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ABSTRACT In southern Europe, orbiviral diseases such as bluetongue (BT) have been assumed to
have been largely transmitted by the classical Afro-Asian vector Culicoides imicola Kieffer (Diptera:
Ceratopogonidae). Recent outbreaks have occurred in regions where C. imicola is normally absent,
supporting the theory that other species belonging to the Obsoletus or Pulicaris complexes may play
a role in BT virus transmission. Investigations of the ecology of the species within the former group
are hampered by females of member species being extremely difÞcult to separate by classical
morphology. To allow straightforward separation of these species in France, a multiplex polymerase
chain reaction-based on internal transcribed spacer (ITS)-1 rDNA was developed to distinguish
between Culicoides chiopterusMeigen, Culicoides dewulfi Goetghebuer, Culicoides montanus Shakir-
janova, Culicoides obsoletusMeigen, and Culicoides scoticusDownes & Kettle. This tool will be useful
in deÞning both the vector role and larval biotopes of these species in Europe.
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The genus Culicoides Latreille is currently repre-
sented by some 1,254 species (Beckenbach and
Borkent 2003) and includes several complexes of sib-
ling species that are difÞcult to separate by classical
morphology. Correct identiÞcation of these species,
however, is essential for the understanding of disease
epidemiology, particularly when only few of the spe-
cies in the complex have been implicated in disease
transmission.

Bluetongue (BT) and African horse sickness are
infectious arthropod-borne viral diseases caused by
viruses belonging to the genus Orbivirus within the
family Reoviridae and they are transmitted by certain
species of biting midges belonging to the genus Culi-
coides (Holmes et al. 1995). In the eastern Mediter-
ranean Basin, outbreaks where the classical Afro-
Asian vectorCulicoides imicolaKieffer has never been
detected during insect surveys have been reported in
Bulgaria, Serbia, Kosovo, Croatia, Montenegro, north-
ern Greece, Bosnia Herzegovina, and more recently in
Belgium, Germany, Holland, and France (Baylis and
Mellor 2001, Mellor and Wittmann 2002, Purse et al.
2005, Meiswinkel 2006).

There are indications that species of the Obsoletus
and/or Pulicaris complexes may play a role in blue-
tongue virus (family Reoviridae, genus Orbivirus,
BTV) transmission. Indeed, species belonging to
both complexes are present in large numbers in
areas of BT transmission where C. imicola is not
present. In addition, BTV was isolated from speci-
mens belonging to these complexes during out-
breaks in Cyprus, Italy (Mellor and Pitzolis 1979;
Savini et al. 2003, 2005; Caracappa et al. 2003) and
northern Europe (Meiswinkel 2006, Thiry et al.
2006). Moreover, oral susceptibility to BTV sero-
type 9 has recently been demonstrated from spec-
imens belonging to Obsoletus and Pulicaris com-
plexes (Carpenter et al. 2006), species widespread
and abundant in the region and across most of north-
ern Europe.
Culicoides chiopterus Meigen, Culicoides dewulfi

Goetghebuer, Culicoides montanus Shakirjanova, Cu-
licoides obsoletus Meigen, and Culicoides scoticus
Downes & Kettle are usually referred to collectively
as Obsoletus complex (Carpenter et al. 2006). To-
gether with C. imicola, these Þve species are the only
representatives of the subgenusAvaritia in France and
western Europe. C. obsoletus and C. scoticus are found
frequently in Bulgaria (Glouhova et al. 1991), north-
ern Spain (Sarto i Monteys and Saiz-Ardanaz 2003),
and Italy (Savini et al. 2003). Very little information is
available for the three other species belonging to the
Obsoletus complex. Unfortunately, adult females of
most of the Þve species belonging to the Obsoletus
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complex are morphologically similar and relatively
difÞcult to distinguish. Males are usually distinguish-
able on the basis of certain characteristics of the gen-
italia (KremerandRebholz1977,Delécolle1985,Raw-
lings 1997), with few exceptions (Gomulski et al.
2005).

Due to similar difÞculties in identiÞcation, the larval
habitats used by members of the Avaritia group are not
well characterized in Europe, although a general as-
sociation with the farm habitat has been made in some
cases (Kettle and Lawson 1952, Chaker and Kremer
1983, Hill 1947).

The identiÞcation of techniques that allow the swift
and accurate taxonomic separation of the Obsoletus
complex would assist both the identiÞcation of differ-
ences in adult ecologies within the group, with sub-
sequent value for epidemiological studies of virus
transmission, and additionally allow the identiÞcation
of larvae without the need for successful rearing for
identiÞcation purposes. The present work, based on
previous studies about the development of diagnostic
assays and phylogenetic analysis (Li et al. 2003, Cêtre-
Sossah et al. 2004, Perrin et al. 2006) describes a mul-
tiplex polymerase chain reaction (PCR) assay based
on internal transcribed spacer (ITS)-1 rDNA to dis-
tinguish adults of species belonging to the Obsoletus
complex (C. chiopterus, C. dewulfi, C. montanus, C.
obsoletus, and C. scoticus).

Materials and Methods

Study Site. Based on the data collected in 2002 by
the Culicoides surveillance network implemented in
mainland France (Baldet et al. 2004), a sheep farm
located 2� 42� 45� E, 43� 2� 17� N and known to support
large numbers of midges of the Obsoletus complex was
selected to provide individuals for analysis. Because a
bivoltine activity of the adults of the Obsoletus com-
plex species was observed similar to that of other
Mediterranean countries (Calistri et al. 2003, Capela
et al. 2003, Miranda et al. 2003, Sarto i Monteys and
Saiz-Ardanaz 2003), most of the three specimens for
each species were collected in spring and early au-
tumn from geographically distinct populations (ex-
cept for C. dewulfi) (Table 1).

Adult Culicoides samples used in this study were
collected as described previously (Cêtre-Sossah et al.
2004). IdentiÞcation of Culicoides was initially based
upon the wing pattern and subsequently conÞrmed by
mounting some specimens on microscope slides (Kre-
mer 1965, Wirth and Marston 1968). The samples were
identiÞed morphologically and independently by two
of us (B.M. and J.-C.D.) by using the keys of Campbell
and Pelham-Clinton et al. 1960 and Delécolle 1985.
C.montanus andC. chiopteruswere sequenced from

female specimens stored in ethanol, whereas Culi-
coides obsoletus and C. scoticus were sequenced from
male specimens. A xylene bath was used to extract
female specimens of C. dewulfi from slides after iden-
tiÞcation.
Genomic DNA Extraction andMultiplex PCR Am-
plification. Three specimens of each Culicoides spe-
cies were used for the DNA extraction (Table 1) with
the DNeasy tissue kit (QIAGEN, Valencia, CA) ac-
cording to the manufacturerÕs instructions.

The gene analysis software Vector NTI (Invitrogen,
Carlsbad, CA) was used to compare the ITS-1 rDNA
sequences of the Þve species of the Obsoletus complex
for the design of primers. Table 2 lists the sequences
of the six different primers used for the multiplex PCR.
The Þve reverse diagnostic primers were designed to
be used in the multiplex PCR with the Pan Cul-For-
ward primer (PanCulF), located in one of the most
highly conserved regions (Cêtre-Sossah et al. 2004) to
give a speciÞc pattern of each of the species.

Reactions were performed in a total volume of 25 �l
consisting of 10� PCR reaction buffer; 1.5 mM MgCl2;
250 �M each dATP, dCTP, dGTP, and dTTP (Eurobio,
Les Ulis, France); 20 pmol of the primers Obs-ss-R,
Obs-sl-R, DewulÞ-R, and Chiopterus-R; 40 pmol of
Montanus-R; 60 pmol of Pan CulF; and 2.5 U of
TaqDNA polymerase. A volume of 1 �l of genomic
DNA was added to each PCR reaction, and samples
without DNA were included in each ampliÞcation run
to exclude carryover contamination. PCR was carried
out with the following cycling conditions: an initial
denaturation stage at 94�C for 5 min and then 30 cycles
at 94�C, 1 min; 61�C, 1 min; 72�C, 1 min and a Þnal
extension phase at 72�C for 10 min. PCR products were

Table 1. Collection of Culicoides species used in this study for genomic DNA extraction and multiplex PCR amplification

Culicoides
species

Collection locality Geographic coordinatea Collection date
Total no. of
specimens

Homologies
(%)

C. chiopterus Geispolsheim 7� 38� 03� E, 48� 29� 35� N 3Ð4 June 2002 3 98.93
C. dewulfi Jonquières 2� 42� 45� E, 43� 2� 17� N 28Ð29 July 2004 1 99.10

Jonquières 2� 42� 45� E, 43� 2� 17� N 7 May 2005 1
Jonquières 2� 42� 45� E, 43� 2� 17� N 15 May 2005 1

C. montanus Cargèse 8� 37� 48�E, 42� 8� 57� N 17Ð18 Aug. 2004 1 98.47
Fozzano 9� 00� 20� E, 41� 41� 22� N 17Ð18 June 2005 2

C. obsoletus Argelès sur mer 3� 3� 6� E, 42� 31� 31� N 24Ð25 July 2003 1 99.43
Castelet 5� 45� 31� E, 43� 12� 16� N 24Ð25 Oct. 2002 1
Jonquières 2� 42� 45� E, 43� 2� 17� N 24Ð25 Oct. 2002 1

C. scoticus RoquetteÐsur-
siagne

6� 56� 7� E, 43� 34� 38� N 28Ð29 June 2004 2 98.33

Roquette-sur-siagne 6� 56� 7� E, 43� 34� 38� N 8Ð9 Aug. 2003 1

a Longitude/latitude, UTM WGS 84.
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examined by electrophoresis in a 2.5% agarose gel with
0.0625% ethidium bromide.

The30speciesusedfor thespeciÞcityof theObsoletus
complex speciÞc PCR assay were the following: C. ach-
rayi Kettle & Lawson, C. cataneii Clastrier, C. circum-
scriptusKieffer,C.dendriticusBoorman,C.derisorCallot
& Kremer, C. fagineus Edwards, C. festivipennis Kieffer,
C. gejgelensisDzhafarov, C. griseidorsum Kieffer, C. het-
eroclitus Kremer & Callot, C. imicola Kieffer, C. indis-
tinctusKhalaf,C. kibunensisTokunaga,C. kurensisDzha-
farov, C. longipennis Khalaf, C. lupicaris Downes &
Kettle, C. malevillei Kremer & Coluzzi, C. maritimus
Kieffer,C.maritimus variety paucisensillatusCallot, Kre-
mer & Rioux, C. newsteadi Austen, C. pallidicornis Kief-
fer,C. parrotiKieffer,C. pictipennisStaeger,C. picturatus
Kremer & Deduit, C. pulicaris Linné, C. punctatusMei-
gen,C. puncticollisBecker,C. sahariensisKieffer,C. sub-
fagineusDelecolle & Ortega, andC. submaritimusDzha-
farov.
Cloning and Sequencing of the ITS-1 Fragments.

The puriÞed PCR product was cloned into PCR-Blunt
vector (Zero Blunt PCR cloning kit; Invitrogen), by
using chemically competent Escherichia coli. To con-
Þrm the presence of the insert, PCR ampliÞcation with
PanCulF/PanCulR primers was performed on 10 bac-
terial clones for each species. Three clones per spec-
imen were kept for further analysis. The plasmid DNA
was extracted using Plasmid DNA preparation kit
(Nucleospin R Plasmid, Macherey Nagel, Easton, PA).
Three clones for each of the three Culicoides speci-
mens per species were sequenced with both PanCulF
and PanCulR primers. An ITS-1 sequence was ob-
tained for each single biting midge by alignment of the
forward and reverse sequences.
Sequence Analysis and Alignment. A consensus

ITS-1 sequence was generated from the nine dif-
ferent sequences obtained for each species (three
distinct specimens with three clones for each spec-
imen). The consensus sequences were submitted to
GenBank with an appropriate accession number:
C. chiopterus, DQ408543; C. dewulfi, DQ408545;
C. montanus, DQ408544; C. obsoletus, AY861152; C.
scoticus, AY861160; C. imicola, AY861144; and C.
newsteadi, AY861151. This consensus sequence was
used for the phylogenetic analysis.

The alignment of the forward and reverse se-
quences was performed using Vector NTI software
(Invitrogen). Sequences from different midges were
aligned using Clustal W (Thompson et al. 1994) in-
cluded in Vector NTI, and base differences between
sequences were identiÞed. All sequences were aligned

without gaps. The identity of all polymorphic bases
was checked against the original chromatograms. In-
traspeciÞc variation was found to be very low.
Phylogenetic Analysis. The alignment Þle format

msf (*.msf) obtained after alignment by Vector NTI
was converted into a phylip 3.2 format (*.phy) by
using Bioedit software to allow phylogenetic analysis
(Hall 1999). Neighbor-joining and Bayesian inference
tree construction were used to test the robustness of
phylogenies.

Phylogenetic analysis was Þrst carried out using the
neighbor-joining (Saitou and Nei 1987) method with
Darwin software (Perrier et al. 2003). Distances were
adjusted for multiple substitutions using Jukes and
Cantor correction and generated with TreeCon
MATRIXW program of Darwin (Van de Peer and De
Watchter 1993). Bootstraps were determined on 2000
replicates.

Bayesian inference was performed using MrBayes
version 3.0B4 (Huelsenbeck and Ronquist 2001) with
random starting trees and run for 2,000,000 genera-
tions, sampling the Markov chains at intervals of 100
generations. Four heated Markov chains (using de-
fault heating values) were used. In total, 1,000 of the
20,000 resulting trees were discarded as “burn-in.”
Support for tree nodes was determined based on the
values of bayesian posterior probability obtained from
a majority-rule consensus tree. The analysis was re-
peated Þve times to conÞrm that the results converged
to the same topology. The complete ITS-1 sequence of
C. newsteadi (GenBank accession no. AY861151) was
used as an outgroup.

Results and Discussion

Alignment of the ITS-1 rDNA of the Five Species
Belonging to the Obsoletus Complex. Three speci-
mens of each species taken from geographically sep-
arated sites (with the exception of the C. dewulfi
samples, which came from a single site) were analyzed
(Table 1) and formed distinct clusters.

The percentage of homology for each species C.
chiopterus, C. dewulfi, C.montanus, C. obsoletus, andC.
scoticuswas 98.93, 99.1, 98.47, 99.43, and 98.33, respec-
tively, indicative of high sequence homologies within
species. This observation had been already made on
three specimens of C. imicola (99.8% homology) in a
phylogenetic study published previously (Perrin et al.
2006). These high intraspeciÞc homologies conÞrm
that ITS-1 region, highly conserved among species
trapped in different locations (except C. dewulfi

Table 2. Nucleotide sequence of the Obsoletus complex multiplex PCR primers

Primera Length (bases) Tm value (�C) Sequence

PanCulF 20 53.6 5�-GTAGGTGAACCTGCGGAAGG-3�
Obs-sl-R 21 55.6 5�-TGAATCACAGCACCCGCTTAA-3�
Obs-ss-R 30 55.7 5�-ATCTTGATAAAAAATCAATGCATACTCAGT-3�
DewulÞ-R 36 54.7 5�-CACACCATACACTATATAAGAATACATCATTATATT-3�
Montanus-R 20 59.2 5�-CGAGCTGCAATGCCCAATGA-3�
Chiopterus-R 21 56.4 5�-CGAGCTGCTATACCGAAGCAT-3�

a sl, sensu lato; ss, sensu stricto.
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where all the specimens were captured in the same
location), is useful for the development of a molecular
detection tool and for phylogenetic analysis. The
alignment of the ITS-1 sequences revealed three
highly conserved regions, between 2 and 41 bp, 174
and 230, and 360 and 404 bp, respectively. In two of
these highly conserved regions, two primers, PanCulF
and Obs-sl-R, were designed and enabled the ampli-
Þcation of a common Obsoletus complex-speciÞc
band of around 160 bp present for the Þve species of
the Obsoletus complex. Other variable regions were
located at different positions in the sequences within
the species (50Ð80, 95Ð120, and 260Ð300 bp), these
regions were respectively used to design species spe-
ciÞc primers (DewulÞ-R primer for the positions
50Ð80 bp, Montanus-R and Chiopterus-R primers for
the positions 95Ð120 bp, and Obs-ss-R primer for the
positions 260Ð300 bp). Although these samples were
adequate to describe the French fauna, further sam-
ples from a wider geographic area would provide an
interesting comparison of any intraspeciÞc variation.
Molecular Detection of the Obsoletus Complex
Species by Specific Multiplex PCR. To develop a spe-
ciÞc molecular tool to distinguish the Þve species
belonging to Obsoletus complex, preliminary PCR re-
actions were performed on adult specimens. Agarose
gel electrophoresis showed highly speciÞc PCR prod-
ucts for each of the species (Fig. 1). An Obsoletus
complex-speciÞc band was observed as a common
band for the Þve species of the Obsoletus complex at
�166 bp. Additional bands leading to a speciÞc pattern
were ampliÞed for the four other species. Only one
additional, and speciÞc, band was present at 78, 117,
and 302 bp, respectively, for C. dewulfi, C. chiopterus,
and C. obsoletus. For C. montanus, two speciÞc ampli-
Þed products at 125 and 302 bp were obtained. C.
scoticus was the only species to be identiÞed by the
presence of the unique common band at 166 bp. As
expected, no band was detected in the negative con-
trol (C. imicola) (Fig. 1, lane 6). The absence of the
common Obsoletus complex species-speciÞc band at
�170 bp excluded the presence of an Obsoletus com-

plex specimen in the samples. Additionally, none of
the other commonly found species tested as part of
standardizing the assay produced cross-reactions.

A speciÞc molecular tool for the individual detec-
tion of the Þve species of the Obsoletus complex was
thus developed with adult specimens. This method
also can potentially be used to identify larval speci-
mens and preliminary experiments have been encour-
aging (data not shown). In future studies, collection of
a high number of adults specimens and single larvae in
different sites with measurements of physical and
chemical characteristicsof soils (e.g., pH,conductivity
and percentage of organic matter) will help to better
characterize Obsoletus complex species biotopes.
Species identiÞcation at the larval stage would allow a
more thorough understanding of BT vector ecology.
Phylogenetic Status of Avaritia Subgenus Species
Based on ITS-1 Sequences. We used the ITS-1 se-
quences of the Obsoletus complex species already
published in GenBank (C. obsoletus and C. scoticus),
the newly sequenced species generated in our labo-
ratory (C.dewulfi,C. chiopterus,andC.montanus), and
C. imicola (AY861144). Phylogenetic trees generated
using neighbor-joining (Fig. 2A) and Bayesian infer-
ence (50% majority rule consensus tree; Fig. 2B) gave
similar data.

The specimens belonging to the six species exam-
ined were grouped into Þve clusters by phylogenetic
analysis. The Þrst cluster includes both C. obsoletus
andC. montanus and is supported by a 100% bootstrap
value. Divergence between C. obsoletus and C. mon-
tanus is in turn supported with a bootstrap value of
63%. The four other clusters were monospeciÞc, with
C. chiopterus, C. scoticus, C. dewulfi, andC. imicola.For
these species, each cluster is supported by a 100%
bootstrap value. Among the Obsoletus cluster com-
plex, the C. dewulfi cluster is found closer to the C.
imicola cluster. This phylogenetic proximity may ex-
plain the recent implication ofC. dewulfi in The Neth-
erlands outbreak (Meiswinkel 2006).

These results conÞrm a previous study on ITS-2
rDNA phylogenetic of Obsoletus complex where to-
pologies on trees generated were similar where four
distinct clusters were apparent, the Þrst of which in-
cludes bothC. obsoletus andC. montanus,whereas the
others are formedbyC. scoticus(89%bootstrapvalue),
C. dewulfi (100% bootstrap value), and unidentiÞed
species A and B, respectively (Gomulski et al. 2005).
This study provided no evidence, however, of sub-
group discrimination between the C. scoticus and C.
dewulfi species as found for the ITS-2 analysis. How-
ever, a signiÞcant bootstrap value higher than 50% was
not obtained for ITS-2 to separate C. obsoletus and C.
montanus.Gomulski et al. 2005 expressed a doubt upon
identiÞcation ofC.montanus captured in Italy because
they did not Þnd their specimen in altitude exceeding
2,000 m where this species was originally captured and
described (Pamir, Tajikistan). Our specimens of C.
montanus also were not trapped in France at this
altitude. The conÞrmation of the close position be-
tweenC. obsoletus andC.montanus and the signiÞcant
bootstrap value between each other lead us to think

Fig. 1. Multiplex PCR analysis of adult Culicoides sam-
ples. AmpliÞcation of the ITS-1 of the Þve Obsoletus complex
species. Ladder is a 50-bp DNA ladder (Invitrogen). Lanes
1Ð6 correspond to C. chiopterus, C. dewulfi, C. montanus, C.
obsoletus, and C. scoticus, respectively. C. imicola is the neg-
ative control.
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that the Italian and French specimens of C. montanus
were thus correctly identiÞed. However, as shown on
the Fig. 2, A and B, specimen identiÞed as obso 1 is
placed in the cluster with the other three specimens
of C. montanus in both trees, whereas the specimens
identiÞed as obso 2 and obso 3 are placed in another
cluster in both trees. A larger number of specimens of
the C. montanus and C. obsoletus from a wider geo-
graphic range would assist in resolving their close
genetic relationship observed in this study.
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Perrin, C. Grillet, and E. Albina. 2004. Molecular de-
tection ofCulicoides spp. andCulicoides imicola, the main
vector of bluetongue and African horse sickness in Africa
and Europe, by ITS1rDNA PCR ampliÞcation. Vet. Res.
35: 325Ð337.

Chaker, E., and M. Kremer. 1983. Méthode dÕétude des
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