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ABSTRACT

The organization of the 55 RNA cluster has been analyzed in
four strains of Drosophila melanogaster by the Southern tech-
nique. In some of the strains the 5S RNA cluster appears to be
interrupted by an unrelated sequence. In other strains a con-
tinuous cluster is present.

INTRODUCTION
In the fruit fly Drosophila melanogaster there are about 160

5S RNA genes per haploid genome (1, 2) located at locus 56 F on
chromosome two (3, 4). The single repeat unit consists of a 5S
gene plus spacer DNA and is about 375 base pairs long (4, 5).
The molecular organization of these genes can be studied by
using appropriate restriction enzymes that fail to cut within
the 55 repeat wnit and therefore excise the whole cluster. The
fragments so generated can be separated by gel electrophoresis
and identified by the Southern technique (6). This approach has
been adopted in several laboratories but the results obtained
have been so far conflicting. An early attempt led to the con-
clusion that the 5S genes are grouped in two clusters roughly
equal in size separated by an unrelated sequence (7). Although
there was some genetic evidence to support this result (2),tech-
nical reasons, namely the electrophoretic conditions used, did
not allowv a firm conclusion. More recently the same problem has
been reinvestigated by two groups who have presented evidence
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that on the contrary the 5S RNA genes are all contiguously ar-
ranged to form a single uninterrupted cluster 160 repeats long
(4, 8).

In this report the analysis has been extended to four inbred
strains of Drosophila using a variety of restriction enzymes.
The results show that there are differences among strains. 1In
two of the strains all the enzymes tested devided the 5S cluster
into two parts whereas in the other two, only one enzyme was
found to split the cluster. In addition, variability within a.
strain was detected by comparing restriction patterns of the 58

cluster in individual flies.

MATERIALS AND METHODS

Drosophila strains

The flies were maintained at Molecular Biology (Edinburgh) and
provided by D. Finnegan. Cambridge (Oregon-R) is a line which
originates from Vancouver, has been maintained for at least 6
years in Cambridge and 2 years in Edinburgh. Yale (Oregon R)
originates from Yale University and has been maintained for one
year at Imperial College (London) and for 2 years in Edinburgh.
The Canton S originates from Oak Ridge Laboratory and has been
maintained for at least 20 years in Cambridge. No further in-
formation is available to date for the gtw2 strain.

DNA preparation

Single flies were roughly dissociated with dissecting needles
under a microscope and tramsferred to 100 pl of 50 mM Tris, 100
mM EDTA pH 7.8 containing 100 pg/ml pronase on ice. After 10-15
min, the samples were made 1% SDS and heated to 65%C for 30 min.
An additional aliquot of pronase was added (200 pg/ml final) and
the incubation continued at 37°C for 3 h. The samples were di-
luted to 0.5 ml with T.E. (10 mM Tris, 1 mM EDTA pH 8) and ex-
tracted gently with phenol and then with phenol-chloroform 1:1.
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Extensive dialysis against T.E. and ethanol precipitation follow-
ed. The pelleting of the ethanol precipitate was carried out in
a swinging rotor. This prevented some of the DNA from sticking
to the tube walls. The tubes were dried and the DNA allowed to
resuspend for 1 h in T.E. before adding the salts and the en-
zymes. The amount of DNA extracted from single flies was esti-
mated by running the samples in a 1% gel at 10 V/em. This com~
pacted the DNA in a very narrow area of the gel and allowed to
compare the fluorescence intensity with known amounts of lambda
DNA run in the same gel. The recovery was from O.1 to 0.5 ng
per fly. The mobility of the DNA was slightly lower than T4 DNA
in a 0.3% gel.

DNA from pools of flies was prepared following essentially
the same procedure except that the flies were homogenized in a
Dounce homogenizer. The plasmid 12D1 was prepared and donated

by D. Finnegan (Molecular Biology, Edinburgh).

DNA restriction and gel electrophoresis
Digestion with EcoRI, Bam I, Hind III, Bgl II, Pst I, Hpa I,

Sal I were carried out in 25 pl according to the conditions de-
scribed by Robert (11). The enzymes were provided by B. Smith
(this laboratory). Reaction mixtures were incubated for 3-12 h
and the digestion terminated by the addition of 5 pl of 100 mM
EDTA, 20% Ficoll and Orange G in electrophoresis buffer (12).
Vertical, 0.3% agarose gels (20:120x0.3 cm) were used. To pre-
veant such a dilute gel from shrinking, the gel bo: was immersed
in electrophoresis buffer. At 30 V, in 20 h the separation be-

tween the full size lambda and T4 DNA was 1 cme.

DNA transfer hybridization

DNA was transferred to nitrocellulose filters (Shleicher and
Schuell BAS5) in 20 x SSC overnight. Filters were rinsed briefly
in 2 x SSC, blotted dry and baked in a vacuum oven at 80°C for

1 h. Preincubation was at 65°C in Denhart's solution (13) for
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4-6 h. The plasmid 12D1 was labeled by nick translation (14) and
denatured by boiling for 5 min.

Hybridization was carried out overnight at 65°C in 20-30 ml
of Denhart's solution containing 0.5% SDS and about 107 cpm 32p
labeled p12 D1. After hybridization filters were washed at 65°C
in 2 1 of 2 x SSC containing 0.5% SDS for 6 h with two changes.
The filters were dried and exposed to flash sensitized X-ray film
(Fuji RX) with intensifying screens (Ilford fast tungstate) at
-70°C (15). Exposure time was overnight.

RESULTS

Variability among strains
DNA was extracted from the strains gtwd/T(y:2)Cyo (gtwd), vale,

Cambridge and Canton S and digested with the enzymes indicated.
The fragments were separated by gel elctrophoresis and trans-—
ferred to nitrocellulose filters. The probe used to identify
the fragments containing the 5S RNA genes was a 32P labeled
cloned segment of homologous 5S DNA originating from an internal
region of the 5S cluster (4). The results are shown in Fig. 1.
It is apparent that each strain exhibits a unique restriction
pattern. 1In particular three features wary: i) the number of
fragments bearing 55 sequences, ii) the mobility of the frag-
ments, iii) the relative intensity of the bands.

i) In two of the strains analyzed (Fig. 14,B) all the enzymes,
alone or in combination, produced two bands. In the other two
strains (Fig. 1C,D) only Hind III and Eco RI produced two bands
whereas the other enzymes gave rise to one band. A third faint
band can be seen in the EcoRI digest of the Yale strain. It is
probably due to the presence of variants in the populations (see
belovw).

ii) The size of the fragments containing 5S DNA varies among
the strains from 27 to 52 Xb in gtwd@, from 23 to 72 in Yale, from
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Fige 1 Variability of the restriction patterns among strains.
For each strain the DNA was purified from a pool of 100 flies
and the equivalent of two flies (about 0.5 pg) digested with a
restriction enzyme. The 32p 1abeled probe is the plasmid 12 D1
containing a segment of DNA originating from the internal re
gion of the 55 cluster (4). A) gtw? strain; B) Yale strain;

C) Cambridge strain; D) Canton S strain. The size markers are
T™4 DNA (16), full size lambda DNA and lambda DNA digested with
EcoRI and Hind III. The same size markers are used throughout.

17 to 87 Xb in Cambridge and from 67 to 100 Xb in Canton S. These
size ranges are roughly consistent with a length of the full
cluster of approximately 60 Kb in Cambridge and Canton S and ap-
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proximately half a cluster in gtw® and Yale. The differences in
length of the fragments within a strain, using different enzymes,
depend on the position of a given restriction site in the sequen-
ces adjacent to the 5S cluster. The presence in the Hpa I digest
of the Yale strain of a band 23 Xb long which can bear at most 60
repeat units suggests that in this digest and possibly in this
strain the division into two parts of the cluster is asymmetric.
In the Hind III digest in Cambridge a particularly short band ap-
pears (17 Kb)suggesting that the Hind III restriction target is
much closer to one edge of the cluster, In Canton S, ECORI pro-
duces two close, high molecular weight bands (90 and 100 Xb). A
threefold increase in the amount of the enzyme and prolonged
times of incubation did not alter this pattern.

iii) A quantitative estimate of the amount of the sequences
homologous to the probe can be obtained from the intensity of
the bands. Namely, in the two band patterns the relative inten-
sity of the bands can provide information about the proportion
of the 55 repeats in a particular fragment and therefore about
the location of the restriction site responsible for splitting
the whole cluster. Hovever, if two bands very different in size
are considered, this comparison should take into account differ-
ences in the efficiency of transfer which could bias the ratio
in Pavour of the faster migrating band (6). The two bands in the
Bam I and Hind III digests of the gtw? strain (Fig. 1A, see also
Fige. 3) are very close and apparently equal in intemsity suggest-
ing a balanced division of the cluster. The differences in inten-
sity in most of the other digests are probably due to the differ-
ential transfer efficiency. On the contrary, in the Yale strain,
in four out of six digests the upper band is more intense. This
feature, coupled with the presence of a particularly short Ffrag-

ment in the Hpa I digest strongly suggests an unbalanced division
in this strain.
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Physical linkage of the 5S clusters

Since in gtw2 and Yale strains all the enzymes tested produced
a two band pattern, the question arises whether the two bands are
alleles or physically linked. The pattern resulting from a par-~
tial digestion can distinguish between the two alternatives (Fig.
2). Assuming that the sequences flanking the 5S cluster are ran-
dom, the spacing between consecutive restriction targets 6 base
pairs long is on average 4 Kb. Therefore if the two bands are
alleles, a partial digestion is expected to produce a ladder of
bands progressively inceeasing by about 4 Xb. On the contrary,
in case of physical linkage, the joining of the two halves of the
cluster will produce a saltatory increase of the size of the par—-
tially digested fragments. Obviously the use of only one enzyme
is not sufficient because the actual distribution of any particu-
lar restriction target on either side of the 5S cluster is not
known.

The results of a partial digestion, using 6 enzymes, of the
gtw? strain DNA is showm in Fig. 3 and the resulting molecular
weights are reported in the legend. 1In all the partial digests
a high molecular weight band appears and its gsize is either the
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Fige 2 Prediction about the partial digestion fragments.

1) the two bands being alleles, 2) physical linkage. X and Y
are fragments bearing 5S RNA genes; b,b',c,c' and a are stretches
of adjacent DNA sequences defined by restriction sites. The pre-
sence or absence in the partial digest of fragments bearing X
and Y should allow to distinguish between the two alternatives.
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Fig. 3 Partial digestion of the DNA from the gtw? strain. As
expected in case of physical linkage, in all the digests a high
molecular weight band appears which is due to the joining of the
two halves of the 58 cluster. The molecular weights expressed
in Kb are: EcoRI 28, 42.5, 100; Bam I 32, 33, 67; Hind III 31.5,
33, 62; Bgl II 37.5, 52, 127; Hpa I 27, 31, 33, 67.

sum of the two total digest bands (Bam I, Hind III) or higher.
This result is comsistent with the physical linkage hypothesis
and provides some indirect evidence about the number of cuts op-
erated by a particular enzyme between the two clusters. Bam I
and Hind III probably cut once because the partial band equals
in length the sum of the two bands resulting from the complete
digestion. The other enzymes cut more than once because an in-
termediate ladder is visible and because the size of the high mo

lecular weight band exceeds the sum of the two band pattern due
to the addition of segments from the adjacent sequences (a,b,b’,
c,c' in Fig. 2).

Intrastock analysis

From the analysss of single flies of the gtw? strain (Fig. 4)
it appears that there is also some intrastock polymorphism which
however doesnot seem to be related to the variability among the
strains.
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Fig. 4 Intrastock analysis. DNA of individual flies from the
gtwd strain were digested with EcoRI. The handling of a 0.3% gel
involves distorsions. To ensure that all the samples would be
comparable, about 2 h after the start of the run in all the slots
an aliquot of T4 DNA was added and labeled T4 DNA included in the
probe. Three variants with an extra band 27 Kb and one variant
with an additional faint band 26 Kb long are observed.

DISCUSSION

In this report a variety of restriction enzymes have been
used to study the organization of the 5S cluster in Drosophila.
It is shown that the number and the size of the fragments con-
taining 5S genes varies among the strains.

One possible explanation of this variability is that in all
the strains studied there are two clusters of 5S dgenes separated
by an unrelated sequence. In some of the strains this sequence

would be long and variable enough to accomodate seven restriction
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targets 6 base pairs long. In other strains the same sequence
would be either much shorter or repetitive so that only one of
the enzymes tested would cut it. According to this model, an-
other source of variability among the strains would be the dif-
ferent length of the two 55 clusters. In some cases (gtw2 strain)
they would be roughly of equal size whereas in others (Yale, cam
bridge, Hind III digest) the clusters would be different in the
number of repeats.

An alternative possibility is that in the four strains ana-
lyzed there is only one continuous 58 cluster. The occurrence of
the two bands would be due to a nﬁmber of extra restriction sites
in a hypervariable region of the cluster. Occasional extra sites
have been found in cloned 5S DNA (4) which seem to be preferen-
tially located in some areas (9). According to this second al-
ternative, the variability would result in the type, the number
and the distribution of these additional restriction targets
within the 5S cluster.

However, in order to fit this alternative with the patterns
observed, this hypervariable region should be so heterogeneous
in sequence and so well defined in length that in fact this hy-
pothesis overlaps largely with the previous one.

A third possible explanation postulates that the variability
in restriction patterns reflects true differences in the organi-
zation of the 55 genes in different strains. In some strains the
two 58 clusters would be separated by an unknown sequence which
would vary from one strain to another in the position it occu~
pies within the cluster. In other strains all the 5S genes would
be continguous but some of them would differ from the others in
having occasional extra restriction site (Cambridge, Hind III
and Canton S, EcoRI digests).

In light of the evidence described in previous reports and

kere, this seems to be the most likely interpretation.
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The genetic evidence suggests that the 5S genes are organized
in two functional linked clusters (2). Deficiency mutants contain
ing about half of the 5S gene repeats have been shown to contain
a cluster approximately halved in size (8). Cytological studies
have shown that in optimal conditions of hybridization and ex-
posure, the in situ picture reveals two very close bands at the
56 F locus on chromosome two (10, 4). These data suggest that
in some strainsthe 5S RNA genes are organized in two clusters
separated by an unrelated sequence.

On the other hand, from experiments analogous to the ones re-
ported here, it has been concluded that in Drosophila, the 58
genes form a continuous cluster (4, 8).

The results described in this report reconcile these two lines
of evidence by showing that there are differences among the
strains. The molecular basis for this variability would be a
segment of DNA which is present within the 5S cluster in some

strains and absent in others.
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