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ABSTRACT

The P element is one of the most thoroughly studied transposable elements (TE). Its mobilization causes t
hybrid dysgenesis that was first described in Drosophila melanogaster. While studies of the P element have mair
been done in D. melanogaster, it is believed that Drosophila willistoni was the original host species of this TE a
that P was transposed to the D. melanogaster genome by horizontal transfer. Our study sought to compare t
transcriptional behavior of the P element in embryos of D. melanogaster, which is a recent host, with embryos
two strains of D. willistoni, a species that has contained the P element for a longer time. In both species, pote
tial transcripts of transposase, the enzyme responsible for the TE mobilization, were detected, as were transcrif
of the 66-kDa repressor, truncated and antisense sequences, which can have the ability to prevent TEs mobiliz
tion. The truncated transcripts reveal the truncated P elements present in the genome strains and whose numt
seems to be related to the invasion time of the genome by the TE. No qualitative differences in antisense tra
scripts were observed among the strains, even in the D. willistoni strain with the highest frequency of heterochroma
P elements.

Key words: Drosophila, D. willistoni, hybrid dysgenesis, RNAI, P element, transposable element.

INTRODUCTION elements, including transposons and retroelement

The P element is the most thoroughly studied trans- identiﬁéd as also being able to Promote a sir?il
posable element (TE) in Drosophila. 1t was first dis- drome in D. melanogaster and in other species

covered as the causative agent of hybrid dysgenesis in genus (Yannopoulos et al. 1987, Crozatier et al
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tween males of strains that contain functional P elements
in the genome and females that do not (Kidwell and
Kidwell 1979, Engels 1989). This syndrome promotes
sterility and gonadal atrophy.

The P element is a class II TE that is 2.9 kb long,
including the 31-bp Inverted Terminal Repeats (ITR),
and is transposed by the DNA cut and paste mecha-
nism (Misra and Rio 1990, Laski et al. 1986). The P
element contains four open reading frames (ORFs) that
encode at least two proteins by alternative splicing of
the third intron, named IVS3. The transposase, an 87-
kDa enzyme necessary for transposition, is expressed
exclusively in the germline cells (Siebel and Rio 1990).
In somatic cells, the IVS3 sequence is retained in the
transcript and a 66-kDa repressor protein is instead
produced.

The P element is widely dispersed in Neotropi-
cal species of the subgenus Sophophora (Daniels et
al. 1990, Clark and Kidwell 1997, Loreto et al. 1998).
This sequence is present in the cosmopolitan species
D. melanogaster, but not in other species ranked under
the melanogaster subgroup, suggesting a recent invasion
of the D. melanogaster genome by horizontal transfer.
This hypothesis is also supported by studies showing
that several strains of D. melanogaster collected before
the 1950s do not have the P element (Bregliano and
Kidwell 1983). The P element sequences of D. willis-
toni and D. melanogaster differ by only a single nucleo-
tide substitution (Daniels et al. 1990), suggesting that
the donor species belongs to the willistoni group. The
first contact between the two species is calculated to
have occurred around the year 1800, when it is believed
that D. melanogaster arrived in the New World (Engels
1989). Therefore, in a period of about 200 years, the P
element invaded the D. melanogaster genome and dis-
persed across the world.

The invasive capacity of the P element has been
attributed to its ability to regulate its own mobility, in-
creasing the chances of host survival in the face of its
invasion (Brookfield 1991). Besides the tissue-specific
splicing of IVS3, other alternative forms of splicing into
this intron, such as those described for D. melanogaster,

™ 1. °*7° * 4 - -1 1M 1 71 4* 12 1" 41 S1TO01N

transposing. The KP protein, encoded by a truncated
P element sequence, is one of the most widely known
repressors of P element mobility. The short KP poly-
peptides may interact with the P transposase and inhibit
its function through the assembly of inactive heteromul-
timers (Lee et al. 1996, 1998). Alternatively, short P
polypeptides may interact with the P element promoter,
thus inhibiting transcription.

Simmons et al. (2002) suggested that the nature
of the female P cytotype, which refers to the maternal
ability to prevent the paternally originated P element
from transposing, is determined by the 66 kDa-repres-
sor. A consensus sequence, similar to those found in
the maternal genes, was identified in the IVS3 intron
and appears to allow only unspliced transcripts to be
maternally transmitted by the nurse cells to the oocyte,
where they prevent transposase enzyme activity after
egg fertilization. On the other hand, the most recent
work of Josse et al. (2007) proposes the telomeric
Trans-Silencing Effect (TSE), a mechanism by which
a transposon inserted in subtelomeric heterochromatin
or close to the centromere has the capacity to repress
homologous transposons in the genome. The observed
sensitivity to mutations in genes that code for the pro-
teins AUBERGINE and PIWI suggested that the P
cytotype might depend on repeat-associated small in-
terfering RNA. The AUBERGINE and PIWI proteins
link to small antisense RNAs and trigger the produc-
tion of more antisense transcripts, which in turn prevent
the expression of homologous sequences by sequence
complementarity.

Considering these aforementioned studies, we in-
vestigated the presence of transcripts coding for trans-
posase and potential repressors of mobilization of the
P element in embryos of two strains of D. willistoni,
which produce offspring affected by hybrid dysgenesis
syndrome and whose previous description detected the
P element inserted preferentially in heterochromatic in
the Wip strain and in euchromatic in the 17A2 strain.
These strains favor the study of the proposed hypothe-
sis that correlates heterochromatin sequences with their
transcriptions in an antisense way. Apart from this, one
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P ELEMENT TRANSCRIPTS IN Drosophila EMBRYOS

MATERIALS AND METHODS

FLY STOCKS

The strains used were D. melanogaster Harwich (H)
from the USA, first collected in the 1960s and normally
used as a P element-positive control in experiments; D.
willistoni 17A2 from South Brazil (30°05'S, 51°39'W),
sampled in the early 1990s, and D. willistoni Wip from
Northeast Brazil (12°54’S, 38°19'W), sampled in the
1960s. The strains of D. willistoni were chosen since
they were previously studied for P element chromoso-
mal positioning (Regner et al. 1996). In the 17A2 strain,
only 17% of the chromocenters analyzed by the authors
have a P element inserted, while the Wip strain have
50% of the chromocenters with P element sites. Some
hybridization signals were detected in the euchromatic
arms of the Wip strain, but none had a frequency higher
than 15%. The mating of 17A2 males with Wip females
generates offspring with a 26% hybrid dysgenesis rate
at 29°C (Regner et al. 1999).

The flies were reared in cornmeal medium (Mar-
ques et al. 1966) at constant temperature and humid-
ity (17 £ 1°C; 60% rh).

EXTRACTION OF NUCLEIC ACIDS

The DNA of 25 adult flies was extracted by the phenol-
chloroform method according to Sassi et al. (2005).
Total RNA of embryos between 0-18 h of development
was extracted by the Trizol method (Invitrogen).

SYNTHESIS OF CDNA

The cDNA synthesis was done according to the proto-
col of M-MLV Reverse Transcriptase enzyme method
(Invitrogen) using 2 pmol of the specific mele3- primer
for the detection of transposase, 66-kDa repressor
and truncated transcripts or melil+ primer for the de-
tection of antisense transcripts (Table I lists the primer
sequences and Fig. 1 depicts the primers applied and
their respective binding sites). The cDNA synthesized

fraom Amdoiim? and Amdlhw nrimere cnectfie for the

AMPLIFICATION OF DNA AND CDNA

The reaction was carried out in a 15ul volun
1U Taq DNA polymerase (Invitrogen) in 1X poly
buffer, 2.5 mM of MgCl,, 10 pmol of each prin
0.6 mM of dNTP mix. The first PCR round
cDNA amplification was performed with 2l of
sample and the mele3- primer and melil+ intro
ning primers (Fig. 1A). The amplification par:
were a denaturation step at 95°C for 5 min, fc
by 40 cycles of 95°C for 30 s, 58°C for 30 s
for 2.5 min, and a final extension at 72°C for |
A 1pul sample of this first PCR amplification w
mitted to a second round of amplification witl
nal primers combined as follows: melil+ and
meli2+ and mele3-, meli2+ and meli3- (Table
1B, 1C, 1D), where melil+, meli2+ and mel
intron-spanning primers. The cycle parameters
second amplification were a denaturation step ¢
for 5 min, followed by 40 cycles at 95°C for
56°C for 1 min, 72°C for 1 min, and a final ex
at 72°C for 10 min.

The parameters of amplification of the Ama
were a denaturation step at 94°C for 7 min, follo
40 cycles at 94°C for 1 min, 56°C for 30 s, 72
1 min, and a final extension at 72°C for 10 min.

Thirty nanograms of genomic DNA were u
PCR amplification with the M-IR primers (T
The amplification parameters were a denaturati
at 95°C for 5 min, followed by 40 cycles at 9:
40 s, 55°C for 40 s, 72°C for 1.5 min, and a final
sion at 72°C for 10 min.

SOUTHERN BLOT

The first amplification product, with melil+ and
primers, was submitted to a Southern blot pro
The gel preparation was carried out following Sat
et al. (1989). The hybridization, stringency wasl]
detection reaction followed the Gene Images L
kit® and CPD-Stars Detection Module® (Am

Rincriencecel The nrohe 11ced vwace the comnlete
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TABLE I
PCR primers used.

Position in canonical
Primer Sequence (5°-37) P element of D. melanogaster
(GenBank accession code X06779)

Melil+ * TACACAAACAGAGTCCTGTT 431-442, 501-508

Meli2+ * | GTATATCAGAATCAAAAACCTG 1157-1168, 1222-1231
Meli3- * | CATTTCTGTATTCCTGGCTATT 2154-2138, 1947-1943
Mele3- * GTTTATCAACATCGACGTTTC 2581-2561

M-IR ** CATAAGGTGGTCCCGTCG 1-31, 29072877

*Haring, Hagemann and Pinsker 1998. **Haring, Hagemann and Pinsker 1995.

A meli1+ < mele3-
|
I=|MH exon 1 = exon 2 == exon3| ==
680 pb 725 pb == 443 pb | 2039 pb Repressor

443 pb | 1848 pb Transposase

melil+

meli3-

B |
I=|MH exon 1 = exon 2

|
w

680 pb 735 pb 1415 pb Transposase

c meli2+> < mele3-
=={exon 0} exon 1 i': exon 2 == exon3| ==
[ 737 pb == 443 pb | 1371 pb Repressor
[ 737pb | 443 pb | 1180 pb Transposase
meli2+> < meli3-
D |

exon 2

CIT—

==exon0H  exon1

== exon3 ==
|

743 pb Transposase

Fig. 1 —Map of the canonical P element showing

exons, introns and primers binding sites used

in RT-PCR. (A) melil+and mele3- primer binding sites and the probable fragments amplified in
RT-PCR amplification. (B) melil+ and meli3- primer binding sites and the probable fragments
amplified in RT-PCR amplification. (C) meli2+ and mele3- primer binding sites and the
probable fragments amplified in RT-PCR amplification. (D) meli2+ and meli3- primer binding
sites and the fragment and the probable fragments amplified in RT-PCR amplification.

SEQUENCING

The fragments obtained by RT-PCR were sliced off the
0.8% agarose gel and purified with GFX PCR DNA and
Band Gel Purification kit® (Amersham Biosciences) ac-

crardinoe tao the aciinnlier’e inctriictinne The nnirified DN A

in the PCR amplification were used for dideoxy chain-
termination reaction. Sequence identity was confirmed
in BlastN (http://www.ncbi.nlm.nih.gov/). The confi-
dence consensus of multiple reads was obtained by
analysis of the Staden Package Gap 4 program (Staden
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RESULTS

DETECTION OF PUTATIVE TRANSCRIPTS
OF TRANSPOSASE AND 66-KDA REPRESSOR
IN EMBRYOS OF D. melanogaster AND D. willistoni

By RT-PCR, we identified a putative transcript of the
transposase enzyme and of the 66-kDa repressor in
D. willistoni and D. melanogaster embryos. The 743-
bp fragment was amplified with the meli2+ and meli3-
primers in both species (Fig. 1D; Fig. 2, indicated by
a narrow arrow). This fragment corresponds to tran-
scripts that have experienced IVS2 and IVS3 splicing,
and would thus code for the functional transposase
enzyme (GenBank accession codes DQ486674 and
DQA486675).

Two amplification products were expected in a RT-
PCR using meli2+ and mele3- primers: 1180 and 1371-
bp (Fig. 1C), corresponding to the spliced and unspliced
IVS3 transcripts, respectively. In Figure 2, we observe
only the unspliced IVS3 fragment (indicated by an ar-
rowhead), a result which was confirmed by partial se-
quencing of the D. melanogaster fragment. We infer that
the transcription of the 66-kDa repressor is higher than
the transcription of the transposase, previously identified
with the PCR with meli2+ and meli3- primers.

i2e3 i2i3
H ;7A%Wip H 17A2Wi

Fig. 2 — Agarose gel electrophoresis with RT-PCR amplification
products from embryos of D. melanogaster (H) and D. willistoni
(17A2 and Wip). The first step of cDNA amplification was carried
out with melil+ and mele3- primers. (i2¢3) PCR reamplification with
meli2+ and mele3- primers. (i2i3) PCR reamplification with meli2+

and meli3- nprimers. The narrow arrow indicates the transposase frac-

ALTERNATIVE SPLICING

A 572-bp fragment was amplified by meliZ
meli3- primers (Fig. 2, indicated by a thick a
GenBank accession codes DQ486676, DQ4866
DQ486678). This sequence lost 198-bp of the
gion of exon 2 (1742-1941 nt of canonical P el
but maintained its splicing donor site (position
of the canonical P element) after undergoing th
splice.

DIFFERENTIAL TRANSCRIPTION BETWEEN SPECIE

The transcriptional differences between the speci
more evident when PCR primers that amplify lor
quences were used. Figure 3 displays the ampli
products obtained with the melil+primer, combin
the mele3- or the meli3- primers (Figs. 1A and B
the expected amplification products).

i1e3 i1i3
H 17A2Wip
k]

Fig. 3 — Agarose gel electrophoresis with RT-PCR produ
embryos of D. melanogaster (H) and D. willistoni (17A2 a
The first step of cDNA amplification was carried out with m
mele3- primers. (ile3) RT-PCR with melil+and mele3- prime
PCR reamplification with melil+ and meli3- primers. The :
dicates the transposase fragment. The fragments indicated |
ile32 and i1i34 were gel-purified and sequenced. A 1-kb DN
is depicted on the left.

When melil+ and meli3- were used in t
PCR amplification, the transposase fragment w
ble only in D. willistoni strains (Fig. 3, indicate:
arrow), not in D. melanogaster. In contrast, tri
transcripts were more evident in D. melanogaste
both combinations of primers were used, as cor
to D. willistoni (Fig. 3).

Thic Adifferantial evnreccinn hetvween the
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PCR with the M-IR primer (Fig. 4, M-IR). This primer
anneals in the ITRs and amplifies the element across
the entire length.

The greater number of truncated sequences related
to P element in D. melanogaster also promotes PCR
primer competition, as the complete sequence is not re-
alized in the agarose gel (Fig. 4, indicated by an arrow-
head).

M-IR
H 17A2 Wi

i1e3
H 17A2 Wi

3000—
2500—

2000—
1500—

1000—
750—

500—
250 —

Fig. 4 — Comparison of the fragments obtained from PCR amplifica-
tion of adult genomic DNA and the fragments obtained from RT-PCR
of embryos of D. melanogaster (H) and D. willistoni (17A2 and Wip).
(M-IR) Agarose gel electrophoresis with genomic PCR products with
M-IR primer. (ile3) Southern blot, using the canonical P element as
probe, of the RT-PCR amplification with melil+ and mele3- primers.
The arrowhead indicate the complete P element sequence and the nar-
row arrow the repressor of 66-kDa fragment. A 1-kb DNA ladder is

shown on the left.

Figure 4 displays a comparison of the amplifica-
tion fragments obtained with the M-IR primer and ge-
nomic DNA as template and the fragments obtained
with the primers melil+ and mele3- and cDNA as tem-
plate, emphasizing the presence and transcription of
truncated P element sequences in the D. melanogaster
genome. The Southern blot procedure (Fig. 4, i1e3) also
permitted the visualization of fragments not apparent
in Figure 3 (ile3), including the expected 2039-bp

fraoment (Fio 1A Fio 4 indicated hy an arrow) which

Since truncated sequences of the P element are
potential repressors of transposition (Pinsker et al.
2001), three of the highly expressed fragments in D.
melanogaster were sequenced. They are indicated as
ile31, ile32 and ili34 in Figure 3 and 377, 611 and
284 nt of their sequence were determined, respectively
(GenBank accession codes DQ486679, DQ486680 and
DQ486681). The sequences align with 3’ exon 1 re-
gion, which is also present in the KP repressor sequence
(Black et al. 1987), but they show little nucleotide con-
servation. The ile32 sequence has a duplication of the
5’ exon 1 region, and the disparity of the fragment size
estimated in the agarose gel and the sequence determi-
nants can be the result of a secondary structure acquired
by the sequence.

PRESENCE OF ANTISENSE P ELEMENT TRANSCRIPTS
DURING EMBRYOGENESIS

The PCR procedure using total embryo cDNA, synthe-
sized starting from a sense primer (melil+), suggested
the presence of antisense transcripts (Fig. 5) in embryos
of both species.

H 17A2 Wip
S AS S AS S

AS
1600—

1000—
650—

Fig. 5— Agarose gel electrophoresis of sense and antisense P element
fragments obtained by RT-PCR of embryos of D. melanogaster (H)
and D. willistoni (17A2 and Wip). The sense cDNA was synthesized
starting from the melil+ sense primer and the antisense cDNA was
synthesized starting from mele3- antisense primer. The first cDNA
amplification was done with melil+ and mele3- primers and the re-
amplification reaction with meli2+ and mele3- primers. (AS) Anti-
sense fragments. (S) Sense fragments. A 1-kb DNA ladder is shown
on the left.

Unlike the P element, no transcript amplification
was observed in the total embryo cDNA synthesized

ctartinoe from the cence nrimer Amdoiin? ofthe 4md ocene
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DISCUSSION

The present work aimed to characterize the transcrip-
tion of P element sequences during embryogenesis of
one recently invaded species, D. melanogaster, as well
as in D. willistoni, a long-standing host of this trans-
posable element, and obtain data about the antisense
transcription of P element comparing specifically the
two strains of D. willistoni. The work of Haring et
al. (1998) proposes the utilization of a combination of
four primers to detect the transposase and the 66-kDa
repressor. Three of these primers anneal only in spliced
sequences, assuring that only cDNA sequences are used
as template and also makes it possible to distinguish the
transcripts of the transposase and the 66-kDa repressor
by the alternative splicing of the IVS3 intron. Using
this procedure, we detected transcription of the trans-
posase gene and the 66-kDa repressor in embryos of the
studied strains. The absence of transposase transcripts
in the amplification using meli2+ and mele3- primers,
which was designed to reveal transcripts of both the
transposase and the 66-kDa repressor, suggests that
there is a greater number of transcripts of the 66-kDa
repressor available, as this transcript was more readily
used as the template in the RT-PCR reaction. However,
transcription of the transposase is specific to germline
cells, at least in adults, and these cells are less well rep-
resented in the sample than somatic cells.

It is believed that the 66-kDa repressor can bind
to P element cleavage sites and block subsequent bind-
ing of the transposase enzyme, thus avoiding excision
of the TE (Gloor et al. 1993, Laski et al. 1986). Addi-
tionally, antisense transcripts and polypeptides encoded
by truncated copies offer alternative hypotheses to ex-
plain how P element mobilization can be silenced (Ras-
musson et al. 1993, Simmons et al. 1996). These au-
thors tested a group of antisense P element constructs
and showed that these are bona fide repressors of pu-
pal lethality, a condition established by the existence
of P element sequences in which the IVS3 intron is
deleted. These mutated sequences allow transcription

of the tfranenocace onlv not the G6_-1kDa renrecenr even

present work, we suggested the synthesis of ar
P element in un-manipulated organisms.

Antisense transcriptional silencing or RN/
ference (RNAi) has been described for oth
(Kleckner et al. 1996, Joanin et al. 1997, Jense
1999a). In D. hydei (Lankenau et al. 1994) and
of the repleta group (Almeida and Carareto 200
antisense transcripts of TE micropia, starting f
internal promoter, can be expressed in a testis-
fashion. These antisense transcripts are not ex
in D. melanogaster, suggesting that D. melan
has developed a different mechanism of reg
than D. hydei. In our work, two distantly related
one of the melanogaster group and the other
willistoni group, shared an antisense P elemer
script of a similar size, suggesting the conserve
the transcription of the antisense sequence and
plied importance for the organism.

In further support of the idea that antisens
scripts regulate transposon mobilization in Dro
embryos, Blumenstiel and Hartl (2005) propos
siRNAs (small interfering RNA, composed of
of 21-25 nt) homologous to the Penelope TE are
nally loaded into embryos of D. virilis and act as a
ing machinery against Penelope and other unrelat

Moreover, P element regulation relies on
mosomal component. Ronsseray etal. (1991, 199
gested that the insertion of the P element in tel
associated sequence on the X chromosome of D
nogaster strongly promotes the induction of th
type inhibitor. The authors also showed that this
ity is sensitive to mutant alleles of the gene Su(v
which encodes the Heterochromatin Protein 1, ir
in the heterochromatin formation, and of th
aubergine, which encodes the AUBERGINE 1
a protein that favors P element silencing in a
chromatin loci-dependent manner, through a n
ism triggered by RNA1 (Aravin et al. 2001, Rei
2004). Also, Josse et al. (2007) determined the s
ity of the P cytotype to mutations in the gene Su(3
and in the gene aubergine, piwi, armitage and ho
which encodes nroteins that triecoer a silencino
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The TEs gypsy, Zam and Idefix of Drosophila are
also regulated by heterochromatic loci: the flamenco lo-
cus of gypsy (Sarot et al. 2004), and the COM locus of
Zam and Idefix (Desset et al. 2003). PIWI is one of
the proteins involved in the RNAi-mediated mobiliza-
tion silencing of these TEs (Desset et al. 2003, Sarot et
al. 2004). Through immunopurification, various kinds
of TEs were observed as being linked to PIWI, as were
sense and antisense sequences of the TE roo (Saito et
al. 2006). It is interesting that this protein is strongly ex-
pressed in ovaries and early embryos, including the pole
cells where mobilization of the P element promotes the
gonadal atrophy that characterizes hybrid dysgenesis.

When evaluating the two strains of D. willistoni
with regard to their heterochromatic sites and the silenc-
ing mechanisms described previously, we expected that
the Wip strain would have a more efficient RNA! silenc-
ing mechanism than the 17A2 strain, in which P ele-
ments are preferentially arranged in euchromatic sites.
However, we did not observe significant qualitative ex-
pression differences between the two strains of D. wil-
listoni by RT-PCR. Considering the low percentage of
hybrid dysgenesis (26%) observed in their offspring
1999), we can suppose that the 17A2
strain has already developed a mobilization control for
the P element and, as described by Josse et al. (2007),
it is possible to register variegation in ovaries when si-

(Regner et al.

lencing is incomplete. Yet, as cited by Johnson (2008)
in a recent commentary about transposon silencing, one
or two insertions of the P element at the telomeric
silencing site can efficiently suppress as many as 80
homologues copies elsewhere in the genome. Quanti-
tative evaluation of the transposase and antisense tran-
scripts is necessary for a better comprehension of the
mechanisms and to shed more light on the possibility
that it really acts in the repression of mobilization.

In the present work, truncated transcripts related
to the P element and amplified by RT-PCR were se-
quenced. These truncated copies could function as a sta-
ble source of repressive proteins (Pinsker et al. 2001),
by creating heteromultimers (Rio 1999), or by triggering
a mechanism of homoloov-denendent silencine (Jensen

able in the genome of each species, rather than differen-
tial expression. Apart from this, the larger number of
truncated copies exhibited by D. melanogaster demon-
strates the process of stabilization of the P element in
the genome of this species (Kidwell and Lisch 2001).
It is possible that truncated copies that play an important
role in the regulation of TE mobility would be main-
tained in the genome, while others would be lost due to
successive mutations. When the two strains of D. willis-
toni are observed more carefully, it is possible to infer
the same: the 17A2 strain, where we can visualize one
extra truncated sequence as compared to the Wip strain
(Fig. 4, M-IR), is under a process of silencing that is
more recent than that of the Wip strain.

Three highly expressed truncated P element tran-
scripts from D. melanogaster were sequenced. The most
conserved region among them is an exon 1 sequence,
also present in the KP repressor. However, we do not
know whether these transcripts maintain the same DNA
binding and dimerization motifs of the KP repressor
(Lee et al. 1996, 1998), two important sites for the in-
hibition of transcription, because the ORFO0, which en-
codes these motifs, was not amplified and sequenced.
Independent of the sequence conservation, the activity
of the truncated transcripts as repressors of mobility
should be tested, as the UP1 and NP2 sequences, with
212 and 159 amino acids similar to the KP, do not si-
lence P element mobilization (Simmons et al. 1996).
Investigation of these sequences could also be valu-
able due to their high expression in embryos of D.
melanogaster and because non-translatable sequences
can act via a homology-dependent silencing mechan-
ism, related to the copy number and homology of the
sequence, as suggested by the / retrotransposon (Jensen
etal. 1999a, b).

In addition, we observed a truncated sequence
shared by D. willistoni and D. melanogaster species
that could be the result of another horizontal transfer
between these species, similar to that suggested for the
complete P element (Daniels et al. 1990). It is also
possible to conjecture that we detected a deletion hot-
snot or a splicine variant site in the seauence of P ele-
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sites, however, lie within the IVS3 intron sequence,
while our data suggest an alternative splicing site into
exon 2, at 1741 nt of the canonical P sequence (GenBank
accession code X06779). The transcripts described by
Haring et al. (1998), originated by variant splicing, are
120 and 105-bp longer than the transposase transcript,
and were not observed in embryos of either species ex-
amined in our study, in spite of their nucleotide conser-
vation. The ability of these splicing variant sequences
to transpose and their capacity to function as a repressor
are still unknown.

The presence of a putative transposase transcript
during embryogenesis of a non- hypermutable strain
indicates the existence of a post-transcriptional control
mechanism, possibly including the 66-kDa repressor,
the truncated copies, mainly in D. melanogaster, and
the antisense transcripts. The last option is the most re-
cently proposed mechanism of P element silencing and
the role of these transcripts in the repressor cytotype,
which should be further investigated. The inclusion of
D. willistoni in studies of P element regulation could
improve the understanding of silencing mechanisms, as
well as how they are broken in the offspring of some
strains, resulting in hybrid dysgenesis.

ACKNOWLEDGMENTS

We are grateful to Dr. Marco Silva Gottschalk for his
revision of the manuscript and for his help with the fig-
ures. This project was supported by Conselho Nacional
de Desenvolvimento Cientifico e Tecnolégico (CNPq),
Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) and Fundagdo de Amparo a Pesquisa
do Estado do Rio Grande do Sul (FAPERGS).

RESUMO

O elemento P ¢ um dos elementos transponiveis (TE) mais
amplamente estudado. Sua mobilizagdo causa a disgenesia do
hibrido que foi primeiramente descrita em D. melanogaster.
Apesar dos estudos sobre o elemento P terem sido realiza-
dos principalmente com D. melanogaster, acredita-se que D.

wvillictoni 01 a eanédecie hoanedeira oaricinal dAecte TE e Aane

melanogaster, que ¢ a hospedeira recente, com o de e
de duas linhagens de D. willistoni, uma espécie que &,
tempo, hospedeira do elemento P. Em ambas as espc
ram detectados transcritos potenciais da transposase,
responsavel pela mobilizagdo do TE, bem como transc
repressor de 66-kDa e de seqiiéncias truncadas e ar
os quais podem ter a habilidade de prevenir a mobiliz
TEs. Os transcritos truncados refletem os elementos
cados presentes no genoma das linhagens e cujo nimer
relacionado com o tempo de invasdo do genoma p
Nenhuma diferenga qualitativa de transcritos antisensc
servada entre as espécies, mesmo na linhagem de D.

com alta freqiiéncia de elemento P heterocromatico.

Palavras-chave: Drosophila, D. willistoni, disgenesi

brido, RNAI, elemento P, elemento transponivel.
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