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The frequency and types of repetitive nonsatellite DNA of two sibling species of the repleta group of Drosophila,
D. buzzatii, and D. koepferae have been determined. For each species, the analysis is based on a sample of more than
100 clones (400 kb) obtained from genomic DNA. A theoretical model has been developed to correct for the presence
of a mixture of repetitive and unique DNA in these clones. After correction, a high content of repetitive DNA has
been demonstrated for both species (D. buzzatii, 19-26%; D. koepferae, 27-32%). The repetitive sequences have been
classified according to their hybridization pattern when used as probes against genomic DNA and by their in situ hybrid-
ization signals on polytene chromosomes. Data suggest that the main nonsatellite component of these species is simpler
and more repetitive than that of D. melanogaster, pointing to a wide variability in content and class size distribution
of repetitive DNA among Drosophila species.
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La fréquence et les types d’ADN répétitif non-satellite chez deux espéces jumelles de Drosophila du groupe repleta,
les D. buzzatii et D. koepferae, ont été déterminées. Pour chaque espéce ’analyse s’est appuyée sur un échantillon
de plus de 100 clones (400 kb) obtenus de ’ADN génomique. Un modele théorique a été développé pour corriger la
présence dans ces clones d’un mélange d’ ADN répétitif et d’ADN unique. Aprés correction, une teneur élevée en ADN
répétitif a été démontrée chez les deux espéces : de 19-26% chez le D. buzzatii et de 27-32% chez le D. koepferae.
Les séquences répétitives ont été classées d’aprés leur pattern d’hybridation en tant que sondes dirigées contre I’ADN
génomique et leurs signaux d’hybridation in situ sur les chromosomes polyténes. Les données obtenues suggérent que
le principal composant répétitif non-satellite de ces espéces est plus simple et plus répétitif que celui de D. melanogaster
et font ressortir la grande variabilité dans la teneur et la distribution de la dimension des classes d’ ADN répétitif chez
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les especes de Drosophila.

Mots clés : ADN répétitif, évolution de PADN, Drosophila, groupe repleta, espéces jumelles.

Introduction

In Drosophila melanogaster, DNA reassociation analysis
provided an estimation of the percentage of the repetitive
genomic DNA and led to the discovery of its characteristic
long interspersion pattern, i.e., blocks of repetitive DNA
0.5-13 kb long separated by even longer blocks of unique
DNA (Manning et al. 1975). With the advent of recombi-
nant DNA techniques, another approach has been used to
estimate the repetitive DNA content, consisting in obtain-
ing a large random sample of genomic DNA clones repre-
sentative of the whole genome. These studies have shown
that approximately 28% of D. melanogaster clones contain
repetitive DNA (Young 1979; Dowsett and Young 1982).
In D. simulans, a sibling species of D. melanogaster, a very
different result has been obtained, that is, only 10% of its
clones carry repetitive DNA (Dowsett and Young 1982).
Another study with comparable results is that of Riede ef al.
(1983) for D. virilis showing that 31% of its clones contain
repetitive DNA. The percentage of repetitive clones in
D. melanogaster (28%) is considerably higher than the per-
centage of nonsatellite repetitive DNA estimated from
reassociation experiments (12%) (Spradling and Rubin
1981). Because D. melanogaster satellites are not cloned
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when using conventional procedures (Lohe and Brutlag
1987) this discrepancy has to be explained by the fact that
most clones carry both repetitive and unique DNA. These
results raise two important points. First, one may ask
whether these large differences for repetitive DNA content
among closely related species of Drosophila represent the
rule or just a peculiar trait of the melanogaster species group.
Second, the quantification of repetitive DNA from a sample
of cloned DNA has to be corrected for the presence of single
copy DNA.

To address these points, we studied the repetitive DNA
component of two sibling species, D. buzzatii and
D. koepferae (formerly D. serido; Fontdevila ef al. 1988),
that belong to the repleta group (Wasserman 1982), a group
phylogenetically very distant from the melanogaster group
(Throckmorton 1982). Southern blot analysis and in situ
hybridizations on polytene chromosomes have allowed us
to detect and classify the repetitive component of our
species. A simple theoretical model that considers an
interspersion pattern similar to that found in Drosophila
melanogaster has been used to cope with the simultaneous
presence of both repetitive and unique DNA in most clones,
allowing the comparison of our results with those of previ-
ous experiments with other species. Our results show that
the repetitive DNA content in our species is larger than in
the melanogaster group and the main repetitive component
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TABLE 1. Distribution of repetitive DNA by

clone size
Repetitive
Average clones
Class size, § Total no.
(kb) (kb) of clones  No. r
D. buzzatii
1 0.83 8 1 12.5
1-2 1.82 26 9 34.6
2-3 2.24 13 2 15.4
3-4 3.41 19 4 211
4-5 4.23 16 7 43.8
5-6 5.33 8 6 75.0
6-7 6.14 7 5 71.4
=7 8.32 11 6 54.5
3.64 108 40 37.0
D. koepferae

<1 0.72 5 2 40.0
1-2 1.45 30 7 23.3
2-3 2.49 14 7 50.0
3-4 3.24 22 7 31.8
4-5 4.12 14 7 50.0
5-6 5.11 9 5 55.6
6-7 6.14 7 5 71.4
> 10.37 14 9 64.3
3.87 115 49 42.6

NoTE: 5, weighted mean size of clones; r, percentage of
repetitive clones.

is qualitatively different from that found in the species of
the melanogaster group.

Material and methods

Drosophila stocks

Three D. buzzatii and five D. koepferae stocks have been used.
Their geographical origins are as follows: D. buzzatii—BSL,
San Luis, Argentina; BU2, Evora, Portugal; BU13, Adeje, Gran
Canaria, Spain; D. koepferae—KSL, San Luis; KO2, San Luis;
KO4, Vipos; KO6, Mazan; all of them from Argentina.

Nucleic acid preparations

DNA extractions from Drosophila stocks were made using a pro-
cedure described elsewhere (Pifiol ef al. 1988). Plasmid DNA was
obtained either by the alkaline lysis procedure of Dowsett and
Young (1982) or by the boiling method as described in Maniatis
et al. (1982). High-quality supercoiled plasmid DNA for sequenc-
ing was extracted using Magic Miniprep columns (Promega,
Madison, Wis.).

Genomic libraries

Two genomic libraries were obtained from stocks BSL and KO4
following the protocol described in Dowsett and Young (1982)
modified for the use of a different cloning vector (pUCIS,
Norrander ef al. 1983) and of a different restriction enzyme
(HindlIII) for cutting both plasmid and genomic DNA. Only those
clones larger than 0.6 kb have been included in this study.

Reverse genomic hybridization (Pirrotta 1986)

We have chosen this routine method used in walking studies to
determine if a clone carries repetitive DNA. This method utilizes
total genomic DNA as a probe against the DNA of recombinant
clones. Under appropriate conditions only those clones that carry
repetitive DNA will show a hybridization signal (see for example
Pirrotta ef al. 1983; Bauman et al. 1987; Healy ef al. 1988).

Around 100 ng of each recombinant clone were cut with HindIII,
plasmid and insert were separated by electrophoresis in 0.6%
agarose, and transferred to Hybond-C extra nitrocellulose filters
(Amersham International, Buckinghamshire, England) by South-
ern procedure as described in Maniatis et al. (1982). Approximately
1 pg of total genomic DNA from adults of each species was labelled
by nick translation with biotin-11-dUTP (Sigma Chemical Co.,
St. Louis, Mo.) and used as the probe. Hybridization and devel-
opment procedures are detailed in the protocol provided with the
BIuGENE Kit (Bethesda Research Labs, Bethesda, Md.). The
highest stringency of posthybridization washes was performed at
50°C and 0.16 x SSC (medium according to Stacey ef al. 1986).

Hybridizations against genomic DNA

About 1 pg of cloned DNA was labelled as indicated above. Total
genomic DNA (3-5 ug) from adult BSL and KO4 strains was cut
with HindIll, separated by electrophoresis, and transferred to
Hybond-C extra filters. Hybridization and development procedures
were as cited previously.

In situ hybridizations on polytene chromosomes

Probes were obtained by random primed labelling 300 ng of
plasmid DNA with digoxigenin-11-dUTP (Boehringer Mannheim,
Mannheim, Germany). Slides were obtained and hybridized as
described in Labrador et al. (1990). Posthybridization washes and
detection procedures have been developed according to DeFrutos
et al. (1989).

DNA sequencing of the cDk27 clone

It was performed from double-stranded DNA by the dideoxy-
chain termination method (Sanger et a/. 1977) using T7 DNA
polymerase (Pharmacia Labs, Uppsala, Sweden) by extending it
from the universal and reverse primers of the pUCI8 plasmid.

Results

Estimation of the percentage of repetitive DNA in
D. buzzatii and D. koepferae

Forty of 108 clones of D. buzzatii (37%) and 49 of
115 clones of D. koepferae (43%) showed hybridization
signal in reverse genomic hybridization (Table 1). An
example of hybridization results is shown in Fig. 1 for
18 of these D. buzzatii clones. Since some mixed clones con-
taining repetitive and single-copy DNA would show a posi-
tive signal, a correction was applied that considered the aver-
age size of the clone (the probability for a clone to include
repetitive DNA increases with its size) and the sensitivity of
the detection procedure. Assuming that repetitive DNA is
interspersed in blocks separated by extensive zones of unique
DNA, a relationship between the frequency of repetitive
DNA and the frequency of clones detected by reverse
genomic hybridization as repetitive DNA carriers can be
formulated as
[11] r=R + (N(s - 2d))/T
where r is the frequency of detected clones, R is the real fre-
quency of repetitive DNA, N is the total number of repetitive
blocks in the considered genome, s is the size of the clones,
d is the minimum size of repetitive DNA that can be detected
by the procedure used, and T is the fraction of the genome
that has been considered (see Appendix). This formula estab-
lishes a linear relationship between r and s
2] r=As+ B
where A = N/Tand B = R — (2Nd)/T, so
31 R=B+2Ad

R can be estimated for a given species knowing the linear
equation that expresses r in front of s when a fixed value
is assigned to d. Equations for each species have been






