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SUMMARY

Genes of the spalt family encode nuclear zinc finger the number of scolopodia, as a result of extra secondary
proteins. In Drosophila melanogasterthey are necessary recruitment of precursor cells at the expense of the
for the establishment of head/trunk identity, correct oenocytes. In addition, the absence @palt causes defects
tracheal migration and patterning of the wing imaginal  in the normal migration of the pentascolopodial organ. The
disc. Spalt proteins display a predominant pattern of dual function of spaltin the development of this organ,
expression in the nervous system, not only iBrosophila  recruitment of precursors and migration, is reminiscent of
but also in species of fish, mouse, frog and human, its role in tracheal formation and of the role of aspalt
suggesting an evolutionarily conserved role for these homologue,sem-4 in the Caenorhabditis eleganservous
proteins in nervous system development. Here we show that system.

Spalt works as a cell fate switch between two EGFR-

induced cell types, the oenocytes and the precursors of the

pentascolopodial organ in the embryonic peripheral Key words:Drosophila melanogastespalt Chordotonal organ,
nervous system. We show that removal ddpaltincreases dEGFR, PNS, Cell migration, Oenocytes

INTRODUCTION the nematodeC. elegansand humans. I'€. elegansthe sal
homologue sem-4 is required for correct development of
The evolutionary conservedpalt genes encode for 282>  neurons, vulva and mesoderm, including sensory organ cell
zinc finger transcription factors involved in numerouslineages (Basson and Horvitz, 1996; Grant et al., 2000).
developmental processes. Drosophila melanogastertwo  Mutations insem-4result in cell-fate transformations as well
members of this family have been identifisgalt (sal) and  as failures in nuclear morphology, axonal outgrowth and cell
spaltrelated (salr), which are highly similar at the levels of migration. In humans, mutations insal homologue SALL]
sequence, regulation and function (Barrio et al., 1999; Barriare associated with the Townes-Brock syndrome (Kohlhase
et al., 1996; Reuter et al., 1996). During tracheal developmergf al., 1999b; Kohlhase et al., 1998). This genetic disorder
sal represses tracheal placode formation, and ensures theads to malformations in the anus and limbs, as well as
correct migration and fusion of the dorsal tracheal trunksensoryneural hearing loss and mental retardation. In addition,
(Kuhnlein and Schuh, 1996). In the wing imaginal dss¢and  the newly identifiedSALL3 gene has been suggested to
salr are necessary for vein patterning in the pouch (de Celisontribute to the 18q deletion syndrome (Kohlhase et al.,
and Barrio, 2000; de Celis et al., 1996; Lecuit et al., 19961999a), also characterised by malformations in the nervous
Nellen et al., 1996; Sturtevant et al., 1997), while in regions adystem, mental retardation, hearing loss and facial and limb
the disc forming the thorax, they regulate bristle formatiorabnormalities.
through the regulation of pro-neural gene expression (de Celis In Drosophilanothing is known about whether these genes
et al., 1999). might function in the development of the embryonic sensory
The conservation of their expression in nervous tissue ajrgans in the peripheral nervous system (PNS). The knowledge
every species studied leads to the presumption that theabout the cell lineages, the existence of many molecular
proteins function in the development of the nervous systenmarkers at the cellular level and known functional requirements
Although the presence sl members in the nervous system for specific genes make the PNS an excellent choice for
have also been shown in frogs, mice and fish (Buck et al., 2008tudying gene function during the development of the nervous
Hollemann et al., 1996; Koster et al., 1997; Ott and Schutzsystem. We therefore chose to address the function sptie
1996), their function in this tissue has only been studied igenes in the embryonic PNS. ThBeosophilaPNS comprises
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A st11 st13 st16
Fig. 1. Schematic representation of chordotonal organ
development. (A) Development of the chordotonal organs (
(second and thlrc_i thoracic segments, exempllfl_e_d here by T3 Al T3 A ™A
and Ich5 (abdominal segments A1-A7, exemplified by A1)
stage 11 to 16 embryos. At early stage 11, the three prima -Selection -Divisions -Terminal
dch3 and Ich5 SOPs are born in similar dorsoventral positi -Recruitment of -Differentiation ditferentiation
(green circles). EGFR signalling from the primary SOPs to secondary precursors -Migration

overlying ectoderm results in recruitment of two additional
secondary SOPs only in abdominal segments (red circles)
Soon after delamination, processes of cell division, migrati B -
and differentiation take place (shown in green). At stage 1¢ 22C10| A18 | A37 | Cpo  Elav |Repo Sal
dch3 is located in a dorsal position with the dendrites point + | i (|

ventrally, while Ich5 is located in a lateral position with

]

dorsally pointing dendrites (see Fig. 3A). (B) Schematic s * ®
representation of a SOP cell lineage that gives rise to one I +: | F | F + |+
scolopodium (Brewster and Bodmer, 1995; Brewster and op c el [l [ +
Bodmer, 1996). This consists of one neuron (n) and three " . + ol = +

support cells, the sheath (s), ligament (I) and cap (c) cells.
of the five abdominal SOPs also give rise to one accessory
(a). Cell-specific markers for the differentiated Ich5 used in s

study are shown. Note thsdlis expressed in all the support and accessory cells of the SOP lineage (filled red circles), but not in the neuron.
For additional markers in early steps of development see Fig. 5A.

approximately 600 neurons and 1200 associated cellsyo of these cells will become secondary SOPs for the Ich5
organised in a segment-specific pattern (Campos-Ortega aadd one of them for the vchA/B cluster. Conversely, in the
Hartenstein, 1997; Ghysen et al., 1986). Each abdomin#thoracic segments the primary SOPs show a lower expression
hemisegment (A1-A7) contains 44 neurons organised in thremf rhomboid and do not signal at the same level to the
clusters along the dorsoventral axis (ventral, lateral and dorsafctoderm, thus secondary recruitment does not take place
The PNS sensory organs can be divided into two types, exterriélage et al., 1997).
(es) and internal. The es organs are often mechanoreceptors inn this study we investigated the role of Dmwsophila sal
the cuticle. The internal receptors, called chordotonal orgargenes on Ich5 development. Whialr is not expressed in
(ch), are subepidermal stretch receptors consisting of orthis organ,sal is present at two different stages of Ich5
neuron (n), one ligament (), one cap (c) and one sheath cell @@velopment. Firstsal is expressed in a subset of the cells
belonging to the same cell lineage (Fig. 1B; Brewstethat surround the primary chordotonal SOPs and receive
and Bodmer, 1995; Brewster and Bodmer, 1996; Okabe arElGFR signalling. Later on, Sal appears in the support cells
Okano, 1997). Eight chordotonal organs arise in eacbf the Ich5, but not in the neurons. Through loss- and gain-
abdominal hemisegment. At a lateral position five associateaf-function studies, we show thsdl plays a dual role on Ich5
scolopodia constitute a prominent compound structure, th@evelopment. On the one hand, it restricts the number of
pentascolopodial organ (Ich5). In contrast, the correspondingcolopodia to five per abdominal organ. On the other hand, it
organ in the thoracic segments consists of only three scolopodtasures the correct location of this chordotonal organ along
(dch3) which, in this case, are located dorsally (Fig. 1A). the dorsoventral axis. Furthermore, through genetic analysis,
It was previously shown that the Ich5 is generated in twove demonstrate thasal controls the number of Ich5
distinct steps (Lage et al., 1997; Okabe and Okano, 1997). tolopodia by restricting the capacity of EGFR-responsive
the first step, the proneural geatenal(ato) is required for the ectodermal cells to become secondary SOPs. We present a
development of three primary sensory organ precursors (Ciodel in which the extra scolopodia observed in shé
C2 and C3; Fig. 1A, green circles; Jarman et al., 1994; Lagautants develop at the expense of the neighbouring
et al., 1997; Okabe and Okano, 1997). At the same time, tleenocytes.
primary precursors for other chordotonal organs are also
recruited (C4 for \chl and C5 for vchA/B; Fig. 5A). In a
second step, occurring only in abdominal segments, HYATERIALS AND METHODS
primary SOPs express high levelgladmboid(rho) and signal ) .
via spitz (spi) to the ectoderm through the EGFR receptorD(OSOph'/a m?/anogaSter strains ) ,
(dEGFR) to recruit secondary SOPs (Fig. 1A, red circles; Lagg/ies were raised OQSSta“qmsc’ph'lamed'“m at 25°C. We used
et al., 1997: Okabe and Okano, 1997: Price et al., 198 ree sal alleles: sal*5, which expresses a truncated Spalt protein

. . . ] . Kihnlein et al., 1994)DF(2L)32FP-5 a small deletion which
Rutledge et al.,, 1992; Schejter and Shilo, 1989; Schweitzer movessal andsalr (Barrio et al., 1999), and the hypomorphic allele

al., 1995). The ectodermal cells receiving the EGFR signaick_gg which carries a translocation breakpoint betwszgandsalr
express several target genes inclugingited(pnt; O'Neill et and behaves as sal hypomorph, probably because of the loss of
al., 1994)argos(aos;Freeman et al., 1992; Okano et al., 1992)regulatory regions (Barrio et al., 1999). The null alleps, flbIK3®
andsprouty(spry, Kramer et al., 1999) but, interestingly, only andS'N were obtained from the Bloomington Stock Centre aiod
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from A. Jarman (Jarman et al., 1994). The Ugsbwas described different abdominal segments were examined in 4 embryos of each
previously (de Celis et al., 1996). For misexpression experiments igenotype.

the neuroectoderm, as well as early neuroblasts and SOPs, we used

the driver-linescabrousGAL4 (scaGAL4; Mlodzik et al., 1990) and

KrippeltGAL4 (Kr-GAL4; Castelli-Gair et al., 1994). For the RESULTS

misexpression experiments in the neural cells after delamination of

Sloisgg"; usec% the ;AAI\_&d(r ivergizii MH214:]07-tGA|\L41égzv)ee_lr_1§y €Spalt and Spalt-related are expressed in a partially

al., , andasens ase ; Hoch et al., . The : ; ; ;

Pllac,ry*]A18, and WPlac,ry*]A37, referred to as Al8 and A37 overlapping pattern during embryonic peripheral
(Ghysen and O’Kane, 1989), label most cells, if not all, in theN€rvous system development

developing embryonic PNS. The Ri¥flacZ insertion line In order to understand the role sl and salr during PNS
reproducesentral veins lacking/driftefvvl/drf) pattern of expression development, we carried out a detailed analysis of their
in the oenocytes (Anderson et al., 1995). Information about strains nekpression pattern in the trunk region during embryonic stages.
described in the text and balancer chromosomes have been descrilgd performed double immunostaining using anti-Sal antibodies
previously (Lindsley and Zimm, 1992). together with different markers for the developing PNS in stage
16 embryos. To identify neuronal cells, we used the monoclonal
Immunchistochemistry was performed in whole-mount embryo antibody 22C10 that labels all PNS neurons (Fujita et al., 1982;

using the following primary antibodies: anti-Sal rat and rabbit antiser U’.“me.' et aI.! .2000; Roos et aI.,. 2.000)' W(.a also us_ed
(1:1000 and 1:250 dilution, respectively: de Celis et al., 1999): ant@ntibodies specific for Elav, an RNA binding protein located in

Salr rat antiserum (1:250 dilution; Barrio et al., 1996); anti-Ato rabbithe nuclei of all neuronal cells (O'Neill et al., 1994). Finally,
antiserum (1:1000 dilution; Jarman et al., 1994); rabbit fnti- Wwe used the A18 and A3@cZ insertion lines, as well as anti-
galactosidase B¢Gal) antiserum (1:5000 dilution; Cappel); anti- Cpo antibodies which are all markers for most if not all PNS
Couch potato (Cpo) rabbit antiserum (1:4000 dilution; Bellen et al.cells (Bellen et al., 1992; Ghysen and O’Kane, 1989).

1992); anti-dpERK (activated MAPK/Rolled) mouse monoclonal  Sal-positive cells are located in the three abdominal PNS

antibody (1:500 dilution; SIGMA; Gabay et al., 1997); anti-Reversedt|ysters, ventral, lateral and dorsal (Fig. 2A; nomenclature

polarity (Repo) rabbit antiserum (1:300 dilution; Halter et al., 1995),0041ding to Brewster and Bodmer, 1995). In the lateral
anti-Embryonic lethal abnormal vision (Elav) monoclonal antibodies ’

4o Nt cluster sal is expressed in the sheath cell of the single

(9F8A9, 1:10QO dilution; .(O.Nelll et al., 1994) and 220;.0 hordotonal or zgn 'ghl (& Fig. 2C) as well as all the?
monoclonal antibody (1:20 dilution; Fujita et al., 1982) were obtaine gan, » F1g.
from the Developmental Studies Hybridoma Bank at the UniversitP€ntascolopodial - support cells (s, I, c¢), but not the
of lowa. Fluorescent Cy2- and Cy3-conjugated secondary antibodiélsemaSCO|0[30d'3-I neuron (n; Fig. 2B,D). MOVQOWIJS_ also
(Jackson Immunoresearch) were used at 1:1000 dilution. HRFeXpressed in the two accessory cells associated with Ich5 (a;
conjugated goat anti-rabbit and goat anti-mouse antibodies (Promedalg. 2C; Brewster and Bodmer, 1996; Ghysen and O’Kane,
were used at 1:250. . 1989). In the ventral cluster we identified neurofes& and

Embryos were staged according to Campos-Ortega and HartenstgitesB as Sal positive (Fig. 2E,F), two unidentified cells in
(Campos-Ortega and Hartenstein, 1997) and were fixed and processggse proximity (u, Fig. 2E,F), as well as the sheath cells of
for whole-mount antibody staining using standard techniques (Pate[ e vchA and vchB chordotonal organs (data not shown). In
1994). Stained embryos were cleared in 80% glycerol, mounted a%de dorsal clustesalis expressed in the dorsal bipolar neuron

examined on a Zeiss Axiophot. Alternatively, fluorescent embryo - . )
were analysed by confocal microscopy using a Zeiss LSM 51 bp) and its associated glia (PG3), as well as another

Immunohistochemistry

microscope. unidentifi_e_d neuron (dn, Fig. 2B). _ _ _
In addition to the PNS, other cells in the region stain
Electron microscopy prominently with anti-Sal antibodies. These cells are the

Df(2L)32FP-5/sat4> and wild-type embryos were fixed in a double oenocytes (oe), which are situated between the epidermis and
aldehyde mixture (2.5% glutaraldehyde, 4% paraformaldehydelh5 in late embryos (Fig. 2A-F; Barrio et al., 1996; Kiihnlein
prepared in 0.1 M sodium cacodylate buffer, pH 7.4. The embryogt al., 1994). Little is known about the development of these
were first dechorionated by hand and mounted in halocarbon oil 9 tative nephrocytes, except that they are located exclusively in
atmlcros%opeilsllde for determ(;nstlon ofkg_enc;@ypeém% developme%_ntg dominal segments and are of ectodermal origin. The analysis
stage under fluorescence and Nomarski optics. Embryos were fix - - -
individually once they reached early stage 16. The halocarbon oI a ”“”?ber ofacZ lines show that oenocyt_es originate in the
was cleaned off by gently roling the embryo over a Cleaneplde.rmls of stage 11 .embryos (Hartenstein et al., 1992).
microscope slide and the fixation started by moving the embryo into USing the expression pattern shl as reference, the

a drop of fixative (5Qul). After 5 minutes, the embryo was moved €Xpression o$alrwas analysed by in situ hybridisation (results
out of the fixative, the vitelline membrane was ruptured with anot shown) and double immunostaining using anti-Sal and anti-
needle and the embryo placed into 2 ml of ice-cold, fresh fixativ&alr specific antisera (Fig. 2D-F). Salr was first detected at
for 5 hours. The aldehydes were washed out with a few changes $tage 13 in the oenocytes, where it colocalises with Sal and at
the same buffer before post-fixing for 1 hour in ice-cold 2% OsmiUI’TStage 14 in some ventral cells. These are likely tddmAvand
tetroxide disgolved in distilled water. The embryps were then/esB since they are positive for Sal and Salr later in
dehydrated in an ethanol series, embedded in EPON ange ejopment. At stage 16, Salr is expressed in the oenocytes,
polymerized for 48 hours at 60°C according to standard routlne§he dbp neuron,'gsA and {esB, but it is absent from other

Semithin sections in the transverse plane were cut jamn2and . .
stained with boracic Toluidine Blue for localization of abdominal PNS organs in the abdomen (Fig. 2D-F). In summary, Sal and

chordotonal organs. Ultrathin sections (‘silver’) were contrasted bypalr are expressed in a partially overlapping pattern in the PNS.
serial incubation in lead citrate, uranyl acetate and lead citrate, adowever, Sal and not Salr is expressed in distinct support cells
mounted on copper grids for examination on a JEOL 100 C0f Ich5, indicating thasalr may not play an important role in
electron microscope operated at 60 mV. Serial sections of threbe development of this organ.
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Fig. 2.spaltandspalt relatedare expressed in a subset of peripheral neurons and support cells in the embryo. (A) Summary of the expression
pattern of Sal (red) or Sal and Salr (yellow). The cartoon represents one abdominal segment of stage a 16 embryo (2B egtesticiramd

Bodmer, 1995). All the cells forming the ventral, lateral and dorsal clusters are depicted. In the dorsal cluster, timotiorealion (dbp) is
positive for both Sal and Salr, while its associated glial cell (PG3) is only positive for Sal. In the lateralsalistexpressed in two organs,

v'chl and Ich5. In vch it appears only in the sheath cel) @t not in the neuron (n In Ich5, Sal is detected in all the support cells: ligament

(1), sheath (s), cap (c) and accessory epidermal cells (a) but, aslinnathin the neurons (n). In close proximity to Ich5, the oenocyte cells

(oe) are positive for both factors. In the ventral cluster, the neurons deétifeand tesB are Sal and Salr positive, and the sheath cells of the
vchA and vchB organs are positive for Sal. (B-F) Single confocal sections of stage 16 embryos (anterior to the left ap)l stasahg

double immunostaining using anti-Sal (red) and either anti-Cpo (green in B and C) or anti-Salr antibodies (green in @i€3.antibo
Abbreviations are as in A. (B,C) Two consecutive single confocal sections show Cpo expression, which highlights allecBiéSn $ttacked
confocal sections were combined at the green and red lines generating orthogonal sections that are displayed at thanod€iréed) of

each panel, respectively. The Sal-, but not Cpo-expressing cells (red) are oenocytes. Some clusters of neurons and auppaitioet. In

the dorsal cell clustezalis also expressed in one unidentified dorsal neuron (dn). (D-F) Three consecutive single confocal sections show that
Sal and Salr overlap in the dpb neuron and the oenocytes (yellow). Salr is not detected in the Ich5. According to thesittats/ehown by

double staining with anti-Elav, 22C10 and anti-Cpo antibodies (data not shown) the cells in the ventral posigeA areliesB, with 2

closely associated Sal-positive unidentified cells (u). In the latter, Salr is expressed at a significantly higher level than Sal

Loss of spalt increases the number of scolopodia in unrelated malformations seen in the mutants (e.g. failure of
the Ich5 organ tracheal fusion). Otherwise, the dorsal and ventral clusters
To investigate the role ofal in the development of the PNS, appear normal.

we performed immunostainings using the monoclonal antibody The increase in number of neurons could in theory be the
22C10 (Fujita et al., 1982) iDf(2L)32FP-8Df(2L)32FP-5, result of cell fate transformation at the expense of support cells
FCK-68/Df(2L)32FP-5 and Df(2L)32FP-5/sat*® allelic  (such as ligament or cap cells), within the chordotonal lineage
combinations. These mutants show obvious malformations ar{@rewster and Bodmer, 1995; Brewster and Bodmer, 1996).
changes in number of neurons in the Ich5 organ. In wild-typ&uch a phenotype has been showglial cells missinglgcm)
embryos the Ich5 scolopodia appear in a lateral position andutants, where the ligament cells are transformed into neurons
are organised in an array with prominent dorsally pointingJones et al., 1995), and mumboverexpression backgrounds
dendrites (Fig. 3A). In all mutant combinations analysed, th&here sheath cells are transformed into neurons (Chien et al.,
Ich5 organs are mostly in a dorsal position (approx. 70% of th£998). In the case dfal mutants, one of the support cells
cases) and appear disorganised with ventrally pointingnormally expressingsal) could be transformed into one
dendrites (Fig. 3B,C). Furthermore, the Ich5 organ frequentlpeuron (normally lackingal). Therefore, we closely examined
has 1 to 3 supernumerary neurons (Fig. 3C,E) per hemisegmemassible cell fate changes within the SOP lineage by electron
(Table 1). In the dorsal cluster the dbp neuron presentsicroscopy, given the fact that each cell type of the
abnormally directed and shortened axonal projections (resulsgolopodium has characteristic microstructures (Carlson et al.,
not shown), but this could be a secondary consequence of otli&97a; Carlson et al., 1997b; Hartenstein, 1988). In all the
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Fig. 3.Loss ofspaltleads to supernumerary
scolopodia in the sensory organ Ich5.
Immunostaining (A-C,G,H) and electron
microscopy (D-F) analysis of the embryonic P
in wild-type embryos (A,D,G) and
transheterozygousF(2L)32FP-5/sat4> embryos
(B,C,E,F,H). (A,B) Lateral view of stage 16
embryos with the neuronal marker 22C10 evi
in segments T3-A3. Arrowheads point to the
dendrites of the dorsally located dch3 organ it
thorax and of the laterally located abdominal
Ich5. The arrows indicate the v'chl organ in ¢
abdominal segment. The Ich5 of #e mutant
shows misplacement and supernumerary neu
while thoracic dch3 does not show any detect
abnormality. (C) Enlargement of one mutant Ic
organ, boxed in B. Arrowheads indicate six
ventrally pointing dendrites. (D-F) Electron
microscopy analysis of abdominal segments
reveals supernumerary and irregularly arrang
Ich5 scolopodia in stage ¥al mutant embryos.
The arrowheads indicate the ciliary dendrites.
The five scolopodia of a wild-type embryo (D)
are arranged in a linear array separated from
epidermis (ep) by the ehl organ and the
oenocytes (oe), and exterior to the mesoderm
derived fat body (fb). In E, a mutant embryo
shows up to seven irregularly arranged
scolopodia (arrowheads). Each scolopodium
presents correctly differentiated sheath and ci
cells, distinguishable by their characteristic
ultrastructural composition. (F) Ultrastructure
a chordotonal organ sectioned at the level of 1
dendrite. The color code indicates the differer
cell types; yellow marks the neuronal dendrite
with its central cilium, blue the sheath cell, and purple the cap cell. (G,H) Lateral views of T3-A2 segments of stageoéZeanting staining
for Repo in the ligament cells (arrowheads) of the dch3 and Ich5 organs. Other Repo-positive glial cells (SDBD and Rx®tactadite. In
H, an increased number of ligament cells is shown in the mutant abdominal Ich5, while the thoracic dch3 does not shas.differenc

cases examined, together with supernumerary neurons \ Table 1. Peripheral nervous system defects in various

could identify associated supernumerary sheath and c: genetic backgrounds in late embryos
cells (Fig. 3E). Moreover, we never observed more than or Dorsalised No. of No. of
neuron inserted into a single sheath cell, as is the cag@#nn  Genotype Ichs neurons* hemisegmentst
mutants. Furthermore, all the cells in each scolopodium ha\sapespr(2L)32FP-5 + 6.4+0.13 58 (6)
normal ultrastructure, indicating that even the supernumeraiscaGal4;UASsal§ - 3+0.04 25 (2)
scolopodia are fully differentiated (Fig. 3F). kr-Gal4;UASsalf - 2.9+0.11 9(3)
The number of ligament cells is difficult to score by EM :Z::“éssi N 3-03?:’8-53 172((2))
analysis at late stages of embryonic develppment. These cel g+ P _ 5340 10 42 (4)
considered as glial cells, are located at different dorsoventrst: - 3.04+0.2 76 (9)
levels and their nuclei appear distant from the rest of the celspit - 3.0420.04 23(2)
in the organ. Therefore, we performed immunostaining in stacdEGFRH - 3.03+0.03 36 (3)

13 embryos using anFlbOdleS against th_e gl|al marker ReE *Number of neurons per Ich5 organ and standard error.

(Campbell et al., 1994; Halter et al., 1995; Xiong et al., 1994, tNumber of hemisegments analysed. Between brackets, number of

At this stage, all the cells of the chordotonal organs are alreatembryos analysed.

formed and are differentiating (Car|son, 1997; Carlson et al 8Other lateral and ventral clusters of neurons were affected. Sporadic

1997; Hartenstein, 1988), so they can be detected befgMislocation o_f Ich5 was obser\_/ed 3 ca;e’s)nl/is somgtim_es eliminated.
ibheral and exit glial cells miarate out from the CNS an(dbp axons fall to extend anterior-posterior axonal projections.

perip g g 1Only abdominal segments A1-A3 were scored. Occasional loss of ventral

populate the PNS (Halter et al., 1995) In #& mutant and lateral neurons was observed.

backgrounds we observed supernumerary glial cells in th #fHomozygous mutant embryos analysed.

position where the ligament cells are expected to be (Fig. 3H

These cells are clustered, supporting the idea that they are hc

fide ligament cells. Furthermore, we never observed fewer thdrequently found clusters of 6 ligament cells (36 out of 96

5 ligament cells, excluding the possibility that supernumerarpemisegments observed) or even 7 (8 out of 96), with an

neurons derive from transformed ligament cells. Indeed, waverage of 5.4 ligament cells per cluster (Table 2).
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Table 2. Number of ligament cells in wild type andal Fig. 4.spaltoverexpression
mutant embryos at stage 13 of development induces reduction of
- " - scolopodia number in the Ic
Genotype No. of ligament cells* No. of hemisegments¥ organ. (A,C) Representatior
\gf-(rZL)32FP 5Df(2L)32FP-5 6 ox01 e 83 of the scolopodia of one Ich
i § 0. rgan in a wild- A) an
Df(2L)32FP-Gsafs 5.4+0.11 61 (5) organ in a wild-type (A) and

in a EGFR pathway mutant

*Number of ligament cells per Ich5 organ and standard error. (C) stage 16 embryo. Neurc

#Number of hemisegments analysed. The number of embryos analysed is2'€ dra"‘_’n in t_)lac_k. When
given in brackets. EGFR signalling is perturbe

the number of scolopodia is
reduced to three. B,D,E,F.

Since we observed extra sheath, cap and ligament celSlose ups of an Ich5 organ
rather than only extra neurons in each scolopodium, it seenstined with 22C10 in stage
unlikely that the supernumerary neurons represent 46 embryos. Arrowheads
transformation within the SOP cell lineage. Furthermore, thédicate the dendrites. Whilk
extra scolopodia formed do not seem to result from fatf the wild-type five dendrite
transformations of neighbouring external sensory organs in e observed (B), ispi

. utants, where the EGFR

chordotonal organs, as is known fout mutant embryos signalling is compromised
(Blochlinger et al., 1990), since all sensory cells neighbouringyere is a reduction to three | sca-UASsal
the Ich5 are still present in theal mutants (data not shown). neurons per organ (D). The
Consequently, it is plausible that the number of SOPs increasesme effect is observed wheal is ectopically expressed in the
at earlier stages of development giving rise to a higher numbeeuroectoderm and early SOPs usingkh&AL4 (E) or thesca
of scolopodia. This phenomenon occurs only in abdominaBAL4 drivers (F).
segments while, in the thoracic ones, no defects of migration
or number of cells was observed.

constructs alone. Interestingly, the reduction from five to three

Overexpression of Spalt causes a reduction in the neurons is also reported to occur when EGFR signalling is
number of scolopodia in the Ich5 organ compromised, as ispi mutants (Fig. 4D; Bier et al., 1990;
The analysis ofsal mutants revealed thaal restricts the Lage et al., 1997; Okabe and Okano, 1997).

number of developing scolopodia in the Ich5. Thaad could The ectopic presence of Sal at early stages of development

inhibit neuronal development in the PNS as has been reportathibits the formation of two scolopodia. However, after all the
for the sensory precursor cells in the notum of the wingOPs are recruited from the neuroectoderm, the ectopic
imaginal disc (de Celis et al., 1999). To further analyse thisxpression obal does not seem to interfere with the normal
possibility, we misexpressesdl during the development of the developmental pathways. This suggests $ahtould interfere
Ich5 organ using the UAS/GAL4 system (Brand and Perrimonwith the secondary recruitment of SOPs dependent on EGFR
1993). For this purpose, we analysed fi&al expression signalling.
domains of four GAL4 drivers in combination with the UAS- ) . ]
lacZ line. Two of these driversscaGAL4 and Kr-GAL4,  Spaltis expressed in early embryonic stages when
direct early stage expression @Gal in the neuroectoderm, the recruitment of sensory precursors takes place
before the SOPs are singled out from the proneural clustefhe secondary recruitment of SOPs takes place at early stages
(PNC). This is the time when the definition of which of development and depends on EGFR signalling (Lage et al.,
ectodermal cells will become neuronal precursors is taking997; Okabe and Okano, 1997). To test wheslaéworks at
place. WhilescaGAL4 drives-Gal expression in the whole the level of secondary recruitment of SOPs, it was first
trunk, Kr-GAL4 does so only in segments T2-A3. The othemecessary to analyse the expressiorsadfin relation to the
two drivers, MZ1407-GAL4 andseGAL4 drive expression pattern of a number of proteins involved in the development of
at later stages of development in the neural precursors at stadess during the early development/recruitment phase (Fig. 5).
11 and 12 and in the PNS neurons at later stages ofAt early stage 11, Sal is expressed in the dorsal ectoderm
development, when the SOPs are already recruited and haffég. 5). Using Ato as a marker for primary SOPs, we found
started their differentiation. that the most dorsal Ich5 precursor, C1, delaminates from
The effects ofal overexpression were monitored in allelic within the Sal-positive area and coexpresses Ato and Sal at this
combinations of UASal (de Celis et al.,, 1996) with the stage (Fig. 5B). Slightly later in development both Ato and Sal
mentioned four GAL4 lines in stage 16 embryos, using théisappear from C1 (Fig. 5C), although this precursor can still
22C10 antibody. Overexpressionsaflin the ectoderm, as well be detected using anti-Cpo antibodies (Fig. 5D). We never
as in the SOP lineage, usiKg-GAL4 andscaGAL4 drivers  observed coexpression of Ato and Sal in any other more
reduces the number of neurons in the Ich5 organ from five teentrally located primary SOPs, (C2-C5) of the chordotonal
three (Fig. 4E,F). With th&r-GAL4 driver the phenotype is organs, all believed to originate from the PNC ventral to the
observed solely in segments A1-A3. By contrast, the ectopi€l precursor (Fig. 5B; Lage et al., 1997).
expression ofal in the neuronal progenitors using MZ1407- The DER signalling pathway involves the activation of the
GAL4 and aseGAL4 drivers does not produce detectableRolled protein (RI/Map kinase). We therefore used a
defects in the PNS. No effects on Ich5 cell numbers wermonoclonal antibody against activated Rl (Gabay et al., 1997)
observed in flies that carried the GAL4 drivers or the $aB- to visualise candidate secondary SOPs. The expression pattern
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Fig. 5.spaltis expressed in the A
ectoderm during early Ich5 1 :
development. A. The cartoon S 's)
summarises the expression patte

of various markers in the differen
cell types during early Ich5
development. C1-C5 are the

S
primary chordotonal sensory orge

\S
precursors (Lage et al., 1997; . Ato

Okabe and Okano, 1997), where @
C1-C3 (thick black outline) are

thought to contribute to Ich5, and
C4 and C5 are thought to contribi

aS
to vchi and one of the ventral U
vchA or vchB organs (Lage etal.  —_ @
1997). The primary SOPs expres [ S

proteins such as Ato, Rho and Cj U

The putative secondary precurso

cells (S) transduce signals and

express the target genastand

aos Two of these cells will be

recruited to form the Ich5 and on¢

to the vchA/B organs. The

expression o$alis localised in the . Rl Pt Acs
primary precursor C1 and in the O cpo

cells that surround it (red). The

horizontal line indicates the limit « @ sal
salexpressing cells in the ectode . Ato, Rho
and the oval ring the tracheal pit.

(B-E) Confocal sections stained

with color-coded antibodies.'BD', E and B', D", E' are single channel images of the same section. (B) Confocal sections of two consecutive
segments in early stage 11 embryos showing the expression pattern of Ato (green). Ato is restricted to the C1 preciofsoaatitiee SOP

of the dbp, while it is still broadly expressed in the proneural cluster (PNC) that gives rise to the other SOPs of theattwgiots (C2-C5,
compare with Fig. 2a in Lage et al., 1997). The C1 precursor delaminates within a Sal-positive ectodermal area (red; M@ikerites

ventral to the Sal domain. (C) Later on, at late stage 11, both Sal and Ato disappear from the C1 lineage (Lage efab. jd 885tjicted to

other chordotonal precursors (C3-C5, compare with Fig. 2b in Lage et al., 1997 saliereot expressed. (D) A different late stage 11

embryo showing the C1 precursor expressing Cpo. Although Sal is not present in the C1 precursor, it is strongly expeessiésl in th
surrounding it, which have elongated nuclei. (E) Putative secondary chordotonal organ precursors showing active EGFRisiggiadiag

with anti-RI antibodies (green). Sal and activated RI coincide in the cells with elongated nuclei surrounding C1 (S). Rctisdddbels

three putative chordotonal precursors (S) ventral to the Sal domain, seemingly overlying the position of the primary SiQRalliag well as

the tracheal pits (outlined).

of activated RI corresponds well to the patterns reported fasf the dorsal bipolar neuron (Fig. 5B) and a precursor not
aosandpnt(Lage et al., 1997; Okabe and Okano, 1997; Okabglentified (data not shown), which probably corresponds to the
et al.,, 1996) and appears around the tracheal pits, in ceBOP of the Sal-positive neuron in the dorsal cluster of late
surrounding C1, and in cells overlying the more ventral C2-C®mbryos (dn in Fig. 2B). At stage 16 of embryogenesis the
SOPs (Fig. 5A,E). Only a ring of 4-5 cells with elongatedepidermal expression of Sal fades away.

nuclei around the C1 precursor coexpress Sal and activated RI.Since EGFR signalling is involved in recruitment of
Interestingly, RI-positive cells in the ectoderm not expressingecondary SOPs, an excess of potential secondary SOPs exist
Sal overly the SOPs, C2-C5, and their number corresponds (Big. 5A). We have shown that losssafl generates more SOPs,

the number of secondary SOPs recruited to the abdominahd that among the candidates only those that surround the C1
chordotonal organs (two for the Ich5 and one for the vchA/Rexpress Sal. This leads to the hypothesis that the candidates
cluster; Fig. 5E). Later in development, Sal-positive cellooverlying the C2-C5 and not expressing Sal, are the actual
surrounding C1 migrate ventrally and end up in a latergbrecursors of secondary SOPs. To prove this hypothesis it is
position close to the Ich5, strongly suggesting that they are theecessary to show that the extra SOPs generated by loss of
developing oenocytes. Later on, Sal expression can be detectad are dependent on EGFR signalling, and thus represent
at stage 13 in the Ich5 lineage, at a time when all cell divisionsecondary SOPs.

have already occurred and differentiation and migration of the ) ]

Ich5 has initiated (Carlson et al., 1997a; Carlson et al., 19978he supernumerary scolopodia observed in  spalt
Hartenstein, 1988). At stage 13, four additional Sal-positivénutants are dependent on EGFR signalling

cells in the lateral region are likely to include thesA and B The PNS phenotype displayed &gl mutants is reminiscent
neurons since these are Sal-positive in stage 16 embryos (Fad. that of the increased EGFR signalling observedads
2D-F). In addition to the C1 precursor of Ich5, some othemutants (Freeman et al., 1992; Kretzschmar et al., 1992;
SOPs were identified as Sal positive. These include the SGPkano et al., 1992)anterior open(aop, Lai and Rubin,
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produce three scolopodia. (ii) Alternativebal restricts the
number of primary SOPs for the Ich5. In this case double
mutants where EGFR signalling is perturbed in de
mutant background would produce more than 3 neurons or
scolopodia in the Ich5 organ.

As shown in Table 1, while theal mutant embryos have
an average of 6.4 neurons in the Ich5 organ as scored by
22C10, sal;spi and sal;S double mutants have 3 and 3.05
neurons, respectively (Table 1; Fig. 6C,D). The double
mutant values are similar to the ones obtained when sigle
(3.04), spi (3.04) or dEGFR (3.03) mutants were analysed
(Table 1; Fig. 6A,B). Thus, this experiment demonstrates that
the supernumerary precursors observed insidlemutants
require EGFR signalling and therefore are likely to represent
supernumerary secondary SOPs. $alkspiandsal;Sdouble
mutant embryos show misplacement of the Ich5 organ along
the dorsoventral axis comparable to the phenotype observed
in singlesal mutants, but the EGFR pathway mutants do not
show dorsalisation of the organ (Table 1; Fig. 6A,B). It
appears that secondary recruitment and migration of the
organ are two distinct tasks that differ in terms of genetic
regulation.

The supernumerary scolopodia in  spalt mutants
develop at the expense of the oenocytes

Given the possibility that the Sal-positive cells surrounding C1
are the developing oenocytes, we hypothesised that the extra
scolopodia observed isal mutants would develop at the
Fig. 6.spaltrestricts EGFR signalling dependent recruitment of expense of these cells. To test this, we useddfhacz

secondary sensory organ precursors. (A-D) Immunostaining using INsertion line as a marker for oenocytes (Anderson et al., 1995).
the neuronal marker 22C10 showing one thoracic and several Double staining using anti-Spalt and gBial antibodies
abdominal segments of stage 16 embryos. Single homozygous  confirmed the colocalisation of the two proteins in the cells
mutants forSandspinull alleles of the EGFR signalling pathway surrounding the C1 precursor (Fig. 7A). Later in development
(A,B) or combinations of those witat*>(C,D) are shown. For these cells migrate ventrally in close association with the Ich5
comparison with wild type csal*4>single mutant embryos see Fig.  organ (Fig. 7B) and are finally located in the lateral position

from five to three neurons (arrowheads), resulting from failure of su ; ;

. , : 3 ggests that the Cl-surrounding cells are indeed the
secondary SOPs recruitment (inserts in A,B). The same is true for t . :

double mutant embryos in the combinatisatS or sal;spi (inserts rbeenocytes. In concordance with our hypothesis, the cells

in C,D). However, while in the single EGFR mutants the lateral su_rrounding the C1 precursors disappear insl:hiemutf_ints
location of Ich5 is not affected (brackets), this organ is retained ~ (Fig. 7D). At later stages of development, while the

dorsally in the double mutants, as observesaimutations (Fig. 3).  heterozygouf(2L)32FP-5/(drf-lacJ embryos and embryos
only carrying thedfr-lacZ insertion have 5.9nE53) and 5.8

(n=53) oenocytes per hemisegment, respectizdf(gL)32FP-
1992),GTPase-activating protein (gapl Gaul et al., 1992), 5,(drf-lacZ)/sat*®> mutant embryos have an average of 0.4
or sprouty (spry; Kramer et al., 1999). Conversely, loss of oenocytes per hemisegment84; Fig. 7G,H).
positive regulators of EGFR signalling suchrbe (Bier et In analogy with the developing Ich5, we then hypothesised
al., 1990) S (Star; Kolodkin et al., 1994%pi (Rutledge et al., that the oenocytes require EGFR signalling for proper
1992; Schweitzer et al., 199 GFR (Nusslein-Volhard et development. We therefore analysed embryos mutant§ for
al., 1984; Price et al., 1989; Schejter et al., 1986)) of and spi at different stages of development. Interestingly, in
sevenles$sos Rogge et al., 1991pnt (O’Neill et al., 1994), stage 11 embryos thsal pattern of expression remains
orrasl(Simon et al., 1991)esults in reduction of scolopodia unaltered in the cells surrounding the C1 precursor, as well as
in the Ich5 organ (Lage et al., 1997; Okabe and Okano, 199ify the epidermis (data not shown). However, later on, the
Okabe et al., 1996). Our results suggest gatinterferes development of the oenocytes is inhibited (Fig. 7E,F). These
with the secondary recruitment of SOPs from the cellsesults indicate thatal regulation is independent of the EGFR
surrounding the C1 primary precursor, probably preventingathway and that the oenocytes development depends on both
their response to the EGFR signalling to form secondargal and EGFR signalling activity.
SOPs. In order to test this hypothesis, we performed an Furthermore, if the signalling arises from the precursor C1,
analysis ofsal;S and sal;spi double mutant embryos. Two the formation of oenocytes would be restrained in the absence
possible scenarios were envisagedsdiyestricts the number of SOPs. Indeed, iato mutant embryos oenocytes originate
of EGFR-recruited secondary SOPs. In this case, inhibitionnly in the segments where remnant SOPs develop (Fig. 71).
of the EGFR pathway in theal mutant background would In conclusion, our results are consistent with a model where
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Fig. 7. Thespaltexpressing cells surrounding C1 are
the precursor of the oenocytes. (A-F,l) Immunostaining
showing Sal (red) an@-Gal or Cpo (green) expression
in embryonic stages 11 (A,D), 13 (B,E) and 16 (C,F,I). | R
Abbreviations are as in Figs 1 and 2. A. The cells L
surrounding the precursor C1 express Isatland the oe lchS
dfr-lacZ transgene, and are the putative secondary
sensory organ precursors (S) that receive the EGFR
signal (Fig. 5). Later in development, these cells migral
ventrally together with Ich5 (B) and at stage 16 they aré
located between the epidermis and the pentascolopod D
organ, and continue expressing Sal gf@al (C). Insal
mutants (D), these cells are not detectable at stage 11
spimutants, the cells that migrate together with Ich5 ar
not longer visible (E), in correlation with the loss of
oenocytes observed in the late embryo (F).

(G,H) Enzymatic stainings using af#tiGal antibodies
expressed by théfr-lacZ transgene, reveal the loss of
oenocytes irsal mutant background. Only a few cells
are formed (arrows). Oenocytes do not form in J
homozygousito mutants, where the formation of 2 i

primary SOPs is compromised in most of the segmentsG dfr-1Z H-. 'sa’;dfrﬁz
In |, three consecutive hemisegments are shown. B s . & &

Sometimes, oenocytes (in red) develop in the - e ’ A—0e .
hemisegments where a primary SOP has singled out, as ‘ ! 1
revealed by the presence of the neuron, sheath, ligament® » q_ ‘ S ! /‘
and cap cells from one scolopodium (left segment). ¥y, 3 e N." & o6 S J
However, this is not always observed (middle segment),’ - F ¥ 3 4 N "J ; ) g !
indicating that EGFR signalling to the ectoderm arises * g 4 f 8 e bt { e L]

from some primary SOPs but not from others. e T oL TR S R g

sal restricts the ability of Cl-surrounding cells, receiving D
EGFR signalling, to adopt sensory organ precursor cell fate
these cells then develop as oenocytes rather than chordoto EGF

organs (Fig. 8).

lchs
DISCUSSION SOE Oh

The work presented here has documented the expressi
pattern ofsal in the peripheral nervous system and associate
cells in theDrosophilaembryo. It also revealed the function
of this gene in the formation of the pentascolopodial organs c.
the PNS and the associated oenocytes. It has showsathat Fig. 8. Function ofspaltin abdominal lateral chordotonal organ
interacts with the EGFR signalling pathway, acting as a switcHevelopment. (A) In early stage 11 of embryogen&sisis

between the secondary SOP fate (which it restricts) and trexpressed in the dorsal ectodermal region (red) from which the C1

oenocyte fate (which it promotes). primary SOP is selected. (B) At late stage 11, the primary SOPs (C1-
C5) delaminate and_ s_ignal via the EGFR pathway to t_he ov_erlying

Spalt restricts the EGFR mediated recruitment of ectoderm. The receiving cells (S) respond to EGFR signalling, as

SOPs in the developing Ich5 shown by activated Rl staining. Only three are recruited as secondary

.. . SOPs (green). Thus, the presence of Sal in the other receiving cells
The EGFR pathway is involved in a number of Ce"u'ar(yellow) prevents them from becomimg sensory cells. C. The

processes such as cell survival, proliferation, patterningnordotonal organs are then formed: Ich5 (C1-C3 plus two secondary
migration, and cell fate decision (Dominguez et al., 1998). I50Ops), (ch1 (C4: no secondary recruited SOPs), and the vchA/B
particular, the EGFR pathway is implicated in the developmerdrgan (C5 plus one secondary SOP). The epidermal cells around C1
of the chordotonal organs Drosophila melanogastefLage  adopt the alternative oenocyte fate (Oe). D. Model in which EGFR

et al., 1997; Okabe and Okano, 1997; Okabe et al., 1996). Thignalling is necessary for the formation of both SOPs and

pathway is necessary for the second step of recruitment @gnocytes, while Sal acts as a switch restricting the sensory precursor
SOPs from ectodermal precursors, and for the consequeftfavour of the oenocyte fate.

increase of number of scolopodia in the Ich5 and in the vchA/B

organs. Thus, during development of the Ich5 organ, where twitself, reduces the number of scolopodia in the Ich5 from five
secondary SOPs are recruited, removal of positive EGFR three. Conversely, mutations in negative regulators of EGFR
pathway components likeho, S spi, pnt, sosDrk, or DER  signalling like argos gapl or spry result in an increase of
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secondary recruited SOPs in the thorax as well as in thealwould act as a selector gene being necessary to direct them
abdominal segments. to their correct fate.

Here, we show that the zinc finger transcription factor Sal ] ]
plays a role in the formation of the Ich5 in parallel with theThe correct location of the Ich5 organ is
EGFR signalling pathway: the absence of Sal generaté&®mpromised in spalt mutant embryos
supernumerary scolopodia, while the overexpression of Sah addition to the extra recruitment phenotypal mutants
reduces the number of scolopodia from five to three. Ounave aberrantly located Ich5 along the dorsoventral axis. In the
results are consistent with the model proposed in Fig. 8: thatild type, Ich5 precursors are recruited in a dorsal position and
under wild-type conditions, Sal modifies the EGFR signallinghen migrate ventrally (Salzberg et al., 1994). In the mutant,
output in the cells surrounding the primary precursor Clthe ventral migration does not seem to take place. The
which instead of becoming secondary SOPs adopt thghenotype is similar, but not identical to thatHimothorax
oenocytes cell fate. Five lines of evidence support thig\bdominal-Aor extradenticlemutants, where the Ich5 organ
idea. First, supernumerary support cells accompany themains in a dorsal position and scolopodial numbers are
supernumerary neurons observedsal mutants. Thus, the reduced to three (Kurant et al., 1998). The involvemesabf
phenotype is not caused by cell fate transformation within than other migration process has been reported previously for
SOP lineage. Second, the Cl-surrounding cells receive theacheal development (Kihnlein and Schuh, 1996). There, in
EGFR signal (shown by the antibody staining for activateatells of the dorsal tracheal trunksal is required for
RI/MAPK) and, therefore, are capable of becominganteroposterior migration and morphogenesis. Furthermore, it
secondary precursors. These cells are Sal positive while tlas been shown thaalis necessary for the correct location of
other potential secondary precursors, also showing activatsdme neurons in the CNS (T. E. R.,, R. C., J. U.,, G. T,, F. C.
Rl and overlying the more ventrally located C2-C5, are notK. and R. B., unpublished results). The molecular mechanisms
Given that the number of cells receiving the EGFR signal ifvolved in the specification of migration are largely unknown,
larger than the number of cells that become secondary SOBsd whether the same mechanism applies in the three
(two for Ich5 and one for vchA/B), the output of the EGFRmentioned cases remains unexplored.
pathway must be modified in the rest of the cells receiving The pleiotropic functions that Spalt proteins exert during
the signal. Third, the analysis of allelic combinationsdevelopment are remarkable.@ eleganssem-4phenotypes
betweensal and EGFR pathway mutants reveals that thenclude cell fate changes, cell death, defects in axonal
supernumerary neuronal phenotype observed in the absenoerphologies, extra cell divisions or migration. The same is
of Sal is EGFR dependent. Fourth, the oenocyte precursotisie inDrosophila wheresal genes play a role in establishing
depend orsal and EGFR signalling to develop. And fifth, in homeotic identities in the blastoderm (Casanova, 1989;
the absence of primary precursors oenocytes do not develayrgens, 1988), positioning the wing veins (de Celis and
as shown irato mutants. Barrio, 2000; de Celis et al., 1996), localising sensory organ

The effects ofalloss- and gain-of-function are similar, but clusters (de Celis et al., 1999) and affecting the migration of
not identical, to the ones exhibited by corresponding changése dorsal tracheal trunk (Chen et al., 1998; Kihnlein and
in negative regulators of EGFR signalling. There are at leaSchuh, 1996). It therefore appears that the Spalt proteins can
two important differences between the role of these regulatofanction with different signalling pathways and act in
andsal First,aos pntandspry are expressed in all the cells combination with other transcription factors to serve diverse
receiving the EGFR signal from the primary SOPs, wéde roles during development.
is expressed only in a subset of them. Consistent with this, the
loss of function of these regulators affects the secondary We thank A. Ephrussi, A. Ghysen, A. Jarman, W. A. Johnson and
recruitment of SOPs to other chordotonal organs, like vchA/B- Castelli-Gair for reagents and fly stocks. We thank J. F. de Celis
and vch1, whilesal seems to modify only Ich5. Second, the for critically reading the manuscript. We would like to thank our
increase of scolopodia numbers in Ichs is moderate isgthe anonymous referees for their help in improving the quality of the

d tant hile irsal mutant h b d ¢ manuscript. We also thank B. Mifiana for technical assistance. T. E.
andaosmutants, whiie irsalmutants we have observed up 0 p - g supported with a fellowship from the Norwegian Research

eight scolopodia. In conclusion, differently from the EGFRcoyncil and R. C. was supported by a Short Term EMBO
pathway regulators that are involved in the development of afte|iowship.
the chordotonal organsal is involved specifically in the
formation of Ichb.
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