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ABSTRACT

1u Drosophils, the Hasl gene is required downstrean: of receptor tyrosine kinases for correct eye
development, embryonic patterning, wing vein formation, and border cell inigration. Here we (haracter-
1ze a Pelernent aflele of Rasl, Ras P, that affects viabilily, eve morphogenesis, and carfy and fule stages
of cogenesis. Flies traushelerozgyous for Ras’™ and existing EM&-induced Ras! alleles are visble and
exhibit & range of eye and eggshell defects. Differences in the severity of these phenotypes in different
ussues suggest that there are altelespeatic effects of Ras? in development. Analysis of rescue construcs
demonsteates 1hat these differental phenotypes are die 10 loss of finction in Res? alone and not duc
to effects on neighboring genes, Fernales mutant at the Ras? jocus lay eggs with reduced or missing
dorsal eggshelf structures. We observe dominant interactions between Ras! inutanis and other dorsoven-
wral pathway mutants, including Hgfv'™ and gurken. Rasl is also epistatic 10 K10 Unlike Egfi™ and gurken
mutants, however, Rasi females are noderately fertile, laying eggs with venuralized eggshells 1har can
hatch normal larvae. These resnles suggest that Res? may have a different requirement in the paiterning

of the eggshell axis than in rthe parterning of the embryonic axis during oogenesis.

T HE Ras protein is 2 member of a highly conserved
farnily of GTPase proteins that functon in signal
transduction pathways in a wide variety of organisms
and developmental processes (BOGuskl and McCor

amick 1993). Originully identified as an oncogene, Ras

has since been found o be important for cell prolifera-
tion and differentiation as a. conserved component
downstream of receptor tyrosine kinases (RTKs) (Moo
DiF and WorkMan 1994). In recent years, the combined
evidence from genetic and bicchemical investigation
has jed to a2 model for RTK activation of Ras that feads to
sibsequent activation of the mitogen-activaled proten
{MAP) kinase cascade {reviewed by MoCoORMICK 1984},
The aurent model postolages that hgand binding to a
RTK resolss m antophospherylation of gyrosine resi-
dues. These phospho-tyrosine residues then serve as
binding sites for a class of SH2ZSH3 domam-containing
adapter proteins that include Drk {Downstream of re-
ceptor Kimase), the Drosophila homologue of the
Grb2/Semb proteins (OLIVIER & ol 1993; SivMowN o al
1993}, Drk is thought to bind activated RTKs through
115 SH2 domain while interacting with a guanine nucleo-
tide exchange factor, Son-of-seveniess, via i1ts SH3 do-
miains. These interactions serve to translocate the Sos
protein to the plasma membrane where it can stinuilate
tlie excliange of GDP for GTP on Rasl. The hinding
of GTP by Rasl activates Rasi and leads to the binding
and localizadon of Raf at the plasma membrane. Raf

(orresponding author: Celeste A, Berg, Departmnent of Genetics, Box
BHTRG0, Universilty of Washington, Seattle, WA 88165.7360.
E-suail: berg@genetics.washinglon.edu

Cenctics 144 14B-1557 {December, 1996}

becomes activated and initiates a Kinase cascade begin-
nipg with the phosphorylaton of MEK (MAP kinase-
kinase encoded by Dsor?}. MEK in tum phosphoryiates
MAP kinase {encoded by the rolled gene), which then
translocates 1o the nuclens and phosphoryvlates the ap-
propriate transcription factors; these directly indnce a
gene response {reviewed n MARSHALL 1994).

In Drosophila, much of the original understanding
of Ras signaling grew ont of work on the Sevenless {Sev)
RTK, which finctions 1 eye development (reviewed
by WassarMan et al. 199%), and the Torso (Tory RTK,
regaired for terminal differentiation of the embryo {re-
viewed by DUFFY and Perramon 1994), Additional inves-
tigation has demonstrated the importance of Ras signal-
ing downswream of the Drosophila hemologue of the
epidennai growtly factor receptor (Egfr). Uniike the
highly restricted foanctions of Sev and Tor, however,
Egir is uiilized repeatedly in Drosophila development;
Egfr mntations affect the eve (Ellipse, Egfr™) (Bakrr
and RUBIN 19923, the wing, the embryvonie ventral mid-
tine (faint little ball, Egfr™) (PRICE ef al 1989; SCHEITER
and SHiLo 1989, Criprorn and Scarirsacy 1892, and
the specification of primary axes of the eggshell and
embrye {torpedo, Egfr™} (reviewed in MunN and StEw.
Arn 1995; Ray and Scrienacn 19963, Recent evidence
suggests that the Ras signaling pathway may operate to
sompe extent in all of these processes. Mosaie analyses
demonstrate that Drk, Sos, Rasl, Raf, and Rolled mre
required downstream of Egfr in the epidermis {Diaz-
Bex|UMEA and HAFEN 1994}, and in cogenesis, Raf and
MEK have been shown 1o be inveived in dorsoventral
axis specification downstreamn of Egfy in the follicle eells
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{BranD and PErRIMON 1994; Hsu and PERRIMON 1004),
These studies ralse important questions about Egfr and
Ras signaling. Does Egfr signal exclusively through the
Ras pathway in Drosophila developmens? Is this path-
way conserved from tissue to tssue?

To answer these questions, we examine the role of
Rasi and Egir signaling in the establishment of the
dorsoventral axis during Drosophila oogenesis. Previ-
ous studies have dermonstrated that multple signaling
events contribute to the establishment of dorsoventral
polarity. Barly in cogenesis, Gurken (Grk), the pre
sumptive ligand for fgfr, signals from the germiine to
specify the fate of the posterior follicle cells. A subse-
quens signal hack to the oocyte ieads (o the reorganiza
tion of the cytoskeleton within the gern cells, a key
process that is responsible for the ultimate creation of
the anterior-posterior {A-P} and dorsoventral (D/V)
axes of the cmbryo {(GONZ'ALEZ-REVES ¢ al 1995; ROTH
ef al. 1995,

In later stages of oogenesis, the Grk-Fgfr signaling
pathway is required to spccify the identity of the dorsal
follicle cells. These cells go on to secrete the dorsal
structures of the eggshell, including the dorsal respira-
tory filaments, or dorsal appendages. I addition to the
visible onter structures of the cggshell, these somatic
follicle cells are thought to deposit into the inner vitel-
Hne membrane a gradient of molecules that is later
used to correctly establish the dorsoventral axis of the
embryo, A candidate protein for such a prepattern mol-
ceule is Nudel, a transmembrane protein whose exproes-
sion pattern is reguiated hy Egfr signaling (HONG and
Hastizmoro 1985). The estazblishment of ths prepat
tern pradices an extraembryonic activity in the ventral
portion of the perivitelline space that leads to the local-
ized processing of Spatzie protein, the presnmptive -
gand for the Toll receptor (MORISATO and ANDERSON
1994; SCENEDER et al. 1994). Locally processed Spiatzle
activates Toll, eventually resulting in the nuclear import
of Dorsal, the ventral morphogen {(reviewed by Crasax
and AnDERsON 1983}, The linkage between eggshell
and embryonic axes is evident in analysis of loss-of-func-
tion mntations in grk and Egfr; defects n these gences
lead 1o expansion of ventral tissues in both the eggsheli
and the embryo,

In a search for other components involved in dorso-
ventral patterning during oogenesis, we have isolated
and churacterized the first viable allele of Rasi, Ras17,
Ras! mutant flies lay eggs that completely lack dorsal
eggshell structures, but these eggs hatch normal larvae
at high frequencies.

MATERIALS AND METHODS

Fly stocks and culture media: Flies were maintained
on standard medium at 25° unjess otherwise indicated,
Embryos were collected on apple juice agar plates at
25°. The Rasl’™ line was generated in a PllucZ, m'"]

mutagenesis sereen conducted in the Iaboratory of AL-
LAN SPRADLING (KARPEN and SprADLING 1992). Ras?™™™,
also known as §5D3703 or f5(3) 3703, contains a single
PliacZ, n"] element at 85D10, The excision alleles
RasI*™, Ras1™", RasI*“*®, and Ras!*™'" were gener-
ated hy mobilizing the Pelement in the strain Rasi”™.
Ras P Ras I (S1MON ¢ ol 1991), RasPH™% ynd
Ras 0™ By g and BisHop 1993) are lethal, EMS-
induced alleles of Rasl. The HSP-RIbF rescue line was
generated by Ezex o el (1994). 1op’'™ (Egf™) (Prick
el ol 1989y, g™ (Scutppacy 1987) and (1K1
{(Wimscnaus e al. 1978) were provided by Trupt ScHOP-
saCH. DASR) 10 (85D8-11; 85E10-13) was oblained
from the Bloomington Stock Center. Canton-8 was used
as a wild-type control.

Microscopy of egg chambers, embryos, and eyes: O-
varies were fixed according to Coorey a el (1992). To

. visualize cell nuclei, ovaries were stained in phosphate-

huffered saline {(PBS) plus 1 ng/mi DAPL {4,6-diamid-
ino-2-phenylindole} for 1¢ min. Individnal egg cham-
bers were dissccted and mounted in glycerollPRS (113
and examined using differential interference contrast
optics on a Nikon Microphot FXA, Cuticles were pre-
pared for microscopy essentially as described by
WIESCHAUS and NOUsSSLEIN-VOLuarp {1986). For scan-
ning eleetron microscopy (SEM) ol iy eyes, flies were
stored a2t —70° and then shadowed according to stan-
dard methods. SEM mages were generated hy Liz
Carpwerl at the Fred Hutehinson Cuancer Rescarch
Center.

Excision screen: Isochromosomal strains were gener
ated ir: which either sbd or co and sbd were recombined
onto the Rast’™ chronioseme as markers, These strains,
designated Ras?”™* and Ras1”"™ respectively, were then
ised separately but identically to generate excision lines.
For example, Rasl”'” PllacZ, ry" 1(85D10) v cuc sbd/
TM3, n™ Sb males were crossed to ™ 88 Pln®, A2
1998/ TMS (ROBERTSON ¢ of 1988) females en mass,
In the subseguent generation, males were selected con-
taining ' Sb Flry', A231(99B)/Rasl™”  PliacZ,
" 1(85D10) 17" cv-c sbd, and two such males were mated
to Tive 1%/ TMS, 1y Sbvirgins per vial for a total of 100
crosses. In the next generation, excision of the Pelement
was identified hy loss of the 1v" eye color marker, vielding
flies of the genotype Rasl™ ™ co-c shd/TM3, o™ Sb.
At most, two 177 males were selected from each ol the
100 crosses and mated individually to virgins of the starg
ing strain, RasI”"™” PllacZ, " 1(85D10) v cv-c shd/ TM3,
¥ 8b. From this cross, transheterozygotes hetween the
excision allele and the oviginnd P allele were tested for
fertility, and balanced stocks were generated for each
excision allele.

Molecudar analysis of Rasl™™ and excision lines: For
Scuthern analysis, DNA was isolated and analyzed ac-
cording to methods previously described (HOROWITZ
and BEra 19853, Blots were hybridized with probes gen-
crated from a 12-kb Xkol-Nett genomic fragment con-
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FIGURE 1.— Rasl is required early and late in oogenesis. (A and B) Early defects. At a low frequency (<5%). we observe early
oogenesis defects in Ras! mutant females including degeneration of egg chambers. (A) Wild-type ovariole stained with DAPI to
visualize cell nuclei. Arrow indicates a large, brightly staining nurse cell nucleus of a stage 10 egg chamber. Ovariole from a
Ras1”™ / Ras """ female (B). Arrow indicates punctate DAPI staining observed in degenerating egg chambers. (C=]) Late defects.
fas] mutant eggs lack dorsal appendage structures. Anterior is up, dorsal is facing out of the page. (C) Wild-type egg from a
Ras "™ /TM3 mother: note prominent dorsal appendage structures. (D) Severe Ras] eggshell phenotype from Ras1’™/ Ras1”™”
female. Few eggs are laid and those produced have only a patch of chorion instead of the dorsal appendages. Overall egg shape
appears normal and only one micropyle is ever observed. (E) Example of a moderate Ras] phenotype. RasI™'™ eggs have some
dorsal appendage material, usually a short single appendage as pictured here. The phenotype can range from a smaller nub to
a longer single dorsal appendage. Wild-type dorsal appendages are never observed. (F) Weak Rasl phenotype. Ras!™'™ females
lay eggs that range from wild tvpe to those exhibiting a slight expansion of the chorion at the base of the dorsal appendages.
(G-]) Moderate Rasl eggshell phenotypes observed in heteroallelic combinations between Rasl™™ and EMS-induced Rasl
mutations: (G) Ras1’™/Ras1"™, (H) RasI’™/ Ras1"™"", (1) Ras1’*”/ Rast™""", (] ) Ras1’™”/ Ras1"***. Every egg from females

of this genotvpe has a single dorsal appendage.

taining Ras! (SIMON ef al. 1991) and from a 3" Pelement
clone (Horowrtz and BERG 1995). For plasmid rescue,
the genomic DNA surrounding the Ras!™” PliacZ,
' 1(B5D10) insertion was recovered much as described
in ASHBURNER (1989) except that electrotransforma-
tion using a Bio-Rad Gene Pulser was emploved. Se-
quencing of the genomic DNA bordering the P-element
insertion was carried out by the dideoxy chain-termina-
tion method using reagents from US Biochemicals.

In vitro mutagenesis and P element-mediated germ-
line transformation: A 5.5-kb EcoRI fragment con-
taining Rasl, RIbI and Ricl was subcloned from the 12-
kb Xhol-Notl genomic fragment (SIMON ¢f al. 1991) into
pBlueScript KS (Stratagene). All three rescue elements
derive from this 5.5-kb fragment. The positive control,
pR5.5, was generated by cloning a 5.5-kb Xhol-Baml frag-
ment into the pCaSpeR4 vector (THUMMEL and PIRr-
ROTTA 1992). For the other constructs, in vitro mutagen-
esis of the Rasl and Rlb1 genes was carried out using
the Promega Altered Sites II kit. Briefly, a Xhol-Baml
fragment was subcloned into the pAlterl vector, a

primer containing the mutagenic change annealed, sec-
ond strand synthesis completed, DNA transformed into
Escherichia coli and then putative clones screened by se-
quencing the pertinent region. The pR5.5ARIbl con-
struct was created by deleting a nucleotide at position
9 in the open reading frame of RlbI (ATG GAC AGA
TTG AAA) resulting in a frameshift that should pro-
duce a three-amino acid peptide. The pR5.5ARas] con-
struct was created by deleting a nucleotide at position
12 (ATG ACG GAA TAC AAA), similarly resulting in a
frameshift predicting a peptide of three amino acids.
Mutant inserts were subcloned into pCaSpeR4 and se-
quenced across the mutation again before injection.
P element-mediated transformation was carried out as
described (RUBIN and SPRADLING 1982; SPRADLING and
RUBIN 1982).

RESULTS

5703 contains a P{lacZ, ry'] element in the 5 region
of Rasl: In a Pelement mutagenesis screen described
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in KARPEN and SpranLinG (1992}, we recovered a semi-
lethal, female sterile mutant line designated 5703, In
situ hybridization mapped the insertion to 851316 on
the right arm of the third chromosome, the approxi-
mnate cytological position of Ras! (NEUMAN-SILBERBERG
et al. 1984}, and eve phenowpes associated with the
mtation were consistent with a known fimetion of Rasi
in the fly (SiMoN o al 1991). Sibsequent Sonthern
analysis suggested that the 5703 line contained a Pele-
ment inserted i the B regnlatory region ol the Rasi
gene (data not shown}. Using plasmid resaie, we iso-
lated genomic DNA flanking the 5 end of the P ele-
ment {See MATERIALS AND METHODS), and sequence
analysis demonstrated that the P element s located 28
bp ipstream of a putative Rasf wanscription start site as
determined by cBNA analysis (EzEr of ol 1994}, These
ohservations are consistent with the hypothesis that the
3703 element disrupts expression of the Bas? gene, and
genetic tests (described below) firther support this con-
clusion, We therefore renamed this line Rasl™™.

Eggs from RasI’™” flies have defects in early cogen-
esis and lack dorsal appendage structures: Since ex-
isting nintations in the Ras! gene arc lethal, RasI”™”’
provides the first opportunity o characterize the adult
phenotypes of Ras! mutants directly. Females homozy-
gous for the Res?”™ mutation exhibit botl early and
late stage oogenesis defects, A low percentage of egg
chambers Itom any given mutant female degenerate,
generally between stages 8 and 10. This degeneration is
characterized by the loss of distinct cellular morphology
within the egg chamber and punctate DAPT staining
of nurse cell miclei {arrow in Figure IB). At a lower
frequency (<1%), we observe egg chambers that con-
tain too few nurse cells or fail 1o correctly position the
developing oocyte within the egg chamber (data nos
shown}. In addition, flics carrying 5703 in frans (0 a
deficiency for the region have rudimentary ovaries.
These results suggest an essential role for Rasi in early
oogenesis.

All late-stage egg chamibers from Ras!™ females lack
dorsal appendage structares and possess only a patch
of chorion centered on the dovsal midline {Fignre i1},
Few eggs are laid. The reduction in dorsal appendage
material is a characteristic of ventralizing anstasions,
e.g., grkand Egfi, that redice the number of cells adopt-
ing the dorsal follicle celi fate. Thus, the eggs produced
by Ras1’™ appear ventralized with respect fo the dorsal
appendage serctures, but at the same thine their overall
shape is nonnal; these eggs are approximately the same
length as normal eggs and possess a veniral sarface that
is longer than the dorsal surface.

Generation and characterization of excision alleles of
the Rasi’ ™ line: To expand the spectrum of phenotypes
available for analysis, we mobilized the P element in
Rast’™ 10 generate additional alleles. We crossed in a
sowce of ransposase, A2-3 {ROBERTSON o al. 1988}, and
screened flies for Joss of the rv' marker contained in

TABLE 1
Measure of viability of Ras! mutant alieles

Genotype % Viability® r
370373703 .54 3815
Dit/5703 .13 1HO8
ixd 3b/ixl 3b 48 1053
ACI /5703 ] 98
NCAOF /5703 ] 04
ACITh/EG2K" 0 116
ACHOB/EB2K 0 91
D38NY/5703 55 464
FEa2K/53703 5% hh%
suftor)341°/5703 i9 432G
suftor}t04 /5703 9.7 346

* Percentage viability is based on the number of observed/
number of expected flies. The number of +/ Ras I sibling flies
was used o calculate the number of expected Ras? /Rasi”
fhes,

"Lethat excision aliele,
*Lethal EMS-induced Rasl allete.

the 3703 Pelement. OF 134 rv7 lines established in this
manner, 56 {48%) are fizlly viabic and fertile and repre-
sent une revertans of the phienotype, evidence that the
mnation in the Ras!”™ line is due to insertion of the
P element. The remaining lines consist of 30 lethals
{22%), 21 semilethals similar o the swarting strain
{16%), and 17 phenotypically weaker alleles (18%).

Each excision ine can be classified according to its
viability and eggshell phenotype, resulting in a simple
phenoypic series. Fusthermore, the severity of the ak
fele correlates with the molecular lesion. The strongest
alicles are lethal and contain defetions of flanking BNA;
examples include Ras1*%'” and Ras 1 (Table 1; Fig-
ure 23. Moderate alleles sich as RasI™' ™ are viable, and
homozygous femnales lay eggs that possess a single dorsal
appendage or a short nub of chorion material along
the dorsal midiine (Figure 1E). RasI™™ results from an
internal deletion of the P element, retaining 5.6 kb
(Figure 23 of the original 15-kh transposon. The weak-
esl excision lines are similar to the wild type, but some
eggs from these females have slightly defective chorions
as evidenced by mmusually close spacing and slight
enfargement of the bases of the dorsal appendages
(Rasi®'®, Figure 1F}. Genetic tests confirm  that
Ras1** is a hypomorphic aliele; more severe plieno-
types becoine apparent when RasI™* is placed in trans
to a deficiency (Figure bB). Consistent with the weaker
phenotype, Ras1™%" consists of a large internal defetion
of the P element, rewining 2 kb of the transposon se-
guence {Figure 2).

Flies carrying P elernent/EMS-induced alielic combi-
nations exhibit eggshell and eye defects: We character
ized the phenotypes of Hies carrying Ras”™ in trans 10
existing EMSinduced mutations in Ras!? (SIMON of al.
1991; Dovee and Biseopr 1993). All of thiese transhetero-
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Fioure 2.-—Molecular map of the Ras? region and P element alleles, (A} Rasl, Ribi, and Rlcl, characterized by Ef¥r o ol, (1994},
are contained on a 5.5kb HeRI fragment. The direction of transcription 18 indicated by arrows, and the position of the 3703 P
efernent is indicated below the solid line with an arrowhead. Rasi™™ and RasI*'* are excision alleles generated from RasP™ they
contain internai deletions of the Pelernent sequence in wlhich only 5.6 and 2 kb, respectively, of tmansposon sequience remain, AC40b
and AC17b are lethal delesions of the Ras! region. The lines indicate the approximale extent of genomic DNA deleted. By Southemn
analysis, AC40b contains a deletion of the Rusi open reading frame (HOU of af 1995). AC1TH contaius a deletion 5 of Ras! that
extends through RibI. The extent of the deletion is not known. Some Pelement transposon sequence ay remain, (H, MindH] and
E, EcoRT) (B} Position of the 57G3 P element at the sequence level The Pelement is 28 bp upstrearn of the putative transcription
seart site as determined by eDNA analysis (EZER of ol 1994) and 306 bp from RibI. Although the Ros! gene does not appear to have
a TATA sequence, it does possess two transcriptional regulatory sequences: 3 DNA replication related elerwent (DRE), tatcgaa at
3543, and an inltation sequence, teattt, near the predicated tanscription start site, The DRE sequence has been found in a number
of Drosophila genes and shown to be fportarit for the transeriptional regulation of DNA polymerase @ and profiferating cell nucleas
antigen (FIROSE ef al 1993; MATSURAGE ¢f ol 1996). The initimor (Iny) or cap-site sequence ratches with the Drosophila consensus
Inr sequence, TCA®/7TT/,, found in both TATA-containing and TATAless promoters (HULTMARK #f of. 1986; PURNELL of al 1994;
ARKHIPOVA 1995). Arrows indicate direction of transcription, smail letters indicate untranscribed regions, capitals indicate transcribed
regions, dashed underiines indicate untranslated regions, solid underlines indicate wransiated sequence with three asterisks indicatiog
initiation of A} 1ranstation. The numbening and molecular characterization i based on FZER @ al (1994). The position of the P
element is indicated by ¥,

zygous individuals exhibit cogenesis and eye pheno iting only a patch of chorion instead of dorsal append-
types consistent with a role for Rasl in these processes, ages. The eggs from Ras!®*/RasI”% females exhibit
Three of the four heteroallelic combinations lay eggs a weaker phenotype in which a single dorsal appendage

with severely disrupted eggshells (Figure 1, G-I, exhib- is present on the midline (Figure 1}}.
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FIGURE 3,—S5canning electron micrographs of eves. (A)
Wild-type eye (Ras1’™ sbed/TM3, Sb). (B) Slightly rough eye
from RasI™™ sbd/ Rasl’™ sbd fly. These eyes appear nearly
normal under the dissecting microscope. (C) More extreme
rough eye from Rasi’/Ras1"™ fly. These flies exhibit a
noticeable rough eve when viewed under the dissecting micro-
scope. (D) Extreme rough eye exhibited by Rasl”™/ Ras1"***
fly. Array is disrupted and there is an increased frequency of
fused ommaridia.

The severity of the eye phenotypes in these animals,
however, does not correlate with the eggshell pheno-
types. The strictly ordered array of ommatidia present in
wild type is slightly disrupted in Ras!’™ homozygotes
and the heteroallelic lines Ras1”7™/ Ras 177, Ras 1"
Rasl’”, and RasI""""/RasI’”. In contrast, Ras!""*/
Ras1™" animals exhibit extremely rough eyes. We exam-
incd these differences more closely by employing SEM.
Analysis of flies with slightly rough eyes reveals a small
number of fused, missing, or misplaced ommatidia (Fig-
ure 3, B and C). Ras!"*/RasI’™ flies exhibit an in-
creased number of fused and misplaced ommatidia com-
pared to the other allelic combinations (Figure 3D).
Thus, the Rasl™/Ras1™ flies exhibit the roughest
eyes, vet have the highest viability and weakest eggshell
phenotype of the heteroallelic combinations character-
ized. These observations suggest that there are allele-spe-
cific effects of Rasl in development.

Since all four of the EMS-induced Rasl alleles are
lethal, while the RasI’™ allele is semilethal (viability
=1%) (Table 1), we expected that heteroallelic combi-
nations between the EMS alleles and the P allele would

be semilethal. We were surprised to find, however, that
flies carrying these combinations of alleles eclose at
significantly higher than expected frequencies (Y-
55%) (Table 1). Work by EzER et al. (1994) has defined
two other transcripts in the vicinity of Rasl, RlbI and
Rlel. RibI and Rasl are divergently transcribed and are
separated by a 334-bp region (Figure 2). Given the prox-
imity and orientation of the RIb1 gene to the 5703 inser-
tion site, the observed partial complementation could
be explained by hypothesizing that RasI”" isa complex
mutation affecting the levels of both Ras! and RibI
mRNAs. To test the involvement of RIbI in the Ras] ™™
phenotype, we designed rescue elements that would
restore either RIBI Tunction alone or Rasl function
alone (Figure 4). First, we tested the 5.5-kb EcoRI frag-
ment containing Rasl, RlbI, and Rlel (pR5.5) and
showed that it completely rescues the RasI™™” mutation,
restoring viability (Figure 4) and proper ovarian devel-
opment (data not shown). We then attempted to rescue
the Ras1®™* phenotype with a construct containing Ricl
and Rib1, but lacking Ras! function (pR3.5ARasl). To
retain all the regulatory elements that might be neces-
sary for RIbI expression, we used the 5.5-kb EcoRI frag-
ment and engineered a single nucleotide deletion early
in the Rasi coding region (Figure 4 and MATERIALS AND
METHODS). This change is predicted to cause premature
translational termination and the production of a non-
functional three amino acid protein. We examined four
independent insertion lines of the RibI™ Rasl™ rescue
construct and found no measurable change in the
Ras1”™ phenotype. To verify this result, we used an
hsp70 promoter-Rib1 construct (EZER ef al. 1994) as an
alternative source of Rlbl product. Test animals were
heat shocked daily, but no amelioration was observed
in the Ras1”™" phenotype (data not shown). The obser-
vation that RIbI alone cannot rescue the semilethality
or oogenesis phenotypes of Ras1’™ flies argues that
these phenotypes are due entirely to a reduction in
Ras1 activity. To strengthen the conclusion that Ras1™™"”
only affects the levels of Rasl mRNA, we designed and
tested a construct that would only rescue Ras/ function
and not Rib1 (pR5.5ARIb1; Figure 4). Full rescue of all
Ras1™™ phenotypes was achieved with two independent
transformant lines, These results demonstrate that, at
least for the viability, eye, and eggshell phenotypes we
have examined, only Ras/ is affected in the Ras’7”
line.

Egf™ dominantly enhances a Rasl mutant pheno-
type: To understand the role of Rasl in development
more fully, we asked if mutations in the Rasl gene inter-
act with Fgfr mutations. We focused our efforts on ana-
lyzing the process that establishes dorsoventral polarity
in egg and embryo. Since previous studies indicated
that Ras signaling is sensitive to dosage effects (SIMON
et al. 1991), we reasoned that if Rasl were operating
downstream of Egfr, removal of just one copy of Lgfror
grk in a Rasl background would result in an enhanced
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5703
Rescue of Ras1

Genotype and Number of F]ias Recovered

/%/“

Rescue Construct

Rib1
Rie Ras1 0 102
pR5.5
€ H : 30 0 83 93
Rict Abt
PR 5ARas1 ,_r’;.g . 0 250 e
£ a e 0 1 188 198
Rict Fas1
a7 2 124 112
PR5.5ARIb1 Fm;\
L ) 2 35 0 84 75
1 kb

Ficure 4.—Genomic constructs and rescue results demonstrating that only Rasl is affected in the 5703 line. Rescue constructs
were made using a 5.5-kb genomic EcoRI fragment containing Ricl, Rib1, and Rasl inserted into the pCaSpeR4 vector. On the
left are the three constructs: pR5.5 is the wild-type sequence, pR5.5ARas] was mutagenized in vitro to create an early stop codon
(marked with %) in the Rasl gene, pR.).oAR]bl was mutagenized to create an early stop codon in the RIbI gene. The table on
the right contains the results of Ras!™ rescue using two mdeendcm transformant lines for each construct. The columns show
the classes of progeny prnduu.d by w/Y; P[Rescue Construct, w*)/+; Ras!™ '™ sbd/+ males mated to w; +/+; Rasl’™ ry*"*
sbd/ TM3, "™ Sb females. The w' marker was used to follow the rescue constr ucl the shd marker was used to follow the Rﬂu’ e

chromosome. pR5.5 and pR5.5ARIbI rescue the semiethality of Rasi

"7 (Table 1) and all associated oogenesis phenotypes.

pR5.5ARas] has no apparent ability to ameliorate the Rasi’" phenotype.

phenotype. First we identified a weak excision allele,
Ras1™", that produces quantities of Rasl barely ade-
quate to signal during axis determination in oogenesis.
Flies homozygous for the Ras!”'** allele lay nearly wild-
type eggs (Figure 1F). When Ras1"™'*" is placed in trans
to a deficiency for the region, however, females now
lay eggs that have a single, fused dorsal appendage (Fig-
ure HB). We then tested Egﬁ”’/ +: Ras 1™/ Ras1™"”" and
grk™/+; Ras1™'*/ Ras1™'* flies and found that such
females produce eggs with forked and fused single dor-

sal appendages (Figure 5, C and D). These results are
consistent with a role for the Ras! gene product down-
stream of Egfr.

Embryos from Rasl mutant females rarely exhibit
dorsoventral defects: Flies carrving mutations in Fgfr
or grk lay eggs that lack dorsal appendages, and the
embryos that develop within these eggs also lack dorsal
structures (SCHUPBACH 1987). Strong alleles produce
strong effects on both embryonic and eggshell pheno-
types, and weak alleles exhibit weak effects on both

FIGURE 5.—Weak eggshell phenotype of Ras 120/ Ras 1'% is domi nantly enhanced by mutations in the genes of the dorsoven-
tral pml‘mdv (A) Wild-type egg from Eg/"’/ CyO female. The eggshell phtnnu'pu pru{iuccd by Egf” (DA2R) top'™), grk, and
Ras ] mutations are completely recessive. (B) Single dorsal dppend'ﬁgc phenotype of Ras I*™'/ Df( 3R) by10. T'g[%% from these females

vary from almost wild type to that pictured. This variation is similar to that observed for (C) grk/+; Rasl”

(D) Egh”/+; RasI™"*/ RasI™"** eggs.

2/ Ras1I"'** eggs and
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TABLE 2

Maternal effect of Rasl alleles

Genotype” % hatching "
+/+ (control) 96 384
ix13b/ix13b 13 675
E62K/5703 84 510
D38N/5703 57 213
suf(tor)341/5703 40 114
suflor)404/5703 25 147

" Genotype of virgin females mated to Canton S males.

axes (RoTH and ScHUpPBACH 1994). Given this strong
correlation between the eggshell and embryo axes, we
asked what effect a mutation in the Rasl gene would
have upon the embryo. Surprisingly, a high proportion
of embryos from Rasl females develop normally and
hatch (Table 2). As many as 57% of eggs laid by
Ras1”/ Ras I’ females hatch normal larvae, and
even higher frequencies are obtained with the allelic
combination Ras1"***/Ras1’™ (84%). Since little varia-
tion is observed between eggs, all hatching larvae must
develop within eggs that lack dorsal appendage struc-
tures. The fact that Ras! mutants produce eggs with
defective chorions but are moderately fertile contrasts
sharply with Egfr and grk mutants that produce similar
egashell phenotypes but are usually sterile.

To more fully understand this difference, we exam-
ined the cuticle patterns of nonhatching eggs from
Ras1”™/ RasI’™ females. Of the nonhatching eggs that
are fertilized, 54% contain embryos with normal cuticles
(Figure 6B), while 27% exhibit normal ventral denticles
and posterior structures but are missing elements of the
head skeleton (Figure 6C). Of the remaining unhatch-
ing embrvos, 19% have defects in the anterior and poste-
rior termini, holes in the cuticle, or rarely, normal head
and abdominal structures but disordered posterior seg-
ments. Similar phenotypes are observed when un-
hatched eggs from RasI™"™ homozygous females are ex-
amined (data not shown). Although we do not detect
overt dorsoventral defects in these unhatching embryos,
two possible interpretations of these phenotypes can be
made. It is possible that the majority of the head and
tail phenotypes arise from a failure to correctly specify
the terminal segments of the embryo via the Torso path-
way, known to require Rasl (DovLE and Bisnor 1993;
Lu et al. 1993). These head skeleton defects, however,

might also be consistent with a weak ventralization of

the embrvo, and the other less frequent defects such as
disordered posterior segments support this interpreta-
tion (ROTH and ScHUPBACH 1994).

Rasl is required for the dorsalization of the embryo
by the KI0 mutation: Since the Ras/ mutants do not
exhibit the obvious embryonic dorsoventral defects ob-
served with grk/ Egfr mutants, we considered the possi-
bility that Rasl does not operate downstream of Egfr

FIGURE 6.—Cuticle phenotype of nonhatching embryvos
produced by Ras! mutant mothers. To examine the strict
maternal effect of Ras!™ on the embryo, mutant females were
collected as virgins and mated to wild-type males, then allowed
to lay eggs. (A) Cuticle preparation of an embryo from a wild-
type mother. (B) Cuticle preparation of an embryvo from a
Ras1”**/ Ras1’™ female. The embrvo failed to hatch, but
appears wild type. (C) Cuticle preparation of an abnormal
embryo from a Ras!"™/RasI”™ female. The head skeleton
failed to form properly, but there is no expansion of the
ventral denticle belts. In addition, the posterior terminal re-
gion developed normally, as the filzkdrper are clearly present.
(D, E) Nomarski enlargements of the head structures present
in embryos produced by wild-type (D) or Ras1"*"N/ Ras1’™
(E) females.

to specify the dorsoventral pattern in the embryo, but
acts only to specify the pattern of the eggshell. To test
this hypothesis, we constructed double mutants of K10
and Rasl. Mutations in KI0 result in dorsalized egg-
shells and dorsalized embryvos (WIESCHAUS ef al. 1978).
The K10 product operates in the germline to restrict
the localization of grk mRNA to a dorsal-anterior loca-
tion in the oocyte, in a cap just over the oocyte nucleus.
In KI0) mutants, grk mRNA is present uniformly along
the entire anterior cortex of the oocyte, resulting in
inappropriate Egfr signaling that leads to dorsalized
eggshells and embryos (NEUMAN-SILBERBERG and SCHUP-
BACH 1993). Double mutants of KI0; grk or KI10; top
produce eggs with ventralized eggshells and embryos
because the K10 mutant phenotype requires active Grk
and Egfr for dorsal patterning to occur. Ift Rasl is not
required for embryonic dorsoventral patterning, K1¢;
Ras! double mutants should exhibit ventralized egg-
shells that contain dorsalized embryos. If, however, Rasl!
is required for embryonic D/V patterning, K/0; Rasl
mutants should produce eggs resembling Rasl mutants
alone,

As shown in Figure 7, the K10 homozygous females
produce strongly dorsalized eggs (Figure 7A) that de-
velop into dorsalized embryos if fertilized (Figure 7D).
As expected, K10/ K10; Ras1™'/ Ras1”™™" females pro-
duce eggs with eggshells (Figure 7C) that resemble
those produced by Ras1™""/ Ras 1"*N flies (Figure 7B).
In addition, a role for Ras/ in embryonic dorsoventral
patterning is demonstrated by these studies. K160/ K10;
Ras1™"/ Ras1”* double mutant females produce em-
bryos that range from strongly dorsalized (18%, n =
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FIGURE 7.— Rasl is necessary for the manifestation of the
K10 phenotype in the eggshell and the embrvo, K10/ K10;
Ras1/TM3 females lay strongly dorsalized eggs (A) and these
contain dorsalized embryos (D). KI10/FM7; Ras™'™/ Ras 1”7
females lay eggs that exhibit a moderate Rasl mutant pheno-

type of a single dorsal appendage (B). Many of these eggs
hatch normal larvae (36%), and of those that do not hatch,
some contain embryos that exhibit normal cuticular struc-
tures (E) or that fail to fully develop a head skeleton (F).
K0/ K10; Ras1™™/ Ras1”™ females lay eggs (C) that are in-
distinguishable from Ras! mutant eggs. In addition, embryos
that develop within these eggshells resemble those from Rasl
females (G). These phenotypes range from strongly dor-
salized to weakly ventralized (H). We interprel these pheno-
types to mean that Raslis required to produce the dorsaliza-
tion caused by the K10 mutation.

85). to weakly dorsalized (19%) to almost normal with
slight head defects (30%) (Figure 7G). The remaining
27% of embryos have twisted and/or fused denticle
bands similar to those found in weakly ventralized mu-
tants. We observe these defects most frequently in poste-
rior segments (eg., Figure 7H). In addition, a small
number of eggs (0.3%) laid by KI10/KI10; Rasl™""/
Ras1”™ females {lc\'vlt:p into larvae (Table 3). We
never observe hatching larvae, wild-type cuticles, or
even weakly dorsalized cuticles in eggs from K10 mu-
tants alone, These results indicate that Ras] is required
to determine the dorsoventral fate of the embryo in
addition to that of the eggshell.

DISCUSSION

In Drosophila, genetic studies of Ras genes have
played an important role in furthering our understand-
ing of Ras-mediated signal transduction (SiMON et al.
1991; DovLE and BisHor 1993; Karim ef al. 1996). Three
Ras genes, Rasl, Ras2, and Ras3, were originally identi-
fied in Drosophila through homology to the human
Ras genes (NEUMAN-SILBERBERG ¢l al. 1984). Ras3 has
since been renamed Rapl; it is more homologous to

TABLE 3
Maternal effect of KI0;Rasl

Genotypes” % hatching "
KIO/FM7;ix130/TM3 57 169
KI0/K10:ix13b/TM3 0 731
KI1O/FM7;ix13b/D3SN 36 329
K10/K10;x1 3b/D3SN 0.3 955

* Genotype of virgin females mated to Canton S males.

the human k-revl proteins, putative antagonists of Ras
function (HARIHARAN et al. 1991). When Ras2 is acti-
vated and expressed ectopically in flies, bristle defects
can result (BisHor and Corces 1988), but transgenic
studies suggest that Ras2 cannot substitute for Rasl in
eye development (FORTINI et al. 1992). In addition, no
loss of function mutations in Ras2 have been identified,
although extensive mutagenesis has been undertaken
(HARRISON ef al. 1995). Rasl thus appears to be the
closest Drosophila homologue of the human trans-
forming Ras genes, K-ras, N-ras, and H-ras.

In this work, we present the characterization of the
first viable allele of Rasl in Drosophila, Rasi”™, Our
genetic and molecular studies demonstrate that the
PllacZ, "] element in insertion line 5703 disrupts Ras/
function. Sequence analysis localizes the P element to
a position just 5" to the putative Ras/ transcription start
site, and complementation tests are consistent with
Ras!’™ being a hypomorphic allele. The position of
the £ element outside the coding region indicates that
only the quantity and not the quality of Rasl protein
has been altered, but it is not clear how the presence
of the P element reduces the transcription of the Rasl
gene. Although Rasl lacks a TATA box sequence, it
does contain the transcriptional regulatory element,
TATCGATA, an 8-bp palindrome called a DNA replica-
tion-related element (DRE) because of its presence in
the promoters of the proliferating cell nuclear antigen
and DNA polymerase a genes (HIROSE et al. 1993). The
P element in the 5703 line resides between the DRE
sequence and the possible transcription start site of
Rasl, and thus it might impair the efficiency of tran-
scription that depends on the DRE. Alternatively, Rasl
transcription might occur independently of upstream
sequences and instead occur through the initiator se-
quence and a possible downstream promoter element
(DPE) found in some Drosophila TATA-less promoters
(BURKE and KApDONAGA 1996). We cannot locate a DPE
by sequence comparison downstream of the start site
in Rasl, but this is not surprising as previous compari-
sons of Drosophila promoter regions suggest that down-
stream sequences vary in position and sequence more
so than the highly conserved initiator and TATA ele-
ments (ArRkHIPOVA 1995; BURKE and KApoNAGA 1996).

03

... . . . g 5 -
In addition, it is not clear if the Ras!™* mutation

lowers Rasl levels in a uniform manner throughout
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development, Ras! mENAis loaded into the oocyte and
found uniformly thronghont the early embryo, but Ras/
embryonic transcription is spatially localized in later
stages of development, especially in the central nervous
system {SEGAL and SHILO 1986; EZER ef al 1994), sug-
gesting that there may be tissuespecific regulation of
expression. If the P element disrapis 4 tissue or tempo-
ral enhancer element, specific developmental processes
dependent on Rasi funetion may he adversely atfected
whije others remain unaffected,

Analysis of the genomic organizaticn of the Rasi lo-
cus revealed that Rasl is very close o RiBI and Ricl
(EzER o @l 1994). We therefore tested the peossibitity
that the 5703 P element was affecting these other tran-
scription units as well as the Ras! gene. Using rescne
constriicts designed to restore only Rib! funciion or
Ras function, we demonstrated that the 5703 pheno-
type is dne solely to the loss of Rasi. These results are
consistent with the analysis by KZFER #f «l {1994) who
shiowed that Rlbi is not ranseribed in the same tissues
as Rasl, even though these genes are separated by only
334 bp. The deletion lines generated in this study may
be helpful in genetically characterizing Rib) and Ricl
and assist in ebtaining a hetter nnderstanding of the
regnlation in this region.

The large number of adult flies obtained when the
semilethal allele Ras1’™ is placed in trans to the lethal
EMS-dnduced mutations {F62K, D3EN, 341, and 404)
remains to be explained. One possibility is that Rasi
can participate in conventional intra-alielic comple-
mentation. This phenomenon, however, would be ex-
pected to have some allele specificity, and we observe
substantiaily higher than expected viability with all four
of the EMS-induced mutations, Given this result and
the fuct that the Pelement is disrupting 2 5" regulatory
sequence, we favor a pairing-dependent mechanism
such as transvection (LEwss 1954}, Pairing-depender
complementation was originally identified for alleles of
bithorax and subseqguently found at other loci, inclading
yellow, decapentaplegic, and eyes absent {LEISERSON ¢ al
18994; reviewed by PIRrROTTA 1990). We are currently
testing the role of transveetion in mediating the excep-
tiortal viability observed in our hetercalielic lines.

Different requirements for Basi exist in different
developmental pathways: Genetic analyses of Ras! mu-
tations indicate that specific developmental pathways
respond differently to the amount of Rasl protein. For
example, thie Ras!”™ allele and the derived excision
lines exhibit niore severe defects in viability and oogen-
esis than in eye morphology. Moderate alleles exhibit
single dorsal appendage eggshell phenotypes and 50%
of the expected viability, but have ne detectable eye
phenotype. In a more severe case, Rasl>""/Df, only
0.13% of the cxpected hemizygotes eclose and such
females exhibit rudimentary ovaries. The eye morpholk
ogy, however, is only slightly more disrapted than in
RasP’™ flies (data not shown} and not nearly as dis-

rapted as in other heteroallelic combinations {see be-
iow). It may be that the levels of Rasl required for
correct eye development are less than that vequired for
oogenesis and Rasi-mediated viability functions. Alter-
natively, these differential phenotypes might be ex-
plained by the character of the Pelement mutation;
Ras1”’* may not reduce eye-specific transeription to the
degree that it reduces transcription in the follicle cells.

In addition to the differences in the amount of Rasi
required for different developmental pathways, the het-
eroallelic combinations of lethal EMS-induced alleles
and Rasl”™ suggest that developmental pathways re-
spond differently to specific EMS mutations in Rasl.
We have shown that three alleles in trans to RasI”™”
exhibit very simifar moderate eye and eggsheil pheno-
types, but show a difference in viability indicating a
varying requirement for Rasl. The fourth coutbination
examined, RasI™ in trans to RasI”™®, prodices ex-
tremely rongh eyes, significantly more disrupted than
other heteroallelic comnbinatons. In contrast, Ras17%/
Rasi™™ fiies produce eggs with beth the weakest egg-
shell phenotype and the highest hatching freguency.
Fhis difference in severity of eye and egg phenotypes
suggests that the mutational change in the Ras?™ al-
iele disrupts a required function in the eye that has
little effect in the cgg, indicating a possible difference
in the signaling pathway in these tissues. Such allele-
specific effects have been sebserved for a dominant mu-
wtion of Egfr, Egh™™. The Egh™ mutaton affects
viahility, cye development, and wing morphogenesis bt
does not cause obvions eggsheil defects. This result may
be a consequence of Egfr interacting with a different
ligand in different tissues. Likewise, the allelespecific
effects observed for Ras? could be due to differences
in components wid/or the mechanism of Ras! signal
transdiction in different tissues.

The Ras signaling pathway may alse function differ-
ently when a gradient of signaling activity is required.
In the eve, the sevenless-Ras pathway is responsible for
determining the identity of the R7 cell in the devel-
oping ommatidiuni. The developmental decision to as-
sume R7 identty is essentially binary, and there is ue
continutig or gradient within an onmmatidium, or
across the eye (Wassarman e al. 1995}, Follicle cell
patterning during cogenesis, however, occars at the
level of a field of cells that presumably experiences a
gradient of signaling activity. Over- or uneeractivation
of the Egfr signaling pathway throngh genetic manipu-
lation results in characteristic phenotypes that can be
classified into a range from mose dorsal o more ventral
in ideutity (NEUMAN-SILBERBERG and  SCHUPBACH
1994). Clearly, the Ras signaling pathway must be able
te generate a range of outcomes from the same quality
of signal, aid these outcomes mnst be the resnlt of the
level of acdvation. Identifying the meclanism for this
process world greatly increase onr understanding of
signal transduction and development
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Model of Rasl function in dorsoventral axis specifi-
cation: Our analyses support the hypothesis that Ras/
operates downstream of Egfr to specify the dorsoventral
axis during oogenesis. Ras-mediated signal transduction
in development has been demonstrated previously in
the eye (SIMON ef al. 1991), in the termini of the embryo
(DovLE and BisHor 1993; Lu et al. 1993), in the wing
(STURTEVANT ¢f al. 1993), and in the control of border
cell migration during oogenesis (LEE ¢f al. 1996). Our
results are consistent with findings that other Ras signal-
ing members including Raf, MEK, and Gapl function
in dorsoventral specification during oogenesis (CHOU
et al. 1993; BRAND and PERRIMON 1994; Hsu and PERRI-
MON 1994).

Flies homozygous for moderate Rasl alleles produce
eggs with fused dorsal appendages of nearly normal
length, similar to weak grk or fop mutants. This length
decreases in stronger Rasl mutants until only a nub
or patch of chorion material remains, similar to the
strongest Egfr and grk phenotypes. Additionally, weak
Ras] mutations interact synergistically with grk and Fgfr
mutations: grk/+ or Egfr/+ in a Ras1™%/ Ras 1'""*" back-
ground results in an increase in the number of eggs
with mutant eggshells.

We have also shown that Rasl is required to produce
the dorsalized embryonic phenotype caused by the K10
mutation, indicating a role for Ras! in establishing the
prepattern of the dorsoventral axis of the embryo. Simi-
lar results were obtained for double mutants of K70and
MEK (Hsu and PErriMON 1994). Furthermore, studies
involving a hyperactivated Ras/ signaling pathway also
suggest a role for the Ras cassette in establishing embry-
onic polarity. A gain-of-function mutation in Raf or a
loss-of-function mutation in GTPase activating protein,
Gapl, leads to dorsalization of the eggshell axis and the
embryonic axis (CHOU ef al. 1993; BRAND and PERRIMON
1994). These data argue that Rasl-mediated signal
transduction functions in prepatterning the embryonic
dorsoventral axis and support a model in which Rasl
signaling alone transduces the Grk/Egfr signal during
dorsoventral patterning (Figure 8A).

Thus, the majority of the data support a linear model,
depicted in Figure 8A, in which Grk activates Egfr and
this leads to the activation of the Ras signaling cascade,
ultimately determining the axes of both the eggshell
and the embryo. Unfortunately, this model does not
adequately explain why loss-of-function mutations in grk
or Egfr result in consistently venuralized eggshells and
cembryos, while mutations in Rasl, Raf, or MEK that
exhibit a similar severity of eggshell phenotype have
only a slight effect on the embryo. Even the weakest
alleles of grk and Egfrshow a high degree of correlation
between the eggshell axis and the embryo axis (SCHUP-
BaCH 1987). We do not observe such a strong correla-
tion between eggshell and embryo phenotypes in the
Ras! mutants, but instead observe high hatching rates
for embryos developing within defective eggshells. Simi-
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FIGURE 8.—Alternative models of Rasl [unction in dorso-
ventral patterning during oogenesis. See text for details.

larly, hypomorphic alleles of Raf or MEK reduce dorsal
appendage structures but do not result in a concomi-
tant ventralization of the embryo (BrRAND and PERRI-
MON 1994; Hsu and PErRrRIMON 1994). Mutations in the
neurogenic gene brainiac also result in ventralized egg-
shells but have no effect on embryonic dorsoventral
patterning (GOODE ¢f al. 1992), suggesting that this dis-
sociation between dorsal follicle cell fate and embryonic
polarity is not limited to Ras signaling components.

There are a number of explanations for this apparent
qualitative difference between grk/Fgfr mutations and
Rasl mutations. One possible explanation focuses on
the nature of the alleles characterized. All grk and Egp*™"
alleles were generated during screens for female sterile
or lethal mutations; thus, only strong phenotypes are
observed. A screen in which dorsal eggshell structures
are assayed might generate weaker grk and Egfi"” alleles
that more closely resemble the phenotype of Rasl al-
leles. In support of this hypothesis, CLIFFORD and SCHUP-
BACH (1989) noted that some Egfr mutant females lay
rare eggs with a single dorsal appendage, and these
eggs develop into hatching embryos, suggesting that
there is not always a strict correlation between the egg-
shell and the embryonic axes. It should also be recog-
nized that viable Rasl alleles still retain considerable
Rasl1 function, and it could be that the null phenotype
of Rasl in the follicle cells would closely resemble the
null phenotype of grk or Egfrin the follicle cells. Given
these genetic caveats, one can argue that the linear
model in Figure 8A adequately explains the data, and
it predicts that null alleles examined at similar times
and places in the follicle cells should yield similar phe-
notypes, i.e., grk = Egfr = Rasl.

In addition to these genetic arguments, two modifi-
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cations of the above pathway could help explain the
lack of correlation between eggshell defects and embry-
onic defects in Ras! mitants. For example, the bncar
pathway shown in Figure 8A could act to determine the
fate of the dorsal follicle cells, affecting eggsliell and
embryvo equally. lf, however, a feedback loop existed
that required Rasi activity for contivuned inputinto the
eggshell part of the pathway, differential phenotypes
could be observed. Similarly, if the Ras! signaling cas-
sette acted downstrearn of a different RTK 10 mediate
dorsal follicle cell migrations following the grk/ Fgfr de-
terminative events, cggshell synthesis would be more
strongly affected than embryonic palterning. Evidence
of a role for Drosophila Ras! in celi migration has been
demonslrated for the border celis, which require Rasi
te both initiate and maintain cell movements (LEg &
al, 1996},

A second model is shown in Figure 8B. In this model,
cinbryenic dorsoventral patterning requires both Ras
activity and some unidentified Rasindependent path-
way, These pathways would be parailel, partially redun-
dant, and dependent on activation through Fgfr. This
inadel would explain how activation of the Ras pathway
conizld cause embryonic defects while accounting for the
differential sensitivity of the eggshell and embryo axes
observed with liypomorphic mutations, Evidence for a
Ras-independent pathway has been presented for the
Torso pathway (Hou o af 1995}, and there is some
evidencc that a paraliel pathway conid exist in eye devel-
opment (THERRIEN et ol 1995).

T'o more fully understand these issucs, it wilt be neces-
sary to identify and characterize components acting
downstream of the signaling cascade. Egir signaling in
the follicle cells is nnique in that multiple develop-
mental processes, eggshell patterning and embryonic
patierning, depend on the receptor. The genetics of
Ras1 appear to separate these dependent processes, and
it will be exciting to elucidate the biochemical basis for
this differential activity. Bownstream components such
as transcription faclors that respond to RTK signaling
in the eye and the termint of the embryo are being
identified (IWckson 1995), and there is evidence that
one such transcription factor, Pointed (p2), is activated
by Egfr signaling in the foilicke cells (MORMOTO of al.
1996). It is cvident that a clearer understanding of the
mechanism leading to dorsoventral patterning will facil-
itate understanding shmilar signaling events that oper-
ate throughont development.
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