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Abstract
B chromosomes (Bs) have been found in all major eukaryotic
clades. Specimens of Korean field mouse (Apodemus peninsulae)
from populations inhabiting the mainland of the Russian Far
East, Sakhalin and Stenina Islands were used. Animals from wild
populations and Hokkaido Island in the Japan contain Bs while
ones of Russian island populations do not have Bs. Cell cultures
have been established from mouse tails fibroblasts from both island
populations; in 3-5 passages, Bs-like elements appear in cultures
cells. CENP-A chromatin immunoprecipitation (AChIP probe) on cell
culture A. peninsulae from the Stenina Island has been undertaken.
CENP-A precipitated DNA and probe of mouse centromere were
used to mark all the heterochromatic regions of A. peninsulae
and A. agrarius species. Bs-like elements from cultured cells of A.
peninsulae show the same tendency as in wild populations: there
are weakly and strongly labelled by AChIP probe amongst them Bslike elements, which appear in cultured cells of island populations
(Stenina, Sakhalin) and wild populations of Hokkaido Island, are
more similar in morphology compared to the Bs from the animals
from Russian Far East.
The data obtained suggest that the mice of the three islands 7-10
thousand years ago belonged to a single population, have a similar
gene pool, and differ from the gene pool of continental populations
of mice from the Far East.
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Introduction
B chromosomes (Bs or supernumeraries, extra chromosomes)
have been found in all major eukaryotic clades. In mammals, where
the majority of about 5000 known species are karyotyped, Bs was
reported for 75 species [1,2]. Traditionally, Bs were considered to be
totally heterochromatic (i.e. transcriptionally inactive) or, if they had
evolved recently, undergoing the heterochromatisation process. The
heterochromatic nature of Bs agrees with their high variability and
these elements often demonstrate typical C-positive staining [3].
The studies of Bs, involving Bs isolation by either flow sorting
or micro-dissection followed by reverse painting, provide some
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information about homologous regions between autosomes and
Bs [2,4-6]. Based on the presence of the same orthologous protooncogenes in canids and brocket deer Bs, it is supposed that genomic
regions involved in Bs formation are not random [7]. The highly
repetitive content of Bs remains enigmatic as well as the content
of the heterochromatic regions [8]. Both centromeric (CEN) and
pericentromeric (periCEN) regions are enriched with tandem repeats
(TR, satellite repeats, satDNA), so these regions remain unassembled
in the majority of the genomes sequenced due to the lack of adequate
bioinformatics methods and algorithms. Besides TR, the repetitive
sequences of transposable elements (TE) class are members of
heterochromatic regions, but the investigation of their state is still at
an early stage [9].
Cytogenetic studies of Bs molecular composition used repetitive
probes to find specific sequences localised on Bs. Amongst the
sequences found were tandemly arranged repetitive elements [10],
LINEs (long interspersed nuclear elements) and SINEs (short
interspersed nuclear elements) [11], interstitial telomeric sequences
[12,13], ribosomal DNA clusters [14,15] or histone genes [16].
There is a growing body of evidence that Bs, once regarded as totally
heterochromatic and genetically inert, harbour clusters of ribosomal
RNA genes, processed pseudogenes and protein-coding genes [2].
Bs of both deer investigated bear a higher proportion of repeats
compared to bovine autosomes. Repeat family composition of grey
brocket deer Bs was similar to cattle autosomes, while the largest repeat
clusters from Siberian roe deer Bs were often unannotated or comprised
of low complexity and satellite repeats. There is a cluster that contained
virtually intact copies of LTR retrotranspons from the ERVK family,
indicating a recent repeat expansion in brocket deer Bs [7].
In natural populations of the genus Apodemus, three species have
Bs: A. argenteus, A. peninsulae and A. agrarius, but only the Korean
field mouse A. peninsulae has normal karyotype (48 acrocentric) with
Bs in almost all populations; Bs representation can reach 100 percent
in the population [17]. The Korean field mouse is a convenient species
to study the supernumerary chromosomes. Bi-armed Bs is different
from the basic set of acrocentric chromosomes and they are very
frequently present in the karyotype of individuals from different
continent populations. Sizes of Bs vary from large bi-armed to small
and micro chromosomes [18-20]. Extensive cytological studies of Bs
by fluorescent in situ hybridisation (FISH) in the Korean field mouse
have been on-going for many years [6,21-24] but their functions and
content remain obscure. A. peninsulae exhibits Bs polymorphism with
individual variants of six B classes throughout its vast range (from
Altai to the Pacific Ocean coast) except for Sakhalin and Stenina
Islands [20,25-27]. The number of Bs of A. peninsulae varied up to 7
in continental and up to 14 in insular populations (Hokkaido) of the
Far East [26].
The colonisation patterns on islands have long been of major
interest for studying evolutionary processes [28,29]. Islands are
considered natural laboratories for new adaptations due to their
restricted scale, isolation and sharp boundaries. Colonisation is
usually accompanied by adaptive changes, but it is a long standing
question whether fast adaptations are constrained by the initial paucity
of variation caused by a genetic bottleneck of only a few arriving
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individuals [28]. A. peninsulae has been the constant inhabitant of
the three Islands (Sakhalin, Stenina and Hokkaido) for about 7,000,
11,500 and 12,000 years respectively [30] and therefore have been
long established in their environment.
The main purpose of this work was to study the appearance
of Bs-like elements in the cell culture of A. peninsulae from
Sakhalin and Stenina Islands, their preliminary characteristics and
comparison with Bs in bone marrow cells from the wild population
of A. peninsulae from the Russian Far East as well as from Hokkaido
Island. In addition, it was attempted to determine the types of
pericentromeric regions in Bs-like elements in the cell culture with
autosomal pericentromeric heterochromatic regions of A. peninsulae
and Mus musculus by FISH.

Material and Methods
Specimens
A. peninsulae mice were captured in 2006: (1) in the vicinity of
lake Evoron (mainland, Khabarovskii krai, (51º 22.08’N; 136º 31.09’E),
3 females: 2043, 2053, 2055); (2) on the Stenina Island (Primorskii
krai, (42º 43.54’ N; 131º 30.09’E), 4 females: 2-06, 3-06, 4-06, 5-06);
(3) captured in 2007 on the Sakhalin Island (near Okha city (53º
51.43’N; 142º 53.33’E), 3 females: 6-06, 7-06, 8-06). A. agrarius was
trapped in 2006 in the vicinity of lake Evoron (mainland, 2 males:
1398, 1406). The Mus musculus line has been kept in the Institute of
Cytology RAS (INC RAS, St. Petersburg, Russia) animal house. Male
and female CBA mice (3-6 month-old) were housed and maintained
according to the approved standards in the Laboratory Animal
Resources facility at INC RAS. Bone marrow metaphase plates from
wild populations were made by the standard method. Bone marrow
metaphase plates were undertaken by using an injection of colcemid
(200 µg/mL) into the peritoneum of mice. Bone marrow cells were
flushed with 0.06M potassium chloride and fixed with methanol:
acetic acid (3:1) solution.

Primary culture and chromosomes preparation
The primary fibroblast cultures were set up from pieces of the
tail of A. peninsulae from Stenina and Sakhalin Islands. The sample
of skin was placed in a sterile Petri dish and cut into small pieces
using scissors. Then pieces of dissected skin were washed a number of
times by DMEM/F12 medium with antibiotic/antimycotic solution
(Sigma) and seeded into cell culture dishes in DMEM/F12 medium,
supplemented with 10% foetal calf serum with antibiotic and
antimitotic solution (Sigma). Cells cultures were grown at 37ºC with
5% CO2. The cell went through 3-5 passages until Bs-like elements
appeared, then the culture was frozen and stored, but it could not
be recovered in a viable state after thawing. After formation of
monolayer cell went through passages and was examined at 3-5 and
up to 10 passages. Metaphase chromosomes were isolated from cells
blocked in mitosis by 0.5 mg/ml colcemid (Gibco). Chromosome
suspensions were fixed in methanol/acetic acid (3:1).

Mus musculus panCEN probe
A total CEN (panCEN) probe from M. musculus was
obtained by micro-dissection of centromeric and pericentromeric
regions of several chromosomes (3-5, a kind gift from Dr. V.
Trifonov, Institute of Molecular and Cell Biology, Novosibirsk,
Russia) followed by DOP-PCR (intervals) amplification (primer
5’-CCGACTCGAGNNNNNNATGTGG-3’) [31]. The obtained
product underwent an additional amplification cycle with biotin-16Volume 1 • Issue 1 • 1000105

dUTP to insert the label. The resulting probe was used for FISH.

CENP-A ChIP and Probe
Chromatin immunoprecipitation has been undertaken with the
fibroblast cell culture of A. peninsulae (5th passage, Stenina Island).
7×106 cells per ml were used; formalin was added to the cells’
suspension up to 1%; in 10 min. Glycine, up to 0.025 M was added
for 5 min. to stop crosslinking; cells were precipitated at 1500 rpm
for 5 min and sediment was re-suspended in cold 1×PBS with 10
мМ PMFS. After further centrifugation under the same conditions,
the cells’ pellet was re-suspended in lysis buffer 1 (5 mM PIPES,
85 mM KCl, 10 мМ PMSF) and kept in ice for 10 min. The nuclei,
precipitated at 5000 rpm for 3-5 min, were re-suspended in lysis
buffer 2 (50 mM TrisHCl рН 8.0, 10 мМ EDTA, 1% SDS, 10 мМ
PMSF) and kept in ice for 10 min. Chromatin was sonicated to the
average length 1000 bp. 10 µl of pretreated (blocked) sepharose A
was added to the fragments’ mixture and kept in ice for 15 min.
Chromatin fragments were cleared by centrifugation at 13000 rpm
for 15 min. The supernatant fluid was transferred to a new tube and
diluted in dilution buffer (0.01% SDS; 1.1% Triton; 1.2 mM EDTA;
16.7 mM Tris; 16.7 mM NaCl). The supernatant with dilution
buffer was incubated with 2 µg of anti-CENP-A antibody (Abcam)
overnight at 4º C with rotation. Immune complexes were separated
on 10 µl of protein A Sepharose. Sepharose A was added and mixture
incubated for 15 min. After centrifugation at 13000 rpm for 15 min,
the sepharose A was washed 3 times for 5 min. with elution buffer
(50 mM TrisHCL pH 8.0, 1% SDS, 1 мМ EDTA). DNA was eluted
by adding 150 µl elution buffer and shaken on a vortexer for 15 min.
Sepharose was sediment by centrifugation at 13000 rpm for 5 min.
DNA after DOP-PCR amplification was used for FISH.

FISH (fluorescent in situ hybridization)
Slides with metaphase spreads were treated in RNAse
(SigmaAldrich): stock solution (10 µg/ml) diluted 1:200 by 2х SSC
for 45-60 min. at 37 º C, washed 3 times for 5 min. with 2х SSC.
DNA denaturation was conducted by incubating the slides in 70%
formamide, 2x SSC for 3-5 min. at 65º C. After the denaturation, the
slides were dehydrated in an ethanol series at -20º C, quickly dried
and incubated in the hybridisation mixture (5 ng/µl probe, 25%
formamide, 4x SSC) for 17-24 h at 37º C. After the hybridisation,
the slides were washed three times for 5 min. with 2х SSC at RT. If
the biotin labelled probes were used, the slides were incubated with
streptavidin- Alexa 568 (Invitrogen) (1:200 in 2x SSC, 5% BSA) for
30 min. at 37ºC and then washed 3 times for 5 min. with 2х SSC at
RT. Signal amplification was then performed by treating the slides
with a biotinylated antistreptavidin (Vector Laboratories) 1:200 in
2 x SSC, 5% BSA, 30 min. at 37ºC) , washing with 2x SSC (3 times
for 5 min. at RT), incubating again in streptavidin-Alexa 568 (30
min. at 37ºC) and finally washing with 2x SSC (3 times for 5 min. at
RT). In case of immune-FISH the hybridization procedure preceded
by incubation with CENP-A antibodies and fixation. The slides were
finally mounted in Prolong Gold Antifade with DAPI (Invitrogen) and
stored in a refrigerator in the dark. Images were captured with a Nikon
(CCD) camera on a Zeiss/MetaMorph epifluorescence microscope and
prepared for publication using Adobe Photoshop CS2.

Results
Cell cultures have been established from mouse tails fibroblasts
of A. peninsulae; in 3-5 passages, Bs-like elements appear in cultures
cells. Primary cell cultures have been established from Stenina and
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Sakhalin Island populations and both lines show a similar type
of karyotypes’ rearrangement (Figure 1a). Bs-like elements, once
appearing, did not change in quantity and morphology in advanced
passages of each cell line. There are 2-5 Bs-like elements in cell
cultures from both Sakhalin and Stenina Islands (Figures 1a and 2a).
The cultivation results from both cultures were polyploidisation (Figure
1a). The karyotype has been determined as 2n=48+2-5 Bs-like elements
during first 3-5 passages (Figure 2a). Karyotypes of cell culture on 10
passages have 56 or 58 acrocentric chromosomes and one metacentric
chromosome with multiple heterochromatic regions and 2-5 Bs-like
elements (2n=57-59+2-5 Bs-like elements) (Figures 1a and 2c). Most
probably, the metacentric chromosome with multiple heterochromatic
regions was rearranged from X chromosomes. None of the cultures
underwent spontaneous malignization to produce permanent cell lines
and all of them ceased (terminated) in 12 passages.
The microdissected probe (panCEN) contains centromeric and
pericentromeric regions and is assumed to include all the sequences
from both regions. On the M. musculus, the metaphase plate probe
labels all the primary constriction regions though the intensity of
signal differs on different chromosomes (Figure 1d). The same probe,
applied to the A. peninsulae metaphase plate, went to the sites along
chromosome arms with no label at the primary constriction regions.
A weak hybridisation signal is visible only at some periCEN
(close interval between paragraphs) regions from the wild type
karyotype (Figures 1b and c) and a label of the same kind is visible on
chromosomes from the cell culture (Figure 1a). The panCEN probe
of genus Mus stains the region expected though it is not applicable for
the genus Apodemus. The genus specific content of the CEN-periCEN
region has been confirmed in the current work and the necessity for a
specific probe for A. peninsulae is evident.

A. peninsulae heterochromatic probe (AChIP)
The mammalian centromere formation is dependent on the CEN
protein CENP-A (Centromere protein A) which is the CEN-specific
histone H3 variant [31,32]. CENP-A chromatin immunoprecipitation
(ChIP) has been successfully used for heterochromatic sequences
isolation [33-36]. Thus, CENP-A ChIP on cell culture A. peninsulae
from Stenina Island was undertaken. CENP-A precipitated DNA

(AChIP) was purified and labelled by the DOP-PCR procedure.
The probe AChIP was obtained. Immuno-FISH with CENP-A
and probe AChIP show that DNA, precipitated on the protein
during biochemical isolation, labelled the area wider than CENP-A
itself (Figure 2a). However the position of the AChIP probe, label
corresponds to the CEN-periCEN region, so it is sufficiently specific
for A. peninsulae. The probe AChIP, while hybridised to the very
culture from which it originated, stained all the heterochromatic
regions (Figure 2a). There was some difference in staining between
cell lines of different passages (Figures 2a and c). On the advanced cell
culture (10th passage), the label was visible even within chromosomes
rearranged and within Bs-like elements formed (Figure 2). The
heterochromatic sub-telomeric regions of some chromosomes were
also stained. Bs-like elements did not contain CENP-A, indicating
the absence of functional CEN (Figure 2a). Bs-like elements labelled
with the AChiP probe, were weak and diffuse at the beginning of their
formation (Figure 2a), became more intensive during cell passaging
(Figure 2c), but never reached the intensity of the AChiP label on wild
type Bs (Figure 2b)

AChiP probe is genus specific
The genus specificity of the A. peninsulae heterochromatic probe
was checked on metaphase chromosomes of A. agrarius which is the
related species usually without Bs. A perfect CEN-periCEN label
was visible on A. agrarius metaphase chromosomes (Figure 3). It
indicated the genus specificity of the AChiP probe (Figure 3).
The probe AChIP was hybridised to the chromosomes of wild
type populations of A. peninsulae (2n=48) with and without Bs
(Figure 4). All the chromosomes’ sets from mainland, Stenina and
Sakhalin Islands were labelled at the CEN regions as expected. The
intensity of labelling was variable for different chromosomes. Some
of the small chromosomes were weakly stained. The Stenina Island
metaphase plate contains a label at the telomeric region (Figure 4c,
arrows). However, the overall label pattern of Apodemus populations
looks similar. Most of the Bs from the mainland was labelled (Figure
4a, arrows). Bs of the wild population show the same tendency as in
cultured cells: there are weakly and strongly labelled Bs amongst them
(Figures 2 and 4).

Figure 1: FISH of panCEN probe (green) M. musculus on metaphase plates of Mus musculus and A. peninsulae: (a) – A. peninsulae cell culture metaphase
plate (Stenina Island, 10th passage); (b) - A. peninsulae wild type metaphase plate (Evoron); (c) - A. peninsulae wild type metaphase plate (Stenina Island);
(d) – M. musculus. Bs chromosomes marked by arrows on a and b panels. Bar=5 µm.
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Figure 2: Immuno-FISH with CENP-A (red) and probe AChIP (green) on metaphase chromosomes of A. peninsulae: (a)-cell culture metaphase plate
(Stenina Island, 5th passage) ; (b) - metaphase plate from wild type (lake Evoron), only AChiP probe (green); (c) - cell culture metaphase plate (Stenina
Island, 10th passage), only AChiP probe (green). Bs chromosomes and Bs-like elements marked by arrows. Bar=5 µm.

Figure 3: Metaphase plate of A. agrarius (mainland, lake Evoron) labelled with AChIP probe. The X chromosome is marked. Scale Bar=5 µm.
[Note: AChiP probe FISH of wild types]

Bs–like elements in culture versus nature Bs
The cultured cells with Bs-like elements were initially raised
from the island populations, so it appears reasonable to compare Bs
appearing with the other island populations. The modal karyotype
of A. peninsulae specimens from Hokkaido Island comprised 48
acrocentrics plus 0-13 Bs [18]. The Bs was C-positive and had different
morphology: metacentric, acrocentric and dot-like morphology. Some
Bs had a heterogeneous structure with black and grey C-blocks [37].
The periCEN regions of autosomes specimens from all geographic
regions always had black C-blocks [20], sometimes a third pair of
autosomes had grey C-blocks on telomeric regions [25].
The Stenina and Sakhalin Island populations did not have Bs in
the wild type karyotype (Figures 4b and c, Figure 5a). Cultivation of
cells from Stenina and Sakhalin induced Bs-like elements formation
Volume 1 • Issue 1 • 1000105

(Figures 2a and c). A. peninsulae (2n=48, 0-30 Bs for the Siberia and
0-7 Bs for the Far East) from the Far East possessed varying sizes
of B-chromosomes, from large bi-armed (larger than the largest
autosome) [25], to small dot-like (Volobujev 1981) (Figure 5b). The
Bs from the Far East populations of A. peninsulae differ in appearance
from those obtained in cultured cells, which are similar to Bs of the
Hokkaido Island wild population: the chromosomal group B7-dotlike Bs is the most similar beside the rest (Figure 5b).

Discussion
Constitutive heterochromatin based on TR, a main constituent of
various genomes, is the most enigmatic chromatin component. Satellite
DNA (satDNA, TR) were localised in key chromosome regions. TR
is basic components of structurally important chromosome areas,
such as sub telomeres, centromeres and heterochromatin regions.
• Page 4 of 8 •
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Figure 4: AChiP probe hybridised to metaphase plate from wild populations. (a) – Evorov lake, mainland. Bs and sex chromosomes marked; (b) –
Sakhalin Island; (c) – Stenina Island, chromosomes with telomere label marked. Bar=5 µm.

Figure 5: (a) – A. peninsulae (the Far East, lake Evoron) A chromosomes of normal karyotype 2n=48, B=0. Chromosomes were stained by DAPI.
Bar=5 µm; (b) – seven groups of Bs variants of A. peninsulae karyotypes from the Far East, Hokkaido and Bs-like elements in culture cells (Stenina
Island) with different chromosomes morphology: group B1-large submetacentric (Sm); group B2 – large and medium metacentric (M); group B3 and
B4 – large and medium submetacentric; group B5 – mini submetacentric; group B5 –micro metacentric; group B6 – micro metacentric; B7- dot-like Bs
without clear morphology. Bar=5 µm. Groups of Bs for the Far East (including lake Evoron) was adapted from Roslik and Kartavtseva 2012. Group of
Bs image for Hokkaido Island was adapted from Hayata 1973.

The functional significance of TR in the genome remains obscure
due to the limited tools for their study. The large scale assay aimed
at determining the main TR for each species with a genome read was
undertaken [38]. This study is a comprehensive assay of the major TR
content in 282 species carried out by bioinformatics methods. It was
shown that main TR is similar only in phylogenetically close species.
In evolutionarily remote species, the main TR has practically nothing
in common. SatDNA (TR) is a very variable genome component,
possibly species specific.
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The genus specificity of the heterochromatic probes was suspected
when the M. musculus panCEN probe was used on 8 species of
Murine subfamily [39]. The bioinformatics search for TR was also
undertaken in poorly assembled genomes of two hamsters and it was
found that TR sets differ in two close species Mesocricetus auratus
and Cricetulus griseus [40]. It appears that TR sets are rather genus
specific. The time of deviation for the Mus and Apodemus ancestors
was about 9.7 million years [41]. The results of the current work are
in accordance with the following assumptions
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1. The Mus pan-CEN probe does not recognise Apodemus
periCEN regions (Figure 1)
2. AChip probe does recognise periCEN regions of both species
from genus Apodemus (Figures 3 and 4).

AChip probe and DOP primer
The main TR in genomes of various species differ in practically all
parameters but the proteins, which bind CEN and periCEN TRs, are
conservative. The CENP-A ChIP probe from A. peninsulae (Stenina
Island) was produced in the hope of having the probe enriched with
heterochromatic sequences specific for this species.
For both probes used (M. musculus pan-CEN and A. peninsulae
AChiP), the DOP-PCR primer, as it was initially developed, was
used. This method for amplifying DNA has been widely used [9,2124,42,43].
This method can be applied to many species including those
with the genomes not yet read, where interspersed repeats are not
easily available for general amplification [44] but DOP-PCR has its
limitations. This limitation was noticed in the reverse chromosome
labelling technique: samples undergoing DOP-PCR produced a
relatively even signal for euchromatin, but it often failed to label highly
repetitive sequences in the centromere and other heterochromatic
regions. It is rather difficult to predict whether these repetitive regions
will hybridise to DOP-PCR processed probe [42]. It seems likely
that the DOP primer used prefers to amplify transposable elements
(TE) rather than TRs, suggesting that AChiP was depleted of TRs
and enriched in TE. The cloning and library analysis of M. musculus
chromocenters’ fragments proved that feature of DOP-PCR. The
results lead to the conclusion that the content of the AChiP probe
is definitely heterochromatic, but the representation of TR and TE
fragments could be shifted to the TE enrichment in comparison with
constitutive chromatin [9]. The AChiP probe staining, which gave a
weak signal on some chromosomes (Figures 2-4) could be due to the
TE enrichment proved [9].

Bs in A. peninsulae wild populations
Bs is considered to be highly variable genomic elements, which
include C-positive pericentric chromosomal regions predominantly
consisting of DNA repeats. Extensive cytological studies of Bs in the
Korean field mouse (A. peninsulae), performed on the basis of FISH
with micro-dissected Bs from the Siberian population [21], resulted
in assumption that Bs diversity is low in Far East populations and
high in Siberia and Japanese populations [22,24].
The molecular cytogenetic analysis of Bs chromosomes of A.
peninsulae based on the DNA content of their periCEN regions
shows, that there are two main types [24]. Bs of the first type (type
I) consisted of Bs with sequences homologous to the sequences of
autosomal periCEN regions due to FISH staining. The second type
(type II) comprised of Bs characterised by the absence of DNA
homologous to DNA of autosomal periCEN regions. The type I was
typical for animals from Siberia, Transbaikalia and Hokkaido Island,
while type II was typical for animals from the Russian Far East.
In the process of cloning and characterisation of the repetitive
DNA sequences that comprise the constitutive heterochromatin of
the A and B chromosomes of the Korean field mouse (A. peninsulae)
apart from TR centromeric sequences, 1.8 kb band from the EcoRI
digest has been cloned and produced sequences of 1720 bp and
48.3% GC for EcoRI-1 (AB427143; [45]). Different lines of evidence
Volume 1 • Issue 1 • 1000105

confirmed that the EcoRI-1 fragment is an interspersed type of
repetitive sequences: EcoRI-1 showed homology with a long terminal
repeat of rat’s endogenous beta retrovirus ERVB4_5, internal sequence
(AC106444). Centromeric TR stains CEN of some Bs in different
patterns, suggesting that the Bs of A. peninsulae were derived from
a chromosome and that the different families of repetitive sequences
amplified independently on each Bs [45]. EcoRI-1 produced weak
signals both in the CEN regions and interspersed weak signals on all
Bs [45,46] in the same way as in the current work.
All kinds of probes used to reveal the Bs content identified that
the degree of TR and TE representation was different for Bs from
different populations and that the TE enriched probe was specific for
some Bs (Figure 2).

Bs-like elements formation in cell culture
Bs-like elements obtained in cell cultures from the Sakhalin
Island have been reported [47]. The modal number of chromosomes
in cultured cells from heart, lung and skin tissues was, as a rule,
constant, but specimens from insular population showed growing
fibroblasts with polyploid cells and with Bs-like elements even in the
primary cell cultures. The observed bi-armed (Mm-sm) and micro
Bs-like elements presumably appeared de novo and became visible
after polyploidisation in the fibroblast cell culture. Bi-armed Bs
contained GC-rich heterochromatin in the CEN regions and AT-rich
heterochromatin in the arm regions, but micro Bs-like elements were
completely GC-rich [47].
Most of the micro and acrocentric Bs-like elements, obtained in
the culture in the current work, display the signal (Figure 2) which
resembles that from the ERV derived sequence (EcoRI-1; [45]). It
suggests that Bs-like elements in the cell culture (Figure 2) possess
TE, probably of ERV nature. It is assumed that newly formed Bs-like
elements contain mainly TE elements and later are populated with
TR. Several types of Bs’ specific DNA [6,22,24,45] probably reflect
TE or TR enriched heterochromatic Bs’ components. The ability of
cell cultures from island populations to produce Bs-like elements is
confirmed in the current work for two Islands, Stenina and Sakhalin.
Surprisingly, the morphology of Bs-like elements in cultured cells
differs from Bs usually persisting in the Far East populations of A.
peninsulae but resemble Bs from the Hokkaido Island wild population
(Figure 5b, [24]). The dot Bs (group 7, Figure 5) has been found in
the current work and natural population of the Hakkaido Island. The
main feature of group seven Bs-like elements from the culture cell and
Hokkaido population was hybridisation with autosome centromere
DNA (Figure 5, [24]).

A. peninsulae species geography (distribution in nature)
Geological data and data of molecular-genetic analysis draw
the following picture of the A. peninsulae species distribution over
an extended period. In Pleistocene, the uniform (united) areal of
the species existed through Siberia, Transbaikalia, Russian Far
East, China, Korea and Japan (Hokkaido) [48,49]. Glaciation
and separation of the islands divided the populations. Sakhalin
was separated from the continent ~7,000 years ago and Stenina
Island ~11,500 years ago as well as Hokkaido (~12,000 years ago).
Remarkably, karyotyping studies reveal features more common for
the Russian Far East and Hokkaido versus Siberia and Korea [4850]. It was assumed that, at the end of late Pleistocene to Holocene,
the land link periodically appeared between the mainland, Sakhalin
and Hokkaido due to the ocean lowering [51,52]. In this very period
(8,000-15,000 years ago), the formation of Sakhalin’s theriofauna
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occurred [53] including rodents [53]. A. peninsulae species could be
considered as an emigrant from the mainland to Sakhalin and then
to Hokkaido. Hokkaido happens to be the last point of A. peninsulae
emigration. There was no paleontological evidence of this species on
the other Japanese islands [52].
Bs, which appear in cultured cells from island populations
(Stenina, Sakhalin) and from the island wild population (Hokkaido)
are more similar in morphology compared to the Bs from the
mainland (lake Evoron and other populations from Russian Far
East and Siberia (Figures 4a and 5) [25]. It is difficult to explain
such a similarity by random coincidence. Thus it is assumed that Bs’
morphology is an argument for the scheme of species distribution
described above. Early comparative mitochondrial DNA analysis of
A. peninsulae has demonstrated the common origin for Sakhalin and
Hokkaido Islands [48,49]. However A. penisulae from Stenina Island
was not characterised earlier by FISH.
Chromatin precipitation on CENP-A, DOP amplified, produced
the probe AChiP which labelled heterochromatic regions in a
genus specific manner. It appears that TE sequences (probably of
ERV family) are the first to produce Bs rather than TR. The island
populations of A. peninsulae maintain the ability to produce Bs-like
elements under stress conditions despite Bs loss in the island wild
populations. Bs-like elements, which appear in cultured cells from
island populations (Stenina, Sakhalin) and island wild populations
(Hokkaido), are more similar in morphology compared to the Bs
from mainland (Evoron lake) which could reflect the common origin.
The data obtained suggest that the mice of the three islands 7-10
thousand years ago belonged to a single population, have a similar
gene pool, and differ from the gene pool of continental populations
of mice from the Far East.
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