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Abstract 
Myc proteins are essential regulators of cellular growth and proliferation during normal development. 

Activating mutations in myc genes result in excessive growth and are frequently associated with human 
cancers. At the same time, forced expression of Myc sensitizes vertebrate cells towards different pro-
apoptotic stimuli. Recently, the ability of overexpressed Myc to induce cell-autonomous apoptosis has 
been shown to be evolutionarily conserved in Drosophila Myc (dMyc). Here, we show that dMyc 
induced apoptosis is accompanied by the induction of Drosophila p53 mRNA, but that dp53 activity is 
not essential for dMyc’s ability to induce apoptosis. Conversely, larvae carrying a hypomorphic dmyc 
mutation are more resistant to the apoptosis-promoting effects of X-irradiation. These data suggest that 
the control of apoptosis is a physiological function of Myc and that dMyc might play a role in the 
response to DNA damage. 
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Introduction 
Mutations in myc genes are amongst the most frequently found lesions in human cancer. The resulting 

deregulation of Myc expression promotes different cellular processes, including most prominently cell 
cycle progression, cellular growth and apoptosis (Oster et al., 2002; Meyer et al., 2006). The ability of a 
powerful proto-oncogen such as Myc to induce apoptosis has been hypothesized to serve as a protective 
anti-tumor function: mutations leading to increased Myc activity would result in apoptotic elimination of 
mutant cells, rather than allowing them to proliferate and form a tumor (Lowe et al., 2004). The 
importance of this control mechanism is underlined by experiments where the pro-apoptotic abilities of 
overexpressed Myc are blocked: co-expression of the anti-apoptotic protein Bcl-2 with c-Myc in pre-B 
cells of transgenic mice dramatically accelerates the process of tumorigenesis as compared to expression 
of c-Myc alone (Strasser et al., 1990). Similarly, ectopic expression of c-Myc in the pancreas of 
transgenic mice results in massive apoptosis and almost eliminates that organ, but co-expression with 
Bcl-XL leads to rapid transformation (Pelengaris et al., 2002). These observations also imply that, during 
the process of Myc-induced transformation, the Myc-dependent apoptosis has to be overcome by 
mutations in other pro- or anti-apoptotic genes. Indeed, an impairment of the pro-apoptotic p53 pathway 
is a frequent event in Myc-induced transformation; conversely, mutations in p53, or in upstream 
components, function similar to Bcl-2 overexpression and co-operate with c-Myc overexpression to 
accelerate transformation (reviewed by Meyer et al., 2006). 

Several pathways have been proposed to mediate the pro-apoptotic activities of overexpressed Myc. 
The best-studied example involves the tumor suppressor p53. Myc can increase p53 levels both directly 
(Roy et al., 1994) and via the DAP kinase – p19ARF axis (Zindy et al., 1998; Raveh et al., 2001), whereby 
p19ARF stabilizes p53 protein by inhibiting the p53-directed E3 ligase MDM2 (reviewed in Sherr, 2001). 
p53 then induces the transcription of various pro-apoptotic genes (reviewed in Vousden and Lu, 2002). In 
addition, several other proteins have also been implied in Myc-triggered apoptosis, such as Cytochrome 
C, CD95 / Fas, Bax, Bim, mtCLIC (reviewed by Meyer et al., 2006). 

While the ability of over-expressed Myc to induce apoptosis is well documented, less is known about 
the involvement of Myc proteins in apoptotic processes during normal development. In a limited number 
of studies, cultured vertebrate cells treated with anti-sense oligonucleotides or double-stranded RNA 
directed against c-myc were shown to be more resistant to the pro-apoptotic effects of TCR activation 
(Shi et al., 1992; reviewed by Nilsson and Cleveland, 2003), TNF (Janicke et al., 1994; Klefstrom et al., 
1994; Dong et al., 1997), TRAIL (Aza-Blanc et al., 2003), or etoposide (Dong et al., 1997; Adachi et al., 
2001). Also, c-myc-/- thymocytes are less sensitive to anti-CD95 induced apoptosis (de Alboran et al., 
2001) and immortalized c-myc-/- rat fibroblasts are less sensitive to etoposide and doxorubicin (Adachi et 
al., 2001; Grassilli et al., 2004). It is unclear, however, to which extent the behavior of immortalized, and 
most often transformed, cells that are grown in vitro reflects the behavior of normal cells located within 
the environment of the intact organism. Several publications examining myc mutations in vivo did not 
observe any effects on the frequency of apoptosis (Baudino et al., 2002; Knoepfler et al., 2002; 
Bellmeyer et al., 2003). 

Here, we use Drosophila to analyze the apoptotic functions of Myc in a physiological setting in vivo. 
Drosophila melanogaster contains a single Myc protein, dMyc, which has similar if not identical 
biochemical and molecular characteristics as its vertebrate homologs (Gallant et al., 1996; Schreiber-
Agus et al., 1997). Like vertebrate Myc, dMyc controls growth and cell cycle progression (Johnston et al., 
1999) and it can even partially substitute for c-Myc in mouse embryo fibroblasts in which the endogenous 
c-myc locus has been disrupted (Trumpp et al., 2001). Conversely, human c-Myc variants can rescue 
lethal dmyc mutations to viability, attesting to the functional conservation of the proteins (Benassayag et 
al., 2005). In contrast to the situation in vertebrates however, overexpression of dMyc in flies has so far 
not been observed to induce any tumors (Johnston et al., 1999; Bellosta et al., 2005), and – in contrast to 
activated Ras – dMyc over-expression does not confer metastatic behavior onto tumors caused by 
inactivating mutations in genes that control cellular polarity (Pagliarini and Xu, 2003). Flies also have a 
comparatively short life span, and hence they are expected to be exposed to a lower general risk of 
acquiring activating mutations in proto-oncogenes during their lifetime. It could be argued therefore that, 
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in comparison with vertebrate Myc proteins, Drosophila Myc has been under less evolutionary pressure 
to acquire pro-apoptotic activities. Furthermore, the main pathway by which vertebrate Myc induces 
apoptosis does not seem to be conserved in Drosophila: while the Drosophila ortholog of p53 has been 
identified, it lacks the sequence motifs required for binding to MDM2, and neither MDM2 nor p19ARF are 
present in the fly genome (Brodsky et al., 2000; Ollmann et al., 2000).  

Nevertheless, dMyc has recently been shown to induce apoptosis in Drosophila imaginal discs cell-
autonomously (De La Cova et al., 2004). In addition, it was found that dMyc plays a role in a process 
called cell competition, whereby the juxtaposition of cells with different dMyc levels results in the death 
of the cells expressing less dMyc (De La Cova et al., 2004; Moreno and Basler, 2004; reviewed in 
Gallant, 2005). The molecular pathway leading from a relative decrease in dMyc levels to apoptosis is 
currently unclear. Here, we examine the process of cell-autonomous apoptosis caused by dMyc in 
Drosophila imaginal discs. This apoptosis likely involves a combination of the proapoptotic genes rpr, 
grim, hid and sickle, but does not require Drosophila p53. We further show that a hypomorphic mutation 
in dmyc significantly reduces the extent of apoptotic cell death that can be induced by treatment with 
ionizing radiation. These results demonstrate that the control of apoptosis is a physiological function of 
dMyc. 
Results 
Overexpression of dMyc causes apoptosis 

With the aim of establishing a system useable for a genetic modifier screen, we expressed dMyc in the 
developing eye under the control of the GMR-Gal4 driver. Consistent with dMyc’s reported ability to 
promote growth and proliferation, the resulting adult eyes were bigger than control eyes and contained 
bigger ommatidia (Fig. 1A and B). In addition, the adult eyes showed a rough exterior which prompted us 
to investigate the possible involvement of apoptosis in this phenotype. A small, but statistically 
significant, increase in TUNEL signal (reflecting the number of apoptotic cells) was detected in the 
GMR-Gal4 expression domain posterior to the morphogenetic furrow in larval 3rd instar imaginal eye 
discs (Fig. 1C2), and similar results were also obtained with antibodies directed against activated caspase 
3 and with acridine orange staining (not shown). To assess the contribution of apoptosis to the dMyc-
dependent phenotype, we used the viral caspase inhibitor p35 to block apoptosis (Hay et al., 1994). 
Expression of p35 alone allows cells to survive that otherwise would have succumbed to developmental 
apoptosis, resulting in an increase in eye and ommatidial size (Fig. 1A, B). p35 also blocks the apoptosis 
caused by co-expressed dMyc, indicating that caspases are necessary for such dMyc-induced apoptosis 
(Fig. 1C3). This co-expression of p35 and dMyc results in eyes and ommatidia that are significantly 
larger than eyes expressing either p35 or dMyc alone, reflecting the combined abilities of p35 to block 
death and of dMyc to promote growth (Fig. 1A, B). A similar increase in eye size was also observed 
when dMyc was co-expressed with the Drosophila inhibitor of apoptosis Diap1 (Hay et al., 1995; not 
shown). Note that the consequences of dMyc overexpression in the developing eye have recently been 
reported by Secombe and colleagues (Secombe et al., 2007); these authors described the growth 
promoting effect of dMyc, but in the absence of a detailed statistical analysis and without the co-
expression of p35 or Diap1 they failed to detect the increase in apoptosis caused by dMyc. 

The observations shown so far demonstrate that overexpressed dMyc can induce ectopic apoptosis in 
the developing eye. Since this effect was rather weak, we also tested the consequences of dMyc 
overexpression in a different tissue. When the ap-Gal4 driver is used to express dMyc in the dorsal 
compartment of wing imaginal discs, increased apoptosis can be observed in the dMyc-expression 
domain as assayed by TUNEL (Figs. 2A, B middle; 2C) and anti-activated caspase staining (not shown). 
Thus, overexpression of dMyc induces apoptosis both in a population of differentiating cells in the eye, 
and in proliferating, undifferentiated cells in the wing.  
Downstream effectors of dMyc-mediated apoptosis 

A recent genome-wide search for dMyc targets has revealed that ectopic expression of dMyc in 
transgenic larvae under the control of a heat-shock promoter results in a 2-fold up-regulation of dp53 
mRNA (Hulf et al., 2005). To confirm these microarray data, we analyzed dp53 levels by quantitative 
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real-time RT-PCR at different times after ectopic heat-shock induced dMyc expression in 3rd instar 
larvae. Already 1 hour after the end of a 1-hour heat-shock, dp53 mRNA was found to be increased by 
2.2-fold in dMyc transgenic larvae as compared to identically treated isogenic larvae lacking a dMyc 
transgene, and by 4 hours after the end of the heat-shock elevated p53 levels can still be detected (Fig. 3; 
for control purposes, the expression level of the bona fide dMyc target nnp-1 [Hulf et al., 2005] is shown, 
as well as the baseline dp53 expression observed in a dp53-/- mutant larvae). Note that we have not been 
able to detect dp53 protein by Western blotting (presumably because of low dp53 abundance, even in the 
induced state) and therefore we cannot document the effects of dMyc on dp53 protein levels, but we 
assume that they parallel the induction of dp53 mRNA. This rapid induction raises the possibility that 
dMyc directly activates transcription of dp53. The dp53 gene contains a single consensus dMyc-binding 
site (called E-box) located 978 nt downstream of the transcription start site that could mediate 
transactivation of dp53 by dMyc, although we cannot exclude the possibility that dMyc indirectly 
regulates dp53 expression.  

The effects described above suggest that dp53 plays a role in dMyc-induced apoptosis. Much to our 
surprise however, this is not the case. Even the complete absence of dp53 (i.e. homozygosity for a null 
mutation; Rong et al., 2002) does not reduce the number of apoptotic cells in dMyc overexpressing wing 
imaginal discs (Figs. 2A right and 2C for TUNEL staining, and data not shown for anti-activated caspase 
3 staining; note that dp53 null mutant wing discs that are also heterozygous for ap-Gal4 but do not 
overexpress dMyc show as little apoptosis as the “ap-Gal4” control discs in Figs. 2A & B [not shown]). 
Instead, the number of apoptotic cells even slightly increases in dp53 mutants overexpressing dMyc as 
compared to heterozygotes overexpressing dMyc, suggesting that dp53 contributes to cellular survival in 
the face of excessive dMyc levels. Although such an anti-apoptotic activity of dp53 is unexpected, recent 
studies have shown that during normal development (in the absence of exogenous stress) dp53 controls a 
large number of genes that play no obvious role in the induction of apoptosis (Akdemir et al., 2007). It is 
conceivable that the mis-regulation of these genes in a dp53-/- background impairs the cells’ ability to 
resist the damages inflicted by dMyc overexpression, and hence results in an increased rate of apoptosis. 
Indeed, it has recently been reported that the activities of dp53 are not restricted to the induction of 
apoptosis, but that in a particular context dp53 contributes to the stimulation of proliferation (Wells et al., 
2006; see also the Discussion). 

While dp53 is dispensable for dMyc-induced apoptosis, the pro-apoptotic proteins hid, reaper, grim and 
sickle play a role in this process, since heterozygosity for the deficiency G870 (which removes all four 
genes: Bischof et al., 2007, P.Geuking & K.Basler, pers. comm.) reduces dMyc-induced apoptosis in the 
wing (Figs. 2B and 2C; De La Cova et al., 2004); a reduction in apoptosis was also observed with the 
smaller deficiency H99 that only affects hid, reaper and grim (not shown). Furthermore, heat-shock 
controlled expression of dMyc in transgenic third instar larvae induces the expression of rpr and the 
functionally related gene sickle within 1 hour by 2.2 ± 1.2 fold (range 0.9- to 4.1-fold) and 1.6 ± 0.5 fold 
(range 1.0- to 2.4-fold), respectively (average of 6 independent qRT-PCR experiments). Four hours after 
the induction of dMyc expression the levels of grim are also increased by 2.9 ± 1.9 fold (range 1.4- to 5.6-
fold in 3 independent qRT-PCR experiments). We do not know to which extent this effect of dMyc on 
rpr, sickle and grim is direct, and to which extent it is mediated by other transcription factors such as 
dp53; repeated experiments with dMyc overexpression in a p53-/- background were inconclusive (as they 
showed large variations). However, the grim, hid and sickle genes contain canonical E-boxes (at -1720 
bp, -123 bp, -182 bp relative to the transcription start site, respectively), and they, as well as rpr, also 
contain non-canonical E-boxes. Together with the observed effect of the deficiency G870 (and the 
absence of an effect of a dp53 null mutation), these data suggest that dMyc might activate the expression 
of these genes independently of dp53, and that dMyc and dp53 might to some extent be able to co-operate 
in the induction of these genes. Consistent with such a hypothesis, ectopic co-expression of dMyc and 
dp53 under the control of ap-Gal4 leads to an increased level of apoptosis as compared to expression of 
either protein alone (data not shown). Thus, both overexpression and loss-of-function of dp53 co-operate 
with dMyc to induce apoptosis, but we believe that the mechanisms are different in the two situations (see 
above). 



 6 genesis 46: 104-111  

dMyc is required for X-ray induced apoptosis 
The experiments described so far address the ability of over-expressed dMyc to induce apoptosis. 

Below, we explore the importance of physiological dMyc levels for the induction of cell death. The 
hypomorphic alleles dmycP0 and dmycP1 did not affect the negligible baseline apoptosis in unchallenged 
imaginal discs of wandering third instar larvae (data not shown). However, such dmyc mutant cells 
become more resistant to the pro-apoptotic effects of DNA damage: upon 5 or 10 Gy of X-irradiation, eye 
discs of wild type larvae show a large number of apoptotic cells (Figs. 4A-C). In contrast, in dmycP0/Y 
and dmycP1/Y eye imaginal discs, apoptosis is strongly reduced in response to such irradiation, but not at 
higher doses of X-rays (Figs. 4D-F, and data not shown). A quantitative analysis of eye discs treated with 
5 Gy showed 28±15 apoptotic cells in dmycP1/Y discs (n=15) and 146±66 apoptotic cells for wild type 
(n=15), a highly significant difference (p<0.001); similar results were obtained in several independent 
experiments, comparing either dmycP1 with Oregon R wild-type flies, or dmycP0 with genotype-matched 
control animals (see Materials). This partial resistance to DNA-damage induced apoptosis cannot be 
ascribed to the moderately reduced size of dmyc mutant eye discs (dmycP0/Y eye discs are ca. 23% 
smaller than y w/Y control discs; Bellosta et al., 2005); it is also not an indirect consequence of a cell 
cycle block, as only a marginal increase in the fraction of G1 phase cells in the dmycP1/Y mutant discs 
was observed (Johnston et al., 1999). We also consider it unlikely that this impairment in apoptosis is 
caused by differences in developmental age, since the experiments were carried out with wandering 
larvae (i.e. animals of the same developmental age for all genotypes), and besides, the overall duration of 
development is only moderately extended in dmycP0/Y flies (by one day as compared to control flies). 
Thus, a reduction of dMyc levels either reduces or delays the apoptotic response to weak doses of DNA-
damaging agents.  
Discussion 

Myc-induced apoptosis is often seen as a protective function that has evolved to reduce the ability of 
mutationally activated Myc to induce cancer (Lowe et al., 2004). However, although Drosophila dMyc 
has not been linked to any disease, it also plays a role in apoptosis, both cell-autonomously and in the 
non-autonomous process of cell competition (De La Cova et al., 2004; Moreno and Basler, 2004). Here, 
we examine the mechanism of cell-autonomous apoptosis by modulating dMyc levels broadly throughout 
the whole organism or an entire compartment. We confirm earlier observations that dMyc overexpression 
can induce apoptosis cell-autonomously. The downstream effectors of dMyc-induced apoptosis are not 
fully elucidated, but a combination of the pro-apoptotic genes rpr, grim, hid and sickle is required for this 
process, and our analysis raises the possibility that some of these genes might be directly activated by 
dMyc. dp53 is also rapidly induced by overexpressed dMyc, but surprisingly, is not required for dMyc 
induced apoptosis. It remains possible, though, that dMyc needs dp53 to trigger apoptosis in other tissues 
that were not analyzed here, e.g. polyploid larval tissues. In vertebrates a similar situation is encountered, 
where p53 is dispensable for c-Myc induced apoptosis in some settings (e.g. Martins et al., 2006), but 
required in others (reviewed in Meyer et al., 2006). 

Irrespective of the molecular pathway, our studies show that the ability of dMyc to induce cell-
autonomous apoptosis is physiologically relevant. This is demonstrated by the observation that a 
moderate reduction in dMyc levels (to about 29% at the RNA level in dmycP0 vs. wild type eye imaginal 
discs; data not shown) reduces the ability of imaginal disc cells to undergo apoptosis in response to 
moderate DNA-damage. Interestingly, preliminary observations suggest that the decreased cellular 
apoptotic response in dmyc-mutant larvae is accompanied by a slightly impaired organismal survival in 
the face of X-irradiation: whereas 91% and 89% of control animals survived from third instar to 
adulthood with or without irradiation, respectively, the numbers for dmycP0/Y larvae were reduced to 
86% (without irradiation) and 69% (with 10 Gy X-irradiation; n=125 to 173 input larvae from 3 
independent experiments), suggesting that the reduction of apoptosis observed in the irradiated mutant 
animals is associated with a decrease in fitness. A similar sensitivity to X-irradiation has recently been 
reported for growth impaired flies in general, i.e. animals that were either nutritionally starved or mutant 
for dmyc, chico or cdk4 (Jaklevic et al., 2006). After irradiation with 40 Gy of X-rays such animals show 
similar levels of apoptosis as wild type larvae (consistent with our observations for dmyc mutant larvae 
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irradiated with 50 Gy). However, wild type animals can compensate for the dead cells by a process called 
compensatory proliferation, whereby dying cells emit growth factors (such as Wg and Dpp) that stimulate 
proliferation of the surrounding intact cells (reviewed in Gallant, 2005). These proliferation signals are 
likely to be present in the irradiated growth impaired larvae as well, but the recipients of these signals 
cannot proliferate fast enough to compensate for the lost cells, resulting in increased organismal lethality 
(Jaklevic et al., 2006). A similar defect in compensatory proliferation might also be responsible for the 
lethality we observe in our experiments. dmyc mutant larvae treated with low doses of X-rays (10 Gy) 
show less apoptosis than wild type larvae, but it is reasonable to assume that the X-rays damage a similar 
number of cells in the dmyc mutant larvae as in the wild type, and that these damaged cells have a 
reduced proliferative potential. However, since the damaged cells do not die (at least within the time 
course of our experiment), they may be unable to trigger the signal for compensatory proliferation, which 
in turn results in a similar lethality as after treatment with higher doses of X-rays. Interestingly, dp53 
itself has recently also been shown to have an important role in compensatory proliferation (Wells et al., 
2006), and hence its loss is likely to affect compensatory proliferation and thus contribute to the observed 
lethality. Of course, the limited proliferative potential of dmyc mutant cells may very well also contribute 
to the observed lethality. 

The mechanism by which dMyc contributes to X-ray induced apoptosis is unclear. X rays do not cause 
a significant increase in dmyc mRNA levels (as measured by qRT-PCR, within 1 to 2 hours of X-
irradiation dmyc mRNA levels in wandering 3rd instar larvae are at 91±32% of un-challenged larvae; 4 
independent experiments; p=0.67). This suggests that dMyc plays a permissive role, i.e. that normal 
dMyc levels are needed to allow a maximal apoptotic response to DNA damage. Since dp53 is thought to 
directly activate pro-apoptotic genes such as rpr, hid and skl (Brodsky et al., 2000; Sogame et al., 2003; 
Brodsky et al., 2004; Akdemir et al., 2007), it is conceivable that dMyc cooperates with dp53 at the level 
of gene expression. Alternatively, dMyc might play a more general role in determining the cellular ability 
to react to incoming signals. dMyc affects the expression of a large number of target genes (possibly 
thousands of them), albeit to a comparatively moderate extent (Orian et al., 2003; Grewal et al., 2005; 
Hulf et al., 2005). Therefore, the decreased expression of a large group of genes in the dmyc mutants 
could conspire to reduce the efficiency of transcriptional activation by dp53, or to affect the execution of 
the apoptotic program downstream of dp53 targets. 

A co-operation between dMyc and dp53 might also take place in unchallenged animals, since dp53 also 
controls the expression of many genes during normal development (Akdemir et al., 2007). Indeed, our 
preliminary observations indicate that (in the absence of any irradiation) flies doubly mutant for dp53 and 
dmyc show an increased organismal lethality as compared to singly mutant larvae (only 60% of third 
instar dmycP0/Y; dp53-/- larvae survive to adulthood, as compared to 90% for +/Y; dp53-/- and 86% for 
dmycP0/Y; dp53+/-; 93 to 178 input larvae from 3 independent experiments). We do not know the cellular 
basis for this synthetic lethality, but notice a similarity to the genetic interaction between the growth 
regulators chico or cdk4 on one hand, and the checkpoint kinase grp (chk1) on the other hand (Jaklevic et 
al., 2006): whereas all these single mutants are viable, the double mutant combinations are fully lethal, 
possibly because such flies are less efficient in dealing with physiologically occurring DNA double strand 
breaks. 

In conclusion, the detailed mechanism of dMyc’s effect on cell-autonomous apoptosis still needs to be 
elaborated, but our observations demonstrate that the ability of Myc to induce apoptosis is evolutionarily 
conserved. This ability is not restricted to overexpression of Myc but also important at physiological 
levels of Myc. Our studies suggest that Drosophila can be used to dissect this connection between Myc 
and apoptosis.  

Experimental Procedures 
Analysis of imaginal discs 

Immunocytochemistry was carried out according to standard procedures. Primary anti-activated caspase 
3 antiserum (Cell Signaling Technology; Srinivasan et al., 1998) was used at 1:300 dilution to reveal 
apoptotic cells. Secondary antibodies conjugated to FITC (Jackson ImmunoResearch Laboratories Inc.) 
were used at 1:200 dilutions. TUNEL staining was performed using the ApopTag Fluorescein in situ 
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Apoptosis detection kit (Intergen Company), following the manufacturer’s protocol. Numerical values of 
TUNEL staining in the eye are the ratios of green intensity of the signal posterior to anterior of the 
morphogenetic furrow, as determined with Adobe Photoshop. Discs were mounted in Vectashield Zymed 
(Vector Laboratories Inc.) or FluoroGuard Antifade (BioRad), and images were obtained on a Leica 
Nomarski optics microscope.  

Examination of adult eyes 
Flies were prepared for scanning electron microscopy as described (Wolff and Ready, 1991). To 

determine the surface of individual ommatidia an area covering approximately 22 ommatidia in the centre 
of the eye was measured (in pixel, using Adobe Photoshop) and divided by the number of included 
ommatidia.  
Quantitative real-time RT-PCR 

To avoid crowding effects, 50 -70 freshly hatched first instar larvae from timed egg lays (max. of 5 h) 
were transferred into fresh vials and then raised at 25°. Wandering third instar larvae were heat-shocked 
for 1 h in a 37° water bath and collected 1 h or 4 h after the end of the heat-shock. Ten larvae per 
genotype and time point were homogenized in 1 ml Trizol (Invitrogen) using a tissue shredder and total 
RNA was extracted according to the manufacturer’s protocol. Ten µg RNA per sample were treated with 
Turbo DNase (Ambion) to eliminate contaminating genomic DNA and reverse transcription of 1 µg was 
carried out with the Omniscript RT kit (Qiagen) and random hexamers as primers. Quantitative real-time 
RT-PCR (qRT-PCR) reactions were carried out in duplicate on an ABI 7900HT machine, using SYBR 
green PCR master mix (Applied Biosystems); qRT-PCR of mock reverse-transcribed RNA samples (in 
the absence of RT) confirmed the absence of any genomic DNA contamination. 

The following primers were used: actin 5C (reference): 5’-GCCCATCTACGAGGGTTATGC & 5’-
AATCGCGACCAGCCAGATC; dp53: 5’-TGCGCAATCCCAACCAA & 5’-
CACGTTTCTTAAGGCTCAGCAA; nnp-1: 5’-CTATACACACGAAAGTTTCCATGCTATA & 5’- 
CAACACGGAACTATCGTAAATTTCA; dmyc: 5’-GAATCGCGCTCGGTTAGTG & 5’-
CTACGCCGCCGCTTTAAG; grim: 5’-CCGACGGTCATTCAGATATCCT & 5’-
CACGTCGTCCTCATCGTTGT; hid: 5’-TGATGCCACACCATTCCG & 5’-
GCGTGTAGCCGGCGTAGT; rpr: 5’-CACCGTCGTCCTGGAAACC & 5’-
CGATATTTGCCGGACTTTCTTC; sickle: 5’-CCCGGACATGATCAAGTGG & 5’-
TGGTGGCGGGAGTTCCT. 
X-irradiation experiments 

Wandering third instar larvae were exposed to X-rays using an X-ray cabinet system. The larvae were 
then returned to their food and the incidence of apoptosis was determined 5 hours after the irradiation. For 
analysis of transcript levels by qRT-PCR larvae were harvested 1 or 2 hours after irradiation with 10 Gy. 
Fly stocks 

The following transgenic and mutant flies were used in this study: GMR-Gal4 (Hay et al., 1995), UAS-
dMyc (Johnston et al., 1999), UAS-p35 (Hay et al., 1994), ap-Gal4 (Milan et al., 1997), dp53-/- (11-1B-1) and 
dp53-/-(5A-1-4) (Rong et al., 2002), dmycP0 and dmycP1 (Johnston et al., 1999), dmycP0-rev (a wild-type 
revertant of the dmycP0 allele; generated in this study), w1118; hs-dMyc29 and the isogenic line w1118 (Hulf 
et al., 2005). Df(3L)G870 is a deletion of cytological bands 75B-C that was kindly provided by K.Basler 
(Bischof et al., 2007). For the analysis of apoptosis in response to X-irradiation, the dmycP0 line (full 
genotype: P[ry+t7.2=P-Sal]dmycP0/C(1)DX, y1 f1; bw1; st1) was compared to the genotype-matched line 
“P[ry+t7.2=P-Sal]I16; bw1; st1“, as both originated in the same P-element mobilization screen (Robertson 
and Engels, 1989). 
Statistical analysis 

p-values were derived using Student’s t-test. 
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Figures legends 
Figure 1. dMyc over-expression promotes growth and apoptosis in the Drosophila eye. A, scanning 

electron micrographs of adult female eyes (SEM). B, average size of adult ommatidia (as determined 
from 6 independent eyes per genotype; bars indicate standard deviation). p-values are: 6*10-4 (dMyc vs 
control), 4*10-2 (p35 vs control), 4*10-2 (dMyc vs p35), 10-6 (dMyc+p35 vs control), 4*10-5 (dMyc+p35 
vs p35), 10-4 (dMyc+p35 vs dMyc). C, TUNEL staining of third-instar larval eye imaginal discs; the 
white bar marks the expression domain of GMR-Gal4. Numbers indicate the ratios of signal intensities 
posterior relative to anterior of the morphogenetic furrow (n > 10; p < 0.01 for the comparison of C1 with 
C2, p < 0.001 for C2 versus C3). Genotypes: all flies are heterozygous for one copy of GMR-Gal4 plus 
the indicated UAS-transgenes – p35 (UAS-p35), dMyc (3x UAS-dMyc), p35 + dMyc (UAS-p35, 3x 
UAS-dMyc). The scale bars in panel A correspond to 100 µm. In this and subsequent figures the eyes and 
imaginal discs are oriented with their posterior to the right. 

Figure 2. Dp53 is not required for dMyc-induced apoptosis in the wing. Control wing imaginal 
discs from wandering 3rd instar larvae show low levels of apoptosis (A and B, left), but ectopic expression 
of dMyc in the dorsal compartment strongly induces apoptosis (A and B, center), which is not reduced by 
elimination of dp53 (A, right; dp53-/- corresponds to the heteroallelic combination dp5311-1B-1/5A-1-4), but 
by heterozygosity for Df(3L)G870 (B, right); panels A and B correspond to separate experiments. Panel 
C, average number of apoptotic cells in the pouch region of 9 to 10 wing discs of the genotypes shown in 
panels A (first group of 3 bars) and B (second group of 3 bars); error bars indicate standard deviations. p-
values for comparisons are: A: 8*10-2 (dMyc vs control), 10-4 (dMyc, p53-/- vs control), 5*10-2 (dMyc, 
p53-/- vs dMyc); B: 5*10-4 (dMyc vs control), 7*10-5 (dMyc vs dMyc, Df), 8*10-2 (dMyc, Df vs control). 
All wing discs are oriented with their dorsal sides up. The white line in panel 1A outlines the ap-Gal4 
expression domain. 

Figure 3. Heat-shock induced expression of dMyc rapidly induces dp53 mRNA. Levels of dp53 
mRNA after heat-shock induced expression of dMyc as assayed by qRT-PCR; for comparison, nnp-1 
levels are shown (a well-characterized direct dMyc target; Hulf et al., 2005). Each column corresponds to 
the average of two biologically independent samples; the error bars show standard deviations, and “1 h” 
and “4 h” indicate the time elapsed after the end of the heat-shock. The genotypes are indicated in the 
legend (whereby “control” corresponds to “w1118”). 

Figure 4. dMyc plays a role in X-ray-induced apoptosis. TUNEL staining of third instar larval eye 
imaginal discs irradiated with X-ray doses of 5 Gy (A, D), 10 Gy (B, E), or 50 Gy (C, F). Irradiation of 
dmyc mutant eye imaginal discs with 5 and 10 Gy results in fewer apoptotic cells (D, E) than irradiation 
of discs of wild type flies (A, B). The numbers in A and D show the average (and standard deviations) of 
apoptotic cells from 15 independent eye discs. Genotypes (all flies are males): A-C: Oregon R; D-F: 
dmycP1/Y.  












