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The area of invasive species Aedes albopictus and

Aedes aegyptiis expanding. Precise identification and
understanding of the genetic diversity of invasive
mosquito populations allows us to develop appropriate
control methods. Endosymbiotic bacterium Wolbachia
pipientis has different effects on their arthropod hosts

and can influence the transmission and spread of the
pathogens. The objective of the presented study was
molecular-genetic identification of the Aedes mosquitoes
collected in sampling sites on the Black Sea coast from
2007 to 2017; determination of genetic variability of

Ae. aegypti, Ae. albopictus and their symbiotic bacteria
Wolbachia; assessment of mosquitoes ability to be infected
and to spread parasitic Dirofilaria. Another objective

was obtaining the genetic characteristic of laboratory
strain Ae. aegypti IMPITM. We investigated two markers of
nuclear and mitochondrial DNA from Ae. albopictus and
Ae. aegypti and compared them to DNA from Ae. cretinus
and Ae. koreicus sympatrically inhabiting the territory, as
well as to one of Ae. aegypti from a laboratory line. The
study of nuclear and mitochondrial DNA revealed a low
level of variability in the invasive mosquitoes Ae. albopictus
and Ae. aegypti collected at different collection sites

and in different years. More than a half of Ae. albopictus
were infected with Wolbachia, two strains of bacteria,
wAIbA and wAlbB, occur in the Ae. albopictus population
on the Black Sea coast. Total infection of Ae. aegypti and
Ae. albopictus with dirofilariae was 1.8 %. Dirofilaria immitis
was found only in mosquito abdomen, larvae of infective
stage L3 were not found. D. repens larvae developed to the
infective stage in the mosquitoes of both species.
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MHBa3uBHbIe BUAbI Aedes albopictus
1 Aedes aegypti Ha YepHOMOPCKOM
rnmob6epexkbe KpacHomapCcKoOro Kpasi:
redHetuka (COI, ITS2), 3apa>keHHOCTb
Wolbachia n Dirofilaria
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Apean nHBa3MBHbIX BUAOB Aedes aegypti n Aedes albopictus,
NnepeHOCYMKOB pafa TPAHCMUCCUBHBIX MHOEKLUIA, pacluMpAeTCA.
NpeHTndMKaLma BUAOB-NEPEHOCUNKOB 1 MOHMMaHWe reHeTnye-
CKOro pa3Hoo6pasysa MHBA3VIBHbIX MONYNALUA MO3BONAT pas-
paboTaTb cooTBeTCTBYIOLWME NPOodUNaKTMYECKEe MEPONPUATUA.
SHpocumbroTnyeckan baktepusa Wolbachia pipientis oka3sbiBaeT
pasnnyHble 3pPeKTbl Ha CBOVX XO3A€B-apTPOMOL U MOXET BANATb
Ha npoLecc nepeaayn 1 pacnpocTpaHeHns Bo3dyanTtenein. OCHOB-
HoOW Lienbto paboTbl 6biia MONeKyNAPHO-TeHeTYecKan NaeHTu-
duKauma Bugos Komapos pofa Aedes, COGPaHHbBIX B HACENEHHDbIX
nyHKTax YepHomopckoro nobepexba ¢ 2007 no 2017 r.; onpepne-
NeHMe reHeTnYecKomn nsmeHunBocTy Ae. aegypti, Ae. albopictus n
nx cumbrnoTnyeckom 6aktepun Wolbachia; oueHka cnocobHoCTU
Ae. aegypti n Ae. albopictus K 3apaxxeHuto N pacnpoCTPaHEHWIO
napasutnyeckux Dirofilaria. OTaenbHo 3afayeit ABNANACh reHe-
TUYeCKana XxapakTepuCTKa nabopaTopHom NMHmK Ae. aegypti
VMIMnTM, koTopas noafepKnsaeTca B nabopatopuu B Te4eHne
50 neT. iccnenoBaHbl MapKepbl AAEPHON N MUTOXOHAPWANbHOM
OHK'y Ae. albopictus n Ae. aegypti v npoBefieHO UX CpaBHEHNE

¢ Ae. cretinus v Ae. koreicus, cumnaTpuyecky obuTaloWwmMm Ha
[aHHOW TeppuTopunK, a Takxe c Ae. adegypti nabopaTopHOA MNMHUN.
O6Hapy»eH HU3KMI ypoBeHb n3MeHuUnBocTr Ae. albopictus n

Ae. aegypti, cobpaHHbIX B NpMpofe B pa3HbIX TOUKax cbopa v B
pa3Hoe Bpewms. Y Ae. albopictus BbisiBNeHbl YeTbIpe ranioTuna

Ha OCHOBe CpaBHeHWA BaprabesibHoW 061acT BHyTPEHHEro
TpaHcKpubupyemoro cnencepa (ITS2) knactepa reHos pPHK u aBa
MUTOXOHAPWANbHbIX FaNIOTUMNA NPU CPaBHEHMU NOCNIe[oBaTeSb-
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HOCTel reHa nepBow Cy6beanHULbI LUTOXpomokcraasbl (COI).

Y Ae. aegypti, cobpaHHbIX B Npupoae, 06HapyKeHbl YeTbIpe rannio-
Trna agepHon AHK v Tpy mutoxoHapuanbHbix rannotuna. bonee
nonosuHbl Ae. albopictus 3apaxeHbl Wolbachia. B nonynauum Ha
YepHomopckom nobepexbe KpacHofapcKoro Kpas BCTpevatTca
nBa wramma baktepum: wAIbA n wAlbB. O6Lasn 3apaxeHHOCTb
KomapoB Ae. aegypti n Ae. albopictus pupodunapuamm cocTa-
Buna 1.8 %. Dirofilaria immitis obHapy»eHbl TONIbKO B OpioLLKax
KOMapoB, Pa3BUTUA IMYNHOK A0 MHOEKLMOHHON cTaguu L3 He BbI-
ABneHo. JinunHkm D. repens pa3Bununcb Ao MHGEKLMOHHOW CTagnm
B KOMapax 060X BMAOB.

KnioueBble cfioBa: KpoBococyLive Komapsl; Aedes aegypti; Aedes
albopictus; nHBa3sus; nonynaums; YepHomopckoe nobepexbe
KaBkas3a; ITS2; COl; Wolbachia; Dirofilaria.
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two mosquito species — Aedes (Stegomiya) aegypti

(Linnaeus, 1796) and Aedes (Stegomiya) albopictus
(Skuse, 1895) — was registered in Krasnodarskiy Region.
These are associated with numerous epidemic outbreaks of
denge, chikungunya, zika viral infections, etc. Ae. aegypti
also acts as a primary carrier for yellow fever (Jeffries,
Walker, 2016). Beside arboviruses, both mosquito species
are able to transmit the threadworm larvae of Dirofilaria
family responsible for dirofilariasis in humans and animals
(Ganushkina et al., 2014a). This transmissible helmintosis
demonstrates an expansive trend in the territory of Russia
(Bogacheva et al., 2017).

Ae. aegypti had been absent in Russia for 50 years, until
2001 (Ryabova et al., 2005; Yunicheva et al., 2008) due to
the special measures taken in the USSR in the 1920s and
1930s aimed at eradication of the aforementioned species
(Martsinovsky, 1929). The measures were taken consider-
ing the extreme danger of this carrier and occurrence of
substantial high-mortality dengue outbreaks in the countries
of South Europe.

Later in the 20th century, greater concerns aroused
worldwide about the expansion of Ae. albopictus, another
effective carrier of dangerous arboviruses, which started
to spread beyond its natural habitat in Southeast Asia.
This mosquito species expanded into areas, previously
inhabited by other endemic species, like morphologically
similar Ae. cretinus Edwards (Patsoula et al., 2006). For
the first time, this species was transferred to Albania from
China in the middle of the 1970s (Adhami, Reiter, 1998).
Currently this species of mosquito is found in more than
15 countries, and its habitat is growing persistently (Med-
lock etal., 2015). Ae. albopictus are able to cause outbreaks
of dengue and chicagunya infections even in absence of
Ae. aegypti (Delatte et al., 2008; Delisle et al., 2015; Calba
etal., 2017; Chuchuy et al., 2018). In the Russian Federa-
tion these species were first found in 2011 (Ganushkina
et al., 2012). Currently, the Caucasus coast of the Black
Sea is the only territory in the WHO European region that
geographically includes the Asian region of the Caucasus

0 t the beggining of the 21st century, expansion of
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where the both mosquito species have been registered as
active vectors for arbovirus infectious agents (http://www.
who.int/about/regions/euro/).

Hematophagous mosquito species may vary in pathogen
transmission capability. Their morphological markers used
for authentication could be either unclear, or missed or
erased during storage of adult specimens, which results
in identification errors. For example, cytochrome gene
sequence MF148262 annotated in Gene Bank as being
derived from Ae. albopictus originated in Malaysia, was
actually associated with Ae. aegypti. For that reason, DNA
analysis for verification of the population’s structure and
diversity had to be performed to devise necessary preven-
tive measures.

Dirofilariasis caused by Dirofilaria immitis and D. repens
is endemic to the Southern parts of Russia (Sergiev et al.,
2014; Kartashev et al., 2018). In assessment of epidemio-
logical situation one uses xenomonitoring for entomo-
logical control over filariasis infections (Ganushkina et al.,
2014a). Dirofilaries are identified by means of total DNA
amplification of vector mosquito with specific primers. This
method shows fillaries at all stages of development (L1,
L2, L3), while not every filaria reaches the pathogenic L3
stage, which can be transmitted through salivary glands
of a mosquito to human and animal hosts. Microfilaria
development to stage L3 requires certain thermal condi-
tions, therefore the disease is primarily limited to southern
regions. Dirofilaria can be found in mosquitoes of the fol-
lowing genera: Aedes, Anopheles, Ochlerotatus and Culex
(Bochkové et al., 2013; Kronefeld et al., 2014; Bogacheva
et al., 2017). During monitoring, taxonomical study of
mosquitoes can be frequently limited to the genus level.
Dirofilaria identification, specialization towards mosquito
species and determining the invasive stage of Dirofilaria
inside the mosquito are aimed towards discovering the
actual epidemiological significance of various mosquito
species (Ganushkina et al., 2014a). Major attention in latest
research has been paid to discovering the role of endosym-
biotic bacteria in the mosquito and other arthropods in the
host survivability, as well as in processes of transmission
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and spread of infectious diseases (Bourtzis et al., 2014;
Jeffries, Walker, 2016).

The main objectives of the presented research were
molecular genetics identification of Ae. albopictus and
Ae. aegypti collected in the populated areas of the Black
Sea coast from 2007 to 2017; determination of their gene
diversity; characterization of sympatric species Ae. cretinus
and Ae. koreicus; measuring of symbiotic bacteria Wolba-
chia appearence in investigated mosquito samples and of
Wolbachia strains diversity within the population of Ae. al-
bopictus; evaluation of the capability of Ae. albopictus
and Ae. aegypti to vector and spread parasitic Dirofilaria.
Within the framework of the study one also performed
genetic sampling of the laboratory line of de. aegypti
IMPITM cultivated for 50 years.

Materials and methods

Collecting the mosquitoes. The mosquitoes were collected
on the North Caucasus shore in years 2007, 2011-2013 and
20152017 (Table 1, Fig. 1). Ae. albopictus and Ae. aegypti
larvae were picked in temporal water basins using a scoop-
net. A part of the larvae was preserved in alcohol, while
the others were raised to adults. The adult mosquitoes were
caught either with an Electrofrog trap (LMD-Komplekt
plus, Russia), or “on self” with an exhauster and preserved
dry. More details on the mosquito collection protocol can
be found in (Ganushkina et al., 2013, 2016). The total col-
lection consisted of 3 005 specimens: 1430 Ae. aegypti and
1575 Ae. albopictus.

Molecular genetic analysis included mosquitoes from
the IMPITM lab line, four dried adult Ae. cretinus from the
IMPITM museum and five Ae. koreicus collected in Sochi
in 2013. The Ae. cretinus and Ae. koreicus were used to
determine the genetic differences between morphologically
similar species of the Aedes genus, which could potentially
present in the collections, collected in the territory in ques-
tion. Ae. cretinus is endemic towards the Black Sea coast
of the Caucasus. Ae. koreicus originating from Southeast
Asia, have been found in the area since 2013 (Ganushkina
etal., 2016).

Determining species of mosquitoes. Species identifica-
tion of all the mosquito samples was conducted with ac-
count for the morphology data (Gutsevich et al., 1970) and
using molecular genetic technologies. Up to 30 specimens
from each place and year were used for PCR identification
of'second inner transcribable spacer of pRNA gene cluster
(ITS2). Characteristic to Ae. albopictus is PCR sequence of
500 bp in size, for Ae. koreicus —450 bp, for Ae. cretinus —
390 bp, and for Ae. aegypti — 340 bp.

Mosquito identification by gene sampling. DNA
extraction from the mosquitoes was accomplished using
DIAtom DNA Prep (Izogen, Moscow). PCR identifica-
tion was conducted with the Evrogen Encyclo PCR kit
(Evrogen, Moscow). For the ITS2 amplification prim-
ers 5,8S and 28S were used (Porter, Collins, 1991). A
cytochrom oxidase I sequence (COI) of nearly 750 bp
in length was built up using primers TY-J-1460 (Simon
et al., 1994) and COIR (Shaikevich, 2007). Amplificates
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Table 1. Years and points
of Ae. aegypti and Ae. albopictus sampling

Year Sampling site  Geographical =~ Number of individuals
coordinates Ae. aegypti Ae.albopictus
2007 Adler 43°25'44"N, 52 0
39°55'26"E
Sochi 43°35'07"N, 89 0
39°43'13"E
Lazarevskoye 43°54'31"N, 25 0
39°19'52"E
Tuapse 44°06'19"N, 23 0
39°04'48"E
2011 Hosta 43°30'53"N, 1 16
39°52'05"E
2012 Adler 43°25'44"N, 3 24
39°55'26"E
Hosta 43°30'53"N, 0 47
39°52'05"E
Sochi 43°35'07"N, 6 116
39°43'13"E
Mamaika 43°38'35"N, 48 406
39°42'34"E
Dagomys 43°40'11"N, 0 24
39°40'07"E
Lazarevskoye 43°54'31"N, 31 48
39°19'52"E
Tuapse 44°06'19"N, 566 28
39°04'48"E
New Afon 43°04'50"N, 45 6
40°50'17"E
Pizunda 43°09'43"N, 7 58
40°20'27"E
2013 Adler 43°25'44"N, 6 164
39°55'26"E
Hosta 43°30'53"N, 0 23
39°52'05"E
Sochi 43°35'07"N, 3 46
39°43"13"E
Mamaika 43°38'35"N, 3 34
39°42'34"E
Lazarevskoye 43°54'31"N, 17 19
39°19'52"E
Tuapse 44°06'19"N, 394 21
39°04'48"E
2015 Adler 43°25'44"N, 0 120
39°55'26"E
Tuapse 44°06"19"N, 30 20
39°04'48"E
2016 Dagomys 43°40'11"N, 0 256
39°40'07"E
2017 Adler 43°25'44"N, 81 32
39°55'26"E
Sochi 43°35'07"N, 0 67
39°43"13"E

Animal genetics
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were visualized in 1-2 % agarous gel and purified using
a clean-up extraction kit (Evrogen, Moscow) followed by
sequencing with the BigDye Termination kit 3.1 (Applied
Biosystems, USA). Thirteen ITS2 amplificates of Ae. ae-
gyptiu Ae. albopictus were sequenced (1-2 samples from
10 collection sites for various years), including Ae. cretinus
and Ae. aegypti taken in the amount of one sample from
each line. Mitochondrial DNA variability was studied us-
ing 28 sequenced sequences of the COI gene, 634 bp in
length, from 1-4 specimens collected at 1—4 sites and four
specimens from the Ae. aegypti lab line. The sequences
were registered in Gene Bank. The COI gene: de. aegypti
MG198586-MG198594, MH251909—-MH251911; A4e. al-
bopictus MG198595-MG198606; Ae. aegypti IMPITM
MHO023409 u ITS2: Ae. aegypti MH142316-MH142320;
Ae. albopictus MH142321-MH142326; Ae. aegypti
IMPITM MH142327; Ae. cretinus MH142328.

Data analysis. Gene sequence analysis was performed
using the following software: ChromasPro, BLASTN,
ClustalW, MAFFT v.6, MEGA v.6. Phylogenetic trees
were built using the Neighbor-Joining technique, the evo-
lution distances were calculated by maximum composite
likelihood method using MEGA v.6 program (Tamura
et al., 2013). The DNA sequences of Ae. albopictus and
Ae. aegypti closest to the extracted ones, as well as ones
characteristic for certain regions were selected in Gene
Bank (https://www.ncbi.nlm.nih.gov/) for the purpose of
comparative analysis. Their registry numbers can be found
on the diagrams. Sample collection time periods are indi-
cated in the annotations, where it is possible. The statistical
reliability of filogenetic tree branches was analyzed using
the bootstrap method (1000 iterations). Evolutionary di-
vergence level between the sequences was evaluated using
the MEGA v.6 software (Tamura et al., 2013).

Wolbachia contamination. Identification of the Wolba-
chia symbiotic bacteria was carried out using specific prim-
ers for bacterial surface protein gene wsp (81F and 691R,
see Braig et al., 1998). In order to separate the two strains,
multiprimer PCR was used (Zhou et al., 1998): primers
383F and 183F were paired with wsp-691R to separate the
wAIbA and wAIbB strains of Wolbachia in Ae. albopictus.
The PCR fragment corresponding to the wAIbA strain was
one of 379 bp, and to the wAIbB strain —of 501 bp. Validity
evaluation for the received data on bacterial contamination in
the samples was carried out using the Fischer accuracy test
with the error margin set for N > 10 (Tokarev et al., 2017).

Susceptibility to Dirofilaria. Only hemotrophic gonoac-
tive female mosquitoes collected in the wild were used for
analysis. In order to determine dirofilaria contamination
in mosquito pools, the mosquito imagos were dissected,
their abdomen and head-thorax parts separated, and 2 to
7 sample mosquitoes were grouped into pools based on
their collection time and place. In the head-thorax parts,
L3 larvae were registered. Contamination of mosquitoes
with Dirofilaria larvae was revealed by the amplification
of the ITS2 area using the DIDR-F1 and DIDR-R1 prim-
ers (Rishniw et al., 2006). PCR sequence size, specific
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Fig. 1. Sampling points on the Caucasian coast of the Black Sea.

to D. immitis was 542 bp, for D. repens — 484 bp. For
Dirofilaria DNA screening was conducted in pools and
not individually, contamination was evaluated using the
common MIR (minimum infection rate) method. The value
was calculated based on the assumption that at least one
mosquito specimen in the pool was infected with Dirofilaria
with the minimum infection rate calculated as the number
of positive pools divided by the total specimen quantity and
expressed as a percentage (Cancrini et al., 2003).

Results

Geography of sampling

Mosquitoes Ae. aegypti and Ae. albopictus were collected
on the coast of the Black Sea of Krasnodarskiy Region from
Adler to Tuapse in years 2007,2011-2013 and 2015-2017
(see Table 1). In 2012, the specimens of these species were
additionally gathered in the Republic of Abkhazia near
Pizunda and New Afon (see Fig. 1). In 2007 Ae. albo-
pictus were absent in the region, while in four sampling
sites from Adler to Tuapse Ae. aegypti were common (see
Table 1). Starting 2011, Ae. albopictus were present in each
pool from every populated area. Moreover, the quantity of
collected Ade. albopictus was vastly superior to the one of
Ae. aegypti in the area from Adler to Dagomys. In years
2012, 2013 and 2016 Ae. aegypti were not registered in
Hosta and Dagomys. However, de. aegypti prevailed
numerically in Tuapse, the northern part of the region, in
years 2012 and 2013.

In year 2017 collection was conducted only in Sochi and
Adler, and the larvae and imagos were attributed solely
to Ae. albopictus. In the pools of adult mosquitoes no
Ae. aegypti specimen was present, as no Ae. aegypti larvae
were found in typical breeding grounds of this species
(various small artificial basins filed with water: barrels,
cans, decorative pools, old dishware, tires). A sample from
a dried car tire found in Adler in August 2017 contained
preserved viable eggs of Ae. aegypti and Ae. albopictus
with the prevalence of 4e. aegypti, which later developed
in the lab into larvae and imagos.
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Table 2. Variable sites in the ITS2 region of Ae. aegypti

E.V. Shaikevich, I.V. Patraman, A.S. Bogacheva
V.M. Rakova, O.P. Zelya, L.A. Ganushkina

GenBank Origin Variable nucleotide sites®
annotation 2223333333334 ......... 4 ........
5 5 5 4 5 5 5 5 5 5 5 5 9 9
3 4 5 9 1 2 3 4 5 6 7 8 2 4
MH142327|MP|TMG ......... TGAC ......... TAAC ......... TAG ......... '|' ......... '|' ........
MH14232050ch|2007 ...................................................................................................................................................................................................
MH14231gmamalka2012 .............................................................................................................................................................................................
MH142317 ................ TuapsezmzA ...........................................................................................................................................
MH142325Ad|er2017__CAG ...................
MH1423'|6NeWAfon2012__________ ...................... c ........
MH142319Ad|er2013__________ ...................... c ........

Note: *The nucleotide positions are indicated relative to the MH142327 sequence. In Tables 2 and 3, the points denote the nucleotides identical to those indi-
cated in the first line, dashes - the absence of nucleotides in the sequence (deletions).

Table 3. Variable sites in the ITS2 region of Ae. albopictus

Gene Bank Origin Variable nucleotide
annotation
MH142321H05t32011 .......................................................................
MH142322P.Zunda2012 ...................................................................
MH142323P|Zund32012AC ........... B
MH142324 ........ TuapsezmgAc ......................................
MH142325Ad|er2017c ......................................

* The nucleotide positions are indicated relative to the MH142321 sequence.

PCR analysis
Ae. aegypti lab line. The Ae. aegypti mosquito lab line
has been constantly sustained for more than five decades
in the laboratory of the Martsinovskiy institute. The line
was named “IMPITM” after the abbreviated name of the
institute. Parts of the COI gene were sequenced for two
mosquitoes from two different genres. DNA sequences
from all four specimens were identical, one sequence was
registered in Gene Bank under number MH023409. Two
variable sites G148A and T624a (the site numbers cor-
respond to MH023409) in COI separated IMPITM-line
from lab cultures Ae. aegypti Liverpool (AY432648) and
RED (AF390098). As a nuclear marker, ITS2 area from
Ae. aegypti IMPITM (GenBank annotation MH142327)
was sequenced. ITS2 DNA in Ae. aegypti IMPITM was
identical to DNA of the Rockfeller strain (KF471588).
Nuclear DNA variability in Ae. aegypti and Ae. al-
bopictus. In Ae. aegypti four haplotypes with different
single-nucleotide substitutions and two deletions in their
ITS2 areas were found (Table 2). The first type was Ae. ae-
gypti collected in Sochi (2007) and Big Sochi — Mamaika
(2012). The second type was from Tuapse (2012) and dif-
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Table 4. Estimates of average evolutionary divergence over
ITS2/COI sequence pairs between and within the studied Aedes

Species Ae. aegypti Ae. albopictus  Ae. cretinus
Ae aegypn ................ 0 005 i
0.0028*
Ae. albopictus 0.14 0.004*
0.37 0.0127*%
Ae. cretinus n.d. n.d.
.................................... 030 03
Ae. koreicus n.d. n.d. n.d.
0.28 0.46 0.39

Note: The number of base substitutions per site from averaging over all se-
quence pairs within and between the Aedes species is shown. Below the di-
agonal are differences in ITS2 sequences; above the diagonal - in COI.

* Intraspecific differences; n. d. - not defined.

fered from the first by one G255A replacement. The third
haplotype was discovered in the specimens from New Afon
and Adler (2013). This haplotype differed by two deletions
(two and eight nucleotides) and one T494C replacement. In
the ITS2 area of Ae. aegypti collected in Adler (2017) two
deleted nucleotides were found, which was similar to the
first haplotype, and three nucleotide replacements — A349C,
G358A and T492G.

Four variable haplotypes were found in Ae. albopictus,
different by single-nucleotide mutations and one deletion
(Table 3). The earliest in this respect is the Hosta collection
(2011). We found an identical haplotype in Ae. albopictus
from Pizunda (2012). The second similar haplotype was
found in another specimen from the same collection (Pi-
zunda, 2012), different by deletions of two nucleotides and
replacements in G308A and T331C. The third haplotype
of Ae. albopictus (Tuapse, 2013), unlike the second, had
no deletion. The fourth one was found in Ae. albopictus
(Adler, 2017) and had one T331C replacement.

Intraspecific ITS2 variability in wild de. aegypti was
0.3 %, while the variability in wild Ae. albopictus was
1.3 % (Table 4). The genetic differences between species

Animal genetics
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Fig. 2. Similarity dendrogram derived from comparative analysis of the ITS2 areas.

All the deletions were excluded from the analysis.
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Fig. 3. Similarity dendrogram of the COI gene sequences in Ae. aegypti and Ae. albopictus.

after ITS2 comparison indicated that Ae. aegypti was
1.3 times closer to Ae. koreicus and Ae. cretinus than to
Ae. albopictus (Table 4).

Comparison of the identified sequences between them-
selves and with their analogues from Gene Bank showed
that, while the ITS2 region was variable in one mosquito
species, its identical variants were present in specimens
from geographically separated regions (Fig. 2). The ITS2
sequences of each species form different dendrogram
clusters, their differences supported by the high values in
bootstrap analyses.

Mitochondrial DNA variability in Ae. aegypti and
Ae. albopictus. Nine COI sequences from wild Ae. aegypty
(2007,2011-2015) were identical. Same variant is present
in Gene Bank — annotated Ae. aegypty from Cambodia
(2000), India, England (2014), French Guyana (2014), Aus-
tralia (2015), Germany (2016) (Fig. 3). Ae. aegypti (Adler,
2017) had two other different mitochondrial haplotypes
(MH251909-MH251911) with synonymous nucleotide
replacements C48T and additional T189C in MH251909.

The genetic diversity between Ae. aegypti specimens from
Vavilov Journal of Genetics and Breeding - 2018225
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the Black sea coast for the COI gene was determined to be
0.5 %. The differences between the wild specimens and the
lab line included 11 nucleotide substitutes, one of which
(G148A) was non-synonymous (see Fig. 3).

Among Ae. albopictus species two mitochondrial hap-
lotypes were found. The first one consisted of 11 identical
sequences in the specimens (2011-2017) which were also
registered in Ae. albopictus from Spain (2005), Italy (2009),
China, Taiwan (2011), and Japan (2011) (see Fig. 3). The
second mitochondrial haplotype that differed from the oth-
ers by synonymic replacement A79G was aslo found in one
mosquito from Hosta (2012) (MG198601). The haplotype
identical to second one (79G) had been previously discov-
ered in Ae. albopictis from northern Italy (2009), Japan
and Germany (2011). The COI gene variability among
Ae. albopictus was 0.4 % (see Table 4).

Endosymbiotic bacteria Wolbachia

The frequency of Wolbachia contamination was investi-
gated in 411 specimens of Ae. albopictus, 50 specimens
of Ae. aegypti, 4 — of Ae. cretinus and 5 — of Ae. koreicus.
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Table 5. Prevalence of wAIbA and wAIbB strains of Wolbachia in Ae. albopictus from different sampling sites

wAlbA

Sampling site, N

wAlbB

wAIbA + wAIbB Infection+SD (%)*

* Standard deviation (SD) was considered for samples of more than 10 individuals.

Table 6. Infection of Ae. albopictus and Ae. aegypti with D. immitis and D. repens

Species Number Number of pools,
of specimens  infected with D. repens
(pools) ‘Head-thorax ~ Abdomen
Aea/bop,ctus366(74) ................ 1 0 ........................
Aeaegypt,21(4) .................... 1 0 ........................

All screened Ae. aegypti, Ae. cretinus, Ae. koreicus were
not infected with Wolbachia. In Ae. aibopictus symbiotic
bacteria Wolbachia were found in all the pools, the per-
centage of infected insects varied between 16.3 and 100 %
(Table 5). On the Caucasus coast all possible variants of
infected Ae. albopictus were found. Between 234 positive
specimens 3 variants of infection were found: rare strain
wAIbA (1.7 %), common strain wAIbB (78.6 %) and su-
perinfection with both strains wAlbA and wAIbB (19.7 %);
177 specimens were not infected. What is especially inter-
esting is the Dagomys population where in 2016 only 31
(16.3 %) out of the 190 mosquitoes were tested positively
for Wolbachia. The infection rate of the Dagomys Ae. al-
bopictus in 2016 was statistically different from the grand
total (Fisher test, p < 0.0001). If the Dagomys 2016 pool
were removed from analysis, the total contamination of
Ae. albopictus would be 91.8 %.

The variations in total infected specimens in the pools
can be explained by their small count, like in the Hosta
case (2012) or, possibly, by the poor condition of bacte-
rial DNA in the preserved mosquitoes. The low total of
infected mosquitoes was mainly due to Dagomys (2016).
In this case, 190 specimens were checked and considering
good PCR results for other genes, poor DNA condition was
hardly the reason. Most probably, the low rate of Wolbachia
infection was consistent and the Ae. albopictus population
requires further investigation (see Table 5).

leHeTMKa XKMBOTHbIX

Number of pools,
infected with D. immitis

MIR, % Head-thorax Abdomen MIR,%
0.3 0 5 14
4.8 0 0 0

Dirofilaria contamination

Using PCR with specific primers for the DNA of two
species of Dirofilaria 74 pools (366 specimens) of Ae. al-
bopictus, and 4 pools (21 specimens) of Ae. aegypti were
investigated (Table 6). Among 74 pools of Ae. albopictus
one was infected with D. epens (MIR = 0.3 %), five pools
were infected with D. immitis (MIR = 1.4 %). Only one
pool of Ae. aegypti out of four was infected with D. repens
(MIR =4.8 %). D. immitis was found only in the abdomen
pools of Ae. albopictus. Infective larvae L3 of D. repens
were found in pools of head-thorax parts of the both spe-
cies (see Table 6).

Discussion

Stable, replenishing population of Ae. albopictus inhabits
the territory of Krasnodarsky Region’s Black Sea coast.
Mosquitoes Ae. albopictus, first registered in 2011, have
been expanding with the great speed presenting serious
competition to Ae. aegypti.

Survey of the territory in years 2012-2013 showed
presence in this area of consistent, replenishing popula-
tions of two dangerous mosquito species — de. aegypti
and Ae. albopictus (Ganushkina et al., 2013). In 2012, the
areas surrounding New Afon and Pizunda were additionlly
investigated, with the same mosquito species discovered.
In Russia Ae. albopictus were found only recently, in 2011,
but they actively, as it is common for invasive species in a
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new place, have taken their niche around the Big Sochi in
the wet subtropical climate zone, pressing Ae. aegypti from
Adler to Lazarevskoe. In typical semidry Mediterranean
climate zone, Tuapse area, de. aegypti were predominant
in 20112013, while the quantity of Ae. albopictus in this
territory was negligible. Further to the north to Anapa,
where semidry Mediterranean climate is also present, no
mosquitoes of both species were found during July, Sep-
tember and October of 2013 (Ganushkina et al., 2013). In
2014-2015 the population of Ae. albopictus and Ae. aegypti
on the Caucasus coast of the Black Sea developed in the
way similar to the 2012-2013 trends (Ganushkina et al.,
2016). In populated areas to the south of Tuapse, mainly
Ae. albopictus were registered. In Tuapse Ae. aegypti
were predominant (4de. aegypti share 70 %, Ae. albopictus
30 %), however, the count of Ae. albopictus began to rise.
No further advances of Ae. albopictus in2012-2014 to the
northwest of Jubga (57 km from Tuapse, the last locality,
where Ae. albopictus were registered) were observed.
However, as we had predicted (Ganushkina et al., 2014b).
Ae. albopictus mosquitoes were able to expand in the
northwest direction making it essential to investigate the
Gelendjik area, where M.V. Zabshata (2016) had found
this species in 2015.

Our collections from July and August 2016, as well as the
data by Fedotova M.V. et al. (2017a, b) demonstrated that
in Adler, Hosta and Sochi no Ae. aegypti had been found,
and only Ae. albopictus had occupied the coast. However,
during August 2017 in Adler the viable eggs of both Ae. ae-
gypti and Ae. albopictus were found, which was confirmed
by DNA tests. The Ae. aegypti eggs are able to withstand
prolonged dehydration, but below-zero temperatures are
lethal to them. Consequently, despite the drastic decrease
in population, in positive conditions 4e. aegypti are able to
regain abundance. The population decrease may be linked
to the competition between Ae. aegypti and Ae. albopictus
larvae for food resources and the fertility loss in Ae. aegypti
due to possible interspecies copulation (Bargielowski et
al., 2015; Carrasquilla, Lounibos, 2015). A major role in
preserving the viability of diapausing eggs of Ae. aegypti
may be attributed to winter temperatures. Theoretically,
Ae. aegypti areal may correlate with the lowest rate of night
temperature at ground surface (Tsai et al., 2018). Median
borderline temperature of 13.8 degrees may play a critical
role in limiting of Ae. aegypti expansion on the Caucasus
Black Sea coast, where during some years it drops down
from —3 to —13 centigrade.

Amplification of the ITS2 region enables for identi-
fication of Ae. albopictus, Ae. aegypti, Ae. aretinus and
Ae. koreicus based on the size of the PCR product. This
method can be used along with morphological criteria for
the accurate species identification. Genetic divergence in
the variable non-coding ITS2 area among Ae. albopictus,
Ae. cretinus, Ae. koreicus and Ae. aegypti constitutes be-
tween 28 and 46 %. Ae. albopictus is genetically closer
to Ae. cretinus and Ae. koreicus than to Ae. aegypti. The
divergence between Ae. albopictus and Ae. aegyptiis 37 %,
and in the coding sequence of COI gene it reaches 14 %.
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The methods of molecular genetics were first used to
characterize the mosquitoes from the lab line of 4e. aegypti
cultivated in a laboratory for more than 50 years. The origin
of first mosquitoes of the IMPITM line is unknown. Ac-
cording to the nuclear marker, these mosquitoes are identi-
cal to the specimens in the Rockfeller line. The COI gene
analysis has shown that mosquitoes from the Ae. aegypti
IMPITM lab line contain DNA close to the one of African
mosquitoes and the specimens from the Liverpool and RED
lab lines. The databases contain neither COI sequences for
the Rockfeller strain, nor ITS2 for Liverpool and RED.
Therefore, no possibility exists to compare Ae. aegypti
IMPITM with any of the known laboratory cultures of
Ae. aegyptiusing the both markers. The origin of the labora-
tory strains of 4e. aegypti, bred in the laboratories of USA,
England, France and other countries since 1940—1950s are
often unknown (Kuno, 2010). The Ae. aegypti Rockfeller
line originated from Cuba and the Ae. aegypti Liverpool
line — possibly from West Africa (Kuno, 2010). The RED
line heritage was undetermined, but we know that it is a
variant of the Rex-D strain of 4e. aegypti (Costa-da-Silva
etal., 2017).

Ae. aegypti originated from Africa, from where they
expanded firstly to South and North Americas, and then
towards Asia (Bennett et al., 2016). 4e. aegypti found on the
Caucasus coast of the Black Sea have the COI gene identi-
cal to the one of invasive mosquitoes from Southeast Asia
(India, Cambodia), America (French Guyana), Australia
and single specimens carried to Europe (Kampen et al.,
2016; Dallimore et al., 2017). These invasive Ae. aegypti
are likely to have adaptive properties to subtropical and
even moderate climates.

Southeast Asia is considered to be the place of 4e. al-
bopictus origin, from where these mosquitoes expanded
worldwide. Previous research of 4e. albopictus had shown
a low level of diversity in mitochondrial DNA, but found
differences in the COI gene between the populations that
are present in countries with tropical or subtropical climate
(Mousson et al., 2005; Patsoula et al., 2006; Kamgang et al.,
2011; Zitko et al., 2011), where tropical populations carry
363C, and subtropical — 363T (relative to MG198595).
No tropical COI gene haplotype was found on the Black
Sea coast. One of the haplotypes found in Ae. albopictus
during our research was typical to Ae. albopictus not only
from Taiwan and Japan but also from Italy and Spain (see
Fig. 3). The second haplotype found in Ae. albopictus from
Hosta (2012) also presents in Ae. albopictus from Japan,
Italy and Germany.

Investigation of Ae. albopictus and Ae. aegypti from
the Black Sea coast using the markers of nuclear and mi-
tochondrial DNA and comparison with existing databases
has shown a low level of diversity among the mosquitoes
of these species collected in various sites and at different
times. It confirms that the worldwide expansion of inva-
sive Ae. aegypti, and especially Ae. albopictus, has been
happening very fast and no evolutionary changes have
occurred so far.
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Our findings confirmed the absence of symbiotic bac-
teria Wolbachia in wild Ae. aegypti. Wolbachia was not
found in the specimens of de. cretinus u Ae. koreicus, but
wider screening is required to make conclusive statements
regarding symbiont presence in these species. We have
revealed the circulation of two Wolbachia strains, wAlbA
and wAIbB, in the Ae. albopictus population from the Cau-
casus Black Sea coast. The wAIbB strain is prevalent in our
findings, which is similar for Ae. albopictus from different
regions worldwide (Calvitti et al., 2015). It is known that
the infection rate in the de. albopictus species is close to
100 %. Our values are lower, compared to what has usually
been registered in Ae. albopictus. In the Dagomys collec-
tion (2016) less than 16 % of specimens were infected.
An Ae. albopictus population totally free from Wolbachia
was discovered in Vietnam in 2012 (Minard et al., 2017).
Thorough investigation into Wolbachia infection and the
genetic structure of Ae. albopictus should be continued in
Dagomys using the markers of nuclear and mitochondrial
DNA in order to determine the nature of infected and non-
infected mosquitoes.

One of the goals of this study was revealing of invasive
stages of microfilaria in Ae. albopictus and Ae. aegypti
in order to determine their role as dirofilaria vectors. In
Ae. albopictus total dirofilaria infestation with both species
consisted of 6 infected pools out of 74 (MIR = 1.6%). In
Ae. aegypti one mosquito infected with D. repens was found
in a pool of four (MIR = 4.8%). Such high count should
be attributed to low amount of de. aegypti specimens in
the test. Discovery of D. repens DNA in the thorax part of
mosquitoes points to microfilaria development at larvae
stage L3 and that both Ae. albopictus and Ae. aegypti can
infect humans or animals while sucking blood. Spread of
dirofilariasis along the Black Sea coast is facilitated by
optimal climate conditions for the development of infective
agents, as well as intensive migration of people and dogs.
Obligate carriers of D. repens and D. immitis are known
to be carnivorous animals of feline and canine family.
(Sergiev et al., 2014; Bogacheva et al., 2017). Southern
Russia, due to its climate, is the region where consistent
dirofilaria transmission has been taking place. In recent
years, rising trend of dirofilariasis has been observed not
only in animals, but also in humans (Ermakova et al., 2017;
Kartashev et al., 2018). Considering the growth of invasive
mosquito population (4edes gene) on the Caucasus Black
Sea coast, the presence of this suitable carriers may be the
cause of dirofilariasis spreading.
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