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Abstract 

Bluetongue virus (BTV) causes a viral, non-contagious disease that mainly affects sheep, cattle, and wild 
and farmed ruminants causing damage to these animals and significant economic losses. Culicoides 
insignis Lutz, the major BTV vector in South America, is one of the most abundant species in Argentina 
and commonly associated with cattle farms. The morphological identification of Culicoides spp. is routinely 
carried out with the aid of morphological keys, which mainly refer to the wing patterns, sensillae of palpi, 
and antennal flagella. Molecular tools applied to taxonomy provide a rapid and efficient method of iden-
tification of vector species. An easy protocol for the extraction of total DNA from single midges is herein 
described, and a forward primer for rapid and reliably test detection by polymerase chain reaction of C. 
insignis is developed.
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Ceratopogonidae are one of the common fly families in the 
Neotropical Region from coastal habitats to high mountains 
(Borkent and Spinelli 2007). Adult females of the biting midge genus 
Culicoides Latreille are haematophagous. They are notorious pest 
that cause nuisance to livestock and humans, and are commonly 
known as “biting midges,” “no-see-ums,” or “punkies” in English 
speaking countries, “polvorines,” “manta blanca,” “chaquistes,” or 
“jejenes” (which also may refer to Simuliidae) in Spanish speaking 
countries, and “mosquito pólvora” or “maruim” in Brazil (Spinelli 
and Ronderos 2005, Díaz et al. 2018).

Many species of biting midges are efficient vectors of arboviruses, 
protozoa, and filarial nematodes (Wirth and Blanton 1959). One of 
the most important diseases transmitted by Culicoides is caused 
by the Bluetongue virus (BTV). It is a non-contagious disease that 
mainly affects sheep, cattle, and wild and farmed ruminants, causing 
serious damage to these animals and significant economic losses 
(Mellor et al. 2000). In the New World, BTV spread is limited to ca. 
35 S and 40 N (MacLachlan 2011).

The Bluetongue disease is well known in Central America 
and the Caribbean, and even in the Lesser Antilles (Legisa et al. 
2014). Most of the information available for this region is due to 
the efforts of the Regional Bluetongue team since the early 1980s 
(Greiner et al. 1992, Thompson et al. 1992) and the Interamerican 
Bluetongue team (Legisa et al. 2014). These teams performed a 
large surveillance in eleven countries in the region, including se-
rologic detections in cattle, sheep and goats, and virus isolations. 
Regarding the vector species suspected to be responsible for BTV 
transmission among ruminants, Walton and Osburn (1992), Greiner 
et al. (1990), and Mo et al. (1994) isolated BTV from C. insignis 
Lutz, C. filarifer Hoffman, and C. pusillus Lutz. This suggests that 
these three species (mainly C. insignis) were the primary species in 
viral transmission in this region (Tanya et al. 1992, Legisa et al. 
2014). Culicoides insignis is one of the most frequent and abun-
dant species found in Southeastern United States, the Caribbean 
Basin, and Central and South America, which is primarily asso-
ciated with cattle farms (Ronderos et al. 2003, Ayala et al. 2018).
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In South America, this virus has been isolated in Brazil, Argentina, 
Peru, Ecuador, and Guyana. In June 2013, an outbreak of BTV was 
confirmed in a herd of 99 dairy sheep of the Lecauna breed in the 
State of Rio de Janeiro, Brazil. This resulted in the death of four preg-
nant sheep’s and six that were affected, 16 male lambs became ill, 
and 2 died (Legisa et al. 2014). In the Brazilian Paraná state, Scolari 
et al. (2010) detected high seroprevalences in cattle and sheep. These 
seroprevalences, among virus isolations and the favorable weather 
conditions for the vector life cycle, suggest that BTV could spread 
to areas and countries surrounding that region, including Paraguay, 
Uruguay, and northeastern Argentina, where BTV has been detected 
and isolated (Legisa et al. 2014) although this disease has never been 
reported.

Accurate identification of biting midges is essential for the 
understanding of disease epidemiology and vector control. 
Morphologically, this task is routinely carried out with the aid of 
dicotomic keys, species descriptions (including original descriptions), 
and comparisons with previously identified specimens housed in re-
liable entomological collections. The most important morphological 
characters used by entomologists include wing patterns, the pres-
ence or absence of sensillae on antennal flagella, the presence and 
shapes of palpal pits on the 3rd segment of maxillary palpi, numbers 
of mandibular teeth, and male and female genitalia. Conversely, the 
molecular tools applied to taxonomy provide a rapid and efficient 
method to the identification of vector species. However, because of 
their small size, traditional methods of DNA extraction are not fre-
quently used in Culicoides, and it is usual to use commercial kits, 
which are expensive, especially in underdeveloped countries. The de-
velopment of species-specific primers complements the identification 
process of midges. The region of ITS-1 of the ADNr has shown a 
great potential in order to perform a reliable polymerase chain re-
action (PCR)-based procedure (Cêtre-Sossah et al. 2004, Stephan et 
al. 2009). Herein, we describe an easy protocol for the extraction 
of total DNA from single midges and to develop a forward primer 
for the rapid and reliable detection of C. insignis, the main vector of 
BTV in the Neotropics.

Materials and Methods

The entomological survey was carried out in SW Misiones province, 
Argentina (27° 25ʹ 59.70″ S; 55° 53ʹ 35.67″ W) from January to 
December 2013.

Culicoides were captured with CDC light traps into collecting 
jars containing 70% ethanol. Collected specimens were extracted 
and preserved in properly labeled tubes with 70% ethanol. In the lab-
oratory, specimens of Culicoides were dissected and slide-mounted 
in Canada balsam for microscopic examination using the techniques 
by Borkent and Spinelli (2007). They were identified using various 
keys (Wirth and Blanton 1959, Wirth and Blanton 1973, Spinelli 
et al. 2005), descriptions, and the Atlas of wing photographs of 
Neotropical species (Wirth et al. 1988). They were also compared 
with slide-mounted specimens in the Entomology Division of the 
Museo de La Plata, AR (MLPA).

Morphologically, Culicoides insignis is placed in the Culicoides 
guttatus group of the subgenus Hoffmania, reviewed by Spinelli et al. 
(1993). The females are easily differed from congeners of this species 
group by a combination of three wing characters: the r-m crossvein 
is distinctly dark, the vein R3 is dark up to the point where it turns 
abruptly forward to meet the costa, and by the single distal pale 
spot in cell M1; other useful characters are the third palpal segment 
bearing an irregular sensory pit and the distal sensilla coeloconica 
always present on flagellomeres 1, 3, 5, 7, and 9–13, and sometimes 
present on flagellomeres 2, 4, 6, and 8. The male wing frequently 
exhibits a second faint pale spot at wing margin in cell M1.

Extraction of Genomic DNA
The thorax and abdomen of specimens identified morphologically as 
C. insignis were used for the extraction of DNA.

The genomic DNA analysis was performed by the following 
instructions: preserved samples were homogenized in 160 μl of ex-
traction buffer (Tris/HCl 100 mM, EDTA 50 mM y ClNa 0.1 M), 
20 μl of SDS 2%, 40 μl of CTAB 2%, and 1 μl of Proteinase K. 
After incubating for 1 h at 65°C, 200 μl of chloroform: isoamyl al-
cohol (24:1 v/v) was added. Homogenized material was centrifuged 
at 12,000  rpm for 5  min, after recovering the supernatant and 
was added to 150 μl of 3M KAc. After centrifugation for 5 min at 
12,000 rpm, the supernatant was recovered and transferred to a new 
tube and 1000 μl of cold absolute ethanol were added to precipi-
tate DNA. It was then centrifuged for 5 min at 12,000 rpm and the 
resulting pellet was washed with 800 μl ethanol 70%. After cen-
trifugation for 5 min at 12,000 rpm, the pellet was allowed to dry 
at room temperature and resuspended in 30 μl of double-distilled 
water (ddH2O). DNA concentrations were determined through ab-
sorbance at 260 nm on a spectrophotometer. The figures were edited 
with Paint Net software V4.3.2 Version.

PCR Primers Design and PCR Amplification by 
Species-Specific Primers
The ITS-1 region of C. insignis was amplified by a specific PCR 
for Culicoides, using the PanCulF/PanCulR primers (Cêtre-Sossah 
et al. 2004). Reactions were performed in a total volume of 20 µl, 
consisting of 1x PCR reaction buffer, 2 mM MgCl2, 0.2 mM of each 
dATP, dCTP, dGTP and dTTP, 10 pmol of each primer, and 0.5 U 
Taq DNA polymerase under the following cycling conditions: an in-
itial denaturation stage at 94°C for 5 min; then 30 cycles at 94°C, 
1 min; 58°C, 1 min; 72°C, 1 min; and a final extension phase at 72°C 
for 10 min. These amplification products were sequenced.

The reaction for the Cul_insig F/PanCulR primers was as the one 
described above except for the hybridation temperature that was 
51°C. Sequences of the primers used during this study are shown in 
Table 1. Samples without DNA were included as negative controls, 
and PCR products were examined by electrophoresis in a 1.0% 
agarose gel with ethidium bromide.

We use BioEdit Version 7.2.5 software (Hall 1999) to align 
attained forward and reverse DNA sequences obtained for C. 

Table 1. Primers used for the genus-specific PCR (Pan Cul F and R) and the species-specific primer for C. insignis Lutz

Primers Sequence 5ʹ to 3 Tm (ªC) References 

PanCul F GTAGGTGAACCTGCGGAAGG 54 Cêtre-Sossah et al., 2004
PanCul R TGCGGTCTTCATCGACCCAT 58 Cêtre-Sossah et al., 2004
Cul_insig F GCTATTTGATTAGCAGCT TTGC 51 Present study
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insignis specimens. Each base of the sequences was compared one by 
one with the reading of its corresponding electropherogram, and it 
was verified that both were coincident.

With the sense and antisense sequences corrected, a consensus 
sequence was generated, which was used as a query to verify the 
match with the amplified region and the organism in question. We 
worked with the National Center for Biotechnology Information - 
NCBI NR database (non-redundant) (NCBI Resource Coordinators 
2016), using the BLAST tool [National Center for Biotechnology 
Information, Basic Local Alignment Tool (https://blast.ncbi.nlm.nih.
gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=Blast Search&LINK_
LOC=blasthome), Madden 2013], where the alignment was carried out 
according to the parameters established by default of the program.

The consensus sequence was used to design the primer. We used 
the online software Muscle-Multiple Sequence Alignment [EMBL-
EBI (https://www.ebi.ac.uk/Tools/msa/muscle/), Integrated DNA 
Technologies (https://www.idtdna.com/pages/tools/oligoanalyzer), 
Edgar 2004] to identify the species-specific region of C. insignis 
and also to compare the ITS-1 sequences of C. insignis and ITS-1 
sequences of other species of extraneotropical Culicoides obtained 
from the GenBank (https://www.ncbi.nlm.nih.gov/genbank/): C. 
variipennis (Coquillett)—GenBank KP310092; C. imicola Kieffer—
GenBank JN408479; C. albicans (Winnertz)—GenBank AJ417980; 
C. obsoletus (Meigen)—GenBank AY861152; all of these species are 
considered BTV vectors, except C. albicans.

Once the primer was manually designed, the online program 
Oligoanalyzer 3.0 was used to evaluate autohybridization and/or 
possible dimer formation with the antisense primer and the temper-
ature at which base pairing occurs.

The primer specificity was checked through alignment with 
Culicoides sequences published in GenBank with the aid of the on-
line BLAST tool.

Results

Collection of Culicoides
During the fieldwork, 3,590 specimens of Culicoides were collected. 
Of these, 2,952 were identified as C. insignis, representing the 93.4% 
of the total collected specimens.

DNA Extraction Protocol
To standardize a DNA extraction protocol, we evaluated several 
modifications of the protocol performed by Doyle and Doyle (1987). 
The midge body parts were treated differently, obtaining the best 
results with the following procedures:

1. The addition of SDS 2% and Proteinase K to the lysis buffer for 
the cell lysis and protein denaturation.

2. The combination of solvents and salts: in the first extraction, 
we use chloroform: isoamyl alcohol (C:IAA) (24:1 v/v), latter 
we add K Acetate (KAc), for the DNA purification and protein 
removal.

3. The use of cold ethanol absolut and ethanol 70%, with no incu-
bation, and the resuspension of DNA in ddH2O.

DNA extracted (Fig. 1) by this methodology usually yields suffi-
cient DNA for several rounds of PCR amplifications.

Bioinformatic Analysis of the ITS-1 Sequences of 
C. insignis and Other Species of Non-neotropical 
Culicoides
The alignment reveals the highly conserved regions between other 
species of Culicoides, and the species-specific region of C. insignis. 

The alignment length between the sequence ITS-1 of C. insignis and 
other analyzed sequences was 565 bp, including the gaps. This align-
ment revealed several highly conserved regions; the larger ones are 
among between 323 and 337 bp and 339 and 356 bp, respectively 
(Fig. 2). A C. insignis-specific region was identified in the region be-
tween bases 79 and 107. This being the region used for the design of 
the specie specific primer.

The obtained ITS-1 sequence specific for C. insignis was 
submitted to GenBank with an appropriate accession number 
(MH566998).

PCR Optimization for Identification of C. insignis 
Using Molecular Tools
The species-specific C. insignis forward primer (Cul_insigF) was 
designed to be used in a PCR with the PanCul reverse primer 
(PanCulR).

Initially, to test the specificity of the primer in vitro, we worked 
with the five most-abundant species captured during the fieldwork 
(C. debilipalpis Lutz; C. limai Barretto, C. paraensis (Goeldi); C. 
lahillei (Iches); and C. venezuelensis Ortiz & Mirsa). The agarose 
gel electrophoresis showed a specific PCR product for C. insignis at 
300 bp, and no cross reactions with other Culicoides species; also no 
band was detected in the negative control (Fig. 3).

Later, because of the lack of ITS-1 sequences in the species of 
the guttatus group or some sequence of any neotropical Culicoides 
in the database, the primer in sílico specificity was checked through 
alignment with other Culicoides sequences published in GenBank 
with the aid of the online BLAST tool, where the alignment was 
carried out according to the parameters established by default of 
the program.

DNA quantification by spectrophotometer indicated that each 
PCR reaction carried out contained between 7.3 and 8.1 ng.

Discussion

Specific identification of Culicoides has been carried out until re-
cently on the basis of morphological characters. Likewise, the molec-
ular biology techniques, such as the PCR and automatic sequencing 

Fig. 1. Genomic DNA from individual specimens of C. insignis Lutz. Lanes: 
1 and 2—whole individual especimen; 3 to 5—thorax and abdomen of the 
individual specimens of C. insignis.
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applied to the study of the insects considered vectors of diseases, have 
become an important step in the resolution of taxonomic conflicts.

Several protocols have been published for the extraction of DNA 
in other families of Diptera (Gaillard and Strauss 1990, Golczer 
and Arrivillaga 2008, Rosero et al. 2010). Due to the small size of 
Culicoides spp., traditional methods for individual DNA extractions 
have not been used within this genus. Although the use of com-
mercial kits is simpler, they may be quite expensive in developing 
countries. For this reason, we herein describe an easy protocol for 
the extraction of total DNA from single specimens, without the use 
of RNases or commercially available DNA isolation kits, even for 
the DNA precipitation, the overnight incubation was not necessary. 
The DNA extracted by this methodology is enough for several PCR 
amplifications.

Previous studies showed that the ITS region allowed the detec-
tion by PCR of other BTV vector species, like C. imicola Kieffer 

(Cêtre-Sossah et al. 2004) and C. dewulfi Goetghebuer (Stephan et 
al. 2009). We developed a primer for the rapid and reliable detection 
of C. insignis, the main vector of BTV in Neotropical region.

GenBank has 46,428 sequences of the genus Culicoides: 5,520 
COI sequences and 129 sequences of ITS-1 and 156 of ITS-2. Most 
of these sequences come from species that are not found in the 
Neotropical region. Augot et al. (2017) provide a sequence D1D2 for 
C. paraensis (Goeldi) when they carried out a phylogenetic analysis 
of 42 Culicoides species from Europe, America, and Africa, using 
mtDNA COI and the D1 and D2 regions of the 28S rDNA. Despite 
the sanitary importance as a vector for BTV in the Neotropics, the 
information available about sequences of nucleotide of C. insignis 
is very limited. In addition to our ITS-1 sequence (MH566998), re-
cently Rios et al. (2021) submitted the first sequences of the COI gene 
from this species from Brazil (MT806183, MT806184, MW871560, 
MW871561, and MW871562).

Fig. 2. Alignment of the ITS-1 of the 5 species of Culicoides Latreille. Boxt-letters show the hybridization site of the PanCul F- Pan Cul R primers; and the location 
of the Cul_insigF primer. The conserved regions among the analyzed species are painted in black.
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There are a few sequences of 28S ribosomal RNA gene and COI 
gene of two species included in the guttatus group, C. batesi Wirth 
& Blanton (KF286361, KF286362 and KY707787) and C. guttatus 
(Coquillett) (KY707785 and KY707785), but there is not any avail-
able sequence of ITS region (ITS-1 or ITS-2) of other species in this 
group. Unfortunately, since they are different regions of the genome, 
they cannot be compared with our ITS-1 sequence of C. insignis.

The guttatus species group is included in the subgenus Hoffmania 
Fox. Three species of Culicoides (Hoffmania) from the Palearctic 
region that do not belong to the guttatus group, have sequences of 
ITS-1 region, are as follows:

Culicoides (Hoffmania) indianus Macfie (MH809964, 
MH809963, and MH809962), C. (H.) peregrinus Kieffer 
(AB462274), and C. (H.) sumatrae Macfie (AB462276). The spec-
ificity of the primer Cul_insig F was checked through alignment 
with these sequences of Culicoides species included in the subgenus 
Hoffmania, using the online BLAST tool. The results showed that 
the specific region of C. insignis is not found in any of these species, 
so this primer would not match with any other genomic sequence in 
the ITS region belonging to another species of the genus.

The use of molecular biology tools applied to the specific iden-
tification of species will contribute significantly in cryptic species 
(Garros et al. 2014). We designed a forward primer since a specific 
sequence of the ITS-1 region of C. insignis, which does not gen-
erate amplification products in the other analyzed Culicoides species 
captured during the fieldwork (Fig. 3), thereby simplifying the taxo-
nomic identification process of Culicoides midges. With a specificity 
and sensitivity of 100%, this method could also be used for larval 
identification and epidemiological surveillance of these species.
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