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Abstract. Three members of the Culex pipiens complex mosquitoes, Culex pipiens L.
(including the pipiens and molestus forms) and Culex torrentium Martini, occur in the
European part of Russia. The geographical and biotopic distribution of these mosquitoes
was studied using molecular-genetic methods for their identification. They included
Wolbachia infection, sizes of ITS2 of rDNA, polymerase chain reaction-restriction
fragment-length polymorphism (PCR-RFLP) of the cytochrome oxidase [ (COI) gene of
the mitochondrial DNA (both 3” and 5” ends of COI). In all, 40 collections of mosquitoes
were made in 30 localities, and 1062 individuals were identified. The notion of the
distribution of the sibling-species C. pipiens and C. torrentium was confirmed and
enlarged. Homogeneous and heterogeneous populations consisting of C. pipiens (the
pipiens form) and C. torrentium and those consisting of both forms of C. pipiens were
revealed in overground and underground habitats. The possible mechanisms of isolation
between these members of the C. pipiens complex are discussed.
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INTRODUCTION

Mosquitoes of the Culex pipiens complex are
distributed all over the world and are of great fun-
damental, medical and veterinary importance as
active bloodsuckers and vectors (Vinogradova,
1997, 2000). The C. pipiens complex includes
five members, but only three of them occur in Rus-
sia. These are the northern house mosquito, C.
pipiens Linnaeus, 1758, C. torrentium Martini,
1924 and C. vagans Wiedeman, 1828. C. pipiens
is distributed over almost the entire territory of
Russia. C. vagans is recorded in Siberia and Far
East. C. forrentium is a primarily west Palaearctic
species, occurring in Europe and some parts of

Asia. C. pipiens and C. forrentium are consid-
ered as sibling species, and in a part of the distri-
bution range they occur sympatrically.

C. pipiens is presented by two forms or
ecotypes, the nominate pipiens form and the
molestus form, the latter is known as urban mos-
quito. The molestus form described as distinct
species C. molestus Forskal in 1775 from Egypt
has been found since the 1920s in some European
cities. Now it occurs in many cities in Europe, Asia
including Japan and Near East, North and South
America and Australia. In temperate zones this
mosquito may develop throughout the year only in
underground sites flooded by polluted waters, 1.¢.
in the house basements, underground tunnels, etc.,
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but in summer it may occasionally develop also in
the above-ground water-bodies (Vinogradova,
2000).

The peculiarity of the C. pipiens complex is
that there are significant ecophysiological differ-
ences between its members, which are relatively
morphologically similar (Vinogradova, 2000,
2003). “The taxonomy of pipiens complex is
enigma complicated by interpretational difficulties
and controversy associated with number of be-
wildering morphological, behavioral/physiological,
and genetic issues. An understanding of these is-
sues is intimately related to the resolution of the
pipiens complex” (Harbach et al., 1985, p. 19).
Ecophysiological differences include autogeny,
stenogamy versus eurygamy and reproductive dia-
pause. Autogeny is the production of the first egg
raft without taking a blood meal. Stenogamy is the
ability to mate in confined space, without swarm-
ing, and the eurygamy is the need for a large space
for mating. The pipiens form and C. torrentium
are anautogenous, in most cases eurygamous and
able to enter reproductive diapause, whereas the
molestus form is autogenous, stenogamous and
has no diapause.

C. pipiens attracts the attention of scientists
because of its fundamental and applied importance.
Itis a vector of human lymphatic filariasis in the
tropics and of many arboviral infections — West-
ern equine, St. Louis, Japan encephalites, West
Nile (WNF) and Rift valley fevers, and Ockelbo
disease (Vinogradova, 2000; Petersen et al.,
2002; Gratz, 2004). WNF outbreaks were
registed in Volgograd, Astrakhan and some other
provinces of Russia in 1999 (Platonov et al.,
2001). The epidemiological role of C. torrentium
is insufficiently studied.

In connection with this circumstance the cor-
rect identification of these mosquitoes, especially
females, is very important. However there are
objective difficulties in identification of two forms
of C. pipiens and C. torrentium within the limits
of traditional taxonomy. Almost all morphological
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features which are used in Russian (Gutsevich et
al., 1970; Gornostaeva, Danilov, 1999) and for-
eign identification keys of culicids are variable and
do not give accurate identification of these mos-
quitoes. Only males of C. pipiens and C. torren-
tium may be more or less satisfactorily differenti-
ated by some structures of male genitalia, though
they also may be variable (Service, 1968; Gut-
sevich etal., 1970; Dahl, 1988; Fedorova, Shai-
kevich, 2007). The great variation of the values of
the siphonal index of the larvae in C. pipiens casts
doubt on its diagnostic validity (Harbach et al.,
1985), but the mean siphonal index may be used
to differentiate populations of the two forms as it
1s usually 4.4 or less in the autogenous molestus
form and 4.8 or more in the anautogenous pipiens
form (Vinogradova, 2000).

This situation regarding the traditional taxo-
nomy stimulated the development of molecular di-
agnostics of C. pipiens forms and C. forrentium,
and we found such markers (Vinogradova et al.,
2003; Vinogradova, Shaikevich, 2005, 2007,
Shaikevich et al., 2005; Shaikevich, 2007). These
are the Wolbachia pipientis Hertig infection, the
transitions in nucleotide sequences of 3’and 5’
ends of the cytochrome oxidase subunit I (COI) gene
of mitochondrial DNA, the mtDNA fragments re-
sulted by the restriction analysis and PCR frag-
ments of ITS2 sequences of the ribosomal DNA.
Other molecular markers for identification ofthe
above mentioned mosquitoes are also known (Miller
et al., 1996; Guillemaud et al., 1997; Kent et al.,
2003; Smith, Fonseca, 2004; Fonseca et al., 2004;
Khrabrova et al., 2005; Bahnk, Fonseca, 2006).

This paper is the first attempt to analyse the
geographic and biotopic distribution of the C.
pipiens complex mosquitoes in the European part
of Russia using molecular methods of their identi-
fication.

MATERIAL AND METHODS

Fourth instar larvae of mosquitoes were col-
lected in 2002-2006 in the flooded basements of
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Table 1. Infection by Wolbachia, size of ITS2 and 3' COI mitotype in the geographical populations of mosquitoes
of C. pipiens complex from underground habitats. Data: 4-8 (Vinogradova, Shaikevich, 2007). For a correlation

between mitotype and species (the last column} see the text.
; ; ITS2 S
Locality Coordinates, Num.ber of . Woiﬁ:achw e 3'Ccol mftotype,
N/E specimens | infection, % (bp) species
1 | Petrozavodsk 62°47'/34°20" 53 72 466 M, C. pipiens
2 | St. Petersburg 59°55'/30°15' 100 94 463 M, C. pipiens
3 | Ekaterinburg 56°53'/60°35' 24 71 463 M, C. pipiens
4 | Moscow 55°45'/37°35' 53 96 462 M, C. pipiens
5 | N. Novgorod 56°19'/44°00' 40 100 466 M, C. pipiens
6 | Volgograd 48°44'/44°25' 20 100 463 M, C. pipiens
7 | Volzhsky 48°30'/45°10' 17 88 463 M, C. pipiens
8 | Krasnodar 45°02'/39°00" 20 70 463 M, C. pipiens

dwelling houses in 9 cities and also in open above-
ground water bodies in several settlements from
different districts in the European part of Russia.
The hibernating females were collected only in Iksha
(Moscow Province). The larvae and adults were
preserved in 96% alcohol for further molecular
studies.

Mosquito DNA from individual larvae, pupae
and adults, either native or preserved in 96% etha-
nol, was extracted using standard protocol DIAtom
DNA Prep kit (Isogen, Russia). Amplification was
carried out using 0.1 mg of the isolated DNA.

For the identification of the endosymbiotic
bacteria W. pipientis in mosquitoes, primers spe-
cific for the wsp gene of W. pipientis were used
(Braigetal., 1998). The 3'-end of the cytochrome
oxidase I (COI) gene of mitochondrial DNA was
amplified using UEA9 and UEA 10 primers (Juan
etal., 1996). Ribosomal DNA was amplified us-
ing primers complementary to the 5,8S and 28S
rDNA (Porter, Collins, 1991). 5'-end of the COI
gene of mtDNA was amplified using CulexCOIF
and CulexCOIR primers (Shaikevich, 2007).
PCR conditions were identical for all pairs of prim-

ers and consisted of primary denaturing at 95° C
for 5 min; then 35 cycles of denaturing at 94° C
for 30 sec, annealing at 55° C for 30 sec, exten-
sion at 72° C for 45 sec; and a final extension at
72° C for 10 min. PCR products were identified
using electrophoresis in 1% agarose gel (Sigma,
United States). Restriction enzyme digestions were
performed in 30 pl volume. Digest master mix con-
sisted of Sul of the COI PCR product and 5 U of
enzyme, 3 pl corresponded buffer, 0.3 pl BSA if it
was not included in buffer and ddH,O. For Sspl
restriction endonuclease reaction was incubated
for 1 hour at 37° C. For Haelll restriction endo-
nuclease reaction was incubated for 1.5 hour at
37°C. For Bell restriction endonuclease reaction
was incubated for 1 hour at 50° C. The digested
products were visualized on 1% agarose gel.

REsuLTS

Determination of W. pipientis in mosquitoes
has been carried out using the W. pipientis wsp-
specific primers. From 70 to 100% of C. pipiens
larvae in both underground and above-ground
habitats were found to be infected by Wolbachia,
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