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The yellow-necked mouse, Apodemus flavicollis, is characterized by a frequent occurrence
of B chromosomes. The frequency of intra individual mosaicism of Bs was studied in 995
animals collected at six localities in Serbia. It was found that 329 (33.06%) possessed B
chromosomes. Among these, 87 animals (26.44%) were mosaics. A total of 32 mosaic
animals with more than one B chromosome were analyzed for distribution of Bs which was
found to be quite different between groups of animals with different numbers of Bs and
increases with their number. The frequency of mosaics differs between localities and ranges
from 0.22 to 0.55.
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B chromosomes, which are supernumerary to
the standard chromosome complement, are found
in numerous species of all major taxonomic groups
except birds. Due to fact that Bs are not essential
for normal growth and development of individuals
carrying them, these chromosomes are defined as
dispensable (JONES & REES 1982). The term B
chromosome includes very heterogenous types of
chromosomes which share many characteristics
but never without exceptions. Only dispensability
is common to all B chromosomes (REES 1974).
This feature allows Bs to follow their own evolu-
tionary pathway with respect to the standard
karyotype (CAMACHO et al. 2000).

In mammals Bs have been scored in only 55 spe-
cies (VUJOŠEVIÆ & BLAGOJEVIÆ 2004). The
genus Apodemus is an exception with almost one
third of the species having B chromosomes. B
chromosomes have been studied in the yellow-
necked mouse, Apodemus flavicollis, from more
than 20 populations from the territory of former
Yugoslavia. Bs were present in almost all of these
in different frequencies ranging from 0.11 to 0.64
(VUJOŠEVIÆ & �IVKOVIÆ 1987; VUJOŠEVIÆ et al.
1991; VUJOŠEVIÆ & BLAGOJEVIÆ 1994). Addi-
tionally, Bs were found in different frequencies in
various parts of the distribution of A. flavicollis

(WOLF et al. 1972; SOLDATOVIÆ et al. 1975; KRAL
et al. 1979; ZIMA & KRAL 1984; SABLINA et al.
1985; GIAGIA et al. 1985; ZIMA & MACHOLÀN

1995; BOESKOROV et al. 1995; KARTAVTSEVA
2002; WÓJCIK et al. 2004).

The intraspecific frequency of Bs varies be-
tween populations and between individuals within
populations as well. Additionally, the existence of
intra individual variability is also characteristic of
B chromosomes. Although this feature has been
found in a number of plant and animal species
(JONES & REES 1982) in most cases this phenome-
non is only registered without considering any de-
tails. The aim of this study was to investigate the
frequency and distribution of intra individual mo-
saicism of Bs in Apodemus flavicollis.

Material and Methods

A total of 995 animals (505 males and 490 fe-
males) were collected using ‘’Longworth’’ traps at
six different localities in Serbia: Mt Avala
(DQ-64) 173, Mt Cer (CQ-75) 132, Donji Dobriæ
(CQ-74) 43, Mt Goè (DP-82) 19, Mt Jastrebac
(EP-30) 520 and Lešnica (CQ-64) 108. Chromo-
some preparations were done directly from bone



marrow using standard procedures. The distribu-
tion of mosaic Bs was studied in all animals in
which more than 30 metaphase figures were acces-
sible for analyses. For comparison mosaic animals
were divided into groups according to the
maximum number of Bs.

Results and Discussion

Among 995 animals analysed, 329 (33.06%)
possessed B chromosomes (Table 1). The fre-
quency of animals with Bs was not significantly
different between males and females. Among B
carriers, 87 animals (26.44%) were mosaics. A
total of 32 mosaic animals, with a maximum
number of Bs higher than one, were analysed for
differences in distribution of Bs among bone mar-
row cells (Table 2, Fig. 1). The distribution of mo-
saics was quite different among groups of animals
with different maximum numbers of Bs and in-
creased with their number. Differences in the fre-
quency of mosaics among B carriers occurred
between localities and ranged from 0.22 to 0.55.
(Mt Avala 0.44, Mt Cer 0.32, Donji Dobriæ 0.55,
Mt Goè 0.33, Mt Jastrebac 0.22, Lešnica 0.24)

Intra-individual variability of Bs has been stud-
ied only in a few species of mammals. Variation in
the number of Bs among cells of the same individ-
ual is common in silver foxes. It was established
that 45% of animals were mosaics (BELAYEV et al.
1974a). The same authors (BELAYEV et al. 1974b)
found that this variation is due to the existence of
different cell clones. The number of Bs was inde-
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Table 1

Number of animals with different
number of Bs and frequency of animals
mosaic for different number of Bs

Non-mosaic
N 0B 1B 2B 3B 4B

908 666 190 42 9 1

Mosaics
N 0-1B 0-2B 0-3B 0-4B 0-5B
87 26 35 12 13 1

Frequency of
mosaics 0.12 0.45 0.57 0.93 1.00

N – Total number of animals

Table 2

Number of cells with different number
of Bs in mosaic animals

Group N Bs Number of cells
0-2B 7 0B 106 (61.99%)

1B 40 (23.39%)
2B 25 (14.62%)

0-3B 12 0B 218 (21.80%)
1B 476 (47.60%)
2B 221 (22.10%)
3B 85 (8.5%)

0-4B 13 0B 33 (12.27%)
1B 37 (13.75%)
2B 85 (31.60%)
3B 87 (32.34%)
4B 27 (10.04%)

Fig. 1. Distribution of cells with different number of Bs among three mosaic groups.
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pendent of somatic tissue type or season (VOLO-
BOUEV & RADJABLI 1974), but the mean number
of Bs in cells from reproductive tissues was found
to be higher than in somatic cells (RADJABLI et al.
1978). The frequency of mosaics was twice as high
in the groups of foxes selected for behavior than in
the nonselected group.

Parallel mosaicism of B chromosomes and sex
chromosomes is characteristic of the marsupial
Echymipera kalubu (HAYMAN et al. 1969). In this
species Bs and sex chromosomes are absent from
certain tissues, e.g. bone marrow, but present in the
corneal epithelium. Mosaicism for number of Bs in
the same tissue was found only in the testis of one
animal.

BEKASOVA et al. (1980) found that among speci-
mens of the Korean field mouse, Apodemus pen-
inusulae, 40% of animals with Bs were mosaics.
Individuals with 2 B chromosomes prevailed
among stable B carriers (concerning both number
and morphology of Bs), but this was the modal
number for mosaics also. In the present study, the
percent of mosaic animals was nearly twice smaller.
Since there is increasing evidence that Bs in A. flavi-
collis induce effects which are important at the level
of populations (BLAGOJEVIÆ & VUJOŠEVIÆ 1995,
2000, 2004; VUJOŠEVIÆ & BLAGOJEVIÆ 2000;
ZIMA et al. 2003; WÓJCIK et al. 2004), then the
presence of mosaics may also be important due to
the production of mosaic phenotypes. In humans,
somatic mosaicism has been implicated in about 30
monogenic disorders that show variable expressiv-
ity (GOTTLIEB et al. 2001). Specific DNA markers
were found in specimens of A. flavicollis with Bs
(TANIÆ et al. 2000) and recently, differential ex-
pression of 3 genes in animals with Bs was found
in the same species (TANIÆ et al. 2004, in prepara-
tion). This also points to the necessity of studying
differences in the levels of differential expression
in animals that display the mosaic presence of Bs.

In all analyses of dynamics of B chromosomes in
populations through time, mosaic animals are in-
cluded together with animals with a stable number
of Bs. In statistical analyses one of the approaches
is to use the most frequent B number found in mo-
saic animals (ARAUJO et al. 2002). An alternative
approach is to use the maximum number of Bs
found in mosaics. The present data show that the
maximum number of Bs is never the most frequent
in mosaic animals, so the modal number of Bs in
mosaics is recommended in statistical analyses.

Acknowledgements

This work was supported by the Ministry of Sci-
ence and Environment Protection of Serbia, con-
tract no. 1693.

References

ARAUJO M., POMPOLO S., PERFECTTI, F., CAMACHO J. 2002.
Integration of a B chromosome into the A genome of a wasp,
revisited. Proc. R. Soc. Lond. B 269: 1475-1478.

BEKASOVA T. S., VORONTSOV N. N., KOROBITSYINA K. V.,
KORABLEV V. P. 1980. B-chromosomes and comparative
karyology of the mice of the genus Apodemus. Genetica
52/53: 33-43.

BELAYEV D. K., VOLOBOUEV V. T., RADJABLI S. I., TRUT L.
N. 1974a. Polymorphism and mosaicism for additional chro-
mosomes in silver foxes. Genetika 10: 58-67.

BELAYEV D. K., VOLOBOUEV V. T., RADJABLI S. I., TRUT L.
N. 1974b. Investigation of the nature and role of additional
chromosomes in silver fox I. Comparative analysis of addi-
tional chromosomes in different tissues and types of prepara-
tions and different seasons. Genetika 10: 77-82.

BLAGOJEVIÆ J. , VUJOŠEVIÆ M. 1995. The role of B-
chromosomes in population dynamics of yellow necked
wood mice Apodemus flavicollis (Rodentia, Mammalia).
Genome 38: 472-478.

BLAGOJEVIÆ J., VUJOŠEVIÆ M. 2000. Do B chromosomes af-
fect morphometric characters in yellow-necked mice Apode-
mus flavicollis (Rodentia, Mammalia)? Acta Theriol. 45:
129-137.

BLAGOJEVIÆ J., VUJOŠEVIÆ M. 2004. B chromosomes and
developmental homeostasis in the yellow-necked mouse,
Apodemus flavicollis (Rodentia, Mammalia) – Effects on
nonmetric traits. Heredity 93: 249-254.

BOESKOROV G. G., KARTAVSEVA I. V., ZAGORDNYK I. V.,
BELYANIN A. N., LYAPUNOVA E. A. 1995. Nucleolar or-
ganizer regions and B-chromosomes of wood mice (Mam-
malia, Rodentia, Apodemus). Russian J. Genetics 31:
156-163.

CAMACHO J. P. M., SHARBEL T. F., BEUKEBOOM L. W. 2000.
B chromosome evolution. Phil. Trans. R. Soc. B 355:
163-178.

GOTTLEIB B., BEITEL L. K., TRIFIRO M. A. 2001. A somatic
mosaicism and variable expressivity. Trends in Genetics 17:
79-82.

GIAGIA E., SOLDATOVIÆ B., SAVIÆ I., ZIMONJIÆ D. 1985.
Karyotype study of the genus Apodemus (Kaup. 1829) popu-
lations from the Balkan peninsula. Acta Veterinaria (Beo-
grad) 35: 289-298.

HAYMAN D. L., MARTIN P. G., WALLER P. F. 1969. Parallel
mosaicism of supernumerary chromosomes and sex chro-
mosomes in Echymipera kalabu (Marsupialia). Chromo-
soma 27: 371-380.

JONES R. N., REES H. 1982. B Chromosomes. Academic
Press, New York.

KARTAVTSEVA I. V. 2002. Karyosystematics of wood and
field mice (Rodentia: Muridae). Russian Academy of Sci-
ences Far Easter Bransh, Dalnauka, Vladivostok.

KRAL B., ZIMA J., HERZIG-STRASCHIL B., STREBA O. 1979.
Karyotypes of certain small mammals from Austria. Folia
Zool. 28: 5-11.

RADJABLI S. I., ISAENKO A. A., VOLOBUEV V. T. 1978. In-
vestigation of the nature and role of additional chromosomes
in silver fox. Genetika 14: 438-443.

REES H. 1974. B chromosomes. Sci. Prog. Oxford 61:
535-554.

SABLINA O. V., RADJABLI S. I., GOLENISCHCEV F. N. 1985.
B-chromosomes in the karyotype of Apodemus flavicollis
from Leningrad District. Zool. J. 64: 1901-1903.

SOLDATOVIÆ B., SAVIÆ I., SETH P. REICHSTEIN H., TOLKS-
DORF M. 1975. Comparative karyological study of the genus
Apodemus. Acta Veterinaria (Beograd) 25: 1-10.

VOLOBUEV V. T., RADJABLI S. I. 1974. Investigation of the
nature and the role of additional chromosomes in silver fox.
Genetika 10: 77-82.

VUJOŠEVIÆ M., �IVKOVIÆ S. 1987. Numerical chromosome
polymorphism in Apodemus flavicollis and A. sylvaticus
(Mammalia: Rodentia) caused by supernumerary chromo-
somes. Acta Veterinaria (Belgrade) 37: 81-92.

Mosaicism of B Chromosomes in Apodemus flavicollis 77



VUJOŠEVIÆ M., BLAGOJEVIÆ J., RADOSAVLJEVIÆ J.,
BEJAKOVIÆ D. 1991. B chromosome polymorphism in
populations of Apodemus flavicollis in Yugoslavia. Genetica
83: 167-170.

VUJOŠEVIÆ M., BLAGOJEVIÆ J. 1994. New localities with B
chromosomes in Apodemus flavicollis (Rodentia, Mam-
malia). Arch. Biol. Sci. (Belgrade) 46: 15P.

VUJOŠEVIÆ M., BLAGOJEVIÆ J. 2000. Does environment af-
fect polymorphism of B chromosomes in the yellow-necked
mouse Apodemus flavicollis ? Z. Saügetierkunde 65:
313-317.

VUJOŠEVIÆ M., BLAGOJEVIÆ J. 2004. B chromosomes in
populations of mammals. Cytogenet. Genome Res. 106:
247-256.

TANIÆ N., DEDOVIÆ N., VUJOŠEVIÆ M., B. DIMITRIJEVIÆ
2000. DNA profiling of B-chromosomes from the yellow-
necked mouse Apodemus flavicollis (Rodentia, Mammalia).
Genome Res. 10: 55-61.

TANIÆ N., VUJOŠEVIÆ M., DEDOVIÆ N., DIMITRIJEVIÆ B.
2005. Differential gene expression in yellow-necked mice

Apodemus flavicollis with and without B chromosomes.
Chromosoma 113: 418-427.

ZIMA J., KRAL B. 1984. Karyotypes of European mammals II.
Acta Sci. Nat. Acad. Scient. Bohemoslovacae Brno, XVIII:
3-62.

ZIMA J., MACHOLÁN M. 1995. B chromosomes in the wood
mice (genus Apodemus). Acta Theriol., Suppl. 3: 75-86.

ZIMA J., PIÁLEK J., MACHOLÁN M. 2003. Possible heterotic
effects of B chromosomes on body mass in a population of
Apodemus flavicollis. Can. J. Zool. 81: 1312-1317.

WOLF U., VIOCULESCU I., ZENZES M.T., VOGEL W., ENGEL
W. 1972. Chromosome polymorphism in Apodemus flavi-
collis, possibly due to creation of a new centromere. (In:
Modern Aspects of Cytogenetics: Constitutive Heterochro-
matin in Man. Pfeiffer A. & Schautter, F.K. eds. Stuttgart,
New York): 163-168.

WÓJCIK J. M., WÓJCIK A. M., MACHOLÁN M., PIÁLEK J.,
ZIMA J. 2004. The mammalian model for population studies
of B chromosomes: the wood mouse (Apodemus). Cytoge-
net. Genome Res. 106: 264-270.

M. VUJOŠEVIÆ et al.78


