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Mosquito-borne diseases cause significant problems for the human health. For this reason, the genomes of
three most dangerous species of mosquitoes, including the yellow fever mosquito Aedes aegypti, were sequen-
ced in last decade. The efficient vector of arboviruses. Ae. aegypti, is also a convenient model for laboratory re-
search. The intensive genetic mapping of morphological and molecular markers conducted for this mosquito in
the past was very successful. This mapping was also used as a tool to localize a number of quantitative trait loci
related to the mosquito’s ability to transmit various pathogens. However, physical mapping of the Ae. aegypti
genome is difficult due to the lack of high-quality polytene chromosomes. Here, we review different mapping
approaches that help improving genome sequence assembly and also integrate linkage, chromocome and geno-
me maps the yellow fever mosquito.
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A b b r e v i a t i o n s: BAC — bacterial artificial chromosome, cDNA — complementary DNA, cM — centi-
morgan, FISH — fluorescent in situ hybridization, iMap — integrated map, QTLs — quantitative trait loci,
RAPD — random amplified polymorphism DNA, RFLP — restriction fragment length polymorphism.

Mosquitoes are vectors of numerous human pathogens such
as malaria parasites transmitted by the subfamily Anophelinae;
lymphatic filarial worms transmitted by both Anophelinae
and Culicinae subfamilies; and arboviruses whose transmission
is largely associated with the subfamily Culicinae. Aedes aegypti
is recognized as a principal vector of dengue and yellow fever
viruses. These two diseases have a significant world-wide im-
pact on human health. Dengue fever is currently considered
the most important vector-borne arboviral disease of the 21st

century (Gubler, 2012). Because of the absence of a vaccine
or drug treatment, the prevention of this disease largely relies
on controlling its major vector mosquito Ae. aegypti.

Ae. aegypti represent both efficient vector of arboviruses
and also convenient species for the experimental laboratory
research. It can be easily colonized and very tolerant to inbre-
eding (Severson, 2008). As a result of these advantages, gene-
tic mapping conducted on Ae. aegypti was very successful.
The genetic mapping was originally inspired from the study
of inheritance of insecticide resistance as a single dominant
trait (Coker, 1958). A similar mechanism of inheritance, as a
single gene or a single block of chromosome material, was
demonstrated for the sex determination (McClelland, 1962).
The sex determination alleles were described as Mm in males
and mm in females and linked to homomorphic chromoso-
me 1 (McDonald, Rai, 1970). Later from 87 morphological
mutations described for Ae. aegypti 28 were mapped to the 3
linkage groups corresponding to the three chromosomes of
mosquito (Craig, Hickey, 1967). This map was extended by
additional morphological, physiological and enzyme loci
(Munstermann, Craig, 1979). The final classical genetic map
included about 70 loci of morphological mutants, insecticide
resistance, and isozyme markers (Munstermann, 1990).

A possibility of using DNA molecular markers opened a
new era in genetic mapping of mosquito genomes. The first
molecular marker-based genetic map for Ae. aegypti was con-
structed using restriction fragment length polymorphism
(RFLP) of complementary DNA (cDNA) clones (Severson et
al., 1993). This map included 50 DNA markers and covered
134 centimorgan (cM). Random amplified polymorphism
DNA (RAPD) map, constructed later, consisted of 96 markers
covering 168 cM (Antolin et al., 1996). A composite map for
RFLP, single-strand conformation polymorphism (SSCP),
and single nucleotide polymorphism (SNP) markers incorpo-
rated 146 loci and covered 205 cM (Severson, 2008). Finally,
the genetic map of Ae. aegypti was extended by mapping mic-
rosatellite loci (Chambers et al., 2007). The genetic map of
Ae. aegypti was also used as a tool to localize several quanti-
tative trait loci (QTLs) related to pathogen transmission: the
filarioid nematode, Brugia malayi (Severson et al., 1994), the
avian malaria parasite, Plasmodium gallinaceum (Severson et
al., 1995), and dengue virus (Gomez-Machorro et al., 2004).
Among all mosquitoes, the genetic map developed for
Ae. aegypti is the most densely populated.

Cytogenetic mapping on Ae. aegypti and other culcine is
difficult because of the absence of high-quality, easily sprea-
dable polytene chromosomes (Sharma et al., 1978; Campos et
al., 2003). The majority of cytogenetic studies for Ae. aegypti
were conducted on mitotic chromosomes from brain ganglia
or meiotic chromosomes from male testis (Rai, 1963; Newton
et al., 1974; Motara, Rai, 1977). These studies led to the conc-
lusion that Ae. aegypti has a kariotype of three pairs of meta-
centric chromosomes (Motara et al., 1985). The chromosomes
were fist numbered as chromosomes I, II and III in order of
increasing size (Rai, 1963), but later renumbered as chromo-
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somes 1, 2 and 3 in correspondence to the linkage map deve-
loped for Ae. aegypti and the longest chromosome III became
chromosome 2 (McDonald, Rai, 1970). Chromosomes from
brain ganglia of Ae. aegypti were first utilized for the succes-
sful unfluorescent in situ hybridization of two ribosomal ge-
nes (Kumar, Rai, 1990). Fluorescent in situ hybridization
(FISH) technique was developed on mitotic chromosomes
from the ATC-10 cell line of Ae. aegypti resulting in direct
positioning of 37 cosmid clones onto chromosomes (Brown et
al., 1995). In addition 21 cDNA genetic markers, and 8 cos-
mid clones contained the RFLP markers were also mapped to
the chromosomes from ATC-10 cell line (Brown et al., 2001).
This map was the first attempt to integrate genetic and physi-
cal maps for Ae. aegypti.

Recent progress in Ae. aegypti cytogentics is associated
with using mitotic chromosomes from imaginal discs of 4th

instar larvae as alternative source of the chromosomes (Sha-
rakhova et al., 2011). This method utilized live larva and does
not require using cell lines which usually accumulate chromo-
somal rearrangements (Steiniger, Mukherjee, 1975). Each sli-
de preparation from one ID contains �175 chromosomal
spreads which is 6-folds more than in two brain ganglia. Cle-
arly visible banding patterns of mitotic chromosomes from
IDs allowed to construct preliminary idiograms without num-
bered divisions for the chromosomes at mid-metaphase (Sha-
rakhova et al., 2011). A FISH technique was optimized for
using BAC clones as probes (Timoshevskiy et al., 2012), re-
sulting in assigning of 10 BAC clones and ribosomal 18S
DNA to the bands on the idiograms. Recently, more for early
metaphase chromosome with 23 numbered divisions and 94
subdivisions. These idiorgams represent the fist cytogenetic
map developed for yellow fever mosquito and can be used for
the detailed physical mapping.

The genome of Ae. aegypti was among first mosquito ge-
nomes sequenced in last decade (Nene et al., 2007). As com-
pared to malaria vector Anopheles gambiae (Holt et al., 2002)
and West Nile fever vector Culex quinquefasciatus (Arens-
burger et al., 2010) the genome of Ae. aegypti is the largest
and consist of 1.376 Mb. The availability of Ae. aegypti geno-
me finally provides an opportunity to integrate linkage, chro-
mosome and genome maps for this mosquito. In order to do
this a total of 106 bacterial artificial chromosome (BAC) clo-
nes carrying major genetic markers were identified from the
BAC library using PCR approach (Jimenez et al., 2004). One
hundred of them were mapped to the chromosomes
Ae. aegypti by FISH (Timoshevskiy et al., 2013). For the de-
tailed ordering of the BAC clones «two-step» physical map-
ping approach was used. In the first step, BAC clones were
assigned to the specific band on chromosome idiograms. In
the second step, BAC clones within the same band were orde-
red by higher resolution mapping using prophase or polytene
chromosomes. This study developed the first integrated gene-
tic, cytogenetic and genome map — iMap — for the yellow
fever mosquito Ae. aegypti, which incorporated 94 cytogene-
tic bans, 100 molecular genetic markers, and 183 Mb of the
genome sequences.

The assignment of the significant portion of Ae. aegypti
genome supercontigs associated with genetic markers to the
specific positions on the iMap will help to identify candidate
genes within QTL that might be important targets for develo-
ping advanced genome-based strategies for vector control.
However, because only 13.3 % of the genome was placed to
the chromosomes future mapping efforts are needed to impro-
ve the quality of the genome assembly for the yellow fever
mosquito Ae. aegypti.
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Áîëåçíè, ïåðåíîñèìûå êîìàðàìè, ÿâëÿþòñÿ ïðè÷èíîé ñåðüåçíûõ ïðîáëåì çäîðîâüÿ ëþäåé â ìèðå.
Ïîýòîìó ãåíîìû òðåõ íàèáîëåå îïàñíûõ âèäîâ êîìàðîâ, âêëþ÷àÿ ïåðåíîñ÷èêà æåëòîé ëèõîðàäêè Aedes
aegypti, áûëè ïðîñåêâåíèðîâàíû çà ïîñëåäíåå äåñÿòèëåòèå. Ýôôåêòèâíûé ïåðåíîñ÷èê àðáîâèðóñîâ
Ae. aegypti ÿâëÿåòñÿ òàêæå óäîáíîé ìîäåëüþ äëÿ ëàáîðàòîðíûõ èññëåäîâàíèé. Èíòåíñèâíîå ãåíåòè÷å-
ñêîå êàðòèðîâàíèå ìîðôîëîãè÷åñêèõ è ìîëåêóëÿðíûõ ìàðêåðîâ, ðàíåå ïðîâåäåííîå íà ýòîì êîìàðå, áû-
ëî î÷åíü óñïåøíûì. Íà îñíîâå ýòîãî êàðòèðîâàíèÿ öåëûé ðÿä ëîêóñîâ êîëè÷åñòâåííûõ ïðèçíàêîâ, ñâÿ-
çàííûõ ñî ñïîñîáíîñòüþ êîìàðà ïåðåíîñèòü ðàçëè÷íûå ïàòîãåíû, áûëè òàêæå âûÿâëåíû. Îäíàêî â ñâÿçè
ñ îòñóòñòâèåì êà÷åñòâåííûõ ïîëèòåííûõ õðîìîñîì ôèçè÷åñêîå êàðòèðîâàíèå ãåíîìà Ae. aegypti ÿâëÿ-
åòñÿ çàòðóäíèòåëüíûì. Â äàííîé ñòàòüå ìû ðàññìàòðèâàåì àëüòåðíàòèâíûå ñïîñîáû êàðòèðîâàíèÿ, êî-
òîðûå ïîçâîëèëè îáúåäèíèòü ãåíåòè÷åñêóþ, õðîìîñîìíóþ è ãåíîìíóþ êàðòû êîìàðà-ïåðåíîñ÷èêà æåë-
òîé ëèõîðàäêè.

Ê ë þ ÷ å â û å ñ ë î â à: êîìàð Aedes aegypti, æåëòàÿ ëèõîðàäêà, êàðòèðîâàíèå ãåíîìà.
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