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The paper presents the studies on changes in number and morphology of B-chromosomes of field
Apodemus peninsulae and spruce Picea obovata in Siberian populations subjected technogenic impact.
For the first time the unique population of mouse Apodemus peninsulae which had numerous micro-
B-chromosomes (12-30), was found in Krasnoyark region. The mouse population inhabits a site at the
left bank of the Yenisey river in 85 km downstream of the town of Zheleznogorsk where the Mining
and Chemical Combine with chemonuclear complex is situated. The population of A. peninsulae from
Gorny Altai showed threefold increase in number of B-chromosomes, from 2,3 to 7,1, during 28-year
(1980-2008) studied period. The region of Gornyi Altai is the area where details of rockets launched
from the Baikonur cosmodrome fall down. It was shown that the frequency of B-chromosomes of the
Siberian spruce Picea obovata is higher in urban plantations (Krasnoyarsk city) than in its native
populations. The effect of technogenic factors on acceleration of evolutionary processes is being
discussed.

Keywords: B-chromosomes, karyotype, Korean field mouse Apodemus peninsulae, Siberian spruce
Picea obovata, evolution, technogenic impact.

Introduction by accessory, or B-chromosomes. The presence

Given the fact that there is an excess of
DNA in the main stable part of A-chromosomes
(normal chromosome set), it seems mysterious
that 500 animal and 1300 plant species should

have a variable part of B-genome represented
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or absence of accessory chromosomes doesn’t

usually affect the phenotype - external
appearance and other organism characteristics.
Such correlation was only revealed in several

species (Moshkovich, 1979; Jones, Rees, 1982;
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Gileva, 2004). The functional significance of
these supernumerary karyotype elements easily
distinguishable from A-chromosomes has not
been determined yet.

Recently a certain interconnection has
been discovered between the heterochromatic
regions of A- and B-chromosomes. They are
filled with highly repetitious DNA sequences
(Camacho et al.,, 2000; Karamysheva et al.,
2002; Rubtsov et al., 2004). It was shown
that B-chromosomes are formed by way of
reorganization (duplication and amplification)
of heterochromatic regions of A-chromosomes
(Rubtsov et al., 2009). On the other hand, it is
known that genome mobile elements generally
move along the heterochromatic regions of
chromosomes. The mobility of these regions,
B-chromosomes and “‘jumping” genes might
be the reasons of genome diversity leading to
acceleration of its evolutionary transformations.
In our opinion, the variable system of animal
and plant B-chromosomes represents one of the
karyotype’s evolution paths.

The hypotheses that suggested earlier about
the adaptive significance of B-chromosomes
(Moshkovich, 1979; Jones, Rees, 1982) remain
arguable to some extent; new facts are necessary
to prove the involvement of B-chromosomes in
the process of genome work regulation. Thus, it
is of immediate interest to study B-chromosome
mobility and connection of this phenomenon
with technogenic impact. This paper shows the
process of B-chromosome population mobility
in regions subject to technogenic impact,
illustrated by suitable ecological-evolutionary
model objects such as the typical representatives
of Siberian animal (Korean field mouse)
and vegetable (Siberian spruce) kingdoms.
Investigation of the natural complexes of Siberia
is especially relevant taking into account the
increasing commercial development of this

region.

The

peninsulae (Thomas 1906), is a unique animal

Korean field mouse, Apodemus
with regard to the number and mobility of its
B-chromosomes (Hayata,1973; Bekasova et al.,
1980; Radjabli, Borisov 1979; Kartavtseva et
al., 2000; Borisov, Bochkarev, 2008; Borisov et
al., 2010). This species demonstrates an unusual
phenomenon: almost all specimens living in the
vast habitat of the Eurasia’s East-Asian part have
from 1 to 30 B-chromosomes in addition to 48
acrocentric A-chromosomes. This is the only
mammal species that has various B-chromosome
micro-B-

morphotypes, from primary dot

chromosomes to macro-B-chromosomes
comparable to the biggest A-chromosome.
The largest range of B-chromosome number
variability was detected in Siberian populations;
Siberia is also the region where the greatest
diversity of B-chromosome morphotypes is
observed (Borisov et al., 2010).

The B-chromosomes of 4. peninsulae
populations in Siberia fall into five categories
according to their size and morphology: from
small dot micro-B-chromosomes to large bi-
armed macro-B-chromosomes (Borisov, 1990c).
They form a system of various combinations of
B-chromosome five classes. Small acrocentric
B-chromosomes are observed less frequently. The
meiosis prophase I of the Apodemus peninsulae
clearly shows the differences in the structure of
the axial elements and synaptonemal complexes
of B-chromosomes belonging to different
morphotypes (Borbiev et al., 1990; Kolomiets et
al., 1988).

Morphometric measurements showed that
the size of a B-chromosome system in one mouse
canreach 29.7 % of the length of its A-chromosome
haploid set (Borisov, 1990b).

The Siberian spruce Picea obovata Ledeb.,
which is widely spread in the urban plantations
of Siberia and often has accessory chromosomes,

stands out against coniferous and other woody
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plants in terms of its karyotypic mobility
(Muratova, Vladimirova, 2001; Vladimirova,
2002). B-chromosomes are often found in other
representatives of Picea genus: they have been
detected in 18 species and one interspecific hybrid
(Muratova, 2000, 2009).

Materials and methods

The subjects of the study were 17 Korean
field mice A. peninsulae caught on the left bank
of Yenisey, in the village of Bereg-Taskino
(Krasnoyarsk Territory), and 16 mice caught
in the village of Artybash, on the northern
shore of Lake Teletskoye (Republic of Gorny
Altai). Live mice were caught using live traps in
August. Chromosome spreads were made from
bone marrow cells of the animals which had
been colchicinated according to the generally
accepted method (Rubtsov, 2006). Counting of
chromosomes and registration of B-chromosomes
at metaphases were carried out using the Leica D
5000 microscope. To describe the karyotype of
each animal, 20 and more metaphase plates were
used. To describe B-chromosomes, we used the
formulas of 5 class digital coding according to
their size and morphology (Borisov, 1990c).

For karyologic research of the Siberian
spruce we selected 25 adult plants from the
natural populations growing near Krasnoyarsk
(Vodorazdel Platform and Kacha Station) and 40
trees from the Republic of Tyva (Khandagaity
Village). In addition, 44 samples of adult plants
were taken from the urban plantations in five
areas of Krasnoyarsk: Large Concert Hall area,
“Vzletka” bus terminal area, M. Gorky Central
Park area, Youth Theatre area at Krasnoyarsky
Rabochy Prospect, and Recreation Island area; as
well as 8 ornamental trees from the arboretum of
the Institute of Forest. All the studied plants had
normal phenotype and were generally in good
state. The material was young needles collected

in spring. The research was carried out according

to the generally accepted methods (Pravdin et al.,
1972) using colchicination, fixation and staining
with 1% acetohematoxylin. To make chromosome
spreads, needles were put on an object-plate into
a drop of chloral hydrate saturated solution; then
1.0-1.5 mm needle stems with meristematic
cells were cut off, covered with a cover-glass
and pressed. The spreads were examined with a

MIB-6 microscope.

Results and Discussion

Population structure

and B-chromosome number

and morphotype dynamics of Korean field
mouse (A. peninsulae)

in regions subject to technogenic impact

A karyologic study of two spaced
populations of Korean field mice (4. peninsulae)
was carried out: population from the left bank of
the Yenisey River in the village of Bereg-Taskino
(Krasnoyarsk Territory), and population from the
village of Artybash on the northern shore of Lake
Teletskoye (Republic of Gorny Altai). The study
of these two populations revealed significant
differences in the population structure of
B-chromosome system variants. All the 17 mice
from the population of the left bank of Yenisey
had from 12 to 30 micro-B-chromosomes and
no macro-B-chromosomes. The Gorny Altai
mice population where 16 specimen were studies
mostly had both micro-B-chromosomes and
macro-B-chromosomes (Tables 1 and 2).

The primary B-chromosomes are micro-
B-chromosomes (Borisov, 1990c; Rubtsov et
al., 2009). So far studies of more than 1000 4.
peninsulae mice from various areas of their
habitat haven’t revealed populations that would
have only micro-B-chromosomes (Borisov et al.,
2010). Micro-B-chromosomes were only found in
individual specimens in populations living at the
territories close to Krasnoyarsk. Examination of a

population of A. peninsulae mice (17 specimens)
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Table 1. Variants of the micro-B-chromosome system in the population of Korean field mouse Apodemus
peninsulae from Bereg-Taskino settl. on the left bank of the Enisey River (middle reach) (2008 — 2009)

No. Ind. Sex Variants of the micro-B-chromosome system of the BI\_I;?; Erenrosomes
1 Q 12
2 3 12
3 Qe e 14
4 < S 14
5 S reeeee veeees 16
6 < OO 16
7 K ORI 18
8 K ORI 18
9 Qe e 20
10 8 e e 20
11 L P PP 22
12 3 e 22
13 @ eeereenien cuseneans sene 24
14 3 e 24
15 e S T T T T T SRR PR 26
16 @ rereesiee srerienies sesens 26
17 B e e e 30

Index of the B-chromosomes in 17 animals 19,6

from an area 180 km to the north of Krasnoyarsk
showed that they have a large number (12-30)
of micro-B-chromosomes. Table 1 shows the
population structure of system variants in mice
with 12-30 micro-B-chromosomes caught in the
village of Bereg-Taskino. Fig. 1 illustrates the
metaphase of an 4. peninsulae mouse with 26
micro-B-chromosomes. Those mice included
a specimen with 30 B-chromosomes, which is
a new maximal number for this species. Many
micro-B-chromosomes were found in an A.
peninsulae population from an area situated 85
km down the Yenisey stream, from the town of
Zheleznogorsk where there is the Mining and
Chemical Combine (GKhK) with chemonuclear
complex. The effect of atomic reactor operation
and GKhK radiochemical production on the
animal and vegetable kingdoms is especially
clearly seen in the flood plain and 50-m coastal

belt of Yenisey (Bolsunovsky et al., 2007). As a

result of radiation pollution of the Yenisey flood
plain, the Korean field mice inhabiting the river
banks might have an increased frequency of
breaks in A-chromosome micro-reorganization
hot spots. This will lead to more frequent
formation of primary micro-B-chromosomes and
formation of numerous micro-B-chromosomes
(Rubtsov et al., 2009).

Individual specimens in each population
have their own structure of B-chromosome
system variants which is maintained for long
periods of time (Borisov, 2008). In certain
cases, under the constant influence of disturbing
factors, the population balance of B-chromosome
system variants can apparently be disrupted, and
their number and morphotypes change. Such
phenomenon of growing B-chromosome number
accompanied by morphotype change has been
observed for almost 30 years in the Gorny Altai

population (in the village of Artybash on Lake
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Table 2. Numbers and morphotypes of the B-chromosomes in population of Apodemus peninsulae in the village
of Artybash (Republic of Gorny Altai) in 1980 (Borisov, 1990a) and 2008

No. Variants of Number Morphotypes of B-chromosomes
ind. Sex the B-chromosome system B-xp. | X | X | X | A |

Artybash village, 1980
1 3 X 1 0 1 0 0 0
2 3 XX 2 1 1 0 0 0
3 43 XX 2 0 2 0 0 0
4 Jd XX 2 0 2 0 0 0
5 Jd XX 2 0 2 0 0 0
6 Jd XX 2 0 2 0 0 0
7 Jd  Xx 2 0 1 1 0 0
8 Q@  XXx 3 0 2 1 0 0
9 ? XXX 3 0 3 0 0 0
10 2 XXXxX 4 2 2 0 0 0

Index of the B-chromosomes in

10 animals 2,3 0,3 1,8 0,2 0 0

Artybash villiage, 2008
1 @ XXx~* 4 0 2 1 1 0
2 Jd  Xxx”. 5 0 1 2 1 1
3 d X XXxx. 6 2 1 2 0 1
4 3 XXxx.. 6 1 1 2 0 2
5 2 XXXx*. 6 1 2 1 1 1
6 3 X XXxxx? 7 2 1 3 1 0
7 d XXXxxx* 7 1 2 3 1 0
8 g Xxxxx”. 7 0 1 4 1 1
9 Q@  XXxx/A, 7 0 2 2 2 1
10 ? X XXxxx? 7 2 1 3 1 0
11 3 XxxxxxA 7 1 0 5 1 0
12 2 XXXXXxA. 8 2 3 1 1 1
13 2 XXXXXxx. 8 3 2 2 0 1
14 g XXxxxxx”. 9 1 1 5 1 1
15 2 XXXXxx*.. 10 3 1 2 1 3
16 3 XXXXxxxxxx 10 3 1 6 0 0

Index of the B-chromosomes in

16 animals 7,1 1,4 1,4 2,8 0,8 0,8

Teletskoye). In this population a new genetic
and evolutionary phenomenon was discovered:
genome mutations of B-chromosomes (Borisov,
2008).

Table 2 shows data on the B-chromosome

number and morphotypes of 4. peninsulae

from Gorny Altai. Analyzing the state of this
population in 2008, we found that the most
frequently occurring mice were mice with
seven B-chromosomes, and two mice from
that area had ten B-chromosomes each. The

average number of B-chromosomes was 7.1
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Fig. 1. Metaphase plate of the Korean field mouse Apodemus peninsulae with micro-B-chromosomes (2n=48+26
micro-B-chromosomes) from the population of Bereg-Taskino at the left bank of Yenisey. The B-chromosomes

are shown with arrows

per specimen. The first study of this population
was performed in 1980. In a sample of ten
mice most of the specimens had two or three
B-chromosomes, and the typical individual
system variants of two mice contained three
and four B-chromosomes. In the following
years, the average number of B-chromosomes
in the Gorny Altai population of 4. peninsulae
nearly tripled — from 2.3 t0 6.5 in 2002 and 2006
(Borisov, 1990a,2008),and to 7.1 in 2008. Along
with macro-B-chromosomes, we found micro-
B-chromosomes in this population in 2002 and
2006. It turned out that the growing number of
B-chromosomes was accompanied by changes
in their morphotypes. The number of macro-B-
chromosomes grew until 2002. Then, in 2002,
micro-B-chromosomes appeared in individual
specimens, and they kept on growing in 2006
and 2008. As a result, in 2008 the number of
macro-B-chromosomes decreased, and the
number of micro-B-chromosomes increased,

as compared to the year 2006.

The analysis of events that could have
possibly caused the population mobility of
B-chromosome number and morphotypes gives
grounds to suppose that their correlation can
depend on the frequency of such elementary
acts as A-chromosome breaks in hot spots and
B-chromosome DNA amplification. Such breaks
lead to formation of micro-B-chromosomes
(Rubtsov et al., 2009). Moreover, when DNA
repeats were localized using fluorescence in situ
hybridization (FISH) it was found that micro-
B-chromosomes are the derivative fragments of
the near-centromere areas of A-chromosomes
(Rubtsov et al., 2004). At the subsequent stages
they are reorganized into macro-B-chromosomes.
It must be noted that in each population a
certain critical number of macro- and micro-
B-chromosomes is maintained (Rubtsov et al.,
2009).

The micro-B-chromosomes of A. peninsulae
mice from Siberia revealed uncondensed DNA

repeats that had been unknown before (Rubtsov
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et al.,, 2004). It is assumed that introduction of
such repeats into micro-B-chromosomes can stop
the process of their reorganization into macro-B-
chromosomes typical for this species (Rubtsov et
al., 2009). Obviously, in the studied population
of mice from the left bank of Yenisey there is
a constant process of micro-B-chromosome
accumulation until they reach a critical number
not exceeding 30, and then they are eliminated.
Whether such population state of mice with
micro-B-chromosomes is stable in this region
subject to strong technogenic impact, remains
an open question. Thus, it might be of interest
to monitor mice populations from this region in
future.

What factors can cause such reorganization
of a genome within a short period of time? Quite
possibly, these are the industrial factors of the
region. It is well known that Gorny Altai has for
a long time been subject to technogenic impact,
including disposal of rocket stages. A total of
618 rocket stages each containing up to 800 kg of
highly toxic fuel asymmetric dimethylhydrazine
(ADMH), or “heptyl”, were thrown down to
disposal area No 326 (partially covering the Altai
State Reserve and bordering upon the studied
territory) (Panin, Perova, 2006). “Heptyl” is
a hazard class 1 toxic substance of rocket fuel.
“Heptyl” derivatives tend to accumulate in
vegetation cover which is the main nutritional
resource of voles and mice.

Northern red-backed voles (Clethrionomus
rutilus Pall) from the areas surrounding the
village of Artybash show clear evidence of
pathologic processes in respiratory system
and liver, and their haematological parameters
are comparable to those of mice from the
Chernobyl accident zone (Moskvitina et al.,
2006). The experiments with rats showed that
“heptyl” causes dystrophic damage in liver and
immunodeficiency in newborn rats. It was stated

that “heptyl” has the effect of a membrane-

acting poison damaging erythrocyte membranes
(Panin, Perova, 2006). Inhalation of ADMH at a
concentration of 1028 mg/m3 (LD50 = 620 mg/
m3 for rats) induces twice as many chromosome
aberrations in bone marrow cells as in control
(Kolumbaeva et al., 2007). The disposal areas
to which spent rocket stages from Baikonur
and Plesetsk spaceports were taken are situated
near residential places which have recently
seen an increase in oncological and chronic
diseases (Ilyinskikh et al., 2003; Sidorov et al.,
2006). Therefore, it is undoubtedly important to
estimate the role of industrial factors in these
processes.

The discovered phenomenon of mobile
changes in B-chromosome number and
morphotypesin one of the Gorny Altai populations
of Korean field mouse during the studied period
(1980-2008) allows for a new interpretation of
their role in the microevolution of the species and
confirms the importance of B-chromosomes for
genome work. The ecological and evolutionary
processes detected in the Gorny Altai population
of mice are unique for this species. Repeated
studies of dozens of other Korean field mouse
(and

studies of certain populations) within their vast

populations continued  20-plus-year
habitat haven’t revealed any such phenomena
in the dynamics of B-chromosomes (Borisov,
2008). Neither has such phenomenon been
discovered in other animal and plant species with

B-chromosomes.

Population structure and B-chromosomes
of the Siberian spruce (P. obovata)

at the territory of large industrial centers

The karyotype of the Siberian spruce
P. obovata contains 24 A-chromosomes, eight
pairs of which are long metacentric chromosomes,
two pairs are short metacentric chromosomes, and
two pairs are short submetacentric chromosomes.
This sometimes

species has accessory, or
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Table 3. B-chromosomes of Siberian spruce in natural populations and urban plantations

Chromosome number (2n) and its frequency

Site Number of plants
24 | 2411B | 2442B
Natural populations

Krasnoyarsk Territory, Vodorazdel

Platform 25 25 - -
Krasnoyarsk Territory, Kacha Station 25 23 2 -
Tyva Republic, Khandagaity Village 40 38 2 -
Total: 96 86 4 -

Urban plantations of Krasnoyarsk city

IF SB RAS Arboretum 8 5 2 1
Large Concert Hall area 10 4 6 -
“Vzletka” bus terminal area 6 3 3 -
M. Gorky Central Park area 10 8 2 -
Youth Theatre area 10 6 4 -
Recreation Island area 8 4 3 1
Total: : 52 30 20 2

B-chromosomes; their number varies from one to
four, and their size is approximately 20-30% of
the average length of A-chromosomes. In terms
of morphology, accessory chromosomes can be
either metacentric (B, type) or submetacentric
(B. type).

This

studying the adult trees of the Siberian spruce

article presents the results of
(P. obovata) from the natural populations
around Krasnoyarsk and urban plantations of
Krasnoyarsk. The 25 trees at the Vodorazdel
Platform (60 km from Krasnoyarsk) didn’t
have accessory chromosomes. Two of the 25
trees from the Kacha Station (50 km from
Krasnoyarsk) population had metacentric
B-chromosomes. Out of 40 studied trees in the
Republic of Tyva (the village of Khandygayty,
habitat southern border, near Mongolia) two
trees had metacentric accessory chromosomes.
Thus, only four out of a total of 90 trees growing
in natural populations had B-chromosomes
(Table 3).

Examination of the Siberian spruce urban

plantations in Krasnoyarsk (areas of the Large

Concert Hall, “Vzletka” bus terminal, M. Gorky
Central Park, Youth Theatre at Krasnoyarsky
Rabochy Prospect, and Recreation Island)
resulted in detection of accessory chromosomes
in all the studied areas (Table 3). The trees in
the areas of the Large Concert Hall, “Vzletka”,
Central Park and Youth Theatre had, along with
typical A-chromosome sets, one metacentric
B-chromosome. The karyotype of the Recreation
Island spruce plantation contained one and
The

from the arboretum had

two B-type accessory chromosomes.
ornamental trees
B-chromosomes of both morphological types:
meta- and submetacentric chromosomes. In total,
B-chromosomes were found in the karyotypes
of almost half of the studied trees from urban
plantations (42.3%) and in ornamental forms
(56.2%). B-chromosomes of the Siberian spruce
are shown on Fig. 2.

As was previously stated after studying of
the seed progeny obtained by open pollination,
the two types (B, and B,) of B-chromosomes
are also found in other Siberian spruce natural

populations in the central areas of Krasnoyarsk
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Fig. 2. Metaphase plates of the Siberian spruce (Picea obovata) from the populations of the Central and Southern
Siberia with different number of B-chromosomes: a — one B-chromosome (2n=24+1B); b — plate fragment with
two B-chromosomes (2n=24+2B). The B-chromosomes are shown with arrows

Territory  (Muratova, Vladimirova, 2001;
Vladimirova, 2002). An increased frequency
of their occurrence was detected in the town
of Chernogorsk (Republic of Khakassia), in
plantations out of the habitat bounds, which is
probably explained by the introduction conditions
in the industrial center with developed coal
mining. Thus, B-chromosomes are more often
found in the urban plantations of the Siberian
spruce than in its natural populations.

Similar data were obtained as a result of
karyological study of the blue spruce P. glauca
(Moench) Voss growing in the center of Voronezh.
Eight out of ten trees had one B-chromosome.
Two seedlings of the seed progeny of these
trees had one to two B-chromosomes (Butorina,
Bogdanova, 2001). It is quite possible that the
appearance of B-chromosomes in trees growing
in large industrial centers (Krasnoyarsk and
Voronezh) is a result of A-chromosome mutations
caused by aviation industry emissions and motor
vehicle exhaust fumes.

In few cases accessory chromosomes were
found in other coniferous trees. For example,

one B-chromosome was found in a nursling of

one of the common pine (Pinus sylvestris) trees
growing at a forest-steppe area in Chelyabinsk
Oblast, within the territory of the so-called “Ural
radioactive trail”. B-chromosomes supposedly
appeared as a result of a mutation process;
nurslings of other trees from that seed plot had
chromosome mutations (Butorina et al., 1979).
In the work of P.I. Molotkov et al. (1989) the
common pine seeds were exposed to a chemical
mutagen, N-nitrosomethylurea, after which a
“witches’ broom” type nursling was grown with
a B-chromosome.

It is very rare that accessory chromosomes
are found in certain Larix species; there is
never more than one B-chromosome. It was
in the Gmelin larch population growing at the
habitat southern border that B-chromosomes
were first discovered for this species (Muratova,
1994). Later B-chromosomes were found in
several populations of the Sukachev larch in
Southern Ural, in Bashkortostan, which is an
environmentally neglected zone (Farukshina,
Putenikhin, 2004), and in the Siberian larch
samples from the areas surrounding the Far
North cities and towns like Norilsk, Talnakh,
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and Kayerkan, exposed to sulphur emissions
(Sedelnikova, Pimenov, 2007). B-chromosome
was also found in the Siberian larch from the
village of Tuim (Khakassia) where human-caused
pollution is observed (Sizykh et al., 2006). When
studying the Siberian larch plantations in the
polluted districts of Krasnoyarsk and its environs
we detected various types of chromosome
aberrations (Muratova et al., 2008) which often

accompany the appearance of B-chromosomes.

Conclusion

The

necessity of further genetic monitoring of animal

research results demonstrate the
and plant populations with B-chromosomes
in areas subject to technogenic and industrial
impact. Studies in this direction will make it
possible to work out a new B-chromosome
marker test system for estimation of mutational
variability trend on animal and plant objects
exposed to technogenic impact.

Recently a significant acceleration of
evolutionary rate has been revealed in a series of
objects affected by industrial factors; especially
illustrative are small mammals, rodents with a

short lifespan who are good models for studying
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HonynsinuoHHass MOOUIBLHOCTH B-XpoM0OCOM KMBOTHBIX
U PACTEHUH B PEeruoHax,

NOABECPKCHHbIX TEXHOITCHHOMY BO3/1€lICTBHIO

FO.M. bopucos?, E.H. MyparoBa®*

* Vupeorcoenue Poccutickoti akademuu HayKk
Hncmumym npobnem sxonoeuu

u 26onroyuu um. A.H. Cesepyosa PAH,

Poccus 119071, Mocksa, Jlenunckuu np., 33

¢ Vupeorcoenue Poccuiickou akademuu HayK
HUncmumym neca CO PAH um. B.H. Cykauesa,
Poccus 660036, Kpacnospck, Akademeopodok

¢ Uncmumym 5KOHOMUKU, YNPAGIeHUs U NPUPOOONOIb3068AHUS
Cubupckozco ghedepanvroco yHusepcumema,
Poccus 660041, Kpacnospck, np. Ceoboonwiii, 79

Ilpedcmasnenvl uccaedosanus uzmenenus yucia u mopgonocuu B-xpomocom mwiweti Apodemus
peninsulae u enu Picea obovata ¢ nonynsayusx Cubupu, no08epiceHubix MexHO2eHHOMY 8030eUCMEUIO.
B Kpacnospckom Kpae enepsvie obmapysicena YHUKAAbHAA nonyisyus mviuwed A. peninsulae c
MHOJHCECMBOM MUKPO-B-xpomocom (12-30). Dma nonynsayus meiwei obumaem na iegobepedicoe pexku
Enuceti 6 85 km nuoice no ee meuenuio om 2. Kenesnoeopcka, 20e pacnonodxcer I OpHo-Xxumuyecku
KOMOUHAm ¢ e20 10epPHO-XUMUYECKUM Npou3600cmeom. B nonyrayuu mviweil Apodemus peninsulae
Toprnozo Anmas 3a 28-x nemnuil nepuoo uccaedosanuii (1980-2008 2e.) obuapysceno mpexkpamuoe
yeeauuenue yucia B-xpomocom (om 2,3 0o 7,1). Pecuon I'oprozo Anmas sensemcs mecmom nadeHust
8MOPLIX cmynenell pakem, 3anyckaemvix ¢ kocmoopoma baiikonyp. Iokasano, umo y Picea obovata
yacmoma 6cmpeyaemocmu B-xpomocom 6 20poO0CKUX HACAICOEHUSX KPYNHO2O NPOMBIUIECHHOZO
yenmpa (2. Kpacnospck) eviute, uem 6 eCmMecmeeHHbIX NPUPOOHBIX NONYAAYUAX DMO20 GUOU.
Ob6cyoicoaemes 6ausiHue MexHo2eHHbIX PAKMOPO8 HA YCKOPEHUE IBOTOYUOHHBIX NPOYECCO8.

Knroueswie crosa: kapuomun, B-xpomocomsi, nonynayus, meius Apodemus peninsulae, env Picea
obovata, mexnozennoe gnusanue, npoyecc yCKoOpenus 38010YuU.




