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1. Introduction

Black flies are one of the medically important insects belonging

ABSTRACT

Objective: To investigate the efficacy of extraction methodology for the proposed DNA from
the ethanol preserved black flies (Simuliidae: Diptera).

Methods: This study addressed a simple and effective protocol for extraction of DNA from
black flies stored in the ethanol. The sizes of larval and adult black flies ranged from 1.5 to 2.5
mm and 3 to 7 mm, respectively. To demonstrate the efficacy of the proposed methodology, the
DNA was extracted from the ethanol preserved sample of black flies using the commercial kids.
The extracted DNA was further validated in the PCR amplification using internal transcribed
spacer-1 rDNA and cytochrome oxidase subunit I rDNA target primers.

Results: Interestingly, a minor modification in the proposed methodology yielded a good DNA
concentration in comparison with the commercial kids. The extracted DNA sample using the
proposed methodology was successfully validated in the PCR amplification using internal
transcribed spacer-1 rDNA and cytochrome oxidase subunit II rDNA genes.

Conclusions: The proposed DNA extraction procedure yielded good concentration of DNA
from the ethanol preserved black flies. The added advantage is that the procedure is suitable for
arange of insect species preserved in the ethanol obtained from the various field conditions.

of the major components of the benthos in running waters and they
play a vital role in stream ecosystem as a prey for predators and

stand as a trophic link[2]. According to Adler and Crosskeyl3], a total

to the family of Simuliidae (order: Diptera). They are important
as pests of humans and animals and also act as a vector for filarial
nematode of the genus Onchocerca to humans and cattle. This
nematode causes onchocerciasis or river blindness transmitted by
many species of female adult black flies[1]. In addition, black flies
can cause a ‘black fly fever’ with symptoms like headache, fever,

nausea, dermatitis and allergic asthma. Larvae of black fly are one
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of 2177 of species belonging to 26 genera of Simuliidae family are
distributed in the world. Many species are misidentified because of
the extraordinary similarity between species. The young taxonomists
have been facing numerous problems in describing the species of
black fly. They are mainly concentrating on the morphological
features. The sizes of larval and adult black flies ranges from 1.5
to 2.5 mm and 3 to 7 mm, respectively. Since the breeding habitat
of black fly is in running waters which flow through forests and
urban areas, they depend mainly with water flow, temperature
and season[4]. Due to this condition, taxonomists should take
more efforts for sampling and rearing of black fly. However, the
molecular methods employing in black flies for the description
of species would be helpful for identifying and understanding the
knowledge of their geographical distribution. The difficulties arise

to bring the live black flies from the field to laboratory, since it
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needs preservation in the field. Ecologists are widely using ethanol
for preserving specimens. DNA extraction is the first step in many
molecular biology protocols. A variety of methods have been
employed to extract insect genomic DNA, and many commercial kits
are available[5]. Several studies have emphasized their efficiency,
cost, and side effects such as DNA degradation during extraction[6].
Nowadays, several scientific companies offer commercial kits
with a lot of advanced technology to accelerate the process of DNA
isolation, as an alternative approach to the conventional methods.
However, the kits are problematic in their use of toxic chemicals,
and a large number of steps, solution and buffer composition of
them are not apparent to the researchers(7]. However, limited studies
have been focusing on the effect of ethanol preserved samples and
its inefficiency in the PCR amplification(8]. Here, we have proposed
a simple, efficient procedure that can be employed for the black
fly ethanol preserved samples. Our goal was to isolate DNA from
ethanol preserved black flies by an easy and effective method and

further to evaluate efficacy of the DNA in the PCR amplification.

2. Materials and methods

2.1. Sample collection

The larvae of Simulium gravelyi, Simulium palniense (S.
palniense) and Simulium gurneyae were collected from the streams
of Palani Hills, Southern India. They were collected from the stream
substrates (bedrock, boulders, leaf litter, woody debris, efc.) with the
help of fine brush and forceps. The adults were collected on riparian
vegetation along the stream bank by a sweep net. The collected
samples were stored in the ethanol for 1 year. Specimens were
preserved in 95%-100% ethyl alcohol and brought to laboratory for

molecular analysis.

2.2. Genomic DNA extraction from ethanol preserved black

flies

The DNA was extracted from one-year-old ethanol preserved
specimens by the modified protocol of Ausubel et al.[9]. In addition,
three commercial DNA extraction kits were used for comparative
assessment, which were QIAamp genomic DNA isolation kit (Qiagen
GmbH, Hilden, Germany), HiPurATM insect DNA purification kit
(Hi-Media, Mumbai, India) and DNA extraction buffer (GeNei,

Bangalore, India).

2.3. Proposed methodology for extraction of DNA from
ethanol preserved black flies

One hundred milligrams of black fly larvae were weighed from
the three species in 1.5 mL of sterile centrifuge tubes. The tubes
were incubated at 37 °C for 60 min in an incubator for evaporation
of ethanol content from the specimen. After incubation, they were

homogenized in a sterile micropestle with 200 pL of cell lysis buffer
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containing 1 mol/L Tris, 4 mol/L NaCl, 10% sodium dodecyl
sulfonate, 0.5% ethylene diamine tetraacetic acid and RNAse
(0.1 mg/mL). About 20 pL of lysozyme (50 mg/mL) was added
to them. The homogenized aliquots were incubated at 70 °C for
30-60 min. Then 100 pL of phenol: chloroform: isoamyl alcohol
in the ratio of 25:24:1 was added. They were eddied well and
centrifuged at 13000 r/min for 10 min at room temperature. The
supernatant was collected and transferred to a fresh tube, where
200 puL of ice-cold ethanol was added. Subsequently, they were
kept at 20 °C for 30 min. After incubation, the precipitated DNA
was centrifuged followed ethanol wash at different concentrations
(100%, 90% and 80%), and finally it was dissolved in 50 pL of
TE buffer (10 mmol/L Tris-HCI and 1 mmol/L ethylene diamine
tetraacetic acid, pH 8.0). DNA was resolved in 1% agarose gel

electrophoresis by staining with ethidium bromide.

2.4. PCR amplification using internal transcribed spacer-1
(ITS-1) rDNA and cytochrome oxidase subunit Il (COII) rDNA
genes

The PCR reaction (20 pL final volume) was carried out using
the following components: 1 pL of DNA extract, 10 pL of
master mix (GenetBio Corporation, Daejeon, South Korea),
2 uL of each primer (10 picomol) and 7 puL of sterile water.
ITS-1 rDNA and COII rDNA genes were taken for studying
genetic diversity of black flies[10]. The ITS-1 primer targeting
the region: F- 5’-TGGTGCATGGCCGTTCTTAG-3" and R-
5’GTCGATGTTCATGTGTCCTGC-3’ and the COII prime
targeting region: F- 5’-ATTATGGCAGATTAGTGCA-3" and R- 5’
GTTTAAGAGACCAGTACTTG-3’. The PCR amplification was
performed in an ABI Thermocycler (Germany) using the following
reactions: (94 °C for 5 min; 40 cycles of 94 °C for 30 s; 52 °C for
1 min; 72 °C for 1 min; 72 °C for 10 min). PCR products (20 pL)
were resolved by electrophoresis in 1% agarose gels stained with
ethidium bromide. For all analysis, a negative control (sterile water)
was included. The amplified products were sequenced and checked
with NCBI-Nucleotide BLAST for the confirmation.

3. Results

The DNA extracted from one-year-old ethanol preserved samples
was visualized in 1% agarose gel and it showed that all samples
produced very low yields of DNA (Figure 1). But modified protocol
produced plausible amount of DNA when compared with commercial
kits. Since the usage of lysozyme in manual method might possibly
enhance the yield of DNA. We observed variations in the yield of
DNA among the three black fly species, which might reflect the
differences in the level of tissue disruption (Figure 1).

The isolated DNA from commercial kits and manual method were
successfully amplified with ITS-1 and COII primers for three black
fly species. The PCR products were loaded in 1% agarose gel, and

simultaneously the negative control samples were also loaded. The
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PCR products from the DNA isolated by modified protocol showed
bands with good quality for all the species and their products sizes
ranged between 500 and 1000 bp (Figure 2). Comparatively, the
low yield or no PCR amplicons was obtained from DNA extracted
by commercial kits. The negative control showed no amplification,
indicating that there was no significant DNA cross-contamination.
The gene sequences of ITS-1 and COII from commercial kits and
manual methods for three black fly species were checked. The
gene sequences of ITS-1 and COIl were amplified through modified
protocol which made it readable and gave no repeating errors,

whereas the amplicon from DNA of commercial kit provided
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repeating errors and less product sizes (< 500 bp). It was due to
cross-contamination, less amplification and meager amount of DNA
presenting in the sample.

The above results confirmed that the DNA concentration and purity
obtained by our new method were highly suitable for molecular biology
applications. Apart from the quality of the DNA, our present method
was rapid and used less toxic chemicals with fewer steps, which in
consequence, should be suitable for molecular biology applications.
The analyses provided consistent evidence that DNA extracted by this
methodology was sufficient for several PCR amplifications. Therefore,

this method was particularly suitable for low-budget research projects
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Figure 1. Genomic DNA isolated for three black fly species by four methods.

A: QLAamp DNA isolation buffer; B: HiPurA buffer; C: GeNei DNA extraction buffer; D: Modified manual protocol; M: Marker (1 kb); 1: Simulium

gravelyi; 2: S. palniense; 3: Simulium gurneyae.
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Figure 2. PCR amplification of ITS-1 and COII regions for S. palniense species.
A: ITS-1 amplification; B: COII amplification; M: Marker (1 kb); P: Positive reaction; N: Negative control.

and for laboratories with only basic equipment at present. The study
concluded that the modified protocol offered a swift DNA extraction
from black fly larvae preserved in ethanol within 2 h. It did not need
any expensive reagents and equipments during the extraction of high

quality DNA, which was suitable for molecular analysis.

4. Discussion

Vector-borne diseases are one-sixth of the infirmity in the
world[11,12]. Approximately, one billion people are infected due
to vector-borne diseases[13]. Of which, 17.6 million cases are
significantly affected by onchocerciasis[11]. Although, onchocerciasis
disease or river blindness is carried by adult female black flies.
However, no case on onchocerciasis has yet been reported[2].
Nevertheless, molecular taxonomy of black flies from India is
needed to determine their phylogenetic level and vector potential.

To identify insect, different molecular techniques are used for
research on their role. For each molecular technique, high quality
DNA is required, which is extracted from the insects by different
techniques. The selection of DNA extraction technique is depended
upon specimen under study, time required for extraction and

economical usage of technique due to reagents and equipment used

for extraction and most importantly extracted DNA quality[11]. In
particular, insects collected from the field condition were stored in
ethanol for years and examined in laboratory. Although, the storage
conditions preserve the sample intact, it is proved that ethanol or
other preservatives have some adverse effects on the samples. Hence,
there is a need for a simple and standard protocol for the extraction
of genomic DNA. For molecular biology applications, the extracted
DNA needs to be of sufficient concentration and of high quality(7].

In the field, larvae of black flies can be easily collected from
substrates and their rearing in laboratory is complex. For this
reason, larvae were stored in ethanol. The extraction of genomic
DNA from ethanol stored specimen is challenging while using both
traditional and advanced methods. In this study, we have solved
this problem by simple modification of the protocol for example
ethanol preserved samples were incubated at 50 °C for 30 min to
facilitate the evaporation of the ethanol from the sample. Further,
an adequate amount of lysozyme was added to yield high amount
of DNA. On the contrary, while using commercial kits or traditional
method, the protocol used low concentration of lysozyme given for
general isolation of genomic DNA from insects. In such cases, the
generalized protocol for the isolation of genomic DNA sample did

not yield good concentration of the DNA from the ethanol preserved
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samples[14].

Furthermore, this study shows the method for isolates DNA of
substantial quantity and high quality for use in PCR reactions[15].
The added advantage is that the procedure is suitable for a range of
insect species in different life-stages and preservation methods. The
most important feature of the proposed method lies in the fact that
it does not require specialist equipment other than a centrifugel6].
While many other high-throughput extraction methods published
so far can offer similar or better efficiency, and they usually rely
on some type of non-standard equipment, like sonicators, mills
or robots[16-22]. In other cases, expensive deep-well plates are
required. The cost of purchasing such non-standard items may be
particularly prohibitive for researchers from developing countries,
small laboratories and field stations[6]. The purpose of this method is
to establish an economical, simple and rapid method for extracting
genomic DNA from ethanol preserved insect samples. In future, the
present methodology will be useful for students to learn basic and

advanced molecular microbiological techniques.
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