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� Three protocols developed for the
commercial kit were found to be
more practical.

� Phenol/chloroform protocols resulted
in significantly higher quantities of
sand fly gDNA.

� Higher quantities of proteinase K
resulted in higher concentrations of
extracted sand fly DNA.
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a b s t r a c t

Standardization of the methods for extraction of DNA from sand flies is essential for obtaining high
efficiency during subsequent molecular analyses, such as the new sequencing methods. Information
obtained using these methods may contribute substantially to taxonomic, evolutionary, and eco-
epidemiological studies. The aim of the present study was to standardize and compare two methods
for the extraction of genomic DNA from sand flies for obtaining DNA in sufficient quantities for next-
generation sequencing. Sand flies were collected from the municipalities of Campo Grande, Camapu~a,
Corumb�a and Miranda, state of Mato Grosso do Sul, Brazil. Three protocols using a silica column-based
commercial kit (ReliaPrep™ Blood gDNA Miniprep System kit, Promega®), and three protocols based on the
classical phenol-chloroform extraction method (Uliana et al., 1991), were compared with respect to the
yield and quality of the extracted DNA. DNA was quantified using a Qubit 2.0 fluorometer. The presence
of sand fly DNA was confirmed by PCR amplification of the IVS6 region (constitutive gene), followed by
electrophoresis on a 1.5% agarose gel. A total of 144 male specimens were analyzed, 72 per method.
Significant differences were observed between the two methods tested. Protocols 2 and 3 of phenol-
chloroform extraction presented significantly better performance than all commercial kit extraction
protocols tested. For phenol-chloroform extraction, protocol 3 presented significantly better
o em Doenças Infecciosas e Parasit�arias, Faculdade de Medicina, Universidade Federal de Mato Grosso do Sul, Av. Costa e
Brazil.
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performance than protocols 1 and 2. The IVS6 region was detected in 70 of 72 (97.22%) samples extracted
with phenol, including all samples for protocols 2 and 3. This is the first study on the standardization of
methods for the extraction of DNA from sand flies for application to next-generation sequencing, which
is a promising tool for entomological and molecular studies of sand flies.

© 2017 Elsevier Inc. All rights reserved.
Table 1
Protocols of sand flies’ genomic DNA extraction using a commercial kit according to
the manufacturer and modified protocols (n ¼ 72).

Protocol 1
(n ¼ 24)

Protocol 2
(n ¼ 24)

Protocol 3
(n ¼ 24)

V proteinase K (mL) 20 40 40
Incubation period (min) 30 30 120
1. Introduction

Sand flies (Diptera:Psychodidae) are vectors of several human
and animal pathogens, such as Bartonella bacilliformis, viruses of
the families Bunyaviridae and Rhadboviridae, and protozoa of the
genera Endotrypanum and Leishmania (Adler and Theodor, 1957;
Lainson and Shaw, 2005; Lutz and Neiva, 1912; Young and
Duncan, 1994).

Cryptic sand fly species belonging to the species complexes
longipalpis, cortelezzii, and intermedia present few distinguishable
taxonomic characters, making their identification difficult, espe-
cially when living in sympatry (Bauzer et al., 2007; Galati et al.,
1989; Marcondes, 1996). This may affect the identification of the
species and of their parasite-vector-host relationship for a given
area. Molecular tools can be used to help taxonomic identification
of sand flies.

The number of studies on the use of molecular markers, based
on mitochondrial DNA (Folmer et al., 1994; Zhang and Hewitt,
1997), microsatellites (Queller et al., 1993; Santos et al., 2013)
and, more recently, Single Nucleotide Polymorphism (SNPs)
(Brumfield et al., 2003; Soria-Carrasco et al., 2014; Vignal et al.,
2002), for the identification and evaluation of intra- and inter-
population diversity is increasing. Genotyping by traditional Sanger
sequencing has also been used for the analysis of target regions but
this approach proves costly for population genetics studies. Novel
genotyping techniques termed Next-Generation Sequencing (Illu-
mina, Roche 454, and AB SOLiD platforms), which can generate and
analyze thousands of DNA fragments in short intervals of time, can
be used to sequence dipteran genomes in studies with limited
financial resources (Davey and Blaxter, 2011; Etter et al., 2011;
Rubin et al., 2012).

It is important to obtain DNA free from contaminants and in
sufficient quantities to allow high efficiency of subsequent molec-
ular analyses (Oliveira et al., 2007). The aims of the present study
were to compare two methods for the extraction of genomic DNA
from sand flies (Diptera, Psychodidae, Phlebotominae), and to
standardize the protocol for obtaining DNA with better quality and
quantity.

2. Material and methods

2.1. Study area and period

Sand flies were captured between August 2014 and July 2015
from the municipalities of Camapu~a (19� 310 5100 S; 54� 020 3800 W),
Campo Grande (20� 270 5,500 S; 54� 370 25,700 W), Corumb�a (18� 590

4400 S; 57� 190 3600 W) andMiranda (20� 140 2700 S; 56� 22’ 40”), state
of Mato Grosso do Sul, Brazil (IBGE, 2016).

2.2. Identification

Male Lutzomyia cruzi and Lutzomyia longipalpis flies were
selected, and identified in wet mount slides by observing the last
abdominal tergite according to the classification proposed by Galati
(2014). Head, thorax and the remaining part of the abdomen of the
sand flies were then stored separately at �20 �C.

2.3. Extraction methods

Two extraction methods were tested: a commercial kit (ReliaP-
rep™ Blood gDNA Miniprep System kit, Promega®) and the classical
phenol-chloroform extraction method as described by Uliana et al.
(1991); two modifications were tested per method.

2.3.1. Genomic DNA extraction by commercial kit (Method 1)
Extraction of genomic DNA (gDNA) was performed using a

commercial kit at the Genetic Research and Analysis Laboratory of
the State University of S~ao Paulo, Botucatu campus (PANGENE/
UNESP). Twenty-four male L. longipalpis and L. cruzi sand flies were
used for each protocol. The first protocol was based on the rec-
ommendations of the manufacturer of the commercial kit (ReliaP-
rep™ Blood gDNA Miniprep System kit, Promega®): Zirconium oxide
microbeads and 200 mL of PBS were added to tubes containing one
male sand fly, and homogenized in a mechanical stirrer (Bullet
Blender® Homogenizer) for 5 min at ambient temperature. Twenty
microliters of proteinase K and 200 mL of cellular lysis buffer were
added; the mix was stirred for 10 s and incubated at 56 �C for
30 min. Following incubation, 250 mL of binding buffer were added
and stirred for 10 s. The contents were transferred to a kit column
and centrifuged for 1 min at 13000 rpm. The kit column was
transferred into a new collection tube, 500 mL of washing solution
were added, and centrifuged for 3min at 13000 rpm. This stagewas
repeated three times. Fifty microliters of nuclease-free water were
added to the column, and centrifuged for 1 min at 13000 rpm. The
column was discarded and the pellet was stored at �20 �C.

The remaining protocols were developed by modifying the first
protocol (i.e., the standard protocol). The modifications for each
protocol have been presented in Table 1.

2.3.2. Genomic DNA extraction by Phenol-Chloroform (Method 2)
Extraction of gDNA by phenol-chloroform method was per-

formed at the laboratory of Molecular Biology and Cell Culture of
the Federal University of Mato Grosso do Sul. Twenty-four sand fly
specimens were analyzed per protocol. The first protocol was based
on Uliana et al. (1991). Ten microliters of 20% sodium dodecyl
sulfate (SDS) and 200 mL of Tris-EDTA (TE) were added to tubes
containing the specimens, and homogenized using plastic pestles.
One microliter of proteinase K (20 mg/mL) was added and the
contents homogenized. The tubes were placed in a dry-bath at
42 �C for 2 h, and 200 mL of phenol:chloroform:isoamyl alcohol
(25:24:1) were added. The samples were centrifuged for 5 min at
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12000 rpm, and the aqueous phase containing the DNA was
collected. This was repeated three times. 200 mL of chloroformwere
added to each tube and centrifuged for 5 min at 12000 rpm to
remove phenol residues. This was repeated three times. Twenty
microliters of 3M sodium acetate and 400 mL of ice-cold 100%
ethanol were added, and the tubes were incubated overnight
at �20 �C. The samples were then centrifuged for 10 min at
12000 rpm, at 4 �C. The supernatant was discarded, and the pellet
was washed three times with 500 mL of 70% ethanol, followed by
centrifugation for 10 min at 12000 rpm, at 4 �C. Following ethanol
evaporation at ambient temperature, the samples were re-
suspended in 50 mL of 1 � TE, and stored at �20 �C.

The remaining protocols were developed by modifying the first
protocol (i.e., the standard protocol). The modifications for each
protocol are presented in Table 2.

2.4. Quantification

The extracted DNA was quantified using a second-generation
Qubit 2.0 fluorometer, using a protocol based on the manufac-
turer's recommendations for the Qubit dsDNA HS kit (High Sensi-
tivity, Invitrogen). The working solution was prepared by diluting
(1:200) the fluorophore in the buffer solution included in the kit. A
calibration curve was obtained using two standards, with concen-
trations 0 and 200 ng/mL. Ten microliters of each standard were
diluted in 190 mL of working solution. For quantification, 2 mL of the
extracted DNA were added to 198 mL of work solution, and the
florescence was recorded.

2.5. Statistical analysis

Averages and standard deviations of the DNA quantities ob-
tained for the three protocols of the two extraction methods tested
were calculated.

Since the required quantity of DNA could not be obtained using
protocol 1 of Method 1, the unequal variances t-test (Welch Two
Sample t-test) was used to compare protocols 2 and 3. Variances for
Method 2 were found to be non-homogeneous (Bartlett test of
homogeneity of variances), and the Kruskal-Wallis test was used to
test for significant differences between protocols, with 3 groups
and 24 observations per group.

All analyses were performed using the R 3.3.0 software and all
inferences were drawn at p � 0.05 (R Core Team, 2016).

2.6. Evaluation of extracted DNA

Integrity and purity of the extracted DNAwas evaluated by PCR,
using region IVS6 (sand fly constitutive cacophony gene) as
endogenous control. The following pair of primers specific for re-
gion IVS6 was used: 5Llcac 50-GTGGCCGAACATAATGTTAG-30 and
3Llcac 50-CCACGAACAAGTTCAACATC-30 (Lins et al., 2002).

PCR reactions were performed in a final volume of 25 mL,
Table 2
Protocols of sand flies’ genomic DNA extraction by phenol-chloroform (Uliana et al.,
1991) and modified protocols (n ¼ 72).

Protocol 1
(n ¼ 24)

Protocol 2
(n ¼ 24)

Protocol 3
(n ¼ 24)

200 mL of phenol: chloroform:
isoamyl alcohol

3X 1X 1X

200 mL of chloroform 3X e e

500 mL of ethanol 70% 3X 3X 1X
V proteinase K 1 mL 1 mL 5 mL
Incubation period (hours) 2 2 24
containing 5 mL of gDNA, 12.5 mL of GoTaq MasterMix (Promega®),
5.5 mL of milli-Q water, and 1 mL of each primer. Autoclaved milli-Q
water and DNA obtained from an in vitro culture of Leishmania
(Leishmania) amazonensis (IFLA/BR/1967/PH8), provided by the
Laboratory of Parasitology of the Ren�e Rachou/Fiocruz Minas Gerais
Research Center, were used as negative controls to confirm the
absence of contaminants, and to validate the PCR, respectively.

The PCR program consisted of one initial denaturation cycle at
94 �C for 12 min; followed by 35 cycles of 94 �C for 30 s, 55 �C for
30 s, and 72 �C for 30 s; and final extension at 72 �C for 10min (Pita-
Pereira et al., 2005).

The amplification products were resolved in 1.5% agarose in TBE
buffer, and stained with GelRed (Biotium, USA) for visualization. A
100 bp ladder was also loaded inwell for confirmation of the size of
the amplification products.

3. Results

A total of 144 male sand flies were used, 72 for each extraction
method, divided among the three protocols tested per method
(Table 3). For the protocols 1, 2 and 3 using ReliaPrep Blood gDNA
Miniprep System kit 6 samples from each locality were used,
totaling 24 samples per protocol (n ¼ 72). For protocols 1, 2 and 3
using phenol-chloroform were used Lutzomyia longipalpis from
Campo Grande (n ¼ 72).

Means and standard deviations of the DNA concentrations (ng/
mL) obtained by each extraction method and protocol are shown in
Table 4. Significant differences were observed between the original
and modified protocols (protocols 2 and 3) of each method; pro-
tocols 2 and 3 of method 2 (phenol-chloroform) performed
significantly better than all other protocols.

The quantities of DNA obtained by the three protocols of each
extractionmethod are shown for comparison in Figs.1 and 2. Under
method 1, protocol 3 presented higher yield than protocol 2
(p < 0.001) (Fig. 1).

Significant differences were observed between the yields of
DNA obtained with the three protocols of method 2 (p < 0.001;
Fig. 2). The distribution of the results indicates descriptively that
protocol 3 presented higher yield.

PCR amplification of the L. longipalpis constitutive cacophony
(cac) gene was observed for all protocols of the phenol-chloroform
extraction method (Fig. 3). The IVS6 region was detected in 70 of
the 72 (97.22%) samples extracted with phenol. Amplification
products 220 bp in size were confirmed by agarose gel electro-
phoresis for 22 of the 24 (91.66%) samples under protocol 1, and for
all samples under protocols 2 and 3.

4. Discussion

New sequencing methods, called Next-Generation Sequencing
(NGS), have raised expectations for genomic studies and new ap-
plications previously not explored by traditional Sanger sequencing
(Morozova and Marra, 2008). These new tools may help clarify
biosystematics, taxonomy, population dynamics, and phylogenetic
relationships, and may be applied to studies of sand flies. We
Table 3
Sand fly specimens collected per species and municipality, Mato Grosso do Sul,
Brazil, 2015.

Lu. cruzi Lu. longipalpis

Camapu~a 18 e

Campo Grande e 90
Corumb�a 18 e

Miranda e 18



Table 4
DNA concentration (ng/mL) average and standard deviation for the different protocols (method 1 ¼ commercial kit, method 2 ¼ phenol-chloroform).

Method Protocol 1 Protocol 2 Protocol 3

Mean (SD) t (p-valor) Mean (SD) t (p-valor) Mean (SD) t (p-valor)

1 e e 6.99 (4.59) 3.28 (0.002) 13.88 (5.86) 8,22 (<0,001)
2 3.44 (5.80)- 13.83 (9.12) 45.03 (17.62)

SD ¼ standard deviation; t ¼ t-test (Welch Two Sample t-test).

Fig. 1. Box plot for DNA quantity (ng/mL) for the three protocols under method 1 (commercial kit).
t ¼ �4.54 (protocol 2 and 3); degrees of freedom ¼ 43.496; p < 0.001.

Fig. 2. Box plot for DNA quantity (ng/mL) for the three protocols under method 2 (phenol).
Kruskal-Wallis chi-squared ¼ 52.36; degrees of freedom ¼ 2, p < 0.001.
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Fig. 3. Amplification product for DNA encoding region IVS6 of the constitutive cacophony gene of Lutzomyia longipalpis.
Sample 1: 100 bp marker; Samples 2 to 9: amplification products of approximately 220 bp size; Sample 10: milli-Q water; sample 11: Leishmania amazonensis (IFLA/BR/1967/PH8).
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analyzed two methods with the aim of standardizing DNA extrac-
tion from sand flies for NGS and observed significant differences in
the concentration of the extracted DNA.

An ideal DNA extraction protocol should meet some criteria
such as concentrated yield, elimination of PCR inhibitors, imple-
mentable as laboratory technique, low cost, reproducibility, and
safety (Rantakokko-Javala and Javala, 2002). Researchers have used
different extraction methods to extract insect DNA, such as phenol-
chloroform-isoamyl alcohol, detergents like Triton X-100 and
Triton X-100/DDT, silica column solid phase extraction, and Chelex®

Molecular Biology Grade Resin (Bio-Rad Laboratories, Hercules,
USA) (Cova et al., 2015; Oliveira et al., 2015; Paiva et al., 2007; Pinto
et al., 2015; Santos et al., 2013).

Most molecular studies involving sand flies focus on the
detection of DNA of Leishmania spp., but may as well be used for
studying the vector itself by using approaches such as microsatel-
lite analysis (Santos et al., 2013) and cytochrome c oxidase analysis
(Arrivillaga et al., 2002; Gajapathy et al., 2016). Irrespective of these
analyses being used to study the parasite or its vector, it is essential
to evaluate whether they can be applied to more complex genomic
studies, such as the new sequencing methods demanding DNA of
high purity and integrity.

NGS studies involving RAD sequencing require from 7.5 ng to
1 mg of DNA (Baird et al., 2008; Baxter et al., 2011; Emerson et al.,
2015) whereas establishing a genomic library using the Nextera®

DNA prep kit (Illumina; manufacturer's instructions) requires 20 mL
of volume containing 50 ng of DNA (2.5 ng/mL). Extraction methods,
therefore, need to be optimized so that the required DNA quantities
can be obtained. In the present study, the three protocols developed
for the commercial kit were found to be more practical. Although
the protocols modified from Uliana et al. (1991) were more labo-
rious, taking up to 48 h and requiring greater care due to the
toxicity of the phenol/chloroform used for purification, they
resulted in significantly higher quantities of gDNA.

In traditional extraction methods, the main stages are cell lysis
(using a detergent such as sodium dodecyl sulfate (SDS), with or
without proteinase K); purification (e.g., phenol/chloroform); and
precipitation (using sodium acetate and ice-cold 100% ethanol).
Following the advent of commercial kits, these methods have been
modified with the main differences being observed at the stages of
purification and precipitation, using solid phases such as silica
columns, magnetic beads, and filter paper (Clements et al., 2008).

Extraction methods using silica are based on the adsorption of
DNA to silica particles in the presence of specific salts at specific pH.
Cell remains and contaminants are removed during the washing
stages, and DNA is re-suspended in an elution buffer (Yang et al.,
1998). The advantage of this procedure is that silica can be
included in spin columns, enabling the automation of the extrac-
tion and resulting in high quality purified DNA. Three protocols
were tested for the commercial kit (ReliaPrep™ Blood gDNA Mini-
prep System kit, Promega®) using silica columns as a solid phase.
This method may be recommended for obtaining DNA for high
sensitivity molecular methods such as PCR because it is more
practicable and less toxic, and has lower chances of contamination.
However, for NGS, which requires higher volumes and concentra-
tion of DNA, our results with this method were not satisfactory.

An important factor that should be considered in DNA extraction
is the chemical composition of sand flies. Their bodies are mostly
constituted of exoskeletal chitin and parasitic microorganisms may
be present (Romoser, 2004). These components may interfere with
subsequent analyses, acting as PCR inhibitors. Therefore, we tested
different times of digestion with proteinase K, both for the pro-
tocols of commercial kit extraction and of phenol-chloroform
extraction.

For both extraction methods, higher quantities of proteinase K
and longer incubation times resulted in higher concentrations of
extracted DNA. The aim of the enzymatic digestion with proteinase
K is digestion of the contaminating proteins, which tend to co-
precipitate DNA with them. Isolda et al. (1994) and Mesquita
et al. (2001) obtained better quantity and quality of DNA using
low concentrations of proteinase K during long periods of digestion
(3e5 days). The time during which the insects are in contact with
proteinase K may, therefore, determine the final quantity of the
extracted DNA.
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Organic extraction with phenol-chloroform is the conventional
method for extraction of DNA from different biological samples.
Phenol-chloroform allows the separation of polynucleotides (DNA
and RNA) from proteins and cell remains. The phenol-chloroform
method has been widely used for DNA extraction due of its high
purification capacity. The main limitation of this method is the
possibility of residual phenol or chloroform in the extracted DNA. In
addition, there is evidence that besides inhibiting Taq polymerase
activity, phenol negatively affects PCR sensitivity (Aransay et al.,
2000; Arez et al., 2000). For protocols 1 and 2 of phenol-
chloroform extraction, the number of steps using this solution
may have resulted in DNA loss, explaining the lowconcentrations of
DNA obtained as well as the two negative PCR results received with
protocol 1.

The best results were obtained under the standardized condi-
tions of protocol 3, which resulted in the highest quantities of
extracted DNA, with positive PCR results for all samples and
absence of non-specific amplification. Although fluorometric
quantification is an important indicator of the presence of DNA, the
best way to ascertain the presence of nucleic acids is by PCR. The
recommended target for sand flies is the cacophony (cac) gene,
which codes for subunit alpha-1 of a voltage-dependent calcium
channel and is related to the control of the sound emitted by the
wings of males during courtship (Oliveira et al., 2001). Amplifica-
tion of this target sequence indicates the presence of sand fly DNA,
and has been used by several authors as an endogenous control in
PCR (Cova et al., 2015; Lins et al., 2002; Neitzke-Abreu et al., 2014;
Saraiva et al., 2010; Pita-Pereira et al., 2011).

The “gold standard” for species identification of sand flies is the
use of a taxonomic key based on the works of Young and Duncan
(1994) or Galati (2014), because of its high specificity. Of the
more than 270 species reported from Brazil, the following species
present high similarity: Evandromyia cortelezzii, Evandromyia sal-
lesi, and Evandromyia corumbaensis, which constitute the cortelezzii
complex (Galati et al., 1989); Nyssomyia neivai and Nyssomyia
intermedia, which constitute the intermedia complex (Lutz and
Neiva, 1912); and Lutzomyia cruzi, Lutzomyia gaminarai, Lutzomyia
longipalpis, and Lutzomyia pseudolongipalpis, included in the long-
ipalpis complex (Arrivillaga and Feliciangeli, 2001; Bauzer et al.,
2007). It should be highlighted that these cryptic species exhibit
different vector capacity and competence, but only slight differ-
ences in taxonomic characters, making species identification and
investigation of Leishmania spp. transmission cycle difficult (Ready,
2011). Molecular data may, therefore, help in taxonomic studies of
sand flies, especially in areas where leishmaniasis is endemic with
different species of sand flies existing in allopatry or sympatry.

Knowledge of the genetic structure of vector populations is
essential for the eco-epidemiology of vector diseases and leish-
maniasis. NGS studies have been performed previously on
Drosophila spp. and Anopheles spp., suggesting their utility in
studies of other insects, such as sand flies (which will be presented
in future studies). Rubin et al. (2012) determined the phylogeny of
Drosophila spp. using orthologous sequences, indicating that RAD-
seq (a type of NGS) is a promising tool for the reconstruction of
phylogenetic relationships among younger clades. Emerson et al.
(2015) analyzed 12 populations of Anopheles darlingi, and found
significant levels of genetic divergence in three clusters. In the
study on Drosophila spp., gene sequences were obtained from
secondary data, using gene banks, and in the A. darlingi study, DNA
extraction was performed using the Qiagen DNAEasy kit, which is
also based on silica columns. Assuming that the quantity of DNA
obtained is directly proportional to the size of the animal body,
extractions from Anopheles spp. can be expected to yield larger
quantities of DNA, since they can be up to 3 times bigger than a
sand fly.
Standardization studies are necessary to optimize DNA extrac-
tion from different biological samples, especially considering that
Next-Generation Sequencing is a promising tool for entomological
and molecular studies of sand flies. The present study is a pioneer
study on the extraction of DNA from sand flies, aimed at its appli-
cation to NGS. Our results indicate that protocol 3 of the phenol-
chloroform extraction method yields higher quantities of sand fly
DNA, and is therefore best suited for studies on sand flies using
NGS.
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