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1. Introduction
The flies in the family Syrphidae (Diptera: Lower 
Cyclorrhapha), one of the most speciose of dipteran 
families, are known as flower flies or hoverflies, and this 
family includes more than 5000 described species [1]. 
Eristalis tenax Linnaeus, 1758 in the family Syrphidae, 
is known as a drone fly and may offer potential as a 
managed pollinator of field crops. This fly has a worldwide 
distribution including Europe [2], China [3], Japan [4], 
the Indian subcontinent, and throughout the New World 
[5–7]. The adults of E. tenax are strong fliers, have fairly 
uniform flower-feeding habits, and their size, shape, and 
color pattern are similar to honey and bumblebees [8–10]. 
The larvae of E. tenax, also known as rat-tailed maggots, 
are aquatic and mainly found in wetlands contaminated 
with livestock manure and wastewater processing facilities 
[11–13].

Despite their important role in pollination for many 
flowering plants, E. tenax have medical and veterinary 
importance due to the vector potential of adults, 
immature stages for mycobacteria [14,15], and causing 
facultative myiasis by early-stage maggots in humans 
and livestock [16–21]. The presence and distribution of 
E. tenax have been documented from several regions of 

Turkey, including the Kayseri region [22–25]. In addition, 
Yalçınkaya [26] and Mumcuoğlu et al. [18] reported nasal 
and urinary myiasis cases, respectively, in humans caused 
by the rat-tailed maggots of E. tenax. Dik et al. [27] also 
described a case of traumatic myiasis in a dog from the 
Central Anatolia Region.  

DNA barcoding is a powerful and useful approach 
for the accurate identification of numerous organisms, 
including several insect species, especially those that have 
similar morphology. The mitochondrial cytochrome-c 
oxidase subunit 1 gene (CO1) is commonly used for 
species delimitation and exploring the cryptic diversity in 
closely related species due to its phylogenetic signal with 
high resolution [28,29]. The barcode region of 658 bp 
of the 5′ end of CO1 [30] is the primarily targeted gene 
fragment in DNA barcoding of several kinds of vertebrates 
and invertebrates, including some hoverfly species [11,31–
34]. However, there has been no study in Turkey to explore 
the genetic characterization and diversity of Syrphidae 
species, including E. tenax.  

The objective of this study was to provide the first 
outputs on the molecular characterization of E. tenax 
distributed in the Central Anatolia Region of Turkey and 
to reveal the genetic diversity of the lineages by comparing 
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the available CO1 sequences of E. tenax from several 
countries in GenBank.

2. Materials and methods
2.1. Study area and collection of flies 
A total of 10 adult flies were collected from cattle barns 
by using insect nets in a village in Kayseri province in 
May 2018. The fly specimens were put into sterile tubes 
with 70% ethanol and then transferred to the laboratory. 
The identification of fly specimens was done under a 
stereomicroscope (SZX16, Olympus, Japan) by following 
the keys provided by Hippa et al. [35] and images were 
recorded. 
2.2. Genomic DNA isolation and amplification of CO1 
gene
Genomic DNA (gDNA) was extracted from the tissue 
sections of each individual specimen via GeneJET 
Genomic DNA Purification Kit (Thermo Fisher Scientific, 
USA). Prior to gDNA isolation, the tissue pieces were 
homogenized with the TissueLyser LT (Qiagen, UK). All 
gDNA isolates were stored at –20 °C until PCR analyses. 
The concentration of gDNA isolates was determined 
by Qubit Fluorometric Quantitation (Thermo Fisher 
Scientific, USA) prior to PCR amplification.

A partial 709 bp CO1 gene from the individual 
specimens was amplified using universal primers described 
by Folmer et al. [30]. Amplifications were performed using 
C1000 Touch™ Thermal Cycler (Bio-Rad, USA) using 
conditions reported by Folmer et al. [30] and adjusting 
the annealing temperature to 50 °C. The success of PCR 
amplification was checked by loading 10 mL of PCR 
products on 1.5% w/v agarose gel containing 10 μL/mL 
ethidium bromide/TAE buffer. Amplicons on the agarose 
gel were visualized in the Fusion FX Gel Documentation 
System (Vilber Lourmat, France).
2.3. Sequence analysis and phylogenetic relationships 
PCR products were purified from agarose gel using 
a commercial kit (Roche, Mannheim, Germany). 
Purified amplicons were sequenced bidirectionally with 
amplification primers on the Sanger Sequencing Platform 
(Macrogen, Netherlands). Primer sequences in the 
obtained chromatograms were trimmed prior to analyses. 
The final forward and reverse sequences were assembled 
in Geneious Prime 2019.2.1 (https://www.geneious.com) 
to create a single consensus sequence with the De Novo 
Assemble tool.

Finalized consensus sequences were compared in the 
NCBI database by using BLASTn searchers. A CO1 data 
set comprised of 32 sequences in total was constituted 
with retrieved genetically related sequences from different 
countries in GenBank for phylogenetic analyses. MUSCLE 
plugin in Geneious Prime was utilized for multiple 

alignments of the sequences [36]. DNA polymorphism 
and haplotype analyses were performed with DnaSp v.5.1 
[37]. The calculation of intraspecific and interspecific 
differences was evaluated with MEGA 7 [38] via the 
Kimura two-parameter (K2P) model [39]. 

Maximum Likelihood (ML) estimation was used to 
infer phylogenetic relationships. GTR+G was determined 
as the most appropriate DNA substitution model for ML 
analyses using the software jModeltest v.0.1.1 [40]. ML 
analyses were performed in PhyML software [41]. The 
robustness of the ML tree was estimated using a bootstrap 
analysis of 1000 replications.

3. Results
3.1. Morphologic identification 
The collected flies that were close to both honey and 
bumble bees in appearance were identified as the females 
of E. tenax according to the described keys (Figure 1). 
Briefly, the black medial strip of the face was broad, more 
than one-third the width of the face. The arista of the flies 
was short-haired, almost bare, eyes with a dorsoventral 
band of generally denser and darker hairs than on other 
parts. Katepimeron was hairy, front and mid tarsi were 
black, prostigma was short, and abdomen was broad and 
shining.
3.2. Sequence characterization and phylogenetic 
relationships
Successful amplification of the barcode region of CO1 
mt-DNA was obtained for all 10 isolates in PCR analyses 
(Figure 2). After trimming the primer sequences from the 
reads, the consensus sequences of the barcoding region 
(658 bp) from all isolates were successfully obtained 
with high-quality chromatogram scores. All sequences 
were designated as forming functional mitochondrial 
products due to the absence of insertions, deletions, 
or stop codons. The BLASTn analysis of the obtained 
sequences confirmed the morphological identifications 
as the specimens belonging to E. tenax. No polymorphic 
sites were designated among the CO1 sequences of all 
E. tenax isolates, resulting in the detection of a single 
haplotype (EtenaxTR1). The CO1 sequence of EtenaxTR1 
was submitted to GenBank with accession MN565029. 
The base composition of the barcode CO1 region of the 
obtained haplotype was highly AT biased with a mean GC 
content of 31.2%.

A total of 111 polymorphic sites, of which 79 were 
parsimony informative, were determined within the 
entire CO1 data set, including the sequences of E. tenax, 
E. cryptarum, E. dimidiate, E. fraterculus, E. hirta, E. 
interrupta, E. rupium, and E. stipator. Five totally different 
haplotypes were determined among the CO1 sequences 
of E. tenax. Mean haplotype and nucleotide diversities for 
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E. tenax were 0.775 and 0.002, respectively. Intraspecific 
nucleotide differences for E. tenax were determined as 
0.2 ± 0.1%. Interspecific differences among the Eristalis 
species in the CO1 data set are presented in Table 1. E. 

tenax CO1 sequences were closer to E. hirta, while the 
highest distance was found with E. stipator.

The ML tree with bootstrap support (ML) values is 
given in Figure 3. All sequences were classified within 

Figure 1. Adult female E. tenax collected from Central Anatolia, Turkey. Lateral view (left): Hairy katepimeron, 
black front and mid tarsi, broad and shinning abdomen, prostigma was short and abdomen was broad and shining. 
Dorsal view (right): Short-haired arista, black and broad medial strip of the face. 

Figure 2. Amplification products of the barcode CO1 region from the examined E. 
tenax isolates. M: Marker (100 bp), 1–10: gDNA from E. tenax isolates, 11: No DNA.

Table 1. Interspecific genetic distances (below the diagonal) ± standard deviations (above the diagonal) for 
Eristalis species in CO1 data set.

    1 2 3 4 5 6 7 8

1 E. tenax   0.010 0.010 0.010 0.011 0.011 0.012 0.011
2 E. hirta 0.057   0.001 0.008 0.008 0.010 0.010 0.012
3 E. rupium 0.059 0.002   0.009 0.008 0.010 0.010 0.012
4 E. interrupta 0.064 0.044 0.045   0.009 0.010 0.011 0.012
5 E. cryptarum 0.071 0.048 0.050 0.057   0.010 0.011 0.012
6 E. fraterculus 0.068 0.058 0.060 0.059 0.062   0.011 0.011
7 E. dimidiata 0.075 0.060 0.062 0.067 0.068 0.067   0.012
8 E. stipator 0.079 0.077 0.079 0.072 0.078 0.070 0.080  
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Figure 3. Phylogenetic analysis of E. tenax and other species of Eristalis genus. The obtained haplotype is shown in bold red character. 
Bootstrap values (1000 replicates) are shown at the nodes. Lejops willingii CO1 sequence was used as the outgroup. The scale bar 
represents a 0.02% divergence.
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species-based clades with the support of bootstrap values 
over 97.0%. The newly identified EtenaxTR1 haplotype 
clustered in a monophyletic clade (Figure 3) with published 
haplotypes from Australia and Canada with high bootstrap 
value (86.0%). The EtenaxTR1 was found wholly identical 
to the isolate reported from Australia (JN991985) and 
also showed a high identity rate of 99.8% to the isolates 
reported from Canada (KR719186, MG168865).
4. Discussion
Due to their heterogeneous feature and global distribution, 
the flies in family Syrphidae constitute an important and 
diverse taxon for ecological and biogeographical studies 
[42]. Although the prevalence of E. tenax in several regions 
of Turkey has been reported [22–25], no data is available 
for the genetic composition and diversity of these flies 
prevalent throughout Turkey. We determined that many 
active flies were present in the cattle barns during visits 
for screening hypodermosis in cattle. It was thought that 
those flies could belong to the Hypoderma species because 
many cattle harbored typical subcutaneous nodules that 
contained warbles under the skin in the dorsal and lumbar 
regions. Laboratory examination and later molecular 
identification revealed that all flies belonged to E. tenax. As 
indicated by several researchers [43,44], the environment 
polluted with livestock manure probably presented suitable 
conditions for the development of E. tenax in the region.      

Genotyping and phylogenetic characterization of E. 
tenax populations circulating in the Kayseri province 
of Central Anatolia Region were utilized by using CO1 
DNA barcode sequences in this study. This standardized 

short gene region from mitochondrial DNA is generally 
considered as a reliable, cost-effective, and easy molecular 
identification tool, with wide use throughout the metazoan 
taxa [45,46]. CO1 barcoding has also been used for species 
delimitation in various genera in Syrphidae, including 
Cheilosia vernalis complex [47], the genus Merodon [48], 
Chrysotoxum [49], Platycheirus [50], Eumerus [42], and 
the Afrotropical species [51]. In accordance with those 
studies [42,50,51], the barcode CO1 region successfully 
delimitated the species of Eristalis in separate monophyletic 
clusters with an overall interspecific genetic distance of 
6.8%. However, haplotype and nucleotide diversities within 
E. tenax were relatively lower than some other members 
of the Syrphidae, such as the species of Eumerus [42] and 
Platycheirus [50]. The low level of genetic diversity in E. 
tenax among different geographical areas might suggest a 
lower impact of geographical distance over the gene flow 
among E. tenax populations. Wholly identical genetic 
structure of the isolates from this study and from Australia 
(JN991985), which are very far from each other, could 
also support this inference. However, further large-scale 
sampling from different regions is needed to explore the 
accurate genetic diversity of E. tenax.   

In conclusion, this study provides the first genetic 
characterization of E. tenax populations in Kayseri 
province of Turkey and contributes knowledge to 
molecular biology and genetic diversity of flies belonging 
to Syrphidae. Considering the importance of drone fly 
E. tenax, further studies are needed to clarify the genetic 
diversity and epidemiology of these flies in Turkey.
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