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Mapping of rRNA Gene Loci in the Mice, Mus musculus molossinus (Japan) and Mus
musculus musculus (Russia) by Double Color FISH
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ABSTRACT. Ribosomal RNA gene (tDNA) loci of Russian Mus musculus musculus and of Japanese Mus musuculus molossinus were
mapped by double color FISH. The total number of rDNA loci was varied from 5 to 12, although the loci on chromosomes 12, 15, 16,
18, and 19 were common to all mice examined. Instead, polymorphisms of the rDNA loci were found on chromosomes 1, 5, 8, 9, 10,
11, 13 and 17. The novel rDNA loci of M. m. musculus were found in Nov/TUA strain on chromosomes 8 and 17. These observations,
together with those of previous reports, suggest that the rDNA loci of Mus musculus species are in the evolutionary process of further

translocation to other chromosomes.
KEY WORDS: chromosome, FISH, rDNA.

According to recent sequence-based genome analysis,
standard mouse laboratory strains are regarded as recombi-
nant strains derived from four parental subspecies, M. m.
musculus, M. m. domesticus, M. m. castaneus and the hybrid
M. m. molossinus [4, 14]. The karyotype of these subspecies
is identical except for the difference in sizes of the Y chro-
mosome [10]. In the laboratory strains, the total number of
rDNA loci varied from three to five, and the loci were lim-
ited to chromosomes 12, 15, 16, 18 and 19 [1, 3, 5, 9].
Although the locus polymorphism was found on chromo-
somes 12, 15, 16 and 19, rDNA locus on the chromosome 18
was observed consistently in all laboratory strains exam-
ined. Such variations of rDNA loci on these chromosomes
were reported in the wild mice of Mus musculus species, as
well as the polymorphism of rDNA loci on other chromo-
somes [11, 13].

The evolution of rDNA has been the subject of contro-
versy for many years, as the clusters of rDNA at different
chromosomal loci retain the strict sequence homology and
the copy number of the gene varied about one to several
hundred in mammals [12]. Mus musculus species is a good
model system for the analysis of rDNA evolution, because
of the remarkable variation of rDNA loci not only between
different subspecies but also within the same subspecies. In
the present study, to elucidate the evolution of rDNA loci in
Mus musculus, we further determined rDNA loci in wild and
wild mouse-derived strains of M. m. molossinus and wild
mouse-derived strains of M. m. musculus.

A wild M. m. molossinus was captured in Machida,
Tokyo, Japan. The JF1 strain of M. m. molossinus was
derived from fancy mice and established as a strain at the
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National Institute of Genetics, Mishima, Japan [8]. Three
wild mouse strains of M. m. musculus were derived from
Okha, Irkutsk and Novokachalinsk in Russia and estab-
lished by one of authors (T. K.) as inbred strains Okh/TUA,
Irk/TUA and Nov/TUA, respectively. Lymphocytes, iso-
lated from the spleen, were cultured, and air-dried chromo-
some slides were prepared following the protocol of
Matsuda et al. [11].

A human 28S-rDNA (pHr14E3, Human Science
Research Resource Bank, Japan) was labeled by nick trans-
lation with digoxigenin-11-dUTP and ethanol-precipitated
with salmon sperm DNA and tRNA. This probe DNA was
dissolved in 8 u/ of 100% formamide and denatured at 75°C
for 10 min. Biotin-labeled mouse chromosome paints
(Cambio, Cambridge, UK) were denatured following the
manufacturer’s protocol. The labeled probes, which consist
of 8 zl of rDNA and 3 zd of chromosome paints, were mixed
with 11 g of hybridization buffer (10 x SSC, 1 mg/m/ BSA
and 50% dextran sulfate). Prior to hybridization, the slides
were treated with RNase (100 gg/m/ in 2 x SSC) for 1 hr to
remove the cellular rRNA. The slides were washed in 2 x
SSC, dehydrated in an ethanol series, denatured at 70°C for
2 min in 70% formamide in 2 x SSC and dehydrated in the
ethanol series at 4°C. Following the hybridization, the
probes were visualized by avidin-FITC and anti-dig-
Rhodamine as described previously [6]. The slides were
counterstained with 1.5 xg/m/ DAPI, and the fluorescence
signals were captured with a CCD camera (Hamamatsu
Photonics, Hamamatsu, Japan).

The overall results of the rDNA loci mapped by double-
color FISH and the results of the previous reports from the
literature are summarized in Fig.1 and Table 1. The chro-
mosomes were all telocentoric except for Y chromosome,
and rDNA loci were detected at the distal end of the auto-
somes in all the mice examined.

In the M. m. molossinus captured at Machida and the JF1/
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Fig. 1. Mapping of rDNA gene loci in M. m. molossinus (a-c) and M. m. musculus (d-f) by double-color FISH.
Red signal: DNA, White signal: mouse chromosome paint probes. Arrows indicate: (a) Chromosome 9 and
(b) Chromosome 16 in the wild M. m. molossinus captured at Machida, (c) Chromosome 11 in JF1/2TUA, (d)
Chromosome 16 in Okh/TUA, (e) Chromosome 11 in Irk/TUA, (f) Chromosome 17 in Nov/TUA.
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Table 1.  Chromosomal loci of IDNA in Mus musculus subspecies detected by in situ hybridization
Chromosome # References
Subspecies Name Origin 1 4 5 8 9 10 11 12 13 15 16 17 18 19
M. m. molossinus ~ Wild Machida + - + - 4+ + 4+ + + 4+ + + 4+ + Present study
JF1/2TUA  NIG + - T s s o S s o &
Wild Hachioji + - + - - 4+ 4+ + + + 4+ 4+ + o+ [6]
MSM Mishima + - -+ -+ + 4+ 4+ + + + + [11]
M. m. musculus Okh/TUA  Okha - - - - - - -+ -+ + -+ + Present study
Irk/TUA Irkutsk e T S + + - 4+ 4+
Nov/TUA  Novokachalinsk - - - + - - + + - + + + + +
Myl Yugoslavia - - - - - - 4+ + - + + - + + [11]
Fifteen inbred strains of laboratory mice - - - - - - - £ - £ £ - + £ [9]
Nine inbred strains of laboratory mice - - - - - - - *x - £ = - + = [1] (Review)

+ : polymorphic loci

2TUA, rDNA loci were mapped on nine and twelve pairs of
autosomes, respectively. Among these rDNA loci, nine loci
on chromosomes 1, 11, 12, 13, 15, 16, 17, 18 and 19 were
invariably present in all mice, whereas the other three loci
on chromosomes 5, 9 and 10 were polymorphic (Fig.1 a-c).

In the three inbred strains of Russian M. m. musculus, five
rDNA loci in Okh/TUA, six loci in Irk/TUA and eight loci
in Nov/TUA were mapped. The loci on chromosomes 12,
15, 16, 18 and 19 were common to all these strains, whereas
the other loci on the chromosome 11 of Irk/TUA, and chro-
mosomes 8, 11 and 17 of Nov/TUA were limited to these
inbred strains (Fig. 1 d-f). The rDNA loci found on chromo-
somes 8 and 17 in Nov/TUA mouse are novel rDNA loci in
M. m. musculus.

The loci on chromosome 17 were common in M. m. mus-
culus, but polymorphic in M. m. musculus. The locus on
chromosome 11 was found in both M. m. musculus and M.
m. molossinus except for the Okh/TUA strain. In contrast,
the locus on chromosome 8 was observed in the Nov/TUA
strain alone.

Locus polymorphism of rDNA in the subspecies of Mus
musculus observed in the present study, together with
results from previous reports, suggests that the rDNA loci in
Mus musculus are in the evolutionary process of further
translocation to other chromosomes. In early studies using
in situ hybridization autoradiography, it is apparent that the
rDNA loci in the laboratory mouse strains are polymorphic,
although the loci are limited to chromosome 12, 15, 16, 18
and 19 except for M. m. molossinus, suggesting the translo-
cation of rDNA among these chromosomes of Mus muscu-
lus [1,3,5,9].

Furthermore, in the wild Mus musculus species, addi-
tional rDNA loci were mapped on chromosomes 1, 4, 5, 8,
9,10, 11, 13 and 17, as has been reported [6, 11, 13]. In M.
m. molossinus, the loci on chromosomes 1, 11, 13 and 17
were observed in all mice examined, implying that these loci
might be fixed in this subspecies. We supposed that these
additional loci might have evolved by translocation of
rDNA from the loci on chromosomes 12, 15, 16, 18 and 19.

As the polymorphism of rDNA loci was more frequently
found in M. m. molossinus than in other Mus musculus sub-
species, the translocation of rDNA copies occurred repeat-
edly after speciation of this subspecies as a hybrid between
M. m. musculus and M. m. castaneus [15].

It is striking that the locus on the chromosome 18 was
consistently observed in all subspecies of Mus musculus
without exception (Table 1). To explain this phenomenon,
we propose an evolutionary scenario that, in the ancestral
species of Mus musculus, a progenitor locus of rDNA might
have been localized on chromosome 18, which thereafter
translocated to chromosomes 12, 15, 16 and/or 19, and then
speciation to subspecies might have occurred, accompany-
ing with further translocation of rDNA to other chromo-
somes. As the location of rDNA in Mus musculus species is
adjacent to the transition region, termed pericentromeric
DNA, a hot spot for DNA recombination of repeated
sequence, DNA in Mus musculus might be prone to transfer
to the pericentric loci of the chromosomes [2, 7].
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