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Delayed genetic consequences of radiation acci-
dents have been amajor focus of interest of radiobiolo-
gists for many years. Because of considerable contro-
versy of both experimental and natural data, this prob-
lem is dtill a subject of extensive discussion. This
controversy can beillustrated, e.g., by the titles of two
articles published amost simultaneously: Very High
Mutation Rate in Offspring of Chernobyl Accident
Liquidators [1] and Children of Chernobyl Cleanup
Workers Do not Show Elevated Rates of Mutations in
Minisatellite Alleles [2]. The problem of stochastic
effects associated with chronic exposure to low-dose
radiation and, particularly, changes of these effectsin a
sequence of generations is thought to be especially
complex. In generd, it may be concluded that the inci-
dence of these effectsin the populations of the zones of
radioactive accidents is lower than this value predicted
from the nonthreshold concept of the action of ionizing
radiation [3, 4]. However, because only two or three
(very seldom, four) generations of people took their
turn in areas of nuclear accidents, the extent of genetic
hazard to further generations remains uncertain. The
information obtained in the studies using small mam-
mals may be useful for the prognosis of this hazard,
because small mammals are very close to humans in
terms of physiological characteristics and organization
of the genome, but the lifespan of one generation in the
former is much shorter than in the latter.

However, it should be emphasized that the studies of
rodents in the areas affected by the Chernobyl accident
gave rather conflicting results, which implied the exist-
ence of interpopulation and interspecies differences in
the chromosome sensitivity to radiation. For example,
the frequency of chromosome aberrations in bank vole
in the Belarus regions with a dose rate of
0.690 mGy/day was increased [5], whereas the micro-
nucleus test did not detect any cytogenetic disordersin
animal of the same species living in the 10-km-wide
Chernobyl zone, in which the dose rate reaches
86.96 mGy/day [6]. Kostenko et al. [7] found that,
within the zone affected by the Chernobyl accident,
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there were signs of certain cytogenetic difference
between the species of the genera Clethrionomys and
Microtus. However, it is uncertain whether this differ-
enceisaccidenta or itisrelated to the species and pop-
ulation specificity of genome responses to ionizing
radiation. To solvethisproblem, the range of tested spe-
ciesand variants of radioecol ogical situations should be
extended. For example, it is of considerable interest to
analyze the level of genome instability in rodent popu-
lations living in areas of the East Ura Radioactive
Track (EURT). In the 1950s and 1960s, these areas
were contaminated as aresult of the Kyshtym accident.
These studies provide a unique opportunity to assess
the response of the mammalian genome to chronic low-
dose irradiation and to trace this response for many
dozens of generations. Comparative analysis of pairs of
rodent species differing from each other in population
organization, as well as ecological and physiological
characteristics, is of particular interest. The common
vole (Microtus arvalis Pallas 1779) and northern mole
vole (Ellobius talpinus Pallas 1770) (Rodentia, Micro-
tinae) areapair of such species. In contrast to other spe-
cies of Microtinae, northern mole vole is characterized
by an entirely underground life, family structure of set-
tlements, long generation time, long lifespan, etc. We
studied the genome instability in M. arvalis and E. tal-
pinus from the East Ural Reserve (EUR) located in the
head part EURT, where the initial level of soil contam-
ination with *°Sr ranged from 500 to 1000 Ci/km?, and
in northern mole vole from the Techa River banks,
where the radioactive contamination was significantly
lower than in the EUR. Animals from several areas of
the Middle Urals, South Urals, and Trans-Ural region
were used as controls.

Preparations of metaphase chromosomes were
made from bone marrow. The content of °°Sr in the
bone and muscul ar tissues was measured using the radi-
ochemical method and [3-radiometry at the Department
of Radiochemistry, Ural State Technical University.
The dose rate of incorporated °°Sr was cal culated by the
method of Chesser et al. [8].

It follows from Table 1 that the mean frequency of
chromosome aberrations in the bone marrow of
M. arvalis specimens from EURT was five to ten times
higher than in control populations (the difference was
statistically significant at a high confidence level).
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Table 1. Chromosomal abnormalitiesin the bone marrow of Microtusarvalisfrom Urd regionswith different levels of radioactive

contamination
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Although neither chromosome aberrations nor cells
with multiple damage, which are usually regarded as
markers of radiation-induced effects, were observed in
three control populations, they were found in animals
from EURT. On the other hand, the mean frequency of
aberrant cellsin the northern mole vole specimens col-
lected in EUR was 2.48%, and there was no statistically
significant difference between the values of this param-
eter in these animals and control animals from the
Techa River banks (Table 2). Control and exposed pop-
ulations of northern mole voles were characterized by
similar values of the frequency of chromosome aberra-
tions and the number of cells with multiple damage. In
the two species of rodents studied in this work, the fre-
guencies of gaps and cellswith numerical chromosome
mutations did not exceed the control level.

Thus, no cytogenetic responses to chronic exposure
to radiation were found in northern mole vole speci-
mens collected in areas with heavy radioactive contam-
ination. The mean dose rate induced by incorporated
Sr in northern mole voles and common voles was
0.985 and 0.413 mGy/day, respectively. According to
the results of calculations performed by O.V. Tarasov
[9], the total radiation dose absorbed by the skeleton of
small mammals from external and internal sources in
EUR is 0.4-0.5 Gy/yr. According to V.A. Shevchenko
et al. [10], these estimates fall within the range of doses
capable of inducing distinct cytogenetic reaction in
small mammals. In our experiments, this was observed
in the case of M. arvalis but not E. talpinus, although
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the radioactive strontium concentration in tissues of
northern molevoleswasamost 2.5 timeshigher thanin
tissues of common voles.

The resistance of the northern mole vole genome to
the clastogenic effect of ionizing radiation can be
attributed to several factors, which are not mutually
exclusive. First of al, this can be attributed to the pro-
tective effect of melanin, because this effect was repeat-
edly observed in mammalian tissue cultures [11].
Although coat-color polymorphism is atypical feature
of the northern mole vole for over most part of the geo-
graphic range of this species, all northern mole voles
subjected to karyotyping in this work were black. It
may also be suggested that the enhanced radioresis-
tance of northern mole vole chromosomes results from
the high efficiency of repair systems inherent in this
species. However, this suggestion is inconsistent with
the fact that the frequency of spontaneous structural
chromosome mutationsin northern molevolesishigher
than in other Ural rodents. This frequency was about
2% in four control populations (Table 2), whereas the
background level of this parameter in the other wild
species of Rodentia studied in our experiments was
usually below 1% [12]. It seems more probable that the
enhanced radioresistance of E. talpinus chromosomes
in the EURT area is due to certain mutations, the fre-
guency of the mutations increasing upon chronic expo-
sure to ionizing radiation. Probably, the wide distribu-
tion of these mutations could be facilitated not only by
the sel ective advantage of radioresistant forms, but also
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Table 2. Chromosomal abnormalities in the bone marrow of E. talpinu from Ural regions with different levels of radioac-

tive contamination
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by genetic drift, the efficiency of random processes
being significantly promoted by isolation of small pop-
ulations of northern mole voles in the EUR, which is
located in the northernmost part of the species range.

It follows from the results discussed above that the
irregular radiation-induced response of the mammalian
genome is observed within a dightly broader range of
radiation doses than it was suggested by Shevchenko
et al. [10]. Probably, the absence of response in some
cases of heavy radioactive contamination of soil was
dueto radioadaptation of animals. The efficiency of for-
mation of radioadaptation depends on acombination of
both selection and stochastic factors. These findings
should be taken into account in ecological and genetic
monitoring using small mammals. Based on these find-
ings, sets of species with possibly different biotopic
preference and demographic population characteristics
should be used as test objects.

ACKNOWLEDGMENTS

We are grateful to N.G. Evdokimov, N.V. Sineva,
D.Yu. Nokhrin, and V.l. Starichenko for their assistance

in catching rodents and processing experimental mate-
rial.

This study was supported by the Russian Founda-
tion for Basic Research (projects nos. 02-04-49071 and
00-15-97952) and Presidium of the Ural Division of the
Russian Academy of Sciences.

REFERENCES

1. Weinberg, H.S., Korol, A.B., Kirzhner, V.M., et al., Proc.
R. Soc. London, B, 2001, vol. 268, no. 471,
pp. 1001-1005.

2. Livshits, L.A., Maarchuk, S.G., Kravchenko, SA.,
et al., Radiat. Res., 2001, vol. 155, no. 1, pp. 74-80.

3. Nedl, JV,, Schull, W.J., Awa, A A, etal., J. Radiat. Res,,
1991, vol. 31, Suppl. S, pp. 347-374.

4. Buldakov, L.A. and Gus'kova, A.K., Rad. Biol. Radi-
oekol., 2002, vol. 42, no. 2, pp. 228-233.

5. Goncharova, R.I. and Ryabokon, N.I., Radiat. Prot.
Dosimetry, 1995, vol. 62, pp. 37-40.

6. Rodgers, B.E. and Baker, R.J.R.J., Environ. Toxicol.
Chem., 2000, vol. 19, pp. 1644-1648.

DOKLADY BIOLOGICAL SCIENCES Vol. 387 2002



INTERSPECIES DIVERSITY OF THE GENOME RESPONSES

7. Kostenko, SA., Buntova, E.G., and Glazko, T.T., Tsitol.

Genet., 2001, no. 2, pp. 11-18.

. Chesser, R.K., Sage, D.W., Lomakin, M.D., et al., Envi-
ron. Toxicol., 2000, val. 19, pp. 305-312.

. Tarasov, O.V., The Radioecology of Terrestria Verte-
brates in the Head Portion of the Eastern Ural Radioac-
tive Track, Abstract of Cand. <ci. (Biol.) Dissertation,
Ozersk, 2000.

DOKLADY BIOLOGICAL SCIENCES Vol. 387 2002

10.

11

12.

545

Shevchenko, V.Ya and Barinov, S.M., in Tekh-
nicheskaya keramika (Engineering Ceramics), M oscow:
Nauka, 1993, pp. 258-302.

Mosse, |., Kostrova, L., Subbot, S, et al., Radiat. Envi-
ron. Biophys., 2000, vol. 39, pp. 47-52.

Polyavina, O.V. and Yalkovskaya, L.E., in Sovremennye
problemy populyatsionnoi, istoricheskoi i prikladnoi
ekologii (Current Problems in Population, Historical,
and Applied Ecology) (Proc. Conference, Yekaterin-
burg), Yekaterinburg, 1998, pp. 204-208.



