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The function of the neurogenic genes of Drosophila
melanogaster is required for a normal pattern of commitment
of neural and epidermal progenitor cells. In the course of
searching for a molecular basis for the functional interrela-
tionships that exist between the neurogenic genes, fragments
of cloned DNA from the genes master mind (;mam), Delta (DJ),
Enhancer of split [E(spl)] and Notch (N) were hybridized to
each other. Strong cross-hybridization was observed between
a fragment of the DI gene and a fragment of the N gene en-
coding a peptide with homology to several proteins of mam-
mals, including the epidermal growth factor (EGF).
Sequencing of this DI fragment revealed an open reading
frame encoding four EGF-like repeats with homology to the
repeats found in the N gene. Screening genomic and cDNA
libraries under conditions of reduced stringency with DI and
N probes that encode EGF-like repeats uncovered several
cross-hybridizing clones, suggesting that other Drosophila
genes may also encode such peptides. Part of a cross-
hybridizing cDNA clone, derived from a gene located at posi-
tion 95F on the third chromosome, was sequenced and found
to encode five repeats with homology to those encoded by N
and DI. Preliminary evidence on the spatial pattern of
transcription indicates that the gene at position 95F is
regulated in its expression, as it is transcribed in all ectoder-
mal derivatives, with the exception of the central nervous
system. Indirect evidence suggests that this clone may derive
from the crumbs (crb) gene, which is likely to be an hitherto
unknown neurogenic gene. The chromosomal location of the
other cross-hybridizing fragments does not correspond to any
other neurogenic gene known to us.
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Introduction

The separation of neuroblasts from the ectoderm into the inner
part of the embryo is one of the first steps of central nervous
system (CNS) development in insects (Poulson, 1950; Bate, 1982;
Hartenstein and Campos-Ortega, 1984; Doe and Goodman,
1985). In Drosophila melanogaster, this process is under the con-
trol of the neurogenic genes (ref. to Campos-Ortega, 1985). Loss
of function mutations in any of these genes result in the develop-
ment of all cells of the neurogenic ectoderm as neuroblasts
(Poulson, 1937; Lehmann et al., 1983).
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Previous genetic analyses have revealed the existence of a com-
plex pattern of functional relationships between the neurogenic
genes (Campos-Ortega et al., 1984; Dietrich and Campos-Ortega,
1984). In particular the results of gene dosage studies are con-
sistent with the notion that the neurogenic genes are links of a
chain of epistatic relationships (Vissin et al., 1985; de la Con-
cha et al., in preparation). The DNA of four neurogenic genes,
i.e. Notch (N, Artavanis-Tsakonas et al., 1983; Kidd et al.,
1983), master mind (mam, Weigel et al., 1987), Delta (DI,
H.Vissin et al., in preparation) and Enhancer of split [E(spl),
E.Knust er al., in preparation] has been cloned, which allowed
us to search for a molecular basis for these functional interrela-
tionships.

The sequence of the neurogenic gene N, as determined recently
by Wharton et al. (1985b), uncovered a particularly interesting
structure. N encodes a putative transmembrane protein, the ex-
tracellular domain of which contains 36 repeated units with
homology to a group of mammalian proteins that includes the
epidermal growth factor (EGF) (Wharton et al., 1985b; Kidd
et al., 1986). We have looked for sequence homologies between
the mam, DI and E(spl) locus and fragments of the N gene. A
small fragment of the DI gene turned out to be homologous to
the stretch of the N gene that encodes the EGF-like repeats. We
used these fragments of the N and DI genes to screen genomic
and cDNA libraries under conditions of low stringency, and
detected a few other cross-hybridizing clones. One of the clones
was partially sequenced and was found to share this homology.
Indirect evidence suggests that this gene may correspond to the
crumbs (crb) locus, which is likely to be another neurogenic gene.

Results
EGF-like repeats in the DI locus

DNA clones of the neurogenic genes mam, DI and E(spl) were
hybridized to each other and to cosmid /32D4, which comprises
~25 kb DNA of the N region (Artavanis-Tsakonas et al., 1983).
Extensive homology was found to the repeated element opa,
which encodes a polyglutamine stretch (Wharton ez al., 1985a).
Regions of cross-hybridization to the opa sequence were found
once in the DNA of DI and E(spl) (unpublished) respectively,
and several times in the DNA of mam (Weigel et al., 1987).

In addition, under conditions of low stringency, cross-
hybridization was also detected between a fragment of cosmid
132D4 encoding EGF-like repeats and part of the DI locus. The
region of cross-hybridization in DI could be assigned to a 600-bp
Hincll fragment within 25 kb of genomic DNA to which several
DI mutations have been mapped by Southern blotting (Vissin,
1986). Moreover, the same Hincll fragment was found to be part
of a cDNA isolated from a library of 3- to 12-h embryos
(K.Bremer, H.Vissin and E.Knust, unpublished). Apart from
the 600-bp fragment, the cDNA contains a second cross-
hybridizing fragment adjacent to it. To verify the structural
homology to the N sequence, the nucleotide sequence of the cross-
hybridizing HincIl DI fragment and of the adjacent region of the
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E.Knust et al.

TGCAGTCCGAATCCCTGCATAAACGGTGGAAGCTGTCAGCCGAGCGAAACGTGTATTTGC
+ + + + + + 60

C S P NP CI NGGSCQUPSETCTIC

CCCAGCGGATTTTCGGGAACGAGGTGCGAGACCAACATTGACGATTGCCTTGCGCACCAG
+ + + + + +

61 120

P S GF S GTRCETNTIUDTUDTCTULATHQ

180

TGCGAGAACGGAGGCACCTGCATAGATATGGTCAACCAATATCGCTGCCAATGCGTTCCC
121 + + + + + +
CENGGTCIDMGVNG OQYTRCOTCUVDP

GGCTTTCATGGCACCCACTGTAGTACGAAAGTTGACTTGTGCCTCATCAGACCGTGTGCC
b . + + + 240

181 -
G F H G T HC S T KUV DLTC CTLTIT RTZPC A

AATGGAGGAACCTGCTTGAATCTCAACAACGATTACCAGTGCACCTGTCGTGCGGGATTT
+ + + + + +

241 300

N G G T C L N L NNUD Y QCTCRAGF

ACTGGCAAGGATTGCTCCGTGGACATCGATGAGTGCAGCAGTGGACCCTGTCATAACGGC
+ + + + + +

301 360

r G XK b C S VvV D I D EC S S G P CH NG

GGCACTTGCATGAACCGCGTCAATTCGTTCGAATGCGTGTGTGCCAATGGTTTCAGGGGC
+ + + + +

361 420

+
G T C M N R V N S F E C V C A NGTFR G

AAGCAGTGCGATGAGGAGTCCTACGATTCGGTGACCTTCGATGCCCACCAATATGGAGCG
+ + + + + +

421 480

X Q ¢ D E E S Y DSV T FDA AUHIGQTYG A

ACCACACAAGCGAGAGCCGATGGTTTAGCCAATGCCCAGGTAGTCCTAATTGCTGTTTTC
+ + + + + +

481 540

T T QAR ADGTULANA AQUV VLI AVTF

TCCGTTGCGATGCCTTTGGTGGCGGTTATTGCGGCGTGCGTGGTCTTCTGCATGAAGCGC
+ + + + + +

541 600

S VA MPUL VAV IAATCV VUV FCMTZKR

Fig. 1. Nucleotide sequence of part of the embryonic cDNA of the DI
locus, and the predicted amino acid sequence. The four repeated units are
underlined. Single-letter amino acid designations are A, Ala; C, Cys; D,
Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N,
Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; Y, Tyr.

DI gene was determined. The nucleotide sequence, as well as
the deduced amino acid sequence, are shown in Figure 1. Four
repeated units, comparable to the sequences encoding the EGF-
like repeats described for the N locus, are found in this part of
the DI cDNA (see below). The homology between the cDNA
of DI and the region of the cDNA of N encoding the EGF-like
repeats ranges from 57 to 66%, depending on the part of the
N sequence considered. For the sake of comparison, the
homology between the nucleotide sequences of the individual
EGF-like repeats encoded by N was found to range from 59 to
95% . At the amino acid level, the homology between the DI and
the N repeats was found to be 45%.

Using the same conditions of hybridization at low stringency,
no cross-hybridization was detected between DNA fragments
from N and DI that encode EGF-like repeats and DNA clones
from the E(spl) region. The E(spl) region has been defined by
mapping several breakpoints and other mutations of the E(spl)
gene at the molecular level (E.Knust ef al., in preparation). A
weak cross-hybridization was observed to a fragment in the
neighbourhood of the mam gene; sequencing of this fragment,
however, showed that this hybridization was not due to struc-
tural homology (data not shown).

Other genes with homology to the EGF-like sequence

One strong and several weaker fragments were detected in
genomic Southern blots probed under conditions of low stringency
with fragments encoding the EGF-like repeats from either the
N or the DI locus (Figure 2). The bands giving the strong
hybridization signals correspond in size to the unique fragments
from N and DI, respectively, which were used as probes. The
presence of several additional cross-hybridizing genomic
fragments suggested to us the existence of additional genes en-
coding EGF-like repeats in the genome of D. melanogaster. To
determine whether these additional fragments derive from other
neurogenic genes, a genomic library (approximately eight genome
equivalents) and two cDNA libraries (from 3- to 12- and 12- to
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Fig. 2. Detection of additional sequences in the genome of Drosophila with
homology to EGF-like sequences. Genomic DNA digested with either EcoRI
or Hindlll was hybridized under low stringency conditions (see Materials
and methods) to fragments of N (A) or DI (B) encoding EGF-like repeats.
The autoradiogram was overexposed in order to demonstrate weakly
hybridizing fragments.

Table I. Chromosomal location of clones that cross-hybridize to DNA pro-
bes encoding EGF-like repeats from the DI and N genes

Probe Location Library
Delta 3C7 (N) genomic
17E/F cDNA
21E genomic
25D cDNA
69A/B genomic
92A2 (DI) cDNA
95F genomic
98D3-7 cDNA
98E cDNA
Notch 2D/E cDNA
3C7 (N) genomic
24E cDNA
28E/F cDNA
S2E cDNA
76D/E cDNA
92A2 (DI) cDNA
95F genomic and cDNA

24-h embryos, respectively), were screened under conditions of
low stringency with the same N and DI fragments encoding the
EGF-like repeats. Several clones were isolated, and their
chromosomal origin was determined by in situ hybridization of
$H-labelled DNA to polytene chromosomes from larval salivary
glands. The localization of these clones in the genome is given
in Table I. Several of the clones were found to derive from either
Dl or N; of the remaining ones only the clone at 2D-E hybridiz-



TGGTGGATCCGACGCCAGCTTTTTCCACGGACATCGACCAAGGCGGCCTTTCAGTCCCTG
+ + + + + +

W W I RRQLV FUPRTSTI KA AA ATFTOGQS L
ATCGCTACAAGTACCCAGGTTTACTTGGGTGGCATGCCAGAGTCGCGACAAGCACGAGGA

61 + + + + + + 120
I ATS T QV YL GGMZPTETSTZ RIQATR G

TCCACTTTGTCTGCCCAGCAGGGCTCTCAGTTCAAGGGCTGTGTGGGAGAGGCAAGGGTG
121 -—+ + + 180
S T L S A Q Q G S Q F K G C V G E A R V

GGCGATCTTTTACTGCCCTACTTCTCCATGGCGGAACTGTATTCGCGCACCAATGTTTCA
181 + + + + + + 240
G D LLLPYF SMAETLTY SR RTNUV S

GTACAGCAAAAGGCTCAATTCCGTCTAAATGCCACACGACCTGAGGAGGGCTGCATCCTG
241 + 300
V Q Q K A Q F R L N A T R P E E G C I L

TGCTTCCAGTCAGACTGCAAAAATGALbbL11Lfb1LAA1L1LL11LAGATGAGTACGCC
301 + 360
C F Q S D C K N D G F C Q S P S D E Y A

TGCACCTGTCAGCCTGGATTCGAGGGCGATGATTGCGGCACGGACATCGACGAGTGTCTT
361 420
C T C Q P G F E G D D C G T D I D E C L

AACACGGAATGCTTGAACAACGGCACCTGCATCAACCAGGTTGCAGCTTTCTTCTGCCAG
421 + + + + + + 480
N T E CL NNGTOCINUOQVAATFTFC Q

TGTCAGCCAGGATTCGAGGGTCAGCACTGTGAGCAAAACATCGACGAGTGTGCGGATCAG
481 + + + + + + 540
C QP GF E G Q HCEAOQNTIUDTETCA ATUDQ

CCGTGCCACAACGGTGGCAACTGCACGGATCTTATCGCATCGTACGTGTGCGACTGCCCT
541 + 600
P C H N G G N C T D L I A S Y Vv C D C P

GAGGACTATATGGGCCCGCAGTGCGACGTGCTGAAGCAAATGACCTGCGAGAACGAGCCA
601 660
E D Y M G P Q C DV L K Q M T C E N E P

TGTCGGAATGGATCAACCTGCCAGAATGGATTCAATGCTTCTACTGGCAATAACTTTACA
661 + + + + + + 720
C R NG S TCOQNGTFNA ASTGNINTFT

TGTACATGCGTGCCCGGCTTCGAGGGTCCACTGTGTGACATACCCTTCTGTGAAATAACG
721 780
¢cC T CV?PGFEGU®PTLTU CDTIGP?PF C E I T

CCTTGCGATAACGGTGGCCTCTGCCTGACCACTGGAGCGGTACCGATGTGCAAATGTAGT
781 + + + + + + 840
P CDNGGULCLTT G AV P MCIZKC S

CTGGGATACACTGGTCGCCTGTGCGAGCAGGACATTAAGG
841 + + + + 880
L G Y T G R L CE Q D I K

Fig. 3. Nucleotide sequence of part of the embryonic cDNA of the 95F region,
and the predicted amino acid sequence. The five repeat units are underlined.
Single-letter amino acid designations are the same as in Figure 1.

ed to the neighbourhood of another known neurogenic gene,
pecanex (pcx) (LaBonne and Mahowald, 1985). In subsequent
experiments, however, this clone did not hybridize to the cosmid
cos9, which includes the pcx gene (Haenlin ez al., 1985) (data
not shown).

One of the clones giving a relatively strong hybridization signal
derives from the chromosomal location 95F on the right arm of
the third chromosome (Table I). Two findings make this clone
particularly interesting. First, it was the only clone detected with
the probes of both DI and N. Second, both a genomic and a cDNA
clone were isolated from this region. Both the genomic and cDNA
clone from 95F were partially sequenced to ascertain a possible
structural homology to the sequences encoding EGF-like repeats.
The nucleotide sequence of the cDNA clone and the amino acid
sequence deduced from it are shown in Figure 3. The degree
of sequence homology between the EGF-like repeats encoded
by the 95F and the N cDNA was found to vary between 57 and
61%. At the amino acid level, the homology between the pep-
tide encoded by the gene at 9SF and the peptides encoded by
N and DI was found to be ~40 and 33%, respectively.

The optimal alignment of parts of the predicted amino acid
sequences of both the DI and the 95F gene fragments revealed
an arrangement similar to the consensus sequence of all 36 EGF-
like repeats encoded in the N gene (Wharton ez al., 1985b) and
thus similar to the mammalian EGF and other proteins (Figure
4). The homology is chiefly based on the spacing of six cysteine
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residues within each repeated unit, as well as on the conserva-
tion of other amino acid residues (cf. Wharton et al., 1985b).
The DI sequence encodes four complete repeat units, while the
clone from 95F encodes a minimum of five such repeats (Figure
4).

The full extent of the open reading frames including the EGF-
like repeats of DI and 95F cDNAs will be published elsewhere.

The spatial pattern of transcription of the gene at 95F

With the aim of obtaining indications about the function of the
gene from 95F, we performed in situ hybridization to tissue sec-
tions of embryos at different stages of development. 33S-labelled
single-stranded RNA probes were synthesized from a 4-kb cDNA
clone that includes the sequences encoding the EGF-like repeats.
Figure 5 shows some examples of the hybridization pattern.
Transcripts are clearly detectable at the blastoderm stage, from
the beginning of cell formation (early stage 5, according to
Campos-Ortega and Hartenstein, 1985). Transcription is par-
ticularly intense in the neurogenic region of the ectoderm, as well
as within the anlagen of the dorsal epidermis and the amnioserosa
(Figure 5A). A weak signal is detected in the endodermal anlagen,
and no signal is apparent in the mesodermal region (Figures 5B
and C). Strikingly, hybridization is localized in the apical, im-
mediately supranuclear sector of the blastoderm cells. At the
beginning of germ band extension (stage 8), no more transcripts
are detectable in endodermal derivatives (midgut primordia; not
shown). From stage 9 onwards, in embryos with extended germ
band, transcripts are limited to the epidermis and to parts of
the foregut and to the entire hindgut. They become particularly
abundant in the tracheal pits (Figure 5E), while the primordium
of the nervous system is devoid of transcripts (Figure 5D and
E). This pattern remains constant until the completion of em-
bryogenesis.

Discussion

Several regions were identified in the genome of D. melanogaster
which cross-hybridize to DNA fragments that encode repeated
peptide units with homology to EGF and other mammalian pro-
teins. The N gene has been found to encode 36 EGF-like repeats
that are tandemly arranged (Wharton et al., 1985b; Kidd et al.,
1986). Here, we describe the partial sequence of two additional
genes, DI and a gene at 95F, both of which also contain stret-
ches encoding putative EGF-like peptides. N and DI are
neurogenic genes. The function of the gene at 95F is still sub-
ject to investigation; two arguments provide indirect evidence,
which suggests that it might correspond to crb, a gene identified
by Jiirgens et al. (1984). On the one hand, both genes have a
similar chromosomal location (crb has been mapped to the in-
terval 95E—96A by Jiirgens et al., 1984). On the other hand,
the spatial pattern of transcription of the gene at 95F shows a
striking congruence with the parts affected in mutant crb em-
bryos. Transcription of the gene at 95F is restricted to ectoder-
mal derivatives, i.e. epidermis, fore- and hindgut; at early stages
transcripts are particularly abundant within the neurogenic region
of the ectoderm. Except for the blastoderm stage, when a low
level of transcription is also observed in the endodermal anlagen,
expression is neither detectable in mesodermal primordia from
early stages onwards, nor in endodermal primordia during
postblastoderm stages of embryogenesis. The phenotypic abnor-
malities exhibited by embryos homozygous for crb™ mutations
are primarily restricted to ectodermal derivatives. The embryos
display considerable neural hyperplasia, along with epidermal
hypoplasia and morphogenetic defects of both fore- and hindgut
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Dl (cDNA) 1 CSPNPEINGGSE...QPSET.... . CIEPSGFSGTREETNIDD 34
Dl " 35 CLAHGCENGGTEIDYGNQYR.... : 72
Dl " 73 CLIAPCANGGTELNLNNDYQ.... 110
Dl " 111 SGPCHNGGTEMNRVNSFE.... 148
95F(cDNA) 101 QSDEKNDGFEQSPSDEYA.... 138
95F " 139 NTECLNNGTGINQVAAFF.... 176
95F " 177 £ TDLIASYV.... 215
95F " 216 QNGFNASTGNNF 256
95F " 257 LTTGAVPN.... 293

Notch consensus

xoxxxxyx.....E

€ XﬁnyXXﬁEXXXDX

Fig. 4. Optimal alignment of the EGF-like repeats encoded in the DI and 95F cDNA clones with the consensus sequence of all 36 EGF-like repeats encoded
in the N gene (Wharton et al., 1985b). Notice the correct spacing of the cysteine residues and, in addition, the conservation of some other amino acids.

e,

|

-

Fig. 5. Hybridization of a probe from 95F to sections of embryos at different stages. Bright field photographs, same magnification for all pictures [scale bar
in (A) 100 um). (A) shows a sagittal and (B) a transversal section of embryos at the blastoderm stage. The region between the arrowheads in both pictures is
devoid of silver grains; it corresponds to the anlage of the mesoderm where no transcripts are detectable. Contrarily, transcripts are abundant in the remaining
cells, particularly in the neurogenic and non-neurogenic regions of the ectoderm (compare with the fate map of Hartenstein et al., 1985). Notice the high con-
centration of transcripts present in the apical portions of the blastoderm cells. (C) shows a section through a gastrulating embryo. No hybridization can be
seen within the mesodermal primordium (ms); the remaining cells show abundant transcripts. (D) and (E): in the embryo at stage 11 (extended germ band)
transcripts continue to be present in the entire epidermal primordium (ep), and in parts of both foregut (fg) and hindgut (hg), being particularly abundant in
the epidermis surrounding the clypeolabrum (cl in D) and the tracheal pits (tp in E). Notice the absence of transcripts over the epidermis covering the pro-
cephalic lobe (pl in D) and the supraoesophageal ganglion (spg in E). Transcription ends abruptly within the foregut, at the presumptive boundary between the
primordia of pharynx and oesophagus (arrowheads), and at the boundary between hindgut and posterior midgut (pm). All other regions of the embryo are
devoid of transcription. This pattern of expression is maintained throughout embryogenesis. Other abbreviations: am: anterior midgut: t1: prothorax; vc: ven-

tral cord.

(unpublished observations). Thus, the phenotype of crb™ muta-
tions is perfectly compatible with the pattern of expression of
the gene at 95F described above. Neural hyperplasia and epider-
mal hypoplasia are severe in crb™ mutants and reminiscent of
the phenotypic defects displayed by loss-of-function mutations
of neurogenic genes in general (Poulson, 1937; Lehmann et al.,
1983), suggesting that crb is a neurogenic gene. However, fur-
ther studies on the embryonic development of crb™ mutants are
necessary to decide whether the neural hyperplasia shown by
these mutants is due to a neurogenic misrouting of ectodermal
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cells, as in the neurogenic mutants, or due to a different
mechanism.

We do not yet know whether any of the remaining cross-
hybridizing genes identified in this work do actually exhibit se-
quence homology to the repeated DNA motif present in N, DI
and 95F. Nor do we know whether any (or all) of those genes
will eventually turn out to be neurogenic genes. In any case, we
would like to emphasize that EGF-coding sequences are probably
not a characteristic feature of neurogenic genes in general, in
spite of their presence in both N and DI: neither the DNA of



mam nor of E(spl) cross-hybridized to DNA encoding EGF-like
repeats under the conditions we used. Therefore, the neurogenic
genes mam and E(spl) probably do not encode EGF-like polypep-
tides, although they may contain a more distantly related class
of repeats, which we are unable to detect under the conditions
used. Also, none of the cross-hybridizing clones described here
derived from the location of any known neurogenic gene (e.g.
amx, bib, neu, etc; see Results concerning pcx).

Recently, part of the lin-12 gene of the nematode Caenorhab-
ditis elegans has been cloned and sequenced (Greenwald, 1985).
This DNA encodes a peptide with 11 repeated units homologous
to the EGF. The lin-12 locus controls certain binary decisions
during development (Greenwald et al., 1983; Sternberg and Hor-
vitz, 1984). The function of lin-12 is to some extent similar to
that of the neurogenic genes of Drosophila, since the latter also
participate in a binary decision during development, i.e. the
segregation between the neural and the epidermal lineages.
Moreover, both in C. elegans and in Drosophila, cell —cell in-
teractions seem to play an important role in the commitment of
cell fate. This conclusion can be drawn from results of laser abla-
tion experiments in C. elegans (Sulston and White, 1980; Sulston
et al., 1983). and from cell transplantation experiments in
Drosophila (Technau and Campos-Ortega, 1986). It is con-
ceivable that proteins containing EGF-like peptides take part in
the process of cell communication that leads to cell commitment
during development.

However, the biological role of the EGF-like peptides in the
proteins encoded by these three (and presumably more) genes
of Drosophila is indeed not understood. The mammalian EGF
itself, a 53-amino acid polypeptide, has been shown to induce
cell division and cell differentiation in cultured cells of ectoder-
mal and mesodermal origin (for review see Carpenter and Cohen,
1979). Apparently, the EGF is released from a large precursor
protein that exhibits the structural features of a transmembrane
protein (Gray et al., 1983; Scott ef al., 1983). The precursor
contains nine related cysteine-rich peptide units — the EGF
repeats. Several mammalian proteins are known to contain one
or several EGF-like repeats. These proteins have in common only
that they are either membrane-bound, e.g. the bovine and human
LDL receptor (Russel et al., 1984; Siidhof et al., 1985) or
secreted, e.g. EGF (Gray et al., 1983; Scott et al., 1983), matur-
ing transforming growth factor o (TGF-«, Marquardt ez al.,
1984), blood clotting factors IX, X and protein C (Anson et al.,
1984; Doolittle et al., 1984; Foster and Davie, 1984).

Our current information on the structure of the gene products
of the N and DI genes does not allow any firm conclusion to be
drawn concerning their mode of action. The putative N gene pro-
duct is a transmembrane protein, which contains in its ex-
tracellular domain 36 EGF-like repeats (Wharton et al., 1985b;
Kidd et al., 1986). It is not known whether one or several of
these repeated units are cleaved from a precursor protein and
function as peptide hormones, in a way reminiscent of the EGF
itself. Alternatively, the entire membrane-bound protein may
function as a receptor, or even interact directly with the
neighbouring cells. Genetic mosaics show that the gene products
of N and DI are unable to diffuse over long distances (Dietrich
and Campos-Ortega, 1984; Hoppe and Greenspan, 1986); these
data argue against a hypothetical function of these gene products
as peptide hormones. The available experimental evidence sug-
gests rather the participation of N and DI in cell interactions re-
quiring immediate cell—cell contact. When cells of the
neurogenic region of N~ and DI~ embryos are transplanted in-
dividually into the neurogenic region of wild-type embryos, the
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transplanted cells behave like wild-type cells and give rise to both
neural and epidermal progenies (G.M.Technau and J.A.Campos-
Ortega, unpublished), although the transplanted mutant cells
would have invariably developed as neuroblasts in the mutant
embryo. This result indicates that the fate of the mutant cells is
determined by the neighbouring wild-type cells and thus that
neither N nor DI are cell autonomous in their mode of expression.

Thus, concerning the role of neurogenic genes in early
neurogenesis, the current evidence points to their participation
in cell communication, mediated by membrane-bound processes.
There is no indication as to the role played by the EGF-like
repeats in these processes. It is conceivable that their only func-
tion is to give a particular shape to the proteins containing them.
The positions of six cysteine residues, which are evolutionarily
conserved, would allow the formation of a specific three-
dimensional structure via disulfide bridges. The importance of
a three-dimensional structure for correct biological activity has
been shown for the EGF (Savage et al., 1973) and has been pro-
posed for the TGF-o (Marquardt et al., 1984). Considered from
this point of view, the structural homology between these pro-
teins would indicate evolutionary relationships, as proposed by
Doolittle et al. (1984). The presence of homologous repeated
peptides in different proteins may be the result of a divergent
evolution from a hypothetical common ancester, distributed to
additional genes by duplication and translocation (see Doolittle
et al., 1984; Patthy, 1985, for further discussion).

Materials and methods

Preparation of genomic DNA and Southern blot hybridization

Genomic DNA from adult flies was prepared as described by Weigel et al. (1987).
Blotting the genomic DNA onto GeneScreenPlus membrane (NEN/Dupont) was
carried out according to Reed and Mann (1985), transfer to nitrocellulose filters
according to Maniatis et al. (1982). Hybridization was performed as described
by Weigel et al. (1987).

Hybridizations under conditions of low stringency were carried out overnight
at 60°Cin 6 X SSPE, 5 X Denhardt, 50 mM phosphate buffer pH 7.0, 10 mM
pyrophosphate, 0.1% SDS, 1 mg/ml calf-thymus DNA and 1—4 x 107 c.p.m.
of 32P-labelled nick-translated probe. The filters were washed three times for 20
minin4 X SSPE, 0.1% SDS at 50°C (protocol according to H.Jackle, personal
communication; see Schuh et al., 1986).

In situ hybridization to polytene chromosomes

Preparation of polytene chromosomes and hybridization conditions were essen-
tially as described by Pardue (1985), with the modifications described by Weigel
et al. (1987).

Sequencing

Sequencing was carried out essentially as described by Maxam and Gilbert (1980)
and Sanger et al. (1980). For the dideoxy sequencing, restriction fragments were
cloned into M13mp18 or M13mp9 vectors into the corresponding restriction sites.
Long inserts were shortened by Bal31 digestion, eluted and ligated into the ap-
propriate M13 vectors (Poncz et al., 1982). The nucleotide sequences were deter-
mined for both strands. The nucleotide sequence and the predicted amino acid
sequence were analyzed on a VAX/VMS computer version V4.4, using the pro-
grams of the University of Wisconsin (Devereux et al., 1984).

In situ hybridization to embryonic tissue sections

In situ hybridization to embryonic tissue sections were performed essentially as
described by Ingham et al. (1985) with laboratory modifications. DNA used as
a probe for hybridization was subcloned into pGem-2 (Promega) and %S-labelled
RNA was synthesized using either the SP6 or the T7 RNA polymerase.
Other procedures

Whole restriction-digested phage DNA or gel-purified fragments were subclon-
ed into pGem-2 (Promega). Small-scale preparations were performed as described
by Willimzig (1985). Large-scale preparations were carried out according to
Holmes and Quigley (1981).

Phage DNA preparations, nick-translation and screening of recombinant phage
libraries were as described in Maniatis et al. (1982). For a description of the
solutions used see Maniatis er al. (1982).

Embryonic cDNA libraries in Agt10 were obtained from L.Kauvar (Poole et
al., 1985).
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