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The pBuM189 satellite DNA was analysed in Drosophila buzzatii populations that cover most of the species distribution
in South America. This satDNA consists of A+T-rich monomers of 189 bp and previous studies showed a fast rate of
evolutionary change of this component of D. buzzatii genome. A total of 63 pBuM189 repetition units from 14 D. buzzatii
populations (9 from Brazil and 5 from Argentina) were studied. The average nucleotide variability among the 63 repeats
is 4.2 %. At least one repeat (Juan/4) seems to be part of another pBuM189 satDNA subfamily. The nucleotide alignment
of all 63 repeats revealed no specific nucleotide substitutions, or indels, that could discriminate each population or groups
of geographically close populations. Such lack of satDNA interpopulational differentiation is congruent with previous
mtDNA data that indicate a high gene flow and very little population differentiation throughout most of the D. buzzatii
distribution in South America. Gene flow might have been possible during glaciation events in the Pleistocene, such as the
one occurred between 13 000 and 18 000 years ago, when D. buzzatii probably had a more continuous distribution than
what is observed today.
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The cactophilic fly Drosophila buzzatii (buzzatii clus-
ter, repleta group) has a wide distribution in South
America, being found throughout most territories of
Argentina, Bolivia, Paraguay and Brazil. The species
uses decaying tissues of several prickly pear cacti
(Opuntia ssp.) and columnar cacti for feeding and
breeding (PEREIRA et al. 1983). During the last two
hundred years, Opuntia cacti have been transported
by man to several regions of the world, including
countries of the Mediterranean basin, Africa and
Australia. Consequently, D. buzzatii migrated with
its hosts. This situation made D. buzzatii an appro-
priate organism for addressing questions related to
genetic changes during the colonization process
(FONTDEVILA et al. 1982; HALLIBURTON and
BARKER 1993; ROSSI et al. 1996; FRYDENBERG et
al. 2002).

According to chromosomal inversion data, the
Argentinean Chaco is the most probable centre of
its radiation (WASSERMAN 1962; CARSON and
WASSERMAN 1965). D. buzzatii is also very abun-
dant in the Chaco, associated with a number of
different species of cacti (Vilela et al. 1980). In gen-
eral, Brazilian populations are patchily distributed
throughout small areas of xerophytic vegetation,
where they have been found at very low frequencies
(VILELA et al. 1983; TIDON-SKLORZ et al. 1994;
TIDON-SKLORZ and SENE 1995). The only exception

is southern Brazil, where relatively large populations
were found (VILELA et al. 1983; RUIZ et al. 2000).

It has been postulated that D. buzzatii colonized
Brazil through changes in the arid vegetation distri-
bution during glaciation events, such as those oc-
curred in late Pleistocene (BARKER et al. 1985;
FIGUEIREDO and SENE 1992).

BAIMAI et al. (1983) analysed the metaphase chro-
mosomes of several D. buzzatii populations from
Argentina and Brazil. All sampled populations ex-
hibit the same metaphase plate. BARKER et al. (1985),
found no significant allozyme differences among
South American populations. Only a small local dif-
ferentiation seemed to have happened in the Brazilian
populations from Bahia (northeast) and Tramandaı́
(south). In another study, FIGUEIREDO and SENE

(1992) reported that from 16 chromosome inversions
detected in Argentina, only two were present in the
Brazilian populations and no one was found in
northeastern Brazil. ROSSI et al. (1996) and DE BRITO

et al. (2002) found high levels of mtDNA uniformity
among South American D. buzzatii populations and
several tests indicated high gene flow throughout
most of D. buzzatii geographical distribution. DE

BRITO et al. (2002) also calculated that D. buzzatii
has been present in Brazil for at least 100 thousands
years, suggesting a pre-Holocene expansion of D.
buzzatii Argentinean populations towards Brazil.
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In order to get more information on the genetic
variability of D. buzzatii in South America, we
looked for a nuclear DNA. Satellite DNA (satDNA)
is a class of highly repetitive non-coding DNA that is
tandemly arranged in large homogeneous arrays in
the genome of nearly all eukaryotic organisms. The
usually fast rate of evolutionary change of satDNA
sequences is supported by a number of satDNA
families that proved to be species-specific (BACH-

MANN et al. 1989; KING and CUMMINGS 1997).
Previous studies showed that satDNA sequences
might be useful in the discrimination of conspecific
populations (ELDER and TURNER 1994; WU et al.
1999).

KUHN et al. (1999) described the pBuM189 satellite
DNA of D. buzzatii. It consists of repetition units
slightly AT-rich and 189 bp long. The five described
pBuM189 sequences were obtained from the genomic
DNA of only one D. buzzatii population. Hybridisa-
tion and PCR experiments failed to detect pBuM189

sequences in the genome of closely related species
such as D. serido, D. borborema or D. koepferae.
Therefore, the available data point to a fast rate of
evolutionary change of this component of D. buzzatii
nuclear DNA.

In the present study, we analysed 63 pBuM189
sequences from strains representing 14 D. buzzatii
populations (9 Brazilian and 5 Argentinean). The
populations cover most of the geographical distribu-
tion of this species in South America.

MATERIAL AND METHODS

Samples

The geographical location of all D. buzzatii popula-
tions sampled is shown in Fig. 1. The strains used
with their respective localities are: D69R5 (1);
J79H41 (2); D54F5 (3); H86G8 (4); D42F2 (5);
H99X6 (6); H42F1 (7); J25A20 (8); J28E15 (9);
ArgE3 (10); Cat (11), Hondo (12); Salta (13) and
Ticucho (14).

Fig. 1. South American map with the geographical localities of the D. buzzatii populations
sampled in the present study: (1) Morro do Chapéu; (2) Ibotirama; (3) Grão Mogol; (4)
Altinópolis; (5) Sertãozinho (6) Sengés; (7) Capão da Canoa; (8) Tramandaı́; (9) Santiago;
(10) San Juan; (11) Catamarca; (12) Termas de Rio Hondo; (13) Salta and (14) Ticucho.
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Molecular techniques

The pBuM189 sequences were originally isolated
from the genome of D. buzzatii after DNA digestion
with the MspI enzyme (KUHN et al. 1999). In the
present work, the SspI enzyme (which is also present
only once per pBuM189 repetition unit) was used in
order to facilitate the cloning procedure. pBuM189
satDNA fragments were identified by their appear-
ance as prominent bands of approximately 190 bp in
the background smear of genomic DNA. The DNA
from the 190 bp DNA band was eluted from the gel
by over-night incubation in 500mM NaAc; 1mM
EDTA. The recovered fragments were ligated into a
pUC18 plasmid vector and transformed to competent
Escherichia coli DH5-� cells. Recombinant clones
were selected as white colonies on ampicillin plates
containing X-gal (5-bromo-4-chloro-3-indolyl-�-D-
galactoside) and IPTG (isopropyl-�-D-thiogalactopy-
ranoside). The template DNA reaction for
sequencing was prepared according to the BigDye
Terminator Cycle Sequencing Ready Reaction Kit
(Perkin-Elmer) manual. Automatic DNA sequencing
was performed on an ABI Prism™ 377 (Perkin-
Elmer) sequencer.

The MEGA 2.1 program (KUMAR et al. 2001) was
used for the estimation of nucleotide variability, ge-
netic distances and construction of a NJ dendrogram.

RESULTS AND DISCUSSION

As it was already expected from previously pBuM189
sequence data, genomic DNA digestion of 13 D.
buzzatii strains with SspI produced a heavily stained
DNA band of approximately 190 bp, corresponding
to pBuM189 monomers, followed by bands of de-
creasing intensity signals of 380 bp (dimers), 570 bp
(trimers), and so on fragments. The 190 bp DNA
band from each digestion was independently eluted
from the gel and cloned. A total of 58 clones were
sequenced, 39 from 8 Brazilian populations (localities
1–4, 6–9) and 19 from 5 Argentinean populations
(localities 10–14). The nucleotide alignment of these
58 clones with the 5 pBuM189 repeats (sert/1–5 in
the present work) from locality (5) described earlier
by KUHN et al. (1999) proved that they all represent
pBuM189 satDNA monomers (Fig. 2).

The 63 pBuM189 repeats are slightly A+T-rich
(71 %) and the average sequence variability is 4.2 %.
The main source of variation among the 63 pBuM189
repeats are single nucleotide substitutions, being 69 %
repeat-specific and the remaining common to two or
more repeats. Only 11 indels were found.

One pBuM189 repeat seems to be exceptional. The
Juan/4 clone from locality (10) exhibited unexpected

high levels of sequence divergence in all pairwise
comparisons (22.1 % on average and always exceed-
ing 19 %). Moreover, while typical pBuM189 se-
quences present on average 1.7 % repeat-specific
nucleotide substitutions, 30 were found in the Juan/4
repeat (e.g. T at positions 11 and 42). Such high
degree of nucleotide divergence suggests that the
Juan/4 repeat might belong to another pBuM189
subfamily. From a theoretical viewpoint, the origin of
satDNA subfamilies depends on variables such as
copy number, genomic distribution of the satDNA
family and the relative rates of non-reciprocal ex-
changes within and between non-homologous chro-
mosomes (DOVER 1986).

If the Juan/4 repeat is excluded from the sample,
the average nucleotide variability of the remaining 62
pBuM189 sequences decreases to 3.7 %. This value is
almost identical to the 3.8 % calculated by KUHN et
al. (1999) based on five pBuM189 sequences isolated
from only one D. buzzatii population (locality 5).

Among the other pBuM189 repeats, Ticu/4 from
locality (14) is the most similar to Juan/4 for present-
ing two specific nucleotides (G at position 70 and A
at position 88) and one indel (position 49) that are
otherwise exclusive to the Juan/4 repeat and several
other substitutions in common to Juan/4 and other
repeats (e.g. T at position 36 or A at position 133).
The Ticu/4 repeat itself is the most divergent
pBuM189 repeat (10.2 % on average) after Juan/4,
presenting 6 repeat-specific nucleotide substitutions
(positions 1, 69, 79, 97, 98, 167 and 188). Therefore,
the Ticu/4 must be considered as an intermediate
evolutionary step between ‘‘typical’’ pBuM189 re-
peats and the highly diverged Juan/4 repeat. Interest-
ingly, both Juan/4 and Ticu/4 rare repeats are from
Argentina, where the species probably originated
(WASSERMAN 1962; CARSON and WASSERMAN

1965).
According to theoretical and empirical data, differ-

entiation of satDNA sequences should arise accord-
ing to the concept of concerted evolution (DOVER

1986; ELDER and TURNER 1994). In other words,
satDNA arrays from different populations or species
might be homogenised for different mutations by the
effect of molecular mechanisms such as unequal
crossing-over and gene conversion coupled to genetic
isolation and genetic drift.

The nucleotide alignment of the 63 pBuM189 re-
peats from 14 D. buzzatii populations (4.5 % repeats
on average per population) revealed no specific nucle-
otide substitution, or indel, that could discriminate a
specific population or groups of geographically close
populations (Fig. 2). In some cases, more than two
clones shared identical nucleotide sequence, as in the
case of the Capao/3, Grao/3, M.Cha/6 and Catam/1
or M.Cha/1 and Santi/4 clones, but they are derived
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Fig. 2. Nucleotide sequences of 63 pBuM189 satDNA repeats from 14 D. buzzatii populations aligned with a
pBuM189 consensus sequence. Numbers at the end of each sequence correspond to the geographical localities
depicted in Fig. 1. The SERT/1–5 repeats correspond to the pBuM189/1-5 clones in KUHN et al. (1999), isolated
by the MspI enzyme. The remaining repeats were isolated by the SspI enzyme.
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from quite distant geographic localities. On the other
hand, no identical repeats were found in a single
population.

Genetic distances among the 63 pBuM189 nucle-
otide sequences were calculated according to the
Kimura’s two parameter method (KIMURA 1980) and
a ‘‘neighbor joining’’ dendrogram (SAITOU and NEI

1987) was constructed (Fig. 3). The Juan/4 sequence
was located in a clearly separate branch from the
other pBuM189 repeats, supporting the assumption
that it belongs to another pBuM189 satDNA sub-
family. The Ticu/4 repeat was located in a branch
between the Juan/4 and the remaining 61 pBuM189
repeats. Within the remaining 61 pBuM189 repeats,
no cluster containing pBuM189 sequences from one
population or groups of geographically close popula-
tions could be observed.

Altogether, the data indicate high levels of
pBuM189 sequence similarity among D. buzzatii pop-
ulations that are located, in some cases, more than
3000 km apart. Such lack of satDNA interpopula-
tional differentiation is congruent to mtDNA data
that indicate a high gene flow and very little popula-
tion substructure throughout most of the D. buzzatii
distribution in South America (ROSSI et al. 1996; DE

BRITO et al. 2002). Accordingly, there must be an
adaptative explanation for the loss of chromosomal
inversion polymorphism in Brazilian populations
(compared to Argentinean populations), reported by
FIGUEIREDO and SENE (1992).

Currently, the Chaco (northern Argentina and
east-Bolivia) and the Caatinga (northeast Brazil) are
the only two extensive areas of arid vegetation in
South America, presenting a high density and diver-
sity of cactus species. In other areas, cactacea are less
frequent and patchily distributed. The same is true
for D. buzzatii populations, which depend on cactus
for feeding and breeding. It is widely accepted that
global climate underwent recurrent cycles of cold-dry
and hot-wet weather during the Pleistocene, when at
least four major glacial events, and many minor ones,
occurred. For instance, in the last glaciation event
(18 000 to 13 000 years ago), the climate in South
America was dry and the Chaco was connected to the
Caatingas through xerophytic formations in the

Fig. 3. Neighbor-joining dendrogram showing the genetic
relationships among 63 pBuM189 satDNA repeats from 14
South American D. buzzatii populations. Empty symbols
correspond to Brazilian repeats and full symbols corre-
spond to Argentinean repeats. The Brazilian repeats were
further divided into �=Northeast; �=Southeast and
�=South. Only bootstrap values above 50 % are shown
(based on 1000 replicates). The scale bar represent genetic
distances calculated according to the Kimura’s ‘‘two-
parameter method’’.
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central Brazil and Atlantic coast (AB�SABER 1977).
Consequently, D. buzzatii probably had a much more
continuous distribution than what is observed today.
Such situation might have allowed the gene flow
among South American D. buzzatii populations in a
large degree.

To date, most satellite DNAs described in the
literature were isolated from individuals from a single
strain or locality. The present data is one of the few
examples that provide information on the satDNA
sequence variability among natural populations of a
widespread species.
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