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The chromosomal sibling species common and east-
ern European voles (Microtus arvalis sensu stricto Pal-
las, 1779 and M. rossiaemeridionalis Ognev, 1924)
have been widely used in evolutionary and ecological
studies for a long time. Despite significant differences
in chromosomal and molecular genome organization
[1, 2], they are characterized by a high phenotypic sim-
ilarity and ecological specialization, because of which
they coinhabit many areas where their ranges overlap.
Nevertheless, multivariate analysis shows that sibling
species differ in some biochemical [3] and immunohe-
matological [4] parameters, as well as in a set of mor-
phological traits [5-7].

The subject of this study was various aspects of
chromosomal variation in the common and eastern
European voles, including genome instability in
somatic cells and intrapopulation polymorphism.

Genome instability (the mutation rate) was esti-
mated from the frequency of structural and numerical
chromosomal mutations in metaphases of bone morrow
cells. True breaks were differentiated from chromatid
gaps on the basis of the standard criteria (a shift with
respect to the chromatid axis and/or the presence of a
space exceeding chromatid width). Chromosomal aber-
rations were studied in sibling species from four local-
ities of the Middle and Southern Urals and from the
Middle Volga region. In all cases, M. arvalis and
M. rossiaemeridionalis inhabited adjacent localities;
hence, the effects of mutagenic environmental factors
were similar. It can be seen from Table 1 that, in all hab-
itats, the parameters of chromosomal instability of the
eastern European vole were higher than those of the
common vole. Three-way log-linear analysis with the
factors species, locality, and the proportion of cells with
chromosome aberrations showed highly significant
interspecific differences with respect to aberrations and
gaps. Animals of the same species but from different
populations also significantly differed in these parame-
ters, which was especially pronounced in the eastern
European vole. The concentrations of heavy metals
(copper, zinc, cadmium, and lead) in the liver and the
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content of some radionuclides (K-40, Sr-90, Cs-137,
Ra-226, and Th-232) in the bone and muscular tissues
were similar in animals from all localities studied,
although, in some cases, the effects of other mutagens
could not be excluded. For example, the Kristalka vil-
lage is located in the affected zone of the Totskii radio-
active trail, where the plutonium content of soil is
increased [8]. The site of vole trapping in a Ioshkar-Ola
suburb was in the immediate vicinity of a motor depot,
which suggests the effects of organic chemical pollut-
ants, which are known to be potent mutagens. In this
locality, pathogens were apparently important clastoge-
nic agents. Many of them, primarily viruses (including
persistent ones), are primarily capable of inducing
chromosome mutations [9]. Changes in the immune
system of both species, which were correlated with the
frequencies of chromosomal aberrations and were more
pronounced in M. rossiaemeridionalis, suggest that
infectious agents play arole in the induction of chromo-
some mutations in voles [4]. Similarly, among the ani-
mals from the Bainy village, the immune system was
more stressed in the eastern European vole [4]. The lat-
ter species may be more sensitive to infections, which
at least partly explains its higher mutability compared
to the common vole.

Intrapopulation polymorphism is inherent in both
sibling species, especially in M. arvalis [1]. Many pop-
ulations of the form obscurus were found to be poly-
morphic with respect to a pericentric inversion in chro-
mosome 5 pair, namely, two morphological variants
(subtelocentric and acrocentric). The frequency of
acrocentrics varied in different localities of the area and
was low as a rule, although in some places (in Armenia
and the Volga region), this parameter reached 30-40%
[1, 10, 11]. Opinions on the selective role of chromo-
some 5 polymorphism in common voles vary largely,
from denial [10] to recognition [1]. Both random and
selective factors seem to support this polymorphism,
depending on the situation. For example, Akhverdyan
et al. [10] have with reason suggested the leading role
of isolation in the high frequency of the acrocentric
variant in voles from highland Transcaucasian regions.
The situation was different in the populations studied in
this work.

To date, we found 19 localities inhabited by com-
mon voles in the Urals. They cover an area from 51°08”
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Table 1. Frequency of chromosome aberrations in sibling species of the M. arvalis group

Average proportion of cells, %
. . The number of | _ - j
Locality Species animals (cells) \;V;ﬁecggzrrrrl; withanew-and | . gaps
tions polyploidy

Botanical Gardens, Ural Division, |M. arvalis 6 (300) 0.67 0.33 2.00
Russian Academy of Sciences, . L e .
Yekaterinburg, 56°48’ N, 60°40' E M. rossiaemeridionalis 12 (600) 2.17 0.50 2.83
Bainy village, Sverdlovsk oblast, M. arvalis 34 (1700) 1.12 0.41 2.00
56°42"N, 62°08" E M. rossiaemeridionalis | 51 (2550) 1.84 0.51 2.94
Starikovo village, Sverdlovsk oblast, | M. arvalis 14 (700) 1.29 0.29 2.57
S6°10°N, 61°25"E M. rossiaemeridionalis | 5 (250) 3.20 0.40 2.80
Kristalka village, Orenburg oblast, | M. arvalis 7 (350) 0.86 0.86 1.43
53°00°N, 53°28"E M. rossiaemeridionalis | 22 (1125) 3.56 0.98 5.42
Ioshkar-Ola, Mari El Republic, M. arvalis 39 (1950) 2.51 0.36 2.67
56°40" N, 48°00" E M. rossiaemeridionalis | 28 (1400) 6.00 0.71 7.64
Species (df = 5) G 44.604 2.461 60.923

P <0.0001 0.7824 <0.0001
Locality (df = 8) G 64.544 4.808 55.179

P <0.0001 0.7779 <0.0001

Table 2. The frequencies of acrocentric chromosome 5 variant and of females with karyotype 45, XO in common voles in
the Urals

Number of animals
The region of trapping Year heterozygous | females with
total studied | for chromo- karyotype
some 5 pair
Predural’e reserve, Perm’ The right bank of the Sylva River 1998 6 1 (0.08)*
oblast, 57°20°N, 57°09°E | The right bank of the Sylva River | 2000 31 1(0.02)
The left bank of the Sylva River 31 1(0.02)
The right bank of the Sylva River 2001 36 3 (0.04)
The left bank of the Sylva River 56 8 (0.07)
Shigaevo village, Sverdlovsk oblast, 57°15" N, 58°44" E 1999 28 1(0.02) 1
Southwestern district, Yekaterinburg, 56°48’ N, 60°40” E 2003 16 1(0.03)
Bainy village, Sverdlovsk oblast, 56°42" N, 62°08’ E 2000 14 1 (0.04)
2001 74 1(0.01) 3
2004 20
Biological Station of the Ural State University, Sverdlovsk 1995 13 1(0.04)
oblast, 56°37’ N, 61°08" E 1997 12 1.(0.04)
2002 14 1(0.04)
Starikovo village, Sverdlovsk oblast, 56°10" N, 61°25" E 2003 23 2 (0.04) 1
2004 14
The region of Eastern Ural Reserve, Chelyabinsk oblast, 1994 23 1(0.02) 1
55°47'-55°50" N, 60°55’-61°00" E
Arkaim reserve, Chelyabinsk oblast, 52°37" N, 59°33” E 1996 5 1(0.10)
2002 17 1 (0.03)
Total 433 26 (0.03)

* The frequency of acrocentric chromosome 5 variant is indicated in parentheses.
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to 57°20" N and from 53°28" to 62°08” E. Fourteen out
of them have been described in [12]; the remaining
localities are listed in Tables 1 and 2. In addition,
18 M. arvalis were trapped near the Kurmanka village
(Sverdlovsk oblast), at 56°50” N, 61°20” E. Six locali-
ties are coinhabited by M. arvalis and M. rossiaemerid-
ionalis (Table 1; see also [12]). The acrocentric chro-
mosomes 5 were found at low frequencies in eight pop-
ulations; no  significant differences between
populations or variation from year to year were
observed (x> =3.72, df = 15, P = 0.999, calculated by
the Bartlet method for low frequencies [13]) (Table 2).
As few as three samples were characterized by a fre-
quency exceeding 5%; however, in two cases, the sam-
ples included no more than six animals, whereas in the
third case (the left bank of the Sylva River, 2001) most
acrocentric carriers seem to originate from the same lit-
ter. Five localities were under observation for as long as
several years, and there were no significant changes in
the frequency of acrocentrics. Thus, a stable chromo-
somal polymorphism is characteristic of the common
vole in the Urals, the frequency of the minor variant
being extremely low. It is difficult to assume that ran-
dom processes underlie this type of polymorphism
maintained for a long time in numerous populations.
Selective factors, including oppositely directed ones,
are most likely to determine this polymorphism.
Mitotic drive may also promote selection, which is con-
firmed by a high frequency of X monosomy in females,
which was found previously in Central Europe [14] and
now in Ural populations (Table 2). Further studies on
M. arvalis under laboratory conditions will be helpful
in the analysis of these factors.

ACKNOWLEDGMENTS

We are grateful to M.I. Cheprakova, S.B. Rakitina,
and D.Yu. Nokhrina for the help with the collection and
treatment of the material.

This study was supported by the Russian Founda-
tion for Basic Research (project no. 05-04-48 373) and
by the Federal Science and Technology Program for
Development of Leading Scientific = Schools
(project RI-112/001/249).

10.

11.

12.

13.

14.

DOKLADY BIOLOGICAL SCIENCES

GILEVA et al.

REFERENCES

. Malygin, VM and Sablina, S.V., in Obyknovennaya

polevka: Vidy-dvoiniki (The Common Shrew: Sibling
Species), Moscow: Nauka, 1994, pp. 7-25.

. Mazurok, N.A., Rubtsova, N.V.,, Isaenko, A.A., et al.,

Chromosome Res., 2001, vol. 9, pp. 107-120.

. Meier, M.N., Malygin, V.M., Teslenko, S.V., and

Gebchinskii, M.V, in Obyknovennaya polevka: vidy-
dvoiniki (The Common Shrew: Sibling Species), Mos-
cow: Nauka, 1994, pp. 170-179.

Gileva, E.A., Polyavina, O.V., and Yalkovskaya, L.E.,
Dokl. Akad. Nauk, 2005, vol. 400, no. 3, pp. 419-422
[Dokl. Biol. Sci. (Engl. Transl.), vol. 400, no. 3, pp. 48—
50].

. Meier, M.N. and Dityatev, A.E., Zool. Zh., 1989, vol. 68,

no. 7, pp. 119-129.

Malygin, V.M. and Panteleichuk Santush Luish, T.M.,
Dokl. Akad. Nauk, 1996, vol. 348, no. 2, pp. 282-286
[Dokl. Biol. Sci. (Engl. Transl.), vol. 348, no. 2, pp. 266—
270].

. Markova, E.A., Borodin, A.V., and Gileva, E.A., Zool.

Zh., 2003, vol. 82, no. 9, pp. 1086-1095.

Molchanova, LV, Karavaeva, E.N., and
Mikhailovskaya, L.R., in Mediko-ekologicheskie aspekty
posledstvii Totskogo yadernogo vzryva (Biomedical
Consequences of the Tosk Nuclear Test), Orenburg:
OGAU, 1996, pp. 42-44.

. Gileva, E.A., Polyavina, O.V., Apekina, N.S., et al,

Genetika (Moscow), 2001, vol. 37, no. 4, pp. 504-510.

Akhverdyan, M.R., Lyapunova, E.A., Vorontsov, N.N.,
and Teslenko, S.V., Genetika (Moscow), 1999, vol. 35,
no. 12, pp. 1687-1698.

Bystryakova, E.V., in Fauna i ekologiya zhivotnykh
(Animal Fauna and Ecology), Penza: Penz. Gos. Ped.
Univ., 2002, issue 3, pp. 120-124.

Gileva, E.A., Bol’shakov, V.N., Polyavina, O.V., and
Cheprakov, M.I., Dokl. Akad. Nauk, 2000, vol. 371,
no. 1, pp. 134-137.

Yanko, Ya., Matematiko-statisticheskie tablitsy (Mathe-
matical Statistical Tables), Moscow: Gosstatizdat TsSKh
SSSR, 1961, p. 243.

Zima, J., Macholan, M., Misek, 1., and Sterba, O.,
Hereditas, 1992, vol. 117, no. 1, pp. 203-207.

Vol. 405 2005



