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Abstract. Chromosome polymorphism in Bulgarian populations of the striped ﬁeld
mouse (Apodemus agrarius Pallas, 1771) has been described. The diploid chromosome number is 2n=48 (NFa = 54). In the karyotype of 3 specimens from the
Iskar region, the presence of an additional B chromosome has been established for
the ﬁrst time. The autosomes are 19 acrocentric pairs, continuously decreasing in
size, and 4 pairs of be-armed chromosomes, barely distinguishable by size and location of the centromere. Specimens with 3 pairs of metacentric chromosomes were
ﬁrstly described in Bulgaria for the regions of Iskar and Omurtag. The localization of heterochromatin in the centromeric regions of the chromosomes, blocks of
heterochromatin of different sizes, as well as intercalated bands, distinguishable in
weakly spiraled chromosomes are found. Telomeric heterochromatin is present in
the largest autosomal pair and in two of the middle–sized autosomal pairs. The largest and smallest pairs of be-armed chromosomes do not have centromeric heterochromatin, whereas all the other autosomal pairs do. The presence of a NOR in 6
chromosomal pairs is established. Two of the pairs exhibited pericentromeric NORs,
whereas the other 4 displayed telomeric NORs. The karyotype analysis illustrates
the chromosome and genome polymorphism of A. agrarius in Bulgarian populations.
Key words: Apodemus agrarius, karyotype, chromosomal polymorphism, B chromosomes.

INTRODUCTION
The ﬁeld mouse Apodemus agrarius (Pallas, 1771) is widely spread in the temperate
zone of Eurasia (Corbet, 1978). The Palearctic range of A. agrarius consists of two isolated tracts of land: European–Siberian and
Far Eastern-Chinese (Karaseva et al., 1992;
Panteleyev, 1998; Gliwicz, Kryštufek, 1999).
Wide steppe areas separate these two regions.
The species is not found in Western Europe
and has an unstable and dynamic western border of its European distribution (Kratochvil,
1976), reaching to the northern part of the Bahttp://pensoftonline.net/compcytogen
doi: 10.3897/compcytogen.v3i1.2

laton lake and Eastern Austria, according to
the latest studies (Spitzenberger, 1997).
The southern border of the European area
of the ﬁeld mouse passes through Bulgaria. It
is a relatively rare species in Bulgaria, with
sparse populations that have a mosaic spread.
The karyotype of A. agrarius in Eastern Europe was ﬁrstly described by Matthey
(1936) – 2n=48, NF=56, and was later characterized for populations in the former Republic
of Yugoslavia (2n=48), with a description of
the morphology of the chromosomes as follows: 40 acrocentric, of gradually decreasing
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size, and 8 small to averagely - sized metacentric (Kral, 1970, 1972; Soldatović et al., 1971,
1975; Gamperl et al., 1982). A chromosomal
form with 6 metacentric autosomes (NF=54)
was ﬁrstly described for populations in Bosnia
(Soldatović et al., 1971), Moldova, Romania
(Raicu et al., 1972), and Hungary (Zima, Kral,
1984). In populations found in the European
parts of Turkey (Yigit et al., 2000), Azerbaijan
(Kuliev, Nadjafova, 1986), and China (Tsuchiya, 1979), a chromosomal form with 10 metacentric chromosomes (NF=58) has been established. According to Kartavtseva (2002), the
decrease in number of the small metacentric
chromosomes (from 8 to 6) is linked to a pericentric inversion, whereas the rise to 10 metracentrics is probably due to a duplication of the
centromeric chromatin of the acrocentric chromosomes, as a result of which additional arms
are formed. The literature on the geographic
distribution of the 3 established chromosomal
forms (cytotypes) shows that the form with 4
pairs of metacentric autosomes is more widely
spread in Europe, whereas the one with 3 pairs
of metacentric autosomes is found in Hungary
and Southeastern Europe.
For the European populations of the ﬁeld
mouse, variability in the localization and
amount of C-bands has been established. The
constitutive heterochromatin is mainly located
in the centromeric regions. Interstitial C-blocks
in some autosomal pairs also are described.
The Y chromosome is made up entirely of heterochromatin (Gamperl et al., 1982; Vujošević
et al., 1984; Lungeanu et al., 1986), whereas
the heterochromatin in the X chromosome is
pericentromeric. For populations of the ﬁeld
mouse in Estonia, Russia, and the Ukraine
(Boeskorov et al., 1995), the localization of
the nuclear organizer is in 8 chromosomes:
telomeric in 4 large acrocentric autosomes and
pericentromeric in 4 small ones.
The aim of the present study is to charac-
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terize and evaluate the chromosome polymorphism in populations of the striped ﬁeld mouse
in Bulgaria.

MATERIAL AND METHODS
67 specimens (35 male and 32 female) of
the Bulgarian ﬁeld mouse were studied in 9
different locations (Fig. 1). Preparations of
chromosomes from bone marrow cells were
made using a conventional technique (Rothfels, Siminovitch, 1958), and differential
G-, C-, and NOR-staining was performed via
standard methods (Sumner, 1972; Pellicсiari
et al., 1990; Bulatova et al., 1991; Seabright,
1971).

RESULTS
The established diploid chromosome number of A. agrarius in Bulgaria is 2n=48 (NFa
= 54). The autosomes are 19 acrocentric pairs,
continuously decreasing in size and 4 pairs of
two-armed chromosomes, barely distinguishable by size and location of the centromere
(Fig. 2). In Bulgaria, the karyotype of the
ﬁeld mouse with 3 pairs of metacentric chromosomes was ﬁrst described for the regions
of Iskar (8 specimens) and Omurtag (3 specimens). For 3 specimens from the Iskar region,
the presence of an additional B chromosome
was established for the ﬁrst time (Fig. 3).
For specimens from the regions of Rupite
(7 specimens), Plovdiv (8 specimens), Gramatikovo (6 specimens), and Simeonovgrad (5
specimens), the ﬁrst autosomal pair is heteromorphic: one of the homologues has clearly
distinguishable short arms and may be classiﬁed as subtelocentric (ST), whereas the other
homologue is acrocentric. This is clearly distinguishable with differential G-staining (Fig.
4). The ﬁrst autosomal pair is homologous in
ﬁeld mice from the regions of Botevgrad (4
specimens) and Ivanovo (7 specimens) – both
homologues are subtelocentric, whereas, for
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Fig. 1. Localities of the cytogenetic studied populations of Apodemus agrarius in Bulgaria. (Black square
- individuals with 4 metacentrics; asterisk - individuals with 3 metacentrics).

Fig. 2. Male karyotype of the striped ﬁeld mouse
(A. agrarius) from Plovdiv region. Bar = 10μm.

Fig. 3. Female karyotype of the striped ﬁeld mouse
(A. agrarius) from Iskar region (Pleven district).
Bar =10μm.

specimens from Sinemorets (Strandzha) (19
specimens), the two homologues are areocentric (7 specimens). Therefore, the ﬁeld mouse
from Bulgaria can be characterized by vari-

ability in the morphology of the chromosomes
in the ﬁrst autosomal pair, the heteromorphic
chromosomal pair, made up of a subtelocentric and an acrocentric, being predominant.
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short arms of the subtelocentric chromosomes
always have clear blocks of heterochromatin.
The largest blocks of heterochromain and distinct intercalated bands are found in the ﬁrst
autosomal pair. The block of heterochromatin
of the subtelocentric homologue in the heteromorphic pair is twice as big as that of the
acrocentric one (Fig. 5). For specimens from
Sinemorets (7 specimens), the largest autosomal pair is homologous and is made up of two
acrocentrics, whose pericentromeric blocks of
heterochromatin do not differ in size (Fig. 6).
Intercalated bands of heterochromain are easily distinguished in chromosomes of the ﬁrst
and third autosomal pairs. Telomeric heterochromatin is present in the largest autosomal
pair and in two of the middle-sized autosomal
Fig. 4. Female G-banded karyotype of the striped pairs. The largest and smallest pairs of biﬁeld mouse (A. agrarius) from Plovdiv region. armed chromosomes do not have centromeric
Bar =10μm.
heterochromatin, whereas all the other autosomal pairs do.
Analysis of the distribution of heterochromatin blocks in the metacentric chromosomes
showed that the largest pair of metacentrics
has a weak diffused staining along the entire
length of the chromosomes and a barely visible C-staining in the pericentromeric region.
The second largest metacentric pair has a clear
C-block in the centromeric region. In the third
metacentric pair, pericentromeric C-blocks
are strongly expressed. The smallest pair of
metacentric chromosomes is variable in the
spread of heterochromatin. In the groups from
Sinemorets, Gramatikovo, and Rupite, it is CFig. 5. Male C-banded karyotype of the striped ﬁeld negative – there is no localization of heteromouse (A. agrarius) from Plovdiv region. Bar =10μm.
chromatin, whereas in specimens from Plovdiv, Botevgrad, and Ivanovo, it is C-positive.
In a study of the localization of hetero- For specimens from Simeonovgrad, the smallchromatin (C-banding) in the centromeric est pair of metacentrics is heteromorphic, reregions of the chromosomes, blocks of het- garding the distribution of heterochromatin
erochromatin of different sizes, as well as (+/-) – one chromosome has a pericentromeric
intercalated bands, distinguishable in weakly block of heterochromatin, whereas the other
spiraled chromosomes, are found (Fig. 5). The one does not. The additional B chromosome
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Fig. 6. Male C-banded karyotype of the striped
ﬁeld mouse (A. agrarius) from Sinemorets region.
Bar =10μm.

Fig. 7. Male Ag-banded karyotype of the striped
ﬁeld mouse (A. agrarius). Bar =10μm.

found in three specimens from the Iskar region
stains C-positive.
In the current study, the presence of a NOR
in 6 chromosomal pairs is established. Two of
the pairs exhibited pericentromeric NORs,
whereas the other 4 displayed telomeric NORs
(Fig. 7). The localization of NORs on the short
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arms of the subtelocentric autosome from the
ﬁrst pair is established, whereas the acrocentric homologue does not possess such a structure. The NOR activation of the subtelocentric
autosome from the ﬁrst pair is linked to the
duplication of the section of the short arm. In
three acrocentric pairs NORs are situated in
the telomeric regions, whereas, in the other
two acrocentric autosomal pairs they are situated in the pericentromeric regions. NORs
are also established in the telomeric regions
of one of the biarmed autosomal pairs. This
localization of NORs differs from the one previously described in karyological studies of A.
agrarius. The presence of NORs on the subtelocentric homologue of the ﬁrst autosomal
pair and on one of the metacentric autosomes
is established, for the ﬁrst time, for specimens
from Bulgarian populations.
The sex chromosomes are acrocentric: the
X chromosome is slightly larger than the largest autosomal pair; the Y chromosome is middle-sized acrocentric and is not easily distinguishable with routine staining. This calls for
the use of additional identiﬁcation techniques,
such as G- and C-banding (Fig. 4, 5, 6). The Y
chromosome in all studied male specimens of
the ﬁeld mouse is a middle-sized acrocentric
chromosome, with heterochromatin along its
entire length and clear blocks in the pericentromeric and intercalated regions.
The X chromosome is larger, and its size
can be compared to that of the largest autosomal pair. It has a very large pericentromeric
block of heterochromatin, encompassing ¼ of
its length, a clear intercalated band near the
telomeric region, and fainter bands along the
length of the chromosome in-between the centromeric blocks and the intensively colored
bands near the telomeres (Fig. 4). The C-banding reveals two blocks of heterochromatin: a
large, pericentromeric block, occupying nearly
¼ of the length of the chromosome, and clear
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intercalated bands, situated between the pericentromeric heterochromatin and the clearly
distinguishable telomeric C-block. Pericentromeric heterochromatin is described for the X
chromosomes of all studied female specimens
of the ﬁeld mouse, whereas the telomeric Cblock is described for the ﬁrst time. This characteristic C-banding of the X chromosome can
be used as an X chromosome marker.

DISCUSSION
The established karyotype of the ﬁeld
mouse in Bulgaria (2n=48+1В) does not differ
from the one described for the Palearctic area
of the species in Yugoslavia (Kral, 1970, 1972;
Soldatović et al., 1971, 1975; Gamperl et al.,
1982), Greece (Brittan-Davidian et al., 1991;
Giagia et al., 1985), Poland, Czechoslovakia,
(Soldatović et al., 1975), Hungary (Zima,
Kral, 1984), Estonia (Boeskorov et al., 1995),
Caucasus (Nadjafova, 1989; Bulatova et al.,
1991), East Siberia (Kral, 1971), the Far East,
the Primorski region (Kral, 1971; Bekasova
et al., 1980), China (Wang et al., 1993), and
Korea (Makino, 1951; Kang et al., 1974; Koh,
1982, 1987a, b). Additional chromosomes in
the ﬁeld mouse have only been established in
the Far East and Russian populations so far
(Kartavtseva, 1994; Kartavtseva, Pavlenko,
2000). For the ﬁrst time in the current study,
the presence of an additional B chromosome in
the A. agrarius species in Europe is described.
The variability in the morphology of the
large autosomes from the ﬁrst and second pairs
(variant ST/A) has been described for species
in Korea (Kang, Koh, 1976; Koh, 1982), Azerbaijan (Bulatova et al., 1991), and the Far East
(Kartavtseva, 2002). The appearance of short
arms in the last study can be described with an
increase in the amount of heterochromatin in
the centromeric region of the largest acrocentric chromosome. The Bulgarian ﬁeld mouse
resembles those in Azerbaijan in that the short

arms of the subtelocentric chromosomes are
composed of brightly colored heterochromatin. An increase in the amount of centromeric
heterochromatin can be due to a local ampliﬁcation, leading to differences in the amount of
centromeric heterochromatin. The variability
in the amount and distribution of heterochromatin in recent studies has been used in intraand interspecies differentiation of the species
in Sylvaemus subgenera (Orlov et al., 1996).
According to several authors, such variability in the short arms of the chromosomes in
A. agrarius might be linked to the different
functional state of the organism. (Prokof’evaBelgovskaya, 1977, 1979, 1986; Kartavtseva
et al., 1998).
For 11 species of the genus Apodemus,
the number and localization of NORs differ (Boeskorov et al., 1995). In the striped
ﬁeld mice from Estonia, Russia, the Ukraine,
Dagestan, North Ossetia (Boeskorov et al.,
1995), and Azerbaijan (Bulatova et al., 1991),
the NORs are localized in 8 chromosomes (4
pairs): in the 4 large acrocentric autosomes
the localization is telomeric, and in the 4 small
ones, it is pericentromeric. Only the species on
the Estonian island Saaremaa have two pericentromeric NORs less, which, according to
authors (Boeskorov et al., 1995), is, possibly,
evidence for their earlier geographic isolation
from the continental populations. In the ﬁeld
mice from the Primorski region of Russia, the
NORs are localized in the telomeric area of
two large acrocentric pairs of autosomes and a
small, possibly subtelocentric, autosomal pair
in the pericentromeric region of the short arm
(Kartavtseva, 2002).
For specimens from the region of Iskarski
prolom (Belcheva et al., 1987), the NOR is localized in the telomeric region of one of the
large acrocentric autosomal pairs and in the
short arms of one of the metacentric pairs of
chromosomes. In the current study, the pres-
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ence of NOR in 6 chromosomal pairs is established. In two of the pairs, the localization is
pericentromeric, and in the other 4 it is telomeric. This localization of NOR differs from
the one described for the representatives of A.
agrarius. The presence of NOR in the subtelocentric homologue of the ﬁrst autosomal pair
and in one of the metacentric autosomes is established for the ﬁrst time for specimens from
the studied Bulgarian populations.
The chromosome form with 4 pairs of
metacentric chromosomes can be described
as prevailed for the Bulgarian populations and
the one with 3 pairs of metacentric chromosomes as a rarer variant. It is determined in
only two of nine cytogenetically studied locations of the ﬁeld mouse in Bulgaria.
The review of geographic distribution of
the chromosome forms of A. аgrarius in its
European area shows that the chromosome
form with 3 metacentric chromosomes has
only been described in Moldova, Romania,
Southeast Hungary, and North Bulgaria so far.
A spread area that borders on the Carpathian
Mountains to the north is formed. Proceeding from the orthogenetic concept, regarding
evolution of the karyotype (Imai, 1976), this
means that populations of the ﬁeld mouse that
are more evolutionarily ancient are preserved
here, and probably the more recently evolved
chromosomal form with 4 metacentrics has
originated from them. According to Grifﬁths
et al. (2004), recent chromosome diversity
models in the Balkan small mammalian fauna
conﬁrm the presence of endemic populations
with ancestral characters, which differ from
the populations distributed northern in their
species area.

ACKNOWLEDGEMENTS
The present study was supported by Bulgarian MES - NSF - project DO -02-259/08.

Comp. Cytogenet., 2009 3(1)

7

REFERENCES
Bekasova T. S., Vorontsov N., Korobitsyna K., Korablev V. 1980. B-chromosomes and comparative
karyology of the mice of the genus Apodemus // Genetika (Moscow). 52-53: 33-43. (In Russian).
Belcheva R., Topashka-Ancheva M., Peshev D.,
Gerasimov S. 1987. Caryological investigations of
some Rodents species from Bulgaria, (pp. 376-379)
//Botev B. (Ed.). Contemporary achievements of the
Bulgarian zoology. Soﬁa. 400 p. (In Bulgarian).
Boeskorov G., Kartavtseva I., Zagorodnyuk I., Belyanin A., Lyapunova E. 1995. Nucleolus organizer
regions and B-chromosomes of wood mice (Mammalia, Rodentia, Apodemus) // Genetika (Moscow).
31(2): 185-192. (In Russian).
Britton-Davidian J., Vahdati M., Benmehdi F., Gros
P., Nanse V., Groset H., Guerassimov S., Triantaphylidis C. 1991. Genetic differentiation in four
species of Apodemus from southern Europe: A. sylvaticus, A. ﬂavicollis, A. agrarius and A. mystacinus
(Muridae, Rodentia) // Z. Säugetierk. 56: 25-33.
Bulatova N., Nadjafova R., Kozlovsky A. 1991. Cytotaxonomyc analysis of species of genera Mus,
Apodemus and Rattus in Azerbaijan // Z. Zool. Syst.
Evolut.-Forsch. 29: 139-153.
Corbet G. B. 1978. The mammals of the Palaearctic
region: a taxonomic review. London. 314 p.
Gamperl R., Ehmann Ch., Bachman K. 1982. Genome size and heterochromatine variation in rodents
// Genetica. 58: 199-212.
Giagia E., Soldatović B., Savić I., Zimonjić. D. 1985.
Karyotype study of the genus Apodemus (Kaup,
1829) populations from the Balkan Peninsula //
Acta Veterinaria. 35: 289-298.
Gliwicz J., Kryštufek B. 1999. Apodemus agrarius,
(pp. 266-267) // A.J. Mitchell-Jones, G. Amori,
W. Bogdanowicz, B. Kryštufek, P.J.H. Reijnders,
F. Spitzenberger, M. Stubbe, J.B.M. Thissen, V.
Vohralík, and J. Zima (Eds). The Atlas of European
Mammals. London. 484 p.
Grifﬁths H., Kryštufek B., Reed J. 2004. Balkan biodiversity: pattern and process in the European hotspot. Dordrecht. 357 p.
Imai H.T. 1976. Further evidence and biological signiﬁcance for non-random localization of the centromere on mammalian chromosomes // J. Theor. Biol.,
61: 195-203.
Kang Y., Koh H. 1976. Karyotype studies on three species
of the family Muridae // Korean J. Zool. 19:101-112.

8
Kang J., Ko H., Pak U. 1974. A study on chromosomes of Korean Muridae. Karyotype of Apodemus
agrarius koreae // Korean J. Zool. 17: 209.
Karaseva E., Tikhonova G,. Bogomolov P. 1992. Distribution of the ﬁeld mouse (Apodemus agrarius)
and peculiarities of its ecology in differennt parts of
its range // Zool. Zh. 71:106-115. (In Russian).
Kartavtseva I. 1994. Description of В-chromosomes
in ﬁeld mouse (Apodemus agrarius) karyotype //
Cytol. Genet. 28(2): 96-97. (In Russian).
Kartavtseva I. 2002. Karyosystematics of wood and
ﬁeld mice (Rodentia: Muridae). Vladivostok. 142 p.
(In Russian).
Kartavtseva I., Pavlenko M. 2000. Chromosomal
variability in the stripped ﬁeld mouse Apodemus
agrarius // Genetika (Moscow). 36(2): 223-236. (In
Russian).
Kartavtseva I., Pavlenko M., Kostenko V., Tcherniavski F. 1998. Chromosomal variation and abnormal
karyotypes in the red-backed mouse Clethrionomys
rufocanus (Rodentia, Microtinae) // Genetika (Moscow). 34(8): 1106-1113. (In Russian).
Koh H. 1982. G- and C-banding pattern analyses of
Korean rodents. I. Chromosome banding patterns of
striped ﬁeld mice (Apodemus agrarius coreae) and
black rats (R. rattus rufescens) // Korean J. Zool.
25(2): 81-92.
Koh H. 1987a. Systematic studies of Korean rodents:
ІІ. A chromosome analysis in Korean ﬁeld mice,
Apodemus peninsulae peninsulae Thomas (Muridae, Rodentia), from Mungyong, with comparison
of morphometric characters of the Korean ﬁeld
mice to sympatric stripped ﬁeld mice, Apodemus
agrarius Thomas // Korean J. Syst. Zool. 3: 1-6.
Koh H. S. 1987b. Systematic studies of Korean rodents: ІІІ. Morphometric and chromosomal analyses of striped ﬁeld mice, Apodemus agrarius cheguensis Jones and Johnson from Jeju-Do // Korean J.
Zool. 3: 24-40.
Koh H., Csorba G., Tihunov M., Tikhonova G. 1998.
Morphometric analyses of the three subspecies of
striped ﬁeld mouse, Apodemus agrarius Pallas
(Mammalia: Rodentia) from Far Eastern Asia: taxonomic status of North Korean striped ﬁeld mice //
Korean J. Syst. Zool. 14(4):327-334.
Kral B. 1970. Chromosome studies in two subgenera
of the genus Apodemus // Zool. Listy. 19: 119-134.
Kral B. 1971. Chromosome characteristics of certain
Murinae Rodents (Muridae) of the Asiatic Part of
the USSR // Zool. Listy. 20(4): 331-347.

T. Chassovnikarova, N. Atanasov, H. Dimitrov
Kral B., 1972. Chromosome characteristics of Muridae
and Microtidae from Czechoslovakia // Acta Sci.
Natur. (Brno). 6(12): 1-78.
Kratochvil J. 1976. West areal der Verbreitung die
Brandmaus A. agrarius (Pallas, 1771) // Acta Sci.
Natur. (Brno). 10(3): 1-64.
Kuliev G., Nadzhafova R.. 1986. Karyotypic analysis in house, ﬁeld, and wood mouse and Libyan Jird
with chromosome banding techniques, (pp. 71-72)
// Proc. IV Meeting of All-Union Theriological. Soc.
Moscow, January 27-31, 1986. Moscow. 400 p. (In
Russian).
Lungeanu A., Gavrila L., Murariu D., Stepan C.
1986. The distribution of the constituent heterochromatin and the G-banding pattern in the genome
of Apodemus agrarius (Pallas, 1771) (Mammalia,
Muridae) // Trav. Mus. Hist. Natur. “Grigore Antipa”. 28: 267-270.
Matthey R. 1936. La formule chromosomiale et les
heterohromosomes chez les Apodemus Europeens
// Z. Zellforsch. 25: 501-515.
Makino S., 1951. Studies of the murine chromosomes.
V. A study of the chromosomes in Apodemus especially with reference to the sex chromosomes in
meiosis // J. Morph. 88: 93-126.
Nadjafova Р. 1989. Taxonomy and relationships in
family Muridae from Eastern Caucasus (Azerb.
USSR). Abstract PhD Dissertation. Inst. Animal
Morph. Мoscow. 24 p. (In Russian).
Orlov V., Kozlofskii A., Nadjafova R., Bulatova N.
1996. Chromosomal diagnosis and role of genetic
taxons in evolutionary classiﬁcation of wood mice
subgenus Sylvaemus in Europe (Apodemus, Muridae, Rodentia) // Zool. J. 75(1): 88-102. (In Russian).
Panteleyev P. 1998. The rodents of the Palaearctic
fauna: Composition and areas. Moscow. 116 p. (In
Russian, with partial English translations).
Pellicciardi C., Rouchetti E., Tori E., Formenti R.,
Manfredi D., Romaui M. 1990. Cytochemical evolution of C-heterochromatic – DNA in metaphase
chromosomes // Basic Appl. Histochem. 34(1): 79
- 85.
Prokof’eva-Belgovskaya A. 1977. Heterochromatin
regions in chromosomes: structure and functions //
J. General Biol. 38(5): 735-757. (In Russian).
Prokof’eva-Belgovskaya A. 1979. Human Chromosomal polymorphism, (pp. 84-99) // Alimov A.
(Ed.). Theoretical problems in medicine genetics.
Moscow. 345 p. (In Russian).

Comp. Cytogenet., 2009 3(1)

Chromosome polymorphism in Apodemus agrarius
Prokof’eva-Belgovskaya A. 1986. Heterochromatin
regions in chromosomes. Moscow. Nauka. 431 p.
(In Russian).
Raicu P., Duma D., Kirillova M., Hamar M., Popescu
A. 1972. The karyotypes of some species of rodents
from Romania // Bull. Soc. Biol. Romania (Genetics). 1972: 87-97.
Rothfels K., Siminovitch L. 1958. Air drying technique for ﬂattening chromosomes in mammalian
cells grown in vitro // Stain. Technol. 33: 73.
Seabright M. 1971. A rapid banding technique for human chromosomes // Lancet. 11(7731): 971-972.
Soldatović B., Djulić B., Savić I., Rimsa D. 1971.
Chromosomes of two species of the genus Apodemus (A. agrarius, A. mystacinus – Mammalia, Rodentia) in Yugoslavia // Arch. Biol. Nauk. (Beograd).
21: 1-10.
Soldatović B., Savić I., Seth P., Reichstein H., Tolksdorf M. 1975. Comparative karyological study of
the genus Apodemus (Kaup, 1829) // Acta Veterinaria. 25(1): 1-10.
Spitzenberger F. 1997. Erstnachweis der brandmaus
(Apodemus agrarius) für Österreich. Mammalia
Austriaca 22 // Z. Säugetierk. 62: 250-252.

Comp. Cytogenet., 2009 3(1)

9
Summner F. B. 1972. Linear and colorimetric measurements of small mammals // J. Mammalogy. 8:
177-206.
Tsuchiya K. 1979. Notes on breeding of wood mouse
groups for laboratory animals // Rep. Hokkaido Inst.
Public. Health. 29: 102-105.
Vujošević M., Rimsa D., Živković S. 1984. Patterns
of G- and C-bands distribution on chromosomes of
three Apodemus species // Z. Säugetierk. 49: 234238.
Wang Y., Ma S., Li C. 1993. The taxonomy, distibution
and status of forest musk deer in China, (pp. 22-30)
// N. Ohtaishi, H.-I. Sheng (Еds.). Deer of China.
Biology and management. Amsterdam. 418 p.
Yiğit N., Verimli R., Sözen M., Colak E., Özkurt S.
2000. The karyotype of Apodemus agrarius (Pallas, 1771) (Mammalia: Rodentia) in Turkey // Zool.
Middle East. 20: 21-23.
Zima J., Kral B. 1984. Karyotypes of European mammals. II // Acta Sci. Natur. (Brno). 18(8): 1-62.

Received July 3, 2009
Accepted by V.G. Kuznetsova, July 23, 2009.
Published August 6, 2009

