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Abstract—Using the cytochrome b gene (1143 bp), species identification and the phylogenetic analysis of
voles of the generic group Microtus from the eastern part of the Greater Caucasus, including the Ismayilli,
Khizi, and Balakan Districts of Azerbaijan, have been carried out. Three species, the Major’s pine vole
(M. majori), the social vole (M. socialis), and the common vole (M. arvalis form obscurus), have been iden-
tified, and five new haplotypes have been described for them. Genetic analysis with the inclusion of the new
data showed that for each of the species, the physiographic conditions of the Greater Caucasus played a cer-
tain role (isolation, migration route or refugium) during the formation of the modern genetic structure. The
obtained results indicate that any new data from the Caucasus could be of critical importance for the recon-
struction of the evolutionary history of the modern biodiversity both within the region itself and in adjacent
territories.
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One of the urgent problems of evolutionary ecology
is the study of the role of ecological and historical fac-
tors in the process of speciation. Voles of the of the
generic group Microtus are a promising model for such
studies. Microtus (tribe Arvicolini) is one of the most
rapidly developing groups of mammals in the North-
ern Hemisphere, characterized by high rates of evolu-
tionary transformations. This group is also the most
recent radiation of voles, whose expansion was directly
related to the dynamics of physical and geographical
conditions in the Quaternary. Their modern morpho-
logical and genetic differentiation is due to the pecu-
liarities of the geological history of individual regions
against the background of global climatic changes
[1—3]. Geological events significant for evolutionary
transformations include the development of ice sheets,
transgression and regression of sea basins and pro-
cesses of orogenesis for mountainous regions. These
areas include the Greater Caucasus, the geographical
location (at the junction of Europe and Asia, in the
contact zone of large zoogeographic regions) and the
originality of the geological history of which deter-
mined its importance for the formation of individual
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taxa as a factor of isolation, migration route or refu-
gium [4, 5].

Generic group Microtus in the territory of the
Greater Caucasus is represented by FEuropean
(M. arvalis Pallas, 1778 and M. rossiaemeridionalis
Ognev, 1924), Asian (M. socialis Pallas, 1773) species
and Caucasian endemics (M. majori Thomas, 1773,
M. dagestanicus Shidlovsky, 1919). Significant infor-
mation about the genetic variability, geographical dis-
tribution and ecological characteristics of the repre-
sentatives of the group in the region was obtained
based on the data of the analysis of karyotypes [6—S8].
However, the complexity of species identification,
taxonomy, and phylogeny of voles of the generic group
Microtus requires genetic research using molecular-
genetic approaches. For M. majori and Microtus rossi-
aemeridionalis, such studies started in the central and
western parts of the Greater Caucasus [9—12], but
there is practically no information for other regions
and species. Therefore, we carried out species identifi-
cation and an analysis of intraspecific phylogenetic
relationships of voles of the generic group Microtus
from the territory of Azerbaijan based on the
sequences of the of cytochrome b gene (cyt b) of
mtDNA.

For genetic analysis, we used samples of muscle tis-
sue of five voles captured in three localities: Ismailli
district, the village of Karakaya (40°47’ N, 48°18" E),
Khizi district, region of Sereki mountain (40°56” N,
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Fig. 1. Localization of the analyzed cyf b sequences (1143 bp) of M. majori within the range, the phylogenetic tree reconstructed
using Bayesian analysis based on 15 haplotypes (above the branches, the probabilities BI > 0.70/ML > 50/NJ > 50) and the
median network (M—JN) of these haplotypes (the numbers on the branches indicate the number of substitutions).

49°6’ E), Balakan district, Zagatala State Nature
Reserve (41°46’ N, 46°27’ E). DNA isolation, ampli-
fication, sequencing, sequence processing, and phylo-
genetic reconstructions were performed using the
methods described earlier [ 13]. The sequencing results
were detected at the Center for Collective Use of the
Institute of Plant and Animal Ecology of the Ural
Branch of the Russian Academy of Sciences (1986).

Samples from Ismailli district were identified as
common voles (M. arvalis) form obscurus, samples
from Khizi district were defined as social voles
(M. socialis), samples from Balakan district were
determined as Major’s pine vole (M. majori). All
sequences of cyt b (1143 bp) were new haplotypes
(GenBank acc.no. OK376012—0K376016).

On a phylogenetic tree of M. majori, built on the
basis of 14 known cyt b haplotypes (GenBank:
AY513814 [1], KM656468—78 [9], DQ841703—04
[14]) and one new, two groups were distinguished
(Fig. 1): group I, haplotypes from the territories of
Kabardino-Balkaria, Stavropol krai and Krasnodar
krai (valley of the Pslukh River); group 11, haplotype
from Azerbaijan, haplotypes from Turkey and Krasno-
dar krai (near Krasnaya Polyana).

In group I, a separate subgroup was formed by the
M. majori from the Stavropol krai, caught in the island
forests of the Strizhament Mountain. In group II,
haplotypes from the Krasnaya Polyana region (Kras-
nodar krai) were significantly differentiated, which,
according to the median network, can be considered
as an independent phylogenetic line. It should be
noted that haplotype from this area, the valley of the
Pslukh River, was also included in group I, and within
the group demonstrated significant isolation from
other haplotypes.

Revealed differentiation of M. majori does not con-
tradict the results obtained earlier by the analysis of
both mitochondrial and nuclear markers [9—11], and
is most likely associated with the biotopic preferences
of the species, the habitats of which are confined to the
mountain-forest zone, and with the barrier role of
high treeless mountain ranges of the Greater Cauca-
sus. The formation of the modern intraspecific genetic
diversity of the M. majori, probably was caused by
fluctuations in the boundaries of the forest zone
during periods of global climatic changes. The
assumption that the differentiation of M. majori from
the populations of Strizhament mountain was associ-
ated with the displacement of the boundaries of the
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Fig. 2. Localization of the analyzed cyf b sequences (1143 bp) of M. socialis within the range, the phylogenetic tree reconstructed
using Bayesian analysis based on 7 haplotypes (above the branches, the probabilities BI > 0.70/ML > 50/NJ > 50) and the median
network (M—JN) of these haplotypes (the numbers on the branches indicate the number of substitutions).

forest zone in the western part of the Greater Caucasus
during the last glaciation and subsequent isolation [9]
is probably also true for the significant differentiation
of populations from the vicinity of Krasnaya Polyana.
Nevertheless, the limited amount of data and signifi-
cant interpopulation genetic variability indicate the
need for further studies of M. majori, including data
from both mountainous and foothill regions of the
Caucasus.

Haplotypes sequenced by us from the eastern part
of the Greater Caucasus and five cyf b sequences of
voles from the territory of Georgia, Iran, Crimea, and
Kalmykia (GenBank: AY513829-31 [1], GQ352468
[2], KC953626 [15]) were included in the phylogenetic
analysis of M. socialis, conducted for the species for
the first time. The result showed significant differenti-
ation of the haplotype from the Crimean isolate and
the relative proximity of populations from the eastern
part of the Greater Caucasus and from the western
part of the Transcaucasia (Georgia) (Fig. 2). It is fun-
damentally important to assess the genetic diversity
within the entire species range in the further analysis
of the genetic structure of M. socialis and the recon-
struction of its evolutionary history.

Unlike M. majori and M. socialis, a number of stud-
ies were dedicated to the analysis of genetic diversity of
M. arvalis (the third species, defined in Azerbaijan)
[13, 16—19]. The division of M. arvalis form obscurus
into the Sino-Russian and South Caucasian clades
was demonstrated [17], later the South Caucasian
group was included in the Middle East clade together
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with the new Iranian group [19]. Reconstructions
using our data (Fig. 3) indicated a more complex phy-
logenetic structure of M. arvalis: haplotypes of voles
from Azerbaijan formed a separate group, which we
called Caspian group, the level of differentiation of
which was comparable to the Iranian and South Cau-
casian. The mutual proximity of the Transcaucasian
groups and their isolation from the Sino-Russian
clade on the median network suggest that the topology
of the phylogenetic tree does not accurately reflect the
real structure, probably due to the insufficient amount
of data from the studied region. In this regard, we pro-
pose to consider the Iranian, South Caucasian, and
Caspian groups as independent, the question of the
relationship between which cannot be resolved with-
out new data from the Caucasus and the Middle East.

Thus, species identification of voles of generic
group Microtus from previously unexplored popula-
tions of the eastern part of the Greater Caucasus was
determined based on the data of the complete
sequences of ¢yt b. Three species with different ecolog-
ical and zoogeographic characteristics, which can be
conditionally attributed to three different ecologo-
faunistic groups were identified [20]: the Caucasian
mountain-meadow mesophilic M. majori; the Near
Eastern highland-steppe xerophilous M. socialis; and
the European forest mesophilic M. arvalis form
obscurus. Genetic analysis with the inclusion of new
data suggests that, depending on the environmental
preferences of the species, physiographic conditions of
the Greater Caucasus played a certain role in the
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Fig. 3. Localization of the analyzed cyr b sequences (1143 bp) of M. arvalis within the range, the phylogenetic tree reconstructed
using Bayesian analysis based on 114 haplotypes (above the branches, the probabilities BI > 0.70/ML > 50/NJ > 50; * means no-
group for the used method) and the median network (M—JN) of these haplotypes (the numbers on the branches indicate the

number of substitutions).

course of its evolutionary history. The obtained results
indicate the importance of new, even limited, infor-
mation about the populations of the Greater Cauca-
sus, which may be of fundamental importance for the
reconstruction of the pathways of the formation of
modern genetic diversity both within the region and in
adjacent territories.
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