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Use of chromosomal translocations with in situ
DNA hybridisation to confirm localisation of
human 5S ribosomal RNA genes
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SUMMARY Two cases of chromosomal translocations involving the long arm of chromosome 1

were investigated for 5S ribosomal gene localisation using in situ hybridisation. In the first family,
there was an interstitial translocation of lq25-32 to chromosome 5; the 5S genes remained on

chromosome 1. In the second family, there was a translocation of lq42-44 to chromosome 21ql2;
the 5S gene locus in this case was translocated. This shows that the 5S ribosomal genes are at
position lq42-44, confirming a previous assignment based on adenovirus-induced uncoiling and on

a partial trisomy (Steffensen et al., 1977).

The accurate assignment of genes to particular loci
on human chromosomes allows the construction of
linkage maps, and will ultimately assist in antenatal
diagnosis and in the understanding of gene function
in development and hereditary disease. To date,
most gene localisations have been made by studies
of the genetic linkage of phenotypic characters, or
by the analysis of heterokaryons and cell hybrids,
and by the study of gene dosage as expressed
in protein products in partial trisomies and
monosomies.

In this report we apply hybridisation of 5S
ribosomal RNA to the human 5S ribosomal gene
locus, making use of two cases where translo-
cations on chromosome 1 have been identified and
mapped.
Human cells contain multiple copies of the gene

for 5S ribosomal RNA. The 5S ribosomal RNA is a
normal constituent of ribosomes, is 120 nucleotides
in length, and has a molecular weight of approxi-
mately 40 000. There are approximately 600 copies
of the 5S gene in human diploid cells per haploid
genome (Szabo et al., 1978), though the number of
genes in aneuploid HeLa cells may be several times
higher (Hatlen and Attardi, 1971). The 5S gene
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sequence is conserved, at least between mammalian
species (Williamson and Brownlee, 1969).

In situ hybridisation of 5S ribosomal RNA to
Xenopus laevis chromosomes has located the oocyte
5S genes on the telomeres of the long arms of most
of the chromosomes (Pardue et al., 1973). When
human chromosomes are fractionated on sucrose
gradients and the DNA from each fraction hybridised
to 5S RNA, gene sequences appear to be present in
several fractions; however, the fractionation allows
considerable overlap between size classes (Aloni et
al., 1971). In situ hybridisation to normal human
metaphase chromosomes shows extensive labelling
over the long arm of chromosome 1 at position
Iq32-44 (Steffensen et al., 1975).
The assignment of the 5S genes to chromosome 1 q

was confirmed by Steffensen et al. (1976), using
adenovirus 12 to induce uncoiling of chromosome I
at site 1q42, and identifying the 5S gene locus just
distal to this site. In situ hybridisation of a duplica-
tion of region Iq31-Iq43-44 also confirmed the
assignment of the 5S gene locus to position Iq42-43
(Steffensen et al., 1977).

Translocations represent a particularly clear
method for showing chromosomal localisation, as
the genes will either translocate or not with a given
chromosomal fragment. We have studied two
translocations involving the long arm ofchromosome
1 for the position of the 5S ribosomal genes.
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Use ofchromosomal translocations with in situ DNA hybridisation

Patients

FAMILY A
Chromosome analysis of the banded karyotypes
(Fig. 1) showed an unusual interstitial translocation.
The segment lq25-32 was inserted below 5q13. Two
members of this family were studied; the father with
the balanced translocation 46,XY,ins(5;1) (5pter-*
3ql3: :lq25-*1q32: :5ql3->5qter;1pter-1q25: :lq32
-÷lqter), and the daughter with the partial trisomy
for the segment lq25-32: 46,XX,ins(5;1) (5pter-*
5ql3: :lq25-*1q32: :5ql3->5qter)pat.

Meiotic studies showed that this was a non-
reciprocal translocation (M. A. Ferguson-Smith,
unpublished data).

FAMILY B
Chromosome analysis of the banded karyotype
(Fig. 5) showed a balanced translocation between
chromosome 1 and chromosome 21: 46,XX,t(1;21)
(ipter -÷ lq42::21ql2 -> 21qter;21pter -÷ 21ql2::
1q42-*>lqter).

Methods

Total RNA was prepared from mouse reticulocytes
and 5S ribosomal RNA was purified (from 28S, 18S,
and 4S RNAs) on a G100 Sephadex column (Reynier
et al., 1967; Williamson and Brownlee, 1969). Gel
electrophoresis was carried out on 6% polyacryla-
mide gels to confirm the purity of the RNA, which
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lq-

Fig. 2 Case A. Autoradiographs developed af
exposure for 56 days.

was greater than 95%. The iodination of 5S RNA
was modified from the methods of Commerford
(1971) and Prensky et al. (1973). The incubation
mixture contained 20 ,ug 5S RNA dissolved in 0-1 %
SDS, freshly prepared 4 mM thallium trichloride,
250 mM sodium acetate, pH 4- 8, and 10 mCi 1251 as
NaL, carrier-free inNaOH, pH 8-11 (Radiochemicals,
Amersham), 432-10 mCi/10 V.]. The final concen-
tration was 1 mCi/2 ,ug RNA. The mixture (100 ,ul)
was incubated at 600C for 15 minutes and the
reaction stopped by the addition of P-mercapto-
ethanol to 20 mM, 0-25 M NaCl, 10 mM EDTA,
0.2% SDS, and 50 mM Tris, pH 7-5. The sample
was applied to a G50M Sephadex column equili-
brated with 0-1 M ammonium acetate, 0-1 % SDS,
pH 8-6. The excluded fractions were pooled and
heated at 600C for 10 minutes to remove unstably-
bound 1251; after rapid cooling, 100 t±g carrier E. coli
RNA was added. The iodinated RNA was precipi-

1ter tated with 2 vol ethanol overnight and desalted.
The two 1251 5S RNA samples used had a specific
activity of greater than I - 1-1- 3 x 108 dpm/4g.

Fig. 3 Case A. Distribution ofgrains
on short (p) and long (q) arms throughout
the chromosome groups of(a) the
daughter and (b) the father.
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Use ofchromosomal translocations with in situ DNA hybridisation
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Fig. 4 Case A. Distribution ofgrains
per length unit of chromosomes 1, Sq+,
5, and 4. Arrows indicate position of
centromere. Dotted lines around units 14
and 15 in chromosome 5q+ indicate
position of translocated portion of
chromosome 1.
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Chromosome banding studies and in situ hybridi-
sation were carried out on short term peripheral
blood cultures (Ferguson-Smith, 1974) and the
trypsin-Giemsa banding method (Seabright, 1972)
was used for chromosome identification.

Before in situ hybridisation, the chromosome

preparations were treated with boiled pancreatic
RNAse (100 tg/ml) in 2 x SSC (SSC = 0-15 M
NaCl, 0-015 M Na3 citrate) for one hour at 370C,
thoroughly rinsed in 2 x SSC, and dehydrated in
75 % and 95% alcohols. Chromosomes were
denatured by heating the slides in 95% formamide,
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Fig. 6 Case B. In situ hybridisation of 1251 SS rRNA
to balanced translocation Jq -- 121q +. 70 days'
exposure.
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Fig. 7 Case B. Distribution ofgrains
per length unit of chromosomes 1, lq-,
21q+, 21, and 22. Arrows indicate
position of centromere. Dotted lines
around units 16 and 17 in chromosome
2Jq+ indicate position of translocated
portion of chromosome 1.
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Use of chronmosomal translocations with in situ DNA hybridisation
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0-5', SSC at 650C for 2) hours, rinsing briefly in
2 SSC, and dehydrating in 50%, 75%,/ 95%, and
100%/ alcohols. A 50-fold excess of cold 28S and 1 8S
mouse ribosomal RNA was added to the hybridisa-
tion mixture to compete with any possible con-
taminating 28S or 18S fragments (Prensky et al.,
1973). The hybridisation solution contained 4 ng
1251 5S RNA (4 4 5 2 105 dpm) in 4 p.1 of 50%
formamide, buffered with 0 5 M NaCl, 0 025 M
Hepes, 0 01 M EDTA, pH 7-0, per slide. Samples
were covered with an acid-washed 22 22 mm cover-
slip, sealed with Cow Gum, and incubated for 16
hours at 43CC.
Unhybridised RNA was removed by treatment

with boiled pancreatic RNAse (100 pg/ml) for 30
minutes at 370C. The slides were washed three times
in 2 SSC at 40C, washed three times in 2 SSC
at room temperature, and dehydrated through 50 ,
75%, 95%, and 100% alcohols before air-drying.
Slides were dipped in Ilford Nuclear Emulsion (K2
particle size), diluted 1:1 with distilled water, stored
in sealed, light-tight boxes containing anhydrous
silica gel, and exposed for 56 to 70 days. The slides
were developed at room temperature in Kodak D19,
diluted I I with water for 5 minutes, fixed in Ilford
Hypam for 4 minutes, washed in tap water for one
hour, and stained for 40 minutes in 5%/ Giemsa in
phosphate buffer, pH 6-8.

Results

FAMILY A

Eleven metaphases were analysed from both
patients and the grains scored on a karyotype
diagram divided into 400 length units, each compris-
ing 0 25%,, of the total genome length. The normal
chromosome I and the deleted chromosome 1 showed
C-banding after hybridisation (Pardue and Gall,
1970), which enabled the long and short arms to be

identified unambiguously. The abnormal chromo-
some 5q- was clearly recognisable in the B group
chromosomes. The 5S genes remained on the
terminal portion of chromosome 1 (Fig. 2). The
region 1q25-32 translocated onto chromosome 5 did
not contain hybridising sequences.
To allow for chromosome length, the numbers of

grains per short and long arms were divided by the
total number of length units for each group (Fig. 3).
Chromosome I is labelled in both cases. The number
of grains per length unit of chromosomes 1, 4, 5,
and 5q + of the daughter are shown in Fig. 4.
Segments 14 to 17 of chromosome I are heavily
labelled and correspond to lq25->-4qter. Segments
14 to 15, corresponding to 1q25-32, were trans-
located to 5q13 and the absence of grains on the
insertion chromosome 5 shows that the portion
Iq25-32 does not contain the 5S genes. This trans-
location showed that the 5S genes are located distal
to lq32, from Iq41--4qter.

FAMILY B

Analysis of 18 metaphases showed that the distal
part of the long arm of the normal chromosome I
and the long arm of the G21lq + were heavily
labelled (Fig. 6), which shows that the 5S genes are
in the translocated portion lq42->4qter. No hybri-
dising 5S gene sequences were seen on the deleted
chromosome lq--. Fig. 7 shows the distribution of
grains over chromosomes 1, lq --, 21q -, 21, and 22.
The only other regions showing significant labelling
levels were the short arms of the D group chromo-
somes, which were labelled to only one third of the
extent of the 5S locus (Fig. 8).
The total grains for each 5S locus were 43 and 38

in case A, and 46 and 39 grains in case B. A -t2
analysis shows that the differences between the grain
counts were not significant.
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Discussion

These results confirm, using two translocations, the
assignment of the major human 5S ribosomal RNA
gene locus to position lq42-44 (Steffensen et al.,
1975, 1976, 1977). The results of Aloni et al. (1971)
with HeLa cells may be the result of either the
aneuploid karyotype of the cell line, or of incomplete
resolution of chromosomes on sucrose-glycerol
gradients, prepared from cells treated with mitotic
blocking agents. Rearrangements of chromosome 1
are known to have occurred in HeLa cell lines
(Miller et al., 1971; Czaker, 1973; Nelson-Rees et al.,
1974). There is also conservation of the chromosome
1 localisation of 5S ribosomal RNA gene sequences
between man and other primates (Henderson et al.,
1978).

It is known that the gene loci for 28S and 18S
ribosomal RNAs, on the nucleolar regions at the
short arms of the acrocentric chromosomes, show
considerable variation in gene number and mor-
phology (Evans et al., 1974; Henderson and Atwood,
1976). No such polymorphisms visible in the light
microscope are evident for regions lq42-43, and in
these two cases there is no significant difference in
grain count between the normal chromosome 1 and
the chromosome 1 involved in the translocation (not
transferred in case A, transferred in case B). There-
fore, in these two cases, the number as well as the
position of the 5S ribosomal RNA genes is approxi-
mately conserved.

While the major gene locus for 5S ribosomal RNA
has been unequivocally identified previously, and
confirmed above, it is not possible to exclude the
possibility that small numbers of 5S genes occur at
other chromosomal loci. Well spread chromosome
preparations gave lower backgrounds than those for
which the chromosomes were clustered, presumably
because cytoplasmic contamination was less. In
general, the background over other chromosomes
was random; the only position where hybridisation
over background was significant, apart from the
localisation lq42-43, was on the short arms of the
D group chromosomes. It is not clear whether this
represents a second 5S gene locus, or hybridisation
of small amounts of labelled 18S and 28S sequence
in spite of the addition of cold 18S + 28S RNA
competitor, or an artefact resulting from proteins or
RNA molecules binding to the 5S RNA at the site of
cellular ribosome assembly. We believe the last
explanation is most likely to be correct. Henderson
et al. (1978) also found a high background over the
nucleolus organiser regions in their attempts to
localise mouse globin genes.

Because of their unequivocal nature, translocations
represent a useful tool in attempts to locate chromo-

somal loci for specific gene sequences where DNA or
RNA probes are available.

We thank Dr C. M. Clarke, Department of Clinical
Pathology, Middlesborough General Hospital,
Cleveland PS5 5A7, for supplying the sample of
blood from family B.

This work was supported by a grant from the
Medical Research Council. We also wish to thank
the Leukaemia Research Fund for a grant enabling
one of us to visit laboratories in the United States.

References

Aloni, Y., Hatlen, L. E., and Attardi, G. (1971). Studies of
fractionated HeLa cell metaphase chromosomes. II.
Chromosomal distribution of sites for transfer RNA and
5S RNA. Journal of Molecular Biology, 56, 555-563.

Commerford, S. L. (1971). lodination of nucleic acids in vitro.
Biochemistry, 10, 1993-1999.

Czaker, R. (1973). Banding patterns and late replication in
HeLa cells. Humangenetik, 19, 135-144.

Evans, H. J., Buckland, R. A., and Pardue, M. L. (1974).
Location of the genes coding for 18S and 28S ribosomal
RNA in the human genome. Chromosoma, 48, 405-
426.

Ferguson-Smith, M. A. (1974). Techniques of human chro-
mosome analysis. La Ricerca in Clinica and in Laboratorio,
4, 297-335.

Hatlen, L., and Attardi, G. (1971). Proportion of the HeLa
cell genome complementary to transfer RNA and 5S RNA.
Journal of Molecular Biology, 56, 535-553.

Henderson, A. S., and Atwood, K. C. (1976). Satellite
association frequency and rDNA content of a double
satellited chromosome. Human Genetics, 31, 113-115.

Henderson, A. S., Yu, M. T., and Atwood, K. C. (1978). The
localisation of mouse globin genes: a test of the effective-
ness of hybridisation in situ. Cytogenetics and Cell Genetics,
21, 231-240.

Miller, 0. J.. Miller, D. A., Allerdice, P. W., Dev, V. G.,
and Grewal, M. S. (1971). Quinacrine fluorescent karyo-
types of human diploid and heteroploid cell lines. Cyto-
genetics, 10, 338-346.

Nelson-Rees, W. A., Flandermeyer, R. R., and Hawthorne,
P. K. (1974). Banded marker chromosomes as indicators
of intraspecies cellular con:amination. Science, 184,
1093-1096.

Pardue, M. L., Brown, D. D., and Birnstiel, M. L. (1973).
Location of the genes for 5S ribosomal RNA in Xenopus
laevis. Chromosoma, 42, 191-203.

Pardue, M. L., and Gall, J. G. (1970). Chromosomal localisa-
tion of mouse satellite DNA. Science, 168, 1356-1358.

Prensky, W., Steffensen, D. M., and Hughes, W. L. (1973).
The use ofiodinated RNA for gene localisation. Proceedings
of the National Academy of Sciences of the USA, 70, 1860-
1864.

Reynier, M., Aubert, M., and Monier, R. (1967). ttude du
fractionnement des acides ribonucleiques d'Escherichia
coli par filtration sur gel de dextrane. Bulletin de la Socikte
de Chimie Biologique, 49, 1205-1219.

Seabright, M. (1972). The use of proteolytic enzymes for the
- mapping of structural rearrangements in the chromosomes

of man. Chromosoma, 36, 204-210.
Steffensen, D. M., Chu, E. H. Y., Speert, D. P., Wall, P. M..

Meilinger, K., and Kelch, R. P. (1977). Partial trisomy of

252

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.16.4.246 on 1 A
ugust 1979. D

ow
nloaded from

 

http://jmg.bmj.com/


Use of chromosomal translocations with in situ DNA hybridisation 253

the long arm of human chromosome 1 as demonstrated by Szabo, P., Lee, M. R., Elder, F. B., and Prensky, W. (1978).
in situ hybridisation with 5S ribosomal RNA. Human Localisation of 5S RNA and rRNA genes in the Norway
Genetics, 36, 25-33. rat. Chromosoma, 65, 161-172.

Steffensen, D. M., Prensky, W., Mutton, D., and Hamerton, Williamson, R., and Brownlee, G. G. (1969). The sequence
J. L. (1975). Mapping the human 5S RNA genes on of 5S ribosomal RNA from two mouse cell lines. FEBS
chromosome 1 using translocations. Cytogenetics and Cell Letters, 3, 306-308.
Genetics, 14, 434-438.

Steffensen, D. M., Szabo. P., and McDougall, J. K. (1976). Requests for reprints to Dr S. Malcolm, Department
Adenovirus 12 uncoiled regions ofhuman chromosome 1 in of Biochemistry, St. Mary's Hospital Medical
relation to the 5S rRNA genes. Experimental CellResearch,,ScoLodo W 1PG.
100, 436-439. School, London W2 IPG.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.16.4.246 on 1 A
ugust 1979. D

ow
nloaded from

 

http://jmg.bmj.com/

