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Interchromosomal, intercellular and
interindividual variability of NORs studied
with silver staining and /in situ hybridization
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We investigated the relationship between transcriptional activity and the quantity of ribosomal
cistrons of the nucleolar organizing regions (NORs) in chromosomal pair 3 of the Spanish
mole Talpa occidentalis. Transcriptional activity was estimated by the size of conventional
silver-staining signals. The number of ribosomal cistrons was estimated by the size of the in situ
hybridization signals obtained with a ribosomal DNA probe. A sample of cells was studied with
each method in four different individuals, and the results obtained with the two techniques
were compared. Furthermore, sequential analysis on the same cells was carried out to study
the association of interstitial nucleolar constrictions with silver staining and in situ hybrid-
ization. Interchromosomal, intercellular and interindividual variability were found with both
silver staining and in situ hybridization methods. Our results show that transcriptional activity
of NORs does not depend exclusively on the number of ribosomal cistrons they have as a high
percentage of cells had two NORs with abundant ribosomal cistrons, only one of which was
active. Additional factors, probably responsible for the activation of transcription, may be
involved in this variability.
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cistrons.

Introduction

Silver staining (Ag staining) is the cytogenetic
method most commonly used to detect the position
of nucleolar organizing regions (NORs) on chromo-
some preparations (Goodpasture & Bloom, 1975).
However, the biological significance of this tech-
nique remains unclear, and has been the cause of
much debate for several years.

An association between Ag staining and transcrip-
tional activity of ribosomal genes during the preced-
ing interphase was suggested by several authors
(Howell, 1977; Hubbell, 1985). This hypothesis has
been refuted by others (Raman & Sperling, 1981;
Medina et al., 1983), who supported the view that
Ag staining requires only a decondensed state of the
NOR chromatin (nucleolar constriction) to occur.
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Jiménez et al. (1988) demonstrated that decondensa-
tion of NORs is neccesary but not sufficient for Ag
staining, and suggested that preceding transcrip-
tional activity is also needed.

Furthermore, considerable intercellular and inter-
individual variability in both the size and number of
Ag-stained NORs (Ag-NORs) has been reported in
most species analysed up to now (Schmid, 1982;
Sanchez et al., 1989, 1990; Suzuki et al., 1990). This
variability may be a consequence of differences in
the rRNA requirements of cells in the preceding
interphase (Sanchez et al., 1989).

In situ hybridization (ISH) with rDNA probes has
also been used to study NORs. Although this is a
qualitative rather than a quantitative technique, an
association between the size of the hybridization
signal observed in a given NOR and the number of
ribosomal cistrons it contains has been proposed
(Wachtler et al., 1986; Suzuki et al., 1990; Leitch &
Heslop-Harrison, 1992). Similarly, the size of the
ISH signal was also proposed to be associated with
the size of the Ag staining signal (Schubert &
Kiinzel, 1990). According to these hypotheses, a
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relationship between the number of ribosomal
cistrons (as evidenced by in situ hybridization) and
NOR size (as evidenced by Ag staining) could
indeed exist, although direct evidence is still lacking.

In anurans the length of the nucleolar constric-
tions is associated with the size of the corresponding
Ag staining signals (Schmid, 1982). Similarly,
associations between the presence or absence of
secondary constrictions and the presence or absence
of Ag signals at NOR positions were found in the
insectivorous mole Talpa occidentalis and in the
rodent Eliomys quercinus (Jiménez et al., 1988). The
former mammalian species is especially useful for
the study of NORs because: (i) moles have a single
pair of NOR-carrying chromosomes; (ii) the NORs
are located interstitially, so that their condensation
status is easy to observe; and (iii) interindividual and
intercellular variability in Ag staining of NORs have
been found.

In this article we analyse the relationships
between the number and size of (i) nucleolar
secondary constrictions, (i) Ag signals, and (iii) ISH
signals, on the basis of data obtained by counting
cell populations and from the sequential observation
of ISH material destained with DePex.

Materials and methods

A total of four individuals (two males and two
females) of the mole species Talpa occidentalis
(Insectivora, Mammalia) were trapped live in Vega
de Granada (Granada province, southern Spain) by
using home-made mole traps (unpublished data).
Chromosome preparations were made from bone
marrow cells in accordance with our standard
air-drying procedure (Burgos et al., 1986). Ag stain-
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ing was carried out according to the method of
Rufas et al. (1982).

For in situ hybridization to fixed metaphase
chromosomes we used a Syrian hamster rDNA
probe consisting of sequences corresponding to the
3’ end of the 18S gene, the internal transcribed
spacer and almost the entire 28S gene (see Wahl et
al., 1983). Nick translation labelling with digoxygenin
and hybridization were carried out in accordance
with the protocol recommended by the supplier
(Boehringer Mannheim). Chromosome preparations
were counterstained for 1 min with 5 per cent
Giemsa.

For sequential analysis, in situ hybridized meta-
phase plates were photographed in preparations
mounted in a 1:1 mixture of glycerol and distilled
water. Then preparations were mounted in DePex,
and when hybridization signals had completely
disappeared, the same plates were photographed
again for secondary constriction studies, as they
retained the Giemsa counterstaining.

Results were statistically tested by using the
Contingence Tables procedure included in the sTAT-
GrapHics PC software package.

Results

According to cytogenetic data previously reported
for the species Talpa occidentalis (Jiménez et al.,
1984), the mole individuals analysed in this study
showed a karyotype of 2n = 34 chromosomes, and a
single NOR was located interstitially at the large
secondary constriction in chromosome pair 3.
Initially we scored a total of 639 in situ hybridized
metaphase plates. On the basis of the size and inten-
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Fig. 1 Variation in the number and size of the ISH-NORSs in Talpa occidentalis. Metaphase plates were found to have two
ISH signals of similar size (a), two ISH signals of different size (b), and a single ISH signal (c).
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sity of the hybridization signal, three cell types could
be distinguished: (i) cells with two signals of similar
size and intensity; (ii) cells with two different signals;
and (iii) cells with a single signal (Fig. 1). Table 1
summarizes the number of these cell types in each
particular individual. Interindividual differences
were evident (y2 = 62.47; P = 0.0000).

In a second experiment, a total of 579 Ag stained
metaphase plates were scored. Similarly, three cell
types could be recognized: (i) cells with two identical
signals; (ii) cells with two different signals; and (iii)
cells with a single signal (Fig. 2). Table 2 summar-
izes the distribution corresponding to these cells.
Interindividual differences were also clear in this
case (&= 44.02; P = 0.0000).

Furthermore, a sequential analysis of both homol-
ogous chromosomes in a total of 80 cells was carried
out to determine the size of the ISH signal and the
nucleolar constriction (Fig. 3). In each cell we
compared the size of the nucleolar constriction with

Table 1 Distribution of three different cell types in four
Talpa occidentalis individuals, according to the number
and intensity of ISH signals
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the size of the ISH signal in each chromosome with
respect to its homologue. In 64 per cent of the cells,
the chromosome with the largest ISH signal also had
the largest nucleolar constriction. In the remaining
cells (36 per cent) the opposite situation was seen,
i.e. the chromosome with the largest ISH signal
showed the shortest nucleolar constriction.

Finally, the results obtained with both ISH and
Ag-NOR techniques in each particular individual
were tested in contingency tables with respect to the
three cell types observed. Table 3 summarizes the x°
values and the significance levels of these tests. The
existence of significant differences clearly demon-
strates that the distribution of cell types depends on
the technique used.

Discussion

Workers using the Ag staining technique have
described NOR polymorphism and heteromorphism

Table 2 Distribution of three different cell types in four
Talpa occidentalis individuals, according to the number
and intensity of Ag signals

Numbers of cells with

Numbers of cells with

Single Two identical ~ Two different Single Two identical ~ Two different

Individual  ISH signal ISH signals ISH signals Individual ~ Ag signal Ag signals Ag signals
T-420 2 121 92 T-420 57 22 26

T-421 2 67 66 T-421 197 35 89

T-422 7 44 29 T-422 24 21 26
T-423 1 166 42 T-423 37 30 15

Mean % 2.6 60.1 37.3 Mean % 48.6 24.5 26.9
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Fig. 2. Variation in the number and size of the Ag-NORs in Talpa occidentalis. Metaphase plates were found to have two
Ag signals of similar size (a), two Ag signals of different size (b) and one Ag signal (c).
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in amphibians (Schmid, 1982), fishes (Gold, 1984)
and mammals, including humans (Mayr et al., 1984;
Sasaki et al., 1986; Sanchez et al., 1989, 1990; Suzuki
et al., 1990; Mellink et al., 1994). In view of the
association between the size of the Ag signal and
transcriptional activity of the NOR (Miller ez al.,
1976), such a heteromorphism is probably a conse-
quence of transcriptional differences between
NORs. Accordingly, in 48.5 per cent of the mole
cells analysed in this study, only one of the two
homologous NORs was active, whereas in the
remaining 51.4 per cent of the cells, both NORs
were active irrespective of whether they showed
different (26.9 per cent) or similar (24.5 per cent)
Ag signals.

The presence (or absence) and size of the Ag
signal were also shown to be associated with the
presence (or absence) and size of the nucleolar
constriction, i.e. the decondensed state of the NOR
chromatin (Schmid, 1982; Jiménez et al., 1988). It
seems, therefore, that there is also some relationship
between NOR chromatin decondensation and tran-
scriptional activity.

When the ISH technique is used to study NORs,
the presence and the size of the ISH signal depends

Fig. 3. Sequential analysis of the size
of both ISH signal and nucleolar
constriction in the same cells of Talpa
occidentalis. (a and b) Metaphase
plate showing two ISH signals of
different size where the chromosome
with the larger ISH signal also
presented the larger nucleolar
constriction. (c and d) Metaphase
plate showing the opposite situation.

on the number of ribosomal cistrons in each particu-
lar NOR (Appels et al., 1980; Wachtler et al., 1986;
Suzuki et al., 1990; Leitch & Heslop-Harrison,
1992). Our results indicate that 60.1 per cent of
mole cells had a similar number of ribosomal
cistrons in both homologous chromosomes, 37.3 per
cent had a different number, and in 2.6 per cent of
the cells one of the NOR-carrying chromosomes
either lacked ribosomal cistrons or had too few to be
detected by the ISH technique. Variability in the
number of ribosomal cistrons in homologous
chromosomes and their uneven distribution between
cells have been explained as a consequence of
unequal interchromatidic or interchromosomal
exchanges which give rise to either duplications or
deletions of a variable portion of the NOR chroma-
tin (Shubert & Wobus, 1985; Gillings et al., 1987). In
this respect, the existence of interindividual varia-
bility implies that these processes are also produced
in the germ line, and thus give rise to polymorphism
for the mean number of NOR chromosomes per
cell. Mole individual T-422 (Table 1) is a representa-
tive example of this phenomenon.

The variability we found with both Ag staining
and ISH techniques in the same material raises the
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Table 3 Contingency tables corresponding to four different individuals of Talpa
occidentalis with x* and significance level values, calculated to test the possible
association between the staining technique used (ISH or Ag-NOR) and the

resulting cell types

Numbers of cells with

One single Two identical Two different

Individual Technique  signal signals signals %3 P

T-420 ISH 2 121 92 134.85 <0.0001
Ag-NOR 57 22 26

T-421 ISH 2 67 66 15434 <0.0001
Ag-NOR 197 35 89

T-422 ISH 7 44 29 17.15  0.0002
Ag-NOR 24 21 26

T-423 ISH 1 166 42 106.03 <0.0001
Ag-NOR 37 30 15

question as to whether interchromosomal transcrip-
tional differences result exclusively from differences
in the number of ribosomal cistrons. Because techni-
cal reasons preclude for the moment the sequential
observation of both Ag and ISH signals in the same
chromosome, further indirect evidence is needed to
demonstrate such a relationship. Comparison
between data obtained in both ISH and Ag-NOR
experiments (Tables 1 and 2) suggests that a high
number of NOR-carrying chromosomes were tran-
scriptionally inactive, as they lacked the Ag signal,
despite the fact that they possessed enough ribo-
somal cistrons to be detected by the ISH technique.
Significant x* values shown in Table 3 clearly
demonstrate this hypothesis. Hence chromosomes
with similar numbers of ribosomal cistrons (similar
ISH signals) may show different transcriptional
activities (different Ag signals). Similar data were
reported in different subspecies and strains of the
mouse Mus musculus (Suzuki et al., 1990, 1992). We
conclude that the level of transcriptional activity
does not depend exclusively on the number of ribo-
somal cistrons, and that additional factors respon-
sible for the activation of transcription are also
involved, and contribute to the variability in NOR
activity. Further indirect evidence was obtained by
comparing data from the sequential analysis of the
nucleolar constriction and both Ag and ISH signals
in separate cell samples. A direct association
between the size of the nucleolar constriction and
the Ag signal has been reported (Schmid, 1982;
Jiménez et al., 1988). However, no such association
between the size of the nucleolar constriction and
the ISH signal was observed in this study. These

© The Genetical Society of Great Britain, Heredity, 78, 229-234.

findings support our hypothesis because if transcrip-
tional activity (size of the Ag signal) depended
exclusively on the number of ribosomal cistrons (size
of the ISH signal), these two variables would be
associated with the size of the nucleolar constriction.
Factors responsible for transcription activation prob-
ably also influence the size of the nucleolar
constriction.
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