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Abstract The two genesvestigial (vg) and scalloped liams and Bell 1988). Weaky mutants display occasion-
(sd) are required for wing development Drosophila al gaps in the wing margin. For extreme alleles, wing
melanogaster They present similar patterns of expresnd haltere structures can be lost completely, this pheno-
sion in second and third instar wing discs and similgmpe being associated with extensive cell death in the
wing mutant phenotypes/g encodes a nuclear proteirwing pouch of the third instar larval imaginal discs
without any recognized nucleic acid-binding motif. Sd {&ristrom 1969; Bownes and Roberts 1981). Asvgr
a transcription factor homologous to the human TEFstalloped (sdjnutants exhibit different wing phenotypes
factor whose promoter activity depends on cell-specifichich can vary from only gaps in the wing margin to
cofactors. We postulate that Vg could be a cofactor of &aimplete loss of the wing structures (Daniels et al. 1985;
in the wing morphogenetic process and that, togeth€@gmpbell et al. 1991). Strong reduction of the wings is
they could constitute a functional transcription compleassociated with elevated cell death in larval wing discs
We investigated genetic interactions between the t{@impson et al. 1981; James and Bryant 1981). In addi-
genes. We show here thgf andsd co-operate in vivo in tion, sd and vg expression patterns appear identical in
a manner dependent on the structure of the Vg proteiarly and late imaginal wing discs. Both expressions,
We ectopically expressedj in the patch f§tc) domains. ubiquitously detectable at a very low level in early sec-
We show evidence that wing-like outgrowths induced loynd instar wing discs, become elevated throughout the
ectopic expression ofg are severely reduced g or sd disc and resolve into a well defined stripe of cells along
mutant backgrounds. Accordingly, we demonstrate ttiae future wing margin during the early third larval in-
ptc-GAL4-driven expression ofg induces both expres-star. In late third instar imaginal disegy andsd are ex-
sions of the endogenoug andsdgenes and that the twopressed at high levels in a broad stripe, which includes
Vg and Sd proteins have to be produced together to pfee primordia of the wing pouch and hinge regions
mote wing proliferation. Futhermore, we show an intef€ampbell et al. 1992; Williams et al. 1993).
action between the two proteins by double hybrid experi- Kim et al. (1996) have shown that GAL4-targeted ex-
ments in yeast. Our results therefore support the hypgthession ofvg induces formation of wing-like out-
esis that Sd and Vg directly interact in vivo to form growths, and they report that ectopic expressiovga-
complex regulating the proliferation of wing tissue. ducessd expression. However, targetesdl expression
does not induce either wing outgrowthsvgrexpression
Key words Drosophilawing developmentvestigial- (Irvine observations in Kim et al. 1996). Activationsuf
scalloped is therefore insufficient to induce wing outgrowths.

The vg locus encodes a nuclear protein without any
known nucleic acid-binding motif (Williams and Bell
Introduction 1988; Williams et al. 1991). The Sd protein is a tran-

scription factor with a TEA/ATTS DNA-binding domain.
vestigial (vg) mutants ofDrosophila melanogasteare It is homologous to the human transcriptional enhancer
characterized by severely reduced wings and loss of thetor TEF-1, whose promoter activity is dependent on
wing-margin structures (Lindsley and Grell 1968; Wilthe presence of cell-specific cofactors (Campbell et al.
1992; Xiao et al. 1991). Postulating that Vg could be a
Edited by C. Desplan specific cofactor of Sd in the wing morphogenetic pro-
S. Paumard-Rigal{]) - A. Zider - P. Vaudin - J. Silber cess, we have investigated in vivo genetic interactions
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F-75251 Paris cedex 05, Fra:'ce the two proteins in yeast by double-hybrid experiments.
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By using weak alleles &fd, a newvg! allele and the action mixture 10% was amplified using the specific forward and

i 79d5 - reverse primers for thep49 cDNA (5'-tcctaccagcttcaagatgac-3’
peculiarvg allele, we show thasd andvg co-operate and B-gtgtattccgaccacgttacd)3 and vg cDNA (5'-ttctcttccgattg-

in the wing morphoge_net_lc Process and we present %\66990-3 and B-tattctgctttgcgatgtgg-p The fragment amplified
dence that the genetlc interactions between these e the vg primer corresponds to the sequence of \geDNA
genes are dependent on the structure of the Vg protegtween the nucleotides 358-556. This sequence was lacking in
The Constructlon of transgenlc UA@_ﬂles a”ows us to the Vg cDNA cloned in the pUAST vector (Zlder etal. 1998)

show that ectopic wing-like outgrowths induced fig-

GAL4-driven expression ofg is dependent on the activ-Two hybrid assay

ity of sd and also on the activity of the endogenegs

gene. Furthermore, we demonstrate that ectopic expré different plasmids and the methodological procedure used in

; ; ; ; is study were provided by R. Brent from the Massachusetts Gen-
sion of vg induces expression of both genes. This e%abral Hospital (MGH). The yeast strain used was EGY48 (MATa,

plains the incapacity ofd alone to promote wing-like his3 trp1, ura3-52 leu2 pLEU2-LexAoph
outgrowths when it is expressed ectopically and showsPlasmid vectors pEG202 and pJG4-5 encoding the LexA
that the two proteins are co-required to promote wing tRNA-binding domain and the B42-activating domain, respective-

i i i were used to express fusion protein. They contain both the 2 p
sue proliferation. Accordingly we show that Sd and \}rg licator and thédIS3 and theTRP1genes, respectively, as se-

interact in yeast in the doubl_e-hybrld system. ThL_JS’ qggtable markers (Gyuris et al. 1993; Russel £1895). In pJG4-
results support the hypothesis tgtand sd expression 5 vector, expression of the fusion protein is under the control of
are positively regulated byg activity and that both prod-the GAL1 promoter which is inductible by galactose. In the
ucts directly interact in vivo to form a complex regu|apEG202 vector the fusion protein is expressed under the control of

; : : : : the constitutiveADH promoter. Two reporter genes were used: (1)
ing the development and proliferation of wing tissue. integrated copy of theexAop-LEU2gene in which upstream

activating sequences are replaced bylsixA operators, and (2)
the plasmid pSH18-34 which carries eighéxA operators up-
Materials and methods stream of thdacZ gene. pSH18-34 contains the 2 p replicator and
the URA3selectable marker.

To screen for protein interactions in the two hybrid system, we
used a pEGAATEA vector which expresses the C-terminus do-
main of the Sd protein in fusion with the LexA DNA-binding do-

nain and the pJ®g vector which expresses the Vg protein in fu-
ion with the B42-activation domain. The pEBGATEA vector
was constructed by insertion of te@cDNA, which lacks the 212
N-terminal amino acids of the open reading frame, into the
IPEG202 vector. Indeed preliminary experiments have shown that
%ﬁression of the N-terminus domain of the Sd protein which con-
v

Drosophilastrains and culture conditions

The vgBS (also named/gt), vg79ds and sdt strains came from the
Bowling Green stock centre and were initially described in Lin
sley and Zimm (1992). ThegBC mutation is more extensively de-
scribed in Zider et al. (1996) and tkig’995 mutation in Williams
et al. (1990 and 1991).

The vg83b27 mutant is a no-wing mutant given by John Be
The vge3b27 allele deletes an intronic regulatory element requir
for gene expression in the wing and haltere imaginal discs. |
described in Williams et al. (1990 and 1991).

The vgnul mutant is a viable mutant which was isolated in o
laboratory by targeted P-element mutagenesis. Preliminary m
cular analysis shows that the eight exons have been deleted.

The sdFTX4 strain was a gift of Shelagh Campbell. TggET*4
mutation corresponds to arfp* lacZ transposon insertion in the
first intron of thescallopedgene and is used as ad enhancer-
trap strain (Anand et al. 1990; Campbell et al. 1992).

The wg-lacZstrain is avg enhancer-trap strain. It was provid-
ed by R. Phillips and described in Kassis et al. (1992) and in PiRgsults
lips and Whittle (1993).

The ptc-GAL4 line was obtained from the Bloomington stockn weaksd mutant backgrounds, th@79d5 mutation

centre. has a dominant effect
All crosses were performed at 21°C in standard corn medium.

ins the TEA DNA-binding domain is toxic in yeast. The pJG-
vector was constructed by insertion of thg cDNA which
cks the seven N-terminal amino acids of the open reading frame,
ggp the pJG vector. Three B42-Vg derivatives were also produced
V insertion of thevg sequences corresponding to the amino-
acids 7-127, 127-276, 276-453, respectively, into the PJG4-5
vector.

We have used weak hypomorphic alleles vestigial
Escherichia col-galactosidase assay (vg7995) andscalloped(scF™4 andsdt) to investigate in-
teractions between the two genes (Fig. 1). These three

Wing discs were dissected from wandering third instar larvae ; : ;
0.1 M phosphate-buffered saline (PBS) and fixed for 30 min in 14Utations give homozygous adult phenotypes with gaps

p-formaldehyde, 0.2% glutaraldehyde in 0.1 M PBS. After fixdll theé wing margin (Fig. 1A-C). The double homozy-

tion, discs were rinced in 0.1 M PBS and incubated overnight@ous fliessdET%4; vg79d5 (Fig. 1E) exhibit a significant

2 mM X-gal, 4 mM potassium ferricyanide, 4 mM potassium fetreduction in wing size and an uplifting of the postscutel-

rocyanide, 4 mM magnesium chloride in 0.1 M PBS. lar bristles, similar to the phenotype of the flies homozy-
gous for the stronggB¢ mutation (Fig. 1D), which pos-

Reverse transcriptase-polymerase chain reaction (RT-PCR) ~ Sess a very low level of wild-type transcript (Zider et al.

analysis 1996). A phenotype almost as strong is observestfin

. o . . . ., vg7995 homozygous flies (Fig. 1F), showing that the
RNA from dissected imaginal discs was isolated with the Gib G.li iHTETX4 | rs
BRL Trizol reagent kit, treated with DNAse and reverse traé13 like phenotype observed wi IS not specific

scribed with an oligo dT and the superscript reverse transcripté@e this sd allele. These adult phenotypes are correlated
(Gibco BRL) according to the manufacturer’s protocol. Of the revith a strong reduction of both the presumptive wing
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Fig. 1A-1 The association between thg’9d> mutation and weak gous for the weakg’®ds allele €, F) have a wing phenotype as
sd alleles has a dramatic effect on wing development. Mutesttong as that of theg®¢ homozygous flies¥). Note, the pheno-
strains:vg79ds (A), respectivelyscET™4 and sdt (B, C), vgBC¢ (D) type of thescET™*4 flies heterozygous for theg’ods allele G)
and vg!l (1). Phenotypes resulting from the association betwewinich is almost as strong as that of the homozygoEs“4 vgrods
these different mutations areET*4/Y; vg79d9vgrods (E), sdi/Y; flies (E) whilst the scET*4 flies heterozygous for thegu!l allele
vgrodYvgrods (F), scETX4Y; vgrod¥vgr (G), scETX4Y; vgnullivgs  (H) do not exhibit such a reduction of the wing

(H). In the hypomorphisd mutant background, the flies homozy-
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margin and the wing pouch in third instar wing discs t
we have observed by using tlsd-lacZ enhancer-trap
properties of thesdF™*4 allele and awg-lacZ enhancer-
trap mutation (data not shown). The adult wing phe
type of the double mutants and the strong disruption
served in wing disc structures, indicate thgiandsd co-
operate during wing development in the same morph¢
netic process.

The vg79d5 mutation is recessive. Surprisingly, in
scET™*4 background, the flies heterozygous for thgg9ds
allele (Fig. 1G) exhibit a mutant phenotype which is
most as strong as that of thé=T*4 flies homozygous for £
this allele (Fig. 1E). The same phenomenon is obsel |
in ansd background (not shown). Moreover, thd=Tx4
flies heterozygous for aghull mutation do not exhibit |
such a significant reduction of the wing (Fig. 1F
whereas therg"l homozygous mutants have a very €
treme phenotype (Fig. 11). Therefore, in a hypomorp
sdbackground, theg’99> mutation has a dominant effe:
which leads to an enhancement of fiemutant pheno-
type. According to Williams et al. (1990), thg9d5 al-
lele encodes a protein with an internal deletion co
sponding to the'Send of exon 3 which includes a pol
alanine-rich region, the correct reading frame being |
served. When the expressionsohllopedis reduced, the
presence of theg’9dallele encoding such a deleted pr
tein is more drastic than the complete loss of wpal-
lele. Therefore, the genetic interactions observed
tweenvestigialandscallopedare dependent on the stru
ture of the Vg protein.

Formation of wing-like outgrowths
by ectopic expression @gstigialis dependent
on scallopedexpression

In order to targetvg expression by the UAS-GAL¢
system (Brand and Perrimon 1993), homozygous U,
vg lines were produced (Zider et al. 1998) and me
were crossed with homozygopsc-GAL4 females. The
majority of the F flies died in the early pupae stag
Flies dying in late pupae stage exhibit extensive wi
like outgrowths (not shown) associated with a disorg:
zation and reduction of the wings which, according
Kim et al. (1996), could be due to a disruption of f
wing’s morphogenetic process.

Crosses were performed betwesth; UAS-vg males
and scF™4; ptc-GAL4 females. Compared to the prev
ous homozygousd- females, moredF™4 heterozygous
females were recovered, which died in late pupae st
They exhibit ectopic wing-like outgrowths at the poste.-

or of the head capsule with a very strong deformationIfl)]c 2A-F Development of wing-like outgrowths resulting from
the eye (Fig. 2A,B), this phenotype being howeve_r Ieégopic expression of UA8g driven by ptc-GAL4. Comparison
extensive compared & females. These ectopic winghetween sE™4/sdt; ptc-GAL4/UAS-vg females A,B), and
like outgrowths are severely reduced for theETX4 scFTX4/Y; ptc-GAL4/UAS-vg males C, D) shows that the ability

hemizygous males, and only a slight deformation in tRkvyg to promote wing-like proliferation depends on the activity of

posterior part of the eye is observed (Fig. 2C,D). Morf%c—"""OIDecl Comparison betweeng'/veP®; ptc-GALA/UAS-vg fe-

le €), and vgBEC/vgBS; ptc-GAL4/UAS-vg females F) shows
over, the adults are able to emerge from the pUpaevtFF’jt the ability ofvg to promote wing-like proliferation depends

though they die within a few hours. These results shewthe activity of the endogenousstigialgene:
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Ectopic expression of theestigialtransgene
: induces ectopic expression
) i BN of the endogenougestigialgene

The effect ofvg ectopic expression was analysed in flies
heterozygous or homozygous fug alleles. We have
used three allelestgBS, vg83b27 and vgull. For all, we
made the same observation: wing-like outgrowths were
severely reduced in the homozygous flies compared to
the heterozygous ones. An example is given in Fig. 2E
and F for thevgBC allele. These results reveal that the
ability of thevg transgene to induce formation of ectopic
wing proliferation depends on the activity of the endoge-
nousvg alleles and suggest that thgtransgene induces
the expression of the endogenaggene.

This was confirmed by analysing transcripts in RT-
PCR experiments: theg cDNA present in our UASg
transgene lacks the first 800 nucleotides of theirb
translated sequence. Appropriate primers (see Materials
and methods) only allowed us to reveal transcription of
the endogenous gene (Fig. 3B), tR®49 gene being
used as a control (Fig. 3C). In normal conditions, the en-
dogenous/g gene is not transcribed in the eye-antennal
discs (Fig. 3B c), whereas its transcription occurs when
expression of therg transgene is driven bptc-GAL4
(Fig. 3B d). We can therefore conclude thigtactivates
its own transcription.

Fig. 3A—C ptc-GAL4-driven expression of/g induces both ex-

pression ofsd and the endogenousgy gene.A Expression of the

sdlacZ reporter gene revealed bf}-galactosidase assay in . .

SET4/sd; pte-GALA/UAS-vg third instar wing discs. Thedre- V9 and Sd interact in yeast

porter gene is expressed in a stripe corresponding to the wing mar-

gin and in the wing pouch. In additiosd expression is observed\We examined the protein interactions between Vg and Sd

in the ptc domain (marked by arrows)his shows that the expres-hy ysing a double-hybrid interaction test (Gyuris et al.

sion ofvg induces the expression sdl. B Transcription of the en- . :
dogenous/g gene revealed by RT-PCR experiments in third instgnggg’ Russel et al. 1995). The EGY48 yeast strain was

wing or eye-antennal discs wild-type CantonS wing discdy CO-transformed with the pJ@ vector which encodes
ptc-GAL4/UAS-vg wing discs,c wild-type CantonS eye-antennalthe fusion protein Vg-B42, and with the pEEATEA
discs andd ptcGAL4/UAS-vg eye-antennal disc€ Transcription yector, which encodes the fusion proteiMBEA-LexA
o hep40gere o convol 1 th same extracts Note 18 &91ESee Waterias and methods). In this fater fusion proten.
transgene is expressed in e domain ¢) whilst it does not oc- We used the C-terminal domain of the Sd protein (amino
cur in the wild-type background){ This shows thatgis impli- acids 212-440), because the N-terminal domain, which
cated in the regulation of its own expres:ion includes the TEA DNA-binding domain was toxic in
yeast (data not shown). Transformants were analysed for
leucine auxotrophy an@-galactosidase reporter gene ac-
that the wealscFT™*4 mutation greatly reduces the abilitftivity. Figure 4 shows that co-expression of the Vg-B42
of vgto promote wing-like outgrowths. We have checkethd SATEA-LexA proteins in yeast leads to a sign-
that this was not the result of some influence of tifecative activation of the two reporter genksZ and
scETX4 mutation onptc-driven expression (not shown)leu2as observed with the positive control [pEBpJG-
The development of wing tissue induced by ectopic éxu(fu] This interaction was specific since we did not ob-
pression ofvg is therefore dependent on the levelsdf serve any activation of th&cZ reporter gene when
expression. SAATEA-lexA was co-expressed with an unrelated B42-
Expression of thed-lacZreporter gene was examinedlerivative (B428GT). Furthermore, no activation of the
in third instar wing discs oBE™4/sd"; UAS-vg/ptc- reporter gene was observed when Vg-B42 was co-ex-
GAL4 females (Fig. 3A). As expected, tisd reporter pressed with an unrelated LexA derivative (LexA-rab3).
gene is expressed in the wing pouch and in a stripe cohrese experiments demonstrate that the two proteins Vg
responding to the wing margin (Campbell et al. 1992). &md Sd are able to interact in yeast in the same protein
addition, sd expression is observed in tip¢c domain. complex.
Therefore, ptc-GAL4-driven expression of/g induces To determine which region of Vg is implicated in the
expression of thedgene. formation of this complex, we used three Vg-B42 deriva-
tives. A positive result was obtained with the C-terminal
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0 Vestigial 453

L X-Gal BGalactosidase activity L X-Gal BGalactosidase activity
eU  Test (10 units/D.O./min.) €U Test (103 units/D.O./min.)
7 127
pEGSAATEA/ pJGvg w 13.9 +/-1.25 — - 3.04 +/-0.14
127 276
pEGSATEA/ pJGSGT 2.12 +/-0.45 N ——— S 2.84 +/- 0.19
276 453
pEGyab3/ pJGvg 0.94 +/-0.02 ——e_ - 44.4 +/- 3.19
PEGCilpIGsu(fu) & 115 +/-15
A B

Fig. 4A, B Vg and Sd interactions are revealed by double hybrigtowths. Ectopic expression efl induces neither such
Fcﬁrr)neéiénsv?ttﬁ inE)CISeSadSAl}I' ETEZ rzgposg Sgﬁg] Er%\l(izgv?c?r ﬁghtéﬁnnesoutgrowths nor the expression\gg (Irvine observations
auxotrophy aﬁcﬁ-galactosidasepacti\%ty. Growthyin the absence &f Klm.et al. 1996). .Thls.means that co-expressiongf

leucine and significativ@-galactosidase activity indicate interac@Ndsdis necessary in this process. We have demonstrat-
tion between the two proteins. Thiie colourin X-gal test devel- ed that Vg and Sd are able to directly interact in yeast in
oped within 15 min and the growth on media lacking leucine waguble hybrid experiments. It can thus be expected that

observed after 48 h at 30°C. The activation of the reporter ge ; ; ; ;
observed when yeast were co-transformed with SEAZEA and 4%th interaction between the two proteins does occur in

pJGvgwas as strong as that observed with pEIGSu(fu)[Ci  VIVO within a complex regulating wing tissue prolifera-
and Su(fu) are two proteins known to interact (Monnier et dlON.

1998) and are used as a positive control in our test]. This interac-The double mutants for weakl andvg alleles exhibit

tion was specific since no interaction was observed when EGYé‘%trong wing mutant phenotype. This shows that the two

was co-transformed with pEGATEA and pJGBGT or with : ; ;
pEG+ab3 and pJGvg. B Topdetermine Whicrﬁ) region of the vg3€nes co-operate during wing development in the same

protein interacts with the Sd protein, the three Vg-B42 derivativéBorphogenetic process. Surprisingly, insgR™4 back-
expressing the indicated sequence of the Vg protein, were goeund, thevg’9ds heterozygous flies exhibit a reduction

transformed with the pE@EﬂT.EA vector in the reporter .strain of ng size more extensive than the reduction observed
5&5@3 and analysed for leucine auxotrophy fiaglalactosidase for the vgul heterozygous ones. So, in ad hypomor-
phic background, theg’9d> mutation has a dominant ef-
fect which leads to enhancement of ®&gE™4 pheno-
type. Thevg’9ds allele produces a transcript which is in-
domain of the Vg protein (amino acids 273-453). No iternally deleted for the'®nd of exon 3 and is recovered
teraction occurred with the two other Vg-B42 derivativeg the same level as the wild transcript. It encodes a
that correspond to the N-terminal and to the central dag79dsprotein with an internal deletion which includes a
mains of the Vg protein. This demonstrates that the @blyalanine region, the wild-type reading frame being
terminal region of the Vg protein contains the domain ipreserved (Williams et al. 1990). Thg"u! mutant used
volved in the formation of the complex. As amino acidacks anyg sequences.
deleted in the V@95 protein are not part of the C-termi- We have demonstrated that the 79§ protein does
nal region, the V{95 protein possesses this domain.  not lack the domain required for the formation of an Sd-
Vg activating complex in yeast. To explain the effect re-
sulting from the presence of thg’9d5 allele, compared
Discussion to the loss of on@g allele in ansd hypomorphic back-
ground, we suggest that the ¥¢p proteins can trap the
The two genesg andsdare required for wing develop-Sd proteins into proteic complexes less active than the
ment. The Sd protein is a transcription factor with wild complexes but either more stable or with more af-
TEA/ATTS DNA-binding domain, homologous to thdinity to the DNA targets. In these conditions, in hetero-
human transcription enhancer factor TEF-1, whose pmygousvg’9ds flies, more abnormal complexes will bind
moter activity is dependent on the presence of cell-spe-the DNA compared to full active ones whilst in het-
cific cofactors (Campbell et al. 1992; Williams et akrozygousvgnu! genotypes, all complexes binding to the
1991). Vg is a nuclear protein without any known nucl®NA will have normal activities. Iisd hypomorphic mu-
ic acid-binding motif (Williams and Bell 1988; Williamstants, we can expect that less Sd proteins are produced.
et al. 1991). We postulated that Vg could be a co-facitterefore less Vg-Sd complexes will be formed so that
of Sd in the wing morphogenetic process. We show héhne resulting activity may become limiting, giving the
that ectopicptc-GAL4-driven expression ofg induces weak wing mutant phenotype observedsiF™4; vg
expression of both the endogen@asandvg genes and background. IrscET4; vg79dy vgt flies, the formation of
we present evidence that the activities of the two gemess active complexes will lead to a reduction of the re-
are required for the development of wing-like ousulting activity and to an increase of the mutant pheno-




446

type. We have shown thag regulates both its own ex-Campbell SD, Duttaroy A, Katzen AL, Chovnick A (1991) Clon-
pression and that aflduring the wing proliferation pro- N9 and characterization of ttseallopedregion ofDrosophila

. - . melanogasterGenetics 127: 367-380
cess. Otherwise, ectopic expressionsdfunder a heat- Campbell SD, Inamdar M, Rodrigues V, Raghavan V, Palazzolo M,

shock promoter inducestlacZ reporter gene activity in — Chovnick A (1992) Thecallopedgene encodes a novel, evolu-
third-instar wing discs, this induction not being ubiqui- tionarily conserved transcription factor required for sensory or-
tous but restricted mainly to the wing-blade region of the 9an differentiation iDrosophila.Genes Dev 6: 367379

; ; aniels SB, McCarron M, Love C, Chovnick A (1985) Dysgene-
discs (Deshpande et al. 1997). This suggests th"ﬁdth@ sis-induced instability of rosy locus transformatiodmosoph-

locus is autoregulated but theatis not sufficient to drive i3 melanogaster analysis of excision events and the selective
its own activity and requires tissue-specific factors. Since recovery of control element deletions. Genetics 109: 95-117
vg is specifically expressed in the wing-blade region, vigeshpande N, Chopra A, Rangarajan A, Shashidhara LS, Rod-

; _rigues V, Krishna S (1997) The human transcription enhancer
propose that Vg is one of these factors and that the Vg factor-1, TEF-1, can substitute f@rosophila scallopediur-

Sd complexes are involved in the regulatios@expres- g wingblade development. J Biol Chem 272: 10664—10668
sion during the wing morphogenetic process. So, Ffistrom D (1969) Cellular degeneration in the production of some
SCETX4; vg79dy vg* flies, the reduction of the amount of mutant phenotypes irDrosophila melanogasterMol Gen

Vg-Sd active complexes and of the resulting activity wigy Genet 103: 363-379

N . uris J, Golemis E, Chertkov H, Brent R (1993) Cdil, a Human
lead to a diminution of the expressionsof The amount G1 and S phase protein phosphatase that associates with Cdk2.

of active complexes, as for the expressiosdvill pro- Cell 75: 791-803
gressively decrease and become insufficient giving Zmes AA, Bryant PJ (1981) Mutations causing pattern deficien-
adult phenotype as strong as that of the homozygouscies and duplications in the imaginal wing diskDrbsophila

G fli . A N melanogasteDev Biol 85: 39-54
vgPe flies. We have shown thatc-GAL4-driven expres Kassis JA, Noll E, Van Sikle EP, Odenwald WF, Perrimon N

sion ofvginducessdexpression in regions of third instar ~(1992) " Altering the insertional specificity of Brosophila
wing discs wheresd is not normaly expressed. We dont transposable element. Proc Nat Acad Sci USA 89: 1919-
know if vg alone is able to initiated expression in the 1923

ptc domain or ifvg requires the Sd protein. Indeed, botfim J, Sebring A, Esch JJ, Kraus ME, Vorwerk K, Magee J, Car-

- bioUi | d | | | roll SB (1996) Integration of positional signals and regulation
proteins are ubiquitously expressed at a low level o \ying formation and identity byrosophila vestigialgene.

throughout the wing disc in early second instar larvae Nature 382: 133-138
(Williams et al. 1993). If Vg interacts with Sd to regulatendsley DL, Grell EH (1968) Genetic variations Drosophila
sdexpression, ectopic expressionsafin the ptc domain melanogasteiCarnegie Inst Washington Publ 627

: N indsley DL, Zimm G (1992) The genome Bfosophila melano-
observed in third instar larvae could result from a prb- gasterAcademic Press, San Francisco

cess initiated at an earlier stage wipgaGAL4-driven Monnier V, Dussillol F, Alves G, Lamourd-Isnard C, Plessis C
expression ofvg occurs in a region of the wing disc (1998) Suppressor-of-fused links Fused and Cubitus interrup-
wheresdis yet to be expressed. tus on the Hedgehog signalling pathway. Curr Biol 8: 583—

; 586
Our results support the hypothesis that the two pr@Pﬁillips RG, Whittle JRS (1993) wingless expression mediates de-

teins Vg and Sd directly interact in vivo to form a com- termination of peripheral nervous system elements in late stag-
plex which could act as an active transcription factor es of Drosophilawing disc development. Development 118:
positively regulating wing proliferation. The roleadin 427-438

- i i i ussel L, Finley Jr, Brent R (1995) Interaction trap cloning with
?2.?0?{/9 Sd complex is currently being tested in our labB yeast. In: Glover DM, Hames BD (eds) DNA cloning. 2 Ex-

pression systems. IRL Press, Oxford, pp 169-202
Simpson P, Lawrence PA, Maschat F (1981) Clonal analysis of two
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