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Abstract—Genetic diversity of the common vole Microtus arvalis Pall., 1778 of the obscurus form was exam-
ined by analyzing the variability of two markers, the cytochrome b gene (1143 bp) and the fragment of the
mitochondrial DNA control region (800 bp). One hundred forty-five individuals were captured at 39 loca-
tions from the Crimean Peninsula in the west to northern Altai in the east. On the basis of the analysis of the
cytochrome b gene sequences, all M. arvalis individuals of the obscurus form from the regions under consid-
eration were assigned to the previously identified Sino-Russian clade, distributed in the main part of the
range of the obscurus form. On the basis of concatenated sequences of the two mtDNA markers, the internal
structure of the Sino-Russian clade was established and two subclades, Crimean and Eurasian, were identi-
fied. In the Eurasian subclade, related haplotypes form several geographically localized groups (Vyatka—
Ural, Volga—Ural, Southern Ural, Southern Cis-Urals 1, and Southern Cis-Urals 2). The groups are con-
nected with each other through a widespread set of poorly differentiated haplotypes found from the Cis-Urals
to Western Siberia. Two haplotypes from the North Altai and northern foothills of the Altai Mountains are
included in the Eurasian subclade. However, these haplotypes are separated from each other and from hap-
lotypes of other groups by distances comparable with the intergroup distance for this subclade. Demographic
analysis enables the conclusion that the history of the Sino-Russian clade of M. arvalis of the form obscurus
has regional specificity. Haplotypes found in seven locations on the Crimean Peninsula are most likely the
result of a single expansion event, whereas for the Eurasian subclade, several successive waves of expansion

can be proposed.
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INTRODUCTION

The common vole, Microtus arvalisss. str. (2n = 46),
is a widespread species in Northern Eurasia. It belongs
to a group of taxa of varying degrees of divergence,
previously known as a single polytypic species
M. arvalis s. 1., but subsequently separated on the basis
of karyological and hybridological data [1, 2].
M. arvalis s. str. is represented by two parapatric
forms, between which there is a contact zone (western
“arvalis” form and eastern “obscurus” form). The
forms of M. arvalis s. str. were described in the second
half of 20th century on the basis of the difference in
their karyotypes. Having equal number of chromo-

1Supplementary materials are available for this article at
10.1134/S1022795418100137 and are accessible for authorized
users.

somes in a diploid set, the forms differ in the total
number of chromosomal arms [1, 3]. The taxonomic
status of the two forms of common vole is controver-
sial. Different authors consider them as chromosomal
forms within the same species [1, 2, 4, 5], semispecies
[6], or species [7, 8]. Regardless of which species con-
ception the authors adhere to, in all studies, a rather
high level of genetic divergence between the two cryp-
tic forms of the common vole is recognized along with
the preserved ability to successfully hybridize in natu-
ral conditions.

Phylogeographical analysis [§—11] showed that the
history of contemporary arvalis and obscurus range
formation was different. Despite the fact that each of
the isolated forms occupies about half of the species
range, for the arvalis form, six mitochondrial lineages
were identified, while for the obscurus form, only two
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lineages were identified. In the contact zone of the
arvalis and obscurus forms, located on the territory of
East European Plain, their present-day hybridization
takes place [6, 12, etc.] and, according to the latest
data [13], the introgression of mitochondrial and
nuclear DNA occurs.

Today, the phylogeographic structure of M. arvalis
s. str. in the western part of the range has been recon-
structed [8—11, 14—16]. It is suggested that the most
probable regions of origin of all modern mitochondrial
lineages assigned to the arvalis form are central
Europe [10] or the Carpathian and Balkan refugia
[15]. These reconstructions are based mainly on
sequence analysis of the mitochondrial DNA
(mtDNA) cytochrome b (cytb) gene. Analysis of par-
tial sequence of the mtDNA control region (=300 bp)
showed that the results were generally consistent with
the data on the cytb variability [10, 14]. At the same
time, simultaneous sequence analysis of two markers
in phylogenetic reconstructions made it possible to
detail the intragroup structure of one of the mitochon-
drial lineages, distributed through the range of the
arvalis form [14]. At present, the mtDNA variability of
the obscurus form of M. arvalis s. str. is explored in two
studies [8, 17]. It was demonstrated that, within the
range of the obscurus form, two mitochondrial clades
were present, the Middle Eastern according to [17],
including South Caucasian according to [8], and
Sino-Russian. As a possible region of origin of the lat-
ter clade, the Crimean Peninsula or the northern Altai
was considered [8].

Phylogenetic and phylogeographic analyses were
carried out using two mtDNA markers, cyth [8—11,
14, 15, 17] and the mtDNA CR [10, 14]. Both markers
are widely used for phylogenetic reconstructions and
are independent functional elements of the mtDNA.
The cytbh gene encodes the cytochrome b transmem-
brane protein, which is a component of the mitochon-
drial respiratory chain complex III [18]. The mtDNA
CRisthe noncoding region of mtDNA, also called the
D-loop, containing the origin of replication of the
mtDNA heavy strand [19].

In the present study, new data on the mtDNA vari-
ability in M. arvalis s. str., the obscurus form, from
three regions within the distribution area of the Sino-
Russian clade, specifically, the Crimean Peninsula,
Urals and the adjacent plains, and Northern Altai, are
presented.

The objective of this study was description of the
genetic diversity, phylogenetic relationships, and geo-
graphical distribution of the mitochondrial DNA hap-
lotypes of M. arvalis s. str, the obscurus form, and sub-
sequent reconstruction of the history of contemporary
population genetic diversity formation of M. arvalis
s. str., the obscurus form, in the central part of North-
ern Eurasia.
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MATERIALS AND METHODS

Specimens. Muscle tissue specimens (skeletal
and/or heart muscle) were obtained from 172 M. arva-
lis s. 1. captured at 40 locations in 2008—2016 (see the
Appendix, Tables 1 and 2; the Appendix is placed in
the electronic version of the journal; Fig. 1). Since in
the studied regions M. arvalis s. str. and its sibling spe-
cies M. rossiaemeridionalis Ognev, 1924 are found in
sympatry, for all specimens, species identification was
carried out using nuclear DNA markers [20]. Among
172 individuals, 145 were defined as M. arvalis s. str.
and used to solve the tasks set in the present study. The
remaining 27 individuals were identified as M. rossiae-
meridionalis.

For 145 individuals of M. arvalis s. str., complete
cytb sequences (1143 bp) were obtained, and for 137 of
them, partial sequences (800 bp) of the mtDNA CR
were obtained (GenBank database accession nos.
MG702966—MG703237) (Appendix, Table 1). Owing
to the differences in the DNA quality in laboratory
specimens (see the Laboratory methods section), for 8
out of 15 M. arvalis s. str. from the Crimean Peninsula,
no mtDNA CR sequences have been obtained so far.

The analysis was performed using our own data and
the data on M. arvalis s. str., the obscurus form,
reported elsewhere, including the cytb sequences from
62 individuals [8, 9, 17, 21] (GenBank accession nos.
AY220760—65, FR865393—-429; KF839584—90;
KX581042—52) and the mtDNA CR from 1 individual
[22] (GenBank accession no. KP013595) (Appendix,
Tables 1 and 2, Fig. 1). The phylogenetic reconstruc-
tions were performed using the mtDNA sequences of
M. arvalis s. str., the arvalis form [9, 10] (GenBank
accession nos. AY220766,74,77,88; AM991028,30,43,
49,70,89, 79) (Appendix, Table 1), M. rossiaemeridio-
nalis [23, 24] (GenBank accession nos. Q015676;
AY513819,21) (Appendix, Table 1), M. ilaeus Thomas,
1912 (=M. kirgisorum Ognev, 1950) [24] (GenBank
accession nos. AY513809—10), and M. socialis Pall.,
1773 [24] (GenBank accession nos. AY513829—31) as
outgroup. The nomenclature of voles is given accord-
ing to the data of the latest report on the taxonomy of
mammals in Russia [5].

Laboratory methods. Total genomic DNA was iso-
lated by the method of salt extraction from muscle tis-
sue specimens fixed in 96% ethanol [29, 30].

Species identification of M. arvalis s. str. and
M. rossiaemeridionalis was carried out with the help of
the PCR identification method [20] in accordance
with the recommended protocol.

PCR and subsequent sequencing of the mtDNA
fragments was carried out with primers as follows. L7,
L8, H12, and H6 for cytb [31]; Pro+, Phe—, micro8+,
and micro4— for the mtDNA CR [32]. The PCR con-
ditions and temperature protocols for the used primer
pairs are given in the Appendix, Table 3.

In the case of satisfactory DNA quality and the
possibility to amplify the 1200-bp fragments, PCR of
Vol. 54
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the cyth-containing region was performed with L7 and
H6 primers followed by sequencing in both directions.
In the case of unsuccessful amplification of 1200-bp
fragments, two PCRs with L7—H12 and L8—H6
primer pairs were run, followed by sequencing of each
PCR product with L7 and H6 primers, respectively.
PCR of the mtDNA CR-containing fragment was
performed only in the case where amplification of
1000-bp fragments was available. This was associated
with the location of the Pro+, Phe—, micro4—, and
micro8+ annealing sites [32] and the impossibility of
amplifying two overlapping fragments of smaller
length with these four primers, as was done in the case
of the cytb-containing fragment. Sequencing was per-
formed using the Big Dye Terminator Cycle Sequenc-
ing Kit v. 3.1 (Applied Biosystems, United States) and
the BrightDye® Terminator Cycle Sequencing Kit
(NimaGen, Netherlands) according to the protocols
of the manufacturers. Detection of sequencing results
was carried out on an ABI Prism 3130 genetic analyzer
(Applied Biosystems, United States) at the Institute of
Plant and Animal Ecology, Ural Branch of the Rus-
sian Academy of Sciences, Yekaterinburg, and the
Children’s Oncology and Hematology Center,
Regional Children Hospital No. 1, Yekaterinburg.

The methods of data analysis. The chromatograms
were analyzed using the BioEdit v. 7.2.0 (4.30.2013)
software program [33]. Sequence alignment, calcula-
tion of genetic distances, and construction of phyloge-
netic trees with the neighbor joining (NJ) and maxi-
mum likelihood (ML) methods were carried out in the
MEGA v. 6 software program [34]. Construction of
phylogenetic trees using the Bayesian inference (BI)
was carried out in the MrBayes v. 3.2.2 software pro-
gram [35]. Searching for optimum models of nucleo-
tide sequence evolution was performed in the
MrModeltest 2.3 software program [36]. The con-
struction of median-joining networks (MJN) was car-
ried out in the Network v. 5.0.0.0 software program
[37]. Assessment of nucleotide diversity and the tests
for selective neutrality were performed in the Arlequin
v. 3.1 [38] and DnaSP v. 5.10 [39] software programs.
The marker congruence was evaluated using the parti-
tion homogeneity test (HOMPART) [40] in the PAUP
v. 4.0010 software package [41].

To construct the phylogenetic trees by the NJ
method, Tamura’s 3-parameter model (T3P) was used
to calculate intra- and intergroup distances [42]. To
construct the tree by the ML method on the basis of
the cytb and cytb + CR sequences, the general time
reversible model (GTR) [43] with the proportion of
invariant sites (+1) and gamma distribution (+G) nor-
malization was chosen. When the phylogenetic tree on
the basis of the cyth sequences was reconstructed using
the BI method, a complex approach with the choice of
the model for each of the three codon positions sepa-
rately was used. For the first codon position, it was
Kimura’s model (K80) [44] +I; for the second posi-
tion, the Hasegawa, Kishino, and Yano model (HKY)
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[45]; and for the third position, GTR + G. When the
phylogenetic tree was reconstructed using the Bayes-
ian analysis on the basis of the cyth + CR sequences, a
complex approach with the choice of a model for each
of the three positions in the cyth codon and for the
mtDNA CR separately was used. For the first codon
position it was K80; for the second position, HKY; for
the third position, GTR + G; and for the mtDNA CR,
GTR + I + G. In the construction of phylogenetic
trees by the ML and NJ methods on the basis of the
cytb and cytb + CR sequences, statistical testing of the
tree topology was carried out using the bootstrap anal-
ysis (1000 cycles). In the case of Bayesian inference of
phylogenetic trees, two parallel analyses consisting of
four Markov chains, each for 10000000 cycles, were
run simultaneously, with sampling every 500th cycle
and removing the first 5001 cycles as the burn-in stage.
The differences in the choice of models for construct-
ing trees by the ML and BI methods are associated
with the impossibility of defining a complex model for
constructing a phylogenetic tree by the ML method.

RESULTS

Analysis of the cytbh sequences of M. arvalis s. str.,
the obscurus form, obtained in this study revealed 78
haplotypes, of which 70 were described for the first
time. Taking into account the haplotypes presented
earlier, the total number of cyth haplotypes of the
obscurus form was 112. The number of cyth polymor-
phic sites was 159, of which 84 were informative for
parsimony analysis, and the substitutions at 30 of
these sites were nonsynonymous. Excluding the
sequences belonging to the Middle Eastern clade, the
number of haplotypes was 101; the number of poly-
morphic sites was 127, of which 52 were informative
for parsimony analysis; and the substitutions at 25 sites
were nonsynonymous.

Sequence analysis of the mtDNA CR of M. arvalis
s. str., the obscurus form, revealed 77 haplotypes, of
which 76 were first described in the present study. The
number of polymorphic sites in the mtDNA CR was
71, with two of these having single nucleotide inser-
tions/deletions, and 63 sites were informative for par-
simony analysis.

In the analysis of the cyth + CR sequences of
M. arvalis s. str., the obscurus form, 98 haplotypes
were described for the first time. The number of poly-
morphic sites was 168, with two of these containing
single nucleotide insertions/deletions, and 95 sites
were informative for parsimony analysis.

Phylogenetic Reconstruction Inferred
from the Cytochrome b Gene

Phylogenetic reconstruction using the sequences of
M. arvalis s. str., the arvalis form, and M. rossiaemeri-
dionalis, M. ilaeus, and M. socialis as outgroup showed
that all haplotypes of M. arvalis s. str., the obscurus
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Fig. 1. The range of M. arvalis s. str. (according to [25] with additions according to [17, 26—28]) and sampling sites of M. arvalis
s. str., the obscurus form. The map above is the main range of M. arvalis s. str. (continuous outline), regions of the M. arvalis s. 1.
range where the presence of M. arvalis s. str. is not confirmed but possible [25, 28] (dotted line) and the contact zone of the arvalis
and obscurus forms (dashed line). A—C, sampling areas. A, the Crimean Peninsula; B, the Urals and the adjacent plains; C, the
southeast of Western Siberia and northern Altai. 1—46, sampling localities (see Appendix, Tables 1 and 2, electronic version of
the journal).
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form, clustered into two clades (Middle Eastern and
Sino-Russian). All cyth haplotypes described in this
study were included in Sino-Russian clade (Appendix,
Fig. 1).

Analysis of the phylogenetic tree showed that,
within Sino-Russian clade, several groups could be
identified, with five of these having rather clear geo-
graphic localization: group I, Crimean Peninsula;
group II, from the Volga River in the west to the
Southern and Middle Urals in the east; group III,
northwestern provinces of China; group IV, repre-
sented in the localities of the south of the Ural region
from the Talovskaya Steppe Site of the Orenburg
Reserve (southwest of Orenburg oblast) in the west to
the settlement of Zverinogolovskoye in Kurgan oblast
(floodplain of the Tobol River) in the east; group V, a
group of four haplotypes found in the localities of
Kirov oblast (the northwestern part of the distribution
area of M. arvalis s. str., the obscurus form).

Analysis of the median-joining network (Appen-
dix, Fig. 2) supports the presence of these five groups
within the Sino-Russian clade. In addition, analysis of
the median-joining network showed that three of the
five isolated groups (I, 11, and III) were differentiated
from each other and from other sequences much more
strongly than groups I'V and V.

Phylogenetic Reconstruction Inferred
from the mtDNA Control Region

The phylogenetic tree constructed on the basis of
the available sequences of the mtDNA CR (800 bp)
belonging to the Sino-Russian clade of M. arvalis
s. str., the obscurus form (not represented), makes it
possible to distinguish two groups within the clade.
Group 1 includes haplotypes found only in the
Crimean Peninsula and not found in other regions;
group 2 consists of all other mtDNA CR sequences,
slightly differentiated from one another, not forming a
pronounced structure upon the construction of the
phylogenetic tree, and distributed from the Taman
Peninsula to the Altai.

The Crimean group of the mtDNA CR haplotypes
corresponds to group I, isolated on the basis of the
cyth data. No associations of the mtDNA CR haplo-
types corresponding to groups II, IV, and V, isolated
on the basis of the cytb sequence data, were observed.
The difference between the mtDNA sequences
assigned on the basis of the cytb analysis to group 11
and the closest mtDNA sequences assigned to the
Sino-Russian clade reduces from 5—9 substitutions in
the cytb analysis to 1—2 substitutions in the mtDNA
CR analysis. The degree of differentiation of north-
western China voles (group III) in terms of the
mtDNA CR remains uncertain because of the lack of
sequences available for analysis.

RUSSIAN JOURNAL OF GENETICS

Vol. 54 No. 10

1189

Phylogenetic Reconstruction Based
on Two mtDNA Markers

First, the congruence of the two mitochondrial
markers under consideration was tested. The results of
the partition homogeneity test (HOMPART, Paup)
were not statistically significant (P = 0.761), which
made it possible to exploit the combination of these
markers in phylogenetic reconstruction.

The analysis showed that, within the Sino-Russian
clade, six groups of haplotypes with different degrees
of differentiation from each other could be distin-
guished (Fig. 2). Moreover, analysis of both the phylo-
genetic tree (Fig. 2) and the median-joining network
(Fig. 3) showed that the most distant from the rest was
the Crimean group of haplotypes. On the basis of con-
siderable distance separating this group from the
remaining haplotypes of the Sino-Russian clade in the
median-joining network, two subclades within the Sino-
Russian clade, the Crimean and Eurasian (Figs. 2, 3),
were identified.

Within the Eurasian subclade, several groups of
haplotypes can be distinguished (Figs. 2, 3). The
Vyatka—Ural group includes all mtDNA sequences
assigned to group V, identified on the basis of the cyth
analysis (Kirov oblast), as well as some haplotypes of
individuals from the Northern, Middle, and Southern
Urals. The Southern Ural group includes the group IV
sequences, identified from the results of the cytb anal-
ysis, and some of the previously undifferentiated
sequences of individuals from the territory of the
Southern Urals. The Volga—Ural group includes only
the group II sequences, identified from the results of
the cytb analysis. The Southern Cis-Ural 1 group
includes the mtDNA sequences of individuals from
the western slope of the Southern Urals (Ignatievskaya
Cave and Kinzebulatovo); the Southern Cis-Ural 2
group includes the mtDNA sequences of individuals
from the Buzuluksky Bor National Park, the Aitu-
arskaya Steppe Site of the Orenburg Reserve, and from
the vicinity of the Verblyuzhka Mountain (south and
southwest of the Ural region). Figure 4 presents data
on the distribution of different groups of the Eurasian
subclade within the Ural region.

As follows from the median-joining network anal-
ysis (Fig. 3), among haplotypes not included in any of
the groups of the Eurasian subclade, identified in the
analysis of the phylogenetic tree (Fig. 2), many haplo-
types gravitate toward each other and form a starlike
structure. In addition, there are several strongly differ-
entiated single or paired haplotypes from the localities
of the Middle and Southern Urals, Vyatka—Kama
Cis-Urals, Buzuluksky Bor National Park, Altai krai,
and the Altai Republic (northern Altai and northern
foothills of the Altai). The haplotypes of the starlike
structure gravitating toward each other (Fig. 3, dashed
line) occupy the connecting position between all other
groups of the Eurasian subclade. In the following, in
the description of the results and their discussion, the
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of the phylogenetic tree analysis (see text).

name of “Ural—Siberian set of haplotypes” will be
used to designate this set of close haplotypes, and it
will be treated on a par with other groups of haplotypes
identified within the Eurasian subclade on the basis of
the analysis of the phylogenetic tree and median-join-
ing network. The remaining, highly differentiated,
haplotypes not included in any of the groups in Fig. 3
are separated from each other and from the haplotypes
of other groups of the Eurasian subclade by distances
comparable to those between groups of the Eurasian
subclade.

Genetic Diversity and Demographic History
of the Sino-Russian Clade

Evaluation of the genetic diversity indices was car-
ried out for the Middle Eastern and Sino-Russian
clades of M. arvalis s. str., the obscurus form, as well as
for the subclades of the Sino-Russian clade with each
of the mtDNA markers separately (Table 1). Using the
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cyth + CR sequences, the evaluation was carried out
for the Sino-Russian clade as a whole and for all inter-
nal groupings identified in this clade earlier in the
analysis (Table 1). Analysis of the variability of each of
the mtDNA markers within the Sino-Russian clade
showed the following. (1) The used mtDNA CR frag-
ment was considerably more variable than the com-
plete cyth sequence (the nucleotide diversity was
2 times higher at the sequences belonging to the Sino-
Russian clade); (2) the Eurasian subclade was charac-
terized by higher diversity at each of the markers
examined, but in this case, the nucleotide diversity at
the cytb sequences in the FEurasian subclade was
3 times higher than in the Crimean one, while at the
mtDNA CR sequences, it was only 1.5 times higher.

The tests for selective neutrality, as well as the anal-
ysis of mismatch distribution at the cyth, mtDNA CR,
and cyth + CR sequences, both in the Sino-Russian
clade as a whole and in each of the subclades (Table 1,
Appendix, Fig. 3) showed that, in the recent past,
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Fig. 4. Distribution of groups of the Eurasian subclade across the localities within the Ural region. Locality numbers correspond
to those in the Appendix Tables 1, 2. and in Fig. 1. On the map of the “Ural—Siberian Set,” circles indicate the localities where
haplotypes of the Ural—Siberian set are found at the absence of haplotypes not assigned to any of the groups; squares indicate the
localities where haplotypes that are not assigned to any of the groups are found at the absence of haplotypes of the Ural—Siberian
set; rhombuses indicate the localities where haplotypes of the Ural—Siberian set and haplotypes not assigned to any of the groups

are found.

these groups went through the stage of increasing the
effective population size, which could have been asso-
ciated with the M. arvalis s. str. population expansion
and resettlement across the modern range.

Analysis of the genetic diversity indices and selec-
tive neutrality tests for individual groups of the Eur-
asian subclade at the cyth + CR sequences (Table 1)
showed that only in the case of the Southern Ural
group and the Ural—Siberian set of haplotypes was it

RUSSIAN JOURNAL OF GENETICS

possible to speak of an increase in the effective popu-
lation size in the recent past.

Comparison of intra- and intergroup distances
(T3P) at the cyth + CR sequences (Appendix, Table 4)
shows that the most differentiated is the Crimean
group of haplotypes (the Crimean subclade), which
supports the results of phylogenetic reconstructions.
The average intergroup distance (T3P) between the
Vol. 54
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Sino-Russian and Middle Eastern clades of M. arvalis
s. str. at the cytb sequences was 0.0304 £ 0.0046.

DISCUSSION
Variability of Used mtDNA Markers

Variability analysis of both mtDNA markers in the
Sino-Russian clade of M. arvalis s. str., the obscurus
form, showed that, in general, within the used frag-
ment of the mtDNA CR, the number of variable sites
was lower (71 sites, or 8.875% of the total number of
sites) than within the full cytbh sequence (127 sites, or
11.11%). However, the number of parsimony informa-
tive sites in the mtDNA CR sequence was higher in
both the total number and as a percentage of the num-
ber of variable sites (63 sites, or 88.73% of the number
of variable sites) than in the full cyth sequence
(52 sites, or 40.94% of the number of variable sites). In
addition, the nucleotide diversity (Table 1) among the
mtDNA CR sequences was approximately twice as
high as among the cytb sequences, 8.43 X 1073+ 4.4 x
103 and 4.46 x 1073 £+ 2.4 x 1073, respectively. A sim-
ilar ratio between variable and parsimony informative
sites upon comparison of cyth and the mtDNA CR is
observed in other mammalian species, in particular,
Siberian roe deer [46], and, apparently, is a conse-
quence of the peculiarities of these two fragments
(coding cyth and noncoding mtDNA CR).

Despite the fact that the results of the homogeneity
test (the congruence of two mitochondrial markers
examined) were not statistically significant, enabling
application of both markers within the framework of
one phylogenetic reconstruction, there are some dif-
ferences between the phylogenetic reconstructions
obtained with each of the markers separately. Thus, in
phylogenetic reconstruction using both mtDNA
markers within the Sino-Russian clade, each of these
markers provides identification of unique differences
between the mtDNA sequences. This situation differs
from a previous attempt to use a combination of cyth
and the mtDNA CR in phylogenetic reconstructions
of common vole, performed by example of M. arvalis
s. str., the arvalis form [10]. In that study, data on par-
tial sequences of the mtDNA CR (304 bp), including
one of the two variable regions (located at the 5' end of
the mtDNA CR), were included in the analysis, along
with complete cyth sequences (1143 bp). In that case, it
was demonstrated that inclusion in the analysis of par-
tial mtDNA CR sequences only repeated the results
obtained in the analysis of the cytbh sequences.

On the basis of the foregoing, it can be concluded
that the use of only one of the two markers under con-
sideration for the description of phylogeny, internal
differentiation processes, and isolation of the groups
of equal rank within the Sino-Russian clade of
M. arvalis s. str., the obscurus form, is insufficient. It
is desirable to use a combination of these markers for
analysis within the given mitochondrial lineage.
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Phylogenetic Reconstructions, Internal Structure,
and Demographic History of the Sino-Russian Clade

Our data supported the existence within M. arvalis
s. str., the obscurus form, of two previously identified
[8, 17] mitochondrial clades (Middle Eastern and
Sino-Russian) and the idea that the distribution area
of the Sino-Russian clade occupies the largest part of
the M. arvalis s. str. range, compared with all other
clades, including clades of the arvalis form.

The inclusion of the mtDNA CR sequences in the
analysis and the joint analysis at two mtDNA markers
made it possible to describe the internal structure of
the Sino-Russian clade, determined by the presence of
groups of relative haplotypes differently distant from
each other. The most differentiated within the Sino-
Russian clade is the group of mtDNA sequences of
individuals from the territory of the Crimean Penin-
sula, identified in our study on the basis of the analysis
of two mtDNA markers in the Crimean subclade. All
other mtDNA sequences of the Sino-Russian clade
are grouped in the Eurasian subclade.

Comparison of the genetic distances between sub-
clades and groups of the Sino-Russian clade (Appen-
dix, Table 4) with the data on intergroup distances
between mitochondrial clades of M. arvalis s. str. ([8],
the results of our study) shows that the distances
between subclades and groups of the Sino-Russian
clade are two to ten times lower than those between the
clades of M. arvalis s. str. In particular, the distance
between the Middle Eastern and Sino-Russian clades
(0.0304 £ 0.0046) is more than 2 times higher than the
distance between the Eurasian and Crimean subclades
of the Sino-Russian clade (0.012 + 0.002) (Appendix,
Table 4).

Comparison of the genetic distances between the
clades of M. arvalis s. str. and subclades and groups of
the Sino-Russian clade shows that differentiation of
contemporary groups belonging to the Sino-Russian
clade took place, apparently, much later than the for-
mation of the phylogenetic structure of M. arvaliss. str. in
the western part of the range. Moreover, full descrip-
tion of the range formation and the history of M. arva-
lis s. str. in the eastern part of the range requires the
involvement in the analysis of the mtDNA sequences
of fossil remains of M. arvalis s. str. from the territory
of the contemporary Sino-Russian clade distribution.

Currently, the distribution boundaries of each of
the two identified subclades of the Sino-Russian clade
cannot be accurately described. On the basis of the
available data (analysis of the cyth + CR sequences), it
can be said that the Eurasian subclade is distributed in
the central part of Northern Eurasia from Samara and
Kirov oblasts in the west to the northern Altai in the
east. However, phylogenetic reconstruction with the
mtDNA CR showed that the sequence of this marker
in an individual vole from the Taman Peninsula [22]
belonged to a group of sequences that in the simulta-
neous analysis of two mtDNA markers formed the
Vol. 54
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Eurasian subclade. This finding led to a suggestion
that the Eurasian subclade distribution zone in the
west could reach the Black Sea coast, North Caucasus,
and the sympatry zone of the two forms of M. arvalis
s. str. (arvalis and obscurus). The Crimean subclade,
apparently, is the only group of M. arvalis s. str. dis-
tributed on the territory of the Crimean Peninsula. At
the same time, the question whether this group is dis-
tributed outside the peninsula (in the southeast of the
Ukraine and/or on the Taman Peninsula) cannot be
solved without the involvement of new data on the
mtDNA variability of M. arvalis s. str. on these territo-
ries. We suppose that the relatively high level of differ-
entiation of the Crimean M. arvalis s. str. at the molec-
ular markers can be more associated with the isolation
of the Crimean subclade than with its earlier diver-
gence. Inclusion of the data from the south of East
European Plain in the analysis will make it possible to
test this hypotheses.

Introduction of new data into the analysis is also
necessary, because nonrandom range coverage and
the use of data from parts of the range distant from
each other can lead to misinterpretations and the
appearance of artifacts of the analysis [47, 48], includ-
ing the identification of nonexistent haplogroups
owing to the lack of currently known intermediate
haplotypes in the analysis [49].

At present, the Ural region is the most explored
among the territories inhabited by the Sino-Russian
clade, while other regions are studied to a much lesser
degree. As mentioned above, the southern part of the
East European Plain and the North Caucasus is the
first region promising for further study. The impor-
tance of studying this region lies in the need for both
assessing the distribution boundaries of the Sino-Rus-
sian clade and for testing the hypothesis of the
Crimean subclade isolation.

The second promising region is the territory of
Northwestern China and the adjacent territories of
Altai and Northeastern Kazakhstan. It is the region
where group III described at the cyth sequences and
strongly differentiated (at the cythb + CR sequences)
“Altai” haplotypes are distributed (Appendix, Fig. 1).
The lack of data on the mtDNA CR sequences for
individuals belonging to group III leaves open the
question on the degree of its differences from the other
groups. This is because the observed differences at
only one mtDNA marker, as was demonstrated, can-
not serve as an unambiguous criterion for identifica-
tion of the groups of equal rank within the Sino-Rus-
sian clade and, consequently, are insufficient to
describe the internal differentiation processes.

It is also necessary to further study the distribution
of M. arvalis s. str., the obscurus form, since the
authors of [25, 26, 28] reported considerably different
data. In particular, the central part of Turkey [28] and
the M. arvalis s. 1. isolate located southwest of Lake
Baikal can be considered as possible distribution areas
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of M. arvalis s. str., the obscurus form [25, 50]. In both
regions, the presence of M. rossiaemeridionalis was
proved (using cytogenetic and molecular genetic
markers) [24, 51], which, however, cannot serve as
evidence of the absence of M. arvalis s. str. in these
regions because of the scarcity of published data.

The issue on the region of origin of the Sino-Rus-
sian clade also remains open. Neither the Crimean nor
the Altai sequences occupy the basal position in rela-
tion to other sequences of the Sino-Russian clade on
phylogenetic trees obtained from the cytb and cytb +
CR sequences. Analysis of the cyth + CR showed that
the basal tree position was occupied by the sequences
of the Southern Ural group of haplotypes. However,
this is not a sufficient reason to consider the south of
the Urals as the region of origin of the Sino-Russian
clade.

Analysis of the demographic history of both the
Sino-Russian clade as a whole and the Crimean and
Eurasian subclades separately showed that, with each
of the mtDNA markers, the demographic history of
these lineages can be described by the increase in the
effective population size that could be the result of
recent dispersal of the Sino-Russian clade through its
contemporary distribution area. Further analysis of
the demographic history conducted for individual
groups of the Eurasian subclade showed (Table 1) that
only for the Southern Ural group and the Ural-Sibe-
rian set of haplotypes was there evidence for the
increase in effective population size. It can be sug-
gested that the contribution of certain groups of the
Eurasian subclade to the demographic and spatial
expansion was not the same. This is indirectly sup-
ported by the distribution patterns of the groups in
question in the Ural region (Fig. 4). Among the groups
identified from the results of phylogenetic reconstruc-
tion, the Southern Ural and Vyatka—Ural groups, as
well as the Ural—Siberian set of haplotypes, are the
most widely distributed. The distribution zones of the
Southern Ural and Vyatka—Ural groups slightly over-
lap only at the border of Middle and Southern Urals
(Fig. 4). Moreover, the Southern Ural group is found
exclusively in the localities of Southern Urals, while
the Vyatka—Ural group steps a bit into the South Urals
and is mainly distributed in the Middle and Northern
Urals and Northern Cis-Urals. The Ural—Siberian set
is widely distributed from the Southern Urals (the set-
tlement of Aituar) to the northern boundary of
M. arvalis s. str. in the Urals (the city of Ivdel). Three
other groups (Volga—Ural, Southern Cis-Urals 1, and
Southern Cis-Urals 2) are not widely distributed. They
are found in the localities of Southern Urals, and only
the Volga—Ural group in the north of its distribution
zone gets into the Middle Urals (Fig. 4).

On the basis of spatial distribution patterns of the
Eurasian subclade haplotype groups, a hypothesis was
put forth.
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The phylogeographic structure of the Eurasian
subclade reflects at least two successive stages of the
contemporary continuous range formation of M. arva-
lis s. str., the obscurus form: the stage of group differ-
entiation and the stage of their subsequent expansion
with the formation of contact zones. Moreover, higher
genetic diversity of the M. arvalis s. str., the obscurus
form, in the populations of the Southern Urals is
determined by the fact that, among all groups under
consideration, the distribution area of only one group
(Vyatka—Ural) is located mainly outside the Southern
Urals. This is indirect evidence of a longer history of
the existence of genetically successive populations of
M. arvalis s. str. in the southern part of the Ural region.

CONCLUSIONS

(1) Variability analysis of two mtDNA markers
(cytb and mtDNA CR) showed that, to describe the
internal structure, the history of dispersal, and the
processes of differentiation within the Sino-Russian
clade of M. arvalis s. str., it was necessary to include
both markers in the analysis, since each of them made
a considerable contribution to phylogenetic recon-
struction. Thus, in new phylogenetic reconstructions
within the Sino-Russian clade, joint application of the
cyth gene and mtDNA CR is advisable.

(2) Comparison of the genetic distances between
the clades of M. arvalis s. str. and the subclades and
groups of the Sino-Russian clade showed that coloni-
zation of the contemporary distribution area of Sino-
Russian clade, as well as the differentiation of its con-
temporary groups, could have occurred later than in
the western part of the range of M. arvalis s. str. (the
distribution zone of the arvalis form). To confirm this
hypothesis, mtDNA sequences from M. arvalis s. str.
fossil specimens from the territory of the contempo-
rary distribution of the Sino-Russian clade should be
involved in the analysis.

(3) Phylogenetic reconstruction using two mtDNA
markers (the cyth gene and mRNA CR) provided the
description of the Crimean and Eurasian subclades
within the Sino-Russian clade. Analysis of the demo-
graphic history of Sino-Russian clade as a whole, as
well as of two subclades, showed that, in the recent
past, they passed through the stage of the increase in
effective population size.

(4) It was hypothesized that expansion of the Eur-
asian subclade consisted of at least two successive
stages, at the first of which the differentiation of
ancestral sequences of contemporary groups of the
Eurasian subclade took place. Then followed the
expansion of some of the formed groups. For the terri-
tories of the Northern, Middle, and Southern Urals,
the highest genetic diversity (at molecular genetic
markers) is characteristic of southern latitudes, which
is indirect evidence of a longer history of the existence
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of genetically successive populations of the species in
the Southern Urals.

(5) The data obtained suggest that promising
regions for the reconstruction of phylogenetic rela-
tionships within the Sino-Russian clade and the his-
tory of formation of the eastern part of the range of
M. arvalis s. str. are the southern part of the East Euro-
pean Plain and the Northwest of China with the adja-
cent territories of Altai and Northeast Kazakhstan.
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