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SUMMARY

Growth and patterning of the Drosophila wing imaginal
disc depends on its subdivision into dorsoventral (DV)
compartments and limb (wing) and body wall (notum)
primordia. We present evidence that both the DV and wing-
notum subdivisions are specified by activation of the
Drosophila Epidermal Growth Factor Receptor (EGFR).
We show that EGFR signaling is necessary and sufficient
to activateapterous(ap) expression, thereby segregating the
wing disc into D @p-ON) and V (ap-OFF) compartments.
Similarly, we demonstrate that EGFR signaling directs
the expression of Iroquois Complex (Iro-C) genes in
prospective notum cells, rendering them distinct from, and

immiscible with, neighboring wing cells. However, EGFR
signaling acts only early in development to heritably
activate ap, whereas it is required persistently during
subsequent development to maintain Iro-C gene
expression. Hence, as the disc grows, the DV compartment
boundary can shift ventrally, beyond the range of the
instructive EGFR signal(s), in contrast to the notum-wing
boundary, which continues to be defined by EGFR input.

Key words: EGFR signaling, Iroquois Complex geraggerous
Wing imaginal disc, Compartments, Selector genes, Pattern
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INTRODUCTION

cells in adjacent compartments not to intermix (Morata and
Lawrence, 1975; Blair et al., 1994; Blair and Ralston, 1997;

Most animals are composed of distinct body parts, with eacRodriguez and Basler, 1997; Micchelli and Blair, 1999;

part itself subdivided into further well-defined territories. ForRauskolb et al., 1999; Dahmann and Basler, 2000), but instead
example, insects are composed of a metameric series tf interact along the common boundary between them (Basler
segments, many of which bear limbs which are outgrowthand Struhl, 1994; Williams et al., 1994; Diaz-Benjumea and
from the body wall. Moreover, both the body wall and limbsCohen, 1995; Zecca et al., 1995; Fleming et al., 1997; Panin
are further partitioned, e.g. into anteroposterior (AP) anet al., 1997), leading to the induction of morphogens which
dorsoventral (DV) compartments. The modular nature obrganize growth and patterning of both compartments (Lecuit
animal form thus poses the questions of how and why suddt al., 1996; Nellen et al., 1996; Zecca et al., 1996; Neumann
domains are generated during development. and Cohen, 1997). Thus, compartmental segregations do not
The segregation of thBrosophilawing into AP and DV  function merely to partition tissues; they also generate the
compartments has provided a valuable paradigm (reviewed lsjgnals that organize how tissues develop.
Blair, 1995; Lawrence and Struhl, 1996). The wing derives When compartments were first discovered, cell lineage
from a larval imaginal disc which is composed of twoanalyses suggested the possibility of further binary
populations of founder cells, the anterior (A) and posterior (P3egregations of the wing disc into wing (limb) and notum (body
compartments, which are established early in developmemiall) compartments, and into proximal (hinge) and distal
(Garcia-Bellido et al., 1973; Garcia-Bellido et al., 1976;(blade) compartments within the wing (Garcia-Bellido et al.,
Lawrence and Morata, 1977). As the wing disc grows during973; Garcia-Bellido et al., 1976). Several transcription factors
larval life, it undergoes a further subdivision into dorsal (D)have since been shown to be expressed in discrete subdomains
and ventral (V) compartments (Garcia-Bellido et al., 1973that give rise to some of these putative compartments (reviewed
Garcia-Bellido et al., 1976). Both sets of compartments arby Mann and Morata, 2000). For example, paanier (pnr)
controlled by selector genes which are heritably activated iand Iroquois Complex (Iro-C) genes are expressed in
the founder cells of one compartment (e.g. D), therebyeighboring medial and lateral domains, which together
distinguishing these cells from the founders of the othecomprise the prospective notum (Diez del Corral et al., 1999;
compartment (V) (Morata and Lawrence, 1975; Lawrence an@alleja et al., 2000)homothorax(hth) andteashirt(tsh) are
Morata, 1976; Diaz-Benjumea and Cohen, 1993; Blair et alexpressed in the presumptive wing hinge (Casares and Mann,
1994). The difference in selector gene activity then program®000); andDistallessand vestigial (vg) are expressed within
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the primordium of the wing blade (Williams et al., 1991;to early third instar) relative to ndvinute larvae. Finally, we note
Carroll et al., 1994). In addition, gain- and loss-of-functionthat both theEgfr* andras" gene products are likely to perdure at
experiments have provided evidence that at least some of thdé@st one or a few cell generations in clones of mutant cells generated
transcription factors specify the regional character of the cellQy mitotic recombination, providing transient rescue of the mutant
in which they are expressed, consistent with their functionin§€notype for at least 12-24 hours after clone induction.

as selector genes within the proposed wing-notum and hlnggl_ones in a wild-type backgroung:w hsp70-flp; mirr-lacZ FRT82

blade compartments (Kim et al., 1996; Diez del Corral et al , x7yrRT82 hsp70-flu-GFPused for mosaic anal sis: see below):
1999; Azpiazu and Morata, 2000; Calleja et al., 2000; Casarggqy w hsp7o_ﬂ%; tsh_|aczr/aj; FRTS82 r4IFRTS2 )(]sp70_f|u_G|:p_)
and Mann, 2000). ras- clones in aMinute background:y w hsp70-flp; FRT82
Despite these apparent similarities, it remains uncertairas”¥FRT82 M(3)wW24 hsp70-CD2(or hsp70-flu-GFF. Egfr and
whether these putative compartments are equivalent to thEgfrts clones in aMinutebackgroundy w hsp70-flp; FRT42 Egffor
classical AP and DV compartments. Unlike the AP and DVEQf')/FRT42 hsp70-flu-GFP M(2)IK; ®ylacZ/mirr-lacZ.
compartments, these territories do not appear to have precis . .
defined boundaries, whether assayed by cell Iineaﬁ%sa'c analys‘_'s _
experiments or by the expression of their correspondingS™ clones (Fig. 1D, Fig. 2B) _
selector-like genes. Moreover, the approximate boundariddS clones were induced 24-48 hours AEL and recognized by loss of
between these domains do not appear to serve as inductfgE” €xpression, while the wild-type twin spots, which carry two
interfaces that generate signals organizing growth or patterni pies of thehsp70-flu-GFPtransgene were recognized by strong

. ding ti Th q t understand how th P expression. All wild-type twin spots within a disc were counted
In surrounding tssues. 1hus, we do not understand NOW tegRether or not they were associated withasr clone.ras™ clones,

regions are defined and maintained; nor do we understand whgie, present, were usually small, so the associated twin spot was

roles they serve. assigned to one of the four areas (Fig. 2B), based on the location of
Recently, Wang et al. (Wang et al., 2000) have presentade mutant clone. Wild-type twin spots without an associesd

evidence that signals transduced by the Epidermal Growitione typically extended into two or more areas; such clones were

Factor Receptor (EGFR) organize both the DV and wingassigned to the area that contained the largest region of the twin spot.

notum subdivisions of the wing imaginal disc. We confirm andburvival rate ofas clones within a given area was calculated as the

extend these findings, and then focus on distinguishing hofercentage of the total number of wild-type twin spots recovered

EGFR signaling governs these two types of subdivisions. \Within that area.

show that EGFR signaling acts during a disc_retg early stage ghfits clones (Fig. 6A)

wing disc development to inducp expression in dorsally - ciones were induced 24-48 hours AEL and kept at the temperatures

situated cells, and that the descendents of cells throughout tigicated in the figure thereafter.

disc then inherit their state @fp expression (‘on’ or ‘off’)

without further reference to EGFR signaling. By contrastEgfr clones (Fig. 6B,C)

EGFR signaling appears to be required continuously t€lones were induced during the indicated timed intervals. To assess

maintain Iro-C gene expression, allocating cells to the noturie relative size of clones in different compartments in Fig. 6C, we

primordium on an ongoing basis according to their position anfSt used the polygon function of the Lasersharp 2000 program

creating an affinity barrier that segregates them fron{BloRad) to measure the area of marked wing cells assougted with

neighboring cells in the wing primordium. These ﬁndingseach clone. The measured areas of all of the clones for a given batch

indicate that the DV and wi t fi of discs (defined by the time of clone induction) were then summed
indicate that the ana wing-notum segregations represe give a total area of mutant tissue. Finally, the areas of clones within

different types of developmental partitions and provide & given compartment were summed and the resulting totals expressed
foundation for a further analysis of the nature, source and moggFig. 6C as the percentage of the total area of mutant tissue in the

of action of the instructive EGFR signal(s) (Zecca and Struhkame batch of discs.

The specific genotypes for each experiments are as follaws.

2002). ) ] )
Ectopic expression studies
Marked clones of cells ectopically expressing a given protein were
MATERIALS AND METHODS generated using a combination of the FLP-out and Gal4/UAS
) techniques (Golic, 1991; Brand and Perrimon, 1993; Zecca et al.,
Generation of marked clones of mutant cells 1996). Clones ectopically expressing EGBRRho were induced by

Marked clones of cells homozygous for thggfrk35 (Egfr) heat shockindhsp70-flplarvae carrying alubal>flu-GFP,y>Gal4
(Dominguez et al., 1998Egfrsia (Egfrts) (Kumar et al., 1998) or transgene in combination with either tHAS-EGFR (Queenan et al.,
ras‘’® (ras”) (Halfar et al., 2001) mutations were generated using th&é997) orUAS-Rho(Golembo et al., 1996) transgenes, respectively,
FLP/FRT technique to induce mitotic clones (Golic, 1991; Xu andand recognized by the loss of GFP expression. Tinax1>flu-
Rubin, 1993). Clones were induced by heat shock (37°C, 60 minute§FP,y*>Gal4 transgene is similar to theAct5C>CD2>Gald

in larvae staged 24-48, 48-72, 72-96 and 96-120 hours after egg layitrgnsgene (Pignoni and Zipursky, 1997), except that Abh&C
(AEL), which correspond approximately to the first, second, earlypromotor was replaced by tAeibal promoter and the CD2-coding
third and mid-third larval instars during normal development (atsequence was replaced by the coding sequence for flu-tagged GFP
25°C). In some experiments, thdinute technique (Morata and (flu-GFP) followed by they* gene. Clones ectopically expressing
Ripoll, 1975) was used to increase the viability and growth potentiatither Ra%!2 or Spi* were generated by heat shockasg70-flp UAS-

of mutant cells. The larvae in such experiments were heterozygous f@&FPnlslarvae carrying dubal>Gal80, y >Gal4 transgene together
either theMinute(2)IK or Minute(3)w-24 mutations. ThéMinute(2)IK  with either aUAS-Ra¥12 (Karim and Rubin, 1998) olJAS-Spi*
mutation causes only modest developmental delays (around 24-48chweitzer et al., 1995) transgene, and recognized by the gain of GFP
hours over the course of development from egg laying to adukxpression. Th@ubal>Gal80, y>Gal4 transgene is similar to the
emergence) so that larvae during a given timed interval (e.g. 72-9Ribal>flu-GFP,y>Gal4 transgene, except that tHe-GFP was

hours AEL) are at a slightly earlier development stage (e.qg. late secongplaced by the coding sequence for the yeast Gal80 protein, which
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represses transcriptional activation by the Gal4 protein (Ma anRESULTS
Ptashne, 1987; Lee and Luo, 1999).

To generate clones during the first instar, larvae were heat shockgthe subdivision of the wing imaginal disc into AP and DV
24-48 hours AEL for 30 minutes at 36°C. To generate clones du””@ompartments, as well as prospective body wall (notum) and
second instar, larvae were heat shocked 48-72 hours AEL for qpmb (wing) territories is shown in Fig. 1A. Each of these
minutes at 35°C. For the R43 experiments, we note that some ﬁ%lbdivisions is marked by the expression of particular

Gal80 gene product perdures for at least two to three cell generatio lat h fh lect iled .
after excision of the>Gal80, y">FlIp-out cassette, delaying the regulatory genes, such as the selector gewyzailed(en) in

expression of th&JAS-Ra¥!2transgene for at least 24 hours after the P compartment (green), the selector gesterous(ap) in

clone induction. the D compartment (blue), and the genes of the Iroquois
_ Complex (Iro-C) mirror (mirr), auracan(ara) andcaupalican
lacZ reporter lines (caup)] in the lateral notum (representedjrr-lacZ; red). In

The followinglacZ-reporter lines were usedp-lacZ(Cohen et al., mature third instar wing discs, the Iro-C genes are expressed
1992), mirr-lacZ (McNeill et al., 1997)tsh-lacZ(tsh') (Fasano etal.,  not only within the prospective lateral notum, but in additional
1991) andvg-lacz (Kim et al., 1996). locations, including a thin stripe of cells that extends ventrally
Antibody staining along the edge of the disc (Fig. 1A,B), as well as in specific

The following antisera were used: anti-Ap (Lundgren et al., 1995)subpopulatlons of cells in the prospective wing blade (Qome;-
anti-Ara (anti-Caup) (Diez del Corral et al., 1999), anti-Tsh (Roder epkarmeta et al., 1996). We address the role of EGFR signaling
al., 1992), anti-Vg (Williams et al., 1991) and anti-Wg (Brook andin controlling notum development and Iro-C gene expression
Cohen, 1996). Imaginal discs from wandering third instar larvae wertherein, and then focus on the role of EGFR signaling in
fixed and stained following standard protocols. inducingap expression and establishing the DV compartments.

Fig. 1. EGFR/Ras signaling is required for notum development.
(A,B) Organization of the mature wing imaginal disc. (A) Subdivision
of a wild-type wing imaginal disc into AP compartments (as marked
by en-Gal4driven GFP expression in posterior cells; green), DV
compartments (as marked by the expression of Ap in dorsal cells; blug
and notum-wing primordium (as marked by elevated expression of
mirr-lacZ in prospective notum cells; red). The notum-wing boundary
is marked by an arrowheaujrr-lacZ is also expressed in prospective
pleural cells in the mature wing disc (to the right and below the
arrowhead). (Bjnirr-lacZ expression (red) relative to Wg expression
(blue) in a wild-type wing imaginal disc. Overlapping expression
appears in pink. Note thatirr-lacZ expression is generally restricted
to the prospective lateral notum (region IlI), which is demarcated
dorsally by a stripe of Wg expression (arrows in B-E) and ventrally by C vl
a characteristic deep fold (arrowheads in A-E). However, as noted in "0
the text, the Iro-C genes are also expressed in additional domains in s
mature, third instar wing discs, including in a stripe of cells extending
ventrally along the edge of the disc. The prospective medial notum
(region IV) is located dorsal to this stripe of Wg expression, and the
prospective wing blade (region 1) is encircled by two closely associateq
rings of Wg expression (only one ring is visible here, asterisk),
distinguishing it from the surrounding prospective wing hinge (region
I). Wg is also expressed along the DV compartment boundary,
bisecting the wing blade primordium into D and V halves. (Egf)~

(C) andras™ (D-F) clones marked by the absence of either GFP
expression (C-E, green) or CD2 expression (F, green). Wg expression
is shown in blue (C-E) and faint green (8))-lacZexpression, a

marker for prospective wing hinge, is shown in blue (F).

(C) Distribution ofEgfr-clones induced during late second/early third
larval instar using thMinutetechnique. Note that clones are present
throughout the disc, except in an area corresponding to the prospectivi
lateral notum (between the arrow and arrowhead). (D) Distribution of
ras- clones generated in a ndinutebackground during first larval
instar.ras" twin spots are marked by bright GFP expressiasr.

clones generally failed to survive in the prospective lateral notum (see
also Fig. 2B). Note the presence of a lagge clone in the prospective
medial notum (asterisk), which abuts the prospective lateral notum
(defined by the stripe of Wg expression), which straddles the boundary

between the two domains. (E) Disc with at least two legeclones generated during first larval instar usingiimitetechnique. Note that the
mutant clones populate most of the prospective wing blade and wing hinge and show a normal pattern of Wg expressiohghdomseidd
not contribute to the notum, which also appears to develop normally and shows normal Wg expression. (F) Discragtttlargss generated
during first larval instar using thdinutetechnique. The notum is ablated and the disc is composed largely of prospective wing hinge tissue
(marked by high levels @sh-lacZexpression; blue) and wing blade tissue (encircled by a thin stripe of Wg expression and bisected by an
additional stripe of Wg expression along the DV compartment boundary (faint green).
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A B Survival rates of ras” clones
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Fig. 2. Survival ofras™ clones in the prospective wing blade, wing
hinge, lateral notum and medial notum. (A) Subdomains of the wing
imaginal disc: (I) presumptive wing blade, (Il) presumptive wing
hinge, (I1l) presumptive lateral notum and (IV) presumptive medial
notum (see also Fig. 1B). (B) Histogram showing the survival rates
of ras™ clones in each of the four territories in the mature third instar
wing disc, following clone induction during the first larval instar (see
Materials and Methods)as™ clones generally survive less well than
theirras* twin clones. However, survival in the presumptive lateral )
notum was severely reduced relative to survival in other regions of And nstat
the wing disc. Bars represent the percentagasifclones ; @31°C
associated with eas—twin clone within a given disc area, total ;
number ofras* clones (with or without a paireds- clone). Clones
were induced at 24-48 hours after egg laying (AEL).

mirr-lacZ

EGFR/Ras signaling is required for notum
development

To assess the requirement for signals transduced by the EG
during normal wing disc development, we examined the
behavior of clones of cells that are homozygous for null o
temperature-sensitive mutations of thefr gene (referred to
subsequently a&gfr or Egfr's), or for a loss of function
mutation of theras gene f(as), which encodes the Ras
GTPase, a conserved downstream effector of the EGFR sigr
transduction pathway (Diaz-Benjumea and Hafen, 1994 ,
Clones of mutant cells were generated during different stage vgO-lacZ
of larval development and their size, shape and distributio
assayed in each of the four distinct primordia that make up tf
mature wing disc: the prospective wing blade (I), wing hinge
(1), lateral notum (1) and medial notum (IV) (see Materials
and Methods; see Fig. 1B, Fig. 2A). In general, loss of EGFI
activity caused more penetrant and severe effects than the Ic
of Ras activity, possibly reflecting a shorter perdurance ¢
EGFR function relative to that of Ras following loss of the
wild-type gene, or a restricted requirement for Ras ir
mediating some, but not all, downstream outputs of EGFI
activation.ras™ clones, in particular, were more viable thanrig. 3. EGFR/Ras signaling is required for Iro-C expression.
Egfr mutant clones, allowing us to use the twin spot methoga-E) ras- (A-B) andEgfr's (C-E) clones, marked by the absence of
of clonal analysis and to generate mutant clones of large Siz&P (green), fail autonomously to exprasg-lacZ (A,C,D, red)
using the Minute technique (see Materials and Methods).and autonomously upregulate expressiotsiflacZ(B, red) or
However, aside from this difference, the effectEgfr andras ~ endogenous Tsh protein (E, red). Wing blade spegif@-lacZ
mutant clones on Iro-C gene expression were the same. fpression is also seen (C,D, reiyfr's clones were generated using
these, and subsequent experiments, mutant clones were markggMinutetechnique. Note the round shape of mutant clones (A-
either by the presence or absence of the reporter proteins G- 10cated within the prospective lateral notum when compared

: . ) - with the irregular shape of the clones located elsewhere in the disc.
or CD2, shown Ingreenin the flg_ures .(see Iegends fo_r detaﬂ% ,B) ras™ clones generated during first larval instar. Egjr's
Egfr™ clones induced in the wing disc during the first and.jones generated during second larval instar and raised at the
second instars do not survive to the late third instar, apparent{yerely restrictive temperature of 31°C. (DEEjfr'S clones

because of defects in cell proliferation and/or viability (Diaz-generated during first larval instar and raised at intermediate
Benjumea and Garcia-Bellido, 1990; Diaz-Benjumea andestrictive temperature of 28°C.

mikr-lacZ
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mirr-lacZ

Fig. 4. EGFR/Ras signaling is sufficient
to activate Iro-C expression. (A-

D) Ectopicmirr-lacZ and Ara/Caup
expression (red; arrows) associated with
clones ectopically expressing either
EGFR (A,B) or Ra¥12 (C,D). Clones

are marked either by loss (A,B) or gain
(C,D) of GFP expression. Cells co-
expressing GFP andirr-lacZ appear
yellow. EGFR-expressing clones are
associated with ectopiirr-lacZ and
Ara/Caup expression in some regions of
the prospective wing hinge, but not
others (A; see also Fig. 5); they can also
inducemirr-lacZ expression in the
prospective wing blade (B). R42-
expressing clones activatarr-lacZ (C)
and Ara/Caup (D) expression in a more
penetrant and strictly autonomous
fashion within the wing hinge and blade
(but not within the medial notum), as
indicated by the exact correspondence
between the clone marker (GFP, green)
andmirr-lacZ or Ara/Caup (red)
expression (overlapped expression
appears in yellow). Note that Ara/Caup
is normally expressed in localized
patches of anterior compartment cells
within the prospective wing blade; these
appear red instead of yellow in D (left-
hand panel).

mikr-lac’Z

mirr-lacZ

Hafen, 1994). To increase the likelihood that mutant cloness' spots were generally observed in the prospective lateral
might survive, we used thBlinute technique (Morata and notum domain (Fig. 2), indicating that theas sister spots
Ripoll, 1975) to giveEgfr-cells a growth advantage relative to failed to survive in this domain; the fes™ sister spots obtained
surroundingEgfrt cells (see Materials and Methods). Underin this domain appeared abnormal (Fig. 3A,B) and are
these circumstances, we find tEagfr- clones induced during considered further below. Similar results were obtained when
the first or early second instar contributed only to theas cells were generated during the first larval instar using the
prospective wing blade, whereas clones induced during the lakinute technique. Suchras™ clones could form large, and
second or early third instar could also populate the prospectiapparently normal, regions of the prospective wing blade and
wing hinge and medial notum domains (Fig. 1C). Howeverwing hinge (Fig. 1E). Nevertheless, they appeared to be excluded
Egfr- clones were invariably excluded from the prospectivérom the presumptive notum territory (Fig. 1E). Strikingly, some
lateral notum. Similar results were obtained for clones of cellsf the discs obtained under these conditions appeared to lack
homozygous for th&gfr's mutation, which reduces but does most or all prospective notal tissue and to consist predominantly
not eliminate EGFR activity at the non-permissive temperaturef prospective wing blade and hinge tissue (Fig. 1F).
(30-31°C), except that the clones tended to be larger than theirln summaryEgfr, Egf's andras™ clones can contribute to
Egfr- counterpartsEgfr's clones induced after the mid-secondthe prospective wing blade, wing hinge and medial notum.
instar could also contribute to the prospective lateral notuntjowever, all three classes of mutant clones generally failed to
albeit rarely. However, these clones were abnormally round ipopulate the prospective lateral notum, indicating that EGFR
shape, suggesting they developed abnormally (Fig. 3C and ngignaling is essential for the normal development of this region
shown; see below). of the wing disc.

Unlike Egfr- clones,ras™ clones induced during the first or ) o )
second larval instar can survive without the benefit oftinete ~ EGFR/Ras signaling is required for normal Iro-C
technique (Prober and Edgar, 2000). Under these conditior@€ne expression in the prospective lateral notum
mitotic recombination generates ‘twin spots’ composed ofro-C genes are initially expressed throughout the notum
genetically markedas andras® sister clones, which descend primordium, and then become restricted to a discrete lateral
from the same mother cell. As shown in Fig. 1D and Fig. 2, twilomain therein (Gomez-Skarmeta et al., 1996; Kehl et al.,
spots could be recovered in the prospective wing blade domait998; Diez del Corral et al., 1999). Like cloneskgffr— and
wing hinge and medial notum domains. However, only singl&gfrts cells, clones of Iro-€cells generated during the first
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within these clones express high levels ottéashirt(tsh) gene,
which encodes a transcription factor whose expression is
normally elevated in the prospective wing hinge (Fig. 3B,E).
Thus, the failure of the mutant cells to expresg-lacZ does
not appear to reflect impaired cell viability or survival; instead,
these cells develop inappropriately as prospective wing hinge
cells. We also examineHgfr's clones maintained at the less
restrictive temperature of 28°C rather than 31°C after clone
induction. Under these conditions, large clones could be
recovered within the prospective lateral notum, even when
induced during the first instar. However, these clones showed
cell-autonomous reductions wiirr-lacZ expression, as well as
elevated levels of Tsh protein (Fig. 3D,E).

Thus, Egff's and ras clones that survive within the
prospective lateral notum exprasér either poorly or not at
all and adopt hinge-like characteristics. By contrast, mutant
clones that populated other regions of the disc appeared to
show normal expression afig and other regional control
genes, such agy, hthandtsh(Fig. 1, Fig. 3, data not shown).
We conclude that there is an absolute requirement for
EGFR/Ras activity to maintain Iro-C gene expression during
wing disc development.

EGFR/Ras activation can induce Iro-C gene
expression

To determine if EGFR/Ras activity is sufficient to induce Iro-

C gene expression, we generated genetically marked clones of
cells that express constitutively active forms of EGFR (EBFR
(Queenan et al., 1997) and Ras (R&s (Trahey and
McCormick, 1987) under Gal4/UAS control and assayed for
mirr-lacZ and Ara/Caup expression (Materials and Methods).
As shown in Fig. 4A, we find that some EGF&pressing

Fig. 5.EGFR signaling controls cell-affinity. (A-C) Wild-type wing clones are associated with ectopic expressianioflaczZ, as
imaginal discs containing clones of cells ectopically expressing either well as Ara/Caup protein, although this ectopic expression is
EGFR! (A), Rho (B) or Spi* (C), monitored fanirr-lacZ expression generally limited to particular subregions of the prospective

(red). Clones were induced during the first larval instar and are markegving hinge. In addition, we find that some EQF&Xpressing
either by loss (A,B) or gain (C) of GFP expression (green). (A) BGFR clones in the wing blade domain induce ectopicr-lacZ
expressing clones Ic_)cated Wlthln_ prospective notum _(arrows) intermix expression (Fig. 4B) and reduce expression of Vestigial (Vg;
freely with surrounding cells, as indicated by their wiggly’ borders. i o), a transcription factor that distinguishes prospective
Some clones within the hinge ectopically exprasslacZ and these wing blade cells (Kim et al., 1996). In contrast to the spatially

tend to adopt a circular shape and sort out from surrounding wild-type . A
cells (black arrowhead). Other clones do not exprésdacZ and restricted and incompletely penetrant effects of EGFR

these intermix with surrounding cells (asterisk). Finally, the sorting out €XPression, clones of Réds-expressing cells located in the
of highmirr-lacZ-expressing from neighboring cells can occur within - Prospective wing hinge region autonomously expressed ectopic
the same clone (white arrowhead). (B,C) Clones of Rho- or Spi*- mirr-lacZ and Ara/Caup protein (Fig. 4C,D). In addition,
expressing cells located within the prospective wing hinge form clones of Ra42-expressing cells located within the
‘wiggly” borders and induce circular patcheswfr-lacZ-expressing prospective wing blade are frequently associated with
cells that tend to sort out from surrounding cells that do not express  moderate levels of ectopimirr-lacZ and Ara/Caup protein,
mirr-lacZ. The inset in the left panel of B shows the overlay between  consistent with a partial transformation of these cells into
GFP andmirr-lacZ expression in the vicinity of the clone. presumptive notum (Fig. 4D).
Thus, forced activation of the EGFR/Ras transduction
pathway in the prospective wing hinge and wing blade can
larval instar fail to contribute to the notum, and clones inducethduce ectopic Iro-C gene expression. We suggest that
later are excluded from the prospective lateral notum oexogenous Rd32 expression is more effective at activating
develop abnormally in this region (Diez del Corral et al., 1999)the Ras transduction pathway than is exogenous EGFR
Hence,Egfr, Egfr's andras™ clones may fail to populate the expression, accounting for the more consistent and dramatic
prospective lateral notum because they are unable to expresffects of Ra¥l2-expressing clones. Because ectopicVRas
Iro-C genes. expression activates Iro-C gene expression in a cell
To test this possibility, we examined the expressiomoife ~ autonomous fashion, we infer that the normal pattern of Iro-C
lacZ reporter gene in ranas- and Egfrs clones that survived expression reflects a direct response of cells to EGFR-mediated
in the prospective notum. We find thmatrr-lacZ expression is  signaling, rather than to secondary signals induced in response
absent in both classes of clones (Fig. 3A,C). However, cell® activation of the EGFR pathway.
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Formation of sharp borders of Iro-C gene

Distribution and frequency of Egfr™clones X L . . .
A quency of Egf expression in response to localized EGFR signaling

20 - at different temperatures i . . . .
20 =D The lateral border delimiting Iro-C expression in the wing disc
60 | m DV is relatively straight and sharp (e.g. Fig. 1B, Fig. 4C), raising
5 50 ov the question of how such a well-defined border can be
< 40 established and maintained in response to EGFR signaling.
‘§ 304 Several lines of evidence indicate that this border is not a
= ?g‘ compartmental boundary. In particular, the border of Iro-C
0l . . . expression is not absolutely sharp; instead, the level of Iro-C
n=80 n=154 n=80 n=70 expression declines progressively from peak levels to
25°C 28°C 29°C 31°C undetectable levels over a range of a few cell diameters.
B Distribution and frequency of Egfi~clones Moreover, we and others (Diez del Corral et al., 1999) have
80 - dependent on time of clonal induction observed that clones of marked cells show little if any tendency
70 uD to respect the Iro-C expression border in mature wing discs. An
60, oo alternative possibility is that the induction of Iro-C gene activity
S 50 by EGFR signaling causes Iro-C-expressing cells to assort with
5 401 each other rather than with neighboring non-expressing cells,
5 30 creating an abrupt affinity barrier that sharpens and straightens
= 20 : : :
0] the boundary between the notum and wing primordia. The
0l properties of EGFRexpressing clones in the notum and wing
n=34  n=74  n=I88 n=59 hinge primordia provide evidence for such a mechanism.
24-48h  48-72h  72-96h 96-120h Clones of EGFRexpressing cells appear to develop
C Distributi o normally within the endogenous Iro-C expression domain. In
istribution and size of Egfi"clones . A s . .
o dependent cn time of clonal induction particular, they form ‘wiggly’ borders with surrounding cells,

S 60 suggesting that they are able to intermix freely with these cells

250 , (arrows in Fig. 5A). By contrast, clones that arise in regions
£ 40 of the wing hinge primordium just across the normal Iro-C
230 expression border show a more complex behavior. Some of
= 20 these clones express high levelsnifr-lacZ and form circular

8 ‘g patches, indicating thatirr-lacZ-expressing cells cannot mix

with surrounding non-expressing cells (black arrowhead, Fig.

24-48h 48-72h 72-96h  96-120h 5A), while other clones express little or mirr-lacZ and form
Fig. 6. Distribution, size and frequency Bffr mutant clones inthe D irregularly shaped patches, indicating that cells within the
and V compartments. (A) Frequencykagfr's clones that populate the  clone can interdigitate with surrounding cells (asterisk, Fig.
D (black) or V (white) compartment, or both compartments (D/V, 5A). More strikingly, the sorting out ahirr-lacZ-expressing
gray) as a function of temperature. Clones were induced during the  cells from non-expressing cells can occur within a single clone
first larval instar using thiflinutetechnique, and larvae were keptat  of EGFR-expressing cells (white arrowhead, Fig. 5A).
the indicated restrictive temperatures thereaft@atal number of We also examined the consequences of creating an ectopic

clones _scored for each temperature condition. T_he percentegér®f source of EGFR signaling in the prospective notum and wing
clones in the D compartment declines progressively as the temperatufe

increases; conversely, the percentage of these clones rises in the V inge by generating cIor]es of g:ells th‘?t express active forms
compartment. More clones are found within the D compartment than ©f the EGFR ligand Spitz (Spi). Thepi gene is normally
in the VV compartment at the permissive temperature, reflecting the ~ €xpressed in all cells during wing disc development, yielding

larger pool of cells from which the D compartment will arise. All a membrane bound, but inactive, form of Spi protein (Rutledge
clones within the wing disc were scored in this experiment. (B) et al., 1992; Sturtevant et al., 1993). This inert form of Spi is
Frequency oEgfr-clones that populate the D (black) or V (white) then processed to generate the active, secreted form of the
compartment, or both compartments (D/V, gray), as a function of the |igand, an event that requires the spatially restricted activity of
time of clone induction [indicated by hours (h) AEL]. TMewute the transmembrane protein Rhomboid (Rho) (Schweitzer et al.,

technique was used; total number of clones scored for each time 1995; Golembo et al., 1996; Bang and Kintner, 2000). Rho is

interval. Egfr- clones generated before the DV compartments are . . : .
established during the second larval instar (approximately 48-72 hourQ ot expressed until relatively late in wing development, and

AEL) preferentially populate the ventral compartment; clones inducedneither _Spi nor Rho activity is required  for th‘? normal
thereafter frequent both compartments equally. Only clones populating€dregation of the DV compartments or the wing-notum

the presumptive wing blade were scored in this experiment. primordia (Simcox, 1997). Hence, we generated ectopic
(C) Relative sizes dEgfr-clones shown in B (see Materials and sources of active Spi in early wing discs by making clones of
Methods for quantitation of size); for clones that populated both cells that express the coding sequence either for Rho or for a
compartments, the sizes of the mutant territories in the D and V truncated, constitutively active form of Spi, Spi* (Schweitzer

compartments were scored sepa(ately and are designateq, respectivedy al., 1995). Clones of either Rho- or Spi*-expressing cells
as D/v (dark gray bars) and d/V (light gray baEg)fr clones induced  |ocated within the notum primordium express similar levels of
before the DV compartments contribute poorly to the D compartment, nirr_lacZ to surrounding wild-type cells and have ‘wiggly’
probably because most of the cells fail to actie@and sort into the :
V compartment or out of the disc epithelium; clones induced thereaﬂeggirgﬁ{)i)ri(ggtwﬁggm?%Q(;/th]r?rgo?giclﬂnc’[lﬁgisecig%il;?'jlil/ tee?(grnestge
contribute equally well to each compartment. X . 4 .

Y . mirr-lacZ and induce a halo of surrounding wild-type cells to
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maintaining the wing-notum subdivision, we obtained
evidence that EGFR signhaling was also responsible for
establishing the DV compartment segregation via the activation
of ap expression; related and complementary findings have
recently been reported by Wang et al. (Wang et al., 2000).
The DV compartmental segregation occurs during the
second larval instar (Cohen et al., 1992; Diaz-Benjumea and
Cohen, 1993; Williams et al., 1993; Blair et al., 1994). Clones
of Egfr's cells generated before this stage, usingNfieute
technique, developed normally under permissive conditions

Egfr® Wg (25°C), contributing to either, or both, the D and V
B compartments (Fig. 6A). Howevétgfrisclones obtained at the
D D/ V-boundary moderately restrictive temperature of 28°C show an enhanced
ventral tendency to populate the V compartment, and this effect is
dorsal progressively more pronounced at the more severely restrictive

temperature of 29°C and 31°C (Fig. 6A). Finaltgfr- clones
showed an extreme preference for the V compartment,
populating it exclusively or disproportionally (Fig. 6B,C), only
occasionally leaving one or a few small patcheEgff- cells
behind in the D compartment (Fig. 7A,B). A few discs were
also recovered that showed an aberrant DV subdivision of the
prospective wing blade in which dorsally locategfr— clones
appear to contribute to an ectopic V compartment (Fig. 7C,D).
In contrast to these early induced clongEgfr~ and Egfrs
clones induced after the DV compartmental segregation were
invariably restricted to either the D or V compartment and

Fig. 7.Early EGFR/Ras-mediated signaling is required for
establishing the D compartment. (A,B) Examples of |&gf-
clones that preferentially populate the ventral compartment. The

clones were generated during first larval instar using/inete appeared to populate and survive equally well in each
technique and are marked by the absence of GFP (green). Ap protei®mpartment of the prospective wing blade (Fig. 6B,C).
is shown in red (A), Wg protein in blue (B,C). Black arrows in A We interpret the unusual properties of early induEegdt

indicate small mutant clones located within the dorsal compartmentmutant clones as evidence that the EGFR normally transduces
The white arrow in B indicates a small cluster of mutant cells that  a dorsally localized signal that allocates cells to the nascent D
appear to have been left behind in the D compartment when the  compartment. We suppose that dorsally situated cells that lack
remainder of the clone sorted into the V compartment. Note that cellsGER activity cannot respond to this signal, and hence become
within this cluster do not express Wg, indicating that they are of D, committed to the V state by default Iﬁ rare cases. the

rather than V type. (C,D) Example (C) and schematic representatio ;
(D) of a disc containing a dorsally situated clon&gfr cells that Yescendents of such cells may form an ectopic V compartment

has developed as an ectopic V compartment. The wing blade (Fig. 7C,D). In general, however, we suggest that they sort out
primordium (all cells located within the outer ring of Wg expression) Of the epithelium or into the neighboring V compartment (Fig.
is shown in color: V compartment cells are represented in yellow, 7A,B), accounting for the shortfall of early induced mutant

and D compartment cells in bluggfr* cells are indicated by clones that survive in the D compartment (Fig. 6A,B). We note
hatching. The dorsoventral compartment boundary, which correlateghat sufficient EGFR function may perdure in some of the
with the inner ring of Wg expression, is outlined in red. descendents of the mutant cells induced during the first larval

instar to allow these descendents to transduce the signal and
choose, correctly, to enter the D compartment. Such ‘rescued’
expressmirr-lacZ. As shown in Fig. 5B,C, the borders of suchdescendents may give rise to the small patches of mutant tissue
clones are contained within the domains of ectopit-lacZ  that remain behind in the D compartment and appear to develop
expression and are ‘wiggly’. By contrast, the domains ohormally (Fig. 7A,B). Early inducedas™ clones also survive
ectopicmirr-lacZ expression are round in shape, have smootland develop normally in the D compartment (data not shown),
borders and tend to sort out from the surrounding cells. a result we similarly attribute to perdurance, in this case of
Taken together, these results suggest a mechanism by whiefid-type Ras activity, after removal of thas* gene.
the boundary of Iro-C gene expression is defined by a graded
EGFR signal that spreads from a localized source and activategrly EGFR/Ras activation can induce — ap expression
Iro-C gene transcription when its concentration exceeds a givéid establish ectopic D compartments
threshold. Iro-C gene function, in turn, then regulates cello assess whether early EGFR activation is sufficient to induce
affinity, causing Iro-C-expressing cells to assort with eaclap expression and commit cells to the D compartment fate, we
other rather than with surrounding non-expressing cells, thusxamined the consequences of ectopically activating EGFR or
sharpening and straightening the boundary of the Iro-®as in ventrally situated cells during the first larval instar. We

expression domain. first generated clones of cells that express EGRRe

) o ) constitutively active form of EGFR and assayed themafsr
EGFR signaling is required for DV lacZ expression. Most EGPRexpressing clones that were
compartmentalization obtained in the ventral region of the disc appeared to behave

In the course of analyzing the role of EGFR signaling inn the same way as normal V compartment clones in that they



Wing subdivision and EGFR 1365

We next induced clones of cells that expressVFaghe
constitutively active form of Ras. Consistent with our finding
that Ra¥12is a more potent activator of the EGFR transduction
pathway than EGFR(see above), we observed that most
ventral clones that initiated R&3 expression during the
second instar (~70% or 24/36) were associated with ectopic
and cell-autonomouap-lacZexpression in all cells within the
clone, confirming that ectopic activation of the EGFR/Ras
pathway can inducep gene expression (Fig. 8B; Ra3
up-/m‘Z We expression initiates around 24 hours after clone induction, see

= Materials and Methods). However, clones that initiated’Ras
expression during the late second or early third larval instar
were only rarely associated with ectopip-lacZ expression
(~10% or 5/37), even though most such clones (~80% or 70/88)
located within the prospective wing hinge induoér-lacZ
expression (not shown). Similar findings were also obtained for
clones of cells that express Rho. In particular, clones of cells
that initiate Rho expression during the late second or early third
instar generally induced ectopitirr-lacZ expression, but not
ectopicap expression (Fig. 8C).

Thus, ectopic activation of the EGFR/Ras pathway appears
to induce ectopi@p expression during a discrete early period
of wing disc development, but not thereafter. By contrast, Iro-
C gene expression remains responsive to EGFR/Ras activation
during subsequent wing disc development.

DISCUSSION

Insect segments develop in a modular fashion, undergoing a
mirr-lacZ series of partitioning events that subdivide each segment into
progressively smaller domains. We show that EGFR/Ras
Fig. 8. Early activation of the EGFR/Ras transduction pathway is ~ Signaling controls the subdivision of the wing imaginal disc

sufficient to generate an ectopic D compartment. (A-C) Wing into body wall (notum) and limb (wing) primordia, and dorsal
imaginal discs containing clones of cells ectppically expressing (D) and ventral (V) compartments, albeit by different
either EGFR (A), Rasg/}2 (B) or Rho (C), monitored faap-lacZ(A, mechanisms. We consider the source, identity and mode of

red), Ap (B,C, red), Wg (A, blue) anirr-lacZ (C, blue) expression.  action of the instructive EGFR signal(s) responsible for

Clones were induced during first (A,B) or late second/early third iehi i : ;
larval instar (C), and are marked either by absence (A,C) or presenc%rs]tjalgﬁgmgztgg;? partitions in our accompanying paper (Zecca

(B) of GFP expression. Cells expressing both Amfetac? and

GFP appear yellow. (A) EGPRexpressing cells can form an ectopic i L .
D compartment within the V compartment. Note that only some ceIIsThe rt10tum WmeISUbd'\."sgn‘ Ccl)ntlnuous .
within the clone expressp-lacZand form the ectopic D maintenance ot Iroquols Lomplex gene expression

compartment, and that the ectopic D compartment is encircled by a Prospective notum cells are distinguished from wing cells by
stripe of Wg-expressing cells that flank the ectopic DV boundary.  the activity of the Iroquois Complex (Iro-C) genes (Diez del
(B) Early-induced Ra&2-expressing clones autonomously express Corral et al., 1999). Our results demonstrate (1) that activation
apand form an ectopic D compartment. (C) Late-induced Rho-  of EGFR/Ras pathway is both necessary and sufficient to drive
expressing clones fail to induce ectopic Ap expression, but still retaifyq_c gene expression in wing disc cells, and (2) that wing disc
the ability of inducing ectopimirr-lacZ expression within the cells persistently monitor their level of EGFR/Ras input and
presumptive wing hinge. are allocated to the wing or notum primordium on an ongoing
basis, depending on the level of EGFR/Ras input they receive.
did not expressp-lacZ However, some ventrally situated This means that the wing-notum subdivision is not a stable
clones included a discrete subset of cells that ectopicalljompartmental partition between differently committed cell
expressedap-lacZ and induced cells along thep®N-ap®FF  types, but rather a labile demarcation that reflects the current
interface to express Wg (Fig. 8A), as expected ifajpacz-  distribution of an instructive EGFR ligand.
expressing cells formed an ectopic D compartment. We infer Despite the provisional nature of the wing-notum
that these subpopulations of ectopjw-lacZexpressing cells segregation, the boundary between the two primordia is
derive from cells in which the level of ectopic EGFaetivity  relatively straight and sharp. By manipulating EGFR/Ras
exceeded a crucial threshold necessary to actiegie signaling, we show that presumptive notum cells that lose the
expression. Hence, we conclude that early, ectopic EGFBapacity to maintain Iro-C gene expression sort out of the
activation is sufficient to activate ap expression and recruit cellsotum primordium. Conversely, presumptive wing cells that
to become D compartment founders. ectopically activate the Iro-C genes sort out of the wing
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primordium. Similar results have been obtained by altering IroHence, it has been proposed that the deployment of these genes
C gene function directly, rather than through the manipulationeflects a fundamental partitioning process reiterated in most
of EGFR/Ras signaling (Diez del Corral et al., 1999). Takemr all body segments (Calleja et al., 2000). However, our
together, these results suggest that Iro-C gene activity, undanalysis reveals significant differences in the way that the Iro-
EGFR control, programs prospective notum cells to have @ genes are deployed in the wing disc compared with the eye-
different affinity from prospective wing cells, thereby antenna disc, the only other context in which an equivalent
straightening and sharpening the boundary between the tvemalysis has been performed. First, during eye development,
primordia. Further support for such a mechanism comes fromno-C gene expression is not governed by persistent signaling,
our experiments in which we generated clones of cells thah contrast to the wing disc. Instead, these genes are heritably
ectopically express an activated form of Spi, an EGFR ligandctivated early in eye development and behave as classical
in the prospective wing hinge. All of the cells within theseselector genes, performing a role that corresponds in most
clones express the Iro-C genes and interdigitate freely wittespects to that @fpin the wing (McNeill et al., 1997; Cho and
neighboring wild-type cells that are also induced to express théhoi, 1998; Dominguez and de Celis, 1998; Papayannopoulos
Iro-C genes. However, cells located further away do not receivet al., 1998; Cavodeassi et al., 1999; Yang et al., 1999;
sufficient Spi to activate Iro-C gene expression and these for@avodeassi et al., 2000; Pichaud and Casares, 2000). Second,
a smooth boundary encircling the ectopic Iro-C-expressingro-C gene expression is activated in the eye disc by Hedgehog

cells. and Wingless signaling, rather than by EGFR signaling
o (Cavodeassi et al., 1999). Thus, it appears that the Iro-C genes
Other non-compartmental partitioning events are activated by different signals and govern different types of

The subdivision of the wing disc into wing and notumpartitioning events in these two contexts, raising the possibility
primordia resembles that of several other non-compartmenttiat their deployment in other segments, and at other stages,
partitioning events that are correlated with the activation ofmay reflect similarly diverse inputs and developmental roles.
other ‘selector-like’ genes such par, tsh hth, vg, DIl, dac ] )
andey (reviewed by Mann and Morata, 2000). In most cases! he DV compartmental segregation: heritable
the selector-like gene is expressed, or upregulated, in &ctivation of apterous
relatively well-defined domain in response to knownAs in the case of the Iro-C genes, we demonstrate that
extracellular signals, such as Wingless (Wg) ancEGFR/Ras signaling is both necessary and sufficient to activate
Decapentaplegic (Dpp) (Zecca et al., 1996; Kim et al., 1997pexpression in early wing disc cells. Furthermore, we provide
Lecuit and Cohen, 1997; Neumann and Cohen, 1997; Casamddence that each wing disc cell chooses to express, or not to
and Mann, 2000), and in some cases ([@lgin the leg disc expressap at this time, depending on its level of EGFR/Ras
andpnr in the notum), the activity of the selector-like gene isactivation. However, in contrast to the Iro-C genes, the
known to regulate cell affinity (Gorfinkiel et al., 1997; descendents of each cell then inherit this initial choice without
Campbell and Tomlinson, 1998; Wu and Cohen, 1999; Callejurther reference to EGFR/Ras signaling. The results of
et al., 2000). Thus, the wing-notum segregation may reflect @iminating EGFR/Ras activity before the establishment of the
general mechanism for maintaining discrete regional primordiBV compartments are particularly striking. Early loss of EGFR
based on cell position rather than on cell ancestry. activity causes dorsally positioned cells within the disc to
The notum primordium, once established by the activatiowhoose, incorrectly, to become V compartment founders. These
of Iro-C gene expression, is itself subdivided into distincicells and their descendents generally sort into the existing V
lateral and medial primordia by the localized activity ofthe  compartment or out of the disc epithelium. In rare cases, they
gene.pnr encodes a transcription factor that represses Iro-€an form an ectopic V compartment within the D compartment.
gene expression and specifies medial as opposed to lateByl contrast, later loss of EGFR activity has no effect on the
notum differentiation (Calleja et al., 200@nr activity also DV compartmental segregation. These findings confirm and
causes medial cells to adopt a distinct affinity that preventextend complementary results recently reported by Wang et al.
them from mixing with lateral cells (Calleja et al., 2000). It is(Wang et al., 2000), and establish that EGFR signaling is
tempting to speculate thphr expression, like that of the Iro- responsible for establishing the D and V compartments through
C genes, is governed by EGFR signaling, e.g. being activatéde heritable activation ap.
at a higher threshold concentration than the Iro-C genes, andAlthough the Iro-C andpgenes are activated in overlapping
hence in a smaller, more dorsally restricted domain. Howevedorsoproximal sectors of the early wing disc, the domaapof
we find that cells do not require peak levels of EGFR/Rasxpression expands relative to that of Iro-C gene expression
activity to remain and develop normally within the medialduring subsequent development, causing the DV boundary to
primordium. Conversely, enhanced activation of the EGFR/Rase positioned up to 30 cell diameters ventral to the notum-wing
pathway does not appear to cause lateral cells to sort into theundary. We suggest that this shift occurs becase
medial primordium or adopt medial characteristics (e.g. thexpressing cells no longer depend on EGFR/Ras input to
loss of Iro-C gene expression). Instead, it seems pthat continue to expresap. Hence, asp-expressing cells within
expression and subdivision of the notum into medial and lateréthe notum primordium proliferate, some will move out of range
domains may depend on other signals, such as Dpp (Sato aosfdthe instructive EGFR ligand, cease to express Iro-C genes
Saigo, 2000; Tomoyasu et al., 2000). and enter the wing primordium. In the accompanying paper
The relationship betweemr and the Iro-C gene expression (Zecca and Struhl, 2002), we provide evidence that this shift
in the notum is conserved in corresponding dorsolateral andust occur in order for D and V compartment cells to interact
dorsomedial regions of most of the adult segments, as well &3 induce Wg and stimulate wing growth and differentiation.
in the embryonic and larval ectoderm (Calleja et al., 2000). Our results raise intriguing questions about the mechanism
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of ap activation. For example, EGFR signaling induegs wing blade development and specifying proximal wing identities in
expression only during a discrete window of opportunity Drosophila.Developmeni27, 1499-1508. _
during the second larval instar, even though EGFR signaling?/edeassi, F., Diez Del Corral, R., Campuzano, S. and Dominguez, M.

L T . (1999). Compartments and organising boundaries in the Drosophila eye: the
both precedes the initial activation a@fp and continues role of the homeodomain Iroquois proteiBevelopmeni26, 4933-4942.

thereafter. What makes thap gene responsive to EGFR cavodeassi, F., Modolell, J. and Campuzano, $2000). The lroquois
signaling only during this early window of opportunity? In homeobox genes function as dorsal selectors in the Drosophila head.
addition, the state cdip gene expression during this period, _Development27, 1921-1929.

(A Coger Gl ; ; Cho, K. O. and Choi, K. W.(1998). Fringe is essential for mirror symmetry
whether ‘on’ or ‘off’, is inherited for the remainder of nd morphogenesis in the Drosophila dyature396, 272-276.

development. How are both states of expression renderegdien. 5. McGuffin, M. E. Pleifle. C., Segal, D. and Cohen, S. K1992).
heritable? It is possible that a temporal signal, such as a fluxapterous, a gene required for imaginal disc development in Drosophila
of a unique combination of hormones (for example, ecdysone encodes a member of the LIM family of developmental regulatory proteins.
and juvenile hormone) or the unique prior history of signaling, Genes Des, 715-729. . -

- f . - - ahmann, C. and Basler, K.(2000). Opposing transcriptional outputs of
events in the early wing (_1|sc, m_lght prime ﬁiﬂ locus for Hedgehog signaling and engrailed control compartmental cell sorting at the
activation by EGFR signaling during this period. The state of prosophila A/P boundargell 100, 411-422.
expression chosen during this period might then be maintaineshaz-Benjumea, F. J. and Cohen, S. M(1993). Interaction between dorsal
subsequently by mechanisms involving positive autoregulation gﬂd Veg_}falc C”egg ;f;lt';zzlmagmal disc directs wing development in

‘ ’ H H H H rosopnila.Ce ) - .
go'{ the bog State) ?r. her:ctabtlﬁ S‘”%r)cmg mi'dlated byhtheDiaz-Benjumea, F. J. and Cohen, S. M1995). Serrate signals through Notch
olycom roup proteins (for the ‘off’ state). However, there to establish a Wingless-dependent organizer at the dorsal/ventral

is little evidence at present to support these speculations an@ompartment boundary of the Drosophila wilpvelopmentl21, 4215-

the actual mechanisms remain unknown. 4225.
Diaz-Benjumea, F. J. and Garcia-Bellido, A.(1990). Behaviour of cells
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