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Polymorphism of rRNA Gene Loci in the Dog
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ABSTRACT. We examined the number of ribosomal gene (rDNA) loci in the metaphase spreads of 54 dogs by FISH method. We found
that in 16 dogs (30%) one or two loci were missing. The total number of rDNA loci was varied from 5 to 7 in males and from 4 to 6
in females. As the male dog consistently bears the rDNA on the Y chromosome, the polymorphism of the rDNA locus was ascribed to
the absence of autosomal rDNA loci. Indeed, the frequency of polymorphism is almost equivalent in both sexes in the beagle. In one
female beagle dog, remarkable intense fluorescence signals were observed at the four autosomal loci, indicating the in situ amplification

of rDNA.
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In mammals, a cluster of tandem repeats of rRNA gene
(rDNA) localizes on a single or multiple chromosomes in a
species-specific manner. The polymorphisms of the rDNA
loci were reported in a variety of species, especially in those
with the rDNA loci located on the acrocentric chromosomes
such as in the mouse [1, 9, 11, 15] and humans [7, 8]. In the
dog, rDNA loci were mapped to the terminal ends of the
long arms of three autosomes (#7, #11, and #27) and to the
terminal end of the short arm of the Y chromosome by
AgNOR method (10), or to those of chromosome #7, #9 and
#22 by in situ hybridization autoradiography [6]. The
equivalent number of rDNA loci was reported by fluores-
cence in situ hybridization (FISH) method [5, 12]. In this
study, we first examined the number of rDNA loci in the
metaphase spreads of the crossbreed dogs by FISH and
found remarkable polymorphism in the autosomal loci or
rDNA. We further investigated the rDNA loci of the inbred
beagle dog that is widely used as a model experimental ani-
mal. This report represents, for the first time, the polymor-
phism of rDNA loci and its frequency in the dog.

The animals were 42 beagle dogs (5" : 24, ¢ : 18) and 4
breeds ( o* :4) and 8 crossbreeds ( o* :6, ¢ :2), as detailed in
Tables 1 and 2. Peripheral blood lymphocytes isolated
using Ficol Hypaque PULS (GS Lifecare Sci., U.S.A.) were
cultured in RPMI medium supplemented with 10% fetal
bovine serum and pokeweed mitogen (2 ug/m/, L8777,
Sigma, U.S.A.). After 48 hr culture, cells were treated with
colcemid for 30 min. Subsequently, the lymphocytes were
harvested by centrifugation and treated with 0.075 M KCl
hypotonic solution for 15 min followed by fixation with ace-
tic acid-methanol (1:3). Air-dried chromosome prepara-
tions were dried at 37°C for a few days in an incubator. For
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FISH analysis, chromosomal DNA was denatured in 70%
formamide in 2% SSC at 70°C for 2 min and hybridized with
the biotin labeled rDNA as described previously [9].
Human 28S-rDNA clone [pHr14E3, Human Science
Research Resourse Bank (HSRRB), Japan] was labeled with
biotin-dUTP by nick translation and denatured in forma-
mide at 70°C, and then hybridized to the denatured chromo-
somal DNA at 37°C overnight. After washing the slide with
50% formamide in 4% SSC once, and subsequently in 4x
SSC for three times, FITC-avidine was applied to detect the
biotin-dUTP on the chromosomes. Fluorescence signals
were captured by a CCD camera (Hamamatsu Photonics,
Japan).

We found remarkable polymorphism in rDNA loci of the
dog. We examined the number of IDNA loci in twenty lym-
phocytes of an individual dog and found that each dog bears
constant number for DNA loci in all cells. The loci were
detected at the telomeric ends of three pairs of acrocentric
autosomes and Y chromosome, although one or two autoso-
mal loci were absent in 16 dogs (30%). Total number of the
rDNA loci in the metaphase spreads of 42 beagle dogs, 4
breeds and 8 crossbreeds are summarized in Tables 1, 2.
The number of the loci varied from 5 to 7 in the male (Fig.
la—c) and from 4 to 6 in the female (Fig. 1d and 1e). As the
rDNA locus on Y chromosome was consistently observed in
the male (Fig. 1a—c), the difference in the number of the
total IDNA loci between male and female dogs was attrib-
uted to the polymorphisms of the autosomal loci. As shown
in Table 1, the incidence of locus polymorphism of rDNA
was equivalent in both sexes of the beagle dog (Table 1). In
the beagle, single-locus polymorphism was observed in 21—
22% and double-locus polymorphism in 4-6% of the dogs
examined. Such polymorphism was found in both breeds
and crossbreeds of dogs as shown in Table 2. In one female
beagle dog, remarkably large rDNA loci were found on the
autosomes as shown in Fig. 1g.

Polymorphism found in the rDNA loci of the dog sug-
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Table 1. Number of the rDNA loci in 42 beagle dogs
Total number of rDNA loci Number of the dogs examined
d %

7 18 (75%) 0 (0%)

6 5 (21%)* 13 (72%)
5 1 (4%)** 4 (22%)*
4 0 (0%) 1 (6%)*
Total 24 (100%) 18 (100%)

Absence of a single rDNA ( )* or doubule loci( )**.

Table2. Number of the rDNA loci in the dog breeds and crossbreeds

Dogs Sex Number of rDNA loci

Breeds
French bulldog 4 7
Scottish terrie 4 6
Japanese spits 4 7
Japanese shiba 4 7

Crossbreeds
1 4 6
2 4 6
3 4 7
4 J 6
5 J 7
6 4 7
7 2 5
8 2 6

gests that the rDNA loci localizing on the acrocentric chro-
mosome are prone to translocate to other chromosomes.
Indeed, the polymorphisms of the rDNA loci were found
frequently in the species that bears the rDNA locus on the
acrocentric chromosomes such as mouse species [1, 9, 11,
15] and human [7, 8]. As the autosomes of the dog chromo-
somes were all acrocentric and rDNA loci located at the
telomeric end, we postulate that dog chromosomes may still
expand the tDNA loci to other chromosomes by transloca-
tion over evolutionary times as has been shown for the Mus
musculus species by FISH [9]. Such expansion of rDNA
loci was reported in Indian pigmy field mice (Mus terri-
color) in which 34 chromosomes bore rDNA in the
metaphase spread [2].

The observed polymorphism of rDNA loci may be
derived by the loss or gain of rDNA by translocation or an
unequal crossover. Despite such polymorphisms, the loci
were stably maintained on the specific chromosomes in the
mouse and human [1, 8], suggesting that such loss or gain
may be a rare event, and that the driving force to expand the
locus by translocation might be exceeding to the loss of the
corresponding loci, resulting in the stability of the rDNA
loci once acquired by translocation. Indeed, in the present
study, the rDNA locus on the Y chromosome was consis-
tently maintained in all male dogs. We postulate that the
absence of the tDNA loci on the corresponding dog chro-
mosomes might reflect a genuine absence of the locus rather

than the loss of rDNA by translocation.

The polymorphic nature of tDNA loci in mammals fur-
ther suggests that the increase of the rDNA copy number
beyond the essential necessity for cell function may have
evolved together with special genetic mechanisms to control
the number of active and inactive rDNA in the cell. Recent
advances in molecular studies of rDNA suggest that the
copy number of functional rDNA may be controlled by the
epigenetic modifications of rDNA, regardless of the copy
number variations of rDNA [13]. The excess copies of the
rDNA on the dog Y chromosome may be balanced similary
by such mechanisums.

The giant rDNA loci observed in one female beagle dog
(Fig. 1g) suggest that the copy number of tDNA is unstable
due to in situ amplification by unequal crossover of rDNA.
It is supposed that the mechanism to maintain the sequence
homology of rDNA copies may play a key role in such
crossovers as has been proposed by concerted evolution
hypothesis for IDNA [4].
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Polymorphism of rDNA loci (red sig-
nals) detected by FISH in the male (a—) or
female (d—f) beagles. Arrows in a-c indicate
Y chromosome. Total numbers of rDNA
loci are 7(a), 6(b), 5(c), 6(d), 5(e) and 4(f).
Amplified rDNA is found at four autosomal
loci in one female beagle dog (g). Chromo-
somes are counter-stained with DAPI.
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