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ABSTRACT. Aedes aegypti and A. albopictus represent the two most
important species of mosquitoes in relation to dengue virus transmission
both in the Americas and Asia. However, the study of theses species
generally requires the establishment of a colony for the larvae to
hatch, or waiting for the adult development to perform its taxonomic
classification, which is time consuming. Thus, the establishment of new
methods aimed at obtaining DNA directly from the mosquito eggs is
relevant. Accordingly, we compared a new approach based on Chelex®
100 resin with the standard STE method to extract DNA from the eggs
of Aedes spp to molecularly identify these vectors. The Chelex® 100
resin approach was very efficient, as satisfactory amounts of DNA were
obtained, making it possible to amplify and sequence a mitochondrial
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DNA barcode region widely used to identify species. The STE protocol
yielded substantial amounts of DNA, but the 260/280 optical density
ratio indicated a low quality, precluding amplification. This new method
proved quite effective in obtaining DNA from even a single mosquito
egg, and it can thus be applied in population genetic studies of various
vector insects to enhance monitoring programs.
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Aedes sp

INTRODUCTION

Aedes aegypti and A. albopictus mosquitoes are of great importance regarding dengue
transmission, a disease that affects more than 100 countries. In the Americas, in 2010, approxi-
mately 1.6 million cases were reported, of which 49,000 were considered severe. In addition,
these insects are proven to be involved in the transmission of Chikungunya and yellow fever
viruses (Gubler, 2006; Paupy et al., 2010).

Aedes spp are found mainly in urban areas, and they develop primarily in clean water
reservoirs and small temporary pools (Nelson, 1986). Generally, it is necessary to use taxo-
nomic keys that describe morphological characteristics of certain phases of the animal’s life,
especially the larval or adult phases, for the identification of the mosquitoes (Guedes, 2006).
However, this process requires ideal water and temperature conditions and/or waiting for the
larvae to reach an ideal stage for identification, which is time consuming (Cary, 1996). While
the maintenance of the environmental conditions could be regulated, some eggs can exhibit
a natural delay in their cycle, or even never hatch, making it necessary to use auxiliary tech-
niques for larval release (Forattini, 1962; Charles, 1967; Swartz and Hebert, 1987; Gomes
et al., 1995; Chung, 1997). Another possible approach would be the analysis of the morpho-
logical characteristics of the egg exochorion, which requires an expert in egg morphological
analysis, and expensive equipment (Reinert, 1972).

In recent decades, researchers have been increasingly more likely to solve taxonomic
problems in certain species using polymorphic genetic markers, also widely used in phylogenetic
studies and population genetics (Yue and Orban, 2001; Aranishi and Okimoto, 2006). One of the
most used genes is mitochondrial cytochrome oxidase I (COI), which has high phylogenetic sig-
nal and rapid evolutionary rate, which is important for characterizing populations, subspecies and
species (Harrison, 1989). Therefore, Hebert et al. (2003) proposed that COI should serve as a bar-
code for metazoans, making it a universal system for species molecular taxonomy (Miller, 2007).

Accordingly, this study aimed to compare a new method of DNA extraction of 4edes
eggs based on the use of Chelex® 100 resin and the standard STE method to obtain genomic
DNA. The resin method proved extremely efficient since satisfactory amounts of DNA were
obtained, making it possible to amplify and sequence the DNA barcode.

MATERIAL AND METHODS
Egg achievement and DNA extraction

A total of 742 eggs of Aedes mosquitoes were used, of which 636 belonged to Aedes
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aegypti and 106 to A. albopictus. Initially, 318 A. aegypti unviable eggs (dry and open) were
screened. The eggs were collected using ovitraps in the city of Serra Talhada (7°59'31"S,
38°17'54"W) following a protocol described elsewhere (Fantinatti et al., 2007). Serra Talhada
is located in the semi-arid region of the state of Pernambuco, Northeast Brazil. Viable eggs of
the Rockefeller lineage and A. albopictus were obtained from the insectary of the Centro de
Pesquisas Aggeu Magalhées, Fundacdo Oswaldo Cruz, Brazil. DNA was extracted with Che-
lex® 100 (BioRad, Berkeley, CA, USA) using viable and unviable 4. aegypti eggs in triplicate,
in the amounts of 1, 5, 10, 20, 30, and 40 eggs, providing 36 samples. In addition, 36 samples
of A. albopictus were used without replicates.

The method used for individual or grouped eggs followed that of Walsh et al. (1991),
with modifications. Briefly, the eggs were placed in 1.5-mL plastic tubes with 100 puL 5%
Chelex® 100 resin. The eggs were then macerated with a pestle until homogenized, and
allowed to stand for 1 h in water bath at 54°C. Subsequently, the mixture was transferred to
a plastic tube and kept at 94°C for 30 min in a Multigene OptiMax Thermal Cycler TC 9610
(LABNET, Edison, NJ, USA). The solution was then centrifuged at 13,000 rpm for 6 min,
and the supernatant was transferred to a 1.5-mL plastic tube, and stored at -20°C. In the STE
protocol, viable eggs of A. aegypti were homogenized in STE buffer (10 mM Tris-HCI, 1 mM
EDTA, and 100 mM NacCl), incubated for 10 min at 95°C and centrifuged at 13,000 rpm for
1 min. Finally, DNA quantification was carried out in NanoDropTM 1000 spectrophotometer
(Thermo Scientific, Waltham, MA, USA).

Polymerase chain reaction

Cytochrome oxidase I mitochondrial gene, associated with a DNA barcode (Hebert and
Gregory, 2005) was amplified using the primers HCO2198-L (5'-TAAACTTCWGGRTGWC
CAAARAATCA-3") and LCO1490-L (5'-GGTCWACWAATCATAAAGATATTGG-3") de-
scribed by (Nelson et al., 2007). In general, 12.5 pL Mix Go Taq Colorless (Promega, Fitch-
burg, WI, USA), 7.5 pL nuclease-free water, 1.5 mL of each primer, and 2 pL template DNA
were used. The amplification reactions were carried out in a Multigene OptiMax Thermal Cy-
cler TC 9610 with the following cycle: initial denaturation at 95°C for 3 min; 35 cycles of de-
naturation at 95°C for 30 s, annealing at 44°C for 1 min, and extension at 72°C for 1 min; and
a final extension at 72°C for 7 min. The amplification products were analyzed by 1% agarose
gel electrophoresis for 30 min at 100 V. The electrophoretic gel was stained with SYBR® Safe
DNA Gel Stain (Invitrogen, Carlsbad, CA, USA), and visualized with a UV transilluminator.

Amplicon purification and sequencing

The amplicon purification was performed using the Wizard® SV Gel and PCR Clean-
Up System kit (Promega), following manufacturer instructions. Subsequently, purified ampli-
con sequencing was carried out in an ABI 3500 automated sequencer (Applied Biosystems,
Cleveland, OH, USA). The sequences were then evaluated using the programs Pregap4 v 1.5
and Gap4 incorporated into the Staden Package (Staden, 1996), using a Phred value of 30 as
a quality cutoff. Similarity searches in GenBank were performed using Blastn (Altschul et
al., 1990). The sequences were deposited at the GenBank database (http://www.ncbi.nlm.nih.
gov/), under the following accession Nos. JX456411 to JX456417.
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RESULTS AND DISCUSSION

The mean concentrations of DNA ranged from 6.8 to 192.9 ng/uL using Chelex® 100
resin (data not shown). The STE method, consisting of lysis and denaturation steps, is efficient
in extracting genomic DNA. Thus, it is employed in many types of insect studies where the
samples are adult diptera (Dobson and Rattanadechakul, 2001; Pinto et al., 2013). Using the
STE method, the average DNA concentrations obtained using a single egg were higher (22.8-
92.2 ng/uL) than with the Chelex® 100 resin method, but DNA quality was significantly lower
owing to the impurities not removed in this method, making the amplification step impossible.
All samples obtained using Chelex® 100 resin were amplified satisfactorily producing a frag-
ment of approximately 708 bp (negative control was a reaction without DNA, to ensure no
contamination) (Figure 1). These primers were defined for the identification of insects, from
the amplification of the region of the COI gene proposed by Nelson et al. (2007). All sequenc-
es showed 99 and 100% similarity with 4. aegypti and A. albopictus sequences, respectively.

Mo o1 2 3 4 5 6 M NC

708 bp
500 bp

Figure 1. Electrophoresis gel showing the amplification product of Aedes albopictus DNA barcode region. Lane M
= molecular weight; lane I = one single egg; lane 2 =5 eggs; lane 3 = 10 eggs; lane 4 =20 eggs; lane 5 = 30 eggs;
lane 6 = 40 eggs; lane NC = negative control.

The results showed that DNA can be obtained from even one single egg of Aedes spp,
regardless of their viability conditions because we also used eggs considered unviable for
larval hatching in the laboratory. Thus, we developed a rapid, efficient and low-cost method
that can be applied to the identification of vector mosquitoes. Traditionally, for the taxonomic
identification of mosquitoes, a colony is necessary to obtain the larval or adult forms. However,
there are a number of parameters that must be controlled, which otherwise can cause their
natural cycle to slow down or even stop. This process could cause some viable eggs to never
hatch under laboratory conditions. Moreover, a thorough analysis may be required in the egg
excision, followed or not by the use of a larval whitening technique (Forattini, 1962; Charles,
1967; Swartz and Hebert, 1987; Gomes et al., 1995; Chung, 1997). Another way found for
taxonomists to perform the identification of mosquito eggs is the use of existing morphological
structures in the eggs, which have the potential to assist in the taxonomic identification of some
species of medical interest. However, it is necessary to use a scanning electron microscope,
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which requires technical expertise in handling the equipment and in the analysis of the egg
structures (Swartz and Hebert, 1987; Cary, 1996; Giangrande, 2003).

Methods for nucleic acids extraction from samples with cell wall chitin have been pro-
posed as an alternative to the classical taxonomy of species of medical importance. In previous
studies, great difficulty in obtaining DNA from both eggs and larvae has been reported, due to
the presence of lipids in these tissues, which hamper DNA recovery and PCR (Reinert, 1972).
This problem is even more evident when the eggs are degraded (Briski et al., 2011). Thus,
researchers choose to lyse the eggs for release of larvae prior to DNA extraction using heat
shock (Traub et al., 2009), saline (Buathong et al., 2010), autoclave techniques (Stensvold et
al., 2006; Duenngai et al., 2008; Umesha et al., 2008) or crushing (Sato et al., 2009). Using this
new method based on Chelex® 100 resin described in this study, we could neutralize inhibitors,
since regardless of the number of eggs, all samples were satisfactorily amplified. Furthermore,
DNA concentrations and egg amounts used in this study were consistent. However, there is the
possibility of variation in the DNA concentration due to manual maceration process, which is
considered a critical step in the achievement of good quality DNA for PCR, as observed by
other authors (Yue and Orban, 2001; Desloire et al., 2006).

Another relevant point in our study was that we used the COI gene, since several stud-
ies have been conducted primarily to understand the genetic dynamics of this vector popula-
tions, which is an important aspect for establishing monitoring and control strategies. That
way, the use of DNA barcode in this study was very important because we can provide the
appropriate conditions to differentiate these two species of mosquitoes. According to Hebert
et al. (2003), there must be at least 3% polymorphic sites between nucleotide sequences, along
with the appropriate model of nucleotide substitution for this molecular marker, for any meta-
zoan species to be distinguished. In this study, we observed approximately 67 polymorphic
sites (Figure 2), representing approximately 20% of the complete sequence alignment.

10 20 30 40 50 &0 70 80 -] 100
NC 006817 [GCTATATTTATTCGAAATCATCAAATTTATAATGTAATTGTTACTGCTCATGCTTTTATTATAATTTTT TTTATAGTAATACCTATCATAATTGCAGGAT
JX456417 GGTATATTTATTGGAAATGATCAAATTTATAATGTAATTGTTACTGCTCATGCTTTTATTATAATTTTTTTTATAGTAATACCTATCATAATTGGAGGAT)|
NC 010241 [GGTATATTTATTGGGAATGACCAAATTTATAATGTAATTGTAACAGCTCATGCATTTATTATAATTTTC TTTATAGTM’J@'JCAATTATM‘I‘TGGAGGAT
JX456415 GGTATATTTATTGGGAATGACCAAATTTATAATGTAATTGTAACAGCTCATGCATTTATTATAATTTTCTTTATAGTAATACCAATTATAATTGGAGGAT]
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NC_006817 [TTGGAAACTGACTAG “CCTTAATACTAGGAGCCCCTGATATANCTTTTCCTCGAATAAATAATATAAGTTTTTGAATATTACCCCCCTCTTTAACACT|
Jx456417 [TTGGAAACTGACTAG _CCTTAATACTAGGAGCCCCTGATATAGCTTTTCCTCGAATARATAATATAAGTTTTTGAATATTACCCCCCTCTTTAACACT)
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JX456415 T‘TGGAABTTGATTAGT'I’CC'I'TTAATRT‘TRGGAGCCCC'['GATATAG(ﬂI'TTCCTCGAATAMTAATATMGTTTTTGAATAL’TACCTCC TTCATTGACTCT|
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NC 006817 [GCTGCTTTCTAGTTCTATAGTAGAARACGGAGCTGGAACAGGGTGAACGGTTTATCCTCCTCTTTCTTCTGGAACAGCTCATGCTGGGGCTTCAGTTGAT]
JX456417 IGCTGCTTTCTAGTTCTATAGTAGARAACGGAGCTGGAACAGGGTGAACGEGTTTATCCTCCTCTTTCTTCTGGAACAGCTCATGCTGGEGCTTCAGTTGAT|
NC 010241 [TCTATTATCAAGC! TCAATAG"TAGAAAA‘]‘G@CAGGMCTGGGTGAAEAGITTATCC'I'GCTCTCTCT'ICAGGAACAGCTCATGC TGGAGCTTCTGTTGAT|
JX456415 [[CTATTATCAAGCTCAATAGTAGARAAATGGAGCAGGAACTGGGTGAACAGTTTATCCTCCTCTCTCTTCAGGAACAGCTCATGCTGGAGCTTCTGTTGAT]

310 320 330 340 350 360 370 380 380 400

NC 006817 [TTAGCAATTTTTTCTTTACATTTAGCGGGAATCTCATCTATTTTAGGAGCAGTARATTTTATTACAACTGTAATTAATATACGATCAGCTGGTATTACTC
JX456417 [fTAGCAATTTTTTCTTTACATTTAGCGGGAATCTCATCTATTTTAGGAGCAGTAAATTTTATTACAACTGTAATTAATATACGATCAGCTGGTATTACTC]
NC 010241 T‘TAGCTBT’I‘TTT'I‘CTCTTCATTTAGCTGGAATTTCCTCAAT'ITTAGGGGCBGTAAATTTTATTACAACTG‘I@ATTAATA@A'l‘CG'I‘CA TTACTT)
JX456415 [fTAGCTATTTTTTCTCTTCATTTAGCTGGAATTTCCTCAATTTTAGGGGCAGTARATTTTATTACAACTGTAATTAATATACGATCGTCA TTACTT

410 420 430 440 450 480 470

2GACTACCTTTATTTGTGTGATCAGTAGTAATTACAGCTATTTTATTACTTCTTTCTCTACCCGTATTA

NC 006817

JX456417 GATCGACTACCTTTATTTGTGTGATCAGTAGTAATTACAGCTATTTTATTACTTCTTTCTCTACCCGTATTA
NC_O 10241 'AGATCGACTACCCTTATTTGTTTGATCTGTAGTTATTACAGCTATCTTATTACTTCTTTCTCTTCCTGTTTTA(
JX456415 AGATCGACTACCCTTATTTGTTTGATCTGTAGTTATTACAGCTATCTTATTACTTCTTTCTCTTCCTGTTTTA|

Figure 2. Multiple sequence alignment of Aedes aegypti and A. albopictus DNA barcode sequences. Two
sequences obtained in this study and two reference sequences from GenBank are compared. The accession number
is displayed. The outlined nucleotide bases are conserved.
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Therefore, using an efficient, simple, safe and low-cost method of DNA extraction,
we could obtain DNA from viable or unviable eggs in appropriate quantity and quality for a
good amplification reaction. Associated with this, we suggest the use of this new tool to study
the population dynamics of mosquitoes of medical importance, and possibly to implement this
new approach in programs for monitoring insecticide resistance in natural populations.
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