their natural colour and bristles and the rest were preserved in 
70% ethanol. The date of collection, season, species, and 
region of collection was recorded. Of the different flies some 
were stored in 95% ethanol at -20 0C in the deep freezer for 
molecular studies and larvae were collected by handpicking 
from poultry manure of the different larvae. Larvae of 
different flies were separated and stored in 70% ethanol, some 
were taken and stored in 95% ethanol at -20 0C in the deep 
freezer for molecular studies. The adult flies and larvae were 

confirmed subsequently by mounting several specimens on 
glass slides after clearing in liquefied phenol solution for 24 hr 
[19]. 
 
Morphological identification: 
Morphological identification of adult flies was done by using 
keys [20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32]. The characters for 
morphological identification of fly included length of fly, eyes, 
antennae, wing pattern, and colour of flies, thorax and 
abdominal pattern.  
Morphological identification of larvae was done by using keys 
[33, 34, 35, 36, 37, 38, 39, 40]. Basic morphological features of larva 
used for identification purpose included length of larvae, 
integument, spines, cephalopharyngeal skeleton, respiratory 
structures such as anterior and posterior spiracles. 
 
Molecular identification: 
Morphologically five different flies were identified by using 
keys [20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40], viz., 
M. domestica, C. megacephala, H. capensis, H. illucens and S. 
ruficornis. All flies from different farms were subjected for 
barcoding. For barcoding, cytochrome c oxidase subunit I 
mitochondrial gene was targeted and amplified by using 
universal primers. 
DNA extraction: The genomic DNA of adult flies and larvae 
were extracted Qiagen “DNeasy Blood and Tissue kit” 
(Germany) as per the manufacturers protocol, procured from 
M/s J J BIOTECH, Bengaluru.  
PCR primers: COI gene of flies was amplified by universal 
primers LCO1490/HCO2198. The published universal primers 
were synthesized. The details of the primers and their base 
sequences are given in (Table 1). The primers obtained were 
reconstituted in nuclease free water (NFW) as per the 
requirements and stored at –20 °C. 
PCR amplification of COI: The amplification reactions were 
carried out with composition of PCR mix for species specific 
amplification of COI of flies (Table 2) in 0.2ml PCR tubes 
using a programmable thermal cycler as detailed below 
cycling conditions [7] (Table 3). 

 
Table 1: Nucleotide sequence of CO1F/CO1R primers 

 

Primer code Nucleotide sequence Product size (bp) 
LCO1490 
HCO2198 

5’-GGTCAACAAATCATAAAGATATTGG-3 
5’-TAAACTTCAGGGTGACCAAAAAATCA-3’ 658 

 
Table 2: Composition of PCR mix for species specific amplification of CO1 of flies 

 

Contents Quantity 
10X Taq buffer 5µl (Mgcl2-15mM) 

dNTP,s mix 1µl (2.5mM each) 
Taq DNA polymerase (1unit/ul) 1µl (1unit) 

LCO1490 2µl (20pm) 
HCO2198 2µl (20pm) 
Template 5µl 

NFW to make final volume 50µl 
 

Table 3: PCR conditions for the amplification of CO1 of fly spp. 
 

Initial denaturation Denaturation Annealing Extension Final extension Stop reaction 

95 oC 5min 95 oC 1min 45 oC 1min 72 oC 1min 72 oC 10min 4 oC 5min Repeated for 30 cycles 
 

After completion of PCR reaction, 5µl of amplified products 
along with 6X gel loading dye were subjected to 
electrophoresis in 1.5% agarose gel and 100 bp DNA ladder 
was used as marker. The images were captured using gel 

documentation system. 
 
Sequencing of PCR products 
The PCR products were sent to M/s Eurofins Pvt. Ltd, 
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Bengaluru, India, for sequencing, where PCR products were 
sequenced in both forward as well as reverse directions and 
sequencing results were obtained in. ab1 file format and. txt 
format. Sequences were then checked for homology by using 
the available bioinformatics tool BLAST (Basic local 
alignment search tool) from NCBI (National centre for 
Biotechnology information) server. 
 
Phylogenetic analysis 
All the 29 DNA sequences were clustered by Clustal w for 
pairwise and multiple alignment and further subjected to 
phylogenetic tree construction by applying Neighbour-Joining 

approach with 1000 bootstrap support in MEGA v4.0 
software. 
 
Results  
Morphological identification of adult flies revealed M. 
domestica, C. megacephala, H. capensis, H. illucens and S. 
ruficornis to be prevalent. 
PCR amplification of COI of morphologically identified flies 
for barcoding viz M. domestica, C. megacephala, H. capensis, 
H. illucens, S. ruficornis were amplified by using universal 
primers LCO1490 and HCO2198 they yielded specific amplicon 
of 658bp (Fig. 1). 

 

 

 

Fig 1: PCR amplification of COI gene for barcoding of flies (L: 100 bp Ladder, Lane 1: C. megacephala, Lane 2: C. 
megacephala, Lane 3: NTC-no template control, Lane 4: M. domestica, Lane 5: M. domestica, Lane 6: C. megacephala, Lane 7: 
C. megacephala, Lane 8: M. domestica, Lane 9: M. domestica, Lane 10: C. megacephala, Lane 11: NTC, Lane 12: C. 
megacephala,  Lane 13: M. domestica, Lane 14: : M. domestica, Lane 15: M. domestica, Lane 16: NTC, Lane 17: Hy. capensis, 
Lane 18: C. megacephala, Lane 19: M. domestica, Lane 20: M. domestica, Lane 21: M. domestica, Lane 22: M. domestica, Lane 
23: NTC, Lane 24: M. domestica, Lane 25: M. domestica, Lane 26: M. domestica, Lane 27: M. domestica, Lane 28: M. domestica, 
Lane 29: M. domestica, Lane 30: M. domestica, Lane 31: NTC, Lane 32: He. illucens, Lane 33: M. domestica, Lane 34: S. 
ruficornis 

 

Sequencing of PCR products 
The PCR products were sent to Euro-fins Ltd. India for 
sequencing, where PCR products were sequenced in both 
forward as well as reverse directions and sequencing results 
were obtained in .ab1 file format and .txt format. Sequences 
were then checked for homology by using the online freely 
available bioinformatics tool BLAST (Basic local alignment 
search tool) from NCBI (National centre for Biotechnology 
information) server which confirmed the specificity of 
primers. All the sequences for particular species under BLAST 
system were confirmatory. The nucleotide sequence data 
obtained were edited and then subjected for BLAST with 
NCBI nucleotide sequence data library.  
Sequences were edited and submitted to GenBank and 

accession numbers were allotted and for those species barcode 
was generated using BoldSystems v3. The accession numbers 
allotted were >A-2_ KX230656 Chrysomya megacephala, >A-
3_ KX230657 Chrysomya megacephala, >A-4_ KX230658 
Musca domestica, >A-5_ KX230659 Musca domestica, >A-7_ 
KX230660 Chrysomya megacephala, >A-8_ KX230661 
Chrysomya megacephala, >A-10_ KX230662 Musca 
domestica, >A-11_ KX230663 Musca domestica, >A-14_ 
KX230665 Chrysomya megacephala, >A-15_ KX230666 
Chrysomya megacephala, >A-16_ KX230667 Musca 
domestica, >A-17_ KX230668 Musca domestica, >A-18_ 
KX230669 Musca domestica, >A-19_ KX230670 Hydrotaea 
capensis, >A-21_ KX230671 Chrysomya megacephala, >A-
22_ KX230672 Musca domestica, >A-23_ KX230673 Musca 

658bp 

658b
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domestica, >A-24_ KX230674 Musca domestica, >A-26_ 
KX230676 Musca domestica, >A-27_ KX230677 Musca 
domestica, >A-29_ KX230678 Musca domestica, >A-30_ 
KX230679 Musca domestica, >A-31_ KX230680 Musca 
domestica, >A-32_ KX230681 Musca domestica, >A-
34_KX230682 Musca domestica, >A-35_ KX230683 Musca 
domestica, >A-37_ KX230684 Hermetia illuscens, >A-38_ 
KX230685 Musca domestica, >A-40_ KX230686 Sarcophaga 

ruficornis. 
 
Phylogenetic analysis 
Tree clustered into three major clade, first clade consisting of 
M. domestica, second clade consisting of H. capensis and S. 
ruficornis, whereas third clade consisting of C. megacephala. 
H. illucens clustered as an outgroup (Fig. 2). 

 

 
 

Fig 2: Phylogenetic analysis of flies from Musca, Hydrotaea, Sarcophaga and Chrysomya genus 
 

Discussion 
The morphological identification based on various 
morphological features is tedious and time-consuming and 
needs a specialist, holotype comparison is time consuming and 
difficult to identify large number of insects in a short period of 
time, requires taxonomic expertise and morphological 
similarity in females of certain species complex of insects is a 
challenge to identify. Therefore, molecular method of 
identification was advocated for identification, which is found 
to be faster and had the advantage of sensitivity and 
specificity. 
DNA barcoding has been widely used in species identification 
and biodiversity research (Kim et al., 2012) [5] because it has 
been shown that in many groups, including insects, 
interspecific variation in DNA sequences of some genes is 
much higher than intraspecific and this provided an 
opportunity to use DNA sequences for species identification. 
Cytochrome c oxidase subunit I (COI) barcoding sequences 
can be used to discover cryptic, closely related and 
morphologically similar species. DNA barcoding has gained 
increased recognition as a molecular tool for species 
identification in various groups of organisms (Rivera et al., 
2009) [6] and this provides a reliable, cost-effective and 
accessible solution to exact species identification (Hebert et 
al., 2003) [7]. In the present study all the flies, which were 
identified morphologically and were confirmed by DNA 
barcoding. 
A DNA barcode is a short sequence from standardized 

portions of the mitochondrial genome (a 658 bp of mtCOI). 
The concept for barcoding is to study genetic variation 
between species, which exceeds variation within species. 
MtDNA is used for DNA barcoding because MtDNA is much 
smaller than nuclear DNA, sequencing is easy. MtDNA has 
fast mutation rate with a significant variation between species 
& less variation among species. It is less prone to insertions, 
deletions and other large scale of rearrangements, which spoils 
the generation of barcode. It is very stable with little or no 
degradation in museum specimens, easy alignment having 
short segments with less cost to sequence. 
COI is used for DNA barcoding because this is the most 
popular gene used worldwide and very efficient for species 
identification, highly conserved at DNA sequences level-
within species, alignment process is not difficult- protein 
coding region, easy to isolate from wide range of organisms, 
therefore, in the present study CO1 was used for DNA 
barcoding. 
Mitochondrial gene cytochrome c oxidase I (COI) could serve 
as the core of a global bio-identification system for animals. 
COI gene of animals, insects were amplified by PCR, they 
yielded specific amplicon of 658bp. In the present study COI 
of all flies yielded an amplified fragment of 658bp which is in 
agreement with Hebert et al., 2003 [7]. The 658 bp of COI 
sequence of M. domestica, C. megacephala, H. aenesence, H. 
capensis, H. illuscence and S. ruficornis after BLAST analysis 
confirmed the species identified based on morphology. In 
accordance with the present study various authors used CO1 
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barcoding by using universal primers by amplifying 658bp 
length of gene such as Nelson (2008) [9] used COI barcode to 
identify morphologically identified Chrysomya species (C. 
flavifrons, C. latifrons, C. megacephala, C. nigripes, C. 
rufifacies, C. safranea, C. semimetallica, C. varipes and C. 
incisuralis) from East Coast of Australia. Boehme et al. (2012) 
[10] used it for identifying various flies belonging to 
Calliphoridae and Muscidae in Germany. Bhaskaran and 
Sebastian (2015) [11] used the method for identifying L. sericata 
from India. Nzelu et al. (2015) [12] used it to identify sand flies 
in Peru. Arnaldos et al. (2015) [13] used COI barcoding for 
identification of S. tibialis and S. cultellata from Spain. 
Meiklejohn et al. (2013) [14] for identification of immature life 
stages of a forensically important flesh fly (Diptera: 
Sarcophagidae). Archana et al. (2014) [15] reported the 
identification of C. imicola, C. oxystoma, C. peregrinus, C. 
anophelis, C. palpifer, C. huffi, C. innoxius and C. 
circumscriptus. Gutierrez et al. (2014) [16] identified sand fly 
species (Diptera, Psychodidae, Phlebotominae) in Colombia. 
Rolo et al. (2013) [17] used it for identifying flies belonging to 
Calliphoridae and Muscidae in Iberian Peninsula. Pinto et al. 
(2015) [18] identified neotropical sand flies (Diptera, 
Psychodidae, Phlebotominae) in Brazil.  
 
Conclusion 
In present study, identification of five different fly species was 
confirmed by morphological as well as by DNA barcoding to 
prove their correct identity. Even the immature stages of the 
fly, viz., larvae were identified up to species level by using 
barcoding as morphological species identification at any life 
stage is very challenging. Interspecific variation in DNA 
sequences of COI genes is much higher than intraspecific and 
this provided an opportunity to use DNA sequences for exact 
species identification. 
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