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INTRODUCTION

Neotropical species Drosophila (Drosophila) mer�
catorum Patterson et Wheeler, 1942 within the genus
Drosophila belongs to the subgenus of the same name,
to the species group repleta, and within the group
repleta, to the subgroup mercatorum (Wasserman,
1982). The species Drosophila mercatorum was first
detected in Europe in 1953, in Barcelona, Spain (Pre�
vosti, 1953). In the following two decades, Drosophila
mercatorum in small amounts was found in the collec�
tions of Drosophilides from Spain and the Canary
Islands (Monclús, 1964, 1976). In the early 1980s, dis�
tribution of the species in the Old World remained
within the boundaries of the Western Mediterranean.
Since the beginning of the 1990s, judging by the pub�
lications, there was an expansion of the species from
the Western Mediterranean to northern Europe, the
United Kingdom (Bennett et al., 1995), the Nether�
lands (Kraaijeveld, 1992), and to the east, inland, to
Ukraine and Western Siberia (Ivannikov et al., 1993,
1998; Ivannikov and Zakharov, 1995). In 2000, the
species D. mercatorum was for the first time described
in the Russian Far East, in the city of Vladivostok by
the entomologist, Vasily Sergeevich Sidorenko, who
included it in the Key to the Insects of the Russian Far

East (Sidorenko, 2001). Thus, during the last decade
of the 20th century Drosophila mercatorum populated
the whole territory of Northern Eurasia, from west to
east. Over the past two decades, we collected the spec�
imens of D. mercatorum in different populations of
Western Siberia and Central Asia.

From the mid�1980s, the stock of the Drosophila
lines of the Genetics of Populations Laboratory, Institute
of Cytology and Genetics, Russian Academy of Sci�
ences, contains the Drosophila mercatorum line 2328.
This line was received by Prof. L.I. Korochkin from
the Drosophila Stock Center, Bowling Green, United
States. In our studies, we used this stock for morpho�
logical comparison and the performance of test crosses
with the representatives of the new species (for the
fauna of the former Soviet Union), detected in
Ukraine, Central Asia, and Western Siberia (Novosi�
birsk). The test crosses in both directions and in all
cases demonstrated complete reproductive compati�
bility, which in combination with the morphological
criteria made it possible to define the new species as
Drosophila mercatorum.

It should be noted that there is only one morpho�
logical difference between Asian populations of Droso�
phila mercatorum and the 2328 flies. It is the degree of
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cuticle pigmentation. The 2328 flies are darker, brown
in color with black spots and bands, and with respect
to the general chitin color are close to Drosophila
repleta and Drosophila virilis. At the same time, Asian
D. mercatorum flies are yellow and pale brown, with
gray spots and bands. With respect to coloration, these
flies are similar to Drosophila busckii and Drosophila
immigrans.

Based on the fact that climatic conditions of the
continental Palearctic (Western Siberia and Tien
Shan), among all regions of the planetary distribution
area of synanthropic Drosopila, are the most different
from the climate of the neotropic Amazonian region,
and due to some color differences between the Asian
specimens of D. mercatorum from our collection and
the 2328 flies, a working hypothesis was generated.
According to this hypothesis, Asian lines of D. merca�
torum and the stock line 2328 were treated as indepen�
dent species or subspecies. The hypothesis was tested
through identification of possible differences between
the two groups of flies at the DNA level.

MATERIALS AND METHODS

The study was carried out using the Drosophila mer�
catorum laboratory stock 2328 and the lines based on
the fertilized in the wild females of Drosophila merca�
torum sequencing of the mtDNA COI gene fragment
and of the ITS1–ITS2 region of rRNA genes was per�
formed for these lines and for the representatives of
some other Drosophila species (Table 1).

DNA was extracted from individual adult flies
according to the standard technique (Bender et al.,
1983). The polymerase chain reaction of the COI

(cytochrome oxidase subunit 1) gene fragment was
successfully performed using primers, designed earlier
for the mosquitoes of the genus Anopheles (Vaulin and
Novikov, 2012). The amplification primers were 5'�
CGAGG�AATAG�TAGGA�ACTTC�3' (forward) and
5'�CTGTA�AATAT�GTGAT�GAGC�3' (reverse).

The reaction mixture for PCR of the COI gene
fragment contained 1 × PCR buffer; 4 mM MgCl2;
0.4 mM of each dNTP; and 1 unit of Taq polymerase.
The reaction conditions included denaturation for
1 min at 94°C; annealing for 1 min at 50°C; extension
for 1 min at 72°C; and final extension for 5 min at 72°C.

PCR and sequencing of the ITS1–ITS2 region was
carried out using four primers designed based on the
analysis of rRNA genes of Drosophila melanogaster,
D. virilis, and D. pseudoobscura from the NCBI DNA
database. The pair of primers (5'�AGGTG�AACTG�
CGGAA�CGGAA�GGATC�3', forward and 5'�AGTCC�
CATAT�GAGTT�GAGGT�TG�3', reverse) was used
for the PCR of the ITS1 region. The pair of primers
(5'�CTCTA�AGCGG�TGGAT�CACTC�3', forward
and 5'�AGTCC�CATAT�GAGTT�GAGGT�TG�3',
reverse) was used for the PCR of the ITS2 region. For�
ward primer targeting the ITS1 region and reverse
primer targeting the ITS2 region were used for ampli�
fication of the whole ITS1–ITS2 region and for ade�
quate sequencing of the 5.8S fragment. Composition
of the reaction mixture for amplification of all three
fragments, corresponding to the ITS1–ITS2 region,
was the same as for amplification of the COI gene frag�
ment, with the exclusion of primer composition. The
PCR temperature conditions differed from those used
for the PCR of the COI gene in the annealing temper�
ature, which corresponded to 57°C. Sequencing was

Table 1. Characteristics of the material examined

Geographical origin and the year 
of the line construction Symbol, species subspecies Data on the COI 

gene fragment
Data on the ITS1–ITS2 

region of rRNA genes

Bishkek, 2004 D10 D. m. mercatorum + +

Bishkek, 2004 D12 D. m. mercatorum + –

Novosibirsk, 2005 D4 D. m. mercatorum + –

Novosibirsk, 2005 D7 D. m. mercatorum + –

Tomsk, 2006 D5 D. m. mercatorum – +

Tomsk, 2006 D6 D. m. mercatorum + –

Tomsk, 2006 D8 D. m. mercatorum + –

Tomsk, 2006 D9 D. m. mercatorum + –

Tomsk, 2006 D11 D. m. mercatorum + –

Tomsk, 2006 D13 D. m. mercatorum + –

Tomsk, 2006 D14 D. m. mercatorum + –

Tomsk, 2006 D15 D. m. mercatorum + –

Unknown D1 D. m. mercatorum, stock 2328 + +

Unknown D2 D. virilis – +

Unknown D18 D. busckii + +



RUSSIAN JOURNAL OF GENETICS: APPLIED RESEARCH  Vol. 4  No. 6  2014

COMPARATIVE MOLECULAR GENETIC STUDY OF THE ASIAN POPULATION 535

carried out using the resources of the Genomics Core
Facility of the Siberian Branch of the Russian Academy
of Sciences, Novosibirsk, http://sequest.niboch.nsc.ru.
The sequences examined were deposited in the EMBL
DNA database (http://www.ebi.ac.uk/ena/) under the
access numbers ranging from HG798333 to
HG798350. Based on the sequence data obtained and
using the NETWORK 4.6.0.0. software program
(Bandelt et al., 1990), a median�joining network of the
COI sequences was constructed. Using the sequence
data for the COI gene fragment and the fragment of
rRNa genes, dendrograms were constructed as imple�
mented in the MEGA5 software program (Tamura
et al., 2011).

The sequence of the COI gene fragment of Droso�
phila mercatorum from the DNA database (accession
number DQ471607) was also included in the analysis.
The geographical origin of this database specimen is
not specified. Since this specimen is designated as
Drosophila mercatorum, it belongs to the nominative
subspecies Drosophila mercatorum mercatorum. This is
because when referring to nonnominative subspecies,
its second subspecies name, other than the first spe�
cies, is always mentioned.

RESULTS

For the COI gene in the examined specimens of
D. mercatorum and D. busckii, gene fragments of 720 bp
in size were obtained. No nucleotide deletions/inser�
tions were identified.

For the representatives of the species D. merca�
torum, a median�joining network of the COI
sequences was constructed (Fig. 1). Based on the
sequence data for the COI and rRNA gene fragments,
the dendrograms were constructed using the maxi�
mum likelihood algorithm (Figs. 2, 3, 4).

We note that all the examined Asian specimens of
D. mercatorum had identical sequences of the COI
gene fragment analyzed. The database sequence and
stock 2328 of D. mercatorum at our disposal differed
from the Asian specimens by one amino acid substitu�
tion, and by two substitutions, from each other.

DISCUSSION

The COI gene and rRNA gene internally tran�
scribed spacer sequences are widely used for species
assignment of the groups of individuals. The mtDNA
genes evolve relatively rapidly and are generally char�
acterized by a higher gene drift effect compared to
nuclear autosomal genes (Altukhov and Salmenkova,
2002; Altukhov, 2003). Because of this, the divergence
of closely related species during some time interval
should be accompanied by the divergence at the mito�
chondrial genes. In particular, the DNA barcoding
technique implies that divergence of the individuals
from two groups by Kimura’s genetic distance
(Kimura, 1980) of 0.02 at the COI gene is achieved in
one million years of evolution. This is the time neces�
sary and sufficient for segregation into individual spe�
cies (Hebert et al., 2003). However, in the pairs of most
closely related species, divergence at the mtDNA will
not necessarily be observed. In particular, there is no

DQ471607

D. m. mercatorum

D. mercatorum
line 2328

Fig. 1. Median�joining network for the COI gene
sequences of D. mercatorum.
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D4 D. m. mercatorum Novosibirsk, 2005
D6 D. m. mercatorum Tomsk, 2006
D7 D. m. mercatorum Novosibirsk, 2005
D8 D. m. mercatorum Tomsk, 2006
D9 D. m. mercatorum Tomsk, 2006
D10 D. m. mercatorum Bishkek, 2004
D11 D. m. mercatorum Tomsk, 2006
D12 D. m. mercatorum Bishkek, 2004
D13 D. m. mercatorum Tomsk, 2006
D15 D. m. mercatorum Tomsk, 2006
D14 D. m. mercatorum Tomsk, 2006
D1 D. mercatorum line 2328
DQ471607 D. mercatorum from data base

Fig. 2. Dendrogram constructed based on the sequence of the COI gene fragment and using the maximum likelihood method
with 1000 iterations of bootstrapping for the specimens of D. mercatorum. The dendrogram was rooted on D. busckii.
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differentiation at the mtDNA ND5 gene fragment
between the chromosomally defined forms of Anophe�
les funestus (Michel et al., 2005). Similarly, there is no
divergence at the COI gene in the cryptic species A
and B Anopheles messeae (Vaulin and Novikov, 2010,
2012). At the same time, within a single species, there
can be several individual clusters of mtDNA haplo�
types, associated with different strains of Wolbachia
endosymbiont (Hurst and Jiggins, 2003; Ilinsky and
Zakharov, 2007). The values of Kimura’s genetic dis�
tances between the specimens examined in the present
study are demonstrated in Table 2. From the table it
follows that differentiation at the COI for the speci�
mens of D. mercatorum constituted from 0.006 to
0.008; i.e., it does not exceed the conditionally�spe�
cies level of 0.02. At the same time, the genetic dis�
tance between different sequence variants of the COI

gene fragment of D. mercatorum and the sequence of
the COI gene fragment of D. busckii constitutes about
0.15; i.e., it considerably exceeds this threshold.

Variability at the rRNA gene cluster is to a high
degree associated with the species assignment of the
individuals. This is because the rRNA genes are repre�
sented by moderately repeated sequences, character�
ized by the effect of concerted repeat evolution (Dover
and Flavell, 1984). In the general case, all individuals
of the same species have an identical set of nucleotide
substitutions in the rRNA gene cluster, or preserve in
the genome several major sequence variants of these
genes without the effects of genetic segregation in the
populations (Beebe et al., 2001; Wilkerson et al.,
2004). The closely resembling species A and B Anoph�
eles messeae differ in five nucleotide substitutions in
the rRNA gene ITS2 region (Novikov et al., 2004;

0.002

D18 D. busckii

D4 D. m. mercatorum Novosibirsk, 2005

D6 D. m. mercatorum Tomsk, 2006

D7 D. m. mercatorum Novosibirsk, 2005
D8 D. m. mercatorum Tomsk, 2006

D9 D. m. mercatorum Tomsk, 2006
D10 D. m. mercatorum Bishkek, 2004
D11 D. m. mercatorum Tomsk, 2006
D12 D. m. mercatorum Bishkek, 2004
D13 D. m. mercatorum Tomsk, 2006
D15 D. m. mercatorum Tomsk, 2006
D14 D. m. mercatorum Tomsk, 2006

D1 D. mercatorum line 2328
DQ471607 D. mercatorum from data base

Fig. 3. Dendrogram constructed based on amino acid sequence corresponding to the COI gene fragment using the maximum
likelihood technique for the specimens of D. mercatorum. The dendrogram was rooted on D. busckii. Due to the fact that most of
the sequences were identical, while the others carried unique (not found in other specimens) amino acid substitutions, bootstrap�
ping was not performed.

0.02

D18 D. busckii
D2 D. virilis

D5 D. m. mercatorum Tomsk, 2006
D10 D. m. mercatorum Bishkek, 2004
D1 D. mercatorum line 2228

100

Fig. 4. Dendrogram constructed based on the ITS1–ITS2 sequence of rRNA genes and using the maximum likelihood method
with 1000 iterations of bootstrapping for the specimens of D. mercatorum. The dendrogram was rooted on D. virilis and D. busckii.

Table 2. Kimura’s genetic distances in the COI gene sequences between the specimens examined

Specimens and their groups Stock 2228 
of D. mercatorum

Sequence DQ471607 
of D. mercatorum D. busckii

Asian specimens of D. mercatorum 0.008 0.008 0.149

Stock 2228 of D. mercatorum 0.006 0.153

Sequence DQ471607 of D. mercatorum 0.150
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Vaulin and Novikov, 2010). It can be expected that if
the specimens of D. mercatorum de facto represent dif�
ferent species, then the differences in the rRNA gene
ITS1–ITS2 region would be observed. At the same
time, in these specimens, no differences at this
genomic region were identified. Thus, our working
hypothesis that Asian Drosophila mercatorum could be
treated as an independent species was not confirmed.

The mitochondrial COI gene sequence variation
pattern in the examined Asian specimens of D. mertca�
torum deserves special attention. Sequence uniformity
at this genomic region observed in all Eurasian speci�
mens examined can be interpreted in terms of the pas�
sage from the bottleneck of a group of migrants who
entered Eurasia more than half a century ago. At the
same time, the scarce data on the COI gene variability
in non�Asian populations of D. mercatorum do not
allow us to consider this conclusion as highly justified.
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