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We have determined the copy number and the presence of full-size hobo transposable elements in eight Brasilian strains
of Drosophila melanogaster. Genomic DNA was digested with A�aII and XhoI restriction enzymes, respectively, and
probed with a 963 bp sequence of the hobo element. Variable numbers of full-sized and defective elements were detected
in all strains. The range of the copy number was 22.13�4.52. Blots showed the presence of a 2.6 kb fragment,
corresponding to the complete element, in all strains exception of one and the 1.0 kb sequence, correponding to the Th1
and Th2 repressor elements. There was neither association among copy numbers of hobo elements and latitude nor the
mean annual temperatures in the original geographical region of each strain.

Among the mobile elements that have been studied in
Drosophila melanogaster, the P, I and hobo elements
can produce a number of germline abnormalities
referred to as hybrid dysgenesis (KIDWELL et al.
1977). These anomalies are associated with the mobi-
lization of a transposable element through the inter-
action of chromosomal, cytoplasmic and environ-
mental factors typical of each family (ENGELS 1988).
The hobo family consists of autonomous elements
and some smaller deletions derivatives, defective ele-
ments. The autonomous element contains 2959 bp,
possesses two inverted terminal repeats of 12 bp
(BLACKMAN et al. 1987) and two ORFs: a large one
(ORF1) that extends from nucleotide position 307 to
2289, and a small upstream ORF (ORF0) that ex-
tends from nucleotide position 208 to 303 (MCGIN-

NIS et al. 1983; STRECK et al. 1986; CALVI et al.
1991).

There are two classes of D. melanogaster strains as
defined by their hobo elements (BLACKMAN and GEL-

BART 1989). H strains contain full-sized and numeous
smaller derivatives, whereas E strains lack all such
elements but possesses some weak homologous se-
quences (STRECK et al. 1986). In most laboratory
strains examined thus far, the number of complete
elements is low, about 2 to 10 copies per haploid
genome, while smaller deleted elements, belonging to
different classes appear to be more numerous, from
30 to 75 (PERIQUET et al. 1989). In addition to the H
and E classes, some strains contain only internally
deleted, and presumably non-autonomous elements
(DH strains).

D. melanogaster strains, which were captured in
different geographical surveys, showed that the hobo
element started to be widely present in nature (H
strains) since the 1950s and it is now found in all wild
populations around the world (PERIQUET et al. 1989).

Strains captured prior to the fifties have no ho-
mologous hobo sequences (E strains). We do not have
any information about the number and the occur-
rence of complete and defective hobo elements Brasil-
ian populations of D. melanogaster. We here report
data on eight Brasilian populations.

MATERIAL AND METHODS

Strains

Drosophila melanogaster isofemale lines were set up
from strains derived from collections made in eight
Brasilian regions. The strains are described below
according to the northern-southern geographical oc-
currence and denoted by the abbreviation of the
Brazlina state in which the parental flies were cap-
tured: MA (Maranhão, 2.31° Slat), set up with seven
females collected in 1995; PI (Piauı́, 5.09° Slat), set up
with 15 females collected in 1996; MG (Minas Gerais,
18.20° Slat), set up with 10 females collected in
September 1995; SP (São Paulo, 20.49° Slat), set up
with eight females collected in 1995; PR (Paraná,
23.25° Slat), set up with five females collected in 1996;
SC (Santa Catarina, 26.18° Slat), set up with two
females collected in 1996; RS1 (Rio Grande do Sul,
29.41° Slat), set up with five females collected in 1999;
and RS2 (Rio Grande do Sul, 30.02° Slat), set up with
five females collected in 1995. MA and PI were,
accordingly, equatorial strains, coming from regions
with mean annual temperature above 22°C and up to
40°C in the summer. SP came from a population in
southeastern Brasil with mean annual temperatures
above 22°C with lows rarely below 15°C in the
winter. MG originated from a mountainous region in
southeastern Brasil, with moderate temperatures in
the summer and average temperatures below 12°C in
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winter and fall. The southern strains PR, SC, RS1

and RS2 originated from subtropical regions charac-
terized by well-defined seasons with temperatures
ranging from 2°C to 15°C in the winter and 25°C to
35°C in the summer. The strain Drosophila
melanogaster 23.5/CyL (H+) was used as a positive
control for the presence of hobo element.

Southern blot analysis

Genomic DNA was isolated from pools of about fifty
individuals of each line and 5 �g of it were digested
with the endonucleases A�aII and XhoI in order to
investigate the copy number and the integrity of hobo
elements, respectively. A�aII recognizes a unique site
in the hobo sequence and produces fragments of
different lengths that can be derived from deleted or
full-sized elements. XhoI cuts a full-sized hobo at two
sites (285 and 2849) producing an internal fragment
with 2564 bp. In both cases, the membranes were
probed with a 963 bp sequence of D. melanogaster
hobo element amplified from the pHX4 (a plasmid
that contains the 2.6 XhoI fragment of Drosophila
melanogaster hobo element), using the primers 651
(5�-CACCTCCAATTTATCCCGCC-3�) and 1598 (5�-
GGATGGCAATACGAAGC-3�). The DNA frag-
ments were electrophoresed, transferred to nylon
membranes, and fixed. The ECL hybridization buffer
(Amersham Pharmacia Biotech do Brasil™) was
used. The membrane was washed for 40 min in
primary buffer (6M urea, 0.4 SDS and 0.5M ×SSC),
at 42°C, and for 10 min in secondary buffer (2×
SSC) at room temperature.

Statistical analysis

Correlatin analysis was performed to evaluate the
influence of latitude on copy number and of each
strain. Two classes of strains were formed and the
t-Student test was used to investigate the association
between the copy numbers of hobo elements and
mean annual temperatures in the original geographi-
cal region of each one. The first strain class included
the equatorial strains MA and PI and the southeast-
ern strain SP; the second class included the southeast-
ern strain MG and the southern strains PR, SC, RS1

and RS2.

RESULTS AND DISCUSSION

The A�aII digests showed that the total number of
hobo elements is variable among the eight D.
melanogaster Brasilian strains (MA=13; PI=26;
MG=20; SP=22; PR=24; SC=21; RS1=23;
RS2=28), with mean value equals to 22.13�4.52.

The natural strains have many full-sized and defec-
tive sequences, but the defective sequences occur in

comparatively larger numbers and seem to act as
repressors of transposition. All lines, excepting MA,
showed the 2.6 kb fragment expected from the diges-
tion of the full-sized hobo by XhoI, with several signal
intensities (Fig. 1). The presence of this sequence,
that embraces about 90 % of the complete element, is
a good estimation of the occurrence of at least one
full-sized element in all the strains. All the strains
carry defective copies with variable sizes and densi-
ties. The occurrence of the 2.6 kb fragment, which
indicates potentially full-size hobo elements in the
genome, and the smaller fragments, lead us to the
conclusion that the Brasilian strains correspond to H
lines of STRECK et al. (1986). E lines were not found
among the eight strains.

At least three kinds of defective hobo sequences
(Th1, Th2 and hobo �gal) have been found in all
Eurasian, American and French populations of D.
melanogaster. They seem to act as repressors of trans-
position (PERIQUET et al. 1989; PASCUAL and PERI-

QUET 1991). When cleaved with XhoI, the element
Th1 generates a fragment of 1.11 kb; the Th2 a
fragment of 1.09 kb and the �gal element produces a
fragment of 1.47 kb. A fragment measuring about 1.0
kb, corresponding to the Th1 and Th2 elements,
occurs in all the strains. The presence of these repres-
sors might be related to the low level of hybrid
dysgenesis presented by these strains in diagnostic
crosses using the 23.5/Cy L strain (VETORAZZI 1998).

The syndrome of hybrid dysgenesis caused by the
hobo transposition includes thermosensitive sterility
(at 25°C) due to atrophy of the gonads (gonadal
dysgenesis), chromosomal breaks and rearrange-
ments, mutations and male recombination (BLACK-

MAN et al. 1987; YANNOPOULOS et al. 1987; BAZIN et
al. 1999). The frequency of these genetic abnormali-
ties increases in dysgenic flies reared above 25°C. This
observation implies that, in addition to the occur-
rence of repressors, temperature can also impose
selective pressure and might regulate hobo element
copy number in natural populations from regions
with high temperatures throughout the year. To eval-
uate this hypothesis, the hobo copy numbers of
strains from tropical or temperate climates were com-
pared. The mean copy numbers of strains of tropical
climate (MA, PI, SP) was 20.33�6.66, while the
mean of those from temperate climate strains (MG,
PR, SC, RS1 and RS2) was 23.20�3.11. The differ-
ence was not significant (t7=0.70; p�0.05). As for
the results obtained in the evaluation of P element
copy number in these very same strains, the lines
derived from equatorial and tropical populations
showed significantly lower numbers of P elements
than the ones from temperate regions (RUIZ 2002). In
the same way the correlation among latitudes of the
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Fig. 1. Southern blot analysis of genomic DNA of eight strains of D.
melanogaster digested with XhoI and probed with a 963 bp sequence of
D. melanogaster hobo element amplified from the pHX4 plasmid. The
numbers correspond to strains collected from north to south (1: MA; 2:
PI; 3:MG; 4: SP; 5: PR; 6: SC; 7: RS1; 8: RS2; and 9: the positive
control 23.5/CyL). XhoI restriction fragments are indicated: 2.6 kb
fragment of the full-size hobo element; 1.0 kb fragment common to all
strains.

geographical origins of the strains and the hobo copy
numbers in each strain (r=0.522; t=1.49; p�0.05)
was not significant. This lack of relationship between
hobo phenotypes and geographical origin of the
strains had already been observed by BOUSSY et al.
(1988) who did not find significant differences be-
tween hobo phenotypes in D. melanogaster of the
tropical northern and the temperate southern Aus-
tralian ones. Our results, as well as those of BOUSSY

et al. (1988), could be explained by the circumstance
that transposition of hobo occurs at relatively low
temperatures (25°C). The lack of significant differ-
ences might reflect absence of selection for number
of copies regarding to the environmental tempera-
ture.
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