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Drosophila sequences homologous to the abl oncogene are
located near the 5' end of a gene (Dash). The Dash gene is
transcribed to give long RNAs (5-6 kb) and short RNAs
(3.0 kb) that lack some of the internal exons of the gene in-
cluding some of the sequences coding for the protein kinase
domain. The gene is composed of at least five short exons and
a long 3' exon. The 3' exon is processed in several alternative
ways. It contains an intronic sequence which is spliced out
in - 50% of the transcripts. Si mapping shows the existence
of five different 3' ends, presumed polyadenylation sites, dif-
fering by up to 1 kb. Three of these are maternal-specific
while the other two are utilised during development. Dash
RNA is most abundant in eggs and early embryos, becomes
very rare during larval development and returns in a burst
of activity in early pupae.

Introduction
A large subset of vertebrate cellular oncogenes is constituted by
the src family which includes src, yes, abl, fes, etc. (see recent
reviews by Bishop, 1983; Muller and Verma, 1984; Heldin and
Westermark, 1984). The products of these genes have in com-
mon the ability (under appropriate conditions) to act as protein
kinases, phosphorylating tyrosine residues on target proteins and
also frequently autophosphorylating. The members of the src

family also have related sequences. In some cases the sequence

homology is extensive (80% between the amino-acid sequences
of yes and src) but generally not sufficient to result in cross-
hybridisation between the genes. The homology is most pro-
nounced in the part of the genes coding for the protein kinase
domain. Homology has also been found recently between these
oncogenes and growth factor receptors to which they are func-
tionally related by virtue of their tyrosine-kinase activity.
The src-related oncogenes are highly conserved in vertebrates

and in many cases in organisms phylogenetically much more dis-
tant. Src-related sequences have been found in the genomes of
nematodes and of Drosophila (Shilo and Weinberg, 1981).
Screening Drosophila genomic libraries for sequences
homologous to oncogene probes, we have isolated a number of
clones which hybridise to v-src. One set of these clones cor-

responds to a gene whose structure and expression we report here.
Hoffman-Falk et al. (1983) and Simon et al. (1983) have shown

that the Drosophila genome contains three sites with homology
to the tyrosine kinase domain of src. One of these sites, located
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at 73B on the third chromosome, is more related to abl than to
src (Hoffman-Falk et al., 1983). This site, called Dash, has
homology to v-abl over a region of 700 bp which can be translated
to 74% homology in the amino-acid sequence (Hoffmann et al.,
1984).

In this paper we show that the abl homologous sequences at
the Dash site are part of a gene which bears striking similarity
to the human and murine c-abl. The parallel between the
Drosophila and the mammalian genes extends not only to their
structure but also to the way they are expressed. The molecular
and, eventually, the genetic analysis of the Drosophila gene may
help to determine the normal developmental and cellular func-
tion of abl and related cellular oncogenes.

Results
Isolation of the Drosophila abl sequences
We originally used a 3. 1-kb EcoRI fragment of the v-src gene
that includes the sequences coding for the tyrosine kinase do-
main to screen a Drosophila genomic clone library. Hybridising
under low-stringency conditions (6 x SSC, 65°C) we isolated
a number of clones with varying degrees of homology to the
probe. One of these clones, XS3, also hybridised to a v-abl pro-
be and forms the starting point of this study.
Clone XS3 hybridised in situ to salivary gland chromosomes

at position 73 B on the left arm of the third chromosome. Other
clones from this region had been isolated during a chromosomal
walk initiated from chromosome fragments microdissected from
region 73A (B.Butler and V.Pirrotta, unpublished). In particular,
a cosmid clone isolated in that walk contained the XS3 sequences
and its orientation in the walk allowed us to establish the orien-
tation of the src and abl homologous sequences in the
chromosome.
Although the v-src probe detected several other clones that

hybridised to at least two other chromosomal sites, we could not
detect cross-hybridisation between XS3 and these clones. Similar
results have since been published by Hoffmann-Falk et al. (1983)
and by Simon et al. (1983). Hoffmann et al. (1984) have se-
quenced the region of homology at 73B and found that it is related
to src but even more closely related to abl. Genomic Southern
blots hybridised with the abl homologous region of XS3 under
non-stringent conditions (2 x SSC, 65°C) fail to detect any se-
quences other than those corresponding to the 73B locus (data
not shown).
The homology to src or abl at the 73B locus is limited to the

region coding for the tyrosine kinase domain. When clones cor-
responding to this locus were hybridisd under relaxed conditions
to other probes representing the v-src or v-abl genes, we failed
to detect any other significant cross-hybridisation. If homology
to other parts of these oncogenes exists, it is too low to be detected
by cross-hybridisation.
The Dash locus is transcribed
To determine whether the region of homology at the 73B locus
(henceforth called Dash, according to Hoffmann-Falk et al.,
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1983) corresponds to an active gene, we searched for RNA trans-
cripts. Drosophila poly A+ RNA from different developmental
stages was separated by formaldehyde-agarose gel electrophoresis
and a Northern blot of the gel was hybridised to a 1.7-kb BamHI
fragment which included the src/abl homology region (probe 2,
Figure 2). Under non-stringent conditions this probe reveals at
least three different RNA species which are represented different-
ly in the four major developmental stages. Figure 1 shows a rather
diffused major band corresponding to an RNA of 5.5 -6 kb
which is most abundant in adults, a band around 3.0 kb which
is considerably weaker but approximately constant throughout
development and a band around 1.7 kb which is strongest in em-
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Fig. 1. Transcription of the Dash locus. Poly A+ RNA (30 Ag) from
Drosophila embryos (E), larvae (L), pupae (P) and adult flies (A) was
separated by formaldehyde/agarose electrophoresis, transferred to a
nitrocellulose filter and hybridized with a 1.7-kb BamHI fragment of the
Dash locus containing the src/abl homology. The left panel shows an
autoradiogram of the filter after washing at low stringency (2 x SSC,
65°C). The right panel shows the same filter after washing at high
stringency (0.1 x SSC, 65°C).
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bryos. After a more stringent wash (0.1 x SSC, 65°C), the
1.7-kb species is no longer detectable while the other species are
not appreciably affected. The same probe, hybridised to Droso-
phila genomic DNA displays only the bands corresponding to
the Dash locus under stringent or relaxed conditions. We sup-
pose, therefore, that the upper two bands represent RNA trans-
cripts of the Dash locus and that the 1.7-kb species may be due
to cross-hybridisation with another locus whose transcripts are
much more abundant than those from the Dash locus, and hence
become detectable at low stringency. The Dash transcripts them-
selves are rather rare, estimated by comparison with white RNA
(Pirrotta and Brockl, 1984) and with actin RNA (Anderson and
Lengyel, 1984) as 0.001 % of the total poly A+ RNA in adult
flies.
Extent of the Dash gene
That the 3.0- and 5.5 - 6-kb size classes are genomic Dash trans-
cripts is confirmed by the fact that they are revealed when flank-
ing fragments are used as probes to delimit the extent of the
transcription unit. The 5.5 - 6-kb size class is detected by pro-
bes 1 to 6 shown in Figure 2, covering a region of 9 kb.
Fragments to the left of this region (not shown) do not hybridise
to any RNA. The rightmost probe, number 7, no longer reveals
the 5.5-6-kb RNA but hybridises instead to two abundant RNA
species of 1.9- and 2.8-kb. We suppose therefore, that the Dash
gene is bracketed by the HindIII site at the left end of the map
in Figure 2 and the EcoRI site 9 kb to the right of it. Fragments
from both ends of this region hybridise to the 3.0-kb RNA but
some of the internal fragments do not, indicating that some se-
quences included in the large RNA are absent in the short RNA
species. In particular, although probe 3 hybridises strongly to
this RNA, a 0.6-kb subfragment of this probe (probe 2) reveals
the 5.5-6-kb species but not the 3.0-kb species, or only very
weakly. This is remarkable since probe 2 contains the sequences
homologous to the region of v-src essential for its transforming
activity. These results indicate that the Dash gene produces two
types of RNA transcripts: one that includes the sequences
homologous to v-src and one that does not. Another puzzling
result is that obtained with probe 5. This, an internal probe,
reveals the 5.5 - 6-kb RNA and in addition two small RNAs of
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Fig. 2. Extent of the Dash gene. A restriction map of the Dash locus is shown. The underlined fragments were hybridised to Northern blots of poly A+
RNA from pupae and adult flies to determine the limits of the transcription unit.
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Fig. 3. Developmental expression of the Dash locus. The left panel shows poly A+ RNA from unfertilized eggs (M), embryos (E), larval and pupal stages at
24-h intervals (larval 1-4, pupal 1-4) and adult flies (A) were electrophoresed, blotted and hybridised with probe 3 (see Figure 7). The same filter was
subsequently hybridised to an actin probe (lower panel) as a control. The right hand panel shows a similar gel after longer electrophoresis to increase
resolution. (E) embryonic, (L) larval, (P) pupal, (9) adult flies, (o,) adult male RNA.
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Fig. 4. S1 mapping of mature transcripts. Pupal poly A' RNA was
hybridised to labelled single-stranded probes from the Dash gene, digested
with SI nuclease and the products analysed on denaturing acrylamide gels.
The probe numbers refer to the regions underlined in Figure 7. Each probe
was hybridised to poly A+RNA (+lane) and to tRNA, (-lane), as control.
Mol. wt. markers are indicated.

1.2- and 1.7-kb. One possible explanation for these bands is that
this part of the Dash gene bears homology to some other
Drosophila locus which produces the two small RNAs.
Dash transcripts change during development
Both Figures 1 and 2 show that the 5.5-6-kb band from the
different developmental stages changes in appearance. The band
seen in embryos and adults is distinctly broader and of slightly

lower mol. wt. than that found in larval or pupal RNA. To in-
vestigate this difference, we isolated RNA from different develop-
mental stages at 24-h intervals as well as from young adult flies
and from unfertilised eggs. Since no RNA is synthesised in the
eggs, this last preparation corresponds to maternal RNA. Figure
3 shows a Norther blot of these RNAs, hybridised with probe
3. Transcription of the gene is clearly modulated during develop-
ment, with the greatest accumulation of Dash RNA occurring
in the eggs, in early pupae and in adults while little or no Dash
RNA is found in larvae. The lower left panel in Figure 3 shows
a section of the same filter rehybridised with an actin probe.
Although expression of the actin genes is also known to vary
during development (Zulaf et al., 1981) this serves as an approx-
imate control for the developmental profile.
The right-hand panel shows a Northern blot of a gel after much

longer electrophoresis to increase resolution. This blot, hybridised
with the same probe, shows that the diffuse appearance of the
5.5 - 6-kb band seen in adults is due to a real qualitative dif-
ference in the RNA. Maternal RNA and adult females, but not
males, contain multiple bands of a mol. wt. ranging from 5.4
to 6.0 kb, while embryos, larvae, pupae and adult males contain
RNA species of 5.8 -6.0 kb. This difference, confirmed by SI
mapping analysis (see below), indicates that there are three dif-
ferent developmental phases in the transcription of Dash. One
occurs in females, probably confined to the ovaries and develop-
ing oocytes, and produces RNA of 5.4-5.8 kb which is accumu-
lated in the maturing oocytes and is found in unfertilised eggs
and early embryos. This type ofRNA disappears in late embryos
and RNA species of 5.8 -6 kb accumulate instead, though to
a much lesser extent. This activity tapers off in larvae until no
Dash RNA could be detected in the late third instar stage. A new,
strong burst of synthesis in early pupae accumulates the
5.8 - 6.0-kb RNA. Late pupae and adults, both male and female,
contain low levels of the 5.8-6.0-kb species.
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Fig. 5. Alternative 3' exons. S I mapping results using probes 8, 9 and 6

(see Figure 7) hybridised to pupal RNA (P), adult RNA (A) or tRNA (C).

The protected fragments were analysed on denaturing agarose gels.
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Fig. 6. Developmental variation in the structure of the 3' exon. SI
protection results using probe 6, hybridised to maternal (M), embryonic (E),
larval (L), pupal (P) or adult (A) RNA.

The mature RNAs are spliced from a large transcript
To determine the anatomy of the Dash gene and the nature of
the differences in the transcripts, we used SI nuclease mapping.
A series of 19 overlapping fragments covering the entire gene
were cloned in the mp8 or mp9 vectors of Messing et al. (198 1)
and used to generate single-stranded probes by primer extension.

Representative results of the SI mapping are shown in Figures
5 and 6 and are summarised in Table I. The overlapping probes
used allowed us to identify and locate the exons constituting the
gene and to construct the map shown in Figure 7. The existence
of additional small exons, < 80 nucleotides long, would not have
been detected in these experiments and cannot be excluded.
Transcription takes place from left to right in this map and the
first detectable exon, presumably representing the start of
transcription, was found between the Sall site at position 0.4 and
the AvaIl site at position 1.3. Probes including this region pro-
tect a fragment of 0.55 kb but we could not locate this exon more
precisely on the map by reference to a restriction site. Three
fragments of 580, 400 and 280 bp are protected by hybridisa-
tion to the 1.7-kb BamHI fragment containing the src/abl
homology (probe 3). Note that the 400-bp fragment is more in-
tense than the other two. When a slightly shorter probe is used
(probe 17), this fragment is reduced to 200 bp, locating this, the
second exon, astraddle the BglII site at position 2.0 in the map.
The second intron revealed by these results was predicted by the
partial nucleotide sequence of Dash determined by Hoffmann et
al. (1984). They found that the homology between Dash and abl
was interrupted by a gap of 85 nucleotides which also contained
termination codons in all three reading frames. The position of
this gap coincides exactly with the position and extent of the se-
cond intron we find by SI mapping.
The third and fourth exons were also straightforwardly map-

ped using overlapping probes. The fifth exon appears as a band
of 350 bp when probe 4 is used and as two weak bands, of 350
and 365 bp, when probe 15 is used. It is possible that this region
is unusually sensitive to S1 digestion. Alternatively, this exon
may not be represented in all mature transcripts. For example,
although we were not able to identify the exact provenance of
the 3.0-kb RNA detected in the Northern blots, the difference
in the relative intensities of the bands obtained with probes 3,
17 and 15 raises the possibility that the third, fourth and fifth
exons might not be included in the shorter RNA.

Dash transcripts contain at least 10 alternative 3' ends
Probes representing the 5' end of the gene up to position 6.0

Table I. Summary of SI mapping results

Probe

1 2 3 4 5 6 6 8 9 9 10 11 12 13 13 14 15 16 17 18 19
Pupal Adult Pupal Adult Pupal Adult

specific specific specific

Fragments 0.54 0.30 0.58 0.35 0.78 (3.35) 2.60 (1.35) (1.90) 1.05 0.54 0.29 1.05 (2.0) 1.15 0.54 0.83 1.2 0.58 0.58 0.19
0.20 0.40 2.9 2.45 0.82 1.45 0.91 0.19 0.28 1.55 1.00 0.19 0.36 0.56 0.27 0.39

0.28 2.20 1.35 0.19 0.67 0.78 0.28 0.28 0.20
1.80 1.20
0.80 0.96

Fragment sizes are given in kb. The fragments given in parentheses were the same site as the probe but clearly protected above background. All the probes except 6, 9 and 13 gave
the same results with pupal and adult RNA. Probes 6, 9 and 13 hybridised to adult RNA gave the pupal fragments plus a set of new fragments listed under the adult specific
column.
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Figure 3 indicates, the shorter 3' ends are in fact contributed
I only by the females and are most likely specific for the ovaries.

Discussion
2 3 6 Structural correspondence between Dash and c-abl

101111 16 Our results show that the Dash locus is part of a Drosophila gene
19 8 which is not only partially homologous to the mammalian abl

kb 1 2 3 4 5 6 i 8 9 gene but resembles it in several structural and functional respects.
The c-abl gene has now been cloned from the mouse genome

Fig. 7. Transcription map of the Dash locus. The hatched area in the (Wang et al., 1984) and from the human genome (Heisterkamp
restriction map shows the region of homology to src/abl. Solid lines indicate et al., 1983). In both cases, the gene is large, distributed over
exons and summarize the results of the SI mapping experiments. Small 30 kb, and contains ten or more short exons of a few hundred
exons <80 nucleotides would not have been detected in our SI mapping nucleotides each, while the 3' exon, at least in mouse, is much
experiments. Dotted lines indicate the alternative splicing pattern. Presumed
polyadenylation sites are indicated and the three maternal-specific sites are l s
bracketed. The numbered overlapping fragments shown below the map and shorter exons than their vertebrate counterparts, the Dash
represent the probes used for Northern blot hybridisation and for S1 gene still covers about 8.5 kb and includes at least six short ex-
mapping. ons and a long 3' exon.

Unlike other members of the src family, which have the pro-
in the map (probe 12) give essentially the same SI mapping results tein kinase domain near the 3' end, the abl gene in both man
regardless of the developmental stage of the RNA. Except for and mouse has it near the 5' end. The part of the Dash gene
some discrepancies in the intensities of the bands obtained, the that is homologous to the tyrosine kinase domain of v-abl is also
results could be easily interpreted to give an exon map. located near the 5' end of the gene. The sequence homology
However, probes more distal than position 6 gave complex reported by Hoffmann et al. (1984) is distributed over the se-

patterns of protected fragments indicating that a number of alter- cond and third Dash exons and aligns the Bgll site at position
native arrangements are represented in the RNA. Probes 8 and 2.0 in the restriction map shown in Figure 4 with nucleotide 362
16 show that two alternative splicing patterns are present in both of the v-abl sequence (Reddy et al., 1983). Since v-abl lacks
pupal and adult RNA (Figure 6). Probes 9 and 13 show that there - 350 nucleotides from the 5' end of the c-abl gene (Wang and
are five possible 3' termini of which three are specifically found Baltimore, 1983) this corresponds roughly to nucleotide 712 in
in adult RNA and are absent in pupal RNA. Probe 6, which com- c-abl RNA while the BglII site in Dash corresponds to nucleotide
bines together the regions covered by probes 8 and 13, yields 750 in the Dash RNA, according to the exon map in Figure 7.
ten protected fragments with adult RNA, five of which are pro-
tected also by pupal RNA. The shortest of these protected
fragments corresponds to the end of the sixth exon. The nine
remaining fragments (four in pupal RNA) represent different 3'
ends. If all possible permutations of the five 3' ends indicated
by probes 9 and 13 and the two splicing patterns indicated by
probes 8 and 16 were realised, we would expect ten 3' end
fragments protected by adult RNA. However, a simple calcula-
tion shows that all ten 3' ends most probably do occur but that
two of them coincide in size. A 2.2-kb fragment coming from
the adult-specific RNA containing the unspliced last intron and
the first 3' end, would in fact co-migrate with a fragment of
similar size produced by the shortest pupal RNA, with the last
intron spliced off.

The adult-specific RNA species are found in maternal RNA

S1 mapping using probe 6 and RNA from the major developmen-
tal stages confirms the results obtained with Northern blots
(Figure 3) and shows that the adult-specific RNA species, utilis-
ing the three more proximal termination sites are also found in
maternal RNA. Figure 6 shows that while adult RNA contains
both the pupal-type 3' ends and the shorter 3' ends in roughly
equal proportions, the shorter ends predominate in maternal RNA
while the longest 3' end, containing the unspliced last intron (top
band) is almost completely absent. In embryonic RNA, represen-
ting 0- 16 h-old embryos, the maternal RNAs are still visible,
though greatly reduced in intensity, while longer 3' ends
predominate. RNA from all three larval instar stages combined
contains very little Dash RNA but what can be seen corresponds
to the two longer 3' ends. Dash sequences are well represented
again in pupal RNA and correspond to the two longer 3' ends.
Adult (male plus female) RNA shows all the species but, as

Dash transcription
Transcripts of c-abl have been found in all tissues and develop-
mental stages analysed in the form of two major RNA species
of -5 and 6 kb in mouse and 6.0 and 7.0 kb in man (Muller
et al., 1982; Wang and Baltimore, 1983). Levels are higher in
the early mouse embryo than at later stages but they are highest
in the testes of the adult mouse (Muller et al., 1982) where a
third species of 3.7 kb was found in addition to the other two,
and in greater abundance.

In Drosophila we also find superficially long and short trans-
cripts. A short RNA species of 3.0 kb may perhaps parallel the
3.7-kb species found in mouse testes, although we have no
evidence for tissue specificity in our case. The larger Dash RNA
species break down, upon S1 mapping analysis, into 10 different
transcripts rather than just two. It is tempting to suggest an
analogy between the two alternative usages of the sixth intron
and the two size classes found in mouse and man. These two
alternative splicing patterns appear to be present at all develop-
mental stages although we would not have detected possible tissue
specifities.
Developmental controls
Superimposed on the alternative splicing of the last intron, we
find in Drosophila five possible 3' ends, presumably polyadenyla-
tion sites. Three are found only in adult females and maternal
RNA, two are used in embryos, pupae and adults. Our results
strongly suggest that the female and maternal specific RNA
species in fact originate in the ovaries.
Although we cannot exclude that the shorter RNAs are pro-

duced by stepwise processing of the longer ones, we think this
unlikely since the developmental profile shows no precursor-
product relationship between longer and shorter 3' ends. We do
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not see the shorter ends accumulating after the early pupal burst
of Dash transcription or during the gradual disappearance of the
longer transcripts in the course of larval development. More pro-
bably the different 3' ends are produced directly by processing
of a primary transcript. The three earlier polyadenylation sites
are preferentially utilised in the ovaries. It is not impossible that
terminal heterogeneity occurs also in the mammalian c-abl RNA.
Such heterogeneity, if it exists, could easily have gone undetected
in the experiments reported in the literature, given the large size
of the abl RNA.
The developmental profile shows that the levels, as well as

the 3' ends of the Dash RNA change during development. We
have no direct evidence to prove that these changes in abundance
reflect changes in transcriptional activity rather than in the rate
of degradation. In either case, the changing levels indicate
developmentally controlled changes in Dash activity. Our results
differ sharply from those of Lev et al. (1984) who detected Dash
RNA only in unfertilized eggs and early embryos. Part of the
discrepancy may perhaps be attributed to the generally low abun-
dance ofDash RNA and its relatively high mol. wt. which renders
it more susceptible to degradation.
Correlation with cell proliferation
In view of the suspected involvement of c-abl in the control of
cell proliferation, it is interesting, but entirely speculative, to try
to attribute a significance to the bursts of Dash activity in the
course of development.

If we look for a correlation between cell proliferation and Dash
RNA levels, we find that the maximum accumulation of trans-
cripts occurs in the maternal RNA present in the egg. Embryonic
cells, of course, divide rapidly, and in particular preblastoderm
nuclei undergo a series of twelve extremely rapid divisions
leading to the cellular blastoderm stage. The lowest levels of Dash
RNA are found in the larval stages when cell division has ceas-
ed in most larval tissues but substantial cell division occurs in
imaginal discs. Around puparium formation a burst of rapid cell
proliferation with a doubling time of 2.8 h occurs in the
histoblasts which give rise to the abdominal structures (Garcia-
Bellido and Merriam, 1971; Guerra et al., 1973). This burst,
which is over by the second day of pupal development, coin-
cides with the high levels of Dash transcripts that appear in the
early pupae and subside in the course of pupal development. We
have no evidence to determine whether the correlation has any
significance or whether the Dash function is at all related to the
function of the vertebrate abl gene.
Alternative RNA processing and gene regulation
A number of cellular genes in vertebrates as well as in Drosophila
are now known whose transcripts can be processed by alternative
pathways. In some cases the alternative RNA species produced
encode different proteins (Rosenfeld et al., 1984) or different
forms of a protein (Rogers et al., 1980; Cheng et al., 1982).
In other cases, although multiple RNA species differing in the
length of their 3' untranslated region are produced from a single
gene, they all give the same translation product (Setzer et al.,
1980). We do not know in our case whether the last intron or
the earlier polyadenylation sites affect the coding region but the
3.0-kb species almost certainly encodes a shorter polypeptide.
It is interesting to note that a large tract at the 3' end of the mouse
c-abl RNA is not translated. Wang et al. (1984) find that a 1.2-kb
cDNA clone of c-abl RNA contains no extensive open reading
frame. Furthermore, they conclude that this cDNA clone
represents the 5.5-kb c-abl RNA, implying that the 6.5-kb RNA
species contains an additional kilobase of untranslated sequence.
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Different untranslated 3' sequences might serve to regulate the
expression of the mRNA by altering its conformation, its ability
to bind proteins and its translational potential. Miller et al. (1984)
have found that the untranslated 3' region of the c-fos oncogene
contains a sequence that interacts with part of the coding region
to inhibit it from transforming cultured cells. It is possible that
the different 3' ends found in the Dash transcripts might similarly
regulate the translational potential or the cellular localisation of
the product.

Materials and methods
Cloning of v-src related genes
A clone library of Drosophila DNA constructed in XEMBL 4 (Pirrotta et al.,
1983) was hybridized with a 32P-labelled 3. 1-kb EcoRI fragment from the Rous
sarcoma virus at 65'C in 6 x SSC. Positive signals were picked and rehybridis-
ed with a 0.6-kb PstI fragment of the v-src gene. Restriction fragments were
subcloned in plasmid or M13 vectors by standard procedures.
Preparation of poly A' RNA
Mass collections of eggs were usually carried out for 15 h. After development
at 25°C to the appropriate stage, eggs, embryos, pupae or adult flies were frozen
by dropping into liquid nitrogen. Frozen material was added to an ice cold 1:1
mixture of RNA buffer (0.1 M sodium cacodylate, 0.5 M NaCl, 0.01 M
EDTA, 0.1% diethyl pyrocarbonate pH 7.0) and water-saturated phenol and homo-
genized with a Polytron blender. SDS was added to 1 % final concentration and
the nucleic acids were purified by repeated extractions with phenol and chloroform.
Purified nucleic acids were treated with RNase-free DNase I (10 g/Iml) in 50
mM Tris, 10mM MgCl2, 10mM CaC12 pH 7.5 for 30 min at 37°C, centrifuged
at 100 000 g for one hour to pellet polysaccharides and re-extracted with phenol
and chloroform. The poly A+ fraction was isolated by poly U Sepharose chroma-
tography as described by Pirrotta and Brockl (1984).
Northern blot hybridization
Poly A' RNA was denatured in 50% formamide, 2 M formaldehyde at 65°C
before separation on 1 % agarose gels containing formaldehyde (Maniatis et al.,
1982). After electrophoresis, the gel was soaked for 30 min in 20 x SSC and
the RNA was transferred to nitrocellulose filters by the method of Southern (1975).
Hybridization was carried out at 43°C in 50% formamide, 5 x SSC, 1 x
Denhardt's solution and 100 ag/ml denatured salmon sperm DNA.
SI mapping
32P-labelled complementary strand was synthesized from M 13 subclones by primer
extension using Klenow polymerase. After digestion with appropriate restriction
enzymes and denaturation in 80% formamide at 100°C, fragments were separated
by electrophoresis on low melting-temperature agarose gels. Radioactive bands
corresponding to the required probes were excised and heated to 65°C. After
phenol extraction the DNA was precipitated with an equal volume of isopropanol.

Approximately 10 000 c.p.m. of labelled probe was hybridized overnight at
54°C with 10 Ag poly(A)+ RNA in 20 y1 80% formamide, 40 mM piperazine-
N, N-bis (2 ethane sulphonic acid) pH 6.4, 1 mM EDTA, 0.4 M NaCl. After
hybridization, samples were digested with 1000-2000 units of S1 nuclease (Boehr-
inger) in 300 ytl SI buffer (0.3 M NaCl, 0.05 M Na-acetate pH 4.6, 4mM ZnSO4,
15 Agg/ml denatured salmon sperm DNA). Reactions were stopped by addition
of 50 1l 4 M ammonium acetate plus 5 jsg tRNA, extracted with phenol:chloro-
form:isoamyl alcohol (25:25:1) and precipitated with an equal volume of isopro-
panol. Samples were resuspended in 80% formamide, heated to 100°C for 2 min
and analyzed on either 3.5% polyacrylamide gels containing 7 M urea or 1%
formaldehyde-agarose gels. Acrylamide gels were dried and agarose gels were
blotted to nitrocellulose filters for autoradiography.
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